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) NMR shift table of natural fusaricidins E and F
Compound 1 Compound 2
*Pos. o4 oc Pos. o4 Oc
Thrl Thrl
NH 7.79 (br s) - NH 8.18 (br s) -
1 - 168.6 1 - 168.6
2 4.46 (br d, 8.5) 56.4 2 4.39 (br d, 8.7) 56.9
3 5.30 (m) 70.2 3 5.30 (overlapped) 70.2
4 1.13 (d, 6.4) 16.7 4 1.13 (overlapped) 16.6
Ala Ala
NH 7.27 (br s) - NH 7.22 (br) -
1 - 170.4 1 - *nf
2 4.20 (m) 47.8 2 4.13 (overlapped) 47.7
3 1.17(d, 7.1) 17.8 3 1.11 (overlapped) 17.8
Gln Asn
NH 8.20 (br s) - NH 8.33 (m) -
1 - 170.4 1 - 169.7
2 3.87 (m) 53.2 2 4.20 (1H, m) 50.6
3 1.96 (m) 26.2 3 2.52 (overlapped) 36.3
2.08 (m) 2.80 (dd, 5.9, 15.1)
4 2.08 (m) 32.0 4 - 172.5
2.18 (m)
- - 174.3 5 - -
NH, 6.83 (br s), - NH> 6.99 (br s) -
7.26(br s) 7.42 (br s)
Thr2 Thr2
NH 8.50 (overlapped) - NH 8.58 (br s) -
1 - 170.6 1 - 170.6
2 3.94 (overlapped) 59.9 2 3.84 (m) 60.5
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3 3.94 (overlapped) 65.8 3 3.85 (m) 65.5
4 1.05 (br) 20.3 4 1.08 (overlapped) 20.0
Tyr Tyr
NH 8.52 (br s) - NH 8.48 (overlapped) -

1 - 166.7 1 - nf

2 4.51 (m) 54.5 2 4.60 (m) 54.2

3 2.60 (m) 36.9 3 2.60 (overlapped) 36.8

2.88 (m) 2.88 (overlapped)

4 - 127.8 4 - 127.7
5 and 7.06 (d, 8.5) 130.2 | 5and 9 7.07 (d, 8.7) 130.2
6 agnd 6.60 (d, 8.5) 1147 | 6and 8 | 6.06 (overlapped) 114.7

g - 155.9 7 - 155.9

lle lle

NH 7.42 (br s) - NH 7.28 (br s) -

1 - 1704 1 - nf

2 4.16 (br d, 8.5) 56.5 2 4.16 (overlapped) 56.5

3 1.34 (m) 37.2 3 1.34 (overlapped) 37.2

4 1.22 (m) 25.4 4 1.34 (overlapped) 25.4

1.34 (m)
5 0.53 (overlapped) 14.4 5 0.52 (overlapped) 14.4
6 0.61 (overlapped) 11.4 6 0.59 (overlapped) 11.4
*FA FA

1 - 171.9 1 - 171.9

2 2.35 (m) 43.3 2 2.35 (overlapped) 43.1

3 3.77 (m) 67.5 3 3.77 (overlapped) 67.5

4 1.34 (m) 36.9 4 1.34 (overlapped) 36.8
5-12 1.19-1.30 (br s) 29.0- 5-12 1.19-1.30 (br s) 29.0-

29.2 29.2

13 1.25 (br s) 21.2 13 1.25 (br s) 21.2

14 1.43 (m) 28.5 14 1.43 (overlapped) 28.7
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15 3.03 (g, 6.6) 40.6 15 3.03 (overlapped) 40.6
*Gu Gu

NH 8.40 (br s) - NH nf -
16 - 157.2 16 - 157.2

*Pos. = position; FA = fatty acid; Gu = Guanidine; nf = not found
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[l)  Experimental procedures

General methods

All reagents were reagent grade and used without further purification unless otherwise
noted. All reactions involving air or moisture sensitive reagents or intermediates were
performed under an inert atmosphere of argon in glassware that was oven dried.
Dichloromethane was distilled from CaH,. Degassing of the solvent was performed by
three cycles of freeze pump thaw. Reaction temperatures refer to the temperature of the
particular cooling/heating bath. Chromatography was performed using flash
chromatography of the indicated solvent system on 35-70 um silica gel (Acros Organics)
unless otherwise noted. Alternatively the purifications were performed on an Isolera™
Flash Purification System (Biotage®) with an integrated diode array detector. Reactions
were monitored by thin layer chromatography (TLC) carried out on 0.25 mm E. Merck
silica gel plates (60F-254) using an aqueous solution of sulfuric acid, Ce(SOy,),-4H,0 and
(NH4)sM0,0,4-4H,0 and heat as developing agents."H NMR and **C NMR spectra were
recorded on a Bruker Avance Il HD 300 MHz, a Bruker Avance Ill HD 400 MHz equipped
with standard 5 mm probe heads or a Bruker Avance Ill 600 equipped with a 5 mm TCI
cryoprobe. Chemical shifts were referenced to the deuterated solvent (e.g., for CDCl3, 6 =
7.26 ppm and 77.16 ppm for *H and **C NMR, respectively [1]) and reported in parts per
million (ppm, 0) relative to tetramethyl silane (TMS, & = 0.00 ppm). Coupling constants (J)
were reported in Hz and the splitting abbreviations used were: s, singlet; d, doublet; t,
triplet; m, multiplet; br, broad. Infrared spectra were recorded as FTIR spectra using a
diamond ATR unit and are reported in terms of frequency of absorption (v, cm™). High-
resolution mass spectra were recorded on a Waters QTof-Ultima 3-Instrument with
Lockspray™-Interface and a suitable external calibrant. HPLC-MS analysis were
performed on a 1200 series HPLC-System with an UV diode array detector coupled with
a LC/MSD trap XCT mass spectrometer (Agilent Technologies). Eluent A was acetonitrile
and B was water (with 0.1% formic acid). The flow rate was 1 mL/min with a gradient
10%A to 90% A in 4 min. An Ascentis Express'™ C18 column (2.7 um, 30 mm x 2.1 mm)
was used at a temperature of 40 °C. Analytical HPLC analysis were performed with an
ACE C18-PFP column (125 mm x 4.6 mm, 3 um, 40 °C) on a Knauer System with binary
pump and integrated diode array detector at a flow rate of 1 mL/min. Preparative HPLC
was performed with an ACE C18-PFP column (150 mm x 30 mm, 5 um, 20 °C) and ACE
C18 column (150 mm x 21.2 mm, 5 pm, 20 °C) on a Knauer System with binary pump
and integrated diode array detector. For the ACE C18-PFP, a flow rate of 37.5 mL/min
and for the ACE C18, a flow rate of 17.5 mL/min was used. Eluent A was acetonitrile and
eluent B was water unless otherwise noted. Ozone was produced by corona discharge
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method with an ozone generator from Sander. Pure oxygen (purity 4.0) was used as a
supply with a flow of 100 mL/min. Solid phase peptide synthesis was performed by
hand in a Merrifield reactor and with an orbital shaker. The coupling of
Fmoc-D-Glu(OAI)OH, Fmoc-L-Tyr(Ot-Bu)OH and Cbz-L.-Thr(OH)OH was
performed with 5 eq of amino acid, 4.9 eq HATU and 10 eq of NMM for 2 h in
NMP. The coupling of Fmoc-D-allo-Thr(Ot-Bu)OH and Fmoc-D-allo-lleOH was
performed twice with 2 equiv of amino acid, 1.9 equiv HATU and 4 equiv of NMM
for 3 h in NMP. Fmoc cleavage was achieved by treatment with 20% of piperidine
in DMF (3 x 10 min). Capping was performed with a mixture of DMF, DIPEA and
Ac,O (90:5:5, 2 x 10 min). Loading of the resin was determined after each

coupling step by UV spectrometry of the piperidine dibenzofulvene adduct.

cis-Docos-13-enylamine

NH, LiAIH4 NH,
B ——

reflux, 4 h

Compound 9

To a solution of LAH (2.30 g, 29.6 mmol) in dry THF (100 mL) was added a solution of
cis-docosenoamide (6) (10.0 g, 29.7 mmol) in dry THF (100 mL) and refluxed. After 12 h
the reaction mixture was cooled and Na,SO,-10H,0 was added slowly until the reaction
ceased. The solution was filtered and concentrated in vacuo to afford
cis-docos-13-enylamine (9) (9.55 g, 29.6 mmol, quant.) as a pale yellow oil.

R¢ = 0.41 (methanol/pyridine/triethylamine 4:4:1).

IR (ATR) v (cm™) = 3322, 3005, 2920, 2851, 1641, 1556, 1465, 1341, 721.

'H NMR (300 MHz, CDCl;) & (ppm) = 5.34 (t, 2H, 13-H, 14-H), 2.67 (t, 2H, 1-H), 2.01 (q,
4H, 12-H, 15-H), 1.43 (t, 2H, 2-H), 1.26 (m, 30H), 0.88 (t, 3H, 22-H).

13C NMR, HSQC, HMBC (75 MHz, CDCl3) 6 (ppm) = 130.1 (C-13, C-14), 42.4 (C-1), 33.9
—-22.9(C-2-C-12, C-14 - C-21), 14.3 (C-22).

9H-fluoren-9-ylmethyl (13Z)-docos-13-en-1-ylcarbamate

FmocOSu

NH, NaHCO;4 NHFmoc
| C\//\/\:/\/\/\/\/
(;/\\//\/\/\:/\/\/ 1,4-dioxane, H,O

0°C—-RT
14 h
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Compound 10

cis-Docos-13-enylamine (9) (1.00 g, 3.10 mmol) was dissolved in 1,4-dioxane (40 mL)
and a saturated solution of NaHCO; in water (20 mL) was added. After cooling the
reaction mixture to 0 °C, a solution of Fmoc-OSu (1.26 g, 3.72 mmol) in 1,4-dioxane
(10 mL) was added and stirred for 14 h at room temperature. A saturated solution of
NaHSO, in water (20 mL) was added and the mixture was extracted three times with
ethyl acetate (40 mL each). After drying the combined organic phases over Na,SO,, the
solvent was removed in vacuo and the residue was purified by flash column
chromatography (silica, petroleum ether/Et,O, gradient 0% to 20% Et,0, Isolera™ Flash
Purification System) to afford the title compound (1.48 g, 2.71 mmol, 87%) as a colorless
solid.

Rs: 0,32 (cyclohexane/ethyl acetate 4:1).

Mp: 57-58 °C.

IR (ATR) v (cm™) = 3340, 3007, 1688, 1465, 1451, 1259, 1145, 1104, 780, 757.

'H NMR, COSY (400 MHz, CDCl;) & (ppm) = 7.77 (d, J = 7.4 Hz, 2H, H-4'/5"), 7.60 (d,
J=7.4Hz, 2H, H-1'/8), 7.40 (t, J = 7.4 Hz, 2H, H-3/6’), 7.32 (td, d = 7.4, 1.2 Hz, 2H, H-
2'/T’), 5.42 — 5.29 (m, 2H, H-13, H-14), 4.75 (m, 1H, -NH-), 4.41 (d, J =6.9 Hz, 2H, H-
10’), 4.22 (t, J =6.9 Hz, 1H, H-9'), 3.19 (q, J = 6.7 Hz, 2H, H-1), 2.09 — 1.95 (m, 4H,
H-12, H-15), 1.49 (m, 2H), 1.38 — 1.20 (m, 30H), 0.93 — 0.85 (m, 3H, H-22).

3C NMR, HSQC, HMBC (100.6 MHz, CDCl5) & (ppm) = 156.5 (-NHC(0)0-), 144.2 (C-
9a’/8a’), 141.5 (C—4a’/4b’), 130.0 (C-13/C-14), 130.0 (C-13/C-14), 127.8 (C-3'/6’), 127.1
(C-2'IT"), 125.2 (C-1'/8"), 120.1 (C—-4'/5’), 66.6 (C-10’), 47.5 (C-9’), 41.3 (C-1), 32.1,
30.1, 29.9, 29.8, 29.8, 29.7, 29.7, 29.5, 29.5, 27.4 (overlapping C-12, C-15), 26.9, 22.8,
14.3 (C-22).

ESI-HRMS: calcd. for [C3;HssNO, + Na]*™: 568.4131 m/z, found: 568.4122 m/z.

9H-fluoren-9-ylmethyl (13-oxotridecyl)carbamate

i) O3, DCM

NHFmoc —78°C O
| J\/\/\/\/\/\/\
m\/\/ ii) Zn, HCI H NHFmoc
~78°C—10°C

Compound 5

At —78 °C, ozone (made from oxygen 4.0) was bubbled through a solution of 10 (1.50 g,
2.75 mmol) in dry DCM (50 mL) until the characteristic blue color could be observed.
After argon was bubbled through the solution for 30 min, zinc powder (3.50 g, 53.5 mmol)
and acetic acid (4.00 mL, 70 mmol) was added and the solution was allowed to warm up

to 10 °C. After 30 min, the solution was filtered, washed with water (50 mL) and a
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saturated solution of NaHCO; in water (50 mL). The solvent was removed through
lyophilization and the residue was purified by flash column chromatography (silica,
petroleum ether/Et,0, gradient 30% to 35% Et,0, Isolera™ Flash Purification System) to
afford the title compound (785 mg, 1.80 mmol, 66%) as a colorless solid.

Rf: 0.21 (petroleum ether/Et,O 1:1).

Mp: 83-84 °C.

IR (ATR) v (cm™) = 3330, 2922, 2852, 1719, 1689, 1540, 1466, 1450, 1264, 1146, 758,
739.

'H NMR, COSY (400 MHz, CDCl;) & (ppm)=9.76 (t, J = 1.9 Hz, 1H, H-1), 7.76 (d,
J=7.4Hz, 2H, H-4'/5’), 7.60 (d, J = 7.4 Hz, 2H, H-1'/8"), 7.40 (t, = 7.4 Hz, 2H, H-3'/6"),
7.32 (td, J=7.4, 1.2 Hz, 2H, H-2/T’), 4.78 (m, 1H, —NH-), 4.40 (d, J = 7.0 Hz, 2H, H-
10°), 4.22 (t, J = 7.0 Hz, 1H, H-9’), 3.19 (q, J = 6.7 Hz, 2H, H-13), 2.41 (td, J = 7.3, 1.9
Hz, 2H, H-2), 1.62 (p, J = 7.3 Hz, 2H, H-3), 1.56 — 1.44 (m, 2H, H-12), 1.35 — 1.18 (m,
17H).

3C NMR, HSQC, HMBC (100.6 MHz, CDCl;) & (ppm)=203.11 (C-1), 156.5 (-
NHC(O)O-), 144.2 (C-9a’/8a’), 141.4 (C—4a’/4b’), 127.8 (C-3/6’), 127.1 (C-2'/T’), 125.2
(C-1/8), 120.1 (C-4'/5’), 66.6 (C-10’), 47.5 (C-9’), 44.0 (C-2), 41.2 (C-13), 30.1 (C-
12), 29.7, 29.5, 29.5, 29.4, 29.3, 26.9, 22.2 (C-3).

ESI-HRMS: calcd. for [CsH37NO5 + Na]*: 458.2671 m/z, found: 458.2677 m/z.

9H-fluoren-9-ylmethyl (13-hydroxyhexadec-15-en-1-yl)carbamate

o) AllylMgCl OH

HWNHFmoc Et,0 /\/\/\ﬁ/\ NHFmoc
® —78°C—RT °
Ph_Ph
0 o ¢l
> )
O\\‘ o
PR Ph

Compound 11

A solution of AllyIMgCI (1.19mL, 1.6 M in THF) was added at 0 °C to a solution of
(R,R)-Duthaler—Hafner reagent (1.37 g, 2.24 mmol) in dry and degassed Et,O (30 mL).
Stirring was continued for 1 h at 0 °C and then the solution was allowed to warm up to rt
and stirred for additional 3 h. After cooling to —78 °C, aldehyde 10 (750 mg, 1.72 mmol)
was added and the reaction was stirred at —78 °C for 4 h. Water (20 mL) was added and
stirring was continued for 12 h at room temperature. A saturated aqueous solution of
NH4Cl (20 mL) was added and the mixture was extracted three times with DCM (40 mL
each). After drying the combined organic phases over Na,SO,, the solvent was removed
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in vacuo and the residue was purified by flash column chromatography (silica, petroleum
ether/Et,0, gradient 30% to 40% Et,0O, Isolera™ Flash Purification System) to afford the
titte compound (690 mg, 1.45 mmol, 84%) as a colorless solid.

R¢: 0.38 (petroleum ether/Et,O 1:1).

Mp: 87-88 °C.

Mosher Analysis:

Racemate of compound 11 was synthesized by using the zinc-mediated aqueous
Barbier-Grignard reaction [2]. Mosher ester of the racemate and the title compound was
synthesized by Steglich esterification with R-a-methoxy-a-(trifluoromethyl)phenylacetic
acid [3]. NMR analysis at 600 MHz show split signals at 5.80-5.71 and 5.67-5.59 ppm.
Integration of these signals gave 94%ee.

[a]o?°= +2.8 (c = 1.00, CH,CL,);

IR (ATR) v (cm™) = 3327, 2918, 2850, 1689, 1540, 1466, 1450, 1264, 1144, 757, 737.

'H NMR, COSY (400 MHz, CDCl;) 6 (ppm) = 7.77 (d, J = 7.5 Hz, 2H, H-4'/5"), 7.60 (d, J
= 7.5 Hz, 2H, H-1'/8"), 7.40 (t, J = 7.5 Hz, 2H, H-3'/6"), 7.31 (id, J = 7.5, 1.2 Hz, 2H, H-
2'/7"), 5.93 —= 5.72 (m, 1H, H-15), 5.17 — 5.13 (m, 1H, H-16), 5.13 — 5.10 (m, 1H, H-16),
4.74 (s, 1H, —-NH-), 4.40 (d, J = 6.9 Hz, 2H, H-10’), 4.22 (t, J = 6.9 Hz, 1H, H-9’), 3.64 (s,
1H, H-13), 3.19 (q, J = 6.7 Hz, 2H, H-1), 2.37 — 2.21 (m, 1H, H-14), 2.21 — 2.04 (m, 1H,
H-14), 1.52 — 1.36 (m, 5H), 1.36 — 1.23 (m, 17H).

3C NMR, HSQC, HMBC (100.6 MHz, CDCl5) & (ppm) = 156.5 (-NHC(0)0-), 144.2 (C-
9a’/8a’), 141.5 (C—-4a’/4b’), 135.1 (C-15), 127.8 (C-3/6’), 127.2 (C-2/T’), 125.2 (C-1'/8’),
120.1 (C-4'/5"), 118.2 (C-16), 70.8 (C-13), 66.6 (C-10’), 47.5 (C-9’), 42.1 (C-14), 41.3
(C-1), 37.0, 30.1, 29.8, 29.7, 29.7, 29.7, 29.4, 26.9, 25.8.

ESI-HRMS: calcd. for [C3;H43NO5 + Na]*™: 500.3141 m/z, found: 500.3137 m/z.

Di-tert-butyl [(E)-{[13-(methoxymethoxy)hexadec-15-en-1-

yllamino}methylylidene]biscarbamate

1) MOMCI, DIPEA, DCM

OH 2) Piperidine, DCM OMOM )NJ\Boc
= NHFmoc /\/\/\@/\N NHBoc
/\/\/W 3)BocHNTNHBoc N
NTF
DIPEA, DCM

Compound 12

MOMCI (270 pL, 3.56 mmol, 5 equiv) was added at 0 °C to a solution of alcohol 11

(566 mg, 1.19 mmol) and DIPEA (809 pL, 4.76 mmol, 4 equiv) in dry DCM (30 mL).

Stirring was continued for 1 h at 0 °C and then the solution was allowed to warm up to rt
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and stirred for an additional 12 h. Water (20 mL) was added and stirring was continued
for 1 h at room temperature. The mixture was extracted three times with DCM (40 mL
each). After drying the combined organic layers over Na,SO, the solvent was removed in
vacuo.

The brown oil was dissolved in DCM (30 mL), piperidine (6 mL) was added and the
mixture was stirred for 12 h at room temperature. The solid was removed by filtration and
the filtrate was concentrated in vacuo until 20 mL of DCM were left. The mixture was
filtered again and the solvent was removed completely in vacuo.

The residue was dissolved in dry DCM (10 mL) and N,N'-bis(tert-butoxycarboyl)-N"-
trifylguanidine (931 mg, 2.38 mmol, 2 equiv) was added. After adding dry triethylamine
(498 puL, 3.57 mmol, 3 equiv) the mixture was stirred for 5 days under nitrogen
atmosphere. Solids were removed by filtration and a saturated aqueous solution of NH4CI
(20 mL) was added. The mixture was extracted three times with DCM (20 mL each) and
the combined organic phases were washed with water (20 mL) and brine (20 mL). After
drying the combined organic layers over Na,SO,, the solvent was removed in vacuo and
the residue was purified by flash column chromatography (silica, petroleum ether/Et,0,
gradient 0% to 15% Et,0, Isolera™ Flash Purification System) to afford the title
compound (442 mg, 0.82 mmol, 49% over 3 steps) as a colorless oil.

Rf: 0.61 (petroleum ether/Et,O 7:3).

Mp: 87-88 °C.

[a]o°= +6.4 (c = 1.00, CH,CL,);

IR (ATR) v (cm™) = 3336, 2926, 1719, 1639, 1616, 1415, 1367, 1332, 1155, 1133, 1043.
'H NMR, COSY (400 MHz, CDCls) & (ppm) = 11.50 (s, 1H, -NHBoc), 8.29 (t, J = 4.4 Hz,
1H, —-NH-), 5.88 — 5.74 (m, 1H, H-15), 5.12 — 5.01 (m, 2H, H-16), 4.67 (d, J = 6.9 Hz,
1H, -OCH,0-), 4.63 (d, J = 6.9 Hz, 1H, —-OCH,0-), 3.59 (p, J = 5.9 Hz, 1H, H-13), 3.43
—3.37 (m, 2H, H-1), 3.37 (s, 3H, —OCHy), 2.31 — 2.24 (m, 2H, H-14), 1.60 — 1.52 (m, 2H,
H-2), 1.52 — 1.45 (m, 2H, H-12), 1.50 (s, 9H, C(CHjs)3) 1.49 (s, 9H, C(CHa)3), 1.37 — 1.20
(m, 16H).

3C NMR, HSQC, HMBC (100.6 MHz, CDCl;) & (ppm) = 163.8 (~NC(NBoc)NHBoc),
156.2 (-NC(0)O-), 153.5 (-NC(0)O-), 135.0 (C-15), 117.1 (C-16), 95.5 (-OCH,0O-),
83.1 (-C(CHj3)3), 79.3 (-=C(CHa)3), 77.0 (C-13), 55.6 (—OCHj3), 41.1 (C-1), 39.0 (C-14),
34.3 (C-12), 29.9, 29.8, 29.7, 29.6, 29.4, 29.1 (C-2), 28.5 (—C(CHj3)3), 28.2 (—C(CHa)53),
27.0, 25.5.

ESI-HRMS: calcd. for [CoHs5N306 + Na]*: 564.3989 m/z, found: 564.3981 m/z.
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Di-tert-butyl [(E)-{[13-(methoxymethoxy)-15-

oxopentadecyllamino}methylylidene]biscarbamate

i) 05, DCM
OMOM NBoc -78°C O OMOM )NJ\BOC
B _ > H
/\/\/\H/\NJ\NHBOC ii) PPhg HWN NHBoc
9 H _78°C—RT °C 9 H

Compound 13

At -78 °C, ozone was bubbled through a solution of 12 (305 mg, 0.564 mmol) in dry DCM
(30 mL) until the characteristic blue color could be observed. After argon was bubbled
through the solution for 30 min, PPh; (0.222 g, 0.846 mmol) was added and the solution
was allowed to warm up to room temperature. After 12 h the solvent was removed
through lyophilization and the residue was purified by flash column chromatography
(silica, petroleum ether/Et,O, gradient 30% to 35% Et,0, Isolera™ Flash Purification
System) to afford the title compound (237 mg, 0.436 mmol, 77%) as a colorless oil.

R¢: 0.20 (petroleum ether /Et,0 7:3).

[a]o°= —6.9° (c = 1.00, CH,Cl,);

IR (ATR) v (cm™) = 3333, 2927, 1722, 1639, 1616, 1367, 1332, 1155, 1134, 1053, 1038.
'H NMR, COSY (400 MHz, CDCls) & (ppm) = 11.50 (s, 1H, -NHBoc), 9.80 (dd, J = 2.8,
1.8 Hz, 1H, H-1), 8.28 (t, J = 5.1 Hz, 1H, -NH-), 4.68 (d, J = 7.0 Hz, 1H, —OCH,0-),
4.64 (d, J = 7.0 Hz, 1H, -OCH,0-), 4.07 (m, 1H, H-3), 3.39 (td, J = 7.3, 5.1 Hz, 2H, H-
15), 3.34 (s, 3H, —OCHB3), 2.63 (ddd, J = 16.3, 7.0, 2.8 Hz, 1H, H-2), 2.55 (ddd, J = 16.3,
4.8, 1.8 Hz, 1H, H-2), 1.68 — 1.52 (m, 4H, H-4, H-14), 1.49 (s, 9H, C(CHjs)3) 1.48 (s, 9H,
C(CHs)3), 1.40 — 1.16 (m, 18H).

3C NMR, HSQC, HMBC (100.6 MHz, CDCl;) & (ppm)=201.6 (C-1), 163.8 (-
NC(NBoc)NHBoc), 156.2 (-NC(0)O-), 153.4 (-NC(0)O-), 95.9 (-OCH,0-), 83.1 (-
C(CHsy)3), 79.3 (—C(CHs3)3), 73.3 (C-3), 55.8 (—OCHs), 48.9 (C-2), 41.1 (C-15), 35.1 (C-
4), 29.7, 29.7, 29.6, 29.4, 29.1, 28.5, 28.2, 27.0, 25.4.

ESI-HRMS: calcd. for [CysHs4N3O7 + H]™: 544.3962 m/z, found: 544.3938 m/z.

15-[N',N"-Bis(tert-butoxycarbonyl)carbamimidamido]-3-

(methoxymethoxy)pentadecanoic acid

NaCI02
NaH,PO,
O OMOM NBoc amylene G  OMOM NBoc
H N~ "NHBoc tert-BuOH/H,0O HO N~ "NHBoc
°o H 9 H
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Compound 3

Aldehyde 13 (225 mg, 0.414 mmol) was dissolved in tert-butanol (5 mL) and water
(5 mL). Amylene (532 puL, 4.97 mmol, 12 equiv), NaH,PO, (521 mg, 3.73 mmol, 9 equiv)
and NaClO, (227 mg, 2.48 mmol, 6 equiv) was added and the mixture was stirred for 2 h
at room temperature. Water (40 mL) was added and the mixture was extracted three
times with DCM (40 mL each). After drying the combined organic phases over Na,SO,
the solvent was removed in vacuo and the residue was purified by flash column
chromatography (silica, cyclohexane/ethyl acetate, gradient 15% to 40% ethyl acetate,
Isolera™ Flash Purification System) to afford the title compound (186 mg, 0.333 mmol,
80%) as a colorless oil.

R¢: 0.24 (cyclohexane/ethyl acetate 7:3 + 0.1% HOAC).

[a]o?°= —4.3° (c = 1.00, CDCl);

IR (ATR) v (cm™) = 3332, 2926, 2854, 1720, 1638, 1615, 1228, 1132, 1030, 703.

'H NMR, COSY (400 MHz, CDCl;) & (ppm) = 11.47 (br s, 1H, —NHBoc), 8.39 (s, 1H, —
NH-), 4.70 (d, J = 6.9 Hz, 1H, -OCH,0-), 4.67 (d, J = 6.9 Hz, 1H, -OCH,0-), 3.98 (p, J
= 6.1 Hz, 1H, H-3), 3.46 — 3.38 (m, 2H, H-15), 3.37 (s, 3H, —OCH3), 2.68 — 2.45 (m, 2H,
H-2), 1.68 — 1.52 (m, 4H, H—-4, H-14), 1.50 (s, 9H, C(CHjs)3) 1.49 (s, 9H, C(CHa)3),, 1.41
—1.20 (m, 18H).

3C NMR, HSQC, HMBC (100.6 MHz, CDCl;) & (ppm)=176.2 (C-1), 163.8 (-
NC(NBoc)NHBoc), 156.3 (-NC(0)O-), 153.5 (-NC(0)O-), 96.1 (-OCH,0O-), 83.2 (-
C(CHgy)3), 79.4 (-C(CHs3)3), 74.7 (C-3), 55.8 (—OCHg), 41.7 (C-15), 40.1 (C-2), 34.8 (C—
4), 29.7, 29.6, 29.6, 29.6, 29.4, 29.1, 28.5, 28.2, 27.0, 25.3.

ESI-HRMS: calcd. for [CasHs3N3Og + H]™: 560.3911 m/z, found: 560.3925 m/z.

S12



Cbz-L-Thr(OH)-p-allo-lle-L-Tyr(OH)-p-allo-Thr(OH)-D-GIn-Allyl

HO NHCbz

ONHFmoc o NH
S . Alooc O WOBU
_ =

Tentagel R RAM O‘NN )EENH

N
0 OtBu

sample cleavage
TFA/TIS/H,O

HO NHCbz

NH

0
AIOOC O WOH
HQN\H/\)\ )EENH

N
o ; OH o7

Compound 27

Linear peptide 27 was synthesized on a 0.6 mmol scale on a Tentagel R RAM resin using
the SPPS protocol described above. Sample cleavage was done with a mixture of TFA,
TIS and water (95:2.5:2.5; 30 mL/mmol) for 3 h. Triple coevaporation with toluene gave
the crude peptide (5 mg) which was analyzed by HPLC-MS. Additionally, the crude
peptide was purified with preparative HPLC (isocratic 30% A) to yield 4 mg of the pure
Peptide which was analyzed by NMR spectroscopy.

'H NMR, COSY (600 MHz, DMSO-ds) & (ppm) = 9.11 (s, 1H, Tyr—OH), 8.36 (d, J = 7.2
Hz, 1H, GIn-NH), 8.21 (d, J = 8.4 Hz, 1H, Tyr-NH), 8.12 (d, J = 8.8 Hz, 1H, allo-Thr—NH),
7.65 (d, J = 8.9 Hz, 1H, allo-lle-NH), 7.37 — 7.28 (m, 5H, Ph—CH,0-), 7.26 (s, 1H, GIn
CO-NH;a), 7.05 (d, J = 8.5 Hz, 1H, Tyr H-5), 6.98 (d, J = 8.7 Hz, 1H, Thr—-NH), 6.79 (s,
1H, GIn CO-NH;b), 6.60 (d, J = 8.5 Hz, 2H, Tyr H-6), 5.88 (ddt, J = 17.2, 10.6, 5.4 Hz,
1H, CO-CH,CHCH,), 5.31 (dqg, J = 17.2, 1.7 Hz, 1H, CO-CH,CHCH,a), 5.20 (dq, J =
10.6, 1.7 Hz, 1H, CO-CH,CHCH,b), 5.03 (m, 2H, Ph—CH,0-), 4.82 (d, J = 5.8 Hz, 1H,
Thr-OH), 4.67 (d, J = 5.0 Hz, 1H, allo-Thr—OH), 4.55 (m (overlapping), 3H, Tyr H-2, CO—
CH,CHCHy), 4.35 (dd, J = 8.8, 6.1 Hz, 1H, allo-Thr H-2), 4.30 (dd, J = 8.9, 4.8 Hz, 1H,
allo-lle H-2), 4.25 (ddd, J = 9.2, 7.2, 5.2 Hz, 1H, GIn H-2), 4.08 (m, overlapping, 2H, allo-
Thr H-2, Thr H-2), 3.87 (m, overlapping, 2H, allo-Thr H-3, Thr H-3), 2.93 (dd, J = 13.7,
4.2 Hz, 1H, Tyr H-3a), 2.60 (m, 1H, Tyr H-3b), 2.15 (t, J = 7.7 Hz, 2H, GIn H-4), 1.97 (m,
1H, GIn H-3a), 1.83 (m, 1H, GIn H-3b), 1.53 (dt, J = 13.1, 6.8 Hz, 1H, allo-lle H-3), 1.03
(m, 1H, allo-lle H-4a), 1.02 (d, J = 6.3 Hz, 3H, Thr H-4), 0.99 (d, J = 6.3 Hz, 3H, allo-Thr
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H-4), 0.86 (m, 1H, allo-lle H-4b), 0.72 (t, J = 7.3 Hz, 3H, allo-lle H-5), 0.47 (d, J = 6.8
Hz, 3H, allo-lle H-6).

3C NMR, HSQC, HMBC (151 MHz, DMSO—-ds) & (ppm) = 173.4 (GIn C-5), 171.48 (Tyr
C-1/ GIn C-1), 171.46 (Tyr C-1/ GIn C-1), 171.0 (allo-lle C-1), 170.2 (allo-Thr C-1),
170.1 (Thr C-1), 156.1 (-NC(0)O-), 155.8 (Tyr C-7), 137.0 (-Phguat), 132.4 (CO-
CH,CHCHy), 130.2 (Tyr C-5), 128.4 (-Ph), 127.9 (Tyr C-4), 127.8 (—Ph), 127.6 (—Ph),
117.8 (CO-CH,CHCHy,), 114.7 (Tyr C-6), 67.2 (allo-Thr C-3 / Thr C-3), 67.1 (allo-Thr C-
3/ Thr C-3), 65.5 (Ph—CH,0-), 64.9 (CO-CH,CHCHy), 60.1 (Thr C-2), 57.7 (allo-Thr C—
2), 55.5 (allo-lle C-2), 54.6 (Tyr C-2), 51.9 (GIn C-2), 37.3 (allo-lle C-3), 37.2 (Tyr C-3),
31.1 (GIn C-4), 26.5 (GIn C-3), 25.8 (allo-lle C-4), 19.7 (Thr C-4), 19.2 (allo-Thr C-4),
14.2 (allo-lle C-6), 11.66 (allo-lle C-5).

Benzyl {(3R,6R,9R,12S,15R,18S,19R)-6-(3-amino-3-oxopropyl)-15-
[(2S)-butan-2-yl]-12-(4-hydroxybenzyl)-9-[(1R)-1-hydroxyethyl]-

3,19-dimethyl-2,5,8,11,14,17-hexaoxo-1-oxa-4,7,10,13,16-

pentaazacyclononadecan-18-yl}carbamate

1.) DIC, DMAP, D-Ala-Alloc
HO, DCM

L H — , o=
N 2.) Pd(PPhs),, BHy*NHMe, N,
W O DCM it

0 2//\ 3.) PyAOP, NMM, NMP O o OH

0 . 07 >NH

o N S "-%0 o
AIOOC O OtBu - HN. O
H ‘\ o
- NH

N .
SN N 4) TFA, TIS, Hy0 NH
T(\ H)il (95:2.5:2.5) HzNj(\“" H .

NHCbz

o “IOtBu

Compound 19

Depsipeptide 19 was synthesized by treatment of the linear peptide on a Tentagel R
RAM resin in an argon atmosphere with a solution of Alloc-D-Ala-OH (2.5 eq), DIC
(2.5 equiv) and DMAP (0.1 equiv) in dry DCM (3 mL/g resin) for 2 h [4]. After washing the
resin with dry DCM (3 times), it was washed again with dry and degassed DCM. A
solution of BH3z*NHMe; (20 equiv) in dry and degassed DCM (20 mL) was added and the
mixture was shaken for 1 min. Then Pd(PPhs), (0.2 equiv) was added and the mixture
was shaken for 15 min [5]. The resin was treated two more times with this mixture and
washed with DCM (3 times), 0.2% TFA in DCM (3 times), DCM (3 times), 0.2% DIPEA in
DCM (3 times), DCM (3 times) and NMP (3 times). Cyclization was performed 2 times
with PyAOP (2 equiv) and NMM (6 equiv) in NMP (3 mL/g resin) for 2 h. After washing
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with NMP (3 times) and DCM (3 times) the resin was dried and treated with a mixture of
TFA, TIS and water (95:2.5:2.5; 30 mL/mmol) for 3 h. Triple coevaporation with toluene
and precipitation with Et,O gave 355 mg of the crude peptide. Purification by preparative
HPLC (ACE C18-PFP, 10-90% A in 20 min) yielded pure cyclodepsipeptide 19 (118 mg,
0.145 mmol, 32%).

Mp: 272 — 273°C

[a]o*°= +13.7° (c = 0.50, DMF);

IR (ATR) v (cm™) = 3314, 2969, 1734, 1640, 1624, 1534, 1519, 1451, 1381, 1245, 1219.
'H NMR, COSY (600 MHz, DMSO-ds, mixture of diastereomeres (3:1), signals of major
diastereomer) & (ppm) =9.13 (s, 1H, Tyr—OH), 8.58 (d, J = 8.4 Hz, 1H, Tyr—NH), 8.34 (d,
J = 7.7 Hz, 1H, allo-Thr-NH), 8.04 (br s, GIn—NH), 7.59-7.46 (m, 2H, Thr—NH, allo-lle—
NH), 7.30 (m overlapping, 6H, Ala—NH, Ph-), 7.19 (br s, 1H, GIn CO-NH,a), 7.04 (d, J =
8.3 Hz, 1H, Tyr H-5), 6.77 (br s, 1H, GIn CO-NH;b), 6.60 (d, J = 8.3 Hz, 2H, Tyr H-6),
5.25 (m, 1H, Ala H-3), 5.10 (m, 2H, Ph—CH,0-), 4.93 (br d, J = 5.6 Hz, 1H, allo-Thr-
OH), 4.55 (m, 1H, Tyr H-2), 4.08 (m, 1H, Thr H-2), 4.26 (m, 1H, Ala H-2), 4.09 — 3.86
(m, 4H, GIn H-2, allo-Thr H-2, allo-Thr H-3, allo-lle H-2), 3.02 — 2.95 (m, 1H, Tyr H-3a),
2.59 — 2.52 (m, 1H, Tyr H-3b), 2.17 — 2.00 (m, 3H, GIn H-4a, GIn H-4b, GIn H-3a), 1.98
—1.86 (m, 1H, GIn H-3b), 1.36 — 1.29 (m, 1H, allo-lle H-3), 1.20 — 1.07 (m, 6H, Ala H-3,
Thr H-4), 1.04 — 0.93 (m, 3H, allo-Thr H-4), 0.76 — 0.66 (m, 1H, allo-lle H-4a), 0.66 —
0.54 (m, 7H, allo-lle H—4b, allo-lle H-5, allo-lle H-6)

13C NMR, HSQC, HMBC (151 MHz, DMSO-ds) & (ppm) = 173.9 (GIn C-5), 171.8 (Tyr C—
1), 170.5, 170.5, 170.4, 170.1 (Ala C-1), 169.0 (Thr C-1), 156.4 (-NHC(0)0O-), 155.7
(Tyr C-7), 136.8 (Ph-quart.), 130.2 (Tyr C-5), 128.4 (Ph), 128.0 (Tyr C-4), 128.0 (Ph),
127.8 (Ph), 114.7 (Tyr C-6), 70.3 (Thr C=3), 66.1 (Ph—CH,—), 65.6 (allo-Thr C-3), 59.6
(allo-Thr C-2), 58.4 (Thr C-2), 57.3 (allo-lle C-2), 54.5 (Tyr C-2), 53.4 (GIn C-2), 47.9
(Ala C-2), 36.8 (all-lle C-3), 36.7 (Tyr C-3), 31.7 (GIn C-4), 26.5 (GIn C-3), 25.0 (allo-lle
C-4), 20.2 (allo-Thr C-4), 18.1 (Ala C-3), 16.7 (allo-Thr C-4), 14.5 (allo-lle C-5), 11.3
(allo-lle C-6)

ESI-HRMS: calcd. for [C3gHs3N,O4, + Na]*: 834.3650 m/z, found: 834.3645 m/z.
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Di-tert-butyl [(E)-{[(13R)-15-{(3R,6R,9R,12S,15R,18S,19R)-6-(3-
amino-3-oxopropyl)-15-[(2S)-butan-2-yl]-12-(4-hydroxybenzyl)-9-
[(1R)-1-hydroxyethyl]-3,19-dimethyl-2,5,8,11,14,17-hexaoxo-1-o0xa-
4,7,10,13,16-pentaazacyclononadecan-18-yl}amino)-13-
(methoxymethoxy)-15-
oxopentadecyllamino}methylylidene]biscarbamate

NHCbz _/
e . )Nf >
O o] ) Pd/C (10%) 10 NHBoc
K& j/\/@ H2 - emon
o)
HN.__O ) HATU, 3, /©/4[ ;S_
HN f Q NH NMM DMF NH
2 - NH
“ON
b HJj,, Y\r
(o] ’OH (o]

H,N" S0

IZ

Compound 24
Cyclodepsipeptide 19 (19 mg, 23.4 pmol) was dissolved in DMF (8 mL) and palladium on
charcoal (2 mg, 10 wt % Pd on carbon) was added. After stirring for 12 h under hydrogen
atmosphere (1 bar), the mixture was filtered and the solvent was removed in vacuo to
yield the amine (16 mg).
Protected GHPD acid 3 (21.7 mg, 38.8 umol, 2 equiv) was dissolved in DMF (2 mL),
HATU (13.9 mg, 36.6 mmol, 1.9 equiv) and NMM (16.0 pL, umol, 7.6 equiv) were added
and the mixture was stirred for 5 min. After this time span, amine (13.0 mg, 19.2 yumol)
was added and the mixture was stirred for 70 h at room temperature. Removal of the
solvent in vacuo and purification by preparative HPLC (ACE C18 60% A for 4 min, then
gradient to 90% A in 10 min) yielded pure cyclodepsipeptide 24 (3.8 mg, 3.12 pmol,
16%).
ESI-HRMS: calcd. for [CsgHgegN10O17 + Na]*: 1241.7009 m/z, found: 1241.6992 m/z.
'H NMR, COSY (600 MHz, DMSO-dg) 6 (ppm) = 11.49 (s, 1H, —NHBoc), 9.09 (s, 1H,
Tyr-OH), 8.50 (d, J = 8.5 Hz, 1H, Tyr—NH), 8.45 (d, J = 5.5 Hz, 1H, allo-Thr—NH), 8.34
(br s, 1H, GIn-NH), 8.28 (t, J = 5.6 Hz, 1H, -NHC(NBoc)NHBoc), 7.86 (d, J = 8.4 Hz, 1H,
Thr-NH), 7.20 — 7.15 (m, 2H, allo-lle-NH, GIn-NH,a), 7.06 (d, J = 8.5 Hz, 3H, Ala—NH,
Tyr H-5), 6.77 (br s, 1H, GIn—NH,b), 6.59 (d, J = 8.5 Hz, 2H, Tyr H-6), 5.39 — 5.33 (m,
1H, Thr H=3), 5.03 (br s, 1H, allo-Thr-OH), 4.67 (d, J = 6.8 Hz, 1H, —OCH,0-), 4.64 —
4.56 (m, 2H, —OCH,0—, Tyr H-2), 4.40 — 4.29 (m, 2H, Ala H-2, Thr H-2), 4.19 (t, J = 8.8
Hz, 1H, allo-lle H-2), 3.85 (m, 3H, allo-Thr H-2, allo-Thr H-3, GHPD H-3), 3.73 (br s,
1H, GIn H-2), 3.29 — 3.24 (m, 2H, GHPD H-15), 3.24 (s, 3H, —OCHjs), 2.86 (dd, J = 13.7,
3.7 Hz, 1H, Tyr H-3a), 2.64 — 2.57 (m, 2H, Tyr H-3b, GHPD H-2a), 2.42 (dd, J = 13.9,
5.4 Hz, 1H, GHPD H-2b), 2.19 — 2.13 (m, 1H, GIn H-3a), 2.13 — 2.04 (m, 2H, GIn H-3b,
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GIn H-4a), 2.01 — 1.93 (m, 1H, GIn H-4b), 1.53 — 1.41 (m, 11H, —C(CHa)3, GHPD H-4),
1.38 (s, 9H, —C(CHjs)3), 1.31 (m, 1H, allo-lle H-3), 1.27 — 1.20 (m, 20H, GHPD H—-(5-14)),
1.15 (d, J = 6.5 Hz, 3H, Thr H-4), 1.12 — 1.07 (m, 6H, Ala H-3, allo-Thr H-4), 0.59 — 0.54
(m, 4H, allo-lle H-4a, allo-lle H-5), 0.51 (d, J = 6.7 Hz, 4H, allo-lle H-4b, allo-lle H-6).
3C NMR, HSQC, HMBC (151 MHz, DMSO-ds) & (ppm) = 174.3 (GIn C-5), 172.5 (Tyr C—
1), 171.1 (GHPD C-1), 170.9, 170.4 (Ala C-1), 170.3 , 170.2 (allo-lle C-1), 168.3 (Thr
C-1), 163.2 (-NHC(NBoc)NHBoc), 155.8 (Tyr C-7), 155.2 (-NHC(O)O-), 152.1 (-
NHC(0)O-), 130.3 (Tyr C-5), 127.8 (Tyr C-4), 114.6 (Tyr C-6), 94.4 (-OCH,0-), 82.9 (-
C(CHy3)3), 78.1 (—C(CHy3)3), 73.7 (GHPD C-3), 69.8 (Thr C-3), 65.7 (allo-Thr C-3), 60.2
(allo-Thr C-2), 57.1 (Thr C-2), 56.6 (allo-lle C-2), 54.9 (-OCHg), 54.1 (Tyr C-2), 53.2
(GIn C-2), 47.3 (Ala C-2), 40.2 (GHPD C-15), 39.8 (GHPD C-2), 37.7 (Tyr C-3), 37.3
(allo-lle C-3), 33.8 (GHPD C-4), 31.8 (GIn C-4), 29.1, 29.1, 29.0, 29.0, 28.6, 28.5, 28.0,
27.6, 26.2, 25.2 (GIn C-3), 24.9 (allo lle C-4), 20.6 (allo-Thr C-4), 18.2 (Ala C-3), 16.9
(Thr C-4), 14.3 (allo lle C-6), 11.4 (allo lle C-5).

(3R)-N-{(3R,6R,9R,12S,15R,18S,19R)-6-(3-amino-3-oxopropyl)-15-
[(2S)-butan-2-yl]-12-(4-hydroxybenzyl)-9-[(1R)-1-hydroxyethyl]-
3,19-dimethyl-2,5,8,11,14,17-hexaoxo-1-oxa-4,7,10,13,16-
pentaazacyclononadecan-18-yl}-15-carbamimidamido-3-
hydroxypentadecanamide

(e} NBoc o} NH
H
O. H ).L Oj NM\N)LNH
N o N° NHBoc  TFA/H,0/DCM N o N 2
@/ NH g O OmoMm (90:5:5) @//J/:NH g O OH
.
J/: o HO 0% “NH P

O7NH o;S_ H %_
HOWN NH HOW/HTN NH
o) (e}

H,N™ 0 HN™ ~0
Compound 1

Cyclodepsipeptide 24 (3.8 mg, 3.12 umol) was dissolved in a mixture of TFA (1.8 mL),
water (0.1 mL) and DCM (0.1 mL) and stirred for 1 h at room temperature. Toluene was
added and the solvent was removed in vacuo. Purification by preparative HPLC (ACE
C18, 10% to 50% A (MeCN + 0.1% formic acid) in 15 min yielded pure cyclodepsipeptide
1 (1.8 mg, 1.85 pmol, 59%).
[a]o?= +2.0° (c = 0.1, DMSO-dy).
ESI-MS/MS: 975.6 (M%), 957.6 (M-H,0), 720.5 (M-GHPD)
CID [720.5]: 631.3 [M—-GHPD-H,0-Ala]
503.2 [M—~GHPD-H,0-Ala-GIn]
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402.2 [M—~GHPD-H,0-Ala—GIn-Thr]
239.1 [M—GHPD-H,0-Ala—GIn-Thr-Tyr]
All fragments are identical to those of the natural product.

ESI-HRMS: calcd. for [C47H7gN1001, + H]™: 975.5879 m/z, found: 975.5854 m/z.
'H NMR, COSY (600 MHz, DMSO-ds) & (ppm) = 9.23 (br s, 1H, Tyr—OH), 8.52 (d, J = 7.8
Hz, 1H, Tyr—NH), 8.49 (br s, 1H, allo-Thr—NH), 8.20 (br s, 1H, GIn—NH), 7.76 (br s, 1H,
Thr—NH), 7.64 — 7.42 (m, 1H, Ala—NH), 7.39 (br s, 1H, allo-lle-NH), 7.26 (br s, 1H, GIn—
NH,a), 7.06 (d, J = 8.5 Hz, 2H, Tyr H-5), 6.82 (br s, 1H, GIn-NH,b), 6.60 (d, J = 8.5 Hz,
2H, Tyr H-6), 5.34 — 5.28 (m, 1H, Thr H-3), 4.90 (br s, 1H, GHPD-OH), 4.54 — 4.48
(m,1H, Tyr H-2), 4.46 (br d, J = 7.8 Hz, 1H, Thr H-2), 4.24 — 4.12 (m, 2H, Ala H-2, allo-
lle H-2), 3.90 — 3.83 (m, 1H, GIn H-2), 3.94 (m, 2H, allo-Thr H-2, allo-Thr H-3), 3.80 —
3.73 (m, 1H, GHPD H-3), 3.03 (q, J = 6.5 Hz,, 2H, GHPD H-15), 2.89 (d, J = 12.7 Hz,
1H, Tyr H-3a), 2.59 (m, 1H, Tyr H-3b), 2.33 — 2.39 (m, 1H, GHPD H-2), 2.21 — 2.14 (m,
1H, GIn H-4a), 2.12 — 2.03 (m, 2H, GIn H-3b, GIn H—4a), 2.02 — 1.93 (m, 1H, GIn H-3a),
1.46 — 1.40 (m, 2H, GHPD H-14), 1.35 (m, 4H, allo-lle H-3, GHPD H-4, GHPD H-5a),
1.30 - 1.19 (m, 18H, GHPD H—(5-13), GHPD H-5b), 1.17 (d, J = 7.1 Hz, 3H, Ala H-3),
1.14 (d, J = 6.5 Hz, 3H, Thr H-4), 1.05 (br s, 3H, allo-Thr H-4), 0.75 — 0.67 (m, 1H, allo-
lle H—4a), 0.63 — 0.59 (m, 4H, allo-lle H-4b, allo-lle H-5), 0.53 (d, J = 6.5 Hz, 3H, allo-lle
H-6).
13C NMR, HSQC, HMBC (151 MHz, DMSO-ds) & (ppm) = 174.3 (GIn C-5), 166.8 (Tyr C—
1), 171.9 (GHPD C-1), 170.6 (allo-Thr C-1), 170.4 (Ala C-1), 170.4 (GIn C-1), 170.4
(allo-lle C-1), 168.5 (Thr C-1), 157.1 (-NHC(NH)NH,), 155.9 (Tyr C-7), 130.2 (Tyr C-5),
127.7 (Tyr C-4), 114.7 (Tyr C-6), 70.2 (Thr C-3), 67.5 (GHPD C-3), 65.6 (allo-Thr C-3),
59.9 (allo-Thr C-2), 56.5 (Thr C-2), 56.5 (allo-lle C-2), 54.5 (Tyr C-2), 53.2 (GIn C-2),
47.8 (Ala C-2), 43.3 (GHPD C-2), 40.6 (GHPD C-15), 37.2 (allo-lle C-3), 36.9 (Tyr C-
3), 36.9 (GHPD C-4), 32.0 (GIn C-4), 29.1, 29.1, 29.0, 28.7, 28.5 (GHPD C-14), 28.0,
27.6, 26.2, 26.1 (GIn C-3), 25.4 (GHPD C-5), 25.1 (allo lle C-4), 20.2 (allo-Thr C-4),
17.8 (Ala C-3), 16.7 (Thr C-4), 14.4 (allo lle C-6), 11.4 (allo lle C-5).
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Figure S1: '"H-NMR (300 MHz, CDCIs) and 3C-NMR (75 MHz, CDCl3) of compound 9
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Figure S10: "H-NMR (600 MHz, DMSO-dg) and BC.NMR (150 MHz, DMSO-ds) of synthetic compound 1
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Figure S11: *H-NMR (600 MHz, DMSO-dg) and **C-NMR (150 MHz, DMSO-ds) of isolated compound mixture
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IV) 2D-NMR Spectra of selected compounds
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Figure S12: COSY (400 MHz, CDClz)and HSQC (400/101 MHz, CDCIs) of compound 3
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Figure S13: HMBC (400/101 MHz, CDCl3) of compound 3
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Figure S14: COSY (600 MHz, DMSO-dg) and HSQC (600/150 MHz, DMSO-ds) of synthetic compound 1
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Figure S16: NOESY (600 MHz, DMSO-ds) of synthetic compound 1
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V)  Mosher Analysis Spectra and selected carbon shifts of

cyclopeptide 19
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5.70
f1 (ppm)

Figure S19: '"H-NMR (600 MHz, CDCI3) spectra from Mosher Analysis of (R)-11 with R-MTPA,
top: racemate, bottom: (R)-enantiomer (94% ee)

T T T T T T T T T T
2.0 315 25.0 20.5 20.0 18.5 18.0 17.0 16.5 14.5 11.5

8.
f1 (ppm)

Figure S20: selected *C-NMR shifts showing the double signal set
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VI)  Shift table and C-NMR spectra comparison of 1, synthetic
vs. natural
150 MHz DMSO 294 K, in ppm
oC natural &C synthetic 8A 6C natural 8C synthetic 8A
Thr 1 168.6 1685  -0llallo-lle 26  170.4 1704 0
2 56.5 56.5 0 27 565 56.5 0
3 70.2 70.2 0 28 372 37.2 0
4 16.7 16.7 0 20 251 25.1 0
Ala 5 170.4 1704 0 30 144 14.4 0
6 47.8 47.8 0 31 114 11.4 0
7 17.8 17.8 0o [GHPD 32 1719 171.9 0
Gin 8 170.4 1704 0 33 433 433 0
9 53.2 53.2 0 34 676 675 0.1
10 26.2 261 0.1 35 369 36.9 0
11 32 32 0 36-44 28.7-292  28.7-29.2
12 174.3 174.3 0 45 28.5 28.5 0
alloThr 13 1706 170.6 0 46 406 40.6 0
14 59.9 59.9 0 47 157.2 157.1 -0.1
15 65.6 65.6 0
16 20.1 202 01
Tyr 17 1667 1668 0.1
18 54.6 545 0.1
19 36.9 36.9 0
20 127.8 1277 -01
21.25 1302 130.2 0
22.24 114.7 114.7 0
23 1559 155.9 0

Table S1: Shifttable of the **C-NMR data comparison synthetic vs. natural compound 1
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g:

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
230 220 210 200 190 180 170 160 150 140 130 120 110 100 9 8 70 60 50 40 30 20 10 0 -10
f1 (ppm)

Figure S21: top: "*C-NMR (150 MHz, DMSO-de) of the isolated compound mixture
bottom: **C-NMR (150 MHz, DMSO-ds) of synthetic compound 1
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