Combining OSMAC, metabolomic and genomic
methods for the production and annotation of
halogenated azaphilones and ilicicolins in
termite symbiotic fungi

Téo Hebra', Nicolas Pollet?, David Touboul'**, Véronique Eparvier'

! Université Paris-Saclay, CNRS, Institut de Chimie des Substances Naturelles, UPR 2301, 91198, Gif-sur-Yvette,
France.

2 Université Paris-Saclay, CNRS, IRD, Evolution Génomes Comportement & Ecologie, 91198 Gif-sur-Yvette,
France.

3 Laboratoire de Chimie Moléculaire (LCM), CNRS UMR 9168, Ecole Polytechnique, Institut Polytechnique de
Paris, 91128 Palaiseau, France

*emails: veronique.eparvier@cnrs.fr; david.touboul@cnrs.fr

Supplementary data



Figure S1: Dereplicated ilicicolins structures with their theoretical exact masses and experimental fragmentation

spectrum comparison with databases. * represents the amount of H.O losses during ionization................................ 4
Figure S2: Dereplicated azaphilone structures with their theoretical exact masses and experimental fragmentation
spectrum comparison With databases. ...........coooiiiiiiiiiiii 8

Figure S3: Cluster comparison of azaphilone biosynthetic gene clusters described in literature with the putative
azaphilone biosynthetic gene cluster of Penicillium sclerotiorum SNB-CN111. Only functions of tailoring enzyme related
to P. sclerotiorum are annotated. BGC identifier are accession number from MIBIG repository. ..........cccccuvveeeeeinnnnee 16
Figure S4: Cluster comparison of azaphilone biosynthetic gene clusters described in literature with the putative
azaphilone biosynthetic gene cluster of Penicillium sclerotiorum SNB-CN111. Only functions of tailoring enzyme related

to P. sclerotiorum are annotated. BGC identifier are accession number from MIBIG repository. ..........ccccvvveeeeeennnnee 19
Figure S5: MS/MS spectra of [10+H]* and the corresponding fragmentation scheme. .............ccccccoiiiiiine, 20
Figure S6: MS/MS spectra of [11+H]* and the corresponding fragmentation scheme. .............cccccciiiiine, 20
Figure S7: MS/MS spectra of [12+H]* and the corresponding fragmentation scheme. .............cccccciii e, 21
Figure S8: Comparison of intermediates 12 and 21 fragmentation spectra with their common neutral losses
corresponding t0 H/CI dIiffEIr@NCES. .......coiiiiiiiiii et e e e et e e e e e et eeaaeeeanes 21
Figure S9: Extracted ion chromatogram of halogenated ilicicolins from scaffold A (H, Cl and Br) with their isotopic
{21 LT 0 T PSP UR PP 23
Figure S10: Extracted ion chromatogram of halogenated ilicicolins from scaffold B (H, Cl and Br) with their isotopic
{21 LT 3 TP ORI 23
Figure S11: Extracted ion chromatogram of halogenated azaphilones from scaffold B’ (H, Cl, Br and I) with their isotopic
{02 LT 0 TSR 24
Figure S12: Extracted ion chromatogram of halogenated azaphilones from scaffold C’ (H, Cl, Br and I) with their isotopic
{02 LT 0 TSR 24
Figure S13: Extracted ion chromatogram of halogenated azaphilones from scaffold D’ (H, Cl, Br and I) with their isotopic
O 1 LT 3 TSP PR ORI 25
Figure S14: Extracted ion chromatogram of halogenated azaphilones from scaffold E’ (H, Cl, Br and I) with their isotopic
{21 LT 3 TSP ORI 25
Figure S15: HRMS Of COMPOUNG 22. .........oooiiiiiiiiieii ettt e e e e e ettt e e e e e e e s bbb et e ee e e e e anabbbeeeeeeeeaannnnees 26
Figure S16: "H NMR spectrum (DMF-d7) of COMPOUNT 22. .............couiiuiiiiieeiieeiie ettt eeee ettt sree s enee s 29
Figure S17: 3C NMR spectrum (DMF-07) of COMPOUNT 22. ............coiiiiiiiiiiiieeiieeiie ettt etee et eiee st sreesree s 30
Figure S18: COSY NMR spectrum (DMF-d7) of compound 22. ..............ueiiiiiiiiiiiiiiiee e 31
Figure S19: HSQC NMR spectrum (DMF-d7) of COMPOUNT 22.............uuiiiiiiiiiiiiiieiee e 32
Figure S20: HMBC NMR spectrum (DMF-d7) of COMPOUNT 22..............uuiiiiiiiiiiiiiiiiee e 33
Figure S21: UV spectra in methanol of isolated azaphilone 22.................oooiiiiiiiiiiiiie e 34
Table S1: Dereplicated ilicicolins from N. discophora crude eXtract. ..............eeeiiiiiiiiiiiiiiiee e 3
Table S2: Dereplicated azaphilones from P. sclerotiorum crude eXt{ract. ...........ccccooiiiiiiiiiiiiiiiiiiiiie e 7
Table S3: BasiC GeNOMES SEALISTICS. .......oiiiiiiiiiiii e e e e e e e e e et eeaaeeeannes 13
TaDIE S4: BUSCO SCOIE. ....ceieiiiiiiitiiteee e e ettt e e e e e ettt e e a4 e s bbbttt e e e e 44 a e bbb e et e e e e e e a s bbb e et e e e e e ansbbe et eeeeeaaansbnneeaaeeeaannes 13
Table S5: Ndi_lli biosynthetic gene cluster anNOtatioN.............oouuiiiiiiii i 14
Table S6: Ndi_ WSC72 biosynthetic gene cluster annotation. ..o 15
Table S7: Annotated ilicicolins from N. discophora crude extract, synthetized by Ndi_lli biosynthetic pathway. ......... 17
Table S8: Psc_Aza biosynthetic gene cluster annotation................ooiiii i 18
Table S9: Annotated azaphilones from P. sclerotiorum crude extract and fractions, synthetized by Psc_Aza biosynthetic
0210112 YU 22

Table S10: Comparative 'H NMR spectroscopic data for compounds 22 (isolated during this study), sclerotiorin (4)
sclerotioramine (5) and 5-chloroisorotiorin (6a) isolated by our group (reference 20 of the manuscript) and 6b and 15
e L=tz L0 =) T 27
Table S11: Comparative '*C NMR spectroscopic data for compounds 22 (isolated during this study), sclerotiorin (4)
and sclerotioramine (5) isolated by our group (reference 20 of the manuscript) and 6b and 15 (from literature)......... 28



Table S1: Dereplicated ilicicolins from N. discophora crude extract.

CN63

+ Error Cosine -
[M+H] (ppm) RT Formula Name Database score Annotation* Ref

357.2422 0.6 14.9 Cp3H3,0; LL-Z 12728 GNPS 0.91 Level 2 6

liicicolinol-
3632080 1.5 86  C,H,ClO, O In-House 0.92  Levell 7
2

373.2364 25 16.5 C,;H,,0, llicicolinic acid B In-House  0.93 Level 1 8

373.2373 0.0 13.2 C,;H,,0, llicicolinal G In-House 0.85 Level 1 7
licicolinal H-
380.1867 28 147  Cyuf,Clo, TN In-House 0.92  Level1 7
2
leicolins acid E-
389.1873 13 85  CyH, 0o, "OORCATIE 1 oise 093 Levelt 7
2

391.2028 1.7 15.9 C,;H;,CIO, LL-Z1272a MS-DIAL  0.89 Level 2 ®
391.2456 5.9 11.7 C,;H,,0, llicicolinal | In-House  0.82 Level 1 7
407.1951 8.0 17.0 C,;H;,CIO, LL-Z 12726 MS-DIAL  0.69 Level 2 10
407.1985 -0.4 14.2 C,;H;,CIO, llicicolinic acid A In-House  0.93 Level 1 8
421.1773 0.8 12.2 C,,H,,CIO,  Ascofuranone  MS-DIAL  0.74 Level 2 1

4252082 1.7 8.5 C,;H,:CIO;  llicicolinic acid C  In-House ~ 0.82 Level 1 8

*Level 0 corresponds annotations from isolated pure compounds; level 1 to annotations by comparison
with standards; level 2 to putative annotations (e.g., MS/MS library comparison or tentative structure);
level 3 to a chemical class assignment. RT = Retention Time



Figure S1: Dereplicated ilicicolins structures with their theoretical exact masses and experimental
fragmentation spectrum comparison with databases (in red m/z of database, in blue experimental
m/z  obtained). * represents the amount of HO losses during ionization.
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Table S2:

Dereplicated azaphilones from P. sclerotiorum crude extract.

CN111

[M+H]" (Egr?wr) Formula Name Database C;z(s)ipee Annotation*  Ref
349.1202 -0.3 C,H,,CIO, In-House 0.65 Level 2 !
356.1853 1.0 C,H,NO, In-House ~ 0.86 Level 2 !
357.1700 -1.0 C,H,,O, In-House 0.95 Level 2 !
359.1857 -1.1 C,H,.O, In-House 0.74 Level 2 !
362.1522 -1.3 C,H,,CINO, In-House 0.88 Level 2 !
363.1353 1.3 C,H,,CIO, In-House 0.85 Level 2 !
371.1844 2.4 C,H,O, In-House 0.84 Level 2 !
381.1697 -0.1 C,3H,,0;4 Isorotiorin In-House ~ 0.96 Level 2 2
385.2007 0.7 C,H,.0, In-House 0.92 Level 2 !
390.1474 -1.9 C,H,,CINO, Sclerotioramine MONA 0.90 Level 1 1.2
391.1309 -0.6 C,H,CIO, Sclerotiorine MS-DIAL  0.82 Level 1 2
391.2114 0.3 C,H,,0; In-House 0.86 Level 2 !
399.2169 -0.8 C,,H,,0, In-House 0.92 Level 2 !
404.1627 -1.0 CyH,CINO, In-House ~ 0.96 Level 2 !
405.1468 -1.2 C,,H,.CIO, Sclerketide B In-House 0.95 Level 2 1.3
407.1256 0.0 C,,H,.CIO In-House 0.86 Level 2 !
4151299 1.9 C,H,.CIO, 5-Chloroisorotiorin  In-House 0.93 Level 1 1.2
4171902 1.4 C,H,0O, Geumsanol B In-House 0.86 Level 2 4
419.1617 0.7 C,H,,CIO, In-House 0.94 Level 2 !
4331773 0.8 C,H,CIO, In-House ~ 0.69 Level 2 !
434.1731 -0.5 C,H,,CINO, |sochromophilone VI MSDIAL 0.83 Level 1 1.5
451.1526 1.3 C,H,,CIO, Chlorogeumsanol B In-House 0.84 Level 1 !
500.1839 -0.9 C,,H,,CINO, In-House 0.96 Level 2 !

*Level 0 corresponds annotations from isolated pure compounds; level 1 to annotations by comparison
with standards; level 2 to putative annotations (e.g., MS/MS library comparison or tentative structure);
level 3 to a chemical class assignment.



Figure S2: Dereplicated azaphilone structures with their theoretical exact masses and
experimental fragmentation spectrum comparison with databases.
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Table S3: Basic genomes statistics.

Genome

N75

L50

L75

i 0,
size (Mpb) Contigs (Mpb) (Mpb) (contigs) (contigs) %GC
Neonectria 41.6 403 3.02 3 8 54.2
discophora ' ' ' :
Penicillium
sclerotiorum 34.7 4.34 3.95 4 6 48.3
Table S4: BUSCO score.
Complete Fragmented Missing
> (%) (%)
Gene ) .
Single copy Duplicated
(%) (%)
Neonectria
discophora 99.3 0.0 0.0 0.7
Penicillium
sclerotiorum 97.6 0.7 0.0 1.7




Table S5: Ndi_lli biosynthetic gene cluster annotation.

Global Global
alignement alignement domain _ID Plausible function Duplicated
(/SIG) % (I/SIG) AA

Size Best match

Gene name (AA)  Swissprot

beta-ketoacyl synthase PF00109.26
acyl transferase PF00698.21 Non reducing
Ndi_lli_A |2014 A0OA455R5P9 56/70/8 1201/1506/179 product template TIGR04532 polyketide N
acyl carrier protein PF00550.25 synthase
thioesterase IPR001031
Ndi_lli_ B | 297 A0A455R413 49/59/16  167/203/55 prenyltransferase PF01040.18 Prenyltransferase N
- Non-canonical
AMP-binding, X
Ndi_lli C |1065 AOA455R7ES 60/75/4  662/826/40 NAD dependent PF00501.28 - non-ribosomal N
) PF01370.21 peptide
epimerase/dehydratase
synthetase
Ndi_Ili_D | 553 A0A455R7MO 68/79/5  387/447/31 tryptophan halogenase PF04820.14 Fﬁzlggzﬁggg‘”t N
- , , sugar (and other) transporter, PF00083.24
Ndi_lli_E | 674 No reviewed protein maior facilitator PF07690 16 Transporter N
Ndi_lli_F | 451 No reviewed protein ATPase family associated with PFO000429  ATPase N
various cellular activities
Ndi_lli G| 532 No reviewed protein N
Ndi_lli_H | 418 No reviewed protein N
Ndi_lli | | 442 No reviewed protein unknown function N
Ndi_Ili J | 782 No reviewed protein unknown function N

: identity, S: similarity, G: gap



Table S6: Ndi_ WSC72 biosynthetic gene cluster annotation.

Size Best match Global
Gene name (AA)  Swissprot alignement alignement domain _ID Plausible function Duplicated
P (I/SIG) % (I/SIG) AA
ketoacyl synthase PF00109.26 Non reducing
, acyl transferase PF00698.21 :
Ndi_WSC72_A |1786 C5FM57 56/70/5 1030/1296/96 product template TIGRO4532 6 p;olzi(ﬁa’:l:ee
acyl carrier protein PF00550.25 y
. FAD dependant
Ndi_WSC72_B | 556 Q2UPC7 57/72/5  322/408/31 tryptophan halogenase PF04820.14 halogenase
Ndi_ WSC72 C | 220 No reviewed protein glutathione S-transferase IPR040079 Glutathione
S-transferase
Ndi_WSC72_D | 337 G3KLH5 54/71/3  174/227/11 B-lactamase PF00753 B-lactamase
Ndi_WSC72_E | 378 Q9P900 39/58/4 150/227/14 O-methyltransferase PF00891 methyltransferase
: . . : PF00394 :
Ndi_WSC72_F | 516 No reviewed protein copper oxidase PF07731 unknown function
Ndi_WSC72_G | 261 A0A179G9G5 37/44/45 164/194/198 zinc finger PF00172  Transcription factor
Ndi_WSC72_H | 427 No reviewed protein monooxygenases PF01494  monooxygenase
Ndi_WSC72_1 | 532 No reviewed protein unknown function
Ndi_ WSC72 J | 413 No reviewed protein unknown function
Ndi WSC72 K | 292 No reviewed protein unknown function
Ndi_WSC72_L | 918 No reviewed protein unknown function




Figure S3: Cluster comparison of azaphilone biosynthetic gene clusters described in literature
with the putative azaphilone biosynthetic gene cluster of Penicillium sclerotiorum SNB-CN111.
Only functions of tailoring enzyme related to P. sclerotiorum are annotated. BGC identifier are
accession number from MIBIG repository. Clinker Software (https://github.com/gamcil/clinker).
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BCG0001390 ¢

Acremonium egyptiacum
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Table S7: Annotated ilicicolins from N. discophora crude extract, synthetized by Ndi_lli
biosynthetic pathway.

CN63
ID [M+H] (i';;r) Formula Identification Ref
9 373.2364 25 C,;H,,0, Dereplication, standard 8
2 407.1985 1.1 C,;H;,CIO, Dereplication, standard 8
8 357.2422 0.6 C,,H,,0, Dereplication, in silico 6

1 391.2028 1.7 C,,H,,CIO, Dereplication, in silico o




Table S8: Psc_Aza biosynthetic gene cluster annotation.

Size Best match Global Global
Gene name (AA) Swissprot alignement alignement Pfam domain PFAM_ID Plausible_function Duplicated
P (/SIG) % (I/SIG) AA
beta-ketoacyl synthase PF00109.26
acyl transferase PF00698.21
polyketide synthase dehydratase PF14765.6 Highlv reducin
Psc_Aza A|2584  QOCF75 65/77/7  1744/2076/185 methyltransferase PF0824212 Eeti);es nthgse
enoylreductase IPR020843 POV y
ketoreductase PF00107.26
phosphopantetheine attachment site PF08659.10
beta-ketoacyl synthase PF16073.5
acyl transferase PF00109.26 Non reducing polvketide
Psc Aza B 2726 AOAOKOMCJ4 67/78/5 1870/2188/129 phosphopantetheine attachment site PF00698.21 g poly
synthase
methyltransferase PF00550.25
terminal domain IPR013120
Psc Aza C| 352  QOCF72  44/55/32  208/256/152 FAD-binding domain_3 PF01494.19 Monoggggﬁggif FAD
Psc_Aza D| 449 AO0A084B9Z3  34/50/8 162/239/40 transferase PF02458 Acyltransferase
- . FAD-linked
Psc_Aza E| 471 QOCF74 49/66/4 232/318/18  FAD binding domain PF01565.23 oxidoreductase
. . zinc-binding dehydrogenase, PF00107.26
Psc_Aza F| 341 No reviewed protein alcohol dehydrogenase GroES-like ~ PF08240.12 Dehydrogenase
Psc_Aza G| 385 No reviewed protein alcohol dehydrogenase GroES-like  PF08240.12 Alcohol dehydrogenase
FAD-dependant
Psc Aza H| 561 QOCCX4 55/68/8 318/392/43  tryptophan halogenase PF04820.14 halogenase
Psc Aza || 590 No reviewed protein Unknow function
Psc Aza J| 227 No reviewed protein amine oxidoreductase PF01593.24 Amine oxidase
Psc_Aza K| 306 No reviewed protein G protein-coupled glucose receptor PF11970.8 G pr?gig;)cig?pled
Psc Aza L] 590 No reviewed protein maijor facilitator PF07690.16 Efflux pump
Psc_Aza M| 407 No reviewed protein Unknow function

I: identity, S:

similarity, G: gap



Figure S4: Cluster comparison of azaphilone biosynthetic gene clusters described in literature
with the putative azaphilone biosynthetic gene cluster of Penicillium sclerotiorum SNB-CN111.
Only functions of tailoring enzyme related to P. sclerotiorum are annotated. BGC identifier are
accession number from MIBIG repository. Clinker Software (https://github.com/gamcil/clinker).
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Figure S5: MS/MS spectra of [10+H]" and the corresponding fragmentation scheme.
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Figure S6: MS/MS spectra of [11+H]" and the corresponding fragmentation scheme.
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Figure S7: MS/MS spectra of [12+H]" and the corresponding fragmentation scheme.
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Figure S8: Comparison of intermediates 12 and 21 fragmentation spectra with their common
neutral losses corresponding to H/CI differences.
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Table S9: Annotated azaphilones from P. sclerotiorum crude extract and fractions, synthetized
by Psc_Aza biosynthetic pathway.

CN111

ID [M+H] (i';;r) Formula Identification Ref

10 3171747 0.1 CioH2,0, Manual annotation, in silico This study
11 333.1699 -0.8 CoH,,05 Manual annotation, in silico This study
12 315.1594 -1 C,H,,0, Manual annotation, in silico 12

21 349.1205 -1.1 C,4H,,CIO, Dereplication, in silico !

13 357.1705 -2.4 C,,H,,0, Dereplication, in silico !

4 391.1309 -0.6 C,,H,,CIO, Dereplication, standard 1.2

19  361.2021 -3.2 C,4H5605 Manual annotation, in silico This study
20 395.1626 -1.6 C,,H,,Cls Dereplication, in silico 1.2

15 381.1691 1.5 C,;H,,0, Dereplication, in silico 1.2

6 4151312 -1.3 C,,H,,CIO, Dereplication, standard 1.2

16  383.1859 -1.6 C,;H,60, Dereplication, in silico 1.2

17 4171467 -09  C,H,CIO, Dereplication, in silico 1.2




Figure S9: Extracted ion chromatogram of halogenated ilicicolins from scaffold A (H, Cl and Br)
with their isotopic patterns.
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Figure S10: Extracted ion chromatogram of halogenated ilicicolins from scaffold B (H, Cl and Br)
with their isotopic patterns.
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Figure S11: Extracted ion chromatogram of halogenated azaphilones from scaffold B’ (H, CI, Br
and 1) with their isotopic patterns.
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Figure S12: Extracted ion chromatogram of halogenated azaphilones from scaffold C’ (H, Cl, Br
and 1) with their isotopic patterns.
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Figure S13: Extracted ion chromatogram of halogenated azaphilones from scaffold D’ (H, CI, Br
and 1) with their isotopic patterns.
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Figure S14: Extracted ion chromatogram of halogenated azaphilones from scaffold E’ (H, CI, Br
and 1) with their isotopic patterns.
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Figure S15: HRMS of compound 22.
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Table S10: Comparative '"H NMR spectroscopic data for compounds 22 (isolated during this
study), sclerotiorin (4) sclerotioramine (5) and 5-chloroisorotiorin (6a) isolated by our group
(reference 20 of the manuscript) and 6b and 15 (from literature)

Position

22 4 5 6a 6b 15

DMF-d7? CDCI° CDCI° MeOD° CDCls® MeOD®
1 8.82, s 7.90, s 7.93,s 8.88, s 8.84,s 8.88, s
4 6.98, s 6.61, s 6.86, s 6.81, s 6.16, s 6.81, s
5 6.34, s
9 6.78,d(16.1) 6.51,d(15.9) 6.13,d(16.1) 6.35,d(15.6) 5.97,d(15.8) 6.35, d(15.6)
10 7.26,d(16.2) 7.03,d(15.9) 7.04,d(16.7) 7.19, (16.0) 7.04,d(15.8) 7.19,d(16.0)
12 5.87,d(10.2) 5.67,d(10.0) 5.69,d(9.9) 5.77,d(9.8) 5.67,d(9.9) 5.77,d(9.8)
13 255 m 245 m 247, m 2.53,m 248, m 252, m
14 1.45/1.34,m 1.29/1.39,m 1.30/1.40, m 1.34/1.46, m 1.35, m 1.46/1.34, m
15 0.87,t(7.4) 0.83,t7.5) 0.84,t7.5) 0.89,t7.6) 0.85t7.5) 0.89,t(7.6)
16 1.02,d(6.7) 0.98,d(6.8) 0.99,d(6.8) 1.03,d(6.6) 1.00,d(6.7) 1.03,d(6.6)
17 1.92, s 1.81,s 1.83,s 1.88, s 1.81,s 1.88, s
18 1.72, s 1.53, s 1.57,s 1.68, s 1.69, s 1.68, s
20 213,s 2.16,s
5" 2.57,s 255, s 259, s 255, s

@ DMF-d7, 700 MHz, this study

® CDCls, no indication®
°MeOD, 500 MHz'



Table S11: Comparative *C NMR spectroscopic data for compounds 22 (isolated during this
study), sclerotiorin (4) and sclerotioramine (5) isolated by our group (reference 20 of the
manuscript) and 6b and 15 (from literature)

22 4 5 6b 15
DMF-d7° CDCl® CDCl® CDCl®  CDCl®
1 1532 CH 152.8CH 1384 CH 153.1,CH 151.9, CH
159.7,C 1584,C 1463,C 156.3,C 158.0,C
4 109.5,CH 110.8,CH 110.3,CH 108.2, CH 105.5, CH
4a  1434,C 1388,C 147.1,C 123.1,C 1394,C
100.8,C 1066,C 1015,C 105.3,CH 108.7,C*
184.5,C 186.0,C 1837,C 189.9,C 194.1,C
884,C 847,C 854,C 8750C 874,C
164.2,C 192.0,C 1933,C 1656,C 163.6,C
8a  1121,C 1148,C 1142,C 1107,C 110.2, C*
9 118.1,CH 115.9,CH 116.4,CH 115.4,CH 115.6, CH
10  143.6,CH 143.0,CH 142.9,CH 144.1,CH 1435, CH
11 133.9,C 1322,C 1320,C 1318,C 1319,C
12 149.1,CH 149.0,CH 148.7,CH 148.3,CH 149.2, CH
13  359,CH 353,CH 351,CH 355CH 35.1,CH
14 30.3,CH2 30.2,CH2 30.6,CH2 30.0,CH: 29.8, CHz
15 12.5,CHs 12.1,CHs 12.0,CHs 11.9,CHs 11.8, CH3
16 20.8,CHs 20.2,CHs 20.1,CHs 20.1,CHs 20.0, CHs
17 129,CHs 12.5,CHs 12.4,CHs 12.4,CHs 122, CHs
18 26.4,CHs 22.7,CHs 236,CHs 26.4,CHs 26.1,CHs
19 170.3,C 1709, C
20 20.3, CHs 20.6, CHs
2 169.4, C 168.3,C 167.7,C
3 124.8,C 142.3,C 1237,C
4 195.2, C 1944,C 1829,C
5 30.5, CHs 30.0, CHs 29.9, CHs

@ DMF-d7, 700 MHz, this study.

® CDCls, no indication®
°CDCl3, 100 MHZz'*

*Authors indicate that these assignments were interchangeable.



Figure S16: '"H NMR spectrum (700 MHz, DMF-d7) of compound 22.
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Figure S17: *C NMR spectrum (175 MHz, DMF-d7) of compound 22.
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Figure S18: COSY NMR spectrum (700 MHz, DMF-d7) of compound 22.
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Figure S19: HSQC NMR spectrum (700 MHz, DMF-d7) of compound 22.
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Figure S20: HMBC NMR spectrum (700 MHz, DMF-d7) of compound 22.
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Figure S21: UV spectra in methanol of isolated azaphilone 22
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