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1. General: NMR spectra were recorded on a JEOL JNM-LAS500 or ECX500 spectrometer, operating at 500
MHz for '"H-NMR, 125.65 MHz for *C-NMR, and 202.35 MHz for *'P-NMR. Chemical shifts were reported
in ppm on the & scale relative to TMS (8 = 0) for 'H-NMR, to residual CHCl; (8 = 77.0) for *C-NMR as
internal references, or to H;PO, (8 = 0) for *'P-NMR as an external standard, unless otherwise mentioned.
Infrared (IR) spectra were recorded on a JASCO FT/IR 410 Fourier transform infrared spectrophotometer. ESI
mass spectra were measured on Waters-ZQ4000. FAB mass spectra were measured on a JEOL JMS-BU20
GCmate or a JEOL JMS-700V. Optical rotations were measured on a JASCO P-1010 polarimeter. Column
chromatographies were performed with silica gel Merck 60 (230-400 mesh ASTM) or neutral silica gel
KANTO CHEMICAL 60N (spherical, neutral, 40—100 zm). The enantiomeric excess (ee) was determined by
HPLC analysis. HPLC analysis was performed on JASCO HPLC systems consisting of the following: pump,
880-PU or PU-980; detector, 875-UV or UV-970, measured at 254 nm; mobile phase, hexane/2-propanol. In
general, reactions were carried out in dry solvents under an argon atmosphere, unless noted otherwise. Normal
glassware can be used to conduct the reactions in this manuscript. CuF<3PPh;*2EtOH and
CuF+3P(C¢H,—p—F);*2EtOH were synthesized following the reported procedure.'

2. Synthesis and Characterization of N-DMTr-Protected Isatin Substrates
1-(4,4’-Dimethoxytrityl)-isatin (7a): NaH (660 mg, 16.5 mmol; 60 wt% in mineral oil) was added
9] portionwise to a solution of isatin (2.2 g, 15.0 mmol) in DMF (40 mL) at 0 °C, and the
resulting mixture was stirred for 20 min at room temperature. 4,4’—Dimethoxytrityl chloride
@&O (6.1 g, 18 mmol) was added, and the mixture was stirred for 4 h at 30 °C. After cooling to
N room temperature, the reaction mixture was diluted with ethyl acetate. The organic layer was
I:l)MTr washed with water, dried over MgSQy, filtered, and concentrated under vacuum. The crude
mixture was purified by silica gel chlomatography (Hexane/AcOEt = 4/1), affording 7a as

yellow solid (82% yield).

Mp: 145 °C; "H NMR (CDCl;) 8: 3.74 (s, 6H), 6.37 (d, J = 8.3 Hz, 1H), 6.77 (d, J = 8.9 Hz, 4H), 6.96 (dd, J =
7.6 Hz, 7.4 Hz, 1H), 7.15-7.25 (m, 4H), 7.32 (d, /= 8.9 Hz, 4H), 7.37 (d, /= 7.4 Hz, 2H), 7.55 (d, /= 7.6 Hz,
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1H); >C NMR (CDCLy) &: 55.1, 74.7, 113.1, 117.7, 118.9, 123.1, 124.5, 127.0, 127.8, 128.9, 130.5, 133.2,
136.6, 141.8, 152.4, 158.5, 159.2, 183.0; IR (neat): 1739, 1608, 1509, 1462, 1307, 1254, 1181; LRMS: 472.3
(M+Na)"; HRMS Calcd for C,0H,4NO," 450.1700. Found 450.1699.
1-(4,4’-Dimethoxytrityl)-5—chloroisatin (7b): This was synthesized from 5-chloroisatin. Orange solid, 85%
O yield. Mp: 100 °C; '"H NMR (CDCls) 8:3.74 (s, 6H), 6.32 (d, J= 14.7 Hz, 1H), 6.77 (d,
Cl J=10.3 Hz, 4H), 7.13 (d, J = 7.7 Hz, 1H), 7.19-7.35 (m, 9H), 7.49 (s, 1H); *C NMR
N O (CDCl;) &: 53.8, 73.6, 111.9, 117.6, 118.4, 122.8, 125.8, 126.5, 127.5, 127.8, 129.1,
| 131.5, 134.7, 140.0, 149.4, 157.2, 180.7; IR (neat): 1741, 1606, 1508, 1254, 1180,
DMTr 1034; LRMS: 506.2 (M+Na)'; HRMS Calcd for CyH3CINO," 484.1310. Found
484.1320.
1-(4,4-Dimethoxytrityl)-5—methoxyisatin (7c): This was synthesized from 5-methoxyisatin. Red
o) Solid, 80% yield. Mp: 113 °C; 'H NMR (CDCl;) &: 3.69 (s, 3H), 3.73 (s, 6H), 6.30
MeO (d, J=8.9 Hz, 1H), 6.78 (d, J=9.2 Hz, 5H), 7.08 (d, J= 2.8 Hz, 1H), 7.21-7.25 (m,
wO 3H), 7.34 (d, /= 8.9 Hz, 4H), 7.39 (d, J= 8.3 Hz 2H); *C NMR (CDCl;) 8: 14.0, 20.9,
N 55.0, 55.6, 60.2, 74.5, 107.7, 112.8, 118.6, 119.3, 123.5, 126.9, 127.4, 128.8, 130.4,
I:l)MTr 133.2, 141.8, 146.2, 155.5, 158.4, 159.2, 170.9, 183.2; IR (neat): 1738, 1608, 1508,
1488, 1295, 1253, 1180; LRMS: 502.3(M+Na)"; HRMS Calcd for C;0H,NOs"
480.1805. Found 480.1832.
1-(4,4’>-Dimethoxytrityl)-5-methylisatin (7d): This was synthesized from 5-methylisatin. Yellow solid,
0 88% yield. Mp: 150 °C; "H NMR (CDCl) &: 2.15 (s, 3H), 3.74 (s, 6H), 6.26 (d, J =
Me 8.2 Hz, 1H), 6.77 (d,J=9.2 Hz, 4H), 6.99 (dd, /= 8.5 Hz, 7.4 Hz, 1H), 7.18-7.26 (m,
\©j/€:0 3H), 7.32 (d,J=9.2 Hz, 4H), 7.37-7.39 (m, 3H); *C NMR (CDCl;) 8: 18.9, 53.7, 73.2,
N 111.7, 116.1, 117.6, 123.3, 125.6, 126.4, 127.5, 129.1, 131.5, 132.0, 136.0, 140.5,
| 148.9, 157.1, 158.0, 181.9; IR (neat): 1736, 1622, 1509, 1487, 1303, 1254, 1181;
DMTr [ RMS: 486.3 (M+Na)"; HRMS Calcd for CsHaNO,™ 464.1856. Found 464.1878.
1-(4,4’-Dimethoxytrityl)-6—chloroisatin (7¢): This was synthesized from 6-chloroisatin. Yellow solid, 88%
o yield. Mp: 101 °C; "H NMR (CDCl;) &: 3.74 (s, 6H), 6.36 (s, 1H), 6.83 (d, J= 8.9 Hz,
4H), 6.98 (d, J = 8.3 Hz, 1H), 7.22-7.39 (m, 9H), 7.51 (d, J = 8.3 Hz, 1H); °C NMR
/@E/gzo (CDCl,) &: 55.1, 75.0, 113.0, 113.2, 117.1, 118.0, 123.5, 125.4, 127.2, 127.9, 128.7,
N 129.0, 130.4, 132.8, 141.3, 143.0, 153.2, 158.6, 159.1, 181.5; IR (neat): 1743, 1607,
1508, 1254, 1180; LRMS: 506.2 (M+Na)"; HRMS Calcd for C,0H,;CINO," 484.1310.
DMTr
Found 484.1317.

3. Synthesis of Chiral Ligand 6

o
Br oH 1) Ac,0, Py \[ ]/
©/I© DMAP (cat.) Br >N 1) t-BuLi
Fe  2)26-dimethyl ©/I© 2) Ar,PCl
SN morpholine, Fe  (Ar=3,5-xylyl) Ar,P Fe
MeCN/H,0O
S$1 (>99% ee) S3 6
(R)—(0—(1-2,6—dimethylmorpholinyl)-o—bromophenylmethyl)ferrocene (S3): Prepared following the
procedure reported by Knochel.” To a mixture of pyridine (1.26 mL), alcohol $1 (0.9 g, 2.43 mmol, 1.0 eq.),

and DMAP (cat.), acetic anhydride (0.54 mL, 5.71 mmol, 2.5 eq.) was added at room temperature, and the
mixture was stirred for 30 min. Volatiles were evaporated, then residue was dissolved in an acetonitrile (30
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mL)-water (5 mL) mixed solvent. To the solution, 2,6-dimethylmorpholine (1.1 mL, 12.1 mmol, 5.0 eq.) was
added, and the mixture was stirred at room temperature overnight. The reaction mixture was then concentrated
and extracted with diethyl ether. After washing with water and brine, the organic layer was dried over Na,SO,.
Extract was filtered off and evaporated, and the crude product was purified by short pad silica gel
chromatography (eluent: AcOEt/hexane=1/10 to 1/5) to give the amine S3 as orange crystals in ca. 88% yield
(not completely pure). "HNMR (CDCl) 6: 0.94 (s, 3H), 0.97 (s, 3H), 1.58 (m, 3H), 2.35 (d,J=11.0 Hz, 1H),
2.43 (d, J=10.7 Hz, 1H), 3.43-3.48 (m, 2H), 4.46 (s, 5H), 4.05-4.08 (m, 3H), 4.15 (s, 1H), 7.09 (m, 1H), 7.31
(m, 1H), 7.57 (d, J="7.9 Hz, 1H), 7.63 (d, J = 7.3 Hz, 1H).
1-(Src)-bis(3,5-xylyl)phsphinyl-2-[(R)-(a-(1-2,6-dimethyl morpholin-yl)-o-bis(3,5-xylyl
phosphinylphenylmethyl)ferrocene (6)

The amine S3 (2.20 g, 4.7 mmol, 1.0 eq.) was dissolved in anhydrous diethyl ether (20 mL) under argon and
cooled to —78 °C. Then, #~-BuLi (1.59 N in pentane, 11.0 mL, 17.5 mmol, 3.7 eq.) was added dropwise. The
mixture was warmed to room temperature and stirred for 1 h. CIPAr, (3.46 g, 12.5 mmol, 2.5 eq.) was added
dropwise at —78 °C, and the mixture was stirred at room temperature overnight. After the addition of NH4Cl
aqueous solution, products were extracted with diethyl ether. The organic layer was washed with brine and
dried over Na,SO,. Extract was filtered off and evaporated, and the crude mixture was purified by silica gel
column chromatography twice (eluent: AcOEt/hexane=1/20 to 1/10) to give ligand 6 as foamy orange solid in
64% yield (1.21 g). Mp: 120 °C; 'H NMR (CDCl;) 8: 0.59 (d, J = 5.8 Hz, 3H), 0.81 (d, J = 6.1 Hz, 3H), 1.29
(brt,J=10.1Hz, 1H), 1.43 (brt,J=10.1 Hz, 1H), 2.03 (s, 6H), 2.15 (s, 12H), 2.23 (s, 6H), 2.46 (d, /J=9.5 Hz,
1H), 2.65 (m, 2H), 3.31 (br, 1H), 3.64 (s, 5H), 3.88 (s, 1H), 4.24 (s, 1H), 4.48 (s, 1H), 5.71 (d,J=9.2 Hz, 1H),
6.54 (d, J= 6.7 Hz, 2H), 6.60 (s, 1H), 6.77-7.17 (m, 12H), 7.78 (s, 1H); °C NMR (CDCl5) &: 18.7, 19.1, 21.3,
57.0,58.4,65.1,68.1,70.0,71.2,71.4,71.8,73.9 (d,J=17 Hz), 98.1 (d, /=23 Hz), 126.5, 127.9, 129.1, 129.9,
130.2, 130.3, 130.4, 130.9, 131.4, 131.5, 131.8, 132.0, 134.6, 136.5, 136.5, 136.9, 137.0, 137.4, 137.4, 137.5,
138.6, 138.8, 138.8, 139.1, 139.1 (multiple peaks due to coupling with 31P); 3P NMR (CDCly) 0: -28.0,-22.1;
IR (neat): 3446, 2970, 1457, 1125, 1085; LRMS: 870.4 (M+Na)"; HRMS Calcd for CssHs,FeNOP," 870.3651.
Found 870.3632, [a]*°p +194.0 (¢ = 0.83, CHCl;).

4. Catalytic Enantioselective Intermolecular Alkenylation and Arylation of Isatins
A typical procedure (Table 2, entry 1): A solution of CuF<3P(CsHs—p—F);*2EtOH (0.010 mmol), ligand 6
(0.014 mmol), ZnF, (0.03 mmol), and protected isatin 7a (0.2 mmol) in toluene (0.24 mL) was stirred at rt for
5 min. To this solution, trimethoxyvinylsilane (9a: 0.4 mmol) was added. After 24 h, TBAF (1 M in THF, 0.3
mL) was added to quench the reaction, and the mixture was stirred at room temperature for 30 min. The
reaction mixture was diluted with ethyl acetate. The organic layer was washed with water, dried over Na,SOy,
filtered, and concentrated under vacuum. The crude mixture was purified by silica gel chromatography (neutral
spherical SiO,, eluent: AcOEt/hexane), and pure 8aa was obtained.
Characterization of Alkenylated and Arylated Products 8
1-(4,4-Dimethoxytrityl)-3-ethenyl-3-hydroxyoxindole (8aa): amorphous; ' H NMR (CDCl;) &: 2.90
(br, 1H), 3.66 (s, 6H), 5.26 (d, J=10.4 Hz, 1H), 5.33 (d, /= 17.1 Hz, 1H), 6.05 (dd, /= 10.4,
17.1 Hz, 1H), 6.22 (d, /= 7.6 Hz, 1H), 6.69 (d, J= 8.0 Hz, 4H), 6.85 (m, 2H), 7.10-7.28 (m,
10H); *C NMR (CDCls) 8: 55.1, 73.6,77.1,112.9, 113.0, 116.3, 116.5, 122.6, 123.9, 126.7,
127.6,128.2,128.8, 129.3, 130.5, 133.8, 134.0, 137.2, 142.4, 143.2, 158.2, 178.8; IR (neat):
v 3420, 1732, 1608, 1509, 1464, 1306, 1254, 1181, 1033 cm '; LRMS m/z: 500.3 (M+Na)";
DMTr HRMS Calcd for C3H,NO," 478.2013. Found 478.2007; HPLC: DAICEL CHIRALPAK
AD-H, hexane/2-propanol = 9/1, detection at 254 nm, 1.0 mL/min, tg 19.0 min (minor), 37.0 min (major);
[a]*p +45.6 (c = 2.9, CH,Cl,) (90% ee).
1-(4,4’-Dimethoxytrityl)-5—chloro-3-ethenyl-3-hydroxyoxindole (8ba): amorphous; 'H NMR (CDCls)
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8:2.90 (s, 1H), 3.69 (s, 6H), 5.31 (d, /= 10.4 Hz, 1H), 5.36 (d, /= 17.1 Hz, 1H), 5.95
(dd, J=10.4 Hz, 17.1 Hz, 1H), 6.15 (d, J= 8.6 Hz, 1H), 6.71 (d, J= 8.9 Hz, 4H), 6.81
(dd, J=2.2, 8.9 Hz, 1H), 7.11-7.25 (m, 10H); *C NMR (CDCl;) &: 55.1, 73.8, 113.1,
113.1, 117.0, 117.3, 124.3, 126.9, 127.8, 128.2, 128.3, 128.8, 130.4, 131.0, 133.4,
DMTr 136.7,141.7,142.1,158.4, 178.3;; IR (neat): 3425, 1733, 1607, 1508, 1470, 1254, 1180,
1033 cm'; LRMS m/z: 534.2 (M+Na)"; HRMS Calcd for C3H,;CINO," 512.1623.
Found 512.1642; HPLC: DAICEL CHIRALPAK AD-H, hexane/2-propanol 9/1, detection at 254 nm, 1.0
mL/min, ty 14.8 min (minor), 24.0 min (major); [a]*’p +54.8 (¢ = 1.9, CH,Cl,) (86% ee).
1-(4,4-Dimethoxytrityl)-5-methoxy—3-ethenyl-3-hydroxyoxindole (8ca): amorphous; 'H NMR
(CDCly) &: 3.62 (s, 3H), 3.67 (s, 6H), 5.27 (d,J=10.4 Hz, 1H), 5.35 (d, /= 17.1 Hz,
1H), 5.98 (dd, /= 10.4 Hz, 17.1 Hz, 1H), 6.11 (d, /= 8.9 Hz, 1H), 6.38 (dd, /=2.8,
8.9 Hz, 1H), 6.69 (d, J = 8.3 Hz, 4H), 6.79 (d, /= 2.8 Hz, 1H), 7.09-7.18 (m, 3H),
7.22 (m, 4H), 7.27 (d, J = 7.7 Hz, 2H); >C NMR (CDCl;) &: 55.1, 55.5, 73.5, 77.4,
109.8, 112.9, 113.0, 113.7, 116.5, 117.1, 126.7, 127.6, 128.9, 130.5, 133.9, 134.1,
DMTr 1362, 1373, 142.5, 155.6, 158.2, 178.6; LRMS m/z: 530.3 (M+Na)"; HRMS Calcd
for C3,H30NOs" 508.2118. Found 508.2121; IR (neat): 3416, 1727, 1607, 1508, 1254, 1181, 1033 cm™'; HPLC:
DAICEL CHIRALPAK AD-H, hexane/2-propanol 9/1, detection at 254 nm, 1.0 mL/min, tg 45.5 min (minor),
70.2 min (major); [a]p +42.1 (c = 3.1, CH,CL) (81% ee).
1-(4,4-Dimethoxytrityl)-5-methyl-3-ethenyl-3-hydroxyoxindole (8da): amorphous; 'H NMR
(CDCly) 6: 2.14 (s, 3H), 2.87 (br, 1H), 3.67 (s, 6H), 5.27 (d, J=10.3 Hz, 1H), 5.35 (d,
J=17.2 Hz, 1H), 5.99 (dd, /= 10.3, 17.2 Hz, 1H), 6.10 (d, /= 8.6 Hz, 1H), 6.65 (d, J
=7.4 Hz, 1H), 6.69 (d, J=9.2 Hz, 4H), 7.02 (br d, /= 2.3 Hz, 1H), 7.10 (m, 1H), 7.16
(t like, J = 7.2 Hz, 2H), 7.22 (m, 4H), 7.27 (d, J = 7.6 Hz, 1H); >C NMR (CDCl,) &:
DMTr 20.7, 55.1, 73.5, 77.2, 112.9, 112.9, 116.1, 116.4, 124.5, 126.7, 127.6, 128.7, 128.9,
129.2, 130.5, 132.3, 133.9, 134.1, 137.3, 140.7, 142.5, 158.2, 178.7; IR (neat): 3426,
1731, 1607, 1508, 1253, 1180, 1033 cm '; LRMS m/z: 514.3 (M+Na)"; HRMS Calcd for C;,H3NO4"
492.2169. Found 492.2151; HPLC: DAICEL CHIRALPAK AD-H, hexane/2-propanol 9/1, detection at 254
nm, 1.0 mL/min, tg 29.0 min (minor), 55.9 min (major); [a.]*°p +43.0 (¢ = 1.3, CH,CL,) (84% ee).
1-(4,4’-Dimethoxytrityl)-6—chloro-3-ethenyl-3-hydroxyoxindole (8ea): amorphous; '"H NMR (CDCl;)
8:2.89 (s, 1H), 3.70 (s, 4H), 5.29 (d, J=10.4 Hz, 1H), 5.32 (d, J= 17.1 Hz, 1H), 5.95
(dd,J=10.4,17.1 Hz, 1H), 6.18 (d,J=1.6 Hz, 1H), 6.72 (dd, /= 1.8, 7.4 Hz, 4H), 6.88
(dd, J = 1.8, 8.0 Hz, 1H), 7.11-7.25 (m, 10H); *C NMR (CDCl;) &: 55.2, 73.9, 76.7,
113.1, 113.2, 116.6, 116.9, 122.7, 124.8, 127.0, 127.7, 127.8, 128.8, 130.4, 133.3,
133.6, 134.0, 136.8, 142.0, 144.4, 158.4, 178.6; IR (neat): 3437, 1737, 1608, 1509,
DMTr 1254, 1180 em™; LRMS m/z: 534.2 (M+Na)'; HRMS Calcd for CsH,,CINO,"
512.1623. Found 512,1613; HPLC: DAICEL CHIRALPAK AD-H, hexane/2-propanol 9/1, detection at 254
nm, 1.0 mL/min, tg 11.3 min (minor), 19.6 min (major); [a.]*°p +63.2 (¢ = 1.6, CH,Cl,) (88% ee).
1-(4,4’-Dimethoxytrityl)-5-methyl-3-hexenyl-3-hydroxyoxindole (8db): amorphous; 'H NMR
ngy (CDCL)8:0.83 (t,J=7.0 Hz, 3H), 1.23-1.34 (m, 4H), 2.04 (q like, /= 7.0 Hz, 2H),
2.15 (s, 3H), 3.68 (s, 6H), 5.62-5.72 (m, 2H), 6.07 (d, /= 8.6 Hz, 1H), 6.63 (d, /= 8.6
Hz, 1H), 6.69 (d, J = 8.9 Hz, 4H), 7.03 (s, 1H), 7.09 (m, 1H), 7.15 (m, 2H), 7.22 (m,
2H), 7.26 (d, J = 7.6 Hz, 2H); >*C NMR (CDCl;) &: 13.9, 20.8, 22.1, 31.1, 31.9, 55.1,
73.3,76.6,112.9,112.9,115.9, 124.4, 126.6, 127.6, 128.5, 128.9, 129.5, 129.9, 130.5,
DMTr 132.0, 132.1, 133.5, 134.0, 134.2, 140.6, 142.6, 158.2, 179.2; IR (neat): 3421, 2929,
1731, 1608, 1509, 1486, 1300, 1253, 1181, 1035 cm ': LRMS m/z: 570.3 (M+Na)";
HRMS Caled for C3HisNO,  148.2795. Found 528.2814; HPLC: DAICEL CHIRALCEL OD-H,

MeO

S-4



hexane/2-propanol 9/1, detection at 254 nm, 1.0 mL/min, tg 5.5 min (minor), 8.9 min (major); [a]*'p +48.3 (c =
2.3, CH,Cl,) (80% ee).
1-(4,4-Dimethoxytrityl)-3-hexenyl-3-hydroxyoxindole (8ab): oil; 'H NMR (CDCl;) &: 0.83 (t, J=7.3
ngy Hz 3H), 1.23-1.34 (m, 4H), 2.05 (q like, /= 7.3 Hz, 2H), 3.70 (s, 6H), 5.66-5.69 (m, 2H),
6.21(d,J=7.9 Hz, 1H), 6.70 (d, /= 8.3 Hz, 4H), 6.84 (dt, /= 1.2, 7.7 Hz, 1H), 6.90 (t, J =
7.0 Hz, 1H), 7.12 (m, 1H), 7.17 (t, J= 7.7 Hz, 2H), 7.23 (m, 5H), 7.27 (d, J= 7.3 Hz, 2H);
O PCNMR (CDCL) 8: 13.9, 22.1, 31.1, 31.9, 55.1, 73.4, 76.6, 112.9, 113.0, 116.2, 122.5,
N 123.8, 126.7, 127.6, 128.0, 128.9, 128.9, 129.4, 130.5, 133.8, 133.9, 134.1, 142.6, 143.1,
IZ|)MTr 158.2, 161.3, 179.3; IR (neat): 1732, 1508, 1254, 1181 cm'; LRMS 556.4 (M+Na)";
HRMS Calcd for C3sH3NO," 534.2639. Found 534.2614; HPLC DAICEL CHIRALCEL
OD-H, hexane/2-propanol 9/1, detection at 254 nm, 1.0 mL/min, tz 8.2 min (minor), 11.7 min (major); [a]*’p
+29.4 (¢ = 0.56, CH,Cl,) (90% ee).
(35)-1—(4,4’-Dimethoxytrityl)-3-phenyl-3-hydroxyoxindole (8ac): colorless oil; '"H NMR (CDCl;) &:
3.12 (br, 1H), 3.69 (s, 6H), 6.30 (m, 1H), 6.69 (m, 4H), 6.89 (m, 2H), 7.10-7.33 (m, 13 H),
7.38 (d, J = 6.9 Hz, 2H); °C NMR (CDCls) &: 55.1, 73.8, 77.7, 113.0, 113.0, 116.4, 122.9,
124.3, 1254, 126.7, 127.7, 128.3, 128.7, 128.8, 130.4, 131.7, 133.9, 134.1, 140.6, 142.5,
143.5, 158.2, 179.4; IR (neat): 3437, 1732, 1607, 1509, 1463, 1254, 1181, 1033 cm;
LRMS m/z 550.3 (M+Na)"; HRMS: Calcd for C3sH3NO," 528.2169. Found 528.2169;
HPLC: DAICEL CHIRALCEL OD-H, hexane/2-propanol 9/1, detection at 254 nm, 1.0
DMTr L /min, t 11.2 min (minor), 19.7 min (major); [o**s +11.7 (¢ = 0.48, CH,Cly) (95% ee).
1-(4, 4’-Dimethoxytrityl)-5—methyl-3-phenyl-3-hydroxyoxindole (8dc): colorless oil; 'H NMR
(CDCls) 6:2.13 (s, 3H), 3.13 (s, 1H), 3.68 (s, 6H), 6.18 (d, /= 8.6 Hz, 1H), 6.69 (m, 5H),
6.99 (s, 1H), 7.10 (m, 1H), 7.15 (t like, J=7.5 Hz, 2H), 7.24 (m, 7H), 7.31 (t,J= 7.4 Hz,
2H), 7.38 (d, J = 6.9 Hz, 2H); *C NMR (CDCl;) 8: 20.8, 55.1, 55.1, 73.8, 77.7, 113.0,
113.0,116.2,124.9,125.3, 126.7, 127.7, 128.2, 128.7, 128.8, 128.8, 130.4, 131.7, 132.6,
134.0,134.2,140.8, 141.0, 142.6, 158.2, 179.3; IR (neat): 3416, 1732, 1607, 1508, 1254,
1182, 1034 cm™'; LRMS m/z 564.4 (M+Na)"; HRMS: Calcd for C3sH3,NO, ™ 542.2326.
DMTr Found 542.2313; HPLC: DAICEL CHIRALCEL OD-H, hexane/2-propanol 9/1,
detection at 254 nm, 1.0 mL/min, tz 9.4 min (minor), 16.1 min (major); [a]*p +21.7 (c = 1.4, CH,Cl,) (96%
ee).
1-(4, 4-Dimethoxytrityl)-5-methyl-3 -naphtyl-3-hydroxyoxindole (8ad): amorphous; 'H NMR
(CDCls) 6: 3.34 (s, 1H), 3.65 (s, 6H), 6.34 (d, /=9.2 Hz, 1H), 6.68 (m, 4H), 6.90 (m,
2H), 7.08-7.15 (m, 3H), 7.12 (m, 1H), 7.24-7.29 (m, 6H), 7.40 (m, 3H), 7.74 (m, 3H),
7.84 (s, 1H); >C NMR (CDCl;) &: 55.1, 73.9, 77.8, 113.0, 113.0, 116.4, 122.9, 123.2,
124.4, 124.5, 126.3, 126.3, 126.7, 127.6, 127.7, 128.3, 128.4, 128.6, 128.8, 130.4,
131.6, 133.0, 133.1, 133.9, 134.0, 137.9, 142.5, 143.5, 158.2, 179.2; IR (neat): 3416,
1732, 1607, 1508, 1463, 1254, 1181, 1033 cm™'; LRMS m/z 600.5 (M+Na)"; HRMS:
DMTr Calcd for C30H;,NO, " 578.2326. Found 578.2306; HPLC: DAICEL CHIRALCEL
OD-H, hexane/2-propanol 9/1, detection at 254 nm, 1.0 mL/min, tz 15.0 min (minor), 21.2 min (major); [a]**p
—35.6 (¢ = 0.9, CH,Cl,) (97% ee).
1-(4,4’-Dimethoxytrityl)-3-(2—chlorophenyl)-3-hydroxyoxindole (8ae): amorphous; 'H NMR
(CDCls) 8: 3.33 (s, 1H), 3.65 (s, 6H), 6.34 (m, 1H), 6.67 (m, 4H), 6.89 (m, 2H), 7.08-7.15
(m, 3H), 7.20 (m, 1H), 7.24-7.29 (m, 4H), 7.39 (m, 3H), 7.74 (m, 3H), 7.84 (s, 1H); °C
NMR (CDCly) &: 55.1, 73.9, 77.2, 77.8, 113.0, 113.1, 116.4, 122.9, 123.2, 124.4, 124.6,
126.3, 126.3, 126.7, 127.6, 127.7, 128.3, 128.4, 128.6, 128.8, 130.4, 131.7, 133.1, 133.1,
133.9, 134.1, 137.9, 142.5, 143.5, 158.2, 179.21R (neat): 1732, 1607, 1508, 1463, 1303,
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1254, 1181, 1110, 1033 cm™'; ; LRMS m/z 584.3 (M+Na)"; HRMS: Calcd for C35sH,sCINO,™ 562.1780. Found
562.1766; HPLC: DAICEL CHIRALCEL OD-H, hexane/2-propanol 9/1, 1.0 mL/min, tg 20.1 min (minor),
28.9 min (major); [a]*'p —35.4 (¢ = 1.1, CH,Cl,) (96% ee).

5. Proposed Catalytic Cycle in the Presence of Additive ZnF,

A plausible catalytic cycle in the presence of catalytic additive ZnF, is proposed in the scheme below. A chiral
CuF complex transfers hard fluoride anion to the silicon atom of aryl- or alkenyltrimethoxyvinylsilane
(RSi(OMe);) to afford ate-complex S4. Transmetalation occurs from S4, generating an organocopper species
S5 and (MeO);SiF. Once S5 is generated, addition of S5 to substrate is fast (based on the previous kinetic
studies®), affording copper alkoxide $6. The catalyst turnover-limiting steps are regeneration of the active
copper species S5 from S6. The additive ZnF, reacts with (MeO);SiF, which is generated in the transmetalation
step (from S4 to S5), and generates a more electrophilic trapping reagent (MeO),SiF, (observed by '’F-NMR?),
than (MeO);SiF. (MeO),SiF, quickly reacts with S6 and generates silicate S7. Because the silicon trap of S6 is
the initiating step of the turnover-limiting regeneration of S5, the overall catalytic cycle is accelerated in the
presence of the reactive trapping reagent, (MeO),SiF,. The fluoride transfer from S7 to a stoichiometric
silicon-based nucleophile (RSi(OMe);) produces S4 with liberating product S8. Through the reaction between
S8 and ZnF(OMe), which was generated through the reaction between ZnF, and (MeO);SiF, trimethoxysilyl
protected S9 was produced with regenerating ZnF,.

N
* ( /Cu—F + R—Si(OMe); (R = aryl and alkenyl)

P
slow

(MeO),FSi

R1JvR2 CU R—SI OMe)3
R (MeO),Si—F
(MeO) 3S|\ R-Si(OMe), transmetalation
ol §|\ Ve R,
* Cu—R
Cu /k{F (P Y
RRe
R R S5

turnover-limiting fast

* \C R R
u 1 2
/ N

+
(MeO),SiF,

+
(MeO),SiF

6. Deprotection and Determination of Product’s Absolute Configuration
(35)-3-Hydroxy-3-phenyloxindole

10% TFA-CH,Cl,
anisole

94% N
\ . o H
8ac DMTr without any racemization
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To a mixture of DMTr—protected 8ac (9.5 mg, 0.018 mmol, 88% ee) and anisole (39 xL, 0.36 mmol), 10%
TFA in CH,Cl, (1 mL) was added under ice bath. The mixture was stirred at rt for 2 h, and then the solvent was
evaporated. Purification of the resulting crude mixture through silica gel column chromatography
(AcOEt/hexane = 1/4) afforded the deprotected oxindole in 94% yield (3.8 mg). The enantiomeric excess of
the deprotected compound was determined to be 89% ee by chiral HPLC (DAICEL CHIRALCEL-ODH,
‘PrOH/hexane = 1/9, 1.0 mL/min, tz 28.8 min (major), 36.0 min (minor). The absolute configuration was
determined to be (S), according to the comparison of the optical rotation to the reported value’; [a]*’p = +23.3
(c=0.06, MeOH).

7. Catalytic Asymmetric Intramolecular Arylation
A typical procedure (Table 3, enrty 1): A solution of CuF+3PPh;*2EtOH (12 mg, 0.013 mmol),
(R,R)-Ph-BPE (9.0 mg, 0.018 mmol), and 10a (70 mg, 0.13 mmol) in toluene (0.4 mL) was stirred at 55 °C for
14 h. Water was added to quench the reaction, and the mixture was stirred at room temperature for 30 min. The
organic layer was separated, and the aqueous phase was further extracted twice with ether. The combined
organic layer was washed with water and brine, dried (Na,SO,), and concentrated to give a residue, which was
purified by silica gel chromatography (EtOAc/hexane, 1/4) to afford 11a (49 mg, 90%) as colorless needles.
1-Benzyloxymethyl-4—trifluoromethyl-3—o-tolyl-3—hydroxyoxindole (11a): colorless needles; mp 139
°C; '"HNMR (CDCL) 8: 1.64 (br s, 3H), 3.00 (s, 1H), 4.55 (m, 2H), 5.25 (m, 2H), 6.97 (d,
FiC o \O J=7.0Hz, 1H), 7.17 (t,J= 7.0 Hz, 1H), 7.24 (m, 6H), 7.31 (t,J=7.9 Hz, 2H), 7.45 (t, J
o = 8.3 Hz, 1H), 7.90 (br, 1H); *C NMR (CDCl;) &: 19.3,70.2, 71.3,77.2, 113.9, 121.3 (q,
0 J=4.8 Hz), 122.9 (q, /=275 Hz), 126.0, 126.6, 127.9 (q, /=30 Hz), 128.0, 128.1, 128.5,
N‘ 128.6, 130.8, 131.3, 135.8, 136.8, 144.1, 175.8; IR (neat): 3406, 1739, 1613, 1467, 1337,
BOM 1132, 1097, 924, 804, 746, 699, 681cm '; LRMS m/z 450.2 (M+Na)"; HRMS: Calcd for
C»4H,FsNO;" 428.1468. Found 428.1460; HPLC: DAICEL CHIRALCEL OD-H, hexane/2-propanol 2/1, 1.0
mL/min, tz 18.1 min (minor), 22.7 min (major); [a]*’p +3.7 (¢ = 2.7, CHCl;) (87% ee).
1-Benzyloxymethyl-4—trifluoromethyl-3—(2-chlorophenyl)-3-hydroxyoxindole (11b): amorphous; 'H
NMR (CDCl;) 6:2.90 (s, 1H), 4.56 (d,J=11.6 Hz, 1H), 4.63 (d,J=11.6 Hz, 1H), 5.28 (s,

F.C H§|\© 2H), 7.24-7.39 (m, 10H), 7.46 (t, J= 8.0 Hz, 1H), 8.03 (br, 1H); *C NMR (CDCls) 8: 70.5,
71.3, 113.9, 120.9 (br), 126.8, 128.1, 128.5, 129.0, 130.0, 130.9, 135.7, 137.1, 145.0,

o 175.1; IR (neat): 3393, 1734, 1467, 1338, 1131, 1097, 800, 748, 699 cm™'; LRMS m/z

N 470.2 (M+Na)"; HRMS: Calcd for Co3H,sCIFsNO;" 448.0922. Found 448.0920; HPLC:

EOM DAICEL CHIRALCEL OD-H, hexane/2-propanol 20/1, 1.0 mL/min, tz 18.9 min (minor),

26.6 min (major); [a]*°p +26.8 (¢ = 0.97, CHCl3) (77% ee).
1-Benzyloxymethyl-4—trifluoromethyl-3—phenyl-3—hydroxyoxindole (11¢): colorless needles; mp: 120
°C; '"H NMR (CDCl;) 8:3.01 (s, 1H), 4.41 (d, J=11.9 Hz, 1H), 4.48 (d, /= 11.9 Hz, 1H),
FsC ho @ 5.23 (m, 2H), 7.15-7.35 (m, 10H), 7.38 (d, /= 8.0 Hz, 1H), 7.40 (d, /= 8.0 Hz, 1H), 7.55
" (t, J=8.3 Hz, 1H); "C NMR (CDCl;) &: 70.5, 71.3, 78.6, 113.9, 120.9, 126.8, 128.1,
0 128.5, 129.0, 130.0, 130.9, 135.7, 137.1, 145.0, 175.1; IR (neat): 3421, 1739, 1612, 1466,
N\ 1336, 1131, 800, 747, 697 cm'; LRMS m/z 436.2 (M+Na)"; HRMS: Calcd for
BOM CyHoF3nOs" 414.1312. Found 414.1320; HPLC: DAICEL CHIRALCEL IC,
hexane/2-propanol 30/1, 1.0 mL/min, tg 20.2 min (major), 23.8 min (minor); [a]*’p —47.8 (¢ = 0.67, CHCl;)

(82% ee).
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8. Catalytic Enantioselective Synthesis of SM-130686
N,N’—di-tert-butyl-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-3-(trifluoromethyl)
phenylcarbamate (14)

CF3 1) HNO3, H,SO,  CF3 2) pinacol CF3 O
©/B(OH)2 urea (cat) @:B(OH)z DRIERITE @EBO
59% NO, 96% NO,
13 A B
3) Pd/C, H,, MeOH T apir
4) Boc,0, DMAP, THF
76% (2 steps) NBoc;
14

To a mixture of concentrated HNO; (15 mL), H,SO,4 (45 mL), and urea (62 mg, 1 mmol) in a 1 L flask,
commercially available 13 (20.0 g, 105 mmol) in Ac,0O (250 mL) was added very carefully at —20 °C (Be
careful! Violent reaction can occur if added rapidly). The reaction temperature was allowed to gradually
increase to rt, and the reaction was continued for 12 h. After cooling under ice bath, 30% aqueous solution of
NaOH was added to adjust pH = 3 ~ 5. Water was added, and products were extracted with AcOEt (x 3). The
organic layer was washed with saturated NaCl aqueous solution, and dried over Na,SO,. Filtration and
evaporation of the solvent afforded crude oil, which was purified through silica gel column chromatography,
giving the known nitrated compound A° in 59% yield (15 g).

Compound A (4.1 g, 17.4 mmol) and pinacol (2.2 g, 18.6 mmol) were dissolved in toluene (50 mL) in the
presence of DRIERITE (1 g), and the whole was stirred at 90 °C for 15 h. After filtration and washing with
toluene, the filtrate was directly loaded on silica gel column chromatography (eluent: hexane/AcOEt = 100/1),
giving compound B in 96% yield (5.3 g, 16.7 mmol) as off-white solid.

Mp: 119 °C; 'H NMR (CDCls) &: 1.49 (s, 12H), 7.66 (t, J = 8.0 Hz, 1H), 7.96 (d, J = 8.0 Hz, 1H), 8.36 (d, J =
8.0 Hz, 1H); >C NMR (CDCls) &: 23.9, 83.8, 120.9, 123.0, 124.8, 129.0, 129.8, 133.7, 150.4; IR (neat): 2982,
1539, 1340, 1138, 961, 853, 819, 743, 704, 657 cm '; LRMS m/z 340.2 (M+Na)"; HRMS: Calcd for
C13H;sBF;NO," 318.1119. Found 318.1131.

A mixture of B (2.9 g, 9.2 mmol) and Pd/C (500 mg) in MeOH (30 mL) was stirred under hydrogen
atmosphere at room temperature. After 1 h, the reaction mixture was filtered through short pad of Celite, and
the filtrate was concentrated under reduced pressure. The residue and DMAP (335 mg, 2.8 mmol) were
dissolved in THF (100 mL), and Boc,O (10.0 g, 45.8 mmol) was added at room temperature. The reaction
mixture was warmed up to 50 °C. After 10 h, the solvent was evaporated under reduced pressure, water was
added, and products were extracted with ethyl acetate. The organic layer was separated, and concentrated
under vacuum. The target product 14 was purified by silica gel column chromatography using hexane—ethyl
acetate (4:1) as eluent, affording 14 (3.4 g, 7.0 mmol) as white solid in 76% yield.

Mp 123 °C; "H NMR (CDCl3) &: 1.31 (s, 12H), 1.34 (s, 18H), 7.22 (d, J=7.9 Hz, 1H), 7.43 (dd, J=8.0 Hz, 7.9
Hz, 1H), 7.56 (d, J= 8.0 Hz, 1H); "C NMR (CDCl;) &: 24.8, 27.8, 82.6, 82.6, 84.6,123.0, 124.1 (g, J =251 Hz),
124.4 (br, J = 4.8 Hz), 129.5, 131.3, 133.9 (q, J = 33 Hz), 143.6, 150.7; IR (neat): 2982, 1759, 1718, 1473,
1337, 1272, 1135, 850, 775, 677 cm'. LRMS m/z 510.3 (M+Na)"; HRMS: Calcd for Cp;H3sBFNOg"
488.2426. Found 488.2444.

S-8



N,N’-di-tert-butyl-2,5-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-3-(trifluoromethyl)
phenylcarbamate (15)

CF, PinB-BPin CF t t
BPIn [Ir(COD)(OMe)], (5 mol %) 3 BPin Bu Bu
dtbpy (10 mol %) - -
jseilte Sy
NBoc, THF, 80 °C PinB NBoc, N N
(o)
14 97% 15 dtbpy

In a glove box, 14 (2.3 g, 4.7 mmol), (BPin), (830 mg, 3.3 mmol), [Ir(COD)(OMe)], (160 mg, 0.24 mmol),
dtbpy (130 mg, 0.48 mmol), and THF (7.0 mL) were combined.” The reaction mixture was heated in a sealed
vessel at 80 °C for 16 h. The reaction mixture was then cooled to room temperature, and the volatile materials
were evaporated under reduced pressure. The crude product was purified by silica gel column chromatography
(Et,O/hexane = 1/2), affording 15 as white solid in 97% yield (2.8 g, 4.6 mmol).

Mp 162 °C; '"H NMR (CDCl) 8: 1.31 (s, 12H), 1.37 (s, 18H), 7.59 (s, 1H), 7.96 (s, 1H); *C NMR (CDCl5) &:
24.5,27.5,82.2,84.0,84.3,122.5,125.0, 130.0 (br d, /= 4.1 Hz), 133.1, 133.3, 137.1, 142.7, 150.6; IR (neat):
2981, 1798, 1757, 1488, 1370, 1336, 1300, 1272, 1142, 963, 854, 691 cm'; LRMS m/z 636.4 (M+Na)';
HRMS: Caled for Co9HysB,F3NOg™ 614.3278. Found 614.3305.
N,N’-di-tert-butyl-5-hydroxy-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-3-(trifluoromethyl)
phenylcarbamate (16)

CF3 NH,OH-HCI CF3
BPin NaOH, EtOH BPin
(o)
PinB NBoc, 87% HO NBoc,
15 16

To a solution of 15 (680 mg, 1.1 mmol) in ethanol (10 mL), hydroxyl ammonium chloride (224 mg, 3.2 mmol)
and sodium hydroxide (184 mg, 4.6 mmol) were added, and the mixture was stirred at room temperature for 48
h. The reaction progress was monitored by TLC. Workup of the reaction involved evaporating the solvent
under reduced pressure, addition of water, and then extraction with ethyl acetate. The solvent was removed
under vacuum and the product was purified by silica gel column chromatography using hexane—ethyl acetate
(4:1) as eluent, affording 16 as white solid in 87% yield (486 mg, 0.96 mmol).*

Mp 177 °C; "HNMR (CDCl3) 8: 1.28 (s, 12H), 1.36 (s, 18H), 6.69 (d, J=2.5 Hz, 1H), 7.08 (d, J=2.5 Hz, 1H);
C NMR (CDCly) &: 24.7, 27.8, 83.0, 84.3, 112.5, 112.6, 118.4, 124.9, 135.2, 144.9, 150.9, 156.9; IR (neat):
3376, 2980, 1769, 1333, 1138, 945, 853, 782 cm'; LRMS m/z 526.3 (M+Na)’; HRMS: Calcd for
C,3H33BF3;NNaO; ™ 526.2194. Found 526.2217.
3-(N,N’—di—tert-butoxycarbonylamino)-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-5-(trifluoromet
hyl)phenyl trifluoromethanesulfonate (C)

CF, - CF,
/C[Bpln szO, Pyrldlne /©:Bpln
HO NBoc, 89% TfO NBoc,
16 C

A solution of 16 (310 mg, 0.62 mmol) in pyridine (1.2 mL) was stirred at 0 °C for 10 min. To this solution,
triflic anhydride (204 wL, 1.2 mmol) was added. Then, the reaction mixture was stirred at 0 °C for 2 h. H,O was
added to quench the reaction. Products were extracted with ethyl acetate, washed with brine, dried over
Na,S0O4, and concentrated under reduced pressure to afford crude C, which was purified by silica gel column
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chromatography using hexane—ethyl acetate (4:1) as eluent, affording C as white solid in 89% yield.

Mp: 117 °C; "H NMR (CDCls) 8: 1.35 (s, 12H), 1.43 (s, 18H), 7.24 (d, J=2.2 Hz, 1H), 7.51 (d, J=2.2 Hz, 1H);
C NMR (CDCl;) 8: 24.8, 27.6, 83.5, 85.2, 117.4, 117.8 (d, J= 5.1 Hz), 119.9, 121.8, 124.0, 124.7, 135.8 (d,
J=233Hz), 145.6, 149.3, 149.7; LRMS m/z 636 (M+H)"; HRMS Calcd for C,4H3,BFsNO,S™ 636.1868. Found
636.1880; IR (neat): 2983, 1803, 1766, 1731, 1606, 1430, 1337, 1139, 939, 887, 852, 799, 777, 762, 701 cm .
3-(2-(2-chlorophenyl)-2-oxoacetamido)-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-5-(trifluoromet

hyl)phenyl trifluoromethanesulfonate (D)

CF3 1) 5% TFA in CH,Cl, s oo
)@[Bpin 2) ArCOCOCI (18), EtsN, THF ﬁ:[ )OK[(Q
TfO 84% (2 steps) TfO N
NBoc, H 6 ¢
17 D

To a solution of 17 (513 mg, 0.81 mmol) in CH,Cl, (3 mL) at 0 °C, TFA (11.6 mL of 5% solution in CH,Cl,,
3.2 mmol) was added dropwise via syringe over 10 min. After 2 h, the reaction mixture was evaporated. The
residue was mixed with 2-(2-chlorophenyl)-2-oxoacetyl chloride (436 mg, 2.1 mmol, freshly prepared from
the corresponding keto acid and 10 eq. of dichloromethyl methyl ether in neat conditions at 50 °C for 1 h, and
then evaporation) in THF (8 mL), and Et;N (0.49 mL, 3.5 mmmol) was added at 0 °C. The solution was stirred
at room temperature for 2 h. After adding water, products were extracted with AcOEt. This compound is not
very stable, and was only partially purified by silica gel column chromatography (AcOEt/hexane = 1/4),
affording compound D in ca. 84% yield (408 mg, 0.68 mmol).

'H NMR (CDCl) &: 1.46 (s, 12H), 7.40 (dt, J=2.2, 7.3 Hz, 2H), 7.46-7.51 (m, 2H), 7.67 (dd, J= 1.5, 7.5 Hz,
8.72 (d, J=2.2 Hz, 1H), 10.74 (s, 1H); LRMS m/z 647.1 (M+Na)".
3-(N-(benzyloxymethyl)-2-(2-chlorophenyl)-2-oxoacetamido)-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan
-2-yl)-5-(trifluoromethyl)phenyl trifluoromethanesulfonate (19)

CF; CFs
/@EBPin BOMCI, 'Pr,NEt, THF @:Bm
o,
I N)H(Q 94% TIO™ Ny
Cl
o c BOM
D 19

To a solution of D (80 mg, 0.13 mmol) and BOMCI (0.27 mL, 1.9 mmol) in THF, ‘Pr,NEt (0.35 mL, 2.0 mmol)
was added dropwise at 0 °C. After stirring at room temperature for 2 h, saturated NH,Cl was added to quench
the reaction. The organic phase was separated and the aqueous phase was further extracted twice with ether.
The combined organic layer was washed with water and brine, dried (Na,SO,) and concentrated to give a
residue, which was purified by silica gel flash chromatography (EtOAc/hexane, 1/5) to afford 19 as a pale
yellow oil (88 mg, 0.12 mmol, 94% yield). The compound was pure, but NMR charts are not very informative
due to the existence of amide rotamers. LRMS m/z 744.2 (M+Na)".
(35)-1-(benzyloxymethyl)-3-(2-chlorophenyl)-3-hydroxy-2-o0xo0-4-(trifluoromethyl)indolin-6-yl
trifluoromethanesulfonate (20)
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CF3

BRI CUF+3PPhy2EtOH (10 mol %)
(R,R)—Ph—-BPE (14 mol %)
TO N
BOM O Cl toluene, 10 h, 40 °C TfO
19

A solution of CuF<3PPh;*2EtOH (4.7 mg, 0.0049 mmol), (R,R)-Ph—-BPE (3.4 mg, 0.0068 mmol), and 19 (35
mg, 0.049 mmol) in toluene (0.3 mL) was stirred at 40 °C for 10 h. Water was added to quench the reaction,
and the mixture was stirred at room temperature for 30 min. The organic layer was separated, and the aqueous
phase was further extracted twice with ether. The combined organic layer was washed with water and brine,
dried (Na,SO,), and concentrated to give a residue, which was purified by silica gel chromatography
(EtOAc/hexane, 1/4) to afford 20 (27 mg, 90%) as amorphous.
'HNMR (CDCl;) 8:2.99 (brs, 1H), 4.52 (d, /= 11.6 Hz, 1H), 4.63 (d, J=11.6 Hz, 1H), .5.24 (s, 2H), 6.93 (d,
J=1.5Hz, 1H), 7.09-7.29 (m, 8H), 7.37 (br t, J = 7.6 Hz, 1H), 7.97 (s, 1H); °C NMR (CDCl;) &: 70.6, 71.7,
77.1,107.7,113.7 (q,J=6 Hz), 118.4 (q, /=320 Hz), 121.9 (q, /=273 Hz), 126.5, 126.8, 127.0, 127.8, 128.0,
128.3, 128.5, 129.0, 130.0, 130.5, 134.8, 136.6, 146.9, 150.3, 174.7; LRMS m/z 618.1 (M+Na)"; HRMS:
Calcd for CpH7CIFsNOgS 596.0364. Found 596.0381; IR (neat): 3386, 1747, 1613, 1430, 1218, 1140, 941,
823, 747 cm'; HPLC: DAICEL CHIRALCEL OD-H, ‘PrOH/hexane = 1/20, tg = 12.6 min (minor) and 14.5
min (major); [a]*’p +46.0 (¢ = 1.0, CHCl3) (85% ee).
(38)-1-(benzyloxymethyl)-3-(2-chlorophenyl)-3-hydroxy-2-oxo0-4-(trifluoromethyl)indoline-6-carbonitr
ile (E)

Cl Cl

FsCHo @ Pd(PPh3)s, Zn(CN), FsCHo @
DMF
0 O
TfO N 97% NC N
20 BOM g BOM

A solution of 20 (30 mg, 0.050 mmol), Pd(PPh;), (28 mg, 0.024 mmol), and Zn(CN), (23 mg, 0.20 mmol) in
DMF (0.75 mL) was stirred at 60 °C for 2 h. Saturated aqueous solution of NaHCO; was added to quench the
reaction, and the mixture was stirred at room temperature for 30 min. The organic layer was separated, and the
aqueous phase was further extracted twice with ether. The combined organic layer was washed with water and
brine, dried (Na,SO,), and concentrated to give a residue, which was purified by silica gel chromatography
(EtOAc/hexane, 1/4) to afford E (23 mg, 0.049 mmol, 97% yield) as amorphous.

'HNMR (CDCl;) &: 2.99 (br, 1H), 4.59 (d, /= 11.8 Hz, 1H), 4.69 (d, /= 11.8 Hz, 1H), 5.32 (m, 2H), 7.24-7.36
(m, 8H), 7.45 (dd, J="7.6, 7.7 Hz, 1H), 7.58 (s, 1H), 7.61 (s, 1H), 8.03 (br, 1H); >C NMR (CDCl;) &: 70.5, 71.7,
77.3,114.9,116.2,116.9,121.5(q,J=273 Hz), 124.9 (q,J=5.1 Hz), 127.1, 127.8, 128.1, 128.4, 129.7, 130.0,
130.5,131.4, 134.6, 136.5, 145.9, 174.3; IR (neat): 3393, 2930, 1745, 1620, 1449, 1368, 1141, 1032, 937, 877,
748, 700, 626 cm'; LRMS m/z 495.2 (M+Na)"; HRMS: Calcd for Cp4H;¢CIF3N,0; 473.0874. Found
473.0883; [a]**p +73.6 (c = 0.44, CHCL).
(35)-3-(2-chlorophenyl)-3-hydroxy-2-oxo-4-(trifluoromethyl)indoline-6-carbonitrile (21)



Cl Cl

FsC HO @ BCls;, CH,Cl,; EtzN FaG HO) @

o) o o)
NC N 82% NC ”

\
E BOM 21

To a solution of E (10 mg, 0.021 mmol) in CH,Cl, (1.1 mL) at —78 °C was added BCl; (0.21 mL, 1.0 M in
CH,Cl,, 0.21 mmol) dropwise via syringe over 2 min. After 1 h at —78 °C, the reaction was quenched with
saturated NaHCO; aqueous solution (2 mL), and the mixture was extracted with EtOAc. After evaporation, the
resulting crude solid was dissolved in MeOH (1.1 mL). Et;N (55 uL) was added, and the solution was heated at
50 °C for 2 h. After evaporation, the product was purified by column chromatography (AcOEt/hexane. 1/2 to
1/1) to give 6.0 mg (82%) of 21 as a white solid.

Mp: 190 °C; 'H NMR (CDCls) &: 4.01 (s, 1H), 7.16 (s, 1H), 7.27 (d, J = 8.0 Hz, 1H), 7.37 (t, J = 8.0 Hz, 1H),
7.45 (t, J = 8.0 Hz, 1H), 7.53 (s, 1H), 8.00 (br, 1H), 9.10 (s, 1H); >C NMR (CD;0D) &: 77.6, 115.3, 117.4,
118.3, 121.3 (q, J = 275 Hz), 124.8 (q, J = 5.9 Hz), 127.6, 129.4 (q, J = 35 Hz), 130.5, 131.0, 131.1, 132.1,
135.1, 137.4, 147.5, 178.3; LRMS m/z 374.8 (M+Na)"; HRMS: Calcd for C,sHoCIF3N,0," 352.0299. Found
352.0300; IR (neat): 3277, 1735, 1627, 1444, 1339, 1142, 1006, 879, 705 cm™"; [a]**p +96.3 (¢ = 0.06, CHCl5).
(35)-3-(2-chlorophenyl)-1-(2-(diethylamino)ethyl)-2-oxo0-3-(triethylsilyloxy)-4-(trifluoromethyl)
indoline-6-carbonitrile (22)

Cl TES ClI
F5C HO 1) NaH, DMF; TESCI £C 5
2) Et,NCH,CH,OH,
mo PPh,, DIAD, THF mo
NC N 64% (2 steps) NC N_ NEt,
21 22

To a solution of 21 (8.0 mg, 0.023 mmol) in DMF (0.1 mL) at 0 °C was added NaH (1.8 mg, 0.045 mmol; 60
wt% in mineral oil). After 30 min at 0 °C, TESCI (15 L, 0.089 mmol) was added to the reaction mixture. After
further 3 h, the reaction was quenched with H,O. The TES-protected compound was extracted with EtOAc,
and the solvent was evaporated. The resulting crude solid was dissolved in THF (0.24 mL), and
2—diethylaminoethanol (21.1 gL, 0.158 mmol), DIAD (28.8 xL, 0.146 mmol), and PPh; (40.3 mg, 0.15 mmol)
were added. The mixture was stirred at room temperature for 12 h. The solvent was evaporated, and the residue
was partially purified by silica gel chromatography (EtOAc/hexane, 1/4) to afford 22 (8.2 mg, 0.015 mmol, ca.
64%, containing inseparale hydrazine byproduct derived from DIAD). LRMS m/z 565.3 (M+Na)".
(35)-3-(2-chlorophenyl)-1-(2-(diethylamino)ethyl)-3-hydroxy-2-oxo-4-(trifluoromethyl)
indoline-6-carbonitrile (F)

TES Cl Cl
F3C (\) @ FsC HO@
\\\\\ HF-Et;N

N N
22 K/NEtz F K/NEtZ

TES-protected 22 (38.3 mg, calcd 0.068 mmol; conatining hydrazine byproduct) was dissolved in THF (0.68
mL), and 50.3 gL of 1.5 M 3HF-Et;N solution in THF (0.074 mmol) was added at rt. After 10 h, volatiles were
evaporated to give crude F, which was purified with silica gel column chromatography (AcOEt/hexane = 1/2

NC
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to AcOEt/MeOH = 20/1), affording known compound F® (28.6 mg, 0.063 mmol) as white solid in 94% yield.
The absolute configuration of F was determined through comparison of the sign of optical rotation to the
reported value’; [a]”’p +66.4 (¢ = 0.31, MeOH). 'H NMR chemical shifts completely matched with the
reported values.

Mp: 175 °C; 'H NMR (CDCl3) 8: 1.05 (t,J= 7.2 Hz, 3H), 2.78 (m, 5H), 3.03 (m, 1H), 3.70 (dt,J=5.2, 14.9 Hz,
1H), 4.23 (m, 1H), 7.20 (d, /= 8.0 Hz, 1H), 7.29 (dt,J= 1.8, 8.0 Hz, 1H), 7.37 (s, 1H), 7.41 (t,J="7.5 Hz, 1H),
7.56 (s, 1H), 8.12 (br d, J= 7.5 Hz, 1H); °C NMR (CDCl;) &: 10.4, 38.5,46.3,49.2,76.3, 114.3, 114.7, 117.4,
122.0 (q, J =275 Hz), 124.6 (q, J = 5.9 Hz), 127.0, 128.7 (q, J = 36 Hz), 129.8, 129.8, 130.3, 130.6, 133.4,
135.2, 146.6, 175.1; LRMS m/z 452.2 (M+H)"; IR (neat): 3390, 2975, 2235, 1732, 1617, 1453, 1384, 1167,

1140 cm ™.
6 g 1) 5 vq )
\\\\\ KOH, 'BuUOH;

SM-130686 (1)
HCI, dioxane HoN

N N
0,
F K/NEtz 93% o) 1 K/NEtZ-HCI

To a solution of F (10 mg, 0.022 mmol) in ‘BuOH (0.44 mL), powdered KOH (34 mg, 0.61 mmol) was added.
The mixture was stirred at 50 °C for 1 h. After cooling to room temperature, the mixture was filtered through
Celite pad, and the filtrate was evaporated. To the residue, EtOAc and H,O were added, and the mixture was
stirred for 5 min. Organic layer was separated, dried over Na,SO4, and concentrated. The residue was dissolved
in 1,4-dioxane (0.2 mL), and 4 N HCl in 1,4-dioxane (110 xL, 0.44 mmol) was added at room temperature.
Evaporation of the solvent afforded 1° (10.4 mg, 0.021 mmol) as white solid in 93% yield.

Mp: 173 °C; 'H NMR (DMSO-dq) 8: 1.25 (t,J="7.2 Hz, 3H), 3.27 (m, 5H), 3.44 (m, 1H), 4.19 (m, 1H), 4.33 (m,
1H), 7.30 (d, /= 8.0 Hz, 1H), 7.37 (t,J= 7.7 Hz, 1H), 7.41 (s, 1H), 7.47 (t,J= 7.7 Hz, 1H), 7.81 (s, 1H), 7.83
(s, 1H), 8.08 (d, J = 8.0 Hz, 1H), 8.17 (s, 1H), 8.37 (s, 1H), 10.5 (br s, 1H); *C NMR (DMSO-d;) &: 8.3, 8.5,
34.9,45.5,46.7,75.4,111.8,119.4 (br), 122.8 (q, /=274 Hz), 125.2, 125.6 (q, /=33 Hz), 126.6, 129.3, 129.8,
129.9, 131.1, 136.4, 136.5, 145.1, 165.8, 174.5; LRMS m/z 470.0 (M-HCI+H)"; IR (neat): 3366, 1733, 1671,
1446, 1351, 1167, 1134 cm ™ "; [0.]**p +52.1 (¢ = 0.41, MeOH).

NC

9. Examples which justify the statement in reference 2 in the text

The followings are typical examples that justify the satatement of ref. 2 in the text (on an industrial scale,
pharmaceuticals that are not derived from natural sources containing chiral tetrasubstituted carbons are almost
always produced through resolution).

amurubicin hydrochloride'® escitalopram oxalate" tipranavir disodium'2
(anticancer) (antidepressant) (HIV protease inhibitor)
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IRNUC . 1H
IRFRG : © b00.00 MHz
IRSET o 162160.00 Hz
IRRPY X h0.0 usec
IRRNS X 4]
SCANS : 300 times
SLWNT . COCL3
SPINNING : 12 Hz
TEMP ~moroe
/mo
Xyiyl,P u\
il AP bt vl _42}1 craiikfééh. A A AR e I <m Z
] ] i i T T _ I T i H T T m
th{
100 50 pp) Fe

Xylyl,P S




nor-vinyl

Date : Wed Apr 15 11:54: 58 2009
FileName © .LoadingFID.nmdata
Comment ©nor-vinyl
Sw-mouan o SliceHistory
CaaaazmsEng I8 EXMODE © non
P~ P~ [~ [~ [~ I~ (O O "
POINT : 32768 points
SAMPO : 32768 points
FREQU : 10000.0 Hz
FILTR : 5000 Hz
DELAY : 40.0 usec
DEADT : 57.1 usec
INTVL : 100.0 usec
TIMES i 20 times
DUMMY : 1 times
PO : 3.7232 sec
ACQTM ;. 3276.7998 msec
PREDL : 0.01000 msec
INIWT . 1000.0000 msec
RESOL i 0.31 Hz
PW1 : 5.70 usec
OBNUC . 1H
OBFRG : 500.00 MHz
OBSET . 162160.00 Hz
RGAIN ! 20
SCANS ; 4 times
SLVNT . CDCL3
. SPINNING : 20 Hz
= = TEMP : 5.9 C
< o 2
~ 88 3 A = RO
— O [ame)
S o e P
N O
\
DMTy
ﬁri LILTJL X \.> %
T _ T _ T T T _ T T T _ T prp
B8 b 4 2 pim




nor

178.759

158.203

13377490
130.458
129.274
126.846
128.204
127.629
126.5%4
123.878
122.611
116.524
116.302
112.979
112.938
77.247
77.090
77.025
77.000
76.745
73.562

)

55.079

Date : Wed Feb 4 10:05: 30 2009

FileName
Comment
SliceHistory
EXMCDE

POINT
SAMPO
FREGU
FILTR
DELAY
DEADT
INTYL
TIMES
DUMMY
PO
ALGTM
PREDL
INIWT
RESOL
Pt
0BNUC
0BFRG
OBSET
RGAIN
TRNUC
IRFHEQ
IRSET
IRRPW
TRRNS

SCANS
SLYNT

SPINNING
TEMP

.LoadingFID.nmdatsa

nor
bcm

32768
32768
33898. 3
18950
11.8
16.0
29.3
3200

i

2.0333
986. 6580
C.01000
1000.0000
1.03
6.23

13C
125.65
127958 .90
31

1H
500.00
162160 .00
50.0
0

o6
COCL3

11
°3.5

points
points
Hz

Hz
usec
usec
usec
times
times
5ec
MSEC
msec
MSEC
Hz
usec

MHz
Hz

MHz
Hz
usec

times

Hz
C




5-Cl-vinyl

7.1864

11.42

4.11
1.04
' 6.34

1.03
0.93

g
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Date : Wed Apr 15 11:53:04 2009
FileName . .LoadingFID.nmdata
Comment o 4-Cl-vinyl
SliceHistory
EXMODE nan
POINT 32768 points
SAMPO : 32768 points
FREQU : 10000.0 Hz
FILTR 5000 Hz
DELAY 40.0 usec
DEADT 57.1 usec
INTVL 100.0 usec
TIMES 20 times
DUMMY : 1 times
PD ] 3.7232 sec
ACQTM . 3276.7998 msec
PREDL ! 0.01000 msec
INIWT :1000.0000 msec
RESOL 0.31 Hz
PW1 5.70 usec
OBNUC 1H
0BFRQ . 500.00 MHz
OBSET 162160.00 Hz
RGAIN 21
SCANS 4 times
SLVYNT ; “EBELB
SPINNING . 21 Hz
TEMP : 26.1 C
Y.
O

N

\

DMy

3ba,




5-C1
Date : Tue Feb 3 10:36: 18 2009
FileMName © .LoadingFID.nmdata
o < Wt P O P~ P~ O~ < O™ ﬁﬂaamnﬁ - 5-Cl
or] i) O (DDA MO T — — D oo oy w m:nmigmgg_ :
o o mheS@I@aanoaneno GeIR S EXMODE © nem
[a o) oo 2163nm08887647733 - )
= ot PR | AN B B A Rk B i i Bt S S S &
POINT X 32768 points
E SAMPO : 30768 points
FREGU : 33898.3 Hz
FILTR : 16950 Hz
%\“ DELAY X 11.8 usec
DEADT X 10.0 usec
INTYL : 29.5 usec
TIMES : 400 times
DUMMY : 1 times
PD X 2.0333 sec
ACATM : 866 . 6560 msac
PREDL : 0.01000 msec
INIWT ¢ 1000.0000 msec
RESOL : 1.03 Hz
Pi1 : 6.25 usec
OBNUC o 13C
OBFRQ : 125,65 MHz
0OBSET o 127958.00 Hz
RGAIN : 31
IRNUC : IH
IRFRQ : 500.00 MHz
IRSET o 162160.00 Hz
TRRPW : 50.0 usec
IRRNS : 0
SCANS : 88 times
SLVYNT - COCL3
SPINNING : 11 Hz
TEMP : 24.8 C
HO y
O
N
DM}

3ba




Hel

<T@ O Od M N
D~ P~ M S O —
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AU AU U — DO
P P P P e e (O LD

g

10.82
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o

H
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Vo
Rlﬁ 2.09
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3.6152
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Kj 0.98
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Date . Tue Feb 3 11:21:58 2009

FileName .LoadingFID . nmdata
Mefiment 5- .
SliceHistory
EXMODE nan
POINT 32768 points
SAMPO 32768 points
FREGU 10000.0 Hz
FILTR 5000 Hz
DELAY 40 .0 usec
DEADT h7.1 usec
INTVL i00.0 usec
TIMES 400 times
DuMMY 1 times
PD 3.7232 sec
ACGTM 3276.7998 msec
PREDL 0.01000 msec
INIWT 1000.0000 msec
RESOL 0.31 Hz
Pw1 5.70 usec
0BNUC 1H
0BFRA 500.00 MHz
0BSET 162160.00 Hz
RGATN 16
SCANS 4 times
SLYNT CDCL3
SPINNING 13 Hz
TEMP 23.8 C
no
Me O
; J ~
\
DMy
gea




OMe

Date : Tue Feb 3 15:01: 11 2008

FileName, .LoadingFID .nmdata
ment (OMe
3 SE Z29BSSSISBIR2RY cmsem an 1 tehis tory
L [aNREn] MO OO~ OWWwWon o o M~ O =T 0y <2 O}
o o o oY mom O~ Omaiaig ST S EXMOLE ocm
= =2 TRODOOANHYUT o OO Doheo B0
POINT 32768 points
SAMPO 32768 points
FREGU 33898.3 Hz
FILTR 16950 Hz
_ DELAY 11.8 usec
DEADT 10.0 usec
INTYL 9.5 usec
TIMES 100 times
DUMMY 1 times
PD 2.0333 sec
ACGTM 966, 06550 msec
FREDL 0.01000 msec
INTWT 1000.0000 msec
RESOL 1.03 Hz
PW1 6.25 usec
OBNUC 13C
0BFRG 125 .65 MHz
OBSET 127958 .00 Hz
RGAIN 30
IRNUC 1H
IRFRG 500.00 MHz
IRSET 162160.00 Hz
IRRPH : 50.0 usec
IRRANS : 0
SCANS : BO times
SLYNT . COCL3
SPIANNING : 12 Hz
TEMP . **nv °4.8 C
M O J
N ﬂ qﬂ O
DHTy
iie’N




m_” ¥y Documents¥PGousei¥KANAI¥single_puise. 53
e

: DFILE C:¥My Documents¥PGousei¥KAKAl¥singie_pulse.53
€D v— (D v [ = = O LY O3 O w o o <t r—O o5 ~
LERlon2Etss8s °8 o Py & = DATIM 02-02-2009 20:59.24
N N N N S N =93 =1 Lo L o4 ol OBNUC tH
EXMOD single_pulse.ex?
OBFRQ 495,13 MHz
DBSET 4.38 KHz
OBFIN 9.64 Hz
POINT 16384
FREQU 9286.78 Hz
SCANS 4
ACQTM 1.7642 sec
PD 5.0000 sec
PW1 6.20 usec
IANUC 1H
CTEMP 17.7 ¢
o SLYNT CDCL3
8 = EXREF 0.00 pem
< o BF 0.01 Hz
2 RGAIN 40
5 ate
,w Me
g , DM
o
" : Rk
f '
=]
S
ol
o
__ m %m =
- —_ <0
. =
i H
| g ! .
| ,

TTTTTTT] i_::_;___:___;_:__,:_ EERREERE __::_:__:___:;,__Z_:_ :_:::%_,__
8.0 1.0 . 6.0 . 5.0 © A0 3.0 2.0 1.9 0:0




C:¥My Documents¥PGousei¥KANAI¥single_pulse_dec.11

B-Me
- o 0 = e £l = e €53 o €3 e P T o [ €31 - LED Do — o @ - DFILE C:¥My Documents¥PGousei¥KANAI¥single_pulse_dec.1i
= =2 PERERS NSRS ES SO8RR ] = DATIM 02-02-2009 21:05:47
o o G e 0 03 O 00 00 00 I 40 =t (0 40 &l e I pr- e e ™ o OBNUG  13C
= e TEROOEORNAUNNNN T T Eak et w ™ EXMOD single_pulse_dec
i i OBFRQ 124.51 MHz
i OBSET 3.45 KHz
OBFIN 6.00 Hz
_ _ POINT 32768
FREQU 39062.50 Hz
SCANS 113
ACQTM . 0.8389 sec
FD 2.0000 sec
PW1 3.57 usec
IRNUC 1K
CTEMP 189 ¢
SLUNT CDCL3
EXREF T77.00 ppm
BF 0.01 Hz
RGAIN 1]
Me,




6-Cl-vinyl
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1.00

3

1.00
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Date : Wed Apr 15 12: 03: 56 2009

.LoadingFID.nmdata

FileName i
Comment o 5-Cl-vinyl
SliceHistory
EXMODE non
POINT : 32768
SAMPO : 32768
FREQU : 10000.0
FILTR : 5000
DELAY ; 40.0
DEADT 57 .1
INTVL 100.0
TIMES 20
DUMMY 1
PD 37232
ACATM 3276.7998
PREDL : 0.01000
INIWT . 1000.0000
RESOL : 0.31
PW1 5.70
0BNUC 1H
0BFRQ 500.00
OBSET 162160.00
RGAIN 25
SCANS 4
SLYNT COCL3
SPINNING 19
TEMP 26.2
RO
9. N
\
DMy
Bea

points
points
Hz

Hz
usec
usec
usec
times
times
sec
msec
msec
msec
Hz
usec

MHz
Hz

times

Hz
G
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Date : Tue Feb 3 10: 44; 43 2009
FileName .LoadingFID.nmdata
= < ) S L [ o T P D 00 O OO WD) 00 P < O 0 mossmjw 6-Cl
= o R R e S P e 2 e Slicefistory
o o SegrnnoorroTacome o9 - EXMODE ben
™ =l DRSS SAAL AL A SIS B R S B i s il i S B A
POINT 32768 points
SAMPO 32768 points
FREGQU 33898.3 H2
FILTR 16950 Hz
DEL.AY 11.8 vsec
DEADT 10.0 usec
INTVL 29.5 usec
TIMES 400 times
DUMMY 1 Times
PO 2.0333 sec
ACOTM 966.6560 msec
PRECL 0.01000 msec
INIWT 1000.0000 msec
RESOL 1.03 Hz
PW1 b.25 usec
OBNUC 13C
OBFRQ 125.65 MHz
OBSET 127958.00 Hz
RGAIN 30
IRNUC 1H
IRFRQ 500.00 MHz
IRSET 162160.00 Hz
TRRPW 50.0 usec
IRRNS 0
SCANS B0 times
SLVNT . COCL3
SPINNING : 9 Hz
TEMP X 25.3¢C
RO
G o
T T T T _ 6 7”
0 150 100 DMTy Req




Me long chain

Date : Wed Feb 4 10: 32:08 2009

FileName .LoadingFID.nndata
Comment Me lang chain
O WIS <TI0 < U a) =T (@] 3 ~— (D o o i~ ] 3
CENRSYERRRSED 7 e 55 S e
2222222110660 [Aw] =] ~ 2 Qo
POINT 32768 points
SAMPQ 32768 points
FREQU 10000.0 Hz
FILTR 5000 Hz
DELAY 40 .0 usec
DEADT 57.1 usec
INTYL 100.0 usec
TIMES 3200 times
DUMMY 1 times
PO 3.7232 sec
ACGTM 3276.7998 msec
PREDL $.01000 msec
INIWT 1000.0000 msec
RESOL 0.31 Hz
P 5.70 usec
0BNUC 1H
0BFRQ 500..00 MHz
OBSET 162160.00 Hz
RGAIN 16
SCANS 4 times
<
o SLYNT COCL3
— b . SPINNING 9 Hz
\\ = w - S TEMP 24.6¢C
19} Gﬂw | Sy o) 0
= 8 & g ™ WO
L] ~ =) -
l\ 7o e \\\ A o .;Lw |\\\. D —bhw
z o
. >
DAy
"m,L; E m»v
_ _ _ 1 ! _ T T T ——d
3] B 4 2 o




Me long chain
Oate . Wed Feb 4 10:36: 13 2009
FileName © .LoadingFID.nmdata
. Comment . Me long chaln
= ESESHOReRLRITHI LYY I e O O 0T o —_—— e o
~ e s B e B B B B B B I B I ] = = P~ = (L] ey QU 0g = .
POINT : 32768 points
SAMPO : 32768 points
FREQU : 338958 .3 Hz
FILTR : 16950 Hz
. DELAY : 11.8 usec
DEADT : 10.0 usec
INTVL : 29.5 usec
TIMES : 3200 times
DUMMY : 1 times
PD : 2.0333 sec
ACQATM : 866 .6560 msec
PREDL : 0.01000 msec
INTWT o 1000.0000 msec
RESOL : $.03 Hz
PW1 : 6.25 usec
0BNUC o 13C
OBFRG : 125.65 MHz
OBSET o 127958.00 Hz
RGAIN : 31
TRNUC o IH
IRFRG : 500 .00 MHz
TRSET o 162160.00 Hz
LRRPY : 50.0 usec
IRRNS : 0
SCANS : 64 times
SLVNT . CDCL3
SPINNING : 10 Hz
TEMP ; £0.4 C
Me. Ko
Wl —
il Do
T T i _ T 1 T i _ I T T I _ T T /
0 150 100 50 - DMTy E
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Date :

FileName
Comment
SliceHistaory
EXMODE

POTNT
SAMPO
FREQU
FILTR
DELAY
BEADT
INTVL
TIMES
DUMMY
PD
ACQTM
PREDL
INTWT
RESOL
Pi1
0OBNUC
0BFRO
OBSET
RGAIN

SCANS
SLYNT

SPTNNING
TEMP

Wed Feb 4 10:09: 43 2009

.LoadingFID . nmdata
nor-iong chain

non

32768
32768
10000.0
2000
40.0
57.1
100.0
3200
1
3.7232
3276.7598
0.01000
1600.0000
0.31
5.70

1H
500.00
162160C. 00
21

4
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13
23.4

times

Hz
C
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Date . Wed Feb 4 10:26: 48 2009
FileName .LoadingFID.nmdata

iy M~ QOO CO NN «~— 00 =T O~ 0O 0O~ 0 WOB_.:mDﬁ. 3@1 ”—G:m ﬂjmuz

@ 0O OJ LD =~ OO Ol = OO O 3 =8 07— O — Cu g L) D O L0 ST O =8l 0w i) w mwummIHmﬁoﬁé

(%] O Ol e L)~ M~ MmO oOWwOU~OWwWoNaoT M OO P =T O [qN] a o o od

e DO O ST O S O O OO 00 60 (O O U D O NG i s o EXMODE ocm

™ BEEZZOOOOMM MU MMM — = (g T3] Py R
POINT 32768 points
SAMPO 32768 points
FREQU 33888 .3 Hz
FILTR 16850 Hz
DELAY 11.8 usec
DEADT 10.0 usec
INTYL 29.5 usec
TIMES 3200 times
DUMMY 1 times
) 2.0333 sec
ACATM 966.6560 msec
PREDL 0.01000 msec
INTWT 1000.0000 msec
RESOL 1.03 Hz
PW1 6.25 usec
OBNUC 13C
OBFRQ 125.65 MHz
OBSET 127358 .00 Hz
RGAIN 30
IRNUC 1H
IRFRA 500.00 MHz
IRSET 162160.00 Hz
IRRPW 50.0 usec

‘ IRRNS 0
SCANS 300 times
SLVNT - COCL3
SPINNING : 10 Hz
, TEMP : 24.6 C
& b : RO
TN g e L i 0
T i T

oMY Riab
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C: «zm Documents¥PGousei ¥KANAI¥single_pulse. 63

porP DFILE n”«z_ﬂ Documents¥PGousei ¥KANAL¥single_pulse.63
soSESLnREistEaEs 285 DATIN. 6-12-2008 09:25:03
TTTTTTTITTITTT TRT EXMOD single pulse.ex2
M . OBFRQ 495.13 Wz
DRSET 4,38 KHz
OBFIN 9.64 Hz
POINT 16384
FREQU 9286.78 Hz
SCANS 8
ACQTM 1.7842 sec
PD 5.0000 sec
PW1 6.20 usec
! IRNUC 1H
CTEMP 18.0 ¢
SLVNT CDCL3
EXREF 0.00 ppm
BF 0.01 Hz
RGAIN 54
g HO oh
\
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C:¥My Documents¥PGousei¥KANAT¥phenylation of isatin.1

norPh
] DFILE C:¥My Documents¥PGousei¥KANAI¥phenylatien of isatin.1
z 3 cZggggssanssussase SEEES 3 CONTT orph
[ o4 mmﬁoseﬂmwnﬂa.—”aﬁumg‘og [=1aN =Toues] — DATIM 05-032-2009 0B:12:09
@ o M%mM%L&&&&R&&LL&&L e = OBNUG  13¢C
= o ERERIIIONANONNNN e e = EXMOD single pulse_gdec
k 0BFaQ 124,51 MHz
OBSET 3.45 KHz
X 0BFIN 6.00 Hz
| [ POINT 32768
FREQU 39062.50 Hz
SCANS 11500
ACQTM 0.8389 sec
PD 2.0000 sec
PW1 3.57 usec
IRNUC 1H
CTEMP 19.4 ¢
SLVNT CDCL3
EXREF T7.00 ppm
BF 0.01 Hz
RGALN 60

RO o)
N o)
DMTy {ac
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Nﬂs 175 150 - - S 100 T TR 0 : %




mUWﬂv. concsm:ﬁw#_uoo__mﬂ.«x»zE«ﬂ.:Em%imm.ma
e - _—

DFILE C:¥My Documents¥PGousei¥KANAI¥single_pulse.64
COMNT  MePh
........... DATIM 05-02-2009 09:57:58

> i OBNUC 1H
EXMOD single_pulse.ex2
OBFRQ 495.13 MHz
OBSET 4.38 KHz
[ | OBFIN 9.64 Hz

3.6885
3.6839
3.1333
2.1258

POINT 16384
2 FREQU 9286.78 Hz
- SCANS 7
~ ACQTM 1.7642 sec
PD 5.0000 sec
PW1 6.20 usec
IRNUC 1H
CTEMP 17.8 ¢
b SLVNT CDCL3
WE EXREF 0.00 ppm
T BF 0.01 Hz
RGAIN 50
g !
“ Me ﬁr .
N
\
DUy
-
w
" gdce
& ——

]

1.023
0.972
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m“wnw Documents¥PGousei¥KANAI¥single_pulse_dec.14
15

T DFILE C:¥My Documents¥PGousei¥KANAI¥single pulse_dec. 14

(=] = WO S r— U P (D s LR L e U0 00 - (O o 03 O (B0 O ~— =t o < ~

2 8 BERACRYRELeosdSRoTE LRSS ot 3 ConLT - Meph

o WO P O R D e OO P (0 SN D D D D — £ = O O P P —_——— = DATIM 05-02-2009 10:47:51
e 5 SoYigsssRsNsnsLRsoy FRrbres  gg g OB 13

= g e R G R C i A e Lo e b b by EXMOD single_pulse_dec

0BFRO 124,51 Mz
OBSET 3.45 KHz
OBFIN 6.00 Hz
POINT 32768

FREQU 39062.50 Hz

SCANS 1000

ACQTM .. 0.8389 sac . - .
PO 2.0009 sec . N
PW1 3.57 usec L
IRNUC 1H

CTEMP 93¢

SLUNT CDCL3

EXREF 77.00 ppm

BF 0.01 Hz

RGAIN 60

HO
Me.

/
DMTY




C-¥My Documents¥PGousel¥KANAI¥single_pulse. 61

naph
fee DFILE C:¥My Documents¥PGousei¥KANAI¥single_pulse.61
22 COMNT naph
LD DATIM 04-02-2009 20:24:35
olen OBNUC 1H
EXMCD single_pulse.ex2
: OBFRQ 495,13 MHz
: DBSET 4.38 KHz
OBFIN 9.64 Hz
POINT 16384
FREQU 9286.78 Hz
SCANS 4
ACQTM 1.7642 sec .
PD 5.0000 sec .
1 6.20 usec
IRNUC 1H
CTEMP 17.7 ¢
SLVNT CDGL3
EXREF .00 ppm
BF 0.01 Hz
RGAIN 40
\
3 2 DMy 3 od
r—.u. up
T 5
ACU. o0
| g 2
n/m [ar)
-~ .
\ 5
o
2
__m__;__::_:_ 7_:___:__:,_,::_:
8.0 7.0 6.0 5.0




C:¥My Documents¥PGousei¥KANAI¥single_pulse_dec.13

naph
DFILE C:¥My Documents¥PGousei¥KANAI¥single_pulse_dec,13
> eSS sssaenaEonReNn s Noas oo eyt 9 COMNT naph P :
= SRR SRR EENEEEREETRER3E LIISES 2 DATIM  04-02-2009 20:28:53
=) 00 07 €x ' = €40 473 ) v— €5 063 601 O €0 P P <63 €O 60 N < £9 O 65 03 & =~ o 1 e o3 ') 0BNUC 13C
= RO NN NN N NN N NN kit R e EXMOD single pulse_dec
0BFRQ 124.51 MHz
OBSET 3.45 KHz
: OBFIN 6.00 Hz
| POINT 32768
. FREQU 39062.80 Hz
SCAKS 13 .
ACQTM 0.8389 sec . ) e
PD 2.000¢ sec . R
PW1 3.57 usec
IRNUC 1H
CTEMP 19.3 ¢
SLVNT CDCL3
EXREF 77.00 ppm
BF 0.01 Hz
RGAIN 60

HO
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Date : Wed Feb 4 11:16:02 2009

FileNamg
Comment
SliceHistary
EXMODE

POINT
SAMPO
FREQU
FILTR
DELAY
BEADT
INTVL
TIMES
CUMMY
PD
ACRTM
FREDL
INTWT
RESOL
Fu1
CBNUC
OBFRG
OBSET
RGAIN

SCANS
SLVNT

SPINNING
TEMP

.LoadingFID.nmdata

C1Ph
non

32768
32768
10000.0
5000
40.0
57 .1
100.0
8
1
3.7232
3276.7598
0.01000
1000 .0000
0.3
9.70

H
500.00
162160.00
15
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179.236
135.220
133.057
131 .651
130.408
128.772
128.558
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126. 268

1337115
124,552
- 124.437

220
932
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053
003
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116
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77
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Date : Wed Feb 4 11:19% 20 2009

FileName
Comment
SliceHistory
EXMODE

POINT
SAMPD
FREQU
FILTR
DELAY
CEADT
INTVL
TIMES
DUMMY
PO
ACQTM
PREDL
INTWT
HESOL
Pit
OBNUC
GBFRA
OBSET
RGAIN
IRNUC
IRFRE
IRSET
IRRPHW
IRRANS

SCANS
SLYNT

SPINNING
TEMP

_homaM:@ch.:anmﬂm

- CIPh

ocm

32768
32768
33898.3
15850
11.8
10.0
29.9
800
1
2.40333
866.5560
0.01000
1000.0000
1.03
5.29

13C
125.65
127958.00
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1H
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162160.00
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points
Hz
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usec
Usec
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times
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C:¥My Documents¥PGousei¥KANAI¥single_pulse.138
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