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Supplementary Information Text

Synthesis

General information

All reagents were from commercial suppliers (Merck, Thermo Fisher Scientific, Enamine).
Anhydrous solvents were under an atmosphere of Nz or Ar gas. All solvents, liquids and solutions
were transferred using stainless steel needles and syringes or gas-tight micro-syringes. All
solvents used in extractions, work-up procedures, and purifications were of HPLC grade.

Column chromatography was performed using an automated Biotage® Selekt purification
machine using Biotage® Sfar Silica D Duo chromatography cartridges. The cartridge size, solvent
gradients, and column volumes (CV) used are specified in individual experimental procedures.

High-performance liquid chromatography (HPLC) purification was performed using a Shimadzu
Nexera or a Teledyne ACCQPrep HP150 semi-preparative machine, equipped with an Avantor®
ACE® 10 AQ preparative column (250 x 21.2 mm) at flow rate of 20 mL/min, using a linear
gradient of 2% (v/v) to 98% (v/v) acetonitrile in water (each containing 0.1% (v/v) formic acid)
over 45 or 30 min, unless specified otherwise.

Thin layer chromatography (TLC) analyses were performed on Merck silica gel 60 Fzs4 TLC
plates; compounds were visualized under UV light followed by ninhydrin stain.

High resolution mass spectrometry (HRMS) data were recorded in the positive ionization mode
via flow injection analysis on an ACQUITY I-Class PLUS UPLC System (Waters, Milford, MA,
USA) coupled to an ACQUITY RDa mass spectrometer (Waters, Milford, MA, USA) equipped with
an electrospray ionization (ESI) probe.

NMR spectra were recorded using Bruker AVIII HD 400, AVIII HD 600, or AVIII 700 instruments.
For 'TH NMR, chemical shifts are reported in ppm downfield from tetramethylsilane, referenced to
residual protium in the NMR solvent (DMSO-ds: & = 2.50 ppm). For 3C NMR, chemical shifts are
reported in the scale relative to the NMR solvent (DMSO-de: & = 39.52 ppm). Coupling constants
are accurate to 0.1 Hz. 'F NMR chemical shifts are reported in ppm and referenced to an
external standard.

IR spectroscopy was performed using a Bruker Tensor-27 Fourier transform infrared (FT-IR)
spectrometer. Only purified samples were analyzed.

Optical rotations were determined using a Unipol (Schmidt Haensch) polarimeter at the sample
concentrations specified in the individual experimental procedures (in g-100 mL1). Results are
reported as [a]} values in deg-cm?2-g* at a water bath temperature of T = 25 °C and at the
wavelength of the D sodium line (A = 589 nm).

General Synthetic Procedures
General Procedure A

A solution of N,N-dicyclohexylcarbodiimide (DCC) (1)(1.08 equiv.) in anhydrous tetrahydrofuran
(0.68 M) was added dropwise to a solution of an N-Fmoc-protected a-amino acid (1.0 equiv.) and
N-hydroxysuccinimide (NHS; 1.0 equiv.) in anhydrous tetrahydrofuran (0.19 M) at 0 °C under an
atmosphere of N2 gas. The reaction mixture was stirred while being allowed to warm to ambient
temperature overnight (14-17 h). The resultant suspension was then cooled to —20 °C for 1.5 h
and filtered through celite®; the filtrate was concentrated under reduced pressure. The crude
residue was redissolved in a minimal amount of acetone, cooled to —20 °C for 3 h, and filtered
through celite®. The filtrate was concentrated under reduced pressure to afford the
corresponding purified NHS-ester, which was used in the following step without further
purification.

General Procedure B



A solution of a commercially sourced L-Lys(Boc)-OH amine (1.5 equiv.) and anhydrous Na2CO3
(1.5 equiv.) in a tetrahydrofuran:water mixture (2:1w, 0.10 M) was added dropwise to a solution of
an NHS-ester (1.0 equiv.) in tetrahydrofuran (0.17 M) at 0 °C. The reaction mixture was stirred
until TLC analysis indicated complete substrate conversion (~1-6 h), before being concentrated
under reduced pressure. The crude residue was suspended in ethyl acetate, then washed with
aqueous NaHSO4 (10%ww; 3 times) and brine. The organic layer was dried over anhydrous
Na2S0q4, filtered and concentrated under reduced pressure to afford an amide product which was
used in the following step without further purification.

General Procedure C

An amine hydrochloride salt (1.0 equiv.) was added to a solution of N-Boc-glycine (1.1 equiv.) in
anhydrous dichloromethane (0.24 M) at ambient temperature. N-Methylmorpholine (NMM) (1.1
equiv.), 1-hydroxybenzotriazole hydrate (HOBt) (1.1 equiv.) and N-(3-dimethylaminopropyl)-N'-
ethylcarbodiimide (EDCI) (2) (1.1 equiv.) were then sequentially added to the reaction mixture,
which was then stirred until TLC analysis indicated complete conversion (~3-6 h). The reaction
mixture was concentrated under reduced pressure; the crude residue was suspended in ethyl
acetate and was sequentially washed with aqgueous NaHSO4 (10%uww; 4 times), saturated
aqueous NaHCOs (3 times), and brine (3 times). The organic layer was dried over anhydrous
Naz2S0Oq, filtered and concentrated under reduced pressure to give the amide product, which was
used in the following step without further purification.

General Procedure D

HCI in dioxane (4 M; 4.0 equiv.) was added to a solution of an N-Boc-protected amine (1.0 equiv.)
in anhydrous dichloromethane (0.2 M) at ambient temperature under an atmosphere of N2. The
reaction mixture was stirred overnight (15-19 h), then concentrated under reduced pressure. The
crude amine product was used immediately in the following reaction, without purification,.

General Procedure E

N-Methylmorpholine (NMM; 1.5 equiv.) and iso-butyl chloroformate (IBCF) (1.0 equiv.) were
sequentially added to a solution of an N-Fmoc-protected a-amino acid (1.0 equiv.) in
tetrahydrofuran (0.06 M) at —15 °C under an atmosphere of N2 gas. The reaction mixture was
stirred vigorously for 10 min, then a solution of an amine hydrochloride (1.0 equiv.) in
tetrahydrofuran:water (3:1vwv, 0.13 M) was added. Additional NMM (1.5 equiv.) was added to the
reaction mixture, which was then stirred while warming to ambient temperature over 2 h, before
being concentrated under reduced pressure. The crude residue was suspended in water and the
suspension was acidified by addition of aqueous H2SO4 (2 N) to pH 1, then extracted with ethyl
acetate (3 times); the organic extracts were combined and sequentially washed with saturated
aqueous NaHCOs and brine, dried over anhydrous Na2SOg, filtered and concentrated under
reduced pressure. The crude amide product was used in the following step without purification.

General Procedure F

An excess of N,N-diethylamine (~72 equiv.) was added to a suspension of an N-Fmoc-protected
amine (1.0 equiv.) in acetonitrile (0.13 M). The reaction mixture was stirred until TLC analysis
indicated complete conversion (~1-1.5 h), before being concentrated under reduced pressure and
being azeotroped with acetonitrile to remove residual N,N-diethylamine (3 times). Then, 4-(N,N-
dimethylamino)pyridine (DMAP) (1.05 equiv.), anhydrous tetrahydrofuran (0.09 M) and acetic
anhydride (1.05 equiv.) or trifluoroacetic anhydride (1.05 equiv.) were added sequentially to the
crude residue. The resultant mixture was stirred under reflux for 1 h, then cooled to ambient
temperature. The reaction mixture was concentrated under reduced pressure, and the crude
residue was redissolved in ethyl acetate before being sequentially washed with aqueous HCI (1
M), saturated aqueous NaHCOs3 and brine, dried over anhydrous Na2SOg, filtered, and
concentrated under reduced pressure. The residue was purified via flash column chromatography
and/or reversed-phase high-performance liquid chromatography (HPLC) to give the
corresponding amine.



General Procedure G

An N-Boc-protected amine (1.0 equiv.) was diluted in formic acid (0.04 M); the resultant mixture
was stirred at ambient temperature until TLC analysis indicated complete conversion (~2.5-3 h).
The reaction mixture was then concentrated under reduced pressure; the crude residue was
suspended in acetonitrile (0.03 M). HCI in dioxane (4 M; 2.0 equiv.) was added to the mixture,
which was then sonicated and allowed to sediment. The supernatant was removed before the
residue was sonicated in acetonitrile (0.03 M) and allowed to sediment twice more. The
supernatant was removed both times, and the resultant solid was dried under reduced pressure
and used without further purification as the free deprotected amine.

General Procedure H

To a solution or suspension of a N?-acetylated, Ne-Boc-protected tetrapeptide alkyne (1.0 equiv.)
in 2-propanol (0.05 M) was added a solution of HCI in dioxane (4M; ~ 80 equiv.), at ambient
temperature under an atmosphere of nitrogen. The reaction mixture was stirred at ambient
temperature for 1 h before being concentrated under reduced pressure. The solid residue was
suspended in acetonitrile (~ 0.03 M) and sonicated. The dispersed solid was allowed to sediment
before the supernatant was removed. The precipitate was dried in vacuo to afford the
corresponding Neé-deprotected tetrapeptide alkyne as hydrochloride adduct, which was >95% pure
as judged by 'H and '3C NMR analysis.

General Procedure |

A solution of an NHS-ester (1.0 equiv.) in DMF (0.06 M) was added dropwise to a solution of an
amine (1.0 equiv.) in saturated aqueous NaHCOs3 (0.28 M) at ambient temperature. The reaction
mixture was stirred until TLC analysis indicated complete conversion (~2 h), before being
concentrated under reduced pressure. The residue was purified via high-performance liquid
chromatography to give the corresponding amide.

General Procedure J

An excess of N,N-diethylamine (72 equiv.) was added to a suspension of an N-Fmoc-protected
amine (1.0 equiv.) in acetonitrile (0.13 M). The reaction mixture was stirred until TLC analysis
indicated complete conversion (~1-1.5 h), before being concentrated under reduced pressure and
being azeotroped with acetonitrile to remove residual N,N-diethylamine (3 times). The crude
amine product was used immediately, without further purification, in the following reaction.

Synthetic Procedures and Characterization
2,5-Dioxopyrrolidin-1-yl (((9H-fluoren-9-yl)methoxy)carbonyl)-L-leucinate (I1)
According to General Procedure A, NHS-ester 11 (3.22 g,

apparent quant.) was obtained from Fmoc-L-Leu-OH (2.50 g,
7.1 mmol). Note that '"H NMR spectroscopy revealed the

O presence of minor amounts of 2,6-di-tert-butyl-4-methylphenol
(BHT) (<1%), resulting from the use of THF as solvent that
Fmoc\ O\N contained BHT as a stabilizer; the product was used without
H further purification.
O
O

White foam; 'H NMR (500 MHz, DMSO-ds): 5 = 8.12 (d, J =
8.1 Hz, 1H), 7.89 (d, J = 7.5 Hz, 2H), 7.72-7.69 (m, 2H), 7.42 (t, J = 7.4 Hz, 2H), 7.32 (it, J = 7.4,
1.5 Hz, 2H), 4.42 (ddd, J = 10.4, 8.0, 4.5 Hz, 1H), 4.36 (d, J = 7.0 Hz, 2H), 4.24 (t, J = 6.9 Hz,
1H), 2.80 (s, 4H), 1.81-1.69 (m, 2H), 1.68-1.59 (m, 1H), 0.93 (d, J = 6.3 Hz, 3H), 0.88 ppm (d, J =
6.3 Hz, 3H); 13C NMR (125 MHz, DMSO-de): & = 170.0 (2C), 169.1, 156.0, 143.8, 143.6, 140.8



(2C), 127.7 (2C), 127.0(7), 127.0(6), 125.2 (2C), 120.2, 120.1, 65.8, 50.5, 46.6, 39.3 (determined
by HSQC), 25.5 (2C), 24.1, 22.7, 21.0 ppm: IR (film): ¥ = 2957, 2926, 2870, 2853, 1816, 1786,
1740, 1522, 1449, 1362, 1325, 1257, 1206, 1066, 1046 cm-'; HRMS (ESI): m/z calculated for
CasH2s06N2Na [M+Na]*: 473.1683, found: 473.1681; [a]25 = —31.5 (¢ = 0.50, CHCl3).

2,5-Dioxopyrrolidin-1-yl (((9H-fluoren-9-yl)methoxy)carbonyl)-D-leucinate (12)

According to General Procedure A, NHS-ester 12 (1.70 g,
95%) was obtained from Fmoc-D-Leu-OH (1.41 g, 4.0 mmol).

)\ Note that 'TH NMR spectroscopy revealed the presence of
minor amounts of BHT (<2%), resulting from the use of THF
as solvent contained BHT as a stabilizer; the product was

O
FmOC\ /\H/O\D used without further purification.

0O White foam; "H NMR (500 MHz, DMSO-ds): 6 =8.12 (d, J =

8.1 Hz, 1H), 7.89 (d, J = 7.6 Hz, 2H), 7.72-7.69 (m, 2H), 7.42

(t, J=7.5Hz, 2H), 7.32 (tt, J= 7.4, 1.5 Hz, 2H), 4.43 (ddd, J =

10.4, 8.0,4.5 Hz, 1H), 4.36 (d, J=7.0 Hz, 2H), 4.24 (t, J=6.9
Hz, 1H), 2.80 (s, 4H), 1.79-1.71 (m, 2H), 1.65-1.60 (m, 1H), 0.93 (d, J = 6.3 Hz, 3H), 0.88 ppm (d,
J =6.3 Hz, 3H); 3C NMR (125 MHz, DMSO-ds): 6 = 170.0 (2C), 169.1, 156.0, 143.8, 143.6,
140.8 (2C), 127.7 (2C), 127.0(7), 127.0(6), 125.2 (2C), 120.2, 120.1, 65.8, 50.5, 46.6, 39.3
(determined by HSQC), 25.5 (2C), 24.1, 22.7, 21.0 ppm; IR (film): ¥ = 2956, 2925, 2870, 2852,
1816, 1786, 1739, 1524, 1450, 1361, 1327, 1258, 1206, 1065, 1046 cm-'; HRMS (ESI): m/z
calculated for C2sH2606N2Na [M+Na]*: 473.1683, found: 473.1681; [a]3® = +34.6 (c = 0.50,
CHClgs).

2,5-Dioxopyrrolidin-1-yl (S)-2-((((9H-fluoren-9-yl)methoxy)carbonyl)amino)-3-
cyclohexylpropanoate (I3)

According to General Procedure A, NHS-ester 13 (1.24 g, 99%)
was obtained from Fmoc-L-Cha-OH (1.00 g, 2.6 mmol). Note that
"H NMR spectroscopy revealed the presence of minor amounts of
O BHT (<2%), resulting from the use of THF as solvent that
Fmoc\N 0] // contained BHT as a stabilizer; the product was used without

\D further purification
o)
0”7 White foam; "H NMR (600 MHz, DMSO-ds): & = 8.11 (d, J = 8.0

Hz, 1H), 7.90 (d, J = 7.5 Hz, 2H), 7.71-7.70 (m, 2H), 7.42 (t, J =
7.4 Hz, 2H), 7.33 (t, J = 7.5, 2H), 4.45 (ddd, J = 10.3, 8.0, 4.6 Hz, 1H), 4.38-4.32 (m, 2H), 4.25 (1,
J=6.9 Hz, 1H), 2.80 (s, 4H), 1.76-1.61 (m, 7H), 1.49-1.42 (m, 1H), 1.24-1.09 (m, 3H), 1.00-0.93
(m, 1H), 0.90-0.84 ppm (m, 1H); 13C NMR (150 MHz, DMSO-de): & = 170.0 (2C), 169.2, 155.9,
143.8, 143.6, 140.7 (2C), 127.7 (2C), 127.1, 127.0, 125.2 (2C), 120.2, 120.1, 65.9, 49.9, 46.6,
38.0, 33.3, 32.9, 31.2, 25.9, 25.7, 25.4(9), 25.4(6) (2C) ppm; IR (film): ¥ = 2923, 2851, 1816,
1786, 1740, 1522, 1449, 1361, 1329, 1259, 1205, 1065, 1045 cm-'; HRMS (ESI): m/z calculated
for CasH3006N2Na [M+Na]*: 513.1996, found: 513.1994; [a]3° = —22.4 (c = 0.50, CHCl3).

2,5-Dioxopyrrolidin-1-yl (S)-2-((((9H-fluoren-9-yl)methoxy)carbonyl)amino)-2-
cyclohexylacetate (14)

According to General Procedure A, NHS-ester 14 (1.15 g, 89%)
was obtained from Fmoc-L-Chg-OH (1.03 g, 2.7 mmol). Note that
"H NMR spectroscopy revealed the presence of minor amounts of
BHT (<2%), resulting from the use of THF as solvent that

O contained BHT as a stabilizer; the product was used without

FmOC\N O‘N further purification.
H 0O P White foam; '"H NMR (600 MHz, DMSO-ds): 6 =8.12 (d, J= 8.4
0 Hz, 1H), 7.89 (d, J = 7.4 Hz, 2H), 7.75 (d, J = 7.5 Hz, 1H), 7.73 (d,
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J=7.5Hz, 1H), 7.41 (t, J = 7.4 Hz, 2H), 7.36-7.29 (m, 2H), 4.36-4.30 (m, 3H), 4.24 (t, J = 7.2 Hz,
1H), 2.81 (s, 4H), 1.89-1.84 (m, 1H), 1.80-1.78 (m, 1H), 1.72-1.71 (m, 3H), 1.63-1.61 (m, 1H),
1.28-1.08 (m, 5H); 3C NMR (150 MHz, DMSO-ds): 6 = 170.0 (2C), 167.8, 156.2, 143.8, 143.6,
140.7 (2C), 127.7 (2C), 127.1, 127.0, 125.3(2), 125.2(6), 120.1(1), 120.1(0), 66.0, 57.4, 46.6,
39.1 (determined by HSQC), 28.4, 27.7, 25.5 (2C), 25.4 (3C) ppm: IR (film): ¥ = 2925, 2853,
1815, 1785, 1740, 1527, 1515, 1450, 1358, 1331, 1297, 1247, 1205, 1064, 1033 cm'; HRMS
(ESI): m/z calculated for C27H2806N2Na [M+Na]*: 499.1840, found: 499.1840; [a]3° =-8.8 (c =
0.50, CHCls).

N?-((((9H-Fluoren-9-yl)methoxy)carbonyl)-L-leucyl)-N®-(tert-butoxycarbonyl)-L-lysine (15)

According to General Procedure B, dipeptide 15 (1.54 g,
98%) was obtained from NHS-ester 11 (1.22 g, 2.71

0 mmol). Note that evidence for partial loss (<2%) of the
H Fmoc group was observed in using '"H NMR
Fmoc\N NvlL OH spectroscopy.
H 0] 3 White foam; '"H NMR (500 MHz, DMSO-ds): 6 = 12.50
H (br, 1H), 8.04 (d, J=7.6 Hz, 1H), 7.89 (d, J = 7.6 Hz,
2H), 7.72 (t, J = 7.4 Hz, 2H), 7.48 (d, J = 8.6 Hz, 1H),

BOC 741 (t, J= 7.4 Hz, 2H), 7.33-7.30 (m, 2H), 6.74 (t, J =
5.4 Hz, 1H), 4.31-4.19 (m, 3H), 4.15-4.06 (m, 2H), 2.89-

2.85 (app. q, 2H), 1.72-1.53 (m, 3H), 1.50-1.39 (m, 2H), 1.38-1.21 (m, 13H), 0.89 (d, J = 6.6 Hz,
3H), 0.85 ppm (d, J = 6.6 Hz, 3H); '3C NMR (125 MHz, DMSO-de): & = 173.5, 172.4, 155.8,
155.5, 144.0, 143.7, 140.7 (2C), 127.6 (2C), 127.0 (2C), 125.3 (2C), 120.1(0), 120.0(7), 77.31,
65.52, 52.82, 51.78, 46.69, 40.73, 39.5 (determined by HSQC), 30.7, 29.1, 28.3 (3C), 24.1, 23.1,
22.8, 21.5 ppm; IR (film): ¥ = 3312, 3066, 3009, 2956, 2927, 2869, 1708, 1665, 1532, 1451,
1407, 1394, 1367, 1338, 1319, 1251, 1171, 1122, 1079, 1044 cm-'; HRMS (ESI): m/z calculated
for Cs2Ha407N3 [M+H]*: 582.3174, found: 582.3171; [a]2® = -0.2 (c = 0.50, CHCls).

N?-((((9H-Fluoren-9-yl)methoxy)carbonyl)-D-leucyl)-N®-(tert-butoxycarbonyl)-L-lysine (16)
According to General Procedure B, dipeptide 16 (605 mg,

)\ 94%) was obtained from NHS-ester 12 (500 mg, 1.1 mmol).
2 v 0 White foam; '"H NMR (600 MHz, DMSO-ds): 6 = 12.56 (br,
: 1H), 8.12 (d, J=7.9 Hz, 1H), 7.89 (d, J = 7.5 Hz, 2H), 7.73
Fmoc N
\N/\n/ YlLOH (t,J=7.6Hz,2H),7.45(d, J=8.8Hz, 1H), 741 (t, /=7 .4
H 0 E Hz, 2H), 7.33-7.30 (m, 2H), 6.73 (t, J = 5.5 Hz, 1H), 4.29-

LH 4.19 (m, 3H), 4.16-4.11 (m, 2H), 2.90-2.81 (m, 2H), 1.70-
N_ 1.64 (m, 1H), 1.64-1.53 (m, 2H), 1.51-1.46 (m, 1H), 1.42-

Boc  1.30 (m, 12H), 1.27-1.18 (m, 2H), 0.89 (d, J = 6.6 Hz, 3H),

0.86 ppm (d, J = 6.6 Hz, 3fH); *C NMR (150 MHz, DMSO-

de): 5= 173.5, 172.3, 155.8, 155.5, 143.9, 143.7, 140.7 (2C), 127.6 (2C), 127.0(4), 127.0(1),
125.4,125.3, 120.1 (2C), 77.3, 65.6, 52.9, 51.7, 46.7, 41.2, 39.4 (determined by HSQC), 30.8,
28.9, 28.3 (3C), 24.2, 23.0, 22.6, 21.5 ppm; IR (film): ¥ = 3311, 3069, 3019, 2954, 2927, 2864,
2854, 1712, 1662, 1529, 1479, 1451, 1412, 1367, 1319, 1252, 1172, 1122, 1079, 1044 cm-";
HRMS (ESI): m/z calculated for Cs2Ha207N3 [M-H]: 580.3028, found: 580.3022; [a]3® = +26.2 (c =
0.50, CHCla).



N?-((S)-2-((((9H-Fluoren-9-yl)methoxy)carbonyl)amino)-3-cyclohexylpropanoyl)-Né-(tert-
butoxycarbonyl)-L-lysine (17)

According to General Procedure B, dipeptide 17 (823
mg, 92%) was obtained from NHS-ester I3 (706 mg, 1.4

mmol).
qH o9 White foam; "H NMR (500 MHz, DMSO-ds): 5 = 12.50
Fmoc. NvlL (br, 1H), 8.03 (d, J = 7.7 Hz, 1H), 7.89 (d, J = 7.6 Hz,
H 7 "OH 2H), 7.73-7.71 (m, 2H), 7.48 (d, J = 8.5 Hz, 1H), 7.42 (t,
o = J = 7.3 Hz, 2H), 7.33-7.30 (m, 2H), 6.73 (t, J = 5.4 Hz,
H 1H), 4.31-4.27 (m, 1H), 4.24-4.20 (m, 2H), 4.15-4.08 (m,
2H), 2.89-2.85 (app. q, 2H), 1.72-1.51 (m, 7H), 1.50-

Boc 141 (m, 2H), 1.37-1.16 (m, 15H), 1.16-1.07 (m, 2H),
0.93-0.81 ppm (m, 2H); *C NMR (125 MHz, DMSO-db):

0=173.5,172.5, 155.8, 155.5, 143.9, 143.8, 140.72 (2C), 127.6 (2C), 127.0 (2C), 125.3 (2C),
120.1 (2C), 77.3, 65.6, 52.2, 51.8, 46.7, 39.5 (determined by HSQC), 39.0 (determined by
HSQC), 33.4, 33.2, 31.8, 30.7, 29.1, 28.3 (3C), 26.1, 25.9, 25.7, 22.7 ppm; IR (film): ¥ = 3309,
3063, 2925, 2852, 1701, 1669, 1533, 1524, 1478, 1450, 1407, 1395, 1367, 1277, 1249, 1171,
1134, 1107, 1082, 1043 cm-'; HRMS (ESI): m/z calculated for C3sHasO7N3 [M-H]: 620.3341,
found: 620.3332; [a]3® = +1.7 (c = 0.50, CHCl3).

N?-((S)-2-((((9H-Fluoren-9-yl)methoxy)carbonyl)amino)-2-cyclohexylacetyl)-N®-(tert-
butoxycarbonyl)-L-lysine (I8)

According to General Procedure B, dipeptide 18 (435 mg,
87%) was obtained from NHS-ester 14 (390 mg, 0.8
mmol). Note that evidence for partial loss (<2%) of the

o) Fmoc group was observed using 'H NMR spectroscopy.
H
Fmoc\N N\/lLO H White amorphous solid; "H NMR (500 MHz, DMSO-dg): 6
H H =12.48 (br, 1H), 8.08 (d, J=7.5Hz, 1H), 7.89 (d, J=7.6

O 3 Hz, 2H), 7.76-7.72 (app.t, 2H), 7.41 (t, J = 7.5 Hz, 2H),
H 7.36-7.30 (m, 3H), 6.73 (t, J = 5.4 Hz, 1H), 4.32-4.26 (m,
Nigoe 1H) 4.24-4.19 (m, 2H), 4.15-4.11 (m, 1H), 3.92 (dd, J =
9.1, 7.1 Hz, 1H), 2.89-2.85 (app. q, 2H), 1.71-1.53 (m,
8H), 1.37-1.21 (m, 13H), 1.19-0.93 ppm (m, 5H); 1*C
NMR (125 MHz, DMSO-de): & = 173.5, 171.1, 156.0, 155.5, 144.0, 143.8, 140.72, 140.70, 127.6
(2C), 127.0 (2C), 125.4 (2C), 120.0(9), 120.0(6), 77.3, 65.6, 59.2, 51.8, 46.7, 39.6 (determined by
HSQC), 39.5 (determined by HSQC), 30.6, 29.1, 29.0, 28.3 (3C), 28.1, 25.9, 25.6(1), 25.5(6),
22.7 ppm; IR (film): ¥ = 3308, 3069, 3017, 2927, 2853, 1712, 1663, 1526, 1478, 1450, 1411,
1366, 1335, 1288, 1252, 1171, 1139, 1105, 1083, 1057, 1030 cm-'; HRMS (ESI): m/z calculated
for CasHasO7N3 [M-H]: 606.3185, found: 606.3177; [a]25 = +8.3 (c = 0.50, CHCl3).

tert-Butyl (2-((cyanomethyl)amino)-2-oxoethyl)carbamate (19)

According to General Procedure C, to a solution of Boc-Gly-OH
H N (3.00 g, 17.1 mmol, 1.0 equiv.) in THF (45 mL) were
Boc N% sequentially added N-methyl morpholine (1.88 mL, 17.1 mmol,
\N/\ﬂ/ 1.0 equiv.) and isobutyl chloroformate (2.22 mL, 17.1 mmol, 1.0
H 0 equiv.) at -25 °C under an atmosphere of nitrogen. Immediately
after the formation of a white precipitate, a solution of
aminoacetonitrile sulfate (1.99 g, 9.5 mmol, 1.1 equiv. of the free amine) in precooled water (1.5
mL) and 1 N NaOH (18.9 mL) was added to the mixture. The reaction mixture was allowed to
warm to ambient temperature and stirred for 2h before THF was removed under reduced
pressure. The residue was diluted with water, adjusted to pH 1 with 2N H2SO4 and extracted
three times with ethyl acetate. The combined organic layers were washed with water (1x), a
saturated aqueous solution of NaHCOs (2x) and brine (1x), dried over Na2SO4 and filtered. After



evaporation of the solvent, the solid residue was recrystallized from cyclohexane / ethyl acetate to
afford tert-butyl (2-((cyanomethyl)amino)-2-oxoethyl)carbamate 19 (2.18 g, 60%).

White solid; m.p.: 113-115 °C; "TH NMR (600 MHz, DMSO-ds): & = 8.50 (t, J = 5.4 Hz, 1H), 7.06 {(t,
J=6.0 Hz, 1H), 4.12 (d, J = 5.6 Hz, 2H), 3.57 (d, J = 6.1 Hz, 2H), 1.38 ppm (s, 9H); *C NMR
(150 MHz, DMSO-ds): 6 = 170.2, 155.8, 117.6, 78.2, 43.0, 28.2 (3C), 27.0 ppm; IR (solid): ¥ =
3354, 3319, 2995, 2979, 2942, 1706, 1688, 1671, 1543, 1522, 1432, 1391, 1366, 1350, 1288,
1254, 1239, 1223, 1160, 1081, 1055, 1034 cm-'; HRMS (ESI): m/z calculated for CoH1503N3Na
[M+Na]*: 236.1006, found: 236.1004.

tert-Butyl (2-oxo-2-(prop-2-yn-1-ylamino)ethyl)carbamate (110)

H According to General Procedure C, to a solution of Boc-Gly-OH
Boc N/ (350 mg, 2.0 mmol, 1.1 equiv.) in anhydrous dichloromethane (7.5
‘N/ﬁ( mL) were sequentially added propargylamine (0.12 mL, 1.8 mmol,
H O 1.0 equiv.), N-methyl morpholine (0.22 ml, 2.0 mmol, 1.1 equiv.),
HOBLt hydrate (306 mg, 2.0 mmol, 1.1 equiv.) and EDCI-HCI (383
mg, 2.0 mmol, 1.1 equiv.) at ambient temperature under an atmosphere of nitrogen. The resulting
suspension turned into a solution which was stirred overnight (16 h). The reaction mixture was
diluted with ethyl acetate and the resulting suspension was sequentially washed with a 10%
aqueous solution of NaHSO4 (3x), a saturated aqueous solution of NaHCO3 (3x) and brine (3x).
The organic layer was dried over Na2SOg, filtered and evaporated to afford tert-butyl (2-oxo-2-
(prop-2-yn-1-ylamino)ethyl)carbamate 110 (193 mg, 50%) which was used in the following step
without further purification.

Off-white solid, m.p.: 108.0-111.5 °C; 'TH NMR (600 MHz, DMSO-ds): 6 = 8.21 (t, J = 5.6 Hz, 1H),
6.94 (t, J=6.2 Hz, 1H), 3.85 (dd, J = 5.5 Hz, 2.5 Hz, 2H), 3.51 (d, J = 6.2 Hz, 2H), 3.09 (t, /= 2.6
Hz, 1H), 1.38 ppm (s, 9H); '*C NMR (150 MHz, DMSO-ds): 6 = 169.1, 155.8, 81.1, 78.0, 72.9,
43.0, 28.2 (3C), 27.8 ppm; IR (solid): ¥ = 3314, 3297, 3059, 3009, 2981, 2931, 2919, 2850, 1704,
1677, 1677, 1542, 1473, 1454, 1420, 1389, 1368, 1293, 1255, 1235, 1172, 1071, 1050, 1031,
1018 cm™'; HRMS (ESI): m/z calculated for C1oH1603N2Na [M+Na]*: 235.1053, found: 235.1052.

(9H-Fluoren-9-yl)methyl ((S)-1-(((S)-1-cyano-15,15-dimethyl-3,6,13-trioxo-14-oxa-2,5,12-
triazahexadecan-7-yl)amino)-4-methyl-1-oxopentan-2-yl)carbamate (113)

According to General Procedure E, tetrapeptide
113 (2.01 g, 91%) along with minor impurities
was obtained from dipeptide 15 (1.91 g, 3.3

H 0 H _N mmol) and was used in the next step without

Fmoc N\/lL N Z further purification. Note that evidence for
” E ”/ﬁ( M partial loss (~5%) of the Fmoc group was
0 3 O observed using "H NMR and '3C NMR
I/H spectroscopy.

N\Boc Off-white amorphous solid; '"H NMR (600 MHz,
DMSO-ds): 6 = 8.52 (t, J = 5.3 Hz, 1H), 8.29 (t,

J=5.8 Hz, 1H), 8.00 (d, J = 7.3 Hz, 1H), 7.89 (d, J = 7.5 Hz, 2H), 7.73-7.70 (m, 2H), 7.50 (d, J =
8.5 Hz, 1H), 7.41 (t, J = 7.4 Hz, 2H), 7.33-7.31 (m, 2H), 6.71 (t, J = 5.5 Hz, 1H), 4.36-4.17 (m,
4H), 4.17-4.00 (m, 3H), 3.76 (dd, J = 16.8, 6.1 Hz, 1H), 3.70 (dd, J = 16.8, 5.7 Hz, 1H), 2.88-2.84
(m, 2H), 1.73- 1.57 (m, 2H), 1.56-1.50 (m, 1H), 1.49-1.39 (m, 2H), 1.38-1.29 (m, 11H), 1.29-1.17
(m, 2H, overlap with an impurity signal at 1.23 ppm), 0.88 (d, J = 6.6 Hz, 3H), 0.85 ppm (d, J =
6.5 Hz, 3H); 3C NMR (150 MHz, DMSO-ds): 6 = 172.6, 172.0, 169.6, 155.9, 155.5, 143.9, 143.7,
140.7 (2C), 127.6 (2C), 127.0 (2C), 125.3 (2C), 120.1, 120.08, 117.5, 77.3, 65.5, 52.9, 52.8, 46.7,
41.7, 40.6, 39.5 (determined by HSQC), 31.4, 29.2, 28.3 (3C), 27.0, 24.2, 23.1, 22.5, 21.4 ppm;
IR (solid): ¥ = 3293, 3062, 2956, 2936, 2868, 1688, 1659, 1646, 1530, 1479, 1450, 1404, 1392,
1367, 1336, 1320, 1250, 1171, 1120, 1079, 1044 cm-'; HRMS (ESI): m/z calculated for
CasHa907Ns [M+H]*: 677.3657, found: 677.3658; [a]3° = —17.2 (c = 0.50, MeOH).



(9H-Fluoren-9-yl)methyl ((R)-1-(((S)-1-cyano-15,15-dimethyl-3,6,13-trioxo-14-o0xa-2,5,12-
triazahexadecan-7-yl)amino)-4-methyl-1-oxopentan-2-yl)carbamate (114)

According to General Procedure E,
tetrapeptide 114 (378 mg, 61%) along with
)\ minor impurities was obtained from dipeptide
O H N 16 (535 mg, 0.9 mmol), following column
N/ chromatography (25 g Sfar; 80 mL/min;
0]

B H
Fmoc_ - NvlL
NN YT N initially, 100% dichloromethane (3 CV),
H 0 2 H followed by a linear gradient (15 CV): 0%wv —

H 50%vw methanol in dichloromethane). Note
N_ that evidence for partial loss (~5%) of the
Boc Fmoc group was using 'H NMR spectroscopy.

Off-white amorphous solid; "H NMR (600 MHz, DMSO-ds): 6 = 8.47 (t, J = 5.6 Hz, 1H), 8.23 (t, J =
6.0 Hz, 1H), 8.20 (d, J = 7.7 Hz, 1H), 7.89 (d, J = 7.6 Hz, 2H), 7.73-7.70 (app.t, 2H), 7.54 (d, J =
8.0 Hz, 1H), 7.41 (t, J = 7.4 Hz, 2H), 7.33-7.30 (m, 2H), 6.71 (t, J = 5.3 Hz, 1H), 4.32-4.17 (m,
4H), 4.15-4.08 (m, 3H), 3.75 (dd, J = 16.7, 6.0 Hz, 1H), 3.70 (dd, J = 16.7, 5.8 Hz, 1H), 2.89-2.81
(m, 2H), 1.70-1.62 (m, 1H), 1.61-1.56 (m, 1H), 1.55-1.40 (m, 3H), 1.39-1.27 (m, 11H), 1.26-1.15
(m, 2H, overlap with an impurity signal at 1.23 ppm), 0.89 (d, J = 6.5 Hz, 3H), 0.86 ppm (d, J =
6.5 Hz, 3H); 3C NMR (150 MHz, DMSO-de): 6 = 172.7, 172.0, 169.5, 156.1, 155.5, 143.9, 143.7,
140.7(2), 140.7(0), 127.6 (2C), 127.1, 127.0, 125.3 (2C), 120.1, 120.0(8), 117.5, 77.3, 65.6, 53.1,
52.6, 46.7, 41.7, 40.7, 39.5 (determined by HSQC), 31.3, 29.1, 28.3 (3C), 27.0, 24.2, 22.9, 22.6,
21.6 ppm; IR (solid): ¥ = 3294, 3067, 2930, 2854, 1689, 1639, 1532, 1450, 1391, 1366, 1342,
1283, 1254, 1234, 1171, 1137, 1085, 1032 cm-'; HRMS (ESI): m/z calculated for C3sH4907Ne
[M+H]*: 677.3657, found: 677.3660; [a]3® = +12.3 (c = 0.50, MeOH).

(9H-Fluoren-9-yl)methyl ((S)-1-(((S)-1-cyano-15,15-dimethyl-3,6,13-trioxo-14-oxa-2,5,12-
triazahexadecan-7-yl)amino)-3-cyclohexyl-1-oxopropan-2-yl)carbamate (115)

According to General Procedure E, tetrapeptide 115 (554 mg, 95%) was obtained from dipeptide
17 (497 mg, 0.8 mmol) and was used in the

next step without further purification. Note that
evidence for partial loss (~5%) of the Fmoc
N 0] H N group was observed using 'H NMR
Fmoc N\/[L N = spectroscopy.
N NN ~7 _ .
H o : H 0 Off-white amorphous solid; '"H NMR (600 MHz,
I/H

DMSO-ds): 6 = 8.51 (t, J = 5.6 Hz, 1H), 8.27 (t,
J=5.8Hz, 1H), 7.98 (d, J = 7.3 Hz, 1H), 7.89
N Boc (d, J = 7.6 Hz, 2H), 7.73-7.70 (app.t, 2H), 7.51

(d, J=8.4Hz, 1H), 7.42 (t, J = 7.4 Hz, 2H),
7.34-7.30 (m, 2H), 6.71 (t, J = 5.3 Hz, 1H), 4.35-4.27 (m, 1H), 4.26-4.16 (m, 3H), 4.14 (d, J=5.6
Hz, 2H), 4.11-4.07 (m, 1H), 3.76 (dd, J = 16.8, 5.9 Hz, 1H), 3.70 (dd, J = 16.8, 5.5 Hz, 1H), 2.88-
2.83 (m, 2H), 1.72-1.56 (m, 6H), 1.55-1.42 (m, 3H), 1.39-1.28 (m, 12H), 1.27-1.14 (m, 3H, overlap
with an impurity signal at 1.23 ppm), 1.14-1.07 (m, 2H), 0.93-0.81 ppm (m, 2H); *C NMR (150
MHz, DMSO-de): 6 = 172.7, 172.0, 169.5, 155.9, 155.5, 143.9, 143.7, 140.7 (2C), 127.6 (2C),
127.0 (2C), 125.3 (2C), 120.1 (2C), 117.5, 77.3, 65.5, 52.7, 52.3, 46.6, 41.7, 39.5 (determined by
HSQC), 39.0 (determined by HSQC), 33.5, 33.3, 31.6, 31.4, 29.2, 28.2 (3C), 27.0, 26.1, 25.8,
25.6, 22.5 ppm; IR (solid): ¥ = 3307, 3066, 2925, 2852, 1648, 1525, 1479, 1449, 1404, 1393,
1366, 1336, 1274, 1248, 1170, 1133, 1104, 1082, 1042 cm-'; HRMS (ESI): m/z calculated for
CaoH5307Ns [M+H]*: 717.3970, found: 717.3972; [a]3° = -12.4 (c = 0.50, MeOH).



(9H-Fluoren-9-yl)methyl ((S)-2-(((S)-1-cyano-15,15-dimethyl-3,6,13-trioxo-14-oxa-2,5,12-
triazahexadecan-7-yl)amino)-1-cyclohexyl-2-oxoethyl)carbamate (116)

According to General Procedure E, tetrapeptide 116 (140 mg, 33%) along with minor impurities
was obtained from dipeptide 18 (365 mg, 0.6
mmol) following column chromatography (10 g
Sfar; 35 mL/min; initially, 100% ethyl acetate (7
CV), followed by a linear gradient (15 CV):
0%ww — 100%wwv acetone in ethyl acetate). Note

@)
H H N
Fmoc\N N\)LNWN% that evidence for partial loss (~15%) of the
: H

H : Fmoc group was observed by '"H NMR and '3C
@ S @ NMR spectroscopy.
H
I/N\ White amorphous solid; '"H NMR (600 MHz,
Boc DMSO-ds): 6 = 8.53 (t, J = 5.7 Hz, 1H), 8.30 (t,

J=15.6 Hz, 1H), 8.06 (d, 6.9 Hz, 1H), 7.89 (d, J
=7.8Hz, 2H),7.74 (d, J=7.7 Hz, 1H), 7.72 (d, J = 7.9 Hz, 1H), 7.43-7.39 (m, 3H), 7.33-7.31 (m,
2H), 6.71 (t, J = 5.4 Hz, 1H), 4.33 (dd, J = 9.8, 6.7 Hz, 1H), 4.26-4.21 (m, 2H), 4.19-4.13 (m, 3H),
3.93-3.90 (app.t, 1H), 3.77 (dd, J = 16.9, 6.2 Hz, 1H), 3.68 (dd, J = 16.8, 5.6 Hz, 1H), 2.88-2.84
(app. q, 2H), 1.87-1.47 (m, 8H), 1.39-1.29 (m, 11H), 1.29-1.18 (m, 2H, overlap with an impurity
signal at 1.23 ppm), 1.18-1.03 (m, 3H), 1.01-0.92 ppm (m, 2H); *C NMR (150 MHz, DMSO-ds): &
=172.0, 171.4, 169.6, 156.0, 155.5, 143.9, 143.7, 140.7(3), 140.7(1), 127.6 (2C), 127.0 (2C),
125.3 (2C), 120.1, 120.0, 117.5, 77.3, 65.5, 59.3, 52.9, 46.7, 41.7, 39.7 (determined by HSQC),
39.6 (determined by HSQC), 31.2, 29.2, 29.0, 28.3 (3C), 28.0, 27.0, 25.8, 25.6 (2C), 22.5 ppm; IR
(solid): ¥ = 3294, 3066, 2929, 2854, 1690, 1641, 1531, 1450, 1392, 1366, 1335, 1284, 1254,
1233, 1170, 1138, 1103, 1085, 1054, 1030 cm-'; HRMS (ESI): m/z calculated for C3sHs007NeNa
[M+Nal*: 725.3633, found: 725.3629; [a]4® = -7.2 (c = 0.50, MeOH).

(9H-Fluoren-9-yl)methyl ((S)-1-(((S)-2,2-dimethyl-4,11,14-trioxo-3-oxa-5,12,15-triazaoctadec-
17-yn-10-yl)amino)-4-methyl-1-oxopentan-2-yl)carbamate (117)

According to General Procedure E, tetrapeptide 117 (252 mg, 89%) was obtained from dipeptide
15 (244 mg, 0.4 mmol) and was used in the next step without further purification. Note that
evidence for partial loss (~3%) of the Fmoc
group was observed using 'H NMR
spectroscopy.
H White amorphous solid; "H NMR (600 MHz,
DMSO-ds): 6 =8.22 (t, J =5.5Hz, 1H), 8.16 (t, J
= 5.8 Hz, 1H), 7.94 (d, J = 7.5 Hz, 1H), 7.89 (d, J
=7.6 Hz, 2H), 7.73-7.70 (app.t, 2H), 7.51 (d, J =
- 8.3 Hz, 1H), 7.41 (t, J = 7.4 Hz, 2H), 7.33-7.30
Boc (m, 2H), 6.71 (t, J = 5.3 Hz, 1H), 4.33-4.30 (m,
1H), 4.27-4.25 (m, 1H), 4.23-4.18 (m, 2H), 4.08-
4.04 (m, 1H), 3.87 (ddd, J = 17.5, 5.6, 2.5 Hz, 1H), 3.84 (ddd, J = 17.5, 5.6, 2.5 Hz, 1H), 3.70 (dd,
J=16.8, 6.1 Hz, 1H), 3.65 (dd, J = 16.7, 5.7 Hz, 1H), 3.09 (t, J = 2.5 Hz, 1H), 2.88-2.84 (app. q,
2H), 1.68-1.57 (m, 2H), 1.54-1.40 (m, 3H), 1.39-1.29 (m, 11H), 1.27-1.16 (m, 2H), 0.88 (d, J = 6.6
Hz, 3H), 0.85 ppm (d, J = 6.5 Hz, 3H); '3C NMR (150 MHz, DMSO-ds): & = 172.4, 171.8, 168.5,
155.9, 155.5, 143.9, 143.7, 140.7 (2C), 127.6 (2C), 127.0 (2C), 125.3 (2C), 120.1, 120.0(7), 81.0,
77.3,73.0,65.5, 53.0, 52.6, 46.7, 41.8, 40.6, 39.5 (determined by HSQC), 31.5, 29.2, 28.3 (3C),
27.9,24.1,23.1, 22.5, 21.4 ppm; IR (solid): Vv = 3292, 3067, 2930, 2866, 1708, 1681, 1632, 1522,
1464, 1450, 1392, 1366, 1335, 1280, 1254, 1233, 1172, 1121, 1081, 1044 cm-'; HRMS (ESI): m/z
calculated for Cs7Hs007Ns [M+H]*: 676.3705, found: 676.3697; [a]3’> = —17.4 (c = 0.25, MeOH).

Fmoc V[L /ﬁ(
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(9H-Fluoren-9-yl)methyl ((R)-1-(((S)-2,2-dimethyl-4,11,14-trioxo-3-oxa-5,12,15-triazaoctadec-
17-yn-10-yl)amino)-4-methyl-1-oxopentan-2-yl)carbamate (118)

According to General Procedure E, tetrapeptide 118 (496 mg, 94%) along with minor impurities
was obtained from dipeptide 16 (454 mg, 0.8 mmol) and was used in the following step without
further purification.

')\H o H White amorphous solid; '"H NMR (400 MHz,
: . DMSO-ds): 5= 8.18-8.11 (m, 3H), 7.89 (d, J = 7.6
FmOC\N/\n/NvlLN/\n/N/ Hz, 2H), 7.73-7.70 (app.t, 2H), 7.53 (d, J = 7.9 Hz,
H § i H § 1H), 7.41 (t, J = 7.4 Hz, 2H), 7.32 (tt, J= 7.4, 1.4
Hz, 2H), 6.71 (t, J = 5.3 Hz, 1H), 4.32-4.15 (m,
LH 4H), 4.11-4.05 (m, 1H), 3.86 (ddd, J = 17.5, 5.7,
“Boc 2.5 Hz, 1H), 3.80 (ddd, J = 17.5, 5.6, 2.5 Hz, 1H),
3.70 (dd, J = 16.4, 5.6 Hz, 1H), 3.65 (dd, J =16.5,
5.7 Hz, 1H), 3.07 (t, J = 2.5 Hz, 1H), 2.90-2.81 (m, 2H), 1.70-1.42 (m, 5H), 1.41-1.29 (m, 11H),
1.27- 1.14 (m, 2H), 0.89 (d, J = 6.5 Hz, 3H), 0.86 ppm (d, J = 6.5 Hz, 3H); 13C NMR (150 MHz,
DMSO-de): 6 = 172.6, 171.9, 168.4, 156.1, 155.5, 143.9, 143.7, 140.7 (2C), 127.6 (2C), 127.1
(2C), 125.3 (2C), 120.1, 120.0(8), 80.9, 77.3, 73.0, 65.6, 53.2, 52.6, 46.7, 41.8, 40.7, 39.5
(determined by HSQC), 31.3, 29.0, 28.3 (3C), 27.8, 24.2, 22.9, 22.5, 21.6 ppm; IR (solid): ¥ =
3295, 3066, 2924, 2853, 1685, 1638, 1534, 1478, 1449, 1404, 1391, 1366, 1322, 1277, 1250,
1235, 1172, 1123, 1105, 1083, 1040 cm-'; HRMS (ESI): m/z calculated for CazHs0O7Ns [M+H]*:
676.3705, found: 676.3707; [a]3° = +11.4 (c = 0.50, MeOH).

(9H-Fluoren-9-yl)methyl ((S)-3-cyclohexyl-1-(((S)-2,2-dimethyl-4,11,14-trioxo-3-oxa-5,12,15-
triazaoctadec-17-yn-10-yl)amino)-1-oxopropan-2-yl)carbamate (119)

According to General Procedure E, tetrapeptide 119 (536 mg, 97%) along with minor impurities
was obtained from dipeptide 17 (482 mg, 0.8

mmol) and was used in the following step
without further purification. Note that evidence
0 for partial loss (~10%) of the Fmoc group was
H H / observed by "H NMR and °C NMR
Fmoc N\/[L N = :
N _ N/}( / spectroscopy.
H H H
0] (0]
U

White amorphous solid; '"H NMR (600 MHz,
DMSO-ds): 6 =8.23 (t, J=5.5Hz, 1H), 8.15 (t, J
N =5.8 Hz, 1H), 7.92 (d, J = 7.6 Hz, 1H), 7.89 (d,
“Boc J=7.5Hz, 2H), 7.72-7.70 (app.t, 2H), 7.52 (d, J
=8.3Hz, 1H), 7.42 (t, J = 7.4 Hz, 2H), 7.33-7.31
(m, 2H), 6.71 (t, J = 5.3 Hz, 1H), 4.34-4.30 (m, 1H), 4.26-4.18 (m, 3H), 4.10-4.06 (m, 1H), 3.87
(ddd, J=17.5, 5.5, 2.5 Hz, 1H), 3.84 (ddd, J =17.4, 5.5, 2.5 Hz, 1H), 3.71 (dd, J = 16.7, 6.1 Hz,
1H), 3.65 (dd, J = 16.6, 5.7 Hz, 1H), 3.09 (t, J = 2.4 Hz, 1H), 2.87-2.84 (m, 2H), 1.72-1.56 (m,
6H), 1.55-1.41 (m, 3H), 1.39-1.28 (m, 12H), 1.27-1.16 (m, 3H), 1.15-1.07 (m, 2H), 0.93-0.78 ppm
(m, 2H); 3C NMR (150 MHz, DMSO-ds): 6 = 172.5, 171.8, 168.5, 155.9, 155.5, 143.9, 143.7,
140.7(2), 140.6(9), 127.6 (2C), 127.1, 127.0, 125.2(8), 125.2(6), 120.1(2), 120.0(9), 81.0, 77.3,
73.0, 65.6, 52.6, 52.4, 46.7, 41.7, 39.6 (determined by HSQC), 39.0 (determined by HSQC), 33.5,
33.3, 31.7, 31.5, 29.2, 28.3 (3C), 27.9, 26.1, 25.9, 25.7, 22.5 ppm; IR (solid): ¥ = 3296, 3068,
2924, 2853, 1686, 1638, 1534, 1448, 1404, 1366, 1311, 1276, 1250, 1229, 1172, 1134, 1104,
1087, 1042 cm™'; HRMS (ESI): m/z calculated for C40Hs407Ns [M+H]*: 716.4018, found: 716.4020;
[a]3° = -14.1 (c = 0.50, MeOH).

tert-Butyl ((S)-5-((S)-2-acetamido-4-methylpentanamido)-6-((2-((cyanomethyl)amino)-2-
oxoethyl)amino)-6-oxohexyl)carbamate (120)
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According to General Procedure F, N-acetylated

peptide 120 (255 mg, 35%) was obtained from N-
Fmoc-protected peptide 113 (1.00 g, 1.5 mmol),
H o H N following column chromatography (25 g Sfar; 80
NvlLN/\n/NJ// mL/min; initially, 100% ethyl acetate (8 CV), followed
o " o

B
” by a linear gradient (20 CV): 0%ww — 100%usw

acetone in ethyl acetate).

H
I/N\B White amorphous solid; "H NMR (600 MHz, DMSO-
oc de): 5=8.48 (t, J = 5.6 Hz, 1H), 8.20 (t, J = 5.9 Hz,
1H), 7.99 (d, J = 7.9 Hz, 1H), 7.98 (d, J =7.3 Hz, 1H),
6.75 (t, J = 5.4 Hz, 1H), 4.30-4.27, (m, 1H), 4.17-4.11 (m, 3H), 3.76 (dd, J = 16.8, 6.1 Hz, 1H),
3.69 (dd, 16.8, 5.6 Hz, 1H), 2.89-2.85 (app. q, 2H), 1.84 (s, 3H), 1.68-1.62 (m, 1H), 1.61-1.57 (m,
1H), 1.56-1.49 (m, 2H), 1.47-1.39 (m, 2H), 1.39-1.29 (m, 11H), 1.29-1.16 (m, 2H), 0.88 (d, J = 6.6
Hz, 3H), 0.84 ppm (d, J = 6.6 Hz, 3H); '3C NMR (150 MHz, DMSO-ds): & = 172.5, 172.0, 169.6,
169.4, 155.5, 117.5, 77.3, 52.7, 51.0, 41.7, 40.5, 39.6 (determined by HSQC), 31.3, 29.2, 28.3
(3C), 27.0, 24.2, 23.1, 22.6, 22.5, 21.6 ppm; IR (solid): ¥ = 3285, 3067, 2957, 2936, 2870, 1684,
1631, 1539, 1457, 1393, 1367, 1279, 1251, 1172, 1035 cm™'; HRMS (ESI): m/z calculated for
C23Ha106Ns [M+H]*: 497.3082, found: 497.3077; [a]3° = —21.0 (c = 0.50, MeOH).

tert-Butyl ((S)-5-((R)-2-acetamido-4-methylpentanamido)-6-((2-((cyanomethyl)amino)-2-
oxoethyl)amino)-6-oxohexyl)carbamate (121)

According to General Procedure F, N-acetylated

peptide 121 (86 mg, 43%) was obtained from N-

)\ Fmoc-protected peptide 114 (357 mg, 0.5 mmol),

o H H O H _N following column chromatography (10 g Sfar; 35
/lLN/\n/N\./lLN/\n/N/ mL/min; initially, 100% ethyl acetate (7 CV), followed
H o H H o

by a linear gradient (15 CV): 0% — 100%vsw

H acetone in ethyl acetate).
I/N\BOC Off-white amorphous solid; '"H NMR (600 MHz,
DMSO-ds): 6 =8.40 (t, J = 5.6 Hz, 1H), 8.31 (d, J =
7.7 Hz, 1H), 8.22 (t, J = 6.0 Hz, 1H), 8.04 (t, J=7.3
Hz, 1H), 6.73 (t, J = 5.4 Hz, 1H), 4.28 (q, J = 7.5 Hz, 1H), 4.18-4.11 (m, 3H), 3.74 (dd, J =16.8,
6.0 Hz, 1H), 3.70 (dd, J = 16.7, 6.0 Hz, 1H), 2.91-2.83 (m, 2H), 1.83 (s, 3H), 1.70-1.64 (m, 1H),
1.59-1.49 (m, 2H), 1.42 (t, J = 7.3 Hz, 2H), 1.39-1.29 (m, 11H), 1.28-1.16 (m, 2H, ), 0.90 (d, J =
6.5 Hz, 3H), 0.85 ppm (d, J = 6.5 Hz, 3H); '*C NMR (150 MHz, DMSO-dg): 6 = 172.7, 172.1,
169.6, 169.5, 155.5, 117.5, 77.3, 52.7, 51.4, 41.7, 40.8, 39.4 (determined by HSQC), 30.9, 29.0,
28.3 (3C), 27.0, 24.2, 22.7, 22.6, 22.4, 21.9 ppm; IR (solid): ¥ = 3284, 3067, 2930, 2853, 1656,
1630, 1535, 1439, 1406, 1391, 1367, 1278, 1250, 1172, 1105, 1038, 1017 cm-'; HRMS (ESI): m/z
calculated for C23H3906Ns [M-H]: 495.2937, found: 495.2937; [a]3® = +1.2 (c = 0.25, MeOH).

tert-Butyl ((S)-5-((S)-2-acetamido-3-cyclohexylpropanamido)-6-((2-((cyanomethyl)amino)-2-
oxoethyl)amino)-6-oxohexyl)carbamate (122)

According to General Procedure F, N-acetylated
peptide 122 (178 mg, 46%) was obtained from N-
Fmoc-protected peptide 115 (717 mg, 0.7 mmol),
O H O H N following column chromatography (25 g Sfar; 80
/lL NvlLN N._“Z  mUmin; initially, 100% ethyl acetate (7 CV), followed
H H/\ﬂ/ by a linear gradient (15 CV): 0% — 100%ww
O I/H O acetone in ethyl acetate).

N
H

N\Boc White amorphous solid; '"H NMR (600 MHz, DMSO-
de): 6=8.48 (t, J = 5.6 Hz, 1H), 8.18 (t, J = 5.9 Hz,
1H), 7.99 (d, J =7.9 Hz, 1H), 7.96 (d, J = 7.5 Hz,

1H), 6.74 (t, J = 5.4 Hz, 1H), 4.29 (ddd, J = 9.7, 7.9, 5.1 Hz, 1H), 4.17-4.13 (m, 3H), 3.76 (dd, J =
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16.8, 6.1 Hz, 1H), 3.69 (dd, J =16.8, 5.6 Hz, 1H), 2.89-2.85 (app. g, 2H), 1.84 (s, 3H), 1.70-1.57
(m, 6H), 1.55-1.50 (m, 1H), 1.49-1.44 (m, 1H), 1.42-1.32 (m, 12H), 1.29-1.23 (m, 2H), 1.22-1.15
(m, 2H), 1.15-1.07 (m, 2H), 1.14-1.07 ppm (m, 2H); 13C NMR (150 MHz, DMSO-ds): 5 = 172.6,
172.0, 169.6, 169.4, 155.5, 117.5, 77.3, 52.7, 50.4, 41.7, 39.5 (determined by HSQC), 39.1
(determined by HSQC), 33.5, 33.2, 31.9, 31.3, 29.2, 28.3 (3C), 27.0, 26.1, 25.8, 25.6, 22.6, 22.5
ppm:; IR (solid): ¥ = 3285, 3075, 2924, 2852, 1679, 1631, 1536, 1445, 1393, 1367, 1279, 1251,
1229, 1173, 1038, 1016 cm'; HRMS (ESI): m/z calculated for C26HasOsNs [M+H]*: 537.3395,
found: 537.3391; [a]2® = —10.3 (c = 0.50, MeOH).

tert-Butyl ((S)-5-((S)-2-acetamido-2-cyclohexylacetamido)-6-((2-((cyanomethyl)amino)-2-
oxoethyl)amino)-6-oxohexyl)carbamate (123)

According to a modification of General Procedure
F using 2 equiv. of both DMAP (44 mg, 0.36
mmol) and acetic anhydride (34 pL, 0.36 mmol),
0 o N-acetylated peptide 123 (22 mg, 23%) along with
H H __N  minor impurities was obtained from N-Fmoc-
/lLN N\)LNWN/ protected peptide 116 (125 mg, 0.18 mmol),
H : H following column chromatography (5 g Sfar; 18
o I/ O mL/min; initially, 100% ethyl acetate (7 CV),
H

followed by a linear gradient (15 CV): 0% —

N\B oc 100%uwv acetone in ethyl acetate).

Orange amorphous solid; "H NMR (600 MHz,
DMSO-ds): 6 = 8.50 (t, J = 5.6 Hz, 1H), 8.21 (t, J = 5.8 Hz, 1H), 8.05 (d, J = 7.0 Hz, 1H), 7.87 (d,
J=8.5Hz, 1H), 6.74 (t, J = 5.5 Hz, 1H), 4.17-4.10 (m, 4H), 3.77 (dd, J = 16.8, 6.1 Hz, 1H), 3.68
(dd, J = 16.8, 5.4 Hz, 1H), 2.88-2.85 (app. q, 2H), 1.86 (s, 3H), 1.67-1.49 (m, 8H), 1.40-1.31 (m,
11H), 1.30-1.17 (m, 2H, overlap with an impurity signal at 1.23 ppm), 1.16-1.03 (m, 3H), 1.01-0.92
ppm (m, 2H); '*C NMR (150 MHz, DMSO-de): 6 = 172.0, 171.4, 169.6, 169.4, 155.5, 117.5, 77.3,
57.2,52.9, 41.8, 39.6 (determined by HSQC), 39.5 (determined by HSQC), 31.1, 29.2, 29.0, 28.3
(3C), 28.1, 27.0, 25.8, 25.6 (2C), 22.6, 22.5 ppm; IR (solid): ¥ = 3284, 3079, 2926, 2853, 1684,
1656, 1629, 1536, 1440, 1392, 1367, 1279, 1251, 1205, 1173, 1145, 1107, 1037, 1017 cm-’;
HRMS (ESI): m/z calculated for C2sH420sNsNa [M+Na]*: 545.3058, found: 545.3054; [a]3® = —
11.0 (c = 0.125, MeOH).

tert-Butyl ((S)-5-((S)-2-acetamido-4-methylpentanamido)-6-oxo-6-((2-ox0-2-(prop-2-yn-1-
ylamino)ethyl)amino)hexyl)carbamate (124)

According to General Procedure F, N-acetylated
peptide 124 (59 mg, 40%) was obtained from N-

o) o) Fmoc-protected peptide 117 (200 mg, 0.3 mmol),
/[k H\/[L H following column chromatography (10 g Sfar; 35
N N_ N/W(N/ mL/min; initially, 100% ethyl acetate (10 CV),
H : H followed by a linear gradient (20 CV): 0% —
O H O 100%uvw acetone in ethyl acetate).
I/N\Boc White amorphous solid; "H NMR (600 MHz,

DMSO-de): 6 = 8.19 (t, J = 5.6 Hz, 1H), 8.10 (t, J
= 5.9 Hz, 1H), 7.99 (d, J = 8.0 Hz, 1H), 7.94 (d, J
=7.5Hz, 1H), 6.74 (t, J = 5.8 Hz, 1H), 4.29-4.26 (m, 1H), 4.17-4.14 (m, 1H), 3.88 (ddd, J = 17.5,
5.8, 2.6 Hz, 1H), 3.84 (ddd, J = 17.5, 5.6, 2.5 Hz, 1H), 3.70 (dd, J = 16.6, 6.1 Hz, 1H), 3.64 (dd, J
= 16.7, 5.7 Hz, 1H), 3.10 (t, J = 2.5 Hz, 1H), 2.89-2.85 (app. g, 2H), 1.84 (s, 3H), 1.68-1.62 (m,
1H), 1.61-1.56 (m, 1H), 1.54-1.46 (m, 1H), 1.45-1.40 (m, 2H), 1.39-1.29 (m, 11H), 1.28-1.16 (m,
2H), 0.88 (d, J = 6.6 Hz, 3H), 0.84 ppm (d, J = 6.6 Hz, 3H); *C NMR (150 MHz, DMSO-ds): 5 =
172.4,171.8, 169.4, 168.5, 155.5, 81.0, 77.3, 73.0, 52.7, 51.0, 41.8, 40.5, 39.5 (determined by
HSQC), 31.4, 29.2, 28.3, 27.9, 24.1, 23.1, 22.6, 22.5, 21.6 ppm; IR (solid): ¥ = 3289, 3078, 2957,
2934, 2870, 1632, 1532, 1460, 1440, 1391, 1391, 1367, 1277, 1250, 1171, 1097, 1040, 1016 cm-
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1 HRMS (ESI): m/z calculated for C24H4206Ns [M+H]*: 496.3130, found: 496.3127; [a]%® = —20.1
(c =0.25, MeOH).

tert-Butyl ((S)-5-((R)-2-acetamido-4-methylpentanamido)-6-o0x0-6-((2-oxo-2-(prop-2-yn-1-
ylamino)ethyl)amino)hexyl)carbamate (125)

According to General Procedure F, N-acetylated
peptide 125 (128 mg, 38%) was obtained from N-
o )\ o Fmoc-protected peptide 118 (456 mg, 0.7 mmol)
B H H following column chromatography (25 g Sfar; 80
/[LN/\[]/NVlLN/\[(N/ mL/min; initially, 100% ethyl acetate (7 CV), followed
H : H by a linear gradient (15 CV): 0%ww — 100%uw
o = ’ O acetone in ethyl acetate).

I/N\BOC White amorphous solid; "H NMR (600 MHz, DMSO-
ds): 6=8.28 (d, J=7.7 Hz, 1H), 8.13 (t, J = 6.0 Hz,
1H), 8.11 (t, J = 5.6 Hz, 1H), 8.05 (d, J = 7.3 Hz, 1H),

6.73 (t, J=5.4 Hz, 1H), 4.27 (q, J = 7.5 Hz, 1H), 4.15-4.12 (m, 1H), 3.88 (ddd, J=17.6, 5.6, 2.5
Hz, 1H), 3.84 (ddd, J = 17.5, 5.6, 2.6 Hz, 1H), 3.68 (dd, J = 16.6, 5.9 Hz, 1H), 3.65 (dd, J = 16.6,
6.0 Hz, 1H), 3.10 (t, J = 2.5 Hz, 1H), 2.91-2.82 (m, 2H), 1.83 (s, 3H), 1.70-1.64 (m, 1H), 1.59-1.47
(m, 2H), 1.43-1.41 (m, 2H), 1.40- 1.29 (m, 11H), 1.28-1.16 (m, 2H), 0.90 (d, J = 6.6 Hz, 3H), 0.85
ppm (d, J = 6.5 Hz, 3H); '*C NMR (150 MHz, DMSO-ds): 6 = 172.7, 172.0, 169.6, 168.5, 155.5,
81.0,77.3,73.0,52.7, 51.5, 41.8, 40.7, 39.5 (determined by HSQC), 31.0, 29.0, 28.3 (3C), 27.9,
24.2,22.7,22.6,22.4,21.9 ppm; IR (solid): ¥V = 3294, 3079, 2956, 2934, 2869, 1683, 1655, 1628,
1537, 1452, 1390, 1367, 1279, 1252, 1218, 1174, 1147, 1096, 1040, 1016 cm-'; HRMS (ESI): m/z
calculated for C24H4206Ns [M+H]*: 496.3130, found: 496.3127; [a]3® = —1.8 (c = 0.25, MeOH).

tert-Butyl ((S)-5-((S)-2-acetamido-3-cyclohexylpropanamido)-6-oxo0-6-((2-oxo-2-(prop-2-yn-
1-ylamino)ethyl)amino)hexyl)carbamate (126)

According to General Procedure F, N-acetylated
peptide 126 (224 mg, 61%) was obtained from N-
0 0 Fmoc-protected peptide 119 (491 mg, 0.7 mmol),

H H following column chromatography (25 g Sfar; 80
/lLN N\/lLN/\n/N/// mL/min; initially, 100% ethyl acetate (7 CV), followed
H : H by a linear gradient (15 CV): 0%ww — 100%uvsw

O I/H O acetone in ethyl acetate).
N\Boc White amorphous solid; '"H NMR (600 MHz, DMSO-
de): 6=8.19 (t, J = 5.5 Hz, 1H), 8.08 (t, J = 5.8 Hz,

1H), 7.99 (d, J = 7.9 Hz, 1H), 7.92 (d, J = 7.6 Hz, 1H), 6.74 (t, J = 5.4 Hz, 1H), 4.28 (ddd, J = 9.7,
7.9, 5.2 Hz, 1H), 4.18-4.14 (m, 1H), 3.88 (ddd, J = 17.3, 5.4, 2.5 Hz, 1H), 3.84 (ddd, J = 17.3, 5.3,
2.5Hz), 3.70 (dd, J = 16.7, 6.0 Hz, 1H), 3.64 (dd, J = 16.6, 5.6 Hz, 1H), 3.10 (t, J = 2.5 Hz, 1H),
2.90-2.83 (m, 2H), 1.84 (s, 3H), 1.69-1.58 (m, 6H), 1.54-1.44 (m, 2H), 1.42-1.30 (m, 12H), 1.29-
1.15 (m, 4H), 1.14-1.07 (m, 2H), 0.92-0.79 ppm (m, 2H); '*C NMR (150 MHz, DMSO-ds): & =
172.4,171.8, 169.4, 168.5, 155.5, 80.9, 77.3, 73.0, 52.6, 50.4, 41.8, 39.6 (determined by HSQC),
39.0 (determined by HSQC), 33.5, 33.2, 31.9, 31.3, 29.2, 28.3 (3C), 27.9, 26.1, 25.8, 25.6, 22.6,
22.5 ppm; IR (solid): ¥ = 3340, 3302, 3275, 3070, 2930, 2853, 1702, 1676, 1624, 1534, 1446,
1417, 1403, 1391, 1365, 1287, 1248, 1227, 1170, 1129, 1045, 1020, 1004 cm-'; HRMS (ESI): m/z

calculated for C27H4606Ns [M+H]*: 536.3443, found: 536.3435; [a]3’ = —13.6 (c = 0.25, MeOH).
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(S)-5-((S)-2-Acetamido-4-methylpentanamido)-6-0x0-6-((2-oxo-2-(prop-2-yn-1-
ylamino)ethyl)amino)hexan-1-aminium chloride (25)

According to General Procedure H, tetrapeptide salt 25 (19 mg, 78%) was obtained from N-Boc-
protected tetrapeptide 124 (28 mg, 0.06 mmol).

o) v e) H Off-white amorphous solid; "H NMR (600 MHz,
_~ DMSO-ds): 6=8.26 (t, J=5.5Hz, 1H), 8.1 (t, J =
/[LN N.VlLN/\n/N// 5.8 Hz, 1H), 8.05 (d, J = 7.8 Hz, 1H), 8.02 (d, J= 7.8
H 5 = H g Hz, 1H), 7.80 (br, 3H), 4.26 (q, J = 7.6 Hz, 1H),
4.22-4.19 (m, 1H), 3.88 (ddd, J = 17.5, 5.6, 2.5 Hz,
S 1H), 3.84 (ddd, J = 17.5, 5.6, 2.5 Hz, 1H), 3.70 (dd,
NH3 ¢

J=16.6, 6.0 Hz, 1H), 3.66 (dd, J = 16.6, 5.9 Hz,

1H), 3.11 (t, J = 2.5 Hz, 1H), 2.78-2.70 (m, 2H), 1.84
(s, 3H), 1.75 — 1.66 (m, 1H), 1.64 — 1.58 (m, 1H), 1.57 — 1.50 (m, 3H), 1.43 (t, J = 7.3 Hz, 2H),
1.37 — 1.23 (m, 2H), 0.88 (d, J = 6.6 Hz, 3H), 0.84 ppm (d, J = 6.5 Hz, 3H); 1*C NMR (150 MHz,
DMSO-ds): & = 172.5, 171.7, 169.5, 168.5, 81.0, 73.1, 52.3, 51.2, 41.8, 40.5, 38.6, 31.0, 27.9,
26.5,24.2,23.1, 22.5,22.1, 21.5 ppm; IR (solid): ¥ = 3277, 3058, 2980, 2960, 2873, 1633, 1542,
1470, 1438, 1372, 1343, 1290, 1244, 1161, 1129, 1090, 1030 cm-'; HRMS (ESI): m/z calculated
for C19Ha04Ns [M+H]*: 396.2605, found: 396.2603; [a]2® = —37.4 (c = 0.25, MeOH).

(S)-5-((S)-2-Acetamido-3-cyclohexylpropanamido)-6-oxo-6-((2-oxo-2-(prop-2-yn-1-
ylamino)ethyl)amino)hexan-1-aminium chloride (26)

According to General Procedure H, tetrapeptide
salt 26 (40 mg, apparent quant.) was obtained
from N-Boc-protected tetrapeptide 126 (40 mg,

') 0O 0.08 mmol).
H H
/lL N\/lk N// White amorphous solid; "H NMR (600 MHz,
” : ”/\( DMSO-de): & = 8.26 (t, J = 5.5 Hz, 1H), 8.09 (t, J
o = 0 = 5.8 Hz, 1H), 8.03 (d, J = 7.7 Hz, 1H), 8.00 (d, J
= 7.8 Hz, 1H), 7.75 (br, 3H), 4.27 (ddd, J= 9.7,
NH3 o 7.7, 5.2 Hz, 1H), 4.23-4.19 (m, 1H), 3.88 (ddd, J

=17.5, 5.6, 2.5 Hz, 1H), 3.83 (ddd, J = 17.5, 5.6,

2.5 Hz, 1H), 3.70 (dd, J = 16.6, 5.8 Hz, 1H), 3.67
(dd, J = 16.6, 5.9 Hz, 1H), 3.11 (t, J = 2.5 Hz, 1H), 2.77 — 2.71 (m, 2H), 1.84 (s, 3H), 1.73 — 1.57
(m, 6H), 1.56 — 1.49 (m, 3H), 1.49 — 1.39 (m, 2H), 1.37 — 1.23 (m, 3H), 1.22 — 1.07 (m, 3H), 0.92
—0.80 ppm (M, 2H); 3C NMR (150 MHz, DMSO-ds): & = 172.5, 171.7, 169.5, 168.5, 80.9, 73.1,
52.3,50.5, 41.7, 39.0 (determined by HSQC), 38.6, 33.5, 33.2, 31.9, 31.0, 27.9, 26.5, 26.1, 25.8,
25.6, 22.5, 22.1 ppm; IR (solid): ¥ = 3279, 3055, 2926, 2855, 1641, 1538, 1468, 1441, 1372,
1345, 1289, 1256, 1244, 1228, 1160, 1092, 1039 cm-'; HRMS (ESI): m/z calculated for
C22H3s04Ns [M+H]*: 436.2918, found: 436.2917; [a]2® = —24.1 (c = 0.25, MeOH).

(S)-5-((R)-2-Acetamido-4-methylpentanamido)-6-oxo0-6-((2-oxo-2-(prop-2-yn-1-
ylamino)ethyl)amino)hexan-1-aminium chloride (27)

According to General Procedure H, tetrapeptide

salt 27 (39 mg, apparent quant.) was obtained
0 from N-Boc-protected tetrapeptide 125 (40 mg,

0.08 mmol).

O =
B H H P
/lL : NvlL N_Z »
H/ij : H/wo( Pale yellow amorphous solid; '"H NMR (600 MHz,

DMSO-ds): & = 8.29 (d, J = 7.9 Hz, 1H), 8.18 —
8.15 (m, 2H), 8.09 (d, J = 7.2 Hz, 1H), 7.75 (br,
NHE 3H), 4.25 (q, J = 7.5 Hz, 1H), 4.19-4.15 (m, 1H),
3 Cl 3.88 (ddd, J = 17.5, 5.6, 2.6 Hz, 1H) 3.84 (ddd, J
=17.5, 5.6, 2.6 Hz, 1H), 3.71 — 3.64 (m, 2H), 3.11
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(t, J=2.5Hz, 1H), 2.78 — 2.69 (m, 2H), 1.84 (s, 3H), 1.74 — 1.68 (m, 1H), 1.60 — 1.48 (m, 4H),
1.43 (t, J = 7.3 Hz, 2H), 1.36 — 1.23 (m, 2H), 0.89 (d, J = 6.6 Hz, 3H), 0.85 ppm (d, J = 6.6 Hz,
3H); 13C NMR (150 MHz, DMSO-ds): 6 = 172.6, 171.8, 169.7, 168.4, 81.0, 73.1, 52.4, 51.6, 41.8,
40.6, 38.6, 30.7, 27.9, 26.4, 24.2, 22.8, 22.4, 22.1, 21.9 ppm; IR (solid): ¥ = 3278, 3054, 2980,
2962, 2934, 1651, 1633, 1542, 1471, 1457, 1437, 1374, 1340, 1283, 1251, 1224, 1160, 1125,
1089, 1030 cm'; HRMS (ESI): m/z calculated for C19H3404Ns [M+H]*: 396.2605, found: 396.2607;
[a]%® = -7.3 (c = 0.25, MeOH).

(S)-5-((S)-2-Acetamido-4-methylpentanamido)-6-((2-((cyanomethyl)amino)-2-
oxoethyl)amino)-6-oxohexan-1-aminium chloride (28)

According to General Procedure G, tetrapeptide

salt 28 (22 mg, apparent quant.) was obtained from
N-Boc-protected tetrapeptide 120 (25 mg, 0.05
N : N/\n/ N , ,
o H

T White amorphous solid; '"H NMR (600 MHz, DMSO-
H : o ds): 6=8.58 (t, J = 5.6 Hz, 1H), 8.21 (t, J = 5.9 Hz,
. 1H), 8.06 (d, J = 7.6 Hz, 1H), 8.05 (d, J = 7.8 Hz,
NH3 g 1H), 7.81 (br, 3H), 4.27 (q, J = 7.6 Hz, 1H), 4.23-
4.19 (m, 1H), 4.14 (d, J = 5.6 Hz, 2H), 3.76 (dd, J =
16.8, 6.0 Hz, 1H), 3.72 (dd, J = 16.9, 5.8 Hz, 1H), 2.78 — 2.71 (m, 2H), 1.85 (s, 3H), 1.74 — 1.67
(m, 1H), 1.64 — 1.50 (m, 4H), 1.46-1.41 (m, 2H), 1.38 — 1.25 (m, 2H), 0.88 (d, J = 6.6 Hz, 3H),
0.84 ppm (d, J = 6.6 Hz, 3H); 3C NMR (150 MHz, DMSO-ds): 6 = 172.5, 171.9, 169.6, 169.5,
117.5,52.3, 51.1, 41.7, 40.5, 38.6, 30.9, 27.0, 26.5, 24.2, 23.1, 22.5, 22.1, 21.5 ppm; IR (solid): ¥
= 3277, 3052, 2980, 2959, 2931, 2872, 1666, 1635, 1537, 1471, 1445, 1415, 1390, 1373, 1339,
1283, 1236, 1162, 1099, 1028 cm-'; HR-MS (ESI): m/z calculated for C1sHssOsNs [M+H]*:
397.2558, found: 397.2554: [a]2® = -36.8 (c = 0.25, MeOH).

(S)-5-((S)-2-Acetamido-2-cyclohexylacetamido)-6-((2-((cyanomethyl)amino)-2-
oxoethyl)amino)-6-oxohexan-1-aminium chloride (29)

According to General Procedure G, tetrapeptide

salt 29 (12 mg, 66%) was obtained from N-Boc-

protected tetrapeptide 123 (20 mg, 0.038 mmol).

Orange amorphous solid; 'TH NMR (600 MHz,
/lL N\)LNWNJ DMSO-ds): 6 =8.59 (t, J = 5.6 Hz, 1H), 8.22 (t, J =

5.9 Hz, 1H), 8.11 (d, J = 7.3 Hz, 1H), 7.92 (d, J =
8.3 Hz, 1H), 7.80 (br, 3H), 4.21-4.17 (m, 1H), 4.14-
4.12 (m, 3H), 3.76 (dd, J = 16.8, 6.1 Hz, 1H), 3.71
NH3 ol (dd, J = 16.8, 5.7 Hz, 1H), 2.75-2.72 (app.t, 2H),
1.86 (s, 3H), 1.71-1.51 (m, 10H), 1.36-1.27 (m,
2H), 1.15-1.06 (m, 3H), 1.02-0.94 ppm (m, 2H); 13C NMR (150 MHz, DMSO-ds): & = 171.9, 171.4,
169.6, 169.5, 117.5, 57.4, 52.6, 41.7, 39.6 (determined by HSQC), 38.6, 30.8, 29.0, 28.2, 27.0,
26.6, 25.8, 25.5(8), 25.5(6), 22.5, 22.1 ppm; IR (solid): ¥ = 3279, 3057, 2927, 2854, 1632, 1546,
1468, 1443, 1403, 1373, 1344, 1291, 1256, 1242, 1161, 1130, 1101, 1032 cm-'; HRMS (ESI): m/z
calculated for C20Has0sNs [M+H]*: 423.2714, found: 423.2709; [a]2° = —32.0 (c = 0.125, MeOH).
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(S)-5-((R)-2-Acetamido-4-methylpentanamido)-6-((2-((cyanomethyl)amino)-2-
oxoethyl)amino)-6-oxohexan-1-aminium chloride (30)

According to General Procedure G, tetrapeptide salt 30 (22 mg, apparent quant.) was obtained
from N-Boc-protected tetrapeptide 121 (25 mg, 0.05
)\ mmol).

0 - o)
: H H N Pale yellow amorphous solid; '"H NMR (600 MHz,
/lLN/\]/N_vlLN/\ﬂ/N// DMSO-ds): 6 = 8.52 (t, J = 5.6 Hz, 1H), 8.37 (d, J =
H o i H g 7.8 Hz, 1H), 8.27 (t, J=6.0 Hz, 1H), 8.11 (d, J=7.2
Hz, 1H), 7.86 (br, 3H), 4.26 (q, J = 7.4 Hz, 1H),
LNW _ 4.20-4.16 (m, 1H), 4.14-4.13 (m, 2H), 3.76 (dd, J =
3 Cl 16.7, 5.9 Hz, 1H), 3.70 (dd, J = 16.7, 5.9 Hz, 1H),
2.77—2.69 (m, 2H), 1.84 (s, 3H), 1.75 — 1.69 (m,
1H), 1.60 — 1.49 (m, 3H), 1.44 (t, J = 7.3 Hz, 2H), 1.36 — 1.23 (m, 2H), 0.90 (d, J = 6.6 Hz, 3H),
0.85 ppm (d, J = 6.6 Hz, 3H); 3C NMR (150 MHz, DMSO-ds): 6 = 172.7, 171.9, 169.7, 169.5,
117.5, 52.4, 51.6, 41.7, 40.6, 38.5, 30.6, 27.0, 26.4, 24.2, 22.8, 22.4, 22.1, 21.9 ppm; IR (solid): ¥
= 3271, 3051, 2955, 2930, 2872, 1657, 1650, 1546, 1535, 1468, 1443, 1412, 1372, 1344, 1284,
1244, 1164, 1100, 1029 cm'; HRMS (ESI): m/z calculated for C1sH3304Ns [M+H]*: 397.2558,
found: 397.2555; [a]3® = 8.1 (¢ = 0.25, MeOH).

(S)-5-((S)-2-Acetamido-3-cyclohexylpropanamido)-6-((2-((cyanomethyl)amino)-2-
oxoethyl)amino)-6-oxohexan-1-aminium chloride (31)

According to General Procedure G, tetrapeptide salt 31 (20 mg, 88%) was obtained from N-Boc-
protected tetrapeptide 122 (25 mg, 0.05 mmol).

Off-white amorphous solid; '"H NMR (600 MHz, DMSO-

= 0 H N o) 5=858(t J=56Hz, 1H), 8.21(t J =59 Hz, 1H),
M N\/U\N/\H/N Z"  8.06—8.04 (m, 2H), 7.83 (br, 3H), 4.27 (ddd, J = 9.8, 7.8,
nlT R T 5.1 Hz, 1H), 4.23-4.20 (m, 1H), 414 (d, J = 5.7 Hz, 2H),
3.76 (dd, J = 16.9, 6.1 Hz, 1H). 3.72 (dd, J = 17.0, 5.9 Hz,
I/N H o 1H), 2.76 — 2.71 (m, 2H), 1.85 (s, 3H), 1.74 — 1.50 (m

9H), 1.50 — 1.39 (m, 2H), 1.37 — 1.23 (m, 3H), 1.21 — 1.07

(m, 3H), 0.92 — 0.80 ppm (m, 2H); 13C NMR (150 MHz,
DMSO-de): 6 = 172.6, 171.9, 169.5(4), 169.5(2), 117.5, 52.3, 50.5, 41.7, 39.0 (determined by
HSQC), 38.6, 33.5, 33.2, 31.8, 30.9, 27.0, 26.5, 26.1, 25.8, 25.6, 22.5, 22.1 ppm; IR (solid): ¥ =
3274, 3060, 2981, 2924, 2852, 1666, 1635, 1540, 1474, 1448, 1417, 1393, 1375, 1354, 1251,
1232, 1179, 1152, 1119, 1074, 1023 cm-'; HRMS (ESI): m/z calculated for C21Ha7O4Ns [M+H]*:
437.2871, found: 437.2871; [a]25 = —24.1 (c = 0.25, MeOH).

2,5-Dioxopyrrolidin-1-yl-(((9H-fluoren-9-yl)methoxy)carbonyl)-L-leucinate (127)

According to General Procedure A, ester 127 (1.68 g,
65%) was obtained from commercially sourced (((9H-
fluoren-9-yl)methoxy)carbonyl)-L-leucine (2.00 g, 5.7

O o mmol)
O.
. b Characteristic analytical data: "H NMR (400 MHz, DMSO-
0 de): 6 =8.11 (d, J=8.0 Hz, 1H), 7.89 (d, J = 7.6 Hz, 2H),
O 0 7.70 (dd, J=7.5Hz, 2H), 7.42 (dd, J = 7.9, 6.8 Hz, 2H),
7.32 (tt, J = 7.4 Hz, 2H), 4.42 (ddd, J = 10.3, 8.0, 4.5 Hz,

), 4.36 (d, J =7.0 Hz, 2H), 4.24 (t, J = 7.0 Hz, 1H), 2.80 (s, 4H), 1.76 (td, J = 10.4, 4.4 Hz, 2H),
1 62 (td, J = 10.4, 6.0 Hz, 1H), 0.90 ppm (dd, J = 6.2 Hz, 6H); 3C NMR (101 MHz, DMSO-de): & =
170.0, 169.1, 156.0, 143.8, 143.6, 140.7, 127.7, 127.1, 125.2, 120.1, 65.8, 50.5, 46.6, 38.9, 25.5,
241, 22.7, 21.0 ppm; HRMS (ESI): m/z calculated for C2sH27N206 [M+H]*: 451.1864, found:
451.1874.
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N?-((((9H-Fluoren-9-yl)methoxy)carbonyl)-L-leucyl)-N®-(tert-butoxycarbonyl)-L-lysine (128)

According to General Procedure B, dipeptide 128 (3.77 g, 97%) was obtained from N-
hydroxysuccinimide ester 127 (3.00 g, 6.7
mmol) and commercially sourced L-

O )OJ\ HQOJ\ Lys(Boc)-OH (2.47 g, 10.0 mmol).
N
‘ O ” : OH Characteristic analytical data: '"H NMR (400
O o) B MHz, DMSO-de): 6 = 5 12.48 (s, 1H), 8.02

H (d, J=7.6 Hz, 1H), 7.88 (d, J = 7.5 Hz, 2H),
N_ O 7.72 (t, J = 6.7 Hz, 2H), 7.47 (d, J = 8.5 Hz,
\ﬂ/ 1H), 7.41 (td, J = 7.5, 1.2 Hz, 2H), 7.31
O (tdd, J=7.4,1.2 Hz, 2H), 6.72 (t, J=5.4

Hz, 1H), 4.34 — 4.17 (m, 3H), 4.09 (m, 2H), 2.87 (q, J = 6.5 Hz, 2H), 1.71 — 1.49 (m, 3H), 1.44 (m
2H), 1.34 (s, 9H), 1.33 — 1.27 (m, 4H), 0.87 ppm (dd, J = 6.5 Hz, 6H); '*C NMR (101 MHz,
DMSO-ds): 5 = 173.5, 172.4, 155.9, 155.5, 144.0, 143.7, 140.7, 127.6, 127.0, 125.3, 120.1, 77.3,
65.5, 52.8, 51.8, 46.7, 40.8, 39.2, 30.7, 29.1, 28.3, 24.1, 23.1, 22.8, 21.5 ppm; HRMS (ESI): m/z
calculated for C32H44N3O7 [M+H]*: 582.3174, found: 582.3164.

tert-Butyl-(2-oxo0-2-(prop-2-yn-1-ylamino)ethyl)carbamate (129)

According to General Procedure C, alkyne 129 (0.94 g, 80%) was
>‘\ 0 H _ obtained from commercially sourced N-Boc-glycine (1.1 g, 6.1
N/\WN// mmol) and commercially sourced propargylamine hydrochloride
(0.50 g, 5.5 mmol). The characteristic analytical data of 129 are
consistent with those reported(3-6).

Characteristic analytical data: 'TH NMR (400 MHz, DMSO-ds): & = 8.21 (t, J = 5.6 Hz, 1H), 6.94 (t,
J=6.2 Hz, 1H), 3.85 (dd, J = 5.6, 2.5 Hz, 2H), 3.51 (d, J = 5.9 Hz, 2H), 3.09 (t, J = 2.5 Hz, 1H),
1.38 ppm (s, 9H); 3C NMR (101 MHz, DMSO-d): & = 169.2, 155.8, 81.1, 78.0, 72.9, 43.0, 28.2,
27.8 ppm; HRMS (ESI): m/z calculated for C1o0H1sN203Na [M+Na]*: 235.1053, found: 235.1049.

tert-Butyl-(2-(but-2-yn-1-ylamino)-2-oxoethyl)carbamate (130)

0] According to General Procedure C, alkyne 130 (231 mg, 54%)
>I\ )J\ H/ was obtained from commercially sourced N-Boc-glycine (365
N/ﬁf mg, 2.09 mmol) and commercially sourced but-2-yn-1-amine
hydrochloride (200 mg, 1.90 mmol).

Characteristic analytical data: '"H NMR (400 MHz, DMSO-de): & = 8.13 (t, J = 5.5 Hz, 1H), 6.92 (t,
J=6.2 Hz, 1H), 3.81 (dq, J = 4.9, 2.5 Hz, 2H), 3.50 (d, J = 6.2 Hz, 2H), 1.76 (t, J = 2.5 Hz, 3H),
1.38 ppm (s, 9H); '*C NMR (151 MHz, DMSO-ds): 8 = 169.0, 155.8, 78.0, 77.9, 76.4, 43.0, 28.2,
28.1, 3.0 ppm; HRMS (ESI): m/z calculated for C11H1sN20OsNa [M+Na]*: 249.1210, found:
249.1209.

tert-Butyl-(2-((1-ethynylcyclopropyl)amino)-2-oxoethyl)carbamate (131)
According to General Procedure C, alkyne 131 (247 mg, 58%) was
obtained from commercially sourced N-Boc-glycine (345 mg, 1.97

>‘\ N/ﬁf { mmol) and commercially sourced 1-ethynylcyclopropanamine

hydrochlorlde (209 mg, 1.78 mmol).

Characteristic analytical data: '"H NMR (400 MHz, DMSO-ds): & =
8.42 (s, 1H), 6.84 (t, J = 6.1 Hz, 1H), 3.44 (d, J = 5.6 Hz, 2H), 2.93 (s, 1H), 1.37 (s, 9H), 1.06 (q, J
= 4.7 Hz, 2H), 0.91 ppm (q, J = 4.6 Hz, 2H); '*C NMR (151 MHz, DMSO-ds): d = 169.6, 155.8,
86.4, 78.0, 68.5, 42.9, 28.2, 21.8, 16.8 ppm; HRMS (ESI): m/z calculated for C12H19N203 [M+H]*:
239.1390, found: 239.1397.
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tert-Butyl-(2-oxo0-2-((3-phenylprop-2-yn-1-yl)amino)ethyl)carbamate (132)
According to General Procedure C, alkyne 132 (118 mg,
85%) was obtained from commercially sourced N-Boc-
>L )OJ\ H — glycine (94 mg, 0.53 mmol) and commercially sourced 3-
0 NWN = phenyl-2-propyn-1-amine hydrochloride (80 mg, 0.48
H mmol). The characteristic analytical data of 132 are
0 consistent with those reported(7).

Characteristic analytical data: "H NMR (400 MHz, DMSO-ds): 8 = 8.32 (t, J = 5.5 Hz, 1H), 7.45 —
7.33 (m, 5H), 6.97 (t, J = 6.2 Hz, 1H), 4.13 (d, J = 5.5 Hz, 2H), 3.55 (d, J = 6.2 Hz, 2H), 1.38 ppm
(s, 9H); 1°C NMR (151 MHz, DMSO-ds): 8 = 169.3, 155.8, 131.4, 128.7, 128.6, 122.3, 87.1, 81.6,
78.1, 43.1, 28.6, 28.2 ppm; HRMS (ESI): m/z calculated for C16H20N203Na [M+Na]*: 311.1366,
found: 311.1372.

(9H-Fluoren-9-yl)methyl-((S)-1-(((S)-2,2-dimethyl-4,11,14-trioxo-3-oxa-5,12,15-triazaoctadec-
17-yn-10-yl)amino)-4-methyl-1-oxopentan-2-yl)carbamate (138)

According to General Procedure D,
amine hydrochloride 133 was obtained in

O (0] . )
H H situ from N-Boc-protected peptide 129
O O)LN/d;\I-QJ\NWN/ (0.10 mg, 0.48 mmol) and was directly
. H H H used in the following reaction: According
O o to General Procedure E, tetrapeptide 138
O I/H (0.33 g, apparent quantitative) was

NTOT< obtained from dipeptide 128 (0.27 g, 0.46
o) mmol) and amine hydrochloride 133.

Characteristic analytical data: 'TH NMR (400 MHz, DMSO-ds): & = 8.24 (t, J = 5.6 Hz, 1H), 8.18 (t,
J=59Hz 1H),7.96 (d, J=7.5Hz, 1H), 7.92 - 7.85 (m, 2H), 7.72 (t, J = 6.9 Hz, 2H), 7.52 (d, J =
8.4 Hz, 1H), 7.41 (td, J= 7.5, 1.1 Hz, 2H), 7.32 (tt, J = 7.4, 1.4 Hz, 2H), 6.71 (t, J = 5.7 Hz, 1H),
4.37 - 4.15 (m, 4H), 4.11 — 3.98 (m, 1H), 3.86 (dt, J = 6.0, 2.2 Hz, 2H), 3.77 - 3.60 (dd, J = 6.3
Hz, 2H), 3.09 (t, J = 2.5 Hz, 1H), 2.86 (q, J = 6.6 Hz, 2H), 1.67 — 1.55 (m, 2H), 1.55 — 1.37 (m,
3H), 1.41 —1.13 (m, 4H), 1.34 (s, 9H), 0.87 ppm (dd, J = 13.1, 6.5 Hz, 6H); '*C NMR (101 MHz,
DMSO-ds): 0 = 172.5, 171.9, 168.5, 155.9, 155.5, 144.0, 143.7, 140.7, 127.6, 127.1, 125.3,
120.1, 81.0, 77.3, 73.0, 65.5, 53.0, 52.7, 46.7, 41.8, 40.6, 39.5, 31.6, 29.2, 28.3, 27.9, 24.2, 23.1,
22.5, 21.4 ppm; HRMS (ESI): m/z calculated for Cs7Hso0NsO7 [M+H]*: 676.3705, found: 676.3696.

(9H-Fluoren-9-yl)methyl-((S)-1-(((S)-2,2-dimethyl-4,11,14-trioxo-3-o0xa-5,12,15-
triazanonadec-17-yn-10-yl)amino)-4-methyl-1-oxopentan-2-yl)carbamate (139)

According to General Procedure D,
amine hydrochloride 134 was obtained

)OJ\ H Q H / in situ from N-Boc-protected peptide

0" N NJJ\N/\WN 7" 130(0.23 g, 1.02 mmol) and was

‘ H & S H S directly used in the following reaction:
) A

According to General Procedure E,
N o tetrapeptide 139 (0.76 g, apparent
\n/ j< quantitative) was obtained from
0 dipeptide 128 (0.60 g, 1.03 mmol) and
amine hydrochloride 134.

Characteristic analytical data: 'TH NMR (400 MHz, DMSO-ds): & =8.14 (s, 2H), 7.93 (d, J=7.4
Hz, 1H), 7.89 (d, J=7.6 Hz, 2H), 7.71 (t, J=6.9 Hz, 2H), 7.50 (d, J=8.5Hz, 1H), 7.41 (t, J=7.4
Hz, 2H), 7.32 (t, J = 7.5 Hz, 2H), 6.71 (t, J = 6.9 Hz, 1H), 4.36 — 4.19 (m, 4H), 4.10 — 4.00 (m,
1H), 3.81 (dt, J = 5.3, 2.6 Hz, 2H), 3.75 - 3.58 (m, 2H), 2.86 (d, J=7.2 Hz, 2H), 1.75(q, J= 2.4
Hz, 3H), 1.65 — 1.58 (m, 2H), 1.51 — 1.35 (m, 3H), 1.34 (s, 9H), 1.32 - 1.17 (m, 4H), 0.86 ppm
(dd, J =13.2, 6.5 Hz, 6H); '3C NMR (151 MHz, DMSO-ds): 8 = 172.4, 171.9, 168.4, 155.9, 155.6,
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142.6, 139.4, 137.4, 128.9, 127.3, 121.4, 120.0, 109.8, 78.0, 77.3, 76.2, 65.5, 52.6, 52.2, 46.7,
43.7,41.8,40.5, 39.2, 31.8, 29.2, 28.7, 28.3, 24.0, 23.3, 23.1, 22.5, 21.7, 3.0 ppm; HRMS (ESI):
m/z calculated for CssHs2NsO7 [M+H]*: 690.3861, found: 690.3833.

(9H-Fluoren-9-yl)methyl-((S)-1-(((S)-6-((tert-butoxycarbonyl)amino)-1-((2-((1-
ethynylcyclopropyl)amino)-2-oxoethyl)amino)-1-oxohexan-2-yl)amino)-4-methyl-1-
oxopentan-2-yl)carbamate (140)

A solution of N-Boc-protected peptide
131 (1.0 equiv., 0.25 g, 1.04 mmol) in

O v @) H commercially sourced formic acid (0.12
O P§ NJJ\ N. 2 M)was stirred under an atmosphere of
. o N : N/\[f N2 gas overnight (16 h). The reaction
H : H
9] o) was concentrated under reduced
O H pressure (30 °C) and the crude residue
N 0] was redissolved in tetrahydrofuran/water
\ﬂ/ j< (3:1 vlv, 0.13 M). The solution was
o basified with AmberLite™ HPR4800 OH
(23-27 mesh) to pH 8 and filtered to afford amine hydrochloride 135 which was directly used in the
following reaction: According to General Procedure E, tetrapeptide 140 (0.65 g, 90%) was

obtained from dipeptide 128 (0.61 g, 1.04 mmol) and amine hydrochloride 135.

Characteristic analytical data: '"H NMR (400 MHz, DMSO-ds): & = 8.35 (s, 1H), 8.11 (t, J = 5.8 Hz,
1H), 7.96 (d, J = 7.5 Hz, 1H), 7.89 (d, J = 7.6 Hz, 2H), 7.77 — 7.68 (m, 2H), 7.52 (d, J = 8.3 Hz,
1H), 7.41 (t, J=7.4 Hz, 2H), 7.32 (t, J = 7.4 Hz, 2H), 6.71 (d, J = 5.8 Hz, 1H), 4.36 — 4.14 (m,
4H), 4.10 — 3.98 (m, 1H), 3.75 — 3.46 (dd, J = 5.5 Hz, 2H), 2.93 (s, 1H), 2.86 (q, J = 6.9 Hz, 2H),
1.72 —1.56 (m, 2H), 1.55 - 1.40 (m, 3H), 1.38 — 1.12 (m, 4H), 1.34 (s, 9H), 1.06 (dq, J = 5.2, 2.7
Hz, 2H), 0.96 — 0.77 ppm (m, 8H); *C NMR (151 MHz, DMSO-de): 8 = 171.9, 168.8, 167.5,
155.6, 147.1, 143.9, 140.6, 140.5, 127.8, 127.3, 124.0, 120.7, 77.4, 73.2, 68.6, 65.1, 52.9, 52.7,
46.2, 41.8, 40.9, 39.5, 31.8, 28.9, 28.3, 24.0, 23.3, 22.4, 21.8, 21.7(5), 16.8 ppm; HRMS (ESI):
m/z calculated for C3sHs2Ns07 [M+H]*: 702.3861, found: 702.3864.

(9H-Fluoren-9-yl)methyl-((S)-1-(((S)-6-((tert-butoxycarbonyl)amino)-1-((2-((1-(1-
chlorovinyl)cyclopropyl)amino)-2-oxoethyl)amino)-1-oxohexan-2-yl)amino)-4-methyl-1-
oxopentan-2-yl)carbamate (141)

According to General Procedure D,
amine hydrochloride 136 was obtained in

situ from N-Boc-protected peptide 131
\)J\N/ﬁ( K& (82.9 mg, 0.348 mmol) and was directly
used in the following reaction: According

to General Procedure E, tetrapeptide 141
N 0 (244 mg, apparent quantitative, 1:1
\n/ \’< mixture of 141 and 140 as per 'H NMR
0 analysis) was obtained from dipeptide 3

(205 mg, 0.35 mmol) and amine
hydrochloride 136 (mixture of 136 and 135).

Characteristic analytical data for 141: "H NMR (400 MHz, DMSO-ds): 8 = 8.35 (s, 1H), 8.17 (t, J =
5.7 Hz, 1H), 7.98 (d, J = 7.5 Hz, 1H), 7.89 (d, J = 7.6 Hz, 2H), 7.72 (t, J = 6.7 Hz, 2H), 7.50 (d, J =
7.2 Hz, 1H), 7.41 (t, J = 7.5 Hz, 2H), 7.36 — 7.28 (m, 2H), 6.71 (s, 1H), 5.43 (d, J = 1.8 Hz, 1H),
5.22 (d, J=1.8 Hz, 1H), 4.36 — 4.13 (m, 4H), 4.11 — 4.00 (m, 1H), 3.70 — 3.55 (m, 2H), 2.86 (d, J
=7.7 Hz, 2H), 1.70 — 1.56 (m, 2H), 1.55 — 1.40 (m, 3H), 1.40 — 1.20 (m, 4H), 1.34 (s, 9H), 1.07 (d,
J =6.6 Hz, 2H), 0.92 (d, J = 6.6 Hz, 2H), 0.89 — 0.81 ppm (m, 6H); 3C NMR (151 MHz, DMSO-
ds): 0 =170.8, 170.4, 155.9, 155.5, 144.0, 143.7, 140.7, 139.4, 128.9, 127.3, 125.3, 120.1, 112.0,
77.3,65.5,53.0, 52.2, 46.7, 41.9, 40.6, 39.2, 36.0, 31.7, 29.2, 28.3, 24.1, 23.1, 22.6, 21.4, 16.8
ppm; HRMS (ESI): m/z calculated for CaoHs3CINsO7 (141) [M+H]*: 738.3628, found: 738.3646; m/z
calculated for C3gHs3NsO7 (140) [M+H]*: 702.3861, found: 702.3887.
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(9H-Fluoren-9-yl)methyl-((S)-1-(((S)-2,2-dimethyl-4,11,14-trioxo-18-phenyl-3-oxa-5,12,15-
triazaoctadec-17-yn-10-yl)amino)-4-methyl-1-oxopentan-2-yl)carbamate (142)

According to General Procedure D, alkyne hydrochloride salt 137 was obtained in situ from N-
Boc-protected peptide 132 (0.25
g, 0.86 mmol) and was directly

0] 0] ; ; ;
H H — used in the following reaction:
O O)LN/d;\l\)J\N/\WN Z According to General Procedure
. H 5 H H o E, tetrapeptide 142 (0.61 g, 89%)

was obtained from dipeptide 128
(0.50 g, 0.86 mmol) and amine

N\n/oj< hydrochloride 137.

o Characteristic analytical data: "H
NMR (400 MHz, DMSO-ds): 6 = 8.34 (t, J = 5.5 Hz, 1H), 8.23 - 8.12 (m, 1H), 7.94 (d, J = 7.7 Hz,
1H), 7.88 (d, J = 7.5 Hz, 2H), 7.71 (t, J = 6.8 Hz, 2H), 7.50 (d, J = 8.7 Hz, 1H), 7.45 — 7.27 (m,
9H), 6.71 (s, 1H), 4.34 —4.19 (m, 4H), 4.13 (dd, J = 5.5, 1.9 Hz, 2H), 4.09 — 3.98 (m, 1H), 3.72 (t,
J=6.8 Hz, 2H), 2.86 (d, J = 7.6 Hz, 2H), 1.64 — 1.56 (m, 2H), 1.52 — 1.39 (m, 3H), 1.39 - 1.20
(m, 4H), 1.34 (s, 9H), 0.91 — 0.79 ppm (m, 6H); '*C NMR (151 MHz, DMSO-de): 6 = 172.5, 171.9,
168.6, 156.0, 155.6, 144.0, 143.7, 140.7, 131.4, 128.7, 128.6, 127.7, 127.1, 125.3, 122.3, 120.1,
86.9, 81.6, 77.4, 65.5, 53.1, 52.7, 46.7, 41.9, 40.6, 39.2, 31.6, 29.2, 28.7, 28.3, 24.2, 23.1, 22.5,
21.4 ppm; HRMS (ESI): m/z calculated for C43Hs4NsO7 [M+H]*: 752.4018, found: 752.3991.

tert-Butyl-((S)-5-((S)-2-acetamido-4-methylpentanamido)-6-oxo0-6-((2-oxo-2-(prop-2-yn-1-
ylamino)ethyl)amino)hexyl)carbamate (25d)

According to General Procedure F, N-acetyl
tetrapeptide 25d (20.3 mg, 8%) was obtained from N-

] ) )
H H Fmoc tetrapeptide 138 (360 mg, 0.53 mmol) and
)J\N/d;\IJJ\N/\WN/ commercially sourced acetic anhydride (53 pL, 0.56
H H H mmol), following flash column chromatography

O o (Biotage® Sfér Silica D Duo 5 g; 18 mL/min; 100%ui
I/H 0 cyclohexane (2 CV), linear gradient (30 CV): 0%wwv —

\n/ j< 100%vw acetone in cyclohexane, 100%vv acetone (2
o) CV)), and reversed-phase HPLC (Avantor® ACE® 10

AQ 250 x 21.2 mm; 20 mL/min, linear gradient (30
min): 2% — 98%wv acetonitrile in water (each containing 0.1%uwv formic acid); tr = 15.4 min).

White amorphous solid ; "H NMR (600 MHz, DMSO-ds): 3 = 8.19 (t, J = 5.6 Hz, 1H), 8.10 (t, J =
5.9 Hz, 1H), 7.99 (d, J = 8.0 Hz, 1H), 7.94 (d, J = 7.5 Hz, 1H), 6.74 (t, J = 5.7 Hz, 1H), 4.27 (td, J
=8.3,6.1 Hz, 1H), 4.15 (td, J = 7.8, 5.1 Hz, 1H), 3.86 (td, J = 5.1, 2.4 Hz, 2H), 3.67 (dd, J = 21.0,
5.8 Hz, 2H), 3.10 (t, J = 2.5 Hz, 1H), 2.87 (q, J = 6.7 Hz, 2H), 1.84 (s, 3H), 1.65 (ddt, J = 14.4,
10.2, 5.5 Hz, 1H), 1.59 (dq, J = 13.4, 6.7 Hz, 1H), 1.52 (dtd, J = 13.6, 9.4, 5.0 Hz, 1H), 1.43 (ddd,
J=9.1,6.1,2.3 Hz, 2H), 1.37 (s, 9H), 1.35 — 1.31 (m, 2H), 1.26 — 1.15 (m, 2H), 0.86 ppm (dd, J =
24.6, 6.6 Hz, 6H); *C NMR (176 MHz, DMSO-ds): & = 172.4, 171.8, 169.4, 168.5, 155.5, 80.9,
77.3,73.0,52.7, 51.0, 41.8, 40.5, 39.5, 31.3, 29.2, 28.3, 27.9, 24.1, 23.1, 22.6, 22.5, 21.6 ppm;
IR (solid): ¥ = 3289, 3078, 2957, 2934, 2870, 1632, 1532, 1460met, 1440, 1391, 1367, 1277,
1250, 1171, 1097, 1040, 1016 cm-'; HRMS (ESI): m/z calculated for C24Ha2NsOg [M+H]*:
496.3130, found: 496.3123.
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tert-Butyl-((S)-5-((S)-2-acetamido-4-methylpentanamido)-6-((2-(but-2-yn-1-ylamino)-2-
oxoethyl)amino)-6-oxohexyl)carbamate (25¢)
According to General Procedure F, N-acetyl
0 0 tetrapeptide 25e (5.8 mg, 1%) was obtained from N-
H H/ Fmoc tetrapeptide 139 (759 mg, 1.01 mmol) and
)J\N NJJ\NWN = commercially sourced acetic anhydride (0.11 mL,
H H H 1.10 mmol), following flash column chromatography
O 0 (Biotage® Sfar Silica D Duo 10 g; 40 mL/min;
I/H o 100%vw cyclohexane (2 CV), linear gradient (8 CV):
\n/ j< 0%ww — 30%vw acetone in cyclohexane, linear
o) gradient (30 CV): 30%w — 100%uwv acetone in
cyclohexane, 100%uw~ acetone (10 CV)), and
reversed-phase HPLC (Avantor® ACE® 10 AQ 250 x 21.2 mm; 20 mL/min, linear gradient (45
min): 2% — 98%.w acetonitrile in water (each containing 0.1%uwwv formic acid); tr = 20.4 min).

White amorphous solid ; 'TH NMR (400 MHz, DMSO-ds): 6 = 8.11 (t, J = 5.5 Hz, 1H), 8.07 (t, J =
5.9 Hz, 1H), 8.00 (d, J = 7.9 Hz, 1H), 7.94 (d, J = 7.6 Hz, 1H), 6.75 (t, J = 5.6 Hz, 1H), 4.32 - 4.22
(m, 1H), 4.15 (q, J = 7.6 Hz, 1H), 3.82 (dq, J = 5.3, 2.8 Hz, 2H), 3.66 (qd, J = 16.6, 5.6 Hz, 2H),
2.90 - 2.82 (m, 2H), 1.84 (s, 3H), 1.76 (t, J = 2.4 Hz, 3H), 1.70 — 1.55 (m, 2H), 1.54 — 1.46 (m,
1H), 1.45 - 1.39 (m, 2H), 1.37 (s, 9H), 1.35 - 1.28 (m, 2H), 1.28 — 1.16 (m, 2H), 0.92 — 0.81 ppm
(m, 6H); 3C NMR (151 MHz, DMSO-ds): 6 = 172.4, 171.8, 169.5, 168.4, 155.6, 78.0, 77.4, 76.3,
52.7,51.1,41.8, 40.5, 39.5, 31.4,29.2, 28.3, 28.2, 24.2, 23.1, 22.6, 22.5, 21.6, 3.1 ppm; IR (film):
¥ = 3281 (br), 3081, 2956, 2933, 2869, 2361, 2252, 1779, 1689, 1628, 1538 cm-!; HRMS (ESI):
m/z calculated for C2sH44Ns0e [M+H]*: 510.3286, found: 510.3291.

tert-Butyl-((S)-5-((S)-2-acetamido-4-methylpentanamido)-6-((2-((1-
ethynylcyclopropyl)amino)-2-oxoethyl)amino)-6-oxohexyl)carbamate (25f)
According to General Procedure F, N-acetyl
0 0 tetrapeptide 25f (56.6 mg, 13%) was obtained from N-
H H . Fmoc tetrapeptide 140 (610 mg, 0.87 mmol) and
)J\N N\)J\NWN{/ commercially sourced acetic anhydride (87 pL, 0.92
H H H mmol), following flash column chromatography
o 0 (Biotage® Sfar Silica D Duo 10 g; 40 mL/min; 100%.u
I/H 0 cyclohexane (6 CV), linear gradient (8 CV): 0%wwv —
\n/ j< 30%vww acetone in cyclohexane, linear gradient (30
o) CV): 30%ww — 100%wv acetone in cyclohexane,
100%vw acetone (10 CV)), and reversed-phase HPLC
(Avantor® ACE® 10 AQ 250 x 21.2 mm; 20 mL/min, linear gradient (45 min): 2% — 98%ww
acetonitrile in water (each containing 0.1%ww formic acid); tr = 20.1 min).

White amorphous solid ; 'TH NMR (400 MHz, DMSO-ds): & = 8.30 (s, 1H), 8.05 (t, J = 5.8 Hz, 1H),
7.98 (t, J = 8.1 Hz, 2H), 6.75 (t, J = 5.7 Hz, 1H), 4.27 (qd, J = 7.3, 4.3 Hz, 1H), 4.11 (td, J = 8.0,
5.2 Hz, 1H), 3.69 — 3.50 (m, 2H), 2.94 (s, 1H), 2.87 (q, J = 6.6 Hz, 2H), 1.84 (s, 3H), 1.68 — 1.55
(m, 2H), 1.54 — 1.46 (m, 1H), 1.45 — 1.40 (m, 2H), 1.36 (s, 9H), 1.35 — 1.29 (m, 2H), 1.28 — 1.14
(m, 2H), 1.07 (m, 2H), 1.08 — 0.83 (m, 2H), 0.86 ppm (dd, J = 16.9, 6.5 Hz, 6H); 13C NMR (151
MHz, DMSO-ds): & = 172.5, 171.8, 169.5, 169.0, 155.6, 86.2, 77.4, 68.6, 52.8, 51.1, 41.9, 40.5,
39.5, 31.3,29.2, 28.3, 24.2, 23.1, 22.7, 22.5, 21.8, 21.6, 16.8 ppm (2C); IR (film): ¥ = 3307 (br),
2958, 2118, 1645, 1535, 1452, 1367, 1287, 1251, 1171 cm™'; HRMS (ESI): m/z calculated for
C26HaaNsOs [M+H]*: 522.3286, found: 522.3288.
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tert-Butyl-((S)-5-((S)-2-acetamido-4-methylpentanamido)-6-((2-((1-(1-
chlorovinyl)cyclopropyl)amino)-2-oxoethyl)amino)-6-oxohexyl)carbamate (25c)

According to General Procedure F, N-acetyl
o o Cl tetrapeptide 25¢ (10.03 mg, ~ 5%) was obtained from
H H N-Fmoc tetrapeptide 141 (244 mg, 1:1 mixture of 141
)J\N NJJ\N/\H/NK& and 140 as per '"H NMR analysis) and commercially
H H H sourced acetic anhydride (34.5 pL, 0.37 mmol),
O 0 following flash column chromatography (Biotage® Sfar
H o Silica D Duo 10 g; 40 mL/min; 100%. cyclohexane (2
\n/ \’< CV), linear gradient (8 CV): 0%vwwv — 30%.v acetone in
o) cyclohexane, linear gradient (30 CV): 30%ww —
100%vw acetone in cyclohexane, 100%uwv acetone (10
CV)), and reversed-phase HPLC (Avantor® ACE® 10 AQ 250 x 21.2 mm; 20 mL/min, linear

gradient (30 min): 2%ww — 98%u~ acetonitrile in water (each containing 0.1%w~ formic acid); tr =
17.4 min).

White amorphous solid ; 'TH NMR (600 MHz, DMSO-ds): 8 = 8.32 (s, 1H), 8.12 (t, J = 5.8 Hz, 1H),
7.99 (t, J=8.3 Hz, 2H), 6.74 (t, J = 5.7 Hz, 1H), 5.43 (d, J = 1.8 Hz, 1H), 5.23 (d, J = 1.8 Hz, 1H),
4.30 - 4.23 (m, 1H), 4.11 (q, J = 6.3 Hz, 1H), 3.69 — 3.55 (m, 2H), 2.87 (q, J= 6.7 Hz, 2H), 1.84
(s, 3H), 1.68 — 1.61 (m, 1H), 1.60 — 1.55 (m, 1H), 1.54 — 1.47 (m, 1H), 1.42 (m, 2H), 1.37 (s, 9H),
1.36 — 1.31 (m, 2H), 1.29 — 1.16 (m, 4H), 0.93 (m, 2H), 0.86 ppm (dd, J = 24.8, 6.6 Hz, 6H); '*C
NMR (151 MHz, DMSO-ds): 8 = 172.5, 172.0, 169.4, 169.1, 155.5, 141.2, 112.2, 77.3, 52.8, 51.0,
42.2,40.5, 39.5, 35.9, 31.2, 29.2, 28.3, 24 1, 23.0, 22.7, 22.4, 21.6, 14.4, 14.2 ppm; IR (film): ¥ =
3281, 3067, 2954, 2936, 2868, 2247, 1685, 1630, 1532 cm-'; HRMS (ESI): m/z calculated for
C26H45CINsO6 [M+H]*: 558.3053, found: 558.3064.

tert-ButyI ((S)-5-((S)-2-acetamido-4-methylpentanamido)-6-ox0-6-((2-oxo-2-((3-phenylprop-
2-yn-1-yl)amino)ethyl)amino)hexyl)carbamate (25g)

According to General Procedure F, N-acetyl
tetrapeptide 25g (93.0 mg, 21%) was obtained
— from N-Fmoc tetrapeptide 142 (590 mg, 0.78
)J\ QJ\N/\H/ = mmol) and commercially sourced acetic

” anhydride (80 pL, 0.85 mmol), following flash
column chromatography (Biotage® Sfar Silica
D Duo 10 g; 40 mL/min; 100%v~ cyclohexane
N\H/Oj< (2 CV), linear gradient (8 CV): 0%y — 30%uv
o acetone in cyclohexane, linear gradient (30
CV) 30%vw — 100%ww acetone in
cyclohexane, 100%uwv acetone (10 CV)), and reversed-phase HPLC (Avantor® ACE® 10 AQ 250
x 21.2 mm; 20 mL/min, linear gradient (45 min): 2% — 98%un acetonitrile in water (each
containing 0.1%uww formic acid); tr = 24.4 min).

White amorphous solid ; '"H NMR (400 MHz, DMSO-ds): 8 = 8.31 (t, J= 5.5 Hz, 1H), 8.13 (t, J =
5.9 Hz, 1H), 8.00 (d, J=7.9 Hz, 1H), 7.96 (d, J = 7.6 Hz, 1H), 7.45 - 7.31 (m, 5H), 6.75 (t, J=5.6
Hz, 1H), 4.28 (td, J = 8.3, 6.3 Hz, 1H), 4.18 (dd, J = 8.0, 5.4 Hz, 1H), 4.14 (dd, J = 5.5, 3.2 Hz,
2H), 3.71 (dd, J = 11.7, 5.8 Hz, 2H), 2.87 (q, J = 6.6 Hz, 2H), 1.84 (s, 3H), 1.71 — 1.63 (m, 1H),
1.62 — 1.56 (m, 1H), 1.55 - 1.47 (m, 1H), 1.46 — 1.39 (m, 2H), 1.36 (s, 9H), 1.35 — 1.29 (m, 2H),
1.28 — 1.16 (m, 2H), 0.84 ppm (dd, J = 14.1, 6.6 Hz, 6H); 3C NMR (101 MHz, DMSO-de): & =
172.4,171.9, 169.4, 168.6, 155.6, 131.4, 128.7, 128.6, 122.2, 86.9, 81.6, 77.3, 52.7, 51.1, 41.9,
40.5, 39.5, 31.4, 29.2, 28.6, 28.3, 24.2, 23.0, 22.6, 22.5, 21.6 ppm; IR (film): ¥ = 3287 (br), 3080,
2971, 2883, 2117, 1683, 1634, 1451, 1368, 1287, 1252, 1172 cm'; HRMS (ESI): m/z calculated
for CaoH46N506 [M+H]*: 572.3443, found: 572.3440.
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tert-Butyl-((S)-5-((S)-4-methyl-2-(2,2,2-trifluoroacetamido)pentanamido)-6-oxo0-6-((2-oxo-2-
(prop-2-yn-1-ylamino)ethyl)amino)hexyl)carbamate (25a)

According to General Procedure F, N-acetyl
0 o tetrapeptide 25a (28.3 mg, 11%) was obtained from
H H N-Fmoc tetrapeptide 138 (300 mg, 0.44 mmol) and
F CJ\N NJJ\NWN/ commercially sourced trifluoroacetic anhydride (65
3 : :
H H H pL, 0.47 mmol), following flash column
O 0 chromatography (Biotage® Sféar Silica D Duo 25 g;
I/H o 80 mL/min; 100%uwv cyclohexane (2 CV), linear
\n/ j< gradient (8 CV): 0% — 30%u acetone in
o) cyclohexane, linear gradient (30 CV): 30%ww —
100%vw acetone in cyclohexane, 100%uwv acetone
(2 CV)), and reversed-phase HPLC (Avantor® ACE® 10 AQ 250 x 21.2 mm; 20 mL/min, linear

gradient (45 min): 2%ww — 98%un acetonitrile in water (each containing 0.1%ww formic acid); tr =
22.9 min).

White amorphous solid ; '"H NMR (400 MHz, DMSO-ds): 8 = 9.43 (d, J = 8.2 Hz, 1H), 8.18 — 8.08
(m, 2H), 8.07 (t, J = 5.8 Hz, 1H), 6.63 (t, J = 5.7 Hz, 1H), 4.42 (ddd, J = 10.6, 8.1, 4.2 Hz, 1H),
4.20 (td, J = 8.0, 5.6 Hz, 1H), 3.87 (dt, J = 5.3, 2.5 Hz, 2H), 3.68 (d, J = 5.8 Hz, 2H), 3.04 (t, J =
2.5Hz, 1H), 2.88 (q, J = 6.6 Hz, 2H), 1.71 — 1.61 (m, 2H), 1.60 — 1.47 (m, 3H), 1.37 (s, 9H), 1.36
—1.32 (m, 2H), 1.31 = 1.17 (m, 2H), 0.94 — 0.79 ppm (m, 6H); 3C NMR (101 MHz, DMSO-ds): &
=171.8, 170.6, 168.5, 156.3 (q, J = 36.3 Hz), 155.6, 115.9 (t, J = 288.0 Hz), 81.0, 77.4, 73.1,
52.9, 51.7, 41.8, 39.2 (2C), 31.5, 29.2, 28.3, 27.9, 24.3, 23.0, 22.6, 21.1 ppm; "°F NMR (376
MHz, DMSO-de): & = -73.9 ppm (s, 3F); IR (film): ¥ = 3288 (br), 2347, 2253, 1673 (br), 1542,
1368, 1180, 1167 cm™'; HRMS (ESI): m/z calculated for C24HsoF3NsOe [M+H]*: 550.2847, found:
550.2847.

(S)-5-((S)-2-Acetamido-4-methylpentanamido)-6-ox0-6-((2-oxo-2-(prop-2-yn-1-
ylamino)ethyl)amino)hexan-1-aminium chloride (25)

According to General Procedure G, tetrapeptide 25

(6.3 mg, 60%) was obtained from N-Boc tetrapeptide
') v ') H 25d (12.2 mg, 0.025 mmol).
)J\N N\)J\NWN/ White amorphous solid ; '"H NMR (400 MHz, DMSO-
H H H de): 6 =8.26 (t, J = 5.5 Hz, 1H), 8.09 (t, J = 5.8 Hz,
0 0 1H), 8.01 (t, J = 7.3 Hz, 2H), 7.67 (s, 2H), 4.30 — 4.17
I/CI:?H CI@ (m, 2H), 3.86 (ddd, J = 5.7, 2.6, 1.4 Hz, 2H), 3.69 (dd,
3 J=5.6, 1.5 Hz, 2H), 3.11 (t, J= 2.5 Hz, 1H), 2.75 (d, J
= 8.4 Hz, 2H), 1.84 (s, 3H), 1.68 (dt, J = 13.8, 6.3 Hz, 1H), 1.59 (dt, J = 13.5, 6.8 Hz, 1H), 1.55 —
1.46 (m, 3H), 1.43 (dd, J = 8.3, 6.3 Hz, 2H), 1.37 — 1.26 (m, 2H), 0.86 ppm (dd, J = 16.4, 6.6 Hz,
6H); 13C NMR (151 MHz, DMSO-de): & = 172.5, 171.7, 169.5, 168.5, 80.9, 73.1, 52.3, 51.1, 41.7,
40.4, 38.7, 31.0, 27.9, 26.5, 24.2, 23.1, 22.5, 22.1, 21.5 ppm; IR (film): ¥ = 3010, 2898, 2855,
2265, 1734, 1636, 1541, 1437, 1291 cm'; HRMS (ESI): m/z calculated for C19H3aNsO4 [M-CI]*:
396.2605, found: 396.2601.

(S)-5-((S)-2-Acetamido-4-methylpentanamido)-6-((2-(but-2-yn-1-ylamino)-2-
oxoethyl)amino)-6-oxohexan-1-aminium chloride (25j)

According to General Procedure G, tetrapeptide 25j
(2.0 mg, 50%) was obtained from N-Boc

o) o) tetrapeptide 25e (3.9 mg, 0.008 mmol).
)J\ N\_)J\NWN Z White amorphous solid ; '"H NMR (400 MHz, DMSO-
z de): 6 =8.35 (s, 2H), 8.18 (t, J = 5.5 Hz, 1H), 8.10 (t,
0 J=5.9Hz, 1H), 8.04 (dd, J=10.4, 7.8 Hz, 2H), 4.30

o)
I/ﬁ” CI@ —4.23 (m, 1H), 4.22 — 4.16 (m, 1H), 3.82 (p, J = 2.5
3 Hz, 2H), 3.73 = 3.61 (m, 2H), 2.71 (t, J = 7.4 Hz,
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2H), 1.84 (s, 3H), 1.76 (t, J = 2.5 Hz, 3H), 1.72 — 1.64 (m, 1H), 1.63 — 1.57 (m, 1H), 1.56 — 1.53
(m, 1H), 1.49 (m, 2H), 1.43 (t, J = 7.3 Hz, 2H), 1.34 — 1.21 (m, 2H), 0.86 ppm (dd, J = 16.5, 6.6
Hz, 6H); 13C NMR (151 MHz, DMSO-de): & = 172.4, 171.7, 169.5, 168.3, 78.0, 76.2, 52.3, 51.2,
41.7,40.5, 38.8, 31.1, 28.2, 27.0, 24.2, 23.1, 22.5, 22.1, 21.5, 3.0 ppm; IR (film): ¥ = 3296 (br),
2957, 2925, 2856, 2361, 2270, 1652, 1547, 1469, 1237 cm™'; HRMS (ESI): m/z calculated for
C20H36NsO4 [M—~CF]*: 410.2762, found: 410.2760.

(S)-5-((S)-2-Acetamido-4-methylpentanamido)-6-((2-((1-ethynylcyclopropyl)amino)-2-
oxoethyl)amino)-6-oxohexan-1-aminium chloride (25h)

According to General Procedure G, tetrapeptide 25h
(7.6 mg, 77%) was obtained from N-Boc tetrapeptide
25f (11.5 mg, 0.022 mmol).

)J\N/df\ \)J\N/\[f { White amorphous solid ; 'TH NMR (400 MHz, DMSO-

N ds): & = 8.39 (s, 1H), 8.10 — 8.01 (m, 3H), 7.80 (s, 2H),

4.31-4.21 (m, 1H), 4.18 (td, J = 8.3, 5.2 Hz, 1H), 3.69

—3.53 (m, 2H), 2.95 (s, 1H), 2.74 (s, 2H), 1.84 (s, 3H),

NH3 C' 1.74 — 1.64 (m, 1H), 1.63 — 1.55 (m, 2H) 1.53 (m, 2H),

1.44 (t, J = 7.3 Hz, 2H), 1.37 — 1.25 (m, 2H), 1.10 — 1.05 (m, 2H), 0.96 — 0.91 (m, 2H), 0.87 ppm

(dd, J = 16.7, 6.5 Hz, 6H); "*C NMR (151 MHz, DMSO-de): 5 = 172.5, 171.6, 169.5, 168.9, 86.2,

68.6, 52.4, 51.1, 41.8, 40.5, 38.6, 31.0, 26.5, 24.1, 23.1, 22.5, 22.1, 21.8, 21.5, 16.7 ppm (2C); IR

(film): V = 2928, 2264, 1733, 1644, 1548, 1439, 1292, 1109 cm-'; HRMS (ESI): m/z calculated for
C21H36NsO4 [M—-CI]*: 422.2762, found: 422.2742.

(S)-5-((S)-2-Acetamido-4-methylpentanamido)-6-oxo-6-((2-oxo-2-((3-phenylprop-2-yn-1-
yl)amino)ethyl)amino)hexan-1-aminium chloride (25i)

According to General Procedure G,
tetrapeptide 25i (4.1 mg, 89%) was obtained

(0] 0] ;
H H from N-Boc-protected tetrapeptide 25g (5.2
)J\N NJJ\N/\WN Z mg, 0.009 mmol).
H z H , I
(0] (0] White amorphous solid ; '"H NMR (400 MHz,
L@ o DMSO-ds): 8 = 8.37 (t, J = 5.5 Hz, 1H), 8.24 (s,
NH; Cl 1H), 8.13 (t, J=5.8 Hz, 1H), 8.03 (d, J=7.8

Hz, 2H), 7.45 - 7.33 (m, 5H), 4.25 (dt, J =
14.9, 7.2 Hz, 2H), 4.17 —4.11 (m, 2H), 3.74 — 3.70 (m, 2H), 2.74 (t, J = 7.5 Hz, 2H), 1.84 (s, 3H),
1.74 — 1.64 (m, 1H), 1.64 — 1.54 (m, 2H), 1.54 — 1.46 (m, 2H), 1.46 — 1.40 (m, 2H), 1.34 — 1.28
(m, 2H), 0.85 ppm (dd, J = 14.7, 6.6 Hz, 6H); '3C NMR (151 MHz, DMSO-ds): 5 = 172.5, 171.7,
169.5, 168.5, 131.3, 128.7, 128.6, 122.2, 86.8, 81.6, 52.3, 51.2, 41.8, 40.4, 38.7, 31.1, 28.6, 26.6,
24.2,23.1,22.5,22.1,21.5 ppm; IR (film): ¥ = 3270 (br), 2930, 2864, 2335, 2255, 1638, 1549 cm-
'; HRMS (ESI): m/z calculated for C2sH3sNsO4 [M-CI-]*: 472.2918, found: 472.2916.

(S)-5-((S)-4-Methyl-2-(2,2,2-trifluoroacetamido)pentanamido)-6-oxo-6-((2-oxo-2-(prop-2-yn-
1-ylamino)ethyl)amino)hexan-1-aminium chloride (25k)

According to General Procedure G, tetrapeptide

25k (5.5 mg, 73%) was obtained from N-Boc
tetrapeptide 25a (8.4 mg, 0.015 mmol).
JJ\N N/ White amorphous solid ; '"H NMR (400 MHz,
/\W DMSO-ds): 6 = 9.54 (d, J 7.9 Hz, 1H), 8.29 (dd, J
=9.5,6.5 Hz, 2H), 8.16 (t, J = 5.8 Hz, 1H), 7.64 (s,
3H), 4.46 — 4.35 (m, 1H), 4.25 (q, J = 8.0 Hz, 1H),
NHs C' 3.90 — 3.84 (m, 2H), 3.73 — 3.62 (m, 2H), 3.12 (t, J
=2.5Hz, 1H), 2.74 (d, J = 7.1 Hz, 2H), 1.73 - 1.60
(m, 2H), 1.60 — 1.46 (m, 5H), 1.35 — 1.27 (m, 2H), 0.87 ppm (dd, J = 14.0, 6.3 Hz, 6H); 3°C NMR
(151 MHz, DMSO-de): 5 = 171.6, 170.7, 168.5, 156.3 (d, J = 36.9 Hz), 115.9 (d, J = 288.1 Hz),
81.0,73.1,52.5,51.7,41.7, 39.2, 38.7, 31.2, 27.9, 26.6, 24.3, 23.0, 22.1, 21.1 ppm; "°F NMR
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(376 MHz, DMSO-ds): 6 = -73.8 ppm (m, 3F); IR (film): ¥ = 3289 (br), 2961 (br), 2253, 1719,
1648, 1541, 1389, 1261, 1215, 1185, 1073 cm"; HRMS (ESI): m/z calculated for C19H31F3N5sO4
[M-CF]*: 450.2323, found: 450.2325.

(S)-2-((S)-4-Methyl-2-(2,2,2-trifluoroacetamido)pentanamido)-N-(2-oxo-2-(prop-2-yn-1-
ylamino)ethyl)-6-(2,2,2-trifluoroacetamido)hexanamide (25b)

N-Boc tetrapeptide 25k (60 mg, 0.110 mmol) was
0 o céeprotected according to(GeneraI Procedure G.
H H ommercially sourced 4-(N,N-
F3CJ\N N_JJ\NWN/ dimethylamino)pyridine (1.05 equiv.), anhydrous
H H H tetrahydrofuran (0.09 M) and commercially sourced
O 0 trifluoroacetic anhydride (1.05 equiv.) were added,
I/H CF and the reaction stirred under reflux (1 h). After
\n/ 3 cooling to ambient temperature, the mixture was
o) concentrated under reduced pressure, and the
crude residue was redissolved in ethyl acetate. The
mixture was washed with aqueous HCI (1 M), saturated aqueous NaHCOs and brine, then dried
over anhydrous NazSOy, filtered and concentrated under reduced pressure. The residue was
purified via flash column chromatography (Biotage® Sfar Silica D Duo 5 g; 18 mL/min; 100%vsx
cyclohexane (3 CV), linear gradient (15 CV): 0%ww — 100%vww acetone in cyclohexane, 100%vy
acetone (3 CV)) and reversed-phase HPLC (Avantor® ACE® 10 AQ 250 x 21.2 mm; 20 mL/min,
linear gradient (45 min): 2% — 98%vw acetonitrile in water (each containing 0.1%uwv formic acid);
tr = 21.0 min), to give the desired peptide 25b (0.43 mg, 1%).

White amorphous solid; '"H NMR (600 MHz, DMSO-de): & = 9.53 (d, J = 7.9 Hz, 1H), 9.38 (s, 1H),
8.24 (t, J=5.5Hz, 2H), 8.18 (t, J = 5.8 Hz, 1H), 4.45 — 4.38 (m, 1H), 4.22 (td, J = 8.0, 5.3 Hz,
1H), 3.86 (ddd, J = 6.1, 3.8, 2.5 Hz, 2H), 3.68 (d, J = 5.9 Hz, 2H), 3.15 (q, J = 6.6 Hz, 2H), 3.14 —
3.08 (m, 1H), 1.72 — 1.57 (m, 2H), 1.59 — 1.43 (m, 5H), 1.28 (ddd, J = 24.2, 16.3, 8.9 Hz, 2H),
0.87 ppm (dd, J = 20.2, 6.4 Hz, 6H); '*C NMR (151 MHz, DMSO-ds): 8 = 171.7, 170.6, 168.4,
156.2 (d, J = 36.4 Hz), 156.1 (d, J = 35.8 Hz), 116.0 (d, J = 288.3 Hz), 115.9 (d, J = 287.7 Hz),
81.0, 73.0, 52.7, 51.7, 41.7, 39.5, 39.0, 31.4, 27.9, 27.8(6), 24.3, 23.0, 22.5, 21.1 ppm; "°F NMR
(565 MHz, DMSO-ds): & = —=73.9 (s, 3F), =74.4 ppm (s, 3F); IR (film): ¥ = 3293 (br), 3094, 2949,
2126, 1704, 1640, 1548, 1209, 1186, 1158 cm-'; HRMS (ESI): m/z calculated for C21H30FsN5Os
[M+H]*: 546.2146, found: 546.2141.

N-((S)-5-((S)-4-methyl-2-(2,2,2-trifluoroacetamido)pentanamido)-6-0x0-6-((2-ox0-2-(prop-2-
yn-1-ylamino)ethyl)amino)hexyl)-1-(5-((3aS,4S,6aR)-2-oxohexahydro-1H-thieno[3,4-
d]imidazol-4-yl)pentanamido)-3,6,9,12-tetraoxapentadecan-15-amide (31, bio-a-25a)
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N-Boc tetrapeptide 24 (102.6 mg,

0.187 mmol) was deprotected
according to General Procedure G,
and was directly used in the
&J\ following reaction: According to
N/ﬁ]/ General Procedure |, N-PEG-

biotinylated tetrapeptide 31 (74.7
H mg, 43%) was obtained from
commercial Biotin-PEG4-NHS ester
Nj(\/o\/\O (1.2 equiv.), following high-
0 H performance liquid chromatography
(Avantor® ACE® 10 AQ 250 x 21.2
mm; 20 mL/min), isocratic hold (9.4

NH
H O min) 2%u; linear gradient (77.6
H H J/ min): 2% — 98%wwv acetonitrile in
0, N \/\O water (each containing 0.1%wny
W formic acid); tr = 36.0 min.

White solid; IH NMR (400 MHz,
DMSO-dg): 8 =9.52 (d, J = 8.1 Hz, 1H), 8.26 — 8.19 (m, 2H), 8.16 (t, J = 5.8 Hz, 1H), 7.82 (t, J =
5.7 Hz, 1H), 7.78 (t, J = 5.6 Hz, 1H), 6.41 (t, J = 1.8 Hz, 1H), 6.35 (s, 1H), 4.42 (ddd, J = 10.9,
8.0, 4.0 Hz, 1H), 4.30 (dd, J = 7.8, 5.0 Hz, 1H), 4.19 (td, J = 8.1, 5.5 Hz, 1H), 4.12 (ddd, J = 7.8,
4.4, 1.9 Hz, 1H), 3.87 (dt, J = 5.2, 2.4 Hz, 2H), 3.68 (d, J = 5.8 Hz, 2H), 3.58 (t, J = 6.5 Hz, 2H),
3.50 (d, J = 1.3 Hz, 8H), 3.47 (g, J = 2.0 Hz, 4H), 3.39 (t, J = 5.9 Hz, 2H), 3.18 (g, J = 5.8 Hz, 2H),
3.12 - 3.06 (m, 2H), 3.00 (q, J = 6.6 Hz, 2H), 2.82 (dd, J = 12.4, 5.1 Hz, 1H), 2.57 (d, J = 12.4 Hz,
1H), 2.29 (t, J = 6.5 Hz, 2H), 2.06 (t, J = 7.4 Hz, 2H), 1.70 — 1.41 (m, 9H), 1.41 — 1.19 (m, 6H),
0.87 ppm (dd, J =13.5, 6.1 Hz, 6H); 3C NMR (151 MHz, DMSO-ds): 6 = 172.1, 171.8, 170.6,
169.8, 168.5, 162.7, 156.3 (q, J = 36.4 Hz), 115.9 (g, J = 288.3 Hz), 81.0, 73.1, 69.7(8), 69.7(7),
69.7, 69.6(7), 69.6, 69.5, 69.2, 66.9, 61.0, 59.2, 55.4, 52.8, 51.7, 41.7, 39.8, 39.2, 38.4, 38.3,
36.1, 35.1, 31.4, 28.8, 28.2, 28.0, 27.9, 25.3, 24.3, 23.0, 22.6, 21.1 ppm; °F NMR (376 MHz,
DMSO-dg): & = =74.4 ppm (s, 3F); IR (film): ¥ = 3268 (br), 3076, 2929, 2871, 2360, 2341, 1650,
1547, 1350, 1209, 1190, 1155, 1102, 725, 684, 668 cm-1; HRMS (ESI): m/z calculated for
CaoHesF3NgO11S [M+H]*: 923.4518, found: 923.4561.

(S)-2-((S)-4-methyl-2-(2,2,2-trifluoroacetamido)pentanamido)-6-(14-oxo0-18-((3aS,4S,6aR)-2-
oxohexahydro-1H-thieno[3,4-d]imidazol-4-yl)-4,7,10-trioxa-13-azaoctadecanamido)-N-(2-
0X0-2-(prop-2-yn-1-ylamino)ethyl)hexanamide (32, bio-b-25a)

N-Boc tetrapeptide 24 (100.9 mg,
0.184 mmol) was deprotected
according to General Procedure G,
Q]\ and was directly used in the
N/}( i ion: i

following reaction: According to
General Procedure I, N-PEG-
biotinylated tetrapeptide 32 (40.0
H mg, 30%) was obtained from
N 7(\/0\/\0 commercially sourced Biotin-PEG3-
NHS ester (0.8 equiv.), following
) H high-performance liquid
chromatography (Avantor® ACE®
0 @) 10 AQ 250 x 21.2 mm; 20 mL/min),
YNH H o J/ isocratic hold (9.4 min) 2%uy; linear
\\\/\)J\ gradient (77.6 min): 2%uy — 98%u
HN@“ II:II acetonitrile in water (each containing

H S 0.1%vw formic acid); tr = 36.0 min.
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White solid; *H NMR (400 MHz, DMSO-ds): 6 = 1H NMR (400 MHz, DMSO) 6 9.53 (d, J = 8.0 Hz,
1H), 8.26 — 8.19 (m, 2H), 8.17 (t, J = 5.8 Hz, 1H), 7.83 (t, J = 5.6 Hz, 1H), 7.78 (t, J = 5.6 Hz, 1H),
6.42 (s, 1H), 6.35 (s, 1H), 4.42 (ddd, J = 10.8, 7.9, 4.1 Hz, 1H), 4.34 — 4.25 (m, 1H), 4.19 (td, J =
8.2, 5.6 Hz, 1H), 4.12 (ddd, J = 7.8, 4.4, 1.9 Hz, 1H), 3.86 (dt, J = 5.1, 2.4 Hz, 2H), 3.68 (d, J =
5.8 Hz, 2H), 3.58 (t, J = 6.5 Hz, 2H), 3.54 — 3.42 (m, 8H), 3.38 (t, J = 5.9 Hz, 2H), 3.18 (9, J = 5.8
Hz, 2H), 3.12 — 3.06 (m, 2H), 3.00 (q, J = 6.6 Hz, 2H), 2.81 (dd, J = 12.4, 5.0 Hz, 1H), 2.57 (d, J =
12.4 Hz, 1H), 2.29 (t, J = 6.5 Hz, 2H), 2.06 (t, J = 7.4 Hz, 2H), 1.70 — 1.40 (m, 9H), 1.40 - 1.21
(m, 6H), 0.87 ppm (dd, J = 13.6, 6.1 Hz, 6H); 13C NMR (151 MHz, DMSO-dg): 5 = 172.1, 171.7,
170.6, 169.8, 168.5, 162.7, 156.1 (g, J = 36.4 Hz), 115.9 (g, J = 288.2 Hz), 81.0, 73.1, 69.7,
69.6(7), 69.6, 69.5, 69.2, 66.9, 61.0, 59.2, 55.4, 52.8, 51.6, 41.7, 39.8, 39.2, 38.4, 38.3, 36.1,
35.1, 31.4, 28.8, 28.2, 28.0, 27.9, 25.3, 24.3, 23.0, 22.6, 21.1 ppm; °F NMR (376 MHz, DMSO-
ds): © = =74.4 ppm (s, 3F); IR (film): ¥ = 3290 (br), 3080, 2930, 2870, 2361, 2341, 1650, 1548,
1460, 1350, 1209, 1190, 1156, 668 cm1; HRMS (ESI): m/z calculated for CssHs1F3NsO10SK
[M+K]*: 917.3815, found: 917.3855.

tert-butyl ((20S,23S)-20-isobutyl-5,18,21-trioxo-23-((2-ox0-2-(prop-2-yn-1-
ylamino)ethyl)carbamoyl)-1-((3aS,4S,6aR)-2-oxohexahydro-1H-thieno[3,4-d]imidazol-4-yl)-
9,12,15-trioxa-6,19,22-triazaheptacosan-27-yl)carbamate (33, bio-b-I138)

N-Fmoc

tetrapeptide 14
O o) (175.6 mg, 0.260
H H . mmol) was
H o : H R according to

General Procedure
S H I/ ’ J, and was directly

used in the

HN__O .. NH N_ O - -
N \n/ \’< following reaction:
H HN’&O o) According to

General Procedure
I, N-PEG-biotinylated tetrapeptide 33 (90.9 mg, 40%) was obtained from commercially sourced
Biotin-PEG3-NHS ester (1.0 equiv.), following high-performance liquid chromatography
(Avantor® ACE® 10 AQ 250 x 21.2 mm; 20 mL/min), isocratic hold (5.3 min) 18%u; linear
gradient (46.9 min): 2% — 98%uwv acetonitrile in water (each containing 0.1%wv formic acid); tr =
19.0 min.

White solid; IH NMR (600 MHz, DMSO-ds): & = 8.20 (t, J = 5.6 Hz, 1H), 8.11 (t, J = 5.9 Hz, 1H),
8.00 (d, J = 8.0 Hz, 1H), 7.94 (d, J = 7.5 Hz, 1H), 7.83 (t, J = 5.7 Hz, 1H), 6.73 (t, J = 5.7 Hz, 1H),
6.41 (d, J = 1.9 Hz, 1H), 6.35 (t, J = 1.4 Hz, 1H), 4.33 — 4.27 (m, 2H), 4.16 (dt, J = 7.9, 4.1 Hz,
1H), 4.12 (ddd, J = 7.7, 4.4, 1.8 Hz, 1H), 3.91 — 3.82 (m, 2H), 3.67 (qd, J = 16.7, 5.9 Hz, 2H), 3.62
—3.55 (m, 2H), 3.52 — 3.44 (m, 8H), 3.38 (t, J = 6.0 Hz, 2H), 3.18 (q, J = 5.9 Hz, 2H), 3.12 — 3.05
(m, 2H), 2.87 (g, J = 6.7 Hz, 2H), 2.81 (dd, J = 12.4, 5.1 Hz, 1H), 2.57 (d, J = 12.4 Hz, 1H), 2.41
(dt, J = 14.0, 6.8 Hz, 1H), 2.33 (dt, J = 14.5, 6.3 Hz, 1H), 2.06 (t, J = 7.5 Hz, 2H), 1.67 — 1.57 (m,
3H), 1.55 — 1.41 (m, 6H), 1.36 (s, 9H), 1.34 — 1.16 (m, 6H), 0.88 (d, J = 6.6 Hz, 3H), 0.83 ppm (d,
J = 6.6 Hz, 3H); 13C NMR (151 MHz, DMSO-de): & = 172.3, 172.2, 171.9, 170.3, 168.5, 162.7,
155.6, 81.0, 77.4, 73.0, 69.7(4), 69.7, 69.6, 69.5, 69.2, 66.8, 61.1, 59.2, 55.4, 52.7, 51.0, 41.8,
40.6, 39.9, 39.7, 38.5, 36.0, 35.1, 31.4, 29.2, 28.3 (3C), 28.2, 28.1, 27.9, 25.3, 24.1, 23.1, 22.6,
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21.6 ppm; IR (film): ¥ = 3284 (br), 3078, 2934, 2870, 1649, 1536, 1458, 1366, 1252, 1169, 1098,
686 cmt; HRMS (ESI): m/z calculated for Ca1H70NsO11SK [M+K]*: 921.4516, found: 921.4542.

tert-butyl ((23S,26S)-23-isobutyl-5,21,24-triox0-26-((2-0x0-2-(prop-2-yn-1-
ylamino)ethyl)carbamoyl)-1-((3aS,4S,6aR)-2-oxohexahydro-1H-thieno[3,4-d]imidazol-4-yl)-
9,12,15,18-tetraoxa-6,22,25-triazatriacontan-30-yl)carbamate (34, bio-a-138)

N-Fmoc tetrapeptide 14 (162.9 mg, 0.241 mmol) was deprotected according to General
Procedure J, and was directly used in the following reaction: According to General Procedure I,
N-PEG-biotinylated tetrapeptide 34 (137.7 mg, 65%) was obtained from commercially sourced
Biotin-PEG4-NHS ester (0.95 equiv.), following high-performance liquid chromatography
(Avantor® ACE® 10 AQ 250 x 21.2 mm; 20 mL/min), isocratic hold (5.3 min) 18%u; linear
gradient (46.9 min): 2%.w — 98%uwv acetonitrile in water (each containing 0.1%wy formic acid); tr =
19.0 min.

8.11 (t, J=5.9 Hz,

H
N///
o) 1H), 8.00 (d, J = 8.0
H Hz, 1H), 7.94 (d, J
N O = 7.5 Hz, 1H), 7.83
e \’< (t, J = 5.7 Hz, 1H),
o

6.73 (t, J = 5.7 Hz,
1H),6.41 (t, J= 1.9
Hz, 1H), 6.35 (t, J =

White solid; 1H
0 1) NMR (600 MHz,
H DMSO-dg): & = 8.20
O/\/O\/\O/\)J\N N\')J\N/ﬁ( (t, J=5.6 Hz, 1H),
H o z H

0 1.5 Hz, 1H), 4.33 —
H,HN\( 4.26 (m, 2H), 4.18
L NH —4.10 (m, 2H),

- 3.86 (ddd, J = 5.6,
H 4.1, 2.5 Hz, 2H),

3.67 (qd, J = 16.7,
5.9 Hz, 2H), 3.73 — 3.54 (m, 2H), 3.53 — 3.42 (m, 12H), 3.39 (t, J = 5.9 Hz, 2H), 3.18 (g, J = 5.9
Hz, 2H), 3.12 — 3.05 (m, 2H), 2.87 (q, J = 6.8 Hz, 2H), 2.81 (dd, J = 12.4, 5.1 Hz, 1H), 2.57 (d, J =
12.4 Hz, 1H), 2.41 (dt, J = 13.9, 6.8 Hz, 1H), 2.33 (dt, J = 14.5, 6.3 Hz, 1H), 2.06 (t, J = 7.5 Hz,
2H), 1.68 — 1.56 (m, 3H), 1.56 — 1.39 (m, 6H), 1.36 (s, 9H), 1.36 — 1.14 (m, 6H), 0.88 (d, J = 6.6
Hz, 3H), 0.83 ppm (d, J = 6.5 Hz, 3H); 13C NMR (151 MHz, DMSO-de): & = 172.3, 172.2, 171.9,
170.3, 168.5, 162.8, 155.6, 81.0, 77.4, 73.0, 69.8(1) (2C), 69.8, 69.7, 69.6, 69.5, 69.2, 66.9, 61.1,
59.2, 55.4, 52.7, 51.0, 41.8, 40.6, 39.9, 39.7, 38.5, 36.0, 35.1, 31.4, 29.2, 28.3 (3C), 28.2, 28.1,
27.9, 25.3, 24.1, 23.1, 22.6, 21.6 ppm; IR (film): ¥ = 3296 (br), 3082, 2931, 2869, 1650, 1540,
1457, 1366, 1251, 1168, 1101, 686 cm; HRMS (ESI): m/z calculated for CasH7sNgO12S [M+H]*:
927.5220, found: 927.5229.

N-((S)-4-methyl-1-ox0-1-(((S)-1-0x0-1-((2-0x0-2-(prop-2-yn-1-ylamino)ethyl)amino)-6-(2,2,2-
trifluoroacetamido)hexan-2-yl)amino)pentan-2-yl)-1-(5-((3aS,4S,6aR)-2-oxohexahydro-1H-
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thieno[3,4-d]imidazol-4-yl)pentanamido)-3,6,9,12-tetraoxapentadecan-15-amide (35, bio-a-
25b)

N-Boc tetrapeptide
34 (133.8 mg,
0 N 0 H 0.144. mmol) was
. deprotected
O/\/O\/\O/\)J\N N\)J\N/ﬁfN/ according to
H z H General
0] 0] Procedure G.

H Commercially
N CF, sourced 4-(N,N-

dimethylamino)pyridine (1.05 equiv.), anhydrous tetrahydrofuran (0.09 M) and anhydrous N,N-
dimethylformamide (0.27 M) were added. At 0 °C, commercially sourced trifluoroacetic anhydride
(1.2 equiv.) was added, and twice more at ambient temperature (1.2 equiv. each) at 1 h and at 15
h. After stirring for 20h, the reaction mixture was concentrated under reduced pressure, and
purified via high-performance liquid chromatography (Avantor® ACE® 10 AQ 250 x 21.2 mm; 20
mL/min) isocratic hold (9.9 min) 2%ux; linear gradient (16.2 min): 2%wwv — 15%uww; isocratic hold
(30.6 min) 15%u; linear gradient (52.7 min): 15%.ww — 98%uwv acetonitrile in water (each
containing 0.1%. formic acid); tr = 69.0 min, followed by high-performance liquid
chromatography (Avantor® ACE® 10 AQ 250 x 21.2 mm; 20 mL/min) isocratic hold (9.7 min)
2%ww; linear gradient (15.8 min): 2%ww — 15%uww; isocratic hold (24.8 min) 15%uw; linear gradient
(26.1 min): 15%ww — 34%uww ; linear gradient (33.1 min): 34%wwv — 98%uwwv acetonitrile in water
(each containing 0.1%ww formic acid) tr = 73.0 min, to give the desired peptide 35 (2.5 mg, 2%).

White solid; *H NMR (600 MHz, DMSO-dg): 8 = 9.40 (t, J = 5.7 Hz, 1H), 8.21 (t, J = 5.6 Hz, 1H),
8.12 (t, J = 5.9 Hz, 1H), 8.02 (d, J = 8.0 Hz, 1H), 7.97 (d, J = 7.6 Hz, 1H), 7.83 (t, J = 5.7 Hz, 1H),
6.41 (t, J = 1.9 Hz, 1H), 6.35 (s, 1H), 4.33 — 4.26 (m, 2H), 4.23 — 4.14 (m, 1H), 4.12 (ddd, J = 7.8,
4.4,1.9 Hz, 1H), 3.90 — 3.82 (m, 2H), 3.67 (qd, J = 16.6, 5.9 Hz, 2H), 3.62 — 3.54 (m, 2H), 3.53 —
3.44 (m, 12H), 3.39 (t, J = 5.9 Hz, 2H), 3.18 (q, J = 6.0 Hz, 2H), 3.14 (q, J = 6.5 Hz, 2H), 3.12 -
3.06 (m, 2H), 2.82 (dd, J = 12.4, 5.1 Hz, 1H), 2.57 (d, J = 12.4 Hz, 1H), 2.45 — 2.38 (m, 1H), 2.33
(dt, 3 =14.5, 6.3 Hz, 1H), 2.06 (t, J = 7.4 Hz, 2H), 1.71 — 1.53 (m, 4H), 1.52 — 1.41 (m, 7H), 1.37
—1.23 (m, 4H), 0.88 (d, J = 6.6 Hz, 3H), 0.84 ppm (d, J = 6.6 Hz, 3H); 13C NMR (151 MHz,
DMSO-dg): 6 =172.3, 172.1, 171.8, 170.2, 168.5, 162.7, 156.1 (q, J = 36.0 Hz), 116.0 (g, J =
288.2 Hz), 81.0, 73.0, 69.8 (2C), 69.7(1), 69.7, 69.6, 69.5, 69.2, 66.8, 61.0, 59.2, 55.4, 52.5, 51.0,
41.8, 40.6, 40.4, 40.1, 38.4, 35.9, 35.1, 31.2, 28.2, 28.0, 27.9(2), 27.9, 25.3, 24.1, 23.1, 22.5, 21.5
ppm; 1°F NMR (565 MHz, DMSO-dg): & = —74.4 ppm (s, 3F); IR (film): ¥ = 3306 (br), 3080, 2971,
2931, 2360, 2341, 1652, 1550, 1465, 1380, 1355, 1249, 1204, 1162, 1130, 1105, 953, 676 cm;
HRMS (ESI): m/z calculated for CsoHesF3NsO11S [M+H]*: 923.4518, found: 923.4541.
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H, 3C, and "°F NMR spectra of final compounds
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Figure S1. ABPP optimisation and flexibility. (A) Comparison of the total number of DUBSs,
including isoforms, identified in MCF-7 lysates by ABPP from in-depth ABPP workflows with
either HA-Ub-PA ABP or a cocktail of ABPs (HA-Ub-PA/VME/VS). DDA = Data-dependent
acquisition. DIA = Data independent acquisition. Frac-TMT = Fractionated ABPP samples
labelled with tandem mass tags (TMT). LFQ = Label free quantitation. PD = proteome discoverer.
FP = Fragpipe. MQ = Maxquant. (B) Upset plot showing the commonality of DUBs identified from
MCEF-7 cell lysates in (A) by each high DUBome depth workflows. (C) Percentage of DUBs
inhibited by >50% by PR619 from each by each high DUBome depth workflows shown in (A). (D)
HA-Ub-PA high-throughput workflows. Created in BioRender. Jones, H. (2025) (License link to be
inserted upon publication). DIA-PASEF = data-independent acquisition-Parallel Accumulation—
Serial Fragmentation. (E) The number of cysteine-active DUBs identified from MCF-7 cell lysates
by ABPP in total using the high-throughput workflows outlined in (D), with on-bench or Bravo
robot 96-well immunoprecipitation (error bars = standard deviation (SD)). (F) The number of
DUBs identified from HAP1 lysates using the ABPP-HT* high-throughput workflow with
KingFisher Apex 96 well automated affinity purification. (G) Volcano plot of the enrichment of
DUBs identified with HA-Ub-PA ABPP-HT* enrichment by the on-bench immunoprecipitation. (H)
Volcano plot of the enrichment of DUBs from HAP1 lysates (IFN-treated) identified with HA-Ub-
PA ABPP-HT* enrichment by KingFisher Apex 96 well automated affinity purification. (I) Volcano
plot of the enrichment of delSGylases from HAP1 lysates (IFN-treated) identified with bio-ISG15-
PA ABPP-HT* enrichment by KingFisher Apex 96 well automated affinity purification.
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Fig. S2. Hit Validation and Dose-response Analyses. (A) Coefficient of variation (CV) for DUBs
identified across the obABPP-HT* screen for each of the tested compounds. Box and whiskers
are at 10-90 percentile. Red dashed line: average CV for DUBs across all conditions. (B-C) HA-
Ub-PA ABPP of Compounds 25 and 27 at 25 uM in MCF-7 cell lysates (error bars = SD). (D)
Concentration-dependent binding of Compounds 26 and 32 to USP33 in MCF-7 cell lysates.
Data was obtained using with HA-Ub-PA as ABP. (E) Concentration-dependent for VCPIP1 in
MCF-7 lysates and USP30 in SH-SY5Y lysates by Compound 7 with HA-Ub-PA labelling. The
observation of high-molecular weight smearing and reduced intensity of DUBs suggests that
Compound 7 might mediate DUB cross-linking. (F-H) Time-dependent incubation of MCF-7
lysates at the indicated compound concentrations using HA-Ub-PA labelling.
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using curve curator (8). (D) ICso values obtained using curve curator from the curves shown in A-
C.
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Fig S4. Proposed molecular Basis for Selective Inhibition of USP47 by Compound 3. (A-B)
Progress curves showing (A) USP47- and (B) USP7-catalysed hydrolysis of Ub-Rho over time
(error bars represent SD N=3). (C-D) Progress curves showing (C) USP47- and (D) USP7-
catalysed hydrolysis of Ub-Rho in the presence of varying concentrations of Compound 3,
following preincubation of USP47 or USP7 with Compound 3 for 30 min (error bars: standard
error of the mean, SEM, N=3). (E-F) Progress curves showing (E) USP47 and (F) USP7-
catalysed hydrolysis of Ub-Rho in the presence of varying concentrations of Compound 3,
without preincubation (error bars: SEM, N=3). (G) Proposed outline mechanism for covalent
reaction of Compound 3 with the catalytic cysteine C197 of human USP47. At least two
mechanisms for the reaction of Compound 3 with the nucleophilic cysteine are plausible, with the
reaction proceeding via 1,2-carbonyl attack and retro-aldol fragmentation to form (2) possibly
being the most probable based on previous observations using a related diepoxide(9). (H)
Modelled structure of human USP47 in complex with Compound 3 shown as a stick
representation with carbon atoms colored green. The thumb, palm and fingers subdomains of the
catalytic domain and the catalytic cysteine, Cys197, are highlighted. The figure was prepared
using PyMOL (The PyMOL Molecular Graphics System, version 2.5.8; Schrodinger, LLC). (1)
Superimposition of a modelled structure of human USP47 in complex with Compound 3 based
on the X-ray structure of C.elegans USP47 in complex with ubiquitin (PDB code: 8ITP(10). The
thumb, palm and fingers subdomains, the C. elegans USP47 catalytic cysteine point mutation
(C97S), and the catalytic cysteine in the human USP47 model (Cys197) are highlighted. The
catalytic domain of the modelled structure of human USP47 in complex with Compound 3 is
colored grey, and Compound 3 carbons are colored green. The catalytic domain of C. elegans
USP47 in complex with Ub is colored yellow with Ub in orange. Compound 3 is predicted to bind
in the thumb-palm cleft that is reported to guide the ubiquitin C-terminus into the active site. The
positions of BL1, (BL2), and SL are highlighted. (J) Superposition of the modelled structure of
human USP47 (grey) in complex with Compound 3 (green carbon atoms) on a X-ray structure of
human USP7 (cyan) in complex with the covalently reacting inhibitor FT827 (yellow carbon
atoms; PDB code: 5NGF (11).The thumb, palm and fingers subdomains, and positions of
blocking loops 1 and 2 (BL1, BL2) and switching loop (SL) are highlighted. C* denotes the
nucleophilic cysteine (corresponding to C197 in human USP47 and C223 in human USP7).
Compound 3 is predicted to bind within the thumb-palm cleft in a similar manner as FT827 with
FT827 extending out further towards the fingers subdomain. (K-L) Differential HDX-MS analysis
of USP47 and USP7 in apo- and holo-states. A total of 491 peptides covering 88% of the full-
length USP47 protein sequence were identified, with an average residue redundancy of 4.2.
Similarly, a total of 536 peptides covering 84% of the full-length USP7 sequence were identified,
with an average residue redundancy of 5.9. Residual AHDX plots showing differences in
deuterium uptake between holo- and apo- states for USP47 (K) and USP7 (L), across all mapped
peptide fragments and time points (30 s to 1 h). Positive AHDX values indicate increased solvent
exposure or flexibility in the presence of Compound 3, whilst negative values suggest protection
or structural stabilisation. A grey shaded area marks the significance threshold for AHDX applied
in each study. (M) Modelled structure of human USP47 in complex with Compound 3 (carbon
atoms in green) highlighting regions identified in the HDX-MS analysis colored red (mean
perturbation over 60 min of 5-20%) and magenta (mean perturbation over 60 min of <60%). The
thumb, palm and fingers subdomains, catalytic cysteine (C197), and SL are labelled (N) Human
USP7 catalytic domain (from PDB code: 5NGF(11)) colored cyan with the superimposed
modelled position of Compound 3 in human USP47 (green carbon atoms) highlighting regions
identified in the HDX-MS analysis colored red (mean perturbation over 60 min of 5—-20%) and
magenta (mean perturbation over 60 min of <60%). The thumb, palm and fingers subdomains,
catalytic cysteine (C223), and SL are labelled. (O) Structure of apo-form human USP7 catalytic
domain (PDB code: 1NB8(12); lime) superimposed with a structure of the human USP7 catalytic
domain from the USP7-catalytic domain-UBL45-ubiquitin complex (PDB code: 5JTV(13); catalytic
domain in violet, the C-terminal activation peptide in gold and ubiquitin in orange). The 19-residue
activation peptide at the C-terminus of full length human USP7 stabilizes the SL (especially H294
and W285) in an active “out” conformation. (P) Close-up view of (O) highlighting the
conformational shift in SL between the inactive “in” conformation in apoform USP7 and active
“out” conformation in its complex with ubiquitin.
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Fig S5. Compound 3 inflammasome activation and toxicity. (A) Caspase-1 activity in the media
(supernatant) of PMA-differentiated THP-1 cells treated with the indicated concentrations of
Compound 3, determined using the commercial Caspase-Glo 1 luminescence assay.
Compound 3 incubation for 4 h, + 1 pg/mL LPS incubation for 4 h, and 10 uM Nigericin
incubation for 2 h (error bars = SD, N=4). (B-C) Caspase-1 activity over time in the media
(supernatant) of PMA-differentiated THP-1 cells treated with the indicated concentrations of
Compound 3, determined using the Caspase-Glo 1 luminescence assay. Compound 3
incubation for 4 h, 1 ug/mL LPS incubation for 4 h, and 10 puM Nigericin incubation for 45 min (B)
and 2 h (C) (error bars: standard deviation, SD, (B N=4) (C N=3)). Two-way ANOVA with Dunn’s
multiple comparison test was used. ***P < 0.001. (D) MTS cell viability of THP-1 cells treated with
indicated concentrations of Compound 3 + LPS or LPS/Nigericin. Compound treatment for 4 h, 1
pg/mL LPS treatment for 4 h, 10 uM Nigericin treatment for 45 min (error bars = SD, N=4).
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Fig S7. Biotinylated Compound 5 and binding to USP5 studies. (A) Experimental Workflow for
ABPP (Created with BioRender.com) HA-Ub-PA ABP labelling of USP5 in MCF-7 cell lysates with
biotinylated USP5 inhibitor treatments. (B) MCF-7 cell lysates were incubated with a non-
biotinylated USPS5 inhibitor (Compound 25b at 150 uM), or with biotinylated USP5 inhibitors (at
150 or 450 uM) prior to HA-Ub-PA ABP labelling. Unlabelled and probe-labelled USP5 was
detected using an anti-USP5 antibody; inhibitor-labelled USP5 was detected using streptavidin
(anti-biotin) immunoblotting. (C) Experimental Workflow for assessing binding of biotinylated
USPS5 inhibitors (Created with BioRender.com). (D) MCF-7 lysates were incubated with DMSO or
30 mM of N-ethylmaleimide (NEM) for 1 h, followed by incubation with 150 uM of biotinylated
Compound 25 derivative inhibitors for 1 h. USP5, USP42 and GAPDH were detected with
immunoblotting. An anti-biotin immunoblot with streptavidin was used to visualize USP5-bound
biotinylated USP5 inhibitors.
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Fig S8. Studies on cellular toxicity and mode of action of Compound 25b. (A) HAP1 cells were
seeded in triplicate at 5,000 cells per well in a 96-well plate, then treated with Compound 25b +
Poly(l:C) 0.5 pg/mL for 48 h. Confluence at 48 h was determined by live-cell imaging using an
IncuCyte SX5 machine (Sartorius) (error bars = SEM, N = 3). (B) Structure of the reported
covalent USP5-Ub complex (PDB ID: 3IHP(14)) revealing a disulphide bridge between C793 in
the BL2 loop and C195 in the cUBP domain, observed in chains A and B. This tethering may
restrict BL2 flexibility and position cUBP near the putative Compound 25 binding site, potentially
enabling additional interactions. As C195 is also implicated in USP5 dimerisation, the functional
relevance of this disulphide bond warrants further investigation.
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Fig S9. USP47 protein Pan troglodytes isoform 2 vs homo sapiens isoform 1. (A) Sequence
differences between USP47 of Pan troglodytes isoform 2 (Accession XP_001171097) and
canonical human USP47 (Accession NP_001317137). (B) Alignment of AlphaFold structures of
USP47 based on Pan troglodytes isoform 2 (Accession XP_001171097) used in kinetic and HDX-
MS studies and canonical human USP47 (Accession NP_001317137). Sequence differences are
in pink, the catalytic cysteine 197 and histidine 503 residues are as spheres. (C) Close up view of
alignment showing the catalytic cysteine 197 and histidine 503 residues as spheres and the
nearest sequence difference in pink.

82



(0]
Br. N\ N N
_ H
I\
N

Degrasyn (WP1130)

PYR-41

Formononetin

Cl

Cl (0]
| TN N
_N I H
N
Cl

EOAI3402143

RA-14

Mebendazole

N | _N
N e
\S = S/

PR 619
h ©
N
\)J\OH
0

(0]

N

N

83



Fig S10. Selected reported small-molecule USP5 inhibitors. Several small-molecule USP5
inhibitors are reported, none of which to our knowledge, have yet advanced into clinical testing
(15). Some of the reported small-molecule USP5 inhibitors likely work via covalently reaction with
USP5. Degrasyn (WP1130): Degrasyn is a pan-DUB inhibitor, which in addition to USP5, is also
reported to inhibit USP9x, USP14, USP37, and UCHL1, as well as other nucleophilic cysteine
enzymes (16). It likely inhibits USP5 via covalent reaction. EOAI3402143: Like the structurally
related degrasyn. EOAI3402143 is a broad spectrum-DUB inhibitor, which in addition to USP5, is
reported to also inhibit USP9x and USP24(17, 18). PR619: PR619 is a pan-DUB inhibitor, which in
addition to USP5, is reported to also inhibit, e.g., USP2, USP4, USP7, USP8, USP15, USP20,
USP28;(19) it likely inhibits via cyanide transfer.(20) Dibenzylideneacetones RA-9, RA-14,
AM146: These dibenzylideneacetone derivatives are cell-permeable USP5 inhibitors, which likely
inhibit via covalent reaction. However, they display imperfect selectivity and also inhibit UCHL1,
UCHL3, USP2, and USP8.(21) PYR-41: Inhibits various DUBs including USP5, USP9x, USP14,
UCH37, and UCHL3.(22) Vialinin A: Inhibits USP5, USP4 and UCHL1.(23) Mebendazole:
Mebendazole is clinically used to treat parasite infections.(24) Notably, it is reported that
Mebendazole also efficiently inhibits USP5 and USP7, suppressing c-Maf transcription. Note that
its effects on other DUBs have, to our knowledge, not yet been described. Formononetin inhibits
USP5 and structurally similar USP13.(25) Compound 64 manifests at least partial selectivity for
USPS5 inhibition.(20, 26)
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Fig S11. Synthesis of Ub-derived Compounds 25-31 for DUB inhibition. Reagents and Conditions:
i) N-hydroxysuccinimide (NHS), N,N’-dicyclohexylcarbodiimide (DCC) (1), tetrahydrofuran, 0 °C to
rt, 89%-app. quant.; ii) Lys(Boc)-OH, Na2COs, tetrahydrofuran:water (2:1w), 0 °C, 87-98%; iii)
amine salt, N-(3-dimethylaminopropyl)-N’-ethylcarbodiimide (EDC) (2), 1-hydroxybenzotriazole
hydrate (HOBt), N-methylmorpholine (NMM), DCM, rt, 50-60%; iv) HCI in dioxane (4M), DCM, rt,
app. quant.; v) formic acid, rt, app. quant.; vi) NMM, isobutyl chloroformate (IBCF),
tetrahydrofuran:water (3:1vwv), —15 °C to rt, 33-97%; vii) N,N-diethylamine, MeCN, rt, app. quant.;
viii) N,N-dimethylpyridin-4-amine (DMAP), Ac:20, tetrahydrofuran, reflux, 23-61%; ix) formic acid,
rt; then: HCI in dioxane (4M), 66%-app. quant.; x) HCI in dioxane (4M), 2-propanol, rt, 78%-app.
quant.

85



Fmoc. OH

I=z

Boc. OH
N

O

H\)CJ)\ H
Risy N ; N/\[rN\R3
H o R, H oo

25, 25b, h-k

ix/ H Q H
ix
R4~ N N.
v, X ™N \)J\N/\n/ Ry
- H S H
0 R, o

129-132

25a, c-g

iv/v

vii, viii /

Vii, X

—~——

133-137

H Q H
F N N N.
moc N \)J\N/\n/ R3
H S H
0O R, o]

138-142

Rig & o |R ; R R3 / cl
H H ' /: = 4 H
)Jy!,Fst]y _Boc: ® O ' J]\ M:MI I : P
! N : NH,CI ! N~ “CF, ! ! ! . 7
a b a H b 'c H a b \C \d e

Compound Ri Rz Rs Conditions Compound | Ri Rz Rs Conditions
128 - a - 142 - a e
129 - - a 25d a a a vii, viii
130 - - b 25e a a b vii, viii
131 - - c 25f a a c vii, viii
132 - - e 25c a a d vii, viii
133 - - a iv 259 a a e vii, viii
134 - - b iv 25a b a a vii, X
135 - - c v 25 a b a iX
136 - - d iv 25j a b b iX
137 - - e iv 25h a b c ix
138 - a a 25i a b e ix
139 - a b 25k b b a iX
140 - a c 25b b c a Vv, X
141 - a d

Fig S12. Synthesis of Ub-derived Compounds 25a-25k for DUB inhibition.
Reagents and Conditions: i) N-hydroxysuccinimide (NHS), N,N’-dicyclohexylcarbodiimide (DCC)
(2), tetrahydrofuran, 0 °C to rt, 66%; ii) Lys(Boc)-OH, Na2COs, tetrahydrofuran:water (2:1wv), 0 °C,
app. quant.; iii) amine salt,
hydroxybenzotriazole hydrate (HOBt), N-methylmorpholine (NMM), DCM, rt, 54-85%; iv) HCI in
dioxane (4M), DCM, rt, app. quant.; v) formic acid, rt, app. quant.; vi) NMM, isobutyl chloroformate

N-(3-dimethylaminopropyl)-N’-ethylcarbodiimide (EDC) (2), 1-
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(IBCF), tetrahydrofuran:water (3:1vwv), —15 °C to rt, 91-100%; vii) N,N-diethylamine, MeCN, rt, app.
quant.; viii) N,N-dimethylpyridin-4-amine (DMAP), Acz0, tetrahydrofuran, reflux, 1-21%; ix) formic
acid, rt; then: HCI in dioxane (4M), 58-87%; x) DMAP, trifluoroacetic anhydride (TFAA),
tetrahydrofuran, reflux, 1-11%.
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Fig S13. Synthesis of biotinylated Compound 25 derivatives. Reagents and Conditions: i) N,N-
diethylamine, MeCN, rt, app. quant.; ii) N,N-dimethylpyridin-4-amine (DMAP), trifluoroacetic
anhydride (TFAA), tetrahydrofuran, reflux, 2-11%; iii) Biotin-PEG3-NHS ester, Na2COs (aqueous
saturated), N,N-Dimethylformamide (DMF), rt, 30-40%; iv) Biotin-PEG4-NHS ester, Na2COs
(aqueous saturated), DMF, rt, 43-65%; v) formic acid, rt, app. quant.
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Tables

Table S1. Structures of reported af,a'B'-diepoxyketones (DEKS) tested using obABPP-HT*(9).
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Table S2. Structures of reported y-lactams tested using obABPP-HT*(27).
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Table S3. Structures of Ub-derived peptides designed for this work that were tested using obABPP-
HT*.
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Table S4. Effects on alterations of the R1, R2 and R3 groups of Compound 25 on cell

permeability and USP5 binding using HA-Ub-PA assays.

R, R, R; Cell permeable USP5 inhibition in lysates
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Table S5. Biotinylated Compound 25 structures.
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