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1. Supplementary tables

Table S1. Primers used in this study.

target protein primer sequence (5'—3")

WP 014628006 CYP1-F  CGCGGCAGCCATATGATGAGCGACCCGACGACAGAC
(CYP1) CYP1-R  GTGGTGCTCGAGTCACTAGGTAAGAACCGGCAACGCCGC
WP 014143996 CYP2-F  CGCGGCAGCCATATGATGAGCAAGCAGGCGCCGTTG
(CYP2) CYP2-R  GTGGTGCTCGAGTCATCACGCCGCGGCCTCCCCGCT
WP _ 014144304 CYP3-F  CGCGGCAGCCATATGGTGTCCGTGACCCGACCCTCG
(CYP3) CYP3-R  GTGGTGCTCGAGTCATCAGTCCAGCAGCACCGGCAG
WP 014146459 CYP5-F  CGCGGCAGCCATATGATGACAAGTGCGAACAACGACGCC
(CYP4) CYP5-R  GTGGTGCTCGAGTCATCAGTCGCGAGGGCCGGGCCC

WP 014145731 158C1-F  CGCGGCAGCCATATGATGACCACCCGACCCCACGAG
(CYP158C1) 158C1-R  GTGGTGCTCGAGTCATCACCAGGTCACCGGGAGCGC

Table S2. Substrates and P450 inhibitors used in this study. *

compound trivial name CAS No. formula MW purity
4 daidzein 486-66-8 CisHi004 254.24 98%
6 genistein 446-72-0 CisH100s 270.24 98%
7 formononetin 485-72-3 Ci6H1204 268.26 98%
8 daidzin 552-66-9 C21H2009 416.40 95%
9 genistin 529-59-9 C21H20010 432.40 98%
10 apigenin 520-36-5 CisH100s 270.24 98%
11 luteolin 491-70-3 Ci5H1006 286.24 98%
12 kaempferol 520-18-3 Ci5H1006 286.24 98%
13 quercetin 117-39-5 CisH1007 302.23 97%
14 rutin 153-18-4 C27H30016 610.50 98%
15 taxifolin 480-18-2 CisHi207 304.25 98%
16 (+)-catechin 154-23-4 CisH1406 290.27 97%
17 (—)-epicatechin 490-46-0 Ci5H1406 290.27 97%
18 umbelliferone 93-35-6 CoHeO3 162.14 98%
19 emodin 518-82-1 CisHi00s 270.24 98%
20 aloe emodin 481-72-1 Ci5Hi00s 270.24 97%
21 cinnamic acid 621-82-9 CoHs02 148.16 99%
22 coumaric acid 501-98-4 CoHs03 164.16 98%
23 caffeic acid 331-39-5 CoHsO4 180.16 98%
24 ferulic acid 1135-24-6 Ci0H1004 194.18 98%
CTA clotrimazole 23593-75-1 Ca2Hi7CIN2 344.80 99%
FCA fluconazole 86386-73-4  CisH12F2N6O 306.27 98%
RVT resveratrol 501-36-0 CisH1203 228.24 99%

2All compounds were commercially available from Bide Pharmatech, Macklin Biochemical or Energy Chemical.
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Table S3. NMR signal assignment for 4 in MeOH-ds and DMSO-de.?

g
NoH

)
HO.7 2. ¢ O

daidzein (4) in MeOH-d4 daidzein (4) in DMSO-ds
No  du(Jin Hz) e Ou (J in Hz) dc
2 8.13 (s) 154.7 8.29 (s) 152.8
3 124.3 123.5
4 178.2 174.7
5 8.05 (d, 8.8) 128.5 7.97 (d, 8.8) 127.3
6 6.93(dd, 8.8,2.3) 116.5 6.94(dd, 8.8,2.3) 115.1
7 165.1 162.5
8 6.85(d, 2.3) 103.2 6.87(d, 2.3) 102.1
9 158.7 157.4
10 118.2 116.6
r 126.0 122.6
2’ 7.36 (d, 8.6) 131.4 7.39(d, 8.6) 130.1
3 6.84 (d, 8.6) 116.2 6.81(d, 8.6) 115.0
4 159.8 157.2
5’ 6.84 (d, 8.6) 116.2 6.81(d, 8.6) 115.0
6’ 7.36 (d, 8.6) 131.4 7.39(d, 8.6) 130.1
7-OH 10.78 (br s)
4’-OH 9.53 (brs)

"The 'H and '*C NMR spectra of daidzein (4) were acquired using commercially available standard (purity 98%)
[1,2].
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Table S4. NMR signal assignment for 1 in MeOH-d..

OH
= H-H COSY
4~ H-H NOESY
o4 = HMBC
cattleyaisoflavone A (1)

No 6u(Jin Hz) dc COSY HMBC

2 8.16 (s) 153.7, CH 3,4,9,1°

3 126.2, C

4 178.7, C

5 123.6, C

6 6.98 (s) 114.9, CH 5,7,8,10,8”
7 151.7, C

8 136.3, C

9 148.6, C

10 118.9,C

11 3.98(s) 57.2, CHs 7

I 124.3,C

2> 7.22(d, 8.6) 131.5,CH 3 3,6, 4

37 6.75(d, 8.6) 116.2, CH 2’ 1,5, 4

4 158.6, C

5 6.75(d, 8.6) 116.2, CH 6’ 1,3, 4

6’ 7.22(d, 8.6) 131.5,CH 5’ 3,2,4

27 1796, (s) 154.7, CH 37,4”,9”
3” 125.6, C

4” 178.8, C

57 8.06(d, 8.9) 126.5, CH 6” 4”,77,9”
67 7.03(d, 8.9 115.9, CH 57 8, 107

77 160.8, C

8 119.1,C

9” 157.3,C
107 118.3,C

1 124.5, C
2”7 7.34(d, 8.6) 131.5, CH 3 37,67,47
3 6.81(d, 8.6) 116.2, CH 2’7 1’”,57,4”
4 158.6, C

5 6.81(d, 8.6) 116.2, CH 6 1’”,37,4”
6’  7.34(d, 8.6) 131.5, CH 5 37,27, 4
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Table S5. NMR signal assignment for 2 in MeOH-d.

cattleyaisoflavone B (2)

No 6u(Jin Hz) dc? COSY HMBC

2 820(s) 154.9, CH 3,4,9, I
3 125.9,C

4 178.4,C

5 8.06 (d, 8.8) 128.7, CH 6 7,9

6 694(d,8.8,2.3) 116.6, CH 5 10

7 164.8, C

8 6.86(d,2.3) 103.4, CH

9 159.9, C

10 118.2,C

r 124.5,C

2’ 7.38(d,2.3) 134.3, CH 4,87

3’ 120.3, C

4 157.0, C

57 7.02(d,8.5) 116.9, CH 6’ 1,3

6’ 7.48(d,8.5,2.3) 131.8, CH 5 2,4

27 8.06(s) 155.0, CH 37,47,9”
3” 125.6,C

4” 178.8, C

57 8.11(d,8.9) 127.3, CH 6” 77,97
6> 7.08(d,8.9) 116.3, CH 57 8,107
7 161.9,C

8” 114.8, C

9” 157.7,C
10~ 118.5,C

r” 124.5,C
27 7.36(d, 8.6) 131.5, CH 3 37,477, 6”
3 6.83(d, 8.6) 116.3, CH 2 -, 5
4 158.8, C

5 6.83(d, 8.6) 116.3, CH 6’ 1,3
6  7.36(d, 8.6) 131.5,CH 5 37,277,677

20bserved by HSQC or HMBC.
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Table S6. NMR signal assignment for 3 in DMSO-d.
= H-H COSY

cattleyaisoflavone C (3)

No  ou(Jin Hz) Sct COSY HMBC
2 8.36 (s) 153.8 4,9, 1’

3 123.8

4 175.3

5 8.10 (d, 8.9) 127.8 6 7,9

6 7.09 (dd, 8.9,2.4)  115.2 5 8, 10

7 163.0

8 6.94 (d, 2.4) 103.6 6,7,9,10

9 157.2

10 118.8

I’ 124.1

2 745(d,2.1) 122.8 L6

3 140.9

4 149.4

5 7.09(d, 8.4) 117.0 6 1,3

6 741(dd, 84,2.1) 1277 5 3

7-OH  10.81 (brs)
#-0H 9.99 (brs) 3,4

27 842(s) 153.8 47,97 17
37 123.8

47 174.9

57 7.96(d, 8.8) 127.8 6” 47,77,9”
6”7  694(dd, 8.8,2.2) 115.7 57 87, 10”

77 163.5

8  6.87(d,2.2) 102.8 67,77,9”, 107
9” 157.8
10” 117.2

1" 123.0
2”740 (d, 8.6) 130.1 37 37,47, 67
3 6.81(d, 8.6) 115.3 2 1, 5
4 157.8
5" 6.81(d, 8.6) 115.3 6 1,3
6 7.40(d, 8.6) 130.1 5 37,27, 6™
4”-0OH 9.55(brs) 37, 47

20bserved by HSQC or HMBC.
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Table S7. Bacterial P450 enzymes involved in the biaryl coupling of dimeric NPs.

. substrate biosynthetic
enzyme organism type (exp.) source Reference
P450mel? S. griseus naphthalene type 111 PKS [3]
CYP158A1 S. coelicolor naphthoquinone type III PKS [4]
CYP158A2 S. coelicolor naphthoquinone type III PKS [5]
CYPI158A3 S. avermitilis naphthoquinone®* type 111 PKS (6]
Jull S. afghaniensis anthraquinone type II PKS [7]
Setl S. aurantiacus (seq.) [7]
Sptl S. spectabilis (seq.) [7]
HmtS S. himastatinicus cyclopeptides® NRPS [8,9]
CIpS S. sp. MK498-98 F14 cyclopeptides®* NRPS [9]
LtzS L. flaviverrucosa cyclopeptides NRPS [10]
Bmp7 P, luteoviolacea polybrominated NPs¢ others [11,12]
Pp_Bmp7 P. phenolica (seq.) [11]
Mm_Bmp7 M. mediterranea (seq.) [11]

aP450mel is also called CYP158B1 [13]. ®The function of this enzyme was not verified using native substrate. “These

enzymes can dimerize nonnative substrates as Figure S1 shows.
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2. Supplementary figures part I
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Figure S1. Summary of known bacterial P450 enzymes for biaryl coupling.
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(iv) The Bmp?7 clade
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Figure S1. Summary of known bacterial P450 enzymes for biaryl coupling (continued).
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Figure S2. Preparation and analysis of the isoflavone-contained fraction. (a) When separating the extract of S.
cattleya cultivated using MS agar plates, the yellow color band at the elution tail on Sephadex LH-20 column was
collected. The 3D UV spectra of (b) this fraction and (c) isolated compounds 1-3 were acquired following analytical
method B.
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Figure S3. HRMS spectra of purified compounds 1-3 (analytical method C).
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Figure S4. Spectra of chemical genetics experiments using three P450 inhibitors (analytical method B, 254 nm)
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Figure S5. The phylogenetic tree of 41 P450s in S. cattleya and 13 known bacterial P450s involved in biaryl coupling.
13 proteins in red: known bacterial P450s summarized in Table S7 and Figure S1. CYP158C1 together with 10 other
P450s that show close distance to known biaryl coupling P450s or from major clades were selected from this tree for

screening. As a result, 5 proteins in blue were successfully expressed and purified, including CYPI,
WP_014628006.1; CYP2, WP_014143996.1; CYP3, WP_014144304.1; CYP4, WP_014146459.1; and CYP158Cl1,
WP_014145731.1 (Figure S6). The green label indicates P450s which we were not able to obtain soluble proteins.
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Figure S6. SDS-PAGE analysis of P450 enzymes purified in this study. Hise-CYP1 (44.8 kD), Hiss-CYP2 (52.4 kD),
Hiss-CYP3 (47.1 kD), Hise-CYP158C1 (48.7 kD), and Hise-CYP4 (48.6 kD). M: marker.
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Figure S7. Biochemical assays in vitro using substrate 4. The reaction methods followed experimental part (analytical
method B, 254 nm).
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Figure S8. Comparison of dimers derived from 4 in vivo and in vitro by HRMS analysis. (a) The sample in vivo was
the isoflavone-contained fraction used in Figure S2. For the samples in vitro, different redox partners were tested
following the method described in Experimental part, including (b) Se/FdR0978/SelFdx1499 used in main text, (c)
spinach FdR/Fdx used in reference [3] and (d) fert-butyl hydroperoxide used in reference [6]. UHPLC—(+)HRMS—
ESI analysis followed the analytical method C. Asterisks (*) represent uncharacterized dimers. The spinach FdR and
Fdx were purchased from Sigma-Aldrich, and fert-butyl hydroperoxide was from Energy Chemical.
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Figure S9. The antioxidant activity of daidzein (4), genistein (6), and isoflavone dimers 1-3 (n = 3).
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3. Supplementary figures part II: MS—MS analyses for dimeric products

Figure S10. The MS—-MS analysis of daidzein (4) and genistein (6). UHPLC—(+)HRMS—-ESI analysis followed
analytical method C.
(a) CID = 15-40 eV

2: TOF MSMS 255.03ES+

100+ 255.0638 7.41e4
daidzein (4) fragment 19A* fragment *B*
"RDA not observed
HO. P pie) S
{ I 1 RDA T |
/\ + \.[l/ \/1
s
> NN
< “\/ “OH OH_
Exact Mass: 255.0652 Exact Mass: 137.0233 Exact Mass: 119.0491
1990784
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0 L “ L . L | Ll
L b bl M b S s L ) L L L U i L b L b L ) L g g L g
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\ L . RDA - j ) e
., N i)
o g
= OH OH oH OH Z0H
Exact Mass: 271.0601 Exact Mass: 153.0182 Exact Mass: 119.0491
130+
A 272.0636
153.0196 4
215.0691 243.0633 263.0459
0 _— miz
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Notes: The fragments 3 A™ and *B* yielded by retro-Diels—Alder (RDA) cleavage are key diagnostic ions of
isoflavones, which can be used for structural inference of the following unknown isoflavone dimers. The remained

ions are well explained in previous studies [14,15].
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Figure S11. The MS-MS analysis of cattleyaisoflavone A (1). (a) Proposed fragmental pathway of 1, and

corresponding MS-MS spectra derived from (b) 15-40 eV and (c) 30-50 eV of CID. UHPLC—(+)HRMS-ESI
analysis followed analytical method C.

Notes: The dimer 1 is linked by C—C bond between two A rings, and even high CID cannot destroy this stable
bond to release monomer fragments. The direct RDA fragments were not observed, while ion m/z 375 corresponds
with [4 + 13 A — COz]". Besides, some ions resulting from methyl or methoxy group cleavage were observed. Overall,
the fragments induced by 30—-50 eV CID were limited, indicating the solid skeleton of this dimer.
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Figure S12. The MS-MS analysis of cattleyaisoflavone B (2). (a) Proposed fragmental pathway of 2, and

corresponding MS-MS spectra derived from (b) 15-40 eV and (¢) 30-50 eV of CID. UHPLC—(+)HRMS—-ESI
analysis followed analytical method C.

Notes: The asymmetric dimer 2 was linked by C—C bond between ring A and ring B, allowing two different
RDA cleavages (b1 and b2) and resulting in corresponding diagnosticions ([4 + B]", [4 + 3A]", and [*A]"). Besides
the classical RDA pathway of isoflavone, dimer 2 also displayed atypical [4 + B]" fragment from ring B cleavage,

and [4 + 2°B]" fragment from cleavage ¢ (Figure S12a). These ions are helpful for structural determination of
unknown isoflavone dimers.
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Figure S13. The MS-MS analysis of cattleyaisoflavone C (3). (a) Proposed fragmental pathway of 3, and
corresponding MS-MS spectra derived from (b) 15—40 eV and (c) 30—50 eV of CID. UHPLC—(+)HRMS-ESI

analysis followed analytical method C.

Notes: The dimer 3 is linked by C-O bond of two daidzein (4) units, which is easy to cleave under CID 15-40
eV and form corresponding monomer ions. Because this C-O bond cleavage is more favorable than RDA cleavage,
trace fragments were detectable in m/z region 255 to 507, showing significant difference with C—C-linked dimers (1
and 2). When increasing CID to 30-50 eV, the monomer ions m/z 253 displayed further fragmental pathways similar
with 4.
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Figure S14. The MS—-MS analysis of 5. (a) Proposed fragmental pathway of 5, and corresponding MS—-MS spectra
derived from (b) 15-40 eV and (c) 30-50 eV of CID. UHPLC—(+)HRMS-ESI analysis followed analytical method
C.

The structural inference of 5: In contrast with 3, the abundant fragments in m/z region 255 to 507 indicated that
5 is a dimer linked by a C—C bond. Though low CID energy (15-40 eV) was used, the characteristic ions assigned
as [4 + 3B]", [4 + 2B, and [*A]" were observed in clear, which was different from dimer 2. The absence of any
[4 + 3A]" ions suggested that this C-C linkage should be located on two B rings. In consideration of the radical
mechanism, 5 was assigned as a 3°,3’-linked dimer. This symmetric skeleton also matched the high abundance of

RDA-derived ions under low CID energy.
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Figure S15. The MS—-MS analysis of dimers derived from genistein (6). (a) Four peaks for dimers d1-4 were
observed from bioassay sample using substrate 6 and CYP158C1 (analytical method D). (b—e) MS—-MS spectra of
d1-4 resulted in (f) proposed structures and (g—i) corresponding fragmental pathways.
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Notes: Four peaks were assigned to dimers d1-4 derived from 6 based on their MS—MS spectra. The dimer d4
was suggested to be a C—O-linked product by the comparison with 3, while the coupling sites were unknown. And
d2 was likely to be a 3°-3’-linked symmetric dimer, because of its preference for fragments [6 + 3B]", [6 + >°B]",
and ['*A]", which is similar with compound 5. The dimers d1 and d3 might be linked between rings A and B, due to
the observed [6 + B]" and [6 + *A]J" related ions.
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Figure S16. The MS—MS analysis of dimers derived from flavone 10. (a) Three peaks for dimers d5-7 were observed
from bioassay sample using substrate 9 and CYP158C1 (analytical method D). (b—d) MS—MS spectra of d5-7 resulted

in (e) proposed structures and (f~h) corresponding fragmental pathways.
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Figure S17. The MS—MS analysis of dimers derived from flavone 11. (a) Three peaks for dimers d8-10 were observed
from bioassay sample using substrate 11 and CYP158C1 (analytical method D). (b—d) MS-MS spectra of d8-10

resulted in (e) proposed structures and (f~h) corresponding fragmental pathways.

OH
=
(a) \
HO (0] s
‘ OH
CYP158C1 =z OH
OH O ‘
FdR-Fdx, NADPH HO (o] X oH
pH 7.4,37°C,1h \
1: TOF MS ES+
. 571.087 0.0100D
100+ Experimental OH O 2.0003
dimers d8-10 ElC =571.087
d8
o
] d9
d10
0 /\ . P PR, NP
- T T T T T T T T T T T T T T T T T T T T
0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 450 5.00
1: TOF MS ES+
100+ 571.087 0.0100Da
Control (no P450) 3.00e3
EIC = 571.087
%)
0 ﬁ\\.‘ i AW i e At " Time
T T T 7 T T 7 t F 7 T 7 ¥ ; ; ;i T ) { T ]
0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 450 5.00
(b) MS/MS of d8 (CID = 30-50 eV) 1: TOF MEME 571.06ES+
100+ 571.0891 2.19e4
Monmer+'4B*
Monmer+13B*
419.0724
1 137+ F2
% u_zB+153.0195 Monomer . 419.0457 :1 ."‘ 572,!]9!]9
137.0232 420.0829
267.0252 285.0388 393.0635 | | 7
239.0374.. M 335.0139 1 1 87.0700 5290774 73.0938
0 \ FARSARN Y N | Lokl bl L L L mf
- T T T T T T T T T T T T T T T T T T T T T z
100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500 525 550 575 GO0
= 13+ 1: TOF MSMS 571.06ES+
(c) MS/MS of d9 (CID = 30-50 eV) Mor:rlnsej]r];“ B Monmer+'B* 12001
100 445.0484
% Fa 445.0528
13p Monomeryyy o177 3730721 F3
153.0196 2550289 205.0388 - | a01.0563 447.0676 571.0891
' U A OUDUNNEDNSNIG WUUY NN RSSO e WU SRS SO (A
100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500 525 550 575 GO0
(d) MS/MS of d10 (CID = 30-50 eV) 1: TOF MSMS 571.06ES+
100 571.0891 8.78e3
Monmer+'4B*
Monmer+1°B* |
Monomer 419.0724
4 138+ 286.0494 /
% 153%195 Monomer+0Q / 572.0909
. 258.0495 |00 ncag /
E 420.0828
257.0406 ’ / 529.0774 73.0938
228.0470. \] l I,:ma.nn:i 377.0541.381.0841 | 487.0700 |
0 ’ ' . \ . ' [ T R | | . h 1 "

mjz
100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500 525 550 575  GOO

523



HO. o]

4
OH OH
Exact Mass: 153.0182
137+

Exact Mass: 419.0761
Monomer+'3B*

OH O OH OH"
Exact Mass: 445.0554 Exact Mass: 571.0871

Monomer+'4B* 48
c
L,
o=~ OH

Exact Mass: 137.0233

OH OH' o2
Exact Mass: 285.0394 Exact Mass: 435.0711 Exact Mass: 393.0605
Monomer* F1 F2

Exact Mass: 445.0554 Exact Mass: 419.0761 Exact Mass: 153.0182
do

Monomer+'4B* )7 ‘Hz)cy Monomer+'3B* 135+
OH oH OH

OH OH’
Exact Mass: 285.0394
Monomer*

Exact Mass: 373.0707
F4

Monomer+'4B*

OH O
Exact Mass: 286.0472 Exact Mass: 302.0421
Monomer* Monomer+0*

Monomer+'3B*
Exact Mass: 571.0871

1,35+
A d10

S24



Figure S18. The MS—MS analysis of dimer derived from flavonol 12. (a) One peak for dimer d11 was observed from
bioassay sample using substrate 12 and CYP158C1 (analytical method D). (b) MS—MS spectrum and (¢) proposed
MS—-MS pathway of one possible structure of d11.
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Figure S19. The MS-MS analysis of dimers derived from coumarin 18. (a) Two peaks for dimers d12-13 were
observed from bioassay sample using substrate 18 and CYP158C1 (analytical method D). (b and ¢) MS—-MS spectra
of d12-13 were used to identify their structures tentatively. (d) Proposed MS—-MS pathway of one possible structure

of d12-13.
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Figure S20. The MS-MS analysis of dimer derived from RVT. (a) One peak for dimer d14 was observed from
bioassay sample using substrate RVT and CYP158C1 (analytical method D). (b) MS—MS spectrum and (c) proposed
MS—-MS pathway of one possible structure of d14.
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NMR data of compounds 1-3

4. Supplementary figures part I11

DOmS_om.m
aoan om.m%

TOSHTE€
dosn Lee x

dosn Le'e

86'¢

OdH 98'v

v.'9

G.'9

G.9

9.9
9,91
6291
089 7
089 7
18797
28'9
86°9
207,
¥0'L
1272 ﬁ
L2 LA

zTLA\L
€T’L N\
€T°L
LeL

gL

ceL

€€L

mm&\
96°L
90’8

80'8
918

=20'€

10z
0'¢C
101
wroo.w
10T
/660
=0l

ook

T T T T T T 1\-5 1\-0 0\5 0\-0

1 (ppm)

Figure S21. 'H NMR spectrum (500 MHz, MeOH-d4) of 1.
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Figure S22. '*C NMR spectrum (125 MHz, MeOH-d4) of 1.
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Figure S24. 'H,'H-NOESY spectrum (500 MHz, MeOH-d4) of 1.
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Figure S25. HMBC spectrum (500 MHz, MeOH-ds) of 1.
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Figure S26. HSQC spectrum (500 MHz, MeOH-d4) of 1.
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Figure S29. (a) HMBC spectrum (500 MHz, MeOH-d4) of 2; (b) Amplificated region in blue box.

S32

T

" 67

f1 {(ppm)

f1 (ppm)



Qa0 O

T T T T T T T T T T T T T T T T T T T T T T T T T T T
84 82 80 7.8 7.6 7.4 7.2 7.0 6.8 6.6 6.4 6.2 6.0 58 56 54 52 50 4.8 46 4.4 4.2 40 3.8 3.6 3.4 3.2
2 (ppm)

Figure S30. HSQC spectrum (500 MHz, MeOH-ds) of 2.
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Figure S31. "H NMR spectrum (500 MHz, DMSO-ds) of 3.
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Determination of stereochemistry

Notes: Compound 1 was determined as a mixture of two atropisomers with a ratio of 3.3:1 by chiral separation
(Figure S36a). According to its experimental and calculated ECD spectra, the major isomer was assigned as (M)-
enantiomer (Figures S37 and S38). For compound 2, only one peak was detected on chiral column, and no significant
CD signal was observed. In consideration of the moiety similarity between 2 and an achiral biflavone amentoflavone

(Figure S36c¢), this compound was favored as an achiral dimer.
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Figure S35. UV and CD spectra of 1-3.
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Figure S36. The HPLC analyses of 1 (a) and 2 (b) using chiral column (analytical method E, 254 nm). The assignment
of each peak was confirmed by MSD detector. For example, the small peaks in (b) were excluded as isomers of
compound 2 because of the absence of the ion with m/z 507 (ESI+). (¢) The moiety comparison between 2 and an

achiral biflavone amentoflavone [16].
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Figure S37. B3LYP/6-31+G (d,p) optimized low-energy conformers of (M)-1a (left) and (M)-1b (right).
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Figure S38. Experimental and calculated ECD spectra of 1.
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