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[bookmark: _Toc165388978]
General Information:
[bookmark: OLE_LINK4]Unless otherwise noted, all reactions were carried out in standard Schlenk techniques with magnetic stirring bar under air. Materials obtained from commercial suppliers were used directly without further purification. 1H NMR spectra were recorded in CDCl3 with Bruker spectrometers at 400 (100 MHz) or 500 (125 MHz). Chemical shifts are reported in ppm with tetramethylsilane (TMS: 0 ppm) with the solvent resonance as the internal standard. Data are reported as follows: chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet), coupling constants (Hz), and integration. 13C NMR spectra were recorded on Bruker 400 (100 MHz) and 500 (125 MHz) spectrometers in CDCl3 with complete proton decoupling. Chemical shifts are reported in ppm with the deuterium solvent as the internal standard (CDCl3: 77.0 ppm). The [α]D were measured on a PolAAr 3005 High Accuracy Polarimeter. The ee was recorded using LC-2030C 3D from Shimadzu Company. Flash column chromatography was performed over silica gel (10-40 mesh).
The starting materials PC-Phos,1 1-naphthol 12 and cyclic 1,3-dienes 23, 4 were synthesized according to published procedures. The spectral data of the substrates were consisted with that reported in the literature. The enantionmeric excesses of the products were determined by chiral stationary phase HPLC using Chiralpak IA, IB, ID, IF columns.




[bookmark: _Hlk100061983]Note: The prepared cyclic 1,3-dienes should be stored at low temperature and protected from light, and used as soon as possible. If the storage time of cyclic 1,3-diene is too long, it should be purified by flash column chromatography on silica gel to remove excess water and impurities before use.
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[bookmark: _Toc199311019]Optimization of reaction conditions.
[bookmark: _Toc165388981][bookmark: _Toc166079007][bookmark: _Toc184244311][bookmark: _Toc187346910][bookmark: _Toc199270359][bookmark: _Toc199311020]Fig S1. Optimization of chiral ligands.


[bookmark: _Toc165388982][bookmark: _Toc166079008][bookmark: _Toc184244312]Fig. S1. a Unless otherwise noted, all reactions were carried out with 0.1 mmol of 1a, 0.3 mmol of 2a, and 5 mol% of Pd2(dba)3, L* (20 mol%) (Pd: L* = 1: 2) in 0.5 mL Mestiylene at 60 oC for 96 h; yield and conversion were determined by GC, e.e. were determined by HPLC analysis. b ND = Not detected.


[bookmark: _Toc187346911][bookmark: _Toc199270360][bookmark: _Toc199311021]1.2 Evaluation of reaction parameters.a


	Entry
	Variation From“Standard Conditions”
	Ee%
	Yield%

	1
	None
	94
	77(65b)

	2
	Pd(dppf)Cl2 instead of Pd2(dba)3
	66
	48

	3
	Pd(Xantphos)Cl2 instead of Pd2(dba)3
	82
	20

	4
	[Pd(π-allylPh)Cl]2 instead of Pd2(dba)3
	93
	63

	5
	Pd(OPiv)2 instead of Pd2(dba)3
	85
	43

	6
	Pd(COD)Cl2 instead of Pd2(dba)3
	94
	70

	7
	Pd(TFA)2 instead of Pd2(dba)3
	92
	73

	8
	DCM instead of Mestiylene
	80
	57

	9
	PhCl instead of Mestiylene
	89
	49

	10
	PhMe instead of Mestiylene
	93
	63

	11
	MeCN instead of Mestiylene
	-
	Trace

	12
	1,4-Dioxane instead of Mestiylene
	-
	NDc

	13
	5 mol% Pd2(dba)3 and 10 mol% L*
	92
	59

	14
	12 mol% L*
	94
	64

	15
	no L*
	-
	Trace

	16
	no K2HPO4
	-
	NDc


Fig S2. Unless otherwise noted, all reactions were carried out with 0.1 mmol of 1a, 0.3 mmol of 2a, and 5 mol% of Pd2(dba)3, L* (20 mol%) (Pd: L* = 1: 2) in 0.5 mL Mestiylene at 60 oC for 96 h; yield and conversion were determined by GC, e.e. were determined by HPLC analysis. b Isolate yield; c ND = Not detected. 

[bookmark: _Toc199311022]Nonlinear effects experiment.
Non-linear effect reactions were set up with standard substrates (0.1 mmol), catalyst and N-H-PC10 with varied ee following the standard procedure as described in previous section. In this case, the amount of palladium precatalyst and N-H-PC10 enantiomers was weighed on an analytical balance, and the amount of solvent was measured with volumetric syringe. The reactions were allowed to run for 96 h, purification as described in standard procedure. Each experiment was repeated one time. The relationship between enantiomeric excess of N-H-PC10 ligand and product is listed here.




[image: ]
The linear relationship between the ee of the PC10 and those of product 3aa, which reveal that the enantioselectivity determining step might involve a single chiral sulfinamide phosphine ligand and one palladium species.


[bookmark: OLE_LINK24][bookmark: _Toc199311023]Sensitivity assessment of the reaction between 1a and 2a.7
The results of the sensitivity assessment are shown in Table S3, which was conducted using the model reaction of rac-1a with 2a. The optimized conditions were chosen as the reference for comparison. Tables describe the results on yield and enantioselectivity, respectively.

Fig. S3. Sensitivity Assessment of the Reaction between 1a and 2a.


[image: ][image: ]

[bookmark: OLE_LINK25][bookmark: _Toc199311024][bookmark: _Toc99755241]The effect of 3 on pro-inflammatory cytokine secretion in vitro.
Cell culture: RAW264.7 cells were obtained from Shanghai Cell Bank, Chinese Academy of Sciences (China) and cultured in DMEM (Corning) containing 10% FBS (Gibco) and 1% penicillin-streptomycin solution (Gibco). Cells were cultured in a sterile environment at 37°C containing 5% CO2 and 95% air.
Cell viability assay: The toxicity of the compound was determined by the CCK-8 assay (Beyotime, China). The RAW264.7 cells were seeded in a 96-well medium plate at a concentration of 5×104/well and cultured overnight. It was then incubated with compounds at concentrations of 50 μM and 20 μM for 24 h. Discard the old medium and add 100 μL of CCK-8 reagent and incubate for 30 min away from light. The absorbance value (OD value, 450 nm) was recorded by absorbance microplate reader (M5, Thermo, USA).
ELISA: Cell culture supernatants were collected and centrifuged at 12000 rpm for 5 minutes to remove dead cells. Cell supernatants were analyzed for IL-6 and TNF-α at different dilution ratios using ELISA kits (ThermoFisher, USA) according to the manufacturer's instructions.

Fig. S4 The Effect of 3 on Pro-inflammatory Cytokine Secretion in Vitro.
[image: ]
[image: ]
To evaluate their anti-inflammatory activity, we employed RAW 264.7 cells (mouse monocyte/macrophage cell) as the in vitro model. Initially, CCK-8 (Cell Counting Kit-8) assay was performed to test the effects of the spiralenones 3 on cell viability. RAW 264.7 cells were treated with the spiralenones 3 ranging from 20 to 50 µM for 24 hours, there had no effect on the cell viability of RAW 264.7 cell. Following treatment with spiralenones 3 (20 and 50 µM) and stimulated by LPS, the levels of two main pro-inflammation cytokines including interleukin-6 (IL-6) and tumor necrosis factor-alpha (TNF-α) were decreased.
[bookmark: _Toc199311025][bookmark: _Toc99755242][bookmark: _Toc165388984][bookmark: _Toc166079010][bookmark: _Toc184244314][bookmark: _Toc187346913]Synthesis of the PC-Phos.1


To an oven-dried 500 mL three neck round bottom flask equipped with a stir bar was added 9,9-dimethylxanthene (21.0 g, 100 mmol, cas: 19814-75-6, Greenchem), anhydrous FeCl3 (811 mg, 5% mol, cas: 7705-08-0, Macklin) in 100 mL DCM under N2. The mixture was stirred at 0 oC for 10 min, tBuCl (27.1 mL, 2.5 equiv, cas: 507-20-0, Energy Chemical) was added at a rate of 10 mL/min. After the addition is complete, moved the reaction to room temperature for 15 h, quenched by water, and extracted with DCM, dried over anhydrous Na2SO4, then the solvent was removed under reduced pressure. The crude product was recrystallized from ethanol to give S1 (29.3 g, 91% yield) as a white solid.
To an oven-dried 500 mL three neck round bottom flask equipped with a stir bar was added S1 (29.3 g, 91 mmol) in 150 mL CHCl3 under N2. The mixture was stirred at 0 oC for 10 min, Br2 (10.7 mL, 2.3 equiv) was added at a rate of 10 mL/min. (Note: HBr is produced during the dripping process, connect the pipe to pass it into the fume hood, and treat the exhaust gas with aq. NaHCO3.) After the addition is complete, stirred at 0 oC for 12 h, quenched by NaHSO3, and extracted with DCM, dried over anhydrous Na2SO4, then the solvent was removed under reduced pressure. The crude product was recrystallized from EtOH to give S2 (40.6 g, 93% yield) as a white solid.


To an oven-dried 500 mL three neck round bottom flask equipped with a stir bar was added S2 (14.3 g, 30 mmol) in 250 mL THF under N2. The mixture was cooled to -78 °C for 10 min, nBuLi (2.5 M in hexanes, 12 mL, 1 equiv) was added at a rate of 10 mL/min. The mixture was stirred at -78 °C for 1.5 h. Then added slowly ClPPh2 (5.4 ml, 1 eq, cas: Energy Chemical) and stirred at -78 °C for 2 h. Later, nBuLi (2.5 M in hexanes, 24 mL, 2 equiv) was added at a rate of 10 mL/min, and stirred at -78 °C for 2 h. Then add dry DMF (6.9 mL, 3 equiv) at -78 °C, moved the reaction to room temperature for 2 h, quenched by NH4Cl, extracted with EtOAc, dried over anhydrous Na2SO4, then the solvent was removed under reduced pressure. The crude product was purified by column chromatography (PE:EtOAc=20:1) to give S3 (9.6 g, 60% yield) as a white solid.
To an oven-dried 250 mL three neck round bottom flask equipped with a stir bar was added S3 (5.3 g, 10 mmol), (Rs)-TBSA (1.3 g, 1.1 eq, cas: 196929-78-9, Allychem) in 30 mL THF under N2. The mixture was stirred 10 min, Ti(OEt)4 (4.2 mL, 2 equiv, cas: 3087-36-3, Energy Chemical) was added and move the reaction to 60 °C for 10 h. (adding a large amount of EtOAc, water, silica gel and stirred at r.t. for 2 h to precipitate a large amount of titanate solids) Then filtered and extracted with EtOAc, wash with saturated NaCl, dried over anhydrous Na2SO4, then the solvent was removed under reduced pressure. The crude product was purified by column chromatography (PE:EtOAc:DCM= 20:1:1) to give S4 (4.7 g, 74% yield) as a white solid.
To an oven-dried 100 mL three neck round bottom flask equipped with a stir bar was added S4 (3.2 g, 5 mmol) in 30 mL THF under N2. The mixture was cooled to -78 °C for 10 min, (3,5-difluorophenyl) magnesium bromide (20 mL, 2 equiv, 0.5 M in THF, cas: 62351-47-7, Sigma-Aldrich) was added. After the addition is complete, stirred at -78 °C for 0.5 h. Turn off refrigeration and stir overnight, quenched by saturated NH4Cl, and then extracted with EtOAc, dried over anhydrous Na2SO4, then the solvent was removed under reduced pressure. The crude product was purified by column chromatography (PE:EtOAc = 10:1 to 5:1) to give tBu-PC-Phos (PC-10) (2.8 g, 76% yield) as a white solid.
[bookmark: _Toc199311026]Sythesis of the substrates.
[bookmark: _Toc165388986][bookmark: _Toc166079012][bookmark: _Toc184244316][bookmark: _Toc187346915][bookmark: _Toc199270366][bookmark: _Toc199311027]6.1 General procedure for the preparation of racemic phenolic biaryls.2
The following 1-naphthol substrates were prepared by Suzuki-Miyaura coupling reaction between (4-methoxynaphthalen-1-yl)boronic acid and corresponding ortho-dihalogenated aryl derivatives, followed by demethylation with BBr3.
Method A: A 50 mL round bottom flask with a stir bar was fitted with a rubber septum and flame dried under high vacuum. The flask was purged with N2 and charged with Pd(dba)2 (72 mg, 2.5 mol%), PPh3 (65 mg, 5 mol%), CsF (1.5 g, 2.0 equiv.), (4-methoxyphenyl)boronic acid (1.5 g, 1.5 equiv), ortho-dihalogenated aryl derivatives (5 mmol), 15 mL DME. The mixture was stirred at 90 ºC until the reaction was judged to be completed by TLC analysis. Water was added and the mixture was diluted with ethyl acetate. The layers were separated and the organic layer was washed with water and brine, dried over anhydrous Na2SO4 and concentrated under reduced pressure. The residue was then chromatographed on silica gel to afford the desired compound.
Under an argon atmosphere, a solution of BBr3 (2M in DCM) was slowly added to a solution of the above product in DCM (10 mL) at 0 ºC and the mixture was stirred at room temperature for 3 h. After cooling to 0 ºC, the reaction was quenched with cold water and extracted with DCM. The organic layer was dried over anhydrous Na2SO4 and concentrated under reduced pressure. The residue was then chromatographed on silica gel to afford the desired product 1.
Method B: A 50 mL round bottom flask with a stir bar was fitted with a rubber septum and flame dried under high vacuum. The flask was purged with a stir bar was fitted with a rubber septum and flame dried under high vacuum. The flask was purged with N2 and charged with Pd(dba)2 (72 mg, 2.5 mol%), PPh3 (65 mg, 5 mol%), CsF (1.5 g, 2.0 equiv), (4-(methoxymethoxy)naphthalen-1-yl)boronic acid (1.70 g, 1.5 equiv), ortho-dihalogenated aryl derivatives, 15 mL DME. The mixture was stirred at 90 ºC until the reaction was judged to be completed by TLC analysis. Water was added and the mixture was diluted with ethyl acetate. The layers were separated and the organic layer was washed with water and brine, dried over anhydrous Na2SO4 and concentrated under reduced pressure. The residue was chromatographed on silica gel, eluted with PE:EA = 50:1 to afford the desired compound.
The above product was dissolved in 15 mL MeOH in a 50 mL round bottom flask, warmed to 70 ºC and conc. HCl aq. (4 drops) was added. After stirring for 3 h, the flask was removed from the oil bath and cooled to room temperature, 40 mL of distilled water was added and the aqueous layer was extracted with EtOAc. The combined organic layers were washed with brine, dried over anhydrous MgSO4, and concentrated under reduced pressure to give a crude product, which was purified by column chromatography (PE:EA = 10:1) to afford product 1.


[bookmark: _Toc187346916][bookmark: _Toc199270367][bookmark: _Toc199311028][bookmark: _Toc165388987][bookmark: _Toc166079013][bookmark: _Toc184244317]6.2 Sythesis of cyclic 1,3-diene.3 
Conversion of allyl alcohols to cyclic 1,3-dienes (2) by sequential sulfenate-sulfoxide sigmatropic rearrangement and syn Elimination.
To a solution of 2-Cyclohexen-1-one (10 mmol, 0.97 mL, cas: 930-68-7, Bide) in 20 mL dry Et2O at -78 °C for 10 min under N2, was added lithium reagent (15 mmol, 1.5 equiv, 1 M in Et2O), the mixture was stirred at -78 °C for 10 min, and allowed to warm to room temperature for another 30 min. When completed, the reaction mixture was quenched by saturated NH4Cl and diluted with EtOAc. The organic layer was separated, and the aqueous layer was extracted twice with EtOAc. The combined organic layers were dried over Na2SO4, filtered, concentrated, and purified by flash chromatography (PE: EtOAc = 3:1) to isolated Allyl Alcohols S8 as liquid (77-93 % yield).
To a solution of allyl alcohols S8 (5 mmol) and Et3N (10.0 mmol, 2.0 equiv) in 20 mL dry DCM at 0 °C for 10 min under N2, to the mixture was added 2-NBSC (5.5 mmol, 1.1 equiv, 2-Nitrobenzenesulfenyl chloride, cas: 7669-54-7, Bide) (When R= alkyl, allyl, vinyl. 2,4-NBSC instead of 2-NBSC, 2,4-dinitrobenzenesulfenyl chloride, cas: 528-76-7, TCI) at 0 °C for 10 min, and allowed to warm to room temperature for another 2 h. When completed, n-Hexane was added to the reaction mixture. The precipitate was filtered out (celite), and the solution was washed with H2O and brine and dried over Na2SO4, filtered, concentrated, and purified by flash chromatography (n-Hexane) to isolated dienes product 5 as liquid or solid (57-83 % yield). (Note: The prepared 1,3-diene should be stored at low temperature and protected from light.




[bookmark: _Toc199311029]General procedure for dearomative spiroannulation of racemic phenolic biaryls with 1,3-cyclohexadienes. 


[bookmark: OLE_LINK6]Method: Under nitrogen atmosphere, to an oven-dried 10 mL Schlenk tube equipped with a magnetic stir bar was added Pd2(dba)3 (13.7 mg, 5 mol%, Energy Chemical), Sadphos (20 mol%, PC4, 47.0 mg), K2HPO4 (104.5 mg, 0.6 mmol, 2.0 equiv) and mesitylene (1.5 mL). The catalyst/ligand and base solution was stirred for 1 h at room temperature. After 1 h, rac-biaryl 1 (0.3 mmol, 1.0 equiv), and 1,3-dienes 2 (0.9 mmol, 3.0 equiv) were added successively. The resulting mixture was then stirred vigorously (550 rpm) at 60 oC in oil bath for about 96-108 h. After completion of the reaction (monitored by TLC), the reaction mixture was concentrated to dryness and the residue was purified by column chromatography (petroleum ether/ethyl acetate) to afford desired product 3/4.
(4aR,9R,9aS)-2-phenyl-3,4,4a,9a-tetrahydro-4'H-spiro[fluorene-9,1'-naphthalen]-4'-one (3aa).


The crude product was purified by column chromatography (petroleum ether/ethyl acetate = 50：1 to 30:1) to afford the product as white solid (86.4 mg, 77% yield).
1H NMR (400 MHz, CDCl3) δ 8.26 (dd, J = 7.8, 1.6 Hz, 1H), 7.54 – 7.37 (m, 3H), 7.36 – 7.05 (m, 9H), 6.92 (d, J = 10.3 Hz, 1H), 6.70 (d, J = 7.6 Hz, 1H), 6.37 (d, J = 10.3 Hz, 1H), 5.79 (dt, J = 3.8, 1.5 Hz, 1H), 3.75 (ddd, J = 8.2, 3.9, 1.9 Hz, 1H), 3.65 (ddd, J = 13.2, 8.5, 5.0 Hz, 1H), 2.59 (ddq, J = 6.7, 4.8, 2.1 Hz, 3H), 2.41 – 2.29 (m, 1H), 1.70 (ddt, J = 12.8, 9.4, 6.3 Hz, 1H). 
13C NMR (100 MHz, CDCl3) δ 185.1, 154.1, 149.2, 147.4, 145.5, 141.6, 138.4, 132.8, 132.3, 128.7, 128.3 (overlapped), 128.2, 127.9, 127.2, 127.0, 126.1, 125.7, 125.5, 125.2 (overlapped), 124.8, 121.9, 58.3, 54.9, 42.8, 29.0, 27.2.
M.P.: 76.4-77.9 oC.
[α]D20 = 80.0 (c = 0.2, CHCl3).
HRMS (EI): m/z: [M]+ Calcd for C28H22O：374.1671, found: 374.1665.
HPLC conditions: Daicel Chiralpak IA column (90:10 n-Hexane: 2-Propanol, 1.0 mL/min, 254 nm); tr (minor) = 6.9 min, tr (major) = 9.4 min; 96% ee).
[image: ]
(4aR,9R,9aS)-6-methoxy-2-phenyl-3,4,4a,9a-tetrahydro-4'H-spiro[fluorene-9,1'-naphthalen]-4'-one (3ab).


The crude product was purified by column chromatography (petroleum ether/ethyl acetate = 50：1 to 30:1) to afford the product as white solid (95.8 mg, 79% yield).
1H NMR (400 MHz, CDCl3) δ 8.24 (dd, J = 7.8, 1.6 Hz, 1H), 7.50 (td, J = 7.7, 1.6 Hz, 1H), 7.41 (td, J = 7.5, 1.3 Hz, 1H), 7.34 – 7.16 (m, 6H), 6.97 (d, J = 2.5 Hz, 1H), 6.91 (d, J = 10.2 Hz, 1H), 6.73 (dd, J = 8.4, 2.5 Hz, 1H), 6.61 (d, J = 8.4 Hz, 1H), 6.36 (d, J = 10.2 Hz, 1H), 5.77 (dd, J = 4.1, 1.8 Hz, 1H), 3.84 (s, 3H), 3.75 (ddt, J = 8.0, 3.8, 1.8 Hz, 1H), 3.61 (ddd, J = 13.2, 8.5, 5.1 Hz, 1H), 2.58 (dtd, J = 9.3, 4.8, 4.4, 2.2 Hz, 2H), 2.40 – 2.29 (m, 1H), 1.70 (tdd, J = 13.0, 10.2, 6.1 Hz, 1H).
13C NMR (100 MHz, CDCl3) δ 185.2, 160.1, 154.6, 149.5, 149.0, 141.6, 138.3, 137.3, 132.8, 132.2, 128.6, 128.3 (overlapped), 127.2, 127.0, 126.2, 126.1, 125.6, 125.2 (overlapped), 122.0, 114.0, 109.8, 57.6, 55.5, 55.4, 42.9, 29.0, 27.2.
HRMS (EI): m/z: [M]+ Calcd for, C29H24O2, 404.1776, found: 404.1773.
M.P.: 160.3-163.2oC.
[α]D20 = 59.4 (c = 0.2, CHCl3)
HPLC conditions: Daicel Chiralpak IB column (90:10 n-Hexane: 2-Propanol, 0.5 mL/min, 254 nm); tr (minor) = 16.3 min, tr (major) = 14.6 min; 98% ee).
[image: ]
(4aR,9R,9aS)-2-phenyl-6-(trifluoromethoxy)-3,4,4a,9a-tetrahydro-4'H-spiro[fluorene-9,1'-naphthalen]-4'-one (3ac).


The crude product was purified by column chromatography (petroleum ether/ethyl acetate = 50：1 to 30:1) to afford the product as white solid (87.9 mg, 64% yield).
1H NMR (400 MHz, CDCl3) δ 8.26 (dd, J = 7.9, 1.6 Hz, 1H), 7.52 (td, J = 7.6, 1.6 Hz, 1H), 7.43 (td, J = 7.6, 1.2 Hz, 1H), 7.33 – 7.16 (m, 7H), 7.02 (dd, J = 8.4, 2.3 Hz, 1H), 6.88 (d, J = 10.2 Hz, 1H), 6.72 (d, J = 8.4 Hz, 1H), 6.39 (d, J = 10.2 Hz, 1H), 5.76 (d, J = 4.1 Hz, 1H), 3.78 (ddd, J = 8.9, 4.0, 2.2 Hz, 1H), 3.65 (ddd, J = 13.3, 8.5, 5.1 Hz, 1H), 2.61 (tdd, J = 9.8, 5.3, 2.6 Hz, 2H), 2.40 – 2.29 (m, 1H), 1.71 (tdd, J = 13.0, 10.2, 6.0 Hz, 1H).
13C NMR (100 MHz, CDCl3) δ 184.8, 153.3, 149.3 (q, J = 2.0 Hz), 149.3, 148.5, 144.1, 141.4, 138.6, 133.0, 132.2, 128.5, 128.3 (overlapped), 127.3, 127.3, 126.7, 126.2, 126.1, 125.2 (overlapped), 121.4, 120.8, 120.4 (q, J = 257.5 Hz), 117.3, 57.6, 55.2, 42.7, 28.7, 27.0.
19F NMR (376 MHz, CDCl3) δ -57.68.
HRMS (EI): m/z: [M]+ Calcd for, C29H21F3O2, 458.1494, found: 458.1488.
M.P.: 70.8-73.9 oC.
[α]D20 = 79.6 (c = 0.2, CHCl3).
HPLC conditions: Daicel Chiralpak IB (95:5 n-Hexane: 2-Propanol, 0.5 mL/min, 254 nm); tr (minor) = 18.2 min, tr (major) = 15.8 min; 91% ee).
[image: ]
(4aR,9R,9aS)-2-phenyl-6-(trifluoromethyl)-3,4,4a,9a-tetrahydro-4'H-spiro[fluorene-9,1'-naphthalen]-4'-one (3ad).


The crude product was purified by column chromatography (petroleum ether/ethyl acetate = 50：1 to 30:1) to afford the product as white solid (88.8 mg, 67% yield).
1H NMR (400 MHz, CDCl3) δ 8.27 (dd, J = 7.8, 1.6 Hz, 1H), 7.72 (s, 1H), 7.53 (td, J = 7.5, 1.6 Hz, 1H), 7.49 – 7.41 (m, 2H), 7.30 (s, 2H), 7.27 (d, J = 11.1 Hz, 2H), 7.23 (td, J = 6.2, 5.7, 2.3 Hz, 1H), 7.16 (d, J = 7.9 Hz, 1H), 6.86 (dd, J = 18.2, 9.1 Hz, 2H), 6.42 (d, J = 10.2 Hz, 1H), 5.80 – 5.75 (m, 1H), 3.82 – 3.77 (m, 1H), 3.71 (ddd, J = 13.3, 8.5, 5.1 Hz, 1H), 2.70 – 2.53 (m, 2H), 2.40 (dq, J = 13.2, 4.3 Hz, 1H), 1.72 (tdd, J = 13.0, 9.9, 6.3 Hz, 1H).
13C NMR (100 MHz, CDCl3) 184.8, 152.8, 149.7, 148.2, 148.1, 141.4, 138.8, 133.1, 132.2, 130.8 (q, J = 32.2 Hz), 128.5, 128.3 (overlapped), 127.5, 127.4, 126.4, 126.4, 126.0, 125.2 (overlapped), 125.1 (q, J = 4.0 Hz), 122.8, 121.9 (q, J = 4.0 Hz), 121.3, 77.0, 58.0, 54.9, 42.6, 28.8, 27.1.
19F NMR (376 MHz, CDCl3) δ -62.17.
HRMS (EI): m/z: [M]+ Calcd for, C29H21F3O, 442.1544, found: 442.1539. 
M.P.: 75.1-77.2 oC.
[α]D20 = 76.2 c = 0.2, CHCl3).
HPLC conditions: Daicel Chiralpak IB column (95:5 n-Hexane: 2-Propanol, 0.5 mL/min, 254 nm); tr (minor) = 20.3 min, tr (major) = 17.0 min; 81% ee).
[image: ]
Methyl(4aR,9R,9aS)-4'-oxo-2-phenyl-3,4,4a,9a-tetrahydro-4'H-spiro[fluorene-9,1'-naphthalene]-6-carboxylate (3ae)


The crude product was purified by column chromatography (petroleum ether/ethyl acetate = 50：1 to 20:1) to afford the product as white solid (77.8 mg, 74% yield).
1H NMR (400 MHz, CDCl3) δ 8.27 (dd, J = 7.8, 1.6 Hz, 1H), 8.15 (d, J = 1.6 Hz, 1H), 7.86 (dd, J = 8.0, 1.6 Hz, 1H), 7.55 – 7.36 (m, 6H), 7.33 – 7.22 (m, 6H), 7.15 (dd, J = 8.0, 1.3 Hz, 1H), 6.93 (dd, J = 8.3, 1.9 Hz, 1H), 6.89 (d, J = 10.3 Hz, 1H), 6.78 (d, J = 8.0 Hz, 1H), 6.42 (d, J = 10.3 Hz, 1H), 5.77 (dd, J = 4.1, 1.7 Hz, 1H), 3.94 (s, 3H), 3.79 (ddt, J = 8.2, 3.9, 1.8 Hz, 1H), 3.69 (ddd, J = 13.2, 8.5, 5.1 Hz, 1H), 2.60 (qd, J = 4.3, 2.0 Hz, 2H), 2.46 – 2.37 (m, 1H), 1.71 (tdd, J = 12.9, 9.6, 6.5 Hz, 2H).
13C NMR (100 MHz, CDCl3) 185.0, 166.9, 153.1, 150.8, 148.5, 147.8, 141.4, 138.7, 133.1, 132.2, 130.4, 129.5, 128.7, 128.5, 128.3, 127.4, 127.3, 126.7, 126.3, 126.3, 125.5, 125.2, 121.4, 115.7, 58.1, 55.0, 52.2, 42.5, 28.8, 27.0
HRMS (EI): m/z: [M]+ Calcd for, C29H24O2, 432.1725, found: 432.1720.
M.P.: 71.5-72.7 oC.
[α]D20 = -15.2 (c = 0.2, CHCl3).
HPLC conditions: Daicel Chiralpak IB column (90:10 n-Hexane: 2-Propanol, 0.5 mL/min, 254 nm); tr (minor) = 14.4 min, tr (major) = 11.0 min; 96% ee).
[image: ]
(4aR,9R,9aS)-7-methoxy-2-phenyl-3,4,4a,9a-tetrahydro-4'H-spiro [fluorene-9,1'-naphthalen]-4'-one (3af).


The crude product was purified by column chromatography (petroleum ether/ethyl acetate = 50：1 to 30:1) to afford the product as white solid (82.5 mg, 68% yield).
1H NMR (400 MHz, CDCl3) δ 8.25 (dd, J = 7.8, 1.6 Hz, 1H), 7.51 (td, J = 7.6, 1.6 Hz, 1H), 7.42 (td, J = 7.5, 1.3 Hz, 1H), 7.35 (d, J = 8.3 Hz, 1H), 7.31 – 7.18 (m, 6H), 6.92 (d, J = 10.3 Hz, 1H), 6.88 (dd, J = 8.4, 2.5 Hz, 1H), 6.38 (d, J = 10.3 Hz, 1H), 6.20 (d, J = 2.5 Hz, 1H), 5.79 – 5.74 (m, 1H), 3.75 (ddd, J = 8.6, 4.0, 2.2 Hz, 1H), 3.64 (s, 4H), 3.58 (ddd, J = 13.1, 8.4, 5.1 Hz, 1H), 2.60 – 2.52 (m, 2H), 2.37 – 2.26 (m, 1H), 1.73 – 1.58 (m, 1H).
13C NMR (100 MHz, CDCl3) 185.1, 159.7, 154.2, 149.0, 146.8, 141.6, 139.5, 138.5, 132.9, 132.2, 128.7, 128.3 (overlapped), 127.1, 127.1, 126.1, 125.9, 125.4, 125.2 (overlapped), 122.0, 115.0, 109.8, 58.4, 55.5, 55.4, 42.0, 29.3, 27.1
HRMS (EI): m/z: [M]+ Calcd for, C29H24O2, 404.1776, found: 404.1773.
M.P.: 80.7-82.6 oC.
[α]D20 = 75.0 (c = 0.2, CHCl3).
HPLC conditions: Daicel Chiralpak IB column (95:5 n-Hexane: 2-Propanol, 0.5 mL/min, 254 nm); tr (minor) = 19.1 min, tr (major) = 17.8 min; 90% ee).
[image: ](4aR,9R,9aS)-7-fluoro-2-phenyl-3,4,4a,9a-tetrahydro-4'H-spiro [fluorene-9,1'-naphthalen]-4'-one (3ag).


The crude product was purified by column chromatography (petroleum ether/ethyl acetate = 50：1 to 30:1) to afford the product as white solid (77.6 mg, 66% yield).
1H NMR (400 MHz, CDCl3) δ 8.25 (dd, J = 7.9, 1.5 Hz, 1H), 7.51 (td, J = 7.6, 1.6 Hz, 1H), 7.42 (td, J = 7.5, 1.1 Hz, 1H), 7.34 – 7.16 (m, 7H), 6.88 (d, J = 10.3 Hz, 1H), 6.82 (t, J = 8.8 Hz, 1H), 6.45 (d, J = 10.2 Hz, 1H), 5.74 (s, 1H), 3.73 (dt, J = 6.7, 2.4 Hz, 1H), 3.66 (ddd, J = 13.2, 8.4, 4.9 Hz, 1H), 2.57 (ddt, J = 9.8, 4.8, 2.2 Hz, 2H), 2.39 – 2.20 (m, 1H), 1.67 (tdd, J = 12.8, 10.2, 6.0 Hz, 1H).
13C NMR (100 MHz, CDCl3) δ 184.9, 159.2 (d, J = 252.1 Hz), 151.7, 150.7 (d, J = 3.9 Hz), 148.3, 141.4, 138.6, 132.9, 131.6, 131.4, 131.3, 130.6, 130.6, 128.9, 128.3 (overlapped), 127.3 (d, J = 8.9 Hz), 127.1, 126.9, 126.3, 125.2 (overlapped), 121.1, 120.5 (d, J = 3.6 Hz), 114.6 (d, J = 19.7 Hz), 56.0 (d, J = 1.8 Hz), 55.4, 43.3, 29.0, 27.1.
19F NMR (376 MHz, CDCl3) δ -116.72.
HRMS (EI): m/z: [M]+ Calcd for, C28H21FO, 392.1576, found: 392.1571.
M.P.: 80.3-81.7 oC.
[α]D20 = 100.2 (c = 0.2, CHCl3).
HPLC conditions: Daicel Chiralpak IB column (95:5 n-Hexane: 2-Propanol, 0.5 mL/min, 254 nm); tr (minor) = 22.8 min, tr (major) = 21.3 min; 87% ee).
[image: ]
(4aR,9S,9aS)-8-fluoro-2-phenyl-3,4,4a,9a-tetrahydro-4'H-spiro [fluorene-9,1'-naphthalen]-4'-one (3ah).


The crude product was purified by column chromatography (petroleum ether/ethyl acetate = 50：1 to 30:1) to afford the product as white solid (74.1 mg, 63% yield).
1H NMR (400 MHz, CDCl3) δ 8.25 (dd, J = 7.9, 1.6 Hz, 1H), 7.53 (td, J = 7.6, 1.6 Hz, 1H), 7.45 (dd, J = 7.7, 1.2 Hz, 1H), 7.43 – 7.35 (m, 1H), 7.32 – 7.26 (m, 4H), 7.24 – 7.16 (m, 2H), 7.02 (td, J = 8.6, 2.5 Hz, 1H), 6.89 (d, J = 10.3 Hz, 1H), 6.44 – 6.36 (m, 2H), 5.78 – 5.72 (m, 1H), 3.81 – 3.73 (m, 1H), 3.60 (ddd, J = 13.3, 8.5, 5.1 Hz, 1H), 2.65 – 2.49 (m, 1H), 2.33 (ddd, J = 13.1, 9.0, 3.7 Hz, 1H), 1.75 – 1.60 (m, 1H).
13C NMR (100 MHz, CDCl3) δ184.9, 162.8 (d, J = 245.7 Hz), 153.4, 148.5, 147.6 (d, J = 7.3 Hz), 143.0, 141.6, 138.7, 133.1, 132.2, 128.6, 128.4 (overlapped), 127.3 (d, J = 7.4 Hz), 126.3, 126.2, 126.0, 125.9, 125.2 (overlapped), 121.7, 115.7 (d, J = 22.7 Hz), 112.3 (d, J = 22.3 Hz), 58.2, 55.5, 42.1, 29.2, 27.2.
19F NMR (376 MHz,) δ -116.72.
HRMS (EI): m/z: [M]+ Calcd for C28H21FO, 392.1576, found: 392.1573.
M.P.: 144.7-147.9 oC.
[α]D20 = 90.4 (c = 0.2, CHCl3).
HPLC conditions: Daicel Chiralpak ID column (95:5 n-Hexane: 2-Propanol, 0.5 mL/min, 254 nm); tr (minor) = 19.1 min, tr (major) = 17.3 min; 93% ee).
[image: ]
(4aR,9R,9aS)-6,7-difluoro-2-phenyl-3,4,4a,9a-tetrahydro-4'H-spiro[fluorene-9,1'-naphthalen]-4'-one. (3ai)


The crude product was purified by column chromatography (petroleum ether/ethyl acetate = 50：1 to 30:1) to afford the product as white solid (82.4 mg, 67% yield).
1H NMR (400 MHz, CDCl3) δ 8.25 (dd, J = 7.8, 1.6 Hz, 1H), 7.54 (td, J = 7.6, 1.6 Hz, 1H), 7.45 (td, J = 7.5, 1.3 Hz, 1H), 7.30 – 7.17 (m, 7H), 6.86 (d, J = 10.3 Hz, 1H), 6.51 (dd, J = 9.8, 7.4 Hz, 1H), 6.40 (d, J = 10.2 Hz, 1H), 5.73 (dd, J = 4.1, 2.0 Hz, 1H), 3.80 – 3.73 (m, 1H), 3.60 (ddd, J = 13.3, 8.5, 5.1 Hz, 1H), 2.66 – 2.49 (m, 2H), 2.31 (dtd, J = 13.1, 4.8, 3.2 Hz, 1H), 1.68 (tdd, J = 13.0, 10.6, 5.7 Hz, 1H).
13C NMR (100 MHz, CDCl3) δ 184.7, 153.0, 148.1, 141.4, 138.7, 133.1, 132.1, 128.4, 128.3, 127.5, 127.3, 126.3, 125.2, 121.3, 114.1, 113.9, 113.3, 113.1, 57.8, 55.4, 42.4, 28.9, 27.0.
19F NMR (376 MHz, CDCl3) δ -137.18 (d, J = 20.1 Hz), -137.53 (d, J = 20.1 Hz).
HRMS (EI): m/z: [M]+ Calcd for C28H20F2O, 410.1482, found: 410.1478.
M.P.: 83.7-84.6 oC.
[α]D20 = 121.5 (c = 0.2, CHCl3).
HPLC conditions: Daicel Chiralpak ID column (95:5 n-Hexane: 2-Propanol, 0.5 mL/min, 254 nm); tr (minor) = 22.1 min, tr (major) = 18.6 min; 92% ee).
[image: ]
(4aR,9R,9aS)-6-fluoro-2-(m-tolyl)-3,4,4a,9a-tetrahydro-4'H-spiro [fluorene-9,1' -naphthalen]-4'-one (3aj).


The crude product was purified by column chromatography (petroleum ether/ethyl acetate = 50：1 to 30:1) to afford the product as white solid (76.8 mg, 63% yield).
1H NMR (400 MHz, CDCl3) δ 8.25 (dd, J = 7.8, 1.6 Hz, 1H), 7.52 (td, J = 7.5, 1.6 Hz, 1H), 7.43 (td, J = 7.5, 1.3 Hz, 1H), 7.22 – 7.08 (m, 5H), 7.04 (d, J = 7.4 Hz, 1H), 6.94 – 6.81 (m, 2H), 6.65 (dd, J = 8.5, 5.1 Hz, 1H), 6.38 (d, J = 10.2 Hz, 1H), 5.75 (dd, J = 4.2, 2.2 Hz, 1H), 3.78 (dt, J = 7.5, 3.4 Hz, 1H), 3.62 (ddd, J = 13.3, 8.5, 5.1 Hz, 1H), 2.66 – 2.45 (m, 2H), 2.37 – 2.33 (m, 1H), 2.32 (s, 3H), 1.70 (tdd, J = 13.0, 11.1, 5.2 Hz, 1H).
13C NMR (100 MHz, CDCl3) δ 1 185.0, 163.0 (d, J = 246.3 Hz), 153.9, 149.6 (d, J = 7.7 Hz), 149.0, 141.4, 141.0, 141.0, 138.6, 137.8, 132.9, 132.2, 128.5, 128.2, 128.0, 127.2, 126.8 (d, J = 9.1 Hz), 126.2, 125.9 (d, J = 4.3 Hz), 122.4, 121.4, 115.2 (d, J = 22.9 Hz), 111.6 (d, J = 21.9 Hz), 57.5, 55.4, 42.8 (d, J = 2.1 Hz), 28.8, 27.1, 21.5.
HRMS (EI): m/z: [M]+ Calcd for, C29H23FO, 406.1733, found: 406.1727.
M.P.: 61.9-63.5 oC.
[α]D20 = 77.9 (c = 0.2, CHCl3).
HPLC conditions: Daicel Chiralpak IB column (97:3 n-Hexane: 2-Propanol, 0.5 mL/min, 254 nm); tr (minor) = 18.3 min, tr (major) = 16.1 min; 94% ee).
[image: ]
(4aR,9R,9aS)-6-chloro-2-(m-tolyl)-3,4,4a,9a-tetrahydro-4'H-spiro [fluorene-9,1'-naphthalen]-4'-one (3ak).


The crude product was purified by column chromatography (petroleum ether/ethyl acetate = 50：1 to 30:1) to afford the product as white solid (78.5 mg, 62% yield).
1H NMR (400 MHz, CDCl3) δ 8.25 (dd, J = 7.8, 1.6 Hz, 1H), 7.51 (td, J = 7.5, 1.6 Hz, 1H), 7.46 – 7.37 (m, 2H), 7.22 – 7.07 (m, 5H), 7.03 (d, J = 7.4 Hz, 1H), 6.87 (d, J = 10.3 Hz, 1H), 6.63 (d, J = 8.2 Hz, 1H), 6.38 (d, J = 10.3 Hz, 1H), 5.74 (dd, J = 4.3, 2.1 Hz, 1H), 3.92 – 3.72 (m, 1H), 3.62 (ddd, J = 13.2, 8.5, 5.1 Hz, 1H), 2.69 – 2.48 (m, 2H), 2.37 – 2.33 (m, 1H), 2.31 (s, 3H), 1.77 – 1.62 (m, 1H).
13C NMR (100 MHz, CDCl3) δ 184.9, 153.4, 149.2, 148.6, 144.1, 141.4, 138.7, 137.8, 134.1, 132.9, 132.2, 128.5, 128.2, 128.2, 128.0, 127.2, 126.7, 126.2, 126.1, 125.9, 125.0, 122.3, 121.2, 57.6, 55.1, 42.7, 28.8, 27.1, 21.4.
HRMS (EI): m/z: [M]+ Calcd for, C29H23ClO, 422.1437, found: 422.1431.
M.P.: 82.3-91.4 oC.
[α]D20 = 48.5 (c = 0.2, CHCl3).
HPLC conditions: Daicel Chiralpak IB (97:3 n-Hexane: 2-Propanol, 0.5 mL/min, 254 nm); tr (minor) = 19.1 min, tr (major) = 15.9 min; 90% ee).
[image: ]
(4aR,9R,9aS)-6-methyl-2-(m-tolyl)-3,4,4a,9a-tetrahydro-4'H-spiro[fluorene-9,1'-naphthalen]-4'-one (3al).


The crude product was purified by column chromatography (petroleum ether/ethyl acetate = 50：1 to 30:1) to afford the product as white solid (82.0 mg, 68% yield).
1H NMR (400 MHz, CDCl3) δ 8.25 (dd, 1H), 7.48 (t, J = 7.6 Hz, 1H), 7.40 (t, J = 7.5 Hz, 1H), 7.23 (dd, J = 12.2, 9.4 Hz, 2H), 7.16 (t, J = 7.6 Hz, 1H), 7.10 (d, J = 7.2 Hz, 2H), 7.02 (d, J = 7.4 Hz, 1H), 6.97 (d, J = 7.8 Hz, 1H), 6.91 (dd, J = 10.2, 1.5 Hz, 1H), 6.58 (d, J = 7.7 Hz, 1H), 6.36 (dd, J = 10.2, 1.8 Hz, 1H), 5.77 (dd, J = 4.0, 2.2 Hz, 1H), 3.74 (dt, J = 7.2, 3.2 Hz, 1H), 3.59 (ddd, J = 13.3, 8.3, 5.2 Hz, 1H), 2.65 – 2.44 (m, 2H), 2.38 (s, 3H), 2.36 – 2.33 (m, 1H), 2.31 (s, 3H), 1.68 (qd, J = 12.4, 5.1 Hz, 1H).
13C NMR (100 MHz, CDCl3) δ 185.2, 154.4, 149.4, 147.5, 142.5, 141.6, 138.4, 138.1, 137.7, 132.7, 132.2, 128.8, 128.6, 128.1, 127.9, 126.9, 126.0, 125.9, 125.5, 125.3, 125.1, 122.3, 121.8, 57.9, 55.1, 42.7, 29.1, 27.2, 21.4, 21.3.
HRMS (EI): m/z: [M]+ Calcd for, C30H26O, 402.1984, found: 402.1978.
M.P.: 104.7-105.9 oC.
[α]D20 = 64.2 (c = 0.2, CHCl3).
HPLC conditions: Daicel Chiralpak IB column (97:3 n-Hexane: 2-Propanol, 0.5 mL/min, 254 nm); tr (minor) = 14.9 min, tr (major) = 13.8 min; 87% ee).
[image: ]
(4aR,9R,9aS)-6-fluoro-2-(m-tolyl)-3,4,4a,9a-tetrahydro-4'H-spiro[fluorene-9,1'-naphthalen]-4'-one (3am)


The crude product was purified by column chromatography (petroleum ether/ethyl acetate = 50：1 to 30:1) to afford the product as white solid (84.0 mg, 69% yield).;
1H NMR (400 MHz, CDCl3) δ 8.25 (dd, J = 7.9, 1.5 Hz, 1H), 7.57 – 7.48 (m, 0H), 7.44 (t, J = 7.6 Hz, 1H), 7.39 (dd, J = 8.4, 5.1 Hz, 1H), 7.23 – 7.14 (m, 1H), 7.12 – 7.07 (m, 2H), 7.05 – 6.97 (m, 1H), 6.89 (d, J = 10.2 Hz, 1H), 5.74 (dd, J = 4.3, 2.1 Hz, 1H), 3.77 (dt, J = 7.4, 3.3 Hz, 1H), 3.59 (ddd, J = 13.2, 8.4, 5.1 Hz, 1H), 2.66 – 2.47 (m, 1H), 2.36 – 2.32 (m, 1H), 2.31 (s, 3H), 1.77 – 1.60 (m, 1H).
13C NMR (100 MHz, CDCl3) δ 184.9, 162.7 (d, J = 245.7 Hz), 153.3, 148.4, 147.5 (d, J = 7.3 Hz), 142.9, 142.9, 141.5, 138.7, 137.8, 133.0, 132.2, 128.5, 128.2, 128.0, 127.3, 126.2 (d, J = 8.2 Hz), 125.9, 125.8, 122.4, 121.3, 115.6 (d, J = 22.5 Hz), 112.2 (d, J = 22.3 Hz), 58.1, 55.4, 42.1, 29.2, 27.1, 21.4.
19F NMR (376 MHz, CDCl3) δ -114.32.
HRMS (EI): m/z: [M]+ Calcd for C29H23FO, 406.1733, found: 406.1727.
M.P.: 75.0-76.8 oC.
[α]D20 = 97.2 (c = 0.2, CHCl3).
HPLC conditions: Daicel Chiralpak IB column (97:3 n-Hexane: 2-Propanol, 0.5 mL/min, 254 nm); tr (minor) = 17.7 min, tr (major) = 15.9 min; 91% ee).
[image: ]
(4aR,9R,9aS)-7-methyl-2-(m-tolyl)-3,4,4a,9a-tetrahydro-4'H-spiro[fluorene-9,1'-naphthalen]-4'-one (3an).


The crude product was purified by column chromatography (petroleum ether/ethyl acetate = 50：1 to 30:1) to afford the product as white solid (85.6 mg, 71% yield).
1H NMR (400 MHz, CDCl3) δ 8.26 (d, J = 7.9 Hz, 1H), 7.51 (t, J = 7.6 Hz, 1H), 7.42 (t, J = 7.5 Hz, 1H), 7.33 (d, J = 7.7 Hz, 1H), 7.27 – 7.20 (m, 2H), 7.18 – 7.06 (m, 4H), 7.03 (d, J = 7.4 Hz, 1H), 6.92 (d, J = 10.3 Hz, 1H), 6.49 (s, 1H), 6.37 (d, J = 10.2 Hz, 1H), 5.77 (s, 1H), 3.83 – 3.70 (m, 1H), 3.66 – 3.56 (m, 1H), 2.70 – 2.47 (m, 2H), 2.31 (m, 4H), 2.22 (s, 3H), 1.75 – 1.55 (m, 1H).
13C NMR (100 MHz, CDCl3) δ 185.2, 154.4, 149.3, 145.5, 144.5, 141.6, 138.5, 137.7, 137.6, 132.8, 132.2, 129.2, 128.7, 128.1, 127.9, 126.9, 126.0, 125.9, 125.8, 125.6, 124.5, 122.3, 121.8, 58.2, 55.1, 42.4, 29.1, 27.2, 21.4, 21.1.
HRMS (EI): m/z: [M]+ Calcd for, C30H26O, 402.1984, found: 402.1978.
M.P.: 70.3-71.3 oC.
[α]D20 = 88.5 (c = 0.2, CHCl3).
HPLC conditions: Daicel Chiralpak IB (99:1 n-Hexane: 2-Propanol, 0.5 mL/min, 254 nm); tr (minor) = 24.4 min, tr (major) = 25.7 min; 90% ee).
[image: ]
(4aR,9R,9aS)-2-(4-fluorophenyl)-6-methoxy-3,4,4a,9a-tetrahydro-4'H-spiro [fluorene-9,1'-naphthalen]-4'-one (3ba)


The crude product was purified by column chromatography (petroleum ether/ethyl acetate = 50：1 to 30:1) to afford the product as white solid (84.8 mg, 67% yield).
1H NMR (400 MHz, CDCl3) δ 8.25 (dd, J = 7.9, 1.5 Hz, 1H), 7.55 – 7.47 (m, 1H), 7.46 – 7.38 (m, 1H), 7.25 (qd, J = 6.7, 3.3 Hz, 4H), 7.04 – 6.93 (m, 3H), 6.90 (d, J = 10.3 Hz, 1H), 6.73 (dd, J = 8.4, 2.5 Hz, 1H), 6.62 (d, J = 8.4 Hz, 1H), 6.36 (d, J = 10.3 Hz, 1H), 5.71 (dd, J = 3.7, 1.9 Hz, 1H), 3.84 (s, 3H), 3.74 (ddt, J = 8.5, 4.1, 1.9 Hz, 1H), 3.60 (ddd, J = 13.2, 8.5, 5.0 Hz, 1H), 2.64 – 2.49 (m, 2H), 2.40 – 2.30 (m, 2H), 1.77 – 1.62 (m, 1H).
13C NMR (100 MHz, CDCl3) δ 185.2, 162.0 (d, J = 247.4 Hz), 160.1, 154.5, 149.4, 148.8, 137.7, 137.4, 137.2, 132.8, 132.2, 128.6, 127.0, 126.8, 126.7, 126.1, 126.1, 125.5, 121.9, 115.1, 114.9, 114.0, 109.8, 57.5, 55.4, 55.4, 42.7, 28.9, 27.3
19F NMR (376 MHz, CDCl3) δ -115.40.
HRMS (EI): m/z: [M]+ Calcd for, C29H23FO2, 422.1682, found: 422.1679.
M.P.: 73.7-77.0 oC.
[α]D20 = 31.1 (c = 0.2, CHCl3).
HPLC conditions: Daicel Chiralpak IB column (95:5 n-Hexane: 2-Propanol, 0.5 mL/min, 254 nm); tr (minor) = 20.3 min, tr (major) = 18.8 min; 96% ee).
[image: ]
(4aR,9R,9aS)-2-(3-fluorophenyl)-6-methoxy-3,4,4a,9a-tetrahydro-4'H-spiro[flu-orene-9,1'-naphthalen]-4'-one (3bb).


The crude product was purified by column chromatography (petroleum ether/ethyl acetate = 50：1 to 30:1) to afford the product as white solid (99.6 mg, 78% yield).
1H NMR (400 MHz, CDCl3) δ 8.24 (d, J = 7.7 Hz, 1H), 7.50 (t, J = 7.6 Hz, 1H), 7.41 (t, J = 7.6 Hz, 1H), 7.27 – 7.20 (m, 2H), 7.07 (d, J = 7.8 Hz, 1H), 6.98 (td, J = 5.7, 5.1, 2.7 Hz, 2H), 6.94 – 6.85 (m, 2H), 6.73 (d, J = 8.5 Hz, 1H), 6.60 (d, J = 8.4 Hz, 0H), 6.36 (d, J = 8.5 Hz, 1H), 5.82 – 5.77 (m, 1H), 3.83 (d, J = 1.8 Hz, 3H), 3.76 – 3.72 (m, 1H), 3.67 – 3.54 (m, 1H), 2.58 – 2.54 (m, 2H), 2.35 (dt, J = 13.8, 4.4 Hz, 1H), 1.77 – 1.65 (m, 1H).
13C NMR (100 MHz, CDCl3) δ 185.1, 162.8 (d, J = 245.3 Hz), 160.1, 154.3, 149.3, 148.7, 143.9 (d, J = 7.5 Hz), 137.4, 137.2, 132.8, 132.2, 129.7 (d, J = 8.4 Hz), 128.6, 127.0, 126.1 (d, J = 3.3 Hz), 125.6, 123.2, 120.8, 120.8, 114.1, 113.8 (d, J = 21.4 Hz), 112.1 (d, J = 21.9 Hz), 109.8, 57.5, 55.4, 55.3, 42.8, 28.8, 27.0.
19F NMR (376 MHz, CDCl3) δ -113.36.
HRMS (EI): m/z: [M]+ Calcd for, C29H23FO2, 422.1682, found: 422.1677.
M.P.: 94.3-97.5 oC.
[α]D20 = 41.3 (c = 0.2, CHCl3).
HPLC conditions: Daicel Chiralpak IB column (90:10 n-Hexane: 2-Propanol, 0.5 mL/min, 254 nm); tr (minor) = 18.2 min, tr (major) = 16.1 min; 94% ee).
[image: ] 
(4aR,9R,9aS)-2-(4-chlorophenyl)-6-methoxy-3,4,4a,9a-tetrahydro-4'H-spiro [fluorene-9,1'-naphthalen]-4'-one (3bc).


The crude product was purified by column chromatography (petroleum ether/ethyl acetate = 50：1 to 30:1) to afford the product as white solid (88.0 mg, 67% yield).
1H NMR (400 MHz, CDCl3) δ 8.24 (d, J = 7.8 Hz, 1H), 7.50 (t, J = 7.7 Hz, 1H), 7.41 (t, J = 7.5 Hz, 1H), 7.23 (d, J = 7.0 Hz, 5H), 6.97 (s, 1H), 6.89 (d, J = 8.5 Hz, 1H), 6.72 (d, J = 2.2 Hz, 1H), 6.62 (s, 1H), 6.35 (d, J = 8.4 Hz, 1H), 5.95 – 5.57 (m, 1H), 3.84 (s, 3H), 3.78 – 3.69 (m, 1H), 3.65 – 3.54 (m, 1H), 2.61 – 2.46 (m, 2H), 2.40 – 2.19 (m, 1H), 1.76 – 1.60 (m, 1H).
13C NMR (100 MHz, CDCl3) δ 185.1, 160.1, 154.5, 149.3, 148.8, 140.0, 137.3, 137.2, 132.9, 132.2, 128.6, 128.4 (overlapped), 127.0, 126.5 (overlapped), 126.2, 126.1, 125.6, 122.6, 114.1, 109.8, 57.5, 55.4, 55.4, 42.7, 28.9, 27.1.
HRMS (EI): m/z: [M]+ Calcd for, C29H23ClO2, 438.1387, found: 438.1381.
M.P.: 115.8-116.6 oC.
[α]D20 = 48.5 (c = 0.2, CHCl3).
HPLC conditions: Daicel Chiralpak IB column (95:5 n-Hexane: 2-Propanol, 0.5 mL/min, 254 nm); tr (minor) = 22.7 min, tr (major) = 20.6 min; 93% ee).
[image: ]
(4aR,9R,9aS)-6-methoxy-2-(p-tolyl)-3,4,4a,9a-tetrahydro-4'H-spiro[fluor-ene-9,1'-naphthalen]-4'-one (3bd).


The crude product was purified by column chromatography (petroleum ether/ethyl acetate = 50：1 to 30:1) to afford the product as white solid (83.6 mg, 66% yield).
1H NMR (400 MHz, CDCl3) δ 8.24 (d, J = 7.8 Hz, 1H), 7.50 (t, J = 7.5 Hz, 1H), 7.41 (t, J = 7.5 Hz, 1H), 7.21 (dd, J = 11.9, 7.8 Hz, 3H), 7.08 (d, J = 7.8 Hz, 2H), 6.97 (d, J = 2.4 Hz, 1H), 6.90 (d, J = 10.2 Hz, 1H), 6.71 (dd, J = 8.5, 2.1 Hz, 1H), 6.60 (d, J = 8.4 Hz, 1H), 6.35 (d, J = 10.1 Hz, 1H), 5.90 – 5.68 (m, 1H), 3.83 (s, 3H), 3.79 – 3.69 (m, 1H), 3.59 (ddd, J = 13.3, 8.4, 5.1 Hz, 1H), 2.56 (tdd, J = 16.8, 13.3, 3.2 Hz, 2H), 2.36 – 2.33 (m, 1H), 2.31 (s, 3H), 1.69 (dd, J = 12.7, 5.7 Hz, 1H).
13C NMR (100 MHz, CDCl3) δ 185.2, 160.0, 154.7, 149.5, 149.0, 138.7, 138.1, 137.3, 136.9, 132.8, 132.2, 128.9 (overlapped), 128.6, 126.9, 126.2, 126.1, 125.5, 125.1 (overlapped), 121.1, 114.0, 109.8, 57.6, 55.5 (overlapped), 42.9, 29.0, 27.1, 21.0. 
HRMS (EI): m/z: [M]+ Calcd for C30H26O2, 418.1933, found: 418.1927.
M.P.: 198.5-200.1 oC.
[α]D20 = 31.2 (c = 0.2, CHCl3).
HPLC conditions: Daicel Chiralpak ID column (90:10 n-Hexane: 2-Propanol, 0.5 mL/min, 254 nm); tr (minor) = 33.1 min, tr (major) = 31.0 min; 97% ee).
[image: ]
(4aR,9R,9aS)-6-methoxy-2-(m-tolyl)-3,4,4a,9a-tetrahydro-4'H-spiro[fluor-ene-9,1'-naphthalen]-4'-one (3be).


The crude product was purified by column chromatography (petroleum ether/ethyl acetate = 50：1 to 30:1) to afford the product as white solid (106.6 mg, 85% yield).
1H NMR (400 MHz, CDCl3) δ 8.24 (dd, J = 7.9, 1.6 Hz, 1H), 7.50 (td, J = 7.5, 1.6 Hz, 1H), 7.41 (td, J = 7.5, 1.3 Hz, 1H), 7.25 – 7.20 (m, 1H), 7.17 (dd, J = 8.4, 7.3 Hz, 1H), 7.17 – 7.07 (m, 2H), 7.03 (d, J = 7.4 Hz, 1H), 6.97 (d, J = 2.5 Hz, 1H), 6.91 (d, J = 10.2 Hz, 1H), 6.72 (dd, J = 8.4, 2.5 Hz, 1H), 6.60 (d, J = 8.4 Hz, 1H), 6.35 (d, J = 10.2 Hz, 1H), 5.76 (dd, J = 4.3, 2.2 Hz, 1H), 3.83 (s, 3H), 3.75 (dt, J = 7.5, 3.3 Hz, 1H), 3.60 (ddd, J = 13.2, 8.5, 5.1 Hz, 1H), 2.66 – 2.52 (m, 2H), 2.35 (q, J = 3.2, 1.8 Hz, 1H), 2.31 (s, 3H), 1.70 (tdd, J = 12.9, 11.1, 5.2 Hz, 1H).
13C NMR (100 MHz, CDCl3) δ 185.2, 160.1, 154.6, 149.5, 149.0, 141.6, 138.5, 137.8, 137.3, 132.8, 132.2, 128.6, 128.2, 127.9, 126.9, 126.2, 126.1, 125.9, 125.5, 122.4, 121.8, 114.0, 109.8, 57.5, 55.4, 55.4, 42.9, 29.0, 27.2, 21.5.
HRMS (EI): m/z: [M]+ Calcd for C30H26O2, 418.1933, found: 418.1927.
M.P.: 65.4-66.3 oC.
[α]D20 = 29.7 (c = 0.2, CHCl3).
HPLC conditions: Daicel Chiralpak IB column (90:10 n-Hexane: 2-Propanol, 0.5 mL/min, 254 nm); tr (minor) = 13.6 min, tr (major) = 12.7 min; 95% ee).
[image: ] 
(4aR,9R,9aS)-6-methoxy-2-(o-tolyl)-3,4,4a,9a-tetrahydro-4'H-spiro[fluorene-9,1'-naphthalen]-4'-one (3bf).


The crude product was purified by column chromatography (petroleum ether/ethyl acetate = 50：1 to 30:1) to afford the product as white solid (86.7 mg, 69% yield).
1H NMR (400 MHz, CDCl3) δ 7.99 (dd, J = 8.0, 1.5 Hz, 1H), 7.29 (td, J = 7.5, 1.5 Hz, 1H), 7.18 (td, J = 7.5, 1.3 Hz, 1H), 7.04 (d, J = 8.1 Hz, 1H), 7.00 – 6.84 (m, 3H), 6.84 – 6.74 (m, 3H), 6.54 (dd, J = 8.5, 2.5 Hz, 1H), 6.43 (d, J = 8.4 Hz, 1H), 6.16 (d, J = 10.3 Hz, 1H), 5.13 (dd, J = 3.9, 2.4 Hz, 1H), 3.65 (s, 3H), 3.54 (dt, J = 8.7, 3.4 Hz, 1H), 3.42 (ddd, J = 13.2, 8.4, 4.8 Hz, 1H), 2.28 (dddd, J = 19.9, 11.3, 4.9, 2.5 Hz, 1H), 2.15 – 2.07 (m, 2H), 2.03 (s, 3H), 1.61 – 1.47 (m, 1H).
13C NMR (100 MHz, CDCl3) 185.1, 160.1, 154.6, 149.4, 149.1, 143.5, 140.7, 137.4, 134.6, 132.7, 132.2, 130.0, 128.6, 127.9, 126.9, 126.8, 126.2, 126.0, 125.6, 125.6, 123.3, 114.0, 109.9, 57.4, 55.5, 55.2, 42.8, 29.6, 29.0, 20.0.
HRMS (EI): m/z: [M]+ Calcd for C30H26O2, 418.1933, found: 418.1927.
M.P.: 78.0-83.0 oC.
[α]D20 = 85.3 (c = 0.2, CHCl3).
HPLC conditions: Daicel Chiralpak IF column (90:10 n-Hexane: 2-Propanol, 0.5 mL/min, 254 nm); tr (minor) = 27.8 min, tr (major) = 29.1 min; 99% ee).
[image: ]
(4aR,9R,9aS)-2-(3,5-dimethylphenyl)-3,4,4a,9a-tetrahydro-4'H-spiro[fluorene-9,1'-naphthalen]-4'-one (3bg).


The crude product was purified by column chromatography (petroleum ether/ethyl acetate = 50：1 to 30:1) to afford the product as white solid (89.2 mg, 74% yield).
1H NMR (400 MHz, CDCl3) δ 8.26 (dd, J = 7.8, 1.6 Hz, 1H), 7.53 – 7.37 (m, 3H), 7.31 (t, J = 7.5 Hz, 1H), 7.14 (t, J = 7.5 Hz, 1H), 6.95 – 6.88 (m, 3H), 6.86 (s, 1H), 6.68 (d, J = 7.7 Hz, 1H), 6.37 (d, J = 10.2 Hz, 1H), 5.75 (dd, J = 4.2, 2.2 Hz, 1H), 3.75 (dt, J = 7.5, 3.4 Hz, 1H), 3.63 (ddd, J = 13.3, 8.5, 5.0 Hz, 1H), 2.73 – 2.48 (m, 2H), 2.38 – 2.30 (m, 1H), 2.27 (s, 6H), 1.76 – 1.61 (m, 1H).
13C NMR (100 MHz, CDCl3) δ 185.1, 154.1, 149.3, 147.4, 145.5, 141.6, 138.6, 137.7, 132.8, 132.2, 128.8, 128.7, 128.2, 127.8, 127.0, 126.1, 125.7, 125.4, 124.8, 123.1 (overlapped), 121.5, 58.2, 54.9, 42.9, 29.1, 27.3, 21.3 (overlapped).
HRMS (EI): m/z: [M]+ Calcd for, C30H26O, 402.1984, found: 402.1978.
M.P.: 91.8-94.5 oC.
[α]D20 = 104.1 (c = 0.2, CHCl3).
HPLC conditions: Daicel Chiralpak IB column (95:5 n-Hexane: 2-Propanol, 0.5 mL/min, 254 nm); tr (minor) = 32.6 min, tr (major) = 29.8 min; 96% ee).
[image: ]
(4aR,9R,9aS)-2-([1,1'-biphenyl]-4-yl)-6-methoxy-3,4,4a,9a-tetrahydro-4'H-spiro[fluorene-9,1'-naphthalen]-4'-one (3bh).


The crude product was purified by column chromatography (petroleum ether/ethyl acetate = 50：1 to 30:1) to afford the product as white solid (108.1 mg, 75% yield).
1H NMR (400 MHz, CDCl3) δ 8.25 (d, J = 7.8 Hz, 1H), 7.56 (d, J = 7.7 Hz, 2H), 7.51 (d, J = 7.8 Hz, 3H), 7.45 – 7.33 (m, 5H), 7.31 (t, J = 7.3 Hz, 1H), 7.23 (d, J = 7.6 Hz, 1H), 6.98 (s, 1H), 6.93 (s, 1H), 6.72 (d, J = 8.5 Hz, 1H), 6.61 (d, J = 8.4 Hz, 1H), 6.37 (d, J = 10.2 Hz, 1H), 6.00 – 5.66 (m, 1H), 3.83 (s, 3H), 3.79 – 3.70 (m, 1H), 3.60 (qd, J = 8.1, 5.4 Hz, 1H), 2.74 – 2.48 (m, 2H), 2.42 – 2.29 (m, 1H), 1.71 (qd, J = 12.4, 5.2 Hz, 1H).
13C NMR (100 MHz, CDCl3) 185.2, 160.1, 154.6, 149.4, 148.9, 140.6, 140.4, 139.9, 137.8, 137.2, 132.8, 132.2, 128.7 (overlapped), 128.6, 127.2, 127.0, 126.9 (overlapped), 126.9 (overlapped), 126.1, 126.1, 125.5 (overlapped), 122.1, 114.0, 109.8, 57.6, 55.5, 55.4, 42.8, 28.9, 27.0.
HRMS (EI): m/z: [M]+ Calcd for, C35H28O2, 480.2089, found: 480.2084.
M.P.: 224.6-225.8 oC.
[α]D20 = 117.6 (c = 0.2, CHCl3).
HPLC conditions: Daicel Chiralpak IB column (90:10 n-Hexane: 2-Propanol, 0.5 mL/min, 254 nm); tr (minor) = 25.0 min, tr (major) = 20.7 min; 93% ee).
[image: ](4aR,9R,9aS)-6-methoxy-2-(2-methoxyphenyl)-3,4,4a,9a-tetrahydro-4'H-spiro[fluor-ene-9,1'-naphthalen]-4'-one (3bi)


The crude product was purified by column chromatography (petroleum ether/ethyl acetate = 50：1 to 30:1) to afford the product as white solid (86.0 mg, 66% yield).
1H NMR (400 MHz, CDCl3) δ 8.20 (dd, J = 7.9, 1.6 Hz, 1H), 7.47 (td, J = 7.7, 1.6 Hz, 1H), 7.37 (td, J = 7.6, 1.2 Hz, 1H), 7.26 – 7.11 (m, 2H), 7.04 (dd, J = 7.4, 1.8 Hz, 1H), 7.01 – 6.94 (m, 2H), 6.84 (ddd, J = 19.0, 7.8, 1.1 Hz, 2H), 6.72 (dd, J = 8.5, 2.5 Hz, 1H), 6.60 (d, J = 8.4 Hz, 1H), 6.39 (d, J = 10.2 Hz, 1H), 5.53 (dd, J = 3.9, 2.4 Hz, 1H), 3.83 (s, 3H), 3.76 (s, 3H), 3.75 – 3.69 (m, 1H), 3.61 (ddd, J = 13.0, 8.4, 5.0 Hz, 1H), 2.66 (dddd, J = 14.7, 12.0, 4.8, 2.5 Hz, 1H), 2.40 (dt, J = 16.3, 3.6 Hz, 1H), 2.33 – 2.18 (m, 1H), 1.66 (qd, J = 12.6, 4.3 Hz, 1H).
13C NMR (100 MHz, CDCl3) δ 185.2, 160.0, 156.5, 154.8, 149.5, 149.3, 138.4, 137.3, 132.7, 132.6, 132.2, 128.9, 128.6, 128.1, 126.8, 126.1, 126.0, 125.4, 123.8, 120.6, 113.9, 110.8, 109.8, 57.6, 55.4, 55.3, 55.2, 42.9, 29.0, 28.7.
HRMS (EI): m/z: [M]+ Calcd for C30H26O3, 434.1882, found: 434.1876.
M.P.: 185.7-186.6 oC.
[α]D20 = 73.7 (c = 0.2, CHCl3).
HPLC conditions: Daicel Chiralpak ID column (90:10 n-Hexane: 2-Propanol, 0.5 mL/min, 254 nm); tr (minor) = 41.9 min, tr (major) = 45.1 min; 98% ee).
[image: ]
(4aR,9R,9aS)-6-methoxy-2-(3-methoxyphenyl)-3,4,4a,9a-tetrahydro-4'H-spiro[fluorene-9,1'-naphthalen]-4'-one (3bj).


The crude product was purified by column chromatography (petroleum ether/ethyl acetate = 50：1 to 30:1) to afford the product as white solid (86.2 mg, 66% yield)
1H NMR (400 MHz, CDCl3) δ 8.23 (dd, J = 7.8, 1.6 Hz, 1H), 7.50 (td, J = 7.5, 1.6 Hz, 1H), 7.41 (td, J = 7.5, 1.2 Hz, 1H), 7.27 – 7.14 (m, 1H), 6.97 (d, J = 2.5 Hz, 1H), 6.94 – 6.87 (m, 2H), 6.83 (t, J = 2.1 Hz, 1H), 6.81 – 6.68 (m, 2H), 6.61 (d, J = 8.4 Hz, 1H), 6.35 (d, J = 10.2 Hz, 1H), 5.77 (dd, J = 4.3, 2.0 Hz, 1H), 3.83 (s, 3H), 3.78 (s, 3H), 3.76 – 3.71 (m, 1H), 3.60 (ddd, J = 13.1, 8.5, 5.0 Hz, 1H), 2.66 – 2.45 (m, 2H), 2.41 – 2.21 (m, 1H), 1.83 – 1.44 (m, 1H).
13C NMR (100 MHz, CDCl3) δ 185.1, 160.1, 159.5, 154.5, 149.4, 148.9, 143.2, 138.3, 137.3, 132.8, 132.2, 129.2, 128.6, 127.0, 126.1, 126.1, 125.6, 122.3, 117.8, 114.0, 112.3, 111.2, 109.8, 57.5, 55.4, 55.4, 55.2, 42.9, 28.9, 27.2.
HRMS (EI): m/z: [M]+ Calcd for C30H26O3, 434.1882, found: 434.1876.
M.P.: 135.2-137.9 oC.
[α]D20 = 44.9 (c = 0.2, CHCl3).
HPLC conditions: Daicel Chiralpak IB column (90:10 n-Hexane: 2-Propanol, 0.5 mL/min, 254 nm); tr (minor) = 24.3 min, tr (major) = 20.3 min; 96% ee).
[image: ]
(4aR,9R,9aS)-6-methoxy-2-(4-methoxyphenyl)-3,4,4a,9a-tetrahydro-4'H-spiro[fluorene-9,1'-naphthalen]-4'-one (3bk).


The crude product was purified by column chromatography (petroleum ether/ethyl acetate = 50：1 to 30:1) to afford the product as white solid (102.3 mg, 78% yield)
1H NMR (400 MHz, CDCl3) δ 8.24 (d, J = 7.9 Hz, 1H), 7.50 (t, J = 7.6 Hz, 1H), 7.41 (t, J = 7.6 Hz, 1H), 7.24 (d, J = 8.0 Hz, 3H), 6.97 (s, 1H), 6.90 (d, J = 10.2 Hz, 1H), 6.81 (d, J = 7.0 Hz, 2H), 6.72 (d, J = 8.5 Hz, 1H), 6.60 (d, J = 8.4 Hz, 1H), 6.35 (d, J = 8.4 Hz, 1H), 5.71 – 5.66 (m, 1H), 3.83 (d, J = 1.7 Hz, 3H), 3.78 (d, J = 1.8 Hz, 3H), 3.76 – 3.72 (m, 1H), 3.59 (p, J = 6.8, 6.3 Hz, 1H), 2.62 – 2.46 (m, 2H), 2.37 – 2.29 (m, 1H), 1.76 – 1.61 (m, 1H).
13C NMR (100 MHz, CDCl3) δ 185.2, 160.0, 158.9, 154.7, 149.5, 149.0, 137.6, 137.3, 134.2, 132.8, 132.2, 128.6, 126.9, 126.3 (overlapped), 126.1, 126.0, 125.5, 120.3, 114.0, 113.6 (overlapped), 109.8, 57.6, 55.5, 55.4, 55.2, 42.9, 29.0, 27.1.
HRMS (EI): m/z: [M]+ Calcd for C30H26O3, 434.1882, found: 434.1876.
M.P.: 179.8-181.9 oC.
[α]D20 = 70.8 (c = 0.2, CHCl3).
HPLC conditions: Daicel Chiralpak IB column (97:3 n-Hexane: 2-Propanol, 0.4 mL/min, 254 nm); tr (minor) = 31.0 min, tr (major) = 28.9 min; 90% ee).
[image: ]
(4aR,9R,9aS)-6-methoxy-2-(4-(methylthio)phenyl)-3,4,4a,9a-tetrahydro-4'H -spiro[fluorene-9,1'-naphthalen]-4'-one (3bl).


The crude product was purified by column chromatography (petroleum ether/ethyl acetate = 50：1 to 30:1) to afford the product as white solid (87.8 mg, 65% yield).
1H NMR (400 MHz, CDCl3) δ 8.24 (dd, J = 7.8, 1.5 Hz, 1H), 7.50 (td, J = 7.5, 1.5 Hz, 1H), 7.46 – 7.37 (m, 1H), 7.22 (d, J = 8.5 Hz, 3H), 7.16 (d, J = 8.4 Hz, 2H), 6.97 (d, J = 2.5 Hz, 1H), 6.89 (d, J = 10.2 Hz, 1H), 6.72 (dd, J = 8.4, 2.5 Hz, 1H), 6.60 (d, J = 8.4 Hz, 1H), 6.34 (d, J = 10.3 Hz, 1H), 5.75 (dd, J = 4.3, 2.0 Hz, 1H), 3.83 (s, 3H), 3.74 (dt, J = 7.2, 3.0 Hz, 1H), 3.59 (ddd, J = 13.3, 8.4, 5.1 Hz, 1H), 2.62 – 2.50 (m, 2H), 2.45 (s, 3H), 2.33 (dq, J = 13.1, 4.2 Hz, 1H), 1.68 (tdd, J = 12.9, 10.7, 5.6 Hz, 1H).
13C NMR (100 MHz, CDCl3) δ 185.1, 160.0, 154.6, 149.4, 148.9, 138.4, 137.6, 137.2, 132.8, 132.2, 128.6, 126.9, 126.5 (overlapped), 126.1, 126.0, 125.5 (overlapped), 125.5, 121.5, 114.0, 109.8, 57.5, 55.4 (overlapped), 42.8, 28.9, 26.9, 15.9.
HRMS (EI): m/z: [M]+ Calcd for, C30H26O2S, 450.1654, found: 450.1648.
M.P.: 82.7-84.0 oC.
[α]D20 = 75.7 (c = 0.2, CHCl3).
HPLC conditions: Daicel Chiralpak IB column (90:10 n-Hexane: 2-Propanol, 0.5 mL/min, 254 nm); tr (minor) = 23.2 min, tr (major) = 20.0 min; 84% ee).
[image: ]
(4aR,9R,9aS)-6-methoxy-2-(4-(trimethylsilyl)phenyl)-3,4,4a,9a-tetrahydro-4'H-spiro[fluorene-9,1'-naphthalen]-4'-one (3bm).


The crude product was purified by column chromatography (petroleum ether/ethyl acetate = 50：1 to 30:1) to afford the product as white solid (98.4 mg, 69% yield).
1H NMR (400 MHz, CDCl3) δ 8.24 (d, J = 7.8 Hz, 1H), 7.49 (t, J = 7.6 Hz, 1H), 7.46 – 7.36 (m, 3H), 7.29 (d, J = 7.6 Hz, 2H), 7.22 (d, J = 7.3 Hz, 1H), 6.97 (d, J = 2.6 Hz, 1H), 6.89 (d, J = 10.2 Hz, 1H), 6.71 (d, J = 8.3 Hz, 1H), 6.60 (d, J = 8.4 Hz, 1H), 6.34 (d, J = 10.2 Hz, 1H), 5.79 (s, 1H), 3.82 (s, 2H), 3.74 (t, J = 5.9 Hz, 1H), 3.66 – 3.48 (m, 1H), 2.73 – 2.42 (m, 2H), 2.34 (dt, J = 13.5, 4.4 Hz, 1H), 1.70 (tt, J = 12.4, 6.0 Hz, 1H), 0.24 (s, 9H).
13C NMR (100 MHz, CDCl3) δ 185.1, 160.0, 154.5, 149.4, 148.9, 141.9, 139.2, 138.2, 137.2, 133.3 (overlapped), 132.8, 132.2, 128.6, 126.9, 126.1, 126.0, 125.5, 124.5 (overlapped), 122.2, 114.0, 109.8, 57.5, 55.4, 55.4, 42.8, 28.9, 26.9, -1.2 (overlapped).
HRMS (EI): m/z: [M]+ Calcd for, C32H32O2Si, 476.2172, found: 476.2166.
M.P.: 94.1-112.7 oC.
[α]D20 = 62.3 (c = 0.2, CHCl3).
HPLC conditions: Daicel Chiralpak IB column (95:5 n-Hexane: 2-Propanol, 0.5 mL/min, 254 nm); tr (minor) = 14.6 min, tr (major) = 13.4 min; 94% ee).
[image: ]
(4aR,9R,9aS)-6-methoxy-2-(4-(trifluoromethoxy)phenyl)-3,4,4a,9a-tetra-hydro-4'H-spiro[fluorene-9,1'-naphthalen]-4'-one (3bn).


The crude product was purified by column chromatography (petroleum ether/ethyl acetate = 50：1 to 30:1) to afford the product as white solid (95.9 mg, 65% yield).
1H NMR (400 MHz, CDCl3) δ 8.24 (dd, J = 7.9, 1.5 Hz, 1H), 7.50 (td, J = 7.6, 1.6 Hz, 1H), 7.41 (td, J = 7.5, 1.2 Hz, 1H), 7.34 – 7.27 (m, 2H), 7.27 – 7.18 (m, 1H), 7.11 (d, J = 8.1 Hz, 2H), 6.98 (d, J = 2.5 Hz, 1H), 6.89 (d, J = 10.2 Hz, 1H), 6.73 (dd, J = 8.4, 2.5 Hz, 1H), 6.61 (d, J = 8.4 Hz, 1H), 6.35 (d, J = 10.2 Hz, 1H), 5.78 – 5.73 (m, 1H), 3.83 (s, 3H), 3.74 (ddt, J = 8.3, 3.9, 1.8 Hz, 1H), 3.60 (ddd, J = 13.2, 8.4, 5.1 Hz, 1H), 2.56 (dp, J = 6.8, 2.4 Hz, 2H), 2.35 (dq, J = 13.1, 4.2 Hz, 1H), 1.69 (tdd, J = 13.1, 9.2, 7.2 Hz, 1H).
13C NMR (100 MHz, CDCl3) δ 185.1, 160.1, 154.4, 149.3, 148.7, 148.2, 140.3, 137.2, 137.1, 132.8, 132.2, 128.6, 127.0, 126.5 (overlapped), 126.1, 126.1, 125.6, 122.9, 120.7 (overlapped), 120.4 (q, J = 257.6), 114.1, 109.8, 57.5, 55.4, 55.3, 42.7, 28.8, 27.1.
19F NMR (376 MHz, CDCl3) δ -57.86.
HRMS (EI): m/z: [M]+ Calcd for, C30H23F3O3, 488.1599, found: 488.1594.
M.P.: 80.4-86.3 oC.
[α]D20 = 20.1 (c = 0.2, CHCl3).
HPLC conditions: Daicel Chiralpak IB column (95:5 n-Hexane: 2-Propanol, 0.5 mL/min, 254 nm); tr (minor) = 16.9 min, tr (major) = 15.5 min; 95% ee).
[image: ]
(4aR,9R,9aS)-6-methoxy-2-(4-(trifluoromethyl)phenyl)-3,4,4a,9a-tetrahydro-4'H-spiro[fluorene-9,1'-naphthalen]-4'-one (3bo).


The crude product was purified by column chromatography (petroleum ether/ethyl acetate = 50：1 to 30:1) to afford the product as white solid (85.6 mg, 60% yield).
1H NMR (400 MHz, CDCl3) δ 8.24 (d, J = 7.8 Hz, 1H), 7.51 (d, J = 7.9 Hz, 3H), 7.46 – 7.33 (m, 3H), 7.24 (d, J = 8.8 Hz, 1H), 6.99 (t, J = 1.9 Hz, 1H), 6.89 (d, J = 10.2 Hz, 1H), 6.73 (dt, J = 8.4, 1.8 Hz, 1H), 6.61 (d, J = 8.4 Hz, 1H), 6.36 (d, J = 10.2 Hz, 1H), 5.84 (d, J = 4.1 Hz, 1H), 3.83 (s, 3H), 3.78 – 3.72 (m, 1H), 3.61 (ddd, J = 13.3, 8.5, 5.2 Hz, 1H), 2.63 – 2.49 (m, 2H), 2.42 – 2.29 (m, 1H), 1.70 (tt, J = 13.0, 8.0 Hz, 1H).
13C NMR (100 MHz, CDCl3) δ 185.0, 160.1, 154.3, 149.2, 148.6, 145.0, 137.4, 137.0, 132.9, 132.2, 129.0 (q, J = 32.3 Hz), 128.6, 127.0, 126.1, 126.1, 125.6, 125.5, 125.4, 125.2 (q, J = 3.8 Hz), 124.3, 122.8, 114.1, 109.8, 57.4, 55.4, 55.3, 42.6, 28.7, 27.0. 
19F NMR (376 MHz, CDCl3) δ -62.39.
HRMS (EI): m/z: [M]+ Calcd for, C30H23F3O2, 472.1650, found: 472.1645.
M.P.: 102.7-105.8 oC.
[α]D20 = 40.9 (c = 0.2, CHCl3).
HPLC conditions: Daicel Chiralpak IB column (90:10 n-Hexane: 2-Propanol, 0.5 mL/min, 254 nm); tr (minor) = 16.7 min, tr (major) = 15.3 min; 95% ee). 
[image: ]
(4aR,9R,9aS)-6-methoxy-2-(naphthalen-2-yl)-3,4,4a,9a-tetrahydro-4'H-spiro [fluorene-9,1'-naphthalen]-4'-one (3bp).


The crude product was purified by column chromatography (petroleum ether/ethyl acetate = 50：1 to 30:1) to afford the product as white solid (104.1mg, 76% yield).
1H NMR (400 MHz, CDCl3) δ 8.26 (d, J = 7.8 Hz, 1H), 7.81 – 7.69 (m, 4H), 7.60 – 7.36 (m, 5H), 7.25 (d, J = 7.2 Hz, 2H), 7.01 – 6.91 (m, 2H), 6.73 (d, J = 5.9 Hz, 1H), 6.61 (d, J = 8.4 Hz, 1H), 6.38 (d, J = 8.8 Hz, 0H), 5.93 (s, 1H), 3.84 (s, 2H), 3.82 – 3.77 (m, 1H), 3.64 (td, J = 10.7, 8.3, 5.5 Hz, 1H), 2.71 (dtd, J = 27.0, 17.3, 15.0, 9.8 Hz, 2H), 2.39 (dt, J = 13.7, 4.2 Hz, 1H), 1.75 (qd, J = 12.5, 4.8 Hz, 1H).
13C NMR (100 MHz, CDCl3) 185.2, 160.1, 154.6, 149.5, 148.9, 138.7, 138.2, 137.3, 133.3, 132.8, 132.6, 132.2, 128.6, 128.0, 127.8, 127.5, 127.0, 126.2, 126.1, 126.1, 125.7, 125.6, 123.7, 123.6, 122.7, 114.1, 109.8, 57.6, 55.5, 55.5, 42.9, 29.0, 27.1.
HRMS (EI): m/z: [M]+ Calcd for, C33H26O2, 454.1933, found: 454.1927.
M.P.: 100.4-102.5 oC.
[α]D20 = 100.5 (c = 0.2, CHCl3).
HPLC conditions: Daicel Chiralpak IB column (95:5 n-Hexane: 2-Propanol, 0.5 mL/min, 254 nm); tr (minor) = 25.1 min, tr (major) = 19.5 min; 96% ee).
[image: ] 

(4aR,9R,9aS)-2-(benzo[d][1,3]dioxol-5-yl)-6-methoxy-3,4,4a,9a-tetrahydro-4'H-spiro[fluorene -9,1'-naphthalen]-4'-one (3bq).


The crude product was purified by column chromatography (petroleum ether/ethyl acetate = 50：1 to 30:1) to afford the product as white solid (101.9 mg, 75% yield).
1H NMR (400 MHz, CDCl3) δ 7.49 (td, 1H), 7.41 (t, J = 7.5 Hz, 1H), 7.22 (d, J = 8.0 Hz, 1H), 6.96 (d, J = 2.5 Hz, 1H), 6.89 (d, J = 10.3 Hz, 1H), 6.78 (dd, J = 6.3, 2.0 Hz, 2H), 6.75 – 6.68 (m, 2H), 6.60 (d, J = 8.4 Hz, 1H), 6.35 (d, J = 10.2 Hz, 1H), 5.91 (s, 2H), 5.66 (dd, J = 4.6, 1.9 Hz, 1H), 3.83 (s, 3H), 3.73 (dt, J = 6.8, 2.9 Hz, 1H), 3.58 (ddd, J = 13.2, 8.5, 5.0 Hz, 1H), 2.53 (t, J = 4.3 Hz, 2H), 2.32 (dq, J = 13.2, 4.3 Hz, 1H), 1.69 (tdd, J = 12.9, 8.8, 5.0 Hz, 1H).
13C NMR (100 MHz, CDCl3) δ 185.2, 160.0, 154.6, 149.5, 148.9, 147.7, 146.7, 137.9, 137.3, 136.1, 132.8, 132.2, 128.6, 127.0, 126.2, 126.1, 125.5, 121.0, 118.7, 114.0, 109.8, 108.0, 105.8, 101.0, 57.5, 55.4 (overlapped), 42.8, 29.0, 27.4.
HRMS (EI): m/z: [M]+ Calcd for, C30H24O4, 448.1675, found: 448.1669.
M.P.: 76.4-78.6 oC.
[α]D20 = 30.9 (c = 0.2, CHCl3).
HPLC conditions: Daicel Chiralpak IB column (95:5 n-Hexane: 2-Propanol, 0.5 mL/min, 254 nm); tr (minor) = 32.6 min, tr (major) = 29.8 min; 96% ee).
[image: ]
(4aR,9R,9aS)-2-(benzofuran-6-yl)-6-methoxy-3,4,4a,9a-tetrahydro-4'H-spiro [fluorene-9,1'-naphthalen]-4'-one (3br).


The crude product was purified by column chromatography (petroleum ether/ethyl acetate = 50：1 to 30:1) to afford the product as white solid (88.6 mg, 66% yield).
1H NMR (400 MHz, CDCl3) δ 8.25 (d, J = 7.9 Hz, 1H), 7.56 (s, 1H), 7.49 (d, J = 8.9 Hz, 2H), 7.40 (dd, J = 14.4, 7.9 Hz, 2H), 7.24 (d, J = 8.2 Hz, 2H), 6.96 (dd, J = 18.8, 6.5 Hz, 2H), 6.72 (d, J = 7.5 Hz, 2H), 6.61 (d, J = 6.7 Hz, 1H), 6.38 (d, J = 8.5 Hz, 1H), 3.83 (s, 1H), 3.80 – 3.71 (m, 3H), 3.66 – 3.48 (m, 1H), 2.74 – 2.57 (m, 2H), 2.50 – 2.28 (m, 1H), 1.73 (dt, J = 20.8, 6.5 Hz, 1H).
13C NMR (100 MHz, CDCl3) δ 185.2, 160.0, 154.7, 154.3, 149.5, 149.0, 145.3, 138.5, 137.3, 137.0, 132.8, 132.2, 128.6, 127.4, 126.9, 126.1, 126.0, 125.5, 122.0, 121.5, 117.6, 114.0, 110.9, 109.8, 106.7, 57.6, 55.5, 55.4, 42.8, 29.0, 27.8.
HRMS (EI): m/z: [M]+ Calcd for, C31H24O3, 444.1725, found: 444.1724.
M.P.: 141.8-156.3 oC.
[α]D20 = 70.0 (c = 0.2, CHCl3).
HPLC conditions: Daicel Chiralpak IB column (90:10 n-Hexane: 2-Propanol, 0.5 mL/min, 254 nm); tr (minor) = 19.5 min, tr (major) = 17.9 min; 91% ee).
[image: ]
(4aR,9R,9aS)-2-(benzo[b]thiophen-6-yl)-6-methoxy-3,4,4a,9a-tetrahydro-4'H-spiro[fluorene-9,1'-naphthalen]-4'-one (3bs).


The crude product was purified by column chromatography (petroleum ether/ethyl acetate = 50：1 to 30:1) to afford the product as white solid (95.8 mg, 69% yield).
1H NMR (400 MHz, CDCl3) δ 8.25 (d, J = 7.8 Hz, 1H), 7.82 – 7.69 (m, 2H), 7.50 (t, J = 7.6 Hz, 1H), 7.44 – 7.36 (m, 2H), 7.33 – 7.19 (m, 3H), 6.98 (s, 1H), 6.93 (d, J = 12.0 Hz, 1H), 6.71 (d, J = 2.2 Hz, 1H), 6.60 (d, J = 6.7 Hz, 1H), 6.38 (d, J = 8.5 Hz, 1H), 5.82 (s, 1H), 3.83 (s, 3H), 3.80 – 3.75 (m, 1H), 3.62 (dt, J = 13.3, 6.5 Hz, 1H), 2.64 (dt, J = 10.0, 3.1 Hz, 2H), 2.37 (dt, J = 13.7, 4.3 Hz, 1H), 1.73 (qd, J = 12.7, 12.3, 5.8 Hz, 1H).
13C NMR (100 MHz, CDCl3) δ 185.2, 160.0, 154.7, 149.5, 148.9, 139.7, 138.5, 138.3, 138.1, 137.3, 132.8, 132.2, 128.6, 127.0, 126.7, 126.1, 126.1, 125.5, 124.0, 122.1, 122.0, 122.0, 119.9, 114.0, 109.8, 57.5, 55.5, 55.4, 42.9, 29.0, 27.5.
HRMS (EI): m/z: [M]+ Calcd for, C31H24O2S, 460.1497, found: 460.1492.
M.P.: 102.2-105.7oC.
[α]D20 = 79.0 (c = 0.2, CHCl3).
HPLC conditions: Daicel Chiralpak IB column (90:10 n-Hexane: 2-Propanol, 0.5 mL/min, 254 nm); tr (minor) = 23.8 min, tr (major) = 20.8 min; 94% ee).
[image: ] 
(4aR,9R,9aS)-6-methoxy-2-(thiophen-3-yl)-3,4,4a,9a-tetrahydro-4'H-spiro[fluor-ene-9,1'-naphthalen]-4'-one (3bt).


The crude product was purified by column chromatography (petroleum ether/ethyl acetate = 50：1 to 30:1) to afford the product as white solid (80.1 mg, 65% yield).
1H NMR (400 MHz, CDCl3) δ 8.24 (dd, J = 7.8, 1.5 Hz, 1H), 7.50 (td, J = 7.5, 1.5 Hz, 1H), 7.42 (td, 1H), 7.24 – 7.17 (m, 2H), 7.14 – 7.08 (m, 2H), 6.96 (d, J = 2.5 Hz, 1H), 6.89 (d, J = 10.2 Hz, 1H), 6.71 (dd, J = 8.4, 2.5 Hz, 1H), 6.59 (d, J = 8.4 Hz, 1H), 6.32 (d, J = 10.1 Hz, 1H), 5.81 (dd, J = 4.3, 2.2 Hz, 1H), 3.83 (s, 3H), 3.74 (dt, J = 7.6, 3.4 Hz, 1H), 3.59 (ddd, J = 13.2, 8.4, 5.1 Hz, 1H), 2.64 (dt, J = 16.6, 3.9 Hz, 1H), 2.49 (dddd, J = 16.2, 13.9, 4.9, 2.5 Hz, 1H), 2.32 (dp, J = 12.7, 4.3, 3.5 Hz, 1H), 1.77 – 1.65 (m, 2H).
13C NMR (100 MHz, CDCl3) δ 185.1, 160.0, 154.5, 149.4, 148.9, 142.8, 137.2, 133.3, 132.8, 132.2, 128.6, 126.9, 126.1, 126.0, 125.5 (overlapped), 124.8, 120.7, 119.3, 114.0, 109.8, 57.4, 55.4, 55.3, 42.9, 28.7, 26.8.
HRMS (EI): m/z: [M]+ Calcd for, C27H22O2S, 410.1341, found: 410.1338.
M.P.: 180.5-181.4 oC.
[α]D20 = 71.7 (c = 0.2, CHCl3).
HPLC conditions: Daicel Chiralpak IB column (95:5 n-Hexane: 2-Propanol, 0.5 mL/min, 254 nm); tr (minor) = 25.4 min, tr (major) = 21.4 min; 95% ee).
[image: ]
(4aR,9R,9aS)-2-benzyl-6-methoxy-3,4,4a,9a-tetrahydro-4'H-spiro[fluorene-9,1'-naphthalen]-4'-one (3bu).


The crude product was purified by column chromatography (petroleum ether/ethyl acetate = 50：1 to 30:1) to afford the product as white solid (85.3 mg, 68% yield).
1H NMR (400 MHz, CDCl3) δ 8.22 (dd, J = 7.8, 1.5 Hz, 1H), 7.47 (td, J = 7.5, 1.6 Hz, 1H), 7.39 (td, J = 7.5, 1.2 Hz, 1H), 7.23 (d, J = 7.3 Hz, 2H), 7.18 (t, J = 6.9 Hz, 2H), 7.13 – 7.08 (m, 2H), 6.93 – 6.84 (m, 2H), 6.69 (dd, J = 8.4, 2.5 Hz, 1H), 6.57 (d, J = 8.4 Hz, 1H), 6.37 (d, J = 10.2 Hz, 1H), 5.26 (d, J = 3.9 Hz, 1H), 3.80 (s, 3H), 3.67 – 3.53 (m, 1H), 3.45 (ddd, J = 13.2, 8.4, 5.0 Hz, 1H), 3.35 – 3.14 (m, 2H), 2.17 – 2.07 (m, 1H), 2.06 – 1.86 (m, 2H), 1.48 (tdd, J = 12.4, 10.1, 6.0 Hz, 1H).
13C NMR (100 MHz, CDCl3) δ 185.2, 159.9, 154.9, 149.5, 149.2, 139.5, 138.9, 137.3, 132.7, 132.2, 128.7 (overlapped), 128.6, 128.2 (overlapped), 126.8, 126.1 (overlapped), 126.0, 125.4, 120.7, 113.9, 109.7, 57.4, 55.4, 55.2, 44.4, 42.8, 28.8, 27.2.
HRMS (EI): m/z: [M]+ Calcd for, C30H26O2, 418.1933, found: 418.1932.
M.P.: 98.5-99.3 oC.
[α]D20 = 80.9 (c = 0.2, CHCl3).
HPLC conditions: Daicel Chiralpak IB column (95:5 n-Hexane: 2-Propanol, 0.5 mL/min, 254 nm); tr (minor) = 18.0 min, tr (major) = 17.2 min; 97% ee).
[image: ]
(4aR,9R,9aS)-2-butyl-6-methoxy-3,4,4a,9a-tetrahydro-4'H-spiro[fluorene-9,1'-naphthalen]-4'-one (3bv).


The crude product was purified by column chromatography (petroleum ether/ethyl acetate = 50：1 to 30:1) to afford the product as yellow oil (69.2 mg, 60% yield).
1H NMR (400 MHz, CDCl3) δ 8.21 (dd, J = 7.8, 1.6 Hz, 1H), 7.47 (td, 1H), 7.39 (td, 1H), 7.18 (d, J = 6.7 Hz, 1H), 6.92 (d, J = 2.5 Hz, 1H), 6.84 (d, J = 10.2 Hz, 1H), 6.69 (dd, J = 8.4, 2.5 Hz, 1H), 6.57 (d, J = 8.4 Hz, 1H), 6.31 (d, J = 10.2 Hz, 1H), 5.10 (s, 1H), 3.82 (s, 3H), 3.56 – 3.52 (m, 1H), 3.46 (ddd, J = 13.3, 8.4, 4.8 Hz, 1H), 2.26 – 2.13 (m, 1H), 2.13 – 2.01 (m, 2H), 1.95 (t, J = 7.4 Hz, 2H), 1.60 – 1.46 (m, 1H), 1.36 – 1.27 (m, 1H), 1.23 (dd, J = 14.9, 7.8 Hz, 2H), 0.85 (t, J = 7.2 Hz, 3H).
13C NMR (100 MHz, CDCl3) δ 185.4, 160.0, 155.0, 149.8, 149.4, 140.0, 137.6, 132.7, 132.3, 128.7, 126.8, 126.2, 126.0, 125.3, 118.5, 113.8, 109.8, 57.4, 55.5, 55.2, 43.2, 37.6, 29.8, 29.0, 27.8, 22.3, 13.9.
HRMS (EI): m/z: [M]+ Calcd for, C27H28O2, 384.2089, found: 384.2058.
[α]D20 = -15.9 (c = 0.2, CHCl3).
HPLC conditions: Daicel Chiralpak IB column (99:1 n-Hexane: 2-Propanol, 0.5 mL/min, 254 nm); tr (minor) = 18.3 min, tr (major) = 19.0 min; 91% ee).
[image: ]
(4aR,9R,9aS)-2-cyclohexyl-6-methoxy-3,4,4a,9a-tetrahydro-4'H-spiro[fluorene-9,1'-naphthalen]-4'-one (3bw).


The crude product was purified by column chromatography (petroleum ether/ethyl acetate = 50：1 to 30:1) to afford the product as white solid (76.3 mg, 62% yield).
1H NMR (400 MHz, CDCl3) δ 8.21 (dd, J = 7.8, 1.6 Hz, 1H), 7.47 (td, J = 7.5, 1.6 Hz, 1H), 7.38 (td, J = 7.5, 1.3 Hz, 1H), 7.19 (dd, J = 8.0, 1.3 Hz, 1H), 6.92 (d, J = 2.5 Hz, 1H), 6.81 (d, J = 10.2 Hz, 1H), 6.69 (dd, J = 8.4, 2.5 Hz, 1H), 6.57 (d, J = 8.4 Hz, 1H), 6.30 (d, J = 10.2 Hz, 1H), 5.20 – 4.95 (m, 1H), 3.82 (s, 3H), 3.65 – 3.51 (m, 1H), 3.47 (ddd, J = 13.4, 8.5, 4.8 Hz, 1H), 2.29 – 2.14 (m, 1H), 2.14 – 2.04 (m, 2H), 1.85 – 1.73 (m, 1H), 1.70 (dt, J = 9.2, 3.0 Hz, 2H), 1.62 (d, J = 8.8 Hz, 3H), 1.49 (tdd, J = 14.1, 10.8, 6.9 Hz, 1H), 1.28 – 1.16 (m, 2H), 1.08 (tdd, J = 12.0, 7.0, 3.2 Hz, 2H), 0.96 – 0.84 (m, 1H).
13C NMR (100 MHz, CDCl3) δ 185.4, 160.0, 155.1, 149.8, 149.5, 144.9, 137.5, 132.7, 132.3, 128.7, 126.8, 126.1, 126.0, 125.2, 116.6, 113.8, 109.8, 57.5, 55.4, 55.0, 45.9, 43.5, 32.1, 31.3, 29.2, 26.7, 26.6, 26.5, 26.3.
HRMS (EI): m/z: [M]+ Calcd for, C29H30O2, 410.2246, found: 410.2243.
M.P.: 59.4-60.9 oC.
[α]D20 = -18.9 (c = 0.2, CHCl3).
HPLC conditions: Daicel Chiralpak IB and IA column (97:3 n-Hexane: 2-Propanol, 0.5 mL/min, 254 nm); tr (minor) = 29.9 min, tr (major) = 30.8 min; 97% ee).
[image: ]
(4aR,9R,9aS)-6-methoxy-3,4,4a,9a-tetrahydro-4'H-spiro[fluorene-9,1'-naphthalen]-4'-one (3bx).


The crude product was purified by column chromatography (petroleum ether/ethyl acetate = 50：1 to 30:1) to afford the product as white solid (75.7 mg, 66% yield).
1H NMR (400 MHz, CDCl3) δ 8.20 (d, J = 7.8 Hz, 1H), 7.47 (t, J = 7.5 Hz, 1H), 7.38 (t, J = 7.6 Hz, 1H), 7.19 (d, J = 7.9 Hz, 1H), 6.93 (s, 1H), 6.87 (d, J = 10.2 Hz, 1H), 6.70 (d, J = 5.9 Hz, 1H), 6.58 (d, J = 8.4 Hz, 1H), 6.33 (d, J = 8.5 Hz, 1H), 5.85 (ddd, J = 10.4, 5.1, 2.5 Hz, 1H), 5.41 (d, J = 10.2 Hz, 1H), 3.82 (s, 3H), 3.53 (m, J = 4.6 Hz, 2H), 2.16 (m, J = 10.5, 5.3 Hz, 3H), 1.53 (dt, J = 12.1, 6.9 Hz, 1H).
13C NMR (100 MHz, CDCl3) δ 185.1, 159.9, 154.6, 149.4, 149.3, 137.3, 132.7, 132.2, 128.6, 128.3, 126.8, 126.1, 126.0, 125.4, 124.9, 113.8, 109.7, 57.0, 55.4, 54.3, 43.2, 28.3, 24.2.
HRMS (EI): m/z: [M]+ Calcd for, C23H20O, 328.1463, found: 328.1462.
M.P.: 100.5-101.7 oC.
[α]D20 = 74.1 (c = 0.2, CHCl3).
HPLC conditions: Daicel Chiralpak IB column (99:1 n-Hexane: 2-Propanol, 0.3 mL/min, 254 nm); tr (minor) = 42.2 min, tr (major) = 39.6 min; 92% ee).
[image: ]
(1R,2S)-2-((E)-styryl)-2,3-dihydro-4'H-spiro[indene-1,1'-naphthalen]-4'-one (3by).


The crude product was purified by column chromatography (petroleum ether/ethyl acetate = 50：1 to 30:1) to afford the product as white solid (54.0 mg, 52% yield).
1H NMR (400 MHz, CDCl3) δ 8.23 (dd, J = 7.9, 1.5 Hz, 1H), 7.55 (td, J = 7.6, 1.5 Hz, 1H), 7.48 – 7.36 (m, 2H), 7.35 – 7.10 (m, 9H), 6.92 (d, J = 10.2 Hz, 1H), 6.66 (d, J = 7.6 Hz, 1H), 6.42 (d, J = 10.2 Hz, 1H), 6.20 (dd, J = 15.8, 1.1 Hz, 1H), 6.05 (dd, J = 15.8, 7.2 Hz, 1H), 3.81 (dt, J = 11.3, 6.9 Hz, 1H), 3.58 – 3.15 (m, 2H).
13C NMR (100 MHz, CDCl3) δ 184.9, 149.6, 147.0, 146.3, 142.7, 136.6, 133.1, 132.7, 131.9, 128.5, 128.2, 128.0, 127.5, 127.5, 127.3, 127.2, 127.0, 126.3, 126.2, 125.1, 124.9, 77.0, 59.7, 58.5, 36.6. 
HRMS (EI): m/z: [M]+ Calcd for, C26H20O, 348.1514, found: 348.1521.
[α]D20 = 3.8 (c = 0.2, CHCl3).
HPLC conditions: Daicel Chiralpak IB column (85:15 n-Hexane: 2-Propanol, 0.5 mL/min, 254 nm); tr (minor) = 15.4 min, tr (major) = 17.2 min; 33% ee).
[image: ]
 
(4aR,9R,9aS)-2-(4-(((2R)-2-isopropyl-5-methylcyclohexyl)oxy) phenyl)-3,4, 4a,9a-tetrahydro-4'H-spiro [fluorene-9,1'-naphthalen]-4'-one (4a).


The crude product was purified by column chromatography (petroleum ether/ethyl acetate = 50：1 to 30:1) to afford the product as white solid (98.1 mg, 62% yield).
1H NMR (400 MHz, CDCl3) δ 8.25 (d, J = 7.8 Hz, 1H), 7.43 (ddd, J = 19.0, 13.5, 7.5 Hz, 3H), 7.30 (t, J = 7.5 Hz, 1H), 7.21 – 7.11 (m, 3H), 6.90 (d, J = 10.2 Hz, 1H), 6.81 (d, J = 8.2 Hz, 2H), 6.69 (d, J = 7.6 Hz, 1H), 5.74 – 5.62 (m, 1H), 4.00 (td, J = 10.6, 4.1 Hz, 1H), 3.72 (dt, J = 7.4, 3.1 Hz, 1H), 3.61 (td, J = 10.7, 8.5, 5.2 Hz, 1H), 2.65 – 2.42 (m, 2H), 2.32 (dq, J = 13.2, 4.3 Hz, 1H), 2.24 – 2.07 (m, 2H), 1.74 – 1.66 (m, 3H), 1.54 – 1.44 (m, 2H), 1.15 – 1.05 (m, 1H), 1.05 – 0.94 (m, 2H), 0.90 (t, J = 6.6 Hz, 7H), 0.76 (d, J = 6.9 Hz, 3H).
13C NMR (100 MHz, CDCl3) δ 185.1, 157.6, 154.2, 149.2, 147.5, 145.5, 137.7, 133.8, 132.7, 132.2, 128.6, 128.2, 127.8, 126.9, 126.2 (overlapped), 126.0, 125.6, 125.4, 124.7, 120.0, 115.5 (overlapped), 58.3, 55.0, 47.9, 42.7, 40.2, 34.4, 31.3, 29.0, 27.1, 26.0, 23.6, 22.1, 20.7, 16.5.
HRMS (EI): m/z: [M]+ Calcd for, C38H40O2, 528.3028, found: 528.3025 
M.P.: 91.5-93.2 oC.
[α]D20 = 14.8 (c = 0.2, CHCl3).

(4aR,9R,9aS)-2-(4-(((1R,2R,4R)-1,7,7-trimethylbicyclo[2.2.1] eptan-2-yl)oxy)phenyl)-3,4,4a,9a-tetrahydro-4'H-spiro[fluorene-9,1'-naphthalen]-4'-one (4b) 


The crude product was purified by column chromatography (petroleum ether/ethyl acetate = 50：1 to 30:1) to afford the product as white solid (72.6mg, 46% yield).
1H NMR (400 MHz, CDCl3) δ 8.25 (dd, J = 7.8, 1.6 Hz, 1H), 7.53 – 7.37 (m, 3H), 7.29 (td, J = 7.5, 1.2 Hz, 1H), 7.23 – 7.16 (m, 3H), 7.16 – 7.09 (m, 1H), 6.90 (d, J = 10.2 Hz, 1H), 6.78 – 6.72 (m, 2H), 6.68 (d, J = 7.6 Hz, 1H), 6.35 (d, J = 10.2 Hz, 1H), 5.67 (dd, J = 4.3, 2.0 Hz, 1H), 4.01 (dd, J = 6.4, 4.2 Hz, 1H), 3.72 (dt, J = 7.1, 3.1 Hz, 1H), 3.61 (ddd, J = 13.2, 8.5, 5.0 Hz, 1H), 2.61 – 2.44 (m, 2H), 2.36 – 2.24 (m, 1H), 1.85 – 1.48 (m, 6H), 1.10 (s, 2H), 1.04 (s, 3H), 0.96 (s, 3H), 0.85 (s, 3H).
13C NMR (100 MHz, CDCl3) δ 185.1, 157.2, 157.2, 154.2, 149.3, 147.5, 145.5, 137.7, 137.7, 133.4, 133.4, 132.7, 132.2, 128.6, 128.1, 127.8, 126.9, 126.1 (overlapped), 126.0, 125.6, 125.4, 124.7, 119.8, 119.8, 115.1 (overlapped), 84.4, 58.3, 55.0, 49.1, 46.9, 45.2, 42.7, 39.4, 39.3, 34.1, 29.0, 27.3, 27.1, 27.1, 20.3, 20.1, 11.7.
HRMS (EI): m/z: [M]+ Calcd for, C38H38O2, 526.2872, found: 526.2869.
M.P.: 98.7-100.5 oC.
[α]D20= 65.5 (c = 0.2, CHCl3).

(4aR,9R,9aS)-6-methoxy-2-(4-(((S)-4-(prop-1-en-2-yl) cyclohex-1-en-1-yl)methoxy)phenyl)-3,4,4a,9a-tetrahydro-4'H-spiro[fluorene-9,1'-naphthalen]-4'-one (4c).


The crude product was purified by column chromatography (petroleum ether/ethyl acetate = 50：1 to 30:1) to afford the product as white solid (66.9 mg, 54% yield).
1H NMR (400 MHz, CDCl3) δ 8.24 (d, J = 7.8, 1.6 Hz, 1H), 7.50 (t, J = 7.5, 1.6 Hz, 1H), 7.41 (t, 1H), 7.22 (d, J = 8.8 Hz, 3H), 6.97 (d, J = 2.5 Hz, 1H), 6.90 (d, J = 10.2 Hz, 1H), 6.82 (d, J = 8.7 Hz, 2H), 6.72 (dd, J = 8.4, 2.5 Hz, 1H), 6.60 (d, J = 8.4 Hz, 1H), 6.35 (d, J = 10.1 Hz, 1H), 5.81 (dd, J = 4.7, 2.5 Hz, 1H), 5.68 (dd, J = 4.4, 2.0 Hz, 1H), 4.72 (d, J = 4.3, 2.8 Hz, 2H), 4.36 (s, 2H), 3.83 (s, 3H), 3.77 – 3.70 (m, 1H), 3.62 – 3.52 (m, 1H), 2.64 – 2.45 (m, 2H), 2.37 – 2.26 (m, 1H), 2.17 (d, J = 11.9, 10.6, 4.4 Hz, 3H), 2.03 – 1.93 (m, 1H), 1.86 (ddq, J = 12.5, 5.0, 2.3 Hz, 1H), 1.73 (s, 3H), 1.71 – 1.60 (m, 2H), 1.51 (dtd, J = 12.5, 10.5, 6.4 Hz, 1H).
13C NMR (100 MHz, CDCl3) δ 185.3, 160.1, 158.4, 154.8, 149.7, 149.6, 149.1, 137.7, 137.4, 134.1, 133.5, 132.8, 132.3, 128.7, 127.0, 126.2 (overlapped), 126.1, 125.5, 125.1, 120.3, 114.6 (overlapped), 114.0, 109.9, 108.8, 72.3, 57.7, 55.6, 55.5, 42.9, 41.0, 30.5, 29.1, 27.4, 27.2, 26.3, 20.8. 
HRMS (EI): m/z: [M]+ Calcd for, C39H38O3, 554.2821, found: 554.2817.
M.P.: 118.0-119.9 oC.
[α]D20 = 42.4 (c = 0.2, CHCl3).

[bookmark: _Toc60759133][bookmark: _Toc99755247][bookmark: _Toc199311030]Gram-scale synthesis.
To a sealed tube was added Pd2(dba)3 (229 mg, 5 mol%), (Sc,Rs)-PC10 (20 mol%, 783.47 mg) and K2HPO4 (2.0 equiv., 1.74 g), the flask was evacuated and refilled with argon. Then 25 mL mestiylene was added to the tube under nitrogen atmosphere, and stirred at room temperature for 1 h. Then 1a (5 mmol, 975 mg) and 1,3-diene 2a (3.0 equiv, 1.40 g)was added in the condition of nitrogen flow, and the tube was allowed to stirr at 60 °C for 96 h. After the reaction was complete (monitored by TLC), diluted with 50 mL saturated salt water and 20 mL EtOAc, then extracted with 20 mL EtOAc (× 2), dried over anhydrous Na2SO4, the solvent was removed under reduced pressure. The crude product was purified by column chromatography (PE/EtOAc/DCM = 100:1:1 to PE/EtOAc/DCM = 50:1:1) to give 3aa (63% yield, 1.17 g, 96% ee), as a white solid.
[bookmark: _Toc60759134][bookmark: _Toc99755248][bookmark: _Toc199311031]Synthetic applications of the products.


Compound 55: To a solution of 3aa (96% ee, 0.2 mmol, 74.8 mg) in MeOH (2 mL) at room temperature was added CeCl3·7H2O (74.5 mg, 0.2 mmol), and the suspension was stirred for 10 min. After the reaction was cooled down to 0 °C, NaBH4 (75.6 mg, 2.0 mmol) was added to the reaction, and the reaction was stirred for 30 min, and then quenched with water. After a half of solvent was evaporated in vacuo, the mixture was diluted with EtOAc, washed with brine, and then dried over anhydrous Na2SO4. The organic layer was dried over Na2SO4 filtered, and concentrated on a rotary evaporator. The crude product was purified by column chromatography (PE/EtOAc = 7:1) to give 6 (52 % yield, 39.1 mg) as a white solid.; The absolute configuration of 6 was confirmed by COSY and NOESY spectra.
1H NMR (400 MHz, CDCl3) δ 7.71 (dt, J = 7.8, 1.1 Hz, 1H), 7.47 – 7.36 (m, 1H), 7.35 – 7.25 (m, 6H), 7.23 – 7.15 (m, 3H), 6.96 (dd, J = 7.9, 1.3 Hz, 1H), 6.82 (d, J = 7.6 Hz, 1H), 6.03 (dd, J = 10.2, 2.7 Hz, 1H), 5.91 – 5.63 (m, 2H), 5.36 – 4.92 (m, 1H), 3.49 (ddd, J = 12.3, 8.2, 4.9 Hz, 1H), 3.38 (ddt, J = 8.2, 4.1, 2.0 Hz, 1H), 2.52 (ddt, J = 8.7, 4.4, 2.0 Hz, 2H), 2.22 (dq, J = 13.3, 4.4 Hz, 1H), 1.98 (d, J = 8.7 Hz, 1H), 1.70 (ddt, J = 13.2, 11.8, 7.8 Hz, 1H).
13C NMR (100 MHz, CDCl3) δ 149.2, 146.7, 142.2, 141.4, 138.1, 137.8, 135.1, 128.2 (overlapped), 128.1, 128.0, 127.6, 127.4, 127.0, 127.0, 126.8, 126.5, 125.7, 125.2 (overlapped), 124.1, 123.4, 77.0, 64.9, 56.9, 55.8, 42.2, 28.5, 26.9.
HRMS (EI): m/z: [M]+ Calcd for, C28H24O, 376.1827, found: 376.1822.
M.P.: 98.7-100.5 oC.
[α]D20 = 40.9 (c = 0.2, CHCl3).
HPLC conditions: Daicel Chiralpak IB column (90:10 n-Hexane: 2-Propanol, 0.5 mL/min, 254 nm); tr (minor) = 12.8 min, tr (major) = 11.4 min; 96% ee).
[image: ] 


Compound 6:5 To a solution of 3aa (96% ee, 0.2 mmol, 74.8 mg) in MeOH (2 mL) at room temperature was added CeCl3·7H2O (74.5 mg, 0.2 mmol), and the suspension was stirred for 10 min. After the reaction was cooled down to 0 °C, NaBH4 (75.6 mg, 2.0 mmol) was added to the reaction, and the reaction was stirred for 30 min, and then quenched with water. After a half of solvent was evaporated in vacuo, the mixture was diluted with EtOAc, washed with brine, and then dried over anhydrous Na2SO4. The organic layer was dried over Na2SO4 filtered, and concentrated on a rotary evaporator. After concentration in vacuo, the obtained residue was directly utilized for the next reaction. To a stirred solution of the crude product in CH3CN (3.0 mL) at room temperature was added TsOH·H2O (28.5 mg, 0.2 mmol). After being stirred for 30 min at room temperature, the reaction mixture was quenched with sat. aq. NaHCO3 solution. Aqueous layer was extracted with EtOAc, and the combined organic layers were washed with brine. The crude product was purified by column chromatography (PE/EtOAc = 100:1) to give 7 (48 % yield, 35 mg) as a white solid.; The absolute configuration of 5 was confirmed by COSY and NOESY spectra of ent-5.
1H NMR (400 MHz, CDCl3) δ 8.54 (d, J = 8.1 Hz, 1H), 7.93 (d, J = 7.5, 1.7 Hz, 1H), 7.84 (d, J = 7.4, 2.0 Hz, 1H), 7.76 (d, J = 8.4 Hz, 1H), 7.54 (d, J = 8.4 Hz, 1H), 7.50 – 7.40 (m, 5H), 7.38 – 7.28 (m, 4H), 7.25 (d, J = 7.1 Hz, 1H), 6.62 (s, 1H), 3.89 (t, J = 5.6 Hz, 1H), 3.14 (dd, J = 10.1, 5.5 Hz, 1H), 2.58 (ddd, J = 15.8, 7.9, 2.1 Hz, 1H), 2.50 – 2.41 (m, 1H), 2.17 – 1.82 (m, 2H).
13C NMR (100 MHz, CDCl3) δ 141.9, 138.2, 133.6, 133.0, 130.3, 129.8, 129.1, 128.4, 128.3 (overlapped), 127.8, 127.3, 127.1, 126.2, 126.0 (overlapped), 125.9, 125.4 (overlapped), 125.0, 124.8, 77.0, 23.7 (overlapped).
HRMS (EI): m/z: [M]+ Calcd for, C28H24O, 358.1722, found: 358.1716.
M.P.: 62.6-64.5 oC.
[α]D20 = 112.2 (c = 0.2, CHCl3).
HPLC conditions: Daicel Chiralpak IB column (98:2 n-Hexane: 2-Propanol, 0.5 mL/min, 254 nm); tr (minor) = 14.9 min, tr (major) = 13.0 min; 93% ee).
[image: ] 


Compound 71: To a solution of 3aa (96% ee, 0.2 mmol, 74.8 mg) in DCM (4 mL) was sequentially added an aqueous solution of Na2CO3 (127.2 mg, 6.0 equiv.) and 3-chloroperoxybenzoic acid (m-CPBA, 138 mg, 4.0 eq., cas: 937-14-4) at room temperature. The reaction mixture was stirred for 2 h and poured into a saturated solution of aqueous NaHCO3. The two layers were separated and the organic layer was washed with a saturated solution of aqueous NaHCO3. The organic layer was dried over Na2SO4 filtered, and concentrated on a rotary evaporator. The crude product was purified by column chromatography (PE/EtOAc = 7:1) to give 6 (55 % yield, 42.9 mg) as a white solid.; The absolute configuration of 5 was confirmed by COSY and NOESY spectra.;
1H NMR (400 MHz, CDCl3) δ 8.18 (dd, J = 7.8, 1.5 Hz, 1H), 7.58 – 7.43 (m, 1H), 7.40 (dd, J = 7.7, 3.1 Hz, 2H), 7.39 – 7.21 (m, 6H), 7.17 (t, J = 7.4 Hz, 1H), 7.11 (d, J = 7.9 Hz, 1H), 6.97 (d, J = 10.3 Hz, 1H), 6.72 (d, J = 7.7 Hz, 1H), 6.38 (d, J = 10.3 Hz, 1H), 3.69 (td, J = 8.4, 5.2 Hz, 1H), 3.58 (d, J = 8.8 Hz, 1H), 2.94 (s, 1H), 2.42 (ddd, J = 14.7, 7.2, 4.7 Hz, 1H), 2.34 – 2.22 (m, 1H), 2.14 (ddd, J = 14.2, 8.6, 4.5 Hz, 1H), 1.91 – 1.78 (m, 1H).
13C NMR (100 MHz, CDCl3) δ 184.6, 151.4, 149.2, 146.2, 145.4, 141.4, 133.2, 131.3, 128.6, 128.5 (overlapped), 128.3, 128.2, 127.7, 127.5, 127.3, 126.3, 125.1, 124.9 (overlapped), 124.7, 61.8, 60.7, 56.7, 52.9, 40.9, 27.0, 25.8.
HRMS (EI): m/z: [M]+ Calcd for, C28H22O2, 390.1620, found: 390.1611.
M.P.: 194.3-197.3 oC.
[α]D20 = 45.9 (c = 0.2, CHCl3).
HPLC conditions: Daicel Chiralpak IB column (85:15 n-Hexane: 2-Propanol, 0.5 mL/min, 254 nm); tr (minor) = 15.3 min, tr (major) = 17.5 min; 96% ee).
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Area (mAUmin)

Areath

1

15.391

138955

51.617

3197170

49.484

2

16. 682

130247

48.383

3263857

50.516

Total

269202

100.000

6461026

100. 000
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<Peak Table>
DA Chl 233nm

12.5

15.0

16,672

PDA Wulti 1 233nm, 4n

17.5

No.

Ret. Time (min)

Height (mAU)

Height%

Area (mAUSmin)

Area%

15.315

1421137

97.650

37121953

97.608

2

16.672

34201

2.350

909552

2.392

Total

1455338

100. 000

38031505

100. 000
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<Peak Table>
DA Chl 254nm
No. Ret. Time(min) |Height (mAU) | Height% Area (mAUsmin) Area%
1 19.707 95397 66.036 3696050 55. 424
2 25.075 49066 33.964 2972599 44. 516
Total 144463 100. 000 6668650 100. 000

1200

PDA Multi 1 254nm, 4

15.0 17.5 20.0 2.5 2.0 21.5
<Peak Table>
DA Chi_254nm
No. Ret. Time (nin) [Height (mAU) [ Height% [ Area (mAUsmin) Areath
1 19.474 905010 | 98.875 30362867 97.969
2 25.110 10301 1.125 629527 2.031
Total 915312 100. 000 30992394 100. 000
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<Chromatogram>
mAU
250 POR Wl t1 T Z5dnm, T
200
1504
100
] g
o T T T T
25.0 21.5 30.0 32.5 3.0
nin
<Peak Table>
PDA_Chl 254nm
No. Ret. Time (min) Height Height% Area Area%
1 30.173 28516 51908 1512243 49.354
2 32.619 26119 48.092 1551828 50.646
Total 54935 100. 000 3064071 100. 000

<Chromatogram>

mAU
20 PDA Walti T 254nm, dn
200
150
1004 &
509 N
o T T T = T
25.0 2.5 30.0 2.5 35.0
nin
<Peak Table>
PDA Chl 254nm
No. Ret. Time (min) Height Height% Area Area%
1 20.810 97616 98.291 5212651 98.061
2 32. 629 1695 1.706 103059 1.939
Total 99341 | 100.000 5315710 100.000
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<Chromatogram>
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nin
<Peak Table>
PDA Ch1 254mm
No. Ret. Tine(min) | fleight | Height% Area Arca%
1 18.214 21037 52. 521 621998 50.301
2 19.635 19017 17,479 614547 19.699
Total 40054 100. 000 1236545 100.000

<Chromatogram>
AU
500 POA Wulti T 25nm, dnn
H
400 £
300
200
1004 .
o T T 3 T
15.0 17.5 20.0 2.5 25.0
nin
<Peak Table>
DA Chl 254nm
No. Ret. Time(nin) | Height | Heights Area Area%
1 17.992 369180 96.978 10158327 95.522
2 19.452 11504 3.022 476190 4.478
Total 380684 100. 000 10634518 100.000
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<Peak Table>
DA Ch1 254nm
No. Ret. Time (min) |Height (mAU) | Height% Area (mAU#min) Area%
1 20.839 52565 54.293 1573531 50.028
2 23.792 44253 45.707 1571747 49.972
Total 96818 100. 000 3145278 100. 000

mAU

PDA Multi 1 254nm, 4nn|
900+
7501 E
600
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3004
150+ §
o T T T T T
15.0 17.5 20.0 22.5 25.0 21.5 30.0
min
<Peak Table>
PDA_Ch1 254nm
No. Ret. Time(min) |Height (mAU) | Height% Area (mAU*min) Area%
1 20. 759 617714 97. 342 18270397 96. 834
2 23.853 16868 2.658 597424 3.166
Total 634582 100. 000 18867821 100. 000
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<Chromatogram>
mAU

PDA MuTti 1 Zb4nm, 4nn}

o
T T T T T
15.0 1.5 20.0 2.5 25.0 21.5 30.0
nin
<Peak Table>
PDA Chl_254nm
No. Ret. Time(min) [Height @AU) [ Height% | Area (mAUsmin) Area%h
1 21.543 38998 55. 168 1148087 50. 346
2 25.276 31691 44.832 1132326 49,654
Total 70689 100. 000 2280414 100. 000

<Chromatogram>
.
PDA Multi T Z54nm, dnn)
450
300
1504
o T T T — T
15.0 1.5 20.0 22.5 25.0 2.5 30.0
nin
<Peak Table>
DA Chl 25dnm
No. Ret. Time (nin) [Height mAU)| Height% | Area (mAUsnin) Areat
1 21.398 173275 98.055 4971292 97.638
2 25.402 3438 1.945 120262 2.362
Total 176713 100. 000 5091553 100. 000
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<Chromatogram>

v
0 POX WaTti T Z54nm, 4nn
40
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<Peak Table>
PDA Chl 25dnm
No. Ret. Tine(min) | Height | Height% Area Area%
1 17300 5799 49.688 137141 48.531
2 18124 5872 50.312 145446 51.469
Total 11671 100. 000 282587 100. 000

<Chromatogram>
nAU
300 POR Wulti T Z54nm, 4|
250
2004 z
150
100
50 =
o T T T — T
1 16 17 18 19 20
min
<Peak Table>
PDA Chl 254nm
No. Ret. Time (min) Height Height% Area Area%
1 17.194 157503 | 98.410 3644506 98.700
2 18.021 2545 1.590 47992 1.300
Total 160048 100. 000 3692497 100. 000
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<Peak Table> <Peak Table>
PDA Chl 254nm DA Chl 254nm
No. Ret. Time(min) | Height | Height% Area Areat Yo. Ret. Tine @im) | feight | Meights Area Areat
1 18.375 8009 50. 128 1914656 15.912 T 18,325 500 5652 12101 503
2 19. 016 7968 19.872 229011 54,058 2 19,080 349 91,318 226432 91,927
Total 15978 | 100.000 12369 100.000 Total 8819 100. 000 238532 100.000
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<Peak Table>
PDA Ch 254nm
No. Ret.Time (min) | Height | Heightt Area Arcat
1 30,081 1905 50.910 53031 19.006
2 30.961 1837 19.090 53182 50.991
Total 3742 100. 000 108213 100000
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<Peak Table>
DA Chl 2540
No. | Ret.Tine(min) | Height | Height% Area Areat
1 29.969 2698 1.531 12676 1.393
2 30.782 173485 | 98.469 5143797 98.607
Total 176183 100. 000 5216472 100. 000
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<Chromatogram>

<Chromatogram>
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<Peak Table> <Peak Table>
PDA Chl 254nm PDA Chi 254nm
No. Ret. Time (min) Height Height% Area Area% No. Ret. Time (min) Height Height% Area Area%
1 42.332 211742 50. 501 12057101 417.903 1 39. 562 180646 96. 658 9906101 96.193
2 44.413 207545 | 49.499 13112932 52.097 2 42.230 6246 3.342 392054 3.807
Total 419287 | 100000 25170032 100000 .| Total 186892 | 100.000 10298155 100.000
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<Peak Table> <Peak Table>
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<Peak Table> <Peak Table>
A Chl_254nm DA Chl 254nm
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<Chromatogram>

nAU
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nin
<Peak Table>
PDA Chl 254nm
No. Ret. Time(min) _[Height (mU) | Height% | Arca (mAUsmin) Areat
1 13.850 238069 51.379 5712891 49. 675
2 14.952 225290 48.621 5787549 50.325
Total 463359 100. 000 11500441 100. 000

<Chromatogram>

mAU

1350
1200
1050+
900+
750
600
450+
300
1504
0

13,826

14,983

PDA Multi T 254nm, 4nnl

10

11

<Peak Table>
'DA_Chl 254nm

1

&

16

No.

Ret. Time (min)

Hei ght (mAU)

Height®

Area (mAU*min)

Area’

13. 826

1027426

94.102

27669507

93.617

2

14.983

64395

5.898

1886476

6. 383

Total

1091821

100. 000

29555983

100. 000

17 18
min
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<Chromatogram>
AU
900 DA WuTti 1 254nm,4n]
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1 15 16 17 18 19 20 2 2 23
min
<Peak Table>
DA Chi 254nm
No. Ret.Time(min) |Height(mAU)| Height% | Area(mAUsmin) Areat
1 15.952 296471 51.809 8212182 49.204
2 17.595 215172 48.191 8477732 50.796
Total 572243 100.000 16689915 100.000

<Chromatogram>

mAU

900-

75!

60!

45

30

15(

PDA Multi 1 254nm,4nn|

14 15 16 17 18 19 20 21 2 23
min
<Peak Table>
Chl 254nm
No. Ret.Time(nin) [Height(nAU)| Heights | Area(mAUsmin) Areath
1 15.936 544740 95.903 14989832 95.381
2 17.705 23270 4.007 725041 4.619
Total 568010 100.000 15715773 100.000
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<Chromatogram>

<Chronatogran>
Ay Ay
oA WaTTT T 250 ] POA WuTti 1 210w 4nn]
150 1501
3 s ]
o of
200 25 20 75 300 200 25 2.0 275 30.0
min min
<Peak Table> <Peak Table>
DA Chl 25400 Chl 210m
No Ret.Time(nin) |Height(nAU)| Height | Area(mAUsmin) Areak No Ret Time(min) |Height(mAU)| Height% | Area(mAU+min) Areak
1 24.721 35073 53.698 1480088 46.815 1 24.448 599 7.605 198142 5.088
2 26.147 30242 | 46.302 1681459 53.185 2 25.712 72846 | 92.395 3695953 94.912
Total 65315 | 100.000 3161546 100.000 Total 78842 | 100.000 3894095 100.000
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<Chromatogram>

nAU

250-

2009

1504

1004

504

18,931

2,386

PDA Wulti 1 Z5nm, dnn]

15.0 1.5 20.0 2.5 25.0
min
<Peak Table>
PDA Ch1 2540
No. Ret. Tine(win) | Height [ Heights Area Areats
1 18.931 20745 52,288 580323 50.071
2 20.386 18930 41.712 578685 49.929
Total 39675 100. 000 1159008 100000

<Chromatogram>

nAU
250 PDA Wulti T 254nm, 4t
200
150 c
100-]
504 B
o T T
15.0 17.5 20.0 2.5 25.0
min
<Peak Table>
PDA Chl 254nm
No. Ret. Time (min) Height Height% Area Area%
1 18. 788 128112 98.396 3509084 97.817
2 20.321 2088 1.604 78317 2.183
Total 130201 100. 000 3587402 100.000 f:‘l'l
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mAU

500 PDA Wulti 1 254nm, dni]
1504 E
0
10,0 125 15.0 17.5 20.0 2.5 25.0
nin
<Peak Table>
PDA Chl 254nm
No. Ret. Tine (min) _[Height (mAU) [ Height% | Arca(m\Utmin) Areath
1 16.099 107736 | 53.245 2603342 49.904
2 18.152 94605 16.755 2613317 50.096
Total 202340 100.000 5216659 100. 000

nAU

1200-

PDA Wulti 1 254nm, 4

10.0 125 15.0 1.5 200 2.5
<Peak Table>
PDA Chl_254mm
No. Ret. Tine (min) [Height (mAU) [ Height¥ [ Area (mAUsmin) Areat
1 16.066 748785 | 971893 18441078 96.858
2 18.216 16119 2.107 595225 3142
Total 761904 100.000 19039303 100. 000

25.0
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nin
<§:ac'|le2ah‘le) <Peak Table>
o PDA Chl_254nm
No. | Ret.Time(in) |Height(nil)| Height% | Arca(miUenin) | Area¥ No. | Ret.Time(min) [Height(miU)[ Height | Arca(mUsmin) | Areat
1 20.276 105113 | 52.616 3831121 49.408 T 2617 ez | 9n.165 3868033 96.521
] f ] 22.219 9456 47.354 3922931 50.592 7 22670 3338 2,835 139310 3.476
ota
199659 100. 000 7754052 100. 000 Total 117760 100.000 4007343 100. 000





image49.emf
O

MeO

H

H

Me



image50.png
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nin nin
<Peak Table> <Peak Table>
DA_Chl 2540 PDA Chi 254nm
No. Ret. Tine (nin) _[Height (mAV) [ Height% | Arca(miUmin) | Areat No. Ret. Time (min) [Height (mAU) [ Height% | Area(miUsmin) Areat
1 31.378 135231 51.539 5031771 49.787 1 31.002 494586 98.756 18334519 98.593
2 33.453 127153 48. 461 5074910 50.213 2 33,144 6231 1.244 261665 1.407
Total 262384 | 100.000 10106680 100.000 Total 500817 | 100.000 18596181 100.000
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mAU
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nin 0 1 12 13 14 15
<Peak Table> m
PDA Chl 254nm <Peak Table>
No. Ret. Time (min) |Height (mAU) | Height% | Area(mAUtmin) Area% DA Chl 254nm
T R Toosor | o P 9% No. Ret. Tine (nin) [Height (mU)| Heighth | Area(mAUsmin) Area%
2 13.653 188493 48.568 3346785 50.675 L 12.703 162471 9.246 2092265 97.649
Total 388100 | 100.000 660415 100,000 2 13.664 3258 1.754 72036 2.351
Total 185729 | 100.000 3064301 100.000
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AU
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20.0 22.5 25.0 27.5 30.0 32.5 35.0 20.0 22.5 25.0 21.5 30.0 32.5 35.0
nin nin
<Peak Table> <Peak Table>
DA Chl_254nn PDA Chl 254nm
No. Ret. Time (min) _|Height (mAU) | Height% | Area(mAUtmin) Areat No. Ret. Time (min) |Height (mAU) | Height% | Area(mAUtmin) Area%
1 21.609 66972 62.488 2072610 sL17 1 27.860 1147 0.837 33433 0. 466
2 29.054 40204 31.512 1935019 48.283 2 29.153 135877 99. 163 7138056 99.534
Total 107176 | 100.000 A00r6z9 100000 Total 137023 | 100.000 7171489 100.000
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<Chromatogram>

AU
300

1504

12.219

14.209

PDA ulti 1 254nm.4nn)

o
10 11 12 13 ) 15
<Peak Table>
DA Chi 254nn
No. Ret.Time(min) |Height(mAU)| Height® | Area(mAUsmin) Areak
1 12.219 107989 | 53.397 3291813 50.891
2 14.209 172199 | 46.603 3176550 49.109
Total 370788 100.000 6468363 100.000

16 17
min

<Chromatogram>
AU
POA WuTti 1 254nm 4nn
8
10 Y 12 ) ) 15 7 17
min
<Peak Table>
Chi 2
No. | Ret.Time(nin) [Height(nAU)| Height% | Area(mAU-min) | Areak
1 12.372 490 2.945 8698 2.837
2 14.300 16135 97.055 207922 97.163
Total 16625 100.000 306620 100.000





