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[.2. RP-HPLC chromatograms

HPLC analyses were performed according to described procedure in Materials and Methods, at A = 254
and 330 nm. Compounds were dissolved in MeCN (300 - 400 L) and then with milliQ H,O (700 - 600
pL). Furfuryl alcohol was not visible by RP-HPLC. For every analyses, RP-HPLC system (A or B) are

specified.

System B

2l [manually integrated]
350
1 mAU

300 o

250

Absorbance [mAU]
Iy
e

AL-5-48

3,84 - 100,00

OV_VIS_1 WWVL-330 nm

[=]
PR
-

min

0.0 10 20 3.0

4,0 5.0 6.0
Time [min]

9.0 10,0

System A

o] AL-1 #393

cycloadduct dansyle-cyclopentadiene

UV_VIS_2 WVL:254 nm

450

|| mAU
400+

300

Absorbance [mAU]
[
o
T
F

100

4,56 - 54,68

4,61 -4532

min

0,0 1,0 2,0 3,0

40 50 6.0
Time [min]

7,0

8,0

9.0 10,0
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System B

2 [manually integrated]

60,0 -
1 mAU

50,0

40,0

w

o

[=]
1

17c

[

o

[=)
1

Absorbance [mAU]

10,04

10,0

AL-5-49

4,25-8942

16-10,58

UV_VIS_1 WVL:330 nm

AN

10,0

-

0.0 1.0 20 30

40

50
Time [min]

6,0 7.0 8.0 10,0

System B

2l [manually integrated]

140
1 mAU

120

100

1 o) 0,8 4!!}
80 OH

B 17d
60+

Absorbance [mAU]

3,19 - 87,00

13.49-291

AL-5-51

UV_VIS_1 WVL:330 nm

Y e

min

1,0 2,0 3,0

40

50
Time [min]

6,0 7.0 8,0 10,0
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System A

'ﬂ AL-1 #464 [manually integrated] AL-4-124 col UV_WVIS_2 WVL:254 nm
45,0
1| mAU
40,04 3,96 - 100,00
] o) N/i
30,0 OH o 4 (-
| NH o]
X
=) ] L5 " d
% B N~
E‘ 20,0 0
c 1 18
2 |
3 ]
=)
< 10,0
0,04 A*R_’_H_A_A/\JJ
1 min
-10‘0_I T T T T T T T T T T T T T T T T T T T 1
0,0 1.0 2.0 3.0 4,0 5.0 6.0 7.0 8.0 9.0 10,0
Time [min]
System A
2] AL-1#362 AL-3-20 UV_VIS_2 WVL:254 nm
50,0
1| maU 3,88 - 100,00
40,0
J (e}
30,0 N
é‘ 4
1 o
£ ] oH
£ 20,04
s ] 20
(=]
2 J
= J
10,0 1
1 min
-10‘07| T T T T T T T T T 1
0,0 1,0 2,0 30 4,0 5.0 6.0 7.0 8.0 9.0 10,0
Time [min]
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System A

':ﬂ AL-1 #397 [manually integrated] AL-3-173 UV_WIS_2 WVL:254 nm
40,0
|| mAU
30,04
| —\ (o]
| o 0] 4,55 -64,11
\_\ N
J N,
= 20,04 o)
gl]é: 4
E. 1 21 14,71 - 35,89
= J
2 10,04
(=]
2 J
< J
0,0 "
-10,0 |
1 min
- 5‘0 N T T T T T T T T T 1
0,0 1,0 20 3.0 4,0 5,0 6,0 7.0 8.0 9.0 10,0
Time [min]
System B
17 [manually integrated] AL-3-46 UV_VIS_2 WVL:254 nm
80,0
7507 mAU
A 4,36 - 100,00
62,5
500 HO,C
= 1 22
T 37,5
8 :
H ]
2 25,04
5 ]
@ ]
< ]
12,5
0,0 ]~ MkdhJﬂ#1ﬁ_k‘*F“ﬁ*‘*_—“-‘HHH________J/’/’-_—_*‘—
-12,5]
] min
-20,0- . . . , . . . . ; . T T T T T T T T T !
0,0 1,0 2,0 3,0 4,0 5,0 8,0 7,0 8,0 9,0 10,0
Time [min]
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System A

E AL-1 #390 AL-3-172 UV_VIS_2 WVL:254 nm
100,0
1| mAU
87,5
75,0
O
_. 6251 HN— o
= 1 0 4,08 - 100,00
E B
5 50,0 0) | N
3 ] OH
S 3753 o
3 ]
Ke) i
< 23
25,04
12,5
00 _}‘\f“ MIJW
] min
-10’0-| T T T T T T T T T 1
0,0 1,0 20 3,0 4.0 5,0 6,0 7.0 8,0 9,0 10,0
Time [min]
System A
';J'] AL-1#377 AL-2-106 UV_VIS_2 WVL:254 nm
120+
1| mAU
] 4,66 - 100,00
100
1 O
80 - N
—_ 1 (e]
=2
2 7
z CH
> 60-
e HO
£
[=} d
é 40 24
204
o] MW
1 min
-10_I T T T T T T T T T T T T T T T T T T T 1
0,0 1,0 2,0 3,0 4,0 5,0 6,0 7.0 8,0 9,0 10,0
Time [min]
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System A

B AL-1 #372 [manually integrated]

AL-2-98

UV_VIS_2 WVL.254 nm

80,0 -

mAU 3,25-7447

70,0

IN
o
(=]

,20 - 25,53
25

Absorbance [mAU]
(5]
(=]
©

[}

o

[=]
1

0.0 10 2.0 30 4.0

50
Time [min]

6.0 7.0 8.0 9,0

System A

B AL-1 #427 [manually integrated]

AL-2-111c2

UV_VIS_2 WVL:254 nm

90,0

mAU

o
2
(=]

Absorbance [mAU]
w
~J
W

25,0

12,5

e
[=]

Co U b T e e e e
I
(@]
o
~
I

10,0

4,06 - 100,00

0.0 1.0 2.0 20 40

50
Time [min]

6.0 7.0 80 9,0
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System A

3] AL-1#382 AL-2-191 UV_VIS_2 WVL:254 nm
40,0 4
|| mAU
3,22-100,00
(6]
30,0
N
S
— AcHN ©
=)
20,0
£ CO,H
8
S 27
=}
5
2 10,04
<
0,04 LAV__J
min
-10’0 T T T T T T T T T T 1
0,0 1,0 20 3,0 4.0 5,0 6,0 7,0 8,0 9,0 10,0
Time [min]
System A
'ﬂ AL-1#361 [manually integrated] AL-2-159 UV_VIS_2 WWVL.254 nm
500+
mAU
1 5,09 - 100,00
400 |
2 300 -
E OH o
8 i
c X
£ o N
g 200- &
< J O
| AM
100 4
| . min |
-1O_I T T T T T T T T T I T T T T T 1
0.0 1,0 2,0 3.0 4,0 5.0 6,0 7.0 8.0 9.0 10,0
Time [min]
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I.3. Photophysical data for compounds 3 and 26

9 272 nm

08
0.4

04

Absorbance

0.2

358 nm

0.0

200 300 400 500 600
Wavelenghts (nm)

Figure S1: Absorption spectra for compound 3 (20 uM) in PBS pH 7.4/MeCN (90:10, vv) at 20 °C.

Abs/Fluo intensity

250 300 350 400 450 500 550 600 650 700
Wavelengths (nm)

Figure S2: Normalized absorption (black line), emission (grey line, Ax =422 nm) spectra for
compound 26 in PBS pH 7.4 at 25 °C.



Il. Kinetic experiments

I1.1. Monitoring of fluorescence intensity change of Diels-Alder reactions

a) Probe 16 (1 mM) and dienes 1-10 (5 mM)

0 H o) H
N\ N\
N>"s0, PBS pH 7.4 / MeCN N> s0,
R - . \ (2:1, viv) Q
= ° e

20°C

NMe2 NM92

Diene 1-10 16

Toa 1.25 mM solution of probe 16 in MeCN/PBS pH 7.4 (2.4 mL, 15, viv) in a fluorescence cell, was
added a 25 mM solution of the corresponding diene 1-10 in MeCN (0.6 mL). The resulting mixture was
rapidly homogenized and introduced in the spectrophotometer. The resulting composition of the mixture
att = 0 min was as follows: MeCN/PBSpH 7.4 (3mL, 1:2, viv); probe 16 (1 mM); diene (5 mM, 5

equiv.). Diels-Alder reactions were monitored by fluorescence spectroscopy (Aex = 330 nm ; Aex = 560
nm) at T = 20 °C.

b) Probe 16 (0.05 mM) and dienes 1-2,4-6 or 8 (4 mM)

] N">"s0, PBS pH 7.4 / MeCN N >"s0,
R = N \ (2:1, viv) Q
=~ . 0 - R 0
20°C
NM92 NM62

Diene1-5and 7 15

To a 1.4 mM solution of probe 16 in MeCN (50 uL) in a fluorescence cell, were successively added
MeCN (17 uL), a solution of PBS pH 7.4 (933 pL) and a 14 mM solution of the corresponding diene 1-
2,4-6 0r 8 in MeCN (0.4 mL). The resulting mixture was rapidly homogenized and introduced in the
spectrophotometer. The resulting composition of the mixture att= 0 min was as follows: MeCN/PBS
pH 7.4 (1.4 mL, 1:2, vv); probe 16 (0.05 mM); diene (4 mM, 80 equiv.). Diels-Alder reactions were
monitored by fluorescence spectroscopy (Aex = 330 nm ; A, = 560 nm) at T = 20 °C.
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[74]
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Figure S3. (A) Time-dependent fluorescence intensity changes of dansyl-based probe 16 (0.05 mM) in
the presence of dienes 1-2,4-6 or 8 (4 mM, 80 equiv.) in MeCN/PBS pH 7.4 (1:2, viv) recorded at A,
560 nm upon excitation atA., 330 nm. (B) Enlarged view of Figure (A).
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11.2. RP-HPLC monitoring of cycloadducts formation

Diels-Alder reactions carried out with probe 16 (1 mM) and dienes (5 mM) in PBS/MeCN (2:1, viv)
were also monitored by RP-HPLC at Ay, = 330 nm after 1 h (except for diene 2 which was monitored
after 10 min) in order to confirm the reaction progress of probe 16 which was observed by fluorescence
spectroscopy. System A or B are specified for each experiment (sA or sB, respectively).

Legend:

- Compound 16 (tz = 3.19 to 3.42 min) is labelled with green star (*).
- Dienes are labelled with a purple star (*) when detected at 330 nm.
- Cycloadducts are labelled with a blue star (*).

Note:

330 nm was selected as the detection wavelength because only dansyle scaffold absorbs, which is not
the case for all cycloadduct scaffolds at this wavelength, thus allowing a reliable ratio determination
between the dansyl-based maleimide and dansyl-based cycloadduct. Of note, only the fulvene 3 and
anthracene 5 were able to absorb at 330 nm but their corresponding cycloadducts scaffolds do not (cf
following RP-HPLC).

'ﬂ AL-1 #343 [manually integrated] Maleimide-dansyle UV_VIS_1 WVL:330 nm

140 -
1| mAU

i *
120+ 3,38 - 100,00

] 2 H
100+ N/\/N‘soz
1 \
] ° O

16 LN

fo:]
o
11

60

Absorbance [mAU]

40

20

0_ 4%
min

104
0.0 10 2.0 3.0 4.0 50 6.0 7.0 8.0 9.0 10,0
Time [min]

Figure S4. RP-HPLC chromatogram of probe 16 (A= 330 nm, sA).

-
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10,0

1 mAU
8,0
6,0

4.0

2,0

Absorbance [mAU]

2.0

-8.0]

7l [manually integrated]

6\/\002'4

3

A SR

*
3,51 - 100,00

AL-5-44 fulvene UV_VIS_1WWVL:330 nm

min

0,0

1,0 2,0

3,0

4,0

5,0 6.0 7.0 8,0 9.0 10,0

Time [min]

Figure S5. RP-HPLC chromatogram of fulvene 3 (A =330 nm, sB).

(=1

30,0

1 mAU
25,0
20,04

15,0

100

Absorbance [mAU]

5,0
opt-J

5,04

10,0,

AL-3-48 UV_VIS_1WVL:330 nm

min

NI AN

0,0

1.0 2.0

3,0

4,0

5.0 6,0 7.0 8.0 9.0 10,0

Time [min]

Figure S6. RP-HPLC chromatogram of fulvene-based cycloadduct 22 (A =330 nm, sB).
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73] AL-1 #346 [manually integrated]

anthracene

UV_VIS_1 WVL:330 nm

80,0 1
1| mAU

70,0
] OH

60,0

50,0 1 OOO

] 5
40,0

30,0

Absorbance [mAU]

20,0

10,0

4,06 - 100,00

0,0

410,04 :

0.0 1.0 2.0

3.0 40 5.0 6.0 7.0
Time [min]

Figure S7. RP-HPLC chromatogram of anthracene 5 (A = 330 nm, sA).

3] AL-1 #357 [manually integrated] AL-2-106 UV_VIS_1 WVL:330 nm
14,0
J] mAU
10,04
1 o)
| N
1 (6]
TiRe*a
<< 1
£
g 1 HO
s ] 24
Fel 1 A
3 0,04 | k\f
o
< ]
-5,0
1 min
-10,0 T T T T T T T T T T 1
0,0 1,0 2,0 3,0 4,0 5,0 6,0 7,0 8,0 9,0 10,0
Time [min]

Figure S8. RP-HPLC chromatogram of anthracene-based cycloadduct 24 (A= 330 nm, sA).
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3] test #177 [manually integrated]

cysaHB87 trans hexadiene t = 1h

EXT330NM WVL:330 nm

60,0 - %
1 mAU 3,42-1617
50,0 1
40,0 - WOH
=) ]
< 30,04
‘;‘ 4
2
o
2 ]
S 20,01
< 4
<<
10,04
] *
E 13,79 - 0,019
00— I /\_
1 min
_10’O_| T T T T T T T T T 1
0,0 1,0 2,0 3,0 4,0 5,0 6,0 7,0 8,0 9,0 10,0
Time [min]
Integration Results
No Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % na
1 3417 1,617 54,669 98,81 98,70 n.a.
2 3,787 0,019 0721 1,19 1,30 n.a.
Total: 1,636 55,390 100,00 100,00

Conversionof16=1.2%

Figure S9. RP-HPLC of the Diels-Alder reaction of probe 16 with diene 1 (A =330 nm, sA).

450 - '_5,] test #174 [manually integrated] cysaH87 cyclopentadiene t=5 min EXT330NM WVL:330 nm
' | mAU
40,0 1 4,94 -1,106
L : :
oo | \V\O);\/ 3
1 4,99-0,812
2
=)
B
— 20,0
[}
2
o
Ke)
S
8
< 10,0
] Al
0,0
i min
-10’0 “r T T T T T T T T T 1
0,0 1,0 20 3,0 4,0 50 6,0 7.0 8,0 9.0 10,0
Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mALU % % n.a
1 4943 1,106 34,586 57,66 58,59 n.a
2 4,987 0.812 24,446 42.34 41,41 n.a
Total: 1,918 59,031 100,00 100,00

Conversion of 16 = 100%
Figure S10. RP-HPLC of the Diels-Alder reaction of probe 16 with diene 2 (A = 330 nm, sA).
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72 [manually integrated] AL-5-50 t=1h UV_WIS_1 WWVL:330 nm

30,04
1 mAU
25,0
] ‘ CO,H
20,0+ *
] 3,20 - 42,94
5 150 3
2 ] *
= 1 13,52 - 30,03
o 1 4,03 - 23,04
2 10,0 i ’
5 ]
F=} 4
5} ]
2 ]
< 5,04
0.0 Jfk\
5,04
] min
_10‘0 T T T T T T T T T T 1
0,0 1,0 2,0 3,0 4.0 5,0 6,0 7,0 8,0 9,0 10,0
Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU Yo Yo n.a.
1 3,197 0.554 16,182 42,94 41,45 n.a.
2 3,517 0,388 11,730 30,03 30,05 n.a.
3 3,947 0,052 1,615 4,00 4,14 n.a.
4 4,027 0.297 9.510 23.04 24,36 n.a.
Total: 1,291 39,037 100,00 100,00

Conversion of 16 = 39%
Figure S11. RP-HPLC of the Diels-Alder reaction of probe 16 with diene 3 (A =330 nm, sB)
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60.0 - 'ﬂ test #176 [manually integrated] cysaH87 cyclohexadiene t = 1h EXT330NM WVL:330 nm
" | mau *
3,42 -1,599
50,0 4
' X
40,0 4
1 (6] N'H‘OH
H ©
=) j
T 3004 4
- j
£
@
2 j
S 20,0
=} 4
<
10,0
] *
J 14,02 - 0,046
00l L /\'
1 min
-10’0 T T T T T T T T T T 1
0,0 1,0 2,0 3,0 4,0 50 6,0 7,0 8,0 9,0 10,0
Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mALU"min mAU % % n.a.
1 3,420 1,599 53,838 97,21 96,92 n.a.
2 4023 0.046 1.709 2,79 3.08 n.a.
Total: 1,645 55,547 100,00 100,00
Conversionof16 =2.8%
Figure S12. RP-HPLC of the Diels-Alder reaction of probe 16 with diene 4 (A = 330 nm, sA).
250 7l test #180 [manually integrated] cysaH87anthracene t = 1h EXT330NM WVL:330 nm
] mAU
*
4,06 -6,519
200 OH
g‘ 150
£ E 5
8
S
8 ]
2 1004
Kl
2 ]
*
E 13,42 - 1,4p4
50
*
] 14.64 - 0,250
i j A i IA .
l‘ I [ T i
-10_I T T T T T T T T T 1
0,0 1,0 2,0 3,0 4,0 5,0 6,0 7,0 8,0 9,0 10,0
Time [min]
Integration Results
No Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU"min mAU % % n.a.
1 3417 1,634 55,006 19,45 19,73 n.a.
2 4,060 6,519 215,430 77,58 77,28 n.a.
3 4.637 0.250 8,322 297 299 n.a.
Total: 8,404 278,758 100,00 100,00

Conversionof16 =13.2%
Figure S13. RP-HPLC of the Diels-Alder reaction of probe 16 with diene 5 (A = 330 nm

, SA)
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'ﬂ test #179 [manually integrated]

60.0 4 * cysaH87 furfuryl alcool t = 1h EXT330NM WVL:330 nm
"] mAU 3.42-1653
50,0 1
b OH
40,0 o
4 =
=) j
T 300 6
P i
c
S j
S 20,0
=} 4
<
10,0
] \ * /\_
L 14,81 - 0,003
0,04 —J( T a
1 min
_10’0 T T T T T T T T T T 1
0,0 1,0 2,0 3,0 4,0 5,0 6,0 7,0 8,0 9,0 10,0
Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a
1 3,423 1,653 55,961 9979 99,80 n.a
2 4813 0,003 0.110 0,21 0,20 n.a
Total: 1,656 56,071 100,00 100,00

Conversionof16 =0.2%
Figure S14. RP-HPLC of the Diels-Alder reaction of probe 16 with diene 6 (A = 330 nm, sA)

12l [manually integrated]

AL-3-73 t=60min

UV_VIS_1 WVL:330 nm

25,0+
1 mAU *
] 3,49 - 100,00
20,0 COxH
1 -
15‘07_ e}
] =
=) ]
T 100 7
= ]
e ]
= ]
S 504
@ ]
( 4
0,0
5,0
] min
710‘0 T T T T T T T T T T 1
0,0 1,0 2,0 3,0 4.0 5,0 6,0 7,0 8,0 9,0 10,0
Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU Yo Yo n.a.
1 3,493 0,610 21,131 100,00 100,00 n.a.
Total: 0,610 21,131 100,00 100,00

Conversion of 16 = not detectable

Figure S15. RP-HPLC of the Diels-Alder reaction of probe 16 with diene 7 (A = 330 nm, sB)
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550+ ﬁ test #175 [manually integrated] cysaH87 oxazole acide t = 1h EXT330NM WVL:330 nm
"] mau
| *
50.0 | 3,44 - 1,386
40,0
OEt
5 30,0 HO,C
2 2 51 e}
.g. N
: 2\
=
£ 200
@
Ko}
< *
] 14,23 - 0,280
10,0
0,0 k_
1 min
-10’0 T T T T T T T T T T 1
0,0 1,0 20 3,0 4,0 5.0 6,0 7,0 8,0 9,0 10,0
Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU min mAU Yo Yo n.a.
1 3,440 1,386 46,845 83,21 82,49 n.a.
2 4,230 0,280 9,943 16,79 17,51 n.a.
Total: 1,665 56,788 100,00 100,00

Conversionof16 = 16.8%
Figure S16. RP-HPLC of the Diels-Alder reaction of probe 16 with diene 8 (A = 330 nm, sA)

25,0+
1 mAU

5,0

Absorbance [mAU]

73] [manually integrated]

AL-3-71 t=60min

*
3,50 - 88,69

*
15,16- 11,31

UV_VIS_1 WVL:330 nm

1min

-10,0-
00 10 2.0 3.0 4.0 50 6.0 7.0 8.0 9.0 10,0
Time [min]

Integration Results

No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU min mAU % % n.a.

1 3,497 0,571 19,768 88,69 91,50 n.a.

2 5,160 0,073 1,836 11,31 8,50 n.a.

Total: 0,644 21,604 100,00 100,00

Figure S17. RP-HPLC of the Diels-Alder reaction of probe 16 with diene 9 (A = 330 nm, sB)

Conversionof16 =11.3%
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I1.3. Reaction rate determination of cycloaddition of probe 16 with dienes 1-3, 6,
and 8-9

a) Reaction rate determination of cycloaddition of probe 16 with cyclopentadiene 2 in agueous/organic
medium

&/\/ ~s0, PBS pH 7.4 / MeCN N 50,
&/\6 N (2:1, viv)
s .
90
“ O/\%Ns “
NMe, 2

0,9

Absorbance/Fluorescence (normalized)

300 400 500 500 700 800

% (nm)

Figure S18. Normalized absorption (black line) and emission (grey line) spectra of 17b in MeCN/PBS
pH 7.4 (1:2, viv) at T = 20 ° C and at A:=330 nm

- Calibration curve between fluorescent intensity and concentration of cycloadduct 17.

From a 1.4 mM stock solution of 17b in MeCN were prepared five diluted solutions (from 10 to 50 puM
in PBS/MeCN, 2:1). A fluorescence emission spectrum was recorded for each diluted solution (Aex =
330 nm, T =20°C) in a 1.4 mL Hellma fluorescence cell. Then, the fluorescence intensity observed at
Aem = 560 nm for A, = 330 nm was plotted against concentration to afford linear relation.
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w

180

~ 200
S 160 = 1g0 | Fluo. = 3E+06 * [17b] + 14,695
< 140 S 160 R? = 0,9966
% 120 2 140
S 100 @ 120
£ 80 2 100
8 60 =80
<) © 60
g 29 8
8 20 S ‘218
S o0 b— g
o S 0
350 250 750 T 0 0,00002 000004  0,00006

A (nm)
[17b] (M)

Figure S19. (A) Fluorescence intensity for 17batfive concentrations (from 10 to 50 uM in PBS/MeCN,
2:1) for A = 330 nm. (B) Fluorescence intensity for 17b plotted against concentration (Aex =330, Aem =
560 nm).

- Second order reaction rate k; determination via Kops

Toal.4 mM solution 16 in MeCN (50 pL) in a 1.4 mL fluorescence cell, were added MeCN (X L, cf
Table) and a solution of PBS pH 7.4 (933 pL). Then, a 14 mM solution of 2 in MeCN (Y L, cf Table)
was added and the reactional mixture was directly introduced into the spectrophotometer after
homogenization. The resulting composition of the mixture att =0 min was as follows: MeCN/PBS pH
7.4 (1.4 mL, 1:2, vv) ; [16]=50 UM ; [2] =500 pM, 750 uM, 875 uM or 1000 pM. The Diels-Alder
reaction was monitored by fluorescence spectroscopy (Aex = 330 nm ; Aey = 560 nm) at T = 20°C.

Final concentration of 2 Volume X of MeCN (L) Volume Y of the 14 mM solution of 2

(uM) in MeCN (L)
500 367 50

750 342 75

875 329.5 87.5
1000 317 100

Resulting fluorescence curves were converted to the conversion against time thanks to the calibration
relation. Conversion curves were fitted with non-linear exponential correlation, which afforded t; values
and then Kqps (= 1/ t1). Kops Values were plotted against concentration of 2 and the line was fitted with
linear regression, affording a slope =k, (M.s?).
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A/ [2] = 500 uM B/ [2] =750 UM

0,00005 - 0,00005 4
0,00004 0,00004
s = Equati Al*exp(-x/t) + yO
=3 h quation y = At*exp(- +y
‘«_> 0,00003 Equation 'y = At*exp(-x/t1) + y0 e 0.00003
B _ S Adj. R-Squa  0,99639
2 Adj. R-Squ ~ 0,99878 K 0,00002 Value Standard Err|
& 0,00002 Value Standard Er| o B y0 4,83358E-  1,32899E-7
Conversion y0 4,54404E 1,06887E- B A1 -5,82083E 4,38513E-7
Conversion A1 -5,24356  1,94348E- 0,00001 4 B t1 212,0471 2,79246
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0,00004
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©  0,00003 o
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0,00000 4 T T T T T T T T T 0,00000
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Figure S20. Time course formation of product 17b at different concentrations of 2: 500, 750, 875 and
1000 pM for (A), (B), (C),and (D), respectively.

[2] (M) t (5) Kovs (57)
500 324,6598 0.00308015
750 212,0471 0,00471593
875 181,20086 0,00551874
1000 157,86476 0,00633454
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kobs =f([2])

0,007
Kobs =6,5053 * [2] - 0,0002

0,006 R2=1 0,00633454
slope uncertanty = 0.02
- 0,00551874
<~ 0,005
X2
p 0,00471593
20,004
0,003 0,00308015
0,002
0,00035 0,00055 0,00075 0,00095 0,00115

(2] (M)

Figure S21. Plot of the ks Values against the cyclopentadiene 2 concentration. The slope of the linear
fit is the second-order rate constant.

Slope = k2 =6.50+0.02M1s?

b) Reaction rate determination of cycloaddition of probe 16 with diene 1, 3, 6, 8, 9 in agueous/organic
medium

- Internal calibration procedure for kinetic HPLC monitoring

For eachdiene (1, 3 and 6), a range of titrated solution containing the corresponding isolated dansyl-
based cycloadduct (17a, 17cand 17d, respectively) and probe 16 was preparedin H,O/MeCN (2:1, vv).
The range was established according to the solubility of diene and the kinetic experiment. Every titrated
mixtures were analyzed by HPLC (A =330 nm, System B) and the ratios of HPLC areas (A1s/Acycicaddut)
were plotted against the corresponding concentration ratios ([16]/[cycloadduct]). Parametersaand b
are employed for kinetic calculations.
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Internal calibration curve fordiene 1

20 a=1.1601
1g |V =11601x-0,0284
16 R?=1 b =-0.0284
14
© /
im 10 \
o os S
NH
6 N_/_
4
2 Ho o 17a
0
0 5 10 15
[16]/[17a]
B/
Internal calibration curve fordiene 3
16 a=15615
14 |V=15615x-0,0443
- R? =0,9999 b =-0.0443
s
o os
NH
’ J@NI
HO,C 17¢
2 3 Y
0
0 2 4 6 8 10
16]/[17c
c/ [16]/[17c]
Internal calibration curve fordiene 6
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y =1,2979x-0,0083
12 R? =0,9996 a=1.2979
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17d
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0 2 4 6 8 10 OH
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Figure S22. Internal calibration curves for (A) diene 1; (B) diene 3; and (C) diene 6.



- External calibration procedure for kinetic HPLC monitoring

Corresponding cycloadducts for dienes 8 and 9 could not be isolated. A range of titrated solution
containing the probe 16 and commercial coumarin (external HPLC reference, CAS number: 91-64-5)
was prepared in H,O/MeCN (2:1, viv). The range was established according to the solubility of diene
and the kinetic experiment, with [coumarin] = constant = 5.0 mM. Every titrated mixtures were
analyzed by HPLC (A = 330 nm, System B) and the ratios of HPLC areas (A1s/Acoumarin) Were plotted
against the corresponding concentration ratios (([16]/[coumarin]). Parameters aand b are employed for
kinetic calculations. 300+

mAU
* *

2,96 - 49985 . 50,04
250

200 o

H
N<
oL, | | ot
150 \
o ° QO
1004 coumarin

*

50+
04 l' I L_ﬂ %

7507\ T T T T T T
0,0 1,0 2,0 30 4,0 50 6,0

Figure S23. Chromatogram (A = 330 nm, System B) of equimolar mixture of coumarin + probe 16.

External calibration curve for dienes 8 and 9

1 a=0.9415
y = 0,9415x - 0,0005
R2 =0,9999 b =-0.0005

0,8

80,6
<

s 0,4
<C

0,2

0

0 0,2 0,4 0,6 0,8 1

[16]/[coumarin]

Figure S24. External calibration curve with coumarin for dienes 8 and 9.
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- Direct second order reaction rate k, determination.

0 H o) H
N\ N\
. \ N80, PBS pH 7.4 / MeCN N">s0,
R = . (2:1, viv) Q
~ T Q0 deAlee

20°C
NMe, NMe,

Diene 1, 3, 6 and 8-9 16 cycloadduct 17

In a flask containing a stirring bar were added PBS pH 7.4 (666 pL) and MeCN (volume calculation:
Vmeen = 333 -V16-Vyiene UL S0 a5 to reacha final ration PBS/MeCN, 2:1). For every experiments, titrated
stock solutions of dienes and probe 16 were prepared in MeCN. Titrated stock solutions of diene
(volume Vgiene) and probe 16 (volume Vis) were sequentially added (final volume = 999 L,
PBS/MeCN, 2:1). Reaction time was immediately measuredwith a chronometer. Starting concentrations
for T =0 are specified for each experiments ([16], =[diene],). The Diels-Alder reactions were monitored
by HPLC (A= 330 nm, System B) at T =20 °C.

HPLC aliquots were prepared as follows:

- Internal calibration: 30 pL reactional mixture + 120 pL H,O +50 yL MeCN
- External calibration: 30 pL reactional mixture + 120 yL H,O + 20 puL MeCN + 30 L coumarin
solution (5 mM in H,O/MeCN, 2:1)

Equations for internal calibrations:

Concentration of dansyl dye at any time:
[16]o =[16] + [cycloadduct]

Linear relation from internal calibration (with a and b the parameters from calibration curves):
A6/ Acycioadduct = @ * ([16]/[cycloadduct]) + b

[cycloadduct] at any time with the previous relations:
[cycloadduct] =[16]o / ((((Aie/Acycloadduct)-b)/a)+1)

[16] at any time with the previous relations:
[16]=[16], - [cycloadduct]

Equations for external calibration:

- Linear relation from external calibration (with a and b the parameters from calibration curves
and [coumarin] = constant):

Ai16/Acoumarin =a * ([16]/[coumarin]) + b

- Concentration of probe 16 at any time with the previous relation:
[16] = [coumarin] * (((A1s/Acoumarin)-b)/a)
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[16] in each kinetic experiments were calculated thanks to these correlations (internal and external

calibrations) and plotted against time (s).
Typical kinetic equation for a second order reaction is:

e  d[C]/dt = k,.[16].[diene]

With [16] =[diene] (for [16], = [diene],), the previous equation becomes:

o  d[C]/dt = k,.[16]2

The following relation is found after integration:
o 1/[16]=k,.t+1/[16],

with:
- kyinMts?
- tins

- [16], [diene] and [coumarin] in mM

1/[16] were plotted against time for each kinetic experiments. The slope of the resulting right affords

the k, value.

A/ Diene 1 ([16]o=[1]o =8.5 mM)

1/[16] = f(t)

[16] = f(t) 0,145
10 0,14
g k“*‘—g\_‘ 7 0,135
= =
S 6 £
€ = 0,13
T 4 3
= 0,125
= = y = 8.89E-07x + 0,1175
2 0,12 R? =0,9996
slopeuncertanty = 0.7E-07
0 0,115
0 5000 10000 15000 20000 25000 0 5000 10000 15000 20000 25000

time (s)

Slope =k2=(8.9+£0.7) *10° M1s?

time (s)
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B/ Diene 3 ([16]o =[3]o =5 mM)
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O L N W b O O
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Slope =k, =(1.2+£0.4)* 102 M1s?

E/ Diene 9 ([16]o =[9]o =5 mM)

[16] = f(t) 1/[16] = f(t)
6 0,35
5 0,3
= =
0,2
£ £
© o 0,15
i i
=2 S 01 y =5.0746E-06x+0,2
1 ' R?=0,989
0,05 slopeuncertanty = 0.3E-06
0 0
0 5000 10000 15000 20000 25000 0 5000 10000 15000 20000

time (s) time (s)

Slope =k;=(5.1+£0.3) * 10 M1s?

Figure S25. Second order kinetic rate constant calculations for (A) diene 1, (B) diene 3, (C) diene 6,
(D) diene 8 and (E) diene 9.
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[1.4. One-pot double labeling strategy with dienes 2 and 8

a) Full experiment

2

1) 0 Y
AN
&l ®
[e]

MeCN/H,0 (1:1)

. 25°C,1h

OEt STEP 1

HOZC%O 2) O §
A N \‘

AR
© mc
25°C, 24 h
STEP 2

.........................................

N3\/\<\O o)
i 17b
OEt o
NH
HOLT 5T o NI
N
o) EtOH }

[intermediate]

................................

................................

Not observed:

OEt ¢
NH
HO,C SN‘ 5 NI
EtOH
o)

................................

................................

Figure S26. Sequential labeling experiment from dienes 2 and 8 and maleimides 16 and M C.

To a mixture of H,O (250 pL) and MeCN (190 pL) were added a 25 mM solution of 2 (20 yL) and a 25
mM solution of 8 (20 pL). After 1 min of stirring, a 20 mM solution of 16 (25 L, 1 equiv.) was added
and the mixture was stirred at room temperature (T = 25 °C). After completion of STEP 1 (1 h),
maleimide-based coumarine MC (1 mg, 2.6 pmol, 5 equiv.) was added to the mixture for the STEP 2
and the reaction further stirred for 24 h at 25 °C. Diels-Alder reactions were monitored by RP-HPLC

(systemA).

Final concentration for time = 0:
- [2]=1mM (STEP 1)

- [8]=1mM (STEP 1and 2)

- [16]=1mM (STEP 1)
- [MC]=5mM (STEP 2)

- 500 pL H,O/MeCN (1:1, vv)
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'ﬂ AL-1 #471 [manually integrated] AlL-4-125 STEP1 t=0
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Figure S27. RP-HPLC chromatogram of a mixture of 2 and 8 (A= 254 nm, sA)at T =0.

Absorbance [mAU]
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Figure S28. RP-HPLC chromatogram of a mixture of 2,8, and 16 (A =254 nm, sA)at T = 1 h (STEP
1).
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STEP2, T=8h

7 AL-1 #466 [manually integrated] AlL-4-125 STEP2 t=8h UV_VIS_2 WVL:254 nm
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500 7 13,79 -73,96
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] 17b
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1 | 1315 - 05 - 1,13 |/Q;% 2.7|2 |
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] min
-100- : |
3,00 4.00 500
Time [min]

Figure S29. RP-HPLC chromatogram of a mixture of 2, 8,16, and MC (A =254 nm, sA)at T=8 h
(STEP 2).

STEP2,T=24h
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Figure S30. RP-HPLC chromatogram of a mixture of 2, 8, 16,and MC (L =254 nm, sA)at T=24 h
(STEP 2).
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b) Control experiment

Q H
&NN' e .
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|
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Figure S31. Control experiment regarding the plausible formation the azaphthalimide generated from
the Diels-Alder reaction of 8 and 16.

[intermediate] Aromatic cycloadduct - Not isolated

Toa 25 mM solution of 8 (20 L) in a solution of H,O/MeCN (250:105 pL) was addeda 20 mM solution

of 16 (125 pL, 5 equiv.) and the mixture was stirred at room temperature (= 25 °C). Diels-Alder reactions
were monitored by RP-HPLC after5and 24 h.

Final concentration for time = 0:
- [8]=1mM
- [16]=5mM
- 500 pL H,O/MeCN (1:1, viv)

:ﬂ AL-1 #455 [manually integrated] AL-4-123 t=5h UV_VIS_2 WWVL.254 nm
700 U
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= 400
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Figure S32. RP-HPLC chromatogram of a mixture of 8 and 16 (A= 254 nm, sA) after T=5 h.
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Figure S33. RP-HPLC chromatogram of a mixture of 8 and 16 (A= 254 nm, sA) after T =24 h.
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I11. Study of stability of dienes 2, 3, 8,9 and conjugates 19-24

[11.1 Study of stability of dienes 2, 3, 8,and 9

All non-commercial dienes were conserved at -25 °C after their synthesis.
a) Cyclopentadiene 2
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Figure S34. 'H NMR analysis in CDCl; (300 MHz) of (A) isolated cyclopentadiene 2; (B)
cyclopentadiene 2 stored for 9 months at -25 °C; (C) cyclopentadiene 2 stored for 36 h at room

temperature.
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c¢) Cyclohexadiene 4
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Figure S37. 'H NMR analysis in CDCl; (300 MHz) of (A) isolated cyclohexadiene 4; (B)

cyclohexadiene 4 stored for 3 months at — 25 °C.
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Figure S38.*H NMR analysis in CDCl; (300 MHZz) of (A) isolated oxazole 9; (B) oxazole 9 with AcOH
(1 equiv.) stored for 9 months at— 25 °C; (C) oxazole 9 stored for 9 months at— 25 °C.
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Figure S39. (A) TIC chromatogram of compound 9, (B) HRMS (ESI+) mass spectrum of compound 9
att =2.38 min, (C) HRMS (ESI+) mass spectrum of compound 9 att = 1.65 min, after 36 h at room
temperature.
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Figure S40. *H NMR analysis in CDCl; (300 MHz) of (A) isolated oxazole 10; (B) oxazole 10 stored

for 9 months at— 25 °C.
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[11.2. Study of stability of conjugates 20-26

a) LC-MS (System C) of starting conjugates 20-26
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Figure S41. TIC, UV (254 nm) chromatograms and HRMS (ESI+) mass spectrum of compound 20.
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Figure S42. TIC UV (254 nm) chromatograms and HRMS (ESI+) mass spectra of compound 21.
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Figure S43. TIC UV (254 nm) chromatograms and HRMS (ESI+) mass spectra of compound 22.
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Figure S44. TIC, UV (254 nm) chromatograms and HRMS (ESI+) mass spectra of compound 23.
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Figure S45. TIC, UV (254 nm) chromatograms and HRMS (ESI+) mass spectrum of compound 24.
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Figure S46. TIC, UV (254 nm) chromatograms and HRMS (ESI+) mass spectrum of compound 25.
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Figure S47. TIC, UV (254 nm) chromatograms and HRMS (ESI+) mass spectrum of compound 26.
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Figure S48. TIC, UV (254 nm) chromatograms and HRMS (ESI+) mass spectrum of compound 27.
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b) Study of retro-Diels-Alder reactions under physiological conditions

The reaction rate of Michael addition between N-acetylcysteine (NAC) and maleimide 16 was
qualitatively studied following similar conditions as retro-Diels-Alder experiments. To a mixture of
iPrOH/PBS pH 7.4 (1388 pL and 1174 pL respectively) at T = 37 °C was added a solution of probe 16
(112 pL, 26.8 mM in iPrOH). After 2 minutes of incubation, a solution of NAC (326 L, 91.9 mM in
PBS pH 7.4) was added. Final concentrations for t =0 min were 1 mM for probe 16, 10 mM (10 equiv.)
for NAC and solvents ratio was iPrOH/PBS (1:1, viv). The reaction was monitored by fluorescence
spectroscopy and RP-HPLC after 8 minutes of reaction.
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Figure S49. (A) Time-dependent fluorescence increase of probe 16 (1 mM) in the presence of NAC (10
mM, 10 equiv.) at Aem = 560 nm and Ae = 330 nm. (B) RP-HPLC of isolated probe 16 (A =330 nm, sB).
(C) RP-HPLC of the reactional mixture after 8 minutes of reaction (A = 330 nm, sB). (D) rD-A study in
the presence of NAC as fast maleimide-trapping agent.

500 pL of a stock solution of the conjugate 20-26 (2 mg of corresponding conjugate in 1 mL of iPrOH),
were addedto a1 mL Eppendorf containing NAC (10 equiv.) in PBSpH 7.4 (500 pL). Then, the mixture
was heatedto 37 °C in a water-bath. Unless otherwise stated, aliquots for LC-MS analyses were prepared
after 24 h as follows: to the reactional mixture (100 pL) were added iPrOH (50 yL) and H,O (50 pL).
Thioether 27 was only detected if maleimide 19 was formed from a retro-Diels-Alder process, and
subsequently trapped by N-acetylcysteine through a thio Michael addition. All aliquots were stored at
-25 °C pending LC-MS analyses (System C).
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Figure S50. TIC, UV (254 nm) chromatograms and MS (ESI+) mass spectrum of r-D—A with 20.
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Figure S51. TIC, UV (254 nm) chromatograms and MS (ESI+) mass spectra of r-D—A with 21.
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Figure S52. TIC, UV (254 nm) chromatograms and MS (ESI+) mass spectra of r-D—A with 22.
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Figure S54. TIC, UV (254 nm) chromatograms and MS (ESI+) mass spectrum of r-D—A with 24.
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Figure S55. TIC, UV (254 nm) chromatograms and MS (ESI+) mass spectra of r-D—A with 25.
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Figure S56. TIC, UV (254 nm) chromatograms and MS (ESI+) mass spectra of r-D—A with 26.
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¢) Study of conjugates 20-26 stability in human blood plasma (HBP)

50 L of a stock solution of the conjugate 20-26 (1 mg of corresponding conjugate in a solution of 100
pL of DMSO/iPrOH, 1:1, v:v) were added to an 2 mL Eppendorf containing HBP (500 pL). Then, the
mixture was heated to 37 °C in a water-bath. After 24 h, the mixture was diluted with EtOH (500 pL)
which led to the formation of a precipitate. The mixture was centrifuged for 30 min at 11 000
rotations/min. Then, the supernatant was withdrawn with a syringe and filtered through an HPLC filter
(porosity: 0.45 pm). All aliquots were stored at -25°C pending LC-MS analyses (System C).

Blanks 1 and 2 from HBP were prepared following the same procedure without Diels-Alder product.
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Figure S57. TIC, UV (254 nm) chromatograms of human blood plasma (Blank 1).
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Figure S58. TIC, UV (254 nm) chromatograms of human blood plasma (Blank 2).
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Figure S59. TIC, UV (254 nm) chromatograms and MS (ESI+) mass spectra of 20 after 24 h in human

blood plasma.
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Figure S60. TIC, UV (254 nm) chromatograms and MS (ESI+) mass spectra of 21 after 24 h in human
blood plasma.
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Figure S61. TIC, UV (254 nm) chromatograms and MS (ESI+) mass spectra of 22 after 24 h in human

blood plasma.

93




Intens.
x109

g = N
o o o

o
o

13.5 min

1905046_26_01_12251.d: BPC +All MS

i I\ A

=]

=

o

SO

o
1

[mAUL ]

-50

-100

-150

-200

13.4 min

35 min

1905046_26_01_12251.d: UV Chromatogram, 254 nm

T
14 15 16 Time [min]

Intens. |
x108
4

1114.17

22{.22

[M+H]* | 45332'

1905046_26_01_12251.d: +MS, 13.3-13.5min

.

100

T
150

T
200

T
250

T
300

T T T T T
350 400 450 500 550 mz

94



Intens.
x108 -

0.0

114.16

227.21

\

A

N

[M+H]*

1905046_26_01_12251.d: +MS, 13.6-13.9min

455.33

k

N

524.45
I\

100

T
150

T
200

T
250

T
300

T
350

T
400

T
450

T
500

T
550 mz

Figure S62. TIC, UV (254 nm) chromatograms and MS (ESI+) mass spectra of 23 after 24 h in human

blood plasma.
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Figure S63. TIC, UV (254 nm) chromatograms and MS (ESI+) mass spectra of 24 after 24 h in human
blood plasma.
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Figure S64. TIC, UV (254 nm) chromatograms and MS (ESI+) mass spectrum of 25 after 24 h in human

blood plasma.
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Figure S65. TIC, UV (254 nm) chromatograms and MS (ESI+) mass spectra of 26 after 24 h in human

blood plasma.
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