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1. General information

All chemicals were obtained from commercial sources and used without further
purification unless stated otherwise. Anhydrous solvents such as THF, CH2Cl,, CHCl3,
CHsCN, Et0, 1,4-dioxane, methyl tert-butyl ether (TBME), 1,2-dimethoxyethane
(DME), ethyl vinyl ether (EVE), and cyclopentyl methyl ether (CPME) were obtained
by conventional methods through distilling with suitable drying agents (Na for THF,
Et,0, 1,4-dioxane, MTBE, and toluene; CaH; for CH2Cl,, CHCIs, CH3sCN, and CPME;
4 A molecular sieves for EVE and DME). NMR spectra were recorded on Bruker 300,
400 or 500 MHz NMR spectrometers. Chemical shifts are reported in ppm and
referenced to tetramethylsilane or the residual solvent resonance. Mass spectra were
obtained on a Thermo Fisher Exactive Mass Spectrometer. Infrared spectra were
recorded on Nicolet-6700 FT-IR spectrometer. Elemental analysis was recorded on
Carlo Erba 1106. Optical rotations were performed on Rudolph Autopl VI. High
performance liquid chromatography (HPLC) was performed on Shimadzu SCL-20AVP.

Melting points are uncorrected.
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2. Synthesis

Compounds 3a, 3e, 4a, 4e, 5a, 5e, M1, M5, M7, and M8 were synthesized

according to our previous reported method.[!!

2.1 Synthesis of dinitro compounds 3

CF3

K,CO3 NO,
(with or without KI) "‘N\R
_R
CH3CN reflux N
5-72h NO,
1b R = n-Pr
1cR = j-Pr
1d R = 3-pentyl CF;

3b R = n-Pr, 50% yield
3c R = i-Pr, 85% yield
3d R = 3-pentyl, 37% vyield

Br
QW
N \N
ner KoCOs, KI SN b
_n-Pr g
O FoC NO reflux, - n-Pr

N
H

2> CH3CN, reflux,18 h N
2 NO,
1f

3f, 76% yield

General procedure: To a solution of chiral 1,2-diamine 1 (1.0 equiv) and 1-
(bromomethyl)-3-nitro-5-(trifluoromethyl)benzene (2, 2.2 equiv) in acetonitrile,
K2CO3 (4 equiv) and KI (if applicable) were added. The resulting mixture was heated
at reflux for a given period. After work-up by removal of the solvent under reduced
pressure, extraction (if applicable), the crude product was subjected to column
chromatography on silica gel (petroleum ether/ethyl acetate as eluent) to give the

corresponding dinitro compound 3.
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(15,25)-N',N2-Bis(3-nitro-5-(trifluoromethyl)benzyl)-N!, N*-dipropylcyclohexane-
1,2-diamine (3b)
CFs Dinitro compound 3b was synthesized according to the general
w, Procedure by heating the mixture of  (1S,25)-N'N*
@:P dipropylcyclohexane-1,2-diamine (1b™, 3.97 g, 20 mmol), 1-
(bromomethyl)-3-nitro-5-(trifluoromethyl)benzene (2, 1250 g,
CFs 44 mmol) and K>CO3 (11.06g, 80 mmol) in acetonitrile (300 mL) at
reflux for 10 h. After work-up by removal of solvent, addition of water
(100 mL) and extraction with ethyl acetate (100 mL x 3), column chromatography
(petroleum ether/ethyl acetate 10:1) gave 3b as a yellow oil (6.08 g, yield: 50%). H
NMR (CDCls, 500 MHz) & (ppm) 8.48 (s, 2H), 8.31 (s, 2H), 7.96 (s, 2H), 3.86 (d, J =
14.4 Hz, 1H), 3.53 (d, J = 14.4 Hz, 1H), 2.81-2.64 (m, 2H), 2.48 (t, J = 7.6 Hz, 4H),
2.22-1.98 (m, 2H), 1.91-1.68 (m, 2H), 1.65-1.51 (m, 2H), 1.51-1.37 (m, 2H), 1.30-1.08
(m, 4H), 0.81 (t, J = 7.3 Hz, 6H); 13C NMR (CDCls, 125 MHz) & (ppm) 148.4, 145.7,
131.9 (g, J = 33.8 Hz, C-CF3), 131.3 (g, J = 3.3 Hz, C-C-CF3), 127.0, 123.1 (g, J =
271.3 Hz, CF3), 119.3(q, J = 3.8 Hz, C-C- CF3), 60.9, 53.8, 52.9, 26.0, 25.6, 22.0, 12.0;
IR (KBr)v 3098, 2934, 2858, 1542, 1471, 1323, 1174, 1136, 1107 cm™*; HRMS (APCI*)
calc. for [M+H]" (C2sHasFsN4O4"), 605.2557, found 605.2546; [a]o? = +41.4 (c = 0.50,
CHCly).

(1S5,25)-N',N*-Diisopropyl-N',N2-bis(3-nitro-(trifluoromethyl)benzyl)cyclo-
hexane-1,2-diamine (3¢)

CFy Dinitro compound 3¢ was synthesized according to the general
v, Procedure by heating the mixture of  (1S,2S)-N',N*-
O;\:\"’F" diisopropylcyclohexane-1,2-diamine (1¢?l, 5.95 g, 30 mmol), I-
(bromomethyl)-3-nitro-5-(trifluoromethyl)benzene (2, 18.69 g,
CFy 66 mmol), KoCOs (16.60 g, 120 mmol) and KI (300 mg, 1.8 mmol) in

acetonitrile (360 mL) at reflux for 40 h. After work-up by removal of

solvent, column chromatography (petroleum ether/ethyl acetate 20:1) gave 3¢ as a

yellow solid (15.40 g, yield: 85%). Mp 98-99 °C; 'H NMR (CDCls, 400 MHz) § (ppm)
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8.47 (s, 2H), 8.32 (s, 2H), 7.95 (s, 2H), 3.77 (d, J = 14.4 Hz, 2H), 3.65 (d, J = 14.4 Hz,
2H), 3.03-2.80 (m, 2H), 2.73-2.54 (m, 2H), 2.24-2.07 (m, 2H), 1.85-1.68 (m, 2H), 1.17
(d, J=6.6 Hz, 6H), 1.14-1.01 (m, 4H), 0.97 (d, J = 6.5 Hz, 6H); 3C NMR (CDCl;, 100
MHz) & (ppm) 148.4, 146.0, 131.9 (q, J = 33.7 Hz, C-CF3), 131.5 (q, J = 3.4 Hz, C-C-
CF3), 127.2, 123.1 (q, J=271.2 Hz, CF5), 119.3 (q, J = 3.1 Hz, C-C-CF3), 60.1, 48.5,
48.4,28.5,26.4,23.2,20.3; IR (KBr) v 3098, 2936, 2859, 1542, 1352, 1322, 1171, 1134,
1108 cm'; HRMS (APCI') calc. for [M+H]" (CasH35F¢N4O4"), 605.2557, found
605.2547; [a]p? = +24.6 (c = 0.50, CHCl5).

(1S5,25)-N',N2-Bis(3-nitro-5-(trifluoromethyl)benzyl)-N', N2-di(pentan-3-yl)cyclo-
hexane-1,2-diamine (3d)
Dinitro compound 3d was synthesized according to the general

CF4

procedure by heating the mixture of (15,25)-N! N?-di(pentan-3-

NO,

O\:Ei::g: yl)cyclohexane-1,2-diamine (1d™), 4.58 g, 18 mmol), 1-(bromomethyl)-
NO%  3-nitro-5-(trifluoromethyl)benzene (2, 15.34 g, 54 mmol) and K>CO3

CFs (9.95 g, 72 mmol), KI (180 mg, 1.1 mmol) in acetonitrile (200 mL) at

’ reflux for 72 h. After work-up by removal of solvent, column
chromatography (petroleum ether/ethyl acetate 20:1) gave 3d as a yellow oil (4.37 g,
yield: 37%). '"H NMR (CDCls, 300 MHz) & (ppm) 8.37 (s, 2H), 8.29 (s, 2H), 7.88 (s,
2H), 3.82-3.62 (m, 4H), 2.78-2.63 (m, 2H), 2.61-2.46 (m, 2H), 2.17-1.99 (m, 2H), 1.77-
1.66 (m, 2H), 1.64-1.43 (m, 6H), 1.36-1.11 (m, 6H), 0.94 (t, J = 7.4 Hz, 6H), 0.85(t, J
= 7.4 Hz, 6H); 1*C NMR (CDCl3, 125 MHz) § (ppm) 148.3, 146.4, 131.9 (q, J = 33.7
Hz, C-CF3), 131.0(q,J/=3.3 Hz, C-C-CF3), 126.6, 123.0 (q, J=272.9 Hz, CF3), 119.1(q,
J=3.7 Hz, C-C-CF3), 61.8, 60.8, 49.9, 28.5, 27.2, 25.3, 24.5, 12.7, 11.9 ; IR (KBr) v
3098, 2935, 2876, 1543, 1323, 1174, 1136 cm’'; HRMS (APCI") calc. for [M+H]*

(C32H43FeN4O4 1), 661.3183, found 661.3178; [a]p® = +6.4 (c = 0.45, CHCL:).
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(1S5,25)-N',N2-Bis(3-nitro-5-(trifluoromethyl)benzyl)-1,2-diphenyl- V', N*-
dipropylethane-1,2-diamine (3f)

& Dinitro compound 3f was synthesized according to the general procedure
K@NOZ by heating the mixture of (15,25)-1,2-diphenyl-N!, N>-dipropylethane-

Ph _.N

~n-Pr
Phln/”"” 1,2-diamine 1f! (3.55 g, 12 mmol), 1-(bromomethyl)-3-nitro-5-

. (trifluoromethyl)benzene (2, 7.50 g, 26.4 mmol), KoCOs; (6.63 g,

;F 3 48 mmol) and KI (120 mg, 0.7 mmol) in acetonitrile (180 mL) at reflux

for 18 h. After work-up by removal of solvent, column chromatography (petroleum
ether/ethyl acetate 10:1) gave 3f as a yellow solid (6.42 g, yield: 76%). Mp 128-129 °C;
'"H NMR (CDCl3, 500 MHz) & (ppm) 8.50 (s, 2H), 8.37 (s, 2H), 7.98 (s, 2H), 7.20-7.08
(m, 6H), 6.97 (d, J= 7.2 Hz, 4H), 4.50 (s, 2H), 4.03 (d, /= 14.3 Hz, 2H), 3.23 (d, J =
14.3 Hz, 2H), 2.72-2.60 (m, 2H), 2.37-2.22 (m, 2H), 1.81-1.60 (m, 4H), 0.92 (t, J=7.3
Hz, 6H); *C NMR (CDCls, 100 MHz) & (ppm) 148.6, 144.9, 135.5, 132.2 (q, J = 33.6
Hz, C-CF3), 131.3, 129.5, 128.1, 127.5, 126.9, 123.0 (q, J = 271.4 Hz, CF3), 119.6 (q,
J=3.8 Hz, C-C-CF3), 64.4, 53.8, 52.6,21.7, 12.1; IR (KBr) v 2962, 2875, 1541, 1351,
1174, 1134 cm’'; HRMS (ESI") calc. for [M+H]" (C36H37FsN4O4"), 703.2714, found

703.2705; [a]p® = +89.6 (¢ = 0.50, CHCI3).
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2.2 Synthesis of diamine compounds 4

CF3

SnCly, HCI O:N\R
—_—
_R
THF, it N

4-10 h NH

CF, CF,
3bR=n-Pr 4b, R = n-Pr, 83% yield
3cR= j-Pr 4c, R = j-Pr, 83% yield
3d R = 3-pentyl 4d, R = 3-pentyl, 89% yield

CF3 CFs

J J
N by SnCly, HCl N by
—_—

- _n-P
el THF, 1t, 3 h N~
KQ/NOZ KQ/NHZ
CF3 CF,4

3f

4f, 98% yield

General procedure: To a solution of 3 (1.0 equiv) in THF was added a solution of
SnCl2-2H>0 (6.4 equiv) in a given volume of conc. hydrochloric acid. The resulting
mixture was stirred at room temperature for a given period. Afterwards, the mixture
was treated with a solution of 40% aq. NaOH to adjust pH > 10. The organic layer was
separated, and the aqueous layer was extracted with ethyl acetate. The combined
organic layers were dried over Na>SOs, and then evaporated under reduced pressure.
The residue was subjected to column chromatography on silica gel

(dichloromethane/methanol as eluent) to give the corresponding diamine compound 4.
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(1S5,25)-N',N?-Bis(3-amino-5-(trifluoromethyl)benzyl)-N',N2-dipropylcyclo-
hexane-1,2-diamine (4b)

CFs Diamine compound 4b was synthesized according to the general
procedure by reaction of 3b (6.04 g, 10 mmol) with SnCl,-2H,O

NH,

O\:IE: (11.03 g, 64 mmol), conc. hydrochloric acid (25 mL) in THF (500 mL)
NH. for 4 h.  After work-up, column  chromatography

CF, (dichloromethane/methanol 10:1) gave 4b as a yellow oil (4.53 g,

® Jield: 83%). 'H NMR (CDCls, 400 MHz) § (ppm) 7.03 (s, 2H), 6.94

(s, 2H), 6.73 (s, 2H), 3.92-3.47 (m, 6H), 3.30 (d, J = 14.1 Hz, 2H), 2.70-2.56 (m, 2H),
2.45 (s, 2H), 2.39-2.27 (m, 2H), 2.09-1.93 (m, 2H), 1.79-1.64 (m, 2H), 1.63-1.36 (m,
4H), 1.17-0.98 (m, 4H), 0.85 (t,J= 7.1 Hz, 6H); *C NMR (CDCl3, 100 MHz) § (ppm)
146.7,144.3, 131.1 (q,J=31.6 Hz, C-CF3), 124.5 (q,J=272.4 Hz, CF3), 118.6, 115.6,
109.7,60.1 53.9, 52.1, 26.2,25.2,22.0, 12.0; IR (KBr) v 3385, 3321, 2933, 2858, 2808,
1625, 1464, 1356, 1257, 1161, 1122 cm™!; HRMS (EST) calc. for [M-H]" (C2sH30FsNy),

545.3073, found 545.3072; [a]p® = +74.6 (¢ = 0.70, CHCl3).

(1S5,25)-N',N?-Bis(3-amino-5-(trifluoromethyl)benzyl)-N', N2-diisopropylcyclo-
hexane-1,2-diamine (4¢)
CFs Diamine compound 4c¢ was synthesized according to the general
w, Pprocedure by reaction of 3¢ (15.11 g, 25 mmol) with SnCl,-2H>0O
O\:]i[ (27.57 g, 160 mmol), conc. hydrochloric acid (62.5 mL) in THF
e (1250 mL) for 10 h. After work-up, column chromatography
CFs (dichloromethane/methanol 10:1) gave 4¢ as a yellow oil (11.30 g, yield:
83%). Mp 167-168 °C; '"H NMR (DMSO-ds, 400 MHz) § (ppm) 6.81
(s, 2H), 6.71 (s, 2H), 6.68 (s, 2H), 5.39 (s, br, 4H), 3.56 (d, J=13.4 Hz, 2H), 3.31 (d, J
=13.0 Hz, 2H), 2.82-2.69 (m, 2H), 2.46-2.36 (m, 2H), 2.15-2.03 (m, 2H), 1.71-1.55 (m,
2H), 1.12 (d, J = 6.4 Hz, 6H), 0.99-0.84 (m, 4H), 0.81 (d, J = 6.4 Hz, 6H); 3*C NMR
(DMSO-ds, 100 MHz) & (ppm) 148.9, 142.8, 129.3 (q, J = 30.6 Hz, C-CF3), 124.7 (q,
J=272.2 Hz, CF3), 118.11, 112.5 (q, J = 3.9 Hz, C-C-CF3), 107.7 (q, J = 3.7 Hz, C-C-

CF;), 59.2,47.2,45.5,27.4,26.1,23.2, 19.6; IR (KBr) v 3474, 3392, 2986, 2922, 2849,
S8



1460, 1352, 1322, 1171, 1134, 1107 cm’'; HRMS (ESI') calc. for [M+H]"
(CasHioF6N4"), 545.3073, found 545.3068; [o]p> = +54.4 (¢ = 0.50, CHCL:).

(1S5,25)-N',N2-Bis(3-amino-5-(trifluoromethyl)benzyl)-N', N*-di(pentan-3-
yl)cyclohexane-1,2-diamine (4d)

CFs Diamine compound 4d was synthesized according to the general
i, procedure by reaction of 3d (1.65 g, 2.5 mmol) with SnCl,-2H>O
O\::gzz:g: (2.76 g, 16 mmol), conc. hydrochloric acid (6.25 mL) in THF (125 mL)
"™ for 10 h.  After work-up,  column  chromatography
40:3 (dichloromethane/methanol 10:1) gave 4d as a yellow oil (1.34 g, yield:
89%). '"H NMR (CDCls, 400 MHz) & (ppm) 6.98 (s, 2H), 6.81 (s, 2H),
6.69 (s, 2H), 3.88-3.30 (m, 8H), 2.65 (s, 2H), 2.51 (s, 2H), 2.15-1.97 (m, 2H), 1.76-1.47
(m, 9H), 1.36-1.20 (m, 3H), 1.20-1.03 (m, 4H), 0.94 (t, J = 7.1 Hz ,7H), 0.83 (t, J =
7.1Hz , 7H); 3C NMR (CDCls, 100 MHz) § (ppm) 146.5, 144.9, 131.0 (q, J=31.4 Hz,
C-CF3), 124.5 (q, J=270.3 Hz, CF3), 118.6, 115.8 (q, J = 3.7 Hz, C-C-CF3), 109.6 (q,
J=3.0 Hz, C-C-CF3), 60.8, 60.4, 49.9, 28.3, 27.4, 25.8, 24.4, 12.8, 12.0; IR (KBr) v
3388, 3213, 2933, 2874, 1624, 1464, 1366, 1258, 1161, 1122 cm™'; HRMS (ESI") calc.

for [M+H]" (C3Ha7FeN4"), 601.3699, found 601.3701; [o]p> = +27.8 (¢ = 0.50, CHCL).

(1S5,25)-N',N?-Bis(3-amino-5-(trifluoromethyl)benzyl)-1,2-diphenyl- V! ,N*-di-
propylethane-1,2-diamine (4f)
CF; Diamine compound 4f was synthesized according to the general

procedure by reaction of 3f (1.40 g, 2.0 mmol) with SnCl,-2H,0 (2.21 g,

NH,

IN\”'Pr 12.8 mmol), conc. hydrochloric acid (5 mL) in THF (100 mL) for 3 h.

Ph N/n-Pr

Ph

N2 After work-up, column chromatography (dichloromethane/methanol

Fs 10:1) gave 4f as a brown solid (1.26 g, yield: 98%). Mp 48-49 °C; 'H

NMR (CDCl3, 500 MHz) & (ppm) 7.16-7.09 (m, 4H), 7.09-7.02 (m, 4H),

7.01-6.90 (m, 6H), 6.77 (s, 2H), 4.45 (s, 2H), 3.87 (d, J = 14.1 Hz, 2H), 3.56 (s, br, 4H),
2.96 (d, J = 14.1 Hz, 2H), 2.74-2.62 (m, 2H), 2.16 -2.08 (m, 2H), 1.78 -1.65 (m, 4H),

0.94 (t, J = 7.4 Hz, 6H); '3C NMR (CDCls, 125 MHz) & (ppm) 146.8, 143.7, 136.1,
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131.4 (q,J=31.6 Hz, C-CFs), 129.8, 127.7, 126.9, 124.5 (q, J=270.8 Hz, CF3), 118.4,
115.7 (q, J = 3.7 Hz, C-C-CF3), 110.0 (q, J = 3.8 Hz, C-C-CF3), 63.6, 53.8, 51.8, 21.7,
12.2; IR (KBr) v 3465, 3390, 2961, 2932, 2873, 1625, 1465, 1375, 1356, 1261, 1121
cm!; HRMS (ESIY) calc. for [M+H]" (CasHa1FeN4"), 643.3230, found 643.3203; [o]p>
=+107.4 (c = 0.50, CHCl;).

Enantiomers ent-4a, ent-4b and ent-4c were synthesized according to the same
methods as described for 4a, 4b and 4c¢ starting from (1R,2R)-N',N*-disubstituted

cyclohexane-1,2-diamines, respectively. The characterization data were consistent.

2.3 Synthesis of diisothiocyanate compounds 5

CF3 CF;3

P
oy

NCS

ST e o
NR = = DCM, 1t, 4-12 h R

b4

NCS

9
o

CF3 CFyq
4b R = n-Pr 5b R = n-Pr, 86% yield
4cR = i-Pr 5¢c R = j-Pr, 89% yield
4d R = 3-pentyl 5d R = 3-pentyl, 68% yield
CF3 CF;
) (@ i g K@NCS
N WNL
Sn-pr . N/\NXN «N T Sn-pr
N = DCM, rt, 10 h NPT
K@NHZ KQNCS
CF3 CF3
4f 5f, 66% yield

General procedure: To a solution of 4 (1.0 equiv) in CH>Cl, was added 1,1'-
thiocarbonyldiimidazole (4.0 equiv). The mixture was stirred at room temperature for
a given period. The solvent was evaporated under reduced pressure and the residue was

subjected to column chromatography on silica gel to give compounds 5.
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(1S5,25)-N',N2-Bis(3-isothiocyanato-5-(trifluoromethyl)benzyl)-N', N>-dipropyl-
cyclohexane-1,2-diamine (5b)

CFs Diisothiocyanate compound 5b was synthesized according to the

wes general procedure by reaction of 4b (2.72 g, 5.0 mmol) with 1,1'-

O::fz:i: thiocarbonyldiimidazole (3.56 g, 20 mmol) in DCM (200 mL) for 12 h.

After work-up, column chromatography (petroleum ether/ethyl acetate
CFs 5:1) gave 5b as a brown oil (2.70 g, yield: 86%). '"H NMR (CDCls, 500

MHz) é (ppm) 7.53 (s, 2H), 7.43 (s, 2H), 7.30 (s, 2H), 3.71 (d, /=143
Hz,2H), 3.36 (d, J=14.3 Hz, 2H), 2.68-2.57 (m, 2H), 2.54-2.34 (m, 4H), 2.08-1.96 (m,
2H), 1.83-1.70 (m, 2H), 1.56-1.35 (m, 4H), 1.20-1.06 (m, 4H), 0.82 (t, /= 7.3 Hz, 6H);
3C NMR ( CDCls, 125 MHz) & (ppm) 145.2, 137.6, 132.1, 131.9 (q, J = 32.8 Hz, C-
CFs), 1294, 124.2 (q, J = 3.4 Hz, C-C-CF3), 123.5 (q, J = 271.2 Hz, CF3), 121.0 (q, J
= 3.6 Hz, C-C-CF3), 60.7, 53.8, 52.7, 26.1, 25.5, 22.1, 12.1; IR (KBr) v 2933, 2857,
2062, 1603, 1456, 1347, 1241, 1169, 1130 cm™'; HRMS (APCI") calc. for [M+H]*
(C30H35F6N4S2 "), 629.2202, found 629.2191; [a]p? = +20.8 (¢ = 0.50, CHCl5).

(1S5,285)-N',N>-Diisopropyl-N!,N?-bis(3-isothiocyanato-5-(trifluoromethyl)ben-
zyl)cyclohexane-1,2-diamine (Sc¢)

CFy Diisothiocyanate compound Se¢ was synthesized according to the
general procedure by reaction of 4¢ (272 mg, 0.5 mmol) with 1,1'-

NCS

O:N:;:g thiocarbonyldiimidazole (356 mg, 2 mmol) in DCM (20 mL) for 4 h.
! Nes - After work-up, column chromatography (petroleum ether/ethyl

CF, acetate 5:1) gave 5c as a brown oil (282 mg, yield: 89%). 'H NMR

N (CDCl3, 400 MHz) & (ppm) 7.52 (s, 2H), 7.40 (s, 2H), 7.31 (s, 2H),

3.64 (d,J=14.2 Hz, 2H), 3.48 (d, /= 14.2 Hz, 2H), 2.92- 2.75 (m, 2H), 2.61 -2.40 (m,
2H), 2.20-2.04 (m, 2H), 1.81-1.63 (m, 2H), 1.17 (d, J= 6.6 Hz, 6H), 1.13-0.99 (m, 4H),
0.93 (d, J = 6.5 Hz, 6H); *C NMR (CDCl3, 100 MHz) § (ppm) 145.3, 137.5, 132.0,
131.9 (q, J = 32.7 Hz, C-CF3), 129.5, 124.5 (q, J = 3.4 Hz, C-C-CF3), 123.5(q, J =
271.0 Hz, CF3), 121.1 (q,J=3.8 Hz, C-C-CF3), 60.1, 48.2,47.6, 28.3, 26.50, 23.5, 20.2;

IR (KBr) v 2966, 2934, 2857, 2074, 1602, 1452, 1344, 1241, 1169, 1130 cm™'; HRMS
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(APCT") cale. for [M+H]" (C30H3sFsN4S2"), 629.2201, found 629.2193; [a]p® = +26.8
(¢ = 0.50, CHCl3).

(1S5,25)-N',N2-Bis(3-isothiocyanato-5-(trifluoromethyl)benzyl)-N', N*-di(pentan-3-
yl)cyclohexane-1,2-diamine (5d)

CF, Diisothiocyanate compound 5d was synthesized according to the

general procedure by reaction of 4d (1.80 g, 3.0 mmol) with 1,1'-

NCsS

O\NXEZK: thiocarbonyldiimidazole (2.14 g, 12 mmol) in DCM (120 mL) for
1 nes 12 h. After work-up, column chromatography (petroleum ether/ethyl

I acetate 10:1) gave 5d as a brown oil (1.40 g, yield: 68%). 'H NMR

0 (CDCl3, 400 MHz) & (ppm) 7.46 (s, 2H), 7.31 (s, 2H), 7.28 (s, 2H),

3.60 (d,J=14.8 Hz, 2H), 3.52 (d, /= 14.8 Hz , 2H), 2.71-2.56 (m, 2H), 2.53-2.40 (m,
2H), 2.13-1.98 (m, 2H), 1.76-1.65 (m, 2H), 1.65-1.46 (m, 6H), 1.31-1.20 (m, 3H), 1.60-
1.09 (m, 3H), 0.94 (t,J=7.4 Hz , 6H), 0.84 (t,J= 7.4 Hz, 6H); >*C NMR (CDCl;, 100
MHz) 6 (ppm) 145.7, 137.5, 131.8 (q, J=32.7 Hz, C-CF3), 129.0, 124.2 (q, /= 3.8 Hz,
C-C-CF3), 1234 (q, J = 271.2 Hz, CF3), 121.0 (q, J = 3.8 Hz, C-C-CF3), 61.3, 60.6,
49.7,28.3,27.4,25.5,24.5,12.7,11.9; IR (KBr) v 2962, 2933, 2875, 2070, 1602, 1460,
1345, 1241, 1171 cm™'; HRMS (APCI") calc. for [M+H]" (C34H43F6N4S2"), 685.2828,

found 685.2833; [a]p® = +0.6 (¢ = 0.50, CHCl3).

(1S5,285)-N',N?-Bis(3-isothiocyanato-5-(trifluoromethyl)benzyl)-1,2-diphenyl-
N, N*-dipropylethane-1,2-diamine (5f)

CFy Diisothiocyanate compound 5f was synthesized according to the
(@NCS general procedure by reaction of 4f (3.85 g, 6.0 mmol) with 1,1'-
Y e thiocarbonyldiimidazole (4.28 g, 24 mmol) in DCM (240 mL) for 10 h.

NCS - After work-up, column chromatography (petroleum ether/ethyl acetate

CF, 5:1) gave 5f as a white solid (2.86 g, yield: 66%). Mp 119-120 °C; 'H

NMR (CDCls, 500 MHz) 8 (ppm) 7.60 (s, 2H), 7.46 (s, 2H), 7.37 (s,

2H), 7.20-7.13 (m, 4H), 7.12-7.06 (m, 2H), 6.96 (d, J= 7.2 Hz, 4H), 4.44 (s, 2H), 3.91

(d, J=14.2 Hz, 2H), 3.09 (d, J = 14.2 Hz, 2H), 2.71-2.59 (m, 2H), 2.29-2.15 (m, 2H),
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1.79-1.60 (m, 4H), 0.94 (t, J= 7.3 Hz, 6H); 13C NMR (CDCls, 125 MHz) 5 (ppm) 144.4,

137.8, 135.7, 132.4, 132.1 (q, J = 32.9 Hz, C-CF3), 129.6, 129.3, 128.0, 127.3, 124.3

(q,J/=3.4 Hz, C-C-CF3), 123.4 (q,J=271.2 Hz, CF3), 121.4 (q, J = 3.7 Hz, C-C-CF3),

64.2,53.7,52.3,21.4,12.1; IR (KBr) v 3028, 2962, 2932, 2848, 2104, 1602, 1454, 1345,

1241, 1172, 1131 cm™'; HRMS (APCI) calc. for [M+H]" (C3sH37F6N4Sy"), 727.2358,

found 727.2347; [a]p® =

2.4 Synthesis of macrocycles M

4c R = 3-pentyl

CF3

N
j; n-Pr
_n-Pr

Ph

Ph

=z

NH,

2o}

CF3
4f

CF3

ot

NH,

z

R!

A,

NH,

CF3

ent-4a R = Me
ent-4b R = n-Pr
ent-4c R = j-Pr

NCS

NCS

CF3

5a R = n-Pr
5b R = i-Pr
5¢ R = 3-pentyl

CF3

NCS

g

Ph

I ~n-Pr
_n-Pr

Ph

z

NCS

2o}

CF3
5f

CF;

ot

NCS
Ph

z
Py
IR

~

-

Ph

b4

NCS

CF;

5e R = Me
5f R = n-Pr

+109.6 (¢ = 0.50, CHCl3).

Pyridine
or Et;N/acetone
or Et3N/THF
—_———
rt, 4 d
or reflux, 6 d

DMAP
THF,rt, 3d

DMAP
—_————

THF.rt, 2-4 d

Kl/@
Ud

M2 R = n-Pr, 52% yield
M3 R = j-Pr, 35% yield
M4 R = 3-pentyl, 42% yield

Kl Q

n-Pr n-Pr”
_n-Pr n- Pr\
M6, 44% yield
2-N S Ph
N S Ph

U@

M9 R' = Me; R2= n-Pr, 30% yield

M10 R'= n-Pr; R?= Me, 30% yield
M11 R' = n-Pr; R2= n-Pr, 32% yield
M12 R' = j-Pr; R2= n-Pr, 47% yield
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General procedure: To a solution of 4 (1.0 equiv) in corresponding solvent (THF,
acetone or pyridine) was added 5 (1.0 equiv) and corresponding base (DMAP or Et3N).
The mixture was stirred at room temperature or heated at reflux for a given period. The
solvent was evaporated under reduced pressure, and the residue was subjected to
column chromatography on silica gel. The crude product was washed with ethyl acetate

and n-hexane to give the corresponding macrocycle M.

Macrocycle M2
Macrocycle M2 was synthesized according to the general

(@ Q procedure by reaction of 4b (1.36 g, 2.5 mmol), 5b (1.57 g,

\ P il 2.5 mmol) and Et:N (875 L, 6.3 mmol) in THF (50 mL)

_n-Pr n-| Pr\

KQ/ \Q) at room temperature for 96 h. Column chromatography

eluent: dichloromethane/methanol 10:1. Macrocycle M2

was obtained as a light yellow solid (1.54 g, yield: 52%).
Mp 141-142 °C; '"H NMR (DMSO-ds, 400 MHz) § (ppm) 9.75 (s, 4H), 7.81-7.31 (m,
12H), 3.63 (d, J=13.4 Hz, 4H), 3.41 (d, /= 13.4 Hz, 4H), 2.75-257 (m, 4H), 2.43-2.28
(m, 4H), 2.00-1.84 (m, 4H), 1.73-1.58 (m, 4H), 1.58-1.30 (m, 8H), 1.18-0.94 (s, 8H),
0.78 (t,J= 7.1 Hz, 12H); *C NMR( DMSO-ds, 125 MHz, 343 K) § (ppm) 179.3, 143.1,
139.3,128.5 (q,J=31.3 Hz, C-CF3), 126.9, 123.2 (q,J=270.6 Hz, CF3), 120.6, 117.6,
59.9,53.2,52.0,26.1,25.2,21.1, 11.3; IR (KBr) v 2933, 2858, 1546, 1464, 1346,1319,
1224, 1169, 1127 cm™'; HRMS (ESI") calc. for [M-H]" (CssH71F12NsS2"), 1171.5057,
found 1171.5058; Anal. Calcd. for CssH72F12NgS2: C, 59.37; H, 6.19; N, 9.55. Found:
C, 59.41; H, 6.18; N, 9.50; [a]p* =+ 73.6 (c = 0.50, CHCI3).
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Macrocycle M3

Macrocycle M3 was synthesized according to the follow

(@\ Q procedure: 4¢ (3.26 g, 6 mmol) and 5S¢ (3.77 g, 6 mmol)

N i-Pr i-Pr”

.‘ P iPre O were dissolved in acetone (150 mL), and then EtsN
K?j \Q) (1.9 mL, 15 mmol) was added. The mixture was heated at
reflux for 6 days. The resulting mixture was cooled to
room temperature and stand for 2 h. The precipitate was collected by filtration and
redissolved in ethyl ether (40 mL), then sat. NaHCO3 aq. (40 mL) was added and the
resulting mixture was stirred at room temperature for 8 h. The organic layer was
separated and the aqueous layer was extracted with ethyl ether (100 mL X 3). The
combined organic layers were dried over Na;SOs, then concentrated to 4 mL under
reduced pressure, and n-hexane (40 mL) was added. The precipitate was collected by
filtration to give macrocycle M3 as a yellow solid (2.44 g, yield: 35%). Mp 149-150
°C; 'H NMR (DMSO-ds, 500 MHz, 328 K) & (ppm) 9.67 (s, 4H), 7.62 (s, 4H), 7.51 (s,
4H), 7.48 (s, 4H), 3.61 (d, J = 14.2 Hz, 4H), 3.51 (d, J = 14.2 Hz, 4H), 3.02-2.84 (m,
4H), 2.67-2.53 (m, 4H), 2.11-1.95 (m, 4H), 1.70-1.57 (m, 4H), 1.12-0.97 (m, 21H), 0.92
(d, J = 5.3 Hz, 12H); 1*C NMR (DMSO-ds, 125 MHz, 328 K) & (ppm) 179.9, 143.6,
139.4, 128.4 (q, J = 31.8 Hz, C-CF3), 123.9 (q, J=270.1 Hz, CF3), 121.4, 118.2, 59.9,
47.6,46.8,28.4,25.7,22.9,19.9; IR (KBr) v2928, 2855, 1659, 1608, 1462, 1343, 1225,
1167, 1126 cm™'; HRMS (ESI") calc. for [M-H]" (CssH71F12NsS2"), 1171.5057, found
1171.5062; Anal. Calcd. for CsgH72F12NgS»: C, 59.37; H, 6.19; N, 9.55. Found: C, 59.38;
H, 6.15; N, 9.53; [a]p* =+ 60.8 (¢ = 0.50, CH;0H).

Macrocycle M4

Macrocycle M4 was synthesized according to the general

(@\ Q procedure by reaction of 4d (601 mg, 1 mmol) and 5d

\ ~3-pentyl 3-pentyl”

apenyl  Spenyls (685 mg, 0.5 mmol) in pyridine (400 mL) at room

KQ/ \Q) temperature for 96 h. Column chromatography eluent:

petroleum ether/ethyl acetate 2:1. Macrocycle M4 was

obtained as a yellow solid (561 mg, yield: 42%). Mp
S15



141.4-141.9°C; "HNMR (DMSO-ds, 300 MHz) & (ppm) 9.85 (s, 4H), 7.62 (s, 4H), 7.54
(s, 4H), 7.37 (s, 4H), 3.50 (s, 8H), 2.76-2.57 (m, 4H), 2.09-1.91 (m, 4H), 1.66-1.36 (m,
18H), 1.28-1.00 (m, 14H), 0.88 (t,J=7.2 Hz, 12H), 0.80 (t,/= 7.2 Hz, 12H); '*C NMR
(DMSO-ds, 125 MHz, 328K) 6 (ppm) 179.3, 144.0, 139.4, 128.4 (q, J = 31.3 Hz, C-
CF3), 126.8, 123.9 (q, J = 270.6 Hz, CF3), 120.7, 117.1, 60.5, 59.9, 49.0, 28.0, 26.2,
24.4,23.8, 12.0, 11.1; IR (KBr) v 3231, 2961, 2934, 2875, 1559, 1544, 1464, 1344,
1169, 1127 em™'; HRMS (ESI) calc. for [M-H]™ (CecHs7F12NsS2"), 1283.6309, found
1283.6300; Anal Calcd. for CesHgsF12NgS2: C, 61.66; H, 6.90; N, 8.72. Found: C, 61.56;
H, 6.93; N, 8.47; [a]p®® = +6.0 (c = 0.50, CHCl5).

Macrocycle M6
Macrocycle M6 was synthesized according to the general

(Q /Q procedure by reaction of 4f (1.61 g, 2.5 mmol), 5f (1.81 g,

\ “n-Pr n-Pr” 2.5 mmol) and DMAP (764 mg, 6.25 mmol) in THF

_n-Pr n-| Pr\

KQ/ \Q) (50 mL) at room temperature for 72 h. Column

chromatography eluent: petroleum ether/ethyl acetate 5:1.

Macrocycle M6 was obtained as a white solid (1.51 g,
yield: 44%). Mp 146-147 °C; '"H NMR (DMSO-ds, 500 MHz, 343 K) § (ppm) 9.45 (s,
4H), 7.67 (s, 8H), 7.52 (s, 4H), 7.21-6.92 (m, 20H), 4.59 (s, 4H), 4.06 (d, J = 14.4 Hz,
4H), 3.16 (d, J = 14.4 Hz, 4H), 2.84-2.61 (m, 4H), 2.29-2.09 (m, 4H), 1.77-1.52 (m,
8H), 0.87 (t,J = 6.4 Hz, 12H); 3C NMR ( DMSO-ds, 125 MHz, 343 K) & (ppm) 179.4,
142.4, 139.3, 136.1, 129.1, 128.6 (q, J = 31.6 Hz, C-CF3), 127.6, 127.0, 126.2, 123.8
(q, J = 271.0 Hz, CF3), 121.1, 118.2, 63.30, 53.4, 51.8, 20.5, 11.4; IR (KBr) v 3220,
3029, 2961, 2932, 2874, 1534, 1463, 1344, 1225, 1171, 1128 cm’'; HRMS (EST) calc.
for [M-H]" (C7sH75F12NgS27), 1367.5370, found 1367.5366; Anal. Caled. for
C7sH76F12NsS2: C, 64.60; H, 5.59; N, 8.18. Found: C, 64.76; H, 5.68; N, 8.05; [a]p> =
+89.4 (¢ = 0.50, CHCL).

S16



Macrocycle M9
Macrocycle M9 was synthesized according to the general

KQ Q procedure by reaction of ent-4a (244 mg, 0.5 mmol), 5f

n-Pr” (363 mg, 0.5 mmol) and DMAP (153 mg, 1.25 mmol) in

n-| Pr\

KQ/ \Q) THF (10 mL) at room temperature for 48 h. Column

chromatography eluent: dichloromethane/methanol 20:1.

Macrocycle M9 was obtained as a white solid (180 mg,
yield: 30%). Mp 143-144 °C; '"H NMR (DMSO-ds, 300 MHz) § (ppm) 9.78 (d, 4H),
8.00-7.28 (m, 12H), 7.23-6.86 (m, 10H), 4.58 (s, 2H), 3.91 (d, J = 14.3 Hz, 2H), 3.82-
3.51 (m, 4H), 3.13 (d, J = 14.4 Hz, 2H), 2.75-2.54 (m, 3H), 2.34-2.02 (m, 8H), 1.97-
1.82 (m, 2H), 1.78-1.49 (m, 6H), 1.37-1.03 (m, 5H), 0.82 (t, J= 7.3 Hz, 6H); '*C NMR
(DMSO-ds, 125 MHz) o (ppm) 179.4, 142.7, 139.7, 139.6, 136.3, 129.4, 128.7 (q, J =
253.8 Hz, CF3), 127.8,127.3, 126.6, 125.22, 125.17, 123.1, 123.0, 121.3, 120.8, 120.7,
118.5, 118.0, 63.3, 62.0, 53.4, 51.0, 31.0, 25.3, 22.1, 20.8, 14.0, 11.8; IR (KBr) v 3214,
2931, 1534, 1461, 1344, 1225, 1169, 1127 cm'; HRMS (ESI') calc. for [M+H]"
(Ce2He7F12NsS2 ™), 1215.4733, found 1215.4717; Anal. Caled. for Cs2HesF12NgS2: C,
61.27; H, 5.47; N, 9.22. Found: C, 61.20; H, 5.46; N, 9.10; [a]p* = +44.8 (c = 0.50,
CHCL).

Macrocycle M10
Macrocycle M10 was synthesized according to the general

(@ Q procedure by reaction of ent-4b (272 mg, 0.5 mmol), Se

e (353 mg, 0.5 mmol) and DMAP (153 mg, 1.25 mmol) in

,,/ _n-Pr

K@/ \@2 THF (10 mL) at room temperature for 48 h. Column

chromatography eluent: dichloromethane/methanol 20:1.
Macrocycle M10 was obtained as a white solid (182 mg,
yield: 30%). Mp 145 °C; '"H NMR (DMSO-ds, 400 MHz, 333 K) & (ppm) 9.66 (s, 4H),
7.82 (s, 2H), 7.74 (s, 2H), 7.63 (s, 2H), 7.53 (s, 2H), 7.49 (s, 2H), 7.29 (s, 2H), 7.24 (d,
J=17.6 Hz, 4H), 7.19 (t, 4H), 7.08 (d, /= 7.2 Hz, 2H), 4.63 (s, 2H), 3.74-3.58 (m, 4H),

3.51 (d, J = 13.7 Hz, 2H), 3.41 (d, J = 14.4 Hz, 2H), 3.17 (s, 3H), 2.67-2.58 (m, 2H),
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2.57-2.50 (m, 2H), 2.43-2.31 (m, 2H), 2.20 (s, 6H), 2.02-1.90 (m, 2H), 1.77-1.63 (m,
2H), 1.55-1.34 (m, 4H), 1.09 (s, 4H), 0.79 (t, 6H); *C NMR (DMSO-ds, 125 MHz,
328K) & (ppm) 178.9, 143.1, 141.8, 139.5, 139.3, 135.8, 129.1, 128.4 (q, J = 253.8 Hz,
CF3), 127.2, 125.0 124.9, 122.87, 122.77, 120.8, 117.8, 117.6, 66.6, 59.7, 56.9, 53.0,
51.8,36.4,25.5,25.3,21.2, 11.5; IR (KBr) v 3030, 2932, 2853, 1544, 1463, 1344, 1224,
1127 cm™; HRMS (ESIY) calc. for [M+H]" (Ce2He7F12NsS2"), 1215.4733, found
1215.4718. Anal. Calcd. for Ce2HesF12NgS2: C, 61.27; H, 5.47; N, 9.22. Found: C, 60.91;
H, 5.53; N, 9.25; [a]p* = -22.4 (¢ = 0.50, CHCl5).

Macrocycle M11
Macrocycle M11 was synthesized according to the

(@ Q general procedure by reaction of ent-4b (272 mg,

“n-Pr n-pr” 0.5 mmol), 5f (363 mg, 0.5 mmol) and DMAP (153 mg,

, _n-Pr Py
KQ/ \Q) 1.25 mmol) in THF (10 mL) at room temperature for 96
h. Column chromatography eluent:  dichloro-
methane/methanol 20:1. Macrocycle M11 was obtained
as a white solid (203 mg, yield: 32%). Mp 136-137 °C; 'H NMR (DMSO-ds, 400 MHz,
333 K) 3 (ppm) 9.62 (d, J=22.7 Hz, 4H), 7.77 (s, 2H), 7.72 (s, 2H), 7.63 (s, 2H), 7.50
(s, 4H), 7.43 (s, 2H), 7.16-7.07 (m, 8H), 7.07-7.01 (m, 2H), 4.58 (s, 2H), 3.98 (d, J =
14.6 Hz, 2H), 3.65 (d, /= 14.3 Hz, 2H), 3.41 (d, J= 14.3 Hz, 2H), 3.23-3.17 (m, 2H),
2.76-2.60 (m, 4H), 2.45-2.30 (m, 2H), 2.22-2.09 (m, 2H), 2.02-1.91 (m, 2H), 1.72-1.55
(m, 6H), 1.52-1.37 (m, 4H), 1.19-0.99 (m, 4H), 0.95-0.60 (m, 14H); *C NMR (DMSO-
ds, 125 MHz, 328K) & (ppm) 179.2, 143.1, 142.5, 139.5, 139.2, 136.3, 129.2, 128.5,
128.4,127.2, 126.3, 125.1, 125.0, 122.8, 121.0, 120.9, 118.3, 117.7, 63.3, 59.7, 53.5,
53.0, 51.8, 51.7, 25.3, 21.2, 20.6, 11.53, 11.51; IR (KBr) v 3214, 2960, 2933, 1539,
1463, 1345, 1225, 1170, 1127 cm™'; HRMS (ESI") calc. for [M+H]" (CecH7sF12NsS2"),
1271.5359, found 1271.5348; Anal. Calcd. for CesH74F12NgS2: C, 62.35; H, 5.87; N,
8.81. Found: C, 61.95; H, 5.78; N, 8.93; [a]p* = +22.6 (¢ = 0.50, CHCI5).
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Macrocycle M12
Macrocycle M12 was synthesized according to the

(@ Q general procedure by reaction of ent-4¢ (272 mg,

P n-Pr” 0.5 mmol), 5f (363 mg, 0.5 mmol) and DMAP (153 mg,

NPT N
KQ/ Q} 1.25 mmol) in THF (10 mL) at room temperature for 48 h.
Column chromatography eluent: dichloro-
methane/methanol 20:1. Macrocycle M12 was obtained
as a white solid (300 mg, yield: 47%). Mp 144-145 °C; 'H NMR (DMSO-ds, 400 MHz,
328 K) 6 (ppm) 9.54 (s, 4H), 7.75-7.42 (m, 12 H), 7.15-7.05 (m, 10 H), 4.59 (s, 2H),
3.99-3.97 (m, 2H), 3.51-3.48 (m , 4H), 3.20-3.07 (m, 4H), 2.78-2.65 (m, 4H), 2.15-2.03
(m, 4H), 1.64-1.62 (m, 6H), 1.14-1.07 (m, 8H), 0.97-0.96 (m, 6H), 0.85-0.82 (m, 8H);
3C NMR (DMSO-ds, 125 MHz, 328K) § (ppm) 179.0, 143.7, 142.5, 141.7, 139.5,
138.2,136.3,129.3,129.2,128.5, 128.2,127.2, 126.3, 125.1, 125.0, 122.9, 122.8, 121.3,
121.0, 63.3, 59.2, 53.5, 53.1, 51.8, 47.6, 28.6, 25.7, 22.5, 20.7, 19.9, 11.5; IR (KBr) v
3202, 2962, 2873, 1549, 1464, 1344, 1318, 1224, 1169, 1127 cm™'; HRMS (ESI") calc.
for [M+H]" (CecH75F12NgS>"), 1271.5359, found 1271.5349; Anal. Calcd. for
CesH74F12NsS2: C,62.35; H, 5.87; N, 8.81. Found: C, 62.27; H, 5.75; N, 8.76. [a]p> =
+8.8 (¢ =0.50, CH30H).

2.5 Synthesis of acyclic control compound 9

N N
> SnCl,, HCI >
—_—
EtOH THF, rt, 12 h
rt, 40 min 98% vyield

95% yield  FaC NO, FsC NH,
10 1

CF;

[ i “NCS \ (@\ ﬁj\
N\
N Pyridine N
i-Pr Yy >i-Pr
+ —_— >
O\N/i—Pr 1, 48 h /1 Pr N~
NCS FsC NH 64% yield

g U?‘
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N,N-Dimethyl-1-(3-nitro-5-(trifluoromethyl)phenyl)methanamine (10): To a
solution of 2 (5.66 g, 20 mmol) in EtOH (30 mL) was added 30 wt % dimethylamine
aqueous solution (13.60 g, 100 mmol). The mixture was stirred at room temperature for
40 min. The solvent was evaporated under reduced pressure, and the residue was
subjected to column chromatography on silica gel (petroleum ether/ethyl acetate 1:1)
to give 10[%] as a yellow oil (4.75 g, yield: 95%). 'H NMR (CDCls, 400 MHz) & (ppm)
8.39 (s, 1H), 8.37 (s, 1H), 7.95 (s, 1H), 3.58 (s, 2H), 2.28 (s, 6H).

3-((Dimethylamino)methyl)-5-(trifluoromethyl)aniline (11): To a solution of 10
(9.18 g, 37 mmol) in THF (500 mL) was added a solution of SnCl>-2H>O (26.71 g,
118 mmol) in conc. hydrochloric acid (44 mL). The mixture was stirred at room
temperature for 12 h, and then was treated with a solution of 40% aq. NaOH to adjust
pH > 10. The organic layer was separated and the aqueous layer was extracted with
ethyl acetate (100 mL x 3). The combined organic layers were dried over Na;SO4, and
then evaporated under reduced pressure. The residue was subjected to column
chromatography on silica gel (dichloromethane/methanol 5:1) to give 111! as a yellow
solid (8.08 g, yield: 98%). "H NMR (CDCls, 400 MHz) & (ppm) 6.91 (s, 1H), 6.80 (s,
1H), 6.77 (s, 1H), 3.81 (s, br, 2H), 3.34 (s, 2H), 2.23 (s, 6H).

Acyclic control compound 9: To a solution of 5¢ (628 mg, 1 mmol) in pyridine (10 mL)
was added 11 (436 mg, 2 mmol). The mixture was stirred at room temperature for 48 h.
The solvent was evaporated under reduced pressure, and the residue was subjected to
column chromatography on silica gel (dichloromethane/methanol 5:1) to give 9 as a
white solid (680 mg, yield: 64%). Mp 104-105 °C; 'H NMR (DMSO-ds, 400 MHz) §
(ppm) 10.25 (s, 4H), 7.83 (s, 2H), 7.76-7.60 (m, 6H), 7.40 (d, /= 11.4 Hz, 4H), 3.63 (d,
J=13.0 Hz, 2H), 3.51 (s, 4H), 3.45 (d, J = 14.1 Hz, 2H), 2.77-2.62 (m, 2H), 2.20 (s,
12H), 2.12-2.02 (m, 2H), 1.66-1.47 (m, 2H), 1.18-0.68 (m, 18H); 10.15 (s, 4H), 7.82 (s,
2H), 7.70 (s, 2H), 7.68 (s, 2H), 7.64 (s, 2H), 7.54 (s, 2H), 7.36 (s, 2H), 7.25-7.19 (m,
4H), 7.16 (t, J= 7.5 Hz, 4H), 7.08 (t, J = 7.2 Hz, 2H), 4.62 (s, 2H), 3.62 (d, J = 13.7

Hz, 2H), 3.57-3.41 (m, 6H), 2.30-2.10 (m, 18H); '*C NMR (DMSO-ds, 125 MHz) §
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(ppm) 180.0, 149.4, 140.2, 139.6, 129.1, 128.9, 128.4, 127.3, 124.1 (q, J = 270.8 Hz,
CF3), 124.0 (q, J = 270.8 Hz, CF3), 124.5, 120.8, 118.5, 117.9, 82.2, 59.3, 47.0, 44.7,
27.6, 26.0, 23.3, 19.8; HRMS (EST) calc. for [M-H]" (CsoHsoF12NsSy7), 1063.4118,
found 1063.4126; IR (KBr) v 2940, 2860, 2780, 1545, 1465, 1344, 1170 em™'; [a]p?® =
+14.6 (¢ = 0.50, CHCL).

3. Catalysis studies

All the ketimines 6!”! and malonic acid half thioesters (MAHTs) 7% are known

compounds and were prepared according to literature procedures.

3.1 Typical procedure for the decarboxylative Mannich reactions

Boc
N-Boc , \ s@om
) OMe 5 mol% HN
o o /@/ M3 ﬂo
+ T

N o HOMS Solvent O

\ rt N\

Me Me
6a 7a 8a

Typical procedure: The ketimine 6a (52.1 mg, 0.2 mmol) and the macrocycle catalyst
M3 (11.8 mg, 0.01 mmol) was added into a 10 mL Schlenk flask equipped with a
stirring bar, then dried cyclopentyl methyl ether (CPME, 2.0 mL) and malonic acid half
thioester 7a (67.9 mg, 0.3 mmol) were added. The resulting reaction mixture was stirred
at room temperature until full consumption of the starting ketimine 6a as indicated by
TLC. The reaction mixture was concentrated under reduced pressure and the residue
was subjected to column chromatography on silica gel (petroleum ether/ethyl acetate

3:1) to give the desired product 8a as a white solid.
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3.2 Characterization data for products 8

S-(4-Methoxyphenyl) (R)-2-(3-((tert-butoxycarbonyl)amino)-1-methyl-2-
oxoindolin-3-yl)ethanethioate (8a)'!

88% yield; 'TH NMR ( CDCl3, 500 MHz) & (ppm) 7.37-7.31 (m,

Boc OMe

] S
HN
450 IH), 7.30-7.22 (m, 3H), 7.07 (t, J=175 HZ, IH), 6.95 (d, J=

N

Ve 8.9 Hz, 2H), 6.87 (d,/J=7.6 Hz, 1H), 6.31 (s, 1H), 3.83 (s, 3H),
" 3.27 (s, 3H), 3.19 (d, J = 15.0 Hz, 1H), 2.78 (d, J = 15.1 Hz,
1H), 1.24 (s, 9H); '3C NMR (CDCl;, 125 MHz) § (ppm) 196.8, 175.2, 161.2, 153.8,
143.3, 136.1, 129.5, 129.0, 123.7, 122.8, 117.5, 115.2, 108.6, 80.4, 60.3, 55.6, 47.6,
28.2, 26.9; [a]p® = +99.6 (c = 0.50, CHCl3); ee: 72%; HPLC analysis CHIRALPAK
OD-H, n-hexane:'PrOH =4:1, 25 °C, 1 mL/min flow rate, detection at 254 nm, t; =9.7

min (major), t = 12.1 min (minor).

S-(4-Methoxyphenyl) (R)-2-(3-((tert-butoxycarbonyl)amino)-2-oxoindolin-3-
yl)ethanethioate (8b)
Boc . Yellow solid, 48% yield; Mp 158-159 °C; 'H NMR (CDCl3,400
(:H%gj)z@w MHz) & (ppm) 7.77 (s, 1H), 7.28-7.23 (m, 4H), 7.05 (t, J=7.5
Eb Hz, 1H), 6.95 (d, /= 8.7 Hz, 2H), 6.87 (d, /J="7.7 Hz, 1H), 6.42
(s, 1H),3.84 (s,3H),3.16 (d,J=15.0 Hz, 1H), 2.84 (d,J=15.2
Hz, 1H), 1.28 (s, 9H); *C NMR (CDCls, 100 MHz) § (ppm) 176.5, 161.3, 154.0, 140.3,
136.2,129.5,124.0, 122.9, 117.5, 115.2, 110.5, 80.7, 60.5, 55.6, 47.4, 28.2; IR (KBr) v
3278, 2976, 2929, 1690, 1623, 1593, 1497, 1253, 1161, 1026, 827, 751 cm™'; HRMS
(ESI") calc. for [M+Na]" (C22H24N205SNa"), 451.1298, found 451.1294; [a]p®® =+47.2
(c = 0.50, CHCls); ee: 40%; HPLC analysis CHIRALPAK AD-H, n-hexane:'PrOH =
9:1, 25 °C, 1 mL/min flow rate, detection at 254 nm, t; = 10.8 min (major), t> = 13.3

min (minor).
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S-(4-Methoxyphenyl) (R)-2-(3-((tert-butoxycarbonyl)amino)-1-ethyl-2-
oxoindolin-3-yl)ethanethioate (8c)

Boc

C o Yellow solid, 73% yield; Mp 164-165 °C; 'H NMR (CDCls,

S

HN
é_\\\ﬂo 300 MHz) & (ppm) 7.35-7.22 (m, 4H), 7.06 (t, J= 7.4 Hz, 1H),
N

(o]

6.95-6.87 (m, 3H), 6.24 (s, 1H), 3.94-3.59 (m, SH), 3.18 (d, J

Et
8c

=15.1 Hz, 1H), 2.76 (d, J=15.0 Hz, 1H), 1.33-1.25 (m, 12H);
BC NMR (CDCls, 75 MHz) § (ppm) 196.6, 174.8, 161.2, 153.8, 142.4, 136.1, 129.4,
129.3, 124.0, 122.6, 117.7, 115.2, 108.7, 80.3, 60.3, 55.5, 47.7, 35.3, 28.2, 12.7; IR
(KBr) v 3251, 2977, 2931, 1727, 1615, 1592, 1496, 1368, 1251, 1160, 1024, 751 cm™;
HRMS (ESI) calc. for [M+Na]" (C24H2sN20sS Na*), 479.1611, found 479.1610; [a]p*
=+58.8 (¢ = 0.50, CHCIs); ee: 64%; HPLC analysis CHIRALPAK IA, n-hexane:’PrOH
=4:1, 25 °C, 1 mL/min flow rate, detection at 254 nm, t; = 8.7 min (major), t, = 17.8

min (minor).

S-(4-Methoxyphenyl) (R)-2-(3-((tert-butoxycarbonyl)amino)-1-isopropyl-2-
oxoindolin-3-yl)ethanethioate (8d)
Yellow solid, 43% yield; Mp 129-130 °C; 'H NMR (CDCls,

Boc OMe

1 S
HN
jo<° 300 MHz) & (ppm) 7.33-7.20 (m, 4H), 7.03 (t, J = 8.3 Hz, 2H),

N
iPr
8d

6.93 (d, J = 8.9 Hz, 2H), 6.19 (s, 1H), 4.60 (m, 1H), 3.82 (s,
3H), 3.17 (d, J=15.0 Hz, 1H), 2.76 (d, /= 14.9 Hz, 1H), 1.51
(d, J= 7.0 Hz, 6H), 1.27 (s, 9H); *C NMR (CDCl3, 75 MHz) & (ppm) 196.4, 174.9,
161.2,153.8,142.2, 136.1, 129.5, 129.1, 124.1, 122.2, 117.8, 115.2, 110.2, 80.2, 60.1,
55.5, 47.8, 44.6, 28.3, 19.6, 19.3; IR (KBr) v 3262, 2978, 2931, 1718, 1611, 1591,
1496, 1367, 1250, 1161, 1025, 827, 753 cm’'; HRMS (ESI") calc. for [M+Na]*
(C2sH30N205SNa*), 493.1768, found 493.1763; [a]p> = +37.9 (c = 0.48, CHCl5); ee:
53%; HPLC analysis CHIRALPAK IA, n-hexane:'PrOH = 4:1, 25 °C, 1 mL/min flow

rate, detection at 254 nm, t; = 8.1 min (major), t; = 17.7 min (minor).
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S-(4-Methoxyphenyl) (R)-2-(1-benzyl-3-((tert-butoxycarbonyl)amino)-2-
oxoindolin-3-yl)ethanethioate (8e)

HEOC SOOMe

White solid, 46% yield; Mp 142-143 °C;'H NMR (CDCls, 500

: 3 g MHz) & (ppm) 7.38 (d, J = 7.3 Hz, 2H), 7.34-7.24 (m, 6H), 7.20
(0]

S (t,J=7.1 Hz, 1H), 7.03 (t, J = 7.5 Hz, 1H), 6.96-6.93 (m, 2H),

Be 6.72 (d, J= 7.8 Hz, 1H), 5.10-4.83 (m, 2H), 3.83 (s, 3H), 3.21

(d, J=14.8 Hz, 1H), 2.82 (d, J = 15.0 Hz, 1H), 1.28 (d, J = 12.8 Hz, 9H); '*C NMR
(CDCl3,125 MHz) & (ppm) 196.7,175.3,161.2,153.8, 142.4, 136.2, 135.9, 129.4, 128.9,
127.7, 127.5, 123.7, 122.9, 117.6, 115.2, 109.6, 80.5, 60.4, 55.6, 47.7, 44.4, 28.3; IR
(KBr) v 3330, 2976, 2928, 1711, 1614, 1593, 1497, 1366, 1251, 1172, 1024, 828, 734
cm'; HRMS (ESI") calc. for [M+Na]" (C29H30N20sSNa*), 541.1768, found 541.1765;
[a]p®® = +24.2 (¢ = 0.50, CHCI3); ee: 37%; HPLC analysis CHIRALPAK OD-H, n-
hexane:'PrOH = 7:3, 25 °C, 1 mL/min flow rate, detection at 254 nm, t| = 8.9 min

(minor), t; = 10.5 min (major).

S-(4-Methoxyphenyl) (R)-2-(3-((tert-butoxycarbonyl)amino)-1-(methoxymethyl)-

2-oxoindolin-3-yl)ethanethioate (8f)

HN

C@\:oo 400 MHz) o (ppm) 7.35-7.27 (m, 2H), 7.24 (s, 1H), 7.08 (t, J
N = 7.5 Hz, 2H), 6.95 (d, J = 8.6 Hz, 2H), 6.37 (s, 1H), 5.21 (d,

Bos Yellow solid, 40% yield; Mp 114-115 °C; '"H NMR (CDClI;,
OMe
Sav

\
MOM
8f

J=11.0 Hz, 1H), 5.14 (d, /=113 Hz, 1H), 3.83 (d, J= 1.1
Hz, 3H), 3.41 (s, 3H), 3.15 (d, J=15.0 Hz, 1H), 2.81 (d, /= 15.0 Hz, 1H), 1.26 (s, 9H);
3BC NMR (CDCls, 100 MHz) § (ppm) 196.6, 175.8, 161.3, 153.8, 141.6, 136.1, 129.6,
128.6, 123.7, 123.3, 117.6, 115.2, 110.0, 80.5, 72.1, 60.6, 56.7, 55.5, 47.8, 28.2; IR
(KBr) v 3251, 2977, 2931, 1727, 1615, 1592, 1496, 1368, 1251, 1160, 1024, 834, 751
cm’'; HRMS (ESI") calc. for [M+Na]" (C24H2sN206SNa*), 495.1560, found 495.1559;
[o]p® = +33.8 (¢ = 0.50, CHCl3); ee: 45%; HPLC analysis CHIRALPAK IA, n-
hexane:'PrOH = 4:1, 25 °C, 1 mL/min flow rate, detection at 254 nm, t; = 8.1 min

(major), t2 = 17.7 min (minor).
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S-(4-Methoxyphenyl) (R)-2-(1-acetyl-3-((tert-butoxycarbonyl)amino)-2-
oxoindolin-3-yl)ethanethioate (8g)
Boc Yellow solid, 35% yield; Mp 157-158 °C; '"H NMR (CDCls, 400
i %SOOMe
NS MHz) ¢ (ppm) 8.27 (d, J=8.1 Hz, 1H), 7.39 (t, /= 7.8 Hz, 1H),
(6]

N

Ac 7.30-7.28 (m, 1H), 7.24-7.20 (m, 3H), 6.94 (d, J = 8.9 Hz, 2H),

" 6.35 (s, 1H), 3.83 (s, 3H), 3.13 (d, /= 14.9 Hz, 1H), 2.92 (d, J
=14.8 Hz, 1H), 2.71 (s, 3H), 1.23 (s, 9H); 1*C NMR (CDCls, 100 MHz) § (ppm) 195.8,
175.8,170.9,161.3, 153.8, 139.8, 136.1, 129.9, 128.3, 125.4, 123.0, 117.2, 116.9, 115.3,
81.2,60.7,55.5,48.3,28.1,26.8; IR (KBr) v3377, 2960, 2929, 1751, 1715, 1592, 1497,
1375, 1250, 1018, 771 cm; HRMS (ESI") calc. for [M+Na]" (C24H26N20sSNa"),
493.1404, found 193.1399; [a]p®® = -1.2 (¢ = 0.42, CHCl5); ee: 16%; HPLC analysis
CHIRALPAK IA, n-hexane:'PrOH = 4:1, 25 °C, 1 mL/min flow rate, detection at 254

nm, t; = 22.1 min (major), t2 = 29.5 min (minor).

S-(4-Methoxyphenyl) (R)-2-(3-(((benzyloxy)carbonyl)amino)-1-methyl-2-

oxoindolin-3-yl)ethanethioate (8h)

o o
(6]

N (t,J=7.5 Hz, 1H), 6.94 (d, J = 8.8 Hz, 2H), 6.87 (s, 1H), 6.66

Me
8h

White solid, 73% yield; Mp 56-57 °C; '"H NMR (CDCl;3, 500
MHz) é (ppm) 7.35 (t,J=7.7 Hz, 1H), 7.30-7.23 (m, 8H), 7.08

(s, 1H), 4.92 (s, 2H), 3.82 (s, 3H), 3.24 (d, J = 15.1 Hz, 4H),
2.82 (d, J = 15.4 Hz, 1H); 3C NMR (CDCl;, 125 MHz) & (ppm) 196.9, 174.7, 161.2,
154.5,143.4,136.1, 135.8, 129.8, 128.5, 128.2, 128.3, 128.1, 123.9, 123.0, 117.3, 115.2,
108.7, 67.2, 60.3, 55.5, 47.3, 26.8; IR (KBr) v 3263, 3029, 2958, 1729, 1697, 1615,
1591, 1252, 1024, 829, 751 cm’!; HRMS (EST") calc. for [M+Na]" (C26H24N20sSNa*),
499.1298, found 499.1293; [a]p* = +30.0 (c = 0.46, CHCI3); ee: 26%; HPLC analysis
CHIRALPAK OD-H, n-hexane:'PrOH = 4:1, 25 °C, 1 mL/min flow rate, detection at

254 nm, t; = 20.9 min (major), t2 = 28.0 min (minor).

S25



S-(4-Methoxyphenyl) (R)-2-(3-((tert-butoxycarbonyl)amino)-1,5-dimethyl-2-

oxoindolin-3-yl)ethanethioate (8i)

White solid, 76% yield; Mp 165-166 °C; *H NMR (CDCls,

Boc s@om y P ( °
N
o

N 6.98-6.93 (M, 2H), 6.75 (d, J = 7.8 Hz, 1H), 3.83 (s, 3H),

\
Me

& 3.24 (s, 3H), 3.16 (d, J = 14.9 Hz, 1H), 2.75 (d, J = 14.9 Hz,

300 MHz) & (ppm) 7.27-7.22 (m, 2H), 7.14-7.09 (m, 2H),

1H), 2.34 (s, 3H), 1.24 (s, 9H); 3C NMR (CDCls, 750 MHz) & (ppm) 196.8, 175.0,
161.2, 153.7, 140.9, 136.1, 132.3, 129.7, 128.9, 124.4, 117.6, 115.2, 108.3, 80.3, 60.3,
55.5,47.6,28.2,26.8,21.3; IR (KBr)v3276,2977,2932, 1706, 1625, 1592, 1496, 1369,
1250, 1173, 1029, 832, 754 cm™; HRMS (ESI") calc. for [M+Na]* (C2sH2sN20sSNa*),
479.1611, found 479.1606; [a]po® = +102.0 (c = 0.50, CHCls); ee: 74%; HPLC analysis
CHIRALPAK OD-H, n-hexane:'PrOH = 9:1, 25 °C, 1 mL/min flow rate, detection at

254 nm, t1 = 18.7 min (major), t2 = 21.9 min (minor).

S-(4-Methoxyphenyl) (R)-2-(3-((tert-butoxycarbonyl)amino)-5-methoxy-1-
methyl-2-oxoindolin-3-yl)ethanethioate (8Kk)

White solid, 82% vield; Mp 143-144 °C; IH NMR (CDCI ,
Boc SOOMe y P ( ’
HN
MeO o 0
=0

N 6.87-6.84 (m, 1H), 6.77 (d, J = 8.4 Hz, 1H), 6.30 (s, 1H),
o 3.83 (s, 3H), 3.78 (s, 3H), 3.24 (s, 3H), 3.18 (d, J = 15.3
Hz, 1H), 2.77 (d, J = 15.2 Hz, 1H), 1.26 (s, 9H): **C NMR (CDCls, 100 MHz) & (ppm)

400 MHz) & (ppm) 7.27-7.25 (m, 2H), 6.97-6.91 (m, 3H),

196.7,174.8,161.2, 156.2, 153.7, 136.7, 136.1, 130.2, 117.5, 115.2, 113.9, 111.1, 108.9,
80.4,56.1,55.5,47.6,28.2,26.9; IR (KBr) v3324, 2975, 2935, 2837, 1720, 1593, 1497,
1367, 1251, 1173, 1030, 828 cm™*; HRMS (ESI*) calc. for [M+Na]* (C24H2sN20sSNa*),
495.1560, found 495.1556; [a]po®° = +101.8 (c = 0.50, CHCls); ee: 72%; HPLC analysis
CHIRALPAK OD-H, n-hexane:'PrOH = 4:1, 25 °C, 1 mL/min flow rate, detection at

254 nm, t1 = 11.4 min (major), t2 = 14.0 min (minor).
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S-(4-Methoxyphenyl) (R)-2-(3-((tert-butoxycarbonyl)amino)-6-fluoro-1-methyl-2-
oxoindolin-3-yl)ethanethioate (8I)
White solid, 88% yield; Mp 198-199 °C; 'H NMR (CDCls,

Boc OMe

i fz 400 MHz) § (ppm) 7.26-7.22 (m, 3H), 6.95 (d, J = 85 Hz,
PN OH), 6.74 (t, J = 8.6 Hz, 1H), 6.60 (d, J = 7.5 Hz, 1H), 6.24
! (s, 1H), 3.83 (s, 3H), 3.24-3.19 (m, 4H), 2.78 (d, J = 15.3 Hz,
1H), 1.26 (s, 9H); 1°C NMR ( CDCls, 100 MHz) § (ppm) 196.4, 175.4, 163.9 (d, J =
246.5 Hz, C-F), 161.3, 153.7, 145.1 (d, J = 11.7 Hz, C-C-C-F), 136.1, 124.3, 125.0 (d,
=99 Hz, C-C-C-F ), 117.4, 1152, 108.8 (d, J = 22.4 Hz, C-C-F), 97.5 (d, J = 27.5
Hz, C-C-F), 80.6, 59.8, 55.5,47.7,28.2, 27.0; IR (KBr) v 3327, 2977, 2914, 1729, 1616,
1497, 1383, 1250, 1173, 1086, 830 cm?; HRMS (ESI*) calc. for [M+Na]*
(CasHasFN20sSNa), 483.1360, found 483.1356: [o]o? = +105.6 (¢ = 0.50, CHCls): ee:
70%; HPLC analysis CHIRALPAK OD-H, n-hexane:'PrOH = 4:1, 25 °C, 1 mL/min

flow rate, detection at 254 nm, t; = 9.2 min (major), t2 = 12.6 min (minor).

S-(4-Methoxyphenyl) (R)-2-(3-((tert-butoxycarbonyl)amino)-7-fluoro-1-methyl-2-

oxoindolin-3-yl)ethanethioate (8m)

HEOC s@om
R
o

7 e (d, J = 8.9 Hz, 2H), 6.33 (s, 1H), 3.83 (s, 3H), 3.47 (d, J = 2.8
8m

White solid, 85% yield; Mp 177-178 °C; *H NMR (CDCl3 400
MHz) § (ppm) 7.25 (d, J = 9.7 Hz, 2H), 7.08-6.98 (m, 3H), 6.95

Hz, 3H), 3.17 (d, J = 15.2 Hz, 1H), 2.78 (d, J = 15.2 Hz, 1H),
1.26 (s, 9H); 13C NMR( CDCl3, 100 MHz) & (ppm) 196.5, 174.9, 161.3, 153.7, 148.0 (d,
J=244.3 Hz, C-F), 136.1, 131.9, 130.0 (d, J = 8.4 Hz, C-C-C-F), 123.3 (d, J = 6.2 Hz,
C-C-C-F), 1194 (d, J = 3.3 Hz, C-C-C-C-F), 117.5 (d, J = 19.4 Hz, C-C-F), 117.3,
115.2,80.6, 60.3, 55.5,47.5,29.4,29.4,28.2; IR (KBr) v 3334, 2976, 2940, 1728, 1632,
1593, 1496, 1249, 1026, 828 cm?; HRMS (ESI*) calc. for [M+Na]*
(Ca3H25FN20OsSNa*), 483.1860, found 483.1355; [a]p® = +102.4 (¢ = 0.50, CHCIs); ee:
74%; HPLC analysis CHIRALPAK IA, n-hexane:'PrOH = 4:1, 25 °C, 1 mL/min flow

rate, detection at 254 nm, t; = 8.8 min (major), t2 = 17.0 min (minor).
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S-(4-Methoxyphenyl) (R)-2-(3-((tert-butoxycarbonyl)amino)-5,6-difluoro-1-
methyl-2-oxoindolin-3-yl)ethanethioate (8n)
white solid, 99% vyield; Mp 149-150 °C; *H NMR (CDCls,
. “ﬁoiﬂ OOMe 400 MHz) & (ppm) 7.28-7.25 (m, 2H), 7.19-7.15 (m, 1H),
Fj\//t)LN;j 6.98-6.95 (m, 2H), 6.72-6.68 (m, 1H), 6.19 (s, 1H), 3.84 (s,
&n 3H), 3.25-321 (m, 4H), 2.78 (d, J = 15.4 Hz, 1H), 1.28 (s,
9H); 3C NMR ( CDCls3, 100 MHz) & (ppm) 196.4, 175.0, 161.3, 153.7, 151.2 (dd, J =
247.1, 13.9 Hz, C-F ), 146.7 (dd, J = 241.6, 13.1 Hz, C-F ), 139.8 (d, J = 10.1 Hz, C-
C-C-F), 136.2, 124.2,117.1, 115.3, 113.9 (d, J = 20.1 Hz, C-C-F), 98.9 (d, J = 23.0 Hz,
C-C-F), 80.8, 59.9, 55.6, 47.5, 28.2, 27.1; IR (KBr) v 3337, 2978, 2935, 1718, 1626,
1593, 1510, 1396, 1252, 1173, 1029, 829, 783 cm™; HRMS (ESI*) calc. for [M+Na]*
(C23Ha4F2N205SNa*), 501.1266, found 501.1263; [0]o?® = +99.6 (¢ = 0.50, CHCls); ee:
67%; HPLC analysis CHIRALPAK IA, n-hexane:'PrOH = 4:1, 25 °C, 1 mL/min flow

rate, detection at 254 nm, t; = 8.4 min (major), t = 10.6 min (minor).

S-(4-Methoxyphenyl) (R)-2-(3-((tert-butoxycarbonyl)amino)-5-chloro-1-methyl-2-

oxoindolin-3-yl)ethanethioate (8p)

HE"C s@om
cl \<o
o

N 2H), 6.80 (d,J= 8.2 Hz, 1H), 6.29 (s, 1H), 3.84 (s, 3H), 3.25

\
Me
8p

White solid, 97% yield; Mp 181-182 °C; 'H NMR (CDCls,
400 MHz) § (ppm) 7.33-7.25 (m, 4H), 6.97 (d, J = 9.0 Hz,

(s,3H),3.17 (d,J=15.2 Hz, 1H), 2.75 (d, J=15.0 Hz, 1H),
1.27 (s, 9H); 1*C NMR ( CDCls, 100 MHz) & (ppm) 196.6, 174.7, 161.3, 153.7, 141.9,
136.2,130.4,129.4,128.2,124.2,117.2,115.3,109.6, 80.7, 60.1, 55.5, 47.3, 28.2, 27.0;
IR (KBr) v 3281, 2978, 2938, 1709, 1611, 1592, 1495, 1392, 1250, 1172, 1028, 831
cm’'; HRMS (ESIY) calc. for [M+Na]® (Ca3Ha2sCIN2OsSNa*), 499.1065, found
499.1061; [a]p® = +97.6 (¢ = 0.50, CHCI3); ee: 72%; HPLC analysis CHIRALPAK
OD-H, n-hexane:'PrOH =4:1, 25 °C, 1 mL/min flow rate, detection at 254 nm, t; =9.5

min (major), t = 11.9 min (minor).
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S-(4-Methoxyphenyl) (R)-2-(3-((tert-butoxycarbonyl)amino)-6-chloro-1-methyl-2-
oxoindolin-3-yl)ethanethioate (8q)

White solid, 94% yield; Mp 196-197 °C; 'H NMR (CDCls,

3 5 500 MHz) & (ppm) 7.26-7.24 (m, 2H), 7.20 (d, J = 7.9 Hz,

cl N 1H), 7.05-7.03 (m, 1H), 6.97-6.94 (m, 2H), 6.88-6.84 (m,

. 1H), 6.26 (s, 1H), 3.83 (s, 3H), 3.25 (s, 3H),3.20 (d,J=15.3

Hz, 1H), 2.77 (d, J=15.3 Hz, 1H), 1.26 (s, 9H); 3C NMR ( CDCl;, 125 MHz) § (ppm)

196.5,175.1,161.3, 153.7, 144.6, 136.1, 135.3, 127.3,124.7,122.6, 117.2,115.2, 109 4,

80.6, 59.8, 55.5,47.5,28.2,27.0; IR (KBr) v 3324, 2977, 2936,1729, 1612, 1497, 1369,

1250, 1173, 1031, 828 cm™; HRMS (ESI") calc. for [M+Na]* (C23H25CIN,OsSNa”),

499.1065, found 499.1061; [a]p* = +115.0 (¢ = 0.50, CHCls); ee: 73%; HPLC analysis

CHIRALPAK OD-H, n-hexane:’PrOH = 4:1, 25 °C, 1 mL/min flow rate, detection at

254 nm, t; = 9.0 min (major), to = 12.7 min (minor).

S-(4-Methoxyphenyl) (R)-2-(3-((tert-butoxycarbonyl)amino)-7-chloro-1-methyl-2-

oxoindolin-3-yl)ethanethioate (8r)

HE"C SOOMe
. ﬂo
o

T N 7.00-6.94 (m, 3H), 6.34 (s, 1H), 3.83 (s, 3H), 3.63 (s, 3H), 3.14
8r

White solid, 87% yield; Mp 169-170 °C; 'H NMR (CDCls, 400
MHz) & (ppm) 7.26-7.23 (m, 3H), 7.16 (d, J = 7.3 Hz, 1H),

(d, J=15.2 Hz, 1H), 2.76 (d, J = 15.2 Hz, 1H), 1.26 (s, 9H);
13C NMR ( CDCls, 100 MHz) & (ppm) 196.6, 175.5, 161.3, 153.7, 139.2, 136.1, 131.9,
131.8, 123.5, 122.0, 117.3, 116.1, 115.2, 80.7, 59.9, 55.5, 47.5, 30.3, 28.2; IR (KBr) v
3322, 2977, 2838, 1729, 1610, 1593, 1496, 1466, 1367, 1251, 1173, 1112, 1028, 828,
734 cm’'; HRMS (ESIY) calc. for [M+Na]" (C23H2sCIN2OsSNa®), 499.1065, found
499.1060; [a]p> = +104.0 (¢ = 0.50, CHCl3); ee: 70%; HPLC analysis CHIRALPAK
IA, n-hexane:'PrOH = 4:1, 25 °C, 1 mL/min flow rate, detection at 254 nm, t; = 9.3 min

(major), t2 = 19.4 min (minor).
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S-(4-Methoxyphenyl) (R)-2-(5-bromo-3-((fert-butoxycarbonyl)amino)-1-methyl-

2-oxoindolin-3-yl)ethanethioate (8t)

o o

Br\©f>: 6]
O
N 7.30 (d, J= 8.9 Hz, 2H), 6.98 (d, J = 8.9 Hz, 2H), 6.76 (d,

Me
8t

White solid, 99% yield; Mp 187-188 °C; '"H NMR (CDCl;,
400 MHz) & (ppm) 748-7.45 (m, 1H), 7.42-7.35 (m, 1H),

J = 8.3 Hz, 1H), 6.30 (s, 1H), 3.84 (s, 3H), 3.25 (s, 3H),
3.16 (d, J = 14.8 Hz, 1H), 2.73 (d, J = 15.0 Hz, 1H), 1.27 (s, 9H); 1*C NMR ( CDCl;,
100 MHz) 6 (ppm) 196.7, 174.6, 161.3, 153.7, 142.4, 136.3, 132.3, 130.8, 126.9, 117.2,
115.5, 115.3, 110.1, 80.7, 60.1, 55.6, 47.3, 28.2, 27.0; IR (KBr) v 3280, 2977, 2937,
1709, 1609, 1592, 1494, 1391, 1250, 1172, 1028, 832 cm™'; HRMS (ESI") calc. for
[M+Na]* (C23H2sBrN2OsSNa™), 543.0560, found 543.0554; [a]p> = +106.0 (c = 0.50,
CHCI); ee: 75%; HPLC analysis CHIRALPAK OD-H, n-hexane:'PrOH = 4:1, 25 °C,

I mL/min flow rate, detection at 254 nm, t; = 10.5 min (major), t2 = 12.6 min (minor).

S-(4-Methoxyphenyl) (R)-2-(6-bromo-3-((fert-butoxycarbonyl)amino)-1-methyl-
2-oxoindolin-3-yl)ethanethioate (8u)
White solid, 98% yield; Mp 186-187 °C; 'H NMR (CDCls,
5 500 MHz) o (ppm) 7.26-7.20 (m, 3H), 7.14 (d, J = 7.9 Hz,
Br/cf“‘%o 1H), 7.03-7.00 (m, 1H), 6.97-6.94 (m, 2H), 6.27 (s, 1H),
3.83 (s, 3H), 3.24 (s, 3H), 3.19 (d, J=15.7 Hz, 1H), 2.77 (d,
J =153 Hz, 1H), 1.27 (s, 9H); 3C NMR ( CDCls, 125 MHz) § (ppm) 196.5, 175.0,
161.3, 153.7, 144.7, 136.1, 127.9, 125.6, 125.0, 123.2, 117.2, 115.2, 112.2, 80.7, 59.9,
55.5,47.4,28.2,27.0; IR (KBr) v 3326,2976, 2931, 1728, 1608, 1592, 1895, 1368, 1250,
1173, 1050, 829 cm’!; HRMS (EST") calc. for [M+Na]* (C23H25BrN20sSNa*), 543.0560,
found 543.0554; [a]p®® = +105.6 (¢ = 0.50, CHCl3); ee: 71%; HPLC analysis
CHIRALPAK OD-H, n-hexane:'PrOH = 4:1, 25 °C, 1 mL/min flow rate, detection at

254 nm, t; = 9.3 min (major), t2 = 13.2 min (minor).
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S-(4-Methoxyphenyl) (R)-2-(7-bromo-3-((fert-butoxycarbonyl)amino)-1-methyl-
2-oxoindolin-3-yl)ethanethioate (8v)
White solid, 85% yield; Mp 156-157 °C; 'TH NMR (CDCls, 400
N _\\\KSOOMQ MHz) & (ppm) 7.44 (d, J = 8.1 Hz, 1H), 7.26-7.18 (m, 3H),
@Q: 6.96-6.89 (m, 3H), 3.83 (s, 3H), 3.64 (s, 3H), 3.13 (d, J=15.0
"o Hz, 1H), 2.76 (d, J = 15.0 Hz, 1H), 1.26 (s, 9H); '*C NMR
( CDCl3, 100 MHz) & (ppm) 196.8, 175.7, 161.3, 153.7, 140.6, 136.1, 135.1, 132.3,
123.9, 122.5, 117.3, 115.2, 103.0, 80.7, 59.9, 55.6, 47.5, 30.5, 28.2; IR (KBr) v 3325,
2977, 2933, 1729, 1609, 1592, 1496, 1463, 1367, 1250, 1173, 1029, 828, 734 cm™;
HRMS (ESIY) cale. for [M+Na]" (C23H2sBrN>OsSNa"), 543.0560, found 543.0557;
[a]p® = +84.8 (¢ = 0.50, CHCl3); ee: 66%; HPLC analysis CHIRALPAK IA, n-
hexane:'PrOH = 4:1, 25 °C, 1 mL/min flow rate, detection at 254 nm, t; = 8.4 min

(major), t2 = 10.6 min (minor).

S-(4-Methoxyphenyl)  (R)-2-(3-((tert-butoxycarbonyl)amino)-1-methyl-2-oxo-7-
(trifluoromethyl)indolin-3-yl)ethanethioate (8w)
White solid, 74% yield; Mp 151-152 °C; "H NMR (CDCl3, 500
SN MHz) & (ppm) 6 7.63 (d, J = 8.0 Hz, 1H), 7.46 (d, J = 7.3 Hz,
@Q:O 1H), 7.22 (d, J=8.7 Hz, 2H), 7.15 (t, J=7.7 Hz, 1H), 6.95 (d,
J=8.9 Hz, 2H), 6.33 (s, 1H), 3.83 (s, 3H), 3.46 (d, /= 2.4 Hz,
3H),3.15(d,J=15.1 Hz, 1H),2.77 (d,J=15.1 Hz, 1H), 1.23 (s, 9H); *C NMR ( CDCl3,
125 MHz) é (ppm) 196.4, 176.1, 161.3, 153.5, 141.2, 136.1, 131.8, 127.4 (q, /= 6.3
Hz, C-C-CF3), 126.9, 123.6 (q, J=269.9 Hz, CF3), 117.2, 115.2, 112.9 (q, /= 32.5 Hz,
C-CF3), 80.8, 58.8, 55.5, 47.5, 29.6, 28.1; IR (KBr) v 3333, 2982, 2840, 1733, 1706,
1599, 1497, 1464, 1250, 1176, 1122, 828, 751 cm™'; HRMS (ESI") calc. for [M+Na]"
(C24H25F3N>0sSNa"), 533.1329, found 533.1324; [a]p®® = +60.6 (¢ = 0.50, CHCI3); ee:
60%; HPLC analysis CHIRALPAK IA, n-hexane:'PrOH = 4:1, 25 °C, 1 mL/min flow

rate, detection at 254 nm, t; = 7.5 min (major), t = 16.2 min (minor).
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S-(2-Methoxyphenyl) (R)-2-(3-((tert-butoxycarbonyl)amino)-1-methyl-2-
oxoindolin-3-yl)ethanethioate (8ab)
Yellow solid, 51% yield; Mp 186-187 °C; '"H NMR (CDCls, 500

MeO

e i@ MHz) § (ppm) 7.47-7.43 (m, 1H), 7.35-7.30 (m, 3H), 7.07 (t, J="7.5
o

0 Hz, 1H), 7.00 (t, J = 7.6 Hz, 2H), 6.87 (d, J = 7.8 Hz, 1H), 6.40 (s,

N
\
Me

8ab 1H), 3.86 (s, 3H), 3.27 (s, 3H), 3.22 (d, J=15.0 Hz, 1H), 2.76 (d, J
=15.1 Hz, 1H), 1.24 (s, 9H); '3C NMR (CDCls, 125 MHz) & (ppm) 195.0, 175.2, 159.3,
153.7,143.3,136.6, 132.4, 129.4, 129.0, 123.9, 122.7, 121.3, 115.1, 111.8, 108.5, 80.3,
60.2,56.1,47.7,28.2,26.8; IR (KBr) v3329, 2975, 2933, 1709, 1614, 1495, 1366, 1276,
1164, 1023, 753 cm’; HRMS (ESI) calc. for [M+Na]" (C23H26N20sSNa*), 465.1455,
found 465.1454; [a]p®® = +80.0 (¢ = 0.46, CHCl3); ee: 63%; HPLC analysis
CHIRALPAK IA, n-hexane:'PrOH = 4:1, 25 °C, 1 mL/min flow rate, detection at 254

nm, t; = 10.3 min (major), t2 = 18.4 min (minor).

S-Phenyl (R)-2-(3-((tert-butoxycarbonyl)amino)-1-methyl-2-oxoindolin-3-
yl)ethanethioate (8ac)"’
o S@ 64% yield; "H NMR (CDCls,300 MHz) & (ppm) 7.46-7.39 (m, 3H),
e 7.37-7.29 (m, 4H), 7.08 (t,J=7.3 Hz, 1H), 6.87 (d, J= 7.8 Hz, 1H),
CQ:O 3.27-3.20 (m, 4H), 2.81 (d, J=15.0 Hz, 1H), 1.24 (s, 9H); ’*C NMR
Bac (CDCl3,100 MHz) 6 (ppm) 195.5, 175.1, 153.8, 143.3, 134.5, 130.1,
129.5, 129.5, 129.0, 126.8, 123.7, 122.9, 108.6, 80.4, 60.3, 47.9, 28.2, 26.8; [a]p> =
+93.4 (¢ = 0.50, CHCl3); ee: 69%; HPLC analysis CHIRALPAK OD-H, n-
hexane:’PrOH = 4:1, 25 °C, 1 mL/min flow rate, detection at 254 nm, t; = 7.5 min

(major), t2 = 8.6 min (minor).
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S-(p-Tolyl) (R)-2-(3-((tert-butoxycarbonyl)amino)-1-methyl-2-oxoindolin-3-

yl)ethanethioate (8ad)"’
79% yield; 'TH NMR (CDCls, 500 MHz) § (ppm) 7.37-7.31 (m,

e

- 1H), 7.31-7.19 (m, 5H), 7.07 (t, J= 7.6 Hz, 1H), 6.87 (d, /= 7.8
Cf“?: Hz, 1H), 6.31 (s, 1H), 3.26 (s, 3H), 3.21 (d, J = 15.1 Hz, 1H),
fad 2.78 (d, J = 15.1 Hz, 1H), 2.38 (s, 3H), 1.24 (s, 9H); 3C NMR
(CDCl3, 125 MHz) 6 (ppm) 196.2, 175.1, 153.6, 143.3, 140.6, 134.5, 130.4, 129.5,
128.9,123.7,123.3, 122.8, 108.6, 80.4, 60.3, 47.8, 28.2, 26.8, 21.5; [a]p> =+99.4 (c =
0.50, CHCI3); ee: 74%; HPLC analysis CHIRALPAK IA, n-hexane: PrOH =4:1, 25 °C,

1 mL/min flow rate, detection at 254 nm, t; = 8.3 min (major), t> = 13.8 min (minor).

S-(4-Isopropylphenyl) (R)-2-(3-((tert-butoxycarbonyl)amino)-1-methyl-2-
oxoindolin-3-yl)ethanethioate (8ae)

Yellow solid, 86% yield; Mp 126-127 °C;'H NMR (CDCl3, 400
s

HN ,\ﬂo MHz) & (ppm) 7.36-7.24 (m, 6H), 7.08 (t, J = 7.6 Hz, 1H), 6.87
(o}
N (d, J=7.8 Hz, 1H), 6.32 (s, 1H), 3.27 (s, 3H), 3.21 (d, J = 14.8
Me
Bae Hz, 1H), 2.97-2.90 (m, 1H), 2.78 (d, J=15.0 Hz, 1H), 1.27-1.23

(m, 15H); 3C NMR (CDCls, 125 MHz) § 196.2, 175.2, 153.8, 151.3, 143.3, 134.5,
129.5,128.9, 127.79, 123.7, 123.6, 122.8, 108.6, 80.4, 60.3, 47.8, 34.1, 28.2, 26.9, 23.9;
IR (KBr) v 3337, 2963, 2931, 1722, 1614, 1495, 1472, 1367, 1163, 826, 751 cm’™;
HRMS (ESI") calc. for [M+Na]" (C2sH30N204SNa"), 477.1819, found 477.1818; [o]p>
= +101.8 (¢ = 0.50, CHCl); ee: 76%; HPLC analysis CHIRALPAK IA, n-
hexane:'PrOH = 4:1, 25 °C, 1 mL/min flow rate, detection at 190 nm, t; = 7.6 min

(major), t2 = 12.6 min (minor).
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S-(4-Fluorophenyl) (R)-2-(3-((tert-butoxycarbonyl)amino)-1-methyl-2-oxoindolin-
3-yl)ethanethioate (8af)
Boc ¢ C - Yellow solid, 76% yield; Mp 187-188 °C; 'THNMR (CDCls 500
HN
"‘\Tfo MHz) 6 (ppm) 7.36-7.29 (m, 4H), 7.14-7.06 (m, 3H), 6.87 (d, J =

N

Me 7.8 Hz, 1H), 6.18 (s, 1H), 3.27 (s, 3H), 3.23 (d, /= 14.3 Hz, 1H),

= 2.83 (d, J = 15.1 Hz, 1H), 1.25 (s, 9H); *C NMR (CDCl;, 125
MHz) 6 (ppm) 195.4, 175.1, 163.9 (d, J = 251.6 Hz, C-F), 153.8, 143.3, 136.6 (d, J =
8.6 Hz, C-C-C-F), 129.6, 128.9, 123.7, 122.9, 122.2 (d, /= 3.2 Hz, C-C-C-C-F), 116.9
(d, J =22.3 Hz, C-C-F). 108.6, 80.5, 60.2, 47.9, 28.2, 26.8; IR (KBr) v 3312, 2979,
2931, 1722, 1615, 1492, 1366, 1159, 833, 752 cm™'; HRMS (ESI") calc. for [M+Na]*
(C22H23FN204SNa"), 453.1255, found 453.1255; [a]p®’ = +80.9 (c = 0.45, CHCI5); ee:
77%; HPLC analysis CHIRALPAK OD-H, n-hexane:'PrOH = 9:1, 25 °C, 1 mL/min

flow rate, detection at 254 nm, t; = 7.1 min (major), t> = 8.3 min (minor).

S-(2-Fluorophenyl) (R)-2-(3-((tert-butoxycarbonyl)amino)-1-methyl-2-oxoindolin-
3-yDethanethioate (8ag)
. Yellow solid, 47% yield; Mp 186-187 °C; 'H NMR (CDCIs, 500

Boc

o j<3 MHz) o (ppm) 7.50-7.45 (m, 1H), 7.36-7.32 (m, 3H), 7.22-7.18 (m,
. 0’ 2H), 7.08 (t, J= 7.5 Hz, 1H), 6.87 (d, J = 7.4 Hz, 1H), 6.23 (s, 1H),
22,2 3.27-3.25 (m, 4H), 2.83 (d, J=15.1 Hz, 1H), 1.25 (s, 9H); '*C NMR

(CDCl3, 125 MHz) 6 (ppm) 193.6, 175.0, 162.1 (d, J = 250.7 Hz, C-F), 153.7, 143.2,
136.5, 132.9 (d, J = 8.2 Hz, C-C-C-F), 129.6, 128.7, 125.0 (d, J = 3.6 Hz, C-C-C-F),
123.8,122.9, 116.5 (d, J = 22.3 Hz, C-C-F), 114.2 (d, J = 18.6 Hz), 108.6, 80.5, 60.2,
47.9, 28.2, 26.8; IR (KBr) v 3326, 2974, 2910, 1724, 1702, 1615, 1478, 1358, 1125,
754 cm™'; HRMS (ESIY) calc. for [M+Na]" (C22H23FN2O4SNa®), 453.1255, found
453.1254; [a]p® = +11.2 (¢ = 0.50, CHCl3); ee: 12%; HPLC analysis CHIRALPAK
OD-H, n-hexane:'PrOH =4:1, 25 °C, 1 mL/min flow rate, detection at 254 nm, t; = 7.9

min (major), t2 = 8.9 min (minor).
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S-(4-Chlorophenyl) (R)-2-(3-((tert-butoxycarbonyl)amino)-1-methyl-2-
oxoindolin-3-yl)ethanethioate (8ah)”!
‘ . o 80% yield; '"H NMR (CDCl3, 500 MHz) & (ppm) 7.41-7.38 (m,
™ Tfo 2H), 7.36-7.30 (m, 2H), 7.27-7.25 (m, 2H), 7.07 (t, J = 7.4 Hz,
\ 1H), 6.87 (d, J=7.6 Hz, 1H), 6.15 (s, 1H), 3.26 (s, 3H), 3.24 (d,
J=10.5 Hz, 1H), 2.85 (d, J = 15.1 Hz, 1H), 1.25 (s, 9H); 13C
NMR (CDCl3,125 MHz) 6 (ppm) 194.8, 175.0, 153.8, 143.3, 136.6, 135.7, 129.8, 129.6,
128.8,125.2,123.7,122.9, 108.6, 80.5, 60.2, 48.0, 28.2, 26.8; [a]p> = +93.0 (c = 0.46,
CHCls); ee: 80%; HPLC analysis CHIRALPAK OD-H, n-hexane:'PrOH = 4:1, 25 °C,

1 mL/min flow rate, detection at 254 nm, t; = 7.4 min (major), t2 = 8.8 min (minor).

S$-(3-Chlorophenyl) (R)-2-(3-((tert-butoxycarbonyl)amino)-1-methyl-2-
oxoindolin-3-yl)ethanethioate (8ai)
o White solid, 49% yield; Mp 170-171 °C;'H NMR (CDCls, 400

Boc

e ¢ MHz) § (ppm) 7.42-7.31 (m, 5H), 7.23 (d, J = 7.6 Hz, 1H), 7.09
) 0° (t, J=7.5 Hz, 1H), 6.87 (d, J= 7.8 Hz, 1H), 6.15 (s, 1H), 3.27-
Me 3.24 (m, 4H), 2.85 (d, J = 15.2 Hz, 1H), 1.25 (s, 9H); '*C NMR

8ai

(CDCl3, 100 MHz) & (ppm) 194.4, 175.0, 153.8, 143.3, 135.1,
134.1, 132.6, 130.5, 130.3, 129.6, 128.8, 128.5, 123.8, 122.9, 108.6, 80.6, 77.5, 77.2,
76.8,60.2,48.1,28.2,26.8; IR (KBr) v3291, 2981, 2928, 1706, 1612, 1532, 1464, 1166,
763 cm’'; HRMS (ESI") calc. for [M+Na]" (C22H23CIN204SNa"), 469.0959, found
469.0957; [a]p® = +76.8 (¢ = 0.50, CHCI3); ee: 79%; HPLC analysis CHIRALPAK IA,
n-hexane:'PrOH = 4:1, 25 °C, 1 mL/min flow rate, detection at 254 nm, t; = 9.1 min

(major), t2 = 20.4 min (minor).
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S-(4-Bromophenyl) (R)-2-(3-((tert-butoxycarbonyl)amino)-1-methyl-2-
oxoindolin-3-yl)ethanethioate (8aj)
Boc
i \\%SOBr ~
: ) 0 MHz) é (ppm) 7.55 (d, J=8.5 Hz, 2H), 7.36-7.26 (m, 2H), 7.19
N (d,J=8.5Hz, 2H), 7.07 (t,J=7.5 Hz, 1H), 6.87 (d, J="7.7 Hz,

Yellow solid, 84% yield; Mp 179-180 °C; '"H NMR (CDCls, 400

\
Me
8aj

1H), 6.15 (s, 1H), 3.26 (s, 4H), 2.85 (d, J = 15.2 Hz, 1H), 1.25
(s, 9H); 3C NMR (CDCl3, 100 MHz) & (ppm) 194.6, 175.0, 153.8, 143.3,135.9, 132.7,
129.6, 128.8, 125.9, 124.9, 123.7, 122.9, 108.6, 80.5, 60.2, 48.1, 28.2, 26.8; IR (KBr)
v 3319, 2977, 2930, 1722, 1614, 1495, 1367, 1252, 1165, 814, 751 cm™; HRMS (ESI")
calc. for [M+Na]" (C22H23BrN204SNa*), 513.0454, found 513.0455; [a]p> = +86.8 (c
= 0.50, CHCl3); ee: 77%; HPLC analysis CHIRALPAK IA, n-hexane:PrOH = 4:1,
25 °C, 1 mL/min flow rate, detection at 254 nm, t; = 10.4 min (major), t = 18.0 min

(minor).

S-(3-Bromophenyl) (R)-2-(3-((tert-butoxycarbonyl)amino)-1-methyl-2-
oxoindolin-3-yl)ethanethioate (8ak)
5. White solid, 73% yield; Mp 171-172 °C; "H NMR (CDCl3, 400
Hﬁ"iﬂs{} MHz) ¢ (ppm) 7.58-7.47 (m, 1H), 7.47 (s, 1H), 7.37-7.26 (m, 4H),
0° 7.09 (t,J=7.5Hz, 1H), 6.88 (d,J=7.8 Hz, 1H), 6.14 (s, 1H), 3.27-
Me 3.24 (m, 4H), 2.85 (d, J = 15.2 Hz, 1H), 1.25 (s, 9H); *C NMR
(CDCl3, 100 MHz) 6 (ppm) 194.4, 175.0, 153.8, 143.3, 136.9,
133.2, 133.1, 130.8, 129.6, 128.8, 123.8, 123.0, 122.9, 108.7, 80.6, 60.2, 48.1, 28.2,
26.8; IR (KBr) v 3294, 2979, 2927, 1707, 1611, 1532, 1332, 1166, 762 cm’'; HRMS
(EST") calc. for [M+Na]" (C22H23BrN,04SNa”®), 513.0454, found 513.0454; [a]p® =
+82.0 (¢ = 0.50, CHCI3); ee: 78%; HPLC analysis CHIRALPAK IA, n-hexane:'PrOH
=4:1, 25 °C, 1 mL/min flow rate, detection at 254 nm, t; = 9.4 min (major), t» = 22.8

min (minor).
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S-(Naphthalen-2-yl) (R)-2-(3-((tert-butoxycarbonyl)amino)-1-methyl-2-
oxoindolin-3-yl)ethanethioate (8al)""’

65% yield; 'H NMR (CDCls, 500 MHz) § (ppm) & 7.89-7.82 (m,

Hﬁ j<s 4H), 7.57-7.51 (m, 2H), 7.38-7.34 (m, 3H), 7.11 (t, J= 2.0 Hz,

CQ:OO 1H), 6.88 (d, /= 7.8 Hz, 1H), 6.27 (s, 1H), 3.23-3.21 (m, 4H),

Me 2.87 (d, J = 15.1 Hz, 1H), 1.25 (s, 9H); 3*C NMR (CDCls, 125

MHz) 6 (ppm) 6 195.7,175.1, 153.8, 143.3, 134.6, 133.7, 133.6,

130.6, 129.5,129.2,128.9, 128.2, 128.0, 127.6, 126.9, 124.1, 123.8, 122.9, 108.6, 80.5,

60.3, 48.0, 28.2, 26.8; [a]p> = +107.4 (c = 0.50, CHCl3); ee: 68%; HPLC analysis

CHIRALPAK OD-H, n-hexane:’PrOH = 4:1, 25 °C, 1 mL/min flow rate, detection at

254 nm, t; = 9.6 min (major), t> = 13.7 min (minor).

S-Benzyl (R)-2-(3-((tert-butoxycarbonyl)amino)-1-methyl-2-oxoindolin-3-
yl)ethanethioate (8am)!

48% yield; "H NMR (CDCl3, 500 MHz) § (ppm) 7.31-7.20 (m, 6H),

o %\<s§:> 7.11 (d, J= 8.3 Hz, 1H), 6.94 (t, /= 7.6 Hz, 1H), 6.82 (d, /= 7.8

@f%&’ Hz, 1H), 6.27 (s, 1H), 4.14 (d, /= 14.2 Hz, 1H), 4.07 (d, J = 13.5

N""e Hz, 1H), 3.23 (s, 3H), 3.12 (s, 1H), 2.70 (d, /= 14.9 Hz, 1H), 1.25

(s, 9H); *C NMR (CDCls, 125 MHz) § (ppm) 195.9, 175.2, 153.7,

143.2, 136.8, 129.4, 129.0, 128.8, 127.6, 123.7, 122.8, 108.4, 80.5, 60.2, 48.3, 33.9,

28.2, 26.8; [a]p>® = -7.6 (c = 0.50, CHCl3); ee: 9%; HPLC analysis CHIRALPAK IA,

n-hexane:’PrOH = 4:1, 25 °C, 1 mL/min flow rate, detection at 254 nm, t; = 9.5 min

(major), t2 = 15.7 min (minor).
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S-Ethyl (R)-2-(3-((tert-butoxycarbonyl)amino)-1-methyl-2-oxoindolin-3-
yDethanethioate (8an)
Yellow solid, 34% yield; Mp 90-91 °C; 'H NMR (CDCls, 500 MHz) &
AN ﬂz (ppm) 7.33-7.23 (m, 2H), 7.03 (t, /= 7.5 Hz, 1H), 6.85 (d, /= 7.6 Hz,
CQ: 1H), 6.33 (s, 1H), 3.25 (s, 3H), 3.11 (d, /= 14.4 Hz, 1H), 2.92-2.84 (m,
2:’6" 2H), 2.68 (d, J = 14.9 Hz, 1H), 1.34-1.21 (m, 12H); '3C (CDCls, 125
MHz) 6 (ppm) 196.8, 175.3, 153.8, 143.2, 129.4, 129.0, 123.6, 122.8, 108.5, 80.5, 48.4,
28.3,28.2,26.8,24.1, 14.5; IR (KBr) v 3268, 2974, 2932, 1706, 1613, 1537, 1493, 1363,
1173, 759 cm™'; HRMS (ESI") calc. for [M+Na]" (C1sH24N204SNa"), 387.1349, found
387.1348; [a]p® = +2.9 (c = 0.35, CHCI3); ee: 9%; HPLC analysis CHIRALPAK OD-
H, n-hexane:'PrOH =4:1, 25 °C, 1 mL/min flow rate, detection at 254 nm, t; = 5.6 min

(major), t2 = 6.9 min (minor).
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4. Copies of 'H and '*C NMR spectra
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'H and 3C NMR of 3b in CDCls.
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'H and 3C NMR of 3¢ in CDCls.
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'H and '*C NMR of 3d in CDCls.
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'H and '3C NMR of 3f in CDCls.
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'H and '3C NMR of 4b in CDCls.
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'H and '3C NMR of 4¢ in DMSO-ds.
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'H and '3C NMR of 4d in CDCls.
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'H and '3C NMR of 4f in CDCls.
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Wow EM
558 0
1B 0.30 Hz
GE o
kJ*LH_J BC 1.00
J[ ‘JU‘\ i
| M)
T T T T T T T T T T T T T T T T 1
75 70 65 60 55 50 45 40 35 3.0 25 20 15 1.0 05 ppm
[é 38 o [ev ~le ol (o|(e|o) (0] (o
g8 8| |8 s||& = [=||al=] ¥ (2
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B e
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Curzent Data Pazameters
NAME M=-3
EXPNO 5
PROCNG 1
F2 - lsition Parameters
CF3 Date_ 20171101
Time 22.11
TNSTRUM spect
PROBED 5 mm CPPBBEO BB
PULPROG Zopg30
™ 65536
NCS SOLVENT cpel3
ns 261
N DS 4
NS p E 29761.,904 Hz
n-rFr FIDRES 0.454131 Hz
) 1.1010048 sec
—n-Pr RG 192,83
N oW 16,800 usec
DE 16.00 usec
NCS TE 298.1 K
D1 2.00000000 sec
TDO 1
———— CHANNEL £1 ———-———-
FoL 194.7703631 MHz
CE nucl
3 3 156 usec
5b PLW1 57. nonococa W
F2 - Processing parameters
51 32768
sF 125.7577733 Mz
WOW EM
558 o
LB 1.00 Hz
GB 0
BC 1.40
L . 1 ;
T T T T T T T T T T T T T T T T
150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

'H and 3C NMR of 5b in CDCls.
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Currdnt Data Parameters
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EXPNC 7

PROCNO 1

F2 - Acguisition Parameters
e 20171

00%
CF3 11.23
RUM spect
PROBHD 5 mm PABEO BB/
PULPROG zg30
TD 32768
NCS SOLVENT cDCL3
NS 16
DS 0
N SWH §012.820 Hz
i-Pr FIDRES 0.244532 Hz
i 20 2.0447233 sec
_i-Pr RG 43.5
N DW §2.400 usec
DE 6.50 usec
NCS TE 298.5 K
Dl 2,00000000 sec
TDO 1
CHANNEL f1 =
400.2424716 MHz
1H
CF3 14,80 usec
12.00000000 W
5c
F2 - Processing parameters
ST 65536
SF 400.2400100 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB [
” d L BC 1.00
Y J Jl _LJJ
T T T T T T T T T
8 7 6 5 4 3 2 1 ppm
(=1L=11=) =11=] L= @ - -l
oifod|od oiled il e - o Sl=lo
gh-387
o O O e 06 @ B Current Data Paramsters
HoRcfhAussdne-nooow ro e - oo oo~ r NAME M-4
SaE 3 58 2855
P R e P L P } ] E EXPNC 3
R e R R RS R R R b DA P Fe o @ ERrar t
o i g R s i o o R i o [y 2 5 Sl PROCNO 1
NS V% \/ [
Date_ 20171009
Time 12.22
INSTRUM spect
PROBHD 5 mm PABEG BB/
PULPROG zZgpg30
TD 65536
SOLVENT cDC13
NS 1024
DS 1
SWE 24038.461 Hz
CF3 FIDRES 0.366796 Hz
20 1.3631485 sec
RG 206,33
oW 20.800 usec
DE 6,50 usec
TE 300.6 K
NCS D1 2.00000000 sec
N D11 0,03000000 sec
K . TDO 1
UNiPr
CHANNEL f1 =
_i-Pr S5FO1 100.6504916 MHz
N RUC1 13C
Pl 10.00 usec
NCS PLW1 54.00000000
———————— CHANNEL f2 ========
SFO2 400.2416010 Mz
NUC2 1H
CPDPRG [2 waltz16
CE PCPD2 90.00 usec
3 PLWZ 12.00000000 W
5 PLW12 0.34660000 W
c PLWL3 0.26090999 W
F2 - Processing parameters
SI 32768
SF 100,6404139 MHz
WO EM
SSB 0
LB 1.00 Hz
J J GB 0
) I P 1.40
T T T T T T T T T T T T T T T T
150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

'H and 3C NMR of 5¢ in CDCls.
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A

80 nzac
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. 00000000 W

1
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0w

oW
F2 - |Processing parameters
1 65536
&F 400.2400095 MAz
WDW EM
258 o
18 0.30 Hz
GB o
BC 1.00

7.5 7.0 6.5 6.0 55 5.0 4.5 4.0
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Current Data Paramest

HAME,

EXPHD 3

PRO-:I!K) 1

F2 - Acguisition Parameters

Date_ 20181207

Time 0

TNSTRUM sp

PROBHD 5 mm PABEO

PULPROG zgpg30

TD 65536

SOLVENT cpC13

HS 1024

D5 4

SHE 24038.461 Hz

FIDRES 0.366798 Hz

A0 1.3631488 ssc

RG 206,33

oW 20,800 usec

DE §.50 usec

TE

CHSTZ

CHST11

D1 2.00000000 sec

D20 0 sec

TDO 1

CHAMMEL £1

SFOL 100.6504916 Miz

NUC1 13

Pl 10,00

Pz 20.00 ussc

PLW1 54.00000000 W

CHANNEL f£2
sFO2 400.2416010 MAz
1H

waltz1l§

20.00 usec
00000000 W
PLW12 0.34680000 W

F2 - Processing parameters

327
100.6404146 MHz

T T T T T T T
160 150 140 130 120 110 100 90 80 70

'H and '3C NMR of 5d in CDCls.
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NAME M-6&

EXPHO &
BROCHO 1
CF3 F2 - Aoquisition Parameters
Date_ 20171010
Time 10,16
INSTRUM spect
PROBHD 5 mm CPPBEO BB
PULPROG 2930
NCS D 65536
Ph N SOLVENT cpel3
R us 16
T Sn-pr o ¥
SWH 10000.000 Hz
_n-Pr FIDRES 0.152568 Hz
Ph N AQ 3,27679%9 sec
RG 72
NCS DW .000 uzec
DE 6.50 usec
TE 298,2 K
D1 1.00000000 sec
Do 1
CF3 CHANNEL £1
SFO1 500.,1330885 MHz
5f NUC1 10
P1 11.50 usec
BLWL 20.00000000 W
ng parameters
55535
3F 500.1300123 MHz
WOW EM
88B 0
LB 0.30 Hz
! ff GE o
J L BC 1.00
r T T T T T T T T T
8 7 6 5 4 3 2 1 ppm
it NT‘ﬂﬁ ) @ ol rr-i [N\ - =
ooa—=o|o =3 D =) @ =3 - o
oilodle|<fledl o - o - o 3 ©
Current Data Parameters
NAME ¥-6
o b pe o EXPUO 7
- “a o o PROCNO 1
4 b b 3
| \/ | | F2 - Requisition Parameters
20171010
10,18
spect
5 mm CPPERO BB
BULPROG Zopg30
™ 55535
SCLVENT cpels
CF3 NS 121
D F
SWH 29761.904 Hz
0.454131 Hz
aQ 1.1010048 sec
RG 192,89
NCS DN 16,800 usec
DE 18.00 usec
Ph_aN_ TE 298,1 K
n-Pr D1 2,00000000 sec
n-Pr ol 5-03000000 sec
-
Ph N
CHANNEL f1 -
NCS SFOL 1257703637 MHz
NOC1 13¢
P1 5.80 usec
PLU1 57.00000000 W
—mmmm--- CHANNEL 2 -—
CF3 sFO2 500.1320005 MHz
ucz 18
5f CPDPRG[2 waltzl6
BCPD2 50.00 usec
PLWZ 20.00000000 W
PLW1Z 35778001 W
PLW13 22898000 W
F2 - Processing parameters
51 32768
5F
WDW EM
EE 0
IR 1.00 Hz
6B 0
BC 1.40
A L
T T T T T T T T T T T T T T T
150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

'H and '3C NMR of 5f in CDCls.
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F2 - Bequisition Parameters

20170713
13.16

spect
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820
0.244532
2.0447233
206,33
62.400 usec
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139,60
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n-Pr
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12.27
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4.01
4.95
4.41
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13.30

400.2424716 MHz
1E

14,80 usec
12.00000000 W

Processing parameters

400.2400027 MHz
EM

0.30 Hz

1.00

Current Data Parameters

NAME
EXPNO
PROCNO

12&.
—5%.93
3%.19
3%.02
21.14

——26.07
T—zs5.21

Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

Ds
SWH
FIDRES

—~

n-Pr
n- F>r~\
S
SFO2
Nocz2
PCPD2
PLW2

PLW1Z
PLW13

T T T T
180 170 160 150 14

T T T T T T T T T T T T T
0 130 120 110 100 90 80

'H and '3C NMR of M2 in DMSO-ds.

CHAMNEL f2 =

CPDPRG([2

M-3
B

F2 - Bcquisition Parameters

20170802
17.35
spec
5 mm PABBO EE.‘
2gpg
16384
DMS0
2348

o
31250,000 Hz
1,907349 He
0.2621440 aec
2050
16.000 usec
6.50 usec
343.1 K
1.50000000 sec
0.03000000 sec
1

CHANNEL f1 =
125.7452195 ]{Hz
13c
10,00 usec

67.60800171 W

500.0325009 MHz
18
waltzlé
70.00 usec
9,77239%%0 W
0.19944000 W
0.09772400 W

F2 - Processing parameters

32768
125.7327477 MHz
EM
3.00 Hz

1.40
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NAME M4
EXPNO 19
CF3 CF3 PROCNG 1
ion Parameters
S 20170802
16.13
INSTRUM spect
N N PROEHD 5 mm PABEC BB/
H H PULERCG 2g30
\\N\, L TO 32768
. i-Pr i-Pr SOLVENT DM50
ns 8
i-Pr i-Pr. - DS 0
N~ SN SWH 15000.000 Hz
H H FIDRES 0.457764 Hz
a0 1.0922667 sec
N N RG 119.76
oW 33.333 usec
s DE 6.50 usec
TE 325.9 K
D1 1.00000000 sec
TDO 1
CF3 M3 CF3
CHANNEL £1
5FO1 500.0325001 Mz
NUC1 10
P1 10.00 usec
PLW1 9.77239990 W
=sing parameters
65536
500.0300043 Miz
EM
P 1.00 Hz
u lL J 1.00
— ,,,J J ) A
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 ppm
] - S Q|9 = (2] [2E(S
= o | o o [ - | |2
N
3c
Current Data Parameters
1FuHNM§
gn ?1 PR R R R NAME M-4
328k 7 EEECEEEEEERRT: 3 gg Ipgg  EXENO 21
DMSC & B R B RN R R o e Gy s DROCHO L
- AN - R S n - ISR R IES]
hou F2 - Acquisition Parameters
ate_ 20171009
Time 17.20
INSTRUM spect
PROBHD 5 mm PABECQ BB/
PULPROG zgpy
TD 16384
SOLVENT oMSo
HS 812
DS o
CF3 CF3 SWH 31250,000 Hz
FIDRES 1.907349 Hz
AQ 0.2621440 sec
S RG 050
Jj\ DW 16,000 usec
DE 6,50 usec
N N TE 328.1 K
H H D1 1.50000000 sec
N . N D11 0.03000000 sec
i-Pr i-Pr oo 1
N/I-PI' I'PT\N\~' m=mmmm== CHANNEL fl ===m====
H H 5701 125,7452195 MHz
N N HUC1 13C
P1 10.00 usec
\n/ PLW1 67.60800171 W
S - = CHANNEL f2 ==
sTo2 500.0325009 MHz
HUC2 18
CFs M3 CF3 CPDERG[2 waltz16
PCPD2 70,00 usec
PLW2 9.71239990 W
PLW12 0.19544000 W
PLW13 0.09772400 W
F2 - Processing parameters
sI 32768
5l 125,7327336 MHz
WDW EM
s8B 0
LB 3.00 Hz
GB 0
. PC 1.40
" il N
T T T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

'H and '3C NMR of M3 in DMSO-ds.
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& [~ W) O NAME -
@ o

S oo oy T

=]
@ [FRpRn

NMLMLL n Paran
0516

PULPROG
TD
SOLVENT
DS

SWH
FIDRES

> 3-pentyl 3-pentyl” s
. 00000
~3-pentyl 3-pentyl~ . 1.0000000
N N 1.00000000 sec
H H o
N N 1
\ﬂ/ CHANHEL £1
SFO1 300.1318534 MHz
S NUCL 18
Pl 5 00 usec
P2 usec
CF3 M4 CF3 PLWL 5.00000000 1
CHANHEL £2
SF02 300.1318534 MHz
NuC2 off
I
J W .
T T T T T T T
10 9 8 7 6 5 4
8 BB = ] g |3 |3[=%
o™ ™|, = © o - ~ o
= 12IFI=
1C NMR
gh-958 w
28K a8 3% 392399353380 83
DMsO £ 3 BEANS g4 2gidddassgdis  dd i“ﬁéa" fate sasamelers
Wang dexian's group h ) .
1 M\ 24 VoSN N R 7
F2 - Aequisition Parameters
Date_ 20190404
Time 11. 04
JSI\ sWH 31250, nm) Hz
W\ ~ /N
' 3-pentyl -
N/3-pentyl
Pl 10.00 usec
PLWL 80.00000000 W
CF,4 MHz
waltz16
; 50,00 usec
L2 100000090 N
PLW12 0.16673
PLW13 0.10671000 W
x sing parameters
s1 32768
SF 125.7327333 MH=z
WOW EM
358 0
B 1.00 Hz
1 -
| 1 | | ' PC 1.40
T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 [1] ppm

'H and '3C NMR of M4 in DMSO-ds.
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CF CF EXPNO
3 3
PROCHO
S quisition Parameters
JI\ 20170803
N N INSTRUM spect
H H PROBED 5 mm PAEEO BB/
PULPROG 2530
Ph N o pr- NP By 2920
SOLVENT DMSO
NS [
Ph n-Pr n-Pr\N\\- Ph s o
H H SWH 15000.000 Hz
N N FIDRES 0.457764 Hz
AQ 1.0922667 sec
\n/ RG 83,94
oW 33,333 usec
S DE 6.50 ussc
TE 343.1 K
D1 1.00000000 sec
CF3 M6 CF3 TDO 1
CHENNEL f1
SFC1 500.0325001 MHz
NoC1 1H
Pl 10.00 usec
PLWL 9.77239950 W
F2 - Processing parametsrs
L JL
r T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 ppm
o oo v o (e = |= © - ©
= ~lRl 12 el |2 @@ @ - o
S ~lel |2 < | o | 2 @ o
« -
gh-Ps-3-70-dmsc-wangdexian—-group
a CaCEMANT Mo T @O Current Data Parameters
- EREET A R R b - S R o 0§ g n oo w @ HAME M-
N D N S e =N ¥PH
= daRddasqnanadnas o na oo e P = EXPHO 42
e R pa i o o s i B o g 2 Do Sammnmn S 2] PROCNG 1
A T .
Date 20170802
Time 22.33
INSTRUM spect
PROBHD 5 mm PABEC BB/
PULPROG PY
9] 16384
SOLVENT DMSO
CF3 CF3 NS 1383
D5 0
SWH 31250,000 Hz
S FIDRES 1.907349 Hz
RO 0.2621440 sec
G 2050
” H Sg 6;698 usec
6.50 usec
Ph_ WN_ _N Ph TE 342.9 K
. n-Pr n-Pr D1 1.50000000 sec
D11 0.03000000 sec
Ph N/n-Pr n-Pr\N\.- Ph Do 1
H H CHANNEL £1
SFO1 125.7452195 MHz
N N AN NUC1 130
| P1 10.00 usec
S PLW1 67.60800171 W
CHANNEL £2
SF02 500.0325009 MHz
CFS M6 CFS NUC2 1H
CPDPRG[2 waltzl6
PCPD2 70.00 usec
PLWZ ©.77239990 W
PLW12 0.19544000 W
PLW13 0.09772400 W
F2 - Processing parameters
sI 32768
sF 125,7327459 MHz
WOW EM
55B 0
LB 3.00 Hz
| GB o
_ N P— TRV WY I SR | 19 ¥ 1, POy " " -~ d - 1.40
T T T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10 ppm

'H and '3C NMR of M6 in DMSO-ds.
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Date 30115
CF; CF3 Time 22.34
INSTRUM spect
PROBHD 5 mm DUL 13C-1
S E’UJ..L’ ROG zg30
65536
)J\ SoLVENT DMSO
N N ns 15
DS E
N H H N Ph SWEH 6009.615 Hz
“Me n-Pr—~ FIDRES 0.091699 Hz
20 5,4525952 sec
RG 209,09
.,N/Me n-Pr\N Ph oW 83,200 usec
H H DE §.50 usec
N N TE 0K
D1 1.00000000 sec
\n/ TDO 1
S
NUCL 1H
CF; M9 CF3 P1 §.00 usec
PLWL 18.00000000 W
F2 - Processing parameters
ST 65536
SF 300.1300022 MEz
Wow EM
S5B o
LB 0.30 Hz
GB 0
BC 1.00
_M J J L/WUM \L_/f\ U 'U‘f\JV\
L v hd (S
I T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 ppm
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e
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F2 - Requisition Parameters
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Time 8.41
INSTRUM spect
PROBHD 5 mm CPPBEO BB
PUL[—'R G zgpg30
£5536
SOLVENT DM30
CF3 CF3; wS 7265
DS 3
SWH 29761,904 Hz
S FIDRES 0.454131 Hz
20 1.1010048 sec
RG 192,83
N N DW 16.800 usec
DE 18.00 usec
N H H TE 298.1 K
“Me D1 2.00000000
DO 1
-.,N,Me CHANNEL f1 ==
H H 125.7703637 MAz
N N 13¢
9.80 usec
\n/ 57.00000000 W
S F2 - Processing parameters
s1 32768
SF 125.7578489 MHz
CF3 M9 CF3 WO EM
SSB o
LB 1.00 Hz
GE 0
BC 1.40
J J J | l “l | e l[ | ‘
i v Laas e ‘t—-u gl W v .
T T T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

'H and 3C NMR of M9 in DMSO-ds.
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'H and *C NMR of M10 in DMSO-ds.
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F2 - Acquisition Paramsters
20190404
1 ao
spect
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Ph 2
~ —~ n
n-Pr n-Pr 2050
16.000 usec
- N-Pr n-Pr—__
N N Ph 1.50000000 sec
H H 0.03000000 sec
N.__N 1
\"/ CHANNEL f1
SFO1 125,745 MHz
S NOC1
Pl . usec
PLW1 80.00000000 W
CF; M11 CF;
CHANNEL f2
SFro2 500.0320001 MHz
Nocz2
CPDPRG[2
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PLW1Z 0.16673000 W
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F2 - Processing parameters
sI 3

3
125.7327322 MHz
EM
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'H and '3C NMR of M11 in DMSO-ds.
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'H and '3C NMR of 8k in CDCls.
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'H and '3C NMR of 81 in CDCls.

S70



gh-1025F

HoOMoworeMNNsSNMo =T Mo 0 WO ™ =

LmOnmmaooooT0m o OO ¥ =1

NN ODOoDOODOMDN ™M w0 e e B ™~ N

=W WA oD o [ad B TSI L e i i |

\ / | \/ \/ \/ Current Data P:Immctom
NAME MATH
EXPNG 57
PROCND 1

F2 - Aequisition Parameters
S OMe Date_ 20190604

Tinme 3.31

INSTRUM t

PROBHD 5 mm PABRD BB/

(o) PULPROG zg30
D 32768
(6] SOLVENT eneLs
NS
DS
SWH
FIDRES
AQ
RG
Di usec
DE usec
TE K
D1 2.00000000 sec
DO 1
CHANHEL £1
SFO1 400.2424716 Miz
NUC1 1H
Pl 14.30 usec
PLW1 12.00000000 W
F2 - Processing parameters
65536
400.2400088 Mz
EM
0
0.30 Hz
0
1.00
J (SN L,
r T T T T T T T T T T T T T T T T 1
8.0 7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 3.5 3.0 25 2.0 15 1.0 0.5 ppm
(oo ]wr = [u\ ‘00‘ ro\ @
2|2 ] < @l e (= o
oNllevien =] el o™ o - -1
gh-1025F
o ® M oMmo  gauco@dmosogT
“ aonoam aEmasnanTT e ISEE 8z =& aa
w S oae SAgama g e : -9 g -
& T @n 2% RERIN9A35R5A3 orire s 8 o~ @
3 S8 35 anndnsgnonnn B E 38 BE
Current Data Parameters
NAME MATE
EXPNO 58
PROCND 1
Boc Ezt— Acquis o;r?;:ra,rn:r.e:s
ate_ 15060
! S OMe Tinme 4.30
HN INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
TD 65536
SOLVENT eDe1s
NS 1024
DS 4
SWE 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 206.33
oW 20.800 usec
DE
TE 295
D1 2.0000
TDO
CHANNEL £1
SFO1 100.6504916 MHz
NUC1 130
Pl 10.00 u
PLW1 54.00000000 W
F2 - Processing parameters
32768
100.6404154 MEz
=M
0
1.00 Ez
o
1.40

T T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10 O ppm

'H and '*C NMR of 8m in CDCls.
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'H and '3C NMR of 8n in CDCls.
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SOLVENT cDCL3
us 1024
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RO 1.3631488 sec
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LB 1.00 He
GB 0
BC 1.40
A A J | VL )
T T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10 0 ppm

'H and *C NMR of 8p in CDCl;.
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'H and '*C NMR of 8q in CDCl;.
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'H and 3C NMR of 8r in CDCls.
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Current Data Parameters
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F2 - Acquisition Parameters
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Time 1.27
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PROBHD 5 mm PRBBO BB/
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Hs 1024
8t D3 4
SWH 24038.481 Hz
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RG 206,33
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'H and '3C NMR of 8t in CDCls.
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'H and '3C NMR of 8u in CDCls.
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RG 206.33

oW 20.800 usec

DE 6.50 us

TE 299,3 K

D1 2.,00000000 sec

TDO 1

CHANNEL f1

SFOL 100.6504916 MHz

NUC1 13c

Pl 10.00 usec

PLW1 54.00000000 W
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T
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"H and '3C NMR of 8v in CDCls.
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F2 - Acquisition Parameters
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1
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F2 - alsition Parameters
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Time 7.00
TNSTRUM spect
PROBHD 5 mm CPPBEC BB
PULPRGG zgpg30
T 65536
SOLVENT cocL3
NS 1024
DS 4
SWH 29761.904 Hz
FIDRES 0.454131 Hz
50 1.1010048 sec
RG 192.89
DW
DE
TE .
Dl 2.00000000 sec
TDO 1
CHANNEL f1
SFO1 125.7702637 MHz
NDC1 13c
P1 9.80 usec
PLW1 57.00000000 W
F2 - Processing pa
5 [
F 125.7577739 MHz
Wou EM
55B o
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N | | al | | S— |
T T T T T T T T T T T T T T T T T T T
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'H and '*C NMR of 8w in CDCl;.
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0.152588
AQ 3.2767999 sec
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CHANNEL f1
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Pl 11.50 usec
W
51 65536
5F 500.13001158 MHz
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55B a
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F2 - Rcquisition Parameters
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Time 20.55
INSTRUM spect
PROBHD 5 mm CPPEEC EB
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SOLVENT coClL3
HS 1024
DS 4
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FIDRES 4131 Hz
RO 1010045 sec
RG 192.89
DW 16.800 usec
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TE 298.2 K
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P1 9.80 usec
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'H and '3C NMR of 8ab in CDCls.
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Current Data Parameters
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'H and '3C NMR of 8ac in CDCls.

S81



gh-995

o
W) e o = - (=) (=]
[l - e w0 < o
NN ™ el .

T . N o
eI TS IS I B

~
T~

Current Data Parameters

HAME MATH
EXENO 17
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F2 - Roguisition Parameters
Date 20190630
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D1 1.00000000 ssc

TDO 1
HAMNEL £1

sPol 500.1330885 MEz

HDC1 1H

Pl 11.50 usec

PLW1 20.00000000 W

F2 - Processing parameters

sI 65536

SF 500,1300122 MHz

WDW

S5B 0

LB 0.30 Hz

GB 0

‘ e : 1.00

A ) t_J L_J\Jl | L

80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 ppm
ga5|g 2 28 g 2 =
W= o © - © @

196.23
.58
122.82
.25
8,19
26.83
2
0.13

—175.15
—143.29

— 140
——1p8.58
— &0

a7

_—134.47

Current Data Parameters
HAME MATH

i3 18
PROCNO 1
S Me
- Boquisition Parameters

20180630
192.56

spect
5 mm CPPEBC EB
zgpg30

65536

cDeLs

1024

28761.904 Hz

8ad

16,800 usec
18.00 usec
298.1 K

2.00000000 sec

CHANMEL f1 ==
125.7703637
13C
9.80 usec
57.00000000 W

ng parameters

32768
125.7577738 MHz
EM

A WiN 90| ST

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

'H and '3C NMR of 8ad in CDCls.
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gh-99¢

=R R R R R Ny W =]
=] NOAD P OS]
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o
[=R T
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|
Data Pakameters
MATE

0.000

JISAN

Current
HAME e
EXPNO 19
PROCNO 1
F2 - Acquisition Parameters
Date_ 20120710
Time 0.08
INSTRUM spect
PROBED 5 mm PABEO BB/
PULPROG zg30
32768
coe13
16
0
5012,820 Hz
0,244532 Hz
2.0447235 ssc
206,33
62.400 usec
6.50 usec
TE 295.1 K
D1 2.00000000 see
TDO 1
CHANNEL £1
SFO1 400.2424716 MHz
wucl 1H
Pl 14.30 usec
PLWL 12.00000000 W

8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 ppm
2 13(8 3 &3/ 188 2
o |||~ || =] uw
-
gh-996
- - PR P
3 = 8o & cmwa @ n wa
! : B ! ! STA8 & O Sea
w 4 S . @ R : .
5 [ im0 = 3 ol s o @wn
i i aE 3 2 EANa 2 = A Saa
Current Data Parameters
NAME MATH
EXPNO 20
PROCNC 1
F2 - Acquisitlon Parameters
Date_ 20150711
Time 4.52
INSTRUM spec!
PROBHD 5 mm CPPEEO BB
PULPROG zgpg30
TD 65536
SOLVENT cDe13
us 2048
s 4
SWH 29761.904 Hz
FIDRES 0.454131 Hz
RO 1.1010045 sec
RG 192,89
oW 16.800 uzec
DE 18.00 usec
TE 298.2 K
D1 2.00000000 sec
TDO 1
CHANNEL £1
SFOL 125.7703637 MHz
NUC1 130
Pl 9.80 usec
PLW1 57.00000000 W
F2 - Processing meters
sI 32768
SF 125.7577729 MHz
WoW EM
SSB 0
LE 1.00 Hz
GB 0
PC 1.40
A
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm

'H and '3C NMR of 8ae in CDCls.
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Current Data Parpmeters
HAME MATH
EXPNO 25
PROCNO 1
F2 - RAcguisition Parameters
Date_ 201%0702
Time a
IN RUM spect
PROBHD 5 mm CPPBEC BB
PULPROG zg30
T| 65536
SOLVENT cDCl13
NS 8
Ds 2
SWH 10000.000 Hz
FIDRES 0. 588 Hz
AQ
RG
oW c
8af oy
TE
D1 1.00000000 sec
TDO 1
| CHANNEL £1
500.1330885
1H
11.50 usec
20.00000000 W

Processing parameters

65538
500.1300111 MHz
EM

0.30 Hz

1.00

T T T T T T T T T T T T T T T
6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0 ppm

8.0 7.5 7.0 6.5
Sl &8 I g
o leil |o S alle - @
gh—-999

b 5 & = q e cwa o o amn

H H H H PR B @ A

w i = o ] EE : .

E - e o T mae oW o - @

= o g1 i} o @0 ® - a
Current Data Parameters
MAME MATH
EXPHO 26
PROCNOD 1
F2 - Acquisition Parameters
Date_ 20190702
Time 1.39
INSTRUM spect
PROBHD 5 mm CPPEBC BB
PULPROG zgpg30
D 65536
SOLVENT coels
5] 1024
Ds 4
SWH 29761.904 Hz
FIDRES 0.454131 Hz
AQ 1,1010048 sec
RG 192.89
oW 16,800 usec
DE 16.00 usec
TE 298.2 K
D1 2.00000000 sec
TDOD 1

= CHANNEL f1 =

SF( 125.7703637 MHz
wNOCc1 13C

Pl 9.80 usec
PLW1 57.00000000 W

F2 - Processing parameters
3276

51

SF 577733 MHz
WDW EM

SSB 0

LB 1.00 Hez
GH o

PC 1.40

T T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 920 80 70 60 50 40 30 20 10 O ppm

'H and '3C NMR of 8af in CDCls.
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Current Data Paf
NAME
EXPNO
PROCNO
F2 - Acquisition Parameters
Date_ 20190702
Time 1.41
INSTRUM spect
PROBHD 5 mm CPPBBO BB
PULPROG zg30
TD 65536
SOLVENT CDCLl3
NS 8
Ds 2
SWH 10000.000 Hz
FIDRES 0.152588 Hz
AQ 3.2767999 sec
RG 55.37
DW 50.000 usec
DE 6.50 usec
TE 298.1 K
D1 1.00000000 sec
TDO 1

1.50 usec

1
20.00000000 W

F2 - Processing parameters
s1 65536

SF 500,1300111 MHz
WDW EM
‘ SSB o
LB 0,30 Hz
GB a
‘ PC 1.00
I \____jk__ ~ J LN \_L—A
I T T T T T T T T T T T T T T T 1
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 ppm
5(5(3|8(& & & |8 =
idNl-i=ic o - - @
gh-1007
5 z 8 R L s
- . -4 B 2 -
" 4 & 1Tns i ; ] n
0 d B R S N 3 !
3 5 ] LR 3 o 3 2
Current Data Parameters
NAME MATH
F EXPNO 32
P NO 1
F2 - Acquisition Parameters
Date_ 20190702
Time 2.386
INSTRUM
PROBRD
PULPROG
1
29761.904 Hz
0.454131 Hz
1.1010048 sec
1%92.89
16.800 usec
18.00 usec
298.1 K
2.00000000 sec
1
-------- CHANNEL £1 ===
125.7703637
13¢
9.80 usec
57.00000000 W
T2 - Processing parameters
SI 3 66
SF 125.7577738 MHz
WOW El
55B a
LB 1.00 Hz
GB 0
PC 1.40
i ; _ |
T T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm

'H and '*C NMR of 8ag in CDCls.
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gh-398

o
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@M wem " =
™™ [eeiies] ™ .
ce e . o
™ ool el ~ Current Data Parameters
HAME 1
\/ \/ EXPHO
PROCHO

F2 — Requisition Parameters
Date 2019063

Time

INSTRUM sp

BROBED 5 mm CEPBEO BS

PULPROG

D

SOLVENT

HS

DS

SWE 10000.000 Hz

FIDRES 0,152588 Hz

AQ 3.2767999 sec

RG 55.37

D 50.000 usec

DE 6.50 usec

TE 295.2 K

D1 1.00000000 sec

TDO 1
CHANMEL £1

5FO1 500.1330885 MHz

NOC1 1R

Pl 11.50 ussc

BLWL 20.00000000 W

gh-998
B > - -
@ & o
: 55

175
—153.
——143.33
——102.84

136,62

_—50.54

S0
m e
[y

60.21
—42.04
T26.83

—28.19

Carrent Data Parameters

NAME MATH

EXPNO 24

PROCNO 1

F2 - Acquisition Parameters

Date_ 20190630

Time 21.52

INSTRUM spect

PROBHD 5 mm CPPBBO BB

PULPROG

TD

SOLVENT

NS

Ds

SWE 29761.904 Hz

FIDRES 0.454131 Hz

AQ 1.1010048 sec

RG 192.89

oW 16.800 usec

DE 18,00 usec

TE 298.2 K

D1 2.00000000 sec

TDO 1
CHANNEL f1

SFO1 125.7703637 MHz

NOC1 13C

P1 2.80 usec

PLW1 57,00000000 W

F2 - Processing parameters
51 E
SF 125.7577738 MHz
WOU EM
SSB 0

LB 1.00 Hz
GB a

BC 1.40

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

'H and '3C NMR of 8ah in CDCls.

80 70 60 50 40 30 20 10 O ppm
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0= == = P= P = [ e = 0 P 0 00 A0 ™ m oo nl Current Data Parapeters
m/%%/"/ \/ \/ NAME MATHE
EXENO 65
PROCHO 1
F2 - Acquisition Parameters
Date, 20190605
Time 21,30
cl TNSTROM spect
PROBED 5 mm PAEEQ BB/
PULPROG zg30
™ 32768
SOLVENT CDCl3
NS 8
Dg 0
SWH B8012.820 Hz
FIDRES
AQ
RG
oW
DE s
TE 299.3 K
b1 2.00000000 sec
DO 1
8ai CHANNEL £1
sF01 400.2424716 Mz
NUC1 1H
31 14.30 usec
PLA1 12,00000000 W
F2 - Processing parametera
s1 65536
5P 400.2400087 MEz
WOW EM
55B a
15 0.30 He
GE o
I 1.00
|
|
| ) | _J
T T T T T T T T T T T T T T T T T 1
8.0 75 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 15 1.0 0.5 pPpm
gEEE (g 5 (¢ s
<lslells s P - <
gh-1030
M MmeaanAO Ang
] 9ES323E8828 e o o
| rodesnlanea ceg g L
A ! .
ARHRRININY e s I
EERELEERER gre 2 2

194
175.01
—153.746

él.'
N

——108.64

_—80.55

Cl Current Data Parameters
E MATH
EXPNO 66
PROCHD 1
F2 - Acquisition Parameters
Date_ 20190605
Time 22,29
THSTRUM
PROBHD
PULPRCG
D
SOLVENT
Hs
Ds 4
SWH 24038.461 H
0.366798
aAQ 1.3631488
RG 206.33
DW 20.800 usec
DE 6.50 usec
TE 300.0 K
D1 2.00000000 sec
TDO 1
CHANNEL f1 = -
100.6504916 MHz
13c
10.00 usec
54.00000000 W
F2 - Processing parameters
ST 32768
SF 100.6404165 MAz
WDW EM
S5B o
LB 1.00 Hz
GB 0
’ PC 1.40
| o . A f
T T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O ppm

'H and '3C NMR of 8ai in CDCls.
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gh-1028

o
™ @ =] < =
wo e m I =}
[SES I o -
1 . =)
M| NN ™ Current Data Patameters
\/ \ B] MATH
61
1

F2 - Acquisition Parameters

B Date_ 20190605
r Time 3.38
INSTRUM spect

5 mm PABEC BB/

2930

12768

cpe13

8

a
8012.820 Hz

2.00000000 sec
1

CHANNEL f1
SFO1 400.2424716 MHz
wnoeL 1R

Pl 14.30 ussc
PLW1 12,00000000 W
F2 - Processing parameters
sI 65536

SF 400.2400085 MHz
WDwW

558 0

LB 0.20 Hz
GB 0

PC 1.00

| . M AN

T T T T T T T T T T T T T T T T T T 1
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 15 1.0 0.5 Ppm

rtn rmrr-- -—( w - ‘o’ v—|/
R bl = < hd
rlleilelele o - - o

gh-1028
° o - « ™
2 2 = B P T ° - o
. © 5 : g ET5E 9 5 P
S 2 b g 3 orre 5 % © s
3 5 1 A 3 RN 2 < e

Current Data Parameters
NAME MATH

K H
B r EXPNC 62
PROCNO 1

F2 - Acquisition Parameters

Date_ 20190605
Time 1.37
TNSTRUM spect.
PRCBHD 5 mm PABEC BB/
PULPROG zgpg30

TD 65538
SOLVENT CDCL3

NS 1024

D5 1

SWH 24036.461 Hz
FIDRES 0.366798 Hz
AQ 1,3631488 sec
RG 206.33

oW 20,800 usec
DE 6.50 usec
E 289,2 K
D1 2.00000000 sec
TDO 1

CHANNEL f1 ========
100,6504916 MHz
13¢

10.00 usec
54.00000000 W

F2 - Processing paramsters
1 32

s 2

Sk 100.6404169 MHz
WOW EM

S5B 0

LB 1.00 Hz
GB o

PC 1.40

T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O ppm

'H and '*C NMR of 8aj in CDCls.
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Current Data Paramsters
\/ \ HAME MAT,
EXPNO
PROCNO 1
F2 - hequisition Parameters
20120604
Br 4.33
spect
5 mm PABBO BB/
Boc 30
| 32768
cDels3
8
i
8012.820 Hz
8ak
CHANNEL £1
SFO1 400.2424716 MHz
HUCL 11
Pl 14. usec
PLWL 12.00000000 W
Processing parameters
655
400.2400088 MHz
EM
0.30 Hz
‘ 1]
1.00
A J\ P N,
f T T T T T T T T T T T T T T T T T 1
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 ppm
clelal << s o - @
gh-1029
© o © o o
k] S - = o P “ o o
- w o ] £ e o o “ae
5 " I = S Srrle 9 o @
[ | W
Current Data Parameters
MATH
64
Br 1
F2 - Roquisition Parameters
Date 20190604
Time 5.32
INSTRUM spect.
PRCBHD 5 mm PABSO BB/
(o) PULPROG zgpg30
TD 65538
SOLVENT CDCL3
us 1024
Ds 1
SWH 24038,461 Hz
FIDRES o 798 Hz
AQ 1.36314B8 sec
8ak RG 206,33
ow 20,800 usec
DE 6.50 usec
TE 299.2 K
D1 2.00000000 sec
TDO 1
—==——--e CHANHEL fl =======-=
sPol 100.6504916 MHz
NUC1 130
Bl 10.00 usec
PLW1 54.00000000 W
F2 - Processing parameters
sI 32768
sF 100,6404160 MHz
WDW EM
=58 i
LB 1.00 Hz
GB 0
BC 1.40
- A . - " ——
h oy . bof _
T T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm

'H and '3C NMR of 8ak in CDCls.
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Lammmnmnn e aERan ! . : =
e e A e L el R TR V-4 R — |
\‘N \W | \/ Current Data Pajrametsrs
NAM MATH
EX 29
PROCHO 1
F2 - Acquisition Parameters
20150827
23.59
spect
5 mm CPPEEO BB
2930
65536
coe1s
16
2
000 Hz
0.152588 He

299 sec

72

50.000 usec
6.50 usec

298.2 K
1. 0000 sec
1
\ EL £1
SFO1 500.1330885 Mz
NUC1 1K
Pl 11.50 usec
PLN1 20,00000000 W
F2 - Processing paramsters
s1 L
ST 500,1300155 MHz
WD EM
‘ SSB 0
.30 Hz

i
o
o

| PC 1.00

-
|

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 ppm
(|2 |2 |2 ] g |8 5
ol |ellal [« = o < - =3
gh-1006
he 3 = " am
g B o kS A o
F: & o ! g ' b1
B b 5 S I @0 :
2 5 a 2 s “? <
Current Data Parameters
HAME MATH
EXPNO 30
PROCNG 1
F2 - Requlsition Parameters
Date_ 20190828
Time 0.53
INSTRUM spect
PROBHD 5 mm CPPBEO BB
PULPROG zgpg30
) 65536
SOLVENT CDCL3
NS 1024
DS 4
SWH 29761.904 Hz
FIDRES 0.454131 Hz
o 1.1010048 sec
RG 192,89
oW 800 usec
DL
TE
D1 2.0000C
TDO 1
CHANNEL £1
SFOL 125.7703637 MHz
HUC1 13C
P1 9,80 usec
PLWL 57.00000000 W
F2 - Processing parameters
sI 32768
3F 125.7577751 MHz
WoW EM
SSB ]
LB 1.00 Hz
GE 0
Be 1.40
Ll " e TN
o T M. Wi s oy "

T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O ppm

'H and '3C NMR of 8al in CDCls.
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gh-1000
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[ el e ol e o ol o G R T R E R TR Ve = K SR AN HRTH
EXPHO z

e N NPV eicfio i

F2 - Acquisition Parameters

Date_ 20190720
Time 21.48
INSTRUM spect
PROBHD 5 mm CPPBRC BB
PULPROG zg30

D 65538
SOLVENT [sis]an B

NS 16

Ds 2

SWH 10000.000 Hez
FIDRES 0.152588 Hz
BO 3.2767999 sec
RG 31.72

Dw 50.000 usec
DE 6.50 usec
TE 298.2 K

D1 1.00000000 sec
TDO 1

CHANNEL £1

SFO1 500.,1330885 MHz
NOC1 1H
Pl 11.50 usec
PLW1 20.00000000 W
F2 - Processing parameters
51 55536
SE 500.1300123 MHz
\U W Vlf EM
1 |
) L
T T T T T T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 ppm
sfasz. g |2 5 81 25 (8 g
wlolr|r~ (=] -l m o - w
gh-1000

—59.
—48.01

—33

_80.22
*QE“
=

™~

174
—153.47
122,53
—1los.18

— 14

£
~
=

Current Data Parameters
ME M;

ATH
EXPHC 28
PROCNC 1
F2 - hequisition Parameters
Date_ 20190720
Time 21.51
INSTRUM aspect
PROBHD 5 mm CPPRBO BB
PULPROG )

TD
SOLVENT
N5
DS
SWH 29761,904 Hz
FIDRES 0,454131 Hz
Y] 1.1010048 zec
RG 192.89
DW 16.800 usec
DE
TE
D1 2.00000000 sec
TDO 1
———————— CHANNEL £l ========
SFO1 125.7703637 MHz
HUC1 13¢
P1 9.80 usec
PLW1 57.00000000 W
F2 - Processing parameters
s1 32768
sF 125.757B8087 MHz
WDW EM
558 0
LB 1.00 Hz
GB 0
PC 1.40
J )
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm

'H and '3C NMR of 8am in CDCls.
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o
urrent Data Parameters
NAME MATH
EXPNC 35
PROCNG 1
F2 - Acquisition Parameters
Date_ 20190729
ime 10,11
INSTRUM spect
PROBHD 5 mm CPPBBO BB
PULFRQG zg30
T 65536
SOLVENT cpels
NS 16
DS z
sWH 10000.000 Hz
FIDRES 0.152588 Hz
a0 3.
RG 31,72
oW 50.000 usec
DE 6.50 usec
TE 298.2 K
Dl 1.00000000 sec
TDO 1
CHANNEL £1
500.1330885 MHz
18
11.50 usee

20.00000000 W

F2 - Processing parameters

65536
500.1 087 MHz
EM
o
0.30 Hz
0
1.00
—A_J L__L_J —
r T T T T T T T T T T T T T T 1
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 35 3.0 25 2.0 1.5 1.0 0.5 ppm
s elg 8 =531 8
ol || =] o3| |cif|= o
-
gh-1010
- o @ w0 @ o n
@ R - a LR = wow w o waro o
s . . ! - s . STA8 & - SHEO B
w w “ B EEEY @ ] . ] B
@ " in = o o a = o e = @ @@ s =
= — = = RN B = XN 2 b Seaa o
Current Data Parameters
NAME MATH
EXPHO 36
PROCND 1
SJ F2 - Acquisitlon Parameters
Date 20120729
Time 10.15
INSTROM speat.
PROBHD 5 mm CPPEEC EB
PULPROG zgpg30
TD 65536
SOLVENT cocls
N3 403
DS 4
SWH 29761.904 Hz
F1DRE, 454131 Hz
20 1 0naE
RG
oW 16.600 usec
DE 16.00 usec
TE 96,2 K
Dl 2.00000000 sec
TDO 1
CHANNEL £1
SFO1 125.7703637 Mz
NUC1 13
Pl 9.60 usec
PLW1 57.00000000 W
F2 - Processing parameters
51 32768
SF 125.7577739 MHz
WOW EM
SSB o
1B 1.00 Hz
GB 0
BC 1.40
i J J A li L L e n
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 L] ppm

'H and '3C NMR of 8an in CDCls.
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5. HPLC analysis of products

mAU
i PDA Multi 1 254nm, 4no
. Boc
50 Hl\ll SOOMe
1 (f o)
(0]
N
\
Me
rac-8a
251
B e o o R
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0
min
W
PDA Chl 254nm A .
K5 [ ORRRTm | e g RIT e
1 9.789 1946007 54835 0. 000 50. 112
2] 12.111 1937288 46099 0. 000 49, 888
fit 3883295 100934 100. 000
mAU
200+ 5 PDA Multi 1 254nm, 4nof
] HE“ _<s—©70Me :
1501 NI
] N
\
Me
100 8a
504 2
—— T T T T T T T T T T T T T T T T T T T
0.0 2.5 5.0 7 10.0 12.5 15.0 17.5 20.0
min
<>
PDA Chl 254nm
w5 | BRI [ ) W [
1 9.707 7033891 197836 0. 000 83.919
2 12. 125 1152719 27471 0. 000 14. 081
it 8186610 225307 100. 000
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10. 982

PDA Multi 1 254ns 4nd

s
I 0 T 3, 0
10. 982 1831467 34489 0. 000 55. 687
2 13. 383 1457400 17186 0. 000 44. 313
&l 3288867 | 51675 100. 000
nAU
s Multi 1 254n=, 4nd
. HE“ SOOMe
100+ —
. (@]
L o
) N
H
o " :
PN . A e
0.0 2.5 5.0 7.5 10.0 12. 5§ 15.0 17.5
min
g 3>
.
ra T Y, S, ST
1 10. 820 '|'32__425-l 133?_'_91 0. 000 69. 900
3 13. 307 3153898 34598 0. 000 30. 100
il 10478152 173299 100. 000 |

594



iR

mAU
] 5 PDA Multi 1 254nm, 4nn
400 =
] o
] Boc SOOMe
] HN
] o)
300+ o )
] N ‘?
] Et =
200+ rac-8c ."I
| I
] '
] | ('
100 || |I
] “ [
J | |I .'I l'.
] . A |
T T T T T I T T T T | T T T T I T T T T | T T T
0 5 10 15 20
min
<l 2>
PDA Chl 254nm _ _
5 | REHm L B R H Y
1 8. 755 6112636 414432 0. 000 50. 176
2| 17.803 6069733 206014 0. 000 49. 824
E 12182369 520447 100. 000
mAll
1000_' @ PDA Multi 1 254nm, 4nn
. T SOOMe
750- \__©O
1 N
4 \
] Et
500 8c
250+ ‘ | o
7 |I |I ,"{\'.
- I“' n I| I'. j \
D_—.'\,__J\._; L | W \___/'\J!\__ A\
T T T T | T T T T | T T T T I T T T T | T T T
0 5 10 15 20
min
<UD
PDA Chl 254nm _ .
S | fREE H mE ik H %
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mAU
i PDA Multi 1 254nm, 4nd
7
" HEOC _54@70'
1 @f\ o)
. o)
501 N
1 Me
1 8ah
2%
0
T T T l T T Ll T I T T T T I T T T T ] T
0 b) 10 15 20
min
>
PDA Chl 254nm _ ‘ _
5 [ RENE ] @We B RIE )
1 7.413 2340103 88029 0. 000 90. 136
2 8.775 256083 10021 0. 000 9. 864
£l 2596187 98050 100. 000

S119



nAU

: PDA Multi 1 254nm, 4ng
1254 o
B =
i Cl
¥ e
N HN
75 o° &
] N 9;
] \ §
1 Me
00'_ rac-8ai
25
; I
’ T T ] T T l T Ll T T I T T b L} l T T T T ] T T
0 5 10 15 20 25
min
>
PDA Chl 254nm _ .
5 [ AR [ e R KT B
1 9. 035 2050309 130952 0. 000 50. 091
2| 20.380 2042854 57702 0. 000 49. 909
it 4093163 188654 100. 000
ndU
] > PDA Multi 1 254nm, 4nof
200 S cl
- -]
: o
150‘- “\\_<O
. o
) N
b \
J Me
lmﬁ 8ai
50 ®
T T T T l T T T T 'I T T T T l T T Ll T '[ T T T T 'l- T T
0 5 10 15 20 25
min
3>
PDA Chl 254nm _
B5 [ AR e B R [
1] 9.079] 3230588 206179 0. 000 89. 448
2| 20.445 381102 11394 0. 000 10. 552
it 3611690 217573 100. 000

5120



mAU

- g PDA Multi 1 254nm, 4nof
150+ g2
. g
O
HN
(=}
4 oo ;
100- N\ @
Me
rac-8aj
304
i Ll Ll L l T T I T T T I T T T T I T T Ll T
0 5 10 15 20 25
min
>
PDA Chl 254nm _ ) ,
RS [ BREME | @me B KT e
1 10. 430 2833404 155693 0. 000 49. 884
2| 18.010 2846618 91851 0. 000 50. 116
Sl 5680022 247544 100. 000
mAU
= PDA Multi 1 254nm, 4nn
200- e S—QBr :
) ‘\\\_<O
1 0
150+ N
Me
| 8aj
100+
3]
: @
0- _A
h T T T T 'I T T l L T T I T T T T I L T L T
0 3 10 15 20 25
min
>
PDA Chl 254nm _ _
B ] OREmm | e iy [ ik Mm%
1 10. 427 4198095 227283 0. 000 88. 608
2 18.032 539738 18120 0. 000 11. 392
Hil 4737833 245403 100. 000

S121



125 . PDA Multi 1 254nm, 4nnf
: :
100'_ Br
| 0
: HN
T [¢]
b (o] =
] N =
] Me i
50 ’
. rac-8ak
25+
T L] T l T T L] '| T T L] [ T T T T I T T T I L] T T T
0 3 10 13 20 25 30
min
>
PDA Chl 254nm _ _
W [ OREm | e B KT e
1 9.417 1956010 119116 0. 000 30. 241
2| 22.773] 1937263 48415 0. 000 49. 759
il 3893273 167531 100. 000
nAU
] z PDA Wulti 1 254na, dng
T <
J @ Br
&0
R ,\—<O
50+ 0
J N
\
Me
8ak
251
' z
~
G- } L _/\.
T T T l T T T '| T T T T 'I T T T T l T T T T T T T
0 b 10 13 20 25 30
min
>
PDA Chl 254nm
5 | R @ FE i HES
1| 9.408] 1273730 77847 0.000 88. 947
2| 22.789 158286 4245 0.000 11,053
fit 1432016 82092 100. 000

5122



mAU

PDA Multi 1 254nm, 4nnf

5] :
ey
HN
1 o)
50+ 0
4 N
\
p Me
1 rac-8al
25
o-
T T T T ] T T l T T L l T T L L l T T
0 5 10 15 20
min
>
PDA Chl 254nm _ ‘
W5 [ ORRME [ @b B K e [T
1 9.775 | 3396013 77965 0. 000 49. 284 12. 224
2] 13.692] 3494711 70568 0. 000 50. 716 15. 797
it 6890724 148533 100. 000
nAU
o PDA Multi 1 254nm, 4no
-]
200 i
: ey
150- ®f¥ 0
E (e}
il N
\
4 Me
IOOj 8al
i<
] (S
50 4
R AN
T e
0 5 10 15 20 25 30
min
W3
PDA Chl 254nm 7 7
W5 [ BRRME ] me I KT 5%
1 9.619 | 9177315 221644 0. 000 83. 842
2| 13.706 | 1768590 34265 0. 000 16. 158
il 10945905 255909 100. 000

5123



nAU

PDA Multi 1 254nm, 4nn

1504 o p
R E‘ (o)
1004 o
] N
Me
rac-8am
50
T Ll | L I L] L T I L T T I L j Ll T T T L L] I T L L T
0 5 10 15 20 25 30
min
>
PDA Chl 254nm , . _
5 RN me I RIE [TE
1 9. 485 2769211 164653 0. 000 50. 477
2 15. 693 2716919 102384 0. 000 49. 523
il 5486131 267037 100. 000
nAU
: o PDA Multi 1 254nm, 4nnf
75 o
L
. Y
50 o) v
1 N
] \
Me
] 8am
25
c‘ ,_/\A j
L T T T T T ' T T T T ' T T T L l T T
0 10 15 20
min
x>
PDA Chl 254nm _ i _
%5 [ DEEMm | me 3 R HES
1 9. 481 1425507 81098 0. 000 54. 496
2 15. 692 1190284 45268 0.000 45. 504
fiH] 2615791 126366 100. 000

5124



M

PDA Multi 1 254nm, 4nn

250+ g g
nLc' "
2004 Bc o /
HN
OO
150+ N\
Me
100+ rac-8an
50
c_ e,
i T T T DU L L
0.0 2.5 5.0 7.5 10.0 12.5 15.0
min
3
PDA Chl 254nm _
W5 | REIME | e W KIE )
1] 5.604] 3726912 249870 0. 000 49, 239
2] 6.895| 3842130 223694 0. 000 50. 761
fif 7569042 473564 100. 000
AU
] 2 PDA Multi 1 254nm, 4nd
- <
504 :
] ww 2 Boc s /
1 g HN
404 ° : 5»‘\_<
J (0]
E (o]
] N
30—_ Me
] 8an
207
107
0_: V5
7 T T T T l T T T T I T T T T ' T T T I T T T T I T T T T
0.0 2.5 5.0 7.5 10.0 12.5 15.0
min
>
PDA Chl 254nm ‘ ‘
BY [ HREME ] e BIE A )
1] 5.638 824931 53208 0. 000 54. 270
2| 6.905 695131 38122 0. 000 45. 730
it 1520062 91330 100. 000

5125



6. References

[1].

2]
[3].

[4].
[5].
[6].

[7]1.

8.

[9].

Guo, H.; Zhang, L. W.; Zhou, H.; Meng, W.; Ao, Y. F.; Wang, D. X.; Wang, Q. Q.
Angew. Chem., Int. Ed. 2020, 59, 2623.

Davies, S.; Mortlock, A. Tetrahedron 1993, 49, 4419.

Owsianik, K.; Wieczorek, W.; Bali nska, A.; Mikotajczyk, M. Heteroatom Chem.
2014, 25, 690.

Chunhong, Z.; Liu, F.; Gou, S. Tetrahedron: Asymmetry 2014, 25, 278.
Mita, T.; Sugawara, M.; Saito, K. Org. Lett. 2014, 16, 3028.

Gould, A. E.; Adams, R.; Adhikari, S.; Aertgeerts, K.; Afroze, R.;Blackburn, C.;
Calderwood, E. F.; Chau, R.; Chouitar, J.; Duffey, M. O.; England, D. B.; Farrer,
C.; Forsyth, N.; Garcia, K.; Gaulin, J.; Greenspan, P. D.; Guo, R.; Harrison, S. J.;
Huang, S.-C.; Iartchouk, N.; Janowick, D.; Kim, M.-S.; Kulkarni, B.; Langston, S.
P; Liu, J. X.; Ma, L.-T.; Menon, S.; Mizutani, H.; Paske, E.; Renou, C. C.; Rezaei,
M.; Rowland, R. S.; Sintchak, M. D.; Smith, M. D.; Stroud, S. G.; Tregay, M.; Tian,
Y.; Veiby, O. P.; Vos, T. J.; Vyskocil, S.; Williams, J.; Xu, T.; Yang, J. J.; Yano, J.;
Zeng, H.; Zhang, D. M.; Zhang, Q.; Galvin, K. M. J. Med. Chem. 2011, 54, 1836.

a) Urban, M.; Franc, M.; Hofmanova, M.; Cisatova, M.; Vesely, M. Org. Biomol.
Chem. 2017, 15, 9071. b) Marques, C. S.; Burke, A. J. Eur. J. Org. Chem. 2016,
806. ¢) Holmquist, M.; Blay, G.; Pedro, J. R. Chem. Commun. 2014, 50, 9309. d)
Yan, W. J. W., D. Feng, J. C.; Li, P.; Zhao, D. P.; Wang, R. Org. Lett. 2012, 14,
2512.

Hara, N.; Nakamura, S.; Funahashi, Y.; Shibata, N. Adv. Synth. Catal. 2011, 353,
2976.

Hara, N.; Nakamura, S.; Sano, M.; Tamura, R.; Funahashi, Y.; Shibata, N. Chem.
FEur. J. 2012, 18, 9276.

S126



	Cover
	Main file

