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Pale yellow solid49.2 mg, 95% vield; 955 er; [Up2° = +247.7(c. 221, CHxClp): m.p.106.8
107.3¢€.

HPLC (Chiralpak AD-H column,i-propanolh-hexane = 30/7G@olumn temperature 30 €, flow

rate = 1.0 mL/min/ = 254 nm) ¢ = 12.2min (major),13.7 min (minor).

IH NMR (300 MHz, CDCls) U 7.76 (d,J = 8.2 Hz, 1H), 7.677.46 (m, 4H), 7.43&.23 (m, 5H),
7.226.99 (m, 3H), 6.55 (d]= 7.6 Hz, 1H), 6.19 (ddl= 9.4, 1.8 Hz, 1H), 4.83 (d,= 9.4 Hz, 1H),

4.02 (9, = 7.1 Hz, 2H), 2.91 (s, 3H), 1.08 {t= 7.1 Hz, 3H).

13C NMR (75 MHz, CDCl3) 1177.2, 162.0, 160.2, 156.8, 152.5, 148.7, 143.1, 140.2, 136.3, 135.3,
129.8, 129.4,128.2,127.9,126.3, 125.7, 125.2, 123.1,117.8, 117.6, 115.5, 108.3, 102.9, 66.5, 61.0,
58.1, 51.7, 26.4, 13.9.

HRMS (ESI) calcd. for GoH24N2NaGs [M + Na]* 539.1577 found:539.1579



Et hyl R, S(F5(-br o0y armx-2H-c hr o#e FlYme t ylx-dp heny |
spiro[cyell, @3pmelmicamiB ar bo X3yH) at e

Pale yellow solid58.9 mg.99% yield;95:5 er; [p2° = +338.0(c. 2.62 CHCk); m.p.88.588.9€C .

HPLC (Chiralpak AD-H column i-propanolh-hexane = 30/7G@Golumn temperature 30 €, flow

rate = 1.0 mL/min/ = 254 nm) & = 9.9min (major),11.7min (minor)

H NMR (300 MHz, CDCl3) i 7.687.58 (m, 2H),7.547.44 (m, 2H), 7.42.31 (m, 4H), 7.3@.25

(m, 2H), 7.247.17 (m, 1H), 7.10 (11 = 7.5 Hz, 1H), 6.61 (d]= 7.7 Hz, 1H), 6.16 (ddl=9.5, 1.9

Hz, 1H), 4.74 (dJ = 9.6 Hz, 1H), 4.03 (q] = 7.1 Hz, 2H), 2.96 (s, 3H), 1.09 {t= 7.1 Hz, 3B.

13C NMR (75 MHz, CDCl3) i1177.2, 161.9, 159.5, 156.2, 152.6, 148.6, 143.1, 140.0, 138.4, 136.5,
130.0, 129.5, 128.7, 128.3, 127.9, 127.4, 126.0, 125.9, 123.2, 120.8, 116.9, 115.4, 108.5, 103.0,
66.5, 61.1, 58.151.7, 26.5, 14.0

HRMS (ESI) calcd. for GoH23BrNoNaGs [M + Na]* 617.0683 found617.0670

Ethyl (1R,4S,59)-5-(3-cyano-6-fluoro-2-oxo-2H-chromen-4-yl)-1'-methyl-2'-oxo-4-phenyl spi-
ro[cyclopentane 1,3%indolin] -2-ene 2-carboxylate (3ca)

Pale yellow solid41.1 mg,77% yield;91.5:8.5 er[Jp2° = +287.7(c. 1.6Q CHCk); m.p.177.5
177.8€ . HPLC (ChiralpakiB column i-propanolh-hexane = 25/7%0lumn temperature 30 €,
flow rate = 1.0 mL/min/ = 254 nm) & = 8.7 min (minor), 9.8 min (major).

IH NMR (300 MHz, CDCl3) i 7.627.56 (m, 1H), 7.55.48 (m, 3H), 7.43%.34 (m, 2H), 7.33.26
(m, 2H), 7.267.23 (m, 1H), 7.22.03 (m, 3H), 6.59 (d] = 7.8 Hz, 1H), 6.16 (dd] = 9.4, 2.1 Hz,
1H), 4.65 (d,J = 9.4 Hz, 1H), 4.03 (q] = 7.1 Hz, 2H), 2.99 (s, 3H), 1.09 {t= 7.1 Hz, 3H.

13C NMR (101 MHz, CDCl3) i 177.2, 161.81593 (d,J = 3.0 Hz, 1C)159.0 (d,J = 247.5 Hz,
1C),157.8, 156.4, 148.@1,J= 2.0 Hz, 1C)148.5, 143.1, 140.0, 136.4, 129.9, 129.4, 128.3, 127.9,
126.0, 125.7, 123.1, 12(d,J= 25.3 Hz, 1C)119.2(d,J= 9.1 Hz, 1C)118.8(d,J= 9.1 Hz, 1C)
115.1, 1121 (d,J=27.3 Hz, 1C), 108.3, 103.66.4, 61.0, 58.4, 51.7, 26.3, 13.9

HRMS (ESI) calcd. for GoH23FN2NaGs [M + NaJ* 557.1483 found:557.1496

Ethyl (1R,4S,55)-5-(6-chloro-3-cyano-2-oxo-2H-chromen-4-yl)-1'-methyl-2'-oxo-4-phenyl
spiro[cyclopentanel,3-indolin] -2-ene-2-carboxylate (3da)



Pale yellow solid45.7 mg,83% yield;92:8 er [Up?° = +321.1(c. 1.92 CHCk); m.p. 197.%
198.3C.

HPLC (ChiralpakOD-H column i-propanolh-hexane = 25/750lumn temperature 30 €, flow

rate = 1.0 mL/min/ = 254 nm) & = 10.5 min (minor), 12.5 min (major)

1H NMR (300 MHz, CDCl3) &i 7.76 (d,J = 2.2 Hz, 1H), 7.6(7.46 (m, 4H), 7.44.35(m, 2H),
7.357.29 (m, 1H), 7.26.23 (m, 1H), 7.28.16 (m, 1H), 7.15.03 (m, 2H), 6.58 (d] = 7.7 Hz,

1H), 6.17 (ddJ = 9.2, 2.1 Hz, 1H), 4.67 (d,= 9.2 Hz, 1H), 4.03 (q] = 7.1 Hz, 2H), 3.01 (s, 3H),
1.09 (t,J = 7.1 Hz, 3H)

13C NMR (101 MHz,CDCI3) i177.3, 161.9, 159.4, 156.3, 150.8, 148.6, 143.1, 140.1, 136.4, 135.1,
131.2, 130.0, 129.5, 128.4, 128.0, 126.1, 125.8, 125.6, 123.2, 119.0, 118.9, 115.1, 108.4, 103.9,
66.5, 61.158.4, 51.7, 26.4, 14.0

HRMS (ESI) calcd. for Gz2H23CIN2NaGs [M + Na]* 573,1188 found:573.1215

Ethyl (1R,4S,5S)-5-(6-bromo-3-cyano-2-oxo-2H-chromen-4-yl)-1'-methyl-2'-oxo-4-phenyl
spiro[cyclopentanel,3-indolin] -2-ene2-carboxylate (3ea)

Pale yellow solid56.3 mg,95% vyield;89.5:10.5 er[Up?° = +297.8(c. 2.19 CHCk); m.p.186.6
186.9C .

HPLC (ChiralpakAD-H column i-propanolh-hexane = 30/7@;olumn temperature 30 €, flow

rate = 1.0 mL/min/ = 254 nm) & = 15.4 min (major), 17.6 min (minor)

H NMR (300 MHz, CDCl3) 1i7.90 (d,J = 2.0 Hz, 1H), 7.64 (dd] = 8.8, 2.1 Hz, 1H), 7.59.49

(m, 3H), 7.447.35 (m, 2H), 7.34.27 (m, 1H), 7.2.14 (m, 2H), 7.12.01 (m, 2H), 6.59 (d] =

7.7 Hz, 1H), 6.18 (dd]= 9.2, 2.2 Hz, 1H), 4.66 (d,= 9.3 Hz, 1H), 4.03 (9] = 7.1 Hz, 2H), 3.03

(s, 3H), 1.09 (t)=7.1 Hz, #)

3C NMR (101 MHz, CDCl3) 1177.2, 161.9, 159.3, 156.2, 151.3, 148.6, 143.1, 140.1, 137.9, 136.4,
130.0, 129.5, 128.8, 128.3, 128.0, 126.1, 125.6, 123.2, 119.3, 119.2, 118.3, 115.1, 108.4, 103.9,
66.5,61.1, 58.4, 51.7, 26.5, 14.0

HRMS (ESI) calcd. for GzH23BrN2NaGs [M + Na]* 617.0683 found:617.0688

Ethyl (1R,4S,59)-5-(3-cyano-6-methyl-2-oxo-2H-chromen-4-yl)-1'-methyl-2'-oxo-4-phenyl
spiro[cyclopentanel,3-indolin] -2-ene2-carboxylate (3fa)



Pale yellow solid39.5 mg,75% yield;95:5 er [Up2° = +355.2(c. 2.80 CHCk); m.p. 195.3
196.4€C .

HPLC (ChiralpaklIA column i-propanolh-hexane = 20/8@0lumn temperature 30 €, flow rate

= 1.0 mL/min,/ =254 nm) & = 10.5 min (major), 2.7 min (minor)

IH NMR (300 MHz, CDCl3) 117.627.49 (m, 4H), 7.42%.33 (m, 3H), 7.37.26 (m, 2H), 7.207.14
(m, 1H), 7.117.01 (m, 2H), 6.55 (d] = 7.7 Hz, 1H), 6.20 (dd} = 9.4, 2.1 Hz, 1H), 4.79 (d,= 9.4
Hz, 1H), 4.03 (gqJ = 7.1 Hz, 2H), 2.92 (s, 3H), 2.39 (s, 3H), 1.09&,7.1 Hz, 3H)

13C NMR (101 MHz, CDCl3) i 177.3, 162.0, 160.1, 157.1, 150.6, 148.8, 143.0, 140.3, 136.4, 136.3,
135.2, 129.8,29.4, 128.2, 128.0, 126.3, 126.0, 125.6, 12811.5, 117.3, 115.7, 108.3, 102.7,
66.5, 61.0, 58.0, 51.6, 26.2, 21.0, 13.9

HRMS (ESI) calcd. for GsH2sN2NaGs; [M + Na]* 553,1734, found:553.1747

Ethyl  (1R,4S,5S)-4-(4-chlorophenyl)-5-(3-cyano-2-oxo-2H-chromen-4-yl)-1'-methyl-2'-oxo
spiro[cyclopentanel,3-indolin] -2-ene-2-carboxylate (3ga)

Pale yellow solid27.2 mg50% yield;92:8 er [Jp?°=241.9(c. 1.20 CHCE); m.p.198.9199.5C .

HPLC (ChiralpakIA column i-propanolh-hexane = 30/7@G0lumn temperature 30 €, flow rate

= 1.0 mL/min,/ = 254 nm) &£ = 12.0 min (major), 15.0 min (minor)

H NMR (300 MHz, CDCl3) (i 7.77-7.68 (m, 1H), 7.62.52 (m, 2H), 7.57.41 (m, 2H), 7.4 .27

(m, 3H), 7.247.14 (m, 3H), 7.14.04 (m, 1H), 6.55 (d] = 7.7 Hz, 1H), 6.15 (ddl = 9.3, 2.2 Hz,

1H), 4.74 (dJ= 9.3 Hz, 1H), 4.03 (q] = 7.1 Hz, 2H), 2.92 (s, 3H), 1.09 {t= 7.1 Hz, 3H.

*C NMR (101 MHz, CDCl3) i177.2, 161.9, 160.0, 156.8, 152.6, 148.0, 143.1, 138.8, 136.9, 135.5,
134.2, 130.0, 129.7, 129.4, 126.2, 126.1, 125.8, 125.3, 123.2, 117.8, 117.7, 115.5, 108.4, 102.9,
66.6, 61.2, 58.151.2, 26.4, 14.0

HRMS (ESI) calcd. for GzH23CIN2NaGs [M + Na]* 573,1188 found:573.1206
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Pale yellow solid36.3 mg,61% yield;92:8 er [Up2° = +327.6(c. 083, CHCk); m.p. 115.%
115.8C .

HPLC (ChiralpakIA column i-propanolh-hexane = 30/7@Golumn temperature 30 €, flow rate
= 1.0 mL/min,/ = 254 nm) £ = 128 min (major), 158 min (minor)

'H NMR (300 MHz, CDCls) 1i 7.72 (d,J = 8.3 Hz, 1H), 7.6Z.52 (m, 2H), 7.5Z.45 (m, 2H),
7.447.36 (m, 2H), 7.3%.26 (m, 1H), 7.24.14 (m, 3H), 7.09 (td] = 7.6, 1.0 Hz, 1H), 6.55 (d,
=7.7 Hz, 1H), 6.14 (dd1= 9.3, 2.1 Hz, 1H), 4.74 (d,= 9.4 Hz, 1H), 4.03 (4] = 7.1 Hz, 2H), 2.2
(s, 3H), 1.09 (t)= 7.1 Hz, 3H)

3C NMR (101 MHz, CDCl3) 1177.2, 161.9, 159.9, 156.8, 152.6, 147.9, 143.1, 139.3, 136.9, 135.5,
132.6, 130.0,129.7, 126.2, 126.1, 125.7, 125.3, 123.2, 122.3, 117.8, 115151028, 66.6, 61.2,
58.1, 51.2, 26.4,4.0.

HRMS (ESI) calcd. for GzH23BrN2NaGs [M + Na]* 617.0683 found:617.0705

Ethyl (1R,4S,59)-5-(3-cyano-2-oxo-2H-chromen-4-yl)-4-(4-fluorophenyl)-1'-ethyl-2'-
oxospiro[cyclopentanel,3*-indolin] -2-ene-2-carboxylate (3ik)

Pale yellow solid17.5mg,32% vield; 94:6 er; [Jp2°=225.4(c.0.87, CH,Cl,); m.p.159.3160.2€.
HPLC (Chiralpak IA columnEtOH/n-hexane =15/85, column temperature 30 €, flow rate =
1.0 mL/min,/ = 254 nm) ¢ = 11.6 min (major), B.2 min (minor).

IH NMR (400 MHz, C D G)I117.81 (d,J = 8.1 Hz, 1H), 7.63 (dJ = 7.4 Hz, 1H), 7.58 () = 7.8
Hz, 1H), 7.547.45 (m, 2H), 7.34.27 (m, 1H), 7.2&.16 (m, 3H), 7.14.00 (m, 3H), 6.61 (d] =
7.8 Hz, 1H), 6.15 (dd] = 9.5, 2.0 Hz, 1H), 4.79 (d,= 9.6 Hz, 1H), 4.18.96 (m, 2H), 3.58 (dg)
= 14.4, 7.2 Hz, 1H), 3.44 (dd,= 14.2, 7.1 Hz, 1H), 1.09 (8,= 7.1 Hz, 3H), 0.86 (tJ = 7.2 Hz,
3H).

13C NMR (101 MHz, CDCl3) 1 176.6, 1&.6 (d, J = 248.3Hz, 1C), 161.9 159.9, 156.8, 152.6,
148.3, 142.3, 137.0, 135(8,J=3.2Hz, 1C), 135.4, 130.0, 129.@, J=8.3Hz, 1C), 126.4, 126.2,
126.2, 125.5, 122.9, 117.9, 117.7, Bl@, J=21.7Hz, 1C), 115.6, 108.5, 103,86.4, 61.1, 58.0,
51.0, 35.0, 14.0, 11.9.

HRMS (ESI) calcd. for GsHaseAN2NaOs [M + Na]* 571.1640, found: 57.1645.

Ethyl (1R,4S,55)-5-(3-cyano-2-oxo-2H-chromen-4-yl)-4-(4-methoxyphenyl)}1'-ethyl-2'-
oxospiro[cyclopentanel,3-indolin] -2-ene-2-carboxylate (3jk)



OMe

Paleyellow solid, 24.3 mg, 43% yield; 97:3 er; [Jp?° = +243.0 (c. 1.20,CH;Cly); m.p.102.3
103.4¢C.

HPLC (Chiralpak IA columnij-propanolh-hexane = 30/70, column temperatarg0 € , flow rate

= 1.0 mL/min,/ = 254 nm) & = 9.8 min (major), B.0min (minor).

IH NMR (400 MHz, CD G)Iti 7.85 (d,J = 8.3 Hz, 1H), 7.65 (d) = 7.4 Hz, 1H), 7.647.53 (m,

1H), 7.45 (dJ = 8.7 Hz, 2H), 7.35.15 (m, 4H), 7.09 () = 7.6 Hz, 1H), 6.89 (d] = 8.7 Hz, 2H),

6.61 (dJ= 7.7 Hz, 1H), 6.13 (ddl= 9.6, 1.9 Hz, 1H), 4.83 (d,= 9.7 Hz, 1H), 4.18.97 (m, 2H),

3.77 (s, 3H), 3.59 (dg} = 14.5, 7.2 Hz, 1H), 3.44 (dd,= 14.3, 7.1 Hz, 1H), 1.09 (§,= 7.1 Hz,

3H), 0.85 (tJ = 7.2 Hz,3H).

13C NMR (101 MHz, CDCl3) i 176.7, 162.0, 160.2, 159.5, 156.9, 152.6, 149.0, 142.3, 136.4, 135.2,
132.0, 129.8, 129.0, 126.5, 126.3, 126.2, 125.4, 122.8, 118.0, 117.6, 115.6, 114.8, 108.4, 103.0,
66.3, 61.0, 58.0, 55.4, 51.0, 34.9, 14.0, 11.9.

HRMS (ESI) calcd. for GsH2sN2NaQs [M + Na]* 583,1840 found: B83.1853

Ethyl (1R,4S,55)-5-(3-cyano-2-oxo-2H-chromen-4-yl)-1'-ethyl-4-(naphthalen-2-yl)-2'-
oxospiro[cyclopentanel,3-indolin] -2-ene-2-carboxylate (3mk)

Pale yellow slid, 23.6 mg, 41% yield; %.5:4.5er; [Jp? = +201.2(c. 118, CH,Cly); m.p.225.5
225.8C.

HPLC (ChiralpakOD-H column,i-propanolh-hexane =5/95, column temperature 30 €, flow
rate = 1.0 mL/min/ = 254 nm) & = 39.6min (minor), 44.8min (major).

H NMR (400 MHz, C D G)Iti 7.96 (s, 1H), 7.93.79 (m, 4H), 7.7&.65 (m, 2H), 7.6&.44 (m,
3H), 7.37 (dJ = 2.1 Hz, 1H), 7.3%7.21 (m, 2H), 7.20.07 (m, 2H), 6.64 (d] = 7.7 Hz, 1H), 6.37
(dd,J=9.6, 2.0 Hz, 1H), 4.99 (d,= 9.7 Hz, 1H), 4.09 (q = 7.1, 3.6 Hz, 2H), 3.6@lq,J = 14.5,
7.3 Hz, 1H), 3.46 (dg]=14.3, 7.1 Hz, 1H), 1.13 @,= 7.1 Hz, 3H), 0.87 (1) = 7.2 Hz, 3H).

3C NMR (101 MHz, CDCl3) 1176.7, 162.0, 160.0, 157.0, 152.6, 148.6, 142.4, 137.4, 137.0, 135.3,
133.5, 133.1, 130.0, 129.6, 128.0, 127.8, 127.2, 126.76,1P86.5, 126.4, 126.3, 125.5, 125.3,
123.0,118.0, 117.6, 115.8, 108.5, 103.1, 66151, 57.8, 51.9, 35.0, 14.0, 11.9.

HRM S (ESI)calcd. for GsH2sN2NaGs; [M + Na]* 603.1890 found:603.1873

S7



Ethyl (1R,4S,5S)-5-(3-cyano-2-oxo-2H-chromen-4-yl)-5'-fluoro-1'-methyl-2'-oxo-4-phenyl
spiro[cyclopentanel,3-indolin] -2-ene-2-carboxylate (3ab)

Paleyellow solid,54.1 mg 99% yield; >20:1 dr93:7 er [Jp2° = +289.5(c. 2.08 CHCk); m.p.
213.6214.2C .

HPLC (ChiralpakIA column i-propanolh-hexane = 20/8@;0lumn temperature 30 €, flow rate

= 1.0 mL/min,/ = 254 nm) & = 12.2 min (major), 13.7 min (minor)

'H NMR (300 MHz, CDCl3) i 7.787.71 (m, 1H), 7.62.54 (m, 1H), 7.5&.46 (m, 2H), 7.44.32

(m, 3H), 7.327.26 (m, 3H), 7.2Z.14 (m, 1H), 6.92 (td] = 8.7, 2.6 Hz, 1H), 6.52 (dd,= 8.6, 4.0

Hz, 1H), 6.16 (ddJ = 9.5, 2.2 Hz, 1H), 4.83 (d,= 9.6 Hz, 1H), 4.05 (g] = 7.1 Hz, 2H), 2.92 (s,
3H), 1.12 (tJ=7.1 Hz, 3B.

3C NMR (75 MHz, CDCl3) i 177.0, 161.9, 160.6, 159.9, 157.4, 156.8, 152.6, 149.1, 139.9, 139.2,
139.2, 136.1, 135.5, 129.5, 128.3, 127.9, 1272%6.2, 125.3, 117.8, 117.8, 116.4, 116.1, 115.5,
114.4,114.0, 109.0, 108.9, 103.0, 66.7, 61.2, 57.8, 26.6, 14.0

HRMS (ESI) calcd. for GoH23FN2NaGs [M + Na]* 557.1483 found:557.1474

Ethyl  (1R,4S,55)-5'-chloro-5-(3-cyano-2-oxo-2H-chromen-4-yl)-1'-methyl-2'-oxo-4-phenyl
spiro[cyclopentanel,3-indolin] -2-ene-2-carboxylate (3ac)

Pale yellow solid54.6 mg,99% yield; >20:1 dr94:6 er [Jp2° = +364.3(c. 2.16 CHCk); m.p.
201.9202.5C .

HPLC (ChiralpaklA column i-propanolh-hexane = 20/8@0lumn temperature 30 €, flow rate

= 1.0 mL/min,/ =254 nm) & = 11.6 min (major), 134 min (minor)

IH NMR (300 MHz, CDCl3) @i 7.75 (d,J = 8.4 Hz, 1H), 7.65.61 (m, 1H), 7.6T77.54 (m, 1H),
7.527.46(m, 2H), 7.467.33 (m, 2H), 7.32.25 (m, 4H), 7.2Z.14 (m, 2H), 6.51 (d] = 8.3 Hz,

1H), 6.16 (dd,J = 9.7, 2.0 Hz, 1H), 4.81 (d,= 9.6 Hz, 1H), 4.07 (q] = 7.1 Hz, 2H), 2.91 (s, 3H),
1.14 (t,J=7.1 Hz, 3H)

13C NMR (75 MHz, CDCl3) 11176.8, 161.9159.6, 156.7, 152.6, 149.2, 141.7, 139.8, 136.1, 135.5,
129.9, 129.5, 128.6, 128.4, 127.9718 126.4, 126.2, 125.3, 117.8, 115.4, 109.3, 103.1, 66.5, 61.3,
57.8,51.7, 26.6, 14.0

HRMS (ESI) calcd. for GoH23CIN2NaGs [M + Na]* 573,1188, found:573.1170.

Ethyl  (1R,4S,55)-5'-bromo-5-(3-cyano-2-oxo-2H-chromen-4-yl)-1'-methyl-2'-oxo-4-phenyl
spiro[cyclopentanel,3-indolin] -2-ene-2-carboxylate (3ad)



Pale yellow solid50.7 mg,99% yield; >20:1 dr93:7 er [Jp?° = +337.6(c. 2.48 CHCk); m.p.
191.5192.2€C .

HPLC (ChiralpaklIA column i-propanolh-hexane = 20/8@0lumn temperature 30 €, flow rate

= 1.0 mL/min,/ =254 nm) ¢ = 12.9 min (major), 15.1 min (minor)

IH NMR (300 MHz, CDCls) 1i7.787.71 (m, 2H), 7.6Z.54(m, 1H), 7.527.46 (m, 2H), 7.4%.32

(m, 3H), 7.327.27 (m, 3H), 7.247.14 (m, 1H), 6.46 (d] = 8.3 Hz, 1H), 6.16 (ddl = 9.6, 2.0 Hz,

1H), 4.80 (dJ = 9.7 Hz, 1H), 4.07 (q] = 7.1 Hz, 2H), 2.90 (s, 3H), 1.14 Jt= 7.1 Hz, 3H)

13C NMR (75 MHz, CDCl3) 1176.7, 161.8, 159.5, 156.7, 152.6, 149.1, 142.2, 139.8, 136.1, 135.5,
132.7,129.5,129.1, 128.4, 128.2, 127.9, 126.2, 125.3,117.8, 115.7, 115.4, 109.8, 103.2, 66.5, 61.3,
57.9, 517, 26.5, 14.0

HRMS (ESI) calcd. for Gz2H23BrN2NaGs [M + Na]* 617.0683 found:617.0663

Ethyl (1R,4S,55)-5-(3-cyano-2-oxo-2H-chromen-4-yl)-1',5'-dimethyl-2'-oxo-4-phenyl-
spiro[cyclopentanel,3-indolin] -2-ene-2-carboxylate (3a€)

Pale yellow solid52.3 mg,99% yield; >20:1 dr95:5er, [Up® = +475.5(c. 1.54 CHCLk); m.p.
196.1197.2C .

HPLC (ChiralpakAD-H column i-propanolh-hexane = 20/8@;olumn temperature 30 €, flow

rate = 1.0 mL/min/ = 254 nm) £ = 121 min (major), 152 min (minor)

'H NMR (300 MHz, CDCls) 1i 7.79 (d,J = 7.7 Hz, 1H), 7.6.47 (m, 3H), 7.4&.41 (m, 1H),
7.407.32 (m, 2H), 7.3%7.23 (m, 4H), 7.15 (ddl = 8.3, 1.1 Hz, 1H), 7.06.94 (m, 1H), 6.43 (d]

=7.8 Hz, 1H), 6.17 (ddl= 9.6, 2.1 Hz, 1H), 4.80 (d,= 9.7 Hz, 1H), 4.05 (g]= 7.1 Hz, 2H), 2.86

(s, 3H), 2.34 (s, 3H), 1.11 @=7.1 Hz, 3H)

3C NMR (75 MHz, CDCl3) 1 176.9, 162.1, 160.0, 157.0, 152.4, 148.6, 140.5, 140.1, 136.4, 135.2,
132.7, 130.0, 129.4, 128.227.9, 126.7, 126.5, 126.1, 125.2, 117.9, 117.6, 115.5, 108.0, 103.0,
66.6, 61.1, 58.1, 51.5, 26.4, 21.1, 14.0

HRMS (ESI) calcd. for GsHzsN2NaGs; [M + Na]* 553,1734, found:553.1731

Et hy R, (S5 ( 8 vy a2r@ox-2H-c hr o#g FByYme t h-b-me t Rylx-4p heny |
spiro[cyel @pami-camizdk ar boe3af at




Pale yellow solid55.2 mg,99% yield; >20:1 dr94:6 er [Jp2° = +407.6(c. 2.25 CHCk); m.p.
84.685.1C .

HPLC (ChiralpakAD-H column i-propanolh-hexane = 30/7@;olumn temperature 30 €, flow

rate = 1.0 mL/min/ = 254 nm) & = 16.5 min (major), 24.2 min (minor)

H NMR (300 MHz, CDCl3) i 7.827.71 (m, 1H), 7.6%7.46 (m, 3H), 7.4.32 (m, 2H), 7.377.24

(m, 4H), 7.247.19 (m, 1H), 6.72 (ddl = 8.5, 2.5 Hz, 1H), 6.46 (d,= 8.5 Hz, 1H), 6.24.11 (m,

1H), 4.84 (dJ = 9.4 Hz, 1H), 4.04 (g = 7.1 Hz, 2H), 3.85 (s, 3H), 2.90 (s, 3H), 1.1Q0% 7.1

Hz, 3H)

13C NMR (75 MHz, CDCl3) i 176.9, 162.0, 160.4, 157.0, 156.1, 152.5, 148.9, 140.2, 136.4, 135.4,
129.4,128.2,128,027.3, 126.5, 125.2, 117.9, 117.6, 116.0, 115.9, 111.7, 109.1, 102.8, 66.9, 61.1,
58.0, 56.251.8, 26.5, 14.0

HRMS (ESI) calcd. for GaH26N2NaGs [M + Na]* 569.1683 found:569.1678

Ethyl (1R,4S,59)-6'-chloro-5-(3-cyano-2-0xo-2H-chromen-4-yl)-1'-methyl-2'-oxo-4-phenyl-
spiro[cyclopentanel,3-indolin] -2-ene-2-carboxylate (3ag)

Pale yellow solid54.3 mg,99% yield; >20:1 dr93:7 er [Jp?° = +318.5(c. 2.37, CHCE); m.p.
122.3122.8C .

HPLC (ChiralpaklA column i-propanolh-hexane =20/80, column temperature 30 €, flow rate

= 1.0 mL/min,/ =254 nm) & = 11.6 min (major), 2.3min (minor)

IH NMR (300 MHz, CDCly) 117.767.69 (m, 1H), 7.6&.53 (m, 2H), 7.5 .46 (m, 2H), 7.47.32

(m, 2H),7.31-7.25 (m, 4H), 7.20 (dd] = 8.3, 1.0 Hz, 1H), 7.06 (dd,= 8.0, 1.9 Hz, 1H), 6.58 (d,
J=1.7 Hz, 1H), 6.15 (dd] = 9.4, 2.0 Hz, 1H), 4.82 (d,= 9.5 Hz, 1H), 4.05 (q] = 7.1 Hz, 2H),

2.93 (s, 3H), 1.13 (] = 7.1 Hz, 3H)

13C NMR (75 MHz, CDCl3) i177.4, 161.9, 160.0, 156.8, 152.6, 149.0, 144.5, 139.9, 136.1, 135.7,
135.5, 129.5, 128.4, 127.9, 126.8, 126.1, 125.4, 124.6, 123.0, 117.9, 117.8, 115.6, 109.3, 103.0,
66.1, 61.3, 57.8, 51.9, 26.6, 04.

HRMS (ESI) calcd. for Gz2H23CIN2NaGs [M + Na]* 573,1188 found:573.1196.

Ethyl (1R,4S,59)-6'-bromo-5-(3-cyano-2-oxo-2H-chromen-4-yl)-1'-methyl-2'-oxo-4-phenyl-
spiro[cyclopentanel,3-indolin] -2-ene-2-carboxylate (3ah)

Pale yellow solid63.3 mg,99% vyield; >20:1 dr92.5:7.5 er[Jp?° = +291.2(c. 2.68 CHCk); m.p.
137.3137.8C .
HPLC (ChiralpakIA column i-propanolh-hexane = 30/7@Golumn temperature 30 €, flow rate
= 1.0 mL/min,/ = 254 nm) & = 9.1min (major),15.2min (minor)

S10



'H NMR (300 MHz, CDCl3) (i 7.77-7.68 (m, 1H), 7.6&.54 (m, 1H), 7.5&.45 (m, 3H), 7.47.32

(m, 2H), 7.317.24 (m, 3H), 7.24.17 (m, 2H), 6.73 (d] = 1.6 Hz, 1H), 6.15 (ddl = 9.4, 2.1 Hz,

1H), 4.82 (dJ=9.5 Hz, 1H), 4.05 (gl = 7.1 Hz, 2H), 2.92 (s, 3H), 1.13 {§t= 7.1Hz, 3H)

3C NMR (101 MHz, CDCl3) 1177.2, 161.8, 159.9, 156.8, 152.6, 148.9, 144.5, 139.9, 136.1, 135.5,
129.4, 128.3, 127.9, 127.1, 126.1, 125.9, 125.3, 125.1, 123.6, 117.9, 117.8, 115.5, 112.0, 103.0,
66.1, 61.2, 57.7,51.26.5, 14.0

HRMS (ESI) calcd. for GzH23BrN2NaGs [M + Na]* 617.0683 found:617.0695

Ethyl (1R,4S,5S)-5-(3-cyano-2-oxo-2H-chromen-4-yl)-7'-fluoro-1'-methyl-2'-oxo-4-phenyl-
spiro[cyclopentanel,3-indolin] -2-ene-2-carboxylate (3ai)

Pale yellow solid52.8 mg,99% vyield; >20:1 dr90:10 er [Jp2° = +286.8(c. 2.33 CHCk); m.p.
1782-178.5C .

HPLC (ChiralpaklIA column i-propanolh-hexane = 20/8@0lumn temperature 30 €, flow rate
= 1.0 mL/min,/ =254 nm) & = 12.0min (major),15.0min (minor)

14 NMR (300 MHz, CDCl3) 1i7.767.69 (m, 1H), 7.6F.55 (m, 1H), 7.54.47 (m, 2H), 7.44.33
(m, 3H), 7.337.26 (m, 4H), 7.24.17 (m, 1H), 7.0%.99 (m, 1H), 6.9%.88 (m, 1H), 6.18 (dd} =
9.4, 2.1 Hz, 1H), 4.82 (d,= 9.5 Hz, 1H), 4.06 (q] = 7.1 Hz, 2H), 3.13 (d] = 2.6 Hz, 3H), 1.14
(t, J= 7.1 Hz, 3H)

13C NMR (75 MHz, CDCl3) i 177.0, 161.9, 159.8, 156.8, 152.6, 149.0, 147.9 &1243.0 Hz,
1C), 140.0, 136.2, 135.5, 129820.7, 129.2(d, J = 3.0 Hz, 1C)]128.3, 127.9, 126.2, 125.3, 123.
(d,J=6.0Hz, 1C)121.7(d,J=3.0 Hz, 1C)118.0, 117.8117.7,115.5, 103.0, 66.@,J = 2.3 Hz,
1C),61.2,58.1, 51.7, 29.0, Z8 14.0

HRMS (ESI) calcd. for GzaH2sFN2NaGs [M + Na]* 557.1483 found:557.1509

M ethyl (1R,4S,59)-5-(3-cyano-2-oxo-2H-chromen-4-yl)-1'-methyl-2'-oxo-4-phenyl-
spiro[cyclopentanel,3-indolin] -2-ene-2-carboxylate (3aj)

Pale yellow solid40.2 mg,80% yield; >20:1 dr94:6 er  f?°8 }266.2(c. 1.18 CHCL); m.p.
213.4214.2€C .
HPLC (ChiralpakIA column i-propanolh-hexane = 20/8@;0lumn temperature 30 €, flow rate
= 1.0 mL/min,/ = 254 nm) ¢ = 13.5 min (major), 20.4 min (minor)
H NMR (300 MHz, CDCl3) i 7.797.72 (m, 1H), 7.64.48 (m, 4H),7.407.33 (m, 2H), 7.377.24
(m, 4H), 7.237.05 (m, 3H), 6.56 (d1= 7.7 Hz, 1H), 6.20 (dd1= 9.4, 2.2 Hz, 1H), 4.82 (d,= 9.5
Hz, 1H), 3.63 (s, 3H), 219(s, 3H)
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13C NMR (75 MHz, CDCl3) 1 177.2, 162.5, 160.1, 156.9, 152.5, 148.9, 143.1, 140.2, 136.1, 135.3,
130.0, 129.5, 128.3, 128.0, 126.4, 126.1, 125.8, 125.2, 123.2, 117.9, 117.7, 115.6, 108.4, 103.0,
66.6, 58.1, 52.2, 58, 26.4

HRMS (ESI) calcd. for GiH22N2NaGs [M + Na]* 525.142] found:525.1408

Ethyl (1R,4S,55)-5-(3-cyano-2-oxo-2H-chromen-4-yl)-1'-ethyl-2'-oxo-4-phenyl-
spiro[cyclopentanel,3-indolin] -2-ene-2-carboxylate (3ak)

Pale yellow solid36.5 mg,69% yield; >20:1 dr96.5:3.5 er[Up2° = +309.8(c. 2.54 CHCk); m.p.
87.9-88.3 C.

HPLC (ChiralpaklIA column i-propanolh-hexane = 20/8@0lumn temperature 30 €, flow rate

= 1.0 mL/min,/ =254 nm) & = 11.7 min (major),16.6min (minor)

IH NMR (300 MHz, CDCl3) 11 7.82 (d,J = 8.4 Hz, 1H), 7.64 (d) = 7.4 Hz, 1H), 7.6(.47 (m,

3H), 7.417.32 (m, 2H), 7.3%7.24 (m, 3H), 7.28.13 (m, 2H), 7.17.04 (m, 1H), 6.59 (d] = 7.7

Hz, 1H), 6.16 (ddJ = 9.6, 2.0 Hz, 1H), 4.86 (d,= 9.7 Hz, 1H), 4.03 (qq} = 7.4, 3.7 Hz, 2H), 35

(dg,J = 14.4, 7.2 Hz, 1H), 3.42 (dd,= 14.0, 7.1 Hz, 1H), 1.08 (,= 7.1 Hz, 3H), 0.84 () = 7.2

Hz, 3H)

13C NMR (75 MHz, CDCl3) 1176.6, 161.9, 160.0, 156.9, 152.6, 148.6, 142.3, 140.1, 136.8, 135.2,
129.9, 129.4, 128.2, 127.9, 126.5, 126.3, 126.2, 125.4, 122.9, 118.0, 117.6, 115.6, 108.4, 103.0,
66.4, 61.0, 57.8, 51.7, 35.0, 14.0, 11.9

HRMS (ESI) calcd. for GsH2sN2NaGs; [M + Na]* 553,1734, found:553.1727.

Ethyl (1R,4S,55)-5-(3-cyano-2-o0xo-2H-chromen-4-yl)-1'-ethyl-5'-fluoro -2'-oxo-4-phenyl-
spiro[cyclopentanel,3-indolin] -2-ene-2-carboxylate (3al)

Pale yellow solid48.6 mg,89% yield; >20:1 dr96.5:3.5 er[Jp2° = +316.3(c. 2.00 CHCk); m.p.
176.4177.1C .

HPLC (ChiralpakIA column i-propanolh-hexane = 20/8@;0lumn temperature 30 €, flow rate
= 1.0 mL/min,/ = 254 nm) & = 10.4 min (major), 13.3 min (minor)

H NMR (300 MHz, CDCl5) 117.887.77 (m, 1H), 7.677.53 (m, 1H), 7.53.46 (m, 2H), 7.46.40
(m, 1H), 7.4067.32 (m, 2H), 7.327.26 (m, 3H), 7.18 (dd] = 8.3, 1.1 Hz, 1H), 6.92 (td,= 8.7, 2.6
Hz, 1H), 6.55 (dd) = 8.5, 4.0 Hz, 1H), 6.13 (dd= 9.7, 2.1 Hz, 1H), 4.86 (d,= 9.8 Hz, 1H), 4.05
(qd,J= 7.1, 2.2 Hz, 2H), 3.57 (di,= 14.6, 7.3 Hz, 1H), 3.41 (d4= 14.3, 7.2 Hz, 1H), 1.12 @,
= 7.1 Hz, 3H), 0.82 (t) = 7.2 Hz, 3H)

13C NMR (75 MHz, CDCl3) i176.4, 161.8, 159.7, 158.9 (b5 241.5 Hz, 1C), 156.8, 152.7, 149.0,
139.8,138.4, 136.5, 135.4, 129.5, 128.3, 128.0, 127.9, 126.5, 125.5, 117.9, 113 (@, 1£623.3
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Hz, 10, 115.6, 1147 (d,J = 24.8 Hz, 1C)1090 (d,J = 8.3 Hz, 1C), 103,166.6, 61.2, 57.6, 51.8,
35.2,14.011.8
HRMS (ESI) calcd. for GaH2sFN2NaGs [M + Na]* 571.1640found:571.1636

Et hyl ( IRc HISE-(b>®Y a-Zraox-DHc hr o#e Hlye t Ryd x-4p heny |
spiro[cyell, @pmeamdeamidk ar boX3ahat e

Pale yellow solid51.2 mg,91% yield; >20:1 dr97:3 er [Jp?° = +334.2(c. 2.32 CHCk); m.p.
201.1-201.5C .

HPLC (ChiralpakAD-H column i-propanolh-hexane = 15/850lumn temperature 30 €, flow

rate = 1.0 mL/min/ = 254 nm) ¢ = 12.8 min (major), 17.4 min (minar)

1H NMR (300 MHz, CDCl3) Ui 7.867.78 (m, 1H), 7.66 (dJ = 1.9 Hz, 1H), 7.6Z.53 (m, 1H),
7.537.44 (m, 2H), 7.497.32 (m, 2H), 7.3977.25 (m, 3H), 7.2&.14 (m, 2H), 6.55 (d] = 8.3 Hz,

1H), 6.14 (dd,J) = 9.9, 2.0 Hz, 1H), 4.90 4.79 (m, 1H), 4.07 (qdl = 7.0, 1.1 Hz, 2H), 3.57 (di,
=14.1, 7.1 Hz, 1H), 3.40 (di= 14.2, 7.0 Hz, 1H), 1.13 @,= 7.1 Hz, 3H), 0.80 (] = 7.2 Hz, 3H.

13C NMR (75 MHz, CDCl3) 1176.2, 161.8, 159.4, 156.7, 152.7, 149.0, 141.0, 139.7, 136.5, 135.4,
129.8,129.5,128.3,128.0, 127.9, 126.9, 126.4, 125.5,117.9, 117.8, 115.4, 109.4, 103.2, 61.2, 57.6,
51.7,35.1, 14.0,1.8

HRMS (ESI) calcd. for GsH2sCIN2NaGs [M + Na]* 587.1344 found:587.1348

Et hyl R, 3(35( 8y arox-2H-c hr o-de Flye t Foynhe t ¥yolx-@6p heny |
spiro|[cyell, @peamdamidk ar boXX@hat e

Pale yellow so0lid39.6 mg,73% vyield; >20:1 dr96.5:3.5er; [Jp2° = +355.1(c. 1.03 CHCk); m.p.
187.9183.7C .

HPLC (ChiralpakAD-H column i-propanolh-hexane = 20/8@;olumn temperature 30 €, flow
rate = 1.0 mL/min/ = 254 nm) & = 8.6 min (major), 12.4 min (minar)

'H NMR (300 MHz, CDCls) i 7.86 (d,J = 8.3 Hz, 1H), 7.59.45 (m, 4H), 7.447.32 (m, 2H),
7.327.25 (m, 3H), 7.2¢.12 (m, 1H), 7.035.96 (m, 1H), 6.48 (dJ= 7.9 Hz, 1H), 6.15 (dd|= 9.9,
2.0 Hz, 1H), 4.83 (d] = 9.9 Hz, 1H), 4.05 (q] = 7.1 Hz, 3H), 3.53 (dql = 14.2, 7.4 Hz, 1H), 3.37
(dg,J=14.1, 7.1 Hz, 1H), 2.36 (s, 3H), 1.11Jt 7.1 Hz, 3H), 0.78 (§ = 7.2 Hz, 3H)

3C NMR (75 MHz, CDCl3) i 176.4, 162.1, 159.9, 157.0, 152.6, 148.5, 140.1, 139.8, 136.9, 135.2,
132.5, 130.1, 129.4, 128.2, 128.0, B7126.7, 126.2, 125.4, 118 117.6, 115.6, 108.2, 103.2
66.5, 61.0, 57.9, 51.5, 35.0, 2114.0, 11.9

HRMS (ESI) calcd. for GaHzgN2NaGs [M + Na]* 567.1890 found:567.1870
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Et hyl R S(86-br o®mp-8 Yy atrwx-2H-c hr o#e Flye t Ryo x-Hdp hen vy |
spiro[cyel @3pmemiamid ar boxX3abate

Pale yellow solid58.0 mg.95% yield; >20:1 dr96.5:3.5 er[Up2° = +302.0(c. 2.40, CHCk); m.p.
116.3116.7€C .

HPL@hi r & lkplanki-pr opmmeod dne col20mMm 0t, eBip gfAlCO wr e
rate = 1/=054min)/tmi 8, 2 min (major), 18.7 min (minor
'H NMR (300 MHz, CDCls) 1i 7.79 (d,J = 8.4 Hz, 1H), 7.6&.44 (m, 4H), 7.447.30 (m, 3H),
7.32:7.25(m, 3H), 7.247.13 (m, 2H), 6.76 (s, 1H), 6.12 (dt= 9.6, 1.7 Hz, 1H), 4.84 (d,= 9.7

Hz, 1H), 4.05 (gJ = 7.1 Hz, 2H), 3.59 (dq] = 14.4, 7.0 Hz, 1H), 3.40 (d4,= 14.4, 7.3 Hz, 1H),

1.12 (t,J= 7.1 Hz, 3H), 0.84 () = 7.2 Hz, 3H)

3C NMR (75MHz, CDCl3) i176.7, 161.8, 159.8, 156.8, 152.7, 148.8, 143.9, 139.8, 136.5, 135.5,
129.5,128.3,127.9,127.6, 126.3, 125.7, 125.5, 125.2, 123.7, 117.9, 115.6, 112.0, 103.1, 66.0, 61.2,
57.4,51.9,35.2,14.0118

HRMS (ESI) calcd. for GsHzsBrN2NaGs [M + NaJ* 631.0839 found:6310852.
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3. Crystal data and structure refinement for 3am

Identification code

3am

Solvent system for growing the single crystal EtOH/DCM

Empirical formula
Formula weight
Temperature/K
Crystal system
Space group
a/A

b/A

c/A

U/ A

b/ A

o/ A
Volume/A3

z

} cag/cn?

e/ mm
F(000)

Crystal size/mrh

Radiation

20 range for data c

Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodnes®f-fit on P

Final R indexes
Final R indexes [all data]
Largest diff. peak/hole / e A

Flack parameter

[1>

Ca3H25CIN2Os

565.00

293(2)

triclinic

P1

10.5960(5)

11.6796(5)

12.6988(6)

69.855(4)

70.549(4)

88.791(4)

1383.43(12)

2

1.356

1.603

588.0

0.16 x0.15 x0.1

CuKU (& = 1.54184)
0 7.908 to 141.862

-12 O KL 40 OL X1 50 O1 3,

19847

9547 [Rnt = 0.0386, Rgma= 0.0497]

9547/3/743

1.051
= R;=0.0449, wR=0.1108

R1=0.0499, wR= 0.1165

0.16£0.22

-0.004(10)
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S17

Detector A (220nm)
o S
Retention Time =
1.00 4 - 2 +1.00
©
o
0.75 F0.75
0.50 I0.50
0.25 025
0.00 j\ ~T T 0.00
0 ' é “1 é é 1'0 1I2 1|4 1|6 18
. Minutes
Detector
A (220nm)
Pk# Retention Time Height Height Area Area Percent
Percent
1 11.207 955593 54.36 21669374 49.94
2 12.640 802464 45.64 21722728 50.06
Totals
1758057 100.00 43392102 100.00
Detector A (254nm)
0.4 —— 2017102702 L 0.4
2017102702
Retention Time
0.3 Lo
0.2 Loz
0.1 Fo.a
0.0 0.0
0 é i ' é 1'0 15 1'4 1|6 18
. Minutes
Detector
A (254nm)
Pk# Retention Time Height Height Area Area Percent
Percent
1 12.167 330330 95.20 8384211 94.99
2 13.733 16653 4.80 442528 5.01
Totals
346983 100.00 8826739 100.00
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Detector A (254nm)
— 2018033001
2018033001-1003

Retention Time

0.15 015
0.10+ 010
0.05 r0.05
0.00 - 0.00
é t; I Z; I 11{1 ‘1I2 1I4 1IE 1r3
. Minutes
Detector
A (254nm)
Pk# Retention Time Height Height Area Area Percent
Percent
1 9.193 17973 10.23 354964 5.98
2 9.993 80834 45.99 2608577 43.97
3 11.813 70606 40.17 2711414 45.70
4 14.927 6347 3.61 257840 4.35
Totals
175760 100.00 5932795 100.00
051 __ Doveesmont o5
20180330015001 R
Retention Time o
o
0.4+ Fo.4
0.3 F0.3
0.2 Fo.2
0.1+ 0.1
0.0 0.0
0 2 ' 4 ' 8 10 12 14 6 18
. Minutes
Detector
A (254nm)
Pk# Retention Time Height Height Area Area Percent
Percent
1 9.927 400867 94.81 13795464 95.25
2 11.747 21951 5.19 688183 4.75
Totals
422818 100.00 14483647 100.00
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(1R,4S,59)-5-(3-cyano-6-fluoro-2-oxo-2H-chromen-4-yl)-1'-methyl-2'-oxo-4-

Ethyl

phenylspiro[cyclopentanel,3-indolin] -2-ene 2-carboxylate (3ca)
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Detector A (254nm)
—— 2018040101
2018040101-3001 5 @
0254  Retention Time o 2 F0.25
@
020 0.20
0.15+ F0.15
0.10 F0.10
0.05- L0.05
0.00 0.00
0 :Iz ; ela 1l0 1I2 1‘4 1I6 18
. Minutes
Detector
A (254nm)
Pk# Retention Time Height Height Area Area Percent
Percent
1 8.657 220209 50.20 4230378 50.23
2 9.893 218446 49.80 4190815 49.77
Totals
438655 100.00 8421193 100.00
Detector A (254nm)
104 7 Zoisea0iosont 9 F10
Retention Time «©
- m -
0.84 Fo.8
0.6 Fo.6
0.4 4 0.4
0.24 0.2
0.0 —re 0.0
0 é I 1.0 1I2 1I4 16
. Minutes
Detector
A (254nm)
Pk# Retention Time Height Height Area Area Percent
Percent
1 8.707 85004 9.16 1872641 8.60
2 9.823 843963 90.84 19909360 91.40
Totals
929027 100.00 21782001 100.00
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(1R,4S,55)-5-(6-chloro-3-cyano-2-oxo-2H-chromen-4-yl)-1'-methyl-2'-oxo-4-

Ethyl

phenylspiro[cyclopentanel,3-indolin] -2-ene 2-carboxylate (3da)
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S23

Detector A (254nm)
—— 2016040102 ) o
0.06 2018040102-4002 = = I-0.06
Retention Time =) o Ph CN
] EtOOC O 4 N
O
L=
0.04 I}l O 0.04
MeC|
0.02 I0.02
(=] o«
=] w
o=
] o o L
0.00 JJ\,- f T— 0.00
0.0 2?5 sfn 775 1ol_0 12l_5 15:.0 17|.5 zol_n 22|_5 zsl.u 2;_5
. Minutes
Detector
A (254nm)
Pk# Retention Time Height Height Area Area Percent
Percent
1 8.280 5266 4.83 221701 3.99
2 9.453 5016 4.60 182877 3.29
3 10.813 49830 45.71 2525199 45.49
4 13.110 48896 44 86 2620820 47.22
Totals
109008 100.00 5550597 100.00
Detector A (254nm)
—— 20180401025 @
20180401025001 @
025  Retention Time o L 025
0.20 4 0.20
0.154 F0.15
0.10+ -0.10
[y}
g
0.05 4 =] L0.05
0.00 S\ L 0.00
0.0 275 sl,n ?!5 ml.u 12|,5 15‘,0 1;,5 26,0 22|.5 zsl..m
. Minutes
Detector
A (254nm)
Pk# Retention Time Height Height Area Area Percent
Percent
1 10.453 25336 10.05 1068592 7.82
2 12.503 226883 89.95 12589408 92.18
Totals
252219 100.00 13658000 100.00



(1R,4S,59)-5-(6-bromo-3-cyano-2-oxo-2H-chromen4-yl)-1'-methyl-2'-oxo-4-

Ethyl

phenylspiro[cyclopentanel,3*-indolin] -2-ene-2-carboxylate (3ea)
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Detector A (254nm)
1 —— 2018040103 ~ I
2018040103 o -
0104  Retention Time Phen o > Fo.10
1 \ To= i
0.08 I0.08
0.06 0.06
0.04 F0.04
0.02 F0.02
0.00 o I0.00
0 é wlo 15 2|o 2|5 30
. Minutes
Detector
A (254nm)
Pk# Retention Time Height Height Area Area Percent
Percent
1 15.217 87194 51.98 4831629 48.80
2 17.387 80549 48.02 5069987 51.20
Totals
167743 100.00 9901616 100.00
Detector A (254nm)
—— 2018040103 =
20180401035001 b
0.3 Retention Time w 0.3
i EtOOC c J i
0.2 : Lo.2
0.1+ F0.1
o
©
1 ~ [
0.0 A ~ — 0.0
0 é wlo 1|5 zlo 2‘5 30
. Minutes
Detector
A (254nm)
Pk# Retention Time Height Height Area Area Percent
Percent
1 15410 270044 90.52 15418730 89.54
2 17.610 28265 9.48 1801252 10.46
Totals
298309 100.00 17219982 100.00
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(1R,4S,5S)-5-(3-cyano-6-methyl-2-oxo-2H-chromen-4-yl)-1'-methyl-2'-oxo-4-

Ethyl

phenylspiro[cyclopentanel,3*-indolin] -2-ene2-carboxylate (3fa)
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Detector A (254nm)
— 2018033002 P~
0.3 2018033003-1002 % 0.3
Retention Time o o
- w
EtOOC c J
(0]
0.2+ O o Lo0.2
Ay
J MeM d L
0.1 F0.1
0.0 e 0.0
0 ' 2 4 6 8 10 2 6 18 20
. Minutes
Detector
A (254nm)
Pk# Retention Time Height Height Area Area Percent
Percent
1 10.587 251171 53.21 6207916 50.65
2 12.760 220877 46.79 6049396 49.35
Totals
472048 100.00 12257312 100.00
Detector A (254nm)
— 2018033002s o
2018033002s001 o
0.8 Retention Time o 0.8
0.6 L0.6
0.4 0.4
0.2 o Fo.2
o~
~
1 J o o
0.0 e I | ‘/\l 0.0
0 ' 2 s 6 8 10 2 14 16 18 20
. Minutes
Detector
A (254nm)
Pk# Retention Time Height Height Area Area Percent
Percent
1 10.510 723524 94.91 18196953 95.00
2 12.723 38842 5.09 956780 5.00
Totals
762366 100.00 19153733 100.00
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(1R,4S,5S)-4-(4-chlorophenyl)-5-(3-cyano-2-oxo-2H-chromen-4-yl)-1'-methyl-2'-

Ethyl

oxospiro[cyclopentanel,3-indolin] -2-ene-2-carboxylate (3ga)
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Detector A (254nm)
— 2018041203 P~
2018041203 3
Retention Time -
- 5
03 2 0.3
0.2 o2
0.1 0.1
0.0 — N — 0.0
0 2 4 8 10 12 o 16 18 20
. Minutes
Detector
A (254nm)
Pk# Retention Time Height Height Area Area Percent
Percent
1 11.847 306283 53.97 9617400 50.12
2 14.847 261252 46.03 0572651 49.88
Totals
567535 100.00 19190051 100.00
0.4 Detector A (254nm) 0.4
—— 2018041203s M~
20180412035001 a
Retention Time -
0.3 n Lo.3
0.2+ Lo.2
0.1 o Ho.1
[=2]
o
i
0.0 . 7 0.0
0 5 15 20 25 30
. Minutes
Detector
A (254nm)
Pk# Retention Time Height Height Area Area Percent
Percent
1 11.997 314270 92.82 8999890 92.14
2 14.993 24323 7.18 767239 7.86
Totals
338593 100.00 9767129 100.00
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1 Detector A (254nm)
0.20 4 — 2018041204 [=] ~0.20
Retormet 3 .
etention Time ol o
4-BrPh o\ = @
0.15 ] ﬂ F0.15
0.10 Lo.10
0.05 +0.05
0.00 +0.00
0.0 Z,IS S,I[] ?IS 1CII 0 12I 5 15ID 1?‘,5 ZDI,U 22‘,5 250
. Minutes
Detector
A (254nm)
Pk# Retention Time Height Height Area Area Percent
Percent
1 12.940 159812 52.18 4989150 49.62
2 15.827 146448 47.82 5066212 50.38
Totals
306260 100.00 10055362 100.00
Detector A (254nm)
— 20180412045 B
1 2018041204001
037 Retention Time ~ 03
0.2 Fo.2
0.1 Fo.1
1 I~
3
1 w L
0.0 A 0.0
6 sls ' 16 1I2 ' 1‘4 fa ﬁa :fo 52 54
. Minutes
Detector
A (254nm)
Pk# Retention Time Height Height Area Area Percent
Percent
1 12.857 262255 91.67 9103585 91.92
2 15.847 23831 8.33 800123 8.08
Totals
286086 100.00 9903708 100.00
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Retention Time
0.06 - ~0.06
0.04 - ~0.04
0.02 ~0.02
0.00 - ~0.00
0 2 4 8 10 12 14 16 18 20 2
Minutes
Detector
A (254nm)
Pk # Retention Time Height Height Area Area Percent
Percent
1 11.627 55021 60.39 1317103 49.31
2 13.287 36088 39.61 1353772 50.69
Totals
91109 100.00 2670875 100.00
- S
Retention Time f
0.3 0.3
0.2+ 0.2
0.1+ 0.1
ey
W‘L :
©
0.0 0.0
0 2 4 8 10 12 14 16 18 20
Minutes
Detect r
A 254nm
Pk# Retention Time Height Height Area Area Percent
Percent
1 11.590 304188 95.92 8615529 94.20
2 13.237 12950 4.08 530502 5.80
Totals
317138 100.00 9146031 100.00
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020 -0.20
Retention Time
0.15 -| -0.15
0.10 - -0.10
0.05 -| - 0.05
0.00 - -0.00
2 8 10 12 14 16 18 20 2
Minutes
Detector
A (254nm)
Pk# Retention Time Height Height Area Area Percent
Percent
1 9.840 144689 59.49 3172054 49.77
14.173 98518 40.51 3200781 50.23
Totals
243207 100.00 6372835 100.00
054 T OMe o Fo.5
Retention Time @
[=)]
0.4 F04
0.3 F0.3
0.2 F0.2
0.1 ~ 0.1
S
J 5
0.0 o —(u— 0.0
0 2 4 8 10 12 14 16 18
Minutes
Detect. r
A 254nm
Pk# Retention Time Height Height Area Area Percent
Percent
1 9.810 420332 97.52 9362122 97.02
2 14.067 10675 2.48 287097 2.98
Totals
431007 100.00 9649219 100.00
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006 g L 0.06
Retention Time <
<t
0.04 4 0.04
0.02 0.02
0.00 ~0.00
0 1I0 2‘0 3|0 4|0 5‘0 BIO
Minutes
Detect. r
A 254nm
Pk# Retention Time Height Height Area Area Percent
Percent
1 38.983 30905 38.69 7617998 46.90
2 44910 48979 61.31 8623763 53.10
Totals
79884 100.00 16241761 100.00
0.05 4 —_— ~ t0.05
2
Retention Time a <
=
0.04 4 O -0.04
0.03 4 0.03
0.02 4 t0.02
0.01 - - 0.01
3
a
0.00 +0.00
0 110 Zb 3r0 410 510 SID
Minutes
Detector
A (254nm)
Pk# Retention Time Height Height Area Area Percent
Percent
1 39.643 1632 3.73 364758 438
2 44.837 42119 96.27 7969100 95.62
Totals
43751 100.00 8333858 100.00
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(1R,4S,59)-5-(3-cyano-2-oxo-2H-chromen-4-yl)-5'-fluoro-1'-methyl-2'-oxo-4-

phenylspiro[cyclopentanel,3-indolin] -2-ene 2-carboxylate (3ab)
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Detector A (254nm)
—— 20171206014 ~ )
| 2017120601-4001 g g
0154 Retention Time o © L o015
0.10 Fo.10
0.05 -0.05
0.00 /\ ~0.00
Eli lli 1I0 1I2 1‘4 llb‘ 18
. Minutes
Detector
A (254nm)
Pk# Retention Time Height Height Area Area Percent
Percent
1 12.487 137896 50.15 3720370 50.17
2 13.893 137065 49 85 3694670 4983
Totals
274961 100.00 7415040 100.00
Detector A {254nm)
084 —— 20171206015 ) Los8
20171206015001 @
Retention Time Ph CN E
0.6 ~0.6
0.4 0.4
0.2 2 Fo.2
«
jac)
0.0 "—A.' it 0.0
0.0 2I,5 5!0 TTS 10I.D 12I,5 15I,0 1';.5 EDI,D 22I,5
. Minutes
Detector
A (254nm)
Pk# Retention Time Height Height Area Area Percent
Percent
1 12.193 659384 92.09 27314530 93.07
2 13.683 56606 7.91 2033650 6.93
Totals
715990 100.00 29348180 100.00
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(1R,4S,59)-5'-chloro-5-(3-cyano-2-oxo-2H-chroment4-yl)-1'-methyl-2'-oxo-4-

phenylspiro[cyclopentanel,3*-indolin] -2-ene2-carboxylate (3ac)

Ethyl
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Detector A (254nm)
T Zotrizostz001 g b
Retention Time 2 §
0.151 - - 0.15
0.10 0.10
0.05 0.05
0.00 —’K, SN J — 0.00
0.0 2‘.5 570 7?5 16.0 12|.s 15|_0 1?‘.5 25.0 22|_5
. Minutes
Detector
A (254nm)
Pk# Retention Time Height Height Area Area Percent
Percent
1 11.683 143884 50.38 4191163 50.32
2 13.457 141692 49.62 4137136 40.68
Totals
285576 100.00 8328299 100.00
Detector A {254nm)
—— 20171206025 o
1 20171206025001 4
0.4-  Retention Time - o4
034 0.3
0.2+ Fo.2
0.1 Fo.1
001 0.0
0.0 2I_5 sfo 775 1c||.0 12|_5 15|.0 17|.5 zol_o 22|.5
. Minutes
Detector
A (254nm)
Pk# Retention Time Height Height Area Area Percent
Percent
1 11.593 363569 92.77 14608863 93.86
2 13.403 28343 7.23 955171 6.14
Totals
391912 100.00 15564034 100.00
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(1R,4S,55)-5'-bromo-5-(3-cyano-2-oxo-2H-chromen-4-yl)-1'-methyl-2'-oxo-4-

Ethyl

phenylspiro[cyclopentanel,3*-indolin] -2-ene 2-carboxylate (3ad)
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Detector A (254nm)
—— 2017120603
2017120603
Retention Time
Ph CN
0.15 F0.15
0.10 H F0.10
0.05 0.05
0.00 et 0.00
I é :1 é zla 1I0 1|2 1I4 1I6 1I8 I 2I0 2|2 2|4
. Minutes
Detector
A (254nm)
Pk# Retention Time Height Height Area Area Percent
Percent
1 13.130 132754 50.93 4645000 50.08
2 15.307 127883 49.07 4630679 4992
Totals
260637 100.00 0275679 100.00
Detector A (254nm)
—— 2017120603s o
0.4 2017120603s002 -] 0.4
Retention Time o
0.34 F0.3
0.2 Fo.2
0.1 ® Fo.1
J 5
00— N [ {/’L {00
0.0 2‘,5 slo ?Ts 10I ] 12|,5 15|,0 17‘ 5 25,0 22|,5
. Minutes
Detector
A (254nm)
Pk# Retention Time Height Height Area Area Percent
Percent
1 12.880 343615 92.56 10510622 93.07
2 15113 27631 7.44 782385 6.93
Totals
371246 100.00 11293007 100.00
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(1R,4S,59)-5-(3-cyano-2-oxo-2H-chromen-4-yl)-1',5'-dimethyl-2'-oxo-4-

Ethyl

phenylspiro[cyclopentanel,3*-indolin] -2-ene-2-carboxylate (3a€)
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Detector A (254nm)
0157 T Joarizoz0zt001 015
Retention Time
o«
m 5
o
0.10 H ~0.10
0.05 +0.05
S
0.00 > -0.00
N
0.0 275 Slﬂ TI,S ‘IlJI 0 12I,5 15I,[J ﬂl’,S 20.0 22l,5 250
. Minutes
Detector
A (254nm)
Pk# Retention Time Height Height Area Area Percent
Percent
1 12.607 133768 55.98 3678403 48.81
2 15.923 105200 44.02 3858354 51.19
Totals
238968 100.00 7536757 100.00
Detector A (254nm)
— 20171202025 (3]
] 20171202025001 9_
Retention Time o
06 - 0.6
0.4 1 0.4
0.2 Fo.2
[y}
@
] o L
0.0 — e T (’\l 0.0
0 é :: ' fls 1'0 1|2 1I4 ' 1|a 1|a 2|u 22
. Minutes
Detector
A (254nm)
Pk# Retention Time Height Height Area Area Percent
Percent
1 12.103 558961 95.51 14478418 94 88
2 15.163 26295 4.49 781590 5.12
Totals
585256 100.00 15260008 100.00
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