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Figure S1. TLC of lumnitzeralactone (1) after the Borntréger reaction;
stationary phase: RP18, solvent system: H O:MeOH, 3:2 v/v.
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Scheme S1. Putative mechanism of the Borntrager reaction for lumnitzeralactone (1)



Lumnitzeralactone (1)
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Figure S2-1. 'H NMR spectrum of compound 1 in MeOH-d4, 600 MHz
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Figure S2-2. COSY spectrum of compound 1 in MeOH-d4, 500 MHz
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Figure S2-3. TOCSY spectrum of compound 1 in MeOH-d4, 500 MHz
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Figure S2-4. >C-NMR spectrum of compound 1 in MeOH-d4, 150 MHz
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Figure S2-5. HSQC spectrum of compound 1 in MeOH-d4, 600/150 MHz
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Figure S2-6. HMBC spectrum of compound 1 in MeOH-d4, 600/150 MHz
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Figure S2-7. 'H NMR spectrum of compound 1 in DMSO-d6, 400 MHz
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Figure S2-8. '°C NMR spectrum of compound 1 in DMSO-d6, 100 MHz
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Figure S2-9. HMBC spectrum of compound 1 in DMSO-d6, 600/150 MHz

I W

100
105
L110
k115
F120
F125
130
135
I 140
F145

@ 150

155
g 160

r165

T T T T T T
11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5

f2 (ppm)

Figure S2-10. HMBC spectrum of compound 1 in DMSO-d6, 900/226 MHz
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Figure S2-11. 1,n-ADEQUATE spectrum of compound 1 in DMSO-d6, 800/200 MHz
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Figure S2-12. 1,1-ADEQUATE spectrum of compound 1 in DMSO-d6, 900/226 MHz
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Figure S2-13. HMBC spectrum of compound 1 in MeOH-d3, 700/176 MHz, 253 K
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Table S1-1. 'H NMR data of compound 1 acquired in different solvents and under varying field

strengths

No. type &y° du du On On on ou® o’
MeOH-d4 MeOH-d4  DMSO-d6 DMSO-d6 DMSO-d6 DMSO-d6 MeOH-d3  MeOH-d3
600 MHz 400 MHz 400 MHz 800 MHz* 900 MHz* 600 MHz* 800 MHz 700 MHz*

4 CH 759 s 7.69, s 7.49, s 745, s 745, s 752, s 7.70, s 7.70, s

CH 687,d(9.0) 688d(9.0) 6.954d(90) 692brd(68) 692brd(78) 699, brd(83) 6.89 d(9.0) 6.88 d(9.0)

10 CH  846,d(9.0) 845d(9.0) 833d(9.0) 828d(68) 828 d(7.8) 8.35,d(8.3)  848,d(9.0) 8.48,d(9.0)

7  COH 9.56, s 9.52, s 953, s 9.60, s 9.74, s 9.90, s

8  COH 10.62, s 10.60, s 10.65, s 10.70, s 10.30, s 10.46, s

2 compound obtained under non-acidic conditions
blow temperature

Table S1-2. *C NMR data of compound 1 acquired in different solvents and under varying

field strengths
No. type dc? dc dc dc dc dc dcP
MeOH-d4  MeOH-d4  DMSO-d6 DMSO-d6 DMSO-d6 DMSO-d6  MeOH-d3
151MHz 126 MHz 101 MHz 201 MHz* 151 MHz* 226 MHz* 176 MHz
c=0 160.3 159.7 158.2 158.7 158.7 158.7 158.5
C 154.4¢ 147.4 145.8 146.9 146.9 1479 144.7
CH 105.3 108.9 107.3 107.4 107.4 107.4 107.17
4a c 128.1 1265 125.1 1256 1256 1257 1252
5 C=0 160.8 159.9 158.3 158.7 158.7 158.7 158.6
6a c 1438 144.3 142.8 1431 143.0 143.1 1426
C 133.7 133.9 132.7 133.1 133.1 133.0 132.6
C 1513 152.2 150.8 151.2 151.1 151.1 150.8
CH 1138 114.1 1132 1136 1136 1136 1126
10 CH 1195 120.0 117.9 1182 1183 1182 1184
10a C 110.0 109.7 108.1 108.5 108.5 108.5 108.3
10b c 127.4 129.9 127.9 128.0 128.1 128.1 1282
11 c=0 165.6° 161.8 160.0 160.7 160.5 160.6 161.8

& compound obtained under non-acidic conditions
bJow temperature
¢derived from HMBC

Table S1-3. HMBC data of compound 1 acquired in different solvents and under varying field

strengths
No.  CD;OD-d#" DMSO-d6 CD;0D-d4* DMSO-d6 CD;0H-d3" CD;0H-d3" DMSO-d6
(600, 151MHz) (600,151 MHz) (500, 126MHz) (600,151 MHz) (701,176 MHz) ~ (800,201 MHz) (900,226 MHz)
4 3,5,10a,10b, 11 3,4a,5,10a,10b, 3,5, 10b, 11 3,5,10b, 11 3,5, 10b, 11 5,10b, 11 3,5,10b, 11
11

9 6a,7,8, 10a 6a,7,8, 10a - 6a,7,8, 10a 6a,7,8,10,10a, 7, 10a
10b

10 4a,6a,7,8,9,10b  6a,7,8, 10b 6a, 7,8, 10b 6a, 7,8, 10b I,4a,6a,7,8,9, 6a,7,8,10b
10b

7-OH -

8-OH 7,8,9

blue = weak signal
@ compound obtained under non-acidic conditions
®low temperature
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7,8-Dihydroxy-1,5-dioxo-1,5-dihydropyrano[4,3-c]chromene-3,10-dicarboxylic acid (5)
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Figure S3-1. 'H spectrum of compound 5 in THF-d8, 400 MHz
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Figure S3-2. 1*C spectrum of compound 5 in THF-d§8, 100 MHz
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Figure S3-3. HSQC spectrum of compound 5 in THF-d§, 400/100 MHz
90
100
- @ ® @
110
- @ =4
120
j ® k130
— =
r140
— (=]
J— L 150
= (=]
1 ® 160
— @
170

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 T T T T T T T
9.9 9.8 9.7 9.6 9.5 9.4 9.3 9.2 9.1 9.0 8.9 8.8 8.7 8.6 8.5 8.4 8.3 8.2 8180797877 76757473727.1706.9 6.8 6.7 6.6
f2 (ppm)

Figure S3-4. HMBC spectrum of compound 5 in THF-d§, 400/100 MHz
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Figure S4-1. 'H spectrum of compound 1b in DMSO-d6, 400MHz
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Figure S4-2. COSY spectrum of compound 1b in DMSO-d6, 400MHz
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Figure S4-3. 1°C spectrum of compound 1b in DMSO-d6, 100MHz
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Figure S4-4. HSQC spectrum of compound 1b in DMSO-d6, 400/100MHz
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Figure S4-5. HMBC spectrum of compound 1b in DMSO-d6, 400/100MHz
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Figure S5-1. High resolution mass spectra (HRMS) acquired with quadrupole-time-of-flight-
tandem instrument (QqTOF-MS) of compound 1.
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Figure S5-2. MS? of compound 1 acquired with quadrupole-time-of-flight-tandem instrument

(QqTOF-MS/MS).
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Figure S6-1. High resolution mass spectra (HRMS) acquired with quadrupole-time-of-flight-
tandem instrument (QqTOF-MS) of synthetic compound 1b
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Figure S7-1. High resolution mass spectra (HRMS) acquired with quadrupole-time-of-flight-
tandem instrument (QqTOF-MS) of synthetic compound 5
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Table S2-1. DFT calculations: comparison between experimental and calculated chemical

1 *
shifts
Molecular structure and calculated J- 8(*H), ppm 3(°C), ppm
coupling
9 170
e R? = 0,9986 € R? =0,9921
& 160 <
5 ’ 5 150 ré
8° g 8 -
E E E 140 B
] (5] .
T £ 130 o
7 =
5 | 120 .
E E
g TI10
< b3
w i}
6 100
6 7 8 9 10 100 120 140 160 180
Calculated "H chemical shifts, ppm Calculated '3C chemical shifts, ppm
e ® R =0,6991 € 170 R? = 0,4357
g =160 .
u . %]
£ . £ .
@ @ 150 .
g° .
E . E 140
5 5] .
T © 130 .
T b .
27 . E 120
[= -
£ £ .
g Z 110 .
) g ’
6 100
6 7 8 9 10 100 120 140 160 180
Calculated 'H chemical shifts, ppm Calculated '*C chemical shifts, ppm
o R=0,0772 e R?=0,3926
g 2160 e
o . ]
= £ .
£ & 150
w8 w .
i} g .
E . E 140
5 5 .
T ©130 e
= - .
g7 . z 120
T | b
£ £ .
g 2 110 . .
x b3
w i
6 100
6 7 8 9 10 100 120 140 160 180
Calculated 'H chemical shifts, ppm Calculated '*C chemical shifts, ppm
e R = 0,0422 e R?=0,0377
& 8150 s *
a * £
£ 5 U
5, z 150 .
8 . T .
E e . E Mo
] I G e .
T ©130 - .
= 2 .
g7 . E 120
@ =4 .
E £ .
g :éa_no ..
w w
6 100
6 7 8 9 10 100 120 140 160 180
Calculated 'H chemical shifts, ppm Calculated '3C chemical shifts, ppm
€ 9 R?=0,2404 c 170 R*=0,2391
g 3150 ae *
a . &
£ 5 150 2
- B o .
I g .
E . E 140
5 5 .
T ©130 .
pall - .
=7 ]
g . €120 .
£ E .
E’ §110 . .
w w
6 100
Isomer (V),?’JHH =74Hz 8 7 8 9 10 100 120 140 160 180

Calculated "H chemical shifts, ppm

Calculated '3C chemical shifts, ppm

* Geometry optimization: # opt b3lyp/6-31+g(d,p) geom=connectivity;

NMR: # nmr=(giao,spinspin) mpw1pw91/6-311+g(2d,p) scrf=(iefpcm,solvent=methanol) geom=connectivity
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Table S2-2. Cartesian coordinates of structures A-E used in DFT calculations

Structure

Cartesian Coordinates

Lumnitzeralactone (1)

Isomer (I1)

Element

ITITIITOOOO0OOO0OO0OOO0OO0OOOOOOOOO

Element

TITITOOOO0OO0OO0OOO0OOOOOOOOOO0O

X

-1.94132100
-3.33084100
-3.98314000
-3.22924500
-1.84330900
-1.15460200
0.27884300
0.81984100
-0.04131300
-1.40116600
1.21064600
2.56367800
3.05078900
2.23161200
-5.33558800
-4.10945400
0.34751100
0.90621200
4.53371200
5.10957000
5.15801700
-3.75590200
-1.27151300
2.64049200
-5.69923700
-3.54784100
6.11372000

X

-1.86489300
-3.26876200
-3.86340200
-3.05494400
-1.66225800
-1.03947400
0.39892900
0.88959500
1.36759100
2.72307600
3.14446900
2.28020800
-5.21409500
-4.11371000
1.12821500
4.62198300
5.13414900
5.30901100
-3.53482400
-1.05658700
2.63989800

Y

0.54152900
0.50949900
-0.72941700
-1.91141900
-1.86882800
-0.63107300
-0.44001400
0.83835500
2.03720300
1.80630300
-1.59411500
-1.29172600
-0.02352500
1.05309500
-0.79300300
1.63388700
3.18120500
-2.76447900
0.09503900
1.16480800
-1.09716300
-2.85933000
-2.78523200
2.05464800
0.10672600
2.42413900
-0.91758000

Y

0.51052000
0.39705300
-0.87719600
-2.01153900
-1.91267800
-0.65605600
-0.43641100
0.85337000
-1.53803600
-1.17418000
0.10719700
1.15064100
-1.00004200
1.45165500
-2.72306400
0.30780700
1.40930600
-0.84686500
-2.98491000
-2.80735700
2.17086300

z

0.00026300
-0.00030500
-0.00082200
-0.00050000

0.00018300

0.00053400

0.00075300
0.00065600

0.00080200

0.00049700

0.00133900
-0.00003900
-0.00016200
0.00033500
-0.00152400
-0.00089900
0.00127700

0.00248000
-0.00100800
-0.00101700
-0.00189500
-0.00075300

0.00050300
0.00035300
-0.00152600

0.00043200
-0.00246000

z

0.00016300
0.00012100
0.00002900
0.00006300
0.00003800
0.00007800
-0.00002300
-0.00016900
-0.00014000
-0.00017500
-0.00033200
-0.00032400
-0.00000600
0.00001300
-0.00013900
-0.00048900
0.00015100
0.00063400
0.00004000
0.00002700
-0.00043100
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Isomer (I11)

Isomer (1V)

ooOITITIT

Element

TIITTOOIIOOOOOOOO0OOO0OOOOOOOOOO0O

m
@D
3
@D
>
~+

O0O00O0OOOOOOO0OO0

-5.60848500
-3.56998600
6.25435500
-1.29358800
-1.92801500
0.07923300

X

1.93955700
3.28940800
4.22531900
3.79249200
2.41870100
1.42850800
-0.03188100
-0.82525800
-0.23734700
1.11508300
-0.76220400
-2.12483300
-2.85915100
-2.25005900
-0.88686300
-0.28038000
-4.33477200
-5.10840300
-4.70488900
-2.82670100
-5.67722000
4.70775400
2.20852500
1.23416700
4.22387600
5.29013900
3.58791300

X

-2.10813900
-3.48682900
-4.30032400
-3.75196900
-2.36106200
-1.51677100
-0.08668000
0.68010100
0.03830200
-1.34589100
2.72158200
2.09082600
0.61538800
4.21304300

-0.11287900
2.27649100
-0.61850900
1.84276300
2.89048300
1.94916900

Y

1.36213900
1.66851600
0.63676100
-0.68168300
-1.00490500
0.02759200
-0.09655300
1.04795600
2.40570800
2.46861100
-1.38448200
-1.35064800
-0.20687200
0.99768700
3.42825400
-2.51085200
-0.38833000
0.54663200
-1.68159700
1.91308400
-1.70203700
-1.68750200
-2.33576600
-2.55134400
-2.53015100
0.84222400
2.70995900

Y

1.32765400
1.48435800
0.34949400
-0.93391800
-1.09914700
0.03884800
0.00095600
1.15115000
2.46991500
2.46896700
-0.19851800
1.02296700
3.53112100
-0.19512300

-0.00022200
-0.00042200
0.00122200
0.00026200
0.00010400
-0.00006600

z

0.01368000
0.01450300
0.00148800
-0.01446000
-0.01467300
0.00363000
0.00694600
-0.00096100
0.00213600
0.02124600
0.03411400
0.01567500
-0.00420700
-0.00911900
-0.00531600
0.07763400
-0.01670000
-0.03395200
-0.00695800
-0.02024400
-0.01635600
-0.03206100
-0.04319900
0.00735000
-0.03832600
0.00131000
0.02346300

z

-0.00003200
-0.00042300
-0.00054600
-0.00016000
0.00002100
0.00009000
0.00016600
0.00057400
0.00062800
0.00042000
0.00037400
0.00034200
-0.00070200
-0.00034000
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Isomer (V)

OOOIIIITOOITITOO

Element

OO0OOO0OO0OOIIIITIOOIITOOOOOOOOOOOOO

4.87016800
4.77017500
2.69882300
5.73360000
-4.57721600
-1.92812600
-0.95610000
-4.03859300
-5.38092000
-3.90899900
1.94597400
2.26644200
0.50204300

X

-2.09352600
-3.48950100
-4.22842400
-3.57970600
-2.17347400
-1.42107900
0.01358000
0.69415000
2.81962200
2.10331000
4.30565600
4.87794700
4.95987800
2.64411500
5.90933200
-4.31070200
-1.66228200
-0.68893900
-3.70955100
-5.31296800
-3.98181500
2.13657900
2.55983100
0.69824800
-1.34604800
-1.83221100
0.04591400

0.82947300
-1.42001500
1.92268100
-1.28612900
-2.01634100
-2.38737900
-2.43155200
-2.82305900
0.44600000
2.48221800
-1.42796400
-2.58162600
-1.20597100

Y

1.19109600
1.23289000
0.05252800
-1.18466700
-1.25306800
-0.06509900
-0.02061800
1.16887500
-0.01396300
1.16205500
0.10757900
1.18318000
-1.06680100
2.10373000
-0.85536500
-2.32243800
-2.51458900
-2.49805200
-3.08526900
0.06769200
2.19840900
-1.30061400
-2.42462800
-1.18880800
2.46083900
3.56614100
2.37317500

0.00055400
-0.00213000
0.00011500
-0.00247900
-0.00029700
0.00003200
0.00025100
0.00016500
-0.00141800
-0.00007300
0.00127500
0.00105700
0.00002000

z

-0.00033300
-0.00010700
-0.00005900
0.00001000
-0.00009500
-0.00031000
-0.00017400
-0.00009900
-0.00008900
-0.00012600
-0.00016600
0.00109700
-0.00182000
-0.00014600
-0.00177500
0.00008900
-0.00032400
-0.00018200
0.00034000
-0.00042600
0.00025800
0.00029700
0.00191500
-0.00004200
-0.00027900
0.00066800
-0.00019600
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Structure Elucidation Report for "SE_Lumlac_aftercalculation™ (Page 1)

Structure Elucidation Report for
"SE_Lumlac_aftercalculation”

Initial Data

Composition Restrictions:

Molecular Weight = 0.000-1000.000

Double Bonds Equivalent = 0.00-100.00

Allowed Composition = C(0-100) H(0-100) O(0-20) N(0-10)
Molecular Formula = C13H608

Spectral Data:

standard 1H (user) - 5 peaks

merged 1H - 4 peaks

standard 13C (user) - 13 peaks

merged 13C - 13 peaks

COSY 1H-1H (user) - 2 peaks

HSQC 13C-1H (user) - 3 peaks

HMBC 13C-1H (user) - 20 peaks

1,0-ADEQUATE (inverted) 13C-1H (user) - 7 peaks
1.1-ADEQUATE 13C-1H (user) - 6 peaks

Result of Automatic Elucidation

No molecule(s) have been found by NMR spectra in 0 database(s).

0 stereoisomer(s) have been excluded from the search result

No molecule(s) have been found by NMR spectra in 0 database(s).

0 stereoisomer(s) have been excluded from the search result

1 Molecular Connectivity Diagram (MCD) has been created from 1 MF

Current Molecular Connectivity Diagram (MCD) passed all tests

No updates performed.

31061041 molecule(s) have been generated by Correlation Spectroscopy Based Generator and 44 molecule(s) have been stored.
Generation time: 18 h 10 m 27 s (Check: 0 5, Generation: 18 h 10 m 27 s 325 ms)

No (from No) ivities have been ded during g

ACD/CNMR Spectrum (Neural Net) has been calculated for 44 of 44 structure(s) from Generated Molecules
44 of 44 structure(s) have been stored in Generated Molecules after removing duplicates

ACD/HNMR Spectrum (Neural Net) has been calculated for 44 of 44 structure(s) from Generated Molecules
44 molecules have been found for the current spectrum query.

Most Probable Structure
Following structure has been placed to the first position after spectra calculation

Structure Elucidation Report for “SE_Lumlac_aftercalculation” (Page 2)

Carbon Assignment

O # | N | Shift(ppm) | Atoms | XHn
| I 1] 1| 107300 1 CH{d)
O\ O 160.00 2 4 108.100 1 Cis)
NI SN ~ 3|2 113200 1| chg)
Ts 20 145 8 "o 4| 3] 17900 1| CHd)
117.90 _127.90 |1o7 30 e
RO P 6 | 6| 127.900 1 | c
113.20°108.10 125.10 7 17 | 132700 T | ce
| I | | 8 | 8| 142800 1| c
150.80_~-14280 _158.30 9 | 9| 145800 1 | c
HO/ ~ 32/70\0/ Qo 10 | 10 | 150.800 1 | )
I 1 [ 11| 158200 1 | ce
OH 12 [ 12 | 158.300 1| c
Proton Assignment

0 # | N | Mark | Shift (spm) | Protons

1] 2 6.950 1

2 1 7.490 1

OH 2|3 8.330 1

41 14 9.560 1

7.49

Figure S8-1. Part of ACD-SE report
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1 (ID:12)
The Best Structure

2 (ID:25) 3 (ID:16) 5 (ID:30)

dN(13C¢1H): 3.888
6 (ID:17)

d~(13c+ 14): 3.888
7 (ID:6)

dN(nC0 1H): 4.037
8 (ID:19)

dy(23c+1H): 4.037
9 (ID:13)

dN(nC“H): 4.710
10 (ID:26)

dy(13c+1H): 4.726
11 (1D:8)

dp(13C+1H): 4.953
12 (ID:21)

dN(13c+lH): 4.953
13 (ID:22)

dn(“u 14): 4.987
14 (1D:9)

dy(13C+1H): 4.987
15 (ID:27)

on e

dN(13C¢1H)= 5.101
16 (ID:14)

dN(13C+1H)= 5.101
17 (1D:23)

dN(“Cd»‘H): 5.717
18 (1D:10)

dn(ﬂcdu): 5.732
19 (ID:28)

dN(L‘*ch); 6.641
20 (ID:15)

dy(13C+1H): 6.657
21 (ID:11)

dy(13c+1H): 6.918
23 (1D:20)

dy(13c+1H): 6.918
22 (ID:24)

dy(13C+1H): 7.646
24 (1D:7)

dy(13C+1H): 7.646
25 (ID:S)

dp(13C+1H): 7.730

dp(13c+1H): 7.730 dy(23C+1H): 8535 dp(13C+1H): 8.535 dy(13C+1H): 8.619

Figure S8-2. Overview of structures generated by ACD-SE
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26 (ID:18)

27 (ID:3)

Che

28 (ID:4)

} u-o\

o-O\
{“: ¥
g 3

Ot

O—

&
5

dN(13cdH)= 8.619
31 (1D:37)

d“(13c+lu)= 12.437
32 (1D:38)

dn(13c+1u): 12.452

33 (ID:39)

-

dy(13c+1H): 12.714
35 (10:31)

1o {‘o

dy(13C+1H): 13.851 dy(13C+1H): 13.851 dy(13c+1H): 13.851 dy(13c+1H): 13.942
36 (1D132) 37 (1D:33) 39 (ID:41) 40 (ID:42)
5O\ {'o
o
nmo\
2
.
HO

dN(Bc»ln): 13.942
41 (1D:43)

dy(13C+1H): 13,942
42 (ID:44)

dN(Bc«lu): 13.942
43 (ID:35)

44 (1D:36)

du(ﬂcolu): 16.713

4"(1301.4): 16.713

d"(ﬂcdu): 18.033

du(ikolu): 18.033

Figure S8-2, continued. Overview of structures generated by ACD-SE

dN(uC‘lH)x 14.843
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Enzyme of fungal origin
e.g.Peroxigenase
Peroxidase
OH . Laccase

0. H
OH ——— — o < OH
-CO,
HO HO Enzyme of fungal origin
e.g.Tyrosinase
Catecholoxidase
fo) o Hydr+at|on o
COOH o
Cyclization (e} = OH Retro-aldol cleavage o
° [
HO OH
HO HO) HO
H+

Scheme S2-1. A suggested pathway for the biosynthesis of lumnitzeralactone (1), including a
radical induced decarboxylation step (dark pathway)
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Figure S9-1. UV spectra of isolated compound 1 and synthetic 1b
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Figure S9-2. UV spectrum of compound 5
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Fraction, containing 1 and 3 N
{
f
/
/
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Figure S10-1. *H NMR spectrum of the antibacterial fraction containing 1 and 3 compared to
the isolated compounds 1 and 3 in DMSO-d6, 400 MHz.

mAU Fraction, containing 1 and 3

407 POA Multi 2 288nm,4nm|

30+

20+

0 5 10 15 20
PDA Multi 2 288nm,4nm|

30+

20

min
mAU 3

PDA Multi 2 288nm,4nm

Figure S10-2. HPLC chromatogram of the antibacterial fraction containing 1 and 3 compared
to the isolated compounds 1 and 3 (YMC-Triart C18; water (A)/methanol (B) gradient: 0-5, 5% B;
2-12 min, 5-100% B; 12-20 min, 100% B isocratic, flow rate of 1.5 mL/min).
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