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1. General information

Full assignment of *H and 13C chemical shifts were based on the 1D and 2D FT NMR
spectra measured on a Bruker Avance Il 400 MHz instrument. Residual solvent
signals were used (CDCl3 & = 7.26 *H NMR, 77.2 3C NMR and (CDz3)2SO & = 2.5 'H
NMR, & = 39.5 13C NMR) as internal standards. High-resolution mass spectra were
recorded by using Agilent Technologies 6540 UHD Accurate-Mass Q-TOF LC/MS
spectrometer by using AJ-ESI ionization. IR spectra were recorded on a Bruker Tensor
27 FT-IR spectrophotometer. Chiral HPLC was performed by using CHIRALPAK® AD-
H column. Precoated silica gel 60 F254 plates were used for TLC. Commercal reagents
and solvents were generally used as received. Chloroform and ethyl acetate was
distilled over phosphorus pentoxide.

Racemic compounds were prepared following the general procedure using DABCO,
triethylamine or K2COs as catalyst.

Cyclopentane-1,2-dione 1 was prepared in a manner analogous to literature [1] from
commercially available cyclopentanone. Alkylidene oxindoles 2 were prepared from
commercially available oxindole or isatin and commercially available aldehydes in a
manner similar to literature [2] and the analytical data matched with that of the literature
[3, 4]. Catalysts A, C, D [5, 6, 7], B [8] were prepared in a manner analogous to

literature and the analytical data matched with that of the literature.
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Synthesis of starting materials

Benzyl (E)-3-benzylidene-2-oxoindoline-1-carboxylate (2b)

Q)

/

(L
N

2b 0
o}

To the oxindole (10 mmol, 1 equiv) and benzaldehyde (10 mmol, 1 equiv) in methanol
(0.3 M) was added piperidine (10 mmol, 1 equiv) and the reaction mixture was stirred
under reflux. After 30 min, the reaction mixture was cooled to room temperature. The
benzylidene oxindole (E)-S2a precipitated, the reaction mixture was then filtered and
recrystallized to obtain the (E)-S2a in 64% yield (1.4 g).

Benzylidene oxindole S2a (1.36 mmol, 1 equiv) and DMAP (0.07 mmol, 0.05 equiv)
was dissolved in DCM (0.3 M). Then under Ar EtsN (1.63 mmol, 1.2 equiv) followed by
benzyl chloroformate (1.63 mmol, 1.2 equiv) was added. The reaction mixture was
stirred at room temperature and monitored by TLC and NMR. After 3 h, the reaction
was quenched with water. The organic layer was exctracted with DCM (3 x 4 mL). The
product was purified by column chromatography (EtOAc/

hexane 5%—20%) affording the product 2b as yellow solid in 48% yield (233 mg). The
product was further purified by recrystallization, affording the product 2b as yellow
needles in 60% yield (140 mg).

1H NMR (400 MHz, CDCls) 8 7.99 (d, J = 8.5 Hz, 1H), 7.91 (s, 1H), 7.68 (d, J = 7.7 Hz,
1H), 7.66-7.60 (m, 2H), 7.58-7.52 (m, 2H), 7.51-7.28 (m, 7H), 7.01 (td, J = 7.7, 1.1 Hz,

1H), 5.49 (s, 2H).
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13C NMR (101 MHz, CDCls)  166.5, 151.0, 139.7, 139.0, 135.2, 134.6, 132.3, 130.3,
130.1, 129.3 (2C), 128.9 (2C), 128.8 (2C), 128.6, 128.2 (2C), 125.9, 124.2, 122.0,
115.5, 68.7.

IR: 3061, 3021, 1768, 1752, 1693, 1633, 1602, 1462, 1384, 1335, 1305, 1291, 1235,
1165, 1093, 1060, 779, 750, 696, 568, 459 cmL.

HRMS (ESI): m/z [M+H]* calcd for [C23H18NOs]*: 356.1281; found: 356.1274.

(9H-Fluoren-9-yl)methyl (E)-3-benzylidene-2-oxoindoline-1-carboxylate (2c)

3\0
Bine
»

To the oxindole (10 mmol, 1 equiv) and benzaldehyde (10 mmol, 1 equiv) in methanol
(0.3 M) was added piperidine (10 mmol, 1 equiv) and the reaction mixture was stirred
under reflux. After 30 min, the reaction mixture was cooled to room temperature. The
benzylidene oxindole (E)-S2a precipitated, the reaction mixture was then filtered and
recrystallized to obtain the (E)-S2a in 64% yield (1.4 g).

A dry and argon-flushed round-bottomed flask was charged with benzylidene oxindole
S2a (0.9 mmol, 1 equiv) in anhydrous THF (0.9 M) and then NaH (1.35 mmol, 1.5
equiv) and FmocCl (1.35 mmol, 1.5 equiv) were added to the flask at 0 °C and stirred
overnight at room temperature. Then the reaction mixture was concentrated in vacuo
and the residue was purified by column chromatography (EtOAc/hexane 10%—14%)
affording the product 2c as yellow solid in 49% yield (196 mg). The product was further

purified by recrystallization, affording the product 2c in 79% yield (155 mg).
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IH NMR (400 MHz, CDCls) & 7.97 (s, 1H), 7.87-7.83 (m, 2H), 7.82-7.76 (m, 3H), 7.72-
7.68 (M, 1H), 7.68-7.63 (M, 2H), 7.52-7.41 (m, 5H), 7.37 (td, J = 7.4, 1.2 Hz, 2H), 7.30-
7.21 (m, 1H), 7.00 (td, J = 7.7, 1.1 Hz, 1H), 4.72 (d, J = 7.1 Hz, 2H), 4.46 (t, I = 7.1
Hz).

13C NMR (101 MHz, CDCls) d 166.5, 151.1, 143.6 (2C), 141.5 (2C), 139.7, 139.0,
134.6, 130.4, 130.1, 129.3 (2C), 128.9 (2C), 128.1 (2C), 127.5 (2C), 126.0, 125.6 (2C),
124.2,122.5,121.8, 120.2 (2C), 115.5, 69.2, 46.8.

IR: 3066, 3023, 1783, 1775, 1631, 1602, 1463, 1450, 1386, 1333, 1306, 1290, 1244,
1165, 1093, 1061, 1037, 1017, 934, 780, 758, 696, 621, 570, 549, 459 cm™™.

HRMS (ESI): m/z [M+Na]* calcd for [C3oH21NOsNa]*: 466.1414; found: 466.1408.

tert-Butyl (E)-2-ox0-3-(thiophen-2-yImethylene)indoline-1-carboxylate (2j)

<@
S
/

o

h

To the oxindole (2 mmol, 1 equiv) and thiophene-2-carbaldehyde (2 mmol, 1 equiv) in

2j

methanol (0.3 M) was added piperidine (2 mmol, 1 equiv) and the reaction mixture was
stirred under reflux. After 30 min, the reaction mixture was cooled to room temperature.
The alkylidene oxindole S2j precipitated, the reaction mixture was then filtered. The
intermediate (E)-S2j was obtained in 68% vyield (310 mg).

(E)-3-(Thiophen-2-ylmethylene)indolin-2-one (S2j, 1.36 mmol, 1 equiv) and DMAP
(0.068 mmol, 0.05 equiv) were dissolved in THF (0.26 M). Then Boc20 (1.49 mmol,
1.1 equiv) solution in THF (0.89 M) was added to the reaction mixture under argon.
The mixture was stirred (TLC and/or NMR monitoring) and after 3 h, the mixture was
concentrated in vacuo and purified by column chromatography (EtOAc/hexane

7%—10%) affording the product 2j as a yellow solid in 93% vyield (412 mg).
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1H NMR (400 MHz, CDCls) & 7.85-7.83 (m, 1H), 7.83-7.82 (m, 1H), 7.76 (s, 1H), 7.68
(dt, = 5.1, 1.1 Hz, 1H), 7.56 (dd, J = 7.6, 0.8 Hz, 1H), 7.34-7.28 (m, 1H), 7.21-7.15
(m, 2H), 1.69 (s, 9H).

13C NMR (101 MHz, CDCIz) & 165.1, 149.6, 138.1, 137.9, 137.7, 134.6, 129.4, 128.8,
127.6, 124.3, 124.0, 119.9, 118.4, 115.2, 84.3, 28.3 (3C).

IR: 3081, 2984, 1723, 1608, 1466, 1415, 1370, 1351, 1325, 1298, 1253, 1149, 1092,
1064, 1004, 835, 786, 759, 743, 589, 504 cm™.

HRMS (ESI): m/z [M+Na]* calcd for [C1sH17NO3sSNa]*: 350.0821; found: 350.0818.

tert-Butyl (E)-3-benzylidene-4-bromo-2-oxoindoline-1-carboxylate (2l)

Cl

T
(L

b] O)\;V
An oven dried 50 mL round-bottomed flask under argon atmosphere was charged with
benzyltriphenylphosphonium bromide (1.3 mmol, 1 equiv). Anhydrous THF (4 mL) was
then added via syringe and the solution is cooled to 0 °C. A solution of butyl lithium
(2.5 M in hexanes, 183 uL, 1.3 mmol, 1 equiv) was added dropwise via syringe and
the reaction was allowed to stir for 1 h in order to form the Wittig reagent. A solution of
isatin (1.3 mmol, 1 equiv) in dry THF (4 mL) was added dropwise via syringe at 0 °C
and the resulting solution was allowed to stir at room temperature for 15 h. The reaction
mixture was then poured into a saturated solution of NH4Cl (4 mL) at 0 °C and extracted
with DCM (3 x 3 mL). The combined organic layers were dried over MgSOQOu, filtered
and concentrated in vacuo. The mixture was purified by column chromatography

(EtOAc/DCM 5%—10%) affording the product (E)-S2I as yellow solid in 26% yield (100

mg).
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(E)-3-Benzylidene-4-bromoindolin-2-one (S2I, 0.33 mmol, 1 equiv) and DMAP (0.017
mmol, 0.05 equiv) were dissolved in THF (0.26 M). Then Boc20 (0.36 mmol, 1.1 equiv)
solution in THF (0.89 M) was added to the reaction mixture under argon. The mixture
was stirred (TLC and/or NMR monitoring) and after 2 h, the mixture was concentrated
in vacuo and purified by column chromatography (EtOAc/petroleum ether 10%)
affording the product 2| as a yellow solid in 62% vyield (83 mg).

IH NMR (400 MHz, CDCls) 8 8.87 (s, 1H), 8.03-7.94 (m, 2H), 7.87 (dd, J = 8.1, 1.0 Hz,
1H), 7.47-7.39 (m, 3H), 7.36 (dd, J = 8.1, 1.0 Hz, 1H), 7.14 (t, J = 8.2 Hz, 1H), 1.64 (s,
9H).

13C NMR (101 MHz, CDCls) 8 163.4, 149.63, 143.4, 140.5, 133.5, 132.0 (2C), 130.7,
129.7, 129.4, 128.2 (2C), 124.7, 121.6, 116.6, 113.9, 84.8, 28.3 (3C).

IR: 2981, 2934, 1826, 1771, 1732, 1591, 1434, 1394, 1369, 1339, 1295, 1254, 1158,
1115, 935, 846, 777, 690, 601 cm-*.

HRMS (ESI): m/z [M+Na]* calcd for [C20H1sNBrOsNa]*: 422.0362; found: 422.0357.

tert-Butyl (E)-2-oxo0-3-pentylideneindoline-1-carboxylate (20)

/

0]
N
20 O)\;V

To the oxindole (2.25 mmol, 1 equiv) and pentanal (2.25 mmol, 1 equiv) in methanol
(0.2 M) was added piperidine (2.25 mmol, 1 equiv) and the reaction mixture was stirred
under reflux. After 2 h, the reaction mixture was cooled to room temperature. The
reaction mixture was concentrated in vacuo and purified by column chromatography

(EtOAc/DCM 5%—20%). The intermediate (E)-S20 was obtained in 58% yield (264

mg).
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(E)-3-Pentylideneindolin-2-one (S20, 1.24 mmol, 1 equiv) and DMAP (0.06 mmol, 0.05
equiv) were dissolved in THF (0.26 M). Then Boc20 (1.36 mmol, 1.1 equiv) solution in
THF (0.89 M) was added to the reaction mixture under argon. The mixture was stirred
(TLC and/or NMR monitoring) and after 1 h, the mixture was concentrated in vacuo
and purified by column chromatography (EtOAc/DCM 0%—10%). affording the product
20 as a yellow oil in 45% yield (168 mg).

IH NMR (400 MHz, CDCl3) 5 7.91 (d, J = 8.2 Hz, 1H), 7.6 (d, J = 7.6 Hz, 1H), 7.31 (td,
J=7.9, 1.3 Hz, 1H), 7.16 (td, J = 7.6, 1.1 Hz, 1H), 7.09 (td, J = 7.7 Hz, 1H), 2.68 (q, J
= 7.5 Hz, 2H), 1.65 (s, 9H), 1.64-1.56 (m, 2H), 1.52-1.40 (m, 2H), 0.96 (t, J = 7.3 Hz,
3H).

13C NMR (101 MHz, CDCIz) d 166.2, 149.6, 144.0, 139.5, 129.1, 126.6, 124.1, 123.3,
122.8, 115.2, 84.2, 30.8, 29.2, 28.3 (3C), 22.7, 14.0.

IR: 3305, 2961, 2933, 2873, 1830, 1736, 1654, 1608, 1583, 1527, 1466, 1394, 1370,
1344, 1291, 1253, 1151, 1050, 983, 841, 754 cm™.

HRMS (ESI): m/z [M+Na]* calcd for [C1sH23NOsNa]*: 324.1570; found: 324.1569.

General procedure | for the synthesis of compounds 3

To a solution of cyclopentane-1,2-dione (1, 0.1 mmol, 1 equiv) and N-Boc alkylidene
oxindole 2 (0.2 mmol, 2 equiv) in chloroform (510 pL, 0.2 M) was added cinchonine
derived squaramide catalyst D (0.01 mmol, 0.1 equiv). The mixture was stirred until
the reaction was completed (TLC and/or NMR monitoring). The mixture was purified
by column chromatography (EtOAc/DCM 5%—10%) affording the product 3 as a

mixture of unseparable diastereoisomers.
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tert-Butyl (R*)-3-((R*)(2-hydroxy-3-oxocyclopent-1-en-1-yl)(phenyl)methyl)-2-

oxoindolin-1-carboxylate (3a)

Synthesized according to general procedure I, using cyclopentane-1,2-dione (1), tert-
butyl (E)-3-benzylidene-2-oxoindoline-1-carboxylate (2a) and catalyst D. Compound
3a was obtained as an off-white solid in 74% vyield (31.6 mg, dr 2.6:1). Major

diastereoisomer: ee 90% [HPLC (CHIRALPAK® AD-H, hexane/ethanol 95:5, 25 °C, 1

mL/min, 254 nm): tr (Mmajor) = 25.8 min, tr (minor) = 38.8 min).

IH NMR (400 MHz, CDCls) & 7.71 (d, J = 8.2 Hz, 1H), 7.33-7.16 (m, 6H), 6.87 (t, J =
7.6 Hz, 1H), 6.40 (d, J = 7.6 Hz, 1H), 5.94 (b.s, 1H), 4.58 (d, J = 9.4 Hz, 1H), 4.21 (d,
J =9.4 Hz, 1H), 2.76-2.65 (m, 1H), 2.48-2.37 (m, 3H), 1.61 (s, 9H).

13C NMR (101 MHz, CDClz) 5 203.2, 173.9, 148.7, 149.1, 144.4, 140.32, 138.1, 129.2
(2C), 128.9 (2C), 128.76, 128.6, 126.1, 125.3, 123.9, 114.8, 84.5, 48.9, 47.4, 31.9,
28.22 (3C), 24.6.

Minor diastereoisomer: ee 94% [HPLC (CHIRALPAK® AD-H, hexane/ethanol 95:5, 25

°C, 1 mL/min, 254 nm): tr (Mmajor) = 35.2 min, tr (Minor) = 31.2 min].

1H NMR (400 MHz, CDClz) & 7.65 (d, J = 8.0 Hz, 1H), 7.33-7.16 (m, 5H), 7.12 (d, J =
7.5 Hz, 1H), 7.10-7.05 (m, 2H), 6.97 (b.s, 1H), 4.50 (d, J = 4.8 Hz, 1H), 4.45 (d, J = 4.7
Hz, 1H), 2.54-2.48 (m, 1H), 2.48-2.37 (m, 2H), 2.36-2.28 (m, 1H), 1.57 (s, 9H).

13C NMR (101 MHz, CDCIs3) 8 203.3,175.4, 149.6, 148.8, 143.7, 140.28, 136.7, 128.72,
128.5 (2C), 127.9 (2C), 127.7, 126.3, 124.5, 124.2, 115.0, 84.7, 49.1, 48.8, 32.0, 28.16

(3C), 25.9.
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IR: 3278, 2979, 2957, 1769, 1723, 1698, 1658, 1604, 1479, 1464, 1414, 1393, 1370,
1349, 1255, 1150, 1094, 753, 699 cm™.

HRMS (ESI): m/z [M+Na]* calcd for [C2sH2sNOsNa]*: 442.1625; found: 442.1622.

Benzyl (R*)-3-((R*)-(2-hydroxy-3-oxocyclopent-1-en-1-yl)(phenyl)methyl)-2-

oxoindoline-1-carbocylate (3b)

N
O
3bo

Synthesized according to general procedure I, using cyclopentane-1,2-dione (1),
benzyl (E)-3-benzylidene-2-oxoindoline-1-carboxylate (2b) and catalyst D. Compound

3b was obtained as an yellow solid in 70% (32 mg, dr 2.9:1). Major diastereoisomer:

ee 82% [HPLC (CHIRALPAK® AD-H, hexanel/isopropanol 9:1, 25 °C, 1 mL/min, 210
nm): tr (Major) = 75.6 min, tr (minor) = 84.9 min)].

IH NMR (400 MHz, CDCls) & 7.80 (d, J = 8.2 Hz, 1H), 7.50-7.07 (m, 11H), 6.89 (td, J
= 7.6, 1.1 Hz, 1H), 6.43 (d, J = 7.6 Hz, 1H), 5.96 (b.s, 1H), 5.41 (d, J = 3.7 Hz, 2H),
4.64 (d, J=9.2 Hz, 1H), 4.22 (d, J = 9.3 Hz, 1H), 2.73-2.62 (m, 1H), 2.49-2.35 (m, 3H).
13C NMR (101 MHz, CDCIs) & 203.20, 173.7, 150.8, 148.8, 144.1, 139.89, 137.9,
135.12, 129.2 (2C), 128.9 (2C), 128.79 (4C), 128.3 (2C), 128.0, 126.1, 125.3, 124.3,
115.1, 68.68, 49.0, 47.5, 31.9, 24.7.

Minor diastereocisomer: ee 88% [HPLC (CHIRALPAK® AD-H, hexane:isopropanol 9:1,

25 °C, 1 mL/min, 210 nm): tr (major) = 117.6 min, tr (minor) = 71.0 min].
'H NMR (400 MHz, CDCI3) d 7.75 (d, J = 8.1 Hz, 1H), 7.50-7.07 (m, 13H), 6.61 (b.s,
1H), 5.40-5.38 (m, 2H), 4.53 (d, J =5.4 Hz, 1H), 4.51 (d, J = 5.5 Hz, 1H), 2.57-2.49 (m,

1H), 2.49-2.36 (m, 2H), 2.36-2.23 (m, 1H).
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13C NMR (101 MHz, CDCls) & 203.18, 174.7, 150.6, 149.5, 143.8, 139.84, 136.7,
135.06, 128.2 (2C), 128.7 (2C), 128.69 (2C), 128.63 (2C), 128.2 (2C), 127.8, 126.3,
124.8, 124.2, 115.2, 68.7, 48.9, 48.5, 32.0, 25.8.

IR: 3307, 3021, 2902, 1734, 1675, 1567, 1480, 1465, 1384, 1347, 1291, 1226, 1162,
1097, 804, 768, 670 cm-.

HRMS (ESI): m/z [M+Na]* calcd for [C2sH23NOsNa]*: 476.1468; found: 476.1464.

(9H-Fluoren-9-yl)methyl (R*)-3-((R*)-(2-hydroxy-3-oxocyclopent-1-en-1-

yl)(phenyl)methyl)-2-oxoindoline-1-carboxylate (3c)

Synthesized according to general procedure I, using cyclopentane-1,2-dione (1), (9H-
fluoren-9-yl)methyl (E)-3-benzylidene-2-oxoindoline-1-carboxylate (2¢) and catalyst D.
Compound 3c was obtained as an yellow solid in 52% vyield (25.8 mg). Major

diastereoisomer: ee 82% [HPLC (CHIRALPAK® AD-H, hexane/isopropanol 9:1, 25 °C,

1 mL/min, 210 nm): tr (Major) = 111.6 min, tr (Minor) = 173.7 min].

IH NMR (400 MHz, CDCls) & 7.81-7.75 (m, 2H), 7.73-7.66 (m, 2H), 7.56 (d, J = 8.2 Hz,
1H), 7.47-7.37 (m, 2H), 7.36-7.31 (m, 2H), 7.31-7.27 (m, 2H), 7.25-7.19 (m, 2H), 7.18-
7.10 (m, 2H), 6.90 (td, J = 7.6, 1.1 Hz, 1H), 6.49 (d, J = 7.6 Hz, 1H), 5.88 (b.s, 1H),
4.70-4.62 (m, 3H), 4.40-4.34 (m, 1H), 4.3 (d, J = 9.0 Hz, 1H), 2.77-2.67 (m, 1H), 2.59-
2.28 (m, 3H).

13C NMR (101 MHz, CDCIs) d 203.07, 173.7, 150.8, 148.8, 143.86, 143.54, 143.4,

141.52 (2C), 141.49 (2C), 139.9, 137.7, 129.2 (2C), 128.90 (2C), 128.09 (2C), 128.08
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(2C), 127.37, 126.1, 125.47, 125.4, 125.3, 124.3, 120.18, 115.1, 69.1, 49.98, 47.6,
46.7, 31.9, 24.7.

Minor diastereoisomer: ee 82% [HPLC (CHIRALPAK® AD-H, hexane/isopropanol 9:1,

25 °C, 1 mL/min, 210 nm): tr (major) = 211.4 min, tr (Minor) = 104.3 min)].

IH NMR (400 MHz, CDCls) & 7.81-7.75 (m, 2H), 7.73-7.66 (m, 2H), 7.55 (d, J = 8.1 Hz,
1H), 7.47-7.37 (m, 2H), 7.36-7.31 (m, 2H), 7.31-7.27 (m, 3H), 7.25-7.19 (m, 3H), 7.18-
7.10 (m, 2H), 6.55 (b.s, 1H), 4.70-4.62 (m, 2H), 4.54 (s, 2H) 4.40-4.34 (m, 1H), 2.59-
2-28 (M, 4H).

13C NMR (101 MHz, CDCIs) d 203.11, 174.7, 150.7, 149.5, 143.87, 143.53, 143.3,
141.52 (2C), 141.49 (2C), 139.8, 136.8, 128.8 (2C), 128.7 (2C), 128.5, 127.9, 127.4
(2C), 127.40 (2C), 126.3, 125.5, 124.8, 124.2, 120.17, 115.2, 69.2, 49.0, 48.7, 46.7,
32.0, 25.9.

IR: 3322, 1770, 1727, 1696, 1654, 1605, 1480, 1466, 1451, 1386, 1346, 1292, 1246,
1161, 1095, 1053, 758, 740, 703, 641, 549 cm™.

HRMS (ESI): m/z [M+Na]* calcd for [C3ssH27NOsNa]*: 564.1781; found: 564.1778.

(R*)-3-((R*)-(2-Hydroxy-3-oxocyclopent-1-en-1-yl)(phenyl)methyl-1-tosylindolin-

2-one (3e)

Synthesized according to general procedure |, using cyclopentane-1,2-dione (1), (E)-
3-benzylidene-1-tosylindolin-2-one (2e) and catalyst D. Compound 3e was obtained
as a yellow solid in 42% yield (20.1 mg, dr 2.1:1). The enantiomeric purity could not be
determined.
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Major diastereoisomer: *H NMR (400 MHz, CDCIs) & 7.88 (d, J = 8.4 Hz, 2H), 7.85 (d,

J =8.2 Hz, 1H), 7.32-7.26 (m, 3H), 7.24-7.16 (m, 3H), 7.11-7.05 (m, 2H), 6.92 (td, J =
7.6, 1.1 Hz, 1H), 6.50 (t, J = 7.6 Hz, 1H), 5.84 (b.s, 1H), 4.53 (d, J = 8.6 Hz, 1H), 4.11
(d, J = 8.6 Hz, 1H), 2.58-2.47 (m, 1H), 2.43 (s, 3H), 2.41-2.37 (m, 2H), 2.33-2.23 (m,
1H).

13C NMR (101 MHz, CDCls) & 203.2, 173.8, 148.8, 145.7, 143.7, 139.7, 137.5, 135.3,
129.9 (2C), 129.1 (2C), 129.0, 128.8 (2C), 128.0 (2C), 127.9, 126.2, 125.7, 124.4,
113.5, 48.8, 47.5, 31.9, 24.8, 21.9.

Minor diastereoisomer: *H NMR (400 MHz, CDCIls3) & 7.92-7.86 (m, 2H), 7.84 (d, J =

8.3 Hz, 1H), 7.32-7.26 (m, 3H), 7.24-7.16 (m, 3H), 7.16-7.11 (m, 2H), 7.02-6.95 (m,
2H), 4.49 (d, J = 5.3 Hz, 1H), 4.40 (d, J = 5.3 Hz, 1H), 2.58-2.47 (m, 1H), 2.45 (m, 3H),
2.41-2.37 (m, 1H), 2.33-2.23 (m, 2H).

13C NMR (101 MHz, CDCIz) & 203.3, 174.2, 149.2, 145.9, 143.6, 139.5, 136.5, 135.1,
128.9 (2C), 128.9, 128.7 (2C), 128.6 (2C), 128.1 (2C), 127.7, 126.4, 124.77, 124.75,
113.6, 48.6, 47.7, 32.0, 25.7, 21.2.

IR: 2926, 1755, 1706, 1601, 1493, 1462, 1379, 1235, 1177, 1087, 814, 755, 703, 663,
569, 543 cm,

HRMS (ESI): m/z [M+Na]* calcd for [C27H23NOsSNa]*: 496.1189; found: 496.1187.

tert-Butyl (R*)-3-((S*)- (2-chlorophenyl)(2-hydroxy-3-oxocyclopent-1-en-1-

yl)methyl)-2-oxoindoline-1-carboxylate (3f)

Synthesized according to general procedure I, using cyclopentane-1,2-dione (1), tert-

butyl (E)-3-(2-chlorobenzylidene)-2-oxoindoline-1-carboxylate (2f) and catalyst D.
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Compound 3f was obtained as an orange solid in 72% yield (33.5 mg, dr 1.7:1). Major

diastereoisomer: ee 76% [HPLC (CHIRALPAK® AD-H, hexane/ethanol/isopropanol

95:3:2, 25 °C, 1 mL/min, 210 nm): tr (Major) = 32.6 min, tr (minor) = 99.0 min].

IH NMR (400 MHz, CDCls) & 7.77 (d, J = 8.2 Hz, 1H), 7.63 (dd, J = 7.7, 1.8 Hz, 1H),
7.43-7.16 (m, 3H), 7.08-7.03 (m, 1H), 6.88 (td, J = 7.6, 1.1 Hz, 1H), 6.31 (d, J = 7.5 Hz,
1H), 5.86 (b.s, 1H), 4.76 (d, J = 9.5 Hz, 1H), 4.62 (d, J = 9.5 Hz, 1H), 2.61-2.52 (m,
1H), 2.51-2.37 (m, 3H), 1.63 (s, 9H).

13C NMR (101 MHz, CDCIs) d 203.2, 173.7, 149.32, 149.25, 143.0, 140.23, 136.5,
135.1, 130.1, 130.0, 129.1, 128.62, 127.4, 125.89, 124.5, 124.1, 114.88, 84.62, 46.8,
44.3, 32.0, 28.23, 25.3.

Minor diastereoisomer: ee 68% [HPLC (CHIRALPAK® AD-H,

hexane/ethanol/isopropanol 95:3:2, 25 °C, 1 mL/min, 210 nm): tr (major) = 43.7 min,
tr (Minor) = 25.0 min].

IH NMR (400 MHz, CDCl3) & 7.74 (d, J = 8.3 Hz, 1H), 7.43-7.16 (m, 7H), 6.13 (b.s,
1H), 5.08 (d, J = 6.6 Hz, 1H), 4.56 (d, J = 6.6 Hz, 1H), 2.51-2.37 (m, 3H), 2.23-2.14 (m,
1H), 1.62 (s, 9H).

13C NMR (101 MHz, CDCIs) d 203.1, 174.4, 149.36, 149.17, 143.2, 140.21, 135.5,
134.6, 129.95, 129.7, 128.95, 128.6, 127.1, 125.86, 124.3, 114.91, 84.6, 47.6, 43.9,
31.97, 28.2, 25.9.

IR: 3333, 2982, 2929, 1732, 1704, 1657, 1479, 1392, 1371, 1349, 1293, 1254, 1151,
1096, 842 cm™.

HRMS (ESI): m/z [M+Na]* calcd for [C2sH24CINOsNa]*: 476.1235; found: 476.1231.
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tert-Butyl (R*)-3-((R*)-(3-chlorophenyl)(2-hydroxy-3-oxocyclopent-1-en-1-

yl)methyl)-2-oxoindoline-1-carboxylate (3g)

Cl

Synthesized according to general procedure I, using cyclopentane-1,2-dione (1), tert-
butyl (E)-3-(3-chlorobenzylidene)-2-oxoindoline-1-carboxylate (2g) and catalyst D.
Compound 3g was obtained as an yellow solid in 66% vyield (33.3 mg, dr 2:1). Major

diastereoisomer: ee 87% [HPLC (CHIRALPAK® AD-H, hexane/ethanol/isopropanol

95:3:2, 25 °C, 1 mL/min, 210 nm): tr (Major) = 26.6 min, tr (Minor) = 111.4 min].

IH NMR (400 MHz, CDCl3) 8 7.72 (d, J = 8.3 Hz, 1H), 7.30-7.06 (m, 5H), 6.93 (td, J =
7.6, 1.1 Hz, 1H), 6.52 (d, J = 7.6 Hz, 1H), 5.88 (b.s, 1H), 4.57 (d, J = 8.9 Hz, 1H), 4.21
(d, J = 8.9 Hz, 1H), 2.72-2.61 (m, 1H), 2.55-2.40 (m, 2H), 2.40-2.30 (m, 1H), 1.61 (s,
9H).

13C NMR (101 MHz, CDClz) 5 202.9, 173.6, 148.9, 148.8, 142.9, 140.3, 139.8, 134.6,
129.9,129.1, 128.65, 128.0, 127.3, 125.5,125.1, 123.95, 114.8, 84.6, 48.5,47.2, 31.8,
28.1, 24.6.

Minor diastereoisomer: ee 90% [HPLC (CHIRALPAK® AD-H,

hexane/ethanol/isopropanol 95:3:2, 25 °C, 1 mL/min, 210 nm): tr (major) = 45.2 min,
tr (Minor) = 42.1 min].

'H NMR (400 MHz, CDCl3) 8 7.69 (d, J = 8.3 Hz, 1H), 7.30-7.06 (m, 6H), 6.97 (dt, J =
7.6, 1.5 Hz, 1H), 6.77 (b.s, 1H), 4.44 (d, J = 5.2 Hz, 1H), 4.42 (d, J = 5.2 Hz, 1H), 2.44-

2.40 (m, 4H), 1.59 (s, 9H).
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13C NMR (101 MHz, CDCI3) 8 202.96, 174.8, 149.5, 148.7, 142.4, 140.2, 138.7, 134.4,
129.7, 128.82, 128.77, 127.9, 126.9, 125.8, 124.5, 123.97, 115.0, 84.7, 48.6, 48.4,
31.9, 28.0, 25.7.

IR: 3339, 2982, 2924, 1835, 1735, 1620, 1477, 1370, 1347, 1290, 1254, 1150, 1097,
771, 696 cm™.

HRMS (ESI): m/z [M+Na]* calcd for [C2sH24CINOsNa]*: 476.1235; found: 476.1232.

tert-Butyl (R*)-3-((R*)-(4-chlorophenyl)(2-hydroxy-3-oxocyclopent-1-en-1-

yl)methyl)-2-oxoindoline-1-carboxylate (3h)

Synthesized according to general procedure I, using cyclopentane-1,2-dione (1), tert-
butyl (E)-3-(4-chlorobenzylidene)-2-oxoindoline-1-carboxylate (2h) and catalyst D.
Compound 3h was obtained as an orange solid in 87% yield (36.1 mg, 2.7:1). Major

diastereoisomer: ee 84% [HPLC (CHIRALPAK® AD-H, hexane/ethanol/isopropanol

95:3:2, 25 °C, 1 mL/min, 210 nm): tr (Mmajor) = 30.0 min, tr (minor) = 80.9 min].

IH NMR (400 MHz, CDCl3) 8 7.71 (d, J = 8.5 Hz, 1H), 7.27-7.24 (m, 2H), 7.16-7.10 (m,
2H), 6.94 (td, J = 7.61, 1.08 Hz, 1H), 6.56 (d, J = 7.5 Hz, 1H), 5.86 (b.s, 1H), 4.58 (d,
J=8.6 Hz, 1H), 4.24 (d, J = 8.6 Hz, 1H), 2.69-2.58 (m, 1H), 2.57-2.29 (m, 3H), 1.6 (s,
9H).

13C NMR (101 MHz, CDCl3) & 203.1, 173.9, 149.0 148.9, 147.9, 143.5, 140.4, 136.4,

133.8, 130.6, 130.2, 129.0, 125.3, 124.1, 114.96, 84.7, 48.3, 47.5, 31.9, 28.2, 24.8.
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Minor diastereoisomer: ee 81% [HPLC (CHIRALPAK® AD-H,

hexane/ethanol/isopropanol 95:3:2, 25 °C, 1 mL/min, 210 nm): tr (major) = 23.6 min,
tr (minor) = 35.6 min].

IH NMR (400 MHz, CDCls) 8 7.66 (d, J = 8.2 Hz, 1H), 7.18-7.16 (m, 2H), 7.16-7.10 (m,
1H), 7.04-6.99 (m, 2H), 6.84 (b.s, 1H), 4.44 (d, J = 4.9 Hz, 1H), 4.41 (d, J = 5.0 Hz,
1H), 2.57-2.29 (m, 4H), 1.58 (s, 9H).

13C NMR (101 MHz, CDCIz) & 203.2, 175.1, 149.6, 147.2, 145.7, 143.0, 140.3, 135.2,
133.7,128.93, 128.78, 128.74, 125.7, 124.7, 115.1, 84.9, 48.8, 48.4, 32.1, 28.2, 25.9.
IR: 3306, 2981, 2956, 1784, 1732, 1709, 1620, 1492, 1468, 1393, 1371, 1347, 1291,
1254, 1150, 1094, 1015, 839, 755, 669 cm™.

HRMS (ESI): m/z [M+H]* calcd for [C2sH2sCINOs]*: 454.1416; found: 454.1617.

tert-Butyl (R*)-3-((S*)-2-ethoxy-1-(2-hydroxy-3-oxocyclopent-1-en-1-yl)-2-

oxoethyl)-2-oxoindoline-1-carboxylate (3i)

Synthesized according to general procedure I, using cyclopentane-1,2-dione (1), tert-
butyl (E)-3-(2-ethoxy-2-oxoethylidene)-2-oxoindoline-1-carboxylate (2i) and catalyst D.
Compound 3i was obtained as an yellow oil in 87% yield (36.5 mg, dr 1.2:1). Major

diastereoisomer: ee 5% [HPLC (CHIRALPAK® AD-H, hexane/isopropanol 93:7, 25 °C,

1 mL/min, 210 nm): tr (major) = 33.0 min, tr (Minor) = 17.3 min].
IH NMR (400 MHz, CDCls) & 7.83-7.76 (m, 1H), 7.34-7.27 (m, 2H), 7.15-7.08 (m, 1H),
6.06 (m, 1H), 4.46-4.39 (m, 1H), 4.26-4.11 (m, 3H), 2.80-2.25 (m, 4H), 1.63 (s, 9H),

1.23-1.14 (m, 3H).
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13C NMR (101 MHz, CDCls) 6 202.8, 174.2, 169.8, 150.4, 149.10, 140.5, 138.7, 128.91,
124.6,124.5,124.1, 115.1, 84.7, 61.99, 46.8, 46.4, 32.2, 28.2 (3C), 24.7, 14.1.

Minor_diastereoisomer: racemic [HPLC (CHIRALPAK® AD-H, hexane/isopropanol

93:7, 25 °C, 1 mL/min, 210 nm):): tr1 = 22.9 min, trz = 28.6 min].

IH NMR (400 MHz, CDCl3) 8 7.83-7.76 (m, 1H), 7.24-7.15 (m, 2H), 6.91-6.85 (m, 1H),
6.06 (M, 1H), 4.38-4.30 (m, 2H), 4.26-4.11 (m, 2H), 2.80-2.25 (m, 4H), 1.63 (s, 9H),
1.23-1.14 (m, 3H).

13C NMR (101 MHz, CDCIs) 8 203.0, 173.7, 169.5, 150.7, 149.09, 140.3, 137.8, 128.94,
125.3,125.2,124.1, 115.1, 84.8, 61.98, 46.5, 45.9, 32.1, 28.2 (3C), 24.2, 14.0.

IR: 3335, 2981, 2920, 1805, 1732, 1664, 1608, 1481, 1466, 1370, 1351, 1297, 1252,
1152, 1097, 1028, 845, 745 cm™.

HRMS (ESI): m/z [M+Na]* calcd for [C22H2sNO7Na]*: 438.1523; found: 438.1518.

tert-Butyl (R*)-3-((S*)- (2-hydroxy-3-oxocyclopent-1-en-1-yl)(thiophen-2-

yl)methyl)-2-oxoindoline-1-carboxylate (3j)

Synthesized according to general procedure I, using cyclopentane-1,2-dione (1), tert-
butyl (E)-2-oxo-3-(thiophen-2-ylmethylene)indoline-1-carboxylate (2j) and catalyst D.
Compound 3j was obtained as an yellow solid in 39% yield (16.8 mg, dr 2.1:1). Major

diastereoisomer: ee 75% [HPLC (CHIRALPAK® AD-H, hexane/isopropanol 95:5, 25

°C, 1 mL/min, 210 nm): tr (Mmajor) = 63.2 min, tr (Minor) = 46.0 min].
'H NMR (400 MHz, CDCI3) 8 7.75 (d, J = 8.2 Hz, 1H), 7.32-7.26 (m, 1H), 7.18 (dd, J =

5.2, 1.2 Hz, 1H), 7.00 (td, J = 7.6, 1.1 Hz, 1H), 6.92 (dd, J = 5.1, 3.5 Hz, 1H), 6.84 (dd,
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J =35, 1.2 Hz, 1H), 6.67 (d, J = 7.6 Hz, 1H), 5.86 (b.s, 1H), 4.73 (d, J = 8.0 Hz, 1H),
4.49 (d, J = 7.9 Hz, 1H), 2.75-2.64 (m, 1H), 2.51-2.38 (m, 3H), 1.60 (s, 9H).
13C NMR (101 MHz, CDClz) & 203.0, 173.4, 149.1, 148.6, 143.4, 140.7, 139.6, 128.89,

127.5,126.8, 125.6, 125.4, 125.1, 124.2, 115.0, 84.6, 48.6, 43.4, 31.9, 28.2 (3C), 24.7.

Minor_diastereoisomer: ee 85% [HPLC (CHIRALPAK® AD-H, hexane/isopropanol
95:5, 25 °C, 1 mL/min, 210 nm): tr (Major) = 28.6 min, tr (Minor) = 58.2 min].

IH NMR (400 MHz, CDClz) & 7.70 (d, J = 8.2 Hz, 1H), 7.32-7.26 (m, 1H), 7.21 (d, J =
7.4 Hz, 1H), 7.15-7.09 (m, 2H), 6.88 (dd, J = 5.1, 3.6 Hz, 1H), 6.82 (dt, J = 3.6, 1.0 Hz,
1H), 6.49 (b.s, 1H), 4.98 (d, J = 4.1 Hz, 1H), 4.37 (d, J = 4.1 Hz, 1H), 2.63-2.53 (m,
1H), 2.51-5.38 (m, 2H), 2.38-2.31 (m, 1H), 1.61 (s, 9H).

13C NMR (101 MHz, CDCI3) 8 203.1, 174.7, 149.3, 149.0, 143.3, 140.5, 138.9, 128.87,
127.0, 126.5,125.8,125.3,124.9, 124.5, 115.1, 84.7,50.2, 42.5, 32.2, 28.2 (3C), 25.5.
IR: 3263, 2980, 2927, 1770, 1723, 1700, 1661, 1500, 1480, 1413, 1391, 1370, 1350,
1292, 1256, 1151, 1095, 838, 755, 697 cm™.

HRMS (ESI): m/z [M+Na]* calcd for [C2sH23NOsSNa]*: 448.1189; found: 448.1184.

tert-Butyl (R*)-5-bromo-3-((R*)-(2-hydroxy-3-oxocyclopent-1-en-1-

y(phenyl)methyl)-2-oxoindoline-1-carboxylate (3k)

Synthesized according to general procedure I, using cyclopentane-1,2-dione (1), tert-
butyl (E)-3-benzylidene-5-bromo-2-oxoindoline-1-carboxylate (2k) and catalyst D.
Compound 3k was obtained as an yellow solid in 70 yield (35.5 mg, dr 3.2:1). Major

diastereoisomer: ee 76% [HPLC (CHIRALPAK® AD-H, hexane/ethanol/isopropanol

95:3:2, 25 °C, 1 mL/min, 210 nm): tr (Major) = 45.5 min, tr (Minor) = 73.3 min].
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IH NMR (400 MHz, CDCls) & 7.60 (d, J = 8.7 Hz, 1H), 7.37-7.33 (m, 1H), 7.34-7.29 (m,
2H), 7.25-7.21 (m, 1H), 7.21-7.16 (m, 2H), 6.49-6.46 (m, 1H), 5.8 (b.s, 1H), 4.59 (d, J
= 8.9 Hz, 1H), 4.16 (d, J = 8.9 Hz, 1H), 2.70-2.59 (m, 1H), 2.49-2.38 (m, 3H), 1.59 (s,
9H).

13C NMR (101 MHz, CDCls) & 203.1, 173.2, 148.9, 148.7, 143.4, 139.39, 137.6, 131.4,
129.2 (2C), 129.0 (2C), 128.6, 128.2, 128.1, 116.9, 116.3, 84.9, 49.07, 47.6, 31.8,
28.19 (3C), 24.9.

Minor diastereoisomer: ee 76% [HPLC (CHIRALPAK® AD-H,

hexane/ethanol/isopropanol 95:3:2, 25 °C, 1 mL/min, 210 nm): tr (major) = 94.2 min,
tr (Minor) = 61.3 min].

IH NMR (400 MHz, CDCl3) & 7.56 (d, J = 8.7 Hz, 1H), 7.40-7.37 (m, 1H), multiplet,
7.29-7.27 (m, 1H), 7.11-7.07 (m, 2H), 6.59 (b.s, 1H), 4.47 (d, J = 4.8 Hz, 1H), 4.44 (d,
J = 4.8 Hz, 1H), 2.57-2.49 (m, 1H), 2.49-2.38 (m, 2H), 2.38-2.28 (m, 1H), 1.57 (s, 9H).
13C NMR (101 MHz, CDCI3) 8 203.0, 174.3, 149.5, 149.0, 143.0, 139.37, 136.3, 131.6,
129.1, 128.78 (2C), 128.76 (2C), 128.0, 127.3, 117.4, 116.6, 85.0, 48.99, 48.7, 32.0,
28.15 (3C), 26.0.

IR: 3356, 2980, 2930, 1769, 1758, 1702, 1657, 1471, 1391, 1371, 1337, 1296, 1255,
1152, 1067, 821, 735, 702, 636 cm™.

HRMS (ESI): m/z [M+Na]* calcd for [C2sH24NOsBrNa]*: 520.0730; found: 520.0722.

tert-Butyl (R*)-4-bromo-3-((R*)-(2-hydroxy-3-oxocyclopent-1-en-1-

y)(phenyl)methyl)-2-oxoindoline-1-carboxylate (3I)
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Synthesized according to general procedure I, using cyclopentane-1,2-dione (1), tert-
butyl (E)-3-benzylidene-4-bromo-2-oxoindoline-1-carboxylate (2I) and catalyst D.
Compound 3l was obtained as an yellow solid in 21% yield (11.1 mg, dr 4.7:1). Major

diastereoisomer: ee 62% [HPLC (CHIRALPAK® AD-H, hexane/isopropanol 97:3, 25

°C, 1 mL/min, 210 nm): tr (major) = 46.9 min, tr (minor) = 60.8 min].

IH NMR (400 MHz, CDCl3) & 7.55 (s, 1H), 7.52 (d, J = 8.1 Hz, 1H), 7.42-7.29 (m, 2H),
7.20-7.05 (m, 3H), 6.92-6.86 (m, 2H), 4.91 (d, J = 2.9 Hz, 1H), 4.50 (d, J = 2.9 Hz, 1H),
2.63-2.57 (m, 1H), 2.54-2.50 (m, 1H), 2.49-2.44 (m, 2H), 1.52 (s, 9H).

13C NMR (101 MHz, CDCIz) 8 203.5, 175.1, 149.8, 148.1, 142.7, 141.7, 135.1, 130.4,
128.9 (2C), 128.7, 128.29 (2C), 125.98, 118.9, 113.9, 85.5, 50.7, 47.1, 31.92, 28.07
(3C), 26.5.

Minor_diastereoisomer: ee 60% [HPLC (CHIRALPAK® AD-H, hexane/isopropanol

97:3, 25 °C, 1 mL/min, 210 nm): tr (Major) = 36.8 min, tr (Minor) = 31.5 min].

IH NMR (400 MHz, CDCl3) 5 7.66 (d, J = 8.1 Hz, 1H), 7.61-7.56 (m, 2H), 7.42-7.29 (m,
1H), 7.20-7.05 (m, 4H), 5.22 (d, J = 2.4 Hz, 1H), 5.07 (b.s, 1H), 4.32 (d, J = 2.5 Hz,
1H), 2.67-2.62 (m, 2H), 2.29-2.23 (m, 2H), 1.58 (s, 9H).

13C NMR (101 MHz, CDCIz) & 203.2, 176.4, 151.5, 148.0, 142.5, 141.0, 133.8, 130.2,
129.3, 128.26 (2C), 128.0 (2C), 125.87, 119.5, 113.6, 84.9, 51.5, 45.6, 32.07, 28.17
(3C), 24.8.

IR: 3325, 2981, 2919, 1830, 1737, 1682, 1651, 1601, 1447, 1391, 1371, 1343, 1289,
1256, 1155, 1118, 844, 759, 703, 626 cm™.

HRMS (ESI): m/z [M+Na]* calcd for [C2sH24NOsBrNa]*: 520.0730; found: 520.0721.
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tert-Butyl (R*)-3-((R*)-(2-hydroxy-3-oxocyclopent-1-en-1-yl)(4-

methoxyphenyl)methyl)-2-oxoindoline-1-carboxylate (3m)

Synthesized according to general procedure I, using cyclopentane-1,2-dione 1, tert-
butyl (E)-3-(4-methoxybenzylidene)-2-oxoindoline-1-carboxylate 2m and catalyst D.
Compound 3m was obtained as an yellow amorphous solid in 36% vyield (16.5 mg, dr
3.6:1). The enantiomeric purity could not be determined.

Major diastereoisomer: *H NMR (400 MHz, CDCI3) 6 7.71 (d, J = 8.1 Hz, 1H), 7.28-

7.18 (m, 1H), 7.16-7.08 (m, 2H), 6.90 (td, J = 7.6, 1.1 Hz, 1H), 6.85-6.79 (m, 2H), 6.47
(d, J = 7.7 Hz, 1H), 5.86 (b.s, 1H), 4.55 (d, J = 9.2 Hz, 1H), 4.16 (d, J = 9.3 Hz, 1H),
3.8 (s, 3H), 2.74-2.62 (m, 1H), 2.55-2.32 (m, 3H), 1.60 (s, 9H).

13C NMR (101 MHz, CDCls) 5 203.1, 173.9, 158.9, 149.0, 148.4, 144.8, 140.22, 130.1
(2C), 129.9, 128.4, 126.1, 125.3, 123.8, 114.7, 114.1 (2C), 84.4, 55.3, 48.0, 47.5, 31.8,
28.1 (3C), 24.5.

Minor diastereoisomer: *H NMR (400 MHz, CDCIz) d 7.65 (d, J = 8.1Hz, 1H), 7.28-7.18

(m, 1H), 7.16-7.08 (m, 2H), 7.02-6.94 (m, 2H), 6.85-6.79 (m, 1H), 6.74-6.70 (m, 2H),
4.41 (s, 2H), 3.73 (s, 3H), 2.55-2.32 (m, 4H), 1.58 (s, 9H).

13C NMR (101 MHz, CDCl3) & 203.2, 175.5, 159.1, 149.2, 148.7, 144.1, 140.16, 130.7,
129.7 (2C), 128.6, 126.4, 124.4, 124.0, 114.9, 113.8 (2C), 84.5, 55.1, 49.2, 48.2, 31.9,
28.0 (3C), 25.9.

IR: 2980, 2933, 1738, 1761, 1610, 1514, 1466, 1370, 1347, 1288, 1253, 1149, 1098,

1033, 837, 770 cm™.
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HRMS (ESI): m/z [M+Na]* calcd for [C2s6H27NOsNa]*: 472.1731; found: 472.1727.

tert-Butyl (R*)-3-((R*)-(2-hydroxy-3-oxocyclopent-1-en-1-yl)(p-tolyl)methyl)-2-

oxoindoline-1-carboxylate (3n)

Synthesized according to general procedure I, using cyclopentane-1,2-dione (1), tert-
butyl (E)-3-(4-methylbenzylidene)-2-oxoindoline-1-carboxylate (2n) and catalyst D.
Compound 3n was obtained as an yellow solid in 59% vyield (26.2 mg, dr 2.8:1). Major

diastereoisomer: ee 80% [HPLC (CHIRALPAK® AD-H, hexane/ethanol/isopropanol

95:3:2, 25 °C, 1 mL/min, 210 nm): tr (Mmajor) = 32.4 min, tr (Minor) = 76.1 min].

IH NMR (400 MHz, CDCl3) 8 7.71 (d, J = 8.2 Hz, 1H), 7.25-7.16 (m, 1H), 7.15-7.07 (m,
4H), 6.88 (td, J = 7.6 Hz, 1H), 6.44 (d, J = 7.6 Hz, 1H), 5.81 (b.s, 1H), 4.55 (d, J = 9.4
Hz, 1H), 4.17 (d, J = 9.5 Hz, 1H), 2.77-2.64 (m, 1H), 2.49-2.35 (m, 3H), 2.34 (s, 3H),
1.61 (s, 9H).

13C NMR (101 MHz, CDCI3) 8 203.2, 174.0, 149.2, 148.6, 144.7, 140.32, 137.6, 135.0,
129.6 (2C), 129.0 (2C), 128.5, 126.2, 125.4, 123.9, 114.8, 84.5, 48.45, 47.4, 31.9,
28.22 (3C), 24.5, 21.25.

Minor diastereoisomer: ee 79% [HPLC (CHIRALPAK® AD-H,

hexane/ethanol/isopropanol 95:3:2, 25 °C, 1 mL/min, 210 nm): tr (major) = 95.0 min,
tr (minor) = 39.1 min].

'H NMR (400 MHz, CDCI3) 5 7.66 (d, J = 8.2 Hz, 1H), 7.25-7.16 (m, 2H), 7.15-7.07 (m,
1H), 7.03-6.94 (m, 5H), 4.45 (d, J = 4.9 Hz, 1H), 4.43 (d, J = 4.9 Hz, 1H), 2.55-2.46 (m,

1H), 2.49-2.35 (m, 2H), 2.31-2.28 (m, 1H), 2.26 (s, 3H), 1.57 (s, 9H).
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13C NMR (101 MHz, CDCls) & 203.4, 175.2, 149.5, 148.9, 144.1, 140.31, 137.4, 133.5,
129.3 (2C), 128.7, 128.6 (2C), 126.5, 124.5, 124.2, 115.0, 84.6, 49.1, 48.53, 32.0,
28.15 (3C), 25.9, 21.16.

IR: 3285, 2980, 2921, 1771, 1724, 1701, 1659, 1513, 1479, 1465, 1392, 1371, 1350,
1292, 1254, 1150, 1093, 842, 756, 624 cm-.

HRMS (ESI): m/z [M+Na]* calcd for [C26H27NOsNa]*: 456.1781; found: 456.1776.

tert-Butyl 3-(1-(2-hydroxy-3-oxocyclopent-1-en-1-yl)pentyl)-2-oxoindoline-1-

carboxylate (30)

O
o
N

30 0
(e}

A=

Synthesized according to general procedure | using cyclopentane-1,2-dione (1), tert-
butyl (E)-2-oxo-3-pentylideneindoline-1-carboxylate (20) and catalyst D. Compound

30 was obtained as an yellow oil in 64% yield (26.2 mg, dr 1:1). Diastereomer 1: ee

74% [HPLC (CHIRALPAK® AD-H, hexanelisopropanol 98:2, 25 °C, 1 mL/min, 210
nm): tre = 31.9 min, trz = 44.7 min).

IH NMR (400 MHz, CDCl3) § 7.79-7.72 (m, 1H), 7.35-7.22 (m, 2H), 7.19-7.07 (m, 1H),
5.65 (b.s, 1H), 3.83 (d, J = 4.8 Hz, 1H), 3.53-3.42 (m, 1H), 2.56-2.22 (m, 4H), 1.63 (s,
9H), 1.34-1.17 (m, 6H), 0.89-0.79 (m, 3H).

13C NMR (101 MHz, CDClz) & 203.5, 175.0, 149.9, 149.3, 145.5, 140.0, 128.7, 126.0,
124.5,124.3, 114.8, 84.6, 49.7, 41.7, 32.0, 30.30, 28.25 (3C), 28.1, 23.9, 22.5, 14.05.

Diastereomer 2: ee 74% [HPLC (CHIRALPAK® AD-H, hexanel/isopropanol 98:2, 25

°C, 1 mL/min, 210 nm): tr1 = 65.4 min, tr2 = 74.4 min].
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IH NMR (400 MHz, CDCl3) & 7.79-7.72 (m, 1H), 7.35-7.22 (m, 2H), 7.19-7.07 (m, 1H),
5.97 (b.s, 1H), 3.79 (d, J = 3.9 Hz, 1H), 3.53-3.42 (m, 1H), 2.56-2.22 (m, 4H), 1.63 (s,
9H), 1.34-1.17 (m, 6H), 0.89-0.79 (m, 3H).

13C NMR (101 MHz, CDCls) & 203.3, 174.9, 150.0, 149.2, 146.9, 140.5, 128.5, 126.6,
124.5, 124.3, 115.0, 84.7, 48.5, 41.1, 32.2, 30.27, 29.0, 28.2 (3C), 24.0, 22.7, 14.13.
IR: 3332, 2991, 2930, 1804, 1731, 1572, 1510, 1466, 1369, 1347, 1292, 1251, 1152,
1096, 854, 754, 668 cm-.

HRMS (ESI): m/z [M+Na]* calcd for [C2sH29NOsNa]*: 422.1938; found: 422.1935.

tert-Butyl (R*)-3-((R*)-(2-hydroxy-3-oxocyclopent-1-en-1-yl)(3-

nitrophenyl)methyl)-2-oxoindoline-1-carboxylate (3q)

Synthesized according to general procedure I, using cyclopentane-1,2-dione (1), tert-
butyl (E)-3-(3-nitrobenzylidene)-2-oxoindoline-1-carboxylate (2q) or tert-butyl (Z)-3-(3-
nitrobenzylidene)-2-oxoindoline-1-carboxylate 2q’ and catalyst D. Compound 3q from
2g was obtained as an yellow solid in 57% vyield (27 mg, dr 1.4:1). Major

diastereoisomer: ee 91% [HPLC (CHIRALPAK® AD-H, hexane/ethanol 95:5, 25 °C, 1

mL/min, 210 nm): tr (Mmajor) = 204.8 min, tr (minor) = 60.1 min].

1H NMR (400 MHz, CDCls) & 8.13 (ddd, J = 8.2, 2.3, 1.1 Hz, 1H), 8.03-7.99 (m, 1H),
7.69 (d, J = 8.2 Hz, 1H), 7.57-7.50 (m, 1H), 7.49-7.40 (m, 1H), 7.31-7.23 (m, 1H), 6.97
(td, J = 7.6, 1.1 Hz, 1H), 6.65 (d, J = 7.6 Hz, 1H), 5.98 (b.s, 1H), 4.66 (d, J = 7.8 Hz,

1H), 4.50-4.43 (m, 1H), 2.65-2.34 (m, 4H), 1.59 (s, 9H).
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13C NMR (101 MHz, CDCl3) 8 202.82, 174.1, 149.4, 148.9, 148.29, 141.5, 140.4, 139.8,
135.5, 129.7, 129.1, 125.08, 125.06, 124.3, 124.0, 123.0, 115.1, 84.9, 48.5, 47.6, 31.8,
28.2 (3C), 25.0.

Minor diastereoisomer: ee 93% [HPLC (CHIRALPAK® AD-H, hexane/ethanol 95:5, 25

°C, 1 mL/min, 210 nm): tr (major) = 134.3 min, tr (Minor) = 78.3 min].

IH NMR (400 MHz, CDCls) & 8.09 (ddd, J = 8.1, 2.3, 1.1 Hz, 1H), 8.03-7.99 (m, 1H),
7.69 (d, J = 8.3 Hz, 1H), 7.57-7.50 (m, 1H), 7.49-7.40 (m, 1H), 7.31-7.23 (m, 1H), 7.19
(d, J = 7.3 Hz, 1H), 7.13 (td, J = 7.5, 1.1 Hz, 1H), 6.48 (b.s, 1H), 4.52 (d, J = 6.3 Hz,
1H), 4.50-4.43 (m, 1H), 2.65-2.34 (m, 4H), 1.58 (s, 9H).

13C NMR (101 MHz, CDCI3) 8 202.79, 173.7, 149.7, 148.8, 148.26, 141.6, 140.2, 139.2,
135.0, 129.6, 129.2, 125.4, 124.8, 124.1, 123.8, 122.8, 115.2, 85.0, 48.6, 48.1, 32.0,
28.1 (3C), 25.6.

IR: 3386, 2981, 2924, 1789, 1765, 1708, 1657, 1531, 1480, 1466, 1392, 1350, 1293,
1254, 1150, 1096, 841, 756 cm™.

HRMS (ESI): m/z [M+Na]* calcd for [C2osH24N207Na]*: 487.1476; found: 487.1468.

Compound 3g from 2q’ was obtained as an yellow solid in 53% yield (25 mg, dr 1.6:1).
Major diastereoisomer: ee -77% [HPLC (CHIRALPAK® AD-H, hexane/ethanol 95:5,
25 °C, 1 mL/min, 210 nm): tr (major) = 58.8 min, tr (minor) = 213.3 min]. Minor
diastereoisomer: ee -76% [HPLC (CHIRALPAK® AD-H, hexane/ethanol 95:5, 25 °C,

1 mL/min, 210 nm): tr (Major) = 76.6 min, tr (Minor) = 136.3 min].
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2.'H NMR and 3C NMR spectra

Catalyst A 'H NMR
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Catalyst C 'H NMR
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Benzyl (E)-3-benzylidene-2-oxoindoline-1-carboxylate (2b) *H, 3C NMR
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(9H-Fluoren-9-yl)methyl (E)-3-benzylidene-2-oxoindoline-1-carboxylate (2c) H, 13C

NMR
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tert-Butyl (E)-2-oxo0-3-(thiophen-2-yImethylene)indoline-1-carboxylate (2j)

H, C NMR
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tert-Butyl (E)-3-benzylidene-4-bromo-2-oxoindoline-1-carboxylate (2I) *H, 3C NMR
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tert-Butyl (E)-2-oxo-3-pentylideneindoline-1-carboxylate (20) *H, 3C NMR
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tert-Butyl 3-((2-hydroxy-3-oxocyclopent-1-en-1-yl)(phenyl)methyl)-2-oxoindolin-1-
carboxylate (3a), mixture of diastereoisomers, H, *3C NMR
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Benzyl 3-((2-hydroxy-3-oxocyclopent-1-en-1-yl)(phenyl)methyl)-2-oxoindoline-1-
carbocylate (3b), mixture of diastereoisomers, *H, 13C NMR
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(9H-Fluoren-9-yl)methyl 3-((2-hydroxy-3-oxocyclopent-1-en-1-yl)(phenyl)methyl)-2-

oxoindoline-1-carboxylate (3c), mixture of diastereoisomers, H, 13C NMR
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((2-Hydroxy-3-oxocyclopent-1-en-1-yl)(phenyl)methyl-1-tosylindolin-2-one (3e),

3

mixture of diastereoisomers, 1H, 13C NMR
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tert-Butyl 3-((2-chlorophenyl)(2-hydroxy-3-oxocyclopent-1-en-1-yl)methyl)-2-

oxoindoline-1-carboxylate (3f), mixture of diastereoisomers, *H, 13C NMR
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tert-Butyl 3-((3-chlorophenyl)(2-hydroxy-3-oxocyclopent-1-en-1-yl)methyl)-2-

oxoindoline-1-carboxylate (3g), mixture of diastereoisomers, *H, 13C NMR
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tert-Butyl 3-((4-chlorophenyl)(2-hydroxy-3-oxocyclopent-1-en-1-yl)methyl)-2-
oxoindoline-1-carboxylate (3h), mixture of diastereoisomers, *H, 13C NMR
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tert-Butyl 3-(2-ethoxy-1-(2-hydroxy-3-oxocyclopent-1-en-1-yl)-2-oxoethyl)-2-
oxoindoline-1-carboxylate (3i), mixture of diastereoisomers, H, 13C NMR
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tert-Butyl 3-((2-hydroxy-3-oxocyclopent-1-en-1-yl)(thiophen-2-yl)methyl)-2-

oxoindoline-1-carboxylate (3j), mixture of diastereoisomers, H, 13C NMR
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tert-Butyl 5-bromo-3-((2-hydroxy-3-oxocyclopent-1-en-1-yl)(phenyl)methyl)-2-

oxoindoline-1-carboxylate (3k), mixture of diastereoisomers, H, 13C NMR
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tert-Butyl 4-bromo-3-((2-hydroxy-3-oxocyclopent-1-en-1-yl)(phenyl)methyl)-2-

oxoindoline-1-carboxylate (3l), mixture of diastereoisomers, H, 13C NMR
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tert-Butyl 3-((2-hydroxy-3-oxocyclopent-1-en-1-yl)(4-methoxyphenyl)methyl)-2-

oxoindoline-1-carboxylate (3m), mixture of diastereoisomers, H, 13C NMR
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tert-Butyl 3-((2-hydroxy-3-oxocyclopent-1-en-1-yl)(p-tolyl)methyl)-2-oxoindoline-1-

carboxylate (3n), mixture of diastereoisomers, *H, 13C NMR
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tert-Butyl 3-(1-(2-hydroxy-3-oxocyclopent-1-en-1-yl)pentyl)-2-oxoindoline-1-

carboxylate (30), mixture of diastereoisomers,

H, C NMR
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tert-Butyl 3-((2-hydroxy-3-oxocyclopent-1-en-1-yl)(3-nitrophenyl)methyl)-2-

oxoindoline-1-carboxylate (3q), mixture of diastereoisomers, *H, 13C NMR
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3.HPLC chromatograms

tert-Butyl 3-((2-hydroxy-3-oxocyclopent-1-en-1-yl)(phenyl)methyl)-2-oxoindolin-1-
carboxylate (3a) HPLC chromatograms
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Benzyl 3-((2-hydroxy-3-oxocyclopent-1-en-1-yl)(phenyl)methyl)-2-oxoindoline-1-

carbocylate (3b) HPLC chromatograms
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(9H-Fluoren-9-yl)methyl 3-((2-hydroxy-3-oxocyclopent-1-en-1-yl)(phenyl)methyl)-2-

oxoindoline-1-carboxylate (3¢c) HPLC chromatograms
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tert-Butyl 3-((2-chlorophenyl)(2-hydroxy-3-oxocyclopent-1-en-1-yl)methyl)-2-

oxoindoline-1-carboxylate (3f) HPLC chromatograms
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tert-Butyl 3-((3-chlorophenyl)(2-hydroxy-3-oxocyclopent-1-en-1-yl)methyl)-2-

oxoindoline-1-carboxylate (3g) HPLC chromatograms
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tert-Butyl 3-((4-chlorophenyl)(2-hydroxy-3-oxocyclopent-1-en-1-yl)methyl)-2-

oxoindoline-1-carboxylate (3h) HPLC chromatograms
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tert-Butyl 3-(2-ethoxy-1-(2-hydroxy-3-oxocyclopent-1-en-1-yl)-2-oxoethyl)-2-

oxoindoline-1-carboxylate (3i) HPLC chromatograms
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tert-Butyl 3-((2-hydroxy-3-oxocyclopent-1-en-1-yl)(thiophen-2-yl)methyl)-2-

oxoindoline-1-carboxylate (3j) HPLC chromatogram
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tert-Butyl 5-bromo-3-((2-hydroxy-3-oxocyclopent-1-en-1-yl)(phenyl)methyl)-2-

oxoindoline-1-carboxylate (3k) HPLC chromatograms
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tert-Butyl 4-bromo-3-((2-hydroxy-3-oxocyclopent-1-en-1-yl)(phenyl)methyl)-2-

oxoindoline-1-carboxylate (31) HPLC chromatograms
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tert-Butyl 3-((2-hydroxy-3-oxocyclopent-1-en-1-yl)(p-tolyl)methyl)-2-oxoindoline-1-

carboxylate (3n) HPLC chromatograms
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tert-Butyl 3-(1-(2-hydroxy-3-oxocyclopent-1-en-1-yl)pentyl)-2-oxoindoline-1-

carboxylate (30) HPLC chromatograms
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tert-Butyl 3-((2-hydroxy-3-oxocyclopent-1-en-1-yl)(3-nitrophenyl)methyl)-2-

oxoindoline-1-carboxylate (3q) HPLC chromatograms

mAU 5
500
500
400—:
300—:

200 ] ‘I

100 \

~, 143395
- 230.500

N\ A_,V\\

From (E)-2q

400

350

300

250
] o
] =
1 o

200 ] & 2
] 3

150
f I \

100 ‘ [

50

\
] / \ / \
E [ N / N /
- — 1
0 AT AN S =

S61



From (2)-29’
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