Electronic Supplementary Material (ESI) for Chemical Communications.
This journal is © The Royal Society of Chemistry 2019

Discovery, absolute assignments, total synthesis of asperversiamides A-C and their

potent activity against Mycobacterium marinum

S1



Content of Supporting Information

Materials aNd METNOMS .....c..eiiiiiiiee ettt ettt st st sbe ettt e it e saeesbeenbean sS4
Table S1. NMR data of asperversiamide A (1). ...cccuviicciie e e et e e e e e e tr e e e eaaee s S11
Table S2. NMR data of asperversiamides B (2) and C (3)....cccueeeeeiieiiiie e e e e S13
Table S3. Cyclization conditions for linear heptapeptide. ......cccccuvveieciieicieeee e S15
Fig. S1. The H-H COSY and key HMBC correlations of 1—3. .......ccccecuererenenenineeieenese s S17
Fig. S2. TH NMR (500 MHz, pyridine-ds) Spectrum of L..........ccccvvevuieiiieiiieiecteeceeie et sre e S18
Fig. S3. 3C NMR (125 MHz, pyridine-ds) spectrum of L.......ccccoivieeirieiiieeciiec et e S19
Fig. S4. HSQC (pyridine-ds) SPeCtrum Of L. .....c.oiiiiiiiie ettt e e e are e e et e e e entae e e anes S20
Fig. S5. TH-IH COSY (pyridine-ds) spectrum Of 1. ......cccceeiiieiiiieiieeeee ettt et saae e S21
Fig. S6. HMBC (pyridine-ds) SPectrum Of L. ......cviciiiiiiieciee ettt et aee et e ne e e e e e e S22
Fig. S7. HR-ESI-MS SPECLrUM OF L...ciiiiiiiiiiiieieete sttt sttt sttt st b s s e S23
Fig. S8. ESI-MS/IMS SPECLIUM OF L....viiiiiiiiciie ettt ettt ettt et e a e s s te e saeesbeebeeatesasesanenteenreens S24
Fig. S9. IH NMR (500 MHz, pyridine-ds) SPeCtrum Of 2.......cccviiiiieeieieiieeciee et et S25
Fig. S10. 3C NMR (125 MHz, pyridine-ds) SPectrum Of 2.........ccciveeiieiiieeciiee et S26
Fig. S11. HSQC (pyridine-ds) SPECLrUM OF 2. ..cooviiiiiiiiiieiee et S27
Fig. S12. H-H COSY (pyridine-ds) SPECIrUM OF 2. ....cviiiiieeieeciecete ettt ettt e e ne S28
Fig. S13. HMBC (pyridine-ds) SPECLrUM OF 2. ....ouiiiiiiiiiiieieeieeeete ettt sttt et s saee S29
Fig. S14. HR-ESI-MS SPECLIUM OFf 2. ..eiiiiiiiieiiiiiie ettt ettt et e s saaa e e s saba e e e ssnee e saaneas S30
Fig. S15. ESI-MS/IMS SPECLIUM OF 2....uviiiiiieeiiic ittt ettt sttt ete e et e ete e e ae e ebeeenbeesateeenseeeabeeenseeenres S31
Fig. S16. *H NMR (500 MHz, pyridine-ds) SPectrum of 3.......cccivieeirieiiiieciee et S32
Fig. S17. 3C NMR (125 MHz, pyridine-ds) Spectrum Of 3........ccccveeiiiiiiieeciee et S33
Fig. S18. HSQC (pyridine-ds) SPECLIUM OF 3. ....oiiuiiiieiieieeieeie ettt e neeeneesneens S34
Fig. S19. H-H COSY (pyridine-ds) SPeCtrum Of 3. ......ccccieriiieriirireeeeteee et ennene S35
Fig. S20. HMBC (pyridine-ds) SPECtrum OF 3. ....ueiciiiiiieciee ettt et et S36
Fig. S21. HR-ESI-MS SPECLIUM Of 3. ..eiiiiiiiiceee ettt ettt e e e et e e e e tae e e e e ataeeeesteeeeanneas S37
Fig. S22. ESI-MS/IMS SPECLIUM OF 3. euiiiiiieiiie ettt ettt et ste e e be e s be e enbeesabaeenbeesabeeenseesares S38
Fig. S23. HPLC analysis of L-FDAA derivatized with standard amino acidsand 1-3. ...........cccceeeeveenne S39
Fig. S24. 'H NMR (500 MHz, pyridine-ds) spectrum of SYN-1...........ccccevieirieeeieenieenieecie e ereeere s S40
Fig. S25. 33C NMR (125 MHz, pyridine-ds) spectrum of SYN-1........cccccooereririririeeiieienese e seeeeneens S41
Fig. S26. 'H NMR (500 MHz, pyridine-ds) spectrum of iSO-1............ccceeevieienieieeiienieeie e S42
Fig. S27. *H NMR (500 MHz, pyridine-ds) spectrum of SYN-2.........cccccccveeiriiiiiieeireecreeeree e S43
Fig. S28. 13C NMR (125 MHz, pyridine-ds) spectrum of SYN-2.........c...ccoveeireeiireeeireeiieeeree e v S44

S2



Fig. S29. 'H NMR (500 MHz, pyridine-ds) Spectrum of iS0-2..........ccccecvveeireeiiieeeree et S45
Fig. S30. *H NMR (500 MHz, DMSO-dg) SPeCtrum Of 5. .....ccccviiiiieciie ettt e S46
Fig. S31. 3C NMR (125 MHz, DMSO-dg) SPECLIUM OF 5. ...uviiuieiieireeiecreeteecteeete et eeesree e ereeeneenne e S47
Fig. S32. 'H NMR (500 MHz, DMSO-dg) SPeCtrum Of iSO-5.........cccveeiuieirieiierieeteecteeite et eeve s S48
Fig. S33. 3C NMR (125 MHz, DMSO-dg) SPECLrUM Of iS0-5.........cccveeirieriereetiecteecieecie e seeseesreeereeneens S49
Fig. S34. TH NMR (500 MHz, DMSO-dg) SPECLrUM OF 7. ...uveieeieeiieeeiee ettt et et e S50
Fig. S35. 3C NMR (125 MHz, DMSO-dg) SPECIrUM Of 7. ..oveeuveiiiiieeiee ettt et S51
Fig. S36. 'H NMR (500 MHz, DMSO-dg) SPeCtrum Of iS0-7........cccvevueerireeeiee et eere e e S52
Fig. S37. 3C NMR (125 MHz, DMSO-dg) SPECLIUM Of iS0-7.......cveereeereeriereeteeeteeiteeiteeieeeeeereeereeereeneens S53
Fig. S38. HR-ESI-MS SPectrum Of SYN-1......cccuoiiiiiiiiiiiiieeite sttt sttt sttt s S54
Fig. S39. HR-ESI-MS SPeCtrum Of iS0-1.......ccc.eeriiiiiiiiiiiiiiie ittt ettt st et S55
Fig. SA0. HR-ESI-MS SPECLIrUM Of SYN=2......ooiiiiiiiiiiiie ettt et e e et e e eete e e ettt e e e e bt eaeentee e e aneas S56
Fig. SA1. HR-ESI-MS SPECLIUM Of £S0-2.......oeeeeiiiieeiieie ettt eette e et e e e e ete e e e eaae e e e ta e e e esteeeeares S57
Fig. SA2. HR-ESI-MS SPECLIUM Of 5....eviiiiiiiieeceie ettt e e e e e e tae e e s nae e e e sata e e e ennraeeeanneas S58
Fig. SA43. HR-ESI-MS SPECLIrUM Of fS0-5.......oeeiiiiiieeiii ettt ere e e e e e nte e e ennes S59
Fig. SA4. HR-ESI-MS SPECEIUM OF 7..ceneiiiiieiee ettt st sttt sttt sn e s s S60
Fig. SA5. HR-ESI-MS SPECErUM OF iS0-7......cccueiiiiiiiieiieeeee ettt s e e S61
Fig. S46.H NMR (500 MHz, pyridine-ds) spectrum comparison of natural product 1 with syn-1 and iso-1.
.............................................................................................................................................................. S62
Fig. S47.*H NMR (500 MHz, pyridine-ds) spectrum comparison of natural product 2 with syn-2 and iso-2.
................................................................................................................................................................ 63
Fig. S48. HPLC analysis of natural product 1 and the synthesized syn-1 and iso-1 .............c..cccccuvee... S64
Fig. S49. HPLC analysis of natural product 2 and the synthesized syn-2 and iso-2. ............ccccceecuveennn. S65
Fig. S50. UPLC analysis of reacted cyclization SOIVENTS........cccorieiiiiiiiiiniieieeeee e S66

S3



Materials and Methods
1. General Experimental Procedures

Optical rotations were measured on a JASCO P-1020 digital polarimeter (JASCO Ltd., Tokyo, Japan).
UV spectra were obtained on a Beckman DU 640 spectrophotometer (Beckman Instruments Ltd.,
California, USA). IR spectrawere recorded on a Nicolet-Nexus-470 spectrometer (Perkin Elmer Ltd.,
Boston, MA, USA) using KBr pellets. NMR spectra were recorded on a JEOL JEM-ECP NMR spectrometer
(JEOL Ltd., Tokyo, Japan; 500MHz for *H and 125MHz for 13C), using TMS as internal standard. The ESI-
MS spectra were obtained from a Micromass Q-TOF spectrometer (Waters Ltd., Boston, MA, USA).
Semi-preparative HPLC was performed on a Hitachi L-2000 system (Hitachi Ltd., Tokyo, Japan) using a
C18 column (Kromasil (Eka Ltd., Bohus, Sweden) 250 x 10 mm, 5 um, 2.0 mL/min). HPLC-MS was
performed on an Agilent series 1290 Infinity HPLC instrument (Agilent, Technologies, Santa Clara, CA,
USA), coupled with a Q-TOF Mass spectrometer (Thermo Scientific, Bremen, Germany), with a YMC Cy5
column [(YMC Co., Ltd., Tokyo, Japan) YMC-Park, ODS-A, 250 x 2.1 mm, S-5 um, 12 nm, 0.5 mL/min].
UPLC-MS was performed on Waters UPLC® system (Waters Ltd., Massachusetts, America) using a Cyg
column [(Waters Ltd., Massachusetts, America) ACQUITY UPLC® BEH C18, 2.1 x 50 mm, 1.7 um; 0.5
mL/min] and ACQUITY QDa ESIMS scan from 150 to 1000 Da. Silica gel (Qingdao Haiyang Chemical
Group Co., Qingdao, China; 200—300 mesh), octadecylsilyl silica gel (YMC Co., Ltd., Tokyo, Japan; 45-60
um), and Sephadex LH-20 (GE Ltd., Hartford, CT, USA) were used for column chromatography (CC).
Precoated silica gel plates (Yantai Zhifu Chemical Group Co., Yantai, China; G60, F-254) were used for

thin layer chromatography.
2. Fungal Material

The fungal strain CHNSCLM-0063 was isolated from the gorgonian coral Rumphella aggregata
(NSMO02) collected from Nansha Islands in the South China Sea in April 2015. The strain was identified
as Aspergillus versicolor according to morphologic traits and molecular identification. Its 617 base pair
ITS sequence had 100% sequence identity to that of Aspergillus versicolor (AY373882). The sequence
data have been submitted to GenBank with the accession number MG736310. The strain was deposited
at the Key Laboratory of Marine Drugs, the Ministry of Education of China, School of Medicine and

Pharmacy, Ocean University of China, Qingdao, China.
3. Fermentation, Extraction, and Isolation

The fungus was cultured for 50 days on sea water-added rice solid medium (two hundred 1000 mL
Erlenmeyer flasks, each containing 50 g of rice and 50 mL of sea water) at room temperature. The
fermented rice substrate was extracted three times with ethyl acetate (EtOAc) (200 mL per flask) to
give an organic extract (50 g). The organic extract was subjected to silica gel vacuum liquid
chromatography (VLC) and eluted by a gradient of petroleum ether (PE)-EtOAc (PE, 100%-0),
EtOAc-MeOH (v:v, 9:1), and then MeOH to afford six fractions (Fr.1-Fr.6) on the basis of TLC analysis.
Fr.6 was subjected to Sephadex LH-20 column chromatography (CC) and eluted with a mixture of
CH,Cl,~MeOH (v:v, 1:1) to obtain four sub-fractions (Fr.6-1-Fr.6-4). Fr.6-3 was then repeatedly
separated by reversed-phase C18 CC, and then purified by HPLC (MeCN-H,0, 20-80) to afford
compounds 1 (50 mg), 2 (2 mg), and 3 (2 mg).

4. Acid Hydrolysis and Marfey’s Analysis of 1-3
A solution of 1 (or 2 and 3, 0.1 mg) with HCI (6 M, 1 mL) was hydrolyzed by heating for 10 h at 70

°C. The solution was evaporated to dryness under vacuum and redissolved in H,0 (250 uL). The acid
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hydrolysate solution (50 uL) was treated with 1% solution of L-FDAA (20 uL) in acetone followed by a
solution of NaHCO; (1M, 10 uL). The mixture was heated at 60 °C for 1 h. The reaction was stopped by
HCI (2M, 5 uL). The amino acid standards, L-Ala, L/p-Ala, L-Val, L/b-Val, L-Phe, L/D-Phe, L-Trp, L/D-Trp, L-
Ser, and L/D-Ser, were derivatized with L-FDAA in the same manner as that of 1. All L-FDAA derivatives
were analyzed and detected by HPLC (MeCN (A), H,0 (B); 0-30 min 23.5% A, 30-45 min 23.5%-30% A,
45-125 min 30%—40% A; 2 mL/min; UV 340 nm). The retention times of the L-FDAA-derivatized amino
acid standards were as follows: L-Ser (26.1 min), D-Ser (28.2 min), Gly (44.1 min), L-Ala (50.1 min), p-Ala
(61.6 min), L-Val (76.9 min), L-Trp (97.7 min), p-Val (100.3 min), L-Phe (102.8 min), b-Trp (111.4 min), b-
Phe (123.5 min). The retention times of the acid hydrolysate derivatives of 1-3 were as follows: 1: L-Ser
(26.0 min), p-Ser (28.1 min), p-Ala (61.8 min), b-Val (100.1 min), L.-Phe (102.8 min), and b-Trp (111.4
min); 2: b-Ser (28.3 min), L-Ala (50.2 min), b-Ala (61.5 min), b-Val (100.1 min), L.-Phe (102.9 min), and b-
Trp (111.2 min); 3: L-Ser (26.1 min), p-Ala (61.7 min), p-Val (100.3 min), L.-Phe (102.9 min), and b-Trp
(111.7 min).

5. Total synthesis
5.1 Cyclo-[(NH)p-Val-D-Ser-D-Trp-L-Ser-p-Ala-D-Val-L-Phe(CO)] (syn-1) and Cyclo-[(NH)p-Val-L-

Ser-p-Trp-D-Ser-D-Ala-D-Val-L-Phe(CO)] (iso-1)

Resin preparation: Wang resin (100-200 mesh) preloaded with Fmoc-L-phenylalanine (0.26
mmol/g) was dissolved in CH,Cl, and agitated for 1 h, then drained and washed with dimethyl
formamide (DMF, 3 mLx3 times, 1 min/time).

Fmoc deprotection: The resin was agitated in 10% piperidine/DMF (3 mLx3 times, 1 min/time), then
washed with DMF (3 mLx3 times, 1 min/time), CH,Cl, (3 mLx3 times, 1 min/time), and then DMF (3
mLx3 times, 1 min/time). The collected deprotection solutions were diluted 100-fold with 10%
piperidine/DMF, and the resin loading was estimated by measuring the adsorbance of the piperidine-
fulvene adduct at 301 nm.

Peptide coupling: A solution was prepared of the appropriate Fmoc-protected amino acid (5 eq to
resin loading) and HBTU (3 eq) in DMF (2 mL). After adding DIEA (6 eq), the resulting solution was
immediately added to the resin and agitated for 1 h at N, protection. The resin was then drained and
washed with DMF (3 mLx3 times, 1 min/time), CH,Cl, (3 mLx3 times, 1 min/time), and then DMF (3
mLx3 times, 1 min/time).

Cleavage: After the last Fmoc deprotection, the resin was washed with DCM (3 mLx3 times, 1
min/time) and then dried in vacuum. A solution of TFA/H,0/triisopylsilane (96:2:2) was added to the
resin and agitated for 2 h, then the resin was drained and washed with TFA (3 mLx2 times, 1 min/time).
The combined cleavage solutions were concentrated in vacuum to give a clear glassy solid, and then
recrystallization by diethyl ether to afford 5.

Macrocyclization: A solution of linear peptide 5 (20 mg, 0.025 mmol) in DMF/DMSO (9:1, 20 mL)
was slowly dropped into a stirring solution of HBTU (28.6 mg, 0.076 mmol), HATU (28.6 mg, 0.076
mmol), DIEA (28 uL) in DMF/DMSO (9:1, 20 mL) in N, protection at 28 °C. After 2 h reaction, the mixture
was poured into saturated NaHCO; and the solvent layer was extracted with EtOAc. The organic extract
was concentrated in vacuum and diluted with MeCN/H,0, and then purified by HPLC to afford
compound syn-1.

Compound iso-1 was synthesized by the same method.
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Fmoc-p-Val-COOH

Fmoc—L—Phe—CO—O

Fmoc-D-Val-COOH

Fmoc-p-Ala-COOH Fmoc-p-Ala-COOH
Fmoc-L-Ser(/Bu)-COOH Fmoc-p-Ser(tBu)-COOH
Fmoc-D-Trp(Boc)-COOH Fmoc-D-Trp(Boc)-COOH
Fmoc-p-Ser(tBu)-COOH Fmoc-L-Ser(Bu)-COOH
Fmoc-p-Val-COOH Fmoc-p-Val-COOH
1) deprotection: 10 % piperidine-DMF
2) coupling: Fmoc-AA, HBTU, DIEA, DMF
Boc By Boc 1By
\ \
N 0 N /O
2 6 X\/(O 20 £ o solid
’ RLN HN— R\\N/\I:{N 3
H -~ H <
0 NH \Y:O 0- _NH o phase
tBu’O\WT HN \\k tBu—O:( HN \\k _
NH /L NH /L peptide
O;K; HN™ ~O ;Q; HN™ ~O
R NHFmC‘g : R NHFmog C> synthesis
iso-4
1) deprotection: 10 % piperidine-DMF
2) cleavage: 95% TFA, 2% ethanedithiol, 2% TIS, 1% H,0
28
solution
j macrocyclization: HATU/HBTU/DIEA (3:3:3 eq), l
DMF/DMSO (9:1)
H OH L-Ser H OH D-Ser phase
N { 0 N /0
7 NHHN \\ 7 Q N/I:| HZN :‘\\ cyclization
3} \>\ o 0
NH HN . NH HN . _
Oi /l\ (ij\ /L‘
D-Ser R
HO—™NH , HN"Yo L-Ser 1o NH 4 HN"Yo
AN M N
o : o :
/'\ (0] /'\ (0]
syn-1 iso-1

Compound 5: white, amorphous powder; [a]20 D + 35 (c 0.29, MeOH); IR (KBr) vy, 3304, 1669,
1527 cm~1; *H NMR (DMSO-ds, 500 MHz, J in Hz) 6, 12.80 (1H, s, COOH), 10.80 (1H, s, 25-NH), 8.50 (1H,
d, J = 7.6 Hz, 33-NH), 8.29 (1H, d, J = 8.2 Hz, 2-NH), 8.20 (1H, d, J = 7.2 Hz, 22-NH), 8.02-8.11 (3H,
overlapped, 19-NH/36-NH,), 7.91 (1H, d, J = 7.3 Hz, 16-NH), 7.66 (1H, d, / = 9.2 Hz, 11-NH), 7.56 (1H, d,
J=7.7 Hz, H-30), 7.31 (1H, d, J = 7.7 Hz, H-27), 7.24 (2H, overlapped, H-6/8), 7.22 (2H, overlapped, H-
5/9), 7.17 (1H, m, H-7), 7.14 (1H, m, H-25), 7.05 (1H, t, J = 7.7 Hz, H-28), 6.95 (1H, t, J = 7.7 Hz, H-29),
5.15 (1H, brs, OH), 4.88 (1H, br s, OH), 4.59 (1H, dd, J = 8.1, 7.2 Hz, H-22), 4.45 (1H, m, H-2), 4.42 (1H,

S6



m, H-33), 4.32 (1H, m, H-16), 4.24 (1H, m, H-19), 4.17 (1H, dd, J = 9.2, 6.2 Hz, H-11), 3.66 (1H, m, H-36),
3.62 (1H, m, Ha-34), 3.57 (1H, m, Hb-34), 3.51 (1H, m, Ha-20), 3.44 (1H, m, Hb-20), 3.14 (1H, m, Ha-23),
3.09 (1H, m, Ha-3), 2.98 (1H, dd, J = 14.7, 8.1 Hz, Hb-23), 2.83 (1H, dd, J = 13.5, 10.6 Hz, Hb-3), 2.01 (1H,
m, H-37), 1.80 (1H, m, H-12), 1.18 (3H, d, J = 7.0 Hz, H-17), 0.88 (3H, d, J = 6.0 Hz, H-38), 0.87 (3H, d, J =
6.0 Hz, H-39), 0.63 (3H, d, J = 6.7 Hz, H-14), 0.56 (3H, d, J = 6.7 Hz, H-13); 13C NMR (DMSO-ds, 125 MHz)
6c172.9(C, C-1), 171.8 (C, C-15), 171.2 (C, C-21), 170.7 (C, C-10), 169.7 (C, C-18), 169.5 (C, C-32), 167.9
(C, C-35),137.6 (C, C-26), 136.0 (C, C-4), 129.1 (CH, C-5/9), 128.1 (CH, C-6/8), 127.4 (C, C-31), 126.4 (CH,
C-7), 123.5 (CH, C-25), 120.8 (CH, C-28), 118.4 (CH, C-30), 118.2 (CH, C-29), 111.3 (CH, C-27), 109.8 (C,
C-24), 61.7 (CH,, C-20/34), 57.2 (CH, C-11), 55.1 (CH, C-19), 54.9 (CH, C-33), 53.8 (CH, C-22), 53.4 (CH,
C-2), 48.3 (CH, C-16), 36.8 (CH,, C-3), 30.8 (CH, C-12), 29.9 (CH, C-37), 27.6 (CH,, C-23), 19.1 (CH3, C-14),
18.4 (CHs, C-39), 18.0 (CH3, C-17), 17.6 (CH3, C-38), 17.4 (CH3, C-13); (+)-HR-ESI-MS m/z 795.4039 [M +
H]*, m/z 817.3841 [M + Na]* (calcd. for C39HssNgO1g, 795.4036 [M + H]*, C3oHs4NgO19Na, m/z 817.3855
[M + Na]*).

Compound iso-5: white, amorphous powder; [@]20 D + 82 (¢ 0.22, MeOH); IR (KBr) vmay 3305, 1670,
1526 cm; *H NMR (DMSO-ds, 500 MHz, J in Hz) 6, 12.72 (1H, s, COOH), 10.81 (1H, s, 25-NH), 8.52 (1H,
d, J = 8.4 Hz, 33-NH), 8.33 (1H, d, J = 8.3 Hz, 2-NH), 8.27 (1H, d, J = 8.2 Hz, 22-NH), 8.24 (1H, d, J = 7.7
Hz, 19-NH), 8.02-8.11 (3H, overlapped, 16-NH/36-NH,), 7.69 (1H, d, J = 9.3 Hz, 11-NH), 7.64 (1H, d, J =
7.9 Hz, H-30), 7.31 (1H, d, J = 7.9 Hz, H-27), 7.24 (2H, overlapped, H-6/8), 7.22 (2H, overlapped, H-5/9),
7.17 (1H, m, H-7), 7.15 (1H, m, H-25), 7.04 (1H, t, J = 7.9 Hz, H-28), 6.96 (1H, t, J = 7.9 Hz, H-29), 5.03
(1H, br's, OH), 4.90 (1H, br s, OH), 4.64 (1H, td, J = 9.1, 8.2 Hz, H-22), 4.50 (1H, dd, J = 8.4, 6.8 Hz, H-33),
4.43 (1H, m, H-2), 4.36 (1H, m, H-16), 4.33 (1H, dd, / = 8.4, 7.2 Hz, H-19), 4.20 (1H, dd, J = 9.3, 6.1 Hz, H-
11), 3.71 (1H, m, H-36), 3.61 (1H, m, Ha-34), 3.55 (1H, m, Ha-20), 3.38 (1H, m, Hb-34), 3.34 (1H, m, Hb-
20), 3.14 (1H, dd, J = 14.7, 4.2 Hz, Ha-23), 3.09 (1H, dd, J = 13.7, 4.2 Hz, Ha-3), 2.94 (1H, dd, J = 14.7,9.1
Hz, Hb-23), 2.81 (1H, m, Hb-3), 2.05 (1H, m, H-37), 1.77 (1H, m, H-12), 1.20 (3H, d, / = 7.0 Hz, H-17), 0.93
(3H, d, J = 8.0 Hz, H-38), 0.91 (3H, d, / = 8.0 Hz, H-39), 0.62 (3H, d, J = 6.7 Hz, H-14), 0.53 (3H, d, J = 6.7
Hz, H-13); 13C NMR (DMSO0-d,, 125 MHz) 6. 172.9 (C, C-1), 171.9 (C, C-15), 171.5 (C, C-21), 170.7 (C, C-
10), 169.7 (C, C-18), 169.0 (C, C-32), 167.9 (C, C-35), 137.6 (C, C-26), 136.0 (C, C-4), 129.1 (CH, C-5/9),
128.1 (CH, C-6/8), 127.4 (C, C-31), 126.4 (CH, C-7), 123.9 (CH, C-25), 120.8 (CH, C-28), 118.6 (CH, C-30),
118.1 (CH, C-29), 111.2 (CH, C-27), 109.6 (C, C-24), 63.9 (CH,, C-34), 61.9 (CH,, C-20), 57.2 (CH, C-36),
57.1(CH, C-11), 55.04 (CH, C-33), 54.95 (CH, C-19), 53.5 (CH, C-22), 53.2 (CH, C-2), 48.3 (CH, C-16), 36.8
(CH,, C-3),30.9 (CH, C-12), 29.8 (CH, C-37), 28.0 (CH,, C-23), 19.1 (CH3, C-14), 18.3 (CH3, C-39), 18.1 (CH3,
C-17), 17.6 (CHs, C-38), 17.3 (CHs, C-13); (+)-HR-ESI-MS m/z 795.4044 [M + H]*, m/z 817.3845 [M + Na]*
(calcd. for C3gHssNgO1g, 795.4036 [M + H]*, C3gHs4NgO1oNa, m/z 817.3855 [M + Nal*).

Compound syn-1: white, amorphous powder; 'H NMR data (Pyridine-ds, 500 MHz, J in Hz) 6, 11.99
(1H), 9.75 (1H), 9.68 (1H), 9.52 (1H), 9.31 (1H), 9.06 (1H), 9.00 (1H), 8.86 (1H), 7.73 (1H), 7.56 (2H), 7.37
(2H), 7.32 (2H), 7.24 (2H), 7.09 (1H), 5.33 (1H), 5.12 (4H), 4.99 (1H), 4.60 (1H), 4.44 (1H), 4.42 (1H), 4.32
(1H), 4.13 (1H), 3.79 (1H), 3.77 (1H), 3.66 (1H), 3.06 (1H), 2.56 (1H), 2.25 (1H), 1.60 (3H), 1.01 (3H), 0.96
(3H), 0.90 (3H), 0.84 (3H); 3C NMR (Pyridine-ds, 125 MHz) 6: 174.1 (C), 173.8 (C), 173.6 (C), 173.0 (C),
172.9 (C), 172.7 (C), 171.3 (C), 138.9 (C), 137.9 (C), 130.0 (CHx2), 129.2 (CHx2), 128.6 (C), 127.3 (CH),
125.2 (CH), 122.2 (CH), 119.6 (CH), 119.3 (CH), 112.4 (CH), 111.0 (C), 62.6 (CH,), 62.4 (CH,), 61.8 (CH),
61.3 (CH), 57.9 (CH), 57.2 (CH), 56.5 (CH), 56.2 (CH), 50.3 (CH), 37.9 (CH,), 31.6 (CH), 29.9 (CH), 27.7
(CH,), 20.2 (CHs), 20.1 (CH3), 19.5 (CHs), 19.0 (CHs), 18.3 (CHs); (+)-HR-ESI-MS m/z 777.3930 [M + H]*,
m/z 799.3751 [M + Na]* (calcd. for C3gHs3NgOg, 777.3930 [M + H]*, C3gH5,NgOgNa, m/z 799.3749 [M +
Na]J*).
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Compound iso-1: white, amorphous powder; 'H NMR (prydine-ds, 500 MHz, J in Hz) 6,;11.90 (1H),
10.23 (1H), 9.64 (1H), 9.59 (1H), 9.52 (1H), 8.33 (1H), 8.31 (1H), 8.02 (1H), 7.89 (1H), 7.48 (1H), 7.46
(1H), 7.30-7.27-7.20 (5H), 7.16 (1H), 7.13 (1H), 5.72 (1H), 5.33 (1H), 5.25 (1H), 5.21 (1H), 4.78 (1H), 4.72
(1H), 4.56 (2H), 4.46 (1H), 4.43 (1H), 4.41 (1H), 4.02 (1H), 3.83 (1H), 3.80 (1H), 3.29 (1H), 2.70 (1H), 2.19
(1H), 1.63 (3H), 1.12 (3H), 1.01 (3H), 1.00 (3H), 0.93 (3H); (+)-HR-ESI-MS m/z 777.3931 [M + H]*, m/z
799.3748 [M + Na]* (calcd. for C3gHs53NgOg, 777.3930 [M + H]*, C39H5,NgOgNa, m/z 799.3749 [M + Nal*).

5.2 Total synthesis of asperversiamide B (2)
5.2.1. Retrosynthetic analysis of asperversiamide B (2)
D-Trp NH
b Al @
N o e o
SVER IS e

NH HN HN

' 0 0« _NH o
HN D-valy HO

D-Ser OQ( l\‘< N HNL\k

Z—_0
I/\f

L-Phe, p-Val, L-Ala, p-Ala, p-Trp, p-Ser

5.2.2. Cyclo-[(NH)p-Val-D-Ser-p-Trp-L-Ala-D-Ala-D-Val-L-Phe(CO)] (syn-2) and cyclo-[(NH)Dp-Val-D-

Ser-p-Trp-p-Ala-L-Ala-D-Val-L-Phe(CO)] (iso-2)

Fmoc-D-Val-COOH Fmoc-D-Val-COOH
Fmoc-D-Ala-COOH Fmoc-L-Ala-COOH
Fmoc-L-Ala-COOH Fimoc-L-Phe-CO~) Fmoc-D-Ala-COOH

Fmoc-D-Trp(Boc)-COOH Fmoc-D-Trp(Boc)-COOH

Fmoc-D-Ser(1Bu)-COOH Fmoc-D-Ser(Bu)-COOH

Fmoc-D-Val-COOH Fmoc-D-Val-COOH
Boc 1) deprotection: 10 % piperidine-DMF Boc

N N

2) coupling: Fmoc-AA, HBTU, DIEA, DMF

O’B“ L-Ala DAla OtB“

6

D-Ala  L- Ala

2) cleavage: 95% TFA, 2% ethanedithiol, 2% TIS, 1% H,O
H H

N 26 N
25
39 38
g o 2 o 7
21 N 2 1
e W Ayt on szw fLNw jx JY )\A

1) deprotection: 10 % piperidine-DMF ‘ iso-6

O 34 OH O
7 iso-7
28 26 NH / cyclization: II-DI?ATFL/JIIDTAAS'I'S/DIEA, \
25 L-Ala H D-Ala
30 o 770 20)%0 N = 9
230, N 18 ., D-Ala / }NH/—gN L-Ala
© 3'2\1H 19=0 //“NH HN
HO\T HN M<14 Oi 4
* ;Ng/H HNL(Jz ” HO—+">NH HN" o
O N_4 ; 0 o H
R LT
syn-2 7 iso-2
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Compounds syn-2 and iso-2 were synthesized by the same method as that of syn-1.

Compound 7: white, amorphous powder; [a]20 D + 11.9 (c 0.24, MeOH); IR (KBr) vy 3299, 1668,
1522 cm™; H NMR (DMSO-dg, 500 MHz, J in Hz) 6, 12.76 (1H, s, COOH), 10.80 (1H, s, 25-NH), 8.50 (1H,
d, J = 7.7 Hz, 33-NH), 8.28 (1H, d, J = 8.3 Hz, 2-NH), 8.25 (1H, d, J = 7.3 Hz, 22-NH), 8.00-8.10 (3H,
overlapped, 19-NH/36-NH,), 7.90 (1H, d, J = 7.4 Hz, 16-NH), 7.64 (1H, d, / = 9.2 Hz, 11-NH), 7.53 (1H, d,
J=7.5Hz,H-30), 7.31 (1H, d, J = 7.5 Hz, H-27), 7.24 (2H, overlapped, H-6/8), 7.22 (2H, overlapped, H-
5/9), 7.17 (1H, m, H-7), 7.13 (1H, m, H-25), 7.05 (1H, t, J = 7.5 Hz, H-28), 6.96 (1H, t, J = 7.5 Hz, H-29),
5.17 (1H, brs, OH), 4.51 (1H, dd, J = 8.0, 7.3 Hz, H-22), 4.45 (1H, m, H-2), 4.43 (1H, m, H-33), 4.30 (1H,
m, H-16), 4.20 (1H, m, H-19), 4.16 (1H, m, H-11), 3.66 (1H, m, H-36), 3.63 (1H, m, Ha-34), 3.56 (1H, dd,
J=10.5, 6.2 Hz, Hb-34), 3.12 (1H, m, Ha-23), 3.09 (1H, m, Ha-3), 2.97 (1H, dd, J = 14.7, 8.0 Hz, Hb-23),
2.83 (1H, dd, J = 13.7, 10.5 Hz, Hb-3), 2.01 (1H, m, H-37), 1.80 (1H, m, H-12), 1.16 (3H, d, J = 7.0 Hz, H-
17), 1.05 (3H, d, J = 7.1 Hz, H-20), 0.88 (3H, d, J = 3.9 Hz, H-38), 0.87 (3H, d, J = 3.9 Hz, H-39), 0.63 (3H,
d, J=6.8 Hz, H-14), 0.56 (3H, d, J = 6.8 Hz, H-13); 3C NMR (DMSO-dg, 125 MHz) 6. 172.9 (C, C-1), 171.8
(C, c-18),171.7 (C, C-15), 170.73 (C, C-21), 170.68 (C, C-10), 169.5 (C, C-32), 167.8 (C, C-35), 137.6 (C, C-
26), 136.0 (C, C-4), 129.1 (CH, C-5/9), 128.1 (CH, C-6/8), 127.3 (C, C-31), 126.4 (CH, C-7), 123.5 (CH, C-
25), 120.8 (CH, C-28), 118.3 (CH, C-30), 118.2 (CH, C-29), 111.3 (CH, C-27), 109.8 (C, C-24), 61.7 (CH,, C-
34),57.21 (CH, C-11), 57.18 (CH, C-36), 54.8 (CH, C-33), 53.9 (CH, C-22), 53.4 (CH, C-2), 48.3 (CH, C-19),
48.1 (CH, C-16), 36.8 (CH,, C-3), 30.8 (CH, C-12), 29.9 (CH, C-37), 27.5 (CH,, C-23), 19.1 (CH;, C-14), 18.3
(CHs, C-17), 18.1 (CHs, C-20), 17.9 (CHs, C-39), 17.6 (CHs, C-38), 17.4 (CHs, C-13); (+)-HR-ESI-MS m/z
779.4097 [M + H]* (calcd. for C3gHssNgOo, 779.4087 [M + H]*).

Compound iso-7: white, amorphous powder; [@]20 D + 7.8 (¢ 0.27 , CH30H); IR (KBr) viax 3305, 1669,
1522 cm™; H NMR (DMSO-dg, 500 MHz, J in Hz) 6, 12.73 (1H, s, COOH), 10.76 (1H, s, 25-NH), 8.48 (1H,
d, J = 7.7 Hz, 33-NH), 8.34 (1H, d, J = 8.3 Hz, 2-NH), 8.20 (1H, d, J = 7.7 Hz, 22-NH), 8.00-8.10 (3H,
overlapped, 19-NH/36-NH,), 7.89 (1H, d, J = 7.5 Hz, 16-NH), 7.79 (1H, d, / = 9.3 Hz, 11-NH), 7.55 (1H, d,
J=7.4 Hz, H-30), 7.31 (1H, d, J = 7.4 Hz, H-27), 7.24 (2H, overlapped, H-6/8), 7.22 (2H, overlapped, H-
5/9), 7.16 (1H, m, H-7), 7.13 (1H, m, H-25), 7.04 (1H, t, J = 7.4 Hz, H-28), 6.94 (1H, t, J = 7.4 Hz, H-29),
5.20 (1H, brs, OH), 4.55 (1H, dd, J = 8.2, 7.7 Hz, H-22), 4.46 (1H, m, H-2), 4.42 (1H, m, H-33), 4.36 (1H,
m, H-16), 4.26 (1H, m, H-19), 4.24 (1H, m, H-11), 3.66 (1H, m, H-36), 3.62 (1H, m, Ha-34), 3.57 (1H, dd,
J=10.5, 6.2 Hz, Hb-34), 3.19 (1H, m, Ha-23), 3.08 (1H, m, Ha-3), 2.95 (1H, dd, J = 14.8, 8.2 Hz, Hb-23),
2.83 (1H, dd, J = 13.5, 10.5 Hz, Hb-3), 1.99 (1H, m, H-37), 1.81 (1H, m, H-12), 1.19 (3H, d, J = 7.0 Hz, H-
17), 1.16 (3H, d, J = 7.1 Hz, H-20), 0.87 (3H, d, J = 1.5 Hz, H-38), 0.85 (3H, d, J = 1.5 Hz, H-39), 0.62 (3H,
d,J=6.7 Hz, H-14), 0.53 (3H, d, J = 6.7 Hz, H-13); 3C NMR (DMSO-dg, 125 MHz) 6. 172.9 (C, C-1), 172.0
(C, c-15), 171.7 (C, C-18), 170.9 (C, C-21), 170.6 (C, C-10), 169.7 (C, C-32), 167.8 (C, C-35), 137.6 (C, C-
26), 136.1 (C, C-4), 129.1 (CH, C-5/9), 128.1(CH, C-6/8), 127.3 (C, C-31), 126.4 (CH, C-7), 123.5 (CH, C-
25), 120.8 (CH, C-28), 118.4 (CH, C-30), 118.2 (CH, C-29), 111.2 (CH, C-27), 109.9 (C, C-24), 61.8 (CH,, C-
34), 57.2 (CH, C-36), 56.9 (CH, C-11), 54.7 (CH, C-33), 53.5 (CH, C-22), 53.5 (CH, C-2), 48.6 (CH, C-19),
48.3 (CH, C-16), 36.9 (CH,, C-3), 30.9 (CH, C-12), 29.9 (CH, C-37), 27.3 (CH,, C-23), 19.1 (CH;, C-14), 18.9
(CHs, C-17), 18.3 (CHs, C-39), 18.0 (CHs, C-20), 17.6 (CHs, C-38), 17.2 (CHs, C-13); (+)-HR-ESI-MS m/z
779.4100 [M + H]* (calcd. for C3gHssNgOg, 779.4087 [M + H]*).

Compound syn-2: white, amorphous powder; H NMR (Pyridine-ds, 500 MHz, J in Hz) 6., 11.99 (1H),
9.71 (2H), 9.59 (1H), 9.29 (1H), 9.14 (1H), 9.00 (1H), 8.64 (1H), 7.71 (1H), 7.60 (1H), 7.44 (1H), 7.41 (2H),
7.30 (2H), 7.27 (2H), 7.11 (1H), 5.36 (1H), 5.10 (2H), 4.99 (1H), 4.91 (1H), 4.87 (1H), 4.67 (1H), 4.41 (1H),
4.33 (1H), 3.72 (1H), 3.81 (1H), 3.60 (1H), 3.06 (1H), 2.52 (1H), 2.27 (1H), 1.58 (3H), 1.36 (3H), 1.04 (3H),
1.00 (3H), 0.89 (3H), 0.83 (3H); 3C NMR (DMSO-dg, 125 MHz) 6. 173.9 (C), 173.8 (C), 173.6 (C), 173.0

(
(
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(C), 172.9 (C), 172.9 (C), 172.8 (C), 139.1 (C), 138.0 (C), 130.0 (CHx2), 129.3 (CHx2), 128.6 (C), 127.3
(CH), 125.2 (CH), 122.3 (CH), 119.7 (CH), 119.4 (CH), 112.5 (CH), 111.1 (C), 62.8 (CH,), 62.1 (CH), 61.7
(CH), 57.7 (CH), 56.6 (CH), 56.1 (CH), 50.6 (CH), 50.1 (CH), 38.0 (CH,), 31.9 (CH), 29.9 (CH), 27.8 (CH,),
20.2 (CH3x2), 19.5 (CHs), 19.1 (CH3), 18.3 (CH3), 17.5 (CHs); (+)-HR-ESI-MS m/z 761.3971 [M + H]*, m/z
783.3795 [M + Na]* (calcd. for C39Hs3sNgOg, m/z 761.3981 [M + H]*, C3oHs,NgOgNa, m/z 783.3800 [M +
Nal*).

Compound iso-2: white, amorphous powder; 'H NMR (prydine-ds, 500 MHz, J in Hz) 6,;12.02 (1H),
10.08 (1H), 9.53 (1H), 9.30 (1H), 8.85-8.87 (2H), 8.26 (1H), 8.16 (1H), 7.84 (1H), 7.65 (1H), 7.54 (1H),
7.30-7.25 (5H), 7.15 (2H), 5.18-5.12 (2H) 5.03-4.97 (2H), 4.77 (1H), 4.71 (1H), 4.44 (1H), 4.39 (1H), 3.73
(1H), 3.68 (1H), 3.63 (1H), 3.43 (1H), 3.31 (1H), 2.39 (1H), 2.21 (1H), 1.69 (3H), 1.63 (3H), 0.98 (3H), 0.91
(3H), 0.77 (6H); (+)-HR-ESI-MS m/z 761.3974 [M + H]*, m/z 783.3801 [M + Na]* (calcd. for C3gHs3NgOg,
m/z 761.3981 [M + H]*, C39Hs,NgOgNa, m/z 783.3800 [M + Na]*).

5.3 Cyclization reaction

A solution of linear peptide 5 (1.0 mg, 1.26 umol) in solvent (2 mL) was slowly dropped (1 mL/h)

into a stirring solvent with coupling reagent and DIEA in N, protection, then for HPLC analysis. The

results were summarized in table S3.
6. Bioactivity assay

The bioactivity of compounds 1-3, syn-1, iso-1, syn-2, iso-2, 5, iso-5, 7, and iso-7 against
Mycobacterium marinum was conducted using a broth dilution method.! These compounds were
dissolved in DMSO to give 3200 ug/mL stock solutions. The stock solutions were then serially diluted to
concentrations of 0.0625-128 ug/mL with MH broth or 7H9 broth (added with 0.2% glycerol, 0.05%
Tween 80). DMSO in MH broth or 7H9 broth was used as a negative control, and broth-containing
bacteria was used as positive control. All experiments were performed in triplicate with rifampicin,
streptomycin, and isoniazid as control agents.

The anti-TB activity of compounds 1-3, syn-1, iso-1, syn-2, iso-2, 5, iso-5, 7, and iso-7 against M.
tuberculosis H37Rv were also tested using the same method as that of against M. marinum.

(1) CLSI (Clinical and Laboratory Standards Institute). Performance standards for antimicrobial
susceptibility testing; nineteenth informational supplement. M100-519 (Wayne, 2009).
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Table S1. NMR data of asperversiamide A (1). @

No.
1
2

3a
3b
4
5/9
6/8

2-NH
10
11
12
13
14
11-NH
15
16
17
16-NH
18
19
20a
20b
19-NH
21
22
23a
23b
24
25
NH
26
27
28
29
30
31
22-NH
32
33
34a
34b

Oy (Jin Hz)

5.34 (1H, m)

3.08 (1H, dd, J = 16.0, 10.0 Hz)
3.75(1H, dd, J = 16.0, 6.0 Hz)

7.38 (2H, overlapped)
7.32 (2H, overlapped)
7.25 (1H, overlapped)
9.68 (1H, d, J = 6.0 Hz)

4.32 (1H, dd, J = 8.0, 3.5 Hz)

2.27 (1H, m)
0.83 (3H, d, J = 7.0 Hz)
0.89 (3H, d, J = 7.0 Hz)
9.08 (1H, d, J = 3.5 Hz)

5.10 (1H, overlapped)
1.60 (3H, d, J = 6.5 Hz)
8.86 (1H, d, J = 9.0 Hz)

5.10 (1H, overlapped)
4.14 (1H, m)
4.43 (1H, overlapped)
9.77 (1H, d, J = 7.5 Hz)

5.10 (1H, overlapped)

3.66 (1H, dd, J = 14.0, 8.0 Hz)
3.78 (1H, dd, J = 14.0, 7.0 Hz)

7.58 (1H, overlapped)
11.99 (1H, s)

7.56 (1H, overlapped)
7.09 (1H,t,J = 7.5 Hz)
7.25 (1H, overlapped)
7.71(1H, d, J = 8.0 Hz)

9.56 (1H, d, J = 4.5 Hz)

5.10 (1H, overlapped)
4.43 (1H, overlapped)
4.60 (1H, m)

S11

8¢
173.1
56.2

38.0

138.9
129.2
130.0
127.3

172.9
61.8
29.9
19.5
20.1

173.8
50.3
18.3

171.3
56.6

62.6

174.2
57.8

27.7

138.0
125.2

128.6
112.5
119.6
122.2
119.3
111.0

173.6
57.3

62.7

HMBC

1,59

3,10

13,14
10
11
11

15,12

15
17,18

18

20,21

24

21, 25,31

26,31

26
31
24, 26

23,32

32



33-NH
35
36
37
38
39

36-NH

9Measured in pyridine-ds, 500 MHz for 'H NMR and 125 MHz for 13C NMR

9.01(1H, d,J=6.0 Hz)

4.98 (1H, overlapped)
2.54 (1H, m)
0.96 (3H, d, J = 6.5 Hz)
1.01 (3H, d, J = 6.5 Hz)
9.30 (1H, d, J = 9.5 Hz)

172.7
61.4
31.6
20.1
18.9

34, 35

38,39
35
36
36
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Table S2. NMR data of asperversiamides B (2) and C (3). ¢

No.

3a
3b

5/9
6/8

2-NH
10
11
12
13
14
11-NH
15
16
17
16-NH
18
19
20a
20b
19-NH
21
22
23a
23b
24
25
NH
26
27
28
29
30
31
22-NH
32
33
34a

2
6y (Jin Hz)

5.37 (1H, m)
3.04 (1H, m)
3.80 (1H, overlapped)

7.33 (2H, overlapped)
7.39 (2H, overlapped)
7.27 (1H, overlapped)
9.72 (1H, overlapped)

4.34 (1H, m)
2.27 (1H, m)
0.83 (3H, d, J = 6.5 Hz)
0.89 (3H, d, J = 6.5 Hz)
9.14 (1H, d, J = 4.0 Hz)

5.10 (1H, overlapped)
1.58 (3H, d, J = 6.5 Hz)
8.64 (1H, d, J = 8.0 Hz)

4.87 (1H, overlapped)
1.36 (3H, d, J = 6.0 Hz)

9.72 (1H, overlapped)

4.90 (1H, overlapped)
3.59 (1H, m)
3.74 (1H, overlapped)

7.46 (1H, overlapped)
11.99 (1H, s)

7.61 (1H, overlapped)
7.10 (1H, m)
7.27 (1H, overlapped)
7.70 (1H, d, J = 8.0 Hz)

9.59 (1H, d, J = 4.5 Hz)

5.10 (1H, overlapped)
4.40 (1H, overlapped)

¢
172.9
56.2
38.0

139.1
130.1
129.3
127.4

172.9

62.13
29.9
19.5
20.2

173.8
50.2
18.3

173.1
50.7
17.6

173.9
57.7
27.8

138.0
125.2

128.7
112.5
119.5
122.3
119.8
1111

173.7
56.2
62.9

S13

6n(Jin Hz)

5.25 (1H, m)

3.15 (1H, dd, J = 13.5, 8.0 Hz)

3.63 (1H, overlapped)

7.33 (2H, overlapped)
7.33 (2H, overlapped)
7.26 (1H, overlapped)
9.72 (1H, d, J = 6.5 Hz)

4.46 (1H, overlapped)
2.37 (1H, m)
0.91 (3H, overlapped)
0.95 (3H, overlapped)
8.75 (1H, overlapped)

5.13 (1H, overlapped)
1.62 (3H, d, J = 7.0 Hz)
8.90 (1H, overlapped)

5.13 (1H, overlapped)
4.07 (1H, m)
4.41 (1H, overlapped)
9.41 (1H, d, J = 7.5 Hz)

4.96 (1H, overlapped)
3.68 (1H, overlapped)

3.83 (1H, dd, J = 14.5, 7.5 Hz)

7.48 (1H, overlapped)
11.97 (1H, s)

7.58 (1H, overlapped)
7.11(1H,t,J = 7.5 Hz)
7.26 (1H, overlapped)
7.72 (1H, d, J = 8.0 Hz)

9.66 (1H, d, J = 4.0 Hz)

4.96 (1H, overlapped)
1.74 (3H, d, J = 7.0 Hz)

8¢
173.4
56.7
38.1

138.6
130.2
129.3
127.5

172.9
60.9
30.5
19.9
19.4

173.5
50.7
19.09

171.0
57.6
62.6

173.5
57.5
27.6

138.0
1251

129.3
112.5
119.7
122.3
119.5
1114

174.9
50.2
18.4



34b
33-NH
35
36
37
38
39
36-NH

4.65 (1H, m)
9.01 (1H, d, J = 6.0 Hz)

4.97 (1H, overlapped)
2.52 (1H, m)
1.00 (3H, d, J = 6.0 Hz)
1.04 (3H, d, J = 6.0 Hz)
9.30 (1H, d, J = 8.5 Hz)

172.8
61.7
32.0
19.2
19.5

8.90 (1H, overlapped)

4.89 (1H, m)
2.56 (1H, m)
0.89 (3H, overlapped)
0.95 (3H, overlapped)
9.16 (1H, d, J = 9.5 Hz)

aMeasured in pyridine-ds, 500 MHz for 'H NMR and 125 MHz for *3C NMR

172.5
60.6
31.0
20.2
18.6
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Table S3. Cyclization conditions for linear heptapeptide.

Entry

O 00 N O U B~ W N

B W W W W W W W W W W N N N N N N NN NN R PR R R R R R R R
O VW 0 N O U B W N KB O O W N O U B W N P O O 0N O U B W N P O

Coupling reagent

DMTMM/DIEA
(3:3eq)
HOAT/DIEA
(3:3eq)

HOBT/DIEA
(3:3eq)
HATU/DIEA
(3:3eq)
HBTU/DIEA
(3:3eq)

HATU/HOAT
(3:3eq)

HATU/HBTU/DIEA
(3:3:3eq)

HATU/HBTU/DIEA
(4:4:2 eq)

Solvent

DMF

DMF

DMF

DMF

DMF

DMSO

CH,Cl,

CH,Cl,/DMF
DMF

DMSO
DMF/DMSO
(9:1)

DMF

DMF

S15

Temp.

(°0)

25

25

25

25

25

25

25

25

25

28

25

28

25

tre act

(h)

16
1.5
2.5

6.5
20
24

N W -

Yield

(%)

Epimer

(%)
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND



41 28 1.5 43 ND
42 16.5 43 ND
43 HATU/HBTU/DIEA DMSO 30 | 29 ND
44 (3:3:3eq) 1 29 ND
45 35 2 29 3
46 38 2.5 29 3
47 5.5 29 3
48 24 29 3
49 DMF/DMSO 38 | 29 4
50 (1:1) 15 29 5
51 4 29 6
52 6.5 29 5
53 24 29 19
54 DMF/DMSO 38 | 28 7
55 (9:1) 1 28 11
56 4.5 28 16
57 7.5 28 18
58 24 28 20
59 50 2 43 29
60 DMF/DMSO 35 | 41 13
61 (1:9) 2 40 15
62 5 41 15
63 24 41 16

I: Detected immediately after dropping.

ND: Not detected.

Optimum reaction condition: HATU/HBTU/DIEA (3:3:3 eq), DMF/DMSO (9:1), 28°C.

Under the optimum condition, the yields of syn-1, iso-1, syn-2, and iso-2 were 43%, 44%, 43%, and 66%.
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Fig. S1. The 'H-'H COSY and key HMBC correlations of 1-3.
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Fig. S4. HSQC (pyridine-ds) spectrum of 1.
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Fig. S5. *H-1H COSY (pyridine-ds) spectrum of 1.

12 11 10

S21

fl (ppm)



cHECAT 01

i

Fig. S6. HMBC (pyridine-ds) spectrum of 1.
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20181220-CHNQD-02301_181217141503 #83 RT: 0.65 AV: 1 NL: 1.79E7
T: FTMS + p ESI Full ms [50.00-1000.00]

100
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85

80

75

70

65
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55

50

45

Relative Abundance

40
35
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25

20

777.3930
C39Hs3 09 Ng=777.3930
0.0049 ppm

778.3958

779.3989
1 780.4001

794.4201

C39Hs6 Og Ng =794.4196

788.8764
Y

0.6977 ppm

799.3751
C39 Hs2 Og Ng Na =799.3749
0.1436 ppm

800.3777

796.4256

801.3793
804.8531

Fig. S7. HR-ESI-MS spectrum of 1.
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MO #338-1229 RT: 7.63-28.48 AV: 29 NL: 3.26E6
T: Average spectrum MS2 777.25 (338-1229)
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A A H
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D-Ala,
m/z 413.94 [M+H-H,0-Val-Phe-Val]"

**Q m/z513.01 [M+H-H,0-Val-Phe]

o

L-Phe

— m/z 660.09 [M+H-H,0-Val]"

M+H-H,0-Val-Phe
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o1
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Fig. S8. ESI-MS/MS spectrum of 1.
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20181220-CHNQD-02302_181217141503 #109-112 RT: 0.86-0.88 AV:4 NL: 2.71E7
T: FTMS + p ESIFull ms [50.00-1000.00]
783.3795
C39 Hs2 Og Ng Na =783.3800
100 -0.6409 ppm

761.3971
80 C39 Hs3 Og Ng =761.3981
75 -1 .236“6 ppm

Relative Abundance
o
o

755.(\)651

\
10 \
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5 ‘\\ 799.3507
684.2038 7176772 7433800 | |||, 819.4521 836.4318 852.7754
- e

O e T
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Fig. S14. HR-ESI-MS spectrum of 2.
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T: Average spectrum MS2 761.33 (508-842)
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*O m/z 497.02 [M+H-H,0-Val-Phe]

A

> m/z 644.11 [M+H-H,0-Val]"

48
l| o, ll

743.27
M+H-H,0

M+H-H,0-Val
644.11

M-H,0-Val-Phe+H

497.02

557.08
733.25

662.21

575.08 627.02

515.10 59911

698.20

A

Ly }

486.03
'|'I"i"Li' ..|]| '|h'|”'|' 'Ill'L lll I.]ill-ll-‘llll--lLlll b

.
LI L | |

300 350 00

f T
200 250

Fig. S15. ESI-MS/MS spectrum of 2.
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20181220-CHNQD-02303_181217141503 #113-115 RT: 0.89-0.90 AV: 3 NL: 2.12E7
T: FTMS + p ESI Full ms [50.00-1000.00]
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C39Hs6 Og Ng =778.4246

100 0.6099 ppm

783.3798
% C39 Hs2 Og Ng Na =783.3800
60 -0.3076 ppm
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Fig. S21. HR-ESI-MS spectrum of 3.
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Fig. S22. ESI-MS/MS spectrum of 3.
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Fig. S23. HPLC analysis of L-FDAA derivatized with standard amino acids and 1-3.
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Fig. S25. 13C NMR (125 MHz, pyridine-ds) spectrum of syn-1.

S41



I

3.00
.06
0z /
03 -~
3.03 -
2.07,

¥ §o R
= —_ O — NTg ™N—- oo
S SSS o©S&5=58

4 13 12 11 10 9 8 7

Fig. S26. *H NMR (500 MHz, pyridine-ds) spectrum of iso-1.

S42



!

=007

40 25 1.0 -0.5

10.0 835 7.0 55
fl (ppm}

11-5

13.0

Fig. S27. *H NMR (500 MHz, pyridine-ds) spectrum of syn-2.

S43



CHRBON_ 01

‘—ic:gm_ oo o < o o —

A Pyl SipY el i MOWODEW-—0—0 @O — LU — LW
SR RIS E R gt ittt IO — M~ D0 OO — G~ OO g 00 k-
e e o — OO DWW DN OO~ — — —
-—I_-_l—__-__L=l-.._\_‘l_=.J A R paRA —-I—-a:.-_'——_'—;._ﬂ 'Nﬂ_-" . '-—\._1\‘( l\.\#..:n.-—-—‘ ol —

CHREN 0l oo o

173
~173
173
173.0
172.9
1728
L172.7

] |

174.0 173.0 172.0

fl (ppm)

190 170 150 130 110 90 80 70 60 S0 40 30 20 10 O
fl (ppm)

Fig. S28. 13C NMR (125 MHz, pyridine-ds) spectrum of syn-2.

S44



el

—

N )

10

L

€00

2009

=109

JT0T |

=501

J80T |

=0T

0T |

=0T
+»00°¢
=10

k0T

"u__.mc.m -

0T
60T
LE0'T
3801

| .
+LOT |

oz
FTT

=0T

=00°T }

fl (ppm)

12 11

13

Fig. S29. *H NMR (500 MHz, pyridine-ds) spectrum of iso-2.

S45



] MHUHMWJM@LLL

LA

el

80°s
00'e
'l
€L

00°T|

It
60°L
LTT
80°C
60°t

(LTI

oIt
1] e
#ﬂ_.ﬂ

ST
LogT
1S0°T

%ﬂ_.ﬁ.
10°T

ES IR 4
00'T
SO°T

'Ly

20°L
1Y
£l'L
(AN}

80°T|
=1I'T|

FTTT

f1 (ppm)

14 13 12 11 10

15

Fig. S30. *H NMR (500 MHz, DMSO-dg) spectrum of 5.

S46



5

e
al

L

Oy e T Sl

O O b~ O3 0D 00 - -

N — — — — —
-~

BL91—

G B9 b
LBg L
L —
& k=
8L —

6ZLl—

CARBON_01

174

30 20 10

70 60 50 40

g0

150 130 110 90
f1 (ppm)

170

190

Fig. S31. 3C NMR (125 MHz, DMSO-ds) spectrum of 5.

S47



N

~T0°T|

ETOT

S48

7
fl (ppm)

14 13 12 11 10

13
Fig. S32. *H NMR (500 MHz, DMSO-dg) spectrum of iso-5.



£ty

9L
i
£

LB
0'82,
862~
6'0€

—age

pop’
£ '8~
6'EG~
0'65
0'56
-
ATE
619
6'EY

680
Zlly
gk
98Iy
8 0Z I\
BET L
R T
v 1z
piged
F.mm;ﬁ
0'9¢ 1
g Lel

8191
0'691
L'69 b
L0l
Gl ) %
gL
5ZLI

ARBON_01

Bigl—

0691’
LB9LY
FOL
G Ll
AR

eLl—

CARBON 01

170 168
fl (ppmy)

172

174

20 10

30

40

150 130 110 9 80 70 60 50
fl (ppm)

170

190

Fig. S33. 13C NMR (125 MHz, DMSO-d;) spectrum of iso-5.

S49



FLO'1|

7
fl (ppm)
$50

14 13 12 11 10

15
Fig. S34. *H NMR (500 MHz, DMSO-dg) spectrum of 7.



NG @Oy 00 0O — MW MmN m 0

o 000N

O O 0NN

— o T

T T o e e A L S N e e e

e e S e

=

P O O 00
— P~ I~
m:ﬂtﬂu‘:m

=
)
Ty}
B e

o o 0
00 o o

A

YR Y OO et
SO - ) 00 00 P P P

190 170 150

Fig. S35. 3C NMR (125 MHz, DMSO-ds) spectrum of 7.

130

110

fl (ppm)

S51

a0

20

70

60

50 40 30 20 10 O



) MLMJM

AN
M60'€

LS0'9f

1809
=60° |

=30°[

FEO'L

7
fl (ppm)
852

14 13 12 11 10

I5
Fig. S36. 'H NMR (500 MHz, DMSO-d;) spectrum of iso-7.



HERD O @@ 0 e 0 D0y ooy P

NN~ OO @M @O oM E O 00— G o M O ) I
F P P o F— €D &0 € (0 O €4 04 €4 0 64 — — — &3 — P G0 <f 0707 00 00 4 O O P~ O3 00 00 00 I
b e W e S ol SRl Mg e B g e . b= N A e @O DD WD WD W O] i e e
ek g s A L. B, —a (e A , ik
= Lt e - e L foey ey e

110 90 80 70 60 50 40 30 20 10 0O
fl (ppm)

190 170 150 130

Fig. S37. 13C NMR (125 MHz, DMSO-d;) spectrum of iso-7.

S53



20181220-CHNQD-02301_181217141503 #83 RT: 0.65 AV: 1 NL: 1.79E7
T: FTMS + p ESI Full ms [50.00-1000.00]

100

Relative Abundance
()]
o

794.4201
C39Hse Og Ng =794.4196
0.6977 ppm

777.3930
C3g9Hs3 09 Ng =777.3930
0.0049 ppm
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795.4226

799.3751

C39 Hs2 Og Ng Na =799.3749
0.1436 ppm

Fig. S38. HR-ESI-MS spectrum of syn-1.
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20181220-CHNQD-02308_181217141503 #115-116 RT: 0.91-0.92 AV: 2 NL: 1.70E7
T: FTMS + p ESI Full ms [50.00-1000.00]
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Fig. S39. HR-ESI-MS spectrum of iso-1.
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20181220-CHNQD-02302_181217141503 #109-112 RT: 0.86-0.88 AV: 4 NL: 2.71E7
T: FTMS + p ESIFull ms [50.00-1000.00]
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Fig. S40. HR-ESI-MS spectrum of syn-2.
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20181220-CHNQD-02309_181217141503 #60-61 RT: 0.47-0.48 AV:2 SB: 14 0.05-0.16 NL: 1.65E7
T: FTMS + p ESIFull ms [50.00-1000.00]
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Fig. S41. HR-ESI-MS spectrum of iso-2.
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20181220-CHNQD-02307_181217141503 #101 RT: 0.80 AV: 1 NL: 2.38E7
T: FTMS + p ESI Full ms [50.00-1000.00]

Fig. S42. HR-ESI-MS spectrum of 5.
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20181220-CHNQD-02306_181217141503 #77-78 RT: 0.60-0.61 AV: 2 NL: 3.43E7
T: FTMS + p ESIFull ms [50.00-1000.00]
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Fig. S43. HR-ESI-MS spectrum of iso-5.
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20181220-CHNQD-02304_181217141503 #98 RT: 0.77 AV: 1 NL: 3.35E7
T: FTMS + p ESIFull ms [50.00-1000.00]
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Fig. S44. HR-ESI-MS spectrum of 7.
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20181220-CHNQD-02305_181217141503 #89 RT: 0.71 AV: 1 NL: 1.58E7
T: FTMS + p ESIFull ms [50.00-1000.00]
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Fig. S45. HR-ESI-MS spectrum of iso-7.
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Fig. S46. 'H NMR (500 MHz, pyridine-ds) spectrum comparison of natural product 1 with syn-1 and iso-1.
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Fig. S47. *H NMR (500 MHz, pyridine-ds) spectrum comparison of natural product 2 with syn-2 and iso-2.
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Fig. S48. HPLC analysis of natural product 1 and the synthesized syn-1 and iso-1 (CH3;0H-H,0, 60:40; 2 mL/min; UV 212 nm).
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Fig. S49. HPLC analysis of natural product 2 and the synthesized syn-2 and iso-2 (CH3;0H-H,0, 60:40; 2 mL/min; UV 212 nm).
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Fig. S50. UPLC analysis of reacted cyclization solvents (MeCN-H,0 (0.1% THF), 45:55; 0.5 mL/min; UV 212 nm).
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