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Scheme S1.  Aldol condensation reaction of polyoxygenated arylidene chromanones 

 



S4 
 

Computational Study  

 

  

  

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S1. Substrates optimized structures in gas phase at the M062X/ZORA-def2-TZVP/D3zero 

level. All structures are of R configuration. Ax. and Eq. refers to the spatial orientation of the 

substituent at the saturated β-carbon of C-ring; and Hb1 and Hb2 refers to the type of 

intramolecular hydrogen bond. 

R-5a-(Ax.) R-5a-(Eq.) R-5b-(Ax.) 

R-5b-(Eq.) R-5c-(Ax.)-hb1 R-5c-(Eq.)-hb1 

R-5c-(Ax.)-hb2 R-5d-(Ax.) 
R-5d-(Eq.) 

R-5e-(Ax.) R-5e-(Eq.) R-5f-(Ax.)-hb1 

R-5f-(Eq.)-hb1 R-5f-(Ax.)-hb2 R-5g-(Ax.) 

R-5g-(Eq.) 
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Table S1. Table of descriptors of reactivity and relative energy between different conformations 

of the substrate including solvent effects (ε=24.70). E, ρN(r), E, ρN+1(r), and E, ρN-1(r) are the 

energies in Hartree units of the optimized structures at conditions charge/multiplicity: 0/1, -1/2, 

and +1/2, respectively; ΔE given in kcal/mol is the energy difference of the conformation’s 

relatives to axial conformations; HOMO/LUMO stands for highest occupied molecular orbitals 

and lowest unoccupied molecular orbital, respectively; IP, EA, μ, η, and ω given in electron volts 

(eV) are the descriptors of reactivity: ionization potential, electron affinity, chemical potential, 

hardness, and electrophilic index, respectively 

  

R/Ax. R/Eq. R/Ax. R/Eq. R/Ax. R/Eq. R/Ax. R/Eq.
E, ρN(r) -1113.09 -1113.09 -1227.72 -1227.72 -1113.09 -1113.09 -1113.09 -1113.09

E, ρN+1(r) -1113.16 -1113.16 -1227.79 -1227.78 -1113.15 -1113.15 -1113.15 -1113.15
E, ρN-1(r) -1112.85 -1112.85 -1227.48 -1227.48 -1112.85 -1112.84 -1112.85 -1112.85

ΔE 0.00 -3.22 0.00 0.06 0.00 0.48 0.00 0.59
HOMO -7.36 -7.44 -7.48 -7.48 -7.49 -7.48 -7.60 -7.59
LUMO -0.96 -0.67 -0.71 -0.62 -0.66 -0.64 -0.67 -0.62

LUMO - HOMO 6.39 6.77 6.77 6.85 6.83 6.85 6.93 6.97
IP 6.53 6.67 6.53 6.48 6.36 6.61 6.44 6.61
EA 1.91 1.76 1.78 1.70 1.73 1.71 1.73 1.70
μ -4.22 -4.22 -4.16 -4.09 -4.04 -4.16 -4.09 -4.15
η 4.62 4.92 4.75 4.78 4.63 4.90 4.71 4.91
ω 1.93 1.81 1.82 1.75 1.77 1.76 1.77 1.75

Methoxilated A ringReactivity 
Descriptors 5a 5b 5d 5g

R/Ax./Hb1 R/Ax./Hb2 R/Eq./Hb1 R/Ax. R/Eq. R/Ax./Hb1 R/Ax./Hb2 R/Eq./Hb1
E, ρN(r) -1188.40 -1188.41 -1188.41 -1073.79 -1073.79 -1073.78 -1073.78 -1073.78

E, ρN+1(r) -1188.48 -1188.47 -1188.48 -1073.86 -1073.86 -1073.85 -1073.84 -1073.85
E, ρN-1(r) -1188.17 -1188.16 -1188.17 -1073.55 -1073.55 -1073.54 -1073.54 -1073.55

ΔE 0.00 -1.35 -1.77 0.00 0.37 0.00 -0.92 -1.26
HOMO -7.54 -7.71 -7.54 -7.51 -7.50 -7.57 -7.70 -7.51
LUMO -0.89 -0.79 -0.89 -0.77 -0.76 -0.78 -0.62 -0.73

LUMO - HOMO 6.65 6.92 6.66 6.74 6.74 6.80 7.08 6.78
IP 6.41 6.66 6.37 6.61 6.59 6.41 6.54 6.34
EA 1.96 1.85 1.96 1.85 1.85 1.86 1.69 1.81
μ -4.18 -4.25 -4.16 -4.23 -4.22 -4.13 -4.12 -4.07
η 4.45 4.81 4.40 4.75 4.74 4.56 4.85 4.53
ω 1.97 1.88 1.97 1.88 1.88 1.87 1.75 1.83

Phenolic B ring
5c 5e 5f

Reactivity 
Descriptors
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Table S2. Table of descriptors of reactivity and relative energy between different conformations 

of the substrate computed at gas phase. E, ρN(r), E, ρN+1(r), and E, ρN-1(r) are the energies in 

Hartree units of the optimized structures at conditions charge/multiplicity: 0/1, -1/2, and +1/2, 

respectively; ΔE given in kcal/mol is the energy difference of the conformation’s relatives to axial 

conformations; HOMO/LUMO stands for highest occupied molecular orbitals and lowest 

unoccupied molecular orbital, respectively; IP, EA, μ, η, and ω given in electron volts (eV) are the 

descriptors of reactivity: ionization potential, electron affinity, chemical potential, hardness, and 

electrophilic index, respectively. 

 

 

 

R/Ax. R/Eq. R/Ax. R/Eq. R/Ax. R/Eq. R/Ax. R/Eq.
E, ρN(r) -1113.07 -1113.07 -1227.69 -1227.69 -1113.06 -1113.06 -1113.07 -1113.06

E, ρN+1(r) -1113.06 -1113.06 -1227.70 -1227.69 -1113.06 -1113.06 -1113.06 -1113.06
E, ρN-1(r) -1112.77 -1112.77 -1227.40 -1227.40 -1112.77 -1112.77 -1112.77 -1112.77

ΔE 0.00 -0.16 0.00 0.09 0.00 -0.01 0.00 0.08
HOMO -7.42 -7.41 -7.42 -7.45 -7.49 -7.50 -7.59 -7.53
LUMO -0.47 -0.48 -0.50 -0.43 -0.48 -0.46 -0.40 -0.38

LUMO - HOMO 6.94 6.93 6.92 7.02 7.01 7.04 7.18 7.14
IP 7.94 7.92 7.88 7.85 8.03 8.04 8.11 8.04
EA -0.06 -0.05 0.05 -0.04 -0.02 -0.03 -0.09 -0.11
μ -3.94 -3.93 -3.96 -3.91 -4.01 -4.01 -4.01 -3.96
η 8.01 7.97 7.83 7.89 8.05 8.07 8.20 8.15
ω 0.97 0.97 1.00 0.97 1.00 0.99 0.98 0.96

Reactivity 
Descriptors

Methoxilated A ring
5a 5b 5d 5g

R/Ax./Hb1 R/Ax./Hb2 R/Eq./Hb1 R/Ax. R/Eq. R/Ax./Hb1 R/Ax./Hb2 R/Eq./Hb1
E, ρN(r) -1188.38 -1188.38 -1188.38 -1073.77 -1073.76 -1073.75 -1073.75 -1073.75

E, ρN+1(r) -1188.39 -1188.39 -1188.40 -1073.77 -1073.77 -1073.76 -1073.75 -1073.76
E, ρN-1(r) -1188.08 -1188.08 -1188.09 -1073.47 -1073.47 -1073.46 -1073.45 -1073.47

ΔE 0.00 -1.72 -2.25 0.00 0.50 0.00 -0.35 -1.19
HOMO -7.33 -7.57 -7.20 -7.56 -7.56 -7.26 -7.52 -7.14
LUMO -0.91 -0.72 -0.99 -0.66 -0.65 -0.71 -0.51 -0.69

LUMO - HOMO 6.42 6.85 6.21 6.91 6.91 6.54 7.00 6.45
IP 7.92 8.20 7.84 8.09 8.09 7.88 8.14 7.77
EA 0.47 0.26 0.46 0.14 0.13 0.23 0.01 0.21
μ -4.19 -4.23 -4.15 -4.12 -4.11 -4.06 -4.08 -3.99
η 7.44 7.94 7.38 7.95 7.96 7.65 8.13 7.56
ω 1.18 1.13 1.17 1.07 1.06 1.07 1.02 1.05

Reactivity 
Descriptors

Phenolic B ring
5c 5e 5f
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Figure S2. Linear correlation between the experimental Product/Reactant ratios under reactions 

condition A and computed reactive index with solvent effects included: (a) electron affinity 

(R=0.690, and R2 = 0.477) and (b) electrophilic index (R=0.694, and R2 = 0.482).   

  

 

 

 

 

 

 

 

 

 

Figure S3. Si-face attack on R-5b-(Ax.).  (a) Reactant complex; (b) Transition State (TS); and (c) 

Intermediate 1 or final adduct (catalyst-(R,R)-6b complex).  

(a) (b) 

(a) (b) (c) 

Energy: -7631.402656 Eh. 
 

Energy: -7631.386036 Eh. 
 

Energy: -7631.396693 Eh. 
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(a) 
(b) (c) 

Energy: -7631.405882 Eh. 
 

Energy: -7631.381740 Eh. 
 

Energy: -7631.383822 Eh. 
 

 

 

 

 

 

 

 

 

 

Figure S4. Si-face attack on S-5b-(Eq.).  (a) Reactant complex; (b) Transition State (TS); and (c) 

Intermediate 1 or final adduct (catalyst-(R,S)-6b complex).  

 

 

 

 

 

 

 

 

 

 

Figure S5. Re-face attack on S-5b-(Eq.).  (a) Reactant complex; (b) Transition State (TS); and (c) 

Intermediate 1 or final adduct (catalyst-(S,S)-6b complex).  

 

 

 

 

(b) (c) (a) 

Energy: -7631.392425 Eh. 
 

Energy: -7631.368512 Eh. 
 

Energy: -7631.369089 Eh. 
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Figure S6. Si-face attack on R-5c-(Ax.).  (a) Reactant complex; (b) Transition State (TS); and (c) 

Intermediate 1 or final adduct (catalyst-(R,R)-6c complex).  

 

 

 

 

 

 

 

 

 

 

Figure S7. Si-face attack on S-5c-(Ax.).  (a) Reactant complex; (b) Transition State (TS); and (c) 

Intermediate 1 or final adduct (catalyst-(R,S)-6c complex).  

 

 

(a) (b) (c) 

Energy: -7592.088621 Eh. 
 

Energy: -7592.081715 Eh. 
 

Energy: -7592.086225 Eh. 
 

(c) (b) (a) 

Energy: -7592.092399 Eh. 
 

Energy: -7592.074238 Eh. 
 

Energy: -7592.074444 Eh. 
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Figure S8. Si-face attack on S-5c-(Eq.).  (a) Reactant complex; (b) Transition State (TS); and (c) 

Intermediate 1 or final adduct (catalyst-(S,S)-6c complex).  

 

 

 

 

 

 

 

 

 

 

 

Figure S9. Si-face attack on R-5b. (a) Axial conformation; and (b) Equatorial conformation.   

 

 

 

(a) (b) (c) 

Energy: -7592.089419 Eh. 
 

Energy: -7592.062000 Eh. 
 

Energy: -7592.063156 Eh. 
 

Energy: -7631.406134 Eh. 
 

Energy: -7631.412148 Eh. 
 

(a) (b) 
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NMR Spectra of the (E)-3-benzylidenechroman-4-ones (4a-h) 

1H NMR (400 MHz, CDCl3) spectrum of 4a 

 

13C NMR (101 MHz, CDCl3) of 4a 
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1H NMR (500 MHz, DMSO-d6) spectrum of 4b 

 

13C NMR (126 MHz, DMSO-d6) spectrum of 4b 
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1H NMR (500 MHz, CDCl3) spectrum of 4c 

 

13C NMR (126 MHz, Acetone-d6) spectrum of 4c 
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1H NMR (400 MHz, CDCl3) spectrum of 4d 

 

13C NMR (101 MHz, CDCl3) of 4d 
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1H NMR (500 MHz, CDCl3) spectrum of 4e 

 

13C NMR (126 MHz, CDCl3) spectrum of 4e 
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1H NMR (400 MHz, CDCl3) spectrum of 4f 

 

13C NMR (101 MHz, Acetone-d6) spectrum of 4f 
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1H NMR (500 MHz, CDCl3) spectrum of 4g 

 

13C NMR (126 MHz, CDCl3) spectrum of 4g 
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1H NMR (500 MHz, DMSO-d6) spectrum of 4h 

 

13C NMR (101 MHz, DMSO-d6) of 4h 
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NMR Spectra of the (3R,4R)-3-benzylchroman-4-ol (6a-g, 7c,f) 

1H NMR (500 MHz, CDCl3) spectrum of 6a 

 

13C NMR (126 MHz, CDCl3) spectrum of 6a 
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1H NMR (500 MHz, CDCl3) spectrum of 6b 

 

13C NMR (126 MHz, CDCl3) spectrum of 6b 
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1H NMR (500 MHz, CDCl3) spectrum of 6c 

 

13C NMR (126 MHz, CDCl3) spectrum of 6c 
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1H NMR (500 MHz, Acetone-d6) spectrum of 6d 

 

13C NMR (101 MHz, Acetone-d6) spectrum of 6d 
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1H NMR (500 MHz, CDCl3) spectrum of 6e 

 

13C NMR (126 MHz, CDCl3) spectrum of 6e 
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1H NMR (500 MHz, CDCl3) spectrum of 6f 

 

13C NMR (126 MHz, CDCl3) spectrum of 6f 
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1H NMR (500 MHz, CDCl3) spectrum of 6g 

 

13C NMR (101 MHz, Acetone-d6) spectrum of 6g 
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1H NMR (400 MHz, Acetone-d6) spectrum of 7c 

 

13C NMR (126 MHz, Acetone-d6) spectrum of 7c 



S27 
 

1H NMR (500 MHz, Acetone-d) spectrum of 7f 

 

13C NMR (126 MHz, Acetone-d) spectrum of 7f 
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NMR Spectra of the (R)-3-benzylchroman-4-one (1a-d, 8c,f) 

1H NMR (500 MHz, CDCl3) spectrum of 1a 

 

13C NMR (126 MHz, CDCl3) spectrum of 1a 
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1H NMR (400 MHz, CDCl3) spectrum of 1b 

 

13C NMR (126 MHz, acetone-d6) spectrum of 1b 
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1H NMR (500 MHz, Acetone-d6) spectrum of 1c 

 

13C NMR (126 MHz, Acetone-d6) spectrum of 1c 
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1H NMR (500 MHz, Acetone-d6) spectrum of 1d 

 

13C NMR (126 MHz, Acetone-d6) spectrum of 1d 
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1H NMR (500 MHz, CDCl3) spectrum of 8c 

 

13C NMR (126 MHz, CDCl3) spectrum of 8c 
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1H NMR (500 MHz, Acetone-d6) spectrum of 8f 

 

13C NMR (126 MHz, Acetone-d6) spectrum of 8f 
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NMR Spectra of the (6aR,11bR)-3,9,10-trimethoxy-brazilane (9a) 

1H NMR (500 MHz, CDCl3) spectrum of 9a 

 

13C NMR (126 MHz, CDCl3) spectrum of 9a 
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NMR Spectra of the (6aR,11bR)- brazilane (2) 

1H NMR (500 MHz, Acetone-d6) spectrum of 2 

 

13C NMR (126 MHz, Methanol-d4) spectrum of 2 
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HPLC Chromatograms of the 3-benzylchroman-4-ol (6a-g, 7c,f) 

HPLC Chromatogram of (rac)-6a  

 

HPLC Chromatogram of (3R,4R)-6a 

 

HPLC method: Chiralpack IA column, n-hexane/isopropyl alcohol 80:20, 1 mL/min, 28 ºC, tRmaj: 

13.3 min, tRmin: 25.6 min, 280 nm.
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HPLC Chromatogram of (3S,4S)-6a 

 

HPLC method: Chiralpack IA column, n-hexane/isopropyl alcohol 80:20, 1 mL/min, 28 ºC, tRmaj: 

24.0 min, tRmin: 13.0 min, 280 nm. 

HPLC Chromatogram of (rac)-6b 
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HPLC Chromatogram of (3R,4R)-6b 

 

HPLC method: Chiralpack Celulose column, n-hexane/isopropyl alcohol 85:15, 1 mL/min, 28 ºC, 

tRmaj: 19.6 min, tRmin: 12.4 min, 210 nm. 

HPLC Chromatogram of (3S,4S)-6b 

 

HPLC method: Chiralpack Celulose column, n-hexane/isopropyl alcohol 85:15, 1 mL/min, 28 ºC, 

tRmaj: 12.1 min, tRmin: 19.4 min, 210 nm. 
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HPLC Chromatogram of (rac)-6c 

 

HPLC Chromatogram of (3R,4R)-6c 

 

HPLC method: Chiralpack IA column, 0.1% DEA, n-hexane/EtOH 90:10, 1 mL/min, 28 °C, tRmaj = 

21.1 min, tRmin = 19.6 min, 203 nm 
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HPLC Chromatogram of (rac)-6d  

 

HPLC Chromatogram of (3R,4R)-6d 

 

HPLC method: Chiralpack IA column, n-hexane/isopropyl alcohol 85:15, 1 mL/min, 28 ºC, tRmaj: 

17.1 min, tRmin: 22.4 min, 210 nm.
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HPLC Chromatogram of (rac)-6e 

 

HPLC Chromatogram of (3R,4R)-6e 

 

HPLC method: Chiralpack Celulose column, n-hexane/isopropyl alcohol 85:15, 1 mL/min, 28 ºC, 

tRmaj: 16.0 min, tRmin: 23.2 min, 210 nm.
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HPLC Chromatogram of (rac)-6f 

 

HPLC Chromatogram of (3R,4R)-6f 

 

HPLC method: Chiralpack IA column, n-hexane/isopropyl alcohol 90:10, 1 mL/min, 28 ºC, tRmaj: 

24.0 min, tRmin: 32.1 min, 210 nm.
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HPLC Chromatogram of (rac)-6g 

 

HPLC Chromatogram of (3R,4R)-6g 

 

HPLC method: Chiralpack IA column, n-hexane/isopropyl alcohol 85:15, 1 mL/min, 28 ºC, tRmaj: 

18.2 min, tRmin: 20.6 min, 272 nm.
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HPLC Chromatogram of (rac)-7c 

 

HPLC Chromatogram of (3R,4R)-7c 

 

HPLC method: Chiralpack Celulose column, 0.1% DEA in n-hexane/ethanol 85:15, 1 mL/min, 28 

ºC, tRmaj: 18.7 min, tRmin: 15.8 min, 280 nm.
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HPLC Chromatogram of (rac)-7f 

 

HPLC Chromatogram of (3R,4R)-7f 

 

HPLC method: Chiralpack IA column, n-hexane/isopropyl alcohol 85:15, 1 mL/min, 28 ºC, tRmaj: 

22.4 min, tRmin: 24.8 min, 270 nm. 
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HPLC Chromatograms of the 3-benzylchroman-4-one (1a-d, 8c,f) 

HPLC Chromatogram of (rac)-1a 

 

HPLC Chromatogram of (3S)-1a 

 

HPLC method: Chiralpack IA column, n-hexane/isopropyl alcohol 85:15, 1 mL/min, 28 ºC, tRmaj: 

24.7 min, tRmin: 18.4 min, 274 nm.
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HPLC Chromatogram of (rac)-1b 

 

HPLC Chromatogram of (3R)-1b 

 

HPLC method: Chiralpack IA column, n-hexane/isopropyl alcohol 80:20, 1 mL/min, 28 ºC, tRmaj: 

27.2 min, tRmin: 18.8 min, 280 nm.
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HPLC Chromatogram of (rac)-1c 

 

HPLC Chromatogram of (3R)-1c 

 

HPLC method: Chiralpack IA column 0.1% DEA in n-hexane/ethanol 85:15, 1 mL/min, 

28 ºC, tRmaj: 14.1 min, tRmin: 15.5 min, 280 nm.  
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HPLC Chromatogram of (rac)-1d 

 

HPLC Chromatogram of (3R)-1d 

 

HPLC method: Chiralpack IA column 0.1% DEA in n-hexane/ethanol 80:20, 1 mL/min, 

28 ºC, tRmaj: 15.4 min, tRmin: 17.2 min, 280 nm 
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HPLC Chromatogram of (rac)-8c 

 

HPLC Chromatogram of (3R)-8c 

 

HPLC method: Chiralpack IA column 0.1% DEA in n-hexane/ethanol 90:10, 1 mL/min, 28 ºC, tRmaj: 

18.7 min, tRmin: 21.4 min, 280 nm. 
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HPLC Chromatogram of (rac)-8f 

 

HPLC Chromatogram of (3R)-8f 

 

HPLC method: Chiralpack IA column, n-hexane/isopropyl alcohol 85:15, 1 mL/min, 28 ºC, tRmaj: 

27.4 min, tRmin: 25.8 min, 203 nm.
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HPLC Chromatograms of (6aR,11bR)-3,9,10-trimethoxy-brazilane (9a) 

HPLC Chromatogram of (rac)-9a 

 

HPLC Chromatogram of (6aR,11bR)-9a 

 

HPLC method: Chiralpack IA column, n-hexane/isopropyl alcohol 85:15, 1 mL/min, 28 ºC, tRmaj: 

9.9 min, tRmin: 10.9 min, 280 nm.
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HPLC Chromatograms of (6aR,11bR)-brazilane (2) 

HPLC Chromatogram of (rac)-2 

 

HPLC Chromatogram of (6aR,11bR)-2 

 

HPLC method: Chiralpack Celulose column, 0.1% DEA in n-hexane/ethanol 90:10, 1 

mL/min, 28 °C, tRmaj = 34.4 min, tRmin = 38.0 min, 280 nm. 


