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General information

The *H NMR spectra were recorded on a Bruker (400 MHz) spectrometer. All
chemical shifts (8) were given in ppm. Data were reported as follows: chemical
shift, intergration, multiplicity (s = single, d = doublet, t = triplet, q = quarter, br =
broad, m= multiplet, cm = complex multiplet) and coupling constants (Hz). *C
NMR spectra were recorded on a DPX-400 spectrometer (at 100 MHz). *°F
NMR were recorded on a Agilent 400 spectrometer (at 376 MHz). *'P NMR
were recorded on a Agilent 400 spectrometer (at 163 MHz). Flash column
chromatography was performed using H silica gel. For thin-layer
chromatography (TLC), silica gel plates (HSGF 254) were used and
compounds were visualized by irradiation with UV light. Analytical high
performance liquid chromatography (HPLC) was carried out on SHIMADZU
equipment using chiral columns. Melting points were determined on a SGW
X-4 melting point apparatus and were uncorrected. Optical rotations were
measured on a JASCO P-1010 Polarimeter at A = 589 nm. IR spectra were
recorded on a Perkin-Elmer 983G instrument. Mass spectra analysis was
performed on API 200 LC/MS system (Applied Biosystems Co. Ltd.).
Commercially available materials were purchased from Sigma-Aldrich®,
Adamas-beta® or Energy Chemical®were used as received. The synthesis of
3-substituted oxindoles and the catalysts were performed according to

reported methods [1-7].
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Synthesis of 3-substituted oxindoles

(0]
m- OMeCGH4MgBr
(Boc) 20 / DMAP Pd/ H2
N
H MeOH
6 Boc

tert-Butyl 3-(3-methoxyphenyl)-2-oxoindoline-1-carboxylate (1p): A solution of
m-OMeCgHsMgBr in THF (2.0 M, 6.8 mL) was added to a stirred cold (40 °C)
suspension of isatin 6 (1.0 g, 6.8 mmol) in THF (30 mL) under an atmosphere
of N2. The mixture was allowed to warm to room temperature and was stirred
until isatin was consumed. The reaction mixture was diluted with ether, cooled
in an ice-bath, and then quenched with 1.0 M HCI. The aqueous layer was
extracted with ether, and the combined organic layers were washed with water
and brine and then dried over Na,SO,. After the removal of solvent, purification
by flash column chromatography (hexane/acetone = 4:1) was carried out to
give 7 in 80% yield (1.24 g). 7 (67.3 mg, 0.264 mmol) was dissolved in CH,Cl,
(2.6 mL). To this solution were added DMAP (3.2 mg, 0.0264 mmol) and
(Boc),O (66 mg, 0.3 mmol) at room temperature, and then the mixture was
stirred for 3 h. The reaction mixture was diluted with ethyl acetate, and then
guenched with saturated aqueous NH4CIl. The aqueous layer was extracted
with ethyl acetate, and the combined organic layers were washed with water
and brine, then dried over Na,SO,4 and evaporated to give product 8, which
was dissolved in MeOH (5 mL). Pd/C (20 mg, 5% w/w) was added to this
solution, and the resulting mixture was stirred under hydrogen atmosphere
(balloon) for 3 h at room temperature. The reaction mixture was passed
through celite to remove Pd/C, and the residue was washed with ether. After
the removal of solvent, the crude product was purified by flash column
chromatography (hexane/acetone = 12:1 ) to give 1p in 80% vyield (71.6 mQ)
for two steps as a white solid. mp 67-69 °C. *H NMR (400 MHz, CDCls): 3(ppm)
=7.92 (d, J = 8.0 Hz, 1H), 7.33-7.37 (m, 1H), 7.24 (t, J = 8.0 Hz, 1H), 7.15-7.16
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(br, 2H), 6.82-6.85 (m, 1H), 6.78 (d, J = 7.6 Hz, 1H), 6.72-6.73 (m, 1H), 4.68 (s,
1H), 3.76 (s, 3H), 1.63 (s, 9H). *C NMR (100 MHz, CDCls) d(ppm) = 173.7,
160.0, 149.4, 140.5, 137.7, 129.9, 128.7, 127.4, 125.1, 124.6, 121.0, 115.1,
114.6, 113.2, 84.4, 55.3, 52.5, 28.1. IR (KBr): 2979, 2922, 1794, 1768, 1729,
1600, 1584, 1490, 1480, 1369, 1345, 1288, 1251, 1147, 1088, 1048, 754,
HRMS (ESI) calcd for CooH21N1O4 (M+Na)* 362.1368, found 362.1450.

Asymmetric a-amination of 3-substituted oxindoles

4d 5 mol%

DCM

To a solution of the corresponding catalyst 4 (5 mol %) in solvent (1.0 mL) was
added 3-substituted oxindole 1, and cooled to —78 °C before the di-tert-butyl
azodicarboxylate was introduced (to —30 °C when diethyl azodicarboxylate
was used). The solvent was removed after the reaction was finished
(determined by TLC analysis), the residue was purified directly by column
chromatography on silica gel using hexane/ethyl acetate (4:1) as an eluent to

afford 3.

(S)-Diethyl 1-(1-(tert-butoxycarbonyl)-2-oxo-3-phenylindolin-3-yl)hydrazine-

1,2-dicarboxylate (3a).

White solid, m.p. 140-143°C. 87% yield. ‘*H NMR (400 MHz,
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CDCls) 8(ppm) = 8.16 (d, J = 7.2 Hz, 1H), 7.83 (d, J = 8.0 Hz, 1H), 7.55 (br, 2H),
7.29-7.39 (m, 5H), 6.54 (s, 1H), 4.00-4.08 (m, 4H), 1.60 (s, 9H), 1.10 (t, J= 7.2
Hz, 3H), 1.06 (t, J = 7.2 Hz, 3H). 3C NMR (100 MHz, CDCls) 8(ppm) = 173.7,
155.8, 154.4, 148.9, 139.0, 132.4, 129.7, 129.1, 128.4, 128.2, 128.0, 126.5,
124.4, 114.9, 84.4, 72.5, 63.1, 62.0, 28.1, 14.3, 13.9. IR (KBr): 3315, 2981,
2934, 1731, 1479, 1466, 1373, 1343, 1290, 1248, 1151, 1093, 1064, 758, 728,
404. HRMS (ESI) calcd for CasH29N3O7 (M+Na)* 506.1903, found 506.1895.
[a]®% = +74.8 (c 1.7, CHCl;) HPLC (Daicel Chiralpak AD-H, i-PrOH /
Hexane=10 : 90, 220 nm, 1.0 mL/min): major 10.7 min, minor 20.2 min.

Enantiomeric excess: 90%.

(S)-Diisopropyl1-(1-(tert-butoxycarbonyl)-2-oxo-3-phenylindolin-3-yl)-
hydrazine-1,2-dicarboxylate (3b).

[
|_|N,COO Pr

| .
‘\\\N—COO'Pr

Boc Colorless oil. 93% yield. *H NMR (400 MHz, CDCls) 5(ppm)

=8.20 (d, J = 7.2 Hz, 1H), 7.83 (d, J = 8.0 Hz, 1H), 7.55 (br, 2H), 7.36 (t, J =
7.6 Hz, 1H), 7.27-7.31 (m, 4H), 6.43 (s, 1H), 4.76-4.81 (m, 2H), 1.60 (s, 9H),
1.18 (d, J = 6.4 Hz, 3H), 1.08 (d, J = 6.4 Hz, 3H), 0.99 (d, J = 6.4 Hz, 3H), 0.88
(d, J = 6.0 Hz, 3H). *C NMR (100 MHz, CDCl3) &(ppm) = 173.8, 155.5, 153.9,
149.1, 139.1, 132.6, 129.7, 129.1, 129.0, 128.4, 126.6, 124.4, 114.8, 84.3,
72.5,71.2,69.8, 28.1, 21.8, 21.7, 21.5, 21.4. IR (KBr): 3322, 2981, 2934, 1778,

1731, 1479, 1466, 1373, 1251, 1151, 1108, 758. HRMS (ESI) calcd for
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C27H33N307 (M+Na)* 534.2216, found 534.2205. [a]?®°, = +52.5 (c 1.5, CHCls)
HPLC (Daicel Chiralpak AD-H, i-PrOH / Hexane=10 : 90, 220 nm, 1.0 mL/min):

major 9.8 min, minor 27.2 min. Enantiomeric excess: 89%.

(S)-Di-tert-butyl1-(1-(tert-butoxycarbonyl)-2-oxo-3-phenylindolin-3-yl)hydra-

zine-1,2-dicarboxylate (3d).

HN,Boc

|
\\\N—Boc

N
Boc  White solid, m.p. 82-85°C. 87% yield. "H NMR (400 MHz, CDCl5)
S(ppm) = 8.25 (d, J = 7.2 Hz, 1H), 7.80 (d, J = 8.0 Hz, 1H), 7.54 (br, 2H),

7.32-7.36 (M, 1H), 7.26-7.31 (m, 4H), 6.30 (s, 1H), 1.60 (s, 9H), 1.30 (s, 9H),
1.20(s, 9H). *C NMR (100 MHz, CDCls) 8(ppm) = 174.1, 154.8, 153.1, 149.1,
138.7, 132.9, 129.7, 129.3, 128.8, 128.7, 128.2, 126.4, 124.4, 114.8, 84.2,
83.1, 80.9, 72.5, 28.1, 28.0, 27.7. IR (KBr): 3336, 2979, 2932, 1778, 1729,
1479, 1368, 1345, 1249, 1152, 758. HRMS (ESI) calcd for CygH37N307
(M+Na)* 562.2529, found 562.2511. [0]*®®, = +26.4 (c 1.7, CHCI3) HPLC
(Daicel Chiralpak AD-H / AD, i-PrOH / Hexane=5 : 95, 220 nm, 0.7 mL/min):

major 66.9 min, minor 80.7 min. Enantiomeric excess: 93%.

(S)-Di-tert-butyl 1-(1-(tert-butoxycarbonyl)-5-methyl-2-oxo-3-phenylindolin-

3-yhydrazine-1,2-dicarboxylate (3e)

s6



Boc White solid, m.p. 71-73°C. 85% vyield. *H NMR (400 MHz,

CDCls) 8(ppm) = 7.98 (s, 1H), 7.66 (d, J = 8.4 Hz, 1H), 7.55 (br, 2H), 7.27-7.30
(m, 3H), 7.14 (d, J = 8.4 Hz, 1H), 6.30 (s, 1H), 2.44 (s, 3H), 1.60 (s, 9H), 1.30
(s, 9H), 1.20 (m, 9H). 3C NMR (100 MHz, CDCls) d(ppm) = 174.4, 154.7,
153.3, 149.1, 136.3, 133.3, 134.0, 133.2, 129.6, 129.3, 128.7, 128.2, 126.6,
115.0, 114.6, 84.1, 83.1, 80.8, 72.7, 28.1, 28.0, 27.7, 21.4. IR (KBr): 3322,
2979, 2931, 1778, 1728, 1490, 1393, 1368, 1337, 1304, 1278, 1247, 1154,
732. HRMS (ESI) calcd for C3gHagN30g (M+H)* 554.2866, found 554.2860.
[a]?"®, = +67.2 (c 2.0, CHCIl;) HPLC (Daicel Chiralpak OD-H, i-PrOH /
Hexane=1 : 99, 220 nm, 1.0 mL/min): major 8.0 min, minor 11.2 min.

Enantiomeric excess: 96%.

(S)-Di-tert-butyl 1-(1-(tert-butoxycarbonyl)-5-methoxy-2-oxo-3-phenylindolin-

3-yhydrazine-1,2-dicarboxylate (3f).

Boc White solid, m.p. 81-83°C. 88% yield. *H NMR (400 MHz,

CDCl3) 8(ppm) = 7.93 (br, 1H), 7.72 (d, J = 8.8 Hz, 1H), 7.54 (br, 2H), 7.29-7.31
(m, 3H), 6.87-6.90 (dd, J = 2.8 Hz, 2.8Hz, 1H), 6.28 (s, 1H), 3.88 (s, 3H), 1.59
(s, 9H), 1.29 (s, 9H), 1.22 (s, 9H). *C NMR (100 MHz, CDCls) &(ppm) = 174.0,
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156.9, 154.7, 153.2, 149.2, 133.3, 132.3, 130.5, 129.6, 128.8, 128.3, 115.7,
114.1, 112.6, 84.0, 83.1, 80.9, 72.8, 55.8, 28.1, 28.0, 27.8. IR (KBr): 3335,
2979, 2932, 1776, 1727, 1488, 1368, 1301, 1277, 1246, 1154, 758. HRMS
(ESI) calcd for CsoHagN3Og (M+H)* 570.2815, found 570.2812. [a]**3, = +79.9
(c 1.0, CHCI3) HPLC (Daicel Chiralpak IC / PC-II, i-PrOH / Hexane=10:90, 220

nm, 1.0 mL/min): major 12.9 min, minor 22.8 min. Enantiomeric excess: 96%.

(S)-Diethyl1-(1-(tert-butoxycarbonyl)-5-methyl-2-oxo0-3-phenylindolin-3-yl)-

hydrazine-1,2-dicarboxylate (39g).

O NHCOOEt

“NCOOEt

(L
N

Boc White solid, m.p. 180-182°C. 88% yield. 'H NMR (400

MHz, CDCl3) 8(ppm) = 7.93 (s, 1H), 7.69 (d, J = 8.4 Hz, 1H), 7.56-7.57 (br, 2H),
7.31-7.32 (m, 3H), 7.15 (d, J = 8.0 Hz, 1H), 6.51 (s, 1H), 4.02-4.07 (m, 4H),
2.44 (s, 3H), 1.60 (s, 9H), 1.05-1.12 (m, 6H). *C NMR (100 MHz, CDCls)
o(ppm) = 173.9, 155.7, 154.5, 149.0, 136.6, 134.0, 132.5, 129.7, 129.0, 128.4,
128.2, 128.1, 126.8, 114.7, 84.2, 72.7, 63.1, 61.9, 29.7, 21.4, 14.3, 13.9. IR
(KBr): 3314, 2981, 2932, 1730, 1491, 1373, 1336, 1301, 1245, 1154, 1064,
729, 406. HRMS (ESI) calcd for CasH3iNsO7; (M+Na)* 520.2060, found
520.2052. [0]*®*°, = +110.1 (c 1.0, CHCIl;) HPLC (Daicel Chiralpak AD-H,
i-PrOH / Hexane=10 : 90, 220 nm, 1.0 mL/min): major 11.0 min, minor 25.4 min.

Enantiomeric excess: 86%.
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(S)-Diethyl1-(1-(tert-butoxycarbonyl)-5-methoxy-2-oxo-3-phenylindolin-3-yl)-

hydrazine-1,2-dicarboxylate (3h).

O NHCOOEt

0 NCOOEt

(L
N

Boc White solid, m.p. 89-91°C. 84% yield."H NMR (400

MHz, CDCls) 8(ppm) = 7.81 (br, 1H), 7.74 (d, J = 8.8 Hz, 1H), 7.55-7.56 (br,
2H), 7.32 (t, J=3.2 Hz, 3H), 6.89 (dd, J = 2.8 Hz, 2.4 Hz, 1H), 6.52 (s, 1H),
4.02-4.09 (m, 4H), 3.87 (s, 3H), 1.59 (s, 9H), 1.06-1.11 (m, 6H). *C NMR (100
MHz, CDClI3) &(ppm) = 173.7, 156.7, 155.7, 154.4, 149.0, 132.5, 129.6, 129.1,
129.0, 128.4, 128.2, 115.8, 114.3, 112.5, 84.1, 72.8, 63.1, 61.9, 55.7, 28.1,
14.3, 13.9. IR (KBr): 3314, 2981, 2934, 1728, 1488, 1373, 1338, 1244, 1153,
1064, 730. HRMS (ESI) calcd for CysH3iN3Os (M+Na)* 536.2009, found
536.1997. [a]p +110.1 (c 1.0, CHCI3) HPLC (Daicel Chiralpak AD-H, i-PrOH /
Hexane=10:90, 220 nm, 1.0 mL/min): major 16.6 min, minor 32.9 min.

Enantiomeric excess: 88%.

(S)-Diethyl1-(1-(tert-butoxycarbonyl)-5-fluoro-2-oxo-3-phenylindolin-3-yl)-

hydrazine-1,2-dicarboxylate (3i).

F .NCOOEt
(L
N
Boc White solid, m.p. 138-140°C. 84% vyield.'*H NMR (400
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MHz, CDCls) 8(ppm) = 8.00 (dd, J = 2.8 Hz, 8Hz, 1H), 7.82 (g, J = 4.4 Hz, 1H),
7.52-7.53 (br, 2H), 7.33-7.35 (m, 3H), 7.04-7.09 (dt, J = 2.8 Hz, 8.8Hz, 1H),
6.52 (s, 1H), 4.01-4.10 (m, 4H), 1.60 (s, 9H), 1.10 (t, J = 7.2 Hz, 6H). 3C NMR
(100 MHz, CDCls) d(ppm) = 173.3, 159.8 (d, J = 242.6 Hz), 155.8, 154.3,
148.9, 135.0 (d, J = 2.4 Hz), 131.8, 129.6, 129.3, 128.5, 116.2 (d, J = 7.8 Hz),
115.7 (d, J = 22.9 Hz), 114.3,114.1, 84.5, 72.5, 63.3, 62.1, 28.0, 14.3, 14.0. =
NMR (376 MHz, CDCl3) 8(ppm) = -117.1 (m, 1F). IR (KBr): 3319, 2981, 2934,
1778, 1731, 1482, 1373, 1342, 1299, 1244, 1150, 1062, 817, 728, 415. HRMS
(ESI) calcd for CosHasFN3O; (M+Na)® 524.1809, found 524.1797. [a]* b =
+55.7 (c 1.6, CHCI3) HPLC (Daicel Chiralpak AD-H, i-PrOH / Hexane=10 : 90,
220 nm, 1.0 mL/min): major 8.8 min, minor 14.3 min. Enantiomeric excess:

87%.

(S)-Diethyl1-(1-(tert-butoxycarbonyl)-5-chloro-2-oxo-3-phenylindolin-3-yl)-

hydrazine-1,2-dicarboxylate (3j).

O NHCOOEt

NCOOEt

Cl
O O
N

Boc White solid, m.p. 156-158°C. 85% vyield. *H NMR (400

MHz, CDCls) &(ppm) = 8.21 (d, J = 2.0 Hz, 1H), 7.80 (d, J = 8.4 Hz, 1H),
7.52-7.53 (br, 2H), 7.33-7.35 (m, 4H), 6.49 (s, 1H), 4.01-4.10 (m, 4H), 1.59 (s,
9H), 1.10-1.12 (m, 6H). *C NMR (100 MHz, CDCls) &(ppm) = 173.1, 155.7,
154.4, 148.8, 137.5, 131.7, 130.0, 129.9, 129.6, 129.3, 129.2, 128.5, 126.6,
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116.2, 84.7, 72.3, 63.3, 62.1, 28.0, 14.3, 14.0. IR (KBr): 3323, 2982, 2932,
1781, 1732, 1472, 1373, 1334, 1296, 1248, 1152, 1104, 1063, 760. HRMS
(ESI) calcd for CpsH2sCIN3O7 (M+Na)* 540.1513, found 540.1489. [a]*°p =
+100.5 (c 1.7, CHCI3) HPLC (Daicel Chiralpak AD-H, i-PrOH / Hexane=10 : 90,
220 nm, 1.0 mL/min): major 9.4 min, minor 17.1 min. Enantiomeric excess:

90%.

(S)-Diethyl1-(1-(tert-butoxycarbonyl)-6-chloro-2-oxo-3-phenylindolin-3-yl)-

hydrazine-1,2-dicarboxylate (3k).

[\lHCOOEt
a NCOOEt

Boc White solid, m.p. 75-77°C. 87% vyield. *H NMR (400

MHz, CDCls) 8(ppm) = 8.11 (d, J = 8.4 Hz, 1H), 7.92 (d, J = 1.6 Hz, 1H), 7.50 (t,
J=4.0 Hz, 2H), 7.28-7.34 (m, 4H), 6.51 (s, 1H), 4.02-4.09 (m, 4H), 1.60 (s, 9H),
1.10 (t, J = 7.2 Hz, 6H). *C NMR (100 MHz, CDCls) 3(ppm) = 173.1, 155.8,
154.4, 148.8, 140.0, 135.0, 132.0, 129.6, 129.3, 128.4, 127.5, 126.4, 1245,
115.7, 84.9, 72.2, 63.3, 62.1, 28.0, 14.3, 14.0. IR (KBr): 3304, 2963, 2928,
1781, 1731, 1476, 1373, 1338, 1260, 800, 406. HRMS (ESI) calcd for
CasH2sCIN3O7 (M+Na)* 540.1513, found 540.1500. [0]*"®p = +211.1 (c 0.1,
CHCI3) HPLC (Daicel Chiralpak AD-H, i-PrOH / Hexane=10 : 90, 220 nm, 1.0

mL/min): major 7.5 min, minor 10.7 min. Enantiomeric excess: 87%.
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(S)-Di-tert-butyl 1-(1-(tert-butoxycarbonyl)-2-oxo-3-(p-tolyl)indolin-3-yl)-

hydrazine-1,2-dicarboxylate (3I).

[\lHBoc
~NBoc

Boc White solid, m.p. 79-81°C. 89% yield. *H NMR (400 MHz,
CDCl3) 5(ppm) = 8.23 (d, J = 6.8 Hz, 1H), 7.78 (d, J = 8.0 Hz, 1H), 7.41 (d, J =
8.0 Hz, 2H), 7.28-7.35 (m, 2H), 7.10 (d, J = 8.4 Hz, 2H), 6.29 (s, 1H), 2.30 (s,
3H), 1.60 (s, 9H), 1.30 (s, 9H) 1.19 (s, 9H). *C NMR (100 MHz, CDCls) 5(ppm)
=174.2,154.8, 153.1, 149.1, 138.7, 135.06, 129.8, 129.6, 129.5, 128.9, 128.7,
126.3, 124.4, 114.7, 84.2, 83.0, 80.9, 72.3, 28.1, 28.0, 27.7, 21.0. IR (KBr):
3338, 2979, 2932, 1778, 1730, 1479, 1466, 1368, 1346, 1290, 1248, 1153,
758. HRMS (ESI) calcd for CsoH3oN3O7 (M+H)* 554.2866, found 554.2858.
[a]?"%5 = +32.5 (c 1.8, CHCI3) HPLC (Daicel Chiralpak AD-H / AD, i-PrOH /
Hexane=10 : 90, 220 nm, 1.0 mL/min): major 23.8 min, minor 39.2 min.

Enantiomeric excess: 81%.

(S)-Di-tert-butyl 1-(1-(tert-butoxycarbonyl)-3-(4-methoxyphenyl)-2-oxoindolin-

3-yl)hydrazine-1,2-dicarboxylate (3m).

Boc White solid, m.p. 82-85°C. 85% vyield. *H NMR (400 MHz,

CDCl3) 8(ppm) = 8.24 (d, J = 6.8 Hz, 1H), 7.79 (d, J = 8.0 Hz, 1H), 7.46 (d, J =
s12



8.4 Hz, 2H), 7.27-7.36 (m, 2H), 6.81 (d, J = 8.8 Hz, 2H), 6.31 (s, 1H), 3.77 (s,
3H), 1.60 (s, 9H), 1.31 (s, 9H), 1.19 (s, 9H). **C NMR (100 MHz, CDCls) 3(ppm)
= 174.3, 159.8, 154.8, 153.0, 149.1, 138.6, 131.1, 129.6, 128.7, 126.3, 124.6,
124.4, 114.7, 113.5, 84.2, 83.0, 80.9, 72.0, 55.3, 28.1, 28.0, 27.7. IR (KBr):
3339, 2979, 2933, 1777, 1731, 1609, 1511, 1479, 1393, 1368, 1298, 1251,
1153, 1058, 833, 757. HRMS (ESI) calcd for CasHa1N3O7 (M+H)" 570.2815,
found 570.2810. [a]**“p = +38.7 (c 2.1, CHCI3) HPLC (Daicel Chiralpak AD-H /
AD, i-PrOH / Hexane=10 : 90, 220 nm, 1.0 mL/min): major 33.3 min, minor

49.0 min. Enantiomeric excess: 95%.

(S)-Diethyl 1-(1-(tert-butoxycarbonyl)-2-oxo-3-(p-tolyl)indolin-3-yl)hydrazine-
1,2-dicarboxylate (3n).

O !\lHCOOEt

«NCOOEt

(L
N

Boc White solid, m.p. 88-90°C. 90% yield. *H NMR (400 MHz,
CDCls) 3(ppm) = 8.14 (d, J = 7.2 Hz, 1H), 7.82 (d, J = 8.0 Hz, 1H), 7.42 (d, J =

8.0 Hz, 2H), 7.35 (t, J = 7.2 Hz, 1H), 7.27-7.32 (m, 1H), 7.12 (d, J = 8.0 Hz, 2H),
6.54 (s, 1H), 4.00-4.09 (m, 4H), 2.31 (s, 3H), 1.60 (s, 9H), 1.11 (t, J = 7.2 Hz,
3H), 1.05 (t, J = 7.2 Hz, 3H). *C NMR (100 MHz, CDCls) 8(ppm) = 173.8,
155.8, 154.4, 149.0, 139.1, 138.9, 129.6, 129.4, 129.1, 129.0, 128.2, 126.4,
124.4, 114.8, 84.3, 72.4, 63.1, 61.9, 28.1, 21.0, 14.3, 13.9. IR (KBr): 3316,

2981, 2934, 1731, 1606, 1511, 1479, 1466, 1372, 1344, 1289, 1253, 1151,

s13



1064, 834, 758, 405. HRMS (ESI) calcd for CxsHz1N30; (M+Na)* 520.2060,
found 520.0441. [a]?®", = +46.4 (c 0.8, CHCI3) HPLC (Daicel Chiralpak AD-H,
i-PrOH / Hexane=10 : 90, 220 nm, 1.0 mL/min): major 14.9 min, minor 55.3

min. Enantiomeric excess: 81%.

(S)-Diethyl 1-(1-(tert-butoxycarbonyl)-3-(4-(tert-butyl)phenyl)-2-oxoindolin-

3-yl)hydrazine-1,2-dicarboxylate (30).

!\JHCOOEt
~NCOOEt

Boc White solid, m.p. 87-88°C. 82% vyield. *H NMR (400 MHz,
CDCl3) 5(ppm) = 8.16 (d, J = 7.2 Hz, 1H), 7.81 (d, J = 8.0 Hz, 1H), 7.47 (d, J =
8.4 Hz, 2H), 7.32-7.35 (m, 3H), 7.28-7.29 (br, 1H), 6.48 (s, 1H), 4.00-4.04 (m,
4H), 1.60 (s, 9H), 1.27 (s, 9H), 1.04-1.08 (m, 6H). **C NMR (100 MHz, CDCls)
S(ppm) = 173.8, 155.7, 154.5, 152.2, 149.1, 139.0, 129.5, 129.2, 129.1, 128.4,
126.4, 125.2, 124.4, 114.9, 84.3, 72.4, 63.0, 61.8, 34.6, 31.2, 28.1, 14.4, 13.9.
IR (KBr): 3316, 2963, 2929, 1731, 1479, 1466, 1371, 1344, 1290, 1249, 1152,
1091, 1018, 758. HRMS (ESI) calcd for CagH37N307 (M+Na)* 562.2529, found
562.2506. [a]**°, = +4.6 (¢ 0.3, CHCIs) HPLC (Daicel Chiralpak AD-H, i-PrOH /
Hexane=10 : 90, 220 nm, 1.0 mL/min): major 6.1 min, minor 8.8 min.

Enantiomeric excess: 87%.
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(S)-Diethyl 1-(1-(tert-butoxycarbonyl)-3-(3-methoxyphenyl)-2-oxoindolin-3-yl)-

hydrazine-1,2-dicarboxylate (3p).

NHCOOEt
. NCOOEt

Boc White solid, m.p. 82-84°C. 86% yield. 'H NMR (400 MHz,
CDCl3) 8(ppm) = 8.13 (d, J = 7.2 Hz, 1H), 7.82 (d, J = 8.0 Hz, 1H), 7.36 (t, J =
7.6 Hz, 1H), 7.21-7.39 (m, 2H), 7.12-7.14 (br, 2H), 6.85-6.87 (br, 1H), 6.61 (s,
1H), 4.02-4.10 (m, 4H), 3.75 (s, 3H), 1.60 (s, 9H), 1.12 (t, J = 7.2 Hz, 3H), 1.06
(t, J = 7.2 Hz, 3H). **C NMR (100 MHz, CDCl3) 3(ppm) = 173.5, 159.5, 154.4,
149.0, 139.1, 134.1, 129.2, 126.4, 122.0, 115.5, 114.9, 114.7, 84.4, 77.3, 76.8,
72.5,63.1, 62.0, 55.3, 28.1, 14.3, 13.9. IR (KBr): 3311, 2981, 2940, 1731, 1601,
1466, 1343, 1251, 1151, 757. HRMS (ESI) calcd for CasH31N3Og (M+Na)*
536.2009, found 536.2004. [a]®“%, +64.5 (c 2.1, CHCIl;) HPLC (Daicel
Chiralpak AD-H, i-PrOH / Hexane=10 : 90, 220 nm, 1.0 mL/min): major 13.6

min, minor 21.2 min. Enantiomeric excess: 87%.

(S)-Di-tert-butyl 1-(1-(tert-butoxycarbonyl)-3-(4-fluorophenyl)-2-oxoindolin-

3-yl)hydrazine-1,2-dicarboxylate (3q).

[\lHBoc
NBoc

N
Boc White solid, m.p. 83-85°C. 87% yield. "H NMR (400 MHz,
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CDCls) 8(ppm) = 8.24 (d, J = 7.2 Hz, 1H), 7.80 (d, J = 8.0 Hz, 1H), 7.52-7.56
(m, 2H), 7.37 (t, J = 7.2 Hz, 1H), 7.30 (t, J = 7.2 Hz, 1H), 6.98 (t, J = 8.8 Hz,
2H), 6.33 (s, 1H), 1.61(s, 9H), 1.32 (s, 9H), 1.19 (s, 9H). *C NMR (100 MHz,
CDCls) 8(ppm) = 174.1, 162.8 (d, J = 248.2 Hz), 154.8, 153.0, 149.0, 138.7,
131.8 (d, J = 8.3 Hz), 129.1, 129.0, 128.7 (d, J = 2.8 Hz), 126.3, 124.6, 115.1
(d, J =24.5Hz), 114.8, 84.4, 83.2, 81.1, 71.8, 28.1, 28.0, 27.7. YF NMR (376
MHz, CDCl3) 8(ppm) = -112.7 (m, 1F). IR (KBr): 3337, 2980, 2933, 1777, 1731,
1605, 1508, 1479, 1369, 1345, 1289, 1153, 1091, 870, 758. HRMS (ESI) calcd
for CpoHasFN3O7 (M+H)* 558.2616, found 558.2611. [0]*"%, = +64.7 (c 1.5,
CHCI3) HPLC (Daicel Chiralpak AD-H / AD, i-PrOH / Hexane=10 : 90, 220 nm,

1.0 mL/min): major 23.1 min, minor 40.4 min. Enantiomeric excess: 95%.

(S)-Diethyl 1-(1-(tert-butoxycarbonyl)-3-(4-fluorophenyl)-2-oxoindolin-3-yl)-

hydrazine-1,2-dicarboxylate (3r).

[\lHCOOEt
«NCOOEt

Boc White solid, m.p. 134-136°C. 89% yield. *H NMR (400 MHz,
CDCls) 5(ppm) = 8.16 (d, J = 7.2 Hz, 1H), 7.84 (d, J = 8.0 Hz, 1H), 7.53-7.57
(br, 2H), 7.38 (t, J = 7.6 Hz, 1H), 7.29-7.31 (br, 1H), 7.00 (t, J = 8.4 Hz, 2H),
6.61 (s, 1H), 4.01-4.08 (m, 4H), 1.60 (s, 9H), 1.13 (t, J = 7.2 Hz, 3H), 1.05 (t,
J=7.2 Hz, 3H). **C NMR (100 MHz, CDCls) 5(ppm ) = 173.7, 163.0 (d, J =

248.6), 154.3, 148.9, 139.0, 131.8 (d, J = 8.4 Hz), 129.3, 128.2 (d, J = 3.3 Hz),
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127.9, 126.4, 124.6, 115.3 (d, J = 21.5 Hz), 115.0, 84.5, 71.9, 63.2, 62.1, 28.0,
14.4, 13.9. F NMR (376 MHz, CDCls) 8(ppm) = -112.2 (m, 1F). IR (KBr): 3314,
2982, 2933, 1731, 1605, 1509, 1479, 1467, 1372, 1343, 1248, 1151, 1064,
837, 759, 520. HRMS (ESI) calcd for CasHzgFN3O7 (M+Na)* 524.1809, found
524.1795. [a]*®*5 = +57.0 (¢ 1.4, CHCIs) HPLC (Daicel Chiralpak AD-H, i-PrOH
/ Hexane=10 : 90, 220 nm, 1.0 mL/min): major 10.1 min, minor 49.7 min.

Enantiomeric excess: 85%.

(S)-Di-tert-butyl1-(1-(tert-butoxycarbonyl)-3-(4-fluorophenyl)-5-methyl-2-oxo-

indolin-3-yl)hydrazine-1,2-dicarboxylate (3s).

Boc White solid, m.p. 87-89°C. 85% yield. *H NMR (400 MHz,
CDCls) 8(ppm) = 7.98 (s, 1H), 7.67 (d, J = 8.0 Hz, 1H), 7.54 (br, 2H), 7.15 (d, J
= 8.0 Hz, 1H), 6.98 (t, J = 8.0 Hz, 2H), 6.32 (s, 1H), 2.45 (s, 3H), 1.60 (s, 9H),
1.32 (s, 9H), 1.20 (s, 9H). **C NMR (100 MHz, CDCls) 5(ppm) = 174.3, 162.8
(d, J = 248.2 Hz), 154.7, 153.1, 149.0, 136.3, 134.2, 131.7 (d, J = 8.4Hz),
129.5,129.2, 129.0 (d, J = 3.4 Hz), 126.5, 115.0 (d, J = 21.3 Hz), 114.7, 84.2,
83.2, 81.0, 72.0, 28.1, 28.0, 27.7, 21.3. *°F NMR (376 MHz, CDCl3) 3(ppm) =
-113.0 (m, 1F). IR (KBr): 3335, 2981, 2934, 1731, 1508, 1491, 1369, 1336,
1246, 1154, 1101, 839, 758, 412. HRMS (ESI) calcd for CgoH3gFN3O7 (M+H)"

572.2772, found 572.2767. [a]?3 = +76.3 (c 2.2, CHCl;) HPLC (Daicel
s17



Chiralpak AD-H, i-PrOH/Hexane=10 : 90, 220 nm, 1.0 mL/min): major 16.5 min,

minor 26.8 min. Enantiomeric excess: 98%.

(S)-Di-tert-butyl 1-(1-(tert-butoxycarbonyl)-5-methyl-2-oxo-3-(p-tolyl)indolin-

3-yl)hydrazine-1,2-dicarboxylate (3t)

[\lHBoc
~NBoc

Boo White solid, m.p. 66-69°C. 86% yield. *H NMR (400 MHz,
CDCl3) 5(ppm) = 7.96 (s, 1H), 7.64 (d, J = 8.0 Hz, 1H), 7.42 (d, J = 8.0 Hz, 2H),
7.09-7.14 (m, 3H), 6.29 (s, 1H), 2.44 (s, 3H), 2.30 (s, 3H), 1.59 (s, 9H), 1.30 (s,
9H), 1.19 (s, 9H). *C NMR (100 MHz, CDCls) d(ppm) = 174.5, 154.7, 153.3,
149.1, 138.6, 136.3, 134.0, 130.2, 129.5, 129.2, 128.9, 126.5, 114.9, 114.6,
84.0, 83.0, 80.7, 72.5, 28.1, 28.0, 27.7, 21.4, 21.0. IR (KBr): 3322, 2979, 2930,
1778, 1729, 1511, 1491, 1368, 1337, 1246, 1154, 1058, 755. HRMS (ESI)
calcd for Ca1HaN3O7 (M+H)* 568.3023, found 568.3017. [a]**°, = +65.3 (c 2.5,
CHCI3) HPLC (Daicel Chiralpak AD-H, i-PrOH/Hexane=10 : 90, 220 nm, 1.0

mL/min): major 14.5 min, minor 24.7 min. Enantiomeric excess: 96%.

(S)-Diethyl 1-(1-(tert-butoxycarbonyl)-3-methyl-2-oxoindolin-3-yl)hydrazine-

1,2-dicarboxylate (3u)
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.COOEt
HN

N-COOEt
Crp

Boc White solid, 72% yield. *H NMR (400 MHz, CDCI3): 5(ppm)
=7.82(d, J=8.4 Hz, 2H), 7.30 (t, J = 7.6 Hz, 1H), 7.18 (t, J = 7.6 Hz, 1H), 6.94
(s, 1H), 4.27-4.31 (m, 2H), 3.95-3.99 (m, 2H), 1.65 (s, 9H), 1.55 (s, 3H), 1.34 (t,
J = 7.2 Hz, 3H), 1.00 (br, 3H). HRMS (ESI) calcd for CaoHz;N3O7 (M+H)*
422.1922, found 422.1925. [a]?*®,= 0 (¢ 2.5, CHCIl3) HPLC (Daicel Chiralpak

AD-H, i-PrOH/Hexane=10 : 90, 220 nm, 1.0 mL/min): major 6.4 min, minor

10.0 min. Enantiomeric excess: 0%.

Transformation of product 5

H EtOOC H
Ph HN-N- Phe N"Nscoort
COOEt __,
O DCM 0
N N
Boc H
3a 5

(S)-Diethyl 1-(2-oxo-3-phenylindolin-3-yl)hydrazine-1,2-dicarboxylate (5). To a
solution of 3a (48.3 mg, 0.1 mmol) in CH,Cl, (5 mL) was added CF3;CO.H (0.7
mL, 10 mmol) at 0 °C. Reaction mixture was allowed to warm up to
temperature and stirred for 2 h. Saturated Na,CO3; aqueous solution (10 mL)
was added to quench the reaction, and the resulting mixture was extracted
with CH,Cl, (10 mL x 3) and the combined organic layer was washed by brine
(20 mL). The combined organic extracts were dried over Na,SO,. After the

removal of solvent, the crude product was purified by flash column
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chromatography (hexane/acetone = 1:1 ) to give 5 in 85% vyield.*H NMR (400
MHz, CDCls) 8(ppm) = 8.14 (s, 1H), 8.06 (d, J = 7.6 Hz, 1H), 7.62(br, 2H), 7.30
(t, J=3.2 Hz, 3H), 7.23 (d, J = 7.6 Hz, 1H), 7.14 (t, J = 7.2 Hz, 3H), 6.81 (d, J =
7.6 Hz, 1H), 6.74 (s, 1H), 3.97-4.08 (m, 4H), 1.10 (t, J = 7.2 Hz, 3H), 1.03 (t, J
= 7.2 Hz, 3H). ¥C NMR (100 MHz, CDCl3) &(ppm) = 177.5, 155.9, 154.7,
140.4, 133.1, 129.5, 129.0, 128.9, 128.3, 128.2, 127.1, 122.6, 110.0, 72.7,
63.0, 61.9, 14.3, 14.0. IR (KBr): 3288, 2982, 2931, 1727, 1620, 1472, 1406,
1377, 1341, 1243, 1097, 1061, 1021, 758, 699. HRMS (ESI) calcd for
CaoH21N3Os (M+Na)* 406.1379, found 506.1895. [a]*°®, = +102.3 (c 0.5,
CHCI3) HPLC (Daicel Chiralpak 1A, i-PrOH/Hexane=30:70, 214 nm, 0.7

mL/min): major 14.2 min, minor 10.9 min. Enantiomeric excess: 96%.
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Total 49937810 634862 100000 1 00000
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Peald# Ret Time Area Height Area % Height %6
1 B.757 46393404 1244194 40.942 61.743
2 14.708 46501695 770911 50,058 3B.257
Total 92R95189 2015105 100,000 100.000
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1 B.778 BIRSTRI9 2232793 93450 94.751
2 14.341 5807272 123701 6.550 5.249
Total BR665091 2356494 100,000 100.000
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Detector A Chl 220nm
Peaks Ret Time Area Height Area % Height %
1 9.506 22504660 621001 50,009 69.567
2 17.321 22496519 271661 49.991 30.433
Taotal 45001178 892662 100,000 100.000
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1 9.443 112516207 2986054 94.767 97.066
2 17.111 6212942 90264 5.233 2.934
Total 118729149 3076318 100,000 100,000
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PeakTable
Detector A Chl 220nm
Peak# Ret. Time Area Height Area % Height %
1 7.576 15121633 339302 50.090 39.735
2 10.782 15067024 514612 49.910 60.263
Tota ID18R65T 253014 100.000 100.000
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PeakTable
Detector A Chl 220nm
Peak# Ret. Time Area Height Area % Height %
1 7.531 120465199 2637383 93413 89.576
2 10.698 8494258 306938 6.587 10.424
Tatal 128959456 2944521 100.000 100.000
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1 23315 21773663 125947 50.102 54.557
2 38412 21684809 108238 49.898 45.443
Tota 43458472 238185 100.000 100,000
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Peak# Ret. Time Area Height Area % Height %
1 23811 61165017 327735 90.360 91.082
2 39382 6524984 32090 9640 918
Total 67690001 350845 100000 100.000
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Peak# Rei. Time Area Height Area % Height %%
1 33.180 43046283 97304 50.495 34.497
2 48.811 42202533 185712 49.505 65.503
Total 85248816 283517 100,000 100.000
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1 33.339 110287628 247599 97.207 94442
2 48.996 3168805 14573 2.793 5.558
Total 113456433 262172 100000 100.000
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PeakTable
Detector A Chl 220nm
Peak# Ret. Time Area Height Area % Height %
1 14.854 19372119 221482 49.904 67.119
2 55.288 19446710 108501 50.096 32881
Total 18818820 329983 100.000 100.000
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Peak# Ret. Time Area Height Area % Height %%
1 14.871 70380231 210317 90.655 94.899
2 55.336 7255430 43557 9.345 5.101
Total 77635660 833874 100.000 100.000
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1 6184 41016557 2083283 50.205 55.028
2 8.761 AD6R0RTT 1702548 49.795 44.972
Total 81697434 3785830 100.000 100000
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1 DetA Ch1/220nm
PeakTable
Detector A Chl 220nin
Peak# Ret. Time Area Height Area % Height %
1 14436 13070480 207122 49976 61.336
2 24.610 13083295 130563 50.024 18.664
Tota 26153775 337686 100.000 100.000
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1 DetA Ch1/220nm
PeakTable
Detector A Chl 220nm
Peak# Ret. Time Area Height Area %o Height %
1 13.588 186306141 3233417 93.352 93.698
2 21.199 13267508 217598 6.648 6302
Total 199573650 3453015 1040000 100.000
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PeakTable
Detector A Chl 220nm
Peak# Ret. Time Area Height Area % Height %
1 23.279 22492093 127339 50.078 55.128
2 40917 22421704 103647 49.922 44872
Total 44913796 230986 100.000 100.000
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Total 56535682 335295 100.000 100.000
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0 10 20 30 40 50
min
1 Det.A Ch1/220nm
Peak Table
Detector A Chl 220nm
Peak# Ret. Time Area Height Area % Height %
1 10.106 22795755 494762 50.185 79.504
2 49.044 22628097 127545 49.815 20.496
Total 45423852 622307 100.000 100000
EA\jgwi2-44 lcd
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0 10 20 30 40 50
min
1 DetA Ch1/220nm
PeakTable
Detector A Chl 220nm
Peak# Ret. Time Area Height Area %o Height %
1 10.113 68532857 1459799 92.568 97.740
2 49.690 5501922 33761 7.432 2.260
Total 74034779 1493560 100,000 100.000
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PeakTable
Detector A Chl 220nm
Peak# Ret. Time Area Height Area % Height %%
1 16.423 11657586 45302 50.276 57.319
2 26.546 11529452 33732 49.724 42681
Total 23187038 79034 100.000 100.000
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PeakTable
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Total 32580930 145169 100000 100,000

25

30

min

s61



E\jqw\5-T0-16.lcd

mV
500+ o Det.A Ch1
400
300
200
100
7 ™~
] =
0] T de L
— T —— 7 T T T T T
0 5 10 15 20 25 30 35
min
1 Det.A Ch1/220nm
PeakTable
Detector A Chl 220nm
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Total Q0879623 496188 100,000 100000
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PeakTable
Detector A Chl 220nm
Peak# Ret. Time Area Height Arca % Height %
1 6.267 40829965 1335498 49.702 41.574
2 9.786 41319075 1876874 50.298 58426
Total 82149040 3212372 100.000 100.000
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Detector A Chl 220nm
Peak# Ret. Time Area Hedght Area % Height %%
1 6.387 9398527 327604 50.083 42391
2 10.005 9367452 445209 49017 57.600
Total 18765980 772813 100.000 100.000
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Operator:GC Timebase:U3000 Sequence:WXL-2

Page 1-1

2014/10/23 914 k%

1880 JQW-3-7+- IA 73 214 0.7

Sample Name: JQW-3-7+- 1A 73 214 0.7 Injection Volume. 5.0
Vial Number: RE1 Channel. UV_VIs_1
Sample Type unknown Wavelength: 214
Control Program:  WXL-2014 Bandwidth: n.a.
Quantif. Method: WXL Dilution Factor: 1.0000
Recording Time.  2014/10/22 16:27 Sample Weight: 1.0000
Run Time (min): 25.35 Sample Amount: 1.0000
180-YUXL-2 #1880 [modified by GC] JOW-3-7+- 147321407 Uv_vIS_1
mAU WVL 214 nm]
1-10880 ol 14147
1601
140~
120+ ‘
1004
w‘ ‘
60+
>3
e |
. | ol B |
T Ll
00 25 50 75 100 125 150 175 00 225 263
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU___ mAU'min___ %
1 1088 na 169806 73957 4831 na MmB*
2 14.15 n.a. 167.387  79.135  51.69 na__ BMB*
Total: 337193 153.093 100.00 0.000
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1881 JQW-3-7 1A 73 214 0.7

Sample Name JQW-3-7 1A 73 214 0.7 Injection Volume 5.0
Vial Number: RE2 Channel. Uv_VvIs_1
Sample Type unknown Wavelength 214
Control Program:  WXL-2014 Bandwidth: n.a.
Quantif. Method: WXL Dilution Factor: 1.0000
Recording Time:  2014/10/22 16:55 Sample Weight 1.0000
Run Time (min): 1712 Sample Amount: 1.0000
500-WXL-2 #1881 [modiied by GC] JOW-3-7 1A 73214 0.7 uv_\IS 1
WVL 214 nm|
2-14.180
A
5004 [
\
400 ‘I
o ‘
l
l
100~ |
' \
110927 / \
[} A - .
=100- T T T T Y T T e
00 20 40 60 80 100 120 140 171
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU __ mAU‘min %
1 10.93 na. 10.321 5066 197 na MB*
2 14.18 na. 535506 251494 98.03 na BMB*
Total: 545827 256.560 100.00 0.000
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