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Scheme S1. Additional inhibitors for the structure-activity relationship study
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Scheme S2. Synthesis of inhibitors in solution, part |
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Scheme S4. Synthesis of inhibitors on solid-phase, part |
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Scheme S5. Synthesis of inhibitors on solid-phase, part I
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Scheme S6. Synthesis of inhibitors on solid-phase, part IlI
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Scheme S7. Synthesis of inhibitors on solid-phase, part IV
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Scheme S8. Synthesis of inhibitors on solid-phase, part V
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Scheme S9. Synthesis of Fmoc-hArg(Boc),-OH
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Scheme S11. Non-commercial building blocks used in study
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Figure S1. Dose-response curves — SIRT2 deacetylation
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Concentration—response curves against inhibition of SIRT2 deacetylation for representative
compounds using QPKKac as substrate. ICso values are reported in Table 1 and Table S1.

Figure S2. Dose-response curves — SIRT2 demyristoylation
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Concentration—response curves against inhibition of SIRT2 demyristoylation for representative
compounds using ETDKmyr as substrate. ICso values are reported in Table 1 and Table S1.
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Figure S3. Dose-response curves — SIRT1 and SIRT3 deacetylation

SIRTL SIRT1 SIRT3
100 - 100 8 w0 -~
g | - 5 g —— s4 o —— 25
< —— 25D Y —— 520 —e— 25D
%50 26 % i s21 § . 2
E %6D 3 s2 g 20
3 s2L5 3 s23 3 s21
¢ ¢ ¢
s22
o ES o 0 —— s23
3 2 1 0 1 2 3 2 1 0 1 2 - _
log [inhibitor (LM)] log [inhibitor (IM)] log [inhibitor (M) —— SaLs

Concentration—response curves against inhibition of SIRT1 and SIRT3 deacetylation for
representative compounds using QPKKac as substrate. ICso values are reported in Table S1.

Figure S4. Dose-response curves from cell viability assays
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(continued on next page)
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(Figure S4, continued)
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Figure S5. Chemical stability of selected compounds in assay buffer
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Figure S6. Stability of selected compounds in cell media and human serum
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(a) Stability of compound 25-D (thiourea) and 26-D (thioamide) in cell media (MEM, 10% (v/v) FBS)
at 37 °C over 24 h. (b-c) Serum stability assays for all tested compounds for up to 24 h. Data are
shown as mean values relative to the peak intensity att = 0 h £ SEM (n = 2-3).

Figure S7. Degradation of compound 3 in human serum
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UV (Azs4) and TIC (ES*) chromatogram and mass spectra of compound 3 in human serum after
30 min. Rapid degradation was observed with the formation of several metabolites, in particular, an
[M-16] mass adduct (2) corresponding to oxourea conversion could be identified.
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Figure S8. Cellular thermal shift assays against SIRT1-3
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Western blot analysis of whole cell lysates from HEK293T cells after 1 h treatment with 26 (0.01 uM),
26-D (0.10 uM), TM (10 uM) or respective volumes of DMSO followed by heat treatment. For full
blots and protein marker see the full Western blot section (n = 3).

S16



Figure S9. Supplementary immunofluorescent images
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Immunofluorescent images (40x) of MCF-7 cells treated with inhibitor (25 pM, except for 26 and
TSA: 5 uM) or DMSO (vehicle) for 6 h. The data are representative images from two individual
experiments performed in duplicate. DAPI (blue, nuclear counterstain) and Ac-a-tubulin (green).
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Table S1. Data collection and refinement statistics for X-ray co-crystal structures

Data collection SIRT2:13 SIRT2:23
X-ray source SLS X06DA SLS X06DA
Space group P2,2:2, P2:2:12;
Unit cell a (A) 35.9 35.8
b (A) 65.3 65.5
c (A 114.0 114.9
Wavelength (A) 1.000 1.000
Resolution (A) 37.9-1.61 43.2-1.54
(1.64-1.61) (1.59-1.54)
Unique reflections 36305 40773
Completeness (%) @ 100 (100) 99.8 (99.1)
R merge (%) # 4.7 (84.8) 5.1 (95.3)
I/o(1)? 9.3(0.9) 19.8 (2.2)
Wilson B (A% 20.8 37.6
2 Values in parentheses are for the highest resolution shell
Refinement statistics
Resolution range (A) 34.2-1.70 20.0-1.70
No. of reflections 28752 29045
No. of non-hydrogen atoms 2428 2365
R work (%) 21.6 27.2
R free (%) 25.6 31.7
R.m.s. deviations
Bond length (A) 0.005 0.003
Bond angle (degree) 1.20 1.14
B-factors (A?) 31.1 43.9
Protein 33.3 43.9
Inhibitor 48.4 66.1
Waters 29.9 40.1
Ramachandran plot (%)
Favored region 98.2 97.8
Allowed region 1.8 2.2
Outlier region 0.0 0.0




Table S2. Inhibitory potencies against SIRT1-3 deacylation

Compound SIRT1 SIRT2 SIRT3
1 1.4+ 0.4 uM 14% [1 uM] 15% [10 pM]
2 NI [0 uM] 12402 uM NI [10 UM]
3 47% [10 uM] ?23;1'[ 10684;1% NI [10 pM]
4 10% [100 pM] 199% [100 pM] ND
5 NI [100 pM] 29% [100 uM] ND
6 71% [10 uM] 3322 i 8:21:\*/";" 21% [10 UM]
7 29% [10 uM] ?ié;i[ 10683“% NI [10 uM]
8 30% [1 uM] (:2.71.2 : 8:31:\;’;" 48% [10 uM]
9 520 [1 uM] 3512 i 8:21‘1"\‘/"\)" 62% [10 UM]
10 76% [1 uM] 3'22!11 i gzgsu‘h‘/:\)" 20% [10 UM]
11 28% [1 uM] %1.2 i 2:21‘1‘“‘/:\)" 219% [10 pM]
12 NI [10 UM] O('f“l[i gdoiw‘l‘]')\" 189% [10 pM]
13 81% [1 uM] (8:411; i g:gé 5“'\::) 48% [1 uM]
14 250 [1 UM] (g:gg i 8:8; 5“'\::) 54% [1 uM]
15 56% [1 UM (g:gi i 8:8411 EI\I\:II) 62% [10 uM]
16 57% [1 uM] (2323 i gzgzukﬂ'\)" 63% [10 UM]
17 53% [1 UM] (212; i 8:(1)2“‘;:\)/' 18% [1 uM]
18 56% [1 UM (8:(133 ;‘r 8:8; EI\I\:II) 28% [1 UM]
19 17% [10 uM] ( 423/:/? 1% O“mgﬂ]) NI [10 uM]
20 61% [1 UM] (8:411‘71 z 8:8? EI\I\:II) 20% [1 uM]
21 78% [10 UM] O'éiiioz'ouzM‘;M 11% [10 puM]
22 77% [L uM] (8:% :_f 8:8; E,\'\;:) 5696 [1 UM]
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Compound SIRTL SIRT2 SIRT3
23 550 [10 uM] 0.(19351103;0“2ML;M NI [10 pM]
24 0.53+0.11 uM (g:gg i g:gé El\hjll) 2.2+0.4 UM

240 349% [L uM] %31.2 i g:glprx:\)ﬂ 219% [10 UM]
25 0.37 +0.07 uM (g:(l);‘ i g:g; El\l\j) 1.9+03pM
25-p 3.6+0.7 uM 35? i’ 8:21;!\1/:\)/' 35+ 3 M
26 0.33+0.05 uM (8:2; i 8:8; ﬁl\'\ﬁ) 2.0+0.4 M
26-D 3.7+0.2uM 3:3 i’ 8:21‘1"\*/:\)" 31% [10 uM]
s1 64% [1 uM] 20% [1 uM] 43% [10 pM]
s2 83% [L UM] 39% [10 uM] 9% [10 M|
S3 1.0+ 0.2 uM 36% [L UM] 599% [10 UM]
s4 1.0+ 0.1 uM 26% [1 pM] 14% [10 pM]
S5 15% [10 uM] (3573;:/? 1[3 O“m\]/l]) NI [10 uM]
S6 9% [10 uM] (316/2/‘; 1[; O“m]) NI [10 uM]
s7 49% [1 uM] 3'71; i gzglu‘l\‘ﬂ'\)" 219% [10 pM]
S8 44% [1 uM] 341.8 i ?glu"\‘/:\)" 41% [10 uM]
s9 55% [10 uM] &'?01/0 i[ fo'gsu% NI [10 pM]
S10 219% [1 UM] (261.2 i g:gzull\l/ll\)/l 17% [10 pM]
s11 71% [10 pM] 0.40 £ 0.05 pM NI [10 pUM]
s12 NI [10 pM] 139% [10 pM] NI [10 UM]
S13 14% [10 pM] 31% [10 pM] NI [0 UM]
S14 129 [100 pM] 16% [100 pM] NI [0 UM]
S15 ND 51+ 12 UM 16% [100 pM]
S16 16% [100 pM] 139% [100 pM] NI [0 pUM]
S17 23% [10 pM] 0.74+ 0.07 uM 10% [10 pM]
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Compound SIRTL SIRT2 SIRT3
S18 38% [10 uM] 0.75 + 0.05 puM NI [10 pM]
S19 14% [100 puM] NI [100 pM] 10% [100 puM]
S20 7.742.9 M 0.11 +0.01 puM 349 [100 pM]
s21 4.8+ 0.8 uM 0'?1%1;020“1'\/";'\" 55+ 5 uM
S22 0.46 +0.12 uM (g:gg’ ;" g:g;‘m 2.9+0.5 uM
S23 0.51+0.11 uM (g:gi i 8:8;)“::/' 3.7+0.9 UM
™ NI [100 uM] (k?[i(?dsulltﬂl\]ﬂ) NI [100 uM]

S2iL5 0.24 +0.03 uM (:2'292 i 8:21‘1"\‘/:\)" 0.30 +0.03 uM
SirReal2 37% [10 uM] O('Iill[j é’dofw‘l‘]')\" NI [10 pM]

AGK-2 629 [100 uM] (?\10| E"léou‘;/l'\]") 69% [100 pM]
Suramin 74% [10 pM] (IiH?[J_iOl 5\')'/;) 6% [100 uM]
tenovin-6 36% [100 pM] (Iil?[iiol 5!\';/;) 38% [100 pM]

Potencies against recombinant SIRT2 (100 nM) are given as mean ICs values + SD or %-inhibition
against QPKKac and ETDKmyr (parenthesis) substrates (50 uM). NI = no inhibition; ND = not

determined.

The Ku of QPKKac has been determined by to be >333 uM for SIRT1-3 by Lin and co-workers.®
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Table S3. Continous assay kinetic data

Mechanism A

Mechanism B

KS kL‘:lI KS k&.‘al
E ES —— E+P E ES —— E+P
C k
k, “ k, slow K :% k, “ k., fast K, _k—’]
1 1
EI El
kfz
k, “ k,, slow Ko=711
EI* k, k. k.
Ki_?llk2+2k2 Ilk2+?kZ
Mechanism A 26-D Mechanism B 25 26
SIRT2 SIRT2
ki (NnM-min‘t) ~6 x 1077 kz (Min') 0.10 £0.01 0.07 £0.01
ki (min) -0 k. (min’) ~2 x 10 ~6 x 10
Ki1 (nM) 240 + 180 130 + 80
Ki (nM) = Ki (nM) <10° < 10°
Dis. ty, (min) >10° Dis. ty (min) > 10° > 105

K values depend on k., values and, since k., values approached 0, K; could not be determined.

Table S4. Inhibitory potencies for selected compounds against different sirtuin subtypes

Compound SIRT5* SIRT6!
3 NI [100 pM] NI [10 pM]
25 NI [100 pM] 30% [10 pM]
25-D NI [100 puM] 14% [10 uM]
26 NI [100 pM] 41% [10 pM]
26-D NI [100 puM] 29% [10 pM]
™ NI [100 pM] NI [10 pM]
S2iL5 25% [100 uM] NI [10 pM]
SirReal2 NI [100 puM] NI [10 pM]
AGK-2 15% [100 uM] NI [10 pM]
Suramin 85% [100 uM] NI [10 pM]

Potencies against recombinant SIRT5 (100 nM) or SIRT6 (600 nM) given as %-inhibition using
*LGKglu as substrate or TETDKmyr as substrates (50 puM).
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Table S5. Inhibitory potencies against SIRT1/2 deacetylation of H3K9ac.

Compound 26 26-D ™ S2iL5
SIRT1 23+05uM 7.7+13uM NI [100 pM] 2.0+0.6 uM
SIRT2 16 + 4 nM* 22 £11 nM* 40 £ 9 pM 0.57 £0.09

Potencies against recombinant SIRT1 and SIRT2 (20 nM) using H3K9ac (50 pM) as substrate.
*stoichiometric inhibition.

Table S6. cLogP and PSA values.

Calculated LogP (cLogP) and polar surface area (PSA) values were calculated using QikProp.®

Compound cLogP PSA (A%
SirReal2 5.14 72.0
™ 8.62 96.4
Tenovin-6 5.39 98.5
AGK-2 5.08 77.5

S2iL5 - -

25 1.88 263
25-D 1.90 264
26 2.03 252
26-D 2.52 253

The cLogP values were approximately 3-fold lower for compounds 25, 25-D, 26, and 26-D than
SirReal2, tenovin-6, and AGK-2, while that of TM was substantially higher at 8.6. For the PSA, our

compounds were generally higher than all control compounds. On the other hand, the higher PSA

values for our compounds compared to the small molecule control compounds also gives rise to

better aqueous solubility enabling biological studies without the need for drug formulation.
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Table S7. Compound half-lives in human male serum

Compound Serum half-life (t,)

™ 12+3h

S2iL5 0.5+0.1h
SirReal2 >>24 h

tenovin-6 0.8+£0.5h
2 13+2h

3 04+0.1h

25 0.5+0.1h

25-D 0.6+0.1h

26 2.8+0.3h

26-D 58+1.2h
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Table S8. ECso values of SIRT2 inhibitors in cell viability assays

Compound HelLa MCF-7 HEK?293T Jurkat

1 27.8-40.7 62.8-69.0 30.8-45.6 65.0-76.0

3 15.6-19.2 25.6-28.9 2.36-3.17 34.3-45.4
20 41.4-53.1 64.7-76.6 102-121 ND

21 25.8-34.9 28.7-45.6 32.3-60.4 1.17-6.89
25 28.9-39.1 63.7-84.3 ~ 100 (wide) ND

25-D 23.6-40.8 31.9-53.3 4.88-18.3 3.24-6.12
26 19.4-29.3 28.4-34.3 23.4-100+ ND

26-D 18.8-32.1 29.0-55.0 10.3-21.3 7.20-14.7
S15 > 100 > 100 > 100 ND

S18 23.1-41.4 69.2-78.9 28.6-38.0 25.4-40.8

S19 52.1-75.8 47.6-62.8 3.68-46.1 21.2-28.1

S21 89.8-126 64.7-93.7 >100 35.5-64.4

™ 1.87-11.5 6.88-8.41 12.4-35.9 7.27-16.0
S2iL5 90.8-173 32.0-162 ND ND
SirReal2 13.8-20.8 27.6-44.9 84.5-109 ND

ECso values reported from 95% confidence intervals (uM) from cell viability (MTT) assays. Data are
based on three individual experiments performed in duplicate. ND = not determined.
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General experimental methods

All reagents and solvents were of analytical grade and used without further purification as obtained
from commercial suppliers. Anhydrous solvents were obtained from a PureSolv-system. Reactions
were conducted under an atmosphere of nitrogen whenever anhydrous solvents were used.
Reactions were monitored by thin-layer chromatography (TLC) using silica gel coated plates
(analytical SiO2-60, F-254) or by LC-MS. TLC plates were visualized under UV light and by dipping
in either (a) a solution of potassium permanganate (10 g/L), potassium carbonate (67 g/L) and
sodium hydroxide (0.83 g/L) in water, (b) a solution of ninhydrin (3 g/L) in 3% acetic acid in water
(v/v), or (c) a solution of molybdate-phosphoric acid (12.5 g/L) and cerium(IV)sulfate (5 g/L) in 3%
conc. sulfuric acid in water (v/v) followed by heating with a heat gun. Vacuum liquid chromatography
(VLC) was performed with silica gel 60 (particle size 15-40 um). After column chromatography,
appropriate fractions were pooled and dried at high vacuum (<2 mbar) for at least 12 h to give
obtained products in high purity (>95%) unless stated otherwise. Evaporation of solvents was carried
out under reduced pressure at a temperature below 40 °C. LC-MS analyses were performed on a
Phenomenex Kinetex column (1.7 um, 50x2.10 mm) using a Waters Acquity ultra high-performance
liquid chromatography (UPLC) system. Gradient A with eluent | (0.1% HCOOH in H2O) and eluent ||
(0.1% HCOOH in MeCN) rising linearly from 0% to 95% of Il during t = 0.00-5.20 min was applied
at a flow rate of 0.6 mL/min. Preparative reversed-phase HPLC purification was performed on a C18
Phenomenex Luna column (5 um, 100 A, 250x20 mm) or a C8 Phenomenex Luna column (5 ym,
100 A, 250x21.2 mm) using an Agilent 1260 LC system equipped with a diode array UV detector
and an evaporative light scattering detector (ELSD). Gradient B with eluent Il (H,O/MeCN/TFA,
95:5:0.1, v:v) and eluent IV (0.1% TFA in MeCN) rising linearly from 0-30% to 95% of IV during
t =5-45 min at a flow rate of 20 mL/min was applied. Analytical HPLC was performed on a C18
phenomenex Luna column (3 pm, 100 A, 150x4.60 mm) or a C8 phenomenex Luna column (5 pM,
100 A, 250x4.60 mm) using an Agilent 1100 series system equipped with a diode array UV detector.
Gradient C using eluent Ill and eluent IV, rising linearly from 0% to 95% of IV during t=5-20 or
t = 5-35 min was applied at a flow rate of 1.2 mL/min. High-resolution mass spectrometry (HRMS)
measurements were recorded either on a maXis G3 quadrupole time-of-flight (TOF) mass
spectrometer (Bruker Daltonics, Bremen, Germany) equipped with an electrospray ionization (ESI)
source or on an Agilent 1290 UHPLC equipped with a diode array detector and coupled to Agilent
6550 QTOF mass spectrometer operated in positive electrospray or on a Bruker Solarix WR by either
matrix assisted laser desorption/ionization, or ESI. Nuclear magnetic resonance (NMR) spectra were
recorded either on a Bruker Avance Il HD equipped with a cryogenically cooled probe (*H NMR and
13C NMR recorded at 600 and 151 MHz, respectively) or a Bruker Avance Il (*H NMR, ¥*C NMR and
19F NMR recorded at 400, 101, and 377 MHz, respectively). All spectra were recorded at 298 K.
Chemical shifts are reported in ppm relative to deuterated solvent as internal standard (64 DMSO-de
2.50 ppm; 6c DMSO-ds 39.52 ppm; 64 CDCl3z 7.26 ppm; 6c CDClz 77.16 ppm; 6x MeOD-d4 3.31 ppm;
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O0c MeOD 49.0 ppm). Assignments of NMR spectra are based on 2D correlation spectroscopy
(COSY, HSQC, TOCSY and HMBC spectra). Compound stock concentrations were determined by
guantitative NMR (gNMR) using maleic acid as internal standard.

General solid phase peptide synthesis procedure (SPPS)

Peptides were synthesized on a ChemMatrix® or TentaGel®-resin using a Rink amide (RAM) linker
by standard solid-phase peptide synthesis. Resin loading was determined spectrophotometrically,
quantifying the amount of released fluorene upon cleavage of the Fmoc group from a small sample.’
Each elongation step was performed by applying the relevant amino acid (3 equiv.), HATU
(2.9 equiv.) and iPraNEt (6 equiv.) or the relevant amino acid (1.5 equiv.), PyOxim (1.5 equiv.) and
iPr.NEt (6 equiv.) in DMF. Fmoc-deprotection was performed by treatment with DMF/piperidine (4:1,
viv, 4 mL; 2 min then 15 min), followed by washing with DMF (3x4 mL). The reaction progress was

monitored by Kaiser's tests® or by test cleaveage and subsequent UPLC-MS analysis.

General procedure for global deprotection and cleavage from the resin
Peptides were cleaved from the resin by TFA/HO/TIPS (95:2.5:2.5 (v/v), 4 mL; 1 h) and solvent
removed under a stream of nitrogen. The resulting crude was triturated with ice-cold diethyl ether

and purified by preparative reversed-phase HPLC. Yields were determined based on resin loading.

General procedure for on-resin Teoc deprotection

A solution of TBAF trihydrate (10 equiv.) in DMF (2.0 mL/0.1 mmol resin) was added to the fritted
syringe containing the resin bound peptide and the reaction mixture was agitated for 1 h at 50 °C.
The procedure was repeated and the resin was then washed with DMF (3x4 mL) and CH.Cl,
(3%x4 mL).

General on-resin thioacetylation procedure

Ethyl dithioacetate (2 equiv.) was dissolved in DMF (2.0 mL/0.1 mmol resin) and iPraNEt (2 equiv.)
and added to a fritted syringe containing the resin bound peptide and the reaction mixture was
agitated for 3-4 h. After washing with DMF (3x4 mL) and CH.Cl. (2x4 mL) the reaction progress was
evaluated with a Kaiser's test. If the Kaiser's test indicated presence of unreacted amine, the

procedure was repeated.
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General on-resin thiourea formation procedure

Compound S26 (2 equiv.) and iProNEt (2 equiv.) were dissolved in DMF (2.0 mL/0.1 mmol resin) and
added to the fritted syringe containing the resin-bound peptide and the reaction mixture was agitated
for 3-4 h. After washing with DMF (3x4 mL) and CH.Cl, (3x4 mL) the reaction progress was
evaluated with a Kaiser’s test. If the Kaiser's test indicated presence of unreacted amine, the
procedure was repeated.

For compounds containing other thiourea functionalities (compounds S11-S12, S14-S16), a
solution of the desired amine (2 equiv.) and iPraNEt (3 equiv.) in CH2Cl, (3.0 mL) was added
dropwise over 5 min to a solution of bis(1-benzotriazolyl)methanethione (2 equiv.) in CH2Cl> (1.5 mL)
at 0 °C. The reaction mixture was concentrated under reduced pressure and the resulting crude
residue and iPraNEt (2 equiv.) were dissolved in DMF (2.0 mL/0.1 mmol resin) and then added to

the fritted syringe containing the resin bound peptide.
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Compound syntheses
N2-((benzyloxy)carbonyl)-N°-tetradecanoyl-L-lysine (S24). Trimethylsilyl chloride (0.27 mL,
HNj\% 2.14 mmol) was added to a solution of Cbz-Lys-OH (300 mg, 1.07 mmol) and iProNEt
(0.75 mL, 4.28 mmol) in anh. CH2Cl> (20 mL). The reaction mixture was stirred at
ambient temperature for 30 min and myristoyl chloride (0.35 mL, 1.28 mmol) was

OH
ChzHN added. After 90 min, the reaction mixture was poured into aq. citric acid (25% (w/w),

50 mL) ;nd extracted with CH,Cl, (4x25 mL). The combined organic layers were dried over Na>SO4,
filtered and concentrated under reduced pressure. The crude residue was purified by column
chromatography (0—4.5% MeOH and 0.5% AcOH in CHCl,) affording the desired amide S24
(181 mg, 35%) as a colorless solid. TLC (3% MeOH and 0.5% AcOH in CH2Cl,): Rf = 0.3. *H NMR
(600 MHz, MeOD-d4) & 7.48-7.18 (m, 5H, Harcbz), 5.09 (s, 2H, CHz.cnz), 4.14 (dd, J = 9.2, 4.7 Hz,
1H, Havys), 3.16 (t, J = 6.9 Hz, 2H, Hcyys), 2.15 (t, J = 7.5 Hz, 2H, (C=0)CH>), 1.90-1.79 (m, 1H,
Hgysa), 1.75-1.64 (m, 1H, Hgysp), 1.64-1.36 (m, 6H, Hs1ys, HyLys, (C=O)CH2CH>), 1.36-1.22 (m,
20H, (CH2)10CHs), 0.90 (t, J = 7.0 Hz, 3H, CHs). 3C NMR (151 MHz, MeOD-d4) & 176.3 (NH¢,,sCO),
175.9 (COOH), 158.7 (COcbz), 138.2 (Clarcbz), 129.4 (C3arcoz, Charchz), 129.0 (Clarchz), 128.7
(C2ar,cbz, CBarchz), 67.6 (CHzchz), 55.3 (Cays), 40.0 (Ceys), 37.2 ((C=0)CH,), 33.1 (CH>CH.CHs3),
32.4 (Cguys), 30.8-30.3 (8C, (CH2)10CHs), 29.9 (CsLys), 27.1 ((C=0O)CH.CHy), 24.3 (CyLys), 23.7
(CH2CHgs), 14.5 (CHs). ESI-MS m/z calcd for CzsHa7N2Os* [M+H]", 491.3; found 491.4. CAS RN:
213017-44-8.

N2-((benzyloxy)carbonyl)-N®-tetradecanethioyl-L-lysine (S25). Lawesson’s reagent (136 mg,
HNJSJ\% 0.33 mmol) was added to a solution of amide S24 (160 mg, 0.33 mmol) in anh. THF

(10 mL). The reaction mixture was stirred at ambient temperature for 2 h and then

poured into ag. HCI (2 M, 50 mL) and extracted with CH,Cl. (3x40 mL). The combined

organic layers were dried over Na,SO., filtered and concentrated under reduced

OH
CbzHN

(o]
pressure. The crude residue was purified by column chromatography (0—1.5% MeOH and 0.5%

AcOH in CH.CIl,) affording the desired thioamide S25 (119 mg, 72%) as a colorless solid. TLC (1.5%
MeOH and 0.5% AcOH in CH.Cl,): Rf = 0.4. *H NMR (600 MHz, MeOD-d.) & 7.43-7.20 (m, 5H,
Harcbz), 5.14-5.06 (M, 2H, CHzcpz), 4.16 (dd, J = 9.2, 4.7 Hz, 1H, Hauys), 3.58 (t, J = 7.1 Hz, 2H,
Helys), 2.62—2.54 (m, 2H, (C=S)CH>), 1.93-1.81 (m, 1H, Hgysa), 1.76-1.60 (m, 5H, Hgys s, HsLys,
(C=S)CH2CH>), 1.52-1.38 (m, 2H, Hyys), 1.30 (d, J = 13.9 Hz, 20H, (CH2)10CHs3), 0.90 (t, J = 7.0 Hz,
3H, CHs). 3C NMR (151 MHz, MeOD-ds) & 206.5 (C=S), 175.9 (COOH), 158.7 (COcs,), 138.2
(Clarchz), 129.5 (C3archz, Charchz), 129.0 (Clarchz), 128.7 (C2archz, Charchz), 67.6 (CHazchz), 55.2
(CaLys), 47.1 ((C=S)CHy>), 46.6 (Cys), 33.1 (CH.CH,CHz3), 32.5 (Cg,Lys), 30.8-29.9 (9C, (CH2)11CH3),
28.2 (Csys), 24.4 (CyLys), 23.7 (CH2CHs), 14.5 (CHs). ESI-MS m/z calcd for C2sHasN2Os* [M+H]*,
505.3; found 505.3. CAS RN: 1429749-38-1.
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Benzyl (S)-(1-oxo-1-(phenylamino)-6-tetradecanethioamidohexan-2-yl)carbamate (TM).
s Carboxylic acid S25 (50 mg, 0.10 mmol), aniline (13 pL, 0.15 mmol), HOBt (20 mg,
HNJ\% 0.15 mmol), and iPr.NEt (34 puL, 0.20 mmol) were dissolved in anh. CH.Cl,

(2.0 mL) and cooled to 0 °C. EDC (28 mg, 0.15 mmol) was added and the reaction
chabN \© mixture was stirred at 0 °C for 5 min and then overnight at ambient temperature.
o The reaction mixture was cooled to 0 °C and additional EDC (28 mg, 0.15 mmol)

was added and the reaction mixture was stirred at 0 °C for 5 min and then for another 72 h at ambient

H

temperature. The reaction mixture was concentrated under reduced pressure and resuspended in
EtOAc (65 mL) and washed with aq. KHSO4 (5%, 3x50 mL), saturated aq. NaHCO3 (3x50 mL) and
brine (2x50 mL). The organic phase was dried over Na>SOy, filtered and concentrated under reduced
pressure. The crude residue was purified by column chromatography (0—1.25% MeOH in CH2Cly)
affording the desired thioamide TM (37 mg, 65%) as a colorless solid. *H NMR (600 MHz, DMSO-
ds) 8 9.99 (s, 1H, COysNH), 9.86 (t, J = 5.5 Hz, 1H, NHgys), 7.60 (d, J = 8.0 Hz, 2H, H2pn, H6pn),
7.53 (d, J=7.9 Hz, 1H, NHqys), 7.42—7.10 (m, 7H, Har.cbz, H3pn, H5pn), 7.04 (t, J = 7.4 Hz, 1H, H4pp),
5.03 (S, 2H, CHzchy), 4.14 (td, J = 8.6, 5.2 Hz, 1H, Hayys), 3.54-3.39 (M, 2H, Helys), 2.50—2.46 (m,
2H, (C=S)CHy>), 1.76-1.48 (m, 6H, Hpys, Hs.Lys, (C=S)CH2CH,), 1.48-1.29 (m, 2H, Hy1ys), 1.22 (d, J
= 2.7 Hz, 20H, (CH2)10CHs), 0.85 (t, J = 7.0 Hz, 3H, CHa). 3C NMR (151 MHz, DMSO-ds) & 203.6
(C=S), 171.0 (COvwys), 156.1 (COcnz), 138.9 (Clpn), 137.0 (Clarcpz), 128.6 (C3pn, C5pn), 128.3
(C3ar,cozy Car,chz), 127.74 (Charchz), 127.65 (C2ar,coz, Char,cbz), 123.2 (C4pp), 119.2 (C2ph, C6ph), 65.4
(CHzcbz), 55.3 (Cays), 45.0 (CeLys), 44.9 ((C=S)CH2), 31.6 (CgLys), 31.3 (CH2CH.CH3s), 29.0-28.2
(9C, (CH2)10CH3), 26.9 (Cs,Lys), 23.1 (Cy,Lys), 22.1 (CH2CHs3), 13.9 (CHa). Analytical HPLC gradient O—
95% eluent Il in eluent | (C8; 35 min total runtime), tr 32.9 min (>98%, UV23). HRMS calcd for
Ca4Hs2N305" [M+H]F, 582.3724; found 582.3732. CAS RN: 1429749-41-6. The data is in agreement

with literature.®

Benzyl ((S)-1-(((S)-3-(1H-indol-3-yl)-1-(isopropylamino)-1-oxopropan-2-yl)amino)-1-0x0-6-
j\@/ tetradecanethioamidohexan-2-yl)carbamate (2). Compounds S28 (22 mg,
LT 0.04 mmol), S29 (15 mg, 0.04 mmol), iPr,NEt (11 pL, 0.06 mmol) and HOBt
/E(H o (9 mg, 0.07 mmol) were dissolved in anh. CH,CI, (3.0 mL) and cooled to 0 °C.
CbzHN N\)LEJ\ EDC (14 mg, 0.07 mmol) was added and the reaction mixture was stirred at
° 8”' 0 °C for 5 min and then overnight at ambient temperature. The reaction mixture

was concentrated under reduced pressure and resuspended in EtOAc (30 mL)

and washed with aq. KHSO4 (5%, 3x30 mL), saturated aq. NaHCO3 (3x30 mL), and brine (2x30 mL).
The organic phase was dried over Na,;SOu, filtered and concentrated under reduced pressure. The
crude residue was purified by column chromatography (0—2% MeOH in CH.Cly) affording the
desired amide 2 (22 mg, 68%) as a colorless solid. TLC (5% MeOH in CH:Cly): Rf = 0.5. 'H NMR
(600 MHz, DMSO-ds) 6 10.79 (d, J = 2.4 Hz, 1H, NHindole), 9.83 (t, J = 5.3 Hz, 1H, NHc ys), 7.86 (d, J
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=8.1 Hz, 1H, NHqrp), 7.66 (d, J = 7.7 Hz, 1H, COpNH), 7.56 (d, J = 7.9 Hz, 1H, H4qole), 7.45-7.23
(m, 7H, NHq,Lys, Har,coz, H7indgote), 7.11 (d, J = 2.4 Hz, 1H, H2jndole), 7.08—7.02 (M, 1H, HBngoe), 6.96 (t,
J =7.4 Hz, 1H, H5ingole), 5.08—-4.98 (m, 2H, CH2zcnz), 4.53—-4.41 (m, 1H, Ha1rp), 3.96 (td, J = 8.5,5.2
Hz, 1H, Hqys), 3.84-3.72 (m, 1H, CHipr), 3.47-3.37 (M, 2H, Heys), 3.06 (Mmasx, J = 14.5, 6.1 Hz, 1H,
Hg.trp.A), 2.97 (Masx, J = 14.6, 7.6 Hz, 1H, Hp1rp,), 2.51-2.48 (m, 2H, (C=S)CH., overlap with solvent
peak), 1.69-1.42 (m, 6H, (C=S)CH2CHa, Hgys, HsLys), 1.38-1.10 (m, 22H, Hy,ys, (CH2)10CH3), 1.00
(d, J = 6.6 Hz, 3H, CHzsjpra), 0.91 (d, J = 6.6 Hz, 3H, CHs,r8), 0.85 (t, J = 7.0 Hz, 3H, CH2CH3).
13C NMR (151 MHz, DMSO-ds) & 204.0 (C=S), 171.9 (COys), 170.5 (COryp), 156.4 (COchz), 137.4
(Clarchz), 136.4 (C7andote), 128.8 (C3ar,cbz, CSarchz), 128.2 (C4arcnz), 128.1 (C2ar cbz, Cbarchz), 127.9
(C3aindgote); 124.0 (C2indole), 121.2 (C6indote), 118.9 (C4indole), 118.6 (C5indote), 111.6 (C7ingote), 110.3
(C3indole), 65.9 (CH2,chz), 55.3 (CayLys), 53.8 (Co1rp)s 45.5 ((C=S)CH>), 45.4 (C¢ys), 40.9 (CHipr), 32.0
(Cg.Lys), 31.8 (CH2CH2CHa), 29.5-28.7 (9C, (CH2)1:CHa), 28.4 (Cg1rp), 27.3 (Cs.Lys), 23.4 (CyLys), 22.7
(CHa,ipr,p), 22.6 (CHsjiprg), 22.6 (CH2CH3), 14.4 (CH>CHs). Analytical HPLC gradient 0—95% eluent i
in eluent | (C8; 35 min total runtime), tr 33.8 min (>98%, UV230). HRMS calcd for CiyHesNs04S*
[M+H]", 734.4674; found 734.4666.

N-dodecyl-1H-benzo[d][1,2,3]triazole-1-carbothioamide (S26). A solution of dodecylamine

s (189 mg, 1.02 mmol) and iPraNEt (0.2 mL, 1.15 mmol) in anh. CHxCl, (5.0 mL) was
NN ,’.‘,/\% added dropwise over 10 min to a solution of bis(1-benzotriazolyl)methanethione
@ (311 mg, 1.11 mmol) in anh. CH2Cl. (8 mL) at 0 “C. The reaction mixture was stirred
overnight at ambient temperature and concentrated under reduced pressure. The crude residue was
purified by column chromatography (0—6% EtOAc in heptane), affording the desired compound S26
(304 mg, 86%) as a colorless solid. TLC (25% EtOAc in heptane): Rs = 0.6. *H NMR (600 MHz,
CDCls) 6 9.07 (br s, 1H, NH), 8.96-8.91 (m, 1H, H7s), 8.12-8.07 (m, 1H, H4g,), 7.64 (ddd, J = 8.3,
7.0,1.1 Hz, 1H, H6g), 7.47 (ddd, J=8.2, 7.0, 1.0 Hz, 1H, H5g), 3.84 (td, J = 7.3, 5.5 Hz, 2H, NHCH.),
1.81 (p, J = 7.4 Hz, 2H, NHCH.CH,), 1.49-1.42 (m, 2H, NH(CH2).CH»), 1.42-1.20 (m, 16H,
(CH2)sCHgs), 0.88 (t, J = 7.0 Hz, 3H, CHs). 13C NMR (151 MHz, CDCls) 8 174.5 (C=S), 147.2 (C7agy),
132.6 (C3ast), 130.4 (C6gt), 125.8 (Cbet), 120.4 (C4ear), 116.2 (C7sy), 45.3 (NHCH?>), 32.0 ((CH2)sCHb3),
29.8-29.4 (6C, (CH>)sCHs3), 28.3 ((CH2)sCHs3), 27.2 (NHCH2CH>), 22.8 (NH(CH>).CH>), 14.3 (CH3).
HRMS calcd for CigH3oNsNaS* [M+Na]*, 369.2089; found 369.2081. Note: The crude is sufficiently

pure to be used without further purification. Bt = benzotriazole.
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Benzyl ((55,8S)-5-((1H-indol-3-yl)methyl)-2-methyl-4,7-dioxo-14-thioxo-3,6,13,15-
HNJSI\N/\M/ tetraazaheptacosan-8-yl)carbamate (3). Compounds S26 (42 mg,
oo 1.21 mmol), S30 (50 mg, 0.08 mmol), and iPr,NEt (21 pL, 0.12 mmol) were
/E(H o J\ dissolved in anh. DMF (3.0 mL). The reaction mixture was stirred at ambient
CbzHN I N\)LH temperature for 2 h and concentrated under reduced pressure. The crude
8"” residue was purified by column chromatography (0—100% EtOAc in heptane),
affording the desired thiourea 3 (34 mg, 38%) as a colorless solid. TLC (75%
EtOAc in heptane): Rt = 0.6. 'H NMR (600 MHz, DMSO-ds) & 10.79 (br s, 1H, NHngole), 7.86 (d, J =
8.1 Hz, 1H, NHqrp), 7.66 (d, J = 7.7 Hz, 1H, COruNH), 7.55 (d, J = 7.9 Hz, 1H, H4ndoe), 7.45-7.18
(m, 9H, NHqys, NHe Lys, Har,cbz, H7indole, NHCHy), 7.10 (d, J = 2.4 Hz, 1H, H2ing0te), 7.04 (t, J = 7.5 Hz,
1H, Hb6indole), 6.95 (t, J = 7.4 Hz, 1H, H5indole), 5.08—4.97 (m, 2H, CHacpz), 4.51-4.41 (m, 1H, Hq1rp),
3.95 (td, J =8.4,5.1 Hz, 1H, Hq,ys), 3.77 (h, J = 6.7 Hz, 1H, CHip/), 3.27 (br s, 2H, Heys, Overlap with
residual water), 3.06 (Magx, J = 14.6, 6.1 Hz, 1H, Hg1rpa), 2.97 (Masx, J = 14.6, 7.7 Hz, 1H, Hg1rp,8),
1.61-1.35 (M, 6H, Hpys, Hsys, NHCH>), 1.32—1.13 (M, 22H, Hy.ys, (CH2)10CH3), 1.00 (d, J = 6.6 Hz,
3H, CHajpra), 0.90 (d, J = 6.5 Hz, 3H, CH3jers), 0.85 (t, J = 6.8 Hz, 3H, CH,CHs). *C NMR (151 MHz,
DMSO-ds) 8 182.0 (C=S), 171.5 (CO.s), 170.0 (COryp), 156.0 (COchs), 137.0 (Clarchs), 135.9
(C7aingote), 128.3 (C3arcbz, Cbarchz), 127.6 (C2archz, Clarcoz, Cbarchz), 127.4 (C3aingoe), 123.5
(C2indole), 120.7 (C6indole), 118.4 (C4lindole), 118.1 (C5indole), 111.1 (C7indote), 109.8 (C3ingoie), 65.4
(CHz.cbz), 54.9 (CayLys), 53.3 (Carp), 43.4 (CeLys), 40.4 (CHipr), 31.6 (CpLys), 31.3 (CH2CH2CHs3), 29.0—
28.5 (9C, (CH2)11CHs3), Csys), 27.9 (Cprip), 26.4 ((CH2)11CHs3), 22.9 (Cyys), 22.2 (2xCHsjpr), 22.1
(CH2CHgs), 13.9 (CH2CHs). Analytical HPLC gradient 0-95% eluent Il in eluent | (C18; 35 min total
runtime), tr 31.0 min (>98%, UV230). The peak for C¢ Ly was broad and of low intensity and the peak
for C=S was not visible in ¥*C NMR due to fast quadrupolar relaxation via the nearby *N-nuclei.
HRMS calcd for C41HessNeO4S™ [M+H]*, 735.4626; found 735.4617.

Benzyl ((S)-1-(((S)-3-(1H-indol-3-y)-1-(isopropylamino)-1-oxopropan-2-yl)amino)-1-0x0-5-(2-

o tetradecanoylhydrazinyl)pentan-2-yl)carbamate (4). Myristoyl chloride
:EJ\% (45 pL, 0.16 mmol) and iProNEt (29 pL, 0.16 mmol) were added to a solution of

o S31 (50 mg, 0.08 mmol) in anh. CH2Cl; (2.0 mL) at 0 °C. The reaction mixture

CbzHN H\)LH was stirred at ambient temperature overnight and was then concentrated under

° 8% reduced pressure. The crude residue was purified by column chromatography
(0—>2% MeOH and 1.0% AcOH in CH,CI,) to afford an off-white solid (35 mg),
tentatively assigned as tert-butyl 1-((S)-5-(((S)-3-(1H-indol-3-yl)-1-(isopropylamino)-1-oxopropan-2-
yhamino)-4-(((benzyloxy)carbonyl)amino)-5-oxopentyl)-2-tetradecanoyl-1,4-diazane-1-carboxylate
(ESI-MS m/z calcd for CasH71NsO7" [M+H]*, 819.5; found 819.6), which was used without further
purification. TFA (1.5 mL) was added to a solution of the colorless solid (35 mg) in anh. CHxCl,

(3.0 mL) and stirred for 1 h at ambient temperature. The reaction mixture was then concentrated
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under reduced pressure and excess TFA was removed by coevaporations: CH,Cl,/toluene (1:1,
2x25 mL) and CH:Clx/MeCN (1:1, 2x25 mL). The crude residue was purified by column
chromatography (0—3.5% MeOH and 1.0% AcOH in CH:Cl,) affording the desired hydrazide 4
(15 mg, 25%) as a colorless fluffy material after lyophilization. TLC (3.5% MeOH and 1% AcOH in
CH.Cl,): Rf = 0.4. 'H NMR (600 MHz, DMSO-dg) 5 10.82 (br s, 1H, NHingoke), 9.23 (s, 1H, NHNHCO),
7.95 (d, J = 8.0 Hz, 1H, NHqp), 7.70 (d, J = 7.6 Hz, 1H, COwNH), 7.55 (d, J = 7.9 Hz, 1H, H4ngoke),
7.45 (d, J=7.8 Hz, 1H, NHq,.ys), 7.39-7.20 (m, 6H, Har.cbz, H7indole), 7.11 (d, J = 2.3 Hz, 1H, H2nhdole),
7.03 (t, J = 7.3 Hz, 1H, HBindole), 6.95 (t, J = 7.4 Hz, 1H, H5indoie), 5.02 (g, J = 12.6 Hz, 2H, CHa.cpy),
4.74 (br s, 1H, NHNHCO), 4.56-4.38 (m, 1H, Ha1rp), 4.09-3.90 (M, 1H, Hays), 3.90-3.67 (m, 1H,
CHipr), 3.06 (Magx, J = 14.5, 5.9 Hz, 1H, Hp1rp.a), 2.97 (Masx, J =14.5, 7.7 Hz, 1H, Hp1rp8), 2.66—2.53
(m, 2H, HsLys), 1.99 (t, J = 7.4 Hz, 2H, NHNHCOCH,), 1.64—1.40 (m, 4H, Hgys, HyLys), 1.40-1.08
(m, 24H, (CH,)12CHs), 1.00 (d, J = 6.6 Hz, 3H, CHajera), 0.91 (d, J = 6.5 Hz, 3H, CHa,prs), 0.85 (t, J
= 7.0 Hz, 3H, (CH2)CHs). 3C NMR (151 MHz, DMSO-ds) 5 171.5 (COLys), 171.0 (NHNHCO), 170.1
(COrrp), 156.0 (COcbz), 137.0 (Clarchz), 136.0 (C7aindote), 128.3 (C3ar,cbz, CHarchbz), 127.7 (Clarcbz),
127.6 (C2arcbz, Charchz), 127.4 (C3aindote), 123.5 (C2indole), 120.7 (C6indote), 118.4 (Chindole), 118.1
(CSindote), 111.1 (C7indote), 109.9 (C3indole), 65.4 (CH2,chz), 54.9 (Cays), 53.4 (Carp), 50.7 (Csys), 40.4
(CHipr), 33.5 (NHNHCOCH,), 31.3 (CH2CH2CHzs), 29.4 (Cpys), 29.0-28.6 (9C, (CH2)11CHzg), 25.2
(Cg,1rp), 23.8 (Cy,Lys), 22.2 (CH2CHg), 22.1 (CHsjipr), 13.9 (CH2CHs). Analytical HPLC gradient 0-95%
eluent Il in eluent | (C8; 35 min total runtime), tr 29.4 min (N/A, UV230*). HRMS calcd for C41HssNeOs*
[M+H]*, 719.4854; found 719.4871.

*Degrades during reversed-phase HPLC.

Benzyl ((S)-1-(((S)-3-(1H-indol-3-yl)-1-(isopropylamino)-1-oxopropan-2-yl)amino)-8-

o]

N
H o 10 (51 mg, 0.09 mmol), HOBt (19 mg, 0.14 mmol), dodecylamine (25 mg,

- J\ 0.14 mmol) and iPr:NEt (32 pL, 0.18 mmol) were dissolved in anh. CH.Cl;
CbzHN I N\)LH (2.0 mL) and cooled to 0 °C. EDC (26 mg, 0.14 mmol) was added and the
s/ ;N“ reaction mixture was stirred at 0°C for 15 min and then overnight at ambient

temperature. The reaction mixture was diluted with EtOAc (50 mL) and washed

(dodecylamino)-1,8-dioxooctan-2-yl)carbamate (5). Compound S32

with agq. KHSO4 (5%, 3x50 mL), saturated aq. NaHCO3 (3x50 mL) and brine (2x50 mL). The organic
phase was dried over Na>SOyq, filtered, and concentrated under reduced pressure. The crude residue
was purified by column chromatography (0—3% MeOH and 1% AcOH in CH.Cl,) affording the
desired amide 5 (39 mg, 59%) as a colorless solid. TLC (3% MeOH and 1% AcOH in CH2Cl,): Rs =
0.3. 'H NMR (600 MHz, DMSO-ds) 8 10.82 (s, 1H, NHindole), 7.88 (d, J = 8.1 Hz, 1H, NHq1rp), 7.73 (t,
J=5.4Hz, 1H, CONHCH,), 7.69 (d, J = 7.7 Hz, 1H, COrpNH), 7.55 (d, J = 7.9 Hz, 1H, H4dole), 7.44
(d,J=7.8 Hz, 1H, NHqasu), 7.39—7.22 (m, 6H, Harcbz, H7indote), 7.10 (d, J = 2.4 Hz, 1H, H2ndole), 7.03
(t, J=7.5Hz, 1H, H6indole), 6.95 (t, J = 7.4 Hz, 1H H5dole), 5.10—4.95 (M, 2H, CH2,cvz), 4.52—4.38 (m,
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1H, Harp), 3.99-3.86 (M, 1H, Hqasu), 3.83-3.68 (m, 1H, CHipy), 3.14-2.89 (m, 4H, Hgtrp, CONHCH,),
2.00 (t, J = 7.4 Hz, 2H, Hgasu), 1.55-1.47 (m, 1H, Hpasua), 1.47-1.30 (M, 5H, Hp asug, Hyasu, Heasu),
1.29-1.10 (m, 22H, (CH2)10CHs, Hsasu), 0.99 (d, J = 6.6 Hz, 3H, CHs,pra), 0.91 (d, J = 6.5 Hz, 3H,
CHajrrg), 0.85 (t, J = 6.9 Hz, 3H, CH.CHzs). *3C NMR (151 MHz, DMSO-dg) 8 171.9 (COqasu), 171.5
(COnasu), 170.1 (COryp), 156.0 (COchy), 137.0 (Clarchz), 136.0 (C7aindoe), 128.4 (C3archz, Char,cbz),
127.8 (Cdarcoz), 127.7 (C2archz, Cbarchz), 127.4 (C3aingole), 123.5 (C2indote), 120.8 (C6indole), 118.5
(C4indote), 118.1 (C5indole), 111.2 (C7indote), 109.9 (C3indole), 65.4 (CHz,chz), 55.0 (Caasu), 53.3 (Ca1rp),
40.4 (Cqyys), 38.4 (CONHCH?2), 35.4 (Cgasu), 31.8 (Cpasu), 31.3 (CH2CH2CHg), 29.2 (Ceasu), 29.0
((CH2)10CHs), 28.8 ((CH2)10CHs), 28.4 ((CH2)10CHs), 27.9 (Cprrp), 26.4 ((CH2)10CH3), 25.2 (Cyasu),
25.1 (Cs,asu), 22.3 (CHsjipra), 22.1 (CHsjiprg), 14.0 (CH2CHs). Analytical HPLC gradient 0-95% eluent
Il in eluent | (C8; 35 min total runtime), tr 31.3 min (>98%, UV230). HRMS calcd for CazHsaNsOs"
[M+H]*, 718.4902; found 718.4911. Asu = aminosuberic acid.

Benzyl ((5S5,8S,11S)-8-((1H-indol-3-yl)methyl)-1-amino-5-carbamoyl-7,10-diox0-17-thioxo-

Q
JSL CFsC°°® 6,9,16,18-tetraazatriacontan-11-yl)carbamate (6). Starting from Cbz-
VNG Lys-Trp-Lys(Boc)-resin (101 mg, estimated loading: 0.42 mmol/g)

synthesized from Fmoc-Lys(Boc)-OH, Fmoc-Trp-OH and Cbz-Lys(Fmoc)-
CbzHN n\)J\N NH:  OH by SPPS, the title compound was synthesized by on-resin thiourea
° N NHO formation as described in the general procedures. Global deprotection and

6 cleavage from the resin, followed by preparative reversed-phase HPLC
purification afforded the desired thiourea 6 (4 mg, 10% based on resin loading) as a colorless fluffy
material after lyophilization. *H NMR (600 MHz, DMSO-ds) d 10.82 (d, J = 2.4 Hz, 1H, NHindole), 7.97
(d, J=7.6 Hz, 1H, NHqrrp), 7.92 (d, J = 8.1 Hz, 1H, NHq,ys), 7.70 (s, 3H, NH3*), 7.57 (d, J = 7.9 Hz,
1H, H4ndote), 7.45-7.24 (m, 9H, NHaysot), NHerys, Harcbz, H7indole, NHCH2), 7.20 (s, 1H, CONH3 ),
7.14 (d, J =2.3 Hz, 1H, H2dole), 7.09—7.03 (M, 2H, H6/ndole, CONH2,8), 6.96 (t, J = 7.4 Hz, 1H, H5ndote),
6.56 (s, 1H, CO2Hrra) 5.09-4.94 (m, 2H, CHzcpz), 4.54 (dt, J = 8.1, 3.9 Hz, 1H, Ha1yp), 4.17 (td, J =
8.4, 5.1 Hz, 1H, Hayys), 3.94 (td, J = 8.6, 4.8 Hz, 1H, HqLysow)), 3.27 (br s, 2H, He Lysow), Overlap with
residual water), 3.15 (magex, J = 14.8, 4.9 Hz, 1H, Hp1rp.a), 2.99 (Masx, J = 14.9, 8.6 Hz, 1H, Hg1rpB),
2.80-2.69 (m, 2H, Heys), 1.72-1.35 (m, 10H, Hg Lysot), HaLysorw),Hp,Lys, HaLys, (CH2)11CH3), 1.24 (s,
24H, HyLysot), Hylys, (CH2)11CHs), 0.85 (t, J = 6.9 Hz, 3H, CH3). 3C NMR (151 MHz, DMSO-ds)
0 173.3 (COys), 172.0 (COvys(pty), 171.2 (COrrp), 158.0 (d, J = 33.1 Hz, residual COrga), 156.0
(COchz), 136.9 (Clarchz), 136.0 (C7aindoie), 128.3 (C3archzy Charcbz), 127.8 (Clarchz), 127.7 (C2archz,
C6ar,chz), 127.3 (C3aindote), 123.6 (C2ingote), 120.8 (CBingote), 118.4 (Clingote), 118.2 (CSingote), 117.3 (q,
J = 283.1 Hz, residual CF3ra), 111.2 (C7indole), 109.8 (C3indole), 65.5 (CH2,chz), 54.9 (CaLysior), 53.4
(Ca1rp), 52.2 (CaLys), 43.3 (Ceyspty)), 38.7 (Ceys), 31.6 (Cprys), 31.4 (Cprysiory), 31.3 (CH2CH,CHj),
29.0-28.7 (9C, (CH2)11CHs3), 27.3 (Cp.1rp), 26.7 (CsLysoty)), 26.4 (CsLys), 23.0 (CyLysot), 22.1 (Cy.iys),
22.1 (CH>CHpgs), 14.0 (CHs). The peak for Ce Lyt Was broad and of low intensity and the peak for
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C=S was not visible in *C NMR due to fast quadrupolar relaxation via the nearby *N-nuclei.
Analytical HPLC gradient 0-95% eluent Il in eluent | (C18; 35 min total runtime), tr 25.4 min (>98%,
UV230). HRMS calcd for CasHgosNsOsS* [M+H]*, 821.5106; found 821.5105. Dtu = 1-dodecylthiourea.

Benzyl ((35,6S,9S)-6-((1H-indol-3-yl)methyl)-1-amino-3-carbamoyl-1,5,8-trioxo-15-thioxo-

s
HNJ\”/\H/
H
CszN/E‘/N\;)J\
o =

10
(o]
N
H
B thiourea formation as described in the general procedures. Global

deprotection and cleavage from the resin, followed by preparative

4,7,14,16-tetraazaoctacosan-9-yl)carbamate (7). Starting from Cbz-Lys-

ni,  1rP(Boc)-Asn(Trt)-resin (267 mg, estimated loading: 0.37 mmol/g)

/¢o synthesized from Fmoc-Asn(Trt)-OH, Fmoc-Trp(Boc)-OH and Cbz-
NH,

J Lys(Fmoc)-OH by SPPS, the title compound was synthesized by on-resin

NH

reversed-phase HPLC purification afforded the desired thiourea 7 (3 mg, 4% based on resin loading)
as a colorless fluffy material after lyophilization. *H NMR (600 MHz, DMSO-dg) & 10.82 (d, J = 2.4
Hz, 1H, NHindole), 8.08 (d, J = 8.0 Hz, 1H, NHqrp), 8.03 (d, J = 7.4 Hz, 1H, NHqasn), 7.56 (d, J = 7.9
Hz, 1H, H4indole), 7.40—7.24 (M, 9H, NHa,ys, NHe,Lys, Har,cbz, H7indole, NHCH>), 7.16 (d, J = 2.4 Hz, 1H,
H2ndole), 7.06—7.01 (M, 2H, H6ngole, CONH2, asnag), 6.96 (t, J = 7.4 Hz, 1H, H5ihdole), 6.93 (s, 1H,
CONHz,), 6.85 (s, 1H, CONHz,g), 5.04 (d, J = 12.6 Hz, 1H, CHzcpz, 4), 4.98 (d, J = 12.5 Hz, 1H,
CHa,cbz, 8), 4.52—4.41 (M, 2H, Ha1rp, Haasn), 3.95 (td, J = 8.7, 4.9 Hz, 1H, HaLys), 3.31 (brs, 2H, Heys,
overlap with residual water), 3.15 (maex, J = 14.9, 4.7 Hz, 1H, Hg1rpa), 2.97 (Maex, J = 14.9, 8.8 Hz,
1H, HgtpB), 2.44 (d, J = 6.5 Hz, 2H, Hpasn), 1.63-1.34 (m, 6H, Hgys, Hsys, (CH2)11CH3), 1.32-1.11
(m, 22H, Hyys, (CH2)11CHs), 0.85 (t, J = 7.0 Hz, 3H, CH3). *C NMR (151 MHz, DMSO-dg) 8 172.7
(COqasn), 172.2 (COyys), 171.7 (COapsny), 171.0 (COryp), 156.0 (COchz), 136.9 (Clarchz), 136.0
(C7aingote), 128.3 (C2ar,cbz, CHar,chz), 127.7 (C2ar,chz, CBarchz), 127.3 (C3aindole), 123.6 (C2indole), 120.8
(C6indole), 118.3 (C4indole), 118.2 (C5indole), 111.2 (C7indote), 109.8 (C3indote), 65.6 (CHa,chz), 54.7 (Cayys),
53.6 (Cq,1rp), 49.4 (Caasn), 43.5 (CeLys), 36.7 (Cpasn), 31.5 (CpLys), 31.3 (CH.CH2CHs3), 29.0-28.7 (9C,
(CH2)11CHs3), 27.3 (Cg1rp), 26.4 (CsLys), 22.9 (Cyys), 22.1 (CH2CHs), 13.9 (CHs). The peak for Ceys
was broad and of low intensity and the peak for C=S was not visible in *C NMR due to fast
guadrupolar relaxation via the nearby **N-nuclei. Analytical HPLC gradient 0-95% eluent Il in eluent
| (C18; 35 min total runtime), tgr 27.3 min (>98%, UV230). HRMS calcd for C42Hs2NsOsSNa™ [M+Na]™,
829.4405; found 829.4416.

Benzyl ((5S,8S,11S)-8-((1H-indol-3-yl)methyl)-1-amino-5-carbamoyl-1-imino-7,10-diox0-17-

s thioxo-2,6,9,16,18-pentaazatriacontan-11-yl)carbamate (8). Starting
HNJ\N/\M/ NH, ) ) .
Ho 1 S from Cbz-Lys(Fmoc)-Trp-Dab(Alloc)-resin (128 mg, estimated loading:
o 0.47 mmol/g) synthesized from Fmoc-Dab(Alloc)-OH, Fmoc-Trp-OH and
H
ChzHN N\)LH NH2  Cbz-Lys(Fmoc)-OH by SPPS, the title compound was synthesized by
o < o
~ NH addition of borane dimethylamine complex (24 mg, 0.40 mmol) and
Pd(PPhs)4 (20 mg, 0.017 mmol) in anh. CH2Cl, (2.0 mL) to the resin under
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agitation for 15 min. The procedure was repeated and the resin was washed with CH,Cl, (3x4 mL),
DMF (3x4 mL) and CH2Cl, (3x4 mL). A solution of pyrazol(Boc). (56 mg, 0.18 mmol) and iPrNEt
(63 pL, 0.32 mmol) in DMF (4 mL) was added to the resin and agitated for 3 h at 37 “C. The resin
was washed with DMF (3x4 mL) followed by Fmoc-deprotection and subsequent on-resin thiourea
formation as described in the general procedures. Global deprotection and cleavage from the resin,
followed by preparative reversed-phase HPLC purification afforded the desired thiourea 8 (4 mg, 8%
based on resin loading) as a colorless fluffy material after lyophilization. *H NMR (600 MHz, DMSO-
ds) 6 10.83 (d, J = 2.3, 1H, NHindole), 8.19-8.02 (m, 2H, NHqag, NHqa1rp), 7.58 (d, J = 7.9 Hz, 1H,
H4ndole), 7.50 (t, J = 5.8 Hz, 1H, NHyag), 7.41 (d, J = 7.8 Hz, 1H, NHayys), 7.38—7.27 (m, 8H, NHc s,
Har.cbz, H7indole, NHCH2), CONH3z.4), 7.18-7.10 (m, 3H, CONH2, H2ingote), 7.07—7.04 (m, 2H, HBndole),
6.97 (t, J = 7.4 Hz, 1H, H5indole), 5.08—4.92 (m, 2H, CHa.chz), 4.56—4.46 (m, 1H, HaTrp), 4.27—4.19 (m,
1H, Haagb), 3.99-3.91 (m, 1H, Hauyys), 3.30 (br s, 2H, Heys, overlap with residual water), 3.21-3.10
(m, 2H, Hg1rp, Hyagb,A), 3.09-2.97 (M, 2H, Hg1rp,8, Hy,Agb,8), 2.89 (S, trace DMF), 2.73 (s, trace DMF),
1.98-1.88 (m, 1H, Hpaga), 1.73-1.63 (M, 1H, Hpagbs), 1.59-1.55 (m, 1H, Hgysa), 1.49-1.31 (m, 5H,
Hg,Lys,B, HaLys, (CH2)11CHs), 1.32-1.09 (m, 24H, Hyys, (CH2)11CHs), 0.85 (t, J = 6.9 Hz, 3H, CHs).
B3CNMR (151 MHz, DMSO-ds) 0 172.8 (COag), 172.4 (CO.s), 171.6 (COrrp), 156.7
(NHC(=NH)NH2), 158.3 (q, J = 32.6 Hz, residual COrra), 156.1 (COcpz), 136.9 (Clarchz), 136.0
(C7aingote), 128.3 (C3ar,chz, CHarchz), 127.8 (Clarcbz), 127.7 (C2archzy Charchz), 127.3 (C3amndole), 123.6
(C2indote), 120.9 (C6indote), 118.4 (Clindoe), 118.2 (C5indote), 111.3 (C7ingote), 109.8 (C3indole), 65.5
(CHaz.cbz), 54.8 (Cayys), 53.8 (Co1rp), 50.2 (Caagh), 43.4 (Ceys), 37.8 (Cyagp), 31.5 (Cgys, Cpagb), 31.3
(CH2CH>CHgs), 29.0-28.5 (10C, Csagp (CH2)11CHs), 27.0 (Cgrrp), 26.4 (Csrys), 23.0 (Cyrys), 22.1
(CH2CHs), 13.9 (CHs). The peak for C¢ys Was broad and of low intensity and the peak for C=S was
not visible in *3C NMR due to fast quadrupolar relaxation via the nearby **N-nuclei. Analytical HPLC
gradient 0—-95% eluent Il in eluent | (C8; 35 min total runtime), tr 26.3 min (>95%, UV2s1). HRMS
calcd for Ca3He7N100sS* [M+H]*, 835.5011; found 835.5005. Agb = 2-amino-guanidinobutyric acid.

Benzyl ((6S,9S,12S)-9-((1H-indol-3-yl)methyl)-1-amino-6-carbamoyl-1-imino-8,11-diox0-18-

e thioxo-2,7,10,17,19-pentaazahentriacontan-12-yl)carbamate (9).

N/\H/ Starting from Cbz-Lys-Trp-Arg(Pbf)-resin (101 mg, estimated loading:
/E( Ji 0.42 mmol/g) synthesized from Fmoc-Arg(Pbf)-OH, Fmoc-Trp-OH and
CbzHN Cbz-Lys(Fmoc)-OH by SPPS, the title compound was synthesized by on-

resin thiourea formation as described in the general procedures. Global
deprotection and cleavage from the resin, followed by preparative
reversed—phase HPLC purification afforded the desired thiourea 9 (1 mg, 4% based on resin loading),
as a colorless fluffy material after lyophilization. *H NMR (600 MHz, DMSO-ds) 5 10.81 (brs, 1H,
NHindole), 8.01-7.91 (m, 2H, NHqawg, NHq1rp), 7.56 (d, J = 7.9 Hz, 1H, H4ndoe), 7.54—7.48 (m, 1H,
NHs arg), 7.42—7.27 (M, 9H, NHaq1ys, NHeLys, Har,cbz, H7indole, NHCH>), 7.25 (s, 1H, CONH>,»), 7.14 (d,
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J = 2.3 Hz, 1H, H2hdole), 7.10 (s, 1H, CONHzg), 7.07-7.03 (m, 1H, H6indoie), 6.96 (t, J = 7.4 Hz, 1H,
H5mndole), 6.54 (S, 2H, residual COzHyra), 5.08—4.95 (m, 2H, CHzcp,), 4.54 (td, J = 8.0, 4.7 Hz, 1H,
Ha1rp), 4.21 (td, J = 8.0, 5.6 Hz, 1H, Hqarg), 3.94 (td, J = 8.7, 4.8 Hz, 1H, Hayys), 3.27 (brs, 2H, Heys,
overlap with residual water), 3.15 (maex, J = 14.8, 4.7 Hz, 1H, Hg 1rp,a), 3.11-3.04 (M, 2H, Hs Arg), 2.99
(magx, J = 14.9, 8.7 Hz, 1H, Hgtps), 1.75-1.63 (M, 1H, Hgarga), 1.61-1.32 (m, 9H, Hgargs, HyArg,
Hp.Lys, HoLys, (CH2)11CH3), 1.24 (s, 22H, Hyys, (CH2)11CH3), 0.85 (t, J = 7.0 Hz, 3H, CH3). *C NMR
(151 MHz, DMSO-de) 6 173.1 (COarg), 172.0 (COwys), 171.2 (COrrp), 157.9 (9, J = 30.9 Hz, residual
COrra), 156.7 (NHC(=NH)NH2), 156.0 (COct;), 136.9 (Clarchz), 136.0 (C7andoe), 128.3 (C3archz,
Cbar,cbz), 127.8 (Clarchz), 127.7 (C2ar,cbz, Cbarcvz), 127.3 (C3aindole), 123.6 (C2indote), 120.8 (C6indote),
118.4 (C4indole), 118.2 (CSmdole), 117.3 (q, J = 300.1 Hz, residual CFs1ra), 111.2 (C7indole), 109.8
(C3indole), 65.5 (CH2,chz), 54.8 (Cq,Lys), 53.4 (Co1rp)s 51.9 (Ca,arg), 43.4 (Ce ys), 40.4 (Cs arg), 31.6 (Cg Lys),
31.3 (CH2CH2CHs3), 29.2 (Cg arg), 29.0-28.5 (9C, (CH2)11CH3s), 27.4 (Cp1rp), 26.4 (Cs.ys), 25.0 (Cyarg),
23.0 (Cyys), 22.1 (CH2CHB3), 13.9 (CHs). The peak for C¢ys Was broad and of low intensity and the
peak for C=S was not visible in *C NMR due to fast quadrupolar relaxation via the nearby *N-nuclei.
Analytical HPLC gradient 0—95% eluent Il in eluent | (C18; 35 min total runtime), tr 25.8 min (>95%,
UV230). HRMS calcd for CaaHggN10OsS* [M+H]*, 849.5168; found 849.5189.

Benzyl ((7S,10S,13S)-10-((1H-indol-3-yl)methyl)-1-amino-7-carbamoyl-1-imino-9,12-diox0-19-

$ NH:  thioxo0-2,8,11,18,20-pentaazadotriacontan-13-yl)carbamate  (10).
HNJ\N/\H/ HN/&NH . . .
Ho 0 Starting from Cbz-Lys-Trp(Boc)-hArg(Boc,)-resin (267 mg, estimated
Lo loading: 0.37 mmol/g) synthesized from Fmoc-hArg(Boc;)-OH (528),
ChzHN "\)LH NH, Fmoc-Trp(Boc)-OH and Cbz-Lys(Fmoc)-OH by SPPS, the title
o o
NH compound was synthesized by on-resin thiourea formation as described

B in the general procedures. Global deprotection and cleavage from the
resin, followed by preparative reversed-phase HPLC purification afforded the desired thiourea 10
(4 mg, 5% based on resin loading), as a colorless fluffy material after lyophilization. *H NMR
(600 MHz, DMSO-ds) 6 10.81 (d, J = 2.4, 1H, NHindole), 8.01-7.89 (m, 2H, NHaharg, NHa1rp), 7.57 (d,
J =7.9 Hz, 1H, Héindole), 7.47—7.43 (M, 1H, NHena), 7.40 (d, J = 7.9 Hz, 1H, NHq,ys), 7.38-7.26 (m,
8H, NHe Lys, Har.coz, H7 indole, NHCHS>), 7.24 (br s, 1H, CONH2), 7.14 (d, J = 2.4 Hz, 1H, H2dole), 7.07—
7.02 (m, 2H, H6ingole, CONHa,8), 6.96 (t, J = 7.3 Hz, 1H, H5nd0ie), 5.04 (d, J = 12.6, 1H, CH2cpz,n), 4.98
(d, J=12.6, 1H, CHzcuz8), 4.54 (td, J = 8.0, 4.8 Hz, 1H, Hap), 4.19 (td, J = 8.2, 5.5 Hz, 1H, Haarg),
3.96-3.91 (m, 1H, Hqys), 3.29 (br s, 2H, He1ys, Overlap with residual water), 3.15 (maex, J = 14.8, 4.8
Hz, 1H, Hgrpa), 3.08-3.03 (M, 2H, H¢harg), 2.99 (Masx, J = 14.9, 8.6 Hz, 1H, Hgtps), 1.70-1.62 (M,
1H, Hgharga), 1.58-1.35 (M, 9H, Hgnarge, Hynarg, HpLys, HsLys, (CH2)11CHs), 1.32—1.19 (m, 24H, Hy Lys,
Hs harg, (CH2)11CH3s), 0.85 (t, J = 7.0 Hz, 3H, CHs). *3C NMR (151 MHz, DMSO-ds) & 173.3 (COnar),
172.0 (COns), 171.1 (COrp), 156.6 (NHC(=NH)NH,), 156.0 (COcpz), 136.9 (Clarcnz), 136.0
(C7aingoe), 128.3 (C3ar.chz, Charchz), 127.8 (Clarcbz), 127.7 (C2archzy Cbarchz), 127.3 (C3amndole), 123.6
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(C2indote), 120.8 (Cbindote), 118.4 (Cingole), 118.2 (Cindote), 111.2 (C7indole), 109.8 (C3indole), 65.5
(CHz,cbz), 54.9 (Calys), 53.3 (Camp), 52.2 (Canarg), 43.4 (Celys), 40.4 (Ceparg), 31.6 (Cpharg), 31.6
(Cg.Lys), 31.3 (CH2CH2CHs), 29.0-28.5 (10C, Csharg, (CH2)11CHs), 27.4 (Cg1rp), 26.4 (CsLys), 23.0
(Cy.ys), 22.3 (Cyharg), 22.1 (CH2CH3), 13.9 (CHs). The peak for C.ys was broad and of low intensity
and the peak for C=S was not visible in **C NMR due to fast quadrupolar relaxation via the nearby
1N-nuclei. Analytical HPLC gradient 0-95% eluent Il in eluent | (C18; 20 min total runtime), tr
14.0 min (>98%, UV230). HRMS calcd for C4sH71N100sS* [M+H]*, 863.5324; found 863.5313. hArg =

homoarginine.

(4S,7S,10S)-7-((1H-indol-3-yl)methyl)-10-(((benzyloxy)carbonyl)amino)-4-carbamoyl-6,9-
HNJSJ\N/\M/ dioxo-16-thioxo-5,8,15,17-tetraazanonacosanoic acid (11). Starting
H " o on from Cbz-Lys-Trp-Glu(OtBu)-resin (87 mg, estimated loading:
E(“ o g 0.51 mmol/g) synthesized from Fmoc-Glu(OtBu)-OH, Fmoc-Trp(Boc)-OH
CbzHN N\)Lu N2 and Cbz-Lys(Fmoc)-OH by SPPS, the title compound was synthesized by
° 8%0 on-resin thiourea formation as described in the general procedures. Global
deprotection and cleavage from the resin, followed by preparative
reversed-phase HPLC purification afforded the desired thiourea 11 (5 mg, 12% based on resin
loading) as a colorless fluffy material after lyophilization. *H NMR (600 MHz, DMSO-ds) & 12.10 (br
s, COOH), 10.80 (br s, 1H, NHindole), 8.00 (d, J = 7.7 Hz, 1H, NHq1rp), 7.90 (d, J = 8.0 Hz, 1H, NHgw),
7.56 (d, J =8.0 Hz, 1H, H4dole), 7.41 (d, J = 7.7 Hz, 1H, NHq,Lys), 7.38—7.20 (m, 8H, NHe,ys, Har,cbz,
H7ndole, NHCH?), 7.19-7.14 (m, 2H, H2ndole, CONH3,4), 7.11-7.02 (m, 2H, CONH>,5, H6ndole), 6.96 (t,
J = 7.3 Hz, 1H, H5indoe), 5.07—4.94 (m, 2H, CHzcrz), 4.53 (td, J = 8.1, 4.8 Hz, 1H, Ha1rp), 4.20 (td, J
= 8.2, 5.0 Hz, 1H, Hqcw), 3.93 (td, J = 8.5, 4.8 Hz, 1H, HqLys), 3.29 (br s, 2H, He s, overlap with
residual water), 3.16 (Magx, J = 14.9, 4.9 Hz, 1H, Hg1rpa), 2.99 (Masx, J = 14.9, 8.6 Hz, 1H, Hg1rp,8),
2.26-2.14 (m, 2H, Hycw), 1.97-1.85 (m, 1H, Hgcua), 1.97-1.85 (m, 1H, Hgcu,a), 1.70-1.60 (m, 1H,
Hg.ciug), 1.60-1.04 (m, 28H, Hg s, Hyys, Hoys, (CH2)11CHs), 0.85 (t, J = 6.9 Hz, 3H, CH3). 3C NMR
(151 MHz, DMSO-dg) 6 174.0 (COOHg), 172.9 (COglu), 172.0 (COwys), 171.2 (COrp), 156.1 (COcby),
136.9 (Clarchz), 136.0 (C7aidoie), 128.3 (C3archz, Cbarcnbz), 127.74 (Clarcez), 127.69 (C2archz,
C6ar,chz), 127.3 (C3aindoie), 123.5 (C2indote), 120.8 (Cbindote), 118.4 (Clingote), 118.2 (CSingote), 111.2
(C7ndote), 109.9 (C3indole), 65.5 (CHa,chz), 54.9 (Carys), 53.4 (Co1rp), 51.8 (Cocin), 43.4 (Cerys), 31.5
(CpLys), 31.3 (CH2CH2CHg), 30.1 (Cy,i), 29.0-28.7 (9C, (CH-)11CHs), 27.4 (Cg1rp), 27.2 (Cp i), 26.4
(Cs,Lys), 23.0 (CyLys), 22.1 (CH2CHg), 13.9 (CHs). The peak for CeLys Was broad and of low intensity
and the peak for C=S was not visible in ¥*C NMR due to fast quadrupolar relaxation via the nearby
¥N-nuclei. Analytical HPLC gradient 0-95% eluent Il in eluent | (C8; 35 min total runtime), tg

26.7 min (>98%, UV210). HRMS calcd for C43HesN7O7S* [M+H]", 822,4582; found 822.4569.
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Benzyl ((4S,75,10S)-7-((1H-indol-3-yl)methyl)-4-carbamoyl-2-methyl-6,9-diox0-16-thioxo-
5,8,15,17-tetraazanonacosan-10-yl)carbamate (12). Starting from Cbz-
MU T Lys-Trp-Leu-resin (76 mg, estimated loading: 0.51 mmol/g) synthesized
E(“ o f’(\ from Fmoc-Leu-OH, Fmoc-Trp(Boc)-OH and Cbz-Lys(Fmoc)-OH by
CbzHN SPPS, the title compound was synthesized by on-resin thiourea formation
as described in the general procedures. Global deprotection and cleavage
from the resin, followed by preparative reversed-phase HPLC purification
afforded the desired thiourea 12 (6 mg, 18% based on resin loading) as a colorless fluffy material
after lyophilization. *H NMR (600 MHz, DMSO-de) 8 10.84 (d, J = 2.4, 1H, NHingole), 8.01 (d, J=7.9
Hz, 1H, NHa 1), 7.85 (d, J = 8.0 Hz, 1H, NHyeu), 7.56 (d, J = 7.9 Hz, 1H, H4ndole), 7.45-7.19 (m, 9H,
NHa,ys, NHerys, Harcbz, H7indole, NHCH2), 7.18-7.08 (m, 2H, H2idole, CONH3,4), 7.08—7.00 (m, 1H,
H6ndgote), 6.99-6.91 (M, 2H, CONH2g, H5ingoie), 5.08—-4.94 (m, 2H, CHa,cp,), 4.55 (td, J = 8.1, 5.3 Hz,
1H, Ho1rp), 4.22 (g, J = 7.8, 1H, Hqreu), 3.95 (td, J = 8.4, 4.9 Hz, 1H, Hayys), 3.29 (br s, 2H, HeLys,
overlap with residual water), 3.14 (magx, J = 14.8, 5.3 Hz, 1H, Hg1p.a), 2.97 (Masx, J = 14.8, 8.3 Hz,
1H, Hgtrps), 1.59-1.50 (M, 2H, HgLiys, Hytew), 1.49-1.10 (m, 29H, Hgyyss, HyLys, Hsiys, HpLeu,
(CH2)11CHs), 0.88-0.83 (m, 6H, Hseu1, CH2CH3), 0.81 (d, J = 6.5 Hz, 3H, Hseu2). *C NMR
(151 MHz, DMSO-ds) 8 173.9 (COieu),zz 172.0 (COyys), 171.0 (COryp), 156.0 (COchz), 136.9
(Clarcoz), 136.0 (C7amdoe), 128.3 (C3arcoz, Cbharcoz), 127.75 (Clarchz), 127.66 (C2arcbz, C6archbz),
127.3 (C3aindote), 123.5 (C2indole), 120.8 (Cbindote), 118.4 (Cdindole), 118.2 (CSindote), 111.2 (C7ndole),
109.9 (C3indole), 65.4 (CH2,cbz), 54.8 (CaLys), 53.3 (Co,11p), 50.9 (Ca,ciu), 43.4 (CeLys), 41.0 (CpLeu), 31.6
(CpLys), 31.3 (CH2CH>CHs), 29.0-28.7 (9C, (CH2)11CHs3), 27.2 (Cg1rp), 26.4 (Cs.ys), 24.1 (Cy,Leu), 23.0
(Cyys), 22.9 (CsLeu,1), 22.1 (CH2CHg), 21.6 (CsLeu2), 13.9 (CH.CHs). The peak for C¢Lys was broad
and of low intensity and the peak for C=S was not visible in **C NMR due to fast quadrupolar
relaxation via the nearby *N-nuclei. Analytical HPLC gradient 0-95% eluent Il in eluent | (C18;
35 min total runtime), tgr 27.9 min (>98%, UV23). HRMS calcd for C44HesN7OsS* [M+H]*, 806.4997;
found 806.4987.

Benzyl ((6S,9S,12S)-1-amino-6-carbamoyl-9-(3-guanidinopropyl)-1-imino-8,11-diox0-18-
N/\H/ H2N nu  thioxo-2,7,10,17,19-pentaazahentriacontan-12-yl)carbamate (13).
Starting from Cbz-Lys-Arg(Pbf)-Arg(Pbf)-resin (87 mg, estimated loading:
/d 0.46 mmol/g) synthesized from Fmoc-Arg(Pbf)-OH and Cbz-Lys(Fmoc)-

CbzHN OH by SPPS, the title compound was synthesized by on-resin thiourea

HN formation as described in the general procedures. Global deprotection

HN&‘\NHZ and cleavage from the resin, followed by preparative reversed-phase

HPLC purification afforded the desired thiourea 13 (2 mg, 6% based on resin loading) as a colorless
fluffy material after lyophilization. *H NMR (600 MHz, DMSO-ds) & 8.01 (d, J = 7.7 Hz, 1H, NHarg.1),

7.92 (d, J = 7.9 Hz, 1H, NHayg2), 7.56-7.48 (m, 2H, NHsArg 1, NHsAg2), 7.43 (d, J = 7.9 Hz, 1H,
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NHaLys), 7.42—7.26 (m, 8H, NHeys, NHCHz2, Har,cbz, CONH24), 7.09 (s, 1H, CONH2g), 5.09-4.95 (m,
2H, CHacpz), 4.28 (td, J = 7.9, 5.5 Hz, 1H, Hqarg1), 4.20 (td, J = 7.8, 5.7 Hz, 1H, Haarg2), 3.99 (td, J
= 8.8, 4.5 Hz, 1H, Hawys), 3.30 (br s, 2H, H¢1ys, overlap with residual water), 3.14—-3.03 (m, 4H, Hs arg
1, HsArg2), 1.74-1.57 (m, 3H, Hp arg1.A, HpArg 2.4, Hp Lys,a), 1.57—1.38 (M, 11H, Hgarg1,8, HpArg 2,8, Hp,Lys.Bs
Hyarg 1, Hyarg2, (CH2)11CHs), 1.37-1.19 (m, 22H, Hyys, HaLys, (CH2)1:CHs), 0.85 (t, J = 6.9 Hz, 3H,
CHs). B®C NMR (151 MHz, DMSO-ds) & 173.1 (COarg 2), 172.1 (COarg 1), 171.1 (COys), 156.6
(NHC(=NH)NH2 arg 1, NHC(=NH)NH2 arg 2), 156.0 (COchz), 136.9 (Clarchz), 128.4 (C3arcbz, CSarchz),
127.8 (Clarcoz), 127.7 (C2ar,cbz, CBarchbz), 65.4 (CHzchz), 54.7 (Cayys), 52.1 (Caarg 1), 51.9 (Caarg 2),
43.4 (CeLys), 40.5 (Csarg 1), 40.4 (Csarg 2), 31.6 (Cpys), 31.3 (CH2CH2CH3s), 29.2-28.7 (11C, Cgarg1,
Cg.arg2, (CH2)11CH3), 26.4 (Csys), 25.0 (Cyarg 2), 24.9 (Cyarg1), 23.1 (Cyuys), 22.1 (CH>CH3), 13.9
(CHs). The peak for C.ys Wwas broad and of low intensity and the peak for C=S was not visible in
13C NMR due to fast quadrupolar relaxation via the nearby **N-nuclei. Analytical HPLC gradient 0—
95% eluent Il in eluent | (C8; 35 min total runtime), tr 24.7 min (>98%, UV23,). HRMS calcd for
Cs9H71N1205S* [M+H]*, 819.5386; found 819.5374.

Benzyl ((6S,9S,12S)-1-amino-9-(4-aminobutyl)-6-carbamoyl-1-imino-8,11-diox0-18-thioxo-

2,7,10,17,19-pentaazahentriacontan-12-yl)carbamate (14). Starting

Ho nH  from Cbz-Lys-Lys(Boc)-Arg(Pbf)-resin (87 mg, estimated loading:

E( 0 /d 0.46 mmol/g) synthesized from Fmoc-Arg(Pbf)-OH, Fmoc-Lys(Boc)-OH
CbzHN NH;

H

N
\)LH and Cbz-Lys(Fmoc)-OH by SPPS, the title compound was synthesized by
; on-resin thiourea formation as described in the general procedures.
CF4C00” NHy Global deprotection and cleavage from the resin, followed by preparative

reversed-phase HPLC purification afforded the desired thiourea 14 (2 mg, 6% based on resin
loading) as a colorless fluffy material after lyophilization. *H NMR (600 MHz, DMSO-ds) d 7.98 (d, J
=7.8 Hz, 1H, NHauys), 7.89 (d, J = 7.8 Hz, 1H, NHaarg), 7.62—7.35 (M, 3H, NH3" ¢ Lys), 7.55 (1, J = 5.8
Hz, 1H, NHsarg), 7.42 (d, J = 7.9 Hz, 1H, NHqLysoty), 7.40-7.29 (m, 8H, NH¢ ysow), NHCH2, Harcbz,
CONHz,), 7.09 (s, 1H, CONH2g), 5.06—4.98 (m, 2H, CHach,), 4.24 (td, J = 8.4, 5.0 Hz, 1H, Hyys),
4.19 (td, J =7.9, 5.8 Hz, 1HqArg), 4.03—3.93 (M, 1H, Ha,ysow)), 3.30 (br' s, 2H, He ysot), Overlap with
residual water), 3.09 (q, J = 6.7 Hz, 2H, Hsarg), 2.80-2.69 (m, 2H, Hsys), 1.71-1.58 (m, 3H, Hg ArgA,
Hg.Lys.A, Hp Lys(otu)a), 1.57—1.39 (M, 11H, Hg arg.8, Hy,Arg, Hp.Lys.B, Hp,Lys(Dtu),8, Ha Lys(ot), (CH2)11CH3), 1.37—
1.19 (m, 24H, Hyys, HsLys, Hy.Lys(otu), (CH2)11CH3), 0.85 (t, J = 7.0 Hz, 3H, CH3). *C NMR (151 MHz,
DMSO-ds) 6 173.2 (COarg), 172.1 (COyys), 171.3 (COvys(ory)), 156.7 (NHC(=NH)NH,), 156.0 (COcbz),
136.9 (Clarchz), 128.3 (C3ar,cbz, Charchz), 127.8 (Clar,cbz), 127.6 (C2ar,cbz, CBarchz), 65.4 (CH2,chz), 54.7
(CaLysotu), 52.2 (Cqys), 51.8 (Caarg), 43.4 (Cerysior), 40.4 (Csarg), 31.58 (Cprys), 31.56 (Cpg Lys(ptu)),
31.3 (CH2CH,CHgs), 29.2-28.7 (10C, Cgarg, (CH2)11CHs), 26.6 (Csys), 26.4 (CsLys(bt), 25.0 (Cyarg),
23.0 (Cy.Lys(btuy), 22.10 (CyLys), 22.06 (CH>CHs3), 13.9 (CHs). The peak for C sy Was broad and of

low intensity and the peak for C=S was not visible in 13C NMR due to fast quadrupolar relaxation via
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the nearby *N-nuclei. Analytical HPLC gradient 0-95% eluent Il in eluent | (C18; 35 min total
runtime), tr 25.7 min (>95%, UVass). HRMS calcd for CazgH71N100sS* [M+H]*, 791.5324; found
791.5313. Dtu = 1-dodecylthiourea.

(S)-5-(((S)-l-amino-5-guanidino-l-oxopentan-2-y|)amino)-4-((S)-2-(((benzonxy)carbonyI)-
amino)-6-(3-dodecylthioureido)hexanamido)-5-oxopentanoic  acid

H2N
N/\H/ (15). Starting from Cbz-Lys-Glu(OtBu)-Arg(Pbf)-resin (87 mg, estimated
CszNE‘/ /d;

loading: 0.46 mmol/g) synthesized from Fmoc-Arg(Pbf)-OH, Fmoc-

Glu(OtBu)-OH and Cbz-Lys(Fmoc)-OH by SPPS, the title compound was

synthesized by on-resin thiourea formation as described in the general
° o procedures. Global deprotection and cleavage from the resin, followed by
preparative reversed-phase HPLC purification afforded the desired thiourea 15 (3 mg, 9% based on
resin loading), as a colorless fluffy material after lyophilization. *H NMR (600 MHz, DMSO-ds)
0 12.11 (s, 1H, COOHauw), 8.02 (d, J = 7.6 Hz, 1H. NHaw), 7.89 (d, J = 7.9 Hz, 1H, NHqar), 7.53 (t, J
= 5.8 Hz, 1H, NHsar), 7.43 (d, J = 7.9 Hz, 1H, NHqys), 7.40-7.26 (m, 8H, NH¢,ys, NHCH2, Harcbz,
CONHz3,n), 7.08 (s, 1H, CONHzg), 5.08-4.97 (m, 2H, CHzcpz), 4.25 (td, J = 8.2, 5.3 Hz, 1H, Hagci),
4.18 (td, J =7.9,5.6 Hz, 1H, Hqar), 3.98 (td, J = 8.9, 4.7 Hz, 1H, Hqys), 3.31 (br s, 2H, H¢ys, Overlap
with residual water), 3.12-3.06 (q, J = 6.7 Hz, 2H, Hsar), 2.32-2.18 (m, 2H, Hycu), 1.96-1.87 (m,
1H, Hg ciua), 1.80-1.72 (m, 1H, Hgcu,g), 1.71-1.58 (M, 2H, Hp argA, Hp Lys,A), 1.56—1.37 (M, 8H, Hg arg 8,
Hg.Lys.B, HyArg, 2(CH2)11CH3), 1.36—-1.10 (m, 22H, Hy,ys, Hsys, (CH2)10CH3), 0.85 (t, J = 6.9 Hz, 3H,
CHs). 3C NMR (151 MHz, DMSO-ds) 8 174.0 (COsciu), 173.1 (COprg), 172.1 (COLys), 170.9 (COq ),
156.6 (NHC(=NH)NH), 156.0 (COcbz), 136.9 (Clarchbz), 128.3 (C3archz, Charchz), 127.8 (Céarchz),
127.7 (C2arcbz, CBarchz), 65.4 (CHzchz), 54.7 (Cavys), 52.0 (Caci), 51.9 (Caarg), 43.4 (Cerys), 40.4
(Csar9), 31.5 (Cpys), 31.3 (CH2CH2CHs), 30.1 (Cyeu), 29.1-28.7 (10C, Cgarg, (CH2)11CH3), 27.3
(Cg,ai), 26.4 (Cs.Lys), 25.0 (Cyarg), 23.0 (CyLys), 22.1 (CH2CHs), 14.0 (CHs). The peak for Ce¢ys Was
broad and of low intensity and the peak for C=S was not visible in *3C NMR due to fast quadrupolar
relaxation via the nearby *N-nuclei. Analytical HPLC gradient 0-95% eluent Il in eluent | (C18;
20 min total runtime), tg 13.0 min (>96%, UV230). HRMS calcd for CssHesNeO7S™ [M+H]*, 792.4800;
found 792.4791.

Benzyl ((6S,9S,12S)-1-amino-6-carbamoyl-1-imino-9-isobutyl-8,11-diox0-18-thioxo-
/\M/ Hz 2,7,10,17,19-pentaazahentriacontan-12-yl)carbamate (16). Starting

from  Chz-Lys-Leu-Arg(Pbf)-resin (87 mg, estimated loading:

E( /i; 0.46 mmol/g) synthesized from Fmoc-Arg(Pbf)-OH, Fmoc-Leu-OH and
CbzHN Cbz-Lys(Fmoc)-OH by SPPS, the title compound was synthesized by the
general on-resin thiourea formation as described in the general

procedures. Global deprotection and cleavage from the resin, followed by preparative reversed-

phase HPLC purification afforded the desired thiourea 16 (1 mg, 3% based on resin loading) as a
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colorless fluffy material after lyophilization. *H NMR (600 MHz, DMSO-de) & 7.96 (d, J = 7.9 Hz, 1H,
NHieu), 7.83 (d, J = 8.0 Hz, 1H, NHqarg), 7.49 (t, J = 6.0 Hz, 1H, NHsar), 7.41 (d, J = 8.0 Hz, 1H,
NHq,ys), 7.39—7.25 (M, 8H, NHe,ys, NHCH, Harcoz, CONH2,4), 7.08 (s, 1H, CONHzp), 5.07—4.99 (m,
2H, CHzcpz), 4.31-4.23 (m, 1H, HqLeu), 4.18 (td, J = 8.0, 5.6 Hz, 1H, Hq ), 3.98 (td, J = 8.6, 4.9 Hz,
1H, Hauys), 3.30 (br s, 2H, Heys, overlap with residual water), 3.12-3.04 (m, 2H, Hsarg), 1.71-1.58
(m, 3H, Hgarga, HyLeus Hgysa), 1.55-1.37 (m, 10H, Hgarg,8, Hp Lys,B, Hy,arg, HpLeu, (CH2)11CH3), 1.35—
1.19 (m, 22H, Hyuys, HsLys, (CH2)11CHs), 0.91-0.79 (M, 9H, Hsieu, CH.CHs). *C NMR (151 MHz,
DMSO-ds) © 173.1 (COarg), 172.0 (COrey), 171.8 (COLys), 156.6 (NHC(=NH)NH2), 156.0 (COcby),
137.0 (Clarchz), 128.3 (C3archz, C5archz), 127.8 (Clarchz), 127.7 (C2ar,cbz, CBar.cbz), 65.4 (CHaz,ch;), 54.7
(CaLys), 51.8 (Coarg), 51.2 (Careuw), 43.4 (Cerys), 40.5 (Cpreu), 40.4 (Csag), 31.6 (CpLys), 31.3
(CH2CH2CHg), 29.2-28.7 (10C, Cparg, (CH2)11CHz), 26.4 (CsLys), 25.0 (Cyarg), 24.1 (CyLeu), 23.1
(Cs,Leu1), 23.0 (CyLys), 22.1 (CH2CH3), 21.5 (Cs,Leu,2), 13.9 (CH2CHs). The peak for Ceys Was broad
and of low intensity and the peak for C=S was not visible in **C NMR due to fast quadrupolar
relaxation via the nearby *N-nuclei. Analytical HPLC gradient 0-95% eluent Il in eluent | (C18;
20 min total runtime), tr 13.9 min (>98%, UV230). HRMS calcd for C3sH7oNeOsS™ [M+H]*, 776.5215;
found 776.5211.

Benzyl ((68,98,128)-1-amino-6-carbamoy|-9-(4-hydroxybenzyl)-l-imino-8,11-dioxo-18-thioxo-

2,7,10,17,19-pentaazahentriacontan-12-yl)carbamate (17). Starting
N/\M/ HZN

from Cbz-Lys-Tyr(tBu)-Arg(Pbf)-resin (87 mg, estimated loading:

0.46 mmol/g) synthesized from Fmoc-Arg(Pbf)-OH, Fmoc-Tyr(tBu)-OH

CbzHN and Cbz-Lys(Fmoc)-OH by SPPS, the title compound was synthesized by
on-resin thiourea formation as described in the general procedures.

OH Global deprotection and cleavage from the resin, followed by preparative

reversed-phase HPLC purification afforded the desired thiourea 17 (3 mg, 9% based on resin
loading) as a colorless fluffy material after lyophilization. *H NMR (600 MHz, DMSO-dg) & 9.15 (s,
1H, OHry), 7.99 (d, J = 8.1Hz, 1H, NHay), 7.86 (d, J = 7.9 Hz, 1H, NH+y), 7.51 (t, J = 5.8 Hz, 1H,
NHs arg), 7.41-7.27 (M, 8H, NHq,Lys, NHe Lys, NHCH2, Har,cbz), 7.24 (br's, 1H, CONH>,»), 7.10 (br s, 1H,
CONHzg), 7.00 (d, J = 8.1 Hz, 2H, H2ar1yr, H6ArTyr), 6.62 (d, J = 8.3 Hz, 2H, H3ar1yr, H54rTyr), 5.08—
4.96 (m, 2H, CHazcp), 4.43 (td, J = 8.3, 4.6 Hz, 1H, Ha1yr), 4.20 (td, J = 8.0, 5.6 Hz, 1H, Hqarg), 3.96—
3.88 (M, 1H, Hays), 3.30 (br s, 2H, Heys, overlap with residual water), 3.09 (g, J = 6.7 Hz, 2H, Hs arg),
2.91 (dd, J = 14.1, 4.6 Hz, 1H, Hp1yra), 2.71 (dd, J = 14.0, 9.0 Hz, 1H, Hg1yB), 1.73-1.64 (M, 1H,
Hg.ArgA), 1.58-1.48 (M, 2H, Hp arg, HpLysA), 1.47-1.35 (M, 7H, Hg ys 8, Hyag, (CH2)11CHs), 1.29-1.10
(M, 22H, Hyys, Hsys, (CH2)11CHs), 0.85 (t, J = 6.9 Hz, 3H, CH3).2*C NMR (151 MHz, DMSO-ds)
0 173.1 (COar), 171.8 (COLys), 170.9 (COryr), 156.7 (NHC(=NH)NH>), 155.9 (COch;), 155.8 (C4ar1yr),
136.9 (Clarchz), 130.1 (C2ar1yr, CBarty), 128.4 (C3archz, CSarchz), 127.8 (Clarchz), 127.7 (C2archz,
C6ar,chz), 127.5 (Clarryr), 114.8 (C3ar1yr, Chartyr), 65.5 (CHzchz), 54.8 (Calys), 54.1 (Caryr), 51.9
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(Canrg), 43.4 (CeLys), 40.4 (Csarg), 36.5 (Cpryr), 31.6 (Cpuys), 31.3 (CH2CH,CHz), 29.2-28.7 (10C,
Cgarg, (CH2)11CH3), 26.4 (Csys), 25.0 (Cyarg), 23.0 (CyLys), 22.1 (CH2CHs), 13.9 (CHs). The peak for
CeLys Was broad and of low intensity and the peak for C=S was not visible in *C NMR due to fast
quadrupolar relaxation via the nearby *N-nuclei. Analytical HPLC gradient 0-95% eluent Il in eluent
| (C18; 20 min total runtime), tr 26.6 min (>98%, UV230). HRMS calcd for CaaHesNeOsS*™ [M+H]",
826.5008; found 826.5003.

Benzyl ((GS 9S,12S)-1-amino-6-carbamoyl-9-(4-hydroxy-3-nitrobenzyl)-1-imino-8,11-diox0-18-

o HZN wy thioxo-2,7,10,17,19-pentaazahentriacontan-12-yl)carbamate (18).
N

Starting from Cbz-Lys-Tyr(3-NO2)-Arg(Pbf)-resin (87 mg, estimated
/E( /d loading: 0.46 mmol/g) synthesized from Fmoc-Arg(Pbf)-OH, Fmoc-Tyr(3-
CbzHN NO2)-OH and Cbz-Lys(Fmoc)-OH by SPPS, the title compound was
N°z synthesized by on-resin thiourea formation as described in the general
°H procedures. Global deprotection and cleavage from the resin, followed by
preparative reversed-phase HPLC purification afforded the desired thiourea 18 (4 mg, 11% based
on resin loading), as a yellow fluffy material after lyophilization. *H NMR (600 MHz, DMSO-ds) 8 9.15
(s, 1H, ArOHnry), 8.12 (d, J = 8.0 Hz, 1H, NHgarg), 7.94 (d, J = 8.2 Hz, 1H, NHnty), 7.78 (d, J = 2.2
Hz, 1H, H2arnTyr), 7.51 (t, J = 5.8 Hz, 1H, NHsar), 7.42 (dd, J = 8.5, 2.2 Hz, 1H, H6arnTy), 7.39-7.22
(m, 9H, NHa,Lys, NHeys, NHCH2, Har,coz, CONHz ), 7.10 (br s, 1H, CONHzg), 7.01 (d, J = 8.5 Hz, 1H,
H5arNTyr), 5.05-4.94 (M, 2H, CHzcpz), 4.53 (td, J = 8.8, 4.2 Hz, 1H, Hunryr), 4.22 (td, J = 7.9, 5.6 Hz,
1H, Hoarg), 3.88 (id, J = 8.8, 4.9 Hz, 1H, Hqys), 3.28 (br s, 2H, H¢ Ly, overlap with residual water),
3.10 (g, J = 6.6 Hz, 2H, Hsarg), 3.02 (dd, J = 14.0, 4.2 Hz, 1H, Hgntyra), 2.77 (dd, J = 14.0, 9.6 Hz,
1H, Hgnryrg), 1.73—-1.65 (M, 1H, Hparga), 1.59—-1.33 (M, 9H, Hp a8, Hp Lys, HyAarg, (CH2)11CH3), 1.31-
1.10 (m, 22H, Hyys, HaLys, (CH2)11CHs3), 0.85 (t, J = 7.0 Hz, 3H, CHs). **C NMR (151 MHz, DMSO-
ds) 173.0 (COarg), 171.9 (COwys), 170.5 (COntyr),156.6 (NHC(=NH)NH,), 155.8 (COcnz), 150.9
(ClarnTyr), 136.9 (Clarcoz), 136.5 (C6arntyr), 136.0 (C3arntyr), 128.8 (Clarntyr), 128.4 (C3archz,
Cbar,chz), 127.8 (Clarchz), 127.7 (C2ar,coz, CBarchz), 125.5 (C2arntyr), 118.7 (C5arntyr), 65.4 (CH2.cb2),
54.9 (CaLys), 53.4 (Cantyr), 52.0 (Caarg), 43.4 (Cerys), 40.4 (Csarg), 36.2 (Cnryr), 31.7 (Cprys), 31.3
(CH2CH,CHgs), 29.2-28-7 (10C, Cgarg, (CH2)11CHs), 26.4 (CsLys), 25.0 (Cyarg), 23.0 (CyLys), 22.1
(CH2CHs), 13.9 (CHs). The peak for C¢ys Was broad and of low intensity and the peak for C=S was
not visible in 3C NMR due to fast quadrupolar relaxation via the nearby *N-nuclei. Analytical HPLC
gradient 0-95% eluent Il in eluent | (C18; 20 min total runtime), tr 13.9 min (>97%, UV23). HRMS
calcd for C42He7N100sS* [M+H]*, 871.4859; found 871.4849.
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Benzyl ((S)-l-((S)-Z-(((S)-l—amino-5-guanidino-l-oxopentan-2-y|)carbamoy|)pyrro|idin-l-yl)-6-
(3-dodecylthioureido)-1-oxohexan-2-yl)carbamate (19). Starting from

N/\M/ H, N
Cbz-Lys-Pro-Arg(Pbf)-resin (87 mg, estimated loading: 0.46 mmol/g)
synthesized from Fmoc-Arg(Pbf)-OH, Fmoc-Pro-OH and Cbz-Lys(Fmaoc)-
CbzHN OH by SPPS, the title compound was synthesized by on-resin thiourea

formation as described in the general procedures. Global deprotection
and cleavage from the resin, followed by preparative reversed-phase HPLC purification afforded the
desired thiourea 19 (3 mg, 10% based on resin loading) as a colorless fluffy material after
lyophilization. *H NMR (600 MHz, DMSO-dg) 8 7.88 (d, J = 8.0 Hz, 1H, NHqarg), 7.52 (t, J = 5.9 Hz,
1H, NHsarg), 7.47 (d, J = 7.8 Hz, 1H, NHayys), 7.41-7.27 (m, 7H, NHe.1ys, NHCH2, Harcpz), 7.25 (br s,
1H, CONH2,4), 7.06 (br s, 1H, CONH2z), 5.06—-4.98 (m, 2H, CHz.cpz), 4.34 (dd, J = 8.5, 4.4 Hz, 1H,
Hapro), 4.26—4.20 (M, 1H, Hayys), 4.16 (td, J = 8.1, 5.3 Hz, 1H, Haag), 3.72-3.63 (M, 1H, Hsproa),
3.60-3.53 (m, 1H, Hspro), 3.31 (br s, 2H, H¢ys, overlap with residual water), 3.09 (q, J = 6.8 Hz, 2H,
HsArg), 2.10—2.03 (m, 1H, Hpproa), 1.96—1.77 (M, 3H, Hg pros, Hypro), 1.75-1.68 (M, 1H, Hparga), 1.65—
1.57 (m, 1H, Hgysa), 1.58—1.40 (M, 8H, Hp a8, Hy.Arg, Hp.Lys.8, (CH2)11CH3), 1.39-1.31 (m, 2H, Hy.1ys),
1.30-1.20 (m, 20H, Hs1ys, (CH2)11CHs), 0.86 (t, J = 7.0 Hz, 3H, CH3). 3C NMR (151 MHz, DMSO-ds)
0 173.3 (COarg), 171.3 (COpro), 170.8 (COLys), 156.7 (NHC(=NH)NH2), 156.0 (COcbz), 137.0 (Clar.cbz),
128.3 (C3ar,cbz, CHar,chz), 127.8 (Clarcbz), 127.7 (C2ar.coz, COarchbz), 65.4 (CHachz), 59.6 (Capro), 52.4
(CaLys), 51.8 (Caarg), 46.9 (Cspro), 43.4 (Ceys), 40.4 (Csarg), 31.3 (CH2CH2CHs3), 30.5 (CgLys), 29.0—
28.7 (10C, Cgarg, (CH2)11CHg), 26.4 (CsLys), 25.0 (Cyarg), 24.6 (Cypro), 22.6 (CyLys), 22.1 (CH2CHs3),
13.9 (CHgs). The peak for C¢ s was broad and of low intensity and the peak for C=S was not visible
in C NMR due to fast quadrupolar relaxation via the nearby *N-nuclei. Two sets of signals
(approximately 10:1) were detectable due to rotamers. Only peaks for the major rotamer is given.
Analytical HPLC gradient 0—95% eluent Il in eluent | (C18; 35 min total runtime), tr 26.4 min (>98%,
UV230). HRMS calcd for C3gHgsNeOsS™ [M+H]*, 760.4902; found 760.4900.

Benzyl ((6S,9S,12S)-1-amino-6-carbamoyl-1-imino-9-methyl-8,11-dioxo-18-thioxo-
/\M/ HoN NH 2,7,10,17,19-pentaazahentriacontan-12-yl)carbamate (20). Starting

from Chz-Lys-Ala-Arg(Pbf)-resin (87 mg, estimated loading: 0.46 mmol/g)

/E( Ji synthesized from Fmoc-Arg(Pbf)-OH, Fmoc-Ala-OH and Cbz-Lys(Fmoc)-
CbzHN OH by SPPS, the title compound was synthesized by on-resin thiourea
formatlon as descrlbed in the general procedures. Global deprotection and cleavage from the resin,
followed by preparative reversed-phase HPLC purification afforded the desired thiourea 20 (3 mg,
10% based on resin loading), as a colorless fluffy material after lyophilization. *H NMR (600 MHz,
DMSO-ds) 6 8.05 (d, J =7.0 Hz, 1H, NHan), 7.83 (d, J =8.1 Hz, 1H, NHqa ), 7.52 (t, J = 5.8 Hz, 1H,
NHs arg), 7.42 (d, J =8.0 Hz, 1H, NHqLys), 7.38=7.29 (m, 8H, NHe ys, NHCH2, Har,coz, CONH> ), 7.08
(s, 1H, CONHzg), 5.06-4.98 (m, 2H, CHzcbz), 4.25 (p, J = 7.1 Hz, 1H, Haai), 4.18 (td, J = 8.0, 5.6
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Hz, 1H, Hoarg), 3.97 (ddd, J =9.5, 7.9, 4.7 Hz, 1H, Hqys), 3.21 (br s, 2H, He s, overlap with residual
water), 3.12-3.05 (m, 2H, Hsay), 1.73-1.59 (m, 2H, Hgarga, Hpys.a), 1.56-1.39 (m, 8H, Hpargp,
Hg Lys.B, Hyarg, (CH2)11CH3), 1.36-1.24 (m, 22H, Hyys, Hs,ys, (CH2)11CH3), 1.22 (d, J = 7.0 Hz, 3H,
Hp.aw), 0.85 (t, J = 6.9 Hz, 3H, CH2CHs). *C NMR (151 MHz, DMSO-ds) & 173.1 (COay), 172.0
(COmia), 171.8 (COuy), 156.6 (NHC(=NH)NH,), 156.0 (COcp,), 137.0 (Clarchz), 128.3 (C3arcor,
Cbarcbz), 127.8 (Clarchz), 127.6 (C2archz, C6archz), 65.4 (CHachz), 54.6 (Cays), 51.8 (Caarg), 48.3
(Cania), 43.4 (Cerys), 40.4 (Csarg), 31.6 (Cpuys), 31.3 (CH.CH.CH3), 29.2-28.7 (10C, Cgarg,
(CH2)11CHs), 26.4 (CsLys), 25.0 (Cyarg), 23.0 (Cyys), 22.1 (CH2CHs), 18.0 (Cpai), 13.9 (CH.CHs). The
peak for C s was broad and of low intensity and the peak for C=S was not visible in 3*C NMR due
to fast quadrupolar relaxation via the nearby *N-nuclei. Analytical HPLC gradient 0-95% eluent Il in
eluent | (C18; 20 min total runtime), tr 13.3 min (>96%, UV23). HRMS calcd for CssHesNgOsS*
[M+H]*, 734.4746; found 734.4743.

Benzyl ((6S,9R,12S)-1-amino-6-carbamoyl-1-imino-9-methyl-8,11-dioxo0-18-thioxo-

/\M/ HoN N,., 2,7,10,17,19-pentaazahentriacontan-12-yl)carbamate (21). Starting

from  Cbz-Lys-D-Ala-Arg(Pbf)-resin (87 mg, estimated loading:
E( Ji; 0.46 mmol/g) synthesized from Fmoc-Arg(Pbf)-OH, Fmoc-D-Ala-OH and
ChzHN ])L Cbz-Lys(Fmoc)-OH by SPPS, the title compound was synthesized by on-
resin thlourea format|on as described in the general procedures. Global deprotection and cleavage
from the resin, followed by preparative reversed-phase HPLC purification afforded the desired
thiourea 21 (2 mg, 7% based on resin loading) as a colorless fluffy material after lyophilization.
'H NMR (600 MHz, DMSO-ds) & 8.15 (d, J = 7.2 Hz, 1H, NHbp.aa), 7.93 (d, J = 8.4 Hz, 1H, NHqar),
7.50 (t, J =5.8 Hz, 1H, NHsarg), 7.44 (d, J = 7.5 Hz, 1H, NHq,ys), 7.40-7.26 (m, 8H, NH¢,ys, NHCH;,
Har,cozy CONHz4), 7.10 (s, 1H, CONH>;), 5.10-4.95 (m, 2H, CH2cvz), 4.28 (p, J = 7.1 Hz, 1H, Hqp-
Ala), 4.19 (td, J = 8.6, 5.1 Hz, 1H, Hqar), 3.97 (q, J = 7.6, 1H, Hays), 3.30 (br s, 2H, H¢ys, overlap
with residual water), 3.11-3.02 (m, 2H, Hsarg), 1.80-1.70 (m, 1H, Hp arga), 1.65-1.57 (M, 1H, Hp Lys A),
1.56-1.37 (m, 8H, Hpawge, Hpiyse, Hyag CH2(CH2)11CHs), 1.36-1.08 (m, 25H, HyLys, HaLiys,
(CH2)11.CHas, Hgp-aia), 0.85 (t, J = 6.8 Hz, 3H, CH.CHs). **C NMR (151 MHz, DMSO-de) 5 173.2
(COarg), 172.0 (COp-aia), 171.8 (COLys), 156.6 (NHC(=NH)NH>), 156.0 (COct,), 136.9 (Clarchz), 128.3
(C3ar,coz, CSar,chz), 127.8 (Cdarcbz), 127.7 (C2ar,chz, COar,cbz), 65.4 (CH2,chz2), 54.7 (Cays), 51.8 (Caarg),
48.4 (Cap-aa), 43.3 (CeLys), 40.3 (Csarg), 31.5 (CpLys), 31.3 (CH2CH2CH3), 29.0-28.7 (10C, Cgaryg ,
(CH2)11CHs3), 26.4 (Cs,Lys), 25.0 (Cyarg), 22.9 (CyLys), 22.1 (CH2CHg), 18.2 (Cg aia), 13.9 (CH.CHgs). The
peak for C,s was broad and of low intensity and the peak for C=S was not visible in 13C NMR due
to fast quadrupolar relaxation via the nearby *N-nuclei Analytical HPLC gradient 0-95% eluent Il in
eluent | (C18; 35 min total runtime), tr 13.3 min (>98%, UV2s:). HRMS calcd for CssHesNgOsS*
[M+H]*, 734.4746; found 734.4740.
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Benzyl ((6S,12S)-1-amino-6-carbamoyl-1-imino-9-methylene-8,11-dioxo-18-thioxo-
2,7,10,17,19-pentaazahentriacontan-12-yl)carbamate (22). Starting
from Cbz-Lys(Fmoc)-Cys(StBu)-Arg(Pbf)-resin (166 mg, estimated

/E( /d loading: 0.33 mmol/g) synthesized from Fmoc-Arg(Pbf)-OH, Fmoc-
CbzHN 7\)L Cys(StBu)-OH and Cbz-Lys(Fmoc)-OH by SPPS, the title compound was
synthe5|zed by addltlon of dithiotreitol (DTT, 77 mg, 0.50 mmol) and iProNEt (173 pL, 1.00 mmol) in
anh. DMF (2.0 mL) to the resin under agitation for 6 h. The resin was washed with DMF (3x4 mL)

after which 1,4-dibromobutane (65 mg, 0.30 mmol) in 1.5 mL anh. DMF and K>COs (69 mg,
0.5 mmol) were added. The resin was agitated for 6 h and washed with DMF, H,O, MeOH and

N/\H/ HZN NH

CH.CI, (3x4 mL each) followed by subsequent Fmoc-deprotection and general on-resin thiourea
formation as described in the general procedures. Global deprotection and cleavage from the resin,
followed by preparative reversed-phase HPLC purification afforded the desired thiourea 22 (1 mg,
2% based on resin loading) as a white fluffy material after lyophilization. *H NMR (600 MHz, DMSO-
de) 5 9.23 (s, 1H, NHpna), 8.29 (d, J = 8.0 Hz, 1H, NHaar), 7.73 (d, J = 7.6 Hz, 1H, NHa1ys), 7.49 (t,
J = 5.8 Hz, 1H, NHsar), 7.39-7.28 (m, 8H, NHc1ys, NHCHa, Harcoz, CONHz,4), 7.10 (d, J = 2.0 Hz,
1H, CONH2g), 6.08 (S, 1H, Hgphaa), 5.59 (s, 1H, Hpphas), 5.09-5.01 (m, 2H, CHzcpz), 4.29-4.20 (M,
1H, Haar), 3.97 (dt, J = 11.6, 7.6 Hz, 1H, Hayys), 3.30 (br s, 2H, H¢ Ly, Overlap with residual water),
3.13-3.06 (m, 2H, Hsarg), 1.83-1.74 (M, 1H, Hp arga), 1.72—1.40 (m, 10H, Hg arg,8, Hp Lys, Hy.Arg, Hy,Lys A,
CHa2(CH>)10CHs, CH2(CH>)10CHs), 1.38-1.20 (m, 21H, Hy,Lys 8, HsLys, CH2(CH2)10CH3), 0.85 (t, J = 6.9
Hz, 3H, CHs). 3C NMR (151 MHz, DMSO-ds) & 173.2 (COarg), 171.6 (CO.ys), 163.8 (COpha), 156.6
(NHC(=NH)NH2), 156.2 (COcpbz), 136.9 (Clarcpz), 135.0 (Capha), 128.4 (C3archz, Charchz), 127.8
(Clarcoz), 127.6 (C2archz, Cbarchz), 104.1 (Cppha), 65.6 (CHazchz), 55.6 (Carys), 52.9 (Caarg), 43.4
(CeLys), 40.4 (Csarg), 31.3 (CH2CH2CHs), 31.0 (Cguys), 29.0-28.5 (10C, Cgarg, (CH2)11CH3), 26.4
(Cs,Lys), 25.4 (Cyarg), 23.1 (Cyys), 22.1 (CH2CH3), 13.9 (CHa). The peak for C¢ys was broad and of
low intensity and the peak for C=S was not visible in *3C NMR due to fast quadrupolar relaxation via
the nearby *N-nuclei. Analytical HPLC gradient 0-95% eluent Il in eluent | (C8; 35 min total runtime),
tr 26.7 min (>97%, UV230). HRMS calcd for C3sHe2N9OsS* [M+H]*, 732.4589; found 732.4585. Dha

= dehydroalanine.

Benzyl ((6S,12S)-1-amino-6-carbamoyl-1-imino-9,9-dimethyl-8,11-dioxo0-18-thioxo-
2,7,10,17,19-pentaazahentriacontan-12-yl)carbamate (23). Starting

from  Cbz-Lys-Aib-Arg(Pbf)resin (258 mg, estimated loading:
/E( Ji 0.33 mmol/g) synthesized from Fmoc-Arg(Pbf)-OH, Fmoc-Aib-OH and
CbzHN %L Cbz-Lys(Fmoc)-OH by SPPS, the title compound was synthesized by on-

resin thlourea formatlon as described in the general procedures. Global deprotection and cleavage

/\M/ H,N NH

from the resin, followed by preparative reversed-phase HPLC purification afforded the desired

thiourea 23 (3 mg, 5% based on resin loading) as a white fluffy material after lyophilization. *H NMR
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(600 MHz, DMSO-ds) & 8.26 (s, 1H, NHai), 7.52—7.46 (m, 2H, NHa,ys, NHs arg), 7.39-7.28 (m, 8H,
NHa,ys, NHeys, NHCH2, Harcoz), 7.18 (s, 1H, CONHz4), 7.07 (s, 1H, CONH,), 5.08-4.97 (m, 2H,
CHa.cbz), 4.10 (td, J = 8.8, 4.5 Hz, 1H, Haarg), 3.93 (dt, J = 8.7, 6.0 Hz, 1H, Hayys), 3.30 (br s, 2H,
HeLys, Overlap with residual water), 3.07—3.00 (m, 2H, Hsarg), 1.81-1.73 (m, 1H, Hparga), 1.67—1.58
(m, 1H, Hpuiysa), 1.49-1.39 (m, 8H, Hparge, HpLyss, Hyag, (CH2)11CH3), 1.37-1.30 (m, 7H, Hgaib,
Hyiysa), 1.29-1.19 (M, 21H, Hyyss, Ha.ys, (CH2)11CH3), 0.85 (t, J = 7.0 Hz, 3H, CH,CHa). 3C NMR
(151 MHz, DMSO-ds) 8 173.7 (COaib), 173.4 (COarg), 172.3 (COLys), 156.6 (NHC(=NH)NH), 156.2
(COchz), 136.9 (Clarchz), 128.3 (C3arcvz, Charchz), 127.8 (Clarchbz), 127.6 (C2archz, Cbarcpbz), 65.5
(CHz,cbz), 56.0 (Cqaib), 55.1 (Cays), 52.0 (Caarg), 43.4 (Ceys), 40.3 (Cs.arg), 31.3 (CH,CH,CHs), 31.0
(Cg.Lys), 29.0-28.4 (10C, Cgarg, (CH2)11CHg), 26.4 (Cs,ys), 25.2 (Cgaib1), 24.9 (Cyarg), 24.7 (Cpaib2),
22.9 (CyLys), 22.1 (CH2CHs), 13.9 (CH>CHs3). The peak for C¢ys Was broad and of low intensity and
the peak for C=S was not visible in *C NMR due to fast quadrupolar relaxation via the nearby *N-
nuclei. Analytical HPLC gradient 0-95% eluent Il in eluent | (C18; 35 min total runtime), tr 25.6 min
(>98%, UVa30). HRMS calcd for CasHesNeOsS* [M+H]*, 748.4902; found 748.4898.

(S)-2-acetamido-N-((S)-l-(((S)-l-amino-5-guanidino-l-oxopentan-z-yl)amino)-l-oxopropan-z-
/\M/ H,N NH y-6-(3-dodecylthioureido)hexanamide (24). Starting from H-
/Er /d Lys(Teoc)-Ala-Arg(Pbf)-resin (104 mg, estimated loading: 0.49 mmol/g)

synthesized from Fmoc-Arg(Pbf)-OH, Fmoc-Ala-OH and Fmoc-Lys(Teoc)-

OH by SPPS, the title compound was synthesized by addition of
Ac,O:DMF (1.3, viv, 1.5 mL) to the resin under agitation for 2 h. The resin was washed with DMF
(3x4 mL) and CHCl; (3x4 mL) followed by Teoc deprotection and on-resin thiourea formation as
described in the general procedures. Global deprotection and cleavage from the resin, followed by
preparative reversed-phase HPLC purification afforded the desired thiourea 24 (4 mg, 11% based
on resin loading), as a colorless fluffy material after lyophilization. *H NMR (600 MHz, DMSO-de)
0 8.06 (d, J =7.0 Hz, 1H, NHaia), 8.02 (d, J = 7.6 Hz, 1H, NHqys), 7.76 (d, J = 8.0 Hz, 1H, NHgarg),
7.57 (t, J=5.8 Hz, 1H, NHs5Arg), 7.38-7.26 (m, 3H, NH¢,1ys, NHCH,, CONH3 ), 7.08 (s, 1H, CONHzg),
4.26-4.12 (m, 3H, Hqaia, Ha,Lys, Haarg), 3.32 (br s, 2H, 2H, He Lys, overlap with residual water), 3.09 (q,
J = 6.7 Hz, 2H, Hsarg), 1.85 (s, 3H, COCH3s), 1.73-1.60 (m, 2H, Hgaga. Hpysa), 1.57-1.40 (m, 8H,
Hg.Arg.8, Hp.Lys,B, Hy.Arg, (CH2)11CH3), 1.35-1.19 (m, 25H, Hyys, Hsys, (CH2)11CHs, Hgaia), 0.85 (t, J =
6.9 Hz, 3H, CH,CHs). *C NMR (151 MHz, DMSO-dg) & 173.2 (COarg), 172.0 (COala), 171.9 (COLys),
169.6 (COCHg), 156.7 (NHC(=NH)NH2), 52.8 (CaLys), 51.9 (Caarg), 48.4 (Cani), 43.4 (CeLys), 40.4
(Csarg), 31.5 (Cpys) , 31.3 (CH2CH2.CHgs), 29.1-28.7 (10C, Cgarg, (CH2)11CHs3), 26.4 (Cs.ys), 25.0
(Cyarg), 22.9 (CyLys), 22.5 (COCHs), 22.1 (CH2CHs), 17.8 (Cg aia), 13.9 (CH>CHs). The peak for Ceys
was broad and of low intensity and the peak for C=S was not visible in **C NMR due to fast

quadrupolar relaxation via the nearby **N-nuclei. Analytical HPLC gradient 0-95% eluent Il in eluent
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| (C8; 35 min total runtime), tr 23.9 min (>98%, UV230). HRMS calcd for CzoHssNoNaO4S*™ [M+Na]",
664.4302; found 664.4299.

(S)-2-acetamido-N-((R)-l-(((S)-l-amino-5-g uanidino-1-oxopentan-2-yl)amino)-1-oxopropan-2-

/\M/ HoN NH y)-6-(3-dodecylthioureido)hexanamide (24-D). Starting from H-

Lys(Teoc)-D-Ala-Arg(Pbf)-resin (168 mg, estimated loading: 0.33 mmol/g)
E( /d synthesized from Fmoc-Arg(Pbf)-OH, Fmoc-D-Ala-OH and Fmoc-
])L Lys(Teoc)-OH by SPPS, the title compound was synthesized by addition
of ACzO.CH2C|2 (1.3, v/v, 1.5 mL) to the resin under agitation for 2 h. The resin was washed with
DMF (3x4 mL) and CH2Cl. (3x4 mL) followed by Teoc deprotection and on-resin thiourea formation
as described in the general procedures. Global deprotection and cleavage from the resin, followed
by preparative reversed-phase HPLC purification afforded the desired thiourea 24-D (4 mg, 11%
based on resin loading), as a colorless fluffy material after lyophilization. *H NMR (600 MHz, DMSO-
de) 58.26 (d, J = 7.3 Hz, 1H, NHo.aa), 8.09 (d, J = 7.0 Hz, 1H, NHqLys), 7.87 (d, J = 8.4 Hz, 1H,
NHaarg), 7.51 (t, J = 5.7 Hz, 1H, NHsarg), 7.35-7.29 (m, 2H, NH¢ s, NH(CH2)11CHs), 7.28 (d, J = 2.1
Hz, 1H, CONHz,), 7.09 (d, J = 2.1 Hz, 1H, CONHag), 4.24 (p, J = 7.2 Hz, 1H, Hqp-a), 4.19-4.09 (m,
2H, Ha,Lys, Haarg), 3.31 (br s, 2H, H¢ys, overlap with residual water), 3.06 (q, J = 6.8 Hz, 2H, Hsar),
1.84 (s, 3H, COCHs), 1.77-1.68 (m, 1H, Hpawga), 1.64-1.53 (m, 1H, HpLiys.a), 1.55-1.36 (m, 8H,
Hgage, Hpiyse, Hyag, CH2(CH2)10CHs, CH2(CH2)10CHs), 1.29-1.19 (m, 25H, Hyus, Hsuys,
CH2(CH2)10CHs, Hgp-ai), 0.85 (t, J = 7.0Hz, 3H, CH,CHs). *3C NMR (151 MHz, DMSO-de) & 173.3
(COarg), 172.0 (COb-pia), 171.9 (COyys), 169.7 (COCHas), 156.6 (NHC(=NH)NH>), 53.2 (Cq,ys), 52.0
(Caarg), 48.3 (Cap-aa), 43.3 (CeLys), 40.4 (Csarg), 31.3 (Cprys, CH2CH2CH3), 29.0-28.7 (10C, Cgarg,
(CH2)11CH3), 26.4 (CsLys), 25.1 (Cyarg), 22.8 (CyLys), 22.4 (COCHg), 22.1 (CH>CHs), 17.9 (Cgp-ai),
14.0 (CH2CHs). The peak for C¢ s was broad and of low intensity and the peak for C=S was not
visible in *C NMR due to fast quadrupolar relaxation via the nearby *N-nuclei. Analytical HPLC
gradient 0—-95% eluent Il in eluent | (C8; 35 min total runtime), tr 23.1 min (>98%, UV230). HRMS
calcd for C3oHeoN9O4S* [M+H]*, 642.4483; found 642.4479.

(S)-N-((S)-1-(((S)-1-amino-5-guanidino-1-oxopentan-2-yl)amino)-1-oxopropan-2-yl)-6-(3-

ji N HoN YNH dodecylthioureido)-2-(methylsulfonamido)hexanamide (25). Starting

NH  from H-Lys(Teoc)-Ala-Arg(Pbf)-resin (163 mg, estimated loading:

0,0 /E(H 0 /d; 0.49 mmol/g) synthesized from Fmoc-Arg(Pbf)-OH, Fmoc-Ala-OH and
/S\H N\)LH e Fmoc-Lys(Teoc)-OH by SPPS, the title compound was synthesized by

addition of methanesulfonyl chloride (18 pL, 0.24 mmol) and iPr:NEt (83 pL, 0.48 mmol) in anh.
CHCI, (2.0 mL) to the resin under overnight agitation. The resin was washed with DMF (3x4 mL)
and CHCI; (3x4 mL) followed by Teoc deprotection and on-resin thiourea formation as described in
the general procedures. Global deprotection and cleavage from the resin, followed by preparative

reversed-phase HPLC purification afforded the desired thiourea 25 (3 mg, 5% based on resin
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loading), as a colorless fluffy material after lyophilization. *H NMR (600 MHz, DMSO-ds) 8 8.17 (d, J
= 7.1 Hz, 1H, NHai), 7.90 (d, J = 8.0 Hz, 1H, NHaarg), 7.54 (t, J = 5.8 Hz, NHs ), 7.38—7.28 (m, 4H,
NHa,ys, NHCH2, NHg 1ys, CONH2 ), 7.07 (d, J = 2.2 Hz, 1H, CONH3;g), 4.29 (p, J = 7.1 Hz, 1H, Haala),
4.18 (td, J = 8.0, 5.6 Hz, 1H, Haarg), 3.78 (td, J = 8.8, 5.2 Hz, 1H, Hauys), 3.31 (br's, 2H, HeLys, OVerlap
with residual water), 3.12-3.06 (m, 2H, Hsar), 2.85 (S, 3H, CH3S0,), 1.72-1.58 (M, 2H, Hpaga,
HgLys.a), 1.55-1.19 (m, 33H, Hparg,8, Hy.arg, HeLys.B, Hy.Lys, HsLys, (CH2)11CH3), Hp, aia), 0.85 (t, J = 6.9
Hz, 3H, CH.CHs). *C NMR (151 MHz, DMSO-ds) & 173.1 (COarg), 171.8 (COna), 171.3 (COuyg),
156.7 (NHC(=NH)NH2), 56.3 (Cays), 51.9 (Caarg), 48.3 (Caaia), 43.3 (Celys), 40.7 (CH3S0,), 40.4
(Csarg), 32.4 (CgLys), 31.3 (CH.CH.CHs), 29.2-28.4 (10C, Cparg, (CH2)11CHs), 26.4 (Csys), 25.0
(Cyarg), 22.7 (CyLys), 22.1 (CH2CHg), 18.1 (Cg,aia), 13.9 (CH.CHz3).The peak for C¢ s was broad and
of low intensity and the peak for C=S was not visible in *3C NMR due to fast quadrupolar relaxation
via the nearby *N-nuclei. Analytical HPLC gradient 0-95% eluent Il in eluent | (C8; 35 min total
runtime), tr 24.1 min (>97%, UV230). HRMS calcd for C9HsgNgNaOsS,* [M+Na]*, 700.3972; found
700.3964.

(S)-N- ((R) -1-(((S)-1-amino-5-guanidino-1-oxopentan-2-yl)amino)-1-oxopropan-2-yl)-6-(3-

N/\M/ HZN nu dodecylthioureido)-2-(methylsulfonamido)hexanamide (25-D).

Starting from H-Lys(Teoc)-D-Ala-Arg(Pbf)-resin (168 mg, estimated

E( /d loading: 0.33 mmol/g) synthesized from Fmoc-Arg(Pbf)-OH, Fmoc-D-Ala-
])L OH and Fmoc-Lys(Teoc)-OH by SPPS, the title compound was
synthe3|zed by addltlon of methanesulfonyl chloride (13 pL, 0.17 mmol) and iPr.NEt (59 L,
0.34 mmol) in anh. DMF (1.0 mL) to the resin under overnight agitation. The resin was washed with
DMF (3x4 mL) and CH.Cl, (3x4 mL) followed by Teoc deprotection and on-resin thiourea formation
as described in the general procedures. Global deprotection and cleavage from the resin, followed
by preparative reversed-phase HPLC purification afforded the desired thiourea 25-D (3 mg, 8%
based on resin loading) as a colorless fluffy material after lyophilization. *H NMR (600 MHz, DMSO-
de) 6 8.37 (d, J = 6.5 Hz, 1H, NHb.aa), 8.10 (d, J = 8.3 Hz, 1H, NHqarg), 7.53 (t, J = 5.8 Hz, NHs arg),
7.36 (d, J =9.0 Hz, 1H, NHq,ys), 7.32 (br s, 2H, NHCH>, NH¢ 1), 7.27 (d, J = 2.2 Hz, 1H, CONH24),
7.12 (d, J = 2.2 Hz, 1H, CONHzp), 6.84 (s, 1H, residual CO2Hrea), 4.25 (p, J = 7.0 Hz, 1H, Hqp-ala),
4.15 (td, J =8.4,5.0 Hz, 1H, Haar), 3.83 (td, J=8.8, 5.5 Hz, 1H, Hays), 3.31 (br s, 2H, Heys, Overlap
with residual water), 3.11-3.04 (m, 2H, Hsar), 2.79 (s, 3H, CH3S0), 1.79-1.70 (m, 1H, Hparga),
1.61-1.54 (m, 1H, Hpysa), 1.52-1.31 (m, 10H, Hg B, HpLys,8, Hyarg, Hyys, (CH2)11CHs), 1.30-1.23
(m, 20H, HsLys, (CH2)11CHs), 1.22 (t, J = 7.0 Hz, 3H, Hgp-aa), 0.85 (t, J = 7.0 Hz, 3H, CH.CH3).
13C NMR (151 MHz, DMSO-ds) 8 173.2 (COarg), 172.3 (COp.aia), 171.6 (CO.s), 158.1 (q, J = 31.0
Hz, residual COrea), 156.6 (NHC(=NH)NH2), 117.3 (q, J = 300.2 Hz, residual CF3ra), 56.0 (Cays),
51.8 (Caarg), 48.7 (Ca,p-aia), 43.4 (Ce Lys), 40.7 (CH3SOy), 40.3 (Cs arg), 32.5 (CpLys), 31.3 (CH2CH2CHs),
29.0-28.7 (10C, Cgarg, (CH2)11CHs3), 26.4 (CsLys), 25.1 (Cyarg), 22.7 (Cy,Lys), 22.1 (CH2CH3), 17.8 (Cg p-
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Ala), 14.0 (CH2CHa). The peak for C.ys was broad and of low intensity and the peak for C=S was not
visible in *C NMR due to fast quadrupolar relaxation via the nearby *N-nuclei. Analytical HPLC
gradient 0-95% eluent Il in eluent | (C8; 35 min total runtime), tr 22.9 min (>98%, UV23,). HRMS
calcd for C29HeoN9OsS," [M+H]*, 678.4153; found 678.4145.

(S)-S-((R)-1-(((S)-1-amino-5-guanidino-1-oxopentan-2-yl)amino)-1-oxopropan-2-yl)-2-

HNJ\(\’); nN__ni  (Mmethylsulfonamido)-6-tetradecanethioamidohexanamide (26).

NH  Starting from H-Lys(thiomyristoyl)-Ala-Arg(Pbf)-resin (204 mg, estimated

00 h © /d loading: 0.49 mmol/g) synthesized from Fmoc-Arg(Pbf)-OH, Fmoc-Ala-OH
/S‘H I N\)LH " and Fmoc-Lys(thiomyristoyl)-OH (S34) by SPPS, the title compound was

synthesized by addition of methanesulfonyl chloride (25 pL, 0.32 mmol) and iProNEt (111 pL,
0.64 mmol) in 3 mL anh. CH-CI, to the resin under overnight agitation. The resin was washed with
DMF (3x4 mL) and CH:Cl, (3x4 mL) followed by global deprotection, cleavage from the resin,
followed by preparative reversed-phase HPLC purification afforded the desired thioamide 26 (17 mg,
25% based on resin loading), as a colorless fluffy material after lyophilization. *H NMR (600 MHz,
DMSO) 6 9.88 (t, J = 5.3 Hz, 1H, NH¢ys), 8.16 (d, J = 7.1 Hz, 1H, NHaa), 7.91 (d, J = 8.1 Hz, 1H,
NHqarg), 7.51 (t, J = 5.8 Hz, 1H, NHsarg), 7.35 (d, J = 8.7 Hz, 1H, NHq,.ys), 7.32 (d, J = 2.2 Hz, 1H,
CONHz,), 7.07 (d, J = 2.1 Hz, 1H, CONHzg), 4.30 (p, J = 7.1 Hz, 1H, Hqan), 4.22-4.14 (m, 1H,
HaArg), 3.82-3.76 (M, 1H, Hq,ys), 3.50-3.42 (m, 2H, H¢ys, overlap with residual water), 3.09 (q, J =
6.7 Hz, 2H, Hsarg), 2.85 (s, 3H, CH3SOy), 2.49 (s, 1H), 1.71-1.18 (m, 35H, Hgys, Hy.Lys, HsLys, Hg.Arg,
Hyarg, Hpaia, (CH2)11CHg), 0.85 (t, J = 7.0 Hz, 3H, CHCHs). **C NMR (151 MHz, DMSO-ds) d 203.6
(C=S), 173.1 (COar), 172.3 (COala), 171.2 (COLys), 156.6 (NHC(=NH)NH:), 56.2 (CqLys), 51.8 (Ca,arg),
48.3 (Cqaia), 45.02 (CSCH), 44.99 (CeLys), 40.7 (CHsSO), 40.4 (Csarg), 32.3 (CpLys), 31.3
(CH2CH,CHg), 29.2-28.7 (10C, Cgarg , (CH2)11CHs3), 26.7 (Csys), 25.0 (Cyarg), 22.8 (Cyys), 22.1
(CH2CHgs), 18.1 (Cgaia), 13.9 (CH2CHs). Analytical HPLC gradient 0—-95% eluent Il in eluent | (C8;
35 min total runtime), tr 25.5 min (>96%, UVas4). HRMS calcd for CsoHsoNsNaO4S,* [M+Na]*,
699.4020; found 699.4016.

(S)-N-((R)-1-(((S)-1-amino-5-guanidino-1-oxopentan-2-yl)amino)-1-oxopropan-2-yl)-2-
HNJSJ\(V); HZN\fNH (methylsulfonamido)-6-tetradecanethioamidohexanamide (26-D).
NH Starting from  H-Lys(thiomyristoyl)-D-Ala-Arg(Pbf)-resin (228 mg,
0 0 w © d estimated loading: 0.47 mmol/g) synthesized from Fmoc-Arg(Pbf)-OH,
H ON\H‘\H ONHZ

Fmoc-D-Ala-OH and Fmoc-Lys(thiomyristoyl)-OH (S34) by SPPS, the title

compound was synthesized by addition of methanesulfonyl chloride (25 uL, 0.32 mmol) and iProNEt
(111 pL, 0.64 mmol) in 2.0 mL anh. DMF to the resin under overnight agitation. The resin was
washed with DMF (3x4 mL) and CHCl, (3%x4 mL) followed by global deprotection, cleavage from the
resin, followed by preparative reversed-phase HPLC purification afforded the desired thioamide 26-

D (2 mg, 3% based on resin loading), as a colorless fluffy material after lyophilization. *H NMR
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(600 MHz, DMSO-de) 6 9.88 (t, J = 5.4 Hz, 1H, NHgys), 8.37 (d, J = 6.5 Hz, 1H, NHb.ai), 8.10 (d, J
= 8.3 Hz, 1H, NHqar), 7.55 (t, J = 5.8 Hz, 1H, NHsar), 7.36 (d, J = 8.9 Hz, 1H, NHqys), 7.27 (d, J =
2.2 Hz, 1H, CONHz), 7.12 (d, J = 2.2 Hz, 1H, CONHzg), 4.28-4.21 (m, 1H, Hqp-a), 4.15 (id, J =
8.5, 5.0 Hz, 1H, Haarg), 3.84 (td, J = 8.8, 5.5 Hz, 1H, Hqys), 3.50-3.40 (M, 2H, HeLys), 3.12-3.04 (m,
2H, Hs.arg), 2.79 (s, 3H, CH3S0,), 2.50-2.46 (m, 2H, CSCH, overlap with solvent peak), 1.79-1.71
(m, 1H, Hgarga), 1.67-1.10 (M, 34H, Hgarg8, Hy.Arg, Hp.Lys, Hy.Lys, Ha Lys, Hp.p-a1a, (CH2)11CH3), 0.85 (t, J
= 7.0 Hz, 3H, CH2CHs). *3C NMR (151 MHz, DMSO-ds) & 203.6 (C=S), 173.2 (COarg), 172.3 (COb.
Ala), 171.6 (COyys), 156.7 (NHC(=NH)NH3), 55.9 (Cq,ys), 51.9 (Caarg), 48.7 (Ca,p-aa), 45.0 (CSCHy),
44.9 (CeLys), 40.7 (CHsSOz2), 40.4 (Csarg), 32.4 (CpLys), 31.3 (CH2CH2CH3), 29.0-28.7 (10C, Cgarg,
(CH2)11CH3), 26.7 (CsLys), 25.1 (Cyarg), 22.8 (CyLys), 22.1 (CH2CHs), 17.8 (Cgp-ala), 13.9 (CH2CH3).
Analytical HPLC gradient 0-95% eluent Il in eluent | (C8; 35 min total runtime), tr 25.2 min (>98%,
UV2s4). HRMS calcd for C3oHeiNsO4S2" [M+H]*, 677.4201; found 677.4201. Note: A large amount of
oxo-byproduct was observed upon acidic cleaveage from the resin, which could be collected on

reversed-phase HPLC to afford compound S17.

Benzyl ((6S,9S,12S)-9-((1H-indol-3-yl)methyl)-1-amino-6-carbamoyl-1-imino-8,11-dioxo-18-

un. np,  thioxo-2,7,10,17-tetraazanonadecan-12-yl)carbamate (S1). Starting
HN 2

Lomy _ _ !
NH from  Cbz-Lys-Trp-Arg(Pbf)-resin (100 mg, estimated loading:
4 © /i 0.38 mmol/g) synthesized from Fmoc-Arg(Pbf)-OH, Fmoc-Trp-OH and
CbzHN N\)Lﬁ I Nz Cbz-Lys(Fmoc)-OH by SPPS, the title compound was synthesized by on-
~ NH resin thioacetylation as described in the general procedures. Global
B deprotection and cleavage from the resin, followed by preparative
reversed-phase HPLC purification afforded the desired thioamide S1 (1 mg, 3% based on resin
loading) as a colorless fluffy material after lyophilization. *H NMR (600 MHz, DMSO-ds) & 10.80 (s,
1H, NHindole), 9.91 (t, J = 5.4 Hz, 1H, NHeys), 8.04—7.92 (m, 2H, NHa 1rp, NHaarg), 7.57 (d, J = 7.9 Hz,
1H, H4ndole), 7.48 (t, 3 =5.8 Hz, 1H, NHs arg), 7.43—7.28 (M, 7H, NHa 1rp, Har,cbz, H7 indote), 7.25 (S, 1H,
CONHz4), 7.14 (d, J = 2.4 Hz, 1H, H2ndote), 7.09 (s, 1H, CONH2g), 7.05 (t, J = 7.5 Hz, 1H, H6ndole),
6.96 (t, J = 7.5 Hz, 1H, H5idole), 6.53 (S, residual COOHrep), 5.08—-4.94 (m, 2H, CH2cv;), 4.55 (td, J
= 8.2, 4.8 Hz, 1H, Hq1rp), 4.21 (td, J = 7.5, 5.6 Hz, 1H, Hqyys), 3.95 (td, J = 8.5, 4.8 Hz, 1H, Hgarg),
3.44-3.36 (m, 2H, He s, overlap with residual water), 3.15 (maex, J =14.9, 4.8 Hz, 1H, Hgtrpa), 3.11—
3.04 (m, 2H, Hsarg) 2.99 (Maex, J = 14.9, 8.8 Hz, 1H, Hg1rpe), 2.37 (S, 3H, CH3), 1.73-1.40 (m, 8H,
Heg.Lys, Ha,Lys, Hp.Arg, Hyarg), 1.29-1.20 (M, 2H, Hyys). *C NMR (151 MHz, DMSO-dg) 8 198.7 (C=S),
173.1 (COar), 171.9 (COus), 171.2 (COryp), 157.8 (q, J = 31.2 Hz, residual CO+ra), 156.6
(NH(CNH)NH2), 156.0 (COcbz), 136.9 (Clarchz), 136.0 (C7andoe), 128.3 (C3arcbz, CHarchz), 127.8
(Clarcoz), 127.7 (C2arcbzy CBarchz), 127.3 (C3aindote), 123.6 (C2indote), 120.8 (C6indote), 118.4 (C4ingole),
118.2 (CSingole), 117.3 (q, J = 306.1 Hz, residual CFstra), 111.2 (C7ingote), 109.8 (C3indole), 65.5
(CHaz.cbz), 54.7 (Cays), 53.4 (Ca1rp), 51.9 (Caarg), 45.3 (CeLys), 32.8 (Csarg), 31.5 (Cprys), 29.2 (Cparg),
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27.4 (Cprip), 26.9 (Cs.ys), 25.0 (Cyarg), 23.1 (CyLys). Analytical HPLC gradient 0-95% eluent Il in
eluent | (C18; 35 min total runtime), tr 16.2 min (>95%, UV23). HRMS calcd for CssHasNgOsS*
[M+H]*, 680.3337; found 680.3329. TA = thioacetyl.

(5S,8S,11S5)-8-((1H-indol-3-yl)methyl)-11-carbamoyl-5-(4-ethanethioamidobutyl)-3,6,9-trioxo-
HNj\ 1-phenyl-2-oxa-4,7,10-triazatetradecan-14-oic acid (S2). Starting from
o._oH Cbz-Lys-Trp-Glu(tBu)-resin (100 mg, estimated loading: 0.42 mmol/g)
E(H o g synthesized from Fmoc-Glu(OtBu)-OH, Fmoc-Trp-OH and Cbz-Lys(Fmoc)-
CbzHN I NJLH I "2 OH by SPPS, the title compound was synthesized by on-resin
~ M thioacetylation as described in the general procedures. Global deprotection
8 and cleavage from the resin, followed by preparative reversed-phase HPLC
purification afforded the desired thioamide S2 (1 mg, 5% based on resin loading), as a colorless
fluffy material after lyophilization. *H NMR (600 MHz, DMSO-ds) & 12.06 (s, 1H, COOH), 10.80 (d, J
= 2.5 Hz, 1H, NHindole), 9.89 (t, J = 5.3 Hz, 1H, NHcLys), 7.99 (d, J = 7.7 Hz, 1H, NHq1rp), 7.89 (d, J =
8.0 Hz, 1H, NHqcw), 7.56 (d, J = 7.9 Hz, 1H, H4ndole), 7.45—-7.25 (M, 7H, NHq,ys, Harcbz, H7 indole),
7.19-7.12 (m, 2H, CONH2.a, H2ngole), 7.09-7.01 (m, 2H, CONHz, HBindote), 6.96 (t, J = 7.4 Hz, 1H,
H5idole), 5.08—4.94 (m, 2H, CHzcp), 4.53 (td, J = 8.1, 4.9 Hz, 1H, Hqtrp), 4.19 (td, J = 8.2, 5.1 Hz,
1H, Hqciu), 3.94 (td, J = 8.6, 5.0 Hz, 1H, Hqys), 3.48-3.28 (m, 2H, He s, Overlap with residual water),
3.16 (Masx, J = 14.8, 5.0 Hz, 1H, Hg1rpa), 2.99 (Masx, J = 14.8, 8.6 Hz, 1H, Hp 1), 2.36 (S, 3H, CHa),
2.25-2.13 (m, 2H, Hyaw), 1.96-1.89 (m, 1H, Hgcua), 1.79-1.70 (M, 1H, Hgciu,a), 1.63-1.39 (m, 4H,
HeLys, Hosiys), 1.33-1.13 (m, 2H, Hyiys). ®C NMR (151 MHz, DMSO-de) & 198.7 (C=S), 173.9
(COOH), 172.9 (COqcw), 172.0 (COys), 171.2 (COryp), 156.0 (COcpz), 136.9 (Clarchz), 136.0
(C7aingote), 128.3 (C3ar.chz, CHarchz), 127.8 (Clarcbz), 127.7 (C2archzy Charchz), 127.3 (C3amndole), 123.5
(C2indote), 120.8 (C6indote), 118.4 (Clindoe), 118.2 (C5indote), 111.2 (C7ingote), 109.9 (C3indole), 65.5
(CHaz,cbz), 54.8 (Cayys), 53.4 (Ca1rp), 51.8 (Ca,ai), 45.3 (Ceys), 32.8 (CHs), 31.5 (CpLys), 30.1 (Cy,ow),
27.4 (Cpai), 27.3 (Cprrp), 26.9 (Csuys), 23.1 (Cyys). Analytical HPLC gradient 0—-95% eluent Il in
eluent | (C18; 35 min total runtime), tr 17.0 min (>97%, UV23). HRMS calcd for CsHaoNsO7S*

[M+H]*, 675.2571; found 675.2572. TA = thioacetyl.

Benzyl ((S)-1-(((S)-1-(((S)-1,6-diamino-1-oxohexan-2-yl)amino)-3-(1H-indol-3-yl)-1-oxopropan-

j\ CF;c00° o 2-yl)amino)-6-ethanethioamido-1-oxohexan-2-yl)carbamate (S3).
Y e Starting from Cbz-Lys-Trp-Lys(Boc)-resin (101 mg, estimated loading:
! 0.42 mmol/g) synthesized from Fmoc-Lys(Boc)-OH, Fmoc-Trp-OH and

N

o
CbzHN \)Lﬁ NH2 Cbz-Lys(Fmoc)-OH by SPPS, the title compound was synthesized by on-
BN” resin thioacetylation as described in the general procedures. Global
deprotection and cleavage from the resin, followed by preparative reversed-

phase HPLC purification afforded the desired thioamide S3 (2 mg, 7% based on resin loading) as a

colorless fluffy material after lyophilization. *H NMR (600 MHz, DMSO-dg) & 10.83 (d, J = 2.4 Hz, 1H,
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NHindote), 9.96 (t, J =5.3 Hz, 1H, NH¢ ys(ta)), 8.00 (d, J = 7.6 Hz, 1H, NHq1rp), 7.93 (d, J = 8.1 Hz, 1H,
NHoLys(ta), 7.77 (brs, 3H, NHs%), 7.57 (d, J = 7.9 Hz, 1H, H4ndole), 7.53—7.17 (M, 8H, Har.coz, H7ndole,
NHaLys, CONH24), 7.15 (d, J = 2.4 Hz, 1H, H2ndole), 7.08=7.01 (m, 2H, H6ndole, CONH2), 6.99-6.93
(m, 1H, H5indole), 6.56 (s, residual COOHrga), 5.13-4.91 (m, 2H, CHzchz), 4.54 (td, J = 8.1, 5.0 Hz,
1H, Hatrp), 4.17 (td, J = 8.4, 5.1 Hz, 1H, Hayysa), 4.03-3.87 (m, 1H, HqLys), 3.44-3.37 (m, 2H,
He Lys(Ta), OVerlap with residual water), 3.15 (maex, J = 14.8, 4.9 Hz, 1H, Hg1rpa), 2.99 (Masx, J = 14.9,
8.6 Hz, 1H, Hg1rpg), 2.80-2.66 (M, 2H, ), 2.37 (s, 3H, CH3), 1.73-1.37 (m, 8H, Hgysa), HsLysTA),
Hp.Lys, Ho,Lys), 1.36—1.13 (M, 4H, HyLysTa), HyLys). 2*C NMR (151 MHz, DMSO-dg)  198.8 (C=S), 173.3
(COvuys(ta), 172.0 (COrrp), 171.2 (COwys), 157.9 (g, J = 32.0 Hz, COrvra), 156.0 (COcpz), 136.9
(Clarchz), 136.0 (C7andote), 128.4 (C3ar,cbz, CSarchz), 127.8 (Charcnz), 127.7 (C2arcbz, Cbarchz), 127.3
(C3aingole), 123.6 (C2indote), 120.8 (C6indote), 118.4 (C4ingote), 118.2 (Cbingole), 117.3 (g, J = 302.2 Hz,
CFs1ra), 111.2 (C7indote), 109.8 (C3indote), 65.5 (CHz,chz), 54.8 (Cayys), 53.4 (Catrp), 52.2 (CaLys(ta)),
45.3 (CeLys(ta)), 38.7 (Ceys), 32.8 (CHs), 31.5 (Cpys), 31.4 (Cprysra)), 27.3 (Cp1rp)s 26.9 (CoLys(ta)),
26.6 (Cs,Lys), 23.1 (Cy,Lys(Ta), 22.1 (CyLys). Analytical HPLC gradient 0—-95% eluent Il in eluent | (C18;
35 min total runtime), tg 16.0 min (>96%, UV23). HRMS calcd for CasHasN7OsS* [M+H]*, 652.3276;
found 652.3279. TA = thioacetyl.

Benzyl ((S)-1-(((S)-1-(((S)-1,4-diamino-1,4-dioxobutan-2-yl)amino)-3-(1H-ind ol-3-yl)-1-
HNj\ oxopropan-2-yl)amino)-6-ethanethioamido-1-oxohexan-2-

NH, yDcarbamate (S4). Starting from Cbz-Lys-Trp-Asn(Trt)-resin (80 mg,

- o estimated loading: 0.42 mmol/g) synthesized from Fmoc-Ans(Trt)-OH,

CbzHN N\)LH N Fmoc-Trp-OH and Cbz-Lys(Fmoc)-OH by SPPS, the title compound was
B"” synthesized by on-resin thioacetylation as described in the general
procedures. Global deprotection and cleavage from the resin, followed by

preparative reversed-phase HPLC purification afforded the desired thioamide S4 (2 mg, 7% based
on resin loading) as a colorless fluffy material after lyophilization. *H NMR (600 MHz, DMSO-de)
0 10.79 (d, J = 2.5 Hz, 1H, NHingoie), 9.90 (t, J = 5.2 Hz, 1H, NHgys), 8.08 (d, J = 8.0 Hz, 1H, NHqgasn),
8.03 (d, J =7.3 Hz, 1H, NHqrp), 7.56 (d, J = 7.9 Hz, 1H, H4ndole), 7.46—7.21 (M, 8H, Har.coz, H7 ndole,
NHa,ys, CONH2 Asnaa), 7.16 (d, J = 2.4 Hz, 1H, H2pndoe), 7.07—7.01 (m, 2H, H6ingole, CONH2 Asn.a,8),
6.99-6.89 (M, 2H, H5idole, CONH2Asny.A), 6.84 (S, 1H, CONHzasny,A), 5.12—-4.92 (m, 2H, CHzcwy),
4.55-4.38 (m, 2H, Harp, Haasn), 3.96 (td, J = 8.7, 4.9 Hz, 1H, HaLys), 3.51-3.27 (M, 2H, H¢1ys), 3.15
(magx, J = 14.9, 4.9 Hz, 1H, Hgtpa), 2.97 (Masx, J = 14.9, 8.7 Hz, 1H, Hg1rpe), 2.48-2.41 (m, 2H,
Hsasn), 2.36 (S, 3H, CHs), 1.67-1.39 (m, 4H, Hgiys, Hsiys), 1.35-1.14 (m, 2H, Hy.ys). *C NMR
(151 MHz, DMSO-ds) 6 198.7 (C=S), 172.7 (COasna), 172.2 (COLys), 171.7 (COasny), 171.1 (COryp),
156.0 (COchs), 136.9 (Clarchs), 136.0 (C7aindoe), 128.3 (C3archz, CHarcbz), 127.8 (Clarcnz), 127.7
(C2ar,coz, CBarchz), 127.3 (C3aingote), 123.6 (C2indote), 120.8 (C6indole), 118.3 (Clindole), 118.2 (C5indote),
111.2 (C7ndole), 109.8 (C3indole), 65.5 (CH2,chz), 54.7 (Cayys), 53.7 (Co1rp), 49.6 (Coasn), 45.3 (Ceys),
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36.8 (Cpasn), 32.8 (CH3), 31.5 (Cpuys), 27.3 (Cp1rp), 26.9 (Csys), 23.1 (CyLys). Analytical HPLC
gradient 0-95% eluent Il in eluent | (C18; 35 min total runtime), tr 16.6 min (>95%, UV230). HRMS
calcd for Cs1H3sN7;OsSNa* [M+Na]*, 660.2575; found 660.2569. TA = thioacetyl.

(S)-2-amino-N-((R)-1-(((S)-1-amino-5-guanidino-1-oxopentan-2-yl)Jamino)-1-oxopropan-2-yl)-
i u,N__NnH  6-(3-dodecylthioureido)hexanamide (S5). Starting from Boc-Lys-D-
Ho NH - Ala-Arg(Pbf)-resin (666 mg, estimated loading: 0.33 mmol/g)
CFaC°°®® E(n 0 ny;rm synthesized from Fmoc-Arg(Pbf)-OH, Fmoc-D-Ala-OH and Boc-
N j)L i Lys(Fmoc)-OH by SPPS, the title compound was synthesized by on-
resin thiourea formation as described in the general procedures. Global deprotection and cleavage
from the resin, followed by preparative reversed-phase HPLC purification afforded the desired
thiourea S5 (31 mg, 24% based on resin loading), as a colorless fluffy material after lyophilization.
'H NMR (600 MHz, DMSO-ds) 8 8.67 (d, J = 7.5 Hz, 1H, NHo.an), 8.25 (d, J = 8.4 Hz, 1H, NHqar),
8.08 (br s, 3H, NHs"qys), 7.74—7.69 (m, 1H, NHs ar), 7.43—7.34 (M, 3H, NH¢ s, NHCH,, CONH>,4),
7.09 (d, J = 2.2 Hz, 1H, CONH2g), 4.48 (p, J = 7.1 Hz, 1H, Hapnaw), 4.23 (td, J = 8.4, 5.4 Hz, 1H,
HaArg), 3.81 (t, J = 6.5, 1H, HqLys), 3.32 (br s, 2H, H¢ys, overlap with residual water), 3.12-3.04 (m,
2H, Hs arg), 1.74-1.65 (m, 3H, Hp argA, HpLys), 1.55-1.39 (M, 7H, Hg arg8, Hy,Arg, (CH2)11:CH3), 1.32-1.17
(m, 25H, Hyys, HaLys, (CH2)11CHa, Hgp-aia), 0.85 (t, J = 6.9 Hz, 3H, CH.CHs). **C NMR (151 MHz,
DMSO-ds) 6 173.2 (COarg), 171.5 (COp.ai), 168.1 (COLys), 158.3 (g, J = 31.1 Hz, residual COrra),
156.8 (NHC(=NH)NH>), 118.2 (g, J =299.2 Hz, residual CF3tra), 52.0 (Ca,ys), 51.7 (Ca,arg), 48.3 (Cap-
Ala), 43.2 (CeLys), 40.3 (Csarg), 31.3 (CH2CH2CHs), 31.0 (Cgys), 29.2—28.7 (10C, Cgarg, (CH2)11CHs3),
26.4 (Csys), 25.1 (Cyarg), 22.1 (CH2CHs3), 21.6 (CyLys), 18.9 (Cgp-aia), 13.9 (CH2CHs3). The peak for
CeLys Was broad and of low intensity and the peak for C=S was not visible in **C NMR due to fast
quadrupolar relaxation via the nearby **N-nuclei. Analytical HPLC gradient 0—-95% eluent Il in eluent
| (C18; 35 min total runtime), tr 21.9 min (>98%, UV230). HRMS calcd for CisHssNgO3S* [M+H]",

600.4378; found 600.4373.

(S)-N-((R)-1-(((S)-1-amino-5-guanidino-1-oxopentan-2-yl)amino)-1-oxopropan-2-yl)-2-
(benzylamino)-6-(3-dodecylthioureido)hexanamide (S6).
Compound S5 (6 mg, 0.010 mmol) was dissolved in anh. THF (1.0 mL)
CF5C00° followed by addition of benzaldehyde (1 puL, 0.010 mmol),
% NaBH(OAc); (103 mg, 0.049 mmol) and AcOH (2-3 drops) to the

reaction mixture, which was stirred overnight at ambient temperature.

N/\M/ Ml

The reaction mixture was neutralized with NaOH (2 M, aq) and directly subjected to preparative
reversed-phase HPLC purification to afford the desired thiourea S6 (1 mg, 15%) as a colorless fluffy
material after lyophilization. Unreacted starting material (S5) could be recovered and reused.
'H NMR (600 MHz, DMSO-ds) 8 9.28 (br s, 1H, NHqysa), 9.20 (br s, 1H, NHqysg), 8.91 (br s, 1H,
NHo.aia), 8.29 (d, J = 8.4 Hz, 1H, NHqgar), 7.62 (t, J = 5.8 Hz, 1H, NHsArg), 7.50-7.30 (m, 8H, NHg,ys,
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NHCH., CONHz A, Hargn), 7.17 (d, J = 2.3 Hz, 1H, CONH3g), 4.47-4.41 (m, 1H, Hqp-a), 4.25 (td, J
= 8.3, 5.3 Hz, 1H, Hqar), 4.05 (br s, 1H, CHzgna), 3.98 (br s, 1H, CHzgng), 3.77 (br s, 1H, Hauyys),
3.32 (br s, 2H, H¢ys, overlap with residual water), 3.10 (g, J = 6.6 Hz, 2H, Hs ), 1.83-1.67 (m, 3H,
Hgarga, Hpiys), 1.55-1.41 (m, 7H, Hgargs, Hyarg, (CH2)11CHs), 1.28-1.17 (m, 25H, Hy.ys, HsLys,
CHa(CHa)10CHs, Hgp.aia), 0.85 (t, J = 7.0 Hz, 3H, CHs). 3C NMR (151 MHz, DMSO-ds) & 173.2
(COarg), 171.6 (COp-aia), 167.1 (COyys), 158.0 (g, J = 30.9 Hz, COrra), 156.7 (NHC(=NH)NH,), 138.0
(Clargn), 130.3 (C4arpn), 129.1 (C3aren, Cbargn), 128.7 (C2aren, Cbargen), 117.3 (g, J = 299.2 Hz,
CF31ea), 58.5 (Cayys), 51.8 (Caarg), 48.8 (CHz2pn), 48.7 (Cap-a), 43.3 (Ceuys), 40.4 (Csarg), 31.3
(CH2CH2CHs), 29.2—-28.5 (11C, Cg.ys, Cparg, (CH2)11CH3), 26.4 (Cs.ys), 25.1 (Cyarg), 22.1 (CH2CHa),
21.6 (CyLys), 18.1 (Cpoaia), 13.9 (CHs). The peak for C¢ys Was broad and of low intensity and the peak
for C=S was not visible in ¥*C NMR due to fast quadrupolar relaxation via the nearby *N-nuclei.
Analytical HPLC gradient 0-95% eluent Il in eluent | (C8; 35 min total runtime), tr 23.1 min (>95%,
UV230). HRMS calcd for C3sHsaNgO3sS* [M+H]*, 690.4847; found 690.4853.

N-((68,9R,128)-1-amino-6-carbamoy|-1-imino-9-methy|-8,11-dioxo-18-thioxo-2,7,10,17,19-
pentaazahentriacontan-12-yl)benzamide (S7). Starting from H-

N/\M/ HZN
Lys(Teoc)-D-Ala-Arg(Pbf)-resin (168 mg, estimated loading:

0.33 mmol/g) synthesized from Fmoc-Arg(Pbf)-OH, Fmoc-D-Ala-OH
©)L \‘)L and Fmoc-Lys(Teoc)-OH by SPPS, the title compound was

synthesized by addition of benzoyl chloride (13 pL, 0.11 mmol) and
iPraNEt (59 uL, 0.34 mmol) in 1.0 mL anh. CHCI; to the resin under agitation for 2 h. The resin was
washed with DMF (3x4 mL) and CHCl, (3x4 mL) followed by Teoc deprotection and on-resin
thiourea formation as described in the general procedures. Global deprotection and cleavage from
the resin, followed by preparative reversed-phase HPLC purification afforded the desired thiourea
S7 (5 mg, 13% based on resin loading), as a colorless fluffy material after lyophilization. *H NMR
(600 MHz, DMSO-ds) 6 8.52 (d, J = 7.0 Hz, 1H, NHq,ys), 8.30 (d, J = 7.3 Hz, 1H, NHb.aa), 7.93 (d, J
= 8.4 Hz, 1H, NHqar), 7.91-7.87 (m, 2H, H2ar, H64A/), 7.57-7.43 (m, 4H, H3ar, H4Ar, H5Ar, NHs Arg),
7.35-7.29 (m, 3H, NHg,ys, NHCH2, CONH>,»), 7.11 (d, J = 2.1 Hz, 1H, CONHzg), 4.35 (9, J = 7.2 Hz,
1H, Hq,ys), 4.28 (p, J =7.1 Hz, 1H, Hap-ai), 4.17 (td, J = 8.8, 5.1 Hz, 1H, Haarg), 3.31 (br s, 2H, He Lys,
overlap with residual water), 3.12—-3.04 (m, 2H, Hsarg), 1.79-1.70 (m, 3H, Hg ys, HpAga), 1.57-1.36
(m, 8H, Hgarg,s, Hyarg, (CH2)11CHs, Hyysa), 1.34-1.19 (m, 24H, Hyys8, HsLys, CH2(CH2)10CH3, Hgp-
ala), 0.85 (t, J = 7.0 Hz, 3H, CH,CHg). 3C NMR (151 MHz, DMSO-dg) & 173.3 (COarg), 172.0 (COp.
Ala), 171.9 (COyys), 166.7 (COPh), 156.6 (NHC(=NH)NH), 133.8 (Cla/), 131.4 (C4a), 128.2 (C3a,
C5ar), 127.5 (C2ar, C6ar), 54.1 (Cqays), 51.9 (Caarg), 48.4 (Cap-aa), 43.3 (Cerys), 40.3 (Csarg), 31.3
(CH2CH2CHs), 31.0 (Cguys), 29.0-28.7 (10C, Cgarg, (CH2)11CHs3), 26.4 (Cs1ys), 25.0 (Cyarg), 23.2
(CyLys), 22.1 (CH2CHs), 18.0 (Cgp-ai), 13.9 (CH.CHs). The peak for CLys was broad and of low

intensity and the peak for C=S was not visible in 3C NMR due to fast quadrupolar relaxation via the
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nearby *N-nuclei. Analytical HPLC gradient 0-95% eluent Il in eluent | (C8; 35 min total runtime), tr
24.5 min (>98%, UV230). HRMS calcd for CasHs2NeO4S™ [M+H]", 704.4640; found 704.4638.

N-((6S,9R 128)-1-amino-6-carbamoy|-1-imino-9-methy|-8,11-dioxo-18-thioxo-2,7,10,17,19-
pentaazahentriacontan-12-yl)cyclohexanecarboxamide (S8).

/\M/ "N
Starting from H-Lys(Teoc)-D-Ala-Arg(Pbf)-resin (168 mg, estimated

/E( /i loading: 0.33 mmol/g) synthesized from Fmoc-Arg(Pbf)-OH, Fmoc-D-
O)L j)L Ala-OH and Fmoc-Lys(Teoc)-OH by SPPS, the title compound was

synthesized by addition of cyclohexanecarbonyl chloride (23 pL,
0.17 mmol) and iProNEt (59 pL, 0.34 mmol) in anh. CH2Cl, (1.0 mL) to the resin under agitation for
2 h. The resin was washed with DMF (3x4 mL) and CHCl, (3x4 mL) followed by Teoc deprotection
and on-resin thiourea formation as described in the general procedures. Global deprotection and
cleavage from the resin, followed by preparative reversed-phase HPLC purification afforded the
desired thiourea S8 (7 mg, 18% based on resin loading), as a colorless fluffy material after
lyophilization *H NMR (600 MHz, DMSO-ds) & 8.11 (d, J = 7.4 Hz, 1H, NHp.aia), 7.94 (d, J = 8.4 Hz,
1H, NHaarg), 7.88 (d, J = 7.0 Hz, 1H, NHayys), 7.58 (t, J = 5.7 Hz, 1H, NH5arg), 7.35-7.28 (m, 3H,
NHe,ys, NH(CH2)11CH3, CONH2,), 7.10 (d, J = 2.1 Hz, 1H, CONH25), 4.25 (p, J = 7.1 Hz, 1H, Hqp-
Ala), 4.16 (td, J = 8.8, 5.1 Hz, 1H, Hgarg), 4.12—4.05 (m, 1H, Ha.ys), 3.31 (br s, 2H, Heys, Overlap with
residual water), 3.06 (g, J = 6.8 Hz, 2H, Hsarg), 2.20 (tt, J = 11.5, 3.2 Hz, 1H, CHcy), 1.80-1.35 (m,
16H, Hgarg, HyArg, Hy.Lys,A, HpLys, CH2.cy, (CH2)11:CH3), 1.35-1.10 (m, 30H, Hs ys 8, (CH2)1:CH3, CHa ¢y,
Hg.p-aia), 0.85 (t, J = 6.9 Hz, 3H, CH,CHjs). 1*C NMR (151 MHz, DMSO-dg) & 175.7 (COCgH11), 173.3
(COarg), 172.0 (COb.pia), 1719 (COwgs), 1583 (q, J = 31.2 Hz, residual COrra), 156.7
(NHC(=NH)NHy), 117.1 (q, J = 299.2 Hz, residual CF3tea), 53.0 (CaLys), 52.0 (Caarg), 48.2 (Cqp-aia),
43.5 (Clcy), 43.4 (Ceys), 40.3 (Csarg), 31.3 (CH2CH2CHs), 31.2 (CgLys), 29.4 (C2¢y, Cbcy), 29.0-28.7
(10C, Cg.arg, (CH2)11CHs3), 26.4 (CsLys), 25.4 (C3cy), 25.3 (Cbcy), 25.2 (Cyarg), 25.1 (C4cy), 22.8 (CyLys),
22.1 (CH2CHa), 18.0 (Cpp-ai), 13.9 (CH2CHs). The peak for C=S was not visible in *3C NMR due to
fast quadrupolar relaxation via the nearby *N-nuclei. Analytical HPLC gradient 0—-95% eluent Il in
eluent | (C18; 35 min total runtime), tr 24.6 min (>98%, UV23). HRMS calcd for CssHesNgO4S*
[M+H]*, 710.5109; found 710.5106. Cy = cyclohexane.

N-((6S, 9R 128) l-amino-6-carbamoyl-1-imino-9-methyl-8,11-dioxo-18-thioxo-2,7,10,17,19-

/\M/ HoN NH pentaazahentriacontan-12-yl)nonanamide (S9). Starting from H-

Lys(Teoc)-D-Ala-Arg(Pbf)-resin (168 mg, estimated loading:

E( Ji 0.33 mmol/g) synthesized from Fmoc-Arg(Pbf)-OH, Fmoc-D-Ala-OH and
\M)L ])L Fmoc-Lys(Teoc)-OH by SPPS, the title compound was synthesized by
addition of dodecanoyl chloride (40 pL, 0.17 mmol) and iProNEt (59 pL, 0.34 mmol) in anh. CHxCl.

(1.0 mL) to the resin under agitation for 2 h. The resin was washed with DMF (3x4 mL) and CHxCl»

(3%x4 mL) followed by Teoc deprotection and on-resin thiourea formation as described in the general
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procedures. Global deprotection and cleavage from the resin, followed by preparative reversed-
phase HPLC purification afforded the desired thiourea S9 (5 mg, 12% based on resin loading), as a
colorless fluffy material after lyophilization. *H NMR (600 MHz, DMSO-de) & 8.18 (d, J = 7.4 Hz, 1H,
NHo-aia), 7.99 (d, J = 7.0 Hz, 1H, NHqys), 7.92 (d, J = 8.4 Hz, 1H, NHqar), 7.51 (t, J = 5.7 Hz, 1H,
NHs arg), 7.36—7.27 (m, 3H, NHeys, NH(CH2)11CH3, CONH2,4), 7.09 (d, J = 2.1 Hz, 1H, CONHag),
4.25 (p, J = 7.1 Hz, 1H, Hqp-ai), 4.20-4.08 (M, 2H, Hoarg, Halys), 3.31 (br s, 2H, Heys, Overlap with
residual water), 3.09-3.02 (m, 2H, Hs ), 2.18-2.05 (m, 2H, CH,CO), 1.78-1.70 (m, 1H, HgawgA),
1.64-1.57 (m, 1H, Hpiysa), 1.56-1.36 (m, 10H, Hpargs, Hyag Hpiyse, Hyiysa, (CH2)11CHs,
CH.CH3CO), 1.32-1.17 (m, 35H, Hy,Lys, Hsys, (CH2)11CHs, COCH(CH.)sCHs, Hgp-aia), 0.85 (t, J =
6.9 Hz, 6H, CH,CHsa, CH2CH3g). *C NMR (151 MHz, DMSO-ds) & 173.3 (COarg), 172.7 (COCHy),
172.0 (COp.aia), 171.9 (COwys), 158.0 (g, J = 31.0 Hz, residual COrga), 156.6 (NHC(=NH)NH>), 117.3
(g, J = 300.5 Hz, residual CF3zrra), 53.1 (Cays), 51.9 (Caarg), 48.3 (Cop-ala), 43.4 (CeLys), 40.3 (Cs.arg),
35.0 (CH2CH,CO), 31.28 (CH2CH.CHs), 31.25 (CgLuys), 29.0-28.6 (16C Cgag, (CH2)sCHs,
(CH2)11CHs3), 26.4 (CsLys), 25.2 (Cyarg), 25.1 (CH2CH3 p), 22.8 (Cy,Lys), 22.1 (CH2CHsg), 18.0 (Cgp-aia),
13.94 (CH2CHzs4), 13.93 (CH2CHsg). The peak for C.ys was broad and of low intensity and the peak
for C=S was not visible in ¥*C NMR due to fast quadrupolar relaxation via the nearby *N-nuclei.
Analytical HPLC gradient 0—95% eluent Il in eluent | (C8; 35 min total runtime), tr 27.3 min (>98%,
UV230). HRMS calcd for C37H73NoO4S™ [M+H]*, 740.5579; found 740.5591.

(S)-N-((R)-1-(((S)-1-amino-5-guanidino-1-oxopentan-2-yl)amino)-1-oxopropan-2-yl)-6-(3-
s dodecylthioureido)-2-(phenylsulfonamido)hexanamide (S10).

“NJL"/\% "™ starting f H-L -D-Ala- -resi i
H g from ys(Teoc)-D-Ala-Arg(Pbf)-resin (168 mg, estimated
o /é loading: 0.33 mmol/g) synthesized from Fmoc-Arg(Pbf)-OH, Fmoc-D-
NH;  Ala-OH and Fmoc-Lys(Teoc)-OH by SPPS, the title compound was
synthesized by addition of benzene sulfonyl chloride (22 pL,
0.17 mmol) and iPr.NEt (59 pL, 0.34 mmol) in 1.0 mL anh. DMF to the resin under overnight
agitation. The resin was washed with DMF (3x4 mL) and CH.Cl, (3x4 mL) followed by Teoc
deprotection and on-resin thiourea formation as described in the general procedures. Global
deprotection and cleavage from the resin, followed by preparative reversed-phase HPLC purification
afforded the desired thiourea S10 (3 mg, 8% based on resin loading), as a colorless fluffy material
after lyophilization. *H NMR (600 MHz, DMSO-ds) & 8.04 (d, J = 7.3 Hz, 1H, NHp.aa), 7.97 (d, J=8.3
Hz, 1H, NHqgarg), 7.95 (d, J = 8.3 Hz, 1H, NHqLys), 7.78-7.73 (m, 2H, H2ar, H64/), 7.61-7.55 (m, 1H,
H4p), 7.54—-7.47 (m, 3H, H3ar, H5a, NHsAr), 7.38 (d, J = 2.3 Hz, 1H, CONHz,), 7.29 (br s, 1H,
NHCH,), 7.22 (br s, 1H, NH¢ys), 7.14 (d, J = 2.2 Hz, 1H, CONH2g), 4.23 (td, J = 8.5, 5.2 Hz, 1H,
Haarg), 4.16 (p, J = 7.2 Hz, 1H, Hgp-aa), 3.70 (td, J = 8.3, 5.6 Hz, 1H, Hauys), 3.19 (br s, 2H, Heys),
3.12-3.04 (m, 2H, Hsar), 1.76-1.67 (m, 1H, Hpgaga), 1.54-1.35 (m, 7H, Hgargs, Hyag, HpLys,
(CH2)11CHs3), 1.34-0.99 (m, 27H, HyLys, Hs,Lys, (CH2)11CHs3, Hpp-aia), 0.85 (t, J = 6.9 Hz, 3H, CH,CHj).
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B3CNMR (151 MHz, DMSO-ds) 0 173.2 (COayg), 171.7 (COp.ma), 170.5 (COus), 156.6
(NHC(=NH)NH), 140.9 (C1a), 132.4 (C4a), 129.0 (C3ar, C5ar), 126.4 (C24r, C6ar), 56.3 (CaLys), 51.7
(Caarg), 48.0 (Cap-ai), 43.1 (Ceys), 40.4 (Csarg), 32.2 (Cpys), 31.3 (CH.CH2CH3), 29.1-28.7 (C10,
Cp.arg, (CH2)11CH3), 26.4 (Csys), 25.1 (Cyarg), 22.4 (Cyuys), 22.1 (CH>CHs), 18.6 (Cgp-aia), 14.0
(CH2CHpgs). The peak for C¢, s Was broad and of low intensity and the peak for C=S was not visible in
13C NMR due to fast quadrupolar relaxation via the nearby **N-nuclei. Analytical HPLC gradient 0—
95% eluent Il in eluent | (C8; 35 min total runtime), tz 24.9 min (>98%, UV23). HRMS calcd for
Ca4Hs2NgOsS,* [M+H]*, 740.4310; found 740.4302.

(S)-N- ((R) -1-(((S)-1-amino-5-guanidino-1-oxopentan-2-yl)amino)-1-oxopropan-2-yl)-2-

N/\M/ HZN nu  (methylsulfonamido)-6-(3-octylthioureido)hexanamide (S11). Starting

from H-Lys(Teoc)-D-Ala-Arg(Pbf)-resin (168 mg, estimated loading:
u,° j)( /d 0.33 mmol/g) synthesized from Fmoc-Arg(Pbf)-OH, Fmoc-D-Ala-OH and

Fmoc-Lys(Teoc)-OH by SPPS, the title compound was synthesized by
addltlon of methanesulfonyl chloride (13 pL, 0.17 mmol) and iProNEt (59 pL, 0.34 mmol) in anh. DMF
(2.0 mL) to the resin under overnight agitation. The resin was washed with DMF (3x4 mL) and
CH.CI; (3x4 mL) followed by Teoc deprotection and on-resin thiourea formation as described in the
general procedures using octylamine instead of dodecylamine. Global deprotection and cleavage
from the resin, followed by preparative reversed-phase HPLC purification afforded the desired
thiourea S11 (6 mg, 16% based on resin loading) as a colorless fluffy material after lyophilization.
!H NMR (600 MHz, DMSO-dg) 5 8.37 (d, J = 6.5 Hz, 1H, NHb.aa), 8.10 (d, J = 8.3 Hz, 1H, NHaarg),
7.56 (t, J = 5.8 Hz, NH5arg), 7.36 (d, J = 9.0 Hz, 1H, NHqLys), 7.32 (br s, 2H, NHCHa, NHeys), 7.27
(d, J =2.2 Hz, 1H, CONHza), 7.12 (d, J = 2.2 Hz, 1H, CONHzg), 4.24 (p, J = 7.0 Hz, 1H, Hqp-aia),
4.15 (td, J =8.4,5.0 Hz, 1H, Haar), 3.83 (td, J =8.8, 5.5 Hz, 1H, Hqys), 3.31 (br s, 2H, H¢ys, Overlap
with residual water), 3.12-3.05 (m, 2H, Hsar), 2.79 (s, 3H, CH3S0O3), 1.79-1.70 (m, 1H, Hgarga),
1.61-1.54 (m, 1H, Hpyysa), 1.54-1.40 (m, 9H, Hgarge, Hyarg, HpLysB, HyLysa (CH2)7CH3,), 1.38-1.32
(m, 1H, Hyysg), 1.30-1.25 (m, 15H, Hsys, (CH2)7CHs, Hgp-aia), 0.85 (t, J = 7.0 Hz, 3H, CH.CH3).
13C NMR (151 MHz, DMSO-ds) & 173.2 (COar), 172.3 (COp.aia), 171.7 (CO.s), 158.2 (q, J = 32.2
Hz, residual COrra), 156.7 (NHC(=NH)NH), 116.9 (g, J = 298.2 Hz, residual CF3ra), 56.0 (Cq,ys),
51.9 (Cqarg), 48.7 (Cap-aia), 43.3 (Ce Lys), 40.7 (CH3SOy), 40.4 (Cs Arg), 32.5 (CpLys), 31.2 (CH2CH2CHs),
28.73 ((CH2)7CHs), 28.69 ((CH2)7CHs), 28.4 (Cgarg), 26.4 (CsLys), 25.1 (Cyarg), 22.7 (Cyys), 22.1
(CH2CHs), 17.8 (Cpp-aia), 13.9 (CHs). The peak for C¢Lys was broad and of low intensity and the peak
for C=S was not visible in 3C NMR due to fast quadrupolar relaxation via the nearby *N-nuclei.
Analytical HPLC gradient 0—-95% eluent Il in eluent | (C18; 35 min total runtime), tg 17.9 min (>98%,
UVa230). HRMS calcd for C2sHs2NgOsS2* [M+H]*, 622.3527; found 622.3524.
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(S)-N-((R)-1-(((S)-1-amino-5-guanidino-1-oxopentan-2-yl)amino)-1-oxopropan-2-yl)-6-(3-
S

HNJLH/\HZ/ H:NYNH butylthioureido)-2-(methylsulfonamido)hexanamide (S12). Starting

NH from H-Lys(Teoc)-D-Ala-Arg(Pbf)-resin (168 mg, estimated loading:

0, nw © 0.33 mmol/g) synthesized from Fmoc-Arg(Pbf)-OH, Fmoc-D-Ala-OH and
_S. N NH, . .

ol ﬁ)kﬂ I Fmoc-Lys(Teoc)-OH by SPPS, the title compound was synthesized by

addition of methanesulfonyl chloride (13 pL, 0.17 mmol) and iPr.NEt (59 pL, 0.34 mmol) in anh. DMF
(2.0 mL) to the resin under overnight agitation. Washing with DMF (3x4 mL) and CHxCl, (3x4 mL)
was followed by Teoc deprotection and on-resin thiourea formation as described in the general
procedures using butylamine instead of dodecylamine. Global deprotection and cleavage from the
resin, followed by preparative reversed-phase HPLC purification afforded the desired thiourea S12
(2 mg, 6% based on resin loading) as a colorless fluffy material after lyophilization. *H NMR
(600 MHz, DMSO-dg) 8 8.37 (d, J = 6.5 Hz, 1H, NHp.ais), 8.10 (d, J = 8.2 Hz, 1H, NHaar), 7.52 (t, J
= 5.7 Hz, NHsr), 7.36 (d, J = 8.9 Hz, 1H, NHayys), 7.32 (br s, 2H, NHCH2, NHeys), 7.27 (d, J = 2.2
Hz, 1H, CONHz,4), 7.12 (d, J = 2.2 Hz, 1H, CONH.g), 4.24 (p, J = 7.0 Hz, 1H, Hap-an), 4.15 (td, J =
8.5, 5.0 Hz, 1H, Hqgarg), 3.83 (td, J = 8.8, 5.5 Hz, 1H, Hq,ys), 3.31 (br s, 2H, H¢ys, overlap with residual
water), 3.12-3.04 (m, 2H, Hsar), 2.80 (s, 3H, CH3S0), 1.79-1.70 (m, 1H, Hgarga), 1.62-1.32 (m,
11H, Hgarg,, HpLys, Hyag, (CH2)3CHs, Hyys), 1.31-1.23 (m, 4H, HsLys, (CH2)3CHa), 1.22 (d, J =7.0
Hz, 3H, Hgp-a), 0.88 (t, J = 7.4 Hz, 3H, CH,CHzs). **C NMR (151 MHz, DMSO-dg) & 173.2 (COar),
172.2 (COpb.aia), 171.6 (COLys), 156.7 (NHC(=NH)NH.), 56.0 (Cq Lys), 51.8 (Caarg), 48.7 (Cap-aia), 43.3
(CeLys), 40.7 (CH3SO0O2), 40.3 (Csarg), 32.5 (CpLys), 30.9 (CH2CH2CH3), 28.7 (Csys), 28.39 (NHCH>),
28.38 (Cp.arg), 25.1 (Cyarg), 22.7 (CyLys), 19.5 (CH2CHg), 17.8 (Cgp-aia), 13.7 (CH2CHs). The peak for
CeLys Was broad and of low intensity and the peak for C=S was not visible in **C NMR due to fast
quadrupolar relaxation via the nearby **N-nuclei. Analytical HPLC gradient 0-95% eluent Il in eluent
| (C18; 35 min total runtime), tr 12.4 min (>98%, UV230). HRMS calcd for C21H44NgOsS,* [M+H]",
566.2901; found 566.2906.

(S)-N-((R)-1-(((S)-1-amino-5-guanidino-1-oxopentan-2-yl)amino)-1-oxopropan-2-yl)-6-
HNJSJ\/\ HzN\l//NH butanethioamido-2-(methylsulfonamido)hexanamide (S13). Starting
NH  from H-Lys(thiobutyryl)-D-Ala-Arg(Pbf)-resin (228 mg, estimated loading:
0.0 E(H o 4 0.47 mmol/g) synthesized from Fmoc-Arg(Pbf)-OH, Fmoc-D-Ala-OH and
/S\H I N])LH | W Fmoc-Lys(thiobuturyl)-OH (S33) by SPPS, the title compound was
synthesized by addition of methanesulfonyl chloride (25 pL, 0.32 mmmol) and iProNEt (111 pL,
0.64 mmol) in anh. CHxCl, (2.0 mL) to the resin under agitation for 30 min. The resin was washed
with DMF (3x4 mL) and CH.Cl. (3x4 mL) followed by global deprotection and cleavage from the
resin, and subsequent preparative reversed-phase HPLC purification to afford the desired thioamide
S13 (1 mg, 2% based on resin loading) as a colorless fluffy material after lyophilization. *H NMR
(600 MHz, DMSO-de) 6 9.89 (t, J = 5.4 Hz, 1H, NHgys), 8.37 (d, J = 6.5 Hz, 1H, NHb.ai), 8.10 (d, J

S59



= 8.3 Hz, 1H, NHqar), 7.48 (t, J = 5.9 Hz, 1H, NHs ), 7.36 (d, J = 8.9 Hz, 1H, NHq,ys), 7.27 (d, J =
2.3 Hz, 1H, CONH>,), 7.13 (d, J = 2.2 Hz, 1H, CONH;), 4.25 (p, J = 7.0 Hz, 1H, Hqp-ai), 4.15 (td,
J=8.4,5.0 Hz, 1H, Hgarg), 3.84 (td, J = 8.8, 4.3 Hz, 1H, Hqys), 3.50-3.40 (M, 2H, He s, Overlap with
residual water), 3.11-3.04 (m, 2H, Hs ), 2.80 (s, 3H, CH3S0,), 2.50-2.46 (m, 2H, CSCH,, overlap
with solvent peak), 1.79-1.71 (m, 1H, Hgarga), 1.70-1.25 (m, 11H, Hgarg, Hy.Arg, Hp.Lys, Hy.Lys,Hs Lys,
CH.CHjs), 1.22 (d, J = 7.0 Hz, 3H, Hgp-ai), 0.85 (t, J = 7.4 Hz, 3H, CH,CHs). *3C NMR (151 MHz,
DMSO-ds) & 203.4 (C=S), 173.2 (COarg), 172.3 (COp.ala), 171.6 (COwys), 156.6 (NHC(=NH)NH>), 55.9
(Calys), 51.8 (Caarg), 48.7 (Cap-aa), 46.9 (CSCH>), 44.9 (CcLys), 40.7 (CH3SO2), 40.4 (Csar), 32.4
(Cp.Lys), 28.7 (Cparg), 26.7 (CsLys), 25.1 (Cyarg), 22.8 (Cyrys), 22.3 (CH2CHg), 17.8 (Cpp-ain), 13.1
(CH>CHgs). Analytical HPLC gradient 0-95% eluent Il in eluent I (C8; 35 min total runtime), tr 14.4 min
(>98%, UV2g0). HRMS calcd for C2oHa1NgOsS," [M+H]*, 537.2636; found 537.2634.

(S)-N-((R)-1-(((S)-1-amino-5-guanidino-1-oxopentan-2-yl)amino)-1-oxopropan-2-yl)-16-
s J/O\/\O/\ (methylsulfonamido)-10-thioxo-3,6-dioxa-9,11-diazaheptadecan-
HNJLN 17-amide (S14). Starting from H-Lys(Teoc)-D-Ala-Arg(Pbf)-resin

H H
N NH
o THZ (168 mg, estimated loading: 0.33 mmol/g) synthesized from Fmoc-
o}
H%N nH,  Arg(Pbf)-OH, Fmoc-D-Ala-OH and Fmoc-Lys(Teoc)-OH by SPPS, the
(o] H (0}

S.
N
H

\ _O

titte compound was synthesized by addition of methanesulfonyl chloride
(13 pL, 0.17 mmol) and iPr2NEt (59 uL, 0.34 mmol) in anh. DMF (2.0 mL) to the resin under overnight
agitation. Washing with DMF (3x4 mL) and CH2Cl, (3x4 mL) was followed by Teoc deprotection and
on-resin thiourea formation as described in the general procedures wusing 2-(2-
ethoxyethoxy)ethanamine instead of dodecylamine. Global deprotection and cleavage from the
resin, followed by preparative reversed-phase HPLC purification afforded the desired thiourea S4
(2 mg, 6% based on resin loading) as a white sticky material after lyophilization. *H NMR (600 MHz,
DMSO-ds) 8 8.37 (d, J = 6.5 Hz, 1H, NHb.aa), 8.10 (d, J = 8.3 Hz, 1H, NHqgarg), 7.54 (t, J = 5.8 Hz,
1H, NHsarg), 7.50 (br s, 1H, NHgys), 7.37—7.33 (M, 2H, NHqys, NH(PEG),), 7.27 (d, J = 2.2 Hz, 1H,
CONH2,), 7.12 (d, J = 2.1 Hz, 1H, CONH2;), 4.24 (p, J = 7.0 Hz, 1H, Hqp-aa), 4.15 (td, J = 8.4, 5.0
Hz, 1H, Hgar), 3.88-3.80 (m, 1H, Hquys), 3.53-3.45 (m, 8H, NH(PEG)2), 3.43 (g, J = 7.0 Hz,
OCH2CHs), 3.33 (br s, 2H, HeLys), 3.11-3.04 (m, 2H, Hsarg), 2.79 (s, 3H, CH3SO,), 1.79-1.70 (m, 1H,
Hg.aga), 1.62-1.32 (M, 8H, Hp g, Hyarg, Hpys, » Hyys.a, Horys), 1.30-1.19 (m, 4H, Hgp-aia, HyLys,8),
1.10 (t, J = 7.0 Hz, 3H, CH,CHjs). 3C NMR (151 MHz, DMSO-dg) & 173.2 (COarg), 172.3 (COb-aia),
171.6 (COwys), 158.2 (g, J = 32.0 Hz, residual CO+ra), 156.7 (NHC(=NH)NH2), 69.7 (PEG:), 69.1,
(PEG2), 69.0 (PEG2), 65.5 (OCH2CHa), 56.0 (CaLys), 51.8 (Caarg), 48.7 (Cap-aia), 43.4 (CeLys), 40.7
(CH3S0:,), 40.3 (Csarg), 32.5 (CpLys), 28.7 (Cpoarg), 28.3 (CsLys), 25.1 (Cyarg), 22.8 (Cyys), 17.8 (Cppo-
ala), 15.1 (CH2CHs). The peak for C¢ s was broad and of low intensity and the peak for C=S was not

visible in 3C NMR due to fast quadrupolar relaxation via the nearby *N-nuclei. Analytical HPLC
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gradient 0-95% eluent Il in eluent | (C18; 35 min total runtime), tr 11.3 min (>98%, UV23,). HRMS
calcd for Co3HagNgO7S," [M+H]*, 626.3113; found 626.3110. PEG = polyethylene glycol.

(S)-N-((S)-1-(((S)-1-amino-5-guanidino-1-oxopentan-2-yl)amino)-1-oxopropan-2-yl)-19-
. j{o\/]Lo/\ (methylsulfonamido)-13-thioxo-3,6,9-trioxa-12,14-diazaicosan-20-
HNJLH . amide (S15). Starting from H-Lys(Teoc)-Ala-Arg(Pbf)-resin (102 mg,
NYNH estimated loading: 0.49 mmol/g) synthesized from Fmoc-Arg(Pbf)-OH,
S\S'? /E(H\)CL /dm::"z Fmoc-Ala-OH and Fmoc-Lys(Teoc)-OH by SPPS, the title compound
H o i N o was synthesized by addition of methanesulfonyl chloride (12 pL,
0.15 mmol) and iPraNEt (52 pL, 0.30 mmol) in anh. CHCl, (2.0 mL) to the resin under overnight
agitation. Washing with DMF (3x4 mL) and CH:Cl. (3x4 mL) was followed by Teoc deprotection and
on-resin thiourea formation as described in the general procedures using 2-(2-(2-ethoxyethoxy)
ethoxy)ethanamine instead of dodecylamine to form the benzotriazole coupling reagent. Global
deprotection and cleavage from the resin, followed by preparative reversed-phase HPLC purification
afforded the desired thiourea S15 (4 mg, 10% based on resin loading) as a white sticky material after
lyophilization. *H NMR (600 MHz, DMSO-ds) 6 8.17 (d, J = 7.1 Hz, 1H, NHaia), 7.90 (d, J = 8.0 Hz,
1H, NHqgarg), 7.58-7.48 (m, 2H, NHsAarg, NHeys), 7.39—7.30 (m, 3H, NHqys, NH(PEG)3, CONH>,4),
7.07 (d, J=2.1 Hz, 1H, CONH3;), 4.29 (p, J = 7.1 Hz, 1H, Haaa), 4.18 (td, J = 8.0, 5.6 Hz, 1H, Hqarg),
3.78 (td, J = 8.7, 5.1 Hz, 1H, Ha,ys), 3.43-3.45 (m, 12H, NH(PEG)3), 3.42 (g, J = 7.0 Hz, OCH>CHs,
overlap with residual water), 3.33 (br s, 2H, H¢ Ly, overlap with residual water), 3.12-3.06 (m, 2H,
Hsarg), 2.85 (s, 3H, CH3SO0,), 1.71-1.58 (m, 2H, Hgarga, HpLysa), 1.55-1.26 (m, 8H, Hgawge, HyArg,
Hg.Lys, Hyys, Halys), 1.23 (d, J = 7.1 Hz, 3H, Hgaa), 1.09 (t, J = 7.0 Hz, 3H, CH,CHjs). 13C NMR
(151 MHz, DMSO-ds) 8 173.1 (COar), 171.9 (COaia), 171.3 (COLys), 158.3 (g, J = 33.7 Hz, residual
COrea), 156.7 (NHC(=NH)NH>), 116.4 (g, J = 295.5 Hz, residual CF31ra), 69.8 (PEG3), 69.7 (PEG3),
69.6 (PEGs), 69.2, (PEG3), 69.0 (PEGs), 65.5 (OCH2CHs3), 56.3 (CaLys), 51.9 (Caarg), 48.3 (Cania),
43.4 (CeLys), 40.7 (CH3SOy,), 40.4 (Csarg), 32.4 (CpLys), 29.2 (Cparg), 28.4 (CsLys), 25.0 (Cyarg), 22.7
(Cyys), 18.1 (Cgoaia), 15.1 (CH2CHs). The peak for Ce s was broad and of low intensity and the peak
for C=S was not visible in ¥*C NMR due to fast quadrupolar relaxation via the nearby *N-nuclei.
Analytical HPLC gradient 0-95% eluent Il in eluent | (C8; 35 min total runtime), tr 13.9 min (>98%,
UV230). HRMS calcd for CasHsoNgNaOsS,™ [M+Na]*, 692.3193; found 692.3195. PEG = polyethylene

glycol.

(S)-N-((R)-1-(((S)-1-amino-5-guanidino-1-oxopentan-2-yl)amino)-1-oxopropan-2-yl)-19-
. j{o\/}o/\ (methylsulfonamido)-13-thioxo-3,6,9-trioxa-12,14-diazaicosan-20-
HNJLN 2 amide (S16). Starting from H-Lys(Teoc)-D-Ala-Arg(Pbf)-resin (168 mg,

H H
NN estimated loading: 0.33 mmol/g) synthesized from Fmoc-Arg(Pbf)-OH,
NH,
°\\s/,° Hj)ok Ji"” Fmoc-D-Ala-OH and Fmoc-Lys(Teoc)-OH by SPPS, the title compound
9O~ 2
H 0 N 0 was synthesized by addition of methanesulfonyl chloride (13 pL,
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0.17 mmol) and iPr,NEt (59 pL, 0.34 mmol) in anh. DMF (2.0 mL) to the resin under overnight
agitation. Washing with DMF (3x4 mL) and CHCl> (3x4 mL) was followed by Teoc deprotection and
on-resin thiourea formation as described in the general procedures using 2-(2-(2-ethoxyethoxy)
ethoxy)ethanamine instead of dodecylamine to form the benzotriazole coupling reagent. Global
deprotection and cleavage from the resin, followed by preparative reversed-phase HPLC purification
afforded the desired thiourea S16 (4 mg, 11% based on resin loading), as a white sticky powder after
lyophilization. *H NMR (600 MHz, DMSO-ds) & 8.37 (d, J = 6.5 Hz, 1H, NHo.ai), 8.10 (d, J = 8.3 Hz,
1H, NHaarg), 7.54—7.44 (m, 2H, NHsarg, NHeys), 7.37—7.33 (M, 2H, NHays, NH(PEG)s3), 7.27 (d, J =
2.2 Hz, 1H, CONHa,), 7.12 (d, J = 2.2 Hz, 1H, CONHzg), 4.24 (p, J = 7.0 Hz, 1H, Hap-ai), 4.15 (td,
J=8.4,5.0 Hz, 1H, Haar), 3.83 (td, J = 8.8, 5.5 Hz, 1H, HaLys), 3.53—-3.46 (M, 12H, NH(PEG)s), 3.43
(q, J = 7.0 Hz, OCH2CHs, overlap with residual water), 3.33 (br s, 2H, He s, overlap with residual
water), 3.11-3.04 (m, 2H, Hsarg), 2.80 (S, 3H, CH3S0y), 1.79-1.70 (M, 1H, Hgaga), 1.62-1.32 (m,
8H, Hgargs, Hyarg, HpLys, HyLysa Hays), 1.30—-1.19 (m, 4H, Hyys.8, Hpp-aia), 1.10 (t, J = 7.0 Hz, 3H,
CH,CHs). *C NMR (151 MHz, DMSO-dg) 8 173.2 (COarg), 172.3 (COp.-aia), 171.6 (CO.ys), 158.1 (q,
J = 31.5 Hz, residual CO+ea), 156.6 (NHC(=NH)NH,), 69.8 (PEGs), 69.7 (PEGs3), 69.6 (PEG3), 69.2,
(PEG3), 69.0 (PEGg), 65.5 (OCH2CHa), 56.0 (Calys), 51.8 (Caarg), 48.7 (Cap-ai), 43.4 (CeLys), 40.7
(CH3S0:,), 40.3 (Csarg), 32.5 (Cpys), 28.7 (Cpoarg), 28.4 (CsLys), 25.1 (Cyarg), 22.8 (Cy,ys), 17.8 (Cppo-
Ala), 15.1 (CH2CHs). The peak for C.ys was broad and of low intensity and the peak for C=S was not
visible in 3C NMR due to fast quadrupolar relaxation via the nearby *N-nuclei. Analytical HPLC
gradient 0—-95% eluent Il in eluent | (C18; 35 min total runtime), tr 11.7 min (>98%, UV23). HRMS
calcd for CzsHs1N9OsS2* [M+H]*, 670.3375; found 670.3371. PEG = polyethylene glycol.

N-((S)-6-(((R)-1-(((S)-1-amino-5-guanidino-1-oxopentan-2-yl)Jamino)-1-oxopropan-2-yl)amino)-
HNJCJ)\% HZN\I//NH 5-(methylsulfonamido)-6-oxohexyl)tetradecanamide (S17). In the

NH process of synthesizing compound 26-D, a byproduct was observed upon

00 E(H o Ji acid cleavage from the resin, which was isolated by preparative reversed-
/S\ﬁ I N])LH I e phase HPLC purification to afford the amide S17 (4 mg, 6% based on resin
loading of 26-D) as a colorless fluffy material after lyophilization. *H NMR (600 MHz, DMSO-de)
0 8.37 (d, J = 6.5 Hz, 1H, NHo.aa), 8.10 (d, J = 8.3 Hz, 1H, NHaar), 7.72 (t, J = 5.6 Hz, 1H, NHq¢,ys),
7.63 (t, J=5.7 Hz, 1H, NHs ), 7.33 (d, J =9.0 Hz, 1H, NHqys), 7.27 (br s, 1H, CONH>,»), 7.12 (br
S, 1H, CONHzg), 4.24 (p, J = 7.1 Hz, 1H, Hqp-an), 4.14 (td, J = 8.4, 4.9 Hz, 1H, Haar), 3.82 (td, J =
8.7, 5.6 Hz, 1H, Hquys), 3.12-3.04 (m, 2H, Hsar), 3.03—-2.95 (m, 2H, HeLys), 2.79 (s, 3H, CH3SO,),
2.02 (t, J=7.5Hz, 2H, COCHy), 1.79-1.71 (m, 1H, Hparga), 1.67-1.15 (m, 36H, Hg argB, HyArg, Hp Lys,
Hy.Lys, HaLys, Hp.p-ala, (CH2)12CH3s), 0.85 (t, J = 6.9 Hz, 3H, CH.CHs). **C NMR (151 MHz, DMSO-ds)
6 173.3 (COarg), 172.3 (COp.ala), 171.9 (COCHy), 171.7 (COLys), 156.7 (NHC(=NH)NH), 55.9 (CqLys),
51.9 (Caarg), 48.7 (Cap-aia), 40.7 (CH3SO0,), 40.4 (Csarg), 38.2 (CeLys), 35.4 (COCHy>), 32.4 (Cgys),

31.3 (CH2CH,CHs), 29.0-28.7 (10C, Cparg, (CH2)10CHs), 25.3 (Cays), 25.1 (Cyarg), 22.7 (Cyiys), 22.1
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(CH>CHgs), 17.8 (Cpp-aia), 13.9 (CH2CHs). Analytical HPLC gradient 0—95% eluent Il in eluent | (C8;
35 min total runtime), tr 24.1 min (>95%, UV210). HRMS calcd for C3oHsoNsOsS*™ [M+H]", 661.4429;
found 661.4428.

(S)-N-((R)-l-(((S)-l-amino-5-guanidino-l-oxopentan-2-y|)amino)-l-oxopropan-2-y|)-6-(3-

N/\M/ H,N NH dodecylureido)-2-(methylsulfonamido)hexanamide (S18). Starting

H from H-Lys(Teoc)-D-Ala-Arg(Pbf)-resin (322 mg, estimated loading:
O\\IIO/E‘/ /é 0.23 mmol/g) synthesized from Fmoc-Arg(Pbf)-OH, Fmoc-D-Ala-OH and
g ])L Fmoc-Lys(Teoc)-OH by SPPS, the title compound was synthesized by
addltlon of methanesulfonyl chloride (17 pL, 0.22 mmol) and iPr.NEt (76 pL, 0.44 mmol) in anh. DMF
(2.0 mL) to the resin, which was agitated for 30 min. Washing with DMF (3x4 mL) and CHCl
(3x4 mL) was followed by Teoc deprotection as described in the general procedures. Alongside, a
solution of dodecylamine (46 mg, 0.25 mmol) and iProNEt (130 pL, 0.75 mmol) in anh. CH2Cl» (4 mL)
were added dropwise to a solution of 4-nitrophenyl chloroformate (42 mg, 0.21 mmol) in 1.0 mL anh.
CH.CI; and stirred at 0 °C for 10 min. The reaction mixture was added to the resin and agitated for
1 h followed by washing with DMF (3x4 mL) and CH:Cl (3x4 mL). Global deprotection and cleavage
from the resin, followed by preparative reversed-phase HPLC purification afforded the desired urea
S18 (13 mg, 27% based on resin loading) as a colorless fluffy material after lyophilization. *H NMR
(600 MHz, DMSO-de) 6 8.36 (d, J = 6.5 Hz, 1H, NHp.a), 8.10 (d, J = 8.2 Hz, 1H, NHaar), 7.54 (t, J
= 5.7 Hz, NHsarg), 7.34 (d, J = 8.9 Hz, 1H, NHqLys), 7.27 (d, J = 2.3 Hz, 1H, CONHz4), 7.13 (d, J =
2.1 Hz, 1H, CONHz2p), 6.86 (br s, 1H, NHg ys), 5.79-5.68 (m, 2H, NHC(=O)NH), 4.24 (p, J = 7.0 Hz,
1H, Hap-aia), 4.15 (td, J = 8.5, 5.0 Hz, 1H, Haar), 3.82 (td, J = 8.8, 5.5 Hz, 1H, Hq,ys), 3.11-3.04 (m,
2H, Hs Arg), 2.97-2.90 (M, 4H, HeLys, NHCH?>), 2.79 (s, 3H, CH3S0.), 1.79-1.70 (m, 1H, Hp arga), 1.61—
1.10 (m, 32H, Hgp arg 8, Hy.Arg, Hp.Lys, Hy.Lys, Hs Lys Hp.p-a1a, (CH2)10CH3), 0.85 (t, J = 6.9 Hz, 3H, CH2CHa).
13C NMR (151 MHz, DMSO-dg) 8 173.2 (COarg), 172.3 (COp.aia), 171.7 (COLys), 158.1 (NHC(=O)NH),
156.7 (NHC(=NH)NH2), 56.0 (CaLys), 51.8 (Caarg), 48.7 (Cap-a1), 40.6 (CH3SOy), 40.3 (Csarg), 39.1
(CeLys, NHCHo>, overlap with residual solvent), 43.4 (C¢Lys), 32.5 (Cgys), 31.3 (CH2CH2CH3), 30.0
((CH2)10CHs), 29.6 (CH2(CH2)10CHs3), 29.0-28.7 (9C, Cgarg, (CH2)10CHs3), 26.4 (CsLys), 25.1 (Cyarg),
22.7 (Cyys), 22.1 (CH2CHs3), 17.8 (Cgp-aia), 13.9 (CH.CHs). Analytical HPLC gradient 0-95% eluent
Il in eluent | (C8; 35 min total runtime), tr 23.4 min (>95%, UV210). HRMS calcd for C29HgoNgOsS*
[M+H]*, 662.4382; found 662.4385.

(S)-N-((R)-1-(((S)-1-amino-5-guanidino-1-oxopentan-2-yl)amino)-1-oxopropan-2-yl)-2-
(o]

i (methylsulfonamido)-6-(2,2,2-trifluoroacetamido)hexanamide (S19).

NH Starting from Lys(tfa)-D-Ala-Arg(Pbf)-resin (228 mg, estimated loading:

00 /E(H o /d; 0.47 mmol/g) synthesized from Fmoc-Arg(Pbf)-OH, Fmoc-D-Ala-OH and
Nj)L Fmoc-Lys(tfa)-OH by SPPS, the title compound was synthesized by

addition of methanesulfonyl chloride (25 pL, 0.32 mmmol) and iPr.NEt (111 pL, 0.64 mmol) in anh.
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CH2Cl> (2.0 mL) to the resin under agitation for 30 min. The resin was washed with DMF (3x4 mL)
and CHxCl, (3%x4 mL) followed by global deprotection and cleavage from the resin, and subsequent
preparative reversed-phase HPLC purification to afford the desired fluorinated amide S19 (5 mg, 9%
based on resin loading) as a colorless fluffy material after lyophilization. *H NMR (600 MHz, DMSO-
de) 8 9.41 (t, J=5.7 Hz, 1H, NHc.ys), 8.38 (d, J = 6.6 Hz, 1H, NHo.ai), 8.11 (d, J = 8.3 Hz, 1H, NHqar),
7.62 (t, J = 5.7 Hz, 1H, NHsarg), 7.36 (d, J = 9.0 Hz, 1H, NHaquys), 7.27 (d, J = 2.2 Hz, 1H, CONH_.4),
7.12 (d, J = 2.2. Hz, 1H, CONHyg), 4.24 (p, J = 7.0 Hz, 1H, Hap.aa), 4.14 (td, J = 8.5, 5.0 Hz, 1H,
Haarg), 3.84 (td, J = 8.8, 5.5 Hz, 1H, Hauys), 3.19-3.12 (M, 2H, Heys), 3.11-3.04 (M, 2H, Hsar), 2.79
(s, 3H, CH3S0,), 2.07 (residual MeCN), 1.78-1.71 (m, 1H, Hpaga), 1.64—1.24 (M, 9H, Hparg, HyArg,
He.Lys, Hy.Lys, Hoys), 1.21 (d, J = 7.1 Hz, 3H, Hgp-ai). *C NMR (151 MHz, DMSO-ds) & 173.3 (COarg),
172.3 (COb.aia), 171.6 (COLys), 158.4 (g, J = 32.3 Hz, residual COr¢a), 156.7 (NHC(=NH)NH,), 156.1
(g, J = 35.7 Hz, COCF3), 116.9 (g, J = 298.0 Hz, residual CFsea), 116.0 (g, J = 288.7 Hz, COCF3),
55.8 (Ca,ys), 51.9 (Coarg), 48.7 (Ca,p-aia), 40.7 (CH3S0,), 40.4 (Csarg), 39.1 (CeLys, OVerlap with solvent
peak), 32.3 (CpLys), 28.7 (Cpang), 27.8 (Csiys), 25.1 (Cyarg), 22.5 (Cyiys), 17.8 (Cpp-an). °F NMR
(376 MHz, DMSO-ds) 6 -74.3 (s, CF31ra), -74.7 (s, COCFs3). Analytical HPLC gradient 0-50% eluent
Il'in eluent | (C8; 35 min total runtime), tg 15.0 min (>98%, UV210). HRMS calcd for C1gH34F3sNgOsS*
[M+H]*, 547.2269; found 547.2267.

Né-(dodecylcarbamothioyl)-N?-(methylsulfonyl)-L-lysyl-D-alanyl-L-arginine (S20). H-Lys(Alloc)-
S

HNJJ\H/\Hg HZNYNH
NH chloride (2-CTC) resin using Fmoc-Arg(Pbf)-OH, Fmoc-D-Ala-OH and

b o Fmoc-Lys(Alloc)-OH standard chlorotrityl SPPS procedures described
_S. N OH . . , ,
N i ])LH previously.’® A solution of iPr,NEt (0.90 mL, 5.2 mmol) in anh. CH.Cl,

(5.0 mL) was added to the resin followed by dropwise addition of methanesulfonyl chloride (0.2 mL,

D-Ala-Arg(Pbf)-resin  (0.86 mmol) was synthesized on 2-chlorotrityl

2.6 mmol in 2.0 mL anh. CH.Cl,) under magnetic stirring for 10 min. The resin was washed with
CHyCI; (3x4.0 mL), DMF (3x4.0 mL) and CH:Cl, (3x4.0 mL) followed by Alloc deprotection as
previously described.!! On-resin thiourea formation was performed as described in the general
procedures followed by protective cleaveage from the resin with (CF3);CHOH/CH.CI, (2x5.0 mL,
1:4, vlv, 2x30 min). Solvent was removed under a stream of nitrogen followed by preparative
reversed-phase HPLC purification to afford the intermediate S27 (30 mg, 4% based on resin loading)
as a colorless fluffy material after lyophilization. ESI-MS m/z calcd for C42H75sNgOeS3s* [M+H]*, 931.48;
found 931.50. To compound S27 (3 mg, 0.004 mmol) was added TFA:TIPS (2.0 mL, 99:1, v/v) and
the reaction mixture was stirred for 1 h at ambient temperature. Solvent was removed under a stream
of nitrogen, followed by preparative reversed-phase HPLC purification to afford the desired thiourea
S20 (2 mg, 90%) as a colorless fluffy material after lyophilization. *H NMR (600 MHz, DMSO-ds)
0 12.69 (br s, 1H, COOHaw), 8.29 (d, J = 7.6 Hz, 1H, NHp.an), 8.12 (d, J = 8.1 Hz, 1H, NHqgar), 7.54
(t, J=5.7 Hz, 1H, NHs Arg), 7.37 (d, J = 8.8 Hz, 1H, NHq,ys), 7.31 (br s, 2H, NHCH., NH¢,ys), 4.34 (p,
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J=7.1Hz, 1H, Hop-an), 4.24—-4.17 (M, 1H, Haar), 3.83 (td, J = 8.7, 5.6 Hz, 1H, Hayys), 3.31 (brs, 2H,
Heys, Overlap with residual water), 3.13-3.05 (m, 2H, Hsarg), 2.82 (s, 3H, CH3S0O,), 1.80-1.71 (m,
1H, Hparga), 1.62—-1.53 (m, 2H, Hp arg.e, Hp,Lys,A), 1.52—1.40 (m, 7H, Hg Lys8, HyArg, (CH2)11CH3), 1.39—
1.31 (m, 1H, Hyysa), 1.30-1.18 (m, 24H, HyLys B, HsLys, (CH2)11CH3s, Hpp-aia), 0.85 (t, J = 7.0 Hz, 3H,
CHCHs).23C NMR (151 MHz, DMSO-dg) & 173.1 (COar), 172.1 (COb.ais), 171.2 (COLs), 158.0 (q, J
= 31.2 Hz, residual COrra), 156.7 (NHC(=NH)NH2), 117.1 (q, J = 299.0 Hz, residual CFztra), 56.0
(Calys), 51.3 (Cqarg), 48.1 (Cap-ala), 43.4 (Cerys), 40.5 (CH3SOy), 40.2 (Csarg), 32.4 (Cpys), 31.3
(CH2CH,CHa), 29.0-28.7 (9C, (CH2)1:CHs), 28.2 (Cparg), 26.4 (CsLys), 25.0 (Cyarg), 22.7 (Cyiys), 22.1
(CH2CHj3), 18.5 (Cgp-aia), 13.9 (CH2CHs3). The peak for Ceys was broad and of low intensity and the
peak for C=S was not visible in *C NMR due to fast quadrupolar relaxation via the nearby **N-nuclei.
Analytical HPLC gradient 0—95% eluent Il in eluent | (C18; 35 min total runtime), tr 22.7 min (>99%,
UV230). HRMS calcd for C2gHsgNgOsS," [M+H]*, 679.3993; found 679.3992.

(S)-6-(3-dodecylthioureido)-N-((R)-1-(((S)-5-guanidino-1-morpholino-1-oxopentan-2-
yl)amino)-1-oxopropan-2-yl)-2-(methylsulfonamido)hexanamide (S21). Compound S30 (3 mg,
0.004 mmol) was dissolved in anh. DMF (2.0 mL) and cooled to -40 °C.
/\H/ H2 Morpholine (3 pL, 0.04 mmol), HOAt (1 mg, 0.01 mmol) and then PyBOP
(3 mg, 0.01 mmol) was added to the reaction mixture and stirred at -40 'C
“s”o ])L /d; (9 for 30 min and then for 15 min at ambient temperature. H,O (10 mL) was
added and excess solvent was removed by lyophilization. TFA:TIPS
(2.0 mL, 99:1, v/v) was added to the residue and stirred for 1 h at ambient temperature. Solvent was
removed under a stream of nitrogen followed by preparative reversed-phase HPLC purification to
afford the desired thiourea S21 (2 mg, 94% in two steps) as a colorless fluffy material after
lyophilization. *H NMR (600 MHz, DMSO-ds) 8 8.26 (d, J = 7.2 Hz, 1H, NHo.aa), 8.24 (d, J = 8.6 Hz,
1H, NHqgarg), 7.59 (t, 3 =5.7 Hz, 1H, NHs ag), 7.34 (d, J = 9.0 Hz, 1H, NHq,Lys), 7.32 (br s, 2H, NHCH,
NHe,ys), 4.68 (td, J = 8.6, 5.2 Hz, 1H, Haar), 4.31-4.23 (M, 1H, Hap-aiw), 3.83 (td, J = 8.8, 5.5 Hz, 1H,
Hays), 3.58-3.50 (m, 4H, N(CH2CH>).0), 3.49-3.39 (m, 4H, N(CH.CH>).0), 3.31 (br s, 2H, HeLys,
overlap with residual water), 3.13-3.03 (m, 2H, Hsay), 2.81 (s, 3H, CH3SO,), 1.67-1.53 (m, 2H,
Hg.arga, Hpysa), 1.52—1.31 (m, 10H, Hgawgs, HgLyse, Hyag, (CH2)11CHs, Hyys), 1.30-1.19 (m, 23H,
Ha.Lys, (CH2)11CHs, Hgp-aia), 0.85 (t, J = 7.0 Hz, 3H, CH>CHs). *C NMR (151 MHz, DMSO-dg) 5 171.8
(COarg), 171.3 (COp.ana), 169.2 (COLys),158.1 (g, J =30.9 Hz, residual COrra), 156.7 (NHC(=NH)NHy),
117.1 (q, J = 299.0 Hz, residual CF3rra), 66.2 (N(CH2CH>)20), 66.1 (N(CH2CH)20), 56.0 (Cq,ys),
48.3 (Cqarg), 47.5 (Cop-aia), 45.4 (N(CH2CH2)20), 43.3 (Ceys), 42.0 (N(CH2CH>)20), 40.5 (CH3SO0>),
40.4 (Cs,arg), 32.5 (CgLys), 31.3 (CH2CH2CH3s), 29.0-28.7 (10C, Cgarg, (CH2)11CH3), 26.4 (Cs,Lys), 24.6
(Cyarg), 22.7 (Cy,Lys), 22.1 (CH2CHs3), 18.3 (Cgp-aia), 13.9 (CH2CH?a). The peak for Ce s Was broad and
of low intensity and the peak for C=S was not visible in *C NMR due to fast quadrupolar relaxation

via the nearby *N-nuclei. Analytical HPLC gradient 0-95% eluent Il in eluent | (C8; 35 min total
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runtime), tr 24.3 min (>95%, UVa3). HRMS calcd for CazsHesNeOeSo" [M+H]*, 748.4572; found
748.4565.

(S)-N- (3 (((S)-1-amino-5-guanidino-1-oxopentan-2-yl)amino)-3-oxoprop-1-en-2-yl)-6-(3-
dodecylthioureido)-2-(methylsulfonamido)hexanamide (S22). Starting
from H-Lys(Teoc)-Cys(StBu)-Arg(Pbf)-resin (204 mg, estimated loading:
2( Ji 0.49 mmol/g) synthesized from Fmoc-Arg(Pbf)-OH, Fmoc-Cys(StBu)-OH
\IHL and Fmoc-Lys(Teoc)-OH by SPPS, the title compound was synthesized
by addltlon of methanesulfonyl chloride (23 pL, 0.30 mmol) and iProNEt (104 pL, 0.60 mmol) in anh.
CHCI, (2.0 mL) to the resin under overnight agitation. The resin was washed with DMF (3x4 mL)

/\H/ H2N NH

and CHCI, (3x4 mL) followed by dehydroalanine (Dha) formation as described for compound 22.
Subsequent Teoc deprotection and on-resin thiourea formation was performed as described in the
general procedures. Global deprotection and cleavage from the resin, followed by preparative
reversed-phase HPLC purification afforded the desired thiourea S22 (5 mg, 5% based on resin
loading), as a colorless fluffy material after lyophilization. *H NMR (600 MHz, DMSO-ds) & 9.43 (s, ,
1H, NHopna), 8.34 (d, J = 7.9 Hz, 1H, NHqaw), 7.67 (d, J = 7.5 Hz, 1H, NHquys), 7.57 (t, J = 5.7 Hz,
NHs.arg), 7.41—7.28 (m, 3H, NHCH2, NH¢,1ys, CONH>,4), 7.10 (br s, 1H, CONH3g), 6.10 (s, 1H, Hg phaa),
5.61 (s, 1H, Hgphas), 4.23 (td, J = 8.7, 5.2 Hz, 1H, Hqaar), 3.78 (td, J = 8.2, 4.9 Hz, 1H, Haus), 3.31
(brs, 2H, Heys, overlap with residual water), 3.13-3.06 (m, 2H, Hsarg), 2.92 (s, 3H, CHsSO,), 1.83-
1.75 (m, 1H, Hparga), 1.72-1.19 (m, 31H, Hg argg, Hyarg, Hp.Lys, Hy.Lys, HaLys, (CH2)11CH3g)), 0.85 (t, J =
6.9 Hz, 3H, CHs). *3C NMR (151 MHz, DMSO-ds) 8 173.2 (COar), 171.1 (COyys), 163.7 (COpha),
158.7 (g, J = 31.0 Hz, residual COrga), 156.7 (NHC(=NH)NH,), 134.9 (Cqpha), 104.0 (Cgpha), 57.0
(CaLys), 52.9 (Caarg), 43.3 (Ceys), 40.42 (CH3S0Oy), 40.37 (Csarg), 32.0 (Cpys), 31.3 (CH2CHLCHs),
29.0-28.4 (10C, Cgarg, (CH2)11CHs3), 26.4 (Cs1ys), 25.4 (Cyarg), 22.7 (Cyrys), 22.1 (CH.CHg), 13.9
(CHs). Analytical HPLC gradient 0—95% eluent Il in eluent | (C8; 35 min total runtime), tg 24.5 min
(>98%, UV230). HRMS calcd for C2gHsgNgOsS," [M+H]*, 676.3997; found 676.3984.

(S)-N-(3-(((S)-1-amino-5-guanidino-1-oxopentan-2-yl)amino)-3-oxoprop-1-en-2-yl)-2-
HNJ\M; HZN\(NH (methylsulfonamido)-6-tetradecanethioamidohexanamide (S23).
NH  Starting from H-Lys(thiomyristoyl)-Cys(StBu)-Arg(Pbf)-resin (228 mg,
00 h © estimated loading: 0.49 mmol/g) synthesized from Fmoc-Arg(Pbf)-OH,
“N | ﬁﬂ i e Fmoc-Cys(StBu)-OH and Fmoc-Lys(thiomyristoyl)-OH (S34) by SPPS, the
title compound was synthesized by addition of methanesulfonyl chloride (23 pL, 0.30 mmol) and
iPraNEt (104 pL, 0.60 mmol) in 2.0 mL anh. CHCl; to the resin under overnight agitation. The resin
was washed with DMF (3x4 mL) and CHxCl, (3x4 mL) followed by dehydroalanine (Dha) formation
as described for compound 22. Global deprotection, cleavage from the resin, followed by preparative
reversed-phase HPLC purification afforded the desired thioamide S23 (6 mg, 7% based on resin

loading) as a colorless fluffy material after lyophilization *H NMR (600 MHz, DMSO-d¢) 6 9.89 (t, J =

S66



5.4 Hz, 1H, NHc1ys), 9.44 (s, 1H, NHpha), 8.34 (d, J = 7.9 Hz, 1H, NHaar), 7.68 (d, J = 7.5 Hz, 1H,
NHays), 7.62 (t, J = 5.8 Hz, 1H, NHsar), 7.38 (d, J = 2.0 Hz, 1H, CONHz,4), 7.10 (d, J = 2.1 Hz, 1H,
CONHzp), 6.10 (s, 1H, Hgphaa), 5.62 (S, 1H, Hpphaa), 4.15 (td, J = 8.6, 5.2 Hz, 1H, Hqar), 3.94 (td, J
=8.2, 4.9 Hz, 1H, Hquys), 3.50-3.40 (m, 2H, He s, overlap with residual water), 3.13-3.07 (m, 2H,
Hs Arg), 2.92 (s, 3H, CH3S0y,), 2.50-2.46 (m, 2H, CSCH., overlap with solvent peak), 1.84-1.75 (m,
1H, Hparga), 1.74-1.18 (M, 31H, Hgargs, Hyarg, HpLys, Hyys, HaLys, (CH2)11CHg), 0.85 (t, J = 6.9 Hz,
3H, CHs). *C NMR (151 MHz, DMSO-dg) 8 203.6 (C=S), 173.2 (COar), 171.1 (COys), 163.7
(CObha), 156.7 (NHC(=NH)NH2), 134.9 (Cqpha), 104.0 (Cppha), 56.9 (CaLys), 52.9 (Caarg), 45.0
(CSCH,), 44.9 (CeLys),40.44 (CH3SOy), 40.37 (Csarg), 31.9 (Cpuys), 31.3 (CH2CH,CHa), 29.0—-28.2

(:I.OC, CB,Arg, (gHZ)llCHB), 268 (Céyl_ys), 254 (CV’Arg), 228 (CV’Lys), 221 (QHZCHQ,), 139 (CH3)

Analytical HPLC gradient 0-95% eluent Il in eluent | (C8; 35 min total runtime), tr 26.0 min (>98%,
UV230). HRMS calcd for C3oHsoNgOsS2" [M+H]*, 675.4044; found 675.4043.
Fmoc-hArg(Boc)-OH (S28). The compound was synthesized as previously described,*? apart from
oo elevating the temperature to 40 °C. Isolated yield 311 mg, 57% in two steps from
Fmoc-Lys(Boc)-OH. *H NMR (600 MHz, CDCls) 8 11.46 (br s, 1H, COOH), 8.52
(S, IH, NHeharg), 7.75 (d, J = 7.5 Hz, 2H, HarFmoc), 7.63—7.53 (M, 2H, HarFmoc), 7.38
Fmoen (4t 32 7.5, 0.9 Hz, 2H, Hacemee), 7.30 (td, J = 7.5, 1.2 Hz, 2H, Hacgmoe), 557 (d, I =
7.9 Hz, 1H, NHqharg), 4.59-4.32 (M, 3H, CH2 Fmoc, Haharg), 4.22 (t, J = 7.0 Hz, 1H, CHemoc), 3.58-3.21
(M, 2H, Henarg), 2.00-1.89 (M, 1H, Hpnarga), 1.89-1.78 (M, 1H, Hpnargs), 1.69—-1.21 (M, 22H, Hynar,
Ha.narg, C(CH3)3.a, C(CH3)s). *C NMR (151 MHz, CDCls) & 174.6 (COOH), 156.17 (HN(CN)NHBoc;
or COfrmoc), 156.15 (HN(CN)NHBoc, or COfmoc), 153.3 (COgoc), 144.0 (Carfmoc), 143.9 (Carrmoc),
141.4 (2Car,Fmoc), 127.8 (CarFmoc), 127.2 (CarFmoc), 125.3 (2CarFmoc), 120.1 (2CarFmoc), 83.8 (C(CHs)za,
C(CHa)s,8), 67.2 (CHz,rmoc), 53.4 (Canarg), 47.3 (CHrmoc), 41.0 (Csharg), 32.0 (Cgiharg), 29.2 (Cs,harg),
28.3 (C(CHsa)3 ), 28.2 (C(CHz3)3,4), 22.8 (Cy). ESI-MS m/z calcd for CasHasNsO13* [M+H]*, 611.3; found
611.4. CAS RN: 158478-81-0. The data is in agreement with literature with minor deviations in

HN NHBoc

reported chemical shifts.*?

4-(tert-butyl)-N-((4-(5-(dimethylamino)pentanamido)phenyl)carbamothioyl)benzamide

cr.co0® (tenovin-6). To a stirring solution of S35 (100 mg, 0.31 mmol) in
3 H H

© o "yt 2.0 mL anh. CH,Cl, at 0 °C was added 5-bromovaleryl chloride
~H S o

LN (43 pL, 0.32 mmol), followed by iPr.NEt (106 pL, 0.61 mmol). The

reaction mixture was stirred at 0 °C for 10 min and then overnight at ambient temperature. Next,
dimethylamine (100 pL, 0.56 mmol, 33% in abs. ethanol (~5.6 M) was added and the reaction was
stirred for an additional 6 h at ambient temperature. The mixture was diluted with CH2Cl, (25 mL)
and the resulting organic layer washed with ag. NaOH (1 M, 25 mL) and brine (25 mL), dried over
Na, SOy, filtered and concentrated under reduced pressure to afford the crude product. Preparative

reversed-phase HPLC purification afforded tenovin-6 (28 mg, 20% over 2 steps) as an off-white
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fluffy material after lyophilisation. *H NMR (600 MHz, DMSO-dg)  12.60 (s, 1H, CONHAr), 11.41 (s,
1H, ArNH(C=S)), 10.07 (s, 1H, (C=S)NHCO), 9.47 (s, 1H, NH*(CH3),), 8.00-7.88 (m, 2H, Ha/), 7.73—
7.52 (m, 6H, Har), 3.07 (q, J = 5.4, 3.1 Hz, 2H, CH2N(CHa)z2), 2.77 (s, 6H, N(CHz3)2), 2.39 (1, J = 6.8
Hz, 2H, CH,CO), 1.71-1.59 (m, 4H, (CH2).CH,CO), 1.32 (s, 9H, (CHs)3). *C NMR (151 MHz, DMSO-
ds) 8 179.0 (C=S), 170.7 (CH2CO), 168.1 (NHCOAr), 157.9 (q, J = 31.0 Hz, residual COr¢a), 156.3
(CC(CHa)s), 137.3 (Car), 132.9 (Car), 129.3 (Car), 128.6 (Car), 125.3 (Car), 124.8 (Car), 119.0 (Ca),
117.2 (g, J = 298.9 Hz, residual CF3ra), 56.4 (CH2N(CHs)2), 42.2 N(CHs),), 35.5 (CH.CO), 34.9
(C(CHsa)3), 30.8 (C(CHs3)3), 23.4 (NCH.CH>), 21.8 (CH,CH>CO). Analytical HPLC gradient 0—95%
eluent Il in eluent | (C8; 35 min total runtime), tr 21.9 min (>98%, UVa230). ESI-MS m/z calcd for
C2sH3sN4O,S* [M+H]*, 455.2; found 455.3. CAS RN: 1011557-82-6. The data is in agreement with

literature.*

S2iL5. The macrocyclic peptide, S2iL5, was synthesized with standard Fmoc-based SPPS using
(o]

Rink amide linker on TentaGel® resin (167 mg, estimated loading: 0.24 mmol/g),
inspired by prior synthesis.*® The resulting N-terminal a-amino group was incubated
with a 0.2 M solution of chloroacetyl chloride in DMF (4 mL) and agitated for 40 min
at ambient temperature and subsequently washed with DMF (3x5 mL) and CH.Cl,
(3x5 mL). Global deprotection and cleavage from the resin was performed with a
solution of TFA/DODT/TIPS/H,O (5.0 mL, 92.5:2.5:2.5:2.5; v/v) under agitation at

ambient temperature for 3 h. The solution was collected, and the resin was washed

with an additional TFA (2.0 mL). Solvent was removed under a stream of nitrogen the peptide was
triturated in ice-cold ether. The resulting pellet was dissolved in 20 mL H>.O:MeCN (1:1) and NEts
(2-3 drops) was added and the reaction stirred for 30 min at 42 °C resulting in the formation of an
off-white precicipitate. The solution was acidified with a few drops of TFA and concentrated under
reduced pressure followed by preparative reversed-phase HPLC purification to afford the
macrocycle S2iL5 (11 mg, 14% based on resin loading) as colorless fluffy material after
lyophilization. Analytical HPLC gradient 0—-95% eluent Il in eluent | (C8; 35 min total runtime), tr
14.3 min (>98%, UVa30). HRMS m/z calcd for CgoHi24F3N27023S2* [M+2H]?*, 1019.9513; found
1019.9509. CAS RN: 1707311-44-1.
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Drug treatment for analysis of cytotoxicity in cells

Cell culture. All cell culture media contained 10% (v/v) FBS (Thermo Fisher Scientific;
cat. #26140079) and 1% penicillin-streptomycin (Sigma-Aldrich; cat. #P4333) unless stated
otherwise and cultured at 37 °C with 5% CO; in a humidified incubator. MCF-7 (Sigma-Aldrich;
cat. #86012803) and Hela (Sigma-Aldrich; cat. #93021013) cells were maintained in Minimum
Essential Medium Eagle (MEM, Sigma-Aldrich; cat. #M2279) supplemented with L-glutamine
(2.0 mM, Sigma-Aldrich; cat. #G67513) and MEM non-essential amino acid solution (1%, Sigma-
Aldrich; cat. #P7145). Jurkat (Sigma-Aldrich; cat. #88042803) cells were maintained in Roswell Park
Memorial Institute medium (RPMI-1640, Sigma-Aldrich; cat. #R0883). HEK293T (ATCC,; cat. #CRL-
1573) cells were maintained in Dulbecco’s modified Eagle’s medium (DMEM, Thermo Scientific;

cat. #11965118). Cell lines were sub-cultured every 2-4 days.

Cell viability assays. Cell viability was assessed using MTT* cell growth kits (Merck Millipore;
cat. #CT02) as previously described.® In short, cells were seeded into flat 96-well plates (Corning,
cat. #3596) at 5,000 cells/well (HEK293T and HelLa) or 10,000 cells/well (Jurkat and MCF-7). After
24 h, test compounds were added to final concentrations ranging from 100-0.02 uM and incubated
for 72 h. Cell viability was measured following the manufacturer’s protocol. The relative cell viability
in presence of test compounds was measured at 570 nm normalized to the DMSO-treated controls
after background subtraction at 630 nm on a plate reader. All viability assays were performed as

duplicates of triplicates. GraphPad Prism (vers. 8.1.2) was used to determine ECsp values.
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Full Western blot images
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DMSO control CETSA experiment 2
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CETSA experiment 1: Compound 26
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CETSA experiment 2: Compound 26
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CETSA experiment 3: Compound 26
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CETSA experiment 1: Compound 26-D
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CETSA experiment 2: Compound 26-D
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CETSA experiment 3: Compound 26-D
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CETSA experiment 1: Compound TM
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CETSA experiment 2: Compound TM
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Analytical HPLC spectra of final compounds
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NMR spectra

'H and **C spectra of compound 2
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'H and *C spectra of compound 3
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'H and *3C spectra of compound 5
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'H and *3C spectra of compound 6
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'H and *3C spectra of compound 7
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'H and *3C spectra of compound 8
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'H and *3C spectra of compound 9
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'H and *C spectra of compound 10
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'H and **C spectra of compound 11
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'H and **C spectra of compound 12
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'H and *C spectra of compound 13
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'H and **C spectra of compound 14
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'H and *C spectra of compound 15
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'H and *C spectra of compound 16
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'H and **C spectra of compound 17
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'H and *C spectra of compound 18
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'H and *C spectra of compound 19
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'H and *C spectra of compound 20
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'H and **C spectra of compound 21
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'H and **C spectra of compound 22
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'H and **C spectra of compound 23.
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'H and **C spectra of compound 24
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'H and *3C spectra of compound 24-D
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'H and *C spectra of compound 25
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!H-'H COSY and 'H-*C HSQC spectra of compound 25
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!H-13C HMBC spectrum of compound 25
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'H and *3C spectra of compound 25-D
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!H-'H COSY and H-*C HSQC spectra of compound 25-D
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'H-13C HMBC spectrum of compound 25-D
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!H-'H COSY and 'H-*C HSQC spectra of compound 26
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!H-13C HMBC spectrum of compound 26
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'H and *3C spectra of compound 26-D
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!H-'H COSY and H-*C HSQC spectra of compound 26-D
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'H-13C HMBC spectrum of compound 26-D
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'H and *C spectra of compound S1
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'H and *C spectra of compound S2
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'H and *C spectra of compound S3
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'H and *3C spectra of compound S4
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'H and 3C spectra of compound S5
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'H and *C spectra of compound S6

DMSO

F1100
1000
r900
800

700
600

500

400
300
r200
100

A

I/

P

I

b

ants

80¢C
98'L

L6'0
L8'0
280
€6°0
680

€L
Le'8
90°L

€80
L8'0
S8°0

1 (ppm)

13 12 " 10

14

DMSO

900
850

800

750

700

650

600

550

500

450

400

350

300

250

200

150

100

50

Y

=50

L'82T
T mNﬂV
m.nmﬂ\.

0'8BET—

L9ST—

ToT—
9T~
TeLT—

200

-10

40

190

210

f1 (ppm)

S129



'H and **C spectra of compound S7
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'H and *C spectra of compound S8
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'H and *C spectra of compound S9
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'H and *C spectra of compound S10
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'H and **C spectra of compound S11
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'H and **C spectra of compound S12
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'H and *C spectra of compound S13
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'H and **C spectra of compound S14
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'H and *C spectra of compound S15
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'H and *C spectra of compound S16
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'H and 3C spectra of compound S17
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'H and *C spectra of compound S18
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'H and **C spectra of compound S19
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19F spectrum of compound S19
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'H and *C spectra of compound S20
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'H and **C spectra of compound S21
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'H and **C spectra of compound S22
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'H and 3C spectra of compound S23
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'H and *3C spectra of compound S24
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'H and 3C spectra of compound S25
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'H and *C spectra of compound S26
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'H and *C spectra of compound S28
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1H and *3C spectra of TM
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'H and *3C spectra of tenovin-6
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