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Part A: General experimental procedures

Materials and Methods

Rink Amide AM (0.69 mmol/g) and 2-chlorotrityl chloride (2-Cl-(Trt)-Cl, 1.60
mmol/g) resins were obtained from Iris Biotech GmbH. All amino acids and coupling
reagents such as 2-(1H-Benzotriazol-1-yl)-1,1,3,3-tetramethyluronium
hexafluorophosphate (HBTU) and 2-(1H-7-Azabenzotriazol-1-yl)-1,1,3,3-
tetramethyluronoium hexafluorphosphate (HATU) were purchased from Iris Biotech
GmbH. Fmoc-L-Furylalanine (Fua) was purchased from Chem-Impex International.
L-amino acids were used throughout the synthesis. Dimethylformamide (DMF) peptide
synthesis grade and N-methylpyrrolidone (NMP) were purchased from Biosolve.
Phosphate Buffered Saline (PBS) without calcium or magnesium was purchased from
Lonza. Dichloromethane (DCM) and N, N-diisopropylethylamine (DIPEA) were
obtained from Sigma Aldrich. Trifluoroacetic acid (TFA) was obtained from Iris
Biotech GmbH. All reagents used for automated peptide synthesis were peptide
synthesis grade. Tri-Boc-hydrazinoacetic acid, hydrazine hydrate, 4-(Fmoc-
aminomethyl)benzoic acid, Carbonyldiimidazole (CDI) and tert-butyl carbazate were
purchased from Sigma Aldrich. All chemicals were used without further purification.

Peptide synthesis

Automated peptide synthesis was performed on a 24-reactor block SYRO Multiple
Peptide Synthesizer equipped with a vortexing unit (Multisyntech, Witten, Germany).
Peptides were synthesized by standard Fmoc/fBu strategy using HBTU/DIPEA
couplings.

Analyses

RP-HPLC analyses were performed on an Agilent 1100 Series instrument with a
Phenomenex Luna C18 column (250 x 4.6 mm, 5 um particle size at 35 °C). A flow
rate of 1 ml/min was used with the following solvent systems: 0.1% TFA in H,O (A)
and MeCN (B). The column was flushed for 3 min with 100% A, then a gradient from
0 to 100% B over 15 min, followed by 5 min of flushing with 100% B.
Semi-preparative purification was performed on an Agilent Technologies PrepStar
instrument using a Phenomenex Luna C18 column (250 x 21.2 mm, 5 pm particle size
at 35 °C). The analyses were executed with a flow rate of 3 mL/min and with the
following solvent systems: 0.1% TFA in H,O (A) and MeCN (B). The column was
flushed for 2 min with 100% A, then a gradient from 0 to 100% B, followed by 5 min
of flushing with 100% B.

ESI-LC/MS data were recorded on an Agilent 1100 Series instrument with a
Phenomenex Kinetex C18(2) column (150 x 4.6 mm, 5 um at 35 °C) connected to an
G1956B type SL mass detector with a flow rate of 1 mL/min was used with the
following solvent systems: 5 mM NH4OAc in H,O (A) and MeCN (B). The column
was flushed with 100% A for 2 min, then a gradient from 0 to 100% B over 15 min was
used, followed by 5 min of flushing with 100% B.
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Part B: Peptide synthesis and modifications

I) General procedure for the preparation of furan-containing peptides 1a-1i, 4a-
4c and 5a, 5b:

Ac-lle-Glu-Lys-Phe-Xaa-Fua-NH,
Xaa = Lys (1a), Arg (1b), Ser (1c), Glu (1d), Ala (1e), Val (1f), Trp (1g), Met (1h), Cys (1i)
FmocHNQ | Fmoo deprotection’, _ Capping Ac-lle-Glu-Lys-Xaa-Fua-Yaa-NH,
ii.Coupling AA\/ Xaa, Yaa = Phe, Gly (4a); Gly, Gly (4b); His, Lys (4c)
Rink Amide Ac-Fua-Xaa-Glu-Lys-Phe-Gly-NH,
Xaa = lle (5a), Gly (5b)

The resin was preswollen in DMF for 30 min and then filtered off. Peptide synthesis
was performed on an automated peptide synthesizer using the following protocols for
Fmoc deprotection and coupling.

Fmoc deprotection: A solution of 20% piperidine in DMF was added to the resin. The
resin was shaken for 3 min and filtered off. The procedure was repeated and the reaction
mixture was shaken for 12 min. The resin was filtered and washed with DMF (6 x 30
S).

Coupling: 5.0 equiv of a 0.5 M solution of amino acid in DMF, 5.0 equiv of a 0.5 M
solution of HBTU in DMF and 10.0 equiv of a 2.0 M solution of DIPEA in NMP were
added to the resin. The reaction mixture was shaken for 40 min. The resin was filtered
off and washed with DMF (4 x 30 s). For difficult couplings, this step is repeated once.
Fmoc-L-Furylalanine (Fua) was coupled manually: 3.0 equiv. of the amino acid, HATU
as coupling reagent (3.0 equiv.) and DIPEA (6.0 equiv.) in DMF (1.0 mL) were added
to the resin (34.5 pmol) and the reaction mixture is shaken for 2 h.

Capping: 6.0 equiv. of acetic anhydride and DIPEA in DMF were added to the resin.
The reaction mixture was shaken for 30 min, filtered off and washed with DMF (3 x 30
s). The capping was repeated once to ensure complete conversion.

Cleavage and deprotection of peptides: 1 mg of resin was treated with 300 ul of
TFA/Triisopropylsilane (TIS)/H,O (95:2.5:2.5). After 2 h, the liquid was filtered off
and the resin was washed with TFA (3 times). The filtrate was evaporated and the
residue was redissolved in H,O for HPLC and LC-MS analysis.

IT) Procedure for the preparation of N-terminal hydrazine peptide 2:

N-terminal hydrazine peptide was synthesized by solid phase peptide synthesis as
described above (Section I). The N-terminus of the peptide was capped by tri-Boc
hydrazinoacetic acid (3.0 equiv.), using HATU as coupling reagent (3.0 equiv.) and
DIPEA (6.0 equiv.) in DMF (1.0 mL). The mixture of tri-Boc hydrazinoacetic acid,
HATU and DIPEA was added to the resin (34.5 pmol) and shaken for 120 min. Next,
the solution was filtered off and the resin was washed with DMF/DCM/DMF (6 x 10
seconds each). Cleavage and deprotection were performed as described previously.
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III) Procedure for the preparation of C-terminal hydrazide peptide 8!

5% NH,NH,/DMF
cl ———— HAN—)

2-Cl-(Trt)-Cl resin 2-Cl-(Trt)-NHNH, resin

4-(Fmoc-aminomethyl)

b) benzoic acid (3 eq) [0} 0
HATU (3 eq)
DIPEA (6 eq) i.Fmoc deprotection Capping
HoNHN ————— "% » FmocHN HNHN—( ’ R -
z Q il Coupling AA . Napeptide]—NH HN—NH,
2-Cl-(Trt)-NHNH, resin 8

‘ N-peptide = Ac-GIy-Arg-GIy-Asp—Ser‘

Preparation of 2-Cl-(Trt)-NHNH, resin

The 2-CI-(Trt)-NHNH, resin was freshly prepared for stability reasons. 50 mg of 2-Cl-
(Trt)-Cl resin was washed with DMF/DCM/DMF (3 x 10 seconds each). Then, the resin
was swollen in DMF/DCM (1:1) for 30 minutes and the solution was filtered off. Then
2 mL of 5% (vol/vol) NH,NH,/DMF was added to the resin for hydrazination. The
mixture was agitated for 30 min under microwave irradiation at 40 °C and then filtered
off. The resin was washed three times with DMF/DCM/DMF and the hydrazination
procedure was repeated. Then the mixture was filtered off, the resin was washed again
and 2 mL of 5% (vol/vol) MeOH/DMF were added to the resin for 10 min. Then the
resin was washed and drained. The resin was colored yellow-light green.

Coupling of 4-(Fmoc-aminomethyl)benzoic acid

After the hydrazination of the resin, 4-(Fmoc-aminomethyl)benzoic acid was coupled
to the resin. For the coupling reaction, 3.0 equiv. of 4-(Fmoc-aminomethyl)benzoic acid
were used together with HATU (3.0 equiv.) and DIPEA (6.0 equiv.) in DMF (1.5 mL).
The resin was shaken for 90 minutes. Then it was washed with DMF/DCM/DMC (6 x
10 seconds each). The peptide synthesis was further performed using an automated
peptide synthesizer. Acetylation and cleavage were conducted as described above
(Section I).

IV) Procedure for the preparation of N-terminal hydrazide peptide 102

1'J.-S. Zheng, S. Tang, Y.-K. Qi, Z.-P. Wang and L. Liu, Nat. Protoc., 2013, 8, 2483-2495.
2D. V Siev and J. E. Semple, Org. Lett., 2000, 2, 19-22.
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N N o)
H =/ =~/ H )LN/\\ GnyArngnyAsp'SerfNHfo

DMF, rt, 16 h

0]
ArngnyAspfSerfNHow> HoN )L Arg-Gly-Asp-Ser-NH,
Y
H 10

(0]
"
SRERR s
To a suspension of 1,1’-Carbonyldiimidazole (210 umol) in dry DMF (300 pL), tert-
butyl carbazate (210 umol) in dry DMF (200 pL) was added portionwise under N, for
2.5 h. Then the mixture was added to the resin-bound peptide (35 umol) and the reaction
was left for 16 hours at room temperature to ensure coupling. The resin was then filtered
off, washed and cleaved as described above (Section I).
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Part C: Spectral data of furan and a-effect nucleophilic peptides

N

o}
NH,

\

Ac—lle-Glu-Lys-Phe-Lys—NH o
1a
Chemical Formula: C41HgzNgO4q
Exact Mass: 841,46979
Molecular Weight: 841,99322
DAD! A Sige214 20 Re=of (14550884701

0 v I e SR NN

| I | |
0 ! { § § i

Figure 1: LC-MS chromatogram of the crude peptide 1a at A =214 nm.

*MSD1 SPC, time=4.165 of D:\DATA\16-03-03\098-0701.D  API-ES, Pos, Scan, Frag: 70

1007, 5 [M+H]+ o Max: 54872
[M+2H]2+/2 3
80
60
S
1 5
40+
20 '%’
0 b
—T — —T — —T —T —T — T
200 300 400 500 600 700 800 900 m/

Figure 2: ESI-MS from LC-MS at tz = 4.165 min (obs: 842.3 [M+H]"; calc: 842.5).
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Lo

NH,

Ac—Ille-Glu-Lys-Phe-Arg—NH O
1b
Chemical Formula: C41HgzN41104g
Exact Mass: 869,47594
Molecular Weight: 870,02200

DAD! A SigeZ14 20 Re=of (101 TAE-01D)]
Al

\
0 1

\ 1 \
4 § 8

min

Figure 3: LC-MS chromatogram of the purified peptide 1b at A = 214 nm.

*MSDT SPC, fime=4.149 of DADATAI6-01-07\045-1101D APKES, Pos, Scan, Frag: 70

100i é Max: 56200

| [M+2H]2+/2 [M+H]*

80 =3

60

20 S

20 N

07 1
—— —— — —— —— —— —— ————
200 300 400 500 600 700 800 900 m

Figure 4: ESI-MS from the LC-MS at ty = 4.149 min (obs: 870.4 [M+H]*; calc: 870.5).
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o}
NH,

\

Ac—Ille-Glu-Lys—Phe-Ser—NH (0]
1c

Chemical Formula: C3gHsgNgO14
Exact Mass: 800,40685
Molecular Weight: 800,91100

DAD! A SigeZ14 20 Re=of (1248031411

0 l 4 § §

nin

Figure 5: LC-MS chromatogram of the crude peptide 1¢ at A= 214 nm.

*MSD1 SPC, time=4.141 of D:\DATA\16-02-08\030-1401.D  API-ES, Pos, Scan, Frag: 70

100{
80{ [M+H]*
60{
40{
20—:
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8013

oUZ.3

003.9

Max: 19520
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Figure 6: ESI-MS from LC-MS at t = 4.141 min (obs: 801.3 [M+H]"; calc: 801.4).
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N

(0]
NH,

\

Ac—Ille-Glu-Lys-Phe-Glu—NH O
1d
Chemical Formula: C4gHsgNgO 12
Exact Mass: 842,41742
Molecular Weight: 842,93492

DADT A, Sig21420 Reof 1602 04308010)
Al

SE— el

\ \ \ I
0 l 4 § §

min

Figure 7: LC-MS chromatogram of the crude peptide 1d at A = 214 nm.

*MSD1 SPC, time=3.747 of D:DATA\16-02-101049-0501.D API-ES, Pos, Scan, Frag: 70
1007 3 Max: 73824
| [M+H]*
80
60
40+
20 ~
0 | . | . R x
— — — — —— — — | ;
200 300 400 500 600 700 800 900 m/

Figure 8: ESI-MS from LC-MS at tg = 3.747 min (obs: 843.3 [M+H]*; calc: 843.4).
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NH,

Ac—lle-Glu-Lys-Phe-Ala—NH O
1e
Chemical Formula: C3gHsgNgO1g
Exact Mass: 784,41194
Molecular Weight: 784,91200

DADY A SigeZ14 20 Reof (14030 0BEATU1D)

nAl
104

| I | |
0 ! { § § i

Figure 9: LC-MS chromatogram of the crude peptide 1e at A =214 nm.

*MSD1 SPC, time=4.269 of D:\DATA\15-10-301083-0701.D  API-ES, Pos, Scan, Frag: 70
100i g Max: 14220
] [M+H]*
80
60
404
20 o~ =
0 | 1L L { A | L 1l 1 { i‘ L Il ”\ I i !
T T T T T T T T —
200 300 400 500 600 700 800 900 mz

Figure 10: ESI-MS from LC-MS at tg = 4.269 min (obs: 785.3 [M+H]"; calc: 785.4).
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NH,

\

Ac—Ille-Glu-Lys-Phe-Val—NH O
1f
Chemical Formula: C4oHggNgO1g
Exact Mass: 812,44324
Molecular Weight: 812,95200
DAD' A, Sig21420 Reeof (1602080311801 D)

\ \ \ \ T \ \ I \ ‘
0 f 1 3 4 § § I § § i

Figure 11: LC-MS chromatogram of the crude peptide 1f at A = 214 nm.

*MSD1 SPC, time=4.527 of D:\DATA\16-02-08\031-1501.D  API-ES, Pos, Scan, Frag: 70

100i Max: 32288
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Figure 12: ESI-MS from LC-MS at tg = 4.527 min (obs: 8§13.3 [M+H]"; calc: 813.5).
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NH,

Ac—lle-Glu-Lys-Phe—Trp—NH o

19

Chemical Formula: C4gHg1NgO14g
Exact Mass: 899,45414
Molecular Weight: 900,04700

Al

DAD! A SigeZ14 20 Re=of (101 TIAE201D)]
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Figure 13: LC-MS chromatogram of the purified peptide 1g at A =214 nm.

*MSD1 SPC, time=4.679 of D:\DATA\16-01-07\046-1201.0  API-ES, Pos, Scan, Frag: 70
100 Max: 512408

E +
80 [M+H]
60 =
40+
20 ~ =
07 T N | ﬁ L

— — — — — — — —
200 300 400 500 600 700 800 900 mA

Figure 14: ESI-MS from the LC-MS at tg = 4.679 min (obs: 900.3 [M+H]"; calc: 900.5).
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Yo

NH,

Ac—Ille-Glu-Lys-Phe-Met—NH
1h
Chemical Formula: C4gHggNgO4oS
Exact Mass: 844,41531

Molecular Weight: 845,01700

O

DADTA, S21420 Reof (1600470224801 0)
U]

il N

\ \ \ \ \ \ \
0 f 1 3 4 § § 1

Figure 15: LC-MS chromatogram of the purified peptide 1h at A= 214 nm.

*MSD1 SPC, time=4.639 of D:DATAVI6-09-071022-0301.D APIES, Pos, Scan, Frag: 70
100 B Max 21456
80; [M+H]*
60
, 3
40
20 3
07 L d Ll M | ) . b .
—— — — — —— — — —— :
200 300 400 500 600 700 800 900 m
Figure 16: ESI-MS from LC-MS at tg = 4.639 min (obs: 845.3 [M+H]"; calc: 845.4).
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(@)

NH,

Ac—Ille-Glu-Lys-Phe-Cys—NH (o}
1i
Chemical Formula: C3gHsgNgO010S
Exact Mass: 816,38401
Molecular Weight: 816,96384

DAD1 A, Sig=214.20 Ref=of 16018008701 D)
Al

& VT M

[ I [ [
0 ! { § § i

Figure 17: LC-MS chromatogram of the purified peptide 1i at A =214 nm.

*MSD1 SPC, time=4.406 of D:\DATA\16-10-181009-0701.D  API-ES, Pos, Scan, Frag: 70

100 T wax: 40256
] [M+H]*

80

60

40+

20 X

Oil 1 A . L hlk N | | UL .
—— —— —— —— —— —— —r e
200 300 400 500 600 700 800 900 m/z|

Figure 18: ESI-MS from the LC-MS at tg = 4.406 min (obs: 817.3 [M+H]"; calc: 8§17.4).
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Gly-Arg—Gly—-Asp—Ser—NH,
2
Chemical Formula: C1gH35N11Og
Exact Mass: 561,26192
Molecular Weight: 561,54950

DAD! A Sige214 20 Re=of (0450350811

\ \ \ \ \ \ \
0 1 1 3 4 § § 1

Figure 19: LC-MS chromatogram of the crude peptide 2 at A =214 nm.

i

*MSD1 SPC, time=1.504 of D:\DATA\15-10-05\055-0801.D  API-ES, Pos, Scan, Frag: 70

100 Max: 661208

807 [M+H]*

60
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20

. ol A A m
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Figure 20: ESI-MS from LC-MS at tg = 1.504 min (obs: 562.2 [M+H]"; calc: 562.3).

o

Gly—NH,
Ac—lle-Glu—Lys-Phe—NH O
4a
Chemical Formula: C37Hs4NgO1q

Exact Mass: 770,39629
Molecular Weight: 770,88500
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DADY A SigeZ14 20 Re=of (648 30810411

\
l

\
4

\ \
§ §

min

100{
60{
40{

20

A

*MSD1 SPC, time=4.366 of D:\DATA\16-08-301060-0401.D  API-ES, Pos, Scan, Frag: 70

Figure 21: LC-MS chromatogram of the crude peptide 4a at A =214 nm.
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Figure 22: ESI-MS from LC-MS at tg = 4.366 min (obs: 771.3 [M+H]"; calc: 771.4).
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N

o
Gly-NH,

\

Ac—Ille-Glu-Lys-Gly—NH O

4b

Chemical Formula: C30H48N8010
Exact Mass: 680,34934
Molecular Weight: 680,76000

mAU
16004

1400

1200

1000

800

6001

4004

200

DAD1 A, Sig=214,20 Ref=off (16-08-291049-1101.0)

200

ww

*MSD1 SPC, time=3.594 of D:\DATA\16-08-29\049-1101.D  API-ES, Pos, Scan, Frag: 70

Figure 23: LC-MS chromatogram of the purified peptide 4b at A =214 nm.

1007 Sax: 96512

o [M+H]*

60

40+ 5

20

N L L

| T | T | | |
100 200 300 400 500 600 700 n

Figure 24: ESI-MS from the LC-MS at tg = 3.594 min (obs: 681.2 [M+H]"; calc: 681.4).
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@)

Lys-NH,

Ac—lle-Glu—Lys—His—NH O
4c
Chemical Formula: C3gHg1N1101g
Exact Mass: 831,46029
Molecular Weight: 831,95864

DADTA, Sg=21420 Reof 15- 2480760501 0)
nAl

\ \ \ \ \ \ \ \ T ‘
0 | 1 3 4 § § i § § i

Figure 25: LC-MS chromatogram of the crude peptide 4¢ at A =214 nm.

*MSD1 SPC, time=3.579 of D:\DATA\5-12-08\076-0501.D  API-ES, Pos, Scan, Frag: 70

1007 Max: 1315283

80; [M+H]*

o [M+2H]2+/2

404

20 o

0 x
—r— —— —— —— —— —— ——
200 300 400 500 600 700 800 mz

Figure 26: ESI-MS from LC-MS at tg = 3.579 min (obs: 832.3 [M+H]"; calc: 832.5).
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N

(e}
lle—Glu—Lys—Phe—Gly—NH,

\

Ac—NH (0] 5a

Chemical Formula: C37H54NgO1g
Exact Mass: 770,39629
Molecular Weight: 770,88500

DAD! A Sige214 20 Reof (149014201

[ I I [
0 ! { § § i

Figure 27: LC-MS chromatogram of the crude peptide 5a at A =214 nm.

*MSD1 SPC, time=4.077 of D:\DATA\16-04-19\014-1201.D  API-ES, Pos, Scan, Frag: 70

100i Max: 87544

mTo

= [M+H]*

60

()

40

20

\ I\ . [

160 260 360 460 560 660 760 m/
Figure 28: ESI-MS from LC-MS at tg =4.077 min (obs: 771.3 [M+H]"; calc: 771.4).
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N

(0]
Gly-Glu—Lys—Phe—Gly—NH,

\

Ac—NH O 5b
Chemical Formula: C33H46NgO1q
Exact Mass: 714,33369
Molecular Weight: 714,77700
DADT A, Sg21420 Reof 16-04-19015:43010)
Al

WMMLL\

ol :
0 ! 4 i § i
Figure 29: LC-MS chromatogram of the crude peptide Sb at A= 214 nm.

*MSD1 SPC, time=3.690 of D:\DATA\16-04-191015-1301.D  API-ES, Pos, Scan, Frag: 70
100

71522

Max: 86760

] [M+H]*
80

60

110.2

40+

20

iz

20 0 a0 500 600 70 B0 mA
Figure 30: ESI-MS from LC-MS at tg = 3.690 min (obs: 715.2 [M+H]"; calc: 715.3).
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Ac—Gly—Arg—Gly—Asp—-Ser—NH HN—NH,

8
Chemical Formula: Cy7H44N¢1O¢q
Exact Mass: 679,30379
Molecular Weight: 679,69200

Al

DAD! A SigeZ14 20 Re=of (1 48-50230811)

0

\ \ \ \ \ \ \ \ \
f 1 3 4 § § I § §

nin

Figure 31: LC-MS chromatogram of the crude peptide 8 at A =214 nm.

100{
80{
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Figure 32: ESI-MS from LC-MS at tg = 3.015 min (obs: 680.2 [M+H]"; calc: 680.3).
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(0]

HoN )L Arg-Gly-Asp-Ser-NH,
oYY
H H 10

o
Chemical Formula: C4gH33N44Og
Exact Mass: 547,24627
Molecular Weight: 547,52292
DAD! A Sige214 20 Re=of (4% 2407E:2001D)

nhl |

LC-MS
po impurity

L

\ \ \ \
0 1 ¢ b 8

Figure 33: LC-MS chromatogram of the crude peptide 10 at A =214 nm.

i

*MSD1 SPC, time=1.560 of D:\DATA\16-03-24\075-2001.0  API-ES, Pos, Scan, Frag: 70
100 ~ _
| [M+H]+ g Max: 34192
80
60
40
20
0 | W 1
7 7 7 7 T 7 7 7 7
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Figure 34: ESI-MS from LC-MS at t = 1.560 min (obs: 548.2 [M+H]"; calc: 548.3).
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Part D: Pyridazinium-based ligation reactions

(@)
Gly-Arg—Gly-Asp-Ser—NH
N 7 ;,9} 2
/
\ (0] —N
NH2 1) 02, RB, hV, Hzo NH2
Ac—lle-Glu-Lys-Phe-Lys—NH 0 2 Ac—lle-Glu-Lys-Phe-Lys—NH 0
a
1 (0]
a H\)k Chemical Formula: CgoHgsN2oO1g*
H2N/ Gly-Arg—Gly-Asp-Ser—NH, Exact Mass: 1383,71277
2 Molecular Weight: 1384,54145

pH, rt, 30 min - 18 h

Preparation of pyridazinium-based conjugates of C-terminal furan-peptide 1a
with N-terminal hydrazine peptide 2

Furan-containing peptide 1a was dissolved in MilliQ water containing catalytic
amounts of rose Bengal, as photosensitizer (10 uM). The solution was cooled with an
ice bath. Air was gently bubbled through the solution while it was irradiated with a
Euromex 100 W cold light microscope lamp. After completion of the photooxidation
reaction (40 min), hydrazine peptide 2 (1.0 equiv.) was added from aqueous stock
solution of different pH values (2.9, 4.7, 5.8 and 7.2) and each reaction was shaken for
30 min to 18 h. The reactions were monitored by RP-HPLC and the products were
analyzed by MALDI-TOF analysis.

DAD1 A, Sig=214,20 Ref=off (D:\DATA\17-03-20C ERI\EA000014.D)
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Figure 35: Crude RP-HPLC chromatograms demonstrating the formation of the conjugate.
Furan-peptide 1a was photooxidised for 40 min and then hydrazine peptide was added from
stock solutions of different pH values. Peptide 2 in H,O: pH 2.9. Buffers used for the
preparation of hydrazine peptide stock solutions: 0.1 M acetate buffer pH 4.7 and 1.0 M
phosphate buffer pH 5.8 and 7.2.
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NH, 1) O3, RB, hv, Hy0 NH,
2) o)
| N-peptide —Xaa—NH O H | N-peptide Xaa—-NH O

-

HoN
1a-1i 2 2 \ C-peptide 3a-3i

pH 7.2, rt, 30 min

N-Peptide = Ac-lle-Glu-Lys-Phe
C-Peptide = Gly-Arg-Gly-Asp-Ser-NH,

General procedure for the preparation of pyridazinium-based conjugates of C-
terminal furan-peptides with N-terminal hydrazine peptide 2

Furan-containing peptides (1a-1i) were dissolved in MilliQ water containing catalytic
amounts of rose Bengal, as photosensitizer (10 uM). The solutions were cooled with an
ice bath. Air was gently bubbled through the solution while it was irradiated with a
Euromex 100 W cold light microscope lamp. After completion of the photooxidation
reaction (15-40 min), hydrazine peptide 2 (1.0 equiv.) was added from 1.0 M phosphate
buffer stock solution of pH 7.2 and the reaction solution was shaken for 30 min. The
reactions were monitored by RP-HPLC and the products were analyzed by MALDI-
TOF analysis.

Q

Gly-Arg—-Gly-Asp—Ser—NH
X D ,f?)_ ?
/
N —N
NH, 1) 02 RB, hv,H0 NH,
Ac—lle-Glu-Lys-Phe-Lys—NH 0O 2) Ac—lle-Glu-Lys-Phe-Lys—NH 0
a
1 O
a H\)& Chemical Formula: CgoHgsN2gO+s™
HN™ Gly-Arg-Gly-Asp—Ser—NH, Exact Mass: 1383,71277
2 Molecular Weight: 1384,54145

pH 7.2, rt, 30 min

Preparation of pyridazinium-based conjugate 3a

The reaction was accomplished according to the general experimental procedure
described above, utilizing peptide 1a (0.6 umol, added from aqueous stock solution of
18.37 mM) in water (1.2 mL), which was photooxidized for 40 min followed by
addition of peptide 2 (0.6 umol, added from a 1.0 M phosphate buffer stock solution of
13.76 mM, pH 7.2). The reaction progress was monitored by RP-HPLC and the product
was analyzed by MALDI-TOF analysis. The ligated product was formed after 30 min.
MALDI-TOF spectrum of the collected peak at tg = 12.054 min demonstrated the
formation of the desired conjugate.
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Figure 36: Crude RP-HPLC chromatograms demonstrating the progress of the reaction
sequence (1a—3a) at L =214 nm.
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Figure 37: Crude RP-HPLC chromatograms demonstrating the crude reaction mixture (2, 30
min) at A =214 nm and A = 254 nm.
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Figure 38: MALDI-TOF spectrum of the collected peak at tg = 12.054 min (2, 30 min)
demonstrating the formation of conjugate 3a (obs: 1383.98 M*; calc: 1383.71). Fragmentation
products occurred during MALDI-TOF ionization: peptide 3a' (obs: 854.43 [M+H]"; calc:
854.49), peptide 3a'" (obs: 868.44 M*; calc: 868.50).

DADE A, Sig=21420 R (164-1500201.0)
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Figure 39: LC-MS chromatogram of the collected peptide 3a (at tg = 12.054 min through
HPLC analysis) at A =214 nm.
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Figure 40: ESI-MS from LC-MS (obs: 1382.91 M*; calc: 1383.71).
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Figure 41: MALDI-TOF spectrum of the collected peak at tg = 12.251 min (2, 30 min)
demonstrating the formation of the proposed ligation intermediate structures of type A (obs:
1402.04 M*; calc: 1401.72) and type B (obs: 1420.74 [M+H]*; calc: 1419.73).
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Figure 42: MALDI-TOF spectrum of the collected peak at tg = 13.257 (peptide A, obs: 840.73
[M+H]"; calc: 840.46, peptide B, obs: 858.70 [M+H]"; calc: 858.47).3

*DAD1 A, Sig=214,20 Ref=off (D:\DATA\17-03-20C ERI\EA000010.D)
*DAD1 A, Sig=214,20 Ref=off (D:\DATA\17-03-20C ERI\EA000012.D)
*DAD1 A, Sig=214,20 Ref=off (D:\DATA\17-03-20C ERI\EA000014.D)
*DAD1 A, Sig=214,20 Ref=off (D:\DATA\17-03-20C ERI\EA000017.D)
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*DAD1 A, Sig=214,20 Ref=off (D:\DATA\17-03-21 ERI\EA000007.D)
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Figure 43: Crude RP-HPLC chromatograms demonstrating the stability of the pyridazinium-

based conjugate 3a over time at rt.

3 (a) O. El-Mahdi and O. Melnyk, Bioconjug. Chem., 2013, 24, 735-765. (b) C. E. Murar, F. Thuaud
and J. W. Bode, J. Am. Chem. Soc., 2014, 136, 18140-18148.

S28



AN

o
NH,

\

1a
Ac—lle-Glu-Lys—Phe-Lys—NH o

+

(0]
H
N

2

HyN

Gly-Arg—Gly—Asp—Ser—NH,

(@)

7\ N®4>-GlyfArngnyAspfSerfNH2

7
N
NH,

0,, RB, hv, H,0;

15 min 3a

[all-in-one]
Ac—Ille-Glu-Lys-Phe-Lys—NH o

Chemical Formula: CgyHgsN2oO1g*
Exact Mass: 1383,71277
Molecular Weight: 1384,54145

A mixture of peptide 1a (0.6 pmol, added from aqueous stock solution of 22.8 mM)
with hydrazine peptide 2 (3.0 pmol, added from 1.0 M phosphate buffer stock solution
of 18.0 mM, pH 7.2) in water (1.2 mL) containing 10 uM of Rose Bengal, was
photooxidized for 15 min with the instant formation of ligated product 3a. The reaction
was left to proceed further at rt and reached almost full conversion after 6 h.

DAD1 A, Sig=214,20 Ref=off (D:\DATA\16-07-4 ERI 2\EA000014.D)
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Figure 44: Crude RP-HPLC chromatograms demonstratmg the progress of the reactlon
sequence (1a—3a) at A =214 nm.
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3) GSH
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a

HoN

The reaction was accomplished according to the general experimental procedure
described above, utilizing the peptide 1a (0.6 pmol, added from aqueous stock solution
of 22.8 mM) in water (1.2 mL), which was photooxidized for 40 min followed by
addition of peptide 2 (0.6 pmol, added from 1.0 M phosphate buffer stock solution of
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18.0 mM, pH 7.2). After 30 min of the reaction, GSH (6.0 umol) was added to the crude
reaction and possible degradation of the conjugate was monitored over time at rt. The
reaction progress was monitored by RP-HPLC and the product was analyzed by
MALDI-TOF analysis. No obvious degradation was observed after 72 hours.

*DAD1 A, Sig=214,20 Ref=off (D:\DATA\16-07-5ERI\EA000004.D)
*DAD1 A, Sig=214,20 Ref=off (D:\DATA\16-07-5ERI\EA000008.D)
*DAD1 A, Sig=214,20 Ref=off (D:\DATA\16-07-5ERI\EA000018.D)
*DAD1 A, Sig=214,20 Ref=off (D:\DATA\16-07-06 ERI\EA000003.D)
*DAD1 A, Sig=214,20 Ref=off (D
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Figure 45: Crude RP-HPLC chromatograms demonstrating the stability of the pyridazinium-

based conjugate 3a over time at rt after the addition of GSH.
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3b
Ac—lle-Glu-Lys-Phe-Arg—NH O 2) Ac—lle-Glu-Lys-Phe-Arg—NH O  Chemical Formula: CgoHgsN,015*
1b v 9 Exact Mass: 1411,71892
/N\)k Molecular Weight: 1412,55545
HoN Gly-Arg—Gly-Asp—Ser—NH,
2

pH 7.2, rt, 30 min
Preparation of pyridazinium-based conjugate 3b

The reaction was accomplished according to the general experimental procedure
described above, utilizing the peptide 1b (0.6 umol, added from aqueous stock solution
of 25 mM) in water (1.2 mL), which was photooxidized for 40 min followed by addition
of peptide 2 (0.6 umol, added from 1.0 M phosphate buffer stock solution of 13.76 mM,
pH 7.2). The reaction progress was monitored by RP-HPLC and the product was
analyzed by MALDI-TOF analysis. The desired conjugate was formed in 30 min.
MALDI-TOF spectrum of the collected peak at tg = 12.177 min demonstrated the
formation of the desired conjugate.

DAD1 A, Sig=214,20 Ref=off (D:\DATA\17-03-13 ERI\EA000004.D)
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Figure 47: Crude RP-HPLC chromatograms demonstrating the progress of the reaction
sequence (1b—3b) at A = 214 nm.
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Figure 48: MALDI-TOF spectrum of the collected peak at tg = 12.177 min (2, 30 min)
demonstrating the formation of peptide 3b (obs: 1411.77 M*; calc: 1411.72). Fragmentation
products occurred during MALDI-TOF ionization: peptide 3b' (obs: 881.77 [M+H]"; calc:
882.49), peptide 3b'' (obs: 895.70 M*; calc: 896.51).

lo21.48

555555

o)
Gly-Arg—Gly-Asp-Ser—NH
X 4 \,\?} ’
N —N
NH, 1) 02 RB, hv,H0 NH,
Ac—Ille-Glu-Lys-Phe-Ser—NH O 2) Ac—Ille-Glu-Lys-Phe-Ser—NH O 3¢
1c H 0 Chemical Formula: Cs7HggN1gO 19"
HZN/N G- Arg—Glv-Asp—S NH Exact Mass: 1342,64984
 Arg—Gly—Asp—Ser—
zy gmBlymAspTser—iR, Molecular Weight: 1343,42397

pH 7.2, rt, 30 min

Preparation of pyridazinium-based conjugate 3c

The reaction was accomplished according to the general experimental procedure
described above, utilizing the peptide 1¢ (0.6 pmol, added from aqueous stock solution
of 23.1 mM) in water (1.2 mL), which was photooxidized for 40 min followed by
addition of peptide 2 (0.6 umol, added from 1.0 M phosphate buffer stock solution of
39.12 mM, pH 7.2). The reaction progress was monitored by RP-HPLC and the product
was analyzed by MALDI-TOF analysis. The desired conjugate was formed in 30 min.
MALDI-TOF spectrum of the collected peak at tg = 12.021 min demonstrated the
formation of the desired conjugate.
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Figure 49: Crude RP-HPLC chromatograms demonstrating the progress
sequence (1c—3c) at A =214 nm.
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Figure 50: MALDI-TOF spectrum of the collected peak at tg = 12.021 min (2, 30 min)
demonstrating the formation of peptide 3¢ (obs: 1342.80 M*; calc: 1342.65). Fragmentation
products occurred during MALDI-TOF ionization: peptide 3¢' (obs: 813.84 [M+H]"; calc:
813.43), peptide 3c'"' (obs: 827.79 M*; calc: 827.44).
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N .
H,N Gly-Arg-Gly - Asp—Ser—NH, Exact Mass.. 1384,66040
2 Molecular Weight: 1385,46065

pH 7.2, rt, 30 min
Preparation of pyridazinium-based conjugate 3d

The reaction was accomplished according to the general experimental procedure
described above, utilizing the peptide 1d (0.6 umol, added from aqueous stock solution
of 14.65 mM containing 9% DMSO) in water (1.2 mL), which was photooxidized for
40 min followed by addition of peptide 2 (0.6 umol, added from 1.0 M phosphate buffer
stock solution of 39.12 mM, pH 7.2). The reaction progress was monitored by RP-
HPLC and the product was analyzed by MALDI-TOF analysis. The desired conjugate
was formed in 30 min. MALDI-TOF spectrum of the collected peak at tg = 12.268 min
demonstrated the formation of the desired conjugate.
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Figure 51: Crude RP-HPLC chromatograms demonstrating the progress of the reaction
sequence (1d—3d) at A = 214 nm.
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Figure 52: MALDI-TOF spectrum of the collected peak at tg = 12.268 min (2, 30 min)
demonstrating the formation of peptide 3d (obs: 1384.61 M*; calc: 1384.66). Fragmentation
products occurred during MALDI-TOF ionization: peptide 3d' (obs: 855.01 [M+H]"; calc:
855.44), peptide 3d"' (obs: 869.06 M*; calc: 869.45).
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Exact Mass: 1326,65492

HN™
Molecular Weight: 1327,42457

Gly-Arg—Gly-Asp—Ser—NH,
2
pH 7.2, rt, 30 min

Preparation of pyridazinium-based conjugate 3e

The reaction was accomplished according to the general experimental procedure
described above, utilizing the peptide 1e (0.6 pmol, added from aqueous stock solution
of 22.43 mM containing 2% DMSO) in water (1.2 mL), which was photooxidized for
40 min followed by addition of peptide 2 (0.6 umol, added from 1.0 M phosphate buffer
stock solution of 13.76 mM, pH 7.2). The reaction progress was monitored by RP-
HPLC and the product was analyzed by MALDI-TOF analysis. The desired conjugate
was formed in 30 min. MALDI-TOF spectrum of the collected peak at tg = 12.508
demonstrated the formation of the desired conjugate.
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Figure 53: Crude RP-HPLC chromatograms demonstrating the progress of the reaction

sequence (le—3e) at A =214 nm.
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Figure 54: MALDI-TOF spectrum of the collected peak at tg = 12.508 min (2, 30 min)
demonstrating the formation of peptide 3e (obs: 1326.74 M*; calc: 1326.65). Fragmentation
products occurred during MALDI-TOF ionization: peptide 3e' (obs: 797.46 [M+H]"; calc:

797.43), peptide 3e'" (obs: 811.79 M*; calc: 811.45).
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NH, 1) Oz RB,hv, H0 NH,
Ac—Ille-Glu-Lys-Phe-Val—NH O  2) Ac—Ille-Glu-Lys-Phe-Val—NH 'O 3f
1 H\)CL Chemical Formula: CsgHgoN19O1g*
HZN/N Exact Mass: 1354,68622

Gly-Arg—Gly-Asp—Ser—NH
2y g y P 2 Molecular Weight: 1355,47773
pH 7.2, rt, 30 min

Preparation of pyridazinium-based conjugate 3f

The reaction was accomplished according to the general experimental procedure
described above, utilizing the peptide 1f (0.6 umol, added from aqueous stock solution
of 12.68 mM containing 30% DMSO) in water (1.2 mL), which was photooxidized for
40 min followed by addition of peptide 2 (0.6 umol, added from 1.0 M phosphate buffer
stock solution of 39.12 mM, pH 7.2). The reaction progress was monitored by RP-
HPLC and the product was analyzed by MALDI-TOF analysis. The desired conjugate
was already formed in 30 min. MALDI-TOF spectrum of the collected peak at tg =
12.672 min demonstrated the formation of the desired conjugate.
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Figure 55: Crude RP-HPLC chromatograms demonstrating the progress of the reaction
sequence (1f—3f) at A =214 nm.
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Figure 56: MALDI-TOF spectrum of the collected peak at t = 12.672 min (2, 30 min)
demonstrating the formation of peptide 3f (obs: 1354.79 M*; calc: 1354.69). Fragmentation
products occurred during MALDI-TOF ionization: peptide 3f' (obs: 825.70 [M+H]"; calc:
825.46), peptide 3f"' (obs: 839.81 M*; calc: 839.48).

(@]
Gly-Arg—Gly-Asp-Ser—NH
N 7 3} g
\ _
NH, 1)Oz RB, hv,H,0 NH,
Ac—Ille-Glu-Lys-Phe-Trp—NH O 2) Ac—Ille-Glu-Lys-Phe-Trp—NH O 39
19 H\)i Chemical Formula: CggHgzNpgO1g*
- E Mass: 1441,69712
HzN Gly-Arg—Gly-Asp—Ser—NH, xact Mass 69
2 Molecular Weight: 1442,58045

pH 7.2, rt, 30 min

Preparation of pyridazinium-based conjugate 3g

The reaction was accomplished according to the general experimental procedure
described above, utilizing the peptide 1g (0.6 umol, added from aqueous stock solution
of 10.93 mM containing 4% DMSO) in water (1.2 mL), which was photooxidized for
30 min followed by addition of peptide 2 (0.6 umol, added from 1.0 M phosphate buffer
stock solution of 17.38 mM, pH 7.2). The reaction progress was monitored by RP-
HPLC and the product was analyzed MALDI-TOF analysis. The desired conjugate was
already formed in 30 min. MALDI-TOF spectrum of the collected peak at tg = 13.170
min demonstrated the formation of the desired conjugate.
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Figure 57: Crude RP-HPLC chromatograms demonstrating the progress

sequence (1g—3g) at L = 214 nm.
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Figure 58: MALDI-TOF spectrum of the
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collected peak at tg = 13.170 min (2, 30 min)

demonstrating the formation of peptide 3g (obs: 1442.44 M*; calc: 1441.70). Fragmentation
product occurred during MALDI-TOF ionization: peptide 3g'' (obs: 926.81 M*; calc: 926.49).

O
X / \’\?}GlyfArgfGIy*AspfSerfNHz
\ J _
NH2 1) 02, RB, hV, Hzo NH2
2) 3h
Ac—lle-Glu—Lys—Phe-Met—NH o Ac—Ille-Glu-Lys—-Phe-Met—NH [¢]
1h (0] S Chemical Formula: CsgHgoN1gO19S*
H Fs)
_N Exact Mass: 1402,65321
HaN Molecular Weight: 1403,54213

pH 7.2, rt, 30 min

Gly—Arg—Gly—Asp—Ser—NH,
2

Preparation of pyridazinium-based conjugate 3h
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The reaction was accomplished according to the general experimental procedure
described above, utilizing the peptide 1h (0.6 umol, added from aqueous stock solution
of 15.58 mM containing 20% DMSO) in water (1.2 mL), which was photooxidized for
30 min followed by addition of peptide 2 (0.6 umol, added from 1.0 M phosphate buffer
stock solution of 17.38 mM, pH 7.2). The reaction progress was monitored by RP-
HPLC and the product was analyzed MALDI-TOF analysis. The desired conjugate was
already formed in 30 min. MALDI-TOF spectrum of the collected peak at tg = 12.514
min demonstrated the formation of the desired conjugate.
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Figure 59: Crude RP-HPLC chromatograms demonstrating the progress of the reaction
sequence (1h—3h) at A =214 nm.
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Figure 60: MALDI-TOF spectrum of the collected peak at tg = 12.514 min (2, 30 min)
demonstrating the formation of peptide 3h (obs: 1402.79 M*; calc: 1402.65). Fragmentation
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products occurred during MALDI-TOF ionization: peptide 3h' (obs: 872.64 [M+H]"; calc:

873.43), peptide 3h'"' (obs: 886.70 M*; calc: 887.44).

o)
N / \'\?}GnyArngnyAspfSerfNHz
\ o N
NH, 1) 02 RB, hv,H0 NH,
Ac—Ille-Glu-Lys-Phe-Cys—NH O 2) Ac—lle-Glu-Lys-Phe-Cys—NH O 3i

1i (o}

H
N
HoN Gly-Arg—Gly—Asp—Ser—NH,

Chemical Formula: Cs7HggN1901gS™
Exact Mass: 1358,62699
Molecular Weight: 1359,48957

2
pH 7.2, rt, 30 min

Preparation of pyridazinium-based conjugate 3i

The reaction was accomplished according to the general experimental procedure
described above, utilizing the peptide 1i (0.6 umol, added from aqueous stock solution
of 7.8 mM) in water (1.2 mL), which was photooxidized for 30 min followed by
addition of peptide 2 (0.6 umol, added from 1.0 M phosphate buffer stock solution of
17.38 mM, pH 7.2). The reaction progress was monitored by RP-HPLC and the product
was analyzed MALDI-TOF analysis. A complicated mixture of products was formed
in 30 min, among them the desired conjugate 3i (tg = 13.170 min) as well as disulfide-
ligated adducts could be identified through MALDI-TOF analysis.
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Figure 61: Crude RP-HPLC chromatograms demonstrating the progress of the reaction

sequence (1i—3i) at L =214 nm.
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Figure 62: MALDI-TOF spectrum of the collected peak at tg = 12.824 min (2, 30 min)
demonstrating the formation of peptide 3i (obs: 1357.72 M*; calc: 1358.63). Fragmentation
products occurred during MALDI-TOF ionization: peptide 3i' (obs: 825.27 [M+H]"; calc:
829.40), peptide 3i'"' (obs: 843.18 M*; calc: 843.42).
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Figure 63: MALDI-TOF spectrum of the collected peak at tx = 13.172 min (2, 30 min)
demonstrating the formation of disulfide-ligated peptide (obs: 2188.95 M*; calc: 2188.99).
Fragmentation product occurred during MALDI-TOF ionization: (obs: 1372.75 M*; calc:

1373.78)
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Yaa-NH, > Yaa-NH,
r 2 ]
N-peptide Xaa—NH [0) ) H * \ N-peptide Xaa—NH (0]
N
4a-4 HoN™ f 6a-6
aste 2 2 | C-peptide a-¢

pH 7.2, rt, 30 min

N-Peptide = Ac-lle-Glu-Lys
C-Peptide = Gly-Arg-Gly-Asp-Ser-NH,

General procedure for the preparation of pyridazinium-based conjugates of
internal furan peptides with N-terminal hydrazine peptide

Furan-containing peptides (4a-4¢) were dissolved in MilliQ water containing catalytic
amounts of rose Bengal, as photosensitizer (10 pM). The solutions were cooled with an
ice bath. Air was gently bubbled through the solution while it was irradiated with a
Euromex 100 W cold light microscope lamp. After completion of the photooxidation
reaction (40 min), hydrazine peptide 2 (5.0 equiv.) was added from 1.0 M phosphate
buffer stock solution of pH 7.2 and the reaction solution was shaken for 30 min. The
reactions were monitored by RP-HPLC and the products were analyzed by MALDI-
TOF analysis.

(@)

/N ®4>-GIy*ArngnyAspfSerfNHz
AN N
/
\_d —N
Gly—NH, 1) O,, RB, hv, H,0 Gly—NH,
Ac—lle—=Glu—Lys-Phe—NH O 2) Ac—lle—Glu-Lys-Phe—NH O 6a
4a [e)
H\)J\ Chemical Formula: CsgHggN1gO4g*
HN™ Gly-Arg—Gly-Asp-Ser—NH, Exact Mass: 1312,63927

2 Molecular Weight: 1313,39799

pH 7.2, rt, 30 min

Preparation of pyridazinium-based conjugate 6a

The reaction was accomplished according to the general experimental procedure
described above, utilizing the peptide 4a (0.6 umol, added from aqueous stock solution
of 13.29 mM) in water (1.2 mL), which was photooxidized for 40 min followed by
addition of peptide 2 (3.0 umol, added from 1.0 M phosphate buffer stock solution of
20 mM, pH 7.2). The reaction progress was monitored by RP-HPLC and the product
was analyzed MALDI-TOF analysis. The desired conjugate was already formed in 30
min. MALDI-TOF spectrum of the collected peak at tg = 12.166 min demonstrated the
formation of the desired conjugate.
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Figure 64: Crude RP-HPLC chromatograms demonstratlng the progress of the reaction

sequence (4a—6a) at L =214 nm.
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Figure 65: MALDI-TOF spectrum of the collected peak at tg = 12.166 min (2, 30 min)
demonstrating the formation of peptide 6a (obs: 1312.28 M*; calc: 1312.64). Fragmentation
products occurred during MALDI-TOF ionization: peptide 6a' (obs: 782.32 [M+H]*; calc:

783.41), peptide 6a'' (obs: 796.35 M*; calc: 797.43).

S44



(o)

78 ®4>~GlyfArngnyAspfSer—NHz
N N

/
N\ =N
Gly—NH, 1) 02 RB, hv, H,0 Gly—NH,
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4b H Q Chemical Formula: C49HggN19O18*
HoN~ Gly—Arg—Gly— Asp—Ser—NH, Exact Mas§: 1222,59232
2 Molecular Weight: 1223,27545

pH 7.2, rt, 30 min

Preparation of pyridazinium-based conjugate 6b

The reaction was accomplished according to the general experimental procedure
described above, utilizing the peptide 4b (0.6 umol, added from aqueous stock solution
of 22.61 mM) in water (1.2 mL), which was photooxidized for 40 min followed by
addition of peptide 2 (3.0 pmol, added from 1.0 M phosphate buffer stock solution of
20 mM, pH 7.2). The reaction progress was monitored by RP-HPLC and the product
was analyzed MALDI-TOF analysis. The desired conjugate was already formed in 30
min. MALDI-TOF spectrum of the collected peak at tg = 11.402 min demonstrated the
formation of the desired conjugate.

DAD1 A, Sig=214,20 Ref=off (D:\DATA\16-10-05 ERI\EA000012.D)

U /\J\\; Peptide 4b
o

T T T T T T T T T T T T T T T T T T T T T T
10 15 20 25 min|

5
DAD1 A, Sig=214,20 Ref=off (D:\DATA\16-10-05 ERI\EA000014.D)

mAU 7 Oxidised
o3 /\\J\ Peptide

5
DAD1 A, Sig=214,20 Ref=off (D:\DATA\16-10-05 ERI\EA000016.D)

mAU Conjugate
500 /L\/ _/\—J\“\«JL\ 30 min
e

5
DAD1 A, Sig=214,20 Ref=off (D:\DATA\16-10-06 ERI\EA000005.D)

mAU Conjugate
502 E JL\ﬁ b 1 8 h

DAD1 A, Sig=214,20 Ref=off (D. \DATA\16 10-17 ERI\EA000008.D)

mAU VJLV Hydrazine
o] Pentide 2

Figure 66: Crude RP—HPLC chromatograms dernonstratmg the progress of the reactlon
sequence (4b—6b) at A = 214 nm.
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Figure 67: MALDI-TOF spectrum of the collected peak at tg = 11.402 min (2, 30 min)
demonstrating the formation of peptide 2 (obs: 1223.07 M*; calc: 1222.59). Fragmentation
products occurred during MALDI-TOF ionization: peptide 6b' (obs: 693.23 [M+H]"; calc:
693.37), peptide 6b"" (obs: 707.08 M*; calc: 707.38).
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Lys-NH, 1) Oz RB, hv, H0 Lys-NH,
Ac—lle-Glu-Lys-His—NH O 2) Ac—lle—Glu-Lys—His—NH O 6c
4c H 0] Chemical Formula: Cs7Hg3N2501g*
_N Exact Mass: 1373,70327
HaN Sly-Arg-Gly-Asp=Ser—NH, Molecular Weight: 1374,50645

pH 7.2, rt, 30 min
Preparation of pyridazinium-based conjugate 6¢

The reaction was accomplished according to the general experimental procedure
described above, utilizing the peptide 4¢ (0.6 umol, added from aqueous stock solution
of 22 mM) in water (1.2 mL), which was photooxidized for 40 min followed by addition
of peptide 2 (3.0 pmol, added from 1.0 M phosphate buffer stock solution of 17.83 mM,
pH 7.2). The reaction progress was monitored by RP-HPLC and the product was
analyzed MALDI-TOF analysis. The desired conjugate was already formed in 30 min.
MALDI-TOF spectrum of the collected peak at tg = 11.361 min demonstrated the
formation of the desired conjugate.
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Figure 68: Crude RP-HPLC chromatograms demonstrating the progress of the reaction
sequence (4c—6¢) at A =214 nm.
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Figure 69: MALDI-TOF spectrum of the collected peak at tg = 11.361 min (2, 30 min)
demonstrating the formation of peptide 6¢ (obs: 1373.33 M*; calc: 1373.70). Fragmentation
products occurred during MALDI-TOF ionization: peptide 6¢' (obs: 844.05 [M+H]"; calc:
844.48), peptide 6¢'"' (obs: 857.95 M*; calc: 858.49).
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pH 7.2, rt, 30 min

N-Peptide = Glu-Lys-Phe-Gly-NH,
C-Peptide = Gly-Arg-Gly-Asp-Ser-NH,

General procedure for the preparation of pyridazinium-based conjugates of N-
terminal furan peptides with N-terminal hydrazine peptide

Furan-containing peptides (5a, 5b) were dissolved in MilliQ water containing catalytic
amounts of rose Bengal, as photosensitizer (10 uM). The solutions were cooled with an
ice bath. Air was gently bubbled through the solution while it was irradiated with a
Euromex 100 W cold light microscope lamp. After completion of the photooxidation
reaction (40 min), hydrazine peptide 2 was added and the reaction solution was shaken
for 30 min. The reactions were monitored by RP-HPLC and the products were analyzed
by MALDI-TOF analysis.

o
N 780 ®4>vGlyfArngnyAspfSerfNHz
N

N 1) Oy, RB, hv, H,0 —N
lle—Glu-Lys—Phe-Gly—NH, —— > lle—Glu—Lys-Phe-Gly—NH,
2)
Ac—NH © 5a o) Ac—NH © e
/H Chemical Formula: CsgHggN19O1g*
HoN Gly-Arg—Gly-Asp—Ser—NH, Exact Mass: 1312,63927
2

pH 7.2, t, 30 min Molecular Weight: 1313,39799

Preparation of pyridazinium-based conjugate 7a

The reaction was accomplished according to the general experimental procedure
described above, utilizing the peptide 5a (0.6 umol, added from aqueous stock solution
of 17.5 mM) in water (1.2 mL), which was photooxidized for 40 min followed by
addition of peptide 2 (3.0 umol, added from 1.0 M phosphate buffer stock solution of
21.57 mM, pH 7.2). The reaction progress was monitored by RP-HPLC and the product
was analyzed MALDI-TOF analysis. The desired conjugate was already formed in 30
min. MALDI-TOF spectrum of the collected peak at tg = 12.028 min demonstrated the
formation of the desired conjugate.
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Figure 70: Crude RP-HPLC chromatograms demonstrating the progress

sequence (5a—7a) at L =214 nm
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Figure 71: MALDI-TOF spectrum of the collected peak at tg = 12.028 min (2, 30 min)
demonstrating the formation of peptide 7a (obs: 1312.82 M*; calc: 1312.64). Fragmentation
products occurred during MALDI-TOF ionization: peptide 7a'' (obs: 797.34 M*; calc: 797.43).
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N 1) Oy, RB, hv, H,0 =N
Gly-Glu—Lys—Phe—Gly—NH, Gly-Glu—Lys—Phe-Gly—NH,
2)
Ac—NH O 5b L9 Ac—NH O ™
H N/N\)K Chemical Formula: CspH7gN1901g*
2 GzlyfArngnyAspfSerfNHz Exact Mass: 1256,57667

pH 7.2, rt, 30 min Molecular Weight: 1257,29167

Preparation of pyridazinium-based conjugate 7b

The reaction was accomplished according to the general experimental procedure
described above, utilizing the peptide Sb (0.6 pmol, added from aqueous stock solution
of 27 mM) in water (1.2 mL), which was photooxidized for 40 min followed by
addition of peptide 2 (3.0 pmol, added from 1 M phosphate buffer stock solution of
21.57 mM, pH 7.2). The reaction progress was monitored by RP-HPLC and the product
was analyzed MALDI-TOF analysis. The desired conjugate was already formed in 30
min. MALDI-TOF spectrum of the collected peak at tg = 11.524 min demonstrated the
formation of the desired conjugate.
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Figure 72: Crude RP-HPLC chromatograms demonstrating the progress of the reaction
sequence (Sb—7b) at A = 214 nm.
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Figure 73: MALDI-TOF spectrum of the collected peak at tg = 11.524 min (2, 30 min)
demonstrating the formation of peptide 7b (obs: 1256.90 M*; calc: 1256.58). Fragmentation
products occurred during MALDI-TOF ionization: peptide 7b' (obs: 727.18 [M+H]"; calc:
727.35), peptide 7b"' (obs: 740.97 M*; calc: 741.37).
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Part E: Pyrrolidinone-based ligation reactions

General procedure for the preparation of pyrrolidinone-based conjugation of C-
terminal furan peptide to C- and N-terminal hydrazide peptides
Furan-containing peptide 1b was dissolved in MilliQ water containing catalytic

amounts of rose Bengal, as photosensitizer (10 uM). The solutions were cooled with an
ice bath. Air was gently bubbled through the solution while it was irradiated with a
Euromex 100 W cold light microscope lamp. After completion of the photooxidation
reaction (40 min), hydrazide peptide 8 or 10 (2.0 equiv.) was added and the reaction
solution was shaken for 18 h. The reactions were monitored by RP-HPLC and the
products were analyzed by MALDI-TOF analysis.

0 0O
S N Ac—Gly-Arg—Gly-Asp—Ser—NH NH—y
O —_—
NH, 1) O, RB, hv, H,0 NH,
Ac—lle-Glu-Lys-Phe-Arg—NH O 2 Ac—lle-Glu-Lys-Phe-Arg—NH 'O
1b 0 9
HN—NH, Chemical Formula: CggH192N22020
Ac—Gly-Arg—Gly-Asp—Ser—NH, 8 Exact Mass: 1546,76407
pH 4.7, 1t, 18 h Molecular Weight: 1547,67288

Preparation of pyrrolidinone-based conjugate 9

The reaction was accomplished according to the general experimental procedure
described above, utilizing the peptide 1b (0.6 umol, added from aqueous stock solution
of 25 mM) in water (1.2 mL), which was photooxidized for 40 min followed by addition
of peptide 8 (1.2 pmol, added from 0.1 M acetate buffer of 9.86 mM, pH = 4.7). The
reaction progress was monitored by RP-HPLC and the product was analyzed MALDI-
TOF analysis. The desired conjugate was already formed in 2 h, however reaction was
left for 18 h to ensure the transformation of ligation intermediates to the desired
conjugate (see Fig. 75). MALDI-TOF spectrum of the collected peak at tg = 12.452
min demonstrated the formation of the desired conjugate.
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Figure 74: Crude RP-HPLC chromatograms demonstrating the progress of the reaction
sequence (1b—9) at L =214 nm.
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Figure 75: Crude RP-HPLC chromatograms demonstrating the crude reaction mixture at A =
280 nm.
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Figure 76: MALDI-TOF spectrum of the collected peak at t = 12.452 min (8, 18 h)
demonstrating the formation of peptide 9 (obs: 1547.60 [M+H]"; calc: 1547.77).

O o Arg—Gly—Asp—Ser—NH,
N
N—N H (0]
NH, 1) Oz RB,hv,H,0 NH,
Ac—Ille-Glu-Lys—Phe-Arg—NH [¢] 2) o Ac—lle-Glu-Lys-Phe-Arg—NH (0]
11
1b —Gly- —Ser—
HzN\N)J\N/\[(Arg Gly~Asp~Ser—NH, Chemical Formula: CsgHggN2201g
H H o Exact Mass: 1414,70656
10 Molecular Weight: 1415,51366
pH4.7,rt,18 h

Preparation of pyrrolidinone-based conjugate 11

The reaction was accomplished according to the general experimental procedure
described above, utilizing the peptide 1b (0.6 umol, added from aqueous stock solution
of 25 mM) in water (1.2 mL), which was photooxidized for 40 min followed by addition
of peptide 10 (1.2 pmol, added from 0.1 M acetate buffer of 13.7 mM, pH =4.7). The
reaction progress was monitored by RP-HPLC and the product was analyzed MALDI-
TOF analysis. The desired conjugate was already already formed in 2 h, however
reaction was left for 18 h to ensure the transformation of ligation intermediates to the
desired conjugate (see Fig. 78). MALDI-TOF spectrum of the collected peak at tg =
12.327 min demonstrated the formation of the desired conjugate.
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Figure 77: Crude RP-HPLC chromatograms demonstrating the progress of the reaction
sequence (1b—11) at A =214 nm.
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Figure 78: Crude RP-HPLC chromatograms demonstrating the crude reaction mixture at A =
280 nm.
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Figure 79: MALDI-TOF spectrum of the collected peak at tg = 12.327 min (10, 18 h)
demonstrating the formation of peptide 11 (obs: 1415.07 [M+H]*; calc: 1415.71).
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