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General information

All chemicals and solvents used for the synthesis of peptide building blocks or peptide synthesis were
purchased from commercial sources and were not purified further, if not indicated. Unless otherwise
noted, all reactions were executed under an argon atmosphere at ambient pressure.

For reaction control by analytical thin layer chromatography TLC plates coated with silica gel 60 Fys4
(Merck KGaA) were used, and detection was carried out by fluorescence quenching under UV light (A=
254 nm) or by staining with ninhydrin solution followed by heating to 350 °C. Flash chromatography
was performed on silica gel 60 (60 A, 230-400 mesh) from Macherey-Nagel.

The purification of the peptides was achieved by semi-preparative reversed-phase HPLC with a Thermo
Scientific Dionex UltiMate3000 including a MWD-3000 detector and a Macherey-Nagel VP Nucleodur
C18 gravity column (125 x 21 mm, 5 um, 100 A) or ACE 5 SuperC18 (150 x 10 mm, 5 pm, 90 A), using
the eluents A: H,O + 0.1% TFA and B: MeCN + 0.085% TFA. Analytical HPLC was performed on the same
system using an ACE UltraCore 2.5 SuperC18, 150 x 2.1 um. Afterwards, the peptides were lyophilized
with a Christ Alpha 2—4LDplus.

The NMR spectra were recorded on Bruker AVII 600, AVIII 500 or AVIII HD 500 MHz spectrometers.
Chemical shifts (6) are given in ppm referring to the solvent signal. The coupling constants are 3J
couplings, unless otherwise indicated. All mass spectra were recorded on a Finnigan LTQ-FT
spectrometer from Fisher Thermo Scientific.

All pH values were determined at room temperature using a SevenCompact pH meter S220 from
Mettler Toledo unless otherwise noted.

UV-VIS measurements were determined at room temperature using a Multiskan™ GO microplate

spectrophotometer from Thermo Scientific.

Safety statements

No unexpected or unusually high safety hazards were encountered in the reported work.

Caution! All reagents and solvents used have been used under standard operating procedures unless
otherwise noted.

Caution! Extreme care should be taken both in the handling of the cryogen liquid nitrogen and its use

in the Schlenk line trap to avoid the condensation of oxygen from air.
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Experimental procedures

5-Hydroxy-6-trimethyl-L-lysyl-glycine building block for solid-phase peptide synthesis
Methyl-(25)-2-((tert-butoxycarbonyl)amino)-3-hydroxypropanoate (Boc-Ser-OMe, S1)
OH

BocHN CO,Me
S1

The reaction was performed according to the literature. Acetyl chloride (17.0 mL, 0.24 mol, 2.5 equiv.)
was added dropwise at 0 °C to absolute methanol (150 mL). After complete addition, L-serine (10.0 g,
95.2 mmol; 1.0 equiv.) was added in one portion and the solution was heated to reflux for 2 h. The
mixture was allowed to cool to room temperature before the solvent was removed in vacuo to give
the methyl ester hydrochloride (14.7 g, 94.5 mmol, 99% yield) as a white solid, which was used without
further purification in the next step.

The methyl ester hydrochloride (14.7 g, 94.5 mmol, 1.0 equiv.) was suspended in tetrahydrofuran
(200 mL) and cooled to 0 °C. Triethylamine (28.8 mL, 0.21 mol, 2.2 equiv.) and a solution of di-tert-
butyl dicarbonate (20.0 g, 91.7 mmol, 0.97 equiv.) dissolved in tetrahydrofuran were added dropwise
and the resulting solution was stirred at room temperature for 16 h. The solvent was removed in vacuo
and the residue was partitioned between Et,0 (200 mL) and saturated NaHCOs solution (200 mL). The
layers were separated and the aqueous layer was extracted with Et,O (200 mL x 2). The combined
organic layer was washed with brine, dried over MgSQ,, filtered and concentrated in vacuo to afford
Boc-Ser-OMe S1 (20.1 g, 91.7 mmol, 97% yield) as colourless oil, which was used directly for the next
step. Ry 0.37 (cyclohexane:EtOAc, 1:1, v/v); *H-NMR (300 MHz, DMSO-ds, 300K) 6 = 6.92 (d, 1H,
%)=8.0 Hz, a-NH), 4.88 (t, 1H, 3J=6.1 Hz, B-OH), 4.06 (ddd, 1H, 3)=8.1 Hz, *J=4.9 Hz, 3)=4.9 Hz, a-CH), 3.68-
3.56 (m, 2H, B-CH,), 3.62 (s, 3H, OCH3), 1.38 (s, 9H, Boc) ppm; *C-NMR (75 MHz, DMSO-ds, 300 K) § =
171.5, 155.3, 78.3, 61.3, 56.2, 51.7, 28.1 ppm; HRMS (ESI) calculated for [CoH1;NOsNa*]: 242.0999,
found: 242.0999.

Methyl-(2R)-2-((tert-butoxycarbonyl)amino)-3-iodopropanoate (S2)
|

BocHN™ "CO,Me
S2

In a flame-dried nitrogen round-bottom flask triphenylphosphine (15.6 g, 59.3 mmol, 1.3 equiv.) was

dissolved in absolute tetrahydrofuran (200 mL), cooled to 0 °C and imidazole (4.35 g, 63.9 mmol,

1.4 equiv.) was added. Thereafter, solid iodine (15.1 g, 59.3 mmol, 1.3 equiv.) was added in three

portions every 5 min at 0 °C. A solution of Boc-Ser-OMe S1 (10.0 g, 45.6 mmol, 1.0 equiv.) in absolute
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THF (50.0 mL) was added dropwise. The mixture was allowed to warm to room temperature and stirred
for 2.5 h under exclusion of light. The resulting suspension was partitioned between Et,0 (200 mL) and
1 M HCI (100 mL). The layers were separated and the aqueous layer was extracted with Et;0 (100 ml x
3). The combined organic layer was washed with 1 M HCl (100 mL), 1 M Na;S;05 solution (200 mL),
saturated NaHCOs solution (200 mL) and brine, dried over MgSQ,, filtered and concentrated in vacuo.
The obtained crude material was purified by silica gel column chromatography (pentane:Et,0, 9:1 v/v)
to afford iodopropanoate S2 (11.3 g, 34.3 mmol, 75% vyield) as a pale yellow solid. Rf 0.29
(pentane:Et,0, 9:1, v/v); *H-NMR (300 MHz, DMSO-ds, 300 K) & = 7.39 (d, 1H, 3)=8.4 Hz, a-NH), 4.24
(ddd, 1H, 3J=8.6 Hz, 3J=8.6 Hz, ®)=4.7 Hz, a-CH), 3.66 (s, 3H, OCHs), 3.49 (dd, 1H, 3)=4.7 Hz, 2)=10.2 Hz,
B-CH."), 3.31 (dd, 1H, 3J=9.2 Hz, 2J=10.0 Hz, B-CH,"), 1.39 (s, 9H, Boc) ppm; *C-NMR (75 MHz, DMSO-ds,
300K) & = 169.7, 155.0, 78.7, 55.3, 52.3, 28.1, 4.6 ppm; HRMS (ESI) calculated for [CoH16INO4Na™*]:
352.0016, found: 352.0019.

Methyl-(25)-2-((tert-butoxycarbonyl)amino)hex-5-enoate (Boc-Hag-OMe, S3)
=

BocHN CO,Me
S3

The reaction was performed according to the literature.! Activated zinc dust (1.19 g, 18.2 mmol,
3.0 equiv.) was flame-dried in a nitrogen round-bottom flask under vacuum for 5 min, then the flask
was purged with argon and cooled before the zinc dust was suspended in absolute DMF (10 mL).
Thereafter, solid iodine (0.31 g, 1.22 mmol, 0.2 equiv.) was added in one portion and the mixture was
stirred until it became colourless again. A solution of iodopropanoate S2 (2.00 g, 6.08 mmol, 1.0 equiv.)
in absolute DMF (50.0 mL) was added dropwise to the suspension, and the mixture was stirred at room
temperature for 2 h until the zinc insertion was finished (TLC control). Stirring was stopped and the
solid was allowed to settle. Copper(l) bromide (0.44 g, 3.04 mmol, 0.5 equiv.) was flame-dried in a
nitrogen round-bottom flask under vacuum for 5 min, then the flask was purged with argon and cooled
to room temperature before absolute DMF (10 mL) was added. Freshly distilled allyl chloride (0.74 mL,
9.12 mmol, 1.5 equiv.) was added dropwise and the resulting solution was cooled to —15°C. The
supernatant of the organozinc reagent was carefully transferred dropwise into this solution using a
syringe. After complete addition, the mixture was allowed to warm to room temperature and stirred
for 16 h. The reaction solution was diluted with EtOAc (50 mL) and 0.5 m HCI (50 mL). The layers were
separated and the aqueous layer was extracted with EtOAc (50 ml x 3). The combined organic layer
was washed with 1 M Na,S;0s solution (50 mL), H,O (50 mL) and brine, dried over MgSOQ,, filtered and
concentrated in vacuo. The obtained crude material was purified by silica gel column chromatography
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(cyclohexane:EtOAc, 9:1, v/v) to afford Boc-Hag-OMe S3 (1.20 g, 4.93 mmol, 82% yield) as a colourless
oil. Rf0.43 (cyclohexane:EtOAc, 5:1, v/v); *H-NMR (300 MHz, DMSO-ds, 300 K) & = 7.25 (d, 1H, 3J=7.8 Hz,
a-NH), 5.77 (dddd, 1H, 3)=17.0 Hz, 3)=10.3 Hz, 3J=6.7 Hz, 3)=6.7 Hz, 6-CH), 5.06-4.94 (m, 2H, £-CH,), 3.95
(ddd, 1H, 3)=8.3 Hz, 3J=8.3 Hz, 3)=5.4 Hz, a-CH), 3.62 (s, 3H, OCH3), 2.14-1.96 (m, 2H, y-CH,), 1.77-1.59
(m, 2H, B-CH,), 1.38 (s, 9H, Boc) ppm; *C-NMR (75 MHz, DMSO-ds, 300 K) & = 173.1, 155.5, 137.4,
115.5, 78.1, 52.8, 51.6, 29.9, 29.5, 28.1 ppm; HRMS (ESI) calculated for [C12H2:NOsNa*]: 266.1363,
found: 266.1367.

Methyl-(2S5)-2-((tert-butoxycarbonyl)amino)hex-5-enoic acid (Boc-Hag-OH, 1)
Z

BocHN”~ “CO,H
1

To a solution of Boc-Hag-OMe S3 (1.20 g, 4.93 mmol, 1.0 equiv.) in tetrahydrofuran (6.0 mL) was added
a 1M LiOH solution (9.86 mL, 9.86 mmol, 2.0 equiv.) in water. The reaction mixture was stirred
vigorously for 10 min at room temperature and then diluted with 0.5 m HCI (50 mL). The layers were
separated and the aqueous layer was extracted with EtOAc (50 ml x 3). The combined organic layer
was washed with brine, dried over MgS0,, filtered and concentrated in vacuo. The obtained crude
material was purified by silica gel column chromatography (cyclohexane:EtOAc, 5:1, v/v) to afford
Boc-Hag-OH 1 (1.12 g, 4.88 mmol, 99% vyield) as a colourless oil. R¢ 0.06 (cyclohexane:EtOAc, 5:1, v/v);
'H-NMR (300 MHz, DMSO-ds, 300 K) & = 12.43 (s, 1H, COzH), 7.08 (d, 1H, *J=8.1 Hz, a-NH), 5.78 (dddd,
1H, 3)=17.0 Hz, 3)=10.3 Hz, 3)=6.7 Hz, 3)=6.7 Hz, 6-CH), 5.06-4.93 (m, 2H, &-CH,), 3.86 (ddd, 1H,
3)=8.7 Hz, 3)=8.7 Hz, 3)=4.8 Hz, a-CH), 2.15-1.95 (m, 2H, y-CH>), 1.80-1.54 (m, 2H, B-CH,), 1.38 (s, 9H,
Boc) ppm; *C-NMR (75 MHz, DMSO-ds, 300 K) & = 174.1, 155.5, 137.6, 115.4, 77.9, 52.8, 30.0, 29.6,
28.2 ppm; HRMS (ESI) calculated for [C11H19NO4sNa*]: 252.1206, found: 252.1208.

tert-Butyl-(2S)-(2-((tert-butoxycarbonyl)amino)hex-5-enoyl)glycinate (Boc-Hag-Gly-O'Bu, 2)

=
4 O
N
BocHN \)J\OtBu
(@]
2

Boc-Hag-OH 1 (0.92 g, 4.03 mmol, 1.0 equiv.) and H;N-Gly-O'Bu - HCI (0.74 g, 4.43 mmol, 1.1 equiv.)
were dissolved in a mixture of DCM/DMF (80 mL, 1:1). DIPEA (2.85 mL, 16.1 mmol, 4.0 equiv.),
HOBt - H,0 (0.62 g, 4.03 mmol, 1.0 equiv.) and EDC - HCI (0.77 g, 4.03 mmol, 1.0 equiv.) were added
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and the resulting solution was stirred at room temperature for 18 h. The reaction solution was diluted
with EtOAc (100 mL), and the layers were separated. The organic layer was washed with 10% aqueous
citric acid solution (100 mL x 3), H,O (100 mL) and brine, dried over MgSO,, filtered and concentrated
in vacuo. The obtained crude material was purified by silica gel column chromatography
(cyclohexane:EtOAc, 2:1, v/v) to afford Boc-Hag-Gly-O'Bu 2 (1.23 g, 3.59 mmol, 89% vyield) as a
colourless solid. Rf0.59 (cyclohexane:EtOAc, 1:1, v/v); *H-NMR (600 MHz, DMSO-ds, 300 K) 6 = 8.11 (t,
1H, 3)=5.8 Hz, a-NH®Y), 6.87 (d, 1H, 3)=8.2 Hz, a-NH"%), 5.79 (dddd, 1H, 3J=17.0 Hz, 3)=10.3 Hz,
%)=6.6 Hz, J=6.6 Hz, 6-CH"*), 5.04-4.92 (m, 2H, £-CH,"*), 3.94 (ddd, 1H, 3)=8.6 Hz, 3)=8.6 Hz, 3)=5.0 Hz,
a-CH"€), 3.76 (dd, 1H, 2)=17.6 Hz, 3J=6.3 Hz, a-CH,®Y), 3.65 (dd, 1H, 2J=17.5 Hz, 3J=5.6 Hz, a-CH,®"),
2.12-1.98 (m, 2H, y-CH,"), 1.75-1.64 (m, 1H, B-CH."), 1.62-1.53 (m, 1H, B-CH,"¢), 1.39 (s, 9H, Boc),
1.38 (s, 9H, CO,'Bu) ppm; *C-NMR (75 MHz, DMSO-ds, 300 K) & = 172.4, 168.8, 155.2, 137.9, 115.1,
80.5,77.9,53.6,41.4,31.2,29.6, 28.2, 27.7 ppm; HRMS (ESI) calculated for [C17H30N,OsNa*]: 365.2047,
found: 365.2059.

tert-Butyl-((2S5)-2-((tert-butoxycarbonyl)amino)-4-(oxiran-2-yl)butanoyl)glycinate
(Boc-Enl-Gly-O'Bu, 3)
0]

H 0
N
BocHN \)J\OtBu

@)
3

meta-Chloroperoxybenzoic acid (77w%, 1.23 g, 5.39 mmol, 1.5 equiv.) was added in portion at 0 °C to
a solution of Boc-Hag-Gly-O'Bu 2 (1.23 g, 3.59 mmol, 1.0 equiv.) in dichloromethane (25 mL), the
solution was allowed to warm to room temperature and stirred for 16 h. The reaction mixture was
diluted with 10% aqueous Na,SO; solution (25 mL) and stirred vigorously for 1 h. The layers were
separated and the organic layer was washed with 5% aqueous NaHCO; solution (25 mL) and brine,
dried over MgSQ,, filtered and concentrated in vacuo. The obtained crude material was purified by
silica gel column chromatography (cyclohexane:EtOAc, 1:1, v/v) to afford the side chain epoxy 3
(1.18 g, 3.30 mmol, 92% yield) as a colourless solid. Rf 0.28 (cyclohexane:EtOAc, 1:1, v/v); *H-NMR
(600 MHz, DMSO-ds, 300 K) 6 = 8.19 (t, 1H, 3J=6.0 Hz, a-NH®Y#F), 8.16 (t, 1H, 3J=6.0 Hz, a-NH®Y*), 6.93
(d, 1H, 3J=7.8 Hz, a-NHE"%), 6.91 (d, 1H, 3)=7.8 Hz, a-NHE"**), 4.01-3.91 (m, 1H, a-CH®™), 3.77 (dd, 1H,
3)=17.2 Hz, 3J=6.0 Hz, a-CH,®V*f), 3.76 (dd, 1H, 2=17.2 Hz, 3)=6.0 Hz, a-CH,**), 3.65 (dd, 1H,
2J=17.4 Hz, 3)=5.9 Hz, a-CH,®¥*), 3.64 (dd, 1H, 3J=17.5 Hz, 3J=6.0 Hz, a-CH,¥R), 2.91-2.84 (m, 1H,
8-CHEM), 2.69-2.64 (m, 1H, e-CH™), 2.43 (dd, 1H, 3)=5.3 Hz, 2J=2.6 Hz, a-CH,®¥*R), 2.40 (dd, 1H,
3)=5.1 Hz, 2J)=2.6 Hz, a-CH,*"¥*), 1.81-1.68 (m, 1H, B-CH,™"), 1.65-1.55 (m, 1H, B-CH,t"), 1.55-1.43 (m,
S7



1H, y-CH2E"), 1.39 (s, 9H, Boc), 1.38 (s, 9H, CO,'Bu) ppm; 3C-NMR (125 MHz, DMSO-ds, 300 K) § = 172.2,
168.8, 155.2, 80.5, 78.0, 53.8, 53.5, 51.2, 51.0, 46.1, 41.4, 28.5, 28.2, 28.1, 27.7 ppm; HRMS (ESI)
calculated for [C17H30N20gNa*]: 381.1996, found: 381.1998.

((25)-2-Amino)-6-((trimethylammonium)trifluoroacetate)-5-hydroxyhexanoyl)glycine

hydrotrifluoroacetate (H.N-Hyl(Me)s-Gly-OH - TFA, 4)

/
HO x TFA
b O
N
H,N \)J\OH
o)
4

To a solution of Boc-Enl-Gly-O'Bu-3 (1.18 g, 3.30 mmol, 1.00 equiv.) in a mixture of MeCN/H,0 (7.5 mL,
2:1), a 45% aqueous NEt3 solution (0.63 mL, 4.12 mmol, 1.25 equiv.) was added dropwise at 0 °C. The
reaction mixture was allowed to warm to room temperature and stirred vigorously for 7 h. The solvent
was removed in vacuo to give the &-hydroxy-lysine as a white solid, which was used without further
purification in the next step.

The crude Boc-Hyl(Me)s-Gly-O'Bu+(3.30 mmol, 1.00 equiv.) was suspended in dichloromethane (10 mL)
and trifluoroacetic acid (5.08 mL, 7.52 mmol, 20.0 equiv.) was added at 0 °C. The resulting solution was
stirred at room temperature for 2 h. The solvent was removed in vacuo and the crude material was
several times treated with diethyl ether. The residue was lyophilized from a mixture of
water/acetonitrile (10 mL, 1:1) to give H,N-Hyl(Me)s-Gly-OH - TFA 4 (1.60 g, 3.27 mmol, 99% yield) as
a pale yellow foam. *H-NMR (600 MHz, DMSO-ds, 300 K) & = 12.72 (bs, 1H, CO,H), 9.13 (t, 1H, 3J=5.8 Hz,
a-NHE¥>R) 9,08 (t, 1H, 3J=6.0 Hz, a-NH®Y>%), 8.43 (d, 3H, 3J=4.6 Hz, a-NH,""*%), 8.40 (d, 3H, 3J=4.5 Hz,
a-NH,""*F), 4,17-4.09 (m, 1H, §-CH"™'), 4.00-3.90 (m, 1H, a-CH"™), 3.90-3.85 (m, 1H, a-CHY), 3.83-3.76
(m, 1H, a-CH,®Y), 3.39-3.24 (m, 2H, &-CH,"™), 3.16 (s, 9H, N*(CH3)s™!), 1.95-1.81 (m, 2H, y-CH,™), 1.60-
1.52 (m, 1H, B-CH,™), 1.51-1.38 (m, 1H, B-CH,™) ppm; HRMS (ESI) calculated for [Ci1H24N304%]:
262.1761, found: 262.1757.
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((2S)-2-((Fluorenylmethyloxycarbonyl)amino)-6-((trimethylammonium)trifluoroacetate)-5-

hydroxyhexanoyl)glycine hydrotrifluoroacetate (Fmoc-Hyl(Me)s-Gly-OH - TFA, 5)

/
\Né
HO x TFA
H (@]
FmocHN N\)kOH
(@]
5

H,N-Hyl(Me)s-Gly-OH - TFA 4 (1.60 g, 3.27 mmol, 1.00 equiv.) was dissolved in water (15 mL) and the
pH value was adjusted to 8 with a 10% aqueous Na,COssolution. A solution of FmocOSu (1.32 g,
3.92 mmol, 1.20 equiv.) in 1,4-dioxane (7.5 mL) was added dropwise at 0 °C. The resulting suspension
was allowed to warm to room temperature and stirred for 20 h. After the completion of the reaction,
the mixture was gently acidified to pH 3 with 2 M HCl and the solvents was removed in vacuo. The
crude material was purified by semi-preparative HPLC (Thermo Scientific Dionex UltiMate3000) using
a C18 column (Macherey-Nagel VP Nucleodur C18, 125 x 21 mm, 5 pm, 100 A) and a linear gradient of
10% to 50% of MeCN (containing 0.085% TFA) in H,O (containing 0.10% TFA), in 30 min at a flow rate
of 15mL/min. Selected fractions were combined and Iyophilized to obtain
Fmoc-Hyl(Me)s-Gly-OH - TFA 5 (1.47 g, 2.45 mmol, 75% yield) as a white hydroscopic solid. Rs 0.14
(MeOH:H,0, 19:1, v/v); *H-NMR (600 MHz, DMSO-ds, 300 K) 6 = 12.59 (bs, 1H, CO,H), 8.25 (t, 1H,
3)=5.8 Hz, a-NH®YR), 8.20 (t, 1H, 3)=5.8 Hz, a-NH®Y55), 7.90 (d, 2H, 3)=7.6 Hz, Fmoc?), 7.74 (dd, 2H,
3)=7.6 Hz, 3J)=10.6 Hz, Fmoc®), 7.54 (dd, 1H, 3)=8.3 Hz, 3)=8.0 Hz, a-NH"5*5) 7.42 (t, 2H, 3)=7.5 Hz,
Fmoc?), 7.33 (t, 2H, 3)=7.4 Hz, Fmoc"), 5.35 (dd, 1H, 3J=5.1 Hz, 3]=5.1 Hz, §-OH™">*), 4.33-4.19 (m,
3H, Fmoc*®), 4.10-3.98 (m, 2H, a-CH™M*S §-CHW5F%) '3 86-3.70 (m, 2H, a-CH,®), 3.31-3.19 (m, 2H,
€-CH,™*R%5), 3,10 (s, 9H, N*(CH3)s™"F%), 1.88-1.54 (m, 2H, B-CH.M"**), 1.52-1.35 (m, 2H, y-CH,™*%%)
ppm; ¥C-NMR (125 MHz, DMSO-ds, 300 K) 6 = 172.1, 171.2, 156.1, 156.0, 144.0, 143.8, 140.8, 127.7,
127.2, 125.4, 125.3, 120.2, 70.0, 69.9, 65.8, 64.8, 64.5, 54.4, 54.2, 53.4, 46.7, 40.7, 32.0, 27.8, 27.7
ppm; HRMS (ESI) calculated for [CasH34N306']: 484.2442, found: 484.2447.
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v,v-Dimethyl-dipropyleneamino-lysine building blocks for SPPS
3-(tert-butyldimethylsilyloxy)propylamine (S4)
TBSO” " “NH,

S4
The reaction was performed according to the literature.? In a flame-dried nitrogen round-bottom flask
1-amino-3-propanol (8.40 mL, 110 mmol, 1.0 equiv.) was dissolved in dry dichloromethane (200 mL)
and cooled to 0 °C. NEt; (23.0 mL, 165 mmol, 1.5 equiv.) and TBDMSCI (18.2 g, 120 mmol, 1.1 equiv.)
were added and the resulting suspension was stirred at room temperature for 18 h. The clear solution
was washed with water (75 mL x 3) and brine, dried over MgS0,, filtered, and concentrated in vacuo.
The obtained crude oil was purified by distillation (bp 65-70°C at 5mbar) to afford
3-(tert-butyldimethylsilyloxy)propylamine S4 (17.5 g, 92.4 mmol, 84% yield) as a colourless oil. Rf0.20
(CHCl3:MeOH, 9:1, v/v); *H-NMR (300 MHz, DMSO-ds, 300 K) & = 3.63 (t, 2H, 3J=6.3 Hz, CH,OTBS), 2.57
(t, 2H, 3)=6.8 Hz, CH2NH,), 1.51 (qi, 2H, 3)=6.5 Hz, CH>), 1.26 (bs, 2H, NH,), 0.86 (s, 9H, TBDMS), —0.02
(s, 6H, TBDMS) ppm; 3C-NMR (75 MHz, DMSO-ds, 300 K) & = 60.6, 38.5, 36.4, 25.8, 17.9, —5.4 ppm;
HRMS (ESI) calculated for [CoH23NOSiH*]: 190.1622, found: 190.1622.

N-(3-(tert-butyldimethylsilyloxy)propyl)-2-nitrobenzenesulfonamide (S5)
0.0 NO;

S5

3-(tert-butyldimethylsilyloxy)propylamine S4 (11.3g, 59.7 mmol, 1.0 equiv.) was dissolved in
dichloromethane (55 mL), cooled to 0 °C and DIPEA (12.5 mL, 71.7 mmol, 1.2 equiv.) was added. A
solution of 2-nitrobenzenesulfonyl chloride (15.9 g, 71.7 mmol, 1.2 equiv.) in dichloromethane (25 mL)
was added dropwise. The resulting suspension was stirred at ambient temperature for 24 h. The
solution was washed with 1.0 M HCl solution (250 mL x 2) and brine, dried over MgSQ,, filtered, and
concentrated in vacuo. The obtained crude material was purified by silica gel column chromatography
(DCM) to afford N-(3-(tert-butyldimethylsilyloxy)propyl)-2-nitrobenzenesulfonamide S5 (14.7 g,
39.6 mmol, 66% yield) as a pale, yellow oil. Rf 0.44 (DCM); *H-NMR (300 MHz, DMSO-de, 300 K) & =
8.05-7.91 (m, 3H, NH, Ns*), 7.91-7.80 (m, 2H, Ns*"), 3.56 (t, 2H, 3J)=6.1 Hz, CH,OTBS), 2.95 (dt, 2H, 3)=6.7
Hz, 3J=6.4 Hz, CH,NHNs), 1.60 (qi, 2H, 3)=6.6 Hz, CH,), 0.81 (s, 9H, TBDMS), —0.02 (s, 6H, TBDMS) ppm;
13C-NMR (75 MHz, DMSO-ds, 300 K) 6 = 147.8, 134.0, 132.5, 132.4, 129.4, 124.3,59.7, 32.1, 25.8, 25.7,
17.8, —5.8 ppm; HRMS (ESI) calculated for [CisH26N20sSSiNa*]: 397.1224, found: 397.1227.
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N-(3-(tert-butyldimethylsilyloxy)propyl)-N-(3-(dimethylamino)propyl)-2-nitrobenzenesulfonamide
(S6)
TBSO” > [}1 NS

sco |
L2
NO, S6

In a flame-dried nitrogen round-bottom flask triphenylphosphine (10.6 g, 40.5 mmol, 1.5 equiv.) was
dissolved in dry tetrahydrofuran (90 mL), cooled to 0 °C and diisopropyl azodicarboxylate (8.00 mL,
40.5 mmol, 1.5 equiv.) was added. The mixture was stirred at 0 °C until a precipitate was formed
(15 min). To the betaine suspension was added a solution of silyl ether S5 (10.1 g, 27.0 mmol,
1.0 equiv.) indry THF (10.0 mL) and stirred at 0 °C for 20 min. Afterwards 3-dimethylamino-1-propanol
(4.80 mL, 40.5 mmol, 1.5 equiv.) was added dropwise and the resulting mixture was warmed to room
temperature and stirred for 18 h. The solvent was removed in vacuo and the crude material was
purified by silica gel column chromatography (CHCl;:MeOH; 9:1; v/v) to afford amino-silyl ether S6
(10.2 g, 22.1 mmol, 82% yield) as an orange-yellowish oil. Rf 0.44 (DCM:MeOH, 9:1, v/v); 'H-NMR
(300 MHz, DMSO-ds, 300 K) & = 8.02-7.93 (m, 2H, Ns*), 7.92-7.79 (m, 2H, Ns*), 3.55 (t, 2H, 3J=6.0 Hz,
CH,0TBS), 3.39-3.23 (m, 4H, NNsCH3), 2.22 (t, 2H, 3J=6.9 Hz, CH,N(CHs)), 2.11 (s, 6H, N(CHs),), 1.73-
1.56 (m, 4H, CH.), 0.84 (s, 9H, TBDMS), 0.00 (s, 6H, TBDMS) ppm; 3C-NMR (75 MHz, DMSO-ds, 300 K)
6 = 147.6, 134.4, 132.3, 131.8, 129.7, 124.2, 59.8, 55.8, 45.6, 44.7, 44.5, 31.4, 25.7, 25.6, 17.8, 5.5
ppm; HRMS (ESI) calculated for [C20H37N305SSiH*]: 460.2296, found: 460.2291.

N-(3-(dimethylamino)propyl)-N-(3-hydroxypropyl)-2-nitrobenzenesulfonamide (6)
HO SN N

L I
S50

o)
NO, 6

To a solution of amino-silyl ether S6 (10.2 g, 22.1 mmol, 1.0 equiv.) in dry tetrahydrofuran (200 mL)
was added 1.0m tetrabutylammonium fluoride solution (24.3 mL, 24.3 mmol, 1.1 equiv.) in
tetrahydrofuran. The mixture was vigorously stirred at room temperature for 2 h. The solvent was
removed in vacuo and the crude material was purified by silica gel column chromatography
(CHCl3:MeOH; 8:2; v/v) to afford protected amino alcohol 6 (7.33 g, 21.2 mmol, 96% yield) as a-yellow
oil. Rf 0.13 (DCM:MeOH, 9:1, v/v); *H-NMR (300 MHz, DMSO-ds, 300 K) & = 8.02-7.93 (m, 2H, Ns"),
7.92-7.80 (m, 2H, Ns*"), 4.73 (bs, 1H, CH,0OH), 3.38 (d, 2H, 3J=6.2 Hz, CH,OH), 3.35-3.23 (m, 4H, NNsCH,),
2.19 (t, 2H, 3J=7.0 Hz, CH,N(CHs),), 2.09 (s, 6H, N(CH3)2), 1.64 (qi, 2H, 3J=6.3 Hz, CH,), 1.62 (qi, 2H, 3)=6.7
Hz, CH,) ppm; *C-NMR (75 MHz, DMSO-ds, 300 K) & = 147.6, 134.3, 132.4, 131.9, 129.6, 124.2, 58.0,
55.9, 45.7, 45.0, 44.9, 31.4, 25.8 ppm; HRMS (ESI) calculated for [C14H23N30sSH*]: 346.1431, found:

346.1438.
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tert-Butyl-(2S)-2-[(tert-butoxycarbonyl)amino]-6-[(benzyloxycarbonyl)amino]hexanoate
(Boc-Lys(Cbz)-O'Bu, S7)
NHCbz

BocHN™ ~CO,Bu
S7

H2N-Lys(Cbz)-O'Bu (5.00 g, 13.4 mmol, 1.00 equiv.) was suspended in dichloromethane (50 mL), cooled
to 0 °Cand DIPEA (4.56 mL, 26.8 mmol, 2.00 equiv.) was added. A solution of Boc,0 (3.66 g, 16.8 mmol,
1.25 equiv.) in dichloromethane (25 mL) was added dropwise at 0 °C. The resulting suspension was
stirred at ambient temperature for 24 h. The alkaline mixture was washed with 0.5 M HCl solution (50
mL x 2) and brine, dried over MgSQ,, filtered and concentrated in vacuo. The obtained crude material
was purified by silica gel column chromatography (cyclohexane:EtOAc, 4:1 = 2:1; v/v) to afford
Boc-Lys(Cbz)-O'Bu S7 (5.34 g, 12.2 mmol, 91% yield) as a colourless oil. Rf 0.30 (cyclohexane:EtOAc,
1:1, v/v); *H-NMR (300 MHz, DMSO-ds, 300 K) & = 7.42 (m, 5H, Cbz*), 7.22 (t, 1H, 3)=5.6 Hz, e-NH), 7.05
(d, 1H, 3)=7.6 Hz, a-NH), 5.00 (s, 2H, Cbz*"®), 3.80-3.62 (m, 1H, a-CH), 2.97 (dt, 2H, 3]=6.1 Hz, 3)=6.1 Hz,
€-CHa), 1.68-1.49 (m, 2H, 6-CH,), 1.44-1.22 (m, 4H, B-CH,, y-CH>), 1.38 (s, 18H, Boc, O'Bu) ppm; 3C-NMR
(75 MHz, DMSO-de, 300 K) 6 = 171.9, 156.1, 155.5, 137.3, 128.3, 127.7, 80.1, 78.0, 65.1, 54.3, 39.9,
30.3, 28.9, 28.2, 27.6, 22.7 ppm; HRMS (ESI) calculated for [C:3sH3sN,OeNa*]: 459.2477, found:
459.2461.

tert-Butyl-(2S)-2-[(tert-butoxycarbonyl)amino]-6-amino-hexanoate hydrochloride
(Boc-Lys-O'Bu - HCI, S8)

NH;*CI-

BocHN™ ~CO,Bu
S8

Boc-Lys(Cbz)-O'Bu S7 (5.34 g, 12.2 mmol, 1.00 equiv.) was dissolved in ethanol (50 mL) and 1 m HCI
solution (15.3 mL, 15.2 mmol, 1.25 equiv.) and palladium on charcoal (10 wt.%, 0.65 g, 0.61 mmol, 0.05
equiv.) were added. The resulting suspension was stirred under hydrogen atmosphere (10 bar) at
ambient temperature for 22 h. The mixture was filtered through Celite and concentrated in vacuo.
Titration with chloroform and drying under high vacuum afforded Boc-Lys-O'Bu - HCI S8 (3.92 g, 11.6
mmol, 95% vyield) as a colourless hygroscopic solid. Rf 0.01 (cyclohexane:EtOAc, 1:1, v/v); *H-NMR
(300 MHz, DMSO-ds, 300 K) & = 8.00 (s, 3H, e-NH3*), 7.09 (d, 1H, 3)=7.6 Hz, a-NH), 3.73 (ddd, 1H, 3J=7.9
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Hz, 3)=7.9 Hz, 3J=5.6 Hz, a-CH), 2.73 (t, 2H, 3)=7.1 Hz, €-CH), 1.64-1.47 (m, 4H, 5-CH,, B-CH,), 1.44-1.28
(m, 2H, y-CH,), 1.38 (s, 18H, Boc, O'Bu) ppm; 3C-NMR (75 MHz, DMSO-ds, 300 K) 6 = 171.8, 156.6, 80.2,
78.0,54.2, 38.3,30.0, 28.2, 27.6, 22.5 ppm; HRMS (ESI) calculated for [C1sHsoN204H*]: 303.2278, found:
303.2281.

tert-Butyl-(2S)-2-[(tert-butoxycarbonyl)amino]-6-[(2-nitrobenzenesulfonyl)amino]hexanoate
(Boc-Lys(Ns)-O'Bu, 7)
NHNs

BocHN™ ~CO,Bu
7

Boc-Lys-O'Bu - HCI S8 (3.92 g, 11.6 mmol, 1.00 equiv.) was suspended in dichloromethane (85 mL),
cooled to 0°C and DIPEA (5.04 mL, 28.9 mmol, 2.50 equiv.) was added. A solution of
2-Nitrobenzenesulfonyl chloride (2.82 g, 12.7 mmol, 1.10 equiv.) in dichloromethane (15 mL) was
added dropwise at 0 °C. The resulting suspension was stirred at ambient temperature for 24 h. The
solvent was removed in vacuo and the residue was dissolved in a mixture of H,O/EtOAc (120 mL, 1:1,
v/v). The layers were separated and the aqueous layer was extracted with EtOAc (60 mL x 2). The
combined organic layer was washed with brine, dried over MgSQ,, filtered and concentrated in vacuo.
The obtained crude material was purified by silica gel column chromatography (cyclohexane:EtOAc,
3:1; v/v) to afford Boc-Lys(Ns)-O'Bu 7 (5.34 g, 12.2 mmol, 91% yield) as an orange-yellowish oil. R;0.48
(cyclohexane:EtOAc, 1:1, v/v); *H-NMR (300 MHz, DMSO-ds, 300 K) & = 8.04 (t, 1H, 3J=5.7 Hz, &-NH),
8.00-7.97 (m, 1H, Ns*), 7.96-7.94 (m, 1H, Ns*7), 7.87-7.83 (m, 2H, Ns*"), 7.02 (d, 1H, 3J)=7.7 Hz, a-NH),
3.70 (ddd, 1H, 3J=8.3 Hz, 3J=8.3 Hz, 3)=5.0 Hz, a-CH), 2.87 (dt, 2H, 3)=6.8 Hz, 3)=6.5 Hz £-CH,), 1.57-1.44
(m, 2H, B-CH.), 1.44-1.32 (m, 2H, 6-CH,), 1.38 (s, 18H, Boc, O'Bu), 1.32-1.23 (m, 2H, y-CH.) ppm;
13C-NMR (75 MHz, DMSO-dg, 300 K) 6 = 171.8, 155.5, 147.7, 133.9, 132.8, 132.5, 129.3, 124.3, 80.1,
78.0,54.2,42.4,30.1, 28.7, 28.1, 27.6, 22.5 ppm; HRMS (ESI) calculated for [C21H33N30sSH*]: 488.2061,
found: 488.2078.
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tert-Butyl-(2S)-2-[(tert-butoxycarbonyl)amino]-6-{3-[(3-dimethylaminopropyl)-(2-nitrobenzene-
sulfonyl)amino]propyl}-6-(2-nitrobenzenesulfonyl)amino]hexanoate (Boc-Kdp(Me)»(Ns),-O'Bu, 8)

NSN/\/\N/\/\’\ll/
S

BocHN™ ~CO,Bu
8

In a flame-dried nitrogen round-bottom flask triphenylphosphine (1.26 g, 4.79 mmol, 1.0 equiv.) was
dissolved in dry tetrahydrofuran (25 mL), cooled to 0 °C and diisopropyl azodicarboxylate (0.97 mL,
4.79 mmol, 1.0 equiv.) was added. The mixture was stirred at 0 °C until a precipitate was formed
(15 min). To the betaine suspension was added a 0.5 M solution of Boc-Lys(Ns)-O'Bu 7 (10.0 mL,
5.04 mmol, 1.05 equiv.) in dry THF and stirred at 0 °C for 10 min. Afterwards a 0.5 M solution of
aminoalcohol 6 (10.0 mL, 5.04 mmol, 1.05 equiv.) in dry THF was added and the resulting mixture was
warmed to room temperature and stirred for 20 h. The solvent was removed in vacuo and the crude
material was purified by silica gel column chromatography (CHCl;:MeOH; 20:0 = 19:1; v/v) to afford
Boc-Kdp(Me)2(Ns),-O'Bu 8 (2.08 g, 2.55 mmol, 51% vyield) as a yellow oil. Rf0.35 (CHCl3:MeOH, 9:1,
v/v); 'H-NMR (300 MHz, DMSO-ds, 300 K) 6 = 8.00-7.93 (m, 4H, Ns*'), 7.92-7.79 (m, 4H, Ns*'), 7.06 (d,
1H, 3J=7.7 Hz, a-NH), 3.72 (ddd, 1H, 3J=8.3 Hz, 3J=8.2 Hz, 3)=5.2 Hz, a-CH), 3.29-3.13 (m, 8H, &-CH,,
N-CH,, 1-CHy, A-CH>), 2.16 (t, 2H, 3)=6.8 Hz, v-CH,), 2.08 (bs, 6H, N(CH3),), 1.70 (qi, 2H, *J=7.3 Hz, u-CH,),
1.64-1.50 (m, 4H, B-CH,, 6-CH,), 1.48-1.31 (m, 2H, 6-CH,), 1.38 (s, 18H, Boc, O'Bu), 1.30-1.13 (m, 2H, y-
CH) ppm; *C-NMR (75 MHz, DMSO-ds, 300 K) & = 171.7, 155.5, 147.5, 134.5, 132.4, 132.3, 131.7,
131.6,129.7,129.6, 124.3 (2x), 80.1, 78.0, 55.8, 54.2,47.3,45.6,44.8,44.7,30.2, 28.1, 27.6, 27.4, 26.9,
25.8, 22.6 ppm; HRMS (ESI) calculated for [C3sHsaNeO12S,H*]: 815.3314, found: 815.3314.

(25)-2-Amino-6-{3-[(3-dimethylaminopropyl)-(2-nitrobenzenesulfonyl)amino]propyl}-6-(2-nitro-
benzenesulfonyl)Jamino]hexanoic acid hydrotrifluoroacetat (H.N-Kdp(Me),(Ns).-OH - TFA, 9)

NsN™ >SN >SN
Ns |
x2 TFA
H,N™ "COzH

9

To a solution of Boc-Kdp(Me),(Ns),-O'Bu 8 (2.08 g, 2.55 mmol, 1.0 equiv.) in dichloromethane (25 mL)
was added triethylsilane (8.15 mL, 51.0 mmol, 20.0 equiv.) and trifluoroacetic acid (19.5 mL,
255 mmol, 100 equiv.) at 0 °C. The resulting solution was stirred at room temperature for 20 h. The

solvent was removed in vacuo and the crude material was several times treated with diethyl ether.
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The residue was lyophilized from a mixture of water/acetonitrile (50 mL, 1:1) to give
HaN-Kdp(Me)2(Ns),-OH - TFA 9 (2.22 g, 2.50 mmol, 98% vyield) as a pale yellow foam. *H-NMR
(500 MHz, DMSO-ds, 300 K) & = 9.62 (bs, 1H, NH*(CHs),), 8.22 (bs, 3H, a-NHs*), 8.00-7.81 (m, 8H, Ns*'),
3.90-3.83 (bs, 1H, a-CH), 3.31 (t, 2H 3)=7.2 Hz, A-CH,), 3.26 (t, 2H, 3J=7.5 Hz, -CH>), 3.23-3.15 (m, 4H,
g-CH,, n-CH>), 3.02 (t, 2H, 3J=7.9 Hz, v-CH,), 2.77 (s, 6H, NH*(CH3)), 1.88 (qi, 2H 3)=7.3 Hz, p-CH,), 1.80-
1.65 (m, 4H, 6-CH,, B-CH,), 1.45 (qi, 2H, 3)=7.5 Hz, -CH,), 1.40-1.31 (m, 1H, y-CH>), 1.30-1.19 (m, 1H,
y-CH2) ppm; 3C-NMR (125 MHz, DMSO-ds, 300 K) & = 170.9, 147.5 (2x), 134.7, 134.6, 132.6, 132.5,
131.5, 131.3,129.6, 129.5, 124.5, 124.4, 54.1, 51.8, 47.3, 45.0 (2x), 44.9, 42.2, 29.5, 27.6, 27.0, 23.2,
21.5 ppm; HRMS (ESI) calculated for [C26H3sN010S;H*]: 659.2164, found: 659.2157.

(2S5)-2-[(Fluorenylmethyloxycarbonyl)amino]-6-{3-[(3-dimethylaminopropyl)-(2-nitrobenzene-
sulfonyl)amino]propyl}-6-(2-nitrobenzenesulfonyl)amino]lhexanoic  acid  hydrotrifluoroacetate
(Fmoc-Kdp(Me)(Ns),-OH - TFA, 10)
NsN™ >SN >SN
Ns |
x 2 TFA

FmocHN COyH
10

H,N-Kdp(Me)2(Ns)2-OH - TFA 9 (2.22 g, 2.50 mmol, 1.0 equiv.) was suspended in dichloromethane
(50 mL), cooled to 0 °C and DIPEA (1.70 mL, 10.0 mmol, 4.0 equiv.) was added. A solution of FmocOSu
(1.01 g, 3.00 mmol, 1.2 equiv.) in dichloromethane (10 mL) was added at 0 °C. The resulting suspension
was stirred at ambient temperature for 20 h. The solvent was removed in vacuo and the crude material
was purified by silica gel column chromatography (CHCl;:MeOH:TFA; 19:1:0.01; v/v) to afford
Fmoc-Kdp(Me),(Ns),-OH - TFA 10 (2.01 g, 2.03 mmol, 81% yield) as a yellow oil. The product was
converted to a colourless solid by purification using semi-preparative HPLC (Thermo Scientific Dionex
UltiMate3000) using a C18 column (Macherey-Nagel VP Nucleodur C18, 125 x 21 mm, 5 um, 100 A)
and a linear gradient of 30% to 90% of MeCN (containing 0.085% TFA) in H,O (containing 0.10% TFA),
in 30 min at a flow rate of 15 mL/min. Selected fractions were combined and lyophilized to obtain a
white hydroscopic solid. Rf0.32 (CHCl3:MeOH:AcOH, 9:1:0.01, v/v/v); *H-NMR (500 MHz, DMSO-d,
300 K) 6 = 12.56 (bs, 1H, CO,H), 9.51 (bs, 1H, NH*(CHs),), 8.00-7.96 (m, 2H, Ns*"), 7.96-7.92 (m, 2H,
Ns*7), 7.91-7.87 (m, 4H, Fmoc”, Ns*'), 7.87-7.79 (m, 2H, Ns*'), 7.72 (dd, 2H, 3J=7.4 Hz, *J=2.9 Hz, Fmoc""),
7.58 (d, 1H, 3J=8.1 Hz, a-NH), 7.41 (t, 2H, 3J=7.4 Hz, Fmoc?), 7.32 (t, 2H, 3=7.4 Hz, Fmoc®), 4.29 (d, 2H,
3)=7.3 Hz, Fmoc*'®), 4.23 (t, 1H, 3J=7.2 Hz, Fmoc*'?), 3.88 (ddd, 1H, 3)=9.0 Hz, 3)=8.4 Hz, 3)=4.8 Hz, a-CH),
3.32 (t, 2H, 3J=7.2 Hz, A\-CH2), 3.26 (t, 2H, 3J=7.5 Hz, 1-CHa), 3.22-3.14 (m, 4H, &-CH,, n-CH,), 3.06-2.99
(m, 2H, v-CH,), 2.77 (s, 3H, NH*(CHs)), 2.76 (s, 3H, NH*(CHs)), 1.94-1.84 (m, 2H, p-CH,), 1.71 (qi, 2H,
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3)=7.3 Hz, B-CH,), 1.68-1.60 (m, 1H, B-CH,"®), 1.60-1.51 (m, 1H, B-CH,"}), 1.50-1.34 (m, 2H, 5-CH,),
1.30-1.14 (m, 2H, y-CH,) ppm; *C-NMR (125 MHz, DMSO-ds, 300 K) & = 173.7, 156.0, 147.5, 143.7,
140.7,134.7,132.3,131.4,129.6, 129.3, 127.4, 126.9, 125.1, 124.3, 120.0, 65.4, 53.9, 53.5, 47.2, 46.5,
44.7 (2x), 44.5, 42.1, 30.1, 27.2, 26.8, 23.0, 22.4 ppm; HRMS (ESI) calculated for [CaiHasN6O12S,H"]:
881.2844, found: 881.2885.

Dipeptide coupling with Fmoc Kdp(Me)2(Ns).-OH - TFA

To determine the enantiomeric excess (ee) of the building block Fmoc-Kdp(Me)(Ns),-OH - TFA 10 we
performed a dipeptide coupling with L-Ala-O'Bu - HCl. The diastereomeric ratio was determined from
the H NMR integral ratio of the amide and a-protons. Assuming that no stereo information on

L-Ala-O'Bu was lost during the peptide coupling, the ee was determined directly from the dr.

NSN/\/\N/\/\N/ NSN/\/\N/\/\N/
Ns | L-Ala-O'Bu x HCI, Ns |
xTFA  HBTU, HOBt, DIPEA x TFA
o)
o DMF, 16 h, rt HQJ\ t
FmocHN FmocHN Y O'Bu
o) O CH,
10 S9

Fmoc-Kdp(Me)2(Ns),-OH - TFA 10 (25.0 mg, 25.1 umol, 1.0 equiv.) and H;N-Ala-O'Bu - HCl (5.02 mg,
27.6 umol, 1.1 equiv.) were dissolved in DMF (250 pL) at room temperature. DIPEA (21.4 uL, 125 umol,
5.0 equiv.), 0.25 M HBTU (110 pL, 27.6 umol, 1.1 equiv.) in DMF and 0.5 M HOBt (55.3 pL, 27.6 umol,
1.1 equiv.) in DMF were added and the resulting solution was stirred at room temperature for 18 h.
The solvent was removed under reduced pressure and the obtained crude residue was purified by
semi-preparative HPLC (Thermo Scientific Dionex UltiMate3000) using a C18 column (Macherey-Nagel
VP Nucleodur €18, 125 x 21 mm, 5 um, 100 A) and a linear gradient of 30% to 90% of MeCN (containing
0.085% TFA) in H,0 (containing 0.10% TFA), in 60 min at a flow rate of 15 mL/min. Selected fractions
were combined and lyophilized to obtain Fmoc-Kdp(Me),(Ns),-Ala-O'Bu - TFA S9 as a white solid, which
was dissolved in DMSO-ds and dr was determined by NMR-spectroscopy. *H-NMR (600 MHz, DMSO-ds,
300 K) 6 = 9.39 (bs, 1H, NH*(CHs)), 8.17 (d, 1H, 3J=6.9 Hz, a-NH"?), 8.00-7.79 (m, 10H, Fmoc"", Ns*"),
7.72 (t, 2H, 3)=6.8 Hz, Fmoc?), 7.42 (d, 1H, 3)=8.5 Hz, a-NH*¥), 7.41 (t, 2H, 3J=7.4 Hz, Fmoc?), 7.32 (t,
2H, 3)=7.4 Hz, Fmoc™"), 4.30-4.17 (m, 3H, Fmoc”'®), 4.10 (qd, 1H, 3)=7.0 Hz, 3)=7.1 Hz, a-CH""?), 3.96 (ddd,
1H, 3)=8.8 Hz, 3J=8.8 Hz, 3J=4.8 Hz, a-CH"%), 3.31 (t, 2H, 3J)=7.2 Hz, A-CH,), 3.26 (t, 2H, 3J=7.5 Hz, n-CH,),
3.24-3.12 (m, 4H, e-CH>, -CH,), 3.05-2.98 (m, 2H, v-CH,), 2.77 (s, 3H, NH*(CH3),), 2.76 (s, 3H, NH*(CH3),),
1.92-1.84 (m, 2H, p-CH,), 1.71 (qi, 2H, 3)=7.3 Hz, 8-CH,), 1.64-1.55 (m, 1H, B-CH,), 1.52-1.33 (m, 12H,

B-CH,, 8-CH,, O'Bu), 1.24 (d, 3H, 31=7.0 Hz, CHs"?), 1.23-1.15 (m, 2H, y-CH,) ppm.
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Serine building blocks for SPPS
O-(tert-Butyldimethylsilyl)-L-serine (H.N-Ser(TBS)-OH, S10)
OTBDMS

L

H,N~ ~CO,H
$10

L-Serine (2.63 g, 25.0 mmol, 1.0 equiv.) was suspended in dry DMF and cooled to 0 °C. Imidazole (3.41
g, 50.0 mmol, 2.0 equiv.) and TBDMSCI (4.15 g, 27.5 mmol, 1.1 equiv.) were added in one portion, the
mixture was allowed to warm to rt and stirred for 18 h. DMF was removed by condensation and the
remaining slurry was treated with 80 mL H,O/pentane (1:1) and stirred for 4 h. The resulting colourless
precipitate was filtered off, washed with cold pentane and dried under vacuum to give
H,N-Ser(TBS)-OH S10 (3.88 g, 17.7 mmol, 71% yield). *H-NMR (300 MHz, CDs0D, 300 K) & = 4.06 (dd,
1H, 2J=10.9 Hz, 3)=3.8 Hz, B-CH;) 3.99 (dd, 1H, 2J=10.9 Hz, 3J=6.1 Hz, B-CH,), 3.61 (dd, 1H, 3J=6.0 Hz,
3)=3.8 Hz, a-CH), 0.93 (s, 9H, TBDMS), 0.13 (s, 6H, TBDMS) ppm; 3C-NMR (75 MHz, CDs0D, 300 K) & =
171.7, 63.6, 58.0, 26.4, 19.3, —5.3, —5.4 ppm; HRMS (ESI) calculated for [CoH21NOsSiH*]: 220.1363,
found: 220.1369.

N-(Fluorenylmethyloxycarbonyl)-O-(tert-butyldimethylsilyl)-L-serine (Fmoc-Ser(TBS)-OH, S11)
OTBDMS

FmocHN CO,H
S11

H.N-Ser(TBS)-OH S10 (3.85 g, 17.6 mmol, 1.0 equiv.) was suspended in 5% aqueous solution of Na,CO;
(100 mL) and the pH value was adjusted to 8 with 2 M HCI. The mixture was cooled to 0 °C and a solution
of FmocOSu (8.89 g, 26.4 mmol, 1.5 equiv.) in acetone (20 mL) was added dropwise. The resulting
suspension was allowed to warm to rt and stirred for 18 h. The alkaline aqueous solution was washed
with cyclohexane (200 mL) and then acidified to pH 3 with 2 M HCl and extracted with EtOAc (80 mL x
3). The combined organic layer was washed with brine, dried over MgSQ,, filtered and concentrated
in vacuo. The obtained crude material was purified by silica gel column chromatography
(cyclohexane:EtOAc:AcOH, 3:1:0.01; v/v/v) to afford Fmoc-Ser(TBS)-OH S11 (5.88 g, 13.3 mmol, 71%
yield) as a colourless solid. Rf0.38 (CH:EE:AcOH, 3:1:0.01, v/v/v); *H-NMR (300 MHz, DMSO-ds, 300 K)
8=12.77 (s, 1H, CO,H), 7.89 (d, 2H, 3)=7.5 Hz, Fmoc”"), 7.73 (d, 2H, 3)=7.2 Hz, Fmoc?), 7.42 (t, 2H, )=7.1
Hz, Fmoc®), 7.42 (d, 1H, 3)=8.3 Hz, a-NH), 7.32 (t, 2H, 3J=7.4 Hz, Fmoc”""), 4.33-4.18 (m, 3H, Fmoc?'?),
4.18-4.07 (m, 1H, a-CH), 3.90-3.77 (m, 2H, B-CH>), 0.84 (s, 9H, TBDMS), 0.03 (s, 6H, TBDMS) ppm; **C-
NMR (75 MHz, DMSO-ds, 300 K) 6 = 171.6, 155.9, 143.8, 143.7, 140.7, 127.6, 127.0, 125.2, 120.0, 65.8,
62.7, 56.1, 46.6, 25.7, 17.9, —5.5 ppm; HRMS (ESI) calculated for [C2sH31NOsSiNa*]: 464.1864, found:

464.1862.
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N-(tert-butoxycarbonyl)-O-(tert-butyldimethylsilyl)-L-serine (Boc-Ser(TBS)-OH, S12)
OTBDMS

BocHN” “CO,H
s12

H,N-Ser(TBS)-OH $10 (1.10 g, 5.00 mmol, 1.0 equiv.) was suspended in 5% aqueous solution of Na,COs
(25 mL) and the pH value was adjusted to 8 with 2 M HCI. A solution of Boc,0 (1.31 g, 6.00 mmol, 1.2
equiv.) in acetone (50 mL) was added dropwise. The resulting suspension was stirred at rt for 18 h. The
alkaline aqueous mixture was washed with cyclohexane (100 mL) and then acidified to pH 3 with 2 m
HCl and extracted with EtOAc (100 mL x 3). The combined organic layer was washed with brine, dried
over MgSQ,, filtered and concentrated in vacuo. The obtained crude material was purified by silica gel
column chromatography (DCM:AcOH, 1:0.01; v/v) to afford Boc-Ser(TBS)-OH S12 (1.15 g, 3.61 mmol,
72% yield) as a colourless oil. Rf0.20 (DCM:AcOH, 1:0.01, v/v); *H-NMR (300 MHz, DMSO-dg, 300 K) &
=12.66 (s, 1H, CO;H), 6.61 (d, 1H, *J=8.4 Hz, a-NH) 4.05 (dt, 1H, 3J=8.5 Hz, 3)=5.1 Hz, a-CH), 3.79 (d, 2H,
3)=5.3 Hz, B-CH,), 1.38 (s, 9H, Boc), 0.84 (s, 9H, TBDMS), 0.02 (s, 6H, TBDMS) ppm; *C-NMR (75 MHz,
DMSO-de, 300 K) 6 =171.8, 155.1, 78.1, 62.8, 55.6, 28.1, 25.7, 17.9, —5.5 ppm; HRMS (ESI) calculated
for [C14H29NOsSiNa*]: 342.1707, found: 342.1705.
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LCPA mixtures for precipitation and DOSY experiments

LCPA H3C-NH-[(CH2)s-N(CHs)-].-H (513, LCPA)

1 3 1

HN/\z/\CN/\Z,/\Nj\ANH
la | A I

S13, LCPA
The reaction was performed according to the literature.® N,N-Bis[3-(methylamino)propyl]methylamine
(4.60 mL, 26.5 mmol, 2.00 equiv.) was dissolved in anhydrous ethanol (1.0 mL) and a solution of 1,3-
dibromopropane (1.35 g, 13.3 mmol, 1.00 equiv.) in anhydrous ethanol (4.45 mL) was added dropwise
by a syringe pump (100 pL/min) at room temperature. After reaction work up according to the
literature® the LCPAa mixture S13a (1.42 g, 2.37 mmol, 18% yield) was obtained as a yellow oil. The
average chain length was calculated on 9 nitrogen from the integral ratio of terminal and internal
protons of the methyl groups. The yield was determined for the average chain length of 9 nitrogen.
'H-NMR (600 MHz, D,0, 300 K) 6 =2.54 (t, 4H, 3)=7.3 Hz, 1-CH,), 2.41 (t, 4H, 3)=8.1 Hz, 3-CH,), 2.44-2.35
(m, 24, 1'-CH,), 2.30 (s, 6H, a-CHs), 2.20 (s, 21H, a’-CHs), 1.69-1.61 (m, 16H, 2-,2’-CH,) ppm; 3C-NMR
(75 MHz, D,0, 300 K) 6 = 54.6, 54.3, 48.7, 41.1, 34.5, 25.4, 22.9 ppm; HRMS (ESI) calculated for
[C3sH77NgH*]: 600.6375, found: 600.6380.
The reaction was repeated with a faster addition rate (25 puL/min) at room temperature. After reaction
work up according to the literature® the LCPAb mixture S13b (1.25 g, 1.54 mmol, 12% vyield) was
obtained as a yellow oil. The average chain length was calculated on 12 nitrogen from the integral ratio
of terminal and internal protons of the methyl groups. The yield was determined for the average chain
length of 12 nitrogen. 'H-NMR (600 MHz, D,0, 300 K) & = 2.57 (t, 4H, 3J=7.3 Hz, 1-CH,), 2.44 (t, 4H,
3)=7.8 Hz, 3-CH,), 2.40 (t, 36H, 3)=7.8 Hz, 1'-CH,), 2.34 (s, 6H, a-CHs), 2.22 (s, 30H, a’-CHs), 1.70-1.65 (m,
22H, 2-,2’-CH;) ppm; 3C-NMR (75 MHz, D,0, 300 K) & = 54.5, 54.3, 48.7, 41.0, 34.4, 25.3, 22.9 ppm;
HRMS (ESI) calculated for [CasH10aN12H*]: 813.8580, found: 813.8593.
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Peptide synthesis

Activation of the 2-chlorotritylchloride resin

The partially hydrolysed 2-chlorotritylchloride resin (2-chlorotritylalcohol resin) was fully activated by
chlorination. The resin was washed several times with DMF, dry DCM and dry toluene (5.00 mL/g resin)
in a sintered glass funnel before it was transferred to a flame-dried nitrogen round-bottom flask
equipped with a reflux condenser. Dry toluene (5.00 mL/g resin) and freshly distilled acetyl chloride
(1.00 mL/g resin) was added. The resulting suspension was heated to 70 °C for 3 h. The resin was
filtered, washed several times with dry toluene and dry DCM (10.0 mL/g resin) and dried under vacuum

and used immediately.

Resin loading with standard Fmoc amino acids

2-Chlorotritylchloride resin (1.46 mmol/g, 200-400 mesh) was loaded by adding Fmoc-Lys(Boc)-OH
(2.00 equiv.) and DIPEA (6.00 equiv.) in DCM (10 mL/g resin) and stirring at room temperature for 3 h.
The resin was filtered, washed several times with DCM before it was treated with a mixture of
DCM/MeOH/DIPEA (80:15:5) two times for 30 min. Finally, the resin was washed again several times
with MeOH and DCM and dried under vacuum. The loading of the used resin was determined to be
0.60 mmol/g by UV-Vis spectroscopy at 289 nm and 300 nm after cleaving the Fmoc-protecting group
with 20% piperidine in DMF for 20 min.

Resin loading with Fmoc-Kdp(Me)2(Ns).-OH - TFA

Activated 2-chlorotritylchloride resin  (1.46 mmol/g, 200-400 mesh) was loaded with
Fmoc-Kdp(Me),(Ns),-OH - TFA 10 by adding the protected amino acid (0.50 equiv.) and DIPEA
(1.50 equiv.) in DCM (20 mL/g resin) and stirring at room temperature for 3 h. The resin was filtered,
washed several times with DCM before it was treated with a mixture of DCM/MeOH/DIPEA (80:15:5)
three times for 30 min. Finally, the resin was washed again several times with MeOH and DCM and
dried under vacuum. The loading of the used resin was determined to be 0.20 mmol/g by UV-Vis
spectroscopy at 289 nm and 300 nm after cleaving the Fmoc-protecting group with 20% piperidine in

DMF for 20 min.
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Automated solid phase peptide synthesis

Peptides were synthesised on a microwave assisted CEM Liberty Blue peptide synthesizer.

Fmoc-strategy was applied. The 2-chlorotritylchloride resin preloaded with Fmoc-Lys(Boc)-OH

(scheduled quantity: 0.10 mmol, 1.00 equiv.) was swollen in DMF (20 mL/g resin) for 30 min at ambient

temperature before it ran through the following cycles of Fmoc-deprotection and amino acid coupling.

Fmoc-deprotection:
T =50 °C, Pmicrowave = 30 W, t = 210 s with piperidine (20 w% in DMF, 3.00 mL/deprotection)
Amino acid coupling:
for amino acids except Fmoc-Arg(Pbf)-OH:
T =50 °C, Pmicrowave = 30 W, t = 600 s with Fmoc-protected amino acid (0.2 M in DMF, 5.00 equiv.,
2.5 mL/coupling), DIC (0.5 M in DMF, 5.00 equiv., 1.0 mL/coupling) and Oxyma (1.0 M in DMF,
5.00 equiv., 0.5 mL/coupling)
for Fmoc-Arg(Pbf)-OH:

1. T=25°C, Pmicrowave =0 W, t=1500 s

2. T=50"°C, Pmicrowave =35 W, t =660 s
with Fmoc-protected amino acid (0.2 M in DMF, 5.00 equiv., 2.5 mL/coupling), DIC (0.5 M in
DMF, 5.00 equiv., 1.0 mL/coupling) and Oxyma (1.0 M in DMF, 5.00 equiv., 0.5 mL/coupling).

Manual solid phase peptide synthesis

Peptides were synthesised using a special SCHLENK-frit for peptide synthesis. Fmoc-strategy was

applied. The 2-chlorotritylchloride resin preloaded with Fmoc-Kdp(Me)2(Ns),-OH - TFA 10 (scheduled

quantity: 0.10 mmol, 1.00 equiv.) was swollen in DMF (20 mL/g resin) for 30 min at ambient

temperature before it ran through the following cycles of Fmoc-deprotection and amino acid coupling.

Fmoc deprotection:

The Fmoc protecting group was removed by treatment of the pre-swollen resin with 25%
piperidine in DMF (5.00 mL/0.1 mmol resin) at ambient temperature for 10 min. This
procedure was performed three times. After completion, the solution was drained and the
resin was washed several times with DMF, MeOH and DCM.

Standard amino acid coupling:

Fmoc-Xaa-OH (2.50 equiv.), HBTU (2.50 equiv.) and HOBt (2.50 equiv.) were dissolved in DMF
(20.0 mL/mmol), added to the pre-swollen resin (1.00 equiv.) and DIPEA (5.00 equiv.) was
added. The suspension was swirled with a flow of argon at ambient temperature for 60 min.

After completion the solution was drained and the resin was washed several times with DMF,
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MeOH and DCM. The completion of couplings was ascertained by KAISER-test 4, TNBS-test ,

acetaldehyde/chloranil-test ® or NMR-test cleavage.

Fmoc-Ser(TBS)-OH and Boc-Ser(TBS)-OH coupling:

Fmoc-Ser(TBS)-OH S10 (1.25 equiv.) or Boc-Ser(TBS)-OH S11 (1.25 equiv.), HBTU (1.25 equiv.)
and HOBt (1.25 equiv.) were dissolved in DMF (20.0 mL/mmol), added to the pre-swollen resin
(1.00 equiv.) and DIPEA (2.50 equiv.) was added. The suspension was swirled with a flow of
argon at ambient temperature for 30 min. Double coupling was used for this coupling step.
After completion the solution was drained and the resin was washed several times with DMF,
MeOH and DCM. The completion of couplings was ascertained by KAIsEr-test  or TNBS-test.
Fmoc-Lys(Me),-OH - HCI coupling:

Fmoc-Lys(Me),-OH - HCI (1.50 equiv.), HBTU (1.50 equiv.) and HOBt (1.50 equiv.) were
dissolved in DMF (20.0 mL/mmol), added to the pre-swollen resin (1.00 equiv.) and DIPEA
(4.00 equiv.) was added. The suspension was swirled with a flow of argon at ambient
temperature for 45 min. Double coupling was used for this coupling step. After completion the
solution was drained and the resin was washed several times with DMF, MeOH and DCM. The
completion of couplings was ascertained by KAISER-test 4, TNBS-test 5, acetaldehyde/chloranil-
test ® or NMR-test cleavage.

Fmoc-Hyl(Me);-Gly-OH - TFA coupling:

Fmoc-Hyl(Me)s-Gly-OH - TFA 5 (1.00 equiv.) was dissolved in DMF (15.0 mL/mmol) and DIPEA
(2.50 equiv.), 0.25 m HATU (1.00 equiv.) in DMF and 0.5 m HOAt (1.00 equiv.) in DMF were
added. After 5 min pre-activation the solution was transferred to the pre-swollen resin
(1.00 equiv.). The suspension was treated at 55 °C and 200 rpm on the rotary evaporator for
60 min. Triple coupling was used for this coupling step. After completion the solution was
drained and the resin was washed several times with DMF, MeOH and DCM. The completion
of couplings was ascertained by KaISER-test #, TNBS-test >, acetaldehyde/chloranil-test © or
NMR-test cleavage.

Fmoc-Kdp(Me)z(Ns),-OH - TFA coupling:

Fmoc-Kdp(Me),(Ns),-OH - TFA 10 (1.50 equiv.), HBTU (1.50 equiv.) and HOBt (1.50 equiv.)
were dissolved in DMF (20.0 mL/mmol), added to the pre-swollen resin (1.00 equiv.) and
DIPEA (4.00 equiv.) was added. The suspension was swirled with a flow of argon at ambient
temperature for 60 min. Double coupling was used for this coupling step. After completion the
solution was drained and the resin was washed several times with DMF, MeOH and DCM. The
completion of couplings was ascertained by KAISErR-test 4, TNBS-test °, acetaldehyde/chloranil-

test ® or NMR-test cleavage.
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TBDMS deprotection on the solid phase

The TBDMS protecting group was removed by treatment of the pre-swollen resin (1.00 equiv.) with
1.0 M tetrabutylammonium fluoride (5.00 equiv./TBDMS group) in THF at ambient temperature for
30 min. This procedure was performed three times. After completion, the solution was drained and

the resin was washed several times with DMF, MeOH and DCM.

Ns deprotection on the solid phase

2-Mercaptoethanol (10.0 eq/Ns-group) was dissolved in DMF (0.50 mL/Ns-group) and DBU
(5.00 eq/Ns-group) was added. After 5 min pre-activation the thiolate solution was transferred to the
pre-swollen resin (1.00 equiv.). The suspension was swirled with a flow of argon at ambient
temperature for 30 min. This procedure was performed three times. After completion, the solution

was drained and the resin was washed several times with DMF, MeOH and DCM.

Phosphorylation on the solid phase

The phosphorylation was carried out under an argon atmosphere with exclusion of moisture.
Therefore, the peptide resin (0.05 mmol, 1.00 equiv.) with unprotected serine-hydroxyl groups was
placed in a special reaction vessel. The following procedure describes the phosphorylation for peptides
without free primary or secondary amines in the side chains. For peptides with free primary or
secondary amine in the peptide resin, an additional amount (0.50 equiv./NH group.) of reagents and
solvents was used for each free amine.

The resin was swollen in dry DMF (1.00 mL/OH group) at ambient temperature for 2 h before
1H-tetrazol (0.45 M in MeCN, 7.50 equiv./OH group) and dibenzyl N,N-diisopropylphosphoramidite
(3.00 equiv./OH group) were added. The suspension was swirled with a flow of argon at ambient
temperature for 3 h before the solution was drained and the resin was washed several times with dry
DMF. Afterwards the organophosphite was oxidized by adding tert-butyl hydroperoxide (5.55 M in
decane, 37.7 equiv./OH group,) in dry DMF (1.00 mL/OH group). The suspension was swirled with a
flow of argon at room temperature for 1.5 h before the solution was drained and the resin was washed

several times with DMF and DCM and dried in vacuo.
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Simultaneous cleavage from the resin and of the side chain protecting groups

A cleavage cocktail of TFA/H,O/TIPS (95:2.5:2.5, 5.0 mL/0.1 mmol) was added to the dry resin
(1.00 equiv.). The suspension was swirled with a flow of argon for 3 to 6 h at room temperature before
the solution was drained and the resin was washed several times with TFA. The acidic cleavage of the
benzyl ester protecting groups from the phosphates requires an extended reaction time. However, a
deprotection time of 6 h at ambient temperature was not exceeded to prevent hydrolysis of the
peptides. The combined filtrate was concentrated under reduced pressure. Peptides were precipitated
from cold diethyl ether (40 mL), washed three times with diethyl ether and lyophilized from H,O0/MeCN
(80:20) mixture.

Purification
The peptides were purified by semi-preparative reversed-phase HPLC on a Thermo Scientific Dionex
UltiMate3000 with an MWD-3000 detector. To avoid elution of the highly polar peptides in the void
volume of the column, specially optimised conditions were used. An isocratic eluent mixture was used
at the beginning for 10 min before switching to a slow gradient for 60 min with the following
conditions.
Column: ACE 5 SuperC18 (150 x 10 mm, 5 pm, 90 A)
Gradient: 0% MeCN + 0.085% TFA in H,0 + 0.1% TFA for 10 min, thereafter 0% — 30% MeCN +
0.085% TFA in H,O + 0.1% TFA in 60 min with 7.50 mL/min at 28 °C and 215 nm,
230 nm, 254 nm and 270 nm.
0% MeCN + 0.085% TFA in H,0 + 0.1% TFA for 10 min, thereafter 0% — 50% MeCN +
0.085% TFA in H,O + 0.1% TFA in 60 min with 7.50 mL/min at 28 °C and 215 nm,
230 nm, 254 nm and 270 nm.

Analytical HPLC
Analytical HPLC was performed on a Thermo Scientific Dionex UltiMate3000 with an MWD-3000
detector under the following conditions (if not indicated otherwise).
Column: ACE UltraCore 2.5 SuperC18, 150 x 2.1 um
Gradient: 0% — 30% MeCN + 0.085% TFA in H,0 + 0.1% TFA in 10 min with 0.45 mL/min at 28 °C
and 230 nm.
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Synthesis of Ser-pSer-Lys-Lys-Ser-Gly-pSer-Tyr-Ser-Gly-pSer-Lys-Gly-Ser-Lys (p3-Sil01, S14)

NH, NH,
O¢P/OH OH
"~OH
0 OH
H H Ho§ H H H H
HoN AL N NI NI N N N NI
N N N - >N N N N OH
H H H L H H H
HO™ “OH \Q SOH \Q
_OH _OH
_PZ P
0” “OH 0” “OH
NH, x 5 TFA NH,
s14

The peptide $14 was synthesised under standard coupling condition on a microwave assisted peptide
synthesizer (Liberty Blue, CEM) on a 0.10 mmol scale with the conditions described above. The peptide
was posttranslationally desilylated, subsequently phosphorylated and cleaved from the resin as
described above. The crude peptide p3-Sil01 S14 was obtained as a colourless solid (155 mg, 67.8 umol
68% yield) and purified by semi-preparative HPLC.

LC-HRMS (ESI+, H,O/MeCN) calculated for [CeoH10sN19033P3sH;]?*: 857.8279, found: 857.8293.

HPLC tr = 4.360 min, purity > 85%, (0% — 30% MeCN + 0.085% TFA in H,0 + 0.1% TFA, 10 min,
28 °C, 0.45 mL/min, 230 nm, ACE Ultracore 2.5 SuperC18).

31p_.NMR (202 MHz, 300 K, H,0/D,0 (9:1), pH 3.0), 6 = 0.77 (s, 1P, pSer?), 0.76 (s, 1P, pSer’), 0.62 (s,
1P, pSer!) ppm.

1H-NMR (600 MHz, 300 K, H,0/D-0 (9:1), pH 3.0), 1.79 mg in 500 pL.

Table S1: H-NMR signal assignment for p3-Sil01 S14 from TOCSY and HSQC spectrum (600 MHz,
300 K, H,0/D,0 (9:1), pH 3.0). n.d. = not definable, - = not available.

amino
y NH / ppm Ha / ppm HB / ppm further / ppm

aci

Ser! n.d. 4.24 4.05 -

pSer? 9.00 4.65 4.19, 4.14 -

Lys3 8.36 4.34 1.81,1.75 Hy: 1.42 HS: 1.65 He: 2.99
e-NHs*: 7.50

Lys4 8.44 4.37 1.90, 1.81 Hy: 1.43 Ho: 1.66 He: 2.99
e-NHs*: 7.50

Ser? 8.41 4.47 3.92, 3.89 -

G|y6 8.46 4,01 - -

pSer’ 8.36 458 4.08 -

Tyr8 8.29 4.62 3.03 CHa°: 7.14  CHa™: 6.83
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Ser? 8.26 4.43 3.85,3.79 -

Gly'° 7.71 3.97 - -

pSer't 8.50 4.57 4.22,4.11 -

Lys'? 8.44 4.36 1.85,1.75 Hy: 1.43 Ho: 1.66 He: 2.99
€-NHs*: 7.50

Gly® 8.26 3.97 - -

Ser4 8.14 4.46 3.87 -

Lys? 8.28 4.35 1.90,1.78 Hy: 1.43 Ho: 1.67 He: 2.99
€-NHs*: 7.50

Synthesis of pSer-pSer-Lys-Lys-pSer-Gly-pSer-Tyr-pSer-Gly-pSer-Lys-Gly-pSer-Lys
(p7-Sil01, S15)

NH, NH,

Os_.OH _OH

Hwk fY A, xmfwa (ijm(wk P fY 1L,

0
_p-OH /‘/OH . /OH B /OH B /OH
0~ “OH 0~ “OH 0" “OH 0~ “OH 0~ “OH

NH, x5 TFA NH,
s15

The peptide S15 was synthesised under standard coupling condition on a microwave assisted peptide
synthesizer (Liberty Blue, CEM) on a 0.10 mmol scale with the conditions described above. The peptide
was posttranslationally desilylated, subsequently phosphorylated and cleaved from the resin as
described above. The crude peptide p7-Sil01 S15 was obtained as a colourless solid (100 mg, 38.4 umol
38% yield) and purified by semi-preparative HPLC.

LC-HRMS (ESI+, H,O/MeCN) calculated for [CeoH110N19045P7H2]?*: 1017.7606, found: 1017.7631.
HPLC tr =1.037 min, (1% —> 30% MeCN + 0.085% TFA in H,O+0.1% TFA, 10 min, 28 °C,
0.45 mL/min, 230 nm, ACE Ultracore 2.5 SuperC18).

31p_.NMR (202 MHz, 300 K, H,0/D,0 (9:1), pH 3.0), 6 =0.76 (s, 1P, pSer?), 0.75 (s, 1P, pSer®), 0.71 (s,
1P, pSer’), 0.69 (s, 1P, pSer*'), 0.59 (s, 1P, pSer'?), 0.58 (s, 1P, pSer®), 0.38 (s, 1P, pSer') ppm.

'H-NMR (600 MHz, 300 K, H,0/D,0 (9:1), pH 3.0), 1.66 mg in 500 pL, purity > 85%.
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Table S2: 'H-NMR signal assignment for p7-Sil01 $15 from TOCSY and HSQC spectrum (600 MHz,
300 K, H,0/D,0 (9:1), pH 3.0). n.d. = not definable, - = not available.

amino
NH / ppm Ho / ppm HB / ppm further / ppm

acid

pSer! n.d. 4.40 4.30 -

pSer? 9.03 4.67 4.14 -

Lys3 8.48 4.36 1.91,1.80 Hy: 1.43 Hd: 1.66 He: 2.98
€-NHs": 7.50

Lys* 8.52 4.41 1.85,1.78 Hy: 1.43 Hd: 1.66 He: 2.98
e-NHs*: 7.50

pSer® 8.58 4.60 4.15 -

Gly® 8.43 4.01 - -

pSer’ 8.33 4.60 4.09 -

Tyr® 8.30 4.64 3.04 CHa°: 7.15 CHa™: 6.84

pSer? 8.53 4,57 4.13 -

Gly® 7.68 4.00, 3.96 - -

pSer!! 8.52 4.55 4.10 -

Lys'? 8.49 4.40 1.92,1.79 Hy: 1.44 Ho: 1.67 He: 2.99
€-NHs*": 7.50

Gly® 8.16 3.99 - -

pSer 8.50 4,55 4.11. -

Lys' 8.28 4.42 1.92,1.82 Hy: 1.43 H3: 1.67 He: 2.99
€-NHs*": 7.50
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Synthesis of pSer-pSer-Kdp(NH)2(Me).-Lys(Me),-pSer-Gly-pSer-Tyr-pSer-Gly-pSer-pHyl(Me)s-
Gly-pSer-Kdp(NH)2(Me). (synSil-1A,, S16)

/
\N/ \N®
Os,_.OH OH HO. .O Os._.OH
P~oH Ho-F P~oH
o] o o]
H H H H H H H
HZN\)kN N\)kN N\)KN/ﬁ(N\)kN N\V)kN/ﬁ(N\)kN N\)kN N\)kOH
A H - A - A i A - A H
0” ~OH 0% “OH 0% “OH 0% “OH 0” “OH ‘ H
HN NN~ NH
x 8 TFA
\ S16
HN _~_ N

The peptide S16 was synthesised manually on a 0.05 mmol scale under the coupling conditions
described above. The peptide was posttranslationally desilylated, subsequently phosphorylated and
cleaved from the resin as described above. The crude peptide synSil-1A; S16 was obtained as a

colourless solid (81 mg, 38.4 umol 38% yield) and purified by semi-preparative HPLC.

LC-HRMS (ESI+, H,O0/MeCN) calculated for [CgiH15sN23049PgH]?*: 1242.9273, found: 1242.9344.

HPLC tz = 3.623 min, purity = 98%, (0% — 30% MeCN + 0.085% TFA in H,O + 0.1% TFA, 10 min,
28 °C, 0.45 mL/min, 230 nm, ACE Ultracore 2.5 SuperC18).

31p_NMR (202 MHz, 300K, H,0/D,0 (9:1), pH 3.0), 6§ = 0.76 (s, 1P, pSer?), 0.72-0.63 (m, 4P,
pSer>”211) 0.59 (s, 1P, pSer'?), 0.37 (s, 1P, pSer'), —1.20 (s, 1P, pHyl(Mes)*?) ppm.

H-NMR (600 MHz, 300 K, H,0/D,0 (9:1), pH 3.0), 2.09 mg in 200 pL.

Table S3: H-NMR signal assignment for synSil-1A; S16 from TOCSY and HSQC spectrum (600 MHz,
300 K, H,0/D,0 (9:1), pH 3.0). n.d. = not definable, - = not available.

amino
NH/ppm Ha/ppm HB / ppm further / ppm
acid
pSer! n.b. 4.40 4.31 -
pSer? 9.05 4.66 4.14 -
Kdp(Me),? 8.40 4.38 1.83,1.81 Hy: 1.42 Ho: 1.69 He: 3.04
Hn: 3.15 HO: 2.11 Ht: 3.15
HA:3.14 Hu: 2.15 Hv:3.23
v-NMe;: 2.90
Lys(Me),* 8.58 4.37 1.88,1.79 Hy: 1.43 Ho: 1.71 He: 3.10
e-NMe;: 2.84 e-"‘NHMe;: 8.89
pSer’ 8.54 4.59 4.17 -
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pSer’
Tyr®
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Gly®
pSer't

pHyl(Me);?

G|y13
Ser

Kdp(Me),*

8.43
8.32
8.30
8.55
7.73
8.54
8.62

8.24
8.54
8.16

4.02,4.00
4.60
4.63
4.59
4.02,3.98
4.58
4.44
4.37

3.98
4.54
4.41

4.09
3.06, 3.03
4.15
4.16
2.11,2.07
1.99,1.98

4.24
1.92,1.80

CHAr0

Hy
Hy
e-N*Mes

Hy
Hn
HA

v-NMe,

:7.16

:1.92
:1.83
:3.21

:1.45
:3.15
:3.14
:2.90

CHa™:6.85

Ho: 4.74 He: 3.59, 3.43
He: 3.59, 3.45

Ho: 1.69 He: 3.03
HO: 2.11 Hu: 3.15
Hu: 2.15 Hv:3.23
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In vitro silica precipitation assays

In vitro silica precipitation assays were performed as described in the experimental section of the
manuscript, according to the methods described by KROGER et al.” in 2002 and GEYER at al.® in 2020. All
experiments were performed in a 50 mM sodium acetate buffer at the desired pH value, with pre-
hydrolysed tetramethyl orthosilicate (TMOS) solution as a silicic acid source. The silica precipitation
took place in a time frame of precisely 10 min and was stopped by the addition of 1.0 m HCl solution.
The amount of precipitated silica was quantified photometrically by a modified B-silicomolybdate
method.® For each datapoint, a double determination was performed. The respective mean values of
the experimental data were plotted and are shown in Figures S2 and S3. Error bars are not shown in

the figures because they are disproportionately large at low silica amounts.

pH Dependence of LCPA and peptides

The results of the pH dependent in vitro precipitation experiments, which were all performed at a

concentration of 1.0 mm are shown in Figure S1 to Figure S3.
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Figure S1: The pH dependence of LCPA- and peptide-induced silica precipitation in a 50 mM
sodium acetate buffer. At each pH value, the concentration of the respective LCPA or peptide was
1.0 mM. The dotted lines show silica precipitation using synSil-1A; S16 (orange), p7-Sil01 S15 (purple)
LCPAa S13a(red), LCPAa S13ain the presence of 1.0 mM phosphate (blue), LCPAa S13ain the presence

of 8.0 mM phosphate (green) and LCPAb S13b in the presence of 8.0 mM phosphate (light-green).
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Figure S2: Amount of precipitated silica of LCPA- and peptide-induced precipitation in a 50 mM
sodium acetate buffer at the indicated pH value, the concentration of the respective LCPA or peptide

was 1.0 mM. Obtained silica at pH 5.5 (a), pH 6.0 (b), pH 6.5 (c), pH 7.0 (d) and pH 7.5 (e).

Figure S3: Amount of precipitated silica of LCPA-induced precipitation in a 50 mm sodium acetate

buffer at the indicated pH value, the concentration of the LCPAa S13a was 1.0 mm and the indicated

ratio phosphate left (8.0 mm) right (1.0 mm) was added.

Concentration dependence of LCPA and synSil-1A;

The results of the concentration dependent in vitro silica precipitation experiments of synSil-1A; S16
(orange) and LCPAb S13b in the of phosphate (light-green) in a 50 mm sodium acetate buffer at pH 6.5
are shown in Figure S4. Data points were fitted linear if no saturation effect was observed at higher
concentrations of organic compounds. The results of the linear fits are shown in Figure S4 and the data

of the calculated functions are summarized in Table S4.
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Figure S4: The concentration dependence of LCPA- and peptide-induced silica precipitation in a
50 mM sodium acetate buffer at pH 6.5. The dotted lines show the correlation between the amount
of precipitated silica and the amount of synSil-1A; S16 (orange) or LCPAb S13b in the presence of

8.0 mM phosphate (light-green).

Table S4: Data of the linear fit with the function f(x) = a + bx.

a b R?
synSil-1A; S16 -5.36 18.56 0.9755
LCPAb S13b + phosphate (1:8) -0.48 19.88 0.9865

Concentration dependence of mixtures

In order to investigate the role of stereochemistry in silicification, we synthesised a mixture of four
diastereomers (racSil-1A;) using the racemic amino acid rac-Dde-Kdp(Me),(Ns),-OH - TFA at Lys® and
Lys®s, which was synthetized according to the literature. 1° The results of the concentration dependent
in vitro silica precipitation experiments of mixture between LCPA and peptide or phosphate ina 50 mm
sodium acetate buffer at pH 5.5 are shown in Figure S5b and Figure S6. The dotted lines show silica
precipitation using p7-Sil01 S15 in the presence of LCPAa S13a (red), synSil-1A; S16 in the presence of
LCPAa S13a (blue), racSil-1A; in the presence of LCPAa S13a (purple), LCPAa S13a in the presence of
phosphate (light-green) and LCPAb S13b in the presence of phosphate (green). Data points were fitted
linear if no saturation effect was observed at higher concentrations of organic compounds. When a
saturation effect was observed at higher concentrations, data points were fitted asymptotic. For the

asymptotic fit the data points at which no silica precipitate was detected were excluded to determine
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the threshold concentration. The result of the linear and asymptotic fits are shown in Figure S5b and

the data of the calculated functions are summarized in Table S5.
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Figure S5:  The chemical structure of racSil-1A; shown in a) with the racemic building blocks
highlighted in blue. The concentration dependence of different mixtures of LCPA and peptides in a
50 mM sodium acetate buffer at pH 5.5 is shown in b). The dotted lines show the correlation between
the amount of precipitated silica and the amount of p7-Sil01 S15 in the presence of LCPAa S13a (red),
synSil-1A; S16 in the presence of LCPAa S13a (blue), racSil-1A; in the presence of LCPAa S13a (purple),
LCPAa S13a in the presence of phosphate (light-green) and LCPAb S$13b in the presence of phosphate

(green).

Table S5: Data of the linear fit with the function f(x) = a + bx and of the asymptotic fit with the

function f(x) = a — bc*.

a b c R?
LCPAa S13a + p7-Sil01 S15 (1:1) 7.69 7.01 0.206 0.9695
LCPAa S13a + synSil-1A; S16 (1:1) 7.20 6.27 0.032 0.9908
LCPAa S13a + racSil-1A; (1:1) 7.32 6.83 0.013 0.9951
LCPAa S13a + phosphate (1:8) -2.79 7.16 - 0.9894
LCPAb S13b + phosphate (1:8) -1.10 2.82 - 0.9894
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Figure S6: Amount of precipitated silica of a LCPA/peptide mixture- (1:1) in a 50 mM sodium
acetate buffer at pH 5.5 and the indicated concentrations. Obtained silica amount of synSil-1A; S16 in
the presence of LCPAa S13a (a), p7-Sil01 S15 in the presence of LCPAa S13a (b). Comparison of

synSil-1A; S16 in the presence of LCPAa S13a and p7-Sil01 S15 in the presence of LCPAa S13a at

selected concentrations is shown in c).
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Hydrolysis stability of the serine phosphates

In order to be able to make a statement about the hydrolysis stability of serine phosphates, the stability
of the tri-monophosphate p3-Sil01 S14 against hydrolysis in aqueous systems at different pH values
was investigated. We decided to use p3-Sil01 S14 as a reference peptide, because here the
B-methylene signals of serine and phosphorylated serine can be monitored simultaneously. The
hydrolysis was analysed by H-3C HSQC and 'H- NMR spectroscopy. The disappearance of the
B-methylene signals of phosphoserine from 4.15-3.96 ppm identifies the hydrolysis. The stability was
tested with p3-Sil01 S14 (2.5 mg) in a mixture of H,O0/D,0 (9:1) at pH 7.0, 9.3 and 12.1 at room
temperature. The pH values were adjusted with 2 M HCI and 2 M NaOH solutions. The results of

hydrolysis stability of p3-Sil01 S14 at pH 7.0 are shown in Figure S7.

a]

pH 7.0
7datrt.
-
pH7.0
24 h atr.t.
pH7.0
2hatrt.
pH7.0
Ohatrt.
I T I | T I T I T ] I T I T T T 1
4.8 4.7 4.6 4.5 4.4 4.3 4.2 4.1 4.0 3.9 3.8 3.7 3.6 3.5 3.4 ppm
pH7.0r ppm | B pH 7.0t ppm
-— Ohatrt.[ 45 Ey : - 7dat rt. 45
~50 IR 50
L B 4 I
E _
-55 e 55
= - i ."-.h.- -
60 - 60
B_Ser1.549,14 [ ﬁ_serw,s,u [
=] - 65 =] - 65
! -
B_psern,ll r B_pserm,n :
T T T T T T 70 T T T T T T T 70

48 46 44 42 40 38 36 34 ppm 48 46 44 42 40 38 3.6 34 ppm
Figure S7: 'H-NMR spectra (600 MHz, 300 K, H,0/D,0 9:1) of p3-Sil01 S14 treated at pH 7.0 and
room temperature for different times (a). *H-3C HSQC spectra (600 MHz, 300 K, H,0/D,0 9:1) of
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p3-Sil01 S14 at pH 7.0 and room temperature at different times (b) t = 0 h and (c) t = 7 d. The black
boxes highlight the signals from the B-methylene groups of the non-phosphorylated serines.
Sufficiently separated are the B-methylene groups of the phosphorylated serines highlighted by red

boxes. r.t. = room temperature.

There are no changes detectable in the H and H-3C HSQC spectra of p3-Sil01 S14 after one week at
room temperature and pH 7.0. These results confirm that the serine phosphates of p3-Sil01 S14 are
stable to hydrolysis under these conditions. To localize the hydrolysis point of the serine phosphates
of p3-Sil01 S14, the experiments were repeated under alkaline conditions (pH 9.3) at room

temperature. The results are shown in Figure S8.
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Figure S8: 'H-NMR spectra (600 MHz, 300 K, H,0/D,0 9:1) of p3-Sil01 S14 treated at pH 9.3 and

room temperature for different times (a). *H-*C HSQC spectra (600 MHz, 300 K, H,0/D,0 9:1) of
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p3-Sil01 S14 at pH 9.3 and room temperature at different times (b) t = 0 h and (c) t = 7 d. The black
boxes highlight the signals from the B-methylene groups of the non-phosphorylated serines.
Sufficiently separated are the B-methylene groups of the phosphorylated serines highlighted by red

boxes. r.t. = room temperature.

Similarly, at pH 9.3 and room temperature, no changes can be observed in the H and *H-13C HSQC
spectra of p3-Sil01 S14 after one week. Under these conditions, the serine phosphates of p3-Sil01 S14
are also stable against hydrolysis. To localize the hydrolysis point of the serine phosphates of p3-Sil01
S$14, the experiments were repeated under strong alkaline conditions (pH 12.0) at room and higher

temperatures (70 °C and 100 °C). The results are shown in Figure S9.
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Figure S9: 'H-NMR spectra (600 MHz, 300 K, H,0/D,0 9:1) of p3-Sil01 S14 treated at pH 12.0 at
room temperature for 0 h (d) and 3 h (c) and treated at 70 °C for 1 h (b) and at 100 °C for 1 h (a).

r.t. =room temperature.

Similarly, at pH 12.0 and room temperature, no changes can be observed in the H spectra of p3-Sil01
S14 after 3 h. Under these conditions, the serine phosphates of p3-Sil01 S14 are also stable against
hydrolysis. After another hour at 70 °C, no hydrolysis can be observed either. Complete hydrolysis of
the serine phosphates together with partial hydrolysis of the peptide sequence can be observed after
p3-Sil01 S14 was heated to 100 °C at pH 12.0 for 1 h. These results show that the serine phosphates

are remarkably stable to hydrolysis under alkaline conditions at room temperature.
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DOSY-Experiments

In a DOSY experiment, a pair of pulsed field gradients are implemented into a spin-echo with an echo
delay. Due to changes in the molecules spatial position caused by their translational diffusion,
incomplete refocusing of the signal occurs. Such incomplete refocusing results in an attenuation of the
signal intensity, which can be correlated to the duration of the delay, the strength of the applied
gradients, and the diffusion coefficient of the molecule, as described by the STEISKEL-TANNER relation in

equation (1):

I = Iyexp [—Dy26292 (A — g)] (1)
lo is the signal intensity in the absence of an applied gradient, y is the gyromagnetic ratio of the nucleus
in concern, 6 the duration of the gradient pulses, g the strength of the applied gradient, and A is the
total delay where diffusion occurs. In a typical DOSY experiment, the signal attenuation is detected by
varying the gradient strength g while holding the gradient duration & and the diffusion delay A
constant. By fitting the experimental data to a non-linear exponential decay using equation (1), the
diffusion coefficient D can be extracted. The results are usually presented as a Stejskal-Tanner plot, a

typical one being shown in Figure S10.

3-(Trimethylsilyl)propionic-2,2,3,3-d4 acid sodium salt (TSP) was used as an internal standard to adjust
the required concentrations and ratios of peptide to LCPA. The pH value was adjusted with NaOD and
DClin D;0O. All experiments were performed with a peptide concentration of 1 mm and the amount of
LCPA was increased stepwise. Samples of the peptide were dissolved in either H,0/D,0 (9:1) with
manually adjusted pH of about 3.0, while peptide - LCPA complexes were dissolved in D,0 buffer and
pH values adjusted. The pH values of the D,0 buffers were determined according to the literature of
Artur KREZEL et al.** using equation (2):

pH = 0.929pH* + 041  (2)

The pH" was directly read in the D,0 buffer solution using a H,O calibrated pH meter. All DOSY spectra
have been recorded on a Bruker AVII 600 MHz at 298 K. Temperature was calibrated with Bruker
standard 4% methanol in methanol-ds. DOSY experiments were performed using the stimulated echo
method with bipolar gradient pulses and one spoil gradient.'? The pulse sequence was stebpgp1s from
Bruker pulse program library. The gradient shape used was smoothed square SMSQ10.100 and
gradient length was 2 ms, which resulted in 6 of 4 ms. The optimized diffusion delays (A) were between

50 and 100 ms. Diffusion attenuation was realized with 9 gradient increments. The DOSY 2D spectra
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were recorded with 9 experiments and each with minimal 64 to maximal 1024 transients. Relaxation

delays were 3 s.

DOSY assay of polyelectrolyte complex (PEC) formed from mixture of synSil-1A; S16 and LCPAb S13b,
with an equilibrium, as shown in Equation (3),

L+P =2LP (3)

where L stands for the LCPA, P for the peptide and LP for PEC complex. A dissociation constant, Ky, is
introduced to describe the strength of the peptide—LCPA interaction depending on the concentrations

of the single equilibrium components, as shown in Equation (4):

_[L][P]
Kq = TLP] 4)

In the limit of fast chemical exchange on the time scale of NMR measurements, a single set of
resonance signals is observed. The measured spectra represent the average behaviour of LCPA in the
free and bound states. Thus, the observed diffusion coefficient, D,, is the weighted average one for
the ligand in the free and bound states,
D, = FiD¢+ F,Dy, (5)
Fi+F, =1 (6)

where Fr and F, are fraction of the free and bound LCPA, respectively. The diffusion coefficient of the
peptide in the mixture was used to approximate the diffusion coefficient of the bound state Dy. The
diffusion coefficient of the LCPA in free state Dr was measured under the same experimental condition
separately. Taking the total concentration of the peptide and LCPA P and Liot, respectively, as the
additional known parameters, the dissociation K4 can be readily determined according to Equation (7),

while faction of LCPAb S13b bound to synSil-1A; S16 calculated from Equation (8).

Do_Db Do_Db
Kq = Py " —~——2 — Lot - (7
d tot Ds— D, tot D¢ — Dy, (7
D, — Dy D¢ —D
Ff:Do D’ '°TD D0 (8)
f— Dp f— Dp
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Figure S10:  STEJSKAL-TANNER plots of the reference TSP-ds, p7-Sil01 S15, synSil-1A; S16, and the

respective complex with LCPAb S13b, all at concentration 1.0 mm in D,0 buffer at 298 K.

Coacervate droplet size

The diffusion data and the calculated droplet sizes based on the Stokes-Einstein equation are
summarized in Table S6. The predicted size of one molecule of $16 is 3.2 kA3 and an individual LCPAb

$13b without associated counterions is 1.3 kA2 according to molmovdb.org.’®

Table S6: DOSY analysis of synSil-1A; S16 and LCPAb S13b in D,0 at 298 K with diffusion coefficients,

PEC coacervate droplet size, and bound fractions of LCPADb.

Component Dexp (1072%-m?/s) ru (A) Volex (kA%)  bound fraction
synSil-1A; S16 1.39 15.6 16.0 -
LCPAb S13b 2.13 10.1 4.3 -
synSil-1A; / LCPAb (1:1) 1.17/1.48 18.6° 26.9° 70%"
synSil-1A; / LCPADb (1:2.8) 1.08/1.81 20.0° 33.5° 30%"
synSil-1A; / LCPAb (1:6.4) 1.04/1.84 20.8° 37.7° 25%"

?) based on the diffusion coefficient of synSil-1A; $16, ® ) based on the diffusion coefficient of LCPAb
S$13b, - ) not available.
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31p and 'H-31P HMBC experiments of phosphopeptides

The 3P and 'H-3'P HMBC spectra were measured on a Bruker AVIII 500 MHz installed with a Prodigy
BBO at 298 K. The 3!P spectra were recorded both with and without decoupling on H channel. For the
1H-31p HMBC experiments, pulse sequence with sensitivity enhancement was used.* Spectra were
optimized for a long-range coupling constant of 7 Hz, with adiabatic decoupling on 3!P during
acquisition. Gradients in smooth square shape were used, with ratio g1 : g2 =49 : 20 % of the maximal
gradient strength 65.7 G/cm for coherence selection. Spectral widths of 10 and 5 ppm were applied to
'H and 3'P dimension, respectively. The 2D complex data were recorded with 128 to 256 increments,
whereby 64 to 180 scans and a relaxation delay of 2 s was used for each increment. The measurement
time was from 9 to 12 h. The 3!P chemical shift was referenced to 85% H3PO, enclosed in a coaxial tube

for the p7-Sil01 S15, sample and externally for the rests.

synSil-1A, (S16)

p7-Silo1 (515)

7 L T L T " 7 T 7 L T j "
1.5 1.0 0.5 0.0 -0.5 -1.0 -1.5 ppm

Figure S11: 3P NMR spectra of p7-Sil01 S15 (bottom) and synSil-1A; S16 (top) 1.0 mM in H,0/D,0
(9:1) at pH 3.02, with 'H-decoupling (202.5 MHz, 300 K). 3'P chemical shift was referenced to 85%
H3PO4 enclosed in a coaxial tube for the p7-Sil01 S15, sample and externally for the rests. The 3P NMR
phospho-choline resonance signal of synSil-1A; S16 observed at —1.20 ppm nearly 2 ppm highfield
shifted of the serine phosphates. The seven serine phosphates of both compounds show a very similar
pattern and are largely in agreement with the significantly broader serine phosphates of the

microheterogeneous isolated natSil-1A; described by KROGER et al. in 2002.7
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Figure S12: 3P NMR spectra of p7-Sil01 S15 (bottom) and synSil-1A; S16 (top) 1.0 mM in H,0/D,0
(9:1) at pH 3.02, without *H-decoupling (202.5 MHz, 300 K).

a-CH-pSer [-CH,-pSer
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Figure $13:  'H-3P HMBC spectrum of 1 mm p7-Sil01 S15 in H,0/D,0 (9:1) at pH 3.02 (500 MHz,
300 K).
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Figure S14: 'H-3'P HMBC spectrum of 1 mm synSil-1A; S16 in H,0/D,0 (9:1) at pH 3.02 (500 MHz,
300 K).
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Analytical data

Methyl-(2S5)-2-((tert-butoxycarbonyl)amino)-3-hydroxypropanoate (Boc-Ser-OMe, S1)
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Figure S15: 'H-NMR spectrum of Boc-Ser-OMe S1 (300 MHz, 300 K, DMSO-ds). * Signal of H,O0.

S44



$45

N ~
< o - i i o o —
— L M MmN L -
™~ [Tp] o0 i w — ()] o]
— — ™~ [(e] wn [Tp] (22] (]
%\ )OL OH
0O 'N O~
H o
s1
[ I [ | | [ I [ [ [ | | I I | | [ I
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
Figure $16: 3C-NMR spectrum of Boc-Ser-OMe S1 (75 MHz, 300 K, DMSO-ds).



102.3
1007

g 8
C}L
=0
o
/

00
]
Iz

Relative Abundance

A B U U O O N N ®©
O 1 © 1 © v © v o
il pliibile

1032
0 242.1

= 74.7 3421 429.2

5s8. 1201

_58‘6 86.9 ‘ 15?'2154-1 186.1 2082 2200 [251.1 2861 2082 3202 | 3532  393.0 4064 460.9

0 e e ey L e A e et B
50 100 150 200 250 300 350 400 450 500
m/z

492.9

Figure S17:  ESI+ mass spectrum with charge pattern m/z of Boc-Ser-OMe S1.

NL:
1002 242.0999 1.17E6

90— 0 201014_EM_038_Ge#160

7 >L JJ\ o RT: 1.55 AV: 1 F: FTMS +p

80— O N ~ ESI Full ms [50.00-500.00]
H

Relative Abundance
1

30— 241.2219

243.1032

E 2411441/ 2414828 241.9700 24277 243.2876 2041042 2446675
- NL:
242.0999 e

© w B
o o ©
Ll

Cg Hi17NOs Naj:

Cg HiyN105s Nai

p (gss, s /p:40) Chrg 1

70 R: 50000 Res .Pwr . @FWHM

B 243.1031
10 \

| 244.1048
0— T T T T T T T T T T T T L B T
240.5 241.0 2415 242.0 2425 243.0 243.0 243.5 2435
m/z

Figure $18: High resolution mass spectrum with isotope pattern of Boc-Ser-OMe S1.
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Methyl-(2R)-2-((tert-butoxycarbonyl)amino)-3-iodopropanoate (S2)
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Figure S19: H-NMR spectrum of iodopropanoate S2 (300 MHz, 300 K, DMSO-ds).
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Figure S22: High resolution mass spectrum with isotope pattern of iodopropanoate S2.
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Methyl-(2S5)-2-((tert-butoxycarbonyl)amino)hex-5-enoate (Boc-Hag-OMe, S3)
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Figure $23: 'H-NMR spectrum of Boc-Hag-OMe S3 (300 MHz, 300 K, DMSO-ds). * Signal of H,0.
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Methyl-(2S5)-2-((tert-butoxycarbonyl)amino)hex-5-enoic acid (Boc-Hag-OH, 1)
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tert-Butyl-(2S)-(2-((tert-butoxycarbonyl)amino)hex-5-enoyl)glycinate (Boc-Hag-Gly-O'Bu, 2)
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Figure S31:

'H-NMR spectrum of Boc-Hag-Gly-O'Bu 2 (600 MHz, 300 K, DMSO-ds). * Signal of H,0. ° Signal of CHCls. ~ Signals of HOBL.

S56



S57

0 N o~ [Xe] M~
™ o o~ o0 o o < [Ta} 0 o <t O w1 WO
I L r~ L n o 1 mun oW
~ w0 ) o =i o~ [32] — — Q) 0~
[ I I [ERYENYZ
=
o] o]
H
>LO)tN N\)l\ok
H
0
2
[ I I | I I | I I I | | I I | I I I
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
Figure $32:  3C-NMR spectrum of Boc-Hag-Gly-O'Bu 2 (75 MHz, 300 K, DMSO-dg). ° Signal of CHCls. ~ Signals of HOBt.



- 61.1

Relative Abundance

25

62.2
PE I worvil T

187.2

189.4

231.1

309.2

365.3

381

343.1

415.3

3

399.4

103.2

1323 1583

1, (-

errterl

263.3

250.0

287.0

3253

416.3

417.3

422.2

471.I3 4983

50

Figure S33:

=
N 0w 9
DDOC‘U

11l

f=a]
o

S
o
INNRERNNRE AN

Relative Abundance

=
o
NENI ARNNREN

363.7868

100

T provepebeprectt

150

365.2059

366.2097
364.8657
365.5431

200

366.6495
367.2132 3682140 369.4640 370.3088 371.1942

250

300 350 400

m/z

ESI+ mass spectrum with charge pattern m/z of Boc-Hag-Gly-O'Bu 2.

22

I=

372.2638

_
(=]
o o

w
=]
Ll

~ [==]
o o
| 11

SRR TURE ST, N ¥
© © o © ©
o b b b

[y

365.2047

366.2079

3672103 3652128

o o

Figure S34:

365

366

367

[
368
m/z

369.2153 370.2177 371.2202 372.2225
T T T T L T T
369 370 371 372

S58

450 500

NL:

7.25E5

210924 _EA_427_Ge#120
RT:1.35 AV: 1 F: FTMS + p
ESI Full ms [50.00-500.00]

NL:
1.91E4

C17H3g N2 O5 Na:
C17H30N20s5Na1

p (gss, s /p:40) Chrg 1

R: 50000 Res .Pwr . @FWHM

High resolution mass spectrum with isotope pattern of Boc-Hag-Gly-O'Bu 2.



tert-Butyl-((25)-2-((tert-butoxycarbonyl)amino)-4-(oxiran-2-yl)butanoyl)glycinate (Boc-Enl-Gly-O'Bu, 3)
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((2S)-2-Amino)-6-((trimethylammonium)trifluoroacetate)-5-hydroxyhexanoyl)glycine hydrotrifluoroacetate (H.N-Hyl(Me)s-Gly-OH - TFA, 4)
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'H-NMR spectrum of H,N-Hyl(Me)s-Gly-OH - TFA 4 (600 MHz, 300 K, DMSO-ds).
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Figure S40:  ESI+ mass spectrum with charge pattern m/z of H,N-Hyl(Me)s-Gly-OH - TFA 4.
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Figure S41: High resolution mass spectrum with isotope pattern of HoN-Hyl(Me)s-Gly-OH - TFA 4.
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((2S)-2-((Fluorenylmethyloxycarbonyl)amino)-6-((trimethylammonium)trifluoroacetate)-5-hydroxyhexanoyl)glycine hydrotrifluoroacetate

(Fmoc-Hyl(Me)s-Gly-OH - TFA, 5)
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'H-NMR spectrum of Fmoc-Hyl(Me)s-Gly-OH - TFA 5 (600 MHz, 300 K, DMSO-ds). * Signal of H,0.
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3-(tert-Butyldimethylsilyloxy)propylamine (S4)
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Figure S46: 'H-NMR spectrum of 3-(tert-butyldimethylsilyloxy)propylamine S4 (300 MHz, 300 K, DMSO-ds). * Signals of TBDMS-OH.
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Figure S47: 3C-NMR spectrum of 3-(tert-butyldimethylsilyloxy)propylamine S4 (75 MHz, 300 K, DMSO-d). * Signal of TBDMS-OH.
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N-(3-(tert-butyldimethylsilyloxy)propyl)-2-nitrobenzenesulfonamide (S5)
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Figure S50: 'H-NMR spectrum of N-(3-(tert-butyldimethylsilyloxy)propyl)-2-nitrobenzenesulfon-amide S5 (250 MHz, 300 K, DMSO-ds). * Signal of H,O.

° Signal of CH,Cl,.
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Figure S51: 3C-NMR spectrum of N-(3-(tert-butyldimethylsilyloxy)propyl)-2-nitrobenzenesulfon-amide S5 (75 MHz, 300 K, DMSO-ds). ° Signal of CH,Cl,.

* Signal of TBDMS-OH
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propyl)-2-nitrobenzenesulfonamide S5.
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Figure S54: High resolution mass spectrum with isotope pattern of N-(3-(tert-butyldimethyl-

silyloxy)propyl)-2-nitrobenzenesulfonamide S5.
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N-(3-(tert-butyldimethylsilyloxy)propyl)-N-(3-(dimethylamino)propyl)-2-nitrobenzenesulfonamide (S6)

N—=0 0O <TMd N omun N« O WO
) g Q0 0g Qg g nmuummmmnmnao o
M~ ~ monononommonononon

o
v
~

2.24
2.22
2.20
2.11
—1.73
—1.56
0.84
0.00

/-

Nype——— SN

%/SI‘O/\/\PI\I/\/\N/
0=8 !
S 1)
0N

S6

T} J Y | e

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 1.5 1.0 0.5 0.0 ppm
ool —| |oo o~ — < 0
oo - |© o|: o o a
|~ ~N| | ) < o )

Figure S55: 'H-NMR spectrum of N-(3-(tert-butyldimethylsilyloxy)propyl)-N-(3-(dimethylamino)propyl)-2-nitrobenzenesulfonamide $6 (300 MHz, 300 K,

DMSO-dg). * Signal of H,0.
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Figure S56: 3C-NMR spectrum of N-(3-(tert-butyldimethylsilyloxy)propyl)-N-(3-(dimethylamino)propyl)-2-nitrobenzenesulfonamide $6 (75 MHz, 300 K,

DMSO-de).
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Figure S57: ESI+ mass spectrum with charge pattern m/z of N-(3-(tert-butyldimethylsilyloxy)

propyl)-N-(3-(dimethylamino)propyl)-2-nitrobenzenesulfonamide S6.
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Figure $58: High resolution mass spectrum with isotope pattern of N-(3-(tert-butyldimethyl-

silyloxy)propyl)-N-(3-(dimethylamino)propyl)-2-nitrobenzenesulfonamide S6.
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N-(3-(dimethylamino)propyl)-N-(3-hydroxypropyl)-2-nitrobenzenesulfonamide (6)
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Figure S60: 3C-NMR spectrum of N-(3-(dimethylamino)propyl)-N-(3-hydroxypropyl)-2-nitrobenzenesulfonamide 6 (75 MHz, 300 K, DMSO-ds). * Signal of

CHCls.
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tert-Butyl-(2S5)-2-[(tert-butoxycarbonyl)amino]-6-[(benzyloxycarbonyl)amino]hexanoate (Boc-Lys(Cbz)-O'Bu, S7)
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Figure S63: 'H-NMR spectrum of Boc-Lys(Cbz)-O'Bu S7 (300 MHz, 300 K, DMSO-ds). * Signal of H,0. ° Signals of EtOAc.
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Figure S64: 3C-NMR spectrum of Boc-Lys(Cbz)-O'Bu S7 (75 MHz, 300 K, DMSO-ds). ° Solvent signals of EtOAc.
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tert-Butyl-(2S5)-2-[(tert-butoxycarbonyl)amino]-6-amino-hexanoate hydrochloride (Boc-Lys-O'Bu - HCl, S8)
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Figure S67:

'H-NMR spectrum of Boc-Lys-O'Bu - HCI S8 (300 MHz, 300 K, DMSO-ds). * Signal of H,0. ° Signal of CHCls.
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tert-Butyl-(2S)-2-[(tert-butoxycarbonyl)amino]-6-[(2-nitrobenzenesulfonyl)amino]hexanoate (Boc-Lys(Ns)-O'Bu, 7)
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tert-Butyl-(2S)-2-[(tert-butoxycarbonyl)amino]-6-{3-[(3-dimethylaminopropyl)-(2-nitrobenzene-sulfonyl)amino]propyl}-6-(2-nitrobenzenesulfonyl)amino]
hexanoate (Boc-Kdp(Me),(Ns),-O'Bu, 8)
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Figure S75: 'H-NMR spectrum of Boc-Kdp(Me)s(Ns)-O'Bu 8 (300 MHz, 300 K, DMSO-ds). * Signal of H,0. ° Signal of CHCls.
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(2S)-2-Amino-6-{3-[(3-dimethylaminopropyl)-(2-nitrobenzenesulfonyl)amino]propyl}-6-(2-nitrobenzenesulfonyl)amino]hexanoic acid

hydrotrifluoroacetat (H,N-Kdp(Me),(Ns),-OH - TFA, 9)
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Figure S79: 'H-NMR spectrum of HoN-Kdp(Me)s(Ns),-OH - TFA 9 (500 MHz, 300 K, DMSO-ds). * Signal of H,0.
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(2S5)-2-[(Fluorenylmethyloxycarbonyl)amino]-6-{3-[(3-dimethylaminopropyl)-(2-nitrobenzenesulfonyl)amino]propyl}-6-(2-nitrobenzenesulfonyl)amino]

hexanoic acid hydrotrifluoroacetate (Fmoc-Kdp(Me):(Ns).-OH - TFA, 10)
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Figure S83: 'H-NMR spectrum of Fmoc-Kdp(Me),(Ns),-OH - TFA 10 (500 MHz, 300 K, DMSO-ds).
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tert-Butyl-(2S)-2-[(Fluorenylmethyloxycarbonyl)amino]-6-{3-[(3-dimethylaminopropyl)-(2-nitrobenzenesulfonyl)amino] propyl}-6-(2-nitrobenzene-

sulfonyl)-L-lysyl-L-alaninate hydrotrifluoroacetate (Fmoc-Kdp(Me),(Ns),-Ala-O'Bu - TFA, S9)
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Figure S87: H-NMR spectrum of Fmoc-Kdp(Me),(Ns),-Ala-O'Bu - TFA S9 (600 MHz, 300 K, DMSO-ds).

S97



O-(tert-Butyldimethylsilyl)-L-serine (H.N-Ser(TBS)-OH, S10)
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Figure S88: 'H-NMR spectrum of H,N-Ser(TBS)-OH $10 (300 MHz, 300 K, CDsOD). * Signal of H,0.
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Figure $89: 3C-NMR spectrum of H,N-Ser(TBS)-OH $10 (75 MHz, 300 K, CDs0D).
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N-(Fluorenylmethyloxycarbonyl)-O-(tert-butyldimethylsilyl)-L-serine (Fmoc-Ser(TBS)-OH, S11)
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N-(tert-Butoxycarbonyl)-O-(tert-butyldimethylsilyl)-L.-serine (Boc-Ser(TBS)-OH, S12)

Figure S96:

'H-NMR spectrum of Boc-Ser(TBS)-OH S12 (300 MHz, 300 K, DMSO-ds). * Signal of H,0. ° Signal of CHCls. » Sighal of TBDMS-OH.

S104

8 o~ D 0 WL NO o 0 <t o~
~ © i SScgQao®n @ M R =
— G o) TN o~ — o o
\J<
2 2 0
O)L” OH
(@]
S12
o~ 0 W W N o o0
o o9oaoaca @~
k\or QKTv/q K?
T T T | T T T T T T
6.7 6.6 ppm 4.1 4.0 39 3.8 ppm N
) /\LL QL‘_AJ
] I JL J
[T I TToTTTTTm [rrTTrTTT T T I | I I B proTTTTrT T T T T T T [rrrrrTTTT T
12 11 10 8 7 6 4 1 ppm
] ™~ e bt < n
o o Ol e} (=)} wn



£ \:: <t o~ M~ — — O (o)} —
™~ Tp] [o0] o (Tp] ()] o0 ™~ [Ta]
— — M~ (Ce] (¥p] o o N - |
\
S
OJKN OH
H O
S12
[ I [ | [ | [ [ I I I I [ | [ | [ [ [
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm

Figure S97: 3C-NMR spectrum of Boc-Ser(TBS)-OH S$12 (75 MHz, 300 K, DMSO-ds). * Signal of TBDMS-OH.
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Long-chain polyamines (LCPAa, S13a) and (LCPAb, S13b)
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Figure $100: H-NMR spectrum of LCPAa S13a (600 MHz, 300 K, D,0).
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Figure $101: 'H-NMR spectrum of LCPAa S13b (600 MHz, 300 K, D,0).
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Figure S107: ESI+ mass spectrum with charge pattern m/z of LCPAa S13b. Distribution of chain length

of LCPAa S13b mixture describes an approximate Gaussian function with n=7 (601.1 m/z), n=10

(814.2 m/z), n=13 (1027.4 m/z), n =16 (1240.5 m/z), n =19 (1453.7 m/z), n = 22 (1667.9 m/z) and

n=25(1881.1 m/z).
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Figure S108: High resolution mass spectrum with isotope pattern of LCPAa S13a with a chain length

of 9 nitrogen.
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Figure S109: High resolution mass spectrum with isotope pattern of LCPAb $13b with a chain length

of 12 nitrogen.

S113



NH; x5 TFA NH

T T T 1
48 4.7 46 45 44 43 42 41 40 39 ppm

- BN

W W ¢JMJk

I"I"["'I""I""I""Y" T

b " b rw

Figure $110: H-NMR spectrum of p3-Sil01 $14 (600 MHz, 300 K, H,0/D,0 (9:1), pH 3.0). * Signal of H,0. ° Signal of the internal standard TSP-d;.
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Figure $111: 3'P{*H}-NMR spectrum of p3-Sil01 S14 (202 MHz, 300 K, H,0/D,0 (9:1), pH 3.0).
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Figure S112:

absorption / mAu

'H-13C HSQC spectrum of p3-Sil01 S14 (600 MHz, 300 K, H,O/D,0 (9:1), pH 3.0).
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Figure $113: Chromatogram of p3-Sil01 $14. tz = 4.360 min, purity = 85%, (0% — 30% MeCN + 0.085%
TFA in H,0 + 0.1% TFA, 10 min, 28 °C, 0.45 mL/min, 230 nm, ACE Ultracore 2.5 SuperC18, 150 mm x

2.1 mm).
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Figure S114: ESI+ mass spectrum with charge pattern m/z of p3-Sil01 S14 with z =1 (1714.7 m/z),

z=2(858.3m/z)and z=3 (572.8 m/z).
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Figure S115: High resolution mass spectrum with isotope pattern of p3-Sil01 S14.
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Figure $116: 'H-NMR spectrum of p7-Sil01 S15 (600 MHz, 300 K, H,0/D,0 (9:1), pH 3.0). The integral ratios result in an NMR purity of > 85 %.* Signal of H,O.

° Signal of the internal standard TSP-d..
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Figure S117:

31P{*H}-NMR spectrum of p7-Sil01 $15 (202 MHz, 300 K, H,0/D,0 (9:1), pH 3.0).
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Figure $118: 'H-'3C HSQC spectrum of p7-Sil01 $15 (600 MHz, 300 K, H,0/D,0 (9:1), pH 3.0).
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Figure $119: Chromatogram of p7-Sil01 $15. tg = 1.037 min, (1% —> 30% MeCN + 0.085% TFA in H,0 +
0.1% TFA, 10 min, 28 °C, 0.45 mL/min, 230 nm, ACE Ultracore 2.5 SuperC18, 150 mm x 2.1 mm).
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Figure $120: ESI+ mass spectrum with charge pattern m/z of p7-Sil01 S15 withz =2 (1018.6 m/z), and
z=3(679.7 m/z).
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Figure S121: High resolution mass spectrum with isotope pattern of p7-Sil01 S15.
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pSer-pSer-Kdp(NH)2(Me).-Lys(Me).-pSer-Gly-pSer-Tyr-pSer-Gly-pSer-pHyl(Me)s-Gly-pSer-Kdp(NH)2(Me); (synSil-1A;, S16)
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'H-NMR spectrum of synSil-1A; S16 (600 MHz, 300 K, H,0/D,0 (9:1), pH 3.0). * Signal of H,0. ° Signal of the internal standard TSP-d..
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Figure $123: 3'P{*H}-NMR spectrum of synSil-1A; $16 (202 MHz, 300 K, H,0/D,0 (9:1), pH 3.0).
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Figure $125: Chromatogram of synSil-1A; S16. tz = 3.623 min, purity > 98%, (0% —> 30% MeCN +
0.085% TFA in H,O + 0.1% TFA, 10 min, 28 °C, 0.45 mL/min, 230 nm, ACE Ultracore 2.5 SuperC18,

150 mm x 2.1 mm).
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Figure $126: ESI+ mass spectrum with charge pattern m/z of synSil-1A; S16 with z =2 (1243.3 m/z),

z=3(829.3 m/z),and z =4 (622.3 m/z).
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Figure S127: High resolution mass spectrum with isotope pattern of synSil-1A; S16.

$125



Supplementary Information References

P. Danner, M. Morkunas and M. E. Maier, Org. Lett., 2013, 15, 2474.

A. Padwa, P. Rashatasakhon, A. D. Ozdemir and J. Willis, J. Org. Chem., 2005, 70, 519.

V. V. Annenkov, S. N. Zelinskiy, E. N. Danilovtseva and C. C. Perry, Arkivoc, 2009, 13, 116.
E. Kaiser, R. L. Colescott, C. D. Bossinger and P. I. Cook, Anal. Biochem., 1970, 34, 595.
W. S. Hancock and J. E. Battersby, Anal. Biochem., 1976, 71, 260.

T. Vojkovsky, Pept. Res., 1995, 8, 236.

N. Kroger, S. Lorenz, E. Brunner and M. Sumper, Science, 2002, 298, 584.

F. Daus, E. Pfeifer, K. Seipp, N. Hampp and A. Geyer, Org. Biomol. Chem., 2020, 18, 700.

O 00 N O U B W N

R. K. ller, The chemistry of silica. Solubility, polymerization, colloid and surface properties, and

biochemistry, Wiley, New York, NY, 1979.

10 R. Wieneke, A. Bernecker, R. Riedel, M. Sumper, C. Steinem and A. Geyer, Org. Biomol. Chem.,
2011, 9, 5482.

11 A.Krezel and W. Bal, J. Inorg. Biochem., 2004, 98, 161.

12 a)C.S. Johnson, Prog. Nucl. Magn. Reson. Spectrosc., 1999, 34, 203; b) W. S. Price, K. Hayamizu, H.
Ide and Y. Arata, J. Magn. Reson., 1999, 139, 205.

13 Database of Macromolecular Movements, http://molmovdb.org/, (accessed 27 October 2021).

14 a) A. G. Palmer, J. Cavanagh, P. E. Wright and M. Rance, J. Magn. Reson., 1991, 93, 151; b) L. Kay,

P. Keifer and T. Saarinen, J. Am. Chem. Soc., 1992, 114, 10663; c) J. Schleucher, M. Schwendinger,

M. Sattler, P. Schmidt, O. Schedletzky, S. J. Glaser, O. W. Sgrensen and C. Griesinger, J. Biomol.

NMR, 1994, 4, 301.

5126



