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Supporting Figure 1: Concentration dependent in situ labeling (1 h incubation, 1 h UV
irradiation) of membrane proteins in living Hela cells with compound 4.
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Supporting Figure 2: Heat controls of in vitro labeling of cytosolic and membrane proteins
at about 60 kDa in Hela cell lysate with compound 4 (10 pM).
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Supporting Figure 3: Concentration dependent in situ labeling of cytosolic proteins in
different cell lines with probe 5 (10 uM).
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Supporting Figure 4: Time dependent in situ labeling: varying preincubation time of living
Hela cells with compound 4 (10 uM) before UV irradiation (1 h).
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Score Coverage Pepﬁ des # PSM Peak Area

H460 + 73.99 50.34 14 20  4.338E8
H460 - 8.10 6.29 2 3 3.134E7
Hela + 39.19 25.17 9 12 6.602E7
Hela - 0.00 0.000EO
Jurkat + 92.40 45.17 13 26 5.553E8
Jurkat - 0.00 5.069E7
MDA-MB + 53.82 44.27 13 14 1.823E8
MDA-MB - 0.00 0.000EO0

Supporting Table 1: Mass spec data for tubulin, beta, 2 [Homo sapiens]
(5174735;IP100007752.1) selectively enriched and identified in different cell lines, Peak
Areas calculated via Precursor lons Area Detector of Thermo Proteome Discoverer 1.3, +
Sample labeled with UV probe prior to biotin enrichment, - Sample NOT labeled with UV
probe prior to biotin enrichment.
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rhodamine-

Supporting Scheme 1: Molecular structure of Rhodamine Azide (RhNj) used for in-gel
fluorescent scanning and fluorescent microscopy and the Trifunctional Linker 15 (biotin-
rhodamine- (alkyl)azide) used for biotin avidin enrichment.

Trifunctional linker 15 was synthesized according to standard solid phase peptide
synthesis (SPPS) protocols' via Fmoc/tBu strategy? starting on Fmoc-Rink Amid
MBHA resin®. The protected building blocks were deprotected via TFA (2 % in DCM)
and were coupled by means of TBTU*HOBt> and DIPEA® in following order: a)
Fmoc-Lys(MTT)-OH’ b) 5-Azido-pentanoic  acid® c¢) Fmoc-Lys(biotinyl-¢-
aminocaproyl)-OH’ d) 5-(and-6)-carboxytetramethylrhodamine succinimidyl ester®.
The peptidic compound was cleaved from the solid support with TFA (95 % in H0O,
2 h at ambient temperature) and was precipitated in cold diethyl ether at -20 °C. The
solid residue was purified via RP-HPLC (XBridge BEH C18 5 uym 30 x 150 mm, linear
gradient 2 % - 98 % acetonitrile / H,O with 0.1 % TFA in 30 min, UV-Vis detection at
550 nm, RT 10.2 — 10.8 min) and yielded after lyophilisation 59.6 mg purple powder
(51.8 ymol, 24 % overall yield).

HRMS (ESI) calculated found

[M+H]" = CgsHgoN13010S* 1150.5866 1150.5850
[M+2H]?* = CgsHg1N13010S** 575.7970 575.7965
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Synthetic procedures

(S)-methyl 3-(4-benzoylphenyl)-2-(tert-butoxycarbonylamino)propanoate (7)

A solution of Boc-protected iodophenylalanine methylester 6 (785 mg, 2.07 mmol),
K2CO3 (857 mg, 6.21 mmol), bis(triphenylphosphine)palladium(ll) dichloride (73 mg,
0.10 mmol) and phenylboronic acid (278 mg, 2.28 mmol) in anisole (20 mL) was
stirred under CO-atmosphere at 80°C for 19 h. After cooling to room temperature the
reaction mixture was diluted with diethyl ether (80 mL), washed with water and brine,
dried with Na;SO,4, and concentrated. The crude product was purified by flash
chromatography (hexanes/ethyl acetate, 9:1, 7:3) to yield 7 (686 mg, 1.79 mmol,
83%) as a yellowish oil.

[tlc: hexanes/ethyl acetate = 8:2, R(7) = 0.14]

"H-NMR (CDCl3, 400 MHz): 6 = 1.42 (s, 9 H, 16-H), 3.11 (dd, 2Jsa4p = 13.5 Hz, *Jyas =
6.1 Hz, 1 H, 4-Ha), 3.23 (dd, *Jap4a = 13.6 Hz, *Jap3=5.6 Hz, 1 H, 4-Hy), 3.74 (s, 3 H,
1-H), 4.64 (m, 1 H, 3-H), 5.03 (*Unnz = 7.5 Hz, 1 H, NH), 7.25 (d, *Js7 = 8.1 Hz, 2 H,
6-H), 7.48 (dd, >J12.11 = 3J1213 = 7.6 Hz, 2 H, 12-H), 7.59 (tt, *J1312 = 7.4 Hz, *J1311 =
1.3 Hz, 1 H, 13-H), 7.75 (d, ®J76 = 8.2 Hz, 2 H, 7-H), 7.77 (dd, >J11.12= 8.4 Hz, *J1113
= 1.4 Hz, 2 H, 11-H).

3C.NMR (CDCls, 100 MHz): & = 28.3 (q, C-16), 38.4 (t, C-4), 52.4 (g, C-1), 54.2 (d,
C-3), 80.1 (s, C-15), 128.3 (d, C-12), 129.3 (d, C-6), 129.9 (d, C-11), 130.3 (d, C-7),
132.4 (d, C-13), 136.3 (s, C-8), 137.6 (s, C-10), 141.1 (s, C-5), 155.0 (s, C-14), 172.0
(s, C-2), 196.3 (s, C-9).

optical rotation: [0]*p = +50.3° (¢ =2.0, CHCIs) [Lit.: [a]*5 = +51.0° (c = 2.0,
CHCl5)"°
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(S,E)-ethyl 4-(tert-butoxycarbonylamino)-5-(4-iodophenyl)-2-methylpent-2-
enoate (9)

A solution of DIBALH (1 M) in hexane (4.20 mL, 4.20 mmol) was added dropwise at —
78°C to a solution of Boc-protected iodophenylalanine methylester 6 (850 mg,
2.10 mmol) in dry dichloromethane (12 mL). After stirring the reaction mixture for 1 h
at —78°C, phosphonium salt 8 (1.02 g, 2.31 mmol) and KOtBu (259 mg, 2.31 mmol)
were added and the reaction mixture was warmed to room temperature overnight.
The reaction mixture was poured into 10% aqueous tartaric acid (100 mL) and
vigorously stirred for 30 min. After separation of the layers, the aqueous layer was
extracted thrice with EtOAc. The combined organic layers were washed with water
and brine, dried with Na,;SO4, and concentrated. The crude product was purified by
flash chromatography (hexanes/ethyl acetate, 8:2) to yield 9 (805 mg, 1.75 mmol,
83%) as a white solid, m.p. 112-113°C.

[tic: hexanes/ethyl acetate = 8:2, R(9) = 0.28]

'"H-NMR (CDCls, 400 MHz): 6 = 1.28 (t, °J;2 = 7.1 Hz, 1-H), 1.40 (s, 9 H, 15-H), 1.71
(d, *Jse = 1.3 Hz, 3 H, 5-H), 2.72 (dd, *Jgagp = 13.5 Hz, 3Jga7 = 7.0 Hz, 1 H, 8-H.),
2.86 (dd, “Jspsa = 13.3 Hz, *Jgp7 = 5.5 Hz, 1 H, 8-Hy), 4.18 (q, °J2.1 = 7.1 Hz, 2 H,
2-H), 4.50-4.66 (m, 2 H, 7-H, NH), 6.47 (dq, ®Js7 = 9.0 Hz, *Js5 = 1.4 Hz, 1 H, 6-H),
6.92 (d, J10.11 = 8.2 Hz, 2 H, 10-H), 7.60 (d, ®J11.10= 8.2 Hz, 1 H, 11-H).

3C-NMR (CDCl3, 100 MHz): 6 = 12.7 (q, C-5), 14.2 (q, C-1), 28.3 (g, C-15), 40.7 (t,
C-8), 49.9 (d, C-7), 60.8 (t, C-2), 79.8 (s, C-14), 92.0 (d, C-12), 129.8 (s, C-4), 131.5
(d, C-19), 136.4 (s, C-9), 137.5 (d, C-11), 139.5 (s, C-6), 154.9 (s, C-13), 167.6 (s,
C-3).

optical rotation: [a]*'p = +21.8° (c = 0.9, >95% E, CHCl5)

HRMS (ClI) calculated found
C19H27NOy4l [M+H]* 460.0985 460.0993

elemental analysis:
C1gH26NOu4l calculated C 49.68 H 5.71 N 3.05

(459.32) found C50.12  H5.64 N 2.74
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(S,E)-ethyl 5-(4-benzoylphenyl)-4-(tert-butoxycarbonylamino)-2-methylpent-2-
enoate (10)

A solution of 9 (88 mg, 0.19 mmol), K,COs; (79 mg, 0.57 mmol), bis(triphenyl-
phosphine)palladium(ll) dichloride (7 mg, 10 umol) and phenylboronic acid (27 mg,
0.22 mmol) in anisole (2 mL) was stirred under CO-atmosphere at 80°C for 17 h.
After cooling to room temperature the reaction mixture was diluted with diethyl ether
(80 mL), washed with water and brine, dried with Na;SO4, and concentrated. The
crude product was purified by flash chromatography (hexanes/ethyl acetate, 8:2) to
yield 10 (81 mg, 0.19 mmol, 97%) as a reddish solid, m.p. 76-78°C.

[tic: hexanes/ethyl acetate = 8:2, R{(10) = 0.13]

'"H-NMR (CDCls, 400 MHz): 6 = 1.28 (t, °J12 = 7.1 Hz, 3 H, 1-H), 1.40 (s, 9 H, 15-H),
1.73 (d, *Jsg = 1.4 Hz, 3 H, 5-H), 2.87 (dd, %Jsass = 13.3 Hz, >Jga7 = 7.0 Hz, 1 H,
8-Ha), 3.02 (dd, 2Jspsa = 13.0 Hz, *Jan7 = 5.7 Hz, 1 H, 8-Hy), 4.18 (q, °Jz1 = 7.1 Hz,
2 H, 2-H), 4.60-4.76 (m, 2 H, 7-H, NH), 6.53 (dq, °Js7 = 9.0 Hz, *Js5 = 1.4 Hz, 1 H,
6-H), 7.29 (d, 3J1041 = 8.2 Hz, 2 H, 10-H), 7.47 (dd, Ji615 = 3J1617 = 7.6 Hz, 2 H,
16-H), 7.58 (tt, *Ji716 = 7.4 Hz, *J17.45 = 1.3 Hz, 1 H, 17-H), 7.74 (d, ®J11.10 = 8.2 Hz,
2 H, 11-H), 7.77 (dd, J15.16 = 8.4 Hz, *J15.47= 1.4 Hz, 2 H, 15-H).

3C-NMR (CDCls, 100 MHz): 6 = 12.7 (q, C-5), 14.2 (q, C-1), 28.3 (g, C-20), 41.3 (t,
C-8), 50.0 (d, C-7), 60.8 (t, C-2), 80.0 (s, C-19), 128.2 (d, C-16), 129.5 (d, C-10),
129.9 (s, d, C-4, C-15), 130.3 (d, C-11), 132.3 (d, C-17), 136.0 (s, C-12), 137.6 (s,
C-14), 139.5 (s, C-6), 141.8 (s, C-9), 155.0 (s, C-18), 172.0 (s, C-3), 196.3 (s, C-13).
optical rotation: [a]*'p = +25.4° (c = 1.1, CHCl3)

HRMS (ClI) calculated found
C22H24NOs [M—C4Hg+H]* 382.1654 382.1667

elemental analysis:
C26H31NOs5 calculated C 71.37 H7.14 N 3.20

(437.53) found C7075 H7.15 N 2.85
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(S)-methyl 3-(4-benzoylphenyl)-2-(2-((R)-3-(tert-butoxycarbonyl(methyl)amino)-
4-methylpentyl)thiazole-4-carboxamido)propanoate (11a)

HCl in dioxane (1.28 mL, 5.10 mmol, 4 M) was added at 0°C to 7 (196 mg,
0.51 mmol). The solvent was evaporated in vacuum after complete deprotection (30
min, tlc monitoring) and the hydrochloride salt was dried in high vacuum.

Isobutyl chloroformate (68 pL, 0.51 mmol) was added dropwise at —20°C to a solution
of Boc-protected tubuvaline BocTuvOH'" (157 mg, 0.46 mmol) and NMM (127 pL,
1.15 mmol) in dry THF (5 mL). After 20 min, N-deprotected 7 was added and the
mixture was allowed to warm to room temperature overnight. Water was added and
the mixture was extracted with ethyl acetate (3x). The combined organic layers were
washed with aqueous HCI (1 M), water, saturated aqueous NaHCOs3, water and
brine, dried over Na,SO, and concentrated in vacuum. The crude product was
purified by flash chromatography (SiO,, hexanes/ethyl acetate = 6:4) to yield
dipeptide 11a (238 mg, 0.39 mmol, 85% over 2 steps) as colourless oil and a mixture
of rotamers.

[tlc: hexanes/ethyl acetate = 1:1, R{(11a) = 0.25]

major rotamer

"H-NMR (CDCls, 400 MHz): 6 = 0.81 (d, Ja221 = 6.5 Hz, 3 H, 22-H), 0.83 (d, 3J22 21 =
6.5 Hz, 3 H, 22-H), 1.38 (s, 9 H, 26-H), 1.65 (m, 1 H, 21-H), 1.78 (m, 1 H, 19-H,),
2.14 (m, 1 H, 19-Hy), 2.63 (s, 3 H, 23-H), 2.88 (m, 2 H, 18-H), 3.27 (dd, %Jsasp =
13.9 Hz, %Jsas = 6.4 Hz, 1 H, 4-H,), 3.36 (dd, ?Japsa = 13.9 Hz, *Jap3 = 6.4 Hz, 1 H,
4-Hyp), 3.74 (s, 3 H, 1-H), 3.82 (m, 1 H, 20-H), 5.09 (m, 1 H, 3-H), 7.30 (d, %Js7 =
8.1 Hz, 2 H, 6-H), 7.46 (dd, 3J12.11 = 3Ji213 = 7.6 Hz, 2 H, 12-H), 7.57 (t, *J13.12
7.4 Hz, 13-H), 7.73 (d, °J76 = 8.3 Hz, 2 H, 7-H), 7.75 (m, 2 H, 11-H), 7.79 (Jnn3
8.0 Hz, 1 H, NH), 7.40 (s, 1 H, 16-H).

3C-NMR (CDCls, 100 MHz): 6 = 19.6 (g, C-22), 19.9 (q, C-22"), 28.2 (q, C-23), 28.4
(g, C-26), 29.5 (t, C-19), 30.1 (t, C-18), 30.5 (d, C-21), 38.1 (t, C-4), 52.4 (g, C-1),
53.0 (d, C-3), 60.3 (d, C-20), 79.2 (s, C-25), 123.1 (d, C-16), 128.2 (d, C-12), 129.2
(d, C-8), 129.9 (d, C-11), 130.4 (d, C-7), 132.3 (d, C-13), 136.2 (s, C-8), 137.6 (s,
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C-10), 141.1 (s, C-5), 148.7 (s, C-15), 156.4 (s, C-24), 160.6 (s, C-14), 170.8 (s,
C-17), 171.4 (s, C-2), 196.2 (s, C-9).

minor rotamer (selected signals)

"H-NMR (CDCls, 400 MHz): 6 = 0.91 (d, 32221 = 6.5 Hz, 3 H, 22-H), 0.93 (d, >J22 21
6.5 Hz, 3 H, 22-H), 1.44 (s, 9 H, 26-H), 2.66 (s, 3 H, 23-H), 3.28 (dd, %Jsa s
13.7 Hz, ®Jsa3= 6.2 Hz, 1 H, 4-H,), 3.64 (bs, 1 H, 20-H), 7.96 (s, 1 H, 16-H).

3C-NMR (CDCls, 100 MHz): & = 20.1 (g, C-22), 20.3 (g, C-22"), 28.4 (g, C-23), 29.1
(t, C-19), 30.3 (t, C-18), 30.7 (d, C-21), 38.2 (t, C-4), 53.0 (d, C-3), 79.5 (s, C-25),
129.2 (d, C-6), 129.9 (d, C-11), 136.2 (s, C-8), 141.1 (s, C-5), 148.8 (s, C-15), 156.6
(s, C-24), 160.7 (s, C-14), 171.0 (s, C-17), 171.5 (s, C-2), 196.2 (s, C-9).

optical rotation: [a]*'p = +9.4° (c = 0.6, CHCl3)

HRMS (ClI) calculated found
C33H42N306S [M+H]" 608.2794 608.2751
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(S,E)-ethyl 5-(4-benzoylphenyl)-4-(2-((R)-3-(tert-butoxycarbonyl(methyl)amino)-
4-methylpentyl)thiazole-4-carboxamido)-2-methylpent-2-enoate (11b)

HCI in dioxane (1.63 mL, 6.50 mmol, 4 M) was added at 0°C to 10 (284 mg,
0.65 mmol). The solvent was evaporated in vacuum after complete deprotection (30
min, tlc monitoring) and the hydrochloride salt was dried in high vacuum.

Isobutyl chloroformate (86 pL, 0.65 mmol) was added dropwise at —20°C to a solution
of Boc-protected tubuvaline Boc-TuvOH'" (223 mg, 0.65 mmol) and NMM (180 pL,
1.63 mmol) in dry THF (6 mL). After 20 min, N-deprotected 10 was added and the
mixture was allowed to warm to room temperature overnight. Water was added and
the mixture was extracted with ethyl acetate (3x). The combined organic layers were
washed with aqueous HCI (1 M), water, saturated aqueous NaHCOs3, water and
brine, dried over Na,SO, and concentrated in vacuum. The crude product was
purified by flash chromatography (SiO,, petroleum ether/ethyl acetate = 7:3, 6:4) to
yield dipeptide 11b (394 mg, 0.60 mmol, 92% over 2 steps) as a white solid and a
mixture of rotamers, m.p. 49-52°C.

[tic: petroleum ether/ethyl acetate = 6:4, R{11b) = 0.19]

(0]
S G-
29028N2423 218/

major rotamer

"H-NMR (CDCl3, 400 MHz): 6 = 0.84 (d, ®Js6.25 = 6.5 Hz, 6 H, 26-H), 1.27 (t, °Js2 =
7.1 Hz, 3 H, 1-H), 1.40 (s, 9 H, 30-H), 1.67 (m, 1 H, 25-H), 1.77 (d, *Js6 = 1.1 Hz,
3 H, 5-H), 1.81 (m 1 H, 23-H,), 2.11 (m, 1 H, 23-Hy), 2.65 (s, 3 H, 27-H), 2.85 (m,
2 H, 22-H), 3.00 (dd, 2Jsass = 13.2 Hz, *Jsa7 = 7.8 Hz, 1 H, 8-H,), 3.20 (dd, %Jspea =
13.4 Hz, °Jgp7 = 6.2 Hz, 1 H, 8-Hp), 3.79 (m, 1 H, 24-H), 4.18 (q, Jo.1 = 7.1 Hz, 2 H,
2-H), 5.20 (m, 1 H, 7-H), 6.67 (dq, 3Js7 = 9.0 Hz, *Js5 = 1.4 Hz, 1 H, 6-H), 7.35 (d,
3J10.41 = 8.1 Hz, 2 H, 10-H), 7.46 (dd, >J16.15 = 3J1647 = 7.6 Hz, 2 H, 16-H), 7.52 (d
3Ntz = 8.2 Hz, 1 H, NH), 7.57 (t, °J1716 = 7.4 Hz, 1 H, 17-H), 7.73 (d, ®J11.10= 8.3 Hz,
2 H, 11-H), 7.75 (d, *J15.16= 7.8 Hz, 2 H, 15-H), 7.92 (s, 1 H, 20-H).

3C-NMR (CDClI3, 100 MHz): 6 = 12.9 (q, C-5), 14.2 (q, C-1), 19.6 (q, C-26), 19.9 (q,
C-26'), 28.2 (q, C-27), 28.4 (g, C-30), 29.7 (t, C-23), 30.2 (t, C-22), 30.5 (d, C-25),
41.0 (t, C-8), 48.6 (d, C-7), 60.1 (d, C-24), 60.8 (t, C-2), 79.2 (s, C-29), 122.8 (d,
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C-20), 128.2 (d, C-16), 129.4 (d, C-10), 129.9 (d, C-15), 130.3 (d, C-11), 130.8 (s,
C-4), 132.3 (d, C-17), 136.0 (s, C-12), 137.7 (s, C-14), 138.5 (s, C-6), 141.8 (s, C-9),
149.0 (s, C-19), 156.5 (s, C-28), 160.2 (s, C-18), 167.5 (s, C-21), 170.9 (s, C-3),
196.3 (s, C-13).

minor rotamer (selected signals)

"H-NMR (CDCls, 400 MHz): 6 = 0.95 (d, ®J2625 = 6.5 Hz, 6 H, 26-H), = 0.97 (d, 3Jo¢ 25
= 6.5 Hz, 6 H, 26'-H), 1.46 (s, 9 H, 30-H), 1.79 (d, “Js5 = 1.1 Hz, 3 H, 5-H), 3.01 (dd,
2 Jgagp = 13.2 Hz, °Jga7= 7.8 Hz, 1 H, 8-Ha), 3.21 (dd, 2Jspea = 13.4 Hz, 3Jgp7 = 6.2 Hz,
1 H, 8-Hy), 3.65 (bs, 1 H, 24-H), 4.19 (q, 3J21 = 7.1 Hz, 2 H, 2-H), 6.68 (dq, 3Js7 =
9.0 Hz, *Js5 = 1.4 Hz, 1 H, 6-H), 7.35 (d, J10.11 = 8.1 Hz, 2 H, 10-H), 7.52 (d Jxn 7 =
8.4 Hz, 1 H, NH), 7.94 (s, 1 H, 20-H).

3C-NMR (CDCls, 100 MHz): 6 = 20.1 (q, C-26), 20.3 (q, C-26°), 29.4 (t, C-23), 30.2 (t,
C-22), 30.7 (d, C-25), 41.0 (t, C-8), 48.7 (d, C-7), 79.5 (s, C-29), 129.4 (d, C-10),
130.8 (s, C-4), 149.2 (s, C-19), 156.6 (s, C-28), 160.3 (s, C-18), 167.6 (s, C-21),
171.1 (s, C-3).

optical rotation: [a]*'p = +8.6° (c = 1.1, CHCl3)

HRMS (ClI) calculated found
Cs7H47N306S [M] 661.3186 661.3233

elemental analysis:
C37H47N3068 calculated C 67.14 H7.16 N 6.35

(661.85) found C66.36 H7.17 N 6.04
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(S)-methyl 3-(4-benzoylphenyl)-2-(2-((R)-3-((2S,3S)-2-(benzyloxycarbonyl-
amino)-N,3-dimethylpentanamido)-4-methylpentyl)thiazole-4-carboxamido)
propanoate (12a)

HCI in dioxane (2.0 mL, 8.0 mmol, 4 M) was added at 0°C to dipeptide 11a (182 mg,
0.30 mmol). The solvent was evaporated in vacuum after complete deprotection (30
min, tlc monitoring) and the hydrochloride salt was dried in high vacuum.

N-Deprotected 11a, Cbz-protected L-isoleucine (90 mg, 0.33 mmol) and BEP (90 mg,
0.33 mmol) were dissolved in dry DCM (3 mL) and diisopropyl ethylamine (160 uL,
0.94 mmol) was added dropwise to this solution at —10°C. The cooling bath was
removed after 20 min and the reaction mixture was stirred at room temperature for
20 h. The reaction mixture was diluted with DCM and washed with aqueous HCI
(1 M), saturated aqueous NaHCOs;, water and brine, dried over Na,SO, and
concentrated in vacuum. The crude product was purified by flash chromatography
(SiO2, hexanes/ethyl acetate = 1:1) to yield tripeptide 12a (195 mg, 0.26 mmol, 86%
over 2 steps) as a white solid and a mixture of rotamers, m.p. 58-60°C.

[tlc: hexanes/ethyl acetate = 1:1, R{(12a) = 0.18]

35 33 o o
32 H 18
030.N,25 N5
“"24 N"20 14
31 06 | e 17 /
o & 23 16
o7 28
29 12a
major rotamer

"H-NMR (CDCls, 400 MHz): 6 = 0.75 (d, °J221 = 6.6 Hz, 3 H, 22-H), 0.85 (t, 3Jo0.28 =
7.3 Hz, 3 H, 29-H), 0.94 (d, /o2 21 = 6.5 Hz, 3 H, 22'-H), 0.98 (d, *J27.26 = 6.7 Hz, 3 H,
27-H), 1.10 (m, 1 H, 28-H,), 1.58 (m, 1 H, 28-H,), 1.67-1.77 (m, 2 H, 21-H, 26-H),
1.84 (m, 1 H, 19-H.), 2.12 (m, 1 H, 19-Hy), 2.79 (m, 2 H, 18-H), 2.95 (s, 3 H, 23-H),
3.28 (dd, 2Jsaup = 13.8 Hz, Jsa3=6.5 Hz, 1 H, 4-Ha), 3.35 (dd, “Uap4a = 13.8 Hz, *Jap 3
= 6.1 Hz, 1 H, 4-Hy), 3.72 (s, 3 H, 1-H), 4.31 (m, 1 H, 20-H), 4.55 (dd, 3JosnH =
9.3 Hz, 3Js06 = 6.7 Hz, 1 H, 25-H), 5.04-5.11 (m, 3 H, 3-H, 31-H), 5.52 (d, 3JnH.25 =
9.3 Hz, 1 H, NH), 7.20-7.35 (m, 7 H, 6-H, 33-H, 34-H, 35-H), 7.46 (dd, 3J12.11 = *J12.13
=7.6 Hz, 2 H, 12-H), 7.57 (t, ®J1312 = 7.4 Hz, 1 H, 13-H), 7.72 (d, 3J76 = 8.2 Hz, 2 H,
7-H), 7.76 (m, 2 H, 11-H), 7.85 (*Jnns = 8.1 Hz, 1 H, NH), 7.95 (s, 1 H, 16-H).

3C-NMR (CDCl3, 100 MHz): 6 = 11.3 (g, C-29), 16.0 (g, C-27), 19.5 (q, C-22), 20.0
(g, C-22'), 23.7 (t, C-28), 29.2 (t, C-19), 29.6 (q, C-23), 30.0 (d, C-21), 30.3 (t, C-18),
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37.5 (d, C-26), 38.1 (t, C-4), 52.4 (g, C-1), 53.0 (d, C-3), 55.8 (d, C-25), 58.9 (d,
C-20), 66.8 (t, C-32), 123.2 (d, C-16), 127.8, 128.0, 128.3, 128.4 (4 d, C-12, C-33,
C-33, C-34), 129.2 (d, C-6), 129.9 (d, C-11), 130.3 (d, C-7), 132.3 (d, C-13), 136.2,
136.4 (2 s, C-8, C-32), 137.5 (s, C-10), 141.1 (s, C-5), 148.8 (s, C-15), 156.4 (s,
C-30), 160.6 (s, C-14), 170.2 (s, C-17), 171.5 (s, C-2), 173.2 (s, C-24), 196.2 (s, C-9).
minor rotamer (selected signals)

'"H-NMR (CDCl3, 400 MHz): 6 = 1.03 (d, 3J2221 = 6.7 Hz, 3 H, 22-H), 2.70 (s, 3 H,
23-H), 3.58 (m, 1 H, 20-H), 4.63 (dd, >Josnn = 9.5 Hz, 2Uas26 = 6.6 Hz, 1 H, 25-H),
5.63 (d, *Inm2s=9.7 Hz, 1 H, NH), 7.91 (s, 1 H, 16-H).

*C-NMR (CDCl;, 100 MHz): 6 = 11.3 (g, C-29), 16.2 (g, C-27), 20.3 (q, C-22), 20.4
(g, C-229), 23.5 (t, C-28), 27.4 (q, C-23), 30.3 (t, C-19), 31.3 (t, C-18), 37.9 (d, C-26),
55.2 (d, C-25), 62.8 (d, C-14), 66.8 (t, C-32), 132.3 (d, C-16), 132.3 (d, C-13), 137.6
(s, C-10), 141.3 (s, C-5), 160.7 (s, C-14), 171.5 (s, C-2).

optical rotation: [a]*'p = —1.2° (c = 1.0, CHCl5)

HRMS (ClI) calculated found
C42H51N4O5S [M+H]" 755.3478 755.3440

elemental analysis:
C42H50N407S calculated C 66.82 H 6.68 N 7.42

(754.93) found C66.30 HB.70 N 7.29
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(S,E)-ethyl 5-(4-benzoylphenyl)-4-(2-((R)-3-((2S,3S)-2-(benzyloxycarbonyl-
amino)-N,3-dimethylpentanamido)-4-methylpentyl)thiazole-4-carboxamido)-2-
methylpent-2-enoate (12b)

HCI in dioxane (3.0 mL, 12.0 mmol, 4 M) was added at 0°C to dipeptide 11b (182
mg, 0.30 mmol). The solvent was evaporated in vacuum after complete deprotection
(30 min, tlc monitoring) and the hydrochloride salt was dried in high vacuum.

N-Deprotected 11b, Cbz-protected L-isoleucine (90 mg, 0.33 mmol) and BEP
(90 mg, 0.33 mmol) were dissolved in dry DCM (3 mL) and diisopropy! ethylamine
(160 pL, 0.94 mmol) was added dropwise to this solution at —10°C. The cooling bath
was removed after 20 min and the reaction mixture was stirred at room temperature
for 20 h. The reaction mixture was diluted with DCM and washed with aqueous HCI
(1 M), saturated aqueous NaHCOs;, water and brine, dried over Na,SO, and
concentrated in vacuum. The crude product was purified by flash chromatography
(SiO2, hexanes/ethyl acetate = 1:1) to yield tripeptide 12b (195 mg, 0.26 mmol, 86%
over 2 steps) as a white solid and a mixture of rotamers, m.p. 58-60°C.

[tlc: hexanes/ethyl acetate = 1:1, R{(12b) = 0.27]

major rotamer

"H-NMR (CDCls, 400 MHz): 6 = 0.78 (d, 3J6.25 = 6.6 Hz, 3 H, 26-H), 0.86 (t, >Js332 =
7.4 Hz, 3 H, 33-H), 0.96 (d, *J¢ 25 = 6.5 Hz, 3 H, 26'-H), 0.99 (d, ®J31.30= 6.8 Hz, 3 H,
31-H), 1.13 (m, 1 H, 32-H,), 1.25 (t, °J12 = 7.0 Hz, 3 H, 1-H), 1.59 (m, 1 H, 32-H,),
1.70 (m, 1 H, 25-H), 1.75 (d, *Js7 = 1.3 Hz, 3 H, 5-H), 1.77-1.92 (m, 2 H, 23-H,,
30-H), 2.09 (m, 1 H, 23-Hy), 2.81 (t, *Jaz23 = 7.6 Hz, 2 H, 22-H), 2.98 (s, 3 H, 27-H),
3.01 (dd, 2Jgagp = 13.3 Hz, 3Jga7 = 7.7 Hz, 1 H, 8-Ha,), 3.20 (dd, 2Jspga = 13.4 Hz, *Jgp 7
= 5.8 Hz, 1 H, 8-Hy), 4.16 (q, ®J21 = 7.1 Hz, 2 H, 2-H), 4.39 (m, 1 H, 24-H), 4.56 (dd,
3ot = 9.4 Hz, ag30 = 7.1 Hz, 1 H, 29-H), 5.09 (d, %J3sa.35p = 12.4 Hz, 1 H, 35-H,),
5.11 (d, ®Jasp3sa = 12.4 Hz, 1 H, 35-Hp), 5.20 (m, 1 H, 7-H), 5.50 (d, Jnm.20 = 9.4 Hz,
1 H, NH), 6.73 (dq, Js5= 9.4 Hz, *Js5 = 1.4 Hz, 1 H, 6-H), 7.22-7.37 (m, 7 H, 10-H,
37-H, 38-H, 39-H), 7.47 (dd, 3J1617 = *Jie15 = 7.6 Hz, 2 H, 16-H), 7.57 (t, *J17.16 =
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7.4 Hz, 1 H, 17-H), 7.66 (d, ®Jxu7 = 8.3 Hz, 1 H, NH), 7.72 (d, 3J11.10 = 8.2 Hz, 1 H,
11-H), 7.76 (m, 1 H, 15-H), 7.92 (s, 1 H, 20-H).

3C.NMR (CDCls, 100 MHz): 6 = 11.2 (q, C-33), 12.8 (g, C-5), 14.2 (q, C-1), 15.9 (q,
C-31), 19.5 (g, C-26), 20.1 (q, C-26'), 23.9 (t, C-32), 29.4 (t, C-23), 29.6 (q, C-27),
29.9 (t, C-22), 30.2 (d, C-25), 37.6 (d, C-30), 41.0 (t, C-8), 48.7 (d, C-7), 55.8 (d,
C-29), 58.6 (d, C-24), 60.8 (t, C-2), 66.8 (t, C-35), 122.7 (d, C-20), 127.8, 128.0,
128.2, 128.4 (4 d, C-16, C-37, C-38, C-38), 129.4 (d, C-10), 129.9 (d, C-15), 130.3
(d, C-11), 130.7 (s, C-4), 132.3 (d, C-17), 136.0 (s, C-12), 136.4 (s, C-36), 137.7 (s,
C-14), 138.6 (d, C-6), 141.9 (s, C-9), 149.3 (s, C-19), 156.5 (s, C-34), 160.4 (s,
C-18), 167.7 (s, C-21), 169.8 (s, C-28), 173.3 (s, C-3), 196.3 (s, C-13).

minor rotamer (selected signals)

"H-NMR (CDCls, 400 MHz): 6 = 0.91 (d, ®J26.25 = 6.7 Hz, 3 H, 26-H), 1.02 (d, >Jzg.25 =
6.5 Hz, 3 H, 26'-H), 1.29 (t, *J12 = 7.6 Hz, 3 H, 1-H), 2.74 (s, 3 H, 27-H), 2.89 (m, 2 H,
22-H), 3.52 (m, 1 H, 24-H), 4.19 (q, %J21 = 7.0 Hz, 2 H, 2-H), 4.76 (dd, >Joonn =
9.6 Hz, 2030 = 5.8 Hz, 1 H, 29-H), 5.60 (d, 3Jnr.20 = 9.6 Hz, 1 H, NH), 7.82 (d, 3Jnw7
= 8.3 Hz, 1 H, NH), 7.93 (s, 1 H, 20-H).

3C-NMR (CDCl3, 100 MHz): 6 = 11.3 (q, C-33), 12.8 (q, C-5), 14.2 (g, C-1), 16.3 (q,
C-31), 20.3 (q, C-26), 20.4 (q, C-26'), 23.3 (t, C-32), 27.6 (q, C-27), 37.9 (d, C-30),
55.4 (d, C-29), 60.8 (t, C-2), 66.9 (t, C-35), 123.2 (d, C-20), 128.2 (d, C-16), 132.3 (d,
C-17), 149.4 (s, C-19), 167.6 (s, C-21), 170.2 (s, C-28).

optical rotation: [a]*'p = +11.2° (c = 1.0, CHCl3)

HRMS (ClI) calculated found
CasHssN40O7S [M+2H]** 810.4026 810.4061

elemental analysis:
CusHssN4sO7S  calculated C 68.29 H 6.98 N 6.93

(809.02) found C67.73  H7.07 N 6.73
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(S)-methyl 3-(4-benzoylphenyl)-2-(2-((R)-3-((2S,3S)-N,3-dimethyl-2-((R)-1-
methylpiperidine-2-carboxamido)pentanamido)-4-methylpentyl)thiazole-4-
carboxamido)propanoate (13a)

HBr in HOAc (120 pL, 0.70 mmol, 33 wt.-%) was added at room temperature to
tripeptide 12a (52 mg, 0.30 mmol). After complete deprotection (1 h, tic monitoring)
the reaction mixture was diluted with diethyl ether (5 mL). The hydrobromide salt was
filtered off, washed with diethyl ether (3 x 5 mL) and treated with saturated aqueous
NaHCO; (5 mL). The free amine was extracted with DCM and the solvent was
removed in vacuum to get the crude amine as a colourless oil.

A solution of N-methyl pipecolic acid (21 mg, 0.15 mmol), pentafluorophenol (31 mg,
0.17 mmol) and DCC (35 mg, 0.17 mmol) in dry DCM (2 mL) was stirred at room
temperature for 1 day. The urea was filtered off and the filtrate was stirred with N-
deprotected 12a for 20 h. The reaction mixture was diluted with DCM and washed
with saturated aqueous NaHCOj;, water and brine, dried over Na,SO, and
concentrated in vacuum. The crude product was purified by flash chromatography
(SiO2, DCM/MeOH = 98:2, 95:5) to yield tetrapeptide 13a (38 mg, 51 pmol, 74% over
2 steps) as a white solid and a mixture of rotamers, m.p. 64—66°C.

[tic: DCM/MeOH = 95:5, R(13a) = 0.21]

major rotamer

"H-NMR (CDCls, 400 MHz): 6 = 0.74 (d, °J221 = 6.6 Hz, 3 H, 22-H), 0.88 (t, 3Jo0.28 =
7.4 Hz, 3 H, 29-H), 0.94 (d, *Jo2 21 = 6.5 Hz, 3 H, 22"-H), 0.96 (d, *J27.26 = 6.7 Hz, 3 H,
27-H), 1.10-1.24 (m, 2 H, 28-H,, 33-Hgy), 1.34 (m, 1 H, 32-Hu), 1.45-1.73 (m, 5 H,
21-H, 28-Hp, 33-Heq, 34-H), 1.77-1.90 (m, 3 H, 19-H,, 26-H, 32-He,), 1.99 (ddd,
%Jssax3seq = 11.7 Hz, *Ussaxzsax = 11.7 Hz, *Jssaxz4eq = 2.2 Hz, 1 H, 35-H), 2.14 (m
1 H, 19-Hy), 2.21 (s, 3 H, 36-H), 2.46 (dd, *J31a32¢q = 10.9 Hz, °J31.320x = 2.7 Hz, 1 H,
31-H), 2.77-2.92 (m, 3 H, 18-H, 35-Heg), 2.98 (s, 3 H, 23-H), 3.28 (dd, 2Jsasp =
13.8 Hz, %J4a3 = 6.4 Hz, 1 H, 4-H,), 3.35 (dd, ?Jap4a = 13.8 Hz, *Jsp3 = 6.0 Hz, 1 H,
4-Hy), 3.74 (s, 3 H, 1-H), 4.33 (m, 1 H, 20-H), 4.76 (dd, 3Jasnn = 3Jos.26 = 8.8 Hz, 1 H,
25-H), 5.08 (m, 1 H, 3-H), 7.02 (d, *JnH2s = 9.4 Hz, 1 H, NH), 7.30 (d, °Js7 = 8.0 Hz,
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2 H, 6-H), 7.46 (dd, 3J12.11 = 3J1213 = 7.6 Hz, 2 H, 12-H), 7.57 (t, *J1312 = 7.3 Hz, 1 H,
13-H), 7.72 (d, 3J76 = 8.1 Hz, 2 H, 7-H), 7.75 (d, ®J11.12 = 7.9 Hz, 2 H, 11-H), 7.85
(CInms = 8.1 Hz, 1 H, NH), 7.94 (s, 1 H, 16-H).

3C.NMR (CDCls, 100 MHz): 6 = 10.9 (g, C-29), 15.9 (q, C-27), 19.5 (g, C-22), 20.1
(q, C-22%), 23.2 (t, C-28), 24.5 (t, C-32), 25.0 (t, C-34), 29.2 (t, C-19), 29.6 (g, C-23),
30.0 (d, C-21), 30.2 (t, C-18), 30.4 (t, C-32), 37.0 (d, C-26), 38.1 (t, C-4), 44.8 (q,
C-36), 52.4 (g, C-1), 53.0 (2d, C-3, C-25), 53.0 (t, C-35), 58.7 (d, C-20), 69.6 (d,
C-31), 123.2 (d, C-16), 128.2 (d, C-12), 129.2 (d, C-6), 129.9 (d, C-11), 130.3 (d,
C-7), 132.3 (d, C-13), 136.3 (s, C-8), 137.6 (s, C-10), 141.1 (s, C-5), 148.9 (s, C-15),
160.6 (s, C-14), 170.3 (s, C-17), 1715 (s, C-2), 173.2 (s, C-24), 174.2 (s, C-30),
196.2 (s, C-9).

minor rotamer (selected signals)

"H-NMR (CDCls, 400 MHz): 6 = 0.96 (d, ®Js726 = 6.4 Hz, 3 H, 27-H), 2.75 (s, 3 H,
23-H), 3.64 (m, 1 H, 20-H), 4.96 (dd, 3Jasnr = 9.4 Hz, 2Uos26 = 6.3 Hz, 1 H, 25-H),
7.16 (d, 3Jnnzs = 9.7 Hz, 1 H, NH), 7.91 (s, 2 H, 16-H).

3C-NMR (CDCls, 100 MHz): & = 11.4 (g, C-29), 16.5 (q, C-27), 20.3 (q, C-22), 20.6
(g, C-22"), 27.3 (g, C-23), 38.4 (d, C-26), 62.8 (d, C-20), 123.3 (d, C-16), 141.2 (s,
C-5), 170.1 (s, C-17), 172.9 (s, C-24).

optical rotation: [a]*'p = +11.8° (c = 1.0, CHCl5)

HRMS (ClI) calculated found
C41H56N506S [M+H]" 746.3951 746.3964

elemental analysis:
C41Hs5Ns06S  calculated C 66.01 H7.43 N 9.39

(745.97) found C 65.90 H7.45 N 9.41
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(S,E)-ethyl 5-(4-benzoylphenyl)-4-(2-((R)-3-((2S,3S)-N,3-dimethyl-2-((R)-1-
methylpiperidine-2-carboxamido)pentanamido)-4-methylpentyl)thiazole-4-
carboxamido)-2-methylpent-2-enoate (13b)

HBr in HOAc (0.70 mL, 4.05 mmol, 33 wt.-%) was added at room temperature to
tripeptide 12b (319 mg, 0.39 mmol). After complete deprotection (1 h, tic monitoring)
the reaction mixture was diluted with diethyl ether (10 mL). The hydrobromide salt
was filtered off, washed with diethyl ether (3 x 10 mL) and treated with saturated
aqueous NaHCOs3 (5 mL). The free amine was extracted with DCM and the solvent
was removed in vacuum to get the crude amine as a colourless oil.

A solution of N-methyl pipecolic acid (112 mg, 0.78 mmol), pentafluorophenol
(158 mg, 0.86 mmol) and DCC (177 mg, 0.86 mmol) in dry DCM (8 mL) was stirred at
room temperature for 1 day. The urea was filtered off and the filtrate was stirred with
N-deprotected 12b for 20 h. The reaction mixture was diluted with DCM and washed
with saturated aqueous NaHCOj;, water and brine, dried over Na,SO, and
concentrated in vacuum. The crude product was purified by flash chromatography
(SiO,, DCM/MeOH = 98:2, 95:5) to yield tetrapeptide 13b (196 mg, 0.24 mmol, 66%
over 2 steps) as a white solid and a mixture of rotamers, m.p. 68-70°C.

[tlc: DCM/MeOH = 95:5, R{(13b) = 0.18]

34N29
39 /sﬁ( ér\l/\(ﬂr\l
30

major rotamer

"H-NMR (CDCls, 400 MHz): 6 = 0.79 (d, 3Jo6.25 = 6.6 Hz, 3 H, 26-H), 0.90 (t, 3Js332 =
7.4 Hz, 3 H, 33-H), 0.98 (d, >J2¢ 25 = 6.6 Hz, 3 H, 26*-H), 1.00 (d, J3130 = 6.8 Hz, 3 H,
31-H), 1.13-1.22 (m, 1 H, 32-H,, 37-Ha), 1.29 (t, °J12 = 7.1 Hz, 3 H, 1-H), 1.39 (m
1 H, 36-Hax), 1.51-1.75 (m, 5 H, 25-H, 32-Hy, 37-Heq, 38-H), 1.78 (s, 3 H, 5-H), 1.82—
1.92 (m, 3 H, 23-H,, 30-H, 36-Heg), 2.05 (M, 1 H, 39-Hay), 2.13 (m, 1 H, 23-H,), 2.24
(s, 3 H, 40-H), 2.50 (m, 1 H, 35-H), 2.85 (t, *Ja223 = 8.0 Hz, 2 H, 22-H), 2.90 (m, 1 H,
39-Heq), 3.03 (s, 3 H, 27-H), 3.04 (dd, 2Jgagp = 13.2 Hz, *Jga7 = 7.8 Hz, 1 H, 8-H.),
3.25 (dd, %Jgp.sa = 13.4 Hz, ®Jap7= 6.0 Hz, 1 H, 8-Hy), 4.20 (q, °J2.1 = 7.1 Hz, 2 H, 2-H),
4.23 (m 1 H, 24-H), 4.81 (dd, *Jognn = 9.3 Hz, 3Jag30 = 8.2 Hz, 1 H, 29-H), 5.23 (m
1 H, 7-H), 6.74 (d, 3Js7 = 9.3 Hz, 1 H, 6-H), 7.07 (d, 3Jnr2e = 9.2 Hz, 1 H, NH), 7.37



Electronic Supplementary Material (ESI) for Molecular BioSystems
This journal is © The Royal Society of Chemistry 2012

(d, ®J10.11 = 8.2 Hz, 2 H, 10-H), 7.49 (dd, 3Js6.15 = 3J1647 = 7.6 Hz, 2 H, 16-H), 7.59 (i,
31716 = 7.4 Hz, *J17.15= 1.3 Hz, 1 H, 17-H), 7.68 (d, 3Jnn7 = 8.4 Hz, 1 H, NH), 7.75 (d,
3J1110= 8.2 Hz, 2 H, 11-H), 7.77 (m, 2 H, 15-H), 7.94 (s, 1 H, 20-H).

3C-NMR (CDCl3, 100 MHz): 6 = 10.9 (q, C-33), 12.8 (q, C-5), 14.2 (g, C-1), 15.9 (q,
C-31), 19.6 (q, C-26), 20.1 (q, C-26°), 23.2 (t, C-32), 24.6 (t, C-37), 25.0 (t, C-38),
294 (t, C-23), 29.6 (g, C-27), 30.0 (t, C-22), 30.2 (d, C-25), 30.4 (t, C-36), 37.1 (d,
C-30), 41.0 (t, C-8), 44.8 (q, C-40), 48.6 (d, C-7), 53.0 (d, C-29), 55.4 (t, C-39), 60.8
(t, C-2), 62.7 (d, C-24), 69.6 (d, C-35), 122.7 (d, C-20), 128.2 (d, C-16), 129.4 (d,
C-10), 129.9 (d, C-15), 130.3 (d, C-11), 130.5 (s, C-4), 132.3 (d, C-17), 135.9 (s,
C-12), 137.6 (s, C-14), 138.7 (d, C-6), 141.9 (s, C-9), 149.3 (s, C-19), 160.4 (s,
C-18), 167.7 (s, C-21), 169.9 (s, C-28), 173.2 (s, C-3), 174.2 (s, C-34), 196.3 (s,
C-13).

minor rotamer (selected signals)

"H-NMR (CDCls, 400 MHz): 6 = 0.91 (t, ®Ja332 = 7.1 Hz, 3 H, 33-H), 1.06 (d, >J225 =
6.5 Hz, 3 H, 26-H), 2.79 (s, 3 H, 27-H), 3.63 (m 1 H, 24-H), 5.08 (dd, Jso N+ = 9.6 Hz,
3J2030=5.7 Hz, 1 H, 29-H), 7.23 (d, >Jnn20= 9.6 Hz, 1 H, NH), 7.93 (s, 1 H, 20-H).
3C-NMR (CDCl3;, 100 MHz): 6 = 11.4 (q, C-33), 16.6 (g, C-31), 20.4 (q, C-26), 20.5
(q, C-26%), 27.4 (q, C-27), 38.4 (d, C-30), 44.9 (q, C-40), 58.4 (d, C-24), 60.6 (t, C-2),
123.0 (d, C-22), 135.9 (d, s, C-12), 137.6 (s, C-14), 142.0 (s, C-9), 170.0 (s, C-28),
172.9 (s, C-3).

optical rotation: [a]*'p = +27.5° (c = 0.8, CHCl3)

HRMS (ClI) calculated found
C31Hs50N505S [M—C14H11O+H]" 604.3533 604.3530

elemental analysis
C45H61N506S calculated C 67.56 H 7.68 N 8.44

(800.06) found C 66.96 H7.94 N 8.44



Electronic Supplementary Material (ESI) for Molecular BioSystems
This journal is © The Royal Society of Chemistry 2012

(S)-3-(4-benzoylphenyl)-2-(2-((R)-3-((2S,3S)-N,3-dimethyl-2-((R)-1-methyl-
piperidine-2-carboxamido)pentanamido)-4-methylpentyl)thiazole-4-carbox-
amido)propanoic acid-TFA-salt (14a)

A mixture of N-methylated tetrapeptide 13a (50 mg, 67 pmol) and 1 M NaOH
(140 yL, 140 pmol) in dioxane (1 mL) was stirred at 80°C until complete
saponification occurred (6 h). The solvent was removed in vacuum and the residue
was dissolved in water, acidified to pH 1 with trifluoroacetic acid, and extracted thrice
with EtOAc. The combined organic layers were dried with Na,SO,4 and the solvent
was evaporated in vacuum. Purification by flash chromatography (DCM/ MeOH, 9:1)
provided the TFA salt of 14a (52 mg, 61 pmol, 92%) as a white solid and a mixture of
rotamers; m.p. 186-188°C.

[tlc: DCM/MeOH = 9:1, Ri(14a) = 0.11]

29 N 24 N 14
N 30
TFA 35

major rotamer

"H-NMR (CDCls, 400 MHz): 6 = 0.74 (d, °J2120 = 6.6 Hz, 3 H, 21-H), 0.88 (t, 3Jg27 =
7.4 Hz, 3 H, 28-H), 0.91 (d, *J21.20 = 6.3 Hz, 3 H, 21°-H), 0.97 (d, °J2625= 6.7 Hz, 3 H,
26-H), 1.18 (m, 1 H, 27-H,), 1.52 (m, 1 H, 32-H,,), 1.62 (m, 1 H, 27-H,), 1.68-1.78
(m, 3 H, 20-H, 32-Heq, 33-Hay), 1.80—1.95 (4 H, 18-Ha, 25-H, 31-H.x, 33-Heg), 2.01 (M
1 H, 31-Heq), 2.17 (m, 1 H, 18-Hp), 2.54 (s, 3 H, 35-H), 2.73 (m, 1 H, 34-H.,), 2.85 (m
2 H, 17-H), 3.04 (s, 3 H, 22-H), 3.25-3.30 (m, 2 H, 3-H,, 34-Hc), 3.38 (m, 1 H, 30-H),
3.44 (dd, 2Jsp3a = 13.6 Hz, *Jspo = 5.1 Hz, 1 H, 3-Hp), 4.17 (bs, 1 H, 19-H), 4.72 (d,
3Joann=T7.9 Hz, 1 H, 24-H), 4.77 (t, °J23=5.7 Hz, 1 H, 2-H), 7.40 (d, °Js6 = 8.1 Hz, 2
H, 5-H), 7.50 (dd, J11.10=3J11.12 = 7.6 Hz, 2 H, 11-H), 7.61-7.64 (m, 3 H, 6-H, 12-H),
7.71 (d, ®J10.41 = 7.7 Hz, 2 H, 10-H), 8.04 (s, 1 H, 15-H).

3C.NMR (CDCls, 100 MHz): 6 = 11.4 (g, C-28), 16.3 (g, C-26), 20.3 (g, C-21), 20.6
(g, C-21%), 23.0 (t, C-27), 24.8 (t, C-32), 25.5 (t, C-33), 30.1 (t, C-18), 30.5 (g, C-22),
30.7 (t, C-31), 31.1 (t, d, C-17, C-20), 37.6 (d, C-25), 39.1 (t, C-3), 43.5 (g, C-35),
55.8 (d, C-24), 56.4 (t, C-34), 56.8 (d, C-19), 69.0 (d, C-30), 124.5 (d, C-15), 129.5
(d, C-11), 130.9 (2d, C-5, C-10), 131.1 (d, C-6), 133.7 (d, C-12), 136.9 (s, C-7),
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139.0 (s, C-9), 145.0 (s, C-4), 150.4 (s, C-14), 162.7 (s, C-13), 171.4 (s, C-16), 172.1
(s, C-23), 174.5 (s, C-29), 177.9 (s, C-1), 198.2 (s, C-8).

minor rotamer (selected signals)

"H-NMR (CDCls, 400 MHz): 6 = 1.06 (d, 3Js25 = 6.4 Hz, 3 H, 26-H), 2.50 (s, 3 H,
35-H), 2.61 (s, 3 H, 22-H), 3.68 (m, 1 H, 19-H), 4.72 (d, 3Joann = 5.4 Hz, 1 H, 24-H),
7.97 (s, 1 H, 16-H).

*C-NMR (CDCl;, 100 MHz): 6 = 11.8 (q, C-28), 16.7 (g, C-26), 21.0 (q, C-21), 28.3
(g, C-22), 38.0 (d, C-25), 39.3 (t, C-3), 43.5 (g, C-35), 150.5 (s, C-14).

optical rotation: [a]*'p = +7.9° (c = 0.6, MeOH)

HRMS (ESI) calculated found
C40H54N506S [M+H]" 732.3795 732.3769
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(S,E)-5-(4-benzoylphenyl)-4-(2-((R)-3-((2S,3S)-N,3-dimethyl-2-((R)-1-methyl-
piperidine-2-carboxamido)pentanamido)-4-methylpentyl)thiazole-4-carbox-
amido)-2-methylpent-2-enoic acid-TFA-salt (14b)

A mixture of N-methylated tetrapeptide 13b (50 mg, 62 umol) and 1 M NaOH
(180 pL, 180 pmol) in dioxane (1 mL) was stirred at 80°C until complete
saponification occurred (7 h). The solvent was removed in vacuum and the residue
was dissolved in water, acidified to pH 1 with trifluoroacetic acid, and extracted thrice
with EtOAc. The combined organic layers were dried with Na,SO,4 and the solvent
was evaporated in vacuum. Purification by flash chromatography (DCM/ MeOH, 9:1)
provided the TFA salt of 14b (53 mg, 60 uymol, 97%) as a white solid and a mixture of
rotamers; m.p. 158-160°C.

[tlc: DCM/MeOH = 9:1, Ri(14b) = 0.27]

32 N 27
/33\[( 26 l\l/\(j)é\N
28

major rotamer

"H-NMR (CDCls, 400 MHz): 6 = 0.65 (d, °J2423 = 6.6 Hz, 3 H, 24-H), 0.80 (t, 3J31.30 =
7.4 Hz, 3 H, 31-H), 0.83 (d, J24-23 = 6.5 Hz, 3 H, 24‘-H), 0.90 (d, °J29 25 = 6.8 Hz, 3 H,
29-H), 1.13 (m, 1 H, 30-H,), 1.38 (m, 1 H, 35-H,,), 1.48 (m, 1 H, 30-Hy,), 1.57-1.76
(m, 8 H, 3-H, 23-H, 34-H.,, 35-Heq, 36-H), 1.79-1.92 (m, 3 H, 21-H,, 28-H, 34-H.),
2.03 (m, 1 H, 21-Hy), 2.45 (s, 3 H, 38-H), 2.66 (ddd, *Js7ax37eq = 12.5 Hz, *Js7ax36ax =
12.5 Hz, *Jszax36eq = 2.9 Hz, 1 H, 37-Ha), 2.75 (m, 1 H, 20-H,), 2.85 (m, 1 H, 20-Hy),
2.94 (dd, 2Jsaep = 13.0 Hz, °Jsas = 7.5 Hz, 1 H, 6-H.), 2.98 (s, 3 H, 25-H), 3.09 (dd,
Jobga = 13.3 Hz, °Jep5= 6.9 Hz, 1 H, 6-Hp), 3.19 (m, 1 H, 37-Heq), 3.33 (dd, 233 34eq =
11.5 Hz, 3Jsz34ax = 2.4 Hz, 1 H, 33-H), 4.18 (m, 1 H, 22-H), 4.61 (d, 3J27.28 = 8.6 Hz,
1 H, 27-H), 5.05 (m, 1 H, 5-H), 6.60 (dq, ®Js5= 9.2 Hz, *Js3 = 1.0 Hz, 1 H, 4-H), 7.31
(d, ®Jso = 8.1 Hz, 2 H, 8-H), 7.39 (dd, *J1415 = 3J1s13 = 7.6 Hz, 2 H, 14-H), 7.51 (t,
3Ji514 = 7.5 Hz, 1 H, 15-H), 7.56 (d, 3Jog = 8.2 Hz, 2 H, 9-H), 7.60 (m, 2 H, 13-H),
7.91 (s, 1 H, 18-H).

3C-NMR (CDCls, 100 MHz): 6 = 11.2 (g, C-31), 13.9 (q, C-29), 16.0 (q, C-3), 20.3 (q,
C-24), 20.6 (q, C-24°), 23.0 (t, C-30), 24.7 (t, C-35), 25.7 (t, C-36), 30.3 (q, C-25),
30.5 (t, C-21), 30.6 (t, C-34), 31.0 (t, C-20), 31.4 (d, C-23), 37.7 (d, C-28), 41.9 (t,
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C-6), 43.4 (g, C-38), 50.8 (d, C-5), 55.6 (d, C-27), 56.3 (t, C-37), 60.2 (d, C-22), 69.0
(d, C-33), 118.2 (q, 2Jcr = 291 Hz, CF3COOH), 124.5 (d, C-18), 129.5 (d, C-14),
130.9 (2 d, C-8, C-13), 130.9 (d, C-9), 133.7 (d, C-15), 137.0, 137.1 (d, s, C-4, C-10),
139.0 (s, C-12), 144.5 (s, C-7), 150.4 (s, C-17), 162.7 (s, C-16), 163.2 (q, *Jor =
34.6 Hz, CF3COOH), 171.2 (s, C-19), 171.9 (s, C-26), 174.8 (s, C-32), 175.6 (s,
C-19), 198.2 (s, C-11).

minor rotamer

"H-NMR (CDCls, 400 MHz): 6 = 0.98 (d, 3Jo423 = 6.5 Hz, 3 H, 24-H), 2.35 (s, 3 H,
38-H), 2.55 (s, 3 H, 25-H), 4.67 (d, ®Ja728 = 8.9 Hz, 1 H, 27-H), 7.88 (s, 1 H, 18-H).

3C-NMR (CDCls, 100 MHz): 6 = 11.9 (q, C-31), 16.5 (q, C-3), 20.7 (q, C-24), 20.9 (q,
C-24%), 28.3 (q, C-25), 38.5 (d, C-28), 43.6 (q, C-38), 64.7 (d, C-22).

optical rotation: [a]*'p = —4.5° (c = 0.9, MeOH)

HRMS (ESI) calculated found
C43H58N506S [M+H]" 772.4108 772.4082
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N-((S)-3-(4-Benzoylphenyl)-1-oxo-1-(prop-2-ynylamino)propan-2-yl)-2-((R)-3-
((2S,3S)-N,3-dimethyl-2-((R)-1-methyl-piperidine-2-carboxamido)pentanamido)-
4-methylpentyl)thiazole-4-carbox-amide (4)

At -20°C isobutylchloroformiate (3 pl, 23.1 pmol) was added dropwise to a solution of
benzophenon pretubulysin derivative 14a (16.7mg, 19.7 ymol) and N-
methylmorpholine (9 pl, 81.9 ymol) in dry THF/DMF (2:1, 600 pl). After 10 min
propargylamine hydrochloride (3 mg, 31.1 ymol) was added and the reaction mixture
was stirred overnight. The solvents were evaporated and the residue was dissolved
in ethyl acetate and washed with saturated NaHCO3; solution. The aqueous layer was
extracted twice with ethyl acetate and the combined organic layers were dried over
Na>SO,4. The crude product was purified by flash chromatography (DCM/MeOH 98:2
— 9:1) to yield the propargylamide 4 (8 mg, 10.4 ymol, 53 %) as a pale yellow solid
and a mixture of rotamers; m.p.85 °C.

[tlc: DCM/MeOH = 9:1, Ri(4) = 0.18]

major rotamer

'H-NMR (CDCl3, 400 MHz): & = 0.74 (d, °J2120=6.6 Hz, 3H, 21-H), 0.86 (t,
%Jo726=T7.4Hz, 3H, 27-H), 092 (d, °Jor20=6.6Hz, 3H, 21-H), 097 (d,
3Jog.25 = 6.7 Hz, 3 H, 28-H), 1.08-1.70 (m, 9 H, 20-H, 26-H, 31-H.,, 32-H, 33-H), 1.74-
1.91 (m, 3H, 18-H,, 25-H, 31-Heg), 1.93-2.13 (m, 2 H, 18-Hy, 34-H,), 2.17 (dd,
*Jsgsea = *Jaszep =2.5Hz, 1H, 38-H), 220 (s, 3H, 35H), 247 (dd,
%J30.31ax = 11.0 Hz, %J3031eq = 3.0 Hz, 1 H, 30-H), 2.72-2.99 (m, 3 H, 17-H, 34-Hc),
3.00 (s, 3 H, 22-H), 3.22 (dd, %J3a3p = 13.9 Hz, %J322 = 7.5 Hz, 1 H, 3-H,), 3.38 (dd,
2J3p3a=13.9Hz, 3J32=6.8Hz, 1H, 3-Hp), 3.95 (ddd, 2Jsgazep=17.5Hz,
3Jssanta = 5.1 Hz, “Jsgass =2.5Hz, 1H, 36-Ha), 4.04 (ddd, 2Jagp3ea = 17.5 Hz,
3 Jasonta = 5.6 Hz, *Jaepzs =2.6 Hz, 1 H, 36-H.), 4.32 (bs, 1H, 19-H), 4.76 (dd,
3Joantic = 3Jos 25 = 8.9 Hz, 1 H, 24-H), 4.90 (ddd, >Jonng = >J23a= °Ja3p =7.7 Hz, 1 H,
2-H), 6.63 (dd, >Jnnasea = “Innases = 5.3 Hz, 1 H, NHa), 7.01 (d, *Jnnc2s = 9.6 Hz,
1 H, NHc), 7.37 (d, ®Js6 = 8.2 Hz, 2 H, 5-H), 7.44 (dd, 3J11.10 = >J11.12= 7.5 Hz, 2 H,
11-H), 7.56 (tt, ®Ji211 = 7.4 Hz, *J1210 = 1.3 Hz, 1 H, 12-H), 7.71 (d, °Js5 = 8.3 Hz,
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2 H, 6-H), 7.74 (dd, ®J10.11 = 8.3 Hz, *J1012 = 1.3 Hz, 2 H, 10-H), 7.92 (s, 1 H, 15-H),
7.93 (m, 1H, NHg)."®*C-NMR (CDCls, 100 MHz, selected signals, according to
HSQC): 5 = 10.9 (q, C-27), 15.9 (q, C-28), 19.6 (q, C-21), 20.1 (q, C-21’), 23.3 (t, C-
26), 24.7 (t, C-32), 29.2 (t, C-36), 29.4 (t, C-18), 30.0 (t, C-17), 30.2 (d, C-20), 37.1
(d, C-25), 38.1 (t, C-3), 44.9 (q, C-35), 53.4 (d, C-24), 54.2 (d, C-2), 55.4 (t, C-34),
69.7 (d, C-30), 71.7 (d, C-38), 123.5 (d, C-15), 128.3 (d, C-11), 129.2 (d, C-5), 130.0
(d, C-10), 130.5 (d, C-6), 132.4 (d, C-12), 170.2 (s, C-16).

HRMS (ClI) calculated found
C43H57N6O5S [M+H]" 769.4111 769.4073
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N-((S,E)-5-(4-Benzoylphenyl)-1-oxo-1-(prop-2-ynylamino)pent-2-en-4-yl)-2-((R)-
3-((2S,3S)-N,3-dimethyl-2-((R)-1-methyl-piperidine-2-
carboxamido)pentanamido)-4-methylpentyl)thiazole-4-carbox-amide (5)

At -20°C isobutylchloroformiate (3 pl, 23.1 pmol) was added dropwise to a solution of
benzophenon pretubulysin derivative 14b (17.4 mg, 19.6 ymol) and N-methyl-
morpholine (9 pl, 81.9 ymol) in dry THF (400 pl). After 10 min propargylamine
hydrochloride (3 mg, 31.1 ymol) was added and the reaction mixture was stirred
overnight. The solvent was evaporated and the residue was dissolved in ethyl
acetate and washed with saturated NaHCO; solution. The aqueous layer was
extracted twice with ethyl acetate and the combined organic layers were dried over
Na>SO,4. The crude product was purified by flash chromatography (DCM/MeOH 97:3
— 9:1) to yield the propargylamide § (11 mg, 13.6 ymol, 69 %) as a colorless glassy
solid and a mixture of rotamers; m.p.82 °C.

[tlc: DCM/MeOH = 9:1, Ri(5) = 0.26]

major rotamer

'"H-NMR (CDCl3, 400 MHz): & = 0.75 (d, °Ja423=6.6 Hz, 3 H, 24-H), 0.86 (t,
%J3020=7.4Hz, 3H, 30-H), 093 (d, °Josr23=6.5Hz, 3H, 24-H), 097 (d,
3J3128 = 6.7 Hz, 3 H, 31-H), 1.15 (m, 1 H, 29-H.), 1.37 (m, 1 H, 34-Hay), 1.42-1.93 (m,
12H, 15-H, 21-H,, 23-H, 28-H, 29-H,, 34-He, 35-H, 36-H), 1.98 (ddd,
2 J37ax,37eq = “Ja7ax3eax = 11.6 HZ, *Jszax3eeq = 2.5 Hz, 1 H, 37-Hax), 2.08 (m, 1 H, 21-Hy),
220 (s, 3H, 38H), 220 (m, 1H, 41-H), 2.48 (dd, >Js334ax = 10.8 Hz,
%J3334eq = 2.4 Hz, 1 H, 33-H), 2.78-2.89 (m, 3 H, 20-H, 37-Heg), 2.99 (m, 1 H, 5-H.),
3.00 (3 H, 25-H), 3.23 (dd, ?Jspsa = 13.3 Hz, °Jsp4 = 5.8 Hz, 1-H, 5-H,), 4.06 (dd,
SJsonna=52Hz, “Jso41=2.5Hz, 1H, 39-H), 435 (bs, 1H, 22-H), 4.77 (dd,
Sprnic =9.3Hz, %U728=83Hz, 1H, 27-H), 515 (m, 1H, 4-H), 595 (t,
SUNHAse=4.9Hz, 1H, NHa), 647 (d, ®J4=96Hz, 1H, 3-H), 7.06 (d,
SUncz2r=94Hz, 1H, NHc), 7.34 (d, °J,6=82Hz, 2H, 7-H), 7.45 (dd,
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3312 = 3J1314 = 7.5 Hz, 2 H, 13-H), 7.56 (tt, *J1413 = 7.4 Hz, *J1412 = 1.2 Hz, 1 H, 14-
H), 7.67 (d, *Junss = 8.2 Hz, 1 H, NHg), 7.72 (d, %Js7 = 8.2 Hz, 2 H, 8-H), 7.74 (m, 2
H, 12-H), 7.90 (s, 1 H, 18-H).

3C-.NMR (CDCls, 100 MHz): 6 = 11.0 (g, C-30), 13.1 (g, C-15), 15.9 (g, C-31), 19.7
(g, C-24), 20.1 (q, C-24’), 23.3 (t, C-29), 24.6 (t, C-35), 25.1 (t, C-36), 29.5 (tq, C-21,
C-25), 29.6 (t, C-39), 30.0 (t, C-20), 30.3 (d, C-23), 30.5 (t, C-34), 37.2 (d, C-28), 41.2
(t, C-5), 44.9 (g, C-38), 48.6 (d, C-4), 53.1 (d, C-27), 55.4 (t, C-37), 69.7 (d, C-33),
71.8 (d, C-41), 79.4 (s, C-40), 122.7 (d, C-18), 128.3 (d, C-13), 129.4 (d, C-7), 129.9
(d, C-12), 130.4 (d, C-8), 132.4 (d, C-14), 134.6 (d, C-3), 136.0, 137.6 (2s, C-9, C-
11), 142.0 (s, C-6), 149.2 (s, C-17), 160.4 (s, C-16), 167.9 (s, C-1), 169.9 (s, C-19),
173.4,174.2 (2s, C-26, C-32), 196.3 (s, C-10).

Not observable: C-2, C-22
optical rotation: [a]*p = +25° (c = 0.23, CHCls)

HRMS (ClI) calculated found
C46He1N6O5S [M+H]" 809.4424 809.4385
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