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Synthesis

General procedure of synthesis of Boc-amino acids (N-Boc-L-Phe; N-Boc-D-Phe; N-Boc-
Gly). Reagent Boc20O (1.5 eg.) and NaOH (1 eq.) were added to an amino acid suspension (1 eq.)
in dioxane/water mixture (1:1, 50 ml). The mixture was stirred for 24 hours and then concentrated
at low pressure. Hydrochloric acid (1 M) was added to the water residue to adjust pH = 6 and then
it was extracted with ethyl acetate (3x50 ml). The combined organic phase was washed with
saturated solutions of NaHCO3 and NaCl, was dried over Na;SO4 and concentrated in at low
pressure.

(S)-2-tert-Butoxycarbonylamino-3-phenylpropanoic  acid  (N-Boc-L-Phe).  Colorless
amorphous substance; yield 90%. *H NMR (400 MHz, CDCls) & ppm 7.31 (2H, t, J = 7.3 Hz),
7.28 —7.24 (2H, m), 7.20 (1H, d, J = 7.1 Hz), 4.93 (1H, s), 4.61 (1H, s), 3.20 (2H, d, J = 13.4 Hz),
1.43 (9H, s). 3C NMR (101 MHz, CDCls) § ppm 155.39, 135.85, 132.11, 130.65, 129.40, 128.60,
127.11,80.31, 54.27, 37.79, 35.4, 32.43, 28.29. HRMS (ESI) for C14H19NO4: m/z 266.1385 (calcd
264.1372 for [M+H]").

(R)-2-tert-Butoxycarbonylamino-3-phenylpropanoic  acid  (N-Boc-D-Phe).  Colorless
amorphous substance; yield 96%. *H NMR (400 MHz, CDClz) 6 ppm 7.88 (1 H, br. s.), 7.27 - 7.34
(4H,m),7.13-7.25(4H, m),4.91-5.01 (1 H, m), 457 - 4.68 (1 H, m), 4.35-4.47 (1 H, m), 3.15
-3.25(2H, m),3.04-3.15(1 H, m), 2.84-2.98 (1 H, m), 1.36 - 1.46 (10 H, m).

13C NMR (101 MHz, CDCl3) § ppm 212.13, 176.44, 129.37, 129.35, 128.57, 127.07, 77.31, 54.23,
37.75, 28.26, 27.96, 27.95. HRMS (ESI) for C14H1sNO4: m/z 266.1259 (calcd 266.1392 for
[M+H]").

2-(tert-Butoxycarbonylamino)acetic acid (N-Boc-Gly). Colorless amorphous substance; yield
100%. 'H NMR (400 MHz, DMSO-ds) & ppm 1.44 (9 H, s), 3.86 - 3.92 (1 H, m), 3.95 (1 H, d,
J=4.64 Hz), 5.19 (1 H, br. s.), 10.54 (1 H, br. s.). *C NMR (101 MHz, DMSO-ds) & ppm 174.37,
155.60, 80.01, 42.94, 41.78, 27.86.
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General procedure of synthesis of Boc-dipeptides (1a-i). Reagents EDCxHCI (1.12 eq.) and
CeFsOH (1.12 eq.) were added to a solution of Boc-amino acid (1 eg.) in dichloromethane (50 ml),
and this was stirred at room temperature for 12 hours. Then silica gel (10-fold excess of Boc-amino
acid) was added, and the resulting suspension was chromatographed on a column with silica gel
(eluent: dichloromethane). Then product was isolated by precipitation with petroleum
ether/chloroform (1:1) in the mixture at low temperature. The obtained substance was dissolved in
THF-water mixture (5:1, 60 ml), and amino acid (2 eq.) was added. DIPEA (2 eg.) was added, and
this was stirred at room temperature for 12 hours. At the end of the reaction, mixture was
concentrated under reduced pressure. The aqueous residue was acidified with 1 M HCI solution to
pH = 2 and extracted with ethyl acetate (3x50 ml). The combined organic phase was washed with
saturated solutions of NaHCO3s and NaCl, dried over Na,SO4 and concentrated under reduced
pressure. The obtained substance was dissolved in minimum diethyl ether and precipitated with
equal volume of petroleum ether.
(S)-2-(2-tert-Butoxycarbonylamino-3-phenylpropanamido)acetic acid (1a). Transparent
colorless oil; yield 53%. *H NMR (400 MHz, DMSO-dg) § ppm 12.58 (1 H, br. s.), 8.21 - 8.32 (1
H, m),7.21-7.32(5H, m), 7.13-7.21 (1 H, m), 6.89 - 6.95 (1 H, m), 4.12 - 4.23 (1 H, m), 3.67 -
3.87 (2 H, m), 2.91 - 3.03 (1 H, m), 2.63 - 2.76 (1 H, m), 1.27 (9 H, s). °C NMR (101 MHz,
DMSO-de) 6 ppm 172.15, 171.24, 155.27, 146.32, 138.43, 138.32, 129.23, 128.01, 126.15, 77.99,
72.44,68.99, 28.16, 27.41, 16.35.
(S)-2-[2-(tert-Butoxycarbonylamino)acetamido]-3-phenylpropanoic  acid (1b). White
amorphous powder; yield 76%. *H NMR (400 MHz, CDCls) § ppm 7.28 (1 H, br. s.), 7.19 - 7.26
(2H, m), 7.15 (2 H, d, J=7.03 Hz), 6.81 (1 H, br. s.), 4.86 (1 H, br. s.), 3.89 (1 H, d, J=16.87 Hz),
3.69 (1 H, d, J=17.00 Hz), 3.13 - 3.26 (1 H, m), 3.09 (2 H, br. s.), 1.43 (9 H, s). MS (ESI) for
C16H22N20s: m/z 323.20 (caled 323.16 for [M+H]"), 667.20 (calcd 667.29 [2M+Na]")
(R)-2-[(S)-2-(tert-Butoxycarbonylamino)-3-phenylpropanamido]-3-phenylpropanoic  acid
(1c). Transparent colorless oil; yield 96%. *H NMR (400 MHz, DMSO-ds) & ppm 8.25 - 8.34 (1
H, m), 7.09 - 7.27 (11 H, m), 6.70 - 6.75 (1 H, m), 4.42 - 452 (1 H, m), 3.98 - 4.21 (1 H, m), 3.01
-3.13(1H, m),2.79-2.90 (L H, m), 2.62 - 2.70 (1 H, m), 1.30 - 1.36 (1 H, m), 1.20 - 1.29 (9 H,
m). *C NMR (101 MHz, DMSO-dg) & ppm 172.89, 171.50, 155.10, 138.14, 138.14, 137.43,
137.20, 129.29, 129.21, 128.17, 127.92, 126.51, 126.10, 77.93, 55.37, 53.31, 28.15.
MS (ESI) for C23HasN2Os: m/z 413.15 (caled 413.49 for [M+H]).
(R)-2-((S)-2-tert-Butoxycarbonylamino-3-phenylpropanamido)-3-(4-hydroxyphenyl)-
propanoic acid (1d). Transparent colorless oil; yield 95%. *H NMR (400 MHz, DMSO-ds) & ppm
9.19 (1 H, br. s.), 7.09 - 7.29 (7 H, m), 6.95 - 7.05 (2 H, m), 6.74 (1 H, d, J=8.74 Hz), 6.58 - 6.65
(2H,m),4.32-4.44 (1 H, m),4.04-4.22 (1 H, m), 2.89-2.99 (1 H, m), 2.69 - 2.78 (2 H, m), 1.30
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(2 H,s),1.22-1.29 (9 H, m). BC NMR (101 MHz, DMSO-ds) & ppm 172.45, 170.86, 155.43,
154.54, 137.61, 129.65, 128.67, 128.55, 127.60, 127.37, 126.79, 125.54, 114.39, 77.38, 54.84,
53.05, 27.58. MS (ESI) for C23H2sN206: m/z 429.10 (caled 428.48 for [M+H]").
(S)-2-((R)-2-tert-Butoxycarbonylamino-3-phenylpropanamido)-3-phenylpropanoic acid
(1e). White amorphous powder; yield 100%. *H NMR (400 MHz, CDClz) & ppm 7.29 (2 H, d,
J=6.85 Hz), 7.19- 7.25 (5 H, m), 7.17 (3 H, d, J=6.72 Hz), 6.93 (2 H, br. s.), 6.78 (1 H, d, J=6.11
Hz), 5.32 (1 H, d, J=8.38 Hz), 4.85 (1 H, br. s.), 4.64 (1 H, d, J=7.03 Hz), 2.93 - 3.07 (3 H, m),
2.87 (1 H, dd, J=13.05, 6.88 Hz), 1.40 - 1.48 (1 H, m), 1.35 (9 H, br. s.). 3C NMR (101 MHz,
CDCls) 6 ppm 135.83, 129.00, 128.20, 128.03, 126.62, 54.87, 52.50, 38.82, 37.25, 28.88, 27.76.
MS (ESI) for C23H28N20s: m/z 413.15 (caled 413.21 for [M+H]"), m/z 847.25 (calcd 847.39 for
[2M+Na]").
(S)-2-((R)-2-tert-Butoxycarbonylamino-3-phenylpropanamido)-3-(4-hydroxyphenyl)-
propanoic acid (1f). Transparent colorless oil; yield 83%. *H NMR (400 MHz, DMSO-ds) § ppm
8.19 (1 H, d, J=8.38 Hz), 7.08 - 7.30 (6 H, m), 6.97 - 7.04 (2 H, m), 6.73 (1 H, d, J=8.86 Hz), 6.60
-6.64 (2H, m), 4.33 - 4.44 (1 H, m), 4.05 - 4.22 (1 H, m), 3.30 - 3.44 (5 H, m), 2.90 - 2.98 (1 H,
m), 2.70 - 2.77 (2H, m), 1.29 - 1.33 (1 H, m), 1.20 - 1.29 (9 H, m). 3C NMR (101 MHz, DMSO-
de) 6 ppm 173.01, 171.43, 168.42, 155.99, 155.10, 138.18, 130.22, 129.23, 127.93, 127.35, 126.10,
114.95, 114.94, 77.93, 55.40, 53.61, 36.34, 28.14. MS (ESI) for C23H2sN20s: m/z 429.15 (calcd
428.48 for [M+H]").
(S)-2-((S)-2-tert-Butoxycarbonylamino-3-phenylpropanamido)-3-(4-nitrophenyl)propanoic
acid (1g). Transparent colorless oil; yield 63%. *H NMR (400 MHz, DMSO-ds) & ppm 8.11 (11
H, d, J=7.70 Hz), 7.51 (7 H, br.s.), 7.22 (18 H, br. s.), 6.84 (3H, br. s.), 453 (4 H, br. s.), 4.12 (3
H, br.s.), 3.24 (5H, br. s.), 3.06 (5 H, br. s.), 2.86 (4 H, br. s.), 2.65 (4 H, br. s.), 1.24 (31 H, br.
s.), 1.08 (5 H, br.s.).
(S)-3-(3-Bromo-4-hydroxyphenyl)-2-((S)-2-tert-butoxycarbonylamino-3-
phenylpropanamido)propanoic acid (1h). Transparent colorless oil; yield 97%. *H NMR (400
MHz, DMSO-dg) 6 ppm 12.54 (1H, br. s.), 9.99 (1 H, br. s.), 7.96 - 8.01 (1 H, m), 7.28 - 7.35 (1
H, m), 7.13 - 7.27 (5 H, m), 6.97 - 7.05 (1 H, m), 6.91 (1 H, d, J=8.93 Hz), 6.78 - 6.88 (1 H, m),
429 - 441 (1 H, m), 4.06 - 417 (1 H, m), 2.92 - 3.00 (1 H, m), 2.75 - 2.92 (2 H, m), 2.58 - 2.71
(1 H, m). *3C NMR (101 MHz, DMSO-ds) & ppm 153.08, 133.78, 129.92, 129.55, 128.41, 126.56,
116.49, 78.50, 53.88, 37.94, 35.94, 28.53. MS (ESI) for C23H27BrN2O¢: m/z 507.10 (caled 507.38
for [M+H]").
(85)-2-((S)-2-tert-Butoxycarbonylamino-3-phenylpropanamido)-3-(3,4-dihydroxy-
phenyl)propanoic acid (1i). White amorphous powder; yield 84%. *H NMR (400 MHz, CDCls)

& ppm 12.69 (1 H, br. s.), 8.74 (2 H, br. s.), 8.00 (1 H, d, J=7.76 Hz), 7.25 (1L H, br. s.), 7.23 (1 H,
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s), 7.21 (2 H, d, J=4.16 Hz), 7.18 (1 H, d, J=5.99 Hz), 7.13 - 7.17 (1 H, m), 6.87 (1 H, d, J=8.86
Hz), 6.56 - 6.64 (2 H, m), 6.47 (1 H, dd, J=8.07, 1.90 Hz), 4.30 - 4.38 (1 H, m), 4.10 - 4.17 (1 H,
m), 2.84 (L H, d, J=5.62 Hz), 1.26 (9 H, s). MS (ESI) for C23H2sN207: m/z 445.20 (caled 445.20
for [M+H]"), m/z 911.35 (calcd 911.37 for [2M+Na]").

General procedure of synthesis of dipeptide trifluoroacetate with 3-azido-1-propanamine
(2a-1). Stage (i): Boc-dipeptide (1 eq.) was dissolved in DMF (20 ml). Reagents HBTU (1.2 eq.),
HOBT (1.2 eq.), DIPEA (2 eq.) and 3-azido-1-propanamine (1.5 eq.) were added to the solution.
The mixture was stirred for 16 hours. Then the solvent was removed under reduced pressure. The
product was isolated by column chromatography (Puriflash 15 p, 25 g F0025, EtOAc/petroleum
ether system, EtOAc 5—40% in 6 minutes, 40—60% in 15 minutes, 60—100% in 6 minutes,
100% in 3 minutes).
Stage (ii): A 10% solution of trifluoroacetic acid in dichloromethane (10 ml) was added to Boc-
dipeptide and 3-azido-1-propanamine solution, and the reaction solution was stirred at room
temperature for 3 hours (TLC control). The solvent was removed at reduced pressure and the
product was re-evaporated several times from DCM. The product was isolated by resuspension
into diethyl ether (50 ml).
tert-Butyl N-{(S)-1-[2-(3-azidopropylamino)-2-oxoethylamino]-1-oxo-3-phenylpropan-2-
yl}carbamate. Transparent colorless oil; yield 73%. *H NMR (400 MHz, DMSO-ds) & ppm 8.14
-8.27 (1 H, m), 7.73 (1 H, t, J=6.60 Hz), 7.21 - 7.29 (4 H, m), 7.13-7.21 (1 H, m), 7.02 - 7.10 (1
H, m), 4.05-4.19 (1 H, m), 3.56 - 3.76 (2 H, m), 3.04 - 3.20 (2 H, m), 2.93 - 3.04 (1 H, m), 2.69 -
2.79 (1 H, m), 1.58 - 1.69 (2 H, m), 1.23 - 1.33 (8 H, m), 1.17 (1 H, br. s.). *C NMR (101 MHz,
DMSO-ds) 6 ppm 172.05, 168.73, 155.55, 138.21, 129.25, 129.23, 129.23, 128.08, 128.07, 128.05,
126.20, 78.24, 55.96, 48.29, 42.20, 40.16, 40.15, 38.28, 35.85, 28.42, 28.15. MS (ESI) for
C19H28N6O4: m/z 589.10 (calcd 589.49 for [M+H]")
(S)-1-[2-(3-Azidopropylamino)-2-oxoethylamino]-1-0xo0-3-phenylpropan-2-ammonium
2,2,2-trifluoroacetate (2a). White amorphous powder; yield 93%. *H NMR (400 MHz, DMSO-
de) 6 ppm 8.68 - 8.78 (1 H, m), 8.05 - 8.18 (3 H, m), 7.95 - 8.03 (1 H, m), 7.21 - 7.38 (5 H, m),
3.63-3.82 (2 H, m), 3.02-3.19 (3H, m), 2.85 - 2.97 (1 H, m). *C NMR (101 MHz, DMSO-ds) &
ppm 167.80, 167.47, 151.12, 134.37, 128.99, 128.04, 126.67, 108.94, 93.62, 85.85, 62.52, 52.86,
47.74, 27.84, 17.28, 4.53. MS (ESI) for C16H21F3N6O4: m/z 305.36 (calcd 305.15 for [M+H]").
tert-Butyl N-{(S)-2-[1-(3-azidopropylamino)-1-oxo-3-phenylpropan-2-ylJamino-2-oxoethyl}-
carbamate. Transparent colorless oil; yield 49%. *H NMR (400 MHz, DMSO-ds) & ppm 7.99 (2
H, d, J=7.39 Hz), 7.13 - 7.29 (5 H, m), 6.94 (1 H, t, J=5.90 Hz), 4.41 (1 H, d, J=6.32 Hz), 3.52 (1
H, d, J=6.02 Hz), 3.45 (1 H, d, J=5.94 Hz), 3.18 (2 H, t, J=6.81 Hz), 3.05 - 3.15 (1 H, m), 2.96 -
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3.05(1H,m),2.90 (1 H, d, J=5.86 Hz), 2.81 (1 H, d, J=8.38 Hz), 1.48 - 1.59 (2 H, m), 1.36 (9 H,
s). BC NMR (101 MHz, DMSO-ds) § ppm 170.70, 169.06, 137.65, 129.18, 128.11, 126.34
78.13, 54.01, 48.19, 35.78, 28.20. MS (ESI) for C19H28NeO4: m/z 405.15 (caled 405.22 for
[M+H]"), m/z 831.25 (calcd 831.42 for [2M+Na]").
(8)-2-[1-(3-Azidopropylamino)-1-o0xo0-3-phenylpropan-2-ylamino]-2-oxoethan-1-ammonium
2,2,2-trifluoroacetate (2b). White amorphous powder; yield 89%. *H NMR (400 MHz, DMSO-
ds) 6 ppm 8.73 (1 H, d, J=8.25 Hz), 8.20 (1 H, t, J=5.59 Hz), 7.98 (3 H, br. s.), 7.16 - 7.31 (5 H,
m), 4.45 - 453 (1 H, m), 3.51 - 3.61 (1 H, m), 3.19 (2 H, t, J=6.82 Hz), 3.08 - 3.16 (1 H, m), 2.99
-3.05(1 H, m), 2.95 (1 H, dd, J=13.75, 5.93 Hz), 2.77 (1 H, dd, J=13.54, 8.77 Hz), 1.48 - 1.61 (2
H, m). 2C NMR (101 MHz, DMSO-ds)  ppm 170.39, 165.66, 137.40, 129.19, 128.20, 126.50,
54.38, 48.20, 38.12, 35.80, 28.21. MS (ESI) for CisH21F3N¢O4: m/z 305.15 (caled 305.35 for
[M+H]"), 609.25 (calcd 609.34 for [2M+H]")

tert-Butyl N-{(S)-1-[(R)-1-((3-Azidopropylamino)-1-0xo-3-phenylpropan-2-ylamino]-1-oxo-
3-phenylpropan-2-yl}carbamate. Transparent colorless oil; yield 46%. *H NMR (400 MHz,
DMSO-de) & ppm 8.26 - 8.38 (1 H, m), 7.91 - 8.04 (1 H, m), 7.08 - 7.28 (12 H, m), 4.39 - 451 (1
H, m), 4.08 - 4.17 (1 H, m), 3.05 - 3.28 (5 H, m), 2.80 - 3.02 (3 H, m), 2.71 - 2.79 (1 H, m), 2.60 -
2.69 (1H, m), 1.46 - 1.63 (3 H, m), 1.23 - 1.32 (9 H, m). ¥C NMR (101 MHz, DMSO-ds) & ppm
171.48, 170.80, 155.36, 148.58, 129.25, 129.23, 129.18, 128.10, 128.08, 128.02, 127.94, 126.36,
126.14,117.92,112.48, 78.18, 78.09, 55.73, 53.96, 53.31, 48.21, 48.14, 42.89, 40.42, 40.15, 28.27,
28.22, 28.14, 28.14. MS (ESI) for C26H34N6O4: m/z 495.20 (caled 494.59 for [M+H]").
(S)-1-[(R)-1-(3-Azidopropylamino)-1-oxo0-3-phenylpropan-2-ylamino]-1-oxo-3-phenyl-
propan-2-ammonium 2,2,2-trifluoroacetate (2¢). White amorphous powder; yield 68%.

'H NMR (400 MHz, DMSO-dg) & ppm 8.77 - 8.99 (1 H, m), 8.01 - 8.19 (2 H, m), 7.05 - 7.34 (6
H, m), 6.78 - 7.00 (1 H, m), 4.38 - 4.57 (1 H, m), 3.90 - 4.07 (1 H, m), 2.97 - 3.16 (2 H, m), 2.86 -
2.95 (1 H, m), 2.78 - 2.84 (1 H, m), 2.56 - 2.71 (1 H, m). 3C NMR (101 MHz, DMSO-ds) & ppm
207.35, 170.79, 170.46, 168.06, 137.83, 137.68, 135.14, 135.08, 130.01, 129.93, 129.71, 129.61,
128.86, 128.83, 128.61, 128.56, 127.47, 126.95, 126.89, 54.91, 54.66, 53.68, 53.54, 48.62, 48.53,
38.62, 37.26, 36.22, 36.12, 28.6. MS (ESI) for Ca3H27F3Ne¢O4: m/z 395.15 (caled 395.22 for
[M+H]")

tert-Butyl N-{(S)-1-[(R)-1-(3-azidopropylamino)-3-(4-hydroxyphenyl)-1-oxopropan-2-
ylamino]-1-oxo-3-phenylpropan-2-yl}carbamate. Transparent colorless oil; yield 58%. H
NMR (400 MHz, DMSO-dg) 6 ppm 9.04 - 9.20 (1 H, m), 8.19 - 8.29 (1 H, m), 7.87 - 8.04 (1 H,
m), 7.09 - 7.26 (6 H, m), 6.87 - 7.05 (2 H, m), 6.75 - 6.87 (1 H, m), 6.55 - 6.67 (2 H, m), 4.29 -
4.40 (1 H, m), 4.06 - 4.18 (1 H, m), 3.03 - 3.17 (2 H, m), 2.75 - 2.94 (1 H, m), 2.58 - 2.75 (2 H,
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m), 1.53 - 1.64 (2 H, m), 1.23 - 1.32 (10 H, m). MS (ESI) for C26H34NsOs: m/z 511.20 (calcd
510.59 for [M+H]")
(S)-1-[(R)-1-((3-Azidopropylamino)-3-(4-hydroxyphenyl)-1-oxopropan-2-ylamino]-1-o0xo-3-
phenylpropan-2-ammonium 2,2,2-trifluoroacetate (2d). White amorphous powder; yield 98%.
'H NMR (400 MHz, DMSO-dg) & ppm 9.22 (1 H, br. s.), 8.74 - 8.86 (1 H, m), 8.15 - 8.29 (1 H,
m), 8.07 - 8.15 (1 H, m), 7.94 - 8.07 (2 H, m), 7.19 - 7.35 (4 H, m), 6.94 - 7.10 (4 H, m), 6.56 -
6.71 (2 H, m), 4.35-4.48 (1 H, m), 3.96 - 4.08 (1 H, m), 2.98 - 3.23 (3 H, m), 2.74 - 2.95 (2 H,
m), 2.51 - 2.73 (2 H, m). *3C NMR (101 MHz, DMSO-ds) § ppm 170.63, 167.56, 156.10, 134.70,
130.23, 130.11, 129.58, 128.47, 127.35, 127.11, 114.94, 54.54, 54.53, 53.28, 48.23, 37.58, 36.96,
35.80, 28.26. MS (ESI) for C23H27F3N6Os: m/z 411.20 (caled 411.21 for [M+H]").

tert-Butyl N-{(R)-1-[(S)-1-(3-azidopropylamino)-1-oxo-3-phenylpropan-2-ylamino]-1-oxo-3-
phenylpropan-2-yl}carbamate. Transparent colorless oil; yield 46%. *H NMR (400 MHz,
DMSO-dg) 6 ppm 8.33 (1 H, d, J=8.45 Hz), 7.95 - 8.03 (1 H, m), 7.10 - 7.28 (10 H, m), 4.45 (1 H,
d, J=6.93 Hz), 4.12 (1 H, d, J=5.79 Hz), 3.24 (1 H, t, J=6.81 Hz), 3.17 (1 H, t, J=6.85 Hz), 2.87 -
3.02 (1H,m), 2.79-2.87 (1 H, m), 2.64 (1 H, dd, J=12.98, 3.01 Hz), 1.48 - 1.65 (2 H, m), 1.28 (9
H, s). 3C NMR (101 MHz, DMSO-ds) & ppm 138.07, 137.49, 129.26, 128.08, 128.01, 127.95,
126.36, 126.15, 78.11, 48.21, 35.86, 28.27, 28.14, 27.75, 3.89. MS (ESI) for C26HzsNsO4: m/z
495.20 (caled 495.27 for [M+H]"), m/z 517.20 (caled 517.25 for [M+Na]"), 1011.40 (calcd
1011.52 for [2M+H]").
(R)-1-[(S)-1-(3-Azidopropylamino)-1-oxo-3-phenylpropan-2-ylamino]-1-oxo-3-phenyl-
propan-2-ammonium 2,2,2-trifluoroacetate (2e). White amorphous powder; vyield 65%.
'H NMR (400 MHz, DMSO-ds) 5 ppm 8.85 (1 H, dd, J=18.58, 8.31 Hz), 8.24 (1 H, t, J=5.59 Hz),
8.10 - 8.17 (1 H, m), 8.06 (3 H, br.s.), 7.14 - 7.34 (12 H, m), 6.97 - 7.01 (1 H, m), 4.45 - 458 (1
H, m), 4.03 (L H, br.s.), 3.23 (2 H, t, J=6.79 Hz), 3.12 - 3.19 (2 H, m), 3.01 - 3.12 (2 H, m), 2.87
-3.01 (3H, m), 2.83 (1 H, dd, J=14.98, 5.62 Hz), 2.59 - 2.72 (2 H, m), 1.49 - 1.62 (3 H, m). 13C
NMR (101 MHz, DMSO-ds) 6 ppm 170.49, 170.12, 167.63, 137.33, 134.57, 129.59, 129.51,
129.31,129.21, 128.52, 128.49, 128.26, 128.21, 127.16, 126.62, 54.48, 54.23, 53.27, 48.18, 48.09,
38.25, 36.89, 35.82, 28.19, 14.96. MS (ESI) for Ca3H27F3NgOs: m/z 395.15 (calcd 395.22 for
[M+H]"), 789.30 (calcd 789.43 for [2M+H]").

tert-Butyl N-{(R)-1-[(S)-1-(3-azidopropylamino)-3-(4-hydroxyphenyl)-1-oxopropan-2-
ylamino]-1-0x0-3-phenylpropan-2-yl}carbamate. Transparent colorless oil; yield 55%.
'H NMR (400 MHz, DMSO-ds) & ppm 9.08 - 9.19 (1 H, m), 8.19 - 8.30 (1 H, m), 7.87 - 7.99 (1
H, m), 7.10 - 7.27 (6 H, m), 6.91 - 7.05 (2 H, m), 6.77 - 6.85 (1 H, m), 6.55 - 6.71 (2 H, m), 4.28 -
4.41 (1 H, m), 4.06 - 4.19 (1 H, m), 3.22 - 3.30 (2 H, m), 3.01 - 3.14 (2 H, m), 2.77 - 2.89 (1 H,
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m), 2.59 - 2.73 (2 H, m), 1.54 - 1.67 (2 H, m), 1.25 - 1.31 (9 H, m). 3C NMR (101 MHz, DMSO-
ds) 6 ppm 155.86 , 130.16 , 129.25, 127.96, 114.85, 78.10, 78.10, 55.74 , 48.23, 28.30 , 28.14.
MS (ESI) for C26H34NeOs: m/z 511.20 (caled 510.59 for [M+H]").
(R)-1-[(S)-1-(3-Azidopropylamino)-3-(4-hydroxyphenyl)-1-oxopropan-2-ylamino]-1-oxo-3-
phenylpropan-2-ammonium 2,2,2-trifluoroacetate (2f). White amorphous powder; yield 81%.
'H NMR (400 MHz, DMSO-ds) 5 ppm 8.74 - 8.96 (1 H, m), 7.99 - 8.17 (3 H, m), 7.12 - 7.39 (3
H, m), 6.86 - 7.06 (4 H, m), 4.30 - 4.51 (1 H, m), 2.96 - 3.22 (2H, m), 2.72 - 2.94 (2 H, m), 2.49 -
2.72 (2 H, m). BC NMR (101 MHz, DMSO-ds) & ppm 171.02, 167.92, 156.46, 135.05, 130.60,
129.95, 128.87, 115.32, 48.61, 36.20, 28.64. MS (ESI) for C23H27F3N¢Os: m/z 411.20 (calcd
411.48 for [M+H]").
(S)-1-[(S)-1-(3-Azidopropylamino)-3-(4-nitrophenyl)-1-oxopropan-2-ylamino]-1-oxo-3-
phenylpropan-2-ammonium 2,2,2-trifluoroacetate (2g) White amorphous powder; yield 67%.
'H NMR (400 MHz, DMSO-ds) & ppm 8.97 (2 H, d, J=8.44 Hz), 8.90 (2 H, d, J=8.19 Hz), 8.31 (2
H, t, J=5.56 Hz), 8.22 (2 H, t, J=5.56 Hz), 8.15 (7 H, dd, J=8.74, 2.63 Hz), 8.09 (11 H, br. s.), 7.48
(6 H, dd, J=11.43, 8.74 Hz), 7.19 - 7.32 (15 H, m), 6.95 - 7.07 (4 H, m), 4.50 - 4.67 (7 H, m), 4.03
(4H,br.s.),3.16-3.29 (9 H, m), 2.99 - 3.16 (14 H, m), 2.82 - 2.99 (8 H, m), 1.58 (8 H, m).
tert-Butyl N-{(S)-1-[(S)-1-(3-azidopropylamino)-3-(3-bromo-4-hydroxyphenyl)-1-
oxopropan-2-ylamino]-1-oxo-3-phenylpropan-2-yl}carbamate. Transparent colorless oil; yield
55%.

'H NMR (400 MHz, DMSO-dg) & ppm 9.91 - 9.99 (1 H, m) 8.23 - 8.33 (1 H, m) 7.81 - 8.05 (2 H,
m) 7.26 - 7.40 (2 H, m) 7.06 - 7.24 (6 H, m) 6.97 (1 H, dt, J=8.22, 2.35 Hz) 6.89 (1 H, d, J=8.80
Hz) 6.73 - 6.82 (2H, m) 4.26 - 4.50 (2 H, m) 4.04 - 4.18 (1 H, m) 3.18 - 3.27 (2 H, m) 2.94 - 3.15
(3H,m)2.74-287(2H, m)2.49-2.74(3H, m) 1.47-1.65(3H, m)1.21-1.33 (9 H, m)

13C NMR (101 MHz, DMSO-ds) & ppm 207.34, 152.99, 138.60, 138.43, 133.77, 129.99, 129.90,
129.65, 129.52, 128.41, 128.30, 126.57, 126.51, 116.37, 113.29, 109.26, 78.63, 78.48, 60.18,
59.79, 57.60, 48.66, 48.60, 40.58, 40.37, 40.16, 30.15, 28.71, 28.53, 19.91, 15.79, 11.02, 3.90.
MS (ESI) for C26H33BrN¢Os: m/z 589.10 (calcd 589.49 for [M+H]")
(S)-1-[(S)-1-(3-Azidopropylamino)-3-(3-bromo-4-hydroxyphenyl)-1-oxopropan-2-ylamino]-
1-oxo-3-phenylpropan-2-ammonium 2,2,2-trifluoroacetate (2h). White amorphous powder;
yield 93%.

'H NMR (400 MHz, DMSO-ds) & ppm 8.73 - 8.84 (1 H, m), 8.12 - 8.22 (1 H, m), 8.05 - 8.12 (2
H, m), 7.95 - 8.05 (L H, m), 7.15 - 7.39 (5 H, m), 6.92 - 7.07 (2 H, m), 6.75 - 6.90 (1 H, m), 4.35 -
454 (1 H, m),3.00-3.30(5H,m), 2.76 - 2.96 (2 H, m), 2.52 - 2.76 (2 H, m).
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13C NMR (101 MHz, DMSO-ds) & ppm 169.91, 169.54, 167.21, 167.09, 152.20, 134.12, 134.09,
132.83, 132.70, 129.06, 128.99, 128.94, 128.76, 127.95, 127.90, 126.61, 115.51, 115.41, 108.42,
54.07,52.73, 52.55, 47.67, 47.60, 27.74.

MS (ESI) for C23H26BrF3NsOs: m/z 489.10 (caled 490.38 for [M+H]")

tert-Butyl  N-{(S)-1-[(S)-1-(3-azidopropylamino)-3-(3,4-dihydroxyphenyl)-1-oxopropan-2-
ylamino]-1-oxo-3-phenylpropan-2-yl}carbamate. Transparent colorless oil; yield 67%.

'H NMR (400 MHz, DMSO-dg) & ppm 8.67 (2 H, d, J=8.93 Hz), 7.90 - 7.97 (1 H, m), 7.87 (1 H,
d, J=8.07 Hz), 7.19 - 7.27 (2H, m), 7.16 (2 H, d, J=6.91 Hz), 6.91 (1 H, d, J=8.50 Hz), 6.54 - 6.62
(2 H, m), 6.40 - 6.48 (1 H, m), 4.31 (1 H, d, J=7.27 Hz), 4.09 (1 H, d, J=3.48 Hz), 3.18 - 3.25 (2
H, m), 2.96 - 3.13 (2 H, m), 2.82 - 2.91 (1 H, m), 2.70 - 2.78 (1 H, m), 2.65 (1 H, d, J=6.60 Hz),
1.50-1.60 (2 H, m), 1.28 (9 H, s)

13C NMR (101 MHz, DMSO-d¢) & ppm 171.15, 170.84, 155.19, 144.89, 143.80, 138.08, 129.19,
128.14, 128.01, 126.16, 119.98, 116.69, 115.19, 78.22, 56.00, 54.37, 38.28, 37.51 , 35.73, 28.27,
28.12,14.13

MS (ESI) for C26H34NsOs: m/z 527.25 (caled 527.26 for [M+H]"), 1053.55 (calcd 1053.51 for
[2M+H]")
(S)-1-[(S)-1-(3-Azidopropylamino)-3-(3,4-dihydroxyphenyl)-1-oxopropan-2-ylamino]-1-
0x0-3-phenylpropan-2-ammonium 2,2,2-trifluoroacetate (2i). White amorphous powder; yield
100%.

'H NMR (400 MHz, DMSO-dg) & ppm 8.77 (2 H, d, J=8.07 Hz), 8.10 - 8.16 (1 H, m), 8.08 (3 H,
br.s.), 7.19 - 7.32 (5 H, m), 6.61 (2 H, dd, J=4.92, 2.96 Hz), 6.45 (1 H, dd, J=8.04, 1.86 Hz), 4.33
-4.41 (1H, m),4.00 (1L H,br.s.),3.18-3.25 (2 H, m), 3.06 - 3.14 (2 H, m), 2.99 - 3.06 (1 H, m),
2.92 (1 H, dd, J=14.00, 7.83 Hz), 2.71 - 2.79 (1 H, m), 2.60 - 2.69 (1 H, m), 1.56 (2 H, dq, J=9.64,
6.61 Hz)

13C NMR (101 MHz, DMSO-ds) & ppm 170.62, 167.59, 144.76, 143.74, 134.28, 129.51, 128.59,
127.90, 127.32, 120.07, 116.54, 54.96, 53.21, 48.09, 35.84, 28.05

MS (ESI) for C23H27F3N¢Os: m/z 427.20 (caled 427.21 for [M+H]"), 853.40 (calcd 853.41 for
[2M+H]")

General procedure of synthesis of ligands 3a-i

Stage 1. (7S,11S)-7,11-Bis(tert-butoxycarbonyl)-16-(3-chlorobenzyl)-2,2-dimethyl-4,9,17-trioxo-
3-0xa-8,10,16-triazadocosan-22-oic acid (1 equiv.) was dissolved in DMF (10 ml), and HOBt (1.5
equiv.), HBTU (1.5 equiv.) and DIPEA (2 eq.) were added. The mixture was stirred in argon

atmosphere for 2 hours for pre-activation. After that, a dipeptide containing a 3-azidopropanamine
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fragment (1.3 equiv.) was added. The mixture was stirred for 24 hours. Then the solvent was
removed under reduced pressure. The product was isolated by column chromatography (Puriflash
50y, 4 g, eluent: petroleum ether/ethyl acetate => ethyl acetate/methanol system, 5—100% EtOAc
for 15 minutes, 100% EtOAc for 1 minute, from 0—100% MeOH for 5 minutes, 100% MeOH for
5 minutes).

Stage 2. A Boc-containing ligand (1 eq.) was dissolved in a solution of trifluoroacetic acid, DCM,
distilled water and triisopropylsilane (46.25:46.25:5:2.5), and this was stirred for 3 hours at room
temperature. The solvent was removed under reduced pressure. The resulting substance was re-
evaporated three times from DCM. To the resulting oily residue diethyl ether (5 ml) was added to
precipitate a white solid. The ether was decanted, and the operation was repeated two times. The
product was isolated using the column chromatography with the reverse phase (Puriflash C18 15y,

20 g, eluent: acetonitrile-water system: 10—100% MeCN in 20 minutes).

Tri-tert-butyl  (3S,7S,25S)-33-azido-25-benzyl-12-(3-chlorobenzyl)-5,13,20,23,26,29-hexa-
0x0-4,6,12,19,24,27,30-heptaazatritriacontane-1,3,7-tricarboxylate. Yellowish oil; yield 57%.
'H NMR (400 MHz, CDCl3) § ppm 7.97 - 8.08 (1 H, m), 7.37 - 7.47 (1 H, m), 7.27 - 7.32 (2 H,
m), 7.19 - 7.26 (4 H, m), 7.14 - 7.18 (1 H, m), 7.00 - 7.09 (1 H, m), 4.59 - 4.69 (1 H, m), 4.47 -
456 (2 H, m), 4.24 - 4.37 (2 H, m), 3.87 - 4.00 (2 H, m), 3.24 - 3.38 (8 H, m), 2.36 - 2.45 (1 H,
m), 2.23-2.36 (3H, m), 1.72-1.90 (4 H, m), 1.49 - 1.72 (7 H, m), 1.38 - 1.48 (30 H, m), 1.28 -
1.37 (4 H, m).

13C NMR (101 MHz, CDCls) & ppm 218.78, 218.18, 191.54, 174.47, 170.65, 164.23, 141.07,
140.11, 128.68, 121.29, 116.98, 112.07, 108.34, 89.59, 83.64, 74.32, 60.08, 38.51, 27.65, 27.62,
27.58,16.84

HRMS (ESTI) for CssHg2CIN19O12: m/z 1111.6053 (caled 1111.5953 for [M+H]")
(3S,75,258)-33-Azido-25-benzyl-12-(3-chlorobenzyl)-5,13,20,23,26,29-hexaoxo-
4,6,12,19,24,27,30-heptaazatritriacontane-1,3,7-tricarboxylic acid (3a). White amorphous
powder; yield 22%.

13C NMR (101 MHz, DMSO-ds) § ppm 174.50, 174.20, 173.81, 172.49, 172.29, 171.68, 171.38,
168.78, 158.42, 157.32, 138.10, 133.05, 130.64, 130.28, 129.09, 128.16, 127.16, 126.86, 126.33,
126.07, 124.98, 56.08, 54.84, 51.65, 48.26, 36.79, 35.86, 31.74, 30.66, 30.53, 29.89, 29.03, 28.27,
27.50, 26.20, 24.72, 22.32.

HRMS (ESI) for CasHsgCIN10O12: m/z 943.4062 (calcd 943.4075 for [M+H]"), m/z 941.3963
(calcd 941.3930 for [M-H])

HPLC-MS purity: 100% (+), 100% (-)
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Tri-tert-butyl (35,78,285)-33-azido-28-benzyl-12-(3-chlorobenzyl)-5,13,20,23,26,29-hexaoxo-
4,6,12,19,24,27,30-heptaazatritriacontane-1,3,7-tricarboxylate. Yellowish oil; yield 56%.

'H NMR (400 MHz, CDCls) 5 ppm 8.57 (1 H, br. s.), 8.45 (1 H, br. s.), 7.28 - 7.32 (1 H, m), 7.20
-7.26 (5H, m), 7.15-7.20 (1 H, m), 6.99 - 7.15 (1 H, m), 4.70 (1 H, br. s.), 4.48 - 4.55 (2 H, m),
4.30-4.38(2H, m),4.28 (1 H, br.s.),3.77-3.90 (1 H, m), 3.26 - 3.43 (3H, m), 3.13-3.26 (4 H,
m), 3.06 (1 H, dd, J=13.59, 8.79 Hz), 2.37 - 2.46 (1 H, m), 2.33 (2 H, m), 1.81 - 1.91 (1 H, m),
1.65-1.78 (3H, m), 1.50 - 1.65 (5 H, m), 1.44 (24 H, d, J=6.40 Hz), 1.30 - 1.40 (3 H, m).

13C NMR (101 MHz, CDCls) & ppm 173.21, 172.37,171.42, 168.91, 157.34, 157.21, 137.34,
134.97, 134.41, 130.25, 129.83, 129.19, 128.40, 127.86, 127.70, 127.42, 126.67, 126.34, 125.89,
124.32, 81.85, 80.54, 55.09, 53.47, 53.24, 53.05, 52.96, 50.57, 48.86, 45.80, 43.67, 39.62, 38.63,
36.78, 32.82, 32.48, 31.69, 31.65, 31.17, 30.77, 28.45, 28.14, 28.05, 28.02, 27.99, 26.87, 26.24,
24.47,22.44.

HRMS (ESI) for CssHg3CIN10O12: m/z 1111.5973 (caled 1111.5953 for [M+H]").
(3S,7S,28S)-33-Azido-28-benzyl-12-(3-chlorobenzyl)-5,13,20,23,26,29-hexaoxo-
4,6,12,19,24,27,30-heptaazatritriacontane-1,3,7-tricarboxylic acid (3b). White amorphous
powder; yield 43%.

'H NMR (400 MHz, DMSO-ds) § ppm 12.37 (3 H, br. s.), 8.29 (1 H, br.s.), 8.05 - 8.11 (1 H, m),
7.85-7.93 (L H, m), 7.71 (1 H, d, J=6.36 Hz), 7.34 - 7.39 (1 H, m), 7.29 - 7.34 (1 H, m), 7.08 -
729 (8H, m), 6.23-6.34 (2H, m), 434 -4.41 (1 H, m), 3.99 -4.12 (2 H, m), 3.55 - 3.61 (2 H,
m), 3.19 - 3.25 (3 H, m), 3.13 - 3.19 (2 H, m), 2.94 - 3.13 (6 H, m), 2.82 - 2.89 (1 H, m), 2.26 -
2.42(5H,m),2.15-2.26 (3H, m), 1.85-1.94 (L H, m), 1.66 - 1.75 (1L H, m), 1.59 (3 H, td, J=6.60,
3.42 Hz), 1.50 (3 H, dd, J=13.94, 6.60 Hz), 1.41 (3 H, td, J=15.41, 7.34 Hz), 1.12 - 1.34 (5 H, m)
13C NMR (101 MHz, DMSO-dg) & ppm 174.06, 172.58, 171.93, 171.22, 169.37, 157.69, 138.51,
129.41, 128.54, 127.64, 127.22, 126.67, 126.50, 54.83, 52.20, 48.72, 42.99, 37.66, 36.37, 32.28,
31.20, 31.03, 30.43, 29.46, 28.61, 28.11, 26.69, 25.14, 22.78

HRMS (ESI) for Ca3HsoCIN19O12: m/z 943.4071 (caled 943.4075 for [M+H]"), m/z 941.3936
(calcd 941.3930 for [M-H])

HPLC-MS purity: 98% (+), 100% (-)

Tri-tert-butyl (35,78,25S5,28R)-33-Azido-25,28-dibenzyl-12-(3-chlorobenzyl)-5,13,20,23,26,29-
hexaoxo0-4,6,12,19,24,27,30-heptaazatritriacontane-1,3,7-tricarboxylate. Yellowish oil; yield
54%.

'H NMR (400 MHz, CDCl3) § ppm 7.35 - 7.51 (1 H, m), 7.22 - 7.29 (1 H, m), 7.11 - 7.19 (6 H,
m), 6.89 - 7.11 (6 H, m), 5.74 - 6.04 (2 H, m), 4.71 - 4.80 (1L H, m), 4.43 - 4.64 (3 H, m), 4.23 -
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4.39 (2 H, m), 3.02 - 3.32 (9 H, m), 2.82 - 3.02 (3 H, m), 2.42 - 2.56 (3 H, m), 2.21 - 2.40 (5 H,
m), 1.77 - 1.90 (1 H, m), 1.47 - 1.76 (9 H, m), 1.36 - 1.45 (29 H, m), 1.25 - 1.35 (3 H, m).

13C NMR (101 MHz, CDCl3) & ppm 173.43, 173.05, 172.98, 172.76, 172.44, 172.40, 172.37,
172.34,171.34, 171.19, 170.95, 170.92, 157.25, 157.17, 157.09, 139.89, 139.00, 136.89, 136.74,
134.87, 134.33, 134.31, 130.22, 129.81, 129.32, 129.14, 129.11, 128.97, 128.94, 128.65, 128.60,
128.45, 128.43, 128.39, 128.31, 127.76, 127.65, 127.59, 127.38, 126.86, 126.75, 126.25, 125.87,
124.26, 81.98, 81.90, 81.86, 81.81, 81.78, 81.50, 80.53, 80.45, 77.38, 77.06, 76.75, 60.37, 53.01,
52.84,52.72, 48.72, 48.70, 38.59, 36.63, 32.51, 31.65, 31.61, 26.26, 24.60, 22.35, 21.02, 14.15.
HRMS (ESI) for Cs2HgoCIN10012: m/z 1201.6459 (caled 1201.6423 for [M+H]")
(3S,7S,25S,28R)-33-Azido-25,28-dibenzyl-12-(3-chlorobenzyl)-5,13,20,23,26,29-hexaoxo-
4,6,12,19,24,27,30-heptaazatritriacontane-1,3,7-tricarboxylic acid (3¢). White amorphous
powder; yield 18%.

'H NMR (400 MHz, DMSO-ds) & ppm 8.28 - 8.41 (1 H, m), 8.07 - 8.14 (1 H, m), 7.91 - 7.99 (1
H,m),7.24-7.42 (3H, m), 7.11 - 7.24 (9 H, m), 7.04 - 7.11 (1 H, m), 6.25 - 6.35 (2 H, m), 4.44 -
4.49 (1H, m), 4.30 - 4.43 (2 H, m), 3.95-4.12 (2 H, m), 3.10 - 3.27 (8 H, m), 2.86 - 3.10 (6 H,
m), 2.69 - 2.81 (L H, m), 2.52 - 2.63 (L H, m), 2.28 - 2.37 (2 H, m), 2.13 - 2.26 (5 H, m), 1.82 -
193 (1 H, m), 1.66 - 1.76 (1 H, m), 1.53 - 1.64 (3 H, m), 1.41 - 1.53 (4 H, m), 1.34 (2 H, br. s.),
1.12-1.30 (4 H, m)

13C NMR (101 MHz, DMSO-ds) & ppm 174.54, 174.24, 173.85, 172.89, 172.20, 172.18, 171.90,
171.62, 171.23, 171.15, 171.09, 170.92, 170.74, 157.28, 141.22, 140.82, 138.06, 137.99, 133.40,
133.05, 130.62, 130.26, 129.20, 129.14, 129.03, 128.20, 128.10, 128.00, 127.18, 126.85, 126.33,
126.28, 126.19, 126.08, 124.97, 54.34, 52.17, 51.74, 48.21, 48.14, 47.15, 46.88, 35.87, 32.28,
31.86, 31.80, 30.69, 30.60, 30.07, 29.09, 28.19, 28.14, 27.80, 27.68, 26.27, 26.23, 26.15, 24.72,
24.58, 22.33.

HRMS (ESI) for CsoHesCIN10O12: m/z 1033.4583 (calcd 1033.4545 for [M+H]"), m/z 1031.4400
(caled 1031.4399 for [M-H])

HPLC-MS purity: 100% (+), 100% (-)

Tri-tert-butyl (38,7S5,255,28R)-33-Azid0-25-benzyl-12-(3-chlorobenzyl)-28-(4-hydroxy-
benzyl)-5,13,20,23,26,29-hexaox0-4,6,12,19,24,27,30-heptaazatritriacontane-1,3,7-
tricarboxylate. Yellowish oil; yield 82%.

'H NMR (400 MHz, CDCls) § ppm 7.59 - 7.75 (1 H, m), 7.34 - 7.59 (2 H, m), 7.09 - 7.26 (7 H,
m), 6.98 - 7.09 (1 H, m), 6.84 - 6.96 (2 H, m), 6.68 - 6.84 (2 H, m), 4.26 - 4.38 (2 H, m), 3.28 -
3.39 (2 H, m), 3.09 - 3.28 (7 H, m), 2.83 - 3.05 (3 H, m), 2.43 - 2.68 (3 H, m), 2.21 - 243 (5 H,

m), 1.78 - 1.95 (1 H, m), 1.48 - 1.78 (10 H, m), 1.39 - 1.48 (30 H, m), 1.29 - 1.37 (4 H, m).
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HRMS (ESI) for Ce2HgoCIN19013: m/z 1217.6475 (caled 1217.6372 for [M+H]")
(3S,7S,25S,28R)-33-Azido-25-benzyl-12-(3-chlorobenzyl)-28-(4-hydroxybenzyl)-
5,13,20,23,26,29-hexaoxo0-4,6,12,19,24,27,30-heptaazatritriacontane-1,3,7-tricarboxylic acid
(3d). White amorphous powder; yield 28%.

'H NMR (400 MHz, DMSO-ds) 5 ppm 8.30 (1 H, d, J=14.79 Hz), 7.91 (1 H, br. s.), 7.25 - 7.49
(2H, m), 7.06 - 7.25 (6 H, m), 6.98 (1 H, d, J=8.68 Hz), 6.61 (2 H, d, J=8.31 Hz), 6.31 (1 H, br.
s.),453 (1 H,br.s.),4.43-4.48 (L H, m),4.29 (2H, br.s.),4.05(3H,br.s.),2.86 (2 H, d, J=5.32
Hz), 2.63 (2 H, d, J=11.74 Hz), 2.10 - 2.27 (5 H, m), 1.85 (1 H, br. s.), 1.71 (1 H, br. s.), 1.55 -
1.67 (2H, m), 1.48 (5H, br.s.), 1.12 - 1.29 (4 H, m)

HRMS (ESI) for CsoHesCIN10O13: m/z 1049.4459 (calcd 1049.4494 for [M+H]"), m/z 1047.4394
(calcd 1047.4348 for [M-H]")

HPLC-MS purity: 98% (+), 100% (-)

Tri-tert-butyl  (35,78,25R,285)-33-Azido-25,28-dibenzyl-12-(3-chlorobenzyl)-5,13,20,23,26,29-
hexaoxo-4,6,12,19,24,27,30-heptaazatritriacontane-1,3,7-tricarboxylate. Yellowish oil; yield
65%.

IH NMR (400 MHz, CDCl3) 8 ppm 7.25 (1 H, br. s.), 7.14 - 7.24 (5 H, m), 7.08 - 7.14 (2 H, m),
7.08 (1 H, br.s.),6.98-7.05(1 H, m),4.62-4.75 (1L H, m), 451 (2 H, d, J=13.21 Hz), 4.31 (1 H,
br.s.), 3.25 - 3.42 (3 H, m), 3.09 - 3.25 (4 H, m), 2.91 - 3.09 (3 H, m), 2.62 - 2.78 (2 H, m), 2.40
(LH,br.s.),2.32(2H,br.s.),1.86 (1 H,d, J=8.80 Hz), 1.63 - 1.71 (3 H, m), 1.49 - 1.61 (3 H, m),
1.42-1.48 (9 H, m), 1.37-1.42 (6 H, m), 1.28 (2 H, br. s.)

13C NMR (101 MHz, CDCls) & ppm 129.35, 128.57, 127.05, 92.93, 31.60, 30.81, 28.43, 28.09,
28.05, 28.03

HRMS (ESI) for Cs2HggCIN10012: m/z 1201.6483 (calcd 1201.6423 for [M+H]")
(3S,7S,25R,28S)-33-Azido-25,28-dibenzyl-12-(3-chlorobenzyl)-5,13,20,23,26,29-hexaoxo-
4,6,12,19,24,27,30-heptaazatritriacontane-1,3,7-tricarboxylic acid (3e). White amorphous
powder; yield 21%.

'H NMR (400 MHz, DMSO-dg) 8 ppm 7.97 (1 H, d, J=7.34 Hz), 7.81 - 7.87 (1 H, m), 7.56 - 7.66
(LH, m), 7.24-7.35 (2 H, m), 7.05 - 7.24 (8 H, m), 6.32 (L H, br. s.), 4.36 (1 H, br. s.), 4.04 (1 H,
d, J=5.75 Hz), 3.18 - 3.28 (3 H, m), 3.16 (2 H, d, J=6.72 HZz), 3.06 (1 H, br. s.), 2.99 (2 H, br. s.),
2.89 (1 H, d, J=11.68 Hz), 2.75 (1 H, d, J=13.63 Hz), 2.32 (2 H, br. s.), 2.20 (4 H, d, J=6.60 Hz),
1.81 (1 H, br.s), 1.72 (1 H, br. s.), 1.59 (2 H, d, J=6.54 HZz), 1.48 (2 H, br. s.), 1.32 - 1.45 (2 H,
m)

HRMS (ESI) for CsoHesCIN10012: m/z 1033.4538 (caled 1033.4545 for [M+H]"), m/z 1031.4410
(caled 1031.4399 for [M-H])

HPLC-MS purity: 92% (+), 95% (-)
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Tri-tert-butyl (3S,7S,25R,28S)-33-Azido-25-benzyl-12-(3-chlorobenzyl)-28-(4-hydroxy-
benzyl)-5,13,20,23,26,29-hexaoxo0-4,6,12,19,24,27,30-heptaazatritriacontane-1,3,7-
tricarboxylate. Yellowish oil; yield 55%.

'H NMR (400 MHz, CDCls3) & ppm 7.50 - 7.62 (1 H, m), 7.19 - 7.26 (4 H, m), 7.10 - 7.19 (3 H,
m), 7.00 - 7.09 (1 H, m), 6.88 - 6.97 (2 H, m), 6.69 - 6.79 (1 H, m), 4.50 (2 H, d, J=9.23 Hz), 4.28
-4.40 (2 H, m), 3.26 - 3.39 (2 H, m), 3.10 - 3.25 (6 H, m), 2.26 - 2.40 (4 H, m), 1.77 - 1.90 (1 H,
m), 1.49 - 1.75 (9 H, m), 1.38 - 1.46 (28 H, m), 1.26 - 1.38 (5 H, m).

13C NMR (101 MHz, CDCls) § ppm 189.64, 156.24, 150.71, 129.50, 127.30, 115.04, 95.80, 81.71,
81.60, 80.30, 58.92, 48.43, 39.73, 38.31, 32.52, 31.21, 28.03, 27.65, 27.62, 27.61, 27.58, 15.67.
HRMS (ESI) for Ce2HgoCIN10013: m/z 1217.6475 (caled 1217.6396 for [M+H]").
(3S,7S,25R,28S)-33-Azido-25-benzyl-12-(3-chlorobenzyl)-28-(4-hydroxybenzyl)-
5,13,20,23,26,29-hexaoxo-4,6,12,19,24,27,30-heptaazatritriacontane-1,3,7-tricarboxylic acid
(3f).White amorphous powder; yield 19%.

'H NMR (400 MHz, DMSO-ds) § ppm 8.25 - 8.33 (1 H, m), 8.06 - 8.12 (1 H, m), 7.87 - 7.94 (1
H,m),7.73-7.83 (L H, m), 7.25-7.41 (2 H, m), 7.17 - 7.24 (3 H, m), 7.11 - 7.17 (2 H, m), 7.06 -
7.11 (2 H, m), 6.98 (2 H, dd, J=8.44, 1.65 Hz), 6.58 - 6.64 (2 H, m), 6.25 - 6.34 (2 H, m), 4.50 -
457 (L H, m), 442 - 4.49 (1 H, m), 4.26 - 4.41 (2 H, m), 3.96 - 4.13 (2 H, m), 3.02 - 3.23 (7 H,
m), 2.90 - 3.02 (3 H, m), 2.72 - 2.89 (2 H, m), 2.55 - 2.69 (2 H, m), 2.29 - 2.36 (1L H, m), 2.16 -
2.28 (6 H, m), 1.83 - 1.95 (1 H, m), 1.66 - 1.76 (1 H, m), 1.55 - 1.66 (3 H, m), 1.31 - 1.54 (6 H,
m), 1.11 - 1.30 (5 H, m).

13C NMR (101 MHz, DMSO-ds) § ppm 174.53, 174.24, 173.84, 172.23, 171.87, 171.23, 171.11,
171.02, 157.30, 155.81, 141.20, 140.81, 138.01, 133.40, 133.05, 130.27, 130.12, 129.16, 128.01,
127.18, 126.85, 126.19, 126.07, 124.97, 114.86, 54.69, 54.33, 52.16, 51.72, 48.23, 35.86, 31.86,
31.78, 30.71, 30.61, 30.03, 29.08, 28.96, 28.21, 27.79, 27.64, 26.23, 24.73.

HRMS (ESI) for CsoHesCIN10013: m/z 1049.4468 (caled 1049.4494 for [M+H]"), m/z 1047.4385
(calcd 1047.4348 for [M-H])

HPLC-MS purity: 100% (+), 100% (-)

Tri-tert-butyl  (35,75,25S,285)-33-azido-25-benzyl-12-(4-chlorobenzyl)-28-(4-nitrobenzyl)-
5,13,20,23,26,29-hexaox0-4,6,12,19,24,27,30-heptaazatritriacontane-1,3,7-tricarboxylate.
Yellowish oil; yield 65%.

HRMS (ESI) for Cs2HgsCIN11014: m/z 1246.6274 (caled 1246.6229 for [M+H]")
(3S,7S,25S,28S)-33-Azido-25-benzyl-12-(3-chlorobenzyl)-28-(4-nitrobenzyl)-
5,13,20,23,26,29-hexaoxo0-4,6,12,19,24,27,30-heptaazatritriacontane-1,3,7-tricarboxylic acid
(39). White amorphous powder; yield 26%.
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IH NMR (400 MHz, DMSO-ds) & ppm 8.10 (3 H, d, J=8.62 Hz), 7.44 (2 H, d, J=8.56 Hz), 7.16 (8
H, d, J=7.46 Hz), 7.07 (2 H, s), 6.26 (2 H, br. s.), 4.32 (1 H, br. s.), 4.06 (2 H, br. s.), 2.16 - 2.37
(8H, m), 1.35 (9 H, br. s.).

HRMS (ESI) for CsoHesCIN11014: m/z 1078.4382 (caled 1078.4395 for [M+H]"), m/z 1076.4279
(calcd 1076.4250 for [M-H]")

HPLC-MS purity: 96% (+), 93% (-)

Tri-tert-butyl (3S,7S,25S,28S)-33-azido-25-benzyl-28-(3-bromo-4-hydroxybenzyl)-12-(3-
chlorobenzyl)-5,13,20,23,26,29-hexaoxo0-4,6,12,19,24,27,30-heptaazatritriacontane-1,3,7-
tricarboxylate. Yellowish oil; yield 50%.

IH NMR (400 MHz, CDCl3) & ppm 7.72 — 7.47 (2 H, m), 7.02 - 7.24 (7 H, m), 6.87 - 7.02 (2 H,
m), 4.45 - 4.54 (2H, m), 4.25-4.40 (2H, m), 3.10- 3.38 (8 H, m), 2.97 (3 H, ), 2.22 - 2.43 (4 H,
m), 1.99 - 2.12 (2 H, m), 1.67 - 1.80 (3 H, m), 1.50 - 1.67 (6 H, m), 1.38 - 1.47 (29 H, m), 1.18 -
1.38 (6 H, m), 1.18 - 1.38 (5 H, m), 1.18 - 1.38 (5 H, m).
(3S,7S,25S,28S)-33-Azido-25-benzyl-28-(3-bromo-4-hydroxybenzyl)-12-(3-chlorobenzyl)-
5,13,20,23,26,29-hexaoxo-4,6,12,19,24,27,30-heptaazatritriacontane-1,3,7-tricarboxylic acid
(3h). White amorphous powder; yield 20%.

'H NMR (400 MHz, DMSO-ds) § ppm 8.26 - 8.44 (1 H, m), 8.04 - 8.13 (1 H, m), 7.86 - 8.00 (1
H, m), 7.77 (1 H, d, J=15.96 Hz), 7.25 - 7.44 (3 H, m), 7.04 - 7.25 (6 H, m), 6.95 - 7.04 (1 H, m),
6.74-6.88 (1 H, m), 6.20-6.39 (2H, m),4.54 (1 H,s),4.41-4.49 (1L H, m),4.29 (2H, d, J=5.14
Hz), 4.01 (2 H, br.s.), 3.08 (5 H, d, J=5.56 Hz), 2.80 - 2.90 (1 H, m), 2.77 (1 H, br. s.), 2.66 (1 H,
d, J=2.08 Hz), 2.59 (1 H, br. s.), 2.28 - 2.38 (2 H, m), 2.12 - 2.28 (5 H, m), 1.76 - 1.94 (1 H, m),
154-1.76 (3H,m),1.36 (5H, br.s.), 1.22 (4 H, br. s.), 1.12 (1 H, br. s.)

HRMS (ESI) for CsoHesBrCINigO1s: m/z 1127.3569 (caled 1127.3599 for [M+H]"), m/z
1125.3501 (caled 1125.3453 for [M-H])

HPLC-MS purity: 91% (+), 100% (-).

Tri-tert-butyl  (35,78,255,285)-33-azido-25-benzyl-12-(3-chlorobenzyl)-28-(3,4-dihydroxy-
benzyl)-5,13,20,23,26,29-hexaox0-4,6,12,19,24,27,30-heptaazatritriacontane-1,3,7-
tricarboxylate. Yellowish oil; yield 67%.

'H NMR (400 MHz, DMSO-ds) & ppm 8.72 (1 H, s), 8.68 (1 H, s), 8.31 (1 H, d, J=6.97 Hz), 8.07
(1H,d,J=8.13Hz),7.94 (1 H,s), 7.55 (1 H,d, J=5.50 Hz), 7.28 - 7.41 (2 H, m), 7.09 - 7.24 (7 H,
m), 6.58 - 6.63 (2 H, m), 6.46 (1 H, d, J=8.25 Hz), 6.27 - 6.32 (1 H, m), 6.25 (1 H, d, J=8.74 Hz),
454 (1H,s), 446 (1 H,br.s.),4.27 (2H, br.s.),3.95 (1 H, br.s.), 3.21 - 3.27 (2 H, m), 3.17 (2
H, d, J=6.85 Hz), 3.05 (2 H, dd, J=11.43, 5.99 Hz), 3.00 (2 H, d, J=5.87 Hz), 2.93 (1 H, br. s.),
289 (1H,br.s.),285(1H,br.s.), 2333 H,d,J=7.09 Hz), 2.12 - 2.28 (5 H, m), 1.35 - 1.38 (27
H, m)
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HRMS (ESI) for Ce2HgoCIN10014: m/z 1233.6378 (calcd 1233.6321 for [M+H]")
(3S,7S,25S,28S)-33-Azido-25-benzyl-12-(3-chlorobenzyl)-28-(3,4-dihydroxybenzyl)-
5,13,20,23,26,29-hexaoxo0-4,6,12,19,24,27,30-heptaazatritriacontane-1,3,7-tricarboxylic acid
(3i). White amorphous powder; yield 21%.
'H NMR (400 MHz, DMSO-ds) & ppm 8.31 - 8.38 (1 H, m), 8.05 - 8.12 (1 H, m), 7.89 - 7.98 (1
H, m), 7.54 (1 H, d, J=5.75 Hz), 7.25 - 7.41 (2 H, m), 7.20 (3 H, d, J=6.85 Hz), 7.12 - 7.17 (3 H,
m), 6.60 (2 H, d, J=7.15 Hz), 6.46 (1 H, d, J=7.95 Hz), 6.24 - 6.36 (2 H, m), 4.53 (1 H, br. s.), 4.45
(LH,s),4.25(2H,d, J=4.22 Hz), 3.99 - 4.09 (2 H, m), 3.05 (2 H, dd, J=11.03, 5.90 Hz), 2.99 (2
H, dd, J=12.65, 6.66 Hz), 2.91 - 2.96 (1 H, m), 2.87 (2 H, d, J=17.97 Hz), 2.59 - 2.76 (2 H, m),
2.28-2.39 (3H, m), 2.13-2.28 (5H, m), 1.83-1.94 (1 H, m), 1.69 (1 H, dd, J=13.36, 7.61 Hz),
1.55-1.63 (3H, m), 1.44 - 1.55 (4 H, m), 1.39 (3 H, dt, J=14.03, 7.11 Hz), 1.19 - 1.31 (3 H, m),
1.17 (L H, br.s.)
MS (ESI) for CsoHesCIN10014: m/z 1065.45 (caled 1065.44 for [M+H]")
HPLC-MS-MS purity: 100% (+), 100% (-)

General procedure of SPPS of Boc-containing ligands without APA part (4)
1) Resin activation
2-Chlorotrityl chloride resin (100-200 mesh, capacity 1 -1.5 mmol g, 300 mg) was stirred in
DCM (3 ml) for 10 minutes. Thionyl chloride (77 ul) was added to the solution. After 3-4 min,
catalytic amount of DMF was added. The solution was stirred for 4 hours at 40 °C. After activation,
the resin was washed three times with DMF (3 ml) for 1 minute, then three times with DCM (3
ml) for 1 minute. Excess solvent was removed, but the resin was not dried fully to prevent reaction
with moisture from air.
2) Addition of the first amino acid residue
DMF (3 ml) was added to activated resin, and this was stirred for 5 min. Then Fmoc-protected
amino acid was added. The amino acid was taken in double excess of the upper limit of the resin
capacity. Then DIPEA was added in 5-fold excess. The reaction mixture was stirred for 2 hours.
At the end of the reaction, the solvent was removed from the reactor and the resin was washed
with MeOH (3x3 ml) for 1 minute, DCM (3x3 ml) 1 minute, DMF (3x3 ml) for 1 min and with
DCM (2x3 ml) for 1 min. The resin was then dried.
3) Removal of the Fmoc protection group
The resin was washed twice with DMF (3 ml) for 1 min. A solution of 4-methylpiperidine in DMF
(20%, 5 ml) was added to the resin, and this was stirred for 15 min. The resin was filtered and
washed with DMF (2x3 ml) for 1 minute and then with DCM (3x3 ml) for 1 minute. The resin
was dried.
4) Addition of the second amino acid residue
Dried resin was washed with DMF (2x3 ml) for 1 min. Then DMF (3 ml), the second amino acid
(2 equiv.), HOBt (0.5 equiv.), HBTU (2 equiv.) and DIPEA (3 equiv.) were added. The mixture
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was stirred for 2 hours. The solvent was removed, and the resin was washed with DMF (3x3 ml)
for 1 min and with DCM (3x3 ml) for 1 min. The Fmoc protective group was removed in the same
way as described in paragraph 3 of this procedure.

5) Urea-based vector-molecule attachment

Dried resin was washed twice with DMF (3 ml) for 1 min. Then DMF (3 ml), (7S,11S)-7,11-
bis(tert-butoxycarbonyl)-16-(3-chlorobenzyl)-2,2-dimethyl-4,9,17-trioxo-3-oxa-8,10,16-
triazadocosan-22-oic acid (2 equiv.), HOBt (0.5 equiv.), HBTU (2 equiv.) and DIPEA (3 equiv.)
were added. The mixture was stirred for 2 h. The solvent was removed, and the resin was washed
with DMF (3x3 ml) for 1 min and with DCM (3x3 ml) for 1 min. The resin was dried.

6) Removing the ligand from the resin.

The resin was washed with DCM (2x3 ml) for 1 min. The resin was placed in trifluoroacetic acid
solution (0.5%, 5 ml) for 15 min. Then solvent from resulting filtrate was removed under reduced
pressure and several times re-evaporated from DCM. The product was isolated by column
chromatography with the reverse phase.
(2S,5R,23S,27S)-2-Benzyl-5-(4-tert-butoxybenzyl)-23,27-bis(tert-butoxycarbonyl)-18-(3-
chlorobenzyl)-32,32-dimethyl-4,7,10,17,25,30-hexaoxo-31-0xa-3,6,11,18,24,26-
hexaazatritriacontan-1-oic acid (4). White amorphous powder; yield 47%.

'H NMR (400 MHz, DMSO-ds)  ppm 8.36 (1 H, d, J=7.95 Hz), 8.00 (1 H, d, J=8.86 Hz), 7.71 -
7.79(1H, m),7.27-7.43(2H, m), 7.17 - 7.26 (5 H, m), 7.09 - 7.17 (2 H, m), 6.98 (2 H, d, J=8.38
Hz), 6.78 (2 H, d, J=8.38 Hz), 6.22 - 6.32 (2 H, m), 4.54 (1L H, s), 4.39 - 4.49 (3H, m), 3.88 - 4.06
(2H, m),3.11-3.24 (2H, m), 2.88 - 3.08 (3 H, m), 2.83 (1 H, dd, J=13.24, 9.14 Hz), 2.68 (1 H,
d, J=10.64 Hz), 2.37 - 2.46 (1 H, m), 2.26 - 2.35 (1 H, m), 2.07 - 2.26 (7 H, m), 1.79 - 1.91 (1 H,
m), 1.64 (1 H, dd, J=15.04, 5.87 Hz), 1.56 (1 H, dd, J=14.49, 7.58 Hz), 1.40 - 1.53 (5 H, m), 1.34
-1.39(27H, m), 1.20 - 1.24 (11 H, m)

13C NMR (101 MHz, DMSO-dg) & ppm 172.89, 171.93, 171.11, 161.93, 153.29, 137.56, 129.64,
129.28, 128.16, 123.24, 80.59, 79.78, 53.74, 53.41, 28.56, 27.75, 27.66

MS (ESI) for CeaHo1CINsO14: m/z 1191.65 (caled 1191.64 for [M+H]")

General procedure of synthesis of ligand (SPPS) (5)

Stage 1. Ligand without APA-fragment was dissolved in DMF (30 ml) and cooled to 0°C. The
order of reagent addition in this reaction is crucial, thus eliminating the side reaction of terminal
amino acid residue racemization. Reagents were added in the following sequence: 3-azido-1-
propanamine (1.5 equiv.), HOBt (1.2 equiv.), HBTU (1.2 equiv.) and DIPEA (1.5 eq.). The
mixture was stirred for 24 h. The solvent was then removed under reduced pressure, and the residue
was extracted with DCM/water system. The solvent was removed under reduced pressure and the
product was isolated by column chromatography with the reverse phase.
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Stage 2. Boc-containing ligand (1 equiv.) was dissolved in a solution of trifluoroacetic acid, DCM,
distilled water and triisopropylsilane (46.25:46.25:5: .5), and this was stirred at room temperature
for 3 h. The solvent was removed under reduced pressure. The residue was re-evaporated three
times from DCM. To the resulting oily residue diethyl ether (5 ml) was added to precipitate white
solid. Ether was decanted, and the procedure was repeated two times. The product was isolated by
column chromatography with reverse phase (Puriflash C18 15, 20 g, eluent: acetonitrile-water
system: 10—100% MeCN in 20 min).

Tri-tert-butyl (3S,7S,25R,28S)-33-azido-28-benzyl-25-(4-tert-butoxybenzyl)-12-(3-
chlorobenzyl)-5,13,20,23,26,29-hexaoxo0-4,6,12,19,24,27,30-heptaazatritriacontane-1,3,7-
tricarboxylate. White amorphous powder; yield 59%.

'H NMR (400 MHz, DMSO-ds) & ppm 7.30 (1 H, s), 7.17 - 7.28 (5 H, m), 7.15 (2 H, br. s.), 6.99
(2 H, m, J=8.44 Hz), 6.78 (2 H, m, J=8.31 Hz), 6.22 - 6.33 (2 H, m), 4.46 (1 H, s), 3.23 (2 H, t,
J=6.82 Hz), 3.16 (2 H, br. s.), 2.98 (2 H, d, J=5.32 Hz), 2.67 (L H, s), 1.54 - 1.63 (3 H, m), 1.45 -
1.53 (3 H, m), 1.33-1.39 (27 H, m), 1.23 (9 H, s)

13C NMR (101 MHz, DMSO-ds) & ppm 172.29, 172.20, 171.21, 153.72, 143.19, 138.35, 130.02,
129.58, 128.45, 123.64, 80.17, 77.95, 48.62, 28.96, 28.59, 28.14, 28.05, 28.03

HRMS (ESI) for CesHo7CIN10013: m/z 1273.7029 (calcd 1273.6998 for [M+H]")
(3S,7S,25R,28S)-33-Azido-28-benzyl-12-(3-chlorobenzyl)-25-(4-hydroxybenzyl)-
5,13,20,23,26,29-hexaoxo-4,6,12,19,24,27,30-heptaazatritriacontane-1,3,7-tricarboxylic acid
(5). White amorphous powder; yield 26%.

'H NMR (400 MHz, DMSO-ds) § ppm 8.27 (1 H, dd, J=8.47, 3.85 Hz), 7.97 - 8.02 (1 H, m), 7.88
(1H,d,J=3.25Hz), 7.77 (L H, s), 7.34 (L H, d, J=7.70 Hz), 7.25 - 7.31 (2 H, m), 7.21 - 7.25 (1 H,
m), 7.19 (3 H, d, J=7.01 Hz), 7.14 - 7.17 (3H, m), 7.07 - 7.14 (2 H, m), 6.83 (2 H, m, J=8.38 Hz),
6.55 (2 H, m, J=8.38 Hz), 6.26 - 6.31 (1 H, m), 6.24 (1 H, d, J=2.91 Hz), 4.51 (1 H, 5), 4.44 (1 H,
s), 4.35 (1L H, d, J=5.13 Hz), 4.19 - 4.27 (L H, m), 4.01 - 4.10 (2 H, m), 3.22 (3 H, t, J=6.93 Hz),
3.15 (3 H, dd, J=14.37, 6.67 Hz), 3.09 (1 H, d, J=6.33 Hz), 3.00 - 3.05 (1 H, m), 2.94 - 3.00 (2 H,
m), 2.88 -2.94 (2 H, m), 2.69 - 2.77 (2 H, m), 2.31 (2 H, t, J=7.27 Hz), 2.15 - 2.24 (7 H, m), 1.87
(2H,d, J=7.36 Hz), 1.68 (2 H, br.s.), 1.47 (4 H, br.s.), 1.37 - 1.43 (2 H, m), 1.31 - 1.37 (2 H, m),
1.21-1.29 (3H, m), 1.13 (2 H, d, J=7.70 Hz)

HRMS (ESI) for CsoHesCIN10013: m/z 1049.4471 (caled 1049.4494 for [M+H]"), m/z 1047.4390
(calcd 1047.4348 for [M-H]")

HPLC-MS purity: 100% (+), 100% (-)
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Figure S1. 'H NMR (S)-2-(tert-butoxycarbonylamino)-3-phenylpropanoic acid (N-Boc-L-
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Figure S4. 'H NMR (R)-2-(tert-butoxycarbonylamino)-3-phenylpropanoic acid (N-Boc-D-
Phe).
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(ESI) for C14H19NO4: m/z 266.1259 (calcd 266.1392 for [M+H]")
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Figure S14. 13C NMR (R)-2-((S)-2-(tert-butoxycarbonylamino)-3-phenylpropanamido)-3-
phenylpropanoic acid (1c).
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Figure S15. MS (R)-2-((S)-2-(tert-butoxycarbonylamino)-3-phenylpropanamido)-3-
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Figure S17. 13C NMR (R)-2-((S)-2-(tert-butoxycarbonylamino)-3-phenylpropanamido)-3-
(4-hydroxyphenyl)propanoic acid (1d).
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Figure S18. MS (R)-2-((S)-2-(tert-butoxycarbonylamino)-3-phenylpropanamido)-3-
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Figure S21. MS (5)-2-((R)-2-(tert-butoxycarbonylamino)-3-phenylpropanamido)-3-

phenylpropanoic (1e).
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Figure S22. 'H NMR (S)-2-((R)-2-(tert-butoxycarbonylamino)-3-phenylpropanamido)-
-3-(4-hydroxyphenyl)propanoic acid (1f).
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Figure S23. 13C NMR (S)-2-((R)-2-(tert-butoxycarbonylamino)-3-phenylpropanamido)-
-(4-hydroxyphenyl)propanoic acid (1f).
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Figure S24. MS (S)-2-((R)-2-(tert-butoxycarbonylamino)-3-phenylpropanamido)-
-(4-hydroxyphenyl)propanoic acid (1f).
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Figure S25. 'H NMR (S)-2-((S)-2-(tert-butoxycarbonylamino)-3-phenylpropanamido)-
-3-(4-nitrophenyl)propanoic acid (1g).
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Figure S27. BC NMR (S)-3-(3-bromo-4-hydroxyphenyl)-2-((S)-2-(tert-butoxy-
carbonylamino)-3-phenylpropanamido)propanoic acid (1h).
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Figure S28. MS (S)-3-(3-bromo-4-hydroxyphenyl)-2-((S)-2-(tert-butoxycarbonylamino)-3-
phenylpropanamido)propanoic acid (1h).

S31



INE-60.001.001.1R.ESP
0.20
o
p J
] ~
0.15-] ~ °
] ' ]
5 N
@
2
2 1
£
o 4 o
L Q) 8
S 0.10 N
£ N
=] [
=z
] o
5 & 28
1 - 38 e ¢
0.05 ~ o N Y
g @
q |
|
] \“
07 . —— r‘—'r’”JJH“v”ﬁL:*%f —— 5 i L (s
0.90 2.00 0.840.810.892.491.020.670.000.932.17 1.09 1.060.90 0.450.610.670.600.510.580.46  8.68
— B H 0 W W W W0 H W HOH W oW W W H HH H

13.0 125 120 115 110 105 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 15 10 05
Chemical Shift (ppm)

Figure S29. 'H NMR (S)-2-((S)-2-(tert-butoxycarbonylamino)-3-phenylpropanamido)-
-3-(3,4-dihydroxyphenyl)propanoic acid (1i).
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Figure S30. MS (5)-2-((S)-2-(tert-butoxycarbonylamino)-3-phenylpropanamido)-
-3-(3,4-dihydroxyphenyl)propanoic acid (1i).
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Figure S31. *H NMR tert-butyl (S)-(1-((2-((3-azidopropyl)amino)-2-oxoethyl)amino)-1-oxo-
3-phenylpropan-2-yl)carbamate.
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Figure S32. 3C NMR tert-butyl (S)-(1-((2-((3-azidopropyl)amino)-2-oxoethyl)amino)-1-
oxo0-3-phenylpropan-2-yl)carbamate.
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Figure S33. MS tert-butyl (S)-(1-((2-((3-azidopropyl)amino)-2-oxoethyl)amino)-1-oxo-3-
phenylpropan-2-yl)carbamate.
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Figure S34. 'H NMR tert-butyl (S)-(2-((1-((3-azidopropyl)amino)-1-oxo-3-phenylpropan-2-
yl)amino)-2-oxoethyl)carbamate.
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Figure S35. 13C NMR tert-butyl (S)-(2-((1-((3-azidopropyl)amino)-1-oxo-3-phenylpropan-2-
yl)amino)-2-oxoethyl)carbamate.
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Figure S36. MS tert-butyl (S)-(2-((1-((3-azidopropyl)amino)-l-oxo-3-pheny|propan-?-
yl)amino)-2-oxoethyl)carbamate.
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Figure S37. 'H NMR tert-butyl ((S)-1-(((R)-1-((3-azidopropyl)amino)-1-0xo-3-

phenylpropan-2-yl)amino)-1-oxo0-3-phenylpropan-2-yl)carbamate.
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Figure S38. 3C NMR tert-butyl ((S)-1-(((R)-1-((3-azidopropyl)amino)-1-oxo-3-
phenylpropan-2-yl)amino)-1-oxo-3-phenylpropan-2-yl)carbamate.
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Figure S39. MS tert-butyl ((S)-1-(((R)-1-((3-azidopropyl)amino)-1-0xo0-3-phenylpropan-2-

yl)amino)-1-o0xo0-3-phenylpropan-2-yl)carbamate.
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Figure S40. 'H NMR tert-butyl ((S)-1-(((R)-1-((3-azidopropyl)amino)-3-(4-hydroxyphenyl)-
1-oxopropan-2-yl)amino)-1-oxo-3-phenylpropan-2-yl)carbamate.
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Figure S41. MS tert-butyl ((S)-1-(((R)-1-((3-azidopropyl)amino)-3-(4-hydroxyphenyl)-1-

oxopropan-2-yl)amino)-1-oxo-3-phenylpropan-2-yl)carbamate.
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Figure S42. 'H NMR tert-butyl ((R)-1-(((S)-1-((3-azidopropyl)amino)-1-0xo-3-
phenylpropan-2-yl)amino)-1-oxo-3-phenylpropan-2-yl)carbamate.
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Figure S43. 13C NMR tert-butyl ((R)-1-(((S)-1-((3-azidopropyl)amino)-1-o0xo-3-

phenylpropan-2-yl)amino)-1-oxo0-3-phenylpropan-2-yl)carbamate.
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Figure S44. MS tert-butyl ((R)-1-(((S)-1-((3-azidopropyl)amino)-1-o0xo-3-phenylpropan-2-

yl)amino)-1-oxo-3-phenylpropan-2-yl)carbamate.
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Figure S45. 'H NMR tert-butyl ((R)-1-(((S)-1-((3-azidopropyl)amino)-3-(4-hydroxyphenyl)-
1-oxopropan-2-yl)amino)-1-oxo-3-phenylpropan-2-yl)carbamate.
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Figure S46. 3C NMR tert-butyl ((R)-1-(((S)-1-((3-azidopropyl)amino)-3-(4-
hydroxyphenyl)-1-oxopropan-2-yl)amino)-1-oxo-3-phenylpropan-2-yl)carbamate.
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Figure S47. MS tert-butyl ((R)-1-(((S)-1-((3-azidopropyl)amino)-3-(4-hydroxyphenyl)-1-
oxopropan-2-yl)amino)-1-oxo-3-phenylpropan-2-yl)carbamate.
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Figure S48. 'H NMR tert-butyl ((S)-1-(((S)-1-((3-azidopropyl)amino)-3-(3-bromo-4-
hydroxyphenyl)-1-oxopropan-2-yl)amino)-1-oxo-3-phenylpropan-2-yl)carbamate.
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Figure S49. 3C NMR tert-butyl ((S)-1-(((S)-1-((3-azidopropyl)amino)-3-(3-bromo-4-
hydroxyphenyl)-1-oxopropan-2-yl)amino)-1-oxo-3-phenylpropan-2-yl)carbamate.
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Figure S50. MS  tert-butyl  ((S)-1-(((S)-1-((3-azidopropyl)amino)-3-(3-bromo-4-
hydroxyphenyl)-1-oxopropan-2-yl)amino)-1-oxo-3-phenylpropan-2-yl)carbamate.
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Figure S51. H NMR tert-butyl  ((S)-1-(((S)-1-((3-azidopropyl)amino)-3-(3,4-
dihydroxyphenyl)-1-oxopropan-2-yl)amino)-1-oxo-3-phenylpropan-2-yl)carbamate.
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Figure S52. 13C NMR tert-butyl ((S)-1-(((S)-1-((3-azidopropyl)amino)-3-(3,4-
dihydroxyphenyl)-1-oxopropan-2-yl)amino)-1-oxo-3-phenylpropan-2-yl)carbamate.
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Figure S53. MS tert-butyl ((S)-l-(((S)-l-((3-azidopropyl)amino)-3-(3,4-dihydroxyphenyl);l-
oxopropan-2-yl)amino)-1-oxo-3-phenylpropan-2-yl)carbamate.
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Figure S54. 'H NMR (S)-1-((2-((3-azidopropyl)amino)-2-oxoethyl)amino)-1-oxo-3-
phenylpropan-2-aminium 2,2,2-trifluoroacetate (2a).
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Figure S55. 33C NMR (S)-1-((2-((3-azidopropyl)amino)-2-oxoethyl)amino)-1-o0xo-3-
phenylpropan-2-aminium 2,2,2-trifluoroacetate (2a).
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Figure S56. MS (S)-1-((2-((3-azidopropyl)amino)-2-oxoethyl)amino)-1-o0xo-3-phenylpropan-
2-aminium 2,2,2-trifluoroacetate (2a).
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Figure S57. 'H NMR (S)-2-((1-((3-azidopropyl)amino)-1-oxo-3-phenylpropan-2-yl)amino)-2-
oxoethan-1-aminium 2,2,2-trifluoroacetate (2b).
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Figure S58. 13C NMR (S)-2-((1-((3-azidopropyl)amino)-1-oxo-3-phenylpropan-2-yl)amino)-
2-oxoethan-1-aminium 2,2,2-trifluoroacetate (2b).
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Figure S59. MS (S)-2-((1-((3-azidopropyl)amino)-1-oxo-3-phenylpropan-2-yl)amino)-2-
oxoethan-1-aminium 2,2,2-trifluoroacetate (2b).
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Figure S60. *H NMR (S)-1-(((R)-1-((3-azidopropyl)amino)-1-oxo0-3-phenylpropan-2-
yl)amino)-1-0xo0-3-phenylpropan-2-aminium 2,2,2-trifluoroacetate (2c).
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Figure S61. 3C NMR (S)-1-((R)-1-((3-azidopropyl)amino)-1-0xo-3-phenylpropan-2-
yl)amino)-1-o0xo0-3-phenylpropan-2-aminium 2,2,2-trifluoroacetate (2c).
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Figure S61. MS (S)-1-(((R)-1-((3-azidopropyl)amino)-1-0xo0-3-phenylpropan-2-yl)amino)-1-
oxo0-3-phenylpropan-2-aminium 2,2,2-trifluoroacetate (2c).
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Figure S62. H NMR (S)-1-(((R)-1-((3-azidopropyl)amino)-3-(4-hydroxyphenyl)-1-

oxopropan-2-yl)amino)-1-oxo-3-phenylpropan-2-aminium 2,2,2-trifluoroacetate (2d).
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Figure S64. MS (S)-1-(((R)-1-((3-azidopropyl)amino)-3-(4-hydroxyphenyl)-1-oxopropan-2-
yl)amino)-1-oxo-3-phenylpropan-2-aminium 2,2,2-trifluoroacetate (2d).
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Figure S65. 'H NMR (R)-1-(((S)-1-((3-azidopropyl)amino)-1-oxo-3-phenylpropan-2-
yl)amino)-1-oxo-3-phenylpropan-2-aminium 2,2,2-trifluoroacetate (2e).
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Figure S66. BC NMR (R)-1-(((S)-1-((3-azidopropyl)amino)-1-oxo-3-phenylpropan-2-
yl)amino)-1-oxo-3-phenylpropan-2-aminium 2,2,2-trifluoroacetate (2e).
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Figure S67. MS (R)-1-(((S)-1-((3-azidopropyl)amino)-1-oxo-3-phenylpropan-2-yl)amino)-1-
0x0-3-phenylpropan-2-aminium 2,2,2-trifluoroacetate (2e).
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Figure S68. H NMR (R)-1-(((S)-1-((3-azidopropyl)amino)-3-(4-hydroxyphenyl)-1-
oxopropan-2-yl)amino)-1-oxo-3-phenylpropan-2-aminium 2,2,2-trifluoroacetate (2f).

Normalized Intensity

0.25—2
0.20—2
0.15—;
0.10—;

0.054

CAI%E&N_OI S 888% ) ANAAODONO
N © 0 S o © 0 ©UOAd0OY NNO©
~ © o) M ®»AN — VOSSP D O G 0O
— - - - - ST OMOOMOMOAN
(! | S =

bt db b koo e T b e ke L \.\l...dm.u YT T O TP Y Y 1 VS Y PO T

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20
Chemical Shift (ppm)

Figure S68. 13C NMR (R)-1-(((S)-1-((3-azidopropyl)amino)-3-(4-hydroxyphenyl)-1-
oxopropan-2-yl)amino)-1-oxo-3-phenylpropan-2-aminium 2,2,2-trifluoroacetate (2f).
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Figure S69. MS (R)-1-(((S)-1-((3-azidopropyl)amino)-3-(4-hydroxyphenyl)-1-oxopropan-2-
yl)amino)-1-oxo-3-phenylpropan-2-aminium 2,2,2-trifluoroacetate (2f).
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Figure S70. *H NMR (S)-1-(((S)-1-((3-azidopropyl)amino)-3-(4-nitrophenyl)-1-oxopropan-2-
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Figure S71. *H NMR (S)-1-(((S)-1-((3-azidopropyl)amino)-3-(3-bromo-4-hydroxyphenyl)-1-
oxopropan-2-yl)amino)-1-oxo-3-phenylpropan-2-aminium 2,2,2-trifluoroacetate (2h).
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Figure S72. 3C NMR (S)-1-(((S)-1-((3-azidopropyl)amino)-3-(3-bromo-4-hydroxyphenyl)-1-
oxopropan-2-yl)amino)-1-oxo-3-phenylpropan-2-aminium 2,2,2-trifluoroacetate (2h).
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Figure S73. MS (S)-1-(((S)-1-((3-azidopropyl)amino)-3-(3-bromo-4-hydroxyphenyl)-1-

oxopropan-2-yl)amino)-1-oxo-3-phenylpropan-2-aminium 2,2,2-trifluoroacetate (2h).

NE-64-2.001.001.1R.ESP Mo2(m)
>
<
N

1.0
] @
E <
E N
0.9 7
0.8 7
1 M13(m) MO3(m)
E =0 =\
] 3 2
0.7 3 ~ M12(dd) Q
q ﬁ\ [l
E N M11(dd)
&)

2 o6 ~ 2 MOS(m)

G 0.6 M14(br. s. N =@

e (or. s) ~ g MO7(m)

g E g

£ 1 M15

£ E ’_grn) 3 MO5(m)

g @ o &

S 05 S] © o

g @ o &

] o
E M16(d ~
S 1 (d) B N o~
0.4 3 ©
©
] S
1 @
E g
- S M10(m)
] ~ o S —
E A5 88 Mogbr. s)
§ o
02 ] iy g Moser.s)
01 /
] J
] /LJ\,J
1 i
] | |
o 3 ) i /
JL | S e Y S B
2,01 1.332.58 5.33 2.061.01 100 115 0.022.021.911.320.001.101.061.28 2.06
=] HooH = [y (=) = | [ ) | ol e =l
e B R T EETTEEES
2.0 85 8.0 75 7.0 6.5 6.0 5.5 5.0 45 4.0 3.5 3.0 25 2.0 15 1.0

" Chemical Shift (opm)

Figure S74. 'H NMR (S)-1-(((S)-1-((3-azidopropyl)amino)-3-(3,4-dihydroxyphenyl)-1-
oxopropan-2-yl)amino)-1-oxo-3-phenylpropan-2-aminium 2,2,2-trifluoroacetate (2i).
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Figure S74. 13C NMR (S)-1-(((S)-1-((3-azidopropyl)amino)-3-(3,4-dihydroxyphenyl)-1-
oxopropan-2-yl)amino)-1-oxo-3-phenylpropan-2-aminium 2,2,2-trifluoroacetate (2i).
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Figure S75. MS (S)-1-(((S)-1-((3-azidopropyl)amino)-3-(3,4-dihydroxyphenyl)-1-
oxopropan-2-yl)amino)-1-oxo-3-phenylpropan-2-aminium 2,2,2-trifluoroacetate (2i).
2428 SBEOIIRR IIINN S & FBBBHIAIN BBIIIAINEISRBIIITISINIISS
00 00 0 O [l D el e A N (e (o) LS IITTITTO OO MOANNNAAAAAAAAAAOO
e el S R
0.15
> ] |
% ]
[ -
5] 4
c i
= ]
© 0.107
s ] |
1S 1 |
§ 1
zZ -
0.05
1 |
] U]
0 7 — e AN o —
1.500.980.882.054.43 0.590.491.05 0.942.032.001.88 7.75 1.21 2.883.83 7.0629.603.61
 I— T I e o = S Iy N - Iy O |
9 8 7 6 5 4 3 2 1

Chemical Shift (ppm)
Figure S76. 'H NMR tri-tert-butyl (3S,7S,25S)-33-azido-25-benzyl-12-(3-chlorobenzyl)-
5,13,20,23,26,29-hexaoxo0-4,6,12,19,24,27,30-heptaazatritriacontane-1,3,7-tricarboxylate.
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Figure S77. BC NMR tri-tert-butyl (3S,7S,25S)-33-azido-25-benzyl-12-(3-chlorobenzyl)-
5,13,20,23,26,29-hexaoxo0-4,6,12,19,24,27,30-heptaazatritriacontane-1,3,7-tricarboxylate.
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Figure S79. 'H NMR tri-tert-butyl (3S,7S,28S)-33-azido-28-benzyl-12-(3-chlorobenzyl)-
5,13,20,23,26,29-hexaoxo0-4,6,12,19,24,27,30-heptaazatritriacontane-1,3,7-tricarboxylate.
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Figure S80. 3C NMR tri-tert-butyl (3S,7S,28S)-33-azido-28-benzyl-12-(3-chlorobenzyl)-
5,13,20,23,26,29-hexaox0-4,6,12,19,24,27,30-heptaazatritriacontane-1,3,7-tricarboxylate.
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Figure S81. HRMS tri-tert-butyl (3S,7S,28S)-33-azido-28-benzyl-12-(3-chlorobenzyl)-
5,13,20,23,26,29-hexaox0-4,6,12,19,24,27,30-heptaazatritriacontane-1,3,7-tricarboxylate.
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Figure S82. 'H NMR tri-tert-butyl (3S,7S,25S,28R)-33-azido-25,28-dibenzyl-12-(3-
chlorobenzyl)-5,13,20,23,26,29-hexaox0-4,6,12,19,24,27,30-heptaazatritriacontane-1,3,7-
tricarboxylate.

S60



SABEOE RSN 223NN TRR A
AR j iy 4 0O M ANOMAST®MO® COODOMUWOVOATNODMUVIDAOOMN O LN LD
NOANNTON OOIFTODD D OO O~ LD QONWITMONOONNINOONONMOON MO
NNNNNSRD OOOONNNNNN NN AdAdOON NGB AN WG G dBBBBONG N
\—I|\T|HH\—|\—|7H\—|\—|HHH\—|\—|\—|HH\—| wwmmﬂor\r\r\mmwmmmmwmmw
0.30
0.25
N ]
= -
5 ]
< =
) ]
i}
IS ] [
< 0.20-
2 ]
N ]
© =
£ ] I
(@] -
z 0.154
E I I
0.10 |
E I
] | 0 ! |
0.057 | | A 1 1
] [ | |
1 | I '
— | |
T LA e e o e o e e o L L e e
160 140 120 100 80 60 40 20

Chemical Shift (ppm)
Figure S83. C NMR tri-tert-butyl (3S,7S,25S,28R)-33-azido-25,28-dibenzyl-12-(3-
chlorobenzyl)-5,13,20,23,26,29-hexaox0-4,6,12,19,24,27,30-heptaazatritriacontane-1,3,7-
tricarboxylate.
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Figure S84. HRMS tri-tert-butyl (3S,7S,25S,28R)-33-azido-25,28-dibenzyl-12-(3-
chlorobenzyl)-5,13,20,23,26,29-hexaoxo0-4,6,12,19,24,27,30-heptaazatritriacontane-1,3,7-
tricarboxylate.
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Figure S85. 'H NMR tri-tert-butyl (3S,7S,2

5S,28R)-33-azido-25-benzyl-12-(3-chlorobenzyl)-

28-(4-hydroxybenzyl)-5,13,20,23,26,29-hexaoxo-4,6,12,19,24,27,30-heptaazatritriacontane-

1,3,7-tricarboxylate.
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Figure S86. HRMS tri-tert-butyl (3S,7S,2
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5S,28R)-33-azido-25-benzyl-12-(3-chlorobenzyl)-

28-(4-hydroxybenzyl)-5,13,20,23,26,29-hexaoxo-4,6,12,19,24,27,30-heptaazatritriacontane-

1,3,7-tricarboxylate.
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Figure S87. 'H NMR tri-tert-butyl (3S,7S,25R,28S)-33-azido-25,28-dibenzyl-12-(3-
chlorobenzyl)-5,13,20,23,26,29-hexaoxo-4,6,12,19,24,27,30-heptaazatritriacontane-1,3,7-
tricarboxylate.
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Figure S88. 3C NMR tri-tert-butyl (3S,7S,25R,28S)-33-azido-25,28-dibenzyl-12-(3-
chlorobenzyl)-5,13,20,23,26,29-hexaoxo-4,6,12,19,24,27,30-heptaazatritriacontane-1,3,7-
tricarboxylate.
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Figure S$89. HRMS tri-tert-butyl  (3S,7S,25R,28S)-33-azido-25,28-dibenzyl-12-(3-
chlorobenzyl)-5,13,20,23,26,29-hexaox0-4,6,12,19,24,27,30-heptaazatritriacontane-1,3,7-
tricarboxylate.
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Figure S90. 'H NMR tri-tert-butyl (3S,7S,25R,28S)-33-azido-25-benzyl-12-(3-
chlorobenzyl)-28-(4-hydroxybenzyl)-5,13,20,23,26,29-hexaoxo0-4,6,12,19,24,27,30-
heptaazatritriacontane-1,3,7-tricarboxylate.
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Figure S90. C NMR tri-tert-butyl (3S,7S,25R,28S)-33-azido-25-benzyl-12-(3-
chlorobenzyl)-28-(4-hydroxybenzyl)-5,13,20,23,26,29-hexaoxo0-4,6,12,19,24,27,30-
heptaazatritriacontane-1,3,7-tricarboxylate.
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Figure S91. HRMS tri-tert-butyl (3S,7S,25R,28S)-33-azido-25-benzyl-12-(3-chlorobenzyl)-
28-(4-hydroxybenzyl)-5,13,20,23,26,29-hexaoxo-4,6,12,19,24,27,30-heptaazatritriacontane-
1,3,7-tricarboxylate.
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Figure S92. HRMS tri-tert-butyl (3S,78S,258S,28S)-33-azido-25-benzyl-12-(4-chlorobenzyl)-
28-(4-nitrobenzyl)-5,13,20,23,26,29-hexaox0-4,6,12,19,24,27,30-heptaazatritriacontane-
1,3,7-tricarboxylate.

Ry 228 BpRRIN P & @ BE388% JIJII5BIBIRIBSEIISICIY
[ D D e D D el (o) n T T MO OMOMOANNNNNNNNN AdA A A A AA
LS R (s ) R s
0.30
0.25
>
‘0
c
3 0.20
£
o
(0]
N
g 015
5
=z
0.10
I I II
0.05 '
I %Akm
0 ) |
Y -~ S A —
.780.52 8.90 1.531.862.00 7.982.93 3.284.121.570.809.13 28.255.49
L | |1 | | L

| [ S 1 Il [ gy S—

7.5 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 2.0 15
Chemical Shift (ppm)

Figure S93. 'H NMR tri-tert-butyl (3S,7S,25S,28S)-33-azido-25-benzyl-28-(3-bromo-4-
hydroxybenzyl)-12-(3-chlorobenzyl)-5,13,20,23,26,29-hexaoxo-4,6,12,19,24,27,30-
heptaazatritriacontane-1,3,7-tricarboxylate.
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Figure S94. 'H NMR tri-tert-butyl (3S,7S,25S,28S)-33-azido-25-benzyl-12-(3-chlorobenzyl)-28-(3,4-
dihydroxybenzyl)-5,13,20,23,26,29-hexaox0-4,6,12,19,24,27,30-heptaazatritriacontane-1,3,7-
tricarboxylate.
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Figure S95. HRMS tri-tert-butyl (3S,7S,25S,28S)-33-azido-25-benzyl-12-(3-chlorobenzyl)-28-(3,4-
dihydroxybenzyl)-5,13,20,23,26,29-hexaox0-4,6,12,19,24,27,30-heptaazatritriacontane-1,3,7-
tricarboxylate.
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Figure S96. 3C NMR (3S,7S,25S)-33-azido-25-benzyl-12-(3-chlorobenzyl)-5,13,20,23,26,29-hexaoxo-
4,6,12,19,24,27,30-heptaazatritriacontane-1,3,7-tricarboxylic acid (3a).
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‘Spectrum from 070320_POS wif (sample 34) - AY-225, +TOF MS (200 - 3000) from 0.228 to 0,242 min, sublracted by (Spectrum from 070320_POS wif (sample 34) - AY-225, +TOF MS (200 - 3000) from 0.079 t0.0.125 min)
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Figure S97 HRMS (38,7S,25S)-33-azido-25-benzyl-12-(3-chlorobenzyl)-5,13,20,23,26,29-
hexaoxo0-4,6,12,19,24,27,30-heptaazatritriacontane-1,3,7-tricarboxylic acid (3a).
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Figure S98. HPLC-MS (3S,7S,25S)-33-azido-25-benzyl-12-(3-chlorobenzyl)-5,13,20,23,26,29-
hexaoxo-4,6,12,19,24,27,30-heptaazatritriacontane-1,3,7-tricarboxylic acid (3a).
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Figure S99. 'H NMR (3S,7S,28S)-33-azido-28-benzyl-12-(3-chlorobenzyl)-5,13,20,23,26,29-
hexaoxo-4,6,12,19,24,27,30-heptaazatritriacontane-1,3,7-tricarboxylic acid (3b).
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Figure S100. 13C NMR (3S,7S,28S)-33-azido-28-benzyl-12-(3-chlorobenzyl)-5,13,20,23,26,29-
hexaoxo-4,6,12,19,24,27,30-heptaazatritriacontane-1,3,7-tricarboxylic acid (3b).
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Spectrum from 070320_POS.wif (sample 37) - NE-48, +TOF MS (200 - 3000) from 0.270 to 0.284 min, sublracted by (Spectrum from 070320_POS.wiff (sample 37) - NE-48, +TOF MS (200 - 3000) from 0.079 10 0.125 min)
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Figure S101 HRMS (3S,7S,28S)-33-azido-28-benzyl-12-(3-chlorobenzyl)-5,13,20,23,26,29-
hexaoxo-4,6,12,19,24,27,30-heptaazatritriacontane-1,3,7-tricarboxylic acid (3b).
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Figure S102.

HPLC-MS  (3S,7S,285)-33-azido-28-benzyl-12-(3-chlorobenzyl)-

5,13,20,23,26,29-hexaoxo-4,6,12,19,24,27,30-heptaazatritriacontane-1,3,7-tricarboxylic acid

(3b).

S70



AY-238.001.001.1r.esp

Normalized Intensity

[T — S ——————" g2
0.840.350.500.840.480.342.598.721.221.69 1.010.002.002.158.386.171.311.281.914.950.89 0.952.745.784.19

o = e N S O e e e = N e e S e S o e e e o oy Wy
L L o o o e e B L B o e e o e B e L e B o e e

9 8 7 6 5 4 3 2 1
Chemical Shift (ppm)

Figure S103. 'H NMR (3S,7S,25S,28R)-33-azido-25,28-dibenzyl-12-(3-chlorobenzyl)-
5,13,20,23,26,29-hexaoxo-4,6,12,19,24,27,30-heptaazatritriacontane-1,3,7-tricarboxylic acid
(3c).
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Figure S104. C NMR (3S,7S,25S,28R)-33-azido-25,28-dibenzyl-12-(3-chlorobenzyl)-
5,13,20,23,26,29-hexaox0-4,6,12,19,24,27,30-heptaazatritriacontane-1,3,7-tricarboxylic acid
(30).
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‘Spectrum from 050320_POS witf (sample 67) - AY-238, +TOF MS (200 - 3000) from 0.163 to 0.186 min, subtracted by (Spectrum from 050320_POS witf (sample 67) - AY-238, +TOF MS (200 - 3000) from 0.032 to 0.121 min)
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Figure S105. HRMS (3S,7S,25S,28R)-33-azido-25,28-dibenzyl-12-(3-chlorobenzyl)-
5,13,20,23,26,29-hexaoxo0-4,6,12,19,24,27,30-heptaazatritriacontane-1,3,7-tricarboxylic acid
(3c).
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Figure S106. HPLC-MS (3S,7S,25S,28R)-33-azido-25,28-dibenzyl-12-(3-chlorobenzyl)-
5,13,20,23,26,29-hexaoxo0-4,6,12,19,24,27,30-heptaazatritriacontane-1,3,7-tricarboxylic acid
(3c).
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Figure S107. *H NMR (3S,7S,25S,28R)-33-azido-25-benzyl-12-(3-chlorobenzyl)-
-28-(4-hydroxybenzyl)-5,13,20,23,26,29-hexaoxo-4,6,12,19,24,27,30-heptaazatritriacontane-1,3,7-
tricarboxylic acid (3d).
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Figure S108. HRMS (3S,7S,25S,28R)-33-azido-25-benzyl-12-(3-chlorobenzyl)-28-(4-hydroxybenzyl)-
5,13,20,23,26,29-hexaoxo-4,6,12,19,24,27,30-heptaazatritriacontane-1,3,7-tricarboxylic acid (3d).
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Figuré S109. HPLC-MS (3S,7S,25S,28R)-33-azido-25-benzyl-12-(3-chlorobenzyl)-28-(4-
hydroxybenzyl)-5,13,20,23,26,29-hexaoxo-4,6,12,19,24,27,30-heptaazatritriacontane-1,3,7-
tricarboxylic acid (3d).
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Figure S110. 'H NMR (3S,7S,25R,28S)-33-azido-25,28-dibenzyl-12-(3-chlorobenzyl)-
5,13,20,23,26,29-hexaoxo-4,6,12,19,24,27,30-heptaazatritriacontane-1,3,7-tricarboxylic acid
(3e).
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Spectrum from 070320_POS wiff (sample 38) - NW-54(2)-1, +TOF MS (200 - 3000) from 0,195 1o 0.209 min, sublracted by (Spectrum from 070320_POS wif (sample 38) - NW-54(2)-1, +TOF MS (200 - 3000) from 0.079 to 0,125 min)

17000

16000

15000

14000

13000

12000

11000

10000

9000

Intensity

8000
7000
6000
5000
4000
3000
2000

»
1000

Spectrum from 07
3.1e4
3.0e4
2.9e4
2.8e4
2.7e4
2.6e4
2.5e4
2.4e4
23e4
2.2e4
2.1e4
2.0e4
1.9e4
1.8e4
1.7e4
1.6e4
1.5e4

Intensity

1.4e4
13e4
1204
1.1e4
1.0e4
9.0e3
8.0e3
7.0e3
6.0e3
5.0e3
4.0e3
3.0e3
2.0e3
1.0e3

1033.4538

1034.4546

[M+H]*

1035.4524

1036.4544

1037.4565

VDU ., N PR L et i e e
10315 1032.0 10325 1033.0 1033.5 1034.0 10345

0320_NEG wiff(sample 37) - NW-54(2)-1, -TOF MS (200 - 3000) from 0.153 to 0.181 min

1031.4410

1032.4442

0.0e0%

Figu

1035.

PP . e ol . P " avuih.. PV . .
1036.0 1036.5 1037.0 1037.5 1038.0 1038.5 1039.5 1040.0 1040.5 1041.0
Mass/Charge, Da

) 1035.5 1039.0

[M-H]

1033.4415

1034.4425

1035.4465

1036.4470
A 1037.4507

1032.0 1033.0

HRMS

10305 1031.0

S111.

1031.5 1032.5

re

1034.0 1034.5 1035.0 1037.0

Mass/Charge, Da

1033.5 1035.5 1036.0 1036.5 1037.5

(3S,7S,25R,28S)-33-azido-25,28-dibenzyl-12-(3-chlorobenzyl)-

5,13,20,23,26,29-hexaoxo0-4,6,12,19,24,27,30-heptaazatritriacontane-1,3,7-tricarboxylic acid

(3e).

Segment#1

Figu

MS Chromatogram

(x1 000 000)
5517 466
4.00

()
[=]
[=]

I

0.00

G6/31R8

ST

9
N

o

f

By /12708 /

BPC(H@1 (1

N A
— A I e

(x1 000 000)
3.003 601 990

2.00

1.00

0.00F=——

1
5,389

7933

g ].-' ﬁé

2
1197

BPC(-)@2 (1

re S112. HPLC-MS (3S,7S,25R, 285)-33-azido-25,28-dibenzyl-12-(3-chlorobenzyl)-

5,13,20,23,26,29-hexaoxo0-4,6,12,19,24,27,30-heptaazatritriacontane-1,3,7-tricarboxylic acid

(3e).

S75



AY-241.001.001.1r.esp

0.15-]
-
‘@
c
[}
E 4
= 0.101
o ]
N
® f 1
E
o - I
b4
] ! |
0.05-] f
O_.———',).J P i, St S —a ———— B ks
0.850.840. 850 831352711811,031.78176176 0.761.122.002.327.132.732.37 1.851.336.07 0.960.932.866.034.55
i O TR VR T R T T T T T A R R R R I R M
85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0

Chemical Shift (ppm)
Figure S113. 'H NMR (3S,7S,25R,28S)-33-azido-25-benzyl-12-(3-chlorobenzyl)-28-(4-
hydroxybenzyl)-5,13,20,23,26,29-hexaoxo-4,6,12,19,24,27,30-heptaazatritriacontane-1,3,7-
tricarboxylic acid (3f).
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Figure S114. 13C NMR (3S,7S,25R,28S)-33-azido-25-benzyl-12-(3-chlorobenzyl)-28-(4-
hydroxybenzyl)-5,13,20,23,26,29-hexaoxo0-4,6,12,19,24,27,30-heptaazatritriacontane-1,3,7-
tricarboxylic acid (3f).
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tricarboxylic acid (3f).
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Figure 8116 "HPLC-MS (3S,7S,25R,28S)-33-azido-25-benzyl-12-(3- chlorobenzyl) -28- (4-
hydroxybenzyl)-5,13,20,23,26,29-hexaoxo0-4,6,12,19,24,27,30-heptaazatritriacontane-1,3,7-
tricarboxylic acid (3f).
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Figure S117. 'H NMR (3S,7S,25S,28S)-33-azido-25-benzyl-12-(3-chlorobenzyl)-28-(4-nitrobenzyl)-
5,13,20,23,26,29-hexaox0-4,6,12,19,24,27,30-heptaazatritriacontane-1,3,7-tricarboxylic acid (39).
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Figure S118. HRMS (3S,7S,25S,28S)-33-azido-25-benzyl-12-(3-chlorobenzyl)-28-(4-nitrobenzyl)-
5,13,20,23,26,29-hexaoxo-4,6,12,19,24,27,30-heptaazatritriacontane-1,3,7-tricarboxylic acid (3g).
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Figure S120. 'H NMR (3S,7S,25S,28S)-33-azido-25-benzyl-28-(3-bromo-4-hydroxybenzyl)-

12-(3-chlorobenzyl)-5,13,20,23,26,29-hexaoxo-4,6,12
1,3,7-tricarboxylic acid (3h).
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Figure S121. HRMS (35,75,255,285)-33-azido-25-benzyl-28-(3-bromo-4-hydroxybenzyl)-12-
(3-chlorobenzyl)-5,13,20,23,26,29-hexaoxo-4,6,12,19,24,27,30-heptaazatritriacontane-1,3,7-
tricarboxylic acid (3h).
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Figure S122. HPLC-MS (3S,7S,25S,28S)-33-azido-25-benzyl-28-(3-bromo-4-
hydroxybenzyl)-12-(3-chlorobenzyl)-5,13,20,23,26,29-hexaoxo-4,6,12,19,24,27,30-
heptaazatritriacontane-1,3,7-tricarboxylic acid (3h).
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Figure S123. 'H NMR (3S,7S,25S,28S)-33-azido-25-benzyl-12-(3-chlorobenzyl)-28-(3,4-
dihydroxybenzyl)-5,13,20,23,26,29-hexaoxo0-4,6,12,19,24,27,30-heptaazatritriacontane-
1,3,7-tricarboxylic acid (3i).
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Figure S124. MS (38,78,258,288)-33-azido-25-benzy|-12-(3-chIorobenzyl)-28-(3,4-
dihydroxybenzyl)-5,13,20,23,26,29-hexaoxo0-4,6,12,19,24,27,30-heptaazatritriacontane-
1,3,7-tricarboxylic acid (3i).
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Figure S125. MS  (35,75,25S,28S)-33-azido-25-benzyl-12-(3-chlorobenzyl)-28-(3,4-
dihydroxybenzyl)-5,13,20,23,26,29-hexaoxo0-4,6,12,19,24,27,30-heptaazatritriacontane-
1,3,7-tricarboxylic acid (3i).
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Figure S126. 'H NMR (2S,5R,23S,27S)-2-benzyl-5-(4-(tert-butoxy)benzyl)-23,27-bis(tert-
butoxycarbonyl)-18-(3-chlorobenzyl)-32,32-dimethyl-4,7,10,17,25,30-hexaoxo-31-oxa-
3,6,11,18,24,26-hexaazatritriacontan-1-oic acid (4).
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Figure S127. 3C NMR (2S,5R,23S,27S)-2-benzyl-5-(4-(tert-butoxy)benzyl)-23,27-bis(tert-
butoxycarbonyl)-18-(3-chlorobenzyl)-32,32-dimethyl-4,7,10,17,25,30-hexaoxo-31-oxa-
3,6,11,18,24,26-hexaazatritriacontan-1-oic acid (4).
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Figure S128. MS (2S,5R,23S,27S)-2-benzyl-5-(4-(tert-butoxy)benzyl)-23,27-bis(tert-

butoxycarbonyl)-18-(3-chlorobenzyl)-32,32-dimethyl-4,7,10,17,25,30-hexaoxo-31-oxa-

3,6,11,18,24,26-hexaazatritriacontan-1-oic acid (4).
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Figure S129. 'H NMR (3S,7S,25R,28S)-tri-tert-butyl 33-azido-28-benzyl-25-(4-(tert-
butoxy)benzyl)-12-(3-chlorobenzyl)-5,13,20,23,26,29-hexaoxo0-4,6,12,19,24,27,30-
heptaazatritriacontane-1,3,7-tricarboxylate.
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Figure S130. BC NMR (3S,7S,25R,28S)-tri-tert-butyl 33-azido-28-benzyl-25-(4-(tert-
butoxy)benzyl)-12-(3-chlorobenzyl)-5,13,20,23,26,29-hexaoxo0-4,6,12,19,24,27,30-
heptaazatritriacontane-1,3,7-tricarboxylate.
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Figure S131. HRMS (35,75,25R,28S)-tri-tert-butyl  33-azido-28-benzyl-25-(4-(tert-
butoxy)benzyl)-12-(3-chlorobenzyl)-5,13,20,23,26,29-hexaoxo0-4,6,12,19,24,27,30-
heptaazatritriacontane-1,3,7-tricarboxylate.
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Figure S132. 'H NMR (3S,7S,25R,28S)-33-azido-28-benzyl-12-(3-chlorobenzyl)-
25-(4-hydroxybenzyl)-5,13,20,23,26,29-hexaoxo-4,6,12,19,24,27,30-heptaazatritriacontane-
-1,3,7-tricarboxylic acid (5).
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Figure S133. HRMS (3S,7S,25R,28S)-33-azido-28-benzyl-12-(3-chlorobenzyl)-
-25-(4-hydroxybenzyl)-5,13,20,23,26,29-hexaoxo0-4,6,12,19,24,27,30-heptaazatritriacontane-
-1,3,7-tricarboxylic acid (5).
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Figure S134. HPLC-MS (3S,7S,25R,28S)-33-azido-28-benzyl-12-(3-chlorobenzyl)-25-(4-

hydroxybenzyl)-5,13,20,23,26,29-hexaoxo-4,6,12,19,24,27,30-heptaazatritriacontane-1,3,7-

tricarboxylic acid (5).
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