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1. Purity of synthetic compounds 

compounds retention time (min) purity (area %) 

rac-1 2.5 >95 

(R)-1 2.5 >95 

(S)-1 2.5 >95 

rac-2 2.7 >95 

(R)-2 2.6 >95 

(S)-2 2.6 >95 

rac-3 11.2 >95 

(R,S)-3 11.3 >95 

(S,S)-3 11.2 >95 

(R,R)-3 11.3 >95 

(S,R)-3 11.2 >95 

cis-9a 2.5 >95 

trans-9a 2.5 >95 

(3R,4R)-9a 2.5 >95 

(3S,4S)-9a 2.5 >95 

rac-10 4.1 >95 

(S)-10 4.1 >95 

(R)-10 4.1 >95 

 

HPLC conditions: 

System: Agilent 1290 infinity2 binary LC 

Detector: Agilent 1290 infinity2 UV detector, 256 nm 

Column: Peakman SP column C18, 5 µM 1.5 × 250 mm 

Sample diluent: 99.6% methanol 

Mobile phase: 60% MeCN/Water 

Mode: Isocratic system 

Flow rate: 0.2 mL/min 

Injection volume: 2 μL 
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2. 2D NOESY NMR spectroscopy of cis-9a and trans-9a 

 

Figure S1. 2D NOESY NMR spectroscopy of cis-9a  
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Figure S2. 2D NOESY NMR spectroscopy of trans-9a 

 
 

  

MeO

MeO

MeO

HO

O

OH

OMe

H
H

BL-8-60-2
(Trans)

H
H

4 3
9

(C4-H, C3-H)

(C4-H, C9a-H)
(C4-H, C9b-H)



S5 

 

3. Determination of absolute configuration of (R,R)-9a and (S,S)-9a using ECD 

spectra 

1) Geometry optimization and ECD calculation of (3R,4R)-9a 

The computational energy minimization of (3R,4R)-9a was performed using the DMol3 program in 

Material Studio 2016. In these calculations, we employed generalized gradient approximation (GGA) 

in the Perdew-Burke-Ernzerhof (PBE) form as well as a Doubl numerical plus d-functions (DND) 

basis set. The ECD calculations were performed with TD-DFT (time-dependent density functional 

theory) using the B3LYP functional and the 6-31+G(d) basis set via Gaussian 09. The number of 

excited states per molecule was 30. Solvent effects were taken into account by using the polarizable 

continuum model (PCM, MeOH). The ECD spectra were generated by the program SpecDis using a 

Gaussian band shape with 0.16 eV exponential half-width from dipole-length dipolar and rotational 

strengths. 

Table S1. Geometry optimization of (3R,4R)-9a 

 

Atom X Y Z Atom X Y Z 

C -3.44172 1.10762 0.084549 C -6.32321 -0.77938 1.331584 

C -4.22144 0.008976 0.53464 H -4.26552 -2.14247 0.854097 

C -3.68106 -1.27726 0.548315 H 0.542259 0.153029 -0.12795 

C -2.35528 -1.48841 0.142064 H 0.436402 -1.94366 0.976948 

C -1.52979 -0.41664 -0.22275 H -0.21959 3.541239 -0.02238 

C -2.1026 0.872533 -0.25323 H -0.22281 2.162725 1.127201 

O -1.28765 1.923135 -0.66665 H -1.68806 3.194886 0.959095 

O -5.50437 0.306866 0.898404 H -2.97984 3.351466 -1.44204 
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O -4.02223 2.357794 0.105718 H -4.59608 3.984417 -0.96623 

C -0.08376 -0.61961 -0.60712 H -4.46904 2.482479 -1.93717 

C 0.389304 -1.99585 -0.12451 H -0.84883 -3.02838 -1.57625 

O 0.106602 -0.55171 -2.03965 H -0.36719 -4.04411 -0.17876 

O -1.90934 -2.78541 0.203041 H 1.745374 -2.4515 -1.75058 

C -0.83466 2.751943 0.425268 H 2.031009 -3.38199 -0.27211 

C -4.00091 3.080115 -1.13949 H 2.844074 -1.94514 1.847392 

C -0.66463 -3.03362 -0.48796 H 4.574871 -0.32056 2.507365 

C 1.784104 -2.37761 -0.65494 H 3.138724 -0.60667 -2.2329 

C 2.870865 -1.40744 -0.24673 H 4.674953 1.010607 -2.6126 

C 3.28052 -1.29587 1.085933 H 5.39217 1.836698 2.774409 

C 4.268188 -0.37663 1.463728 H 6.993796 2.332958 2.136685 

C 4.863532 0.460081 0.516725 H 6.686172 0.611284 2.533656 

C 4.451456 0.360973 -0.83284 H -7.28948 -0.33508 1.59353 

C 3.467287 -0.55851 -1.19137 H -5.89659 -1.27604 2.217632 

Total energy = –1302.96222064 Ha (1 Ha = 627.509391 kcal/mol) 

 

2) Experimental and calculated ECD spectra of (3R,4R)-9a and (3S,4S)-9a 

To determine the absolute stereochemistry of (3R,4R)-9a, we compared the experimental ECD 

spectrum with the calculated ECD spectrum as shown in Figure 3. The calculated ECD spectrum of 

(3R,4R)-9a showed good agreement with the experimental spectrum of (3R,4R)-9a in methanol (1.0 

mg/mL). And the calculated ECD spectrum of (3S,4S)-9a matched with the experimental spectrum of 

(3S,4S)-9a too. 
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4. Matched/mismatched effects on homoisoflavanones ((R)-2 and (S)-2) in asymmetric 

transfer hydrogenation using catalysts (R,R)-4 and (S,S)-4 

To investigate the homoisoflavanone dynamic kinetic resolution (DKR) we prepared (S)-2 and (R)-2 

via HPLC (Chiralpak AD-3 column; inject: 0.3 μL; methanol : acetonitrile=50 : 50; flow rate: 1.0 

mL/min; 35℃). DBU/formic acid (3:1 (v/v)) were dissolved in acetonitrile. The solution was sparged 

with nitrogen for 15 min, then warmed to 40 ℃. Separately, (S)-2 or (R)-2 (10 mg, 0.027 mmol) and 

RuCl(p-cymene)[(R,R)-Ts-DPEN] or RuCl(p-cymene)[(S,S)-Ts-DPEN] (30 mol%) were dissolved in 

acetonitrile, then added to the DBU/formic acid mixture as shown in Figure 4 and Figures S3 and S4. 

The mixture was stirred at 50 ℃ (3 h, 6 h, 12 h, 24 h and 48 h). Match (the chiral centers of the 

compound and Ru catalyst are the same) and mismatch (the chiral center of the compound and Ru 

catalyst are not the same) mixtures were measured by chiral HPLC. 

Table S2. Time-course data for asymmetric transfer hydrogenation of (R)-2 and (S)-2. 

  

catalyst time(h) (R) (S) (R,R) (S,S) trans

%ee cis:trans

0 100 0 0 0 0

6 7 0.1 72 2 19 97.3 3.9:1

12 8 4 77 7 4 92 21:1

24 6 1 83 8 2 91.2 46:1

0 100 0 0 0 0

3 71 12 1 15 1 93.8 16:1

6 46 18 1 32 3 97 11:1

12 16 11 2 64.5 6.5 97 10:1

24 4 6 2 80 8 98 10:1

catalyst time(h) (R) (S) (R,R) (S,S) trans

%ee cis:trans

0 0 100 0 0 0

6 11 12 0.1 74 3 99.9 25:1

12 8 11 0.1 76 5 99.9 15:1

24 2 2 0.1 89 7 99.9 13:1

0 0 100 0 0 0

3 10 74 6 4 6 60 1.7:1

6 20 51 20 4 5 83 4.8:1

12 17 13 56 6 8 90 7.8:1

24 14 11 59 6 10 91 6.5:1

Ratio(%)

Ratio(%)

Ratio(%)

Ratio(%)
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Figure S3. Time-course data for asymmetric transfer hydrogenation of (R)-2 with (R,R)-4. 

0

10

20

30

40

50

60

70

80

90

100

0 6 12 18 24

yi
e
ld

 (
%

)

Time (h)

(3R,4R)-9a

(3S,4S)-9a

(R)-2

(S)-2

Starting material

Product

0

10

20

30

40

50

60

70

80

90

100

0 6 12 18 24

yi
e
ld

 (
%

)

Time (h)

(3R,4R)-9a

(3S,4S)-9a

(R)-2

(S)-2

 

Starting material 

Figure S4. Time-course data for asymmetric transfer hydrogenation of (S)-2 with (R,R)-4. 
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5. Effect of homoisoflavonoids on tubulin polymerization 

The trimethoxyphenyl group in our homoisoflavonoids bears some resemblance to the tubulin 

polymerization inhibitor combretastatin A4. To assess whether these compounds act by the same 

mechanism as combretastatin A4, we performed a tubulin polymerization assay.  

Compounds were tested for effect on tubulin polymerization using a commercially available 

fluorometric kit (BK011P, Cytoskeleton, Inc., Denver, CO). Compounds were diluted in DMSO and 

then water so that final DMSO concentration in the assay was 0.001%. A mix of GTP and tubulin was 

prepared in a glycerol containing buffer per kit protocol and added to the compounds to a final 

volume of 30 µL in a black 384-well plate. Tubulin polymerization was observed by reading 

fluorescence (ex. 360 nm, em. 420 nm) over 90 minutes in a Synergy H1 plate reader (Biotek, 

Winooski, VT). Combretastatin A4, a potent inhibitor of tubulin polymerization, was included in the 

assay as a positive control. For quantitative analysis, total tubulin polymerization was calculated by 

subtracting the fluorescence at t=60 min from t=0 and normalized to this value for the control assay 

(DMSO alone). GraphPad Prism software (v.7.0) was used for data analysis.  

None of our compounds had inhibition of tubulin polymerization comparable to combretastatin A4 

(Figures S5, S6). Only compound (S)-2 showed very modest (25%) inhibition at 1 µM, suggesting 

that tubulin polymerization inhibition is not the major mechanism of antiangiogenic action of these 

novel compounds. 
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Figure S5. Kinetic traces of tubulin polymerization assay. Assay fluorescence plotted as a function of 

time. Test compounds in black, DMSO vehicle control in green, known tubulin polymerization 

inhibitor combretastatin A4 (Comb. A4) in red. All compounds were tested at 1 µM. Mean of 

duplicate wells indicated. 

 

 

Figure S6. Summary of tubulin polymerization effects of tested compounds. Change in assay 

fluorescence at t=60 minutes plotted, normalized to vehicle control (green) and compared to known 

tubulin polymerization inhibitor combretastatin A4 (Comb. A4; red). All compounds were tested at 1 

µM. Mean of duplicate wells indicated.  
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6. Copies of 1H and 13C{1H} NMR spectra 

7-Hydroxy-3-(3-hydroxy-4-methoxybenzyl)-5,6-dimethoxychroman-4-one (6) 

1H NMR (600 MHz, CDCl3) 

 

13C{1H} NMR (150 MHz, CDCl3) 
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3-(3-(benzyloxy)-4-methoxybenzyl)-5,6,7-trimethoxychroman-4-one) (7) 

1H NMR (600 MHz, CDCl3)  

 

13C{1H} NMR (150 MHz, CDCl3) 
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(E)-3-(3-hydroxy-4-methoxybenzylidene)-5,6,7-trimethoxychroman-4-one 

1H NMR (600 MHz, CDCl3) 

 

13C{1H} NMR (150 MHz, CDCl3) 
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7-(Benzyloxy)-3-(3-(benzyloxy)-4-methoxybenzyl)-5,6-dimethoxychroman-4-one (8) 

1H NMR (600 MHz, CDCl3) 

 

13C{1H} NMR (150 MHz, CDCl3) 
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trans-3-(3-hydroxy-4-methoxybenzyl)-5,6,7-trimethoxychroman-4-ol (trans-9a) 

1H NMR (600 MHz, CDCl3)  

 

13C{1H} NMR (150 MHz, CD3OD) 
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(3R,4R)-3-(3-hydroxy-4-methoxybenzyl)-5,6,7-trimethoxychroman-4-ol ((3R,4R)-9a) 

1H NMR (600 MHz, CDCl3) 

 

13C{1H} NMR (150 MHz, CDCl3) 
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(3S,4S)-3-(3-hydroxy-4-methoxybenzyl)-5,6-dimethoxychromane-4,7-diol ((3S,4S)-9a) 

1H NMR (600 MHz, CDCl3) 

 

13C{1H} NMR (150 MHz, CDCl3) 
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(3R,4R)-3-(3-(benzyloxy)-4-methoxybenzyl)-5,6,7-trimethoxychroman-4-ol ((3R,4R)-9c) 

1H NMR (600 MHz, CDCl3) 

 
13C{1H} NMR (150 MHz, CDCl3) 
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(3S,4S)-3-(3-(benzyloxy)-4-methoxybenzyl)-5,6,7-trimethoxychroman-4-ol ((3S, 4S)-9c) 

1H NMR (600 MHz, CDCl3) 

 

13C{1H} NMR (150 MHz, CDCl3) 
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(3R,4R)-7-(benzyloxy)-3-(3-(benzyloxy)-4-methoxybenzyl)-5,6-dimethoxychroman-4-ol ((3R,4R)-

9d) 

1H NMR (600 MHz, CDCl3) 

 
13C{1H} NMR (150 MHz, CDCl3) 
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(3S,4S)-7-(benzyloxy)-3-(3-(benzyloxy)-4-methoxybenzyl)-5,6-dimethoxychroman-4-ol ((3S,4S)-

9d) 

1H NMR (600 MHz, CDCl3) 

 

13C{1H} NMR (150 MHz, CDCl3) 
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(R)-3-(3-(benzyloxy)-4-methoxybenzyl)-5,6,7-trimethoxychroman-4-one ((R)-7) 
1H NMR (600 MHz, CDCl3) 

 

13C{1H} NMR (150 MHz, CDCl3) 
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(R)-3-(3-hydroxy-4-methoxybenzyl)-5,6,7-trimethoxychroman-4-one ((R)-2) 

1H NMR (600 MHz, CDCl3) 

 

13C{1H} NMR (150 MHz, CDCl3) 
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(S)-3-(3-hydroxy-4-methoxybenzyl)-5,6,7-trimethoxychroman-4-one ((S)-2) 

1H NMR (600 MHz, CDCl3) 

 

13C{1H} NMR (150 MHz, CDCl3) 
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2-Methoxy-5-(((R)-5,6,7-trimethoxy-4-oxochroman-3-yl)methyl)phenyl(tert-butoxycarbonyl)-L-

phenylalaninate ((R,S)-3) 

1H NMR (600 MHz, CDCl3) 

 

13C{1H} NMR (150 MHz, CDCl3) 
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2-Methoxy-5-(((R)-5,6,7-trimethoxy-4-oxochroman-3-yl)methyl)phenyl(tert-butoxycarbonyl)-D-

phenylalaninate ((R,R)-3) 

1H NMR (600 MHz, CDCl3) 

 

13C{1H} NMR (150 MHz, CDCl3) 
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2-Methoxy-5-(((S)-5,6,7-trimethoxy-4-oxochroman-3-yl)methyl)phenyl(tert-butoxycarbonyl)-L-

phenylalaninate ((S,S)-3) 

1H NMR (600 MHz, CDCl3) 

 

13C{1H} NMR (150 MHz, CDCl3)  
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2-Methoxy-5-(((S)-5,6,7-trimethoxy-4-oxochroman-3-yl)methyl)phenyl(tert-butoxycarbonyl)-D-

phenylalaninate ((S,R)-3) 

1H NMR (600 MHz, CDCl3) 

 

13C{1H} NMR (150 MHz, CDCl3) 
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(S)-2-methoxy-5-((5,6,7-trimethoxychroman-3-yl)methyl)phenol ((S)-10) 

1H NMR (600 MHz, CDCl3) 

  

13C{1H} NMR (150 MHz, CDCl3) 
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(R)-2-methoxy-5-((5,6,7-trimethoxychroman-3-yl)methyl)phenol ((R)-10) 

1H NMR (600 MHz, CDCl3) 

 

13C{1H} NMR (150 MHz, CDCl3) 
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 (R)-7-(benzyloxy)-3-(3-(benzyloxy)-4-methoxybenzyl)-5,6-dimethoxychroman-4-one((R)-11) 

1H NMR (600 MHz, CDCl3) 

 

13C{1H} NMR (150 MHz, CDCl3) 
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(S)-7-(benzyloxy)-3-(3-(benzyloxy)-4-methoxybenzyl)-5,6-dimethoxychroman-4-one ((S)-11) 

1H NMR (600 MHz, CDCl3) 

 

13C{1H} NMR (150 MHz, CDCl3) 
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7-Hydroxy-3-(3-hydroxy-4-methoxybenzyl)-5,6-dimethoxychroman-4-one ((R)-6) 

1H NMR (600 MHz, CDCl3) 

 

13C{1H} NMR (150 MHz, CDCl3) 
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7-Hydroxy-3-(3-hydroxy-4-methoxybenzyl)-5,6-dimethoxychroman-4-one ((S)-6) 

1H NMR (600 MHz, CDCl3) 

 

13C{1H} NMR (150 MHz, CDCl3) 
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(R)-Cremastranone ((R)-1) 

1H NMR (600 MHz, CD3OD) 

 

13C{1H} NMR (150 MHz, CD3OD) 
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(S)-Cremastranone ((S)-1) 

1H NMR (600 MHz, CD3OD) 

 

13C{1H} NMR (150 MHz, CD3OD)  
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7.  Copies of chiral HPLC  

1) Racemic 9a 
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2) (3R,4R)-9a (Table 2, entry 7) 
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3) (3R,4R)-9a (Table 2, entry 8) 
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4) (3R,4R)-9a (Table 2, entry 9) 
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5) (3R,4R)-9a (Table 2, entry 10) 
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6) (3S,4S)-9a (Table 2, entry 11) 
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7) (3R,4R)-9c (Table 3, entry 3) 
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8) (3R,4R)-9c (Table 3, entry 4) 
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9) (3R,4R)-9c (Table 3, entry 6) 
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10) (3S,4S)-9c (Table 3, entry 7) 
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11) (3R,4R)-9d (Table 3, entry 8) 
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12) (3S,4S)-9d (Table 3, entry 9) 
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13) (rac)-7 obtained from 2 
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14) (R)-7 obtained from (3R,4R)-9c (Scheme 3) 
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15) (R)-2 obtained from (R)-7 (Scheme 3) 
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16) (S)-2 obtained from (S)-7 (Scheme 3) 
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17) 4 stereoisomers of 3 
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18) A mixture of (R,S)- and (S,S)-3  
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19) A mixture of (R,R)- and (S,R)-3 
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20) (R,S)-3 obtained from (R)-2 (Scheme 3) 
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21) (R,R)-3 obtained from (R)-2 (Scheme 3) 
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22) (S,S)-3 obtained from (S)-2 (Scheme 3) 
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23) (S,R)-3 obtained from (S)-2 (Scheme 3) 
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24) Racemic 10  
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25) (S)-10 obtained from (3R,4R)-9a (Scheme 3) 
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26) (R)-10 obtained from (3S,4S)-9a (Scheme 3) 

 



S63 

 

27) (R)-11 obtained from (3R,4R)-9d (Scheme 4) 
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28) (S)-11 obtained from (3S,4S)-9d (Scheme 4) 
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29) (R)-1 obtained from (R)-11 (Scheme 4) 
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30) (S)-1 obtained from (S)-11 (Scheme 4) 

 


