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1. Optimization of the reaction conditions of N-methyl protected

methyleneindolinone 1b with ethyl 4-chloroacetoacetate 2a
A series of catalysts, solvents and reaction temperature were examined, and the results
were summarized in Table 1. Quinine based thiourea catalyst 3d afforded better
results than catalysts 3a-3c, 3e with chiral diamine scaffolds (Table 1, entry 4 vs
entries 1-3, 5). All solvents provided 5a as the main product with moderate to good
yields and enantioselectivities (Table 1, entries 6-9). In terms of yield and
stereoselectivity, chloroform was chosen as the suitable solvent (Table 1, entry 4).
Increasing or decreasing reaction temperature allowed slight decreases in
stereoselectivities (Table 1, entry 4 vs entries 10, 11). Based on these screenings, a set
of optimal reaction conditions were established: 0.2 mmol of 1b, 0.2 mmol of 2a and
catalyst 3d (20 mol %) were stirred in chloroform (1.0 mL) for 24 h at room
temperature, then 2 equivs of KHCO3; was added and the crude mixture was stirred for
other 48 h at room temperature.

Table 1. Optimization of the reaction conditions *

O\/ 1. Cat. 3 (20 mol %), solvent, 24 h
o Y Y -

o o 2. KHCOj (200 mol %), rt, 48 h.
16 2a

Entry Cat. solvent T (°C) yield (%)" dr® ee (%)°
1 3a CHCls 25 70 1.0:1 51°/49°
2 3b CHCls 25 68 1:1.2 58°/51°
3 3¢ CHCl; 25 65 1.3:1 42/64
4 3d CHCls 25 72 1.2:1 84/>99
5 3e CHCl; 25 50 1.5:1 36/55
6 3d CH,Cl, 25 65 1.1:1 86/96
7 3d PhCH; 25 70 1:1.6 87/85
8 3d THF 25 50 1:1.4 46/48
9 3d EtOAc 25 71 1:1.2 62/62
10 3d CHCls 45 70 1.3:1 82/94
11 3d CHCl; -5 73 1.6:1 84/95

*Unless otherwise noted, the reaction was performed on a 0.2 mmol scale in 1.0 mL
solvent. " Isolated yields of of mixture of diastereomers. “ Determined by chiral HPLC

S2



analysis; dr and ee value of the major product 5a. ¢ The major diastereomers,
determined by chiral HPLC analysis. ° Contrary configuration to 5f.

2. General Methods.

Commercial grade solvent was dried and purified by standard procedures as specified
in Purification of Laboratory Chemicals, 4th Ed (Armarego, W. L. F.; Perrin, D. D.
Butterworth Heinemann: 1997). Racemic products were obtained from corresponding
substrates catalyzed by Et;N or Na,COs; at room temperature. NMR spectra were
recorded with tetramethylsilane as the internal standard. 'H NMR spectra were
recorded at 300 MHz, and C NMR spectra were recorded at 75 MHz (Bruker
Avance). Chemical shifts (8) are reported in ppm downfield from CDCl; (6 = 7.26
ppm) for '"H NMR and relative to the central CDCl; resonance (& = 77.0 ppm) for °C
NMR spectroscopy. The following abbreviations were used to describe peak patterns
where appropriate: br = broad, s = singlet, d = doublet, t = triplet, q = quartet, m =
multiplet. Coupling constants were reported in Hertz (Hz). Flash column
chromatography was carried out using silica gel eluting with ethyl acetate and
petroleum ether. Reactions were monitored by TLC and visualized with ultraviolet
light. Optical rotations were measured on a Perkin-Elmer 341 polarimeter. The
enantiomeric excess (ee) of the products were determined by HPLC using Daicel
Chiralpak (AD, AD-H, AY or IC) columns. Owing to the difficulty to isolate the
diastereomers, yield and optical rotation below refer to mixture of diastereomers.

3. Preparation of materials and catalysts

Methyleneindolinones 1 were prepared following literature procedures.” » Ethyl
4-chloroacetoacetate 2a was commercially available and purified by silica gel column
chromatography. Methyl 4-chloroacetoacetate 2b was commercially available and
used as received. Methyl 4-bromoacetoacetate 2¢  was  prepared
following literature procedures.” Catalyst 3a was synthesized according to literature
procedure.* Catalyst 3d was synthesized according to literature procedure.’

4. General procedure for asymmetric domino Michael-Alkylation reaction of
methyleneindolinones with y-halogenated-f-ketoesters

Typical procedure for asymmetric Michael-Alkylation domino reaction with
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N-Boc protected methyleneindolinones

A stirred solution of catalyst 3a (5 mol %), N-Boc protected methyleneindolinones 1

(0.20 mmol ) in THF (1.0 mL) was cooled to -30 °C and y-halogenated-B- ketoesters 2

( 0.2 mmol ) was added at the same temperature. The reaction mixture was stirred at

-30 °C for 2 days, then KHCO; (0.4 mmol) was added. The reaction solution was

stirred for 1 day at rt, and concentrated in vacuo. The crude product was purified by

column chromatography on silica gel to afford pure products 4.

Typical procedure for asymmetric Michael-Alkylation domino reaction with

N-alkyl protected methyleneindolinones

A solution of catalyst 3d (20 mol %), N-alkyl protected methyleneindolinones 1 (0.20

mmol) and ethyl 4-chloro-acetoacetate 2a ( 0.2 mmol ) in CHCI; (1.0 mL) was stirred

at rt for 1 days, then KHCOj3 (0.4 mmol) was added. The reaction solution was stirred

for 2 day at the same temperature, and concentrated in vacuo. The crude product was

purified by column chromatography on silica gel to afford pure products 5.

5. Characterization Data and HPLC Conditions of Product 4 and 5

1'-tert-butyl 4-ethyl (1S, 4S, 5S)-5-benzoyl-2', 3-dioxo-1', 2'-dihydrospiro
o) [cyclopentane-1, 3'-indole]-1', 4-dicarboxylate (4a)

COOEt
X,

94% yield, [a]p?’= +151.5 (¢ 1.2, CH,CL); (dr = 7.3:1, >99% ee
Boc

Hexane/EtOH (0.1% Et,NH) = 95:5, flow rate 1.0 mL/min, UV detection at 220 nm,

E)COPh for the major diastereomer, 90% ee for the minor diastereomer);

HPLC conditions: major diastereomer: Chiralcel IC column,

retention time: major diastereomer: 27.20 min (major) and 22.11 min (minor); minor
diastereomer: Chiralcel AD column, Hexane/EtOH (0.1% TFA) = 90:10, flow rate 1.0
mL/min, UV detection at 254 nm, retention time: major diastereomer: 7.77 min
(major) and 10.37 min (minor). 'H NMR (CDCls, 300 MHz) & 1.31 (t, J = 7.11 Hz,
3H), 1.51 (s, 9H), 2.65 (d, J = 18.33 Hz, 1H), 3.24 (d, J = 18.33 Hz, 1H), 4.22-4.29
(m, 2H), 4.54 (d, J=11.31 Hz, 1H), 5.12 (d, J=11.31 Hz, 1H), 6.98 (d, J = 6.72 Hz,
1H), 7.11 (t, J = 7.56 Hz, 1H), 7.20 (d, J = 8.40 Hz, 1H),7.29 (t, J = 7.47 Hz, 2H),
7.36 (d, J = 7.38 Hz, 2H), 7.46 (d, J = 7.92 Hz, 2H); °C NMR (CDCls, 75 Hz) & 14.1,
27.8,50.0,55.2,57.7, 60.4, 62.2, 84.5, 114.1, 123.5, 124.9, 127.4, 128.1, 128.8, 132.7,
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133.3, 136.1, 138.4, 147.7, 166.4, 176.1, 196.1, 204.6;, HRMS (ESI) Calcd. for
C,7H,7NNaO, [M+Na]+: 500.1685; Found: 500.1669.

1'-tert-butyl 4-ethyl (1S, 4S, 5S)-5-(4-fluorobenzoyl)-2', 3-dioxo-1', 2'-
dihydrospiro[cyclopentane-1, 3'-indole]-1', 4-dicarboxylate
(4b)

92% vyield, [o]p™"= +68.5 (¢ 1.2, CH,CLy); (dr = 8.1:1, 96% ee for

the major diastereomer); HPLC conditions: Chiralcel IC column,

Hexane/EtOH (0.1% Et,NH) = 95:5, flow rate 1.0 mL/min, UV
detection at 220 nm, retention time: major diastereomer: 23.84 min (major) and 18.64
min (minor). '"H NMR (CDCls, 300 MHz) § 1.30 (t, J = 7.11 Hz, 3H), 1.54 (s, 9H),
2.66 (d,J=18.33 Hz, 1H), 3.24 (d, J = 18.39 Hz, 1H), 4.23-4.30 (m, 2H), 4.53 (d, J =
11.31 Hz, 1H), 5.08 (d, J = 11.31 Hz, 1H), 6.95-7.01 (m, 3H), 7.13 (t, J = 7.50 Hz,
1H), 7.24 (t, J = 7.14 Hz, 1H), 7.41-7.50 (m, 3H); °C NMR (CDCls, 75 Hz) & 14.1,
27.8,49.8, 55.6,57.7, 60.4, 62.3, 84.9, 114.9, 115.4, 123.6, 124.8, 127.0, 128.9, 130.1,
132.5, 138.4, 147.7, 164.0, 166.3, 176.1, 194.5, 204.4; HRMS (ESI) Calcd. for
C,7H,FNNaO; [M+Na]": 518.1591; Found: 518.1586.
1'-tert-butyl  4-ethyl (1S, 4S, 5S)-5-(4-chlorobenzoyl)-2', 3-dioxo-1',
2'-dihydrospiro[cyclopentane-1, 3'-indole]-1', 4-dicarboxylate
(4¢)
95% yield, [a]p™’= +49.0 (¢ 1.9, CH,CL); (dr = 10.2:1, 90% ee

for the major diastereomer); HPLC conditions: Chiralcel IC

column, Hexane/EtOH (0.1% Et,NH) = 95:5, flow rate 1.0
mL/min, UV detection at 220 nm, retention time: major diastereomer: 24.02 min
(major) and 22.84 min (minor). "H NMR (CDCls;, 300 MHz) & 1.31 (t, J = 7.14 Hz,
3H), 1.55 (s, 9 H), 2.65 (d, J = 18.33 Hz, 1H), 3.23 (d, J = 18.39 Hz, 1H), 4.23-4.30
(m, 2H), 4.52 (d, J = 11.31 Hz, 1H), 5.07 (d, J = 11.34 Hz, 1H), 6.98 (d, J = 7.41 Hz,
1H), 7.10-7.15 (m, 1H), 7.21-7.35 (m, 5H), 7.49 (d, J = 8.22 Hz, 1H); *C NMR
(CDCls, 75 Hz) & 14.1, 27.9, 49.8, 55.6, 57.8, 60.5, 62.3, 84.9, 114.1, 123.6, 124.8,
127.0, 128.5, 128.9, 129.7, 134.4, 138.3, 139.8, 147.6, 166.3, 176.0, 195.0, 204.3;
HRMS (ESI) Calcd. for C,7HyCINNaO; [M+Na]': 534.1295; Found: 534.1286.
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1'-tert-butyl 4-ethyl (1S, 4S, 5S)-5-(4-bromobenzoyl)-2', 3-dioxo-1',
. 2'-dihydrospiro[cyclopentane-1, 3'-indole]-1',
4-dicarboxylate (4d)
93% vyield, [a]p?’= +46.3 (¢ 1.2, CH,CL); (dr = 7.7:1, 82% ee

for the major diastereomer); HPLC conditions: Chiralcel IC

column, Hexane/EtOH (0.1% Et,NH) = 95:5, flow rate 1.0
mL/min, UV detection at 220 nm, retention time: major diastereomer: 24.47 min
(major) and 19.78 min (minor). '"H NMR (CDCl;, 300 MHz) & 1.32 (t, J = 7.14 Hz,
3H), 1.56 (s, 9H), 2.66 (d, J = 18.36 Hz, 1H), 3.24 (d, J = 18.39 Hz, 1H), 4.23-4.30
(m, 2H), 4.52 (d, J = 11.31 Hz, 1H), 5.07 (d, J = 11.31 Hz, 1H), 6.97 (d, J = 7.29 Hz,
1H), 7.12 (t, J = 7.47 Hz, 1H), 7.21-7.26 (m, 3H), 7.43-7.50 (m, 3H); °C NMR
(CDCls, 75 Hz) & 14.1, 28.0, 49.9, 55.6, 57.8, 60.5, 62.4, 85.0, 114.9, 121.9, 123.6,
125.0, 127.0, 128.9, 129.8, 131.7, 134.8, 138.4, 147.7, 166.3, 176.0, 195.2, 204.3;
HRMS (ESI) Calcd. for C,7H,sBrNNaO, [M+Na]+: 578.0790; Found: 578.0768.
1'-tert-butyl 4-ethyl (1S, 4S, 5S)-5-(4-methylbenzoyl)-2', 3-dioxo-1',
2'-dihydrospiro[cyclopentane-1, 3'-indole]-1', 4-dicarboxylate
(de)

96% yield, [a]p "= +99.1 (c 1.5, CH,Cl,); (dr = 7.2:1, 91% ee for

the major diastereomer); HPLC conditions: Chiralcel IC column,

Boc Hexane/EtOH (0.1% Et,NH) = 95:5, flow rate 1.0 mL/min, UV
detection at 220 nm, retention time: major diastereomer: 32.60 min (major) and 28.75
min (minor).'H NMR (CDCls, 300 MHz) § 1.31 (t, J = 7.11 Hz, 3H), 1.53 (s, 9H),
2.30 (s, 3H), 2.66 (d, J = 18.30 Hz, 1H), 3.25 (d, J = 18.36 Hz, 1H), 4.22-4.29 (m,
2H), 4.56 (d, J=11.31 Hz, 1H), 5.10 (d, J=11.34 Hz, 1H), 6.99 (d, J = 6.93 Hz, 1H),
7.00-7.14 (d, J = 8.01 Hz, 3H), 7.19-7.26 (m, 1H), 7.32 (d, J = 8.16 Hz, 2H), 7.49 (d,
J=8.07 Hz, IH); "“C NMR (CDCls, 75 Hz) § 14.0, 21.5, 27.8, 49.9, 55.4, 57.4, 60.3,
62.2,84.4,114.8, 121.8, 123.6, 124.7, 127.2, 129.0, 133.4, 138.4, 144.1, 147.8, 166 .4,
168.7, 176.1, 195.4, 204.8; HRMS (ESI) Calcd. for CosHyyNNaO7 [M+Na]": 514.1842;
Found: 514.1816.
1'-tert-butyl 4-ethyl (1S, 4S, 5S)-5-(4-methoxybenzoyl)-2', 3-dioxo-1', 2'-
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dihydrospiro[cyclopentane-1, 3'-indole]-1',
4-dicarboxylate (4f)
92% yield, [a]p™’= +71.2 (c 2.3, CH,CLy); (dr = 12.1:1, 92%

ee for the major diastereomer); HPLC conditions: Chiralcel

\
Boc

AD column, Hexane/EtOH (0.1% Et,NH) = 90:10, flow rate
1.0 mL/min, UV detection at 220 nm, retention time: major diastereomer: 13.60 min
(major) and 17.18 min (minor). 'H NMR (CDCls, 300 MHz) & 1.30 (t, J = 7.11 Hz,
3H), 1.52 (s, 9H), 2.66 (d, J = 18.30 Hz, 1H), 3.25 (d, J = 18.33 Hz, 1H), 3.79 (s, 3H),
4.21-4.28 (m, 2H), 4.56 (d, J = 11.34 Hz, 1H), 5.08 (d, J=11.37 Hz, 1H), 6.78 (d, J =
8.82 Hz, 2H), 6.99 (d, J =7.47 Hz, 1H), 7.11 (t,J = 7.56 Hz, 1H), 7.22 (t, J = 7.80 Hz,
1H), 7.43-7.50 (m, 3H); °C NMR (CDCls, 75 Hz) & 14.1, 27.8, 49.8, 52.1, 55.1, 55.4,
55.4,62.2, 84.5, 113.5, 114.8, 123.7, 124.6, 127.2, 128.8, 129.7, 130.9, 138.3, 147.8,
163.7, 166.5, 176.3, 193.9, 204.9; HRMS (ESI) Calcd. for CpsHyNNaOg [M+Na]":
530.1791; Found: 530.1761.
1'-tert-butyl 4-ethyl (1S, 4S, 5S)-5-(2-methylbenzoyl)-2', 3-dioxo-1',
2'-dihydrospiro[cyclopentane-1, 3'-indole]-1', 4-dicarboxylate
(4g)
93% yield, [a]p”"= +57.5 (¢ 2.5, CH,ClL); (dr = 3.6:1, 84% eec for

the major diastereomer); HPLC conditions: Chiralcel IC column,

Boc Hexane/EtOH (0.1% Et,NH) = 95:5, flow rate 1.0 mL/min, UV
detection at 220 nm, retention time: major diastereomer: 27.96 min (major) and 17.57
min (minor). '"H NMR (CDCls, 300 MHz) § 1.34 (t, J = 7.11 Hz, 3H), 1.51 (s, 12H),
2.61 (d,J=18.27 Hz, 1H), 3.20 (d, J = 18.30 Hz, 1H), 4.25-4.33 (m, 2H), 4.49 (d, J =
11.64 Hz, 1H), 5.12 (d, J=11.64 Hz, 1H), 7.11-7.16 (m, 2H), 7.19-7.30 (m, 5H), 7.58
(d, J = 8.16 Hz, 1H); °C NMR (CDCl;, 75 Hz) & 14.1, 19.0, 28.0, 50.6, 55.1, 57.4,
59.5, 62.3, 84.4, 115.3, 121.9, 123.4, 124.8, 125.4, 127.8, 129.6, 131.2, 132.0, 135.2,
138.9, 147.7, 166.5, 168.2, 175.5, 198.0, 204.6; HRMS (ESI) Calcd. for
Cr3sH20NNaO; [M+Na]™: 514.1842; Found: 514.1823.
1'-tert-butyl 4-ethyl (1S, 4S, 5S)-5-(3-methoxybenzoyl)-2', 3-dioxo-1',
2'-dihydrospiro[cyclopentane-1, 3'-indole]-1', 4-dicarboxylate (4h)
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92% vield, [a]p™’=+105.7 (c 2.1, CH,Cl,); (dr = 12.2:1, >99%
ee for the major diastereomer); HPLC conditions: Chiralcel IC
column, Hexane/EtOH (0.1% Et,NH) = 95:5, flow rate 1.0

mL/min, UV detection at 220 nm, retention time: major

diastereomer: 31.71 min (major) and 22.78 min (minor). 'H
NMR (CDCls, 300 MHz) & 1.32 (t, J = 7.11 Hz, 3H), 1.53 (s, 9H), 2.65 (d, J = 18.30
Hz, 1H), 3.24 (d, J = 18.33 Hz, 1H), 3.74 (s, 3H), 4.24-4.31 (m, 2H), 4.54 (d, J =
11.31 Hz, 1H), 5.10 (d, J = 11.31 Hz, 1H), 6.77 (s, 1H), 6.97-7.01 (m, 3H), 7.05-7.26
(m, 3H), 7.51 (d, J = 8.16 Hz, 1H); °C NMR (CDCls, 75 Hz) & 14.1, 27.8, 50.0, 51.8,
55.2, 58.0, 60.4, 62.3, 84.7, 110.9, 114.1, 114.9, 120.4, 123.5, 124.7, 127.3, 128.7,
129.0, 137.4, 138.7, 147.8, 159.3, 166.4, 176.1, 196.1, 204.6; HRMS (ESI) Calcd. for
Cy3H>9NNaOg [M+Na]+: 530.1791; Found: 530.1788.

1'-tert-butyl 4-ethyl as, 4S8,
5S)-5-(naphthalene-2-carbonyl) -2', 3-dioxo-1',
2'-dihydrospiro[cyclopentane-1, 3'-indole]-1',

4-dicarboxylate (4i)
92% yield, [o]p™"= 6.9 (c 1.1, CH,CL); (dr = 10.1:1, 90% ee
for the major diastereomer); HPLC conditions: Chiralcel IC column, Hexane/EtOH
(0.1% Et;NH) = 95:5, flow rate 1.0 mL/min, UV detection at 220 nm, retention time:
major diastereomer: 53.55 min (major) and 33.11 min (minor). 'H NMR (CDCl;, 300
MHz) & 1.15 (s, 9H), 1.33 (t,J="7.11 Hz, 3H), 2.70 (d, J = 18.27 Hz, 1H), 3.30 (d, J =
18.30 Hz, 1H), 4.25-4.32 (m, 2H), 4.63 (d, J = 11.34 Hz, 1H), 5.31 (d, J = 11.37 Hz,
1H), 7.04 (d, J = 7.38 Hz, 1H),7.15-7.27 (m, 4H), 7.40 (d, J = 8.04 Hz, 1H), 7.53-7.57
(m, 3H), 7.67 (d, J = 8.58 Hz, 1H), 7.78 (d, J = 8.31 Hz, 1H); °C NMR (CDCls, 75
Hz) o 14.1, 27.3, 44.1, 49.9, 55.3, 60.4, 62.3, 84.3, 114.0, 114.9, 123.3, 123.6, 124.9,
Q COOE 126.9, 127.2, 127.5, 128.4, 128.7, 129.4, 130.1, 131.9, 133.3,

135.5, 138.4, 147.5, 166.5, 176.0, 195.8, 204.7; HRMS (ESI)

F
w Ph
\©\ O Calcd. for C;;Hy9NNaO; [M+Na]+: 550.1842; Found:
N
Boc 550.1809.

1'-tert-butyl 4-ethyl (1S, 4S, 5S)-5-benzoyl-5'-fluoro-2', 3-dioxo-1',
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2'-dihydrospiro[cyclopentane-1, 3'-indole]-1', 4-dicarboxylate (4j)

92% vyield, [o]p™= +81.5 (¢ 1.8, CH,CL); (dr = 7.0:1, 89% ee for the major
diastereomer); HPLC conditions: Chiralcel AY column, Hexane/EtOH (0.1% Et,NH)
= 90:10, flow rate 1.0 mL/min, UV detection at 220 nm, retention time: major
diastereomer: 11.07 min (major) and 40.46 min (minor). 'H NMR (CDCls;, 300 MHz)
o 1.32 (t, J = 7.08 Hz, 3H), 1.51 (s, 9 H), 2.65 (d, J = 18.39 Hz, 1H), 3.25 (d, J =
18.42 Hz, 1H), 4.23-4.30 (m, 2H), 4.50 (d, J = 11.37 Hz, 1H), 5.12 (d, J = 11.37 Hz,
1H), 6.72 (d, J = 7.50 Hz, 1H), 7.27 (d, J = 7.11 Hz, 1H), 7.32 (d, J = 7.74 Hz, 2H),
7.40-7.52 (m, 4H); °C NMR (CDCl;, 75 Hz) & 14.1, 28.0, 49.7, 55.4, 57.5, 60.5, 62.3,
84.8, 111.1, 115.9, 116.4, 127.5, 128.0, 128.7, 133.0, 133.5, 135.9, 147.7, 158.1, 166.2,
175.7, 195.8, 204.1; HRMS (ESI) Caled. for Cy;HasFNNaO; [M+Na]: 518.1591;
Found: 518.1579.

1'-tert-butyl  4-ethyl (1S, 4S, 5S)-5-benzoyl-5'-bromo-2', 3-dioxo-1',
2'-dihydrospiro[cyclopentane-1, 3'-indole]-1', 4-dicarboxylate (4k)

QA coort 90% yield, [alp=+25.2 (c 1.5, CHxCL); (dr = 2.0:1, 55% ce

Br X copn for the major diastereomer); HPLC conditions: Chiralcel AD
\©\N O column, Hexane/EtOH (0.1% Et,NH) = 90:10, flow rate 1.0
Boc mL/min, UV detection at 220 nm, retention time: major
diastereomer: 6.92 min (major) and 8.39 min (minor). 'H NMR (CDCls, 300 MHz) &
1.17 (t, J =7.11 Hz, 3H), 1.63 (s, 9H), 2.74 (d, J = 18.12 Hz, 1H), 3.58 (d, J = 18.18
Hz, 1H), 4.12-4.14 (m, 2H), 4.37 (d, J = 11.76 Hz, 1H), 5.79 (d, J = 11.79 Hz, 1H),
7.25-7.30 (m, 5H), 7.62 (d, J = 7.20 Hz, 2H), 7.72 (d, J = 8.19 Hz, 1H); °C NMR
(CDCl3, 75 Hz) 6 14.0, 28.0, 44.7, 51.6, 53.6, 56.7, 62.3, 85.1, 113.6, 114.5, 118.1,
127.6, 128.1, 128.9, 130.5, 133.3, 136.2, 142.4, 148.4, 166.8, 176.2, 196.8, 205.5;
HRMS (ESI) Caled. for Co7H,6BrNNaO; [M+Na]": 578.0790; Found: 578.0785.
1'-tert-butyl 4-ethyl (1S, 4S, 5S)-5-benzoyl-5'-methyl-2', 3-dioxo-1',
2'-dihydrospiro[cyclopentane-1, 3'-indole]-1', 4-dicarboxylate (41)
88% yield, [o]p™"= +35.6 (c 1.8, CH,CL); (dr = 2.0:1, 66% ee

for the major diastereomer); HPLC conditions: Chiralcel IC
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column, Hexane/EtOH (0.1% Et;NH) = 90:10, flow rate 1.0 mL/min, UV detection at
220 nm, retention time: major diastereomer: 12.95 min (major) and 14.42 min (minor).
'H NMR (CDCl3, 300 MHz) & 1.32 (t, J = 7.08 Hz, 3H), 1.51 (s, 9H), 2.30 (s, 3H),
2.67(d,J=17.88 Hz, 1H), 3.25 (d, J = 18.30 Hz, 1H), 4.12-4.18 (m, 2H), 4.27 (d, J =
11.52 Hz, 1H), 5.11 (d, J = 11.31 Hz, 1H), 6.78 (s, 1H), 7.19 (t, J = 7.12 Hz, 1H),
7.18-7.26 (m, 1H), 7.27-7.36 (m, 4H), 7.59 (t, J = 8.31 Hz, 1H); °C NMR (CDCls, 75
Hz) 6 13.9, 21.0, 28.0, 48.6, 51.9, 55.3, 57.6, 62.2, 84.3, 114.7, 115.3, 122.4, 127.2,
128.1, 128.3, 129.8, 133.3, 134.7, 136.2, 147.8, 166.5, 176.1, 196.2, 204.8; HRMS
(ESI) Calcd. for C,3H29NNaO; [M+Na]+: 514.1842; Found: 514.1836.

1'-tert-butyl 4-ethyl as, 4S, 5S)-5-acetyl-2', 3-dioxo-1',
2'-dihydrospiro[cyclopentane-1, 3'-indole]-1', 4-dicarboxylate (4m)

80% vyield, [a]p’’= +30.2 (¢ 1.6, CH,CL); (dr = 1.3:1, 63% ee
for the major diastereomer); HPLC conditions: Chiralcel AD
column, Hexane/i-PrOH = 90:10, flow rate 1.0 mL/min, UV

detection at 220 nm, retention time: major diastereomer: 7.13

min (major) and 10.17 min (minor). 'H NMR (CDCls, 300 MHz)
o 1.32 (t, J = 7.14 Hz, 3H), 1.63 (s, 9H), 1.93 (s, 3H), 2.73 (d, J = 18.66 Hz, 2H),
4.19-4.36 (m, 4H), 6.94 (d, J = 7.50 Hz, 1H), 7.24 (t, J = 7.50 Hz, 1H), 7.31-7.37 (m,
1H), 7.89 (t, J = 8.04 Hz, 1H); >*C NMR (CDCls, 75 Hz) § 14.1, 28.0, 28.9, 49.2, 51.2,
55.8, 60.1, 62.3, 84.7, 115.6, 122.9, 124.9, 127.6, 129.6, 140.3, 148.9, 168.3, 175.9,
201.7, 203.0; HRMS (ESI) Caled. for CyHysNNaO; [M+Na]™: 438.1529; Found:
438.1539.
1'-tert-butyl 4-ethyl S-methyl (1S, 4S, 5S)-2', 3-dioxo-1',
2'-dihydrospiro

[cyclopentane-1, 3'-indole]-1', 4, 5-tricarboxylate (4n)

93% yield, [a]p’’= +182.8 (¢ 0.7, CH,CL); (dr = 1.9:1, 96% ee
for the major diastereomer); HPLC conditions: Chiralcel AY column, Hexane/EtOH
(0.1% Et,NH) = 90:10, flow rate 1.0 mL/min, UV detection at 220 nm, retention time:
major diastereomer: 11.34 min (major) and 12.48 min (minor). "H NMR (CDCls, 300
MHz) 6 1.35 (t, J = 4.26 Hz, 3H), 1.66 (s, 9H), 2.64 (d, J = 17.04 Hz, 1H), 3.13 (d, J
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=18.12 Hz, 1H), 3.31 (s, 3H), 4.14 (d, J = 11.01 Hz, 2H), 4.24-4.35 (m, 2H), 6.99 (d,
J=7.50Hz, 1H), 7.12 (d, J = 7.56 Hz, 1H), 7.31-7.37 (m, 1H), 7.89 (t, J = 8.16 Hz,
1H); >C NMR (CDCl;, 75 Hz) & 14.1, 28.0, 43.1, 50.0, 51.5, 53.2, 56.4, 62.3, 84.9,
115.4, 122.3, 124.9, 128.2, 139.3, 148.8, 166.2, 167.9, 168.8, 175.6, 204.1; HRMS
(ESI) Calcd. for C,;H,5NNaOg [M+Na]+: 454.1478; Found: 454.1474.

1'-tert-butyl 4, S-diethyl (1S, 4S, 5S)-2', 3-dioxo-1',

COOEt
2'-dihydrospiro

”gOOEt [cyclopentane-1, 3'-indole]-1', 4, 5-tricarboxylate (40)

95% yield, [a]p*’= +145.2 (¢ 0.9, CH,CLy); (dr = 1.6:1, 79% ee
for the major diastereomer); HPLC conditions: Chiralcel AY column, Hexane/EtOH
(0.1% Et;NH) = 90:10, flow rate 1.0 mL/min, UV detection at 220 nm, retention time:
major diastereomer: 10.09 min (major) and 14.33 min (minor). "H NMR (CDCl;, 300
MHz) 6 0.84 (t, J = 7.20 Hz, 3H), 1.32 (t, J = 7.14 Hz, 3H), 1.66 (s, 9H), 2.64 (d, J =
18.21 Hz, 1H), 3.12 (d, J = 18.12 Hz, 1H), 3.72-3.77 (m, 2H), 4.12 (d, J = 11.97 Hz,
1H), 4.24-4.34 (m, 3H), 6.99 (d, J = 7.47 Hz, 1H), 7.12 (t, J = 7.59 Hz, 1H), 7.34(t, J
=7.62 Hz, 1H), 7.90(d, J = 8.22 Hz, 1H); >C NMR (CDCls, 75 Hz) & 13.3, 14.1, 28.0,
43.3, 50.0, 53.1, 55.6, 61.5, 62.3, 84.9, 115.4, 122.3, 125.0, 129.5, 139.5, 148.8, 166.3,
168.3, 175.6, 177.3, 204.2; HRMS (ESI) Calcd. for Cp3;H,7NNaOg [M+Na]": 468.1634;
Found: 468.1633.

(@] ' & di _ _ 7 2_d; _1' 9
COOEt 1', 5-di-tert-butyl 4-ethyl (1S, 4S, 5S)-2', 3-dioxo-1', 2

5 dihydrospiro[cyclopentane-1, 3'-indole]-1', 4,
W\ COOC(CHy)3
©\N O S-tricarboxylate (4p)

Boc 90% yield, [a]p™’= +106.2 (c 0.8, CH,Cl,); (dr = 1.9:1,
90% ee for the major diastereomer); HPLC conditions: Chiralcel AY column,
Hexane/EtOH (0.1% Et,NH) = 90:10, flow rate 1.0 mL/min, UV detection at 220 nm,
retention time: major diastereomer: major diastereomer: 7.00 min (major) and 6.21
min (minor). '"H NMR (CDCls, 300 MHz) & 1.00 (s, 9H), 1.31 (t, J = 3.12 Hz,
3H),1.64 (s, 9H), 2.61 (d, J = 18.15 Hz, 1H), 3.09 (d, J = 18.09 Hz, 1H), 4.25-4.30 (m,
4H), 7.00 (d, J = 7.41 Hz, 1H), 7.12 (t, J = 7.59 Hz, 1H), 7.35 (t, J = 7.14 Hz, 1H),
7.96 (d, J = 8.19 Hz, 1H); °C NMR (CDCls, 75 Hz) & 14.1, 27.1, 27.9, 50.5, 51.1,
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53.6, 55.7, 62.2, 82.6, 84.8, 115.3, 122.3, 125.0, 129.4, 139.6, 148.9, 166.5, 167.8,
175.7, 177.0, 204.4; HRMS (ESI) Calcd. for CysH3 NNaOg [M+Na]™: 496.1947;
Found: 496.1950.

5-benzyl 1'-tert-butyl 4-ethyl (1S, 4S, 55)-2', 3-dioxo-1',

COOEt
2'-
IOgOOCHZPh dihydrospiro[cyclopentane-1, 3'-indole]-1', 4,

S-tricarboxylate (4q)

91% yield, [o]p™’= +76.4 (¢ 1.0, CH,CL); (dr = 1.4:1, 81%
ee for the major diasterecomer); HPLC conditions: Chiralcel AY column,
Hexane/EtOH (0.1% Et;NH) = 90:10, flow rate 1.0 mL/min, UV detection at 220 nm,
retention time: major diastereomer: 13.16 min (major) and 18.25 min (minor). 'H
NMR (CDCls, 300 MHz) & 1.32 (t, J = 7.14 Hz, 3H), 1.58 (s, 9H), 2.60 (d, J = 18.12
Hz, 1H), 3.10 (d, J = 18.12 Hz, 1H), 4.15-4.29 (m, 2H), 4.40 (d, J = 11.85 Hz, 1H),
4.73 (s, 2H), 4.98 (d, J = 12.84 Hz, 1H), 6.95 (d, J = 8.25 Hz, 2H), 7.20-7.34 (m, 6H),
7.75 (d, J = 11.76 Hz, 1H); *C NMR (CDCls, 75 Hz) & 14.0, 27.9, 49.4, 50.4, 52.6,
55.7, 62.3, 67.4, 84.7, 115.5, 121.7, 122.0, 124.7, 127.7, 128.2, 128.5, 129.4, 134.2,
139.2, 148.5, 166.2, 168.4, 175.4, 204.0; HRMS (ESI) Calcd. for C,sH,9NNaOsg
[M+Na]": 530.1791; Found: 530.1788.
1'-tert-butyl 4-methyl (1S, 4S, 5S)-5-benzoyl-2', 3-dioxo-1',

2'-dihydrospiro[cyclopentane-1, 3'-indole]-1',

4-dicarboxylate (4r)

94% vyield, [o]p™= +70.3 (¢ 1.1, CH,CL); (dr = 6.3:1, 92% ece for the major
diastereomer); HPLC conditions: Chiralcel AY column, Hexane/EtOH (0.1% Et,NH)
= 90:10, flow rate 1.0 mL/min, UV detection at 220 nm, retention time: major
diastereomer: 17.55 min (major) and 44.55 min (minor). 'H NMR (CDCl;, 300 MHz)
0 1.52 (s, 9H), 2.66 (d, J = 17.37 Hz, 1H), 3.25 (d, J = 18.36 Hz, 1H), 3.82 (s, 3H),
4.58 (d,J=11.25 Hz, 1H), 5.13 (d, J = 11.25 Hz, 1H), 6.97 (d, J=7.50 Hz, 1H), 7.11
(t, J=7.56 Hz, 1H), 7.20 (d, J = 7.89 Hz, 1H), 7.26 (t, J = 8.10 Hz, 2H), 7.36 (d, J =
7.41 Hz, 2H), 7.46 (t, J = 7.77 Hz, 2H); °C NMR (CDCl;, 75 Hz) & 27.9, 44.0, 51.8,
53.2, 55.6, 57.4, 84.6, 114.9, 121.9, 123.5, 124.9, 127.4, 128.4, 129.4, 133.5, 136.0,
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138.5, 147.7, 166.9, 176.1, 196.1, 204.6; HRMS (ESI) Calcd. for C,sH,sNNaO;
[M+Na]": 486.1529; Found: 486.1530.

1'-tert-butyl 4-ethyl (1S, 4S, SR)-2', 3-dioxo-5-phenyl-1', 2'-
dihydrospiro[cyclopentane-1, 3'-indole]-1', 4-dicarboxylate (4s)

84% yield, [o]p™"= +25.2 (¢ 1.5, CH,Cl,); (dr = 2.7:1, 36% ee
for the major diastereomer, 41% ee for the minor diastereomer);

HPLC conditions: Chiralcel AD column, Hexane/EtOH = 95:5,

flow rate 1.0 mL/min, UV detection at 220 nm, retention time:
major diastereomer: 7.20 min (major) and 9.97 min (minor); minor diastereomer:
11.11 min (major) and 13.01 min (minor). '"H NMR (CDCls, 300 MHz) & 1.22 (t, J =
7.17 Hz, 3H), 1.50 (s, 9H), 2.94 (d, J = 7.23 Hz, 2H), 4.09-4.20 (m, 3H), 4.58 (d, J =
13.41 Hz, 1H), 6.87 (d, J = 6.99 Hz, 3H), 7.07-7.16 (m, 5H), 7.47 (d, J = 7.25 Hz, 1H);
C NMR (CDCl;s, 75 Hz) & 14.0, 27.9, 48.0, 55.1, 56.6, 57.7, 61.8, 84.2, 115.0, 122.1,
124.4, 127.1, 127.6, 128.0, 128.2, 129.2, 132.9, 140.0, 148.2, 168.2, 176.9, 205.6;
HRMS (ESI) Caled. for CogH,7NNaOg [M+Na]': 472.1736; Found: 472.1730.
1'-tert-butyl 4-ethyl (1S, 48, 5S)-2', 3-dioxo-5-propyl-1', 2'-
dihydrospiro[cyclopentane-1, 3'-indole]-1', 4-dicarboxylate (4t)

92% yield, [o]p™= +10.2 (¢ 1.2, CH,CL); (dr = 1.3:1, 16% ee

COOEt
for the major diastereomer, 15% ee for the minor diastereomer);

O HPLC conditions: Chiralcel AD column, Hexane/i-PrOH =
Boc 90:10, flow rate 1.0 mL/min, UV detection at 220 nm, retention
time: major diastereomer: 5.74 min (major) and 6.50 min (minor); minor diastereomer:
4.98 min (major) and 7.09 min (minor). '"H NMR (CDCls;, 300 MHz) & 0.73 (t, J =
6.48 Hz, 3H), 1.07-1.14 (m, 4H), 1.30 (t, J = 7.11 Hz, 3H), 1.65 (s, 9H), 2.54 (d, J =
17.91 Hz, 1H), 3.14 (d, J=17.91 Hz, 1H), 3.75(d, J=12.00 Hz, 1H), 4.21-4.28 (m,
3H), 6.97 (d, J = 7.50 Hz, 1H), 7.36 (t, J = 7.68 Hz, 2H), 7.91 (d, J = 8.22 Hz, 1H);
C NMR (CDCls, 75 Hz) & 13.9, 20.7, 28.0, 31.4, 32.7, 48.7, 50.3, 53.6, 58.9, 61.9,
84.9, 115.1, 122.8, 124.8, 128.9, 139.2, 140.2, 148.9, 169.7, 176.5, 207.5; HRMS
(ESI) Calcd. for C,3H29NNaOg [M+Na]+: 438.1893; Found: 438.1884.
(35)-3-[(1S)-1-(2-ethoxy-4-0x0-4, S5-dihydrofuran-3-yl)-2-oxo-2-phenylethyl]-1-m
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ethyl-2, 3-dihydro-1H-indol-2-one(5a)
72% yield, [o]p™"= +10.6 (¢ 2.2, CH,Cl,); (dr = 1.2:1, 84% ee for
the major diastereomer, >99% ee for the minor diastereomer);

HPLC conditions: Chiralcel IC column, Hexane/i-PrOH = 50:50,

flow rate 0.7 mL/min, UV detection at 220 nm, retention time:
major diastereomer: 35.90 min (major) and 63.90 min (minor), minor diastereomer:
29.54 min (major). '"H NMR (CDCls, 300 MHz) & 1.35 (t, J = 7.11 Hz, 3H), 3.16 (s,
3H), 4.14 (m, 1H), 4.40-4.45 (m, 3H), 4.54 (d, J = 15.93 Hz, 1H), 4.71 (d, J = 15.96
Hz, 1H), 6.78 (d, J = 7.95 Hz, 1H), 6.87 (t, J = 7.47 Hz, 1H), 7.04 (d, J = 7.39 Hz,
1H), 7.26 (t, J=7.82 Hz, 1H), 7.37-7.39 (m, 2H), 7.42-7.50 (m, 1H), 7.90 (d, J = "7.14
Hz, 1H), 8.03 (d, J=7.20 Hz, 1H); >C NMR (CDCls, 75 Hz) & 14.6, 26.1, 42.2, 45.1,
66.7, 75.0, 89.2, 107.7, 122.1, 124.7, 126.9, 127.9, 128.3, 128.5, 133.2, 135.7, 144.0,
175.6, 181.6, 193.8, 195.1; HRMS (ESI) Calcd. for Co3H, NNaOs [M+Na]': 414.1317;
Found: 414.1316.
(3S5)-3-[(1S)-1-(2-ethoxy-4-0x0-4,5-dihydrofuran-3-yl)-2-oxo-2-phenylethyl]-1-eth
yl-2, 3-dihydro-1H-indol-2-one(5b)
70% yield, [a]p™ "= +20.7 (¢ 1.8, CH,Cl,); (dr = 1.1:1, 96% ee for
the major diasterecomer, 94% ee for the minor diastereomer);
HPLC conditions: Chiralcel IC column, Hexane/i-PrOH = 50:50,

flow rate 0.7 mL/min, UV detection at 220 nm, retention time:

major diastereomer: major diastereomer: 32.44 min (major) and
44.41 min (minor), minor diastereomer: 28.24 min (major) and 22.54 min (minor). 'H
NMR (CDCl;, 300 MHz) 6 1.14 (t, J = 7.08 Hz, 3H), 1.23 (t, J = 6.93 Hz, 3H),
3.70-3.74 (m, 2H), 4.07-4.10 (m, 1H), 4.38-4.40 (m, 3H), 4.58 (d, J = 8.10 Hz, 1H),
4.67 (d, J=8.35 Hz, 1H), 6.77 (d, J = 7.89 Hz, 1H), 6.82 (t,J = 9.51 Hz, 1H), 7.05 (d,
J=28.35Hz, 1H), 7.20 (t, J = 7.62 Hz, 1H), 7.39 (d, J = 6.48 Hz, 2H), 7.48-7.50 (m,
1H), 7.89 (d, J = 7.47 Hz, 1H), 8.02 (d, J = 7.53 Hz, 1H); °C NMR (CDCls, 75 Hz) &
12.5, 14.6, 34.5, 42.2, 45.2, 66.6, 75.0, 89.3, 107.9, 121.9, 124.9, 127.2, 127.8, 128.3,
128.8, 133.1, 135.6, 143.1, 175.3, 181.5, 193.9, 195.1; HRMS (ESI) Calcd. for
C,4H23NNaOs [M+Na]™: 428.1474; Found: 428.1474.
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(3S)-1-benzyl-3-[(1S)-1-(2-ethoxy-4-0x0-4, 5-dihydrofuran-3-yl)-2-oxo-2-phenyl
OEt ethyl]-2, 3-dihydro-1H-indol-2-one (5¢)
copn /8% yield, [a]p™’=+36.2 (¢ 1.6, CH,Cl,); (dr = 19.0:1, 99% ee

for the major diastereomer, 94% ee for the minor diastereomer);

HPLC conditions: Chiralcel IC column, Hexane/i-PrOH = 50:50,

flow rate 0.7 mL/min, UV detection at 220 nm, retention time:
major diastereomer: 21.36 min (major) and 19.63 min (minor), minor diastereomer:
25.65 min (major) and 29.40 min (minor). "H NMR (CDCls, 300 MHz) & 1.36 (t, J =
7.08 Hz, 3H), 4.38 (d, J =4.05 Hz, 1H), 4.50-4.69 (m, 4H), 4.84 (s, 2H), 5.20 (d, J =
4.25 Hz, 1H), 6.68 (t, J = 7.02 Hz, 1H), 6.84 (t, J = 7.58 Hz, 1H), 7.10 (d, J = 6.81 Hz,
2H), 7.24-7.33 (m, 5H), 7.38-7.43 (m, 2H), 7.92 (d, J = 7.29 Hz, 1H), 8.05 (d, J =
7.32 Hz, 2H); *C NMR (CDCls, 75 Hz) & 14.6, 29.6, 42.6, 45.2, 66.6, 75.0, 89.3,
108.7, 122.1, 124.8, 125.8, 127.3, 127.8, 128.1, 128.3, 128.5, 128.6, 132.8, 133.1,
135.8, 143.1, 175.8, 181.4, 193.8, 195.0; HRMS (ESI) Calcd. for Cy9H,5sNNaOs
[M+Na]": 490.1630; Found: 490.1631.
(35)-3-[(1S)-1-(2-ethoxy-4-0x0-4,5-dihydrofuran-3-yl)-2-oxopropyl]-1-methyl-2,
3-dihydro-1H-indol-2-one(5d)
75% yield, [a]p?’= +15.2 (¢ 1.5, CH,CL); (dr = 1.6:1, 91% ee for
the major diastereomer, 89% ee for the minor diastereomer);

HPLC conditions: Chiralcel AD-H column, Hexane/i-PrOH =

80:20, flow rate 1.0 mL/min, UV detection at 220 nm, retention
time: major diastereomer: 10.30 min (major) and 11.88 min (minor), minor
diastereomer: 9.10 min (major) and 13.09 min (minor). 'H NMR (CDCls, 300 MHz) &
1.35 (t, J = 7.11 Hz, 3H), 2.12 (s, 3H), 3.15 (s, 3H), 3.79 (d, J = 9.45 Hz, 1H),
4.28-4.33 (m, 2H), 4.44 (d, J = 4.44 Hz, 2H), 4.69 (d, J = 2.97 Hz, 1H), 6.73 (d, J =
7.53 Hz, 1H), 6.94-6.97 (m, 2H), 7.09 (d, J = 7.35 Hz, 1H); *C NMR (CDCls, 75 Hz)
o 14.7, 28.7, 29.7, 44.8, 47.9, 53.4, 66.8, 75.2, 107.3, 122.2, 124.5, 125.8, 127.9,
144.6, 176.7, 181.8, 194.4, 204.8; HRMS (ESI) Calcd. for C;sH;gNNaOs [M+Na]":
352.1161; Found: 352.1161.

Ethyl (2S)-2-(2-ethoxy-4-0x0-4,5-dihydrofuran-3-yl)-2-[(3S)-1-methyl-2-0x0-2,3-
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dihydro-1H-indol-3-yl] acetate (Se)
73% yield, [a]p’’= +23.4 (¢ 0.8, CH,CL); (dr = 1.2:1, >99% ece
for the major diastereomer, >99% ee for the minor diastereomer);

HPLC conditions: Chiralcel AD-H column, Hexane/i-PrOH =

80:20, flow rate 1.0 mL/min, UV detection at 220 nm, retention
time: major diastereomer: 9.91 min (major), minor diastereomer: 12.73 min (major).
'H NMR (CDCls, 300 MHz) & 1.09 (t, J = 7.14 Hz, 3H), 1.38 (t, J = 7.11 Hz, 3H),
3.16 (s, 3H), 3.99-4.17 (m, 4H), 4.18-4.23 (m, 1H), 4.43-4.46 (m, 2H), 4.62 (s, 1H),
6.72-6.80 (m, 1H), 6.96 (t, J = 7.53 Hz, 1H), 7.20-7.32 (m, 2H); *C NMR (CDCls, 75
Hz) 6 13.8, 14.7, 26.2, 39.2, 44.5, 53.4, 61.0, 66.5, 75.0, 107.7, 122.1, 124.5, 127.2,
128.8, 144.5, 170.2, 175.6, 181.4, 194.1; HRMS (ESI) Calcd. for C;9H,;NNaOg
[M+Na]": 382.1267; Found: 382.1270.
(35)-3-[(1S)-2-(4-chlorophenyl)-1-(2-ethoxy-4-0x0-4,5-dihydrofuran-3-yl)-2-oxoet
hyl]-1-methyl-2, 3-dihydro-1H-indol-2-one(5f)

68% yield, [o]p™= +67.5 (¢ 1.2, CHxCL); (dr =
1.5:1, >99% ee for the major diastereomer, 96% ee for the

minor diastereomer); HPLC conditions: Chiralcel AD-H

column, EtOH/Hexane = 30:70, flow rate 1.0 mL/min, UV
detection at 254 nm, retention time: major diastereomer: 20.34 min (major) and 21.69
min (minor), minor diastereomer: 24.79 min (major) and 30.05 min (minor). 'H NMR
(CDCl3, 300 MHz) & 1.36 (t, J = 7.11 Hz, 3H), 3.15 (s, 3H), 4.15-4.19 (m, 2H),
4.38-4.43 (m, 2H), 4.71 (d, J = 16.02 Hz, 1H), 4.95 (d, J =3.87 Hz, 1H), 6.79 (t, J =
8.55 Hz, 1H), 7.01 (d, J = 7.44 Hz, 1H), 7.33-7.37 (m, 4H), 7.97 (d, J = 8.52 Hz, 2H);
BC NMR (CDCls, 75 Hz) & 14.6, 26.1, 42.3, 45.1, 66.8, 75.1, 89.0, 107.8, 122.2,
124.7, 126.8, 128.0, 128.4, 128.8, 134.0, 139.7, 144.1, 175.5, 181.7, 193.8, 195.6;
HRMS (ESI) Calcd. for C,3Hy0CINNaOs [M+Na]': 448.0928; Found: 448.0927.

6. References

1 E. M. Beccalli and A. Marchesini, Tetrahedron, 1993, 49, 4741.

2 B. Tan, N. R. Candeias and C. F. Barbas, J. Am. Chem. Soc., 2012, 133, 4672.

3 H. Y. Choi and D. Y. Chi, Org. Lett., 2003, 5, 411.

S16



4 S. W. Wei, D. A. Yalalov, S. B. Tsogoeva and S. Schmatz, Catalysis Today, 2007,
121, 151.

5 (a) B. Vakulya, A. Varga, S, Csampai and T. Sods, Org. Lett., 2005, 7, 1967; (b) S.
H. McCooey and S. J. Connon, Angew. Chem. Int. Ed., 2005, 44, 6367.

S17



7. NMR Spectra

'"H and '*C NMR of 4a
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'"H and *C NMR of 4b
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'"H and *C NMR of 4¢
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'"H and *C NMR of 4d
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'"H and *C NMR of 4e
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'"H and *C NMR of 4f
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'H and *C NMR of 4g
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'"H and *C NMR of 4h
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'"H and *C NMR of 4i
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'H and C NMR of 4j
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'"H and *C NMR of 4k
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'"H and *C NMR of 4n
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'"H and *C NMR of 40
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'"H and *C NMR of 4r
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'"H and >C NMR of 4s
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'H and “C NMR of 4t
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'"H and *C NMR of 5a
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'"H and '*C NMR of 5b
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'"H and *C NMR of 5¢
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'"H and *C NMR of 5d
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'"H and *C NMR of 5f
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8. HPLC Spectra
HPLC of 4a

mV

200

180 1
160-
140
120

100

g
21113
25227

15 16 17 18 19 2 X 22 23 24 2% ¥/ W W 21\ W
min

Peak RT (min) Height (mV* sec) Area (mV) Area (%)

2L 113 57034, 938 3162161, 600 q48. 4768
26, 227 7097, 367 3357692, 500 51, 6232

(-

mV

500
750 ]
700
B50
§00 1
5501
500 4
450

|4Dn§

i 3501
300
250
2004
150
100

50
i

10 12 14 16 18 20 2

—— 2T 187

—2X2113

.
—
24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 6O

min

Peak RT (min) Height (mV* sec) Area (mV) Area (%)
1 22,113 926, 785 63574. 160 0. 1801
2 27,197 522731. 063 J5235796. 00O o9, 3159
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mV

HPLC of 4b

500
450
400
350
300
280
200
150
100-

50

18637

23823

o

T T T I R R B | T T T T L
15 16 17 186 19 20 21 22 23 24 25 26 27V 28 29 30 31 32 33 34 35 36 37 33 39 40

min

Peak RT (min) Height (mV* sec) Area (mV) Area (%)
1 18. 637 158864, 166 9073486, 00D 48,5972
2 23. 823 153290, 094 9597323, 000 51,4028
mV
S00
4350
400
350-
300
280
i
200 Bl
a
150
100-
r)
"
5|:|-_ Fee
] 1 I./-J'\u. r |
T T T T T T T T T T T T T T T
15 16 17 18 19 20 29 22 23 24 25 26 27 25 289 30 3 32 33 34 35 36 37 38 39 40
min
Peak RT (min) Height (mV* sec) Area (mV) Area (%)
1 17, 38% Bl13%5. 778 261197, 647 2. 2698
2 23,182 144422, 578 11246038, 000 a1, 730
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HPLC of 4¢

mV

300
2501
250 ]
240
730
200
1804
1601
140
120
1004
a0
50
40
20

iE | T —

15.295
23977

LR BLLEL B BN B BLALEL B LA B B BLELRLE B BN BRI B LI ILELEL LI B LI BRI BLILLE BN B B
15 16 17 18 19 20 1 22 23 24 25 26 27 25 29 30 31 32 33 34 35 36 37 38 39 40
min

Peak RT (min) Height (mV* sec) Area (mV) Area (%)

1 18, 595 T1069, 892 6053160, 500 47,9130
2 23.977 TI654, 258 6580487, 000 52. 0870

mV

300
2801
260-
240
220
200
180
160
140
120
100
80
80
40
20

] L . T

15 16 17 18 19 20 21 22 23 24 25 26 27 28 20 30 31 32 33 34 35 36 37 38 39 40

24 023

22535

min

Peak RT (min) Height (mV* sec) Area (mV) Area (%)
1 22. 838 2008, 248 213303. 47 4. 8632
2 2d. 023 BTT24. 043 4181803, 760 26, 1468
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mV

HPLC of 4d

300
2501
250 ]
240
730
200
1804
1601
140
120
1004
a0
50
40
20
0

19.770

25367

—————
1

Peak

e
UL UL IR BRI I LIRS I R R
o2 4 6 & 10 12 14 16 13 20

?

RT (min)

LA B B I BLI L I LI BRI LI BRI ILRLLE B B B
22 024 26 28 30 32 34 36 35 40 42 44 46 45 &0
min

Height (mV* sec) Area (mV) Area (%)

19,770
26. 367

18489, 016 2462103, 500 45, 5686
21754, 004 2840848, TS0 54. 4304

mV

2,000
1,800
1,600
1,400
1,200
1,000
a00
600
400

200-

N

24 470

15

Peak

16 17 18 19 20 2

RT (min)

2 23 4 2% %/ W W 29 a0
min

Height (mV* sec) Area (mV) Area (%)

19, 373
24.470

60424, 562 5163482, 000 2, 2006
1005555, 000 51017048, 000 90, 7984
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HPLC of 4e

mV

300
280
260
240
220-
200
180
160
140
120
100
=
B0-
40
20
0 . T

T T T 1 T T
20 M 22 23 24 25 26 7 2 29 30 ¥ 32 33 3 35 36 37 35 39 40

25137
32827

min

Peak RT (min) Height (mV* sec) Area (mV) Area (%)

1 18, 637 158864, 156 2073485, 000 43, 5972
2 23. 823 153290, 054 9597323, 000 51.4028

mV

100

a0
80

701
60
50-
40

301

32 503

20

8
] l.-&-'

min

Peak RT (min) Height (mV* sec) Area (mV) Area (%)
1 28. ™48 2173, 176 143278. 578 4. 6462
2 32, 603 18145. 83 2841176, 760 95, 3043
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HPLC of 4f
mV
S00
750
700
&30
500
550-
500
450
400
3504
300~
2504
200
1504

100

o \_
OM.{. -
01234567 8 910111213 14151617 181820 21 22 23 24 25 26 27 28 29 30

min

43.528

16913

Peak RT (min) Height (mV* sec) Area (mV) Area (%)

B

13,528 GTEEE8. 378 15809841, 000 48. 6206
2 16. 913 353206, 406 167065911, 000 61,3794

mV

180
160

140

13603

120

1001

17475

K

101112151415161?1&192;32122232425232?232930

min

Peak RT (min) Height (mV* sec) Area (mV) Area (%)
1 13. 603 114582, 305 2783656, 260 QG 1340
2 17. 175 2082, 568 1123492, 969 3. 8660
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HPLC of 4g

mV

100

a0

15.458

80

25548

70
60|
50
40-
30-
201
10
o S '

AR AL | TFr T T T | LA Laad Lan
M01M11213 141516171819 2021 22 23 24 25 26 27 2829 30 31 32 33 34 3536 37 38 39 40
min

Peak RT (min) Height (mV* sec) Area (mV) Area (%)

1 15, 453 TGz, 102 4247303, 600 43, 3414
2 28, 548 58438, 178 4360694, 500 50, 6586

mV
100

27 983

=
>1?5?2
e,

101112 13 14 1516 17 1819 20 21 22 23 24 25 26 27 25 20 30 31 32 33 34 35 36 37 36 39 40

min

Peak RT (min) Height (mV* sec) Area (mV) Area (%)
1 17.672 4054. 498 450836, 500 7. 8607

2 27. 863 GBEATT. 234 52856593, 000 22,1384
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HPLC of 4h

mV

500

450

400-
350

300-
250-
200-
150-
100-

S04

731 713

0= - SR . - —

—

—_— —_— — — —_— —_— —_— /
N0 M 2 X M4 X WX T MW X/ I 3 32 33 34 3% 36 3T 3/ 38 40

722.:&3

min

Peak RT (min) Height (mV* sec) Area (mV) Area (%)

1 22,783 60830, 469 BEETITT. 000 43,5111
2 31,713 TITED. 727 EES6026. 000 56, 48E9

8
31.408

Y -
101214151321322242.52330323‘13.5384D42‘4445435ﬂ525456585|]
min

Peak RT (min) Height (mV* sec) Area (mV) Area (%)

1 31,408 145804, 547 13296886, 000 100, 0000
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HPLC of 4i

mV
100

a0
al-
7o
60
S0
40
30

26167

20

10

ﬁﬁm

T T T T T T T T T T
20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 B2 B4 B6 B3 VO
min

Peak RT (min) Height (mV* sec) Area (mV) Area (%)

1 26. 167 14086, 023 26TEET]. 250 48, 2970
2 56, 660 11337, 842 27585209, 250 50. 1530

mV

300
280
260
240-
220
200
180
160
140
120
100
80
=)
40-

204
o |/l\_'_ — 1

53.550

33105

—

26 23 30 32 34 36 353 40 42 44 456 43 20 52 54 36 53 B0 62 B4 BE 63 VO

min
Peak RT (min) Height (mV* sec) Area (mV) Area (%)
1 33,105 10210, 298 690596, 375 4. 8428
2 53. 550 112164, 961 13752926. 000 95, 1574
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mV

G0o

HPLC of 4j

7501
700
50
BO0-
550-
500

© 450

| 400

bt}
300-
250
200-
150-
100

0
0

11.005

?»3?1??

Peak

———

min

RT (min) Height (mV* sec) Area (mV)

0 2 4 6 8 1012 14 16 18 20 22 24 26 28 30 32 34 36 33 40 42 44 46 48 50

Area (%)

11,0085
3177

185884, 375
47316, 285

10298760, 000
12704383, 000

44. 7711
66,2289

mV
S0

430+

4004

350-

300

250

200

150

100-

a0

11 065

T |
I

] |—4n.453

U
12 14 16 18 20 22 24 26 25 30 32 34 36 35 40 42 44

min
RT (min)

Height (mV* sec) Area (mV)

I I
46 43 a0

Area (%)

11. 066
40, 963

360846, 099
4082, 953

21110378, 000
1218263, BTG

B4, 5442
5. 4558
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HPLC of 4k

G315

8357

e T o o L D B B DL B L H H H H H L N
o1 2 3 4 5 6 7 8 89 10 11 12 13 14 15 16 17 18 18 20

min
Peak RT (min) Height (mV* sec) Area (mV) Area (%)
G. 918 496906, 563 B561655, 000 48, 5883
B 36T 343034, 656 o4 2056, 500 51,4117

E.923

§.385

T L B L LR B BLELELE BLELL BLELELE RN B
o 1 2 3 4 5 6 Y & 89 10 1 12 13 14 153 16 17 18§ 19 20

min
Peak RT (min) Height (mV* sec) Area (mV) Area (%)
6.923 B4T425. 8TH T16147Ta. BOO TT. 8360
H. 383 BEA34. BTO 2084822, 375 22.4040
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HPLC of 41

1,000
900
800

700

12895
14.247

600
500§
400§
300
2uué

100

10 11 12 13 14 15 16 17 18 19 20

Peak RT (min) Height (mV* sec) Area (mV) Area (%)

12, 898 5643509, 813 14282760, 000 46. 6219
Z 14,247 287730, 000 163525012, 000 53,3781

e
=
12948

14415

10 i 12 13 14 15 16 17 18 15 20

Peak RT (min) Height (mV* sec) Area (mV) Area (%)

1 12,948 281216. 250 T416119. 500 B2, 7825
2 14,415 36398, 543 1542440, 625 17. 2175
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HPLC of 4m

500
450
400
350
300
250
200
] s
50} -
150 " w BB
] oo =
1004 @ @ C
50
0 . .
T LA B L A | T -1 r 1Tl rTrrTrTrrrrrrrorrrorr
5 6 7 & 9 10 11 12 13 14 15
min
Peak RT (min) Height (mV* sec) Area (mV) Area (%)
1 T.102 109165, 617 1129207. 875 26. 8906
2 9. 225 63122, 781 1024552, 750 24, 4065
3 9. 638 GE81T. 586 996239, 500 23.7321
4 10. 160 66661. 102 1047861. 125 24.9618
500
4504
400
350
300
250
2001 o
] (]
150 -
100
50
0 —
5 14 15
min
Peak RT (min) Height (mV* sec) Area (mV) Area (%)
1 T.120 121000. 328 1803288. 500 61. 4996
2 g, 222 40532, 441 584200, 438 19,9239
3 9. 610 8910, 404 130049, 641 4, 7422
4 10. 165 23656. 100 405649. 563 13. 8343
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HPLC of 4n

9673

10.515

1"

RT (min)

12 13
min

Height (mV* sec)

Area (mV)

13 16

Area (%)

9,673
10, 515

442706, 376
JE1608. 469

1158484 1. 000
13564391, 000

d6. 0644
93, 9356

mV

200
180
160
140
120
1004
80-
60
40
20

o

11.337

.E‘I 2477

& 9

—

Peak

RT (min)

min

Height (mV* sec)

Area (mV)

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Area (%)

11, 337
12,477

17853, 051
063, 472

651256, 653
12289, 600

98,1478
1. 8621
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mV

500

HPLC of 40

450 -
400-
350
300-
250-
200-
150

100

10.080

14.002

o
—_
=
-
-
-
]
-
L]

RT (min)

Height (mV* sec)

17 18

Area (mV)

19 20

Area (%)

10. 080
14. 002

226863, 469
141285, 547

35543802, D00
9241038, 000

48,0722
51.9278

mV

S0

450-
400
350
300

2350
2004
150
100

S0-

10,083

RT (min)

14 15 16
min

Height (mV* sec)

Area (mV)

Area (%)

10,083
14, 328

IGE04E. 313
25302, 036

14275149, 000
1715685, Y60

EB. 2708
10, 7282

S58



mV

aoo

HPLC of 4p

750 |
700 |
6504
600 |
550
500
450
400
350
300
250
200-
1501
1001
50

G915

8357

e LI L y y i L
o1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 189 20

min

Peak RT (min) Height (mV* sec) Area (mV) Area (%)

1 6. 653 479092, 938 10453592, 000 48. 1533
2 7.900 313008, 781 11255392, 000 51, 8467

mV
SO0

450 -
400

350-
300-
250-
200
150

100+

7003

& 7 &

min

Peak RT (min) Height (mV* sec) Area (mV) Area (%)

1 6. 205 14882, 733 302004, 469 4. 8603

2 7.003 AT, 266 S913405. 500 05, 1307
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HPLC of 4q

mV

ol
450 |
400
350%
anné
250%

200

13155

150

15.250

100+

50

Peak RT (min) Height (mV* sec) Area (mV) Area (%)

l 13 156 153791, 766 10077794, 000 51, 2487
2 18. 250 DEGZE. 953 O5EEE39. 000 48. 7513

mV
S00

450

400

13.447

=11
300
250
200
180
100-

) .

0 I
T T T ] T T v T 1 T
10 11 12 13 14 15 16 17 186 19 20 H 22 23 24 25 26 27 2 28 30

Pq 9,453

min

Peak RT (min) Height (mV* sec) Area (mV) Area (%)
1 13,447 344779, 504 20918870, 00O 90, 5845
2 18.453 23620. 676 2174350, 250 9.415%

S60



mV

HPLC of 4r

180

160

140

120

100

18 408

?—42952

T

16

Peak

1 20 22 24 26 26 a0 32 34

RT (min)

3 36 40 42 44 45 46 S0 52 54 56 58 6O

min

Height (mV* sec)

Area (mV)

Area (%)

18.408
42, 962

61683, 785
14787, 083

S220820, D00
S1T0321. 500

50,2430
49,7570

mV

500

450
400
350-
300
250
200-
150

100

17 553

J

—44 553

4 6 8 1012 14 1618 20 22 24 26 28 30 32 34 36 38 40 42 44 45 48 50 52 54 56 58 60

RT (min)

min

Height (mV* sec)

Area (mV)

Area (%)

17. 583
44. 553

2B2925. 813

3820, 3811

23152622, 000
030074, 375

25, 8030
4. 0870

S61



HPLC of 4r

mV
200
1804
1604
140
1204
100
w| 2
o
-
ﬂ:'_
o
404 5
20 g
a | r , /J\_
16 18 20 22 24 26 28 30 32 34 35 36 40 42 44 46 48 S0 52 54 55 58 @0
min
Peak RT (min) Height (mV* sec) Area (mV) Area (%)
1 18,408 61593, 785 5220820, 000 50,2430
2 42, 962 14T&7. DE3 S1T0321. 500 459, 7570
mV
o1 3
e Il
L] I|
» 1
- \
[ A
= | A
- \
i | \
L _.| = —— R ud
L} 1 R A n o = _1 H- h_ by M o -:l' B i _|'
min
Peak RT (min) Height (mV* sec) Area (mV) Area (%)
1 17, 047 720118, 250 SEEI0640. 000 73. 6515
2 39, BOT7 477590, 085 20327964, 000 28. 4485
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HPLC of 4s
mV
1 o
950 g
500
850
800
750
700 -
850 Ej
800
550
| 500
! asn
400
350
300 :':4
250 a
200
150
100
S0
[ = L
[} % T‘D 1" 1'2 13 1'4 1‘6
min
Peak RT (min) Height (mV* sec) Area (mV) Area (%)
1 6.872 898813. 188 9054237. 000 28. 7559
2 9,782 601734, 750 9795805, 000 31,1111
3 10. 658 308656. 031 6310513, 500 20.0420
4 12,527 206747, 531 6325955, 500 20,0910
mV
500
480
450
440
420
400
380 g
360 ™
340
320
300
280
:260
240
Y200
200
180
180
120 @ =]
100 =
80
60 g
40 =
20
: . , . P
(-] % 1'!] 1" 1'2 1'3 1'4 1 1'6
min
Peak RT (min) Height (mV* sec) Area (mV) Area (%)
1 7. 200 344111, 750 3367361, 000 48, 4937
2 9.872 1030887. 711 1591791, 000 23. 3963
3 11. 107 83887. 828 1301169. 625 19. 1247
4 13. 005 19659, 314 543293, 188 T.9854
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HPLC of 4t

mV
290
280
270
260
250
240
230
220
210
200
190 &
180 = '3
170 3 ]
180 - =
- 150
10 A
130 @
120 F
110
100
90
80
70
60
50
20
0
20
10
0 s t . . I -
4 5 6 7 8 9 10
min
Peak RT (min) Height (mV* sec) Area (mV) Area (%)
1 4,998 150850. 672 1039758, 813 22,5719
2 8. 762 167162. 016 1274317, 625 27. 6639
3 6.525 1483094. B13 1272198. 500 27. 6179
4 7.118 102594, 703 1010974, 750 21. 9470
mV
000 .
550 ‘J‘|
800 % |
50 rll
(1] ||I‘ | 1
1] | |
i1} ,l
G20 || | |
60 \
; i | I
00 "
o [ | \ | ||
an0 | ‘ | I-".
s | || | | ' I-' lllll
ang | | | l | ||
250 | \ [l
200 || | || || || [
1 | | |I |[ I |
00 !l | J I'. | l\ i "..
50 | \ | \ ] X
& e / e / LS N R
4 5 L] ] 8 10
min
Peak RT (min Height (mV* sec Area (mV Area (%
g
1 4,983 793119. 813 5689085, 500 24, B143
2 5. 742 §48550. bE3 7584803. 500 33. 0829
3 6. 497 611976. 313 5473074. 500 23. 8721
4 7. 087 4204453, 281 4179677. 800 18. 2307
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HPLC of 5a

mV
200
180
160
140
120
100
g0 o
1 =
i o
0 o
1 -
] B "
40 o & o
] Z s 2
i &EXR\u }A\_ .
04— | —— ! ! : 1 /\ |
LRAE LN LN ILALE ILALE LA LN LALE LN LA ILLAN ILLLE AL LN LALE LN LN LN LALN ILLLE ILALE IALE LN ALY LALE RLLE AL RALE ALY LALE LALE RELE LELE M
1012141618 202224 2623303234 36 30 4042 44 465455052 54 56 58 6062 64 66 63 70 72 74
min
Peak RT (min) Height (mV* sec) Area (mV) Area (%)
1 13. 257 22426. 738 3291263, 250 30. TT70
2 30,478 54164, 758 4442871, 000 q1. 5458
3 37,245 19012, 500 1482697, 750 13, 8649
4 66, 890 L0181, 925 1477084, 125 13,8124
mV
200
180-
160
140-
120
100- .
g 2
&0- & #
E0
41].
[
2 &
L1
- | 1 i 1 _.-1—__ ’
& 101214 16 18 20 22 24 26 26 3032 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 66 68 70 72 74
min
Peak RT (min) Height (mV* sec) Area (mV) Area (%)
1 20, 537 653086, 953 4570532, 000 45, 9547
2 35. 897 65824, 969 4949439, 000 49, TE9g
3 63, 397 2861, 865 424689, 719 4., 2705
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mV

100

HPLC of S5b

19.032

23.240

27440

-

121314151617 1819 20 21 22 23 24 2526 27 28 29 30 31 32 33 34 35 36 37 38 39 40

Peak

RT (min)

min

Height (mV* sec)

Area (mV)

Area (%)

O Ry -

19. 032
23, 240
27. 440
36, M40

21143. 773
16748, 318
17012, 141
13356, T60

TIER36. 750
G&TOTS, 375
843352, 188
859622, 813

23. 7678
21,4564
27. 1263
27. 6486

mV

300
280
260
240
220
200
180
160
140
120
100

801
50
40
20
0

22542

28235

32437

|—44.4ns

L

16171819 2021 22 2324 25 2627 28 29 3

AL el Sl Bl Al
M3

min

Y T —_—
2333435 36 3736 39 4041 42 4344 45 46 47 45

Peak RT (min) Height (mV* sec) Area (mV) Area (%)
1 22,542 64559, 855 263388, 313 1.4285
2 28, 235 140207, 328 8323254, GO0 45, 1427
3 32,437 139765, 073 9852497, 000 52, 3521
] 44,408 1972, 644 1985138, 500 1. 0787
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HPLC of 5¢

mV
00
450
a00- &
e =
350 i
[}
300
2501
5 -
200 a -
o~ &
150
100
S0~
_— _=_ 1 .
D"-"-' ™ L L SRR i B L A B B R R
15 16 117 18 19 20 2 22 23 24 25 26 27 28 29 30 31 32
min
Peak RT (min) Height (mV* sec) Area (mV) Area (%)
1 17. 725 J15418. 908 ST29842. 000 30. 2681
2 20. 340 276811. 126 DET2428. 000 30,7123
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HPLC of 5d
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HPLC of 5e
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HPLC of 5f
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9. Single-Crystal X-ray Crystallography of Product 4d and 5f

Single-Crystal X-ray Crystallography of Product 4d (CDCC number: CCDC

1000582)

Bond precision: C-C=0.0131A
Cell: a=12.0921(5) b=12.0539(5)
alpha=90 beta=100.115(4)

Temperature: 290 K

Calculated
Volume 2680.8(2)
Space group P21
Hall group P2yb
Moiety formula C27 H26 Br N O7
Sum formula C27 H26 Br N O7
Mr 556.39
Dx,g cm-3 1.379
Z 4
Mu (mm-1) 1.578
F000 1144.0
FO000' 1143.41
h,k,Imax 16,16,25
Nref 14466[ 7560]
Tmin, Tmax 0.563,0.623
Tmin' 0.552

Correction method= MULTI-SCAN

Data completeness= 1.64/0.86 Theta(max)=29.131

R(reflections)= 0.0658( 6446)

Wavelength=0.71073

c=18.6826(8)
gamma=90

Reported
2680.8(2)
P21

P 2yb

?

C54 H52 Br2 N2 O14
1112.79
1.379

2

1.578
1144.0

16,16,25
12422
0.793,1.000

wR2(reflections)= 0.1806( 12422)



S=1.002 Npar= Npar = 669

Single-Crystal X-ray Crystallography of Product 5f (CDCC number: CCDC
999669)

Bond precision: C-C=0.0086 A Wavelength=0.71073
Cell: a=10.7660(7) b=8.7896(5) c=13.4136(9)
alpha=90 beta=108.706(7) gamma=90
Temperature: 291 K
Calculated Reported
Volume 1202.26(14) 1202.26(14)
Space group P21 P21
Hall group P2yb P2yb
Moiety formula C23 H20 CIN O5,C2H6 O ?
Sum formula C25 H26 CIN 06 C25 H26 CI N O6
Mr 471.92 471.92
Dx,g cm-3 1.304 1.304
Z 2 2
Mu (mm-1) 0.199 0.199
F000 496.0 496.0
FO000' 496.54
h,k,lmax 13,10,16 13,10,16
Nref 4899[ 2616] 4777
Tmin, Tmax 0.931,0.942 0.779,1.000
Tmin' 0.931

Correction method= MULTI-SCAN
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Data completeness= 1.83/0.98 Theta(max)= 26.369

R(reflections)= 0.0615( 3268) wR2(reflections)= 0.1532( 4777)

S=1.034 Npar= Npar = 300
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