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GENERAL CHARACTERISTICS

General: Reagents and solvents were purchased from commercial suppliers (Aldrich,
Fluka or Merck) and were used without further purification. Flash chromatographic
purifications and preparative reversed-phase purifications were performed on a
Biotage® Isolera Prime™ equipment. TLCs were performed using 6x3 cm SiO, pre-
coated aluminium plates (ALUGRAM® SIL G/UVss,).

Reversed-Phase High-Performance Liquid Chromatography (RP-HPLC) analyses
were performed on a Hewlett Packard Series 1100 (UV detector 1315A) modular
system using:

i) For the characterization of [1a,b]: a reversed-phase X-Terra C1g (15 x 0.46
cm, 5 um) column. (CH3CN + 0.07% TFA and H,O + 0.1% TFA) mixtures
at 1 mL/min were used as mobile phase and the monitoring wavelengths
were set at 220 and 254 nm.

i) For the analysis of the DCLs: a reversed-phase kromaphase Cg (25 x 0.46
cm, 5um) column. (CH3CN + 20 mM HCOOH and H,0 + 20 mM HCOOH)
mixtures at 1 mL/min were used as mobile phase and the monitoring
wavelength was set at 254 nm.

Nuclear Magnetic Resonance (NMR) spectroscopic experiments were carried out on a
Varian INOVA 500 spectrometer (500 MHz for *H and 125 MHz for *C) and a Varian
Mercury 400 instrument (400 MHz for *H and 101 MHz for *3C). The chemical shifts
are reported in ppm relative to trimethylsilane (TMS), and coupling constants (J) are
reported in Hertz (Hz).

pH measurements were performed at room temperature on a Crison GLP21 pH-meter
with the electrodes Crison 50 14T (>10 mL samples) and PHR-146 Micro (<10 mL
samples).

High Resolution Mass Spectrometry (HRMS) analyses were carried out at the IQAC
Mass Spectrometry Facility, using a UPLC-ESI-TOF equipment: [Acquity UPLC® BEH
Cis 1.7 mm, 2.1x100 mm, LCT Premier Xe, Waters]. (CH3;CN + 20 mM HCOOH and
H,0O + 20 mM HCOOH) mixtures at 0.3 mL/min were used as mobile phase.
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SYNTHESIS OF THE BUILDING BLOCKS

The tritylsulfanyl acetic acid was prepared as previously described.! Also the compound
[2] was synthesized as previously reported.” The compounds [3a-g] were purchased
from commercial suppliers (Sigma-Aldrich, Iris Biotech).

Svynthetic scheme of [1a,b]
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Langley, J. Med. Chem., 2007, 50, 3054-3061.
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Step i: Experimental procedure for the synthesis of [4a,b]

NH,
HOOC

R(PG
NH, (PG)

NHFmoc

FmOCHNI\CONHTrt

HN™ ~O

O  CONHTrt

A) \\\

N

HN NHFmoc

R(PG)
o)

DCC, HOBt
dry DMF

N
[4a,b] H
(PG)R

[4a]: Fmoc-Asn(Trt)-OH (4.24 g, 7.11 mmol)
was dissolved in dry DMF (16 mL) and both
dicyclohexylcarbodiimide (DCC, 2.231 g, 10.81
mmol) and 1-hydroxybenzotriazole (HOBH,
1.252 g, 9.27 mmol) were added over the
solution. The reaction mixture was cooled to
0°C. A solution of m-phenylenediamine (334
mg, 3.09 mmol) in dry DMF (10 mL) was added

NHFmoc

[4a] H over the mixture through a cannula. The solution

was stirred at room temperature for 60 hours,
after which complete conversion of the starting material was observed by TLC (Rf
AcOEt/Hexane, 1:1 (v:v): 0.58). The mixture was filtered, and the filtrate was diluted
with DCM, washed with saturated aqueous NaHCO3 and saturated aqueous NaCl, dried
over MgSO, and concentrated under reduced pressure. The residue was purified by
flash chromatography using hexane: AcOEt as eluent (from 30% to 50% AcOEt) to give
2.047 g of [4a] (52% vyield) as a white solid. HRMS (ESI+) calcd. for CgHegNgOsg
[M+H]" (m/z): 1265.5171, found: 1265.5183. 'H NMR (400 MHz, CDCls): & = 8.77
(brs, 2H, NH), 7.81 — 7.66 (m, 5H, CHa), 7.61 — 7.51 (m, 4H, CHp), 7.38 (t, J = 7.5
Hz, 4H, CHay), 7.32 — 7.04 (m, 37H, CHa,), 6.97 (s, 2H, NH), 6.54 (brs, 2H, NH), 4.68
(brs, 2H, C*H), 4.51 — 4.32 (m, 4H, CH,), 4.20 (t, J = 7.0 Hz, 2H, CH), 3.16 (d, J =
15.7 Hz, 2H, CH,C*H), 2.66 (dd, J = 15.7, 6.9 Hz, 2H, CH,C*H). *C NMR (101 MHz,
CDCl3): 6 =170.8 (2 x CO), 169.0 (2 x CO), 156.4 (2 x CO), 144.2 (6 x Cp,), 143.8 (2 x
Car), 143.8 (2 X Car), 141.4 (2 X Car), 141.4 (2 X Car), 138.0 (2 X Car), 129.3 (1 x CHay),
128.7 (12 x CHay), 128.2 (12 x CHa), 127.9 (4 x CHpy), 127.3 (6 X CHar), 127.3 (4 X
CHar), 125.3 (4 X CHar), 120.1 (4 X CHa), 116.3 (2 x CHay), 111.7 (1 X CHar), 71.2 (2
x C), 67.5 (2x CH,), 52.2 (2 x C*H), 47.2 (2 x CH), 38.9 (2 x CH,C*H).

FmocHN
moe I\OtBu

HN™ ~O

NHFmoc

[4b]: this compound was obtained as described
above starting from the Fmoc-Ser(tBu)-OH. The
residue was purified by flash chromatography
using hexane: AcOEt as eluent (from 25% to 40%
AcOEt, Rf AcOEt/Hexane, 3:2 (v:v): 0.83) to give
O OtBu 1.05 g of [4b] (43% vyield) as a white solid.
o HRMS (ESI+) calcd. for CsoHssNsOg [M+H]

N ; (m/z): 839.4014, found: 839.4029. *H NMR (400
[4b] H  NHFmoc | MHz CDCL): & = 8.80 (brs, 2H, NH), 7.96 (s,
1H, CHap), 7.77 (d, J = 7.6 Hz, 4H, CHa), 7.62
(d,J=7.1Hz, 4H, CHa), 7.41 (t, J = 7.4 Hz, 4H, CHa,), 7.32 (t, J = 7.8 Hz, 4H, CHap)),
7.29-7.20 (m, 3H, CHp,), 5.87 (brs, 2H, NH), 4.44 (d, J = 7.0 Hz, 4H, CH), 4.35 (brs,
2H, CH,C*H), 4.25 (t, J = 6.9 Hz, 2H, CH), 3.92 (brs, 2H, CH,C*H), 3.45 (t, J = 8.7
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Hz, 2H: C*H), 1.28 (s, 18H, CHs). *C NMR (101 MHz, CDCls): § = 168.5 (2 x CO),
156.2 (2 x CO), 143.9 (4 x Cp), 141.4 (4 X Ca;), 138.4 (2 X Car), 129.9 (1 X CHap),
127.9 (4 x CHpy), 127.2 (4 x CHp,), 125.2 (4 x CHa/), 120.2 (4 x CHa), 115.5 (2 x
CHas), 111.0 (1 x CHay), 75.1 (2 x C), 67.3 (2 x CHy), 61.9 (2 x CH,C*H), 54.8 (2 x
C*H), 47.3 (2 x CH), 27.6 (6 x CH3).

Step ii: Experimental procedure for the synthesis of [5a,b]

O O

NHF NH

moc HN )K‘/ 2

R(PG 20% piperidine R(PG)

dry DMF @)

N
[4a,b] NHFmoc [5a,b] H NH,
(PG)R (PG)R

HoN [5a]: [4a] (600 mg, 0.47 mmol) was dissolved in 4.0
2 CONHTrt mL of 20% piperidine in dry DMF. After several
minutes the product precipitated as a white solid but

the mixture was allowed to react at room temperature
for 4 hours until complete conversion of starting
CONHT"’[ material. Diethyl ether was added over the reaction
mixture and the product was filtered off and washed
H with diethyl ether. 293 mg of [5a] (75% yield) were
[5a] obtained as a white solid. HRMS (ESI+) calcd. for
Cs2HagNgOs  [M+H]™  (m/z): 821.3810, found:
821.3712. 'H NMR (400 MHz, MeOD-d,): & = 7.93 (s, 1H, CHa), 7.38 — 7.31 (m, 2H,
CHa), 7.30 — 7.10 (m, 31H, CHa\), 3.77 (dd, J = 7.5, 5.5 Hz, 2H, C*H), 2.77 (dd, J =
15.3, 5.5 Hz, 2H, CH,), 2.68 (dd, J = 15.3, 7.6 Hz, 2H, CH,). *C NMR (101 MHz,
MeOD-d4): & = 174.6 (2 X CO), 172.5 (2 x CO), 145.9 (6 x Ca/), 140.0 (2 x Ca), 130.1
(1 X CHar), 130.0 (12 x CHay), 128.7 (12 x CHp,), 127.8 (6 X CHp), 117.0 (2 X CHay),
112.8 (1 x CHar), 71.7 (2 x C), 54.0 (2 x C*H), 42.3 (2 X CH,).

[5b]: 522 mg of [5b] (99% vyield) were obtained as

H2N OtBu described above starting from the [4b]. HRMS (ESI+)
caled. for CooHauN4O4 [M+H]" (m/z): 395.2653, found:
HN™ ~O 395.2672. 'H NMR (400 MHz, CDCl3): & = 9.54 (s, 2H,

NH), 7.91 (t, J = 2.1 Hz, 1H, CHap,), 7.39-7.35 (m, 2H,
O OtBu| CHp), 7.29-7.23 (m, 1H, CHa,), 3.67 (dd, J = 7.2, 3.3 Hz,

o ’ 2)y 9 I m! ’ X + X 2)y &

o 2H, CH), 3.62-3.55 (M, 4H, 2H x C*H + 2H x CH}), 2.00
ﬂ (brs, 4H, NH,), 1.21 (s, 18H, CHs). *C NMR (101 MHz,
[5b] NH, CDCly): § = 171.6 (2 x CO), 138.6 (2 x Cay), 129.6 (1 X

CHa,), 115.0 (2 X CHay), 110.4 (1 X CHa,), 73.8 (2 X C),
63.8 (2 x CHy), 56.0 (2 x C*H), 27.7 (6 X CHs).
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Step iii: Experimental procedure for the synthesis of [6a,b]

O
O O
STrt
e J\‘HNJV

HN EDC-HCI, HOBt ~ HN
R(PG) H00C> DIPEA R(PG)
TS dry DMF
[5a,b] H [6a,b] HJ§7 ksm
(PG)R (PG)R
[6a]: tritylsulfanyl acetic acid (229 mg, 0.69
O mmol) was dissolved in dry DMF (10 mL) and 1-

ethyl-3-(3-dimethylaminopropyl) carbodiimide
hydrochloride (EDC-HCI, 144 mg, 0.75 mmol),
HOBt (101 mg, 0.75 mmol) and N,N-
diisopropylethylamine (DIPEA, 240 pL, 1.38
mmol) were added over the solution. The reaction
mixture was cooled to 0°C and then, [5a] (267 mg,
0.33 mmol) was added over the mixture. The
solution was allowed to stir at room temperature
for 60 hours, after which complete conversion of
the starting material was observed by TLC (Rf
AcOEt/Hexane, 1:1 (v:v): 0.46). The mixture was
diluted with DCM, washed with saturated aqueous
NaHCO; and dried under reduced pressure. The residue was purified by flash
chromatography using hexane: AcOEt as eluent (from 40% to 60% AcOEt) to give 343
mg of [6a] (73% yield) as a white solid. HRMS (ESI+) calcd. for CgsHgoNsOeS;
[M+H]" (m/z): 1453.5654, found: 1453.5665. 'H NMR (400 MHz, CDCls): § = 8.84 (s,
2H, NH), 7.60 (t, J = 2.0 Hz, 1H, CHa), 7.54 — 7.00 (m, 65H, 2H x NH + 63H x CHa,),
6.91 (s, 2H, NH), 4.49 (td, J = 7.5, 3.0 Hz, 2H, C*H), 3.05 (ABq, 6a =3.02, 6g = 3.08, J
= 15.7Hz, 4H, CH,STrt), 2.96 — 2.83 (m, 2H, CH,C*H), 2.39 (dd, J = 15.7, 7.8 Hz, 2H,
CH,C*H). °C NMR (101 MHz, CDCls): § = 170.7 (2 x CO), 169.0 (2 x CO), 168.3 (2
X CO), 144.2 (6 x Ca), 144.1 (6 X Car), 138.11 (2 x Ca(), 129.7 (12 x CHar), 129.2 (1 X
CHar), 128.7 (12 x CHar), 128.3 (12 x CHay), 128.2 (12 X CHar), 127.3 (6 x CHa)),
127.1 (6 X CHar), 116.3 (2 X CHa), 111.8 (1 X CHay), 71.1 (2 x C), 67.9 (2 x C), 50.7 (2
x C*H), 38.4 (2 x CH,C*H), 36.2 (2 x CH,STrt).

e
2 g

HN

CONHTTrt

[6a]

o [6b]: this compound was obtained as described above

HJ\ starting from [5b]. The residue was purified by flash
NH

B
L 1\0’[ u

chromatography using hexane: AcOEt as eluent
HN

[6b]

(from 35% to 45% AcOEt, Rf AcOEt/Hexane, 2:3
(v:v): 0.27) to give 612 mg of [6b] (51% yield) as a
white solid. HRMS (ESI+) calcd. for CgHesN4OsS2
[M+H]* (m/z): 1027.4497, found: 1027.4492. 'H
NMR (500 MHz, CDCls): 6 = 8.68 (s, 2H, NH), 7.79
(t, J = 1.8 Hz, 1H, CHay), 7.43 (d, J = 7.3 Hz, 12H,
CHar), 7.28 (t, J = 7.6 Hz, 12H, CH4(), 7.25-7.18 (m,
9H, CHa(), 7.10 (d, J = 5.8 Hz, 2H, NH), 4.24-4.18
(m, 2H, C*H), 3.71 (dd, J = 8.6, 4.3 Hz, 2H,
CH,0'Bu), 3.20-3.08 (m, 6H, 2H x CH,O'Bu + 4H x
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CH,STrt), 1.22 (s, 18H, CH3). *C NMR (101 MHz, CDCls): & = 168.7 (2 x CO), 168.2
(2 x CO), 144.1 (6 X Car), 138.4 (2 x Car), 129.8 (1 x CHay), 129.7 (12 x CHapr), 128.3
(12 X CHay), 127.1 (6 X CHay), 115.5 (2 X CHay), 110.9 (1 x CHa), 75.0 (2 x C), 68.0 (2
x C), 61.0 (2 x CH,C*H), 53.5 (2 x C*H), 36.2 (2 X CHy), 27.6 (6 x CHs).

Step iv: Experimental procedure for the synthesis of [1a,b]

O O O O
T H
HNJ\/ STt HNJ\/S
HN HN
R(PG) TFA, EDT, TIS R
O o DCM O o
N N
[62,b] HJ&NJ\/ST” [1a,b] HJ&NJ\/SH
PGR H R
[1a]: [6a] was dissolved in DCM (1 mL) and 5.5 mL
O of trifluoroacetic acid (TFA), 313 pL of
%NH triisobutylsilane (TIS) and 152 pL of 1,2-
SH CONH; ethanedithiol (EDT) were added rapidly and under

stirring. The reaction mixture was allowed to stirr at
room temperature for 40 min, after which the
O CONH, | solvents were partially evaporated using a N, flow.
)\ | Diethyl ether was added over the reaction mixture
” SH and the product was filtered off and washed with
HN\”) diethyl ether. The product was purified using
o) reversed-phase flash chromatography (gradient:
from 5% to 30% CH3;CN in H,0) and 37.8 mg of
[1a] (52% vyield) were obtained as a white solid. HRMS (ESI+) calcd. for C1gH24NgO6S>
[M+H]" (m/z): 485.1277, found: 485.1271. *H NMR (400 MHz, DMSO-dg): & = 9.97 (s,
2H, NHCOC*H), 8.34 (d, J = 7.7 Hz, 2H, C*HNHCO), 7.93 (t, J = 2.0 Hz, 1H, CHa)),
7.36 (s, 2H, NHy), 7.29 (dd, J = 7.6, 2.0 Hz, 2H, CHa), 7.24 — 7.15 (m, 1H, CHa), 6.91
(s, 2H, NHy), 4.67 (app q, J = 7.1 Hz, 2H, C*H), 3.17 (d, J = 7.9 Hz, 4H, CH,SH), 2.73
(t, J = 7.9 Hz, 2H, SH), 2.62 — 2.41 (m, 4H, CH,C*H). **C NMR (101 MHz, DMSO-
dg): 6 = 171.1 (2 x CONHy), 169.5 (2 x COC*H), 169.4 (2 x COCHy), 139.1 (2 x Ca),
128.6 (1 x Ca), 114.6 (2 x Car), 110.9 (1 x Cay), 50.9 (2 x C*H), 37.1 (2 x CH,C*H),
27.0 (2 x CH,SH).
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0
HJ\NH
OH
s [
HN” YO

[1b]: 76.4 mg of [1b] (90% yield) were obtained as
described above starting from [6b]. RP-HPLC
(gradient: from 5% to 30% CH3CN in H,0). HRMS
(ESI+) calcd. for CigH2oN4O6S, [M+H]" (m/z):
431.1059, found: 431.1042. 'H NMR (400 MHz,
MeOD-d): 8 = 7.92 (t, J = 1.8 Hz, 1H, CHp,), 7.36—
7.31 (m, 2H, CHp), 7.28-7.23 (m, 1H, CHa,), 4.56 (t,
J = 5.3 Hz, 2H, C*H), 3.92-3.82 (m, 4H, CH,0H),
3.28 (s, 4H, CH,SH). *C NMR (101 MHz, MeOD-d,):
8 =173.0 (2 x COCHjy), 170.2 (2 x COC*H), 139.6 (2
X Car), 129.9 (1 x CHay), 117.3 (2 x CHpy), 113.4 (1 X
CHay), 62.8 (2 x CH,0H), 57.2 (2 x C*H), 27.9 (2 x
CH,SH).
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NMR spectra, HRMS (ESI+) spectra and HPLC traces of [1a,b]

NS
Hs. AL SH
NH,/J\NH \HNJ\LHN
: oy
HN Q NH
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Figure S1: 'H (400 MHz, 298 K in DMSO-dg) and gCOSY (400 MHz, 298 K in

DMSO-ds) spectra of [1a].
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Figure S2: *H/**C gHSQC (400 MHz, 298 K in DMSO-ds) and *H/**C gHMBC (400
MHz, 298 K in DMSO-dg) spectra of [1a].

S-11



R —

190 180 170 160 150 140 130 120 110 100 90 40 30 20 10 0
f1 (ppm)

Figure S3: °C (101 MHz, 298 K in DMSO-dg) spectrum of [1a].
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7.97

]

0 2 4 6 8 10 12 14 16 18 min

Figure S4: HPLC of [1a] (2 min at 5% CH3CN in H,0O, then linear gradient from 5% to
100% CH3CN over 18 min).
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Figure S5: Experimental (lower trace) and simulated (upper trace) ESI-TOF mass
spectra for [M+H]" of [1a].
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Figure S6: 'H (400 MHz, 298 K in MeOD-d,) and gCOSY (400 MHz, 298 K in MeOD-
d,) spectra of [1b].
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Figure S7: *H/**C gHSQC (400 MHz, 298 K in MeOD-d,) and *H/**C gHMBC (400
MHz, 298 K in MeOD-d,) spectra of [1b].
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8.29

0 2 4 6 8 10 12 14 16 18 min

Figure S8: HPLC of [1b] (2 min at 5% CH3CN in H,0, then linear gradient from 5% to
100% CH3CN over 18 min).
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Figure S9: Experimental (lower trace) and simulated (upper trace) ESI-TOF mass
spectra for [M+H]" of [1b].
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DYNAMIC COMBINATORIAL LIBRARIES
General procedure for the preparation and HPLC analysis of the DCLs

A 66.7 mM BIS-Tris methane buffer was prepared by dissolving 1.39 g of the free
amine in 100 mL of milli-Q water and adjusting the pH of the solution to 6.5 by the

addition of HCI (aq).

The reaction mixtures were prepared by dilution of individual stocks of the building
blocks (BBs) la, 1b, 2, 3a-g. For those experiments to be compared, the reaction
mixtures were prepared by dilution of a stock mixture of the BBs, ensuring no
differences in concentration between the reaction mixtures of the same batch. Unless
otherwise specified, the conditions for the generation of the DCLs were: 0.5 mM of the
di- and tripodal BBs 1a, 1b and 2 in a 50 mM BIS-Tris methane buffer (pH 6.5) with
25% DMSO. The concentrations of the monopodal BBs 3a-g are specified for each of
the experiments.

After complete oxidation of the free thiols (24 hours at room temperature) the reaction
mixtures were analysed by HPLC. The HPLC samples were prepared by adding 40 uL
of the corresponding reaction mixture to 65 pL of a solution of 89% H,0, 10% CH3;CN
and 1% TFA. Eluent used: 2 min at 5% CH3CN in H,0O, then linear gradient from 5% to
40% CH3CN over 48 min.

Mixture of 1a+2 and la+2+3a

[1az-2;]

mAU |

500  (q

400 | o

300 5 =

200 8 2 s

100 TR

0
s [ S R S SR ) F A

10 15 20 25 30 35 40 min

mAU —_
] ]

12009 (p) &

1000 &

800 - T

600 = o
1 © —_ o

400 @ 5 g

200 1 - = N
L ol

0 - L L L L AL A LR

10 15 20 25 30 35 40 min

Figure S10: HPLC traces of the mixture 1a+2 in the absence of any monopodal BB (a),
and in the presence of 2.5 mM of 3a (b).
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Mixture of 1b+2 and 1b+2+3a

mAU _
300
250 4
200 4
150 4

S
I
5
100 3
I L

mAU
1200
1000 4
800 | —_

] 3
600 4 &
400 ] 2
200 1 L

| 10 15 20 - ‘25 | I 30 - 35 40 min

[1b2-2:]

(a)

[1b2-2;] + [1b;-2;]

[1b-2:]

[1b-2-3a]

[1b;-2-33]

17/~

Figure S11: HPLC traces of the mixture 1b+2 in the absence of any monopodal BB (a),
and in the presence of 2.5 mM of 3a (b).

Mixture of 1a+2 with different concentrations of 3a

mAU -

goo | (@
600 -
400
200

0 T—

| [1a-2-3a]
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o[ 112

10||||15|||‘20‘ |30||||35 40 min

mAU _

1000%  (b)
750 3
500 ] t

‘10 15 20 25 30 3 40  min

400
07 ) Q_JL A
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500 §
2500 7 A u\_J L A Nm
30

10 15 20 25 35 40 min

Figure S12: HPLC traces of the mixture of 1a+2 in the presence of 100 mM (a), 20 mM
(b), 5 mM (c) and 0.5 mM (d) of 3a.
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Mixture of 1a+2+3b-g

[eg-z-%e)]

[ec-z-el]

[Fel] w

[ag-z-%el]

EQE

Fel]l <

[fag-Zel]

[fag-z-el]

[og-z-e1]

)

[og-z-%e1]

[Fog-z]

[fog-%el] <

(c)

[pe-z-el] &

[pe-z-%el] )

Epe-ell

[ag-z-el]

[Fag-zl

[Fog-ey]
—_—

Be-z-ell

[fie-2] J

()

[6e-z-%e)] ||

aw@ ‘

[zl

[fBg-z-e|]

[Be-z] <|

[*Bg-el] Jr

(9)

min

Figure S13: HPLC traces of the mixture of 1a+2 in the presence of 2.5 mM of 3a (a), 3b

(b), 3c (c), 3d (d), 3e (e), 3f (f) and 3g ().

Mixture of 1a+2+3a+3f+3q

mAU

M_JML_JL\A‘M I

min

[Be-z-ell
Le-z-ell
[ec-z-el]
s o o o o o
o (=] o o o o o
«© Tp} <t (ap] (o] —

Figure S14: HPLC traces of the mixture of 1a+2+3a+3f+3g (each monopodal BB at 1.0

mM).
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Mixture of 1a+2+3a at non-equimolar proportions of 1a and 2

mAU

500 - @ 3

400 - E E

300 - & -

200 -

100 -

o o

AU 10 15 20 25 3 3 40  min
] ©

1000] (@ 3 2

800—; ~ s =

6001 F &

400 @ g

2001 | h

0 h N Ju
10 15 20 2 3 35 40  min

Figure S15: HPLC traces of the mixture of 1a+2+3a at 0.5 mM, 1.0 mM and 4.0 mM
respectively (a), and at 1.0 mM, 0.5 mM and 3.5 mM respectively (b).
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MASS SPECTROMETRY
General procedure for the analysis of the DCLs by HRMS

The HRMS (UPLC-ESI-TOF) samples were prepared by adding 20 uL of the
corresponding reaction mixture to 40 pL of a solution of 89% H,0, 10% MeCN and 1%
TFA. Eluent used: 2.5 min at 5% CH3CN in H,O, then linear gradient from 5% to 50%
CH3CN over 27.5 min.

Mixture of 1a+2 (0.5 mM each, pH.6.5)

16.15
1.5e-1
15.88
1.0e-1 11.12
254 nm
( )509—2 8.70 mgi/\ 13.67 14.03 1553 1653
500 600 7.00 800 900 1000 1100 1200 1300 1400 1500  16.00  17.00 1600 1900  20.00
1007
TOF
ESI-
500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 16,00 1900  20.00
1007
TOF
ESI*
Time
N 500 600 700 800 900 ' 1000 1100 1200 1500 1400 1500 1600 1700 1600 1900  20.00
Identification of the products:
[22]
Retention time: 9.70 min. U
.‘" "\
Calculated | / I"‘. 1032.0332 I
Chemical Formula: TN A
/ v/ SN\ 1034.0332
/ \_/ \_/ \ 10350332
CasHasNsO1856 - s
. 10310923
EX&Ct MaSS Found 1032 0339
1032.0410
' 1034.0275 1035.0275
g 1031 1032 1033 1034 1035 1036 1037 1038 1039 Mz
100 10'1'.19.488
Calculated & ‘."‘. I‘l.‘ ‘”’j.f’j‘aﬁ 1035.0488
| / \ 7N Pt
/ \ / N/ N\ 0ss0des 10370488
// p \_/ N o
[M+H]* mgl.’ 1033.0510
Found . 10340570 4035 0511
1036.0515
1037 0505
0 1031 1032 1033 1034 1035 1036 mlﬁf 1038 103g"™%
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[1a-2;]
Retention time: 11.12 min.

Chemical Formula:
Cs4H58N12024Ss s

Exact Mass:
1514.1453

[M+H]*

[1as]
Retention time: 13.67 min.

Chemical Formula:
C54H56N18018SG [M+H]2-

Exact Mass:
1446.3127

[M+H]2*

7561117
1004 N
/ -\\ —
Calculated / ™\
g / .
[ ~
/ e
/ e
-~ e
100 756 0587
756.5615
757.0590
Found
#
757.5603
758.0488
758.5632
 7159.0497
754 755 756 757 758 759 760 781 762 M2
1515.1531
100 /\\ 1616.1531
[ 1517.1531
AN
[ N\
Calculated f’ \ [ / 15181531
N AN A \
/ / / 519 15
/ \/ \ / \ o IS o0 asat
/ - A ST N —
_/ — e
0
100 1515.1635
15161649 1517.1952
1518.1927
Found 15191814
1520.1646
q L L miz
1514 1515 1516 1517 1518 1519 1520 1521 1522
7237072
100 e
’f \‘\
/
Calculated / \
[ S
/ .
/
A e
7236174
100
7241194
724.6178
Found
725.1211
7256219
| 726.1057
L
¢ 723 724 725 26 21 728 729 730 3 M2
725.7228
100 /
#-\
/
/ .
Calculated J."J ™
’l \
/ “\\“
725 6316
100
726.1395
726.6371
Found |
7271328
7276252
728.1349
L \
k 723 724 725 726 721 728 729 730 31 Mz
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[18.3-22]
Retention time: 15.88 min.

Chemical Formula:
CooH102N24036S12

[M+H]2-
Exact Mass:
2478.3537
[M+H]2
[1&2-22]
Retention time: 16.17 min.
Chemical Formula:
C72HgoN18030S10 fher
Exact Mass:
1996.2495
[M+H]2*

1239.1534
TN
\

/'/ B ™

Calculated / ™
/ N
J - S~
100 1239.1566
1238 6594
12381593 1239 6597
Found p 1240.1625
1240.6511
1241.1670
1241,6460
1237 1238 1239 1240 1241 1242 1243 1244 1245M2
12411691
100 /\_/\\“
- .
4 A
e
Calculated ’f ‘\\
ii \\\
/ S
/ T
T
0 1241.1827
1 8
12408832 | 4541 6754
1240.1874
1242.1869
Found 1242 6727
12431963
12436761
| | 1 mz
1237 1238 1239 1240 1241 1242 1243 1244 1245
997.6169
100 990778
r
] / \
/
Calculated /
/ S
/ ™~
997.1065 9981104
100] 997 6116
| 9986091
Found
999.1092
999 6080
! -
406 997 998 999 1000 1001 1002 1003 1004 ™2
-
~ \_,.-\\
/ \
i
Calculated / \
/
|
999.1293 1000.1326
999 6287
1000.6330
Found
1001.1339
1001.6270
.
996, do7 998 999 1000 1001 1002 1003 1004 ™2
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Mixture of 1a+2+3a (0.5, 0.5 and 2.5 mM respectively, pH.6.5)

11.17
8.0e-1
6.0e-1
AU 4.0e-1
(254 nm) 2 0ed] 243 1038 12.97
0 300 400 | 500 600 700 800 000 1000 11.00  12.00 1300 1400 1500 16,00 1700 1800  19.00  20.00
100 7
TOF
ESF
UTTTTS00  400 500 | 600 700 | 800 900 | 1000 1100 1200 1300 1400 1500 16,00 1700 1800 1900  20.00
100 7
TOF
ESI*
K
300 400 500 600 700 800 000 1600 1100 1200 1300 1400 1500 1600  17.00 1600 1900  20.00 1M
Identification of the products:
875.0485
[2 - 3 8.3] 100) .w"ﬂ\
- - - JEY
Retention time: 2.43 min. [\
Calculated .4 \ B76.0485
/ \‘ ~ 877, ?435
/ VN N
- / NS A4 B78.0485 8790485
Chemical Formula: LSS~
[M+H]- oo 875.0437
C27H36N601556
Found 4 8160462 g77 pas2
Exact Mass: —
879 0411
87 6 . 0563 ars ' 876 8717 ara 5‘79 880 231 882 833
B877.0641
100 a2\
[\
[
Caloulated  » / |\ omossr  sraosst
/ \ N FaN
/ \ S\ 7N
JERVAVAN" ST
[M+H) 0 877.0664
Found
oun BTBOBT2  gro pear
880 0638
881.0632
¢ ars 876 817 878 879 880 881 882 883
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[18.2]
Retention time: 10.38 min.

Chemical Formula:
C36H44aN12012S4 s
Exact Mass:

964.2084

[M+H]*

[1a-2-3a]
Retention time: 11.17 min.

NH,

[M+H]-

N

o
Y
N NH
07 NH,
o)

o
07 “NH,

Chemical Formula:
C39H46N10017S6

[M+H]*

Exact Mass:
1118.1367

963.2000
100] A\
[
i
[\
964.2006
Calculated .t / ‘ a55 2000
/ /N
J \ A /\
/ / 966,206
/ ~ \k/ N
963.2042
100]
Found E o64.2023
965.2030
966.2021
| 1 ’
962 963 964 965 966 967 968 959 a7o™z
965.2162
"
A\
o\
[
| \
Calculated == / \ 966;2‘52
/ \ /N 967.2162
/ VSN N
/ \\/ \ N 968.2162
g
— T~
9652165
T
Found A 966.2220
967 2151
968 2278
1
61 962 963 964 965 966 967 968 969 sromz
100 111(/4\239
[
\
f \
\ 1118.1289
Calculated / \ ~ 1119.1289
I VoSN at
/ \ / \ /N 10280
\ \ / \, —~ 1121.1289
~ N N
1117.1323
100]
1118.1305
Found . 1119.1315
1120.1281
| 1121.1326
| 1 )
17 1118 1119 1120 1121 1122 1123 1124 1125M2
1119.1445
100) /
/
Ji
/ \ 1120.1445
/
f \ 1121.1445
Calculated / \ /-\
/ \ / \ /\\ 1122.1445
/ N/ \/’ \, /\llia.ms
1119.1543
100
1120.1598
Found 1121.1533
1122.1450
1123.1492
| | L | . .
k 7 1118 119 1120 1121 1122 1123 1124 112472
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[1a,-2-3a]

1599.2330
100 A
H H . H / 1600 2330
Retention time: 12.37 min. {0 R o
/ JAR AN
Calculated & ‘f Vo “".‘ ! 16022330
/ \ o/ \ ™
- . ‘ \ AN 603 2330
Chemical Formula: SN NS N\ R e
Cs7HesN 1602353 e 0 o217
1600 2456
1601 2408
. Found
Exact Mass:
1600 2409 1603 2897 1604 2285
' L |
k 1599 1600" 1601 1602 1603 1604 1605 1606 1807 ™E
100] 1@1253#’
/ \ 1602 2487
[ ~ 1603 2487
[ ™
Calculated = / "-L‘ I\ sz
/ \ \ / VN teos24ar
N S/ . \ N
[M+H]* 1601 2700 = -
1007
1602 2549
1603 2664
Found & 1604 2783
1605 2686
| ‘ 16062850
b 1599 1600 1601 1602 1603 1604 1606 1606 1607 ™2
Mixture of 1b+2 (0.5 mM each, pH.6.5)
1063
1.0e-1
17.20
AU ;z:i 955
- 1150
(254 nm), ., 11.90
Of00 ™ 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1600 1500  20.00
100 7
TOF
ESI- 2]
200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 16.00 17.00 1800  19.00  20.00
100 7
TOF
ESI*
00 300 400 500 600 700 800 900 1000 1100 1500 1300 1400 1500 1600 1700  18.00 1900  20.00' ™M

Identification of the products:

[22] (previously identified)
Retention time: 9.55 min.

Chemical Formula: CzgH35NgO15S6

Exact Mass:
1032.0410
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[1b2] 855.1570

Retention time: 10.63 min - N
/
Caleulated /’F "\. &saflsm -
Chemical Formula: [\ A e
VNN BT
Ca2H0NgO12S4 _— . P
EXaCt Mass Found 4 856.1514 I
856.1649 p—
854 855 856 857 35; (= 860 261 sgz M2
8s7 1727
1001 ;.f\
f \
Calculated * ¥ fJ \ 5‘;‘7?7 P
{ \ A
VR AVAR
[M+H]* 1001 857.1746
Found i 8581723
859 1669
860.1850
854 855 856 857 858 850 Sﬁﬂ‘ i1 a6z M2
[1b-22] o0 59,1150
. . 1\
Retention time: 11.50 and [\ R e
11.90 min Calculated & /-‘ l\ f/ '\\ /f ‘-,\ 28
\ / \ \ 2N
/ g \/ NI ﬁl{si 1484.11
/ _—
Chemical Formula: o L T el T
Cs2Hs6N10024Sg )
ound
1462.0586
1463 1279
Exact Mass: | \ ! I .
1250 1460 Ta61 1462 1263 1464 1465 1260 Tag7 ™
1460.1235 B
100 1‘:’?\1\‘3‘2
/I \ MEZIIZ e 1an2
\ o
Caleulated = | \ "; \ / 3 .
/ \‘J'. \ / o 1485.1312
/ \ \ /
// N hg \‘ ,’/\_rh{ﬁil}\l‘z
[M+H]* 10 1461.1321
14621383 14631359
Found
o ’ 1464 1309
14651293 1486 1311
¢ 1259 1460 1261 a6z 483 1264 1465 10 T4
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[1b2-25]
Retention time: 15.90 and
17.22 min

Chemical Formula: MeHp=
CesH76N14030S10

Exact Mass:
1888.2059

[M+H]*
[1bs-2;]
Retention time: 17.22 min
Chemical Formula:
CgaHoeN18036S12 (I
Exact Mass:
2316.2883

[M+H])2*

Calculated

Found

Calculated

Found

Calculated

Found

Calculated

Found

943.1655
1 944 0561
/ 2
'1’ N\
f
N / \\\\\\x\\\\
/ S~
—
H3.0798 944.0783
! 9435820
9445811
4 945.0800
945 5759
L ,
941 442 943 944 945 946 947 948 a9 M2
1889.2137
100] N 1890.2137 18912137
\
(" \ /.\u l’ \
\ \ | tes22nar
& .’F \ f \ /‘.\
\ / Vlooy SN e
\ \ SN
\/ \ 13
/ VRV T iy
1 4
100 889 2849
18903090 4501 3394
| 1892.3104 1893 2906
‘ 18942074 1505 4480
L L . | 1 | ‘ | | ‘
E 1887 1888 1889 1890 1891 1892 1893 194 1895 18og M2
1158.1207
100 PN
— .
/ ~
/ \
/ ™~
~
,J
1158.1144
100 1157 6144
1157 1150 11586180
1159.1145
1159.6145
1160.1116
[ ,
1156 1157 1158 1159 1160 1161 1162 1163 1164 M2
1160.1364
100 /J\
s ‘\
/
& /
/
f .
/ .
/ N
/ e—
11606694 11601613
100 1159.1965
1160.6624
¥ 1161.1462
1161.6807
1162.2015
11 1 1 L1 1
1158 1158 1160 1161 1162 1163 1164 1165 1166 M?
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Mixture of 1b+2+3a (0.5, 0.5 and 2.5 mM respectively, pH.6.5)

12.03

4.0e-1

3.0e-1

AU 20et

(254 nm) 10611222 10.00 13.77

0 300 400 500 600 "800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900  20.00

100

TOF

ESI- =

300 2400 500 600 800 900 1000 1100 1200 1300 1400 1500  16.00 1700  18.00  19.00  20.00

109
TOF
ESI* E

Identification of the products:

[2-3a3] (previously identified)
Retention time: 2.22 min.

Chemical Formula:
C27H36N6015S6

Exact Mass:
876.0563

[1b-2-3a]
Retention time: 10.00
and12.03 min.

[M+H]
Chemical Formula:
C37H44NgO017S6
Exact Mass:
1064.1149

[M+H]*

300 400 500 600 |

S-29

TTB00 900 1000 1100 1200 1300 1400 1500 1600  17.00  18.00 1900  20.00" ™
10631071
1 4"\
[
\ 1084107 X
Calculated ~ 1065.1071
AN ey
\ / N 1066 1071
\/ \_/ o, 1oeTom
100 1063.0089
1064 0974
Found 1065.0057
1066.0948
1067.0970
1 ;
‘ 1063 1064 1065 1066 1067 1068 1069 1070 16712
1085.1227
1 Y
[\
{1\ 1066.1227
Calculated ! \ T~ 1067.1227
\ SN ~
\ SN 10681227
/ / \/ \ - 069 1227
Y. - \_/ NN A
- 1065.1298
Found 10668.1317 4067.1320
56.1317
'Obs‘m 1069.1276
| |
‘ 1063 1064 1065 1066 1067 1068 1069 1070 1071™2



[1b,-2-3a]

7451377
- - . - 1007 "‘,"\
Retention time: 13.77 min. [~
/ ™
Calculated / ‘\\
. ) / .
Chemical Formula: / ~
// L‘\‘_
C53H64N1202388 [M+H]* 1001 745.0810
T745.5808
T46.0804
Exact Mass: Found 4
747.0760
1492.1973 |
.
743 744 745 746 747 748 749 750 751 M2
14932051
100] N\
[ '493\2M1 14952051
/ “. f/ Y iy
Calculated :.f "L\ / 14062051
/ \ }f‘ SN 1407 2051
/ﬁ. \_ \_/ --L/ /—a\\_rga‘z‘li:j )
[M+H]* 100 182126 1494.2096
1495 2061
Found & 1496.2146
14971871
| 1498 2145
" |
e 1491 1492 1493 1494 1495 1496 1497 1498 1499 MZ
Mixture of 1a+2+3b (0.5, 0.5 and 2.5 mM, pH.6.5)
11.97
6.0e-1 1
4.0e-1
AU 2017, 45 760 1033
818 12,95
(254 nm) g g S R e e
300 400 500 600 700 800 900 1000 11.00 1200 1300 1400 1500 1600 1700 1800 1900  20.00
1007
TOF K
ESI-
YTTTT500 T 400 500 600 700 | 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900  20.00
1007
TOF o
ESI*
OTTTTER0 400 500 600 700 800 | 900 | 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900  20.00 "™
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Identification of the products:

[1a-3by]
Retention time: 2.48 min.

Chemical Formula:
C22H34NgOgS4

[M+H]
Exact Mass:
634.1484

[M+H]*
[2-3Dg]
Retention time: 5.45 min.
Chemical Formula: )
C24H36N609Ss
Exact Mass:
744.0868

[M+H]*

Calculated

Found

Calculated

Found

Calculated

Found

Calculated

Found

A
A
J. \
/ \
Y
;f \ 634.1406
/ al 6351406
/ \_/ 1
J NN e
100, 633.1351
631359 a5 1357
‘ 636.1318
- ,
¢ 632 633 634 G35 636 637 638 639 640 M2
635.1563
100 I
[\
/ \
/ \1
3 / \ 636.1563
/ \ 637 1563
\ \
//‘ _/\\ /\Jﬁaswssz
635.1547
100
636.1568
637.1542 38,1516
|
k 632 633 634 635 636 637 636 639 640 M2
743.0790
100] /
{1
| \
\
4 rr \
4 / 440190 L 000
/ —~
/ W SON SN eomme
/ Ay . AN ) 747.0712
" T
743.0735
100]
§ TAAOTRD
1460123 7470742
1 . | |
742 743 744 745 746 T4t 748 749 750 ™=
745.0046
100) N\
I
[
f \
[
/ \ T46.0946 747 pose
\ e s
/ \/ ™ / \\ 748 0946
/ A N/ " 749.0868
745.0920
100]
£ 746.0934
7470876
TAB0923 749 gug4
| I |
742 743 744 745 746 T4t 748 749 50 Mz
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[1a-2-3b3]
Retention time: 7.60 min.

Chemical Formula:
Ca2H58N12015Sg

Exact Mass:
1226.1910

[22-3b2]

Retention time: 8.18 min.

Chemical Formula:
Ca0H218NgO18Sg

Exact Mass:
1184.0852

[M+H]

[M+H]*

[M+H]-

[M+H]*

12251832
100 ;
f\\
/)
/ \ 12264832 ong gan0
Calculated \ /\ -
[N/ N\
j{ VoS Y 1228 1832
/ \\/' / ~ 1229 1832
/ vy \\_/ — 1230.1832
~
12251438
100
1226.1819
1227 1385
Found
12281384
12291502 12302207
. .
1225 1226 1227 1228 1229 1230 1231 1232 1233 ™2
1227.1989
100 N\
[
/ \. 12281989 1220 1089
/ \ I
Calculated / \ /
i \ / 1230.1989
/ \ / / \ 1231 1989
/ v \ \ /_\
y, S \_ - 1232.1080
1227 2045
100
1229.2015
4 1228.2147
Found
12301863 12312319
1232.1782
L L L 1 1
E 1225 1226 1227 1228 1229 1230 1231 1232 1233 M2
11
100 af:som
A
\
\ 1184.0774
| 1185.0774
Calculated / ' g
VAV
/ / 1188.0774
/ / 7
/ S A\ \ AN TBTOTH 1 ag o774
—
1183.0569
100]
11840623 11850542
Found E
1186.0724
"87‘(5[ 1188.0522
. |
1183 1184 1185 1186 1187 1188 1189 1190 1191 ™2
11850930
100 \
N
/ \ 11860930 4457 gazo
Calculated f \ _ff\ /-\
/ \ / \ FAERY 1188.0930
N/ A 1189.0930
/ S o \/\_/_ 11900030
1185.0990
100
1186.1030
1187.1000
Found 3
1188,0807
1180.0881
1190.0930
\
E 1183 1184 1185 1186 187 1188 189 1190 191 M2
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[1a,] (previously identified)
Retention time: 10.32 min.

Chemical Formula:
CasH14N12012S4

Exact Mass:
964.2084

[1a-2-3b]
Retention time: 11.97 min.

Chemical Formula:
C38H46N10015S6

Exact Mass:
1074.1468

[1a,-2-3b]
Retention time: 12.95 min.

Chemical Formula:
Cs6HesN16021Ss

Exact Mass:
1556.2511

[M+H]

[M+H]*

[M+H]>

[M+H]*

Calculated

Found

Calculated

Found

Calculated

Found

Calculated

Found

1073.1390
100 fa)
[\
f
{ o\
/ | 10741390
| \ ~ 1075 1390
oV /N A
/' \ \ \-\ 1076 1390
y N o/ N TN 1217(1_590
. ; - — _
10731378
100
1074.1425
1076.1356
1076.1373
10771555
‘ L N
1073 1074 1075 1076 1077 1078 1079 1080 1081 M2
1075.1547
. 075 154
tj \‘
{ \ 10761547
E ! \ Fal 10771547
/ \ N SN\
/ \\,/ \\ /N 0781547
/ / \_/ N 107eseT
- — S ~— I
1007 10751597
1076.1650
10771697
1078.1602
10791563
! f
k 1073 1074 1075 1076 1077 o078 1079 1080 1oa1 M7
777.1648
1 2
J—-
JI‘ \\_
f
f \\
f
/ \
/
777 1041
100]
777.6072
778.1060
E: 7786104
779.1091
| 779.6033
! ,
76 i 778 779 780 781 782 783 784 M2
1557.2589
100]
\
{1 19582589 1550 259
[ \ ~
[\ Y AN
/ { / \
/ [ R \ 15602589
j." \/ '\ / \ \ 15612580
"/ \/ \_/ \ - 1562 2589
y, N N _
15572623
100 1556 2640
1550.2626
1560.2620
1561.2869
‘ 1562.2573
L ' |
k 1557 1558 1559 1560 1561 1562 1563 1564 1565 M

S-33



Mixture of 1a+2+3c (0.5, 0.5 and 2.5 mM respectively, pH.6.5)

15.37
4.0e-1
3.0e-1
. 14.40
AU 200t
(254 nm)""! N 125
00 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600  17.00 1800 1900  20.00
109
TOF J
ESI-
o 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600  17.00  18.00 1900  20.00
1007
TOF
ESI B!
300 400 500800 700 800 000 1000 1100 1200 1300 1400 1500 16.00  17.00  18.00 1900 20.00 '™
Identification of the products:
[1a-3c;]
Retention time: 9.65 min. ]
. . Calculated | [\ omiom
Chemical Formula: RN i
| / N\ " yd | 6381080
C22H32N608S4 - 635 1045 ’ R —
. [M+H]" 100 | T
Exact Mass: ‘
) Found 1 636.1060
6371053
‘ 638.0984
o 635 636 637 E:iIB 639 640 641 642 643 M2
637.1243
1007
Calculated ‘."‘I l"‘-‘. 638.1243
/ \ 639.1243
P
\ / AN T 640.1243
JNN e
[M+HT* - 037 1234
Found
638.1246 §30.1198
‘ 6401215
|
0 635 636 637 638 639 640 641 642 643 M2
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[2-3c3]

Retention time: 13.85 min. e
i
ll \\.
Chemical Formula: Caleuted / \\
~ N
/ N N e
C24H33N3012S6 J NS\ e s
[M+H] 100 46,0340
Exact Mass:
747 0388 Found 4 747.0338 7480302
749.0327 7500362
\ |
746 747 748 749 750 751 752 753 754 M2
748.0467
100 I
A
f
[
Calculated 3 ,*" \  749.0487 750.0467
/ \ Vs Ve
/ / \ / \ 7510467 7520380
A - ~" T ——
[M+H]* 100 748.0484
Found E- T49.0517 750 0464
TSL042 e ol
746 47 748 749 750 751 52 753 54 M2
[1a,-2-3c3]
Retention time: 14.40 min. -
100 A\
f‘\ 1557,";273 1558 2273
. / /A A
Chemical Formula: Calculated [\ \ [\ wean
. \ /
/ \\ / \ / \ 1560.2273
f \/ /\ 1561.2273
Cs6He7N1502258 |/ A AN iy
[M+H] o 15562053 oo
1558 2308
Exact Mass:
1557.2351 rond 5592000
1560,2047  1561,1702
| |
1556 1557 1558 1559 1560 156‘1 1562 1563 1564 M2
15582429
100] A
7\ 1550.2420
IR 1560 2429
[\ '{\’\ ™
Calculated /o ,”l [\ 1ser249
/ \ o/ \ {0
/ \/ \\/.r \\ /TN 1se2zam
/ \/ / — 1563.2420
J N N
[M+H]* oo 1558 2471
1559.2488
1560 2467
Found
1561.2441
1562.2542
| 1563.2603
|
¢ 1556 1567 1558 B 1561 1562 1563 1564
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[1a,-2-3cs3]
Retention time: 15.37 min.

Chemical Formula:
C3sHasN9O16Ss

Exact Mass:
1075.1309

[M+H]

[M+H]*

Mixture of 1a+2+3d (0.5, 0.5 and 2.5 mM respectively, pH.6.5)

3.0e-1

AU 2081

(254 nm)1 oo

1074.1230
100 Fa
7\
/o
[\
/ \ 1075.1230
Calculated T A
/ \ /N N
\ N 1077.1230
AN 1078.1230
. o N N
1074.1267
100
1075.1274
Found E 1076.1289
1077.1308
‘ | 1078.1158
. , |
1074 1075 1076 1077 1078 1079 1080 1081 1os2 M2
1076.1387
100}
{ l‘\
[
[
[
f \
Calculated | \
/ \ 10791387080, 1387
I N / \ -
/ - . \ s
4 N N
(
100 10761422
10771451
Found “ 1078.1420
1079.1406
180,1447
1 1 |
k 1074 1075 1076 1077 1078 1079 1080 1081 1osz M2
16.62

10.72
/\\

12.13
15.03

00 300 400 500 600

TOF '@
ESI-

7.00

900 | 1000 1100

1200 1300 1400 1500 1600 1700 1800 1900 2000

TOF 10
ESI*

200 1300 1400 1500 1600 1700 1600 19.00  30.00 '™

S-36



Identification of the products:

[1a-3d;]
Retention time: 12.13 min.

Chemical Formula:
C24H32N010S4 psHr

Exact Mass:
692.1063

[M+H]*

[1a,-2-3d]
Retention time: 16.62 min.

Chemical Formula:
Cs7Hs7N15023Ss -

Exact Mass:
1585.2300

[M+H]*

Calculated

Found

Calculated

Found

Calculated

Found

Calculated

Found

0 o o
\
/A
f
[\
. [ e
/
:F \ /_\\
//‘ N/ \_/,/_\\\ 694.0084
100 691.1012
8921031 go3 1017
694.1021
1 A
690 691 692 693 694 695 696 697 6og M7
6931141
100 uqéﬁ\4
f\
f
i
# / 1
/ BRI e g
JEEER AN
/ \/ 696.1141
S - \/—\ S
6931128
100
694.1201
6951113
‘ 696.1161
¢ 690 691 692 693 694 695 696 697 6og M7
1584.2222
100]
,ﬂ 1585.2222
(Y 1586,2222
f
i 'f/\. ~\
4 /S T A A
/ A\ /o /o seraoze
/ \/ \ / \ 1588 2222
/ ./ \_/ N 1589.2222
—
1584.2275
1007 1585.2305
1566 2296
A 1587 2257
1588 2356
‘ 1589.204
1 .
1584 1585 1586 1587 1588 1589 1500 1501 1502 M2
1586.2378
100]
j/\\ 1587.2378
[ \ 1588.2378
/ [\
/ \ jf \ \ 15892078
/ A \
’f \/ \ \ /\ 1500.2378
/ oy V4 — 15912378
/ \\)" —
100 1566 2603
1587.2625 1588 2731
1589.2444
15002534
‘ 15012582
. |
k 1584 1585 1586 1587 1588 1589 1590 1591 1592 M7
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[1a-2-3d]

1 H H 11021179
Retention time: 15.03 min. 100 N
1103.1179
R Calculated ! \ Fa 1104.1179
. / / S
Chemical Formula: /N A N N,
,"I A \_/ \ P "Di 1179
C39H45NgO17S6 — AN N
[M+H] 1007 1102 1326
11031384
Exact Mass: Fond 4
1103.1258 1105 1334
| ‘ 1106.1293
1 .
1102 1103 1104 1105 1106 1107 1108 1109 1110 ™2
11041335
1007
[ 1105.1335
Calculated = | \ Iy 11061335
/ IR N\
/ SN SN s
," hy ’b/ \\ //»' . 1108.1335
_ ~— T
[M+H]* 100 1104 1499
Found E 116s 1T 1106.1505
1107 1459
1108 1484
| |
L 1102 103 1104 1105 1106 1107 1108 1109 1110 ™2
Mixture of 1a+2+3e (0.5, 0.5 and 2.5 mM respectively, pH.6.5)
13.97
3061
873
2 0e-1
AU
(254 nm) 1.0e-1 327 10.97 15.45
A
0o 300 400 500 ' 600 700 800 900 1000 1100 1200 1300 1400 1500  16.00 1700 1800 1900  20.00
100
TOF
ESI- B
200 300 400 500 600 700 800 000 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900  20.00
100
TOF
ESI* E
RN S RS , e Time

300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900  20.00
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Identification of the products:

[3ez]
Retention time: 3.27 min.

Chemical Formula:
C10H16N206S,

Exact Mass:
324.0450

[1a-3e;]
Retention time: 8.73 min.

Chemical Formula:
C2sH3sNgO012S4

Exact Mass:
806.1492

[M+H]"

[M+H]*

[M+H]

[M+H]*

100 323,072
A\
ff \
[\
; [\
Calculated / |
/ \
/ \ 3240372 3250372
_/ i
323.0342
100
Found
324.0374 325 0318
| | )
322 323 324 325 326 327 328 329 330 ™2
325.0528
100 /
/
/
7\
/ \
Calculated & / \
/ \
/ \
/ 326 0528
/ - 327 0528
/ T
325 0513
100
Found
3260543 457 0a0p
|
324 325 326 327 328 329 330 331 332 ™2
414
100] Bm;‘ !
[\
[\
[\
4 [
Calculated | |\ 806.1414
/ \ N 8071414
/ / —~
/ \ / \ 7N 8081414
/ N
/ N M -
— . . . - e
805.1447
100]
Found 4 806.1456
8071468
808.1459
a 05 806 07 808 809 810 811 812 813 Mz
807.1570
100 N\
/
[
/
[
Calculated If -“ 808 1570
/ \ N 809.1570
/ N N s
/ e N
100 8071545
Found 4 808 1555
809.1522
BI01698 g1 yeng
805 806 ao7 a0a 809 810 et 812 813 Mz
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[2-3es]
Retention time: 10.97 min.

Chemical Formula:
C33H42N6sO0158Ss

Exact Mass:
1002.0880

[1a-2-3e3]
Retention time: 13.97 min.

Chemical Formula:
Ca1H48N10018S6

Exact Mass:
1160.1472

[M+H]-

[M+H]*

[M+H]"

[M+H]*

Calculated

Found

Calculated

Found

Calculated

Found

Calculated

Found

1001.0802
100) /\\
[\
|\ 10020802
\ 1003.0802
\ o/ \\ e
\ /N toosos02
\/ / - 1005.0802
—
1001.0807
100]
10020823 000 oor
1004 0825
1005 0804
1
1001 1002 1003 1004 1005 1006 1007 1008 1009 ™2
1003.0958
100] \
/‘ \
\
\I
\ 10040958 4505 0958
\ ~
1006.0958
/ ~_  1007.0958
1003 0994
100]
4 1004.1002
1005.0994
1006.0988
1007.0933
L |
1001 1002 1003 1004 1005 1006 1007 1008 1000 ™2
1159.1394
100]
/
I
f 1160.1394
o / Fa 1161.1304
/
/ \ / / 11621304
\/ \_/ N 1163.1394
1159.1368
100]
1160.1383
1161.1366
E
1162.1364
1163.1448
1
1159 1160 1181 1162 1163 1164 1165 1166 1167 M2
11611
100 6,_. 550
A
\ 1162.1550
o \ Pal 1163.1550
{ / \ ~
/ /
/ \Jf / AN 1164.1550
\/ \_/\ 1165.1550
\\_
- 11611606
1162.1638
E 1163.1626
641569165 1620
I 1 ’
‘ 1159 1160 1161 1162 1163 1164 1165 1166 1167 M7
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Mixture of 1a+2+43f (0.5, 0.5 and 2.5 mM respectively, pH.6.5)

14.30
2.0e-1
AU 15t
1.0e-1
(254 nm) 755
5.0e-2; N 13.37
oo "T300 400 500 600 700 "0 1100 1200 1300 1400 1500  16.00  17.00 1800  19.00
1007
TOF
ESI-
g
0 300 400 500 600 700 900 1100 1200 1300 1400 1500  16.00  17.00  16.00  19.00
1007
TOF
ESI*
TR0 T @00 500 600 700 900 1100 1200 1300 1400 1500 1600 1700 1800 1900 Time
Identification of the products:
[2 3f ] B{bg_‘ish
- 100 \
3 . . . .‘"’ ""\
Retention time: 7.55 min. i [
e A
alculates \ mﬁ\mﬁﬁ —
/ SN /ﬁ\\
. i / N N\ “f_lffb 879.0485
Chemical Formula: J S T
[M+H] 00 8750435
C27H36N6015S6
Found 4 B76.0488 B877.0439
Exact Mass:
|
876.0563 874 875 816 877 878 a‘m 880 aat a2 M2
877.0641
.
100 ‘.; \
[
[
Calculated : / \ BIBOGAT a0 064t
/ AN N
/ A4 A4 8800041 ppy ogas
_/ ~ . seloedn
[M+H]* m:l) 8770633
Found &
878.0861 870 0635
8800656
| 881.0612
k 876 87t ara 879 880 a8t 882 aa3 sg4 Mz

[1az] (previously identified)
Retention time: 13.37 min.

Chemical Formula: C3gH44N12012S4

Exact Mass:
964.2084
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1117.1289
100 A\
[1a-2-3f]
. . . . /A
Retention time: 14.30 min. — [
/ \ / Y /o 1120.1289
; Y ~ v NN MzLaze
Chemical Formula: . .
C39H4sN1001756 -
Found 1119.1235
. 1117.6208 1118.6223 1120.1287
EX&Ct MaSS ‘ 211215 4427 1262
1118 1367 1116 mr 1118 1119 1120 ||‘2| 1122 1123 11242
100, 1”?]]\445
Calculated / It‘ 11?“‘-‘,445 11211445
/ \ S SN
/ N/ /N 11221448
/ \_/ \ Py 1123.1445
A — N T
[M+H]* 100 11191400
1120 1420
Found 11211412
11221414
1231400 1924 1531
0 1118 1119 1120 1121 1122 1123 1124 1125 1126 M2
Mixture of 1a+2+3f (0.5, 0.5 and 2.5 mM respectively, pH.6.5)
14 47
6 06-1
AU 4061
(254 nm
b ge-1 758 953 1238 1518
000 400 500 600 700 | 800 900 1000 1200 1300 1400 1500  16.00 17.00 1800 1900  20.00
100
TOF
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100
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O
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Identification of the products:

[1a-392]
Retention time: 7.58 min.

Chemical Formula:

C26H38NgO10S4 e
Exact Mass:
750.1594

[M+H]*

[2-393]
Retention time: 9.53 min.

Chemical Formula:
C30H42N6015S6 sl

Exact Mass:
918.1032

[M+H]*

100
/ \
{1
/ ‘\
E- |
Calculated f \‘. 7501516
/ \ /\ 751.1516
\ AN .
\ 7521516
- \/T\/hk
749.1542
100
Found
750.1548
751.1509
7521495
743.1439
1
748 749 750 751 752 753 754 755 756 M2
100 731 1672
£\
/." \
\
Calculated 2 / \
f \ 752.1672
/ \ 753.1672
’r‘ i -
/ \\/ \_// 754 1672
e
0
100 751.1705
Found
=
7521714
753.1593
754[1535 755.1675
. r S v — r —— — L
750 751 752 753 754 755 756 51
917.0955
100 2
f
/ \
/
[
E / \
Calculated | | 9180955 g9 pgss
/ ANEA
/ S N/ O\ o0
J - .’ N 921 0955
9171074
100
Found G1BOBI g o
920.0955
921.0987
‘ ;i
k 916 a17 918 919 920 921 22 923 g4 M7
919.1111
100 ,'\
i
[\
f
[ \
Calculated : f \ 9201111 gpq 1111
J VAN ya
/ \/ \_/ SRR ggn 44y
919.1170
100
Found 5 9201211 921 1187
9221177
923.1174
1
g18 19 420 521 422 923 924 925 926 ™7
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[22] (previously identified)
Retention time: 12.38 min.

Chemical Formula:
C36H36N6O18Ss

Exact Mass:
1032.0410

[1a-2-39g]
Retention time: 14.47 min.

Chemical Formula:

CaoH18N10017Ss My
Exact Mass:
1132.1523

[M+H]*

[1a,-2-39g]
Retention time: 15.18 min.

Chemical Formula:
CsgH70N16023Ss

Exact Mass:
1614.2565

[M+H]>*

[M+H)*

1131.1445
100 fal
[\
/ \
/ \ 1132,1445
Calculated * / AN 133,145
/ \ / ra
/ \ N
/ \_/ N/ \ 11341445
Y SN s
1131.1575
100
1132.1628
Found 3 1133 1661
1134 1615
| 11351421
1130 1131 1132 1133 1134 1135 1136 1137 1138™2
1133,1602
100 Fal
! \
)
/ \
! 1134 1602 .
Calculated & / \ N\ 11351602
/ \ AR N
/’ \ / \ 1136.1602
/ N/ \_/ \_ _ tartee
11331770
100
1134.1781
Found # 11351750
11361776
1137.1733
| By
k 1132 1133 1134 1135 1136 1137 1138 1139 1140z
806.1752
100 ] AN
~
/ —
| r’ A
Calculated 9 / \
| ," \\\
| / . -
P! — —
806.0993
100 |
| 806 5949
807.0997
#
Found 807 5979
808.1043
‘ 808.5884 5o ggs5
| \
N 805 806 807 808 809 810 811 8§12 813 ™2
808.1908
100
[
S~
/ ™
/ \\
Calculated / “
/ ™
/ S
/ ~
_/ T
808.1311
100
8086331 8o9 1310
Found
809 6324
810.1320
8106319
| ,
k 207 808 £09 810 811 812 813 814 815 Mz
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REVERSIBILITY TEST

Individual stocks of [1a, 2, 3a] were prepared (4 mM in DMSO for 1a and 2, and 20
mM in milli-Q water for 3a) (see scheme S1). From these, a pre-equilibrated reaction
mixture was prepared by adding 40 uL of [1a] and [2] to 200 uL of a 66.7 mM BIS-
Tris methane buffer (pH 6.5). The individual stock of [3a] was stored at -80 °C. After
24 hours, the reaction mixture A was prepared by adding 30 pL of the individual
stock of [3a] to 210 uL of the pre-equilibrated reaction mixture.

Individual Stocks é@ Q@

[la]  [2]  [3a]

i) TCEP

-
ii) reoxidation

Pre-equilibrated
Reaction Mixture
(2 BBs)

. ) . . Control
Reaction Mixture C  Reaction Mixture A Reaction Mixture B

Scheme S1: Preparation of the reaction mixtures of the reversibility test.

Simultaneously, the control reaction mixture B was prepared by mixing 30 uL of each
individual stock with 150 uL of a 66.7 mM BIS-Tris methane buffer (pH 6.5). After 24
hours, the reaction mixture A, the control reaction mixture B and the pre-
equilibrated reaction mixture were analysed by HPLC (see figure S16).

Finally, the reaction mixture C was prepared by adding 0.35 equivalents of Tris(2-
carboxyethyl)phosphine hydrochloride (TCEP-HCI)® to the completely oxidised
reaction mixture A. The substoichiometric amount of TCEP allowed the partial
reduction of the disulphides present in the mixture. After the reoxidation of the
generated free thiols, 24 hours later, the reaction mixture C was analysed by HPLC
(see figure S16).

Related references:

3.J. A. Burns, J. C. Butler, J. Moran, and G. M. Whitesides, J. Org. Chem., 1991, 56, 2648-
2650.
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Figure S16: HPLC traces of the control reaction mixture B (a), the pre-equilibrated
reaction mixture (b), the reaction mixture A (c) and the reaction mixture C (d).
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SYNTHESIS AND NMR CHARACTERIZATION OF 1a23a (la)

v
O'-:“v —'4:\ 2 O
oH s. %220l
21 OH
O.__NH
E
] 19
2 X
1 H
O ;3,L|H /;'lm N_
Telly O 2™
HO‘?‘“-I’ A S
S8 S\“‘J
|
S0 HN S0
,LD o. [t

17

For the synthesis of the trimer 1a23a (la), [1a] (4.8 mg, 0.010 mmol), [2] (5.2 mg,
0.010 mmol) and [3a] (2.4 mg, 0.20 mmol) were dissolved in 2 mL of MeOH and 1 mL
of milli-Q water. Then, the pH of the solution was adjusted to 7.0 by the addition of
NaOH (aq). After 6 days at room temperature, complete oxidation of the starting
reagents was observed by HPLC. The MeOH was evaporated in vacuo and the residue
was lyophilized. The resulting white solid was purified by reversed-face flash
chromatography (gradient: from 5% to 15% CH3CN in H,0) and 3.8 mg of pure [la]
(34% vyield) were obtained as a white solid. HRMS (ESI-) calcd. for C3gHssN10017S6
[M-H]" (m/z): 1117.1289, found: 1117.1323. 'H NMR (500 MHz, H,0:DMSO-ds
(85:15)): 8 = 8.69 (s, 2H, Hc), 8.62 (s, 1H, Hy), 8.54 (d, J = 8.4 Hz, 2H, Hg), 8.46 (d, J
= 8.8 Hz, 2H, Ha), 8.38 (d, J = 8.2 Hz, 1H, Hg), 8.29 (d, J = 1.7 Hz, 2H, H,), 7.58 (s,
2H, Hp), 7.20 (d, J = 1.9 Hz, 1H, His), 6.94 (t, J = 8.2 Hz, 1H, Ha7), 6.89 (d, J = 8.2 Hz,
2H, Hyg), 6.76 (s, 2H, Hp'), 4.05 — 4.00 (m, 1H, Has), 4.01 (d, J = 14.8 Hz, 2H, Ho),
3.47 (dd, J = 15.2 Hz, J = 2.4 Hz, 1H, Hg), 3.45 (d, J = 2.2 Hz, 1H, Hy'), 3.35 (dd, J =
9.9 Hz, J = 3.9 Hz, 1H, Hy), 3.32 (dd, J = 10.7 Hz, J = 4.3 Hz, 1H, Hy), 3.19 (dd, J =
15.2, 11.0 Hz, 1H, Hg), 3.04 (dd, J = 15.2, 9.3 Hz, 1H, H,»'), 2.99 (dd, J = 15.8, 9.9 Hz,
1H, Has), 2.93 — 2.82 (M, 2H, Hy,). *C NMR (125 MHz, D,0:DMSO-dg (85:15)): & =
174.6 (CO, Cy3), 172.1 (CO, Cy), 169.6 (CO, Cus), 167.2 (CO, Cig), 166.8 (CO, Cs),
137.0 (C, Cs5), 134.0 (C, C3), 133.4 (C, C1), 129.7 (CH, C,4), 129.65 (CH, Cys), 129.60
(CH, Cy), 116.3 (CH, Cy7), 111.5 (CH, Cyg), 55.8 (CH, C¢), 54.4 (CH, Cy), 51.0 (CH,
C11), 53.4 (CH, Cy), 45.0 (CHg, Cs), 41.2 (CHy, Cy), 39.5 (CHy, Cy2), 37.9 (CHg, Cy3),
35.9 (CHy, Cy).
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Figure S17: *H (500 MHz, 298 K in H,0:DMSO-dg (85:15), with water suppression by
excitation sculpting scheme) spectrum of la (8.5 mM phosphate buffer, pH 6.5), and
expansion of the amide region (9.0 — 6.5 ppm).
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Figure S18: Expansion of the aliphatic region (4.3 — 2.3 ppm) of *H (500 MHz, 298 K
in H,O:DMSO-ds (85:15), with water suppression by excitation sculpting scheme) and
'H 2D TOCSY (500 MHz, 298 K in H,0:DMSO-ds (85:15), with water suppression by
excitation sculpting scheme) spectra of la (8.5 mM phosphate buffer, pH 6.5).
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Figure S19: 'H NOESY (500 MHz, 298 K in H,0:DMSO-ds (85:15), with water
suppression by excitation sculpting scheme) and *H ROESY (500 MHz, 298 K in
H.O:DMSO-ds (85:15), with water suppression by excitation sculpting scheme) spectra
of la (8.5 mM phosphate buffer, pH 6.5).
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Figure S20: *H/®*C gHMBC (500 MHz, 298 K in H,0:DMSO-ds (85:15), with water
suppression by excitation sculpting scheme) and *H/**C gHSQC (500 MHz, 298 K in
H,O:DMSO-ds (85:15), with water suppression by excitation sculpting scheme) of la
(8.5 mM phosphate buffer, pH 6.5).
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Figure S21: Expansion of the amide region (9.0 — 6.5 ppm) of *H (400 MHz, 298 K in
H,O:DMSO-ds (85:15), with water suppression by excitation sculpting scheme)
spectrum of la. Top: 8.5 mM phosphate buffer, pH 6.5. Bottom: after acidification with
TFA, pH ~2. The differences in chemical shift for protons Ha, He (moving downfield)
and H, (moving upfield) are consistent with an unfolding of the proposed conformation
for 1a23a.
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Figure S$22: *H-NMR (400 MHz, 298K) with water suppression by excitation sculpting
for 1a23a. Top: H,O:DMSO-dgs (85:15, 8.5 mM phosphate buffer, pH 6.5). Bottom:

H,O:DMSO-ds (75:25, 8.5 mM phosphate buffer,
appreciated, in a more organic solvent the folded structure
can be seen by downfield shift for protons H, and Ha.

pH 6.5). Subtle changes are

of 1a23a is more favored as
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MOLECULAR MODELLING OF 1a23a (la)

All the theoretical calculations were performed with Spartan 06 software operating in a
Dell workstation. Monte Carlo conformation searches were performed without
restrictions by generating 10000-20000 geometries, which were minimized
subsequently using the MMFFaq force field. This version of the force field takes into
account water solvent as a continuum medium. This force field has proved to be the
most suitable for the conformational analysis of pseudopeptide and peptoid molecules.’
The obtained local minima were ordered following the corresponding MMFFaq
energies. The process was repeated several times starting from different initial
geometries to ensure mapping all the conformational space. The corresponding
conformational searches of the same molecule starting from different geometries
rendered identical results. This fact ensures the fidelity and reliability of the results from
this conformational analysis. We considered all the carboxylic groups as carboxylate
anions and the amine function of the pendant cysteine as the ammonium cation. The
global minimum for the 1a23a (la) compund is shown in Figure 2 of the manuscript.
The superposition of the energetically accessible local minima found for this molecule
Is shown in figure S23.

Figure S23: Top and side views of the superposition of the accessible local minima for
la23a (la). Hydrogen atoms have been omitted for clarity.
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