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I: General Information
Chemicals were purchased as reagent grade andwitbexit further purification.

Solvents (THF, toluene) were distilled from appropriate drying agents prior to use. In
addition, more solvents were purchased from commercial suppliers and dried over
molecular sieves. Proton nuclear magnetic resonafide NMR) spectra were
recorded on a Bruker (400 MHz) spectrometer. Chemical shifts were recorded in parts
per million (ppm, a) relative to tetramet!t
singlet)."H NMR splitting patterns are designated as singlet (s), do(d), triplet (t),
guartet (q), dd (doublet of doublets); m (multiplets), and etc. All-éirder splitting
patterns were assigned on the basis of the appearance of the multiplet. Splitting
patterns that could not be easily interpreted are designatadltaglet (m) or broad

(br). Carbon nuclear magnetic resonanti€ (NMR) spectra were recorded on a
Bruker (400 MHz) (100 MHz) spectrometer. Fourier transform infrared spectroscopy
(FT-IR, a Bruker model VECTORZ2 Fourier transform spectrometer). High
reolution mass spectral analysis (HRMS) was performed on a WatefOR)
Permier Spectrometer. -bay crystallography analysis was performed on Bruker X8
APEX X-ray diffractionmeter. Analytical thitayer chromatography (TLC) was

carried out on Merck 60 F2%5tecoated silica gel plate (0.2 mm thickness).



Il. General procedure

a) General procedure for the synthesis oindole derivativesl (1a as anexample).

Step A:
CHO o .
i) EtOH, reflux, 6h
\ + )
N o) ii) Hantzsch ester
\ CHCl3, reflux, 12h
S1 S2

CDasl
BusNOH, rt, 12h
dioxane

PIFA, BuyNCI,
CH,Cl, , -30 °C

Step A: AldehydeS1* 2 (1.06 equiv.)and 1,3-indandioneS2 (10 mmol, 1.0 equiv.)
were dissolved inl00 mL ethanol. The reaction mixture was stirred atflux
temperature fombout 6hours at which time he condensation product precipitates
from the reactiommixture. Removng the solvent thoughdecompression filtration ,
the yellow solid product was obtained in almost equivalent yield which was used
directly in the next step. @densation produgd mmol, 1.0 equiv) andHantzsch
ester(1.0 equiv)were dissolved i®0 mL CHC} and the mixture wastirred atreflux
temperature foabout 12hours after the complete conversion of starting matetied,
reaction mixture was concentrat@dvacuoto afford ayellow solid. Crystallization of
solids from EtOAc/PE to remove reductiohthe productgiven substrateéS3 aspale
yellow solidsin excellent yieldtwo steps, >80% yield).
Step B: To a solution okubstrateS3 (5.0 mmol, 1.0 equivin 1,4dioxane was added
BusNOH (40% in HO, 1.2 equiy). After the mixture was stirred at roc@mperature
for 30 min, CRI (1.05 equiv) wasslowly addedand he solution was stirred for
further 12h at room temperaturéeNhen the reaction is complete, thexture was
poured into aqueous NBI solution,and diluted with EtOAc. The organic layer was
washed with brine, dried over 80Oy, filtered and concentrated. The residue was
purified by column chromatography on silica gel to afford the desired fluorination
productS4as ayellow solid.

A solution of PIFA(3.6 mmo] 1.2 equiv) in CH,CI, (5 mL) wasadded dropwise
to the reaction mixture &4 (3.0 mmol, 1.0 equivandBu;NCI (3.6 mmol, 1.2 equiv)
in 20 mL CHCIl, at-30°C. The reaction was completed in ten minutes, upon which
time the mixturewas poured into wateand extractd with CH,Cl,. Theorganic layer
was washed with brine, dried overJ8&j, filtered and concentrated. The residue was
purified by column chromatography on silica gesingDCM/PE (4:11:0) as eluent to
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afford the desired product as a white solid
b) General procedure for the synthesis of producB. (3a as an example).

NHC.HX (10 mol%)
Br CHO base 1.5 equuv
j/ solvent 01 M

4AMS,30°C, 24 h

To an ovendried screwcapped test tube equipped with a magn&tircing bar the
triazolium saltNHC C (4.2mg, 10 mol %9, NaOAc(12.0mg, 0.15mmol), anhydrous
4A MS (100 mg), 2a (0.12 mmo) 1.2 equiy and 1a (0.10 mmo) 1.0 equiy were
added. To this mixture was addedhydrous mesitylene (1.0 mL, 0.1M). The
resultant reaction mixture was kept stirring at room temperaturg4ftr. Then the
reactionwas addedo 100mgsilica gel and wagept stirring aiZfON for 10 h. When
the reaction is complete, the crude residue was purified by flash column
chromatography on silica geking PEEtOAc (3:1) as eluent to afford the desired
product3.

¢) Experimental procedure for the scaleup reaction.

NHC.HX (10 mol%)
base 1.5 equw

CHO
E/ soIvent 01M

4AMS,30°C, 24 h

A dry 25 mL Schlenk tube equipped with a magnetic stirring bar was successively
charged withla (1.0 g, 3.1 mmol), NHCC (127.1mg, 0.31mmol), NaOAc (372 mg,
4.7 mmol), anhydrous 4A MS500 mg) and 2a (3.72 mmol). To this mixture was
addedanhydrousmesitylene(8 mL). The resultant reaction mixture was kept stirring
at room temperature f@&4 h. Then thereactionwas addedo 3000 mg silica gel and
waskept stirring at7’O N for 10 h. When the reaction is complete, the crude residue
was purified by flash column chromatography on silicaugpghg PE/EtOAc (3:1) to

afford the3a aswhite solid (1230 mg, 97% yield, >20:1 dr and >99% g¢e
A



d) Stereochemistry deermination 3h via X-ray crystallographic analysis

Product 3h was crystallized as a colorless crystala vaporization of a
hexane/ethyl acetate solution, and its absolute configuration was determiredyby
structureanalysis CCDC 2027679 adains the supplementary crystallographic data
that can be obtained free of charge frohe Cambridge Crystallographic Data Centre

via www.ccdc.cam.ac.uk/data request/cif.

Il 1'l1. Characterizations of products, referei
aCharacterpratsuons of

2-(M ethyl-dg)-2-((1-methyl-2-oxoindolin-3-yl)methyl)-1H-indene-1,3@2H)-dione

(1a): white solid *H NMR (400 MHz,CDCly) U= 7.82(d, J = 7.6 Hz, 1H), 7.75(d, J
= 8.0 Hz, 1H), 7.67(d, J = 7.6 Hz, 1H), 7.43-7.47 (m, 2H), 7.03-7.20 (m, 5H), 6.83
(d= 7.2, 1H), 6.43d, J = 3.6 Hz, 1H), 6.418(d, J = 8 Hz, 1H), 404 (d, J = 3.2 Hz,
1H), 2.62(s, 1H), 2.33(dd, J = 14.4Hz, 2H); **C NMR (100 MHz,CDCl;) & =203.4
202.5 176.6 1442, 131.5, 130.0140.4 135.7, 135.1, 128.3 128.0 127.9 124.7,
123.4 123.1,122.3 107.8 100.Q 77.4 77.1, 76.8 52.4 42.0 34.1 26.1; °H NMR
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(61.4MHz, CHCI5) U= 0.75(s, 3D); HRMS (ESI) Calcd for GH1sDsNOs™ [M+H] *
323.1470 Found:323.1471

2-((4-Chloro-1-methyl-2-oxoindolin-3-yl)methyl)-2-(methyl-ds)-1H-indene-
1,3(@2H)-dione (1b): white solid *H NMR (400 MHz,CDCl;) Ui = 7.857.88(m, 1H),
7.807.84(m, 1H), 7.75-7.78(m, 2H), 7.00(d, J = 8.0 Hz, 1H), 6.73(d, J=8.0Hz,
1H), 6.30(s, 1H), 3.383.41(m, 1H), 2.96(s, 1H), 2.442.56(m, 1H), 2.24(t, J = 16.0
Hz, 1H); 3¢ NMR (100 MHz, CDQ) 1 =2029, 201.6, 175.7, 145.7 141.3 140.5
135.6 135.0 131.5 129.7 1254 123.3 122.1 123.0 106.2 77.477.1,76.8
52.2 42.5 34.8 26.2 H NMR (61.4MHz, CHCIy) U= 1.18(s, 3D); HRMS (ESI)
Calcd forCyoH14DsCINOs" [M+H] * 357.1080; Found:357.1082

2-((5-methoxy-1-methyl-2-oxoindolin-3-yl)methyl)-2-(methyl-ds)-1H-indene-
1,3(H)-dione (1c): white solid *H NMR (400 MHz,CDCly) Ui = 7.887.74(m, 4H),
7.767.41(m, 3H), 3.75(s, 3H), 3.41(dd, J = 16.8, 80 Hz, 1H), 2.95(s, 3H), 2.48
(dd, J=9.2, 12.4Hz, 2H); **C NMR (100 MHz, CDGCJ) {1 =203.3 202.5 176.3155.8
141.6 140.4, 135.1 130.5 123.1, 113.6 111.4 108.7,77.5 77.1, 76.8 56.4 43.1,
34.7 27.0, °H NMR (61.4 MHz, CHCIl3) U= 1.14 (s, 3D); HRMS (ESI) Calcd for
C21H17DsNO,4" [M+H] * 353.1575; Found:352.151.



2-(M ethyl-ds)-2-((1-methyl-5-nitro -2-oxoindolin-3-yl)methyl)-1H-indene-1,3@2H)-
dione (1d): white solid.*H NMR (400 MHz, CDC}) & = 8. 15 ( d,
8.07-8.02(m, 1H), 7.997.90 (m, 2H), 7.89 7.78 (m, 2H), 6.72 (d, J = 8.0 HH),
3.60 (dd, J 6.8 8.0 Hz, 1H), 3.10 (s, 3H), 2.52.43 (m, 2H)*C NMR (100 MHz,
CDCl) U= 202.9, 2021, 176.8, 149.8, 141.4, 140.3, 1B6135.5, 128.9, 1238, 1237,
1235, 1218, 120.4, 11®, 106.9, 75, 772, 763, 52.3, 41.6, 33.5, 2B; °H NMR
(61.4MHz, CHCI3) Ui =1.42 (s, 3D); HRMS (ESI) Calcd foiCaH13D3N»0s" [M+H]*
368.1320 Found:368.1320.

2-((1,6-Dimethyl-2-oxoindolin-3-yl)methyl)-2-(methyl-ds)-1H-indene-1,3@2H)-
dione (1e) : white solid *H NMR (400 MHz, CDCl) ti = 7.857.88 (m, 1H), 7.80
7.84(m, 1H), 7.757.78(m, 2H), 7.00(d, J = 8.0 Hz, 1H), 6.73(d, J = 8.0Hz, 1H),
6.30(s, 1H), 3.393.41(m, 1H), 2.96(s, 1H), 2.2£2.55(m, 1H), 2.24(t, J = 16.0Hz,
1H); 3¢ NMR (100 MHz, CDG) = 203.3 202.6, 177.0 144.3 141.5 140.4
138.4 135.2 135.0 124.7, 124.5 123.4 123.0 122.8 108.7, 77.4 77.1, 76.8 52.5
42.0 345 26.0 21.7: 2H NMR (61.4MHz, CHCIs) Ui =1.14 (s, 3D); HRMS (ESI)
Calcd for G1H17N3DOs" [M+H] ™ 337.1626, Found:337.1630
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2-((7-Bromo-1-methyl-2-oxoindolin-3-yl)methyl)-2-(methyl-ds)-1H-indene-
1,3@H)-dione (1f): white solid *H NMR (400 MHz, CDCl) ti = 7.937.91 (m, 1H),
7.847.75(m, 3H), 7.19(d, J = 8 Hz, 1H), 7.07(d, J = 8 Hz, 1H), 6.78(t, J = 8 Hz,
1H), 3.46:3.42(m, 1H), 3.34(s, 3H), 2.552.43(m, 2H); *C NMR (100 MHz, CDG)
a =203.0 2025 17%.8 141.4 141.3, 14.3, 137.7, 135.3,34.0 130.6 124.1,
123.4, 1234, 123.0, 102.1, 100.Q 77.4, 77.1, 76.8 52.3 42.0, 34.3, 29.7; °H NMR
(61.4 MHz, CHCI3) i =1.19 (s, 3D); HRMS (ESI) Calcd for GHDsNBrOs"
[M+H] " 401.0575; Found:401.0570.

2-((1-Benzyl-2-oxoindolin-3-yl)methyl)-2-(methyl-ds)-1H-indene-1,3(2H)-dione
(1g): white solid *H NMR (400 MHz,CDCls) ti= 7.90-7.94(m, 1H), 7.76-7.81(m,
2H), 7.28(d, J = 8 Hz, 2H), 7.187.23(m, 4H), 7.02(t, J = 4 Hz, 1H), 6.93(t, J=8
Hz, 1H), 6.48(d, J = 8 Hz, 1H), 4.624.78(m, 2H), 3.56:3.59(m, 1H), 2.442.57 (m,
2H); 3¢ NMR (100 MHz, CDQJ) & = 203.5 202.2 176.8 143.2 141.6, 140.4,
135.7 135.1 128.8 128.3 128.2 127.6 127.4, 124.5 123.6, 1234, 123.3 122.4
109.Q 77.4,77.1,76.8, 52.5, 43.7, 41.8 34.4 °H NMR (61.4MHz, CHCls) Ui=1.47 (s,
3D); HRMS (ESI) Calcd for GgH19D30sN* [M+H] * 3991783 Found:399.178L.



2-((1-Allyl -2-oxoindolin-3-yl)methyl)-2-(methyl-ds)-1H-indene-1,3@2H)-dione (1h):

white solid *H NMR (400 MHz, CDC}) i  7-927.82 (m, 2H), 7.807.72 (m, 2H),

7.16-7.07 f, 2H), 6.93 (tJ = 8.0 Hz, 1H), 6.53 (d] = 8.0 Hz, 1H), 3.42 (dd] = 8.0,

4.0 Hz, 1H), 2.98 (s, 3H), 2.5636 (m, 2H), 1.87 (q] = 8.0Hz, 2H)li= 7.857.88 (m,

1H), 7.807.84 (m, 1H), 7.75.78 (m, 2H), 7.00 (d] = 8.0 Hz, 1H), 6.73 (dJ=8.0

Hz, 1H), 6.30 (s, 1H), 3.38.41 (m, 1H), 2.96 (s, 1H), 2.42456 (m, 1H), 2.24 (t) =

16.0 Hz, 1H);"*C NMR (100 MHz, CDG)i = 203. 6, 40,2358, 144. 2
135.0, 128.3, 128.0, 124.8, 123.0, 122.6, 122.3, 106.6, 77.5, 77.2, 76.8, 56.9, 42.0,

33.6, 31.6, 26.1, 9.H NMR (61.4 MHz, CHCI5) U =151 (s, 3D); HRMS (ESI)

Calcd for Go>H17NO3Ds" [M+H] ™ 349.1626 Found:349.1629

2-Methyl-2-((1-methyl-2-oxoindolin-3-yl)methyl)-1H-indene-1,3@2H)-dione  (1i):
white solid '"H NMR (400 MHz,CDCl) ti = 8.19(s, 1H), 7.75-7.83 (m, 3H), 7.69 (d,
J=8.8Hz, 1H), 7.60 (d, J = 8.0Hz, 1H), 7.44-7.53(m, 3H), 7.37 (t, J = 8.0 Hz, 1H),
721 (t, J= 7.6 Hz, 1H), 4.15(s, 3H); **C NMR (100 MHz, CDCk) = #03.3 202.4,
176.6, 144.2 141.6 140.4 135.7, 135.1, 128.3 128.0, 124.7, 123.5, 123.1, 122.3
77.4, 77.1, 76.8, 52.6, 42.0, 34.2 26.1, 23.8 HRMS (ESI) Calcdfor CyH1gNOs"
[M+H] * 320.1281 Found:320.1285



2-((1-M ethyl-2-oxoindolin-3-yl)methyl)-2-propyl-1H-indene-1,3@2H)-dione  (1j):
white solid *H NMR (400 MHz, CDCl) Ui = 7.857.89 (m, 2H), 7.757.77 (m, 2H),
7.087.15(m, 2H), 6.91-6.95(m, 1H), 6.53(d, J = 8 Hz, 1H), 3.40-3.43(m, 1H), 2.98
(s, 3H), 2.41-2.52(m, 2H), 1.77-1.81(m, 2H), 0.97-1.07 (m, 2H), 0.76 (d, J = 8 Hz,
3H); ¥c NMR (100 MHz, CDQ) & =203.5, 22.8, 1766, 1442, 1428, 1416, 1350,
128.3 1280, 124.7, 123.0, 123.2, 128, 1223, 1078, 77.4 77.1, 6.8 56.8, 42.0,
40.6 34.0, 26.1, 18.1, 14.4 HRMS (ESI) Calcd for GH,,NOs" [M+H]* 348.1594
Found:348.1595
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2-1sopropyl-2-((1-methyl-2-oxoindolin-3-yl)methyl)-1H-indene-1,3@2H)-dione
(1k): white solid *H NMR (400 MHz,CDCl) & = 7.837.88(m, 2H), 7.71-7.77(m,
2H), 7.08.7.15(m, 2H), 6.91(t, J = 8 Hz, 1H), 6.54(d, J = 8 Hz, 1H), 3.383.41(m,
1H), 2.99 (s, 3H), 2.47-2.58(m, 2H), 2.13-2.02 (m, 1H), 1.68(d, J =4Hz, 1H), 0.97
(d, J =8 Hz, 3H), 0.82(d, J =8 Hz, 3H); **C NMR (1® MHz, CDCkL) = #03.4
202.5 1764, 142.8 141.6, 140.4, 135.8, 18.5 135.0 128.0, 1249, 1235, 123.2,
121.7, 111.6 775, 77.1, 76.7, 52.5 44.7, 42.0, 35.8 19.8§ HRMS (ESI)Calcd for
C2oH2oNOs" [M+H] " 348.1594 Found:348.1598
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2-((1-M ethyl-2-oxoindolin-3-yl)methyl)-2-(prop-2-yn-1-yl)-1H-indene-1,3@2H)-
dione (1l): white solid *H NMR (400 MHz, CDCl) U = 7.667.69 (m, 1H), 7.61-
7.64(m, 1H), 7.557.58(m, 2H), 7.07-7.16 (m, 2H), 6.886.98(m, 6H), 6.51(d, J =8
Hz, 1H), 3.45:3.48(m, 1H), 3.12-3.19(m, 1H), 2.99(s, 3H), 2.542.66(m, 2H), 2.13
2.02(m, 1H), 1.68(d, J = 4Hz, 1H), 0.97(d, J = 8 Hz, 3H), 0.82(d, J = 8 Hz, 3H);
¥C NMR (100 MHz, CDC}) & = 201.2, 200.7, 1763, 1442, 142.7, 141.5, 135.8
135.2 128.5, 127.5, 1248, 123.2, 1228, 1224, 107.8,100.0 77.9 774, 771, 76.8,
72.2, 55.0 41.9, 33.2 26.6 26.1 HRMS (ESI) Calcd for gHigNOs" [M+H]"
344.1281 Found: 34.12¢.

1m

2-Allyl -2-((1-methyl-2-oxoindolin-3-yl)methyl)-1H-indene-1,3@2H)-dione  (1m):
white solid *H NMR (400 MHz, CDCl) Ui = 7.88-7.84 (m, 2H), 7.78-7.74 (m, 2H),
7.00-7.15(m, 1H) ,6. 93(d, J =4 Hz, 1H) ,6.52(d, J = 4 Hz, 1H) , 5.45(d, J = 4 Hz,
1H), 5.01(d, J = 4Hz, 1H), 4.91(d, J = 4Hz, 1H), 5.14(d, J = 8 Hz, 2H), 3.443.41
(m, 1H), 2.98(s, 1H), 2.56(d, J = 8 Hz, 1H), 2.51-2.54(m, 2H), 2.392.45(m, 1H);
¥%c NMR (100 MHz, CDGJ) a = 203.4, 2.3, 1764, 143.4, 141.6, 140.4, 1357,
135.1131.6, 128.2, 124.6, 123.5 1223, 1176, 108.8, 77.1, 76.8, 7.2, 2.5 42.3,
41.8 34.3 HRMS (ESI) Calcd for GHooNOs" [M+H] * 346.1438 Found: 34.143.
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1n

Ethyl 2-(2-((1-methyl-2-oxoindolin-3-yl)methyl)-1,3-dioxo-2,3-dihydro-1H-inden-
2-yl)acetate (1n): white solid *H NMR (400 MHz,CDCl) Ui = 7.92(d, J =4 Hz, 1H),
7.687.75 (m, 2H), 7.087.15(m, 2H), 7.00 (t, J = 4Hz, 1H),6.47 (d, J =4 Hz, 1H),
3.853.91(m, 2H), 3.50(t, J = 4Hz, 1H),3.15(s, 2H), 2.98 (s, 3H), 2.34-2.46 (M, 2H),
1.01(t, J = 8 Hz, 3H); **C NMR (100 MHz, CDG)) & = 2018, 201.3, 1761, 170.2,
1440, 1422, 1416, 1355, 1351, 128.5, 1272, 124.8, 123), 122.8, 125, 107.8,
100.Q 77.977.4,77.1, 8.8 61.2,53.7, 41.9, 3.7, 34.2 262,13.8 HRMS (ESI)
Calcd for GsH»NOs" [M+H] * 392.1492; Found:392.1497.

10

2-((1-Methyl-2-oxoindolin-3-yl)methyl)-2-(2-nitrobenzyl)-1H-indene-1,3(2H)-

dione (10): white solid *H NMR (400 MHz,CDCls) ti= 7.50-7.53 (m, 1H), 7.41-7.45

(m, 2H), 7.357.37 (m, 1H), 7.1.30 (m, 4H), 4.17s, 3H); *C NMR (10 MHz,
CDCl;) =#201.7,201.0, 176.4, 149.7, 144.2, 142.1, 141.1, 135.7, 135.1, 133.8, 132.6,
128.5, 125.4, 124.8, 123.2, 122122.4, 107.8, 77.4, 77.1, 76.8, 56.8, 41.8, 39.2, 33.5,
26.1;HRMS (ESI) Calcd for GH21N-Os" [M+H] " 441.1445 Found:441.1445.
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(2R,3R,9a%-1'-M ethyl-9a-(methyl-ds)-3-phenyl-3,9adihydrospiro[fluorene -2,3'*-

indoline]-2',9(1H)-dione (3a): white solid, 38.8ng, 95% yield] G*f (c 1.0, CHC})
= +56.0. 1H NMR (400 MHz, CDCJ) U 82%d, J=.80 Hz, 1H),7.76 (d,J = 80
Hz, 1H),7.64-7.68 (m, 1H), 7.42-7.47 (m, 2H), 7.03-7.20 (m, 5H), 6.82(d, J= 80 Hz,
1H), 6.41(d, J = 80 Hz, 1H),4.04(d, J = 4.0 Hz, 1H),2.62(s, 1H), 2.34(dd, J=12.0
Hz, 2H); 3¢ NMR (10 MHz, CDCk) =0803.4, 2.5, 1767,28.0, 1247, 1235,
123.1, 122.4111.2 1079, 775, 772, 76.8, 2.5, 42.1, 34.2 26.1 °H NMR (61.4
MHz, CHCls) U =1.14 (s, 3D); HRMS (ESI) Calcd for GH»NO,Ds" [M+H]*
409.1990 Found:409.19@; >99% ee as determined by HPLC (Chiralci#, 90:10
hexanes/PrOH,0.8 mL/min), t, (major) =23.5min, t; (minor) =17.2min.

(2R,3R,9a%-1'-M ethyl-9a-(methyl-ds)-3-(p-tolyl) -3,9adihydrospiro[fluorene -

2,3"indoline]-2',9(1H)-dione (3b): white solid 31 mg, 90% vyield. [ W% (c 1.0,
CHCls) = + 73.1.*H NMR (400 MHz, CDC}) ti=7.81 (d,J = 4 Hz, 1H), 773(d,J =
8 Hz, 1H), 763-7.68 (m, 1H), 742-7.46 (m, 2H), 7.11-7.20 (m, 2H), 6.85(d, J = 8 Hz,
2H), 6.72(d, J = 8 Hz, 2H),6.61(d, J = 4 Hz, 1H), 6.44(d, J = 8 Hz, 2H),4.01(d, J =
4 Hz, 1H), 2.65(s, 3H), 2.32(dd, J = 12.0Hz, 2H), 2.21(s, 3H);*C NMR (100 MHz,
CDCl) =207.2 1785, 147.0, 143.8, 1434, 136.6, 1355, 134.0, 13.2, 134.1, 134.0,
129.1, 128.8, 1282, 128.0, 1245, 123.0, 125, 12.4, 1218, 1076, 77.4 77.1,76.8
567, 494, 48.8, 37.4, 25.621.1; °H NMR (61.4 MHz, CHCI3) 4 =1.79 (s, 3D);
HRMS (ESI) Calcd foCogH23N,0Ds" [M+H] * 423.2146; Found: 423.2149899% ee
as determined by HPLC (Chiralcel 180:10 hexanes/PrOH,0.8 mL/min), t. (major)

= 36.5min, t; (minor) =18.3min.
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(2R,3R,9a%-3-(4-M ethoxyphenyl)1'-methyl-9a-(methyl-d;)-3,9a
dihydrospiro[fluorene -2,3-indoline]-2',9(1H)-dione (3c): white solid 37 mg, 94%
yield.[ @*f (c 1.0, CHC}) = + 875 *H NMR (400 MHz, CDC}) ti= 7.81 (d,J = 4
Hz, 1H), 773(d, J = 8 Hz, 1H), 7.647.66 (M, 1H), 742-7.45 (m, 2H), 7.13-7.18 (m,
2H), 6.74 (d, J = 8 Hz, 2H),6.59 (d, J = 4 Hz, 3H), 6.44(d, J = 8 Hz, 1H),4.01(d, J =
4 Hz, 1H), 3.70(s, 3H) 266 (s, 3H) , 2.31(dd, J = 12.0Hz, 2H); **C NMR (100 MHz,
CDCl;) =207.3 1786, 158.6,147.0,143.8 1434, 13%.2,134.2, 134.0, 18.6, 129.9
129.1 1281, 124.5 123.0, 122.6, 12.5, 123.0, 12.8, 1128, 1077, 100,774, 77.1,
76.8,567, 55.2,490, 487, 37.4, 25.6°H NMR (61.4MHz, CHCl3) U=1.78 (s, 3D);
HRMS (ESI) Calcdor CogH2aNO3D3" [M+H] " 439.2096; Found: 439.209899% ee
as determined by HPLC (Chiralcel 180:10 hexanesfPrOH,0.8 mL/min), t. (major)

= 37.7 min, t; (minor) =228 min.

(2R,3R,9a%-3-(4-Fluorophenyl)-1'-methyl-9a-(methyl-ds)-3,9a
dihydrospiro[fluorene-2,3-indoline]-2',9(1H)-dione (3d): white solid 38.3mg, 90%
yield. [ W% (c 1.0, CHC}) = -32.5 *H NMR (400 MHz, CDC}) U= 7.857.88(m,
1H), 7.80-7.84(m, 1H), 7.757.78(m, 2H), 7.00(d, J =8.0Hz, 1H), 6.73(d, J=8.0
Hz, 1H), 6.30(s, 1H), 3.383.41(m, 1H), 2.96(s, 1H), 2.442.56(m, 1H), 2.24(t, J =
16.0 Hz, 1H); *C NMR (100 MHz,CDGJ) i = 207.0, 178.4, 163.2, 160.8, 146.9,
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144.2, 143.3, 135.3, 134.4, 134.0, 130.5, 129.3, 128.3, 124.6, 123.1, 122.8, 121.9,
114.4, 114.2, 107.8, 77.3, 77.2, 76.8, 56.6, 49.1, 48.8, 37.3A9\BVR (61.4MHz,

CHCIs) U= 1.18 (s, 3D); HRMS (ESI) Calcd for GHooNO,FDs" [M+H] *427.1896
Found:427.189; >99% eeas determined by HPLC (Chiralcel 180:10 hexanest
PrOH,0.8 mL/min), t, (major) =30.8min, t;(minor) =17.7min.

(2R,3R,9a%-3-(4-Chlorophenyl)-1'-methyl-9a-(methyl-ds)-3,9a

dihydrospiro[fluorene -2,3-indoline]-2',9(1H)-dione (3e): white solid,38 mg, 91%

yield.[ &% (c 1.0, CHC}) = +103.1.*H NMR (400 MHz,CDCl) &= 7.86:7.64(m,

4H), 7.45t, J = 7.6 Hz, 2H), 6.9%7.22(m, 5H), 6.61-6.78(m, 3H), 6.54(d, J = 3.6

Hz, 1H), 6.47(dd, J = 2.8, 8.0Hz, 1H), 2.67(s, 3H); *C NMR (100 MHz, CDG) U=

206.9, 178.2, 146.8, 144.3, 143.3, 137.2, 135.3, 134.0, 133.7, 133.0, 130.3, 130.1,
129.3, 128.4, 127.7, 124.6, 123.0, 122.8, 121.9, 121.3, 107.9, 77.1, 56.5, 49.2, 48.8,
37.4, 25.6, 14.2H NMR (61.4MHz, CHCl5) U= 1.18(s, 3D); HRMS (ESI) Calcd for
C2sH20NO-CID5" [M+H] " 443.1600; Found: 443.160>99% ee as determined by
HPLC (Chiralcel 1A,90:10 hexanes/PrOH, 0.8 mL/min), t; (major) =38.3 min, t;

(minor) =19.1min.

(2R,3R,9a%-3-(3-Chlorophenyl)-1'-methyl-9a-(methyl-ds)-3,9a
dihydrospiro[fluorene-2,3-indoline]-2',9(1H)-dione (3f): white solid, 39 mg, 90%
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yield.[ @ (c 1.0, CHC}) = +93.4. *HNMR (400 MHz, CDC}) Ui = 7.81-7.83 (m,
1H), 7.74-7.77 (m, 1H), 7.64-7.69 (m, 1H), 7.43-7.47 (m, 2H), 7.147.21 (m, 2H),
6.726.82(m, 4H), 6.456.48(m, 1H), 6.57(d, J = 4.0 Hz, 1H),6.47(d, J = 4.0 Hz,
1H), 4.04(d, J = 4.0 Hz, 1H),2.67(d, J = 8.0 Hz, 2H), 2.33(dd, J = 12.0Hz, 2H); **C
NMR (100 MHz, CDC}) *C NMR (100 MHz, CDCJ) U= 178.1, 146.8, 144.4, 143.3,
140.7 140.4, 135.3, 134.0, 133.3, 129.3, 129.0, 128.6, 128.2, 1Z4.6, 123.0,
122.8, 121.9, 120.9, 107.8, 77.5, 77.1, 76.8, 56.4, 49.6, 48.8, 37.2 AR
(61.4MHz, CHCIy) U= 1.47(s, 3D); HRMS (ESI) Calcd for gH»0NO,CID3" [M+H]*
443.1®0; Found:443.16@; >99% ee as determined by HPLC (Chiralcel 1A0:10
hexanes/PrOH, 0.8 mL/min), t; (major) =24.6min, t, (minor) =17.4min.

3g
(2R,3S,9a%-3-(2-Chlorophenyl)-1'-methyl-9a-(methyl-ds)-3,9a

dihydrospiro[fluorene-2,3-indoline]-2',9(1H)-dione (3g): white solid 39 mg, 92%
yield.[ @% (c 1.0, CHC}) = +63.3. *H NMR (400 MHz, CDCJ)) ti= 7.81 (dJ=4
Hz, 1H),7.52-7.70 (m, 2H), 7.48(d, J = 8 Hz, 2H),7.33(d, J = 4 Hz, 1H), 7.057.15
(m, 5H), 6.44(d, J = 4 Hz, 1H),6.42 (d,J = 8 Hz, 1H),4.89(d, J = 4 Hz, 1H),2.81(s,
3H) , 2.46(dd, J = 12 Hz, 2H); *C NMR (100 MHz, CDGJ) =#07.2, 1785, 147.0,
144.2, 142.7, 137.6, 13H.2, 13#.2 133.9, 131.9 129.9 120.0, 1289, 128.4, 128.2,
126.5 124.6, 12.3 1218,1218, 1072, 77.4 77.1,76.8 560, 484, 44.2 38.2
25.7 2H NMR (61.4 MHz, CHCl;) U= 1.79 (s, 3D); HRMS (ESI) Calcd for
CagH20NO,D3S™ [M+H] " 443.1600; Found443.1601 >99% ee as determined by
HPLC (Chiralcel 1A,90:10 hexanesfPrOH, 0.8 mL/min), t. (major) =243 min, t;

(minor) =28.4min.
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3h

(2R,3R,9a%-3-(4-Bromophenyl)-1'-methyl-9a-(methyl-d3)-3,9a
dihydrospiro[fluorene-2,3-indoline]-2',9(1H)-dione (3h): white solid 34 mg, 90%
yield. [ W% (c 1.0, CHC}) = - 63.9. *H NMR (400 MHz, CDC}) Ui = 789-7.93 (m,
2H), 765-7.84(m, 3H), 749 (d J = 8.0 Hz, 2H), 7.15-7.24(m, 2H), 7.03(d, J = 4.0

Hz, 1H),6.466.53(m, 2H), 6.386.49(m, 3H), 4.17(d, J = 4.0 Hz, 1H),2.66(d, J =

4.0 Hz, 3H), 2.31(dd, J = 12.0 Hz, 2H); *C NMR (100 MHz, CDCJ) = £06.9,
178.2, 146.8144.3, 143.3, 137,7135.3, 134.0, 133.6, 131.1, 130.7, 130.6, 129.3,
128.4, 124.6, 123.0, 122.9, 121.9, 121.2, 107.9, 77.4, 77.1, 76.8, 56.4, 49.2, 48.8, 37.4,
25.7 2H NMR (61.4 MHz, CHCl;) U= 1.18 (s, 3D); HRMS (ESI) Calcd for
CasH20NO-D3Br* [M+H] ™ 487.1095; Found: 487.109699% ee as determined by
HPLC (Chiralcel 1A,90:10 hexanes/PrOH, 0.8 mL/min), t; (major) =42.1 min, t;

(minor) =21.2min.
O,N

3i
(2R,3R,9a%-1'-M ethyl-9a-(methyl-ds)-3-(4-nitrophenyl) -3,9a

dihydrospiro[fluorene-2,3-indoline]-2',9(1H)-dione (3i): white solid 35 mg, 91%
yield.[ @ (c 1.0, CHC)) = +56.1 *H NMR (400 MHz, CDGJ) ti = 7.89-7.93 (m,
2H), 765-7.84(m, 3H), 749 (d J = 8.0 Hz, 2H), 7.15-7.24(m, 2H), 7.03(d, J = 4.0
Hz, 1H),6.46:6.53(m, 2H), 6.386.49(m, 3H), 4.17(d, J = 4.0 Hz, 1H),2.66(d, J =
4.0 Hz, 3H), 2.293.41(m, 2H); *C NMR (100 MHz, CDGJ) U= 206.5, 177.8, 147.0,

146.5 143.3, 135.4, 134.0, 133.6, 133.0, 130.0, 129.5, 128.7, 1284, 122.6,
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121.9, 119.7, 108.0, 100.0, 77.4, 77.1, 76.8, 56.3, 49.5, 48.8, 37.525NMR
(61.4 MHz, CHCI) U= 1.16 (s, 3D); HRMS (ESI) Calcd for GHaoClIFsN,04D3"
[M+H] " 454.1841; Found: 454.184$99% eeas determined by HPLC (Chiralcel IA,
90:10 hexanesfPrOH, 0.8 mL/min), t, (major) =68.8min, t; (minor) =41.0min.

3j

(2R,3R,9a%-1'-M ethyl-9a-(methyl-ds)-3-(naphthalen-2-yl)-3,9a
dihydrospiro[fluorene-2,3-indoline]-2',9(1H)-dione (3)): white solid 43 mg, 97%
yield.[ &% (c 1.0, CHC}) = - 56.9 *H NMR (400 MHz, CDCJ) ti = 7.7%7.85 (m,

2H), 7.66-7.72 (m, 2H), 7.60(d, J = 8.0 Hz, 1H), 7.52(d J = 8.0 Hz, 2H), 7.39(d, J =

4.0 Hz, 1H),7.30 (s, 1H), 7.13.18(m, 2H), 6.98(d, J = 8.0 Hz, 1H),6.72(d, J = 4.0

Hz, 1H),6.29(d, J = 8.0 Hz, 1H),4.22(d, J = 4.0 Hz, 1H), 2.51 (s, 3H)2.38(dd, J =

12.0 Hz, 2H); **C NMR (100 MHz, CDChk) U= 207.2, 178.5,144,7144.1, 143.3
136.2 135.3 134.0, 133.9132.9, 132.4, 129.2, 128.2, 127.9, 127.4, 127.2, 126.9,
125.9, 125.8, 124.6, 123.1, 122.5, 122.0, 107.7, 77.1, 56.6, 50.0, 48.9, 37,5, 29.8
25.5 H NMR (61.4 MHz, CHCly) U= 1.17(s, 3D); HRMS (ESI) Calcd for
CaH2sNO,D3" [M+H] " 459.2146; Found: 459.214599% ee as determined by
HPLC (Chiralcel 1A,90:10 hexanes/PrOH, 0.8 mL/min), t, (major) =28.1 min, t;

(minor) =21.0min.

3k
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(2R,3S,9a%1'-M ethyl-9a-(methyl-ds)-3-(thiophen-2-yl)-3,9a

dihydrospiro[fluorene-2,3-indoline]-2',9(1H)-dione (3Kk): white solid 37 mg, 92%
yield. [ @ (c 1.0, CHC}) = +37.8. 'H NMR (400 MHz, CDG)) ti= 7.82 (dJ=4
Hz, 1H), 7.797.71(m, 1H), 763-7.68 (m, 1H), 741-7.44 (m, 2H), 6.85(d, J = 4
Hz,1H),6.80 (d, J = 4 Hz,1H),6.75 (d, J = 4 Hz,1H),6.72(d, J = 4 Hz, 1H),6.63 (d,
J=4Hz, 1H), 654 (d, J = 8 Hz, 2H),4.38 (d, J = 4 Hz, 1H), 2.76 (s, 3H) 2.32(dd, J
= 12.0 Hz, 2H); **C NMR (100 MHz, CDGJ) =1i784, 146.7, 144.1, 143.9 141.3
135.3 13.0, 129.3 128.4 16.2 15.9, 124.5 1242, 123.0, 128, 12.3 12.0,
107.7,100.0, 77.4 77.1,76.8 566, 486, 44.9 37.7, 25.8 H NMR (61.4 MHz,
CHCls) U= 1.7 (s, 3D); HRMS (ESI) Calcd foiCogH1gNO,D5S' [M+H]* 415.1554;
Found: 415.1550>99% eeas determined by HPLC (Chiralcel 180:10 hexanest
PrOH, 0.8 mL/min), t; (major) =28.0min, t, (minor) =19.6min.

3l

(2R,3S,9a% 3-(Furan-2-yl)-1'-methyl-9a-(methyl-ds)-3,9a
dihydrospiro[fluorene-2,3-indoline]-2',9(1H)-dione (3I): white solid 38 mg, 90%
yield.[ @*f (c 1.0, CHC) = +79.2 'H NMR (400 MHz, CDC}) Ui = 781-7.74 (m,
2H), 6.64 (d, J = 4 Hz,1H).7.46:7.38(m, 2H), 7.24(d, J = 4 Hz,1H),7.10(d, J = 4 Hz,
2H), 6.60 (m, 2H),6.1(d, J = 8 Hz, 1H),5.72(d, J = 8 Hz, 1H), 4.24 (m, 1H), 2.85 (s,
3H), 2.30(dd, J = 12.0 Hz, 2H); **C NMR (100 MHz, CDGJ) =1i785,152.8,146.7,
144.1, 143.6 141.7, 136.3 129.3 134.0 120.3 128.3 124.5 12.9 12.8 1220,
119.5 110.2 107.6,107.1, 77.5 77.1,76.8 55.2, 487, 43.8 37.7 25.9 H NMR
(61.4MHz, CHCI3) U= 1.75 (s, 3D); HRMS (ESI) Calcd folCasH190NOsDs" [M+H]
399.1783; Found: 399.178699% ee as determined by HPLC (ChiralceT,190:10
hexanes/PrOH,0.8 mL/min), t, (major) =42.4min, t; (minor) =26.6 min.
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(2R,3R,9a%-4'-Chloro-1'-methyl-9a-(methyl-ds)-3-phenyl-3,9a
dihydrospiro[fluorene-2,3-indoline]-2',9(1H)-dione (3m): white solid 40 mg, 95%
yield.[ @*f (c 1.0, CHC}) = +63.4. '"HNMR (400 MHz, CDC}) ti= 7.80 (dJ=4
Hz, 1H),7.77 (d,J = 4 Hz, 1H),7.66(t, J = 4 Hz, 1H),7.43(t, J = 4 Hz, 1H), 6.97
7.07(m, 7H), 650 (d, J = 4 Hz, 1H),6.26 (d, J = 4 Hz, 1H),4.74(d, J = 4 Hz, 1H),
2.89(d, J = 4 Hz, 1H),2.74 (s, 3H) ,2.37(d, J =4 Hz, 1H); **C NMR (100 MHz,
CDCl) =207.3 177.7, 147.2, 144.9, 143.9,139.4, 13.0, 133.6, 130.1, 129.5, 1289,
128.4, 127.6, 127.2, 1245, 123.6, 1218, 120.6, 106.1, 77.4 77.1,76.8 56.7, 489,
44.4 33.0,29.8,25.1 °H NMR (61.4 MHz, CHCI3) U= 1.9 (s, 3D); HRMS (ESI)
Calcd for CogHooNO,DCI™ [M+H] " 443.1600; Found: 443.1600>99% ee as
determined by HPLC (Chiralcel 1/0:10 hexanes/PrOH, 0.8 mL/min), t, (major) =
14.6min, t; (minor) =22.7min.

3n

(2R,3R,9a%-5'-M ethoxy-1'-methyl-9a-(methyl-ds)-3-phenyl-3,9a

dihydrospiro[fluorene-2,3-indoline]-2',9(1H)-dione (3n): white solid 40 mg, 95%
yield.[ @ (c 1.0, CHC}) = +78.0 *H NMR (400 MHz, CDC}) Ui = 7.62-7.82 (m,
3H), 7.40-7.46 (m, 2H), 7.23-7.27 (m, 1H), 701-7.09 (m, 3H), 6.796.83 (m, 1H),
6.386.49(m, 3H), 4.88(d, J = 8.0 Hz, 1H),3.38(d, J= 4.0 Hz, 3H), 2.74(d, J = 4.0
Hz, 3H), 2.272.44 (m, 2H); 3C NMR (100 MHz, CDCJ) (i=1789, 1565, 147.3
1437,143.0, 135.1, 133.8, 1332, 129.3,128.8,128.1,127.6, 1245, 12.9, 121.7,
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1216, 120.1, 109.4106.9, 77.4, 77.1, 76.8, 58, 54.8,491, 40.4, 379, 27.3 H
NMR (61.4 MHz, CHCI3) U= 1.14 (s, 3D); HRMS (ESI) Calcd for @H23NOsDs"
[M+H] " 439.2096 Found:439.2098 >99% eeas determined by HPLC (Chiralcel IA,
90:10 hexanesfPrOH, 0.8 mL/min), t, (major) =64.3min, t; (minor) =21.2min.

(2R,3R,9a%-1'-M ethyl-9a-(methyl-ds)-5'-nitro -3-phenyl-3,9a

dihydrospiro[fluorene-2,3-indoline]-2',9(1H)-dione (30): white solid 39 mg, 94%
yield. [ §%f (c 1.0, CHC}) = + 106.1 *H NMR (400 MHz, CDC}) Ui =8.34 (s,
1H),8.29 (d,J = 4 Hz, 1H), 7.83 (d,J = 4 Hz, 1H),7.74 (d,J = 4 Hz, 1H),7.68(t, J =
4 Hz, 1H),7.48(t, J = 4 Hz, 1H), 7.057.14(m, 3H), 6.82 (d, J =8 Hz, 2H),6.51 (dd,
J=8Hz, 2H),4.74(d, J = 4 Hz, 1H),4.08(d, J = 4 Hz, 1H),2.72 (s, 3H) ,2.34(dd, J
=12 Hz, 2H);**C NMR (100 MHz, CDG)) =207.3 177.7, 147.2, 144.9, 143.9,139.4,
135.0, 133.6, 130.1, 129.5 1289, 128.4, 127.6, 127.2, 126.5,124.5, 123.6, 1218,
120.6, 106.1, 77.4 77.1,76.8 567, 489, 44.4 33.0,25.7 °H NMR (61.4 MHz,
CHCls) U= 1.96 (s, 3D); HRMS (ESI) Calcd foiCogHo0N,04D3" [M+H] * 454.1841;
Found: 454.1840>99% eeas determined by HPLC (Chiralcel 180:10 hexanest
PrOH,0.8 mL/min), t, (major) =72.9min, t; (minor) =38.2min.

3p

(2R,3R,9a%1',6'-Dimethyl-9a-(methyl-ds)-3-phenyl-3,9adihydrospiro[fluorene -
2,3"indoline]-2',9(1H)-dione (3p): white solid 43 mg, 96% vield.[ G¥ (c 1.0,
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CHCls) = +119.1 *H NMR (400 MHz, CDC}) Ui =8.34(s, 1H),8.29 (d,J = 4 Hz, 1H),
7.83 (d,J=4Hz, 1H),7.74 (d,J = 4 Hz, 1H),7.68(t, J = 4 Hz, 1H),7.48(t, J= 4 Hz,
1H), 7.057.14(m, 3H), 1.54(s, 3H), 6.49(d, J = 4 Hz, 1H),4.08(d, J = 4 Hz, 1H),
2.72(s,3H), 2.36 (dd, J =12 Hz, 2H), 1.59(s, 3H) : *C NMR (100 MHz, CDGJ)) = U
2071, 1784, 148.2, 143.2, 142.9, 139.4, 13%.0, 133.6, 130.1, 129.5 1289, 128.4,
127.6, 127.2, 126.5124.5, 123.6, 1218, 120.6, 106.1, 77.4 77.1,76.8 563, 53.5
49.8,36.5,31.9,255, 9.9 2H NMR (61.4MHz, CHCl3) U= 1.79 (s, 3D); HRMS (ESI)
Calcd forCgH2aNO,D3" [M+H] " 423.2146; Found423.2150>99% eeas determined
by HPLC (ChiralcelADH, 90:10 hexanes/PrOH, 0.8 mL/min), t, (major) =25.5min,

t, (minor) =17.6min.

3q
(2R,3R,9a%7'-Bromo-1'-methyl-9a-(methyl-d;)-3-phenyl-3,9a

dihydrospiro[fluorene-2,3-indoline]-2',9(1H)-dione ( 3g) : white solid,41 mg,97%

yield. [ @ (c 1.0, CHC}) = +99.3 *H NMR (400 MHz, CDC)ti = 7.82 ( d,
8.0 Hz, 1H), 7.75 (d, J = 8.0 Hz, 1H), 7.67 (t, J = 8.0 Hz, 1H), 7.46 (t, J = 8.0 Hz, 1H),
7.38 (d, J = 8.0 Hz, 1H), 7.30 (s, 1H), 76 J = 8.0 Hz, 1H), 7.10 (t) = 8.0 Hz,

2H), 6.98 (t,J = 8.0 Hz, 1H), 6.80 (dJ = 8.0 Hz, 2H), 6.59d, J = 4.0 Hz, 1H), 3.98

(d, J = 4.0 Hz, 1H), 2.98 (s, 3H), 2.32 (ddi= 4.0 Hz 12 Hz,2H); **C NMR (100

MHz, CDCk)u = 135.5, 135.4, 134.8, 134.1, 129.4, 129.1, 128.3, 127.8, 127.1, 124.6,
123.5, 122.5, 122.2, 122.0, 109.6, 101.5, 77.5, 77.2, 76.8, 62.2, 56.2, 54.5, 50.1, 49.4,
38.2, 29.9, 19.1, 18.4H NMR (61.4 MHz, CHCls) U= 1.85s, 3D); HRMS (ESI)

Calcd for GgHooNBrO,Ds" [M+H]™ 487.1095; Found:487.1099 >99% ee as
determined by HPLC (Chiralcel 120:10 hexanes/PrOH, 0.8 mL/min), t, (major) =
23.5min, t; (minor) =165 min.
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3r

(2R,3R,9a%-1'-benzyt9a-(methyl-ds)-3-phenyl-3,9adihydrospiro[fluorene -2,3'*-
indoline]-2',9(1H)-dione (3r): white solid 38 mg, 94% vield.[ &% (c 1.0, CHC}) =
+123.1. *H NMR (400 MHz, CDC}) U= 7.82(dd,J = 8Hz, 2H),770(d, J = 4Hz, 1H),
7.65(d,J = 4Hz, 1H),752(d, J = 4Hz, 1H), 7.267.48 (m,8H), 7.12(d, J = 8 Hz, 2H),
6.73(d, J = 4 Hz, 1H), 6.54(d, J = 8Hz, 2H), 6.31(d, J = 4 Hz, 1H), 4.36(dd,J = 8
Hz, 2H), 4.20 (s, 1H), 2.40 (dd, J = 8 Hz, 2H);**C NMR (100 MHz, CDG))
=207.1,1788, 143.8, 142.6138.9 135.4 135.3 134.2, 134.0, 129.5,129.2 128.2,

[enl¢

128.1 128.0, 127.2,126.0 124.6, 1233, 1228, 15.5, 1219, 1®.1, 77.4, 77.4, 77.1
76.8 56.7 48.8, 48.7 43.6 39.0;°H NMR (61.4 MHz, CHCl3) U =1.46 (s, 3D);

HRMS (ESI) Calcd foCz4H2sNO,Ds" [M+H] * 485.2303; Found: 485.230899% ee
as determined by HPLC (Chiralcel 180:10 hexanesfPrOH,0.8 mL/min), t. (major)
= 25.7min, t; (minor) =30.1min.

(2R,3R,9a%-1'-Allyl -9a-(methyl-ds)-3-phenyl-3,9adihydrospiro[fluorene -2,3*-
indoline]-2',9(1H)-dione (3s)} white solid 31 mg, 87% vield.[ @ (c 1.0, CHC}) =
+56.2 'H NMR (400 MHz, CDC}) ti= 7.81(d,J = 4Hz, 1H), 7.75(d,J = 4Hz, 1H),
764 (t, J = 4Hz, 1H), 7.437.51 (m,2H),7.057.16 (m,5H), 6.89(d,J = 8Hz, 2H),
6.67(d,J = 4Hz, 1H), 6.47(d,) = 4Hz, 1H), 5.0085.14 (m,1H), 4.90(d, J = 4 Hz, 1H),
4.88(d,J = 4 Hz, 1H), 4.61(d, J = 4Hz, 1H), 4.11(d, J = 4 Hz, 1H), 3.99(d, J = 4 Hz,
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1H), 3.67:3.72 (m,1H), 2.33(dd, J = 12 Hz, 2H); °C NMR (100 MHz, CDGJ)
=207.2,1782, 147.0, 143.9142.7, 138.7,135.3, 134.1, 134.0, 131.3 129.3,129.2
128.0, 127.8,127.1, 124.6, 1233, 1227, 122.3, 121.9,117.2 108.8, 77.5, 77.1, 76.8
56.6 49.2, 48.742.1, 38.2 ?H NMR (61.4 MHz, CHCls) U= 1.50 (s, 3D); HRMS
(ESI) Calcd forCszgH23NO,Ds" [M+H]™ 435.2146; Found: 435.215®6% ee as
determined by HPLC (Chiralcel 187:3 hexanes/PrOH, 0.7 mL/min), t; (major) =

62.5min, t, (minor) =74.5min.

4a
(2R,3R,9a%1',9a-Dimethyl-3-phenyl-3,9adihydrospiro[fluorene -2,3-indoline]-

2',9(1H)-dione (4a): white solid 39 mg, 96% vield.[ &*f (c 1.0, CHC}) = + 434.

'H NMR (400 MHz, CDC}) t=7.82 (d,J = 8.6 Hz, 1H), 7.75 (dJ = 6.9 Hz, 1H),
7.70-7.63 (m, 1H), 7.52 7.42 (m, 2H), 7.247.02 (m, 5H), 6.83 (d] = 7.1 Hz, 2H),

6.63 (d,J = 3.6 Hz, 1H), 6.42 (d) = 7.7 Hz, 1H), 4.05 (dJ = 3.6 Hz, 1H), 2.62 (s,

3H), 2.34 ¢id, J = 14.4 Hz, 2H), 1.65 (s, 3H)*C NMR (100 MHz, CDCJ) = 207.2,
178.4,147.0, 145.2, 144.0, 143.4, 138.5, 135.3, 133431.6, 129.2, 129.0, 128.2,
127.5, 127.1, 126.6, 124.6, 123.1, 122.6, 122.1, 121.9, 107.6, 77.5, 77.1, 76.8, 56.7,
49.9, 49.0, 37.4, 25.5, 24.8IRMS (ESI) Calcd foiCagH24NO," [M+H] ™ 406.1802;
Found:406.1800 >99% eeas determined by HPLC (Chiralcel 180:10 hexanest
PrOH,0.8 mL/min), t; (major) =21.0min, t, (minor) =11.3 min.
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(2R,3R,9a%-1'-M ethyl-3-phenyl-9a-propyl-3,9adihydrospiro[fluorene-2,3'-

indoline]-2',9(1H)-dione (4b): white solid 34 mg, 87% vyield.[ @*f (c 1.0, CHC}) =
-635. H NMR (400 MHz, CDC}) ti= 7.73-7.80(d, J =8Hz, 2H) 766 (d, J = 4Hz,
1H),738-7.45 (m, 2H), 7.037.19 (m,5H), 6.826.86 (m,2H), 6.62(s, 1H) 6.4 (d, J
= 4 Hz, 1H), 4.07 (d, J = 4 Hz, 1H), 2.63 (s, 3H) 236 (s, 3H), 1.992.13 (m,
2H),1.20-1.35(m, 2H), 0.91(d, J = 4 Hz, 1H); **C NMR (100 MHz, CDCJ) =#07.2,
1784, 148.0, 1431, 138.7, 135.2 1.1, 133.7, 128.9, 1281, 127.1, 123.9, 123.0,
1225, 122.3, 1214, 1076, 77.5,77.2 76.8 56.4, 53.249.8 41.4 36.7, 25.5 18.9
14.7 HRMS (ESI) Calcd foCsoH2gNO," [M+H] *434.2115; Found: 434.2116899%
ee as determined by HPLC (Chiralcel 180:10 hexanes/PrOH, 1.0 mL/min), t;

(major) =314 min, t; (minor) =40.9min.

(2R,3R,9a%9a-Allyl -1'-methyl-3-phenyl-3,9adihydrospiro[fluorene -2,3"-
indoline]-2',9(1H)-dione (4c). white solid 35 mg, 96% vield.[ & (c 1.0, CHC}) =
+66.4 H NMR (400 MHz,CDCl) Ui = 7.76 (dd, J, = 22.4Hz, J, = 7.6 Hz, 2H),
7.64(t, J = 7.6 Hz, 1H), 7.407.45 (M, 2H), 7.01-7.16 , 5H), 6.83(d, J = 6.8 Hz,

2H), 6.40(d, J = 3.2Hz, 1H), 6.39(d, J = 8.4Hz, 1H), 5.715.81 (m, 1H), 5.19(d, J =

15.2 Hz, 1H), 4.02 (d, J = 3.2 Hz, 1H), 2.66 &, 5H), 2.41 (s, 2H); **C NMR (100

MHz, CDCk) ti=206.0, 178.3, 147.7, 143.3, 142.4, 138.9, 135.1, 134.5, 133.4, 129.0,
128.9, 127.7, 127.5, 127.024.2, 122.9, 122.7, 122.4, 121.5, 119.3, 107.5, 77.4, 77.1,
76.8, 55.8, 53.2, 50.1, 43.6, 35.3, 25RMS (ESI) Calcd foiCzHo6NO," [M+H] ™
432.1958; Found: 432.1959%99% ee as determined by HPLC (ChiralceC,197:3

hexanesfPrOH,0.8 mL/min), t; (major) =42.3min, t, (minor) =35.8min.
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(2R,3R,9a%-1'-Methyl-3-phenyl-9a-(prop-2-yn-1-yl)-3,9a

dihydrospiro[fluorene -2,3-indoline]-2',9(1H)-dione (4d): white solid, 35 mg, 97%
yield. [ @ (c 1.0, CHC}) = +82.4 *H NMR (400 MHz, CDCJ)ti = 7.78 (dd,J =
24.0, 8.0 Hz, 2H), 7.66 (i = 8.0 Hz, 1H), 7.45¢, J = 8.0 Hz, 2H), 7.186.97 (m,
5H), 6.83 (dJ = 8.0 Hz, 2H), 6.62 (d] = 4.0 Hz, 1H), 6.40 (d] = 4.0 Hz, 1H), 4.19

(d, J= 4.0 Hz, 1H), 2.80 (s, 2H), 2.67 (s, 3H), 2.61 (s, 1H), 2.50 &12.0 Hz, 1H),
2.07 (s, 1H):*C NMR (100 MHz, CDCJ) ti = 204.4, 178.2, 147.7, 143.2, 141.6, 138.8,
135.4, 133.7, 132.9, 128.8, 128.2, 127.5, 127.1, 124.5, 123.9, 123.0, 122.5, 121.7,
1076, 80.3, 77.5, 77.2, 76.8, 71.4, 55.4, 52.2, 50.0, 34.8, 29.2,2RM&S (ESI)
Calcd for GoH24NO," [M+H] ™ 430.1802; Found: 430.180899% eeas determined
by HPLC (Chiralcel I1A90:10 hexanestPrOH, 1.0 mL/min), t; (major) =23.3min, t;

(minor) =27.2min.

(2R,3R,9a%1'-methyl-9a-(2-nitrobenzyl)-3-phenyl-3,9adihydrospiro[fluorene -

2,3"indoline]-2',9(1H)-dione (4€): white solid, 40 mg, 96% vield. [ W¥ (c 1.0,
CHCl;) = +108.8. *H NMR (400 MHz, CDC}) U= 7.44-757 (m, 5H), 7.32-7.44 (m,
3H), 723-7.28 (m, 2H), 7.07-7.17 (m, 3H), 6.89 (d, J = 8Hz, 2H), 6.54(d, J = 4Hz,
1H), 6.40(d, J = 4 Hz, 1H), 4.30(d, J = 4Hz, 1H),3.78(d, J = 4 Hz, 1H),3.53(d,J =
4 Hz, 1H), 2.65 (s, 3H), 2.43(d, J=4 Hz, 2H); **C NMR (100 MHz, CDC}) = #06.2,

178.3 150.4 148.1, 143.3 140.4 138.5135.2 134.4,133.8, 133.3, 131.9, 131.2,
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128.9 128.8,128.2 127.9, 127.5 127.0, 15.9, 124.8,123.5, 123.0, 122.6, 121.2,
107.6,100.Q 56.2,54.6, 50.0 40.4 36.8,25.6 HRMS (ESI)Calcd forCssH27N,04"
[M+H] " 527.1965; Found: 527.196899% eeas determined by HPLC (Chiralcel IA,
90:10 hexanesfPrOH, 0.8 mL/min), t, (major) =41.3min, t; (minor) =57.7min.

Ethyl 2-((2R,3R,9aR-1'-methyl-2',9-dioxo-3-phenyl-3,9-dihydrospiro[fluorene -
2,3"indolin] -9a(LH)-yl)acetate (4f): white solid, 33 mg, 90% vield.[ W% (c 1.0,
CHCL) = +39.9 'H NMR (400 MHz, CDC}) ti = 7.92 (d,J = 4 Hz, 1H), 769-7.79
(m, 3H), 7.067.16 (m,2H),6.98 (d, J = 4 Hz, 1H), 6.48 (d, J = 8 Hz, 2H),3.86:3.91
(m, 2H), i =3.51 (t,J = 8 Hz, 1H) 3.15(s, 2H) 298 (s, 3H), 2.34-2.46 (m, 2H), U
=1.01 (t,J = 8 Hz, 3H)*C NMR (100 MHz, CDC{) =801.8, 176.2 170.2144.0
142.2, 141.6 135.5 135.1, 128.5,127.2124.8, 123.0, 12.8, 122.5, 107.8, 77.4 77.1,
76.8 61.2 53.8 41.9 39.7,34.8,26.2,13.8 HRMS (ESI) Calcd foiCaH2gNO4"
[M+H]* 478.2013; Found: 478.201699% ee as determined by HPLC (Chiralcel
ODH, 80:20 hexanes/PrOH, 0.8 mL/min), t, (major) =18.1 min, t; (minor) =25.6

min.

5

Methyl (2R,3R,4S,4aR,9a8%a-hydroxy-1'-methyl-9a-(methyl-d3)-2',9-dioxo-3-
phenyl-1,3,4,4a,9,9ehexahydrospiro[fluorene-2,3-indoline]-4-carboxylate  (5):
white solid, 41 mg, 74% yield.[ U3 @ 1.0, CHC}) = +45.7. *H NMR (400 MHz,

CDCly) U= 7.94(d, J = 8Hz, 1H), 6.62(t, J = 4Hz, 1H), 6.58 (t, J= 4 Hz, 1H), U =
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7.33-7.38(m, 2H), 7.04-7.09 (m, 2H), 6.90.7.03 (m, 4H), 6.43d, J = 4Hz, 1H),4.40
(d, J= 4 Hz, 1H),3.70(d, J =4 Hz, 1H), 3.19(s, 3H), 293(s,3H), 2.63(d, J = 4 Hz,
1H), 2.20(d, J = 4 Hz, 1H); **C NMR (100 MHz, CDCJ) = #803.0, 177.5, 176.0,
155.4 142.8 135.8 134.4, 133.2, 131.9 129.1, 128.1, 12/.3, 127.2, 15.0, 12.6,
122.4,107.8,78.0,77.5,77.2,76.854.1, 51.6,50.9, 50.3 48.6 36.0,25.9 °H NMR
(61.4 MHz, CHCl3) 1 =1.25 (s, 3D); HRMS (ESI) Calcd foiCsiHp6D30s" [M+H]*
484.2198 Found:484.2199 >99% ee as determined by HPLC (ChiralcdD,|90:10
hexanes/PrOH,1.0mL/min), t; (major) =4.1min, t, (minor) = 15.8min.

SBenzyl @2R,3R,4S,4aR,989S4a-hydroxy-1'-methyl-9a-(methyl-ds)-2',9-dioxo-3-
phenyl-1,3,4,4a,9,9éhexahydrospiro[fluorene-2,3-indoline]-4-carbothioate  (6):
white solid, 43 mg, 70% yield.[ &% (c 1.0, CHC}) = +67.4 'H NMR (400 MHz,
CDCly) U= 7.90 (d, J = 4Hz, 1H), Ui = 748751 (m, 2H), 7.48(d, J = 4 Hz, 1H),7.47
(s,1H), ti= 733736 (m, 3H), 7.11-7.17 (m, 2H), 6.83-7.09 (m, 5H), 6.62(d, J = 8
Hz, 2H),6.47(d, J = 4 Hz, 1H), 5.30(t, J = 4Hz, 1H), 4.10(t, J = 4Hz, 1H),3.95(d,
J=4Hz, 1H),3.83(d, J = 4 Hz, 1H), 2.98(s, 3H), 2.59 (d, J = 4 Hz, 1H), 2.23(d, J =
4 Hz, 1H),1.63 (s, 2H);**C NMR (100 MHz, CDCJ) = 8035, 178.3 173.5, 156.0,
143.9, 143.5,143.2425, 138,136.6, 1342, 1333, 132.3 128.9,128.6, 128.1,127.7,
1275,127.3, 124.7, 123.6, 122.7, 107.8,78.4, 77.5,77.2,76.8,54.2,51.4, 504, 48.3,
43.4, 364, 26.0, °H NMR (61.4MHz, CHCl5) U= 1.23 (s, 3D); HRMS (ESI) Calcd for
CaeH30D3N204" [M+H] " 560.2623 Found: 560.265; >99% ee as determined by
HPLC (ChiralcellA, 75:25 hexanesfPrOH, 1.0 mL/min), t. (major) =49.6 min, t;

(minor) =31.7min.
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(2R,3R,4S,4aR,99N-Benzyl4a-hydroxy-1'-methyl-9a-(methyl-d3)-2',9-dioxo-3-
phenyl-1,3,4,4a,9,9éhexahydrospiro[fluorene-2,3-indoline]-4-carboxamide (7):
white solid, 40 mg, 63% vield.[ @% (c 1.0, CHC}) = +65.9 'H NMR (400 MHz,
CDCly) ti=7.91 (d, J = 4Hz, 1H), 7.45 (t, J =4 Hz, 1H),l= 746-7.30 (m, 2H), 7.17(d,
J =4 Hz, 3H),7.067.16 (M, 4H), 6.987.03 (m, 3H), 6.80-6.82(m, 2H), 6.65 (s, 1H),
6.44 (d, J= 4 Hz, 1H), 5.23(t, J = 4Hz, 1H),4.61(d,J = 4 Hz, 1H),3.84 (t, J = 8 Hz,
2H), 2.97 (s, 3H), 2.60 (d, J = 4 Hz, 1H),2.18(d, J = 4 Hz, 1H);**C NMR (100 MHz,
CDCl;) =2035, 1783, 1735, 155.9, 154, 143.4, 143.1, 143.0, 142.138.0, 1369,
136.5, 134, 133.3, 132, 128.8, 12&, 1281, 127.7, 127.5, 123, 125.1, 124,
123.6, 1277, 1126, 107.8, 784, 77.4, 77.1, 76.8, 54.2, 51.4, 0483, 434, 38.5,
36.3,26.0 2H NMR (61.4 MHz, CHCl3) U= 1.22 (s, 3D); HRMS (ESI) Calcd for
CzeH20DaNSO," [M+H] " 577.2235 Found: 577.2238 >99% ee as determined by
HPLC (Chiralcel ID, 95:5 hexanesfPrOH, 0.8 mL/min), t, (major) =32.4 min, t;

(minor) =29.7min.

b) Reference
1 Netz, Natalie; et al , A Modular Formal Total Synthesis

(HCycloclavine. Journal of Organic Chemistr§2016), 81(4), 1723730
2 Wang, Qingmin; et alThe germdifluoro lactam spiro benzo fivenembered
heterocyclic compound hastructure in formuld, and shows good artiMV

activity and insecticidal activityChina, CN11126451A 202006-12
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1H, 13C NMR spectraand HPLC data of products
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HPLC specpradottshe

<Chromatogram>
mAU
= PDA Multi 1 254nm,4nmj
_ e
40
] ™
3
304 - 2 g
] S &
20
10]
D_ /\
1L':0 1’1_15 o .15|D 1?|'.5l 2EJID 22IS ZEI-D
min
<Peak Table>
PDA Ch1 254nm
Peak# Ret. Time Area Area% Height
1 10.344 705297 22.242 46551
2 17.002 759995 23.967 30255
3 20.490 845344 26.658 25325
4 23.430 860429 27.134 25792
Total 3171064 100.000 127922
<Chromatogram>
mAU
PDA Multiyt 254nm,4nm|
750 s
500+
250
in
=
o VAN
10.0 12|.5 15.0 1?'I.5 20.0 22|.5 25.0
min
<Peak Table>
PDA Ch1 254nm
Peak#{ Ret. Time Area Area% Height
1 17.151 1184709 4.222 46664
2 23.485| 26BTB788 95.778 779770
Total 28063498 100.000 826434
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<Chromatogram>

mAU
] = PDA Multi 1 254nm,4nm
30 5
i I
i g
20+
10+
j 2 3
0
T T T T T T T T T T T T T T T T T T T T
20 25 30 35 40
min
<Peak Table>
PDA Ch1 254nm
Peak#| Ret. Time Area Height Area%
1 18.283 41910 1421 1.745
2 22.154 1155794 32017 48.112
3 24.062 47976 1191 1.997
4 36.577 1156599 21115 48.146
Total 2402278 55744 100.000
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