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l. Generalities

Organic synthesis

Reactions requiring anhydrous conditions were performed under positive nitrogen or
argon pressure and glassware was dehydrated by three vacuum-argon cycles before
each use. Most of the chemical reagents were purchased from Sigma Aldrich®,
Carbosynth®, Acros Organics®, Alfa Aesar® or TCI Chemical ®. Reagents and solvents
such as DCM, THF, Et2O, TEA, Pyridine, MeOH, Toluene, MeCN or DMF were purchased
anhydrous from Sigma Aldrich®. All reagents were stored according to the detailed
specifications and used without further purification. Usual reaction monitoring was
carried out with thin layer chromatography (TLC) on Merck 60 Fzs4 silica gel plates.
Revelations were performed under UV light (254 nm) or by dipping in a solution of
cerium molybdate, potassium permanganate, sulfuric acid or vanillin and subsequently
heated. Purification by silica gel chromatography were carried on Silica 60 M 0.04 —
0.063 mm. Microwaves chemical synthesis were conducted in sealed vials and carried
out with a CEM Discover SP-Microwave Synthesizer. 'H and '*C NMR were recorded on
Bruker Avance 300 or Bruker Avance 400 spectrometers. NMR spectra were assigned
on the basis of the following 1D and 2D experiments: 'H, 3C, DEPT-135, COSY, HSCQ,
HMBC and NOESY. All chemical shifts (&) are shown in ppm on the X-axis using the
residual solvent as internal standard ("H NMR: CDCl; = 7.26 ppm, D,O = 4.79 ppm,
CDsOD = 3.31 ppm, DMSO-d® = 2.50 ppm and "*C NMR: CDCl; = 77.16 ppm, CD;0D
= 49.00 ppm, DMSO-d® = 39.52 ppm). Coupling constants (J) are reported in Hz and
peak multiplicities are noted according to the following abbreviations: s = singlet, d =
doublet, t = triplet, g = quartet, quin = quintet, m = multiplet, dd = doublet of doublet,
dt = doublet of triplet, br = broad signal. Atom numbering used for NMR attribution is
different from the numbers used in nomenclature of compounds. High-resolution mass
spectrometry (HRMS) was recorded on a Waters Xevo GL-XS Qtof spectrometer

coupled with an Acquity H-class LC apparatus. lonization sources were performed with
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the available methods (ESI*, ESI,, ASAP*, ASAP"). A tolerance of 5 ppm was applied

between calculated and experimental values.

Electrochemistry

Cyclic and multicyclic voltammetry experiments were conducted using a 3mm diameter
glassy carbon electrode (GCE) as working electrode and a flat rod-shaped platinum
counter electrode. Reference electrodes used were Saturated Calomel Electrode (SCE)
or Ag/AgCl. Before each analysis, electrodes were washed with acetone and distillated
water, and GCE was re-polished on high grit sand paper (<1200 grit) to prevent
potential passivation. Chronocoulommetry experiments (eY-click) were performed
using a conventional three-electrode electrochemical system. Tyrosine free amino acid
and polypeptides were tagged using a 50 mL carbon crucible or a 12 cm? graphite plate
as working electrode, a flat rod-shaped platinum counter electrode, and the reference
electrod was SCE. Voltage control was performed using SP-300 potentiostat. Lower
scale experiments (proteins, enzymes, antibody) were performed using ElectraSyn 2.0
materials connected to SP-50 potentiostat for voltage control. eY-click were performed
in a 5 mL vial, with graphite plate as working electrode, platinum plate as counter
electrode, and the reference was Ag/AgCl. Before each experiment, electrodes used
were washed with acetone and distillated water, and working electrodes were re-
polished on high grit sand paper (<1200 grit). The 50 mL graphite crucible and 12 cm?
graphite plate were purchased from Mersen®. Electrosynthesis equipment ElectraSyn
2.0 was purchased from IKA® as well as size adapted glass vials and sets of standard
size electrodes (4 cm x 0.8 cm x 0.15 cm): graphite, glassy carbon, reticulated vitreous
carbon, platinum. The Ag/AgCl reference was a thin silver rod submerged with 1 M
aqueous KCI solution and protected from electrolysis mixtures by a porous frit glass.
SP-300 and SP-50 potentiostats were purchased from BioLogic. All data were recorded

using EC-Lab software.
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Bioconjugation

Aqueous buffers were obtained from Sigma Aldrich®. Mutant peptides (TAAQNLYEK,
HAWQNLYEK and GWVTDGVSFFLK) were purchased lyophilized from ThermoFischer
Scientific® with >95% purity. a-Chymotrypsinogen A, Myoglobin, Bovine Serum
Albumin, Jack bean a.-Mannosidase and Glucose Oxidase were purchased from Sigma
Aldrich®, Trastuzumab was purchased from Carbosynth®. Functionalized cyclooctynes
reagents were purchased from specialized suppliers (Jena Biosciences®, Chematech®,
Fluorochem®). All biological reagents and octynes were stored according to the
detailed specifications and used without further purification. Amino acid sequence and
theoretical mass of all proteins investigated were obtained by crossing informations
mainly from Uniprot (https://www.uniprot.org) and PDB (https://www.rcsb.org)
database. Solvent accessible area of each tyrosines on proteins were obtained from
PDBePISA  (https://www.ebi.ac.uk/pdbe/prot_int/pistart.html).  Conditions  for
procedure, analysis and characterization of peptides and proteins will be described in

the appropriate parts (modification of tyrosine/peptides/proteins).
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Il. Cyclic Voltammetry

Cyclic voltammetry measurements of 7 and 9 were performed at a graphite carbone
electrode as anode (2 mm disc), a platinum plate as cathode and reference was

Ag/AgCl. 30 mM of reagent, 1:1 MeCN/PB 50 mM pH 7.4, RT, 100 mV/s.

(a)

Blue: Reagent NMePhUr 7

(Up to 2V)

Red: Reagent NMeLum 9

(Up to 2V) v

®

Blue: NMeLum 9 -
(Up to 1.1V) -
Red: NMeLum 9
(Up to 2V)

=>» Second small and non-reversible anodic event at 1.5V vs Ag/AgCl (red curve). Partial

loss of reversibility of first oxidation event at 0.75V vs Ag/AgCl.
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=>» Second small and non-reversible anodic event at 1.6V vs Ag/AgCl (red curve). Loss

of reversibility of first oxidation event at 0.6V vs Ag/AgCl.
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lIl. eY-click procedures and characterizations

Modification of tyrosine

Procedure

Three electrodes system used was 50 mL carbon crucible as anode, a flat rod-shaped
platinum as cathode and the reference electrod was SCE. Appropriate voltage was
applied to a mixture of labelling reagent (1, 7 or 9, 10 or 20 mg, 0.05 or 0.10 mmol, 1
or 2 equiv., final concentration 1-2 mM) and L-tyrosine (10 mg, 0.05 mmol, 1 equiv.,
final concentration 1 mM) in 100 mM phosphate buffer (50 mL). Electrolysis was
performed at room temperature (stirring: 700 rpm) until the decay of the current
reached more than 90% (2-5h depending on the reagent). After modification, the
sample was lyophilized, dissolved in D>O and directly analysed by 'H NMR and HRMS

to estimate and confirm conversion of tyrosine to the conjugated compound.

"H NMR analysis of mixtures

Tyrosine conversion was calculated using the ratio: %Y-clicked / (%Y-clicked + %Y).
%Y-clicked was extrapolated by integrating H' (of the Y-clicked compounds) which is
a clear doublet. Phenol moiety of free Y appears as two AB system multiplets. %Y was
obtained from the clear 6.8-6.7 ppm multiplet (supposed to be 2H). When the H'
doublet and the second Y multiplet overlapped (for NMePhUr and NMeLum), the first
Y multiplet was set to 2H, and the value of Hy was calculated by subtracting 2H to the

overall integration.
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1-Tyr - '"H NMR (400.16 MHz, D0, 298.15 K): 8y 7.46-7.17 (m, HA"), 7.17 (d, *3-2 = 2.13
Hz, 1H, H3), 7.10 (dd, /2.7 = 8.45 Hz, *>.3 = 2.13 Hz, TH, H?),
6.97 (d, /1> = 8.45 Hz, 1H, H"), 3.83 (m, T1H, H>), 3.10-2.91 (m,
2H, H%. HRMS (ESI): m/z calculated for C17H15N4Os [M-H]
355.1042 found 355.1050

3 1

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 ppm

1

PhUr/Yy 21 =2
140,055

=94%

T T T T T T T T T T T T T 1
65 60 55 50 45 40 35 30 25 20 15 1.0 ppm
5

T T
85 80
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7-Tyr - 'TH NMR (400.16 MHz, D;0O, 298.15 K): 84 7.52-7.22 (m, HA"), 7.23-7.18 (m, 2 H,

2, H3), 6.97 (d, /12 = 8.34 Hz, 1H, H"), 3.84 (m, TH, H>),
3.19 (s, 3H, Me), 3.08-2.95 (m, 2H, H*. HRMS (ESI"): m/z
calculated for CigH17N4Os [M-H]" 369.1200 found
369.1199

Free Y

Yy

SR RN EAARARR
6.7 ppm

2.00

1.0 ppm

9.43
7.02
2.00 "=

J‘H WJV\M NMePhUr/¥ 211 3  100%

= o

- <

o -
[ I I I ]
85 80 75 70 55 6.0 55 50 45 40 35 30 25 20 1.0 ppm

e

3.053—
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10-Tyr - 'H NMR (400.16 MHz, D;0O, 298.15 K): Mixture o
of 2 conformers, each H will appear as H* and H*. OH N

Integrated both conformers at once (both dd for H? both

d for H' and both d for H3). 84 8.21-8.11 (m, 2H, HA),
7.93-7.80 (m, 3H, HA"), 7.34 (dd, /-1 =8.50 Hz,*J>.3 = 2.40 N
Hz, 1H, H?), 7.27 (dd, 3J>.1 =8.53 Hz, 4)>.3 = 2.25 Hz, 1H, €02

H2), 7.25 (d, 452 = 2.40 Hz, TH, H3), 7.19 (d, )52 = 2.25 Hz, 1H, H?), 7.05 (d, /1.2 = 8.50
Hz, 1H, H"), 7.02 (d, 3/1-2 = 8.50 Hz, 1H, H"), 3.86 (m, 1H, H®), 3.23 (s, 3H, Me), 3.21-2.90
(m, 2H, H*%. HRMS (ESI): m/z calculated for CigH16N3Os [M-H]" 354.1090 found

354.1090

NMelum/Y 1:1 2 —2 —91%

r 10+1
+3°
wa DL\WJWWM - Y

- ks
8.1 .? ?.6 ?.5 6.8 ppm

WY 'ﬁgmgr iy

30.05

11.91 =]
o
S o0~—
2.00 = ]

30.05 e
30.54 =

e oA—
21.24 =

24.17

J\}U 2427 3+3° MMelum/¥ 2:1 = 100%

? 5 7. 4 7.3 6.7 pPpm

Ehﬁf Wéf

-
©
o

A I I L L L I L HE L L I L I I I I B L |
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 30 2.5 2.0 1.5 1.0 0.5 ppm

I~
olole=le=
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Modification of polypeptides

Procedure

Ina 15 mL plastic vial, three electrodes system used was 12 cm? graphite plate as anode,
a flat rod-shaped platinum as cathode and the reference electrod was SCE. Appropriate
voltage was applied to a mixture of reagent (2, 8 or 10, 25.0 umol, 20 equiv., final
concentration 2 mM) and peptide (1.25 umol, 1 equiv.,, final concentration 0.1 mM) in
100 mM phosphate buffer (12.5 mL). Electrolysis was performed at room temperature
(stirring: 700 rpm) during 7h. 100 pL aliquots were taken periodically and were directly
analysed by UPLC-HRMS with the system described below.

Chromatography and mass spectrometry analysis of peptides

Samples were analyzed by ultra-performance liquid chromatography-high resolution
mass spectrometry (UPLC-HRMS). UPLC-HRMS analyses were performed on a Synapt
G2 HRMS Q-TOF mass spectrometer equipped with an electrospray ionization (ESI)
interface operating in the positive mode and an Acquity H-Class UPLC device (Waters
Corporation, Milford, MA, USA). Samples were injected (10 pL) onto a Acquity CSH C18
Peptide (1.7 um; 2.1 x 100 mm; 130 A) reversed-phase LC columns held at 60 °C.
Peptides were then eluted over 10 min with a linear gradient of mobile phase B (100%
acetonitrile) in mobile phase A (5% acetonitrile), each containing 0.1% formic acid, and
at a flow rate of 250 pL/min. Mobile phase B was kept constant at 1% for 0.5 min, then
linearly increased from 1% to 80% for 7.5 min, kept constant for 0.5 min, returned to
the initial condition over 0.5 min, and kept constant for 0.5 min before the next
injection. The full-HRMS mode was applied for peptides and proteins detection (mass-
to-charge ratio (m/z) range 100-4,000) at a mass resolution of 25,000 full-widths at half
maximum. The ionization settings were as follows: capillary voltage, +3 kV; cone
voltage, 30 V; desolvation gas (N2) flow rate, 1000 L/h; desolvation gas/source
temperatures, 450/120 °C. Leucine enkephalin solution (2 pg/mL, 50% acetonitrile) was
infused at a constant flow rate of 10 uL/min in the lockspray channel, allowing for

correction of the measured m/z throughout the batch (theoretical m/z 556.2771 in
S12



positive mode). Data acquisition and processing were achieved using MassLynx®
software (version 4.1, Waters Corporation). MS profiles of the peaks on the
chromatogram allowed to identify peptides and confirm conversion to the conjugated
compounds. MS/MS fragmentation was then performed on the major ion peak (mono,

double or triple charged) to identify the location of conjugation.
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TAAQNLYEK + 2 (PhUr)

UPLC profile
100 12 TAAQNLYEK p
32 l
0 L L N L B T LB AL | TT T L ML L BB
1.00 2.00 3.00 4.00 5.00 600 7.00
1004 4233
147 517 s t =30 min
0 T T T T L LR | "|:f‘Ikll '.{\' TrrTr 11
1.00 2.00 3.00 4.00 5.00 600 7.00
1004 4.34
117 518 581
D 1 T T T 1 T 1 T T 1 T
1.00 2.00 3.00 4.00 £.00 6.00 7.00
100 434
39_\__
117 518 582
0 '|'ﬂ'\'|' T T L L N L B |"'('k""".'\'|""|""|""
1.00 2.00 3.00 4.7 5.00 K_UU 7.00
* *
TAAQNLY EK NH; -TAAQNLY*EK
MS profiles
. 1: TOF MS ES+
100 §49.3027 4.34 min 2916
6498034
32_
650.3043
650.8054
0 T T == }I‘ T ™ m/z
543 549 550 651 552
NH,-TAAQNLY*EK-CO,H
MW =1296.5 Da

[M+2H]?* expected = 649.25 found 649.30
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. 1: TOF MS ES+
100- 751.3307 5.82 min 24165
7518334
22
752.3363
L 7H2.8383
0 T T T T T miz
750 751 752 Th3 Th4
NH, -TAAQNLY*EK-CO,H
MW = 1500.6 Da
[M+2H]?* expected = 751.3 found 751.33
MS/MS fragmentation
(a) 4.34 min peak (649.3027)
1 (x vy, zions)
bs* {a, b, cions) 1 IMHIE ) ormsEss
1004 W51 9734 1297612085 3.294
[M+2H]>* .
5493 B 12006
11255
6198
# 8411011 e
ra1| | %81 3851 ¥s* 5254 11265
7“”‘”‘ v 5993 w ¥s'
A “ 214 S queas . 13005
2051|2762 3141 35” B3 #124 ners Ve
‘ -\l|lLJu j ,LLL N J_ _[, 412 5092 sefa Mu.gl .57113 f l’ﬁ'“ mu: rnsas |19lss-
0kl J PR T T i rrectrh . N ,
T 50 200 400 450 SO0 50 GO0 G50 | 700 | 750 BOO 850 900 950 1000 050 00 1150 1200 1250 1300 1350 i
(b) 5.82 min peak (751.3307)
(x, y, z ions)
NHZ H/U/Hjﬁ COZ e
15016._15026
100
(a, b, cions) 1 ¥s©
1985
TdA
* + .
“1ws Zaswhl . (11976
171 3061 054 R ¥st 2 L0 507
49 7513 o . w5
. 3 5933 515 _
ot | | T by e e —_ fraes 985
a7 iy 03 8124 ard | 11275 - 15057
| LI “ J”“J I‘ A ufz 22 53 "-;” J "’S-‘\lenja e B .‘iJIL,ﬂ»su M ‘J’_m“ 1132L35 s |
Ll " il ISR AT el T FOYRWITT e (L | TR ST o .
' III):] T et v s
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TAAQNLYEK + 8 (NMePhUr)

UPLC profile
-
P 8
100+ "-"7’/ l
.
559
U L T T T T L T T T T
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00
1004 116
=] t= 1h
4.36 5.58
0 T T T T Jn"kl' '|""|f:\7" T T T
1.00 200 3.00 4.00 5.00 6.00 7.00 8.00
100 115
437
558
U L T 1 T 1 T 1 o L T 1 T 1 T 1
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00
100+ 4.40
1.20
17 562
0 T "I""I""I""I""I""I""I""I'A"IJ:FI'\"I""I""I""I""ITime
1.00 200 3.00 4.00 | 5.00[ 6.00 7.00 8.00
*
TAAQNLY EK TAAQNLY**EK
MS profiles
1- TOF MS ES+
100- 656.3076 . 4. 81e6
4.40 min
656.8110
5._\_
G657.3146
657.8072
0 \/\_lnl_,-\_l , M miz
655 656 657 658 659
NH,-TAAQNLY*EK-CO,H
MW = 1310.5 Da

[M+2H]** expected = 656.2 5.17 min .30
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1: TOF M5 ES+
100+ 793.3548 312e5
7938469
=
794.3513
L 7948558
0 T T = T T T miz
792 793 794 795 796

NH,-TAAQNLY**EK-CO,H
MW = 1584.5 Da

[M+2H]%* expected = 793.25 found 793.35

MS/MS fragmentation

(a) 4.40 min peak (656.3076)

{a,b,cions) 1 2

8 7 6 5 4 3 2 1 (xy,zions)
*

[M+H]
2 TOF MS ES+
- " 1316042, 13126163 .Med
at
145,003
b,*
1730880 [M+2H
#® 556,307 ¥
11305260 13136130
L BEEAHN ¥s i
840806 .
" + 11405283
J 01081 ey Y2£ 2621485 4101595 71:3019 ya* 9‘('12:?“06 ¥
54, ERIE " - 6! & [
‘.J ||l f l,zmm l P”Ess — |E352975P14_3m 4263989 | 10684357 1141531 13146101
[l »
bbbk e et b gtk gt gL e b
100 LD 250 n 380 400 450 50 540 600 -1 50 B0 50 500 950 1000 1050 100 11500 1200 1250 1300 1350 W0 MA0
o
(b) 5.17 min peak (793.3549)
8 7 6 5 4 3 2 1 [xyzions)
3k &
NH,~T|A|A|Q/N|L|Y|E|K — CO,H
(a,b,cions) 1 2 3 4 s & 7 8
7933549, 793 8469
1 +
! = [M+2H]*
1s008 byt
- 7943513
oy
#
840806
N
04355 + ¥s
1200.1041 pq 14 b,* 073117 [j248558 ¥s + + [M+H]*
&B1m 0 Ya 12145103 G ¥
. 7848317 | 8043491 957 3881 12416045 1585.6658
| 314 1455 3721864 - 671788 N M w2018, 004736 241 5045 1325.554814115950
' Y I A " PP i T | VOO 1 1 P ] " — L b oz
LA T I T T T T T 1 T T T T T 1 T T 1 T T T T Lkbid | T T T T T I T T T 1 T T T T T T T T T 1 T 1 T T T T T T T T T v
s 100 150 200 250 300 30 400 480 600 60 600 A0 70D 70 800  ga0 900 %50 1000 1050 MO0 1150 1200 1250 1300 1350 MO0 MEQ 1500 1550
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UPLC profile

TAAQNLYEK + 10 (NMeLum)

100 -
5.88
N
0 UL BARAN RAREE T T T AARER A T T AR RS LN RARE U RAREN RARRE ERARRRRRRE
0.50 1.00 150 200 250 3.00 350 400 450 5.00 550 6.00 6.50 7.00 7.50
100 592
116 586
an g
&
4}9\3 t=10mmn
0 L R L B L I L B I B L R L I L I L R UL RN L R AL LS R LS AR LALRE RN RS LR
0.50 100 150 200 250 300 350 400 450 5.00 550 6.00 6.50 7.00 7.50
100+ 433 -
493 |
587
] \
18 t =30 min
N J\
Y T L L L B L I I L L R L I I I L L IR LS UL RN UL R L L Trrr T
050 1.00 150 200 250 300 350 400 450 500 550 6.00 6.50 7.00 750
493
100 e
593
587
] s
. ]\ f[\ t=1h
N
UM RAREE LAY T T T IRARENN R S R R LN RS R AR RS RN RS LN LS AL RS
0.50 1.00 150 200 250 3.00 350 4.00 450 5.00 hA0 6.00 6.50 7.00 750

MS profiles

!

T = O TAAQNLY**EK

1: TOF MS ES+

100+ 648.3022 4.33 min 141e6
§49.3027
0\9‘_
£49.8034
L A £50.3043
0~y T T T T T miz
647 648 649 650 651 652
NH,-TAAQNLY*EK-CO,H

MW = 1295.5 Da
[M+2H]%* expected = 648.75 found 648.80
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1: TOF M3 ES+
100+ T78.3386 . 6.17e5
4.93 min
778.8380
=
7793376
j k }\ 779.8252
0 T T ]P\ T ™ m/z
i 778 779 780 a1 7a2
NH,-TAAQNLY**EK-CO,H
MW = 1554.5 Da
[M+2H]?* expected = 778.25 found 778.33
MS/MS fragmentation
(a) 4.33 min peak (648.8022)
8 76 5 4 3 2 1 (xv,zions)
*
NH,—T |A|A|Q[N|L| Y|E|K —CO,H T
100 a," 12965797 T game
1450033 2190729 (a,b,cions) 1 2z 3 4 5 & 7 8
1207 5861
b,*
173,088y
*’ [M+2H]?* -
84.0806 esgozz 1124.4995
ys© 1208.5768
247.0803 LU N 125,495
! 367.1333 3951440 ¥s Ya© ss a7 P Yo e
) {2 N 6952-99?1533 8113600 7008 7‘ :Dfum 1126 4015 1209 584¢
| O U T o O W e L
s 100 150 200 250 300 350 400 450 500 550 600 650 700 750 8O0 850 900 950 1000 1050 1100 1150 1200 1250 1300 1350 1400
(b) 4.93 min peak (778.3386)
28 7 & 5 4 3 2 1 (xyzions)
ok k|
NH,~T|AJA|QIN|L Y |E|K —CO,H
(a,b,cions) 1 2 3 4 5 & 7 &
100 2190729, [M+2H]> o
ar I 7783386
s e
173 0880 mraa380
[M+H]*
1585,6299
#q 1556.6289
1010706 [247.0803 e ¥s©
\y . 1557 627
| + [ — [r7apags 95,:3_, Ve ”3 61:38547.4\ Yo' v peTeTs
L| T L‘ | LU ‘Iha "mmﬁl‘name [\E‘}\?EEEJ ?ea?g.gnJ 1 soramo Lgsgaezy 10704274 11864814 1312}5372 |383f333 15586274
50 ! 100 ! 1%0 2(!|ﬂ ' ZISD ' Bﬁﬂ ' ]EI'[l ' JI‘)H ' dgﬂ ' SEll[l ! Sgﬂ ' EI!II] ' EgD TI‘)H ! jflﬂ ! BII]D ! ﬂ‘;l] ! EEID ! 5%0 ! '|ﬂl(|(| ! WEIISD ! 11hﬂ ! "Iil] ! ‘|2‘Dﬂ ! 12'50 j |]IE|[| ' |3‘5ﬂ ! 'H:]l] ' N‘SD " |5‘Dﬂ i "SISU ! e
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HAWQNLYEK + 2 (PhUr)

UPLC profile
HAWQNLYEK
\ an 2

100+

100

9.00

1.00 2.00 3.00 4.00 7.00 8.00 9.00
1004
331
] t=30min
’ 1.00 I 2 IUU 3.b0 I 4.00 7. IUU I S.bU I 9 IUU I
100
t=2h
0 T T T T T T T T T T T Time
1.00 200 300 7.00 .00 9.00
HAWQNLY*EK 2*-HAW*QNLY*EK
NH2>* -HAWQNLYEK NHz -HAWQNLY*EK
HAW*QNLY*EK
MS profiles
1: TOF MS ES+
100+ 7248234 . 2.02e6
4.45 min
7253289
]
7258228
Lﬂ 726.3286
0 T T — T A T T m/z
724 725 726 727 728
NH,-HAWQNLY*EK-CO,H
MW = 1447.6 Da

[M+2H]?* expected = 724.80 found 724.82
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1: TOF MS ES+

100- 6968199 ' 4.93 min 5 724
£97.3271
£97.3229
698.3304 5007883
0 T T _J L T T T miz
696 697 598 699 700
NH, -HAWQNLYEK-CO,H
MW = 1391.6 Da
[M+2H]?* expected = 696.80 found 696.82
1: TOF MS ES+
1004 8268658 2 1685
827.3555 5.44 min
" 827.8578
828.3604
L T e
R 827 828 829 R
NH, -HAWQNLY*EK-CO,H
MW = 1651.6 Da

[M+2H]** expected = 826.80 found 826.87
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MS/MS fragmentation

(a) 4.45 min peak (724.8234)

a, b, cions) 1 2

T
1og- THOOTER THATH. TE 14485422
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| saome 1811050
vst s .
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W0 1E0 100 TH0 M0 S0

(b) 4.93 min peak (696.8199)
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a wi-u o g e o
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(a, b, cions) 1

+

34,0805
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2070870
I

6968139

o iz
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. by 59478
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(c) 5.44 min peak (826.8658)
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UPLC profile

HAWQNLYEK + 8 (NMePhUr)

HAWQNLYEK
\3,25

8
100+ l
0 - T T T T T T T T w---&--w-- T | LA L N R
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00
100+ =20
4.42 5.57
=]
h t=1h
U T T T T T T 1 1 1 1 T T T T T 1 1
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00
100+ 320
424
537
]
i
e L T T T T ™11 T B L B N L B L L T | AL LR R
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00
100~ 443
5.56
==
321
U'I"'I' L T L T L L T L L L AL LI DL L AL L NLENL L BEL LB LI B
0.00 1.00 2.00 3.00 4.00 T 5%0 6.00 7.00 8.00
HAWQNLY*EK HAWOQNLY**EK
MS profiles
100- 7118336 4.43 min ek
| 7323416
-
7328379
7333344
o T 7 T - T T m'z
g T2 T3 T T35
NH;-HAWQNLY*EK-CO,H
MW = 1461.6 Da

[M+2H]?* expected = 731.80 found 731.83

S23



1: TOF M3 ES+
100+ 868.8765 . 3.75e5
869.3784 5.05 min
32_
869.8805
8703828
[_ L 870.8851
0 T J T J T AI T m/z
868 869 a70 871 872
NH,-HAWQNLY**EK-CO,H
MW = 1735.6 Da
[M+2H]%* expected = 868.80 found 868.87
MS/MS fragmentation
(a) 4.43 min peak (731.8336)
1 (x vy, zions)
NH,—H A W Q Hﬂﬁ CO,H
. (a, b, cions) 1 2 3 [n1+H]*
b; 2 TOF MS ES+
e af  wenE TH8336., 123415 14526670, 14626560 5 thet
- [M+2H]?
181.1059
7328370
#0306 R
¥s .,
# 2103 | gy T Il
o
B0 03_ "
¢ 342 1434101585 byt byt [ gy ¥s it -
y{ 51201, — 4263309 940.4263 PR ) 1465 6740
o 14as 41 1583 5232304 Ban28E7 IJ . kgmm 254575
100 10 20 20 N0 B0 40 450 500 S0 600 B0 700 70 B0 850 800 950 10 1050 1000 1850 1M0 1250 130 150 1400 M50 1500 1650
(b) 5.05 min peak (868.8765)
2 1 (xy, zions)
NH,— H E K — CO,H
a,*
1100713 {a, b, cions) 1 2 868.8765.._.860.3784 P —
b,* [(Ms2HP* 1369.8805 2.40e4
209.1022
a,*
1811059
ES ¥s*
84,0805 o 987.3881
128100 248110 870.3828
N
258.1470 bs* bt byt 8463524 988.3898 Yo' ¥s
A . 2708051 12145103
B IV RN [0 a T g o e s 9 A el
50 400 180 200 250 300 350 400 = 450 500 550 600 650 700 750 . 800 = BS) 900 950 4000 4050 1100 1180 1200 = 1250

S24



HAWQNLYEK + 10 (NMeLum)
UPLC profile

10

HAWQNLYEK sa. /
587
AN
. \ a0 f[\
WR’ f\ -
2 T T T T T T T T T T T T T i T i T i T i T T i T T i T 1
050 100 150 200 250 300 150 400 450 500 550 600 650 700 740 800 850 800 950 1000
- 587, 503
B 333 442
0 t=10min
T aAaa L T T T T T T T AN Laasness e e
050 100 150 200 250 300 150 400 450 500 550 £.00 650 700 750 800 850 9.00 950 1000
0 587, 593
402
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334 -
. t = 30 min
T aAam s SAMARLLAAILARSEREELY TR T T T r T e T )
050 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000
- 587, 503
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489 t 1 h
135 B
'
T SAsm s SAMAR LA ILARRaREELY T T T T T T T A AN
050 100 150 200 250 300 350 400 550 600 650 700 750 800 850 900 950 1000

T T T T
450 500

HAWQNLY*EK HAWQNLY**EK

MS profiles

1: TOF MS ES+
" c
100- 7243208 4.42 min 7 68e5
7248351
e
7253289
7258228
04 T T T T ™ m/z
723 724 725 726 727 728

NH,-HAWQNLY*EK-CO,H
MW = 1446.6 Da
[M+2H]?** expected = 724.30 found 724.33
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. 1: TOF MS ES+
853.8725 4.89 min 34366
100 3701
=2
854 8679
8553530
J f\ 8558510
0 T T T 2 T T m/z
853 854 855 856 857
NH,-HAWQNLY**EK-CO,H
MW = 1705.6 Da
[M+2H]** expected = 853.80 found 853.88
MS/MS fragmentation
(a) 4.42 min peak (724.3298)
2 1 (%, zions)
a,* {a, b, cions) 1 2
100 1100713
[M+2H]* 2 TOF MS ES+
7243298 o
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(b) 4.89 min peak (853.8725)
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{a,b,cions) 1 2 [M+2H]?* 28724
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219.0729 !8 54,3574
209.1022
2
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GWVTDGFSSLK + 2 (PhUr)

UPLC profile

GWVTDGFSSLK 2

100y \ 4s4
#4
516
Q00 050 100 150 200 25 100 150 400 450 500 550 6.00 650 T 750 8.00 850
1004 454
" . =10 min
o T 1 T 1 T 1 T 1 T T T 1 T 1 T T v T T T T T 1 Ll T ) T T T T T T T T T
000 050 10 150 w2 30 350 a0 4N 500 550 600 650 700 750 800 850 900 95
1. TOF M ES+
1009 o 95%5
# ‘I R
| —_—
| | ey t - 3 D i
| e 606 4
SBiaanninanaese sonnasensssenss nense, T T —— AR Iaasanatas monna e nesnnd sanan: T T
000 050 100 150 W 2% 300 150 a0 48 500 550 600 650 0 750 600 850 800 950
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100 At
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e
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000 050 100 150 0 2% 100 150 400 450 / 55 64 6\ 7.00 150 £.00 850 900 95

GW*VTDGFSSLK NH*-GW*VTDGFSSLK

NH>*-GWVTDGF5SLK

MS profiles

1: TOF M3 ES+
100+ 728.8369 . 1.4266
5.20 min
729.3320
'62_
729.8391
730.3345
0 T T T T T miz
728 729 730 731 732

NH,-GW*VTDGFSSLK-CO,H
MW = 1455.6 Da
[M+2H]?* expected = 728.80 found 728.84
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1: TOF MS ES+
7008362 - 1.52e5
100+ 6.09 min
701.3333
3?\_
701.8420
7023395
o L L I -
700 701 702 703 T04
NH, -GWVTDGFSSLK-CO,H
MW = 1399.6 Da
[M+2H]%* expected = 700.80 found 700.84
1. TOF M3 ES+
100+ 8308753 3.87eh
531.3661 6.51 min
8318698
8323609
0 T T T T \T_J T T T T miz
827 828 529 830 831 832 833 834 835

NH, -GW*VTDGFSSLK-CO,H
MW = 1659.9 Da
[M+2H]?* expected = 830.80 found 830.88
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MS/MS fragmentation

(a) 5.02 min peak (728.8369)
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216.1106] e e 442601 5519755 . 55 055 1835082
s 03513 : ?
u H‘l J 4021259 l AU e eage 1456.6625
. RIS ol [ . L [ |
I T I T 1 1 T T T T T 1 T T T T T 1 U T I Wil 1 1 T T 1 U 1 1 1 1 T U T I T 1 1 1 T 1 T
S0 00 150 200 20 300 k0 400 450 500 S50 00 650 700 750 BO0 850 900 950 1000 1050 100 150 1200 4250 1300 1350 00 4450 4500 1880

(b) 6.09 min peak (700.8362)
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(c) 6.51 min peak (830.8753)
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UPLC profile
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GWVTDGFSSLK + 8 (NMePhUr)
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\ 8
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MS profiles

1- TOF MS ES+
7358428 . 3.63e5

100+ 5.37 min

736.3403
32_
736.8408
L 737.2476
0 T L_| J T A T ™ m/z
735 736 737 738 739

NH,-GW*VTDGFSSLK-CO,H
MW = 1469.6 Da
[M+2H]%* expected = 735.80 found 735.84

MS/MS fragmentation

(a) 5.37 min peak (735.8428)

w0 9 8 7 & 5 4 3 2 1 (x, y, zions)

(a, b, cions) 1
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UPLC profile

GWVTDGFSSLK + 10 (NMeLum)

GWTDGFSSLK
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Modification of Chymotrypsinogen A

Procedure

In a 5 mL glass vial, three electrodes system used was 7.8 cm? graphite plate as anode,
7.8 cm? platinum plate as cathode and the reference electrod was Ag/AgCl. Appropriate
voltage was applied to a mixture of reagent (8 or 10, 5.0 umol, 1 mM) and Chymo (5
nmol, 1 uM) in 100 mM phosphate buffer (5 mL). Electrolysis was performed at room
temperature (stirring: 500 rpm) during 4 h for 8 and during 1 h for 10. Then, samples
were directly analysed by UPLC-HRMS with the system described below.

Chromatography and mass spectrometry analysis of proteins

Samples were analyzed by ultra-performance liquid chromatography-high resolution
mass spectrometry (UPLC-HRMS). UPLC-HRMS analyses were performed on a Synapt
G2 HRMS Q-TOF mass spectrometer equipped with an electrospray ionization (ESI)
interface operating in the positive mode and an Acquity H-Class UPLC device (Waters
Corporation, Milford, MA, USA). Samples were injected (10 uL) onto a Acquity CSH C18
Peptide (1.7 um; 2.1 x 100 mm; 130 A) reversed-phase LC columns held at 60 °C.
Proteins were then eluted over 10 min with a linear gradient of mobile phase B (100%
acetonitrile) in mobile phase A (5% acetonitrile), each containing 0.1% formic acid, and
at a flow rate of 250 pL/min. Mobile phase B was kept constant at 1% for 0.5 min, then
linearly increased from 1% to 80% for 7.5 min, kept constant for 0.5 min, returned to
the initial condition over 0.5 min, and kept constant for 0.5 min before the next
injection. The full-HRMS mode was applied for protein detection (mass-to-charge ratio
(m/z) range 100-4,000) at a mass resolution of 25,000 full-widths at half maximum. The
ionization settings were as follows: capillary voltage, +3 kV; cone voltage, 30 V;
desolvation gas (N>) flow rate, 1000 L/h; desolvation gas/source temperatures, 450/120
°C. Leucine enkephalin solution (2 ug/mL, 50% acetonitrile) was infused at a constant
flow rate of 10 uL/min in the lockspray channel, allowing for correction of the measured
m/z throughout the batch (theoretical m/z 556.2771 in positive mode). Data acquisition

and processing were achieved using MassLynx® software (version 4.1, Waters
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Corporation). The complex mass spectra of proteins under chromatographic peaks
were deconvoluted with the MaxEnt1 extension software to get the experimental
molecular weights of proteins, which were then compared with those of the unmodified

protein (native) to estimate the number of modified tyrosine residues.
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Chymo Native

UPLC-MS profile

2021-03-10 Chymao

1: TOF M5 ES+

100- 1426 0455 1.87ef
1500.9014
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Deconvolution

2021-03-10 Chymo

1: TOF MS ES+

1 rl
24000 24500 25000 = 25500 26000 26500 27000

27500 28000

100 25663.0000 2.08e6
=l
0 T re fore 1T Mass

Expected (native): 25666, found 25663
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Chymo + 8 (NMePhUr)

UPLC-MS profile

2021-03-15 Chymo 265 1: TOF MS ES+
1604.4556
1351.3037

2138.6787
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1222 7550
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Expected (+1): 25938, found 25938
Expected (+2): 26212, found 26213
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Chymo + 10 (NMeLum)
UPLC-MS profile

2021-03-17 Chymao 268 1: TOF M5 ES+

100+ 1653.0428 es
1652.9718.
1555.8000 1763.2629
1763.3362
1460.4945
1889.0117
1454 9883
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=] P |.2034.3414 2203.4187
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2203.3491 24035374
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Expected (+1): 25921, found 25921
Expected (+2): 26180, found 26179
Expected (+3): 26439, found 26439
Expected (+4): 26698, found 26694
Expected (+5): 29957, found 26952
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Proteolysis (pepsin) of 10-Chymo and mass spectrometry of peptides

10-Chymo samples were also subjected to pepsin proteolysis in order to form peptides
that are more easily detected by mass spectrometry (lower charge states) and suitable
for tandem mass spectrometry (MS/MS) analysis. The protein samples were
resuspended in phosphate buffer (pH 7.5, 250 ug/mL) and HCl 0.1N was added to
adjust the pH to 3. Pepsin solution (Promega, 10 mg/mL in water, 50 pL) was added to
100 pL of protein solutions and then incubated overnight at 37 °C. The reaction was
stopped by heating samples at 95 °C for 10 min. Samples were centrifuged (4 °C, 10000
xg, 10 min) and supernatants were cleaned using 30 mg Oasis HLB 1 cc Cartridges
(Waters Corporation). Cartridges were conditioned, equilibrated, loaded, washed and
eluted with methanol (1 mL), water (1 mL), samples (~250 pL), 5% methanol (1 mL) and
80% methanol (500 pL), respectively. Eluates were dried under a nitrogen stream,
reconstituted with 100 pL of 5% acetonitrile containing 0.1% formic acid, and 10 pL
were injected into the analytical system described above (mass spectrometry analysis
of peptides). Proteolytic peptides (pepsin proteolysis) were separated and detected by
the full-HRMS mode as described above. In parallel, protein sequences were in silico
digested using the free Expasy software (https://web.expasy.org/peptide_mass). All
pepsin peptides (pH > 2) were looked for from their theoretical m/z ratios assuming
single, double and triple-charged ions. Relevant peptides were then subjected to
MS/MS fragmentations to ascertain their amino acid sequences. Then, peptide
sequences were compared with each other and between both modified and
unmodified protein samples to establish the location of the labelling. Finally, MS/MS

fragmentation patterns allowed the identification of the modified tyrosine.

Note: proteolysis with trypsin (pH 8), chymotrypsin (pH 8) and pepsin (pH 1.3) were
tried and didn't allow identification of peptides.
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Considered
Missed cleavage

[ KNSKY | — | KNSKYNSL |

CGVPAIQPVLSGLSRIVNGEEAVPGLWPWQVSLQDKTGFHFCGGSLI NENWVVTAAHCGVTTSDVVV
AGEFDQGSSSEKIQKLKIAKVFKNSKYNSLTINNDITLLKLSTAASFSQTVSAVCLPSASDDFAAGTTCVT
TGWGLTRYTNANTPDRLQQASLPLLSNTNCKKYWGTKIKDAMICAGASGVYSSCMGDSGGPLVCKKNG

AWTLVGI\\SWGSSTCSTSTPGVYARVTALVN TLAAN
[SNTNGKRY
| SNTNCKKY |[——
\ [ GSSTCSTSTPGWY | SNTNCKKY | SNTN(;KKYW |
\ .Consrdered
TRYTNA | GSSTCSTSTPGVYA | Missed cleavage

Considered

Missed cleavage Considered

Missed cleavage

Amino acid sequence of Chymo. Outlined in yellow are the 4 theoretical Y-containing
peptides formed in silico by pepsin pH >2 proteolysis. Since pepsin cleaves after Y, we
also considered that Y-modification could affect proteolysis after Y and investigated

each of the 4 missed cleavage peptides (outlined in blue).

» In the sample of native Chymo, unmodified missed cleavage TRYTNA (m/z = 363.18
double charged ion), single-modified missed cleavage (TRYTNA)* (m/z = 492.72
double charged ion) and double-modified missed cleavage (TRYTNA)** (m/z =
622.26 double charged ion) were not found.

» In the 10-Chymo sample, both Y-modified and double-Y-modified TRYTNA
peptides were found (LC, MS and MS/MS below).
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10-Chymo = TRYTNA +259

UPLC profiles (TRYTNA + 259)
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MS/MS fragmentation: 4.27 min peak (492.7200)
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10-Chymo = TRYTNA +2x 259

UPLC profiles (TRYTNA + 2x 259)
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MS/MS fragmentation: 5.01 min peak (622.2546)

100+
=

6542

rd

6543 0862

596.3

o Ulltllk
850 700

(YTNA)*

|

Ya

@ 7643

483 | 7663 8154

8073
76.3 <

750 800

8363

850

[TRY)**

(YTNA)**

9304 10124
AL
9094
906.4-.
8914 |lg10.4
1 |
900 950 1000

bt

2. TOF MSMS 622.30ES+

5 4 3 2 1 (xvy,zions)
10414 H5as al
* %k
1156.4
10424 < (a,b,cions) 1 2 3 a4 5
_1054.4
1355 |l 1075
11284
oged 1578
1274
Toeng N 1725
i 12086 13151
| bl o 1l IT1 TR T [ 1l
t ; T T T T T T 7 r
1050 1100 1150 1200 1250 1300 1350 1400 1450

S43



Modification of Myoglobin

Procedure

In a 5 mL glass vial, three electrodes system used was 7.8 cm? graphite plate as anode,
7.8 cm? platinum plate as cathode and the reference electrod was Ag/AgCl. Appropriate
voltage was applied to a mixture of 10 (5.0 umol, T mM) and Myo (5 nmol, 1 uM) in
100 mM phosphate buffer (5 mL). Electrolysis was performed at room temperature
(stirring: 500 rpm) during 2 h. The excess of reagent was removed using a Sephadex G-
50 gel filtration column with distillated water as eluent. The combined fractions were
lyophilized and resolubilized in 200 ulL of distillated water to be split into two aliquots
of 100 uL. First aliquot was analysed by UPLC-HRMS in conditions described for
modification of Chymo to estimate the number of modifications. The second aliquot
was diluted to 500 puL in a 1 mL plastic Eppendorf and 17 uL of a 5 ng/uL solution of
DBCO-PEG4-4/5-FAM in 8:2 H,O/DMF (85 ng, 100 nmol, ~50 equiv.) was added. The
mixture was incubated at 37°C during 1 h. The excess of DBCO reagent was then
removed using Sephadex G-50 gel filtration column with distillated water as eluent.
The resulting sample was analysed by UPLC-HRMS in conditions described for

modification of Chymo to assess the SPAAC reaction.
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Myoglobin Native

UPLC-MS profile
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UPLC-MS profile

Myoglobin +10 (NMeLum)
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10-Myo + DBCO-PEG-FAM

UPLC-MS profile
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Modification of BSA, ManJB, GOx and Tras

Procedure

In a 5 mL glass vial, three electrodes system used was 7.8 cm? graphite plate as anode,
7.8 cm? platinum plate as cathode and the reference electrod was Ag/AgCl. Appropriate
voltage vs Ag/AgCl was applied to a mixture of 10 (10 umol, 2 mM) and protein (BSA:
2 mg or ManJB: 2.4 mg or GOx: 3 mg or Tras: 5 mg) in 100 mM phosphate buffer (5
mL). Electrolysis was performed at room temperature (stirring: 500 rpm) during 1 h. The
resulting modified protein sample was then dialyzed using SpectraPor® Dialysis
Membrane (MWCO = 1 kDa) to remove the excess of reagent, and was split into two
aliquots and lyophilized. First aliquot was analysed by circular dichroism (DC) to
confirm structural integrity after the eY-click process. The second aliquot was diluted
to 500 pL in a 1 mL plastic Eppendorf and 25-35 plL of a 10 ug/ul solution of DBCO-
PEG4-4/5-FAM in 8:2 H>O/DMF were added. The mixture was incubated at 37°C during
1 h, lyophilized and analyzed by SDS-PAGE. 10-Tras sample was also subjected to Bio-

layer interferometry evaluation.

Circular Dichroism measurements

The circular dichroism (CD) spectra of proteins before and after eY-click with 10 were
measured using a J-810 spectropolarimeter (Jasco, Japan). The data were acquired in a
mini-quartz cell with a path length of 0.02 cm for BSA (6 uM), mannosidase (3 uM),
trastuzumab (2 uM) and with a path length of 0.2 cm for glucose oxidase (2 uM). The
spectra were recorded in wavelength range from 200 to 260 nm and averaged over

three scans (response time 0.125 s; data pitch 0.1 nm, scanning speed 50 nm/min).
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SDS-PAGE

Each protein samples (native and conjugated) were analysed by SDS-PAGE. Samples
were diluted with 250 pL distillated water (BSA, a-Man, GOx) or 400 pL (Tras). 2 uL (BSA)
or 15 uL (a-Man) or 4 ulL (Tras) or 5 uL (GOx) of these solutions were diluted to 20 pL
with a loading buffer composed of distillated water (4.8 mL), 0.5M Tris-HCl pH 6.8 (1.2
mL), Glycerol (1 mL), 10% (w/v) SDS (2 mL), 0.1% (w/v) Bromophenol blue (0.5 mL). The
resulting proteins solutions were heated at 100 °C for 2 min and separated on a 8 %
acrylamide gel (injection volume 20 uL) at 90 V during 30 min then at 120 V until the
end. The gel was washed with water and visualized under UV using Molecular Imager
Biorad GelDoc XR System for fluorescence detection (right side of each gel/protein).
The gel was then visualized with Coomassie brilliant blue (CBB, left side of each
gel/protein) stain (1 h colouration and decolouration overnight) to confirm presence

of the native/conjugated proteins.
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Bio-Layer Interferometry binding assays

Bio-Layer Interferometry (BLI) experiments were performed on a BLItz instrument
(Sartorius, Goettingen, Germany) to measure the binding of Human Her2(His)s receptor
(AcroBiosystems, Reference HE2-H5225) to Trastuzumab (Tras) or 10-Tras conjugate.
All sample dilutions and baseline steps were carried out using the same reaction buffer
(phosphate buffer saline pH 7.4, 0.02% (v/v) Tween-20, 0.1% (w/v) bovine serum
albumin). Her2(His)s (1uM) was first loaded onto Ni-NTA biosensors (ForteBio,
reference 18-5101) for 300 s and allowed to equilibrate (60 s) before the binding kinetic
steps. Firstly, baseline with the reaction buffer was measured for 60 s. For the
association step, each loaded biosensor was dipped into dilutions of Tras or 10-Tras
conjugate (from 6.25nM to 50nM) for 300 s with a 2200 rpm shaking speed. Finally, the
dissociation step was monitored by dipping the biosensor back into the reaction buffer
for 300 s. Control experiments were performed to measure non-specific binding and
included binding of reaction buffer with loaded biosensor (subtracted data).
Experimental curves were local fitted using a 1:1 binding model with the Blitz pro 1.1
software. Mean values of kinetic constants (kon, koff and Kp) were calculated from the
data of four different concentrations of Tras or 10-Tras conjugate. The equilibrium
dissociation constant (Kp) was calculated as the ratio of dissociation constant
(koff)/association constant (kon). Sensorgrams and fitting curves were plotted using

Prism 5.0 software (GraphPad Software, La Jolla, CA).

11 1

Ko (M) k,, (M's") ko ()
Tras 1.210°+9.110"° 2.510°+5.110° 1.410" +4.610°
10-Tras 3.810°+4610"° 7.710"+5.010° 1.510%+7.710°
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IV. Synthesis of labeling reagents

Urazoles reagents (PhUr 2-6 and NMePhUr 7-8)*

*Urazoles reagents were prepared by adapting the strategy described in the group of
Barbas’

OH OH OH
Nitro reduction Amine protection /©:
02N R2 H2N R2 BocHN R2
Ma, R, =F 12a,R, = F 13a,R, =F
11b, R, = Cl 12b, R, = Cl 13b, R, = Cl
11c, R, = OMe 12¢, R, = OMe 13c, R, = OMe
13d,R, =H
J O-alkylation
O o
/@: N;  BoNg substitution /@: ~ g
-
BocHN R, BocHN R,
153, R2=F 14a, R2=F
15b, R, = CI 14b, R, = CI
15¢, R, = OMe 14¢c, R, = OMe
16d, R, = H 14d, R, = H

Amine deprotection

(e}
O\/\ (6] \/\N3
N3 N-functionalization R )J\
HoN °N N R,
2 O_NH 1

R2
16a,R;, = F 17a,R=H,R,=F
16b, R, = CI OEt 17b,R=H, R, = CI
16¢, R, = OMe 17¢,R = H, R, = OMe
16d, R, = H 17d, R=H,R, = H

17¢,R=Me, Ry, = H
Thermal cyclisation

Thermal R3
N-functionalization 0 cyclisation o

HoN R. )J\

o R-N
R4 OYNH R4 H\N/&O R1
18a, Ry =H
18b, R, = OMe OFt 2,R=R; =R, = H, Ry = O(CH,)N3
- - 3, R= R1 = H, R2 = F, R3 = O(CH2)2N3
13;’ E - I\I_/IleyRR‘l: OT/Ie 4, R= R1 = H, R2 = Cl, R3 = O(CH2)2N3
’ P 5,R =R, = H, R, = OMe, Ry = O(CH,),N3
6,R=H,R1=OM9,R2=R3=H
7,R=Me, R1=R2=R3=H
8, R = Me, R1 = R2 =H, R3 = O(CH2)2N3
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General procedure for nitro reduction/hydrogenation (I)

In a dried round-bottom flask fitted with a T-tube glassware, 4-nitrophenol substrate
(1 equiv.) was solubilized in anhydrous MeOH (0.15 M) at room temperature. Then, 3
vacuum/azote cycles were performed, Pd/C (20%wm) was introduced and 3
vacuum/hydrogen cycles were performed before letting mixture stirred at room
temperature under positive hydrogen atmosphere. After completion, solids were
filtered off on a celite pad and thoroughly washed by MeOH. The obtained solution
was then concentrated in vacuo to afford crude 4-aminophenol which doesn't require

further purification.

4-Amino-2-fluorophenol (12a)

Commercially available 11a (1.0 g, 6.37 mmol, 1 equiv.) was ] 5 4 OH
hydrogenated following general procedure (I) with Pd/C (200 mg)

and anhydrous MeOH (40 mL) during 3 h, to afford 12a (810 mg, HeN"1 5 3 °F
crude yield: quant.) as a brown solid. "H NMR (300.13 MHz, MeOD, 298.15 K): 1 6.69
(dd, ¥Js-r = 9.71 Hz, 3Js.6 = 8.55 Hz, TH, H®), 6.50 (dd, *J2-r = 12.78 Hz, “/».6 = 2.66 Hz, 1H,
H2), 6.39 (ddd, *Js.5s = 8.55 Hz, “Js.2 = 2.66 Hz, *Js.r = 1.24 Hz, TH, H®). *C NMR (75.48
MHz, MeOD, 298.15 K): 8¢ 153.3 (d, "J3-r = 238.50 Hz, C3), 141.7 (d, 3/1.r = 8.90 Hz, C7),
138.1 (d, 2Ja-r = 13.18 Hz, C*%, 119.9 (d, 3Js.¢ = 3.75 Hz, C°), 112.9 (d, “J6-r = 3.07 Hz, C°),
105.3 (d, 2 = 21.67 Hz, C?. HRMS (ESI*): m/z calculated for CeH;FNO [M+H]*
128.0512 found 128.0509

4-Amino-2-chlorophenol (12b)*

*General procedure (hydrogenation) was followed with 11b to afford nitro reduction
but also removal of Cl.

Commercially available 11b (1.0 g, 5.76 mmol, 1 equiv.) was 3 5 4 OH
solubilized in MeOH (15 mL) and a saturated aqueous solution of /@i
NH4Cl (35 mL). Then, Zn° (1.5 g, 23.04 mmol, 4 equiv.) was added HoN" 1 2 3 Cl
and the mixture was placed on a 80 °C preheated bath. After 5 min stirring, the mixture

was cooled down to room temperature. Solids were filtered off on a celite pad and the
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resulting solution was diluted with AcOEt (40 mL) and water (20 mL). Aqueous layer
was extracted 2x with AcOEt (2x 20 mL), and organic layer was washed 1x with water
(20 mL), dried over MgSQy, filtered and concentrated under reduced pressure to afford
pure 12b (830 mg, crude yield: quant.) as a brown solid. '"H NMR (300.13 MHz, MeOD,
298.15 K): 81 6.75 (d, “2-6 = 2.66 Hz, 1H, H?), 6.72 (d, *J5.6 = 8.55 Hz, 1H, H*), 6.57 (dd,
3J6.5 = 8.55 Hz, “J6.2 = 2.66 Hz, TH, H®). 13C NMR (75.48 MHz, MeOD, 298.15 K): 8¢ 146.7
(s, C%, 141.7 (s, C"), 1219 (s, C3), 118.3 (s, C°), 118.2 (s, C?), 116.9 (s, C5). HRMS (ESI*):
m/z calculated for CeH7(C>*CI)NO [M+H]* 144.0216 found 144.0214

4-Amino-2-methoxyphenol (12¢)

Commercially available 11c (1.0 g, 591 mmol, 1 equiv.) was ] 5 4 OH
hydrogenated following general procedure (I) with Pd/C (200 mg) /@

and anhydrous MeOH (50 mL) during 3h, to afford 12c (825 mg, HoN-1 573 077
crude yield: quant.) as a brown solid. "H NMR (400.16 MHz, MeOD, 298.15 K): &y 6.67
(d, 3Js-6 = 8.31 Hz, TH, H>), 6.62 (d, */>-6 = 2.48 Hz, 1H, H?), 6.42 (dd, 3Js.5 = 8.31 Hz, “Je->
= 2.48 Hz, 1H, H®), 3.83 (s, 3H, H’). *C NMR (100.62 MHz, MeOD, 298.15 K): 5c 149.9 (s,
C3), 141.4 (s, C*%, 140.4 (s, C"), 116.7 (s, C), 109.4 (s, C®), 102.6 (s, C?), 56.2 (s, C’). HRMS
(ESI*): m/z calculated for C;H1oNO, [M+H]* 140.0712 found 140.0708
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General procedure for amine protection (1)

Prepared 4-aminophenol (1 equiv.) was dissolved in anhydrous THF (0.15 M). Boc2O (1
equiv.) and EtsN (1 equiv.) were then introduced and mixture was left stirred at room
temperature. After completion, mixture was concentrated under reduced pressure and

purified by silica gel chromatography to afford pure N-Boc-4-aminophenol.

t-Butyl-(3-fluoro-4-hydroxyphenyl)carbamate (13a)*
*General procedure (protection) was performed only o 0 ¢ 5 4+ OH
once and with 2 equiv. of BocO, affording the pure N- 9>|\ )J\ /@
98 Q"7 N1 3°F
and O-Boc compound which needed selective O-Boc H
removal.
12a (820 mg, 6.45 mmol, 1.0 equiv.) was protected following general procedure Il with
Boc2O (2.8 g, 12.90 mmol, 2 equiv.), EtsN (1.7 mL, 12.90 mmol, 2 equiv.) and anhydrous
THF (45 mL). After 12h, the obtained crude compound was purified by silica gel
chromatography (100:0 to 70:30 CyHex/AcOEt) to obtain 1.3 g (88%) of pure N- and
O-Boc compound and 205 mg (9%) of pure 13a. First fraction was then redissolved in
1:1 H.O/Dioxane (0.1 M) and heated at 80°C for 7h30. Mixture was then allowed to cool
down to room temperature and the compound was extracted 3x with AcOEt, dried over
MgSOQO4 and concentrated under reduced pressure after filtration. The obtained crude
product was purified by silica gel chromatography (100:0 to 70:30 CyHex/AcOEt) to
afford 13a (725 + 205 mg, 64%) as a white solid. "TH NMR (300.13 MHz, CDCl;, 298.15
K): 81 7.37 (d, 3Jo-r = 12.53 Hz, T1H, H?), 6.90 (dd, “J5.r = 8.90 Hz, 3J5.6 = 8.76 Hz, 1H, H>),
6.81 (ddd, 3Js-5 = 8.76 Hz, *J6.o = 2.43 Hz, *Je.r = 1.02 Hz, TH, H®), 6.35 (br s, TH, NH), 4.94
(br s, TH, OH), 1.50 (s, 9H, H®). *C NMR (75.48 MHz, CDCls, 298.15 K): 8¢ 152.8 (s, C),
150.7 (d, YJs-r = 236.94 Hz, C?), 139.2 (d, %ar = 14.45 Hz, C%), 131.6 (d, *)1.¢ = 9.46 Hz,
Ch, 117.1 (s, C3), 115.1 (s, C%), 107.4 (d, 2/o-¢ = 23.50 Hz, C?), 80.7 (s, C?), 28.3 (s, 3x C°).
HRMS (ESI"): m/z calculated for C11H13FNOs [M-H]" 226.0879 found 226.0881
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t-Butyl-(3-chloro-4-hydroxyphenyl)carbamate (13b)
4-aminophenol 12b (770 mg, 4.48 mmol, 1.0 equiv.) was 5

9 0 6 4 OH
protected following general procedure Il with BocoO (1.9 9 /©i

g, 8.96 mmol, 2 equiv.), EtsN (1.3 mL, 8.96 mmol, 2 equiv.) 987077 I':ll 1 2 37l

and anhydrous THF (30 mL). After 12h, the obtained crude compound was purified by
silica gel chromatography (70:30 CyHex/AcOEt) to afford pure 13b (890 mg, 82%) as a
white solid. '"H NMR (300.13 MHz, CDCls, 298.15 K): 8n 7.54 (br s, 1H, H?), 7.00 (dd, 3/Js5
= 8.83 Hz, “Jo.2 = 2.53 Hz, TH, H®), 6.91 (d, /5.6 = 8.83 Hz, 1H, H°), 6.35 (br s, 1H, NH),
5.38 (br's, TH, OH), 1.51 (s, 9H, H®). *C NMR (75.48 MHz, CDCls, 298.15 K): 8¢ 153.0 (s,
C’), 151.1 (s, C3or C), 147.5 (s, C3or C"), 131.9 (s, C*), 119.9 (s, C?), 119.3 (s, C°), 116.3
(s, C°), 80.8 (s, C?), 28.6 (s, 3x C°). HRMS (ESI): m/z calculated for C11H13(3>Cl)NO3 [M-

H]- 242.0584 found 242.0582

t-Butyl-(3-methoxy-4-hydroxyphenyl)carbamate (13c)

4-aminophenol 12c (822 mg, 591 mmol) was 10 s 5 4 OH
protected following general procedure Il with Boc,O 1°§\ j\ /@i

(14 g, 591 mmol) EtN (0.9 mL, 591 mmol) and 107 ° O ° N"T7372 0”7
anhydrous THF (40 mL). After 12h, the obtained crude compound was purified by silica
gel chromatography (70:30 CyHex/AcOEt) to afford pure 13c (725 mg, 52%) as a white
solid. "H NMR (400.16 MHz, CDCls, 298.15 K): 8n 7.24 (br s, TH, H?), 6.81 (d, 3/5.6 = 8.42
Hz, 1H, H>), 6.58 (dd, 3J6.5 = 8.42 Hz, “Js.> = 2.41 Hz, 1H, H®), 6.35 (br s, TH, NH), 3.89 (s,
3H, H’), 1.50 (s, 9H, H™0). 3C NMR (75.48 MHz, CDCls, 298.15 K): 8¢ 153.1 (s, C®), 146.7
(s, C3), 141.6 (s, C"), 131.4 (s, C%, 114.2 (s, C°), 111.6 (s, C®), 103.5 (s, C?), 80.3 (s, C%), 56.2
(s, C7), 28.6 (s, 3x C'9). HRMS (ESI*): m/z calculated for C12H17NOsNa [M+Na]* 262.1055
found 262.1060
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General procedure for O-alkylation (11)

N-Boc-4-aminophenol (1 equiv.) was dissolved in anhydrous MeCN (0.1 M) at room
temperature. K2COs (5 equiv.) and 1,2-dibromoethane (5 equiv.) were then introduced
and the suspension was heated to 70 °C. After completion, mixture was cooled to room
temperature and mixture was diluted with excess AcOEt and water. Organic compound
was extracted with AcOEt (3x), washed with water (1x), dried over MgSOy, filtrated and
concentrated under reduced pressure. The crude compound was purified by silica gel

chromatography to afford pure O-alkylated compound.

t-Butyl-(4-(2-bromoethoxy)-3-fluorophenyl)carbamate (14a)

13a (670 mg, 2.95 mmol, 1 equiv.) was dissolved . 5 ] 5 . O\/11\Br
in anhydrous DMF (15 mL, 0.2 M) at room 9&\ )J\ /@i 10
temperature. Then, K2CO3 (1.2 g, 8.84 mmol, 3 ° 8 077 H L *°F

equiv.) and 1,2-dibromoethane (2.5 mL, 29.5 mmol, 10 equiv.) were added and reaction
was heated at 80°C during 8h. DMF was then removed under reduced pressure by co-
evaporation with toluene. The obtained crude compound was purified by silica gel
chromatography (100:0 to 80:20 CyHex/AcOEt) to afford pure 14a (585 mg, 59%) as a
white solid and recover 193 mg (29%) of pure 13a. '"H NMR (300.13 MHz, CDCl;, 298.15
K): 81 7.33 (d, 3J2-F = 12.99 Hz, TH, H?), 6.92 (m, 2H, H>, H°), 6.41 (br s, 1H, NH), 4.30 (t,
3J10-11 = 645 Hz, 2H, H'9), 3.61 (t, *J77.70 = 6.45 Hz, 2H, H™"), 1.51 (s, 9H, H°). *C NMR
(75.48 MHz, CDCls, 298.15 K): 8¢ 153.2 (d, "J3-r = 246.10 Hz, C3), 152.6 (s, C’), 141.5 (d,
2Jsr = 11.46 Hz, C*), 133.5 (d, 3/1.F = 9.52 Hz, C"), 117.7 (s, C°), 114.4 (s, C®), 108.1 (d, %J>-
r=21.88 Hz, C?), 80.9 (s, C?), 70.4 (s, C19), 28.9 (s, C'"), 28.3 (s, 3x C°). HRMS (ESI*): m/z
calculated for Cq13H17("°Br)FNO3Na [M+Na]* 356.0274 found 356.0267
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t-Butyl-(4-(2-bromoethoxy)-3-chlorophenyl)carbamate (14b)

13b (750 mg, 3.08 mmol, 1.0 equiv.) was . 9 0 /s©4i0\10/11\8r
dissolved in anhydrous DMF (15 mL, 0.2 M) at g>*|3\0)7J\N ’ : 3¢

room temperature. Then, KoCOs (1.2 g, 9.24 H
mmol, 3 equiv.) and 1,2-dibromoethane (2.7 mL, 30.79 mmol, 10 equiv.) were added
and reaction was heated at 80°C during 3h. DMF was then removed under reduced
pressure by co-evaporation with toluene. The obtained crude compound was purified
by silica gel chromatography (100:0 to 80:20 CyHex/AcOEt) to afford pure 14b (840
mg, 78%) as a white solid. "H NMR (300.13 MHz, CDCls, 298.15 K): 614 7.48 (d, */2-6 = 2.61
Hz 1H, H?), 7.15 (dd, 3J6.5s = 8.70 Hz, *Js-> = 2.61 Hz, 1H, H®), 6.88 (d, 3/5.6 = 8.70 Hz, 1H,
H3), 6.39 (br's, TH, NH), 4.29 (t, 3J10-17 = 6.39 Hz, 2H, H'9), 3.64 (t, 3J17-10 = 6.39 Hz, 2H,
H™), 1.51 (s, 9H, H®). 3*C NMR (75.48 MHz, CDCls, 298.15 K): 8¢ 153.2 (s, C7), 149.9 (s,
C", 133.4 (s, C3), 124.3 (s, C*), 121.3 (s, C?), 118.2 (s, C®), 115.5 (s, C°), 81.2 (s, C?), 70.2 (s,
C'9, 28.7 (s, C'"), 28.3 (s, 3x C°). HRMS (ESI*): m/z calculated for C13H17("°Br)(3>*CI)NOsNa
[M+Na]* 371.9978 found 371.9972

t-Butyl-(4-(2-bromoethoxy)-3-methoxyphenyl)carbamate (14c)
General procedure Il was followed with 13c (20

4 O\/\
mg, 0.08 mmol), anhydrous MeCN (1 mL), K2CO3 10>L /@ Br
(57 mg, 0.41 mmol) and 1,2-dibromoethane (40 10 o 8 N 1
puL, 041 mmol) during 3h. Purification by silica gel chromatography (85:15
CyHex/AcOEt) afforded pure 14¢ (24 mg, 85%). "H NMR (300.13 MHz, CDCls, 298.15 K):
Sn 7.15 (br's, 1H, H?), 6.78 (d, 3Js-6 = 8.43 Hz, 1H, H°), 6.61 (dd, /6.5 = 8.43 Hz, *J6.o = 2.49
Hz, 1H, H%), 6.32 (br s, 1H, NH), 4.21 (t, 3J77-12 = 6.55 Hz, 2H, H'"), 3.80 (s, 3H, H’), 3.55
(t, 3J12-17 = 6.55 Hz, 2H, H'), 1.50 (s, 9H, H™?). 3C NMR (75.48 MHz, CDCl3, 298.15 K): 8¢
153.1 (s, C8), 150.6 (s, C3), 143.6 (s, C*), 133.6 (s, C"), 116.5 (s, C®), 110.5 (s, C®), 104.1 (s,
C?), 80.6 (s, C%), 69.9 (s, C'"), 56.2 (s, C’), 29.2 (s, C'?), 28.6 (s, 3x C'%). HRMS (ESI*): m/z
calculated for C14H20("?Br)NO4sNa [M+Na]* 368.0473 found 368.0459
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t-Butyl-(4-(2-bromoethoxy)-phenyl)carbamate (14d)

General procedure Il was followed with "o, 3 4 O\/tBr
11 7

commercially available 13d (5.0 g, 23.90 mmol) j\ )J\ /©/
117100079 "N 3

anhydrous MeCN (250 mL), K2COs (6.6 g, 119.50 H

mmol) and 1,2-dibromoethane (10.5 mL, 119.50 mmol) during 24h. Purification by silica
gel chromatography (80:20 CyHex/AcOEt) afforded pure 14d (3.2 mg, 43%) as a white
solid. 'TH NMR (300.13 MHz, CDCls, 298.15 K): 8n 7.20 (m, 2H, H?, H®), 6.78 (m, 2H, H3,
H3), 6.29 (br's, TH, NH), 4.18 (t, 3J7.s = 6.32 Hz, 2H, H’), 3.54 (t, 3Js.7 = 6.32 Hz, 2H, H?),
1.43 (s, 9H, H™). 3C NMR (75.48 MHz, CDCls, 298.15 K): 8¢ 154.2 (s, C%), 153.3 (s, C9),
132.4 (s, C"), 120.5 (s, C2, C®), 115.4 (s, C3, C°), 80.2 (s, C'%), 68.3 (s, C’), 29.4 (s, C8), 28.2
(s, 3x C'"). HRMS (ESI*): m/z calculated for C13H1s("°Br)NOzNa [M+Na]* 338.0368 found
338.0365
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General procedure for bromide/azide substitution (1V)

O-alkylated compound (1 equiv.) was dissolved in anhydrous DMF (0.1 M) at room
temperature. NaNs (3 equiv.) was then added and mixture was heated to 80 °C and left
stirred under positive azote atmosphere. After completion monitored by TLC, DMF was
removed under reduced pressure by 4 co-evaporations with Toluene. The crude
product was purified by silica gel chromatography to afford pure azidoethoxy

compound.

t-Butyl-(4-(2-azidoethoxy)-3-fluorophenyl)carbamate (15a)

General procedure IV was followed with 14a (420

mg, 1.26 mmol), anhydrous DMF (12 mL), and . 9 o 6 2 4 0\10/\N3
NaNs (245 mg, 3.78 mmol) during 30 min at 80 js\ )J\ /1©i

°C, to afford pure 15a (360 mg, 97%) as a white H ’

solid after purification by silica gel chromatography (70:30 CyHex/AcOEt). '"H NMR
(300.13 MHz, CDCls, 298.15 K): 81 7.32 (d, 3J2-F = 12.86 Hz, TH, H?), 6.92 (m, 2H, H>, H°),
6.41 (brs, TH, NH), 4.16 (t, 3J10-17 = 5.09 Hz, 2H, H'9), 3.55 (t, 3J17-70 = 5.09 Hz, 2H, H'"),
1.50 (s, 9H, H®). 3C NMR (75.48 MHz, CDCls, 298.15 K): 8¢ 153.6 (d, "J3-r = 244.81 Hz,
C3), 152.7 (s, C), 141.8 (d, 2Ja-r = 11.00 Hz, C%), 133.3 (d, 3/1-k = 9.63 Hz, C"), 117.1 (d, 3Js-

F=2.55Hz C), 114.1 (s, C%), 108.1 (d, 2/>-r = 21.88 Hz, C?), 80.8 (s, C8), 69.5 (s, C'9), 50.3
(s, C'), 28.3 (s, 3x C°).

t-Butyl-(4-(2-azidoethoxy)-3-chlorophenyl)carbamate (15b)

General procedure IV was followed with 14b (100

mg, 0.29 mmol), anhydrous DMF (3 mL), and gj\ /Ejo\/\Ns

NaNsz (55 mg, 0.86 mmol, 3.0 equiv.) during 30 9 o) 7 N 1

min at 80 °C, to afford pure 15b (90 mg, quant.)

as a white solid after purification by silica gel chromatography (70:30 CyHex/AcOEt).

"H NMR (300.13 MHz, CDCl3, 298.15 K): 81 7.50 (d, *J2-6 = 2.61 Hz TH, H?), 7.19 (dd, 3Je-

5 = 8.66 Hz, *Js-> = 2.61 Hz, TH, H°), 6.88 (d, /5.6 = 8.66 Hz, 1H, H°), 6.40 (br's, 1H, NH),

4.16 (t, 3J10-17 = 4.90 Hz, 2H, H'9), 3.63 (t, 3J17-70 = 4.90 Hz, 2H, H™"), 1.52 (s, 9H, H°). 13C
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NMR (75.48 MHz, CDCls, 298.15 K): 8¢ 152.7 (s, C’), 149.9 (s, C"), 133.0 (s, C3), 123.8 (s,
C%, 122.2 (s, C?), 118.2 (s, C%), 114.6 (s, C), 80.8 (s, C?), 68.7 (s, C'9), 50.3 (s, C'), 28.3 (s,
3x C).

t-Butyl-(4-(2-azidoethoxy)-3-methoxyphenyl)carbamate (15c)
General procedure IV was followed with 14c

4 O\/\
(170 mg, 0.49 mmol), anhydrous DMF (5 mL), 10&\ /@ N3
and NaN3 (95 mg, 1.47 mmol) during 12 h at 80 10 O 8 N 1
°C, to afford pure 15¢ (150 mg, 99%) as a white solid after purlflcatlon by silica gel
chromatography (70:30 CyHex/AcOEt). 'TH NMR (300.13 MHz, CDCls, 298.15 K): 84 7.19
(br s, TH, H?), 6.84 (d, 3Js-6 = 8.63 Hz, 1H, H®), 6.69 (dd, /6.5 = 8.63 Hz, “Js> = 2.49 Hz,
TH, H%), 6.39 (br's, TH, NH), 4.14 (t, *J17.12 = 5.51 Hz, 2H, H™), 3.87 (s, 3H, H’), 3.59 (t,
3J12-11 = 5.51 Hz, 2H, H'?), 1.51 (s, 9H, H'%. 3C NMR (75.48 MHz, CDCl;, 298.15 K): 8¢
153.1 (s, C8), 150.4 (s, C3), 143.7 (s, C%), 133.4 (s, C"), 116.1 (s, C®), 110.3 (s, C®), 104.2 (s,
C?), 80.5 (s, C%), 68.7 (s, C'"), 55.9 (s, C’), 50.4 (s, C'?), 28.6 (s, 3x C'%). HRMS (ESI*): m/z
calculated for C14H20N4O4Na [M+Na]* 331.1382 found 331.1374

t-Butyl-(4-(2-azidoethoxy)-phenyl)carbamate (15d)

General procedure IV was followed with 15¢ (3.0 y 5 3 5 . O\/s\

g, 9.50 mmol), anhydrous DMF (100 mL), and 11&\ )J\ /©/ 7 Na
NaNs (1.9 g, 28.46 mmol) during 1 h at 80 °C, to 11 10°079 H Tyl

afford pure 15d (360 mg, 97%) as a white solid after purification by silica gel
chromatography (70:30 to 50:50 CyHex/AcOEt). '"H NMR (300.13 MHz, CDCls, 298.15
K): 8n 7.27 (m, 2H, H?, H®), 6.86 (m, 2H, H3, H°), 6.36 (br's, TH, NH), 4.12 (t, 3J7.s = 5.00
Hz, 2H, H), 3.57 (t, 3Js-7 = 5.00 Hz, 2H, H8), 1.51 (s, 9H, H™"). "*C NMR (75.48 MHz, CDCl3,
298.15 K): 8¢ 154.2 (s, C*), 153.1 (s, C%), 132.2 (s, C"), 120.5 (s, C2, C5), 115.2 (s, C3, C),
80.3 (s, C'9), 67.3 (s, C'), 50.2 (s, C?), 28.2 (s, 3x C'"). HRMS (ASAP"): m/z calculated for
Ci3H17N4O3 [M-H] 277.1301 found 277.1308
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General procedure for amine deprotection (V)

N-Boc compound (1 equiv.) was dissolved in a 1:1 DCM/TFA mixture (0.1 M) and left
stirred at room temperature. After completion monitored by TLC, solvents were
removed under pressure to obtain the solid ammonium salt. TFA was co-evaporated
with DCM and MeOH if necessary. The crude compound was redissolved in MeOH (0.1
M) and an excess of hydroxy ammonium basic resin was introduced before the mixture
being left stirred at room temperature. After completion monitored by TLC, resin was
filtered off and the resulting solution was concentrated under reduced pressure. The
obtained crude product was subsequently purified by silica gel chromatography to

afford the pure deprotected aniline.

4-(2-azidoethoxy)-3-fluoroaniline (16a)

General procedure V was followed with 15a (286 mg, 0.966 5 8
6 4 O\/\N
mmol), DCM (5 mL) and TFA (5 mL) for the formation of the /@ 7 3
1
ammonium salt (30 min), and MeOH (10 mL), hydroxy HN 2 > F

ammonium Amberlite® IRN78 resin (4 spatula, excess) to generate (1 h) the amine 16a
(120 mg) as a yellow oil which has been directly used in next step without further
purification. 'TH NMR (400.16 MHz, MeOD, 298.15 K): 51 6.87 (dd, *J5.r = 9.18 Hz, 3J5.6 =
8.65 Hz, TH, H>), 6.51 (dd, 3/>-r = 13.08 Hz, “Jo.6 = 2.62 Hz, 1H, H?), 6.43 (ddd, 3/6.5 = 8.65
Hz, “J62 = 2.62 Hz, °Je-r = 1.30 Hz, 1H, H®), 4.06 (t, 3/7.s = 4.86 Hz, 2H, H'), 3.52 (t, 3Js.7 =
4.86 Hz, 2H, H8).

4-(2-azidoethoxy)-3-chloroaniline (16b)

General procedure V was followed with 15b (388 mg, 1.22 5 8

6 4 O\/\N
mmol), DCM (6 mL) and TFA (6 mL) for the formation of the /@ 7 3
ammonium salt (30 min), and MeOH (12 mL), hydroxy HoN"1 2 3 Cl

ammonium Amberlite® IRN78 resin (4 spatula, excess) to generate (1 h) the amine 16b
(170 mg, 66%) as a yellow oil which has been directly used in next step without further

purification. "TH NMR (400.16 MHz, MeOD, 298.15 K): 81 6.87 (d, 3Js.6 = 8.70 Hz, 1H, H>),
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6.78 (d, *J2-6 = 2.68 Hz 1H, H?), 6.61 (dd, 3Js-5 = 8.70 Hz, “Js» = 2.68 Hz, 1H, H®), 4.08 (t,
3)7.8 = 4.94 Hz, 2H, H'), 3.53 (t, 3Js.7 = 4.94 Hz, 2H, H8).

4-(2-azidoethoxy)-3-methoxyaniline (16c)

General procedure V was followed with 15¢ (150 mg, 0.49 5 9
6 4 O\/\N
mmol), DCM (2.5 mL) and TFA (2.5 mL) for the formation of /@ 8 3

. . H,N "1 3077
the ammonium salt (30 min), and MeOH (5 mL), hydroxy 2 2 ©

ammonium Amberlite® IRN78 resin (2 spatula, excess) to generate (1 h) the amine 16c
(40 mg, 40%) which has been directly used in next step without further purification. 'H
NMR (300.13 MHz, DMSO-d®, 298.15 K): 8u 6.76 (d, 3J5.6 = 8.43 Hz, 1H, H>), 6.45 (d, */>-
6 = 2.55 Hz, TH, H?), 6.26 (dd, /5.5 = 8.43 Hz, *Js.2 = 2.55 Hz, 1H, H°), 4.74 (br s, 2H, NH),
4.04 (t, 3Js-9 = 5.09 Hz, 2H, H¥®), 3.78 (s, 3H, H’), 3.49 (t, 3Jo.s = 5.09 Hz, 2H, H°).

4-(2-azidoethoxy)aniline (16d)

General procedure V was followed with 15d (2.2 g, 7.90 6 5 O\/s\N
mmol), DCM (40 mL) and TFA (40 mL) for the formation of /©/ 7 3
the ammonium salt (1 h), and MeOH (80 mL), hydroxy HoN ’

ammonium Amberlite® IRN78 resin (6 spatula, excess) to generate (1 h) the amine 16d
(1.4 g, quant.) as a brown oil which has been directly used in next step without further
purification. "H NMR (400.16 MHz, DMSO-d®, 298.15 K): 64 6.68 (m, 2H, H?, H®), 6.52 (m,
2H, H3, H3), 4.63 (br's, 2H, NH), 4.02 (t, 3J7.s = 4.80 Hz, 2H, H'), 3.55 (t, *Js.7 = 4.80 Hz,
2H, H3).

General procedure for aniline functionalization (VI)

Appropriate ethyl carbazate (1 equiv.) and CDI (1 equiv.) were dissolved in anhydrous
THF (0.2 M) and the reaction was left stirred at room temperature under positive azote
atmosphere for approximatively 4 hours (followed by TLC). Then, a solution of
deprotected aniline (1 equiv.) in anhydrous THF (0.2 M, final concentration 0.1 M) was

added and mixture was left stirred until completion monitored by TLC. Mixture was
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then concentrated under reduced pressure and the obtained crude product was
purified by silica gel chromatography (gradient 60:40 to 40:60 to 20:80 CyHex/AcOEt)
to afford pure functionalized aniline.

Ethyl 2-((4-(2-azidoethoxy)-3-fluorophenyl)carbamoyl)hydrazine-1-carboxylate

(17a)
General procedure VI was followed with o & 24 O\/S\N
12 H 7 °
16a (63 mg, 0.32 mmol), anhydrous THF 010 _N_ /©:
( g ) y \11/ \ﬂ/ HJQJ\H 1 : g

(3.5 mL), CDI (52 mg, 0.32 mmol) and 0

ethyl carbazate (33 mg, 0.32 mmol). Formation of activated carbazide lasted 30 min
and reaction with aniline lasted 72h at room temperature to obtain pure 17a (33 mg,
31%) as a white solid after purification by silica gel chromatography (gradient 100:0 to
40:60 CyHex/AcOEt). '"H NMR (400.16 MHz, MeOD, 298.15 K): 8n 7.27 (dd, 3/>-r = 13.32
Hz, )26 = 2.32 Hz, 1H, H?), 7.03 (m, 2H, H>, H®), 4.18 (g, 3/11-12 = 7.10 Hz, 2H, H'"), 4.17
(t, 3J7-s = 478 Hz, 2H, H’), 3.58 (t, 3Js.7 = 4.78 Hz, 2H, H8), 1.28 (t, 3J12-11 = 7.10 Hz, 3H,
H™). 13C NMR (100.62 MHz, MeOD, 298.15 K): 8¢ 159.5 (s, C'%), 158.6 (s, C°), 153.8 (d,
3¢ = 244.10 Hz, C3), 143.5 (d, %ar = 11.23 Hz, C*), 134.7 (d, 3J1.e = 9.37 Hz, C"), 117.3
(s, C°°"8), 117.1 (s, C>°"®), 110.0 (d, %o-r = 23.15 Hz, C?), 70.15 (s, C’), 62.9 (s, C'"), 51.5
(s, C8), 14.8 (s, C'?), HRMS (ESI*): m/z calculated for C12H15FNsOsNa [M+Na]* 349.1037
found 349.1039

Ethyl 2-((4-(2-azidoethoxy)-3-chlorophenyl)carbamoyl)hydrazine -1-carboxylate
(17b)

5 8
General procedure VI was followed with o j(jo\_l/\,\ls
12 H
16b (65 mg, 0.31 mmol), anhydrous THF \/OQHO/N\N)J\N N3
" H H 2
(3 mL), CDI (50 mg, 0.31 mmol) and ethyl O

carbazate (32 mg, 0.31 mmol). Formation of activated carbazide lasted 20 min and
reaction with aniline lasted 72h at room temperature to obtain pure 17b (34 mg, 31%)
as a white solid after purification by silica gel chromatography (gradient 100:0 to 40:60
CyHex/AcOEt). 'TH NMR (400.16 MHz, MeOD, 298.15 K): 8n 7.55 (d, */2-6 = 2.60 Hz 1H,
H?), 7.26 (dd, /6.5 = 8.88 Hz, *Js-> = 2.60 Hz, 1H, H®), 7.01 (d, /5.6 = 8.88 Hz, 1H, H°), 4.17
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(q, %1112 = 7.17 Hz, 2H, H'), 4.17 (t, 3J7-8 = 4.87 Hz, 2H, H'), 3.60 (t, 3Js.7 = 4.87 Hz, 2H,
H8), 1.28 (t, 3J12-11 = 7.17 Hz, 3H, H'?). 3C NMR (100.62 MHz, MeOD, 298.15 K): 8¢ 151.5
(s, C°, C'9), 146.8 (s, C*), 134.6 (s, C"), 123.5 (s, C?), 122.2 (s, C3), 120.9 (s, C®), 115.5 (s, C°),
69.7 (s, C’), 63.1 (s, C'), 51.6 (s, C®), 14.9 (s, C'?. HRMS (ESI*): m/z calculated for
C12H15(**Cl)NsOsNa [M+Na]* 365.0741 found 365.0730

Ethyl 2-((4-(2-azidoethoxy)phenyl)carbamoyl)hydrazine-1-carboxylate (17d)

General procedure VI was followed with

5 8
16d (700 mg, 3.93 mmol), anhydrous Y @) /6©4/O\7/\N3
12
THF (40 mL), CDI (637 mg, 3.93 mmol) YOQ[%N\N%LN N3

o H H Z

and ethyl carbazate (409 mg, 3.93 mmol).
Formation of activated carbazide lasted 4h and reaction with aniline lasted 96h at room
temperature to obtain pure 17d (850 mg, 70%) as a white solid and pure 16d (180 mg,
25% recovery) after purification by silica gel chromatography (gradient 60:40 to 20:80
CyHex/AcOEt). 'H NMR (400.16 MHz, DMSO-d®, 298.15 K): 81 8.92 (br's, TH, NH), 8.59
(s, TH, NH), 7.95 (br s, TH, NH), 7.43 (m, 2H, H? H®), 6.93 (m, 2H, H3, H°), 4.18 (t, )78 =
4.80 Hz, 2H, H'), 4.11 (q, 3J77-12 = 7.09 Hz, 2H, H™"), 3.68 (t, 3Js.7 = 4.80 Hz, 2H, H?), 1.25
(t, 3J72-17 = 7.09 Hz, 3H, H™). 3C NMR (100.62 MHz, DMSO-d®, 298.15 K): 5¢ 156.9 (s, C°
or C19), 155.7 (s, C° or C'9), 153.1 (s, C%), 133.2 (s, C"), 120.3 (s, C2, C5), 114.5 (s, C3, C3),
67.1 (s, C"), 60.6 (s, C'"), 49.7 (s, C?), 14.5 (s, C'%). HRMS (ASAP*): m/z calculated for
C12H17N6O4 [M+H]* 309.1311 found 309.1298

Ethyl 2-((4-(2-azidoethoxy)phenyl)carbamoyl)-1methylhydrazine-1-carboxylate

(17e)

Commercially available methylhydrazine e 24 o\/s\N
. 12 | 7 3

1.9 mL, 36.84 mmol, 2.0 equiv.) was 010 _N._ /©/

( q ) \11/ N)Q)J\” 1 5 3

solubilized in anhydrous DCM (70 mlL, 0O H
0.25 M) at room temperature and under positive argon atmosphere. Mixture was

cooled down to -60 °C and ethyl chloroformate (1.8 mL, 18.42 mmol, 1.0 equiv.) was
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then added dropwise. After 15 min stirring, the mixture was allowed to warm up to
room temperature and a white precipitate formed. After completion (24 h) monitored
by TLC, 30 mL of cold water were added and the aqueous layer was extracted once with
DCM. The organic layer was washed twice with a saturated solution NaHCO3 and the
combined organic layer was dried over MgSQg, filtered and concentrated under
reduced pressure to afford ethyl 1-methylhydrazine-1-carboxylate (1.6 g) as a
colourless oil. 'TH NMR (300.13 MHz, DMSO-d®, 298.15 K): &1 4.58 (s, 2H, NH), 4.02 (q,
3J3.4 = 7.05 Hz, 2H, H3), 1.17 (t, 3J4.3 = 7.05 Hz, 3H, H*). HRMS (ESI*): m/z calculated for
C4H11N202 [M+H]* 119.0821 found 119.0822. General procedure VI was then followed
with 16d (700 mg, 3.93 mmol), anhydrous THF (40 mL), CDI (637 mg, 3.93 mmol) and
freshly prepared ethyl 1-methylhydrazine-1-carboxylate (460.4 mg, 3.93 mmol).
Formation of activated carbazide lasted 5h and reaction with aniline lasted 48h at room
temperature to obtain pure 17e (590 mg, 47%) as a white solid after purification by
silica gel chromatography (gradient 75:25 to 50:50 CyHex/AcOEt). 'TH NMR (400.16
MHz, DMSO-d®, 298.15 K): 514 8.66 (s, 1H, NH), 8.26 (s, 1H, NH), 7.36 (m, 2H, H?, H®), 6.88
(m, 2H, H3, H°), 4.12 (t, 3J7.8 = 4.78 Hz, 2H, H"), 4.07 (q, 3/17-12 = 7.06 Hz, 2H, H™"), 3.62 (t,
3Jg.7 = 4.78 Hz, 2H, H8), 3.05 (s, 3H, H'®), 1.17 (t, 3J12-17 = 7.06 Hz, 3H, H'). 3C NMR
(100.62 MHz, DMSO-d®, 298.15 K): 8¢ 156.6 (s, C'°), 154.7 (s, C°), 153.1 (s, C*), 1329 (s,
C", 120.3 (s, C2, C5), 114.6 (s, C3, C°), 66.9 (s, C7), 61.4 (s, C'"), 49.5 (s, C8), 38.7 (s, C™),
14.5 (s, C'). HRMS (ESI): m/z calculated for Ci3H17NsO4 [M-H]" 321.1311 found
321.1308

Ethyl 1-methyl-2-(phenylcarbamoyl)hydrazine-1-carboxylate (19a)
General procedure VI was followed with 11 5

6 4

O
commercially available 18a (80 ulL, 0.84 mmol), | /@
Y H 100 N. )i\ 1 3

8
5 NTNT'Y
anhydrous THF (8 mL), CDI (137 mg, 0.84 mmol) and 0 H H
freshly prepared (see synthesis for 17e) ethyl 1-methylhydrazine-1-carboxylate (100
mg, 0.84 mmol). Formation of activated carbazide lasted 2h and reaction with aniline

lasted 24h at 50°C and 72h at room temperature to obtain pure 19a (46 mg, 24%) as a
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white solid after purification by silica gel chromatography (60:40 CyHex/AcOEt). 'H
NMR (300.13 MHz, CDCl3, 298.15 K): &1 7.59 (br's, 2H, 2x NH), 7.30 (m, 2H, H?, H®), 7.17
(m, 2H, H3, H>), 6.97 (m, 1H, H*), 4.18 (q, 3Jo-10 = 7.14 Hz, 2H, H%), 3.21 (s, 3H, H'"), 1.26
(t, 3J10-9 = 7.14 Hz, 3H, H'%). 3C NMR (75.48 MHz, CDCl3, 298.15 K): 5c 158.4 (s, C’ or C?),
155.6 (s, C" or C8), 138.3 (s, C"), 129.2 (s, C?, C®), 123.7 (s, C*%, 120.1 (s, C3, C°), 63.2 (s, C9),
39.2 (s, C™), 14.6 (s, C'%. HRMS (ESI*): m/z calculated for C11H1sN3OsNa [M+Na]*
260.1011 found 260.1003

Ethyl 2-((2-methoxyphenyl)carbamoyl)hydrazine -1-carboxylate (19b)

General procedure VI was followed with 5
6 4
commercially available 18b (180 ulL, 1.62 mmol), 11 H O
\/O 9 _N._ JSJ\ 1 3
anhydrous THF (16 mL), CDI (263 mg, 1.62 mmol) 10 \ﬂ/ ” ” 2
0] (@)

and ethyl carbazate (169 mg, 1.62 mmol). Formation
of activated carbazide lasted 5h and reaction with aniline lasted 80h at room
temperature to obtain pure 19b (345 mg, 84%) as a white solid after purification by
silica gel chromatography (gradient 100:0 to 40:60 CyHex/AcOEt). '"H NMR (300.13
MHz, DMSO-d®, 298.15 K): 81 8.99 (br's, 1H, NH), 8.51 (s, TH, NH), 8.02 (m, 2H, NH, H°®),
7.02-6.83 (m, 3H, H3, H* H®), 4.05 (q, 3/10-11 = 7.04 Hz, 2H, H'%), 3.84 (s, 3H, H’), 1.18 (t,
3J11-10 = 7.04 Hz, 3H, H™). 3C NMR (75.48 MHz, DMSO-d®, 298.15 K): 5¢ 156.8 (s, C® or
C%), 155.3 (s, C® or C?), 147.6 (s, C?), 128.4 (s, C"), 121.9 (s, C3 or C* or C°), 118.0 (s, C? or
C* or C°), 110.7 (s, C* or C* or C°), 60.7 (s, C'9), 55.8 (s, C’),14.6 (s, C'"). HRMS (ASAP*):
my/z calculated for C11H16N304 [M+H]* 254.1141 found 254.1143
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General procedure for thermal cyclization (VII)

Carbazide functionalized aniline (1 equiv.) was solubilized in MeOH (0.1 M) inside a
sealed vial. K2COs3 (2 equiv.) was then added and mixture was stirred and heated at 70
°C with the microwave synthesizer for 1 h 30. After completion confirmation by TLC,
the mixture was cooled down to room temperature and the vial was removed from
microwave. Sulfonic acid resin was added in excess and the neutralization was stirred
for approximately 30 min and controlled by pH to reach 4-5 range. Resin was then
filtered off and the obtained solution was concentrated under reduced pressure to

afford pure urazole.

4-(4-(2-azidoethoxy)phenyl)-1,2,4-triazolidine-3,5-dione (2)
General procedure VII was followed with 17d (350 mg, . 6 4 O\/\N3
1.13 mmol), MeOH (12 mL) and K>COs (314 mg, 2.27 )\\

HN O N
mmol) to afford pure 2 (600 mg, quant.) as a white- H\NE&
yellow solid. 'H NMR (400.16 MHz, DMSO-d®, 298.15 O
K): 81 10.36 (s, 2H, NH), 7.35 (m, 2H, H?, H®), 7.06 (m, 2H, H3, H>), 4.22 (t, 3J7. = 4.75 Hz,
2H, H), 3.67 (t, 3Js.7 = 4.75 Hz, 2H, H8). 3C NMR (100.62 MHz, DMSO-d®, 298.15 K): &¢
157.1 (s, C"), 153.7 (s, C°, C'9), 127.8 (s, C*), 125.0 (s, C? C®), 114.8 (s, C3, C°), 67.2 (s, C),
49.5 (s, C8. HRMS (ESI): m/z calculated for C10HsNeO3 [M-H] 261.0736 found 261.0733

4-(4-(2-azidoethoxy)-3-fluorophenyl)-1,2,4-triazolidine-3,5-dione (3)

General procedure VII was followed with 17a (32 mg, o
o 4 \/\N
0.10 mmol), MeOH (1 mL), K2COs3 (27 mg, 0.19 mmol) /©: 3
N1

9

to afford pure 3 (23 mg, 83%) as a white solid. '"H NMR  HN_
HN

(400.16 MHz, DMSO-d® 298.15 K): 8n 10.45 (s, 2H, 2x O

0

NH), 7.41 (dd, 3Jo-F = 12.69 Hz, “J2.6 = 2.29 Hz, 1H, H?), 7.28 (m, 2H, H>, H°®), 4.29 (t, *J7.
= 4.87 Hz, 2H, H'), 3.69 (t, 3Js.7 = 4.87 Hz, 2H, H8). 3C NMR (100.62 MHz, DMSO-d,
298.15 K): 8¢ 153.2 (s, C°, C'9), 150.9 (d, "J5-r = 240.90 Hz, C3), 148.5 (d, 2Jar = 10.45 Hz,
C*%, 125.2 (d, 3J1.F = 9.18 Hz, C), 122.6 (d, 3J5.¢ = 3.36 Hz, C°), 114.7 (d, “Jsr = 1.74 Hz,
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C%, 114.4 (d, 2J>¢ = 21.08 Hz, C?), 69.1 (s, C7), 50.4 (s, C8. HRMS (ESI"): m/z calculated
for C1o0HsFNgO3 [M-H] 279.0642 found 279.0647

4-(4-(2-azidoethoxy)-3-chlorophenyl)-1,2,4-triazolidine-3,5-dione (4)
General procedure VII was followed with 17b (32 mg,
4 O\/\

o) N
0.09 mmol), MeOH (1 mL) and KoCOs (25 mg, 0.18 i /@ 3
mmol) to afford pure 4 (25 mg, 83%) as a white solid. HN, 9 oN !
H NMR (40016 MHz, DMSO-c€, 208.15 K): 51 1045 5, "N Yo
2H, 2x NH), 7.41 (dd, 3J>.r = 12.69 Hz, “)>.6 = 2.29 Hz, 1H, H?), 7.28 (m, 2H, H>, H®), 4.29
(t, 3J7.8 = 4.87 Hz, 2H, H'), 3.69 (t, 3Js.7 = 4.87 Hz, 2H, H®). '3C NMR (100.62 MHz, DMSO-
d®, 298.15 K): 8¢ 153.1 (s, C°, C'9), 152.6 (s, C3), 127.4 (s, C?), 126.2 (s, C®), 125.5 (s, C* or
C"), 121.3 (s, C* or C"), 114.0 (s, C°), 67.9 (s, C7), 49.7 (s, C®). HRMS (ESI"): m/z calculated
for C1oHg(3>Cl)NeO3 [M-H]™ 295.0346 found 295.0348

4-(4-(2-azidoethoxy)-3-methoxyphenyl)-1,2,4-triazolidine-3,5-dione (5)

General procedure VIl was followed with 17¢ (40 mg, 5 9
0.12 mmol), MeOH (2 mL) and K-COs (33 mg, 024  ©Q /@ g M3

>1\0\N123o/7

mmol) to afford pure 5 (33 mg, 99%) as a white solid. HN

HN/&
"H NMR (300.13 MHz, DMSO-d®, 298.15 K): 64 10.37 (s, o
2H, 2x NH), 7.28 (m, 2H, H?, H>), 6.93 (dd, /6.5 = 8.52 Hz, “Js.2 = 2.41 Hz, 1H, H®), 4.17 (t,
3Jg.9 = 5.15 Hz, 2H, H8), 3.75 (s, 3H, H), 3.66 (t, 3Jo.s = 5.15 Hz, 2H, H°). '*C NMR (75.48
MHz, DMSO-d®, 298.15 K): 6¢ 153.7 (s, C'°, C'"), 149.1 (s, C3), 147.1 (s, C*), 125.4 (s, CV),
118.9 (s, C®), 113.4 (s, C°), 111.1 (s, C?), 67.8 (s, C®), 55.9 (s, C’), 49.7 (s, C°). HRMS (ESI"):
my/z calculated for C10H12NsO4 [M-H] 291.0842 found 291.0846
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4-(2-methoxyphenyl)-1,2,4-triazolidine-3,5-dione (6)

General procedure VIl was followed with 19b (300 mg, 1.18 mmol), MeOH (10 mL) and
K2CO3 (327 mg, 2.31 mmol) to afford pure 6 (230 mg, 94%) as a white solid.

"H NMR (300.13 MHz, DMSO-d®, 298.15 K): 84 7.39 (m, 1H, H3or 3.4

6
O
H* or H> or H®), 7.17 (m, TH, H3 or H* or H> or H®), 7.13 (m, 1H, H3 )k
N1 3

or H* or H® or H), 6.99 (m, 1H, H3 or H* or H5 or H®), 3.74 (s, 3H, HN ¢
) ( ) ( HN/& o)

~7
H7). 3C NMR (75.48 MHz, DMSO-d®, 298.15 K): 8¢ 155.6 (s, C?),

154.2 (s, C8 C?), 130.7 (s, C3or C* or C> or C?), 129.9(s, C3or C* or C°> or C®), 121.5 (s, C),
120.1 (s, C3or C* or C°> or C%), 112.2 (s, C3or C* or C° or C®), 55.6 (s, C’). HRMS (ASAP*):

my/z calculated for CoH10N303 [M+H]* 208.0722 found 208.0721

1-methyl-4-phenyl-1,2,4-triazolidine-3,5-dione (7)

General procedure VIl was followed with 19a (40 mg, 0.17 mmol), 0 6 2 4
MeOH (2 mL) and K>CO3z (47.4 mg, 0.34 mmol) to afford pure 7 (31 >7¥N/1©”
mg, 99%) as a white solid. "H NMR (400.16 MHz, DMSO-d®, 298.15 HNN%

K): 8u 10.79 (br s, TH, NH), 7.44 (m, 5H, H2, H3, H* H°> H®), 311 (s, o

3H, H®). 3C NMR (100.62 MHz, DMSO-d®, 298.15 K): 8¢ 152.7 (s, C’ or C?), 152.2 (s, C’

or C®), 132.0 (s, C"), 128.9 (s, 2x C""), 127.8 (s, CA"), 126.0 (s, 2x CA"), 32.8 (s, C%). HRMS
(ESI"): m/z calculated for CoHgN3O,2 [M-H]" 190.0617 found 190.0623

4-(4-(2-azidoethoxy)phenyl)-1-methyl-1,2,4-triazolidine-3,5-dione (8)
General procedure VIl was followed with 19b (590 mg, o P 0\7/8\N3
183 mmol), MeOH (18 mL) and K:CO3 (506 mg, 3.66 . 4
mmol) to afford pure 8 (470 mg, 93%) as a white solid. N
"H NMR (400.16 MHz, DMSO-d®, 298.15 K): 54 10.72 (br 11/
s, TH, NH), 7.35 (m, 2H, H?, H®), 7.07 (m, 2H, H3, H°), 4.23 (t, 3J7.s = 4.75 Hz, 2H, H’), 3.67
(t, 3Js.7 = 4.75 Hz, 2H, H®), 3.08 (s, 3H, H'"). *C NMR (100.62 MHz, DMSO-d®, 298.15 K):
8¢ 157.1 (s, C*), 153.7 (s, C° or C'9), 152.5 (s, C° or C'9), 125.0 (s, C"), 114.8 (s, C?, C°),
114.8 (s, C3, C°), 66.9 (s, C7), 49.5 (s, C?), 32.8 (s, C'". HRMS (ESI*): m/z calculated for
C11H13NsO3Na [M+Na]* 299.0869 found 299.0876
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NMeLuminol reagents 9-10*
*10 was prepared with the strategy described by the group of Nakamura?

0 O

5 MeNH-NH; (4 eq.) Sp
T\ \
EtOH (0.2 M) HN
reflux, 1h
© o)
20 9

MeO,C OH MeO,C (@] MeO,C O
2 K,CO3 (5 eq.) 2 ~ " Br 2 \/\N3
DBE (5 eq.) NaN3 (3 eq.)
MEOQC MeOQC MeOQC

MeCN (0.1 M) DMF (0.15 M)
21 70°C, 24h 92 80°C, 1h 23
NaOH (5 eq.)
H,O/MeOH/THF
(0.1 M), RT, 1h
0 1) Ac,0 (4 eq.)
THF (0.15 M)
\N reflux, 4h HO2C:©/0\/\N3
i o
HN Ny 2) MeNH-NH, (4 eq.) HO,C
EtOH (0.2 M)
° 40 reflux, 1h 24

2-Methyl-2,3-dihydrophthalazine-1,4-dione (9)
Commercially available 20 (135 mg, 0.91 mmol) was suspended in
anhydrous EtOH (5 mL, 0.2 M), methylhydrazine (160 pL, 3.60 mmol,

4 equiv.) was added and the reaction was refluxed. After 2h, reaction

was cooled to room temperature and NH4Cl (satd.) aqueous
solution and AcOEt and H>O were added. The aqueous layer was extracted 3 times with
AcOEt, the organic layer was washed once with brine, dried over MgSOy, filtered and
concentrated under reduced pressure to afford 9 (102 mg, 64%) as a white solid that
didn't require further purification. 'TH NMR (400.16 MHz, DMSO-d®, 298.15 K): &1 11.63
(brs, TH, NH), 8.22 (m, T1H, H°), 7.96 (m, TH, H?), 7.88 (m, 2H, H3, H*), 3.56 (s, 3H, H°). 13C
NMR (100.62 MHz, DMSO-d®, 298.15 K): 8¢ 157.2 (s, C), 150.1 (s, C?), 132.9 (s, C? or C*),
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132.2 (s, C3 or C*%, 128.8 (s, C"), 126.2 (s, C°), 124.8 (s, C®), 124.1 (s, C?), 37.6 (s, C°). HRMS
(ES"): m/z calculated for CoH7N.O> [M-H]" 175.0508 found 175.0508

Dimethyl 4-(2-bromoethoxy)phthalate (22)
To a solution of commercially available 21 (100 mg,

0.48 mmol, 1 equiv.) in anhydrous MeCN (5 mL, 0.1 M)

were added K>COs3 (329 mg, 2.38 mmol, 5 equiv.) and
1,2-dibromoethane (206 mL, 2.38 ulL, 5 equiv.) and reaction was heated to 70°C. After
24h, reaction was cooled to room temperature before adding 10 mL of water. Aqueous
layer was extracted 3x with AcOEt, and the combined organic layer was dried over
MgSQsy, filtered and concentrated under reduced pressure. The crude compound was
purified by silica gel chromatography (60:40 CyHex/AcOEt) to afford pure 22 (110 mg,
73%) as an orange oil. "H NMR (400.16 MHz, CDCls, 298.15 K): 8n 7.82 (d, 3/>-3 = 8.63
Hz, 1H, H?), 7.11 (d, /5.3 = 2.57 Hz, 1H, H°), 7.03 (dd, 3J3-> = 8.63 Hz, *J3.5 = 2.57 Hz 1H,
H3), 4.37 (t, 3J7.8 = 6.22 Hz, 2H, H'), 3.93 (s, 3H, H'" or H'?), 3.89 (s, 3H, H'" or H'?), 3.66
(t, 3Js-7 = 6.22 Hz, 2H, H8). 3C NMR (100.62 MHz, CDCls, 298.15 K): 8¢ 168.7 (s, C° or C'9),
166.7 (s, C° or C'9, 160.6 (s, C%, 135.8 (s, C"), 131.8 (s, C?), 123.2 (s, C), 116.5 (s, C3),
114.4 (s, C°), 68.3 (s, C), 52.8 (s, C"" or C'?), 52.4 (s, C'" or C'?), 25.8 (s, C8). HRMS (ESI*):
m/z calculated for C12H13("°Br)OsNa [M+Na]* 338.9840 found 338.9844

Dimethyl 4-(2-azidoethoxy)phthalate (23)
To a solution of 22 (1.0 g, 3.47 mmol, 1 equiv.) in
anhydrous DMF (20 mL, 0.15 M) was added NaN3 (675

mg, 10.41 mmol, 3 equiv.) and reaction was heated to
80°C. After 1h, reaction was cooled to room temperature and mixture was concentrated
under reduced pressure by 3x co-evaporation of DMF with toluene. The crude
compound was purified by silica gel chromatography (65:35 CyHex/AcOEt) to afford
pure 23 (906 mg, 94%) as an orange oil. '"H NMR (400.16 MHz, CDCls, 298.15 K): 51 7.74
(d, 3J2-3= 8.59 Hz, TH, H?), 7.03 (d, “Js-3 = 2.59 Hz, TH, H®), 6.95 (dd, 3/3-2 = 8.59 Hz, */3.5
= 2.59 Hz 1H, H3), 4.13 (t, 3J7.s = 4.92 Hz, 2H, H'), 3.84 (s, 3H, H'" or H'?), 3.80 (s, 3H, H"
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or H'?), 3.55 (t, 3Js-7 = 4.92 Hz, 2H, H®). 3C NMR (100.62 MHz, CDCls, 298.15 K): ¢ 168.6
(s, C?or C'9, 166.7 (s, C°or C'9, 160.6 (s, C*, 135.8 (s, C"), 131.7 (s, C?), 123.2 (s, C9),
116.5 (s, C3), 114.2 (s, C°), 67.5 (s, C"), 52.9 (s, C"" or C'?), 52.3 (s, C'" or C'?), 50.0 (s, C?).
HRMS (ESI*): m/z calculated for C12H13N30sNa [M+Na]* 302.0757 found 302.0753

4-(2-azidoethoxy)phthalic acid (24)

To a solution of 23 (900 mg, 3.22 mmol, 1 equiv.) in 1:1
HO™9

THF (3.5 mL) and MeOH (3.5 mL) was added an aqueous HO.10

solution (3.5 mL) of NaOH (650 mg, 16.11 mmol, 5 equiv.)
and the reaction was stirred at room temperature. After 1h, reaction was quenched
with 1M HCl until pH 4-5 (6 mL) before adding AcOEt (15 mL) and H>O (5 mL). Aqueous
layer was extracted 3x with AcOEt and the combined organic layer was washed once
with brine, dried over MgSQOy, filtered and concentrated under reduced pressure to
afford 24 (725 mg, 89%) as an orange solid that didn't require further purification. 'H
NMR (400.16 MHz, MeOD, 298.15 K): 81 7.86 (d, />3 = 8.60 Hz, 1H, H?), 7.16 (d, %Js5.3 =
2.66 Hz, 1H, H®), 7.12 (dd, 3/3-2 = 8.60 Hz, */3.5 = 2.66 Hz 1H, H3), 4.26 (t, 3/7.s = 4.96 Hz,
2H, HY), 3.65 (t, 3Js-7 = 4.96 Hz, 2H, H®). ">*C NMR (100.62 MHz, MeOD, 298.15 K): 5¢ 171.9
(s, Cor C19, 169.9 (s, C° or C19), 162.3 (s, C*), 138.1 (s, C"), 132.9 (s, C?), 124.6 (s, C°),
116.9 (s, C3), 1154 (s, C°), 68.9 (s, C7), 51.2 (s, C8. HRMS (ASAP’): m/z calculated for
C10HsN30s [M-H] 250.0464 found 250.0466

6-(2-azidoethoxy)-2-methyl-2,3-dihydrophthalazine-1,4-dione (10a)
7-(2-azidoethoxy)-2-methyl-2,3-dihydrophthalzine-1,4-dione (10b)
To a solution of 24 (550 mg, 2.19 mmol, 1 equiv.)

in anhydrous THF (15 mL, 0.15 M) was added Ac,0 T or Me\N

(830 pL, 8.76 mmol, 4 equiv.) and reaction was H or Me”

refluxed during 8h. Solvents were evaporated
. (regioisomers mixture)

under reduced pressure and the crude solid was ratio 2:1

solubilized in anhydrous EtOH (11 mL, 0.2 M). Methylhydrazine (350 uL, 6.57 mmol, 3

equiv.) was then added and reaction was refluxed. After 1h, reaction was cooled down
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to room temperature before being quenched with a saturated solution of NH4Cl (5 mL).
AcOEt (30 mL) and water (20 mL) were added, and aqueous layer was extracted 3x with
AcOEt. The combined organic layer was washed with brine, dried over MgSO4, filtered
and concentrated under reduced pressure to afford 10a-b (223 mg, 39% over 2 steps)
as a white solid and as a mixture of regioisomers (2:1) that didn't require further
purification. "H NMR (400.16 MHz, DMSO-d®, 298.15 K): 81 8.15 (d, 3/2-3 = 8.79 Hz, 0.5H,
mino-H?), 7.91 (d, />3 = 8.79 Hz, TH, majo-H?), 7.62 (d, */5.3 = 2.66 Hz, 1H, majo-H>),
7.46 (dd, 3/52 = 8.79 Hz, */35 = 2.66 Hz 1H, majo-H?), 7.43 (dd, /3. = 8.79 Hz, %J3.5 =
2.55 Hz, 0.5H, mino-H3), 7.33 (d, “J5s.3 = 2.55 Hz, 0.5H, mino-H?), 4.36 (m, 3H, mino-H’,
majo-H’), 3.72 (m, 3H, mino-H® majo-H?8), 3.55 (s, 3H, majo-Me), 3.53 (s, 1.5H, mino-
Me). 3C NMR (100.62 MHz, DMSO-d®, 298.15 K): 8¢ 161.2, 160.8, 157.0, 156.9, 150.2,
149.9, 130.8, 128.7, 126.6, 122.7, 121.8, 121.0, 118.7, 108.3, 106.2, 67.4, 49.4, 37.6, 37.3.
HRMS (ASAP-): m/z calculated for C11H10N5O3 [M-H]" 260.0783 found 260.0784
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