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1. Syntheses and analytical data of the compounds

1.1. General Information

All reagents and solvents were obtained from commercial suppliers (Sigma Aldrich, Alfa Aesar,
TCI chemicals, ABCR, Acros Organics and Fischer Scientific) and used without further purification.
Flash column chromatography was performed using silica gel type 60 M (230-400 mesh, Macherey
Nagel). Analytical thin-layer chromatography (TLC) was done on Merck silica gel plates (60 Fzs4) with
defined solvent mixtures and visualized under UV light irradiation and/or TLC staining reagents.
Melting points were determined in open capillary tube. IR spectra were measured with a JASCO
(FT/IR-4100) with a diamond ATR unit and are reported in terms of frequency of absorption (v, cm™).
NMR experiments were performed on a 300 MHz (300 MHz 'H and 75 MHz 3C), a 400 MHz (400
MHz 'H and 101 MHz 3C) or a 600 MHz (600 MHz 'H and 151 MHz 3C) spectrometer from Bruker
using deuterated solvents ((residual) solvent signals: CDCls : 8H = 7.26 ppm, 0C = 77.16 ppm;
(CDs)2S0: dH = 2.50 ppm, 6C = 39.52 ppm) as internal references and reported in parts per million
(ppm, d) relative to tetramethylsilane (TMS, 6 = 0.00 ppm)[1]. Coupling constants () are reported in
Hz, and the multiplet abbreviations used were: s, singlet; d, doublet; t, triplet; m, multiplet; br, broad;
app, apparent; and combinations thereof. Electrospray ionization (ESI-) mass spectra were recorded
on an Agilent/Bruker LC/MSD trap XCT spectrometer or on a 1200-series HPLC-system (Agilent-
Technologies) with binary pump, integrated diode array detector and Ascentis Express C18 column
(2.7 pm, 30x2.1 mm). ESI-HRMS spectra were recorded on a Waters Q-TOF-Ultima 3 instrument or
an Agilent 6545 QTOF-MS mass spectrometer. Field desorption (FD-) mass spectra were measured
on a Finnigan MAT 95 spectrometer. Preparative reverse phase separations were carried out on an
Agilent 1290 Infinity II preparative system with a 1290 Infinity II preparative binary pump, 1260
Infinity II DAD and a 1290 Infinity II fraction collector. Optical rotations were measured with a
Perkin—-Elmer 241 polarimeter at 546 and 579 nm. Extrapolation to 589 nm was performed according
to Thaler et al.[2].

1.2. Benzyl-N-(Tert-Butoxycarbonyl)-L-Phenylalanyl-L-Leucinate (A1)

The product was synthesized according to Lawesson et al.[3]. In an inert gas atmosphere, N-Boc-
L-phenylalanine (0.67 g, 2.54 mmol), L-leucine benzyl ester p-toluenesulfonate salt (1.00 g, 2.54 mmol)
and triethylamine (360 uL, 2.54 mmol) were dissolved in dichloromethane (7 mL). The suspension
was cooled to —-18 °C and N,N’-dicyclohexylcarbodiimide (0.52 g, 2.54 mmol) was added. The
resulting mixture was stirred for 1 h at that temperature and then 20 h at room temperature. The
mixture was filtered off and the solvent was removed under reduced pressure. The residue was
dissolved in ethyl acetate (10 mL) and washed with hydrochloric acid (0.1 M, 2.5 mL), sodium
bicarbonate (0.5 M, 2.5 mL) and brine (2.5 mL). The organic phase was dried over magnesium sulfate
and the solvent was removed under reduced pressure. The title compound was obtained as a
colorless solid (970 mg, 2.07 mmol, 81 %) by crystallization from diethyl ether:petroleum ether (1:3
v/v, 4 mL).

R¢=0.70 (petroleum ether:ethyl acetate, 2:1).

1H-NMR, COSY (300 MHz, CDCls) 6 =7.43-7.15 (m, 10H, H>°>™), 6.28 (d, ] =8.2 Hz, 1H, NH), 5.15
(d, J=12.3 Hz, 1H, OCH2""), 5.10 (d, ] = 12.3 Hz, 1H, OCH?"), 5.00 (br s, 1H, NH), 4.61 (m, 1H), 4.34
(dd, J=7.3,6.3 Hz, 1H), 3.05 (d, ] = 6.8 Hz, 2H, 3-CH: "), 1.67-1.43 (m, 3H, y-CHteu, 3-CHzlev), 1.42 (s,
9H, CHs®e), 0.88 (d, | = 6.1 Hz, 3H, 8-CHst*v), 0.86 (d, ] = 6.1 Hz, 3H, d-CHs'e") ppm.
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BC-NMR, HMBC, HSQC (75 MHz, CDCls) 5 =172.4 (C=0), 171.0 (C=0O), 155.5 (C = Op<), 136.7
(y-Crev), 135.5 (CsPn), 129.5, 128.8, 128.7, 128.5, 128.4, 127.1 (CHarom), 80.4 (CBoeq), 67.1 (CH2Pr), 55.8 (a-
CHPhe), 51.0 (a-CHtev), 41.7 (B-CHzlev), 38.2 (3-CHzPhe), 28.4 (CHaPoc), 24.8 (y-CHlev), 22.9, 22.0 (d-CHalev)
ppm.

ESI-MS (m/z): 469.3 (100) [M + HJ*, 491.3 (28) [M + Na]*.

The spectroscopic data are in accordance with literature [3].

1.3. Benzyl-L-Penylalanyl-L-Leucinate Hydrochloride Salt (A2)

ol \(/\©

The deprotection was carried out similar to Hruby et al. [4]. In an inert gas atmosphere, the
dipeptide A1 (500 mg, 1.07 mmol) was added to HCl/ dioxane (4 M, 5 mL) at 0 °C. The ice bath was
removed and the solution was stirred additional 30 min. The solvent was removed under reduced
pressure, the product filtered off and washed with diethyl ether to produce a colorless solid (430 mg,
1.06 mmol, 99 %, Lit.[4]: <99 %) which was used for subsequent transformations without further
purification.

1H-NMR, COSY (300 MHz, DMSO-ds) =9.03 (d, ] =7.6 Hz, 1H, NH"ev), 8.19 (br s, 3H, NHs"),
7.45-7.21 (m, 10H, H~"), 5.17 (d, ] = 12.4 Hz, 1H, OCH2"), 5.11 (d, | = 12.4 Hz, 1H, OCH>""), 4.47-4.33
(m, 1H, a-CH'v), 4.07 (dd, ] = 8.0, 5.2 Hz, 1H, a-CH"e), 3.11 (dd, | = 14.1, 5.2 Hz, 1H, B-CH>P"e), 2.89
(dd, J=14.1, 8.1 Hz, 1H, p-CH2"), 1.61 (m, 3H, 3-CH2lev, y-CH'ev), 0.90 (d, | = 6.4 Hz, 3H, d-CH3slev),
0.86 (d, ] = 6.3 Hz, 3H, 5-CHs'ev) ppm.

The spectroscopic data are in accordance with literature.[4]

1.4. Benzyl-L-Penylalanyl-L-Leucinate Trifluoroacetic Acid Salt (A5)

A O \(/\©

The product was obtained by deprotection with trifluoroacetic acid. The dipeptide Al (113 mg,
0.24 mmol) was added to a mixture of TFA (1 mL) and dichloromethane (2 mL) at 0 °C. After 10 min.
the ice bath was removed and the solution was stirred for 2 h at room temperature. The solvent was
removed under reduced pressure and the product (116 mg, 0.24 mmol, >99 %) was used without
further purification.

1H-NMR (300 MHz, DMSO-ds) & =8.89 (d, ] = 7.7 Hz, 1H, NH'«v), 8.11 (br s, 3H, NHs"), 7.37 —
7.13 (m, 10H, H*7), 517 (d, ] = 12.4 Hz, 1H, OCH:?"), 5.11 (d, | = 12.4 Hz, 1H, OCHz""), 441 (q, ] =7.5
Hz, 1H), 4.03 (dd, J=8.3, 5.0 Hz, 1H), 3.08 (dd, ] =14.2, 4.9 Hz, 1H, -CH>™¢), 2.86 (dd, ] =14.2, 8.4 Hz,
1H, p-CH2e), 1.70 — 1.53 (m, 3H, p-CHalev, y-CHtev), 0.91 (d, | = 6.2 Hz, 3H, 5-CHs'ev), 0.86 (d, ] = 6.2
Hz, 3H, d-CHste) ppm.
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1.5. Benzyl-N-[(2,6-Dichloropyridin-3-yl)Carbonyl]-L-Phenylalanyl-L-Leucinate (1)

rﬁ*&@@

2,6-Dichloronicotinoyl chloride (100 mg, 0.54 mmol) and the hydrochloride of the deprotected
dipeptide A2 (216 mg, 0.54 mmol) were dissolved in dichloromethane (3 mL). The solution was
cooled to 0 °C and triethylamine (152 uL, 1.10 mmol) in dichloromethane (1 mL) was added dropwise.
The solution was stirred 1 h at 0 °C and 1 h at room temperature. Then the organic layer was washed
with water, dried over magnesium sulfate and the solvent removed under reduced pressure.
Purification by chromatography (SiO2, 100 % pentane to pentane:ethyl acetate (4:1)) afforded the title
compound (214 mg, 0.38 mmol, 73 %) as a colorless solid.

R¢=0.27 (petroleum ether:ethyl acetate, 3:1).

mp: 68-70°C.

1H-NMR, COSY (300 MHz, CDCls) 6 =7.91 (d, ] = 8.0 Hz, 1H, H-4"), 7.43-7.18 (m, 12H, HA7),
6.22 (d, ] =8.0 Hz, 1H, NH"ev), 5.17 (d, ] = 12.4 Hz, 1H, OCH2""), 5.13 (d, ] = 12.4 Hz, 1H, OCH2""), 4.87
(dd, J=14.2,7.2 Hz, 1H, a-CH"*), 4.58 (m, 1H, a-CH"v), 3.26-3.07 (m, 2H, 3-CH>""), 1.66-1.37 (m, 3H,
[-CHalev, y-CH'ev), 0.86 (d, ] = 6.3 Hz, 3H, 6-CH3lev), 0.86 (d, | = 6.2 Hz, 3H, 3-CHs'*) ppm.

BC-NMR, HMBC, HSQC (75 MHz, CDCls)  =172.0 (C = Otev), 169.8 (C = OPh¢), 163.5 (C = OPyr),
152.0 (C-CIPyr), 146.6 (C-ClPyr), 141.8 (C-4%yr), 136.0 (Core), 135.2 (CgPn), 129.4, 129.1, 128.8, 128.6, 128.5,
128.3, 127.3 (CH~v), 123.4 (C-5P), 67.2 (CH2Pn), 55.2 (a-CHPre), 51.2 (a-CHEew), 41.3 (B-CHabev), 38.2 (B-
CHohe), 24.8 (y-CHrev), 22.7, 21.9 (5-CHalev) ppm.

IR: v = 3285, 2924, 2853, 1743, 1642, 1577, 1545, 1427, 1382, 1341, 1240, 1188, 1119, 879, 798, 744,
698 cm.

ESI-HRMS (m/z) calculated for [C2sH30N3O4¥3Cl2]* = 542.1613, found 542.1606.

[a]3® =-1.4° (c=1.0, CH:CL).

1.6. Benzyl-N-(6-Chloropyrimidin-4-yl)-L-Phenylalanyl-L-Leucinate (2)

To a solution of 4,6-dichloropyrimidine (140 mg, 0.90 mmol) and the hydrochloride of the
deprotected dipeptide A2 (182 mg, 0.45 mmol) in dichloromethane (3 mL) triethylamine (60 pL, 0.45
mmol) in dichloromethane (1 mL) was added dropwise and the resulting mixture was refluxed for
48 h. The solution was diluted with additional dichloromethane and washed with water. After phase
separation, the organic layer was dried over magnesium sulfate and the solvent was removed under
reduced pressure. Purification by chromatography (SiOz, 100 % pentane to pentane:ethyl acetate
(4:1)) afforded the title compound (70 mg, 0.17 mmol, 38 %) as a colorless solid.

R¢=0.11 (petroleum ether:ethyl acetate, 5:1).

mp: 61-64°C.
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1H-NMR, COSY (300 MHz, CDCls) d = 8.34 (s, 1H, H-2P), 7.29 (m, 10H, H4r), 6.35 (s, 1H, H-5%y7),
6.26 (d, ] =8.2 Hz, 1H, NH'v), 5.90 (d, ] = 7.2 Hz, 1H, NHFh), 516 (d, ] = 12.2 Hz, 1H, OCH#), 5.10
(dd, J=12.2 Hz, 1H, OCH>?"), 4.72 (br s, 1H, a-CH"*), 4.66—4.53 (m, 1H, a-CH"v), 3.24-3.01 (m, 2H, -
CH>Phe), 1.64-1.40 (m, 3H, 3-CHz2tev, yv-CHew), 0.86 (d, ] = 6.3 Hz, 3H, d-CHslev), 0.85 (d, ] = 6.2 Hz, 3H,
0-CHslew) ppm.

BC-NMR, HMBC, HSQC (75 MHz, CDCls) d = 172.2 (C = Otev), 170.9 (C = OFhe), 162.4 (C-6Py7),
159.5 (C-4Pyr), 158.5 (C-2Pyr), 136.5 (CqPhe), 135.3 (CqPr), 129.4, 128.9, 128.8, 128.7, 128.4, 127 .4 (CHAr), 104.4
(C-5Pv), 67.3 (CH2P"), 56.3 (a-CHPe), 51.2 (a-CHTev), 41.6 (3-CHaz'ev), 38.4 (B-CHzPhe), 24.9 (y-CHLev), 22.8,
22.0 (0-CHstev) ppm.

IR: v =3280, 3031, 2957, 1741, 1661, 1582, 1496, 1455, 1387, 1326, 1270, 1186, 1148, 1091, 983, 910,
842, 736, 697, 654 cm-1.

ESI-HRMS (m/z) calculated for [C2sH20NsOsNa®*Cl]* = 503.1826, found 503.1821; calculated for
[C26H29N4OsNa¥Cl]* = 505.1796, found 505.1784.

[a]3t =-14.5° (c = 1.0, CH:CL).

1.7. Benzyl-N-(5-Fluoro-2,4-Dinitrophenyl)-L-Phenylalanyl-L-Leucinate (3)

A solution of N,N-diisopropylethylamine (85 uL, 0.50 mmol) in ethanol (3 mL) was added
dropwise to a solution of 1,3-difluoro-4,6-dinitrobenzene (51 mg, 0.25 mmol) and the hydrochloride
of the deprotected dipeptide A2 (100 mg, 0.25 mmol) in ethanol (3 mL). The resulting mixture was
stirred at room temperature for 10 h and quenched with water. The aqueous phase was extracted
with ethyl acetate (15 mL), dried over MgSOs and the solvent evaporated. The crude product was
dissolved in ethanol and precipitated by slow addition of petroleum ether and cooling to afford pure
product (136 mg, 0.25 mmol, 98 %) as a yellow solid.

R¢=0.24 (petroleum ether:ethyl acetate, 5:1).

mp: 120-124 °C.

1H-NMR, COSY (300 MHz, CDCls) 5 =9.06 (d, ] = 7.9 Hz, 1H, H-3"ed), 8.80 (d, | = 4.8 Hz, 1H,
NHrhre), 7.38-7.24 (m, 10H, HAr), 6.46 (d, [ = 13.0 Hz, 1H, H-61ed), 6.20 (d, | = 8.5 Hz, 1H, NH'ev), 5.13
(d, J=12.2 Hz, 1H, OCH:""), 5.07 (d, ] = 12.2 Hz, 1H, OCH2"0), 4.75-4.61 (m, 1H, a-CHtev), 4.29-4.20
(m, 1H, a-CH"), 3.33 (dd, ] = 14.1, 5.2 Hz, 1H, 3-CH>™e), 3.23 (dd, | =14.1, 7.4 Hz, 1H, 3-CH2""e), 1.60-
1.40 (m, 3H, 3-CH2tew, y-CH'ev), 0.92 (d, ] = 6.1 Hz, 3H, -CHa'ev), 0.90 (d, | = 6.1 Hz, 3H, d5-CHs'e") ppm.

BC-NMR, HMBC, HSQC (75 MHz, CDCl3) 6=172.1 (C = Otev), 169.3 (C = OFhe), 160.0 (d, ] =272.5
Hz, C-F), 148.3 (d, ] = 13.2 Hz, C-1Head), 135.1 (CqPr), 134.7 (Cqthe), 129.4 (d, ] = 1.9 Hz, C-2Head), 1288,
128.7, 128.3 (CHAr), 127.9 (d, ] = 35.2 Hz, C-4Head), 127.1 (d, ] = 9.0 Hz, C-3Head), 102.8 (d, ] =27.0 Hz, C-
6Head), 67.5 (CH2P), 60.2 (a-CHPhe), 51.2 (a-CHev), 41.2 (3-CHzlev), 38.9 (3-CHarhe), 25.0 (y-CHerev), 22.9,
21.8 (d-CHstev) ppm.

IR: v = 3347, 1752, 1634, 1587, 1519, 1455, 1418, 1337, 1297, 1209, 1190, 1152, 1050, 945, 920, 843,
739, 697 cm-.

ESI-HRMS (m/z) calculated for [C2sH20N+O7FNa]* = 575.1918, found 575.1907.

[a]3® =-14.1° (c = 1.0, CH:CL).

1.8. Benzyl-N-(2-Fluoro-3-Nitrobenzoyl)-L-Phenylalanyl-L-Leucinate (4)
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F O N O
OoN N,
2 H 2 o)
0

To a solution of 2-fluoro-3-nitrobenzoic acid (56 mg, 0.30 mmol) in toluene (2 mL) thionyl
chloride (1 mL, 13.8 mmol) was added. The solution was heated to 80 °C for 5 h. After removal of the
solvent, the product crystallized as a colorless solid (61 mg, 0.30 mmol, quant.). The product was used
without further purification in the following step. The hydrochloride of dipeptide A2 (145 mg, 0.30
mmol) was dissolved in dichloromethane (5 mL) and triethylamine (55 pL, 0.40 mmol) was added.
After 10 min, a solution of 2-fluoro-3-nitrobenzoyl chloride (61 mg, 0.30 mmol) in dichloromethane
(1 mL) was added dropwise. The reaction mixture was stirred at room temperature for 24 h before
removing the solvent under reduced pressure. Purification by chromatography (SiO2,
dichloromethane:ethyl acetate (30:1)) afforded the title compound (118 mg, 0.22 mmol, 72 %) as a
colorless solid.

R¢=0.36 (petroleum ether:ethyl acetate, 5:2).

mp: 140-143 °C.

1H-NMR, COSY (400 MHz, CDCls) 6=8.24 (ddd, J=8.1, 6.4, 1.9 Hz, 1H, H-64r), 8.14 (ddd, ] =8.1,
7.1, 1.9 Hz, 1H, H-44r), 7.46-7.18 (m, 12H, HAr, NHP), 6.18 (d, ] = 8.0 Hz, 1H, NHv), 5.18 (d, ] = 12.2
Hz, 1H, OCH:), 5.14 (d, ] = 12.2 Hz, 1H, OCH2P), 4.95-4.83 (m, 1H, a-CHPte), 4.66-4.53 (m, 1H, a-
CH'ew), 3.22 (dd, ] =13.9, 6.3 Hz, 1H, 3-CH2™e), 3.12 (dd, ] = 13.9, 7.4 Hz, 1H, -CH2"*), 1.66-1.39 (m,
3H, 3-CH2tev, y-CHtev), 0.86 (d, ] = 6.3 Hz, 3H, 5-CHslev), 0.85 (d, | = 6.3 Hz, 3H, 5-CHs'ev) ppm.

1BC-NMR, HMBC, HSQC (101 MHz, CDCls) 5 =172.2 (C = Olev), 169.9 (C = OFhe), 161.3 (d, ] =2.3
Hz, C=0OHead) 1535 (d, ] = 265.8 Hz, C-F), 138.2 (d, ] = 10.0 Hz, C-3Head), 137.1 (d, ] = 2.9 Hz, C-6tead),
136.1 (CgPhe), 1354 (Cqfn), 129.5 (CHAr), 129.2 (d, | = 1.8 Hz, C-4Head), 129.0, 128.8, 128.7, 128.4, 127.4
(CHAr), 124.8 (d, ] = 4.8 Hz, C-5Head), 124.0 (d, ] = 11.8 Hz, C-1Head), 67.3 (CH2B), 55.5 (a-CHPhe), 51.3 (a-
CHrtev), 41.5 (3-CHzlev), 38.5 (B-CHzPhe), 24.9 (y-CHrev), 22.8, 22.1 (5-CHslev) ppm.

IR: v = 3262, 1733, 1640, 1615, 1535, 1456, 1389, 1327, 1219, 1189, 1136, 1081, 1014, 956, 854, 822,
744, 697 cmL.

ESI-HRMS (m/z) calculated for [C20H30FN3sOsNa]* = 558.2016, found 558.2016.

[a]3t =-17.4° (c=1.0, CH2CL).

1.9. Benzyl-N-[(4-Fluoro-3-Nitrophenyl) Carbamoyl]-L-Phenylalanyl-L-Leucinate (5)

In an inert gas atmosphere, 4-fluoro-3-nitrophenylisocyanate (48 mg, 0.25 mmol) and the
hydrochloride of the deprotected dipeptide A2 (100 mg, 0.25 mmol) were dissolved in
dichloromethane (3 mL). To this solution, N,N-diisopropylethylamine (42 pL, 0.25 mmol) in
dichloromethane (1 mL) was added dropwise and the solution was stirred for 48 h. The solvent was
removed under reduced pressure and the residue taken up in ethyl acetate and washed with water.
The organic layer was dried over MgSOs and the solvent removed in vacuo. Crystallization from
ethanol afforded the title compound (128 mg, 0.23 mmol, 93 %) as a colorless solid.

R¢=0.69 (petroleum ether:ethyl acetate, 1:1).

mp: 169-172°C.
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1H-NMR, COSY (300 MHz, DMSO-ds) d = 9.14 (s, 1H, NH"ead), 8.63 (d, | = 7.8 Hz, 1H, NHlev),
8.31 (dd, | = 6.8, 2.7 Hz, 1H, H-3Head), 751 (ddd, ] =9.1, 4.1, 2.7 Hz, 1H, H-6Head), 743 (dd, | = 10.9, 9.1
Hz, 1H, H-58d), 738 — 7.13 (m, 10H, HAr), 6.44 (d, ] = 8.4 Hz, 1H, NHPh), 517 (d, | = 12.6 Hz, 1H,
OCH:2br), 5.12 (d, ] = 12.6 Hz, 1H, OCH?2Bn), 4.56 (dt, | = 8.3, 4.5 Hz, 1H, a-CHPh), 4.44-4.34 (m, 1H, a-
CH'ew), 3.02 (dd, ] =13.9, 4.6 Hz, 1H, 3-CH2™e), 2.77 (dd, ] = 13.9, 8.3 Hz, 1H, p-CH2"*), 1.72-1.50 (m,
3H, 3-CH2tew, y-CH'ev), 0.89 (d, ] = 6.1 Hz, 3H, 5-CHsev), 0.84 (d, ] = 6.0 Hz, 3H, 5-CHs'ev) ppm.

BC-NMR, HMBC, HSQC (75 MHz, DMSO-ds) d = 172.2 (C = Olev), 171.6 (C = OFhe), 154.3 (C =
OHead) 149.1 (d, | = 255.7 Hz, C-F), 137.3 (Csfhe), 137.1 (d, ] = 2.8 Hz, C-1Head), 1364 (d, | = 8.2 Hz, C-
3Head) 135.9 (C¢Br), 129.4, 128.5, 128.1, 128.1, 127.9, 126.4 (CH~r), 124.7 (d, ] =7.7 Hz, C-6Head), 118.6 (d, |
= 21.9 Hz, C-5Med), 113.4 (d, ] = 3.5 Hz, C-2Head), 66.1 (CH2P), 53.5 (a-CHP*e), 50.4 (a-CHtev), 39.7 (-
CHoabev), 38.3 (3-CHzPre), 24.2 (y-CHtev), 22.8, 21.3 (6-CHs'ev) ppm.

IR: v =3348, 1730, 1664, 1645, 1529, 1480, 1345, 1260, 1222, 1135, 958, 890, 827, 753, 738, 699 cm.

ESI-HRMS (m/z) calculated for [C20H31NsOsNaF]* = 573.2125, found 573.2111.

[a]3t =+13.4° (c = 1.0, DMSO).

1.10. Benzyl-N-(2-Fluoro-5-Nitrobenzoyl)-L-Phenylalanyl-L-Leucinate (6)

F 0] H @]
0]
NO,

To a solution of 2-fluoro-5-nitrobenzoic acid (100 mg, 0.54 mmol) in toluene (5 mL) thionyl
chloride (68 pL, 0.95 mmol) was added over a period of 15 minutes. The solution was heated to 80 °C
for 12 h. After removal of the solvent, the product crystallized as a colorless solid (110 mg, 0.54 mmol,
quant.). The product was used without further purification in the next step. The hydrochloride of the
deprotected dipeptide A2 (200 mg, 0.54 mmol) was dissolved in dichloromethane (3 mL) and
triethylamine (75 pL, 0.54 mmol) was added. Then, a solution of acid chloride (110 mg, 0.54 mmol)
in dichloromethane (2 mL) was added slowly. The reaction mixture was stirred at room temperature
for 48 h before removing the solvent under reduced pressure. Purification by chromatography (SiOz,
petroleum ether:ethyl acetate (5:1)) afforded the title compound (142 mg, 0.27 mmol, 50 %) as a
colorless solid.

R¢=0.65 (petroleum ether:ethyl acetate, 5:3).

mp: 163-166°C.

1H-NMR, COSY (300 MHz, CDCls) d = 8.92 (dd, | = 6.4, 3.0 Hz, 1H, H-6"ed), 8.36 (ddd, ] = 9.0,
4.2,3.0 Hz, 1H, H-4Head), 7.45-7 21 (m, 12H, HAr, NH™e), 6.05 (d, | =7.9 Hz, 1H, NH'v), 5.18 (d, | =12.3
Hz, 1H, OCH2b"), 5.14 (d, ] = 12.3 Hz, 1H, OCH2""), 4.94-4.82 (m, 1H, a-CH""*), 4.62-4.52 (m, 1H, a-
CHrev), 3.23 (dd, ] = 13.8, 6.1 Hz, 1H, (3-CH2 ), 3.12 (dd, ] = 13.8, 7.5 Hz, 1H, 3-CH2), 1.65-1.39 (m,
3H, B-CHztew, y-CH'ev), 0.85 (d, | = 5.8 Hz, 6H, d-CHs'*") ppm.

BC-NMR, HMBC, HSQC (75 MHz, CDCls) & =172.1 (C = Otev), 170.0 (C = OPr¢), 160.8 (d, | = 3.4
Hz, C = OHead) 144.8 (d, ] = 2.2 Hz, C-5Head), 136.1 (Cyfhe), 135.4 (C4Pr), 129.5, 129.0, 128.9, 128.8, 128.7,
128.7,128.5 (CHAr), 128.3 (d, ] =4.4 Hz C-6Head), 127.5 (CHAY), 117.9 (d, ] =27.5 Hz, C-3Head), 67.3 (CH2b"),
55.4 (a-CHPre), 51.4 (a-CH'ev), 41.5 (3-CHzrev), 38.5 (B-CHzhe), 24.9 (y-CHrew), 22.8, 22.1 (5-CHslev)
ppm.*

IR: v = 3263, 1735, 1649, 1547, 1529, 1389, 1347, 1331, 1276, 1241, 1188, 1140, 1082, 947, 911, 848,
790, 746, 698, 662 cm.

ESI-HRMS (m/z) calculated for [C29H31N3O6F]* = 536.2197, found 536.2198.

[a]d* =-12.0° (c = 1.0, CH2CL).

*Some carbon Signals (C-1Head, C-2Head (C-4Head) were not observed.
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1.11. 1,2-Difluoro-4,5-dinitrobenzene (A4)

O,N
NO,

The product was synthesized according to Nitschke et al. [5]. To a mixture of sulfuric acid (6.4
mL) and nitric acid (15.9 mL) 1,2-difluorobenzene (2.00 g, 17.5 mmol) was slowly added at 0 °C. The
resulting mixture was stirred 2 h at room temperature and 18 h at 100 °C. The solution was poured
on ice and the precipitate was collected. Recrystallization from ethanol gave the title compound (812
mg, 4 mmol, 23 %) as a colorless solid.

R¢=0.50 (petroleum ether:ethyl acetate, 5:1).

mp: 82-84°C.

H-NMR, COSY (300 MHz, CDCls)  =7.85 (app-t, ] =7.5 Hz, 2H) ppm.

BC-NMR, HMBC, HSQC (75 MHz, CDCls) d = 152.0 (dd, ] = 266.0, 14.9 Hz, ipso-C-1/2), 139.3 (br
s, C-4/5), 115.8, 115.7, 115.6, 115.5, 115.4, 115.2 (m, C-3/6) ppm.

IR: v =3089, 1614, 1535, 1511, 1341, 1297, 1204, 1029, 892, 808, 790, 751, 693, 662 cm™'.

FD-MS (m/z) = 204.0 (100 %, [M]").

1.12. Benzyl-N-(2-fluoro-4,5-dinitrophenyl)-L-phenylalanyl-L-leucinate (7)

NO,
O,N
: o)
F o)

The hydrochloride of dipeptide A2 (115 mg, 0.28 mmol) was dissolved in dichloromethane (5
mL) and triethylamine (39 uL, 0.28 mmol) was added. This solution was slowly added to a solution
of 1,2-difluoro-4,5-dinitrobenzene (57 mg, 0.28 mmol) in dichloromethane (5 mL). The resulting
mixture was stirred for 48 h at room temperature. Then the solvent was evaporated, the residue was
taken up in ethyl acetate (20 mL) and washed with water, 0.5 M sodium bicarbonate and brine.
Purification by chromatography (SiO:, petroleum ether:ethyl acetate (5:1)) afforded the title
compound (80 mg, 0.14 mmol, 52 %) as a light yellow solid. A byproduct (10 mg, 0.02 mmol, 7 %)
was isolated in which the nitro group was substituted instead of the fluorine.

R¢=0.70 (petroleum ether:ethyl acetate, 5:3).

mp: 65-67°C.

1H-NMR, COSY (300 MHz, CDCls) & =7.72 (d, ] = 10.5 Hz, 1H, H-3Hed), 7.40-7.26 (m, 8H, H*"),
7.22-7.16 (m, 2H, HA"), 6.64 (d, ] = 7.1 Hz, 1H, H-64d), 6.22 (d, ] = 8.4 Hz, 1H, NH"*v), 543 (dd, ] = 6.4,
3.6 Hz, 1H, NH"), 5.16 (d, | = 12.2 Hz, 1H, OCH2""), 5.11 (d, ] = 12.2 Hz, 1H, OCH2"), 4.71-4.60 (m,
1H, a-CH"'v), 4.19-4.10 (m, 1H, a-CHP"e), 3.24 (dd, ] = 14.0, 5.5 Hz, 1H, p-CH2"*), 3.11 (dd, [ =14.0, 7.6
Hz, 1H, 3-CH:e), 1.66-1.40 (m, 3H, B-CHatey, y-CH'ev), 0. 90 (d, | = 6.3 Hz, 3H, 5-CHstev), 0.89 (d, | =
6.2 Hz, 3H, d3-CHs'ev) ppm.

BC-NMR, HMBC, HSQC (75 MHz, CDCls) 8 =172.2 (C = Orev), 169.6 (C = Or*r¢), 149.4 (d, ] =250.7
Hz, ipso-C-2Head) 142.7 (d, | = 2.9 Hz, C-5Head), 140.5 (d, | = 12.7 Hz, C-1Head), 135.2 (CgBr), 135.1 (CyPhe),
130.3 (d, ] = 7.8 Hz, C-4Head), 129.4, 129.3, 128.8, 128.7, 128.5, 128.1 (Cv), 112.7 (d, | = 25.2 Hz, C-3Head),
107.2 (d, ] = 4.8 Hz C-6Head), 67.6 (CH2Pn), 58.9 (a-CHPre), 51.3 (a-CHUev), 41.3 (3-CHzlew), 39.3 (3-CHzPhe),
25.0 (y-CHrev), 22.8, 21.9 (d-CHs'ev) ppm.

IR: v = 3065, 2959, 1734, 1655, 1619, 1546, 1456, 1379, 1326, 1195, 1149, 1108, 1031, 884, 842, 802,
748, 698, 658 cm.
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ESI-HRMS (m/z) calculated for [C2sH2o0NsO7NaF]* = 575.1918, found 575.1918.
[a]3t =-13.7° (c = 1.0, CH2CL).

1.13. N-(tert-Butoxycarbonyl)-L-Phenylalanyl-L-Leucine

>Loj\u’ iHﬂOH
T

Benzyl N-(tert-butoxycarbonyl)-L-phenylalanyl-L-leucinate (120 mg, 0.26 mmol) was dissolved
in THF (5mL). Pd/C (20 mg) was added and the mixture was stirred under a hydrogen atmosphere
for 2 h. The suspension was filtered over a pad of celite and washed with THF (15 mL). The solvent
was evaporated under reduced pressure and the remaining colorless oil (89 mg, 0.26 mmol) was used
without further purification.

ESI-MS: m/z = 2.9 min, 279.1 (100%, [M - Boc]*, calc. 279.2).

1.14. L-Phenylalanyl-L-Leucine Trifluoroacetic Acid Salt

Crude N-(tert-butoxycarbonyl)- L-phenylalanyl-L-leucine (89 mg, 0.26 mmol) was dissolved in
dichloromethane (2 mL) and TFA (1 mL) was added dropwise at room temperature. After stirring for
1h, the solvents were removed in a stream of nitrogen. Remaining solvent was removed by co-
evaporation with chloroform, toluene and ethanol (5mL each) to yield a colorless solid (88 mg,
0.22 mmol).

ESI-MS: m/z = 0.7 min, 279.1 (100%, [M + HJ*, calc. 279.2).

1.15. N-(2-Fluoro-4,5-dinitrophenyl)-L-phenylalanyl-L-leucine (8)

Crude L-phenylalanyl-L-leucine trifluoroacetic acid salt (23 mg, 0.081 mmol, 1 eq.), 1,2-difluoro-
4,5-dinitrobenzene (25mg, 0.122mmol, 1.5eq.) were dissolved in ethanol (3mL) and 1 drop of
triethylamine was added. The solution turned into light yellow and after 10 min a precipitate formed.
After stirring for 17 h at room temperature, a significant amount of starting material was still present,
so the suspension was heated to 80°C for 21h in a closed tube. After that time, all solids were
dissolved and the solution had an intense yellow color. After evaporating the solvent, column
chromatography (SiO2, DCM:MeOH; 20:1 to 10:1) afforded a product mixture also containing the
nitro substituted byproduct. Preparative HPLC (ACE CisPFP, 5 pum, 150 mm x 30 mm, 37.5 mL/min,
MeCN:water 1:1) gave the pure product (4 mg, 0.009 mmol, 11 %).
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R¢=0.15 (CHCl::MeOH 10:1)

1H-NMR, COSY (400 MHz, CDCl) d = 7.68 (d, | = 10.4 Hz, 1H, H-3Head), 7.38-7.26 (m, 3H, HAr),
7.24-7.17 (m, 2H, HAr), 6.86 (d, ] = 7.0 Hz, 1H, H-6Head), 6.59 (d, ] = 8.2 Hz, 1H, NH'v), 5.30 (t, | = 4.6
Hz, 1H, NHP"), 4.61 (s, 1H, a-CHUev), 4.53-4.06 (m, 2H, OH, a-CH""), 3.31 (dd, ] =14.1, 4.9 Hz, 1H, -
CHze), 3.17 (dd, ] =14.1, 7.6 Hz, 1H, -CH2Pte), 1.66 (m, 1H, y-CHTev), 1.53 (m, 2H, 3-CHztev), 0.94 (app-
s, 3H, 0-CHstev), 0.93 (app-s, 3H, 6-CHs'ev) ppm.

BC-NMR, HSQC, HMBC (101 MHz, CDCls): & = 176.1 (COOH), 171.1 (C = OFte), 149.5 (d, | =
250.4 Hz, C-2Head), 142.6 (d, | = 3.0 Hz, C-5Head), 141.0 (d, ] = 12.5 Hz, C-1Head), 135.0 (C-1"), 130.3 (d, ] =
7.7 Hz, C-4Head) 1294 (C-2/, C-6"), 129.2 (C-3’, C-5), 128.1 (C-4"), 112.5 (d, ] = 25.2 Hz, C-3Head) 108.0 (d,
J =4.5 Hz, C-6Head), 59 4 (a-CHPre), 51.2 (a-CHEev), 40.8 (B-CHzbev), 39.0 (B-CHzPhe), 25.0 (y-CHrew), 22.9,
21.7 (0-CHstev) ppm.

IR: v =3380, 3086, 3031, 2960, 2872, 1720, 1656, 1619, 1546, 1469, 1326, 1240, 1213, 1154, 1110 cm~
1

ESI-MS (m/z): 463.2 (100 ) [M + HJ+, 485.1 (23) [M + Na]*.

ESI-HRMS (m/z) calculated for [C21tH23FNsNaOr]* = 485.1443, found 485.1434.

[a]3? =-94.9 (c=0.27, CHCL).

2. Analysis of the Reaction Products of the Reaction with LMW Thiol

Ph Ph
H NO, NO, NO, H
s NO, s
\©\F s/©/ Ph s/©/ Ph
HNrPh H HNr H HNr
07 NH o P P NH
“_0 0 \\\Kfo
L5 L8 L8
Ph Ph Ph
10 11 12

(10) (25)-2-[Benzyl(N-{2-fluoro-4-nitro-4-[(2-phenylethyl)sulfanyllphenyl}-L-phenylalanyl)amino]-
4-methylpentanoate; (11)  (25)-2-[Benzyl(N-{4,5-dinitro-2-[(2-phenylethyl)sulfanyl]lphenyl}-L-
phenylalanyl)amino]-4-methylpentanoate; (12) (25)-2-[Benzyl(N-{4-nitro-2,4-bis[(2-
phenylethyl)sulfanyllphenyl}-L-phenylalanyl)amino]-4-methylpentanoate.

Benzyl-N-(2-fluoro-4,5-dinitrophenyl)-L-phenylalanyl-L-leucinate (7, 47 mg, 85 umol) was
dissolved in ethanol (1 mL) and triethylamine (24 pL, 170 pmol) was added. While stirring
phenylethanethiol (23 pL, 170 pmol) was added. After 28 h, starting material was still present.
Another portion of base and thiol (170 pmol each) was added and the reaction mixture was stirred in
a closed tube at 80°C for 24 h. After evaporating the solvent, column chromatography (SiO:,
cyclohexane:ethyl acetate (5:1)) afforded a product mixture containing all three possible substitution
products. Preparative HPLC (ACE CisPFP, 5 pm, 150 mm x 30 mm, 37.5 mL/min, MeCN:water 7:3)
gave the pure products as amorphous oils (8§ mg, 12 umol, 14 % (10); 2mg, 3 pmol, 4 % (11); 21 mg,
28 umol, 33 % (12)).

2.1. (25)-2-[ Benzyl(N-{2-fluoro-4-nitro-4-[(2-phenylethyl)sulfanyllphenyl}-L-phenylalanyl)amino]-4-
methylpentanoate (10)

R¢=0.27 (cyclohexane:ethyl acetate 10:3).
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TH-NMR, COSY (600 MHz, CDCls) =7.95 (d, ] = 11.4 Hz, 1H, H-3Hed), 7.35-7.17 (m, 15H, HAY),
6.42 (d, ] = 7.7 Hz, 1H, H-6"ead), 6.40 (d, | = 8.4 Hz, 1H, NH'ev), 4.99-4.97 (m, 1H, NHe), 4.97 (s, 2H,
OCH:®), 4.65-4.58 (m, 1H, a-CH'ev), 4.09 (dt, ] = 7.5, 5.2 Hz, 1H, a-CH™e), 3.26 (dd, ] = 14.1, 5.3 Hz,
1H, B-CHz™e), 3.19-3.15 (m, 1H, B-CH:"), 3.14-3.09 (m, 2H, CH2CH-S), 3.01-2.98 (m, 2H, CH:CH:S),
1.60-1.57 (m, 1H, B-CHztev), 1.50~1.47 (m, 1H, y-CH'*v), 1.46-1.43 (m, 1H, B-CHalev), 0.90 (d, ] = 6.3,
3H, >-CHstev), 0.87 (d, ] = 6.4, 3H, 5-CHstev) ppm.

13C-NMR, HSQC, HMBC (151 MHz, CDCls) d = 172.2 (C = Otew), 170.8 (C = O™), 147.1 (d, ] =
241.9 Hz, ipso-C-2tead), 140.3 (d, ] = 12.0 Hz, C-1Head), 139.7 (CH2CH2C#), 138.0 (d, ] = 2.2 Hz, C-5Head),
135.3 (d, J=7.0 Hz, C-4Head), 135.3 (Cghe), 135.2 (CBn), 129.4, 129.2, 128.8, 128.7, 128.7, 128.6, 128.2, 127.9,
126.9 (CHAY), 113.2 (d, ] = 23.3 Hz, C-3Head), 107.8 (d, ] = 2.3 Hz, C-64ead), 67.3 (CH28n), 59.4 (a-CHPre),
51.0 (a-CHtew), 41.1 (B-CHabev), 38.9 (B-CH2Pre), 34.0 (CH2CH:S), 33.6 (CH2CH:S), 24.9 (y-CHtev), 22.9,
21.8 (0-CHstew) ppm.

IR: v = 3358, 2957, 1613, 1528, 1455, 1270, 1177, 1151, 1100, 733, 697 cm-1.

ESI-MS (m/z): 644.4 (100) [M + HJ*, 666.3 (23) [M + Na*.

ESI-HRMS (m/z) calculated for [CasHaoFN3OsS]* = 644.2589, found 644.2585.

[a]3® =-50.3° (c = 0.6, CHCL).

2.2. (25)-2-[Benzyl(N-{4,5-dinitro-2-[(2-phenylethyl)sulfanylJphenyl}-L-phenylalanyl)amino]-4-
methylpentanoate (11)

R¢=0.26 (cyclohexane:ethyl acetate 10:3).

H-NMR, COSY (600 MHz, CDCls) d = 7.98 (s, 1H, H-3Hed), 7.38-7.17 (m, 15H, HAv), 6.51 (s, 1H,
H-6Mead), 6.23 (d, | =5.4 Hz, 1H, NH™¢), 6.20 (d, ] = 8.5 Hz, 1H, NH'*v), 5.10 (d, ] = 12.2 Hz, 1H, OCH:""),
5.14 (d, J=12.2 Hz, 1H, OCH2""), 4.68-4.63 (m, 1H, a-CH'ev), 4.10 (dt, ] = 8.0, 5.4 Hz, 1H, a-CHP"), 3.29
(dd, J=14.1, 5.2 Hz, 1H, B-CH2"), 3.08 (dd, ] = 14.2, 8.0 Hz, 1H, -CH>™e), 2.94 (dt, ] =12.7, 7.5 Hz,
1H, CH2CH-S), 2.86 (ddd, ] =12.7, 8.2, 6.5 Hz, 1H, CH2CH:S), 2.80-2.76 (m, 2H, CHCH:S), 1.63-1.59
(m, 1H, B-CHzev), 1.52-1.48 (m, 1H, y-CH"ev), 1.48-1.42 (m, 1H, 3-CH2'v), 0.89 (d, | = 6.4, 3H, 5-CHstev),
0.87 (d, | = 6.4, 3H, 5-CHsle") ppm.

BC-NMR, HSQC, HMBC (151 MHz, CDCls) 5 =172.2 (C = Olev), 169.9 (C = OPr¢), 151.3 (C-1Head),
145.8 (C-5Head), 138.8 (CH2CH2C47), 135.3 (Cyfte), 135.2 (CgPr), 131.7 (C-2Head), 130.6 (C-3Head), 129.4, 128.8,
128.7,128.6, 128.5, 128.0, 127.1 (CHAr), 122.6 (C-2Head), 105.3 (C-6Head), 67.6 (CH2Pr), 59.6 (a-CHe), 51.1
(a-CHtev), 41.3 (3-CHabev), 39.1 (B-CHzte), 36.3 (CH2CHS:S), 35.8 (CH2CH:S), 25.0 (y-CH'ev), 22.8, 21.9
(0-CHstev) ppm.

IR: v = 3314, 2959, 2931, 1591, 1545, 1367, 1324, 1268, 1150, 699 cm-'.

ESI-MS (m/z): 671.4 (77) [M + H]*, 693.4 (53) [M + Na]*.

ESI-HRMS (m/z) calculated for [CssH3oN1O7S]* = 671.2534, found 671.2528.

[a]3® =-38.0° (c=0.2, CHCL).

2.3. (25)-2-[ Benzyl(N-{4-nitro-2,4-bis[(2-phenylethyl)sulfanylJphenyl}-L-phenylalanyl)amino]-4-
methylpentanoate (12)

R¢=0.29 (cyclohexane:ethyl acetate 10:3).

TH-NMR, COSY (600 MHz, CDCls) 6 = 8.35 (s, 1H, H-3Head), 7.34-7.15 (m, 18H, H**), 7.06-7.03
(m, 2H, HA7), 6.39 (d, ] =8.3 Hz, 1H, NH'*v), 6.33 (s, 1H, H-6%d), 6.08 (d, ] = 4.5 Hz, 1H, NH"*), 4.95 (s,
2H, OCH:""), 4.62-4.57 (m, 1H, a-CH"ev), 4.08 (dt, ] = 8.9, 4.7 Hz, 1H, a-CH™¢), 3.33 (dd, ] = 14.2, 4.7
Hz, 1H, B-CH2™e), 3.21-3.13 (m, 2H, CH2CH:S), 3.08 (dd, ] = 14.2, 8.4 Hz, 1H, 3-CH:"™e), 3.03-2.99 (m,
2H, CH:CH:S), 2.75-2.56 (m, 4H, CH2CH:S), 1.57-1.53 (m, 1H, p-CH2'ev), 1.47-1.43 (m, 1H, y-CH"ev),
1.43-1.39 (m, 1H, p-CHztev), 0.87 (d, ] = 6.4, 3H, 0-CHstev), 0.83 (d, | = 6.4, 3H, 5-CHs'ev) ppm.

BC-NMR, HSQC, HMBC (151 MHz, CDCls) 0 =172.1 (C = Otev), 171.2 (C = OFte), 151.1 (C-1Head),
143.2 (C-5Head), 139.7 (CH2CH2C#7), 139.4 (CH2CH2C#), 136.5(C-4Head), 135.6 (Cqhe), 135.1 (CqPr), 134.7
(C-3Head), 129.3,129.2, 128.8, 128.7, 128.7, 128.6, 128.6, 128.2, 127.8, 126.8, 126.8 (CHA"), 115.2 (C-2Head),
106.2 (C-6Head), 67.3 (CH2n), 60.2 (a-CHMe), 51.0 (a-CH'ev), 41.1 (3-CHztew), 39.0 (3-CH2e), 36.9
(CH2CH:S), 35.9 (CH2CH:S), 33.9 (CH2CH:S), 33.3 (CH2CH:S), 25.0 (y-CH'ev), 22.8, 21.9 (d-CHalev)
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IR: v=23339, 3029, 2957, 2928, 1741, 1682, 1582, 1546, 1510, 1498, 1470, 1455, 1324, 1298, 1257, 1190,
1152, 1123, 752, 698 cm-.

ESI-MS (m/z): 762.6 (100) [M + H]*, 784.4 (53) [M + Na]*.

ESI-HRMS (m/z) calculated for [CssHasN3OsS:]* = 762.3030, found 762.3023.

[a]3® =+1.0° (c=0.5, CHCL).

3. Calculation of the Chemical Shifts / Determination of the Regiochemistry of the Addition
Products

Conformational searches were performed using Spartan’10 [17]. DFT calculations were performed

using Gaussian 16, Rev. A.03 [18]. All structures were confirmed as local minima by vibrational
frequency analysis (Nimag = 0).
Relative Configuration Determination (DP4+): Conformational candidates were generated using a
thorough or sparse systematic search algorithm at MMFF [19] and PM6[20] levels. The geometries
were reoptimized and vibrational frequencies were calculated at the B3LYP/6-31G(d) level [21-27].
Duplicates were removed and conformers within a relative energy range of up to 4.5 kcal mol-! were
selected. NMR shielding tensors were calculated using GIAOs [28] at the mPW1PW91/6-31+G(d,p)
[25-27,29] level with IEFPCM solvation [30] for chloroform. Boltzmann-weighted average shielding
tensors were generated and compared with the experimental 'H and *C NMR data in the DP4+
framework to obtain the DP4+ probabilities [31].

Input lines

Relative Configuration Determination (DP4+):

MMFF/PM6 Conformational Analysis:
SEARCHMETHOD = THOROUGH FINDBOATS KEEPALL CONF_SELECTION_RULE =5 or
SEARCHMETHOD = SPARSE FINDBOATS KEEPALL CONF_SELECTION_RULE =5

DFT Reoptimisation and Frequency Calculation:
#p opt = tight freq = noraman b3lyp 6-31g(d)

NMR Shielding Tensor Calculation

#p nmr = giao mpwlpw91 6-31+g(d,p) scrf = (iefpcm,solvent = chloroform)
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Table S1 (DP4+)-results for product 12.

5-nitro  4-nitro

sDP4+ (H data)  100.00% 0.00%

sDP4+ (C data) 0.00%  100.00%

sDP4+ (all) 100.00% 0.00%

uDP4+ (H data) ~ 0.00% 100.00%

uDP4+ (C data)  0.00% 100.00%

uDP4+ (all) 0.00%  100.00%

DP4+ (H data)  100.00% 0.00%

DP4+ (C data) 0.00%  100.00%

DP4+ (all data) 0.00%  100.00%

4. Mass Spectrometry

Lyophilized rhodesain was reconstituted at 4 mg/mL in 50 mM Na acetate, pH 5.5, 200 mM
NaCl, 5 mM EDTA. For mass spectrometric analysis, the protein was further diluted in the same
buffer (to a final concentration of 850 nM) and reduced with DTT for 1 h at room temperature. After
the addition of the inhibitors at a final concentration of 0.1 mM, samples were analyzed by LC-MS
using a nanoAcquity UPLC system (Waters Corporation) coupled to a nano-ESI-Q-TOF mass
spectrometer (Synapt G2-S HDMS, Waters Corporation). Rhodesain without compound served as
control. Protein-drug complexes were loaded onto a 200 pm x 5 cm PepSwift Monolithic PS-DVB
column from Dionex (Thermo Scientific) using direct injection mode. For LC separation, two mobile
phases were used. Mobile phase A contained 0.1% formic acid (FA) and 3% DMSQO in ultrapure water,
whereas mobile phase B consisted of 0.1% FA and 3% DMSO in ACN. A gradient of 10-90% mobile
phase B was run over 7 minutes at a flow rate of 2000 nL/min. Column temperature was set to 45 °C.
After separation, the column was rinsed with 90% of mobile phase B and reequilibrated at initial
conditions. All MS analyses were conducted in positive-mode ESL

5. NMR Materials and Methods

For YF NMR, compounds 7 (800 uM) or 8 (400 uM) were dissolved in rhodesain sample buffer
(50 mM NaAcetate, pH 5.5, 200 mM NaCl, 5 mM Na-EDTA, 1 mM TCEP) with 10% de-DMSO from a
40 mM inhibitor stock in ds-DMSO. Spectra were recorded at 303 K on a Bruker Avance 3 600 MHz
spectrometer with a Prodigy TCI cryoprobe (Bruker, Karlsruhe). Because 'H and °F are measured in
the same coil, protons were not decoupled during “F acquisition. Spectra were recorded with 512
scans (cpd 8) or with 3k scans (cdp 7) due to solubility issues. Unlabeled rhodesain was purified from
P. pastoris as described previously and lyophilized until needed (see below). For NMR measurements,
the lyophilized protein was resuspended in rhodesain buffer sample. For the time trace experiments,
2.1 nmol rhodesain (4 uM final conc.) was added to a NMR sample containing 800 uM of cpd. 7 and
spectra recorded every 2 minutes. For observing the bound inhibitor, spectra of 400 uM cpd. 8 with
150 or 450 uM rhodesain were recorded (3k scans).
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6. Enzyme and hydrolysis assays

6.1. Expression of Rhodesain:

Rhodesain with a S172A mutation and without the C-terminal domain beginning at Thr343 was
expressed and purified from Pichia pastoris as described previously [7,8].

6.2. Hydrolysis Assays:

Rhodesain and rhodesain inactivated with K11777 were dissolved in 99 uL assay buffer (50 mM
NaOAc, pH5.5,200 mM, 5 mM EDTA, 5 mM DTT) to a final concentration of 0.4 mg/mL. Afterwards,
1 pL of 10 mg/mL cpd. 7 dissolved in DMSO were added and the mixture was incubated at room
temperature for 24 h. As a negative control, 1 uL cpd. 7 was added to 99 pL assay buffer without any
protease. The reaction was quenched by addition of 100 uL ACN and heated up to 95 °C for 10 min.
The solution was centrifuged for 10 min at 17,000 g and the supernatant was filtrated through a 0.22
pm syringe filter prior to LC-MS analysis.

The LC-MS analysis of the reaction mixtures was performed at an HP Agilent 1100 system
coupled to an Agilent LC/MSD ion trap. An Agilent Poroshell 120 EC-C18 (150 x 2.10 mm) column at
40°C was used for separation with an isocratic flow of 30% ACN and 70% H20 with 0.1% formic acid.
The method showed a dead time of 0.3 min at a flow rate of 0.7 mL/min.

Unconverted cpd. 7 and hydrolysis product 8 were eluted as reference compounds as a mixture
of pure inhibitor samples (t(8) = 0.9 min; t(7) = 2.1 min). The found masses fitted to the theoretical
masses: [7+H*] = 553.3 m/z, [7+Na*] = 575.4 m/z, [8+H*] = 463.3 m/z, [8+Na*] = 485.3 m/z. A complete
conversion of ester 7 to acid 8 was observed in the case of catalytically active rhodesain. A control
proved that the ester 7 was not hydrolyzed by the reaction buffer. Furthermore, no conversion was
observed for rhodesain irreversibly inactivated by K11777. For the latter experiment, 40.2 uM
rhodesain was incubated in a mixture of 8.7 mM K11777 with 5% DMSO for 2 h at room temperature
until no activity was observed in the substrate assay. Insoluble inhibitor was removed by
centrifugation and the supernatant was used for the hydrolysis assay as described above.

6.3. Enzyme assays / Rhodesain and Cathepsins

The assays were performed as described previously [7,8] by incubating rhodesain in 190 uL
assay buffer (50 mM sodium acetate pH 5.5, 5 mM EDTA, 200 mM NacCl, 0.005% Brij) with 5 uL of an
inhibitor DMSO stock solution of a given concentration for 10 min at room temperature. The reaction
was started by adding 5 uL of 400 uM Z-Phe-Arg-7-amino-4-methylcumarin (Z-Phe-Arg-AMC) in
DMSO. The released AMC was excited at 380 nm and the upcoming fluorescence measured at 460
nm at 25 °C over time. The final substrate concentration was 10 uM.

Quenching of the fluorescence of the released AMC by the inhibitors was accounted for as
described previously [9].

The cathepsin L assays were performed accordingly in 50 mM Tris buffer (pH 6.5, 5 mM EDTA,
200 mM Na(l, 0.005% Brij) and 250 pM Z-Phe-Arg-AMC concentration (final concentration: 6.25 uM).

The cathepsin B (Calbiochem) assays were performed accordingly in 50 mM Tris buffer pH 6.5,
5 mM EDTA, 200 mM NaCl and 0.005% Brij leading to final enzyme and substrate concentrations of
484 nM and 100 pM.

Final inhibitor concentrations ranged from 0.001 pM to 100.0 uM.

6.4. Enzyme Assays / Sortase A

The sortase A assays were performed as described previously [32] by incubating the
recombinantly expressed S. aureus SrtA (1 uM) with 25 uM of the FRET-pair substrate Abz-LPETG-
Dap(Dnp)-OH and 0.5 mM tetraglycine in assay buffer (50 mM Tris, 150 mM NaCl, 5 mM CaClz, pH
7.50). Reactions were initiated by addition of SrtA and monitored for 30 min at 25 °C with Aex 320
nm/Aem 430 nm.
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6.5. Enzyme Assays / DENV PR

The assays were performed as described previously [32].

6.6. Dilution Assays:

Dilution assays were performed by adding 50 pL of cpd. 8 (0.1 mM in DMSO) to rhodesain (0.37
mM final concentration) in 950 pL assay buffer (50 mM sodium acetate pH 5.5, 5 mM EDTA, 200 mM
NaCl) followed by 45 min incubation at room temperature. In a control, the cpd. 8 solution was
replaced by 50 uL pure DMSO and treated equally. 5 pL of 400 mM Z-Phe-Arg-AMC were added to
195 pL of rhodesain-8 or rhodesain-DMSO stock solutions and the upcoming fluorescence was
measured over time to assure complete inhibition (see Figure SI1)).
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4 DMSO control
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Figure SI1: Progress curves for substrate hydrolysis by rhodesain incubated with inhibitor 8 (°) or
DMSO (A).

For the dilution assay, 2 mL of the rhodesain-8 stock solution were diluted with 193 mL 50 mM
sodium acetate buffer (pH 5.5 with 5 mM EDTA, 200 mM NaCl 5 mM DTT) and the recovery of the

enzymatic activity was measured immediately after adding 5 mL of 400 uM Z-Phe-Arg-AMC (see
Figure SI2).
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260
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Figure S2: Progress curve for substrate hydrolysis by rhodesain, completely inhibited with inhibitor
8, after dilution. The recovery of the enzymatic activity proves the reversibility of the inhibition.

7. T. b. brucei Cell Survival Assay

Toxicity of 7 and 8 against trypanosomes (T. b. brucei 449 cell line) were determined via an
ATPlite assay as described previously [10-12] using the cellular ATP levels as a proxy for cell
viability. 7 (5 mM stock solution in DMSO) and 8 (50 mM stock solution in DMSO) were first diluted
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1:3 in medium, followed by a 1:10 dilution step in a microplate and ten subsequent 1:2 dilution steps.
90 puL HMI-9 medium containing 2500 cells/mL were distributed in 96-well microplates
(PerkinElmer). 10 uL of the 1:2 dilution step preparations of the tested compounds were added to the
90 uL cell suspension leading to final concentrations from 16.67 uM to 32.55 nM for 7 and 166.67 uM
to 325.52 nM for 8 in the microplates. As a negative control, addition of 0.3% of DMSO corresponding
to the highest DMSO concentration added by compound application was used. 10% DMSO was used
as a positive control, since at this DMSO concentration, all cells die. Measurements were carried out
as two sets of triplicates incubated at 37 °C for 24 h and 48 h. 50 uL of ATPlite 1 step solution
(PerkinElmer) was added to each well of the microplate and luminescence measured at room
temperature with an Infinite® M200 PRO plate reader (Tecan Trading AG). The measured values were
plotted against the compound concentrations top yield the dose-response curve. The ECso values

were calculated using GraFit version 5.013 (Erithacus Software Ltd.).

8. Docking Procedures

Docking experiments were performed using the crystal structure of rhodesain bound to the
covalent inhibitor K11777 (pdb 2p7u) [13]. To define the binding site, all residues within a 6.5 A shell
around K11777 were selected. All water molecules present in the crystal structure were omitted.
Generation of 3D-coordinates and energy minimization of the ligands were accomplished with the
Molecular Operating Environment (MOE) using the MMFF94x force field [14]. Docking calculations
were run with FlexX (version 2.3.2) and ranked with the built-in empirical scoring function.[15]
Selected docking solutions were visualized with PyMOL (version 2.3.0) [16].

GLY-66
S3 ﬁ 1
) CYS-22

GLN-19

ASP-161 2

— )
TRP-184

»

Figure S3. Highest ranked docking solution of ester 7 (score —20.56). The substituted aromatic ring
binds to the S1’ region and is not located close to the nucleophilic cysteine (distance 6.2 A). Light grey:
solvent accessible surface of rhodesain, grey: carbon atoms of rhodesain amino acid residues, orange:
carbon atoms of ester 7, blue: nitrogen, red: oxygen, yellow: sulfur, cyan: fluorine.
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GLN-19

ASP-161
N
\

Figure S4: Docking solution of ester 7 with similar binding mode compared to acid 8 (score —18.26).
The substituted aromatic ring is located in close proximity to the nucleophilic cysteine (2.5 A). One
nitro group forms hydrogen bonds to GIn-19 and Trp-184. The phenylalanine side chain is placed in
the 52 pocket and the benzyl ester group occupies the S3 pocket. Light grey: solvent accessible surface
of rhodesain, grey: carbon atoms of rhodesain amino acid residues, orange: carbon atoms of ester 7,
blue: nitrogen, red: oxygen, yellow: sulfur, cyan: fluorine.

9. NMR Spectra of the Compounds
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1H-NMR (300 MHz, CDCl) spectrum of Al.
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