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1. Materials and methods, syntheses, and characterization

Solvents for extractions and chromatography were of technical grade and were distilled prior to
use. Extracts were dried over technical grade anhydrous Na2SOa. Melting points were determined on
a Kofler micro hot stage and on SRS OptiMelt MPA100 — Automated Melting Point System (Stanford
Research Systems, Sunnyvale, California, United States). The NMR spectra were obtained on a Bruker
UltraShield 500 plus (Bruker, Billerica, Massachusetts, United States) at 500 MHz for 'H and 126 MHz
for BC nucleus, using DMSO-ds and CDCls with TMS as the internal standard, as solvents. Mass
spectra were recorded on an Agilent 6224 Accurate Mass TOF LC/MS (Agilent Technologies, Santa
Clara, California, United States), IR spectra on a Perkin-Elmer Spectrum BX FTIR spectrophotometer
(PerkinElmer, Waltham, Massachusetts, United States). Column chromatography (CC) was
performed onsilica gel (Silica gel 60, particle size: 0.035-0.070 mm (Sigma-Aldrich, St. Louis, Missouri,
United States)). HPLC analyses were performed on an Agilent 1260 Infinity LC (Agilent
Technologies, Santa Clara, California, United States) using CHIRALPAK IA-3 (0.46 cm o x 25 cm),
CHIRALPAK AD-H (0.46 cm ¢ x 25 cm), CHIRALCEL OD-H (0.46 cm o x 25 cm) and CHIRALCEL
AS-H (0.46 cm @ x 25 cm) as chiral column (CHIRAL TECHNOLOGIES, INC., West Chester,
Pennsylvania, United States). All the commercially available chemicals used were purchased from
Sigma-Aldrich (St. Louis, Missouri, United States).

Methyl 5-arylidene-2-methyl-4-oxo-4,5-dihydro-1H-pyrrole-3-carboxylates 1 [1] and 3-
isothiocyanatooxindoles 2a and 2b [2-4] were prepared following the literature procedures.

Organocatalysts Ia [5], I [6] IIIa [5], IV [5], Vb [7], VIa [8], VIb [9], VIIa [10], VIIb [9], IXa [11],
IXb [12], IXc [13], Xb [14], XIa [15], and XIb [11] were prepared following the literature procedures;
organocatalysts VIIIb and XII were purchased from Sigma-Aldrich.
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Synthesis of (E)-methyl 5-arylidene-1,2-dimethyl-4-oxo0-4,5-dihydro-1H-pyrrole-3-carboxylate —
General procedure 1 (GP1)

0 KHSO,, H,0
EtOH, KOH ) CO,Me Arl-CHO Q CO,Me
N~ Me SN
Me™ “NH \ |
Me Me Me
E A 1

To a solution of enaminone E [1] (1 equivalent) in anhydrous EtOH at room temperature, KOH
(1.05 equivalent, w = 0.85) was added and the resulting reaction mixture was heated to 75°C. After
the disappearance of the starting material (ca. 45 minutes) according to the TLC analysis (mobile
phase: EtOAc¢/MeOH = 4:1) (Figure S1), the mixture was cooled to room temperature. KHSOx (0.5
equivalents) followed by the addition of H20O (5 mL) were added and the mixture was stirred for 10
minutes at room temperature, followed by the addition of an aldehyde (1 equivalent). The mixture
was heated to 75°C and stirred until the disappearance of the A2-pyrrolin-4-one intermediate A (ca.
30 min) according to the TLC analysis (mobile phase: EtOAc/MeOH = 4:1) (Figure S1). Afterwards,
the solution was cooled to room temperature followed by slow addition of ice-cold water (ca. 100 mL)
until the formation of the precipitate. The precipitate was collected by filtration, washed with ice-cold
water and dried under high vacuum at 60°C. Unless noted otherwise, the crude product was purified
by recrystallization from MeOH/H:0 and dried under high vacuum at 60°C which afforded the
product 1 (compounds 1c¢, 1f, 1g, 1i) as a brightly colored solid (Figure S2). Other 5-arylidene-2-
methyl-4-ox0-4,5-dihydro-1H-pyrrole-3-carboxylates were prepared following the literature
procedures [1].

EtOAc : MeOH
4:1
------------ ® Enaminone E
' Intermediate A
[ ]
. Product A%-pyrrolin-4-one 1

R4 = reaction mixture after the
disapperance of enaminone E

,..| Rz =reaction mixture after the
E Ry R; | disapperance of intermediate A

Figure S1. General TLC chromatogram for the reaction E->A—1.
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Figure S2. Applied 5-arylidene-2-methyl-4-oxo-4,5-dihydro-1H-pyrrole-3-carboxylates 1; colorcode
red — novel reported prrolones.
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Methyl (E)-5-(2-fluorobenzylidene)-1,2-dimethyl-4-0x0-4,5-dihydro-1H-pyrrole-3-carboxylate (1c)
0 CO,Me

LN\
j |

Following GP1. Prepared from methyl (Z)-2-(2-chloroacetyl)-3-(methylamino)but-2-enoate (E),
(5 mmol, 1.028 g), 2-fluorobenzaldehyde (5 mmol, 621 mg), EtOH (15 mL), KOH (5.25 mmol, w = 85%,
347 mg), and KHSOs (2.5 mmol, 340 mg). Yield: 702 mg (2.55 mmol, 51%) of bright yellow solid; mp
=218-220°C. EI-HRMS: m/z = 276.1030 (MH*); C1sH1sFNOs requires: m/z = 276.1030 (MH*); vmax 3077,
1684, 1656, 1595, 1566, 1527, 1480, 1433, 1412, 1296, 1225, 1196, 1154, 1125, 1063, 1031, 973, 889, 860,
844, 798, 764, 619 cm'. 'TH-NMR (500 MHz, DMSO-ds): 6 2.65 (s, 3H, Me); 3.36 (s, 3H, Me); 3.60 (s, 3H,
Me); 6.80 (s, 1H); 7.15 —= 7.27 (m, 2H); 7.43 (g, ] = 7.1 Hz, 1H); 8.13 (¢, ] = 7.9 Hz, 1H). 3C-NMR (126
MHz, DMSO-ds): 6 13.69, 29.56, 50.12, 101.89, 112.16 (d, ] = 4.4 Hz), 115.03 (d, ] =21.9 Hz), 120.53 (d, |
=12.5 Hz), 123.63 (d, | = 3.3 Hz), 131.36 (d, ] = 8.6 Hz), 131.52 (d, ] = 1.3 Hz), 136.92, 160.15 (d, | = 249.3
Hz), 163.57, 173.45, 178.91.

Methyl (E)-5-(4-fluorobenzylidene)-1,2-dimethyl-4-0xo0-4,5-dihydro-1H-pyrrole-3-carboxylate (1f)

F
0. CO,Me

e
)

Following GP1. Prepared from methyl (Z)-2-(2-chloroacetyl)-3-(methylamino)but-2-enoate (E),
(9.87 mmol, 2.03 g), 4-fluorobenzaldehyde (9.87 mmol, 1.06 mL), EtOH (25 mL), KOH (10.36 mmol,
w = 85%, 684 mg), and KHSO4 (4.92 mmol, 670 mg). Yield: 1.167 g (4.24 mmol, 43%) of yellow solid;
mp = 166-168°C. EI-HRMS: m/z = 276.1033 (MH*); C1sHisFNOs requires: m/z = 276.1030 (MH); vmax
3064, 3036, 2950, 1696, 1681, 1657, 1604, 1528, 1504, 1436, 1415, 1237, 1208, 1190, 1168, 1123, 1065, 979,
881, 834, 791, 775, 644 cm’. TH-NMR (500 MHz, DMSO-ds): 6 2.64 (s, 3H, Me), 3.37 (s, 3H, Me); 3.62 (s,
3H, Me); 691 (s, 1H, CH); 7.21 - 7.27 (m, 2H, Arl); 8.32 - 8.38 (m, 2H, Arl). 3C-NMR (126 MHz, DMSO-
de): 6 13.72, 29.69, 50.09, 101.93, 114.92 (d, | = 21.8 Hz), 121.73, 129.33 (d, ] = 3.3 Hz), 133.72 (d, ] = 8.3
Hz), 135.97 (d, ] =2.0 Hz), 161.76, 163.74, 171.84, 179.06.

Methyl (E)-5-(3-bromo-4-methoxybenzylidene)-1,2-dimethyl-4-oxo0-4,5-dihydro-1H-pyrrole-3-
carboxylate (1g)

MeO

0.  CO,Me
Br |\
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I

Following GP1. Prepared from methyl (Z)-2-(2-chloroacetyl)-3-(methylamino)but-2-enoate (E),
(5 mmol, 1.028 g), 3-bromo-4-methoxybenzaldehyde (5 mmol, 1.075 g), EtOH (15 mL), KOH (5.25
mmol, w = 85%, 347 mg), and KHSOx (2.5 mmol, 340 mg). Yield: 752 mg (2.05 mmol, 41%) of dark-
orange solid; mp = 177-181°C. EI-HRMS: m/z = 366.0331 (MH*); C1sH16BrNOs requires: m/z = 366.0335
(MHY); vmax 2944, 1660, 1602, 1578, 1523, 1490, 1438, 1415, 1298, 1267, 1205, 1179, 1057, 1009, 941, 904,
882, 808, 792, 780, 745, 683, 608 cm . 'TH-NMR (500 MHz, DMSO-ds): 6 2.64 (s, 3H, Me); 3.37 (s, 3H,
Me); 3.64 (s, 3H, Me); 3.92 (s, 3H, Me); 6.87 (s, 1H); 7.17 (d, ] = 8.8 Hz, 1H); 8.23 (dd, ] =2.1; 8.8 Hz, 1H);
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8.96 (d, ] = 2.1 Hz, 1H). BC-NMR (126 MHz, DMSO-de): 6 13.72, 29.72, 50.12, 56.48, 101.90, 110.02,
111.99, 121.83, 126.93, 133.32, 135.33, 135.49, 156.63, 163.82, 171.10, 179.07.

Methyl (E)-5-(2-bromobenzylidene)-1,2-dimethyl-4-oxo0-4,5-dihydro-1H-pyrrole-3-carboxylate (1i)
0 CO;Me

Pa
Br T

Following GP1. Prepared from methyl (Z)-2-(2-chloroacetyl)-3-(methylamino)but-2-enoate (E)
(2.43 mmol, 500 mg), 2-bromobenzaldehyde (2.43 mmol, 450 mg), EtOH (12 mL), KOH (2.43 mmol,
w =85%, 160 mg), and KHSOx (2.43 mmol, 331 mg); purification by rechrystallization from a mixture
of DMF and H2O. Yield: 366 mg (1.089 mmol, 45%) of yellow solid; mp = 189-192°C. EI-HRMS: m/z =
336.0237 (MH); C1sHisBrNOs requires: m/z = 336.0230 (MH); vmax 3056, 2952, 1674, 1619, 1557, 1524,
1505, 1464, 1431, 1413, 1396, 1368, 1289, 1251, 1208, 1188, 1170, 1116, 1070, 1016, 979, 903, 869, 854, 831,
797,775,760, 711 cm. '"H-NMR (500 MHz, DMSO-ds): 6 2.65 (s, 3H); 3.36 (s, 3H); 3.59 (s, 3H); 6.79 (s,
1H); 7.30 (td, ] = 1.5; 7.5 Hz, 1H); 7.33-7.39 (m, 1H); 7.68 (dd, ] =1.2; 7.9 Hz, 1H); 7.86 (dd, ] = 1.6; 7.7
Hz, 1H). 3C-NMR (126 MHz, DMSO-ds): 6 13.7, 29.6, 50.1, 102.0, 118.9, 123.6, 126.8, 130.6, 132.0, 132.8,
136.2, 163.5, 174.0, 179.0. (one signal missing)
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Organocatalyzed bis-spiroheterocyclization — preparation of racemic mixtures — General
procedure 2 (GP2)

0. CO,Me NCS THF, DABCO (10 mol%) N__o Arl
Arl + 1
= N N e ! R HN COzMe
IIR \ ' R =Me (E)-configured : N /
v R=H (2)-configured SK
. R1=H, Me .
1 2 e J rac-3

To a mixture of arylidene-A2-pyrrolin-4-one 1 (0.1 mmol), 3-isothiocyanato oxindole 2 (0.13
mmol), and 1,4-diazabicyclo[2.2.2]octan (DABCO) (0.01 mmol, 1.12 mg) under Argon, anhydrous
THF (1 mL) was added and the resulting reaction mixture was stirred at 25°C for 24 h. Volatile
components were evaporated in vacuo and the residue was purified by column chromatography
(Silica gel 60, mobile phase: EtOAc/petroleum ether = 2:1). Fractions containing the pure racemic
product rac-3 (Figure S3) were combined and volatile components evaporated in vacuo followed by
HPLC analysis on chiral columns. Products rac-3 (compunds rac-3k—n), that could not be separated
on chiral columns, were fully characterized.
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Figure S3. Synthesized racemic bis-spiroheterocycles rac-3.
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Organocatalyzed stereoselective bis-spiroheterocyclization — General procedure 3 (GP3)

0. CO,Me NCS solvent, T, 24-72 h N._0 Al
1 cat. I-VII (10 mol%) 0
Arl \ + R 0 -
= N R / CO,Me

N TToTTTooToTTTTT s : HN

& \ ' R =Me (E)-configured N
. R=H (2)-configured SK
. R1=H, Me \

1 2 e J 3

To a mixture arylidene-A2-pyrrolin-4-one 1 (0.1 mmol), 3-isothiocyanato oxindole 2 (0.13 mmol),
and organocatalyst I-XII (10 mol%) under Argon, anhydrous solvent (1 mL) was added and and the
resulting reaction mixture was stirred at 25°C for 24-72 h.

i) For catalyst and solvent screening (model reaction 1la+2a—3a), volatile components were
evaporated in vacuo and the residue was purified by flash column chromatography to remove the
catalyst (Silica gel 60, mobile phase: EtOAc/petroleum ether = 2:1). Fractions containing the product
3a were combined and volatile components evaporated in vacuo followed by determination of the
enantiomeric excess and diastereomeric ratio by HPLC analysis.

if) For the reaction scope synthesis (reactions 1+2—3; compounds 3a-l; Figure S4), volatile
components were evaporated in vacuo and the residue was purified by column chromatography
(Silica gel 60, mobile phase: EtOAc/petroleum ether = 2:1). Fractions containing the pure product 3
were combined and volatile components evaporated in vacuo followed by determination of the
enantiomeric excess by HPLC analysis, determination of diastereomeric ratio by '"H-NMR, and full
characterization.
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Figure S4. Synthesized nonracemic bis-spiroheterocycles 3.
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Methyl (3R,3'S,4'R)-1,1",5"-trimethyl-3'-phenyl-2,3"-dioxo-5"-thioxo-1",3"-
dihydrodispiro[indoline-3,2'-pyrrolidine-4',2"-pyrrole]-4"-carboxylate (3a)

Following GP2 and GP3. Prepared from methyl (E)-1,2-dimethyl-5-benzylidene-4-oxo-4,5-
dihydro-1H-pyrrole-3-carboxylate (1a) (0.1 mmol, 25.7 mg), 3-isothiocyanato-1-methylindolin-2-one
(2a) (0.13 mmol, 27 mg), catalyst IXb (0.01 mmol, 6.3 mg), anhydrous (trifluoromethyl)benzene, 25°C,
24 h. Isolation of rac-3a and 3a: purification by column chromatography (EtOAc/petroleum ether =
2:1). Yield (rac-3a): 24 mg (0.0520 mmol, 52%) of white solid. 3a: dr =90:10. Yield: 31 mg (0.0671 mmol,
67%) white solid; mp = 278-279°C. [a]ort = —4.4 (c = 0.64, CHCls). EI-HRMS: m/z = 462.1476 (MH");
C2sH2N30sS requires: m/z = 462.1482 (MHY); vmax 3190, 2946, 1720, 1682, 1526, 1494, 1471, 1437, 1418,
1374, 1350, 1201, 1158, 1112, 1090, 1064, 1022, 945, 752, 718, 701 cm'. 'H-NMR (500 MHz, CDCls): 6
2.53 (s, 3H); 3.08 (s, 3H); 3.56 (s, 3H); 3.75 (m, 3H); 4.88 (s, 1H); 6.75 (d, | =7.9 Hz, 1H); 6.94 — 6.98 (m,
2H); 7.10 - 7.21 (m, 4H); 7.30 — 7.37 (m, 1H); 7.75 - 7.80 (m, 1H); 8.39 (br s, 1H). *C-NMR (126 MHz,
CDCls): 6 14.74, 26.82, 32.51, 51.16, 62.36, 73.30, 87.58, 101.67, 109.07, 124.44, 124.70, 126.87, 128.68,
128.77,129.12, 130.20, 131.19, 142.98, 164.50, 174.09, 185.70, 192.87, 197.44. HPLC: Chiralpak IA-3, n-
Hexane/EtOH = 80:20, flow rate 1.0 mL/min, A = 230 nm. Major diastereomer: {R = 15.1 minutes
(major); 30.8 minutes (minor) — 87% ee.

Methyl (3R,3'S,4'R)-1,1",5"-trimethyl-3'-(3-nitrophenyl)-2,3"-dioxo-5'-thioxo-1",3"-
dihydrodispiro[indoline-3,2'-pyrrolidine-4',2"-pyrrole]-4"-carboxylate (3b)

O
Ne o NO,

N=U R

N

,‘o O

COzMe

N
S/
Following GP2 and GP3. Prepared from methyl (E)-1,2-dimethyl-5-(3-nitrobenzylidene)-4-oxo-
4,5-dihydro-1H-pyrrole-3-carboxylate (1b) (0.1 mmol, 30.2 mg), 3-isothiocyanato-1-methylindolin-2-
one (2a) (0.13 mmol, 27 mg), catalyst IXb (0.01 mmol, 6.3 mg), anhydrous (trifluoromethyl)benzene,
25°C, 24 h. Isolation of rac-3b and 3b: purification by column chromatography (EtOAc/petroleum
ether = 2:1). Yield (rac-3b): 35 mg (0.0691 mmol, 69%) of orange solid. 3b: dr = 99:1. Yield: 26 mg
(0.0513 mmol, 51%) orange solid; mp = 185-187°C. [a]o"t = 2.0 (c = 0.10, CHCls). EI-HRMS: m/z =
507.1324 (MH); C2sH23sN4O6S requires: m/z = 507.1333 (MH?*); vmax 3498, 3233, 3100, 2923, 2851, 1718,
1707, 1694, 1667, 1613, 1526, 1470, 1438, 1419, 1375, 1349, 1285, 1206, 1171, 1126, 1092, 1062, 1023, 982,
951, 921, 901, 853, 828, 804, 775, 760, 731 cm1. 'H-NMR (500 MHz, CDCls): 6 2.60 (s, 3H); 3.12 (s, 3H);
3.59 (s, 3H); 3.76 (s, 3H); 4.99 (s, 1H); 6.82 (d, ] = 7.8 Hz, 1H); 7.13-7.16 (m, 1H); 7.20-7.25 (m, 1H); 7.33
(t,]=8.0Hz, 1H); 740 (td, ] = 1.2, 7.7 Hz, 1H); 7.81 (dd, ] = 1.2, 7.5 Hz, 1H); 7.96 (t, | = 2.1 Hz, 1H); 8.07
(ddd, ] =1.0; 2.3; 8.2 Hz, 1H); 8.36 (br s, 1H, NH). 3C-NMR (126 MHz, CDCls): 6 14.95, 26.90, 32.51,
51.31, 60.63, 72.83, 86.98, 102.07, 109.40, 123.36, 123.65, 124.81, 124.84, 126.08, 129.89, 131.76, 132.68,
135.70, 142.90, 148.35, 164.24, 173.38, 186.40, 192.53, 196.44. HPLC: Chiralpak AD-H, n-Hexane/i-
PrOH = 80:20, flow rate 1.0 mL/min, A =254 nm. Major diastereomer: {R = 32.0 minutes (major); 49.4
minutes (minor) — 91% ee.
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Methyl (3R,3'S,4'R)-3'-(2-fluorophenyl)-1,1",5"-trimethyl-2,3"-dioxo-5'-thioxo-1",3"-
dihydrodispiro[indoline-3,2'-pyrrolidine-4',2"-pyrrole]-4"-carboxylate (3c)

Following GP2 and GP3. Prepared from methyl (E)-5-(2-fluorobenzylidene)-1,2-dimethyl-4-oxo-
4,5-dihydro-1H-pyrrole-3-carboxylate (1c) (0.1 mmol, 27.5 mg), 3-isothiocyanato-1-methylindolin-2-
one (2a) (0.13 mmol, 27 mg), catalyst IXb (0.01 mmol, 6.3 mg), anhydrous (trifluoromethyl)benzene,
25°C, 24 h. Isolation of rac-3c and 3c: purification by column chromatography (EtOAc/petroleum
ether = 2:1). Yield (rac-3c): 40 mg (0.083 mmol, 83%) of white solid. 3¢: dr = 91:9. Yield: 24 mg (0.050
mmol, 50%) of white solid; mp = 235-237°C. [a]ort = +11.0 (c = 0.10, CHCls). EI-HRMS: m/z = 480.1387
(MH?); C2sH23FN3O4S requires: m/z =480.1388 (MH"); vmax 3176, 2944, 1724, 1669, 1612, 1526, 1490, 1470,
1439, 1416, 1375, 1342, 1303, 1286, 1270, 1214, 1169, 1152, 1110, 1101, 1073, 1019, 1003, 986, 965, 943,
904, 892, 876, 841, 805, 780, 769, 754, 741, 717 cm'. 'H-NMR (500 MHz, CDCls): 6 2.56 (s, 3H); 3.09 (s,
3H); 3.59 (s, 3H); 3.77 (s, 3H); 5.42 (s, 1H); 6.75 (dd, ] = 1.8; 7.7 Hz, 1H); 6.84 (ddd, | =1.2; 8.3; 9.8 Hz,
1H); 7.01 (td, ] =1.3; 7.7 Hz, 1H); 7.15-7.24 (m, 2H); 7.36 (td, ] =1.2; 7.8 Hz, 1H); 7.41 (td, ] = 1.7, 7.7 Hz,
1H); 7.84 (m, 2H). BC-NMR (126 MHz, CDCls): 6 14.78, 26.85, 32.63, 51.23, 52.35, 52.38, 72.98, 86.92,
101.95, 108.95, 115.90, 116.08, 117.53, 117.63, 124.02, 124.05, 124.65, 125.22, 126.32, 129.66, 130.42,
130.49, 131.36, 142.89, 160.18, 162.18, 164.63, 174.12, 185.89, 192.37, 197.50. HPLC: Chiralpak AD-H, n-
Hexane/i-PrOH = 80:20, flow rate 1.0 mL/min, A = 270 nm. Major diastereomer: {R = 13.6 minutes
(major); 45.0 minutes (minor) — 85% ee.

Methyl (3R,3'S,4'R)-3'-(2-methoxyphenyl)-1,1",5"-trimethyl-2,3"-dioxo-5'-thioxo-1",3"-
dihydrodispiro[indoline-3,2'-pyrrolidine-4',2"-pyrrole]-4"-carboxylate (3d)

Following GP2 and GP3. Prepared from methyl (E)-5-(2-methoxybenzylidene)-1,2-dimethyl-4-
0x0-4,5-dihydro-1H-pyrrole-3-carboxylate (1d) (0.1 mmol, 29 mg), 3-isothiocyanato-1-methylindolin-
2-one (2a) (0.13 mmol, 27 mg), catalyst IXb (0.01 mmol, 6.3 mg), anhydrous (trifluoromethyl)benzene,
25°C, 24 h. Isolation of rac-3d and 3d: purification by column chromatography (EtOAc/petroleum
ether = 2:1). Yield (rac-3d): 13 mg (0.026 mmol, 26%) of brownish solid. 3d: dr = 87:13. Yield: 13 mg
(0.026 mmol, 26%) of white solid; mp = 225-227°C. [a]ort = +42.0 (¢ = 0.10, CHCls). EI-HRMS: m/z =
492.1587 (MH); C26H26N3O0sS requires: m/z = 492.1588 (MH?*); vmax 3192, 2951, 1722, 1683, 1651, 1612,
1529, 1489, 1469, 1439, 1419, 1374, 1347, 1296, 1248, 1211, 1171, 1148, 1122, 1103, 1067, 1020, 981, 943,
907, 868, 835, 815, 777, 756, 716, 706 cm™. 'TH-NMR (500 MHz, CDCls): 6 2.49 (s, 3H); 3.16 (s, 3H); 3.34
(s, 3H); 3.41 (s, 3H); 3.77 (s, 3H); 5.47 (s, 1H); 6.63 (dd, ] =1.3; 8.3, Hz, 1H); 6.77 (td, | = 1.4; 7.6 Hz, 2H);
7.08-7.17 (m, 2H); 7.31 (td, ] = 1.4; 7.7 Hz, 2H); 7.83 (dd, ] = 1.2, 7.5 Hz, 1H); 8.11 (s, 1H, NH). 3C-NMR
(126 MHz, CDCls): 6 14.48, 26.94, 32.19, 51.04, 52.67, 55.16, 72.68, 87.22, 101.01, 108.91, 110.54, 119.53,
120.15, 124.21, 125.41, 126.95, 128.22, 129.50, 130.92, 143.10, 157.99, 164.96, 174.93, 184.34, 192.79,
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198.02. HPLC: Chiralpak AD-H, n-Hexane/i-PrOH = 80:20, flow rate 1.0 mL/min, A = 254 nm. Major
diastereomer: {R = 14.2 minutes (major); 63.0 minutes (minor) — 80% ee.

Methyl (3R,3'S,4'R)-1,1",5"-trimethyl-2,3"-dioxo0-3'"-(thiophen-2-yl)-5'-thioxo-1",3"-
dihydrodispiro[indoline-3,2'-pyrrolidine-4',2"-pyrrole]-4"-carboxylate (3e)

Following GP2 and GP3. Prepared from methyl (E)-1,2-dimethyl-4-oxo-5-(thiophen-2-
ylmethylene)-4,5-dihydro-1H-pyrrole-3-carboxylate (1e) (0.1 mmol, 26.3 mg), 3-isothiocyanato-1-
methylindolin-2-one (2a) (0.13 mmol, 27 mg), catalyst IXb (0.01 mmol, 6.3 mg), anhydrous
(trifluoromethyl)benzene, 25°C, 24 h. Isolation of rac-3¢ and 3e: purification by column
chromatography (EtOAc/petroleum ether = 2:1). Yield (rac-3e): 21 mg (0.045 mmol, 45%) of white
solid. 3e: dr =76:24. Yield: 20 mg (0.043 mmol, 43%) of yellowish solid; mp = 272-274°C. [a]ort = +25.0
(c=0.10, CHCls). EI-HRMS: m/z = 468.1041 (MH); C2sH22N304S:2 requires: m/z = 468.1046 (MH?*); vVmax
3234, 3089, 3005, 2952, 2243, 1722, 1662, 1610, 1524, 1490, 1470, 1437, 1417, 1368, 1344, 1298, 1264, 1205,
1169, 1124, 1087, 1020, 998, 944, 903, 849, 783, 753, 730 cm'. 'H-NMR (500 MHz, CDCls): 6 2.63 (s, 3H);
3.08 (s, 3H); 3.60 (s, 3H); 3.77 (s, 3H); 5.17 (s, 1H); 6.47-6.59 (m, 1H); 6.72-6.86 (m, 2H); 7.14 (dd, ] = 1.1;
5.2Hz, 1H); 7.19 (t, | =7.5 Hz, 1H); 7.38 (t, ] =7.8 Hz, 1H); 7.76 (d, ] = 7.3 Hz, 1H); 8.07 (s, 1H, NH). 3C-
NMR (126 MHz, CDCls): 6 14.94, 26.81, 32.48, 51.21, 57.60, 73.20, 86.72, 101.80, 109.06, 124.55, 124.82,
126.58, 126.61, 126.87, 128.19, 130.89, 131.44, 143.31, 164.44, 173.48, 186.21, 192.78, 197.04. HPLC:
Chiralpak AD-H, n-Hexane/i-PrOH = 80:20, flow rate 1.0 mL/min, A = 254 nm. Major diastereomer:
R =12.0 minutes (major); 52.1 minutes (minor) — 96% ee.

Methyl (3R,3'S,4'R)-1,1",5,5"-tetramethyl-2,3"-dioxo-3'-phenyl-5'-thioxo-1",3"-
dihydrodispiro[indoline-3,2'-pyrrolidine-4',2"-pyrrole]-4"-carboxylate (3f)

Following GP2 and GP3. Prepared from methyl (E)-5-benzylidene-1,2-dimethyl-4-oxo-4,5-
dihydro-1H-pyrrole-3-carboxylate (1a) (0.1 mmol, 26 mg), 3-isothiocyanato-1,5-dimethylindolin-2-
one (2b) (0.13 mmol, 29 mg), catalyst IXb (0.01 mmol, 6.3 mg), anhydrous (trifluoromethyl)benzene,
25°C, 48 h. Isolation of rac-3f and 3f: purification by column chromatography (EtOAc/petroleum
ether = 2:1). Yield (rac-3f): 11 mg (0.023 mmol, 23%) of white solid. 3f: dr = 99:1. Yield: 15 mg (0.0315
mmol, 31%) of yellowish solid; mp = 273-280°C. [a]ort = +3.2 (c = 0.09, CH2Cl2). EI-HRMS: m/z =
476.1632 (MH); C26H26N3O4S requires: m/z = 476.1639 (MH?*); vmax 3160, 2945, 2923, 1719, 1696, 1652,
1527, 1490, 1437, 1353, 1207, 1141, 1104, 1065, 1020, 980, 810, 738, 707, 698, 670 cm™. '"H-NMR (500
MHz, CDCls): 6 2.31 (s, 3H); 2.53 (s, 3H); 3.07 (s, 3H); 3.54 (s, 3H); 3.76 (s, 3H); 4.87 (s, 1H); 6.64 (d, | =
7.6 Hz, 1H); 6.96 (d, ] = 7.5 Hz, 2H); 7.15 (dt, | = 7.3, 4H); 7.59 (s, 1H); 8.29 (s, 1H, NH). 3C-NMR (126
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MHz, CDCls): 6 14.72, 21.09, 26.94, 32.46, 51.14, 62.30, 73.32, 87.60, 101.60, 108.92, 125.33, 126.84, 128.61,
128.74, 129.07, 130.28, 131.43, 134.46, 140.55, 164.49, 173.99, 185.64, 193.02, 197.36. HPLC: Chiralpak
AD-H, n-Hexane/EtOH = 85:15, flow rate 1.0 mL/min, A = 300 nm. Major diastereomer: tR = 20.3
minutes (major); 34.3 minutes (minor) — 98% ee.

Methyl (3R,3'S,4'R)-1,1",5,5"-tetramethyl-3'-(3-nitrophenyl)-2,3"-dioxo-5'-thioxo-1",3"-
dihydrodispiro[indoline-3,2'-pyrrolidine-4',2"-pyrrole]-4"-carboxylate (3g)

Following GP2 and GP3. Prepared from methyl (E)-1,2-dimethyl-5-(3-nitrobenzylidene)-4-oxo-
4,5-dihydro-1H-pyrrole-3-carboxylate  (1b) (0.1 mmol, 30.2 mg), 3-isothiocyanato-1,5-
dimethylindolin-2-one (2b) (0.13 mmol, 29 mg), catalyst IXb (0.01 mmol, 6.3 mg), anhydrous
(trifluoromethyl)benzene, 25°C, 48 h. Isolation of rac-3g and 3g: purification by column
chromatography (EtOAc/petroleum ether = 2:1). Yield (rac-3g): 18 mg (0.0346 mmol, 34%) of white
solid. 3g: dr = 94:6. Yield: 21 mg (0.0403 mmol, 40%) of white solid; mp = 160-164°C. [a]o"t = +11.1 (c
= 0.7, CHCIs). EI-HRMS: m/z = 521.1482 (MH); C2sH2sN4O6S requires: m/z = 521.1489 (MH*); vmax 2946,
2921, 1718, 1688, 1607, 1528, 1500, 1436, 1418, 1348, 1201, 1141, 1096, 1063, 1015, 901, 810, 771, 730, 692,
657 cm. TH-NMR (500 MHz, CDCls): 6 2.37 (s, 3H); 2.61 (s, 3H); 3.11 (s, 3H); 3.57 (s, 3H); 3.77 (s, 3H);
4.99 (s, 1H); 6.72 (d, ] =7.9 Hz, 1H); 7.14 - 7.21 (m, 2H); 7.34 (t, ] = 8.0 Hz, 1H); 7.63 (d, ] = 1.6 Hz, 1H);
7.97 (t,]=2.1 Hz, 1H); 8.05-8.09 (m, 1H); 8.48 (s, 1H, NH). 3C-NMR (126 MHz, CDCls): 6 14.90, 21.16,
26.91, 32.44, 51.27, 60.52, 72.89, 87.03, 101.98, 109.18, 123.34, 123.57, 125.42, 126.08, 129.85, 131.98,
132.83, 134.87, 135.62, 140.45, 148.34, 164.26, 173.28, 186.33, 192.65, 196.35. HPLC: Chiralpak AD-H, n-
Hexane/i-PrOH = 75:25, flow rate 1.0 mL/min, A = 230 nm. Major diastereomer: {R = 9.5 minutes
(major); 18.6 minutes (minor) — 94% ee.
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Methyl (3R,3'S,4'R)-3'-(4-fluorophenyl)-1,1",5,5"-tetramethyl-2,3"-dioxo-5"-thioxo-1",3"-
dihydrodispiro[indoline-3,2'-pyrrolidine-4',2"-pyrrole]-4"-carboxylate (3h)

Following GP2 and GP3. Prepared from methyl (E)-5-(4-fluorobenzylidene)-1,2-dimethyl-4-oxo-
4,5-dihydro-1H-pyrrole-3-carboxylate (1f) (0.1 mmol, 28 mg), 3-isothiocyanato-1,5-dimethylindolin-
2-one (2b) (0.13 mmol, 29 mg), catalyst IXb (0.01 mmol, 6.3 mg), anhydrous (trifluoromethyl)benzene,
25°C, 48 h. Isolation of rac-3h and 3h: purification by column chromatography (EtOAc/petroleum
ether = 1:2). Yield (rac-3h): 20 mg (0.0405 mmol, 40%) of white solid. 3h: dr = 94:6. Yield: 22.5 mg
(0.0455 mmol, 45%) of white solid; mp = 150-156°C. [a]p"t = +61.5 (c = 0.13, CHCls). EI-HRMS: m/z =
494.1539 (MH); C26H2sFN3O4S requires: m/z = 494.1544 (MH"); vmax 2948, 1716, 1689, 1606, 1528, 1511,
1500, 1437, 1418, 1353, 1232, 1204, 1164, 1141, 1096, 1063, 1012, 891, 838, 805, 788, 769, 737, 689, 657 cm
1. TH-NMR (500 MHz, CDCls): 6 2.34 (s, 3H); 2.57 (s, 3H); 3.06 (s, 3H); 3.60 (s, 3H); 3.77 (s, 3H); 4.84 (s,
1H); 6.65 (d, ] = 7.9 Hz, 1H); 6.80 — 6.87 (m, 2H); 6.95 - 7.01 (m, 2H); 7.12 - 7.17 (m, 1H); 7.57 - 7.61 (m,
1H); 8.16 (s, 1H, NH). ®C-NMR (126 MHz, CDCls): 6 14.82, 21.14, 26.86, 32.58, 51.19, 62.09, 73.48, 87.43,
101.95, 108.90, 115.71, 115.88, 125.29, 125.95, 125.98, 126.70, 131.23, 131.29, 131.58, 134.61, 140.49,
161.82, 163.80, 164.38, 173.83, 185.99, 192.96, 197.34. HPLC: Chiralpak AD-H, n-Hexane/i-PrOH =
75:25, flow rate 1.0 mL/min, A = 230 nm. Major diastereomer: {R = 5.6 minutes (major); 26.4 minutes
(minor) — 95% ee.

Methyl (3R,3'S,4'R)-3'-(4-bromo-3-methoxyphenyl)-1,1",5,5"-tetramethyl-2,3"-dioxo-5'-thioxo-
1",3"-dihydrodispiro[indoline-3,2'-pyrrolidine-4',2"-pyrrole]-4"-carboxylate (3i)

Following GP2 and GP3. Prepared from methyl (E)-5-(3-bromo-4-methoxybenzylidene)-1,2-
dimethyl-4-oxo0-4,5-dihydro-1H-pyrrole-3-carboxylate (1g) (0.1 mmol, 37 mg), 3-isothiocyanato-1,5-
dimethylindolin-2-one (2b) (0.13 mmol, 29 mg), catalyst IXb (0.01 mmol, 6.3 mg), anhydrous
(trifluoromethyl)benzene, 25°C, 72 h. Isolation of rac-3i and 3i: purification by column
chromatography (EtOAc/petroleum ether = 1:2). Yield (rac-3i): 9 mg (0.0154 mmol, 15%) of white
solid. 3i: dr = 82:18. Yield: 11 mg (0.0188 mmol, 18%) of white solid; mp = 176-180°C. [a]o"t =+12.6 (c
= 0.8, CHClIs). EI-HRMS: m/z = 584.0850 (MH*); C2H26BrNsOsS requires: m/z = 584.0849 (MH?*); Vmax
2929, 1716, 1686, 1604, 1526, 1499, 1436, 1354, 1288, 1261, 1199, 1140, 1096, 1055, 1016, 812, 770, 680,
659 cm!. 'TH-NMR (500 MHz, DMSO-de): 0 2.38 (s, 3H); 2.55 (s, 3H); 3.08 (s, 3H); 3.50 (s, 3H); 3.61 (s,
3H); 3.75 (s, 3H); 4.53 (s, 1H); 6.85 (dd, ] = 2.4; 8.8 Hz, 1H); 6.96 (t, ] = 8.5 Hz, 2H); 7.03 - 7.07 (m, 1H);
7.23 - 7.27 (m, 1H); 7.32 - 7.37 (m, 1H); 11.37 (s, 1H). *C-NMR (126 MHz, DMSO-ds): 6 14.36, 20.70,
26.62,31.91,50.30, 56.11, 59.73, 73.09, 87.44, 100.32, 109.44, 110.34, 112.88, 123.62, 123.98, 127.12, 129.58,
131.12,132.58, 133.22, 140.58, 155.27, 163.32, 173.24, 185.03, 191.47, 195.70. HPLC: Chiralpak AD-H, n-
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Hexane/i-PrOH = 75:25, flow rate 1.0 mL/min, A = 230 nm. Major diastereomer: R = 9.9 minutes
(major); 19.2 minutes (minor) — 85% ee.

Methyl (3R,3'S,4'R)-1,1",5,5"-tetramethyl-2,3"-dioxo-3'-(thiophen-2-yl)-5'-thioxo-1",3"-
dihydrodispiro[indoline-3,2'-pyrrolidine-4',2"-pyrrole]-4"-carboxylate (3j)

Following GP2 and GP3. Prepared from methyl (E)-1,2-dimethyl-4-oxo-5-(thiophen-2-
ylmethylene)-4,5-dihydro-1H-pyrrole-3-carboxylate (1e) (0.1 mmol, 26.3 mg), 3-isothiocyanato-1,5-
dimethylindolin-2-one (2b) (0.13 mmol, 29 mg), catalyst IXb (0.01 mmol, 6.3 mg), anhydrous
(trifluoromethyl)benzene, 25°C, 74 h. Isolation of rac-3j and 3j: purification by column
chromatography (EtOAc/petroleum ether = 1:2). Yield (rac-3j): 12 mg (0.0249 mmol, 25%) of white
solid. 3j: dr = 90:10. Yield: 18 mg (0.0373 mmol, 37%) of white solid; mp = 210-216°C. [a]o"t =+49.5 (c
=0.6, CHCls). EI-HRMS: m/z = 482.1195 (MH*); C24H24N3Ou4S2 requires: m/z = 482.1203 (MHY); vmax 2917,
1718, 1686, 1605, 1524, 1499, 1435, 1416, 1353, 1291, 1200, 1140, 1094, 1063, 1015, 910, 813, 756, 698, 665,
611 cm™. 'TH-NMR (500 MHz, CDCls): 6 2.34 (s, 3H); 2.63 (s, 3H); 3.07 (s, 3H); 3.58 (s, 3H); 3.77 (s, 3H);
5.14 (s, 1H); 6.56 (d, ] = 3.6 Hz, 1H); 6.69 (d, ] = 8.0 Hz, 1H); 6.78 (dd, ] = 3.6; 5.1 Hz, 1H); 7.11 - 7.19 (m,
2H); 7.56 — 7.61 (m, 1H); 8.32 (s, 1H, NH). *C-NMR (126 MHz, CDCls): 6 14.89, 21.11, 26.83, 32.42,
51.17, 57.52, 73.30, 86.80, 101.71, 108.87, 125.42, 126.51, 126.59, 126.84, 128.08, 131.02, 131.62, 134.56,
140.87, 164.46, 173.40, 186.16, 192.93, 196.97. HPLC: Chiralpak AD-H, n-Hexane/i-PrOH = 75:25, flow
rate 1.0 mL/min, A = 230 nm. Major diastereomer: tR = 7.5 minutes (major); 26.6 minutes (minor) —
98% ee.

Methyl (35,3'R,4'S)-3'-(4-bromophenyl)-1,5"-dimethyl-2,3"-dioxo-5'-thioxo-1",3"-
dihydrodispiro[indoline-3,2'-pyrrolidine-4',2"-pyrrole]-4"-carboxylate (3k)

Following GP2 and GP3. Prepared from methyl (Z)-5-(4-bromobenzylidene)-2-methyl-4-oxo-4,5-
dihydro-1H-pyrrole-3-carboxylate (11) (0.1 mmol, 32 mg), 3-isothiocyanato-1-methylindolin-2-one
(2a) (0.13 mmol, 27 mg), catalyst IXb (0.01 mmo], 6.3 mg), anhydrous (trifluoromethyl)benzene, 25°C,
24 h. Isolation of rac-3k and 3k: purification by column chromatography (EtOAc/petroleum ether =
1:2). Yield (rac-3k): 38 mg (0.072 mmol, 72%) of yellow-orange solid. 3k: dr = 81:19. Yield: 4 mg (0.0076
mmol, 7%) of pale-green solid; mp = 200-203°C. [a]o"t = +521.0 (c = 0.10, CHCls). EI-HRMS: m/z =
526.0427 (MH*); C24H21BrN3OuS requires: m/z = 526.0431 (MH*); vmax 3269, 2945, 1669, 1613, 1511, 1491,
1471, 1440, 1376, 1353, 1314, 1199, 1167, 1132, 1092, 1057, 1010, 956, 863, 828, 752 cm'. 'H-NMR (500
MHz, CDCls): 6 2.61 (s, 3H); 3.15 (s, 3H); 3.72 (s, 3H); 4.36 (s, 1H); 6.78 (d, ] = 7.8 Hz, 1H); 6.90 — 6.96
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(m, 2H); 7.18 - 7.26 (m, 3H); 7.37 (t, ] = 7.7 Hz, 1H); 7.65 (d, ] = 7.4 Hz, 1H); 8.08 (s, 1H, NH); 8.34 (s, 1H,
NH). BC-NMR (126 MHz, CDCls): 6 18.09, 26.99, 51.20, 58.71, 72.91, 80.42, 102.78, 109.70, 123.53,
123.58, 124.56, 124.82, 128.19, 130.98, 131.74, 132.00, 143.41, 164.13, 174.97, 183.04, 191.38, 200.40.
HPLC: Chiralpak AD-H, n-Hexane/i-PrOH = 80:20, flow rate 1.0 mL/min, A = 254 nm. Major
diastereomer: {R = 27.2 minutes (minor); 40.4 minutes (major) — 18% ee.

Methyl (35,3'R,4'S)-1,5,5"-trimethyl-3'-(3-nitrophenyl)-2,3"-dioxo-5'-thioxo-1",3"-
dihydrodispiro[indoline-3,2'-pyrrolidine-4',2"-pyrrole]-4"-carboxylate (31)

|
N
HN

Following GP2 and GP3. Prepared from methyl (Z)-2-methyl-5-(3-nitrobenzylidene)-4-oxo-4,5-
dihydro-1H-pyrrole-3-carboxylate (Im) (0.1 mmol, 29 mg), 3-isothiocyanato-1,5-dimethylindolin-2-
one (2b) (0.13 mmol, 29 mg), catalyst IXb (0.01 mmol, 6.3 mg), anhydrous (trifluoromethyl)benzene,
25°C, 74 h. Isolation of rac-31 and 3I: purification by column chromatography (EtOAc/petroleum ether
= 1:2). Yield (rac-31): 15 mg (0.0296 mmol, 29%) of white solid. 31: dr = 84:16. Yield: 10 mg (0.0197
mmol, 19%) of white solid; mp = 190-196°C. [a]p"+ = -32.0 (c = 0.9, CHCls). EI-HRMS: m/z = 507.1329
(MH); C2sH23N4OsS requires: m/z = 507.1333 (MH*); vmax 2940, 1692, 1621, 1607, 1529, 1498, 1439, 1349,
1316, 1291, 1196, 1166, 1097, 1055, 1008, 812, 753, 734, 689 cm-'. 'H-NMR (500 MHz, DMSO-de): 6 2.37
(s, 3H); 3.02 (s, 3H); 3.55 (s, 3H); 4.37 (s, 1H); 6.89 (d, ] =8.0 Hz, 1H); 7.19 — 7.24 (m, 1H); 7.39 - 7.43 (m,
1H); 7.45-7.51 (m, 2H); 7.92 (¢, ] = 2.1 Hz, 1H); 8.05 - 8.09 (m, 1H); 9.67 (s, 1H, NH); 11.30 (s, 1H, NH)
one Me group is overlapped with the signal for the DMSO. *C-NMR (126 MHz, DMSO-ds): 6 16.64,
20.60, 26.45, 50.13, 58.18, 73.14, 80.71, 99.94, 109.43, 123.61, 123.68, 124.42, 124.60, 130.04, 131.23, 132.04,
133.22, 136.38, 141.00, 147.54, 163.20, 173.34, 184.56, 191.31, 198.76. HPLC: Chiralpak AD-H, n-
Hexane/i-PrOH = 75:25, flow rate 1.0 mL/min, A = 230 nm. Major diastereomer: {R = 19.2 minutes
(minor); 27.6 minutes (major) — 57% ee.
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Methyl rel-(3R,3'S,4'R)-1,1",5"-trimethyl-3'-(4-nitrophenyl)-2,3"-dioxo-5'-thioxo-1",3"-
dihydrodispiro[indoline-3,2'-pyrrolidine-4',2"-pyrrole]-4"-carboxylate (rac-3m)

Following GP2. Prepared from methyl (E)-1,2-dimethyl-5-(4-nitrobenzylidene)-4-oxo-4,5-
dihydro-1H-pyrrole-3-carboxylate (1h) (0.1 mmol, 30 mg), 3-isothiocyanato-1-methylindolin-2-one
(2a) (0.13 mmol, 27 mg), DABCO (0.01 mmol, 1.2 mg), THF, 25°C, 24 h. Isolation of rac-3m:
purification by column chromatography (EtOAc/petroleum ether = 2:1). rac-3m: dr = 57:43. Yield: 44
mg (0.087 mmol, 87%) of orange solid; mp =195-199°C. EI-HRMS: m/z = 507.1329 (MH); C2sH23N4O6S
requires: m/z = 507.1333 (MH); vmax 3505, 3168, 2946, 2169, 1717, 1677, 1609, 1519, 1492, 1470, 1437,
1417, 1372, 1345, 1199, 1108, 1062, 1020, 945, 887, 850, 777, 753, 734 cm™'. 'H-NMR (500 MHz, DMSO-
ds) for the major diastereomer: 6 2.57 (s, 3H); 3.11 (s, 3H); 3.50 (s, 3H); 3.61 (s, 3H); 4.76 (s, 1H); 7.07 -
712 (m, 2H); 7.27 — 7.34 (m, 2H); 7.46 (td, | = 1.2; 7.8 Hz, 1H); 7.57 (d, | = 6.7 Hz, 1H); 8.04 — 8.12 (m,
2H); 11.46 (s, 1H, NH). 'H-NMR (500 MHz, DMSO-ds) for the minor diastereomer: 6 2.61 (s, 3H); 3.14
(s, 3H); 3.30 (s, 3H); 3.58 (s, 3H); 4.54 (s, 1H); 7.01 (d, ] = 7.8 Hz, 1H); 7.22 (¢, ] = 7.5 Hz, 1H); 7.39 (td, ] =
1.3, 7.7 Hz, 1H); 7.87 — 7.92 (m, 2H); 8.63 (dd, | = 1.2; 7.6 Hz, 1H); 11.49 (s, 1H, NH). 3C-NMR (126
MHz, DMSO-ds) for both diastereomers: 6 14.42, 26.70, 26.91, 29.76, 31.87, 50.32, 50.35, 52.24, 59.79,
71.67, 72.76, 87.22, 88.41, 100.36, 100.46, 109.46, 109.89, 123.05, 123.08, 123.45, 124.02, 124.10, 124.68,
126.70, 128.58, 129.76, 130.87, 131.15, 131.19, 137.86, 138.62, 142.94, 143.64, 147.24, 163.29, 163.38,
172.97, 174.65, 184.01, 185.48, 189.16, 191.12, 193.57, 195.30.

Methyl rel-(3R,3'S,4'R)-3'-(2-bromophenyl)-1,1",5"-trimethyl-2,3"-dioxo-5'-thioxo-1",3"-
dihydrodispiro[indoline-3,2'-pyrrolidine-4',2"-pyrrole]-4"-carboxylate (rac-3n)

Following GP2. Prepared from methyl (E)-5-(2-bromobenzylidene)-1,2-dimethyl-4-oxo-4,5-
dihydro-1H-pyrrole-3-carboxylate (1i) (0.1 mmol, 34 mg), 3-isothiocyanato-1-methylindolin-2-one
(2a) (0.13 mmol, 27 mg), DABCO (0.01 mmol, 1.2 mg), THF, 25°C, 24 h. Isolation of rac-3n:
purification by column chromatography (EtOAc/petroleum ether = 2:1). rac-3n: dr = 72:28. Yield: 25
mg (0.046 mmol, 46%) of pale-brown solid; mp = 196-200°C. EI-HRMS: m/z = 540.0588 (MH*);,
C25H23BrNsOsS requires: m/z = 540.0587 (MH?); vmax 3232, 2929, 1717, 1658, 1611, 1525, 1490, 1470, 1435,
1416, 1373, 1349, 1201, 1102, 1061, 1021, 980, 864, 830, 800, 749 cm™. 'H-NMR (500 MHz, CDCls) for
the major diastereomer: 6 2.45 (s, 3H); 2.96 (s, 3H); 3.59 (s, 3H); 3.68 (s, 3H); 5.74 (s, 1H); 6.65 (d, | =7.8
Hz, 1H); 6.95 - 7.00 (m, 1H); 7.06 — 7.15 (m, 2H); 7.23 — 7.34 (m, 2H); 7.48 (dd, ] = 1.6; 8.1 Hz, 1H); 7.83
(d, ]=7.4 Hz, 1H); 8.10 (s, 1H, NH). 'H-NMR (500 MHz, CDCls) for the minor diastereomer: 6 2.37 (s,
3H); 3.05 (s, 3H); 3.54 (s, 3H); 3.68 (s, 3H); 5.49 (s, 1H); 7.59 - 7.64 (m, 2H). *C-NMR (126 MHz, CDCls)
for the major diastereomer: 6 14.81, 26.81, 33.27, 51.21, 58.63, 74.10, 86.93, 102.51, 108.99, 124.27, 125.91,
125.93, 127.03, 127.66, 129.96, 130.14, 130.79, 131.23, 133.81, 142.86, 164.63, 174.06, 185.96, 192.02,
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197.70. BC-NMR (126 MHz, CDCls) for the minor diastereomer: 6 14.96, 26.76, 33.35, 51.27, 61.59,
85.48, 88.95, 102.96, 108.50, 124.00, 125.61, 126.99, 127.77, 128.89, 129.80, 130.24, 130.67, 131.12, 133.68,
143.23, 164.18, 170.24, 173.09, 184.41, 189.98.

Methyl rel-(3R,3'S,4'R)-3'-(4-methoxyphenyl)-1,1",5"-trimethyl-2,3"-dioxo-5'-thioxo-1",3"-
dihydrodispiro[indoline-3,2'-pyrrolidine-4',2"-pyrrole]-4"-carboxylate (rac-30)

Following GP2. Prepared from methyl (E)-5-(4-methoxybenzylidene)-1,2-dimethyl-4-oxo-4,5-
dihydro-1H-pyrrole-3-carboxylate (1j) (0.1 mmol, 29 mg), 3-isothiocyanato-1-methylindolin-2-one
(2a) (0.13 mmol, 27 mg), DABCO (0.01 mmol, 1.2 mg), THF, 25°C, 24 h. Isolation of rac-30:
purification by column chromatography (EtOAc/petroleum ether = 2:1). rac-30: dr = 87:13. Yield: 25
mg (0.051 mmol, 51%) of yellow solid; mp = 189-194°C. EI-HRMS: m/z = 492.1584 (MH*); C2sH26N3055
requires: m/z = 492.1588 (MH*); vmax 3197, 2947, 2837, 2244, 1711, 1665, 1611, 1513, 1491, 1470, 1439,
1415, 1373, 1350, 1306, 1288, 1254, 1201, 1181, 1169, 1090, 1064, 1027, 945, 911, 797, 773, 756, 724 cm.
TH-NMR (500 MHz, CDCls) for the major diastereomer: 0 2.55 (s, 3H); 3.07 (s, 3H); 3.60 (s, 3H); 3.70 (s,
3H); 3.76 (s, 3H); 4.82 (s, 1H); 6.61 — 6.66 (m, 2H); 6.73 (d, ] =7.8 Hz, 1H); 6.89 — 6.95 (m, 2H); 7.18 (¢, ] =
7.6 Hz, 1H); 7.34 (td, ] = 1.2; 7.8 Hz, 1H); 7.73 — 7.80 (m, 1H); 8.17 (br s, 1H, NH). 'H-NMR (500 MHz,
CDCls) for the minor diastereomer: 6 2.61 (s, 3H); 3.12 (s, 3H); 3.33 (s, 3H); 3.64 (s, 3H); 3.75 (s, 3H);
4.42 (s, 1H); 6.51 — 6.55 (m, 2H); 7.01 — 7.05 (m, 2H). BC-NMR (126 MHz, CDCls) for the major
diastereomer: 0 14.81, 26.82, 32.59, 51.15, 55.24, 62.42, 73.48, 87.60, 101.79, 108.98, 114.08, 121.80, 124.42,
124.69, 126.98, 130.68, 131.16, 143.02, 159.71, 164.50, 174.13, 185.74, 193.00, 197.77.

Methyl rel-(3R,3'S,4'R)-3'-(furan-2-y1)-1,1",5"-trimethyl-2,3"-dioxo-5'-thioxo-1",3"-
dihydrodispiro[indoline-3,2'-pyrrolidine-4',2"-pyrrole]-4"-carboxylate (rac-3p)

Following GP2. Prepared from methyl (E)-5-(furan-2-ylmethylene)-1,2-dimethyl-4-oxo-4,5-
dihydro-1H-pyrrole-3-carboxylate (1k) (0.1 mmol, 25 mg), 3-isothiocyanato-1-methylindolin-2-one
(2a) (0.13 mmol, 27 mg), DABCO (0.01 mmol, 1.2 mg), THF, 25°C, 24 h. Isolation of rac-3p:
purification by column chromatography (EtOAc/petroleum ether = 2:1). rac-3p: dr = 66:34. Yield: 32
mg (0.071 mmol, 71%) of yellowish solid; mp = 271-273°C. EI-HRMS: m/z = 452.1281 (MH*);
C23H22N30sS requires: m/z = 452.1275 (MH*); vmax 3505, 3147, 2946, 17201677, 1662, 1610, 1519, 1493,
1470, 1437, 1417, 1372, 1350, 1345, 1201, 1157, 1110, 1089, 1063, 1018, 946, 932, 905, 886, 821, 774, 752
cm . TH-NMR (500 MHz, DMSO-ds) for the major diastereomer: 6 2.61 (s, 3H); 3.17 (s, 3H); 3.35 (s,
3H); 3.63 (s, 3H); 4.68 (s, 1H); 6.08 (d, | = 3.4 Hz, 1H); 6.32 (dd, ] = 1.8; 3.4 Hz, 1H); 7.14 (d, | = 7.8 Hz,
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1H); 7.25 - 7.30 (m, 1H); 7.45 - 7.51 (m, 2H); 7.53 (dd, ] = 1.2; 7.4 Hz, 1H); 11.37 (s, 1H, NH). "TH-NMR
(500 MHz, DMSO-ds) for the minor diastereomer: 0 2.67 (s, 3H); 3.21 (s, 3H); 3.24 (s, 3H); 3.64 (s, 3H);
451 (s, 1H); 5.82 (d, ] =3.4 Hz, 1H); 6.12 (dd, ] = 1.8; 3.4 Hz, 1H); 7.06 (d, | = 7.8 Hz, 1H); 7.13 (td, | = 1.0;
7.6 Hz, 1H); 7.38 (td, ] = 1.3; 7.7 Hz, 1H); 8.41 (dd, ] = 1.2; 7.5 Hz, 1H); 11.40 (s, 1H, NH). 3C-NMR (126
MHz, DMSO-ds) for both diastereomers: 6 14.30, 14.36, 26.66, 26.90, 29.58, 31.25, 46.37, 50.27, 50.31,
53.36,70.42,71.29, 86.10, 86.80, 99.42, 99.78, 108.65, 109.03, 109.11, 109.64, 110.50, 110.86, 122.81, 123.44,
123.80, 124.77, 127.32, 128.30, 130.53, 131.04, 142.88, 143.35, 143.52, 143.72, 144.61, 145.79, 163.47,
163.60, 172.90, 174.61, 183.78, 184.71, 188.93, 191.24, 193.45, 195.22.

Methyl (3R,3'S,4'R)-1,1",5"-trimethyl-5'-(methylthio)-2,3"-dioxo-3'-phenyl-1",3"-dihydro-3'H-
dispiro[indoline-3,2'-pyrrole-4',2"-pyrrole]-4"-carboxylate (4)

, @ MezCO, K2CO3

Mel, 0°C—rt, 24 h

Ja 4

To a solution of thioamide 3a (0.130 mmol, 60 mg) in anhydrous acetone (0.5 mL) under Argon
at 0°C, K2CO:s (0.156 mmol, 21.6 mg) and Mel (0.156 mmol, 9.7 uL) were added. The resulting reaction
mixture was stirred at room temperature for 24 h. Volatile components were evaporated in vacuo and
the residue was purified by column chromatography (Silica gel 60, EtOAc/petroleum ether = 2:1).
Fractionc containing the pure product 4 were combined and volatile components evaporated in vacuo.
Yield: 53.7 mg (0.113 mmol, 87%) white solid; dr =96:4; mp =275-277°C. [a]o"t =+98.5 (c=0.26, CHCls).
EI-HRMS: m/z = 476.1636 (MH); C26H26N3O4S requires: m/z = 476.1639 (MH*); vmax 2930, 1726, 1674,
1612, 1574, 1531, 1495, 1469, 1443, 1373, 1347, 1203, 1150, 1091, 1009, 859, 840, 794, 770, 749, 713, 679,
661, 642 cm 1. TH-NMR (500 MHz, CDCls): 6 2.45 (s, 3H); 2.59 (s, 3H); 3.20 (s, 3H); 3.50 (s, 3H); 3.82 (s,
3H); 4.81 (s, 1H); 6.81 (d, ] = 7.7 Hz, 1H), 6.90 — 6.96 (m, 2H); 7.09 — 7.18 (m, 4H); 7.32 (td, | = 1.2, 7.7 Hz,
1H); 7.63 (dd, ] =1.1; 7.5 Hz, 1H). 3C-NMR (126 MHz, CDCls): 6 13.68, 14.65, 26.69, 32.01, 51.20, 62.85,
84.20, 89.93, 101.78, 108.61, 124.02, 124.48, 127.89, 128.51, 128.67, 129.98, 130.64, 131.86, 143.23, 164.57,
172.51, 174.74, 183.56, 191.99.
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2. HPLC data

toluene, 25°C, 24 h
cat. I-XIII (10 mol%)
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Figure S5. Applied organocatalysts I-XII.
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Table S1. Evaluation of organocatalysts I-XII in bis-spiroheterocyclization of 5-arylidene-A2-

pyrrolin-4-one 1a with 3-isothiocyanatooxindole 2a.?

NCS

0] COo,Me toluene, 25°C, 24 h
cat. I-XIII (10 mol%)
Ph\%\ * mo g
| \
1a 2a

Catalyst Yield (%) drb ee (%)
1 Ia 70 97:3 19 (+)
2 IT 65 96:4 5(+)
3 IITa 31 83:17 11 (-)
4 v 57 96:4 8 (+)
5 Vb 59 77:23 39 (+)
6 VIa 39 94:6 42 (-)
7 VIb 59 93:7 79 (-)
8 VIla 61 95:5 22 (-)
9 VIIb 65 85:15 9(-)
10 VIIIb 49 90:10 79 (-)
11 IXa 63 94:6 60 (+)
12 IXb 60 95:5 79 (+)
13 IXc 52 93.7 66 (+)
14 Xb 64 85:15 77 (+)
15 XIa 40 78:22 32 ()
16 XIb 51 93:7 78 (-)
17 XII 64 96:4 49 (+)

[a] 5-Arylidene-A2-pyrrolin-4-one 1a (0.1 mmol), 3-isothiocyanato oxindole 2a (0.13 mmol), catalyst I-XII (10

mol%), anhydrous toluene (1 mL), 25°C, 24 h; ee and dr determined by HPLC after flash column chromatography.
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Table S2. Evaluation of organocatalyst IXb in bis-spiroheterocyclization of 5-arylidene-A2-pyrrolin-
4-one 1a with 3-isothiocyanatooxindole 2a.?

@] CO,Me NCS solvent, 25°C, 24 h
cat. IXb (10 mol%)
Ph\%\ * ©j/Lo g
| \
1a 2a
Solvent Yield (%) dr® ee (%)
1 toluene 60 95:5 79
2 1,4-dioxane 46 93:7 83
3 EtO 35 80:20 75
4 1,2-dimetoxyethane 49 95:5 78
5 THF 55 94:6 82
6 CH:Cl2 61 93.7 6
7 PhCFs 67 937 87
8 acetone 44 94:6 87
9  t-butyl methyl ketone 41 95:5 87
10 MeCN 30 79:21 52
11 MeOH 34 86:14 36

[a] 5-Arylidene-A2-pyrrolin-4-one 1a (0.1 mmol), 3-isothiocyanato oxindole 2a (0.13 mmol), catalyst IXb (10
mol%), solvent (1 mL), 25°C, 24 h; ee and dr determined by HPLC after flash column chromatography.
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Table S3. Bis-spiroheterocyclization of various 5-arylidene-A%-pyrrolin-4-ones 1 with 3-
isothiocyanatooxindoles 2 under optimized reaction conditions.?

0. CO,Me NCS  FaC-CgHs, 25°C, 24-72 h N._0o A
y cat. IXb (10 mol%) O
A, |\ + R 0 R
N N iy HN COzMe
) \ . R = Me (E)-configured ! /
R ' R=H (Z)-configured | S N
' R1=H, Me | R
1 2 R REEEEE SR . 3
Yield (%) dr ee (%)
1 67 93:7 Major: 87
3a
2 51 99:1 Major: 91
3b
3 50 91:9 Major: 85
3c
4 26 87:13 Major: 80
3d
5 43 76:24 Major: 96
3e
6 31 99:1 Major: 98
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7 94:6 Major: 94
8 94:6 Major: 95
9 82:18 Major: 85
10 90:10 Major: 98
11 81:19 Major: 21
12 84:16 Major: 57

[a] 5-Arylidene-A?-pyrrolin-4-one 1 (0.1 mmol), 3-isothiocyanato oxindole 2 (0.13 mmol), catalyst IXb (10 mol%),
anhydrous (trifluoromethyl)benzene (1 mL), 25°C, 24-72 h; ee determined by HPLC after the isolation of 3 by
column chromatography; dr determined by 'H-NMR (CDCls) after the isolation of 3 by column chromatography.
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Screening of catalysts (Table S1)

NCS  ioluene, 25°C, 24 h

0] CO,Me
cat. VI (10 mol%)
Ph. [ \ + 0 -
N

N \

1a 2a

Conditions for separation of the racemic mixture:
HPLC: Chiralpak IA-3, n-Hexane/EtOH = 80:20, flow rate 1.0 mL/min, A =230 nm.
Major diastereomer: {R = 14.2 minutes; 28.7 minutes.

Minor diastereomer: R = 23.3 minutes; 26.1 minutes.
DAD1 B, Sig=230 4 Ref=off (SEBASTIJAN RICKO\SR-1033-RAC-10.D)

mAU_E %
100 - ﬁ
80 ‘\
60 (| 8
n | =
403 [ © &
1 | - ol f
207 R 8 /\
] | \'\ Q o / N
) I P (.. -, —
e e e e T e e ——
5 10 15 20 25 30 35 40 min

Signal 2: DAD1 B, Sig=230,4 Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 14.233 BB 0.4539 3907.07129 127.35112 48.2698
2 23,271 BB 0.7569 245.97148 4.92276 3.0388
3 26.096 BB 0.8342 204.53429 3.60367 2,5269
4 28.736 BB 1.5490 3736.66138 34.46172 46.1645

Totals : 8094.23843 170.33927
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Table S1, Entry 1
Product Catalyst Yield (%) dr ee (%)
19
1 3a 70 93:7 (BR3SAR)
HPLC: Chiralpak IA-3, n-Hexane/EtOH = 80:20, flow rate 1.0 mL/min, A =230 nm.
Major diastereomer: {R = 14.2 minutes (major); 28.1 minutes (minor).
Minor diastereomer: tR = 23.1 minutes; 25.8 minutes.
DAD1 B, 5ig=230,4 Ref=off (SEBASTIJAN RIGKO\SR-1034-KLASIKA-1 D)
mAU 3 3
300—? %
250 |
200 “
150 I 5
100—; ‘ “.‘ © s b
50 \ I
bR :”‘. e ke N\/.\“\ﬁ S
5 10 15 20 25 30 35 40 i il
Signal 2: DAD1 B, Sig=230,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
S E RN P | <emmmeee | =emmmmeeee | =emmmeee |
1 14.169 BV 0.4407 1.05862e4 358.34497 55.5132
2 23,125 BB 0.6989 512.89288 11..14523 2.6896
3 25.834 BV 0.8827 717.42676 12.29667 3.7621
4 28.137 W 1.4176 7253.22607 73.48060 38.0352

Totals : 1.90698e4  455.26747
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Table S1, Entry 2

Product Catalyst Yield (%) dr ee (%)
2 3a 65 94:6 >
' (3R,3'S,4'R)

HPLC: Chiralpak IA-3, n-Hexane/EtOH = 80:20, flow rate 1.0 mL/min, A =230 nm.
Major diastereomer: {R = 14.3 minutes (major); 29.1 minutes (minor).

Minor diastereomer: {R = 23.2 minutes; 26.0 minutes.
DAD1 B, Sig=230,4 Ref=off (SEBASTIJAN RICKO\SR-1041-UG2-1.D)

mAU _E ﬁ
E X
|

25

/ 29.081

26.009

23171

I \ |
N Q,__‘ o T — |,/\_+‘/’7"~;{/7 — S

L L L L . R T T T T T T T T T

5 10 15 20 25 30 35 40

Signal 2: DAD1 B, Sig=230,4 Ref=off

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %

1 14.376 BB 0.5456 1176.18506 32.24003 49.4043
2 23.171 BB 0.7942 74.39867 1.42236 2:1258
3 26.009 BV 0.9569 60.73893 9.46273e-1 2,2513
4 29.081 VB 1.7077 1069.41052 8.88837 44.9194

Totals : 2380.73317 43.49703



Catalysts 2019, 9, x FOR PEER REVIEW 29 of 115

Table S1, Entry 3

Product Catalyst Yield (%) dr ee (%)
11
3 1 17
3 2 3 83 (35,3'R 4'S)

HPLC: Chiralpak IA-3, n-Hexane/EtOH = 80:20, flow rate 1.0 mL/min, A =230 nm.
Major diastereomer: {R = 14.4 minutes (major); 28.5 minutes (minor).

Minor diastereomer: tR = 22.9 minutes; 25.7 minutes.
DAD1 B, Sig=2304 Ref=off (SEBASTIJAN RICKO\SR-1054-EKSO KLASIKA-1.D)

mAU 1)
b
25 ﬁ
20 ( o
B i \ ~: 2
10 \ I\ 2 5
5 ‘\ \I \‘\ :N: ﬁ "‘J‘
0 e *,w\,\J\,\H“ \\’\AJ\ Vi O \x,\.)" 7\\r\4~—7— P, ‘\\ | //7\'\.‘1/ > -
5 T T4 T T T s T T T T T T T 40 min
Signal 2: DAD1 B, Sig=230,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 14.433 BV 0.5624 1167.79480 31.97993 36.9891
2 22.852 BNV 0.8011 255.99689 4.90368 8.1085
3 25.747 W 0.9904 288.93494 4.42155 9.1518
4 28.479 VB 1.6304 1444.40137 12.59083 45.7505
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Table S1, Entry 4

30 of 115

Product Catalyst Yield (%) dr ee (%)
4 3 57 94:6 8
a ' (3R,3'S,4'R)
HPLC: Chiralpak IA-3, n-Hexane/EtOH = 80:20, flow rate 1.0 mL/min, A =230 nm.
Major diastereomer: {R = 14.3 minutes (major); 28.3 minutes (minor).
Minor diastereomer: tR = 23.1 minutes; 25.8 minutes.
DAD1 B, Sig=2304 Ref=off (SEBASTIJAN RICKO\SR-1044-DIMER-2.D)
":t;z
120 I
100 [
= | 8
60 R %
40 | \‘\ 3 g /“‘
28 IS I . . S - J‘// \ .
5 10 15 2 25 s 3 " 40 _min
Signal 2: DAD1 B, Sig=230,4 Ref=off
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %
S R [ R = emmmmeee | =mmmmmnee = emmmmes |
1 14.279 BV 0.4918 5299.91260 159.45564 50.7903
2 23.104 BV 0.8918 270.77036 4.41294 2.5949
3 25.848 W 0.9483 351.57193 5.54078 3.3692
4 28.300 VB 1.6300 4512.62793 39.46461 43.2456

Totals : 1.04349e4 208.87397
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Table S1, Entry 5

31 of 115

Product Catalyst Yield (%) dr ee (%)
39
5 3a 59 77:23 (35,3RA'S)
HPLC: Chiralpak IA-3, n-Hexane/EtOH = 80:20, flow rate 1.0 mL/min, A =230 nm.
Major diastereomer: {R = 14.3 minutes (minor); 27.7 minutes (major).
Minor diastereomer: tR = 22.7 minutes; 25.5 minutes.
_ DAD1B, Sig=2304 Ref=off (SEBASTIAN RICKO\SR-1049-KLASIKA-TIOSECNINA-1.0)
] ‘. [ @ [\
] \ Jil N\ B |
20 I\ [ i =
0_:_ mmd \\/ e SRS \\. \\\\\\\\ \4// \\1‘ \\ o
s T T T 15 20 25 s 3 40 i
Signal 2: DAD1 B, Sig=230,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [ mAU ] %
R E—— [ R . [ =emmnne |
1 14.337 BV 0.5492 2868.12598 78.70261 23.5940
2 22.655 BV 0.7727 1701.71033 33.72332 13.9988
3 25.521 W 0.9287 1065.10229 17.14762 8.7618
4 27.735 B 1.6098 6521.21777 58.98644 53.6454
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Table S1, Entry 6

32 0f 115

Product Catalyst Yield (%) dr ee (%)
42
6 3a 39 94:6 (35,3R4'S)
HPLC: Chiralpak IA-3, n-Hexane/EtOH = 80:20, flow rate 1.0 mL/min, A =230 nm.
Major diastereomer: {R = 14.4 minutes (minor); 28.5 minutes (major).
Minor diastereomer: {R = 23.1 minutes; 25.9 minutes.
DADT B, Sig=230,4 Ref=off (SEBASTIVAN RICKO\SR-1036-COK5-2.D)
mAU 3 o ~
: 3
303 I N
254 “‘. [\
20 [ [\
hE R 3 g | \
3 : Nme eI SN~ S S T S S ———
T8 R 2 R 3% min
Signal 2: DAD1 B, Sig=230,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
s mmeee L P |=mmmeeees | =mmmm e | ==mmmee- |
1 14.361 BV 0.5257 1430.52429 40.34666 27.3512
2 23.084 VB 0.8277 99.27532 1.69405 1.8981
3 25.861 BV 1.0237 219.96614 3.30835 4.2057
4 28.477 VB 1.6306 3480.43628 30.15343 66.5450
Totals 5230.20203 75.50249
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Table S1, Entry 7

Product Catalyst Yield (%) dr ee (%)
79
7 3a 59 93:7 (35,3RA'S)
HPLC: Chiralpak IA-3, n-Hexane/EtOH = 80:20, flow rate 1.0 mL/min, A =230 nm.
Major diastereomer: {R = 14.5 minutes (minor); 27.5 minutes (major).
Minor diastereomer: tR = 22.9 minutes; 25.7 minutes.
DAD1 B, Sig=230,4 Ref=off (SEBASTIJAN RICKO\SR-1052-1.D)
mAU ] 5
100—f ‘E\
80 | \
60 g ‘ ‘L\
] N P
20 A | B o5
0,_ o~ w}‘ \\/"\ /\“" ‘\V{ ‘I“\w — Vi \iﬁ—-« —— —L/(\"\—ll/ \f; \\\‘g
R A T N A T T min)
Signal 2: DAD1 B, Sig=230,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
e R P [=mmmeeees [=mmmmeee [=mmmeee- |
1 14.478 BV 0.5730 1487.44055 38.99953 9.6553
2 22.889 W 1.1122 350.96564 4.44977 2,270
3 25.689 W 0.9194 699.48425 11.21954 4.5405
4 27.451 VB 1.6145 1.28675e4 114.54868 83.5259
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Table S1, Entry 8

Product Catalyst Yield (%) dr ee (%)
22
8 3a 61 95:5 (BSTRAS)

HPLC: Chiralpak IA-3, n-Hexane/EtOH = 80:20, flow rate 1.0 mL/min, A =230 nm.
Major diastereomer: {R = 14.5 minutes (minor); 28.1 minutes (major).

Minor diastereomer: {R = 23.3 minutes; 26.2 minutes.
DAD1 B, Sig=230,4 Ref=off (SEBASTIJAN RICKO\SR-1040-COK1-1.D)

mAU %
175 bt
150 “ &
125 [ 5
[ b
100 1 «
75 | | [ \
1\ |
50 boX

N
[4:]

) 23.281
26.213

Signal 2: DAD1 B, Sig=230,4 Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 14.499 BB 0.5064 6823.84277 201.88010 37.1463
2 23.281 BV 0.8657 373.84018 6.39832 2.0350
3 26,213 W 0.9093 548.69031 9.23374  2.9869
4 28.013 VBA  1.5502 1.06238e4 95.47191 57.8318
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Table S1, Entry 9

Product Catalyst Yield (%) dr ee (%)
9 3a 65 85:15 2
’ (35,3'R4'S)

HPLC: Chiralpak IA-3, n-Hexane/EtOH = 80:20, flow rate 1.0 mL/min, A =230 nm.
Major diastereomer: {R = 14.3 minutes (minor); 28.6 minutes (major).

Minor diastereomer: tR = 23.1 minutes; 25.8 minutes.
DAD1 B, Sig=230,4 Ref=off (SEBASTIJAN RICKO\SR-1042-COK2-1.D)

mAU ] S
60 @

o
503 ﬁ
] |
|
|

|
404

- | i :
203 “: \ “:\ 3 % ™\
1(0):2 Y, O ‘L‘\.\,J\/\/\J’M e “ \\\»—._ S ——— Lg\g‘M— ,N\ /J \\ SO = =
S s T T T s T s T s i
Signal 2: DAD1 B, Sig=230,4 Ref=o0off
Peak RetTime Type Width Area Height Area
= [min] [min] [mAU*s ] [mAU] %

1 14.310 BB 0.5141 2256.04102  65.45843 38.5872
2 23.094 BV 0.8269 312.42731 5.66917 5.3437
3 25.807 W 6.9833 556.37122 8.54837 9.5161
4 28.641 VB 1.5987 2721.76782  23.50952 46.5529

Totals : 5846.60736 103.18549
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Table S1, Entry 10

36 of 115

Product Catalyst Yield (%) dr ee (%)
79
10 3a 49 90:10 (35,3R 4'S)
HPLC: Chiralpak IA-3, n-Hexane/EtOH = 80:20, flow rate 1.0 mL/min, A =230 nm.
Major diastereomer: {R = 14.6 minutes (minor); 27.7 minutes (major).
Minor diastereomer: {R = 23.3 minutes; 25.9 minutes.
DAD1 B, Sig=230,4 Ref=off (SEBASTIJAN RICKO\SR-1043-1.D)
rr;20 g A»(O"s\bh
100 o | é“e@‘
80 8 & [
60 ’ ) = 8 %& \
40 I P o &9\
\ |\ A 5 N
22 mJ \“\,vq’\ SN [\ \1/'\* N & .j \(‘} \\ - ]
5 10 15 20 55 30 35 " 40 min
Signal 2: DAD1 B, Sig=230,4 Ref=off
Peak RetTime Type Width Area Height Area
i [min] [min] [mAU*s ] [mAU] %
S P [ [=mmmmmmeee | =emmmmeeee | =mmmmeee |
1 14.595 MM 0.6025 1827.35156 50.54627 9.4347
2 23.275 BB 0.7622 171.36247 3.45769 0.8848
3 25.928 MM 0.9574 1793.22827 31.21567 9.2586
4 27.696 MM 1.8273 1.55764e4 142.07478 80.4219

Totals

1.93683e4  227.29441
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Table S1, Entry 11
Product Catalyst Yield (%) dr ee (%)
60
11 3a 63 94:6 (3R3'S4R)
HPLC: Chiralpak IA-3, n-Hexane/EtOH = 80:20, flow rate 1.0 mL/min, A =230 nm.
Major diastereomer: {R = 14.5 minutes (major); 28.8 minutes (minor).
Minor diastereomer: {R = 23.3 minutes; 26.4 minutes.
DAD1 B, Sig=230,4 Ref=off (SEBASTIJAN RICKO\SR-1037-B-1.D)
rt :
350 3 I
300 [
250 "
200 i
1503 [ - o
100:2 Iq\\ ‘l '\,\ ff; g §
p B NI i S y— L .
s T T T T s T T T T T e 40 min
Signal 2: DAD1 B, Sig=230,4 Ref=off
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %
N P E |=mmmmmeee | =mmmmmeee |==nemmes |
1 14.457 BV 90.5169 1.51633e4 441.22498 75.2285
2 23.345 BV 0.7913 7860.51837 14.79960 3.8723
3 26.432 W 1.0052 367.03360 5.50971 1.8209
4 28.762 VB 1.7029 3845.49976 32.63084 19.0783
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Table S1, Entry 12
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Product Catalyst Yield (%) dr ee (%)
79
12 3a 60 95:5 (3R3'S4R)
HPLC: Chiralpak IA-3, n-Hexane/EtOH = 80:20, flow rate 1.0 mL/min, A =230 nm.
Major diastereomer: {R = 14.3 minutes (major); 29.4 minutes (minor).
Minor diastereomer: {R = 23.1 minutes; 25.9 minutes.
_ DAD1B, Sig=230 4 Ref=off (SEBASTAN RICKO\SR-1039-T-1.0)
s |
150 &
125 I b
100 \ 3”2‘
753 | i
50 '\ [ N 3 s
25 |\ b a >
0 ,‘f‘”fj e, _— e e ———
5 10 15 20 25 30 35
Signal 2: DAD1 B, Sig=230,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
B R P [=mmmmnees [=mmmmmees [=mmm e |
1 14.271 BB ©0.5034 3830.71387 114.17145 85.1403
2 23.127 BB 0.7816 203.10097 3.96485 4.5141
3 25.984 BB 0.7594 20.47176 3.68916e-1 0.4550
4 29.414 BB 1.7631 445.01138 3.39084 9.8907

4499.29798 121.89606
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Table S1, Entry 13

39 of 115

Product Catalyst Yield (%) dr ee (%)
66
13 3a 52 93:7 (BR3SAR)
HPLC: Chiralpak IA-3, n-Hexane/EtOH = 80:20, flow rate 1.0 mL/min, A =230 nm.
Major diastereomer: {R = 14.5 minutes (major); 29.1 minutes (minor).
Minor diastereomer: tR = 23.1 minutes; 27.5 minutes.
DADT B, Sig=2304 Ref=off (LUKA CIBER\LC-167-1.D)
mAU § n;\
250 i _@"r’
200 j “T&W
150 ; \'\ ©
100 “ . ) - @&ﬁb
0] SN O NTERND | e LT TP .t S
- 5 40 45 0 5 30 35 mi
Signal 2: DAD1 B, Sig=230,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s] [mAU] %
) e e [ [t ot |
1 15.833 MM 1.0902 1.91337e4 292.50098 77.1659
2 24,137 BY 1.0164 1094.74219 1613976 4.4151
3 26.661 VB 1.1734 700.82745 8.57576 2.8264
4 31.055 MM 2:9154 38B66.25928 Z5.81730 15.5926
Totals 2.47955e4 342.85380
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Table S1, Entry 14
Product Catalyst Yield (%) dr ee (%)
77
14 3a 64 85:15 (3R3'S4R)
HPLC: Chiralpak IA-3, n-Hexane/EtOH = 80:20, flow rate 1.0 mL/min, A =230 nm.
Major diastereomer: {R = 14.5 minutes (major); 29.1 minutes (minor).
Minor diastereomer: {R = 23.1 minutes; 27.5 minutes.
DAD1 B, Sig=230.4 Ref=off (SEBASTIJAN RICKO\SR-1045-AA-2.D)
mAUE %
200—? \ D
150% ““ | l\‘
100—2 |'\ ‘\ lw\ -
| P g
il yr.,,,.J N e Lf_p o JN\;HJ & 8 |
" 15 20 R % win
Signal 2: DAD1 B, Sig=230,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
e P P |=mmmmmees |=nmmmmees | =mmmmee- |
1 14.479 BV 0.5057 8770.49121 259.88300 74.9491
2 23.144 BV ©0.8138 1049.15405 19.19147 8.9657
3 27.527 W 1.7083 719.22180 5.19145 6.1462
4 29.087 VB 1.7161 1163.05652 9.19215 2.9350



Catalysts 2019, 9, x FOR PEER REVIEW

Table S1, Entry 15
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Product Catalyst Yield (%) dr ee (%)
32
15 3a 40 78:22 (35,3RA'S)
HPLC: Chiralpak IA-3, n-Hexane/EtOH = 80:20, flow rate 1.0 mL/min, A =230 nm.
Major diastereomer: {R = 14.5 minutes (minor); 28.1 minutes (major).
Minor diastereomer: {R = 23.1 minutes; 26.0 minutes.
DAD1 B, Sig=230,4 Ref=off (SEBASTIJAN RICKO\SR-1035-1.D)
mAU ] >
] B
100 ] B 8
80 1 &
] 1 N
60 [ R g [\
40 ‘q\ | 2 E | \‘\
] A R AT LAY B
22_ A \”\f\‘; A J\ - il S, NS, \7 - ,\r\ o
s T s a0 s Tam 3 40 mi
Signal 2: DAD1 B, Sig=230,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
R R P | wmmmme e = mmmee - = mmmeee |
1 14.541 BB 0.5293 3998.02026 113.96587 26.6750
2 23.079 VB 0.7649 1399.16870 27 .34564 9.3353
3 25.980 BV 1.1061 1887.74268 24.85325 12.5951
4 28.105 W 1.5447 7702.96924 71.74204 51.3946



Catalysts 2019, 9, x FOR PEER REVIEW 42 of 115

Table S1, Entry 16

Product Catalyst Yield (%) dr ee (%)
78
16 3a 51 93:7 GSTRAS)

HPLC: Chiralpak IA-3, n-Hexane/EtOH = 80:20, flow rate 1.0 mL/min, A =230 nm.
Major diastereomer: {R = 14.4 minutes (minor); 27.5 minutes (major).
Minor diastereomer: tR = 22.9 minutes; 25.7 minutes.

DAD1 B, Sig=230,4 Ref=off (SEBASTIJAN RICKO\SR-1050-1.D)
mAU 1“| o ,\/.\h
X
f I
100 ‘ N
&
| Y
80 ‘ A [\
\ qjl«()' / \\
60 [ g | o
40 \ ‘f‘?sep %.&:\ "%'bq')
|\ N g & 8 4
20 \ I\ > 6@
L S M & &7
0 s o ot o O L J — T~ Wl B
B S E— .
5 10 15 20 25 30 35 min|

Signal 2: DAD1 B, Sig=230,4 Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 14.438 MM 0.6381 1222.26746 31.92694 10.4631
2 22.852 MM 0.9817 248.03845 4.21090  2.1233
3 25.687 MM 1.0452 593.67596 9.46630 5.0821
4 27.533 MM 1.8041 9617.74219  88.84933 82.3315

Totals : 1.16817e4 134.45347
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Table S1, Entry 17

Product Catalyst Yield (%) dr ee (%)
49
17 3 4 4
2 6 % (3R,3'S,4'R)

HPLC: Chiralpak IA-3, n-Hexane/EtOH = 80:20, flow rate 1.0 mL/min, A =230 nm.
Major diastereomer: {R = 14.3 minutes (major); 29.1 minutes (minor).

Minor diastereomer: tR = 23.1 minutes; 26.0 minutes.
DAD1 B, Sig=230,4 Ref=off (SEBASTIJAN RICKO\SR-1038-KININ-1.D)

mAU 7 [

50 TﬁT
40 '

!

30 ‘,

20 [ =
i 1 ™
| ( \ (<] « =

M\ A s 8 g
| | 8
PRSI . U & W S I

T T T T T T T T T T T T T T T T T T T T T T T
10 20 30 40 50 min|

Signal 2: DAD1 B, Sig=230,4 Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 14.278 BB 0.5091 1898.25769 55.21992 72,1339
2 23.129 BB 0.5574  18.52749 3.99256e-1 0.7040
3 26.003 BV 0.8046  70.03498 1.04672 2.6613
4 29.131 VB 1.6744 644.75348 5.25884 24.5007

Totals : 2631.57364 61.92473
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Screening of solvents (Table S2)

@) COsMe solvent, 25°C, 24 h
cat. IXb (10 mol%)
Ph. [ \ + 0 -
N N
| \
1a 2a
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Table S2, Entry 2

Product Solvent Catalyst Yield (%) dr ee (%)
2 3a 1,4-dioxane IXb 46 93:7 83

HPLC: Chiralpak IA-3, n-Hexane/EtOH = 80:20, flow rate 1.0 mL/min, A =230 nm.
Major diastereomer: {R = 14.3 minutes (minor); 28.8 minutes (major).

Minor diastereomer: {R = 22.7 minutes; 25.8 minutes.
DAD1 B, Sig=230,4 Ref=off (DEF_LC 2018-02-14 16-01-03\SR-1063-AA-DIOKSAN.D)

mAU 7 o

1203 [

100 ’ a

80 I l |

60 \ \

ng /h,_;‘ \\\A\.,\AMN\_,N, R ST 1,-“ \\rﬂ\ . i _ALN\¥ a E— — ]

é 1|0 1[5 2|0 2|5 C ] 3|0 min|
Signal 2: DAD1 B, Sig=230,4 Ref=off
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %

1 14.328 BV 0.5210 5655.65820 162.91135 85.0962
2 22.706 VB 0.7066 434.18036 9.06840 6.5328
3 25.758 BB 0.8194  43.15456 7.49924e-1  0.6493
4 28.750 BB 1.7094 513.20129 4.30943 7«27
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Table S2, Entry 3

46 of 115

Product Solvent Catalyst Yield (%) dr ee (%)
3 3a Et:O IXb 35 80:20 75
HPLC: Chiralpak IA-3, n-Hexane/EtOH = 80:20, flow rate 1.0 mL/min, A =230 nm.
Major diastereomer: {R = 14.3 minutes (minor); 28.6 minutes (major).
Minor diastereomer: tR = 22.7 minutes; 26.1 minutes.
DAD1 B, Sig=230,4 Ref=off (SEBASTIJAN RICKO\SR-1057-AA-ET20.D)
mAU
300 “\ o
250 \ 5
2005 I n
150 < I\
180 l R g2 3 B
50? | ‘L\ =0 " ‘L\\ I/m.\ é §
04 —) A~ e R as
N 10 15 20 5 30 " 35 40 i
Signal 2: DAD1 B, Sig=230,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
oen [pmenn: [ P Pu— [— [—— |
1 14.279 BV 0.5527 7388.92480 202.96564 70.2176
2 22.668 VB 0.7891 1167.26477 22.50603 11.0926
3 26.133 BY 1.6817 900.90814 7.39315 8.5614
4 28.557 VB 1.6546 1065.75932 8.64332 10.1284
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Table S2, Entry 4

47 of 115

Product Solvent Catalyst Yield (%) dr ee (%)
4 3a 1,2-dimethoxyethane IXb 49 95:5 78
HPLC: Chiralpak IA-3, n-Hexane/EtOH = 80:20, flow rate 1.0 mL/min, A =230 nm.
Major diastereomer: {R = 15.1 minutes (minor); 30.6 minutes (major).
Minor diastereomer: R = 23.6 minutes; 26.4 minutes.
DAD1 B, Sig=230,4 Ref=off (SEBASTIJAN RICKO\SR-1107-DME-1.D)
mAU ] NS
250 E
200 .‘ ‘;‘
150 I
100 -
] \ 2 - &
50 \ e & =
] N & g 8
L b i — S B— — 1 = : —
5 10 15 20 25 30 35 40 min
Signal 2: DAD1 B, Sig=230,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

15.074 BB 0.8418 1.73278e4  293.89914 84.5014

1

2 23.629 BB 0.9158 748.16199 12.16074
3 26.371 BB 0.9909 252.73581 3.27295
4

3.6485
1.2325

30.636 BB 1.8908 2177.24268 15.27582 10.6176
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Table S2, Entry 5
Product Solvent Catalyst Yield (%) dr ee (%)
5 3a THEF IXb 55 94:6 82
HPLC: Chiralpak IA-3, n-Hexane/EtOH = 80:20, flow rate 1.0 mL/min, A =230 nm.
Major diastereomer: {R = 14.1 minutes (minor); 27.9 minutes (major).
Minor diastereomer: {R = 22.7 minutes; 25.7 minutes.
DAD1 B, Sig=230,4 Ref=off (SEBASTIJAN RICKO\SR-1056-AA-THF D)
mAU 3 2
1500 #‘*
12504 I[
1000 | I
7503 ‘\‘ N
| e 1o
NN N8 8
T 10 5 20 530 35 40 min
Signal 2: DAD1 B, Sig=230,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
s |mn e R P |=mmmmmeee | ==mmme e | ==mmmee- |
1 14.113 BV 0.5145 6.26878e4 1835.27515 84.9673
2 22.710 BV 0.7224 3460.78467 71.28317 4.6908
3 25.704 W 1.0498 1274.48584 17.41442 1.7274
4 27.915 VB 1.6151 6355.69971 57.07891 8.6145
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Table S2, Entry 6
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Product Solvent Catalyst Yield (%) dr ee (%)
6 3a CH:CL2 IXb 61 93:7 6
HPLC: Chiralpak IA-3, n-Hexane/EtOH = 80:20, flow rate 1.0 mL/min, A =230 nm.
Major diastereomer: {R = 14.4 minutes (minor); 27.9 minutes (major).
Minor diastereomer: {R = 22.8 minutes; 25.8 minutes.
DAD1 D, Sig=230,4 Ref=off (SEBASTIAN RICKO\DEF_LC 2018-02-12 15-33-44\SR-1057-AA-DCM.D)
e :
120 I
100 A| '
80 l | | 9
60 “, B N
40 “ 1‘ ‘g“; 8 8 ;’/\
23 e R HA ,I \\\»NV\M\A N J_L L\\%\‘ SR J/L._H‘L&// \\\— e ’ |
R R S i
Signal 3: DAD1 D, Sig=230,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
e [ R P | wmmmmenne | wnmmmennes = mmeee |
1 14.376 VB 0.5330 5619.05078 157.97694 49.0988
2 22.827 BB 0.7237 457.90225 9.61270 4.0011
3 25.781 BN 0.9296 356.51566 5.44703 3.1152
4 27.893 VB 1.5357 5010.89795 45.82704 43.7848

Totals : 1.14444e4 218.86371
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Table S2, Entry 7

50 of 115

Product Solvent Catalyst Yield (%) dr ee (%)
7 3a PhCFs IXb 67 93:7 87
HPLC: Chiralpak IA-3, n-Hexane/EtOH = 80:20, flow rate 1.0 mL/min, A =230 nm.
Major diastereomer: {R = 15.1 minutes (minor); 30.8 minutes (major).
Minor diastereomer: R = 23.6 minutes; 26.5 minutes.
_DAD1B, Sig=230,4 Ref=off (SEBASTWAN RICKOISR-1084-1.0)
i . 5
1753 I ,“‘
il | A
125 | R
100 ‘ g
75% "\ | ‘1‘\ 2 o
22: W AT R — LS AT ST . N
. RRE N 10 _‘1'5'}Hz'o‘"'2‘5'"‘3'0‘“'3‘5”“4'0 i
Signal 2: DAD1 B, Sig=230,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
e R P | =mmmmnnnes | =mmmmnne | =nmmeee |
1 15.126 BV 0.7526 1.1112%e4 221.76564 86.5891
2 23.589 BB 0.8073 671.15222 12.97811 5.2295
3 26.457 BB 1.1027 249.58058 3.93732 1.9447
4 30.832 BB 1.7867 800.42645 5.54958 6.2367
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Table S2, Entry 8
Product Solvent Catalyst Yield (%) dr ee (%)
8 3a Acetone IXb 44 94:6 87
HPLC: Chiralpak IA-3, n-Hexane/EtOH = 80:20, flow rate 1.0 mL/min, A = 230 nm.
Major diastereomer: tR = 14.1 minutes (minor); 28.3 minutes (major).
Minor diastereomer: tR = 22.5 minutes; 25.5 minutes.
DAD1 B, Sig=230,4 Ref=off (LUKA CIBER\LC135.D)
mAU 3 Q
4003 ﬂ i
350 3 “ T
300 | i
250 ~ ([
2003 ‘\ [
1504 L [
1003 \ ' 5 %8
- IV S U A T T
5 S 15 20 5 0 35 min
Signal 2: DAD1 B, Sig=230,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

14.056 BB 0.4977 1.16131e4  347.67554 88.2211

‘|

2 22.547 BV 0.8131 347.19418 6.20201
3 25.474 W 86.59379 352.89927 6.07855
4 28.259 VB 1.6146 810.52069 6.76129

2.6375
2.9841
6.1573
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Table S2, Entry 9
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Product Solvent Catalyst Yield (%) dr ee (%)
t-butyl
9 3a methyl IXb 41 95:5 87
ketone
HPLC: Chiralpak IA-3, n-Hexane/EtOH = 80:20, flow rate 1.0 mL/min, A =230 nm.
Major diastereomer: {R = 14.1 minutes (minor); 28.2 minutes (major).
Minor diastereomer: tR = 22.5 minutes; 25.4 minutes.
DAD1 B, Sig=230,4 Ref=off (LUKA CIBER\LC142.D)
o | :
250 | I
200 ‘ H
1503 ‘ “ '\
100_; “ ‘ I‘\ 2 g 3
o \ | o b 2|
0_; »J;H;_“ . R s o] 7\», : N N ol
- 5 0 45 a0 " 5 30 35 mid
Signal 2: DAD1 B, Sig=230,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
S p—— [ - =nnmmnnee [ [N, |
1 14.067 BB 0.5299 1.18156e4 331.41995 89.7038
2 22.475 BB 0.7337 333.94366 b.91179 2.5353
3 25.443 BV 0.9777 244.44264 3.67658 1.8558
4 28.232 VB 1.4510 777.81152 6.59983 5.9051
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Table S2, Entry 10

53 of 115

Product Solvent Catalyst Yield (%) dr ee (%)
10 3a MeCN IXb 30 79:21 52
HPLC: Chiralpak IA-3, n-Hexane/EtOH = 80:20, flow rate 1.0 mL/min, A =230 nm.
Major diastereomer: {R = 14.0 minutes (minor); 27.5 minutes (major).
Minor diastereomer: {R = 22.2 minutes; 25.1 minutes.
DAD1 B, Sig=230,4 Ref=off (LUKA CIBER\LC137.D)
mAU
7003 w'
eoo—f |
500 | 2
400 3 I 8
300 [ *
200 3 i‘ ,'“, < @ ©
1003 1\ A 8 8 &
04 N Mahomone il N S Vo SRR T
5 0 15 a0 a5 " s " Tas 40 min
Signal 2: DAD1 B, Sig=230,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
S R [ . | =mmmmee e | =mmmmm - | =-mmmeee |
1 13.999 BB 0.5081 9750.85840 284.33344 59.9968
2 22.243 BV 0.7085 1991.64954 42.98843 12.2546
3 25.088 VW 0.8727 1417.75977 24.01851 8.7234
4 27.518 VB 1.5321 3092.02075 28.76409 19.0251
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Table S2, Entry 11

Product Solvent Catalyst Yield (%) dr ee (%)
11 3a MeOH IXb 34 86:14 36

HPLC: Chiralpak IA-3, n-Hexane/EtOH = 80:20, flow rate 1.0 mL/min, A =230 nm.
Major diastereomer: {R = 14.1 minutes (minor); 27.8 minutes (major).

Minor diastereomer: {R = 22.4 minutes; 25.3 minutes.
DAD1 B, Sig=230 4 Ref=off (LUKA CIBER\LC138.D)

mAU |
4004 |
350 "
300—; ‘
2503
2003 ’! 2
150 | s
| 2 % 8
o3 e
é 1‘0 1% 2&0 2J5 3‘0 3|5
Signal 2: DAD1 B, Sig=230,4 Ref=off
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %

1 14.099 BB 0.5715 3766.30469  96.89168 58.2976
2 22.388 BB 0.7019 360.88467 7.51940 5.5860
3 25.268 BV 0.9278 572.97620 8.75196  8.8689
4 27.840 VB 1.5556 1760.31201 15.28451 27.2474
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Variation of arylidene-A2-pyrrolin-4-ones 2 and 3-isothiocyanatooxindoles 3 under optimized
reaction conditions (Table S3)

|
o CO,Me NCS  FyC-CgHs, 25°C, 24-72 h N._o Arl
1 cat. IXb (10 mol%) 0
Arl \ + R (0] >~ 1
= N R ) CO,Me

'Tl \ R = Me (E)-configured HN

R 'R=H (Z)-configured ! S N
E R1=H, Me E R

1 2  TTTTTTTTTTTTTTTITTOT - 3
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Table S3, Entry 2
Product Catalyst Yield (%) dr ee (%)
2 IXb 51 99:1 Major: 91
3b
HPLC: Chiralpak AD-H, n-Hexane/i-PrOH = 80:20, flow rate 1.0 mL/min, A = 254 nm.
Major diastereomer: {R = 32.0 minutes (major); 49.4 minutes (minor).
Racemate:
DADA B, Sig=230,4 Ref=cff (ZAN TESTENIZT-013.0)
mAU g g
16 :
14 ﬁ A
12 [ R
10 & f\
8 |\ { \
6 . o
: . N
2 i S -
0 L\«JMJ\__NUJM\,-’\__A_ e _— —/—IJJ o B )/\J = — T T
1 20 20 a0 s &0 7omn
Organocatalyzed reaction:
DAD1 C, Sig=254,4 Ref=off (ZAN TESTEN\ZT-029-3-NITRO-RAC-1.D)
mAU_f §
140 ]
120 I\
1005 Jy
80 \
I o\
wf | | \ 8
- | ‘n i 2
22_% /" (\», G . L / — j‘\_,/_‘— -
T T 50 50 70 min
Signal 3: DAD1 C, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mMAU*s] [mAU] %
| R | e | === | |———=—=
1 31.990 BB 2.2207 2.79764e4 162.16838 95.9713
2 49.456 BB 1.7149 1174.40283 8.08386 4.0287

Totals

2.91508e4 170.25224
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Table S3, Entry 3
Product Catalyst Yield (%) dr ee (%)

3 IXb 50 91:9 Major: 85

3¢

HPLC: Chiralpak AD-H, n-Hexane/i-PrOH = 80:20, flow rate 1.0 mL/min, A =270 nm.
Major diastereomer: {R = 13.6 minutes (major); 45.0 minutes (minor).

Racemate:
DAD1 B, Sig=230,4 Ref=off (ZAN TESTEN\ZT-033.D)
mAU 3 i
3 ~ \
154 2 |
= I v f |
12.5 | N g
10 | N\ | \ e
= ” \ J‘ | i
gt I I [ %
o }’ R [ A
= | \
2.5 \ [\ / \\
o ] /\N-L N~ \-\I\A_/‘UL —\\r\—\.\_ J \,_ S ,AZ S S -

Organocatalyzed reaction:
DAD1 D, 5ig=270,4 Ref=off (ZAN TESTENZT-037.D)

mAU ]

E &
607 A
40 ’ \

El \

30 \
20 ‘ \ 8
12:%_»4 T e _,.\_,.,—L-J 7¥_r e e AN e ,_/‘vt\\ ;
- R Y T T
Signal 4: DAD1 D, Sig=270,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

e e | —mm e | —m e |
1 13.643 BB 1.0588 5545.19531  71.03220 92.8251
2 44.996 BB 1.4558 428.61234  3.48276  7.1749

Totals 3= 5973.80765 74.51497
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Table S3, Entry 4

Product Catalyst Yield (%) dr ee (%)

4 IXb 26 87:13 Major: 80

3f

HPLC: Chiralpak AD-H, n-Hexane/i-PrOH = 80:20, flow rate 1.0 mL/min, A = 254 nm.
Major diastereomer: {R = 14.2 minutes (major); 63.0 minutes (minor).

Racemate:

DAD1 C, Sig=254 4 Ref=off (ZAN TESTEN\ZT-032.D)

mAU
70 §
60 |
50 ‘
40 ’ ¢‘
30 |

20 ’1‘ \

10 B i |a N /
0 M) (W)t Jr‘u'ﬁ\i o \g SRR /\ J

59.852

10 20 30 40 50 60 70 80 90

— I s s B B s S S S B S S B A B S S S S B

min|

Organocatalyzed reaction:

DAD1 C, Sig=254 4 Ref=off (ZAN TESTEN\ZT-036.D)
mAU ] 8

250 ¥
200 "
150 \
100 \

50 I \

04 Jiks (i S, iy
E T T T T T T

Signal 3: DAD1 C, Sig=254,4 Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s] [mAU] %
e | | ==l [ = | e B i
1. 14.:233 BB 0.7304 1.49496e4 Z81:12567 901274
2 62.957 BB 1.8853 1637.59363 10 ..42137 9.8726

Totals : 1.65872e4 291.54704
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Table S3, Entry 5
Product Catalyst Yield (%) dr ee (%)
5 IXb 43 76:24 Major: 96
3h
HPLC: Chiralpak AD-H, n-Hexane/i-PrOH = 80:20, flow rate 1.0 mL/min, A =254 nm.
Major diastereomer: {R = 12.0 minutes (major); 52.1 minutes (minor).
Racemate:
DAD1 C, Sig=254,4 Ref=off (ZAN TESTEN\ZT-15-TIOPHEN-2.D)
mAU_z o
175 §
153 [
1255 ‘K 8
10 J\ g
pt I\ N
E |\ /
2'§ E¥_/\m/ //// \k\_ﬁJ\/\,\/\l}} ,\\xrﬁk,\_,ﬁJ\__/k — o o // \_
T T 40 T s i
Organocatalyzed reaction:
DAD1 C, Sig=254,4 Ref=off (ZAN TESTEN\ZT-028-TIOPHEN-KIR-1.D)
mAU 5
1400 §
1200 |
1000 \
800 ‘
600
400 ' e
200 | \\‘ =
0 = e = = ey
10 20 30 40 50 min
Signal 3: DAD1 C, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s] [mAU] %
| s [ e R [ | ===
1 12.007 BV 0.6140 8.07435e4 1694.37085 98.1431
2 52.116 BBA 1.9299 1527.71753 10 97567 1.8569

8.22713e4 1705.34651
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Table S3, Entry 6

Product Catalyst Yield (%) dr ee (%)

IXb 31 99:1 Major: 98

HPLC: Chiralpak AD-H, n-Hexane/EtOH = 85:15, flow rate 1.0 mL/min, A =300 nm.
Major diastereomer: {R = 20.3 minutes (major); 34.3 minutes (minor).

Racemate:
DADT E, 5ig=300.4 Ref=off (SEBASTIJAN RICKOWK-6-ME-NCS-RACEMAT-2.0)
mAU %
30 bed
25 I 8
20 I 8
15 “. N
I\
| I B (,J“::
10 | [ & ©
5 | “I \ g 6@) @ rb\‘;‘b
| | & &
i % o K I o
o T R  — =
: U S i
10 20 30 40 50 60 70 80 min|
Organocatalyzed reaction:
DAD1 E, Sig=300,4 Ref=cff (SEBASTIJAN RICKO\SRJK-106.D)
mAU @ ©
5| o b??)
250 ﬁ Re
E IZé.
200 W
] |
1504 |}
] [ 4
100 | \ @
] \ o
50 [\ g ¥
5 ;% &
4 — ~ W L R
i it AR S A — i —— = i—S—
10 20 30 40 50 mi
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Table S3, Entry 7
Product Catalyst Yield (%) dr ee (%)
7 IXb 40 94:6 Major: 94
38
HPLC: Chiralpak AD-H, n-Hexane/i-PrOH = 75:25, flow rate 1.0 mL/min, A = 230 nm.
Major diastereomer: R = 9.5 minutes (major); 18.6 minutes (minor).
Racemate:
DAD1 B, Sig=230,4 Ref=off (LUKA CIBER\AM 2020-07-16 13-39-16\MH 36.D)
mAU ] o
80 ?"
60 i g
p “ [ ~
40 ) N
] | “ g [\ o
2] H\ =/ 2
O—ZE .J‘l DU S AJI ‘\_ﬁ_\ﬁtﬁi ’ \L . _ N\, — |
Y N T % 30 mif
Organocatalyzed reaction:
DADT B, Sig=230,4 Ref=off (LUKA CIBER\AM 2020-08-12 13-27-52:3NO2 NME.D)
mAU 3
703 ?
60 \
|
404 [
303 '
o i :
B 1" e ‘ .
5 10 15 20 2 30 min
Signal 2: DAD1 B, Sig=230,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
S R P |=mmmmnees |=mmmmnee |==mmee |
i 9.494 BB 0.3127 1641.46301 80.90995 96.9547
2 18.600 BB 0.5682 5155716 1.16074 3.0453
Totals : 1693.02017 82.07069



Catalysts 2019, 9, x FOR PEER REVIEW 62 of 115
Table S3, Entry 8
Product Catalyst Yield (%) dr ee (%)
8 IXb 45 94:6 Major: 95
3h

HPLC: Chiralpak AD-H, n-Hexane/i-PrOH = 75:25, flow rate 1.0 mL/min, A = 230 nm.
Major diastereomer: {R = 5.6 minutes (major); 26.4 minutes (minor).

Racemate:
DAD1 B, Sig=230,4 Ref=off (LUKA CIBER\AM 2020-07-16 13-39-16\VIH 38.0)
mAU 23
30—5 p
25 I
20
15 \", Q
10 | \ \ @
5 | I .
0_5 ~‘"~~\__ _/w' “‘r\_,ﬁ__f\/\/ K - _—— ot /\\ ? ]
' 5 10 15 20 C % i
Organocatalyzed reaction:
DAD B, Sig=2304 Ref=off (LUKA CIBER\-F-NME RED 2.D)
mAU 3 F
3503 ﬁ
300 \
250 ‘
200
150 4 “
100 H 3
50 i p3
o el e ‘ & .
R T 10 15 0 5 30 min
Signal 2: DAD1 B, Sig=230,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s] [mAU] %
=l — | === === |- | ———————- |
1 5.::585 VWV 0.1781 4570.10156 386.01978 97.3062
2 26.434 BB 09261 126.51520 1.66578 2.6938
Totals 4696.601676 387.68556
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Table S3, Entry 9
Product Catalyst Yield (%) dr ee (%)
9 IXb 18 82:18 Major: 85
3i
HPLC: Chiralpak AD-H, n-Hexane/i-PrOH = 75:25, flow rate 1.0 mL/min, A =230 nm.
Major diastereomer: R = 9.9 minutes (major); 19.2 minutes (minor).
Racemate:
DAD1 B, Sig=230.4 Ref=off (LUKA CIBER\AM 2020-07-16 13-39-16\MH 37.D)
mAU E 2 §
" 3 :
304 I M
E |1 o ||
253 A S ||
20 A f [\
15—; ( | [1' \ / '\‘
10 [ / \
= | |
53 ‘\ ﬁl ", ‘R / ‘.‘.‘\
0 _f_ IR | S | O \., 1 S
5 10 15 20 25 min
Organocatalyzed reaction:
DADT B, Sig=230,4 Ref=off (LUKA CIBER\AM 2020-08-18 09-55-33\3NO2NHNME2.D)
mAU 5 8
3 &
f
250 = ‘ |
200 |
150 J "
100 ) & . g
50 I s 3
o_f A A _ ~ \x . — | - . S
5 10 15 20 2 30 min
Signal 2: DAD1 B, Sig=230,4 Ref=off
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %

R [ R |-mmmmmeee- | =emmmmmnee | =emmeee- |
1 9.886 VB 0.3622 7438.60840 316.52081 88.7570
2 18.014 BV 0.6925 350.07782 7.33936 41771
3 19.160 VB 0.9042 592.18719 9.51404 7.0659

Totals : 8380.87341 333.37422
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Table S3, Entry 10
Product Catalyst Yield (%) dr ee (%)
10 IXb 37 90:10 Major: 99
3
HPLC: Chiralpak AD-H, n-Hexane/i-PrOH = 75:25, flow rate 1.0 mL/min, A =230 nm.
Major diastereomer: R = 9.5 minutes (major); 18.6 minutes (minor).
Racemate:
DAD1 B, Sig=230.4 Ref=off (LUKA CIBER\AM 2020-07-16 13-35-16\VH 40.)
mAU %
10 ”
8 l I
6 | ©

I
L)
2 | ]\
(118 - ,‘\ /A N
oy L R R L S — ok -
T T T T T T T T T T T T

T T T T T T T T T T T T T T T T
5 10 15 20

Organocatalyzed reaction:

DAD1 B, Sig=230.4 Ref=off (LUKA CIBERVAM 2020-08-12 13-27-52\TIENIL NME.D)
mAU ] %‘

250 T

200 l\
1501 ‘
100
50 — I g ®

] Yo\ Loy
0- T
— T T T T — T T U

I e e e e e e e T
5 10 15 20 25 30

35

min

Signal 2: DAD1 B, Sig=230,4 Ref=off

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %
R R R R R |--mmee |
1 7.502 VB 0.2266 4326.34619 295.77759 98.9871
2 26.584 MM 1.1496  44.27015 6.41846e-1  1.0129

Totals : 4370.61634 296.41943
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Table S3, Entry 11

65 of 115

Product Catalyst Yield (%) dr ee (%)
11 IXb 7 81:19 Major: 21
3j
HPLC: Chiralpak AD-H, n-Hexane/i-PrOH = 80:20, flow rate 1.0 mL/min, A =254 nm.
Major diastereomer: {R = 27.2 minutes (minor); 40.6 minutes (major).
Racemate:
DAD1 C, Sig=254,4 Ref=off (ZAN TESTENZT-031.D)
mAU - § &
60 g &
E [
= A g
404 | \ i
30 ; [\ =
E I\ \ [
20 }' “‘ [ \ ’\
104 I\ )i \\ |
Oé' ‘”‘“‘MJ\"‘—’J\} \‘——’“—’\U’/; == ""‘v—_“}* — R
' 0 0 3 4 s & 70 i
Organocatalyzed reaction:
DAD1 C, Sig=254,4 Ref=off (ZAN TESTEN\ZT-035 4-BR NH KIR D)
mAU _f f
25 ‘ g
E Il N
20 ' N =
1 [ | o~ o
15 I N g
| |
5 1 | \\\ |
O—Ek; /\_\J\'LM)\/\FJ‘U .\,_‘ — },_¢/}, — <_,J} - - _— /\
’ 0 20 a0 T 70 min

Signal 3: DAD1l C, Sig=254,4 Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min] [mMAU*s] [mAU] %

el e e | — |—mm | =
1 27.240 BB 1.6595 2210.91650 18.19717 39.3822
2 40.611 BB 2.7343 3403.08521 14.59470 60.6178

Totalsi : 5614.00171 32.779187
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Table S3, Entry 12

66 of 115

Product Catalyst Yield (%) dr ee (%)
12 IXb 19 84:16 Major: 57
31
HPLC: Chiralpak AD-H, n-Hexane/i-PrOH = 75:25, flow rate 1.0 mL/min, A =210 nm.
Major diastereomer: R = 19.2 minutes (minor); 27.6 minutes (major).
Racemate:
DAD1 A, Sig=210.4 Ref=off (LUKA CIBER\AM 2020-08-14 10-42-533NO3 NH ME D)
mAU 3
35 ‘
30
25
20
<
15 5 2
10 ' < 3 5 &
5 N ]
S N i S . Y ;
' 5 0 45 0 s g 35 min
Organocatalyzed reaction:
DAD1 B, Sig=230,4 Ref=off (LUKA CIBER\AM 2020-08-18 09-55-334BR3OMEMENMEZ.D)
mAU §
3 IS
25 ™
20 ® [
15% g jl‘ "K
10—; :E\. ;“ ‘I‘\
53 A 1\ [\
0— . J‘L_k o I\ _//\\ﬁ _ b (. . =) _ , |
R R T T T 0 min
Signal 2: DAD1 B, Sig=230,4 Ref=off
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
R PR T |=mmmmmee- |-mmmmeee |=mmeee |
1 19.178 BB 0.7499 583.26465 11.61492 21.3073
2 27.606 BB 1.0444 2154.12915 31.79610 78.6927

Totals 2737.39380 43.41101
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3. Copies of 'H- and *C-NMR spectra

Methyl (E)-5-(2-fluorobenzylidene)-1,2-dimethyl-4-oxo0-4,5-dihydro-1H-pyrrole-3-carboxylate (1c)

owazyr FNepRlndid T 2 RN FTE8 3 8 83
2F Al 06 00 83 I M MR R R MR D P i el
B [ ]
]
]
1 ‘ II‘
|
S B . ) A -
i P N il
o — — | — wn
(= o o a a o =
— — ™ — ™~ m
9.5 9.0 8.5 8.0 7.5 70 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
90277/ 2 EAMepiRlon 2, b EE SRAMICREIISTS o 2 @
2FAG ©@ m moo eo——Smmogoun T o = i o
~ O~ 0w MmN AdA A A0 o o st}
5k 4gh OMRANAdaNS o008 2 a 9
T NSV e
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; — e e e T T T T
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NOESY

S U ,

0k32777_2-F-NMe-pirolon.3.ser
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Methyl (E)-5-(4-fluorobenzylidene)-1,2-dimethyl-4-oxo-4,5-dihydro-1H-pyrrole-3-carboxylate (1f)

264

0k31726.1.fid
GK 4F

—362
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| | )i -
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LN
,,,L L I L] i J
1 1 4 ¥y f
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NOESY
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Methyl (E)-5-(3-bromo-4-methoxybenzylidene)-1,2-dimethyl-4-oxo-4,5-dihydro-1H-pyrrole-3-
carboxylate (1g)

0k32753.3.fid
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Methyl (E)-5-(2-bromobenzylidene)-1,2-dimethyl-4-0xo0-4,5-dihydro-1H-pyrrole-3-carboxylate (1i)
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Methyl (3R,3'S,4'R)-1,1",5"-trimethyl-3'-phenyl-2,3"-dioxo-5'-thioxo-1",3"-
dihydrodispiro[indoline-3,2'-pyrrolidine-4',2"-pyrrole]-4"-carboxylate (3a)
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Methyl (3R,3'S,4'R)-1,1",5"-trimethyl-3'-(3-nitrophenyl)-2,3"-dioxo-5'-thioxo-1",3"-
dihydrodispiro[indoline-3,2'-pyrrolidine-4',2"-pyrrole]-4"-carboxylate (3b)
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Methyl (3R,3'S,4'R)-3'-(2-fluorophenyl)-1,1",5"-trimethyl-2,3"-dioxo-5'-thioxo-1",3"-

dihydrodispiro[indoline-3,2'-pyrrolidine-4',2"-pyrrole]-4"-carboxylate (3c)

000

76 of 115

71037
Testen
|
i | \
- J ey Btk Moz
e R i LB | T T
5 Samanm = oo ES )

T T T T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 75 70 6.5 6.0 5.5 5.0 3 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5 -1.
f1 (ppm)

ok28073.24id 2 5 g n =3 2 o @ zmn o ow =

037 58 B 5 I3s = = o P o6 oa =

Jestan i VA | N (I
T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

f1 (ppm)



Catalysts 2019, 9, x FOR PEER REVIEW 77 of 115

Methyl (3R,3'S,4'R)-3'-(2-methoxyphenyl)-1,1",5"-trimethyl-2,3"-dioxo-5'-thioxo-1",3"-
dihydrodispiro[indoline-3,2'-pyrrolidine-4',2"-pyrrole]-4"-carboxylate (3d)
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Methyl (3R,3'S,4'R)-1,1",5"-trimethyl-2,3"-dioxo-3'-(thiophen-2-yl)-5'-thioxo-1",3"-
dihydrodispiro[indoline-3,2'-pyrrolidine-4',2"-pyrrole]-4"-carboxylate (3e)
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Methyl (3R,3'S,4'R)-1,1",5,5"-tetramethyl-2,3"-dioxo-3'-phenyl-5'-thioxo-1",3"-

dihydrodispiro[indoline-3,2'-pyrrolidine-4',2"-pyrrole]-4"-carboxylate (3f)
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Methyl (3R,3'S,4'R)-1,1",5,5"-tetramethyl-3'-(3-nitrophenyl)-2,3"-dioxo-5'"-thioxo-1",3"'-

dihydrodispiro[indoline-3,2'-pyrrolidine-4',2"-pyrrole]-4"-carboxylate (3g)
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Methyl (3R,3'S,4'R)-3'-(4-fluorophenyl)-1,1",5,5"-tetramethyl-2,3"-dioxo-5'-thioxo-1",3"-
dihydrodispiro[indoline-3,2'-pyrrolidine-4',2"-pyrrole]-4"-carboxylate (3h)
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Methyl (3R,3'S,4'R)-3'-(4-bromo-3-methoxyphenyl)-1,1",5,5"-tetramethyl-2,3"-dioxo-5"-thioxo-
1",3"-dihydrodispiro[indoline-3,2'-pyrrolidine-4',2"-pyrrole]-4"-carboxylate (3i)
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Methyl (3R,3'S,4'R)-1,1",5,5"-tetramethyl-2,3"'-dioxo-3'-(thiophen-2-yl)-5'-thioxo-1",3"-
dihydrodispiro[indoline-3,2'-pyrrolidine-4',2"-pyrrole]-4"'-carboxylate (3j)
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Methyl (35,3'R,4'S)-3'-(4-bromophenyl)-1,5"-dimethyl-2,3""-dioxo-5'-thioxo-1",3"-
dihydrodispiro[indoline-3,2'-pyrrolidine-4',2"-pyrrole]-4"-carboxylate (3k)
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Methyl (35,3'R,4'S)-1,5,5"-trimethyl-3'-(3-nitrophenyl)-2,3"-dioxo-5'-thioxo-1",3"-
dihydrodispiro[indoline-3,2'-pyrrolidine-4',2"-pyrrole]-4"-carboxylate (31)
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Methyl rel-(3R,3'S,4'R)-1,1",5""-trimethyl-3'-(4-nitrophenyl)-2,3"-dioxo-5'-thioxo-1",3"-
dihydrodispiro[indoline-3,2'-pyrrolidine-4',2"-pyrrole]-4"-carboxylate (rac-3m)
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Methyl rel-(3R,3'S,4'R)-3'-(2-bromophenyl)-1,1",5"-trimethyl-2,3"-dioxo-5'-thioxo-1",3"-

dihydrodispiro[indoline-3,2'-pyrrolidine-4',2"-pyrrole]-4"-carboxylate (rac-3n)
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Methyl rel-(3R,3'S,4'R)-3'-(4-methoxyphenyl)-1,1",5"-trimethyl-2,3"-dioxo-5'-thioxo-1",3"-

dihydrodispiro[indoline-3,2'-pyrrolidine-4',2"-pyrrole]-4"-carboxylate (rac-30)
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Methyl rel-(3R,3'S,4'R)-3'-(furan-2-yl)-1,1",5"-trimethyl-2,3"-dioxo-5'-thioxo-1",3"-
dihydrodispiro[indoline-3,2'-pyrrolidine-4',2"-pyrrole]-4"-carboxylate (rac-3p)
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Methyl (3R,3'S,4'R)-1,1",5"-trimethyl-5'-(methylthio)-2,3"-dioxo-3'-phenyl-1",3"-dihydro-3'H-
dispiro[indoline-3,2'-pyrrole-4',2"-pyrrolel-4"-carboxylate (4)
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4. Copies of HRMS reports of products

Methyl (E)-5-(2-fluorobenzylidene)-1,2-dimethyl-4-0x0-4,5-dihydro-1H-pyrrole-3-carboxylate (1c)

O, CO,Me

\

/
Qualitative Compound Report

Data File 2-F-pirolon _001.d Sample Name 2-F-pirolon

Sample Type Sample Paosition Vial 11

Instrument Name US10310002 User Name TOF-PC\admin

Acq Method Bypass.m Acquired Time  9/8/2020 9:15:13 AM

IRM Calibration Status 007 DA Method Damijana.m

Comment

Compound Label m/z RT Algorithm Mass

Cpd 2: C15HI4 FN O3 573.1801 0.243  Find by Molecular Feature 275.0956

Compound Identification Results

Ion Mass Calc Ion Mass Difference IonFormula IonSpecies Best
276.103 276.103 0.1 CI5H15FN O3 (M+H)+ v
276.103 276.1017 -1.3 C13H13FN4 02 (M+H)+

MS Spectrum

%10 & |Cpd 2: C15 H14 F N O3: +ESI Scan (0.178-0.587 min, 50 Scans) Frag=150.0v 2-F-pirolon _001.d
| *573.1803
25 *276.1081 (2M+Na)+
. (M+H)+
2
1.5
§
{EBiEAY ‘ 922.0098
0.54 5 |
o 1L \ 432.6245 684.2023
200 300 400 500 00 700 800 900 1000

6
Counts vs. Mass-to-Charge (m/z)

MFE MS Zoomed Spectrum

%10 5 |Cpd 2: C15 H14 F N O3: +ESI MFE Spectrum (0.178-0.587 min) Frag=150.0v 2-F-pircion _001d
*573.1801
25 (2M+Na)+
*276.1030
2 (M+Hy*
156
1 298.0848
(M+Na)+
05 | ‘
L | ‘

260 280 300 320 340 360 380 400 420 440 460 480
Counts vs. Mass-to-Charge (m/z)

-~ End OF Report -
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Agilent Technologies Page 1 of 1

Printed at: 9:17 AM on:9/8/2020
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Methyl (E)-5-(4-fluorobenzylidene)-1,2-dimethyl-4-0x0-4,5-dihydro-1H-pyrrole-3-carboxylate (1f)

0. CO,Me
— \
(y F ]nﬂm. rﬁ ™
Qualitative Compound Report
Data File GJ-4F_001.d Sample Name GI-4F
Sample Type Sample Position Vial 25
Instrument Name Us10310002 User Name TOF-PC\admin
Acq Method Bypass.m Acquired Time  12/11/2019 3:18:13 PM
IRM Calibration Status A Method Damijana.m
Comment
Compound Label m/z RT Algorithm Mass
Cpd 3: CI5H14 FNO3  276.1033 :0.246  Find by Molecular Feature 275.0956
Compound Identification Results
Ion Mass Calc Ion Mass Difference IonFormula IonSpecies Best
276.1033 276.103 -0.2 C15H15FN O3 (M+H)+ v
MS Spectrum
x10 5 |Cpd 3: C15 H14 F N O3: +ESI Scan (0.183-0.658 min, 58 Scans) Frag=150.0V GJ-4F_001.d
*276{1032
8 ey *573.1804
(2M+Na)+

6

4

2

0 4406112 719.1114 922'?099

" 200 300 400 500 600 700 800 900 1000

Counts vs. Mass-to-Charge (m/z)

MFE MS Zoomed Spectrum
x10 5|Cpd 3: C15 H14 F N O3: +ESI MFE Spectrum {0.183-0.667 min) Frag=150.0v GJ-4F_001.d

*276/1033
8 (M+H)+
*573.1804
6 (2M+Na)+
4
2

1,
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Counts vs. Mass-to-Charge (m/z)

- End Of Report -
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Methyl (E)-5-(3-bromo-4-methoxybenzylidene)-1,2-dimethyl-4-ox0-4,5-dihydro-1H-pyrrole-3-

carboxylate (1g)

MeO
0. CO,Me
Br |\
IT]
Qualitative Compound Report
Data File 4-Br-3-OMe-pirolon_001.d Sample Name 4-Br-3-OMe-pirolon
Sample Type Sample Pasition Vial 54
Instrument Name Us10310002 User Name TOF-PC\admin
Acq Method Bypass.m Acquired Time  9/2/2020 1:40:56 PM
IRM Calibration Status | DA Method Damijana.m
Comment
Compound Label m/z RT Algorithm Mass
Cpd 1: C16 H16 Br N 04  366.0331 0.244  Find by Molecular Feature 365.0256
Compound Identification Results
Ion Mass Calc Ion Mass Difference IonFormula IonSpecies Best
366.0331 366.0333 0.2 C11 H16 Br F N4 04 (M+H)+
366.0331 366.0335 0.4 Cl6 H17 Br N 04 (M+H)+ v
366.0331 366.0322 -0.9 C14 H15 Br N4 O3 (M-+H)+
366.0331 366.032 -1.1 C10 H20 Br F 08 (M+H)+
366.0331 366.032 -1.1 C9 H14 Br F N7 O3 (M+H)+
366.0331 366.0347 1.6 C13 H18 Br FN O5 (M+H)+
366.0331 366.0347 1.6 C12 H12 Br F N8 (M+H)+
366.0331 366.0349 1.8 C17 H13 Br N5 (M+H)+
MS Spectrum
x10 5|Cpd 1: C16 H16 Br N O4: +ESI Scan (0.188-0.421 min, 29 Scans) Frag=150.0V 4-Br-3-OMe-pirolon_...
1 3680314
(MH)+
0.8 922.0098
755.0394
0.6 (2M+Na)+
0.4
o8 i 838
il A o i 850.2500 | 9982872
200 300 400 500 600 700 300 900 1000

Counts vs. Mass-to-Charge (m/z)

MFE MS Zoomed Spectrum
«10 5|Cpd 1: C16 H16 Br N O4; +ESI MFE Spectrum (0.179-0.429 min) Frag=150.0V 4-Br-3-OMe-pirolon_...

1] 3664331
(M) +
0.8 755.0392
(2M+Na)+
06 |
0.4

0.2 ‘l
I

350 375 400 435 450 475 500 535 550 575 600 625 650 675 700 725 750 775
Counts vs. Mass-to-Charge (m/z)

=3

--- End Of Report —

Agilent Technologies Page 1 of 1 Printed at: 1:55 PM on:9/2/2020



Catalysts 2019, 9, x FOR PE

Methyl (E)-5-(2-bromobenzylidene)-1,2-dimethyl-4-oxo0-4,5-dihydro-1H-pyrrole-3-carboxylate (1i)

ER REVIEW

Qualitative Compound Report

Data File Z1-006_001.d Sample Name ZT-006
Sample Type Sample Position Vial 51
Instrument Name Us10310002 User Name TOF-PC\admin
Acq Method Acquired Time  8/4/2020 9:39:27 AM
IRM Calibration Status 7 DA Method Damijana.m
Comment
Compound Label m/z RT Algorithm Mass
Cpd 3: C15 H14 Br N 03  693.0206 0.243  Find by Molecular Feature 335.0161
Compound Identification Results
Ion Mass Calc Ion Mass Difference TonFormula IonSpecies Best
336.0237 336.023 -0.7 C15 H15 Br N O3 (M+H)+ v
373.9796 373.9815 1.9 C18 H12 Br K N2 (M+K)+
MS Spectrum
x10 §|Cpd 3: C15 H14 Br N 03: +ES| Scan (0.181-0.623 min, 54 Scans) Frag=150.0v ZT-006_001.d
3.5 * 695.0186
(2M+Na)+
34
2.59
2 360.0035
1.5 (M+Na)+
1
0.51 158.1543 524.5019 922.0099
0 TS — - : :
200 300 400 500 600 700 800 300 1000

Counts vs. Mass-to-Charge (m/z)

MFE MS Zoomed Spectrum

x10 8
3.5

3
2.54
2
15

-

Cpd 3: C15 H14 Br N O3; +ESI MFE Spectrum (0.180-0.631 min) Frag=150.0V ZT-006_001.d

* 695.0182
(2M+Na)+

(MeH)+

336.0237 | ‘

= | .

350 340 360 380 400 430 440 460 450 500 520 540 560 580 600 620 640 660 680 700 720 740
Counts vs. Mass-to-Charge (m/z)

--- End Of Report ---

Agilent Technologies

Page 1of 1

Printed at: 9:41 AM on:8/4/2020



Catalysts 2019, 9, x FOR PEER REVIEW 95 of 115

Methyl (3R,3'S,4'R)-1,1",5"-trimethyl-3'-phenyl-2,3"-dioxo-5"-thioxo-1",3"-
dihydrodispiro[indoline-3,2'-pyrrolidine-4',2"-pyrrole]-4"-carboxylate (3a)

Qualitative Compound Report

Data File SPIRO1_001.d Sample Name  SPIROL

Sample Type Sample Position Vial 2

Instrument Name US10310002 User Name TOF-PC\admin

Acq Method Bypass.m Acquired Time  6/30/2020 10:17:28 AM
IRM Calibration Status §i&§3§§%; i oy ] DA Method Damijana.m

Comment

Compound Label m/z RT Algorithm Mass

Cpd 1: C25H23 N3 04 S  462.1476 0.243  Find by Molecular Feature 461.1402

Compound Identification Results

Ion Mass Calc Ion Mass
462.1476 462.1475
462.1476 462.148
462.1476 462.148
462.1476 462.1482
462.1476 462.1469
462.1476 462.1467
462.1476 462.1467
462.1476 462.1494
462.1476 462.1494
462.1476 462.1455

MS Spectrum

TonFormula
0 C31 HI8 N4 O

0.5 C18 H26 N2 012
0.5 C17 H20 N9 O7
0.7 C25H24 N3 04 S
-0.7 C23H22 N6 03 S
-0.9 C16 H24 N5 011
-0.9 C15 H18 N12 06
1.8 C19 H22 N6 08
1.8 C18 H16 N13 O3

-2 C22H26 N2 07 S

TonSpecies

410 5 |Cpd 1: C25 H23 N3 04 S: +ES| Scan (0.185-0.635 min, 55 Scans) Frag=150.0V SPIRO1_001.d
351 “ 4862|1478
= (M4H)+
*945.2698
287 (2M+Na)+
2
15
158.1540
05
Y 0 | [ 6101843 7589218 | | 1013.1867
200 300 400 0 800 900 1000

500 600 700
Counts vs. Mass-to-Charge (m/z)

MFE MS Zoomed Spectrum

x10 5
3.5

3

2.6

2

1.5

1

0.5

Cpd 1: C2‘5 H23 N3 04 S: +ES| MFE Spectrum (0.185-0.644 min) Frag=150.0V SPIRO1_001.d

* 4621476
(MHH)+
*845.2700
(2M+Na)+

450 475 500 525 550 575 600 625 650 675 700 725 750 775 800 825 850 875 900 925 950
Counts vs. Mass-to-Charge (m/z)

--- End Of Report ---
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Methyl (3R,3'S,4'R)-1,1",5"-trimethyl-3'-(3-nitrophenyl)-2,3"-dioxo-5'-thioxo-1",3"-
dihydrodispiro[indoline-3,2'-pyrrolidine-4',2"-pyrrole]-4"-carboxylate (3b)

Qualitative Compound Report

Data File ZT-029_001.d Sample Name  ZT-029

Sample Type Sample Pasition Vial 43

Instrument Name US10310002 User Name TOF-PC\admin

Acq Method Bypass.m Acquired Time  8/8/2018 3:09:26 PM

IRM Calibration Status | DA Method Damijana.m

Comment
Compound Label m/z RT Algorithm Mass
Cpd 2: C25 H22 N4 06 S 1035.2385 0.232  Find by Molecular Feature '506.1252

Compound Identification Results

Ion Mass Calc Ion Mass Difference IonFormula IonSpecies Best
507.1324 507.1326 0.2 C16 H21 N13 03 S2 (M+H)+
507.1324 507.1326 0.2 C17 H27 N6 08 S2 (M+H)+
507.1324 507.1319 -0.5 C23 H21 N7 05 S (M+H)+
507.1324 507.1319 -0.5 C24 H27 010 S (M+H)+
507.1324 507.1319 -0.5 C22 H15 N14 S (M+H)+
507.1324 507.1333 0.9 C25 H23 N4 06 S (M+H)+ v
507.1324 507.1333 0.9 C24 HI7N110S (M+H)+
507.1324 507.134 1.6 C18 H23 N10 04 S2 (M+H)+
507.1324 507.1306 -1.8 C22H25N3 09 S (M+H)+
507.1324 507.1306 -1.8 C21 H19 N10 04 S (M+H)+

MS Spectrum

x10 4 |Cpd 2: C25 H22 N4 06 S: +ES| Scan (0.184-0.359 min, 22 Scans) Frag=150.0V ZT-029_001.d
8 507.1332 1035|2402
o (M+H)+ (2M+{Na)+
6
5]
4
3
2 316.1111
(‘) 1944176 | | 3812840 | . 631'12134 776.2320 922'f093 )

200 300 400 500 600 700 800 900 1000
Counts vs. Mass-to-Charge (m/z)

MFE MS Zoomed Spectrum

x10 4 |Cpd 2: €25 H22 N4 O6 S: +ESI MFE Spectrum (0.175-0.367 min) Frag=150.0Vv ZT-029_001.d

507.1324 1035/2385
(MeH) (2M+Na)+

500 550 600 650 700 750 800 850 900 950 1000 1050
Counts vs. Mass-to-Charge (m/z)

--- End Of Report ---
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Methyl (3R,3'S,4'R)-3'-(2-fluorophenyl)-1,1",5"-trimethyl-2,3"-dioxo-5'-thioxo-1",3"-

dihydrodispiro[indoline-3,2'-pyrrolidine-4',2"-pyrrole]-4"-carboxylate (3c)

Qualitative Compound Report

Data File ZT-037_001.d Sample Name ZT-037
Sample Type Sample Pasition Vial 15
Instrument Name US10310002 User Name TOF-PC\admin
Acq Method Bypass.! Acquired Time  9/19/2018 11;09:47 AM
IRM Calibration Status Damijana.m
Comment
Compound Label m/z RT Algorithm Mass
Cpd 4: C25 H22 F N3 04 480.1387 0.236 ‘Find by Molecular Feature 479.1317
S
Compound Identification Results
Ton Mass Calc Ion Mass Difference IonFormula IonSpecies
480.1387 480.1388 0.1 C25H23 FN3 045 (M+H)+
480.1387 480.139 0.3 C30H24 04 S (M+H)+
480.1387 480.1395 0.8 C15H20N12 05 S (M+H)+
480.1387 480.1395 0.8 C16 H26 N5 010 S (M+H)+
480.1387 480.1395 0.8 C18 H23 F N9 02 S2 (M+H)+
480.1387 480.1376 -1 C28 H22 N3 03 S (M+H)+
480.1387 480.1397 1 C23 H24 N6 02 S2 (M+H)+
480.1387 480.1374 -1.2 C23H21 FN6 03 S (M+H)+
480.1387 480.1401 1.4 C27H25F 05 S (M+H)+
480.1387 480.1401 1.4 C26 HISF N7 S (M+H)+
MS Spectrum
x10 4 |Cpd 4: C25 H22 F N3 O4 S; +ES| Scan (0.178-0.394 min, 20 Scans) Frag=150.0V ZT-037_001.d
g 4801391
(M+H)+
7
]
5
4 981.2620
(2M+Na)+
3
Fy 280.0602
1 ‘ | \ 738.6790 922.0098
[ SOV N N WPPORTRRT O W1 : 1 el S | A
200 300 400 500 600 701 800 900 1000

0
Counts vs. Mass-to-Charge (m/z)

MFE MS Zoomed Spectrum

x104
8

O a2 Nwh OO

Cpd 4: C25 H22 F N3 04 S: +ESI MFE Spectrum (0.178-0.405 min) Frag=150.0V ZT-037_001.d
480./1387
(M4H)+
981.2508
(2M+Na)+

500 S50 600 650 700 750 800 850 930 950 1000
Counts vs. Mass-to-Charge (m/z)

--- End Of Report -
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Methyl (3R,3'S,4'R)-3'-(2-methoxyphenyl)-1,1",5"-trimethyl-2,3"-dioxo-5'-thioxo-1",3"-
dihydrodispiro[indoline-3,2'-pyrrolidine-4',2"-pyrrole]-4"-carboxylate (3d)

Qualitative Compound Report

98 of 115

Data File ZT-036_001.d Sample Name ZT-036
Sample Type Sample Position Vial 13
Instrument Name US10310002 User Name TOF-PC\admin
Acq Method Bypass.m Acquired Time  9/19/2018 10:28:23 AM
IRM Calibration Status " DA Method Damijana.m
Comment
Compound Label m/z RT Algorithm 'Mass
Cpd 2: C26 H25 N3 05 S 492.1587 0.232  Find by Molecular Feature 491.1512
Compound Identification Results
Ion Mass Calc Ion Mass Difference IonFormula IonSpecies Best
492.1587 492.1588 0 C26 H26 N3 05 S (M+H)+ '
492,1587 492.1588 0 C25 H20 N10 S (M+H)+
492.1587 492.1581 -0.6 C17 H24 N12 02 S2 (M+H)+
492.1587 492.1581 -0.6 C18 H30 N5 07 52 (M+H)+
492.1587 492.1595 0.7 C19 H26 N9 03 S2 (M+H)+
492.1587 492.1595 0.7 C20 H32 N2 08 52 (M+H)+
492.1587 492.1576 -1.1 C32 H28 0 S2 (M+H)+
492.1587 492.1574 -1,.3 C24 H24 N6 04 S (M+H)+
492.1587 4921601 1.4 C27 H22N7 0§ (M+H)+
492.1587 492.1601 1.4 C28H28 06 S (M+H)+
MS Spectrum
x10 4 |Cpd 2: €26 H25 N3 O5 S: +ESI Scan (0.187-0.368 min, 17 Scans) Frag=150.0V ZT-036_001.d
492.[1594
4 (MHH)+
3
2
1005.2918
1 286.0705 (2M+Na)+
922.0095
0 ALl Lr J e.lt“ . Li ! Ll : . L
200 300 400 500 600 700 800 900 1000

Counts vs. Mass-to-Charge (m/z)

MFE MS Zoomed Spectrum

x10 4 [Cpd 2: C26 H25 N3 O5 S; +ES| MFE Spectrum (0.175-0.369 min) Frag=150.0V ZT-036_001.d
4921587
44 (MyH)+
3
24 530.1142 1005.2896
(M+K)+ {2M+Na)+
1
0 L T T T T T —r— L
500 550 600 650 700 750 800 850 900 850 1000
Counts vs. Mass-to-Charge (m/z)

--- End Of Report -
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Methyl (3R,3'S,4'R)-1,1",5"-trimethyl-2,3"-dioxo0-3"-(thiophen-2-yl)-5'-thioxo-1",3"-
dihydrodispiro[indoline-3,2'-pyrrolidine-4',2"-pyrrole]-4"-carboxylate (3e)

Qualitative Compound Report

Data File

Sample Type
Instrument Name

Acq Method

IRM Calibration Status
Comment

Compound Label

ZT-028_001.d
Sample
US10310002
Bypass.m

m/z

Cpd 1: C23 H21 N3 04 S2 957.1812

Compound Identification Results

Sample Name ZT-028
Position Vial 42
User Name TOF-PC\admin
Acquired Time  8/8/2018 11:38:32 AM
A Method Damijana.m
Algorithm Mass

Find by Molecular Feature 467.0973

Ion Mass Calc Ion Mass Difference IonFormula IonSpecies Best
468.1041 468.1039 -0.2 C29HI6N40OS (M+H)+
468.1041 468.1044 0.3 CI5HI8N9 O7 S (M+H)+
468.1041 468.1044 0.3 C16 H24 N2 012 § (M+H)+
468.1041 468.1046 0.5 C23 H22 N3 04 S2 (M+H)+ v
468.1041 468.1033 -0.8 C21 H20 N6 03 52 (M+H)+
468.1041 468.1026 -1.5C28H20055S (M+H)+
468.1041 468.1058 1.7 C16 HI4 N13 03 S (M+H)+
468.1041 468.1058 1.7 C17 H20 N6 08 S (M+H)+
468.1041 468.106 1.8 C24 H18 N7 S2 (M+H)+
468.1041 468.106 1.9 C25 H24 05 S2 (M+H)+

MS Spectrum

%10 4 |Cpd 1: €23 H21 N3 O4 S2: +ESI Scan (0.177-0.327 min, 19 Scans) Frag=150.0v ZT-028_001.d
35 468.1050 957.1842
5 (M (2M+Nay+
25
2
1.5
L 294.1994 L
054 L 684.2033 832.2470
o busdibriui oy, | m‘“d\‘ l ‘l Fl.‘i Lo kb,
200 300 400 500 600 800 900 1000

MFE MS Zoomed Spectrum

00
Counts vs. Mass-to-Charge {m/z)

x10 4 |Cpd 1: C23 H21 N3 O4 §2: +ESI MFE Spectrum (0.177-0.327 mh-1) Frag=150.0V ZT—OZB_ODLC‘!
25 ] 468.1041 957.1812
(M+H)+ (2M-H‘Na)+
2
1.51
1
0.5
0 . T T T T ; T T T
450 500 550 600 650 700 750 800 850 900 950

Counts vs. Mass-to-Charge (m/z)

--- End Of Report ---
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Methyl (3R,3'S,4'R)-1,1",5,5"-tetramethyl-2,3"-dioxo-3'-phenyl-5'-thioxo-1",3"-
dihydrodispiro[indoline-3,2'-pyrrolidine-4',2"-pyrrole]-4"-carboxylate (3f)

Qualitative Compound Report

Data File

Sample Type
Instrument Name

Acq Method

IRM Calibration Status
Comment

JK105_001.d

Sample

US10310002

B

Compound Label m/z
Cpd 3: C26 H25 N304 S 476.1632

Compound Identification Results

Sample Name JK105
Position Vial 3

User Name TOF-PC\admin
Acquired Time  5/24/2018 10:17:58 AM
|| DA Method Damijana.m
Algorithm Mass

Find by Molecular Feature 475.157

Ion Mass Calc Ion Mass IonFormula IonSpecies Best
476.1632 476.1637 0.4 C19 H28 N2 012 (M+H)+
476.1632 476.1637 0.4 C18 H22 N9 O7 (M+H)+
476.1632 476.1637 0.4 C17 H16 N16 02 (M+H)+
476.1632 476.1639 0.6 C26 H26 N3 04 S (M+H)+ v
476.1632 476.1625 -0.7 C24 H24 N6 03 S (M+H)+
476.1632 476.1623 -0.9 C17 H26 N5 011 (M+H)+
476.1632 476.1623 -0.9 C16 H20 N12 06 {(M+H)+
476.1632 476.165 1.8 C20 H24 N6 08 (M+H)+
476.1632 476.1652 2 C27 H22 N7 S (M+H)+
476.1632 476.1652 2C28H2805S (M+H)+

MS Spectrum

x10 5|Cpd 3: C26 H25 N3 O4 §: +ES| Scan (0.170-0.379 min, 26 Scans) Frag=150.0V JK105_001.d —‘
* 47611640
2 (M4H)+
15
1
05 973.3021
. I141.?5:85 286.0594 301 2543 | 576.0882 768.1444 I(2M+Na’+
; 200 300 400 500 600 700 800 900 1000
Counts vs. Mass-to-Charge (m/z)
MFE MS Zoomed Spectrum
x10 5 |Cpd 3: C26 H25 N3 O4 S: +ESI MFE Spectrum (0.170-0.387 min) Frag=150.0v JK105_001.d ]
*476/1632
241 (MHH)+
15
14
0.5 973.3028
(2M+Na)+

=3

S50 sho 800  6L0 700 750 800 850 900 950 1000
Counts vs. Mass-to-Charge (m/z)

--- End OFf Report ---
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Methyl (3R,3'S,4'R)-1,1",5,5"-tetramethyl-3'-(3-nitrophenyl)-2,3"-dioxo-5'-thioxo-1",3"-
dihydrodispiro[indoline-3,2'-pyrrolidine-4',2"-pyrrole]-4"-carboxylate (3g)

Qualitative Compound Report

Data File 3-NO2-Me-NMe2_001.d Sample Name 3-NO2-Me-NMe2

Sample Type Sample Position Vial 41

Instrument Name Us10310002 User Name TOF-PC\admin

Acq Method Bypass.m Actiuired Time  B/13/2020 10:17:06 AM

IRM Calibration Status Iccess: | DA Method Damijana.m

Comment

Compound Label m/z RT Algorithm Mass

Cpd 1: C26 H24 N4 06 S 521.1482 0.245  Find by Molecular Feature 520.1408

Compound Identification Results

Ion Mass Calc Ion Mass Difference IonFormula IonSpecies Best
521.1482 521.1476 -0.6 C25 H29 010 § (M+H)+
521.1482 521.1476 -0.6 C24 H23 N7 O5 S (M+H)+
521.1482 521.1476 -0.6 C23 H17 N14 S (M+H)+
521.1482 521.1489 0.7 C25HI9N1I1OS (M+H)+
521.1482 521.1489 0.8 C26 H25 N4 C6 S (M+H)+ ¥
521.1482 521.1463 -1.9 C23 H27 N3 09 S (M+H)+
521.1482 521.1462 -1,9 C22 H21 N10 04 S (M+H)+
521.1482 521.1503 2.1 C28H27NO7 S (M-+H)+
521.1482 521.1503 2.1 C27H21NBQ2S (M+H)+
521.1482 521.1508 2.6 C14H29N6 013 S (M+H)+

MS Spectrum

x10 5 |Cpd 1: C26 H24 N4 06 S: +ESI Scan (0.183-0.442 min, 32 Scans) Frag=150.0V 3-NO2-Me-NMe2 0.
* 5211486
15 (M"H)i
1.26 |
1
0.75
951 922.0098
DZZ J5T0842 sag0sts l 6101850 758221
| 200 300 400 500 600 700 800 900 1000

MFE MS Zoomed Spectrum

Counts vs. Mass-to-Charge (m/z)

%10 5|Cpd 1: C26 H24 N4 06 S: +ESI MFE Spectrum (0.183-0.450 min) Frag=150.0V 3~NOZ-Me—NMEZ,UU...’

* 5211482
15{ (MHM
1.25
1
1063.2713
0.75 (2M+Na)+
05
0.25 ;l
oL : ; ‘ ; ; ; ;
500 550 600 650 700 750 800 850 800 950 1000 1050
Counts vs. Mass-to-Charge (m/z)
--- End Of Report ---
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Methyl (3R,3'S,4'R)-3'-(4-fluorophenyl)-1,1",5,5"-tetramethyl-2,3"-dioxo-5"-thioxo-1",3"-

dihydrodispiro[indoline-3,2'-pyrrolidine-4',2"-pyrrole]-4"-carboxylate (3h)

Qualitative Compound Report

Data File 4-F-Me-NMe2_001.d Sample Name 4-F-Me-NMe2

Sample Type Sample Position Vial 42

Instrument Name US10310002 User Name TOF-PC\admin

Acq Method Bypass.m Acquired Time  8/13/2020 10:19:56 AM
IRM Calibration Status Damijana.m

Comment

Compound Label m/z RT Algorithm Mass

Cpd 2: C26 H24 F N3 04 494.1539 0.246  Find by Molecular Feature 493.1469

S

Compound Identification Results

Ion Mass Calc Ion Mass
494,1539 494,1544
494.1539 494,1531
532.1119 532.113
494.1539 494,1558
494,1539 494.1558
494,1539 494.1518
494.1539 494.1563
494.1539 494,1563
532.1119 532.1143

MS Spectrum

Difference IonFormula IonSpecies Best
0.5 C26 H25F N3 04 S (M+H)+ v
-0.8 C24 H23 FN6 03 S (M+H)+
1.1 C29H22FKN40 S (M+K)+
1.8 C28H27F0O5S (M+H)+
1.8 C27H21FN7 S (M+H)+
2.2 C23H27FN207 S (M+H)+
2.3 C13H23FN1206 S (M+H)+
2.3 C14H29F N5 011§ (M+H)+
2.5C31H24FKNQ2S (M+K)+

<10 5|Cpd 2: C26 H24 F N3 04 S: +ESI Scan (0.184-0.459 min, 34 Scans) Frag=150.0V 4-F-Me-NMe2_00..
* 4941539
4 (MHH)+
3
*1009.2817
2 (2M+Na)+
i
161.0841 315.5673 . 654.2315  767.6842 922—{3099 |
200 300 400 500 600 00 800 900 1000
Counts vs. Mass-to-Charge (m/z)
MFE MS Zoomed Spectrum
110 5| Cpd 2: C26 H24 F N3 04 S: +ESI MFE Spectrum (0.184-0.459 min) Frag=150.0V 4-F-Me-NMe2_001.
*494/1539
(MHH)+
3
*1009.2819
2 {2M+Na)+
1 |
532,1119
0 (M+K)+

500 550 600 650

--- End Of Report ---

00 750 800 850 900 850 1000
Counts vs. Mass-to-Charge (m/z)
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Methyl (3R,3'S,4'R)-3'-(4-bromo-3-methoxyphenyl)-1,1",5,5"-tetramethyl-2,3"-dioxo-5'-thioxo-
1",3"-dihydrodispiro[indoline-3,2'-pyrrolidine-4',2"-pyrrolel-4"-carboxylate (31)

OMe

Qualitative Compound Report

Data File 4-Br-3-OMe-NMe2_001.d Sample Name 4-Br-3-OMe-NMe2

Sample Type Sample Position Vial 62

Instrument Name US10310002 User Name TOF-PC\admin

Acq Method Bypass.m Acquired Time  8/19/2020 11:04:32 AM

IRM Calibration Status [Slice DA Method Damijana.m

Comment

Compound Label m/z RT Algorithm Mass

Cpd 1: C27 H26 Br N3 O5 584.085 0.245  Find by Molecular Feature 583.0775

S

Compound Identification Results

Ion Mass Calc Ion Mass Difference IonFormula IonSpecies Best
584.085 584.0849 -0.1 C27 H27 Br N3 05 S (M+H)+ v
584.085 584.0849 -0.1 C26 H21 Br N10 S (M+H)+
584.085 584.0863 1.3 C28H23BrN70 S (M+H)+
584.085 584.0863 1.3 C29H29Br 06 S (M+H)+
584.085 584.0836 -1.4 C25 H25 Br N6 04 S (M+H)+
584.085 584.0868 1.8 C14 H25 Br N12 O7 S (M+H)+
584.085 584.0868 1.8 CI5H31BrN5 012§ (M+H)+
584.085 584.0823 -2.7 C24 H29 Br N2 08 S (M+H)+
584.085 584.0822 -2.7 C23H23BrN9 03 S (M+H)+
584.085 584.0881 3.1 C15H21 BrN16 O3 S (M+H)+

MS Spectrum

10 5 |Cpd 1: G27 H26 Br N3 O5 S: +ES| Scan (0.183-0.417 min, 29 Scans) Frag=70.0V 4-Br-3-OMe-NMez2...
25 * 586/0828
(MH)+
2
1.51
1

0.5

194.1179

371.1011

L sesaes

922.0098
L

MFE MS Zoomed Spectrum
%10 5 |Cpd 1: C27 H26 Br N3 05 S: +ESI MFE Spectr
.

25

2

1.5

1]

05

200

300

—
400

500 600 700
Counts vs. Mass-to-Charge (m/z)

800

9800

1000

6|0833
(MHH)+

um (0.175-0.417 min) Frag=70.0V 4-Br-3-OMe-NMe2..

555

--- End Of Report ---
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580 585 590
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Methyl (3R,3'S,4'R)-1,1",5,5"-tetramethyl-2,3"-dioxo-3'-(thiophen-2-yl)-5'-thioxo-1",3"-
dihydrodispiro[indoline-3,2'-pyrrolidine-4',2"-pyrrole]-4"'-carboxylate (3j)

Qualitative Compound Report

Data File tie-Me-NMe2_001.d Sample Name tie-Me-NMe2
Sample Type Sample Position Vial 43
Instrument Name US10310002 User Name TOF-PC\admin
Acq Method Bypass.m Acquired Time  8/13/2020 10:23:38 AM
IRM Calibration Status DA Method Damijana.m
Comment
Compound Label m/z RT Algorithm Mass
Cpd 5: C24 H23 N3 04 52 482.1195 0.248  Find by Molecular Feature 481.1127
Compound Identification Results
Ton Mass Calc Ion Mass Difference TonFormula TonSpecies Best
482.1195 482.1189 -0.5 C22 H22 N6 03 S2 (M+H)+
482.1195 482.1201 0.6 C17 H26 N2 012 S (M+H)+
482.1195 482.1201 0.6 C16 H20N9 Q7 S (M+H)+
482,1195 482.1188 -0.7 C15 H24 N5 011 § (M+H)+
482.1195 482,1187 -0.7 C14 HI8 N12 06 § (M+H)+
482.1195 482.1203 0.8 C24 H24 N3 04 S2 (M+H)+ v
482.1195 482.1214 2 C17 HI6 N13 03 S (M+H)+
482.1195 482.1214 2 C18H22N6 08 S (M+H)+
482.1195 482.1216 2.2 C25 H20 N7 S2 (M+H)+
482.1195 482.1216 2.2 C26 H26 05 52 (M+H)+
MS Spectrum
x10 5 Vde 5: C24 H23 N3 O4 S2: +ES| Scan (0.191-0.642 min, 56 Scans) Frag=150.0v tie-Me-NMe2_001.d
* 82;1 199
(MHH)+
2
15
1 985.2142
(2M+Na)+
0.5
| 1941177 309.5501 ¢ \_ 610.1842 758.2208 )
200 300 400 500 600 700 800 900 1000
Counts vs. Mass-to-Charge (m/z)
MFE MS Zoomed Spectrum
10 5| Cpe 5: C24 H23 N3 04 52: +ESI MFE Spectrum (0.183-0.650 min) Frag=150.0V tie-Me-NMe2_001 4
*482/1195
(MHH)+
1.5+
985.2137
s (2M+Na)+
05
500 550 600 650 700 750 800 850 900 950 1000

--- End Of Report ---
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Methyl (35,3'R,4'S)-3'-(4-bromophenyl)-1,5"-dimethyl-2,3"-dioxo-5'-thioxo-1",3"-

dihydrodispiro[indoline-3,2'-pyrrolidine-4',2"-pyrrole]-4"-carboxylate (3k)

Qualitative Compound Report

105 of 115

Data File ZT-035_001.d Sample Name ZT-035

Sample Type Sample Position Vial 11

Instrument Name US510310002 User Name TOF-PC\admin

Acq Method Bypass.m Acquired Time  9/19/2018 10:11:13 AM

IRM Calibration Status

t'li. DA Method Damijana.m

Comment

Compound Label m/z RT Algorithm Mass
Cpd 2: C24 H20 Br N3 04 526.0427 0.234  Find by Molecular Feature 525.0353
S

Compound Identification Results

Ton Mass Calc Ion Mass Difference TonFormula lonSpecies
526.0427 526.0424 -0.3 C15 H19 Br N12 0 S2 (M+H)+
526.0427 526.0424 -0.3 C16 H25 Br N5 06 52 (M+H)+
526.0427 526.0431 0.4 C24 H21 Br N3 04 S (M+H)+
526.0427 526.0419 -0.8 C30 H23 Br S2 (M+H)+
526.0427 526.0417 -1 C22H19BrN6 03 S (M+H)+
526.0427 526.0438 1 C17 H21 BrN9 02 52 (M+H)+
526.0427 526.0438 1 C18 H27 Br N2 07 S2 (M+H)+
526.0427 526.0444 1.7 C25 H17 Br N7 S (M+H)+
526.0427 526.0444 1.7 €26 H23 Br 05 S (M+H)+
526.0427 526.0404 -2.3 C21 H23BrN2 Q7S (M+H)+

MS Spectrum

x10 4 EZS C24 H20 Br N3 04 S: +ESI Scan (0.176-0.381 min, 19 Scans) Frag=150.0V ZT-035_001.d
54 528.p410
(MAH)+

4

3

n

184.1172
|

922.0099
| 6842026  809.5329 |
bt ; L i

324.0062
|

L L

MFE MS

x10 4

5

4

3

N

-

200 300 400 500 600 700 800 900 1000
Counts vs. Mass-to-Charge (m/z)

Zoomed Spectrum
Cpd 2: C24 H20 Br N3 04 S: +ESI MFE Spectrum (0.176-0.392 min) Frag=150.0V ZT-035_001.d
528.0405
(M{H)+
1075.0558
(2M+Na)+
565.5965
(M+K)+ \
4

550 600 650 700 750 8OO 850 800 950 1000 1050 1100
Counts vs. Mass-to-Charge (m/z)

- End OF Report -
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Methyl (35,3'R,4'S)-1,5,5"-trimethyl-3'-(3-nitrophenyl)-2,3"-dioxo-5"-thioxo-1",3""-
dihydrodispiro[indoline-3,2'-pyrrolidine-4',2"-pyrrole]-4"-carboxylate (31)

Qualitative Compound Report

Data File 4-NMe2-NH-NMe2_001.d Sample Name 4-NMe2-NH-NMe2
Sample Type Sample Position Vial 63

Instrument Name US10310002 User Name TOF-PC\admin

Acq Method Acquired Time  8/19/2020 11:10:32 AM
IRM Calibration Status DA Method Damijana.m

Comment

Compound Label m/z RT Algorithm Mass

Cpd 2: C25H22 N4 06 S  507.1329 0.244  Find by Molecular Feature 506.125

Compound Identification Results

Ion Mass Calc lon Mass Difference IonFormula IonSpecies Best
507.1329 507.1333 0.4 C25 H23 N4 06 S (M+H)+ v
507.1329 507.1333 0.4 C24H17N110S (M+H)+
507.1329 507.1319 -0.9 C24H27 010 S (M+H)+
507.1329 507.1319 -0.9 C23H21 N7 05 S (M+H)+
507.1329 507.1319 -0.9 C22 H15 N14 S (M+H)+
507.1329 507.1346 1.8 C27H25 N O7 S (M+H)+
507.1329 507.1346 1.8 C26 HI9 N8 02 S (M+H)+
507.1329 507.1306 -2.3 C22 H25 N3 09 5 (M+H)+

MS Spectrum

x10 4 |Cpd 2: C25 H22 N4 06 S: +ES| Scan (0.180-0.430 min, 31 Scans) Frag=70.0V 4-NMe2-NH-NMe2_0...
| 507.1332
74 (MHH)+
6
5 1035.2405
(2M+Na)+
4
3
2 922.0099
1 { 194.1179 322.0567 610.1839 776.2330
ol L i 5 L L l.‘ (Pl o i ; i il
200 300 400 500 600 700 800 900 1000

Counts vs. Mass-to-Charge (m/z)

MFE MS Zoomed Spectrum

10 +|Cpd 2: C25 H22 N4 OB S: +ESI MFE Spectrum (0.180-0.438 min) Frag=70.0v 4-NMe2-NH-NMe2_00..
8] 507.1328
7] (MAH)*
6 1035.2399
5 (2M+Na)+
N
3
2
1
ol—1 . ‘ . ; . ;
500 550 600 650 700 750 800 &850 900 950 1000 1050
Counts vs. Mass-to-Charge (m/z)
-— End Of Report -
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Methyl rel-(3R,3'S,4'R)-1,1",5"-trimethyl-3'-(4-nitrophenyl)-2,3"-dioxo-5'-thioxo-1",3"-

dihydrodispiro[indoline-3,2'-pyrrolidine-4',2"-pyrrole]-4"-carboxylate (rac-3m)

Qualitative Compound Report

Data File ZT-013_001.d Sample Name ZT-013
Sample Type Sample Position Vial 7
Instrument Name US10310002 User Name TOF-PC\admin
Acq Method Bypass.m Acquired Time  5/8/2018 2:18:36 PM
IRM Calibration Status DA Method Damijana.m
Comment
Compound Label m/z RT Algorithm Mass
Cpd 4: C25H22 N4 06 S 1035.239 0.234  Find by Molecular Feature '506.1258
Compound Identification Results
Ion Mass Calc Ion Mass Difference TonFarmula IonSpecies Best
507.1329 507.1333 0.4 C25 H23 N4 06 S (M+H)+ v
507.1329 507.1333 0.4 C24 H17N11 0 S (M+H)+
507.1329 507.1319 -1 C24 H27 010 S (M+H)+
507.1329 507.1319 -1 C23H2L N7 O5S (M+H)+
507.1329 507.1319 -1 C22 HI5N14 S (M+H)+
507.1329 507.1346 1,7 C27H25N Q7 S (M+H)+
507.1329 507.1346 1.7 C26 HI9N8 02 5 (M+H)+
1051.2117 1051.2098 -1.9 C42 H36 K N20 08 S2 (2M+K)+
507.1329 507.1306 -2.3 C22H25N3 08 S (M+H)+
MS Spectrum
%10 4 |Cpd 4: C25 H22 N4 O6 §: +ES| Scan (0.178-0.439 min, 24 Scans) Frag=150.0V ZT-013 001.d
8 507.1336 1035[2405
7] (MH)+ (2M+{Na)+
6
5
4
; |
= 293.5576 922.0098
1 P o e
200 300 400 500 600 700 800 900 1000

Counts vs. Mass-to-Charge (m/z)

MFE MS Zoomed Spectrum

%10 4 [Cpd 4: €25 H22 N4 O6 S: +ESI MFE Spectrum (0.178-0.450 min) Frag=150.0v ZT-013_001.d

8 507.1329 1035/2390
(MHH)+ (2MHNa)+

6

5

4

3

2 \

1

ol— Il ; ; ; ‘
500 550 800 650 700 750 800 850 800 950 1000 1050

Counts vs. Mass-to-Charge (m/z)

-~ End Of Report —
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Methyl rel-(3R,3'S,4'R)-3'-(2-bromophenyl)-1,1",5"-trimethyl-2,3"-dioxo-5'-thioxo-1",3"-

dihydrodispiro[indoline-3,2'-pyrrolidine-4',2"-pyrrole]-4"-carboxylate (rac-3n)

Qualitative Compound Report

108 of 115

Data File ZT-024_001.d Sample Name ZT-024

Sample Type Sample Position Vial 24

Instrument Name U510310002 User Name TOF-PCyadmin

Acq Method Bypass.m Acquired Time  7/17/2018 10:51:54 AM
IRM Calibration Status " DA Method Damijana.m

Comment

Compound Label m/z RT Algorithm Mass

Cpd 1: C25 H22 Br N3 04 540.0588 0.233  Find by Molecular Feature 1539.0513

S

Compound Identification Results

Ion Mass Calc Ion Mass Difference IonFormula IonSpecies
540.0588 540.0587 -0.1 C25H23BrN3 04 S (M+H)+
540.0588 540.0601 1.3 C26 H19 Br N7 S (M+H)+
540.0588 540.0601 1.3 C27H25Br0O5 S (M+H)+
540.0588 540.0574 -1.4 C23 H21 Br N6 O3 S (M+H)+
562.0396 562.038 -1.6 C21 HI8 Br N9 Na 02 S (M+Na)+
540.0588 540.0606 1.8 C13H27 Br N5 011 S (M+H)+
540.0588 540.056 -2.8 C22 H25 Br N2 07 S (M+H)+
562.0396 562.0366 -3 C20H22 Br N5 Na 06 S (M+Na)+

MS Spectrum

10 3 |Cpd 1: ©25 HZ2 Br N3 04 §: +ESI Scan {0.196-0.366 min, 16 Scans) Frag=150.0V ZT-024_001.d
542 0567 9220099
6 279.0931 (MgH)+

391.2844

TR Mn _—

200 300 400 500 600 700 800 900 1000
Counts vs. Mass-to-Charge (m/z)

MFE MS Zoomed Spectrum

Cpd 1: C25 H22 Br N3 04 S: +ESI MFE Spectrum (0.184-0.366 min) Frag=15b.0\/ ZT-0247001 .d

Best

x10 3
542.0568
8 (MH)*
5.
# 562.0396
3 (M+Na)+ 580.0116
(M+K)+
2
1]
0 11— — |
510 515 520 525 530 535 540 545 550 555 560 565 570 575 580 585 590 595 600 605 610
Counts vs. Mass-to-Charge (m/z)
--- End Of Report ---
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Methyl rel-(3R,3'S,4'R)-3'-(4-methoxyphenyl)-1,1",5"-trimethyl-2,3"-dioxo-5'-thioxo-1",3"-

dihydrodispiro[indoline-3,2'-pyrrolidine-4',2"-pyrrole]-4"-carboxylate (rac-30)

OMe

Qualitative Compound Report

109 of 115

Data File ZT-030_001.d Sample Name ZT-030
Sample Type Sample Position Vial 63
Instrument Name US10310002 User Name TOF-PC\admin
Acq Method Bypass.m Acquired Time  9/7/2018 11:05:31 AM
IRM Calibration Status Damljana.m
Comment
Compound Label m/z RT Algorithm ‘Mass
Cpd 8: C26 H25N3 05 S 1492.1584 0.235  Find by Molecular Feature 491.1511
Compound Identification Results
Ton Mass Calc Ion Mass Difference IonFormula IonSpecies Best
492.1584 492.1588 0.3 C26 H26 N3 05 S (M+H)+ v
492.1584 492.1588 0.3 C25 H20 N10 S (M+H)+
492.1584 492.1581 -0.3 C17 H24 N12 02 S2 (M+H)+
492,1584 492,1576 -0.8 C32 H28 0 S2 (M+H)+
492,1584 492.1574 -1 C24 H24 N6 04 S (M+H)+
492.1584 492.1595 1 C19 H26 N9 03 52 (M+H)+
492.1584 492,1595 1 C20 H32 N2 08 52 (M+H)+
492,1584 492,1601 1.7 C27H22N70S (M+H)+
492.1584 492.1601 1.7 C28 H28 06 S (M+H)+
492.1584 492.1561 -23 C23H28N2 08 S (M+H)+

MS Spectrum

x10 5 |Cpd 8: C26 H25 N3 05 S: +ESI Scan (0.171-0.413 min, 30 Scans) Frag=150.0v ZT-030_001.d
* 492/1586
12 (MH)+
1
0.8
0.6
0.4
0.2 294.0564 922.0098
194.1173 © | [ 592.0837 756.7092
I AT - b 5 : L :
200 400 500 600 700 800 900 1000

MFE MS Zoomed Spectrum

Counts vs. Mass-to-Charge (m/z)

x10 5 ,C_pd 8: C26 H25 N3 O5 S: +ES| MFE Spectrum (0.171-0 422 min) Frag=150.0V ZT-030_001.d
~: 492)1584
1.2 (MHH+
1]
0.8
0.6
1005.2916
0.4 (2M+Na)+
0.2
0 L ; : ;
500 550 600 650 700 750 800 850 00 950 1000
Counts vs. Mass-to-Charge (m/z)
--- End Of Report ---
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Qualitative Compound Report

Methyl rel-(3R,3'S,4'R)-3'-(furan-2-yl)-1,1",5"-trimethyl-2,3"-dioxo-5"-thioxo-1",3"-
dihydrodispiro[indoline-3,2'-pyrrolidine-4',2"-pyrrole]-4"-carboxylate (rac-3p)

Data File ZT-014_001.d Sample Name ZT-014

Sample Type Sample Position Vial 32

Instrument Name US10310002 User Name TOF-PC\admin

Acq Method Bypass.m Acquired Time  7/18/2018 10:47:23 AM

IRM Calibration Status DA Method Damijana.m
Comment
Compound Label m/z RT Algorithm ‘Mass
Cpd 2: C25 H23 06 S 452.1281 0.232  Find by Molecular Feature 451.121
Compound Identification Results
Ion Mass Calc Ion Mass Difference IonFormula IonSpecies
452.1281 452.1275 -0.6 C23H22 N3 O5 S (M+H)+
452,1281 452.1275 -0.6 C22 H16 N10 S (M+H)+
452.1281 452.1288 0.7 C25H24 06 S (M+H)+
452.1281 452.1288 0.7 C24HI8N7OS (M+H)+
490.0857 490.0874 1.7 C28H21KN O3 S (M+K)+
452.1281 452.1261 -1.9 C21 H20 N6 04 S (M+H)+
452,1281 452.1301 2.1 C26 H20N4 02 S (M+H)+
490.0857 490.0879 2.2 C13H17 KN13 04 S (M+K)+
474.1102 474.1126 2.4 C12H21 N9 Na O8 S (M+Na)+
474.1102 474.1126 2.4 C13H27 N2 Na 013 § (M+Na)+
MS Spectrum
410 4 [Cpd 2: C25 H23 06 S: +ESI Scan (0.180-0.339 min, 15 Scans) Frag=150.0v ZT-014_001.d
45211277
Ln priot 923.2139
1.25
1
0.75 294.1997
0.5 194.1173 391.2843
0.25
0 buidt .L Juluh J ' l Ll 1““ ) I 2210216 7?0'?9?1 OV 1 i ki
200 300 400 500 600 700 800 900 1000

Counts vs. Mass-to-Charge (m/z)

MFE MS Zoomed Spectrum

w10 4 |Cpd 2: C25 H23 06 S: +ES| MFE Spectrum (0.180-0.339 min) Frag=150.0V ZT-014_001.d

452.1281
(M)

1.5
1.25

1 474.1102
M+N
075 {Mhay:

490.0857
05 (M+K)+

025

750 435 450 435 440 445 450 455 460 465 470 475 480 485 490 495 500 505 510 515 520 525
Counts vs. Mass-to-Charge (m/z)

--- End Of Report ---
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Methyl (3R,3'S,4'R)-1,1",5"-trimethyl-5"-(methylthio)-2,3"-dioxo-3'-phenyl-1",3"-dihydro-3'H-
dispiro[indoline-3,2'-pyrrole-4',2"-pyrrolel-4"-carboxylate (4)

Qualitative Compound Report

Data File S-Me_001.d Sample Name S-Me

Sample Type Sample Position Vial 58

Instrument Name US10310002 User Name TOF-PC\admin

Acq Method Bypass.m Acquired Time  8/4/2020 1:33:05 PM
IRM Calibration Status [Sticcess T | DA Method Damijana.m
Comment

Compound Label m/z RT Algorithm Mass

Cpd 3: C26 H25 N3 04 S 973.3009 0.244  Find by Molecular Feature 475.1571

Compound Identification Results

Ion Mass Calc Ion Mass Difference IonFormula IonSpecies Best

476.1636 476.1637 0.1 C18 H22 N9 07 (M+H)+

476.1636 476.1637 0.1 C19 H28 N2 012 (M+H)+

476.1636 476.1637 0.1 C17 H16 N16 02 (M+H)+

476.1636 476.1639 0.3 C26 H26 N3 04 S (M+H)+ v
476.1636 476.1625 -1.1 C24 H24 N6 O3 S (M+H)+

476.1636 476.1623 -1.2 C17 H26 N5 011 (M+H)+

476.1636 476.165 1.4 C19 H18 N13 03 (M+H)+

476.1636 476.165 1.5 C20 H24 Né O8 (M+H)+

476.1636 476.1652 1.6 C28H28 05 S (M+H)+

476.1636 476.1652 1.6 C27 H22 N7 S (M+H)+

MS Spectrum
x10 & Epd 3: C26 H25 N3 04 S: +ESI Scan (0.180-0.5613 min, 41 Scans) Frag=150.0V S-Me_001.d
* 498.1454 *973.3010

5 (M+Na)+ (2M+Na)+
44

i ‘

2

1

8 194.1179  306.5719 . 6101840 7582214 922.0093)

200 300 400 500 600 700 800 900 1000
Counts vs. Mass-to-Charge (m/z)

MFE MS Zoomed Spectrum
x10 6|Cpd 3: 26 H25 N3 04 S: +ESI MFE Spectrum (0.179-0.513 min) Frag=150.0V 5-Me_001.d

. * 973.3009
(ﬁf N‘l :)34 (2M+Na)+

54
4
3
2

SN | | ‘

500 550 500 650 700 750 800 850 900 950
Counts vs. Mass-to-Charge (m/z)

--- End Of Report ---
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5. X-Ray crystallography

Table S4. Crystal data and structure refinement for 3b.

Empirical formula

Formula weight
Temperature/K
Crystal system
Space group
a[AY
b [A%]
c[A7]
a[]
pI°]
v [F]
V[A3]
z
Peale [g/cm?]
p [mm]
F(000)
Crystal size/mm?

Radiation

Reflections collected

Independent reflections

Rint

Data/restraints/parameters

GOF
R1, wR2 [I>=20 (I)]
R1, wR- (all data)
(Ap)max [e A]
(Ap)min [e A3]

Flack parameter

C24H22N1O6S
494.52
150.00(10)
orthorhombic
P21212:
17.6024(6)
18.0462(8)
18.1012(5)
90
90
90
5750.0(4)

4
1.446
0.439
2576.0
0.2x0.1x0.1

MoKa (A = 0.71073)

19672
13912
0.0252
13912/0/729
1.030
0.0490, 0.1048
0.0728, 0.1180
0.41
-0.56
-0.05(2)

General Information

112 of 115

Single-crystal X-ray diffraction data was collected on Agilent Technologies SuperNova Dual
diffractometer with an Atlas detector using monochromated Mo-K« radiation (A = 0.71073 A) at 150
K. The data was processed using CrysAlis PRO [16]. Using Olex2.1.2. [17], the structures were solved
by direct methods implemented in SHELXS [18] or SHELXT [19] and refined by a full-matrix least-
squares procedure based on F? with SHELXT-2014/7 [20]. All nonhydrogen atoms were refined
anisotropicallly. Hydrogen atoms were placed in geometrically calculated positions and were refined
using a riding model. The drawings and the analysis of bond lengths, angles and intermolecular

interactions were carried out using Mercury [21] and Platon [22].
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Structural and other crystallographic details on data collection and refinement for compound 3b
have been deposited with the Cambridge Crystallographic Data Centre as supplementary publication
number CCDC Deposition Number 2032993. These data can be obtained free of charge via
www.ccdc.cam.ac.uk/conts/retrieving.html (or from the CCDC, 12 Union Road, Cambridge CB2 1EZ,
UK; fax: +44 1223 336033; e-mail: deposit@ccdc.cam.ac.uk).

Figure 56. Molecular structure of product 3b. Thermal ellipsoids are shown at 50% probability. The
asymmetric unit contains two molecules of product 3b and two molecules of chloroform.
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