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1. General Information:

Commercially available chemicals were obtained from Adamas, Acros Organics, Aldrich Chemical
Co., Alfa Aesar, and TCI and used as received unless otherwise noted. All air- and moisture-sensitive
manipulations were carried out with standard Schlenk techniques under nitrogen or in a glove box
under argon. The '"H NMR spectra were recorded on 400 MHz or 600 MHz NMR spectrometer. The
13C NMR spectra were recorded at 100 MHz or 150 MHz. The '°F NMR spectra were recorded at 376
MHz. The 3!P NMR spectra were recorded at 243 MHz. Chemical shifts were expressed in parts per
million (0) downfield from the internal standard tetramethylsilane (TMS), and were reported as s
(singlet), d (doublet), t (triplet), dd (doublets of doublet), and m (multiplet). The residual solvent
signals were used as references and the chemical shifts were converted to the TMS scale (CDCls: 6 H
= 7.26 ppm, 6 C = 77.16 ppm). The coupling constants J were given in Hz. High resolution mass
spectra (HRMS) were obtained via ESI mode by using a MicroTOF mass spectrometer. Column
chromatography was performed on silica gel 200-300 mesh. The enantiomeric excess (ee) of the
products were determined by high-performance liquid chromatography (HPLC) with a chiral
stationary phase in comparison with the authentic racemate sample with "hexane and ‘PrOH as solvents.
All the chiral stationary phases including Chiralcel IE, IC, OZ-H, OD-3, 1J-3 used in this study were
purchased from Daicel Chirsal Technologies. Optical rotations were reported as follows: [a] p! = (c:

g/100mL, in CHCL).

Chiral rhodium catalysts,!' and alkynes,?! were prepared according to published procedures.
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2. General Procedure for the Preparation of Unpublished Substrates

2.1 The 2-methyl substituted N-indol benzamides was obtained from the following step.

(@) ONH, 0
N\ +-BuOK A\ ph)J\C|
H NMP, r.t. NH, EtzN, DCM N
NO, 0°Ctor.t. /

To a solution of 2-methyl indole (25.0 mmol) in 60 mL N-methylpyrrolidone (NMP) were added 30
mL ~-BuOK (IM in THF) and the reaction mixture was stirred at r.t. for 0.5 h. Then, a solution of O-
(4-Nitrobenzoyl)hydroxylamine (5.46 g, 30.0 mmol) was added to the mixture, which was stirred at
r.t. for 12 h. After the completion of the reaction which was indicated by TLC, the reaction mixture
was quenched with saturated brine and the aqueous layer was extracted with EtOAc (3%30 mL). The
combined organic layers were dried over anhydrous Na;SO4 and then concentrated under reduced
pressure. The residue was purified by flash column chromatography (silica gel, petroleum
ether/dichloromethane 5/1 to 2/1) to afford the aminoindole.!

To a stirring solution of aminoindole (4.0 mmol), EtsN (1.12 mL, 8.0 mmol) in CH>Cl> (20 mL) were
added benzoyl chloride (0.84 g, 6.0 mmol) at 0 °C. The reaction mixture was stirred at 0 °C for 10
minutes. Then, the reaction mixture was stirred at room temperature for 12 h. After the completion of
the reaction, the reaction mixture was washed with saturated NaHCO3 solution, saturated brine, and
dried over Na>;SO4. The solvent was concentrated and the residue was purified by silica gel flash

chromatography to afford the desired 2-methyl substituted N-indol benzamides.

2.2 Characterization of unreported 2-methyl substituted /N-indol benzamides is listed below.
N-(2-methyl-1H-indol-1-yl)benzamide (3a)
The title compound was isolated as a white solid. '"H NMR (600 MHz, CDCl3) § 8.33
N (s, 1H), 7.78 (d, J = 7.4 Hz, 2H), 7.62 — 7.57 (m, 1H), 7.55 — 7.51 (m, 1H), 7.44 (t,J =
7.8 Hz, 2H), 7.16 — 7.07 (m, 3H), 6.28 (s, 1H), 2.23 (s, 3H). 3C NMR (150 MHz, CDCl3)
0166.8,137.4,136.5,132.9,131.6, 129.0, 127.6, 126.5, 121.8, 120.8, 120.2, 108.3,99.6, 11.6. HRMS
(ESI): calcd. for Ci16H14N2NaO™ [M+Na]* : 273.0998, found : 273.0992.
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N-(2,5-dimethyl-1H-indol-1-yl)benzamide (4a)
g\m The title compound was isolated as a white solid. '"H NMR (600 MHz, CDCls) 6 8.19 (s,
’l‘/ 1H), 7.75 (d, J= 7.4 Hz, 2H), 7.62 — 7.56 (m, 1H), 7.45 (d, J= 7.5 Hz, 2H), 7.31 (s, 1H),
QJ/ 6.95 (s, 2H), 6.19 (s, 1H), 2.42 (s, 3H), 2.18 (s, 3H). ¥*C NMR (150 MHz, CDCl3) ¢
166.8, 137.5, 134.8, 132.7, 131.7, 130.0, 129.0, 127.6, 126.7, 123.2, 120.1, 108.0, 99.1, 21.6, 11.5.
HRMS (ESI): calcd. for C17H16N2NaO" [M+Na]" : 287.1155, found : 287.1145.
N-(5-chloro-2-methyl-1H-indol-1-yl)benzamide (5a)
? The title compound was isolated as a white solid. "TH NMR (600 MHz, CDCls) J 8.68
° E: (s, 1H), 7.75 (d, J="7.5 Hz, 2H), 7.59 (t, J=7.5 Hz, 1H), 7.46 (d, /= 2.0 Hz, 1H), 7.42
. (t,J=7.7Hz,2H), 7.05 (dd, J= 8.6, 1.9 Hz, 1H), 6.97 (d, /= 8.5 Hz, 1H), 6.18 (s, 1H),
2.18 (s, 3H). 3C NMR (150 MHz, CDCl3) 6 166.9, 138.8, 134.9, 133.1, 131.2, 130.3,
129.1, 128.6, 127.51, 127.48, 126.3, 121.9, 119.7, 109.3, 99.3, 11.6. HRMS (ESI): calcd. for
Ci6Hi3CIN2NaO" [M+Na]" : 307.0609, found : 307.0598.
N-(2,3-dimethyl-1H-indol-1-yl)benzamide (6a)
The title compound was isolated as a white solid. '"H NMR (600 MHz, CDCl3) 6 8.26 (s,
N 1H), 7.87 — 7.81 (m, 2H), 7.61 (t, J = 7.5 Hz, 1H), 7.53 — 7.46 (m, 3H), 7.18 — 7.09 (m,
Q_Z/ 3H),2.24 (s, 3H), 2.19 (s, 3H). ¥C NMR (150 MHz, CDCl3) § 167.0, 136.0, 133.0, 132.8,
131.8, 129.0, 127.6, 127.3, 121.8, 120.3, 118.4, 108.0, 106.7, 9.3, 9.0. HRMS (ESI): calcd. for
C17H16N2NaO* [M+Na]" : 287.1155, found : 287.1144.
QMe 4-methoxy-/V-(2-methyl-1H-indol-1-yl)benzamide (7a)
The title compound was isolated as a white solid. '"H NMR (600 MHz, CDCls) J 8.38 (s,
07 > NH 1H), 7.76 (d, J = 8.3 Hz, 2H), 7.55 — 7.50 (m, 1H), 7.16 — 7.08 (m, 3H), 6.89 (d, J=8.3
QJ/ Hz, 2H), 6.28 (s, 1H), 3.88 (s, 3H), 2.25 (s, 3H). 13C NMR (150 MHz, CDCl) J 166.3,
163.3, 137.5, 136.6, 129.5, 126.5, 123.7, 121.7, 120.7, 120.2, 114.2, 108.3, 99.5, 55.7,
11.6. HRMS (ESI): calcd. for Ci17H16N2NaO>" [M+Na]" : 303.1104, found : 303.1093.
NO, N-(2-methyl-1H-indol-1-yl)-4-nitrobenzamide (8a)
The title compound was isolated as a white solid. '"H NMR (600 MHz, CDCl3) 6 8.79 (s,
0% NH 1H), 8.13 (d, J=7.9 Hz, 2H), 7.78 (d, J = 7.8 Hz, 2H), 7.57 — 7.49 (m, 1H), 7.17 - 7.10

N
QJ/ (m, 2H), 7.07 (d,J= 7.3 Hz, 1H), 6.30 (s, 1H), 2.23 (s, 3H). 3C NMR (150 MHz, CDCls)
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0 165.3, 150.4, 136.9, 136.7, 136.3, 128.7, 126.6, 124.2, 122.1, 121.2, 120.5, 108.1, 100.2, 11.6.

HRMS (ESI): calcd. for C16H13N3NaOs" [M+Na]" : 318.0849, found : 318.0838.
3-methyl-NV-(2-methyl-1H-indol-1-yl)benzamide (9a)

? The title compound was isolated as a white solid. "H NMR (600 MHz, CDCls3) 6 8.22 (s,

N 1H), 7.70 (s, 1H), 7.64 (d, J=7.6 Hz, 1H), 7.55 - 7.51 (m, 1H), 7.43 (d, /= 7.7 Hz, 1H),

QJ/ 7.38 (t,J=7.6 Hz, 1H), 7.17 — 7.10 (m, 3H), 6.29 (s, 1H), 2.45 (s, 3H), 2.28 (s, 3H). 13C

NMR (150 MHz, CDClI3) 0 167.2,138.8, 137.4,136.3, 133.5, 131.4, 128.7, 128.3, 126.3, 124.5, 121.5,

120.6, 120.0, 108.4, 99.3, 21.4, 11.4. HRMS (ESI): calcd. for Ci7HisN2NaO' [M+Na]": 287.1155,

found : 287.1145.

/? 2-methyl-NV-(2-methyl-1H-indol-1-yl)benzamide (10a)

The title compound was isolated as a white solid. '"H NMR (600 MHz, CDCl3) J 7.68 (s,
07 "NH

N 1H), 7.44 — 7.36 (m, 2H), 7.34 (d, J= 7.5 Hz, 1H), 7.28 — 7.18 (m, 2H), 7.08 (t, J= 7.5
@J/ Hz, 1H), 7.01 (t,J= 7.4 Hz, 1H), 6.97 (d,J= 8.0 Hz, 1H), 6.17 (s, 1H), 2.38 (s, 3H), 2.15
(s, 3H). 3C NMR (150 MHz, CDCl3) 6 169.0, 137.22, 137.19, 136.2, 132.8, 131.4, 131.1, 127.2,
126.3, 125.9, 121.6, 120.7, 120.1, 108.2, 99.4, 19.9, 11.5. HRMS (ESI): calcd. for Ci7Hi;sN2NaO"
[M+Na]": 287.1155, found : 287.1143.

N-(2-0x0-3,4-dihydroquinolin-1(2H)-yl)benzamide (21a)

The title compound was isolated as a white solid. '"H NMR (600 MHz, CDCls) 6 9.29
O~ 'NH
: N. o (s, 1H),7.88(d,J=7.3 Hz, 2H), 7.48 (t,J= 7.4 Hz, 1H), 7.35 (t,J = 7.4 Hz, 2H), 7.18

(q,/=8.0Hz,2H), 7.12 - 7.08 (m, 1H), 7.05 - 7.00 (m, 1H), 3.06 (d, /= 11.0 Hz, 1H),
2.95 -2.76 (m, 2H), 2.67 (d, J = 11.3 Hz, 1H). 3C NMR (150 MHz, CDCl:) 6 169.4, 166.6, 139.7,
132.5, 131.4, 128.8, 128.7, 127.9, 127.79, 127.77, 125.0, 123.9, 114.20, 114.17, 31.5, 25.0. HRMS
(ESI): calcd. for Ci16H14N2NaO>" [M+Na]" : 289.0947, found : 289.0937.
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3. Experimental Section

3.1 Tables of the Optimization Studies on NH Amide Directing Groups.

- Ph
L (R)-Rh1, Ag,0, HOPiv
NS + >
©)Lﬁ I PhMe, 30 °C, 48 h
Ph

@) I}IH @) I}IH @) I}IH @) I}IH BrO
N N N N N N N
Ph Ts - "“Boc -
81% ee 84% ee 33% ee <5% ee 71% ee 61% ee <5% ee 76% eeC
30% ee® 73% ee®

[a] Reaction conditions: arene (0.1 mmol), alkyne (0.15 mmol), (R)-Rh1 (3 mol%), Ag,O (2.0 equiv) and HOPiv
(2.0 equiv) in toluene (2 mL), 30 °C, 24 h. The ee was determined by HPLC analysis using a chiral stationary
phase. [b] Ag,O (1.0 equiv), Ag>CO; (0.5 equiv) and MesCOOH (2.0 equiv), 60 °C, 48 h. [¢] TFE.

3.2 Tables of the Optimization of Reaction Conditions of synthesis of (en?)-3.

Ph (R)-Rh1, oxidant | o Q‘
0~ 'NH I acid, solvent 07 "N” "Ph
N L 30 °C, 48 h N OMB—C
o o
1 2 (ent)-3 (R)-Rh1
Entry Oxidant Additive Acid Solvent yield [%] ee [%]

1 Ag,CO; - HOPiv MeOH 20 88
2 Ag0O - HOPiv MeOH 32 88
3 Ag0 - HOPiv DCE 34 72
4 Ag:0 - HOPiv PhMe 49 84
5 Ag0 MesCOOH PhMe 55 88
6 AgCOs - MesCOOH PhMe 39 98
7 Ag,0 (2.0 eq) Ag,CO3(0.5eq)  MesCOOH PhMe 52 89
8 Ag0(1.0eq)  AgCO30.5eq)  MesCOOH PhMe 56 95
9 Ag0(1.0eq)  AgCOx(1.0eq)  MesCOOH PhMe 51 95
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10 Ag0 (1.0 eq) AgrCO3(0.5 eq) MesCOOH PhMe 60 94 (40 °C)
11 Ag0O (1.2 eq) AgrCO3(0.6 eq) MesCOOH PhMe 58 92 (40 °C)
12 Ag0 (1.4 eq) AgyC0O5(0.7 eq) MesCOOH PhMe 62 92 (60 °C)
13 Ag0 (1.0 eq) AgrCO3(0.5 eq) MesCOOH PhMe 70 94 (60 °C)

[a] Reaction conditions: 1 (0.1 mmol), 2 (0.15 mmol), (R)-Rh1 (3 mol%), Oxidant (1.0 equiv), Additive (0.5
equiv) and Acid (2.0 equiv) in solvent (2 mL), 30 °C, 48 h. The ee was determined by HPLC analysis using a

chiral stationary phase.

3.3 Tables of the Optimization of Reaction Conditions of synthesis of 23.

0 = o (R)-Rh (3 mol%) o N
AgSbFg (12 mol%) P
©)L” % i | AgOAc, Additive j /N/ ’
Ph Solvent, Temp, 24 h Ph
Ph
22 2 23
Entry Rh cat. Additive Solvent Temp (°C) yield [%] ee [%]

1 (R)-Rh1 PivOH EtOH 40 60 80
2 (R)-Rh2 PivOH EtOH 40 35 53
3 (R)-Rh5 PivOH EtOH 40 12 8
4 (R)-Rh6 PivOH EtOH 40 42 -62
5 (R)-Rh1 AcOH EtOH 40 60 88
6 (R)-Rh1 1-AdCOOH EtOH 40 trace -
7 (R)-Rh1 PhCOOH EtOH 40 55 80
8 (R)-Rh1 MesCOOH EtOH 40 39 85
9 (R)-Rh1 4-CF3-PhCOOH EtOH 40 62 84
10 (R)-Rh1 NaOAc EtOH 40 68 68
11 (R)-Rh1 NaOPiv EtOH 40 65 77
12 (R)-Rh1 Zn(OAc), EtOH 40 23 68
13 (R)-Rh1 AcOH THF 40 trace -
14 (R)-Rh1 AcOH EA 40 44 91
15 (R)-Rh1 AcOH PhCl 40 57 90
16 (R)-Rh1 AcOH DCM 40 89 90
17 (R)-Rh1 AcOH DCE 40 87 92
18 (R)-Rhl AcOH DCE 25 87 94
19 (R)-Rh1 AcOH DCE 10 56 94
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[a]JReaction conditions: 22 (0.05 mmol), 2 (0.05 mmol), (R)-Rh (3 mol%), AgSbFs (12 mol%), oxidant (2 equiv)
and additive (1 equiv) in solvent (1 mL), 24 h. Isolated yield. The ee was determined by HPLC analysis using a
chiral stationary phase.

3.4 Typical General Procedure for the Asymmetric Catalysis

General procedure for the synthesis of 3-14 and 21.

Ar?
A (R)-Rh6, Ag,0
MesCOOH I
+ | | o) N 1

PhMe, 30 °C, 48 h .

: ;N]/ _ AR (Conditions A) QJ/

1 2 (R)-product

Conditions A: A scew-cap vial (8§ mL) was charged with N-indol benzamides 1 (0.1 mmol,), alkynes
2 (0.15 mmol), (R)-Rh6 (3 mol%), Ag>O (1.5 equiv), and MesCOOH (1.2 equiv) in toluene (2 mL)
and the mixture was stirred at 30 °C for 48 h. The reaction mixture was evaporated under vacuum and
the residue was purified by preparative TLC to give the corresponding product.

General procedure for the synthesis of (enf)-3 and (ent)-15.

2
A (R)-Rh1, Ag,CO; Ar
Ag,0, MesCOOH |
S g ‘

PhMe, 60 °C, 48 h I

N:/ ) Ar2 (Conditions B) Q_?/

1 2 (S)-product

Conditions B: A scew-cap vial (8§ mL) was charged with N-indol benzamides 1 (0.1 mmol,), alkynes
2 (0.15 mmol), (R)-Rh1 (3 mol%), Ag>O (1.0 equiv), Ag2COs (0.5 equiv) and MesCOOH (2.0 equiv)
in toluene (2 mL) and the mixture was stirred at 60 °C for 48 h. The reaction mixture was evaporated
under vacuum and the residue was purified by preparative TLC to give the corresponding product.

General procedure for the synthesis of (enf)-16-19.

2
R1 (R)-Rh1, Ag,CO3 R
Ag,0, HOPiv |
+

> z
0™ "NH If PhMe, 30 °C, 48 h o= N° "Ph
N Bh (Conditions C) N
) j
1 2 (S)-product
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Conditions C: A scew-cap vial (8 mL) was charged with N-indol benzamides 1 (0.1 mmol), alkynes
2 (0.15 mmol), (R)-Rh1 (3 mol%), Ag>CO3(1.0 equiv), Ag>O (0.5 equiv) and HOPiv (2.0 equiv) in
toluene (2 mL) and the mixture was stirred at 30 °C for 48 h. The reaction mixture was evaporated
under vacuum and the residue was purified by preparative TLC to give the corresponding product.

General procedure for the synthesis of 23-39.

0 = Ar (R)-Rh1 o N=—=
AgSbFg, AgOAC _N-Z
Ay - \
H  N= A DCE, 25°C, 24 h N,
r . r
(Conditions D) Ar
22 2 (S)-product

Conditions D: A scew-cap vial (8 mL) was charged with N-(7-azaindol-1-yl)benzamide 22 (0.1 mmol),
2 (0.1 mmol), (R)-Rh1 (3 mol%), AgSbFe (12 mol%), AgOAc (2.0 equiv) and HOAc (1.0 equiv). in
DCE (1 mL) and the mixture was stirred at 25 °C for 24 h. The reaction mixture was evaporated under
vacuum and the residue was purified by preparative TLC to give the corresponding product.

General procedure for the synthesis of racemic product 3-21.

A similar synthetic procedure was followed for synthesis of racemic products except that [Cp*RhCl>]»
(4 mol %) was used at 80 °C for 24 h.

General procedure for the synthesis of racemic product 23-39.

A similar synthetic procedure was followed for synthesis of racemic products except that racemic Rh-

1 (3 mol %) was used.
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3.5 Transformations and application

Ph Ph
| NBS |
. o/

07 "N” “Ph > N™ Ph
N DMF, Ny, 24 h N
o oL

Br
40

(ent)-3, 94% ee 70% yield, 93% ee

To a stirring solution of (enf)-3 (0.1 mmol, 94% ee) in DMF (2 mL) was added NBS (2.2 equiv) under
N2 atmosphere. The resulting mixture was allowed to stir at 25 °C for 24 h. The reaction was quenched
by the addition of water and the mixture was extracted with EtOAc. The organic phase was separated,

washed with water and brine, dried over anhydrous Na>SOas, filtered and concentrated. The residue

was purified by a silica gel chromatography to give compound 40 (35.3 mg, 70%, 93% ee) as a solid.!*!

(R)-2-(3-bromo-2-methyl-1H-indol-1-yl)-3,4-diphenylisoquinolin-1(2H)-one (40)
'"H NMR (600 MHz, CDCl3) § 8.52 (dd, J = 8.0, 1.4 Hz, 1H), 7.71 — 7.65 (m, 1H), 7.61
N/ —7.56 (m, 1H), 7.40 — 7.33 (m, 2H), 7.31 — 7.27 (m, 1H), 7.25 (d, J=7.6 Hz, 1H), 7.23
Q_ZB/.r —7.17 (m, 3H), 7.16 — 7.10 (m, 3H), 7.05 — 6.89 (m, 4H), 6.77 (t, J= 7.6 Hz, 1H), 2.24
(s, 3H). 3C NMR (150 MHz, CDCl3) 6 160.9, 142.5, 137.6, 136.3, 135.6, 134.5, 133.6, 131.9, 131.6,
131.5, 129.8, 129.7, 128.9, 128.6, 128.5, 128.2, 127.7, 127.5, 127.42, 127.38, 126.3, 126.0, 125.5,
123.3, 121.5, 120.1, 119.0, 109.0, 91.1, 11.0. HRMS (ESI): calcd. for C30H21BrN2NaO" [M+Na]" :
527.0729, found : 527.0722. [e]p** = -36 (c = 0.1, CHCL).
HPLC analysis: Daicel Chiralpak OZ-H column (hexane: 2-propanol = 95:5, v = 1.0 mL/min, 40 °C,

254 nm). tr (minor) = 7.055 min, tr (major) = 8.185 min, 93% ee.

Area (%)

S9

No. Time Area Area (%) No. Time Area
1 7.224 2377.9 50.90 1 7.055 841.8 3.48
2 9.478 2293.7 49.10 2 8.185 23377.3 96.52




Ph
[Ru(p-cymene)Clol, AgSbFg ~ Ph |
Cu(OAc),*H,0
(OAc)*H, 07 N Ph
Dioxane, 100°C, N, 24 h N

avs

41
42% yield, 93% ee

(ent)-3, 94% ee
Under N2 atmosphere, (enf)-3 (0.1 mmol, 94% ee), styrene (0.15 mmol), [Ru(p-cymeme)Clz2]2 (5
mol%), AgSbF¢ (20 mol%), Cu(OAc)2'H20 (2.2 equiv) in 1,4-dioxane (2 mL) were charged into a
Schelenk. The mixture was stirred at 100 °C for 24 h, The reaction mixture was washed with saturated
NaHCO:s solution and was extracted with CH2Cl, (three times) and the combined organic layers were
dried over anhydrous Na;SO4. The residue was purified by a silica gel chromatography to give
compound 41 (22.2 mg, 42%, 93% ee) as a solid.!

(S,  E)-2-(2-methyl-1H-indol-1-yl)-3,4-diphenyl-8-styrylisoquinolin-1(2H)-

PR [ one (41) 'H NMR (600 MHz, CDCl3) 6 8.62 (d, J = 16.1 Hz, 1H), 7.76 (d, J =
N 7.6 Hz, 1H), 7.60 (t, J= 7.9 Hz, 1H), 7.56 — 7.50 (m, 2H), 7.37 (d, J= 7.9 Hz, 1H),
7.28 (t,J=7.7 Hz, 3H), 7.26 — 7.23 (m, 2H), 7.22 — 7.17 (m, 3H), 7.16 — 7.11 (m,
3H), 7.06 — 6.99 (m, 3H), 6.99 — 6.94 (m, 2H), 6.93 — 6.89 (m, 1H), 6.75 (t, J = 7.6 Hz, 1H), 6.16 —
6.09 (m, 1H), 2.26 (s, 3H). 3C NMR (150 MHz, CDCl3) 6 161.3, 142.9, 142.3,139.2, 137.7, 136.7,
136.5,136.4,132.7,132.2,131.9, 131.8, 131.7, 130.2, 129.7, 129.6, 128.6, 128.5, 128.4, 128.2, 127.8,
127.4,127.3,127.2,127.0,126.4, 126.0, 122.5,121.9, 120.7, 120.3, 119.6, 108.9, 100.2, 12.2. HRMS
(ESI): calcd. for C3sHasN>NaO* [M+Na]" : 551.2094, found : 551.2091. [a]p?’ =-53 (¢ = 0.1, CHCI;).

HPLC analysis: Daicel Chiralpak IE column (hexane: 2-propanol = 85:15, v = 1.0 mL/min, 40 °C,

254 nm). tr (minor) = 6.014 min, tr (major) = 7.139 min, 93% ee.

No. Time Area Area (%) No. Time Area Area (%)
1 6.003 1278.4 50.89 1 6.014 246.1 3.67
2 7.121 1233.5 49.11 2 7.139 6466.5 96.33
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o Ne= o Ne=
Y /e
N/N 1,05 N/N
= =
Ph DMSO, 80 °C Ph
Ph Ph
23, 94% ee 42, 84% yield, 90% ee

A scew-cap vial (8 mL) was charged with 26 (41.3 mg, 0.1 mmol, 1.0 equiv), in DMSO (1.0 mL), then
[Os (40.1 mg, 0.12 mmol, 1.2 equiv) was added slowly. The reaction was allowed to warm to 80 °C
and stirred for 12 h. After the reaction was complete (monitored by TLC). Then the residue was purified
by silica gel column chromatography (PE/EA = 2:1) to afford the desired product 42 (45.3 mg, 84%,

90% ee) as a white solid.

o N //\ (8)-2-(3-iodo-1H-pyrrolo[2,3-b]pyridin-1-yl)-3,4-diphenylisoquinolin-

N 1 1(2H)-one (42) 'H NMR (600 MHz, CDCl3) 6 8.51 (dd, J = 8.0, 1.5 Hz, 1H),
/N o 8.32(dd, J=4.8,1.5 Hz, 1H), 7.62 (ddd, J= 8.5, 7.1, 1.5 Hz, 1H), 7.58 (dd, J
Ph =17.9, 1.5 Hz, 1H), 7.55 - 7.50 (m, 1H), 7.31 — 7.22 (m, 3H), 7.22 — 7.15 (m,

4H), 7.12 (dd, J = 7.9, 4.8 Hz, 1H), 7.10 — 7.05 (m, 2H), 7.01 — 6.95 (m, 1H), 6.93 — 6.88 (m, 1H),
6.71 (td, J=7.6, 1.7 Hz, 1H). 3C NMR (150 MHz, CDCl3) § 160.9, 146.6, 145.2, 141.9, 137.8, 135 .4,
133.4,132.8,131.9,131.5,131.3, 129.9, 129.7, 128.6, 128.3, 128.2, 128.0, 127.4, 127.2, 127.1, 127.0,
126.1, 125.2, 121.5, 119.5, 117.9. HRMS (ESI-TOF) (m/z): Caled for C2sH19IN3O", (M + H]"),
540.0567, found 540.0560. [a]p?’ =-16 (c = 0.1, CHCI3).

HPLC conditions: Daicel Chiralpak OD-3 column (80: 20 hexane: 2-propanol, 0.8 mL/min, 40 °C,

254 nm). tr (major) = 7.917 min, tr (minor) = 8.325 min, 90% ee.

my w

FERTZRA Chl 2200 FETIZEA Chl 220nu]
2500
2000-]

1500

1000
500 =

T T T T T T
5.0 7.5 10.0 12.5 15.0 5.0 7.5 10.0 12.5 15.0
min min

No. Time Area Area (%) No. Time Area Area (%)
1 7.942 1315814 49.73 1 7.917 15265906 94.92
2 8.383 1330267 50.27 2 8.325 816691 5.08
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7 o_#
N m-CPBA N~

N N
Zpn DCM, 0°Cto rt. Zph
Ph Ph
23, 94% ee 43, 80% yield, 94% ee

A scew-cap vial (8 mL) was charged with 23 (41.3 mg, 0.1 mmol, 1.0 equiv), in DCM (1.0 mL). The
resulted mixture was stirred at 0 °C, then m-CPBA (20.6 mg, 0.12 mmol, 1.2 equiv) was added slowly.
The reaction was allowed to warm to room temperature and stirred for 12 h. After the reaction was
complete (monitored by TLC), the solvent was removed under reduced pressure. Then the residue was
purified by silica gel column chromatography (PE/EA = 1:1) to afford the desired product 43 (34.3 mg,
80%, 94% ee) as a white solid.

/ N
00-N=
N

N

=

(5)-1-(1-0x0-3,4-diphenylisoquinolin-2(1H)-yl)-1H-pyrrolo[2,3-b]pyridine 7-
oxide (43) "H NMR (600 MHz, CDCl3) ¢ 8.50 (dd, J = 8.0, 1.5 Hz, 1H), 8.03 (d,

o J=6.2Hz, 1H), 7.60 (ddd,J=8.5,7.1, 1.5 Hz, 1H), 7.55 - 7.45 (m, 2H), 7.40 (dd,

Ph J=28.0, 1.1 Hz, 1H), 7.28 — 7.21 (m, 4H), 7.20 — 7.14 (m, 2H), 7.12 (dd, J = 7.7,
1.6 Hz, 1H), 7.05 — 6.92 (m, 4H), 6.89 (td, J = 7.6, 1.6 Hz, 1H), 6.39 (dd, J = 3.8, 1.3 Hz, 1H). 13C
NMR (150 MHz, CDClI3) 6 161.3,141.5, 137.7,135.6, 134.7, 133.2,132.8, 131.9, 131.2, 130.8, 130.0,
128.8, 128.3, 128.0, 127.8, 127.2, 127.1, 126.0, 124.40, 124.37, 120.6, 118.9, 117.9, 102.2. HRMS
(ESI-TOF) (m/z): Caled for CasH20N30,", ([M + Na]"), 430.1550, found 430.1552. [a]p?® =-12 (¢ =
0.1, CHCI).

HPLC conditions: Daicel Chiralpak 1J-3 column (80: 20 hexane: 2-propanol, 0.8 mL/min, 40 °C, 254

nm). tr (major) = 9.146 min, tr (minor) = 11.680 min, 94% ee.

g LY

FEPIEEA Chl 2200m)

ToIaEn hl 220n

10004 . 1004

750 = 300

5001 200
2507 100
o]

Ve ¥ e

7.5 2.5

T T
5.0 17.5

xxxxx
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No. Time Area Area (%) No. Time Area Area (%)
1 10.225 29794005 50.03 1 9.146 10351486 96.99
2 13.258 29754627 49.97 2 11.680 321575 3.01




p4

+

-

o A p-Tol
o N oLy
NS > R
N~ N
=

N
Pd(OAc),
Ph Davephos = Ph
Ph PivOH, Cs,CO; Ph
) PhMe, 110 °C )
43, 80% yield, 94% ee 44, 56% yield, 93% ee

In a N»-filled glove box, a scew-cap vial (8§ mL) was charged with 43 (42.9 mg, 0.1 mmol, 1.0 equiv),
1-bromo-4-methylbenzene (17 mg, 0.1 mmol, 1.0 equiv), Pd(OAc): (2.2 mg, 0.01 mmol, 10 mol %),
Davephos (7.9 mg, 0.02 mmol, 20 mol %), PivOH (3 mg, 0.03 mmol, 30 mol%) and Cs2CO3 (65.2 mg,
0.2 mmol, 2.0 equiv) in toluene (1.0 mL). The reaction mixture was then stirred at 110 °C in a preset
oil bath for 12 h. After the reaction was complete (monitored by TLC), the reaction mixture was
allowed to cool to room temperature. The resulting mixture was then concentrated and purified by
silica gel chromatography using PE: EA (3:1) as the eluent to yield compound 44 (29.1 mg, 56%, 93%

ee) as a white solid.

00-N=

p-Tol N (5)-1-(1-0x0-3,4-diphenylisoquinolin-2(1H)-yl)-6-(p-tolyl)-1H-pyrrolo[2,3-
+N > b]pyridine 7-oxide (44) '"H NMR (600 MHz, CDCls) ¢ 8.48 (dd, /= 8.0, 1.4 Hz,
N/

N 1H), 7.76 — 7.69 (m, 2H), 7.64 — 7.54 (m, 2H), 7.48 (ddd, J=8.2, 7.1, 1.2 Hz, 1H),
Ph 7.36 (d, J = 8.2 Hz, 1H), 7.27 — 7.21 (m, 7H), 7.20 — 7.15 (m, 2H), 7.12 (d, J =
8.2 Hz, 1H), 7.09 (dt,J="7.7, 1.7 Hz, 1H), 6.99 (td, J= 7.5, 1.6 Hz, 1H), 6.97 — 6.89 (m, 3H), 6.38 (d,
J=13.7Hz, 1H), 2.37 (s, 3H). ¥*C NMR (150 MHz, CDCl3) § 161.1, 144.8, 141.6, 139.0, 137.8, 135.8,
133.0, 131.9, 131.5, 131.4, 130.5, 130.0, 129.5, 128.9, 128.7, 128.2, 127.9, 127.8, 127.6, 127.04,
126.98, 125.9, 124.7, 122.7, 119.9, 119.5, 118.6, 101.9, 21.4. HRMS (ESI-TOF) (m/z): Calcd for
C3sHasN302", (M + H]Y), 520.2020, found 520.2018. [a]p?® = -18 (¢ = 0.1, CHCl5).
HPLC conditions: Daicel Chiralpak OD-3 column (80: 20 hexane: 2-propanol, 0.8 mL/min, 40 °C,

254 nm). tr (major) = 15.678 min, tr (minor) = 13.918 min, 94% ee.

v L

TR (hl 220w

S13



No. Time Area Area (%) No. Time Area Area (%)

1 13.592 1149807 50.44 1 13.918 263059 3.41
2 15.402 1129786 49.56 2 15.678 7441425 96.59

Ph,

Pd(PhCN),Cl,, *_—COOEt
N2 . Ny e 43, NaBArg
N N Me
Ph” “COOEt " DCM, r.t N
Me

45, 67% yield, 59% ee

A scew-cap vial (8 mL) was charged with ethyl 2-diazo-2-phenylacetate (19.0 mg, 0.1 mmol, 1.0
equiv), 1,2-dimethyl-1H-indole (14.5 mg, 0.1 mmol, 1.0 equiv), Pd(PhCN),CL (2.6 mg, 10 mol%), 43
(4.3 mg, 10 mol%) and NaBArr (21.3 mg, 24 mol%) in DCM (1 mL) was stirred in a vial at 25 °C for
12 h. The reaction mixture was evaporated under vacuum and the residue was purified by preparative

TLC to give the corresponding product 45 (20.6 mg, 67%, 59% ee) as a white solid.

Ph, ethyl (S)-2-(1,2-dimethyl-1H-indol-3-yl)-2-phenylacetate (45) "H NMR (600
COOEt
Q—S: MHz, CDCl3) 0 7.49 (dt, J = 8.0, 1.0 Hz, 1H), 7.30 — 7.23 (m, 5H), 7.22 — 7.18
M
NTe (m, 1H), 7.14 (ddd, J=8.1, 7.0, 1.2 Hz, 1H), 7.02 (ddd, J=8.0, 6.9, 1.0 Hz, 1H),
Me

5.29 (s, 1H), 4.26 — 4.13 (m, 2H), 3.66 (s, 3H), 2.35 (s, 3H), 1.25 — 1.20 (m, 3H).
13C NMR (150 MHz, CDCl3) 6 173.2, 139.1, 136.7, 134.7, 128.2, 126.9, 126.6, 120.7, 119.5, 119.2,
108.6,107.9,61.0,48.4,29.6, 14.2, 10.8. HRMS (ESI-TOF) (m/z): Calcd for C20H22NO,", (IM +H]"),
308.1645, found 308.1640. [a]p?® =42 (¢ = 0.1, CHCI3).
HPLC conditions: Daicel Chiralpak IC column (80: 20 hexane: 2-propanol, 0.8 mL/min, 40 °C, 254

nm). tr (major) = 6.417 min, tr (minor) = 7.350 min, 59% ee.

mV m

No. Time Area Area (%) No. Time Area Area (%)
1 6.417 6721273 49.23 1 6.417 11474131 79.27
2 7.333 6932609 50.77 2 7.350 3000574 20.73
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3.6 Mechanistic Studies

(a) Parallel Kinetic Isotope Effect Experiment

Ph (R)-Rh1 s A92003 Ph
Ag,0, MesCOOH |
+ > <
07 "NH It PhMe, 60 °C, 30 min O~ N "Ph
N I8 N
o o
1 2 3
~ S
dsC | g _Ph
X Ph (R)-Rh1, Ag,CO;
Ag,0, MesCOOH |
+ > <
0™ 'NH I PhMe, 60 °C, 30 min 0~ N° "Ph
N N N
y/ )/
1-dls 2 3-dj

To two tubes equipped with a magnetic stir bar was charged with 1 (1.0 equiv) or 1-ds (1.0 equiv),
diphenylacetylene 2 (1.5 equiv), (R)-Rh1 (3 mol%), AgO (1.0 equiv), Ag2CO;3 (0.5 equiv) and
MesCOOH (2.0 equiv) and toluene (2 mL). After stirring at 60 °C for 30 min, The two mixtures were
combined and were rapidly evaporated under vacuum and the residue was purified by flash
chromatography on silica gel (PE : EA=5 : 1 as the eluent) to afford afford the mixed isotopic products.

The KIE was determined b e (kn/kp = 0.70/0.30 = 2.3).
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(b) Synthesis of rhodium complexes 46.

1) AgOAc, MeCN
o£ + (R)-Rh1 >

2) PPhg, rt

N Total: 52% yield
< 5 /

A mixture of N-indol benzamides (25.0 mg, 0.1 mmol, 2.0 equiv), (R)-Rh1 (57.8 mg, 0.05 mmol) and

silver acetate (33.4 mg, 0.2 mmol, 4.0 equiv) in acetonitrile (5 mL) was stirred for 20 min at room
temperature under N> atmosphere. Another portion of triphenylphosphine (26.2 mg, 0.1 mmol, 2.0
equiv) was added and the mixture was allowed to stir for additional 40 min at room temperature. The
resulting crude mixture was filtered through PTFE syringe filter washing with acetonitrile (10 mL) and
concentrated under reduced pressure. 46 was purified by deactivated silica gel chromatography (PE
/EA/DCM = 2:1:1). Product 46 was totally isolated in 52% yield as a yellow solid.

'TH NMR (600 MHz, CDCls3) 6 8.05 (d, /= 8.2 Hz, 1H), 7.77 (d, J= 7.3 Hz, 1H), 7.74 (d, J= 8.2 Hz,
1H), 7.69 — 7.61 (m, 5H), 7.57 — 7.52 (m, 2H), 7.50 — 7.45 (m, 4H), 7.37 — 7.30 (m, 4H), 7.22 - 7.16
(m, 2H), 7.10 — 7.00 (m, 7H), 6.94 (dd, J = 8.0, 4.9 Hz, 2H), 6.91 (d, J = 8.5 Hz, 1H), 6.57 (s, 1H),
6.23 (t,J=9.3 Hz, 2H), 6.16 (d, J=7.7 Hz, 1H), 6.05 (s, 1H), 6.01 — 5.94 (m, 2H), 4.65 (s, 1H), 4.50
(t,J=2.7Hz, 1H), 3.90 (s, 3H), 3.71 (s, 3H), 3.52 (d, /= 12.9 Hz, 1H), 3.10 (d, /= 13.0 Hz, 1H), 1.41
(s, 3H) or the isomer "TH NMR (600 MHz, CDCl3) 6§ 7.75 (d, J = 8.1 Hz, 1H), 7.71 — 7.64 (m, 3H),
7.61 —7.53 (m, 2H), 7.52 — 7.45 (m, 2H), 7.40 (d, J= 7.8 Hz, 1H), 7.38 — 7.27 (m, 7H), 7.19 (s, 1H),
7.13 (d, J= 7.8 Hz, 2H), 7.08 — 6.99 (m, 4H), 6.97 — 6.88 (m, 3H), 6.86 (d, J = 8.5 Hz, 1H), 6.55 (s,
1H), 6.41 (t, J= 7.8 Hz, 3H), 6.29 (s, 1H), 6.23 (d, J= 8.1 Hz, 1H), 6.02 — 5.93 (m, 2H), 5.40 (d, J =
2.4 Hz, 1H), 4.93 (s, 1H), 4.31 (s, 1H), 4.15 (dd, J = 15.5, 2.3 Hz, 1H), 3.92 (s, 3H), 3.56 (d, J=13.0
Hz, 1H), 3.49 (s, 3H), 3.05 (d, /= 13.0 Hz, 1H), 2.68 (s, 3H).

13C NMR (150 MHz, CDCl3) 6 179.3, 155.3, 154.8, 138.5, 137.3, 136.4, 136.3, 135.4, 135.0, 133.7,
133.6, 132.3, 132.2, 132.1, 131.2, 130.4, 128.72, 128.67, 128.63, 128.59, 127.4, 127.0, 126.9, 126.8,
126.7, 126.6, 126.5, 126.4, 126.2, 125.6, 124.1, 123.3, 123.2, 119.34, 119.27, 112.5, 105.9, 105.8,
104.5,98.0,97.4, 91.1, 82.6, 55.7, 55.0, 25.1, 24.1, 13.3. 3P NMR (243 MHz, CDCl3) 6 38.6 (d, J =
159.6 Hz), 29.3. HRMS (ESI): calcd. for Ce3HsiN2O3PRh" [M+H]": 1017.2687, found : 1018.2687.
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46 (8 mol%)
Ph Ag,0 (1.0 equiv)
Ag,CO3 (0.5 equiv)
+

MesCOOH (2.0 equiv) |
PhMe, 60 °C, 48 h
(Conditions B)

(ent)-3, 62% yield, 94% ee

A scew-cap vial (8§ mL) was charged with N-indol benzamides 1 (0.1 mmol,), alkynes 2 (0.15 mmol),
46 (8 mol%), Ag>0 (1.0 equiv), Ag2CO3 (0.5 equiv) and MesCOOH (2.0 equiv) in toluene (2 mL) and
the mixture was stirred at 60 °C for 48 h. The reaction mixture was evaporated under vacuum and the
residue was purified by preparative TLC to give the corresponding product (enf)-3 (26.4 mg, 62%
yield, 94% ee).

HPLC analysis: Daicel Chiralpak IE column (hexane: 2-propanol = 85:15, v = 1.0 mL/min, 40 °C,
254 nm). tr (minor) = 11.213 min, tr (major) = 16.753 min, 94% ee.

Rbsorbance [mAU]

|

No. Time Area Area (%) No. Time Area Area (%)
1 11.286 10817.0 50.50 1 11.213 37.3 2.81
2 17.319 10604.8 49.50 2 16.753 1289.1 97.19

3.7 Determination of Rotational Barrier for (ent)-3 and 23.

The enantiomerisation barrier, corresponding to the barrier to rotation for the following atropisomers,
was obtained by kinetic of racemisation of an enantiomer. The slope of the first order kinetic line gives
the racemisation constant (kracemisation =2 X Kenantiomerisation). Eyring equation gives the enantiomerisation
barrier (4G*enaniomerization) from enantiomerisation constant (enantiomerisation), R = 8.31451 J K"« mol!,
h = 6.62608 x 103* Js and ks = 1.38066 x 102* J/K. Reactions were conducted at 1 mg/mL
concentration. The diastereomeric ratio (dr) and diastereomeirc excess (de) value were determined by

HPLC.
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kpXT

il Gienantiomerization =RTx In

hXkenantiomerisation

Racemization of (ent)-3 in DMF at 150 °C.

(ent)-3. AG* = 39.2 kcal/mol (150 °C, DMF)

0.012
)
’}? 0.008
T/s ee In (eeo/eer) =
3 y=1E-07x
0 94 0 = 0004 Re=1
86400 93 0.0106953
0.000 @&
0 20000 40000 60000 80000 100000
T/s
kracemization (150 OC) = 1.0X10_7 S_1
kenantiomerization (150 OC) =5.0x10%s!
kpXT

Employing the Eyring equation: 4G*enantiomerization = RTx In

hkenantiomerisation

1.381x10723 JeK™1 x 423.15 K
5.0x1078 §71x6.626X10734 Jes

AG”=164.0 kJ * mol"! = 39.2 kcal » mol”

AG?=8.314 J K 's mol! x 423.15 K xIn
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Racemization of 23 in mesitylene at 120 °C.

23. AG* = 32.8 kcal/mol (120 °C, mesitylene)

T/s ee In (eeo/eer)
0 93.2 0.000000
1800 92.6 0.006458
3600 89.6 0.039393
7200 88.6 0.050616
10800 85.8 0.083894
14400 82.6 0.121949
18000 80.0 0.153972
25200 74.4 0.225292

Employing the Eyring equation: 4G*enantiomerization = RTx In

AG?=8.314 J K s mol! x 393.15 K xIn
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4. X-Ray Crystallographic Data

X-ray crystal structure of (S)-(ent)-3 (CCDC 2213499)

Table S4 Crystal data and structure refinement for (ent)-3.

Identification code
Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

a/A

b/A

c/A

a/°

pre

y/°

Volume/A3

Z

Pealeg/cm?

w/mm'!

F(000)

Crystal size/mm>
Radiation

20 range for data collection/°
Index ranges

Reflections collected

(ent)-3
C30H22N20
426.49

180.00
orthorhombic
P21212;
9.5313(3)
14.4824(5)
16.6299(5)

90

90

90

2295.53(13)

4

1.234

0.586

896.0

0.45 x0.3 x0.1
CuKoa (A =1.54178)
8.096 to 136.56
-11<h<11,-16<k<17,-19<1<20
34480
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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 A

Flack parameter

4169 [Rint = 0.0316, Ryjgma = 0.0149]
4169/93/299

1.067

R, = 0.0288, wRy = 0.0732

R; = 0.0301, wR = 0.0747
0.15/-0.14

-0.03(7)
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5. ECD Spectrum and DFT Calculations of N-N Single-axis Product 23.

400

Experimental ECD
Calculated ECD

200

) 0
<
-200
—-400
_600 1 1 1 1
200 250 300 350 400
Wavelength (nm)

Figure 1. Comparison of calculated (red line) and experimental (black line) ECD spectra of N-N single-
axis product (S)-23.
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6. Theoretical Calculation

6.1 Computational details

All the calculations were performed using the Gaussian 09[%]. The geometry optimizations were
carried out at the B3LYP-D3(BJ)!"! level of theory with a basis set of def2-SVP®! for all atoms.
Frequencies were computed analytically at the same level of theory to confirm whether the structures
are minima (no imaginary frequencies) or transition states (only one imaginary frequency). Key
transition-state structures were confirmed to connect the correct reactants and products by intrinsic
reaction coordinate (IRC) calculations®’. Because the harmonic oscillator approximation may lead to
spurious results for the computed entropies in molecules with low-frequency vibrational modes, the
quasi-harmonic approximation from Grimme!'” was applied to compute the thermal corrections with
a cutoff frequency of 100 cm™! using GoodVibes!!!!. To obtain better accuracy, single-point energies
for the optimized geometries were calculated at the M06['?! level of theory with a larger basis set of
def2-TZVPP!'* for all atoms. Solvation effects (toluene, € = 2.3741) were taken into account by
performing single-point calculations using the SMD model!'*). To correct the Gibbs free energies
under a pressure of 1 atm to the standard state in solution (1 mol/L), a correction of 1.89 kcal/mol is
added to the energies of all species. The final free energies reported in the article (AGsor) are the large
basis set solution-phase single-point energies corrected by gas-phase Gibbs free energy correction (at

298.15 K). All 3D structures of the optimized geometries were generated using CY Lview!!%,

2. The alkyne insertion transition state from intermediate (Syv)-1IM2

CpOMe CpOMe ks
R‘h Ph_.-Rh
N T \\
%’ N”PhR
0 o}
(Snw)-1M2 (Syn)-TS2-L
-0.2 31.8
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6.2 The whole calculated energy profile for the pathway leading to product (Rvy)-3

cpoMe N T
e
Ph_ RN CpOMe *

_‘ 0 |
\[‘ Ph i,'Rxh

AGsol

kcal/mol

1.8 Ph
(Run)-IM4 I -RA- cpome
CpOMe Ph

Ph |

CMD alkyne insertion into Rh-C C-N reductive elimination
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6.3 Optimized geometries of alkyne insertion transition states (Ryy)-TS2'

/ N
i @ (Run)-TS2!

28.8
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6.4 Table of calculated energies and energy corrections

Stationary Single-point energy Thermal correction
point M06-SMD to Gibbs free energy
def2-TZVPP at 298.15K
(a.u.) (a.u.)
1 -802.5867964 0.223365
2 -539.2382104 0.154957
MesCOOH -538.6158937 0.161251
CAT -2455.604162 0.7428
(Swvv)-IM1 -2719.57107 0.810315
(Rnn)-IM1 -2719.569059 0.809129
(Swv)-TS1 -2719.539937 0.805086
(Rnn)-TS1 -2719.540166 0.804817
(Snv)-IM2 -2180.94017 0.621264
(Svnv)-IM3 -2180.936126 0.620597
(Swvv)-IM4 -2720.200233 0.80824
(Svv)-IMS -2720.240303 0.807829
(Rvn)-IM2 -2180.935254 0.621211
(Rnn)-IM4 -2720.202346 0.8065
(Rnn)-IMS -2720.241481 0.80861
(Snv)-TS2 -2720.16477 0.806715
(Snv)-TS3 -2720.182236 0.807474
(Swv)-TS2-L -2720.152005 0.80394
(Rnn)-TS2 -2720.159337 0.804557
(Rnn)-TS2' -2720.158895 0.806079
(Rnn)-TS3 -2720.174776 0.806642
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6.5 Cartesian coordinates

1

MmN T AAAATD T T ATCTAACAAZOT I TIATATAAAAAZ
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-5.61253700
-6.48860500
-5.91743700
-4.81698200
-6.55040800
-4.34451100
-4.34093700
-6.07295500
-7.41886700
-4.96733600
-3.49313800
-6.56603000
-4.59539500
-7.62906900
-5.98306800
-6.73601000
-5.73451100
-6.94700500
-6.32028400
-7.50459400
-7.19614600
-6.35622300
-7.90729200
-7.69815900
-6.19366800
-5.50634800
-4.93957600
-5.04524200
-6.63216400
-5.40586600
-4.41293800
-4.61743100
-4.62095400

1.09649000
0.12255800
-2.52281200
-3.24268700
-3.24054700
-4.63625300
-2.69276200

-4.72905900
-5.41642000
-5.81571400
-5.17802600
-6.86891600
-5.60381800
-4.32256000
-7.29752100
-7.33591500
-6.66761500
-5.09686300
-8.12400400
-7.00091200
-5.66047400
-4.37969600
-3.24965900
-5.13509800
-3.25805500
-4.43724000
-2.50461200
-2.31308100
-1.94769600
-2.81367600
-1.44765800
-4.98428900
-6.18530400
-6.85753500
-6.33976700
-4.47400500
-6.61868300
-7.80156400
-6.85863500
-4.68822800

1.32357700
1.32357600
1.32360700
2.15412500
0.49313900
2.15090000
2.79843500
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-2.37424900
-3.20218500
-4.53020900
-5.12431700
-5.20704000
-6.36753300
-4.63974100
-6.44458600
-4.73952600
-7.02589300
-6.82734000
-6.96149700
-7.99764900
-2.86883200
-1.10826100
-0.78009000

0.02778200
0.57716900
1.12002300
1.12938600
-1.84117700
-2.45490700
-2.51949300
-1.38877100
2.40896700
2.57136400
1.46908100
0.17837900
3.27008500
3.56925500
1.62724700
-0.68197700
-2.58546000

0.01335400
0.01487000
0.01158100
0.89683300

-0.87544700
0.89159500
1.58523700
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-4.63412300
-2.68896500
-5.33739800
-5.18071200
-5.17691400
-6.42986800
1.54887900
2.26878500
2.26658500
3.66235200
1.71889000
3.66015900
1.71497700
4.36346700
4.20683300
4.20292500
5.45593700

7.92500400
7.45144500
7.80822200
7.70331900
8.12610000
7.43363800
9.11100200
7.72214000
9.37386800
8.68714600
7.17722400

10.14546900
6.39102700
6.84609800
5.64077500
5.87536500
9.91908900
9.30446300

10.31950100

10.76139100
8.95943400
8.16732700
9.91720500
8.98206500

0.49648300
-0.15121800
1.32372400
2.79896100
-0.15153500
1.32377000
1.32356200
0.49304300
2.15405700
0.49629600
-0.15129200
2.15074200
2.79841200
1.32350100
-0.15176600
2.79878200
1.32347800

8.76404200
-6.75645000
-7.89773100
-8.25258800
-8.49424500
-7.99722200
-9.50249500
-8.54332300
-9.99430600
-9.54088200
-8.16926500
10.75977700
-6.90961400
-5.94572900
-7.11306500
-6.80392200
-10.06624600
-10.71599300
-9.27862300
-10.65675400
-10.11679600
-10.82908500
-10.65656600
-9.33038800
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-0.87367800
-1.56248000
0.00808100
1.58257600
-1.56600900
0.00671800
0.01665500
-0.86856600
0.90368600
-0.86330500
-1.55697000
0.90194100
1.59070100
0.02020400
-1.55426600
1.59427200
0.02158400

4.81767900
5.65950900
5.85028700
4.02067500
7.18012500
8.31604900
7.33163300
9.56992200
8.61624500
9.74532000

10.44111200
8.73500400
8.23319800
7.96397500
7.45502300
9.19838000
6.18615300
5.54589300
5.53234200
6.57365500

11.11037400

11.39927800

11.13930500

11.88083000
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0.67124500
0.24255900
1.00606600
1.85403100
1.64553100
2.72532100
2.37392800
0.23092300
0.89778600
0.61124500
4.69157300
2.42124400
1.45041600
1.42431600
2.33618600
2.28521200
3.16038800
4.13292000
4.21416500
3.32570400
3.36478500

-0.20642900
4.12543700
4.43665100
5.76885600
6.13054600
7.42173400
8.41099400
8.08851700
6.76714800
6.41836200
5.12602000
5.60886400
0.68594700
1.52703300
3.10176300
4.81963900
4.96206700

-0.90934000

-0.78123700
0.40873100
5.36966600
7.68227700

1.63605500
0.51477400
-0.62856300
-0.23499800
1.19648700
-1.14985000
2.08878700
2.63050200
-1.64893500
2.98230700
-1.73522300
1.56034200
2.04480400
1.57204200
0.56714300
0.01060400
-0.98394000
-1.46591700
-0.93845600
0.08500100
0.63213900
3.73233900
-0.61668200
0.21470500
0.72587000
1.59602400
2.06640100
1.69034100
0.85648400
0.35625500
-0.48553600
-0.94968300
-2.12552300
1.93764900
0.37896400
-1.40584900
-2.25773300
-1.31158000
3.09343400
4.41377000
4.30263900
1.88720200
2.73229100
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-3.54787300
-4.32332800
-3.88337500
-2.81472300
-2.59866900
-1.99450200
-1.62798400
-3.55838500
-4.24893200
0.23727400
-3.80618200
-0.21098900
0.72612500
2.02172800
2.43786300
3.74526000
4.12861400
3.21992400
1.94706900
1.52137300
0.19638500
1.11216800
-1.81951500
-0.75803300
-0.59968900
0.46459000
0.58863200
-0.35107400
-1.40124400
-1.55794600
-2.64991200
-2.78560600
-4.80257000
2.73442500
4.44098600
5.13486700
3.52770500
1.24575900
1.66610900
0.47440800
1.83073500
1.18922000
1.41439100



TTZTTTITTTT T T T

z

oNoNoNONONON NN NsiiileisijiaileNlioloN-RoloNoNoNoNoNoNoNON®)

9.43147000
8.84804400
7.19181800
5.05221500
6.43979300
6.02929900
2.75218500
2.26040000
3.39985400
1.88100200
-0.50415000
-0.19788500
-1.38886700
-0.12283100
-1.02136600
-1.62811300
-0.82000200
-3.02127000
-1.42866300
-3.57870100
-2.80309800
-0.80633500
-4.65600500
0.66681200
1.16570500
0.88701100
1.12586800
-3.92113700
-3.73098500
-3.74584300
-4.97638800
-3.44415500
-4.04857000
-4.12237600
-2.69199800
-1.36811600
-1.85298400
-2.03748300
-3.19971000
-3.40482800
-4.06206000
-4.45933000
-5.11535200
-5.32930900

2.06620300
0.56951300
0.74212400
2.74559000
2.71790100
1.25203200
2.13320600
1.26911800
2.21842000
3.06729200
0.52539500
0.11919700
-1.62739600
-0.72256500
-1.57760400
-2.43771400
-2.95304500
-2.69688700
-3.73239500
-3.46117800
-3.99020300
-4.14622700
-3.64991500
-2.70617000
-2.92025600
-1.65571500
-3.33512600
-2.15968000
-1.09639600
-2.68486100
-2.28553800
-4.79860700
-4.15409900
-5.56448600
-5.30370100
3.16306300
1.03921900
2.32487100
2.74450500
2.16828500
3.77132400
2.64640100
4.18929100
3.64562800
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-0.24481200
-2.13324900
-3.37306200
-5.51731800
-4.38019400
-5.33172100
-2.47948400
-1.00670000
-2.00859000
-1.63469800
-5.11464600
-2.25864200
-1.79270100
-0.28296400
-0.57759700
0.46703700
1.50797900
0.43286600
2.49865100
1.46227400
2.50106500
3.29690100
1.45073900
1.58294400
0.62577900
1.81480200
2.35823500
-0.65352000
-0.85884800
-1.60421600
-0.37153000
3.59958500
4.26077200
3.19066900
4.22297700
-2.06591300
-1.49720500
-1.46749300
-0.59482900
0.67870300
-1.05531400
1.47289700
-0.23798600
1.03527100
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-4.60376200
-5.78749500
-2.55134300
-2.95519900
-1.51826000
-2.55312000
-3.88555400
-2.96809800
-3.77680900
-4.74862000
-6.46984400
-6.42035100
-7.44283000
-6.46595400

0.10436600
-0.52647000
0.03080600
0.98174300
1.05710600
1.72199900
2.02890600
-0.13710700
-0.23223400
0.70794000
3.24806200
2.18519100
1.47711500
1.60672800
2.41267100
2.50577500
3.26455500
3.96673200
3.89943200
3.12655000
3.01858300
0.20956500
3.20970200
3.82923900
5.24242400
5.91821900
7.27775200
8.02517400

2.21205000
4.97109700
1.05835900
0.07582600
1.06901600
1.09958300
4.42490700
5.02947500
3.68017200
5.06572600
4.13007000
5.22084800
3.91801900
3.64753100

-2.22911500
-3.21381700
-3.08345900
-2.01045700
-1.49339800
-1.46699200
-0.48263600
-2.03407300
-3.67913500
1.80144000
-3.65410000
0.79072100
1.95991800
3.15309100
3.23165700
4.43235300
4.48764800
3.34149800
2.16336100
2.07385100
0.86090400
2.95319400
-1.44224500
-0.33508000
-0.34574100
0.75466600
0.71213800
-0.43782400
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2.46671500
-0.60471000
1.24568000
0.96046000
0.88532000
2.34594700
-2.40460100
-2.43028100
-3.20774400
-2.63815500
1.89399200
2.04771500
1.41942000
2.88241300

-2.25054300
-1.43023800
-0.11670700
-0.12968400
-1.48156800
1.06090900
-2.03314700
-3.29485400
0.75370700
-2.76611100
1.59689200
-1.23242500
-1.65808900
-0.97930100
0.18559600
0.94032300
2.08997800
2.53533800
1.82053200
0.63113600
-0.12701700
-3.41542800
0.80830100
0.25506800
-0.00412900
-0.59834800
-0.83092500
-0.48222300
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7.39643600
5.99682800
5.33528900
3.97324300
3.91288200
1.06272600
1.94745200
3.32124700
4.55951400
4.43610200
-0.49764300
-0.31537100
1.03346500
5.34529700
7.77967600
9.10177100
7.96815800
5.92781300
3.14569500
4.66611600
4.41095400
1.49226700
1.35670800
3.00919000
1.71075500
-1.27880000
-2.74205900
-0.96894400
-1.98244600
-0.80717600
-1.55391800
-3.75483300
-3.72117200
-3.53509600
-3.95052500
-3.53300000
-3.38372600
-3.92610300
-4.14078300
-3.71081000
-3.39240300
-4.08431000
-3.69805000
-4.66344300

-1.52695900
-1.51570200
-2.64503200
-2.61574700
-4.84950200
4.04181500
5.30754900
5.41516900
3.39012600
1.28011300
3.50860800
2.60140500
3.62658500
1.64184600
1.56874500
-0.46265800
-2.42074800
-3.52870100
-5.53996400
-4.68338100
-5.30085400
-2.08135000
-0.45156500
-0.98140000
-0.22779600
-3.92982400
-1.53746100
-1.24441200
0.49698300
0.62880200
1.22314400
-2.42482800
-3.05911100
-2.30364300
-4.43767100
-2.93147300
-1.22628800
-5.06750800
-5.00566300
-4.31582600
-2.33590000
-6.14668000
-4.80708200
-2.68818900
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0.08388700
0.33253500
0.88871700
1.10495900
1.93817800
-1.29435400
0.59900000
2.66477500
3.45149400
2.16927700
-2.78060900
-4.31252700
-3.71088300
-0.86878900
-1.28646600
-0.66718100
0.34706700
1.12295300
2.31188700
2.72844200
1.06181800
1.93670500
1.26598300
-2.10809400
-3.05053200
-1.74737700
0.45562700
-0.60237500
-1.43661100
0.36803600
-0.47930800
0.18859300
-1.17554600
-2.34297300
-1.27658600
-3.59114600
-2.27041300
-2.52292000
-0.36359900
-3.68362900
-4.49687500
-2.59194800
-4.65977300
0.96576700
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(Rvy)-IM1
C

C

C
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-2.92978200
-3.78951400
-2.16265300
-3.57680300
-2.54010200
-4.11698500
-4.77628300
-5.22712800
-4.29968300
-5.57225700
-1.87725300
-0.87611000
-0.53408600
-1.17686500
-2.14402500
-0.35422200
0.23931700
-0.94101800
-1.86785700
-1.33682100
-2.64942200
-1.55519600
-2.83552200
-2.29025800
-1.13568200
-3.42960300
-0.57137100
-1.16487400
0.35095600
-0.30997800
-3.30053000
-4.01702800
-3.83713700
-2.57106400
-2.52992600
-3.50330200
-1.75626400
-2.55164300

0.22197000

-0.71902500
0.03564600
1.07504700

-0.78631500
0.30700700
-0.86999400
0.93442700
0.21576100
1.80847600
0.58830600
1.57913200
0.55464100
-0.17413400
0.37743800
-0.52363900
-1.60133600
-1.78897200
1.20307300
-0.40230700
-2.30677700
-2.63405500
2.66355400
3.41437000
3.31212000
4.79738600
4.69568700
5.46020000
5.37318400
5.19250400
2.81411800
2.04028500
2.32571500
3.59652300
2.59694100
1.83967800
3.31918500
2.05289400
6.94529900
7.15944600
7.45132500
7.40126300

-2.53934300
-3.34025900
-3.02291100
-2.07989300
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1.59427900
1.68371200
2.73757200
2.89158300
3.58243100
3.24907600
0.60627800
0.75149300
0.38348000
0.61066900
4.81138300
5.16944200
4.32664500
3.10344600
5.47626400
6.12181000
4.64129100
2.46019800
-0.35726800
0.73045800
-1.35527500
0.75354500
-1.26900300
-0.23218000
1.58253300
-2.04080500
1.87952000
2.38348000
1.54641500
2.60540700
-2.51458300
-2.16646200
-3.14669900
-3.12822600
-0.15902100
0.31566400
0.43721200
-1.16076300

1.77390500

-0.71433400
0.45719300
0.08852700
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0.93074100
2.04857200
1.83444000
-0.61691700
-0.10224900
0.37583100
3.70959500
2.07334600
1.23481000
1.33907600
2.29507500
2.38474200
3.30618900
4.18350500
4.11935800
3.17792500
3.04671800
-0.50312400
3.46930300
3.95637900
5.30840400
5.84264200
7.14739600
7.97796000
7.48528600
6.14475800
5.61743200
4.30852700
4.45637400
0.68105300
1.69516300
3.35591300
4.90843700
4.78810700
-1.15338000
-1.12177400
0.05185000
5.20493500
7.54146300
9.01050800
8.12123300
6.26783700
3.78351900
5.32796000

-1.79234900
-1.45324200
-0.94994800
-2.51232200
-3.45111100
1.15670900
-3.55477400
0.43524000
1.49915200
2.76138000
3.02684100
4.30461100
4.54801800
3.52221000
2.27010200
1.98698300
0.68377500
2.13539500
-1.46081200
-0.42868100
-0.45349800
0.57289700
0.51833800
-0.57041600
-1.58769400
-1.56234300
-2.61976100
-2.57854300
-4.69675900
3.56923800
5.08857300
5.53403600
3.72193000
1.47614300
2.52734200
1.63663800
2.96716500
1.41264800
1.31765000
-0.60522000
-2.43415700
-3.46031700
-5.34620600
-4.43443000
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-1.29821700
1.05218100
-2.15989400
-2.78814000
1.44815500
-3.05647500
1.57935000
-1.60660900
-2.06910800
-1.52196100
-0.50585200
0.10931600
1.10568700
1.53257400
0.95619800
-0.06990600
-0.65346000
-3.56488000
0.54007100
-0.24369100
-0.72650100
-1.55235000
-1.99778500
-1.64016300
-0.84996200
-0.37751400
0.41354900
0.84828900
1.93393500
-1.83720400
-0.21103000
1.57381900
2.32490400
1.29139900
-2.77001300
-4.32176300
-4.03373100
-1.82961800
-2.62943000
-1.99581900
-0.57795200
0.65307300
2.50883000
2.55936600
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4.81112200
1.99203500
1.72710600
2.79312100
1.39046400
-1.58107700
-2.97815500
-0.92973800
-1.40414600
-0.60228800
-1.06714300
-3.80377600
-3.30890700
-2.50995200
-3.71184800
-2.09430700
-2.20764000
-3.27526700
-4.36188000
-2.46385800
-1.47262900
-3.56791200
-2.12420900
-4.89737300
-3.62311900
-3.86012800
-3.94299100
-4.32606800
-4.38797500
-4.62535100
-3.65481900
-3.92478100
-4.28765900
-2.61608800
-4.75297800
-4.65547300
-4.20352300
-3.84200400
-5.10641500
-4.93696200
-4.14446100
-3.49903400
-1.22612900
-0.38576300

-5.24227300
-1.99669000
-0.42108000
-1.48291700
-0.87395900
-4.00180300
-1.36620300
-1.23158100
0.84696700
0.38119300
1.26344600
-0.46443100
0.04350800
-0.73973800
1.31627300
-0.24545700
-1.73365400
1.82361700
1.90264200
1.04368400
-0.86253500
2.83014000
1.43840500
-0.11859400
-2.12995700
-1.81544100
-3.45400700
-2.94746500
-4.00960300
-2.99871100
-0.44017400
-0.40762500
0.26820700
-0.10160200
-5.36737500
-6.12442800
-5.55116400
-4.20552700
-5.82316900
-7.18019300
-6.16909500
-3.74212700
2.67661900
3.21577800

S37

1.04165200
2.00251300
1.24484200
-2.25768800
-3.15826600
-0.75809300
0.19480200
-0.17566600
-0.77236800
1.17591200
0.37860100
0.84144600
2.16381100
3.00770300
2.58782900
4.24322500
2.67698300
3.81151900
1.93765800
4.64124700
4.89670000
4.11902600
5.60220500
0.41104900
-0.76070000
-2.09692100
-0.53033000
-2.73364200
-1.76464600
-3.77861200
-2.62622900
-3.69068800
-2.07019500
-2.50570600
-1.79584000
-0.62919800
0.57846800
0.64444500
-2.72440100
-0.64634000
1.47779200
1.57043500
0.79227600
1.79848100
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-2.24238300
-0.53310100
-2.35355800
-1.50035500

0.13096000
-3.14381800

0.64771500

0.16002100

1.30686400

1.26979500
-3.25923700
-3.75225300
-4.03363000
-2.80744100
-1.62873500
-2.68125600
-1.06307000
-1.24628200

0.26080600
-0.36768400
0.16026400
1.04334700
1.12437100
1.71782500
2.04731500
0.07928600
-0.09433200
0.51499100
3.46539000
2.01893100
1.16753600
1.05475000
1.76776500
1.61114800
2.29323700
3.16691300
3.34277500
2.65139900
2.77441700
-0.26618300
3.20259000
3.71180000

3.47697100
4.56492700
4.81206200
5.38280400
4.98449500
5.42502300
2.40796900
1.65904000
1.85972000
3.06687600
2.94696700
2.03624500
3.70532800
2.67519400
6.83691900
7.11712400
7.07316600
7.48528800

-3.31981300

-3.80314200
-3.03576600
-2.05704800
-2.23179200
-0.98551800
-1.52397700
-3.69544300
-3.14441500
0.00182900
-2.48286000
-0.01644400
0.73189500
2.10023500
2.79270000
4.19097900
4.84717300
4.13292400
2.77401000
2.06850300
0.64986800
0.67970300
-0.91894900
-0.12677900

S38

0.20318200
2.14109800
0.60152900
1.55357500
2.90098000
0.15908200
2.53859700
3.17883400
1.85516600
3.15908200
-0.77892200
-0.41194400
-0.96185400
-1.74154400
1.92600300
2.09023300
2.83903000
1.11879600

1.16309700
0.02906700
1.12348000
0.59814400
-0.84181200
1.40297700
-1.80345600
-2.16818500
2.17411600
-3.50300600
2.87623900
-1.68542500
-2.56099600
-2.43493400
-1.42116900
-1.22951700
-0.22781400
0.62627200
0.46134300
-0.56030300
-0.73400100
-4.46789600
1.14635500
0.13299800
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5.12466500
5.68918000
7.05334700
7.91572900
7.39713700
5.99637400
5.44873400
4.08401800
4.24702800
0.39783700
0.91461500
2.15017200
3.69962600
4.01073100
-1.12843700
-0.63145800
0.33813300
5.02531300
7.47029500
8.99499500
8.05990400
6.13073400
3.54769600
4.94097500
4.83179400
1.51751800
1.25731400
3.07217400
1.77187500
-1.06770600
-2.86709300
-0.99409300
-2.07172800
-0.89537800
-1.46888400
-3.99205500
-3.61611700
-2.33884900
-4.49534500
-1.94860300
-2.03847200
-4.09202800
-5.48066100
-2.81650400

-0.07524200
0.70954600
0.74002400

-0.01786200

-0.79737100

-0.85288400

-1.67069400

-1.71552500

-3.29124400
2.67432200
4.73293800
5.92055900
4.65878600
2.22303000
1.17375700

-0.08308400

1.41976200
1.29422800
1.35091300
0.01336100

-1.38907100

-2.26244800

-3.81596800

-2.68638200

-4.03389800

-1.16393900

-0.02995500

-1.88415400

-1.81646100

-4.63330100

-1.69038600

-1.74210200
0.78761400
0.32229500
1.16283100

-1.93835900

-2.23559800

-1.82977100

-2.91058600

-2.16581500

-0.58417700

-3.23131200

-3.18476200

-2.86530500

S39

-0.11334700
-1.15515100
-1.36092400
-0.53322300
0.47964900
0.71561700
1.74237100
1.94332800
3.72595000
-3.08530900
-1.87236100
-0.08285200
1.42187700
1.12465500
-3.99638300
-5.16676600
-5.02015000
-1.79293600
-2.16478600
-0.70100700
1.11658900
2.35212900
4.38963200
4.33619300
3.15460700
2.46575200
1.12971900
-1.62106800
-2.82341300
0.09365600
0.62179800
-0.28255400
-1.69121100
0.11904400
-0.64301900
-0.12088700
-1.54120800
-1.98605200
-2.38711900
-3.29734600
-1.72020700
-3.68613800
-2.00354800
-4.13764700
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-0.96819800
-4.77075100
-2.50493700
-5.14308500
-3.04249600
-3.39229500
-2.67976000
-3.19953300
-2.74021300
-3.42046900
-4.02243500
-3.86199700
-3.63698700
-5.10568100
-2.40677800
-2.04298200
-2.02411400
-2.34808700
-2.44383400
-1.78738800
-1.76977000
-2.37502600
-1.45358800
-0.86739400
-2.05070800
-0.86585800
-2.00131300
-1.40823700
-0.40527800
-2.45577000
-0.21956300
-0.85450100
0.71994200
0.02238800
-2.76333400
-3.16991900
-2.09351600
-3.58211200
-1.32581100
-1.55575200
-0.30484900
-2.01576700

-1.84964700
-3.77086200
-3.11886100
-1.92105800
-1.27698700
0.01577600
-2.02103200
0.11906000
-1.15765100
0.99991900
0.97112900
2.00868300
0.85293200
0.77409400
-1.67886100
-3.02052900
-3.86362800
-3.37372600
-1.04118600
-3.43352600
-4.91970400
-4.02004700
2.61430800
3.05297100
3.57444700
4.41954800
4.92955400
5.37848700
4.74404000
5.65863500
2.15356900
1.30501900
1.74552300
2.73390500
3.24934700
4.17081300
2.78242300
2.53421900
6.84419200
7.02958900
7.22455600
7.44144700

S40

-3.65497900
-4.35146600
-5.15442300
0.28920900
1.91335500
2.31206400
3.02046200
3.67193400
4.15257900
4.27127500
1.36049800
1.68238300
0.34231400
1.30305000
5.41469400
5.52286100
4.39222200
3.12627200
6.30168500
6.50177800
4.51213400
2.24855200
-0.27392800
0.94872100
-1.14086000
1.24553500
-0.79010200
0.39024100
2.18192400
-1.46593400
1.96999900
2.25110000
1.57532900
2.87129700
-2.43197700
-2.87279600
-3.16669000
-2.27979600
0.72300100
1.78377300
0.54389800
0.10919000
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-0.36061400
-1.05637800
-0.31897600

0.75122400
0.73009100
1.80604000
1.76326200
-0.64768300
-0.56834800
0.97578700
2.71843800
2.42193300
1.98173900
2.59556000
3.65631500
4.26520700
5.26033900
5.69379300
5.12981400
4.10476300
3.47479800
0.58438600
3.16197900
3.94952300
5.20404100
6.02926000
7.23094700
7.66169000
6.87763100
5.63251600
4.80361600
3.59126400
3.05578200
2.25979800
3.91760800
5.71483200
6.47767300
5.46432200
0.18054900
-0.19976500
1.43322800
5.69907800

-0.67875300

-1.49298700
-2.72472900
-2.71095600
-1.41713000
-3.76853000
-0.83528600

0.32328000
-3.55860600
-0.87756000
-3.72210800
-1.76796100
-1.74002300
-2.52689200
-3.39782500
-4.25331900
-5.13443900
-5.19636300
-4.36908700
-3.44838400
-2.59447100
-0.68053600
-3.18556900
-2.60665700
-1.99540000
-1.36195700
-0.78627900
-0.81622200
-1.41269200
-2.01047300
-2.60469300
-3.16259700
-3.75240100
-2.51962800
-4.20816100
-5.78990700
-5.90111400
-4.42072800
-1.60635600

0.08412100
-0.32886300
-1.33782000

S41

-2.59220000
-3.54747400
-3.66130600

-2.73812700
-2.06516000
-2.57919000
-1.13744800
-2.28081900
-4.31380100
1.48189800
-5.15008100
-0.14530000
1.21834800
2.17268700
1.81597400
2.77409100
2.40662500
1.05998600
0.11007300
0.45802300
-0.50791100
2.82410200
-2.90579800
-1.92454200
-2.26312000
-1.29443900
-1.65284800
-3.00063000
-3.96585300
-3.62946100
-4.62054100
-4.27068400
-6.51837900
3.20789300
3.80886900
3.15351800
0.77352100
-0.92666600
3.26556900
2.80116400
3.43662700
-0.25558200
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7.85238500

8.61581400

7.20276500

5.14534400

3.19208600

2.21973700

3.97857800

1.57672400

1.80398100

2.54746700

1.29844000
-1.91936200
-2.85293700
-1.21877100
-2.27263500
-0.66047800
-1.26516600
-4.10279400
-4.03978300
-2.86050400
-5.09834100
-2.76615900
-2.45577300
-4.98069800
-5.99173000
-3.81529400
-1.87905300
-5.80185700
-3.73699700
-5.12803800
-2.75482200
-2.59667600
-2.79212400
-2.47842200
-2.58854400
-2.36884900
-2.63772700
-3.56758300
-1.79999000
-2.59752400
-2.55794400
-2.73847600
-2.96847000
-3.00552000

-0.30485900
-0.36047800
-1.43003800
-2.59367100
-2.73501300
-4.23876300
-4.33240400
-4.60557900
-4.14257500
-0.40589500
-0.00346500
-1.20176000
-1.57782900
-2.49020400
-4.89526200
-3.35881200
-4.36353400
-1.88093900
-3.06369700
-3.84000100
-3.34480400
-4.90373300
-4.22556000
-4.39874200
-2.71838900
-5.17772500
-5.54291600
-4.61980300
-6.00953100
-1.26166400
-0.37688800
-0.21937400
0.86636200
1.12420700
1.84218200
1.55412300
-1.40219400
-1.96722800
-2.08209500
-1.08825300
3.19926600
3.54890100
2.56594000
1.21150700

S42

-0.89444500
-3.27591500
-5.00939000
-5.65497900
-6.92571300
-7.03769200
-6.69631200
-3.24950200
-1.55213700
-1.78455800
-0.59477300
-4.14189800
-0.74770500
-1.65135100
0.15989900
0.20611800
0.69220200
-1.24548200
-2.16479600
-2.17562700
-3.02731700
-3.09578600
-1.02791400
-3.93828200
-2.97819500
-3.97383700
-3.08716600
-4.62481000
-4.67847600
-1.01398900
-0.09754900
1.27533700
-0.70716300
1.55421800
0.31031700
2.54792300
2.17058100
2.00900300
1.96720900
3.22201400
-0.05354100
-1.39082400
-2.37538500
-2.04409700
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-2.40174000
-2.71859000
-3.13606800
-3.22033000
-0.71559800
-1.49442300
0.61005900
-0.89161900
1.15681900
0.42824000
-1.48855900
2.18033500
-2.95008100
-3.10581100
-3.34839300
-3.55120900
1.40904300
0.86075400
1.59762000
2.37597700
1.05861200
0.38356300
1.32315100
1.99164800

0.26035500

-0.35887400
0.05441800
0.84773400
0.94708900
1.41631100
1.81794400
0.18185900

-0.26912400
0.22528300
3.15271000
1.75934300
0.91109500
0.84564100
1.58693400
1.49032100
2.17354600
2.98704000

3.97037300
4.60204700
2.87075400
0.44781300
-4.93059800
-4.97258700
-5.42513300
-5.42502700
-5.88891200
-5.87386900
-5.43746900
-6.27188400
-4.57516300
-3.72682500
-4.31085800
-5.41426400
-5.49511500
-6.04597100
-4.48758700
-5.98871200
-6.36200800
-6.23744400
-7.43043800
-5.81624000

4.27479800
-4.87669900
-4.15860700
-3.07345200
-3.09984400
-2.01562000
-2.23275200
-4.59002100
-4.37096700
-0.60065400
-3.55420400
-0.74786500
0.06598200
1.43176800
2.04956200
3.44476400
4.02412300
3.23095000

S43

0.70523700
-1.68146100
-3.41122100
-2.79190500

1.97378800

3.14414000

1.97577700

4.33078100
3.17101500
4.37028300
5.24768000
3.16472000
3.19133300
3.87602600
2.20727700
3.57692700

0.70333200
-0.07856600

0.32009000

0.86428400

5.64963700

6.50874400

5.57980900

5.86794800

-1.42116000
-0.30182200
0.89301000
0.50832700
-0.95985600
1.41146600
-1.82757500
-2.45900300
1.90989000
-3.32772700
2.83837500
-1.55023800
-2.37137200
-2.17916200
-1.13738300
-0.88512500
0.16350700
1.00799100
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3.10931200
2.42177600
2.51311300
-0.70700200
2.90662200
3.43107300
4.85004100
5.43097500
6.79900200
7.65035500
7.11658800
5.71139600
5.14992200
3.78159200
3.92641800
0.20797900
0.85046400
2.08296700
3.51787800
3.73365900
-1.48409400
-1.18366200
-0.20845400
4.77730900
7.22726900
8.73274100
7.77037000
5.82491300
3.21998900
4.59469700
4.53781200
1.18249100
0.92815300
2.85421900
1.54306700
-1.00233000
-2.14026600
-1.13333500
-3.11101200
-3.19855800
-2.32365400
-4.11084300
-2.39374700
-4.16871900

1.87531200
1.25004500
-0.15965800
0.10523100
-1.87592900
-1.00197000
-0.91892600
-0.05942500
-0.00363400
-0.80898900
-1.66083000
-1.74470600
-2.63753600
-2.71380600
-4.40339900
2.05677600
4.05106100
5.09705700
3.69426400
1.26453100
0.57537800
-0.63595600
0.87665400
0.56257000
0.66412700
-0.75713800
-2.28980300
-3.26186000
-4.98025500
-3.82854900
-5.09882500
-2.277538300
-1.05636800
-2.58385000
-2.41422800
-5.75515700
-1.36102600
-2.83715000
-0.67455700
-1.25400900
-2.31937700
-0.76983100
-2.90082100
-1.36262800

S44

0.78062900
-0.29416300
-0.54736300
-4.12092800
1.21557900
0.27869100
0.07135300
-0.90053300
-1.07252800
-0.27915300
0.66508700
0.86343700
1.81709300
1.97816700
3.65416300
-2.80253600
-1.53126800
0.34897500
1.84265800
1.43365200
-3.49666400
-4.77150200
-4.73364700
-1.51262200
-1.82345700
-0.41944200
1.27501400
2.40159300
4.26497400
4.31955300
3.05189400
2.44993500
1.20279400
-1.68723600
-2.87314600
-0.31955100
0.30048300
-0.53186700
-0.43763100
-1.81322100
-2.10102700
-2.75085500
-3.37232200
-4.01674100
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-4.76649500
-3.31395800
-1.73505400
-4.88115300
-3.36178100
-3.76978800
-1.88430800
-1.22626500
-1.98060000
-0.91351000
-1.36875100
-0.41053200
-0.97498000
-0.23929300
-0.58775900
-1.90896300
-1.31525500
-1.85509500
-2.46432900
-2.53838700
-0.85402600
-1.81632400
-2.89542400
-3.01602900

0.06338100
-0.73151300
-0.25850800

0.74649200
0.79841700
1.62875500
1.73030100
-0.22539600
-0.57967100
0.29411500
3.13782400
1.92928400
1.13817700
1.25770800
2.14980100
2.24061000
3.10080900
3.91340300

0.05890100
-2.42779800
-3.72972600
-1.00123700
-2.89716400

0.25680100
-0.92660300

0.25711600
-1.74846100

0.20376800
-1.06042700

0.99262400

1.31427900

2.03781700

0.87744300

1.83806300
-1.69680700
-2.97359100
-3.62950000
-3.02313200
-1.19353200
-3.47472600
-4.62354600
-3.51587800

0.43602700
0.21937600
-1.04327400
-1.57144100
-0.71815500
-2.75310200
-0.83463100
1.25491800
-1.48452200
-1.81143900
-1.67885500
-2.24696400
-2.71874800
-4.01835300
-4.92025300
-6.28105500
-7.15129700
-6.69790600

S45

-2.47171200
-4.32033800
-3.64210700
-4.76219100
-5.30719900

-0.01883200

1.58038500
1.92579600
2.69115400
3.26614400
3.77869800
3.82132500
0.91355200
1.28684400
-0.01766700
0.65656800
5.03231400
5.17030600
4.07896900
2.82514400
5.88588600
6.14060100
4.22126100
1.97663700

-2.16635100
-3.37142500
-3.92132600
-3.08359700
-1.91009300
-3.38381800
-0.73140500
-1.46779000
-4.86388800
1.42416400
-5.41662800
-0.22433400
0.87442700
1.32057400
0.68739600
1.08872400
0.45317300
-0.61459400
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3.84851900
2.97013000
2.84816100
-0.39607000
3.08676500
3.68122600
5.05908200
5.70387900
7.03276300
7.77557900
7.17490400
5.80752800
5.17026000
3.83853000
3.79602800
0.64122900
1.60609800
3.15613900
4.59112800
4.47060400
-1.06560900
-1.00438000
0.31601300
5.13074600
7.51427600
8.82755400
7.74482000
5.75691700
4.18011000
3.05231200
4.63673300
1.44779700
1.38221000
2.70165700
1.34484900
-1.50499900
-2.53659200
-1.17212700
-2.85649600
-2.18544800
-1.35954800
-2.38395900
-0.77111600
-1.74914800

-5.38253900
-4.46210700
-3.09923300
-2.14324600
-2.41296000
-2.59354700
-2.25524800
-2.41563600
-2.08136600
-1.56641400
-1.39084000
-1.72439600
-1.52905800
-1.85356500
-1.13196400
-4.38757400
-6.62771800
-8.19540400
-7.39358300
-5.03437900
-3.00239400
-1.26834600
-2.36381200
-2.81226200
-2.21310400
-1.30448500
-0.98782500
-1.11118100
-0.11809200
-1.07514300
-1.76858500
-3.07058400
-3.58954000
-0.41475600
-0.19885700
0.85304200
-1.17954300
-1.49353400
-2.19255800
-3.46072800
-3.39236000
-4.64921800
-4.58033300
-5.81699400

S46

-1.02597800
-0.39185500
-0.81692400
2.61727400
-3.18628400
-1.94975900
-1.74438200
-0.48798000
-0.32621300
-1.41567900
-2.64489100
-2.84435300
-4.10105200
-4.26570700
-6.53664700
2.13771600
1.90810300
0.77068900
-1.11466800
-1.85173300
2.46814500
2.87509400
3.43107300
0.35103100
0.64537000
-1.27915500
-3.48615600
-4.91855200
-6.32622200
-7.34213300
-6.86480300
-4.41803500
-2.72324800
-1.04178800
0.07358300
-3.80192900
-0.54981600
-1.94117400
0.35511600
-0.05532900
-1.19404900
0.64679800
-1.64015900
0.21146400
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-3.03808000
-0.95502400
-0.16073300
-1.88268500
-0.46462000
-3.58276700
-3.05585800
-4.24922200
-2.41256600
-4.38517600
-3.22972200
-5.23042400
-5.14003500
-4.62411700
-5.46688300
-6.02934500
-2.78532000
-1.56277600
-0.77007900
-1.18470900
-3.39157900
-1.21107700

0.18261300
-0.58435400

1.12659600
1.41656600
1.62941400
1.54468200
1.27073600
1.75572900
1.22083800
0.92604700
1.86927400

-1.38917400
4.41026400
0.43956600

-0.92052200

-1.66309100

-1.10829800

-1.87889600

-1.33712200
0.00525000

-4.64068800
-5.77992600
-4.59940500
-6.75427900
-6.69060500
-2.05239300
0.06846500
0.53632700
1.09038600
1.86788000
2.25184300
2.49807600
-0.38213400
-0.81618000
-1.22356000
0.15802500
3.45048600
3.46893100
2.30601400
1.09882500
4.35712500
4.39726000
2.34843000
0.19348200

1.76593400
-0.38047200
-0.24796700
-1.56452700
-2.51419600
-1.83947700
-4.01953600
-2.19650900
0.66440600
-4.88962700
-1.19308000
-4.54216100
-4.96380000
-5.42431100
-5.45193300
-5.84386900
-5.82822600
-5.42292700

S47

1.52274600
-0.93763200
-2.54352500

0.75685700
-1.29107400

1.32066800

-0.29891300
-0.84323000

0.37289600
-0.51863300

0.24903900

-0.78729200
-1.60352500
-2.47619400
-0.97057100

-1.95490500

0.83562100

1.50435700

1.60461400

1.04095900

0.76285400

1.96103500

2.13855200

1.10974000

0.64383300
0.38660200
-1.00506800
-1.59940100
-0.58157700
-3.05953500
-0.71038100
1.62223000
-1.54683200
-0.45918600
-3.24506000
-1.90024700
-1.72153700
-2.79188500
-4.09838900
-5.22727500
-6.49583600
-6.69178700
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0.78012500
0.24968500
1.01501200
-2.73921800
2.80227800
2.44828900
3.44698400
3.12889900
4.11519600
5.46793000
5.80930900
4.81726400
5.15959400
4.17879900
5.73793400
-2.69822600
-2.91667500
-1.94469700
0.42757400
1.81346400
-3.43551800
-2.87413100
-2.93196100
2.08725100
3.85206000
6.24291900
6.85399000
6.21006000
5.69338000
6.20679700
6.35827300
2.05352300
0.81253000
2.25742100
0.79764200
1.44184400
-2.28612800
-0.46870600
-2.98305000
-2.15799400
-1.73264500
-1.94420400
-1.06482900
-1.29015800

-5.04395300
-5.04611600
-4.62275300
-5.23963000
-2.90531500
-4.24080200
-5.25535000
-6.63950100
-7.58812400
-7.19365800
-5.85831900
-4.85713700
-3.47872500
-2.52696600
-0.72471300
-5.73456100
-6.14960600
-6.12677800
-5.41035600
-4.72940600
-4.57379300
-5.10737000
-6.29235300
-6.94551100
-8.64761400
-7.95081300
-5.55033200
-3.20131000
0.36454900
-0.95441200
-1.15950200
-0.90987500
-2.16838400
-4.38770300
-4.43595900
0.41789500
-1.78491800
-0.90436300
-1.89753200
-1.28872300
0.08465700
-2.08889000
0.55613500
-1.59739000

S48

-5.61411300
-4.29574200
-3.15900200
-0.18946400
-3.27297900
-3.33155600
-3.51350400
-3.56392600
-3.74214100
-3.87357400
-3.81803600
-3.63405400
-3.55257400
-3.36240600
-3.30546600
-2.65816200
-5.07204600
-7.35351300
-7.69918700
-5.76626300
-0.72316800
0.89043400
-0.45831400
-3.46084200
-3.78040900
-4.01511000
-3.91201900
-3.63398300
-3.17608000
-4.27883100
-2.50183700
-3.55724300
-3.51131100
-0.78054000
0.21067600
1.12423700
-0.09928400
-0.61648800
-1.24816500
-2.37047900
-2.38227700
-3.51749500
-3.55161800
-4.62981700
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-2.32309200
-0.84337400
-0.76308000
-1.12793200
-0.33401500
-4.07856100
-2.92434800
-4.01430600
-2.37103800
-4.16588500
-3.13115900
-4.94404500
-4.84966600
-5.52828700
-4.23627500
-5.43183400
-2.75428000
-1.65176800
-0.92819400
-1.28223900
-3.32086900
-1.35101800
-0.08596900
-0.76976000
-2.08536300
-1.55468300
-2.89000000
-2.50021700
-4.05110400
-3.26339400
-1.58881800
-4.81613900
-4.35740900
-4.42655300
-2.94571100
-5.72242500
-5.02395000
-1.80231900
-2.75082900
-1.18369900
-3.04424500
-3.28259900
-1.48086100
-0.50551700

-3.10828400
-0.25786100
1.60534600
-2.24488900
0.13826300
-2.41119900
-1.88301200
-1.09733500
-2.51399700
-1.25298800
-2.12864700
-0.78147700
-0.30783300
0.34035700
0.32635200
-0.97178900
-2.61822900
-3.46475500
-3.85097700
-3.38446100
-2.33421400
-3.84785600
-4.54036100
-3.71380100
1.08821700
0.73925900
2.25789000
3.57505800
2.05931200
4.66037400
3.73816000
3.14505800
1.04028800
4.44938900
5.67755500
2.97196400
5.29948700
1.20836600
2.21510700
0.56807400
2.56442700
2.71265300
0.91362500
-0.25930600

S49

-3.50238000
-4.64355600
-3.57483600
-5.49449200
-5.52525200
-1.44979600
1.11234800
1.52999000
2.21502700
2.88785000
3.35727500
3.48364300
0.58585600
1.15568200
-0.06753000
-0.07054600
4.61960600
4.72106800
3.57386400
2.30702800
5.51013400
5.69929700
3.67476500
1.40865300
-1.31141000
-0.11606700
-1.73483700
-1.43362700
-2.50466200
-1.86599700
-0.85449300
-2.93307500
-2.75353400
-2.61370400
-1.62357200
-3.51852800
-2.95163800
1.25228900
1.54775200
2.34487500
2.86301200
0.74050600
3.66159400
2.15810200
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-2.40932300
-3.78683400
-1.00451200
-2.65109300

1.58130400
0.89280000
-0.17143700
-0.17693300
0.97939900
-1.06459600
1.57700800
2.44702800
-0.86833700
1.04270100
-0.48867300
0.62800400
0.40719400
-0.37791800
-1.03483600
-1.89893000
-2.57155200
-2.40613000
-1.56500600
-0.85630100
0.02286700
0.95265800
-0.23302200
0.30202800
1.14354000
1.73839000
2.53952600
2.78537600
2.23199000
1.40568500
0.84936800
0.06265000
-0.24400500
-0.55051500
-2.03194700
-3.23742400
-2.94708700
-1.43882200

1.91950500
3.34254300
0.36794800
2.18893500

0.34453300
1.53538400
1.76695200
0.69963000
-0.12866400
0.64926900
-1.19420600
-0.10167400
2.60143900
-3.75984600
3.12376500
-2.09169700
-3.42977100
-4.30769500
-3.88491600
-4.75376100
-4.31470300
-2.98303200
-2.12044400
-2.54376900
-1.67260000
-5.08775200
0.80198300
-0.30233800
-0.14141200
-1.24334600
-1.05224000
0.25411700
1.34476100
1.18136400
2.30129600
2.11745800
4.45682200
-5.32418200
-5.77678600
-4.99235500
-2.63859600
-1.09475100

S50

3.93009200
3.05732300
4.47872800
4.96097600

-1.07174500
-0.63025900
-1.52690500
-2.50342200
-2.26198300
-3.72045300
-3.14461600
-0.58420000
-1.50984900
-2.29036600
-4.72243400
-3.90668800
-3.44453400
-4.16181200
-5.34511100
-6.06561400
-7.18662200
-7.63890900
-6.96599800
-5.80869200
-5.08248600
-1.82777400
-4.97045700
-5.61070300
-6.76400500
-7.43643200
-8.54390900
-9.02881800
-8.39095200
-7.24601000
-6.56818900
-5.45004200
-5.10719200
-3.81342800
-5.70438200
-7.72646500
-8.52318200
-7.31451300
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-0.08836800
1.56769800
1.34252600
1.55246400
2.98644000
3.41863300
2.42529300
1.07014300

-0.77016500

-0.62976100
0.83419600

-1.81003300

-1.60171900
2.21566500
2.23749900
1.15146700

-2.75208500

-0.54984500

-1.64426500

-0.53689600

-0.81801400
0.70030500
0.10972700
1.58984400
0.87209900
1.27274700

-0.12152400
2.52552800
1.97485400

-1.59281100

-3.80783800

-5.00819000

-3.88014200

-5.87046500

-5.18592600

-6.88239400

-5.14927500

-6.16655400

-4.94887300

-4.43549500

-5.53032000

-4.58498600

-3.29151500

-2.92037200

-5.36052100
-5.14508900
-5.80244200
-2.25145600
-1.91208600
0.39726100
2.35645200
3.29813500
5.09424500
4.66483700
4.69451000
1.44853200
-0.30346100
-0.67747100
-1.81493100
2.13754000
0.08039300
-0.16887700
0.07763400
-0.75914100
-1.88701300
-0.75062100
-2.98481800
-1.78665900
0.08604900
-2.92588400
-3.84834400
-1.76731800
-3.76272700
0.66980700
0.88409600
0.44387300
2.23763700
1.51234700
2.66486400
1.48290500
-0.95934100
-1.13003000
-1.68737400
-1.16852500
4.01233800
4.87671500
4.42581700
3.09630100

S51

-1.58158300
-0.92072300
-2.57387200
-7.06471900
-9.04819100
-9.90771100
-8.75731800
-6.94847600
-4.38469800
-6.12105200
-5.08176100
-3.65849200
-3.76599700
-3.88212300
-2.52718700
0.23880700
1.45237900
-0.46019500
2.28378100
1.72636700
0.85007800
2.45368300
0.82954200
2.35006900
3.13272000
1.54871900
0.21313400
2.91316900
1.50871700
3.34117400
1.76785200
2.32714700
1.48604600
2.38157300
1.84978600
2.77999500
2.80185200
3.17846800
2.00052900
3.61644800
1.64093000
1.09281700
0.75448400
0.94869000
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-6.52637900
-4.84443900
-2.56695300
-1.92414100
-1.93227900
-2.58649800
-2.42383600
-2.73782600
-2.69830100
-3.33269200
-2.52304900
-3.27186500
-2.48458200
-3.59948000
-3.57726800
-3.48097600
-4.05925100
-3.75264500
-4.89301700
-3.75895000
-6.00208600
-4.90510100
-4.86715900
-2.88824800
-5.99213600
-6.87720900
-4.84996900
-6.86034900

0.68761700
-1.45881300
-0.87079500

0.29096800
0.36634500
1.29025400
1.45089500
-0.89513000
-1.23896000
0.60316700
2.30207400
1.96496200
1.46132000
1.86059900

4.37510800
5.92540600
5.13171600
2.73029900
-1.72343000
-0.42309900
-2.80584900
-2.57778800
-4.07305600
-3.57032600
-1.60635400
-5.07882900
-4.26238500
-4.82719300
-3.36516100
-6.05601800
-5.60681500
-0.06239300
-0.88124100
1.10893300
-0.54223100
-1.80303900
1.45479500
1.75761700
0.62812300
-1.19609500
2.37757000
0.89578800

0.60511200
0.28896400
-0.88808000
-1.26481000
-0.40159100
-2.30396300
-0.34723000
1.39430600
-1.38106500
-1.49580500
-1.06025900
-1.69559500
-2.26934900
-3.52758700

S52

1.90681400
0.92855100
0.34094300
0.69823400
-0.05954200
0.08007500
-0.94735800
-2.29547700
-0.40288800
-3.07049100
-2.73362000
-1.18639300
0.65123000
-2.52142900
-4.11326100
-0.74366300
-3.13344700
-0.79185700
-0.81501400
-1.55683400
-1.58930100
-0.23259000
-2.33194500
-1.52972200
-2.35302400
-1.59641600
-2.91621500
-2.96000000

2.17373100
-3.29378500
-3.91160800
-3.20502200
-2.03728400
-3.63706800
-0.99116000
-1.45201400
-4.81039200
1.39014100
-5.87253600
-0.53480200
0.67869900
1.07903700
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2.77297400
3.15065900
4.03571400
4.58602600
4.23746100
3.32459500
2.90844500
0.20967100
2.68637500
3.46803200
4.78211800
5.61118700
6.87200000
7.35833400
6.57320500
5.26922100
4.44071900
3.17454600
2.69073600
1.45601500
2.71923000
4.31394800
5.28615300
4.65698500
-0.37961300
-0.41998300
1.08988300
5.23513700
7.49784000
8.35838100
6.94427700
4.82838700
2.91861600
1.84234100
3.57441800
1.01165200
1.27761400
2.28365800
1.06816000
-2.37489600
-2.68730100
-1.45499900
-2.69888100
-1.89989400

-4.28074500
-5.60168700
-6.32420300
-5.75525500
-4.47568500
-3.70765300
-2.39151700
-1.93433600
-1.72936300
-1.77173500
-1.19800100
-1.21015200
-0.65003000
-0.04906300
-0.01390800
-0.58000400
-0.53211500
-1.08174500
-0.43191100
-3.98291100
-6.03766800
-7.33974500
-6.33386900
-4.04016600
-2.86152800
-1.14377600
-2.09274000
-1.67403400
-0.66960300
0.39094300
0.45505700
-0.04490000
0.63710300
-0.52111200
-0.92053300
-2.66222100
-3.15866400
0.23758800
0.21250000
0.78710700
-1.24721000
-1.44805900
-2.19579800
-3.38476100

S53

0.29828400
0.66345600
-0.10862300
-1.28306000
-1.66376700
-0.89055900
-1.27494200
2.67809000
-3.65418400
-2.51398300
-2.50546400
-1.35131300
-1.37907500
-2.56484700
-3.69846700
-3.70226700
-4.85764600
-4.83156200
-7.07291000
1.98049400
1.56793700
0.18342100
-1.88998600
-2.57169900
2.62178400
3.09905000
3.32456300
-0.43850600
-0.48400000
-2.57893700
-4.61354300
-5.75173300
-6.91491200
-7.76382000
-7.52031800
-4.63541100
-2.95379300
-1.41742200
-0.12895900
-3.60601400
-0.29721400
-1.82391000
0.72046300
0.29308000
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-1.23439300
-1.83184600
-0.52004700
-1.08883600
-2.36868300
-0.44383100
-0.00836400
-1.02060300
0.13529400
-3.26124300
-3.35111900
-2.93279500
-4.28778800
-3.63108800
-4.49737200
-3.54636400
-1.90670300
-2.29256300
-0.99782700
-1.63926500
-5.40879800
-6.05874700
-5.82158100
-4.93287900
-5.59822100
-6.76596800
-6.34952100
-4.74643100

0.85882400
-1.96081000
-3.09247200
-2.71776400
-1.31237400
-3.60350600
-0.38094300

0.15236300
-4.08179200

0.37858600
-4.33230600
-0.88843900
-0.43502000
-0.82827800

-3.28374500
-4.53591300
-4.39870200
-5.63179500
-4.55789100
-5.56190200
-4.38585400
-6.53953400
-6.41527700
-2.06676200
-0.05710200
1.00848500
0.39463300
2.13523900
1.77953600
3.11068500
0.81804600
0.14907100
0.34704400
1.78534800
2.48055600
1.80415800
0.43330900
-0.29135300
3.54283800
2.34117700
-0.07152200
-1.35347100

0.21617200
0.61210400
0.26562500

-0.83153500
-1.13623200
-1.54454000
-2.00522600
-0.16421800
0.71438600
-4.41638000
0.66760400
-3.33602400
-4.55466000
-5.78317000

S54

-0.94518000
1.07705000
-1.39347900
0.62389100
2.02918600
-0.61352100
-2.35699300
1.22828200
-0.97554600
1.79309100
-0.11321700
0.68661100
-1.03172300
0.31216800
-0.78202800
0.78711800
1.74473000
2.52995800
1.33864500
2.19094200
-1.59167100
-2.62216700
-2.85830500
-2.06416200
-1.41784800
-3.25895300
-3.67096600
-2.23077600

-3.19021500
-2.79004100
-3.60266700
-4.40843600
-4.18028000
-5.38570800
-4.99726600
-2.79203000
-3.57294000
-3.82996000
-6.80495200
-5.51477500
-4.90828400
-5.40120500
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-1.74812300
-2.22964200
-3.14795500
-3.62278900
-3.16572500
-2.21994800
-1.73047900
0.85191100
-3.06217000
-2.13545800
-1.55293600
-0.57524700
-0.03474300
-0.44849700
-1.38929500
-1.96143000
-2.91614000
-3.44184700
-4.74956000
-0.47599800
-1.86376700
-3.51362600
-4.35413700
-3.53443400
0.02275800
1.45288400
1.47435200
-0.25332700
0.71580600
-0.01738500
-1.70657900
-3.20696400
-3.89715800
-5.44489200
-5.27045900
-4.62733400
-3.61566800
-0.07749100
0.52356200
-1.92344000
-3.40205400
-2.35579300
-4.23721300
-4.10078700

-5.87132900
-7.12426000
-7.18886700
-6.00035600
-4.77113800
-4.67065600
-3.40942100
-5.57738500
-1.30801000
-2.16632600
-1.87579100
-2.71351800
-2.40281800
-1.23652200
-0.39895800
-0.68888800
0.17901100
-0.11360700
1.87905300
-6.70850800
-8.03836600
-8.15827400
-6.05820600
-3.85728200
-6.18786400
-5.23244000
-6.19205800
-3.61277000
-3.05864000
-0.99867400
0.50687600
1.07973800
2.55886800
2.34828600
1.70749900
-1.16477700
-2.61894200
-1.40260700
-2.17367300
1.40509400
-1.24043200
-1.44705500
-2.29341300
-3.14235100

S55

-6.47732800
-6.94688700
-7.97366900
-8.57924800
-8.15044000
-7.09382500
-6.61559000
-3.17212700
-6.77590100
-7.33861800
-8.61918400
-9.22135000
-10.45247200
-11.13875000
-10.57665200
-9.30816700
-8.70964300
-7.46829400
-7.39290200
-4.94816800
-6.47219800
-8.32054200
-9.38849600
-8.61723800
-2.77875600
-2.32282100
-3.84451100
-8.69528700
-10.89945700
-12.11414000
-11.09982800
-9.24903000
-7.56784200
-6.68491500
-8.35151400
-5.29536600
-5.16254900
-5.87119700
-4.40091100
-2.04595300
-0.40141300
-2.20520300
-0.27209900
-1.52259500
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-2.90795400
-5.23888000
-2.92872200
-5.21094800
-6.14624800
-4.04279800
-2.04462200
-6.09389700
-4.01061000
-5.00287600
-3.21868000
-2.64512000
-3.42868000
-2.46750400
-2.94660200
-2.06470000
-2.37040800
-3.31503700
-1.79219500
-1.80593200
-3.04097700
-3.60562000
-4.09797900
-4.02116900
-2.68092800
-3.68258400
-4.55975300
-4.42682200
-1.63904200
-1.07874500
-1.15969700
-1.91606800
0.04517600
-1.47517100
-2.86988000
0.48218400
0.64326700
-0.26891800
-2.08588900
1.41963500
0.07766900
0.21257100
0.30746600
1.38454800

-3.86743000
-3.29229700
-4.72381600
-4.11658800
-2.74986200
-4.84582400
-5.31597700
-4.21355700
-5.50971800
-2.57233600
-0.39034000
-0.71149300
0.97350700
0.45720300
1.54683000
0.51917700
-2.11975600
-2.67048200
-2.65700900
-2.13737600
2.93927800
3.71211400
3.11773300
1.73904200
3.40764900
4.79486500
3.74588000
1.26085900
-3.78579700
-2.56493800
-4.97345200
-6.16329200
-4.96275900
-7.29985500
-6.19816700
-6.09854200
-4.05453500
-7.27888000
-8.20604900
-6.05951500
-8.16762100
-1.99220600
-0.98499100
-2.36392500

S56

-1.81800500
-2.35031300
-2.94886400
-3.46127700
-2.07713500
-3.75903600
-3.16052000
-4.09705500
-4.62541100
0.63666900
0.65568900
1.89070300
0.58082900
2.60020600
1.79325500
3.60904400
2.28809400
2.41709100
1.52301200
3.22998500
1.96369300
0.95062700
-0.23028500
-0.42747300
2.88331900
1.07634000
-0.99619700
-1.31797400
-0.99226100
-1.11965300
-0.25830800
-0.25362600
0.47740700
0.42677100
-0.78138400
1.15615800
0.52184300
1.12982100
0.41155600
1.71676900
1.66224300
-0.72104000
0.25787200
-1.41127000
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1.53908900
-0.58598200
2.61216400
1.30759200
2.69853800
1.58582400
3.50709600
3.65977800

-0.80953800
-1.14770300
-2.45270400
-2.93096500
-1.87593700
-4.277229000
-1.80326000

0.15111700
-3.02133800
-2.05984600
-4.02217700
-3.05408700
-3.13556000
-4.24065400
-5.34771800
-6.52571400
-7.60523700
-7.55211900
-6.41886800
-5.29039600
-4.10254800
-1.99682600
-4.09558400
-3.99687200
-3.76847000
-3.63693100
-3.42191000
-3.32503900
-3.43671700
-3.65519800
-3.74908300
-3.94870800
-3.87548900
-4.30099600

-0.40384800
-0.64623300
-1.77373300
-3.10033800
-0.79537800
0.36905300
-2.07701200
-0.33439000

0.50635800
0.10773100
0.62680600
0.33679400

-0.28064800
0.75792800
-0.53644900
-0.95660100
1.15122400
-3.20669800
3.44997200
-1.06986500
-2.46482200
-2.98429700
-2.15407500
-2.67772100
-1.86286700

-0.48382400

0.05392300
-0.75906400
-0.23460000
-4.55594600

1.70675000

1.23364500

2.13575800

1.69080000

2.58670800

3.97213300

4.43374600

3.53643500

3.99943800

3.10642600

4.80414900
-4.04273200

S57

0.56372200
0.77903900
-1.10783300
-2.20889500
-0.11220500

1.33475400
-1.65744400
0.12679200

-2.58178300

-1.31626100
-1.43124800
-2.76439000
-3.50437500

-3.29973400
-4.98995800

-2.82778700
-0.66586900
-5.61178200

-2.88680000
-5.65636600
-5.97383100
-6.61797200
-6.93373900
-7.53370400
-7.80512700
-7.49042400

-6.91488900
-6.62230100
-6.01113900
-6.02061100

-4.45914700
-5.75497100
-6.84894600
-8.19211800
-9.21980300
-8.94846600
-7.65335600
-6.57291300
-5.23119500
-4.19860900
-2.52720100
-6.86737900
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-6.56374100
-8.50522400
-8.41202200
-6.38017600
-2.79134300
-1.02854400
-2.07630200
-3.70997900
-3.32550400
-3.15715000
-3.35509500
-3.64860300
-2.89142800
-3.95683800
-4.66628900
-4.84247000
-4.83960200
-1.54294600
-0.97535500
-0.50420100
-3.08163400
-2.53433100
-4.31024900
-4.56087700
-3.92414500
-5.77910200
-4.58007600
-6.34018600
-6.26170500
-5.74279500
-4.11422100
-7.26663600
-6.21416100
-5.09162700
-2.65941100
-2.76286200
-2.00545700
-2.14567400
-1.64913700
-2.07465400
-3.51618100
-4.58022700
-3.13062300
-3.45002000

-3.74414400
-2.28123200
0.15539400
1.11602300
-5.16053100
-4.93914200
-4.64434000
0.62339400
2.22594900
4.67560500
5.50253100
5.06821900
5.20081800
4.84963100
5.43206300
1.23784400
-0.12167100
0.42113400
-1.22991900
0.18119000
-3.13260400
-1.61367000
-2.54509600
-2.40243100
-3.28556700
-1.74828400
-3.52295600
-1.95568900
-1.12148300
-2.86935600
-4.20231800
-1.44800200
-3.03413600
-2.21065700
-3.21228100
-4.34640700
-2.19993100
-4.07584600
-2.72299500
-4.76454400
-5.54093800
-5.29377600
-5.92185600
-6.34542000

S58

-7.77153500
-8.26225000
-7.70298800
-6.67023000
-5.55174700
-5.68396600
-7.11810100
-8.40297500
10.24641900
-9.76757100
-7.43845800
-5.04500100
-2.83403000
-1.43337600
-2.97495900
-2.49584400
-3.62669300
-5.47285800
-5.17980600
-0.44319900
0.78621600
-1.66030000
0.52243900
-0.94558500
-1.91088300
-1.32269800
-3.16606300
-2.55492300
-0.57140300
-3.47554400
-3.87658900
-2.83146100
-4.44546200
1.38773100
2.08101500
2.88712400
2.76184700
4.08478700
4.03448400
4.92400600
2.41813300
2.26469900
1.45932300
3.16272000
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-0.94484600
-0.62698400
-1.00517800
-1.70204300
-0.65305800
-0.08101500
-0.75313100
-2.00677200
-2.58631600
-2.10664100
-1.81219000
-0.50361600
-2.34977300
0.26114800
-0.09086800
-1.58960500
-3.36490800
-0.27639100
1.28421400
-2.02109300
0.32504100
-0.74078000
-0.48999300
0.29558900
0.76010000
-1.28035700
1.55088400
0.10838100
1.78718500
0.93418800
2.34396400
2.76821700

1.18813200
1.46209300
1.64781100
1.59112100
1.30385100
1.79433800
1.28087300
1.00622200
1.87812500

-1.22612400

-1.89230900
-0.59362600
-0.09908700
-0.89817500
-2.26185500
0.05837800
0.92869900
-0.53487900
-3.71939300
-3.20256200
-4.69751300
-4.43307500
-5.97570100
-5.43131600
-3.43743500
-6.97254000
-6.19491200
-6.70716100
-5.21196900
-7.96397100
-7.48920300
-3.60726400
-4.96057200
-2.68720600
-5.37996300
-5.69514100
-3.10111200
-1.63848000
-4.44894100
-6.43809700
-2.36339700
-4.77434600

1.67494600
-0.29704300
-0.10906500
-1.39701600
-2.37264400
-1.62111100
-3.87455900
-2.15074000
0.82966700
-4.94636600

S59

4.92434200
4.53225300
3.26613800
2.36110000
5.91061900
5.21840700
2.99322600
1.37937200
-1.58331700
-0.30653700
-2.38637100
-2.81810600
-2.60882100
-3.42005700
-2.66097300
-3.22698800
-2.26930100
-3.62313300
-3.73458400
-3.38547400
-4.09262500
0.16834700
0.44716100
0.35149500
0.89903200
0.28873500
0.80309200
0.14311000
1.07870600
1.10765100
0.94502200
1.43310800

0.81345800
0.60366500
-0.79614100
-1.44519800
-0.45912200
-2.91900000
-0.63294800
1.77326200
-1.29713000
-0.25790900
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4.47351700
0.45132400
-0.87851400
-1.70047400
-1.24078200
-2.09137600
-1.63739500
-0.30413200
0.54804000
0.10647200
0.94929900
-2.48779200
2.79757200
2.38526100
3.33358100
2.95752900
3.89576700
5.25687500
5.65472100
4.71327100
5.11598600
4.18317700
5.81403600
-2.72457400
-3.12011500
-2.30634400
0.04951800
1.57490700
-3.30791900
-2.50226700
-2.58973600
1.90947200
3.58767700
5.99341700
6.70630400
6.17307200
5.82027200
6.22566400
6.45526000
2.12007000
0.83956300
2.32423800
0.91531900
1.47225900

-1.06153300
-4.36656800
-4.84715600
-5.20594900
-5.11281500
-5.40444700
-5.29058600
-4.88768900
-4.60743500
-4.70532200
-4.36725200
-5.49679600
-2.70741500
-4.02172000
-5.06275300
-6.42854200
-7.40260300
-7.05391000
-5.73822500
-4.71174100
-3.35477800
-2.37797800
-0.64163700
-5.52609500
-5.71371300
-5.51319900
-4.79949800
-4.29487200
-4.85708600
-5.52690900
-6.52058700
-6.69934600
-8.44707500
-7.83093100
-5.46574800
-3.11501500
0.44113900
-0.84195800
-1.13765300
-0.67952900
-1.89679400
-4.20466400
-4.33323400
0.48077000

S60

-3.15709500
-1.80031700
-1.55726700
-2.60686500
-3.94523900
-5.04663600
-6.34417800
-6.59943800
-5.55052100
-4.20376300
-3.09425700
0.09730700
-3.20692500
-3.32169200
-3.60136400
-3.71469100
-3.98960000
-4.15850500
-4.04277800
-3.75917500
-3.61584200
-3.33372400
-3.26251500
-2.42363100
-4.84430500
-7.17919600
-7.62931900
-5.74653600
-0.26156200
1.19358200
-0.30291800
-3.58324900
-4.07592400
-4.37701200
-4.16550900
-3.72632000
-3.08086300
-4.26781400
-2.51236300
-3.37603400
-3.37976800
-0.76362800
0.29170600
1.36435300
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-2.18996300
-0.43709200
-2.92516300
-2.36607000
-1.46331400
-2.71943900
-0.90379800
-2.14279600
-3.42794500
-1.23002700
-0.22652000
-2.39016800
-0.77570300
-3.94561300
-2.83268800
-3.99099700
-2.29600000
-4.19587800
-3.13025200
-5.02436700
-4.82763900
-5.55228200
-4.21922800
-5.36226900
-2.78011800
-1.63366200
-0.83978300
-1.16506000
-3.40323900
-1.35323600
0.03542900
-0.59902300
-1.90778200
-1.62728900
-2.42336600
-2.01015600
-3.38409300
-2.55072100
-1.26175500
-3.92346900
-3.70508100
-3.50792200
-2.21945100
-4.67491800

-1.93540600
-0.82020100
-2.29665200
-1.69171900
-0.61734000
-2.17545200
-0.05589500
-1.62684800
-3.00232400
-0.56890600
0.79637500
-2.03194300
-0.13635800
-2.98666500
-2.01088400
-1.29211200
-2.57190400
-1.40620000
-2.19496400
-0.95934100
-0.58684800
0.05810600
0.03844000
-1.30937600
-2.60871500
-3.37848700
-3.76602600
-3.37349900
-2.32604700
-3.70279600
-4.39998400
-3.71137200
0.87216300
0.67068800
1.94737800
3.26895700
1.71310500
4.33147200
3.44979800
2.77752500
0.69074100
4.08881300
5.35231000
2.58402900

S61

-0.11230100
-0.46415400
-1.20440900
-2.44784200
-2.32149900
-3.71034800
-3.48289700
-4.85572200
-3.76321800
-4.73721000
-3.40202600
-5.83883600
-5.63194400
-1.20638400
1.10440200
1.44355400
2.25020300
2.79920600
3.34459300
3.34408700
0.43492400
0.94959100
-0.23361000
-0.20004700
4.64171200
4.82569200
3.72569000
2.42707700
5.49418400
5.83089200
3.88983000
1.56563000
-1.06320000
0.18983800
-1.90712200
-1.65256900
-2.90900000
-2.37872600
-0.87847300
-3.62754300
-3.11203400
-3.36763900
-2.17385000
-4.39648800
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-3.92985300
-1.96369800
-2.95019000
-1.36879800
-3.32535500
-3.42736200
-1.74847400
-0.64443400
-2.72647700
-4.09534000
-1.29696600
-3.03125500

1.28017600
-0.01558200
0.39920000
-0.62999400
-1.66603800
-0.52629800
-2.78477500
-1.86674500
1.32672600
-5.18258100
1.87297600
-3.47806300
-4.74832800
-5.44800100
-4.89727000
-5.57535000
-5.00801900
-3.73183900
-3.05205300
-3.61287400
-2.92831400
-6.39485100
-0.44998800
-1.59174900
-1.50167300
-2.64821000
-2.52752900
-1.25067300
-0.11986300
-0.21130800

4.92005100
1.13741300
2.13369600
0.57339600
2.54409900
2.56852200
0.98794600
-0.23016400
1.97237500
3.31052400
0.51559800
2.28959400

1.71420900
-1.99054900
-0.79844500
0.17630100
-0.38396200
1.61635700
0.32429700
-2.41889600
-0.64874400
-0.07070700
2.12622800
1.45661300
1.21132500
2.23561900
3.54174200
4.59687600
5.84891900
6.10127700
5.09878400
3.79937900
2.72855700
-0.40771500
2.47714000
2.98122400
3.73052400
4.24327900
4.96188400
5.19866800
4.70501600
3.95870800

S62

-3.93748500
1.51785300
1.68575300
2.66024300
2.96125100
0.80596900
3.93540400

2.54042800
4.09115900
3.07887600
4.81009900
5.09129400

-4.67880800
-4.06101900
-3.39550900
-3.54716800
-4.39795700
-3.12659000
-5.11732200
-5.26649900
-2.84885300
-3.84657500
-4.31701000
-4.39834500
-3.78321000
-3.17775800
-3.10923400
-2.44013700
-2.33292400
-2.89157300
-3.55249300
-3.68575000
-4.35088200
-3.20227700
-4.36901100
-4.97139100
-6.19342600
-6.85909400
-8.03098300
-8.59344700
-7.97701900
-6.77072400
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0.94597300
0.82863900
3.17377700
-6.41196500
-6.55446300
-5.53943300
-3.28324400
-2.06736000
-6.31529400
-6.56791000
-7.23854600
-3.63297500
-3.42018400
-1.16298500
0.86796300
1.91647200
3.26262600
3.84934700
3.46960400
0.36920500
-1.39396100
-2.35251200
-3.53139700
0.54185900
-2.62512000
-1.43733100
-3.85854600
-4.06439000
-2.95746500
-5.33030200
-3.16662900
-5.52146600
-6.14900100
-4.44052700
-2.31495500
-6.51127500
-4.59035200
-4.70527500
-2.20331500
-2.24509900
-1.58651800
-1.56209000
-1.12827800
-1.45205700

3.42796300
2.69414800
2.28488300
2.05629600
4.39308300
6.64761700
7.09268200
5.29617400
-0.26170100
-1.46898400
0.18482200
4.06186300
5.34959500
5.77087800
4.87974100
3.60702500
1.85627100
1.74763900
3.34833600
1.75019900
1.90532000
0.73089900
-0.42485400
-2.92334700
-0.92171400
-1.64176100
-1.48481800
-2.63831100
-3.13365200
-3.20268700
-4.13495900
-4.21227900
-2.81424300
-4.65632900
-4.54508500
-4.65340700
-5.43680000
-1.12177000
-0.07951900
1.31180900
-0.49370800
1.80091600
0.67634500
2.85415800

S63

-6.13757800
-4.97534500
-4.83429800
-2.70450600
-1.99920900
-1.80994300
-2.79583500
-3.97744400
-2.11167200
-3.41068700
-3.59708300
-6.42746200
-8.52706600
-9.52018700
-8.41151300
-6.59916800
-5.84834000
-4.15592700
-4.87158100
-2.50922900
-2.53203000
-6.04808600
-5.40860500
-4.12268200
-0.80771800
-2.40421800
-0.61562900
-1.54480400
-2.26174900
-1.71867400
-3.23088400
-2.66315200
-1.10905300
-3.44056700
-3.77785000
-2.80369800
-4.19058900
0.19290200
0.19737500
0.16615800
1.37040100
1.25822500
2.04220800
1.50912600
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-3.11351200
-3.12217000
-4.15644600
-2.80567800
-0.42270600
-0.21475000
-0.72025700
-1.41682200
-0.05348300
0.33196600
-0.56425400
-1.81198500
-1.39400700
-0.51132800
-1.60061700
-0.58680300
-2.77309000
-0.73790300
0.31614800
-2.91741500
-3.56654900
-1.90257500
0.05561900
-3.82844100
-2.02189800
0.67996300
1.12432300
1.35749400
2.20316200
0.57723500
2.44597900
1.01348700
2.86904000
2.51083900
2.95981100
3.71087800

-0.58797000
-1.10705300
-0.31197400

0.80043800
0.62611600
1.86710600

2.01253900
1.49902700
2.00623900
3.05619300
0.53228300
-0.74429300
-1.88429200
-1.77249600
1.41406000
-0.86737400
-2.87302000
-2.64835300
-3.66662400
-2.73660400
-5.09299900
-6.00623600
-5.57242400
-7.36706100
-5.63712600
-6.93058300
-4.86929400
-7.83224900
-8.06664200
-7.29021400
-8.89727600
-2.47072100
-1.15010400
-3.51803900
-0.88124600
-0.33448400
-3.24577400
-4.54481200
-1.92745900
0.15278600
-4.06684400
-1.71475700

1.58730900
0.56372100
-0.59503000
-0.23892700
1.10566500
-1.19289300

S64

-0.81119300
-1.77730500
-0.45424400
-0.95180400
3.25043100
3.76584600
3.10638500
1.90607100
3.78084800
4.70411000
3.54399900
1.39445900
-1.18684100
-0.98562000
-0.94509400
-1.28978800
-0.33224000
-1.01643900
-1.78014000
-0.05885300
-0.07603200
-0.40035900
-1.28986400
0.42492900
-0.18791500
-0.19796200
-0.00524500
0.45602500
0.83312400
-0.47727200
1.28278600
0.32797900
1.47809700
1.00103200
1.78854900
2.14117500

-2.06777000
-2.90107100
-2.65748200
-1.79197200
-1.41731800
-1.32646100
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1.56042100
-0.97439100
-0.43353700

0.41793700

3.22222200

2.04726100

1.41164500

1.84029000

2.88827100

3.30146800

4.29246500

4.91825600

4.54622300

3.53066500

3.10978700
-0.21636200

3.24840100

3.84441900

5.14669600

5.78591600

7.03890800

7.70968400

7.10994300

5.81903900

5.18022900

3.92092400

3.80148100

1.35474900

2.80811600

4.59412600

5.69735200

5.02679800
-0.75879200
-0.93362000

0.52202800

5.27093500

7.51468600

8.70246000

7.62066300

5.70599800

3.07254400

4.74069100

4.01168900

1.76699400

1.96200300
2.60005300
-1.57279900
2.62170700
-1.57657000
1.34150900
1.71407000
1.18909100
0.23369300
-0.37076700
-1.33033400
-1.72733800
-1.14895300
-0.15713500
0.45136300
3.12192100
-0.62056000
0.15486500
0.72461500
1.54914500
2.07800900
1.80889200
1.02323600
0.46680400
-0.32172800
-0.83887800
-1.83869400
1.46860600
-0.06839700
-1.78919100
-2.49290400
-1.45552400
2.32034500
3.87523100
3.59562200
1.75982900
2.70772100
2.22941700
0.81974700
-0.49273600
-2.43483000
-2.41232400
-0.90588300
-2.13253400

S65

-0.59616200
-1.99496400
-3.12260300
1.81238000
-3.67368600
0.69656600
1.92792200
3.13003100
3.16566800
4.38423800
4.40050900
3.19411400
1.99744200
1.94879700
0.71951900
2.98194000
-1.52586500
-0.54731900
-0.75852000
0.20674200
-0.02803800
-1.24452100
-2.20670500
-1.99616700
-2.99277700
-2.77024500
-4.93040200
4.06348300
5.31161600
5.34530600
3.21194900
1.06734000
3.50604800
2.63446700
3.65175400
1.14426000
0.72720500
-1.42235000
-3.15170900
-3.93151400
-5.49500900
-4.83481700
-5.48339700
-1.88265200
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1.71960100
2.43271500
1.06358800
-1.97938300
-2.05959500
-1.25379200
-1.54659100
-0.76393700
-0.99220900
0.24061000
-0.07398100
1.11381900
0.33135500
0.96118300
-0.18272700
1.92228000
1.65446000
-1.70994300
-3.07090100
-4.31303700
-3.14009600
-5.17113000
-4.46520300
-6.20039500
-4.55064900
-5.63062600
-4.10400100
-4.09207900
-4.80615300
-3.84123100
-2.52545300
-2.15803100
-5.81614800
-4.09741500
-1.77362800
-1.13548300
-2.16610800
-2.91672200
-2.60743100
-2.88175800
-2.83965800
-3.37854800
-2.70972700
-3.33946200

-1.42552500
2.19566100
2.91314900
0.63192000
0.44401000

-0.13840600
-0.12886600
-1.36027200
-2.18770300
-1.68915100
-3.24834500

-2.74958500

-1.05484700

-3.51348400

-3.86870500

-2.95253000

-4.33031200
0.31847300
1.35818700
1.04286200
2.61807100

2.09810000
3.10684100
2.14301600
-0.22141200
-0.39626700
-1.08899000
-0.16908000
4.37484400
5.12401000
4.63796800
3.38481200
4.76812600
6.11079100
5.26251400
3.02669600
-2.09697800
-0.96214800
-3.35348100
-3.37352900
-4.51832900
-4.52658300
-2.46998000
-5.66882000

S66

-0.26290800
-1.22837000
-0.37323800
-3.54751300
1.20843100
-0.75948300
2.35181400
2.08286000
0.94332300
3.00095500
0.72995000
2.78249100
3.88110000
1.61999200
-0.15961000
3.48598700
1.40452300
3.48625900
1.41202200
1.98576500
0.84040900
1.77888000
1.04298600
2.12796700
2.73498800
2.83091100
2.23006800
3.73428900
0.53892600
-0.13034400
-0.28117200
0.20888200
0.68083700
-0.52370800
-0.77077000
0.16161000
0.02730600
-0.29600700
-0.65604300
-2.03213600
0.09680200
-2.64349800
-2.61914400
-0.51322000
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-2.63027100
-3.61008500
-3.58644500
-3.52259500
-3.99976500
-4.29219800
-5.33140300
-4.62419400
-6.65741900
-5.08171200
-5.95388200
-3.82013500
-6.97259000
-7.45568800
-6.19764400
-8.01788600

0.73682200
-1.85841400
-3.02183000
-2.61504900
-1.18391000
-3.52448300
-0.25175800

0.29842500
-4.04008100

0.89603100
-4.32712200
-0.66531400
-0.05129000
-0.41663500
-1.45487000
-1.92027700
-2.94969700
-3.55573900
-3.11883100
-2.06567300
-1.61397000

1.63666200
-3.04352100
-2.15010000
-1.68135000
-0.74894800

-4.51195800
-5.67751000
-4.52511000
-6.56364700
-6.58004100
-0.70879200
-1.57684000
0.49092200
-1.24590700
-2.50574900
0.82128700
1.17006300
-0.04356000
-1.92094300
1.76599400
0.21914700

0.02941500
0.70618900
0.26595000

-0.68888700

-0.86527800

-1.37642500

-1.59068100

0.14163300
0.61737500
-3.74577000
0.74877500

-2.99647100

-4.09273800

-5.39498800

-5.66753700

-6.99111700

-7.23689200

-6.16759700

-4.87292100

-4.58624600

-3.24822900

-4.75940100

-1.21577400

-2.11195500

-1.93638000

-2.82073600

S67

1.16829000
-1.88619400
-3.71615200

0.08659000
-2.36286800
-0.63134900
-0.22522700

-1.29589400
-0.47594800
0.28883700
-1.53622000
-1.58014200
-1.12500000
-0.15893600
-2.02618000
-1.30494800

-3.22066300
-2.68123400
-3.41905500
-4.37408800
-4.24729400
-5.35483400
-5.18595100
-2.90448700
-3.28063300
-3.95227800
-6.87374400
-5.54564000
-4.85554400
-5.13396700
-6.06502200
-6.29390600
-7.17869500
-7.88128000
-7.68723200
-6.77765100
-6.52456500
-3.30589400
-6.77661400
-7.33602400
-8.68264700
-9.29026300
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-0.32302000
-0.80845500
-1.70496600
-2.16096800
-3.06672000
-3.48665700
-4.80893100
0.05556000
-1.45150000
-3.30118100
-4.37242900
-3.58710600
0.99130700
2.36984100
2.16397800
-0.37060700
0.39228400
-0.46776900
-2.07695500
-3.40867600
-3.98423000
-5.45059400
-5.40397200
-4.53177400
-3.58920500
-0.17991600
0.74515900
-1.85637100
-3.16415200
-2.10340500
-4.06163700
-4.20732500
-3.22165500
-5.30918800
-3.37504300
-5.45738600
-6.04528000
-4.50004800
-2.60508400
-6.32311000
-4.61074400
-4.67727600
-2.92484800
-2.12912100

-2.62288300
-1.52554200
-0.64299100
-0.81800600
0.09915300
-0.08580700
1.89815300
-6.23284400
-7.81374100
8.25902600
-6.36943100
-4.04776800
-5.39144700
-4.24733800
-5.39660600
-3.66668600
-3.31487800
-1.37648700
0.21050000
0.94912800
2.56589200
2.42485100
1.63645300
-0.95736700
-2.44394300
-0.99252900
-1.61162200
1.45345700
-1.33554800
-1.44280700
-2.31897400
-3.27555800
-3.25774500
-4.12295500
-4.07487900
-4.93256800
-4.11668800
-4.89390400
-4.09263100
-5.59322300
-5.51960900
-2.41536200
-0.37570700
-0.50947300

S68

-10.58793600
-11.33793100
-10.77247800
-9.43749700
-8.83744900
-7.53606100
-7.53176000
-4.62361900
-5.74749800
-7.33831100
-8.57792700
-8.22554700
-2.67383400
-2.67147700
-4.03735800
-8.71580200
-11.03825800
-12.36534800
-11.34537500
-9.42696000
-7.83785800
-6.81359300
-8.42478200
-5.24846500
-5.11590000
-6.10940400
-4.73102500
-1.89143300
-0.41819500
-2.21539700
-0.09404500
-1.23438500
-2.24132000
-1.33945400
-3.36940200
-2.47191900
-0.53227300
-3.49354500
-4.13599100
-2.56097100
-4.38296500
0.96025200
0.53449700
1.67378500
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-3.33448500
-1.97667300
-2.72324600
-1.42897500
-1.67798600
-2.55210000
-1.01463000
-1.12830800
-2.97201700
-3.81719300
-4.44165100
-4.21280600
-2.51652600
-4.01755200
-5.12828000
-4.71742900
-1.39543800
-0.72138500
-1.47268300
-1.58388700
-1.38564000
-1.58971900
-1.66646000
-1.38884300
-1.32951100
-1.49053700
-1.67741200
-1.32635600
-1.50262400

0.50446800

0.71111500

1.48365300

1.86732400
-0.06161000

2.64244200

1.31785500

2.83984700

2.00323600

3.39412100

3.74660800

0.93904700
0.73330000
1.67976700
0.93315300
-1.83973000
-2.48867000
-2.33965900
-1.71951700
3.06136000
3.65865300
2.89584300
1.52478200
3.65595300
4.73119600
3.38438500
0.91239900
-3.57852300
-2.50009700
-4.97978800
-6.05515400
-5.25578500
-7.36869100
-5.85758400
-6.57211600
-4.42633700
-7.63440100
-8.19185600
-6.76546400
-8.66487800
-2.07743000
-0.73055000
-3.02767100
-0.34214800
0.00042800
-2.63398200
-4.07836400
-1.28902100
0.70584500
-3.38062700
-0.98291000

S69

0.41201000
2.24944300
1.46499300
3.16814500
2.16338400
2.33181600
1.44640400
3.10639400
1.54958300
0.61594200
-0.39354500
-0.50303800
2.34579800
0.67685100
-1.08939800
-1.24895700
-1.39087800
-1.17339000
-0.98778700
-1.88539400
0.39153900
-1.41832600
-2.95038400
0.85319600
1.09518700
-0.04899500
-2.13164000
1.92658300
0.31360000
-0.51663800
-0.17008600
-0.16124400
0.50658400
-0.40481400
0.50516300
-0.40172200
0.83963700
0.78275900
0.77285500
1.36659500
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1.20044900
1.46376500
1.63476600
1.57804200
1.30651700
1.77759500
1.28360400
1.04582600
1.85324600

-1.19928000
4.44383600
0.48362000

-0.83248100

-1.62651000

-1.15087300

-1.97603700

-1.50375900

-0.17695100
0.65009200
0.18831300
1.00189000

-2.44623100
2.80995200
2.43198500
3.40881600
3.06766500
4.03303300
5.38729500
5.75121500
4.78129400
5.14846300
4.18848200
5.77562900

-2.64203000

-2.99950500

-2.15288800
0.19127000
1.67135500

-3.28202300

-2.47979400

-2.50636700
2.02481700
3.75171200

-1.76310900
-0.37874400
-0.16475300
-1.44040800
-2.43718400
-1.63876300
-3.93846100
-2.26542800

0.78422500
-5.11456200
-1.01020800
-4.43463800
-4.96630100
-5.32910500
-5.19495200
-5.48812400
-5.33949500
-4.89895400
-4.61458100
-4.74619300
-4.40264500
-5.72141100
-2.69645200
-4.01996900
-5.03708200
-6.41133000
-7.36178700
-6.97971500
-5.65478500
-4.65210600
-3.28569700
-2.33264500
-0.55792400
-5.68654700
-5.82750300
-5.56371100
-4.78403700
-4.27183200
-5.09465100
-5.79976000
-6.73242300
-6.70811900
-8.41328600

S70

0.78249000
0.59804700
-0.79923700
-1.47083600
-0.50175800
-2.94821700
-0.68595000
1.73206300
-1.28562400
-0.36951100
-3.16388200
-1.87289800
-1.66145400
-2.73074000
-4.05976100
-5.17979700
-6.46721800
-6.69273000
-5.62512500
-4.28796700
-3.15883800
-0.05920100
-3.23915300
-3.36091400
-3.63058000
-3.75145500
-4.01507200
-4.16513600
-4.04259100
-3.77015700
-3.62005900
-3.34806700
-3.24295300
-2.57089500
-5.00039700
-7.31727100
-7.71482500
-5.79833900
-0.40453500
1.03443800
-0.49819300
-3.63487400
-4.10732400
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6.14551800
6.79733100
6.20059300
5.75269200
6.21000100
6.41489100
2.07793700
0.82974700
2.32974500
0.89373500
1.48187300
-2.14986700
-0.44902500
-2.86867400
-2.33141900
-1.48173300
-2.66811200
-0.95388200
-2.12441000
-3.34075100
-1.26235000
-0.31821500
-2.35914600
-0.83483200
-3.86500500
-2.85957000
-2.48109800
-4.03088500
-3.39897000
-4.39050000
-3.36021800
-1.25363100
-1.46053600
-0.89670900
-0.44622900
-5.53293700
-6.28249900
-5.91478300
-4.79227500
-5.82062400
-7.17021600
-6.52235200
-4.51577300
-2.00272400

-7.73808400
-5.35644100
-3.01955300
0.52357900
-0.74225000
-1.04318100
-0.68440400
-1.93599700
-4.27080800
-4.39621600
0.38492000
-2.08043800
-0.90547800
-2.45714300
-1.81726700
-0.70325800
-2.28971200
-0.08980600
-1.68766600
-3.14459800
-0.59016100
0.79236700
-2.08032700
-0.11628900
-3.17513000
-2.09093500
-2.69474400
-1.36680800
-2.35957000
-1.51383500
-2.68789100
-3.52818100
-4.41449300
-3.85955400
-2.97174900
-0.84853500
-0.07043600
0.04975500
-0.60057000
-0.94075700
0.45340100
0.66183900
-0.50371600
0.74201300

S71

-4.37482200
-4.15115200
-3.71667000
-3.05525100
-4.24172300
-2.48410900
-3.39569200
-3.40962600
-0.79117100
0.22956400
1.37271600
-0.09628000
-0.44888900
-1.20353000
-2.44002900
-2.29417100
-3.71143800
-3.44375700
-4.84640400
-3.78163700
-4.70787000
-3.34578400
-5.83770800
-5.59486800
-1.21300200
1.08576400
2.28355700
1.28818800
3.25566400
2.65739100
4.29241800
2.41492400
3.03343700
1.43470400
2.91941600
3.13851300
2.26240100
0.90521100
0.40013400
4.18889500
2.62558700
0.23415500
-0.64728700
-1.00330800
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(Rvn)-TS3
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-1.67701200
-2.62064500
-2.33090300
-3.56473100
-2.97771300
-1.59613500
-4.20909300
-3.79159000
-3.91787300
-2.74271600
-4.94642000
-4.42302200
-2.02300000
-3.08138400
-1.37563000
-3.47263600
-3.61227200
-1.76755800
-0.58873500
-2.81698600
-4.30838700
-1.26564000
-3.13552800

0.54107500
-1.87573000
-2.03380300
-0.85966900

0.11979200
-0.62612000
1.60902100
-0.09903200
-2.92412000
2.64592300
-1.21533200
2.11493500
2.64255000
3.16167200
3.17191800
3.67401000
3.64931800
3.12098200
2.64265600

0.54543900
1.77982300
3.12750200
1.48476900
4.15402400
3.35694100
2.51329700
0.44406100
3.85027500
5.19533800
2.27067500
4.65347400
0.97717900
1.89168500
0.44587800
2.25595500
2.28494200
0.81908300
-0.29296900
1.72281000
2.94609200
0.38377400
2.00254600

0.43541300
0.75667600
0.18939100

-0.61216400

-0.33781000

-1.41011500

-0.57815500
0.80008400
0.20886600

-2.49177500
0.54602100

-1.89678800

-2.86422300

-4.06219000

-4.36897700

-5.60865100

-5.90519600

-4.97141500

-3.75398100

S72

0.23846300
-1.82310700
-1.53516900
-2.82481500
-2.22486100
-0.76110600
-3.50820400
-3.05829200
-3.21312900
-1.99180900
-4.27685800
-3.75478800

1.57627900

1.76743600

2.70479500

3.05091100

0.90065200

3.98958800

2.56186600

4.16715700

3.18482600

4.85660700

5.17407000

-1.08272300
-1.57219000
-2.84299300

-3.09674600
-2.06384500
-4.35342800
-2.09379400
-0.15805800
-3.46739200
-0.41205100
-6.16582900
-2.63406600
-1.71564500
-2.16532200
-3.54994400
-4.03368400
-5.38030800
-6.30427600
-5.86511800
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2.65891000
2.17239500
3.39801400
0.46342500
1.79171200
2.82894300
4.20922800
5.17781200
4.80946500
3.47913000
2.45831100
1.08602000
0.11399200
-1.65741400
3.56479300
4.06859200
4.03262100
3.09360700
2.23715900
2.96136200
3.37201900
4.44408600
4.49925200
6.23317000
5.58187800
3.18980600
0.82970800
-1.21904900
-2.74852500
-1.40843400
-1.56130600
-0.33266000
2.03545800
1.99745100
-2.61865100
-3.06597400
-1.75267900
-4.39332700
-4.64259100
-3.63897400
-5.91965800
-3.97199800
-6.22618200
-6.65637100

-3.41570200
-2.15655500
-3.25812000
-0.75984400
-1.09510300
-0.41250300
-0.69692600
-0.02143800
0.97414300
1.28123700
0.60690200
0.93553000
0.28101600
1.57462100
-4.79616500
-6.33041000
-6.86424800
-5.21638700
-3.03523300
-4.25830300
-2.71831700
-3.36080400
-1.46175000
-0.25529300
1.50288900
2.05570000
1.72088300
2.54914800
1.62610000
1.36164900
-1.45766700
-2.43533600
0.22649200
-0.43707600
1.35362200
-1.98578800
-1.48165600
-2.28940800
-2.60793700
-3.15700500
-2.32404400
-3.30511000
-2.49513400
-1.94287900

S73

-4.48479700
-3.99619200
0.50497100
-5.16929900
-4.97829100
-5.70329300
-5.51680300
-6.23114100
-7.16651100
-7.36190500
-6.63828500
-6.81537500
-6.08782500
-7.02139700
-1.46948400
-3.31401500
-5.73680300
-7.36831400
-6.57808300
0.65558200
1.45861300
0.16706700
-4.79605400
-6.07360700
-7.73014200
-8.07710900
-7.52581400
-6.74264900
-6.91276200
-8.07619500
-4.92329200
-4.10296100
-2.71862800
-1.07873400
-1.04587100
0.41476400
-1.29704800
0.16010800
-1.26789700
-2.11726300
-1.76898200
-3.48918700
-3.11562300
-1.05929000
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-5.22999400
-3.21572400
-7.22095400
-5.43815200
-5.27348700
-2.73045700
-2.80514400
-2.14894100
-2.24476400
-1.80409800
-2.16781500
-3.46380000
-4.55634800
-3.26314300
-3.09823400
-1.16835300
-0.91064900
-1.30225100
-1.93358200
-0.89188200
-0.41939100
-1.12660400
-2.28105400
-2.31304000
-1.55550200
-1.74802700
-0.41637200
-2.56370700
0.08361900
0.23071000
-2.05900700
-3.60018900
-0.73381100
1.11400100
-2.70278700
-0.33881600
-0.68942800
-0.68787200
0.05747600
0.02708400
-1.26210900
0.73476700
0.05000200
0.72287200

-2.97363500
-3.68456600
-2.25118200
-3.09744600
-2.28551400
-1.93283400
-3.01428500
-0.85161800
-2.63206000
-1.27246500
-3.26309000
-4.30056300
-4.20915900
-4.58847500
-5.10180300
-0.35783500
0.93505200
1.34205500
0.45604900
-0.65781300
1.65217800
2.37319100
0.77055700
-3.68081400
-3.24681100
-4.81813400
-4.83788600
-5.93677600
-5.94031900
-3.98654700
-7.04327900
-5.93078500
-7.04423100
-5.93356300
-7.90712700
-7.90421000
-3.86859700
-5.26320500
-3.03394500
-5.79547400
-5.91521700
-3.56805300
-1.96006500
-4.94728600

S74

-3.97740400
-4.17617100
-3.49425700
-5.04331000
1.01010900
1.74432000
2.63474300
2.38357000
3.83139300
3.70237900
4.71408100
2.27627600
2.37658800
1.23607900
2.93260700
4.56067000
4.10961300
2.81739600
1.94443100
5.57486100
4.77180100
2.50054600
0.96571700
-1.66947800
-0.57535200
-2.45951200
-2.89765900
-2.71598100
-3.59695500
-2.68763600
-3.39668800
-2.37311800
-3.84632300
-3.94932600
-3.57979200
-4.39242400
0.39269400
0.62152100
1.24833100
1.68865800
-0.03757900
2.33940700
1.06681900
2.56225500
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0.02466000
1.25893600
1.25139700

-6.87439800
-2.90253200
-5.36725800

S75

1.86010900
3.02776000
3.42170500
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8. Characterization Data and HPLC Chromatograms

O O (R)-2-(2-methyl-1H-indol-1-yl)-3,4-diphenylisoquinolin-1(2H)-one (3)

A | The title compound was isolated as a white solid (29.0 mg, 68%). 'TH NMR (400

lll O MHz, CDCl3) 6 8.54 (dd, J= 8.0, 1.5 Hz, 1H), 7.70 — 7.63 (m, 1H), 7.61 — 7.53 (m,

1H), 7.36 (dd, J = 15.6, 7.9 Hz, 2H), 7.31 — 7.26 (m, 2H), 7.23 — 7.18 (m, 2H), 7.13
(d, J=4.1 Hz, 3H), 7.08 — 7.00 (m, 3H), 6.99 — 6.89 (m, 2H), 6.78 (t, J= 7.1 Hz, 1H), 6.14 (s, 1H),
2.24 (s, 3H). ¥C NMR (100 MHz, CDCl3) 6 161.0, 142.8, 137.6, 136.9, 136.6, 135.8, 133.4, 132.2,
131.7, 131.6, 129.9, 129.7, 128.9, 128.44, 128.42, 128.2, 127.5, 127.4, 127.2, 126.6, 126.2, 125.6,
121.9, 120.8, 120.2, 119.8, 108.7, 100.4, 12.1. HRMS (ESI): calcd. for C30H22N2NaO" [M+Na]":
449.1624, found : 449.1624. [a]p*® = +84 (¢ = 0.1, CHCI3).
HPLC analysis: Daicel Chiralpak IE column (hexane: 2-propanol = 85:15, v = 1.0 mL/min, 40 °C,

254 nm). tr (major) = 11.210 min, tr (minor) = 17.013 min, -96% ee.

L

C

= = @

/\

T T T T T
a u ] § I 0

No. Time Area Area (%) No. Time Area Area (%)
1 11.286 10817.0 50.50 1 11.210 7281.6 97.87
2 17.319 10604.8 49.50 2 17.013 158.4 2.13

O O (5)-2-(2-methyl-1H-indol-1-yl)-3,4-diphenylisoquinolin-1(2H)-one ((en?)-3)

) | The title compound was isolated as a white solid (29.9 mg, 70%). 'TH NMR (400
° E O MHz, CDCl3) 0 8.54 (dd, J= 8.0, 1.5 Hz, 1H), 7.70 — 7.63 (m, 1H), 7.61 — 7.53 (m,
1H), 7.36 (dd, J = 15.6, 7.9 Hz, 2H), 7.31 — 7.26 (m, 2H), 7.23 — 7.18 (m, 2H), 7.13
(d, J=4.1 Hz, 3H), 7.08 — 7.00 (m, 3H), 6.99 — 6.89 (m, 2H), 6.78 (t, J= 7.1 Hz, 1H), 6.14 (s, 1H),
2.24 (s, 3H). ¥C NMR (100 MHz, CDCl3) 6 161.0, 142.8, 137.6, 136.9, 136.6, 135.8, 133.4, 132.2,
131.7, 131.6, 129.9, 129.7, 128.9, 128.44, 128.42, 128.2, 127.5, 127.4, 127.2, 126.6, 126.2, 125.6,
121.9, 120.8, 120.2, 119.8, 108.7, 100.4, 12.1. HRMS (ESI): calcd. for C30H22N>NaO" [M+Na]" :

449.1624, found : 449.1624. [a]p** = -88 (¢ = 0.1, CHCly).
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HPLC analysis: Daicel Chiralpak IE column (hexane: 2-propanol = 85:15, v = 1.0 mL/min, 40 °C,

254 nm). tr (minor) = 11.240 min, tr (major) = 16.983 min, 94% ee.

|

T S T e AR P

No. Time Area Area (%) No. Time Area Area (%)
1 11.286 10817.0 50.50 1 11.240 333.2 291
2 17.319 10604.8 49.50 2 16.983 11129.5 97.09

(R)-2-(2,5-dimethyl-1H-indol-1-yl)-3,4-diphenylisoquinolin-1(2H)-one (4)

| The title compound was isolated as a white solid (20.3 mg, 46%). "TH NMR (400
MHz, CDCl3) 0 8.52 (d, J=8.0 Hz, 1H), 7.65 (t,J=7.6 Hz, 1H), 7.55 (t, J=7.6 Hz,
1H), 7.34 (d, J=8.2 Hz, 1H), 7.31 — 7.27 (m, 2H), 7.23 — 7.19 (m, 2H), 7.18 (s, 1H),
7.15-7.09 (m, 1H), 7.09 — 7.01 (m, 3H), 7.00 (s, 1H), 6.99 — 6.90 (m, 3H), 6.84 — 6.77 (m, 1H), 6.06
(s, 1H), 2.38 (s, 3H), 2.20 (s, 3H). 13C NMR (100 MHz, CDCl3) 161.0, 142.9, 137.6, 136.8, 135.9,
135.5, 133.3, 132.3, 131.7, 131.6, 130.0, 129.7, 128.8, 128.44, 128.39, 128.1, 127.4, 127.35, 127.31,
127.2, 126.9, 126.2, 125.6, 123.4, 120.2, 119.7, 108.4, 100.1, 21.6, 12.1. HRMS (ESI): calcd. for
C31H24N2NaO" [M+Na]" : 463.1781, found : 463.1771. [a]p?® = +64 (c = 0.1, CHCI;).

HPLC analysis: Daicel Chiralpak IE column (hexane: 2-propanol = 75:25, v = 1.0 mL/min, 40 °C,

254 nm). tr (major) = 8.685 min, tr (minor) = 13.004 min, -96% ee.
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No. Time Area Area (%) No. Time Area Area (%)
1 8.725 1227.0 50.74 1 8.685 10276.6 98.22
2 13.045 1191.1 49.26 2 13.004 186.1 1.78




(R)-2-(5-chloro-2-methyl-1H-indol-1-yl)-3,4-diphenylisoquinolin-1(2H)-one (5)

o The title compound was isolated as a white solid (30.8 mg, 67%). "H NMR (600

(]

N

’!‘/ O MHz, CDCl3) 6 8.53 (dd, /= 8.0, 1.4 Hz, 1H), 7.70 — 7.64 (m, 1H), 7.61 —7.54 (m,
ol 1H), 7.37 - 7.32 (m, 2H), 7.31 — 7.27 (m, 1H), 7.26 — 7.24 (m, 1H), 7.23 — 7.19 (m,
2H), 7.15 = 7.11 (m, 1H), 7.09 (dd, J = 8.6, 1.9 Hz, 1H), 7.07 — 7.01 (m, 2H), 7.01 — 6.93 (m, 3H),
6.80 (t,J= 6.9 Hz, 1H), 6.09 (s, 1H), 2.23 (s, 3H). 1*C NMR (150 MHz, CDCl3) J 160.9, 142.4, 138.3,
137.5, 135.6, 135.3, 133.6, 131.9, 131.6, 131.5, 129.8, 129.6, 128.8, 128.6, 128.5, 128.2, 127.7, 127.6,
127.5, 127.40, 127.36, 126.4, 126.3, 125.5, 122.1, 120.0, 119.8, 109.7, 100.1, 12.1. HRMS (ESI):
caled. for C30H22CINNO' [M+H]": 461.1415, found : 461.1422. [a]p*® = +80 (¢ = 0.1, CHCI3).
HPLC analysis: Daicel Chiralpak IE column (hexane: 2-propanol = 75:25, v = 1.0 mL/min, 40 °C,

254 nm). tr (major) = 7.886 min, tr (minor) = 13.934 min, -94% ee.

DT BUSGPICHBED)
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No. Time Area Area (%) No. Time Area Area (%)
1 7.898 5076.3 50.17 1 7.886 21728.6 97.09
2 13.934 5041.3 49.83 2 13.934 651.6 291

(R)-2-(2,3-dimethyl-1H-indol-1-yl)-3,4-diphenylisoquinolin-1(2H)-one (6)

| The title compound was isolated as a white solid (20.3 mg, 46%). "H NMR (600
MHz, CDCl3) 6 8.52 (dd, J= 8.0, 1.4 Hz, 1H), 7.67 — 7.63 (m, 1H), 7.57 — 7.53 (m,
1H), 7.35 (dd, J = 16.4, 8.0 Hz, 2H), 7.30 — 7.26 (m, 2H), 7.23 — 7.18 (m, 2H), 7.15
—7.10 (m, 3H), 7.08 — 7.01 (m, 3H), 6.97 — 6.91 (m, 2H), 6.78 (t, J = 7.5 Hz, 1H), 2.14 (s, 3H), 2.11
(s, 3H). 3C NMR (150 MHz, CDCl3) 161.1, 143.1, 137.6, 136.6, 135.9, 133.3, 132.5, 132.4, 131.69,
131.65,129.9,129.8,128.8,128.4, 128.3,128.1, 127.6, 127.4,127.3,127.2, 127.1, 126.2, 125.6, 122.0,
120.3, 119.6, 118.3, 108.5, 107.5, 9.8, 9.0. HRMS (ESI): calcd. for C31H2sN,O" [M+H]": 441.1961,
found : 441.1968. [a]p?® = +66 (¢ = 0.1, CHCI3).

HPLC analysis: Daicel Chiralpak IE column (hexane: 2-propanol = 85:15, v = 1.0 mL/min, 40 °C,
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254 nm). tr (major) = 12.075 min, tr (minor) = 13.001 min, -96% ee.

OSBPCHOR)

e 2 8 & @w = = = 2

T
8

No. Time Area Area (%) No. Time Area Area (%)
1 12.075 2436.2 50.52 1 12.075 8888.8 97.84
2 12.971 2386.1 49.48 2 13.001 196.3 2.16

(R)-6-methoxy-2-(2-methyl-1H-indol-1-yl)-3,4-diphenylisoquinolin-1(2H)-one
(7)

| The title compound was isolated as a white solid (33.3 mg, 73%). "H NMR (600

OMe
(o}

(s, 3H). 3C NMR (150 MHz, CDCls) 163.7, 160.7, 143.4, 139.7, 137.0, 136.7, 135.8, 132.3, 131.6,

MHz, CDCl3) 6 8.48 (d, J = 8.9 Hz, 1H), 7.38 (d, J = 7.8 Hz, 1H), 7.31 — 7.26 (m,

2H), 7.24 — 7.18 (m, 2H), 7.16 — 7.12 (m, 4H), 7.06 — 7.02 (m, 3H), 6.98 — 6.90 (m,
2H), 6.77 (t, J=7.3 Hz, 1H), 6.71 (d,J=2.5 Hz, 1H), 6.14 (s, 1H), 3.76 (s, 3H), 2.24

131.5,131.1, 129.8, 129.6, 128.5, 128.4, 128.2, 127.4,127.2, 126.5, 121.9, 120.7, 120.2, 119.4, 119.3,
115.9, 108.7, 108.5, 100.3, 55.5, 12.0. HRMS (ESI): calcd. for C31H2sN>O," [M+H]": 457.1911,
found : 457.1918. [a]p?® = +114 (¢ = 0.1, CHCI3).

HPLC analysis: Daicel Chiralpak IE column (hexane: 2-propanol = 75:25, v = 1.0 mL/min, 40 °C,

254 nm). tr (major) = 10.829 min, tr (minor) = 15.717 min, -97% ee.
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No. Time Area Area (%) No. Time Area Area (%)
1 10.875 1579.9 51.18 1 10.829 56799.0 98.37
2 15.728 1507.1 48.82 2 15.717 938.8 1.63




NO2 (R)-2-(2-methyl-1H-indol-1-yl)-6-nitro-3,4-diphenylisoquinolin-1(2H)-one (8)
O O The title compound was isolated as a white solid (26.8 mg, 57%). '"H NMR (600
O MHz, CDCl3) 6 8.68 (d, J=8.8 Hz, 1H), 8.29 (dd, J=8.8, 2.2 Hz, 1H), 8.20 (d, J =
QJ/ 2.2 Hz, 1H), 7.40 (d, J= 7.8 Hz, 1H), 7.36 — 7.31 (m, 1H), 7.27 — 7.22 (m, 3H), 7.17

—7.13 (m, 1H), 7.13 — 7.09 (m, 2H), 7.09 — 7.05 (m, 1H), 7.04 (d, J = 7.8 Hz, 2H),
7.01 — 6.95 (m, 2H), 6.80 (t, J= 7.3 Hz, 1H), 6.17 (s, 1H), 2.23 (s, 3H). 3C NMR (150 MHz, CDCls)
o 159.8, 151.1, 145.4, 138.5, 136.7, 136.3, 134.3, 131.5, 131.4, 131.3, 131.0, 129.6, 129.4, 129.1,
128.93, 128.91, 128.7, 128.2, 127.5, 126.7, 122.2, 121.7, 121.1, 120.4, 119.5, 108.5, 101.0, 12.0.
HRMS (ESI): calcd. for C30H22N303" [M+H]": 472.1656, found : 472.1655. [a]p?® = +20 (¢ = 0.1,
CHCl).
HPLC analysis: Daicel Chiralpak IE column (hexane: 2-propanol = 80:20, v = 1.0 mL/min, 40 °C,

254 nm). tr (major) = 9.400 min, tr (minor) = 11.200 min, -78% ee.

e

No. Time Area Area (%) No. Time Area Area (%)

1 9.408 7755.0 50.28 1 9.400 18627.8 89.24
2 11.185 7669.4 49.72 2 11.200 2246.9 10.76

O O (R)-7-methyl-2-(2-methyl-1H-indol-1-yl)-3,4-diphenylisoquinolin-1(2H)-one (9)
N | The title compound was isolated as a white solid (30.4 mg, 69%). "TH NMR (600
'!l O MHz, CDCIl3) 6 8.36 (s, 1H), 7.49 (d, /= 8.4 Hz, 1H), 7.39 (d, /= 7.8 Hz, 1H), 7.27
QJ/ (d, J=7.4 Hz, 3H), 7.23 - 7.17 (m, 2H), 7.16 — 7.11 (m, 3H), 7.07 — 7.01 (m, 3H),
6.98 — 6.90 (m, 2H), 6.76 (t, J = 6.2 Hz, 1H), 6.14 (s, 1H), 2.52 (s, 3H), 2.24 (s, 3H). 3C NMR (150
MHz, CDCls) 0 161.0, 141.8, 137.8, 136.9, 136.6, 136.0, 135.2, 134.8, 132.2, 131.7, 131.6, 130.0,
129.8, 128.5,128.4, 128.3, 128.1, 127.3, 127.2, 126.5, 126.2, 125.5, 121.9, 120.7, 120.2, 119.8, 108.8,
100.3, 21.5, 12.0. HRMS (ESI): calcd. for C31H2sN>O" [M+H]": 441.1961, found : 441.1966. [a]p*°

=436 (c=0.1, CHCl:).
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HPLC analysis: Daicel Chiralpak IE column (hexane: 2-propanol = 75:25, v = 1.0 mL/min, 40 °C,

254 nm). tr (major) = 8.467 min, tr (minor) = 13.836 min, -96% ee.

e e T

s i3 g 2

No. Time Area Area (%) No. Time Area Area (%)
1 8.465 1239.6 51.95 1 8.467 22900.7 98.07
2 13.818 1146.4 48.05 2 13.836 451.2 1.93

(R)-8-methyl-2-(2-methyl-1H-indol-1-yl)-3,4-diphenylisoquinolin-1(2H)-one (10)
PN | The title compound was isolated as a white solid (14.6 mg, 33%). "TH NMR (600
'!' O MHz, CDCl3) 6 7.48 (t, J= 7.8 Hz, 1H), 7.38 (d, /= 7.8 Hz, 1H), 7.33 (d, /=74

Hz, 1H), 7.28 (d, /=79 Hz, 1H), 7.23 (d, /= 7.6 Hz, 1H), 7.22 - 7.18 (m, 2H), 7.17

—7.09 (m, 4H), 7.08 — 7.00 (m, 3H), 6.98 — 6.89 (m, 2H), 6.77 (t, J = 7.7 Hz, 1H), 6.15 (s, 1H), 2.91

(s, 3H), 2.25 (s, 3H). 13C NMR (150 MHz, CDCl3) 161.4, 143.2, 142.7, 139.3, 136.9, 136.8, 136.5,

132.5, 132.4, 131.8, 131.7, 130.7, 129.7, 129.6, 128.4, 128.3, 128.2, 127.3, 127.23, 127.18, 126.6,

124.6,124.1,121.8,120.7,120.2, 119.5, 108.8, 100.3, 24.2, 12.2. HRMS (ESI): calcd. for C31H2sN>O"
[M+H]": 441.1961, found : 441.1958. [a]p?® = +20 (¢ = 0.1, CHCI3).

HPLC analysis: Daicel Chiralpak IE column (hexane: 2-propanol = 80:20, v = 1.0 mL/min, 40 °C,

254 nm). tr (major) = 5.113 min, tr (minor) = 5.688 min, -88% ee.

VTR Sy B A A G TP
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No. Time Area Area (%) No. Time Area Area (%)
1 5.095 819.2 48.16 1 5.113 2307.6 93.91
2 5.700 881.8 51.84 2 5.688 149.7 6.09




O O Me (R)-2-(2-methyl-1H-indol-1-yl)-3,4-di-p-tolylisoquinolin-1(2H)-one (11)
| The title compound was isolated as a white solid (39.5 mg, 87%). 'H NMR (600
© E O Ve MHz, CDCls) 6 8.53 (d, J = 8.4 Hz, 1H), 7.66 — 7.62 (m, 1H), 7.57 — 7.52 (m,
1H), 7.41 (d, J=7.8 Hz, 1H), 7.35 (d, J= 8.2 Hz, 1H), 7.18 — 7.10 (m, 5H), 7.08
—7.04 (m, 1H), 7.04 — 7.00 (m, 2H), 6.94 (d, J= 7.8 Hz, 2H), 6.77 (d, /= 7.7 Hz, 1H), 6.58 (d, J= 7.6
Hz, 1H), 2.31 (s, 3H), 2.23 (s, 3H), 2.05 (s, 3H). '3C NMR (150 MHz, CDCls) J 161.1, 142.8, 138.0,
137.9,137.1,136.8, 136.7, 133.3, 132.9, 131.5, 131.4, 129.8, 129.5, 129.4, 129.2, 128.8, 128.7, 128.0,
127.3,126.6, 126.2, 125.5,121.9, 120.7, 120.2, 119.7, 108.8, 100.3, 21.32, 21.25, 12.0. HRMS (ESI):

caled. for C3,Ha7N>O" [M+H]": 455.2118, found : 455.2103. [a]p?® = +102 (¢ = 0.1, CHCI3).

HPLC analysis: Daicel Chiralpak IE column (hexane: 2-propanol = 75:25, v = 1.0 mL/min, 40 °C,

254 nm). tr (major) = 7.986 min, tr (minor) = 11.120 min, -93% ee.

Area (%)

No. Time Area Area (%) No. Time Area
1 8.428 2736.4 50.31 1 7.986 30651.6 96.56
2 11.913 2702.3 49.69 2 11.120 1093.1 3.44

O O Bt (R)-3,4-bis(4-ethylphenyl)-2-(2-methyl-1H-indol-1-yl)isoquinolin-1(2H)-one
| (12)

N
,L £t The title compound was isolated as a white solid (40.0 mg, 83%). 'H NMR (600
/

o)

MHz, CDCL) 6 8.54 (d, J = 8.0 Hz, 1H), 7.68 — 7.63 (m, 1H), 7.57 — 7.52 (m, 1H),
7.39 (t,J= 8.3 Hz, 2H), 7.18 (d, J = 7.5 Hz, 1H), 7.15 — 7.11 (m, 3H), 7.08 — 7.00 (m, 3H), 6.94 (d, J
= 7.8 Hz, 2H), 6.78 (s, 1H), 6.60 (s, 1H), 6.16 (s, 1H), 2.61 (q, J = 7.6 Hz, 2H), 2.36 (q, J = 7.6 Hz,
2H), 2.23 (s, 3H), 1.21 (t, J = 7.6 Hz, 3H), 0.9 (t, J = 7.6 Hz, 3H). 3C NMR (150 MHz, CDCls) §
161.1, 144.2, 143.1, 142.9, 137.9, 137.1, 136.8, 133.2, 133.1, 131.6, 131.5, 129.9, 129.6, 128.7, 127.8,
127.5, 127.3, 126.7, 126.6, 126.3, 125.6, 121.9, 120.7, 120.1, 119.8, 108.8, 100.3, 28.6, 28.4, 15.5,
14.9, 12.1. HRMS (ESI): calcd. for CasHz No0" [M+H]': 483.2431, found : 483.2439. [a]p?® = +110
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(c=0.1, CHCI).

HPLC analysis: Daicel Chiralpak IE column (hexane: 2-propanol = 75:25, v = 1.0 mL/min, 40 °C,

254 nm). tr (major) = 7.475 min, tr (minor) = 10.201 min, -93% ee.

Area (%)

No. Time Area Area (%) No. Time Area
1 7.481 2676.9 50.82 1 7.475 20288.2 96.36
2 10.262 2590.2 49.18 2 10.201 766.1 3.64

(R)-3,4-bis(4-methoxyphenyl)-2-(2-methyl-1H-indol-1-yl)isoquinolin-1(2H)-
one (13)
The title compound was isolated as a white solid (40.3 mg, 83%). 'TH NMR (600

MHz, CDCl) ¢ 8.52 (d, J=7.9 Hz, 1H), 7.67 — 7.63 (m, 1H), 7.57 — 7.52 (m,
1H), 7.41 (d, J=7.8 Hz, 1H), 7.37 (d, /= 8.2 Hz, 1H), 7.18 (dd, J = 8.5, 2.3 Hz, 1H), 7.16 — 7.10 (m,
2H), 7.08 — 7.04 (m, 1H), 7.02 (dd, J = 8.5, 2.3 Hz, 1H), 6.94 (d, J = 8.4 Hz, 2H), 6.85 (dd, J = 8.5,
2.8 Hz, 1H), 6.76 (dd, J = 8.5, 2.8 Hz, 1H), 6.49 (s, 1H), 6.30 (s, 1H), 6.16 (s, 1H), 3.78 (s, 3H), 3.56
(s, 3H), 2.21 (s, 3H). 3C NMR (150 MHz, CDCl3) 6 161.1, 159.1, 158.6, 142.8, 138.0, 137.0, 136.7,
133.3,132.7,132.6, 131.3,130.9, 128.8, 128.2, 127.3, 126.6, 126.2, 125.5, 124.7, 121.9, 120.7, 120.2,
119.6,113.9, 113.7, 112.9, 112.6, 108.7, 100.4, 55.3, 55.0, 12.0. HRMS (ESI): calcd. for C3H27N>O3"
[M+H]": 487.2016, found : 487.2015. [a]p?® =+118 (¢ = 0.1, CHCI3).

HPLC analysis: Daicel Chiralpak IE column (hexane: 2-propanol = 75:25, v = 1.0 mL/min, 40 °C,

254 nm). tr (major) = 11.323 min, tr (minor) = 16.436 min, -94% ee.
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No. Time Area Area (%) No. Time Area Area (%)
1 11.448 2727.6 50.71 1 11.323 13331.6 96.90
2 16.554 2651.6 49.29 2 16.436 427.1 3.10

(R)-3,4-bis(4-chlorophenyl)-2-(2-methyl-1H-indol-1-yl)isoquinolin-1(2H)-one
| (14)

The title compound was isolated as a white solid (19.8 mg, 40%). 'H NMR (600
MHz, CDCL) ¢ 8.53 (dd, J = 8.0, 1.4 Hz, 1H), 7.71 — 7.66 (m, 1H), 7.61 — 7.57
(m, 1H), 7.41 (d, J= 8.2 Hz, 1H), 7.32 — 7.27 (m, 2H), 7.23 (dd, J = 8.2, 2.3 Hz, 1H), 7.19 (dd, J =
8.3, 2.2 Hz, 1H), 7.13 (t, J = 7.5 Hz, 1H), 7.09 — 7.03 (m, 3H), 7.01 — 6.93 (m, 3H), 6.78 (d, J = 7.8
Hz, 1H), 6.18 (s, 1H), 2.21 (s, 3H). 3C NMR (150 MHz, CDCls) 6 160.8, 141.8, 137.1, 136.9, 136.4,
134.8, 134.0, 133.8, 133.7, 132.9, 132.8, 131.1, 130.9, 130.4, 129.0, 128.7, 127.93, 127.90, 126.6,
126.0, 125.7, 122.2, 121.1, 120.5, 118.9, 108.5, 100.9, 12.1. HRMS (ESI): calcd. for C30H2:1C1.N>O"
[M+H]": 495.1025, found : 495.1021. [a]p?® = +124 (¢ = 0.1, CHCI3).

HPLC analysis: Daicel Chiralpak IE column (hexane: 2-propanol = 75:25, v = 1.0 mL/min, 40 °C,

254 nm). tr (major) = 7.068 min, tr (minor) = 9.877 min, -94% ee.

- o
-
8-
A "’
!
T T T T
4 ] 1] 1 L

No. Time Area Area (%) No. Time Area Area (%)
1 7.184 3089.0 51.94 1 7.068 18696.9 96.98
2 10.148 2857.6 48.06 2 9.877 582.2 3.02

(S)-dimethyl 4,4'-(2-(2-methyl-1H-indol-1-yl)-1-0x0-1,2-dihydroisoquino-

E O COOMe

| line-3,4-diyl)dibenzoate ((en?)-15)
0%°N

O
N COOMe

/

The title compound was isolated as a white solid (29.8 mg, 55%). '"H NMR
(600 MHz, CDCl3) 0 8.54 (dd, J= 8.1, 1.4 Hz, 1H), 7.96 (dd, /= 8.1, 1.8 Hz,
1H), 7.88 (dd, J = 8.0, 1.8 Hz, 1H), 7.71 = 7.67 (m, 1H), 7.66 — 7.63 (m, 1H), 7.60 (t, J = 7.4 Hz, 1H),
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7.47—7.43 (m, 1H), 7.38 (d, J= 7.8 Hz, 1H), 7.35 (dd, /= 8.1, 1.8 Hz, 1H), 7.27 (d, /= 8.3 Hz, 1H),
7.20 (dd, J = 8.1, 1.8 Hz, 1H), 7.16 — 7.09 (m, 4H), 7.07 — 7.04 (m, 1H), 6.14 (s, 1H), 3.89 (s, 3H),
3.76 (s, 3H), 2.22 (s, 3H). '3C NMR (150 MHz, CDCl) J 166.7, 166.2, 160.8, 141.9, 140.3, 136.8,
136.7, 136.4, 136.3, 133.8, 131.73, 131.66, 130.2, 129.9, 129.7, 129.6, 129.5, 129.1, 128.73, 128.70,
128.1, 126.6, 126.0, 125.7, 122.2, 121.1, 120.5, 119.1, 108.5, 100.9, 52.4, 52.2, 12.0. HRMS (ESI):
calcd. for C34H27N20s" [M+H]": 543.1914, found : 543.1908. [a]p?® = -112 (¢ = 0.1, CHCI5).

HPLC analysis: Daicel Chiralpak IE column (hexane: 2-propanol = 75:25, v = 1.0 mL/min, 40 °C,
254 nm). tr (minor) = 14.331 min, tr (major) = 19.685 min, 94% ee.

TR S I AT w0

[
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No. Time

Area

Area (%)

Time

Area

Area (%)

1 15.034
2 20.762

4505.6
4453.9

50.29
49.71

14.331
19.685

522.1
16271.3

3.11
96.89

(5)-4-methyl-2-(2-methyl-1H-indol-1-yl)-3-phenylisoquinolin-1(2H)-one ((en?)-16)
The title compound was isolated as a white solid (21.8 mg, 60%). "TH NMR (600 MHz,
I CDCl) 0 8.53 (d,J=7.9 Hz, 1H), 7.87 — 7.82 (m, 2H), 7.62 — 7.57 (m, 1H), 7.37 (d, J
= 8.4 Hz, 1H), 7.29 — 7.26 (m, 2H), 7.20 — 7.16 (m, 1H), 7.16 — 7.13 (m, 1H), 7.11 —
7.08 (m, 1H), 7.05 — 6.98 (m, 3H), 6.12 (s, 1H), 2.20 (s, 3H), 2.16 (s, 3H). 3C NMR
(150 MHz, CDCl3) 6 160.9, 141.6, 137.4,136.7, 136.5, 133.4, 132.5, 129.1, 129.0, 128.8, 127.8, 127.7,
127.2,126.4, 125.7, 123.9, 121.7, 120.5, 120.0, 111.6, 108.6, 100.1, 15.1, 11.9. HRMS (ESI): calcd.
for C2sH20N>NaO" [M+Na]" : 387.1468, found : 387.1468. [a]p?® = +34 (¢ = 0.1, CHCI3).

HPLC analysis: Daicel Chiralpak IE column (hexane: 2-propanol = 75:25, v = 1.0 mL/min, 40 °C,
254 nm). tr (minor) = 10.319 min, tr (major) = 15.461 min, 91% ee.
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No. Time Area Area (%) No. Time Area Area (%)
1 10.427 3314.1 50.34 1 10.319 1337.9 4.40
2 15.786 3269.3 49.66 2 15.461 29085.5 95.60
(5)-4-ethyl-2-(2-methyl-1H-indol-1-yl)-3-phenylisoquinolin-1(2H)-one ((ent)-17)
@I\ The title compound was isolated as a white solid (17.4 mg, 46%). "H NMR (600 MHz,
OZ~N" "Ph
IL CDCl3) 0 8.52 (d, J=8.1 Hz, 1H), 7.87 —7.78 (m, 2H), 7.60 — 7.53 (m, 1H), 7.33 (d, J

avs

13C NMR (150 MHz, CDCl3) 6 160.9, 141.7, 136.8, 136.6, 136.5, 133.5, 132.4, 129.3, 129.03, 128.98,

= 7.9 Hz, 1H), 7.30 — 7.22 (m, 2H), 7.19 — 7.13 (m, 2H), 7.09 — 7.05 (m, 1H), 7.04 —
6.94 (m, 3H), 6.09 (s, 1H), 2.60 — 2.45 (m, 2H), 2.20 (s, 3H), 1.16 (t, J = 7.4 Hz, 3H).

128.8, 127.84,127.81, 127.2, 126.5, 126.3, 124.0, 121.7, 120.7, 120.1, 117.8, 108.7, 100.2, 21.9, 14.9,
12.0. HRMS (ESI): calcd. for C26H23N20" [M+H]"™: 379.1805, found : 379.1801. [a]p?® = +24 (c =
0.1, CHCI).

HPLC analysis: Daicel Chiralpak IE column (hexane: 2-propanol = 75:25, v = 1.0 mL/min, 40 °C,

254 nm). tr (minor) = 9.051 min, tr (major) = 13.830 min, 91% ee.

T T T T T T T T T T T T
i § i i # i 8 1 ‘ i i 1
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No. Time Area Area (%) No. Time Area Area (%)
1 9.045 1656.6 50.88 1 9.051 1008.7 4.29
2 13.901 1599.2 49.12 2 13.830 22483.1 95.71




(5)-2-(2-methyl-1H-indol-1-yl)-3-phenyl-4-propylisoquinolin-1(2H)-one ((en?)-

E o The title compound was isolated as a white solid (15.7 mg, 40%). '"H NMR (600
Q_/?/ MHz, CDCl3) 6 8.52 (d, J=7.9 Hz, 1H), 7.84 — 7.78 (m, 2H), 7.59 — 7.54 (m, 1H),
7.34 (d, J=17.7 Hz, 1H), 7.27 — 7.23 (m, 2H), 7.18 — 7.12 (m, 2H), 7.09 — 7.05 (m,
1H), 7.03 — 6.95 (m, 3H), 6.09 (s, 1H), 2.46 (td, J = 7.3, 2.9 Hz, 2H), 2.20 (s, 3H), 1.61 (dd, J= 7.3,
2.7 Hz, 2H), 0.86 (t, J = 7.3 Hz, 3H). 3C NMR (150 MHz, CDCls) 6 161.0, 142.0, 136.81, 136.76,
136.6, 133.4, 132.5, 129.3, 129.2, 128.97, 128.95, 127.78, 127.76, 127.2, 126.5, 126.3, 124.1, 121.8,
120.7,120.1, 116.6, 108.7, 100.2, 30.8, 23.7, 14.4, 12.0. HRMS (ESI): calcd. for C27H2sNO" [M+H]":
393.1961, found : 393.1963. [a]p?® = +44 (¢ = 0.1, CHCI3).
HPLC analysis: Daicel Chiralpak IE column (hexane: 2-propanol = 75:25, v = 1.0 mL/min, 40 °C,
254 nm). tr (minor) = 8.463 min, tr (major) = 12.964 min, 92% ee.

PR

No. Time Area Area (%) No. Time Area Area (%)

1 8.501 1303.4 50.00 1 8.463 521.2 3.94
2 13.119 1303.3 50.00 2 12.964 12716.2 96.06

(5)-2-(2-methyl-1H-indol-1-yl)-4-(2-methylprop-1-en-1-yl)-3-phenethyliso-
| quinolin-1(2H)-one ((ent)-19)

% The title compound was isolated as a white solid (16.8 mg, 39%). 'TH NMR (600
MHz, CDCl3) 0 8.51 (d, J=7.9 Hz, 1H), 7.91 (d, /= 8.2 Hz, 1H), 7.86 — 7.80 (m,
Q_/?/ 1H), 7.56 (t, J= 7.5 Hz, 1H), 7.49 (d, J= 7.5 Hz, 1H), 7.26 — 7.22 (m, 2H), 7.22 —
7.18 (m, 1H), 7.13 — 6.99 (m, 4H), 6.72 (s, 1H), 6.31 (s, 1H), 5.00 —4.75 (m, 1H), 3.27 - 2.76 (m, 4H),
2.08 (s, 3H), 1.72 — 1.36 (m, 6H). 3C NMR (150 MHz, CDCl3) 6 161.0, 141.1, 139.5, 136.6, 136.2,
133.3,129.4, 128.8, 128.5, 126.8, 126.6, 126.3, 126.0, 123.9, 121.8, 120.7, 120.1, 114.1, 108.4, 100.1,
35.6,29.9,24.8,20.4, 11.5. HRMS (ESI): calcd. for C30H20N20" [M+H]": 433.2274, found : 433.2280.
[a]p?® = +12 (¢ = 0.1, CHCly).
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HPLC analysis: Daicel Chiralpak IE column (hexane: 2-propanol = 80:20, v = 1.0 mL/min, 40 °C,

254 nm). tr (minor) = 11.677 min, tr (major) = 18.038 min, 84% ee.

DR Sy B LA )

No. Time Area Area (%) No. Time Area Area (%)
1 11.791 4625.0 50.71 1 11.677 286.7 7.80
2 18.147 4495.5 49.29 2 18.038 3388.8 92.20

(5)-2-(2-methyl-1H-indol-1-yl)-3-(2-methylprop-1-en-1-yl)-4-phenylisoquinolin
Ph -1(2H)-one ((ent)-20)
o? Z The title compound was isolated as a white solid (17.0 mg, 42%). "TH NMR (600

MHz, CDCl) 6 8.50 (d, /= 8.0 Hz, 1H), 7.82 — 7.69 (m, 2H), 7.59 — 7.54 (m, 1H),
7.44 —7.34 (m, 1H), 7.24 — 6.87 (m, 8H), 6.24 — 3.07 (m, 1H), 5.96 — 5.73 (m, 1H),
2.32-2.08 (m, 3H), 1.80 — 1.67 (m, 3H), 1.54 — 1.37 (m, 3H). 3C NMR (150 MHz, CDCl3) J 161.1,
139.6, 136.6, 133.4, 128.9, 128.6, 127.5, 127.4, 125.7, 125.6, 121.9, 120.7, 118.7, 115.4, 108.6, 100.3,
25.0, 11.9. HRMS (ESI): calcd. for C2sH24N>NaO™ [M+Na]*: 427.1781, found : 427.1776. [a]p?® = -
24 (¢=0.1, CHCl).

HPLC analysis: Daicel Chiralpak IE column (hexane: 2-propanol = 85:15, v = 1.0 mL/min, 40 °C,

254 nm). tr (minor) = 11.241 min, tr (major) = 17.028 min, 93% ee.

T}

1
L
1%
[ 3 " =
J_“NM m \
x. -
B H I 1 ] H AIH i i 5 I il 15 1 I+ bl b L

No. Time Area Area (%) No. Time Area Area (%)
1 11.275 2097.3 50.98 1 11.241 668.4 3.52
2 17.114 2016.8 49.02 2 17.028 18302 96.48




(R)-1-(1-0x0-3,4-diphenylisoquinolin-2(1H)-yl)-3,4-dihydroquinolin-2(1H)-one
Ph (21)

oZ>n"pn The title compound was isolated as a white solid (13.7 mg, 31%). '"H NMR (600 MHz,
CDCls) 68.59 (dd, J=8.1, 1.4 Hz, IH), 7.66 — 7.61 (m, 1H), 7.58 — 7.53 (m, 1H), 7.30
(dt,J=7.7,1.6 Hz, 1H), 7.26 (d, J= 8.1 Hz, 1H), 7.23 — 7.14 (m, 6H), 7.12 — 7.09 (m,
1H), 7.09 — 7.04 (m, 1H), 7.01 (d, /= 7.3 Hz, 1H), 6.97 (td, J= 7.4, 1.1 Hz, 1H), 6.79 (td, J=7.6, 1.5
Hz, 1H), 6.72 (d, /= 8.0 Hz, 1H), 6.63 (d, /= 7.7 Hz, 1H), 2.75 (dt, J=15.9, 5.7 Hz, 1H), 2.64 (dt, J
=15.5, 5.1 Hz, 1H), 2.49 (dt, J = 15.8, 4.7 Hz, 1H), 2.06 (td, J = 14.5, 5.0 Hz, 1H). 13C NMR (150
MHz, CDCI3) 6 167.9, 159.9, 142.0, 139.4, 137.9, 135.7, 133.3, 132.5, 131.6, 131.4, 130.1, 129.5,
128.9, 128.5, 128.3, 128.1, 127.7, 127.5, 127.30, 127.26, 126.9, 126.2, 125.7, 125.3, 123.8, 120.1,
114.1, 31.4, 24.5. HRMS (ESI): calcd. for C30H22N>NaO>" [M+Na]*: 465.1573, found : 465.1574.
[a]p?® = +56 (¢ = 0.1, CHCI3).

HPLC analysis: Daicel Chiralpak IE column (hexane: 2-propanol = 70:30, v = 1.0 mL/min, 40 °C,

254 nm). tr (minor) = 14.413 min, tr (major) = 18.814 min, -92% ee.

VTR SyB A

a
P
#
4 - z
z 0
\MLA‘ i] Q\_—/Q\__L
* kS
. o}
T T T T T T T T T T T T T T T T T T
i ; 3 H i 5 s 8 i} E b 5 Is 0 b i 18 b b3 E

No. Time Area Area (%) No. Time Area Area (%)
1 14.415 822.3 53.84 1 14.413 172.2 3.91
2 18.818 704.9 46.16 2 18.814 4228.2 96.09

(5)-3,4-diphenyl-2-(1H-pyrrolo[2,3-b]|pyridin-1-yl)isoquinolin-1(2H)-one (23)
The title compound was isolated as a white solid (35.9 mg, 87%). "H NMR (600

MHz, CDCl3) § 8.52 (dd, J = 8.0, 1.8 Hz, 1H), 8.32 (dd, J=4.7, 1.9 Hz, 1H), 7.76
(dd,J=7.8, 1.8 Hz, 1H), 7.63 — 7.56 (m, 1H), 7.51 (t,J="7.7 Hz, 1H), 7.31 — 7.14

(m, 6H), 7.08 — 7.11 (m, 3H), 7.04 (ddd, J= 7.5, 4.7, 1.8 Hz, 1H), 6.95 (t, J= 7.6
Hz, 1H), 6.91 — 6.80 (m, 1H), 6.70 (t, J = 7.6 Hz, 1H), 6.34 (dd, J = 3.9, 1.8 Hz, 1H). 1*C NMR (150
MHz, CDCl3) 6 161.1, 147.3, 143.8, 142.0, 137.6, 135.6, 133.2, 132.2, 131.6, 131.3, 129.8, 129.7,

129.4, 128.8, 128.6, 128.2, 128.1, 127.9, 127.23, 127.16, 126.94, 126.92, 126.0, 125.3, 119.3, 118.6,
S91



117.1, 100.5. HRMS (ESI-TOF) (m/z): Calcd for C2sH20N3O" [M + H]", 414.1601, found 414.1603.
[a]p?® =-12 (¢ = 0.1, CHCI»).

HPLC conditions: Daicel Chiralpak OD-3 column (90: 10 hexane: 2-propanol, 0.8 mL/min, 40 °C,
254 nm). tr (major) = 19.767 min, tr (minor) = 22.583 min, 94% ee.

mV n

30 = TR Chl 2200 250 FEWIZEA Cal 220nm]

No. Time Area Area (%) No. Time Area Area (%)
1 19.833 855696 50.63 1 19.767 6594297 97.29
2 22.575 834444 49.37 2 22.583 183611 2.71

@ (5)-6-methyl-3,4-diphenyl-2-(1H-pyrrolo[2,3-b]pyridin-1-

N yDisoquinolin-1(2H)-one (24)
N

The title compound was isolated as a white solid (34.2 mg, 80%). '"H NMR
O (600 MHz, CDCl3) 6 8.41 (d,J=8.1 Hz, 1H), 8.32 (dd, J=4.7, 1.5 Hz, 1H),

7.76 (dd, J=17.8, 1.5 Hz, 1H), 7.34 (dd, J=8.2, 1.6 Hz, 1H), 7.27 - 7.16 (m,
5H), 7.12-7.02 (m, 5H), 6.94 (td, J= 7.6, 1.4 Hz, 1H), 6.88 (tt,J=7.5, 1.3 Hz, 1H), 6.70 (td, J="7.7,
1.4 Hz, 1H), 6.34 (dd, /= 3.8, 0.9 Hz, 1H), 2.38 (s, 3H). 3C NMR (150 MHz, CDCl3) § 161.0, 146.9,
144.0, 142.0, 137.7, 135.8, 132.4, 131.6, 131.4, 129.9, 129.8, 129.4, 128.84, 128.79, 128.7, 128.2,
128.0, 127.9, 127.1, 126.9, 126.9, 125.8, 123.1, 119.2, 118.6, 117.1, 100.5, 22.1. HRMS (ESI-TOF)
(m/z): Calcd for C2oH2oN3O™ [M + H]", 428.1757, found 428.1752. [a]p?® = -14 (¢ = 0.1, CHCl3).
HPLC conditions: Daicel Chiralpak OD-3 column (80: 20 hexane: 2-propanol, 1.0 mL/min, 40 °C,
254 nm). tr (major) = 18.983 min, tr (minor) = 21.325 min, 96% ee.

mV my

FETFRA Chl 2200

FEPEEA Chl 220nm]
150

1004
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No. Time Area Area (%) No. Time Area Area (%)
1 20.183 1208956 48.91 1 18.983 4678935 98.24
2 21.217 1262736 51.09 2 21.325 83815 1.76

isoquinolin-1(2H)-one (25)

(5)-6-methoxy-3,4-diphenyl-2-(1H-pyrrolo[2,3-b|pyridin-1-yl)-

The title compound was isolated as a white solid (35.9 mg, 81%). 'H NMR

(600 MHz, CDCl3) 6 8.45 (dd, J= 8.9, 1.2 Hz, 1H), 8.32 (dd, J = 4.8, 1.5 Hz, 1H),

7.76 (dt, J = 7.8, 1.4 Hz, 1H), 7.26 — 7.20 (m, 2H), 7.20 — 7.14 (m, 3H), 7.13 — 7.06 (m,

4H), 7.04 (ddd, J = 7.8, 4.8, 1.2 Hz, 1H), 6.94 (td, J= 7.6, 1.4 Hz, 1H), 6.90 — 6.85 (m, 1H), 6.70 (td, /= 7.6, 1.4 Hz,

1H), 6.64 (d,J= 2.4 Hz, 1H), 6.33 (dd, J= 3.8, 1.2 Hz, 1H), 3.72 (s, 3H). 3C NMR (150 MHz, CDCl3) § 163.5,

160.7,146.9, 144.0, 142.6, 139.8, 135.7, 132.4, 131.5, 131.3, 130.9, 129.8, 129.7, 129.3, 128.9, 128.3,

128.1, 127.9, 127.2, 126.92, 126.90, 119.1, 119.0, 118.6, 117.0, 115.6, 108.3, 100.4, 55.4. HRMS

(ESI-TOF) (m/z): Caled for Ca9HN30," [M + H], 444.1707, found 444.1710. [e]p® = -25 (¢ = 0.1,

CHCL).

HPLC conditions: Daicel Chiralpak IC column (80: 20 hexane: 2-propanol, 0.8 mL/min, 40 °C, 254

nm). tr (major) = 12.708 min, tr (minor) = 8.658 min, 95% ee.

mV

S93

No. Time Area Area (%) No. Time Area Area (%)
1 8.700 620063 50.38 1 8.658 814777 2.49
2 12.833 610643 49.62 2 12.708 31867452 97.51




(5)-3,4-diphenyl-2-(1H-pyrrolo[2,3-b]pyridin-1-yl)-6-(trifluoromethyl)-

7.79 (dd,J=7.8, 1.6 Hz, 1H), 7.74 (dd, J=8.3, 1.7 Hz, 1H), 7.55 (s, 1H), 7.28
(td, /J=7.3,2.7Hz, 1H), 7.23 — 7.16 (m, 4H), 7.06-7.09 (m, 4H), 6.98 (t, /= 7.6 Hz, 1H), 6.94 — 6.90
(m, 1H), 6.73 (t, J = 7.6 Hz, 1H), 6.39 — 6.36 (m, 1H). 3C NMR (150 MHz, CDCl3) 6 160.3, 146.7,
144.2, 143.7, 137.9, 134.6, 131.7, 131.4, 131.1, 129.7, 129.62, 129.56, 129.55, 128.6, 128.4, 128.3,
127.7,127.6, 127.09, 127.07, 124.4 (q, J=273.8 Hz), 123.3,123.2, 119.1, 118.6, 117.3, 100.9. HRMS
(ESI-TOF) (m/z): Calcd for C20H19F3N3" [M + H]¥, 482.1475, found 482.1478. [a]p** =-11 (¢ = 0.1,
CHCI).

HPLC conditions: Daicel Chiralpak OD-3 column (80: 20 hexane: 2-propanol, 1.0 mL/min, 40 °C,
254 nm). tr (major) = 21.358 min, tr (minor) = 11.800 min, 98% ee.

W v

TR Gl 2200 200 % L G 2o

1504

100

/\ 1
o

T T T T T
10.0 12.5 15.0 17.5 20.0 22.5 25.0 10.0 12‘. 5 15‘. 0 17‘. 5 20‘. 0 22‘. 5 25.0
N min

No. Time Area Area (%) No. Time Area Area (%)
1 11.767 671472 49.69 1 11.800 70676 1.04
2 21.542 679741 50.31 2 21.358 6695564 98.95

(8)-6-bromo-3,4-diphenyl-2-(1H-pyrrolo[2,3-b]pyridin-1-yl)isoquinolin-
1(2H)-one (27)
The title compound was isolated as a white solid (38.3 mg, 78%). "TH NMR
(600 MHz, CDCl3) ¢ 8.36 (d, /= 8.5 Hz, 1H), 8.32 (dd, /=4.8, 1.5 Hz, 1H),

7.77 (dd, J=7.8, 1.6 Hz, 1H), 7.62 (dd, J = 8.6, 1.9 Hz, 1H), 7.42 (d, J= 1.9
Hz, 1H), 7.29 — 7.25 (m, 1H), 7.22 — 7.18 (m, 3H), 7.17 — 7.14 (m, 1H), 7.11 — 7.03 (m, 4H), 6.96 (t,
J=7.6Hz, 1H), 6.90 (t, J= 7.5 Hz, 1H), 6.71 (t, J = 7.6 Hz, 1H), 6.35 (d, J = 3.8 Hz, 1H). 3C NMR
(150 MHz, CDCLs) 5 160.6, 146.7, 144.1, 143.5,139.1, 134.8, 131.9, 131.5, 131.2, 130.6, 130.4, 129.7,
S94



129.6, 129.5, 128.8, 128.6, 128.54, 128.49, 128.3, 128.2, 127.5, 127.0, 124.1, 118.6, 118.4, 117.3,
100.8. HRMS (ESI-TOF) (m/z): Calcd for C2sH19BrN3'™ [M + H]", 492.0706, found 492.0703. [a]p?*
=-15 (¢ = 0.1, CHCI;).

HPLC conditions: Daicel Chiralpak OD-3 column (80: 20 hexane: 2-propanol, 0.8 mL/min, 40 °C,

254 nm). tr (major) =31.992 min, tr (minor) = 17.183 min, 97% ee.

v

304

204

TETERA ChT 220

T
20

v

TR ChT 2200

T
30

T
35 40
min

No. Time Area Area (%) No. Time Area Area (%)
1 17.183 716093 49.83 1 17.183 86638 1.54
2 31.775 720975 50.17 2 31.992 5538071 98.46

(8)-7-bromo-3,4-diphenyl-2-(1H-pyrrolo[2,3-b]pyridin-1-yl)isoquinolin-
1(2H)-one (28)

The title compound was isolated as a white solid (32.9 mg, 67%). '"H NMR
(600 MHz, CDCls3) 0 8.64 (d, J=2.2 Hz, 1H), 8.32 (d, J=4.8 Hz, 1H), 7.77
(d,/J=7.8 Hz, 1H), 7.68 (dd, J = 8.8, 2.2 Hz, 1H), 7.27 - 7.23 (m, 1H), 7.18

—7.20 (m, 3H), 7.15 (d, /= 8.4 Hz, 2H), 7.05 — 7.07 (m, 4H), 6.96 (t,J=7.6
Hz, 1H), 6.90 (t, J = 7.5 Hz, 1H), 6.71 (t, J= 7.6 Hz, 1H), 6.35 (d, J = 3.8 Hz, 1H). '3C NMR (150
MHz, CDCI3) J 159.9, 145.8, 144.7, 142.6, 137.1, 136.1, 135.1, 131.9, 131.4, 131.2, 131.1, 129.7,
129.6,129.5, 128.5, 128.4,128.3, 128.1, 127.9, 127.4, 127.0, 126.7, 121.3, 118.9, 118.6, 117.2, 100.7.
HRMS (ESI-TOF) (m/z): Calcd for C2sH19BrN3" [M + H]", 492.0706, found 492.0703. [a]p*’ = -14
(c=0.1, CHCL).
HPLC conditions: Daicel Chiralpak OD-3 column (70: 30 hexane: 2-propanol, 1.0 mL/min, 40 °C,
254 nm). tr (major) = 15.433 min, tr (minor) = 8.008 min, 95% ee.
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10.0

15001

1000+

T DIARA Chl 2200

No. Time Area Area (%) No. Time Area Area (%)
1 8.025 1514137 50.31 1 8.008 1065588 227
2 15.483 1495476 49.69 2 15.433 45836809 97.73

(S)-8-fluoro-3,4-diphenyl-2-(1H-pyrrolo[2,3-b]pyridin-1-yl)isoquinolin-
1(2H)-one (29)

The title compound was isolated as a white solid (33.2 mg, 77%). "H NMR (600
MHz, CDCL) 6 8.32 (dd, J=4.8, 1.5 Hz, 1H), 7.76 (dd, J = 7.8, 1.5 Hz, 1H),

7.51 (td, J= 8.2, 5.0 Hz, 1H), 7.27 — 7.23 (m, 1H), 7.22 — 7.10 (m, 6H), 7.10 —
7.06 (m, 2H), 7.06 — 7.00 (m, 2H), 6.96 (td, J = 7.6, 1.4 Hz, 1H), 6.89 (tt, /= 7.5, 1.3 Hz, 1H), 6.72
(td,J=7.6, 1.4 Hz, 1H), 6.35 (d, /= 3.8 Hz, 1H). 1*C NMR (150 MHz, CDCl3) 6 161.0, 156.9, 145.8,
143.0, 142.4, 139.3, 134.6, 133.0, 131.0, 130.5, 130.3, 128.5, 128.3, 127.9, 127.3, 127.2, 127.0, 126.3,
126.0, 120.9, 117.7, 117.4, 116.1, 113.5, 113.3, 113.1, 99.7. HRMS (ESI-TOF) (m/z): Calcd for
C2sHioFN3"™ [M + H]", 432.1507, found 432.1515. [e]p** = -7 (¢ = 0.1, CHCL).

HPLC conditions: Daicel Chiralpak OD-3 column (80: 20 hexane: 2-propanol, 0.8 mL/min, 40 °C,
254 nm). tr (major) = 12.633 min, tr (minor) = 10.125 min, 98% ee.

m\ W

FEI#A Chl 220m

No. Time Area Area (%) No. Time Area Area (%)
1 10.075 2356666 50.05 1 10.125 185635 1.22
2 12.667 2351884 49.95 2 12.633 13900388 98.78
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(5)-4,5-diphenyl-6-(1H-pyrrolo[2,3-b]pyridin-1-yl)thieno[2,3-c]pyridin-
7(6H)-one (30)

The title compound was isolated as a white solid (21.8 mg, 52%). "H NMR (600
MHz, CDCl3) 6 8.33 (dd, /J=4.8, 1.4 Hz, 1H), 7.77 (dd,J=7.8, 1.4 Hz, 1H), 7.71

(dd, J=5.3, 1.2 Hz, 1H), 7.25 —7.14 (m, 5H), 7.13 — 7.04 (m, 4H), 7.01 (dd, J =
5.3, 1.3 Hz, 1H), 6.97 (t,J= 7.6 Hz, 1H), 6.95 - 6.90 (m, 1H), 6.74 (t, /= 7.6 Hz,
1H), 6.35 (d,J=3.7 Hz, 1H). *C NMR (150 MHz, CDCl3)  156.2, 147.5, 146.6, 144.8, 143.5, 136.9,
134.3, 131.8, 130.8, 130.5, 130.0, 129.9, 129.5, 128.8, 128.7, 128.3, 128.2, 128.0, 127.2, 127.06,
127.05,125.3,118.6, 117.7,117.2, 101.9. HRMS (ESI-TOF) (m/z): Calcd for C26HisN30S™ [M +H]*,
420.1165, found 420.1169. [a]p?® = -20 (¢ = 0.1, CHCI3).

HPLC conditions: Daicel Chiralpak OD-3 column (80: 20 hexane: 2-propanol, 0.8 mL/min, 40 °C,
254 nm). tr (major) = 24.833 min, tr (minor) = 22.425 min, 92% ee.

v L

TERITRA (il 220m] = FEWIEA Chl 220mm]

150+

100+

No. Time Area Area (%) No. Time Area Area (%)
1 22.400 6927354 49.85 1 22.425 335575 3.94
2 24.750 6969582 50.15 2 24.833 8170492 96.06

(5)-2-(3-methyl-1H-pyrrolo[2,3-b]pyridin-1-yl)-3,4-diphenylisoquinolin-
1(2H)-one (31)

The title compound was isolated as a white solid (38.4 mg, 90%). "H NMR
(600 MHz, CDCl3) 6 8.50 (dd, J= 8.0, 1.6 Hz, 1H), 8.29 (dd, J=4.8, 1.6 Hz,
1H), 7.72 (dd, J="7.8, 1.6 Hz, 1H), 7.59 (ddd, J=8.4, 7.0, 1.6 Hz, 1H), 7.53 —

7.47 (m, 1H), 7.30 — 7.20 (m, 4H), 7.20 — 7.14 (m, 4H), 7.08 (d, J = 7.9 Hz,
1H), 7.03 (dd, J= 7.8, 4.8 Hz, 1H), 6.96 (td, J = 7.6, 1.5 Hz, 1H), 6.89 (ddd, J=9.0, 6.9, 1.5 Hz, 1H),
6.86 — 6.83 (m, 1H), 6.73 (td, J= 7.7, 1.6 Hz, 1H), 2.15 (s, 3H). 3C NMR (150 MHz, CDCLs) 5 161.2,

147.4,143.9,142.2,137.6, 135.7, 133.1, 132.4, 131.6, 131.4, 129.9, 129.8, 128.6, 128.2, 128.0, 127.9,
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127.4,127.13, 127.11, 126.91, 126.89, 126.0, 125.9, 125.4, 119.6, 119.2, 116.5, 110.1, 9.8. HRMS
(ESI-TOF) (m/z): Caled for C20H22N30" [M + H], 428.1757, found 428.1759. [a]p?® = -25 (¢ = 0.1,
CHCI).

HPLC conditions: Daicel Chiralpak OD-3 column (80: 20 hexane: 2-propanol, 0.8 mL/min, 40 °C,

254 nm). tr (major) = 6.625 min, tr (minor) = 7.600 min, 91% ee.

mV mV

FETZEA Chl 220nn

250] RPN Chl 22

200

150

100

504

) /\
T T
5 6 7

No. Time Area Area (%) No. Time Area Area (%)
1 6.567 2343848 50.08 1 6.625 40691890 95.26
2 7.617 2336151 49.92 2 7.600 2039277 4.74

(8)-2-(1H-pyrrolo[2,3-b]pyridin-1-yl)-3,4-di-p-tolylisoquinolin-1(2H)-
one (32)

The title compound was isolated as a white solid (40.6 mg, 92%). '"H NMR
(600 MHz, CDCl3) ¢ 8.50 (dd, J= 8.0, 1.4 Hz, 1H), 8.32 (dd, J=4.8, 1.5
Hz, 1H), 7.77 (dd, J= 7.8, 1.5 Hz, 1H), 7.58 (ddd, J = 8.4, 7.2, 1.5 Hz, 1H),

7.49 (ddd, J= 8.2, 7.1, 1.2 Hz, 1H), 7.30 — 7.25 (m, 1H), 7.11 (dd, J = 7.8,
1.9 Hz, 1H), 7.08 — 7.02 (m, 4H), 7.01 — 6.94 (m, 3H), 6.75 (dd, /= 7.8, 1.8 Hz, 1H), 6.51 (dd,J=7.9,
1.8 Hz, 1H), 6.35 (d, J=3.8 Hz, 1H), 2.27 (s, 3H), 2.02 (s, 3H). '*C NMR (150 MHz, CDCl3) § 161.1,
146.9, 144.0, 142.1, 137.9, 137.7, 136.6, 133.1, 132.7, 131.4, 131.2, 129.7, 129.50, 129.45, 129.3,
129.0, 128.8, 128.6, 128.5, 127.7, 127.0, 126.1, 125.3, 119.3, 118.6, 117.0, 100.5, 21.2, 21.1. HRMS
(ESI-TOF) (m/z): Caled for C30H2sN30" [M + H], 442.1914, found 442.1916. [a]p?® = -13 (¢ = 0.1,
CHCI).

HPLC conditions: Daicel Chiralpak OD-3 column (80: 20 hexane: 2-propanol, 1.0 mL/min, 40 °C,

254 nm). tr (major) = 7.275 min, tr (minor) = 12.325 min, 92% ee.
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TN Chl 220nm = FEATZRA Chl 220m]

T T
5.0 7.5 10.0 12.5 15.0 5.0 7_‘5 ld.O 12‘.5 l’§.0

No. Time Area Area (%) No. Time Area Area (%)
1 7.317 3573383 50.08 1 7.275 15363877 95.96
2 12.367 3562054 49.92 2 12.325 647173 4.04

(5)-3,4-bis(4-(tert-butyl)phenyl)-2-(1H-pyrrolo[2,3-b]|pyridin-1-yl)
isoquinolin-1(2H)-one (33)

The title compound was isolated as a white solid (46.2 mg, 88%). '"H NMR
(600 MHz, CDCl3) 0 8.43 (dd, /=8.1, 1.4 Hz, 1H), 8.25 (dd, J=4.8, 1.5 Hz,
1H), 7.69 (dd, J="7.8, 1.5 Hz, 1H), 7.52 (ddd, /= 8.4, 7.1, 1.5 Hz, 1H), 7.41

(ddd, J= 8.2, 7.2, 1.2 Hz, 1H), 7.30 (dt, J = 8.1, 1.0 Hz, 1H), 7.16 (dd, J =
8.1, 2.2 Hz, 1H), 7.08 (dd, J = 8.1, 2.2 Hz, 1H), 7.04 (dd, J = 8.1, 2.0 Hz, 1H), 7.00 (d, J = 3.8 Hz,
1H), 6.98 — 6.93 (m, 2H), 6.89 (d, J= 8.4 Hz, 1H), 6.85 (t, /= 6.0 Hz, 2H), 6.62 (d, J = 8.4 Hz, 1H),
6.26 (d, J = 3.8 Hz, 1H), 1.16 (s, 9H), 0.95 (s, 9H). 3C NMR (150 MHz, CDCls) J 172.4, 168.8,
160.1, 149.8, 148.7, 146.0, 143.0, 141.2, 136.8, 132.0, 131.7, 130.2, 129.9, 128.7, 128.4, 127.9, 127.5,
126.0,125.1,124.2,123.9,123.5, 122.6, 118.5, 117.7,116.0,99.5, 33.4, 33.3, 30.2, 29.9. HRMS (ESI-
TOF) (m/z): Caled for C36H36N3" [M + H]", 526.2853, found 526.2853. [a]p*® =-16 (c = 0.1, CHCI3).
HPLC conditions: Daicel Chiralpak OD-3 column (80: 20 hexane: 2-propanol, 1.0 mL/min, 40 °C,
254 nm). tr (major) = 7.358 min, tr (minor) = 5.750 min, 90% ee.

Wy

TR G5 .
150] FRATEER (L 2200 = TEWIRER Chl 220n

100+

, T . , :
1 5 6 7 8 9 10 i 5 G 7 ] 9 10
nin nin

No. Time Area Area (%) No. Time Area Area (%)
1 5.750 1603324 50.08 1 5.750 1006383 5.21
2 7.367 1597945 49.92 2 7.358 18299696 94.79
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(5)-3,4-bis(4-bromophenyl)-2-(1H-pyrrolo[2,3-b]pyridin-1-yl)-
isoquinolin-1(2H)-one (34)

The title compound was isolated as a white solid (52.9 mg, 93%). "TH NMR
(600 MHz, CDCl3) 0 8.54 —8.47 (m, 1H), 8.30 (dd, /=4.8, 1.4 Hz, 1H), 7.81
(dd,J=7.9, 1.5 Hz, 1H), 7.66 — 7.60 (m, 1H), 7.54 (t, /= 7.6 Hz, 1H), 7.42

(dd, J=8.2, 2.1 Hz, 1H), 7.38 (dd, J= 8.2, 2.1 Hz, 1H), 7.22 (d, J = 8.2 Hz,
1H), 7.13 (dd, J= 8.2, 2.1 Hz, 1H), 7.06 — 7.09 (m, 3H), 7.05 (dd, J = 8.2, 2.2 Hz, 1H), 7.02 (dd, J =
8.3, 2.2 Hz, 1H), 6.95 (dd, J = 8.2, 2.2 Hz, 1H), 6.90 (dd, J = 8.4, 2.1 Hz, 1H), 6.41 (d, J = 3.8 Hz,
1H). 3C NMR (150 MHz, CDCl3) § 160.9, 146.8, 144.2, 141.0, 137.1, 134.3, 133.4, 133.1, 132.9,
131.8,131.5,131.3, 131.2, 130.5, 129.6, 128.8, 128.5, 127.7, 125.8, 125.4, 122.8, 121.7, 118.7, 118.3,
117.4,101.1. HRMS (ESI-TOF) (m/z): Calcd for C2sHisBraN3™ [M + H]", 569.9811, found 569.9816.
[a]p?® =-10 (¢ = 0.1, CHCI3).

HPLC conditions: Daicel Chiralpak OD-3 column (80: 20 hexane: 2-propanol, 1.0 mL/min, 40 °C,
254 nm). tr (major) = 11.892 min, tr (minor) = 14.450 min, 92% ee.

mV mV

TEERA ChT 220 FEOERA Chl 2200

T T T T T T T
lb l‘l 1‘2 1‘3 1‘1 1‘6 1‘6 17 10 11 12 13 14 15 16 17
min min

No. Time Area Area (%) No. Time Area Area (%)
1 11.958 843032 49.95 1 11.892 13653436 95.89
2 14.525 844666 50.05 2 14.450 585879 4.11

(5)-2-(1H-pyrrolo[2,3-b]pyridin-1-yl)-3,4-bis(4- (trifluoromethyl)-
phenyl)isoquinolin-1(2H)-one (35)

The title compound was isolated as a white solid (47.8 mg, 87%). '"H NMR
(600 MHz, CDCl3) 0 8.53 (dd, /=8.0, 1.5 Hz, 1H), 8.31 (dd, J=4.8, 1.5 Hz,
1H), 7.80 (dd, J="7.8, 1.6 Hz, 1H), 7.66 (ddd, J= 8.4, 7.1, 1.5 Hz, 1H), 7.60

~7.53 (m, 2H), 7.51 (dd, J = 8.0, 2.2 Hz, 1H), 7.40 — 7.28 (m, 3H), 7.27 —
7.24 (m, 1H), 7.22 (dd, J= 8.0, 1.8 Hz, 1H), 7.18 (dd, J = 8.3, 1.2 Hz, 1H), 7.12 — 7.06 (m, 2H), 7.02
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(dd, J=8.3, 1.9 Hz, 1H), 6.40 (dd, J= 3.8, 1.3 Hz, 1H). 3C NMR (150 MHz, CDCls) J 160.8, 146.8,
144.9, 140.9, 139.1, 136.8, 133.7, 131.9, 131.7, 130.4, 130.3, 130.1 (q, J = 67.2 Hz), 129.7, 128.9,
128.5, 128.0, 125.7, 125.5, 125.3, 124.2, 118.7, 118.3, 117.6, 101.7. HRMS (ESI-TOF) (m/z): Calcd
for C30H13FsN3" [M + H]", 550.1349, found 550.1349. [a]p?® =-20 (c = 0.1, CHCI;).

HPLC conditions: Daicel Chiralpak OD-3 column (80: 20 hexane: 2-propanol, 1.0 mL/min, 40 °C,
254 nm). tr (major) = 10.058 min, tr (minor) = 8.575 min, 90% ee.

w w
FERTEA Chl 2200

125] FETIZEA Chl 2200

1500
100

1000

5004

T T T T T T
‘7 ;3 ‘.‘J lb l‘L l‘il 1‘3 14 7 8 9 10 11 12 13
min min

No. Time Area Area (%) No. Time Area Area (%)
1 8.575 1768837 50.07 1 8.575 1486849 5.30
2 10.067 1763708 49.93 2 10.058 26569745 94.70

(5)-3,4-bis(3-chlorophenyl)-2-(1H-pyrrolo[2,3-b]pyridin-1-yl)isoquinolin
-1(2H)-one (36)

The title compound was isolated as a white solid (41.8 mg, 87%). '"H NMR
(600 MHz, CDCl3) 0 8.56 —8.48 (m, 1H), 8.33 (dd, /=4.7, 1.4 Hz, 1H), 7.81

(ddd, J=17.9, 4.1, 1.5 Hz, 1H), 7.66 (t, J = 7.7 Hz, 1H), 7.57 (t, J = 7.6 Hz,
1H), 7.27 — 7.20 (m, 4H), 7.20 — 7.02 (m, 5H), 6.98 — 6.89 (m, 2H), 6.46 —
6.35 (m, 1H). 3C NMR (150 MHz, CDCl3) 6 160.8, 146.8, 144.8, 144.2, 140.8, 137.1, 133.5, 133.4,
132.9, 131.4, 131.2, 129.9, 129.7, 129.5, 128.8, 128.7, 128.4, 128.2, 127.83, 127.75, 125.8, 118.7,
118.2, 117.5, 116.9, 100.5. HRMS (ESI-TOF) (m/z): Caled for C2sHisCLN3™ [M + H]", 482.0821,
found 482.0823. [a]p?® = -22 (¢ = 0.1, CHCl3).

HPLC conditions: Daicel Chiralpak OD-3 column (80: 20 hexane: 2-propanol, 0.8 mL/min, 40 °C,
254 nm). tr (major) = 16.225 min, tr (minor) = 19.067 min, 95% ee.
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FOHRA Chl 220n]

2501

FEOERA ChI 220n]

T
20.0

T
22.5 25.0 15
min

No. Time Area Area (%) No. Time Area Area (%)
1 16.308 2631580 50.05 1 16.225 20271034 97.34
2 19.450 2626255 49.95 2 19.067 554972 2.66

(5)-3,4-bis(3,5-dimethylphenyl)-2-(1H-pyrrolo[2,3-b]pyridin-1-yl)iso-
quinolin-1(2H)-one (37)

The title compound was isolated as a white solid (39.4 mg, 84%). '"H NMR
(600 MHz, CDCl3) ¢ 8.44 (dd, J= 8.0, 1.4 Hz, 1H), 8.26 (dd, J=4.8, 1.5 Hz,

1H), 7.71 (dd, J = 7.8, 1.5 Hz, 1H), 7.52 (ddd, J = 8.5, 7.1, 1.5 Hz, 1H), 7.42
(dd,J=8.2,7.0 Hz, 1H), 7.21 (d, J= 8.2 Hz, 1H), 7.02 — 6.95 (m, 2H), 6.79 (s, 1H), 6.72 (s, 2H), 6.64
(s, 1H), 6.60 (s, 1H), 6.41 (s, 1H), 6.25 (d, J = 3.7 Hz, 1H), 2.17 (s, 3H), 2.09 (s, 3H), 1.98 (s, 3H),
1.65 (s, 3H). ¥C NMR (150 MHz, CDCl3) 6 160.2, 140.6, 136.9, 136.4, 136.0, 135.2, 134.9, 134.4,
132.0,130.9, 128.5, 128.3, 128.1, 127.9, 127.6, 127.5, 126.7, 126.6, 125.9, 125.2, 124.2, 118.8, 117.7,
115.9, 99.3, 20.2, 20.1, 19.9, 19.6. HRMS (ESI-TOF) (m/z): Calcd for C3,H2sN3O" [M + HJ',
470.2227, found 470.2225. [a]p? = -22 (¢ = 0.1, CHCl3).

HPLC conditions: Daicel Chiralpak OD-3 column (80: 20 hexane: 2-propanol, 0.8 mL/min, 40 °C,
254 nm). tr (major) = 7.267 min, tr (minor) = 11.625 min, 97% ee.

mV
v

No. Time Area Area (%) No. Time Area Area (%)
1 7.292 5649932 50.37 1 7.267 3016000 98.48
2 11.558 5567142 49.63 2 11.625 46607 1.52
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(S)-2-(1H-pyrrolo[2,3-b]pyridin-1-yl)-3,4-di(thiophen-2-yl)isoquinolin-
1(2H)-one (38)

The title compound was isolated as a white solid (22.5 mg, 53%). '"H NMR (600
MHz, CDCl) ¢ 8.42 (ddd, J = 8.0, 1.4, 0.6 Hz, 1H), 8.26 (dd, J =4.7, 1.5 Hz,

1H), 7.77 (dd,J=17.8, 1.5 Hz, 1H), 7.60 (ddd, /= 8.4, 7.2, 1.4 Hz, 1H), 7.48 (ddd,
J=8.2,72,1.2 Hz, 1H), 7.43 (ddd, J=8.2, 1.2, 0.6 Hz, 1H), 7.22 (dd, /= 5.0, 1.3 Hz, 1H), 7.07 (d,
J=3.8 Hz, 1H), 7.02 (dd, J = 7.8, 4.8 Hz, 1H), 6.94 (dd, J = 5.1, 1.2 Hz, 1H), 6.93 — 6.86 (m, 2H),
6.70 (dd, J = 3.6, 1.2 Hz, 1H), 6.46 (dd, J=5.1, 3.6 Hz, 1H), 6.37 (d, J= 3.8 Hz, 1H). 13C NMR (150
MHz, CDCI3) 6 159.9, 145.9, 143.2, 136.5, 136.2, 135.1, 132.5, 130.6, 129.6, 129.1, 128.5, 127.8,
127.6, 127.0, 126.8, 125.9, 125.6, 125.2, 124.7, 124.3, 117.7, 116.3, 113.9, 99.7. HRMS (ESI-TOF)
(m/z): Calcd for C24H16N30S," [M + H], 426.0729, found 426.0729. [a]p?® = -23 (¢ = 0.1, CHCI;).
HPLC conditions: Daicel Chiralpak OD-3 column (80: 20 hexane: 2-propanol, 1.0 mL/min, 40 °C,
254 nm). tr (major) = 8.467 min, tr (minor) = 12.083 min, 92% ee.

m\‘ o
125

FEOHRA Chl 220n] TEWTZRA Chl 2200

100

T T T T T T T T
5.0 7.5 10.0 12.5 15.0 5.0 7.5 10.0 12.5 15.0

No. Time Area Area (%) No. Time Area Area (%)
1 8.508 1698928 49.62 1 8.467 13013169 96.16
2 12.117 1725246 50.38 2 12.083 520179 3.84
7 (8)-3-methyl-4-phenyl-2-(1H-pyrrolo[2,3-b]pyridin-1-yl)isoquinolin-1(2H)-
N _—
N/ one (39) The title compound was isolated as a white solid (18.3 mg, 52%). 'H
N
P NMR (600 MHz, CDCl3) ¢ 8.50 (dd, J= 7.6, 1.3 Hz, 1H), 8.29 (dd, J=4.7, 1.5
Ph
Me Hz, 1H), 7.81 —7.74 (m, 3H), 7.55 (ddd, J=8.1, 6.4, 1.8 Hz, 1H), 7.29 — 7.19 (m,

3H), 7.16 — 7.12 (m, 1H), 7.08 — 7.01 (m, 2H), 6.95 (td, J= 7.6, 1.4 Hz, 1H), 6.33 (dd, J=3.8, 1.0 Hz,
1H), 2.12 (s, 3H). 3C NMR (150 MHz, CDCL3) 6 161.1, 146.8, 144.1, 14.0, 137.6, 133.3, 132.8, 129.4,
129.34, 129.26, 128.9, 128.8, 128.6, 127.62, 127.60, 127.1, 125.6, 123.8, 118.6, 117.0, 111.3, 100.3,
14.9. HRMS (ESI-TOF) (m/z): Caled for C2sHisNsO" [M + H]*, 352.1444, found 352.1445. [o]D? =

-11 (¢ = 0.1, CHCls).
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HPLC conditions: Daicel Chiralpak OD-3 column (80: 20 hexane: 2-propanol, 0.8 mL/min, 40 oC,

254 nm); tr (major) = 22.908 min, tr (minor) = 13.583 min, 75% ee.

g

No. Time Area Area (%) No. Time Area Area (%)
1 13.600 1304010 50.27 1 13.583 497273 12.32
2 23.025 1290256 49.73 2 22.908 3539360 87.68
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9. NMR Spectra

SIL

€r'L ]
PL
9L
2 |
TS
€5
€521
%s;
8S°L Y
8S°L Y
%s#
19,7
Rs*
6LL

€e'g—

NH

-=Z

yLOE
6'1
5660

N0z

40 35 30 25 20 15 1.0 05 00 <

50 45
fl (ppm)

6.0 55

6.5

7.0

7.5

90 85 80

9.5

.0

'H NMR (600 MHz, CDCl3) spectrum of 3a.

SSIL—

18991 —

T

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

210 200

13C NMR (150 MHz, CDCls) spectrum of 3a.

S105



81'C—
e —

619
S6°9 /
€L
€V'L
ov'L
LS'L
6S°L Wn
09'L
vLL
oL'L N

618 —

Hl'¢
=<'t

001

=10¢
Jrol
70T
#$0'1
70T

F00'1

1.0 05 00

1.5

40 35 30

50 45
f1 (ppm)

90 85 80 75 70 65 60 55

9.5

).0

'H NMR (600 MHz, CDCl3) spectrum of 4a.

vSIL—

LS 1T—

LO66 —

&%7
Lreet /
99'9¢1
ssLe %
L6'8TI
seoct
99'1€1
PLTE
18v€1
0S'LET

18991 —

-10

70 60 50 40 30

80

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

210

f1 (ppm)

13C NMR (150 MHz, CDCls) spectrum of 4a.

S106



819 —

L69
869
0L

soL
90°L
90'L
1L
C
L]
9t'L ]
oL 1
8S°L ]
6sL
192
suL
obL
89'8

=

|
=
=~

o
——

—

Cl

=00'¢

001

J00'T
2001
0'C
Il
o'

H/00._

00’1

1.0 05 00 -

1.5

40 35 30

50 45
f1 (ppm)

90 85 80 75 70 65 60 55

9.5

).0

'H NMR (600 MHz, CDCl3) spectrum of 5a.

9SII —

TE66 —

ST601 —
69611
co'lcl M
PE€9CI
8Y'LTI
1sLcl
19°8¢C1
olecl
8T 0¢€1
€Clel
90°¢el
lovel
08'8¢€1
88991 \

I <
U Z-Z
O
o

-10

70 60 50 40 30

80

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

210

f1 (ppm)

13C NMR (150 MHz, CDCls) spectrum of 5a.

S107



-10

60 50 40 30

70

(=)
S— L2
w
Fo
€06~
uu | o LT’
"
(=)
61T~ ___7 o0¢|
vz’ — Aol
Mo
or'L | o
orL “
or'L -
e F e
e 1
TIL L2
€L
€L e
YL P~
Q.
YL &
vi'L L o= L9901~
SI'L . L6'L017
SI'L 0 s 17811
91'L Y I um sToct N\
LY'L ° o og1er 7
StL | S = TeLTl
i . £
1 4 C
. [ ~N
1S21 © 2 18°1€1
1521 B 2 08°CE
09°L | ~ ® 66°TE1
4 R0€ :
19°L 7 ) - 96°S€1
oL SOl 5
€82\ - el 2 $6'991 —
mmsv > 5 #lls O
v8'L o .
97’8 — 0T N
o Lo M
(=)
F o M
=
"y -’
Yz
=
=

80

100 90
f1 (ppm)

200 190 180 170 160 150 140 130 120 110
S108

210

13C NMR (150 MHz, CDCls) spectrum of 6a.



>\ N~ ——0O O 0 [+
AN - o ==& %A %
[l S L Sl ol oo N e o
e |

OMe

1.005 o
L
=

1.00=
293«
3.12=

T T

T T T T T T T T T

T
J)O 95 90 85 80 70 65 60 55 50 45

40 35 30 25 20 1.5 1.0 05 0.0
f1 (ppm)
'H NMR (600 MHz, CDCl3) spectrum of 7a.
— o0 SNl en ol O on on
ool tTOoOWnNnETon> — ol on— o (=}
QO o oY =SS w0\ 0 o
R ardddada=cg a =
\ NN e | ‘
OMe
07 "NH
et
|
\ il ! |
Ll |
1l A I
210 200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10 0o -10

f1 (ppm)

13C NMR (150 MHz, CDCls) spectrum of 7a.
S109



2
2

8.79
8.13
7.78
7.77
7.53
7.52
7.16
7.14
7.13
7.13

8.1
7.5
7.11
7.07
7.06
—6.30
2.23

—_— e ——

NO,

30 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 <
f1 (ppm)

'H NMR (600 MHz, CDCl3) spectrum of 8a.

N OFT—~NOMBN®OO n ®
N Foahabwvn—=odwn O — 3
N OOV VUYXOTo—O B O N
el neonnonacaacaca O (=} —
PR RRARNAENLE B SR B - — = = =
I e N I I
NO,
|
|
|
|
| | !
oy

T T T T T T T T T T T T T T T T T T T T

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

13C NMR (150 MHz, CDCls) spectrum of 8a.
S110



=N

“@

~
==

kol

HHwo,m
L6°0

1071
=001
Yo

<01
o'l

1.0 05 00 -

1.5

40 35 30

50 45
f1 (ppm)

90 85 80 75 70 65 60 55

9.5

).0

'H NMR (600 MHz, CDCl3) spectrum of 9a.

LETT —

9¢1c—

9766 —
9¢°801 —
z0°0C1

85°0TI A
sl
st vl
yeozl 4
sT8tl
0L'8T!
orlel
opeel
0€9¢1
PrLEL
78'8¢1 _\
91°L91

~

=

-10

70 60 50 40 30

80

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

210

f1 (ppm)

13C NMR (150 MHz, CDCls) spectrum of 9a.

S111



o
_ L2
"
o
| o 11—
661 —
wv
o
[ e
SIT— \unww F66C
86T — F0€ | »n
O F i
(=)
e
w
F e
o
[ <
v~
-9
& 1¥'66 —
(=}
L 9%
i . S1'801 —
M 60°0¢l
Lo = $9°0CI /
o 09121~
o < wstly
o = 434! \
k3 = 1TLTl
86'9 L2 & et
10°L S Er 1€l
0L | o =% 6LCEl
LoL = \w; 81°9¢1
8oL If - = 61°LEL
Eiw I /= s QO TTLel
MWM: - @ 66891 —
C L
st e} * -
€6L 1 N
o &
seL] I
LeL M
wm.L L2 S
or'L | I
or'L | | ~
eL] @ a1
89°L o Mm
=

-10

60 50 40 30

70

80

100 90
f1 (ppm)

13C NMR (150 MHz, CDCl3) spectrum of 10a.

200 190 180 170 160 150 140 130 120 110
S112

210




3

LY'L
8v'L
os'L
L8'L
88°L

6C6
0€'6 V

101

£66°0
H/mo.m
Ho.m
501

0T

To,_

1.0 05 00 -

1.5

40 35 30

50 45
f1 (ppm)

90 85 80 75 70 65 60 55

9.5

).0

'H NMR (600 MHz, CDCl3) spectrum of 21a.

10°sc—
vSle—

b_.v:v

0T Yl
16°€TT
S6vTl ~
LLLTl \ﬂ
6L°LT1
88°LTI q
€L8T %

9L'8T1

TP IET
€5TEL 1
SsTEl
L96€1 _\
€5°991 \

6£°691

-10

70 60 50 40 30

80

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

210

f1 (ppm)

13C NMR (150 MHz, CDCls3) spectrum of 21a.

S113



000

€CT /
€19
L9
9L9
8L9
069
w69
769
S6°9
L69
w'L
€0'L
vo'L
SO'L
90°L
[
€L

e |
6€°L Y
PSL
YS'LY
95°L 7
8SL Y
8sLE
v9'LA

Yo'Lf
9L
L9L
89°L
[
€58
S8
S8

o€

»oo,m
clc

mwu_

001

1.0 05 00

1.5

40 35 30

50 45
f1 (ppm)

85 80 75 70 65 60 55

9.0

9.5

'H NMR (400 MHz, CDCls3) spectrum of 3.

LOTI —

<y 00l
L'801
18611
ccocl
8L°0CI
Y6' 1Tl
¥9°¢Cl
YT oTl
85°9¢C1
VT Lok

6€°LTI
0s°LTl
91'8TI |
8Tl
Y8zl
s8'8cl |
VL 6T1

88°6C1
[CATIR !
89°1€1 4

91'TEl
or'Est ~
6L sElf

19°9¢1
76 9¢€1
6S°LEI

18°Cr1
o191 —

mome

-10

70 60 50 40 30

80

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

210

1 (ppm)

13C NMR (100 MHz, CDCls) spectrum of 3.

S114



0TTY
8€7T

1.0 05 00

1.5

3.0

40 35

50 45
f1 (ppm)

90 85 80 75 70 65 60 55

9.5

).0

'H NMR (400 MHz, CDCl3) spectrum of 4.

80°Cl —

sSIc—

60001 1
6£801 1
89°611 1
91°0¢ |
TrETl
Y9'STI |
6191 1
16921 1
cTLel
SELTI
PrLTI
€1'8T1 1
S |
P8I |
SR |
TL6Tl
L66T1 1
PO 1€
oL 1EL
1£7T€1

€eeel ~
LY'SEL

S8°SEl
LLOEL
LS'LEL

68Tyl
00191 —

-10

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

210

13C NMR (100 MHz, CDCl3) spectrum of 4.

S115



€0

vm.hg
SEL
SELA
8S'L W
8S'L
8S'L
6S'L
6S'L
99°'L
99°'L
L9'L
L9'L
L9'L
S8
€S8
S8
S8

Cl

=00'¢

1.0 05 00

1.5

3.0

90 85 80 75 70 65 60 55 50 45 40 35

9.5

).0

11 (ppm)

'H NMR (600 MHz, CDCl3) spectrum of 5.

S0°001
1L°601 1
6L°611 1
20021 |
€12l
LY'STI ]
T€9T1
LEITI ]
9€LT1
o'LTl ]
LYLTI ]
LS'LTI ]
so'LTl |
0T8Tl |
Lrsei]
95821 1
RS |
T9°6T1 1

08'6T1 1
PSTIEl
8S 1€l 4
v6 1E1

95°€El ~
LTSET w
95°sel
€sLEl
LTSEL
Faadl
06091 —

Cl

-10

80 70 60 50 40 30

100 90
f1 (ppm)

200 190 180 170 160 150 140 130 120 110
13C NMR (150 MHz, CDCl3) spectrum of 5.

210

S116



0°€
0°€

[
0cC
0'¢
yloe
360°C
61

01
10°1

=001

1.0 05 00

1.5

85 80 75 70 65 60 55 50 45 40 35 30

9.0

9.5

11 (ppm)

'H NMR (600 MHz, CDCl3) spectrum of 6.

006\
1867

1S°L01
S80I 7
PE8IIL
796111
LTOTI
S6'1TI
€9°ST1
91°9T1 1
PI'LTIA
YTLTI A

ey~

0¥'LT1
€9°LT1
1°8Tl
8T'8TI 1
17821 |
08'8C1 1
LL6T]
T6°6T1
S9IEl Y
69°1€1
8ETEL Y
8rTEl 7
oe'es1

88°S€El
19°9¢1
LS'LEL

LOeYl

QY

-10

70 60 50 40 30

80

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

210

1 (ppm)

13C NMR (150 MHz, CDCl3) spectrum of 6.

S117



YTy

9691
L691
€0°L ]
A |
vo'L
SO°LT
SO'L
90°L T
TUL
€L
€L
viL
viL
UL
0TL
0L
0TLY
1TL
LTLA
8T'L
$TLA

6TLT
0€'L
0€'L

»wh¢
6€'L

L8~
8r'g’

.

=60'¢€

=l'¢

=001

1.0 05 00

1.5

3.0

40 35

50 45
11 (ppm)

90 85 80 75 70 65 60 55

9.5

).0

'H NMR (600 MHz, CDCl3) spectrum of 7.

0Tl —

vS'sS —

S6'9L
oﬁsnw
LELL

97001

81801

L3801

88°ST1

LT611

P61l

s1ozl

69071
g1z’
zs'9t1 ]
81°LT1
8€°LT
s1'8Tl ]
SE'8TI
SEME
€9°6T1 -
8L°6T1 -
SO1EL -
1ser
1€l
LTTE
€8°5€1
89°9¢1 1
10°LET |
IRIIE
LEEPL-

S9°091 ]
1L°¢91

-10

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

210

13C NMR (150 MHz, CDCl3) spectrum of 7.

S118



€0
L1°91
0891
1891
L69
L6791
8691
8691
8691
669
€0°L A
Y0'L
90°L
90°L
LOL
80'L A
80'L A
0l'L Y
0l'L Y
1L
1L
Cl'Ly
Cl'Ly
YI'LA

1.0 05 00

1.5

90 85 80 75 70 65 60 55 50 45 40 35 30

9.5

).0

11 (ppm)

'H NMR (600 MHz, CDCl3) spectrum of 8.

0Tl —

00101 —

@w,.mﬁ\
3\.8_/
ANTAR\!
8911 N
€Teel
$9°9Z1
otLTl]
81'8C1 4
0L'$TI
16'8C1 1
£6'8T1 1|
zrect
Ph 6T ;
85621 1
8.2;
1€T€1
6€ 1€l
OF'I€l |
0EHET |
STOET |
69°9¢€1 1
rs8el |
€8°651

-10

70 60 50 40 30

80

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

210

1 (ppm)

13C NMR (150 MHz, CDCls) spectrum of 8.

S119



vCTT
(44
Y197

mObg

SO'L
Cl'Ly
€L

om.h;
0T LA
1TL A
STLA
9T'LA
LTLA

8TL A
8€°L

6€°L \
8Y'L
ov'L
9¢€'8 —

—_——

Nl

=00'€
=00'€

660

1
%~ €
qLoc

16T
[
[

Foo'l

1.0 05 00

1.5

70 65 60 55 50 45 40 35 30

7.5

90 85 80

9.5

).0

11 (ppm)

'H NMR (600 MHz, CDCl3) spectrum of 9.

¥8C0Cl —

lESy 1T —

Y10€7001
887L'801
919L'611
SLLIOT]
8T0L 0TI
TrLY 1T
ceessTl
€€TTITI
€T€S9T1
6ELILTI
606T°LTI |
£880'8T1 |
0S1€'8T1 |
989€'8T1 |
60SP'8T1 |
gicgec |
$956'6T1 |
€I85 TE] ]
€Lvo1el |
891TTEL ||
oL PEL

===

SOETSEI L
89t6'sel “f
$66S9¢€1
SY06°9¢€1
YO6L LEL
696L 111
69107191 —

-10

70 60 50 40 30

80

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

210

1 (ppm)

13C NMR (150 MHz, CDCl3) spectrum of 9.

S120



ey
2@/
LL9]

1L

TIL
€1
ST'LA
91L 1 %
wﬁ.hg
61°LA
0TLA
0T'LA
1T
L
eTL
voL]
LzL
6TL
TEL
€€L
LeL]
6L
oL |
8L ]

Fooe

1.0 05 00

1.5

3.0

85 80 75 70 65 60 55 50 45 40 35

9.0

9.5

11 (ppm)

'H NMR (600 MHz, CDCl3) spectrum of 10.

sIcl—

0TYT—
1€001 1
6L°801 1
S 611
TTOTI
89°0CI 1
¥871CI
90"t
092l
65°9T1
81°LTI
€TLTIA
9TLTl
SI'8TI 1
8781 1
sl 1
19°6C1 1
YL 6TI ﬁ
69°0€1
€L1EL Y
9L 1€l o
€V TEL

v CEl A
1s9¢l
9L 9€1 w

€69¢€1
Iee6el
69°Crl

81evl
8€ 191 —

-10

70 60 50 40 30

80

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

210

1 (ppm)

13C NMR (150 MHz, CDCls) spectrum of 10.

S121



0T
€TT
1€7CH
LS'91
859 1
9L°91
8L9 1
€69 1
v69o 1}
oot
T0°L
0L
Y0'L
SO'L
SO'L
90°L 1
90°L 1
LOLT
LO'L
LO'L
0T'L 1
TIL
€L
€L
Y1
SI°LA
91'L
LT'LA
AVA
vm.hg
9¢€'LA
OF'LA

1L
mm.h)m
mm.hW

9S'L
€9°L
Y9'L
9°L

(4R v.

S8

q JE0'E

D .70€

—

\ eo€

1.0 05 00

1.5

3.0

90 85 80 75 70 65 60 55 50 45 40 35

9.5

).0

11 (ppm)

'H NMR (600 MHz, CDCl3) spectrum of 11.

-10

70 60 50 40 30

80

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

210

1 (ppm)

13C NMR (150 MHz, CDCls) spectrum of 11.

S122



86701
6601
001
0Tl
1T
T
o |
rezl
9€'C1
LETY
8€°TH
65T
09T
19
€9z
9191
0991
8L°91
€691
769
10°L 1
0L
0L
€0
€0'L
vo.hg
oL
90°L
90°L
LOLA
Naug
€1°L A
V'L
LTLA
61°LA
8L
6€°LA
TR
€5°L ]
€L
ssL]
9s°L ]
o5t
v©>_ﬁ
9L
59
99,
99°¢ 1
€58 1
rs'g -

=S

0.0

0.5

1.0

1.5

3.0

35

4.0

50 45
11 (ppm)

55

70 65 6.0

7.5

8.0

85

9.0

9.5

).0

'H NMR (600 MHz, CDCl3) spectrum of 12.

SOTLA
6871~
sts1/
LE'8T
ﬁowmv

€001 -

18°801 T

LL'611

z1ozl -

99021 1

98'1T1 1

SS'STI

8T9TI |

19921 T

99921 |

STLTL -

0S°LT1

e |

vL'8TI

96Tl |

06621

0S1€1 1

95 1€1 1

80°€€1

PTEEL

LLOELA

oosm_W

S8'LEI
vo' Tyl
clrevl

Aadl
80191 —

-10

l| M'
60 50 40 30

70

80

100 90
1 (ppm)

l J J
200 190 180 170 160 150 140 130 120 110
S123

210

13C NMR (150 MHz, CDCls) spectrum of 12.



12T
96°¢ 1
8L€ 1
9191
SL9
SL'9
9L'9 1
LL9
¥8°9 1
891
$891
9891
€69 1
691
0L
0L
€0'L
€0'L
SO'L
SO'L
90°L 1
90°L 1
90'L 1
LO'L
LO'L A
0l1'L T
TrLy
Tl'LA
LA
€L
L1'LY
ST'L1
61°L A
61°LY
LELA
8E€L A

ov'L
WL

€L~
€S°L
vs'L
95,
9S'L
¥9°L A
S9°L
99°L 1

¥9'L ;

h@hg
Nng
€58

I

0°¢

=<0'¢
=01l°¢

60
160

1.0 05 00

1.5

3.0

90 85 80 75 70 65 60 55 50 45 40 35

9.5

).0

11 (ppm)

'H NMR (600 MHz, CDCl3) spectrum of 13.

(0N

L6751

97’5
9€°001 1
L9801
19T 1
v6°TII |
ILETT |
98°¢11 |
LS'6TT |
10T
0L'0TI |
167121
697T1 1
€5°sT1
61°9C1 |
7991 |
NOTaR |
91°8T1 |
SL'8TI
06'0€1 1
6T IEI
19°CET
TLTET
LTeeT

S99¢€1 %
ooﬁm_x

-10

70 60 50 40 30

80

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

210

1 (ppm)

13C NMR (150 MHz, CDCls) spectrum of 13.

S124



1T¢Cy

8S°L ]

Cl
C

W |

=00°¢

60
0’1
10'€
0'¢
o'l
01
01
20T
2001
w/mo._
0’1

=960

-3

o\l

11 (ppm)

10

15 14 13

16

'H NMR (600 MHz, CDCl3) spectrum of 14.

sOCl —

mo.ob/

"

A,

24 7=
S.E\
98°001
SY'801
L8811
6v°0C1
90'1Z1
61°CCl
69°ST1
66'STI /
r99z1 |
06°LT1
€6'LT1 7
€L°8T1
0621
€01 1
98°0€T |
60°1€1 1
18°C€1 |
06°TE1 ]
S9°€eEl
SLEEl
86°¢€1
6LTEL
OV 9€1 1
88°9€] 1
SO'LET |

18171
08091

’ﬁ |

‘I‘

M]

140

1

|

-10

70 60 50 40 30

80

120 110 100 90

130

200 190 180 170 160 150

210

1 (ppm)

13C NMR (150 MHz, CDCls) spectrum of 14.

S125



Ty
9L'€ |
68°€ |
P19 ]
vO'L ]
oL
90°L ]
LO'LT
1L
e
L
L
Ve |
0T'L]
0T'L]
1TL
1TL
LTL]
8TL 1
PEL
vE'L
seL
9€°L

mmsg

9L
LYL
LoLT
69°L
0L'LA
L8LA

L8LA
88'L
mw.hw
96'L
96'L
L6'L
L6'L
S8
S8
sS'8
sS'8

COOMe

=00°¢

N

=#00°¢

A

o€

= F00'l

1.0 05 00

1.5

3.0

90 85 80 75 70 65 60 55 50 45 40 35

9.5

).0

11 (ppm)

'H NMR (600 MHz, CDCl3) spectrum of (enf)-15.

0Tl —

vTcs
SETS v
S6'9L
9l'LL
LELL
16°001

ST 30T
L0611
LY0TI ]
N
il |
LTI

96'st1
6591 1
80'8TI
oszl |
€L°8T1 A
80621 -]
Ts6cl
29671
vL 6Tl ]
68621 1
1T0€El 1
99°'1¢T 1
€L TET
sLest
1€°9€1 1
9£'9¢ 1
€L°951
€8°9¢1
8TOY1
88191
9L'091 |
vT991 |
o991

.

COOMe
COOMe

-10

70 60 50 40 30

80

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

210

1 (ppm)

13C NMR (150 MHz, CDCls3) spectrum of (enf)-15.

S126



91'C
0TT1
2191
6691
00'L 1
00L
00L
10°L ]
10°L 1
0L
0L
0L
Ss%
€0°L
€0°L 1
€0°L
YO'L ]
YO'L
YO'L
80°L 1
80°L 1
60'L
01'LA
YIL
YIL
YIL
SIL]
SULA
81°L1
81°L1
61°L 1
LTLA
LTLA
LTL
8T'L
8T'LA
9€'L A
geL
09'L

09'L #
G.L
192 ﬁ
€8°L
€8,
€8°L ﬁ
¥8'L
v8L]
v8L]
e8|
€58

Ph

Z—Z

o/

J81°€
80°¢

=001

cl'e
%o;
[
10°1
0'C
0’1
01
10T

=001

1.0 05 00

1.5

40 35 30

45
11 (ppm)

'H NMR (600 MHz, CDCl3) spectrum of (enf)-16.

90 85 80 75 70 65 60 55 50

9.5

2.0

S8IL~
orsr—

607001 1
19'801 1
SSTILL
666111
¥S70TI |
89'1T1 |
L8'€TI
st ;
8€°9Z1
PTLTI
€LLet ;
08'LTI Y
88Tl
96'8C1 1

L1°6TI N
€6°CEL 7
wreel %
SYocl
1L9¢1
IvLel
wlvl
6091 —

-10

70 60 50 40 30

80

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

210

f1 (ppm)

13C NMR (150 MHz, CDCl3) spectrum of (enf)-16.

S127



POPIl
88S1°1 |
TILIT ]
800T'C |
pS6rT ]
SLOS'T |
L61ST
19€5°C 1
L8YST]
80957 ]
9L80°9
9956°9
88969
66L6'0
L1869
19869
26669
9110L
6£S0°L
L990°L
16L0°L
6LELL
6071°L
orriL
LTSTL
6SSI°L
v8S1°L ]
891°L |
90L1L |
€TETLA
1SETL ]
€LYTL ]
6L9TL ]
S08TL
€€TELA
YOEELA
9LYS LA
OLSS'L A
68557
6095°L
monmi
STUSL
8T08°L
7508°L 4
PPISL
8918°L 1
€TES'L ]
wmvwi

————

=

#mﬁm,wg
89CS'8

=Iie

€0
Foc

k6o

1.0 05 00

1.5

40 35 30

45
f1 (ppm)

'H NMR (600 MHz, CDCl3) spectrum of (enf)-17.

90 85 80 75 70 65 60 55 50

9.5

).0

€600TI —
ore vl 7
€688°1C —

€TL1°001 1
18€L°801
6618'L11
$850°0T1 |
L9r9°0TI |
€EEL 1T |
LS66°ETI ]
YITE 9Tl |
7805971 1 f
€8TT'LTI
scigLzl |
0TP8'LTI
TOLL'STI Y
LSL6'STI L
s0c0'6Tl

LOYE6T1
800 TE1 7
SLOVEET
9€9t°9¢1
8165 °9€1
988L°9€1
TLIL ]
0Tr6'091 —

70 60 50

80

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

210

f1 (ppm)

13C NMR (150 MHz, CDCls3) spectrum of (enf)-17.

S128



16580
P1L80 |
01681 1
76651 1
P709'1 1
9019'1 1
€€19'1

oovw,o#

—

86T A

m:o,_%

8TSH'T
209t'C

8L9V'T

6YLY'T

108%'C

0£60°9 1
TTL6'9 ]
0S86'9 1
LEGE'9 ]
LS66'9 ]
98669 1
0900°L T
0800°L 1
L8TOL T
S0TO'L 1
T6S0°L |
LO90'L |
STLO'LA
LIETL Y
LTHT'L
ISPLLA
181°LA
vTol'L
6Y91°L A
6877 L
€95T'L ]
€6STL
1cesL]
0SYE'L

95952
Thos'L]
<908°L 1
0608°L 1
€SI8°L

om_w.ﬁ

-

€861°C
vav,m/

ﬁ
ﬁ

S01¢8

wo_w,h%
LETS'8

Hr'e

=vI'c

ore
=0T

60

0°€
7201
60T
ﬁo.m
HVQ_
JooA_

0T

960

0.0

0.5

1.0

1.5

70 65 60 55 50 45 40 35 30

7.5

8.0

85

9.0

00 95

f1 (ppm)

'H NMR (600 MHz, CDCl3) spectrum of (enf)-18.

9800°C1 m
900111

9€1L° €T —
TT08°0€

L09T9TI |
T6TS 9T ] ﬁ
01€TLTI
€SSL°LTI T
OV8LLT!
x|
2996'821 1|
1LTT6Tl

=

0z0€°6¢T1 ~&
9lov'TEL 7
80creel "
¥S09°9¢1
CTEIL9€E]
SOI89¢1
0966171
P¥96°091 —

Ph

70 60 50

80

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

210

f1 (ppm)

13C NMR (150 MHz, CDCls3) spectrum of (enf)-18.

S129



TVvv L

0691
€€0S1 1
16€S1 1
SE8ST T
6S€9°1 1
L699'1 1
01801
PP68'T
TS€6'T
T010°€
€9L1°€ 1
wog,w%
6906 1 1
SLOE 9
STTL 9
16T0°L 1
STHO'L
1190°L 1
SELOL
8€80°L 1
SCIVA
8€61°L
YLOT LA
880T'L 1
89€T'L 1 ﬁ
S6YTLA

€19TL
Or8Y'L1
1L6V'L1
6SVS'L]
S8SS°L T
11LS LT
6L18L T
SOTY'L T
L6T8° LY
SIE8'LA
EVES'L

SEVL

9r8'L

To6'L\L
6L16L7

rrT—

T

—

€908
961587

Ph

Fre

Frot

0.0

0.5

1.0

1.5

90 85 80 75 70 65 60 55 50 45 40 35 30

9.5

).0

f1 (ppm)

'H NMR (600 MHz, CDCl3) spectrum of (enf)-19.

vesy 11/
8STH 0T~
P8SLPT~
TILS 6T~
9685'SE

L980°001
617Cy'801
9060 V11 {
01607021 §
860L°0CI §
S96L 1Tl
6L98°€TI
61C0°9Tl
0LYTOTI
6C€9°9CI
16€8°9CI
8LSY'8TI
€CC8'8¢Cl )\w
685€°6CI A
SeCeEel

9LETOE! \
80LS9¢1

191¢°6€1

OSIT IVl

c8C0'191 —

—

T

Ph

-10

70 60 50 40 30

80

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

210

f1 (ppm)

13C NMR (150 MHz, CDCl3) spectrum of (enf)-19.

S130



Wy
0S°1 1
oL |
€411
kA
YT
ST
68
Tr9
0L
€0°L
So'L
90°L
90°L
LOL
60'L
or'L
e

sLL
sLL]
oLL ]
LLL
LLL
8L'L
8L'L ]

T

——

ov,wg
0s'8

001

1.0 05 00

1.5

35

4.0

45
f1 (ppm)

'H NMR (600 MHz, CDCl3) spectrum of (ent)-20.

5.0

90 85 80 75 70 65 60 55

9.5

).0

€611 —

86 VT —

ST001
19801
ov' Sl
69811
69°0Cl
S6'1Cl
86°6TI
L9°STI
SELTI
Ov'LTl
09'8CI
06'8Cl
oceel
LSOE]
sS6€l

=

B e

vII91 —

-10

70 60 50 40 30

80

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

210

f1 (ppm)

13C NMR (150 MHz, CDCls3) spectrum of (ent)-20.

S131



8v'C
0s'¢C
€99
99
(]
€L9
6L9
6L9
L69
L69
869
869
00'L
10,
LO'L

LO'L
LO'L
80°L
or'L
or'L
1L
1L
YL
SI'L
LT'L
LT'L
81'L
81°L
81°L Y
61'L
61°L
0T'L
1TLA
1TLA
TTLA

—_—

F6l'l
y90'l
¥80'1

Ao

1.0 05 00

1.5

3.0

90 85 80 75 70 65 60 55 50 45 40 35

9.5

).0

f1 (ppm)

'H NMR (600 MHz, CDCl3) spectrum of 21.

vSve—
or'le—

S6°9L
91 .bbv

LELL
OI'+11 1
60021 1
¥8€TI |
TeSTI
TLSTI
S1'9TI
16°91
9TLTIA
0E°LTIA
6¥'LTl
s9LTl
L0'8T1 ]
ze'8Tl
58Tl
98°8C1 1
157621 1
01°0¢1 |
PrIEL]
09'I€1
oF el
0€ €€
S9°s€l
88°LEN 1
1+6€T 1
961 |
06651

M

=

e —

88°L91

-10

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

210

13C NMR (150 MHz, CDCls) spectrum of 21.

S132



6£€91
TWE9 T
SHE9 T
8¥€9 T
SO0L9 T
8891
8891
6891
L£6'91
6v69 1
TEO'L T
0vo'L 1
vro'L |
€60°L T
9LOL 1
160°L 1
860°L 1
01°L 1
801°L 1
121
891°L T
TLILT
SLI'LT
1811
€10aD S8I°L T
9TTL
0€TL
LETLT
6€T'L
YrTL
9VTLY
6VT LA
1LTLA

¥8TL A

€IS,
@Nm.hk
68SL

109°L v

6YLL \‘
sLL

NR.L
soL'L

01€'8]
€1e's ]
31¢'8 1
12€'8 1
r15°8]
L1581

[

|

hmmAm%
0€S'8

AJ A A

9.0

10.0 95

10.5

f1 (ppm)

'H NMR (600 MHz, CDCl3) spectrum of 23.

1£5°001
T01°LIT
085811
TIg6l1
YresTl
S10'9C1
616'9C1
€v6'9C1
91'LTl
6TT LTI
616'LT1
901'8T1 ] ﬁ
TETST |
665'8T1
SSL'8TI
95€'6T1
orL6Tl §
LTS'6TI

€reer g
8PSTIEL
STTTEL T
881°€E1
o_@.mm_\
YEYLEL
L00TY1
€8 vl
L8TLYI
950'191 —

|| h JJMML Jll J

30

50

80

100

110

140

160

170

f1 (ppm)

13C NMR (150 MHz, CDCls) spectrum of 23.

S133



LLETH
9€€°9 1
8€€79 1
e
PrE9
00L'9 1
TOL'9 ]
0889 1
78891
W69
7691
SE0L T
€VO'L ]
80°L T
950°L |
650°L 1
T90'L 1
TLO'L T
S80'L T
T60°L 1
L60°L 1
TIT°L T
CYAVE
6LT°L T
181°L1
S8T'L T
881°L T
061°L 1
€61°L
60T°L
1CTLA
TTTLA
YTTLA
TTLA
€STLA

95T'L
9ceL
6£€'L]
Omml
€5€L

vSLL ;
LSL'L ]

LoL'L
oLLL
TIE'8
s8]
0ze's
czes |
wowi
811’8

————

<0'¢

/860
01
01
'l

ﬁo.m
s
Il

286°0

#86°0
R

T T

T

10.5

10 05 00 -05

1.5

70 65 60 55 50 45 40 35 30
f1 (ppm)

7.5

85 80

9.0

10.0 95

'H NMR (600 MHz, CDCl3) spectrum of 24.

901 cCc—

LSY'001 Y
190°L11 ]
965811 1
€LT6II ]
8CTI'ET |
SOL'STI ]
068'9C1 1
06'9C1 1
L60'LT T
888'LT! |
9€0'81 |
0T8Tl |
TS9'8TI |
L8L'STI ]
LES'STI Y
9rE'62l |
€LL'6TI Y
TS86Tl

99€'1€1
€09'1€1
/

9¢0°Crl \
0o vl
or89v1
1€0° 191 —

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

200

f1 (ppm)

13C NMR (150 MHz, CDCls) spectrum of 24.

S134



61L°€
6T€9
1€€°9
S€€9
LEEO
8€9°9
Two'9
999
0L9
8L8°9
1889
SP6'9
6°0°L
LEO'L
wo'L
0S0'L
L90'L
690°L
SLOL
6LO°L
180°L
€80°L
880°L
060°L
Y60'L
960°L
1L
SIrL
891°L
AVE
AV |
LLT'LA
6L1'LA
181°L Y
YTTLA
9TT'L]

8TTL
1€TL
€€TL
LvLL
6vLL gﬁ
%bL
oLL
pies ]
LI€'8]
e8|
STE8
wmvi
ovv's |
€58

——

A

0'¢

0.0

0.5

1.0

1.5

35 30

4.0

75 70 65 60 55 50 45
f1 (ppm)

8.0

8.5

9.0

10.0 95

0.5

'H NMR (600 MHz, CDCl3) spectrum of 25.

6vE'SS
€1¥°001 /
LLT801 {
TOSSII
TYO'LIT |
SLS 8L T
TS6'8I1
0LO611 7
968°9¢C1 1
L16'9C1 1
SLI'LTI
6€6'LTI T
¢90°8¢Cl 1
L9T'8TI 7
106°8C1 1
cleocl
189°6CI
LOL'6T1 ¢
8S8°0¢€1
19T 1€l ¢

T ——

1

zesiel ¥
vLETEL .
T A
1€8°6E1 %
209°TH1

LTObH \
868911

989091 ~
661°€91

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

.00

f1 (ppm)

13C NMR (150 MHz, CDCls) spectrum of 25.

S135



89€°9 7
1L£9 1
LLEOT
1€L°9 1
PrL9 ]
81691
1269 1
£€6'91
€96'9 1
SL6'9 T
S90°L 1
890°L 1
LLO'LT
180°L 1
L8O'L
060°L 1
€60°L 1
101°L 1
€01°L 1
891°L 1
L
LLI'LT
081°L1
661°L 1
T0TL T
TITL
PITLT
0TT'L T
9TTLA
6TTL
PSTL
9STLA
69T'L
18T°L 7
S8TLY

SSS'L
bmb.b/

0€L'LN
1¥L'L
oL L
€8L'L ]
98L°L ]
9%6LL #
66L'L

81€'8
0ze's ]
9z€'8 ]

—

87€'8 ]
mmo&
9v9'8

0

0.0

0.5

1.0

9.0

100 9.5

).5

f1 (ppm)

'H NMR (600 MHz, CDCl3) spectrum of 26.

€06°001 7
8TE'LI 1
8097811 1
LSO611 1
YT ETI
68T€TI 1
PEVPTI
TLOLTI A
L8OLTI ]
1SS°LT1 1
189°LT1 1
09T'8T1 i
11821

995°8T1 1
15S°6T1 1
T95°6T1 7
0T9°6T1
€PL6T1
SITIET

Ll

cTHIET
€L 1€l %
€5SPEL \
LLSLEL

689°€t1 x.
84! \
959°9¥1

90€°091 —

190 180 170 160 150 140 130 120 110 100 90

00

f1 (ppm)

13C NMR (150 MHz, CDCls) spectrum of 26.

S136



0S€'97 7
95€°9 1 s
T0L9 3 ro
YIL9 -
LTLYT e
988° 1
6689 1 =
11691
9769 1 "
8560 1 M=
1L6°91
(=)
1S0°L Fei
650°L 1
ol -
MWW.M ] [l LSL'001
. ISTLIL
780°L | o .
880°L 1 Fen L6ESTT
L60°L 685°811
. L0 €90'vT1
6v1°LT o
L] 120°LT1
ot o 1v0'LTI
co1z | = 8TS'LTL
. 161'8T1
LO1'L " .
P61 L] M 8TC'8TI
£homo 261 | - & pridid
YOT'L fe &
60TL 1 = rossz
€1TL Lo PES'STI |
071 ~ vov'6T1 |
00eL 60 o s L9S6TI ]
- oLfe %8 659°621 1
S9T'L 7 . ot
oyl 0L = €6€°0€1
. LO'] g €19°0¢1
YLTL Y . = .
1871 It o 961°1€1§
oL 0112 ° _ow._m_wm
=) L1°E @ 868°1€1
YTrLA Nor =% .
oﬁos/r )@p_ | @»n £€8 wmﬁ\.
oloL ) H/@.o = - 8€1°6€1
b 20’1 — 805 €Vl
0£9'L S le &) .
S 101 [os 9TI ¥l
YEO'L . a .
boL L] m/mm. . @) 60L 91
oo:% o1 L2 = £19°091
LLLL 5 -
6LLL = =
L1€8 ]
61€'8 ] Lo —
mmmi v
LEE8] 1S ~
95£'s | = &
1L€78 o >
Lo N
-

f1 (ppm)
S137

13C NMR (150 MHz, CDCls) spectrum of 27.



SPE9 T
1S€°91
6991
LOL'9 ]
02L9 1
8891
L6891
60691
69 1
LS6'91
6969 1
6v0°L 1
LSOL
290°L 1
oL
6L0°L 1
¥80'L 1
ov1'L
091°L1
€81°L 1T
681°L1
S61°L 1T
861°L 1
TVTL T
SYTLT

€100 €5T'L T
LOTLT
LTELT
8EE'L |
1287
1€S°L
SES°L

YLO'L
LLO'L
889°L
co9°L
YoL’L
LLL'L
11e8
61€'8
6€9'8
€79'8

i

-0.5

0.0

0.5

1.0

1.5

40 35 30

4.5

5.0
f1 (ppm)

6.0 55

6.5

7.0

7.5

100 95 90 85 80

0.5

'H NMR (600 MHz, CDCl3) spectrum of 28.

€€L°001 1
6TTLIT
T8S'8I1 |
688811 1
0ST1T1 1
€TL'9TI |
LI0LTT T
YOV'LTI
L9'LTI ]
9L0'8T1 1
T8T8TI
2548 |
STS'8TI

09V'6C1
009°6C1
$89°6T1 1
SLOIELY
T61IEl
€V LELY

L6 TEL N
VILSEl =
180°9€1
€90°LET
lescrl
989t
€I8'syl
S16'6S1 —

—_— s

lh ll MLJII

l

30

50

80

100

110

160 150 140 130

170

190

f1 (ppm)

13C NMR (150 MHz, CDCls) spectrum of 28.

S138



€E9 T
691
9191
81L91
26891
L5691
65691
L1021
610°L 1
0£0°L 1
TEO'L ]
SE0'L T
€H0°L 1
8Y0°L 1
950°L 1
9L0°L 1
¥80°L 1
060°L 1
€L
9z1'L
8TI'L
651°L 1
€LIL
vL1LA
oL1'L T
LL1LA
8LI'L
P81L T
981°L 1
881°L 1
061°L1
S61°L 7
L61°L T
00T'LA
90T'L
80T'L
01cL
1z
v
£IAD £5TL 1
womi
915°L
6vL L]
1sLL
oLL]

e

oL L]
e8]
Qwi
618
1768

l

[

A

8.5

9.0

10.0 95

0.5

f1 (ppm)

'H NMR (600 MHz, CDCl3) spectrum of 29.

$99°66
901°€l1
LYTELL
8SY el
AR
O1v'LIl
L99LI
Y26°0C1
€L6'STI
19Tl
8€0°LT1 |
00T'LTI |
L1€LT1
998°LT1 1
90¢'8z1
cesgzl
L6T0E1

——

S0S°0€1 ,W
970 1€1 ¢
L10°€ET —
ossvel 7
91€6E1 7
323\
mmoﬁ_\
808°St1

958951 —
910191 —

f1 (ppm)

13C NMR (150 MHz, CDCls) spectrum of 29.

S139



ovr ¥
15€°9 1
LSE9
8€L'9 ]
L2691
62691
1€6°9 1
6£6'9 1
69
19691
vL6°9 1
£00'L 1
$00L 1
110°L 1
P10,
Lvo'L
$s0L
090Z 1
890L 1
280°L |
L60°L 1
€01'L 1
VA
LT
CIVA
AVE
LLULY
€100 $TTL |
€STL
ssTL
90L'L

S0L'L —
SILLY
LILL
YoL'L
LoL'L
LLL'L
08L'L

0ce'8
€Ce'8
8C¢E'8
1€€°8

60
Hmo_
dTv._
Kmo_

10'1
80

F0°S
v860
R0

001

10.0 9.5

8.5

9.0

10.5

f1 (ppm)

'H NMR (600 MHz, CDCl3) spectrum of 30.

S06°101 1
€61°LIT
1L L1
129811 1
TeSTl |
9P0'LTI |
S90°LTI 1
YT LTI |
v10'821 |
951871 |
€€€°8T 1
il |
608'8C! 1

95671 |
€€6'671
¥$6'621 ;
6V 0T

19L0E1
SYSIET

PEEPEL\
9S8°9€1 ~\.
8Ly E¥1 \
18L ¥l ~
LLS OV T
69¥' LYl

TTTIS| —

A

180 170 160 150 140 130 120 110 100 90

190

00

f1 (ppm)

13C NMR (150 MHz, CDCls) spectrum of 30.

S140



8¥1°TY
TEL9
vEL'9 ]
67891
15891
7589 1
06891
€689 1
168791
$56'91
L5691
1o
620, 1
rE0L |
oL
Lo
$80°L 1
so1L
891L 1
FAVE
VA
LLed

€10aD 081°L 1
6811
12TL
YT L
9TTL
SETLY
8€TL
8YTL |
09TL 1
T9TLA
€LTLA
SLTLA
10S°L Y

68SL b
;ms%
Y6S'L

LoLL

01LL

oeLL
€L
8878
0678 1
9678
8678 1
€678 |
96t°8 ]
L05'8 ]
6058

66'C

o'l
£6°0
(O

LO'1
<O'1
(U4
e
»MOA_
M/Mo._
0l
860
00’1

T

r

0.5

1.0

1.5

70 65 60 55 50 45 40 35 30
f1 (ppm)

7.5

85 8.0

9.0

10.0 95

).5

'H NMR (600 MHz, CDCl3) spectrum of 31.

88L°6—

ccrort
96¥ 911
SIT6IL
885611
LSESTl
ce6'scl
§s6°sCl
$88°9¢l
L069¢C1
601°LCI
selLcl
LTY'LTI
688°LCl |
800°8CI
0CT'8CI 1
09¢5°8C1 1
L186C1 Y
L88°6CI
LSETET
P8STIEL A

6T TEl
00l°€€l Y
TcLeel

6€9°LEL \
eyl
88 eVl

9Cr'LY1
091191 —

1 (ppm)

13C NMR (150 MHz, CDCls) spectrum of 31.

S141



8101 s
697C 1 .
SHE9 T =
15£°91
L1579 [
9591
ceeo] = PIIIT
€569 1 =
9969 1 " 881°1C
1069 L
0869 1
N (=)
L8691 5 wE [
0669 1 3 oref,
coo0L &
SE0'L T o S61°001 1
650°L 1 Fen 1€0°L11T
0L 1 . 829811 1
850°L 1 Lo LYT611 1
oL 6LTST! 1
950°L 1 L2 80°9C1 1
S90°L 1 = PE0'LTI |
1L0°L ] [ 0LLT
L60°L 1 N ¥€S°8TI 1
101 o E 9co 8T 1
O11°L T a8 568871
€10AD 6VTL 1 "= mw@ﬁi
e SRR )
LLTL :
@»N>4 L2 “ L6V 6T
] oL e = 1Lzt
88¥°L | hod = 1
06t°L TO ISIIEL
4 ulpe £ L€' IEL
o] H\m; £ o1L 761
: A\
voet RS 3] 850°€€]
vOS'L A o ;
: Ny @ L6S9ET ~
ol 901 o = S69°LE1
cac )do; - 9¢6°LE 1
Sort )mo; < = 090°CTr1
09L'L e @) ,
] SOt 82011
oLL +€0'1 a ,
oA " 316971
€LLL M O
| ~00'1 [oo Ze1 191 —
SLLL <
1€ B
o o
€res S
81¢'8 | [
1268 ] o S
ﬁmva - S
mo*w; FS -
woﬁw; - a1
LOS'8 Lo M
Z
-

90
S142

f1 (ppm)

170 160 150 140 130 120 110 100

180

190

200

13C NMR (150 MHz, CDCls) spectrum of 32.



0§6°0 1
SSTTY
LST9]
€979 1
0v8°9 1
7891
17691

S¥6°9 1

€691
8569 1
969 1
0691
8L6'9 1
000°L 1
LOOL 1
SE0'L T
650°L 1
6v0°L 1
TS0'L
L90L ]
1L0°L
080°L 1
V80'L 1
LYILT
I1ST'L1
1911
VR
v6TL
96T'L 1
L6TL
LOE'L ]
60€'L 1
OLEL

€1t
PIvL
91¥L
LIS'L
61SL
6L9°L
189°L ]
N%.L
v69'L
ores
vTs |
8YT'S
1578
s
ver's ]
sers ]

wﬂww;

LWL

TERINY o

€16
=0l'6

TR
»Mo._
N/ 01

201
0]
=001

T

85

100 95

T

T

0.5

9.0

0.5

f1 (ppm)

'H NMR (600 MHz, CDCl3) spectrum of 33.

788°6C
10C°0¢€
ovCee
6LEEE

S67°66 1
L6G'STI |
8ELLII T
oPF8Il |
685°TT 1
8SYETI 1
$88°¢TI 1
EYTYTI
€60°ST1 |
$86'STI 1
815°LTI |
YT6'LTI ]
29€°8T1 1
299'8T1 1
Y2662 4
61T0€1
99911

e

ceocel N
YOL9C1 .
LET VI
L96°Cr1 H
686°SY1

CIL8YI f
08L6v1

611091 —

£€€8'891 —
SOvcLL —

Bu

oo \

T

50 140

150

T

160

120 110 100 90

130

190 180 170

200

f1 (ppm)

13C NMR (150 MHz, CDCls) spectrum of 33.

S143



SO¥'91
11¥°91
168791
20691
S0691
6£6'9 1
€769 1
€569 1
LS6'9 ]
010°L 1
YI0L
YTO'L ]
OVO'L ]
€Y0°L
€50°L 1
LSO'L ]
TLO'LA
6LOL T
S80°L
880°L 1
€60°L 1
9TI'L
6TI'L 1
OVI'L1
EYI°LA
€1TLA
9TTL T

€10AD 9STL |
0LELA
€LELA
€8€°L
L8E'L
€TvL Y
9I¥'L Y
LT LA
0EH'L
YrSL
9557
€co'L
908°L
608°L 1
@;L
Ts’L
S6T'8 ]
867’8

——

€0e'8 |
908 |
S6'8 1
mgi
015’8

|

00 95 90 85

10.0 95

10.5

0.0 -0.

0.5

1.0

4.5

5.0
f1 (ppm)

'H NMR (600 MHz, CDCl3) spectrum of 34.

611101 1
16€°LI1 ]
987’811 1
L89°811 ]
8€L1T1 1
9€8°TT 1
6TV’ STI T
8SL'STI 1
199°2T1 1
87S'8T1 1
R |
LT9'6T1

T6v o€l |
INTIR
PIETEN |
1LY 1E]
ILLTETA
TULSTEI A
IRIIR

serecl 7
0T el &
PSOLEL \
800" 111 \
061°t¥1

€€8°911

8¥8°001 —

160

140 130 120 110 100 90

150

190 180 170

200

f1 (ppm)

13C NMR (150 MHz, CDCls) spectrum of 34.

S144



P6£9
96£°9 1
00791
20v'9 ]
z€0L ]
SLOL
€30'L 1
880°L 1
960°L 1
660'L 1
€01'L 1
IVE
VR
LL1L]
6811
161°L1
62T L
L
6T L
st
LSTLA
66TL1
e
LTEL
orEL
zseL
ceeL
905°L 1
61511
OrSLA
€PSL]
bssL
855L 1
0LS LA
TLSLA
bLS LA
LS9°LA
659,
voL'L
96L'L
L08'L
608'L
oc'g
L0€°8 ]

TIE8 ]
SI€'8
125°8
€258 1
wmwi
LES'S

|

I

T

T

T

100 95

T

T

0.5

1.0

8.5

9.0

0.5

f1 (ppm)

'H NMR (600 MHz, CDCl3) spectrum of 35.

STL101 Y
LSSLTT
STE8ITA
1L 811 1
0€S°CT T
686°CCl 1
€LIVCI
VLT ST
TS STl
9cL’sTl
066'LTI i
005°8CI 1
106°8¢C1 {
6€L°6CI
$90°0€1
TLE0E!
[ AV
69 1€ A

"

e61E1 <
€s9es1 7
soL9¢1 /f
690651 \
98801
906 ¥1

0€8°9v1
€08°091 —

| J‘ IJMM J

150 1.

T

T

170

130 120 110 100 90

140

160

180

190

200

f1 (ppm)

13C NMR (150 MHz, CDCls) spectrum of 35.

S145



08€°97
98€°9 |
LTH9
PEV'9 |
Y1691
LT691
090°L 1
990°L 1
1L0°L
YLO'L
8LOL ]
€80°L T
980°L 1
680°L 1
T60°L 1
860°L 1
VR
SOT'L T
TITL T
PITL T
811°L
181°L1
LOT'LA
01T'L
€1TLT
61TLT
12TL
LTTLA
8TT'L 1
0£T'L
€€TL Y
OvT'LA
SYT L
LYTLA
€5T LA

€AD 8STL 7
6ST'L
69SL kﬁ
78s°L]

159°L ]

1992

80872 4

v0€'8

gses ]

19€°8 1

L1S°8 ]

vTs8

L2581

oni

ors's

e J

oL

JLOL
67
L0y
JE0'T
2601

Yoo

=01
=001

0.0 -0.

0.5

1.0

1.5

40 35 30

4.5

5.0

f1 (ppm)

55

6.0

6.5

7.0

7.5

100 95 90 85 80

10.5

'H NMR (600 MHz, CDCl3) spectrum of 36.

L0OS 001
6L8 911
LOV'LIT
90T'811
L89'811

oCo 501
IsLLel
6T8LTl
0L1'8T1
TLe8Tl
899821
0€8'8T1 1
8€S6T1 1
0L9'6T1 1

°s8'6¢Cl
[4: 195
LEV'ICEL
ve8CEl
90r€El
ceseel V.
960°LET “
7€8°0v1
(14524
SLLVYI
6€8°91
S08°091 —

40 30

50

80

100

110

170 160 150 140 130

180

f1 (ppm)

13C NMR (150 MHz, CDCls) spectrum of 36.

S146



8¥91 1
LL6'T
L80'CH
LIO1'CH
1ST97
LST91
V11791
10991
179791
€CL9
L9
COL 91

S18971
0691
TL6 T
8L6'9 T
€869 1
0669 1
8669 1
800°L 1

€100 8LI'L T
10TL 1
SITLT
TIvL
vivLT
YL
STH'L T
LEV'LT
65V°L 1
SrrL
015°L1
€1s°L
TTs'L
STS'L Y
LTS'LA
9€S°L
8ESL A

€0L’L
moﬁb%

8ILL
LiLL
LST8
09’8 ]
$9T'8 1
8978 1
8TH'8 1
Svi

oFNQ

[
|

(924 ]
Yry'8

vLO'E

10°€
w\mom
e

T

T

9.0

10.0 95

T

T

10.5

0.5

1.0

8.5

f1 (ppm)

'H NMR (600 MHz, CDCl3) spectrum of 37.

LYS 6l
€661
0C1'0T
€61°0C

¥ST66
€16'S11
LELLLL
908'811
81Tl
L91°STI
ve6sTl
855°9T1
6699t
8Ll |
909,21 |
6812l |
190°8T1
9€€'8T1 |
697°8T1 |
LSSOE1 |
STO'TEL

1

N

st veEl 4
988 ¥€l
LSISEL
6v6'SEl
01¥ o€l
L68°9€1
oLS OVl
LY1°091 —

_J

I .JJMLMHJ

f1 (ppm)

13C NMR (150 MHz, CDCls) spectrum of 37.

S147



¥9€9
0LE9
8¥1°9 1
vSro |
LSY'9 1
€979 1
6991
869°9 1
10L°91
v0L9 1
16891
€689 1
66891
L0691
60691
21691
€691
€691
176'9 1
€769 1
TI0L
020°L 1
STO'L T
€E0°L T
v90°L 1
0LO'L 1
TITLY
vITLY
o0zTL
TTTL
STHL |
9TV'L
65V°L1
OvPLA
1PPL
8L

665'L\
19L'L
€oL'L
YLLL
oLL Lt
rsTs
LST8
2978 1
cozs ]
01’8
18]
s |
mﬁwi
str's

A

1

L60
1071

60
L6'1

ol
o'l
7260
P60
296
20'1
0l
860
200'1

9.0

8.5

100 95

).5

f1 (ppm)

'H NMR (600 MHz, CDCl3) spectrum of 38.

TTL66 —

0LS €11
P6T 911 /
90L'L11 /
PrETTI
LT k
161521
£v9°5T1 7
588571
19L921 ]
¢s69z1
€5S°LT1 ;
6£8°LT1 |
L£s8T1 1
L0621 |
895761 |
€29°0€1 1
805 T 1
6LOSET 1
Ss19€l |
LLY9E]
LYLEL ]
868'S1 ]
¥26'6S1

S

-

| -

190 180 170 160 150 140 130 120 110 100 90

00

f1 (ppm)

13C NMR (150 MHz, CDCls) spectrum of 38.

S148



Yare
€CE9
§TE9
0€€9
1€€°9
6769
1569
7969
€C0'L
1€0°L
9¢0'L
Yo'L

—

90'L
TSo'L
8S0'L
WL
eviL
€SI'L
80T'L
0ITL
1L
€TTL
weL
YL
SSTL
9sT'L
99T'L
69T'L
wTL
T8TL
pSSTLA
LSS'L Y
LYLL
6VL'L
09L'L
€9L°L A
SLLLY
SLLLN
08L°L
v8L'L]
68L'L A
16L°L

8T8
L8T'8 ]
6T8 ]
S6T8
L6v°8 ]
668 ]

!

—

o_mAm%
cls's

-

0'¢

001

SO
t0c
wmo_
H(mm

0l
Yo
=260
=001

T

00 -0

0.5

1.0

1.5

35 3.0

4.0

5.0
f1 (ppm)

70 65 60 55

7.5

100 95 90 85 80

0.5

'H NMR (600 MHz, CDCl3) spectrum of 39.

vievl —

€0€°001 —
SECTIL

9€0'LIL W

ovs8ll
€€8°€71 /
L09°ST1

€Lzl V
965LT1
L1921 4
LT9°8T1 ]
918'8¢1 ]
0L8°8T1 1
197621 1
ovE6Tl 1
ves 6Tl |
118°z€1
geceel
LOSLE
196°0p 1
$80° 11
0SL oY1
veriol

100 90 80 70 60 50 40 30

110

190 180 170 160 150 140 130

00

f1 (ppm)

13C NMR (150 MHz, CDCls) spectrum of 39.

S149



YT
LL9
€691
6°9 1
769 1
691
969 1
9691
8691
669
10°L
Cl'L]
<Ly

<Ly
€1°LA
VI'LY

89°L
168
158
€58
€68

A

1.0 05 00

1.5

90 85 80 75 70 65 60 55 50 45 40 35 30

9.5

).0

f1 (ppm)

'H NMR (600 MHz, CDCl3) spectrum of 40.

S6°01 —

TI167
66'801 1
96811 1
90021 |
vSITl
9T €Tl
LY'STI ]
§6'STI
rE9Tl
8E€LTI
LTl
LTI
L9LT1
mwwm_:
9r'8Tl |
€987
98821 |
99'6c1 |
SL6TI
8P IE1
95 1€ 11
8SIE1
SSIEN

09°€€1 ~
ccvel f

8G°S€El
8T o€l
9¢'Lel

Ly Tyl
$8091 —

-10

70 60 50 40 30

80

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

210

f1 (ppm)

13C NMR (150 MHz, CDCls) spectrum of 40.

S150



9T
7191
7191
7191
1691
691

YO'L
0L
SO'LA
SO'LA

=9L°C

T

7.5

1.0 05 00

1.5

65 60 55 50 45 40 35 30

7.0

8.0

90 85

9.5

).0

f1 (ppm)

'H NMR (600 MHz, CDCl3) spectrum of 41.

81°¢Cl
€001
98801 7

LS611
S$ToCl T
0L°0Cl 1
L8ICI
sl
C0'9¢l T
€V 9T
86'9CI 1
81°LTI
CELTLA
SELTI
08°LTI1 T
0T8I 1
ceRC1 1

LY'8TI ]
85'8T1 1
LS6TI
ﬁnaﬁéﬁ
ST0€T
E;m:%
LLIEL-
€6°1€1 |
0TTEL -
89°7€1 4
€€l

ZS9€1 A
1Logl

99°LEL N

ol
LTyl
voctrl
LT191 —

PH X

Ph

-10

70 60 50 40 30

80

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

210

f1 (ppm)

13C NMR (150 MHz, CDCls) spectrum of 41.

S151



0197
€069 1
9069 1
8691
L8691
990°L 1
690°L 1
6L0°L 1
160°L 1
€60°L 1
€L
1T1°L ]
9z1'L
vEIL
8LI'LT
081°L1
v8LL
L81°L
681°L1
€61°L 1T
861°L 1
vOTL
80T'L T
01TL
TUTL
€100 9TT'L T
9€T'L 1
8¥TL T
1STL
0LTL 1
8TL
Y8TL1
9TS'L Y
LTSLA
65S°LA

0LS'L

NS.LH
€8S°L ]
S85°L
v19°L
919°L 1
619L1
61¢'8]
e8]
LTE8
0£€'8 1
1058 1
€05°8 1
i ]
Lisg)

|

E

1071
01
01
61
01

({04
[

SOl
60

SOl

¥L6'0
00'1

8.5

10.0 95

00 -05

0.5

1.0

9.0

0.5

f1 (ppm)

'H NMR (600 MHz, CDCl3) spectrum of 42.

9L6°LII
8Is6ll
sovicl
90T STl
601°9C1
1oLel
eviLcl
wLel
69€°LCI
166°LTl
9€C8Cl |
1€€°8¢C1
619°8¢C1 1
1€L°6T1
L68°6CI
ELTIEN
8OV 1E1

988 1€ N
€SLTEl N

oseeel
mmw.mmﬁ\
mmb,bm_\
1067171
wlsyl
kgl
L98°091 —

f1 (ppm)

13C NMR (150 MHz, CDCls) spectrum of 42.

S152



88€°9 1
06€9 1
Y6€°9 1
96£9 1
88891
9691
9691
1969 1
$96°91
L9691
1L6'9
VL6 ]
TI0L
011°L
TLULT
YLUL
SLILA
SLI'LA
081°L 1
T8I'L 1
981°L ]
8S1°L 1
061°L 1
1TTL
STTLA
8TT'L
1€TL T
€€TLT
SETLT
8€TL1
OVTLA
6VTL
TSTLA
€10AD 09T L Y
€9T'LA
997'L -
68¢'L ]
16€°L
€ov'L ]
sov'L ]
SLYLA
L8y'L]
L0S'L
60s°L |
L6S'L

S el

66SL
SC0'8
9€0'8
61’8
LOS'8

P

L60
H\ 0l

V%
0°1
cl'e
(4%

€01

H/nﬁm

Ccl'l

01

001

0.0

0.5

1.0

1.5

70 65 60 55 50 45 40 35 30
f1 (ppm)

)0 95 90 85 80 175

100 95

10.5

'H NMR (600 MHz, CDCl3) spectrum of 43.

608°101
188°L11
vL8'STI
0L1°0T1
99€+T1
S6£¥TI
LS6'STI
LTILT
HTLel
108°LTI |
876°LT1 |
99T°8T1 |
LSL'STI Y
TIO0E
1LL°OE1 |
81T'IE 4
806°1€1 Y
0LLTEN
sececl §
169vE1
609°S€1
189°9¢1
LLY'LEL
15171
078651 —

30

40

50

60

70

80

Ll
160 150 140 130 120 110 100 90
f1 (ppm)
S153

170

180

13C NMR (150 MHz, CDCls) spectrum of 43.



1LET
08€°9 1
98¢°9 1
¥1691
L1691
62691
8169 1
L5691
0969 1
£96'9 1
16691
7669 1
080°L 1
€60°L 1
801L 1
TTIL
991°L 1
AWE
€LILT
9LI'L
6L1°L
€81°L
yeTL
9TTL A
8TTL T
€L
PETLA
LETLA
0rTL
6vTL

€10AD LSTL |
€9TL
0SE°L A
€9¢°L 7
€8Y'L
S8tL
981°L
9%6v'L
695°L
1259
com.&
809°L
90L L]
01LL]
L
0eLL]
SLY'8 ]

LLY'8 A
8878 |
16v'8

p-Tol

Flec

0.5

1.0

1.5

3.0

35

4.0

70 65 60 55 50 45
f1 (ppm)

7.5

8.0

8.5

9.0

9.5

10.0

'H NMR (600 MHz, CDCl3) spectrum of 44.

(010) 28 N

8¢6'101
119811
clsoll
806611
orLcel
989vCl
$68'¢Cl
869¢C1
0r0'LTl

LY LCT
SsLLTI
8L8°LTL
881°8C1
L6981
0£6'8T1
SLY'6T1 1
10001 1
0TI 0€! |
TTS0EI
8PEIEL
SOVIEL |
Ov6 1€l
LY8TEL

YTOEEl -
ovL'sEl %
€669¢1
PSISEl
8€5°6€1
8TI'ThI
IRed!
TIor —

LI

f1 (ppm)

13C NMR (150 MHz, CDCls) spectrum of 44.

S154



601
12T
TET 1
0S€T
€99°€ 1
ARS
RS
[IRS
€811 1
60T 1
11TV
12T ]
€TTY
€6T'S
800°L 1
810°L 1
0TO'L ]
Te0'L
TEO'L
€€0°L
1€T°L
V1L
SYI'LA
9S1'L
€0T'L1
SOT'LA
90T'L 1
SITLT
0rTL
17TL
PPTLA
SYTLA
LYTL
6YT LY
0ST'L Y
YSTLA
LSTL]
6ST'L
9TL ]
ot |
89T'L
0LTL
18C°L 1
8L
o811
88Y'L 1
687'L T
00S'L T
10S°L 1

P

€0S'L-

COOEt

Foo't

10°1

01
[
L0°S

01

0.5

1.0

8.5

9.0

10.0 95

11 (ppm)

'H NMR (600 MHz, CDCl3) spectrum of 45.

19L°01 —
wevl —

119°'6C—

86€8YV —

00°19 —

6T6'LOT
€79'801 7~
6LT611
6V 611
60L°0c1 7~
129921

:@S\
1cesel

6TLVEL \
679°9¢€1 \
850°6E1

YETELL —

I

Ph

COOEt

Me

Me

l

|

Ll “I Jﬁ

f1 (ppm)

13C NMR (150 MHz, CDCls) spectrum of 45.

S155



