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Experimental 
All melting points were recorded on a Büchi melting point apparatus in open capillaries and are uncorrected. Commercially available reagents and dried solvents were used as received. Dry THF, MeOH and DCM were prepared following the standard procedures. All dry reactions were carried out under an argon atmosphere and flash chromatography was performed with CombiFlash Rf 200i with UV/VIS and ELSD, Isco Teledyne Inc., USA using RediSep® column (SiO2). 1H NMR spectra were recorded on Bruker 500 or 400 or 200 MHz spectrometers, and 13C NMR spectra were recorded at 125 or 100 or 50 MHz, respectively. Chemical shifts are reported as δ values (ppm) relative to internal standard tetramethylsilane in CDCl3. HRMS (ESI) were recorded on an Orbitrap (quadrupole plus ion trap) and TOF mass analyser. Optical rotations were recorded on a JASCO P-1020 polarimeter. HPLC was performed with Agilent HPLC system (UV detection at 200 nm, Column: Chiralpak-IA (0.46 mm X 250 mm), Mobile phase: acetonitrile-water (70:30), flow rate 1.0 mL/min.















[bookmark: _Hlk104999414]Synthesis of 3a,3'a-Dihydroxy-3,3a,3',3'a,4,5,7,7a,7',7'a-decahydro-[4,5'-bibenzo furan]-6,6'(2H,2'H)-dione (4): 
To a solution of (±)-rengyolone 3 (2.6 g, 1 equiv.) in THF (20 mL) at rt, TBAF in THF (1.0 M, 9.7 mL, 2 equiv.) was added and the resulting solution was stirred for 24 h. Then the solution was quenched with few drops of water and the solution was concentrated in vacuo. The residue was purified by flash chromatography (CombiFlash Rf 200i, Isco Teledyne) using Redisep™ (silica gel, 12 g) as gradient of 1-3% of MeOH-CH2Cl2 to give heterochiral dimerized compound (±)-4 (1.06 g, 41%). 
3a,3'a-Dihydroxy-3,3a,3',3'a,4,5,7,7a,7',7'a-decahydro-[4,5'-bibenzo furan]-6,6'(2H,2'H)-dione (4): Pale-yellow solid; m.p.: 120-123 °C; Rf 0.55 (1% MeOH-DCM);1H NMR (DMSO-d6, 400 MHz): δH 6.75 (s, 1H), 5.60 (s, 1H), 5.03 (s, 1H), 4.02 (t, J=4.9 Hz, 1H), 3.85-3.73 (m, 5H), 3.66-3.65 (m,1H), 2.79 (dd, J=4.3, 15.9 Hz, 1H), 2.66-2.58 (m, 3H), 2.15-2.11 (m, 2H), 1.86 (dd, J=3.7, 15.9 Hz 1H), 1.76-1.67(m, 3H); 13C NMR (DMSO-d6, 100 MHz): δC 209.4, 197.4, 148.5, 135.7, 83.4, 80.8, 77.9, 74.9, 66.0, 65.8, 42.8, 41.3, 40.6, 39.3, 37.8, 36.0; HRMS (ESI) m/z: calcd for C16H20O6Na [M+Na]+ 331.1152, found 331.1150.
Synthesis of (±)-Incarvilleatone (1): A stirred solution of heterochiral dihydroxy compound (±)-4 (653 mg, 2.1 equiv.) in THF (20 mL) was cooled to 0 °C, and a solution of KHMDS (399 mg, 2 equiv.) in THF was added dropwise at 0 °C slowly under argon atmosphere. The resulting reaction mixture was stirred at rt for 24 h. Then the solution was quenched with few drops of water. The resulting solution was concentrated under reduced pressure and purified by flash chromatography (CombiFlash Rf 200i, Isco Teledyne) using Redisep™ (silica gel, 12g) as the gradient of 1-2% of MeOH-CHCl3 to furnish (±)-incarvilleatone 1 (101 mg, 15%). as white solid. The product was identified as (±)-incarvilleatone 1 by comparison of its 1H NMR and 13C NMR spectra with the reported spectra of natural (±)-incarvilleatone 1.[1]
(±)-Incarvilleatone (1): White solid; Rf 0.28 (1% MeOH-CHCl3); 1H NMR (D2O containing 1% CD3OD, 400 MHz): δH 4.47 (d, J = 4.9 Hz, 1 H), 4.08-3.98 (m, 4H), 3.89-3.84 (m, 2 H), 2.91 (d, J = 4.3 Hz, 1H), 2.83-2.82 (m, 1H), 2.63 (dd, J = 3.1, 20.1 Hz, 1H), 2.56 (t, J = 4.3 Hz, 1H), 2.46-2.35 (m, 1H), 2.32-2.21 (m, 4H), 2.01 (ddd, J = 2.4, 7.3, 14.0 Hz, 1H), 1.83 (dd, J=9.8, 14.6 Hz, 1H); 13C NMR (D2O containing 1% CD3OD, 100 MHz): δC 214.0, 88.4, 83.3, 80.9, 80.1, 79.8, 72.6, 68.8, 65.8, 59.7, 46.3 44.4, 41.8, 36.3, 33.5, 32.5; HRMS (ESI): m/z calcd for C16H20O6Na [M+Na]+ 331.1152, found 331.1150.
(-)-Incarvilleatone (1): Rf 0.28 (1% MeOH- CHCl3); [α]D24  -15.0 (c 0.30, MeOH); 1H NMR (CD3OD, 500 MHz): δH 4.34 (d, J = 4.2 Hz, 1H), 4.01-3.97 (m, 2H), 3.95 (dd, J=8.8, 2.7 Hz 1H), 3.90 (dd, J=5.3, 9.1 Hz, 1H), 3.84-3.81 (m, 1H), 3.78 (dd, J=1.9, 5.0 Hz, 1H), 2.74 (d, J=5.0 Hz, 1H), 2.70 (dd, J=1.9, 3.8 Hz 1H), 2.53 (dd, J=3.1, 19.5 Hz, 1H), 2.45 (t, J=4.2 Hz, 1H), 2.34 - 2.30 (m, 1H), 2.29 (t, J=3.4 Hz 1H), 2.24 (d, J=3.4 Hz, 1 H), 2.22-2.19 (m, 2H), 2.17-2.15 (m, 1H), 1.97-1.91 (m, 1H), 1.81 (dd, J=9.3, 14.7 Hz, 1 H); 13C NMR (CD3OD, 125 MHz): δC 209.8, 88.8, 84.1, 81.8, 81.1, 79.9, 72.5, 68.6, 66.1, 60.4, 47.9, 45.7, 42.9, 37.4, 33.8, 33.6; HRMS (ESI): m/z calcd for C16H20O6Na [M+Na]+ 331.1152, found 331.1152.
(+)-Incarvilleatone (1): Rf 0.28 (1% MeOH-CHCl3); [α]D24  +18.0 (c 0.30, MeOH); 1H NMR (CD3OD, 500 MHz): δH 4.34 (d, J=4.2 Hz, 1H), 4.01-3.97 (m, 2H), 3.95 (dd, J=2.7, 8.8 Hz, 1H), 3.90 (dd, J = 5.5, 9.3 Hz, 1H), 3.84-3.80 (m, 1H), 3.78 (dd, J=1.5, 5.0 Hz, 1H), 2.74 (d, J=5.0 Hz, 1H), 2.70 (dd, J=1.9, 3.8 Hz, 1H), 2.54 (dd, J=3.1, 19.5 Hz, 1H), 2.45 (t, J=4.2 Hz, 1H), 2.33-2.30 (m, 1H), 2.29 (t, J=3.4, 1H), 2.24 (d, J=3.4 Hz, 1H), 2.22 - 2.15 (m, 3H), 1.95 (td, J=5.2, 13.2 Hz, 1H), 1.80 (dd, J = 9.3, 14.7 Hz, 1H); 13C NMR (CD3OD, 125 MHz): δC 209.8, 88.8, 84.1, 81.8, 81.1, 79.9, 72.5, 68.6, 66.1, 60.4, 47.9, 45.7, 42.9, 37.4, 33.8, 33.6; HRMS (ESI): m/z calcd for C16H20O6Na [M+Na]+ 331.1152, found 331.1150.
[bookmark: _Hlk106026039]Synthesis of (±)-incarviditone 2: A stirred solution of (±)-rengyolone 3 (400 mg, 2.6 mmol) in THF (15 mL) was cooled to 0 °C, and a solution of KHMDS (1.03 g, 2 equiv.) in THF (10 mL) was added dropwise at 0 °C slowly under argon atmosphere. The resulting reaction mixture was stirred at rt for 24 h. Then the solution was quenched with few drops of water. The resulting solution was concentrated under reduced pressure and purified by flash chromatography (CombiFlash Rf 200i, Isco Teledyne) using Redisep™ (silica gel, 12g) as the gradient of 0.5-1% of MeOH-CHCl3 to give (±)-incarviditone 2 (48 mg, 12%) as colorless liquid. The product was identified as (±)-incarviditone 2 by comparison of its 1H NMR and 13C NMR spectra with the reported spectra of natural (±)-incarviditone 2.[2]
(±)-incarviditone 2: Colorless liquid; Rf 0.48 (1% MeOH- CHCl3); 1H NMR (CD3OD, 400 MHz): δH 4.58 (d, J=7.3 Hz, 1H), 4.07 (t, J = 4.9 Hz 1H), 4.02-3.96 (m, 4H), 3.94-3.90 (m, 1H), 2.97-2.93 (m, 1H), 2.89 (t, J=7.9 Hz, 1H), 2.85-2.81 (m, 1H), 2.65 (dd, J=4.3, 17.8 Hz 1H), 2.59 (d, J=5.5 Hz, 1H), 2.54-2.49 (m, 2H), 2.42-2.37 (m, 1H), 2.33-2.27 (m, 2H), 1.98 (ddd, J = 5.5, 7.3, 12.8 Hz, 1H); 13C NMR (CD3OD, 100 MHz): δC 211.1, 209.3, 90.3, 83.2, 82.7, 81.9, 79.3, 67.6, 67.3, 55.7, 45.2, 43.8, 43.3, 40.4, 39.4, 37.9; HRMS (ESI): m/z calcd for C16H20O6Na [M+Na]+ 331.1152, found 331.1152.

References:
1. Gao, Y. P.; Shen, Y. H.; Zhang, S. D.; Tian, J. M.; Zeng, H. W.; Ye, J.; Li, H. L.; Shan, L.; Zhang, W. D. Org. Lett. 2012, 14, 1954-1957.
2. Chen, Y. Q.; Shen, Y. H.; Su, Y. Q.; Kong, L. Y.; Zhang, W. D. Chem. Biodiversity, 2009, 6, 779-783.




























Biological Protocols
Anticancer assay:

Cell Culture
Breast cancer MCF7 cells were grown in DMEM media (GIBCO). MCF7 cell line was a kind gift from Michael R. Green (UMass Medical School, USA). Cells were grown in media supplemented with 10% fetal bovine serum (Gibco) at 37°C in 5% CO2 under humidified conditions. 

Cell Survival Assays 
Cytotoxic effect of the compounds on MCF7 cells was determined after three independent experiments using standard 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assays as described previously.12 Five thousand cells were seeded in each well of a 96-welled plate. At 24 h of post seeding, cells were treated with different concentrations of the compounds (0–100 μM). Vehicle (DMSO) treated cells were used as control. After 48 h of treatment, cells were grown in the presence of 0.83 mg/mL MTT reagent for additional 4 h. The media containing the MTT reagent was then replaced with 100 L/well of MTT solvent (5 mM HCl and 0.1% Triton X-100 in isopropanol) and incubated at 25 C for 10 min with gentle shaking and subsequently absorbance was taken at 575 nm in Thermo Scientific Multiskan Go plate reader. The numbers of live cells after 48 h of treatment were calculated based on the readout of reduction of the MTT salt into its formazan derivative, which has absorbance at 575 nm. Growth of vehicle treated cells was taken as 100%. An average of three experiments was plotted as percentage of growth inhibition.









1H & 13C NMR and HRMS Spectra 



1H NMR (DMSO-d6, 400 MHz) of compound (±)-4




13C NMR (DMSO-d6, 100 MHz) of compound 4
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HRMS of compound 4




1H NMR (400 MHz, D2O containing 1%CD3OD) of compound 1





13C NMR (100 MHz, D2O containing 1%CD3OD) of compound 1
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HRMS of compound 1






1H NMR (500 MHz, CD3OD) of compound (-)-1




13C NMR (125 MHz, CD3OD) of compound (-)-1
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HRMS of compound (-)-1






                                                     1H NMR (500 MHz, CD3OD) of compound (+)-1




13C NMR (125 MHz, CD3OD) of compound (+)-1
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HRMS of compound (+)-1





1H NMR (400 MHz, CD3OD) of compound 2




13C NMR (100 MHz, CD3OD) of compound 2
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HRMS of compound 2




















 









Figure S1. D2O shake experiment: 1H NMR of the compound 4 with D2O (Red), 1H NMR of the compound without D2O (Blue).

[image: Description: CD-control plus analogues]
Figure S2. Circular Dichroism (CD) spectra of the (-)-incarvilleatone 1 and (+)-incarvilleatone 1.
HPLC Chromatograms
[image: KTK-IN-2 Racemic 001]

HPLC report of (±)-incarvilleatone 1
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HPLC report of (-)-1
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HPLC report of (+)-1
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D-7000 HPLC System Manager Report

Analyzed: 11/15/16 11:44 AM Reported: 11/15/16 12:03 PM
Processed: 11/15/16 12:03 PM

Data Path: CAWIN32APPAHSM\HPLC\DATA 15\

Processing Method: cal

System(acquisition): Sys 1 Series:9115

Application: HPLC Volume: 10.0 ul

Sample Name: KTK-IN-2

Injection from this vial: 1 of |

Sample Description: ACN :H20(70:30)

Chrom Type: PLC Channel ; 1

Intensity (wv)

Retention Time (min)

No. RT Area Cone |
1 3.2t 2947499 49.302
2 4.85 3030915 50.698
100.000

5978414

Peak rejection level: 0

Project Leader: Dr. A. K. Bhattacharya
Column : CHIRALPAK IA, (250 mmx4 . 6mm) , Sum
Mobile Ph : Acetonitrile tWATER (70:30)
Wavelength : 200nm

Flow : 1.0ml/min.

Inject vol: 15ul
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D-7000 HPLC System Manager Report

Analyzed: 11/24/16 04:49 PM Reported: 11/24/16 04:59 PM
Processed: 11/24/16 04:59 PM

Data Path: CAWIN32APPAHSM\HPLC\DATA\9145\

Processing Method: cal

System(acquisition): Sys 1 Series:9145

Application: HPLC Volume: 10.0 ul

Sample Name: KTK-IN-2 (1)

Injection from this vial: 1 of |

Sample Description: ACN:H20(70:30)

Chrom Type: HPLC Channel : 1

g
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3 4 B s 7
Retention Time (win)
No. RT Area Conc 1
1 3.23 371858 100.000
100.000

371858

Peak rejection level: 0

Project Leader: Dr.A. K. BHATTACHARYA

Column : CHIRALPAK IA, {250 mmx4.6mm), Sum
Mobile Ph : ACN:H20(70:30)

Wavelength : 200nm

Flow : 1.0ml/min.

Inject vol: 20ul
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1>-7000 I1PLC System Manager Report

Analyzed: 11/24/16 04:56 PM Reported: 11/24/16 05:06 PM
Processed: 11/24/16 05:06 PM

Data Path: CAWIN32APPAHSMUIPLC\DATA9 146\

Processing Method: cal

Syslem(acquisition): Sys 1 Series:9146

Application: HPLC Volume: 10.0 ul

Sample Name: KTK-IN-2 (2)

Injection from this vial: 1 of 1

Sample Description: ACN:H20(70:30)

Chrom Type: HPLC Channel : |
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° 1 2 Y s B 6 7
Retention Time (min)
No. RT Area Cone 1 BC
1 4.58 252124 100.000 BB
252124 100.000

Peak rejection level: 0

Project Leader: Dr.A. K. BHATTACHARYA

Column : CHIRALPAK IA, (250 mmx4.6émm),Sum
Mobile Ph  : ACN:H20(70:30)

Wavelength : 200mm

Flow : 1.0ml/min.

Inject vol: 20ul
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