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1. General information

All reactions were carried out under nitrogen atmosphere and anhydrous conditions.
Commercially available chemicals were used directly without further purification. Anhydrous
solvents were distilled by conventional procedures prior to use. Flash column chromatography
was performed on silica gel (200-300 mesh) using a mixture of petroleum ether (PE)/ethyl acetate
(EA) or methanol/ethyl acetate as the eluent. 'H, *C, '’F NMR spectra were recorded in CDCls
(or DMSO-d6) on Bruker 400 MHz. For 'H, *C NMR spectra, TMS was chosen as an internal
standard. For '"F NMR spectra, CFCl; was set as the external standard. HRMS spectra were
obtained on Varian 7.0T FTMS. Specific optical rotations were measured using [P-digi 300 (LED
589 nm) at 25 °C in a 10 cm cell and concentrations were given in g/100 mL. HPLC was recorded
on SSI HPLC 1500 equipped with chiral stationary columns from DACIEL (AD-H, OD, AS, IA,

[2]

IC). UV lamp is a commercially available 3W/365 nm LED. Isatins!"! benzophenones'”, catalysts

C1”! and C2"*! were prepared according to the previous reported procedures. Commercially
available benzophenones 2a, 2y were purchased.

2. Experimental procedures

Synthesis of chiral catalysts "

Route A:
H L-Boc-tert-leucine | t-Bu TFA
N N~ -
~ DIPEA, EDC jﬁNH-Boc CH,Cly, rt
R HOBT, CHyCly, rt R O
S1 S2

CH,Cly, rt

tBu R-- b tBu X (&
| B ! | ? I_RI
N ~ = N )J\ NS I
NH, ————— N~ N
@A i R EAH H

S3 C3-C6, C12, C13
R=H,Me,Ph X=0,8

R' = 3,5-(CF3)y, 3,5-(CF3)-4-Br, 4-NO,

Route A: To a stirred solution of amine S1 (0.7 mL, 5.5 mmol) in CH,Cl, (30 mL) were added
DIPEA (1.3 mL, 7.5 mmol), I-hydroxybenzotriazole (HOBT) (0.76 g, 5.5 mmol),
1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (EDC) (1.05 g, 5.5 mmol) and
N-Boc-L-tert-leucine (1.15 g, 5 mmol) in sequence. The resulting mixture was stirred at room
temperature for 24 h. It was then diluted with Et,O (30 mL) and washed with 1N HCI (50 mL),
saturated NaHCO; aqueous solution (50 mL), and brine (50 mL) respectively. The organic layer
was collected and dried over anhydrous Na,SO,. After filtration and removal of solvent and
volatile components under reduced pressure, intermediate S2 was obtained as colorless oil (1.6 g).
To a solution of S2 (0.80 g) in CH,Cl, (15 mL) was added trifluoroacetic acid (3 mL). After the
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resulting mixture was stirred at rt for 2 h, it was quenched with saturated Na,COs aqueous solution
(10 mL) and extracted with CH,Cl, (12 mL x 3). The organic layers were combined and dried
over Na,SO,4. After filtration and removal of solvent and volatile components under reduced
pressure, intermediate S3 was obtained as pale-yellow oil. Without further purification, S3 was
then mixed with CH,Cl, (5 mL), triethylamine (0.75 mL, 5 mmol) and isothiocyanate or
isocyanate (1 mL, excessive). The resulting mixture was stirred at rt overnight. After removal of
solvent and volatile components under reduced pressure, the crude product was subjected to
column chromatography isolation (PE: EA = 3:1-1:1) to give the catalysts C3—C6, C12 and C13.
Catalysts C8-C11 were also prepared from the corresponding secondary amines by similar
procedures.

Route B:

| L-Boc-amino acid ©\/| R TFA
NH  pipea, EDC N~ NH-Boc CH,Cl,, 1t

HOBT, CH,Cl,, rt 0

CFs s4
CF;
Qb by, oo Oy 2 1
N~ 3 -
NH2 o N N N

O CH20|2, rt \g/\H

S5 R = Me, Bn, Ph, sec-Bu, isobutyl C14-18

CF;

Route B: To a stirred solution of N-methyl benzylamine (0.7 mL, 5.5 mmol) in CH,Cl, (30 mL)
were added DIPEA (1.3 mL, 7.5 mmol), HOBT (0.76 g, 5.5 mmol), EDC (1.05g, 5.5 mmol), and
N-Boc-L-amino acid (5 mmol) in sequence. The resulting mixture was stirred at rt for 24 h. It was
then diluted with Et,0 (30 mL) and washed with 1N HCI (50 mL), saturated NaHCO; aqueous
solution (50 mL) and brine (50 mL), respectively. The organic layer was dried over Na,SO,4. After
filtration and concentration under reduced pressure, intermediate S4 as colorless oil or white solid
was obtained. To a solution of S4 (0.8 g) in CH,Cl, (15 mL) was added trifluoroacetic acid (3 mL).
The resulting mixture was stirred at rt for 2 h. It was then quenched with saturated Na,CO;
aqueous solution (10 mL) and extracted with CH,Cl, (12 mL X 3). The organic layers were
combined and dried over Na,SO,. After filtration and removal of solvent and volatile components
under reduced pressure, intermediate S5 was collected. Without further purification, S5 was then
mixed with CH,Cl, (5 mL), triethylamine (0.75 mL) and 3,5-bis(trifluoromethyl)phenyl
isothiocyanate (0.9 mL, 5 mmol). The resulting mixture was then stirred at rt overnight. After
removal of solvent and volatile components under reduced pressure, the crude product was
purified by column chromatography (PE: EA= 3:1-1:1) to give catalysts C14—C18.
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Route C:

CF
3 1) CISOH CFs
CH,Cl,, 0 °C PCls
FsC NHy 2)Na,CO3 FyC N-SO3Na  toluene
H reflux, 18 h
S6
g By o R CF
S3, CH2C|2 N - N:S\’ \©/ 3
. _ H O
FsC ”SozCl 0°C-rt,5h 0
S7 C7 CF3

Route C: To a solution of 3,5-bis(trifluoromethyl)aniline (1.1 mL, 7.2 mmol) in CH,Cl, (5§ mL),
chlorosulfonic acid (0.16 mL, 2.4 mmol) was dropwise added at 0 °C in 20 min by the means of
microsyringe, and the resulting reaction mixture was stirred at 0 °C for 2 h. A solution of Na,CO;
(0.381 g, 3.6 mmol) in water (5 mL) was then added to quench the reaction. The aqueous phase
was collected and extracted with CH,Cl, (10 mL x 3). Organic layers were discarded. Evaporation
of the aqueous phase under reduced pressure brought about a white solid intermediate S6, which
was used in the next step without further purification.

To a suspension of S6 (0.92 g, 2.4 mmol) in toluene (5 mL) was added PCls (0.53 g, 2.4 mmol)
and the resulting mixture was heated under reflux with stirring for 18 h. The reaction mixture was
then cooled to rt, and was then filtered through a celite pad. The filtrate was concentrated under
reduced pressure to dryness to give intermediate S7 (0.476 g) as a brown solid. Intermediate S7
(0.50 g, 1.7 mmol) was dissolved in CH,Cl, (15 ml) and intermediate S3 (0.281g, 1.2 mmol) was
added into it at 0 °C. The resulting mixture was stirred for 5 h while being naturally warmed to rt.
After removal of solvent and volatile components under reduced pressure, the crude product was
subjected to column chromatography isolation (PE:EA = 10:1) to give solid catalyst C7.

Screening of catalysts

O O chiral catalyst
o+ Ph (20 mol%)
N UV LED
Me toluene, 25 °C
1a 2a

A mixture of 1a (16 mg, 0.1 mmol) and 2a (60 mg, 0.3 mmol) and the catalyst (0.02 mmol)
in toluene (2.0 mL) was stirred for 2 to 8 h under the irradiation of UV light (365 nm, 3 W) at
25 °C until 1a was completely consumed (monitored by TLC). After removal of solvent and
volatile components under reduced pressure, the crude product was subjected to flash column
chromatography isolation on silica gel (eluent: PE:EA = 4:1) to give 3a. The catalyst efficiency

was evaluated with regard to yield and enantioselectivity.
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CF; CF; CF3
Me t-Bu /@\ Me tBu S /@\ tBu S /@\
SRS eIt e's SO

3

C8 yield 77%, er 89.5:10.5 C9 yield 82%, er 87.5:12.5 C10 yield 67%, er 85:15
B
Q Cloi Q Qe S, O
c11 yleld 73%, er 89.5:10.5 C12 yield 90%, er 77.5:22.5 C13 yield 80%, er 69:31
CF3; CF;
N
N CF N~ N CF
H * \([)]/\H H
C14 yleld 92%, ee 87.5:12.5 C15 yleld 84%, er 84:16 C16 yield 76%, er 78.5:21.5
C17 y|eld 87%, er 87.5:12.5 C18 yleld 90%, er 80:20

The aza-aldol reaction of 3-imino oxindole and 2-methylbenzophenone 2a and synthesis of
spirocyclic compound 4.

NBoc 1. C3 (20 mol%)
toluene, rt
UV LED (365 nm, 3 W)
O + 2a
N\ 2. TFA, CHyCly, rt
Me

A mixture of 3-imino oxindole (26 mg, 0.1 mmol), 2a (60 mg, 0.3 mmol), and catalyst C3
(0.02 mmol) in toluene (2.0 mL) was stirred at rt (25 °C) for 6 h under the irradiation of UV LED
light (365 nm, 3 W). Then 1 mL of CH,Cl, was added into the reaction, followed by the addition
of TFA (1 mL). The resulting mixture was stirred at rt for 2 h, and was then quenched by saturated
Na,COs aqueous solution (2.0 mL). The organic layer was separated and the aqueous layer was
extracted with CH,Cl, (2 mL). The organic layers were combined and dried over Na,SO4. After
filtration and removal of solvent and volatile components under reduced pressure, the residue was
subjected to flash column chromatography isolation on silica gel (PE:EA = 5:1). Compound 4 was
obtained as a white solid (17 mg, 56% yield).
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3. Analytical data for catalysts and compounds 3 and 4.

CF3
Br

©\/ : £
W\N CF4

(S)-N-Benzyl-2-(3-(4-bromo-3,5-bis(trifluoromethyl)phenyl)thioureido)-N,3,3-trimethyl
butanamide (C4)

White solid; 1.45 g, overall 50% yield (PE: EA = 10:1); m.p. 147.4-149.0 °C; 5:1 rotamers;
major rotamer: 'H NMR (400 MHz, CDCl;) § 8.85 (br s, 1H), 8.04 — 7.88 (m, 1H), 7.87 (s, 2H),
7.29 (s, 1H), 7.27 — 7.07 (m, 4H), 5.66 (d, J=9.0 Hz, 1H), 4.94 (d, J= 14.4 Hz, 1H), 4.25(d, J =
14.3 Hz, 1H), 3.28 (s, 3H), 1.15 (s, 9H). *C NMR (101 MHz, CDCl3) & 181.6, 173.9, 138.3, 135.4,
132.5 (q, J = 31.3 Hz), 128.7, 128.0, 127.9, 126.4 — 125.6 (m), 122.3 (q, J = 274.5 Hz), 113.2,
612, 52.0, 36.67, 36.2, 27.2. [a]p> = -11.0 (¢ = 0.3 in CHCl;). HRMS-ESI: calcd. for
C,3H,4BrFgN;0S [M+H]" 582.0649, found 582.0652.

- H
B
N7
o @]

(S)-N-Benzyl-2-((N-(3,5-bis(trifluoromethyl)phenyl)sulfamoyl)amino)-N,3,3-trimethyl
butanamide (C7)

White amorphous solid; 75 mg, 21% yield (PE: EA = 10:1); 4:1 rotamers; major rotamer: 'H
NMR (400 MHz, CDCl;) ¢ 8.54 — 8.40 (m, 1H), 7.69 (s, 2H), 7.55 (d, J=4.1 Hz, 1H), 7.32 - 7.03
(m, 5SH), 6.50 — 6.42 (m, 1H), 4.82 (d, J = 14.6 Hz, 1H), 4.21 (d, J = 10.2 Hz, 1H), 4.09 (d, J =
14.6 Hz, 1H), 2.88 (s, 3H), 0.98 (s, 9H). *C NMR (101 MHz, CDCl3) § 170.7, 138.7, 134.8, 131.5
(q,J=33.5Hz), 127.7, 126.9, 126.7, 122.0 (q, /= 271.8 Hz), 118.0 (d, J=4.1 Hz), 116.3 — 115.8
(m), 58.9, 50.5, 35.0, 34.7, 25.5. [a]p> = +5.67 (¢ = 0.6 in CHCl;). HRMS-ESI: calcd.
CH,sFeN305S for [M-H]™ 524.1443, found 524.1446.

CF3
e t-Bu S

O/ WAN CF,

(S)-2-(3-(3,5-Bis(trifluoromethyl)phenyl)thioureido)-N-cyclohexyl-N,3,3-trimethyl
butanamide (C8)

White solid; 1.31 g, overall 53% yield (PE:EA = 10:1); m.p. 201.5-202.3 °C; 1.1:1 rotamers;
major rotamer: 'H NMR (400 MHz, CDCl;) § 9.18 (br s, 1H), 8.08 — 7.82 (m, 3H), 7.60 (s, 1H),
5.61 (dd, J=9.1, 2.6 Hz, 1H), 4.32 (tt, J = 11.3, 3.8 Hz, 1H), 3.15 (s, 3H), 2.01 — 1.69 (m, 4H),
1.66 — 1.54 (m, 2H), 1.50 — 1.23 (m, 4H), 1.12 (s, 9H). >C NMR (101 MHz, CDCl;) 5 181.7,
172.4, 140.0, 131.8 (q, J = 33.8 Hz), 124.5, 121.7, 118.8 — 117.7 (m), 61.5, 54.0, 36.2, 31.1, 29.2,
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27.2,25.5,25.2. [a]p> = -11.8 (c = 0.6 in CHCls). HRMS-ESI: calcd. for Cy,HaoFgN;OS [M-H]
496.1857, found 496.1860.

CF;

tBu S

Nmﬂ'NJ\N CF,
o5 H H

(S)-1-(3,5-Bis(trifluoromethyl)phenyl)-3-(1-(indolin-1-yl)-3,3-dimethyl-1-oxobutan-2-yl)
thiourea (C10)

White solid; 1.53 g, overall 61% yield (PE: EA = 6:1); m.p. 72.1-74.0 °C; 4:1 rotamers; major
rotamer: 'H NMR (400 MHz, CDCl3) & 8.68 (br s, 1H), 8.20 — 8.09 (m, 2H), 7.48 (s, 2H), 7.40 (s,
1H), 7.25 = 7.17 (m, 1H), 7.15 - 6.97 (m, 2H), 5.46 (d, /= 9.0 Hz, 1H), 5.18 — 4.83 (m, 1H), 4.34
— 4.11 (m, 1H), 3.29 — 3.06 (m, 2H), 1.25 (s, 9H). *C NMR (101 MHz, CDCl;) § 182.0, 172.4,
141.3, 139.6, 132.9, 131.1 (q, J = 33.6 Hz), 127.3, 125.6 (d, J = 5.1 Hz), 123.8 — 123.5 (m), 122.9
(q, J=273.4 Hz), 118.3 — 117.8 (m), 117.2, 64.0, 49.9, 35.9, 28.0, 27.2. [a]p>> = -42.0 (¢ = 0.1 in
CHCIl3). HRMS-EST: calcd. for Cy3H3F¢N3OS [M-H] 502.1388, found 502.1391.

@Me tBu S /©/N02
NT(\NJ\N
o H H

(S)-N-Benzyl-N,3,3-trimethyl-2-(3-(4-nitrophenyl)thioureido)butanamide (C13)

Light yellow solid; 1.46 g, overall 71% yield (PE: EA = 10:1); m.p. 81.8-82.3 °C; 3:1 rotamers;
major rotamer: 'H NMR (400 MHz, CDCl3) 6 9.65 (br s, 1H), 9.08 (br s,1H), 8.12 (d, J=9.1 Hz,
2H), 7.75 (d, J = 7.7 Hz, 1H), 7.59 (d, J = 9.0 Hz, 2H), 7.37 — 7.30 (m, 1H), 7.30 — 7.15 (m, 3H),
5.60 (d, /J=9.1 Hz, 1H), 4.80 (d, J = 14.6 Hz, 1H), 4.36 (d, /= 14.6 Hz, 1H), 3.22 (s, 3H), 1.09 (s,
9H)."*C NMR (101 MHz, CDCl5) 5 180.9, 173.0, 144.3, 143.9, 135.8, 128.8, 128.7, 127.9, 124.6,
122.6, 60.9, 51.8, 36.6, 36.2, 27.2. [a]p> = +57.3 (¢ = 0.6 in CHCl;). HRMS-ESI: calcd. for
C21Hy6N40;S [M-H] 413.1647, found 413.1650.

CF3
Qkn 1
N -
N~ N CF
IS
(S)-N-Benzyl-2-(3-(3,5-bis(trifluoromethyl)phenyl)thioureido) N-methyl 3-phenyl

propanamide (C15)

White solid. 1.32g, overall 49% yield (PE:EA = 8:1); m.p. 66.5-67.8 °C; 4:1 rotamers; major
rotamer: 'H NMR (400 MHz, CDCl3) § 9.23 (br s, 1H), 8.87 (br s, 1H), 7.97 (d, J = 3.8 Hz, 2H),
7.43 (s, 1H), 7.38-7.28 (m, SH), 7.28-7.26 (m, 1H), 7.19-7.08 (m, 4H), 5.59 — 5.47 (m, 1H), 4.93
—4.82 (m, 1H), 4.36 — 4.24 (m, 1H), 3.34 — 3.16 (m, 2H), 2.92 (d, J = 4.0 Hz, 3H). *C NMR (101
MHz, CDCls) 6 181.6, 174.9, 140.0, 135.4 (d, J = 7.6 Hz), 130.9 (q, J = 33.4 Hz), 129.3, 128.9,
128.7, 127.6, 127.5, 124.2, 123.1 (q, J = 272.6 Hz), 117.8 (dd, J = 7.0, 3.4 Hz), 56.6, 52.3, 38.7,
35.2. [o]p™ = +7.33 (¢ = 0.3 in CHCl3). HRMS-ESI: calcd. for CoH,3FsN;0S [M-H] 538.1388,
found 538.1391.
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(S)-3-(2-Benzoylbenzyl)-3-hydroxy-1-methylindolin-2-one (3a)

White solid; 29 mg, 82% yield (PE:EA = 3.5:1); m.p. 104.0-105.5 °C; 93:7 er (HPLC analysis on
a Daicel Chiralpak AD-H column: hexane/i-PrOH = 80:20, flow rate 1.00 mL/min, A = 254 nm;
Tmajor = 11.605 min, Tyinor = 15.107 min); [a]925= +50.3 (¢ = 0.3 in CHCl,). "H NMR (400 MHz,
CDCly) 6 7.76 — 7.71 (m, 2H), 7.59 (t, 1H), 7.51 — 7.38 (m, 4H), 7.34 (t, /= 7.5 Hz, 1H), 7.31 —
7.19 (m, 2H), 6.98 — 6.86 (m, 2H), 6.79 (d, J = 7.8 Hz, 1H), 5.88 (br s, 1H), 3.63 (d, J = 13.9 Hz,
1H), 3.16 (s, 3H), 2.97 (d, J = 13.8 Hz, 1H). BC NMR (101 MHz, CDCl3) 6 199.0, 178.4, 143.2,
138.6, 137.6, 134.9, 133.6, 133.4, 131.0, 130.9, 130.6, 130.2, 130.1, 129.3, 128.4, 128.2, 126.2,
125.3, 122.4, 108.2, 76.3, 40.7, 26.2. HRMS-ESTI: calcd. for C,3H oNOs; [M+H]" 358.1443, found
358.1441.

(S)-3-(2-Benzoylbenzyl)-3-hydroxyindolin-2-one (3b)

White solid; 33 mg, 95% yield (PE:EA = 1:1); m.p. 174.5-175.3 °C; 61:39 er (HPLC analysis on
a Daicel Chiralpak AD-H column: hexane/i-PrOH = 80:20, flow rate 1.00 mL/min, A = 254 nm;
Tmajor = 11.553 min, Tinor = 13.772 min). [a]025 =+25.3 (¢ = 0.3 in CHCL3). "H NMR (400 MHz,
CDCly) 6 8.02 (br s, 1H), 7.82 — 7.71 (m, 2H), 7.60 (t, J= 6.9 Hz, 1H), 7.53 — 7.40 (m, 4H), 7.36
(td, J=17.6, 1.0 Hz, 1H), 7.23 — 7.17 (m, 2H), 6.99 — 6.88 (m, 2H), 6.86 (d, /= 7.8 Hz, 1H), 6.12
(brs, 1H), 3.62 (d, J = 13.9 Hz, 1H), 3.01 (d, J = 13.9 Hz, 1H). BC NMR (101 MHz, CDCls) 6
199.2, 180.7, 140.2, 138.6, 137.7, 134.7, 133.7, 133.4, 131.0, 130.9, 130.75, 130.65, 129.3, 128.3,
126.3, 125.7, 122.3, 110.2, 76.7, 40.8. HRMS-ESI: calcd. for C,,H;;NO; [M+H]™ 344.1287,
found 344.1289.

(S)-3-(2-Benzoylbenzyl)-1-benzyl-3-hydroxyindolin-2-one (3¢)
White solid; 41 mg, 95% yield (PE:EA = 4:1); m.p. 189.5-190.5 °C; 86:14 er (HPLC analysis on
a Daicel Chiralpak AD-H column: hexane/i-PrOH = 80:20, flow rate 1.00 mL/min, A = 254 nm;
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Tmajor = 13.943 min, Tpiner = 16.548 min). [OL]D25 = +8.0 (c = 0.3 in CHCI;). '"H NMR (400 MHz,
CDCl3) 6 7.71 = 7.63 (m, 2H), 7.60 — 7.54 (m, 1H), 7.45 (dd, J=17.3, 1.7 Hz, 1H), 7.41 — 7.33 (m,
4H), 7.32 — 7.23 (m, 4H), 7.16 — 7.10 (m, 2H), 7.09 — 6.99 (m, 2H), 6.88 — 6.74 (m, 1H), 6.61 (d, J
= 7.8 Hz, 1H), 5.43 (br s, 1H), 5.05 (d, J = 15.8 Hz, 1H), 4.64 (d, J = 15.7 Hz, 1H), 3.82 (d, J =
13.7 Hz, 1H), 3.09 (d, J = 13.7 Hz, 1H). *C NMR (101 MHz, CDCl;) & 198.8, 178.3, 142.3, 138.7,
137.5, 133.8, 133.3, 130.9, 130.8, 130.7, 129.9, 129.3, 128.7, 128.2, 127.5, 127.2, 126.3, 125.4,
122.5, 109.2, 76.5, 43.7, 40.8. HRMS-ESI: calcd. for CyHy3NO; [M+H]" 434.1756, found
434.1748.

\.
I-Pr

(S)-3-(2-Benzoylbenzyl)-3-hydroxy-1-isopropylindolin-2-one (3d)

White solid; 35 mg, 91% yield (PE:EA =4:1); m.p. 135.7-136.5 °C; 89:11 er (HPLC analysis on a
Daicel Chiralpak AD-H column: hexane/i-PrOH = 80:20, flow rate 1.00 mL/min, A = 254 nm;
Tmajor = 10.095 min, Tyiner = 17.540 min). [a]D25= +17.7 (¢ = 0.3 in CHCI,). "H NMR (400 MHz,
CDCl3)0 7.70 (d, J= 7.8 Hz, 2H), 7.59 (t, J= 7.2 Hz, 1H), 7.48-7.29 (m, 6H), 7.18 (t, /= 7.7 Hz,
1H), 7.00 (d, J = 7.3 Hz, 1H), 6.91 (d, J = 7.3 Hz, 1H), 6.84 (t, J = 7.4 Hz, 1H), 5.30 (br s, 1H),
4.50 (m, 1H), 3.70 (d, J=13.7 Hz, 1H), 2.97 (d, J = 13.7 Hz, 1H), 1.42 (d, J= 7.0 Hz, 3H), 1.39
(d, J=17.0 Hz, 3H). °C NMR (101 MHz, CDCl;) & 198.8, 178.0, 141.8, 138.7, 137.6, 134.8, 133.5,
133.3, 131.0, 130.8, 130.5, 130.4, 129.2, 128.2, 126.2, 125.5, 122.0, 109.8, 76.1, 43.9, 40.9, 19.4,
19.1. HRMS-ESI: calcd. for C,5sH,3NO;3 [M+H]+ 386.1756, found 386.1749.

MOM

(S)-3-(2-Benzoylbenzyl)-3-hydroxy-1-(methoxymethyl)indolin-2-one (3e)

White solid; 29 mg, 76% yield (PE:EA = 3.5:1); m.p. 161.8-161.5 °C; 93:7 er (HPLC analysis on
a Daicel Chiralpak AD-H column: hexane/i-PrOH = 80:20, flow rate 1.00 mL/min, A = 254 nm;
Tmajor = 11.723 min, Tyinor = 16.780 min). [oc]D25 =+33.0 (c = 0.3 in CHCl;). "H NMR (400 MHz,
CDCl3) 6 7.76 — 7.71 (m, 2H), 7.65 — 7.55 (m, 1H), 7.52 — 7.40 (m, 4H), 7.38 — 7.30 (m, 1H), 7.29
—7.19 (m, 3H), 7.05 — 6.97 (m, 2H), 6.94 (t, /= 7.5 Hz, 1H), 5.90 (br s, 1H), 5.15 (d, J=10.9 Hz,
1H), 5.03 (d, J=10.9 Hz, 1H), 3.69 (d, J= 13.8 Hz, 1H), 3.26 (s, 3H), 3.01 (d, J=13.8 Hz, 1H).
C NMR (101 MHz, CDCls) & 199.0, 178.9, 141.4, 138.7, 137.6, 134.6, 133.7, 133.4, 131.0,
130.9, 130.7, 129.8, 129.5, 128.3, 126.4, 125.5, 123.0, 109.7, 76.6, 71.6, 56.2, 41.0. HRMS-ESI:
caled. for Co4H, NO, [M+H]"388.1547, found 388.1549.

S9



\
Ph

(S)-3-(2-Benzoylbenzyl)-3-hydroxy-1-phenylindolin-2-one (3f)

White solid; 36 mg, 87% yield (PE:EA = 4:1); m.p. 64.5-66.8 °C; 83:17 ee (HPLC analysis on a
Daicel Chiralpak IA column: hexane/i-PrOH = 80:20, flow rate 1.00 mL/min, A = 254 nm; Tajor =
13.205 min, Tminor = 15.107 min). [a]p>> = -16.3 (¢ = 0.3 in CHCl;). 'H NMR (400 MHz, CDCLy) &
7.73 —7.68 (m, 2H), 7.64 — 7.54 (m, 1H), 7.53 — 7.45 (m, 3H), 7.45 — 7.38 (m, 4H), 7.37 — 7.28 (m,
4H), 7.19 — 7.12 (m, 1H), 7.08 (d, J = 7.3 Hz, 1H), 6.92 (t, /= 7.5 Hz, 1H), 6.76 (d, J = 7.9 Hz,
1H), 5.47 (br s, 1H), 3.79 (d, J = 13.7 Hz, 1H), 3.17 (d, J = 13.7 Hz, 1H).">C NMR (101 MHz,
CDCl) 6 198.8, 177.5, 143.0, 138.6, 137.6, 134.7, 134.1, 133.6, 133.3, 130.97, 130.96, 130.7,
129.8, 129.5, 129.3, 128.2, 128.0, 126.4, 126.3, 125.5, 123.0, 109.4, 76.6, 41.1. HRMS-ESI: calcd.
for C,5H, NO; [M+H]"420.1600, found 420.1598.

(S)-3-(2-Benzoylbenzyl)-4-bromo-3-hydroxy-1-methylindolin-2-one (3g)

White solid; 33 mg, 77% yield (PE:EA = 2:1); m.p. 174.2-175.4 °C; 81:19 er (HPLC analysis on
a Daicel Chiralpak AD-H column: hexane/i-PrOH = 80:20, flow rate 1.00 mL/min, A = 254 nm;
Tomgjor = 23.012 Min, Tminer = 27.133 min). [a]p> = -22.3 (¢ = 0.3 in CHCL;) '"H NMR (400 MHz,
CDCl3) 6 7.72 (dd, J= 8.2, 1.1 Hz, 2H), 7.63 — 7.53 (m, 1H), 7.47 — 7.37 (m, 3H), 7.35 — 7.22 (m,
3H), 7.09 — 6.96 (m, 2H), 6.66 (dd, J= 7.5, 0.9 Hz, 1H), 4.92 (br s, 1H), 3.73 (d, /= 13.8 Hz, 1H),
3.53 (d, J=13.8 Hz, 1H), 3.05 (s, 3H). BC NMR (101 MHz, CDCls) 6 196.9, 175.3, 143.8, 137.6,
136.5, 132.8, 132.3, 132.1, 129.8, 129.7, 129.4, 127.6, 127.2, 126.1, 125.3, 118.5, 106.1, 77.4,
38.0, 25.2. HRMS-EST: calcd. for Co3H;sBrNO; [M+H]" 436.0548, found 436.0544.

Me

(S)-3-(2-Benzoylbenzyl)-3-hydroxy-1,5-dimethylindolin-2-one (3h)
White solid; 32 mg, 86% yield (PE:EA = 4:1); m.p. 196.8-198.3 °C; 95:5 er (HPLC analysis on a
Daicel Chiralpak IA column: hexane/i-PrOH = 80:20, flow rate 1.00 mL/min, A = 254 nm; Tajor =
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10.193 min, Tinor = 12.300 min). [a]p>>= +31.7 (¢ = 0.3 in CHCl;). 'H NMR (400 MHz, CDCls) §
7.76 — 7.65 (m, 2H), 7.66 — 7.57 (m, 1H), 7.51 — 7.29 (m, 6H), 7.03 (d, J = 7.8 Hz, 1H), 6.82 (s,
1H), 6.67 (d, J = 7.9 Hz, 1H), 5.20 (br s, 1H), 3.75 (d, J = 13.7 Hz, 1H), 3.14 (s, 3H), 3.05 (d, J =
13.7 Hz, 1H), 2.12 (s, 3H). °C NMR (101 MHz, CDCLy) & 198.9, 178.2, 140.8, 138.6, 137.7,
134.9, 133.6, 133.3, 132.2, 130.9, 130.8, 130.4, 130.0, 129.5, 128.2, 126.2, 126.1, 107.9, 76.6,
40.6, 26.2, 20.8. HRMS-EST: calcd. for CoyH, NO5 [M+H]" 372.1600, found 372.1599.

(S)-3-(2-Benzoylbenzyl)-3-hydroxy-5-methoxy-1-methylindolin-2-one (3i)

White solid; 33 mg, 85% yield (PE:EA = 2:1); m.p. 163.3-164.2 °C; 93:7 er (HPLC analysis on a
Daicel Chiralpak AD-H column: hexane/i-PrOH = 80:20, flow rate 1.00 mL/min, A = 254 nm;
Tmajor = 12.127 min, Tyiner = 15.922 min). [a]p? = +64.0 (¢ = 0.2 in CHCl3). '"H NMR (400 MHz,
CDCl3) 6 7.69 (d, J=7.8 Hz, 2H), 7.62 — 7.55 (m, 1H), 7.50 — 7.26 (m, 6H), 6.79 — 6.70 (m, 1H),
6.67 (d, J = 8.4 Hz, 1H), 6.59 — 6.47 (m, 1H), 5.63 (br s, 1H), 3.72 (d, /= 13.8 Hz, 1H), 3.59 (s,
3H), 3.12 (s, 3H), 2.99 (d, J = 13.8 Hz, 1H). *C NMR (101 MHz, CDCl;) & 198.8, 178.1, 155.7,
138.7, 137.7, 136.5, 134.8, 133.6, 133.3, 131.1, 130.9, 130.8, 130.4, 128.2, 126.2, 114.5, 112.0,
108.7, 76.9, 55.6, 40.6, 26.3. HRMS-ESI: calcd. for CypH,NO, [M+H]" 388.1549, found
388.1543.

Me

(S)-3-(2-Benzoylbenzyl)-5-chloro-3-hydroxy-1-methylindolin-2-one (3j)

White solid; 28 mg, 72% yield (PE:EA = 4:1); m.p. 57.8-59.7 °C; 84:16 er (HPLC analysis on a
Daicel Chiralpak AD-H column: hexane/i-PrOH = 90:10, flow rate 1.00 mL/min, A = 254 nm;
Tmajor = 9.95 min, Tyiner = 11.657 min). [oc]D25 = +436.0 (c = 0.3 in CHCL,). '"H NMR (400 MHz,
CDClLy) & 7.72 (d, J = 7.2 Hz, 2H), 7.62 (t, J = 7.3 Hz, 1H), 7.53 — 7.40 (m, 4H), 7.39 — 7.32
(m,1H), 7.20 (d, J = 7.7 Hz, 1H), 6.85 (s, 2H), 6.79 (s, 1H), 5.97 (br s, 1H), 3.66 (d, J = 13.8 Hz,
1H), 3.14 (s, 3H), 2.93 (d, J = 13.8 Hz, 1H). >C NMR (101 MHz, CDCl3) & 199.0, 178.4, 144.5,
138.5, 137.5, 135.2, 134.6, 133.55, 133.51, 131.0, 130.7, 128.9, 128.5, 128.3, 126.4, 126.3, 122.2,
108.9, 76.1, 40.6, 26.3. HRMS-ESI: calcd. for Co3H,3CINO; [M+H]" 392.1053, found 392.1048.
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(S)-3-(2-Benzoylbenzyl)-3-hydroxy-1,5,7-trimethylindolin-2-one (3k)

White solid; 30 mg, 77% yield (PE:EA = 4:1); m.p. 190.0-191.2 °C; 96:4 er (HPLC analysis on a
Daicel Chiralpak AD-H column: hexane/i-PrOH = 80:20, flow rate 1.00 mL/min, A = 254 nm;
Tmajor = 9.715 min, Tpiner = 11.300 min). [oc]D25 = +20.3 (¢ = 0.3 in CHCI3). "H NMR (400 MHz,
CDCl) 6 7.70 — 7.64 (m, 2H), 7.62 — 7.56 (m, 1H), 7.43 (q, J = 7.5, 6.5 Hz, 3H), 7.37 — 7.27 (m,
2H), 7.27 — 7.22 (m, 1H), 6.72 (s, 1H), 6.64 (s, 1H), 5.17 (br s, 1H), 3.67 (d, J = 13.7 Hz, 1H),
3.37 (s, 3H), 3.03 (d, J = 13.7 Hz, 1H), 2.46 (s, 3H), 2.04 (s, 3H). BC NMR (101 MHz, CDCl;) &
198.8, 178.8, 138.6, 138.2, 137.7, 134.9, 133.7, 133.5, 133.2, 132.0, 130.9, 130.8, 130.7, 130.3,
128.1, 126.1, 123.8, 119.3, 75.9, 40.9, 29.5, 20.5, 18.8. HRMS-ESTI: calcd. for C,5H,3NO; [M+H]"
386.1755, found 386.1756.

Me

(S)-3-(2-Benzoylbenzyl)-6-fluoro-3-hydroxy-1-methylindolin-2-one (31)

White solid; 26 mg, 69% yield (PE:EA = 3:1); m.p. 55.7-56.4 °C; 88:12 er (HPLC analysis on a
Daicel Chiralpak AD-H column: hexane/i-PrOH = 90:10, flow rate 1.00 mL/min, A = 254 nm;
Tmajor = 10.085 min, Tpjner = 12.517 min). [a]D25= +46.7 (¢ = 0.3 in CHCI,). "H NMR (400 MHz,
CDCl3) 6 7.74 (dd, J= 8.2, 1.0 Hz, 2H), 7.66 — 7.58 (m, 1H), 7.51 — 7.42 (m, 4H), 7.36 (td, J= 7.6,
1.1 Hz, 1H), 7.24 — 7.19 (m, 1H), 6.89 (dd, J = 8.1, 5.5 Hz, 1H), 6.70 — 6.47 (m, 2H), 5.97 (br s,
1H), 3.64 (d, J = 13.8 Hz, 1H), 3.15 (s, 3H), 2.92 (d, J = 13.8 Hz, 1H). *C NMR (101 MHz,
CDCl;) & 199.0, 178.6, 163.8 (d, J = 246.5 Hz), 144.9 (d, /= 11.7 Hz), 138.6, 137.6, 134.7, 133.5
(d, J=6.3 Hz), 131.1, 131.0, 130.6, 128.9, 128.4, 126.6 (d, J = 9.9 Hz), 126.4, 125.6 (d, J = 2.6
Hz), 108.3 (d, J=22.1 Hz), 97.1 (d, J=27.5 Hz), 75.9, 40.7, 26.3. "’F NMR (376 MHz, CDCl;) &
-110.3. HRMS-ESI: calcd. for Co3H gFNO;3 [M+H]+ 376.1349, found 376.1350.
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(S)-3-(2-Benzoylbenzyl)-3-hydroxy-1,7-dimethylindolin-2-one (3m)

White solid; 29 mg, 78% yield (PE:EA = 3:1); m.p. 137.5-138.1 °C; 93:7 er (HPLC analysis on a
Daicel Chiralpak AD-H column: hexane/i-PrOH = 80:20, flow rate 1.00 mL/min, A = 254 nm;
Tmajor = 12.103min, Tyiner = 15.695 min). [a]925= +19.3 (¢ = 0.3 in CHCI;). "H NMR (400 MHz,
CDCl;) 6 7.80 — 7.70 (m, 2H), 7.65 — 7.55 (m, 1H), 7.50 — 7.37 (m, 4H), 7.36 — 7.29 (m, 1H), 7.21
(d, J=7.7Hz, 1H), 6.96 (d, J= 6.9 Hz, 1H), 6.86 — 6.68 (m, 2H), 5.58 (br s, 1H), 3.58 (d, J=13.8
Hz, 1H), 3.42 (s, 3H), 2.97 (d, J = 13.8 Hz, 1H), 2.53 (s, 3H)."*C NMR (101 MHz, CDCl;) &
198.9, 179.0, 140.7, 138.7, 137.7, 134.9, 133.7, 133.3, 133.1, 131.0, 130.9, 130.7, 130.4, 128.2,
126.2, 123.1, 122.3, 119.7, 75.6, 41.1, 29.6, 19.0. HRMS-ESI: calcd. for C,4H,; NO; [M+H]"
372.1600, found 372.1598.

CFy Me
(S)-3-(2-Benzoylbenzyl)-3-hydroxy-1-methyl-7-(trifluoromethyl)indolin-2-one (3n)
White solid; 32 mg, 70% yield (PE:EA = 3:1); m.p. 135.3-136.8 °C; 75:25 er (HPLC analysis on
a Daicel Chiralpak AD-H column: hexane/i-PrOH = 80:20, flow rate 1.00 mL/min, A = 254 nm;
Tmajor = 0.460 min, Tyiner = 8.167 min). [a]D25= +12.0 (c = 0.3 in CHCI;). '"H NMR (400 MHz,
CDCl;) 6 7.80 — 7.70 (m, 2H), 7.67 — 7.58 (m, 1H), 7.55 — 7.42 (m, 5H), 7.40 — 7.33 (m, 1H), 7.15
(t, J=6.4 Hz, 2H), 6.98 (t,J= 7.7 Hz, 1H), 6.22 (br s, 1H), 3.60 (d, J=13.9 Hz, 1H), 3.39 — 3.36
(m, 3H), 2.97 (d, J = 13.9 Hz, 1H). *C NMR (101 MHz, CDCl;) & 199.2, 179.2, 141.1, 138.4,
137.5, 134.3, 133.71, 133.68, 133.0, 131.2, 131.1, 130.8, 128.7, 128.4, 127.2 (q, J = 5.9 Hz),
123.5 (q, J = 271.4 Hz), 121.7, 112.6 (q, J = 32.9 Hz), 74.4, 41.2, 28.9 (q, J = 6.4 Hz)."”F NMR
(376 MHz, CDCl;) & -53.0. HRMS-ESI: caled. for CoHgF3NO; [M+H]" 426.1317, found
426.1311.

\
Me

(S)-3-(2-Benzoyl-5-methylbenzyl)-3-hydroxy-1-methylindolin-2-one (30)

White solid; 20 mg, 52% yield (PE:EA = 3:1); m.p. 163.0-164.5 °C; 96:4 er (HPLC analysis on a
Daicel Chiralpak AD-H column: hexane/i-PrOH = 80:20, flow rate 1.00 mL/min, A = 254 nm;
Tmajor = 10.397 min, Tyiner = 14.698 min). [a]D25= +73.0 (¢ = 0.2 in CHCI,). "H NMR (400 MHz,
CDCly) 6 7.77 —7.72 (m, 2H), 7.64 — 7.56 (m, 1H), 7.48 — 7.41 (m, 2H), 7.34 (d, J=7.9 Hz, 1H),
7.31-7.27 (m, 1H), 7.18 = 7.11 (m, 1H), 7.01 — 6.98 (m, 1H), 6.97 — 6.90 (m, 2H), 6.83 — 6.75 (m,
1H), 6.18 (br s, 1H), 3.62 (d, J = 13.8 Hz, 1H), 3.19 (s, 3H), 2.89 (d, J = 13.8 Hz, 1H), 2.39 (s,
3H). >C NMR (101 MHz, CDCl3) & 199.1, 178.6, 143.2, 141.2, 138.0, 135.8, 135.1, 134.6, 133.2,
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131.6, 131.0, 130.4, 129.3, 128.2, 126.9, 125.4, 122.2, 108.2, 76.3, 40.7, 26.3, 21.5. HRMS-ESI:
calcd. for Co4H, NO;3 [M+Na]"™ 394.1419, found 394.1417.

\
Me

(S)-3-(2-Benzoyl-5-fluorobenzyl)-3-hydroxy-1-methylindolin-2-one (3p)

White solid; 29 mg, 78% yield (PE:EA = 3:1); m.p. 67.3-68.7 °C; 88:12 er (HPLC analysis on a
Daicel Chiralpak AD-H column: hexane/i-PrOH = 80:20, flow rate 1.00 mL/min, A = 254 nm;
Tmajor = 10.593 min, Tyiner = 13.227 min). [a]p? = +24.3 (¢ = 0.3 in CHCl3). '"H NMR (400 MHz,
CDCl3) 6 7.72 — 7.66 (m, 2H), 7.62 — 7.55 (m, 1H), 7.48 — 7.39 (m, 3H), 7.29 — 7.25 (m, 1H), 7.08
—6.88 (m, 4H), 6.79 (d, J = 7.8 Hz, 1H), 5.61 (br s, 1H), 3.62 (d, J = 13.8 Hz, 1H), 3.15 (s, 3H),
2.95 (d, J = 13.8 Hz, 1H). *C NMR (101 MHz, CDCL3) & 197.9, 178.1, 163.4 (d, J = 253.5 Hz),
143.2, 138.7 (d, J = 8.5 Hz), 137.7, 134.9 (d, J = 3.0 Hz), 133.5, 133.3 (d, J = 9.0 Hz), 130.9,
130.0, 129.6, 128.3, 125.0, 122.6, 120.5 (d, J=21.9 Hz), 113.4 (d, /= 21.5 Hz), 108.4, 76.1, 40.6,
26.3. ""F NMR (376 MHz, CDCl;) & -101.31 — -113.03 (m). HRMS-ESI: calcd. for Co3H;sFNO;
[M+H]" 376.1349, found 376.1348.

(S)-3-Hydroxy-3-(2-(2-methoxybenzoyl)benzyl)-1-methylindolin-2-one (3q)

White solid; 32 mg, 82% yield (PE:EA = 2:1); m.p. 65.7-66.3 °C; 94:6 er (HPLC analysis on a
Daicel Chiralpak AD-H column: hexane/i-PrOH = 80:20, flow rate 1.00 mL/min, A = 254 nm;
Tmajor = 18.635 min, Tyiner = 26.337 min). [a]D25= +58.0 (¢ = 0.1 in CHCI,). "H NMR (400 MHz,
CDCly) 6 7.57 — 7.36 (m, 4H), 7.34 — 7.24 (m, 2H), 7.13 (d, /= 7.7 Hz, 1H), 7.07 — 6.91 (m, 4H),
6.84 (d, J="7.8 Hz, 1H), 5.94 (br s, 1H), 3.64 (s, 3H), 3.61 (d, J= 14.0 Hz, 1H), 3.21 (s, 3H), 3.12
(d, J=13.9 Hz, 1H). BC NMR (101 MHz, CDCl3) 6 199.5, 178.3, 158.3, 143.2, 140.7, 134.3,
133.8, 133.5, 131.3, 130.9, 130.7, 130.6, 129.3, 129.1, 126.6, 125.2, 122.3, 120.6, 111.9, 108.1,
76.4,55.7,40.9, 26.2. HRMS-ESTI: calcd. for Co,H, NO, [M+H]" 388.1549, found 388.1544.
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(S)-3-(2-(4-Ethylbenzoyl)benzyl)-3-hydroxy-1-methylindolin-2-one (3r)

White solid; 31 mg, 80% yield (PE:EA = 3:1); m.p. 103.1-104.6 °C; 90:10 er (HPLC analysis on
a Daicel Chiralpak AD-H column: hexane/i-PrOH = 80:20, flow rate 1.00 mL/min, A = 254 nm;
Tmajor = 12.845 min, Tyjner = 19.637 min). [a]D25= +37.7 (¢ = 0.3 in CHCI,). "H NMR (400 MHz,
DMSO-dg) 6 7.42 (d, J = 8.0 Hz, 2H), 7.39 — 7.18 (m, 5H), 7.16 — 7.05 (m, 2H), 6.80 (d, J = 7.8
Hz, 1H), 6.74 — 6.65 (m, 2H), 6.08 (br s, 1H), 3.53 (d, /= 13.4 Hz, 1H), 3.10 (d, /= 13.4 Hz, 1H),
2.93 (s, 3H), 2.68 (q, J = 7.2 Hz, 2H), 1.22 (t, J = 7.2 Hz, 3H). *C NMR (101 MHz, DMSO-dy) &
196.6, 177.2, 149.4, 142.9, 139.5, 135.1, 134.5, 132.3, 130.4, 130.3, 129.6, 129.1, 128.9, 127.8,
126.1, 124.3, 122.1, 108.3, 76.2, 39.1, 28.4, 25.9, 15.4. HRMS-ESI: calcd. for C,5H,3NO; [M+H]"
386.1756, found 386.1755.

(S)-3-(2-(3,5-Dimethylbenzoyl)benzyl)-3-hydroxy-1-methylindolin-2-one (3s)

White solid; 34 mg, 83% yield (PE:EA = 3:1); m.p. 188.0-189.0 °C; 93:7 er (HPLC analysis on a
Daicel Chiralpak OD column: hexane/i-PrOH = 97:3, flow rate 1.00 mL/min, A = 254 nm; Tqjor =
63.833 min, Tpinor = 34.058 min), [OL]D25 =+54.0 (c = 0.3 in CHCl3). "H NMR (400 MHz, CDCL;) &
7.46 (td, J=17.5,1.5 Hz, 1H), 7.39 (dd, /= 7.7, 1.4 Hz, 1H), 7.35 — 7.28 (m, 3H), 7.28 — 7.17 (m,
3H), 6.96 (dd, J = 7.3, 1.0 Hz, 1H), 6.90 (td, J = 7.5, 0.8 Hz, 1H), 6.78 (d, J= 7.8 Hz, 1H), 5.99
(br s, 1H), 3.57 (d, J = 13.9 Hz, 1H), 3.16 (s, 3H), 2.94 (d, J = 13.9 Hz, 1H), 2.33 (s, 6H). Be
NMR (101 MHz, CDCls) 6 199.6, 178.4, 143.2, 138.9, 137.9, 137.8, 135.2, 134.8, 133.6, 130.9,
130.5, 130.4, 129.3, 128.8, 126.2, 125.3, 122.4, 108.1, 76.2, 40.8, 26.3, 21.2. HRMS-ESI: calcd.
for C,sH,3NO; [M+H]" 408.1574, found 408.1576.

(S)-3-(2-(2-Fluorobenzoyl)benzyl)-3-hydroxy-1-methylindolin-2-one (3t)
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White solid; 34 mg, 91% yield (PE:EA = 3.5:1); m.p. 120.1-122.5 °C; 90:10 er (HPLC analysis
on a Daicel Chiralpak AD-H column: hexane/i-PrOH = 80:20, flow rate 1.00 mL/min, A = 254 nm;
Tmajor = 11.803 min, Tpiner = 17.203 min). [oc]D25 =+436.7 (¢ = 0.3 in CHCI;). "H NMR (400 MHz,
DMSO-dg) 6 7.69 — 7.60 (m, 1H), 7.40 — 7.32 (m, 2H), 7.32 — 7.24 (m, 3H), 7.21 (d, /= 7.9 Hz,
2H), 7.18 — 7.12 (m, 1H), 6.86 (d, J = 7.7 Hz, 1H), 6.80 (t, /= 7.4 Hz, 1H), 6.73 (d, J = 7.3 Hz,
1H), 6.11 (s, 1H), 3.68 (d, J = 13.2 Hz, 1H), 3.17 (d, J = 13.2 Hz, 1H), 2.98 (s, 3H). BC NMR
(101 MHz, DMSO-dg) 6 194.0,177.5,160.9 (d, J=255.0 Hz), 143.4 , 140.0, 135.1 ,134.9 (d, J
=89 Hz), 133.2, 132.3 — 132.1 (m), 130.8 , 130.7 , 129.8 (d, /= 1.4 Hz), 129.5, 127.0 (d, J =
11.2 Hz), 126.9 , 124.7 ,124.6 (d, J=3.4 Hz), 122.3, 117.0 (d, J=21.9 Hz), 108.7 , 76.6 , 39.0,
26.2. "F NMR (376 MHz, DMSO) & -111.8. HRMS-ESI: calcd. for C,3H gFNO; [M+H]"
376.1349, found 376.1351.

\
Me

(S)-3-(2-(3-Bromobenzoyl)benzyl)-3-hydroxy-1-methylindolin-2-one (3u)

White solid; 38 mg, 87% yield (PE:EA = 4:1); m.p. 143.3-144.8 °C; 92:8 er (HPLC analysis on a
Daicel Chiralpak AD-H column: hexane/i-PrOH = 85:15, flow rate 1.00 mL/min, A = 254 nm;
Tmajor = 17.393min, Tiner = 29.277 min). [a]925= +85.7 (¢ = 0.3 in CHCI;). "H NMR (400 MHz,
DMSO) 6 7.84 (d, J= 7.6 Hz, 1H), 7.53 (d, /= 7.6 Hz, 1H), 7.49 — 7.43 (m, 2H), 7.39 (t, J=17.5
Hz, 1H), 7.29 (t, J = 7.5 Hz, 1H), 7.24 — 7.10 (m, 3H), 6.82 (d, J = 7.8 Hz, 1H), 6.78 — 6.64 (m,
1H), 6.13 (s, 1H), 3.63 (d, J = 13.2 Hz, 1H), 3.15 (d, J = 13.3 Hz, 1H), 2.94 (s, 3H). BC NMR
(101 MHz, DMSO-d;) 6 196.5, 178.1, 144.0, 140.5, 139.4, 136.6, 135.8, 133.8, 133.6, 131.6,
131.2, 130.21, 130.17, 130.0, 127.2, 125.2, 123.1, 122.6, 109.3, 77.4, 39.9, 26.9. HRMS-ESI:
caled. for C,3H gBrNO; [M+H]" 436.0548, found 436.0543.

\
Me

(S)-4-(2-((3-Hydroxy-1-methyl-2-oxoindolin-3-yl)methyl)benzoyl)benzonitrile (3v)

White solid; 37 mg, 93% yield (PE:EA = 3:1); m.p. 166.4-167.2 °C; 91:9 er (HPLC analysis on a
Daicel Chiralpak AS column: hexane/ i-PrOH = 80:20, flow rate 1.00 mL/min, A = 254 nm; Tmajor
= 34.058 min, Tyinor = 60.155 min). [OL]D25 = +43.7 (c = 0.3 in CHCI;). "H NMR (400 MHz,
DMSO-dg) 8 7.96 (d, J = 8.2 Hz, 2H), 7.63 (d, J = 8.2 Hz, 2H), 7.40 (t, J = 7.5 Hz, 1H), 7.34 —
7.27 (m, 1H), 7.21 — 7.11 (m, 3H), 6.83 (d, /= 7.8 Hz, 1H), 6.74 — 6.66 (m, 2H), 6.08 (s, 1H), 3.62
(d, J=13.2 Hz, 1H), 3.11 (d, J = 13.2 Hz, 1H), 2.93 (s, 3H). BC NMR (101 MHz, DMSO-dg) o
195.6, 176.9, 142.8, 140.7, 138.1, 134.7, 132.8, 132.2, 131.9, 130.5, 130.2, 130.1, 129.1, 129.0,
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126.1, 124.1, 121.9, 114.6, 108.2, 76.0, 38.7, 25.7. HRMS-ESI: calcd. for C,;H;sN,O3 [M+Na]"
405.1215, found 405.1215.

\
Me

(S)-3-((R)-1-(2-Benzoylphenyl)ethyl)-3-hydroxy-1-methylindolin-2-one (3w)

White solid; 21 mg, 54% yield (PE:EA = 3:1); m.p. 142.6-143.4 °C; 8:1 dr, 82:18 er (major)
(HPLC analysis on a Daicel Chiralpak IC column: hexane/i-PrOH = 70:30, flow rate 1.00 mL/min,
A = 254 nM; Tygjor = 23.328 Min, Toinor = 18.425 min). [a]p” = + 40.3 (c = 0.3 in CHCl;). major:
'H NMR (400 MHz, CDCl3) & 7.88 — 7.74 (m, 1H), 7.69 — 7.10 (m, 8H), 7.04 (t, J = 7.6 Hz, 1H),
7.00 (d, J=3.9 Hz, 1H), 6.83 (d, /= 7.8 Hz, 1H), 6.48 (s, 1H), 4.84 (br s, 1H), 3.68 (q, /= 7.1 Hz,
1H), 3.19 (s, 3H), 1.00 (d, J = 7.0 Hz, 3H). *C NMR (101 MHz, CDCl3) 5 199.8, 179.0, 144.6,
140.5, 138.9, 137.72, 133.71, 131.2, 130.5, 129.6, 129.5, 128.3, 127.9, 126.9, 126.1, 123.6, 122.1,
108.0, 79.2, 41.0, 26.1, 15.7. HRMS-ESI: calcd. for CpsHyNO; [M+Na]™ 394.1419, found
394.1417.

\
Me

(S)-3-((R)-(2-Benzoylphenyl)(phenyl)methyl)-3-hydroxy-1-methylindolin-2-one (3x)

White solid; 25 mg, 55% yield (PE:EA = 3:1); m.p. 99.0-100.5 °C; 14:1 dr, 95:5 er (major)
(HPLC analysis on a Daicel Chiralpak IC column: hexane/i-PrOH = 70:30, flow rate 1.00 mL/min,
A =254 NM; Togjor = 9.255 Min, Toyinor = 7.457 min). [o]p> = +100.0 (¢ = 0.2 in CHCl;). major: 'H
NMR (400 MHz, CDCl;) & 8.08 — 7.87 (m, 1H), 7.72 — 6.69 (m, 16H), 6.09 (d, J = 7.4 Hz, 1H),
5.73 — 5.31 (br s, 1H), 4.47 (s, 1H), 3.13 (s, 3H). °C NMR (101 MHz, CDCls) & 199.7, 178.7,
146.3, 143.9, 142.7, 139.3, 138.4, 134.5, 133.6, 133.4, 131.0, 129.5, 129.1, 128.4, 128.2, 127.9,
127.7, 127.1, 126.5, 1259, 122.7, 108.1, 78.4, 49.3, 26.4. HRMS-ESI: calcd. for Cy9H»3NO;
[M+Na]" 456.1576, found 456.1573.
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\
Me

1-Methyl-1'-phenyl-4'H-spiro[indoline-3,3'-isoquinolin]-2-one (4)

White solid; 17 mg, 56% yield (PE:EA = 5:1); m.p. 59.4-61.3 °C; 52:48 er (HPLC analysis on a
Daicel Chiralpak AD-H column: hexane/i-PrOH = 80:20, flow rate 1.00 mL/min, A = 254 nm;
Tmajor = 9.557 MiN, Tyinor = 6.447 min). [a]p> =+ 16.0 (¢ = 0.1 in CHCl3). '"H NMR (400 MHz,
CDCl;) 6 7.58 — 7.51 (m, 2H), 7.46 — 7.30 (m, 6H), 7.29 — 7.19 (m, 2H), 6.84 (d, J= 7.8 Hz, 1H),
6.75 (td, J = 7.6, 0.8 Hz, 1H), 6.41 (d, J = 7.4 Hz, 1H), 3.63 (d, J = 15.7 Hz, 1H), 3.27 (s, 3H),
2.90 (d, J=15.7 Hz, 1H). ®C NMR (101 MHz, CDCls) § 177.9, 168.8, 143.1, 138.3, 135.2, 131.5,
130.2, 129.6, 129.3, 129.2, 129.0, 128.8, 128.3, 128.1, 127.4, 123.4, 122.6, 108.4, 66.0, 33.4, 26.6.
HRMS-EST: calcd. for Co3sH sN,O [M+H]" 339.1497, found 339.1494.
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4. ORTEP drawings of 3a, 3w and 4
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Table 1. Crystal data and structure refinement for 3a (CCDC 1996461)

Identification code
Empirical formula
Formula weight
Temperature/K
Crystal system
Space group
a/A
b/A
c/A

o/°

pre
v/°
Volume/A®
Z
Peateg/cm’
w/mm’
F(000)
Crystal size/mm’
Radiation
20 range for data collection/°
Index ranges
Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F*
Final R indexes [[>=2c (I)]
Final R indexes [all data]
Largest diff. peak/hole / e A™
Flack parameter

3a
Ca3H19NO3
357.39
295.15
orthorhombic
P2,2,2;
6.04785(4)
13.36306(6)
21.94319(11)
90
90
90
1773.400(17)
4
1.339
0.714
752.0
0.36 x0.18 x 0.14
CuKoa (A =1.54184)
7.746 to 158.372
-7<h<5,-16<k<16,-27<1<27
21423
3749 [Rin = 0.0242, Rgigma = 0.0174]
3749/0/247
1.065
R;=0.0265, wR, =0.0716
R;=0.0271, wR, =0.0720
0.15/-0.12
-0.01(4)




Table 2. Crystal data and structure refinement for 3w (CCDC 1996462)

Identification code 3w
Empirical formula CHo1NO;
Formula weight 371.42
Temperature/K 294.15K
Crystal system orthorhombic
Space group P2:2:24
a/A 6.53150(10)
b/A 13.40120(10)
c/A 21.6517(2)
a/° 90
p/e 90
v/° 90
Volume/A® 1895.17(4)
Z 4
Pealeg/cm’ 1.302
w/mm’’ 0.687
F(000) 784.0

Crystal size/mm’
Radiation
20 range for data collection/°
Index ranges
Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F*
Final R indexes [[>=2c (I)]
Final R indexes [all data]
Largest diff. peak/hole / e A™
Flack parameter

0.36x0.16x0.14
CuKa (A =1.54184)

7.758 to 159.352 deg.
-7<h<5,-16<k<17,-27<1<27
14063
3823[Rint = 0.0356, Rgigma = 0.0297]
3823/0/260
1.066
R; =0.0322, wR, = 0.0863
R; =0.0335, wR, = 0.0875
0.14/-0.13
-0.07(11)
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Table 3. Crystal data and structure refinement for 4 (CCDC 1996463)

Identification code
Empirical formula
Formula weight
Temperature/K

Wavelength
Crystal system

Space group
Unit cell dimensions

Volume/A®
Z
Peateg/cm’
Absorption coefficient /mm’™
F(000)
Crystal size/mm’
Radiation
2 ® range for data collection/°
Index ranges
Reflections collected
Independent reflections
Absorption correction
Data/restraints/parameters
Goodness-of-fit on F*
Final R indexes [[>=2c (I)]
Final R indexes [all data]
Largest diff. peak/hole / e A

4
Ca3H1sN2O
338.39
113.15 K
0.71073 A
Triclinic
P-1
a=284653(17) A  alpha=82.97(3) deg.
b=10.802(2) A beta = 67.84(3) deg.
c=11.181(2) A gamma = 69.97(3) deg.
889.6(4)
2
1.263
0.078
356
0.200 x 0.180 x 0.120
MoKa (A= 0.71073)

3.934 to 55.54 deg.
-10<h<11,-14<k<14,-14<1<14
10578
4134 [Rint = 0.0494, Rgigma = 0.0988]
Semi-empirical from equivalents
4134/0/236
1.064
R; =0.0390, wR; = 0.0760
R; =0.0813, wR, = 0.0862
0.28/-0.22
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5. NMR spectra

.2‘_
m_ .P /-
;.”3
876y
SJ
LT
€71
o' Hy
a1
om‘j
pIed
h—.mg
5954
L9°6,
€654,
565
L
:.L
]
1Ly
812
0z
172
A
st

hz..m./
P6'L
96'L
86'L
1084
mm.m&

C4 "H NMR (400 MHz, CDCls)

Bl

——e _JLLA,‘.l

S B [

—

Fers

w.é_..c
irali
€80
261°0
MRHQ
HA_.o— 0

F80Y
10T

S0°T
Wm—c.ﬂ

=590

TLT~

T9€
\

L9t~

0Ts—

19—

TEIL,
eI
60214
9'€TI
0'9Z14
(T4 8 |
¥ozi
6°LZ1,
(114 &
L8z
0zZELL
e
Lzend
o€
eend
egerl

6eLl—

ml

9181 —

CF;

Br

CF;

C4 3C NMR (101 MHz, CDCl3)

S22



86 ﬁ
8874
L£0'%4
11°%4
6171
T
(11382 |8
££774
8EF
oV
08'F4
P8P
6814
mm.v._
SE'94
9€"94
LE794
8£°94
33._
vw,c._
ee.@._
L¥9-
xc.\‘._
P1'L
9144
61°Lq
TTLq

e

ﬁ..FW
Lo/
mm.,\..mn
om.@‘,
69°L

£6°Ld
'8
9’8
8§18
058

I/

Fees

.

o
S
- — 1 p0€
© )
F —
(@]
© A
@) 6470
T= N mom.o
W C = THzrsro
oA =
ZT S B} 2
. & = wnno
810
Q o) o
- =
—2Z Z
T
810
~
(8] hmmw.c
08T
‘mu SKT
llnIuan,_WR;
JE;
770
Rigo

SeT~
L¥E-
0SE-"

S8

gmw
0911}
0911
0911
ot1
o1t
oty
To11
zort
08114
08114
90714
m.mmr_.
09714
LoT1-;
6'9T14f
et |
01E1d
£1€Td
L€
ozed
w,me
rger),
Lost

CF;

CF3

C7 "3C NMR (101 MHz, CDCl3)

.

i‘

[J“I

60

T T T
130 12 110 100 90

140

T T
180 170

T
190

T
00

S23



N_.J
ON.;
oN.:
mm.;
6714
0£' [

(438

€1
14
TR
L8514
g1
i
1
v
53¢
At
'y
se'1
8¢
65
L
8L
8L
PIE
Fud

-

P
09°c
79°c
79
0924
882
162
¥6'Ld
6]

6621
816!

CF;

CF3

C8 "H NMR (400 MHz, CDCl5)

K

e b L

th

L.—_o.m.
Tmo.w
00T

T.E.v

=5E'1
=E£9'1

=0

=090

=£5°0
=LVO0

=101

Fore

»L50
g0

#eIT.
81T
7RI,
SQIT
SR
o.m:L_w
i

FALAL
sveud
9'1€1 _m_
OVNM.:__
ookt

reil—

LT18T—

CF;

CF3

C8 3C NMR (101 MHz, CDCl5)

110

T T T T T T
200 190 180 170 160 150 140 130 1

10

2

S24



STI,
ey
PLEq|
SI'E
91'g
8I'E
61'¢
£ 2
€TF
TV
LTV
10 H
7054
£0°S
WS
90°S
L0°S
<H'S
Lvsy
002+
10°24
£0°L
S0°L
L0°L
80°L
%.J
0r'L;
1
072
1724
we>
[
syed
708,
m:_-w
Lred

—

e

89'8—

L

S —————— |

CF3

>

1
B

CF3

ZT

ZL

C10 "H NMR (400 MHz, CDCls)

4

A

I
L

JJL.

=006

FoTT

FOI'L

Fso't

HIOT

00'1
m?w 1
~97'1
3660

zoz

06’1

ot

CF3

CF3

ZT

N

t-Bu S

ey

€10 '3C NMR (101 MHz, CDCly)

T
100 90

110

T
121

T
140 130

T
150

T
0 160

T
17

T T
190 180

T
200

S25



60T

0Tl
owd#

e
732
LE°F
8Ly
(£328
656
19°¢]
8T
614
61°L]
(a2
WL
ST'L]
STL]
9TL
8T
67°L;
624
€64
VL
FE'L
SE'Ly

—

e

C13 "H NMR (400 MHz, CDCl3)

8t LA
852
€6 LY
9c° 4
8624
192
pocd
Py
80°8
e

——

ersl
80°64

Tl

T9E,
\

99€>

15—

6'09—

W.NNHa
@.?NHJN,.
621y
h.wmt,__\
gszid;
gse1d
gevts
evpid

0ELT—

6081 —

NO,

C13 '3C NMR (400 MHz, CDClj)

80

90

T T
110 130 12 110

T
150

T
160

S26



162,
67 d Le
-]
e
£0°¢ rs
23 »
ST [=
9T}
e RN
_R.J Lo | L88-
_m._.._ ﬂ.nmg/
(4% 2 | o= 9981,
:.L e e E:V
] — W oo
LB'F ~ wn || &
%.L —_— i L ﬁwo w.tL
oz |2
_\m.m“__ _.P_w m RE A 88
v o o 6211
:.h: S _— N =) 797 6Lt
~ = 70 || w i
Al \ = et LIS
£1L — g w ) Waw.o 81214
. e zT < 1 WOl LS zvn
H h._ 5 < m.vﬂ._
E.hi g @i 14 = M%; Ha |
twed ¥ ° o) W ™ Ao BBy
. - |SlTty
6T'L >-Z e
mm.m mn 1 ALy
0 ...‘.4 = ey
n. | (&) 66’V 69zt
”mw o ) oprte eeed
p.. U —_— ||IJ|IHII|H||M Voo X of1d
Nm.h L 4&: e gostd
iy o oo [ rierd
o | o T 4:& = e
] .
vE h_ et [ pserd
ke h_ 260 sserd
oet ~ - R
ol .u ro fE |O0FTY
€ h._ — = H.r_w.c 6verd]
96'L rE ggt)
R.L
88l Ha

20

30

10

50

CF3
CF;
50 60

90
S27

100

110

9

130

€15 3C NMR (101 MHz, CDCl5)

140

150

"

"

00 190 180 170 160

9




s67)
66'C
9T'E
e
59'¢
8L
08’9
06'9
769
569
L69
L
£T'L
£TL
VT L]
ST L
ST'L
9T'L
22
L]
22
peLd
9€'L
ov
L]
PV LA
A
LV L)
6v'24
8524
852
ﬁa.h._

092
er2d
€L
v

seed

3a 'H NMR (400 MHz, CDCl5)

5001
Aloe

#00'T

T9T—

Lob—

€9L—

7801,
q.NNJ_
m.mm;
ToTty
TRTI
¥8T1-
€621
ﬁ.cm—/
T0ET4
9'0ET-]
6°0ET-
0 1€
rEeT
m.mmL
61ET
9 LET

9'gETd[
N.va_,

vgL1d

0°66T—

3a "3C NMR (400 MHz, CDClj)

|

|

140

200

T
210

T T T T
12 110 100 90 80

T
130

T T T
180 170 160 150

190

S28



66T
€0
09t
Pore
re'9
Sg'9
989
g9
ig9
069
16'9
69
£6'9
¥69
96’9
96'9
L6'9
86'9
8L
61°L
oTL
1L
TTL
€TL
el
el
9L
9tL
8EL
8L
£FL
11 A
L
Svis
SrL
oL
i
L¥ri
8¥L
6F'L
05°L
5L
65°L

3b 'H NMR (400 MHz, CDCls)

e 00'T

\Ht =760

1ol
L
9Ll
9Ll
8LL

BLL

g

-0.5

1.0

15

3.0

3.5

4.0

5.5

7.5

8.5

9.0

10.0 9.5

govr—

L9L—

(A1) § &
44

h.mmr___n
€971
€8T
€621
L0ET
LOETH
60ET
orerd
PEET
LEET
Lpetd
LLET

9'gET

zob1 _
Logtf
z661/

.

3b "3C NMR (101 MHz, CDCl3)

J

|

200 190 180 170 160 150 140 130 12 110 100 90 80

210

S29



-10

O [

110 100 80
S30

120

130

L0°€-

g, - -3

08¢

€8¢ E

791 -

99'F [z

£0°¢ s

L0075 | )

09'9 s LN

790 e

189 cor

1894 o 5 Z'601

ﬂ...n.ﬁ — m == E001 [~ szt

w0 @ PR T4

V0L ﬁ A_u/um, N ’ i ToCT

90°Z1 = I FJ BB g ra

907 M Sz

1WA - gl

P12 ﬁ s N == Reor | n.wm;

m_‘L - DMu — 901 [ €671

87 . = 9¢°0 6621
G 3775,

674 T [ L0E1

SEL - F0ET

mmL & MMM E 60€T

9¢° £ m m..mﬂ ﬁ

LE L . w.mr

L2 : SLET

gL - L)

ov 2 ; b

oL .\”o,ﬁ

oy L4 «,o. ’ €gLI—

Lo s

g

o] 8861~

592

292

292

3c "3C NMR (101 MHz, CDCl;

200 1% 180 170 160 150 140

210

20



g€l
6€°1
w1
£
967
66T
89°¢
L€
8rF
05y
w©<F
789
pe'9
98'9
06'9
69
669
102
9L
8IL
0TL
£TL
T4y
0€°L3
€L
VLo
LE LA
6€° LA
154
Sy
S g2
L¥id
1524
6524
194
69°L

1£L4

00°¢

L

|

0

HQ/v =00'1
O
[m)
o TR
N !
z 1
= y
s 0T
o
NS
n'd 90
= B
zZ
=S _.
|
> | reot
%..o. 1
—=1i701

hﬂ
N
4

05

a0

1.0

25

&0

85 20 (3 KO

100

1'61
w.mﬂv

60F-
6Eh

8601
0zel
§szt
(A T4
TRTT
THT1
¥ 0ET
S0ET
§0ET
0'1€T
£EET
SEeT
gFET
oLET
LgeT
IhT
0'8LT
§'861—

3d "3C NMR (101 MHz, CDCl3

70 60 50 40 30 20 10 o -10

80

19 180 170 160 150 140 130 120 110 100 90
f1 (ppm)

210 200

S31



66
£€0°€-
9T'¢-
L9'¢
04°€-
10
v0'5
£1°¢4
91°¢-
¥6'9
96°0-
66'9
10
£0°2
£0°L4
£T' L4
£T' L
ST L
ST 44
9T'L
mm._;
.

=
R
L8°L1
¥
A
£F' L
AR
v
9p° L
8y L
8%/

09°2
7ot
cred

vh..L
mh.L

3e "H NMR (400 MHz, CDCl3)

L0
56T
101

L0°1
01

T80
001
MVHD.N
S8°T
=801

w..NH.__‘.

Mmo._
90T

01—
795 —

9TL~
99L—

£601—
0'€T1
m.mm_/
w.@N_W
£'8T1
s621
§'621
ros1)
6081
0Ig1
peet
L€
9FET
9LET
L€
rivt

6'8LT \
0661

3e "3C NMR (101 MHz, CDCl,)

Mu

1
130

L

J

120

150

170

190

90

100

110

140

160

180

200

210

S32



SI'E
61°¢
LLE
%€
SL9
LL9
76'9
Lol
60°L
9L
Q1L
6z'L
1L
1£°L
£eL
€EL
SEL
geL
Le'L
2¢L
L
847
€L
vl
oL
ot*L
i
gbL
gL
6L
0s'L
_m......_
69°L

65°L
0Ll
0LL
il

(4

3f '"H NMR (400 MHz, CDCl3)

|

vvcc.c

60
L6'0
06’0
80T
96°€
Yoy
£0'¢
vo'1
00'T

4.0

8.5 80 85 80 75 70 65 60 55 50 45

10.0

Tiv—
9'9L
P'601
0€T1
§'SZI
€971
¥ozi
0°8T1
8Tl
£6T1
S6T1 —
86T1
L'0€1
0'1€1
01€T
€T
9€ET
[
LFET

9'LET
9'8€1
1'ekt
9LLT—

8861 —

3f '3C NMR (101 MHz, CDCl3)

40

90

110

T
180

T T
210 200

220

S33



S0'€y
15°¢
FEE]
e
sLed
994
5994
9994
299
002
0024
0]
204
¥0'L]
90|
8024
st
sz
8T
67 L
0€°4]
e
(42 -
bELd
8€°L1
6L
0L
L
T
b .
9v'Lo =
L8

65" Ly

e ———

1LL p Nee
ﬂ.h”\.

€LLd

3g "H NMR (400 MHz, CDClj)

=Tt

F00°L
E10°]

Feso

#L60
mﬁS.m

_‘mﬁ.m
180°€
o'l
hge'l

T'ST—

0'gE—

1901
m.m:/
€671

ﬁ.mmr_
LTt
o.hmi
6T
6Tl
L'6T1
8671
T'ZET
€TET
gTET
Sof1

9LET
m.mf\
£6L1

6961

3g "3C NMR (101 MHz, CDClj)

210

190 180 170 160 150 140 130 120 110 100 S0 80

200

S34



g
€0 J
90°¢
PI'EA
€47
Lo
0T’
999
89'9
w9
0z
FO'L
08'L
L
pE'L
9541
85"
04|
VL
9.
L
052+
09°44
09°4
9L
bo'Ly

B o T o il v, B il

p9° 2]
69'L
69°L
104
1L

1 60

3h "H NMR (400 MHz, CDCls)

N
. - Y il

— or't
- MS.N

R0T—
9T~

90k —

99L—

6°L01
1'9Z1
7'9z1
T8I
S'6z1
0'0E1
PoE1-d
g0¢T
6'0E1
el
£EET
9€Ll
[RE
LLET
9'8€1
gor1
gLl
6’861 —

o

2

ol (§)

N
o T ]

m =

A=
I ~ - —
O W ||IH|
Z =

0 S

M ~—
=
™

-10

40

50

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

T
210

T
220

S35



L6,

S.T/n
el
65E~

0LE-F
€ m..m.%

£9°6,
95'91
9594
9994
899
VL9
FL9
9L'9-f

2%y
:

TELA
Ve
82

4
£ L
cped
Lz
092
8944
E.L

l

3i 'H NMR (400 MHz, CDCls)

b

—l

»£60
Acez
56T
5690

€97
90—

965 —

6'9L
L801 /
0TIl

S¥In
79Z1
8Tl
F0OET
80ET
6°0€1
T'1€1
€EET
9°€ET,
greEr-L
SOETf
LLEL “
L'gEl
L7661 —

8Ll —

8°861—

3i 3C NMR (101 MHz, CDCl3)

210

190 180 170 160 150 140 130 120 110 100 90 80 0 60 50 40 30 20 10

200

S36



162,
S67-
yred
POE-

ne.m.\

L6°6—
69,

589

61'L

:.L,
ITWA
seedf
e
1+
e
oy L]
b
79
1z
ﬂ..L

3j "H NMR (400 MHz, CDCls)

—

B0
Resz
7001

£97—

90r—

1'94—
6°801
Tzel
€971
+'9z1
€9z1
S'gely
m.wN:
LOET
0 TET1-
Sl
SEel
oFel
TSET
SLET
Sggt
[

PeL1—

0°661—

3j 3C NMR (101 MHz, CDCl3)

|

T
130

|1

-10

T T T
110 100 90

T
120

T T T T T T
190 180 170 160 150 140

200

S37



0T
9r'y
-Q.MA
P0'ES
LE'E
59'¢4
69°¢
LTSy
#9'9

wo

9T'L

8T'L

0t'L

L

PEL

ez

9L
L€
2
mv.hg
mv.hg
A
9b' L
L8
L5°L
5L
65°L
09°L
19°2]
19°24

—
—— = =90
. . |||i_w =867
e uJ A70°1

o L €67

99° L4
99/
89'2)

£8°0

3k "H NMR (400 MHz, CDCl3)

960
001
0T
== Is07
M
— = 370°€
S0'1
Loz

-—

m.m@
4

s6z/
60r-

6'SL—

€611
8'€TI
19z1
18Tl
£oLt
L'ogt
8'0€1
6'0€1
0'TET—=
TEET
SECT
LECT
6'vEL
LLET
TgeT
9'8€1
LI —

8861 —

3k 3C NMR (101 MHz, CDCl5)

|

-1C

40

80

a0

190 180

200

S38



16°C
Pe'c
ST'E
(443
S9°€.
£5°9

31 "H NMR (400 MHz, CDCl5)

“z0'
“soe
0T

Tm.n_
E1T
m_.oo._
2701

P60
10
Lot
Lotz

£97—
Lor
a.mm//
6'96
L6
o'got
¥'go1
LT
9'5Z1

ozt
99zt
99zl
€821
6821
0'1€T
'€t
geet
9'EeT
LpET
9LET-,
m.mmﬂ\

3.3%
oSt

9Z91~
0591

98LT—

0661~

31 3C NMR (101 MHz, CDCl3)

200 1% 180 170 160 150 140 130 120 110 100 90

210

S39



5S40

T T T
-160 -170 -180

T
-190



3m "H NMR (400 MHz, CDCl5)

g6z
ﬁug._”

£0°€
50T
¥

ost/

96T—

184
\

9'SL
L611
€71
|34
9Tl
T8l
ogt
L0ET
6701
0 1€T
TEET
€EET
LEET-d
6'rEl .\
LLgr
Lgen
Lovt

0641 —

6861 —

3m "3C NMR (101 MHz, CDCl5)

Hl W

l

-10

40

110

200 190

210

S41



S6'Tq
86'C
9¢'E
LEES
8¢ €
8€'E4
mm.J
No.:
86'9.
00°L
€1
SI°Z4
91' L4
L4

LEL
6€°L
68 L
€F' L
S
VL
9¥' £
3._;
A
L¥L]
8v' 2
6F' LA
61 L
1524
€62,
092
7924
924
o
A
(TN

mh..L
oc]

3n "H NMR (400 MHz, CDCls)

=860
JO0€
=001

=£8°0
01
£0°T
L0°1
§6°€
Il
Sl
€61

8'8T
6'8T
6'8T
06T

Tiv—

L 7
Teit
LAt
LTIt
Tert

Tl
6'¥T1
S9z1
1°L4T1
LTt
LTt
€LT1
LLTt
(1A
L'8T1
g'0€1
1€t
TIET
(IR
LEET
LEET
€ret
S'LET
g€l
vt
T'6L1
7661

3n 3C NMR (101 MHz, CDCl3)

\ ‘|,

-10

40

100

190 180

200

210

S42



o
S
L]

W
I

3n "9F NMR (376 MHz, CDCls)

S43

T
-100

T
-110



6£'T
487
16
61°¢
19°¢4
P9'E
189
£8'91
£6'91
694 7.
$6'9
569
$6'91
66'9
a2
av2
9144
91°
a2
8721
874
szLd
6721
6247
04
€541
SEL
A
vk
v
8514
8524

092
vezd
veLd
oz
o)

("

30 "H NMR (400 MHz, CDCls)

-r.. 0t
=901
~60'€

00T
')

) (A
£97—

Lov—

€9L—

T80T —

Teen
szl /
6°9T1 M
[ 14
€621
¥ogt
o1en
O 1€T
TEET
RN
T°SET
gSET
0°geT
TPl
ert

9'8L1 \
1661

30 3C NMR (101 MHz, CDCl;

60

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

T
200

T
210

S44



9624
667
LTE
£9°¢
99°¢
08'9
789
£6'9
£6'9
569
L6'9
694
6694
00°Z
702
v0'L
vo'L
90,
902
8TL
872
0L
0€°L
L
£/

s
St'L-

Ly'L

65 L~
09°2
19°24
19°21
19°£
£9'24
0L
1
T

3p "H NMR (400 MHz, CDCl5)

|4

R80T

5
80'e’

Mlg.— |

0.0

05

40

45

55

6.0

75

0

a0

£97—

9or

ﬂ,w.ﬁ/
¥go1
£€€11
SEI1
ozt
9'0z1
9CTl1

0°5Z1
€821
9621
0°0€T
6°0€1
£EET
PEen
SEET
m&mi

6PET-
LLET
98ET
LgET
TEPT
1291/,
39\

1°8L1—

6°L6T—

3p "3C NMR (101 MHz, CDCl;

I

iJhJ

110 100 80

120

200 190

210

S45



=
=
I~
=]
(.

B
2508
E5E55

-0 65

-70

75
-75

-80 -85

-90

-85 -100 -105 -110 -115 -120 -125 -130 -135 -140

S46

-145 -150 -155 -160 -1656 -1T0 -175



3q 'H NMR (400 MHz, CDCl3)

01
9

£6°0
An,m.m

L9

0T
95T
FO'1
£
-0’1
61
L0V

79T —
60F—

LG5 —
voL
1801
6111
9'0T1
geel
sl
99T1
Hdm;
€67 _._
9'0¢€1
L'0g1
6'0¢1 -]
erenf
SeeT *
FEET

€YEl
Lort/
TEVT
€851
€8L1—

S'66T—

o

R

3q "3C NMR (101 MHz, CDCl5)

40

70

210 200

220

S47



L0'9—

129
oh.m_W
89

0L,
vz
0z
oA
sz
gz
o¢'Ld
s/

I

I

:.._L
ov .l

3r "H NMR (400 MHz, DMSO)

.,
—t

=

—

S

0T
576
Mr_voA I
=90'1

Tw.o
m.hmv. 1
Lo0'1
00T
hers

mr_u_.w

ps1/
65T
g7
168

T9L—
€801
A.NNL
€Tl
ENJ
gLzt
6'8T1
1621
9621
£0€T
¥0€T/ r
£zet
SFEl
1'SE1
s6c1
6'zh1
f il
TLLT—

996T—

L

3r '3C NMR (101 MHz, DMSO)

S48



£€°T,
T6'Tq
96'74
91'¢4
§6'e4
654
L4794
6494
889

osof ———
069
694 g
2691 —

569
56'9.
169

. )
169, s
0T )
L] = O
£TL o

i O\? -

mm.h._ =z

2 @)
1 00
€L

06"
7€L
PE L =
(TR —
8€°L) ;
6¢ L4
orzd
o'/
v
s
m—_.h._
gy
e

3s "H NMR (400 MHz, CDCl5)

=56'S

ko1
g6z
FS0'T

650
Wa.o
(To't

mamc

JS0°€

Moo.m

FO'l

—o_._

1T~
€97~

goF—

T9L—
1'801
et
£8T1
9Tt
m‘mm;
m.mm:
0eT
S0ET
60ET -]
OEET
8FET
T'SET
gLET

6LET]
6'gET
N.mvﬂg

PeLT—

9661 —

Me

L.

3s "3C NMR (101 MHz, CDCls5)

JHIJH\ | )

I

|

10

70

200 190

210

S49



86T
or'e
6lE
99¢
69°¢
e
TL9

L9
829
089
789
9g'9
£8'9
STL
o1°L
LI'L
sr'z
0Tz
s
sTL
9zL
9L
T2
0¢L
e
Mm.h.”
A
LE LA
wef
o
662
€924
b9'L
Bz
oz
992
99,

3 Rooe”

I o1

3t "H NMR (400 MHz, DMSO)

_w 660

ENN—— S

660
-y

$0'1
- 960
L0T_
S1€.
P1T-
oL

05

85 90 B85 80 75 70 60 55 50

10.0

9t

0'6¢ /

99L
L'801

6911
[WAR
€zl
Shual
L¥z1
Lyl
6921
6'9Z1
0Lzt
€671
8671
L'0€1
8'0€1
£zTEl
TEET
(iR
6rET-L
1'S€1
o.of%
vt
96T~
1'291

SLLT—

06T —

3t 13C NMR (101 MHz, DMSO)

110

200

210

S50



LY1TT-
SRI11-
bgILI-
€97 111-
T8I11-
8111

L8111~

3._:-/
mm.:TV.
Nm.:ﬁ%

I8°1It-

1.6 -111.7 -111.8 -111.9 -112.0

T

T

3t 'F NMR (376 MHz, DMSO)

-7% -80 -8 -9 -85 -100 -105 ~-110 ~-115 ~-120 ~-125 ~-130 ~-135 ~-140 ~-145 ~-150 ~-155 -160 ~-165

=70

S51



6T
e
el
ot
oL
€19,
899
0L9
€9
VL9
189
€89
s
£rs
o1'L
81z
6I'Ly
1T°4
LTL
67 L —
1€
J257A N
65°Ln

VL

oy L

A

L

¥S'L

€L

cgL

3u "H NMR (400 MHz, DMSO)

—

-

2960

(66T
Fs60
667
wmo;
wo:
10z
Lot
1
1660

69T~

6'6€—

Vil—
€601
9cTl
1'€zT1
zsel
TLiTl
0°0€1
T0g1
Tog1
TIgn
9'I€T
9€ET )
FEET
8'GE1
9'9¢€1
v.mmL
Sovt
0¥¥1

1'gLT—

S'96T—

3u 3C NMR (101 MHz, DMSO)

I

lll

|

|

190 180 170 160 150 140 130 120 110 100 90

200

S52



67T,
or'e
PI'ES
e
29
co'¢
01’9
99'9
99
§9°9
1294
££'9]
<L9]
€89
g9
ered
¥IL]
cre
cre
h._.ha
$1°41
0z'£1
ozt
67 L4
1e2
e
ov'24
v
£ L]
F9°L4
992
9.

—rh

8624

3v '"H NMR (400 MHz, DMSO)

0.0

05

L5

20

4.0

5.0

55

a0

65

7.0

=~

80

9.0

s

0.0

LST—

Qr

0'9L—

801
CRaN!
6121
el
1'9z1
0'6T1
1621
1'0€1
T0el
S0l
61¢€1
TTel
8TET
LYel
T'8€1
Lovt
gt
6'9L1
9'$61

L

/

3v 3C NMR (101 MHz, DMSO)

180 170 180 150 140 130

190

200

110 100 90 80 70 60 50 40 30 20 10

120

210

20

S53



66'0
1071
011
11
1
1
(A%
L1E
61°E
89
g9
669
00
9T'L
9T'L
8TL
8TL
6T°L
6T'L
0g'L
€L
[4374
€L
SEL
cmj
LEL
6E°L
ov°L
oFL-]
St L
VA4
gL
[ 4
No,t
oL
6L°L
[4: 94
reL

-CHs, 3H

=

CHCH;, 3H

-

el
- =950

- M 601

FEOE

3w "H NMR (400 MHz, CDCl5) [

Ar-H, 13H

CHCH; 1H

-OH, 1H

/550
RSP0

- E1g0

9.0 3.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

9.5

c.mJ
LST
09z
|14
oy
6Tl
q.mhg
6L
0801
Tgot
rezt
6TTT
9ETL
LETL
6'ETT
vzl
ozt
T9zTl
€921
6'9T1

Ph
Me

HO,

Me

3w "3C NMR (101 MHz, CDCls)

0Lzt
Lzt
6Lzt
08Tt
14
€821
vRTI
6z
S6Z1
96T1
L6zl
00E 1|
TOET]
S0fL
90€1
§0E1
TIET
SEEl
LEEl
LLET
m,nmL
6'8€T
I'6ET
rort ﬁ
Sort

9Ern
9Frr
oLl

.ZKL\.
§'661

60

70

0

120 0

130

150

190

200

S54



LL9; M_ﬁ
: w 9T
LL94 [+ 6t
£0°L €S
i e LS gL
6074 3 < 508
60°24 [ 66
(WA < 0'gol
. r'go1
- .h. > 7801
FAWE £zt
¥T'L | = vzt
ez ' Lzt
; & &Sz
8T [ei 09zl
8T L | 9zl
6T L —_ % - sozt
[se] . Lz
. - 050
0€"L1 - 5 e
. b m - meo._ -4 .
bE'L] s I . J/ o £LT1
peLd C, Z 1Kt . Tl =
N F sz m
S€°L T 9Lzt
L8749 = | o i w
- o o 6LT1 -
LE' L
: m - '8zl O £ m
8L N - J/ —==LP0 |} Tyl Ph =
6€°L1 W M £821 o O -
s " | = Lt
Ok pd : N 550 [ et m Im\
V4 T = . - 0621 OC. z- x
v h._ % m -— —rwn 0 [ WMM“\ T =
iy ™ . Z
; M 9621
N_&_._h._ = »6V'0 g6zl Qnuuu
A S0 | 621 1x
P L - “_.mo._ ® 6621 %)
0c'2 i = 5 66l £'0E1
54 R - —s G 0161
7844 e = rlL's peet
2..3‘ ™ M Fsr1 | s
. = 6LET
. ~ 191
£8 h;ﬁ iy il B - g€l
veLd A =660 L2 .
— 9gET
| = g'8e1
5824 “ Lan
szl . 333
aia *

19 180 170 160 150 140 130 120 110 100
S55

200

210



88T
6T
LTe
19°€
59°€
9
zvo
549
519
£8°9
589
TTL
TTL
VoL
vl
veL
VL
veL
s¢L
9g'L
LEL
A
LEL
8€L]
8€°L]
652
65°L
65°LA
ov'L
L
L]
IS4
e
2
V'L
55
552

— T

95°L

~=Z

Me
4 "H NMR (400 MHz, CDClj

—————————

JIA

Lo
=967
kc.o._

€60
L‘@o.o
460
Lo
+750
Rorg
Tl

0.5 0.0 -0.5 -L

1.0

3.5 3.0

1.0

8.0

8.5

9.0

10.0 9.5

5

99T~
Peg—

099—

¥'g01
9TTI
ezt
¥izt
1'821
m..m.NT_
88T
0621
621
£6T1
9'6T1
oLt ﬁ
S1E1
TeEl
£8E1

vt
8'891—

6 LLT—

~=Z

4 '3C NMR (101 MHz, CDClj

110

160 150 140

170

180

90 &0 70 60 50 40 30 20 10

100

120

130

190

200

S56



6. Chiral HPLC data

HPLC parameters

Compound Column Eluents Flow rate
3a Chiral AD-H column | Hexane/i-PrOH(80/20) ImL/min
3b Chiral AD-H column | Hexane/i-PrOH(80/20) ImL/min
3¢ Chiral AD-H column | Hexane/i-PrOH(80/20) ImL/min
3d Chiral AD-H column Hexane/i-PrOH(80/20) ImL/min
3e Chiral AD-H column Hexane/i-PrOH(80/20) ImL/min
3f Chiral IA column Hexane/i-PrOH(80/20) ImL/min
3g Chiral AD-H column | Hexane/i-PrOH(80/20) ImL/min
3h Chiral IA column Hexane/i-PrOH(80/20) ImL/min
3i Chiral AD-H column | Hexane/i-PrOH(80/20) ImL/min
3j Chiral AD-H column | Hexane/i-PrOH(80/20) ImL/min
3k Chiral AD-H column | Hexane/i-PrOH(90/10) ImL/min
31 Chiral AD-H column | Hexane/i-PrOH(90/10) ImL/min
3m Chiral AD-H column | Hexane/i-PrOH(80/20) ImL/min
3n Chiral AD-H column | Hexane/i-PrOH(80/20) ImL/min
30 Chiral AD-H column | Hexane/i-PrOH(80/20) ImL/min
3p Chiral AD-H column Hexane/i-PrOH(80/20) ImL/min
3q Chiral AD-H column Hexane/i-PrOH(80/20) ImL/min
3r Chiral AD-H column Hexane/i-PrOH(80/20) ImL/min
3s Chiral OD column Hexane/i-PrOH(97/3) ImL/min
3t Chiral AD-H column | Hexane/i-PrOH(80/20) ImL/min
3u Chiral AD-H column | Hexane/i-PrOH(85/15) ImL/min
3v Chiral AS column Hexane/i-PrOH(80/20) ImL/min
3w Chiral IC column Hexane/i-PrOH(70/30) ImL/min
3x Chiral IC column Hexane/i-PrOH(70/30) ImL/min
4 Chiral AD-H column | Hexane/i-PrOH(80/20) ImL/min

S57




00 = = = = = = m e mm e e e - - 100
©
racemate /F\ ©
\‘ /\\
i) 504 50 @
S / \\ /'/ \\\ $
s/’ \\ // \\
/ v \ / \
2 \x_lhi
0—%{777:—777 — Fo
é ‘ é ‘ 1‘0 ‘ 1‘2 ‘ 1‘4 1‘6 1‘8 2‘0
Minutes
UV1000-254nm
Results
Retention time Area Area% Height Height%
11.615 3511714 51.619 81917 58.094
15.115 3162135 48.381 59091 41.906
Totals 6673849 100.000 141008 100.000
20 - 20
&
chiral ‘; i
" 10 ,,‘" \ 10 "
s /) E
] /o 5 s
// ‘ E
0 —_ﬁ—’\_’# Lo
\
6 ‘ 8 ‘ 0 12 14 16 18 20
Minutes
UV1000-254nm
Results
Retention time Area Area% Height Height%
11.605 624930 93.164 14498 94.740
15.107 45854 6.836 805 5.260
Totals 670784 100.000 15303 100.000

S58



Volts

100 q— ——mm o m o m 100

racemate

50

50

Volts

-0
s 6 10 12 14 16 18 20 22
Minutes
UV1000-254nm
Results
Retention time Area Area% Height Height%
12.232 3478882 49.563 81338 50.779
14.367 3540268 50.437 78841 49.221
Totals 7019150 100.000 160179 100.000
100 F 100
N
, N
. / \\ )
Y chiral /o < B
2 50 /"‘ \ p\ L 50 S
/o /)
0 = ———— Lo
6 10 ‘ 12 ‘ 14 ‘ 16
Minutes
UV1000-254nm
Results
Retention time Area Area% Height Height%
11.553 3913892 60.655 87332 60.187
13.772 2538857 39.345 57770 39.813
Totals 6452749 100.000 145102 100.000

S59



Volts

401 - 40
racemate 0 8 g
@ ~ 2
20 2 - L 20 3
s’/\\
B //\ \ /” \\\ -
0+ //\J/ i\l\ Fo
é é 1‘0 1‘2 ‘ 1‘4 ‘ 1‘6 ‘ 1‘8 ‘ 26 2‘2 2‘4 2‘6
Minutes
UV1000-254nm
Results
Retention time Area Area% Height Height%
15.365 835001 48.351 14847 45.783
17.388 891960 51.649 17582 54.217
Totals 1726961 100.000 32429 100.000
300 - 300
] chiral 1
. 200 & L2000
= < =
S 1 & b S
1001 " g - 100
1 © b
0 JJ%'/\—L'N T T 7o
6 8 10 12 14 16 18 20 22 24
Minutes
UV1000-254nm
Results
Retention time Area Area% Height Height%
13.943 5624287 86.516 94138 84.000
16.548 876577 13.484 17931 16.000
Totals 6500864 100.000 112069 100.000

S60



L e i e - 100

\
racemate / \ 2
@ 504 ﬂ‘ | ~ +50 P
3 [ - 2
/ \ /\\
J/ w0 | \
/ ‘(E \\ \
ol = \ / p Lo
4‘1 é 1‘0 1‘4 16 1‘8 2‘0 2‘2
UV1000-254nm
Results
Retention time Area Area% Height Height%
10.125 2846357 52.301 76010 67.855
17.573 2595944 47.699 36008 32.145
Totals 5442301 100.000 112018 100.000
300 8 I 300
S
4 9 L
5 2004 f\ r200
= | chiral / ]\ g s
100 L S 100
0
O q T T T T T T O
6 8 12 18 20 22 24
UV1000-254nm
Results
Retention time Area Area% Height Height%
10.095 7824474 88.836 212101 93.345
17.540 983311 11.164 15121 6.655
Totals 8807785 100.000 227222 100.000




40 40
v
>
] S w i
racemate " e
.20 A - 20 .
] J," \ Fa\ s
R [\ /o [
/ \
0 )
6 8 10 12 4 16 18 20 22
Minutes
UV1000-254nm
Results
Retention time Area Area% Height Height%
10.915 1109496 50.985 24302 59.385
15.518 1066629 49.015 16621 40.615
Totals 2176125 100.000 40923 100.000
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Results
Retention time Area Area% Height Height%
11.723 80063 92.892 3014 91.030
16.780 8023 7.108 297 8.970
Totals 88086 100.000 3311 100.000
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Results
Retention time Area Area% Height Height%
13.220 2116708 50.054 103732 53.319
15.095 2112153 49.946 90819 46.681
Totals 4228861 100.000 194551 100.000
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Results
Retention time Area Area% Height Height%
13.205 6371168 83.052 310710 84.560
15.107 1300123 16.948 56735 15.440
Totals 7671291 100.000 367445 100.000
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Results
Retention time Area Area% Height Height%
23.570 481398 50.198 4017 50.541
27.660 440848 49.802 3931 49.459
Totals 922246 100.000 7948 100.000
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Results

Retention time Area Area% Height Height%
23.012 2240764 81.162 16854 77.948
27.133 520089 18.838 4768 22.052
Totals 2760853 100.000 21622 100.000
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Results
Retention time Area Area% Height Height%
10.357 1311490 50.706 59075 54.033
12.400 1274969 49.294 50257 45.967
Totals 2586459 100.000 109332 100.000
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Results
Retention time Area Area% Height Height%
10.193 12508331 94.800 436148 93.385
12.300 686111 5.200 30894 6.615
Totals 13194442 100.000 467042 100.000
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Results
Retention time Area Area% Height Height%
12.355 2289632 50.472 44256 59.232
16.238 2246833 49.528 30460 40.768
Totals 4536465 100.000 | 74716 | 100.000
75 ‘/’A\\ 75
i
50 ] : [ ro
chiral [ N 3
/ N
25| / \ o 25
~ -
SN
0 i N | AL Lo
6 é 1‘0 ‘ 1‘2 1‘4 ‘ 1‘6 ‘ 1‘8 26 2‘2
Minutes
UV1000-254nm
Results
Retention time Area Area% Height Height%
12.127 4554744 92.743 85272 91.858
15.922 492464 7.257 7558 8.142
Totals 5047208 100.000 92830 100.000
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Results
Retention time Area Area% Height Height%
10.025 4802543 50.212 111395 49.663
11.762 4761983 49.788 112909 50.337
Totals 9564526 100.000 224304 100.000
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Results
Retention time Area Area% Height Height%
9.952 3093973 84.494 72078 83.061
11.657 567811 15.506 14699 16.939
Totals 3661784 100.000 86777 100.000
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Retention time Area Area% Height Height%
9.667 1557386 50.361 45257 58.701
11.252 1535058 49.639 31840 41.299
Totals 3092444 100.000 77097 100.000
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Results
Retention time Area Area% Height Height%
9.715 889670 96.153 24760 93.973
11.300 35595 3.847 1588 6.027
Totals 925265 100.000 26348 100.000
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Results
Retention time Area Area% Height Height%
10.347 3363518 50.287 70440 52.422
12.803 3325166 49.713 63932 47.578
Totals 6688684 100.000 134372 100.000
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Results
Retention time Area Area% Height Height%
10.085 7743223 87.302 179735 87.037
12.517 1229051 12.698 26770 12.963
Totals 8972274 100.000 206505 100.000
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Results
Retention time Area Area% Height Height%
12.593 1891611 53.651 39036 61.777
16.715 1634150 46.349 24153 38.223
Totals 3525761 100.000 63189 100.000
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Results
Retention time Area Area% Height Height%
12.103 15010420 92.910 200990 91.596
15.695 1215307 7.090 18442 8.404
Totals 16225727 100.000 219432 100.000
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Results
Retention time Area Area% Height Height%
6.595 2030295 50.656 103559 57.697
8.450 1977749 49.344 75929 42.303
Totals 4008044 100.000 179488 100.000
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Results
Retention time Area Area% Height Height%
6.460 7750194 75.132 407969 78.958
8.167 2704346 24.868 108723 21.042
Totals 10454540 100.000 516692 100.000
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Retention time Area Area% Height Height%
10.167 1236643 50.048 31933 58.602
14.005 1234248 49.952 22558 41.398
Totals 2470891 100.000 54491 100.000
400 = = = mmmmm e e oo - 400
] g i
1 ™
£ 200+ chiral e F200 £
> >
N
/ ©
/o Y
0 ’y‘f—j/* — %{g‘—/\"%’ 0
6 8 10 12 14 16 18 20 22
Minutes
UV1000-254nm
Results
Retention time Area Area% Height Height%
10.397 6885792 95.355 160258 94.572
14.698 411981 4.645 9198 5.428
Totals 7297773 100.000 169456 100.000
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Retention time Area Area% Height Height%
10.602 8337152 51.863 208848 53.246
13.203 7738133 48.137 183382 46.754
Totals 16075285 100.000 392230 100.000
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Retention time Area Area% Height Height%
10.593 17866467 87.427 423847 86.630
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Totals 20482775 100.000 489261 100.000
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Retention time Area Area% Height Height%
18.750 2366396 50.853 29257 60.349
26.627 2286969 49.147 19223 39.651
Totals 4653365 100.000 48480 100.000
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Retention time Area Area% Height Height%
18.635 758989 93.423 5685 89.485
26.337 53433 6.577 668 10.515
Totals 563823 100.000 6353 100.000
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Results
Retention time Area Area% Height Height%
12.887 702389 51.824 10088 64.288
19.572 652946 48.176 5604 35.712
Totals 1355335 100.000 15692 100.000
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Retention time Area Area% Height Height%
12.845 18548420 89.760 292276 92.580
19.637 2138312 10.240 23426 7.420
Totals 20686732 100.000 315702 100.000
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Results
Retention time Area Area% Height Height%
51.410 940146 49.265 8696 52.153
55.472 968215 50.735 7978 47.847
Totals 1908361 100.000 16674 100.000
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Retention time Area Area% Height Height%
50.625 330517 7.203 3772 11.641
53.833 3698573 92.797 28630 88.359
Totals 4029090 100.000 | 32402 | 100.000
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12.393 347220 52.715 4570 68.280
19.770 311454 47.285 2123 31.720
Totals 658674 100.000 6693 100.000
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Retention time Area Area% Height Height%
11.803 15247819 89.637 295304 92.781
17.203 1954738 10.363 22977 7.219
Totals 17202557 100.000 318281 100.000
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Retention time Area Area% Height Height%
16.472 2300410 51.529 28901 78.700
27.458 2163891 48.471 7822 21.300
Totals 4464301 100.000 36723 100.000
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Results
Retention time Area Area% Height Height%
17.393 10703041 92.332 125140 96.263
29.277 888810 7.668 4858 3.737
Totals 11591851 100.000 129998 100.000
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Retention time Area Area% Height Height%
37.418 4852518 51.837 19434 66.014
66.502 4508590 48.163 10005 33.986
Totals 9361108 100.000 29439 100.000
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Retention time Area Area% Height Height%
34.058 9013161 90.889 18201 94.610
60.155 903555 9.111 1037 5.390
Totals 9916716 100.000 19238 100.000
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Retention time Area Area% Height Height%
18.420 5143432 43.810 117607 47912
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Totals 11740355 100.000 245463 100.000
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Retention time Area Area% Height Height%
18.425 538224 16.127 13166 20.293
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35.970 84790 2.541 1099 1.694
37.848 285069 8.541 2425 3.738
Totals 3337387 100.000 64881 100.000
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Retention time Area Area% Height Height%
7.483 829196 49.748 49955 61.700
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15.742 29646 1.778 1385 1.711
Totals 1666806 100.000 80965 100.000
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Totals 144882 100.000 5361 100.000
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5.027 366326 49.778 34067 52.726
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Totals 735923 100.000 64611 100.000
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Retention time Area Area% Height Height%
5.557 911009 51.838 62730 52.100
6.447 846407 48.162 57673 47.900
Totals 1687362 100.000 120403 100.000
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