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1) Screening of potential carbanions/enolizable species in PBS 7.4 by
fluorescence spectroscopy
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Figure S1: Screening study: fluorescence responses of tetrazine-based probe 1 (2.5 mM) at 2
(blue) and 60 min (red) after the addition of carbanions/enolizable species (10 mM, 4 equiv.)
in PBS 7.4 at 25 °C at A 470 nm and A, 520 nm.
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2) Characterization of compounds
2.1) Copies of H, 13C NMR spectra for compounds 1, 4-6, 8 and intermediates
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2.2) RP-HPLC elution profiles for compounds 1, 7-9

RP-HPLC elution profile of tetrazine-based probe 1 (recorded in “Max Plot” mode)
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RP-HPLC elution profile of Pyr-Fluo 8 (recorded in “Max Plot” mode)
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2.3) HRMS (ESI-TOF) for compound 9

KR711
31-May-2018
1805087 73 (0.435) Cm (70:76) 1: TOF MS ES+
100- 1285,9974 423
1286.4995
1285.4957
- 1286.9973
1269.0337
1256.6808 i 12792510 1305.48611316.9752 1925.9624 1337.9241  1347.4238  1356.8480
L R A AL A LA AL B A EL B |
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Figure S2: HRMS (ESI-TOF) exact mass calcd for C;6H;46N2403,S, m/z 1285.4988 (in blue);
found m/z 1285.4957 (in red) [M+2H]**
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2.4) Spectroscopic data for fluorescein, compounds 8, 9 and Lyso-Fluo

Absorbance or
fluorescence intensity

Ee— ‘ - :

380 480 580 680
Wavelength (nm)

Normalized absorption (in blue), emission (in red, A, 470 nm) and excitation (in green, A., 540 nm)
spectra of fluorescein in PBS (0.1 M, pH 7.4) at 25 °C.

Fluoresc

Normalized
absorption (in
blue), emission
(in red, A, 470
nm) and
excitation (in
green, Ae, 540
nm) spectra of

Abso

260

360 460 560 660
Wavelength (nm)
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pyrazolone 8 in PBS (0.1 M, pH 7.4) at 25 °C.

Absorbance or
fluorescence intensity
L

260 360 460 560 660 760
Wavelength (nm)

Normalized absorption (in blue), emission (in red, A, 470 nm) and excitation (in green, A., 540 nm)
spectra of peptide 9 in PBS (0.1 M, pH 7.4) at 25 °C.

Absorbance or
fluorescence intensity
L

280 380 480 580 680
Wavelength (nm)

Normalized absorption (in blue), emission (in red, A., 470 nm) and excitation (in green, A, 540 nm)
spectra of Lyso-Fluo in PBS (0.1 M, pH 7.4) at 25 °C.
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3) RP-HPLC monitoring of pyrazolone-tetrazine chemical ligation

NHBoc
Ph—

To a solution of tetrazine 3 (25 mg, 0.09 mmol, 1 equiv.) in a 1.7 mL solution of ACN/PBS pH 7.4

NHBoc

(1:0.7, v/v) was added N-phenylpyrazolone 2a (77 mg, 0.45 mmol, 5 equiv.). The reaction was stirred
for 3.5 h at room temperature. A sample of the reaction mixture was collected for HPLC analysis at

t=20 min, 2h30 and 3h30 (System QC, recorded in “Max Plot” mode, * contamination from TFA).

t=20 min
2a
5 4
L a8
J\_.._/\. . N
t=2h30
5
. . 8
t=3h30 5
| 2a
N 6
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From these RP-HPLC chromatograms, the plot of conversion of product 6 as the function of reaction
time was determined:

100
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40
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20
10

0 T 1 1 T 1
0 50 100 150 200 250
Time (Min)

Product conversion (%)

S16



4) Tests of stability

4.1) Study of stability of intermediate 4 in the presence of BSA

To a solution of bovine serum albumin (3.0 mg, 0.045 umol) in PBS (0.1 M, pH 7.4, 900 L) placed in an
Eppendorf tube was added 100 pL of a stock solution of 4 (0.6 mg, 1.38 pmol, 500 pL acetonitrile). The
resulting mixture was incubated at 37 °C. A sample of the reaction mixture was collected for HPLC
analysis at t=0, 2, 6 and 9h (System QC, recorded in “Max Plot” mode).

t=0
4
BSA
t=2h
4
BSA
t=6h
4
BSA
Fi
t=9h 4
BSA
2a
A
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4.2) Study of stability of by-product 6 in the presence of BSA

To a solution of bovine serum albumin (3.0 mg, 0.045 pumol) in PBS (0.1 M, pH 7.4, 900 L) placed in an
Eppendorf tube was added 100 pL of a stock solution of 6 (0.5 mg, 1.36 pmol, 500 uL acetonitrile). The
resulting mixture was incubated at 37 °C. A sample of the reaction mixture was collected for HPLC
analysis at t=0, 6 and 9h (System QC, recorded in “Max Plot” mode).

t=0
65
BSA ]\
t=6h
BSA 6
t=9h 6
BSA -
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4.3) Study of stability of product 5 in the presence of BSA

To a solution of bovine serum albumin (14.5 mg, 0.220 umol) in PBS (0.1 M, pH 7.4, 900 L) placed in
an Eppendorf tube was added 100 pL of a stock solution of 5 (0.625 mg, 1.10 umol, 500 pL acetonitrile).
The resulting mixture was incubated at 37 °C. A sample of the reaction mixture was collected for HPLC
analysis at t=1, 3, 24h (System QC, recorded at 280 nm).

t=1h
BSA 5
t=3h BSA 5
t=7h
BSA 5
t=24h Ba 5
. NL
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5) Determination of Kinetic rate constants

5.1) Generalities

£\< NHCI NH;CI
N N\
Partner = N
o N

oo N
R !
PBS pH 7.4 R
or + _ > _—
Lb/ GO NN 25 N7
I ] T
2 NN ko M's”] Ny
Partner Tet Product

The reaction between tetrazine benzylamine tetrazine hydrochloride and the pyrazolones or 5-
norbornene-2-carboxylic acid was followed by UV/Vis spectroscopy by measuring the absorbance
decay of the tetrazine scaffold at 520 nm. Accordingly, only the kinetics of the first step of the reaction
were determined.

Typical kinetic equation for a second order reaction is:

e d[C]/dt = k;,.[Tet].[Partner]

After integration, the following relation was found:

e y=k*t+ constant = {1/([Partner],-[Tet]o)} * In{([Tet], * ([Partner], — [Product],)) / ([Partner],
* ([Tet]o — [Product],));

with :

- yinM!

- kyin Mgt

- tins

- [Tet], [Partner] and [Product] in M.

5.2) Experimental procedure

To a solution of benzylamine tetrazine hydrochloride (0.5 mM, 2.9 mL) in PBS pH 7.4 was added of a
solution of the corresponding pyrazolone (2a, 2f, or 2g) or norbornene-2-carboxylic acid (19.5 mM, 100
pL) in DMSO. The resulting concentration of tetrazine and pyrazolone or norbornene in the 3mL
solution of PBS/DMSO (29:1, v/v) was 0.48 mM and 0.65 mM, respectively. The kinetics were
monitored at 25 °C by following the decrease in absorbance of tetrazine at 520 nm every 0.5 s.

5.3) Measurement of the Kinetic rate constants of disappearance of the tetrazine
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Phenyl pyrazolone 2a

The absorbance value at the plateau was correlated to the final concentration of product as follows:

Final absorbance intensity = [Product]s,, = [Tet], = 0.5 mM
This correlation was employed so as to calculate the product concentration [Product] at any time.

The y values at any time were calculated with the following equation (only true for the linear part of the
curve [Product] = f(t), from 30 s to 90 s):

- [Tet]() =0.5mM
- [Partner], = 0.65 mM
- [Product], = values from the linear part of [Product] against Time (range from 30 s to 90 s).

0.07 3000

*

)

°
2
]

S 2500 P
o v
< 005 y=43.899x- 1438.2 &
F 2000 R?=0.993 y 2
£ 2
c —
g 008 = “/‘
c S 1500 &
o 0.03 = o
g o+
5 1000 “’
8 00 &
2 g
o
< 001 500 ‘/,}’
L 24

o 50 100 150 200 250 300 350 30 40 50 60 70 80 90 100

Time (s) Time (s)

The linear regression affords a slope =k, =43 +1 M1 s,

Sulfopyrazolone 2¢g

- [Tet]y=0.5 mM
- [Partner], = 0.65 mM
- [Product], = values from the linear part of [Product] against Time (range from 30 to 75 s).

0.07 3000

y =55.596x-1737.6
2500 R?=0.9932 +

(=
=)
&

o
=
R

*

El
=
Zz 2000 »
£ o004 _ P
2 3z 2
€ s 1500 Y
o 003 = e
= > Ped
5 1000 <*
2 002 P
2 Prad
::% 0.01 500 ”,‘
.‘4’,,
0 v 0 ’«" -
1] 50 100 150 200 250 300 20 30 40 50 60 70 80
Time (s) Time (s)

The linear regression affords a slope =k, =55+ 1 M 5.

Methvl pyrazolone 2f

- [Tet]p=0.5 mM
- [Partner],=0.65M
- [Product], = values from the linear part of [Product] against Time (range from 30 to 75 s).

521



0.05
0.045
0.04
0.035
0.03
0.025
0.02
0.015

Absorbance intensity (a. u.)

0.01
0.005

50 100

Time (s)

The linear regression affords a slope =k, =34+ 1 M1 s'..

Norbornene-2-carboxylic acid

[Tet]o=0.5 mM
[Partner], = 0.6

[Product], = values from the linear part of [Product] against Time (range from 30 to 304 s).

0.045

o
4

0.035

e
)

0.025

0.015 -

Absorbance intensity (a. u.)
o o
R

0.005

5M

200 400 600
Time (s)

800
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1000

Y (M7)

250

1200 1400
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1600
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200

0

20

50

¥

100

=34.023x-1037.5
R?=0.9948

40 50
Time (s)

y=3.8221x-113
R? =0.9962

150 200
Time (s)

60

250

The linear regression affords a slope = k, = 3.8 + 0.1 M-L.s"1.

300

80

350

Table S1. Second order rate constant of benzylamine tetrazine hydrochloride with pyrazolones or 5-
norbornene-2-carboxylic acid in PBS pH 7.4, 25 °C

Partner R! k, [MLs!]
2a Ph 43 +1

2f Me 34+1

2g Ph-pSO;H 55+1
5-Norbornene-2- 3.8+0.1

carboxylic acid

S22



6) Determination of D/P ratio of labelled human lysozyme

The degree of labelling of human lysozyme (Lyso-Fluo), i.e. the Dye/Protein (D/P) molar ratio, was
estimated from the relative intensities of protein (h-Lyso) and dye absorption (Pyr-Fluo), according to
the following equation:
D ¢ Ap/ep

Pcp (Az80 — €280 " €p)/ €280

Where Cp and Cp is the concentration of the dye and protein moiety respectively, in the Lyso-Fluo
conjugate. Cp is obtained from the absorbance at the dye’s long wavelength absorbance Ap (494 nm).
€p (52518 M-! em'!), €280 (25953 M-! cm!) are the molar extinction coefficients of the dye at 494 nm

and 280 nm, respectively. €280 (23441 M-! cm™!) is the molar extinction coefficient of h-Lyso at 280 nm
(39914 L.mol"'.cm™). The following Table summarizes the data for the calculation.

Lyso-FLuo
52;30 (L.molt.cm?) 25953
€p (L.molt.cm™) 52518
€550 (L.molt.cm?) 23441
Ayzo 0.093
Ap 0.109

Co (mol/L) 2.0810°

Cp (mol/L) 1.69°10°
D/P 1.24
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