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1. General information

Unless otherwise noted, all experiments were carried out under an atmosphere of
nitrogen using standard Schlenk techniques or in a nitrogen-filled glovebox. *H NMR
and 3C NMR spectras were recorded on Bruker Model Avance DMX 300
Spectrometer (*H 300 MHz and®*C 75 MHz, respectively), Bruker Model Avance
DMX 400 Spectrometer (*H 400 MHz and**C 100 MHz, respectively) and Bruker
Model Avance DMX 500 Spectrometer (*H 500 MHz and*C 125 MHz, respectively).
Chemical shifts (6) were given in ppm and were referenced to residual solvent or
TMS peaks. Optical rotations were measured with Rudolph Autopl VI polarimeter.
High resolution mass spectras (P-ESI HRMS) were obtained on Thermo Fisher Q
Exactive Mass Spectrometer. HPLC analyses were performed on a Varian Prostar 210
ligiud chromatograph. The single crystal X-ray analyses were measured with
MMOO7HF Saturn724+ and XtaLAB Synergy-R. All organic solvents were dried
using standard, published methods and were distilled before use. All other chemicals
were used as received from Aldrich or Acros without further purification. The
Ru-catalysts,!  2-(pyridin-2-yl)  quinolines,> P,N-ligands and Ir-catalysts,
benzoazepines and benzodiazepines® were synthesized according to the modified

literature methods.

2. Optimization of conditions for asymmetric hydrogenation

All ruthenium catalysts used for this study were prepared according to the

reported methods.!

,R)-5a: R"-Ar = p-cymene; R = 4-CH3CgHa;
R,R)-5a: R"-A R = 4-CH3CgH
(R,R)-5b: R"-Ar = p-cymene; R = CHj;
(R,R)-5¢: R"™-Ar = p-cymene; R = CgHs;
(R,R)-5d: R"-Ar = p-cymene; R = 2,4,6-triisopropylphenyl;
(R,R)-5€: R"™-Ar = p-cymene; R = CF3;
(R,R)-5f: R"-Ar = p-cymene; R = 4-CF3CgHy;
(R.R)-50: R™Ar = benzene; R'= 4-CH3CgHa;
,R)-9h: R"-Ar = hexamethylbenzene; R = 4-CH3CgHy;
R,R)-5h: R"Ar=h hylb R =4-CH;3CgH
,R)-5i: R"-Ar = hexamethylbenzene; R = CHj;
R,R)-5i: R"-Ar=h hylb R=CH
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Table S1. Optimization of the reaction conditions for asymmetric hydrogenation of 6d¢

A
N7 | Ny~ + H2 4>("TR)-:)4 ; N SNy
_ solvent, H ‘
6d 74
entry catalyst solvent temp H conv: ee.
(C)  @m) () (%)
1 (R,R)-5a toulene 25 50 70 52
2 (RR)-5a DCM 25 50 90 72
3 (R,R)-5a THF 25 50 8 68
4 (R.R)-5a MeOH 25 50 72 79
5 (R,R)-5a EtOH 25 50 77 86
6 (R.R)-5a i-PrOH 25 50 >99 87
7 (R,R)-5a n-BuOH 25 50 65 87
8 (R.R)-5h i-PrOH 25 30 86 97
9 (R,R)-5h i-PrOH 25 10 50 95
10 (R.R)-5h i-PrOH 50 50 >99 93

“Reaction conditions: substrate 6d (0.2 mmol) in solvent (2.0 mL), Ru-catalyst 5 (2.0 mol %), H»
(50 atm), stirred at 25 °C for 4 h. ®The conversions were determined by 'H NMR spectroscopy of
the crude reaction mixtures. “The enantiomeric excesses were determined by HPLC with a chiral
OB-H column.
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3. General procedure for the synthesis of 2-(pyridin-2-yl)quinolines
(1) Compounds: 6a-c
The corresponding quinolines 6a-c were synthesized according to the previously

reported procedures.?®

Oy \
* J-C-cH, "EOH, 85°C Z
NH, NS

N~

6a: 2-(pyridin-2-yl)quinoline
6b: 2-(pyridin-3-yl)quinoline
6c¢: 2-(pyridin-4-yl)quinoline

To a stirred solution of 2-aminobenzaldehyde (4.2 g, 0.035 mol) in EtOH (100 mL)
at 25 °C was added acetylpyridine (5.0 g, 0.042 mol) and KOH (0.4 g, 0.007 mol).
The reaction mixture was stirred at 85°C for 3 h. After cooling to room tempreture,
the mixture was evaporated under reduced pressure. The residue was purified by silica
gel column chromatography (eluent: ethyl acetate/petroleum=1/8, v/v) to give yellow

solids 2a-c. The analytical data of the products are summarized below.

X 2-(pyridin-2-yl)quinoline (6a): (Known compound, see: R. Wang,

\
pd

N /\ H. Fan, W. Zhao and F. Li, Org. Lett. 2016, 18, 3558); yellow solid,
o m.p. 98-100 °C, 72% yield; H NMR (500 MHz, CDCl3): § (ppm)
8.75 (d, J = 3.0 Hz, 1H), 8.67 (d, J = 8.0 Hz, 1H), 8.57 (d, J = 8.5 Hz, 1H), 8.29 (d, J
= 8.5 Hz, 1H), 8.19 (d, J = 8.0 Hz, 1H), 7.90-7.85 (m, 2H), 7.74 (t, J = 7.5 Hz, 1H),
7.56 (t, J = 7.5 Hz, 1H), 7.37 (t, J = 5.5 Hz, 1H); 3C NMR (125 MHz, CDCls): &
(ppm) 156.5, 156.3, 149.3, 148.0, 137.1, 136.9, 129.9, 129.7, 128.4, 127.7, 126.9,

124.2,122.0, 119.1.

X 2-(pyridin-3-yl)quinoline (6b): (Known compound, see: L.-Y. Xi,

’;‘b | \/N R.-Y. Zhang, L. Zhang, S.-Y. Chen and X.-Q. Yu, Org. Biomol.

Chem. 2015, 13, 3942); yellow solid, m.p. 65-67 °C, 65% vyield; *H
NMR (400 MHz, CDCls): & (ppm) 9.36 (d, J = 1.6 Hz, 1H), 8.70 (dd, J1 = 4.4 Hz, J; =
1.2 Hz, 1H), 8.52-8.49 (m, 1H), 8.25 (d, J = 8.8 Hz, 1H), 8.17 (d, J = 8.4 Hz, 1H),
7.88-7.83 (m, 2H), 7.77-7.73 (m, 1H), 7.57-7.53 (m, 1H), 7.45 (dd, J; = 8.0 Hz, J» =
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4.8 Hz, 1H); 3C NMR (100 MHz, CDCls): & (ppm) 154.7, 150.3, 148.9, 148.5, 137.3,
135.2, 135.1, 130.1, 129.9, 127.7, 127.5, 126.9, 123.8, 118.6.

N 2-(pyridin-4-yl)quinoline (6¢): (Known compound, see: L.-Y. Xi,

: | /\N R.-Y. Zhang, L. Zhang, S.-Y. Chen and X.-Q. Yu, Org. Biomol.
c

Chem. 2015, 13, 3942); yellow solid, m.p. 96-98 °C, 82% yield; H
NMR (400 MHz, CDCls): & (ppm) 8.78 (d, J = 5.2 Hz, 2H), 8.28 (d, J = 8.4 Hz, 1H),
8.19 (d, J = 8.8 Hz, 1H), 8.06 (dd, J1 = 4.4 Hz, J; = 1.6 Hz, 2H), 7.91-7.85 (m, 2H),
7.79-7.75 (m, 1H), 7.60-7.56 (m, 1H); 3C NMR (100 MHz, CDCl5): & (ppm) 154.5,

150.6, 148.4, 146.7, 137.3, 130.2, 130.1, 127.9, 127.6, 127.3, 121.7, 118.5.

(2) Compound: 6d
The corresponding 2-(pyridin-2-yl)quinoline 6d was synthesized according to the

previously reported procedure.?

CHO N KOH A
+ ‘ P _ >
N EtOH, 85 °C N AN
NH; ‘
O =
6d

To a stirred solution of 2-aminobenzaldehyde (0.7 g, 0.006 mol) in EtOH (50 mL)
at 25°C was added acetylpyridine (1.2 eq, 0.007 mol) and KOH (0.2 eq, 0.001 mol).
The reaction mixture was stirred at 85°C for 3 h. After cooling to room tempreture,
the mixture was evaporated under reduced pressure. The residue was purified by silica
gel column chromatography (eluent: ethyl acetate/petroleum=1/8, v/v) to give the

yellow solid 6d. The analytical data of the product are summarized below.

X 2-(6-methylpyridin-2-yl)quinoline (6d): (Known compound,

N” | NS see: J. Uenishi, T. Tanaka, K. Nishiwaki, W. Wakabayashi, S.
=

6d Oae and H. Tsukube, J. Org. Chem. 1993, 58, 4382); yellow

solid, m.p. 97-99°C, 57% yield; *H NMR (300 MHz, CDCls): & (ppm) 8.61 (d, J = 8.7
Hz, 1H), 8.46 (d, J = 7.8 Hz, 1H), 8.27 (d, J = 8.7 Hz, 1H), 8.19 (d, J = 8.4 Hz, 1H),
7.85 (d, J = 8.1 Hz, 1H), 7.79-7.70 (m, 2H), 7.57-7.52 (m, 1H), 7.23 (d, J = 7.5 Hz,
1H), 2.68 (s, 3H); *C NMR (75 MHz, CDCls): § (ppm) 158.1, 156.6, 155.8, 148.0,
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137.3, 136.9, 129.9, 129.6, 128.4, 127.7, 126.8, 123.7, 119.3, 119.0, 24.8.

(3) Compounds: 6e-f
The corresponding intermediates were synthesized according to the previously

reported procedures.?

A
‘ m-CPBA | = ‘ N 1) MeBrMg | N
= > P T T
N R rt, CHCl, ? R MeSiCN, CH,Cl, NG N/ R 2) HCI, THF R N/
0 0
A CHO N
L. @[ __KoH 1 W &
RN NH, EtOH, reflux N ‘ S
0 =
6e: R = ipr
6f: R =Cy

To a stirred solution of 2-substitued-pyridine in CHCl3 (0.5 M) at 0 °C was added
a solution of 3-chloroperoxybenzoic acid in CHCI3 (1.5 eq). The resultant yellow
solution was stirred at 0 °C for 10 min and stirred at room temperature for 3 h. Then,
an aqueous solution of saturated sodium sulfite (50 mL) was added to quench the
reaction, and then an aqueous solution of saturated sodium hydrogencarbonat (100
mL) was added to neutralize the reaction. The organic layer was removed, and the
aqueous layer was extracted with EtOAc (3 x 20 mL). The extracts were combined,
dried over Na»SOs4, and evaporated under reduced pressure to yield the
pyridine-1-oxide. And then to a stirred solution of pyridine-1-oxide in CH2Cl (0.5 M)
at 25 °C, trimethylsilyl cyanide (1.3 eq) and dimethylcarbamyl chloride (1.3 eq) were
added. The reaction was stirred at 25 °C for 12 h. Then, an aqueous solution of
saturated sodium hydrogencarbonat (100 mL) was added to neutralize the reaction.
The orgnic layer was removed, and the aqueous layer was extracted with EtOAc (3 x
20 mL). The extracts were combined, dried over Na>SO4, and evaporated under
reduced pressure. The residue was purified by silica gel column chromatography
(eluent: ethyl acetate/petroleum) to yield the corresponding cyanopyridine. And then
to a stirred solution of cyanopyridine in dry THF (1.0 M) at -25 °C under nitrogen, a
solution of 3.0 M methylmagnesium bromidein in diethyl ether (1.5 eq) were added.
The reaction was stirred at -25°C for 1 h and stirred at room temperature overnight

until all of the cyanopyridine was consumed as indicated by TLC. Then, an aqueous
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solution of hydrochloric acid (37%, 20 mL) at 0 °C was added to the reaction. The
reaction mixture was stirred at 0 °C for 10 min and stirred at room temperature for 4 h,
and then washed with aqueous solution of saturated sodium hydrogencarbonat. The
orgnic layer was removed, and the aqueous layer was extracted with EtOAc (3 x 20
mL). The extracts were combined, dried over Na>SOs, and evaporated under reduced
pressure. The residue was purified by silica gel column chromatography (eluent: ethyl
acetate/petroleum) to yield the corresponding 2-acetylpyridine. And then to a stirred
solution of 2-aminobenzyl aldehyde in EtOH (1.0 M) at 25 °C, 2-acetylpyridine (1.2
eq) and KOH (0.2 eq) were added. The reaction mixture was stirred at 85 °C for 3 h.
After cooling to room tempreture, the mixture was evaporated under reduced pressure.
The residue was purified by silica gel column chromatography (eluent: ethyl
acetate/petroleum) to give yellow solids 6e-f. The analytical data of the products are

summarized below.

N 2-(6-isopropylpyridin-2-yl)quinoline (6e): (New compoud);
N |N/\ yellow solid, m.p. 49-50 °C, 65% vyield; *H NMR (500 MHz,

6e CDCl3): & (ppm) 8.69 (d, J = 8.5 Hz, 1H), 8.48 (d, J = 8.0 Hz,
1H), 8.26 (d, J = 8.5 Hz, 1H), 8.19 (d, J = 8.5 Hz, 1H), 7.85 (d, J = 8.0 Hz, 1H), 7.78
(t, J = 7.8 Hz, 1H), 7.73 (t, J = 7.5 Hz, 1H), 7.54 (t, J = 7.3 Hz, 1H), 7.24 (d, J = 7.5
Hz, 1H), 3.19 (sep, J = 6.8 Hz, 1H), 1.41 (d, J = 7.0 Hz, 6H); 3C NMR (125 MHz,
CDCl3): & (ppm) 166.8, 157.0, 155.4, 148.0, 137.3, 136.7, 129.9, 129.5, 128.4, 127.7,
126.7, 121.2, 119.4, 119.1, 36.5, 22.8. HRMS-ESI exact mass calcd. for C17H17N2*
([M+H]") requires m/z 249.13863, found m/z 249.13850.

N 2-(6-cyclohexylpyridin-2-yl)quinoline (6f): (New compoud);

N |N\ white solid, m.p. 37-38 °C, 53% vyield; *H NMR (500 MHz,
=

of CDClz): & (ppm) 8.67 (d, J = 8.5 Hz, 1H), 8.46 (d, J = 7.5 Hz,

1H), 8.26 (d, J = 8.5 Hz, 1H), 8.17 (d, J = 8.5 Hz, 1H), 7.84 (d, J = 8.0 Hz, 1H), 7.78
(t, J = 7.8 Hz, 1H), 7.72 (t, J = 7.5 Hz, 1H), 7.54 (t, J = 7.3 Hz, 1H), 7.21 (d, J = 8.0
Hz, 1H), 2.85-2.80 (m, 1H), 2.08-2.05 (m, 2H), 1.92-1.89 (m, 2H) , 1.81-1.79 (m, 1H),
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1.70-1.62 (m, 2H), 1.52-1.44 (m, 2H), 1.38-1.37 (m, 1H); 3C NMR (125 MHz,
CDCI): 8 (ppm) 166.0, 157.0, 155.5, 148.1, 137.2, 136.7, 129.9, 129.5, 128.4, 127.7,
126.6, 121.5, 119.5, 119.1, 46.6, 33.1, 26.8, 26.4. HRMS-ESI exact mass calcd. for
Ca0H21N2" ([M+H]") requires m/z 289.16993, found m/z 289.16952.

(4) Compounds: 6g-j
The corresponding intermediates were synthesized according to the previously

reported procedures.?

AN
| Pd(OAC), ‘ =
Br” "N +  ArB(OH); =
0 /\/OH 80 °C Ar N
HO 3
X
| . @:CHO KOH \ N
T EE—— Z r
AT N NH EtOH, reflux N A
2
o =
69: R = Ph
6h: R = 4-MeO-CgH,
6i R = 4-F-CgHg

To a stirred solution of 2-acetyl-6-bromopyridine in ethylene glycol (0.5 M) at
25°C was added corresponding boric acid (1.5 eq), palladiumdiacetate (0.5% eq) and
tripotassium phosphate (2.0 eq). The reaction was stirred at 80 °C for 12 h. After
cooling to room tempreture, the orgnic layer was extracted with EtOAc (10 x 50 mL).
The extracts were combined, and evaporated under reduced pressure. The residue was
purified by silica gel column chromatography (eluent: ethyl acetate/petroleum) to
yield the corresponding 2-acetylpyridine. And to a stirred solution of 2-aminobenzyl
aldehyde in EtOH (1.0 M) at 25 °C, 2-acetylpyridine (1.2 eq) and KOH (0.2 eq) were
added. The reaction mixture was stirred at 85 °C for 3 h. After cooling to room
tempreture, the mixture was evaporated under reduced pressure. The residue was
purified by silica gel column chromatography (eluent: ethyl acetate/petroleum) to give

yellow solids 6g-i. The analytical data of the products are summarized below.

O X 2-(6-phenylpyridin-2-yl)quinoline (6g): (Known compound,
z N

NS see: C. T. Carver and P. L. Diaconescu, J. Am. Chem. Soc.
=

6g 2008, 130, 7558); white solid, m.p. 121-123°C, 40% vyield; H

NMR (500 MHz, CDCls): & (ppm) 8.82 (d, J = 8.5 Hz, 1H), 8.65 (d, J = 7.5 Hz, 1H),
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8.31 (d, J = 8.5 Hz, 1H), 8.21 (d, J = 7.5 Hz, 3H), 7.95 (t, J = 7.8 Hz, 1H), 7.85 (dd, J:
=22.0 Hz, J, = 8.0 Hz, 2H), 7.75 (t, J = 7.5 Hz, 1H), 7.58-7.53 (m, 3H), 7.48-7.45 (m,
1H), 3C NMR (100 MHz, CDCls): & (ppm) 156.6, 156.4, 155.8, 147.8, 139.4, 137.9,
137.0, 129.8, 129.7, 129.2, 128.9, 128.5, 127.8, 127.1, 126.9, 120.8, 120.3, 119.4.

O N ‘ OMe 2-(6-(4-methoxyphenyl)pyridin-2-yl)quinoline  (6h):
Nig |N\ (New compoud); yellow solid, m.p. 122-123 °C, 72%

=
6h yield; *H NMR (400 MHz, CDCls): § (ppm) 8.80 (d, J =

8.4 Hz, 1H), 8.59 (d, J = 7.6 Hz, 1H), 8.30 (d, J = 8.8 Hz, 1H), 8.21-8.15 (m, 3H),
7.92-7.86 (m, 2H), 7.77-7.72 (m, 2H), 7.58-7.54 (m, 1H), 7.06 (d, J = 8.8 Hz, 2H),
3.90 (s, 3H), 3C NMR (100 MHz, CDCls): & (ppm) 160.7, 156.6, 156.3, 155.9, 148.1,
137.8, 136.7, 132.2, 130.0, 129.6, 128.5, 128.4, 127.8, 126,8, 120.0, 119.5, 119.4,
114.3, 55.5. HRMS-ESI exact mass calcd. for Co1Hi7ON2* ([M+H]*) requires m/z
313.13354, found m/z 313.13348.

N F 2-(6-(4-fluorophenyl)pyridin-2-yl)quinoline (6i): (New
O N |N/\ O compoud); yellow solid, m.p. 135-137 °C, 78% vyield; H

6i NMR (500 MHz, CDCls): & (ppm) 8.77 (d, J = 9.0 Hz, 1H),
8.64 (d, J = 8.0 Hz, 1H), 8.30 (d, J = 8.5 Hz, 1H), 8.21-8.17 (m, 3H), 7.93 (t, J = 7.8
Hz, 1H), 7.87 (d, J = 8.0 Hz, 1H), 7.77-7.73 (m, 2H), 7.57 (t, J = 7.5 Hz, 1H), 7.21 (¢,
J = 8.5 Hz, 2H), $3C NMR (125 MHz, CDCls): § (ppm) 163.7 (d, YJec = 246.3 Hz),
156.4, 156.1, 155.5, 148.1, 137.9, 136.8, 135.6 (d, *Jec = 2.5 Hz), 130.0, 129.7, 128.9
(d, 3Jrc = 8.8 Hz), 128.5, 127.8, 126.9, 120.4, 120.1, 119.2, 115.8 (d, 2Jrc = 22.5 Hz).
HRMS-ESI exact mass calcd. for CaoHi4FN2™ ([M+H]*) requires m/z 301.11355,

found m/z 301.11362.

Br 2-(6-bromopyridin-2-yl)quinoline (6j): (New compoud); 6j

was synthesized according to the procedures as compound
6d.2° yellow solid, m.p. 52-53°C, 80% vyield; *H NMR (300 MHz, CDCls): & (ppm)

8.65 (dd, J1 = 7.8 Hz, J» = 0.9 Hz, 1H), 8.56 (d, J = 8.7 Hz, 1H), 8.28 (d, J = 8.7 Hz,
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1H), 8.15 (d, J = 8.4 Hz, 1H), 7.86 (d, J = 8.1 Hz, 1H), 7.77-7.70 (m, 2H), 7.59-7.53
(m, 2H); 13C NMR (100 MHz, CDCls): § (ppm) 157.5, 154.6, 147.8, 141.7, 139.3,
137.2, 129.9, 129.9, 128.6, 128.5, 127.8, 127.3, 120.7, 119.2. HRMS-ESI exact mass
calcd. for C1aH10BrN2* ([M+H]") requires m/z 285.00219, found m/z 285.00235.

(5) Compounds: 6k-o
First, the corresponding 2-aminobenzoic acids were synthesized according to the

previously reported procedures.?s™"

B
+ _NOH
Ry & oH NH,OH, H,0, 55°C N

Ry

COOH
—0> (o] H202
H,S0, 75°C —_—
2>, N NaOH, H,0, 80°C NH,

R, R4
R4 = Me, ipr, t-Bu

- COOH LiAlH, xrNoH  MnO, . i
ZSNH, THF, 0 °C-rt NH, DCM, rt NH,

CHO
X > Ul
NH, R™ N EtOH reflux N

6k: Ry =5-MeO; R; = Me
6l: Ry =5-CF3; Ry =

6m: R, = 3-Me; R, = Me
6n: Ry = 3-ipr; R, = Me
60: Ry = 3-t-Bu; R, = ipr

To a stirred solution of aniline in H,O (0.1 M) at 25 °C, chloral hydrate solution
(1.2 eq), hydroxylamine hydrochloride (3.6 eq), sodium sulfate (1.0 eq) and
hydrochloric acid (12.5 mL) were added. The reaction was stirred at 55 °C for 12 h.
After cooling to room tempreture, the reaction mixture was filtered, and the filter cake
was wash with water (3 x 50 mL) to yield yellow soild. To the soild at 55 °C was
added H2SO4 (45.0 mL, 18.4 M) dropwise during 0.5 h. Then, the reaction was stirred
at 80 °C for 10 min. After cooling to room temperature and pouring into ice water for
30 min, the mixture was filtered. The obtained filter cake was wash with water (3 x 50
mL) to yield brown soild. To a stirred solution of brown soild in saturated sodium
hydroxide at 80 °C was added H20> (33.0 mL, 15%) dropwise during 0.5 h. The

reaction was stirred at 80 °C for 5 h. After cooling to room temperature and adding
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activated carbon, the reaction mixture was washed with aqueous solution of
hydrochloric acid, filtered, and washed with EtOH. The organic layers were combined,
and evaporated under reduced pressure to yield the corresponding 2-aminobenzoic
acid.

To a stirred suspension of lithium aluminium hydride in dry THF (0.5 M, 1.5 eq)
at 0 °C under nitrogen was added a solution of 2-aminobenzoic acid (1.0 eq) in dry
THF (1.0 M). The reaction was then stirred at 25 °C for another 12 h. Then, sodium
sulfate decahydrate (1.0 M) was added to quench the reaction, filtered with celite, and
the filtrate was evaporated under reduced pressure. The residue was purified by silica
gel column chromatography (eluent: ethyl acetate/petroleum) to yield the
corresponding 2-aminobenzyl alcohol. And to a stirred solution of 2-aminobenzyl
alcohol in DCM (1.0 M) at 25 °C was added manganese dioxide (5.0 eq). The reaction
was stirred at 25 °C for 12 h, filtered with celite, and the filtrate was evaporated under
reduced pressure (< 25 °C) to yield the corresponding 2-aminobenzyl aldehyde. And
to a stirred solution of 2-aminobenzyl aldehyde in EtOH (1.0 M) at 25 °C was added
2-acetylpyridine (1.2 eq) and KOH (0.2 eq). The reaction mixture was stirred at 85 °C
for 3 h. After cooling to room temperature, the mixture was evaporated under reduced
pressure. The residue was purified by silica gel column chromatography (eluent: ethyl
acetate/petroleum) to give yellow solids 6k-o. The analytical data of the products are

summarized below.

_0 N 6-methoxy-2-(6-methylpyridin-2-yl)quinoline (6k): (New
N” | NS compoud):; white solid, m.p. 163-164 °C, 58% yield: *H NMR

=
6k (500 MHz, CDCls): 5 (ppm) 8.63 (d, J = 9.0 Hz, 1H), 8.55 (d,

J=8.0 Hz, 1H), 8.23 (d, J = 8.5 Hz, 1H), 7.75 (t, J = 7.8 Hz, 1H), 7.68 (d, J = 8.0 Hz,
1H), 7.57 (d, J = 7.0 Hz, 1H), 7.43 (t, J = 7.5 Hz, 1H), 7.21 (d, J = 7.5 Hz, 1H), 2.92
(s, 3H), 2.68 (s, 3H); 3C NMR (125 MHz, CDCls): & (ppm) 157.9, 156.3, 155.1,
147.0, 137.8, 137.1, 137.0, 129.6, 128.3, 126.5, 125.7, 123.5, 118.9, 118.7, 24.8, 18.0.
HRMS-ESI exact mass calcd. for CisHisON2™ ([M+H]") requires m/z 251.11789,

found m/z 251.11751.
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FsC N 2-(6-methylpyridin-2-yl)-6-(trifluoromethyl)quinoline (61):
N7 | Ns (New compoud); white solid, m.p. 153-154°C, 54% vyield; 'H

=
6l NMR (500 MHz, CDClz3): 6 (ppm) 8.74 (d, J = 8.5 Hz, 1H),

8.48 (d, J = 8.0 Hz, 1H), 8.36 (d, J = 8.5 Hz, 1H), 8.28 (d, J = 9.0 Hz, 1H), 8.17 (s,
1H), 7.89 (dd, J; = 9.0 Hz, J = 1.5 Hz, 1H), 7.79 (t, J = 7.8 Hz, 1H), 7.28-7.26 (m,
1H), 2.70 (s, 3H); 3C NMR (125 MHz, CDCls): & (ppm) 158.4, 158.2, 155.0, 149.0,
137.6, 131.0, 128.5 (q, 2Jrc = 32.5 Hz ), 127.3, 125.7 (q, 3Jrc = 4.6 Hz ), 125.3, 125.3,
124.4, 124.2 (9, YJrc = 270.9 Hz), 120.6, 119.4, 24.7. HRMS-ESI exact mass calcd.
for C16H12F3N2™ ([M+H]") requires m/z 289.09471, found m/z 289.09460.

X 8-methyl-2-(6-methylpyridin-2-yl)quinoline (6m): (New

N N/\ compoud); yellow solid, m.p. 64-66°C, 48% yield; 'H NMR (500

em MHz, CDCls): & (ppm) 8.63 (d, J = 9.0 Hz, 1H), 8.55 (d, J = 8.0
Hz, 1H), 8.23 (d, J = 8.5 Hz, 1H), 7.75 (t, J = 7.8 Hz, 1H), 7.68 (d, J = 8.0 Hz, 1H),
7.58 (d, J = 7.0 Hz, 1H), 7.43 (t, J = 7.5 Hz, 1H), 7.21 (d, J = 7.5 Hz, 1H), 2.92 (s,
3H), 2.68 (s, 3H); 3C NMR (125 MHz, CDCls): §(ppm) 157.9, 156.3, 155.1, 147.0,
137.8, 137.1, 137.0, 129.6, 128.3, 126.5, 125.7, 123.5, 118.9, 118.7, 24.8, 18.0.
HRMS-ESI exact mass calcd. for C16HisN2™ ([M+H]") requires m/z 235.12298, found

m/z 235.12282.

N 8-isopropyl-2-(6-methylpyridin-2-yl)quinoline ~ (6n):  (New
N N/\ compoud); yellow oil, 32% yield: 'H NMR (500 MHz, CDCls):

on (ppm) 8.61 (d, J = 8.5 Hz, 1H), 8.52 (d, J = 8.0 Hz, 1H), 8.18 (d, J
= 8.5 Hz, 1H), 7.69 (t, J = 7.5 Hz, 1H), 7.62 (d, J = 7.5 Hz, 1H), 7.57 (d, J = 7.0 Hz,
1H), 7.45 (t, J = 7.5 Hz, 1H), 7.13 (d, J = 7.5 Hz, 1H), 4.51-4.46 (m, 1H), 2.64 (s, 3H),
1.45 (d, J = 7.0 Hz, 6H); 3C NMR (125 MHz, CDCla): 8(ppm) 157.7, 156.3, 154.8,
147.7, 145.7, 137.0, 128.4, 126.7, 125.4, 125.2, 123.4, 118.8, 118.5, 27.8, 24.8, 23.7.
HRMS-ESI exact mass calcd. for C1gH19N2" ([M+H]") requires m/z 263.15428, found
m/z 263.15404.
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N 8-(+-butyl)-2-(6-isopropylpyridin-2-yl)quinoline (60): (New
N ™S compoud); oil, 42% yield; *H NMR (400 MHz, CDCls): § (ppm)

60

8.72 (d, J = 8.8 Hz, 1H), 8.51 (dd, J1 = 8.0 Hz, J, = 0.8 Hz, 1H),
8.24 (d, J = 8.8 Hz, 1H), 7.82 (t, J = 7.8 Hz, 1H), 7.72-7.69 (m, 2H), 7.46 (t, J = 7.8
Hz, 1H), 7.24 (d, J = 7.6 Hz, 1H), 3.25-3.16 (m, 1H), 1.80 (s, 9H), 1.44 (d, J = 7.2 Hz,
6H); *C NMR (100 MHz, CDCls): § (ppm) 166.6, 156.0, 153.9, 148.3, 146.7, 137.4,
137.3, 129.3, 126.7, 126.2, 126.2, 120.9, 119.0, 118.1, 36.8, 36.5, 31.5, 22.9.
HRMS-ESI exact mass calcd. for C2:H2sN2" ([M+H]") requires m/z 305.20123, found
m/z 305.20084.

(6) Compound: 6p
The corresponding intermediates were synthesized according to the previously
reported procedures.”

L|AIH4 OH MnO, CHO
T
THF, 0 °C-rt NH, DCM, rt NH,

c cl

K3PO,, PhB(OH),
CHO e
X

ol KOH = NiCly(dppp)
> N
NH, N EtOH, reflux N ‘ N 1,4-dioxane, 100 °C
cl o] Cl =

To a stirred suspension of lithium aluminium hydride in dry THF (0.5 M, 1.5 eq)

\

at 0 °C under nitrogen was added a solution of 2-aminobenzoic acid (1.0 eq) in dry
THF (1.0 M). The reaction was stirred at 25 °C for 12 h. Then, sodium sulfate
decahydrate (1.0 M) was added to quench the reaction, filtered with celite, and the
filtrate was evaporated under reduced pressure. The residue was purified by silica gel
column chromatography (eluent: ethyl acetate/petroleum) to yield the corresponding
2-aminobenzyl alcohol. And to a stirred solution of 2-aminobenzyl alcohol in DCM
(1.0 M) at 25 °C was added manganese dioxide (5.0 eq). The reaction was stirred at 25
°C for 12 h, filtered with celite, and the filtrate was evaporated under reduced pressure
(< 25 °C) to yield the corresponding 2-aminobenzyl aldehyde. And to a stirred
solution of 2-aminobenzyl aldehyde in EtOH (1.0 M) at 25 °C was added
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2-acetylpydine (1.2 eq) and KOH (0.2 eq). The reaction mixture was stirred at 85 °C
for 3 h. After cooling to room temperature, the mixture was evaporated under reduced
pressure. The residue was purified by silica gel column chromatography (eluent: ethyl
acetate/petroleum) to give a yellow solid. To a stirred solution of yellow soild in
1,4-dioxane (0.1 M) at 25 °C was added phenylboronic acid (2.0 eq), KzPOs (3.0 eq)
and NiClx(dppp) (1% eq). The reaction was stirred at 100 °C for 12 h. After cooling to
room temperature, the organic layer was evaporated under reduced pressure. The
residue was purified by silica gel column chromatography (eluent: ethyl

acetate/petroleum = 1:50, v/v) to yield the white soild.

N 2-(6-methylpyridin-2-yl)-8-phenylquinoline (6p): (New

/

I NT N/\ compoud); white solid, m.p. 105-107 °C, 40% vyield; *H NMR (400

6p MHz, CDCls): & (ppm) 8.70 (d, J = 8.8 Hz, 1H), 8.33-8.27 (m, 2H),
7.89-7.80 (m, 4H), 7.68-7.54 (m, 4H), 7.49-7.45 (m, 1H), 7.17 (d, J = 7.6 Hz, 1H),
2.67 (s, 3H); 3C NMR (100 MHz, CDCls): & (ppm) 157.7, 155.9, 155.8, 145.4, 140.9,
139.7, 137.2, 137.1, 131.3, 130.3, 128.8, 127.8, 127.4, 127.3, 126.6, 123.6, 119.1,
118.7, 24.8. HRMS-ESI exact mass calcd. for Ca1Hi7N2" ([M+H]) requires m/z

297.13863, found m/z 297.13858.
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4. General procedure for asymmetric hydrogenation

i
=
XX X 1 \

w R,R)-5h Ror . ‘
R L N gy —BRN R NRy | Tou — ot
N A 1 N N i N I
‘ 1.0 mL IPA H ‘ ! /k/NHZ
Z H, (50 atm), 25 °C, 12 h “ i PRTY
Ph

6d-p 7d-p 1 (RR)Sh

Typical procedure: A 30 mL glass-lined stainless-steel reactor equipped with a
magnetic stirrer bar was charged with substrates 6 (0.2 mmol) and catalyst (R,R)-5h
(0.004 mmol) in 2.0 mL IPA under N2 atmosphere in a glove box. The autoclave was
closed, and the final pressure of the hydrogen gas was adjusted to 50 atm after
purging the autoclave with hydrogen gas several times. The mixture was stirred at
room temperature for 12 h. Then the hydrogen gas was carefully released and the
conversions were determined by *H NMR. The reaction mixture was filtered through
a short pad of silica eluted with EA and PE to give the isolated pure product. The

enantiomeric excesses of the product were determined by HPLC with a chiral column.

(S)-2-(6-methylpyridin-2-yl)-1,2,3,4-tetrahydroquinoline (7d):

NTY NS (New compoud); pale yellow oil, 92% vyield, 98% ee; [a]p? =
=
7d -104.0 (c = 0.25, CHCl3); 'H NMR (400 MHz, CDCl3): & (ppm)

7.57 (t, J = 7.8 Hz, 1H), 7.24 (d, J = 8.0 Hz, 1H), 7.06-6.98 (m, 3H), 6.66-6.61 (m,
2H), 4.57 (dd, J1 = 8.8 Hz, J> = 3.6 Hz, 1H), 2.95-2.87 (m, 1H), 2.72-2.65 (m, 1H),
2.58 (s, 3H), 2.29-2.23 (m, 1H), 2.05-1.95 (m, 1H); 3C NMR (100 MHz, CDCl5): &
(ppm) 162.5, 157.8, 144.3, 137.3, 129.3, 127.1, 121.9, 121.2, 117.6, 117.3, 114.6,
56.9, 28.9, 26.1, 24.5. HRMS-ESI exact mass calcd. for C1sH17N2* ([M+H]") requires
m/z 225.13863, found m/z 225.13826.

The enantiomeric excess was determined by HPLC on Chiralcel OB-H column
(hexane : isopropanol = 95 : 5, flowing rate = 1.0 mL/min, 25 °C, UV detection at A =

254 nm), tr1 = 10.6 min (minor), tr2 = 12.8 min (major).

" N (S)-2-(6-isopropylpyridin-2-yl)-1,2,3,4-tetrahydroquinoline
|
H7e Z (7e): (New compoud); pale yellow oil, 90% vyield, 97% ee;
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[a]o® = -165.0 (c = 0.25, CHCI3); *H NMR (500 MHz, CDCls): & (ppm) 7.59 (t, J =
7.8 Hz, 1H), 7.21 (d, J = 8.0 Hz, 1H), 7.07-6.98 (m, 3H), 6.65-6.62 (m, 2H), 4.55 (dd,
J1 = 9.0 Hz, J2 = 3.0 Hz, 1H), 3.09-3.06 (m, 1H), 2.96-2.89 (m, 1H), 2.73-2.68 (m,
1H), 2.29-2.25 (m, 1H), 2.00-1.95 (m, 1H), 1.31 (d, J = 7.0 Hz, 6H); 1*C NMR (125
MHz, CDCI3): & (ppm) 166.8, 161.9, 144.5, 137.2, 129.3, 127.0, 121.3, 118.8, 117.8,
117.2,114.6, 56.8, 36.4, 28.9, 26.4, 22.8. HRMS-ESI exact mass calcd. for C17H21N2"
([M+H]") requires m/z 253.16993, found m/z 253.16977.

The enantiomeric excess was determined by HPLC on Chiralcel OB-H column
(hexane : isopropanol = 95 : 5, flowing rate = 1.0 mL/min, 25 °C, UV detection at A =

254 nm), tr1 = 6.5 min (minor), tr2 = 7.5 min (major).

(S)-2-(6-cyclohexylpyridin-2-yl)-1,2,3,4-tetrahydroquinoline
N |N\ (7f): (New compoud); pale yellow oil, 91% vyield, 96% ee;
[a]o®® = -124.8 (c = 0.25, CHCl3); *H NMR (500 MHz, CDCl5):
& (ppm) 7.59 (t, J = 7.8 Hz, 1H), 7.21 (d, J = 7.5 Hz, 1H), 7.05-6.98 (m, 3H),
6.66-6.62 (M, 2H), 4.65 (s, 1H ), 4.56-4.54 (m, 1H), 2.95-2.89 (m, 1H), 2.73-2.68 (m,
2H), 2.29-2.24 (m, 1H), 2.01-1.94 (m, 3H), 1.87-1.84 (m, 2H), 1.77-1.75 (m, 1H),
1.54-1.39 (m, 4H), 1.32-1.25 (m, 1H); 3C NMR (125 MHz, CDCls): & (ppm) 166.0,
162.0, 144.5, 137.1, 129.3, 127.0, 121.3, 119.2, 117.8, 117.2, 114.6, 56.9, 46.6, 33.2,
33.1, 28.9, 26.7, 26.3. HRMS-ESI exact mass calcd. for CoH2sN2* ([M+H]™) requires
m/z 293.20123, found m/z 293.20093.
The enantiomeric excess was determined by HPLC on Chiralcel AD-H column

(hexane : isopropanol = 95 : 5, flowing rate = 1.0 mL/min, 25 °C, UV detection at A =

254 nm), tr1 = 6.5 min (minor), tr2 = 7.1 min (major).

O ) O (S)-2-(6-phenylpyridin-2-yl)-1,2,3,4-tetrahydroquinoline
N Y /\ (79): (New compoud); yellow oil, 90% yield, 96% ee; [a]p®°
e - -159.0 (¢ = 0.25, CHCIs): 'H NMR (500 MHz, CDCla): 5

(ppm) 8.02 (d, J = 7.5 Hz, 2H), 7.72 (t, J = 7.8 Hz, 1H), 7.62 (d, J = 8.0 Hz, 1H),

7.49-7.40 (m, 3H), 7.34 (d, J = 8.0 Hz, 1H), 7.05-7.00 (m, 2H), 6.67-6.64 (m, 2H),
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4.72 (s, 1H), 4.66 (dd, J1 = 9.0 Hz, J2 = 3.5 Hz, 1H), 2.96-2.90 (m, 1H), 2.75-2.70 (m,
1H), 2.35-2.29 (m, 1H), 2.13-2.05 (m, 1H); 3C NMR (100 MHz, CDCls): & (ppm)
162.9, 156.7, 144.3, 139.5, 137.5, 129.4, 129.1, 128.9, 127.1, 121.3, 119.0, 118.9,
117.3, 114.6, 56.9, 28.7, 26.2. HRMS-ESI exact mass calcd. for C2oH19N2" ([M+H]")
requires m/z 287.15428, found m/z 287.15387.

The enantiomeric excess was determined by HPLC on Chiralcel AD-H column
(hexane : isopropanol = 95 : 5, flowing rate = 1.0 mL/min, 25 °C, UV detection at A =

254 nm), tre = 23.7 min (minor), tr2 = 30.6 min (major).

O ‘ oMe (S)-2-(6-(4-methoxyphenyl)pyridin-2-yl)-1,2,3,4-tetrah
N NS -ydroquinoline (7h): (New compoud); colorless oil, 83%

Ho |l
=

7h yield, 96% ee; [a]p®® = -104.8 (¢ = 0.25, CHCls); *H
NMR (500 MHz, CDCl3): & (ppm) 7.99 (d, J = 9.0 Hz, 2H), 7.69 (t, J = 7.8 Hz, 1H),
7.56 (d, J = 7.5 Hz, 1H), 7.29 (d, J = 7.5 Hz, 1H), 7.05-6.99 (m, 4H), 6.67-6.64 (m,
2H), 4.64 (dd, J1 = 9.0 Hz, J, = 3.5 Hz, 1H), 3.87 (s, 3H), 2.95-2.90 (m, 1H),
2.76-2.70 (m, 1H), 2.33-2.29 (m, 1H), 2.12-2.06 (m, 1H); 3C NMR (125 MHz,
CDCl3): & (ppm) 162.6, 160.6, 156.4, 144.4, 137.5, 132.1, 129.4, 128.4, 127.1, 121.4,
118.3,118.2, 117.3, 114.6, 114.3, 56.9, 55.5, 28.7, 26.2. HRMS-ESI exact mass calcd.
for C21H210N2" ([M+H]") requires m/z 317.16484, found m/z 317.16479.
The enantiomeric excess was determined by HPLC on Chiralcel OB-H column
(hexane : isopropanol = 80 : 20, flowing rate = 1.0 mL/min, 25 °C, UV detection at A

=254 nm), tr1 = 52.2 min (minor), tr2 = 91.4 min (major).

(S)-2-(6-(4-fluorophenyl)pyridin-2-yl)-1,2,3,4-tetrahydro

F
O N Ns O quinoline (7i): (New compoud); colorless oil, 93% yield, 97%
=

i ee; [a]o?® = -127.0 (c = 0.25, CHCIl3); *H NMR (400 MHz,
CDCl3): & (ppm) 8.03-7.99 (m, 2H), 7.73 (t, J = 7.8 Hz, 1H), 7.57 (d, J = 7.6 Hz, 1H),
7.35 (d, J = 7.6 Hz, 1H), 7.15 (t, J = 8.6 Hz, 2H), 7.06-6.99 (m, 2H), 6.68-6.65 (m,
2H), 4.66 (dd, J1 = 8.8 Hz, J, = 3.6 Hz, 1H), 2.97-2.87 (m, 1H), 2.75-2.68 (m, 1H),

2.35-2.28 (M, 1H), 2.16-2.04 (m, 1H); *C NMR (100 MHz, CDCls): & (ppm) 163.7 (d,
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Yec = 247.0 Hz), 162.9, 155.7, 144.2, 137.7, 135.6, 129.4, 128.9 (d, Jrc = 8.0 Hz),
127.1, 121.4, 119.1, 118.7, 117.5, 115.8 (d, 2Jrc = 21.0 Hz), 114.7, 56.9, 28.7, 26.1.
HRMS-ESI exact mass calcd. for CaoHisFN2* ([M+H]") requires m/z 305.14485,
found m/z 305.14474.

The enantiomeric excess was determined by HPLC on Chiralcel AD-H column
(hexane : isopropanol = 95 : 5, flowing rate = 1.0 mL/min, 25 °C, UV detection at A =

254 nm), tr1 = 25.2 min (major), tr2 = 43.9 min (minor).

(S)-2-(6-bromopyridin-2-yl)-1,2,3,4-tetrahydroquinoline (7j):

Y N; Br  (New compoud); pale yellow oil, 52% yield, 95% ee; [a]p? =

7 -108.5 (¢ = 0.25, CHCl3); 'H NMR (500 MHz, CDCls): & (ppm)

7.53 (t, J = 7.8 Hz, 1H), 7.41-7.37 (m, 2H), 7.04 (t, J = 7.5 Hz, 1H), 6.99 (d, J = 7.0

Hz, 1H), 6.69 (t, J = 7.5 Hz, 1H), 6.65 (d, J = 8.0 Hz, 1H), 4.60 (dd, J; = 8.0 Hz, J» =

4.0 Hz, 1H), 2.90-2.84 (m, 1H), 2.67-2.61 (m, 1H), 2.28-2.22 (m, 1H), 2.10-2.03 (m,

1H); 13C NMR (125 MHz, CDCl3): & (ppm) 165.3, 143.7, 141.7, 139.2, 129.4, 127.2,

126.6, 121.2, 119.5, 117.7, 114.6, 56.5, 28.5, 25.5. HRMS-ESI exact mass calcd. for
C14H1BrN2™ ([IM+H]) requires m/z 289.03349, found m/z 289.03323.

The enantiomeric excess was determined by HPLC on Chiralcel OB-H column

(hexane : isopropanol = 95 : 5, flowing rate = 1.0 mL/min, 25 °C, UV detection at A =

254 nm), tr1 = 23.4 min (minor), tr2 = 28.2 min (major).

0 (S)-6-methoxy-2-(6-methylpyridin-2-yl)-1,2,3,4-tetrahydro
NY S g-uinoline (7k): (New compoud); pale yellow oil, 80% vyield,
95% ee; [a]p?®® = -82.0 (¢ = 0.25, CHCI3); *H NMR (500 MHz,
CDCl3): & (ppm) 7.56 (t, J = 7.8 Hz, 1H), 7.24 (t, J = 7.5 Hz, 1H), 7.04 (d, J = 7.5 Hz,
1H), 6.66-6.58 (m, 3H), 4.48 (dd, J1 = 9.3 Hz, J. = 2.8 Hz, 1H), 3.74 (s, 3H),
2.97-2.90 (m, 1H), 2.72-2.67 (m, 1H), 2.56 (s, 3H), 2.27-2.22 (m, 1H), 2.01-1.97 (m,
1H); 13C NMR (125 MHz, CDCl3): & (ppm) 162.7, 157.8, 152.1, 138.5, 137.1, 122.6,
121.9, 117.5, 115.9, 114.7, 113.2, 57.4, 56.0, 29.3, 26.7, 24.6. HRMS-ESI exact mass

calcd. for C16H190ON2" ([M+H]") requires m/z 255.14919, found m/z 255.14882.
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The enantiomeric excess was determined by HPLC on Chiralcel AD-H column
(hexane : isopropanol = 95 : 5, flowing rate = 1.0 mL/min, 25 °C, UV detection at A =

254 nm), tr1 = 15.8 min (minor), trz = 18.2 min (major).

FaC (S)-2-(6-methylpyridin-2-yl)-6-trifluoromethyl-1,2,3,4-tetra
N N/\ hydroquinoline (71): (New compoud); colorless oil, 65% yield,
7 89% ee; [a]o? = -69.2 (¢ = 0.25, CHCl3); 'H NMR (400 MHz,
CDCls): & (ppm) 7.49 (t, J = 7.6 Hz, 1H), 7.18-7.14 (m, 2H), 7.08 (d, J = 8.0 Hz, 1H),
6.98 (d, J = 7.6 Hz, 1H), 6.54 (d, J = 8.0 Hz, 1H), 4.93 (s, 1H), 4.50 (d, J = 6.0 Hz,
1H), 2.87-2.79 (m, 1H), 2.67-2.61 (m, 1H), 2.49 (s, 3H), 2.24-2.15 (m, 1H), 1.96-1.87
(m, 1H), 3C NMR (100 MHz, CDCl3): 8(ppm) 161.4, 158.1, 147.0, 137.1, 126.4 (q,
8Jec = 3.7 Hz), 125.2 (g, Jrc = 268.0 Hz), 124.3 (q, 3Jrc = 4.0 Hz), 122.0, 121.8,
120.6, 118.5 (q, 2J,c = 32.3 Hz), 117.4, 113.6, 56.5, 28.1, 26.0, 24.6. HRMS-ESI
exact mass calcd. for CisHisN2F3™ ([M+H]™) requires m/z 293.12601, found m/z
293.12570.
The enantiomeric excess was determined by HPLC on Chiralcel OD-H column
(hexane : isopropanol = 95 : 5, flowing rate = 1.0 mL/min, 25 °C, UV detection at A =

254 nm), tr1 = 9.9 min (major), trz = 11.4 min (minor).

(S)-8-methyl-2-(6-methylpyridin-2-yl)-1,2,3,4-tetrahydroquinol
NS -ine (7m): (New compoud); pale yellow oil, 79% vyield, 98% ee;
=

Iz

[a]o® = -93.0 (c = 0.25, CHCls3); *H NMR (500 MHz, CDCls): &
(ppm) 7.57 (t, J = 7.8 Hz, 1H), 7.25 (d, J = 7.0 Hz, 1H), 7.05 (d, J = 7.5 Hz, 1H), 6.94
(d, J = 7.0 Hz, 1H), 6.89 (d, J = 7.0 Hz, 1H), 6.60 (t, J1 = 7.3 Hz, 1H), 4.60 (d, J = 7.0
Hz, 1H), 4.42 (s, 1H), 2.98-2.92 (m, 1H), 2.74-2.69 (m, 1H), 2.57 (s, 3H), 2.30-2.25
(m, 1H), 2.17 (s, 3H), 2.01-1.95 (m, 1H); 3C NMR (125 MHz, CDCls): § (ppm)
162.8, 157.8, 142.3, 137.2, 128.2, 127.2, 121.9, 121.6, 120.7, 117.5, 116.7, 57.3, 29.0,
26.5, 24.6, 17.4. HRMS-ESI exact mass calcd. for CisH19N2" ([M+H]") requires m/z
239.15428, found m/z 239.15413.

The enantiomeric excess was determined by HPLC on Chiralcel AD-H column
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(hexane : isopropanol =99 : 1, flowing rate = 1.0 mL/min, 25 °C, UV detection at A =

254 nm), tr1 = 10.1 min (minor), tr2 = 11.1 min (major).

(S)-8-isopropyl-2-(6-methylpyridin-2-yl)-1,2,3,4-tetrahydroqui
N Y N/\ -noline (7n): (New compoud); pale yellow oil, 83% yield, 86% ee;
[a]o?®=-190.0 (c = 0.25, CHCI3); *H NMR (500 MHz, CDCls): §
(ppm) 7.57 (t, J = 7.5 Hz, 1H), 7.24-7.22 (m, 1H), 7.04 (t, J = 8.0 Hz, 2H), 6.88 (d, J
= 7.0 Hz, 1H), 6.67 (t, J = 7.3 Hz, 1H), 4.68 (s, 1H), 4.60-4.59 (m, 1H), 3.00-2.90 (m,
2H), 2.75-2.70 (m, 1H), 2.57 (s, 3H), 2.28-2.25 (m, 1H), 1.98-1.90 (m, 1H), 1.30 (t, J
= 7.3 Hz, 6H); 3C NMR (125 MHz, CDCls): & (ppm) 162.8, 157.7, 141.0, 137.1,
131.8, 127.0, 123.1, 121.8, 121.1, 117.5, 116.9, 57.2, 28.9, 27.3, 26.9, 24.6, 22.4.
HRMS-ESI exact mass calcd. for C1sH23N2" ([M+H]*) requires m/z 267.18558, found
m/z 267.18528.
The enantiomeric excess was determined by HPLC on Chiralcel AD-H column
(hexane : isopropanol = 95 : 5, flowing rate = 1.0 mL/min, 25 °C, UV detection at A =

254 nm), tr1 = 4.5 min (major), trz = 5.0 min (minor).

(S)-8-(t-butyl)-2-(6-isopropylpyridin-2-yl)-1,2,3,4-tetrahydro

N Y N/\ -quinoline (70): (New compoud); pale yellow oil, 88% vyield,

fo 77% ee; [a]p?® = -150.0 (¢ = 0.25, CHCIs3); *H NMR (400 MHz,
CDCl3): & (ppm) 7.60 (t, J = 7.8 Hz, 1H), 7.19 (d, J = 7.6 Hz, 1H), 7.13 (d, J = 7.2 Hz,
1H), 7.06 (d, J = 7.6 Hz, 1H), 6.91 (d, J = 7.2 Hz, 1H), 6.60 (t, J = 7.6 Hz, 1H), 5.62
(s, 1H), 4.57 (d, J = 8.8 Hz, 1H), 3.11-3.03 (m, 2H), 2.87-2.81 (m, 1H), 2.37-2.31 (m,
1H), 1.91-1.82 (m, 1H), 1.50 (s, 9H), 1.32 (dd, J; = 7.0 Hz, J; = 1.8 Hz, 6H); *C
NMR (100 MHz, CDCls): & (ppm) 166.4, 161.1, 142.6, 137.1, 132.9, 127.7, 124.4,
121.3, 119.0, 117.7, 116.1, 56.4, 36.5, 34.4, 30.0, 28.4, 22.8, 22.7. HRMS-ESI exact
mass calcd. for Co1H2oN2* ([M+H]") requires m/z 309.23253, found m/z 309.23193.
The enantiomeric excess was determined by HPLC on Chiralcel AD-H column
(hexane : isopropanol = 99.5 : 0.5, flowing rate = 1.0 mL/min, 25 °C, UV detection at

A =254 nm), tr1 = 17.6 min (major), tro = 18.9 min (minor).
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(S)-2-(6-methylpyridin-2-yl)-8-phenyl-1,2,3,4-tetrahydroquinol
-ine (7p): (New compoud); pale yellow oil, 90% yield, 80% ee;

Iz

Ph
7P [a]o® = -137.0 (¢ = 0.25, CHCls); *H NMR (500 MHz, CDCls): 3

(ppm) 7.54-7.50 (m, 3H), 7.43 (t, J = 7.8 Hz, 2H), 7.31 (t, J = 7.5 Hz, 1H), 7.16 (d, J
= 7.5 Hz, 1H), 7.01-6.99 (m, 3H), 6.71 (t, J = 7.3 Hz, 1H), 4.81 (s, 1H), 4.53 (d, J =
4.5 Hz, 1H), 2.98-2.92 (m, 1H), 2.76-2.71 (m, 1H), 2.51 (s, 3H), 2.30-2.24 (m, 1H),
2.06-1.99 (m, 1H); 3C NMR (125 MHz, CDCls): & (ppm) 162.9, 157.8, 141.1, 139.7,
137.1,129.5, 128.9, 128.7, 128.4, 127.2, 126.8, 121.7, 121.1, 117.3, 116.6, 57.0, 28.7,
26.3, 24.5. HRMS-ESI exact mass calcd. for C2iH2iN2* ([M+H]") requires m/z
301.16993, found m/z 301.17010.

The enantiomeric excess was determined by HPLC on Chiralcel AD-H column
(hexane : isopropanol = 95 : 5, flowing rate = 1.0 mL/min, 25 °C, UV detection at A =

254 nm), tr1 = 5.5 min (major), trz = 6.1 min (minor).
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5. General procedure for the synthesis of P,N-ligands

(1) Gram-scale asymmetric hydrogenation

Table S2. Optimization of the reaction conditions for gram-scale asymmetric hydrogenation of 6d*

=1

i Ru
B i | ~OoTf

.
6d 7d | Ph
(R,R)-5a
entry 6d (mg/mmol)  solvent (mL) time (h) conv. (%)° ee (%)°
1 11.5/0.05 0.5 4 96 89
2 110/0.5 5.0 4 96 88
3 110/0.5 2.5 4 >99 89
4 220/1.0 5.0 4 >99 89
5 330/1.5 5.0 4 >99 89
6 1100/5.0 5.0 12 >99 89
7 1320/6.0 5.0 12 >99 89
8 2200/10 6.0 24 >99 88
9 3300/15 6.0 48 >99 88

“Reaction conditions: substrate 6d in IPA, Ru-catalyst 5a (2.0 mol %), H> (50 atm), stirred at 25
°C. "The conversions were determined by '"H NMR spectroscopy of the crude reaction mixtures.
“The enantiomeric excesses were determined by HPLC with a chiral OB-H column.

(2) The synthesis of P,N-ligands 4

1) EtzN, 0°C {_N.__R
N N R 1 Et NS
H ‘ P 2) PPh,CI, DCM, 0 °C-rt PPh, \ _~
4d: R = Me
4e: R=ipr
4f: R=cy
49: R = Ph

To a stirred solution of tetrahydroquinoline (1.0 eq) in anhydrous DCM (0.5 M)
at 0 °C under nitrogen was added anhydrous triethylamine (3.0 eq). After the reaction

mixture was stirred at 0 °C for 1 h, chlorodiphenylphosphine (1.0 eq) was added. The
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reaction mixture was stirred at 0 °C for 1 h and stirred at room temperature overnight.
Then, anhydrous basic aluminum oxide was added to the solution, and the solvent was
evaporated under reduced pressure to provide the powder. The powder was eluted by
anhydrous petroleum quickly to give the spumy solid. Then, recrystallization from
anhydrous methanol yielded the corresponding white soild. The analytical data of the
products 4d-g are summarized below.

Determination of enantiomeric excess: The synthesized ligands were dissolved in
DCM and hydrolyzed by adding dilute hydrochloric acid, affording chiral
1,2,3,4-tetrahydroquinolines which were used for the determination of enantiomeric

eXCess.

(S)-1-(diphenylphosphanyl)-2-(6-methylpyridin-2-yl)-1,2,3,4-te

N
N

| N
FI’PhQ =

4d 110-111°C, 60% yield, 99% ee; [a]p®® = -72.4 (c = 0.25, CHCly);

-trahydroquinoline (4d): (New compoud); white solid, m.p.

IH NMR (500 MHz, CDCl3): & (ppm) 8.08-8.05 (m, 1H), 7.44-7.31 (m, 7H), 7.17 (t, J
= 7.8 Hz, 1H), 7.10-7.01 (m, 4H), 6.97 (d, J = 7.5 Hz, 1H), 6.78 (t, J = 7.5 Hz, 1H),
6.69 (d, J = 7.5 Hz, 1H), 6.61 (d, J = 7.0 Hz, 1H), 4.95 (s, 1H), 2.59-2.56 (m, 1H),
2.34 (s, 3H), 2.31-2.25 (m, 2H), 2.10-2.04 (m, 1H); 3P NMR (202 MHz, CDCls): &
(ppm) 50.7 (5); 3C NMR (125 MHz, CDCls): & (ppm) 161.9, 156.9, 145.8 (d, Jcp =
22.5 Hz), 137.5 (d, Jc-r = 16.3 Hz), 135.8, 135.6 (d, Jc-p= 11.3 Hz), 134.4 (d, Jcr =
23.8 Hz), 131.2 (d, Jc.r = 18.8 Hz), 130.0, 129.4, 128.6 (d, Jc.r = 5.0 Hz), 127.9 (d,
Jcp =7.5Hz),127.0, 124.8 (d, Jcr = 3.8 Hz), 120.4, 118.9, 118.8, 117.5, 117.2, 61.0
(d, Jcp = 7.5 Hz), 27.3, 24.3, 23.5. HRMS-ESI exact mass calcd. for C27H26N2P*
([M+H]") requires m/z 409.18281, found m/z 409.18286.

(S)-1-(diphenylphosphanyl)-2-(6-isopropylpyridin-2-yl)-1,2,3,

N NS
pen, L
de 85-87°C, 58% yield, 99% ee; [a]p?® = -116.8 (c = 0.25, CHCls);

4-tetrahydroquinoline (4e): (New compoud); white solid, m.p.

IH NMR (500 MHz, CDCl3): & (ppm) 8.06 (t, J = 7.8 Hz, 1H), 7.44-7.31 (m, 7H),

7.15 (t, J = 7.8 Hz, 1H), 7.11-7.05 (m, 2H), 7.00 (t, J = 7.0 Hz, 2H), 6.96 (d, J = 7.5
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Hz, 1H), 6.77 (t, J = 7.5 Hz, 1H), 6.70 (d, J = 7.5 Hz, 1H), 6.59 (d, J = 7.5 Hz, 1H),
4.95 (s, 1H), 2.83 (sept, J = 6.8 Hz, 1H), 2.58-2.54 (m, 1H), 2.29-2.22 (m, 2H),
2.11-2.03 (m, 1H), 1.16 (d, J = 7.0 Hz, 3H), 1.15 (d, J = 7.0 Hz, 3H); P NMR (202
MHz, CDCls): § (ppm) 50.4 (s); 3C NMR (125 MHz, CDCls): § (ppm) 166.1, 161.5,
145.9 (d, Jc-p = 22.5 Hz), 137.7 (d, Jcp = 16.3 Hz), 135.8, 135.6 (d, Jcp = 12.5 Hz),
134.4 (d, Jcp = 25.0 Hz), 131.2 (d, Jcp = 18.8 Hz), 130.0, 129.5, 128.6 (d, Jc.p = 5.0
Hz), 127.9 (d, Jcp = 8.8 Hz), 126.9, 126.9, 124.9 (d, Jcr = 3.8 Hz), 119.0, 118.8,
117.4, 117.1, 61.0 (d, Jc-p = 6.3 Hz), 36.4, 27.4, 23.6, 22.7. HRMS-ESI exact mass
calcd. for C27HzoN2P* ([M+H]") requires m/z 437.21411, found m/z 437.21396.

(S)-2-(6-cyclohexylpyridin-2-yl)-1-(diphenylphosphanyl)-1,

';th | N/\ 2,3,4-tetrahydroquinoline (4f): (New compoud); white solid,

af m.p. 92-93°C, 63% yield, 99% ee; [a]p® = -60.0 (c = 0.25,
CHCIs); 'H NMR (400 MHz, CDCl3): & (ppm) 7.99 (t, J = 7.6 Hz, 1H), 7.34-7.25 (m,
7H), 7.07 (t, J = 7.4 Hz, 1H), 7.01-6.86 (m, 5H), 6.68 (t, J = 7.0 Hz, 1H), 6.60 (d, J =
7.6 Hz, 1H), 6.50 (d, J = 7.2 Hz, 1H), 4.88 (s, 1H), 2.49-2.40 (m, 2H), 2.20-2.13 (m,
2H), 2.02-1.99 (m, 1H), 1.71-1.61 (m, 5H), 1.27-1.12 (m, 5H); 3P NMR (162 MHz,
CDCls3): & (ppm) 50.3 (s); 3C NMR (125 MHz, CDCls): § (ppm) 165.3, 161.5, 145.9
(d, Jep = 22.5 Hz), 137.7 (d, Jcp = 16.3 Hz), 135.8, 135.6 (d, Jc.p = 11.3 Hz), 134.4
(d, Jcp = 23.8 Hz), 131.2 (d, Jc-p = 18.8 Hz), 130.0, 129.5, 128.6 (d, Jc.r = 5.0 H2),
127.9 (d, Jc-p = 7.5 Hz), 126.9, 124.9 (d, Jcr = 3.8 Hz), 119.1, 118.8, 117.5, 117.4,
117.1, 61.0 (d, Jc-r = 6.3 Hz), 46.6, 33.1, 27.4, 26.7, 26.2, 23.6. HRMS-ESI exact

mass calcd. for Ca2HzaN2P* ([M+H]") requires m/z 477.24541, found m/z 477.24521.

O (S)-1-(diphenylphosphanyl)-2-(6-phenylpyridin-2-yl)-1,2,3,
Eph /\ 4-tetrahydroquinoline (4g): (New compoud); white solid,

2
ag m.p. 93-94°C, 65% yield, 99% ee; [a]p® = -99.2 (c = 0.25,

CHCIls); 'H NMR (400 MHz, CDCls): § (ppm) 8.05 (t, J = 7.4 Hz, 1H), 7.82-7.80 (m,
2H), 7.46-7.35 (m, 10H), 7.29-7.16 (m, 3H), 7.05-6.96 (M, 4H), 6.81-6.74 (m, 2H),

5.05 (s, 1H), 2.61-2.56 (m, 1H), 2.43-2.28 (m, 2H), 2.10-2.02 (m, 1H); 3P NMR (162
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MHz, CDCls): & (ppm) 51.8 (s); 3C NMR (100 MHz, CDCls): § (ppm) 162.4, 156.2,
145.9 (d, Jc.p = 22.0 Hz), 139.8, 137.7 (d, Jc-r = 17.0 Hz), 136.2, 135.9 (d, Jc.p = 12.0
Hz), 134.1 (d, Jc-p = 23.0 Hz), 131.5 (d, Jcp = 18.0 Hz), 130.0, 129.5, 128.7, 128.7,
128.6 (d, Jcp = 5.0 Hz), 128.0 (d, Jc-p = 7.0 Hz), 127.0, 126.9, 125.1 (d, Jc.p = 4.0
Hz), 120.2, 119.1, 117.9, 117.7, 117.6, 61.1 (d, Jc-p = 6.0 Hz), 27.3, 23.6. HRMS-ESI
exact mass calcd. for CsoHzsN2P* ([M+H]") requires m/z 471.19846, found m/z
471.19861.

1) n-BuLi, -25°C
N N L Ns
N ‘ A 2) PPh,CI, THF, -25°C-rt ‘ \
_ PPh, L _~

4m

To a stirred solution of tetrahydroquinoline (1.0 eq) in anhydrous THF (0.5 M) at
-25 °C under nitrogen was added n-BuLi (1.2 eq). After the reaction mixture was
stirred at -25 °C for 1 h, chlorodiphenylphosphine (1.0 eq) was added. The reaction
mixture was stirred at -25 °C for 1 h and stirred at room temperature overnight. Then,
anhydrous basic aluminum oxide was added to the solution and the solvent was
evaporated under reduced pressure to provide the powder. The powder was eluted by
anhydrous petroleum quickly to give the spumy solid. Then, recrystallization from
anhydrous methanol yielded 4m as a white soild. The analytical data of the product

are summarized below.

(S)-1-(diphenylphosphanyl)-8-methyl-2-(6-methylpyridin-2-yl)-

N NS
PPh, L
4m m.p. 100-101 °C, 43% yield, 99% ee; [a]o?® = -113.5 (¢ = 0.25,

1,2,3,4-tetrahydroquinoline (4m): (New compoud); white solid,

CHCls); *H NMR (500 MHz, CDCls): § (ppm) 7.50 (t, J = 7.0 Hz, 2H), 7.45-7.33 (m,
6H), 7.24-7.19 (m, 3H), 7.12 (d, J = 7.5 Hz, 1H), 6.94 (d, J = 7.5 Hz, 1H), 6.90-6.86
(m, 2H), 6.74 (d, J = 7.0 Hz, 1H), 4.77 (s, 1H), 2.62 (s, 3H), 2.45 (s, 3H), 2.33-2.28
(m, 1H), 2.08-2.01 (m, 1H), 1.94-1.89 (m, 1H), 1.18-1.12 (m, 1H); 3P NMR (202
MHz, CDCls): & (ppm) 63.0 (s); *C NMR (125 MHz, CDCl3): § (ppm) 163.0, 157.5,
1445 (d, Jc-p = 20.0 Hz), 138.1 (d, Jc.p = 18.8 Hz), 137.9 (d, Jc.r = 5.0 Hz), 136.7,
134.8 (d, Jep = 23.8 Hz), 131.2 (d, Jep = 5.0 Hz), 131.0 (d, Je-p = 5.0 Hz), 130.8 (d,
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Jep = 18.8 Hz), 130.1, 129.7, 128.7 (d, Jc-p = 6.3 Hz), 128.2 (d, Jc-r = 5.0 Hz), 127.9,
126.8, 120.0 (d, Jc-p = 2.5 Hz), 120.8, 118.4, 60.8 (d, Jc.p = 8.8 Hz), 26.6, 24.7, 23.8,
20.5 (d, Jc-p = 18.8 Hz). HRMS-ESI exact mass calcd. for CasHasN2P* ([M+H]Y)
requires m/z 423.19846, found m/z 423.19785.

6. General procedure for the synthesis of Ir-P,N-catalysts

,
. 1) [Ir(COD)CI = T
\ ‘N\ R, ) [rcob)cil; N ~ )
‘ :
R, PPhy L 2) NaBArF, DCM, rt R, thp\\lr/N BArF

8d-g, 8m

General procudure:* To a stirred solution of PN-ligands (1.0 eq) in anhydrous
DCM (0.5 M) at 25 °C under nitrogen was added [Ir(COD)CI]> (0.5 eq). After the
reaction mixture was stirred at 25 °C for 2 h, sodium tetrakis|3,5-bis(trifluoromethyl)
phenyl]borate (1.5 eq) was added. The reaction mixture was stirred at room
temperature for another 2 h. Then, the solvent was evaporated under reduced pressure.
The residue was purified by silica gel column chromatography (eluent: DCM) to yield

the red soild. The analytical data of the products are summarized below.

(S)-8d: (New compoud); red solid, m.p. 185-187 °C, 83%
- yield; [a]p®® = -56.0 (c = 0.25, CHCI3); 'H NMR (500
MHz, CD,Cl2): & (ppm) 7.73 (s, 8H), 7.56 (s, 4H),
7.49-7.43 (m, 2H), 7.39-7.29 (m, 7H), 7.22-7.18 (m, 2H),
7.10-7.05 (m, 2H), 6.92-6.87 (m, 1H), 6.67 (t, J = 7.5 Hz,

BArF

1H), 6.48 (t, J = 7.8 Hz, 1H), 6.21 (d, J = 8.0 Hz, 1H), 5.02 (m, 1H), 4.13-4.07 (m,
2H), 3.36-3.35 (m, 1H), 3.07-2.99 (m, 2H), 2.86-2.84 (m, 1H), 2.60-2.42 (m, 4H),
2.37-2.27 (m, 5H), 2.20-2.04 (m, 2H), 1.73-1.55 (m, 2H); 3P NMR (162 MHz,
CD2Clp): & (ppm) 59.6 (s); *C NMR (125 MHz, CD2Cly): & (ppm) 162.2 (q, Jc.s=
49.2 Hz, 4C; BArF quat. C ipso to B), 161.1, 160.1, 140.3, 139.1 (d, Jc.p = 5.0 H2),
135.2 (br, 2Jc-, 3Jc-r, 8C; BArF ortho CH), 132.3, 132.2 (d, Jcr = 2.5 Hz), 132.1 (d,
Je-p = 11.3 Hz), 132.0 (d, Jc-p = 2.5 Hz), 131.8, 131.4 (d, Jc-r = 2.5 Hz), 130.5 (d, Jc-p
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= 12.5 Hz), 129.3 (qq, %Jcs, ZJcr, 8C; BArF C ipso to CFs), 128.3, 127.9, 126.6,
125.0 (q, YJcr = 270.8 Hz, 8C; BArF CF3), 122.7, 122.6, 122.2, 120.9 (d, Jc-r = 3.8
Hz), 119.6, 117.9 (sept, 3Jc-r = 3.8 Hz, 4C; BArF para CH), 98.0 (d, Jcr = 10.0 Hz),
89.5 (d, Jc.p = 13.8 Hz), 67.8 (d, Jcp = 13.8 Hz), 66.7, 64.4, 37.1 (d, Jcp = 2.5 Hz),
34.1, 31.0, 29.1, 28.0 (d, Jcp = 7.5 Hz), 27.7, 26.0 (d, Jc-p = 18.8 Hz). FTMS-ESI
exact mass calcd. for CasHazIrN2P™ ([M-BArF]*) requires m/z 709.23181, found m/z
709.23151.

—I + (S)-8e: (New compoud); red solid, m.p. 150-152°C, 85%
o Vield: [a]o?® = -35.2 (¢ = 0.25, CHCl3); *H NMR (500
MHz, CDCl3): & (ppm) 7.59 (t, J = 7.8 Hz, 1H), 7.52 (s,
8H), 7.33 (s, 4H), 7.26 (d, J = 8.0 Hz, 1H), 7.22-7.17 (m,
3H), 7.14-7.07 (m, 4H), 7.00 (t, J = 8.0 Hz, 3H), 6.81 (d,

J =75 Hz, 1H), 6.69 (qui, J = 6.0 Hz, 1H), 6.46 (t, J = 7.5 Hz, 1H), 6.25 (t, J = 7.8
Hz, 1H), 5.91 (d, J = 8.0 Hz, 1H), 4.90 (m, 1H), 4.09 (m, 1H), 3.85-3.83 (m, 1H),
3.66 (qui, J = 6.7 Hz, 1H), 3.08 (m, 1H), 2.85-2.76 (m, 2H), 2.57-2.55 (m, 1H),
2.42-2.35 (m, 1H), 2.28-2.18 (m, 2H), 2.12-2.07 (m, 2H), 1.92-1.78 (m, 2H),
1.46-1.32(m, 3H), 1.14-1.07(m, 6H); 3P NMR (202 MHz, CDCls): § (ppm) 59.0 (s);
13C NMR (125 MHz, CDCls): & (ppm) 171.0, 161.8 (g, “Jc.8= 49.6 Hz, 4C; BArF quat.
C ipso to B), 159.0, 140.7, 138.9 (d, Jc.p = 5.0 Hz), 134.9 (br, ZJcs, %Jc.r, 8C; BArF
ortho CH), 132.0 (d, Jc.p = 2.5 Hz), 131.8 (d, Jcp = 10.0 Hz), 131.5 (d, Jc.p = 2.5 Hz),
131.2, 130.9 (d, Je.p = 2.5 Hz), 130.8, 130.1 (d, Jc.p = 12.5 Hz), 129.7 (d, Jc-p = 10.0
Hz), 129.0 (qq, 3Jc-s, 2Jc-r, 8C; BArF C ipso to CFs), 128.2, 126.6, 124.7 (q, Ycr =
270.8 Hz, 8C; BArF CF3), 124.4, 123.0, 122.6, 120.8 (d, Jcr = 3.8 Hz), 119.5, 117.6
(sept, 3Jc-F = 3.8 Hz, 4C; BArF para CH), 97.1 (d, Jcr = 8.8 Hz), 86.4 (d, Jcr = 16.3
Hz), 67.3, 66.8 (d, Jc.p = 13.8 Hz), 65.1, 39.9, 37.7 (d, Jc.p = 2.5 Hz), 34.9, 28.2, 27.9
(d, Jep = 7.5 Hz), 27.7, 25.0 (d, Jcp = 2.5 Hz), 23.7, 22.4. FTMS-ESI exact mass
calcd. for Cz7Ha1IrN2P* ([M-BArF]") requires m/z 737.26311, found m/z 737.26355.
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(S)-8f: (New compoud); red solid, m.p. 180-182°C, 75%
- yield; [a]p?® = -33.2 (c = 0.25, CHCIls); *H NMR (500
MHz, CDCls): § (ppm) 7.77-7.71 (m, 9H), 7.51 (m, 4H),
7.43 (t, J = 6.8 Hz, 1H), 7.38-7.37 (m, 3H), 7.31-7.24
(m, 4H), 7.22-7.18 (m, 2H), 7.13 (t, J = 7.0 Hz, 1H),
6.98 (t, J = 6.3 Hz, 1H), 6.87-6.82 (m, 1H), 6.66-6.61 (m, 1H), 6.45-6.41 (m, 1H),

BArF

6.11 (t, J = 7.0 Hz, 1H), 5.09 (m, 1H), 4.36 (M, 1H), 3.94-3.93 (M, 1H), 3.65-3.63 (M,
1H), 3.24 (m, 1H), 3.03-3.00 (m, 1H), 2.72 (m, 1H), 2.60-2.30 (m, 5H), 2.08-2.01 (m,
2H), 1.91 (m, 2H), 1.72-1.43 (m, 7H), 1.26-1.16 (m, 3H), 0.96-0.93 (m, 1H),
0.56-0.54 (m, 1H); 3P NMR (162 MHz, CDCls): & (ppm) 58.3 (s); 3C NMR (125
MHz, CDCls): § (ppm) 169.4, 161.9 (q, }Jc-8= 49.2 Hz, 4C; BArF quat. C ipso to B),
159.2, 140.6, 138.9 (d, Jcp = 3.8 Hz), 135.0 (br, 2Jcs, 3Jcr, 8C; BAIF ortho CH),
132.0, 131.8 (d, Jc-p = 10.0 Hz), 131.4, 131.3, 131.0, 130.9, 130.1 (d, Jc.p = 12.5 H2),
129.6 (d, Jcp = 10.0 Hz), 128.9 (qq, 3Jc-8, 2Jc-F, 8C; BArF C ipso to CFs), 128.2,
126.6, 125.0, 124.8 (q, YJc-F = 282.1 Hz, 8C; BArF CFs), 123.1, 122.6, 120.8, 119.4,
117.6 (sept, 3Jc-r, 4C; BArF para CH), 97.1 (d, Jcr = 8.8 Hz), 86.0 (d, Jc-r = 15.0
Hz), 67.6, 66.7 (d, Jc-r = 13.8 Hz), 65.4, 53.6, 51.1, 38.3, 35.4, 34.0, 33.1, 29.9, 27.9
(d, Jcp = 12.5 Hz), 27.7 (d, Jcp = 16.3 Hz), 26.5, 25.5, 25.2. FTMS-ESI exact mass
calcd. for CaoHasIrN2P* ([M-BArF]") requires m/z 777.29441, found m/z 777.29352.

(S)-8g: (New compoud); red solid, m.p. 188-189°C, 87%
sae Yield; [a]p® = -68.8 (c = 0.25, CHCIs); *H NMR (500
MHz, CDCls): 6 (ppm) 7.97-7.93 (m, 1H), 7.73-7.68 (m,

9H), 7.55-7.47 (m, 10H), 7.39-7.29 (m, 7H), 7.06 (d, J =
7.5 Hz, 2H), 6.99 (d, J = 7.5 Hz, 1H), 6.86-6.81 (m, 1H),
6.67 (t, J = 7.3 Hz, 1H), 6.51 (t, J = 7.8 Hz, 1H), 6.31 (d, J = 8.0 Hz, 1H), 4.63 (m,
1H), 4.16 (m, 1H), 3.41 (m, 1H), 3.06-2.98 (m, 2H), 2.79-2.62 (m, 3H), 2.39-2.26 (m,
2H), 2.10-1.89 (m, 4H), 1.26-1.25 (m, 1H), 1.12-1.11 (m, 1H), 0.97-0.93 (m, 1H); 3P
NMR (202 MHz, CDCls): § (ppm) 58.8 (s); 3C NMR (125 MHz, CDCls): § (ppm)

162.3, 161.9 (q, Wc.s= 49.6 Hz, 4C; BAIF quat. C ipso to B), 160.5, 140.4, 139.0 (d,
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Jcp = 5.0 Hz), 138.6, 135.0 (br, 2Jc.s, 3Jc-r, 8C; BArF ortho CH), 133.9, 133.5, 132.1,
131.9 (d, Jcp = 10.0 Hz), 131.6, 131.4, 131.1, 129.9 (d, Jc-p = 12.5 Hz), 129.7 (d, Jcp
=10.0 Hz), 129.0 (qq, *Jc-s, 2Jc-r, 8C; BArF C ipso to CFs), 128.2, 128.0,127.3, 126.7,
124.7 (g, Yer = 270.8 Hz, 8C; BArF CFs), 123.1, 122.8, 122.7, 121.0, 120.2, 117.6
(sept, *Jc.r, 4C; BArF para CH), 94.0 (d, Jc-p = 8.8 Hz), 85.7 (d, Jcr = 15.0 Hz), 67.3
(d, Jcp = 15.0 Hz), 66.8, 65.6, 36.2, 34.7, 29.9, 28.2 (d, Jc.r = 8.8 Hz), 27.6, 24.5.
FTMS-ESI exact mass calcd. for C4oHzslrN2P* ([M-BArF]*) requires m/z 771.24746,
found m/z 771.24725.

(S)-8m: (New compoud); red solid, m.p. 192-193°C, 84%
sae Yield; [a]o?® = -44.8 (c = 0.25, CHCI3); *H NMR (500

MHz, CDCls): & (ppm) 7.72 (s, 8H), 7.52 (s, 4H),

7.35-7.25 (m, 8H), 7.14-6.97 (m, 6H), 6.84-6.81 (m, 1H),
6.48 (d, J = 7.0 Hz, 1H), 5.05 (m, 1H), 4.68-4.54 (m,
2H), 4.12 (m, 1H), 3.97-3.96 (m, 1H), 3.68-3.63 (m, 1H), 3.41-3.36 (m, 1H), 3.27 (m,
1H), 2.99-2.87 (m, 1H), 2.44-2.16 (m, 8H), 2.01-1.95 (m, 1H), 1.56 (m, 5H); 3P
NMR (202 MHz, CDCls): & (ppm) 58.9 (s); 3C NMR (125 MHz, CDCl3): § (ppm)
162.0, 161.8 (q, Ycs= 49.6 Hz, 4C; BArF quat. C ipso to B), 159.8, 142.4, 139.2,
135.0 (br, 2Jce, 3Jcr, 8C; BArF ortho CH), 133.8, 133.2 (d, Jcp = 11.3 Hz), 132.8,
132.5,132.2, 132.0, 131.0, 129.9 (d, Jcp = 12.5 Hz), 128.9 (qq, 3Jc-s, 2Jc.r, 8C; BArF
C ipso to CF3), 128.0 (d, Jcp = 11.3 Hz), 127.4 (d, Jcp = 20.0 Hz), 125.9, 125.1,
123.6 (q, Jc-r = 270.6 Hz, 8C; BArF CFs), 120.6, 120.2, 117.6 (sept, *Jc.r, 4C; BArF
para CH), 95.4 (d, Jc.r = 10.0 Hz), 92.1 (d, Jcr = 13.8 Hz), 69.9 (d, Jcr = 7.5 H2z),
65.8, 59.2, 37.2 (d, Jcr = 325 Hz), 34.0, 29.9, 28.6, 28.3, 27.2, 24.8, 20.8.
FTMS-ESI exact mass calcd. for CasHzolrN2P™ ([M-BArF]*) requires m/z 723.24746,
found m/z 723.24579.
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7. General procedure for asymmetric hydrogenation of olefins

.
(S)-8m ~ ]

~-R + H,E0atm) ——mM8 R N _

CH,Cly, 1t, 12h Phop. N~ BArF

I
Ay gwres Y

A 30 mL glass-lined stainless-steel reactor equipped with a magnetic stirrer bar
was charged with Ir-catalyst (5)-8m (3.4 mg, 2.0 mol %) and substrate 6 (0.1 mmol)
in DCM (1.0 mL) under nitrogen atmosphere in a glove box. The autoclave was
closed, and the final pressure of the hydrogen gas was adjusted to 50 atm after
purging the autoclave with hydrogen gas several times. The reaction mixture was
stirred at 25 °C for 12 h. Then the hydrogen gas was carefully released and the
conversion was determined by '"H NMR. The reaction mixture was filtered through a
short pad of silica (petroleum/DCM, 2/1, v/v) to give the pure product. The
enatiomeric excess of the product was determined by HPLC with a chiral column. The

analytical data of the products are summarized below.

Ethyl trans-beta-methylcinnamate (9a): (Known compound,

@JVCOOH see: A. Lightfoot, P. Schnider and A. Pfaltz, Angew. Chem., Int.
%a Ed. 1998, 37, 2897): colourless oil; *H NMR (300 MHz, CDCls):

d (ppm) 7.49-7.45 (m, 2H), 7.38-7.34 (m, 3H), 6.13 (m, 1H), 4.21 (q, J = 7.1 Hz, 2H),

2,57 (s, 3H), 1.31 (t, J = 7.1 Hz, 3H); 3C NMR (125 MHz, CDCls): § (ppm) 166.9,
155.5, 142.3, 129.0, 128.5, 126.4, 117.3, 59.9, 18.0, 14.4.

E-1,2-diphenylpropene (9b): (Known compound, see: A.

O X O Lightfoot, P. Schnider and A. Pfaltz, Angew. Chem., Int. Ed. 1998,

9b 37, 2897); colourless oil; *H NMR (300 MHz, CDCls): § (ppm)

7.54-7.52 (m, 2H), 7.40-7.35 (m, 6H), 7.31-7.21 (m, 2H), 6.84 (m, 1H), 2.29 (s, 3 H);

13C NMR (125 MHz, CDCls): & (ppm) 144.1, 138.5, 137.6, 129.3, 128.5, 128.3, 127.8,
127.3,126.6, 126.1, 17.6.
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Ethyl (S)-3-phenylbutanoate (10a): (Known compound, see: A.
©/kCOOEt Lightfoot, P. Schnider and A. Pfaltz, Angew. Chem., Int. Ed. 1998,
10a 37, 2897); colourless oil, 94% vyield, 99% ee; [a]o® = +40 (c =
0.25, CHCls), [Lit.* [0]p®® = +9.3 (c = 1.43, CHCI3), 82% ee for (S) enantiomer]; H
NMR (300 MHz, CDCls): & (ppm) 7.31-7.20 (m, 5H), 4.06 (q, J = 7.2 Hz, 2H), 3.27
(9, J = 7.1 Hz, 1H),, 2.64-2.48 (m, 2H), 1.29 (d, J = 6.9 Hz, 3H), 1.16 (t, J = 7.1 Hz,
3H); 3C NMR (125 MHz, CDCls): § (ppm) 172.4, 145.8, 128.5, 126.8, 126.4, 60.2,
43.0, 36.6, 21.8, 14.2.
The enantiomeric excess was determined by HPLC on Chiralcel OB-H column

(hexane : isopropanol = 99.5 : 0.5, flowing rate = 1.0 mL/min, 25 °C, UV detection at

A =254 nm), tr1 = 7.4 min (minor), tr2 = 9.3 min (major).

‘ (8)-1,2-Diphenylpropane (10b): (Known compound, see: A.
O Lightfoot, P. Schnider and A. Pfaltz, Angew. Chem., Int. Ed. 1998,
10b 37, 2897); colourless oil, 95% yield, 99% ee; [a]o® = +37 (c = 0.25,
CHCIy), [Lit.5 [a]o?® = -80.5 (c = 2.07, CHCls3), >99% ee for (R) enantiomer]; *H
NMR (500 MHz, CDCls): § (ppm) 7.27-7.13 (m, 7H), 7.07-7.06 (m, 2H), 3.01-2.91
(m, 2H), 2.77-2.73 (m, 1H), 1.23 (d, J = 6.5 Hz, 3H); 3C NMR (125 MHz, CDCl3): &
(ppm) 147.1, 140.9, 129.3, 128.4, 128.2, 127.2, 126.1, 126.0, 45.2, 42.0, 21.3.
The enantiomeric excess was determined by HPLC on Chiralcel OJ-H column
(hexane : isopropanol = 95 : 5, flowing rate = 1.0 mL/min, 25 °C, UV detection at A =

254 nm), tr1 = 5.5 min (minor), tr2 = 8.5 min (major).
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8. General procedure for the synthesis of benzoazepines and

benzodiazepines

(1) The procedure for the synthesis of 2,4-diaryl-3H-benzo|b]azepines
The corresponding substrates were synthesized according to the previously
reported procedures.®

R F (¢} R
5 % TsOH —
N
T A e
NH Xylenen, reflux

2 —

N

Ar

Ar
11a-f

A solution of of 2-fluoroaniline (6.0 mmol, 1.0 equiv), aryl methyl ketone (6.0
mmol, 1.0 equiv) and p-toluenesulfonic acid (0.05 g, 0.3 mmol, 0.05 equiv) in 30 mL
of xylene was heated to reflux for 24 h. After cooling to room tempreture, the solution
was washed with saturated NaHCO3 solution, and dried over NaxSO4. Removal of the
solvent under reduced pressure gave dark oil or solid, which was purified by
crystallization using EtOH as solvent. The analytical data of the products are

summarized below.

Q 2,4-diphenyl-3H-benzo[b]azepine (11a): (Known compound, see: K.

Ramig, S. Alli, M. Cheng, M. Leung, R. Razi, M. Washington and L.
Kudzma, Synlett 2007, 18, 2868); *H NMR (500 MHz, CDCls): §
(ppm) 7.89-7.87 (m, 2H), 7.60-7.59 (m, 1H), 7.55-7.54 (m, 2H), 7.48
(d, J = 8.0 Hz, 1H), 7.40-7.32 (m, 7H), 7.23-7.20 (m, 1H), 7.08 (s, 1H), 3.40 (s, 2H);
13C NMR (125 MHz, CDCls): & (ppm) 157.6, 146.8, 140.0, 138.2, 135.0, 130.7, 130.4,
129.7,128.9, 128.7, 128.2, 128.1, 128.0, 127.1, 127.0, 126.9, 124.2, 34.0.

2,4-di-p-tolyl-3H-benzo[b]azepine (11b): (Known compound, see:
K. Ramig, S. Alli, M. Cheng, M. Leung, R. Razi, M. Washington
and L. Kudzma, Synlett 2007, 18, 2868); 'H NMR (500 MHz,

CDCl3): & (ppm) 7.81-7.78 (m, 2H), 7.61-7.57 (m, 1H), 7.47-7.43
(m, 3H), 7.38-7.35 (m, 1H), 7.23-7.04 (m, 5H), 7.04 (s, 1H), 3.36 (s, 2H), 2.36 (s, 3H),
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2.32 (s, 3H); 3C NMR (125 MHz, CDCls): & (ppm) 157.7, 146.5, 140.8, 137.9, 137.1,
135.0, 130.6, 129.9, 129.6, 129.4, 128.3, 128.2, 128.0, 127.0, 126.8, 126.2, 124.1,
33.8, 21.5, 21.3.

2,4-bis(4-methoxyphenyl)-3H-benzo[b]azepine (11c): (Known
compound, see: K. Ramig, S. Alli, M. Cheng, M. Leung, R. Razi,

M. Washington and L. Kudzma, Synlett 2007, 18, 2868); *H NMR

0~ (500 MHz, CDClg3): 8 (ppm) 7.87-7.85 (m, 2H), 7.56-7.55 (m, 1H),
7.51-7.45 (m, 3H), 7.38-7.34 (m, 1H), 7.20-7.17 (m, 1H), 6.99 (s, 1H), 6.93-6.90 (m,
2H), 6.86-6.83 (m, 2H), 3.83 (s, 3H), 3.79 (s, 3H), 3.33 (s, 2H); *C NMR (125 MHz,
CDCls): 6 (ppm) 161.4, 159.5, 156.5, 146.9, 134.5, 132.7, 130.9, 130.6, 129.9, 128.2,
128.0, 126.8, 125.4, 123.7, 114.2, 114.0, 55.5, 33.8.

2,4-bis(4-chlorophenyl)-3H-benzo|b]azepine (11d): (Known
compound, see: K. Ramig, S. Alli, M. Cheng, M. Leung, R. Razi, M.
Washington and L. Kudzma, Synlett 2007, 18, 2868); *H NMR (500
MHz, CDCl3): & (ppm) 7.86-7.85 (m, 2H), 7.74 (s, 1H), 7.61-7.26

(m, 9H), 7.10 (s, 1H), 3.40 (s, 2H); *C NMR (125 MHz, CDCl3): &
(ppm) 142.5, 140.1, 137.7, 134.5, 133.5, 130.7, 130.1, 129.3, 128.8, 128.2, 127.9,
127.8,127.7, 126.1, 33.9.

2,4-bis(4-bromophenyl)-3H-benzo[b]azepine (11e): (Known
compound, see: Z.-S. Yang, Z.-Y. Ding, F. Chen, Y.-M. He, N.-F.
Yang and Q.-H. Fan, Eur. J. Org. Chem., 2017, 1973); *H NMR
(500 MHz, CDClg): 6 (ppm) 7.74-7.72 (m, 2H), 7.59-7.48 (m, 6H),

7.43-7.38 (m, 3H), 7.26-7.23 (m, 1H), 7.06-7.05 (m, 1H), 3.32 (s,
2H); 3C NMR (125 MHz, CDCls): § (ppm) 156.0, 146.5, 138.7, 136.7, 133.4, 132.2,
132.0,130.7, 129.7, 129.4, 128.5, 128.1, 127.5, 127.5, 125.3, 124.5, 122.4, 33.6.
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7-methoxy-2,4-diphenyl-3H-benzo[b]azepine (11f). (Known
compound, see: Z.-S. Yang, Z.-Y. Ding, F. Chen, Y.-M. He, N.-F.
Yang and Q.-H. Fan, Eur. J. Org. Chem., 2017, 1973); *H NMR

(500 MHz, CDCl3): & (ppm) 7.86-7.85 (m, 2H), 7.53-7.52 (m,
3H), 7.37-7.28 (m, 6H), 7.02-7.00 (m, 2H), 6.91 (s, 1H), 3.83 (s, 3H), 3.39 (s, 2H);
13C NMR (125 MHz, CDCl3): § (ppm) 155.9, 141.3, 139.9, 138.5, 134.8, 130.7, 130.0,
129.9, 128.8, 128.6, 128.0, 127.9, 126.9, 126.7, 115.6, 112.5, 55.5, 33.8.

(2) The procedure for the synthesis of 2,4-diaryl-3H-benzodiazepines
The corresponding substrates were synthesized according to the previously
reported procedures.®®
R\CENHz ) ArWA EtOH/HOAC(2/1) @[1
NH, O O " heatovernight overnight

14a-f

2,4-Diaryl-substituted-3H-1,5-benzodiazepines 14a-f were prepared according to
the method previously reported in the literature. o-Phenylenediamine (5 mmol) and
1,3-diarypropane-1,3-dione (5 mmol) in a mixture of ethanol (5 mL) and acetic acid
(2.5 mL) were heated overnight. The mixture was cooled, neutralized by NaOH and

then recrystallized from ethanol. The analytical data of the products are summarized

below.
2,4-diphenyl-3H-1,5-benzodiazepine (14a): (Known compound,
N see: I. L. Finar, J. Chem. Soc., 1958, 4904); white solid, m.p.
@EN/ 156-159 °C, 65% yield; 'H NMR (500 MHz, CDCls): & (ppm)

sa O 7.98-7.96 (M, 4H), 7.64-7.60 (m, 2H), 7.44-7.39 (m, 6H), 7.37-7.33
(m, 2H); 3C NMR (125 MHz, CDCl3): § (ppm) 154.3, 140.8, 137.4, 130.7, 128.9,
128.8, 128.2, 125.6, 35.1.
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ci 2,4-bis(4-chlorophenyl)-3H-1,5-benzozepine (14b): (Known

Q compound, see: Z.-Y. Ding, F. Chen, J. Qin, Y.-M. He and Q.-H.

@[N\ Fan, Angew. Chem., Int. Ed. 2012, 51, 5706); white solid, m.p.

- O 220-222 °C, 63% vyield; 'H NMR (500 MHz, CDCls): & (ppm)

cl 7.89-7.87 (m, 4H), 7.59-7.57 (m, 2H), 7.39-7.33 (m, 6H); 1*C NMR

(125 MHz, CDCls): & (ppm) 152.5, 140.6, 137.2, 135.6, 129.5, 129.1, 128.9,
125.9, 34.7.

Br 2,4-bis(4-bromophenyl)-3H-1,5-benzozepine (14c¢): (Known

. Q compound, see: Z.-Y. Ding, F. Chen, J. Qin, Y.-M. He and Q.-H.

E:[ - Fan, Angew. Chem., Int. Ed. 2012, 51, 5706); white solid, m.p.

o O 223-225 °C, 84% yield; 'H NMR (500 MHz, CDCls): § (ppm)

Br 7.83-7.81 (m, 4H), 7.59-7.55 (m, 6H), 7.37-7.35 (m, 2H); *C NMR

(125 MHz, CDClg): & (ppm) 152.6, 140.6, 136.1, 132.2, 129.8, 128.9, 126.0, 125.8,
34.6.

Q 7-methoxy-2,4-diphenyl-3H-1,5-benzodiapine (14d): (Known
/O\C[N\ compound, see: Z.-Y. Ding, F. Chen, J. Qin, Y.-M. He and Q.-H.
N~ Fan, Angew. Chem., Int. Ed. 2012, 51, 5706); yellow solid, m.p.

14d O 169-172 °C, 78% vyield; H NMR (500 MHz, CDCls): & (ppm)
7.97-7.96 (m, 4H), 7.55-7.53 (m, 1H), 7.43-7.40 (m, 6H), 7.09-7.07 (m, 1H),
7.00-6.97 (m, 1H); 3.90 (s, 3H); *C NMR (125 MHz, CDCls): & (ppm) 157.1, 153.7,
151.8, 141.8, 137.6, 137.4, 135.1, 130.8, 130.5, 130.3, 128.9, 128.8, 128.3, 128.1,

115.1, 110.1, 55.7, 35.3.

Q 7-chloro-2,4-Diphenyl-3H-1,5-benzodiazepine (14e): (Known

cl N= compound, see: M. Takahashi, T. Takada and T. Sakagami, J.
\CEN/ Heterocyclic Chem. 1987, 24, 797); white solid, m.p. 178-180°C,
14 O 69% yield; 'H NMR (500 MHz, CDCls): & (ppm) 7.97-7.96 (m,

S35



4H), 7.61 (d, J= 2.0 Hz, 1H), 7.53 (d, J= 8.5 Hz, 1H), 7.45-7.40 (m, 6H), 7.31-7.28
(m, 1H); 3C NMR (125 MHz, CDCl3): § (ppm) 155.1, 154.5, 141.6, 139.4, 137.2,
137.0, 131.1, 131.0, 130.6, 130.2, 128.9, 128.4, 128.3, 128.2, 125.9, 35.3.

N/ 2,4-dimethyl-3H-1,5-benzodiazepine (14f): (Known compound, see: L. L.

CEN;Z Finar, J. Chem. Soc., 1958, 4904); white solid, m.p. 146-147 °C, 79%

14f yield; *H NMR (500 MHz, CDCls): § (ppm) 7.36-7.35 (m, 2H), 7.22-7.20

(m, 2H), 2.81 (s, 2H), 2.34 (s, 6H); **C NMR (125 MHz, CDCls): § (ppm) 157.8,
140.4, 127.6, 125.0, 43.3, 27.8.

9. General procedure for asymmetric hydrogenation of cyclic imines

(1) Asymmetric hydrogenation of 2,4-diaryl-3H-benzo[b]azepines

Ar Ar
R = (S)-8e (1.0 mol%) R\@(j
—_— .
N DCM, H, N
Ar H Ar

1a-f 12a-f

For 12 a-f: A 30 mL glass-lined stainless-steel reactor equipped with a magnetic
stirrer bar was charged with Ir-catalyst (5)-8e (3.4 mg, 1.0 mol %) and substrate 11
(0.2 mmol) in DCM (2 mL) under nitrogen atmosphere in a glove box. The autoclave
was closed, and the final pressure of the hydrogen gas was adjusted to 50 atm after
purging the autoclave with hydrogen gas several times. The reaction mixture was
stirred at 25 °C for 12 h. Then, the hydrogen gas was carefully released and the
conversion was determined by '"H NMR. The reaction mixture was filtered through a
short pad of silica (petroleum/DCM, 2/1, v/v) to give the pure products. The
enatiomeric excess of the product was determined by HPLC with a chiral column. The

analytical data of the products are summarized below.

Ar Ar Ar
R = (s)8e(1.0mol%) = (5)8e (20moi%) R :
—_—
_— * *
= DCM, H, N DCM, H, N
Ar H Ar H Ar

11a-f 12a-f 13a-f
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For 13a-f (one-pot and two-step): A 30 mL glass-lined stainless-steel reactor
equipped with a magnetic stirrer bar was charged with Ir-catalyst (S)-8e (3.4 mg, 1.0
mol %) and substrate 11 (0.2 mmol) in DCM (2 mL) under nitrogen atmosphere in a
glove box. The autoclave was closed, and the final pressure of the hydrogen gas was
adjusted to 50 atm after purging the autoclave with hydrogen gas several times. The
reaction mixture was stirred at 25 °C for 12 h. Then, the hydrogen gas was carefully
released, and another Ir-catalyst (S)-8e (6.8 mg, 2.0 mol %) in DCM (2 mL) was
added. The final pressure of the hydrogen gas was adjusted to 50 atm after purging the
autoclave with hydrogen gas several times. The reaction mixture was stirred at 25 °C
for 12 h. Then, the hydrogen gas was carefully released and the conversion was
determined by 'H NMR. The reaction mixture was filtered through a short pad of
silica (petroleum/acetone, 45/1, v/v) to give the pure products. The enantiomeric
excess of the product was determined by HPLC with a chiral column. The analytical

data of the products are summarized below.

O (S)-2,4-diphenyl-2,3-dihydro-1H-benzo|b]azepine (12a): (Known
O - compound, see: Z.-S. Yang, Z.-Y. Ding, F. Chen, Y.-M. He, N.-F.
N O Yang and Q.-H. Fan, Eur. J. Org. Chem., 2017, 1973); white solid, 94%
122 yield, 87% ee; [o]p?° = -260.2 (c = 0.25, CHCl3); *H NMR (500 MHz,
CDCls): & (ppm) 7.44-7.42 (m, 2H), 7.39-7.38 (m, 4H), 7.34-7.29 (m, 3H), 7.24-7.21
(m, 2H), 7.04-7.00 (m, 1H), 6.83-6.80 (m, 1H), 6.76 (d, J = 2.5 Hz, 1H), 6.61 (d, J =
7.5Hz, 1H), 4.40 (dd, J; = 9.5 Hz, J2 = 1.5 Hz, 1H), 3.33-3.27 (m, 1H), 3.02 (dd, J; =
17.5 Hz, J; = 1.5 Hz, 1H); 3C NMR (125 MHz, CDCl3): § (ppm) 147.2, 144.7, 144.6,
139.0, 134.1, 129.2, 128.4, 128.0, 127.9, 127.0, 126.9, 126.2, 123.2, 119.6, 117.9,
59.7,44.8.
The enantiomeric excess was determined by HPLC on Chiralcel OD-H column

(hexane : isopropanol = 85 : 15, flowing rate = 1.0 mL/min, 25 °C, UV detection at A

= 254 nm), tr1 = 6.9 min (major), tr2 = 9.6 min (minor).
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O (S)-2,4-di-p-tolyl-2,3-dihydro-1H-benzo[b]azepine (12b):
— (Known compound, see: Z.-S. Yang, Z.-Y. Ding, F. Chen, Y.-M. He,
O N.-F. Yang and Q.-H. Fan, Eur. J. Org. Chem., 2017, 1973); white

N
H
O solid, 91% vyield, 90% ee; [a]o?® = -213.0 (c = 1.0, CHCls); 'H

- NMR (500 MHz, CDCls): & (ppm) 7.33 (d, J = 8.5 Hz, 2H), 7.27 (d,
J=7.5Hz, 2H), 7.21-7.16 (m, 3H), 7.11 (d, J= 7.5 Hz, 2H), 6.99 (t, J= 7.3 Hz, 1H),
6.79 (t, J= 7.3 Hz, 1H), 6.74 (d, J= 1.5 Hz, 1H), 6.57 (d, J= 8.0 Hz, 1H), 4.34 (d, J=
9.5 Hz, 1H), 3.29-3.23 (m, 1H), 3.00 (d, J= 17.5 Hz, 1H), 2.35 (s, 3H), 2.32 (s, 3H);
13C NMR (125 MHz, CDCL:): & (ppm) 147.3, 141.9, 141.8, 138.9, 137.6, 136.7, 134.0,
129.8,129.1, 128.5, 127.7, 126.7, 126.0, 123.3, 119.5, 117.8, 59.3, 44.9, 21.2, 21.2.
The enantiomeric excess was determined by HPLC on Chiralcel OD-H column

(hexane : isopropanol = 85 : 15, flowing rate = 1.0 mL/min, 25 °C, UV detection at A

=254 nm), tr1 = 6.1 min (major), tr2 = 12.3 min (minor).

O~ (S)-2,4-bis(4-methoxyphenyl)-2,3-dihydro-1H-benzo[b]azepine

_ (12c): (Known compound, see: Z.-S. Yang, Z.-Y. Ding, F. Chen,

O Y.-M. He, N.-F. Yang and Q.-H. Fan, Eur. J. Org. Chem., 2017,
i O 1973); white solid, 90% yield, 95% ee; [a]o?® = -237.6 (¢ = 0.25,

0~ CHCI3); 'H NMR (500 MHz, CDCl3): & (ppm) 7.39-7.37 (m, 2H),

12c

7.33-7.30 (m, 2H), 7.25-7.21 (m, 2H), 7.03-7.00 (m, 1H), 6.93-6.91 (m, 2H),
6.87-6.81 (m, 3H), 6.70 (d, J= 2.0 Hz, 1H), 6.63 (d, J= 6.0 Hz, 1H), 4.37 (d, J= 9.0
Hz, 1H), 3.85-3.76 (m, 5H), 3.28-3.22 (m, 1H), 2.98 (d, J= 17.0 Hz, 1H); '3C NMR
(125 MHz, CDCL): 6 (ppm) 159.3, 158.8, 147.0, 138.6, 137.2, 137.0, 133.9, 128.0,
127.8,127.6, 127.3, 123.6, 119.7, 118.0, 114.5, 113.8, 59.2, 55.5, 44.9, 29.9.

The enantiomeric excess was determined by HPLC on Chiralcel OD-H column
(hexane : isopropanol = 85 : 15, flowing rate = 1.0 mL/min, 25 °C, UV detection at A

=254 nm), tr1 = 12.1 min (major), trz = 40.1 min (minor).
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Cl (5)-2,4-bis(4-chlorophenyl)-2,3-dihydro-1H-benzo[b]azepine
Q (12d): (Known compound, see: Z.-S. Yang, Z.-Y. Ding, F. Chen,
O h Y.-M. He, N.-F. Yang and Q.-H. Fan, Eur. J. Org. Chem., 2017,
i O 1973); yellow solid, 89% vyield, 92% ee; [0]p?® = -210.6 (C =
¢l 0.25, CHCIg), [Lit.” [a]o® = -218.4 (c = 1.0, CHCls), 89% ee for

12d

(S) enantiomer]; *H NMR (400 MHz, CDCls): § (ppm) 7.37-7.21 (m, 9H), 7.06 (t, J=
7.6 Hz, 1H), 6.84 (t, J= 7.6 Hz, 1H), 6.73 (s, 1H), 6.65 (d, J= 7.6 Hz, 1H), 4.42 (d, J
= 8.8 Hz, 1H), 3.27-3.20 (m, 1H), 2.94 (d, J= 16.8 Hz, 1H); '*C NMR (125 MHz,
CDCl3): o (ppm) 147.1, 142.9, 137.3, 134.2, 133.8, 132.8, 129.7, 129.4, 129.2, 128.8,
128.5,128.2, 128.2, 127.4, 122.9, 119.8, 118.0, 59.1, 44.4.

The enantiomeric excess was determined by HPLC on Chiralcel OD-H column
(hexane : isopropanol = 85 : 15, flowing rate = 1.0 mL/min, 25 °C, UV detection at A

= 254 nm), tr1 = 8.5 min (major), tr2 = 13.2 min (minor).

Br  (S)-2,4-bis(4-bromophenyl)-2,3-dihydro-1H-benzo[b]azepine

O (12e): (Known compound, see: Z.-S. Yang, Z.-Y. Ding, F. Chen,

O B Y.-M. He, N.-F. Yang and Q.-H. Fan, Eur. J. Org. Chem., 2017,

] I 1973): yellow solid, 559% yield, 83% ee; [alo™ = 2076 (c =

12e Br (.25, CHCl3); 'H NMR (400 MHz, CDCls): & (ppm) 7.47 (d, J=

8.4 Hz, 2H), 7.41-7.38 (m, 2H), 7.24-7.18 (m, 5H), 7.05-7.00 (m, 1H), 6.81 (t, J= 7.4

Hz, 1H), 6.71 (d, J= 1.6 Hz, 1H), 6.60 (d, J= 8.0 Hz, 1H), 4.35 (d, J= 8.0 Hz, 1H),

3.22-3.15 (m, 1H), 2.90 (dd, J; = 17.0 Hz, J2 = 1.4 Hz, 1H); *C NMR (100 MHz,

CDCIl3): o (ppm) 146.9, 143.3, 143.2, 137.2, 134.2, 132.2, 131.4, 129.7, 128.5, 128.2,
127.7,122.8, 121.8, 120.9, 119.8, 118.0, 59.0, 44.1.

The enantiomeric excess was determined by HPLC on Chiralcel OD-H column

(hexane : isopropanol = 85 : 15, flowing rate = 1.0 mL/min, 25 °C, UV detection at A

=254 nm), tr1 = 9.4 min (major), tr2 = 14.9 min (minor).
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Q (S)-7-methoxy-2,4-diphenyl-2,3-dihydro-1H-benzo[b]azepine

e — (12f): (Known compound, see: Z.-S. Yang, Z.-Y. Ding, F. Chen,

O N Y.-M. He, N.-F. Yang and Q.-H. Fan, Eur. J. Org. Chem., 2017,

12 O 1973); white solid, 65% yield, 90% ee; [a]o®° = -278.0 (c = 0.25,

CHCl3); *H NMR (500 MHz, CDCls): & (ppm) 7.44-7.43 (m, 2H), 7.38-7.37 (m, 4H),

7.32-7.29 (m, 3H), 7.22 (d, J= 7.5 Hz, 1H), 6.78 (d, J= 3.0 Hz, 1H), 6.71 (s, 1H),

6.66-6.63 (M, 1H), 6.55 (d, J= 8.5 Hz, 1H), 4.34 (d, J= 9.0 Hz, 1H), 3.75 (s, 3H),

3.31-3.25 (m, 1H), 2.99 (d, J= 17.0 Hz, 1H); 3C NMR (125 MHz, CDCl3): & (ppm)

153.4, 144.8, 144.5, 141.6, 140.0, 129.1, 128.8, 128.4, 127.9, 127.1, 126.8, 126.2,
124.6,119.1, 117.8, 114.5, 60.4, 55.8, 45.0.

The enantiomeric excess was determined by HPLC on Chiralcel OD-H column

(hexane : isopropanol = 85 : 15, flowing rate = 1.0 mL/min, 25 °C, UV detection at A

=254 nm), tr1 = 7.7 min (major), tr2 = 8.5 min (minor).

(2S,4S)-2,4-diphenyl-2,3,4,5-tetrahydro-1H-benzo[b]azepine (13a):
(New compoud); white solid, m.p. 107-108 °C, 90% vyield, dr = 11:1,
O N 88% ee; [a]o? = +25.2 (¢ = 0.25, CHCI3); 'H NMR (500 MHz,
13a CDCls): & (ppm) 7.45-7.44 (m, 2H), 7.37-7.32 (m, 2H), 7.30-7.27 (m,
5H), 7.21-7.18 (m, 1H), 7.15 (d, J= 7.5 Hz, 1H), 7.09 (t, J= 7.5 Hz, 2H), 6.90 (t, J=
7.3 Hz, 1H), 6.77 (d, J= 7.5 Hz, 1H), 3.94 (d, J= 11.0 Hz, 1H), 3.78 (s, 1H), 3.29 (t, J
=12.5 Hz, 1H), 2.95 (d, J= 13.5 Hz, 1H), 2.80 (t, J= 11.5 Hz, 1H), 2.26-2.10 (m, 2H);
13C NMR (125 MHz, CDCLs): & (ppm) 149.4, 148.0, 145.7, 132.9, 131.1, 129.0, 128.7,
127.8, 127.3, 126.8, 126.6, 125.3, 121.9, 120.4, 63.7, 49.1, 44.7, 43.2. HRMS-ESI
exact mass calcd. for CpHx.N* ([M+H]*) requires m/z 300.17468, found m/z
300.17505.
The enantiomeric excess was determined by HPLC on Chiralcel OD-H column
(hexane : isopropanol = 90 : 10, flowing rate = 1.0 mL/min, 25 °C, UV detection at A

= 254 nm), tr1 = 5.3 min (major), tr2 = 6.3 min (minor).
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(2S,45)-2,4-di-p-tolyl-2,3,4,5-tetrahydro-1H-benzo[b]azepine

Q (13b): (New compoud); white solid, m.p. 127-129 °C, 93% vyield,

O \ dr = 12:1, 90% ee; [a]p?° = +31.6 (c = 0.25, CHCl3); *H NMR (500

150 O MHz, CDCls): § (ppm) 7.32 (d, J= 8.0 Hz, 2H), 7.18-7.06 (m, 8H),

6.88 (t, J= 7.0 Hz, 1H), 6.74 (d, J= 7.0 Hz, 1H), 3.89 (d, J= 10,5

Hz, 1H), 3.72 (s, 1H), 3.25 (t, J= 12.5 Hz, 1H), 2.91 (d, J= 13.5 Hz, 1H), 2.76 (t, J=

11.5 Hz, 1H), 2.33 (s, 3H), 2.31 (s, 3H), 2.22-2.15 (m, 1H), 2.07 (d, J= 13.0 Hz, 1H);

13C NMR (125 MHz, CDCls): 5 (ppm) 149.4, 145.1, 142.8, 137.4, 135.7, 133.0, 131.1,

129.5, 129.3, 127.2, 126.7, 126.5, 121.8, 120.4, 63.4, 49.0, 44.2, 43.4, 21.2, 21.1.

HRMS-ESI exact mass calcd. for C24H26N" ([M+H]") requires m/z 328.20598, found
m/z 328.20609.

The enantiomeric excess was determined by HPLC on Chiralcel OD-H column

(hexane : isopropanol = 90 : 10, flowing rate = 1.0 mL/min, 25 °C, UV detection at A

=254 nm), tr1 = 4.6 min (major), tr2 = 5.8 min (minor).

O— (28,45)-2,4-bis(4-methoxyphenyl)-2,3,4,5-tetrahydro-1H-benzo

@ -[blazepine (13c): (New compoud); white solid, m.p. 134-135°C,

O 87% yield, dr = 16:1, 99% ee; [o]o?® = +11.6 (c = 0.25, CHCly);
. O 'H NMR (500 MHz, CDCls): & (ppm) 7.36 (d, J= 8.5 Hz, 2H),

13c

°7 7.23-7.20 (m, 2H), 7.13 (d, J= 7.5 Hz, 1H), 7.09 (t, J= 7.5 Hz,

1H), 6.88-6.84 (m, 5H), 6.77 (s, 1H), 3.89 (d, J= 11.0 Hz, 1H), 3.79 (s, 3H), 3.78 (s,
1H), 3.24 (s, 1H), 2.91 (d, J= 14.0 Hz, 1H), 2.75 (t, J= 11.5 Hz, 1H), 2.19 (d, J= 9.5
Hz, 1H), 2.07-2.04 (m, 1H); '*C NMR (125 MHz, CDCL): & (ppm) 159.1, 158.0,
1494, 140.3, 138.1, 132.9, 131.1, 128.4, 127.7, 127.2, 121.8, 120.4, 114.2, 114.0,
63.1, 55.4, 55.4, 49.1, 43.8, 43.5. HRMS-ESI exact mass calcd. for CasH2sNO2"
([M+H]") requires m/z 360.19581, found m/z 360.19580.

The enantiomeric excess was determined by HPLC on Chiralcel OD-H column
(hexane : isopropanol = 90 : 10, flowing rate = 0.5 mL/min, 25 °C, UV detection at A

= 254 nm), tr1 = 38.8 min (major), trz = 66.6 Min (minor).
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cl (25,45)-2,4-bis(4-chlorophenyl)-2,3,4,5-tetrahydro-1H-benzo|b]
) azepine (13d): (New compoud); white solid, m.p. 203-204 °C, 95%
O | yield, dr = 20:1, 96% ee; [a]p?® = +27.6 (c = 0.25, CHCl3); H
H O NMR (400 MHz, CDCls): & (ppm) 7.38-7.36 (m, 2H), 7.32-7.30
S (m, 2H), 7.27-7.25 (m, 2H), 7.23-7.21 (m, 2H), 7.18-7.08 (m, 2H),
6.92 (t, J= 7.0 Hz, 1H), 6.78 (s, 1H), 3.90 (d, J= 11.6 Hz, 1H), 3.23 (t, J= 11.6 Hz,
1H), 2.88 (d, J= 14.0 Hz, 1H), 2.76 (t, J= 11.6 Hz, 1H), 2.16-2.13 (m, 1H), 2.02 (d, J
= 12.8 Hz, 1H); '3C NMR (100 MHz, CDCls): & (ppm) 149.0, 146.2, 143.9, 133.5,
132.5, 132.0, 131.2, 129.0, 128.8, 128.1, 127.9, 127.5, 122.1, 120.5, 62.9, 48.8, 44.0,
43.0. HRMS-ESI exact mass calcd. for Caz2H20NCIl2* ([M+H]") requires m/z
368.09673, found m/z 368.09700.
The enantiomeric excess was determined by HPLC on Chiralcel OD-H column
(hexane : isopropanol = 90 : 10, flowing rate = 1.0 mL/min, 25 °C, UV detection at A

=254 nm), tr1 = 6.9 min (major), tr2 = 9.6 min (minor).

Br (28,45)-2,4-bis(4-bromophenyl)-2,3,4,5-tetrahydro-1H-benzo|b]

@ azepine (13e): (New compoud); white solid, m.p. 204-205 °C, 92%

O | yield, dr = 5:1, 90% ee; [a]p?® = +25.6 (¢ = 0.25, CHCl3); *H NMR

H O (500 MHz, CDCls): & (ppm) 7.46-7.45 (m, 2H), 7.35-7.26 (m, 8H),

P TN 7.21-7.41 (m, 3H), 6.92 (s, 1H), 6.79 (s, 1H), 3.96 (d, J= 10.0 Hz,

1H), 3.80 (s, 1H), 3.30 (s, 1H), 2.95 (d, J= 13.5 Hz, 1H), 2.84-2.79 (m, 1H), 2.23 (s,

1H), 2.12 (d, J= 13.0 Hz, 1H); '3C NMR (125 MHz, CDCl3): & (ppm) 149.0, 146.7,

1444, 132.1, 131.8, 131.2, 129.1, 128.6, 128.3, 127.5, 122.1, 121.7, 120.6, 120.1,

63.0, 48.7, 44.0, 42.9. HRMS-ESI exact mass calcd. for Ca2HigNBr2* ([M+H]*)
requires m/z 455.99570, found m/z 455.99600.

The enantiomeric excess was determined by HPLC on Chiralcel OD-H column

(hexane : isopropanol = 90 : 10, flowing rate = 1.0 mL/min, 25 °C, UV detection at A

= 254 nm), tr1 = 7.4 min (major), tr2 = 10.0 min (minor).
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(28,4S5)-7-methoxy-2,4-diphenyl-2,3,4,5-tetrahydro-1H-benzo-
o) [b]azepi-ne (13f): (New compoud); yellow solid, m.p. 119-120
O N °C, 60% vyield, dr = 11:1, 83% ee; [a]o® = +17.6 (c = 0.25,
13f CHCI3); *H NMR (500 MHz, CDCls): § (ppm) 7.44-7.42 (m, 2H),
7.39-7.25 (m, 7H), 7.20-7.17 (m, 1H), 6.73-6.70 (m, 2H), 6.65-6.63 (m, 1H), 3.87 (d,
J=11.0 Hz, 1H), 3.74 (s, 3H), 3.33 (t, J= 12.0 Hz, 1H), 2.86 (d, J= 13.5 Hz, 1H),
2.79 (t, J= 10.5 Hz, 1H), 2.24-2.17 (m, 1H), 2.09 (d, J = 13.0 Hz, 1H); '*C NMR (125
MHz, CDCl): & (ppm) 154.8, 148.0, 145.7, 142.8, 134.6, 128.9, 128.7, 127.7, 126.8,
126.5, 126.3, 121.3, 116.5, 112.0, 64.1, 55.6, 49.3, 44.7, 43.0. HRMS-ESI exact mass
calcd. for C2sH24NO™ ([M+H]™) requires m/z 330.18524, found m/z 330.18550.
The enantiomeric excess was determined by HPLC on Chiralcel OD-H column

(hexane : isopropanol = 90 : 10, flowing rate = 0.5 mL/min, 25 °C, UV detection at A

= 254 nm), tr1 = 25.0 min (major), tre = 28.2 min (minor).

(2) Asymmetric hydrogenation of 2,4-diaryl-3H-benzodiazepines

@1 1

14a-f 15a-f

A 30 mL glass-lined stainless-steel reactor equipped with a magnetic stirrer bar
was charged with Ir-catalyst (5)-8e (13.6 mg, 4.0 mol %) and substrate 14 (0.2 mmol)
in DCM (2 mL) under nitrogen atmosphere in a glove box. The autoclave was closed,
and the final pressure of the hydrogen gas was adjusted to 50 atm after purging the
autoclave with hydrogen gas several times. The reaction mixture was stirred at 25 °C
for 12 h. Then the hydrogen gas was carefully released and the conversion was
determined by 'H NMR. The reaction mixture was filtered through a short pad of
silica (petroleum/DCM, 2/1, v/v) to give the pure products. The enatiomeric excess of
the product was determined by HPLC with a chiral column. The analytical data of the

product are summarized below.
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(28,45)-2,4-diphenyl-2,3,4,5-tetrahydro-1H-1,5-benzodiazepine

N @ (15a): (Known compound, see: Z.-Y. Ding, F. Chen, J. Qin, Y.-M.
@EN He and Q.-H. Fan, Angew. Chem., Int. Ed. 2012, 51, 5706); yellow

15: solid, m.p. 137-141 °C, 95% vyield, dr = 16:1, 99% ee; [a]o® =

-127.6 (¢ = 0.25, CHCIy), [Lit.® [0]o? = -136.5 (¢ = 1.0, CHCl3), 99%

ee for (S,S) enantiomer]; *H NMR (500 MHz, CDCls): § (ppm) 7.42 (d, J= 7.0 Hz,
4H), 7.33 (t, J= 7.5 Hz, 4H), 7.28-7.25 (m, 2H), 6.68-6.65 (m, 2H), 6.55-6.52 (m, 2H),
5.06 (t, J= 7.3 Hz, 2H), 3.44 (s, 2H), 2.29 (t, J= 7.5 Hz, 2H); '*C NMR (125 MHz,
CDCls): & (ppm) 144.1, 138.2, 128.9, 127.7, 126.9, 120.7, 118.8, 59.1, 45.6.
The enantiomeric excess was determined by HPLC on Chiralcel OD-H column
(hexane : isopropanol = 75 : 25, flowing rate = 1.0 mL/min, 25 °C, UV detection at A

= 254 nm), tr1 = 6.5 min (major), tr2 = 15.2 min (minor).

Cl (28,45)-2,4-bis(4-chlorophenyl)-2,3,4,5-tetrahydro-1H-1,5-benz

N odiazepine (15b): (Known compound, see: Z.-Y. Ding, F. Chen, J.
@[ Qin, Y.-M. He and Q.-H. Fan, Angew. Chem., Int. Ed. 2012, 51,
5706); yellow solid, m.p. 172-176 °C, 92% vyield, dr = 10:1, 97%

Iz

15b cl

ee; [0]o? = -105.0 (c = 0.25, CHCls), [Lit.8 [a]p®® = -109.8 (c =
1.0, CHCls), >99% ee for (S,S) enantiomer]; *H NMR (400 MHz, CDCl3): § (ppm)
7.36-7.29 (m, 8H), 6.71-6.68 (m, 2H), 6.59-6.56 (M, 2H), 4.96 (t, J= 7.2 Hz, 2H),
3.40 (s, 2H), 2.22 (t, J= 7.4 Hz, 2H); '*C NMR (100 MHz, CDCls): & (ppm) 142.5,
137.8,133.4, 129.0, 128.3, 121.1, 119.1, 58.1, 45.2.

The enantiomeric excess was determined by HPLC on Chiralcel OD-H column
(hexane : isopropanol = 75 : 25, flowing rate = 1.0 mL/min, 25 °C, UV detection at A
=254 nm), tr1 = 8.6 min (major), tr2 = 28.3 min (minor).

Br
(25,45)-2,4-bis(4-bromophenyl)-2,3,4,5-tetrahydro-1H-1,5-ben

.
N
@[ 2 zodiazepine (15¢): (Known compound, see: Z.-Y. Ding, F. Chen,
N
H
15¢ Br

J. Qin, Y.-M. He and Q.-H. Fan, Angew. Chem., Int. Ed. 2012, 51,
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5706); yellow solid, m.p. 140-143°C, 95% yield, dr > 20:1, 99% ee; [a]p?° = -115.2 (¢
= 0.25, CHCIy), [Lit.® [a]o® = -106.2 (¢ = 1.0, CHClI3), 99% ee for (S,S) enantiomer];
IH NMR (400 MHz, CDCl3): & (ppm) 7.46 (d, J= 8.4 Hz, 4H), 7.29 (d, J= 8.4 Hz,
4H), 6.72-6.70 (m, 2H), 6.58-6.56 (M, 2H), 4.94 (t, J= 7.2 Hz, 2H), 3.41 (s, 2H), 2.22
(t, J= 7.2 Hz, 2H); 3C NMR (100 MHz, CDCL): & (ppm) 143.0, 137.8, 132.2, 128.7,
121.5,121.1, 119.2, 58.2, 45.1.

The enantiomeric excess was determined by HPLC on Chiralcel OD-H column
(hexane : isopropanol = 60 : 40, flowing rate = 0.9 mL/min, 25 °C, UV detection at A

= 254 nm), tr1 = 9.8 min (major), tr2 = 35.2 min (minor).

(25,4S5)-7-methoxy-2,4-diphenyl-2,3,4,5-tetrahydro-1H-1,5-b
e N Q enzodiazepine (15d): (Known compound, see: Z.-Y. Ding, F.
\@N% Chen, J. Qin, Y.-M. He and Q.-H. Fan, Angew. Chem., Int. Ed.
15: 2012, 51, 5706); yellow solid, m.p. 102-104 °C, 90% vyield, dr >
20:1, 99% ee; [a]o? = -63.1 (¢ = 0.25, CHCl3), [Lit.2 [o]o? =
-76.1 (c = 1.0, CHCIs), 97% ee for (S,S) enantiomer]; *H NMR (400 MHz, CDCls): &
(ppm) 7.41 (d, J= 7.2 Hz, 4H), 7.33 (t, J= 7.2 Hz, 4H), 7.27-7.24 (m, 2H), 6.48 (d, J
= 8.4 Hz, 1H), 6.26-6.24 (m, 1H), 6.15 (d, J = 2.0 Hz, 1H), 5.06 (dd, J1=10.0 Hz, J,=
4.4 Hz, 1H), 4.88 (dd, J1 = 9.2 Hz, J» = 4.8 Hz, 1H), 3.67 (s, 3H), 3.35 (s, 2H),
2.36-2.22 (m, 2H); *C NMR (100 MHz, CDCls): & (ppm) 154.6, 144.4, 144.2, 139.5,
131.7, 128.9, 128.9, 127.7, 127.6, 126.9, 126.9, 119.9, 105.3, 104.7, 59.5, 58.5, 55.6,
45.6.
The enantiomeric excess was determined by HPLC on Chiralcel OD-H column

(hexane : isopropanol = 60 : 40, flowing rate = 0.9 mL/min, 25 °C, UV detection at A

=254 nm), tr1 = 8.5 min (major), tr2 = 24.8 min (minor).

H © (28,4S5)-7-chloro-2,4-diphenyl-2,3,4,5-tetrahydro-1H-1,5-benz

cl N—
\C[ odiazepine (15¢): (Known compound, see: Z.-Y. Ding, F. Chen, J.
N
15e

Qin, Y.-M. He and Q.-H. Fan, Angew. Chem., Int. Ed. 2012, 51,
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5706); yellow solid, m.p. 118-120°C, 93% yield, dr > 20:1, 99% ee; [a]p® = -75.2 (c
= 0.25, CHCIs), [Lit.® [a]o? = -79.8 (c = 1.0, CHCI3), 99% ee for (S,S) enantiomer];
IH NMR (400 MHz, CDCls): & (ppm) 7.39-7.26 (m, 11H), 6.59 (d, J= 8.0 Hz, 1H),
6.48 (d, J= 1.6 Hz, 1H), 6.41 (d, J= 8.4 Hz, 1H), 5.04-4.95 (m, 2H), 3.41 (s, 2H),
2.29-2.26 (m, 2H); '>*C NMR (100 MHz, CDCl:): & (ppm) 143.8, 143.7, 139.4, 136.8,
129.0, 129.0, 127.9, 127.9, 126.9, 125.1, 120.1, 119.7, 118.3, 59.0, 58.8, 45.2.

The enantiomeric excess was determined by HPLC on Chiralcel OD-H column
(hexane : isopropanol = 85 : 15, flowing rate = 1.0 mL/min, 25 °C, UV detection at A

=254 nm), tr1 = 7.7 min (major), tr2 = 15.9 min (minor).

y 2,4-dimethyl-2,3,4,5-tetrahydro-1H-1,5-benzodiazepine (151):
@[N (Known compound, see: Z.-Y. Ding, F. Chen, J. Qin, Y.-M. He and Q.-H.
N Fan, Angew. Chem., Int. Ed. 2012, 51, 5706); yellow oil, 94% yield, dr =
15f 2:1 (cis : trans), 10% ee; [0]p?® = -9.1 (¢ = 0.25, CHCls), [Lit.2 [a]o® =
-32.4 (c = 0.25, CHClI3), 99% ee for (R,R) enantiomer]; *H NMR (500 MHz, CDCls):
5 (ppm) 6.78-6.72 (M, 4H), 6.67-6.65 (m, 1H), 6.57-6.55 (m, 1H), 3.79-3.75 (m, 1H),
3.34 (s, 3H), 2.85-2.79 (m, 2H), 1.71-1.64 (m, 2H), 1.46-1.39 (m, 1H), 1.29 (d, J=6.5
Hz, 6H), 1.17 (d, J= 6.5 Hz, 4H); '3C NMR (100 MHz, CDCls): & (ppm) 140.3, 138.5,
121.5,120.6, 120.5, 119.1, 52.8, 49.0, 48.2, 46.0, 24.1, 22.1.
The enantiomeric excess was determined by HPLC on Chiralcel OD-H column

exane : 1sopropanol = . , flowing rate = 1.0 mL/min, ,UV etection at
(h isopropanol = 75 : 25, flowing 1.0 mL/min, 25 °C, UV detection at A

= 254 nm), tr1 = 6.9 min (minor), tr2 = 10.7 min (major).
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10. Determination of absolute configuration

The absolute configuration of 7g was determined to be (S) based on single
crystal X-ray analysis (Scheme SI). The configuration of the other chiral products are

assigned by analogy.

O N O _TsCl DMAP O N O
N N N B
H \ Et;N, DCM ) \
= O:S:O =
79

79

Scheme SI: Single crystal structure of 7g’

The absolute configuration of 8f-g and 8m were determined to be (S) based on
single crystal X-ray analysis (Figure SI). The configuration of the other chiral

products (8d, 8e) are assigned by analogy.

S-8m

Figure S1. Single crystal structure of 8f-g and 8m
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The absolute configuration of 12¢ was determined to be (2S) based on single
crystal X-ray analysis (Figure S2). The configuration of the other chiral products (12a,
12b, 12d, 12e, 12f) are assigned by analogy.

O—
-
N
O
12c o—

Figure S2. Single crystal structure of 12¢

The absolute configuration of 13¢ was determined to be (2S,4S) based on the
absolute configuration of 12¢ in combination with 2D-NOESY spectrum (Scheme S2).
The configuration of the other chiral products (13a, 13b, 13d, 13e, 13f) are assigned

by analogy.

OMe OMe

1c OMe (S)-12¢ OMe (2S, 4S)-13¢ OMe
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12. Copy of NMR spectra
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Nuc2 1H
CPDPRG[2 waltzlé
BCPD2 80.00 usec
PLW2 20.00000000 W
PLW1Z 0.35778001 W
PLW13 0,22898000 W
F2 - Proceszing parameters
g1 32768
SF 125.7577738 MHz
WDW EM
SSB 0
| J [ LB 1.00 Hz
GB 0
BC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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NAME
EXPNO
PROCNC

0.003

F2
Date
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

Ls

TE

D1
D0
8FO1
NUCl
Pl
PLW1

F2
s8I
sF
WDW

Current Data Parameters

300M 2015
112
1

- Acquisition Parameters

5 mm DUL

CDCl3
10
2
6009,615 Hz
0.091699 Hz
5.4525352 sec
20%9.0%
83.200 usec
6.50 usec
288.2 K
1.00000000 sec

1
300.1318534 MHz

.00 usec
18.00000000 &

Processing parameters

65536
300.,1300073 MHz
EM
1)
0.30 Hz
0
1.00

L LS S — - — —
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 ppm
shiahss
rlolalel=lrlr-
W@ O Ao O 0 AN Current Data Parameters
A e A T58 HAME xinheci
e T I e = <=l S i EXPNO 76
MW= mMm NN NN NN A ~ [~ o PROCNO -
A A A o o r~ - -
\\\\\\“V \l/ F2 - Acquisition Parameters
Date_ 20170401
Time 17.42
TNSTRUM apect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
D 655386
SOLVENT CDC13
NS 1024
DS 4
SWH 24038.461 Hz
FIDRES 0.366728 Hz
AD 1.3631488 sec
RG 206.33
Dw 20,800 usec
DE 6.50 usec
TE 302.0 K
ol 2.00000000 sec
dll 0.03000000 sec
DELTA 1.899299%98 sec
TDO 1
SFOL 100.6504916 MHz
NUCL 13C
Pl 10.00 usec
PLW1 54.,00000000 W
SFO2 400.2416010 MHz
nucz 1H
CPDPRG[2 waltzle
PCPD2Z 90.00 usec
PLW2 12.00000000 W
PLW12 0.34680000 W
PLW13 0.280909%3 W
F2 Processing parameters
SI 32768
SF 100.6404132 MHz
WDW EM
SSB a
| ‘ | LB 1.00 Hz
e s 0
PC 1.40
T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm

S60



o Ho Mo Mo moma
M NS D MO D o D Y
R e Rt R R R R R el
w©

37

Current Data Parameters

619
562
546

y ] 8

B o NAME S00M 2018-2
B e T i i e EXPNO 76
N\ VW | | PROCNO 1

F2 - Rcquisition Parameters

Date_ 20180312
Time 18.46
INSTRUM spect
FROBHD 5 mm CPPBBC BB
PULEROG zg30
O D 65536
SOLVENT CDCl3
- X us 16
DS Zz
Pz N SWH 10000.000 Hz
N N FIDRES 0.152588 Hz
| AQ 3.27679399 sec
= RG 48.27
D 50.000 usec
6k DE 6.50 usec
TE 298.1 K
D1 1.00000000 sec
TDO 1
sFol 500.1330885 MHz
NUOC1 E
Pl 11.50 usec
ELW1 20.00000000 W
FZ - Processing parameters
s8I 65536
SF 500.,1300124 MHz
WDW EM
SSB [¢]
LB 0.30 Hz
GB Q
BC 1.00

T

T
10 9 8 7 6 5 4 3 2 1 ppm
FEbEE 48
olel-ll~lr~lol-lo ciles
Wm0 Current Data Parameters
© OO OO T 0N 0 LY a2 NAME 500M 2018-2
[~ WO WL~ 0 0oWww ™Mo o ... .. EXPNO 17
0w W m o, RS R A RS B = W PROCNO 1
R R R R e R R e R | e e
\\I\l\\ \!////‘ W | ‘ F2 - hcquisition Parameters
Date_ 20180319
Time 18.49
INSTRUM spect
PROBHD 5 mm CPPBBC BB
PULPRCG zgpg30
D 65536
O SOLVENT CDC13
- N - :
SWH 29761.204 Hz
N FIDRES 0.,454131 Hz
N ~ ap 1.1010048 sec
| G 92,89
= o 16.800 usec
DE 18,00 usec
6k TE 298.2 K
Dl 2.00000000 sec
dll 0,03000000 sec
DELTA 1.89999998 zec
TDO 1
SFOl 125.7703637 MHz
NUCL 13cC
Pl 9.80 usec
PLW1 57.00000000 W
SFO2 500.1320005 MHz
NUC2 1H
CPDPRG[2 waltzlée
PCPD2 80.00 usec
PLW2 20.00000000 W
PLW1Z2 0.35778001 W
PLW13 0.22898000 W
F2 - Processing parameters
SI 32768
SF 125.7577738 MHz
WD EM
S5B
H | LB 1.00 Hz
) GB
PC 1.40

T T T T T T T
200 180 160 140 120 100 80

S61



FOMENORo0THYMO T RS @
TN DL E- SO 0D 0=~ D a
M NN O 0 DD 0 o
L e o

—8.170

f
|

Current Data Parameters

NAME S00M 2018-2
EXPNO 78
BROCNO 1

F2 - Acquisition Parameters

F3C

Date_ 20180321
Time 15.02
INSTRUM spect
FROBHD 5 mm CPPBBC BB
EULFROG 2g30
D 65536
SOLVENT cDCl3
X NS 16
Ds 2
— N SWH 10000.000 Hz
N AN FIDRES 0.152588 Hz
| AQ 3.2767989 sec
— RG 49,27
DW 50.000 usec
6' DE ©.50 usec
TE Z298.1 K
D1 1.00000000 =sec
TDO 1
SFCl 500.1330885 MHz
NUC1 1H
Pl 11.50 usec
PLW1 20.00000000 W
F2 - Processing parameters
sI 65536
SF 500.1300119 MHz
WDW EM
S5B 4]
LB 0.30 Hz
GB 0
PC 1.00

R |11 .

S62

e = e A e B e AN D B B A A Bt B e Current Data Parameters
mNASBSRET ATAnSEeRnNT N T e 5 A 500M 2012
W= N 40000 NULOVNTMmMOS » « - . EXENO 157
N T R e B A R R e e R e e s s s = PROCNO 1
A A A A A A A A A A A A A AAAAA A A A A A o~
L%‘W% F2 - Acquisition Parameters
Date_ 20180723
Time 1z.02
INSTRUM spect
PROBHD 5 mm CPPBBC BB
PULPROG zgpg30
D 65536
SOLVENT ¢DCla
NS 1024
D& 4
F C SWH 29761.904 Hz
3 \ FIDRES 0.454131 Hz
AQ 1.1010048 sec
RG 192.89
= N DW 16.800 usec
N N DE 18.00 usec
| TE 298.2 K
= D1 2.00000000 sec
6' D11 0.03000000 sec
TDO 1
CHANNEL f1 = =
125.7703637 MHz
c
2.80 usec
57.00000000 W
CHANNEL f2Z = =
500,1320005 MHz
NUCZ in
CEDPRG (2 waltzle
PCPDZ .00 usec
FLW2 0,00000000 W
PLW1Z 0.35778001 W
FLW13 0.228%8000 W
F2 - Processing paramsters
sI 32768
EF 125.7577720 MHz
WDW EM
SSB 0
L L \ L3 1.00 Bz
GB 0
EC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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637
619
562
546

7.691
675

7
565

B
&
g
g

X
N7 | NS
Pz

6m

T

NAME
EXFNO
PROCNC

—2z.920
—2.680

Current Data Parameters

500M 2018-2
76
1

F2 - Rcquisition Parameters

Date_
Time
INSTRUM
FROBHD 5
FULPRGG
D
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

D

DE

TE

Dl

TDO
sFol
NUOC1

P

ELW1

SEB 1]

201803139
18.46
spect

mm CEPBBC EB
zg30

65536

CDCl3

1s

Z
10000,000 Hz
0.152588 Hz
3.27679399 sec
48.27
50.000 usec
6.50 usec
298.1 K
1.00000000 sec
1

500.1330885 MHz
1H

11.50 usec
20.00000000 W

— Processing parameters

65536
1300124 MHz
EM

500,

0.30 Hz

1.00

10 9 8 7 6 5 ppm
HEbEE b o
olel-ll~lr~lol-lo ciles
v - s oY Y v,
BYNS2INERTBRLE e 3z e B T
[~ O\~ [~ ™ W W L M EXPNC 77
RN R R R e S R S e ] >~ N PROCNO 1
e R e e R R R e R e R R -~ - o
k\h§§§k\:rh§§ \\/féﬁgzizifJ \\l/) ‘ | F2 - Acquisition Farameters
Date_ 20180319
Time 18.4%9
INSTRUM spect
PROBHD 5 mm CPPBEC EB
PULPROG Zgpg30
TD 65536
SOLVENT cDpcl3
NS 31
Ds 4
\\\ SWH 29761.904 Hz
FIDRES 0.454131 Hz
N/ N 20 1.1010048 sec
| RG 192.89
DW 16.800 usec
= DE 18,00 usec
6m TE 298.2 K
Dl 2,00000000 sec
dll 0,03000000 sec
DELTA 1.89999998 sec
TDO 1
SFOol 125.7703637 MHz
nucl 13C
Pl 9.680 usec
PLW1 57.00000000 W
SF02 500.1320005 MHz
Nuoc2 i1
CPDPRG[2 waltzlé
PCPD2 80.00 usec
PLW2 20.00000000 W
PLW1Z2 0,35778001 W
PLW13 0.22898000 W
F2 - Processing parameters
SI 32768
SF 125.7377738 MHz
WDW EM
T 5
LB 1.00 Hz
GB Q
PC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm

S63



noLeg o i Current Data Parameters
W o @ - NAME 500M 2018-2
R o S EXPNG 107
V PROCNO 1
r2 Acquisition Parameters
Date_ 20180417
Time 20.50
INSTRUM spect
PRCBHD 5 mm CPPBBO BB
PULPROG zg30
TD 65536
SOLVENT cpel3
NS 16
Ds 2
AN SWH 10000.000 Hz
FIDRES 0.152588 Hz
RO 3.27672929 sec
/ N RG 22.1
N N D 50.000 usec
| DE 6.50 usec
= TE 298.1 K
6n D1 1.00000000 sec
TDO 1

SFO1
NUC1
P1

PLW1

CHANNEL f1
500.1330885

1H

11.50
20.00000000 W

FZ - Processing parameters

SI
SF
WDW
55B
LB
GB

I I LU i ) EC

T T T T T T T T T T

65536
500.1300466
EM

MHz

0.30 Hz

10 9 8 7 6 5 4 3 2 1 ppm
iy I
rlollrlrlglel=la - L] ©
Mo W TS D ) DD Current Data Parameters
SREeLone AT = PR NAKE 500M 20182
OSSN S © 0NN M ©© EXENO 108
VW WS Mmoo ol ol el r~ o = <™ PROCNO 1
L B B B e B B e B B B B B | r~r~r- [ R R
\I\'\ \\ ‘\\‘///’ V \\/ FZ2 - Acquisition Parameters
Date_ 20180417
Time 20.52
INSTRUM spect
PROBHD 5 mm CPPBBO BB
PULPROG zgpg30
TD 65538
SOLVENT feaslanic)
NS 58
AN DS q
SWH 29761.904 Hz
FIDRES 0.454121 Hz
N/ N\ jito} 1.1010048 sec
| R 192.89
DwW 16.800 usec
/ DE 18.00 usec
6n TE 298.1 K
Dl 2,00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1 =
125.7703637 MHz
1zc
9.80 usec
7.00000000 W
CHANNEL f2 =
SFOZ 500.1320005 MHz
NUC2 1"
CPDPRG[2 waltzlé
BCPDZ 80.00 usec
PLW2 20.00000000 W
PLW12 0.35778001 W
ELW13 0.22838000 W
FZ - Processing parameters
51 32768
SF 125.7577856 MHz
WDW EM
55B o
) LB 1.00 Hz
GB o]
BEC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm

S64



7.483

X
N7 | NS
60 &

TN

Hz
Hz
sec

sec

MHz

usec

e o3 Current Data Parameters
aee R NAME qitg
Mmoo o EXPNG 20
W ‘ PROCNO 1
F2 - Acquisition Parameters
Date_ 20161125
Tim 16.24
INSTRUM spect
PRCBHD 5 mm PABBC BB/
PULFPROG zg30
D 32768
SOLVENT CDC13
NS 1é
Ds o
SWH 8012.820
FIDRES 0.244532
AQ 2.0447232
RG
oW
DE
TE
D1 2.00000000
TDO 1
SFOl 400.242471¢
NUCL
Pl 14.80
PLW1 12.00000000

s8I
SF
WD
S8B

65536
400,2400096
EM

0.30

1.00

w

FZ - Processing parameters

MHz

Hz

10 9 8 7 6 5 ppm
gsfs gl B
=il SNl = @l ln
DO GO T W - TG A 0Oy Current Data Parameters
noennaaaeangas 2w 8328 Hae atta
WOy M0 =~ O SO W DM ® v EXPNG 81
R S S S ] o W ol PROCNG 1
e e e K e e e e e e -~ mmm oo
\\\'\\“ \\M‘//' \l/ \/ / | F2 - Acguisition Parameters
Date_ 20161125
Time 16.32
TNSTRUM apect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
D 655386
SOLVENT CDC13
NS 128
DS 4
SWH 24038.461 Hz
FIDRES 0.366728 Hz
A A0 1.3631488 sec
RG 206.33
~ N D 20,800 usec
N N DE 6.50 usec
TE 229.1 K
= D1 2.00000000 sec
60 d11 0.03000000 sec
DELTA 1.899299%98 sec
TDO 1
SFOL 100.6504916 MHz
NUCL 13C
Pl 10.00 usec
PLW1 54.,00000000 W
SFO2 400.2416010 MHz
nucz 1H
CPDPRG[2 waltzle
PCPD2Z 90.00 usec
PLW2 12.00000000 W
PLW12 0.34680000 W
PLW13 0.280909%3 W
F2 Processing parameters
SI 32768
SF 100.6404166 MHz
WDW
SSB a
| [\ LB 1.00 Hz
) GB a
PC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm

S65



R e L @
AONO MW A DD 0w NS OB w Current Data Parameters
R B e e R I © NAME 400M 2016
B i e e o EXPHO 2
"“%W PROCNO 1
F2 - Rcguisition Parameters
Date_ 20151222
Time 15.06
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG 2g30
X D 32768
SOLVENT CDCl2
— N NS 16
N A DS 0
| swH 8012.820 Hz
FIDRES 0.244532 Hz
= 0 2.0447233 sec
RG 102.73
D 62.400 usec
sp LE 6.50 usec
TE 298.0 K
Dl 2.00000000 sec
TDO 1
SFOl 400.2424716 MHz
NUC1 1t
Pl 14,80 usec
PLW1 12.00000000 W
F2 - Processing parameters
sI 65536
SF 400.2400098 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
pC 1.00
LY J
T T T T T T T T
10 9 8 7 6 5 4 ppm
LR g
ol I« I<lsl-llo o
E§§§$Eﬂg?ﬁ§%2ﬁf{?:immv . Current Data Parameters
e - NAME 400M 2016
~NVuNOoOOEE O @M= M=WMmom - N EXENO 3
DWW T MMM m eSS o A N PROCNG 1
B I I B e B e e e B B e B R e [}
‘&I\\%\\/i%//’) W F2 - Acquisitien Parameters
Date_ 20151222
Time 15.10
INSTRUM spect
PROBHD 5 mm PABBC BB/
PULPROG zgpg30
TD 65538
SOLVENT €DC13
A NS 243
DS 4
N/ N\ swH 24038.461 Hz
| FIDRES 0.366798 Hz
AD 1.3631488 sec
= RG 206.33
DW 20.800 usec
DE 6.50 usec
TE 298.2 K
6p D1 2.00000000 sec
dll 0.03000000 sec
DELTA 1.89999998 sec
TDO 1
SFO1 100.6504216 MHz
NUC1 13cC
Pl 10.00 usec
PLWL 54,00000000 W
SFO2 400.2416010 MHz
NUCZ 1H
CPDPRG(2 waltzlé
PCED2 90.00 usec
PLWZ2 12.00000000 W
PLW12 0.34680000 W
PLW13 0.28090%9% W
F2 - Processing parameters
SI 32768
SF 100.6404190 MHz
WDW EM
[ 58B 0
I o LB 1.00 Hz
GB o]
PC 1.40
T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 ppm

S66
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Current Data Parameters

NAME 400M2017
EXPNO 73
BROCNO 1

F2 - Acquisition Parameters

Date_ 20170327
Time 16.47
INSTRUM spect
PROBHD 5 mm PABBC BB/
EULFROG 2g30
TD 32768
SOLVENT cDCl3
RE] 16
Ds ]
SWH 8012.820 Hz
N FIDRES 0.244532 Hz
N N AQ 2.0447233 sec
H | RG 125.02
= oW 62.400 usec
DE 50 usec
7d TE 1 K
Dl 2.00000000 sec
TDO 1
SFCl 400.242471¢€ MHz
NUC1 1H
PL 14.80 usec
PLW1 2.00000000 W
F2 - Processing parameters
SI 65536
SF 400.2400138 MHz
WDW EM
S5B 4}
LB 0.30 Hz
GB 0
FC 1.00
L) I A
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 ppm
L g e
ollioln - - rlolol=lr~
e 3 g aaq : R 0w n . e Current Data Parameters
[ perm e S ene | i o b NAME 400M2017
[ I = N R R ] - EXPNO 74
[ RS S S S | ] W w o PROCNO 1
— i R B B B N N B | Ll L) o
\ ‘ \\\\\/ V/ W \‘/ F2 - Acquisition Parameters
Date 20170327
Time 16.51
INSTRUM spect
PROBHD 5 mm PABBO BB/
BEULPROG zgpg30
sl 655386
SOLVENT cpels
NS 223
N Ds 4
N AN SWH 24038.461 Hz
| FIDRES 0.366738 Hz
H AD 1.3631488 sec
7d = RG 206.33
oW 20.800 usec
DE 6.50 usec
TE 300.5 K
D1 2.00000000 sec
dil 0.03000000 sec
DELTA 1.89999998 sec
TDO 1
SFol 100.6504916 MHz
NUCL 13c
Pl 10.00 usec
PLW1 54.,00000000 W
SFo2 400.2416010 MHz
Nucz2 1H
CPDPRG[2 waltzlé
PCPD2 20.00 usec
PLWZ 12.00000000 W
PLW1Z 0.34680000 W
PLW13 0.280920%92 W
F2 - Processing parameters
SsI 32768
SF 100.6404158 MHz
WDW EM
1 S8B 0
N LB 1.00 Hz
GB 0
BEC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0  ppm
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NAME
EXENO
FROCHO

Current Data Parameters

500M2017

5

-

F2 - Acquisition Parameters

Date_ 20161206
Time 1.02
INSTRUM spect
FROBHD 5 mm CPPBBC BB
EULFROG zg30
iyl 65536
SCOLVENT cDCl3
16
2
N 10000.000 Hz
N AN 0.152588 Hz
| 3.2767999 szec
H 31.72
7 = 50.000 usec
e €.50 usec
288.0 K
1.00000000 sec
1
500.1330885 MHz
1H
10.60 usec
20.00000000 W
FZ - Processing parameters
ST 65536
SF 500.1300197 MHz
WDW EM
SSB Q
LB 0.30 Hz
GB 0
EC 1.00
LAUI_‘ M A
T T T T T T T T T T
10 9 8 7 6 3 2 1 ppm
[ g8 @ @
=1 =l - ololo el o -]
o~ DWW M oy 00D e Y Current Data Parameters
e wAaecann-n S Tege NAME 50042017
0 R e e e . - . vt EXPNO 5
0 o TN =~ 0 w0 O W@ o) PROCNO 1
— o A [l ! RS R Ry
] ' \ \\‘\ \\%/ \V | | \; / F2 - Acquisition Parameters
Date 20161206
Time 21.06
INSTRUM spect
PROBHD 5 mm CFPBBO BB
BEULPROG zgpg30
sl 655386
SOLVENT cpels
NS 201
Ds 4
SWH 22761.904 Hz
N FIDRES 0.454131 Hz
N N AQ 1.1010048 sec
H | RG 1%2.89
= oW 16.800 usec
Te DE 18.00 usec
TE 2%8.0 K
D1 2.00000000 sec
dil 0.03000000 sec
DELTA 1.89999998 sec
TDO 1
SFol 125.7703637 MHz
NUCL 13c
Pl 9,80 usec
PLW1 57.00000000 W
SFo2 500,1320005 MHz
Nucz2 1H
CPDPRG[2 waltzlé
PCPD2 80.00 usec
PLWZ 20.00000000 W
PLW1Z 0.35778001 W
PLW13 0.,22828000 W
F2 - Processing parameters
SsI 32768
SF 125.7577743 MHz
WDW EM
S8B 0
I LB 1.00 Hz
- GB 0
BEC 1.40
T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm

S68



247

NAME
EXPNC
FROCNO

1.

Current Data Par

500M 2018

tion Parameters

20180313
Time 9.15
INSTRUM spect
PROBHD 5 mm CPPBEO BB
PULPROG 0
TD
SOLVENT
NS
DS 2
N SWH 10000.000 Hz
N N FIDRES 0.152588 Hz
H | Q 3.2767999 sec
— G 31.72
7f DW 50.000 usec
DE 6.50 usec
TE 298.2 K
Dl 1.00000000 sec
TDO 1
SFO1 500.1330885 MHz
NUC1
Pl 11.
PLWL 20.0000¢
F2 - Processing parameters
65536
500.1300158 MHz
EM
0.30 Hz
I 1.00
t A MM‘ | JVL
T T T T T T T T T T T
10 9 8 7 ] 5 4 3 2 1 ppm
el g9 8RR
| [=les] o Sl olail |+lelaileefl=
>~ DM N o O @ - Current Data Farameters
B TEE 8 &§838ea NAME S00M 2018-2
W T O OV [ .. . coe e e EXPNO 65
W0 Ao T e o e e ~ o wWw Mm@ e
—f A o [l R K ] PROCNO 1
RNV = NS N F2 - Acquisition Parameters
Date_ 20180313
Time 9.18
INSTRUM spect
PROBHD 5 mm CPPBEBO EB
PULPROG zgpg30
TD 655386
SOLVENT coel3
NS 45
D$ 4
SWH 29761.904 Hz
FIDRES 0.454131 Hz
AQ 1,1010048 sec
N RG 192.8%
N N DW 16.800 usec
H | DE 18,00 usec
_— 298.1 K
7f 2.,00000000 sec
0,03000000 sec
1.89999998 =ec
1
125.7703637 MHz
13cC
9.80 usec
57,00000000 W
500.1320005 MHz
1H
CPDPRG([2 waltzlé
PCPD2 80.00 usec
PLWZ 20.,00000000 W
FLW1Z 0.35778001 W
PLW13 0.22898000 W
F2 - Processing parameters
SI 32768
SF 5.7577738 MHz
WDW EM
J [ J SSB 0
LB 1.00 Hz
il L Lol on N
PC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm

S69



1o
o ?
cocoaw - [
o ool

N
N AN
H I/
79
s / I |
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 ppm
CEREER]H g &3l
ail = leleslledl [ Sle el el
WO S M o OO W o = o
WYMo MO Mmoo, w W v o™ oV [~
. = o~ O o fts ]
N T O N DD P . ..
L=RNTe BES Sl Lo B T I Ba o B B e B e | r~ r~ @ (=] [ elte]
— o o O~ ) (Sl
N N\
Ho |l
79
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm

S70

Current

Data Parameters

HAME 500M 2018-2
EXFPNO
PROCHC 1
FZ2 - Acguisition Parameters
Date_ 20180307
Time 21.50
INSTRUM spect
PRCGBHD 5 mm CEFBBC BB
2q30
65536
CDC13

16

2
10000.000 Hz
0.152588 Hz
3.2767999 sec
1.72

50.000 usec

288.2 K
1.00000000 sec
1

TDO
SFOL 500,1330885 MHz
NUCL 1H
Pl 11.50 usec
PLW1 Z20.00000000 W
F2 - Processing parameters
sI 65536
SF 1300235 MHz
WD EM
5S8B 4]
LB 0.30 Hz
GB aQ
PC 1.00
Current Data Parameters
NAME, 400M 2018
EXPNC 325
PROCNO 1
2 Acquisition Parameters
Date_ 20180305
Time 15.05
INSTRUM spect
PROBHD 5 mm FABBO BB/
PULPROG Zgpg30
D 5536
SOLVENT CDC13
9
4
24038.461 Hz
0.366798 H
1.3631488 sec
206.33
20,800 usec
6.50 usec
298.1 K
2.00000000 sec
0.03000000 sec
DELTA 1.89999998 sec
TDO 1
SFO1 100.6504%16 MHz
NuCl 13cC
P1 10.00 usec
PLW1 54.00000000 W
SFO2 400.2416010 MHz
Nuc2 1H
CPDPRG[2 waltzlé
PCPD2 90.00 usec
PLWZ 12.00000000 W
PLW12 0.34680000 W
PLW13 0.280%039% W
F2 - Prccessing parameters
SI 32768
SKF 100.6404202 MHz
WDW EM
SSB Q
LB 1.00 Hz
G 0
PC 1.40



e
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a
"

*‘%*\.\WW N\“‘“‘*‘\-.M

MAME
EXPNC

- PROCNO

Current Data Parameters

5001 2016
60

FZ2 Acquisition Parameters

Date_ 20160303
Time 16.02
INSTRUM spect
PRCBHD 5 mm CPPBBC BE
PULPROG zg30
TD 65536
OMe SOLVENT cpcl3
NS 16
N Ds z
N BN SWH 10000.000 Hz
H | FIDRES 0.152588 Hz
/ AQ 3.2767889 sec
RG 55.37
7h D 50.000 usec
DE 50 usec
TE 0K
Dl 1. UUUUUUUU sec
TDO
SFol 500.1330835 MHz
NUC1
Fl 10.60 usec
PLW1 20.00000000 W
F2 - Processing parameters
sI 65536
=13 500.130016¢6 MHz
WDW EM
SSB a
LB 0.30 Hz
GB Q
EC 1.00
A b A AL L
T T T T T T T T T T T
10 9 7 6 5 4 1 ppm
-
- o~
8& _a;;;j fﬂ%}f’g:;aﬁdg PR - P Current Data Parameters
A S e = A = o HAME 500M 2016
Ol OW L~ W . v L > - EXPNO 62
WOW T Mmoo~ ~ 0 [rar) w© @ PROCNO 1
e e e R R e R B R B R R | r~ o~ [Fa Nt oo
SN SR == NV \/ F2 - Acquisition Parameters
Date_ 20160303
Time 16.05
INSTRUM apect
PROBHD 5 mm CPPBBO BB
PULPROG zgpg30
D 655386
SOLVENT CDC13
OMe HS 221
DS 4
N SWH 29761.904 Hz
N AN FIDRES 0.454131 Hz
| AD 1.1010048 sec
H RG 192,89
= D 16.800 usec
DE 18.00 usec
7h TE 298.0 K
ol 2.00000000 sec
dll 0.03000000 sec
DELTA 1.899299%98 sec
TDO 1
SFOL 125.7703637 MHz
NUCL 13C
Pl 9.80 usec
PLW1 57.00000000 W
SFO2 500.1320005 MHz
nucz 1H
CPDPRG[2 waltzle
PCPD2Z 80.00 usec
PLW2 20.00000000 W
PLW12 0.35778001 W
PLW13 0.22898000 W
F2 - Procesaing parametera
SI 32768
SF 125.7577725 MHz
WDW EM
SSB a
“ | l | [ LB 1.00 Hz
: B 0
PC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm

S71



Current Data Parameters

NAME 400M2017
EXPNO 78
BROCNO 1

F2 - Acquisition Parameters

w -

r

10 9 8 5 4 ppm
EeEEa E =5 2
o il - ol lel=
MO OON e O Mm 0w o e
DD T O AN T W PO W00 o™ A=}
I T R N ") a oo
CECRINRITILNIEZSEEIEEe @ @0
R e e B B B e B B B B B B B B B B B Sl wy o o
BENNS S N \/
F
N N\
Hol
=
7i
N “ Jl“L | H 1
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm

S72

Date_ 20170401
Time 18,55
INSTRUM spect
PROBHD 5 mm PABBC BB/
EULFROG 2g30

TD 32768
SOLVENT cDCl3

RE] 16

Ds ]

SWH 8012.820 Hz
FIDRES 0.244532 Hz
AQ 2.0447233 sec
RG

oW

DE

TE

D1 2.00000000 sec
TDO 1
SFCl 400.242471¢€ MHz
NUC1 1H

Pl 14,80 usec
PLW1 2.00000000 W
F2 - Processing parameters
sI 65536

SF 400.2400151 MHz
WDW EM

S5B 4}

LB 0.30 Hz
GB 0

EC 1.00
Current Data Parameters
NAME 400M2017
EXPNO 72
PROCNG 1

F2 - Acqguisition Parameters
Date_ 20170401
Time 18.59
INSTRUM spect
FROBHD 5 mm PABBO BB/
PULPROG zgpg30

TD 655386
SOLVENT cDclz

NS 224

DS 4
SWH 24038.461 Hz
FIDRES 0.366738 Hz
AQ 1.3631488 sec
RG 206.33

oW 20

DE

TE 303.

ol 2.000000C =1¢]
dll 0.03000000 sec
DELTA 1.8299999%8 sec
TDO 1
SFO1 100.6504916 MHz
NUC1 13C

P1 10,00 usec
PLW1 54,00000000 W
SFOZ 400.2416010 MHz
NUC2 1H
CPDPRG([2 waltzlé
PCPD2 20,00 usec
PLWZ 12.00000000 W
PLW12 0.34680000 W
FLW13 0.2809089% W
F2 - Processing parameters
sI 32768

SF 100.6404139 MHz
WDW EM
8SB 0

LB 1.00 Hz
GB 0

EC 1.40



N N\ Br

H I/

7j

“JM . T
T T T T T T T T T T
10 9 8 7 6 5 4 3 2 ppm
Elagae ¢ s e
)] WO N N~ -~ @
G @@ oatg Jeg = 29
2 IEadNaNITy ARy @ PRgr
— L B B B B B e e e B B | - - Yy o™
NNV NS \/
N Br

N B

Ho
) =

7j
| | H Ih |

T T T T T T T T T T T
200 180 160 140 120 100 8 60 40 20 0 ppm

S73

Current Data Parameters

NAME 500M 2018-2
EXENO 67
FROCHNO 1
F2 - Acquisition Parameters
> 20180314
1.10
spect
5 mm CPPBBC BB
zg30
65536
SOLVENT cDCl3
Ng 31
Ds 2
10000.000 Hz
0.152588 Hz
3.2767989 sec
3Lz
50,000 usec
%.50 usec
298.2 K
1.00000000 sec
1
500.1330885 MH=z
1H
11.50 usec
20.00000000 W
FZ2 - Processing parameters
sSI 65536
SF 500.,1300137 MHz
WDW EM
SSB Q
LB 0.30 Hz
GB 0
BC 1.00
Current Data Parameters
HAME 500M 2018-2
EXPNCG 48
PROCNO 1
FZ - Acquisition Parameters
Date_ 20180302
Time 2.01
INSTRUM spect
PROBHD 5 mm CPPBEC EB
PULPROG zgpg30
TD 655386
SOLVENT [ein]eh e}
NS 10
Ds 4
SWH 29761.9%04 Hz
FIDRES 0.454131 Hz
AQ 1.1010048 sec
RG 192.89
oW 16.800 usec
DE 18.00 usec
TE 298.2 K
D1 2.00000000 sec
dll 0.03000000 sec
DELTA 1.89992998 sec
TDO 1
SFOl 125.7703637 MHz
NUC1 13cC
Pl 9.80 usec
PLW1 57.00000000 W
SFo2 500.1320005 MHz
Hucz 1H
CPDFRG[2 waltzlé
PCEDZ 80,00 usec
PLW2 20.,00000000 W
PLW1Z 0,35778001 W
PLW13 0.22828000 W
FZ2 - Processing parameters
SI 32768
SF 125,7577747 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB L]
PC 1.40



Current Data Parameters

NAME 500M 2018-2
EXPNO a4
PROCNC 1
F2 - Requisition Parameters
Date_ 20180327
Time 0.46
INSTRUM spect
PROBHD 5 mm CPPBBC BB
PULPROG zg30
D 65536
o SOLVENT CDCl3
NS 16
- Ds Zz
SWH 10000.000 Hz
N FIDRES 0.152588 Hz
N N AQ 3.2767999 sec
H RG 48.27
D 50.000 usec
Tk Z DE 6.50 usec
TE 2898.2 K
Dl 1.00000000 sec
TDO 1
SFO1 500,1330885 MHz
NUC1 1H
Pl 11.50 usec
PLW1 20.00000000 W
F2Z - Processing parameters
s8I 65536
SF 500.,1300125 MHz
WDW EM
88B o
LB 0.30 Hz
GB 0
BC 1.00
L A A
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 ppm
g9 @ @ B e
ollrlal loi - o llaill=ll-
e BN B Vs B ] Current Data Parameters
LS NonEnee =Y v NAME 500M 2018-2
o~ ey W~ T M R o EXPNO a5
WWWw Mmoo ~ I~ o - O FROCNG 1
e B I I R R e e r~ -~ Ly Ly SRS
1 ‘ | \/ \\// W \/ \l/ F2 - Acguisiticn Parameters
Date_ 20180327
Time 1.40
INSTRUM spect
PROBHD 5 mm CPPBEC BB
PULPROG zgpg30
TD 65536
O SOLVENT cDCl3
-~ NS 1024
Ds 4
N SWH 29761.204 Hz
N N FIDRES 0.454131 Hz
H | AD 1.1010048 sec
= RG 192.89
7k DW 16.800 usec
DE 18.00 usec
TE 298.2 K
D1 2,00000000 sec
dil 0.03000000 sec
DELTA 1.892922998 sec
TDO 1
sFol 125.7703637 MHz
NucCl 13cC
Fl 2.80 usec
PLW1 57.00000000 W
SFOZ 500.1320005 MHz
NuCz 1H
CPDERG[2 waltzlé
PCPD2 80.00 usec
PLWZ 20,00000000 W
PLW1Z2 0,35778001 W
PLW13 0.22828000 W
F2 Processing parameters
SI 32768
SF 125,7577729 MHz
WDW EM
S5B 0
o [ .
GB 0
EC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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S 2 3 i o) Current Data Parameters

< ol ol ol el el el el ol ol o ol ol ol 0ol ol el el e el el ol e M e o e o NAME 400M 2018
NS —— e O 72
PROCHC 1

FZ - Acguisiticon Parameters

Date_
Time
INSTRUM c
PRCEBHD 5 mm FABBC BB/
PULPRCG zg30
™ 32768
SOLVENT CDC13
FsC S 16
Ds a
N SWH 8012.820 Hz
N AN FIDRES 0.244532 Hz
H | AC 2.0447233 sec
/ RG 92.0%9
7| oW 62.400 usec
DE 6.50 usec
TE 301.3 K
D1 2.00000000 sec
TDO 1
SFOL 400,2424716 MHz
NUC1 1H
Pl 14.80 usec
PLW1 12.00000000 W
FZ — Processing parameters
51 65536
SE 400.2400422 MHz
WD EM
SEB Q
LB 0.30 Hz
GB 0
PC 1.00

10 9 8 7 6 5 4 3 2
2

b

o
o
-

~ = u o -
e
SO NOWOOYO T T T TONACO@O @M . EXENC 75
W N NN NN NN NN NN A A A A A AW o o PROCNO 1
e B B B R B B B R B B R B R B R R R B B T T Bl T ol ool
x‘k‘w %’/’ \I/ F2 Acquisition Parameters
Date_ 20160822
Time 17.05
INSTRUM spect
PROBHD 5 mm FABBO BB/
PULPROG Zgpg30
D 5536
SOLVENT CDC13
1024
4
24038.461 Hz
0.366798 Hz
FsC 1.3631488 sec
206.33
N 20,800 usec
N N 6
H | Pz 2.00000000 sec
71 0.03000000 sec
DELTA 1.89999998 sec
TDO 1
SFO1 100.6504%16 MHz
NuCl 13cC
P1 10.00 usec
PLW1 54.00000000 W
SFO2 400.2416010 MHz
Nuc2 1H
CPDPRG[2 waltzlé
PCPD2 90.00 usec
PLWZ 12.00000000 W
PLW12 0.34680000 W
PLW13 0.280%039% W
F2 - Prccessing parameters
SI 32768
SKF 100.6404139 MHz
WDW EM
SSB Q
| l \ LB 1,00 Hz
GB 0
PC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0  ppm
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IeaNRELYRREN2T Current Data Parameters
R N e e e e i ‘ NAME 500M 2018-2
P R R v r-ge. g R RN N N A N Y EXENO 51
NN S \ [t T 1
FZ2 - Acgquisition Parameters
Date_ 20180307
Time 21.53
INSTRUM spect
ERCBHD S mm CEFBBC BB
PULPRCG z2g30
D 65536
SOLVENT CDC13
NS 16
Ds 2
SWH 10000.000 Hz
FIDRES 0.,152588 Hz
N AG 3,2767999 sec
N N RG 1.72
H | DR 50.000 usec
_— DE §.50 usec
m TE 298.1 X
D1 1.00000000 sec
TDO 1
SFOl 500.1330885 MHz
NUC1 1H
Pl 11.50 usec
PLW1 20.00000000 W
F2 - Processing parameters
sI 65536
SF 500,13001683 MHz
WDW EM
58B o]
LB 0.30 Hz
GB ]
EC 1.00
LLUU ¥ A
T T T T T T T T
10 8 7 6 5 4 3 2
gsEEy LI
slrlolol-lo olo rlrelol=lesle
Yo mwwnonmso oo Current Data Parameters
Ve Mg em e S a FA NAME 500M 2018-2
35 FEINERSNYS cce o R EXPNO 2
e R e R R R e R ] o~ - - o] SRS R PROCNO 1
| I \\\\\j// \\V | \\/ / F2 - Acquisition Parameters
Date_ 20180307
Time 21.55
INSTRUM spect
PROBHD 5 mm CPPBBO BB
PULPROG zgpg30
TD 65536
SOLVENT CDCl3
NS 30
DS 4
SWH 29761.904 Hz
N FIDRES 0.454131 Hz
N N AQ 1.1010048 sec
H | RG 192,89
= D 16,800 usec
7m DE 18,00 usec
TE 298.2 K
Dl 2.00000000 sec
dll 0.03000000 sec
DELTA 1.89992998 sec
TDO 1
SFOL 125.7703637 MHz
NUCL 13C
Pl 3.80 usec
FLW1 57.00000000 W
SFO2 500.1320005 MHz
NUC2 1H
CEDPRG[2 waltzlé
PCED2 80.00 usec
PLWZ2 20.00000000 W
PLW1Z2 0.35778001 W
PLW13 0.228%8000 W
F2 - Processing parameters
ST 32768
SF 125.7577738 MHz
WDW EM
S5B 0
l 1 I ‘ | LB 1.00 Hz
GB 0
c 1.40
T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20
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S3AT ® & Current Data Parameters
faannanan N HAME 500M 2018-2
T e o o ~ =  EXENG 113
=== rroowo 1
F2 Acquisition Parameters
Date_ 20180424
Time 20.38
INSTRUM spect
PROBHED 5 mm CPPBBO BB
FULEROG zg30
TD 65536
SOLVENT cpcla
NS le
N g 2
N N SWH 10000.000 Hz
H FIDRES 0.152588 Hz
= AQ 3.2767999 szec
7n RG 31.72
DW 50.000 usec
DE €.50 usec
TE 298.1 K
D1 1.00000000 sec
TDO 1
= CHANNEL fl1 = =
SFCl 500,1330885 MHz
NUC1 1H
Bl 11.50 usec
PLW1 20.00000000 W
F2 - Processing parameters
ST 65536
SF 500.1300204 MHz
WDW EM
SSB 0
LB 0,30 Hz
GB o]
X JLA \—l‘ PC 1.00
Ao A
T T T T T T T T T T T
10 : 8 7 6 5 4 3 2 1 ppm
ejeklle : el (8
ll=l-lole Ni=loille=] 1= ©
oy = ™ e — Current Data Parameters
CC: ~ o o @ S 2 ? i ; g g % Z‘ NAME s00M 2018-2
N~ e -~ o - EXPNO 114
[T I o — ~ 0 - @ M~ 0oy PROCNO 1
B R e e e R R R e R ] ~ o~ o) ol od ol ol o)
. \\\\\I//’ \V | \\/// F2 - Acquisition Parameters
Date_ 20180424
Time 20,41
INSTRUM spect
PROBHD 5 mm CPPBBO BB
PULPROG zgpg30
TD 65536
SOLVENT cDel13
NS 34
Ds 4
SWH 29761.904 Hz
FIDRES 0.454131 Hz
AQ 1.1010048 sec
RG 192.89
N DR 16.800 usec
N N DE 18.00 usec
H | TE 298.2 K
= Dl 2.00000000 sec
n D11 0.03000000 sec
TDO 1
= == CHANNEL f1 =
SFOL 125.7703637 MHz
Nuc1 13c
Pl 9.80 usec
PLW1 57.00000000 W
== CHANNEL f2 = =
SFO2 500.1320005 MHz
wucz 1H
CPDPRG[Z waltzlb
PCED2 .00 usec
PLWZ 20,00000000 W
PLW1Z2 0.35778001 W
PLK13 0.22898000 W
F2 - Processing parameters
SI 32768
SF 125.7577756 MHz
L] || .
55B Q
L J LB 1.00 Hz
GB o
PC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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Current Data Parameters

F2 - Acquisition Parameters
20161125
16.35
INSTRUM spect
PROBHD S mm EABBO BB/
PULPROCG
TD
SOLVENT
NS
N Ds
SWH
N N FIDRES
H | AD
— RG
oW €2.400 usec
70 LE 6.50 usec
TE 298.2 K
D1 2.00000000 sec
TDO 1
SFO1 400.2424716 MHz
NUC1 1H
Pl 14.80 usec
PLW1 12.00000000 W
Fz2 Processing parameters
51 65536
SF 400.2400284 MHz
WDW EM
SSB 0
LB 0,30 Hz
GB a
PC 1.00
il ‘ - n A A im ) ‘J. .
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 ppm
g @ B [ e
el o - ol =l =l o
s weoogTann o . - Current Data Parameters
LoonamnEnane [ S weswoe NAME aitg
W N~ T @ - - e e EXPNO 83
e S O O = o 0 OO o O PROCNG 1
— — I B B B B B I | Ll i el uy MM NN
LN 2 N N 2 - Acquisition razaneters
Date_ 20161125
Time 16.43
INSTRUM spect
FROBHD 5 mm PABBC BB/
PULPROG 2gpg30
TD 655386
SOLVENT cpecl3
] 128
4
24038.461 Hz
0.366798 Hz
N 1.3631488 sec
N ~ 206.33
H 20,800 usec
= £.50 usec
299.4 K
70 2.00000000 sec
0.03000000 sec
1.89999998 sec
1
100.6504916 MHz
13C
10.00 usec
PLW1 54,00000000 W
SFOZ 400.2416010 MHz
NUCZ2 1H
CPDPRG([2 waltzlé
PCPD2 20.00 usec
FLWZ 12.00000000 W
PLW1Z 0.34680000 W
PLW13 0.,28090%92 W
F2 - Processing parameters
51 32768
SF 100.,6404205 MHz
WDW EM
S8R 8}
i | i
GB 0
EC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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e e
R R R

Current Data Parameters

gunaemeaan HAME 500M z018-2
EXFPNO -1
MW W PRGCHO 1
FZ - Acguisiticon Parameters
Date_ 20180327
Time 1.43
INSTRUM spect
PRCGBHD 5 mm CEFBBC BB
PULPROG zg30
D 65536
SOLVENT CDC13
NS 16
Ds z
SWH 10000.000 Hz
N FIDRES 0.152588 Hz
N ~ A 3.2767999 sec
H | RG 1.72
= Dw 50.000 usec
DE 6.50 usec
TE 2%8.1 K
D1 1.00000000 sec
7p TDO 1
SFOL 500,1330885 MHz
NUCL 1H
Pl 11.50 usec
PLW1 0.00000000 W

ing parameters

65536
SF 500,1300175 MHz
WD EM
5S8B 4]
LB 0.30 Hz
GB ]
PC 1.00
LlL\_l o a L
T T T T T T T T T T T
10 9 7 5 4 3 2 1 ppm
gEEEy CEN
olailei-lalo clle l=lele=l=
snoevaanaIaeooodl e - . Current Data Parameters
A e e = N Lan HAME JO0M 2018-2
I~ O~ OGO 0D o [~ O - EXPHO 87
o R I I I R S R N N W R -~ 0 o o PROCNC 1
L B e B I B e B e B B B B o e e B B Lol el wy o o
\\ '\N/'% W \l F2 - Acqguisition Parameters
Date_ 20180327
Time 2.38
INSTRUM spect
FROBHD 5 mm CPFPBEC EB
PULPROG zgpg30
TD 655386
SOLVENT cDclz
NS 1024
DS 4
SWH 29761.904 Hz
N FIDRES 0.454131 Hz
N N a0 1.1010048 sec
H | RG 192.89
= DW 16.800 usec
DE 18.00 usec
TE 298.2 K
7p ol 2.00000000 sec
dll 0.03000000 sec
DELTA 1.8299999%8 sec
TDO 1
SFO1 125.7703637 MHz
NUC1 13C
P1 9.80 usec
PLW1 57.00000000 W
SFOZ 500.1320005 MHz
NUC2 1H
CPDPRG([2 waltzlé
PCPD2 80,00 usec
PLWZ 20.,00000000 W
PLW12 0.35778001 W
FLW13 0.22898000 W
F2 - Processing parameters
sI 32768
SF 125.7577738 MHz
WDW EM
y . F
LB 1.00 Hz
L It { L | Le .
EC 1.40
T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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Current Data Parameters

NAME 500M2017
EXENO 11
EROCHGO 1
F2 - Acquisition Parameters
Date_ 20161213
Time 16.32
INSTRUM spect
FROBHD 5 mm CPPBBC BB
EULPROG zg30
D 65536
SOLVENT cDCl3
NS 1a
N Ds 2
N AN SWH 10000.000 Hz
| | FIDRES 0.152588 Hz
AG 3.2767989 sec
PPhZ = RG 39.43
DW 50.000 usec
4d DE 6.50 usec
TE 298.0 K
D1 1.00000000 =sec
D0 1
SFO1 500.1330885 MHz
NucCl 1H
Pl 10.60 usec
FLW1 20.00000000 W
F2Z - Frocessing parameters
SI 65536
SF 500.1300143 MHz
WDW EM
58B 4]
LB 0.30 Hz
GB 0
B 1.00
LU ﬁ |
(W)
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 ppm
o EEsEEm A g5
= Il=lslislel=l- - laileil=
THEANAMOM@ATOOMOTAWNNE N T O 0T . Current Data Parameters
R A R e A L R b5 8- E NAME 5002017
HONMWLEEONI T AAONDOC= G FTODOM I+ = = o EXPNO 12
ZaIINTTTINNRRAAAANNIINNAAAALLLES SR PROCNO 1
F2 - Acquisiticn Parameters
Date_ 20161213
Time 16.43
INSTRUM spect
PROBHD 5 mm CPPBEBO EB
PULPROG zgpg30
TD 655386
SOLVENT cpcll
NS 438
D$ 4
SWH 29761.904 Hz
FIDRES 0.454131 Hz
N AQ 1.1010048 sec
N N RG 192,89
| | DW 16.800 usec
PPh, = DE 18,00 usec
TE 298.0 K
2,00000000 sec
4d 0,03000000 sec
1.89999998 =ec
1
125.7703637 MHz
13cC
9.80 usec
57,00000000 W
500.1320005 MHz
1H
CPDPRG([2 waltzlé
PCPD2 80.00 usec
PLWZ 20.,00000000 W
FLW1Z 0.35778001 W
PLW13 0.22898000 W
F2 - Processing parameters
SI 32768
SF 5.7577729% MHz
WDW EM
58B 0
‘ j | J | LB 1.00 Hz
GB 0
PC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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"
5:
NS
|
PPh, \_~
4d
T T T T T T
140 120 100 40 20 -20 ppm
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Current Data Parameters

usec

MHZ

usec
W
w
W

MHz

Hz

NAME ooM P31
EXPNO 7
PROCNO 1
F2 - Acquisitlion Parameters
Date_ 20161213
Time 16.34
INSTRUM spect
PROBHD 5 mm CEFBBO BB
PULPROG zZgpg
D 65536
SOLVENT CDC13
NS 16
DS 4
SWH 100000.000
FIDRES 1.5258739
pits) 0.3276800
RG 192.89
DW 5.000
DE 18.00
TE 298.0
Dl 2.00000000
dil 0.03000000
DELTA 1.89999998
TDO 1
SFO1 202.4664578
NUC1 31P
Pl 11.50
PLW1 52.96529960
SFO2 500,1320005
NUC2 1H
CPDPRG[2 waltzlé
PCPD2 80.00
PLWZ 20.00000000
PLW12 0.35778001
PLW13 0.22898000
F2 - Processing parameters
ST 2768
SF 202.4563350
WDW EM
858 o]

LB 1.00
GB o]

PC 1.40



Current Data Parameters

NAME, 500M2017
EXPNO 31
PROCNC 1
F2 - Acquisition Parameters
Date 20170301
me 9.41
INSTRUM spect
PROBHD 5 mm CPPBBC BB
PULFROG zg30
TD 65536
N SCLVENT CDCL3
s 16
U 2
10000.000 Hz
PPhZ = 0.152588 Hz
3.2767999 sec
4e 1.72
50.000 usec
6.50 usec
298.0 K
1.00000000 sec
1
500.1330885 MHz
1H
10.60 usec
20.00000000 W
FZ - Processing parameters
5T 65536
SF 500.1300180 MHz
WDW El
SSB 0
LB 0.30 Hz
GB 0
EC 1.00
h L L’JLJ& A H
T T I \ l T T T T
10 9 5 4 2 ppm
i el &
- el - Sllielleil= <
~ o~ o m(\lmm,_,_.\gl_(wu;r-m@m?camw(\loo[\u} _ Current Data Parameters
esarnCueshhiaiovnnaei@eronmogeodnnard NAME 5002017
WA OO S S ] NN DO DA T T O@M= + * + o+ o o = o = EXPNO 3z
WS mmmmmmmoMmaaoolcladoololo]o]ddd A=W o 0ws Mol PROCNO 1
A A A A A A A A A A A A A A A A A A A A A A DDA AD M OO
e N es—el BN F2 - Requisition Parameters
Date_ 20170301
Time $.45
INSTRUM spect
PROBHD 5 mm CPPBBO BB
FULPROG zgpg30
TD 65536
SJLVENT CDC13
151
4
29761.204 Hz
N 0.454131 Hez
1.1010048 sec
'}l | ~ 92,82
16,800 usec
PPhZ = 8,00 usec
238.0 K
4e 2.00000000 sec
0.,03000000 sec
1.89595998 sec
1
125.7703637 MHz
13C
9.80 usec
57.00000000 W
MHz
usec
20.00000000 W
0.35778001 W
0.228398000 W
F2 - Processing parameters
SI 32768
SF 125.7 57774“ MHz
WDW EM
SEB 0
i ‘ L | | m o 1.00 Hz
GB 0
PC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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50.41

N
N N
|
PPh, \_~
de
T T T T T T T T
140 120 100 80 60 40 20 -20 ppm
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Current Data Parameters

NAME 500M P31
EXPNO 12
PROCNO 1

F2 - Rcquisition Parameters

Hz

sec

usec
usec
K
sec
sec
sec

MHZ
usec

W
MHz

usec
W
W
W

MHz

Hz

Date_ 20170301
Time 9.36
INSTRUM spect
FPROBHD 5 mm CEFBEO BB
FULPROG zgpg
TD 65536
SOLVENT cDCl3
NS 1l
DS 4
SWH 100000,000
FIDRES 1.5258732
AQ 0.3276800
RG 122.89
oW 5.000
DE 18.00
TE 298.0
D1 2,00000000
dll 0,03000000
DELTA 1.89999998
TDOD 1
SFO1 202.4664578
NUC1 31p
Fl 11.50
PLW1 52.965%9960
SFO2 500.,1320005
NUCZ2 1H
CPDPRG([2 waltzlsé
ECFDZ 80.00
PLWZ2 20.00000000
PLW12 0.35778001
FLW13 0.228398000
F2 - Processing parameters
SI 32768
SF 202.4563350
WDW EM
SSB 0

LB 1.00
GB 0

PC 1.40



D R e =]
SISISONSRRIOaAIRIS Current Data Parameters
B S I DR B SR NAME 400M 2018
EXENO 472
=NV e :
FZ2 - Acquisition Parameters
Date_ 20180816
Time 19.10
INSTRUM spect
ERCBHD 5 mm FABBC BB/
PULPRCG zg30
D 32768
SOLVENT CDC13
NS 16
Ds a
SWH 8012.820 Hz
N FIDRES 0.244532 Hz
N AN B 2.0447233 sec
) | RG 49,81
D 62.400 usec
PPh2 Z DE 5.50 usec
TE K
4f D1 2.00000000 sec
TDO 1
CHANMEL f1 = =
400.242471¢ MHz
1H
14.80 usec
12.00000000 W
ng parameters
65536
sF 400.2400496 MHz
WDW EM
S8R a
LB 0.30 Hz
GB 0
J. | ‘J FI,Lh L_) P 1.00
U A i
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 ppm
o FebEsm e 2llelel i
= ~l-lal-lele - cileil=llwl lw
[ Ta el o R X e N Lt N O WMo O W@ Current Data Parameters
NN O CEONEMAARNTONNNNEEOON MO WO MmEONm DT o NAME 500M 201B—2
e L T A I = - T S IR e I Y b
WAV EENVW T FAANNOOAD T TR~ ¢ v » e = v o s v s EXPNO 185
R=lt el o T A T T T T B T T o B o B Aot o o o A o B ot e B s B B T e e e e e I B IR e} FROCNO 1
A A A A A A A A A A A AAAAAAAAAAAAA A= 0O T 0NN NN
W‘W/%/ F2 - Rcquisition Parameters
Date_ 20180816
Time 16.56
INSTRUM spect
FROBHD 5 mm CEFPBRC BB
PULPROG zgpg30
D 65536
SOLVENT cDC13
He 151
Ds 4
SWH 29761.904 Hz
FIDRES 0.454131 Hz
AD 1.1010048 sec
N g 192,89
N N ¥ 16.800
| | DE 18.00
PPh2 = TE 208.1
Dl 2.00000000
D11 0.03000000
4f TDO 1
CHANNEL f1 =
125.7702637 MHz
13C
9.80 usec
57.00000000 W
======== CHANNEL f2 ==s======
SF02 500.1320005 MHz
NUCZ2 1H
CPDPRG([2 waltzl6
PCPD2 B0.00 usec
PLWZ 20.00000000 W
PLW12 0.35778001 W
PLW132 0.22898000 W
F2 - Processing parameters
sI 32768
SF 125.7577738 MHz
WDwW EM
SEB 0
|| L I I ) LB 1.00 Hz
GB Q
C 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm

S84



50.30

N ~N
|
PPh, \_~
4f
T T T T T T T T T
140 120 100 80 60 40 20 [} -20 ppm

S85

Current Data Parameters

NAME 400 M P31
EXPNOG 4
PROCNGC 1

F2 — Acquizition Parameters
Date_ 20171211

Time 17.15
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30

D 65536
SOLVENT CDC13

NS 16

Ds 4

SWH 64102.563 Hz
FIDRES 0,978127 Hz
AD 0.5111808 sec
RG 206.33

DWW 7.800 usec
DE 6.50 usec
TE 2%98.6 K
Dl 2.00000000 sec
dil 0.03000000 sec
DELTA 1.82999928 sec
TDO 1

SFOLl 162.0120208 MHz
NUC1 31p

Pl 14,60 usec
PLW1 13.00000000 W
SFO2 400.2416010 MHz
NUCz 1H
CPDPRG[2 waltzlé
PCPD2 90.00 usec
PLW2 12.00000000 W
PLW1Z 0.34680000 W
PLW13 0.28080%99 W

F2 - Processing parameters

51
SF
WDW
55B
LB
GB
PC

32768
le2,0201218
EM
0
1.00
0
1.40

MHz

Hz



Current Data Parameters

NAME 400M2017
EXPNCG 230
PROCNC 1
F2 - Acquisition Parameters
Late 20171211
e 15.43
INSTRUM spect
PROBHD 5 mm PABBO BB/
FULFROG zg30
T! 32768
SOLVENT CDC13
NS 16
NN NS bs
' FrbRES 0 zai537
5 . z
PPhy N\~ a0 2.0447233 sec
RG 49.81
4g oW 62.400 usec
DE 6.50 usec
TE 298.6 K
Ll 2.00000000 sec
TDO 1
SFO1 400.2424716 MHz
NUC1 1H
Pl 14.80 usec
PLW1 12.00000000 W
F2 Processing parameters
SI 65536
SF 400,2400178 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB o
“ BC 1.00
IL W_J
T T T T T T T T T T
10 9 8 7 6 5 4 3 2 ppm
8|3 8[2 (8|82 3 EIE
S|r|[o|= ||| S |eil|=
-
o Current Data Parameters
ERR PR Rl i g e B B R o NAME 400M2017
NG e R e R e T M i it o EXPNO 291
YT Tmmn R R R R R R R R R R I e - I ~m PROCNO 1
ik T B pak ok [ S i i i i [ S e i 2} o o
/ \ ; F2 - Acquisition Parameters
Date_ 20171211
Time 15.46
INSTRUM spect
FROBHD 5 mm PABBO BE/
PULPROG zgpg30
1D 65536
SOLVENT cDC13
NS 470
Ds 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
N 1.3631488 sec
N N 206.33
) | 20,800 usec
6,50 usec
PPhy N\~ 298.8 K
2,00000000 sec
49 0.03000000 sec
DELTA 1.899999%98 sec
00 1
SFO1 100.6504916 MHz
Nucl 13¢C
Pl 10.00 usec
FLW1 54.00000000 W
SFO2 400,2416010 MHz
NuC2 1H
CPDFRG[2 waltzlé
ECPD2 90.00 usec
FLWZ2 12 0000000 W
FLW1Z 0.34680000 W
PLW13 0.280909%9 W
F2 - Processing parameters
s8I 32768
SF 100.6404151 MHz
WDW EM
§8B a
I { | i. { I LB 1.00 Hz
GRB 4]
BC 1.40
T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 ppm

S86



Current Data Parameters

1.77

NAME 400 M P31
o EXPNO 5
PROCNO 1
F2 - Acqulsition Parameters
Date_ 20171211
Time 17.18
INSTRUM spect
PROBHD S5 mm PABBO BB/
PULPROG zqpg30
TD 65536
SOLVENT CDCl3
NS 16
DS 4
N SWH 64102,563 Hz
N N FIDRES 0.978127 Hz
) | A 0.5111808 sec
RG 206,33
PPh, N\~ D 7.800 usec
DE 6.50 usec
4g TE 298.7 K
Dl 2.00000000 sec
dll 0.03000000 sec
DELTA 1.82992998 sec
D0 1
SFO1 162,0120208 MHz
NUC1 31F
Pl 14.60 usec
PLW1 13.00000000 W
SFO2 400,2416010 MHz
NUC2 1H
CPDPRG[2 waltzlé
PCPD2 90.00 usec
PLWZ 12.00000000 W
PLW12 0.34680000 W
PLW13 0.280909399 W
F2 - Processing parameters
8T 32768
SF 162.0201218 MHz
WDW EM
S5B o]
. LB 1.00 Hz
GB [s]
PC 1.40
T T T T T T T T T T
140 120 100 80 60 40 20 0 -20 ppm

S87



Current Data Parameters

NAME 500M2017
EXPNC 7
ERCCNG 1
FZ2 - Acquisiti arameters
Date_ 20161207
Time 16.25
INSTRUM spect
PRCBHD S mm CPFEBC BB
PULPRCG zg30
D 65536
SOLVENT CDC13
NS 16
Ds Z
SWH
N N\ FIDRES
Lo e
PPhZ = DW 50,000 usec
DE 6.50 usec
4m TE 298.1 K
D1 1.00000000 sec
TDO 1
SFOL 500.1330885 MHz
NUC1 1H
Pl 10.60 usec
PLW1 20.00000000 W
F2 - Processing parameters
SI 65536
SF 500.1300239 MHz
WDW EM
S55B 0
LB 0.30 Hz
GB o]
BC 1.00
| A A
J J
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 ppm
W M EL
cilo|elrlrlail~ - leil=lele -
W AN MO NS AN TN OO N MO WS WMo current Data Parameters
e e e I e = i e R = =T - = NAME 500M2017
L T T T T R I e R == R Ve - R T ]
AL OCEEOTT AN ON@OOO D NN SO + o s e e e e e . EXPNO 8
CHSTOMOOMMMMOOOOOOANNNNNNNNNN A YooY T Mmoo FROCNG 1
AAd A A A A A A A A A A A A A A A A A A A A P DT 00 ]
\\// F2 - Acquisition Parameters
Date_ 20161207
Time 16.28
INSTRUM spect
PROBHD 5 mm CPPEBC BB
PULPROG zgpg30
TD 65536
SOLVENT cpcla
NS 113
DS 4
SWH 29761.904 Hz
FIDRES 0.454131 Hz
N N AQ 1.1010048 sec
| | RG 192.8%
PPh2 P oW 16.800 usec
DE 18.00 usec
TE 258.1 K
4m Dl 2.00000000 sec
dll 0.03000000 sec
DELTA 1.89999998 sec
TDO 1
SFO1 125.7703637 MHz
NUC1 13cC
Pl 9.80 usec
FLW1 7.00000000 W
SFO2 500.1320005 MHz
NUC2 1H
CPDPRG[2 waltzlé
PCPD2 80.00 usec
PLW2 20.00000000 W
PLW1Z2 0.35778001 W
PLW13 0.228%8000 W
F2 - Processing parameters
ST 32768
SF 125.7577783 MHz
WDW EM
I h -
v ! Il o, owm
FC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm

S88



S
@

N N\

|

PPh, N\~

4m
T T T T T T
140 120 100 60 40 20 -20 ppm

S89

Current Data Parameters

NAME aoM P31
EXENO 5
PROCNG 1

F2 - Acquisition Parameters
Date_ 20161207
Time 16.13
INSTRUM spect
PROBHD 5 mm CPPBEC BB
PULPROG Zgpg

TD 655386
SOLVENT CDCcl3

NS 1ls

Ds 4

SWH 100000.000 Hz
FIDRES 1.525879 Hz
AG 0.3276800 sec
RG 122.89

bW 5.000 usec
DE 18.00 usec
TE 2%8.0 K
Dl 2.,00000000 sec
dil 0.03000000 sec
DELTA 1.89999998 sec
TDO 1
SFO1 202.4664578 MHz
NUC1 31P

Pl 11.50 usec
PLW1 52.9%6599%60 W
SFO2 500.1320005 MHz
NUCZ2 1R
CPDPRG[2 waltzlé
PCPDZ 80.00 usec
PLWZ 20.00000000 W
PLW12 0.35778001 W
PLW13 0.22898000 W
F2 - Processing parameters
SI 32768

SF 202.4563350 MHz
WDW EM
558 0

LB 1.00 Hz
GB 0

PC 1.40



Current Data Parameters

NAME 500M 2018-2
EXFNO 192
PROCNC 1

F2 - Rcquisition Parameters

Date_ 20180818
Time 18,12
INSTRUM spect
FROBHD 5 mm CPPBBC BB
PULEROG zg30

D 65536
SOLVENT cDhzClz

NS 16

DS Zz
SWH 10000,000 Hz
FIDRES 0.152588 Hz
AQ &l
RG

D

DE

TE

Dl

TDO

= CHANNEL f1 == =
sFol 500.1330885 MHz

NUCL
Pl 11,50 usec
PLW1 20.00000000 W

ing parameters
65536

SF 500.1300230 MHz
WoOW EM

LB 0.30 Hz

‘L PC 1.00
S AN \

el

L« A
|

i ‘ﬂ_nmu

o

ppm

00

2 1
S5k
eiled]=led

= s

2.03

Current
NAME
EXPNO
PROCNO

Vi

2

FZ2 - Acquisiticn Parameters

NUC2
CPDPRG[2
PCPDZ
ELWZ

PLW1Z2
PLW12

i

m ol F

T T
200 180 160 140 120 100 80 60 40 20 0 ppm

S90

= CHANNEL f1

Date_ 20180818
Time 18.17
INSTRUM spect
PROBHD 5 mm CFPBRC BB
PULPROG zgpg30

D 65536
SOLVENT Ch2C12

He 1024

Ds 4

SWH 29761.904 Hz
FIDRES 0.454131 Hz
AQ 1.1010048 sec
G 182.80

D 16.800

DE 18.00

R 298.2

Dl 2.00000000 sec
D11 0.03000000 sec
TDO 1

125.7702637 MHz
13C
9.80 usec
57.00000000 W

== CHANNEL f2 ========

500.1320005 MHz
18
waltzlé
B0.00 usec
20.00000000 W
0. W

0.22898000 W

FZ2 - Processing parameters

32768
125.7577346 MHz
EM
0
1.00 Hz
0
1.40



140

T
120

100

40
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Current Data Parameters

NAME 400 M P31
EXPNG 11
PROCNO 1

F2 - Acqguisition Parameters
Date_ 20171211
Time 21.08
INSTRUM apect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30

D 655386
SOLVENT icetone

NS 16

DS 4

SWH 64102.563 Hz
FIDRES 0,278127 Hz
pXa) 0.5111808 =zec
RG 206.33

D 7.800 usec
DE 6.50 usec
TE 298.3 K
ol 2.00000000 sec
dll 0.03000000 sec
DELTA 1.899299%98 sec
TDO 1
SFOL 162.0120208 MHz
NUCL 31p

Pl 14.60 usec
PLW1 13.00000000 W
SFO2 400.2416010 MHz
nucz H
CPDPRG[2 waltzle
PCPD2Z 90.00 usec
PLW2 12.00000000 W
PLW12 0.34680000 W
PLW13 0.280909%3 W
F2 Processing parameters
SI 32768

SF 162.0201218 MHz
WDW EM
SSB a

LB 1.00 Hz
GB a

PC 1.40



Current Data Parameters
NAME 500M2017

/" EXPNG 35
PROCNO 1

F2 Acquisition Parameters
te 20170302
Time 17.09
INSTRUM spect
PRCBHD 5 mm CPPBRBO BB
EULFROG 30
6553¢
[sis]odik]
16
2
10000.000 Hz
0.152588 Hz
3.2767399 sec
62.086
50.000 usec
€.50 usec
298.0 K
1.00000000 sec

L.063

1
500.1330885 MH=z

10.60 usec
20.00000000 W

F2 - Processing parameters
SI 65536

SF 500.1301071 MHz
WDW EM
SSB 0

LB 0.30 Hz

1.00

Y 'hﬁil,k bl A

A JI'k ﬂ}u‘\\.lhl.}'\;, N
T T T T T T T T T T 1
10 9 8 7 6 5 4 2 1 ppm
etk W N R
P L R P P P PR B P=1 P P4 - ol v-'mi-'-—'cioig e

Current Data Parameters

NAME 500M 2018-2
EXENO 123
FROCNO 1

FZ - Acquisition Parameters
Date 201805086
Time 3.00
INSTRUM spect
FROBHD 5 mm CFPBBO BB
BULPROG zgpg30

TD 65536
SOLVENT cDel3

NE 4096

D& 4

SWH 29761.%04 Hz
FIDRES 0.454131 Hz
AQ 1.1010048 sec
RG 192.89

oW 16.800 usec
DE

TE

Dl

CHANNEL f1 =
125.7702637 MHz
13¢
9.80 usec
57.00000000 W

CHANNEL f2
500,1320005 MHz

NUCZ
CPDPRG[2
ECPDZ
PLW2 20.00000000 W
PLW1Z 0.35778001 W
PLW13 0.22898000 W
F2 - Processing parameters
sI 32768
sF 125.7577738 MHz
I ﬂ WDW EM
SSB ]
|l | T L% 100 e
oB a
BC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm

S92



59.04

T
140

T
120

T
100

80

a0
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Current Data Parameters

NAME 500M P31
EXENO 17
PROCNO 1

F2 - Acquisition Parameters
Date_ 20170302
Time 17.05
INSTRUM spect
PROBHD 5 mm CFFBEO EB
PULFROG zZgpg

sl 65536
SOLVENT [sinlah ]

NS 16

Ds 4

SWH 100000.000 Hz
FIDRES 1.525879 Hz
AD 0.3276800 sec
RG 192.89

DW 5.000 usec
DE 18.00 usec
TE 298.0 K
D1 2.00000000 sec
dll 0.03000000 sec
DELTA 1.89999598 sec
DO 1
SFO1 202.4664578 MHz
WUC1 31F

Pl 11.50 usec
PLW1 52.9659%960 W
SFOZ 500.1320005 MHz
Nucz 1H
CEDPRG[2 waltzlé
PCPD2 80.00 usec
PLWZ 20.00000000 W
PLW1Z2 0.35778001 W
PLW13 0.228%8000 W
FZ2 - Processing parameters
SI 32768

SF 202.4563350 MHz
WDW EM
558 o]

LB 1.00 Hz
GB o]

PC 1.40



: Current Data Parameter

il

NAME 500M 2018-2
EXFNO 186
PROCNC 1

F2 - Rcquisition Parameters
Date_ 20180817

Time 21.
INSTRUM spect
FROBHD 5 mm CPPBBC BB
PULPROG 2g30
D 65536
SOLVENT CDCl3
NS 16
DS Z
SWH 10000,.000 Hz
FIDRES 0.152588 Hz
ted 3.2767399% sec
RG 31.72
DW 50.000 usec
DE 6.50 usec
TE 288.1 K
D1 1.00000000 sec
TDO

CHANMEL f1 = =

500.1330885 MHz

1H
11.50 usec
20.00000000 W

F2 - Processing parameters
ST 65536
8F 500,1300202 MHz
WDW EM
SSB 1]
J 1B 0.30 Hz
GB a
J g U o NG e 1.00

-~ -
o -
o
£-1
w -
n -l
-

10 9 8 ppm
dlels(R(8 a7 (8 S 5[5 |S|[ala (@] |9 (@]s (&
= Ed 4 A il Al Al - a| |8 [=| |=|cifr=||e| |ci|ei||a| |w]=| |=

500M 2018-2

187
1

FZ2 - Acguisition Parameters
Date_ 20180817
Time 21.54
INSTRUM spect
XOBHD 5 mm CPPBBC BB
PULPROG zgpg30
65536
CDCl3
1024

4
29761.904 Hz
0.454131 Hz
1.1010048 sec
192.8%
16.800 usec
18.00 usec
298.1 K
2.00000000 sec
03000000 sec
1

CHANNEL f1
125.7703637 MHz

CHANNEL f2
500.132

=1
=3l

05 MHz
H

waltzlé
80,00 usec
20.00000000 W
0.35778001 W
0.22898000 W

Processing parameters
32768
125.7577707 MEz

Ll NN

T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm

S94



58,30

T
140

T
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100
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Current Data Parameters

NAME 400 M P31
EXPNOG 12
PROCNG 1

F2 - Acquisitilen Parameters

Date_ 20171211
Time 21.10
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
D 65538
SOLVENT Acetone
18
4
64102.563 Hz
0.978127 Hz
0.5111808 sec
206,33
7.800 usec
6,50 usec
298.5 K
2,00000000 sec
0,03000000 sec
DELTA 1.89999998 sec
TDO 1
SFO1 162,0120208 MHz
NUC1 31p
Pl 14,60 usec
PLWL 13.0000 0w
SFO2 400.2416010 MHz
NUCz 1H
CPDPRG[2 waltzleé
PCPD2Z 20,00 usec

i

2.00000000 W
0.34680000 W
0.28090999 W

@

ing parameters
32768

162.0201218 MHz
EM



Current Data Parameters

NAME 500M 2018-2
EXFNG 200
FROCNG 1
F2 Acquisition Parameters
Date 20180822
Time 12.17
INSTRUM spect
PRCBHD 5 mm CPPBBO BB
PULPRCG zg30
TD 65536
SOLVENT
NS
DS
SWH
FIDRES
RO
RG
DWw 50.000 usec
DE 6.50 usec
TE 298.1 K
D1 1.00000000 sec
TDO 1
———————— CHANNEL fl =s==s====
SFOL 500.1330885 MHz
NUC1 1H
Pl 11.50 usec
PLW1 20.00000000 W
FZ - Processing parameters
SI 655
SF 500.1300157 MHz
WOW EM
S8B 0
‘ LB 0.30 Hz
GB )
!/ dﬂj I | pC 1.00
LIyYy) A A AL i “
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 ppm
EREREEESEIR @A KkElEl e
slalslalxl<lciclelsls ol le S| I=llall =] ler ~lele
Current Data Parameters
NAME 500M 2018-2
EXPNC 201
PROCNO 1
F2 - Acquisition Parameters
Date_ 201B0B2Z
Time 13.11
INSTRUM spect
PROBHD 5 mm CPPBBC BB
PULPROG 2gpg30
TD 65536
SOLVENT CDCl3
NS 1024
Ds 4
SWH 29761.904 Hz
FIDRES 0.454131 Hz
2Q 1.1010048 sec
RG 192.89
DwW 16.800 usec
DE 18,00 usec
TE 298.2 K
Dl 2.00000000 sec
D11 0.03000000 sec
TDO 1
= CHANNEL f1 =

125.7703637 MHz

13c
9.80
57.00000000 W

= CHANNEL f2 =
500.1320005

PLW1Z
PLW13
F2 - Processing parameters
51 32768
SF 125.7577711 MHz
WDW EM
55B a

L RN Ll
GB 0
PC 1.40

T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm

S96



Current Data Farameters

™

@ NAME 500M P31

o EXFNO 11

n PROCHO 1
F2 - Acquisiticn Parameters
Date_ 20161228
Time 9.38
INSTRUM spect
FROBHD 5 mm CFFBBC BB
FULFPRCG Zgpg
o0 65536
SOLVENT CDC13
NS 16
Ds 4
SWH 100000,000 Hz
FIDRES 1.525879 Hz
AQ 0.3276800 sec
RG 192.89
oW 5.000 usec
DE 18.00 usec
TE 298.
D1 2.00000000 sec
dll 0.03000000 sec
DELTA 1.89292928 sec
100 1
SFO1 202.4664578 MHzZ
Nucl 3
Pl 11.50 usec
PLW1 52.96599%60 W
SFO2 500.1320005 MHz
Nucz 1H
CPDPRG[2 waltzlé
FCED2 80.00 usec
PLWZ 20.00000000 W
PLW12 0.35778001 W
PLW13 0.22898000 W
F2 - Processing parameters
SI 32768
SE 202.4563350 MHz
WDH EM
588 o]
LB 1.00 Hz
GB Q
BC 1.40

T T T T T T T T T T
140 120 100 80 60 40 20 [} -20 ppm

S97



Current Data Parameters

HAME 500M 2018-2
EXPNC 184
PROCNO 1

F2 - Acguisiticon Parameters

ate_ 20180820
Time 16.23
INSTRUM spect
PROBHD 5 mm CFPBBC BB
PULPROG zg30
TD 65536
SCLVENT CDC13
NS la
Ds 2
SWH 10000.000 Hz
FIDRES 0.152588 Hz
AQ 3.2767999 sec
RG 55.37
DW 50.000 usec
DE 6.50 usec
TE z288.1 K
D 1.00000000 sec
TDO 1
77777777 CHANNEL f1 ========
SFC1 500,1330885 MHz
NUC1 1H
Pl 11.50 usec
PLWL 20.00000000 W
F2 - Processing parameters
sI 65536
SF 500.1299600 MHz
| WDW EM
SSB 0
| LE 0.30 Hz
GB 0
U \H L PC 1.00
_/ U A A MM A S -
T T T T T | | T T
10 8 7 6 5 4 1 ppm
T
b= A B B Qg (==
wlsslels ol leil Is
Current Data Parameters
NAME 500M 2018-2
EXPNO 185
PROCNO 1
FZ2 - Acquisition Parameters
Date, 20180820
Time 17.086
INSTRUM spect
PROBHD 5 mm CPPBBO BB
PULPROG zgpg30
TD 65538
SOLVENT feslanic)
NS 1024
Ds 4
SWH 29761,904 Hz
FIDRES 0.454121 Hz
jito} 1.1010048 sec
RG 192.89
DwW 16.800 usec
DE 18.00 usec
TE 298.1 K
Dl 2,00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1
125.7703637 MHz
1zc
9.80 usec
7.00000000 W
== CHANNEL f2 =
500.1320005 MHz
1"
CPDPR"[Z waltzlé
BCPDZ 80.00 usec
PLW2 20.00000000 W
PLW12 0.35778001 W
ELW13 0.22838000 W
FZ - Processing parameters
51 32768
SF 125.7377720 MHz
WDW EM
55B o
| L i | | . LB 2.00 Hz
GB o]
BEC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm

S98



Current Data Farameters

<5

a NAME 500M P31

o EXFNO 3

W PROCHO 1
F2 - Acquisiticn Parameters
Date_ 20161207
Time 16.15
INSTRUM spect
FROBHD 5 mm CFFBBC BB
FULFPRCG Zgpg
o0 65536
SOLVENT CDC13
NS 16
Ds 4
SWH 100000,000 Hz
FIDRES 1.525879 Hz
AQ 0.3276800 sec
RG 192.89
oW 5.000 usec
DE 12.00
TE 298
D1 2.00000000 sec
dll 0.03000000 sec
DELTA 1.89292928 sec
100 1
SFO1 202.4664578
Nucl 3
Pl 11.50 usec
PLW1 52.96599%60 W
SFO2 500.1320005 MHz
Nucz 1H
CPDPRG[2 waltzlé
FCED2 80.00 usec
PLWZ 20.00000000 W
PLW12 0.35778001 W
PLW13 0.22898000 W
F2 - Processing parameters
SI 32768
SE 202.4563350 MHz
WDH EM
588 o]

. ol . s 1P 1.00 2
" GB Q
BC 1.40
T T T T T T T T T T
140 120 100 80 60 40 20 [} -20 ppm

S99



conNsodds 53 SEom a =na Current Data Parameters
TewmTmmmmm R R n R NAME 300M 2016
N 1) o & A EXPNO 5g
‘& v W \I/ PROCNO 1
F2 - Regquisition Parameters
Date_ 20160621
Time 21.08
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG zg30
D 65536
. _COOEt SOLVENT cpel1s
NS 16
Ds 2
SWH 6002,615 Hz
FIDRES 0.091699 Hz
ga Q 5.4525952 =zec
RG 142.81
DW 83.200 usec
DE 6.50 usec
TE 301.2 K
Dl 1.00000000 sec
D0 1
8FO1 300.1318534 MHz
NUCl 1F
Pl 8.00 usec
PLW1 18.00000000 W
F2 - Processing parameters
s8I 65536
sF 300.1300103 MHz
WDW EM
88B o
LB 0.30 Hz
GB 0
EC 1.00
lLL k L. i
T T T T T T T T
8 7 6 5 a 2 1 ppm
% 0 E 1 H
~les - o o o
3 < a col Ty o - . Current Data Parameters
> 1 enma =255 5 P NAME 500M 2018-2
\Lg %] ol oY@ IR - l‘- . EXPNO 293
S 8T a8yy SoE g o PRoCNO 1
‘ | | V/ I W \ f F2 - Acquisition Parameters
Date_ 20181103
Time 12.38
INSTRUM spect
PROBHD 5 mm CPPBBC BB
PULPROG zgpg30
X _COOEt TD 65536
SOLVENT CDC13
NS 64
Ds 4
SWH 23761.204 Hz
9a FIDRES 0.454131 Hz
AQ 1.1010048 sec
RG 192.89
DW 16.800 unsec
DE 18.00 usec
TE 298.2 K
Dl 2,00000000 sec
dil 0.03000000 sec
DELTA 1.89222998 sec
TDO 1
SFO1 125.7703637 MHz
NUC1 13cC
Pl 2.80 usec
PLW1 57,00000000 W
SFO2 500.,1320005 MHz
NUCz 11
CPDPRG[2 waltzlée
PCPD2 80.00 usec
FLW2 20.00000000 W
PLW12 0.35778001 W
PLW13 0.22898000 W
F2 - Processing parameters
ST 32768
SF 125.7577838 MHz
WDW EM
SEB s}
} | J | LB 1.00 Hz
. GB 0
BC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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MENET N A DY NDO T~ T oD ~ o -
T AR D T O @ -0 0N e o Current Data Parameters
N0 mm RN PN RN RN RS ol NAME 300M 2016
e A e il o o e o EXPNO 18

.3
3
3
F

W/" PROCNG 1

F2 - Acguisition Parameters

Date_ 20160126
Time 17.52
INSTRUM spect
PROBHD 5 mm DUL 13C-1
FULPROG zg30
TD 65536

\ SOLVENT CDC12
NS S
Ds 2
SWH 6009.615 Hz
FIDRES 0.091699 Hz

9b A0 5.4525952 sec
RG 2092.09
DW 83.200 usec
DE 6.50 usec
TE 238.2 K
D1 1.00000000 sec
TDO 1
SFO1 300.1318534 MHz
NUC1 1H
Pl 8.00 usec
PLW1 18.00000000 W
F2 - Processing parameters
SI 65536
SF 300.1300113 MHz
WDW EM
SSB o]
LB 0.30 Hz
GB o]
EC 1.00

! e
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm

M@ EWwo s oo Current Data Parameters

© S el e m e o TER o NAME 500M 2018-2

oo e Y 0000 [ [~ W00 . EXPNO 291

SRR ™A r~ PROCNO 1

R R R R R S R ] ~ o~ —

W W F2 - Acquisiticn Parameters
Date_ 20181103
Time 12.31
INSTRUM apect
FROBHD 5 mm CPFBBO BB
PULPROG zgpg30

NN D 65536
SOLVENT cDCl3
NS 64
Ds 4
SWH 22761.904 Hz
9b FIDRES 0.454131 Hz
AD 1.1010048 sec
RG 122.89
DW 16.800 usec
DE 18.00 usec
TE 258.2 K
Dl 2.00000000 sec
dll 0.03000000 sec
DELTA 1.82299928 sec
D0 1
SFO1 125,7703637 MHz
NucCl 13¢C
Pl 2.80 usec
FLW1 57.00000000 W
SFO2 500.1320005 MHz
Nucz 1H
CPDFRG[2 waltzlé
PCPD2 80.00 usec
PLWZ 20.00000000 W
PLW12 0.35778001 W
FLW13 0,2289%8000 W
F2 - Processing parameters
SI 32768
SF 125.7577792 MHz
WDHW EM
358 0
LB 1.00 Hz
GB 0
PC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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S@bnS FEOREI8RELREENSRERERS Current Data Parameters
RG] COOOMMNANDONWW NN T AN NAME 300M 2016
e R A R R R R EXENO 53
N\ N 1
F2 - Regquisition Parameters
Date_ 20160614
Time 10.54
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG 2g30
COOEt ™ 65536
SOLVENT CDCl3
NS 6
Ds 2
SWH 6002,615 Hz
10a FIDRES 0.091699 Hz
Q 5.4525952 =zec
RG 44
DW 83.200 usec
DE 6.50 usec
TE 289.1 K
Dl 1.00000000 sec
D0 1
SFO1 300.1318534 MHz
NUCl 1H
Pl 8.00 usec
PLW1 18.00000000 W
F2 - Processing parameters
s8I 65536
sF 300,1300156 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
EC 1.00
| LA ST
T T T T T T T T T T
10 8 7 6 5 4 2 1 Ppm
s I
o o o o es
] Iy A Current Data Parameters
i L =S i oo NAME 500M 2018-2
& 2§37 Y I B - EXPNO 289
— — o el < ™ o PROCNG 1
| | \V W ‘ | I | I F2 - Acquisition Parameters
Date_ 20181103
Time 12.24
INSTRUM spect
PROBHD 5 mm CPPBEC EB
COOEt PULPROG zgpg30
D 655346
SOLVENT cbcl3
NS 64
Ds 4
10 SWH 29761.204 Hz
a FIDRES 0.454131 Hz
AD 1.1010048 sec
RG 122.89
bW 16.800 usec
DE 18,00 usec
TE 298.2 K
Dl 2,00000000 sec
dll 0.03000000 sec
DELTA 1.89999998 sec
TDO 1
SFO1 125,7703637 MHz
NUC1 13cC
Pl 9.80 usec
PLWL 57.00000000 W
SFO2 500.1320005 MHz
Nucz 11
CEDPRG[2 waltzlé
PCPD2 80,00 usec
PLW2 20.00000000 W
PLW1Z 0.35778001 W
PLW13 0.22898000 W
F2 - Processing parameters
ST 32768
SF 125.7577892 MHz
WDW EM
SSB o]
| | | LB 1.00 Hz
GB o
PC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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SO S [ M 0D e 00 D S0 oW ©
R I - v SO @M Mo
B R R R R s R R R=N= Soa oo e
L e e 00 1l

10b

Z.91
2,772
7
“

é

4
3

1.234
1.221

<

Current
NAME
EXPNC
PROCNC

Data Parameters

500M Z018-2
2886
1

FZ - Acgulsition Parameters

10 9 8 7 6 5 4 3

Date 20181103
Time 12.13
INSTRUM spect
PROBHD 5 mm CPPEBC BB
PULPRCG zg30
TD 65536
SOLVENT CDC13
NS 16
Ds 2
SWH 10000.000 Hz
FIDRES 0.152588 Hz
AQ 3.2787998 sec
RG 22.1
DW 50.000 usec
DE 6.50 usec
TE 298.1 K
D1 1.00000000 sec
TDO 1
SFO1L 500.1330885 MHz
HUC1 1H
Pl 11.50 usec
PLW1 20.00000000 W
F2 - Processing parameters
SI 65536
SF 500.1300614 MHz
WDW EM
SEB 0
LB 0.30 Hz
GB Q
PC 1.00

N

T

ppm

S g :?l ij! ‘fq‘ S :’ g T o - Current Data Parameters
L LT i =, o~ NAME 500M 2018-2
~ O 0w W™ O oo . EXPNO 287
TN o~ w0 — PROCNG 1
o A o~~~ = s ol
\\\\W \V \ f | F2 - Acquisition Farameters
Date_ 20181103
Time 2.17
INSTRUM spect
FROBHD 5 mm CPPBEO BB
PULPROG zgpg30
TD 65536
SOLVENT cpcl3
NS 64
Ds 4
SWH 29761.904 Hz
FIDRES 0.454131 Hz
10b a0 1.1010048 sec
RG 192.89
DW 16.800 usec
DE 18.00 usec
TE 298.2 K
D1 2.00000000 sec
dil 0.03000000 sec
DELTA 1.89999998 sec
TDO 1
SFO1 125.7703637 MHz
NUcCl 13C
Pl 9.80 usec
PLW1 57.00000000 W
SFO2 500.1320005 MHz
Nuc2 in
CPDPRG[2 waltzlé
PCPD2 80.00 usec
PLWZ 20.,00000000 W
PLW12 0.35778001 W
PLW13 0.22898000 W
F2 Procesasing parameters
ST 32768
SF 125,7577847 MHz
WDW EM
SS5B 0
LB 1.00 Hz
GB 0
PC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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3.396

o 1
T T T T T T T T T
10 9 8 7 6 5 4 2 ppm
e gl
ailed el e=]= -
o~ I IRl ST S R R (O RSP B R Rt
N @A OWMN=C 00 AN o OO o
O A o
M~ wuw o OY 00 O G O ™~ O\ . .. -
o It T I I I T I I I I e A o B o B AV e pli =
—
N=
Ma
| Al I
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm

5104

Current Data Parameters

NAME
EXENO
FROCNC

F2z - Rcguisi

Date_
Time
INSTRUM
FROBHD 5
FULPROG
D
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

TE

D1

TDO

SEC
NUCL

El

FLW1

Fz
SI
SF
WDW

S8R a

LB
GB 0
EC

500M 2018-2
234
1

ion Parameters
20180203
16.40
spect

mm CFPBBC BB

2930
65536
CDCl3

16
2
10000.000 Hz
0.152588 Hz
3.2767999 sec
31.72
50.000 usec
6.50 usec
288.2 K
1.00000000 sec
1
500.1330885 MHz
1H
11.50 usec
20.00000000 W

Processing parameters

65536
500.1300265 MHz

EM

Current Data Parameters

NAME 500M 201

EXPNO

PROCNO

F2 Acquisition Parameters
Date_ 201808503
Time 16.42
INSTRUM spect
PROBHD 5 mm CPPBBC BB
PULFROG Zgpg30

D 65536
SOLVENT CDC13

NS 100

DS 4

SWH 29761.5%04 Hz
FIDRES 0.454131 Hz
AQ 1.1010048 sec
RG 192.89

D 16.800 usec
DE 18.00 usec
TE 2%98.1 K
D1 2.00000000 sec
dil .03000000 sec
DELTA 1.89999998 sec
TDO 1
SFOL 125.7703637 MHz
NUCL 13c

Pl 9.80 usec
PLW1 7.00000000 W
SFoz 500.1320005 MHz
NUCZ 1H
CPDPRG[2 waltzlé
PCPD2 80.00 usec
PLW2 20.00000000 W
PLW1Z2 0.35778001 W
PLW13 0.22898000 W
F2 - Processing parameters
ST 32768

SF 125.75 53 MHz
WDW EM
35B a

LB 1.00 Hz
GB a

c 1.40



o AR nRg8sseInzy o o9 Current Data Parameters
o i mEodNNdddddoo Ll mm NAME 500M 2018-2
e g 5 ol EXPNO 236
“"‘W | v PROCNG 1
F2 — Acquisition Parameters
Date_ 20180903
Time 16.49
INSTRUM spect
PROBHD S mm CPEBBO BB
PULPRGG 2330
TD 65536
SOLVENT CDC13
NS 1¢
DS 2
SWH 10000.000 Hz
FIDRES 0.152588 Hz
AQ 3.27 9 sec
RG 31.72
DW 50.000 usec
DE 6.50 usec
TE 298.1 K
D1 1.00000000 sec
TDO 1
SFol 500.1330885 MHz
NUC1 1H
Pl 11.50 usec
PLW1 20.00000000 W
F2 - Processing parameters
sI 65536
SF 500.1300272 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB a
PC 1.00
]L \ A / ;
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 ppm
HLEE LI
CHES AR T EY o o ed
ggggmwmﬁmm Gy s O WO OO - Current Data Parameters
TEaeanannNanaRas oo o o NAME 500M 20182
FOOM=TOMOOM®MWWo  « - . . E EXPNO 246
NI TOOM®M AN NN NN D M PROCNO 1
e e e e R R I e I B I e I R B e B ol Mmoo
‘l\\%;\&/% \I/ | v F2 - Acquisition Parameters
Date_ 20180903
Time 18.04
INSTRUM spect
PROBHD 5 mm CPPBBO BB
PULPROG zgpg30
TD 65536
SOLVENT cDC13
NS 1024
DS 4
SWH 2%761,904 Hz
FIDRES 0.454131 Hz
AQ 1.1010048 sec
— RG 192.89
DW 16.800 usec
DE 18.00 usec
— TE 298,1 K
N b1 2.00000000 sec
dll 0,03000000 sec
DELTA 1.899929998 sec
11b TDO 1
SFOL 125,7703637 MHz
NUCl 13cC
Pl 92.80 usec
PLW1 57.00000000 W
SF02 500.,1320005 MHz
wucz 1H
CEDERG[2 waltzlé
PCEDZ 80.00 usec
PLW2 20,00000000 W
PLW1Z2 0.35778001 W
PLW13 0.22898000 W
F2 - Processing parameters
51 32768
SF 125.7577765 MHz
WDwW EM
SSB Q
“ | LB 1.00 Hz
L i GB Q
PC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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Current Data Parameters

am o
PR NAME 500M 2018-2
A . EXPNO 242
\/ ‘ PROCHNO 1
F2 - Acguisiticen Parameters
Date 20180903
Time 7.28
INSTRUM spect
PROBHD 5 mm CPPBBO BB
O— PULPROG
D
SCLVENT
NS
DS
SWH 10000.000 Hz
= FIDRES 2588 Hz
AQ 3.2767999 =ec
RG 49,27
- LW 50.000 usec
N DE 6.50 us
TE 298.1
D1 1.00000000
11c TDO 1
- SFC1 500.1330885 MHz
6] NUC1 1H
Pl 11.50 usec
PLWL 20,00000000 W
F2 - Processing paramete
sI 36
SF 500.1300182 MHz
WDW EM
SSB 0
LB 0,30 Hz
GB 0
ILU‘J PC 1.00
L L
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 ppm
REHEE EEE 2 I
oila|eil=le=lelelailel ealed| e
A R e e A R Ml Current Data Parameters
A A DAL = -+ 2 2 NAME 500M 2018-2
HNCCTNOONWEE N M T ™ + . EXENO 243
R B L L B S e S S I e B R R | [~ [~ 0 uy ™ PROCNG 1
B e e R B R B e B T R B B I I B el o 1N ™
NSO R ‘ | F2 - Acquisition Parameters
Date_ 20180903
Time 17.29
INSTRUM spect
PROBHD 5 mm CPPBEBOC BR
PULPROG zgpg30
TD 65538
SOLVENT €DC13
NS 1%0
O~ DS 4
SWH 29761.904 Hz
FIDRES 0.454131 Hz
AD 1.1010048 sec
RG 192.89
— DW 16.800 usec
DE 18.00 usec
TE 2%8.1 K
— Dl 2.00000000 sec
N ai1 0.03000000 sec
DELTA 1.89999998 sec
TDO 1
11c SFO1 125.7703637 MHz
NUC1 13cC
O/ Pl 9.80 usec
PLWL 57.,00000000 W
SFO2 500.1320005 MHz
NUCZ 1H
CPDPRG[2 waltzlé
PCED2 80.00 usec
PLWZ2 20.0000 0w
PLW12 0.3577 1w
PLW13 0.22898000 W
F2 - Processing parameters
SI 32768
SF 125.7577738 MHz
WDW EM
SSB 0
| f LB 1.00 Hz
GB o]
PC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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Cl
=
N=
11d
Cl

SN

3.395

Current Data Parameters

usec

NAME 500M 2018-2
EXPNO 274
PROCNC 1
F2 - Requisition Parameters
Date_ 20180206
Time 15.27
INSTRUM spect
PROBHD 5 mm CPPBBC BB
PULPROG zg30
D 65536
SOLVENT CDhC13
NS 16
Ds 2
SWH 10000.000
FIDRES 0.152538
el 3.2767299
RG 31.72
D 50.000
DE 6.50
TE 2%98.2
Dl 1.00000000
TDO 1
SFO1 500,1330885
NUC1 1H
Pl 11.50
PLW1 20.00000000

w

F2 - Processing parameters

8T
SF
WDW

88B o

LB

GB 0

PC

5107

65536
500.1300137
EM

0.30

1.00

MHz

Hz
Hz
sec

usec
usec
K
sec
sec
sec

MHz
usec

w
MHz

usec
W
W
W

MHz

Hz

9 8 4 2 1 ppm
R :
Nl o
N~ o me WH D DO nt - ~
SoRRheoanafece  geg 2 vz s00 20182
NOoOM~<TMOO N~ Ww LI . EXPNO 275
S R SR S B S - PROCNG 1
&X‘&W W F2 - Acquisition Parameters
Date 20180906
Time 15.292
INSTRUM spect
Cl EROBED 5 mm CPPBEO BB
PULPROG zgpg30
D 55536
SOLVENT cpels
NS 610
DS 4
SWH 29761.904
— FIDRES 0.454131
AQ 1.1010048
_ RG 192,89
oW 16.800
N DE 18,00
TE 2%8.1
D1 2.00000000
11d dil 0.03000000
DELTA 1.89999398
Cl TDO 1
SFOL 125.7703637
NUC1 130
F1 9,80
BLWL 57,00000000
SFOZ 500,1320005
NuC2 1B
CEDPRG[2 waltzlé
PCPD2 80,00
BLW2 20,00000000
PLW1Z2 0.35778001
ELW13 0.22858000
F2 - Processing parameters
sI 32768
SF 125,7577729
WDW EM
J SSB 0
ol | | LB 1.00
GE 0
EC 1.40
T T T T T T T T T
180 160 140 120 100 80 60 40 20 0 ppm



" NAME,
“ EXPNO
PROCNG

= Current Data Parameters

500M 2018-2
249
1

F2 - Acguisiticn Parameters

20180903
ime 19.36
Br INSTRUM spect
PROBHD 5 mm CPPBBEC BB
PULPROG zg30
TD 65536
SOLVENT CDC13
NS 16
— DS 2
SWH 10000.000 Hz
FIDRES 0,152588 Hz
AQ 3.2767999 sec
—
N RG 31.72
DW 50.000 usec
DE 6.50 usec
TE 288.2 K
11e Dl 1.00000000 sec
TDO 1
Br SFO1 500.1330885 MHz
NUC1 1H
Pl 11.50 usec
PLWL 20,00000000 W
FZ - Processing parameters
ST 65536
SF 500.1300152 MHz
WDW EM
85B )
LB 0.30 Hz
GB 0
PC 1.00
o e L
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 ppm
FESERE g
oileln|es] == -
ST ONCNSO Ao Mo Current Data Parameters
auenTaannanennnnT @ER & NAME 500M 2018-2
NWDWUME AODHOO=T=0 o] v v . EXPNO 250
NI OM®MmM®O NSNS 0 ™ PROCNO 1
A A A A A A o A o O ™
\\\&W‘ng F2 - Acquisition Parameters
Date 20180203
Time 20.31
INSTRUM spect
PROBHD 5 mm CFPBBO BB
BT BEULPROG zgpg30
sl 655386
SOLVENT cpels
NS 1024
Ds 4
SWH 22761.904 Hz
S FIDRES 0.454131 Hz
AD 1.1010048 sec
RG 1%2.89
— oW 16.800 usec
N DE 18.00 usec
TE 2%98.2 K
D1 2.00000000 sec
11e dil 0.03000000 sec
DELTA 1.89999998 sec
Br TDO 1
SFol 125.7703637 MHz
NUCL 13c
Pl 9,80 usec
PLW1 57.00000000 W
SFo2 500,1320005 MHz
Nucz2 1H
CPDPRG[2 waltzlé
PCPD2 80.00 usec
PLWZ 20.00000000 W
PLW1Z 0.35778001 W
PLW13 0.,22828000 W
F2 - Processing parameters
SsI 32768
SF 125.7577711 MHz
WDW EM
S8B 0
‘ j LB 1.00 Hz
A A A J | cB 0
BEC 1.40
T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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Current Data Parameters

5109

© 0
& @
= ke NAME 500M 2018-2
© “ EXPNG 244
| ‘ PROCNO 1
F2 - Acquisition Parameters
Date_ 20180903
Time 17.39
INSTRUM spect
EROBHD 5 mm CEPBBO BB
FULFROG zg30
TD 65536
O SOLVENT CDC13
NS 16
- DS 2
SWH 10000.000 Hz
FIDRES 0.152588 Hz
AQ 3.27€79%8 sec
RG 31.72
oW 50.000 usec
DE 6.50 usec
TE 298.1 K
D1 1.00000000 sec
TDO
SFC1 500.1330885 MHz
NUC1 1H
Fl 11,50 usec
PLW1 20.00000000 W
F2 - Frocessing parameters
SI 65538
SF 500,1300410 MHz
WDW EM
S5B 4]
LB 0.30 Hz
GB 0
EC 1.00
J J\ - .
T T T T T T T T T
10 9 6 5 4 3 2 1 ppm
4l
-

a DAT N AT D +
ERETTRASGNSIARES geg oz o M P TS
NEHNETONNEEDE W0 N v . . EXENG 245
e B T I o B I o I B o o I T e B ol ) ™
e e K R e R e e R e I e I T I R el e o [T} gl PROCNO 1
'\%’h‘\&%// \\l/ | F2 - Acquisition Parameters

Date_ 20180903
Time 17.40
INSTRUM spect
PROBHD 5 mm CEFBBO EB
PULPROG zgpg30
TD 65536
O SOLVENT CDC13
e — NS 53
Ds 4
SWH 29761.204 Hz
— FIDRES 0.454131 Hz
N a0 1.1010048 sec
RG 192.89
oW 16.800 usec
11f DE 18.00 usec
TE 298.1 K
D1 2.00000000 sec
dll 0,03000000 sec
DELTA 1.899929998 sec
TDO 1
SFol 125.7703637 MHz
NUCl 13cC
Pl 9.80 usec
PLW1 57.00000000 W
SFo2 500.1320005 MHz
Nuc2 1H
CEDPRG[2 waltzlé
PCPD2 80.00 usec
PLW2 0.00000000 W
PLW1Z2 0.35778001 W
PLW13 0,22898000 W
F2 — Processing parameters
SI 32768
SF 125.7577847 MHz
WDW EM
| SSB 0
LB 1.00 Hz
GB Q
PC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm



7.983
7.980

Current Data Parameters

. R R R R R R R ] NAME 500M 2018-2
- - il el EXPNO 2357
T e = PROCNO 1
F2 - Acquisition Parameters
Date_ 20180204
Time 2.58
INSTRUM spect
PROBHD 5 mm CPPBBC BB
PULPROG zg30
TD 65536
N\ SOLVENT CDCI.’f
NS la
Ls 2
SWH 10000,000 Hz
N/ FIDRES 0.152588 Hz
AQ 3.2767999 sec
RG 31.72
oW 50.000 usec
14a DE 6.50 usec
TE 298.1 K
D1 1.00000000 sec
TDO 1
SFO1 500.1330885 MHz
NUC1 1H
Pl 1.50 usec
PLW1 20.00000000 W
Pz Processing parameters
s8I 65536
SF 500,130018% MHz
WDW EM
SSB
LB 0.30 Hz
GB
| BC 1.00
U s
T T T T T T T T T
10 9 8 7 6 5 4 2 ppm
HE
<llelwlei
[ s ) . N Current Data Parameters
A R TEEsE o NAME 500M 2018-2
TR AR E EXEIO 253
ot o o ™ PROCNO 1
‘ \\\,\V/ W F2 - Acquisition Parameters
Date_ 20180804
Time 10.00
INSTRUM spect
PROBHD mm CPPBBEC EB
PULPROG zgpg30
TD 655386
SOLVENT [ei0]eh e}
NS 37
Ds 4
N— SHH 29761.904 Hz
FIDRES 0.454131 Hz
AQ 1.1010048 sec
RG 192.89
N/ oW 16.800 usec
DE 18.00 usec
TE 288.1 K
D1 2.00000000 sec
14a d11 0.03000000 sec
DELTA 1.89992998 sec
TDO 1
SFOl 125.7703637 MHz
NUC1 13cC
Pl 9.80 usec
PLW1 57.00000000 W
SFo2 500.1320005 MHz
Hucz 1H
CPDPRG[2 waltzlé
PCEDZ 80,00 usec
PLW2 20.,00000000 W
PLW1Z 0,35778001 W
PLW13 0.22828000 W
FZ2 - Processing parameters
SI 32768
SF 125,7577820 MHz
WDW EM
SSB
LB 1.00 Hz
GB
PC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm

S110



iﬁggﬂﬁgfﬁfjﬁ Current Data Parameters
®@ NN mnom e NAME S00M 2018-2
B e e e e EXENO 259
'\N W PROCND 1
F2 - Acquisition Parameters
Cl Date_ 20180204
Time 10,05
INSTRUM spect
FROBHD 5 mm CPPBBC BB
EULPROG 2g30
D 65536
N— SOLVENT cDel3
NS 1a
Ds 2
SWH 10000.000 Hz
N= FIDRES 0.152588 Hz
AG 3.2767989 sec
RG 31.72
Dw 50.000 usec
14b DE 6.50 usec
TE 288.2 K
Dl 1.00000000 sec
cl D0 1
SFO 500.1330885 MHz
Nucl 1H
Pl 11.50 usec
FLW1 20.00000000 W
F2 - Processing parameters
SI 65536
SF 500.1300190 MHz
WDW EM
58B 4]
LB 0.30 Hz
GB 0
EC 1,00
L L
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 ppm
€28
=il
e A B B Current Data Parameters
QEemmeaes FER 2 HAME 500M 2018-2
SELEEELE e S EXENO 260
o = ] PROCNO 1
\ '\\\ \'V/‘ W F2 Acquisition Parameters
Date_ 20180904
Time 10.08&
INSTRUM spect
Cl PROBHD 5 mm CPFPEBC BB
PULPROG Zgpg30
D 5536
SOLVENT CDC13
Ws 20
Ds 4
N=— SWH 29761.904 Hz
FIDRES 0.454131 Hz
piXe} 1.1010048 sec
_ RG 192.89
N Dw 16.800 usec
DE 18.00 usec
TE 298.1 K
Dl 2.00000000 sec
14b di1 0.03000000 sec
DELTA 1.89999998 sec
Cl TDO 1
SFol 125.7703637 MHz
NuCl 13cC
Pl 9.80 usec
PLW1 57.00000000 W
SF02 500.1320005 MHz
NUC2 1H
CPDPRG[2 waltzlé
PCPD2 80.00 usec
PLW2 20.00000000 W
PLW1Z2 0.35778001 W
PLW13 0.22898000 W
F2 - Prccessing parameters
S5I 32768
SF 125.7577765 MHz
WowW EM
SSB Q
LB 1.00 Hz
- GB Q
PC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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NS NRe RO N
Bt g )
Br
N=
N/
14c
Br
] n L o
T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 ppm
el
= lnlo
— Y~ O WO
O WO 00~ O S ™
P T <+ o~ O o
o~ O W oY 0O W W EEEE .
wy sy ool ~ r~ \Q el
i e e R e B B [l %)
Br
N=
N=
14c
Br
| ‘ |
T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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Current Data Parameters

NAME
EXPNG
FROCHNO

500M2017
80
1

F2 - Acquisition Parameters

Date_
Time
INSTRUM
EROBHD
FULFROG
TD
SOLVENT
NS

Ds

SWH
FIDRES

D1
TDO
SFCl
NUC1
Pl
PLW1

20170808
12.34
spect

5 mm CEPBBO BB
zg30

65536
CDC13

16

2z
10000.000
0.152588
3.27€7999
31.72
50.000
6.50

298.1
1.00000000
1

500.1330885

11.50
20.00000000

Hz
Hz
see

usec
usec
K
sec

MHzZ

usec
W

F2 - Frocessing parameters

65536
500,1300120
EM

0
0.30

0
1.00

Current Data Parameters

MHzZ

Hz

NAME 500M2017
EXPNC 81
PROCNO 1

FZ2 - Acquisition Parameters
Date_ 20170808
Time 12.48
INSTRUM spect
PROBHD 5 mm CEFBBO EB
PULPROG zgpg30

D 65536
SOLVENT CDC13

NS 256

Ds 4

SWH 29761.904 Hz
FIDRES 0.454131 Hz
FiXe} 1.1010048 zec
RG 152.89

oW 16.800 usec
DE 18.00 usec
TE 288.2 K
Dl 2.00000000 sec
dil 0.03000000 sec
DELTA 1.89999%98 sec
TDO 1
SFO1 125.7703637 MHz
NUC1 13cC

Pl 9.80 usec
PLW1 57.00000000 W
SFO2 500.1320005 MHz
Nuc2 1H
CEDPRG[2 waltzlé
PCPD2 80.00 usec
PLW2 20.00000000 W
PLW1Z 0.35778001 W
PLW13 0.22898000 W
F2 — Processing parameters
ST 32768

SF 125.7577716 MHz
WDW EM

SS5B 0

LB 1.00 Hz
GB Q

PC 1.40



MO ECOM AR D BN O DO N o

CELEAAREREERERagll 2

g Sriip e g A E NAME

e e e v vV - EXENO
PROCNO

Current Data Parameters

500M2017
748
1

FZ2 - Acquisition Parameters

Date_ 20170808
Time 12.17
INSTRUM spect
EROBHD 5 mm CEFBBC BB
PULPRCG zq30
TD 65536
SOLVENT CDC13
NS 16
Ds 2
(o) N— SWH 10000.000 Hz
- FIDRES 0.152588 Hz
AG 3.2767999 sec
_ RG 31.72
50.000 usec
N 6.50 usec
288.2 K
1.00000000 sec
14d 1
500,1330885 MHz
1H
11.50 usec
20.00000000 W
F2 Processing parameters
SI 65536
SF 500,13001192 MHz
WDW EM
S8R a
LB 0.30 Hz
GB [u]
EC 1.00
,,)..4 JM . - B - .
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 ppm
3 &8 g
ol loldlole o
Lo O D ) O ) S O O Current Data Parameters
TYesunenTnesnTTde 2. ~ & HAME 500M2017%
Mt A=~ 0 0000 mowc . . EXPNO 79
DWW Moo O o e ool oo ™~ e Y W PROCNG 1
A A A A o A A A o = ) o
'\\\\NW | | F2Z - Acguisiticn Parameters
Date 20170808
Time 1z2.31
INSTRUM apect
PROBHD 5 mm CPPBBO BB
PULPROG zgpg30
TD 65536
SOLVENT cDpCl3
NS 256
Ds 4
0 N— SWH 29761.,904 Hz
- FIDRES 0.454131 Hz
AQ 1.1010048 sec
RG 122.89
N= Dt 16.800 usec
DE 18,00 usec
TE 2%8.1 K
Dl 2.00000000 sec
14d di1 0.03000000 sec
DELTA 1.89999998 sec
TDO 1
SFO1 125.7703637 MHz
NUCL 13C
Pl 9.80 usec
PLW1 57.00000000 W
SFo2 500.1320005 MHz
NUC2 1H
CPDPRG[2 waltzlé
PCPD2 80.00 usec
PLW2 20.00000000 W
PLW1Z2 0.35778001 W
PLW13 0,22898000 W
F2 - Processing parameters
SI 32768
SF 125.7577753 MHz
WowW EM
SSB 0
‘ LB 1.00 Hz
GB 0
PC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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Current Data Parameters

NAME
EXPNO
PROCNO

500M2017
76
1

F2 - Acguisition Parameters

Date_ 20170808
Time 12.00
INSTRUM spect
PROBHD 5 mm CPPBBO BB
PULFROG zg30
TD 65536
SOLVENT CDC13
NS 16
DS 2
SWH 10000.000 Hz
Cl N= FIDRES 0,152588 Hz
AQ 3.2767998 sec
RG 49,27
— DW 50.000 usec
N DE 6.50 usec
TE 238.1 K
D1 1.00000000 sec
TDO 1
14e SFO1 500.1330885 MHz
NUC 1iH
Pl 1.50 usec
PLW1 20.00000000 W
F2 Processing parameters
51 65536
SF 500.1300122 MHz
WDW EM
S55B
LB 0.30 Hz
GB
PC 1.00
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 ppm
LECEE
sleclolelo
O A MO DO o] @ Current Data Parameters
SmmwHdoHREaRmoa Hwo @ NALE 500M2017
NS A= O C oD ®®® N . . - EXENO 71
WW Mmoo oo Dl w PROCNO 1
e e B B e B o o o e s - - bal
NWJ W FZ2 - Acquisition Parameters
Date_ 20170808
Time 12.14
INSTRUM spect
PROBHD 5 mm CEFBBO EB
PULPROG zgpg30
TD 65536
SOLVENT CDC13
N WS 256
Ds 4
cl = SHH 29761.904 Hz
FIDRES 0.454131 Hz
FiXe} 1.1010048 zec
N/ RG 192.89
oW 16.800 usec
DE 18.00 usec
TE 298.1 K
14e Dl 2.00000000 sec
dll 0,03000000 sec
DELTA 1.899929998 sec
TDO 1
SFol 125.7703637 MHz
NUCl 13cC
Pl 9.80 usec
PLW1 57.00000000 W
SFo2 500.1320005 MHz
Nuc2 1H
CEDPRG[2 waltzlé
PCPD2 80.00 usec
PLW2 20.00000000 W
PLW1Z2 0.35778001 W
PLW13 0,22898000 W
F2 — Processing parameters
SI 32768
SF 125.7577729 MHz
WDW EM
SS8B
i 1L ” ‘ ‘ LB 1.00 Hz
GB
PC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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FEHNNOTNO®N N DY o »
223%:::;:@5;%22 = Q Current Data Paraneterf
R L SR L. K NAME soomMz017

EXPNC 74
W | | PROCNO 1
F2 - Acquisition Parameters
Date 20170808
Time 11.43
INSTRUM spect
EROBHD 5 mm CEFBBO BB
PULFPROG zg30
N sl 65536
~ SOLVENT CDCLl3
N8 16
Ds Z
—— SWH 10000.000 Hz
N FIDRES 0.152588 Hz
AQ 3.2767999% sec
RG 31.72
oW 50.000 usec
14f DE 6.50 usec
TE 298.2 K
D1 1.00000000 sec
TDO 1
SFC1 500.1330885 MHz
NUC1 1
Pl 11.50 usec
PLW1 20.00000000 W
F2 - Processing parameters
s8I 65536
SF 500.1300122 MHz
WDW EM
S5B o
LB 0.30 Hz
GB 0
PC 1.00
1|Uh —J L
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 ppm
g LT
-l = |
o ~ o Current Data Parameters
@ mooee TEs o 2 NAME 500M2017
52 oag g SR X0 =
— PP | [ o ol PROCNO
| | \/ \V | | F2 - Acguilsition Parameters
Date_ 20170808
Time 11.57
TNSTRUM spect
PROBHD 5 mm CPFBBO BB
PULPROG zgpg30
TD 65536
SOLVENT CDC13
NS 256
DS 4
SWH 22761.,904 Hz
N\ FIDRES 0,454131 Hz
AQ 1.1010048 =zec
RG 122,82
DW 16,800 usec
N/ DE 18.00 usec
TE 298.1 K
Dl 2.00000000 sec
dll 0.03000000 sec
14f DELTA 1.89999998 sec
TDO 1
SEFOL 125.7703637 MHz
NUCl 13C
Pl 9.80 usec
PLW1 57.00000000 W
SFO2 500.1320005 MHz
Nucz 10
CEDERG[2 waltzlé
PCPD2 80.00 usec
PLW2 20.00000000 W
PLW12 0.35778001 w
PLW13 0.22898000 W
F2 — Processing parameters
51 32768
SF 125.7577765 MHz
WDW EM
S5SB a
LB 1.00 Hz
A GB a
PC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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Current Data Parameters

NAME 500M 2018-2
EXENO 228
FROCNC 1
F2z - Rcguisition Parameters
Date_ 20180203
Time 15.23
INSTRUM spec
FROBHD 5 mm CPPBBC BB
FULPROG zg30
D 65536
SOLVENT CDCl3
16
e 2
10000.000 Hz
0.152588 Hz
3.2767999 sec
N 31.72
50.000 usec
H 6.50 use
288.2 K
1.00000000 sec
12a i
500.1330885 MHz
1H
11.50 usec
20.00000000 W
F2 - Processing parameters
sI 65536
13 5E00.1300366 MHz
WDW EM
SS8B 4]
LB 0,30 Hz
GB a
EC 1.00
_d_j .L l_h I 1
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 ppm
e g fe
ol e eil ==l =]+ - ==
WO 03O0 M D O MO Current Data Parameters
GeNadonaaaeaaeg geg g g NAME 5004 2018-2
[~ <P sf o0 s O 00 [ D= AD WD WO ) oY I~ [ . . EXPNO 229
TN =3 < PROCNO 1
e R R e e e R e I R I e I IR I Y ol o " <t
'\\l\ﬂ/%// W | | F2 - Acquisition Parameters
Date_ 20180203
Time 15.26
INSTRUM spect
PROBHD 5 mm CPPBEBO EB
PULPROG zgpg30
TD 655386
SOLVENT cpcll
NS 68
DS 4
— SHE 29761.904 He
FIDRES 0.454131 Hz
AQ 1.1010048 sec
RG 192.89
N oW 16.800 usec
H DE 18,00 usec
TE 298.1 K
Dl 2,00000000 sec
12a d1l 0,03000000 sec
DELTA 1.89999998 =ec
TDO 1
SFOL 125.7703637 MHz
NUCL 13cC
Pl 9.80 usec
PLW1 57,00000000 W
SFo2 500.1320005 MHz
HUC2 1H
CPDPRG[2 waltzlé
PCPD2 0.00 usec
PLW2 20.,00000000 W
PLW1Z 0.35778001 W
PLW13 0.22898000 W
F2 - Procesasing parameters
SI 32768
SF 5.7577801 MHz
WDW
55B 0
| LB .00 Hz
GB 0
C 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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pongazraracgecassney geoomegmoeazoos Current Data Parameters
N IR il I A S RS RN R A RS NAME S00M 2018-2
o e e e R R R AR R FE M mE e nmmm,e e o EXENO 204
WWM’ \J W PROCNO 1
FZ2 - Acquisition Parameters
Date_ 20180827
Time 20.30
INSTRUM spect
EROBHD 5 mm CEFBBC BB
PULPRCG zq30
TD 65536
SOLVENT CDC13
NS 16
Ds 2
— SWH 10000.000 Hz
FIDRES 0.152588 Hz
AG 3.2767999 sec
RG 25.06
50.000 usec
N 6.50 usec
H 2%8.1 K
1.00000000 sec
1
12b 500.1330885 MHz
1H
11.50 usec
20.00000000 W
F2 Processing parameters
SI 65536
SF 500,1300549 MHz
WDW M
S8R a
LB 0.30 Hz
GB [u]
EC 1.00
l o .
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 ppm
HECEEEE 2 Bl RE
cil=lailailclolele - olle ailei
. DL ) o Parame
TSITERRALARINLT ug g g gy
A HOMO T NN ®M DO Mo~ e - . .. EXPNO 209
EEE PR b pRoCHo 1
— oo
\\\\l%/J W | | v F2 - Acquisition Parameters
Date 20180827
Time 20.44
INSTRUM spect
PROBHD 5 mm CFPBBO BB
BEULPROG zgpg30
sl 655386
SOLVENT cpels
NS 3
Ds 4
— ¥ 29761.904 He
FIDRES 0.454131 Hz
AD 1.1010048 sec
RG 1%2.89
N D 16.800 usec
H DE 18.00 usec
TE 2%8.1 K
D1 2.00000000 sec
12b d11 0.03000000 sec
DELTA 1.89999998 sec
TDO 1
SFol 125.7703637 MHz
NUCL 13c
Pl 9,80 usec
PLW1 57.00000000 W
SFo2 500,1320005 MHz
Nucz2 1H
CPDPRG[2 waltzlé
PCPD2 80.00 usec
PLWZ 20.00000000 W
PLW1Z 0.35778001 W
PLW13 0.,22828000 W
F2 - Processing parameters
SsI 32768
SF 125.7577865 MHz
WDW EM
Ll L
\ ) 1.00 Hz
GB 0
BEC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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Current
NAME
EXFNO
FPROCNO

S118

Data Parameters
500M 2018-2

263

1

-~ Acquisition Parameters

ate_ 20180204
Time 11.11
()\\\ INSTRUM spect
PROBHD 5 mm CPPBBC BB
PULPROG zg30
TD 65536
SOLVENT cpcla
Ng 1lg
DS 2
— SWH 10000.000 Hz
FIDRES 0.152588 Hz
AQ 3.2767399 sec
RG 31.72
N DW 50.000 usec
H DE .50 usec
TE 2898.2 K
Dl 1.00000000 sec
TDO 1
12¢ SFG1 500.1330885 MHe
- NUC1 1H
O Pl 11.50 usec
FLW1 20.00000000 W
Fz - cessing pa eters
ST 65536
SF 500.1300188 MHz
WDW EM
SSB [¢]
LB 0.30 Hz
GB o
PC 1.00
e JMJ“J)‘M/L . ,J_J o jJ‘k_/\ M
T T T T T T T T T T T
10 9 8 7 6 5 a4 3 2 1 ppm
REEEREE N & [
aileile= = loilol=la - w ==
ﬂg@ﬁﬁ;g;;;ﬂg‘“‘g@ﬁ ) Mo © wy Current Data Parameters
G;'-:rl.mlr-:\:;w;r:“:r:\. ”-) d;[-:tr'-w; J.F.'n' N":‘ OC' 0(3 N_I‘.ME 500M 201?—2
P R S R NI NN NIl R Ry an = N EXPNO 265
i B R B B B B B B R B B B B B IR el sl o W o~ PROCNO 1
WW// \I/ \ ; | ‘ F2 - Acquisition Parameters
Date_ 20180304
Time 11.25
INSTRUM apect
() PROBHD 5 mm CEFFBBO BB
~ PULERCG zgpg30n
T 65536
SOLVENT CDC13
NS 1024
Ds 4
SKWH 29761,904 Hz
— FIDRES 0.454131 He
AQ 1.1010048 sec
RG 192.89
D 16.800 usec
N DE 18.00 usec
H TE 298.1 K
Dl 2.00000000 sec
d11l 0.03000000 =ec
g sec
12¢ EE?TA 1.899J999$ sec
o— SFO1 125.7703637 MHz
NUC1 13cC
Pl 9.80 usec
PLW1 57.00000000 W
SFO2 500,1320005 MHz
NUC2 1H
CPDERG[2 waltzle
PCPD2 80.00 usec
PLW2 20.00000000 W
PLW1Z 0.35778001 W
PLW13 0.22898000 W
F2 - Processing parameters
5T
SF 9
WowW EM
S5B 0
I I | LB 1.00 Hz
J ) L A M cB 0
PC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm



6.843
6.731
6.661
6.642

oo @ ™ o
= @ 1 ow
= ISR & @
- o m ™ e

Cl
—
N
H
12d
Cl
ol Y S S
T T T T T T T T T T T
10 s 8 7 6 5 a a 2 1 ppm
LEEEE] I
oal-lclolo - olle
mIGTWWN(V\DKQWWG\U:\(\]O\HUJ
COMNE@OEMAOW~~ O N A w —
v e s . L T T e ) o =
Mo NDO®OE@r o~ + o+ o« . .
5o MM Lo I I B el I o o I o RS B ~ o an =
e A o o o o W <
Cl
—
N
H
12d
Cl
1‘ ‘l LH y [ [ |
T T T T T T T T T T T
200 180 160 140 120 100 80 60 a0 20 ¢ ppm
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Current Data

NAME
EXPNG
PROCND

Parameters
400M 2018
501

1

Rcquisition Farameters

20180805
10.24
spect

5 mm PABBC BB/
zg30
32768
[sialoni}
1le
]
8012.820 Hz
0.244532 Hz
2.0447233 sec
206
€2.400 usec
€.50 usec
29%2.2 K
2,00000000 sec
1

400,2424716 MHz
1H
14.80 usec
12.00000000 W

Processing parameters

65536
400.2400125 MHz
EM
0
0,30 Hz
a

Current Data Parameters
NAME 500M 2018-2
EXPNO 256
EROCNO 1

F2 - Acquisition Parameters
Date 20180904
Time 9.49
INSTRUM spect
PROBHD 5 mm CFPBBO BB
BEULPROG zgpg30

sl 655386
SOLVENT CDC13

NS 135

Ds 4
SWH 22761.904 Hz
FIDRES 0.454131 Hz
AD 1.1010048 sec
RG 1%2.89

oW 16.800

DE 18.00

TE 298.2

D1 2.00000000
dil 0.03000000
DELTA 1.89999998 s
TDO 1
SFol 125.7703637 MHz
NUC1 13c

Pl 9,80 usec
PLW1 57.00000000 W
SFo2 500,1320005 MHz
Nucz2 1H
CPDPRG[2 waltzlé
PCPD2 80.00 usec
PLWZ 20.00000000 W
PLW1Z 0.35778001 W
PLW13 0.,22828000 W
F2 - Processing parameters
SsI 32768

SF 125.7577725 MHz
WDW no
S8B 0

LB 0 Hz

GB 0

BEC 1.40



n o~ mMEmMOo o Lo MmN e m
@ = o0 O 0V U O
- o ONANAdddd AR ® D
r~ o~ M m e m o

N Ees

ion Parameters

20180804
Time 13.19
Br INSTRUM spect
PROBHD 5 mm PABBC BR/
FULPROG zg30
TD 32768
SOLVENT cpels
1g
— 0
9012.92C Hz
244434 Hz
AQ 2. "\44 233 sec
RG 43.5
H oW 62.400 usec
DE .50 usec
TE 2898.0 K
D1 2.00000000 sec
12e D0 1
FOL 400.242471¢ MHz
Br NUC1 1H
Pl 14.80 usec
PLW1 12.00000000 W
F2Z - Processing parameters
sI 65536
SF 400.2400341 MHz
WDW EM
S8R a
LB 0.30 Hz
GB 0
BC 1.00
Il I A
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 ppm
o "
rldlvl-l-lcls - =
< ~~ . o ¢ O s 00 WD WD fas v -
FENNEAYEIAbEEEss ey o g it
COME TN ANOBRN AR - . . EXPNCG 498
T T MM ) LN PROCNO 1
e e e R T R e e R B B T B I I Bl [} <
I\\\MW%/ V | | FZ - hequisition Parameters
Date_ 20180804
Time 1%2.21
INSTRUM spect
Br PROBHD 5 mm FABBC BB/
PULPROG zgpg30
TD 655386
SOLVENT [ein]eh e}
NS 23
Ds 4
SWH 24038.461 Hz
— FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 206.33
oW 20.800 usec
N DE 6.50 usec
H TE 288.5 K
D1 2.00000000 sec
dll 0.03000000 sec
DELTA 1.89992998 sec
12e TDO 1
Br SFOl 100.6504%16 MHz
NUC1 13cC
Pl 10.00 usec
PLW1 54.00000000 W
SFo2 400.2416010 MHz
Hucz 1H
CPDFRG[2 waltzlé
PCPD2Z 90,00 usec
PLW2 12.00000000 W
PLW1Z 0,34680000 W
PLW13 0.280902929 W
FZ2 - Processing parameters
SI 32768
SF 100.,6404271 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB L]
PC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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moTmown o FoOmMAdr oo mT o
NO @& N MM R == e = Current Data Parameters
aannnweeeny oonenaanee9 NAME 500M 2018-2
001000 600 TEmmmmmmmm o EXPNO 230

NWW \\W EROCNO 1

F2 - Acquisition Parameters

Date_ 20180203
Time 15.31
INSTRUM spect
FROBHD 5 mm CPPBBC BB
EULFROG zg30
iyl 65536
SOLVENT c
/O — SOLVEN CD i.g
2
10000.000 Hz
N 0.152588 Hz
H
12f
1.00000000 sec
1
500.1330885 MHz
1H
11.50 usec
20.00000000 W
FZ2 - Processing parameters
SI 65536
SF 500.1300437 MHz
WDW EM
SSB Q
LB 0.30 Hz
GB 0
EC 1.00
'i__ﬂu_ R N S
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 ppm
FEERTy o @ [l
clmlelciclolcle - el loll=
COMOM A O o000 @ Current Data Parameters
SoaNaTenadTancan gee g g HAE S0 20t 2
Oy o O 0Y 000 WO S Y e . - EXPNC 231
DTITTTANAAAANTNN A 8 own = PROCNO 1
B e e e T B B B B B B B B B I Bl ol o LR
\N'& %/ \I/ l ‘ F2 Acquisition Parameters
Date_ 20180903
Time 15.34
INSTRUM spect
PROBHD 5 mm CPPBEC EB
PULPROG Zgpg30
D 5536
SOLVENT CDC13
5 55
Ds 4
(@] S8 SWH 29761.904 Hz
- FIDRES 0.454131 Hz
piXe} 1.1010048 sec
RG 192.89
N Dw 16.800 usec
H DE 18.00 usec
TE 298.1 K
12f D1 2.00000000 sec
dil 0.03000000 sec
DELTA 1.89999998 sec
TDO 1
SFO1 125.7703637 MHz
NuCl 13cC
P1 9.80 usec
PLW1 57.00000000 W
SFO2 500.1320005 MHz
Nuc2 1H
CPDPRG[2 waltzlé
PCPD2 80.00 usec
PLWZ 20.00000000 W
PLW12 0.35778001 W
PLW13 0.22898000 W
F2 - Prccessing parameters
SI 32768
SKF 125.7577847 MHz
WDW EM
SSB Q
[ | I LB 1.00 Hz
- GB 0
PC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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Current Data Parameters

NAME 500M2017
EXPNG 156
FROCNO 1

F2 Acquisition Parameters
Date_ 20171128
Time 16.392
INSTRUM spect
PROBHED 5 mm CPPBBO BB
FULEROG zg30

TD 65536
SOLVENT cpcla

NS le

Ds 2

SWH 10000.000 Hz
FIDRES 0.152588 Hz
AQ 3.2767999 szec
RG 31.72

DW 50.000 usec
DE €.50 usec
TE 288.2 K
D1 1.00000000 sec
TDO 1
SFC1 500.1330885 MHz
NUC1 1

Bl 11.50 usec
PLW1 20.00000000 W
F2 Processing parameters
sI 65536

SF 500.1300246 MHz
WDW EM

SSB o]

LB 0.30 Hz
GB 0

PC 1.00

13a
J U i lh__k_lk__Jm . |

T T T T T T T T T T
10 ° 8 7 6 5 a 3 2 ppm

LECEE ) ey |

Ni=lle=lr~l~lcolo -lo ollr=lo o~

[l KSR INTS B To e el e BN it I Ce N o R To Bl

mDr-o\ﬁm\.cr‘chDmmc(nv ] — " ouwy

ISEaASvRNeVnNEeT doeo 4 mow

m(DLﬂ(]ﬁC@C@I"F‘\D‘.{)\ﬂ-—{(D - e . . o e .

= A= AL T L B N I N I o e [RFe [N I oV o e o~ =~ o [32] =M

-—|‘—1r—1v—1-—1v—1v—1-—|-—|v—|v—|‘—1-—1v—1 O~ r- ft=3 oo

Iz

13a

Ll O

T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20

5122

T
0 ppm

Current Data Parameters

NAME 500M2017
EXPNO 157
PROCNC 1

F2 - Acquisition Parameters
Date_ 20171128
Time 16.52
INSTRUM spect
PROBHD 5 mm CPPBEBOC BR
PULPROG zgpg30

TD 65538
SOLVENT cDCl3

NS 544

DS 4

SWH 29761.904 Hz
FIDRES 0.454131 Hz
AD 1.1010048 sec
RG 192.89

DW 16.800 usec
DE 18.00 usec
TE 2%8.1 K
Dl 2.00000000 sec
dll 0.03000000 sec
DELTA 1.89999998 sec
TDO 1
SFO1 125.,7703637 MHz
NUC1 13cC

Pl 9.80 usec
PLWL 57.,00000000 W
SFO2 500.1320005 MHz
NUCZ 1H
CPDPRG[2 waltzlé
PCED2 80.00 usec
PLWZ2 20.00000000 W
PLW12 0.35778001 W
PLW13 0.22898000 W
F2 - Processing parameters
SI 32768

SF 125.7577756 MHz
WDW EM
SSB 0

LB 1.00 Hz
GB o]

PC 1.40



T.312
7.17
7.163

7.156
7.140
7.132
7.112

09

4]

0

0

me oW
@ Hm

6.887
8
8

CRCRCRC)

202
3.881

NAME
EXFNO
FROCHNO

3

Current Data Parameters

500M 2018-2

226
1

F2 - Acquisition Parameters

Date_ 20180303
Time 15.19
INSTRUM spect
PROBHD 5 mm CPFBBO BB
EULFROG 2g30
TD 65536
SOLVENT cDCl3
RE] 16
DS 2
SWH 10000.000 Hz
FIDRES 0.152588 Hz
N AQ 3.2767999% sec
H RG 31.72
DW 50.000 usec
DE 50 usec
13b TE 298.1 K
D1 1.00000000 sec
TDO 1
SFCl 500.1330885 MHz
NUC1 1H
Pl 11.50 usec
PLW1 20.00000000 W
F2 - Processing parameters
sI 65536
SF 500.1300484 MHz
WDW EM
SSB Q
LB 0.30 Hz
GB 0
PC 1.00
L\_-\_LL_' . i
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 ppm
i 4 Bangs
~i~lolo o ollelol v~
®AT AR M NN -0 Current Data Parameters
amm e o858 3 2EE a0 HAME 500M 2018-2
R R e iR i = R L .. EXPNO 227
e R R R S B RS RS RS RS e m o M o 1
N Sl B S S e e - 0 - = = ) PROCNO 1
'\"\\"\'\\W/ \V | \ \ v F2 - Acquisition Parameters
Date_ 20180903
Time 15.20
INSTRUM spect
PROBHD 5 mm CPPBBC BB
PULPROG zgpg30
D 65536
SOLVENT CDC13
NS 39
DS 4
SWH 29761.904 Hz
FIDRES 0.454131 Hz
AD 1.1010048 sec
N RG 122.89
H DW 16.800 usec
DE 12.00 usec
TE 298.2 K
13b Dl 2.00000000 sec
dll 0.03000000 sec
DELTA 1.899299%98 sec
TDO 1
SFOL 125.7703637 MHz
NUCL 13C
Pl 9.80 usec
PLW1 57.00000000 W
SFO2 500.1320005 MHz
Hucz 1H
CPDPRG[2 waltzl6
PCPDZ 80.00 usec
PLW2 20.00000000 W
PLW1Z 0.35778001 W
PLW13 0.22898000 W
F2 - Processing parameters
ST 32768
SF 125.7577838 MHz
WDwW EM
SSB ]
ar | I LB 1.00 Hz
GB 0
PC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm

5123



CRRNRTSC0RRERTRG SERESNRlaRaREgRg Current Data Parameters
R Y] % @ - HHEEN OB A SO C NAME 500M 2018-2
R G e EXPNO 211
M\W" N \\\V W PROCNO 1
FZ2 BRcguisiticon Parameters
Date_ 20180829
Time 16.25
INSTRUM spect
O\ PROBHD 5 mm CFPBBC BB
PULPROG zq30
TD 65536
SCLVENT CcDC13
NS 16
Ds 2
SWH 10000.000 Hz
FIDRES 0.152588 Hz
AD 3.2767999 sec
RG 31.72
DW 50.000 usec
N DE 6.50 usec
H TE 298.1 K
D1 1.00000000 sec
13c TDO 1
_— SFC1 500,1330885 MHz
O NUC1 1H
Pl 11.50 usec
PLWL 20.00000000 W
F2 - Processing parameters
sI 65536
SF 500.1300280 MHz
WDW EM
S5B o
LB 0.30 Hz
GB o]
pPC 1.00
A i
T T T T T T T T
10 9 8 7 6 5 1 ppm
EEEEEE
cildilo|~[<lo
~ o +
S3MASRITEARARY  gegazanae e B TR
MmO @y OO L EXFNO 212
[ R R I e B R R S0 MmN o mm
B R L ks e B R I R [l i - TSI PROCNO 1
\,\N'\\\V/// \\l/ \ ' V FZ2 - Acquisition Parameters
Date_ 20180822
Time 16.27
INSTRUM spect
PROBHD 5 mm CEFBBO EB
O PULPROG zgpg30
—~ TD 65536
SOLVENT CDC13
WS 155
Ds 4
SWH 29761.204 Hz
FIDRES 0.454131 Hz
FiXe} 1.1010048 zec
RG 192.89
oW 16.800 usec
DE 18.00 usec
N TE 298.2 K
H D1 2.00000000 sec
dll 0,03000000 sec
13c DELTA 1.89399998 sec
TDO 1
o— SFOL 125.7703637 MHz
NUCl 13cC
Pl 9.80 usec
PLW1 57.00000000 W
SFo2 500.1320005 MHz
Nuc2 1H
CEDPRG[2 waltzlé
PCPD2 80.00 usec
PLW2 0.00000000 W
PLW1Z2 0.35778001 W
PLW13 0,22898000 W
F2 — Processing parameters
SI 32768
SF 125.7577783 MHz
WDW EM
h i SS8B 9
LB 1.00 Hz
I ie J | : o N
PC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm

S124



u.a.Sﬁuwf«;SﬁﬂS&l?ig? ﬁim:‘::g@gg:gﬁﬁg Current Data Parameters
R R R RN I e R i g R R R R A e e e =] NAME 100M 2018
el o A M- e e e ol e ool EXPNO 186
%" \\ \%\\% / PROCNO 1
F2 - Acquisition Parameters
Cl Date_ 20180828
Time 15,40
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 32768
SOLVENT CDCl3
NS la
Ls 0
SWH 8012.820 Hz
N FIDRES 0.244532 Hz
AQ 2.0447233 sec
H RG 55.55
oW 62.400 usec
13d DE 6.50 usec
TE 292.,7 K
Cl Dl 2,00000000 sec
TDO 1
SFO1 400.,2424716 MHz
NUC1 1H
Pl 14.80 usec
PLWL 12.00000000 W
Pz Processing parameters
s8I 65536
SF 400,2400230 MHz
WDW EM
SSB 1]
LB 0.30 Hz
GB 0
BC 1.00
uk L Jl,f__)‘\ JUH JJL, B U |
T T T T T T T T T T
10 9 8 7 6 5 4 3 2 ppm
e 4 ey
rirlel=l-lols - ollole’ s
WO A ol Sy o M ;T Current Data Parameters
aewmmaddnaaTan D83 8 2% HAME 400M 2018
WOMM O WO™ N O R EXPNCG 487
R N R I S R S R RS R W oy @ Mo PROCNO 1
R R R R e e B R e I R ~r~r~ o <t
'\\\MW/ \V ‘ \ \/ F2 - Acquisition Farameters
Date_ 20180828
Time 15.42
CI INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG 2gpg30
TD 65536
SOLVENT cDCl3
NS 212
DS 4
SWH 24038.,461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 206,33
N DW 20.800
H DE §.50
TE 300.2
13d Dl 2,00000000
dll 0,03000000 =
Cl DELTA 1.89999998
TDO 1
SFO1 100.6504816 MHz
NuCl 13cC
Pl 10,00 usec
PLW1 54.00000000 W
SF02 400,2416010 MHz
Nuc2 1H
CPDPRG[2 waltzlé
PCPDZ 90,00 s€
PLW2 12.00000000 W
PLW1Z 0,34680000 W
PLW13 0.280909299 W
FZ - Processing parameters
SI 327
SF 100,640419%8 MHz
WDW EM
| S5B Q
") e J J LB 1.00 Hz
GB Q
PC 1.40

T T
200 180 160 140 120 100 80 60 40 20

5125
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G OW O NN S @ L e L
HAVNHD OO IO NN WaooWwmm &M N O Current Data Parameters
R e e e N aeemme s E e e WAME 500M 2018-2

P e PR e N I N AP EXPNO 281

"%Wf’ \l / '\N\V // PROCNC 1

FZ Acquisition Farameters

Date_ 20181030

Br Time 18.45
INSTRUM spect
PROBHD 5 mm CPFRBO BB
PULPRCG zg30
TD 65536
SOLVENT CDCL12
NS 16
DS 2
SWH 00 Hz
FIDRES ) 88 Hz
AC 3.2767299 sec
RG 43,27

H DW 50.000 usec
DE 6,50 usec
13e TE 298.2 K

D1 1.00000000 sec

Br TDO 1
SFOL 500.1330885 MHz
HUCl 1H
Pl 11.50 usec
PLW1 20.00000000 W
F2 - Processing parameters
SI 65536
SF 500.1300136 MHz
WDwW EM
SSB 0
LB 0.30 Hz
GBE ]
PC 1.00

vy : M’UUL L\_A_JLA_/J\,_JLJLN___J —

T T T

©w
]
~
L]
L4
&
w -

2 1 ppm
Rrs ST":WEW rg‘ﬁj [3 I)S gw r‘m- Ej
Niwlel-lo S| sl cle

Current Data Parameters
500M 2018-2
223

1

o
s
~

72
44,40
2.12
31.78
1.19

o]

5
1.66
20.60
20,086

6

91

74

—44.01

4

48,95
46

9

8
28.33
27.51
22.14

v
-

77.1

13
2
P
2

L B B B
\\\Nh - Acquisition Parameters
Date_ 20180831
Time 11.50
Br INSTRUM spect
PROBHD 5 mm CPPBBO BB
zgpg30
[ 3

—63.00
8.

cDel3
1024

4
29761.9%04 Hz
0.454131 Hz
1.1010048 sec
192.89
16.800 usec
18.00 usec
2%8.1 K
2.00000000
0.03000000
1.8999299%98 =
1
125.7703637 MHz
13cC
9.80 usec
57.00000000 W
500.1320005 MHz
1H
waltzlé
80.00 usec
20.00000000 W
0.35778001 W
0.22838000 W

Br

F2 - Processing parameters
SI 32768
SF 125.7577728 MHz
WDW EM

S5B 0
LB 1.00 Hz
0

1.40

200 180 160 140 120 100 80 60 40 20 0 ppm
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LR P L E R L P EE ST DR b B I E S E b b Rk by ] Current Data Parameters
B R R R R R R R R R R N R e e e e e I S v v R R R B R R R e o e e NAME 500M 2018-2
e e e e e G e e e e el e EXPHO 268
. | N\ EROCHO .
FZ - Acguisiticon Parameters
20180905
Time 19.06
INSTRUM spect
PROBHD 5 mm CPPBEC BB
PULPROG
TD
SOLVENT
NS
Ds
/O SWH
FIDRES
AQ E
RG -1
N DW 50.000 usec
H DE 5.50 usec
TE z88.1 K
13f Dl 1.00000000 sec
TDO 1
SFC1l 500,1330885 MHz
NUC1 1H
Pl 11.50 usec
PLWL 20.00000000 W
F2 - Processing parameters
sI 65536
SF 500.1300422 MHz
WDW EM
S5B 0
LB 0.30 Hz
GB 0
PC 1.00
Mh .
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 ppm
REEER del 6 89 €
oilg|elle=le ~leil lol lolel [=I+
YA WO O - - nt - -
B3REARELRBRARS  jee s g3ey T
000D O] S WD DI D AD A WD vre e e e e EXPNO 269
EH IR R R R R T N St e PROCNO 1
Sy NS VY F2 - Acquisition Parameters
Date_ 20180205
Time 1g.07
INSTRUM spect
PROBHD 5 mm CPPBEBO EB
PULPROG zgpg30
TD 655386
SOLVENT cpcll
NS 14
_0 DS 1
SWH 29761.904 Hz
FIDRES 0.454131 Hz
AQ 1.1010048 sec
N RG 192.8%
H D 16.800 usec
DE 18,00 usec
13f TE 298.1 K
Dl 2,00000000 sec
dll 0,03000000 sec
DELTA 1.89999998 =ec
TDO 1
SFOL 125.7703637 MHz
NUCL 13cC
Pl 9.80 usec
PLW1 57,00000000 W
SFo2 500.1320005 MHz
HUC2 1H
CPDPRG[2 waltzlé
PCPD2 0.00 usec
PLW2 20.,00000000 W
PLW1Z 0.35778001 W
PLW13 0.22898000 W
F2 - Procesasing parameters
SI 32768
SF 5.7577838 MHz
WDW EM
ol i =
- ) . - LB 1,00 Hz
GB 0
C 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm

S127



W ONO YN IO~ O N ® N~ = sow

NECRACER e eSS SRERRLY = 5

IR RNSRGCSERERIRRRE8S 2 23K NAME

P VY V-V RS - oo EXPNO
| PROCHND

Current Data Parameters

500M 2018-2
270
1

F2 - Acquisition Parameters

Date_ 20180205
Time 12,11
INSTRUM spect
FROBHD 5 mm CPPBBCO BB
EULEROG zg30
D 65538
H SOLVENT cDCL3
N Ng 16
N— DS 2
SWH 10000.000 Hz
FIDRES 0.152588 Hz
AQ 3.27673999 sec
N RG 25.06
DW 50,000 usec
H DE ©.50 usec
TE 298.2 K
Dl 1.00000000 sec
15a TDO 1
SFC1 500,1330885 MHz
Nuc1 1
Pl 11.50 usec
PLW1 20.00000000 W
F2 - Processing parameters
s8I 65536
SF 500,1300523 MHz
WDW EM
S5B [4]
LB 0.30 Hz
GB 0
EC 1.00
J / n o
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 ppm
EEET- I I
| lall |ailed o - o
NAT A0 Current Data Parameters
Tamneee oS98 5 g NAME 500M 2018-2
T @@ O Sl K EXPHO 271
NI B B A BROCNG 1
\ \ \\/ // v | | F2 - Acquisiticn Parameters
Date_ 20180205
Time 1¢.12
INSTRUM spect
PROBHD 5 mm CPPBBO BB
PULPROG zgpg30
TD 655386
SOLVENT cpecls
NS 52
H R DS 4
N— suH 29761.904 He
FIDRES 0.454131 Hz
AQ 1.,1010048 sec
RG 192.89
DWW 16,800 usec
N DE 18,00 usec
H TE 298.2 X
D1 2,00000000 sec
dll 0,03000000 sec
15a DELTA 1.899999%8 sec
TDO 1
SFQ1 125.7703637 MHz
NUC 13cC
Pl 9.80 usec
FLW1 57.00000000 W
SFO2 500.1320005 MHz
NUCZ2 1H
CPDPRG[2 waltzlé
PCPD2 80.00 usec
FLWZ 20,00000000 W
FLW12 0.35778001 W
PLW13 0.2289%8000 W
F2 - Processing parameters
s8I 32768
SF 125.7577883 MHz
WDwW EM
SSB 0
LB 1.00 Hz
GB 0
C 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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TSN W | WV
Cl
H ~
N—"
N
H
15b Cl

— l\ " e~ i k

Current Data Parameters

o -

10 9 8 7 6 4 3 2 1 ppm
B B e W
] ~lel o - o
oM O W o
No= Amo @ 0 = w o~
[ = — ©
Il W03 . .
R S RS S o @ 5]
S 2N
Cl
N
H
15b Cl
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0  ppm
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NAME 400M 2018
EXPNG 503
FPROCNO 1
F2 Acquisition Parameters
Date_ 20180206
Time 10.57
INSTRUM spect
PROBHD 5 mm PABBC BB/
PULPROG zg30
TD 32768
SOULVENT cDcla
NS le
Ds 0
SWH 8012.820 Hz
FIDRES 0.244532 Hz
AQ 2.0447233 sec
RG 65.71
DW 62.400 usec
DE €.50 usec
TE 300.1 K
Dl 2,00000000 sec
TDO 1
SFC1 400.2424716 MHz
NUC1 1H
Pl 14.80 usec
PLW1 12.00000000 W
F2 - Processing parameters
s8I 65536
SF 400,2400222 MHz
WDW EM
55B o]
LB 0.30 Hz
GB 0
EC 1.00
Current Data Parameters
HAME 400M 2018
EXENCG 504
PROCNO 1
F2 - Acquisition Parameters
Date_ 20180908
Time 11.00
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
TD 65536
SOLVENT cDC13
NS 29
Ds 4
SWH 24038.461 Hz
FIDRES 0.3667%8 Hz
1.3631488 sec
206.33
20,800 usec
6,50 usec
300.7 K
2,00000000 sec
0.03000000 sec
DELTA 1.89999998 sec
TDO 1
SFO1 100.6504916 MHz
NUCl 13cC
Pl 10.00 usec
PLW1 54.00000000 W
SFo2 400.2416010 MHz
NUC2 1H
CEDPRG[2 waltzlé
PCPD2 90.00 usec
PLWZ2 12.00000000 W
PLW1Z 0.34680000 W
PLW13 0.2809099%9 W
F2 - Processaing parameters
SI 32768
SF 100.6404205 MHz
WDW EM
SSB a
LB 1.00 Hz
GB a
PC 1.40
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—3.405
2.240

<
<

Br

Current Data Parameters

NAME 400M 2018
EXPNO 505
PROCNC 1

F2 - Requisition Parameters
Date_ 20180206
Time 11.03
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30

D 32768
SOLVENT CDCl3

NS 16

Ds 0

SWH 8012.820 Hz
FIDRES 0.244532 Hz
AQ 2.0447233 sec
RG 73.9

D 62.400 usec
DE 6.50 usec
TE 300.1 K
Dl 2.00000000 sec
TDO 1

SFO1 400.2424716 MHz
NUC1 1H

Pl 14.80 usec
PLW1 12.00000000 W

F2Z - Processing parameters

s8I
SF
WDW

88B o

LB

GB 0

pc

T
10 9 8 7 6 5

OO0 M
Q@ oW N~ 00D W o (=)}
D =, — @© o~ (=]
M~ 0o Y e - -
s Lo B o BN e B o B | = D w uwy
o B B B B B | [l uwy =
Br
N
H
15¢
Br

ppm

T T T T T
200 180 160 140 120 100 80 60 40 20

S130

ppm

65536
400,2400184 MHz

0.30 Hz

1.00

Current Data Parameters

NAME 400M 2018
EXENO 506
PROCNC 1

F2 - Acquisition Parameters
Date_ 20180906
Time 11.05
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG Zgpg30

TD 655386
SOLVENT CDCL3

NS 35

Ds 4

SWH 24038.461 Hz
FIDRES 0.366798 Hz
AD 1.3631488 sec
RG 206.33

DW 20,800 usec
DE 6.50 usec
TE 300.2 K
D1 2.00000000 sec
dll 0.03000000 sec
DELTA 1.8999%998 sec
TDO 1
SFO1 100.6504%16 MHz
NUC1 13c

Pl 10.00 usec
PLW1 54.00000000 W
SFO2 400.2416010 MHz
NUC2 1H
CPDPRG[2 waltzlé
PCPDZ2 50.00 usec
PLWZ 12.00000000 W
PLW12 0.34680000 W
PLW13 0.280%099% W
F2 - Processing parameters
5T 32768

SF 100.6404188 MHz
WDW EM
SSB o]

LB 1.00 Hz
GB 0

EC 1.40



Current Data Parameters

NAME
EXPNO
PROCNGO

400M 2018
509
1

F2 - Acguisiticn Parameters

20180906

ime 11.20
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
H TD 32768
o SCLVENT CcDC13
(o) N— NS 16
- Ds o]
SWH 8012.820 Hz
FIDRES 0.244532 Hz
AQ 2.0447 ec
N 43.5
H 62,400 usec
6.50 usec
300.2 K
15d 2.00000000 sec
1
400.2424716 MHz
1H
14.80 usec
12,00000000 W
F2 — Processing parameters
ST 65536
SF 400.2400337 MHz
WDW EM
S5B a
LB 0.30 Hz
GB o
PC 1.00
L r J Mo .
T T T T T T T T
10 9 8 7 6 5 4 3 ppm
T T
o|e|ei clrlo ~lo ol e
Moo N0 OOMmwnm ™ Current Data Parameters
R R e A S A NAME 400M 2018
T T T RN A0 DD NS et e e e EXPNO 510
MITTOMANNNNNAODO ~ oy w0
A o A e o o ~rr~ oo PROCNO 1
\K‘\\\Vl// \’/ | F2 - Acquisition Parameters
Date_ 201809206
Time 11.22
INSTRUM apect
FROGBHD 5 mm PABBO BB/
PULPROG zgpg30
D 65536
SOLVENT cDCl3
NS 50
Ds 4
H J swi 24038,461 Hz
fe) N o~ FIDRES 0.366728 Hz
~ AQ 1.3631488 sec
RG 206,33
Dw 20,800 usec
DE 6,50 usec
N TE 300.8 K
H Dl 2.00000000 sec
dll 0.03000000 sec
DELTA 1.89999998 sec
TDO 1
15d SFO1 100.6504916 MHz
NUC1 13¢C
Pl 10.00 usec
FLW1 54,00000000 W
SFO2 400.2416010 MHz
NUC2 1H
CPDPRG[2 waltzlé
BCPD2 90.00 usec
PLWZ 12.00000000 W
PLW1Z 0.34680000 W
PLW13 0.2809099% W
F2 - Processaing parameters
SI 32768
SE 100,6404254 MHz
‘ | I ‘ WDk EM
| | SSB ol
M LB 1.00 Hz
GB 0
EC 1.40

T T T T T
200 180 160 140 120 100 80 60

S131
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e el el sl S RV VPP o PN ENENE

HoJ
cl N—
N
H
15e
B Y N
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 ppm
SRS g g 5
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c
MO0 MNOAIN oM AN
W= ~O0O00O0 AW W 0 N o D [¥e)
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(LT s Bs TN oo ) e ) BN B e Co R TS I an B 04 o . e . - .
TN NN A [l nulit=] o0 [15)
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H N
cl N—
N
H
15e
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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Current Data Parameters

NAME 400M z0lg
EXPNO 507
PROCNG 1

F2 - Acguisition Parameters
Date_ 2018080¢
Time 1.10
INSTRUM spect
PROBHD 5 mm PABBO BB/
FULFROG zg30

D 32768
SOLVENT CDCLl3

NS 16

DS a

SWH 8012.820 Hz
FIDRES 0.244532 Hz
AQ 2.0447233 sec
RG 43.5

DW 62.400 usec
DE 6.50 usec
TE 300.1 K
Dl 2.00000000 sec
TDO 1
SFCl 400.2424716 MHz
NUC1 1H

Pl 14.80 usec
PLW1 12.00000000 W
F2 - Processing parameters
SI 65536

SF 400.2400358 MHz
WDW EM

SsB 1]

LB 0.30 Hz
GB 0

BC 1.00

Current Data Parameters

NAME 400M 2018
EXPNC 508
PROCNO 1

F2 Acquisition Parameters
Date_ 20180906
Time 11.12
INSTRUM spect
PROBHD 5 mm FABBO BB/
PULPROG Zgpg30

D 5536
SOLVENT CDC13

NS 128

Ds 4

SWH 24038.461 Hz
FIDRES 0.366798 Hz
piXe} 1.3631488 sec
RG 206.33

Dw 20,800 usec
DE 6.50 usec
TE 300.8 K
D1 2.00000000 sec
dil 0.03000000 sec
DELTA 1.89999998 sec
TDO 1
SFO1 100.6504%16 MHz
NuCl 13cC

P1 10.00 usec
PLW1 54.00000000 W
SFO2 400.2416010 MHz
Nuc2 1H
CPDPRG[2 waltzlé
PCPD2 90.00 usec
PLWZ 12.00000000 W
PLW12 0.34680000 W
PLW13 0.280%039% W
F2 - Prccessing parameters
SI 32768

SKF 100.6404239 MHz
WDW

SSB Q

LB 1.00 Hz
GB 0

PC 1.40



Current Data Parameters

NAME 500M 2018-2
B e R R R R R e R R e R EXPNO 27z
“w \W W—‘ PROCNO 1
F2 - Requisition Parameters
Date_ 20180205
Time 19.17
INSTRUM spect
PROBHD 5 mm CPPBBC BB
PULPROG zg30
D 65536
H SOLVENT CDCl3
N NS 16
Ds Zz
SWH 10000,000 Hz
FIDRES 0.152588 Hz
AQ 3.2767999 sec
N RG 31.72
H D 50.000 usec
DE 6.50 usec
TE 288.1 K
Dl 1.00000000 sec
15f TDO 1
SFO1 500,1330885 MHz
NUC1 1H
Pl 11.50 usec
PLW1 20.00000000 W
F2Z - Processing parameters
s8I 65536
SF 500.,1300218 MHz
WDW EM
88B o
LB 0.30 Hz
GB 0
BC 1.00
i L .
T T T T T T T T T T T
10 9 8 7 6 5 a4 3 2 1 ppm
EE e (e
e =l ol I+ ailelglen
e Mol Current Data Parameters
e TES ERds oS3 NAME 500M 2018-2
cw HJ090o A M . M EXPNO 273
S NSa S SoEodued 5o PROCNO 1
\/ \\// \J/' \\// \/ F2 - Acquisition Parameters
Date_ 20180905
Time 12.19
INSTRUM spect
PROBHD 5 mm CPPBEBOC BR
PULPROG zgpg30
TD 65538
H SOLVENT cDeclz
N NS 30
DS 4
SWH 29761.904 Hz
FIDRES 0.454131 Hz
AD 1.1010048 sec
N RG 192.89
H DW 16.800 usec
DE 18.00 usec
TE 2%8.1 K
Dl 2.00000000 sec
15f dil 0.03000000 sec
DELTA 1.89999998 sec
TDO 1
SFO1 125.,7703637 MHz
NUC1 13cC
Pl 9.80 usec
PLWL 57.,00000000 W
SFO2 500.1320005 MHz
NUCZ 1H
CPDPRG[2 waltzlé
PCED2 80.00 usec
PLWZ2 20.00000000 W
PLW12 0.35778001 W
PLW13 0.22898000 W
F2 - Processing parameters
SI 32768
SF 125.7577838 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB o]
PC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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13. Copy of HPLC spectra

lyr-c1513-race-ob.DATA - Prostar 325 Absorbance Channel 1 LC0805M057

10
90
80 N N\\
70 H |
60 rac-7d
5 50
<
E 40
!
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
Min
Index | SCPF44 | (] | mEE Area | Area %
[Min] | [% Fid] | [mAU] | [mAU.Min] [%]
1 | R% 11015 49.87| 728 32.1| 49.872
2 |&F [12.01 50.13| 56.1 32.3| 50.128
Total 100.00 | 128.9 64.5 | 100.000
70 2015-0817-lyr-c1513-2%cat-I-rt. DATA - Prostar 325 Absorbance Channel 1 LC0805M057
650
600
550 N Ny
500 Ho | P
450 (-)-7d
400
= 350
€ 300
250
200
15(g
102
515
-50 _ _
0 1 2 3 4 5 6 7 8 9 0 11 12 13 14 15 16 17
Min
Index | 345 | B[ o | Mg Area | Area %
[Min] | [% Hi#5] | [mAU] | [mAU.Min] [%]
2 | k%1 [10.55 0.99 9.6 42 0994
1 A 12.80 99.01] 584.9 420.4 | 99.006
Total 100.00 [ 594.5 424.6 | 100.000
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lyr-c1520-race1.DATA - Prostar 325 Absorbance Channel 1 LC0805M057

N A
H
rac-Te
o
<
£
-100
0 1 2 3 4 5 6 10 11 12
Min
Index | 3C{44 | B[] A A Area | Area %
[Min] | [% %1 [ [mAU] | [mAU.Min] [%]
1 A 6.29 50.62| 980.9 318.3| 50.615
2 | kA 7.16 49.38 | 740.7 310.6 | 49.385
Total 100.00 | 1721.6 628.9 | 100.000
50 lyr-c1520-R,R-cat..DATA - Prostar 325 Absorbance Channel 1 LC0805M057
4
40 N N\
3 Ho |l
(-)-Te
30
52
<
E 20
1
112
£
7]
0 %
0 1 2 3 4 5 6 7 10 11 12
Min
Index | SCff:45 | i 1) HE | mE Area | Area %
[Min] | [% [Ei#] | [mAU] | [mAU.Min] [%]
1 A 6.48 1.48 0.9 0.3 1.480
2 |k 7.52 9852 | 37.4 21.1| 98.520
Total 100.00| 38.3 21.4 | 100.000
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lyr-c1532-ad-race1.DATA - Prostar 325 Absorbance Channel 1 LC0805M057

160
140 N Ny
Ho
120 =
rac-Tf
100
-}
= 80
1S
60
4
8
2z
0w
Y
0 1 2 3 4 5 6 7 8 9 10
Min
Index | L4 | I [a] HoE| | Area | Area %
[Min] | [% 4] | [mAU] | [mAU.Min] [%]
I ES 6.66 49.02 | 108.3 33.6 | 49.018
P S 7.35 50.98 | 107.0 35.0| 50.982
Total 100.00| 215.3 68.6 | 100.000
600, lyr-c1532-cat-ad-95-51.DATA - Prostar 325 Absorbance Channel 1 LC0805M057
550
500
450
400
350,
5 300
<
€ 250
200
15
10
5
-50
0 1 2 3 4 5 6 7 8 9 10
Min
Index | 324444 | Bffa) o | mBE Area | Area %
[Min] | [% E#] | [mAU] | [mAU.Min] [%]
1| R% 6.49 1.63] 11.9 25| 1.631
2 |k 7.12 98.37 | 538.3 152.5| 98.369
Total 100.00 | 550.1 155.0 [ 100.000
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20 lyr-c1515-race-2.DATA - Prostar 325 Absorbance Channel 1 LC0805M057

A i
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40

Min
Index | SCfF45 | HE] B | Area | Area %
[Min] | [% 1fi#5] | [mAU] [ [mAU.Min] [%]
1 [A% {2010 50.21] 40.0 151.9| 50.213
2 |AH [2743] 49.79| 557 150.7 | 49.787
Total 100.00]| 95.7 302.6 | 100.000
40 lyr-c1515-284mg 2.DATA - Prostar 325 Absorbance Channel 1 LC0805M057
350
300
250

STH0-

q
E
i
q
0

a a

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50

Min

Index | 444 | HYH) Boag | mE Area | Area %
[Min] | [% Mi£4) | [mAU] | [mAU.Min] [%)]

1 AHl 2366 1.78 8.0 239 1.777

2 | AkF1 {3057 98.22 304:1 1321.2 | 98.223

Total 100.00 ] 312.0 1345.1 | 100.000
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lyr-c1519-race1.DATA - Prostar 325 Absorbance Channel 1 LC0805M057

50
45 OMe
40
35
30
o 25
<
E 20
15
10
5
0 L =
30 35 40 45 50 55 60 65 70 75 80 85 90 95 100105 110 115120 125 130 135 140 145 150
Min
Index | 34 ] | mE Area | Area %
[Min] | [% T | [mAU] | [mAU.Min] [%]
1 E sl 51.64 51.94| 182 246.5| 51.936
2 A K 104.92 48.06 | 11.1 228.1| 48.064
Total 100.00] 293 474.5 | 100.000
5 lyr-c1519-6.DATA - Prostar 325 Absorbance Channel 1 LC0805M057
45 OMe
40
35
30
25
2 20
£
15
10
0
-5 '
W___MJI -+ "
30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105110115120 125 130 135 140 145 150
Min
Index | L4 | BR] B | MR Area | Area %
[Min] | [% ] | [nAU] | [mAU.Min] [%]
1 | kM [52.21 1.78 0.9 79| 1.776
2 |kfn [91.40 98.22| 23.0 434.6 | 98.224
Total 100.00f 24.0 4425 | 100.000

S138



lyr-c1518-race-2.DATA - Prostar 325 Absorbance Channel 1 LC0805M057

0 2 4 6 8 101214 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64

Min
Index | 345 | If(E] | SR Area | Area %
[Min] | [% [ %] | [mAU] | [mAU.Min] [%]
1 A 28.91 50.21] 34.2 113.4| 50.209
2| FRA 44.86 49.79| 19.1 1124 | 49.791
Total 100.00 | 53.2 225.8 | 100.000
550 lyr-c1518-cat1.DATA - Prostar 325 Absorbance Channel 1 LC0805M057

2 4 6 8 10121416 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64
Min

Index | L1144 | (i et | WA Area | Area %
[Min] | [% T #] | [mAU] | [mAU.Min] [%)]
1 E =l 25.15 98.69| 453.1 1498.5| 98.693
2 Eill 43.85 1.31 6.8 19.8 1.307

Total 100.00 | 459.9 1518.3 [ 100.000
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30 lyr-c1521-race-21.DATA - Prostar 325 Absorbance Channel 1 LCO805M057

280
260
240
220 N Br
200
180 =
160 rac-7j

140
120
100

Iz
/

mAU

IS

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42

Min

Index | 314 | W8] HE| @ Area | Area %
[Min] | [% Hi#] | [mAU] | [mAU.Min] [%] |

1 E vl 22.33 50.11| 248.9 321.5| 50.113
2 | kH|28.77 49.89| 164.7 320.0 | 49.887
Total 100.00| 413.6 641.5 | 100.000

35 lyr-xiu-bidingliankuilin-cat. DATA - Prostar 325 Absorbance Channel 1 LC0805M057

300 N B
NS '
H
250 _
(-)-7i
200
2
< 150
100
53
z
0
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42
Min
Index | 3CfF4 | ElE a1 Area | Area %
[Min] | [% Ti#H] | [mAU] | [mAU.Min] [%]
A0 23.37 2.34 8.4 10.4 2.336
1 A0 28.23 97.66 | 229.4 436.8| 97.664
Total 100.00] 237.8 447.2 | 100.000
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lyr-c1531-race-ad1.DATA - Prostar 325 Absorbance Channel 1 LC0805M057

mAU
w
o

MeO

10

11

12

13 14

15
Min

Index

pEEES

I ]
[Min]

Bk
[% iR

5 FE
[mAU]

Area
[mAU.Min]

Area %
[%]

AL

15.32

50.11

60.1

32.9

50.109

AA

17.62

49.89

53.7

32.8

49.891

Total

100.00

113.8

65.7

100.000

19

20

lyr-c1531-cat-500C-ad-95-51.DATA - Prostar 325 Absorbance Channel 1 LC0805M057

21

22

45
40
35
30

S 25

<

E 20
15
10

MeO

10

11

12

13 14

15
Min

Index

i

I [a]
[Min]

Hode
[% 1EE]

53
[mAU]

Area
[mAU.Min]

Area %
[%]

—

A

15.80

2.28

0.7

0.3

2.283

A1

18.23

97.72

21.9

13.4

97.717

Total

100.00

22.6

13.7

100.000
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lyr-c1534-race-0d-95-51.DATA - Prostar 325 Absorbance Channel 1 LC0805M057

15

35
300
N
250 Ho
rac-71
200
o)
€ 150
100
58.
£
(]
0 1 2 3 4 5 6 7 10 11 12 13 14
Min
Index | L1144 | BE] | wE Area | Area %
[Min] | [% T#Y] | [mAU] [ [mAU.Min] [%]
1| KA 9.97 49.90 | 283.0 129.1| 49.902
2 | RAl 11.54 50.10] 251.1 129.6 | 50.098
Total 100.00 | 534.1 258.6 | 100.000
350 lyr-c1534-cat-0od-95-51.DATA - Prostar 325 Absorbance Channel 1 LC0805M057
F3C
300
250
200
o
< 150
100
&
5(2
o
(%]
0
0 1 2 3 4 5 6 7 10 11 12 13 14 15
Min
Index | 3{f4 | Al o | mlE Area | Area %
[Min] | [% Ei#] | [mAU] | [mAU.Min] [%]
1| RHl 9.85 94.37 | 294.9 129.6 | 94.367
2 | &kH 1140 563[ 163 77| 5633
Total 100.00] 311.2 137.4 | 100.000
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lyr-c1517-race-2.DATA - Prostar 325 Absorbance Channel 1 LC0805M057

60
550
500 N N
450 H _
400 rac-Tm
350
= 300
% 250
200
15
10(S
ot
-50
0 1 2 3 4 5 6 10 1 12 13 14
Min
Index | 245 | e | ®=E Area| Area %
[Min] | [% i #!] | [mAU] | [mAU.Min] [%] |
IEST 953 49.86] 554.6 179.4| 49.860
2 | &M ]1055] 5014 476.8 180.4 | 50.140
Total 100.00 | 1031.4 359.8 | 100.000
300 lyr-c1517-cat-3.DATA - Prostar 325 Absorbance Channel 1 LC0805M057
280
260
240) N IN\
220 H _
200 (-)-Tm
180
160
2 140
E 120
100
80
615
o
Az 3
73] =
VAN
0 i
-20
0 1 2 3 4 5 6 7 10 11 12 13 14
Min
Index | LfF& | B o | miRE Area | Area %
[Min] | [% T £ | [mAU] | [mAU.Min] [%6]
1 &% ]10.11 0.90 3.0 08| 0.899
2 |4 [11.05 99.10 | 244.2 85.1] 99.101
Total 100.00 | 247.2 85.9 | 100.000
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lyr-c1533-race-ad-95-5-21.DATA - Prostar 325 Absorbance Channel 1 LC0805M057

240,
220
200 N N
180 H _
160 rac-Tn
140
= 120
£ 100
80
6
48
25
0
-20
0 1 2 3 6
Min
Index | 3144 | B (a] e | EE Area | Area %
[Min] | [% T £ | [mAU] | [mAU.Min] [%]
1 A 4.29 49.89| 1345 16.4 | 49.892
2 Bl 4.80 50.11 98.4 16.5| 50.108
Total 100.00 [ 232.9 32.9 | 100.000
35 lyr-c1533-cat-ad-95-5-21.DATA - Prostar 325 Absorbance Channel 1 LC0805M057
300
N
N AN
250 Ho | _
(-)-7n
200
-
T 150
100|
5(c
£
w
0 1 2 3 6
Min
Index | L4 | BfE) ot | R Area | Area %
[Min] | [% TE#H] | [mAU] | [mAU.Min] [%]
1 A A 4.45 93.25( 297.1 35.6| 93.250
2 Eall 4.97 6.75 16.6 2.6 6.750
Total 100.00 [ 313.7 38.1 ] 100.000
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2081 -xc-116-race-95.5-0.5-0.5-two-AD.DATA - Prostar 325 Absorbance Channel 1 LC0805M057

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

Min
Index | L4 | BfIH) | R Area | Area %
[Min] | [% ] | [mAU] | [mAU.Min] [%]
1 AHI 18.17 49.45| 140.6 54.9| 49.448
2 |k 19.42 50.55| 140.6 56.1] 50.552
Total 100.00 [ 281.2 111.0 | 100.000
20 C1-xc-117-B1-tBu.DATA - Prostar 325 Absorbance Channel 1 LC0805MO057
28
26
24 N N
N
22 H | |’|
20 % |
18 (170 1
16 ‘ |
Z 14 |
E 12 ‘ |
10 ke |
815 |
BlF | [
|
; | I'\
|
R — i \/k_l_—__
2 N
o1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26
Min
Index | 344 | B ot | mEE Area | Area %
[Min] | [% [fi£4] | [mAU] | [mAU.Min] [%]
1 el 17.55 88.34 | 226.5 99.4 | 88.342
2 | kal 18.92 11.66| 27.5 13.1] 11.658
Total 100.00 [ 254.0 112.5 | 100.000
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lyr-c1522-race-ad1.DATA - Prostar 325 Absorbance Channel 1 LC0O805M057

N
N | N
Ph H =
rac-7p
1 2 3 4 5 6
Min

Index | 3Cf14 | mf#E Mot | FEAE Area | Area %
[Min] | [% H#] | [mAU] | [mAU.Min] [%]
1| AR5 5.33 50.81)2244 .4 308.1] 50.810

2 | Adm 6.00 49.19 | 1816.2 298.3| 49.190

Total 100.00 | 4060.6 606.3 | 100.000

lyr-c1522-cat-ad1.DATA - Prostar 325 Absorbance Channel 1 LC0805M057

N
N N
Ho |l
=
(-)-7p
o
<
£
1 2 3 4 5 6 7
Min
Index | {4 | B[R | W Area | Area %
[Min] | [% £ | [mAU] | [mAU.Min] [%]
1 Bl 5.46 89.91 [ 1078.7 161.5| 89.914
2 A 6.11 10.09| 119.7 18.1[ 10.086
Total 100.00] 1198.4 179.6 | 100.000
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lyr-zhi-quadi-xiting-race-2.DATA - Prostar 325 Absorbance Channel 1 LC0805M057

20
180 Phj\/COOEt
160
140 rac-10a
120
5 100
E g0
60
4
2
0 “H‘.‘
0 1 2 3 4 5 6 7 8 9 10 11
Min
Index | 345 | f[E] | & Area | Area %
[Min] | [% T #] | [mAU] | [mAU.Min] [%] |
1 Bl 7.32 49.10 | 108.6 30.7| 49.095
2 Eall 8.75 50.90| 788 31.9| 50.905
Total 100.00 [ 187.5 62.6 | 100.000
500 lyr-c.DATA - Prostar 325 Absorbance Channel 1 LCO805M057
450
/'\/COOEt
400 PN
350 (S)-10a
300
5 250
<
E 200
150
103
5%
w
0 .
0 1 2 3 4 5 6 7 8 9 10 11
Min
Index | 3CF44 | I (A HE| =E Area | Area %
[Min] | [% Y] | [mAU] | [mAU.Min] [%]
2 EAll 7.37 0.04 0.2 0.1 0.042
1 Al 9.33 99.96 | 411.1 143.6 | 99.958
Total 100.00 | 411.3 143.7 | 100.000
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lyr-ph-jiandanxiting-race.DATA - Prostar 325 Absorbance Channel 1 LC0805M057

40
350 O
300
250 rac-10b
5 200
<
£
150
10
50'
z
5 B
0 1 2 3 5 6 7 8 9 10 11
Min
Index | L F4 | iIH] Hom | mE Area | Area %
[Min] | [% [#5] | [mAU] | [mAU.Min] [%]
1 A 5.69 50.09| 188.6 27.1] 50.095
2 A 8.33 49.91)] 1231 27.0] 49.905
Total 100.00 | 311.7 54.1]100.000
40 lyr-3.DATA - Prostar 325 Absorbance Channel 1 LC0805M057
350 O
300 O
250 (S)-10b
- 200
<
1S
150
10
50’
3
of £ L &
0 1 2 4 5 6 9 10 11
Min
Index | L fF4 | HfH | mRE Area | Area %
[Min] | [% ifi#] | [mAU] | [mAU.Min] [%]
2 | ARG 5.49 0.03 0.2 0.0 0.032
1 E il 8.46 9997 | 327.5 58.6 | 99.968
Total 100.00 | 327.7 58.6 | 100.000
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lyr-ph-zhuo-danginghua-race.DATA - Prostar 325 Absorbance Channel 1 LC0805M057

mAU

- Y o Y
-100 _
0 1 2 3 4 5 6 7 8 9 10 11
Min

Index | 345 | HfE] i) mE Area | Area %
[Min] | [% @] | [mAU] | [mAU.Min] [%]
1 A 6.71 50.38 | 1073.3 231.7| 50.382
2 Bl 9.31 49.62 | 647.1 228.2| 49.618
Total 100.00 | 1720.4 459.9 | 100.000

lyr-c1576-1%-ipr-cat-20atm-rt-dcm-12h.DATA - Prostar 325 Absorbance Channel 1 LC0805M057

-20
0 1 2 3 4 5 6 7 8 9 10 11
Min
Index | 3CfF4 | IE] Ao | R Area | Area %
[Min] | [% [H#1] | [mAU] | [mAU.Min] [%]
1 Al 6.91 93.54 | 193.7 38.4 | 93.539
A A1 9.61 6.46 9.9 2.6 6.461
Total 100.00 | 203.6 41.0] 100.000
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lyr-c1537-dan-race.DATA - Prostar 325 Absorbance Channel 1 LC0805M057

I =

)

N
H
2 12b
< rac-
10 . ;
0 1 2 3 4 5 6 7 8 10 11 12 13 14 15
Min
Index | SC4F4 | ) o | mAE Area | Area %
[Min] | [% &) | [mAU] | [mAU.Min] [%]
2 | A% 6.35 51.83| 825 19.9| 51.831
1 | AkE [12.75 4817 245 18.5| 48.169
Total 100.00 | 107.0 38.4 | 100.000
700 lyr-c1537-1%cat-d.DATA - Prostar 325 Absorbance Channel 1 LC0805M057
0 T {\_!'—
-50 ~
0 1 2 3 4 5 6 7 8 10 11 12 13 14 15
Min
Index | SCfF45 | INf ) b | W Area | Area %
[Min] | [% TH#] | [mAU] | [mAU.Min] [%]
1| RAl 6.11 95.03 | 506.4 109.5 [ 95.027
2 | A&m 11227 497| 10.0 57| 4973
Total 100.00 | 516.5 115.2 [ 100.000
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110 lyr-c1571-race.DATA - Prostar 325 Absorbance Channel 1 LC0805M057
100 o~

0 )
80, —
o

N
60 H

mAU
[4)]
(=]

rac-12c O

h :

_100 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50
Min
Index | L4 | B IH] B | mBE Area | Area %
[Min] | [% M) | [mAU] | [mAU.Min] [%]
2 Al 12.26 50.95| 89.5 45.0| 50.953
1 E Sl 39.99 49.05| 211 43.3| 49.047
Total 100.00 | 110.6 88.4 | 100.000

I)ﬁr(-ﬁl 571-1%ipr-pyridine-50atm-dcm-rt-12h.DATA - Prostar 325 Absorbance Channel 1 LC0805M057

g 1

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50

Min
Index | SCH-4 | B[ | Area | Area %
[Min] | [% T | [mAU] | [mAU.Min] [%]
1 Bl 12.13 97.71] 167.9 846 97.713
2 E Al 40.13 2.29 1.3 2.0 2.287
Total 100.00 | 169.2 86.6 [ 100.000

S151



200 lyr-c1569-race.DATA - Prostar 325 Absorbance Channel 1 LC0805M057

Cl

15

Index | 3CfF45 | if[a) | & Area | Area %
[Min] [ [% [ #] | [mAU] | [mAU.Min] [%]

1 ESall 8.39 50.49| 126.5 38.8| 50.493

2 A5 13.03 49.51 68.6 38.1| 49.507
Total 100.00 | 195.1 76.9 | 100.000

|§l§ 1569-1%-ipr-prdine-50atm-dcm-rt-12h.DATA - Prostar 325 Absorbance Channel 1 LC0805M057

cl
300 Q
250 O —

200

()

2
£ 150 (S)y12d cl

10

Tl OFF

[$)]

Min

Index | L4 | HS[n) g | S Area | Area %
[Min] | [% Fi#] | [mAU] | [mAU.Min] [%]

2 | AkAE 8.46 96.05| 237.0 72.7| 96.052
1 Bl 13.17 3.95 6.0 3.0] 3948
Total 100.00 | 243.0 75.7 1 100.000

S152



= 350
< 300

r-br-danzhuo-danbianginghua-race.DATA - Prostar 325 Absorbance Channel 1 LC0805M057

650
600
550
500
450
400

250
200

158_
10(2
L
5|%

N
H

rac-12e

Br

(J

Br

-50

7 8 9 10 11
Min

Index

k4

L]
[Min]

HE
[% i)

=i
[mAU]

Area
[mAU.Min]

Area %
[%]

=2

A4

9.75

50.59

575.4

243.6

50.589

il

15.40

49.41

315.2

237.9

49.411

Total

100.00

890.6

481.4

100.000

mAU

12

13

14 15

lyr-br-zhuodanginghua-cat.DATA - Prostar 325 Absorbance Channel 1 LC0805M057

16

17

18

7 8 9

10 1

Index

A4

I (i)
[Min]

iR
[%

[517; 3
[mAU]

Area
[mAU.Min]

Area %
[%]

Pl

9.39

94.25

606.5

240.8

94.248

N =

E il

14.94

5.75

22.1

14.7

5.752

Total

100.00

628.6

255.5

100.000

S153

12

13

14

15

16

17

18



lyr-c1578-dan-race.DATA - Prostar 325 Absorbance Channel 1 LC0805M057

N
H
rac-12f
-50
0 1 2 3 4 5 6 7 8 9 10 11
Min
Index | A4 | BF[A] Ko | R Area | Area %
[Min] | [% HE#] | [mAU] | [mAU.Min] [%]
1 A 5L 7.73 49.98 | 514.6 116.3| 49.983
2 | &G 8.51 50.02 | 398.2 116.4 | 50.017
Total 100.00 [ 912.8 232.8 1100.000
Iyr—cla 8-dan-chiral-1%-ipr-cat-dcm-50atm-rt-12h.DATA - Prostar 325 Absorbance Channel 1 LC0805M057
350 Q
(0]
300 -
N
250 H O
2 200 ()12
£
150
10
g
“k
w
0 1 2 3 4 5 6 7 8 9 10 11
Min
Index | X144 | B[4 | mEE Area | Area %
[Min] | [% Hi#] | [mAU] | [mAU.Min] [%]
1 %% [770] 9516 350.5 77.5| 95.162
2 | &% 8.51 4.84| 16.2 3.9 4.838
Total 100.00 | 366.6 81.4 [ 100.000
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150 lyr-c1582-race-2.DATA - Prostar 325 Absorbance Channel 1 LCO805M057

N

80 e "D DD

(25,45)-13a (2RAR)-13a (2S,4R)-13a (2R,4S)-13a

/

mAU
~
o

6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Min
Index | S04 | Hla) ot | B Area | Area %
[Min] | [% 1681 | [mAU] | [mAU.Min] [%]
1 A Hl 5.44 47.30 1 159.0 26.1| 47.296
2 A 6.43 4586 | 1225 25.3| 45.861
3 A Al 13.93 3.26 4.1 1.8 3.256
4 A5 15.07 3.59 37 2.0 3.587
Total 100.00 ] 289.3 55.2 [ 100.000

Iyr—c1§§ -1%-rt-dcm-12h-then-2%-cat-rt-50atm-dcm.DATA - Prostar 325 Absorbance Channel 1 LC0805M057

90 @ Q O @

80 ~
0 - y - "D > N @f)

60 132 -13a
5 (2S,45)-13 (2R,4R)-13 (25,4R)-13a (2R,4S)-13a
<<
£ \
o
6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Min
Index | L4 | BHA) Aot | pE Area | Area %
[Min] | [% 1 #] | [mAU] | [mAU.Min] [%]
1 A5 5.25 90.82 97.5 16.4 | 90.818
2 A4 6.25 6.71 5.6 1.2 B.710
3 F il 13.79 1.80 0.5 0.3 1.798
4 A4 15.50 0.67 0.2 0.1 0.674
Total 100.00 | 103.9 18.0 | 100.000
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lyr-c1537-0d-90-10.DATA - Prostar 325 Absorbance Channel 1 LC0805M057

40
350 o] /7 &
300 L &, &, @O
H
& Re " T
250! (25,45)-13b (2S,4R)-13b (2R,4R)-13b (2R,48)-13b
= 200 \
<
£
150
100
5
0 1 2 4 5 6 7 8 9
Min
Index | SC1F44 | B E) e Area | Area %
[Min] | [% [E#1] | [mAU] | [mAU.Min] [%]
1| & 4.36 43.51| 350.3 51.8| 43.508
4 | KAl 4.89 6.95| 50.9 83| 6.953
2 | RAI 5.53 42.64 | 236.2 50.8| 42.642
3 | kA 8.39 6.90]| 26.1 82| 6.897
Total 100.00 | 663.5 119.1] 100.000
1300 lyr-c1537-10-2%cat-ipr.DATA - Prostar 325 Absorbance Channel 1 LC0805M057
1,200
1,100 ©/
500 (3 ¢
800 N &, @O
o Ty
700 (2848)13b (284R)13b (2R4R)-13b (2R4S)1
2 600
E 500
400
30
20(S
10 §
0 iy 4
-100 B
0 1 2 4 5 6 7 8 9 10
Min
Index | 3CfF4 | IE] | mE Area | Area %
[Min] | [% M) | [mAU] | [mAU.Min] [%]
1 A5 4.63 86.80 | 1040.3 145.1 | 86.800
4 | KAl 5.15 760 779 12.7| 7.602
2| K% 5.75 4.61 38.6 771 4612
3 |£Mm |845 0.99 7.5 16| 0.986
Total 100.00 | 1164.3 167.1 | 100.000

S
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lyr-c1580-race.DATA - Prostar 325 Absorbance Channel 1 LC0805M057

200
180,
160, O~ O\
140 @ d
120 O N (:O
3 (25,45)13¢ 0~ (25.4R)- 13.; (2RAR)- 13c 0~ (2RA4S)- 13c 0~

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85

Min

Index | 3044 | Ble] b | HEE Area | Area %
[Min] | [% [EI#] | [mAU] | [mAU.Min] [%]

1 A 38.48 37.54 | 143.1 148.4 | 37.536
2 A 42.95 12.55( 446 49.6 | 12.550
3 A 66.51 3444 654 136.1] 34.438
4 AHI 69.91 15.48| 329 61.2| 15.476
Total 100.00 | 286.0 395.3 | 100.000

Iyr-c15% -1%-cat-rt-decm-50atm-then-2%-cat-rt-dcm-12h.DATA - Prostar 325 Absorbance Channel 1 LC0805M057

45|
40 O— O—
35 Q ) a
“ O
o O
5 25 O Q
E 20 (2S4R)135 (2R,4R)-13¢ 0/ (2R4S)13¢  0—
1
1
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85
Min
Index | (44 | () ok | waRE Area | Area %
[Min] | [% [ #] | [mAU] | [mAU.Min] [%)]
1 A5 38.75 85.29 38.1 38.8| 85.293
2 Sl 43.03 14.40 5.4 6.5] 14.395
3 A 66.64 0.18 0.2 0.1 0.179
4 A4 70.78 0.13 0.2 0.1 0.133
Total 100.00] 439 45,5 | 100.000

S157



lyr-cl-zhou-quanginghua-race.DATA - Prostar 325 Absorbance Channel 1 LC0805M057

30
280
260
240 a cl cl
220 @
200
160 e Q Q
2 140 (25,45)13d - (2R4R)-13d cl (2R45)-13d cl
E 120
100
80
6
4
2
0 A 1
-20 S
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Min
Index | 30444 | A g | mE Area | Area %
[Min] | [% T4 | [mAU] | [mAU.Min] [%]
P ERA 6.84| 41.23] 261.3 66.2| 41.229
3 | kA 7.89 9.56] 53.9 153 9559
I ET 954| 4059] 160.4 65.1| 40.591
4 |4 [13.85 8.62] 26.0 13.8| 8.621
Total 100.00 | 501.7 160.5 | 100.000

Igg- 1584-1%-cat-rt-12h-then-2%-cat-rt-12h.DATA - Prostar 325 Absorbance Channel 1 LC0805M057

80
70

-
®

N
H

. N
N H

(J

mAU
N W B

-
STH-104T

N y
e "0
(2S,4R)-13d Cl (2R,4R)-13d o]

(25,48)13d ~ g

O:1TI OFF

Cl

o

(2RA9)13d g

0 1 2 3 4 5 6 7 8 9 10 11 12 13
Ain
Index | SCfF4 | ITE] | mE Area | Area %
[Min] | [% #1] | [mAU] | [mAU.Min] [%] |
1 Bl 6.93 92.39| 644 16.3| 92.394
2 AHN 7.91 4.56 35 0.8 4.563
3 AHT 9.62 2.79 1.4 0.5 2.790
4 il 13.96 0.25 0.2 0.0 0.253
Total 100.00| 69.6 17.7 1 100.000
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lyr-4-Br-zhouguanginghua-race-2.DATA - Prostar 325 Absorbance Channel 1 LCO805M057

10 Br
90
o S
70
60 (2845)13e Br (254R)13e Br (2R4R)13e Br (ZR“S)”‘* Br
> 50
<
E 40
30
2[g]
o
118 |
a4 — ————— \,_‘ ‘”\\,.]/ ~— v~ |
0 2 3 4 5 6 7 8 0 11 12 13 14 15 16
Min
Index | CfF4 | (A Hoat | m Area | Area %
[Min] | [% [fI£1] | [mAU] | [mAU.Min] [%]
2 |k 7.37 4572 60.6 21.8] 45717
3 A Kl 8.80 4.78 4.9 2.3 4.784
4 [ K% 9.99 4521 49.0 216] 45212
1 A4 14.05 4.29 4.0 2.0 4.287
Total 100.00f 118.5 47.7 1100.000
15 lyr-4-Br-zhouguanginghua-cat. DATA - Prostar 325 Absorbance Channel 1 LC0805M057
140 Br
130
120 Q
N =ogaed @O
100 H O
90 o O Q
80 (25,45)-13e (25,4R)-13e Br (2R4R)-13e  Br (2R4S)13e Br
2 70
E 60
50
40 |
§ \
2T \
1 ‘ /
o o sy
-10
0 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Min
Index | X4 | B[ o | AR Area | Area %
[Min] | [% ifi#1] | [mAU] | [mAU.Min] [%]
1 Al 7.40 80.49 | 109.9 39.7| 80.487
2 A4l 8.85 14.63 15.8 7.2| 14.629
3 Al 10.03 432 4.7 2.1 4.318
4 A 14.11 0.57 0.7 0.3 0.565
Total 100.00| 131.1 49.3 1 100.000
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80 lyr-c1583-race.DATA - Prostar 325 Absorbance Channel 1 LC0805M057

70

: \@@
60

59

50 (25,45)- 13, (2RAR)- 13, (2S4R)- 13f (2R4S) 13f
45

mAU

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42

Min

Index | SCfF44 | BJH] ot WE Area | Area %
[Min] | [% T4 | [mAU] | [mAU.Min] [%]

1 k&l |2471] 41.14] 253 12.2] 41141

2 |km |2779] 4185 209 12.4 | 41.847

3 |k [3427] 730] 35 22| 7.299
4 il 37.09 9.71 3.1 2.9 9.713
Total 100.00 52.8 29.7 | 100.000

Iyr—q 3-1%-rt-dcm-50atm-then-2%-dcm-rt-12h.DATA - Prostar 325 Absorbance Channel 1 LC0805M057

. a3
70|
60 (25,45)- 13, (2RAR)- 13' (2S,4R)- 13f (2R,48)- 13f
5 50
<
E 40
30k
o
o(E
1
0‘ i) a
|
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42
Min
Index | L4 | HF(E] | mE Area | Area %
[Min] | [% i #] | [mAU] | [mAU.Min] [%]
1 Pl 25.03 78.85 78.4 37.3| 78.852
2 A4 28.20 7.28 6.1 3.4 7.278
3 A4 33.60 13.20 10.0 6.2] 13.199
4 A4 38.31 0.67 0.5 0.3 0.671
Total 100.00 95.0 47.31100.000
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lyr-ph-erdanzhuo.DATA - Prostar 325 Absorbance Channel 1 LC0805M057

1,00
900
800 y Q y Q K g
o soflise!
H H H 7
600|
(25,4S)-15a msso-15 (2R,4R)-Q
= 500
<
E 400 ‘ \
300
! AN
o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
Min
Index | SCF4 | ) ot mE Area | Area %
[Min] | [% 1] | [mAU] | [mAU.Min] [%]
1 il 6.45 37.89| 8826 168.0 | 37.890
2 k% 12.88 26.54 | 211.1 117.7 | 26.541
3 A 15.17 35.57 | 254.7 157.8| 35.570
Total 100.00 | 1348.4 443.5 | 100.000
1.500 lyr-ph-erdanzhuo-cat.DATA - Prostar 325 Absorbance Channel 1 LC0805M057
1,400 . O o,
1,300 @N O H {
700 : c Uy
i H
1,000 (25.45)15a moso. 15 2R, AR)_Q
900
800 \
2 700 \
E 600
500 !
400
30(8
20|13
1013
! -1
-100) ’ 3
0o 1 2 3 4 5 6 T 8 9 10 11 12 13 14 15 16 17
Min
Index | L1445 | Hf[E) HE ) WE Area | Area %
[Min] | [% [E#5] | [mAU] | [mAU.Min] [%]
1| R4 6.50 94.13 [ 883.0 177.7| 94.133
2 | kE113.08 581] 19.8 11.0] 5.812
3 k%1 [15.24 0.05 0.7 0.1 0.055
Total 100.00 | 903.5 188.8 | 100.000
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lyr-4-Cl-erdanzhuo-race.DATA - Prostar 325 Absorbance Channel 1 LC0805M057

300 .

280 o ¢

260 f @ N ng

240 \ 1 :[

220 | Q” N N

200 ! Q

180 (| (25,45)-15b cl meso-15b cl (2R4R)15b  ClI
160 I ‘ J
2 140 [ / :
£ 120 A
100
80 A\
60 | ""‘. / \
40 .‘ /A
20— . J N =/ \\-J__ .
0
-20
6 7 8 9 101112 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35
Min
Index | SCfF4 | H(E] ok | @i Area | Area %
[Min] | [% ti#] | [mAU] | [mAU.Min] [%]
1 kAl 8.61 30.41] 208.1 83.4| 30.406
2 AL 20.58 39.83| 109.9 109.3| 39.832
3 F 28.40 29.76 | 71.3 81.6| 29.762
Total 100.00 | 389.3 274.3 1 100.000
1,200 lyr-4-Cl-erdanzhou-cat-2.DATA - Prostar 325 Absorbance Channel 1 LC0805M057
1,100
1,000 ‘ o cl cl

w | (T {3 H 56

800 ‘ : :

700 [ C[u N N ;\
= 600 | esasim ol meso-15b ol (@R4R)15b CI
E 500 5 \ J

400 i ///

300 [

200 |

100 |

0- J ‘\_.! _ /\_' ,,,,, ,_—_Yf
-100
6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35
Min
Index | 314 | HF[a) How | &E Area | Area %
[Min] | [% £ | [mAU] | [mAU.Min] [%] |
1 A 8.64 90.42 | 967.9 366.2 | 90.417
2 Al 20.49 8.65 374 35.0 8.647
3 Al 28.26 0.94 4.6 3.8 0.936
Total 100.0011010.0 405.0 ] 100.000
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1.000 lyr-c1563-race.DATA - Prostar 325 Absorbance Channel 1 LC0805M057

N
H

meso-15¢ Br

o Do i

25,45)-15¢ (2R,4R)-15¢ Br

H
(
o
= / ! \
1S
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40
Min
Index | 3CfE4 | IR | = Area| Area %
[Min] | [% £ | [mAU] | [mAU.Min] [%]
3 |k 946 | 28.98] 644.8 251.9| 28.977
1 | k#n |2245] 4276 2977 371.7| 42.764
2 | k% [3507] 28.26] 147.0 2457 28.259
Total 100.00] 1089.5 869.3 | 100.000
150 lyr-c1563-cat.DATA - Prostar 325 Absorbance Channel 1 LC0805M057
1,400
1,300
1,200 Br . -
1,100 e S .
1,000 @N ‘ N N
900 N @N @[N
800 H Ho
. Q) Q
< 700 (25:4Sy15e Br meso-15¢ Br (2R,4R)-15¢ Br
E 600 |
50
40(5
30t
20
10
S . |
_100 a a [
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40
Min
Index | SCfF44 | I Mo | HE Area | Area %
[Min] | [% ifi44] | [mAU] | [mAU.Min] [%] |
1 AT 9.81 93.1311123.0 436.8| 93.126
2 AT 23.44 6.83 257 32.0 6.828
3 F A 35.23 0.05 0.2 0.2 0.045
Total 100.00 [ 1149.0 469.0 | 100.000
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200 lyr-c1562-race-3.DATA - Prostar 325 Absorbance Channel 1 LCO805M057

1,800
1,600
s © © O )
1,400 oAM= PN AP Lo AN
C@@ T Cté: &
H @ H O @
<:( 1,000 (25,48)-15d (2R4S)15d (25,4R)-15d (2R ,4R)-15d

01 2 3 45 6 7 8 9 101112 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27

Min

Index | L4 | (] o | MR Area | Area %
Min] | [% [ &] | [mAU] | [mAU.Min] [%)]

1 Al 8.65 40.84 | 1658.6 441.9| 40.841

3 Al 10.37 11.10| 290.5 120.1] 11.096

4 A 13.45 10.70{ 201.8 115.7 | 10.696

2 A0 24.05 37.37 | 386.9 404.3 | 37.368
Total 100.00 | 2537.9 1082.0 | 100.000

lyr-c1562-cat-2.DATA - Prostar 325 Absorbance Channel 1 LCO805M057

H
N

JONES] NS S ID .
Cﬂ&@ o TG j&W
“ o o R

(25,45)-15d (2R,45)-15d (2S,4R)-15d (2R4R)-15d

|

mAU

2 3 4 5 6 7 8 9 10 1112 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27

Min

Index | (4 | Al Hom | mE Area | Area %
[Min] | [% (£ | [mAU] | [mAU.Min] [%]

1| k4 8.49| 04.85| 464.9 142.4 | 94.850
2 | RH 11027 1.64 6.4 25| 1638
3 ks [13.48 3.08 8.3 46| 3.077
4 | R4& 124.68 0.43 1.1 0.7] 0.435
Total 100.00 | 480.7 150.2 | 100.000
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lyr-cl.DATA - Prostar 325 Absorbance Channel 1 LC0805M057

600
550
500
450 cl N © cl t Q cl N \
15 1 oy ]
N H u /
350 H 9 "D
S 300 (25,45)-15¢ (2S,4R)-15e (2R,4S)159 (2R4R)-15¢
<
E 250 / \
200
15
8
10{s
5z
o} = i I i &
-50
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
Index | 3CfF45 | Bl o | mfE Area| Area %
[Min] | [% Ti#H] | [mAU] | [mAU.Min] [%] |
1 A AL 7.41 33.28| 480.2 125.7| 33.275
2 AH 8.13 17.19] 195.0 649 17.187
3 | &M 10.05 16.81| 147.0 63.5] 16.812
4 AL 15.73 32.73| 185.7 123.7| 32.725
Total 100.00 | 1007.9 377.9]100.000
200 lyr-cl-erdanzhou.DATA - Prostar 325 Absorbance Channel 1 LC0805M057
1,800
1,600 : g
1,400 \C[ > \C[
1,200
(2S,4S)-15e (25,4R)-15¢ (2R,49)- 15e (2R4R)- 159
- 1,000 ‘
€ 800
600
40(g
20(%
(]
0 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
Min
Index | {44 | A HE| EE Area | Area %
[Min] | [% ifi#4] | [mAU] | [mAU.Min] [%]
1 E Al 7.65 94.12 | 1521.8 370.7] 94.119
2 il 8.39 3.19 38.8 12.6 3.193
3 | KA 10.38 2.34 21.3 9.2 2.336
4 AL 15.90 0.35 25 1.4 0.352
Total 100.00 [ 1584.4 393.9 ] 100.000
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lyr-c1564-race.DATA - Prostar 325 Absorbance Channel 1 LCO805M057

2,00
1,800 C[“i
1,600 N
1 '400 1 meso-15f
1,200 l /
5 1,000 an (| Hoo
E 800 N, QNI
| H
600 @saspst ] | (2R4R)-15
= |
40(E \ w \
20 [
0 P FEAY SENTERN & fzﬁ\l i R
o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Min
Index | L4 | HE] Fom | S Area | Area %
[Min] | [% [EIE] | [mAU] [ [mAU.Min] [%]
1 A4 7.07 7.80] 1733 32.3 7.798
2 A0 8.86 84.5911419.2 349.9| 84.589
3 ARG 10.87 761 1049 31.5 7.614
Total 100.00 [ 1697.3 413.7 [ 100.000
1.000 lyr-c1564-cat.DATA - Prostar 325 Absorbance Channel 1 LCO805M057
900 ( ]
Nj
800 i H
| meso-15f
700 H I
1 H o
600 @Nj . / @N \
N, i )
o 500 (25,45)-15¢ | H
E 400 | (2R,4R)-15f
300] \ , \
fife] I |
201 (\ I
10! Il [ I\
0 Y S ) v J\
o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Min
Index | {4 | I HBoE | A Area | Area %
[Min] | [% @£ | [mAU] | [mAU.Min] [%]
1 A5 6.88 15.89| 2624 506 15.889
2 Al 8.69 64.57 | 784.9 205.7 | 64.567
3 Al 10.70 19.54| 2014 62.3| 19.544
Total 100.0011248.7 318.6 [ 100.000
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