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1. General information

'H NMR spectrum were recorded on a Bruker DPX 400 MHz spectrometer in CDCls.
Chemical shifts were reported in ppm with the internal TMS signal at 0.0 ppm as a standard.
The spectra are interpreted as: s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet, dd
= doublet of doublets, td = triplet of doublets, coupling constant(s) J are reported in Hz and
relative integrations are reported. *C NMR (100 MHz) spectrum were recorded on a Bruker
DPX 400 MHz spectrometer in CDCls. Chemical shifts were reported in ppm with the internal
chloroform signal at 77.16 ppm as a standard. Optical rotations were measured on an
AUTOPOL V. Diastereomeric ratios were determined by analysis of tH NMR spectroscopy and
HPLC traces, obtained by using Chiralpak AD-H, IF, IA or Chiralcel OD-H columns with n-
hexane and i-propanol or ethanol as solvents. Enantiomeric excesses were determined by
analysis of HPLC traces, obtained by using Chiralpak AD-H, IF, IAor Chiralcel OD-H columns
with n-hexane and i-propanol or ethanol as solvents. (Chiralpak AD-H, IF, 1A and Chiralcel
OD-H columns were purchased from Daicel Chemical Industries, LTD.) Melting points were
obtained in open capillary tubes using SGW X-4 micro melting point apparatus which were
uncorrected. Mass spectrum were recorded on TOF mass spectrometer. All reagents and starting
materials were purchased from Adamas-beta and other suppliers and used without further
purification. Isatin-derived ketimines la-1p were prepared according to the literature
procedure.!



2. Reaction optimization

Table S1. Evaluation of solvent.?

Ph
NBoc COMe  Cu(CHACN),BF, (10 mol%) N2\Ph ‘
CLy ™ X, ™ (0
Ve Ph” “Ph t \ o] *
1a 2a Me !
3a I
entry solvent yield (%)° dre ee (%)° t (h)
1 CPME 91 56:44 92/96 4
2 Et.0 61 56:44 92/96 5
3 iPr.O 20 29:71 48/12 5
4 CHsCN 38 15:85 30/8 3
5 toluene 92 51:49 86/80 3
6 CHCI; 99 57:43 92/94 0.5
7 CHCIs 99 56:44 90/96 0.5
8 EtOAC 92 53:47 89/98 0.5

aAll reactions were carried out with 0.1 mmol of 1a and 0.11 mmol of 2a in 1.5 mL of indicated solvent.
bCombined yield of two diastereomers. “Determined by *H NMR spectroscopy and chiral HPLC analysis.
dDetermined by chiral HPLC analysis.




3. Preparation and characterization data of Mannich products

74
N COR* CuBF, (10 mol%) 2 N ‘
R3 N + KN L3 (11 mol%) ‘NH COZR4
T o} N
Z N PhJ\Ph Et;N (20 mol%), THF Rr3ll 0
R’ -40 °C AN !
1 2 h1

General procedure: Under a nitrogen atmosphere, Cu(CH3;CN).BF4 (3.1 mg, 0.01 mmol),
ligand L3 (5.7 mg, 0.011 mmol) and EtzN (20 uL, 1.0 M Et;N dissolved in THF) were dissolved
in THF (1.5 mL), and stirred at room temperature for approximately 1 h. Then, Schiff bases 1
(0.11 mmol) were added, the mixture was cooled to -40 <C and isatin-derived ketimines 2 (0.1
mmol) were then added. Once starting material was consumed (monitored by TLC), the mixture
was concentrated and purified by column chromatography (petroleum ether/ethyl acetate = 3:1
to 2:1) to give the corresponding product.

Ph
N)\Ph

BocHN, =

CO,Me
o}
N

Me 3a
Methyl (S)-2-((S)-3-((tert-butoxycarbonyl)amino)-1-methyl-2-oxoindolin-3-yl)-2-
((diphenylmethylene)amino)acetate
White solid; m.p: 122-124 <C;*H NMR (400 MHz, CDCl3) & 7.48 (d, J = 7.7 Hz, 2H), 7.44-
7.35 (m, 4H), 7.31 (d, J = 7.6 Hz, 2H), 7.28-7.23 (m, 2H),7.02-6.95 (m, 3H), 6.79 (d, J = 7.7
Hz, 1H), 6.31 (s, 1H), 4.39 (s, 1H), 3.75 (s, 3H), 3.59 (s, 3H), 3.25 (s, 3H), 3.17 (d, J = 3.9 Hz,
3H), 1.22 (s, 9H); 3C NMR (100 MHz, CDCls) & 174.7, 174.0, 169.3, 154.0, 144.4, 138.9,
135.6,131.0,129.4,129.2,129.1,129.1, 128. 8, 128. 8,128.2, 128.2, 127.6, 127.6, 123.5, 122.5,
107.8, 80.3, 69.0, 63.5, 52.6, 28.1, 28.1, 28.1, 26.6; HRMS (ESI-TOF) calcd for C3H31N30s
[M+H]*:514.2336, found: 514.2341; [a]p?® = -49.7 (c 1.00, CHCIs); HPLC (Chiralpak AD-H,
hexane/i-PrOH = 80/20, 0.8 mL/min, 254 nm) tg = 6.98 min (anti-minor), 8.40 min (syn-major),
11.23 min (anti-major), 12.76 (syn-minor).
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N)\Ph

BocHN_ °

CO,Et
o
N

Me 3b

Ethyl (S)-2-((S)-3-((tert-butoxycarbonyl)amino)-1-methyl-2-oxoindolin-3-yl)-2-
((diphenylmethylene)amino)acetate

White solid; m.p: 146-148 <C; *H NMR (400 MHz, CDCls) 6 7.53 (d, J = 7.7 Hz, 2H), 7.43-
7.39 (m, 4H), 7.35 (d, 1H), 7.32 (t, J = 7.6 Hz, 2H), 7.25 (t, 1H), 7.03-7.00 (m, 3H), 6.78 (d, J
= 7.7 Hz, 1H), 6.25 (s, 1H), 4.39 (s, 1H), 4.06-3.94 (m, 2H), 3.24 (s, 3H), 1.22 (s, 9H), 1.07 (t,
J=7.1Hz, 3H); *C NMR (100 MHz, CDCls) 6 174.6, 174.0, 168.4, 154.0, 144.4, 134.0, 135.7,
131.0, 129.3, 129.1(4), 129.0(8), 129.0(8), 128.7, 128.7, 128.2, 128.2, 127.6, 127.6, 123.8,
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122.4, 107.8, 80.3, 69.0, 63.3, 61.6, 28.1, 28.1, 28.1, 26.5, 14.0; HRMS (ESI-TOF) calcd for
CaiH3sN3Os [M+H]": 528.2493, found: 528.2496; [a]o® = -37.0 (c 0.96, CHCIs); HPLC
(Chiralpak AD-H, hexane/i-PrOH = 90/10, 0.8 mL/min, 254 nm) tz = 11.66 min (anti-major),
14.44 min (anti- minor), 18.00 min (syn-minor), 24.24 min (syn-major).
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N)\Ph

BocHN, =

COan
0]
N

Me 3c

Benzyl (S)-2-((S)-3-((tert-butoxycarbonyl)amino)-1-methyl-2-oxoindolin-3-yl)-2-
((diphenylmethylene)amino)acetate

White solid; *H NMR (400 MHz, CDCls) 6 7.52 (d, J = 7.7 Hz, 2H, major), 7.43-7.37(4) (m,
2H, major+minor), 7.36(6)-7.34 (m, 2H, major+minor), 7.33-7.27 (m, 7H, major+minor), 7.50-
6.96 (m, 1H, major+minor), 7.23-7.17 (m, 2H, major+minor), 6.90 (d, J = 7.1 Hz, 2H, major),
6.72-6.67 (m, 1H, major+minor), 6.20(s, 1H, major), 5.20 (s, 2H, minor), 5.06 (d, J = 12.1 Hz,
1H, major), 4.87 (d, J = 12.1 Hz, 1H, major), 4.43 (s, 1H, major), 4.21 (s, 1H, minor), 3.15 (s,
3H, minor), 3.07 (s, 3H, major), 1.20 (s, 9H, major+minor); *C NMR (100 MHz, CDCl3) §
(major+minor) 174.5, 174.2, 173.4, 168.2, 153.9, 144.3, 138.9, 135.5, 135.1, 131.0, 129.2,
129.1, 129.1, 129.1, 129.1, 129.0, 128.9, 128.9, 128.7, 128.7, 128.6(0), 128.5(5), 128.5(5),
128.5,128.2,128.1,128.1, 127.5,127.5, 127.3, 123.7, 122.4, 107.9, 80.2, 69.0, 67.4, 67.2, 63.2,
28.1, 28.1, 28.1, 26.3; HRMS (ESI-TOF) calcd for CssHasN3Os [M+H]*: 590.2649, found:
590.2656; [a]po®® = -47.1 (c 1.00, CHCI3); HPLC (Chiralpak AD-H, hexane/i-PrOH = 90/10,
0.8 mL/min, 254 nm) tg = 14.07 min (anti-minor), 16.34 min (syn-major), 17.91 min (anti-
major), 23.82 min (syn-minor).

Isopropyl (S)-2-((S)-3-((tert-butoxycarbonyl)amino)-1-methyl-2-oxoindolin-3-yl)-2-
((diphenylmethylene)amino)acetate

White solid; 'H NMR (400 MHz, CDCls) § 7.55 (d, J = 7.7 Hz, 2H, major), 7.50(d, J = 7.4Hz,
2H, minor) 7.43-7.40 (m, 5H, major+minor), 7.33 (t, J = 7.6 Hz, 2H, major+minor), 7.27-7.23
(m, 1H, major+minor), 7.16 (d, J = 7.4 Hz, 1H, minor), 7.06-6.98 (m, 3H, major+minor), 6.85-
6.82 (m, 3H, minor), 6.77 (d, J = 7.8 Hz, 1H, major), 6.20 (s, 1H, major), 5.20-5.10 (m, 1H,
minor), 4.86-4.80 (m, 1H, major), 4.37 (s, 3H, major), 4.15 (s, 3H, minor), 3.23 (s, 3H, major),
3.15(s, 3H, minor), 1.23-1.21 (m, 9H, major+minor), 1.03 (m, 6H, major+minor); *C NMR
(100 MHz, CDCls) 6 (major+minor) 174.6, 174.0,172.9, 167.6 , 154.1 , 144.6 , 139.1, 135.8,
131.0, 129.3, 129.1, 129.1, 128.7, 128.7, 128.6 , 128.4 , 128.2, 128.2, 127.6, 127.6, 123.9,
122.4,107.8,80.3,69.4,69.0,63.2,28.2,26.6,21.8,21.8,21.8, 215, 21.5; HRMS (ESI-
TOF) calcd for Cs2H3asN3sOs [M+H]*:542.2649, found: 542.2656; [a]p?®=-91.1 (¢ 1.02, CHCIs);
HPLC (Chiralpak AD-H, hexane/i-PrOH = 90/10, 0.8 mL/min, 254 nm) tgr = 9.14 min (anti-
minor), 12.81 min (anti-major), 16.26 min (syn-minor), 21.15 min (syn-major).



Methyl (S)-2-((S)-1-benzyl-3-((tert-butoxycarbonyl)amino)-2-oxoindolin-3-yl)-2-
((diphenylmethylene)amino)acetate
White solid; *H NMR (400 MHz, CDCls) 6 7.52 (d, J = 7.8 Hz, 1H, major), 7.44-7.34 (m, 4H,
major+minor), 7.32-7.27 (m, 4H, major+minor), 7.23-7.19(5) (m, 1H, major+minor), 7.18(8)-
7.11 (m, 4H, major+minor), 7.09-7.03 (m, 1H, major+minor), 6.99-6.94 (m, 2H, major+minor),
6.72 (s, 1H, major+minor), 6.66 (d, J = 7.8 Hz, 1H, minor), 6.62 (d, J = 7.8 Hz, 1H, major),
6.53 (s, 1H, minor), 5.12-4.76 (m, 2H, major+minor), 4.42 (s, 1H, minor), 4.29 (s, 1H, major),
3.74 (s, 3H, major), 3.64 (s, 3H, minor), 1.35 (s, 9H, minor), 1.26 (s, 9H, major); *C NMR
(100 MHz, CDCls) 8(major+minor) 175.0, 174.6, 173.6, 154.1, 154.0, 143.8, 139.1, 138.6,
136.0,135.8,135.4,131.1, 130.8, 129.3, 129.2(2),129.2(2), 129.1(9), 129.0, 128.8(3), 128.8(1),
128.8(1), 128.8(0), 128.6(1), 128.5(5), 128.5(5), 128.3,128.3, 128.1, 127.8, 127.7, 127.5, 127.3,
127.3,127.0, 127.0, 123.8, 123.3, 122.5, 122.5, 109.0, 80.3, 69.0 , 68.7, 63.5, 52.7, 52.6, 44.5,
44.2, 28.2, 28.2, 28.2; HRMS (ESI-TOF) calcd for CssH3sN3Os [M+H]*: 590.2649, found:
590.2654; [a]po®® = -99.0 (c 1.07, CHCI3); HPLC (Chiralpak AD-H, hexane/i-PrOH = 80/20,
1.0 mL/min, 254 nm) tgr = 5.24 min (syn-minor), 8.97 min (anti-major), 12.69 min (syn-major),
36.13 min (anti-minor).

Ph

N)\Ph

BocHN, =

Ac 3f

Methyl (S)-2-((S)-1-acetyl-3-((tert-butoxycarbonyl)amino)-2-oxoindolin-3-yl)-2-
((diphenylmethylene)amino)acetate

White solid; *H NMR (400 MHz, CDCls) & 8.32 (d, J = 8.2 Hz, 1H, minor), 8.25 (d, J = 8.0
Hz, 1H, major), 7.46-7.43 (m, 3H, major+minor), 7.41-7.38 (m, 3H, major+minor), 7.33-7.28
(m, 3H, major+minor), 7.19-7.16 (m, 2H, major+minor), 6.93 (dd, J = 6.5, 2.9 Hz, 2H, major),
6.86 (dd, J = 7.4, 2.1 Hz, 2H, minor), 4.44 (s, 1H, major), 4.36 (s, 1H, minor), 3.75 (s, 3H,
major), 3.60 (s, 3H, minor), 2.73 (s, 3H, minor), 2.54 (s, 3H, major), 1.32 (s, 9H, minor), 1.22
(s, 9H, major); **C NMR (100 MHz, CDCl3) 6 176.0, 175.5,174.6 , 174.2 ,170.7 , 170.6 ,
168.9 , 153.9 , 141.0, 1385, 138.2, 135.3, 131.4, 129.7 , 129.7 , 129.4 , 129.2, 129.2,
129.1,129.1, 129.0, 129.0, 128.9, 128.9, 128.8, 128.8, 128.4, 128.4, 128.3, 128.3, 127.4,127 4,
127.1,127.1,125.2,123.0, 116.5, 116.4, 81.1, 69.6, 69.4, 64.6, 63.8, 52.8, 29.8, 28.2 , 28.0,
28.0, 28.0, 26.7, 26.6; HRMS (ESI-TOF) calcd for C31H3:N3Og [M+H]*: 542.2286, found:
542.2292; [a]o® = -83.1 (c 1.04, CHCIs3); HPLC (Chiralpak IF, hexane/i-PrOH = 100/5, 0.8
mL/min, 254 nm) tr = 5.24 min (syn-minor), 8.97 min (anti-major), 12.69 min (syn-major),
36.13 min (anti-minor).
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Methyl (S)-2-((S)-3-(((benzyloxy)carbonyl)amino)-1-methyl-2-oxoindolin-3-yl)-2-

((diphenylmethylene)amino)acetate

White solid; *H NMR (400 MHz, CDCls)  7.49 (d, J = 7.6 Hz, 2H, major+minor), 7.43-7.37
(m, 4H, major+minor), 7.35-7.27 (m, 9H, majro+minor), 7.16 (d, J = 7.3 Hz, 1H, minor), 7.04
-6.96 (m, 3H, major+minor), 6.88-6.78 (m, 1H, major+minor), 6.64 (s, 1H, major), 4.97 (s, 2H,
minor), 4.92 (s, 2H, major), 4.45 (s, 1H, major), 4.26 (s, 1H, minor), 3.75 (s, 3H, minor), 3.56
(s, 3H, major), 3.22 (s, 3H, major+minor); **C NMR (100 MHz, CDCl3) § 174.3,174.3 ,173.8 ,
169.1,154.6,1445,138.8,131.2,131.1,129.7,129.2,129.1, 129.1, 129.0, 128.8, 128.8,
128.6,128.5,128.5,128.3, 128.3, 128.2(7) , 128.1(9), 128.1(7), 128.1(7), 127.8, 127.5, 127.5,
127.3,123.7,122.7,122.6 ,108.2,108.1,68.8,67.3,63.3,52.7,52.6 , 26.5; HRMS (ESI-
TOF) calcd for CasH2oN3Os [M+H]*:548.2180, found: 548.2186; [a]o? = -74.1 (¢ 1.00, CHCI3);
HPLC (Chiralcel OD-H, hexane/i-PrOH = 90/10, 0.8 mL/min, 254 nm) tg = 16.02 min (anti-
minor), 21.43 min (syn-major), 32.53 min (syn-minor) 43.22 min (anti-major).

Ph

)\Ph

Me COQMe
o}
N

Me 3h

Methyl (S)-2-((S)-3-((tert-butoxycarbonyl)amino)-1,5-dimethyl-2-oxoindolin-3-yl)-2-
((diphenylmethylene)amino)acetate
White solid; *H NMR (400 MHz, CDCls)  7.45 (d, J = 7.7 Hz, 2H, major+minor), 7.43-7.35
(m,5H, major+minor), 7.29 (t, J = 7.6 Hz, 2H, major+minor), 7.06-6.97 (m, 2H, major+minor),
6.96-6.90 (m, 2H, major+minor), 6.66 (d, J = 7.8 Hz, 1H, major), 6.39(s, 1H, major) 4.37 (s,
1H, major), 4.27 (s, 1H, minor), 3.76 (s, 3H, minor), 3.63 (s, 3, major), 3.24 (s, 3H, major),
3.15 (s, 3H, minor), 2.29 (s, 3H, major), 2.26 (s, 3H, minor), 1.22 (s, 9H, major+minor); *C
NMR (100 MHz, CDCl3) 6 174.6, 173.7,169.6, 154.1, 142.0, 139.0, 135.6, 131.8, 131.0, 129.5,
129.2, 129.1, 129.1, 128.7, 128.7, 128.1, 128.1, 127.7, 127.7, 124.2, 107.6, 80.3, 68.9, 63.6,
52.7,28.2,28.2,28.2, 26.6, 21.3; HRMS (ESI-TOF) calcd for C31H3sN3sOs [M+H]*: 528.2493,
found: 528.2499; [a]o® = -54.4 (¢ 0.99, CHCI3); HPLC (Chiralpak AD-H, hexane/i-PrOH =
80/20, 0.8 mL/min, 254 nm) tg = 6.36 min (anti-minor), 7.24 min (syn-major), 9.23 min (anti-
major), 11.80 min (syn-minor).

Ph

N)\Ph

BocHN, =

MeO CO,Me
(¢}
N

l\\/le 3i
Methyl  (S)-2-((S)-3-((tert-butoxycarbonyl)amino)-5-methoxy-1-methyl-2-oxoindolin-3-
yl)-2-((diphenylmethylene)amino)acetate
White solid; m.p: 175-177 <C;'H NMR (400 MHz, CDCl3) § 7.47-7.37 (m, 6H), 7.29 (t, J =
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7.6 Hz, 2H), 6.95 (dd, J = 6.6, 3.0 Hz, 2H), 6.85 (s, 1H), 6.77 (dd, J = 8.4, 2.6 Hz, 1H), 6.69 (d,
J=8.4Hz, 1H), 6.37 (s, 1H), 4.38 (s, 1H), 3.75 (s, 3H), 3.63 (s, 3H), 3.24 (s, 3H), 1.24 (s, 9H);
13C NMR (100 MHz, CDCl3) § 174.3, 173.7, 169.4, 155.9, 153.9, 138.9, 137.9, 135.5, 131.0,
129.2,129.0, 129.0, 128.7, 128.7, 128.1, 128.1, 127.6, 127.6, 113.7, 110.6, 108.2, 80.3, 68.9,
63.8, 55.8, 52.6, 28.1, 28.1, 26.6; HRMS (ESI-TOF) calcd for C31H3sN3Os [M+H]*: 544.2442,
found: 544.2449; [a]p® = -72.8 (¢ 1.05, CHCI3); HPLC (Chiralpak AD-H, hexane/i-PrOH =
80/20, 1.0 mL/min, 254 nm) tr = 4.82 min (syn-major), 5.22 min (syn-minor), 9.12 min (anti-
major), 16.88 min (anti-minor).

Ph

N)\Ph

BocHN, =

F3CO CO,Me
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N

Me 3

Methyl (S)-2-((S)-3-((tert-butoxycarbonyl)amino)-1-methyl-2-oxo-5-
(trifluoromethoxy)indolin-3-yl)-2-((diphenylmethylene)amino)acetate

White solid; *H NMR (400 MHz, CDCls)  7.46 (d, J = 7.8 Hz, 2H, major+minor), 7.44-7.37
(m,4H, major+minor), 7.31 (t, J = 7.5 Hz, 2H, major+minor), 7.17-7.09 (m, 2H, major+minor),
6.97-6.93 (m, 2H, major+minor), 6.77 (d, J = 8.3 Hz, 1H, major), 6.37 (s, 1H, maojr), 4.37 (s,
1H, major), 4.30 (s, 1H, minor), 3.75 (s, 3H, minor), 3.62 (s, 3H, major), 3.26 (s, 3H, major),
3.18 (s, 3H, minor), 1.26 (s, 9H, major+minor); *C NMR (100 MHz, CDCls) & (major+minor)
174.6,174.2,169.1,153.9, 144.7 (d, J = 2.1 Hz), 143.2, 138.7, 135.4, 131.2, 129.4, 129.1(3),
129.0(7), 129.0(7), 129.0, 128.9, 128.9, 128.8, 128.3, 128.2, 128.2, 127.4, 127.4, 127.3, 122.5,
122.4,120.7 (q, J = 256.4 Hz), 108.3, 80.7, 68.8, 68.5, 63.6, 52.7, 28.1, 28.1, 28.1, 26.7; HRMS
(ESI-TOF) calcd for Ca1Hz0F3N3sOg [M+H]*: 598.2159, found: 598.2166; [a]o® = -50.2 (¢ 1.02,
CHCIs); HPLC (Chiralpak AD-H, hexane/i-PrOH = 100/5, 0.8 mL/min, 254 nm) tr = 13.02
min (anti-minor), 19.40 min (syn-major), 21.50 min (anti-major), 25.30 min (syn-minor).

Ph

N)\Ph

BocHN, =

E CO,Me
o
N

Me 3k

Methyl (S)-2-((S)-3-((tert-butoxycarbonyl)amino)-5-fluoro-1-methyl-2-oxoindolin-3-yl)-
2-((diphenylmethylene)amino)acetate

White solid; *H NMR (400 MHz, CDCls) & 7.47 (d, J = 7.8 Hz, 2H, major+minor), 7.44-7.37
(m, 4H, major+minor), 7.31 (dd, J = 8.3, 6.9 Hz, 2H, major+minor), 7.09-6.87 (m, 4H,
major+minor), 6.71 (dd, J = 8.4, 4.0 Hz, 1H, major+minor), 6.30 (s, 1H, major), 4.40 (s, 1H,
major), 3.76 (s, 3H, minor), 3.61 (s, 3H, major), 3.26 (s, 3H, major), 3.17 (s, 3H, minor), 1.26
(s, 9H, major+minor); *C NMR (100 MHz, CDCls) & (major+minor) & 174.5, 174.2, 169.1,
159.2 (d, J = 240.6 Hz), 153.9, 140.5 (d, J = 1.3 Hz), 138.8, 135.5, 131.2, 129.3, 129.1, 129.1,
128.9, 128.9, 128.2, 128.2, 127.5, 127.5, 115.5 (d, J = 23.4 Hz), 111.8 (d, J = 25.2 Hz), 108.3
(d, J = 7.7 Hz), 80.6, 68.9, 63.7, 52.8, 28.2, 28.2, 28.2, 26.8. HRMS (ESI-TOF) calcd for
CsoH30FN3Os [M+H]*: 532.2242, found: 532.2249; [a]o® = -40.9 (c 0.99, CHCI3); HPLC
(Chiralpak AD-H, hexane/i-PrOH = 80/20, 0.8 mL/min, 254 nm) tr = 10.52 min (Syn-major),
13.80 min (anti-major), 15.22 min (syn-minor), 21.05 min (anti-minor).
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Methyl (S)-2-((S)-3-((tert-butoxycarbonyl)amino)-5-chloro-1-methyl-2-oxoindolin-3-yl)-
2-((diphenylmethylene)amino)acetate

White solid; *H NMR (400 MHz, CDCls) & 7.44 (d, J = 6.1 Hz, 5H, major+minor), 7.39 (d, J
= 6.9 Hz, 1H, major+minor), 7.30 (t, J = 7.6 Hz, 2H, major+minor), 7.21 (dd, J = 8.2, 1.8 Hz,
1H, major+minor), 7.14 (s, 1H, major+minor), 6.95-6.91 (m, 2H, major+minor), 6.71 (d, J =
8.3 Hz, 1H, major+minor), 6.41 (s, 1H, major+minor), 4.38 (s, 1H, major), 4.32 (s, 1H, minor),
3.77 (s, 3H, minor), 3.66 (s, 3H, major), 3.27 (s, 3H, major), 3.16 (s, 3H, minor), 1.25 (s, 9H,
major+minor). *C NMR (100 MHz, CDCls) & (major+minor) 174.3, 173.9, 173.9, 169.3, 153.8,
143.1,138.7,135.3,131.1, 129.3, 129.1, 129.0, 129.0, 128.9, 128.9, 128.7, 128.3, 128.2, 128.2,
127.7, 127.5, 127.5, 127.4, 123.9, 108.8, 80.6, 68.7, 68.5, 63.5, 52.8, 29.8, 28.2, 28.2, 28.2,
26.7; HRMS (ESI-TOF) calcd for C3oH30CIN3Os [M+H]*: 548.1947, found: 548.1953; [a]p® =
-20.0 (c 0.99, CHCl3); HPLC (Chiralpak AD-H, hexane/i-PrOH = 90/10, 0.8 mL/min, 254 nm)
tr = 10.00 min (anti-minor), 10.98 min (syn-major), 14.12 min (anti-major), 20.37 min (syn-
minor).

Methyl (S)-2-((S)-3-((tert-butoxycarbonyl)amino)-5-iodo-1-methyl-2-oxoindolin-3-yl)-2-
((diphenylmethylene)amino)acetate

White solid; *H NMR (400 MHz, CDCls) 6 7.54 (dd, J = 8.1, 1.8 Hz, 1H, major+minor), 7.49-
7.36 (m,6H, major+minor), 7.32-7.25 (m, 3H, major+minor), 6.93-6.88 (m, 2H, major+minor),
6.57 (d, J = 8.2 Hz, 1H, major), 4.35 (s, 1H, major), 4.28 (s, 1H, minor), 3.77 (s, 3H, minor),
3.70 (s, 3H, major), 3.26 (s, 3H, major), 3.14 (s, 3H, minor), 1.26 (s, 9H, major+minor); *C
NMR (100 MHz, CDCls) 8 (major+minor) 174.0, 173.8, 169.5, 153.8, 144.3 , 138.6, 138.0,
135.3,131.1,129.3, 129.0, 129.0, 128.9, 128.9, 128.7, 128.3, 128.2, 128.2, 127.6, 127.6, 127 .4,
109.9, 84.8, 80.6, 68.6, 63.3, 52.9, 28.2, 28.2, 28.2, 26.6; HRMS (ESI-TOF) calcd for
C30H30IN3Os [M+H]*: 640.1303, found: 640.1309; [a]o® = -90.1 (c 1.01, CHCIs); HPLC
(Chiralpak AD-H, hexane/i-PrOH = 90/10, 1.0 mL/min, 254 nm) tz = 9.18 min (anti-minor),
10.47 min (syn-major), 15.55 min (anti-major), 19.32 min (syn-minor).

(CCDC 1565164 (3m) contains the supplementary crystallographic data for this paper. These
data can be obtained free of charge via www.ccdc.cam.ac.uk/conts/retrieving.html.)



Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)

Absorption coefficient
F(000)
Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.242°
Absorption correction

Max. and min. transmission

Refinement method

Data / restraints / parameters

Goodness-of-fit on F2

C15

cd17236

C30 H30 I N3 05
639.47

293(2) K
0.71073 A
Orthorhombic
P212121

a=12.1518(14) A =90°.
b = 12.3848(15) A =90°.
c=19.412(2) A =90°.

2921.5(6) A3
4

1.454 Mg/m3

1.138 mm-1
1296

0.200 x 0.170 x 0.130 mm3
1.950 to 25.499°

-13<=h<=14, -12<=k<=15, -21<=1<=23

16812

5433 [R(int) = 0.0315]

100.0 %

Semi-empirical from equivalents
0.7456 and 0.6755

Full-matrix least-squares on F2

5433/1/361

1.038



Final R indices [I1>2sigma(1)]
R indices (all data)

Absolute structure parameter
Extinction coefficient

Largest diff. peak and hole

R1=0.0336, wR2 = 0.0775
R1 =0.0383, wR2 = 0.0799
-0.019(8)

n/a

0.648 and -0.185 e.A-3

Me 3n
Methyl  (S)-2-((S)-3-((tert-butoxycarbonyl)amino)-6-methoxy-1-methyl-2-oxoindolin-3-
yl)-2-((diphenylmethylene)amino)acetate
White solid; *H NMR (400 MHz, CDCls) 6 7.52 (d, J = 7.7 Hz, 2H, major), 7.48 (d, J = 7.6
Hz, 2H, minor), 7.43-7.36 (m, 5H, major), 7.32 (t, J = 7.6 Hz, 2H, major+minor), 7.20 (d, J =
8.2 Hz, 5H, minor), 7.01-6.98 (m, 2H, major), 6.90-6.88 (m, 2H, minor), 6.50 (dd, J=8.2, 2.3
Hz, 1H, major+minor), 6.45 (s, 1H, minor), 6.37 (d, J = 2.3 Hz, 1H, major), 6.22 (s, 1H,
major+minor), 4.38 (s, 1H, major), 4.25 (s, 1H, minor), 3.84 (s, 3H, minor), 3.79 (s, 3H, major),
3.75 (s, 3H, minor), 3.57 (s, 3H, major), 3.22 (s, 3H, major), 3.15 (s, 3H, minor), 1.24 (s, 9H,
major+minor). *C NMR (100 MHz, CDCls) § (major+minor) 175.2,174.0, 173.4, 169.2, 161.1,
161.0, 154.0, 153.9, 145.7, 139.0, 138.7, 135.6, 135.5, 131.0, 129.2, 129.1, 129.1, 129.0, 128.8,
128.8, 128.7, 128.2(3), 128.1(8), 127.6, 128.1(8), 127.6, 127.4, 124.4, 106.1, 95.9, 80.2, 69.1,
68.8, 63.1, 55.6, 55.5, 52.7, 52.5, 28.2, 28.2, 28.2, 26.5; HRMS (ESI-TOF) calcd for
C31H33N306 [M+H]+: 544.2442, found: 544.2449; [()L]D25 = -36.1 (C 1.00, CHC|3); HPLC
(Chiralpak AD-H, hexane/i-PrOH = 80/20, 0.8 mL/min, 254 nm) tz = 8.69 min (syn-major),
10.78 min (anti-major), 12.29 min (anti-minor), 13.86 min (syn- minor).

Ph

N)\Ph

CO,Me
o]
cl N

Me 30

Methyl (S)-2-((S)-3-((tert-butoxycarbonyl)amino)-6-chloro-1-methyl-2-oxoindolin-3-yl)-
2-((diphenylmethylene)amino)acetate

White solid; 'H NMR (400 MHz, CDCls) & 7.49 (d, J = 7.5 Hz, 2H, major+minor), 7.47-7.38
(m, 4H, major+minor), 7.33 (t, J = 7.6 Hz, 2H, major+minor), 7.21 (d, J = 7.9 Hz, 1H,
major+minor), 7.05-6.93 (m, 3H, major+minor), 6.82-6.76 (m, 1H, major+minor), 4.38 (s, 1H,
major), 3.75 (s, 3H, minor), 3.59 (s, 3H, major), 3.23 (s, 3H, major), 3.16 (s, 3H, minor), 1.26
(s, 9H, major+minor); *C NMR (100 MHz, CDCls) 6 174.7, 174.3, 169.1, 153.9, 145.7, 138.8,
131.2,129.3,129.1,129.1, 129.0, 128.8, 128.8, 128.7, 128.2, 128.2, 127.5, 127.5, 127.3, 126.9,
1245, 122.3, 108.6, 80.6, 68.8, 63.1, 52.7, 28.2, 28.2, 28.2, 26.7; HRMS (ESI-TOF) calcd for
C30H30C|N305 [M+H]+: 548.1947, found: 548.1953; [OL]D25 = -102.7 (C 1.02, CHC|3); HPLC
(Chiralpak AD-H, hexane/i-PrOH = 90/10, 0.8 mL/min, 254 nm) tz = 9.15 min (anti-minor),
10.26 min (anti-major), 11.33 min (syn-major), 14.99 min (syn-minor).
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Me 3p

Methyl (S)-2-((S)-6-bromo-3-((tert-butoxycarbonyl)amino)-1-methyl-2-oxoindolin-3-yl)-
2-((diphenylmethylene)amino)acetate
White solid; m.p: 116-118 <C;'H NMR (400 MHz, CDCls) 6 7.49 (d, J = 7.7 Hz, 2H), 7.45-
7.40 (m, 4H), 7.33 (t, J = 7.6 Hz, 2H), 7.15 (s, 2H), 6.99-6.97 (m, 2H), 6.94 (s, 1H), 6.28 (s,
1H), 4.38 (s, 1H), 3.59 (s, 3H), 3.23 (s, 3H), 1.26 (s, 9H); *C NMR (100 MHz, CDCls3) § 174.5,
174.3,169.0, 153.9, 145.8, 138.8, 135.5, 131.2, 129.3, 129.1, 129.1, 128.8, 128.8, 128.2, 128.2,
1275, 127.5,125.2, 124.8, 123.0, 111.4, 80.6, 68.8, 63.1, 52.7, 28.2, 28.2, 28.2, 26.7; HRMS
(ESI-TOF) calcd for CsoHzoBrNsOs [M+H]": 592.1442, found: 592.1445; [a]o® = -27.3 (c 1.00,
CHCls); HPLC (Chiralpak AD-H, hexane/i-PrOH = 100/5, 0.8 mL/min, 254 nm) tz = 17.88
min (anti-minor), 20.19 min (anti-major), 24.34 min (syn-major), 34.07 min (syn-minor).

Ph

N)\Ph

BocHN, =

CO,Me
o
N

cl Me 3q

Methyl (S)-2-((S)-3-((tert-butoxycarbonyl)amino)-7-chloro-1-methyl-2-oxoindolin-3-yl)-
2-((diphenylmethylene)amino)acetate

White solid; *H NMR (400 MHz, CDCls) § 7.53-7.45 (m, 2H, major+minor), 7.43-7.38 (m, 4H,
major+minor), 7.34-7.25 (m, 3H, major+minor), 7.16 (d, 1H, minor), 7.05 (d, J = 7.3 Hz, 1H,
major), 6.95-6.85 (m, 3H, major+minor), 4.34 (s, 1H, minor), 4.26 (s, 1H, major), 3.74 (s, 3H,
major), 3.64 (s, 3H, minor), 3.64 (s, 3H, minor), 3.54 (s, 3H, major), 1.34 (s, 9H, minor), 1.26
(s, 9H, major); *C NMR (100 MHz, CDCls3) § (major+minor) 175.2, 174.7,173.8,153.9, 140.4,
138.8,138.6, 135.5, 135.4,131.6, 131.6, 131.2,131.2, 129.3, 129.1, 129.1, 129.1, 128.9, 128.8,
128.3,128.2, 127.5, 127.3, 123.3, 123.3, 121.7, 115.5, 80.7, 69.1, 68.6, 63.2, 52.8, 30.2, 30.0,
28.3, 28.2, 28.2, 28.2; HRMS (ESI-TOF) calcd for CsoH30CIN3Os [M+H]*: 548.1947, found:
548.1951; [a]p?® = -103.6 (¢ 1.06, CHCIs); HPLC (Chiralpak AD-H, hexane/i-PrOH = 90/10,
0.8 mL/min, 254 nm) tg = 8.80 min (syn-minor), 12.40 min (anti-major), 18.11 min (syn-major),

26.50 min (anti-minor).
Ph

N)\Ph

BocHN, =

CO,Me
o
N

Me Me  3r
Methyl (S)-2-((S)-3-((tert-butoxycarbonyl)amino)-1,7-dimethyl-2-oxoindolin-3-yl)-2-
((diphenylmethylene)amino)acetate
White solid; *H NMR (400 MHz, CDCls) § 7.53 (d, J = 7.3 Hz, 1H, minor), 7.46 (d, J = 7.7 Hz,
2H, major), 7.42-7.27 (m, 6H, major+minor), 7.08-6.91 (m, 3H, major+minor), 6.89 (d, J =3.1
Hz, 1H, minor), 6.87 (d, J = 3.0 Hz, 1H, major), 6.85 (d, J = 3.1 Hz, 1H, minor), 6.81 (d, J =
6.4 Hz, 1H, major), 6.59(s, 1H, minor), 6.40(s, 1H, major), 4.31 (s, 1H, major), 4.18 (s, 1H,
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minor), 3.74 (s, 3H, minor), 3.64 (s, 3H, major), 3.54 (s, 3H, major), 3.43 (s, 3H, minor), 2.58
(s, 3H, minor), 2.54 (s, 3H, major), 1.33 (s, 9H, minor), 1.24 (s, 9H, major); *C NMR (100
MHz, CDCls) 6 (major+minor) 175.5, 175.0, 173.6, 173.2, 169.6, 154.0, 153.9, 142.1, 139.0,
138.7,135.6, 135.4, 133.0, 131.0, 130.9, 129.2, 129.1, 129.1, 128.9, 128.7, 128.7, 128.6, 128.2,
128.1, 128.1, 127.6,127.6, 127.4, 122.4, 121.2, 119.3, 80.2, 69.2, 68.8 , 63.0, 52.6 (d, J = 2.4
Hz), 30.0, 28.1, 28.1, 28.1, 19.2, 19.1; HRMS (ESI-TOF) calcd for Cz1H33N3O0s [M+H]":
528.2493, found: 528.2499; [a]p® = -380.0 (¢ 1.06, CHCls); HPLC (Chiralpak AD-H,
hexane/i-PrOH = 90/10, 1.0 mL/min, 254 nm) tg = 8.18 min (anti-minor), 11.50 min (syn-
major), 18.78 min (anti-major), 29.26 min ((syn-minor).

For syn-3s: White solid; m.p: 155-157 <C; *H NMR (400 MHz, CDCl3) 5 7.46 (d, J = 7.7 Hz,
2H), 7.43-7.35 (m, 4H), 7.29 (t, J = 7.6 Hz, 2H), 7.04 (d, J = 7.3 Hz, 1H), 6.96-6.92 (m, 3H),
6.87 (t, J = 7.5 Hz, 1H), 6.40 (s, 1H), 4.31 (s, 1H), 3.64 (s, 3H), 3.53 (s, 3H), 2.54 (s, 3H), 1.23
(s, 9H); °C NMR (100 MHz, CDCls) § 175.6, 173.7, 169.5, 154.0, 142.1, 139.0, 135.6, 133.1,
131.0, 129.2, 129.1, 129.1, 128.7, 128.7, 128.1, 128.1, 127.7, 127.7, 122.4, 121.2, 119.4, 80.3,
69.2, 63.1, 52.6, 30.1, 28.2, 28.2, 28.2, 19.2.

For anti-3s: White solid; m.p: 178-180 <C; *H NMR (400 MHz, CDCls) & 7.53 (d, J = 7.6 Hz,
2H), 7.40 (q, J = 7.1 Hz, 2H), 7.35-7.29 (m, 5H), 7.04 (d, J = 7.7 Hz, 1H), 6.98 (d, J = 7.4 Hz,
1H), 6.87 (t, J = 7.6 Hz, 1H), 6.81 (d, J = 7.0 Hz, 2H), 4.17 (s, 1H), 3.74 (s, 3H), 3.43 (s, 3H),
2.58 (s, 3H), 1.33 (s, 9H); **C NMR (100 MHz, CDCl3) § 175.1, 173.3, 170.2, 168.7, 138.7,
135.5,133.1, 132.6, 131.1, 130.2, 129.1, 129.1, 129.0, 128.6, 128.6, 128.4, 128.3, 128.3, 127.4,
127.4, 1225, 121.3, 80.1, 68.9, 52.7, 45.9, 29.8, 28.4, 28.4, 28.4, 19.2.

4. Transformation of Mannich adduct 3a

Ph

Ju MeO,C
7 ~Ph HyN
BocHN ; ; NH,
oC j
CO,Me 4N HCI/MeOH, 12h, rt o
o 83% N
N Me
Me 99% ee
3a 4

Compound 3a (51.4 mg, 0.1 mmol) was dissolved in 4.0 N HCI/MeOH solution and stirred at
room temperature. After 12 h, the mixture was neutralized by adding sat. ag NaHCOs solution
and then extracted by ethyl acetate. The organic phase was separated, dried over Na;SO4, and
concentrated. The residue was purified by flash column chromatography
(CH:Cly/MeOH/NH,OH = 100:10:1) to afford methyl (S)-2-amino-2-((S)-3-((tert-
butoxycarbonyl)amino)-1-methyl-2-oxoindolin-3-yl)acetate 4 as colorless oil (20.7 mg, 83%).
'H NMR (400 MHz, CDCl3) & 7.40 (dd, J = 7.4, 1.3 Hz, 1H), 7.32 (td, J = 7.8, 1.3 Hz, 1H),
7.06 (td, J = 7.6, 1.0 Hz, 1H), 6.84 (d, J = 7.8 Hz, 1H), 3.92 (s, 1H), 3.49 (s, 3H), 3.22 (s, 3H);
3C NMR (100 MHz, CDCls) 3 178.3, 171.6, 143.5, 129.5, 129.3, 123.9, 122.9, 108.3, 62.8,
60.4,52.2, 26.3; HRMS (ESI-TOF) calcd for C17H23N30s [M+H]*: 350.1710, found: 350.1714;
[a]o®® = -86.6 (¢ 1.00, CHCIs); HPLC (Chiralpak AD-H, hexane/EtOH = 80/20, 1.0 mL/min,
254 nm) tg = 65.55 min (major), 73.07 min (minor).
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L. %
A T ~ /NH
N Boc—N
\—/ \;\? i “1CO,Me
Ph ©\ 0
)\ CH,Cly, reflux, 4 h N
74

N Ph HoN 79% (2 steps) Me
; z % ee
BocHN = 1 N HCI/MeOH BocHN 99%
CO,Me  rt, 30 min C\)< gone "
—_—

N © N Ph

3aMe 5 Boc—N ‘

PhCHO, MeOH w-\ic')cone
reflux, 12 h

56% (2 steps) N,‘Vle
99% ee
7

Compound 3a (102.8 mg, 0.2 mmol) was dissolved in 1.0 N HCI/MeOH solution and stirred at
room temperature. After 30 min, the mixture was neutralized by adding sat. ag NaHCO;
solution and then extracted by ethyl acetate. The organic phase was separated, dried over
Na,SO4, and concentrated. The residue was purified by flash column chromatography
(petroleum ether/ethyl acetate = 3:1) to afford methyl (S)-2-amino-2-((S)-3-((tert-
butoxycarbonyl)amino)-1-methyl-2-oxoindolin-3-yl)acetate 5. Under a nitrogen atmosphere,
compound 5 (34.9 mg, 0.1 mmol), and 1,1-carbonyldiimidazole (20.3 mg, 0.13 mmol) were
dissolved in CH.Cl; (4 mL). The reaction mixture was refluxed for 4 h, then cooled to rt and
concentrated. The residue was purified by flash column chromatography (petroleum ether/ethyl
acetate = 1:1) to afford 3-(tert-butyl) 5-methyl (4S,5S)-1'-methyl-2'-0x0-2-
phenylspiro[imidazolidine-4,3'-indoline]-3,5-dicarboxylate 6 as colorless oil (29.6 mg, 79%).
IH NMR (400 MHz, CDCl3) & 7.38 (t, J = 7.8 Hz, 1H), 7.32-7.22 (m, 1H), 7.07 (t, J = 7.5 Hz,
1H), 6.86 (d, J = 7.8 Hz, 1H), 6.73 (s, 1H), 4.63 (s, 1H), 3.27 (s, 3H), 3.23 (s, 3H), 1.15 (s, 9H);
13C NMR (100 MHz, CDCl3) 8 173.2, 167.4, 154.8, 147.9, 143.9, 130.7, 125.6, 123.5, 123.2,
108.2, 83.6, 65.8, 59.2, 52.4, 27.6, 27.6, 27.6, 26.9; HRMS (ESI-TOF) calcd for C17H23N30s
[M+H]*: 376.1503, found: 376.1509; [a]o®® = -45.7 (¢ 1.00, CHCIs); HPLC (Chiralpak IA,
hexane/i-PrOH = 80/20, 1.0 mL/min, 220 nm) tg = 16.29 min (major), 20.15 min (minor).

To a solution of compound 5 (34.9 mg, 0.1 mmol) in MeOH (1.5 mL) was added benzaldehyde
(10 pL, 0.11 mmol) at room temperature. The mixture was refluxed under a nitrogen
atmosphere for 12 h, then cooled to rt and concentrated. The residue was purified by flash
column chromatography (petroleum ether/ethyl acetate/triethylamine = 100:30:5) to afford 3-
(tert-butyl) 5-methyl (4S,5S)-1'-methyl-2'-0x0-2-phenylspiro[imidazolidine-4,3'-indoline]-3,5-
dicarboxylate 7 as white solid (22.5 mg, 56 %); mp: 177-179 °C; 'H NMR (400 MHz, CDCls)
0 8.22 (s, 1H), 7.79 (d, J = 7.0 Hz, 2H), 7.53-7.39 (m, 4H), 7.32-7.24 (m, 1H), 7.04 (t, J = 7.5
Hz, 1H), 6.79 (d, J = 7.8 Hz, 1H), 5.86 (s, 1H), 4.46 (s, 1H), 3.55 (s, 3H), 3.27 (s, 3H), 1.23 (s,
9H); ®C NMR (100 MHz, CDCls) & 174.4, 168.4, 167.5, 153.8, 144.4, 135.1, 132.0, 129.5,
129.0, 129.0, 128.8, 128.8, 124.2, 122.6, 107.9, 80.5, 75.2, 62.7, 52.6, 28.1, 28.1, 28.1, 26.7;
HRMS (ESI-TOF) calcd for C17H23N30s [M+H]*: 376.1503, found: 376.1509; [a]o® = +112.8
(c 1.00, CHCIs); HPLC (Chiralpak 1A, hexane/EtOH = 90/10, 0.8 mL/min, 254 nm) tr = 19.87
min (major), 26.18 min (minor).
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6. HPLC chromatograms
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A W N - H

2.0 4.0 6.0 8.0 10.0 12.0
[Minutes]

Ret Time(min)  HeighttmV)  Area (mV.sec) Area (%)

6.93917 1350.39 18528.84 20.6428
8.35833 1528.30 25699.24 28.6312
11.12167 829.83 18657.50 20.7861

12.53917 1021.83 26873.93 29.9399
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A W N P H

2.0 4.0 6.0 8.0 10.0 12.0
[Minutes]

Ret Time(min) Height(mV) Area (mV.sec) Area (%)

6.98417 4.26 51.77 0.1741
8.39917 1596.18 28025.69 94.2552
11.23167 69.71 1651.96 5.5558
12.76083 0.23 4.42 0.0149
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854
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422 .
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134 /\\
J_ ‘ o L
N 4.1 8.1 12.1 16.1 20.1 24.1 28.1
[Minutes]
# Ret Time(min) Height(mV)  Area (mV.sec) Area (%)
1 10.04417 356.19 6639.44 17.9030
2 15.67500 227.20 6586.05 17.7591
3 19.85167 302.87 11949.56 32.2216
4 23.93417 262.56 11910.46 32.1162
809
675
538
401
264
127
1%0 4.0 8.0 :_;0 - 7.0 ‘20.0 24.0 28.0
[Minutes]
# Ret Time(min)  Height(mV) Area (mV.sec) Area (%)
1 11.65667 3.44 64.28 0.1720
2 14.44333 0.10 24.23 0.0648
3 18.00250 38.97 1256.97 3.3627
4 24.24583 711.96 36034.63 96.4005
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10.1

15.1

20.1 25.1 30.1

[Minutes]

Ret Time(min)  Height(mV) Area (mV.sec) Area (%)
14.01000 116.13 3744.93 13.1146
16.15250 240.54 9785.30 34.2677
17.93500 85.38 3275.71 11.4714
23.74833 177.33 11749.52 41.1463
492 !
410
326
2424
158
74+ ;
— ° | 44%4//":1‘\\7
'1%.0 5.0 10.0 15.0 20.0 25.0 30.0
[Minutes]
Ret Time(min)  Height(mV) Area (mV.sec) Area (%)
14.06750 22.09 867.83 3.0881
16.34583 480.59 22004.42 78.3006
17.90750 78.72 4581.30 16.3021
23.82583 10.55 648.94 2.3092
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A W N -

A W N P

370

294

218

142

66

470

390

310

701

3.0

6.0 9.0

12.0
[Minutes]

15.0 18.0 21.0 23.3

Ret Time(min)  Height(mV) Area (mV.sec) Area (%)
8.26500 392.93 6443.55 19.5891
11.32750 259.90 6392.02 19.4324
16.25333 257.11 10056.92 30.5741
20.02167 215.08 10001.06 30.4043
4.0 8.0 }/\} 12.;/\4k 1}6“0 } L
[Minutes]

Ret Time(min)  Height(mV) Area (mV.sec) Area (%)
9.14000 46.42 788.89 4.5558
12.80667 79.09 1972.34 11.3901
16.25667 4.24 124.61 0.7196
21.15000 330.96 14430.36 83.3345
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A W N -

690

550

41041

270

130

6.0 12.0 18.

0

240 30.0 36.0
[Minutes]

Ret Time(min)  Height(mV)  Area (mV.sec) Area (%)
5.15417 209.73 1900.45 6.1789
8.50167 503.96 13285.12 43.1940
12.10333 81.30 2454.84 7.9814

32.45750 111.12 13116.47 42.6457

1315

40.4

1095

874+

653

432+

2114

-10
0.0

Ret Time(min)

-
| /\
H /\
12.0 18.0

6.0

240 30.0 36.0
[Minutes]

Height(mV) Area (mV.sec) Area (%)

41.4

A W N -

5.24583 98.08 1063.85 4.2083
8.96750 249.20 7845.90 31.0366
12.69417 421.30 15227.32 60.2359

36.13417 8.83 1142.41 45191



Ac 3f

™

.

A W N -

1 4.1 8.1 12.1 16.1 20.1 24.1 28.1
[Minutes]

Ret Time(min)  Height(mV) Area (mV.sec) Area (%)

14.78750 31.69 970.07 12.1826
17.04000 79.98 3059.36 38.4209
19.23167 70.57 3114.53 39.1138
22.56333 9.00 818.78 10.2827

WY

A W N P

.0 4.0 8.0 12.0 16.0 20.0 24.0 28.0
[Minutes]

Ret Time(min)  Height(mV) Area (mV.sec) Area (%)

14.31750 2.95 79.62 0.4606
16.39750 220.22 8429.64 48.7666
18.68750 0.96 28.31 0.1638

21.42417 95.15 8748.14 50.6091




300

238

176

114

52

A W N -

481

400

318

236

1544

724

A W N P

Me 39
0 9.0 18.0 27.0 36.0 45.0 54.0
[Minutes]
Ret Time(min)  Height(mV) Area (mV.sec) Area (%)
17.56708 25.73 2691.72 11.1259
23.89167 79.87 9538.35 39.4255
33.96833 57.11 9260.54 38.2772
44.40750 14.87 2702.74 11.1714
1 9.‘1 }—1“8‘.1‘ 27‘1 }—“36‘.1 45‘.1 54‘.1
[Minutes]
Ret Time(min)  Height(mV)  Area (mV.sec) Area (%)
16.02583 0.03 291 0.0053
21.43083 366.90 44724 .17 80.8528
32.53250 0.01 491 0.0089
43.22750 52.74 10583.53 19.1330
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N)\Ph
BocHN. =
Me COZMe
Ly
N
Me 3h
1244
1035
826
617
408
199 A
) 2.0 0 6.0 8,‘0‘ 10‘.‘0 12.0 14.0 15.
[Minutes]
# Ret Time(min) Height(mV)  Area (mV.sec) Area (%)
1 5.92750 44,18 607.61 3.6030
2 6.89750 475.10 7752.88 45,9728
3 8.67833 35.09 688.04 4.0799
4 10.72667 286.31 7815.54 46.3443
1256 !
1045
834
623
412
201
10 - = - ++ ‘1 + ‘Q -
0.0 2.0 .0 6.0 8.0 10.0 12.0 14.0 15.
[Minutes]
# Ret Time(min)  Height(mV) Area (mV.sec) Area (%)
1 6.35500 8.20 77.01 0.3542
2 7.24333 1114.89 20055.74 92.2429
3 9.23250 73.94 1587.82 7.3029
4 11.80583 0.95 21.74 0.1000
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A W N P

A W N -

Me 3i

974

810

646

482

318

®
154
oy
T 4 o D
-10
1 3.1 6.1 9.1

0.

[Minutes]

12.1 15.1 18.1

21.1

Ret Time(min)  Height(mV) Area (mV.sec) Area (%)
5.19917 20.50 243.60 2.2627
5.43750 16.60 238.84 2.2184
9.00500 242.61 5163.42 47.9603
16.41583 93.90 5120.18 47.5586

968

805 ;

642

479

316

153

-1%‘0 3.0 6.0 9.0 12.0 15.0 18.0 21.0

[Minutes]

Ret Time(min)  Height(mV) Area (mV.sec) Area (%)
4.82250 0.14 0.50 0.0029
5.21833 2.72 22.41 0.1294
9.12250 810.43 17292.87 99.8676
16.88000 0.02 0.00 0.0000
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A W N -

A W N P

\>/

Ph

BocHN, G

F3CO COyMe
o}
N

628

522

416

310

204+

981

1074

894+

7144

534+

354+

1744

4N

5.0 10.0 15.0
[Minutes]

20.0 25.0

30.

Ret Time(min)  Height(mV) Area (mV.sec) Area (%)
13.41667 108.28 2789.10 10.8643
19.35167 198.16 10110.28 39.3824
22.65333 59.67 2791.26 10.8727
25.24833 189.70 9981.46 38.8806
50J 10.0 — 15.0 20.0 25.0 30.0
[Minutes]

Ret Time(min)  Height(mV)  Area (mV.sec) Area (%)
13.02583 2.78 38.14 0.0535
19.40250 755.88 58987.96 82.7068
21.50167 231.52 12294.04 17.2374
25.29750 0.02 1.67 0.0023
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A W N -

A W N P

875

698

521

344

167

1368

1140

910

680

450

220

Me 3k

4.0

8.0

12.0 16.0

[Minutes]

20.0 24.0

28.0

Ret Time(min)  Height(mV) Area (mV.sec) Area (%)
10.85167 73.12 1550.68 7.5766
12.81917 346.83 8732.07 42.6647
16.37750 47.48 1479.82 7.2304
22.46500 192.97 8704.15 42.5283
P! 81 171 el 20.1 241

Ret Time(min)  Height(mV) Area (mV.sec) Area (%)
10.52333 987.32 25640.33 93.1096
13.79667 58.98 1874.95 6.8087
15.22250 0.40 10.87 0.0395
21.04750 0.32 11.64 0.0423

28.1
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A W N -

A W N P

1028

855

682

509

336

163

1208

1005

802

599

396

193

Me 31

[Minutes]

26.9

Ret Time(min)  Height(mV) Area (mV.sec) Area (%)
9.93417 71.05 1431.29 4.7010
10.83000 537.50 13788.21 45.2866
13.88583 48.60 1481.29 4.8652
20.08833 306.56 13745.78 45.1472
4.1 8.1 12‘“‘1 JLM } 20“,1 24.1
[Minutes]

Ret Time(min)  Height(mV) Area (mV.sec) Area (%)
10.00583 1.26 10.78 0.0388
10.98417 1038.53 23556.79 84.8522
14.12500 134.44 4190.67 15.0949
20.37250 0.20 3.91 0.0141

26.8
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A W N P

A W N P

Me 3m

1190

950

710

470

230

~

AN

1388

11551

9221

689

456

2234

4.0 8.0 12.0 16.0 20.0 24.0 28.0
[Minutes]
Ret Time(min) Height(mV)  Area (mV.sec) Area (%)
9.22917 49.59 963.25 3.6961
10.52750 504.60 11922.45 46.5336
15.62917 25.97 842.51 3.3731
19.32750 258.31 11858.91 46.3952
S T S A _ ‘ ‘
4.0 8.0 12.0 16.0 20.0 24.0 28.0
[Minutes]
Ret Time(min)  Height(mV) Area (mV.sec) Area (%)
9.18667 12.51 257.82 0.7412
10.46833 1342.32 31754.57 91.2946
15.55417 79.51 2710.51 7.7927
19.32167 1.49 59.61 0.1714
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QT,

Ph

=z

BocHN, =
CO,Me
O
MeO N\

734

610

486

362

238

1144

6.0 9.0
[Minutes]

18.0

# Ret Time(min)  Height(mV) Area (mV.sec) Area (%)
1 8.56833 250.39 4721.03 46.6487
2 10.63917 14.63 322.33 3.1850
3 11.15833 15.43 310.60 3.0690
4 14.43167 140.76 4766.44 47.0973

743

620

494

368

2424

A

1%.0 3.‘0 6.0 9.0 : 1}2{‘.0} 15.0 lB‘.O
[Minutes]

# Ret Time(min)  Height(mV) Area (mV.sec) Area (%)
1 8.69333 687.49 13221.22 81.7272
2 10.77917 124.32 2950.58 18.2391
3 12.29083 0.11 1.26 0.0078
4 13.85667 0.22 4.20 0.0260
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N)\Ph
BocHN, =
CO,Me
jont
Cl N
Me 30
758
630
502
374
246 ’ <
118
) 3.0 6.0 9.0 120 15.0 18.0
[Minutes]
# Ret Time(min)  Height(mV) Area (mV.sec) Area (%)
1 9.01833 51.11 831.37 6.1058
2 10.02750 39.80 825.19 6.0604
3 11.02167 240.98 5987.99 43.9778
4 14.62167 200.85 5971.41 43.8560
836
6951
5541
413
272
131
S AN ‘ -
) 300 6.0 9.0 12.0 15.0 18.0
[Minutes]
# Ret Time(min)  Height(mV) Area (mV.sec) Area (%)
1 9.15250 4.88 81.74 0.4251
2 10.25917 45,79 878.77 45694
3 11.33000 805.81 18206.06 94.6680
4 14.99333 2.18 64.91 0.3375
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A W N -

A W N P

220

1744

128

82

36

254

210

166

122

78

34

o~

e N

0 6.0

12.

0

18.0
[Minutes]

24.0 30.0

36.0

Ret Time(min)  Height(mV) Area (mV.sec) Area (%)
17.85833 24.90 792.57 6.1797
20.14583 21.92 768.58 5.9925
24.28750 127.94 5619.48 43.8147
33.85417 92.74 5644.92 44,0131

I | .

2 6.2 172 e 242 302 36.2
Ret Time(min)  Height(mV) Area (mV.sec) Area (%)
17.88500 0.58 17.03 0.1657
20.19417 13.62 482.83 4.6974
24.34250 223.31 9728.24 94.6440
34.06833 0.12 4.16 0.0405
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585

466

347

228

h —/‘_—Lj\

0.1 5.1

10.1

X T
15.1
[Minutes]

20.

1

25.1 30.1

33.3

# Ret Time(min)  Height(mV) Area (mV.sec) Area (%)
1 9.08167 130.99 2040.25 5.7862
2 12.74833 573.08 15616.74 44,2894
3 18.84083 52.81 2027.36 5.7496
4 27.73083 279.95 15576.29 441747

811 :

675

538 ”

401+

264

1271

100 5.0 udn 15.0 20.0 250 30.0

[Minutes]

# Ret Time(min)  Height(mV) Area (mV.sec) Area (%)
1 8.80583 5.26 61.09 0.1815
2 12.39667 690.13 15466.82 45,9475
3 18.11250 523.27 18102.37 53.7769
4 26.50333 0.76 31.69 0.0941

33.2
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A W N -

A W N P

7354

586

437+

288

139

902

750

598

446

294+

142+

6.0 12.0 18.0
[Minutes]

24.0 30.0

36

Ret Time(min)  Height(mV) Area (mV.sec) Area (%)
8.59333 50.00 895.89 3.5855
12.05667 420.74 11630.70 46.5476
20.05750 19.19 845.35 3.3832
30.74083 177.96 11614.71 46.4837
0 5.0 10.0 15.0 20.0 25.0 30.0 35.0
[Minutes]

Ret Time(min)  Height(mV)  Area (mV.sec) Area (%)
8.17583 18.57 275.02 0.9492
11.49750 816.77 18634.77 64.3165
19.78167 246.79 9854.57 34.0123
29.25500 3.57 209.17 0.7219
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Me 4
350
290
230
170 o~
1107
50
10 14 28 42 56 7t; 84
[Minutes]
Ret Time(min) Height(mV) Area (mV.sec) Area (%)
1 66.30333 150.19 18694.26 49.9146
72.37500 155.07 18758.20 50.0854
372
310
246
182
118
54
-10 T T T T T T
0 14 28 42 56 70 84
[Minutes]
Ret Time(min)  Height(mV)  Area (mV.sec) Area (%)
65.54750 266.53 38182.33 99.9882
73.06917 0.02 4.49 0.0118

34



NH

Boc—N
©\§/ “CO,Me
(0]

Me

6

1344

110

86

62

38

O AU

0.0 4.0 8.0 12.0 16.0 20.0
[Minutes]
# Ret Time(min)  Height(mV) Area (mV.sec) Area (%)
1 16.63333 38.37 2699.11 43.4301
2 18.58917 36.33 3515.74 56.5699
134
110 .
86
62
38
14
1950 4.0 8.0 12.0 16.0 20.0 24.0
[Minutes]
# Ret Time(min)  Height(mV) Area (mV.sec) Area (%)
1 16.29083 96.29 8562.64 99.9828
2 20.15250 0.00 1.48 0.0172



Ph

/~NH
Boc—N
©\ “CO,Me
;o

N
Me 7
1544
1285
1026
767
508
MM
100 6.0 12.0 18.0 24“‘ 30 36. 40.0
[Minutes]
# Ret Time(min)  Height(mV) Area (mV.sec) Area (%)
1 19.59417 337.10 17697.42 50.0469
2 25.61833 279.29 17664.22 49,9531
1561 '
1300
1038
776
514
252
100 6.2 12.2 Eafz 24.2 - 30.2 36.2 40.8
[Minutes]
# Ret Time(min) Height(mV)  Area (mV.sec) Area (%)
1 19.87250 1337.65 79253.33 99.9476
2 26.18417 1.09 41.55 0.0524
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'H NMR and *C NMR spectra
H NMR spectrum of compound 3a (CDCls)
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'H NMR spectrum of compound 3b (CDCls)
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'H NMR spectrum of compound 3c (CDCls)
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'H NMR spectrum of compound 3d (CDCls)
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'H NMR spectrum of compound 3e (CDCls)
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'H NMR spectrum of compound 3f (CDCls)
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'H NMR spectrum of compound 3g (CDCls)
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'H NMR spectrum of compound 3h (CDCls)
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'H NMR spectrum of compound 3i (CDCls)
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'H NMR spectrum of compound 3j (CDCls)
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'H NMR spectrum of compound 3k (CDCls)
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'H NMR spectrum of compound 3l (CDCls)
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'H NMR spectrum of compound 3m (CDCls)

0000 —

96 —

SSLUL—

EFLE—
BSEE

S69'E~
e

LI
sreEy

L

[

PN

pIs

0

JE.

612

58

JMJ

CO,Me
3m

BocHN

-0.5

0.0

10.5 100 95

25 20 15 10 05

3.0

3.5

45 4.0

5.0
f(ppm)

80 75 70 65 6.0 55
13C NMR spectrum of compound 3m (CDCls)

8.5

9.0

LES'9Z ~
S8

€187TG—

LIEE9—
9989 —

£¥8'91
[3: 1301
B8¥°1L
¥ _.m.om“
50878

1LEG0L
62¥ 171
995 124 1"
51921
65781
1LI8TL
968971
000621
9ILEGTL
YBOLELF
626° _2%
VLESEL
VL6 IEL
200'9¢L ]
roact
SSTIL
1YEEsL—

LG 69L~
tSLELL
mmm.m:.v.

60 50 40 30 20 10 -1
49

70

CO,Me
3m
190 180 170 160 150 140 130 120 110 100 90 80
f1(ppm)

BocHN

210 200




'H NMR spectrum of compound 3n (CDCls)
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'H NMR spectrum of compound 30 (CDCls)
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'H NMR spectrum of compound 3p (CDCls)
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'H NMR spectrum of compound 3q (CDCls)
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'H NMR spectrum of compound 3r (CDCls)
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'H NMR spectrum of compound syn-3r (major) (CDCls)
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'H NMR spectrum of compound anti-3r (minor) (CDCls)
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'H NMR spectrum of compound 4 (CDCls)
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'H NMR spectrum of compound 6 (CDCls)
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'H NMR spectrum of compound 7 (CDCls)
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