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1. General remarks

IH NMR spectra were recorded on Bruker ASCENDTM 400M (400 MHz) and ASCENDTM 600M (600 MHz). Chemical shifts were
reported in ppm from tetramethylsilane with the solvent resonance as the internal standard (CDCls, & = 7.26, acetone-ds, d = 2.05,
DMSO-ds, 8 = 2.50). Spectra were reported as follows: chemical shift (& ppm), multiplicity (s = singlet, d = doublet, t = triplet, q = quartet,
m = multiplet, dd = doublet of doublets, dt = doublet of triplets), coupling constants (Hz), integration and assignment. **C{*H} NMR
spectra were collected on ASCENDTM 400M (101 MHz) and ASCENDTM 600M (153 MHz) with complete proton decoupling. Chemical
shifts are reported in ppm from the tetramethylsilane with the solvent resonance as internal standard (CDCls, 6 = 77.0, acetone-ds, 6 =
29.8, 206.1, DMSO-ds, & = 39.5). °F{*H} NMR spectra were collected on ASCENDTM 400M (376 MHz) with complete proton
decoupling. HRMS was recorded on a commercial apparatus (ESI Source). Enantiomeric excesses (ee) were determined by HPLC
analysis using the corresponding commercial chiral column as stated in the experimental procedures at 23 °C. Optical rotations were
measured on Rudolph Research Analytic Automatic Polarimeter and reported as follows: [a]o' (c g/100 mL, in solvent). Infrared spectra
(IR) were recorded on Bruker Tensor |l spectrometer with Plantium ATR accessory and the peaks were reported as absorption maxima
(v, cm™). Circular dichroism spectra (CD) were recorded on Applied Photophysics Chirascan. X-ray crystallographic data were collected
by a Bruker D8 Venture Photon Il. Unless otherwise indicated, reagents obtained from commercial sources were used without further
purification. Solvents were dried and distilled prior to use according to the standard methods. The size of typical stirring bar for the
catalytic asymmetric reaction was 10 mm x 5 mm (Length x Diameter), for gram scale synthesis was 50 mm x 16 mm (Length x
Diameter). The size of typical reaction tube was 130 mm x 17 mm (Length x Diameter). The 100 mL round-bottom flask for gram scale
synthesis was purchased from Synthware Glass and the number was F309100. The chiral N,N'-dioxide ligands were synthesized by
the same procedure in the literature.*

2. Synthesis of substrates and Ls-TQ-(S)-EPh

2.1 General procedure for the synthesis of a-bromo hydrazone derivatives

Br Br.
NH,NH, H,0 X H R!
R's0,ClI R'SO,NHNH, + X B E—— X - g7
2 THF, Ny, 0°C 2T el © " EYo, 12h rell NS,
= 0°Ctort. =

To a solution of sulfonyl chloride derivative (10.0 mmol, 1.0 equiv) at 0 °C in THF was slowly added hydrazine hydrate (12.0 mmol, 1.2
equiv) and stirred for 4 h. The mixture was filtered to provide hydrazine derivative.

To a solution of hydrazine derivative (10.0 mmol, 1.0 equiv) in cold (ice-water bath) Et,O was added substituted a-bromo acetophenone
(121.0 mmol, 1.1 equiv). The mixture was allowed to stir at room temperature for 12 h, filtered, rinsed with cold (ice-water bath) Et,O (3
x 10 mL) to give the crude product. Then, it was recrystallized using CH,CI, as positive solvent while PE as negative one. After that it
was filtered to give a-bromo hydrazone as white powder.

2.2 General procedure for the synthesis of oxindole 3-pyridinium salt?

o) NNHTs N,
N p-TsNHNH AN NaOH AN
R2:- o) _—_— R2— O T I R (0]
LN MeOH, 65 °C, 6 h L~ H,0,50°C, 6 h LA~

\R1 }Q1 \R1

X X Py+
HX X pyridine AN
e o =0 < )=
-10°C,6h — N EtOAc, r.t., 24 h = N

\
R! \R1

The corresponding isatin (20.0 mmol, 1.0 equiv) was suspended in CH3OH (80 mL) at 65 °C. p-Toluenesulfonylhydrazine (22.0 mmaol,
1.1 equiv) was added in one portion and the reaction mixture was refluxed until massive precipitates generated. The reaction mixture
was concentrated to half of its volume and cooled to 0 — 5 °C. The precipitated mixture of (Z)/(E)-isomers of isatin p-tosylhydrazone
was filtered off and washed with cold CH3;OH.

The corresponding isatin p-tosylhydrazone (17.2 mmol, 1.0 equiv) was suspended in water (10 mL per each 1 mmol of p-tosylhydrazone)
and 10% aqueous NaOH (4.5 mmol per each 1 mmol of tosylhyrazone, 4.5 equiv) was added in one portion. The suspension was
stirred at 50 °C until dissolution of all solid material accompanied by a change of the solution color to orange for approximately 12 hours
(monitored by TLC; SiO; plates, PE/EtOAc = 2:1, v/v). Then, the reaction mixture was cooled and extracted with EtOAc (3 x 75 mL).
The combined organic layers were washed with water (50 mL), dried with anhydrous Na,SO, and evaporated.



The corresponding well-grinded diazooxindole (15.8 mmol, 1.0 equiv) was added in small portions to a stirred cold (-10 °C) aqueous
HX (40.0 equiv) solution until the nitrogen emission ceased. Then, the reaction mixture was stirred for next 12 hours at room temperature
to complete the reaction. The final suspension was filtered and washed with water until pH of the filtrate got neutral and the solid residue
was dried to provide 3-halo-indolin-2-one.

A solution of 3-halo-indolin-2-one (10 mmol, 1.0 equiv) and pyridine (13 mmol, 1.3 equiv) in anhydrous EtOAc (20 mL) was stirred at
room temperature for 24 h. The reaction mixture was directly filtered to collect the solid B. Then, it was recrystallized using MeOH as
positive solvent while EtOAc as negative one. After that it was filtered to give oxindole 3-pyridinium salt B.

2.3 General procedure for the synthesis of L3-TQ-(S)-EPh

o}
oo §
CO,H Ph N ) TFA
LR, T

Boc H,NT EtzN, CH,Clyp, 0 °C to rit. N\BOC 2)2 M NaOH

o Ph
u) B " pr m-CPBA, K,CO5

_— _— s\

NH K,CO3, CH5CN CH,Cl,, -78 °C I

reflux

L;-TQ-(S)-EPh

To a solution of (S)-Boc-tetrahydroisoquinoline-3-carboxylic acid (2.77 g, 10.0 mmol) in DCM (20 mL) was added EtsN (1.67 mL, 12.0
mmol), isobutyl carbonochloridate (1.52 mL, 12.0 mmol). It was allowed to stir at O °C for 25 minutes, and then (S)-1-phenylethan-1-
amine (1.54 mL, 12.0 mmol) was added. The reaction was allowed to warm up to room temperature and monitored by TLC (R;= 0.3,
SiO; plates, PE/EtOAc = 1:1, v/v). After 48 h, the mixture was washed with 1 M KHSO, solution, saturated NaHCO3 solution, brine,
dried over anhydrous Na,SO.. After filtration, the mixture was concentrated, and the residue was used in the next step without other
purification.

The residue in CH,Cl, (20 mL) was added TFA (10 mL) at O °C. The reaction was allowed to warm up to room temperature and stirred
for 1 h. The reaction was diluted with CH,Cl, (20 mL). The pH value of the mixture was brought into the range of 10-12 by the addition
of 2 M NaOH solution at 0 °C. The aqueous phase was extracted with CH,Cl, (3 x 20 mL). The combined organic phase was washed
with brine, dried over anhydrous Na,SO4 and evaporated in vacuo. The residue was subjected to flash column chromatography on
silica gel and eluted with EtOAc to afford the product Ill (2.47 g, 8.82 mmol) as a white solid.

To a solution of compound Il (2.47 g, 8.82 mmol) in CH3CN (4 mL) was added K,COs (3.64 g, 26.4 mmol) and 1,3-dibromopropane
(450 pL, 4.41 mmol). It was kept refluxing for 10 h. Then, K.CO3; was removed by filtration and washed by CH,Cl,. The filtrate was
concentrated and was subjected to flash column chromatography on silica gel (Eluent: PE/EtOAc = 1:1 — 1:2, v/v) to give the product
IV (1.72 g, 2.87 mmol) as a white solid.

To a solution of compound IV (0.60 g, 1.0 mmol) in CH,Cl, (10 mL) was slowly added mixed solid of m-CPBA (0.345 g, 2.0 mmol) and
K>COs3 (0.276 g, 2.0 mmol) at -78 °C. The reaction mixture was stirred at -78 °C for 0.5 h. Then the reaction was quenched with H,O
(20 mL). The aqueous phase was extracted with CH>Cl, (3 x 20 mL). The combined organic phase was washed with brine, dried over
anhydrous Na,SO4 and evaporated in vacuo. The residue was subjected to flash column chromatography on silica gel (Eluent:
EtOAc/MeOH = 10:1 — 8:1, v/v) to afford Ls-TQ-(S)-EPh (0.27 g, 0.43 mmol, 24% yield over four steps) as a white solid. (Note: The
solvent was evaporated in vacuo at 20 °C and the L3-TQ-(S)-EPh was stored at —20 °C.)

3. Typical procedure for the catalytic asymmetric reaction

3.1 General procedure for the synthesis of chiral products

- +

Br Py Ls-TQ-(S)-EPh/Pr(OTf),
Br (1:1.2, 10 mol%)
H +
> N o CH,Cl,, K,HPO,, -40 °C
P N7 s N N 96
H
A1 B1

A dry reaction tube was charged with Pr(OTf)s (12 mol%, 7.1 mg), L3-TQ-(S)-EPh (10 mol%, 6.3 mg), then, THF (1.0 mL) was added.
The mixture was stirred at 30 °C for 2 h. The resulting mixture was concentrated under reduced pressure. Then to this very tube was
added a-bromo hydrazone Al (0.10 mmol), oxindole 3-pyridinium salt B1 (0.11 mmol) and K;HPO, (0.45 mmol, 4.5 equiv) with CH,Cl,



(1 mL). It was allowed to stir at -40 °C for 96 h under nitrogen. The reaction process was monitored by TLC (R; = 0.3, SiO; plates,
PE/EtOAc = 3:2, v/v). The residue was purified by flash chromatography on silica gel (Eluent: PE/EtOAc = 2:1, v/v) to afford the chiral
products C1 as light yellow solid.

3.2 General procedure for the synthesis of racemic products

_ + N Ph
Br Br Py TS\N/ ~
H +
NWLN 0 CH,Cl,, K,HPO,, 30 °C o
Ph” N7 O Ts N 48 h
B N
H
A1 B1 Cc1

A dry reaction tube was charged with a-bromo hydrazone A1 (0.10 mmol), oxindole 3-pyridinium salt B1 (0.10 mmol) and K;HPO4 (0.30
mmol, 3.0 equiv). Then, CH,Cl, (1.0 mL) was added and the mixture was allowed to stir at 30 °C for 48 h. The residue was purified by
flash chromatography on silica gel (Eluent: PE/EtOAc = 2:1, v/v) to afford the racemic product C1.

4. Examination of C;synthons

. Ne Ph
Br Br C~N
N 0]
Ph N™ TAc N CHCl3, K,CO4 N
H N,, 30 °C, 48 h H
A c
no reaction
/N\ Ph E
Br Br Ls-PrEt,/Sc(OTf); A\ :
j\ y (1:1, 10 mol%) 2 ;
X N + o] o '
Ph N MAc N CHCl3, K,CO4 N 5
H Ny, 30 °C, 48 h H :
c .
A : L3-PrEty: R = 2,6-Et,CgHg
no reaction

A dry reaction tube was charged with a-bromo hydrazone A (0.10 mmol), 3-bromooxindole (0.10 mmol) and K,COj3; (0.30 mmol, 3.0
equiv). Then, CHCI; (1.0 mL) was added and the mixture was allowed to stir under N, at 30 °C for 48 h. The reaction process was
monitored by TLC (R = 0.3, SiO; plates, PE/EtOAc = 3:2, v/v).

5. Optimization of reaction conditions
5.1 Screening of the metal salt

- +

Br Py L3-PrEty/metal salt

Brj\ ] . (1:1, 10 mol%) E O N_v\\\_‘N o
S N >—o0 CHCly, K,COj, 30 °C ) SN
Ph™ N7 T Ts N N,, 48 h i N—H H—N
H | R R
A1 B1 c1 : L3-PrEty: R = 2,6-Et,C¢H3
Entry? Metal salt Yield (%)° ee (%)°
1 Mg(OT), 84 0
2 Sc(OTf)s 85 4
3 Cu(OTf), 87 1
4 Y(OTf)s 83 8
5 La(OTf)s 80 10
6 Ce(OTf)s 84 13
7 Pr(OTf)s 84 20
8 Nd(OTf)s 87 10



9 PmM(OTf)s 99 13

10 Eu(OTf)s 86 16
11 Gd(OTf)s 83 4
12 Th(OTf)s 82 12
13 Dy(OTf)s 74 20
14 Ho(OTf)s 73 16
15 Er(OTf)s 66 10
16 Tm(OTH)s 87 10
17 Yb(OT)s 92 8
18 Lu(OTf)s 80 6

a Unless otherwise noted, all reactions were carried out with Ls-PrEt2/metal salt (1:1, 10
mol%), A1 (0.10 mmol), B1 (0.10 mmol) and K,COj3 (0.30 mmol, 3.0 equiv) in CHCI; (1.0
mL) at 30 °C under nitrogen for 48 h. ® Isolated yield. ¢ Determined by HPLC analysis on
a chiral stationary phase.

5.2 Screening of the N,N’-dioxide ligands

- +

Br Br Py ligand/Pr(OTf);
(1:1, 10 mol%)
H +
> UNC 0 CHClg, K,CO3, 30 °C
Ph N Ts N N,, 48 h
H
A1 B1

L;-RaPr,: R = 2,6-Pr,CgHz, n =1 L3-PrMe;: R = 2,6-Me,CgHs, n = 1

L;-RaEty: R = 2,6-Et,CgH3, n = 1 L3-PiMe,: R = 2,6-Me,CgHj, n =2 L;-TQ-(S)-EPh: R = (S)-2-
L3-PrEt,: R = 2,6-Et,CgHg, n = 1 phenylethyl
L3-PiEt,: R = 2,6-EtyCgHg, n = 2 Ly-TQPr: R = "Pr
L3-PrPry: R = 2,6-'PryCgHs3, n = 1 Ls-TQPr: R ='Pr

L3-PiPry: R = 2,6-Pr,CgHs, n = 2 L,-TQ'Bu: R = Bu

L3-TQcP: R = cyclopropyl
L3-TQcH: R = cyclohexyl
L3-TQAd: R = 1-adamantyl
L3-TQCHPhy: R = Ph,CH
L,-TQAd: R = 1-adamantyl

L3-PePry: R = 2,6-Pr,CqHj, L3-TQEt,: R = 2,6-Et,CqH3
Entry? Ligand Yield (%) ee (%)°
1 L3-PrMez 78 12
2 L3-PrEtz 83 20
3 L3-PrPr2 80 6
4 L3-PiMe2 75 10
5 L3-PiEt> 70 6
6 L3-PiPr2 68 6
7 Ls-RaEt2 88 7
8 Ls-RaPr: 89 4
9 Ls-PePr2 62 4
10 Ls-TQ-(S)-EPh 83 44
11 Ls-TQEt, 86 21
12 Ls-TQ"Pr 84 20
13 Ls-TQ'Pr 83 20
14 Ls-TQ'Bu 92 22
15 L3-TQcP 77 22
16 L3-TQcH 72 28
17 L3-TQAd 80 44



18 L3-TQCHPh: 87 5

19 L>-TQAd 68 8
a Unless otherwise noted, all reactions were carried out with ligand/Pr(OTf)s (1:1, 10
mol%), Al (0.10 mmol), B1 (0.10 mmol) and K>COj3 (0.30 mmol, 3.0 equiv) in CHClI; (1.0
mL) at 30 °C under nitrogen for 48 h. ® Isolated yield. ¢ Determined by HPLC analysis on
a chiral stationary phase.

5.3 Screening of the solvent

- +

Br Br Py L3-TQ-(S)-EPh/Pr(OTf), |
(1:1, 10 mol%) i
H + !
x UN_ o solvent, K,CO3, 30 °C E
Ph™ N7 TTs N N,, 48 h ;
H |
A1l B1 c1 L3-TQ-(S)-EPh: R = (S)-2-phenylethyl
Entry? Solvent Yield (%)° ee (%)°
1 CH,Cl, 90 54
2 THF 90 38
3 Et,O 26 40
4 toluene 44 race
5 MeOH 87 race
6 HCO,Et 91 6
7 1,2-DCE 88 52
8 1,1,2-TCE 90 50
9 1,1,2,2-TCE 85 52
10 chlorobenzene 80 40

a Unless otherwise noted, all reactions were carried out with Ls-TQ-(S)-EPh/Pr(OTf);
(1:1, 10 mol%), A1 (0.10 mmol), B1 (0.20 mmol) and K>,COs3 (0.30 mmol, 3.0 equiv) in
solvent (1.0 mL) at 30 °C under nitrogen for 48 h. ® Isolated yield. ¢ Determined by HPLC
analysis on a chiral stationary phase.

5.4 Screening of the base

Br Br Py L3-TQ-(S)-EPh/Pr(OTf),
(1:1, 10 mol%)
j\\ /H\ ’ ©E/<:O CH,Cl,, base, 30 °C
Ph N Ts N N,, 48 h
H
A1 B1
Entry? Base Yield (%) ee (%)°

1 Li,CO3 85 60
2 Na,COs 91 46
3 Cs,COs 79 48
4 BaCO; 70 10
5 NaHCO;3; 75 30
6 KHCO3 73 4
7 KoHPO, 93 60
8 K3sPO,4 79 48
9 NasPO, 83 10
10 NazHPO, 89 48
11 NaOH 61 26
12 KOH 68 18
13 EtsN 84 race
14 EtONa 51 race
15 HCOONa 48 race
16 DMAP no reaction -



17 PrNH, 35 race

18 DABCO 30 race
19 KO'Bu no reaction -
20 NaNH; 85 race

a Unless otherwise noted, all reactions were carried out with Ls-TQ-(S)-EPh/Pr(OTf);
(2:1, 10 mol%), A1 (0.10 mmol), B1 (0.10 mmol) and base (0.30 mmol, 3.0 equiv) in
CH,ClI, (1.0 mL) at 30 °C under nitrogen for 48 h. ° Isolated yield. ¢ Determined by HPLC
analysis on a chiral stationary phase.

5.5 Screening of the additive

Br Br Py L3-TQ-(S)-EPh/Pr(OTf),
(1:1, 10 mol%)
j\\ /H\ * 0 CH,Cly, K;HPO,, 30 °C
Ph N Ts N additive
H Ny, 48 h
A1 B1
Entry? Additive Loading (mg) Yield (%)° ee (%)°
1 3AMS 20 82 2
2 4A MS 20 80 8
3 5A MS 20 85 27
4 LiCl 4.2 82 5
5 LiBF4 9.4 70 race
6 LiNTf, 2.9 71 61
7 NaBAr, 9 84 60

a Unless otherwise noted, all reactions were carried out with Ls-TQ-(S)-EPh/Pr(OTf);
(1:1, 10 mol%), A1 (0.10 mmol), B1 (0.20 mmol) and K;HPO4 (0.30 mmol, 3.0 equiv) with
additive in CH,Cl, (1.0 mL) at 30 °C under nitrogen for 48 h. ? Isolated yield. ¢ Determined
by HPLC analysis on a chiral stationary phase.

5.6 Screening of the reaction temperature

Br Br Py L;-TQ-(S)-EPh/Pr(OTf),
(1:1, 10 mol%)
j\\ /H\ ' %o CH,Cl,, K,HPO,, T °C
Ph N Ts N Ny, 48 h
H
A1 B1
Entry? T (°C) Yield (%) ee (%)°
1 20 92 68
2 10 90 74
3 0 91 76
4 -10 95 76
5 -20 95 76
6 -30 74 82
7 -35 69 82
8 -40 52 88
9 -45 49 83
10 -50 49 80
11 -55 42 73
124 -40 69 88
13de -40 72 88
149ef -40 74 90

a Unless otherwise noted, all reactions were carried out with Ls-TQ-(S)-EPh/Pr(OTf);
(1:1, 10 mol%), A1 (0.20 mmol), B1 (0.10 mmol) and KHPO,4 (0.30 mmol, 3.0 equiv) in
CH,Cl, (1.0 mL) at T °C under nitrogen for 48 h. ° Isolated yield. ¢ Determined by HPLC
analysis on a chiral stationary phase. ¢ Reaction time was 96 h. ©0.11 mmol B1 was
used. The ratio of Ls-TQ-(S)-EPh/Pr(OTf); was 1:1.2 (10 mol%).



5.7 Screening of the base ratio

Br Br Py L3-TQ-(S)-EPh/Pr(OTH),
(1:1.2, 10 mol%)
H +
X, N O CH,Cl,, K,HPO, (X equiv)
Ph™ N s N -40 °C, Ny, 96 h
A1 B1
Entry? X (equiv) Yield (%)° ee (%)°
1 2.0 37 86
2 25 46 90
3 35 84 89
4 4.0 89 90
5 4.5 90 90
6 5.0 90 90

a Unless otherwise noted, all reactions were carried out with Ls-TQ-(S)-EPh/Pr(OTf);
(1:1.2, 10 mol%), A1 (0.10 mmol), B1 (0.11 mmol) and K-HPO, (X equiv) in CH.Cl, (1.0
mL) at -40 °C under nitrogen for 96 h. ® Isolated yield. ¢ Determined by HPLC analysis on
a chiral stationary phase.

5.8 Screening of the catalyst loading

Br Br Py L3-TQ-(S)-EPh/Pr(OTf),
j\ ©E$: (1:1.2, X mol%)
H +
~ N o CH,Cl,, K,HPO,, -40 °C
Ph N Ts N Ny, 96 h
H
A1 B1
Entry® X (mol%) Yield (%)° ee (%)°
1 1 59 71
2 2 73 78
3 5 92 87
4 10 90 90
5 20 93 90

a Unless otherwise noted, all reactions were carried out with Ls-TQ-(S)-EPh/Pr(OTf);
(1:1.2, X mol%), A1 (0.20 mmol), B1 (0.11 mmol) and K;HPO4 (0.45 mmol, 4.5 equiv) in
CH,Cl, (1.0 mL) at -40 °C under nitrogen for 96 h. ° Isolated yield. ¢ Determined by HPLC
analysis on a chiral stationary phase.

5.9 Screening of other ligands

Br Br Py ligand/Pr(OTf),
(1:1.2, 10 mol%)
H +
~ N o CH,Cl,, K,HPO,, -40 °C
Ph N Ts N N,, 96 h
H
A1 B1

OO OH
P OO ’
| —
0o \ o)

o O
o



Entry? Ligand Yield (%)° ee (%)°

1 L1 31 -17
2 Lo 28 18
3 Ls 19 2

4 L4 20 -35

a Unless otherwise noted, all reactions were carried out with ligand/Pr(OTf); (1:1.2, 10
mol%), Al (0.10 mmol), B1 (0.11 mmol) and K;HPO, (0.45 mmol, 4.5 equiv) in CH.Cl,
(1.0 mL) at -40 °C under nitrogen for 96 h.  Isolated yield. ¢ Determined by HPLC analysis
on a chiral stationary phase.

6. Typical procedure for the gram scale synthesis of product C5

Cl
Br Br Py L3-TQ-(S)-EPh/Pr(OTf),
(1:1.2, 10 mol%)
H +

Ph \N/N\SOQR1 o CH,Cl,, K,HPO,, -20 °C

N Ny, 10d
R' = 4-CIC4H,
3.0 mmol 3.3 mmol
A5 B1 C5

500 r/m Stirring Rate: no reaction
800 r/m Stirring Rate: 1.05 g, 80% yield, 86% ee

A dry reaction 100 mL round-bottom flask was charged with Pr(OTf)s (12 mol%, 0.213 g), Ls-TQ-(S)-EPh (10 mol%, 0.189 g), THF (30
mL) and the mixture was stirred at 30 °C for 6 h. The resulting mixture was concentrated under reduced pressure. Substrate A5 (3.0
mmol, 1.164 g), B1 (3.3 mmol, 0.96 g) and K;HPO, (13.5 mmol, 2.352 g) were added to the flask. The reaction mixture continued
vigorously stirring (Note: 800 r/m, 500 r/m resulted in no reaction) at -20 °C for 240 h under nitrogen. The residue was purified by flash
chromatography on silica gel (Eluent: PE/EtOAc = 2:1, v/v) to afford the product C5 (80% yield, 86% ee).
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7. Transformation of C1

pyridine (0.2 equiv)

-

95°C,8h

C1

0.15 mmol 0.10 mmol

CH3sl +
DMF/H,O (10/1)
K,CO3 (2.0 equiv)
rt., 24 h
c1 D2
0.20 mmol 0.10 mmol 95% yield, 90% ee

(a) A dry reaction tube was charged with C1 (0.10 mmol), acetic anhydride (0.15 mmol), pyridine (0.2 equiv) without other solvent. The
mixture was stirred at 95 °C for 8 h. It was washed with saturated NaHCOj3 solution, brine and was extracted with EtOAc (3 x 15 mL),
and the organic phase was combined, dried over Na,SO, and concentrated in vacuo. The residue was directly purified by flash
chromatography on silica gel (Eluent: PE/EtOAc = 3:1, v/v) to afford the chiral product D1 as light yellow oil.

(b) A dry reaction tube was charged with C1 (0.10 mmol), CHsl (0.20 mmol), K,COs (2.0 equiv) in DMF/water (0.5 mL, v:v =10:1) and
it was stirred at room temperature for 24 h, then it was poured into icy water (20 mL), washed with brine and extracted with EtOAc (3 x
15 mL), and the organic phase was combined, dried over Na,SO4and concentrated in vacuo. The residue was directly purified by flash
chromatography on silica gel (Eluent: PE/EtOAc = 2:1, v/v) to afford the chiral product D2 as yellow oil.

8. The nonlinear effect between the ee value of the ligand Ls-TQ-(S)-EPh and the product C1

Br Py L3-TQ-(S)-EPh/Pr(OTf);
Br (1:1.2, 10 mol%)
H +
S N 0 CH,Cly, K,HPO,, -40 °C
P N7 Ts N Ny, 96 h
A1 B1
Entry? ee of L3-TQ-(S)-EPh (%) ee (%)°
1 0 0
2 20 36
3 40 77
4 60 83
5 80 88
6 100 90

a8 Unless otherwise noted, all reactions were carried out with (R/S) L3-TQ-(S)-
EPh/Pr(OTf); (1:1.2, 10 mol%), Al (0.10 mmol), B1 (0.11 mmol) and K;HPO, (0.45
mmol, 4.5 equiv) in CH.Cl, (1.0 mL) at -40 °C under nitrogen for 96 h. ® Determined by
HPLC analysis on a chiral stationary phase.

11
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A range of dry reaction tubes were charged with Pr(OTf)s (12 mol%, 7.1 mg), (R/S) Ls-TQ-(S)-EPh (10 mol%, 6.3 mg), then, THF (1.0
mL) was added. The mixtures were stirred at 30 °C for 2 h. The resulting mixtures were concentrated under reduced pressure. Then
to these tubes were added a-bromo hydrazone Al (0.10 mmol), oxindole 3-pyridinium salt B1 (0.11 mmol) and K;HPO4 (0.45 mmol,
4.5 equiv) with CH,Cl, (1 mL). They were allowed to stir at -40 °C for 96 h under nitrogen. The reaction processes were monitored by
TLC (Rf = 0.3, SiO; plates, PE/EtOAc = 3:2, v/v). The residues were purified by flash chromatography on silica gel (Eluent: PE/EtOAc

= 2:1, vIv) to afford the products C1 as light yellow solids.

9. Control experiments

9.1 Testing the background reaction

Br Py L3-TQ-(S)-EPh/Pr(OTf);
Br (1:1, 10 mol%)
H +
LN o CH,Cly, K,HPO,, 30 °C
Ph N Ts N N,, 96 h
H
A1 B1
1) 93% yield, 60% ee
2) without L3-TQ-(S)-EPh 89% yield, racemic
3) without Pr(OTf); 88% yield, racemic
4) without M/L 81% yield, racemic
(b) _ .
Br Py L3-TQ-(S)-EPh/Pr(OTf);
Br (1:1.2, 10 mol%)
H +
LN o CH,Cl,, K;HPO,, -40 °C
Ph N Ts N Ny, 96 h
H
A1 B1
1) standard conditions 90% vyield, 90% ee
2) standard conditions without L3-TQ-(S)-EPh 54% yield, racemic
3) standard conditions without Pr(OTf); 79% yield, racemic
4) standard conditions without M/L 48% yield, racemic

(a) Dry reaction tubes were charged with/without Pr(OTf)s (10 mol%, 5.9 mg), Ls-TQ-(S)-EPh (10 mol%, 6.3 mg), then, THF (1.0 mL)
was added. The mixture was stirred at 30 °C under nitrogen for 2 h. The resulting mixture was concentrated under reduced pressure.
Then to this very tube was added a-bromo hydrazone A1l (0.10 mmol), oxindole 3-pyridinium salt B1 (0.10 mmol) and K;HPO, (0.30

12



mmol, 3.0 equiv). It was allowed to stir in CH,Cl, (1 mL) at 30 °C for 48 h under nitrogen. The residue was purified by flash
chromatography on silica gel (Eluent: PE/EtOAc = 2:1, v/v) to afford the product C1 as light yellow solid.

(b) Dry reaction tubes were charged with/without Pr(OTf); (12 mol%, 7.1 mg), Ls-TQ-(S)-EPh (10 mol%, 6.3 mg), then, THF (1.0 mL)
was added. The mixture was stirred at 30 °C under nitrogen for 2 h. The resulting mixture was concentrated under reduced pressure.
Then to this very tube was added a-bromo hydrazone A1l (0.10 mmol), oxindole 3-pyridinium salt B1 (0.11 mmol) and K;HPO, (0.45
mmol, 4.5 equiv). It was allowed to stir in CH,Cl, (1 mL) at -40 °C for 96 h under nitrogen. The residue was purified by flash
chromatography on silica gel (Eluent: PE/EtOAc = 2:1, v/v) to afford the product C1 as light yellow solid.

9.2 Proving the key role of water

L3-TQ-(S)-EPh/Pr(OTf);

Br.
(1:1.2, 10 mol%)
H + o]
NN N CH,Cly, KoHPO,, -40 °C

Ph N Ts

Ls N, 96 h
A1

R3 = Me 93% yield, racemic

R3=H add 4A MS at 30 °C 80% vyield, 8% ee

R3=H add 4A MS at -40 °C no reaction

(a) Dry reaction tube was charged with Pr(OTf)s (12 mol%, 7.1 mg), Ls-TQ-(S)-EPh (10 mol%, 6.3 mg), then, THF (1.0 mL) was added.
The mixture was stirred at 30 °C for 2 h. The resulting mixture was concentrated under reduced pressure. Then to this very tube was
added a-bromo hydrazone Al (0.10 mmol), oxindole 3-pyridinium salt B2 (0.11 mmol) and K;HPO,4 (0.45 mmol, 4.5 equiv). It was
allowed to stir in CH,Cl, (1 mL) at -40 °C under nitrogen for 96 h. The residue was purified by flash chromatography on silica gel (Eluent:
PE/EtOAc = 3:1, v/v) to afford the racemic product D2 as light yellow oil.

(b) Dry reaction tube was charged with Pr(OTf)s (12 mol%, 7.1 mg), L3-TQ-(S)-EPh (10 mol%, 6.3 mg), then, THF (1.0 mL) was added.
The mixture was stirred at 30 °C for 2 h. The resulting mixture was concentrated under reduced pressure. Then to this very tube was
added a-bromo hydrazone A1 (0.10 mmol), oxindole 3-pyridinium salt B1 (0.11 mmol), K;HPO4 (0.45 mmol, 4.5 equiv) and 4A MS (20
mg). It was allowed to stir in CH,Cl, (1 mL) at -40 °C under nitrogen for 96 h. The residue was purified by flash chromatography on
silica gel (Eluent: PE/EtOAc = 2:1, v/v) to afford the product C1 as light yellow solid.

9.3 Evaluating the amount of water needed or tolerated

Br Py L3-TQ-(S)-EPh/Pr(OTf),
Br (1:1.2, 10 mol%)
H +
NWLN 0 CH,Cl,, K,HPO,, -40 °C
Ph™ NT s N H,0 (X mol%)
N, 96 h
A1 B1
Entry? X (mol%) Yield (%)° ee (%)°
1 5 91 90
2 10 90 90
3 50 89 87
4 100 85 85
5 150 85 84
6 200 88 84

a Unless otherwise noted, all reactions were carried out with Ls-TQ-(S)-EPh/Pr(OTf);
(1:1.2, 10 mol%), A1 (0.10 mmol), B1 (0.11 mmol), KzHPO4 (0.45 mmol, 4.5 equiv) and
H,0 (X mol%) in CH,Cl, (1.0 mL) at -40 °C under nitrogen for 96 h. ® Isolated yield. ¢
Determined by HPLC analysis on a chiral stationary phase.
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10. Unsuccessful substrates and screening attempt

10.1 Poor results

Br.
Br Br H H H
H H NS /N\ N /N\ N /N\
S N ~ N N Ts N Ts N Ts
Ph N Bz Ph N~ ~COOBn
Cl OMe

-20 °C : 19% yield, 73% ee
-40 °C : 4% yield, 78% ee

Br
Ny Br Br Br Br Br
NO H ~ _N H
N7 O Ts N ~ _N
~ _N ~ _N NS
N7 Ts NTTs Etooc” N7 N Ts Ph™ N 82 Br
OH

trace 40% yield, racemic 4% yield, 80% ee 6% vyield, 90% ee

trace trace trace 84% yield, 19% ee messy
Br Br Br Py’ OH o)
o G- oo G
NHBoc
H,COS N OH
messy 70% vyield, 8% ee messy messy messy
(]
©/\)J\002Me
messy

10.2 Screening of the metal salt

L3-PrEt;/metal salt

Br (1:1, 10 mol%)
H + 0
NWLN CH,Cly, K,COg, 30 °C

Ph” N7 Ts N N, 48 h
Me
A1 B2
Entry? Metal salt Yield (%)° ee (%)°
1 Sc(OTh)s 97 0
2 Mg(OTf), 96 0
3 Cu(OTf), 65 0
4 Ni(OT¥), 97 0
5 Yb(OTf)s 90 0
6 La(OTf)s 90 0
7 Ga(OTf)s 92 0
8 Lu(OTfs 93 0
9 Zn(OTf)s 60 0
10 Fe(OTf), 70 0
11 Tb(OTf)s 89 0
12 Dy(OTf)s 92 0
13 Ho(OTf)s 93 0
14 Er(OTf)s 90 0
15 Tm(OThs 92 0
16 Y(OTH)s 88 0

14



10.3 Screening of
ligands

@ Unless otherwise noted, all reactions were carried out with Ls-PrEt2/metal salt (1:1, 10
mol%), Al (0.10 mmol), B2 (0.10 mmol) and K,CO3 (0.30 mmol, 3.0 equiv) in CH.CI,
(1.0 mL) at 30 °C under nitrogen for 48 h. ? Isolated yield. ¢ Determined by HPLC analysis

on a chiral stationary phase.

Br ligand/La(OTf);
(1:1, 10 mol%)
j\\ N ' CESZO CH,Cly, K;CO3, 30 °C
Ph” N7 Ts N 2, 48 b
Me
A1 B2
Entry? Ligand Yield (%)° ee (%)°
1 L3-PiPr2 87 0
2 L3-PrPr2 66 0
3 Ls-RaPr2 84 0
4 L3-TQPr2 87 0
5 Ls-PePr2 79 0
6 L3-TQ-(S)-EPh 82 0

2 Unless otherwise noted, all reactions were carried out with ligand/La(OTf); (1:1, 10
mol%), A1 (0.10 mmol), B2 (0.10 mmol) and K,COj3 (0.30 mmol, 3.0 equiv) in CH.Cl,
(1.0 mL) at 30 °C under nitrogen for 48 h. ® Isolated yield. ¢ Determined by HPLC analysis

on a chiral stationary phase.

15

the N,N-dioxide



11. Mass spectra of key intermediates 1, 2, 3 and product C1

11.1 HRMS spectrum for the mixture of Al, B1 and K2HPO4

HKQ-113e2 #461 RT: 3.46 AV:1 NL: 4.55E6
T: FTMS + ¢ ESI Full ms [200.0000-800.0000]

1003 497.1646
o5
E Ts
eo; - |
85 \ /) N\N
so% N+ |
753 Ph
70% o
657 I’:ll
eoE intermediate 3
553 N
50% N Ph (oeH -
3 /T
] Ts ~N
a0]
35 (0]
£ N 498.1676
30§ N
®1[Cc+Hr ¢
203
155 T 434.9740
10 spagags 4309558 4433339 4472924
59 a18.1217 429.2403 437.2368 AABIN09 42027 4709365 4769513 4gp.gpg7 1873016 faoeee
s A N 1 Ty deosses O T i 030433 ) | ||
o+ e e e e e e e
42‘0 4%5 4:“]0 43‘5 41‘30 41‘15 45‘0 4&5 4é0 4é5 47‘0 4%5 4é0 4é5 4{“)0 45‘?5 5&0
m/z
HKQ-113e2 #701 RT: 5.28 AV: 1 NL: 1.01E5
T: FTMS + ¢ ESI Full ms[200.0000-800.0000]
110
100 ] 287.1463
90
80
704
4 JJ\ ~N_
603 Ph” DN Ts
50— intermediate 1
] [1+H]" 287.1824
40 T 287.1093 287.1251
307 287.0857
7 287.0494
20
10
0 T T T T T T T T T T T T T T 7 T T T T T T T T T T T T
287.06 287.08 287.10 287.12 287.14 287.16 287.18
m/z
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HKQ-113e2 #121-151 RT: 0.90-1.13 AV: 16 NL: 3.86E4
T: FTMS + ¢ ESIFull ms [200.0000-800.0000]

» 233.0681
24
23
22
21
20 / \
19; \ N/
18
17 )
16- \ O
15 N
14 N
13 intermediate 2
N [2+Na]"
11
10
9
8
7
6
5
4
3
2
1
2303.(‘)670 ‘ ‘ ‘ ‘ 233,6675 ‘ ‘ ‘ ‘ 233.6680 ‘ ‘ ‘ ‘ 233(‘)685 ‘ ‘ ‘ ‘ 233,6690 ‘ ‘ ‘ ‘ 233.6695 ‘ ‘ 233(‘)70‘
miz
12. Copies of 2D NMR
{2.37, 21.64}
{143.86}
(7100, 130000 {7.22,130.27}
{7.41, 130.45}
{7.16, 129.23} {128.14}
’ {7.70, 126.85)
13574} e— "
O {153.37}
{7.41,128.74} _
(6.69, 123.67) O ‘/_O\‘{a.m, 3.85, 46.17}
o, 122, 71.00}
N {
{6.69, 122.81} H/\
{176.06)
{6.96, 111.15}
{128.00}

{140.43} (8.81}
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HSQC:

{6.96,1 1190{4{{6496,1 11.10}

{6.69,123.67} ,16.69,122.86}
{7.16,1%9.31

L3
&
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COSY:

NOESY:
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13. X-ray crystallography data

13.1 Determination of the absolute configuration of C1 by X-ray crystallography

The colourless crystal in block-shape, with approximate dimensions of 0.271 x 0.307 x 0.339 mm?, was selected and mounted for the
single-crystal X-ray diffraction. The data set was collected by Bruker D8 Venture Photon Il diffractometer at 173(2)K equipped with
micro-focus Cu radiation source (Kq = 1.54178A). Applied with face-indexed numerical absorption correction, the structure solution was
solved and refinement was processed by SHELXTL (version 6.14) and OLEX 2.3 program package.®*¢ The structure was analyzed by
ADDSYM routine implemented in PLATON suite and no higher symmetry was suggested. 3¢
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The crystal of product C1 was obtained in the solvents of dichloromethane and petroleum ether. CCDC: 2170044.
Crystallographic Data for C46 H38 N6 O6 S2

Formula C46 H38 N6 06 S2
Formula mass (amu) 834.94
Space group P21

a(®) 8.3086 (3)

b (A) 14.1838 (5)
¢ (A) 17.5511 (6)
a (deg) 90

B (deg) 91.885 (1)

y (deg) 90

V (A3) 2067.23 (13)
Z 2
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A R) 1.54178

T (K) 173K
Prealed (9 €M) 1.341
4 (mmt) 1.641
Transmission factors 0.607, 0.743
6 max (deg) 68.384
No. of unique data, including Fo? < 0 7503
No. of unique data, with Fo? > 26(F,?) 7436
No. of variables 546
R(F) for Fo?2 > 20(Fo?) 2 0.0265
Ru(Fo?) ° 0.0692
Goodness of fit 1.051

2 R(F) = XIFol = |Fcll / X|Fol.
b Ruw(Fo?) = [S[W(Fo? — Fc?)?] I YWFA¥2; wt = [0%(Fo?) + (Ap)? + Bp], where p = [max(F.2,0) + 2F:2] / 3.

13.2 Determination of the absolute configuration of Ls-TQ-(S)-EPh/Pr(OTf)s by X-ray crystallography

The green crystal in block-shape, with approximate dimensions of 0.174 x 0.312 x 0.920 mm?, was selected and mounted for the
single-crystal X-ray diffraction. The data set was collected by Bruker D8 Venture Photon Il diffractometer at 173(2)K equipped with
micro-focus Mo radiation source (Ko = 0.71073A). Applied with face-indexed numerical absorption correction, the structure solution was
solved and refinement was processed by SHELXTL (version 6.14) and OLEX 2.3 program package.®*° The structure was analyzed by
ADDSYM routine implemented in PLATON suite and no higher symmetry was suggested.3d
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The crystal of L3-TQ-(S)-EPh/Pr(OTf); was obtained in the solvents of tetrahydrofuran and petroleum ether. CCDC: 2181783.
Crystallographic Data for C49 H62 CI6 F9 N4 O16 Pr S3

Formula C49 H62 CI6 F9 N4 O16 Pr S3
Formula mass (amu) 1583.81
Space group P21

a(A) 12.3349 (9)
b (&) 21.2246 (14)
c (A) 12.9920 (8)
a (deg) 90

B (deg) 96.692 (2)

y (deg) 90

V (A3 3378.2 (4)

z 2

AR) 0.71073

T (K) 173K

Pealed (9 €M) 1.557

2 (mmt) 1.138
Transmission factors 0.708, 1.000
6 max (deg) 27.519

No. of unique data, including F,2 <0 15417

No. of unique data, with Fo? > 20(Fo?) 14334

No. of variables 933

R(F) for Fo? > 20(Fo?) 2 0.0312
Ru(Fo2) ® 0.0751
Goodness of fit 1.051

2 R(F) = ZHFol - |Fc” / Z|Fo|-
b Ru(Fo?) = [Y[W(Fo? — F?)?] 1 SWFAY2; wt = [62(Fo?) + (Ap)? + Bp], where p = [max(F,?,0) + 2F:] / 3.
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15. Characterization for the reaction substrates

N'-(2-bromo-1-phenylethylidene)-4-methylbenzenesulfonohydrazide

A1

Synthesized according to general method 2.1.

White solid.

IH NMR (400 MHz, Chloroform-d) & 7.97 — 7.75 (m, 2H), 7.69 — 7.60 (m, 1H), 7.54 — 7.29 (m, 5H), 7.24 — 7.15 (m, 2H), 4.20 (s, 2H),
2.44 (s, 3H).

13C NMR (101 MHz, Chloroform-d) & 151.5, 135.1, 130.7, 130.3, 130.0, 129.8, 128.8, 128.1, 127.9, 127.5, 126.1, 34.1, 21.7, 19.1.
HRMS (ESI*) m/z calcd for C16H1sKN203S* ([M]-Br+OCH3+K*) = 357.0670, found 357.0668. (The bromo group would be replaced by -
OMe in MeOH)

IR (neat, cm™) 3179, 1597, 1494, 1446, 1387, 1343, 1215, 1168, 1092, 1049, 908, 873, 816, 778, 740, 701, 668, 617, 579, 548, 525.
M. p. 143 - 144 °C

N'-(2-bromo-1-phenylethylidene)benzenesulfonohydrazide

A2
Synthesized according to general method 2.1.
White solid.
'H NMR (400 MHz, Chloroform-d) & 8.12 — 7.87 (m, 3H), 7.73 — 7.46 (m, 6H), 7.45 — 7.32 (m, 2H), 4.19 (s, 2H).
13C NMR (101 MHz, Chloroform-d) & 151.8, 150.1, 138.1, 138.0, 134.4, 133.6, 133.5, 130.7, 130.4, 130.0, 129.8, 129.1, 128.8,
128.1, 127.9, 127.5, 126.2, 33.9, 19.1.
HRMS (ESI*) m/z calcd for C15H16KN2O3S* ([M]-Br+OCH3+K*) = 343.0513, found 343.0515.
IR (neat, cm™) 3214, 1447, 1392, 1347, 1165, 1087, 1001, 873, 775, 752, 722, 687, 622, 577, 529.
M. p. 143 — 146 °C

N'-(2-bromo-1-phenylethylidene)-2-chlorobenzenesulfonohydrazide

Br.

A3

Synthesized according to general method 2.1.

White solid.

IH NMR (400 MHz, Chloroform-d) & 8.72 — 7.99 (m, 2H), 7.78 — 7.31 (m, 8H), 4.25 (s, 2H).

13C NMR (101 MHz, Chloroform-d) & 152.8, 151.8, 135.7, 135.6, 134.6, 134.1, 132.8, 132.7, 131.7, 131.6, 131.5, 131.2, 130.8,
130.5, 129.9, 129.7, 128.7, 127.6, 127.5, 127.3, 126.2, 33.8, 19.0.

HRMS (ESI*) m/z calcd for Ci5H16CIE4%%8N,043S* ([M]-Br+OCH3+H*) = 339.0565, found 339.0567 and CisH16CI89%5°N,03S* ([M]-
Br+OCH3+H*) = 341.0535, found 341.0533.

IR (neat, cm) 3235, 1575, 1452, 1391, 1351, 1320, 1165, 1131, 1108, 1042, 1001, 910, 877, 756, 702, 668, 622, 581.

M. p. 114 - 117 °C

N'-(2-bromo-1-phenylethylidene)-3-chlorobenzenesulfonohydrazide

Br.
~
N® s Cl

0,

A4

23



Synthesized according to general method 2.1.

White solid.

1H NMR (400 MHz, Chloroform-d) 88.05 — 7.99 (m, 1H), 7.94 — 7.86 (m, 1H), 7.85 — 7.55 (m, 3H), 7.54 — 7.36 (m, 4H), 7.25 — 7.18
(m, 1H), 4.21 (s, 2H).

13C NMR (101 MHz, Chloroform-d) & 150.8, 139.7, 139.6, 135.3, 134.2, 133.7, 133.6, 130.8, 130.6, 130.4, 129.9, 128.8, 128.3,
127.9,127.4,126.2,126.0, 33.7, 19.1.

HRMS (ESI*) m/z calcd for CisH1sNaCI*498N,03S* ([M]-Br+OCHs+Na*) = 361.0384, found 361.0386 and C1sHisNaCI36-%6%°N,03S* ([M]-
Br+OCHsz+Na*) = 363.0355, found 363.0353.

IR (neat, cm™) 3218, 1464, 1409, 1351, 1319, 1165, 1076, 1000, 874, 775, 752, 674, 623, 579, 490.

M. p. 108 — 110 °C

N'-(2-bromo-1-phenylethylidene)-4-chlorobenzenesulfonohydrazide

Br. Cl
N\
NT s

0,

A5
Synthesized according to general method 2.1.
White solid.
IH NMR (400 MHz, Chloroform-d) & 8.00 — 7.82 (m, 2H), 7.70 — 7.60 (m, 1H), 7.57 — 7.35 (m, 5H), 7.25 — 7.18 (m, 2H), 4.21 (s, 2H).
13C NMR (101 MHz, Chloroform-d) & 152.1, 136.5, 130.8, 129.9, 129.6, 129.5, 129.4, 128.8, 127.4, 126.1, 33.8.
HRMS (ESI*) m/z calcd for CisH1sKCIE49889N,03S™ ([M]-Br+OCH3+K*) = 377.0123, found 377.0126 and CisHisKCI8-95°N,03S* ([M]-
Br+OCH3+K*) = 379.0094, found 379.0092.
IR (neat, cm™) 3216, 1583, 1475, 1397, 1349, 1165, 1089, 1014, 875, 828, 775, 757, 699, 634, 579, 528, 482.
M. p. 138 — 142 °C

N'-(2-bromo-1-phenylethylidene)-4-fluorobenzenesulfonohydrazide

A6

Synthesized according to general method 2.1.

White solid.

'H NMR (400 MHz, Chloroform-d)  8.17 — 7.78 (m, 1H), 7.77 — 7.60 (m, 3H), 7.60 — 7.46 (m, 2H), 7.46 — 7.28 (m, 3H), 7.25 - 7.17
(m, 1H), 4.21 (s, 2H).

13C NMR (101 MHz, Chloroform-d) & 163.6, 161.1, 152.3, 150.7, 139.9, 134.2, 131.0, 130.9, 130.8, 130.6, 129.9, 128.8, 127.4,
126.2, 123.9, 123.8, 123.7, 121.0, 120.9, 120.8, 120.7, 115.7, 115.4, 115.2, 33.7, 19.1.

F NMR (376 MHz, Chloroform-d) & -109.5.

HRMS (ESI*) m/z calcd for C15H1sFNaN,O3S* ([M]-Br+OCHz+Na*) = 345.0680, found 345.0683.

IR (neat, cm™) 3216, 1593, 1476, 1435, 1391, 1350, 1272, 1226, 1165, 1084, 1068, 1002, 916, 870, 776, 753, 695, 677, 626, 579,
504.

M. p. 114 - 117 °C

N'-(2-bromo-1-phenylethylidene)-4-fluorobenzenesulfonohydrazide

A7
Synthesized according to general method 2.1.
White solid.
IH NMR (400 MHz, Chloroform-d) & 8.16 — 7.59 (m, 4H), 7.54 — 7.46 (m, 1H), 7.46 — 7.34 (m, 2H), 7.26 — 7.15 (m, 3H), 4.20 (s, 2H).
13C NMR (101 MHz, Chloroform-d) & 167.0, 166.9, 164.4, 152.1, 150.4, 134.3, 134.0, 131.0, 130.9, 130.8, 130.7, 130.5, 129.9,
129.8, 128.8, 127.4,126.1, 116.6, 116.3, 33.8, 19.1.
19F NMR (376 MHz, Chloroform-d) & -103.6.
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HRMS (ESI*) m/z calcd for C1sH15FKN203S* ([M]-Br+OCH3+K*) = 361.0419, found 361.0421.
IR (neat, cm™?) 3217, 1592, 1494, 1407, 1352, 1320, 1295, 1239, 1174, 1155, 1086, 991, 874, 837, 775, 754, 691, 673, 615, 547.
M. p. 119 — 124 °C

N'-4-bromo-(2-bromo-1-phenylethylidene)benzenesulfonohydrazide

Br. Br
H
\N’N\s

0,

A8

Synthesized according to general method 2.1.

White solid.

IH NMR (400 MHz, Chloroform-d) & 7.96 (s, 1H), 7.91 — 7.75 (m, 2H), 7.73 — 7.61 (m, 3H), 7.55 — 7.46 (m, 2H), 7.46 — 7.35 (m, 1H),
7.25 —7.19 (m, 1H), 4.20 (s, 2H).

13C NMR (101 MHz, Chloroform-d) & 150.7, 132.5, 130.8, 130.6, 129.9, 129.6, 129.4, 128.8, 128.7, 127.4, 126.1, 33.8, 19.2.

HRMS (ESI*) m/z calcd for C15H15Br’8918NaN,03S* ((M]-Br+OCHs+Na*) = 404.9879, found 404.9877 and C15H15Bré9163NaN,03S*
([M]-Br+OCHs+Na*) = 406.9859, found 406.9860.

IR (neat, cm) 3217, 1574, 1470, 1392, 1350, 1319, 1165, 1085, 1069, 1008, 873, 822, 775, 740, 696, 627, 593, 531,419.

M. p. 157 — 158 °C

N'-(2-bromo-1-phenylethylidene)-4-(trifluoromethyl)benzenesulfonohydrazide

Br CF,
H
\N SN ~s

Oz

A9

Synthesized according to general method 2.1.

White solid.

IH NMR (400 MHz, Chloroform-d) & 8.14 (t, J = 8.4 Hz, 2H), 8.07 (d, J = 8.4 Hz, 1H), 7.80 (m, 2H), 7.69 — 7.61 (m, 1H), 7.55 — 7.47
(m, 1H), 7.47 — 7.35 (m, 2H), 7.25 — 7.19 (m, 1H), 4.21 (s, 2H).

3C NMR (101 MHz, Chloroform-d) & 152.5, 151.0, 141.6, 141.5, 135.3, 135.0, 134.2, 130.9, 130.6, 129.9, 129.8, 128.9, 128.7,
128.5, 127.4, 126.3, 126.2, 124.5, 121.8, 33.7, 19.1.

19F NMR (376 MHz, Chloroform-d) & -63.1.

HRMS (ESI*) m/z calcd for C16H15FsKN2O3S* ([M]-Br+OCH3+K*) = 411.0387, found 411.0390.

IR (neat, cm) 3220, 1406, 1353, 1322, 1171, 1132, 1109, 1089, 1062, 1018, 991, 876, 842, 775, 754, 713, 628, 599, 526, 428.
M. p. 108 — 111 °C

N'-(2-bromo-1-phenylethylidene)-2-methylbenzenesulfonohydrazide

Br.

A10
Synthesized according to general method 2.1.
White solid.
'H NMR (400 MHz, Chloroform-d) & 8.21 — 7.95 (m, 2H), 7.78 — 7.45 (m, 4H), 7.44 — 7.27 (m, 4H), 4.21 (s, 2H), 2.65 (s, 3H).
3C NMR (101 MHz, Chloroform-d) & 151.2, 149.2, 137.9, 137.7, 136.3, 134.4, 133.6, 132.6, 130.8, 130.7, 130.5, 130.3, 130.0,
129.9, 128.7, 127.5, 126.5, 126.4, 126.1, 34.0, 20.8, 20.6, 19.2.
HRMS (ESI*) m/z calcd for C16H19N203S* ([M]-Br+OCHs+H*) = 319.1111, found 319.1116.
IR (neat, cm™) 3222, 1596, 1448, 1389, 1165, 1133, 1103, 1063, 1001, 944, 872, 807, 773, 752, 691, 620, 584, 541, 491.
M. p. 114 - 117 °C

N'-(2-bromo-1-phenylethylidene)-3-methylbenzenesulfonohydrazide
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Br.
H
\N’N\s

A1
Synthesized according to general method 2.1.
White solid.
IH NMR (400 MHz, Chloroform-d) & 8.01 (s, 1H), 7.90 — 7.77 (m, 2H), 7.74 — 7.61 (m, 2H), 7.53 — 7.33 (m, 5H), 4.19 (s, 2H), 2.42
(s, 3H).
13C NMR (101 MHz, Chloroform-d) & 149.9, 139.3, 137.8, 134.4, 130.3, 129.8, 129.0, 128.7, 128.4, 127.5, 126.2, 125.2, 21.3, 19.1.
HRMS (ESI*) m/z calcd for C16H19N203S* ([M]-Br+OCHs+H*) = 319.1111, found 319.1115.
IR (neat, cm) 3218, 1447, 1395, 1347, 1306, 1220, 1165, 1086, 1002, 877, 775, 753, 688, 624, 583, 487.
M. p. 113 -115°C

N'-(2-bromo-1-phenylethylidene)-4-ethylbenzenesulfonohydrazide

A12

Synthesized according to general method 2.1.

White solid.

IH NMR (400 MHz, Chloroform-d) & 7.99 (s, 1H), 7.92 (d, J = 8.4 Hz, 1H), 7.82 (d, J = 8.4 Hz, 1H), 7.69 — 7.58 (m, 1H), 7.53 — 7.45
(m, 1H), 7.44 — 7.31 (m, 4H), 7.24 — 7.15 (m, 1H), 4.20 (s, 2H), 2.73 (dg, J = 15.2, 7.6 Hz, 2H), 1.31 (s, 3H).

3C NMR (101 MHz, Chloroform-d) & 151.5, 150.6, 149.8, 135.3, 135.2, 134.4, 130.6, 130.3, 130.0, 129.8, 128.7, 128.6, 128.2,
128.0, 127.5, 126.2, 34.1, 28.9, 28.9, 19.1, 15.1, 15.0.

HRMS (ESI*) m/z calcd for C17H20NaN,03S* ([M]-Br+OCHs+Na*) = 355.1087, found 355.1089.

IR (neat, cm™) 3214, 2968, 1597, 1447, 1409, 1346, 1165, 1088, 1002, 873, 834, 775, 752, 693, 661, 616, 582, 559.

M. p. 108 — 110 °C

N'-(2-bromo-1-(m-tolyl)ethylidene)-4-methylbenzenesulfonohydrazide
Br.

A15
Synthesized according to general method 2.1.
White solid.
IH NMR (400 MHz, Chloroform-d) & 8.04 — 7.65 (m, 3H), 7.48 — 7.41 (m, 1H), 7.39 — 7.27 (m, 3H), 7.25 — 7.17 (m, 1H), 6.99 — 6.95
(m, 1H), 4.18 (s, 2H), 2.43 (s, 3H), 2.37 (s, 3H).
13C NMR (101 MHz, Chloroform-d) & 151.9, 150.0, 144.5, 144.4, 139.8, 138.5, 135.2, 135.1, 134.4, 131.4, 131.1, 129.9, 129.8,
129.7,128.6, 128.1, 127.9, 127.8, 126.8, 124.4, 123.3, 53.5, 34.1, 21.7, 21.5, 19.3.
HRMS (ESI*) m/z calcd for C17H21N,03S* ([M]-Br+OCH3+H*) = 333.1267, found 333.1275.
IR (neat, cm™) 3215, 2362, 1598, 1401, 1345, 1165, 1086, 1023, 861, 814, 794, 667, 621, 584, 549.
M. p. 139 -142 °C

N'-(2-bromo-1-(p-tolyl)ethylidene)-4-methylbenzenesulfonohydrazide
Br.

~

Ts

A16
Synthesized according to general method 2.1.
White solid.
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IH NMR (400 MHz, Chloroform-d) 8 7.96 — 7.61 (m, 3H), 7.56 — 7.27 (m, 4H), 7.14 (d, J = 8.0 Hz, 2H), 4.26 — 4.11 (s, 2H), 2.43 (s,
3H), 2.38 (s, 3H).

13C NMR (101 MHz, Chloroform-d) & 150.1, 144.5, 140.7, 135.1, 130.4, 129.7, 129.5, 128.1, 127.9, 127.4, 126.1, 21.7, 21.4, 19.1.
HRMS (ESI*) m/z calcd for C17H20NaN,03S* ([M]-Br+OCHs+Na*) = 355.1087, found 355.1092.

IR (neat, cm™) 3208, 1596, 1470, 1407, 1342, 1319, 1305, 1165, 1082, 992, 869, 820, 731, 714, 689, 671, 584, 563.

M. p. 161 — 164 °C

N'-(2-bromo-1-(4-ethylphenyl)ethylidene)-4-methylbenzenesulfonohydrazide
Br.

Et

A17
Synthesized according to general method 2.1.
White solid.
'H NMR (400 MHz, Chloroform-d) & 7.96 — 7.65 (m, 3H), 7.62 — 7.28 (m, 4H), 7.24 — 7.06 (m, 2H), 4.18 (s, 2H), 2.68 (q, J = 7.6 Hz,
2H), 2.43 (s, 3H), 1.25 (t, J = 7.6 Hz, 3H).
13C NMR (101 MHz, Chloroform-d) & 150.1, 147.0, 144.5, 135.1, 131.8, 129.7, 129.3, 128.3, 128.1, 127.9, 127.5, 126.2, 28.8, 28.7,
21.7,19.2,15.3, 15.2.
HRMS (ESI*) m/z calcd for C1gH23NaN,03S* ([M]-Br+OCHs+Na*) = 347.1424, found 347.1428.
IR (neat, cm) 3217, 2967, 1596, 1465, 1405, 1343, 1314, 1165, 1083, 994, 868, 840, 814, 707, 666, 586, 551.
M. p. 155 — 157 °C

N'-(1-([1,1'-biphenyl]-4-yl)-2-bromoethylidene)-4-methylbenzenesulfonohydrazide
Br.

ZT

~

Ts

Ph

A18
Synthesized according to general method 2.1.
Yellow solid.
'H NMR (400 MHz, Chloroform-d) & 8.05 (s, 1H), 7.94 — 7.79 (m, 2H), 7.78 — 7.54 (m, 6H), 7.50 — 7.27 (m, 5H), 4.23 (s, 2H), 2.43
(s, 3H).
13C NMR (101 MHz, Chloroform-d) & 151.3, 149.5, 144.6, 144.5, 143.6, 143.1, 140.0, 139.7, 135.1, 135.0, 133.2, 129.8, 129.0,
128.9, 128.6, 128.4, 128.2, 128.1, 128.0, 127.9, 127.4, 127.2, 127.1, 126.6, 34.1, 21.7, 21.7, 19.0.
HRMS (ESI*) m/z calcd for C;;H22NaN,0O3S* ([M]-Br+OCHaz+Na*) = 417.1243, found 417.1244.
IR (neat, cm) 3216, 1599, 1487, 1402, 1348, 1319, 1165, 1084, 997, 871, 846, 813, 769, 734, 698, 666, 614, 551.
M. p. 138 — 140 °C

N'-(2-bromo-1-(3-methoxyphenyl)ethylidene)-4-methylbenzenesulfonohydrazide
Br.

~

Ts

OMe
A19

Synthesized according to general method 2.1.

White solid.

IH NMR (400 MHz, Chloroform-d) & 8.08 — 7.69 (m, 3H), 7.42 — 7.27 (m, 3H), 7.22 — 7.16 (m, 1H), 7.03 — 6.90 (m, 1H), 6.78 — 6.68
(m, 1H), 4.18 (s, 2H), 3.82 (s, 3H), 2.43 (s, 3H).

13C NMR (101 MHz, Chloroform-d) & 160.4, 159.8, 151.4, 149.6, 144.6, 144.4, 135.8, 135.2, 135.0, 131.2, 131.1, 129.8, 129.7,
128.1, 127.9, 119.3, 118.6, 116.1, 116.0, 113.1, 111.5, 55.4, 55.3, 33.9, 21.7, 21.7, 19.2.

HRMS (ESI*) m/z calcd for C17H0NaN,0,S* ([M]-Br+OCHs+Na*) = 371.1036, found 371.1040.

IR (neat, cm™) 3214, 1598, 1575, 1464, 1429, 1400, 1310, 1237, 1165, 1084, 1042, 1009, 858, 814, 787, 731, 706, 666, 616, 548.
M. p. 136 — 139 °C
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N'-(2-bromo-1-(4-methoxyphenyl)ethylidene)-4-methylbenzenesulfonohydrazide
Br.

ZT

~

Ts

MeO

A20
Synthesized according to general method 2.1.
White solid.
IH NMR (400 MHz, Chloroform-d) & 7.93 — 7.86 (m, 2H), 7.84 — 7.76 (m, 1H), 7.70 — 7.56 (m, 2H), 7.36 — 7.29 (m, 2H), 7.22 — 6.87
(m, 2H), 4.18 (s, 2H), 3.84 (s, 3H), 2.43 (s, 3H).
13C NMR (101 MHz, Chloroform-d) & 161.4, 150.2, 144.4, 135.1, 129.7, 129.1, 128.1, 127.9, 127.7, 126.8, 115.1, 114.1, 55.4, 21.7,
19.1.
HRMS (ESI*) m/z calcd for C17H20NaN,04S* ([M]-Br+OCHs+Na*) = 371.1036, found 371.1041.
IR (neat, cm™) 3207, 1602, 1513, 1462, 1403, 1317, 1255, 1165, 1083, 1030, 993, 872, 837, 813, 716, 665, 587, 548.
M. p. 137 — 140 °C

N'-(2-bromo-1-(3-chlorophenyl)ethylidene)-4-methylbenzenesulfonohydrazide
Br.

~

Ts

Cl
A21

Synthesized according to general method 2.1.

White solid.

IH NMR (400 MHz, Chloroform-d) & 8.10 (s, 1H), 7.94 — 7.75 (m, 2H), 7.66 — 7.58 (m, 1H), 7.55 — 7.41 (m, 1H), 7.41 — 7.28 (m, 3H),
7.23—-7.08 (m, 1H), 4.16 (s, 2H), 2.44 (s, 3H).

3C NMR (101 MHz, Chloroform-d) & 149.8, 148.1, 144.8, 144.6, 136.2, 135.9, 134.9, 131.7, 131.1, 130.9, 130.2, 130.0, 129.8,
128.1, 127.9, 127.6, 126.3, 125.8, 124.2, 33.7, 21.7, 18.7.

HRMS (ESI*) m/z calcd for C16H17CIR*9%89NaN,03S* ([M]-Br+OCHz+Na*) = 375.0541, found 375.0545 and Ci6H17CI%¢%%NaN,03S*
([M]-Br+OCHs+Na*) = 377.0511, found 377.0511.

IR (neat, cm™) 3213, 1596, 1564, 1465, 1403, 1345, 1307, 1165, 1118, 1085, 1014, 872, 808, 665, 618, 583, 548.

M. p. 129 - 133 °C

N'-(2-bromo-1-(4-chlorophenyl)ethylidene)-4-methylbenzenesulfonohydrazide
Br.

ZT

~

Ts

Cl

A22
Synthesized according to general method 2.1.
White solid.
IH NMR (400 MHz, Chloroform-d) & 8.01 (s, 1H), 7.84 (d, J = 8.4 Hz, 2H), 7.62 — 7.54 (m, 2H), 7.50 — 7.29 (m, 4H), 4.17 (s, 2H),
2.44 (s, 3H).
13C NMR (101 MHz, Chloroform-d) & 148.6, 144.7, 136.5, 134.9, 132.8, 130.1, 129.8, 129.0, 128.1, 127.9, 127.4, 33.8, 21.7, 18.7.
HRMS (ESI*) m/z calcd for C1gH17CIR*9%89NaN,0;S* ([M]-Br+OCHz+Na*) = 375.0541, found 375.0544 and Ci6H17CI%¢%%NaN,03S*
(IM]-Br+OCHa+Na*) = 377.0511, found 377.0511.
IR (neat, cm™) 3202, 1596, 1493, 1474, 1399, 1341, 1313, 1165, 1083, 995, 943, 872, 834, 813, 771, 736, 701, 672, 551.
M. p. 149 — 152 °C

N'-(2-bromo-1-(3-bromophenyl)ethylidene)-4-methylbenzenesulfonohydrazide
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Br.

Br
A23

Synthesized according to general method 2.1.

White solid.

1H NMR (400 MHz, Chloroform-d) & 8.04 (s, 1H), 7.93 — 7.78 (m, 2H), 7.76 (t, J = 2.0 Hz, 1H), 7.64 — 7.48 (m, 2H), 7.34 (d, J = 8.0
Hz, 2H), 7.25 (t, J = 8.0 Hz, 1H), 4.13 (s, 2H), 2.43 (s, 3H).

13C NMR (101 MHz, Chloroform-d) & 148.1, 144.8, 136.4, 134.8, 133.2, 130.2, 129.8, 129.2, 128.1, 124.7, 123.0, 21.7, 18.7.
HRMS (ESI*) m/z calcd for CisH17Br"89183NaN,03S* ([M]-Br+OCHs+Na*) = 419.0035, found 419.0040 and Ci6H:,Bré%9163NaN,0sS*
(IM]-Br+OCH3+Na*) = 421.0015, found 421.0018.

IR (neat, cm™) 3212, 1596, 1559, 1466, 1403, 1345, 1306, 1165, 1086, 1009, 871, 813, 786, 672, 617, 583, 548.

M. p. 130 -133 °C

N'-(2-bromo-1-(4-bromophenyl)ethylidene)-4-methylbenzenesulfonohydrazide
Br

ZT

~

Ts

Br

A24
Synthesized according to general method 2.1.
White solid.
IH NMR (400 MHz, Chloroform-d) & 8.03 (s, 1H), 7.93 — 7.73 (m, 2H), 7.67 — 7.58 (m, 1H), 7.51 (s, 3H), 7.40 — 7.29 (m, 2H), 4.16
(s, 2H), 2.44 (s, 3H).
13C NMR (101 MHz, Chloroform-d) & 148.6, 144.7, 134.9, 133.3, 133.1, 132.0, 129.8, 129.2, 128.1, 127.9, 127.6, 124.8, 33.8, 21.7,
18.6.
HRMS (ESI*) m/z calcd for C16H17Br"8918NaN,03S* ((M]-Br+OCHz+Na*) = 419.0035, Found 419.0042 and C;sH17Br8%963NaN,0;S*
([M]-Br+OCHs+Na*) = 421.0015, found 421.0020.
IR (neat, cm) 3214, 1594, 1469, 1396, 1345, 1313, 1165, 1084, 995, 871, 832, 814, 763, 688, 578, 549.
M. p. 160 — 162 °C

N'-(2-bromo-1-(4-cyanophenyl)ethylidene)-4-methylbenzenesulfonohydrazide
Br.

NC

A25
Synthesized according to general method 2.1.
White solid.
IH NMR (400 MHz, Chloroform-d) & 8.20 (s, 1H), 7.88 (m, 2H), 7.84 — 7.72 (m, 2H), 7.71 — 7.55 (m, 2H), 7.42 — 7.30 (m, 2H), 4.18
(s, 2H), 2.44 (s, 3H).
13C NMR (101 MHz, Chloroform-d) & 147.0, 144.9, 138.5, 134.8, 133.5, 132.5, 129.9, 128.1, 126.6, 118.2, 113.6, 21.7, 18.2.
HRMS (ESI*) m/z calcd for C17H17NaN3O3S* ([M]-Br+OCHs+Na*) = 366.0883, found 366.0887.
IR (neat, cm) 3207, 2231, 1595, 1405, 1350, 1318, 1165, 1086, 999, 869, 846, 814, 706, 663, 564.
M. p. 174 - 177 °C

N'-(2-bromo-1-(4-(trifluoromethoxy)phenyl)ethylidene)-4-methylbenzenesulfonohydrazide
Br

A26
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Synthesized according to general method 2.1.

White solid.

IH NMR (400 MHz, Chloroform-d) & 8.26 — 7.61 (m, 3H), 7.54 — 7.30 (m, 4H), 7.23 — 7.04 (m, 1H), 4.17 (s, 2H), 2.44 (s, 3H).
13C NMR (101 MHz, Chloroform-d) & 164.2, 161.9, 161.7, 148.3, 144.7, 144.6, 136.7, 134.9, 131.8, 131.7, 130.3, 129.8, 128.1,
127.9,123.3, 121.8,121.7, 118.0, 117.8, 117.4, 117.2, 115.0, 114.8, 113.3, 113.0, 33.7, 21.7, 18.8.

F NMR (376 MHz, Chloroform-d) & -109.1, -111.9.

HRMS (ESI*) m/z calcd for C16H17NaFN,0O3S* ([M]-Br+OCHs+Na*) = 359.0836, found 359.0839.

IR (neat, cm™) 3214, 1597, 1438, 1401, 1346, 1313, 1165, 1086, 1019, 886, 814, 791, 727, 707, 666, 618, 548.

M. p. 112 — 116 °C

N'-(2-bromo-1-(naphthalen-2-yl)ethylidene)-4-methylbenzenesulfonohydrazide
Br.

Synthesized according to general method 2.1.

White solid.

IH NMR (400 MHz, Chloroform-d) & 8.05 (s, 1H), 7.99 (s, 1H), 7.96 — 7.91 (m, 2H), 7.91 — 7.79 (m, 4H), 7.57 — 7.46 (m, 2H), 7.32
(d, J =8.4 Hz, 2H), 4.30 (s, 2H), 2.40 (s, 3H).

3C NMR (101 MHz, Chloroform-d) & 149.7, 144.6, 135.0, 134.1, 132.8, 131.7, 129.8, 128.7, 128.1, 127.7, 127.4, 126.7, 126.1,
123.2,21.7, 19.0.

HRMS (ESI*) m/z calcd for CaoH20NaN.O3S* ([M]-Br+OCHs+Na*) = 391.1087, found 391.1090.

IR (neat, cm) 3217, 1597, 1401, 1344, 1311, 1165, 1081, 1007, 942, 862, 815, 753, 664, 579, 547, 476.

M. p. 153 — 156 °C

N'-(2-bromo-1-(thiophen-2-yl)ethylidene)-4-methylbenzenesulfonohydrazide
Br.

A28
Synthesized according to general method 2.1.
Light yellow solid.
'H NMR (400 MHz, Chloroform-d) & 8.13 — 7.76 (m, 3H), 7.45 — 7.29 (m, 3H), 7.25 — 7.16 (m, 1H), 7.05 — 6.98 (m, 1H), 4.21 (s, 2H),
2.43 (s, 3H).
3C NMR (101 MHz, Chloroform-d) & 146.5, 144.6, 139.3, 134.8, 129.7, 129.6, 129.5, 128.3, 128.1, 128.0, 127.4, 127.1, 21.7, 18.9.
HRMS (ESI*) m/z calcd for C14H16NaN203S,* ([M]-Br+OCHz+Na*) = 347.0495, found 347.0497.
IR (neat, cm) 3211, 2361, 1597, 1400, 1341, 1309, 1165, 1088, 1050, 966, 870, 814, 709, 666, 548.
M. p. 155 — 157 °C

N'-(2-bromo-1-(o-tolyl)ethylidene)-4-methylbenzenesulfonohydrazide
Br

ZT

~

Ts

A30
Synthesized according to general method 2.1.
White solid.
IH NMR (400 MHz, Chloroform-d) & 7.78 (d, J = 8.4 Hz, 2H), 7.42 — 7.25 (m, 6H), 6.97 (d, J = 6.8 Hz, 1H), 4.26 (d, J = 10.4 Hz, 1H),
4.15 (d, J = 10.4 Hz, 1H), 2.46 (s, 3H), 2.07 (s, 3H).
13C NMR (101 MHz, Chloroform-d) & 152.0, 144.5, 135.8, 135.2, 131.3, 130.6, 129.8, 129.5, 127.8, 127.7, 126.9, 34.3, 21.7, 19.2.
HRMS (ESI*) m/z calcd for C17H0NaN,03S* ([M]-Br+OCHs+Na*) = 355.1087, found 355.1082.

30



IR (neat, cm®) 3199, 2964, 1598, 1491, 1384, 1345, 1300, 1261, 1165, 1090, 1042, 908, 878, 809, 772, 733, 709, 667, 593, 549,
463.
M. p. 162 — 163 °C

N'-(2-bromo-1-(2-chlorophenyl)ethylidene)-4-methylbenzenesulfonohydrazide
Br.

Cl

A31
Synthesized according to general method 2.1.

White solid.

IH NMR (400 MHz, Chloroform-d) & 7.80 (d, J = 8.4 Hz, 2H), 7.52 — 7.37 (m, 4H), 7.34 (d, J = 8.0 Hz, 2H), 7.22 — 7.14 (m, 1H), 4.29
(d, J =10.4 Hz, 1H), 4.19 (d, J = 10.4 Hz, 1H), 2.45 (s, 3H).

13C NMR (101 MHz, Chloroform-d) & 148.8, 144.5, 135.0, 132.0, 131.6, 130.6, 130.5, 129.7, 129.0, 127.9, 127.9, 33.4, 21.7.

HRMS (ESI*) m/z calcd for C16H17CIB*9%89NaN,05S* ([M]-Br+OCHs+Na*) = 375.0541, found 375.0540 and C16H17CI3%9%NaN,05S*
([M]-Br+OCHs+Na*) = 377.0511, found 377.0511.

IR (neat, cm™) 3196, 1597, 1432, 1391, 1347, 1303, 1261, 1168, 1069, 1037, 909, 879, 812, 763, 738, 703, 667, 589, 548, 461.

M. p. 162 — 164 °C

N'-(2-bromo-1-(2-methoxyphenyl)ethylidene)-4-methylbenzenesulfonohydrazide
Br

ZT

~

Ts

OMe

A32
Synthesized according to general method 2.1.

Light red solid.

1H NMR (400 MHz, Chloroform-d) & 7.80 (d, J = 8.4 Hz, 2H), 7.63 (s, 1H), 7.49 — 7.40 (m, 1H), 7.34 (d, J = 8.0 Hz, 2H), 7.10 — 7.01
(m, 2H), 6.97 (d, J = 8.4 Hz, 1H), 4.25 (s, 2H), 3.68 (s, 3H), 2.46 (s, 3H).

3C NMR (101 MHz, Chloroform-d) & 155.8, 150.0, 144.2, 135.5, 132.2, 129.6, 129.5, 127.8, 121.5, 118.6, 111.9, 55.7, 34.4, 21.7.

HRMS (ESI*) m/z calcd for C17H20NaN,0,4S* ([M]-Br+OCHs+Na*) = 371.1036, found 371.1040.

IR (neat, cm™) 3210, 1598, 1491, 1460, 1435, 1385, 1344, 1304, 1246, 1165, 1092, 1047, 1021, 909, 879, 814, 757, 721, 668, 593,
549.

M. p. 134 - 136 °C

3-(pyridin-2-yl)indolin-2-one, bromide salt

Br Py

@Egzo
N
H

B1
Synthesized according to general method 2.2.
Dark red solid.
IH NMR (400 MHz, DMSO-dg) & 11.25 (s, 1H), 9.01 (d, J = 5.6 Hz, 2H), 8.75 (t, J = 8.0 Hz, 1H), 8.24 (t, J = 6.8 Hz, 2H), 7.48 (t, J =
8.0 Hz, 2H), 7.14 (t, J = 7.6 Hz, 1H), 7.08 (d, J = 7.6 Hz, 1H), 6.79 (s, 1H).
13C NMR (101 MHz, DMSO-d¢) 8 171.2, 147.8, 145.0, 143.9, 132.1, 129.2, 126.8, 123.4, 122.2,111.6, 69.9.
HRMS (ESI*) m/z calcd for C13H10NaN.O* ([M]-Br+Na*) = 233.0685, found 233.0686.
IR (neat, cm™) 2361, 2340, 1720, 1620, 1471, 757, 702, 671, 584, 550, 498, 481, 451, 422.
M. p. 216 — 218 °C

6-fluoro-3-(pyridin-2-yl)indolin-2-one, bromide salt
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Synthesized according to general method 2.2.

Red solid.

IH NMR (400 MHz, DMSO-dg) & 11.40 (s, 1H), 9.01 (d, J = 5.6 Hz, 2H), 8.75 (t, J = 7.8 Hz, 1H), 8.28 — 8.20 (m, 2H), 7.57 (dd, J =
8.0, 5.6 Hz, 1H), 7.04 — 6.95 (m, 1H), 6.93 (dd, J = 9.2, 2.4 Hz, 1H), 6.72 (s, 1H).

13C NMR (101 MHz, DMSO-ds) 8 171.6, 163.3, 147.8, 146.0 (J = 12.6 Hz), 145.0, 129.2, 129.0 (J = 10.3 Hz), 126.9, 118.2 (J=2.8
Hz), 109.8 (J = 22.8 Hz), 99.9 (J = 27.3 Hz), 69.4.

1F NMR (376 MHz, DMSO-ds) & -107.8.

HRMS (ESI*) m/z calcd for C13HgFNaN,O* ([M]-Br+Na*) = 252.0669, found 252.0657.

IR (neat, cm) 3028, 2361, 1742, 1625, 1499, 1462, 1330, 1290, 1240, 1198, 1142, 1094, 964, 846, 811, 772, 730, 678, 625, 598,
562, 514, 453.

M. p. >400°C

7-methyl-3-(pyridin-2-yl)indolin-2-one, iodide salt

Iz

B3

Synthesized according to general method 2.2.

Dark brown solid.

IH NMR (400 MHz, DMSO-dg) & 11.16 (s, 1H), 9.00 (d, J = 5.6 Hz, 2H), 8.75 (t, J = 8.0 Hz, 1H), 8.30 — 8.16 (m, 2H), 7.38 — 7.24 (m,
2H), 6.97 (d, J = 8.0 Hz, 1H), 6.75 (s, 1H), 2.28 (s, 3H).

13C NMR (101 MHz, DMSO-dg) 8 171.1, 147.7, 145.0, 141.3, 132.6, 132.4, 129.3, 127.2, 122.3, 111.4, 70.0, 21.1.

HRMS (ESI*) m/z calcd for C14H12NaN,O* ([M]-1+Na*) = 248.0920, found 248.0923.

IR (neat, cm™) 2360, 2339, 1711, 1626, 1484, 1207, 841, 752, 676, 584, 504.

M. p. >400°C
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16. Characterization and HPLC conditions for products

(S)-5'-phenyl-2'-tosyl-2',4'-dihydrospiro[indoline-3,3'-pyrazol]-2-one

The crude material was directly purified by flash chromatography on silica gel (R; = 0.3, PE/EtOAc = 3:2) to afford the light yellow solid
(37.5 mq) in 90% yield with 90% ee. The ee was determined by HPLC analysis (Daicel chiralcel I1A 2-propanol/hexane = 30/70, flow
rate = 1.0 mL/min, & = 300 nm). trmajor = 34.25 MiN, trminon = 16.95 min; [a]p!” = +44.6 (c = 0.24, in CH,CL,).

IH NMR (400 MHz, Chloroform-d) & 8.81 (s, 1H), 7.70 (d, J = 6.8 Hz, 2H), 7.60 (d, J = 8.0 Hz, 2H), 7.41 (s, 3H), 7.22 (td, J = 7.6, 2.0
Hz, 1H), 7.16 (d, J = 8.0 Hz, 2H), 6.96 (d, J = 7.6 Hz, 1H), 6.78 — 6.65 (m, 2H), 3.85 (d, J = 16.8 Hz, 1H), 3.41 (d, J = 16.8 Hz, 1H),
2.37 (s, 3H).

13C NMR (101 MHz, Chloroform-d) & 176.0, 153.3, 143.9, 140.4, 135.8, 130.6, 130.5, 130.3, 129.2, 128.7, 128.2, 128.0, 126.9, 123.7,
122.8,111.2,71.0, 46.2, 21.6.

HRMS (ESI*) m/z calcd for C23H20N303S* ((M]+H*) = 418.1220, found 418.1218.

IR (neat, cm) 3318, 1729, 1620, 1600, 1472, 1355, 1214, 1166, 1123, 1037, 1019, 758, 735, 705, 665, 592, 546.

M. p. 236 — 240 °C
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(S)-5'-phenyl-2'-(phenylsulfonyl)-2',4'-dihydrospiro[indoline-3,3'-pyrazol]-2-one

The crude material was directly purified by flash chromatography on silica gel (R¢ = 0.3, PE/EtOAc = 3:2) to afford the light yellow solid
(33.9 mg) in 84% yield with 90% ee. The ee was determined by HPLC analysis (Daicel chiralcel IBn-s, 2-propanol/hexane = 30/70, flow
rate = 1.0 mL/min, A = 300 nm). trgmajor = 9.84 MiN, trminon = 13.13 min; [a]p?® = +30.6 (¢ = 1.39, in CH,Cly).

1H NMR (400 MHz, Acetone-de) 8 9.75 (s, 1H), 7.87 — 7.75 (m, 2H), 7.72 — 7.55 (m, 3H), 7.54 — 7.39 (m, 5H), 7.31 — 7.23 (m, 1H),
7.00 (d, J = 8.0 Hz, 1H), 6.77 — 6.54 (m, 2H), 3.81 (d, J = 17.2 Hz, 1H), 3.62 (d, J = 17.2 Hz, 1H).

13C NMR (101 MHz, Acetone-ds) 8 175.8, 154.4, 142.5, 140.2, 133.7, 131.5, 131.3, 130.8, 129.5, 129.4, 128.9, 128.6, 127.5, 124.6,
122.8,111.0, 71.7, 46.7.

HRMS (ESI*) m/z calcd for C;,H17N3OsNaS* ([M]+Na*) = 426.0883, found 426.0883.

IR (neat, cm) 3259, 1729, 1620, 1473, 1447, 1355, 1262, 1215, 1168, 1125, 1036, 1019, 755, 724, 687, 631, 598, 568, 543, 486.

M. p. 223 — 226 °C

S
040+ -
S
2 g
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o0 10 2t 3 ab s a0 7f0 sk 9% mo 10 120 1800 o0 s 6 1w B0 l0 ;b 200 200 0 st 0
Mnutes
Retention Area % Area
Time
1 10.208 22018606 49.91
2 12.817 22095007 50.09
A /T\,
Retention Area % Area
Time
1 9.838 99926750 94.92
2 13.128 5344275 5.08

(S)-2'-((2-chlorophenyl)sulfonyl)-5'-phenyl-2',4'-dihydrospiro[indoline-3,3'-pyrazol]-2-one

The crude material was directly purified by flash chromatography on silica gel (Rs = 0.3, PE/EtOAc = 3:2) to afford the light yellow solid
(36.4 mg) in 83% yield with 90% ee. The ee was determined by HPLC analysis (Daicel chiralcel IBn-s, 2-propanol/hexane = 30/70, flow
rate = 1.0 mL/min, A = 300 nm). trmajon = 11.94 min, trminon = 18.32 min; [a]p?® = +52.3 (c = 1.09, in CH,CL,).

IH NMR (400 MHz, Chloroform-d) & 8.83 (s, 1H), 7.78 (dd, J = 8.0, 1.6 Hz, 1H), 7.74 — 7.66 (m, 2H), 7.49 — 7.35 (m, 5H), 7.20 (t, J =
7.6 Hz, 2H), 6.94 (t, J = 7.6 Hz, 2H), 6.75 (t, J = 7.6 Hz, 1H), 3.91 (d, J = 16.8 Hz, 1H), 3.48 (d, J = 16.8 Hz, 1H).
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3C NMR (101 MHz, Chloroform-d) 8 175.9, 153.2, 140.4, 136.8, 133.9, 133.2, 132.1, 132.1, 130.7, 130.5, 130.4, 128.8, 128.0, 127.0,
126.8, 123.7, 123.0, 111.2, 70.9, 46.4.

HRMS (ESI*) m/z calcd for CpoH1CIP+%%89N303NaS* ([M]+Na*) = 460.0493, found 460.0497 and Cy,H16CI596%°N303NaS* ([M]+Na*) =
462.0464, found 462.0465.

IR (neat, cm™) 3253, 1727, 1620, 1573, 1473, 1452, 1426, 1357, 1260, 1214, 1171, 1133, 1113, 1040, 755, 694, 665, 630, 600, 569,
541, 482.

M. p. 207 — 210 °C
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(S)-2'-((3-chlorophenyl)sulfonyl)-5'-phenyl-2',4'-dihydrospiro[indoline-3,3'-pyrazol]-2-one

The crude material was directly purified by flash chromatography on silica gel (R = 0.3, PE/EtOAc = 3:2) to afford the light yellow oil
(31.1 mg) in 71% yield with 95% ee. The ee was determined by HPLC analysis (Daicel chiralcel IBns, 2-propanol/hexane = 30/70, flow
rate = 1.0 mL/min, & = 300 nm). trmajony = 9.04 MiN, trminon = 12.61 min; [a]p?® = -7.2 (c = 0.42, in CH,Cly).

IH NMR (400 MHz, Chloroform-d) & 8.66 (s, 1H), 7.78 — 7.69 (m, 2H), 7.68 — 7.62 (m, 1H), 7.52 — 7.38 (m, 5H), 7.33 (t, J = 8.0 Hz,
1H), 7.29 — 7.23 (m, 1H), 7.00 (d, J = 7.6 Hz, 1H), 6.70 (id, J = 7.6, 0.8 Hz, 1H), 6.58 (d, J = 7.2 Hz, 1H), 3.88 (d, J = 16.8 Hz, 1H), 3.43
(d, J =16.8 Hz, 1H).

13C NMR (101 MHz, Chloroform-d) & 175.5, 155.3, 142.6, 141.6, 134.8, 133.8, 131.5, 131.4, 131.3, 131.1, 129.6, 128.4, 128.3,
127.7,127.1,124.8,122.7,111.1, 71.7, 46.6.

HRMS (ESI*) m/z calcd for C,,H16CI3*9%89N303NaSH ([M]+Na*) = 460.0493, found 460.0496 and C,,H16CI6-9859N303NaS* ([M]+Nat) =
462.0464, found 462.0465.

IR (neat, cm™) 3253, 1727, 1620, 1575, 1472, 1416, 1358, 1215, 1174, 1128, 1020, 792, 758, 705, 676, 632, 605, 572.
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(S)-2'-((4-chlorophenyl)sulfonyl)-5'-phenyl-2',4'-dihydrospiro[indoline-3,3'-pyrazol]-2-one

The crude material was directly purified by flash chromatography on silica gel (Rs = 0.3, PE/EtOAc = 3:2) to afford the white oil (39.9
mg) in 91% vyield with 90% ee. The ee was determined by HPLC analysis (Daicel chiralcel IA, 2-propanol/hexane = 30/70, flow rate =
1.0 mL/min, A = 300 nM). trgmajon = 21.59 Min, treminon = 17.01 min; [o]p?* = +49.5 (c = 0.21, in CH:Cly).

'H NMR (400 MHz, Chloroform-d) & 9.34 (s, 1H), 7.59 (d, J = 6.8 Hz, 2H), 7.52 (d, J = 8.4 Hz, 2H), 7.32 (s, 3H), 7.23 — 7.10 (m, 3H),
6.90 (d, J = 8.0 Hz, 1H), 6.62 (t, J = 7.6 Hz, 1H), 6.53 (d, J = 7.6 Hz, 1H), 3.74 (d, J = 16.8 Hz, 1H), 3.29 (d, J = 16.8 Hz, 1H).

13C NMR (101 MHz, Chloroform-d) & 176.2, 154.2, 140.7, 139.5, 137.1, 130.9, 130.6, 130.2, 129.5, 128.9, 128.9, 127.7, 127.0, 123.5,
122.9,111.6,71.1, 46.1.

HRMS (ESI*) m/z calcd for C,,H16CI3*9%89N303NaSH ([M]+Na*) = 460.0493, found 460.0497 and C,,H16CI6-9859N303NaS* ([M]+Nat) =

462.0464, found 462.0460.

IR (neat, cm™) 3327, 1727, 1620, 1583, 1474, 1358, 1215, 1171, 1126, 1089, 1037, 1016, 827, 758, 705, 637, 615, 586, 532, 483.
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(S)-2'-((3-fluorophenyl)sulfonyl)-5'-phenyl-2',4'-dihydrospiro[indoline-3,3'-pyrazol]-2-one

The crude material was directly purified by flash chromatography on silica gel (R = 0.3, PE/EtOAc = 3:2) to afford the light yellow oil
(24.4 mg) in 58% yield with 90% ee. The ee was determined by HPLC analysis (Daicel chiralcel IA, 2-propanol/hexane = 30/70, flow
rate = 1.0 mL/min, & = 300 nm). trgmajon = 18.37 min, trminon = 13.76 min; [a]p?® = +24.5 (c = 0.74, in CH,CL,).

!H NMR (400 MHz, Acetone-ds)  9.80 (s, 1H), 7.89 — 7.73 (m, 2H), 7.61 — 7.52 (m, 2H), 7.51 — 7.44 (m, 3H), 7.44 — 7.35 (m, 1H),
7.34-7.15 (m, 2H), 7.02 (d, J = 7.6 Hz, 1H), 6.79 — 6.59 (m, 2H), 3.84 (d, J = 17.2 Hz, 1H), 3.66 (d, J = 17.2 Hz, 1H).

13C NMR (101 MHz, Acetone-dg) d 175.5, 162.6 (J = 249.5 Hz), 155.1, 142.5, 141.8 (J = 7.1 Hz), 131.6 (J = 8.1 Hz), 131.4, 131.3,
130.9, 129.5, 128.6, 127.6, 124.6, 124.6, 122.7, 120.8 (J = 21.2 Hz), 115.4 (J = 25.3 Hz), 111.1, 71.6, 46.6.

F NMR (376 MHz, Acetone-ds) 8 -112.2.

HRMS (ESI*) m/z calcd for C2,H16FN3OsNaS* ([M]+Na*) = 444.0789, found 444.0791.

IR (neat, cm) 3259, 1727, 1620, 1597, 1474, 1343, 1359, 1306, 1271, 1222, 1169, 1126, 1020, 873, 792, 759, 695, 677, 633, 611,
576, 544.

0.30

18.6:

0.20

AU

0.10q

T — T T T T L et e s B e Lt B e B B B e AN B B
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00
Minutes

Retention Area % Area
Time
1 13.634 11106651 49.98
2 18.634 11114445 50.02
1.00+
0.80 =
0.60
0.40- ©
0
0.20 52
0.00 /‘\
I i I i i

e (— (T [ B S ey B B T S T B oy By B B B
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00
Minutes

37



Retention Area % Area
Time
1 13.756 2123745 5.06
2 18.368 39860226 94.94
F

(S)-2'-((4-fluorophenyl)sulfonyl)-5'-phenyl-2',4'-dihydrospiro[indoline-3,3'-pyrazol]-2-one

The crude material was directly purified by flash chromatography on silica gel (R = 0.3, PE/EtOAc = 3:2) to afford the light yellow oil
(40.4 mg) in 96% yield with 89% ee. The ee was determined by HPLC analysis (Daicel chiralcel IBns, 2-propanol/hexane = 30/70, flow
rate = 1.0 mL/min, A = 300 nm). trgmajony = 9.85 MiN, trminon = 13.75 min; [a]p*® = +27.2 (¢ = 1.16, in CH,CL,).

IH NMR (400 MHz, Chloroform-d) & 8.84 (s, 1H), 7.76 — 7.66 (m, 4H), 7.47 — 7.39 (m, 3H), 7.25 — 7.22 (m, 1H), 7.07 — 7.00 (m, 2H),
6.97 (d, J = 8.0 Hz, 1H), 6.80 — 6.60 (m, 2H), 3.86 (d, J = 16.8 Hz, 1H), 3.44 (d, J = 16.8 Hz, 1H).

13C NMR (101 MHz, Chloroform-d) 8 175.9, 165.4 (J = 256.5 Hz), 153.9, 140.4, 134.7 (J = 3.0 Hz), 131.0, 130.8 (J = 3.0 Hz), 130.5,

130.2, 128.8, 127.8, 126.9, 123.6, 122.9, 115.9 (J = 22.2 Hz), 111.2, 71.0, 46.2.
F NMR (376 MHz, Chloroform-d) & -104.5.
HRMS (ESI*) m/z calcd for C2H16FN3OsNaS* ([M]+Na') = 444.0789, found 444.0791.
IR (neat, cm™) 3265, 1729, 1620, 1591, 1492, 1473, 1358, 1236, 1215, 1173, 1156, 1125, 1037, 1019, 837, 759, 708, 693, 670, 628,

592, 545.
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(S)-2'-((4-bromophenyl)sulfonyl)-5'-phenyl-2',4'-dihydrospiro[indoline-3,3'-pyrazol]-2-one

The crude material was directly purified by flash chromatography on silica gel (R = 0.3, PE/EtOAc = 3:2) to afford the light yellow oil
(47.7 mg) in 91% yield with 86% ee. The ee was determined by HPLC analysis (Daicel chiralcel 1A 2-propanol/hexane = 30/70, flow
rate = 1.0 mL/min, A = 300 nm). trmajor = 23.37 MiN, trminon = 17.58 min; [a]p?® = +47.7 (c = 0.39, in CH,Cl,).

'H NMR (400 MHz, Chloroform-d) & 8.58 (s, 1H), 7.75 — 7.67 (m, 2H), 7.58 (d, J = 8.4 Hz, 2H), 7.51 (d, J = 8.4 Hz, 2H), 7.48 — 7.39
(m, 3H), 7.30 — 7.25 (m, 1H), 6.95 (d, J = 7.6 Hz, 1H), 6.83 — 6.64 (m, 2H), 3.86 (d, J = 16.8 Hz, 1H), 3.45 (d, J = 16.8 Hz, 1H).

13C NMR (101 MHz, Chloroform-d) & 175.7, 153.9, 140.3, 137.6, 131.9, 130.9, 130.5, 130.2, 129.6, 128.8, 128.2, 128.0, 126.9, 123.7,
123.0, 111.1, 70.9, 46.2.

HRMS (ESI*) m/z calcd for C,H16Br’8918N;303NaS* ([M]+Na*) = 503.9988, found 503.9992 and C»,H1sBré%°63N;03NaS* ([M]+Na*) =
505.9967, found 505.9970.

IR (neat, cm™) 3216, 1727, 1620, 1573, 1472, 1390, 1358, 1215, 1171, 1126, 1068, 1037, 1012, 869, 823, 758, 741, 694, 633, 606,
583, 543.
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F3C

(S)-5'-phenyl-2'-((4-(trifluoromethyl)phenyl)sulfonyl)-2',4'-dihydrospiro[indoline-3,3'-pyrazol]-2-one
The crude material was directly purified by flash chromatography on silica gel (Rr = 0.3, PE/EtOAc = 3:2) to afford the light yellow oil
(37.2 mg) in 79% yield with 84% ee. The ee was determined by HPLC analysis (Daicel chiralcel IBn-s, 2-propanol/hexane = 30/70, flow
rate = 1.0 mL/min, A = 300 nm). trmajor = 7.70 MiN, trminon = 9.66 min; [a]p?® = +12.3 (c = 0.31, in CH,Cl,).
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IH NMR (400 MHz, Chloroform-d) & 8.89 (s, 1H), 7.85 (d, J = 8.0 Hz, 2H), 7.76 — 7.68 (m, 2H), 7.63 (d, J = 8.4 Hz, 2H), 7.51 — 7.38
(m, 3H), 7.31 — 7.20 (m, 1H), 6.97 (d, J = 8.0 Hz, 1H), 6.76 — 6.63 (m, 2H), 3.88 (d, J = 16.8 Hz, 1H), 3.46 (d, J = 16.8 Hz, 1H).

13C NMR (101 MHz, Chloroform-d) & 175.8, 154.3, 142.1, 140.4, 134.5 (J = 32.8 Hz), 131.0, 130.6, 130.1, 128.9, 128.5, 127.8,
126.9, 125.8 (J = 3.6 Hz), 124.6, 123.5, 123.0, 121.9, 111.2, 71.0, 46.1.

%F NMR (376 MHz, Chloroform-d) & -63.1.

HRMS (ESI*) m/z calcd for Ca3H16F3N3O3sNaS* ([M]+Na*) = 494.0757, found 494.0760.
IR (neat, cm™) 3260, 1737, 1620,1474, 1405, 1359, 1323, 1215, 1173, 1132, 1109, 1062, 1037, 1017, 841, 759, 692, 635, 610, 429.
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c10
(S)-5'-phenyl-2'-(o-tolylsulfonyl)-2',4'-dihydrospiro[indoline-3,3'-pyrazol]-2-one
The crude material was directly purified by flash chromatography on silica gel (R = 0.3, PE/EtOAc = 3:2) to afford the white oil (37.5
mgq) in 96% yield with 87% ee. The ee was determined by HPLC analysis (Daicel chiralcel IBn-s, 2-propanol/hexane = 30/70, flow rate
= 1.0 mL/min, A = 300 nm). trgmajor) = 13.06 mMin, trgminory = 9.07 min; [a]p?! = +16.1 (c = 0.74, in CH,CLy).
IH NMR (400 MHz, Chloroform-d) & 8.91 (s, 1H), 7.62 — 7.53 (m, 3H), 7.35 — 7.28 (m, 4H), 7.17 — 7.09 (m, 2H), 7.06 (t, J = 7.6 Hz,
1H), 6.88 (d, J =7.6 Hz, 1H), 6.79 (d, J = 7.2 Hz, 1H), 6.69 (t, J = 7.6 Hz, 1H), 3.76 (d, J = 16.8 Hz, 1H), 3.34 (d, J = 16.8 Hz, 1H), 2.67
(s, 3H).
13C NMR (101 MHz, Chloroform-d) & 175.3, 152.0, 139.2, 138.1, 136.1, 132.1, 131.4, 129.5, 129.4, 129.3, 127.7, 127.1, 125.8, 125.0,
122.8,121.9,110.1, 70.1, 45.2, 20.1.
HRMS (ESI*) m/z caled for CosHi1oNsNaOsS* ([M]+Na*) = 440.1039, found 440.1044.
IR (neat, cm™) 3259, 1734, 1620, 1474, 1404, 1359, 1323, 1215, 1172, 1131, 1062, 1037, 1017, 841, 758, 713, 635, 610, 577, 429.
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(S)-5'-phenyl-2'-(m-tolylsulfonyl)-2',4'-dihydrospiro[indoline-3,3'-pyrazol]-2-one

The crude material was directly purified by flash chromatography on silica gel (Rs = 0.3, PE/EtOAc = 3:2) to afford the light yellow solid
(37.5 mq) in 89% yield with 90% ee. The ee was determined by HPLC analysis (Daicel chiralcel 1A 2-propanol/hexane = 30/70, flow
rate = 1.0 mL/min, A = 300 NM). trgmajory = 21.01 MinN, trgminon = 12.81 min; [a]p'” = +3.0 (c = 0.67, in (CH3)2CO).

'H NMR (400 MHz, Chloroform-d) & 8.82 (s, 1H), 7.78 — 7.67 (m, 2H), 7.57 (d, J = 7.6 Hz, 1H), 7.47 — 7.39 (m, 3H), 7.34 — 7.26 (m,
3H), 7.25 - 7.20 (m, 1H), 7.00 (d, J = 8.0 Hz, 1H), 6.64 (t, J = 7.6 Hz, 1H), 6.54 (d, J = 7.2 Hz, 1H), 3.88 (d, J = 16.8 Hz, 1H), 3.42 (d,
J=16.8 Hz, 1H), 2.28 (s, 3H).

3C NMR (101 MHz, Chloroform-d) 8 176.1, 153.5, 140.5, 138.6, 138.4, 133.8, 130.7, 130.5, 130.3, 128.8, 128.5, 128.5, 127.4, 126.9,
125.3,123.8, 122.5, 111.1, 71.0, 46.1, 21.3.

HRMS (ESI*) m/z calcd for Ca3H2oN303S* ([M]+H*) = 418.1220, found 418.1218.

IR (neat, cm) 3321, 1735, 1620, 1473, 1356, 1323, 1216, 1165, 1124, 1037, 865, 759, 689, 632, 605, 575, 478.
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c12

(S)-2'-((4-ethylphenyl)sulfonyl)-5'-phenyl-2',4'-dihydrospiro[indoline-3,3'-pyrazol]-2-one

The crude material was directly purified by flash chromatography on silica gel (Rs = 0.3, PE/EtOAc = 3:2) to afford the light yellow oil
(33.3 mg) in 77% yield with 90% ee. The ee was determined by HPLC analysis (Daicel chiralcel IA 2-propanol/hexane = 30/70, flow
rate = 1.0 mL/min, & = 300 nm). trmajor = 38.15 Min, trminon = 15.50 min; [a]p? = +54.2 (c = 1.08, in CH,CL).

'H NMR (400 MHz, Acetone-de) 8 9.76 (s, 1H), 7.84 — 7.74 (m, 2H), 7.60 — 7.53 (m, 2H), 7.51 — 7.40 (m, 3H), 7.32 — 7.20 (m, 3H),
6.99 (d, J = 8.0 Hz, 1H), 6.73 — 6.65 (m, 1H), 6.65 — 6.59 (m, 1H), 3.79 (d, J = 17.2 Hz, 1H), 3.59 (d, J = 17.2 Hz, 1H), 2.69 (q, J=7.6
Hz, 2H), 1.21 (t, J = 7.6 Hz, 3H).

13C NMR (101 MHz, Acetone-ds) d 175.8, 154.2, 150.7, 142.3, 137.4, 131.5, 131.1, 130.6, 129.5, 128.9, 128.7, 128.6, 127.4, 124.5,
122.7,110.9, 71.6, 46.6, 15.5.

HRMS (ESI*) m/z calcd for Ca4H21N3OsNaS* ([M]+Na*) = 454.1196, found 454.1196.

IR (neat, cm™) 3259, 1737, 1620, 1597, 1474, 1434, 1359, 1222, 1169, 1126, 1037, 873, 841, 759, 695, 677, 633, 611, 576, 544,
518, 482.
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C15

(S)-5'-(m-tolyl)-2'-tosyl-2',4'-dihydrospiro[indoline-3,3'-pyrazol]-2-one
The crude material was directly purified by flash chromatography on silica gel (R = 0.3, PE/EtOAc = 3:2) to afford the white oil (37.9
mg) in 88% yield with 91% ee. The ee was determined by HPLC analysis (Daicel chiralcel IBns, 2-propanol/hexane = 30/70, flow rate

= 1.0 mL/min, & = 300 nm). trmajoy = 10.21 min, trminoy = 12.73 min; [a]p!® = +45.3 (¢ = 1.07, in CH:Cly).

T
50.00

IH NMR (400 MHz, Chloroform-d) & 8.80 (s, 1H), 7.60 (d, J = 8.4 Hz, 2H), 7.55 (s, 1H), 7.46 (d, J = 7.6 Hz, 1H), 7.29 (t, J = 7.6 Hz,
1H), 7.25 - 7.19 (m, 2H), 7.16 (d, J = 8.4 Hz, 2H), 6.96 (d, J = 8.0 Hz, 1H), 6.74 — 6.62 (m, 2H), 3.83 (d, J = 16.8 Hz, 1H), 3.40 (d, J =

16.8 Hz, 1H), 2.37 (s, 6H).

13C NMR (101 MHz, Chloroform-d) 8 176.1, 153.6, 143.8, 140.4, 138.5, 135.8, 131.4, 130.4, 130.2, 129.2, 128.6, 128.1, 128.0, 127.4,

1241, 123.7, 122.8, 111.1, 70.9, 46.2, 21.6, 21.4.

HRMS (ESI*) m/z calcd for Ca4H21N3OsNaS* ([M]+Na*) = 454.1196, found 454.1198.

IR (neat, cm®) 3260, 1730, 1620, 1600, 1473, 1357, 1215, 1166, 1123, 1036, 788, 758, 735, 696, 665, 631, 594, 548.
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Retention Area % Area
Time
1 10.208 14230316 95.47
2 12.726 675149 4.53

c16
(S)-5'-(p-tolyl)-2'-tosyl-2',4'-dihydrospiro[indoline-3,3'-pyrazol]-2-one
The crude material was directly purified by flash chromatography on silica gel (R = 0.3, PE/EtOAc = 3:2) to afford the white oil (37.9
mg) in 88% yield with 92% ee. The ee was determined by HPLC analysis (Daicel chiralcel IBn-s, 2-propanol/hexane = 30/70, flow rate
= 1.0 mL/min, A = 300 nm). trgmajor) = 10.75 min, trgminory = 13.31 min; [a]p?° = +45.1 (c = 1.13, in CH:Cl,).
IH NMR (400 MHz, Acetone-de) 8 9.74 (s, 1H), 7.67 (d, J = 8.0 Hz, 2H), 7.53 (d, J = 8.4 Hz, 2H), 7.32 — 7.20 (m, 5H), 6.99 (d, J = 8.0
Hz, 1H), 6.75 — 6.68 (m, 1H), 6.63 (d, J = 6.8 Hz, 1H), 3.75 (d, J = 17.2 Hz, 1H), 3.54 (d, J = 17.2 Hz, 1H), 2.38 (s, 3H), 2.36 (s, 3H).
3C NMR (101 MHz, Acetone-de) d 175.8, 154.2, 144.5, 142.3, 141.4, 137.2, 130.6, 130.1, 129.8, 129.0, 128.7, 128.6, 127.4, 124.5,
122.7,110.9, 71.5, 46.7, 21.3, 21.3.
HRMS (ESI*) m/z calcd for C24H21N3O3NaS* ([M]+Na*) = 454.1196, found 454.1200.
IR (neat, cm™) 3258, 1726, 1619, 1600, 1472, 1453, 1353, 1214, 1165, 1107, 1037, 814, 757, 735, 702, 665, 544, 522.
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(S)-5'-(4-ethylphenyl)-2'-tosyl-2',4'-dihydrospiro[indoline-3,3'-pyrazol]-2-one

The crude material was directly purified by flash chromatography on silica gel (R = 0.3, PE/EtOAc = 3:2) to afford the light yellow oil
(44.2 mg) in 99% yield with 86% ee. The ee was determined by HPLC analysis (Daicel chiralcel IBn-s, 2-propanol/hexane = 30/70, flow
rate = 1.0 mL/min, A = 300 nm). trmajory = 10.09 mMin, trminon = 12.18 min; [a]p!® = +29.6 (c = 1.38, in CH,Cl,).

IH NMR (400 MHz, Chloroform-d) & 9.04 (s, 1H), 7.60 (dd, J = 16.4, 8.4 Hz, 4H), 7.25 — 7.17 (m, 3H), 7.14 (d, J = 8.0 Hz, 2H), 6.97
(d, J =8.0 Hz, 1H), 6.65 (dt, J = 16.0, 7.2 Hz, 2H), 3.83 (d, J = 16.8 Hz, 1H), 3.38 (d, J = 16.8 Hz, 1H), 2.67 (g, J = 7.6 Hz, 2H), 2.36
(s, 3H), 1.23 (t, J = 7.6 Hz, 3H).

13C NMR (101 MHz, Chloroform-d) & 176.2, 153.6, 147.3, 143.8, 140.5, 135.8, 130.2, 129.2, 128.3, 128.1, 128.0, 127.9, 127.0, 123.6,
122.7,111.3,77.4,77.3,77.1, 76.8, 71.0, 46.2, 28.9, 21.6, 15.4.

HRMS (ESI*) m/z calcd for CzsH23sN3O3sNaS* ([M]+Nat) = 468.1352, found 468.1357.

IR (neat, cm™) 3320, 1727, 1619, 1599, 1472, 1419, 1354, 1214, 1165, 1118, 1035, 843, 814, 756, 735, 703, 665, 590, 545, 491.
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c18
(S)-5'-([1,1'-biphenyl]-4-yl)-2'-tosyl-2',4'-dihydrospiro[indoline-3,3'-pyrazol]-2-one
The crude material was directly purified by flash chromatography on silica gel (Rs = 0.3, PE/EtOAc = 3:2) to afford the yellow oil (43.5
mgq) in 88% yield with 88% ee. The ee was determined by HPLC analysis (Daicel chiralcel IBn-s, 2-propanol/hexane = 30/70, flow rate
= 1.0 mL/min, A = 300 nm). trgmajory = 12.69 min, trgminory = 17.80 min; [a]p!® = -16.9 (c = 1.33, in CH3CN).
IH NMR (400 MHz, Acetone-de) & 9.79 (s, 1H), 7.90 — 7.81 (m, 2H), 7.78 — 7.64 (m, 4H), 7.61 — 7.51 (m, 2H), 7.52 — 7.42 (m, 2H),
7.42 —7.33 (m, 1H), 7.31 — 7.21 (m, 3H), 7.01 (d, J = 8.0 Hz, 1H), 6.77 — 6.63 (M, 2H), 3.81 (d, J = 17.2 Hz, 1H), 3.59 (d, J = 17.2 Hz,
1H), 2.37 (s, 3H).
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13C NMR (101 MHz, Acetone-ds) d 175.2, 153.2, 143.9, 142.8, 141.7, 139.9, 136.5, 130.0, 129.7, 129.2, 129.0, 128.3, 128.0, 127 4,
127.2,126.9, 123.9, 122.1, 110.3, 71.0, 45.9, 20.7.
HRMS (ESI*) m/z calcd for C29H23N3O3NaS* ([M]+Na*) = 516.1352, found 516.1359.
IR (neat, cm™) 3217, 1728, 1619, 1599, 1472, 1407, 1354, 1214, 1165, 1108, 1037, 848, 814, 754, 731, 697, 664, 624, 592, 548,
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c19
(S)-5'-(3-methoxyphenyl)-2'-tosyl-2',4'-dihydrospiro[indoline-3,3'-pyrazol]-2-one

The crude material was directly purified by flash chromatography on silica gel (R = 0.3, PE/EtOAc = 3:2) to afford the light yellow oil
(38.0 mg) in 85% yield with 91% ee. The ee was determined by HPLC analysis (Daicel chiralcel IBn-s, 2-propanol/hexane = 30/70, flow
rate = 1.0 mL/min, A = 300 nm). trmajo = 12.47 min, trminon = 15.55 min; [a]p® = +32.7 (c = 1.47, in CH,CL,).

IH NMR (400 MHz, Chloroform-d) & 8.80 (s, 1H), 7.60 (d, J = 8.4 Hz, 2H), 7.35 — 7.27 (m, 2H), 7.24 — 7.19 (m, 2H), 7.16 (d, J = 8.0
Hz, 2H), 6.99 — 6.92 (m, 2H), 6.76 — 6.65 (m, 2H),3.84 (s, 3H), 3.83 (d, J = 16.8 Hz, 1H), 3.39 (d, J = 16.8 Hz, 1H), 2.37 (s, 3H).

3C NMR (101 MHz, Chloroform-d) 8 176.0, 159.7, 153.3, 143.9, 140.4, 135.8, 131.8, 130.3, 129.8, 129.2, 128.1, 128.0, 123.7, 122.8,
1195, 116.6, 111.7, 111.1, 71.0, 55.5, 46.3, 21.6.

HRMS (ESI*) m/z caled for CasHa1N3O4NaS* ([M]+Na*) = 470.1145, found 470.1149.

IR (neat, cm™) 3215, 1726, 1619, 1600, 1575, 1471, 1344, 1218, 1164, 1122, 1034, 813, 759, 665, 592, 547.
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C20

(S)-5'-(4-methoxyphenyl)-2'-tosyl-2',4'-dihydrospiro[indoline-3,3'-pyrazol]-2-one
The crude material was directly purified by flash chromatography on silica gel (R¢= 0.3, PE/EtOAc = 3:2) to afford the yellow solid (42.5
mgq) in 95% yield with 86% ee. The ee was determined by HPLC analysis (Daicel chiralcel IBn-s, 2-propanol/hexane = 30/70, flow rate
= 1.0 mL/min, A = 300 nm). trgmajor) = 16.00 mMin, trgminor = 21.58 min; [a]p'® = +29.8 (c = 1.54, in CH,CL).

'H NMR (400 MHz, Acetone-de) & 9.75 (s, 1H), 7.76 — 7.69 (m, 2H), 7.52 (d, J = 8.4 Hz, 2H), 7.30 — 7.21 (m, 3H), 7.04 — 6.94 (m,
3H), 6.74 — 6.66 (m, 1H), 6.61 (d, J = 7.6 Hz, 1H), 3.83 (s, 3H), 3.74 (d, J = 17.2 Hz, 1H), 3.52 (d, J = 17.2 Hz, 1H), 2.37 (s, 3H).

3C NMR (101 MHz, Acetone-ds)  175.8, 162.3, 153.9, 144.4, 142.2, 137.2, 130.5, 129.7, 129.0, 128.9, 128.5, 124.4, 123.9, 122.6,

114.8, 110.8, 71.4, 55.6, 46.7, 21.2.

HRMS (ESI*) m/z calcd for C24H2:N3O4NaS* ([M]+Na*) = 470.1145, found 470.1148.
IR (neat, cm) 3207, 1727, 1605, 1515, 1471, 1422, 1353, 1307, 1164, 1108, 1037, 1017, 840, 814, 757, 734, 701, 664, 590, 545.
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(S)-5'-(3-chlorophenyl)-2'-tosyl-2',4'-dihydrospiro[indoline-3,3'-pyrazol]-2-one

The crude material was directly purified by flash chromatography on silica gel (R; = 0.3, PE/EtOAc = 3:2) to afford the light yellow oil
(36.6 mg) in 81% yield with 91% ee. The ee was determined by HPLC analysis (Daicel chiralcel IBn-s, 2-propanol/hexane = 30/70, flow
rate = 1.0 mL/min, & = 300 nm). trmajon = 20.00 MiN, trminon = 25.22 min; [a]p!® = +24.8 (c = 1.34, in CH3CN).

'H NMR (400 MHz, Chloroform-d) & 8.72 (s, 1H), 7.70 (t, J = 2.0 Hz, 1H), 7.60 (d, J = 8.4 Hz, 2H), 7.53 (dt, J = 7.6, 1.6 Hz, 1H), 7.39
(dt, J=8.4,1.6 Hz, 1H), 7.33 (t, J = 8.0 Hz, 1H), 7.26 — 7.21 (m, 1H), 7.18 (d, J = 8.0 Hz, 2H), 6.95 (d, J = 7.6 Hz, 1H), 6.80 — 6.68 (m,
2H), 3.82 (d, J = 16.8 Hz, 1H), 3.38 (d, J = 16.8 Hz, 1H), 2.38 (s, 3H).

3C NMR (101 MHz, Chloroform-d) 8 175.8, 151.9, 144.1, 140.4, 135.6, 134.9, 132.2, 130.5, 130.4, 130.1, 129.3, 128.1, 128.0, 126.7,
124.9,123.7, 123.0,111.2, 71.1, 46.0, 21.7.

HRMS (ESI*) m/z calcd for Cy3H15CIR*9%89N3;03NaS* ([M]+Nat) = 474.0650, found 474.0652 and Ca3H15CI895°N;03NaS™ ([M]+Nat) =
476.0620, found 476.0620.

IR (neat, cm™) 3260, 1620, 1598, 1563, 1491, 1473, 1340, 1215, 1166, 1126, 1086, 1037, 736, 688, 665, 593, 547.
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c22
(S)-5'-(4-chlorophenyl)-2'-tosyl-2',4'-dihydrospiro[indoline-3,3'-pyrazol]-2-one
The crude material was directly purified by flash chromatography on silica gel (R; = 0.3, PE/EtOAc = 3:2) to afford the white oil (38.9
mg) in 86% yield with 91% ee. The ee was determined by HPLC analysis (Daicel chiralcel IBn-s, 2-propanol/hexane = 30/70, flow rate
= 1.0 mL/min, & = 300 NM). trmajory = 12.16 Min, trminon = 17.11 min; [o]o'® = +34.0 (¢ = 1.34, in CHCly).
1H NMR (400 MHz, Acetone-de) 8 9.76 (s, 1H), 7.83 — 7.73 (m, 2H), 7.58 — 7.51 (m, 2H), 7.51 — 7.44 (m, 2H), 7.32 — 7.20 (m, 3H),
6.99 (d, J = 8.0 Hz, 1H), 6.81 — 6.60 (m, 2H), 3.79 (d, J = 17.2 Hz, 1H), 3.60 (d, J = 17.2 Hz, 1H), 2.38 (s, 3H).
3C NMR (101 MHz, Acetone-de) d 175.7, 153.1, 144.6, 142.3, 137.1, 136.4, 130.7, 130.3, 129.8, 129.6, 129.0, 128.9, 128.6, 124.6,
122.8, 110.9, 71.8, 46.5, 21.3.
HRMS (ESI*) m/z calcd for Cp3H1sCIR4%68N;03NaS* ([M]+Na*) = 474.0650, found 474.0653 and C,3H1sCI%%6%°N;03NaS* ([M]+Na*) =
476.0620, found 476.0622.
IR (neat, cm) 3322, 1736, 1620, 1598, 1491, 1473, 1404, 1355, 1215, 1125, 1095, 1039, 1013, 815, 758, 705, 691, 666, 641, 594,
560, 540.
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c23
(S)-5'-(3-bromophenyl)-2'-tosyl-2',4'-dihydrospiro[indoline-3,3'-pyrazol]-2-one
The crude material was directly purified by flash chromatography on silica gel (Rs = 0.3, PE/EtOAc = 3:2) to afford the yellow oil (45.1
mgq) in 91% yield with 84% ee. The ee was determined by HPLC analysis (Daicel chiralcel IBn-s, 2-propanol/hexane = 30/70, flow rate
= 1.0 mL/min, A = 300 nm). tramajory = 12.57 min, traminoy = 15.38 min; [a]p'” = +23.7 (c = 1.62, in (CH3).CO).

H NMR (400 MHz, Acetone-de) 8 9.77 (s, 1H), 7.93 (t, J = 1.6 Hz, 1H), 7.78 — 7.73 (m, 1H), 7.67 — 7.58 (m, 1H), 7.59 — 7.48 (m,
2H), 7.41 (t, J = 8.0 Hz, 1H), 7.30 — 7.22 (m, 3H), 7.00 (d, J = 8.0 Hz, 1H), 6.78 — 6.68 (M, 2H), 3.81 (d, J = 17.2 Hz, 1H), 3.62 (d, J =

17.2 Hz, 1H), 2.38 (s, 3H).

13C NMR (101 MHz, Acetone-ds) d 175.6, 152.8, 144.7, 142.3, 137.0, 133.8, 133.7, 131.4, 130.7, 129.9, 129.9, 128.8, 128.6, 126.3,

124.6, 123.0, 122.8, 110.9, 71.8, 46.4, 21.3.

HRMS (ESI*) m/z calcd for C3H18Br’8918N303NaS* ([M]+Na*) = 518.0144, found 538.0148 and Cy3H1gBré%°63N;03NaS* ([M]+Na*) =

520.0124, found 520.0129.

IR (neat, cm®) 3258, 1619, 1598, 1473,1358, 1337, 1215, 1166, 1126, 998, 759, 734, 703, 686, 665, 592, 547.
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c24
(S)-5'-(4-bromophenyl)-2'-tosyl-2',4'-dihydrospiro[indoline-3,3'-pyrazol]-2-one
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The crude material was directly purified by flash chromatography on silica gel (R = 0.3, PE/EtOAc = 3:2) to afford the yellow solid (47.1
mg) in 95% yield with 88% ee. The ee was determined by HPLC analysis (Daicel chiralcel IBn-s, 2-propanol/hexane = 30/70, flow rate
= 1.0 mL/min, & = 300 NM). trmajo) = 13.31 min, trmino) = 19.63 min; [’ = +18.4 (c = 0.97, in (CH3).CO).

IH NMR (400 MHz, Acetone-de) § 9.74 (s, 1H), 7.77 — 7.70 (m, 2H), 7.69 — 7.59 (m, 2H), 7.53 (d, J = 8.4 Hz, 2H), 7.31 — 7.22 (m,
3H), 6.99 (d, J = 7.6 Hz, 1H), 6.78 — 6.64 (m, 2H), 3.80 (d, J = 17.2 Hz, 1H), 3.62 (d, J = 17.2 Hz, 1H), 2.39 (s, 3H).

13C NMR (101 MHz, Acetone-ds) d 175.7, 153.3, 144.7, 142.5, 137.2, 132.7, 130.8, 130.8, 129.9, 129.3, 129.0, 128.7, 124.9, 124.7,
122.8,111.0, 71.9, 46.5, 21.4.

HRMS (ESI*) m/z calcd for C3H13Br’8918N303NaS* ((M]+Na*) = 518.0144, found 538.0148 and Cy3HgBré%°63N;03NaS* ([M]+Na*) =
520.0124, found 520.0124.

IR (neat, cm™) 3333, 1620, 1593, 1473, 1401, 1349, 1214, 1164, 1127, 1103, 1042, 1008, 845, 815, 754, 687, 664, 641, 596, 551,
538.
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c25
(S)-4-(2-ox0-2'-tosyl-2',4'-dihydrospiro[indoline-3,3'-pyrazol]-5'-yl)benzonitrile
The crude material was directly purified by flash chromatography on silica gel (R = 0.4, PE/EtOAc = 3:2) to afford the light yellow oil
(41.5 mg) in 94% yield with 74% ee. The ee was determined by HPLC analysis (Daicel chiralcel IBns 2-propanol/hexane = 30/70, flow
rate = 1.0 mL/min, A = 300 nM). trmajory = 16.44 min, trminon = 22.19 min; [a]p® = -10.0 (c = 1.48, in CH3CN).
IH NMR (400 MHz, Acetone-des) 5 9.79 (s, 1H), 7.99 — 7.91 (m, 2H), 7.89 — 7.78 (m, 2H), 7.59 — 7.51 (m, 2H), 7.33 — 7.22 (m, 3H),
7.00 (d, J = 7.6 Hz, 1H), 6.80 — 6.71 (m, 2H), 3.85 (d, J = 17.2 Hz, 1H), 3.67 (d, J = 17.2 Hz, 1H), 2.39 (s, 3H).
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13C NMR (101 MHz, Acetone-ds) d 175.6, 152.6, 144.8, 142.3, 136.9, 135.5, 133.1, 130.8, 129.9, 128.7, 128.5, 128.0, 124.7, 122.8,
118.8, 113.9, 110.9, 72.0, 46.2, 21.3.

HRMS (ESI*) m/z calcd for C24H1sN4O3sNaS* ([M]+Na*) = 465.0992, found 465.0992.

IR (neat, cm™) 3317, 2117, 1729, 1620, 1596, 1472, 1412, 1354, 1215, 1165, 1124, 1104, 1040, 1020, 848, 735, 702, 664, 594, 572,
543.
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C26
(S)-5'-(3-fluorophenyl)-2'-tosyl-2',4'-dihydrospiro[indoline-3,3'-pyrazol]-2-one

The crude material was directly purified by flash chromatography on silica gel (Rs = 0.3, PE/EtOAc = 3:2) to afford the light yellow solid
(41.6 mg) in 83% yield with 78% ee. The ee was determined by HPLC analysis (Daicel chiralcel IBn-s, 2-propanol/hexane = 30/70, flow
rate = 1.0 mL/min, A = 300 nm). trmajon = 11.99 min, trminon = 14.54 min; [a]p® = +37.8 (c = 1.46, in CH,CL,).

IH NMR (400 MHz, Chloroform-d) & 8.67 (s, 1H), 7.61 (d, J = 8.0 Hz, 2H), 7.45 (d, J = 9.6 Hz, 1H), 7.42 — 7.33 (m, 2H), 7.25 - 7.21
(m, 1H), 7.19 (d, J = 8.0 Hz, 2H), 7.12 (t, J = 8.0 Hz, 1H), 6.95 (d, J = 7.6 Hz, 1H), 6.80 — 6.72 (m, 2H), 3.83 (d, J = 16.8 Hz, 1H), 3.39
(d, J =16.8 Hz, 1H), 2.38 (s, 3H).

13C NMR (101 MHz, Chloroform-d) & 175.8, 162.8 (J = 247.5 Hz), 152.1 (J = 3.0 Hz), 144.1, 140.4, 135.6, 132.6 (J = 8.1 Hz), 130.5,
130.4, 129.3,128.2, 128.0, 123.7, 123.0, 122.6 (J = 3.0 Hz), 117.6 (J = 22.2 Hz), 113.5 (J = 22.2 Hz), 111.1, 71.1, 46.1, 21.7.

1F NMR (376 MHz, Chloroform-d) & -112.0.

HRMS (ESI*) m/z calcd for C,3H1sFNaN3O3S* ([M]+Na*) = 458.0945, found 458.0947.

IR (neat, cm) 3259, 1729, 1619, 1577, 1473, 1452, 1345, 1272, 1215, 1198, 1165, 1122, 1001, 789, 758, 736,702, 666, 592, 548.
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c27
(S)-5'-(naphthalen-2-yl)-2'-tosyl-2',4'-dihydrospiro[indoline-3,3'-pyrazol]-2-one
The crude material was directly purified by flash chromatography on silica gel (R¢= 0.3, PE/EtOAc = 3:2) to afford the yellow solid (43.9
mgq) in 94% yield with 90% ee. The ee was determined by HPLC analysis (Daicel chiralcel IBn-s, 2-propanol/hexane = 30/70, flow rate
= 1.0 mL/min, & = 300 NM). trmajoy = 13.75 min, treminoy = 17.51 min; [a]p!® = +79.0 (c = 1.73, in CH3CN).
IH NMR (400 MHz, Acetone-deg) & 9.81 (s, 1H), 8.11 (s, 1H), 8.04 (dd, J = 8.8, 1.6 Hz, 1H), 7.96 — 7.89 (m, 3H), 7.60 — 7.50 (m, 4H),
7.30-7.23 (m, 3H), 7.02 (d, J = 8.0 Hz, 1H), 6.74 — 6.66 (m, 2H), 3.89 (d, J = 17.2 Hz, 1H), 3.69 (d, J = 17.2 Hz, 1H), 2.36 (s, 3H).
3C NMR (101 MHz, Acetone-de) d 175.8, 154.2, 144.5, 142.3, 137.1, 134.8, 133.7, 130.6, 129.8, 129.2, 129.1, 128.9, 128.5, 128.4,
128.2,128.0, 127.5, 124.5, 123.8, 122.7, 110.9, 71.7, 46.5, 21.3.
HRMS (ESI*) m/z calcd for C,7H21N3O3NaS* ([M]+Na*) = 490.1196, found 490.1199.
IR (neat, cm) 3260, 1727, 1620, 1600, 1472, 1419, 1355, 1214, 1165, 1120, 1103, 1037, 963, 893, 863, 815, 753, 702, 665, 625,
588, 544, 493.
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Cc28

(S)-5'-(thiophen-2-yl)-2'-tosyl-2',4'-dihydrospiro[indoline-3,3'-pyrazol]-2-one
The crude material was directly purified by flash chromatography on silica gel (R; = 0.3, PE/EtOAc = 3:2) to afford the light yellow oil
(33.8 mg) in 80% yield with 80% ee. The ee was determined by HPLC analysis (Daicel chiralcel IBn-s, 2-propanol/hexane = 30/70, flow
rate = 1.0 mL/min, & = 300 nm). trmajor = 14.02 min, trminon = 16.63 min; [a]p® = +16.2 (c = 1.02, in CH,CL,).

14 NMR (400 MHz, Chloroform-d) & 8.84 (s, 1H), 7.56 (d, J = 8.4 Hz, 2H), 7.44 (dd, J = 5.2, 1.2 Hz, 1H), 7.24 — 7.18 (m, 2H), 7.15 (d,
J =8.0 Hz, 2H), 7.04 (dd, J = 5.2, 3.6 Hz, 1H), 6.95 (d, J = 8.0 Hz, 1H), 6.73 — 6.62 (m, 2H), 3.85 (d, J = 16.8 Hz, 1H), 3.38 (d, J = 16.8
Hz, 1H), 2.37 (s, 3H).
3C NMR (101 MHz, Chloroform-d) 8 175.7, 149.0, 143.9, 140.5, 135.6, 133.8, 130.3, 129.3, 129.2, 129.2, 129.0, 128.2, 127.7, 127.6,

123.7, 122.8, 111.2, 71.0, 46.8, 21.6.

HRMS (ESI*) m/z calcd for C,1H17N3NaO3S,* ([M]+H*) = 446.0604, found 446.0611.
IR (neat, cm) 3266, 1727, 1620, 1598, 1437, 1400, 1214, 1166, 1123, 1103, 1034, 842, 815, 759, 705, 665, 593, 547, 529.
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c31
(S)-6-fluoro-5'-phenyl-2'-tosyl-2',4'-dihydrospiro[indoline-3,3'-pyrazol]-2-one
The crude material was directly purified by flash chromatography on silica gel (Rt = 0.5, PE/EtOAc = 3:2) to afford the orange oil (27.8
mg) in 64% yield with 86% ee. The ee was determined by HPLC analysis (Daicel chiralcel IBns, 2-propanol/hexane = 20/80, flow rate
= 1.0 mL/min, & = 300 nm). trmajoy = 21.19 Min, trminoy = 17.88 min; [o]4052° = -36.3 (c = 0.85, in CH.Cl).
H NMR (400 MHz, Chloroform-d) & 9.12 (s, 1H), 7.74 — 7.66 (m, 2H), 7.63 (d, J = 8.0 Hz, 2H), 7.47 — 7.36 (m, 3H), 7.20 (d, J = 8.0
Hz, 2H), 6.71 (dd, J = 8.4, 2.4 Hz, 1H), 6.65 (dd, J = 8.4, 5.2 Hz, 1H), 6.40 (td, J = 8.8, 2.4 Hz, 1H), 3.82 (d, J = 16.8 Hz, 1H), 3.37 (d,
J=16.8 Hz, 1H), 2.38 (s, 3H).
3C NMR (101 MHz, Chloroform-d) 8 176.5, 163.9 (J = 248.8 Hz), 153.4, 144.2, 142.2 (J = 12.4 Hz), 135.6, 130.7, 130.3, 129.3,
129.3, 128.8, 128.1, 126.9, 125.0 (J = 10.1 Hz), 123.7 (J = 2.8 Hz), 109.2 (J = 22.8 Hz), 99.9 (J = 27.4 Hz), 70.6, 46.1, 21.6.
19F NMR (376 MHz, Chloroform-d) & -108.4.
HRMS (ESI*) m/z calcd for Ca3H1sFN3sNaOsS* ([M]+Nat*) = 458.0945, found 458.0941.
IR (neat, cm™) 3313, 1743, 1627, 1501, 1462, 1356, 1269, 1215, 1166, 1141, 1120, 1036, 968, 847, 811, 761, 734, 707, 690, 667,
600, 574, 544.

1.001
:) :
< 0.50
0.00
I e o e e e e B I e B e e B B
0.00 200 400 600 800 10.00 12.00 1400 16.00 1800 20.00 22.00 24.00 26.00 28.00 30.00 32.00
Minutes
Retention Area % Area
Time
1 17.020 51824497 49.82
2 20.638 52207302 50.18
0.30
- 0.20
< b n
4 ~
i [oe]
0.101 ~
] -
0.00] /K
R e R I e e e e e e R I e R e e e T e s s
0.00 200 400 600 800 10.00 12.00 14.00 16.00 1800 20.00 22.00 24.00 26.00 28.00 30.00 32.00
Minutes

55



Retention Area % Area
Time
1 17.875 1557905 7.05
2 21.190 20550897 92.95
Ph
<N
|
“ N ~Ts
0
N
H
C32

(S)-7-methyl-5'-phenyl-2'-tosyl-2',4'-dihydrospiro[indoline-3,3'-pyrazol]-2-one

The crude material was directly purified by flash chromatography on silica gel (R; = 0.4, PE/EtOAc = 3:2) to afford the light pink solid
(39.1 mg) in 84% yield with 70% ee. The ee was determined by HPLC analysis (Daicel chiralcel IBn-s, 2-propanol/hexane = 20/80, flow
rate = 1.0 mL/min, A = 300 Nm). trmajory = 18.00 mMin, trminon = 21.57 min; [oas®* = +66.9 (¢ = 1.33, in CH2Cly).

IH NMR (400 MHz, Chloroform-d) § 9.12 (s, 1H), 7.79 — 7.70 (m, 2H), 7.50 (dd, J = 8.4, 6.4 Hz, 2H), 7.46 — 7.39 (m, 3H), 7.12 (d, J
= 8.4 Hz, 2H), 6.99 (d, J = 8.0 Hz, 1H), 6.95 — 6.87 (m, 1H), 6.19 (s, 1H), 3.85 (d, J = 16.8 Hz, 1H), 3.36 (d, J = 16.8 Hz, 1H), 2.37 (s,
3H), 1.93 (s, 3H).

3C NMR (101 MHz, Chloroform-d) 8 176.2, 153.6, 143.6, 138.2, 135.8, 132.0, 130.7, 130.6, 130.5, 129.1, 129.1, 128.8, 128.1, 127.1,
126.9,124.5,111.1, 71.2, 46.1, 21.6, 20.6.

HRMS (ESI*) m/z calcd for C24H21N3NaO3S* ([M]+Na*) = 454.1196, found 454.1188.

IR (neat, cm) 3326, 1730, 1626, 1598, 1494, 1448, 1356, 1263, 1217, 1167, 1114, 1036, 858, 815, 763, 734, 691, 664, 636, 599,
547, 488.
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(S)-1-acetyl-5'-phenyl-2'-tosyl-2',4'-dihydrospiro[indoline-3,3'-pyrazol]-2-one
The crude material was directly purified by flash chromatography on silica gel (R; = 0.4, PE/EtOAc = 3:2) to afford the light yellow oil
(41.9 mg) in 91% yield with 90% ee. The ee was determined by HPLC analysis (Daicel chiralcel ID 2-propanol/hexane = 30/70, flow
rate = 1.0 mL/min, A = 300 Nm). trmajory = 25.53 MiN, trminon = 46.25 min; [a]p® = +32.7 (c = 0.44, in CH,Cl,).

IH NMR (400 MHz, Chloroform-d) & 8.28 (d, J = 8.4 Hz, 1H), 7.75 — 7.67 (m, 2H), 7.47 — 7.31 (m, 6H), 7.12 (d, J = 8.0 Hz, 2H), 6.81
(t, J =8.0 Hz, 1H), 6.64 (d, J = 7.6 Hz, 1H), 3.89 (d, J = 16.8 Hz, 1H), 3.43 (d, J = 16.8 Hz, 1H), 2.76 (s, 3H), 2.37 (s, 3H).

13C NMR (101 MHz, Chloroform-d) & 174.0, 169.8, 151.8, 143.0, 138.5, 134.4, 129.8, 129.6, 129.1, 128.2, 127.8, 126.7, 125.8,

125.2,124.3, 122.1, 116.0, 69.9, 46.0, 25.6, 20.6.

HRMS (ESI*) m/z calcd for CasH21N3NaO4S* ([M]+Na*) = 482.1145, found 482.1150.
IR (neat, cm) 2924, 2854, 2360, 1770, 1714, 1600, 1466, 1418, 1357, 1337, 1310, 1274, 1101, 1055, 1016, 915, 863, 801, 760,

736, 693, 671, 602, 587, 546, 494.
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(S)-1-methyl-5'-phenyl-2'-tosyl-2',4'-dihydrospiro[indoline-3,3'-pyrazol]-2-one
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The crude material was directly purified by flash chromatography on silica gel (Rt = 0.5, PE/EtOAc = 2:1) to afford the yellow oil (41.0
mg) in 95% yield with 90% ee. The ee was determined by HPLC analysis (Daicel chiralcel IA, 2-propanol/hexane = 30/70, flow rate =
1.0 mL/min, A = 300 nm). tramajon = 15.12 min, trminoy = 24.05 min; [a]p®® = +59.1 (¢ = 0.25, in CH:Cly).
IH NMR (400 MHz, Chloroform-d) 8 7.72 — 7.64 (m, 2H), 7.55 (d, J = 8.4 Hz, 2H), 7.43 — 7.35 (m, 3H), 7.35 — 7.29 (m, 1H), 7.16 (d,
J =8.0 Hz, 2H), 6.90 (d, J = 8.0 Hz, 1H), 6.81 — 6.67 (m, 2H), 3.81 (d, J = 16.8 Hz, 1H), 3.38 (d, J = 16.8 Hz, 1H), 3.32 (s, 3H), 2.37

(s, 3H).

13C NMR (101 MHz, Chloroform-d) & 174.1, 153.2, 143.8, 143.2, 135.9, 130.6, 130.5, 130.3, 129.2, 128.7, 128.1, 127.7, 126.8,

1235, 122.9, 108.8, 70.6, 45.9, 27.0, 21.6.

HRMS (ESI*) m/z calcd for C4Ha1NsNaOsS* ([M]+Na*) = 454.1196, found 454.1194.
IR (neat, cm') 2927, 2360, 1727, 1672, 1612, 1493, 1471, 1449, 1421, 1351, 1306, 1260, 1160, 1117, 1090, 1058, 1011, 953, 867,

815, 755, 732, 697, 666, 546, 492.
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17. Copies of NMR spectra for the reaction substrates and products
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221921 §
T Zrizh
v8'8Z1 |
18621
508l |
28081
8805
26°081 -

s

9601

L0°L9L ~
LG°€9L

Br.

Parameters

Value
pdata/ 1

Parameter

Title

CDCI3
296.5
256

Solvent

Temperature

Number of Scans

100.63
13C

Spectrometer Frequency

Nucleus

T T
122 121
f1 (ppm)

T
123

T
124

130 129 128 127 126

131

1 (ppm)

-10

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

190

210 200
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— -109.46

Parameters

Parameter Value
Title pdata/ 1
Solvent CDCI3
Temperature 296.2
Number of Scans 16
Spectrometer Frequency 376.55
Nucleus 19F

Br.
SR /@
M E F

AB

T T T LI T T T

T T LI T T T T LI LI T T T LI LI T T T T LI T

0 10 20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210
f1 (ppm)
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S LN
Parameters
Parameter Value
Title pdata/ 1
Solvent CDCI3
Temperature 296.0
Number of Scans 16
Spectrometer Frequency 400.18
Nucleus 1H
N 2 - Q
- - N N
T T T T T T T
7.7 7.6 7.5 7.4 7.3 7.2 71 Br F
1 (ppm) LT
NTe
Major A7
=) ‘ & .
~ g Mino
T T T T T T T T T T T T T
8.15 8.10 8.05 8.00 7.95 7.90 7.85
1 (ppm)  Saiae
o -
T T T
4.25 420 4.15
1 (ppm)
JL |
serNd=e S
NO ™™ NN N
T T T T T T T T T T T T T T T T T T T T T T T T T
11.0 10.5 10.0 9.5 90 85 80 75 7.0 65 6.0 55 50 45 40 35 3.0 25 20 15 1.0 05 0.0 -0.5 -1.0
1 (ppm)
n oo ONOOWWAOTMNTrhNANYT - UOND
20T OYIMOAANGANNINRD I 190 3 0
©COY NOYTMMOOOOOONDON OGO * v
© © © HDOOOOHOOOMOOMO®OMONNNNN- (¥ o
Al ol o Al ol ol L L o ol o [} -
< - VY e |
Parameters
Parameter Value
Title pdata/ 1
Solvent CDCI3
Temperature 296.5
Number of Scans 256
Spectrometer Frequency 100.63
Nucleus 13C
br. F
o LT
N
Oz
a7
T T T T
131.0 130.5 130.0 129.5
1 (ppm)
VAT IO M i TN ol
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
1 (ppm)



—-103.55

Parameters

Parameter Value
Title pdata/ 1
Solvent CDCI3
Temperature 296.2
Number of Scans 16
Spectrometer Frequency 376.55
Nucleus 19F

Br F
e
0,

a7

T T

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
-10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -2
1 (ppm)
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e
Parameters
Parameter Value
Title pdata/ 1
Solvent CDCI3
Temperature 296.0
Number of Scans 16
Spectrometer Frequency 400.18
Nucleus 1H
B R =“z = o <
o N (2] N - -
T T T T T T T T T
8.0 7.9 7.8 7.7 7.6 7.5 7.4 7.3 7.2
1 (ppm)
Br. br
Mayj % H\,@f
jor N g
0z
Minor 4s
- o
T T T T T T T T T
4.30 4.25 4.20 4.15
f1 (ppm)
1 J 1
&
T T T T T T T T T T T T T T T T T T T T T T T T T
11.0 10.5 10.0 95 9.0 85 80 75 7.0 65 6.0 55 50 45 40 35 30 25 20 15 1.0 05 0.0 -0.5 -1.0
1 (ppm)
NOTUONTANTANMW
©CITRWHOTONT © ~
SCNOSH DD DX IO N -
DOMONNNNNNN (¥ o
Al ol ol ol o [ -
| T\ [
Parameters
Parameter Value
Title pdata/ 1
Solvent CDCI3
Temperature 296.5
Number of Scans 256
Spectrometer Frequency 100.63
Nucleus 13C
Br. Br
N T
(TR
0z
a8
T T T T T T T T T T 1
134 133 132 131 130 129 128 127 126 125 124
f1 (ppm)
|
1 |
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
1 (ppm)
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Parameters
Parameter Value
Title pdata/ 1
Solvent CDCI3
Temperature 296.0
Number of Scans 16
Spectrometer Frequency 400.18 ‘J, T } é T
Nucleus 1H 4 - )
- - N o

7.7 7.6 7.5 7.4 7.3 7.2
1 (ppm)

Br. CFy
Major \N,H\ /©/

Minor A3

% ~ S 4

T T T T T T T T T T
8.20 8.15 8.10 8.05 8.00 7.95 7.90 7.85 7.80 7.75

o -
T T T T T

CH,Cl, 4.244.224.204.184.16
1 (ppm)

Joe

roNO+~v«~NO

2.0]=

T~ 1 T~ T ‘* T ‘* T ‘* T ‘" T T T T T T

A
[3,]
s

e e e e |

o
(3]

T
11.0 10.5 10.0 9.5 9.0 85 80 75 7.0 6.0 55 5.0 .0 35 30 25 20 15 1.0 05 0.0 -0.5 -1.
f1 (ppm)
COTrONOWOUWAONNOROT OMNOD®
KOSOBRMNO-BNOAINROITMNN TN 1B hJ
NTC BT OO0 0 00BN OWOO 0T = © -
DOUTTOOOMOONNNNNNNNNNNN ¥ o
Anl i i o o o i ol ol ol il il [y} s
N N N\ rrrre————— \ \
Parameters
Parameter Value

Title pdata/ 1

Solvent CDCI3

Temperature 296.5

Number of Scans 256

Spectrometer Frequency 100.63

Nucleus 13C

Br. [
“\N»H\s/@/
Oz
a9
T T T T T T T T T T T
131 130 129 128 127 126
£1 (ppm)
[
e B B e A L A e e e S S
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 10 30 20 10 0 -10

£1 (ppm)
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Parameters

Parameter Value
Title pdata/ 1
Solvent CDCI3
Temperature 294 .1
Number of Scans 16
Spectrometer Frequency76.55
Nucleus 19F

—-63.14

Br CFs
L /@
NT T3

o

ag

T

T

T

T

T

T

T

T

T

T T T T T T T T T

10 0 -10 -20 -30

T

-40

T

-50

T

-60

T

=70

T

-80

T

-90

T T T
<100 -110
1 (ppm)

70

T

-120

T

-130

-140

-150

-160

-170

-180

-190

-200

-210

-2.
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WEWW®WWWOWONNMNNMNNMMMMMMMMMMMMMMMMMMNMMMMNMNMNMNMMNMNMNMMMNMMNMNMMNMMNMNMNMMNMNMNMNMMNMNMNS S AN
S N e S e S S S S R A
Parameters
Parameter Value
Title pdata/ 1
Solvent CDCI3
Temperature 295.9 Major Major
Number of Scans 16
Spectrometer Frequenc: 400.18 . Minor
P q Y Minor
Nucleus 1H
- o BN S
. T . T . T e A e
o)a & 4.25 4.20 4.15 2.8 2.7 26 25
) . f1 (ppm) f1 (ppm)
- o
T T T T T T br.
8.20 8.15 8.10 8.05 . 7.95 - H
M
f1 (ppm) N

LR <

room<o o

] 39

L e O s — T T T T T T T T ‘" T T

T

11.0 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0 -0.5 -1.0

f1 (ppm)
NOODT-TONMNODONMO®NO®©DWONO® 0 «—
NNONNMOOONNOLNOONBT® - 9 e
CTONNOTONANNCSOSOSOHDHBNGG O S ® BN
DFTOOOOMMOMMMOOOMNNNNNNN < o oo
Al ol ol o o o o o i ol e o o 3] N N
N TN | rrrr———————— [ ~
Parameters
Parameter Value
Title pdata/ 1
Solvent CDCI3
Temperature 296.5
Number of Scans 256
Spectrometer Frequency 100.63 B
Nucleus 13C N /@
NS
0z
10
T T T
135 130 125
1 (ppm)
T T T T T T T T T T T T T
23 22 21 20 19 18 17
1 (ppm)
|
|
ol

T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O -10
f1 (ppm)
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ONMNMMMNMNMMNMMNMNMMMNMMMNMNMMNMMNMNMMNMMNMNMMNMNMNMNNMNMNMNMNNMNMMNNNS SN AN
e e e e ————— bl
Parameters
Parameter Value .
Title pdata/ 1 Major Major
Solvent CDCI3
Temperature 295.9
Number of Scans 16 Minor Mino
Spectrometer Frequency 400.18
Nucleus 1H o g p;,\
s < S o
T T T T " T T T T T T T T T T
4.30 4.25 4.20 4.15 4.10 25 2.4 2.3
f1 (ppm) f1 (ppm)
B
\H/Q\
[T
P 2 3 "
< ~ w6 a1

T
7.8 7.7 7.6 7.5 7.4 7.3
f1 (ppm)

I\

-

3.0] W

R S
o N ©v N

T T T T
1.0 10.5 10.0 95 9.0 85 80 75 7.0 6.5

T T T T
55 50 45 40 35 3.0 25 20 15 10 O

5 00 -05 -1.0

6.0
1 (ppm)
TrrrTOTOOTONOM
HMOMMARNTY =N w9
OONTOD®®®DIN O ]
TOOMOOONNNNNNN - O
Al ol ol o N
| SN N f——— \/
Parameters
Parameter Value

Title pdata/ 1

Solvent CDCI3

Temperature 296.4

Number of Scans 256

Spectrometer Frequency 100.63

Nucleus 13C

131 130 129 128 127 126 125 124
1 (ppm)

T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)
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o e e e
Parameters
Parameter Value
Title pdata/ 1
Solvent CDCI3
Temperature 296.0
Number of Scans 16
Spectrometer Frequency 400.18
Nucleus 1H 6 6
) o
T T T T T T T
1.30 1.25 1.20 2.80 2.75 2.70 2.65 Br B
1 (ppm) 1 (ppm) 1y /@’
™™g
i
¢ < % S % . ;
puc - e o o Major a2
- T T T T ‘* T ‘" T ' T ~—T [ T T T T T T T T T T Minor
8.05 8.00 7.95 7.90 7.85 7.80 7.75 7.40 7.35 7.30 7.25 7.20 7.15
1 (ppm) 1 (ppm)
3 -
) -
- - T T T
4.25 4.20 4.15
f1 (ppm)
i
|
l\ l L
CERABIECD S S
OO v v MmO N (3]

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
1.0 10.5 100 95 9.0 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0 -0.5 -1
1 (ppm)

TONYTOTULTMONOODOW
WHXAONYTONORNNEONGHT ©IIN NNo o~
CTOOWWTOOODBBBNN G aNaN e a9
T OOOMOM®OMONNNNNNN NNNO 0o ownw<
Al il ol ol A o o o ol ol NNNNMN MOANN «~ v«
Nl N et — NN
Parameters
Parameter Value

Title pdata/ 1

Solvent CDCI3

Temperature 296.5

Number of Scans 256

Spectrometer Frequency 100.63

Nucleus 13C

Br Et
©l\,n\/©r
[ R
0z
812
T T T T T T T T T T T T T T
131.5 130.5 129.5 128.5 127.5
1 (ppm)
WWWMW
T T T T T T
152.0 151.5 151.0 150.5 150.0 149.5
f1 (ppm) T T T T T T T T
28 26 24 22 20 18 16 14
f1 (ppm)
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
1 (ppm)
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R s e e B e L
Parameters
Parameter Value Major .
Title pdatal 1 Major
Sol .
olvent CDCI3 Minor
Temperature 296.1 Minor
Number of Scans 16
Spectrometer Frequency 400.18
Nucleus 1H
A @ @ A
- (=] o -
T T T T T T T
7.90 7.85 7.80 7.75 4.20 4.15 Br.
1 (ppm) f1 (ppm) .
N TS
a13
A < %
- ™ o
T T T T T T T T " T ) T
750 7.45 7.40 735 730 7.25 7.20 7.15 CH2C12
1 (ppm)
L J A
o L)
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
1.0 105 10.0 95 90 85 80 75 70 65 6.0 55 50 45 40 35 30 25 20 15 1.0 05 0.0 -05 -
1 (ppm)
CTOTCTCTANONTN-ODONON-OT O0MM®
NOWIDVI-COLICANNOCO-RONT® N e ggeg
rOYI T OOV T DO DDBONNGO T ™ < T ©Qe¥n
LTI OOOMONOOONNNNNNNNNNN ] ¥ Trrvro
Al ol ol o o o o ol ol i ol ol n [} N NN~
e e | | —
Parameters
Parameter Value
Title pdata/ 1
Solvent CDCI3
Temperature 296.6
Number of Scans 256
Spectrometer Frequency 100.63
Nucleus 13C
Br.
H
S
N T=
W15
L B e B LA — LA e — J T T T T
135 134 133 132 131 130 129 128 127 126 22.0 21.8 21.6 21.4 21.2
f1 (ppm) 1 (ppm)
|
|
Mu—-m* T A A
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
1 (ppm)
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Parameters
Parameter Value
Title pdata/ 1 Major
Solvent CDCI3
Temperature 296.1 Major .
Minor
Number of Scans 16 .
Minor

Spectrometer Frequency 400.18
Nucleus 1H

T T

@ P R
- o © -

. .
720 715 7.10 4.20 4.15
f1 (ppm) 1 (ppm) -

I
-

5
— T T T T
79 78 7.7 76 75 7.4 7.3
f1 (ppm)

713.04

.g} FEEE::zz?

|
=Y

A=
o

v 4
< N M oM
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
1.0 10.5 10.0 9.5 9.0 8.5 8. 75 70 65 6.0 55 50 45 40 35 30 25 20 15 10 05 0.0 -0.5 -1
1 (ppm)
ITNOCOTITTrODNOD ON
CTYNROYNNT T OMO Loy
SCTOBOADDOINING enx
OLTTOONNNNNNON - O
L S S IR R N N~
Parameters
Parameter Value
Title pdata/ 1
Solvent CDCI3
Temperature 296.6
Number of Scans 256
Spectrometer Frequency 100.63
Nucleus 13C

Br

T

s N
NT T

51

T T T T T T
131 130 129 128 127 126
1 (ppm)

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O -10
f1 (ppm)
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;;;;pgppgggggj\‘/ﬁﬁ)gyg44444444 \/ MM/W
Parameters Mai
Parameter Value . ajor
Title pdata/ 1 Major
Solvent CDCI3 Mi
Temperature 296.1 Minor mo
Number of Scans 16
Spectrometer Frequency  400.18
Nucleus 1H ? TT TH\—
o S - S o
T T T T T T T T T T T T T T T T T
1.30 1.25 1.20 4.20 4.15 2.50 2.45 2.40 2.35 Br
f1 (ppm) f1 (ppm) f1 (ppm) o H
[Th
B
817
< N
T T T T T T
7.4 7.3 7.2 741 )
1 (ppm) N
T T T T
275 270 2.65 2.60
f1 (ppm)
|
I
|
L LU L
o< o &N » o
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
11.0 105 10.0 95 90 85 80 75 70 65 6.0 55 50 45 40 35 30 25 20 15 1.0 05 0.0 -0.5 -1.(
1 (ppm)
ONNOOTTNOONOD LW ©
TOTOONNANGNT™O®S ™ 0 OoOWmOw—
SOOI DD DO®XNIN O NQOwmnA
OVTTOONNNNNNNN 0™ O0OwWwuw
Ll IR ol I i i o NANN™ ™«
NV SN \em——— ~ONN
Parameters
Parameter Value
Title pdata/ 1
Solvent CDCI3
Temperature 296.6
Number of Scans 256
Spectrometer Frequency 100.63
Nucleus 13C
br.
H
=
NE TS
B
w17
T T T T T
129.5 129.0 128.5 128.0 127.5
o Ny pNLM ) WWWLL\MWM
- T T T
30 29 28 16 15
f1 (ppm) 1 (ppm)

T T T T T T T

210 200 190 180

T T T

170

160

T

150

T T T T T T T T T T
140 130 120 110 100
1 (ppm)
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Parameters Major
Parameter Value
Title pdata/ 1 Major
Solvent CDCI3
Temperature 294.3 Minor Minor
Number of Scans 64
Spectrometer Frequency 400.18 TT T.T
Nucleus 1H . - d A
o - o N
T — T T T T T T T
4.35 4.30 4.25 4.20 4.15 2.5 2.4
1 (ppm) 1 (ppm) .
-
H
EAPLE
M T
Ph
6 6 I-A EAES
N © 0
T T T T T T T T T T T T T T
7.9 7.8 7.7 7.6 7.5 7.4 7.3
1 (ppm)
" It J LL_A/LA |
o~ o
T T T T LI T T T LI LI T T T T T T T T LI T T T LI T T T T LI T T T
1.0 10.5 100 95 90 85 80 75 70 65 6.0 55 50 45 40 35 30 25 20 15 1.0 05 0.0 -0.5
1 (ppm)
TOOATRNTANTNOOLTTITMUOOMOMON®OD
MOBWIOOONTO-TNOQOIN-SOINSN N oo
COYTTNMOOILIN M0 WO0OWDBONNNING e N®o
PIIIIIIcooodddNdNANANEdY 3 SR¢
e e e | N
Parameters
Parameter Value
Title pdata/ 1
Solvent CDCI3
Temperature 294.9
Number of Scans 1024
Spectrometer Frequency 100.63
Nucleus 13C
Br
H
EAPLE
M T
Ph
a1
T T T T T T T T T T T T T T T T
130.0129.5129.0128.5128.0127.5127.0126.5
1 (ppm)
|
Pl
| |
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
1 (ppm)
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e S
Parameters
Parameter Value
Title data/ 1 . :
b Major Major
Solvent CDCI3 . .
Temperature 296.1 Minor Minor
Number of Scans 16
Spectrometer Frequency 400.18 ,_'_T ? T
Nucleus 1H ~ . . .
o - - N
T T T T T T T T
4.25 4.20 4.15 4.102.50 2.45 2.40 2.35
f1 (ppm) f1 (ppm) o
N
T
Ohde

a1a

2.0]
3.0«

2

o
o

T T T T
3.5 3.0 25 20

T T T T
11.0 10.5 100 9.5 9.0 85 80 75 7.

T T T T
1.5 1.0 05 0.0 -0.5 -1

T T
0 6.5 6. 5 5.0 45 4.0
1 (ppm)
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Parameters
Parameter Value
Title pdata/ 1
Solvent CDCI3
Temperature 296.6
Number of Scans 256
Spectrometer Frequency 100.63
Nucleus 13C
Br.
N
T
Ohde
| | O T I W
T T T T T T T " T T T T T T T T T T T T ' ! ' ! ' !
136 135 134 133 132 131 130 129 128 19 118 117 116 21-?1 216 214
1 (ppm) f1 (ppm) (ppm)
|
|

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
1 (ppm)
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Parameters
Parameter Value Major Major
Title pdata/ 1

Solvent CDCI3 Mino A
Temperature 296.1 Mino
Number of Scans 16

Spectrometer Frequency 400.18 WT ;:g
o

Nucleus 1H - I °‘ N‘ —
4.3 4.2 4.1 26 25 24 23 22
f1 (ppm) f1 (ppm)

Br.

S
N T

z
I3
o
T

I‘J’ 0‘. é E. ”. g. az0
- - - N o o
T T T T T T T T T T T T T T T T T T T T T T T
7.9 7.8 7.7 7.6 74 73 72 71 7.0 6.9 6.8
1 (ppm) 1 (ppm)

-
1.0 10.5 100 95 90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 10 05 0.0 -0.5

1 (ppm)
© NTOOrMANNO N
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Parameters
Parameter Value

Title pdata/ 1

Solvent CDCI3

Temperature 296.6

Number of Scans 256

Spectrometer Frequency 100.63

Nucleus 13C

Br.

T T T T T T T T
130.0 129.5 129.0 128.5 128.0 127.5 127.0 126.5
1 (ppm)

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
1 (ppm)
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a2
T T
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1.5
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2.4

Major
Miﬂ
oo
T T
2.5
f1 (ppm)
T
2.0

2.6

3.0

4.05
T
3.5

Major
ﬂ;. ;‘;.
-
T
4.15
1 (ppm)
|
=Y
N

Minor

4.25
T
5
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©
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N

71

T
6.0
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)

P

o

7.2

T

7.0 6.5
el =l
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™M MO
N
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Value

pdata/ 1

CDCI3

Temperature 296.0
Number of Scans 16
Spectrometer Frequency 400.18
Nucleus 1H
S B @ .
- - (3¢
T T T T T T T T T
7.7 7.6 7.5 7.4 7.3 . .
1 (ppm)
Koo nn
O™ v™vv™MmOo
T T T T T T T T T T T T T T
10.5 10.0 95 9.0 85 8.0 7.5
n wn o
QN
o o <
=33
~

Parameters

Parameter

Title
Solvent

Br
@J\\N" =
w21
50 40 30 20 10 -10

60

70

I

100 90 80

1 (ppm)
80

125

110

126
120

130

127
140

128
150

Value
pdata/ 1
296.6
256
129
1 (ppm)
160

CDCI3
Spectrometer Frequency 100.63

13C
130
170

Parameters
Parameter

Title
Solvent
Temperature
Number of Scans
Nucleus

132 131

190 180

210 200
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Parameters . Major
Parameter Value Major
Title pdata/ 1
Solvent CDCI3 Minor Minor
Temperature 296.1
Number of Scans 16
Spectrometer Frequency 400.18 TT T T
Nucleus 1H o - o ~
— T T T T T T T T T T T T T T
4.25 4.15 4.02.50 2.45 2.40
f1 (ppm) f1 (ppm) .
-
H
WMo
M Tz
cl
T g Eg g ] hzz
o N - < o
T T T T T T T T T T T
81 80 79 78 7.7 76 75 74 73 72 71
f1 (ppm)
1 . J A
o )
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
10.5 100 95 9.0 85 80 75 7.0 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05 -1.0
f1 (ppm)
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Parameters
Parameter Value
Title pdata/ 1
Solvent CDCI3
Temperature 296.6
Number of Scans 256
Spectrometer Frequency 100.63
Nucleus 13C
Br
H
S WML
H Tz
cl
azz
T T T T T T T T T T T 1
130.0 129.5 129.0 128.5 128.0 127.5 127.0
1 (ppm)
|
|l i
it N—— AN AN - AU y o u' —— y ]' TN T———yY AN
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
1 (ppm)
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Parameters
Parameter Value
Title pdata/ 1
Solvent CDCI3
Temperature 296.0
Number of Scans 16
Spectrometer Frequency 400.18
Nucleus 1H
o R < N
N N o o
T T T T T T T T T
Major Major 7.60 7.55 7.50 7.45 7.40 7.35 7.30 7.25 7.20
f1 (ppm) Br.
-
NT TS
i Minor Br
Minor asa
o~ o
-—_— T T
4.2 4.1 25 24 23
f1 (ppm) 1 (ppm)
|

1.0 10.5 100 95 90 85 80 75 70 65 6.0 55 50 45 40 35 30 25 20 15 1.0 05 0.0

f1 (ppm)
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SNYO-NRONT= OO NS
SFTOTHOD DO N e~
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Parameters
Parameter Value

Title pdata/ 1

Solvent CDCI3

Temperature 296.6

Number of Scans 256

Spectrometer Frequency 100.63

Nucleus 13C

Br

T T T T T T T T T T T T T T
130.5 130.0 129.5 129.0 128.5 128.0 127.5
1 (ppm)

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O
1 (ppm)
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Parameters
Parameter Value
Title pdata/ 1 .
Solvent cbeiz Major Major
Temperature 296.1
Number of Scans 16 i .
Minor Minor
Spectrometer Frequency 400.18
Nucleus 1H
TT TT Br
. d d A "
o - o N S, Y
T T T T T T T T T T N
4.20 4.15 4.10 4.05 245 240 235 Br
1 (ppm) f1 (ppm)
hzd
o o

T T T T T T T T T T T T T T T
7.90 7.85 7.80 7.75 7.70 7.65 7.60
1 (ppm)

NS G NS e £}

cnNocmao 0
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
11.0 10.5 10.0 95 90 85 80 75 70 65 6.0 55 50 45 40 35 3.0 25 20 15 1.0 05 0.0 -0.5
1 (ppm)
VLOOTHDWO T™OMTTAN
CROMOOONS R Q® © ® 1
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TTOMOMMNNNNNN (] - 00
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Parameters
Parameter Value
Title pdata/ 1
Solvent CDCI3
Temperature 296.6
Number of Scans 256
Spectrometer Frequency 100.63
Nucleus 13C Br

=3

e N
NT TS

Anzd

T T T T T T T T T
135 134 133 132 131 130 129 128 127
f1 (ppm)

| \ |
sl | ij
5 T T e T ! AL e M T AR Wi AN

T T T T T T T T T T

T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)
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Parameters
Parameter Value
Title pdata/ 1
Solvent CDCI3
Temperature 294.3
Number of Scans 32
Spectrometer Frequency 400.18 g E
Nucleus 1H o~ )
T T T T T T T T T
435 430 4.25 25 23 21
1 (ppm) 1 (ppm)
Br
H
2 (N
NF T
N
6_ ‘ 6 a25
N ©
T T T T T T T
8.05 8.00 7.95 7.90 7.85 7.80 7.75
f1 (ppm)
L
N6 NN N o
T T T T T T T T T T T T T T T T T T T T T T T
1.0 10.5 100 95 90 85 80 75 7.0 65 6.0 55 50 45 40 35 30 25 20 15 1.0 05 0.0
1 (ppm)
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Parameters
Parameter Value
Title pdata/ 1
Solvent CDCI3
Temperature 295.1
Number of Scans 1024
Spectrometer Frequency 100.63
Nucleus 13C
Br
H
|
™ "Ts

NC

T T T T T T T T T T
129.5 1285 1275 1265 1255
1 (ppm)

| H

—7T + T ~ T *~ T *~ T *~ T + T + T * T *~ T *~ T *+ T *+ T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)
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Parameters . Major
Parameter Value Ma]or
Title pdata/ 1 .
Solvent cbci3 Minor| Mino
Temperature 296.0
Number of Scans 16
Spectrometer Frequency 400.18 ‘B ; g -
Nucleus 1H S - o«
T T T T T
4.2 4.1 25 24 23
1 (ppm) 1 (ppm)
Br-
H
S
N Ts
F
826
< 2 @
< - o
T T T T T T T
7.5 7.4 7.3 7.2 71 7.0 6.9
1 (ppm)
CH2C12
lJ J\L\
o ©
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
1.0 10.5 100 95 90 85 80 75 7.0 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0 -0.5 -1.0
1 (ppm)
DO OWMANONITVDONONTOMOONOODI O
CTOARNNQORORNMONREQANNONMO T OGNNSO L om0
fTer 0T FTOST " rTOCOHOONMEENNNNSTSEO® © @~
i g R CRGRORGR  Jh S S i i s s o af ol b il
SNV TSN S e — \ \
Parameters
Parameter Value
Title pdata/ 1
Solvent CDCI3
Temperature 296.6
Number of Scans 256
Spectrometer Frequency 100.63 B
Nucleus 13C \n
NT s
F
nz6
Tr oo orr T T T T 1T T T T T ‘' T " T T T T T T T T T T T T T T T T T T T T T T 1T
165 164 163 162 161 160 159 131.5 130.5 129.5 128.5 127.5 §119 118 117 116 115 114 113 11
1 (ppm) 1 (ppm) f1 (ppm)
Lol
I ! | '
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)
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Parameters

Parameter Value
Title pdata/ 1
Solvent CDCI3
Temperature 296.3
Number of Scans 16
Spectrometer Frequency376.55
Nucleus 19F

_--109.129
~-111.909

A6

e :
10 0 -10 -20 -30

-40

-50

-60

=70

-80

“
-90

f1 (ppm)
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Parameters
Parameter Value
Title pdata/ 1
Solvent CDcCI3
Temperature 295.8
Number of Scans 16
Spectrometer Frequency 400.18
Nucleus 1H 6 6
o (o]
LI R B B I B LA B B B B |
433 431 429 427 243 241 239 237
f1 (ppm) 1 (ppm)
br.
o H
6_ ‘J- N© TS
N <
T T T T T T T T T T O
7.96 7.94 7.92 7.90 7.88 7.86 7.84 7.82 7.80 7.78 827
1 (ppm)
| ) J
o )

T T T T T T T T T T T T T T T T T T T T T T T T T
1.0 10.5 10.0 95 9.0 85 80 75 7.0 65 6.0 55 50 45 40 35 30 25 20 15 10 05 0.0 -0.5 -1
1 (ppm)
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Parameters
Parameter Value
Title pdata/ 1
Solvent CDcCI3
Temperature 296.5
Number of Scans 256
Spectrometer Frequency 100.63
Nucleus 13C
Br.
H
% W
O N Ts
I 827
—T 1 T~ 1 T T 1 "~ T " T T T T T T T 7
129.5 128.5 127.5 126.5 125.5
f1 (ppm)
|
|
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
1 (ppm)
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Parameters
Parameter Value
Title pdata/ 1
Solvent CDCI3 Major
Temperature 296.0 Major
Number of Scans 16 Min
Spectrometer Frequency 400.18 Minor °
Nucleus 1H
4 a &
o - o N
T T T T ™ T T T T
4.3 4.2 41 2.50 2.45 2.40
f1 (ppm) f1 (ppm) o
H
= Y /ﬁl\u“ “Ts
) S N
T T T T T T T
745 7.40 7.35 7.30 7.25 7.20 7.15 hag
1 (ppm)
|
| |
I
‘ U n AJUJ\_/\
S g n B} <
Mmoo Mmoo N ™
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
1.0 10.5 100 95 9.0 85 80 75 7.0 65 6.0 55 50 45 40 35 30 25 20 15 1.0 05 0.0 -0.5 -1.
f1 (ppm)
MO O T MWWO®®NW T D
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—_— e ——" \ Y/
Parameters
Parameter Value
Title pdata/ 1
Solvent CDCI3
Temperature 296.5
Number of Scans 256
Spectrometer Frequency 100.63
Nucleus 13C
Br
e \N'H\Ts
kS
Azs
T T T T T T T T T T T T T T
130.0 129.5 129.0 128.5 128.0 127.5 127.0
1 (ppm)
I
1
1!
T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
1 (ppm)
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Parameters
Parameter Value
Title pdata/ 1
Solvent CDCI3
Temperature 2941
Number of Scans 16
Spectrometer Frequency 400.18
Nucleus 1H
Br
o
N™ T
a0
S o 2
© - -
T T T T T T T T T T T T
7.40 7.35 7.30 7.25 4.30 4.25 4.20 4.15 4.10
f1 (ppm) 1 (ppm)
I
i [t
1 el A J
- - )

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
1.0 10.5 100 95 9.0 85 80 75 70 65 6.0 55 50 45 40 35 30 25 20 15 10 05 0.0 -05 -1
f1 (ppm)
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- T T T T T T T T T [3¢] N
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Parameters
Parameter Value
Title pdata/ 1
Solvent CDCI3
Temperature 294.9
Number of Scans 256
Spectrometer Frequency 100.63
Nucleus 13C
br.
o
N Ts
a30
T T T T T T T T T ™ T
132 131 130 129 128 127 126
1 (ppm)
VJWMMMWWMWWWW
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
1 (ppm)
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Parameters
Parameter Value
Title pdata/ 1
Solvent CDCI3
Temperature 2941
Number of Scans 16
Spectrometer Frequency 400.18
Nucleus 1H

CEEC 3 S 3 St
< o -

- -

T

cl

T T T T T T T T T T T
7.557.507.457.407.357.30 7.25 7.20 7.15 7.10 435 430 425 420 4.15 431
1 (ppm) 1 (ppm)

T
11.0 105 10.0 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0 -05

1 (ppm)
NTOOMNOLANTYNMO®
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Parameters
Parameter Value

Title pdata/ 1

Solvent CDCI3

Temperature 294.7

Number of Scans 256

Spectrometer Frequency 100.63

Nucleus 13C

T

T T T T \N"'N‘Ts
128.1 128.0 127.9 127.8
Cl

1 (ppm)

A3

T T T T T T T T T T T T T T
132.5 132.0 131.5 131.0 130.5 130.0 129.5 129.0
f1 (ppm)

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
1 (ppm)
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Parameters
Parameter Value
Title pdata/ 1
Solvent CDCI3
Temperature 294.3
Number of Scans 16
Spectrometer Frequency 400.18
Nucleus 1H
br.
H
|
N™ T
Ohde
a3z
- o o -
T T T T T T T
7.5 7.4 7.3 7.2 71 7.0 6.9
1 (ppm)
. A
o 0 o
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
11.0 10.5 10.0 9.5 9.0 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0 -0.5 -1
1 (ppm)
o O W M™=MNON ©
eTw YT Onaowow S 9 3
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HOUYE OOMONNNN- - 0 < -
FrTrT TfrTTETTT- - n () N
D NN P \ | |
Parameters
Parameter Value
Title pdata/ 1
Solvent CDCI3
Temperature 294.9
Number of Scans 256
Spectrometer Frequency 100.63
Nucleus 13C
B
H
e
N™ T
e
1
"y Wy e W W ‘ | L iy b v v
T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

1 (ppm)
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Parameters
Parameter Value
Title pdata/ 1
Solvent DMSO
Temperature 294.2
Number of Scans 16
Spectrometer Frequency 400.18
Nucleus 1H
Br Py :
ML 0
3 RCE N
d ) ) H
N - -
T T T T T T T T T T B1
7.6 7.5 7.4 7.3 7.2 71 7.0
1 (ppm)
|
o &N~ o N«

T T T T T T T T T T T T T T T T T T T T T T T T T T T
3.0 12.5 12.0 11.5 11.0 10.5 10.0 9.5 9.0 85 80 75 7.0 65 6.0 55 50 45 40 35 3.0 25 20 15 1.0 05 0
1 (ppm)

o NON ONYTISE o

- 00 v NOWSSFN O <

- NY® aoooa « e

~ T ONNANN - [+

- Aalh ol B o o - ©

\ SN OSSN Y \

Parameters
Parameter Value
Title pdata/ 1
Solvent DMSO
Temperature 294.9
Number of Scans 256
Spectrometer Frequency 100.63
Nucleus 13C
Br Py :
(o]
N
H
B1
| i |
] j d
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
1 (ppm)
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Parameters
Parameter Value
Title pdata/ 1
Solvent DMSO
Temperature 294.2
Number of Scans 64

Spectrometer Frequency400.18
Nucleus 1H

-

I=

B2

DY DO

T
13.0 1

f1 (ppm)
- < M- ©OWOONWOWOO®OLWM®N ©
= - oNOQOULANTOOOITT M©
w0 oo N SO0
- ™ NOWTDDOOHBODD N
N~ © TITTTANANNN-T-OO OO
- - Al i ol ol o o o o - ]
I S NN NN
Parameters
Parameter Value
Title pdata/ 1
Solvent DMSO
Temperature 294.7
Number of Scans 1024

Spectrometer Frequency100.63

Nucleus

13C

— 69.423

T T T T T T T T T T T T T T T T T T T T T
2.512.0 11.5 11.0 10.5 10.0 9.5 9.0 85 80 7.5 7.0 6.5 6.0 55 50 45 4.0 35 3.0 25 20 15 1.0 05 0.0 -0.5 -1.

B2

210 200 190 180 170

160 150 140 130 120 110 100 90 80

f1 (ppm)
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-107.816

Parameters
Parameter Value

Title pdata/ 1

Solvent DMSO B Py*

Temperature 294.0

Number of Scans 16

Spectrometer Frequency376.55 ©

Nucleus 19F F ”

B2

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
20 10 0 10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -2

f1 (ppm)
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Parameters
Parameter Value
Title pdata/ 1
Solvent DMSO
Temperature 294.0

Number of Scans 64
Spectrometer Frequency400.18
1H

Nucleus

—2.276

Py

I=

B3

L.
$

LN
- v~ N

13.0 12.5 12.0 11.5 11.0 10.5 10.0 9.5

T T T T T T T T~ T T~ T T T T T T T T~ T T T T T T T T T T T T T T T T T T T 1
9.0 85 80 7.5 7.0 5.0 3.0 25 20 15 1.0 05 0

6.5 6.0 5.5 45 4.0 3.5 .0 -0.5 1
1 (ppm)
] rNOTNNON o
< MOT OWOLLON N~ o ™
- NO®VOANT® ® @ ]
- N aaoNN « e S
~ T OONNN o -
- L B N - ~ N
NN A [ [ [
Parameters
Parameter Value
Title pdata/ 1
Solvent DMSO
Temperature 294.7
Number of Scans 1024
Spectrometer Frequency100.63 _ .
Nucleus 13C I Py
o
N
H
B3
T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
1 (ppm)
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Parameters
Parameter Value

Title pdata/ 1

Solvent CDCI3

Temperature 2941

Number of Scans 16

Spectrometer Frequency 400.18

Nucleus 1H

™

T T

T T T T T T T T T

7877767574737.2717.06.9 6.8 6.7 6.6
f1 (ppm
=]
| |
| |
M L_,LJQ A
- NN®® =N - - )

T T T T T T T T T T T T T T T T T T T T T T T T T
11.0 10.5 10.0 95 90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 1.0 05 0.0 -05 -1.
f1 (ppm)

T OUNANMNTNOIWLOTO©ONO

S MOYINOINNNTODRN®— S ® 3

© MONOWOS OO WB®PW M AN« Qe - ©

~ DIETTOOOONNNNNNN - © -

- Al ol ol ol ol ol ol ol ~ < N

\ e | [ [ [

Parameters
Parameter Value
Title pdata/ 1
Solvent CDCI3
Temperature 2949
Number of Scans 256
Spectrometer Frequency 100.63
Nucleus 13C
=]
T T T T T T T T T T T T T T T T T T T
130.5 129.5 128.5 127.5 126.5
f1 (ppm)
|
MM o I Jt A Ao I MK N A A
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
1 (ppm)
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Parameters
Parameter Value
Title hukq—-20220407-6race. 1. 1. 1r
Solvent Acetone
Temperature 294.9
Number of Scans 16
Spectrometer Frequency400. 18
Nucleus 1H
N ) 1) - - o~
T T T T T T T T T T T T T T T T cz
7.8 7.7 7.6 7.5 7.4 73 72 71 7.0 69 6.8 6.7 6.6
f1 (ppm) f1 (ppm)
Ll
| |
|
J\ J 1A l
o NOWW~- - - -
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
10.5 100 95 9.0 85 80 75 70 65 6.0 55 50 45 40 35 3.0 25 20 15 10 05 0.0 -0.5 -1
f1 (ppm)
N TOO-TOOWO«- ©IMN N~
N S¥shN0OAaNOSONN OO @ 4
W YNOCOH-rOODOONT NS © N
N OUYITOOMOONNNNNNN— - <
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Parameters
Parameter Value
Title hukq—-20220407—-6race. 2. 1. 1r
Solvent Acetone
Temperature 295.5
Number of Scans 256
Spectrometer Frequency 100. 63
Nucleus 13C
c2
S —
131.5 130.5 129.5 128.5 127.5
f1 (ppm)
|
|
f r Ny iy . v Y ' 4
T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)
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Parameters
Parameter Value
Title pdata/ 1
Solvent CDCI3
Temperature 294.2
Number of Scans 16
Spectrometer Frequency 400.18 6 é
N -
Nucleus 1H T T T T T
7.0 6.9 6.8 6.7 6.6
1 (ppm)
M |
- o 1)
T T T T T
7.8 7.7 7.6 7.5 7.4
1 (ppm)
| |
| H
88d% e &
N NN - -
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
10.5 100 95 90 85 80 75 70 65 6.0 55 50 45 40 35 30 25 20 15 10 05 0.0 -0.5 -1.
1 (ppm)
3 NBR3R2EBLERES5RRSR o ~
B PO OGN INNSS O ®WWG O MM« @ <
= S32RC222222338: 2 S
[ | s rre—————— [ [
Parameters
Parameter Value
Title pdata/ 1
Solvent CDCI3
Temperature 294.8
Number of Scans 256
Spectrometer Frequency 100.63
Nucleus 13C
c3
— 7T T ‘T T T ‘" T " T T T ‘" T T
134 133 132 131 130 129 128 127
1 (ppm)
]
n ' ‘ ll‘ L N e A J
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110f1 ’(IOO )90 80 70 60 50 40 30 20 10 -10
ppm
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Parameters

Value
pdata/ 1

Parameter

Title

CDCI3

Solvent

294.2

Temperature

Number of Scans

400.18
1H

Spectrometer Frequency

Nucleus

- O O

-

S g e e

76 75 74 13 7.2
f1 (ppm)

7.7

7.8

- oL
I oL

NI ~O0OOT«™ v«

3

T

T

1.0 05 0.0 -0.5 -1«

1.5

L0°9Y —

2.0

25

€6'0L —

3.0

3.5

VTl
o L1722}
< E99°€Zl 1
281921 1
vam.wuff

617221 1
o TV8TL]
w6 68'8Z1
z6'6ZL |
8L0EL |

5.5

70 6.5 6.0
2]
(=]
(vl
©
-
S

7.5

VLSLL—

9.0 85 8.0

9.5

Parameters

Value
pdata/ 1

Parameter

Title

CDCI3

Solvent

295.0
256

Temperature

Number of Scans

100.63
13C

Spectrometer Frequency

Nucleus

130 129 128 127 126
f1 (ppm)

131

-10

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

190

210 200
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Parameters
Parameter Value
Title pdata/ 1
Solvent CDCI3
Temperature 2941
Number of Scans 16
Spectrometer Frequency00.18
Nucleus 1H
2 2
- -
T T T T T T T
6.75 6.70 6.65 6.60 6.55 6.50 6.45
1 (ppm)
=]
| ‘\
‘\ ! ‘ | |
! |
A L
=y 8’8 &8 @ &
- NN~ - -

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
1.0 10.5 10.0 95 90 85 80 75 7.0 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05 -1
1 (ppm)

§ 8833820523530 83 o o

E 3S85338RRIX&KKRRE hE s
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| e\ | [ [

Parameters
Parameter Value
Title pdata/ 1
Solvent CDCI3
Temperature 294.6
Number of Scans 256
Spectrometer Frequency!00.63
Nucleus 13C
T T T T T T T
132 131 130 129 128 127 126
f1 (ppm)
=]
‘l ‘ | "
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110f1 ’(IOO )90 80 70 60 50 40 30 20 10 0 -10
ppm
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Parameters
Parameter Value
Title hukq-20220421-7CAT. 1. L. 1+
Solvent Acetone
Temperature 294.9
Number of Scans 16
Spectrometer Frequency 100. 18
Nucleus 1
F
- o
T T T T T T T T T T T T
71 7.0 6.9 6.8 6.7 6.6
1 (ppm)
R R o
© (e} -

T T T T T T T T
79 78 7.7 76 75 7.4 73 7.2
f1 (ppm)

0.9 —-
L

1.0z
0y
01

6.
3.
1.
2.
1
1

T T
12.0 11.0 10.0 9.0 8.

T T
0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
f1 (ppm)
© [ LT -TOODONOOMOANNMNTOOMMOWN
@ I O0abhcoINSHLANOSOONLIONT Y 9
n B ONYTITLTOTCTr - DDONOOOOTN @ ©
~ N TTOOOOOOMOONNNNNNNNNN-T ©
- Al ol ol o o o i <
[ N e ‘
IS s r—
Parameters
Parameter Value
Title hukq-20220421-7CAT. 2. 1. 1r
Solvent Acetone
Temperature 295. 5
Number of Scans 256
Spectrometer Frequencyl00.63
Nucleus 13C e e ettt ]
126. 85 126. 75 126. 65 126. 55 126. 45
< - o © f1 (ppm)
-] n - ©
< < < (¥ F
(2] [ [ ©
- - - -
\ \ \ \ .
CE
—T— — T T T T T — T T T T T T T
135.0 134.8 134.6 134.4 134.2 134.0 133.8 133. 131.5 131.0 130.5 130.0 129.5 129.0 128.5 128.0 127.5
£1 (ppm) 1 (ppm)
|
‘ [
. 8. AL
o
T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)
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—-63.61

Parameters

Parameter Value
Title pdata/ 1
Solvent Acetone
Temperature 2941
Number of Scans 16
Spectrometer Frequency 376.55
Nucleus 19F F

T T T T T T T T T T

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

Value

Parameter

pdata/ 1

Title

CDCI3

Solvent

294.4
16

Spectrometer Frequency00.18

Temperature

Number of Scans

1H

Nucleus

v,l0
~e0

loe

fov

7.87.77.6757.47.37.27.17.06.96.86.76.6
1 (ppm)

oL

o1

05 -1

0.0

3.0 2.5 2.0 1.5 1.0 0.5

3.5

o
¥E
Q.
nl
<z

e
[}

0
I

9.0 8.5 8.0 7.5 7.0 6.5 6.0

9.5

81’9y —

66°0L —

VLU
LLS1L
66'SLL
$6'221 |
19°€Z1 1
68°92Z1 |
v8'121
£9'871
SZ'0EL
67°0€L
€8°0€L
9g'0gl

S6°0€L
L9'vEL
0LveElL \
crovi
L8°€SL —

R

809l ~
9991 —

26'GLL —
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Parameters

Value

Parameter

pdata/ 1

Title

CDCI3

Solvent

294.8
256

Spectrometer Frequency! 00.63

Temperature

Number of Scans

13C

Nucleus

130.0 129.0 128.0 127.0
f1 (ppm)

131.0

-10

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

190

210 200
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Parameters

Parameter Value
Title pdata/ 1
Solvent CDCI3
Temperature 294.4
Number of Scans 16
Spectrometer Frequency376.55
Nucleus 19F

—-104.45

T

T

T

T T

o
10 0 -10 -20 -30

T

-40

T

-50

T

-60

T

=70

T

-80

T
-90

T — T T T T T T T T T T T T T T T
-100 -110 -120 -130 -140 -150 -160 -170 -180
1 (ppm)

104
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T
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Parameters
Parameter Value
Title pdata/ 1
Solvent CDCI3
Temperature 294 .4
Number of Scans 16 6 6
Spectrometer Frequencyt00.18 - o~
Nucleus 1H T T T T T T T T T T B
r
7.057.00 6.95 6.90 6.85 6.80 6.75 6.70 6.65 6.60

f1 (ppm)

e T ede | W4

NN ™ o o

T T T T T
78 77 76 75 74 73 7.2
1 (ppm)

& ocodorRmoes & &

e
45 40 35 30 25 20 15 10 05 00 -05 -1.0

T
9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0
1 (ppm)
© OOV OONOVNTOWOOW
© RVRBB BT QKNS S ®
D MONTOOODNWWOMNOMM o -
N~ OTOOOOMOOMONNNNNNON o ©o
- T T T T T T T T T TTTTToT ~ <
| e | \ \
Parameters
Parameter Value
Title pdata/ 1
Solvent CDCI3
Temperature 294.7
Number of Scans 256
Spectrometer Frequency! 00.63
Nucleus 13C N
-

T T T T T T T
132 131 130 129 128 127 126
f1 (ppm)

T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O -10
1 (ppm)
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Parameters
Parameter Value
Title pdata/ 1
Solvent CDCI3
Temperature 294.3
Number of Scans 16
Spectrometer Frequency00.18

N
T T T T T T T T T

6.76 6.74 6.72 6.70 6.68 6.66 6.64 6.62 6.60
f1 (ppm)

Nucleus 1H
M Ft

1.01
1.01

NaNN®MS o~
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
11.0 10.5 10.0 9.5 90 85 80 75 7.0 65 6.0 55 50 45 40 35 30 25 20 15 1.0 05 0.0 -0.5 -1.
1 (ppm)
(] N OO TT"rNMNMOT OO0~ NHOOOONO O
~ OOLWONONNTVLOOONTONMOOTNO O o
~ MOYOMOSOQYoOUNAAONNOCOWONY il
0 T NOLT TN - 00N O DOV TOO -
~ D ITTOOOOOMONNNNNNNNNNNN-O ©
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Parameters
Parameter Value
Title pdata/ 1
Solvent CDCI3
Temperature 295.0
Number of Scans 256
Spectrometer Frequency! 00.63
Nucleus 13C F.o
3

T T T T T T T T T T T
137 136 135 134 133 132
1 (ppm)

T T T T T T T
126.0 125.9 125.8 125.7 125.6 125.5 125.4
f1 (ppm)
i
|
|
Ll

—T 1 T ‘T T ‘"~ T ‘* T T ‘" T ‘* T "~ T ‘" T " T " T ‘" T T T ‘" T " T T T " T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)
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Parameters

Parameter Value
Title pdata/ 1
Solvent CDCI3
Temperature 2941
Number of Scans 16
Spectrometer Frequencyd76.55
Nucleus 19F

— -63.087

FiC

: : e
20 10 0 -10 -20

-30

-40

-50

-60

-70

-80

T T T T T T T T T T T T T T T T T T T T T T T T T
90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -2

1 (ppm)

107



DOOWOONNNMNONOIITLO - WLO T NANO [
S3RR8NRA-2-5333aRRE86 RE3S B
ONNMNNNMNMNMNNNMNMNMNNNNNNOO©©OO©OO©O oMM N
| T e ——— NN \
Parameters
Parameter Value

Title pdata/ 1

Solvent CDCI3

Temperature 294 .1

Number of Scans 16

Spectrometer Frequency00.18

Nucleus 1H

-

. T T T g T T T T T

6.90 6.85 6.80 6.75 6.70 6.65
f1 (ppm)

S S S

gseg99n e 9

MO TN ™

1 1.0 Q

T T T T T T T

T T T
1.0 10.5 100 95 90 85 80 75 70 65 6.0 55 50 45 40 35 30 25 20 15 10 05 0.0 -0.5 -1.
1 (ppm)
~ ODLTANNNTANTTNO=IDNMO
N QNI ITONTNSXO -4 bt 8
0 TOOONTCTIDNONNIB N S ] N I
N~ LOOOOONNNNNNNNON -~ o 2} o
- Aal i ol i ol ol S S S o L e ~ < N
! | TN pem——————" [ [
Parameters
Parameter Value
Title pdata/ 1
Solvent CDCI3
Temperature 294.7
Number of Scans 256
Spectrometer Frequency!00.63
Nucleus 13C

_ 1

T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
1 (ppm)
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Parameters
Parameter Value
Title pdata/ 1
Solvent CDCI3
Temperature 294 .1
Number of Scans 16
Spectrometer Frequencyt00.18
Nucleus 1H
-
R = 2 o <
N \n © Y] -

T T T T T T
77 76 75 74 13 7.2
1 (ppm)

1.05 —-

3.0z =

sdsarace 2 2

NT™M N~

— — — — T — —

T T
11.0 10.5 100 95 90 85 80 75 7.0 6.5 6.0 55

o
FY
(4]
FY
o
w
(4]
w
(=)
N
(3]
N
o

T
5. 1.5 1.0 05 0.0 -0.5 -1
1 (ppm)
3 FS50BRGIJRILIBLIBS ~ < -
© FOBHNOOOBBBNGI NN «— @ - “
S PIfoeeRedNdNANANT 2 g S
[ | TS SN Norrrem—t———— [ [ [
Parameters
Parameter Value
Title pdata/ 1
Solvent CDCI3
Temperature 294.7
Number of Scans 256
Spectrometer Frequency! 00.63
Nucleus 13C
Mjl ‘ . ci
T T T T T T T T T T T T T
139 137 135 133 131 129 127
f1 (ppm)
T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

1 (ppm)
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e e I
Parameters
Parameter Value
Title pdata/ 1
Solvent Acetone
Temperature 294.6
Number of Scans 16
Spectrometer Frequency 100. 18
Nucleus 1H
B
e 3 3 3 3 XS
N - [y} ™ - - -
T T T T T T T T T L e
7.80 7.75 7.70 7.65 7.60 7.55 7.50 7.45 7.40 73 72 714 7.0 69 6.8 6.7 6.6
1 (ppm) 1 (ppm)
|
|
|
| y
. A
) da S 3
c - o ©
L e
1.0 10.5 100 95 90 85 80 75 7.0 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0 -0.5 -1
1 (ppm)
N 28833355 R3IGR5 - - o
W YOANNTC-OOo®XBONT NGO < @ ©
N LOUTOOOONNNNNNN— - © n
- Al ol ol o ~ < -
R \ \ \
Parameters
Parameter Value
Title pdata/ 1
Solvent Acetone
Temperature 295. 2
Number of Scans 256
Spectrometer Frequency 100. 63
Nucleus 13C
B
T T T T T T
132 131 130 129 128 127
1 (ppm)
| ' ]
T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 &80 70 60 50 40 30 20 10 0 -10
1 (ppm)
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Parameters
Parameter Value
Title pdata/ 1
Solvent CDCI3
Temperature 2945
Number of Scans 16
Spectrometer Frequency00.18
Nucleus 1H
N o~ - - &
T T T T T T
7.6 7.5 7.4 7.3 7.2 71
f1 (ppm)
| N L
| | |
- NrvrveaaN~N - - ©
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
10.5 10.0 95 90 85 80 75 7.0 65 6.0 55 50 45 40 35 3.0 25 20 1.5 1.0 05 0.0 -0.5 -1
1 (ppm)
© COO0OOMITOITITONNTOON O«
S HHIWOLONNNO-OMSON = 3 ] 89
© BB OBW OO HBHBONT OGN« e N ]
~ DIETTOOOOMOMANNNNNNNN o © - -
- Al ol ol ol o o o ol ~ < N N
[ I =S\ \eme——t————— [ [ N
Parameters
Parameter Value
Title pdata/ 1
Solvent CDCI3
Temperature 295.1
Number of Scans 256
Spectrometer Frequencyl00.63 -———rr——7——7——7—
Nucleus 13C 22.2 22.0 21.8 21.6 214 21.2 21.0
f1 (ppm)
T T T T T T T T T T T T T T T T T T
131.0 130.0 129.0 128.0 127.0
1 (ppm)
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)
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Parameters
Parameter Value
Title hukg—-20220610-17cat. 1. 1. 1r
Solvent Acetone
Temperature 295.6
Number of Scans 16
Spectrometer Frequency  400. 18
Nucleus 1H
d 4 & & I
o - ) - - -
T T T
7.5 7.0 6.5
1 (ppm)
ol
I
| |
o o
| | U
1 ‘ [ | ST
% TEEEL 3 3
S NeBe -« - - ©
L e
1.0 10.5 10.0 9.5 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0 -05 -1.0
1 (ppm)
& 2I8IRSENSRBIBRY Y o o o©
6 YYINTNCOSToOIINTNO ] <© 2N
N ODFITITTOOONNNNNNN - © - -
- Al ol ik o ol ol ol il ~ < N N
| e 22— \ \ Y
Parameters
Parameter Value
Title hukq-20220610-17cat. 2. 1. 1r
Solvent Acetone
Temperature 296. 3
Number of Scans 256
Spectrometer Frequency 100. 63
Nucleus 13C
T T T T T
131.0 130.0 129.0 128.0 127.0
1 (ppm)
! 0o
L s L L B B B T L B T LI L
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
1 (ppm)
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Parameters
Parameter Value
Title pdata/ 1
Solvent CDCI3
Temperature 294.3
Number of Scans 16
Spectrometer Frequencyt00.18
Nucleus 1H

R

-

_-3.850
\.3.808
3.399
3357

-

~N©OO O
oOND SO
©@®o®ewn
o NN
~Ne—

1.253
1.234
1.215

L
\

© o &
T T T T T T T T T
73 72 71 7.0 69 6.8 6.7 6.6 6.5
1 (ppm)
S
<
T T T T T
7.70 7.65 7.60 7.55 7.50
1 (ppm)
I
| |
| |
| iff
| L S A
& g & S 4 o
o - - &N » )
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
10.5 10.0 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0 -05 -1.
1 (ppm)
8 HAICRRBIIRIZIGEIRY Nrooo® © o
© ONOMOWODBONNIG®N « NN N QeO%
N ODYTIEITTOONNNNNNNN— NNNOO © © ™ 1D
- Al ol ol ol o o NNNMNNMNDMN < NN
e e \ PAENEN
Parameters
Parameter Value
Title pdata/ 1
Solvent CDCI3
Temperature 295.0
Number of Scans 256
Spectrometer Frequency!00.63
Nucleus 13C
ci7
T T T T T T T T T T T T T T T T T T T
129.2 128.8 128.4 128.0 127.6
f1 (ppm)
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110f1 ’(IOO )90 80 70 60 50 40 30 20 10 0 -10
ppm
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e ————————————— L
Parameters
Parameter Value
Title pdata/ 1 JUL M
Solvent Acetone
Temperature 294.7 g g g
Number of Scans 16 ) - o
Spectrometer Frequency 400.18 T T e T T
N 73 72 71 7.0 69 6.8 6.7 6.6
ucleus 1H
f1 (ppm)
3 ) 3 3 )
] < N N -
T T T T T T T T T T T T T
795 790 7.85 7.80 7.75 7.70 7.65 760 7.55 7.50 7.45 7.40 7.35
f1 (ppm) 1 (ppm)
1o
|
\ |
JL " 1 Jo |re
o NF AN~ - - 0
T T T T T T T T T T T T T T T T T T T T T T T T T
11.0 10.5 10.0 9.5 9.0 85 8.0 7.5 7.0 6.5 6.0 55 50 45 40 3.5 3.0 25 20 1.5 1.0 0.5 0.0 -0.5 1
f1 (ppm)
© Or-r0OUNOYTNATOUNDLOT«~OLW
- ToON©QGOWONT oMM TOATMN o 3 s
T O NT-TOOONARIONNNOSINOS 2 @ ©
~ DT TOOONNNNNNNNNN- = - 0 o
- Al ol o o o ol ol il S ~ < N
[ | SN rrrr—————— [ [ [
Parameters
Parameter Value
Title pdata/ 1
Solvent Acetone
Temperature 295.3
Number of Scans 256
Spectrometer Frequency 100.63
Nucleus 13C
L T T T T T T T
130.5 129.5 128.5 127.5 126.5
1 (ppm)
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)
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Parameters
Parameter Value
Title pdata/ 1
Solvent CDCI3
Temperature 294.4
Number of Scans 16
Spectrometer Frequency00.18
Nucleus 1H
<«
T T T T T T T T T T T
3.95 3.90 3.85 3.80 3.75 3.70
1 (ppm)
o o o

T T
7.35 7.30 7.25 7.20 7.15
f1 (ppm)

b_u;M J

}

4.01
1.0

ol
3.07 L

T T T T T T T T T T T T
11.0 10.5 100 95 90 85 80 75 7.0 65 6.0 5

T T T L T T T T L T T T T T
50 45 40 35 30 25 20 15 10 05 0

T T
.0 -0.5 -1

.5
f1 (ppm)
- M O T=TNMNNOOTNMOOANNT I
o N NOSINNNNANTOQOBON o © g 3
© O MNOWTCTONNORNBNGDG = e 3 N ©
N~ N VTTOOONNNNNNTT™ ™ ™ - ['e] © -
- Al ok e a i ~ v < N
\ | ] SN e \ - \
Parameters
Parameter Value

Title pdata/ 1

Solvent CDCI3

Temperature 2949

Number of Scans 256

Spectrometer Frequency! 00.63

Nucleus 13C

A S R B B
131.0130.5130.0129.5129.0128.5128.0127.5
f1 (ppm)
" N Y Y Ll . —

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

Title pdata/ 1

Solvent Acetone

Temperature 294.8

Number of Scans 16

Spectrometer Frequency 400. 18

Nucleus 1H

s s & 3'q
N (2] - -
LI B B B B B B B B B B

7.7 7.5 7.3 71 6.9 6.7 6.5

0.91 —-

—— —— —— — T — T —

T
11.0 10.5 10.0 95 9.0 85 8.0

7.5 5 50 45 40 35 3.0 25 20 15 1.0 0.5 0.0
1 (ppm)
o © NDOWMNMOVWOOITMe—ONOO T
@ N MmN -CHOoONIRON® e S 10
B A OdYANCODBOTONT O h o« N
~ © OLETTOONNNNNNON«~ - v © -
- - Al ol ol ol i ol ol ol ol i ~ n < N
I SR IR | I |
Parameters

Parameter Value

Title pdata/ 1

Solvent Acetone

Temperature 295.6

Number of Scans 256

Spectrometer Frequency 100. 63

Nucleus 13C

T T T T T
130.5 130.0 129.5 129.0 128.5
1 (ppm)

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

Value

Parameter

pdata/ 1

Title

CDCI3

Solvent

294.1
16

Spectrometer Frequency00.18

Temperature

Number of Scans

1H

Nucleus

LKA

0°L

0l

oL

ro°L

r0°¢

71

7.2

7.3

7.5

7.6

7.7

1 (ppm)

J

o'l

o'l

NN EN

2

10 05 00 -0.5 -1

1.5

25 20

3.0

3.5

7.0

7.5

8.0

8.5

1.0 10.5 10.0 9.5 9.0

99°LC —

c09Y —

0L’ bL—

cH

Parameters

Value

Parameter

pdata/ 1

Title

CDCI3

Solvent

294.8
256

Spectrometer Frequencyl 00.63

Temperature

Number of Scans

13C

Nucleus

129 128 127
1 (ppm)

130

131

1«3|.‘

1

-10

110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

120

190 180 170 160 150 140

210 200
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Parameters
Parameter Value
Title pdata/ 1
Solvent Acetone
Temperature 295.0
Number of Scans 16
Spectrometer Frequency 400. 18
Nucleus 1H
S % 9 - 3 3
T \N T T T T “- \‘- T T T g - N H
T T T T T T T T
7.9 7.8 7.7 7.6 7.5 7.4 73 72 71 7.0 69 6.8 6.7 6.6 £az
f1 (ppm) 1 (ppm)
|
|
i 1
& S =y
o " - o
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
11.5 11.0 105 10.0 95 90 85 80 75 7.0 65 6.0 55 50 45 40 3 30 25 20 15 1.0 05 0.0
f1 (ppm)
2°382388353883¢233 o . o
B OIFSANNOOSSOTNITBXIT NG O ~ < “
N ODITTOOOONNNNNNON~— - © -
Al o o o o o ol ~ < N
I e SR \ \ \
Parameters
Parameter Value
Title pdata/ 1
Solvent Acetone
Temperature 295.5
Number of Scans 256
Spectrometer Frequency 100. 63
Nucleus 13C
T T T T T T T
131.0 130.5 130.0 129.5 129.0 128.5 128.0
1 (ppm) H
Il
LI
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)
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[ e | e e e e ekl
Parameters
Parameter Value
Title pdata/ 1
Solvent Acetone
Temperature 294.7
Number of Scans 16
Spectrometer Frequency 400. 18
Nucleus 1
Teeegs & &
ceave® < ~
LI B B L B B B L L B RS N
7877767574737.27.17.06.96.86.76.6
f1 (ppm)
ol
il
| J\_,_JLJU_,_J\J\A__A
% sdso5090 do 3
o i R B - - )
L e
11.0 10.5 100 95 90 85 80 75 7.0 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05 -1.0
1 (ppm)
ERGAINREATIIIENBER § © © o
BLNTANRNOO-COo0OTON © N ? ®
NUOSTOOOOONNNNNNNN «~ - © -
A i ol ol ol ol ol i ol o ~ < N
T [ [ [
Parameters
Parameter Value
Title pdata/ 1
Solvent Acetone
Temperature 295. 2
Number of Scans 256
Spectrometer Frequency 100. 63
Nucleus 13C
T T T T T T T T T T T T T
134 132 130 128 126 124 122
1 (ppm)
!
—r 1 -~ r -~ -~ -~ 1r -~ T -~ T~ 1~ 1 ‘°~ T ° T °~ T °* T ‘* T ‘°* T ‘" T ‘" T ‘" T ‘" T " T T L
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 S50 40 30 20 10 0 -10
1 (ppm)
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Parameters
Parameter Value
Title pdata/ 1
Solvent Acetone
Temperature 294.8
Number of Scans 16
Spectrometer Frequency 400. 18
Nucleus 1H
S S S S S o
N N N (o] - N
T T T T T T T T T T T T T T T T T 1
7.80 7.75 7.70 7.65 7.60 7.55 7.50 745 74 73 72 71 7.0 69 6.8 6.7 6.6 6.5
f1 (ppm) 1 (ppm)
|
|
| |
|
k A M Jk_JLL_,_A/\A_A
A g5 3
o - - (3]
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
1.0 10.5 100 95 90 85 80 75 7.0 6.5 6.0 55 5. 40 35 30 25 20 15 1.0 05 0.0 -0.5
f1 (ppm)
N OTOINNDITNOTO™NTT 0 M
NONYINOONOMQOAN®OOQ > @ 4
W oOFANNSOSOIOIDOTE I NGO * 1 “
N LOUITTOMOONNNNNNN= - © -
Al ol ol o ol o ol S ~ < N
| Teese————— \ \ \
Parameters
Parameter Value
Title pdata/ 1
Solvent Acetone
Temperature 295. 1
Number of Scans 256
Spectrometer Frequency 100. 63
Nucleus 13C
T T T T T T
131.0 130.5 130.0 129.5 129.0 128.5
f1 (ppm)
| |
| |
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)
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Parameters
Parameter Value
Title pdata/ 1
Solvent Acetone
Temperature 294.9
Number of Scans 16
Spectrometer Frequency 100. 18
Nucleus IH
oo o © - o
T T T
8.0 7.5 7.0
1 (ppm)
|
|
| i
) : Jo L
o - - o
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
1.0 105 100 95 90 85 80 75 7.0 65 6.0 55 50 45 40 35 3.0 25 1.5 10 05 0.0 -0.5 -1.
f1 (ppm)
©o QOO TANMONMNNMNTM™TLI®©OOON
1 CEMOBCENONDOONN®Q = © ]
0 NTNOWOODHOOOTNDB® S @ - N
~ OVETTOOOONNNNNNT ™ - ©o -
- Al i ol ol ol ol ol ol ol o ~ < N
R | \ |
Parameters
Parameter Value
Title pdata/ 1
Solvent Acetone
Temperature 295. 6
Number of Scans 256
Spectrometer Frequency 100. 63
Nucleus 13C
T T T T T T T T
134 133 132 131 130 129 128 127
1 (ppm)
|
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 30 20 10 0 -10
f1 (ppm)
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— 8.671

122

Parameters
Parameter Value
Title pdata/ 1
Solvent CDCI3
Temperature 294.6
Number of Scans 16
Spectrometer Frequency00.18
Nucleus 1H
2 9 2 2 o
- N - N - c%
— 7T T T T ‘' T ‘" T ‘" T ‘" T ‘" T T T T
7.50 7.45 7.40 7.35 7.30 7.25 7.20 7.15 7.10
1 (ppm)
|
| |
- Nrav~ra«~«~N - - )
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
11.0 10.5 10.0 95 90 85 80 75 7.0 65 6.0 55 50 45 40 35 30 25 20 15 1.0 05 0.0 -0.5 -1
f1 (ppm)
o AN ~ONOUOUNTOODANNMETOTTTWOMTM®
® QOIf FOOMEOEWIMNMTONRACOEOIOI v N ) 10
0 T NNTOBANNSOSH OB NNNNN®® =, - ©
N~ ©CO LULITTOHOOOOMOONNNNNNNTTT™™ ™= ™ © -
- Rl B ot ol B Rl Bl ol Bl S B B S < N
\ VN NN N vt — — [ [
Parameters
Parameter Value
Title pdata/ 1
Solvent CDCI3
Temperature 2949
Number of Scans 256 T T T T T
Spectrometer Frequency!00.63 133.5 133.0 132.5 132.0 131.5
Nucleus 13C 1 (ppm)
T T T T T T T
152.3 152.2 152.1 152.0 151.9 151.8 151.7 151.6 o6
1 (ppm)
T T T T T T
124.5 124.0 123.5 123.0 1225 122.0
1 (ppm)
|
|
|l
A ool | L. h
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
1 (ppm)



Parameters

Parameter
Title
Solvent
Temperature
Number of Scans

Value
pdata/ 1
CDCI3
294.7
16

Spectrometer Frequency376.55

Nucleus
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Parameters

Parameter Value

Title pdata/ 1

Solvent Acetone

Temperature 294.7

Number of Scans 16

Spectrometer Frequency 400. 18

Nucleus H

e
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0 45 40 35 3.0 25 20 0.5
1 (ppm)
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Parameters
Parameter Value
Title pdata/ 1
Solvent Acetone
Temperature 295.3
Number of Scans 256
Spectrometer Frequency 100. 63
Nucleus 13C
T T T T T T T T T forrd
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£1 (ppm)
I
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Parameters
Parameter Value
Title pdata/ 1
Solvent CDCI3
Temperature 294.4
Number of Scans 16
Spectrometer Frequencyt00.18
Nucleus 1H
o o - - o
T T T T T T T T =
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f1 (ppm)
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Parameters
Parameter Value
Title pdata/ 1
Solvent CDCI3
Temperature 295.1
Number of Scans 256
Spectrometer Frequency!00.63
Nucleus 13C
|
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Parameters

Value
pdata/ 1

Parameter

Title

CDCI3

Solvent

293.9
16

Spectrometer Frequency00.18

Temperature

Number of Scans

1H

Nucleus

6.48 6.44 6.40 6.36

6.52

6.32

f1 (ppm)
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1 (ppm)
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Parameters

Value

Parameter

pdata/ 1

Title

CDCI3

Solvent

294.6
256

Spectrometer Frequencyl00.63

Temperature

Number of Scans

13C

Nucleus

-10

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)
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Parameters
Parameter
Title
Solvent
Temperature
Number of Scans

Value
pdata/ 1
CDCI3
294.3
16

Spectrometer Frequency76.55

Nucleus

19F

—-108.374

1 (ppm)
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Parameters

Value

Parameter

pdata/ 1

Title

CDCI3

Solvent

294 .1
16
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Spectrometer Frequency00.18
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Parameters

Value
pdata/ 1

Parameter

Title

CDCI3
294.5
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Solvent

Temperature

Number of Scans

Spectrometer Frequency!00.63
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1 (ppm)
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Parameters
Parameter Value
Title pdata/ 1
Solvent CDCI3
Temperature 294.3
Number of Scans 16
Spectrometer Frequency 400.18
Nucleus 1H
N S
© N
T T T T T T T T T T T T T T T T T T T
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Parameter Value
Title pdata/ 1
Solvent CDCI3
Temperature 295.0
Number of Scans 256
Spectrometer Frequency 100.63
Nucleus 13C
T T T T T T T T T T T T T T T m
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1 (ppm)
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Parameter Value
Title pdata/ 1
Solvent CDCI3
Temperature 294.5
Number of Scans 16
Spectrometer Frequency 400.18
Nucleus 1H
2 %
- N
e e S AR A B
3.46 3.42 3.38 3.34 3.30 3.26
f1 (ppm)
2 R
- N
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f1 (ppm)
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Parameter Value
Title pdata/ 1
Solvent CDCI3
Temperature 2949
Number of Scans 256
Spectrometer Frequency 100.63
Nucleus 13C
T T T T T T
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1 (ppm)
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f1 (ppm)
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18. Copies of CD spectrain CHsOH

Circular Dichroism (mdeg)

Circular Dichroism (mdeg)
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Smooth (s)0

Smoaoth (s):0



Circular Dichroism (mdeqg)
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Smooth (s):0



Circular Dichroism (mdeg)
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Smaooth (s):0



Circular Dichroism (mdeqg)

Circular Dichroism (mdeqg)
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Smooth (s):0

Smoaoth (s):0



Circular Dichroism (mdeqg)

Circular Dichroism (mdeg)
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Smaooth ()0

Smooth (s):0



Circular Dichroism (mdeg)

Circular Dichroism (mdeqg)
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Smooth (s):0

Smooth (s):0



Circular Dichroism (mdeqg)

Circular Dichroism (mdeqg)
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Smooth (s):0

Smaooth (s)0



Circular Dichroism (mdeqg)

Circular Dichroism {(mdeg)
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Smaoath (s):0

Smooth ()0



Circular Dichroism {(mdeqg)

Circular Dichroism (mdeg)
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Smoath (s):0

Smooth (s):0



Circular Dichroism (mdeg)

Circular Dichroism (mdeg)

B0

50

40

30

20

10

-20

-30

-40

40

30

20

220 240 280 280 200 320 340 360 2a0
Ywavelength (nmy)

220 240 260 280 300 320 240 360 3an
Ywavelength (nm)

140

Smooth ()0
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Circular Dichroism (mdeq)

Circular Dichroism (mdeq)
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Smaoaoth (s):0

Smooth (s):0



Circular Dichroism {(mdeq)

Circular Dichroism (mdeqg)
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Smooth (s):0

Smaoaoth (s)0



Circular Dichroism {(mdeq)

Circular Dichroism (mdeq)
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Smoaoth (s):0

Smaooth (s):0



Circular Dichroism (mdeq)

Circular Dichroism (mdeqg)
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Circular Dichroism {(mdeg)

Circular Dichroism (mdeq)
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Smooth (=)0

Smuooth (s):0



Circular Dichroism (mdeq)

Circular Dichroism {(mdeq)
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Smaooth (s):0

Smaooth (s):0



