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1. General Experimental Methods

NMR spectra were all recorded on a Bruker (400M Hz) spectrometer. Nuclear magnetic
resonance (NMR) spectra are recorded in parts per million from internal TMS on the d scale. Data
for "H NMR are reported as follows: chemical shift (8 ppm), multiplicity (s = singlet, d = doublet,
t = triplet, ¢ = quartet, m = multiplet), integration, coupling constant (Hz) and assignment. Data
for °C NMR are reported in terms of chemical shift and no special nomenclature is used for
equivalent carbons. Flash column chromatography was performed using silica gel (300—400 mesh).
Analytical thin—layer chromatography was performed using glass plates pre-coated with 0.25 mm
300400 mesh silica gel impregnated with a fluorescent indicator (254 nm). Thin layer
chromatography plates were visualized by exposure to ultraviolet light. Enantioselectivities were
determined by high-performance liquid chromatography (HPLC) with a Jasco uv-2075 plus
intelligent uv/ivs detector (A = 254 nm) and a Phenomenex Lux 5u Cmylose-2 column, Daicel IC
or Daicel OD-H column. Optical rotations were measured in CH3;CH,OH on a Jasco P-1030

polarimeter.

2. General procedure

Procedure for the synthesis of spirooxindole benzoquinolizines: A solution of
methyleneindolinones 2 (0.20 mmol), PhCO,H (0.020 mmol) and catalyst S-1 (0.010 mmol) in
toluene (1.0 mL) was added with aldehyade 1 (0.60 mmol) at rt. The resulted mixture was stirred
until all the methyleneindolinones 2 was consumed (yellow disappears), then the ketimine 3 (0.30
mmol) and DABCO (0.20 mmol) were added subsequently and further stirred for 22 hours. The
resulted crude product was purified by flash chromatography on a short silica gel directly to afford
the desired products 4a-s.

Procedure for gram-scale one-pot stereoselective synthesis of spirooxindole
benzoquinolizines 4b: A solution of methyleneindolinones 2b (4.0 mmol), PhCO,H (0.20 mmol)
and catalyst S-1 (0.040 mmol) in toluene (20.0 mL) was added with aldehyade 1a (12.0 mmol) at
rt. The resulted mixture was stirred until all the methyleneindolinones 2b was consumed (1.5

hours), then the ketimine 3a (6.0 mmol) and DABCO (4.0 mmol) were added subsequently and
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further stirred for 22 hours. The resulted crude product was purified by flash chromatography on a
short silica gel directly to afford 1.35g (65% yield, >20:1, 91% ee) of the desired product 4b.
Procedure for the synthesis of spirooxindole benzoindolizidine 5: A solution of
spirooxindole benzoquinolizines 4b (0.10 mmol) in toluene (1.0 mL) was added with H,O (0.10
mL), DABCO (0.10 mmol). Then NBS (0.20 mmol) was added to the mixture in three portions
and further stirred for 2 hours. The resulted crude product was purified by flash chromatography

on a short silica gel directly to afford the desired product 5.

3. Characterization data

EtOOC

(1'R,2'R,11b'R)-1-tert-butyl 2'-ethyl
3'-methyl-2-oxo0-2',6",7",11b"-tetrahydrospiro[indoline-3,1'-pyrido[2,1-a]isoquinol
ine]-1,2'-dicarboxylate

Purified by FC (PE:EtOAc = 79:1). 79% yield, white solid, 12:1 dr. The ee was
determined by chiral HPLC using a Phenomenex Lux 5u Cmylose -2 column
(hexane/i-PrOH = 98/2); flow rate 1.0 mL/min; A = 254 nm; T minor =15.9 min, T major =
21.5 min, 94% ee.

[a]p?’ = - 18.4 (c = 1.0, CH;CH,OH).

'H NMR (400 MHz, CDCls) & 7.41 (d, J = 8.0 Hz, 1H), 7.33 — 7.30 (m, 2H), 7.08 (t,
J=8.0 Hz, 1H), 7.01 — 6.95 (m, 3H), 6.74 (d, J = 6.4 Hz, 1H), 6.32 (s, 1H), 4.66 (s,
1H), 4.14 (s, 1H), 3.65 — 3.58 (m, 2H), 3.34 — 3.30 (m, 1H), 3.20 (t, /= 11.0 Hz, 1H),
2.62 —2.54 (m, 1H), 2.30 (d, J = 15.2 Hz, 1H), 1.86 (s, 3H), 1.64 (s, 9H), 0.73 (t, J =
7.2 Hz, 3H).

3C NMR (100 MHz, CDCl5) 6 176.9, 169.8, 148.7, 139.3, 136.8, 134.2, 131.2, 128.3,
128.2, 127.0, 126.84, 126.82, 126.0, 125.2, 123.2, 113.2, 100.6, 83.8, 63.3, 60.2, 56.8,
50.8,47.8, 30.8, 28.1, 18.4, 13.3.

HRMS (ESI) m/z caled for Co0H3,N,0s [M+ Na]™ 511.2203, found: 511.2203.
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t-BuOOC

(1'R,2'R,11b'R)-di-tert-butyl
3'-methyl-2-oxo0-2',6",7",11b"-tetrahydrospiro[indoline-3,1'-pyrido[2,1-a]isoquinol
ine]-1,2'-dicarboxylate

Purified by FC (PE:EtOAc = 20:1). 68% yield, white solid, >20:1 dr. The ee was
determined by chiral HPLC using a Phenomenex Lux 5u Cmylose -2 column
(hexane/i-PrOH = 98/2); flow rate 1.0 mL/min; A = 254 nm; T minor =7.8 MiN, T major =
9.3 min, 96% ee.

[a]p?’ = - 116.0 (c = 1.0, CH;CH,OH).

'H NMR (400 MHz, CDCls) & 7.44 (d, J = 8.0 Hz, 1H), 7.32-7.30 (m, 2H), 7.08 (t, J
=7.4 Hz, 1H), 7.00 — 6.96 (m, 3H), 6.73 (d, /= 6.0 Hz, 1H), 6.29 (s, 1H), 4.61 (s, 1H),
4.05 (s, 1H), 3.31 — 3.15 (m, 2H), 2.59 — 2.53 (m, 1H), 2.31 — 2.27 (m, 1H), 1.88 (s,
3H), 1.63 (s, 9H), 0.92 (s, 9H).

3C NMR (100 MHz, CDCl3) § 176.7, 168.7, 148.8, 139.5, 136.9, 134.1, 131.2, 128.2,
128.1, 127.0, 126.9, 126.8, 126.6, 125.2, 123.2, 113.2, 101.7, 83.6, 80.8, 63.6, 57.2,
51.2,47.4,30.8, 28.1, 27.0, 18.5.

HRMS (ESI) m/z calcd for C31H3sN,Os [M+ Na]™ 539.2516, found: 539.2516.

@N\E)

Boc
4c

(1I'R,2'R,11b’R)-2"-benzyl 1-tert-butyl
3'-methyl-2-oxo0-2',6',7",11b"-tetrahydrospiro[indoline-3,1'-pyrido[2,1-a]isoquinol
ine]-1,2'-dicarboxylate

Purified by FC (PE:EtOAc = 20:1). 60% yield, white solid, >20:1 dr. The ee was
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determined by chiral HPLC using a Phenomenex Lux Su Cmylose -2 column
(hexane/i-PrOH = 95/5); flow rate 1.0 mL/min; A = 254 nm; T minor =9.3 Min, T major =
12.7 min, 91% ee.

[a]p?’ =-77.6 (c = 1.0, CH;CH,OH).

'H NMR (400 MHz, CDCls) & 7.30 (d, J = 7.2 Hz, 1H), 7.26-7.24 (m , 2H),
7.20-7.19 (m , 3H),7.03 (t, /= 7.2 Hz, 1H), 6.98 — 6.94 (m, 5H), 6.72 — 6.70 (m, 1H),
6.32 (s, 1H), 4.63 — 4.50 (m, 3H), 4.22 (s, 1H), 3.32 — 3.28 (m, 1H), 3.18 (t, J=11.6
Hz, 1H), 2.57 — 2.49 (m, 1H), 2.27 (d, J=15.2 Hz, 1H), 1.86 (s, 3H), 1.57 (s, 9H).
3C NMR (100 MHz, CDCls) § 176.5, 169.9, 148.4, 139.1, 136.8, 135.0, 134.3, 131.0,
128.3,128.2, 128.2, 127.8, 126.9, 126.8, 126.7, 125.7, 125.2, 123.1, 113.5, 100.4,
83.5, 66.3, 63.5, 56.8, 50.5, 47.5, 30.7, 28.1, 18.4.

HRMS (ESI) m/z caled for C34H34N,0s5 [M+Na]Jr 573.2360, found: 573.2353

(1'R,2'R,11b’'R)-1-tert-butyl 2'-methyl
9',10'-dimethoxy-3'-methyl-2-ox0-2',6',7",11b'-tetrahydrospiro[indoline-3,1'-pyri
do[2,1-a]isoquinoline]-1,2'-dicarboxylate

Purified by FC (PE:EtOAc = 5:1). 60% yield, white solid, 10:1 dr. The ee was
determined by chiral HPLC using a Phenomenex Lux 5u Cmylose -2 column
(hexane/i-PrOH = 90/10); flow rate 1.0 mL/min; A = 254 nm; T major = 20.5 min, T minor
=37.3 min, 92% ee.

[a]p?’ = - 120.8 (c = 1.0, CH;CH,OH).

'H NMR (400 MHz, CDCl3) § 7.43 (d, J = 8.0 Hz, 1H), 7.35 (d, J = 8.8 Hz, 1H),
7.12 (t, J = 8.6 Hz, 1H), 7.02 (t, J = 7.8 Hz, 1H), 6.84 (s, 1H), 6.31 (s, 1H), 6.25 (s,
1H), 4.65 (s, 1H), 4.13 (s, 1H), 3.85 (s, 3H), 3.71 (s, 3H), 2.34 — 2.30 (m, 1H), 3.21 (4,
J=11.8 Hz, 1H), 3.14 (s, 3H), 2.61 — 2.54 (m, 1H), 2.24 (d, /= 14.8 Hz, 1H), 1.82 (s,
3H), 1.61 (s, 9H), 0.74 (t, J= 7.0 Hz, 3H).
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13C NMR (100 MHz, CDCls) § 177.5, 170.3, 148.6, 147.4, 146.8, 139.1, 134.3, 129.0,
128.2, 126.8, 126.1, 123.4, 123.1, 113. 7, 111.0, 109.7, 100.0, 84.2, 62.5, 56.7, 55.7,
55.5,52.0, 51.2, 47.9, 30.2, 28.0, 18.3.

HRMS (ESI) m/z caled for C30HasN,O;7 [M+ Na]* 557.2258, found: 557.2258

(1'R,2'R,11b’'R)-1-tert-butyl 2'-ethyl
7-fluoro-9',10'-dimethoxy-3'-methyl-2-oxo0-2',6",7",11b'-tetrahydrospiro[indoline-
3,1'-pyrido[2,1-a]isoquinoline]-1,2'-dicarboxylate

Purified by FC (PE:EtOAc = 5:1). 50% yield, white solid, 6:1 dr. The ee was
determined by chiral HPLC using a Phenomenex Lux 5u Cmylose -2 column
(hexane/i-PrOH = 90/10); flow rate 1.0 mL/min; A = 254 nm; T minor = 17.5 min, T major
=27.5 min, 92% ee.

[a]p? = - 166.8 (c = 1.0, CH;CH,OH).

'H NMR (400 MHz, CDCls) & 7.17 (d, J = 7.2 Hz, 1H), 7.01 — 6.96 (m, 1H), 6.91 —
6.84 (m, 2H), 6.32 (s, 1H), 6.27 (s, 1H), 4.64 (s, 1H),4.12 (s, 1H), 3.88 (s, 3H), 3.74 (s,
3H), 3.72 — 3.63 (m, 2H), 3.32 — 3.29 (m, 1H), 3.19 (t, J = 11.6 Hz, 1H), 2.55 — 2.47
(m, 1H), 2.23 (d, /= 14.8 Hz, 1H), 1.83 (s, 3H), 1.53 (s, 9H), 0.83 (t, J = 7.0 Hz, 3H).
3C NMR (100 MHz, CDCl3) 5 176.6, 169.6, 148.9, 147.5, 147.0, 146.9, 146.4, 134 4,
129.6, 128.7, 124.2 (d, J c/= 7.0 Hz), 122.9 (d, Jc.r = 3.0 Hz), 122.6, 116.5 (d, Jcr =
20.0 Hz), 110.9, 109.9, 100.6, 84.6, 63.0, 60.6, 57.6, 55. 7, 55.5, 51.5,47.7, 30.1, 27.5,
18.3, 13.4.

HRMS (ESI) m/z caled for C31H3sFN,07 [M+ H]" 567.2501, found: 567.2501.
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(1I'R,2'R,11b'R)-1-tert-butyl 2'-ethyl
5-chloro-3'-methyl-2-oxo0-2',6",7",11b"-tetrahydrospiro[indoline-3,1'-pyrido[2,1-a]
isoquinoline]-1,2'-dicarboxylate

Purified by FC (PE:EtOAc = 20:1). 53% yield, white solid, 7:1 dr. The ee was
determined by chiral HPLC using a Phenomenex Lux Su Cmylose -2 column
(hexane/i-PrOH = 95/5); flow rate 1.0 mL/min; A = 254 nm; T major =6.3 Min, T minor =
8.5 min, 83% ece.

[a]p?’ = - 93.8 (c = 1.0, CH;CH,OH).

'H NMR (400 MHz, CDCls) & 7.36 (d, J = 8.8 Hz, 1H), 7.30-7.29 (d, J = 0.8 Hz, 1H),
7.06 (d, J = 8.8 Hz, 1H), 6.99 — 6.97 (m, 2H), 6.78 (s, 1H), 6.30 (s, 1H), 4.65 (s, 1H),
4.14 (s, 1H), 3.68 (t, /= 7.0 Hz, 2H), 3.37 — 3.33 (m, 1H), 3.21 (t, J = 10.8 Hz, 1H),
2.63 —2.55 (m, 1H), 2.37 (d, J=15.2 Hz, 1H), 1.84 (s, 3H), 1.63 (s, 9H), 0.78 (t, J =
7.0 Hz, 3H).

3C NMR (100 MHz, CDCl3) 6 176.1, 169.7, 148.5, 137. 9, 136.7, 134.1, 130.8,
128.7, 128.6, 128.1, 128.0, 127.0, 126.8, 125.3, 114.4, 100.6, 84.5, 63.4, 60.4, 56. 7,
50.8,47.6,30.8, 28.1, 18.4, 13.4.

HRMS (ESI) m/z calcd for C,oH3CIN,Os [M+ H]" 523.1994, found: 523.1998.

(1I'R,2'R,11b'R)-1-tert-butyl 2'-ethyl
3',5-dimethyl-2-ox0-2',6',7",11b"-tetrahydrospiro[indoline-3,1'-pyrido[2,1-a]isoqu
inoline]-1,2'-dicarboxylate

Purified by FC (PE:EtOAc = 20:1). 53% yield, white solid, 11:1 dr. The ee was
determined by chiral HPLC using a Phenomenex Lux Su Cmylose -2 column
(hexane/i-PrOH = 95/5); flow rate 1.0 mL/min; A = 254 nm; T major =7.8 MiN, T minor =
9.9 min, 90% ee.

[a]p?’ = - 62.1 (c = 1.0, CH;CH,OH).
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'H NMR (400 MHz, CDCls) § 7.30 — 7.26 (m, 2H), 7.12 (s , 1H), 6.98 — 6.96 (m,
2H), 6.86 (d, J = 8.0Hz, 1H), 6.75 — 6.73 (m, 1H), 6.32 (s, 1H), 4.64 (s, 1H), 4.13 (s,
1H), 3.68 — 3.56 (m, 2H), 3.34 — 3.30 (m, 1H), 3.20 (t, J = 12.8 Hz, 1H), 2.60 — 2.52
(m, 1H), 2.32 (d, J = 14.8 Hz, 1H), 2.27 (s, 3H), 1.86 (s, 3H), 1.63 (s, 9H), 0.74 (t, J =
7.0 Hz, 3H).

13C NMR (100 MHz, CDCl3) § 177.0, 169.9, 148.8, 136.9, 136.7, 134.2, 132.6, 131.3,
128.6, 128.3, 127.3, 126.9, 126. 8, 126.0, 125.2, 113.0, 100.8, 83.6, 63.4, 60.2, 57.0,
50.7,47.5,30.8,28.1,21.1, 18.5, 13.3.

HRMS (ESI) m/z caled for C3oHasN,0s [M+ H]™ 503.2540, found: 503.2540.

(1I'R,2'R,11b’R)-1-benzyl 2'-ethyl
3'-methyl-2-oxo0-2',6',7",11b"-tetrahydrospiro[indoline-3,1'-pyrido[2,1-a]isoquinol
ine]-1,2'-dicarboxylate

Purified by FC (PE:EtOAc = 20:1). 62% yield, white solid, 18:1 dr. The ee was
determined by chiral HPLC using a Phenomenex Lux 5u Cmylose -2 column
(hexane/i-PrOH = 95/5); flow rate 1.0 mL/min; A = 254 nm; T major = 15.3 min, T minor
=22.4 min, 90% ece.

[a]p?’ = - 69.8 (c = 1.0, CH;CH,OH).

'H NMR (400 MHz, CDCls) & 7.54 (d, J = 7.2 Hz, 1H), 7.48 (d, J = 8.4 Hz, 1H),
7.44 —7.32 (m, 4H), 7.22 (d, J= 8.0 Hz, 1H), 7.09 (t, /= 7.4 Hz, 1H), 7.01 (t, J=7.4
Hz, 1H), 6.87 (t, /= 7.4 Hz, 1H), 6.70 (d, J = 3.8 Hz, 1H), 6.64 (t, J = 7.6 Hz, 1H),
6.32 (s, 1H), 5.51 — 5.38 (m, 2H), 4.67 (s, 1H), 4.16 (s, 1H), 3.64 — 3.54 (m, 2H), 3.33
—3.29 (m, 1H), 3.18 (t, J = 11.8Hz, 1H), 2.59 — 2.52 (m, 1H), 2.28 (d, J = 14.6 Hz,
1H), 1.86 (s, 3H), 0.64 (t, J=7.0 Hz, 3H).
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3C NMR (100 MHz, CDCls) § 176.7, 169.7, 150.2, 138.8, 136.7, 135.2, 134.2, 130.9,
128.6, 128.4, 128.3, 128.1, 126.92, 126.87, 126.7, 126.1, 125.3, 123.6, 113.4, 100.6,
68.2, 63.4, 60.3, 57.0, 50.8, 47.5, 30.7, 18.4, 13.2.

HRMS (ESI) m/z calcd for C3,H30N,O5 [M+ Na]+ 545.2047, found: 545.2047.

(1I'R,2'R,11b’R)-ethyl
1-acetyl-3'-methyl-2-oxo0-2",6",7',11b’-tetrahydrospiro[indoline-3,1'-pyrido[2,1-a]i
soquinoline]-2'-carboxylate

Purified by FC (PE:EtOAc = 20:1). 58% yield, white solid, 8:1 dr. The ee was
determined by chiral HPLC using a Phenomenex Lux 5u Cmylose -2 column
(hexane/i-PrOH = 95/5); flow rate 1.0 mL/min; A = 254 nm; T mino= 6.0 min, T major =
6.9 min, 89% ee.

[a]p? =-161.1 (c = 1.0, CH;CH,OH).

'H NMR (400 MHz, CDCls) & 7.82 (d, J = 8 Hz, 1H), 7.36 (d, J = 6.4 Hz, 1H), 7.23
—7.20 (m, 1H), 7.12 (t, J = 7.8 Hz, 1H), 7.07 — 6.98 (m, 3H), 6.76 — 6.74 (m, 1H),
6.35 (s, 1H), 4.70 (s, 1H), 4.13 (s, 1H), 3.60 (q, J = 6.4 Hz, 2H), 3.37 — 3.32 (m, 1H),
3.22 (t,J=11.8Hz, 1H), 2.74 (s, 3H), 2.61 — 2.53 (m, 1H), 2.30 (d, /= 15.2 Hz, 1H),
1.87 (s, 3H), 0.70 (t, /= 7.2 Hz, 3H).

3C NMR (100 MHz, CDCls) § 179.2, 170.2, 169.7, 139.6, 137.0, 134.2, 131.1, 128.6,
128.5, 127.2, 126.8, 126.4, 126.1, 125.3, 124.0, 114.9, 100.5, 63.3, 60.4, 57.1, 51.2,
47.4,30.7,26.7, 18.4, 13.3.

HRMS (ESI) m/z caled for Co6HsN2O4 [M+ Na]™ 453.1785, found: 453.1785.
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(1I'R,2'R,11b’R)-2"-benzyl 1-tert-butyl
3'-ethyl-2-oxo0-2',6",7",11b"-tetrahydrospiro[indoline-3,1'-pyrido[2,1-a]isoquinolin
e]-1,2'-dicarboxylate

Purified by FC (PE:EtOAc = 20:1). 65% yield, white solid, 5:1 dr. The ee was
determined by chiral HPLC using a Phenomenex Lux 5u Cmylose -2 column
(hexane/i-PrOH = 95/5); flow rate 1.0 mL/min; A = 254 nm; T major = 6.2 MiN, T minor=
9.5 min, 88% ee.

[a]p?’ =-47.2 (c = 1.0, CH;CH,OH).

'H NMR (400 MHz, CDCl) § 7.30 — 7.25 (m, 3H), 7.21 — 7.19 (m, 3H), 7.04 — 6.94
(m, 6H), 6.72 — 6.70 (m, 1H), 6.33 (s, 1H), 4.62 — 4.51 (m, 3H), 4.32 (s, 1H), 3.34 —
3.30 (m, 1H), 3.21 (t, J = 12.8Hz, 1H), 2.58 — 2.50 (m, 1H), 2.36 — 2.17 (m, 3H), 1.57
(s, 9H), 1.10 (t,J = 7.4 Hz, 3H).

3C NMR (100 MHz, CDCls) § 176.6, 170.1, 148.4, 139.1, 136.9, 135.0, 133.3, 131.0,
128.3,128.2, 128.2, 127.8, 127.0, 126.9, 126.8, 125.7, 125.2, 123.2, 113.5, 106.8,
83.5,66.3, 63.6, 56.6,48.9,47.7, 30.8, 28.1, 25.3, 13.8.

HRMS (ESI) m/z caled for C3sH3sN,0s [M+ Na]”™ 587.2516, found: 587.2516.

t-BuOOC

(1'R,2'R,11b'R)-di-tert-butyl
9',10'-dimethoxy-2-0x0-3'-propyl-2',6',7',11b"-tetrahydrospiro[indoline-3,1'-pyri

do[2,1-a]isoquinoline]-1,2'-dicarboxylate

S-10



Purified by FC (PE:EtOAc = 5:1). 72% yield, white solid, 8:1 dr. The ee was
determined by chiral HPLC using a Daicel OD-H column (hexane/i-PrOH = 90/10);
flow rate 1.0 mL/min; A = 254 nm; T major = 4.3 MIN, T minor = 4.9 min, 94% ee.

[a]p?’ =-170.4 (c = 1.0, CH;CH,OH).

'H NMR (400 MHz, CDCls) & 7.48 (d, J = 8.0 Hz, 1H), 7.34 (d, J = 7.2 Hz, 1H),
7.11 (t, J= 7.6 Hz, 1H), 7.01 (t, J = 7.6 Hz, 1H), 6.84 (s, 1H), 6.31 (s, 1H), 6.23 (s,
1H), 4.58 (s, 1H), 4.06 (s, 1H), 3.85 (s, 3H), 3.71 (s, 3H), 3.32 — 3.29 (m, 1H), 3.19 (t,
J=10.6 Hz, 1H), 2.58 — 2.50 (m, 1H), 2.42 —2.36 (m, 1H), 2.22 (d, J= 14.8 Hz, 1H),
2.06 — 1.98 (m, 1H), 1.61 (s, 9H), 0.96 (s, 14H).

3C NMR (100 MHz, CDCl3) 6 177.2, 168.8, 148.7, 147.3, 146.7, 139.5, 134.0, 129.1,
128.0, 127.0, 126.6, 123.3, 123.2, 113.6, 110.9, 109.9, 105.6, 84.0, 80.6, 63.1, 56.8,
55.7,55.5,50.3, 47.8, 34.5, 30.2, 28.0, 27.1, 21.8, 13. 8.

HRMS (ESI) m/z calcd for C35Hy4N,O7 [M+ H]" 605.3221, found: 605.3221.

Ph
t-BuOOC

(1I'R,2'R,11b'R)-di-tert-butyl
3'-benzyl-9',10'-dimethoxy-2-0xo0-2",6",7',11b’-tetrahydrospiro[indoline-3,1'-pyrid
o[2,1-a]isoquinoline]-1,2'-dicarboxylate

Purified by FC (PE:EtOAc = 5:1). 85% yield, white solid, 8:1 dr. The ee was
determined by chiral HPLC using a Daicel OD-H column (hexane/i-PrOH = 90/10);
flow rate 1.0 mL/min; A = 254 nm; T major = 5.5 MIN, T minor = 6.2 min, 92% ee.

[a]p?’ = - 59.6 (c = 1.0, CH;CH,OH).

'H NMR (400 MHz, CDCl3) § 7.50 (d, J = 8.0 Hz, 1H), 7.36 (d, J = 7.2 Hz, 1H),
7.31-7.18 (m , 5H), 7.12 (t, J = 7.6 Hz, 1H), 7.04 (t, J = 7.4 Hz, 1H), 6.80 (s, 1H),
6.38 (s, 1H), 6.22 (s, 1H), 4.58 (s, 1H), 3.84 (s, 1H), 3.83 (s, 3H), 3.70 (s, 3H), 3.48 —
3.11 (m, 4H), 2.57 — 2.49 (m, 1H), 2.21 (t, J = 14.8 Hz, 1H), 1.58 (s, 9H), 0.95 (s,

9H).
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3C NMR (100 MHz, CDCls) § 176.9, 168.8, 148.7, 147.4, 146.7, 140.8, 139.5, 135.1,
129.1, 128.8, 128.3, 128.1, 126.9, 126.4, 125.9, 123.3, 122.9, 113.7, 110.9, 110.0,
105.5, 84.0, 80.7, 62.9, 56.8, 55.7, 55.4, 49.8, 47.8, 39.0, 30.2, 28.0, 27.0.

HRMS (ESI) m/z caled for C39H44N,O, [M+ H]" 653.3221, found: 653.3221.

(1'R,2'R,11b’'R)-2"-benzyl 1-tert-butyl
3'-heptyl-2-oxo-2',6",7°,11b"-tetrahydrospiro[indoline-3,1'-pyrido[2,1-a]isoquinoli
ne]-1,2'-dicarboxylate

Purified by FC (PE:EtOAc = 50:1). 80% yield, yellow oil, 10:1 dr. The ee was
determined by chiral HPLC using a Phenomenex Lux 5u Cmylose -2 column
(hexane/i-PrOH = 95/5); flow rate 1.0 mL/min; A = 254 nm; T major = 4.3 MiN, T minor =
5.8 min, 88% ee.

[a]p?’ = -35.3 (c = 1.0, CH;CH,OH).

'H NMR (400 MHz, CDCl3) & 7.31 — 7.25 (m, 3H), 7.21 — 7.20 (m, 3H), 7.05 — 6.94
(m, 6H), 6.73 — 6.70 (m, 1H), 6.33 (s, 1H), 4.64 — 4.48 (m, 3H), 4.29 (s, 1H), 3.33 —
3.30 (m, 1H), 3.21 (t, J = 12.6Hz, 1H), 2.57 — 2.49 (m, 1H), 2.36 — 2.26 (m, 2H), 2.12
—2.04 (m, 1H), 1.57 (s, 9H), 1.28 — 1.26 (m, 10H), 0.90 (t, J = 6.4 Hz, 3H).

3C NMR (100 MHz, CDCl3) 6 176.5, 170.1, 148.5, 139.2, 136.9, 135.1, 133.8, 131.0,
128.3,128.2,128.2, 127.9, 127.0, 126. 9, 126.8, 125.7, 125.2, 123.2, 113.5, 105.1,
83.4, 66.3, 63.6, 56. 6,48.9,47.7,32.5,31.9, 30.8, 29.7, 29.4, 29.2, 29.0, 28.1, 22.7,
14.1.

HRMS (ESI) m/z caled for C4oHysN2Os [M+ Na]”™ 657.3299, found: 657.3299.

S-12



(1I'R,2'R,11b’R)-2"-benzyl 1-tert-butyl
3'-nonyl-2-oxo-2',6",7",11b"-tetrahydrospiro[indoline-3,1'-pyrido[2,1-a]isoquinoli
ne]-1,2'-dicarboxylate

Purified by FC (PE:EtOAc = 50:1). 90% yield, yellow oil, 8:1 dr. The ee was
determined by chiral HPLC using a Phenomenex Lux S5u Cmylose -2 column
(hexane/i-PrOH = 95/5); flow rate 1.0 mL/min; A = 254 nm; T major = 4.1 MiN, T minor =
5.1 min, 87% ee.

[a]p?’ =-20.9 (c = 1.0, CH;CH,OH).

'"H NMR (400 MHz, CDCl3) § 7.31 — 7.25 (m, 3H), 7.21 — 7.19 (m, 3H), 7.04 — 6.94
(m, 6H), 6.72 — 6.70 (m, 1H), 6.33 (s, 1H), 4.61 — 4.51 (m, 3H), 4.29 (s, 1H), 3.33 —
3.29 (m, 1H), 3.20 (t, J = 12.6Hz, 1H), 2.57 — 2.49 (m, 1H), 2.37 — 2.25 (m, 2H), 2.12
—2.04 (m, 1H), 1.57 (s, 9H), 1.33 — 1.23 (m, 14H), 0.89 (t, J = 6.6 Hz, 3H).

3C NMR (100 MHz, CDCl5) 6 176.5, 170.1, 148.4, 139.1, 136.9, 135.1, 133.8, 131.0,
128.3,128.2, 128.2, 127.9, 127.0, 126.9, 126.8, 125.7, 125.2, 123.2, 113.5, 105.1,
83.4, 66.3, 63.6, 56.5, 48.9, 47.6, 32.5, 31.9, 30.8, 29.6, 29.5, 29.4, 29.3, 29.0, 28.1,
22.7, 14.1.

HRMS (ESI) m/z calcd for C4oHsoN,Os [M+ Na]™ 663.3792, found: 663.3792.

(1I'R,2'R,11b’R)-2"-benzyl 1-tert-butyl
9',10'-dimethoxy-3'-methyl-2-ox0-2',6",7",11b'-tetrahydrospiro[indoline-3,1'-pyri
do[2,1-a]isoquinoline]-1,2'-dicarboxylate

Purified by FC (PE:EtOAc = 5:1). 54% yield, white solid, 8:1 dr. The ee was
determined by chiral HPLC using a Phenomenex Lux 5u Cmylose -2 column
(hexane/i-PrOH = 95/5); flow rate 1.0 mL/min; A = 254 nm; T major = 34.2 mMin, T minor
= 38.7 min, 90% ece.

[o]p2° = - 116.6 (c = 1.0, CH;CH,OH).
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'H NMR (400 MHz, CDCls) § 7.34 (d, J = 6.8 Hz, 1H), 7.28 — 7.26 (m, 1H), 7.22 —
7.20 (m, 3H), 7.07 (t, J = 7.4 Hz, 1H), 7.01 — 6.97 (m, 3H), 6.80 (s, 1H), 6.32 (s, 1H),
6.22 (s, 1H), 4.66 — 4.46 (m, 3H), 4.21 (s, 1H), 3.83 (s, 3H), 3.70 (s, 3H), 3.32 — 3.28
(m, 1H), 3.19 (t, J= 12.2Hz, 1H), 2.52 — 2.44 (m, 1H), 2.19 (d, J = 14.8 Hz, 1H), 1.84
(s, 3H), 1.50 (s, 9H).

13C NMR (100 MHz, CDCl5) § 177.1, 169.9, 148.2, 147.4, 146.8, 139.2, 135.1, 134.4,
129.0, 128.3, 128.2, 127. 9, 127.8, 126.9, 125.9, 123.3, 122.9, 113.8, 111.0, 109.8,
100.4, 84.0, 66.1, 63.1, 56.8, 55.7, 55.5, 51.4, 47.7, 30.2, 27.9, 18.4.

HRMS (ESI) m/z caled for C36HssN,O7 [M+ Na]™ 633.2571, found: 633.2571.

t-BuOOC -

(1'R,2'R,11b’R)-di-tert-butyl
3',10'-dimethyl-2-oxo0-2",6",7',11b’-tetrahydrospiro[indoline-3,1'-pyrido[2,1-a]iso
quinoline]-1,2'-dicarboxylate

Purified by FC (PE:EtOAc = 20:1). 73% yield, white solid, > 20:1 dr. The ee was
determined by chiral HPLC using a Phenomenex Lux 5u Cmylose -2 column
(hexane/i-PrOH = 98/2); flow rate 1.0 mL/min; A = 254 nm; T minor =6.7 Min, T major =
7.7 min, 96% ee.

[a]p®® = - 148.1 (c = 1.0, CH;CH,OH).

'H NMR (400 MHz, CDCls) & 7.46 (d, J = 8.0 Hz, 1H), 7.30 (d, J = 7.2 Hz, 1H),
7.15 (s, 1H), 7.08 (t, J = 7.2 Hz, 1H), 6.97 (t, J = 7.0 Hz, 1H), 6.77 (d, J = 7.2 Hz,
1H), 6.62 (d, J= 7.2 Hz, 1H), 6.29 (s, 1H), 4.56 (s, 1H), 4.03 (s, 1H), 3.28 — 3.12 (m,
2H), 2.54 (t, J=10.2 Hz, 1H), 2.27 — 2.23 (m, 4H), 1.86 (s, 3H), 1.64 (s, 9H), 0.93 (s,
9H).

3C NMR (100 MHz, CDCl3) 5 176.8, 168.7, 149.0, 139.5, 134.8, 134.2, 133.7, 131.2,
128.0, 127.5, 127.4, 126.8, 126.7, 123.2, 113.2, 101.6, 83.7, 80.8, 63.4, 57.2, 51.4,

47.7,30.4, 28.1, 27.0, 21.0, 18.4.
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HRMS (ESI) m/z caled for C3,H3sN,Os [M+ H]™ 531.2853, found: 531.2853.

(1I'R,2'R,11b’R)-2"-benzyl 1-tert-butyl
10'-bromo-3'-methyl-2-0xo0-2',6",7',11b’-tetrahydrospiro[indoline-3,1'-pyrido[2,1-
aJisoquinoline]-1,2'-dicarboxylate

Purified by FC (PE:EtOAc = 20:1). 47% yield, white oil, 12:1 dr. The ee was
determined by chiral HPLC using a Daicel OD-H column (hexane/i-PrOH = 99/1);
flow rate 0.7 mL/min; A = 254 nm; T major = 12.4 min, T minor = 13.3 min, 94% ee.
[a]p?’ = - 120.7 (c = 1.0, CH;CH,OH).

'H NMR (400 MHz, CDCl3) § 7.36-7.32 (m , 2H), 7.24-7.13 (m , 4H), 6.89 (t, J =
8.0 Hz, 2H), 6.91 — 6.88 (m, 3H), 6.53 (d, J = 8.0 Hz, 2H), 6.23 (s, 1H), 4.56 — 4.38
(m, 3H), 4.11 (s, 1H), 3.26 — 3.22 (m, 1H), 3.06 (t, J= 11.4 Hz, 1H), 2.47 — 2.39 (m,
1H), 2.19 (d, J = 15.6 Hz, 1H), 1.77 (s, 3H), 1.53 (s, 9H).

BC NMR (100 MHz, CDCl3) 6 176.1, 169.7, 148.5, 139.3, 135.9, 134.9, 134.1, 133.5,
130.0, 129.9, 129.8, 128.5, 128.4, 128.3, 127.9, 126.7, 125.4, 123.2, 119.2, 113.6,
101.1, 84.1, 66.4, 62.8, 56.6, 51.1,47.4,30.4, 28.1, 18.4, 1.0.

HRMS (ESI) m/z caled for C34H33BrN,Os [M+ H]" 629.1646, found: 629.1646.

(1'R,2'R,11b'R)-di-tert-butyl
10'-chloro-3'-methyl-2-ox0-2',6",7",11b'-tetrahydrospiro[indoline-3,1'-pyrido[2,1-
aJisoquinoline]-1,2'-dicarboxylate

Purified by FC (PE:EtOAc = 20:1). 58% yield, white solid, >20:1 dr. The ee was

determined by chiral HPLC using a Phenomenex Lux Su Cmylose -2 column
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(hexane/i-PrOH = 98/2); flow rate 1.0 mL/min; A = 254 nm; T minor = 6.0 Min, T major =
6.8 min, 98% ee.

[a]p? = - 234.6 (c = 1.0, CH;CH,OH).

'H NMR (400 MHz, CDCls) & 7.55 (d, J = 8.0 Hz, 1H), 7.34 — 7.28 (m, 2H), 7.10 (t,
J=8.0 Hz, 1H), 7.00 — 6.93 (m, 2H), 6.67 (d, J = 8.0 Hz, 1H), 6.27 (s, 1H), 4.53 (s,
1H), 4.02 (s, 1H), 3.32 — 3.28 (m, 1H), 3.13 (t, /= 10.8 Hz, 1H), 2.58 — 2.50 (m, 1H),
2.29 (d,J=15.2 Hz, 1H), 1.86 (s, 3H), 1.67 (s, 9H), 0.93 (s, 9H).

3C NMR (100 MHz, CDCl3) 5 176.4, 168.5, 149.0, 139.6, 135.4, 133.9, 133.2, 131.2,
129.5, 128.3, 127.0, 126.9, 126.8, 126.3, 123.3, 113.4, 102.2, 84.1, 81.0, 63.1, 57.0,
51.4,47.4,30.4,28.0,27.0, 18.4.

HRMS (ESI) m/z calcd for C3;H3sCIN,Os [M+ H]" 551.2307, found: 551.2307.

t-BuOOC - ///EJ\
(i::L\N o Br

Boc
4s

(1I'R,2'R,11b'R)-di-tert-butyl
9'-bromo-3'-methyl-2-oxo0-2',6',7",11b"'-tetrahydrospiro[indoline-3,1'-pyrido[2,1-a
]isoquinoline]-1,2'-dicarboxylate

Purified by FC (PE:EtOAc = 20:1). 62% yield, white solid, >20:1 dr. The ee was
determined by chiral HPLC using a Phenomenex Lux Su Cmylose -2 column
(hexane/i-PrOH = 95/5); flow rate 1.0 mL/min; A = 254 nm; T minor = 4.8 MiN, T major =
5.9 min, 97% ee.

[a]p®® = -113.2 (¢ = 1.0, CH;CH,OH).

'H NMR (400 MHz, CDCls) & 7.46 (d, J = 8.4 Hz, 1H), 7.30 (d, J = 7.2 Hz, 1H),
7.19 (d, J = 8.4 Hz, 1H), 7.14 — 7.08 (m, 2H), 7.00 (t, J = 7.4 Hz, 1H), 6.90 (s, 1H),
6.27 (s, 1H), 4.54 (s, 1H), 4.03 (s, 1H), 3.31 — 3.27 (m, 1H), 3.14 (t, /= 10.8 Hz, 1H),
2.57-2.50 (m, 1H), 2.26 (d, J=15.2 Hz, 1H), 1.86 (s, 3H), 1.64 (s, 9H), 0.93 (s, 9H).
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13C NMR (100 MHz, CDCls) § 176.6, 168.5, 148.6, 139.4, 139.2, 133.9, 131.1, 130.4,
128.8, 128.4, 128.3, 126.9, 126.2, 123.4, 120.8, 113.4, 102.2, 83. 9, 81.0, 63.2, 57.0,
51.2,47.1,30.6, 28.1, 27.0, 18.4.

HRMS (ESI) m/z caled for C3;HasBrN,Os [M+ H]' 595.1802, found: 595.1764.

CHO

N N
tBuooCm\__J.,
CIN

N ~o
Boc
5

(1I'R,2'S,3'S,10b'R)-di-tert-butyl
3'-formyl-3’-methyl-2-o0x0-3',5',6",10b"-tetrahydro-2'H-spiro[indoline-3,1'-pyrrol
o[2,1-a]isoquinoline]-1,2'-dicarboxylate

Purified by FC (PE:EtOAc = 5:1). 63% yield, white solid, 15:1 dr. The ee was determined by

chiral HPLC using a Daicel IC column (hexane/i-PrOH = 95/5); flow rate 0.7 mL/min; . = 214 nm;
T minor = 17.2 Min, T pajor = 20.1 min, 95% ee. [a]p >° = +6.0 (¢ = 1.0, CH;CH,OH).

'"H NMR (400 MHz, CDCls) § 9.86 (s, 1H), 7.76 (d, J= 8.4 Hz, 1H), 7.38 (d, J = 8.4
Hz, 1H), 7.12 (t, J = 8.6 Hz, 1H), 6.95 — 6.80 (m, 4H), 6.58 (d, J = 8.0 Hz, 1H), 4.74
(s, 1H), 4.26 (s, 1H), 3.52 — 3.44 (m, 1H), 3.06 — 3.97 (m, 2H), 2.74 — 2.67 (m, 1H),
1.70 (s, 9H), 1.67 (s, 3H), 1.04 (s, 9H).

B¥C NMR (100 MHz, CDCl3) 6 202.4, 176.2, 166.6, 149.2, 140.5, 135.2, 132.8, 129.0,
128.2,127.2,126.6, 125.8, 124.7, 124.0, 123.9, 114.2, 84.5, 82.1, 68.5, 67.6, 59.0, 56.
6,41.3,31.2,28.1,27.3, 15.8.

HRMS (ESI) m/z caled for C3;H3sN,Og [M+ H]" 533.2646, found: 533.2653.

4. 'Hand *C NMR Spectra
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Chromatogram (rac-5.org)

150
140
130 =
120 &
w0
110 5
100 ﬂ -
o™
90 | '|
_ BO I\ [|I
E 70 l
- \
2 | \
40 |
3 | [
\
2 R |
» J L/\_/r :
0_—_.—-'\—..-\_._4’\----_/“- e :
-10
01234567 8091011121314151617 181920212223 24 252627 282930 3132 33 34 35 36 37 38 39 40
Time(min)
Results
Peak No. Peak ID Ret Time Height Area Conc.
1 15.912 106397. 378 2421580. 000 49. 4371
2 21.487 89847. 313 3545048, 300 50. 5629
Total 196244. 891 10966628, 500 100. 0000
C ;
_— hromatogra®s (iv1194, org)
1,100
1,000
900
800
700
= 600 8
B ©
F 500 N
|
400 |\
300 J| |
200 |
100 k }l '%
o
0 mceud =
012345678 910111213141516171819202122232425262728293031323334353637383940
B ] (min)
Time(min)
Results
Peak No. Peak ID Ret Time Height Area Conc.
Z 23, 192 1454Y, 515 L2102y, oy 3. 2223
Total 514755. 128 37768733. 000 100. 0000
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MWD1 B, Sig=254 4 Ref=360,100 (F\DATATTANYLNHPLC 120048.0)

mAL
25001
t+-BuOOC
2000 O g
AN
N ~o -
Boc “D'\&
1500 R .
N
q Lo
it | yﬁ*
(-
0 o
0-4\“‘%_4/& U
I I 1 T L) 1)
2 4 ] 8 10 12
Peak RetTime Type Width Area Height Area
# [min] [min} [mAU*s] [mAl] ®
i I=—===1 b= | I
1 7.73s MM 0.2885 2.2176led 1281.16589 51.7281
2 9.436 MM 0.4287 2.06%44ed B804.459135% 48.2719
Totals : 4.28704ed4 2085.65728

MWD B, Sig=254 4 Ref=360,100 (F \DATATTANYUHPLC 120049.0)

mAl
500
St t+BuOOC @
> -
@
300
]r\
|
ik |
|
\
100
|
2 | \
0= e S L3
T T T T T T
2 4 [ 8 10 12
Peak RetTime Type Width Area Height Area
$# [min] [min]  [mAU*s] [mau] %
-——] | ====1 I1-= | | |
1 7.750 BY 0.3250 154.36952 7.17553 1.7561
2 9.319 VB 0.3827 8440.41211 336.42966 98.2039
Totals : B554.78163 343.&6051%
MWD B, Sig=254.4 Rel=350,100 (F \DATATTANYUHPLC 1200500}
mAU ]
8000
5000 +BuOOCH
4000*_
1 gram-scale 4b §
3000 o
1000-] r
-
o N SN J
2 H é H 10 12
Peak RetTime Type Width Area Height Area
¢ [min] [min]  [mAU*s] [mAU] %
=] === I 1 I I
1 7.709 BB 0.2674 3816.68208 Z214.68258 4.27e8
2 9,065 BV 0.4548 B8.54303e4 2924,23584 65,7232
Totals : B.52472ed4 3138.89%842
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MWD1 B, Sig=254,4 Ref=360,100 (FADATA\TANYU\HPLC120009.D)

mAU ]
p—
1500:
1000 §
sm_
C é ; lli -é 1{[‘.l 1|2 114 1'6 1I8 miry
Peak RetTime Type Width Area Height Area
# [min] [min] [mMAU*s] [mAU] %

e EEEEEE e B R R R
1 9.282 VB 0.2776 1.66567e4 927.00977 50.0025
2 12.323 W 0.3938 1.6655led4  652.48743 49.9975

Totals : 3.33118e4 1579.49719
MWD1 B, Sig=254 4 Ref=360,100 [F\DATATTANYU\HPLC120010.D)
mAU ]
500
&
] X
o] &‘#@
, ("
0] l
4 [| |
i |
] 1
: ] |]
100
| /| g
5 - 4L "—_— ﬂ_#/gfi
] P SR 8 R AR T YT ™ |
Peak RetTime Type Width Area Height Area
= [min] [min] [mAU*s] [mAU] %

e R e R —— | === |- |
1 9.291 MM 0.2993 6405.96484 356.76532 95.3403
2 12.682 MM  0.6795 313.08435  7.67948  4.6597
Totals : 6719.04919 364.44480

S-40



MWD B, Sig=254,4 Ref=360,100 (F \DATA\TANYUHFLC 120001 D)

mAU ]
25+
1 2NN
1 MeOOC O
0 -_ O N \o o~

Boc O
rac-4d

| :
| |

237613

I A J\

15 20 25 30 35 40 45
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s5] [mAU] %

e e B |osmsmmnas | =mmsem e fomsmmnae |
1 20.804 BB 0.7039 387.92657  8.14139 50.2405
2 37.613 BB 1.0758 384.21231  4.28604 49.7595

Totals : 772.13889 12.42743
MWD1 B, Sig=254 4 Ref=360,100 (F\DATA\TANYUNHFLC120002.D)
mAU ]
0
o
%0
0
%00
] -
20 ]
100
] g
] 5
n“'I""I""I""I""I""II""I'
15 20 25 30 35 40 45
Signal 1: MWDl B, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
L [min] [min] [mAU*s] [mAU] %

e B |-=== | -=—-—-- |-—--mmm—- J=mmmmm - | -—--—--- i
1 20.462 BV  0.7344 8064.72266 169.10286 95.7740
2 37.305 BB 1.0198 355.85403  4.13599  4,2260
Totals : 8420.57669 173.23885
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MWD1 B, Sig=254 4 Ref=360,100 (F\DATATTANYU\HPLC120058.D)

mAU
175
150
: g
4 ~
125 =
] '|
100 ﬁ
] 3
E ~
75 &
50 |
25_: l ML/\/U } k
o{JL&—JV“A— =5 \_'*J — : .
R B A VA VAN T A A A A CH A T T LER T i
0 5 10 15 20 25 miry
Peak RetTime Type Width Area Height Area
B [min] [min] [mAU*s] [mAU] %
| B s =] mrme—es s e S e |
1 17.662 BB 0.6419 5088.83691 122.67832 49.9566
2 21.734 BB 1.0298 5097.68262 73.25954 50.0434
Totals : 1.01865e4 195.93786
MWD1 B, Sig=254,4 Ref=360,100 (F\DATATTANYUIHPLC120059.D)
mAU ]
175
150
125
100
] 2
75 3
] ~
50
25
: :
0 L oo R
: ? % N ’ 1 ! ! ! ' 1 ’ N " i |} d | | T
0 5 10 15 20 25 miry
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
| i |- i == |
1 17.503 BB 0.5805 185.38742 4.53879 4.,2401
2 21.539 BB 0.9873 4186.84766 62.04665 95,7599
Totals : 4372.23508 66.58544
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MWD1 B, Sig=254 4 Ref=360,100 (F\DATATANYU\HPLC120015.D)
mAU g
7004 I
600—5 CEIQOOC @ ﬂ
] O N\ §
500 Bo;: <
400—f } /‘l|
300—5
200—3
100—5 JFA\L_/ j \
% IR bee X
o 2 4 6 8 10 12 14 min
Peak RetTime Type Width Area Height Area
B [min] [min] [mAU*s] [mAU] %
Sl (e s i S Epead et = o e R |
1 6.308 BV 0.1700 7761.79834 707.21570 49.9767
2 8.491 v 0.2518 7769.04492 482.51242 50.0233
Totals 1.55308e4 1189.72812
MWD1 B, Sig=254 4 Ref=360,100 (F\DATA'TANYU\HPLC120016.D)
mAU
muué
ﬁnnu—f
5000—5
5 »
-1c|c|C|—E . @@{P
3000} *°
2nnu—f | "
; N
1000 ~ ‘é’q
5 ) =
9 T =T N i S i e e o o | T T T -
0 2 4 6 8 10 12 14  min
Signal 1: MWDl B, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
B [min] [min] [MAU*s] [mAU] %
el e e == j=rm———— [ |
1 6.287 MM 0.2106 3.62254e4 2866.23779 91.444¢
2 8.487 MM 0.2699 3389.19458 209.28830 8.5554
Totals 3.96146e4 3075.52609

S-43



MWD1 B, Sig=254 4 Ref=360,100 (FADATA\TANYU\HPLC120013.D)
o
m_-
m_‘
- :
i p .
| g
] |
200.] | ] ~|
: A | R
100_‘ , Ill || \ J I|
| /) LT
l]- \-u».-_j\/\_/\/\_ S e —
0 A T i T8 8 1 " b 14 mid
Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s] [mAU] %
o et b Gl e et s e I
1 7.814 BB 0.2234 6305.00195 439.29425 50.3312

2 9.912 VB 0.2996 6222.03271

321.77e18 49.6688

Totals : 1.25270e4 761.07043
MWD1 B, Sig=254 4 Ref=360,100 (F\DATA\TANYU\HPLC120014.D)
mAu )
400
m -
| :
] |
] |
|
", “
A
ol fi
R SR T 8 o 1 14 min
Peak RetTime Type Width Area Height Area
= [min] [min] [mMAU*s] [mAU] %
e it ettt | === [ === jememaw=s i
1 7.826 VB 0.2252 3468.24902 239.17160 94.9059
2 9.946 VB 0.3010 186.15739 9.65302 5.0941

Totals : 3654.40642
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MWD1 B, Sig=254 4 Ref=360,100 (F.\DATA\TANYU\HPLC120023.D)
mAU P
1 b o
350 S @
. v—vse‘b'
300 %
] °
250 3 ﬁp
- R
150 -f
100 —E
0 .; "‘_ —_—
‘50 . T T T T I T T T T l T T T T [ T T T T l T T T T I T T T T 5
0 5 10 15 20 25 mir
Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s] [mAU] %

e B e e | -—————m——- | s | -——————- |
1 15.351 MM 0.4781 8915.37500 310.76102 51.2735
2 22.359 MM 0.7244 8472.51074 194.92230 48.7265

Totals : 1.73879%e4 505.68332
MWD1 B, Sig=254 4 Ref=360,100 (F\DATATANYU\HPLC120024.D)
mAU
1?5%
150 —
125 —
100 — 3
75 i
50 — ll
- |
25 ' 3
: o e
0] o i
: L) S | LA T LI T 8 LEI | : LI L T S , T L Y J T
0 5 10 15 20 25 miirg
Peak RetTime Type Width Area Height Area
¥ [min] [min] [mAU*s] [mAU] %

e e — e | == | = S — |
1 15.331 BB 0.4461 2166.01074  75.63376 94.7532
2 22.430 BB 0.5953 119.93933  2.76940 5.2468

Totals : 2285.95007 78.40315
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MWD1 B, Sig=254.4 Ref=360,100 (F\DATAITANYU\HPLC 120060.D)
mAU
1mm; o
ot l g
600 (\
400-
2w;
K I 1WA
Y " " T " T " T T v Y T ’ T x T
0 2 4 6 8 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
sy fpmieesos e I | fimsosesms fesssmmnss [
i 6.071 BB 0.1453 9220.62305 984.16754 50.3834
2 6.993 BB 0.1855 9080.28613 759.63306 49.6166
Totals : 1.83009e4 1743.80060
MWD1 B, Sig=254 4 Ref=360,100 (F\DATA\TANYU\HPLC120061.D)
mAU ]
4mm:
mmm: §
2mm:
1mm:
: 8
L=}
0_ I/’L I
) ' i T ' ) ) T T ) ) T ) T " T
0 2 4 6 8 miry
Peak RetTime Type Width Area Height Area
# [min] [min] [mMAU*s] [mAU] %
=== e | ——=———— | === | === |
1 6.081 BB 0.1438 2339.77661 253.26733 5.6365
2 6.948 BV 0.2157 3.91716e4 2861.42603 94.3635
Totals : 4.15114e4 3114.69336
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MWD1 B, Sig=254.4 Ref=360,100 (F\DATATTANYU\HPLC120021.D)

mAU ]
1?50—5
15002 §
1250 ®
mnu—f \
5 g
750 ‘ o
] |'
500 |
zsa—f\/“' |
6]
) T T T T T :
0 2 4 6 8 10 12 14 min
Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s] [mAU] %
S L el | e st | SsSimm I
1 6.158 Vv 0.1683 1.33745e4 1235.64551 49.5678
2 9.461 VB 0.3038 1.36077e4 696.87408 50.4322
Totals 2.69822e4 1932.51959
MWD1 B, Sig=254 4 Ref=360,100 (F\DATATTANYU\HPLC120022.D)
mAU ]
1200 -
1000 T
00
00 ]
400—3
200—_ L %
o] , =
0 2 4 Y R 14 mir
Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s] [mAU] %
g || Evmenem e | e——————— jrmm e —— [ |
1 6.168 VV 0.1701 1.1194%94 1019.44836 93.7051
2 9.480 VB 0.3557 '752.04352 31.15056 6.2949
Totals 1.19469e4 1050.59893
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MWD1 B, Sig=254 4 Ref=360,100 (F\DATA\TANYU\HPLC120064.D)

mAU:
6000
5000
- =~ N
: t+-BuOOC O
4000 - 0/
T rac-4k
3000 ﬁ
o A )
' | &
S -
2000 ( f\
: / |
1000—_
0_‘ ,._,__,_JLJ_ £ N
0 1 2 3 4 5 6 7 mir
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e | === s | | === |
1 4.324 W 0.1561 2.64884e4 2661.91162 48.7297
2 4.874 VB 0.2077 2.78695e4 2061.41431 51.2703
Totals : 5.43579%4 4723.32593
MWD1 B, Sig=254 4 Ref=360,100 (F \DATATANYUHPLC 120065 D)
mAU ]
800
tBuooC\__J.,
_ oL 3
600 - 4k s
_ |
400
200
] 8
0+ / -«
A I Y Y L L L L A I
0 1 2 3 4 5 6 7 miny
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
| s s IS e e [ S [
1. 4.338 BV 0.1469 5952.39600 626.35358 97.0056
2 4,932 v 0.2475 183.73865 011 K0z 3 1 U L 2.9944
Totals : 6136.13464 637.66472
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MWD B, Sig=254,4 Ref=360,100 (F \DATATANYUHPLC 120066.D)

mAU ]
3000
: Ph Z N
2500 +-BuOOC
] 0/
E Boc O
2Dm — rac-4l
1500
o
b ~
1000 -] s
| N s
500 \
0
" T i T T T T |
0 2 4 5] 8 miny
Peak RetTime Type Width Area Height Area
H [min] [min] [mAU*s] [mAU] %
S | === [ j=————mme—— = |
1 5.470 BV 0.2548 1.45455e4 871.15039 50.1643
2 6.132 VB 0.3198 1.44502e4 685.79095 49,8357
Totals: : 2.89958e4 1556.94135
MWD1 B, Sig=254,4 Ref=360,100 (F\DATA\TANYU\HPLC 120067.D)
mAU ]
1400
1200
1mm{
800 ]
600

o
8
1
5.489

200
- o
] / g
0 ) ©
! T T T T T T T
0 2 4 6 8 min
Peak RetTime Type Width Area Height Area
E [min] [min] [mAU*s] [mAU] %
e | s o= | e e = |=mmemems |
1 5.489 BV 0.2597 5615.74561 334.75345 95.8584
2 6.240 VWV 0.3867 242.62761 8.93916 4.141¢
Totals : 5858.37321 343.69261
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MWD1 B, Sig=254 4 Ref=360,100 (F\DATA\TANYU\HPLC120017.D)

mAU
800 BnOOC @
O N\\
600: rac-4m
- | ,
7 ~
400 -1
: ﬂJ 8
| \ |
200 ka
o o
e T N L o o o P o s e o, e e 2 s L B L B S S
0 1 2 3 4 5 6 7 miry
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

el EEEEE R e |-—mm—mmm R | = |
1 4.332 BV 0.1194 2983.47681 389.40619 48.3371
2 5.7713 BY 0.1933 3188.75903 256.00009 51.6629

Totals : 6172.23584 645.40628
MWD1 B, Sig=254 4 Ref=360, 100 (F \DATATANYU\HPLC 120018 D)
mAU ]
2500
2000
1500
@"&g
1000 8 &
1 *¢
] o
500 \ _ h.{b‘-’p
] B &
0_-_‘"_-_/ . er : “*SQI
0 i 2 3 4 5 6 7__min
Peak RetTime Type Width Area Height Area
B [min] [min] [mAU*s] [mAU] %

e EEEE e | -mmm oo |-—mmm oo R |
1 4.327 MF 0.1314 6319.99023 801.84888 93.8527
2 5.771 MM 0.2127 413,95502 32.43170 6.1473

Totals : ©733.94525 834.28058
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MWD B, Sig=254 4 Ref=360,100 (F \DATATANYU\HPLC120019.D)
mAU ]
2500
. Z N
T BnOOC
a0
. \BDC
- rac-4n
1500
1000 8
] < ©
] ¢
- w
E AL«H¢/\hﬁﬁﬁ
0- m_ .
o S
0 1 2 3 4 5 6 7 min
Peak RetTime Type Width Area Height Area
B [min] [min] [mAU*s] [mAU] %

el EEEE e | ——mm oo |-—mmmmm o R |
1 4.068 BV 0.1107 5310.37598 749.39984 47.6356
2 5.123 BV 0.1732 5837.53027 518.96124 52.3644

Totals o 1.11479%9e4 1268.36108
MWD B, Sig=254 4 Ref=360,100 (F \DATATANYUHPLC 120020.0)
mAU ]
2500
2000
1500

0 1 2 3 5 6 7 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

e e e e [ | | < |
1 4.068 BV  0.1090 5251.10205 738.34369 93.5930
2 5.131 BB 0.1580 359.46982 35.53224  6.4070

Totals : 5010.57187 7173.87593
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MWD1 B, Sig=254 4 Ref=360,100 (FADATA\TANYU\HPLC120007 D)

- | \
1 |
401

s

f

; | \ |
30 \ ’
] / U
10 - J
o A A i il ST T I R A i a5 md
Peak RetTime Type Width Area Height Area
# [min] [min] [mMAU*s] [mAU] %
s i el Lo S | fm=tenanas |Ssmn=—s I
1 34.214 BB 1.0574 4738.63330 67.63196 49.7615
2 38.582 BB 1.2541 4784.05859 59.11623 50.2385
Totals. i 9522.69189 126.74819
MWD1 B, Sig=254 4 Ref=360,100 (FADATA\TANYU\HPLC120008.D)
mAU ]
907
: §
80 g
70 \
-

1 |
40
30
20
10
- G i R A (L LT ST B T . S B
215 30 325 35

8
8
|125. = 31|'.5I I ' 4!0 Y I42l.5. s I4IE I-ﬂl'.S mir]
Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s] [mAU] %
e e | === = | === |
1 34.228 BB 1.0733 5323.93555 74.89566 95.0004
2 38.679 BB 1.1158 280.18570 2.96131 4.9996
Totals : 5604.12125 77.85697
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MWD1 B, Sig=254 4 Ref=360,100 (F \DATATANYUHPLC 120043.0)

mAU
1000 ié?gi
- t-BuOOC O
i é O N Yo
800 ©
e :
| ~
400
Z . Al
- /U\zk /! \
0;;/ o ,
0 2 i 6 8 10 12 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

e e | ———mmmm - | -——mmmm - | -————-—-
1 6.764 BV  0.2322 1.18203ed  782.48029 49.5382

2 7.852 VB 0.3770 1.20407e4 486.05148 50.4618
Totals : 2.38609e4 1268.53177
MWD1 B, Sig=254 4 Ref=360,100 (FADATATANYU\HPLC120044.D)
mAU ]
1000
| t-BuOOC
moi
sm;
4m; 5
~
2m:
: R J
0 _JIL—_-—-_-——_A_/’\_L—-’Q }- .
! ! ! I ! ! ! I ! ! ! T T T i 1 T T
0 2 4 6 8 10 12 min
Peak RetTime Type Width Area Height Area
B [min] [min] [mAU*s] [mAU] %
st [ et fiFrsmsamma [ e i |
1 6.720 BV 0.2481 176.87326 10.52344 2.0760
2 7.730 VB 0.3617 8343.09473 350.52072 97,9240
Totals : 8519.96799 361.0441e6
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MWD1 E, Sig=254 4 Ref=360,100 (F\DATA\TANYU\HPLC120070.D)

mAU ]
1400 |
1200{
1000—:
800
600—:
400
] g 3
200 8 S
0 . - \ &\L
R =R R TR T T R T
0 2.5 5 7.5 10 125 15 17.5 min
Peak RetTime Type Width Area Height Area
i [min] [min] [mAU*s] [mAU] %
i R R R [ | =i | |
1 12.873 BV 0.4081 4733.23730 178.07530 48.4276
2 13.859 VB 0.4803 5040.60254 162.32549 51.5724
Totals : 9773.83984 340.40079
MWD1 B, Sig=254 4 Ref=360,100 (F\DATAITANYU\HPLC120071.D)
mAU
700
BUO—E
500
400—5
300
200—3 -
] 2
3 o™
100 7
o3 i
-100 ' T A | | T T T .
0 25 5 7.5 10 125 15 175 miny
Peak RetTime Type Width Area Height Area
= [min] [min] [mAU*s] [mAU] %
e (s i e |- |- |
1 12.451 BV 0.3897 4056.83984 160.05438 96.7459
2 13.418 VB 0.4266 136.45395 4.64695 3.2541
Totals : 4193.29379 164.70134
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MWD1 B, Sig=254 4 Ref=360,100 (F\DATA\TANYU\HPLC120038.D)

mAU
1000 g
] 3
800 ﬂ
| B
. o
600 —
400 \
K \/j kv\iA
Y i T T : T y y r T T T A
0 2 [i] 8 min|
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
| s | ot e s e |
1 5.982 BB 0.1949 1.08633e4 862.95648 51.3300
2 6.773 VB 0.2507 1.03003e4 6€30.29230 48.6700
Totals : 2.11636e4 1493.24878
MWD1 B, Sig=254.4 Ref=360,100 (F\DATA\TANYU\HPLC 120039.D)
mAU ]
700
600
500
400
300
: ®
200 Y
] /\
100 34/
: g
0 ] f\_J_'f’; \ ; |
0 é ‘ll é é mir|
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

S e o T — e S
2.38012  0.8015
203.70131 99.1985

1 6.023 VB 0.1702 26.55394
2 6.818 VB 0.2462 3286.54175

Totals : 3313.09569
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MWD1 B, Sig=254,4 Ref=360,100 (F\DATA\TANYU\HPLC120035.D)

mAU
1mm;
i
| v
600_
- 5
400 - w
: : |
X JnJ\
¥ T T T T T T T g ¥ ¥ T : T T T
0 2 4 6 8
Peak RetTime Type Width Area Height Area
H [min] [min] [mAU*s] [mAU] %
e R | =] e jmmmmme————— B | == |
1 4.831 W 0.1275 5298.54004 634.15271 50.1059
2 5.911 BB 0.2066 5276.14209 393.11136 49.8941
Totals : 1.05747e4 1027.26407
MWD1 B, Sig=254 4 Ref=360,100 (F.\DATATTANYU\HPLC 120036.D)
mAU ]
1000;
860
ﬁm:
400—- §
200;
] =23
] 3
0 e AN
0 2 4 6 8
Peak RetTime Type Width Area Height Area
k [min] [min] [mAU*s] [mAU] %
B R e S | == em—e | === | = I
1 4.839 BV 0.1211 79.97144 10.24253 1.6472
2 5.913 BB 0.2083 4774.91846 351.85852 98.3528
Totals : 4854.88989 362.10105
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mAU

mAU

12004
1100-
1000~

800-
700-
600-
500
400-
300-
200-
100-
0 4

1 12

Signal:

13

14 15

16

—417.105

J": %

TT>420.261

t-BuOOC

17 18

0 2
Time [min]

19

DAD1 B, Sig=214,8 Ref=360,100

2 23

24

RT [min]

Width [min]

Area [mAU"S]

Height [mAU]

Area%

17.105

0.495

13854.473

431.573

49.6742

20.261

0.607

14036.236

349.499

50.3258

Sum

27830.7080

3000+
2800+
2600+
2400+
2200
2000+
1800+
1600+
1400+
1200+
1000
800+
600+
400
200+
0+

" 12

Signal:

13

14

16

417.235

16 1

~

18

- >420.146

20 21
Time [min]

19

DAD1 B, Sig=214,8 Ref=360,100

22 23

24

RT [min]

Width [min]

Area [mAU"S]

Height [mAU]

Area%

17.235

0.475

1983.970

64.516

2.6605

20.146

0.616

72588.344

1794.098

97.3395

Sum

74572.3137
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6. X-ray Crystallography Data of 4l.
Crystals of 4l were grown from PE:EA =10:1 to give colourless crystals that
were submitted to X-Ray crystallography.

Table 1. Crystal data and structure refinement for cu_60113b.

Identification code cu 60113b

Empirical formula Csz9 H4s N> Of

Formula weight 652.76

Temperature 296(2) K

Wavelength 1.54178 A

Crystal system Monoclinic

Space group C2

Unit cell dimensions a=22.0361(10) A a=90°.

Volume

V4

Density (calculated)

Absorption coefficient
F(000)
Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 67.679°
Absorption correction

Max. and min. transmission

Refinement method

b=28.9726(4) A b= 98.967(3)°.
c=18.4215(8) A g =90°.
3597.8(3) A3

4

1.205 Mg/m3

0.668 mm-1

1392

0.640 x 0.500 x 0.020 mm3

2.428 to 69.495°.

-25<=h<=26, -10<=k<=10, -22<=1<=22
9159

4929 [R(int) = 0.0440]

93.6 %

Semi-empirical from equivalents

0.753 and 0.561

Full-matrix least-squares on F2
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Data / restraints / parameters 4929/ 67/ 442

Goodness-of-fit on F2 1.334

Final R indices [[>2sigma(])] R1=0.0977, wR2 = 0.2925

R indices (all data) R1=0.1055, wR2 =0.3097
Absolute structure parameter 0.1(2)
Extinction coefficient 0.0013(5)

Largest diff. peak and hole ~ 1.028 and -0.479 e.A-3

X-ray Crystallography Data of 5.
Crystals of 5 were grown from PE:EA =10:1 to give colourless crystals that were
submitted to X-Ray crystallography.

Table 1. Crystal data and structure refinement for cu 60121a.

Identification code cu 60121a

Empirical formula Cs1 Hs6 N2 O

Formula weight 532.62

Temperature 296(2) K

Wavelength 1.54178 A

Crystal system Orthorhombic

Space group P 212121

Unit cell dimensions a=9.9835(14) A a= 90°,
b=12.2707(16) A b= 90°.
c=23.460(3) A g="90°.

Volume 2873.9(6) A3

Z 4

Density (calculated) 1.231 Mg/m3

Absorption coefficient 0.693 mm-1

F(000) 1136
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Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 67.679°
Absorption correction

Max. and min. transmission

Refinement method

Data / restraints / parameters

Goodness-of-fit on F2

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

Absolute structure parameter

Extinction coefficient

Largest diff. peak and hole

0.250 x 0.220 x 0.180 mm3

3.768 to 67.416°.

-11<=h<=10, -14<=k<=14, -24<=1<=28

14287

4523 [R(int) = 0.0593]

91.8 %

Semi-empirical from equivalents

0.753 and 0.589

Full-matrix least-squares on F2

4523 /42 /360

1.778

R1 = 0.1890, wR2 = 0.3905
R1=0.1975, wR2 = 0.4010
-0.11(17)

0.109(16)

1.483 and -0.831 e.A-3
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