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1. Rate Simulation

We use the kinetic simulator, Tenua,* to simulate the bioorthogonal tethering under various bioorthogonal
reaction rates (ki1 = 102 to 10* Ms1), kon (k2 = 103 to 10* M1s?), Kp (10 to 102 M) and effective molarity
(1to 10 M). We set the protein concentration as 1 uM.? In order to avoid non-tethering mediated inhibition,
we set the inhibitor conjugate concentration as 1 uM, which is at least 100 fold smaller than the Kp in all
cases. From the results in Supplementary Table 1, we observe that: (1) when ki << k. (Kofr), the reaction
progress depends mainly on ki and K-z (Kotf); (2) when ki >> K., (Kofr), k-2 (Kot) has little effect on the reaction
progress; (3) ka (kon) only plays a role when ki > k. (Kotr). By comparing Supplementary Tables 1 and 2,
we noticed the effective molarity has the biggest effect when ki <k., (ko). We also performed simulation
where the pathway 1 (Figure 1) was ignored (Supplementary Table S3), and the results are identical as
in Supplementary Table 1 when k. >> k. We further simulated the effect of reaction rate (k; = 102 to
10* Ms?) and small molecule concentration (10° to 10“% M) on pure bioorthogonal tethering
(Supplementary Table 2), which is exemplified by the Petersson group in inhibiting E. coli aminoacyl

transferase.®
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Supplementary Table S1. Percent conversion at different time point without rate enhancement.

k1 3
ot NG
Patthway 1 ks
X P1 P’
K Pathway 2 K
N o
ks K, = k
4N
[P1]0= 10 M ? k3= k2
[X], = 10°M k, =k,
% D k1 103 102 101 1 10 102 103 10*
. 10 i i 100 10 R 100 100 10910 10 1010 10 1010 10 10QJ10 10 10pf10 10 10
Time k2 Ko] 7, 10° 1072 4 3 10%] 7, 3 2 4 3 2 4 3 2 4 3 2 4 3 2 4 3 2
10* 0.3 | 0.03 | 0.003 3 0.3 ]0.03] 21 3 0.3 ] 60 21 3 73 60 21 75 73 60 77 77 74 86 86 85
5 min 10° 0.3 | 0.03 | 0.003 3 0.3 | 0.03] 23 3 031 73 23 3 94 73 23 97 94 73 97 97 93 97 97 96
108 0.3 | 0.03 | 0.003 3 0.3 | 0.03] 23 3 03] 74 23 3 97 75 23 99 96 74 | 100 | 99 96 | 100 | 100 | 98
10 104 0.6 | 0.06 | 0.006] 6 | 0.6 | 0.06] 35 6 |06 75| 35 6 85 | 75 | 3518 | 8 | 75187 | 87 | 8 |92 | 92 | 91
min 10° 0.6 | 0.06 | 0.006] 6 | 0.6 | 0.06] 37 6 | 06] 8 | 37 6 97 | 85 | 37 1 98 | 97 | 84 ] 98 | 98 | 96 | 99 | 98 | 97
108 0.6 | 0.06 | 0.006] 6 | 0.6 | 0.06] 37 6 | 06] 86 | 37 6 98 | 86 | 37 | 100 | 98 | 85 | 100 | 100 | 97 | 100 | 100 | 99
o 104 2 0.2 0.02 15 2 0.2 62 15 2 90 62 15 94 90 62 95 94 89 95 95 94 97 97 96
min 10° 2 0.2 0.02 15 2 0.2 64 15 2 94 64 15 99 94 64 99 99 93 99 99 98 99 99 98
108 2 0.2 0.02 15 2 0.2 64 15 2 95 64 15 99 95 64 | 100 | 99 94 | 100 | 100 | 98 § 100 | 100 | 99
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Supplementary Table S2. Conversion at different time point with rate enhancement. Values differing less than three percentage points in

comparison to Supplementary Table 1 are highlighted in blue.

P, A
K, K,
g N
Pathway 1 -3
e x P, P, D
Pathway 2 k
i§ A
2 r k, = 10K,
[PJ,=10°M k, = 10k,
[X], = 10° M P B ka=k,
% D K1 103 107 10* 1 10 102 10°
Time k> \ Kp | 104 10% 102]10* 10° 102] 10* 10° 10%]10* 10% 10%]10* 10° 102%]10* 10° 10| 10* 10° 102
10 3 03 1003} 21 3 03] 60 | 21 3 73 160 | 22 ) 75 | 73 | 60 )\ /5 | /5 | I3y 7 | T7T | T
5 min 10° 3 03 | 003} 23 3 03| 73 | 23 3 94 | 73 | 23 | 96 | 94 | 73 1 97 | 97 | 94 | 97 | 97 | 96
10° 3 03 | 0.2 | 23 3 2 75 23 | 151 96 | 75 62 ] 99 | 97 | 90 | 100 | 99 | 94 | 100 | 100 | 95
104 6 0.6 | 0.06 | 35 6 06| 75 | 35 6 85 | 75 | 3 |86 | 8 | 75 )86 | 86 | 8 | 87 | 87 | 87
10 min 10° 6 0.6 | 0.06 ] 37 6 06 ] 84 | 37 6 97 | 84 | 37 1 98 | 97 | 84 ] 98 | 98 | 97 ] 98 | 98 | 98
106 6 06 | 0.2 ] 37 6 2 86 | 37 | 15 ]1 98 | 86 | 64 | 100 | 98 | 94 | 100 | 100 | 99 | 100 | 100 | 99
104 15 2 02 ] 62 | 15 2 90 | 62 | 15 1 94 | 90 | 62 |1 95 | 94 | 90 | 95 | 95 | 94 | 95 | 95 | 95
30 min 10° 15 2 [006] 64 | 15 | 06] 94 | 64 6 99 | 94 | 37 1 99 | 99 | 86 | 99 | 99 | 98 | 99 | 99 | 100
106 15 2 02 ] 64 | 15 2 95 | 64 | 151 99 | 95 | 64 | 100 | 99 | 95 | 100 | 100 | 99 | 100 | 100 | 100
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Supplementary Table S3. Percent conversion at different time point without rate enhancement and ignoring the pathway 1 (Figure 1). Values

differing more than three percentage points in comparison to Supplementary Table 1 are highlighted in red.

2 K,
ﬂx P, — ., B — P D
k—2
[X],=10°M [P, =10¢M
% D Ky 103 102 101 1 10 10? 10° 10
e B EE I E R R R R EE R EE R E R
104 0.3 |0.03 0003} 3 0.3 ]0.03] 21 3 03] 60 | 21 3 73 |60 | 20 75| 73 |60 75 |75 | 73)75 |75 |75
5 min 10° 0.3 |0.03 0003} 3 0.3 | 0.03] 23 3 03] 73 | 23 3 94 | 73 | 23 ) 97 | 94 | 73 | 97 | 97 | 94 ) 97 | 97 | 96
108 0.3 | 0.03|0.003f) 3 0.3 | 0.03] 23 3 03] 74 | 23 3 97 | 75 | 23 1 99 | 96 | 75 | 100 | 100 | 96 ] 100 | 100 | 99
10 104 0.6 | 0.06 | 0.006 ] 6 0.6 | 0.06] 35 6 06]) 75 | 35 6 85 | 75 | 35 | 86 | 8 | 75 | 8 | 86 | 85 ] 86 | 86 | 86
min 10° 0.6 | 0.06 | 0.006 | 6 0.6 | 0.06 ) 37 6 06 ] 8 | 37 6 97 | 8 | 37 | 98 | 97 | 85 | 98 | 98 | 97 | 98 | 98 | 98
108 0.6 | 0.06 | 0.006 | 6 0.6 | 0.06 ) 37 6 06 1] 8 | 37 6 98 | 86 | 37 | 100 | 98 | 86 | 100 | 100 | 98 | 100 | 100 | 100
10 2 0.2 | 002 ] 15 2 02 ] 62 | 15 2 90 | 62 | 15 1 94 | 90 | 62 J 95 | 94 | 90 | 95 | 95 | 94 | 95 | 95 | 95
ni?n 10° 2 0.2 | 0.02 | 15 2 02 ] 64 | 15 2 94 | 64 | 151 99 | 94 | 64 1 99 | 99 | 94 | 99 | 99 | 99 | 99 | 99 | 99
108 2 0.2 | 0.02 | 15 2 02 ] 64 | 15 2 95 | 64 | 15 | 99 | 95 | 64 J 100 | 99 | 95 | 100 | 100 | 99 | 100 | 100 | 100
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Supplementary Table S4. Percent conversion at different time points in pure bioorthogonal tethering. when [P1]o = 10° M

[P,),=10°M

'I(')/IOMAE [X]o k1 103 102 10 1 10 10? 10° 104
106 0.00003 0.0003 0.003 0.03 0.3 3 23 75

5 min 10° 0.0003 0.003 0.03 0.3 3 26 94 100
10+ 0.003 0.03 0.3 3 26 95 100 100

106 0.00006 0.0006 0.006 0.06 0.6 6 38 86

10 min 10° 0.0006 0.006 0.06 0.6 6 44 100 100
10+ 0.006 0.06 0.6 6 45 100 100 100

10® 0.0002 0.002 0.02 0.2 2 15 64 95

30 min 10 0.002 0.02 0.2 2 16 82 100 100
10+ 0.02* 0.2 2 16 83 100 100 100

* 0.9% conversion after 2



2. Supplementary Figures

B chemical group that reacts with @ bioorthogonally
45 inhibitor
H inhibitor conjugate

unnatural amino acid

GENETICS

Mutagenesis Expression & identification of permissive sites
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Supplementary Figure S1. Identification of permissive sites for bioorthogonal unnatural amino acid
incorporation and the design and synthesis of inhibitor conjugates enable the identification of proteins
bearing bioorthogonal groups that can be inhibited by biorthogonal ligand tethering (BOLT).
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Supplementary Figure S2. Inhibition of MEK1 and MEK2 by 2. HEK293ET cells were transiently
transfected with MEK-HA and EGFP-ERK2 for 24 h in a low serum media. The cells were then incubated
with 2 (or DMSO for control) at the indicated concentration for 3 h, followed by western blot analysis.
EGFP-ERK?2 is detected by immunoblot (IB) for ERK and phosphorylated EGFP-ERK?2 is detected by
immunoblot for pERK. All MEK variants are HA tagged, contain DD mutations making them
constitutively active and are detected by immunoblot for HA.
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Supplementary Figure S3. Detection of MEK inhibition by monitoring phosphorylation of endogenous
ERK1/2. (a) HEK293ET cells were incubated with 10 uM inhibitor (INH) 2 or 3 for 3 h before the addition
of EGF (100 ng/ml). Cells were lysed after 15 min for the western blot analysis. (b) HEK293ET cells were
transiently transfected with MEK1(76-TAG)-HA and BCNRS/tRNAcua pair for 24 h in a low serum media
containing 0.5 mM 1, followed by incubation with 1 uM 3 for 3 h before the western blot analysis. (c)
Experiment was performed as described in (b) except wild type (wt) MEK1 was expressed and incubated
with 10 uM 2 for 0-180 min. (d) Experiment was performed as described in (b) except cells were incubated
with 1 uM 3 for 0-180 min. EGFP-ERK?2 is detected by immunoblot (IB) for ERK and phosphorylated
EGFP-ERK2 is detected by immunoblot for pERK. All MEK variants are HA tagged, contain DD
mutations making them constitutively active and are detected by immunoblot for HA.
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Supplementary Figure S4. Identification of permissive sites in MEK1 (a) and unnatural amino acid
dependence of MEKZ1(XXX-1) expression (b). HEK293ET cells were transiently transfected with MEK1-
HA, BCNRS/tRNAcua pair and EGFP-ERK?2 for 24 h in a low serum media with or without 0.5 mM 1,
followed by the western blot analysis. Variants 73-1, 76-1, 103-1, 104-1, 156-1, 260-1, 261-1, 269-1, 270-
1 and 273-1 retain the kinase activity, and their expression and kinase activity depend on the presence of
1. EGFP-ERK?2 is detected by immunoblot (IB) for ERK and phosphorylated EGFP-ERK2 is detected by
immunoblot for pERK. All MEK variants are HA tagged, contain DD mutations making them
constitutively active and are detected by immunoblot for HA. The wt* has no DD mutation and hence does
not phosphorylate ERK in the low serum media.
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Supplementary Figure S5. Full western blots of all main text experiments with corresponding figure
legends. (a) figure 2b; (b) figure 2c; (c) figure 2d; (d) figure 2e; (e) figure 3a; (f) figure 3b; (g) figure 4c;
(h) figure 5; (i) figure 6a; (j) figure 6b; (k) figure 7a. For MEK experiments pERK and HA were detected
sequentially on the same membrane (see Methods), so pERK signal is visible on HA blots.
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Supplementary Figure S6. Quantifying the concentration dependence of inhibition with 3. (a) For
guantification the MEKZ1(76-1), EGFP-ERK2 sample without inhibitor (in which EGFP-ERK2 is
maximally phosphorylated) was mixed in the indicated ratios with a MEK1-wt*, EGFP-ERK2 sample (in
which EGFP-ERK2 is not phosphorylated) to titrate the pERK signal. MEK1(76-1) was treated with
increasing concentrations of the inhibitor 3 (as described in Figure 2c and Methods). EGFP-ERK2 is
detected by immunoblot (IB) for ERK and phosphorylated EGFP-ERK2 is detected by immunoblot for
pPERK. All MEK variants are HA tagged and are detected by immunoblot for HA. MEK1(76-1) contains
DD mutations making it constitutively active, MEK1-wt* does not contain DD mutations and does not
phosphorylate EGFP-ERK?2 in the absence of stimulation. (b) The western blot signals were quantified
using the Biorad Image Lab software (version 4.1), with the signal for 100% MEK1(76-1), EGFP-ERK2
sample set to 1 and the signal for 100% MEK1-wt*, EGFP-ERK2 set to 0. This allowed a direct comparison
of the western signal arising from different fractions of the maximal phosphorylation signal to the signal
arising from different inhibitor concentrations and therefore an estimate of the extent of inhibition observed
with different inhibitor concentrations. The data represent the mean of n = 4, the error bars indicate the s.d.
At ¢ = 1.0 uM 3 we estimate > 90% inhibition. The sensitivity of the blots does not allow us to resolve
higher levels of inhibition.
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Supplementary Figure S7. Confirmation
of quantitative formation of iBOLT
product by fluorescent labelling. (a)
Tethering of MEK1(76-1) and MEK2(76-
1) with 3 or 15 is at least 99% complete.
HEK293ET cells were transiently
transfected with the corresponding MEK-
DD-HA variant, BCNRS/tRNAcua pair
and EGFP-ERK?2 for 24 h in a low serum
media with or without 0.5 mM 1, followed
by incubation with the indicated inhibitor
(INH) for 3 h before lysing the cells.
Lysates were incubated with 10 pM
TAMRA tetrazine conjugate 13 for 4 h at
0°C. Samples were then run on SDS-
PAGE gels. In gel fluorescence was
measured with excitation at 532 nm and
emission at 580 nm. Ponceau S stain
showed the total amount of protein on the
membrane before western blot analysis.
Lysates from cells that expressed either
wild type MEK or MEK(76-1) were mixed
in different ratios to compare the
fluorescent intensity with the tethered
MEK(76-1). (b) 1 uM 3 is required for
quantitative tethering of MEKZ1(76-1).
Experiments were performed as is panel
(a). Lysate from cells that expressed
MEK1(76-1) was mixed with lysate of
HEK293ET cells in different ratio to
compare the amount of tethering with 100
nM 3..
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Supplementary Figure S8. Quantifying the time course of inhibition with 3. (@) For quantification the
MEKZ1(76-1), EGFP-ERK2 sample without inhibitor (in which EGFP-ERKZ2 is maximally phosphorylated)
was mixed in the indicated ratios with a MEK1-wt*, EGFP-ERK2 sample (in which EGFP-ERK?2 is not
phosphorylated) to titrate the pERK signal. The MEK(76-1), EGFP-ERK2 sample was treated with
inhibitor 3 for increasing times (as described in Figure 2e and Methods). EGFP-ERK2 is detected by
immunoblot (IB) for ERK and phosphorylated EGFP-ERK2 is detected by immunoblot for pERK. All
MEK variants are HA tagged and are detected by immunoblot for HA. MEKZ1(76-1) contains DD
mutations making it constitutively active, MEK1-wt* does not contain DD mutations and does not
phosphorylate EGFP-ERK?2 in the absence of stimulation. (b) The western blot signals were quantified
using the Biorad Image Lab software (version 4.1), with the signal for 100% MEK(76-1), EGFP-ERK2
sample set to 1 and the signal for 100% MEK1-wt*, EGFP-ERK2 set to 0. This allowed a direct
comparison of the western signal arising from different fractions of the maximal phosphorylation signal to
the signal arising from different time points and therefore an estimate of the extent of inhibition observed
as a function of time. The data represent the mean of n = 4, the error bars indicate the s.d. After t = 10 min
we estimate > 90% inhibition. The sensitivity of the blots does not allow us to resolve higher levels of
inhibition.
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Supplementary Figure S9. Effect of
halogen substitutions (a) and linker
length (b) on inhibition. HEK293ET
cells were transiently transfected with
MEK1-DD-HA, BCNRS/tRNAcua
pair and EGFP-ERK?2 for 24 h in a low
serum media with or without 0.5 mM
1, followed by incubation with the
indicated inhibitor (INH) for 3 h
before western blot analysis. EGFP-
ERK2 is detected by immunoblot (IB)
for ERK and phosphorylated EGFP-
ERK2 is detected by immunoblot for
pERK. All MEK variants are HA
tagged, contain DD mutations making
them constitutively active and are
detected by immunoblot for HA. (¢)
Quantitative formation of MEK1(76-
1) tethered 7-11. Experiment was
performed as in Supplementary Figure
S7.
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Supplementary Figure S10. (a) UV/Vis spectra of compound trans-12 (0.5 mM, DMSO, 23°C). (b)
UV/Vis spectra of compound cis-12 (0.5 mM, DMSO, 23°C) after irradiation with UV light (360 nm, 30
sec). Irradiation of cis-12 with blue light (440 nm, 30 sec) leads to the recovery of the trans-12 spectra. (c)
Kinetic scanning of the UV/Vis spectra of compound 12 after irradiation (360 nm, 30 sec, 0.5 mM, DMSO,
intervals of 10 min, 23°C). Thermal relaxation leads to the full recovery of the trans-state after 3.5 h.
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Supplementary Figure S11. A photo-BOLT experiment (see Figure 4) with phosphorylation standards.
(a) For quantification the MEK1(104-1), EGFP-ERK2 sample without inhibitor (in which EGFP-ERK2 is
maximally phosphorylated) was mixed in the indicated ratios with a MEK1-wt*, EGFP-ERK2 sample (in
which EGFP-ERK2 is not phosphorylated) to titrate the pERK signal. The MEK1(104-1), EGFP-ERK2
sample was treated with inhibitor 12 for increasing times (as described in Figure 4 and Methods). EGFP-
ERK2 is detected by immunoblot (IB) for ERK and phosphorylated EGFP-ERK2 is detected by
immunoblot for pERK. All MEK variants are HA tagged and are detected by immunoblot for HA.
MEKZ1(104-1) contains DD mutations making it constitutively active, MEK1-wt* does not contain DD
mutations and does not phosphorylate EGFP-ERK?2 in the absence of stimulation. (b) The western blot
signals were quantified using the Biorad Image Lab software (version 4.1), with the signal for 100%
MEK1(104-1), EGFP-ERK2 sample set to 1 and the signal for 100% MEK1-wt*, EGFP-ERK?2 set to 0.
This allowed a direct comparison of the western signal arising from different fractions of the maximal
phosphorylation signal to the signal arising from different treatments and therefore an estimate of the extent
of inhibition. The data represent the mean of n = 4, the error bars indicate the s.d. We estimate that
inhibition in this experiment > 90%. The sensitivity of the blots does not allow us to resolve higher levels
of inhibition.
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Supplementary Figure S12. (a) Expression of MEK2 variants depends on the presence of unnatural amino
acid 1. HEK293ET cells were transiently transfected with MEK2-DD-HA, BCNRS/tRNAcua pair and
EGFP-ERK2 for 24 h in a low serum media with or without 0.5 mM 1, followed by western blot analysis.
EGFP-ERK2 is detected by immunoblot (IB) for ERK and phosphorylated EGFP-ERK?2 is detected by
immunoblot for pERK. All MEK variants are HA tagged, contain DD mutations making them
constitutively active and are detected by immunoblot for HA. MEK2 mutants using MEK1 numbering. (b)
Concentration dependence of inhibiting MEK2(76-1). Experiment was performed as in (a), except cells
were treated with 3 for 3 h at different concentrations before western blot analysis. (c) Time dependence
of inhibiting MEK2(76-1) by 1 uM 3. Experiment was performed as in (a), except cells were incubated
with 1 uM 3 for 0-180 min before western blot analysis.
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Supplementary Figure S13. Concentration (a) and time (b) dependence of MEK1(76-1) inhibition by 15.
HEK293ET cells were transiently transfected with MEK-DD-HA, BCNRS/tRNAcua pair and EGFP-
ERK2 for 24 h in a low serum media with 0.5 mM 1, followed by incubation with the inhibitor (INH)
before western blot analysis. EGFP-ERK2 is detected by immunoblot (IB) for ERK and phosphorylated
EGFP-ERK2 is detected by immunoblot for pERK. All MEK variants are HA tagged, contain DD
mutations making them constitutively active and are detected by immunoblot for HA. (a) Cells were
incubated with the indicated inhibitor for 3 h. (b) Cells expressing MEK1(76-1) were incubated with 1 pM
15 for 0-180 min.
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Supplementary Figure S14. (a) iBOLT of MEK1(XXX-16) variants by conjugates 3 and 15. HEK293ET
cells were transiently transfected with MEK1-DD-HA, PyIS/tRNAcua pair and EGFP-ERK2 for 24 hiina
low serum media with 0.1 mM 16, followed by incubation with 1 uM 3 or 15 for 3 h before western blot
analysis. EGFP-ERK2 is detected by immunoblot (IB) for ERK and phosphorylated EGFP-ERK2 is
detected by immunoblot for pERK. All MEK variants are HA tagged, contain DD mutations making them
constitutively active and are detected by immunoblot for HA. (b) Concentration dependence of inhibiting
MEKZ1(76-16). Experiment was performed as in a, except cells were incubated with 3 at different
concentrations for 3 h. (c) Time dependence of inhibiting MEK1(76-16) by 1 uM 3. Experiment was
performed as in (a), except cells were incubated with 1 uM 3 for 0-180 min.
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Supplementary Figure S15. Expanding iBOLT to LCK. (a) Sites for substitution with unnatural amino
acid in LCK. LCK (blue) and MEK1 (grey) are aligned. The substitution sites in LCK are highlighted in
orange and labeled. The active sites of MEK1 are highlighted in green and labeled in parenthesis. ATP is
shown as yellow spheres. (b) Expression of LCK(XXX-16)-GFP variants depends on the presence of
unnatural amino acid 16. HEK-TCR cells were transiently transfected with LCK-GFP and PylIS/tRNAcua
pair with or without 0.1 mM 16 for 24 h, followed by western blot analysis. The activity of LCK(438-16)-
GFP is weaker in comparison to other active variants. (c) Inhibition of LCK(XXX-16)-GFP variants by
conjugate 15. Experiment was performed as in (a), and cells were incubated with 1 uM 15 for 3 h before
western blot analysis.
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Supplementary Figure S16. Effect of inhibitors PP1 and 15 on LCK activity. (a) HEK-TCR cells were
transiently transfected with LCK-GFP and ZAP70-mCherry for 24 h, followed by incubation with 10 uM
of the corresponding inhibitor for 3 h before western blot analysis. (b) Chemical structure of PP1.
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Supplementary Figure S17. Inhibition of LCK(250-16)-GFP by conjugate 15 at different concentrations
(a) and time points (b). HEK-TCR cells were transiently transfected with LCK-GFP, PyIStRNAcua pair
and ZAP70-mCherry with 0.1 mM 16 for 24 h, followed by incubation with conjugate 15 before western
blot analysis. (a) Cells were incubated with 15 at different concentrations for 3 h. (b) Cells were incubated
with 1 uM 15 for 0-180 minutes.
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3. Molecular Biology Methods

3.1 Construction of the Plasmids

The plasmids pCMV-EGFP-ERK24 pEFla-FLAG-PYIRS-4xU6-PyITY2¢ (for the expression of
pyrrolysyl tRNA synthetase and pyrrolysyl tRNAcua that directs the incorporation of 16)° and pHR-
ZAP70-mCherry® were described previously. pEFla-FLAG-MbBCNRS-4xU6-PyITY%C  (for the
pyrrolysyl tRNA synthetase and pyrrolysyl tRNAcua that directs the incorporation of 1) was constructed
from pEF1a-FLAG-PYIRS-4xU6-PylTY%C by replacement of the PyIRS gene with MbBCNRS.’

Construction of pPCMV-FLAG-MbBCNRS-CMV-MEKZ1-DD-HA for the expression of constitutively
active MEK1 wt and mutants

The plasmid pCMV-FLAG-MbBCNRS-CMV-EGFR(128TAG)-GFP-HA?® was digested with Bmtl-HF,
PfIMI and Mlul, and the digested vector containing FLAG-MbBCNRS (6.1 kb) was purified by gel
extraction. The plasmid pCMV-FLAG-MbPCKRS-CMV-MEK1(wt)-DD-HA* was digested with Bmtl-
HF and Ascl, and the digested insert containing MEK1-DD-HA (1.2 kb) was purified by gel extraction.
The plasmid pCMV-FLAG-MbBCNRS-CMV-MEK1(wt)-DD-HA was obtained by ligation of the vector
and the insert by T4 ligase.

Mutants MEK1(78TAG), MEK1(156TAG), MEK1(223TAG), MEK1(225TAG), MEK1(226TAG),
MEKZ1(260TAG) and MEK1(261TAG) were prepared by site-directed mutagenesis using the plasmid
pCMV-FLAG-MbBCNRS-CMV-MEK1(wt)-DD-HA as the template.

For mutants containing amber codon at the site E72, A76, E102, 1103, K104, K185, D217, N221, G237,
K269, E270 or L273, the fragment of MEK1(15-299, 72TAG, S218D, S222D), MEK1(15-299, 76 TAG,
S218D, S222D), MEK1(15-299, 102TAG, S218D, S222D), MEK1(15-299, 103TAG, S218D, S222D),
MEK1(15-299, 104TAG, S218D, S222D), MEK1(15-299, 185TAG, S218D, S222D), MEK1(15-299,
217TAG, S218D, S222D), MEK1(15-299, 221TAG, S218D, S222D), MEK1(15-299, 237TAG, S218D,
S222D), MEK1(15-299, 269TAG, S218D, S222D), MEK1(15-299, 270TAG, S218D, S222D) and
MEK1(15-299, 273TAG, S218D, S222D) were purchased (GeneArt String DNA Fragments, Life
Technologies). These fragments were cloned into pCMV-FLAG-MbBCNRS-CMV-MEK1(wt)-DD-HA
using Hpal and Xmal sites to afford the mutant plasmids.

For mutants containing an amber codon at the site A309, F311 or D315, the fragment of MEK1(288-372,
309TAG), MEK1(288-372, 311TAG) and MEK1(288-372, 315TAG) were purchased (GeneArt String
DNA Fragments, Life Technologies). These fragments were cloned into pCMV-FLAG-MbBCNRS-CMV-
MEKZ1(wt)-DD-HA using Xmal and BbvCl sites to afford the mutant plasmids.

Construction of pEFla-MEK1-DD-HA-4xU6-PyITY?5¢ for the expression of constitutively active
MEK1 wt and mutants

The plasmid pEFla-FLAG-MbBCNRS-4xU6-PylTY%¢ was digested with Nhel-HF and EcoRI-HF, and
the digested vector containing 4xU6-PylTY%¢ (8.1 kb) was purified by gel extraction. The genes
MEK1(wt)-DD-HA, MEKI1(73TAG)-DD-HA, MEKI1(76TAG)-DD-HA, MEKI1(103TAG)-DD-HA,
MEK1(104TAG)-DD-HA, MEK1(156TAG)-DD-HA, MEK1(260TAG)-DD-HA, MEK1(261TAG)-DD-
HA, MEK1(269TAG)-DD-HA, MEK1(270TAG)-DD-HA and MEK1(273TAG)-DD-HA were amplified
from the corresponding plasmid pCMV-FLAG-MbBCNRS-CMV-MEK1-DD-HA by the forward
(TGACCGGCGCCTACTCTAGAGCTAGCGTTTAAACTTAAGCTTGCCACCATGCCCAAGAAGA
AGC) and reverse (CACTGTGCTGGATATCTGCAGAATTCCACCACACTGGACTAGTGGATCCTT
ATCATTAAGCGTAATCTGGAACATCG) primers (1.2 kb). Gibson assembly of the vector and the
corresponding PCR fragment afforded the corresponding MEK1 plasmid.
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Construction of pEFla-MEK2-DD-HA-4xU6-PyITU?¢ for the expression of constitutively active
MEK?2 wt and mutants

The plasmid pEFla-MEK1-DD-HA-4xU6-PyITU¢ was digested with Aflll and BamHI-HF, and the
digested vector containing 4xU6-PyITY%C (8.1 kb) was purified by gel extraction. The gene MEK2(wt)-
DD-HA was obtained by PCR mutagenesis of MEK2 gene (Origene SC110003) with primers
CTCTAGAGCTAGCGTTTAAACTTAAGCTTGCCACCATGCTGGCCCGGAGGAAG and GTCGAT
GAGCTGGCCGCTCAC (0.7 kb) and TGAGCGGCCAGCTCATCGACGACATGGCCAACGACTT
CGTGGGCACGCGCTCCTAC and TTCCACCACACTGGACTAGTGGATCCT TATCATTAAGCGT
AATCTGGAACATCGTATGGGTACATCACGGCGGTGCGCGTG (0.6 kb). The plasmid pEFla-
MEK2(wt)-DD-HA-4xU6-PylTY%C was obtained by Gibson assembly of the vector and the two PCR
fragments. MEK2 mutant plasmids were prepared by site-directed mutagenesis using the plasmid pEFla-
MEK2(wt)-DD-HA-4xU6-PyITU%C as the template.

Construction of pEFla-LCK-GFP-4xU6-PylTY%C for the expression of LCK wt and mutants

The plasmid pEFla-MEK1-DD-HA-4xU6-PyITY%C was digested with Nhel and Sall-HF, and the digested
vector containing 4xU6-PyITY%C (5.9 kb) was purified by gel extraction. The gene LCK-GFP was PCR
amplified with primers TGACCGGCGCCTACTCTAGAGCTAGCGTTTAAACTTAAGCTTGCCA
CCATGGGCTGTGGCTGC and TTGTAATCCAGAGGTTGATTGTCGACGCGGCCGCTTTACTTG
TACAG (2.3 kb) from pHR-LCK-GFP.® The plasmid pEFla-LCK-GFP-4xU6-PylTY25¢ was obtained by
Gibson assembly of the vector and the PCR fragment. LCK mutant plasmids were prepared by site-directed
mutagenesis using the plasmid pEF1a-LCK-GFP-4xU6-PylTY%C as the template.

3.2 Cell Culture

The HEK-TCR cell line was created in a similar manner to that used previously.® Briefly, lentivirus was
produced from a plasmid that expresses the CD3y, 9, €, & genes and another that expresses the 1G4 TCR
clone before being combined and used to infect HEK293T cells. TCR-positive HEK cells were confirmed
by flow cytometry, single-cell sorted and a clone expressing physiological levels was grown up for
subsequent experiments.

HEK293ET and HEK-TCR cells were grown at 37°C in 5% CO; atmosphere in DMEM + GlutaMAX
medium (Gibco) supplemented with 10% fetal bovine serum (FBS) for 24 hours before transfection.
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4. Chemical Synthesis

4.1 General Remarks

Solvents and Reagents: Unless stated otherwise, solvents and dry solvents like dichloromethane,
tetrahydrofuran (THF), toluene, acetonitrile, dimethylformamide (DMF) and diethyl ether were purchased
from Sigma-Aldrich. Unless stated otherwise all of these chemicals were used without further purification.
The following reagents and building blocks were prepared according to literature procedures: inhibitor 2,°
(4-(1,2,4,5-tetrazin-3-yl)phenyl)methanamine hydrochloride,® ° methyl 3-aminopropanoate hydro-
chloride 9a,* TAMRA-conjugate 13,12 methyl 6-aminohexanoate hydro-chloride 15j,'* 1,3-cyclopropene
containing amino acid 16.1%

Reaction Handling: Unless stated otherwise all non-aqueous reactions were performed in flame-dried
glassware under an atmosphere of argon. All flasks were equipped with rubber septa and reactants were
handled using standard Schlenk techniques. Temperatures above the room temperature refer to oil bath
temperatures which were controlled by a thermostat. Reactions were magnetically stirred and monitored
by thin layer chromatography (TLC) unless otherwise noted.

Analytical Thin Layer Chromatography was carried out with "LuxPlate® silica gel 60 F254" sheets from
Merck. Detection was carried out using UV light (254 nm and 366 nm) or permanganate (0.6% KMnOQO, in
water with 1.0% K>COs). Concentrations under reduced pressure were performed by rotary evaporation at
40°C at the appropriated pressure, unless otherwise noted. Flash column chromatography was
accomplished using silica gel S (pore size 60 A, 0.040-0.063 mm) from Sigma-Aldrich. The yields given
refer to the isolated yields.

'H-NMR spectra were recorded at room temperature on Bruker AVB-400 spectrometer with *H operating
frequency of 400 MHz. Unless stated otherwise all spectra were recorded at room temperature in CDCls,
d3-MeOD, d5-DMSO and all chemical shifts are given in § units relative to CHCIs (central line of singlet:
8H = 7.27), MeOH (central line of quintet: 3H = 3.31) or DMSO (central line of quintet: 8H = 2.50).*
Analyses followed first order and the following abbreviations were used throughout: s = singlet, br. s. =
broad singlet, d = doublet, t = triplet, q = quartet, quin = quintet, sxt = sextet, sept = spt, dd = doublet of
doublet, dt = doublet of triplet, m = multiplet, m. = centered multiplet. Coupling constants through n bonds
("J) are given in Hertz [Hz].

13C-NMR spectra were recorded at room temperature on Bruker AVB-400 spectrometer with *C operating
frequency of 101 MHz. Unless stated otherwise all spectra were recorded at room temperature in CDCls,
d*-MeOD, d®-DMSO and all chemical shifts are given in & units relative to CHCI; (central line of triplet:
dC = 77.00), MeOH (central line of quintet: 6C = 49.51) or DMSO (central line of quintet: 3C = 39.51).
The following abbreviation was used throughout: s = singlet, d = doublet, dd = doublet of doublet. If no
coupling constants are given, the multiplicity refers to the *H-decoupled spectra.

* chem. shifts associated with the major rotamer are marked with an asterisk.
# chem. shifts associated with the minor rotamer are marked with a hash.

Mass spectra (MS) were recorded on an Agilent 1200 LC-MS system with a 6130 Quadrupole
spectrometer for ESI-MS. The solvent system consisted of 0.2 % formic acid in H.O as buffer A, and 0.2
% formic acid in MeCN as buffer B. Small molecule LC-MS was carried out using a Phenomenex Jupiter
C18 column (150 x 2 mm, 5 um). Variable wavelengths were used and MS acquisitions were carried out
in positive and negative ion modes.

IUPAC names and atom numbering of the compounds described in the experimental section were
determined with the program ChemDraw ultra 13.0.
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4.2 Synthesis of Compound 3
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Scheme S1. Synthesis of compound 3.

3,4-Difluoro-2-((2-fluoro-4-iodophenyl)amino)benzoic acid (3a)

HO.__O F
H
F |
F 3a

Representative procedure for the nucleophilic substitution:

2,3,4-Trifluorobenzoic acid (1.00 g, 5.68 mmol, 1.0 eq) and 2-fluoro-4-iodoaniline (1.31 g, 5.96 mmol,
1.05 eq) were dissolved in THF (5 mL). 10% of this mixture was slowly added to a stirring slurry of LiNH,
(456 mg, 19.9 mmol, 3.5 eq) in THF (5 mL) at 50°C. After stirring for 30 min the rest of the mixture was
slowly added over a period of 1 h and stirring was continued while maintaining the temperature at 50°C
until the reaction was completed (1.5 h). The reaction mixture was then cooled to rt and quenched by the
addition of 6N HCI (5 mL), followed by the addition of Et,O (15 mL). The aqueous phase was separated,
the organic phase was washed with 3 x 5 mL brine and dried over MgSQO.. After evaporation of the solvent
in vacuo product 3a (2.17 g, 5.52 mmol, 97% yield) was obtained as a grey solid without any further
purification.

TLC: Rf = 0.28 (hexane/ethyl acetate = 1:1). *H NMR (d3*-MeOD, 400 MHz): § =6.74 (1 H,d, J=5.4
Hz),6.90 (1 H,d,J=7.8 Hz), 7.40 (1 H,d, J= 7.9 Hz), 7.47 (1 H, d, J = 8.8 Hz), 7.89 (1 H, br). 3C NMR
(d*-MeOD, 101 MHz): & =84.18 (d, Jcr = 7.3 Hz), 109.49 (d, Jcr = 18.3 Hz), 116.47, 123.08 (d, Jcr =
5.1 Hz), 125.44 (d, Jcr = 22.1 Hz), 129.29 (dd, Jcr = 9.2, 3.3 Hz), 131.69 (d, Jcr = 10.3 Hz), 134.57 (d,
Jor = 2.9 Hz), 137.14 (dd, Jcr = 9.5, 1.9 Hz), 143.45 (dd, Jcr = 248.0, 14.7 Hz), 155.46 (d, Jcr = 253.0
Hz), 155.58 (dd, Jcr = 250.0, 3.9 Hz), 170.20. ESI-MS [M-H] calculated for C13HsO-NFl: 391.9; found:
391.8.

6-(2-((4-1odo-2-fluorophenyl)amino)-3,4-difluorobenzamido)hexanoic acid (3b)

H
Ho\ng\/N 0 .
4 H
st
F [
Foap
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Representative procedure for the amide coupling:

A solution of 3,4-difluoro-2-((2-fluoro-4-iodophenyl)amino)benzoic acid 3a (400 mg, 1.02 mmol, 1.0 eq)
in THF (15 mL) under argon atmosphere was cooled down to -30 °C, treated with N-methylmorpholine
(151 pL, 1.37 mmol, 1.35 eq) and isobutyl chloroformate (158 uL, 1.20 mmol, 1.2 eq). The resulting
mixture was stirred at this temperature for 15 min, before 6-aminohexanoic acid (189 pL, 2.00 mmol,
1.0 eq) in THF (5 mL) was added. Afterwards the reaction mixture was slowly warmed up to rt and stirred
overnight. The solvent was removed in vacuo, the residue was slurrying in ethyl acetate (50 mL), filtrated
and washed exhaustively with ethyl acetate, before the solution was dried with MgSO., filtrated. After
evaporation of the solvent in vacuo, the obtained crude product was purified by flash column
chromatography on silica gel (ethyl acetate/n-hexane 3:1 to 1:1) to give amide 3b (272 mg, 0.540 mmol,
53% yield) in form of white crystals.

TLC: Rs = 0.53 (hexane/ethyl acetate = 1:1). *H NMR (d*-MeOD 3, 400 MHz): § = 1.27 - 1.43 (2 H, m),
1.44-156 (2H, m),1.61(2H,dqg,J=15.0,7.3Hz),226(2H,t J=7.4Hz),327 (2H,t J=7.0Hz),
6.57 (1 H,td, J=8.7,45Hz), 7.03 (L H, td, J = 9.3, 7.2 Hz), 7.26 - 7.38 (1 H, m), 7.38 - 7.46 (2 H, m).
BC NMR (d*-MeOD3, 101 MHz):*§ =25.9,27.7, 30.1, 35.0, 40.8, 81.9, 111.7 (d, Jc r = 18.3 Hz), 116.4,
120.5, 125.2, 125.4, 133.1 (d, Jcr = 10.3 Hz), 134.6, 142.1, 145.3 (d, Jcr = 246.8 Hz), 154.3 (d, JcF =
259.0 Hz), 155.6 (d, Jcr = 252.0 Hz), 169.4, 177.7. ESI-MS [M-H] calculated for C19H1703N2F3l: 505.0;
found: 505.3.

N-(6-((4-(1,2,4,5-Tetrazin-3-yl)benzyl)amino)-6-oxohexyl)-2-((2-fluoro-4-iodophenyl)amino)-3,4-
difluorobenzamide (3)

r/N\
N

|
N H H
N Moo
4 H
o] N
3
F I
F

Representative procedure for the tetrazine-coupling:

Amide 3b (18.0 mg, 35.5 umol, 1.0 eq), (4-(1,2,4,5-tetrazin-3-yl)phenyl)methanamine hydrochloride
(12.0 mg, 53.3 pmol, 1.5 eq), EDCI hydrochloride (17.0 mg, 88.9 pmol, 2.5eq) and BtOH (1.1 mg,
7.1 umol, 0.2 eq) were dissolved in dry DMF (2.5 mL). Then pyridine (14 uL, 177 umol, 5.0 eq), was
added dropwise and the mixture was stirred for 18 h at rt. After the addition of water (5 mL) the pink
reaction mixture was extracted with 3 x 10 mL EtOAc, dried over MgSQy, filtered off and the solvent was
removed under reduced pressure. The crude product was then purified by flash column chromatography
on silica gel (hexane/ethyl acetate 1:1 to pure ethyl acetate) to afford the pink tetrazine conjugate 3
(15.8 mg, 23.3 umol, 66% yield).

TLC: R = 0.35 (ethyl acetate). 'H NMR (d®-DMSO, 400 MHz): 6 =1.21 - 1.34 (2 H, m), 1.39 - 1.52 (2
H, m), 1.52 -1.63 (2H, m), 2.17 (2H,t,J=7.4Hz),3.19 (2 H, q,J = 6.3 Hz), 4.38 (2 H, d, J = 5.7 Hz),
6.68 (LH,d,J=53Hz), 718 (1 H,d,J=75Hz),7.37 (1H,d,J=85Hz), 752 (2 H,d,J=8.1Hz),
7.49-7.55 (1 H, m), 7.58 (1 H, dd, J = 10.8, 1.8 Hz), 8.40 - 8.44 (1 H, m), 8.45 (2 H, d, J = 8.3 Hz), 8.70
(1H,t,J=55Hz),9.28 (1L H,s), 10.58 (1 H, s). *C NMR (d®-DMSO, 101 MHz):1¥ § = 25.0, 26.1, 28.5,
35.2,38.9,41.8,82.2 (d, Jcr = 7.8 Hz), 109.6 (d, JcF = 17.6 Hz), 120.0, 122.2, 123.6 (d, Jcr = 21.0 Hz),
124.6 (dd, JcF=11.8, 2.9 Hz), 127.8 (2 C), 128.0 (2 C), 130.3, 130.7 (dd, Jcr = 10.5, 2.2 Hz), 131.7, 133.1
(d, JcF = 2.9 Hz), 142.7 (d, Jcr = 257.0 Hz), 145.1, 151.6 (d, Jc,r = 253.0 Hz), 152.6 (d, Jcr = 247.4 Hz),
158.1, 165.4, 166.7, 172.2. ESI-MS [M+H]" calculated for CasH20.N7F3l: 676.1; found: 675.8.
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4.3 Synthesis of Compound 4

N-(6-(([1,1'-Biphenyl]-4-ylmethyl)amino)-6-oxohexyl)-2-((4-bromo-2-chlorophenyl)amino)-3,4-
difluorobenzamide (4)

NH, H
HO N (@]
N N (@]
+ 4 u F
F | (@] N
O F 3b 4
F |
F

Scheme S2. Synthesis of compound 4.

The representative procedure given for tetrazine conjugate 3 was carried out with compound 3b (100 mg,
198 umol, 1.0 eq) and 4-phenylbenzylamine (56.8 mg, 296 pmol, 1.5 eq) to afford the conjugate 4 (110
mg, 163 umol, 83% yield) after flash column chromatography on silica gel (hexane/ethyl acetate 2:1 to
pure ethyl acetate).

TLC: R = 0.41 (ethyl acetate). *H NMR (d-DMSO, 400 MHz): &= 1.20 - 1.33 (2 H, m), 1.43 - 1.62 (4
H, m), 2.14 (2 H,t,J = 7.4 Hz), 3.15 - 3.24 (2 H, m), 4.28 (2 H, d, J = 5.9 Hz), 6.67 (L H, td, J = 8.8, 5.3
Hz), 7.17 (1 H, td, J = 9.2, 7.6 Hz), 7.28 - 7.34 (2 H, m), 7.34 - 7.39 (2 H, m), 7.41 - 7.47 (2 H, m), 7.51 -
7.57 (LH, m), 7.57 - 7.64 (5 H, m), 8.27 - 8.34 (1 H, m), 8.69 (1 H, t, J = 5.6 Hz), 9.29 (1 H, 5). ®C NMR
(d®-DMSO, 101 MHz):% § = 25.0, 26.2, 28.5, 35.3, 38.9, 41.7, 82.2 (d, Jc s = 7.3 Hz), 109.6 (d, Jcr = 17.6
Hz), 120.0 (d, Jcr = 2.9 Hz), 122.2, 123.5 (d, Jcr = 20.5 Hz ), 124.6 (d, JcF = 8.8 Hz), 126.5 (2 C), 126.6
(2C), 127.3,127.8 (2 C), 128.9 (2 C), 130.8 (d, Jcr = 11.0 Hz), 131.8 (d, Jc = 8.1 Hz), 133.2 (d, Jcr =
2.2 Hz), 138.6, 139.0, 140.0, 142.6 (dd, Jer =250.0, 13.9 Hz), 151.7 (dd, Jcr = 249.0, 11.7 Hz), 152.6 (d,
Jor = 247.0 Hz), 166.7, 172.1. ESI-MS [M+H]"* calculated for Ca,HsgO.N3BrCIF2: 640.1; found: 640.4.

4.4 Synthesis of Compound 5

HO.__O H (/N‘N
HO.__O HO N.__O |
E Cl A cl Ny
H H N H H
N O N NW\/N 0 o
F o N
F + — F ! — F I —_—
F 5a F 5b 5
Cl
+ +

HoN

Scheme S3. Synthesis of compound 5.

3,4-Difluoro-2-((2-chloro-4-iodophenyl)amino)benzoic acid (5a)

HO.__O

H Cl
N

F |

5a
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The representative procedure given for 3a was carried out with 2-chloro-4-iodoaniline (1.51 g, 5.96 mmol,
1.05 eq) to afford 5a (2.07 g, 5.05 mmol, 89% vyield) as a brown solid.

TLC: R = 0.34 (hexane/ethyl acetate = 1:1). *H NMR (d*-MeOD, 400 MHz): § = 6.66 (1 H, dd, J = 8.6,
7.1Hz),6.97 (1H,td,J=9.3,7.1Hz), 750 (1 H,dd,J=8.6,1.9Hz),7.72 (1 H,d, J =19 Hz), 7.92 (1
H, ddd, J=9.0, 5.9, 2.1 Hz). **C NMR (d*-MeOD, 101 MHz): § =84.0, 110.3 (d, Jcr = 18.3 Hz), 117.5,
121.2,121.2, 126.0, 129.4 (dd, Jcr = 9.2, 4.0 Hz), 137.5, 138.5, 140.2, 143.3 (d, Jcr = 256.4 Hz), 155.4
(d, Jc e = 245.1 Hz), 170.0. ESI-MS [M-H]" calculated for C13HsO2NCIF:I: 407.9; found: 408.1.

6-(2-((4-1odo-2-chlorophenyl)amino)-3,4-difluorobenzamido)hexanoic acid (5b)

H

HO N O
TN, @
N

(e}

F I
F 5b

The representative procedure given for amide 3b was carried out with 3,4-difluoro-2-((2-chloro-4-
iodophenyl)amino)benzoic acid 5a (400 mg, 977 umol, 1.0 eq) to afford 5b (209 mg, 400 umol, 41% yield)
as a white solid after flash column chromatography on silica gel (hexane/ethyl acetate 3:1 to 1:1).

TLC: Rr = 0.51 (hexane/ethyl acetate = 1:1). *H NMR (d*-MeOD, 400 MHz): § = 1.27 - 1.38 (2 H, m),
1.48-1.67 (4H, m),2.25(2H,t,J=7.4Hz),3.26-3.29 (2H, m), 6.49 (L H, dd, J = 8.6, 5.6 Hz), 7.04 -
713 (1 H, m),7.44 (1 H,dd, J=8.4,18Hz), 7.45-7.49 (1 H, m), 7.68 (1 H, d, J = 1.9 Hz). *C NMR
(d®-MeOD, 101 MHz):*®* § = 25.9, 27.6, 30.1, 34.9, 40.8%, 41.0%, 82.2, 112.3 (d, Jcr = 17.6 Hz), 118.9,
119.0, 124.3, 125.6 (dd, Jcr = 8.4, 4.8 Hz), 126.1, 132.3, 137.6, 138.5, 141.2, 145.2 (d, Jcr = 233.9 Hz),
154.1 (dd, Jc e = 249.3, 11.9 Hz), 169.3, 177.6. ESI-MS [M-H] calculated for C19H1703NCIF,l: 521.0;
found: 521.2.

N-(6-((4-(1,2,4,5-Tetrazin-3-yl)benzyl)amino)-6-oxohexyl)-2-((2-chloro-4-iodophenyl)amino)-3,4-

difluorobenzamide (5)
N.
oy
H H
NT@\)“VN oH o
(0] N
5

F |
F

The representative procedure given for tetrazine conjugate 3 was carried out with compound 5b (18.7 mg,
35.7 umol, 1.0 eq) to afford the tetrazine conjugate 5 (14.9 mg, 22.6 umol, 63% yield) after flash column
chromatography on silica gel (hexane/ethyl acetate 1:1 to pure ethyl acetate).

TLC: R = 0.31 (ethyl acetate). 'H NMR (d°-DMSO, 400 MHz): 6 =1.25 - 1.35 (2 H, m), 1.45 - 1.52 (2
H, m),1.52-161(2H, m),2.17 (2H,t,J=7.4Hz),3.14 -3.24 (2H, m), 438 (2H, d, J =5.9 Hz), 6.60
(1H,dd,J=8.4,70Hz),7.23(1H,ddd, J=9.7,9.2, 70 Hz), 7.46 - 7.50 (1 H, m), 7.52 (2 H, d,J=8.5
Hz), 7.54-759 (1 H, m),7.76 (1H,d,J=19Hz),839-844 (1H,m),845(2H,d,J=83Hz),875(1
H,t,J=55Hz),9.42 (1 H, s), 10.58 (1 H, s). *C NMR (d®-DMSO, 101 MHz):* § =25.0, 26.1, 28.5,
35.2,38.9, 41.8, 82.6, 110.2 (d, Jcr = 19.1 Hz), 118.4, 122.6, 122.8, 125.3 (m), 126.4, 127.8 (2 C), 128.0
(2C),130.3,136.1, 136.5, 137.2 (d, Ic s = 241.0 Hz), 138.9, 145.1, 151.6 (d, Jc,r = 249.0 Hz), 158.1, 165.4,
166.6, 172.2. ESI-MS [M+H]" calculated for C2sH2602N-CIF-l: 691.1; found: 690.7.
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4.5 Synthesis of Compound 6

HO.__O H (/N‘N
HO.__O HO N._O Ne
F Ho 4 Ho§ N H H
N (0] N NT(@\)\/N 0 .
F 4 H
F. F Br F Br - 0 N
F F  6a F  6b 6
+ + F Br
HaN - NHyHCI
fj O R F
4
Br 0 N=N

Scheme S4. Synthesis of compound 6.

3,4-Difluoro-2-((4-bromo-2-fluorophenyl)amino)benzoic acid (6a)

HO.__O E
H
F Br
F 6a

The representative procedure given for 3a was carried out with 4-bromo-2-fluoroaniline (1.13 g, 5.96
mmol, 1.05 eq) to afford 6a (1.89 g, 5.46 mmol, 96% yield) as a brown solid.

TLC: R = 0.30 (hexane/ethyl acetate = 1:1). *H NMR (d3-MeOD, 400 MHz): § = 6.84 - 6.96 (2 H, m),
7.19-7.27 (L H, m), 7.34 (1 H, dd, J = 10.7, 2.2 Hz), 7.89 (1 H, ddd, J = 9.0, 6.0, 2.2 Hz). 3C NMR (d*-
MeOD, 101 MHz): 6 =109.4 (d, Jcr = 18.3 Hz), 115.3 (d, Jcr = 8.8 Hz), 116.4, 119.8 (d, J = 23.0 Hz),
123.0 (d, J = 3.7 Hz), 128.5 (d, J = 3.7 Hz), 129.3 (dd, J = 9.9, 4.0 Hz), 131.1, 134.7, 137.4, 140.9 (d, Jcr
= 235.4 Hz), 155.5 (dd, Jcr = 253.0, 11.0 Hz), 155.8 (d, Jc.r = 249.0 Hz), 170.2. ESI-MS [M-H]- calculated
for C13HsO2NF3Br: 344.0; found: 344.2.

6-(2-((4-Bromo-2-fluorophenyl)amino)-3,4-difluorobenzamido)hexanoic acid (6b)

HO N o
YN,k
) N(j
F Br
F 6b

The representative procedure given for amide 3b was carried out with 3,4-difluoro-2-((4-bromo-2-
fluorophenyl)amino)benzoic acid 6a (400 mg, 1.16 mmol, 1.0 eq) to afford 6b (241 mg, 525 pmol, 45%
yield) as a brown solid after flash column chromatography on silica gel (hexane/ethyl acetate 3:1 to 1:1).

TLC: Rs = 0.49 (hexane/ethyl acetate = 1:1). *H NMR (d*-MeOD, 400 MHz): § = 1.13 - 1.32 (m), 1.41
(dd, J = 14.6, 7.3 Hz), 1.47 - 1.58 (m), 2.16" (t, J = 7.3 Hz), 2.20" (t, J = 7.2 Hz), 3.00 - 3.13" (m), 3.15 -
3.19% (m), 7.18 - 7.26 (M), 7.26 - 7.37 (m). 3C NMR (d*-MeOD, 101 MHz):** § = 25.9, 27.7, 30.0, 34.9,
40.9, 111.5, 117.6 (d, Jor = 19.8 Hz), 119.9, 120.9 (d, Jcr = 17.5 Hz), 124.9 (d, Jcr = 13.2 Hz), 128.5,
128.9,131.7,134.0, 145.0 (d, Jc.r = 246.0 Hz), 153.2 (d, Jcr = 210.1 Hz), 153.8 (d, Jcr = 237.0 Hz), 167.9,
177.6. ESI-MS [M-H] calculated for C19H1703N2BrFs: 457.0; found: 456.9.
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N-(6-((4-(1,2,4,5-Tetrazin-3-yl)benzyl)amino)-6-oxohexyl)-2-((2-fluoro-4-bromophenyl)amino)-3,4-

difluorobenzamide (6)
H H
NT@\/N oH .
6 F Br
F

The representative procedure given for tetrazine conjugate 3 was carried out with compound 6b (16.4 mg,
35.8 umol, 1.0 eq) to afford the tetrazine conjugate 6 (16.1 mg, 25.6 pumol, 71% yield) after flash column
chromatography on silica gel (hexane/ethyl acetate 1:1 to pure ethyl acetate).

r/N\
N

TLC: Rs = 0.38 (ethyl acetate). 'H NMR (d5-DMSO, 400 MHz): 6 =1.25 - 1.34 (2 H, m), 1.41 - 1.51 (2
H, m), 1.56 (2 H,t,J = 7.5 Hz), 2.17 (2 H, t, J = 7.3 Hz), 3.14 - 3.24 (2 H, m), 4.38 (2 H, d, J = 5.9 Hz),
6.84 (1 H, ddd, J = 9.0, 8.8, 5.2 Hz), 7.08 - 7.19 (L H, m), 7.23 (L H, d, J = 8.8 Hz), 7.52 (2 H, d, J = 8.1
Hz), 7.47 - 7.58 (2 H, m), 8.45 (2 H, d, J = 8.4 Hz), 8.41 - 8.50 (1L H, m), 8.70 (L H, t, J = 5.6 Hz), 9.29 (1
H, s), 10.58 (1 H, s). ®*C NMR (d®-DMSO0, 101 MHz):13 § =24.9, 26.1, 28.5, 35.2, 38.9, 41.8, 110.8 (d,
Jor = 22.6 Hz), 115.6, 118.3, 119.7 (d, Jcr = 19.8 Hz), 124.6 (d, Jor = 8.1 HZ), 127.3, 127.7 (2 C), 128.0
(2 C), 128.1, 130.3, 132.0, 133.0, 143.7 (d, Jcr = 241.0 Hz), 145.0, 152.8 (d, Jcr = 254.0 Hz), 153.1 (d,
Jcr = 251.0 Hz), 158.1, 165.4, 166.4, 172.2. ESI-MS [M+H]* calculated for C2sH260.N;BrFs: 628.1;
found: 628.4.

4.6 Synthesis of Compound 7

HO O H r/
HO._O HO N__O N
F Ho ¢ 4 Ho§ N
o N H H
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HoN + + F Br
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4
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Scheme S5. Synthesis of compound 7.

3,4-Difluoro-2-((4-bromo-2-chlorophenyl)amino)benzoic acid (7a)

HO.__O
H Cl
Aol
F Br
F 7a

The representative procedure given for 3a was carried out with 4-bromo-2-chloroaniline (1.23 g, 5.96
mmol, 1.05 eq) to afford 7a (1.96 g, 5.41 mmol, 95% yield) as a brown solid.

TLC: Rr = 0.31 (hexane/ethyl acetate = 1:1). *H NMR (d*-MeOD, 400 MHz): § =6.81 (1 H, dd, J = 8.6,
7.0 Hz),6.97 (1 H, td, J = 9.3, 7.2 Hz), 7.34 (1 H, dd, J = 8.8, 2.2 Hz), 7.58 (1 H, d, J = 2.2 Hz), 7.92 (1
H, ddd, J=8.7, 6.2, 2.0 Hz). 3C NMR (d3-MeOD, 101 MHz): § =110.2 (d, Jcr = 18.3 Hz), 114.9, 117.4,
121.0, 121.0, 126.1, 129.4 (dd, Jcr = 9.5, 3.7 Hz), 131.5, 132.8, 139.6, 143.5 (d, Jcr = 241.3 Hz), 155.5
(d, Jce = 253.6 Hz), 170.0. ESI-MS [M-H]" calculated for C13HsO.NBrCIF,: 359.9; found: 358.7.
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6-(2-((4-Bromo-2-chlorophenyl)amino)-3,4-difluorobenzamido)hexanoic acid (7b)

HO H O
Nk :

H
o N

F Br
F 7b

The representative procedure given for amide 3b was carried out with 3,4-difluoro-2-((4-bromo-2-
chlorophenyl)amino)benzoic acid 7a (400 mg, 1.10 mmol, 1.0 eq) to afford 7b (245 mg, 515 umol, 47%
yield) as a white solid after flash column chromatography on silica gel (hexane/ethyl acetate 3:1 to 1:1).

TLC: Rf = 0.53 (hexane/ethyl acetate = 1:1). *H NMR (d*-MeOD, 400 MHz): & = 1.27 - 1.45 (2 H, m),
1.47-1.59 (2 H, m),1.60-1.70 (2 H, m), 2.25(2 H,t,J =7.4 Hz), 3.11 - 3.23 (2 H, m), 6.63 (1 H, dd, J
=8.8,5.6 Hz),7.05-7.14 (1 H, m),7.28 (1 H,dd, J=8.8,2.3Hz),7.44-749 (1 H, m),755 (1 H,d,J =
2.2 Hz). BC NMR (d*-MeOD, 101 MHz):* § =25.9, 27.7, 30.1, 34.9, 41.0, 112.2 (d, Jcr = 18.3 Hz),
113.4,118.7,118.7,124.3, 124.9 (dd, Jcr = 7.3, 5.1 Hz), 126.0, 131.6, 132.8, 140.7, 145.1 (d, Jc,r = 264.8
Hz), 154.4 (d, Jcr = 245.2 Hz), 169.3, 177.6. ESI-MS [M-H] calculated for C19H1703N2BrCIF,: 473.0;
found: 473.0.

N-(6-((4-(1,2,4,5-Tetrazin-3-yl)benzyl)amino)-6-oxohexyl)-2-((2-chloro-4-bromophenyl)amino)-3,4-

difluorobenzamide (7)
N.
O
H H
NT(Q\L\/N oH ol
O N
7

F Br
F

The representative procedure given for tetrazine conjugate 3 was carried out with compound 7b (17.4 mg,
36.6 pumol, 1.0 eq) to afford tetrazine conjugate 7 (14.1 mg, 22.4 umol, 61% yield) after flash column
chromatography on silica gel (hexane/ethyl acetate 1:1 to pure ethyl acetate).

TLC: Rr = 0.33 (ethyl acetate). *H NMR (d®-DMSO, 400 MHz):): § = 1.25 - 1.35 (2 H, m), 1.43 - 1.53 (2
H, m), 1.53-1.60 (2 H, m), 2.17 (2 H, t, J = 7.4 Hz), 3.21 (2 H, q, J = 6.7 Hz), 4.38 (2 H, d, J = 6.0 Hz),
6.75 (1 H, dd, J=8.6,6.7Hz), 7.16 - 7.29 (1 H, m), 7.36 (1 H, dd, J = 8.8, 2.3 Hz), 7.52 (2 H, d,J = 8.5
Hz),7.54-7.60(1H, m),7.67 (1H,d,J=2.3Hz),8.38-843(1H,m),845(2H,d,J=83Hz),874 (1
H,t, J=55Hz),9.43 (1 H,s), 10.58 (1 H, s). *C NMR (d5-DMSO, 101 MHz):1® § = 24.9, 26.1, 28.5,
35.2,38.9, 41.8, 110.2 (d, Jcr = 17.7 Hz), 111.7, 118.1, 118.2, 122.6 (2 C), 124.8, 127.7 (2 C), 128.0 (2
C), 130.3, 130.4, 131.1, 138.5, 141.9 (d, Jcr = 239.0 Hz), 145.0, 149.6 (d, Jcr = 249.0 Hz), 158.1, 165.4,
166.6, 172.2. ESI-MS [M+H]* calculated for CzsH260,N7BrCIF,: 643.1; found: 642.7.
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4.7 Synthesis of Compound 8

N-(4-(1,2,4,5-Tetrazin-3-yl)benzyl)-2-((4-bromo-2-chlorophenyl)amino)-3,4-difluorobenzamide (8)

N.

NH2HCI r/ \N
cl
—
be . ti
N N

Scheme S6. Synthesis of compound 8.

The representative procedure given for tetrazine conjugate 3 was carried out with 3,4-difluoro-2-((4-
bromo-2-chlorophenyl)amino)benzoic acid 7a (29.2 mg, 80.5 umol, 1.0 eq) to afford tetrazine conjugate
8 (33.4 mg, 63 pumol, 78% vyield) after flash column chromatography on silica gel (hexane/ethyl acetate
2:1 to pure ethyl acetate).

TLC: Ry = 0.45 (ethyl acetate). *H NMR (d®-DMSO, 400 MHz): § =4.58 (2 H, d, J = 5.4 Hz), 6.78 (1 H,
dd, J =8.6, 6.6 Hz), 7.30 (1 H, 9, J = 8.8 Hz), 7.37 (L H, dd, J = 8.8, 2.2 Hz), 7.58 (2 H, d, J = 8.3 Hz),
7.67(1H,d,J=20Hz),7.71(1H,dd,J=73,6.0Hz),8.44 (2H, d, J=8.2Hz),9.37 (1 H, s), 9.45 (1
H, t,J =5.9 Hz), 10.58 (1 H, s). *C NMR (d5-DMSO0, 101 MHz):® § =425, 110.5 (d, Jcr = 18.2 Hz),
111.8, 118.2, 118.2, 122.3, 122.6, 124.9 (dd, Jcr = 9.3, 4.1 Hz), 127.8 (2 C), 128.1 (2 C), 130.4, 130.5,
131.2, 138.6, 142.7 (d, Jcr = 234.0 Hz), 144.1, 151.9 (d, Jcr = 250.6 Hz), 158.1, 165.4, 167.0. ESI-MS
[M+H]* calculated for C22H150NsBrCIF,: 531.0; found: 531.3.

4.8 Synthesis of Compound 9

@
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Scheme S7. Synthesis of Compound 9.

Methyl 3-(2-((4-bromo-2-chlorophenyl)amino)-3,4-difluorobenzamido)propanoate (9b)

H

MeO N__O

F Br
F 9b

3,4-Difluoro-2-((4-bromo-2-chlorophenyl)amino)benzoic acid 7a (200 mg, 552 pumol, 1.0 eq), methyl 3-
aminopropanoate hydrochloride 9a (104 mg, 744 umol, 1.35 eq), EDCI hydrochloride (158 mg, 827 umol,
1.5 eq) and BtOH (12.6 mg, 82.8 umol, 0.15 eq) were dissolved in dry DMF (4.0 mL). Then triethylamine
(147 pL, 1.10 mmol, 2.0 eq), was added dropwise and the mixture was stirred for 14 h at rt. Subsequently,
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water (10 mL) was added and the mixture was extracted with 3 x 10 mL EtOAc, dried over MgSO, and
filtered off. The solvent was then evaporated under reduced pressure and the crude product was purified
by flash column chromatography on silica gel (hexane/ethyl acetate 3:1 to - 1:1) to afford amide 9b (192
mg, 428 pumol, 78% yield) as a colourless oil.

TLC: Rf = 0.47 (hexane/ethyl acetate = 3:1). *H NMR (CDCls, 400 MHz): 6 =2.58 (2 H, t, J = 5.9 Hz),
3.66 (2H,dd, J=11.7,59Hz),3.70 (3H,s), 6.62 (1 H, dd, J =8.7, 6.1 Hz), 6.87 - 6.96 (1L H, m), 7.02 -
7.08(1H, m),7.24 (1 H,dd,J=8.8,2.2Hz),7.33-7.40 (1 H, m), 751 (1 H,d,J=2.2Hz),8.68 (LH,S5s).
3C NMR (CDCls, 101 MHz):1% & =33.3,35.2,51.9,110.4 (d, Jcr = 17.6 Hz), 112.9, 117.6, 117.7, 122.2,
123.6 (dd, Jcr = 8.8, 3.7 Hz), 123.8, 130.0, 131.7, 138.4, 143.5 (dd, Jcr = 251.0, 13.9 Hz), 153.0 (dd, Jc
=254.0, 11.0 Hz), 166.7, 173.2. ESI-MS [M+H]" calculated for C17H1s03N2BrCIF,: 447.0; found: 447.1.

3-(2-((4-Bromo-2-chlorophenyl)amino)-3,4-difluorobenzamido)propanoic acid (9c)

Ester 9b (90.0 mg, 201 umol, 1.0 eq) was treated with LiOH-H,O (169 mg, 4.02 mmol, 20 eq) ina 2:1:1
mixture of MeOH/THF/H20 (4 mL, 2 mL, 2 mL), heated up to 60 °C and stirred for 5 h. The organic
solvents were then evaporated in vacuo, water was added (10 mL) and the pH value was adjusted to pH =
2 by the dropwise addition of 1M HCI. Subsequently the mixture was extracted with 3 x 10 mL EtOAc,
dried over MgSQ, and evaporated under reduced pressure to yield carboxylic acid 9¢ (84.7 mg, 195 umol,
97% yield) as a white solid.

TLC: Rf = 0.32 (petroleum ether/ethyl acetate = 1:1). *H NMR (d3-MeOD, 400 MHz): § =2.56 (2 H, t, J
= 6.8 Hz), 3.55 (2 H, t, J = 6.8 Hz), 6.65 (1 H, dd, J = 8.6, 5.9 Hz), 7.07 (1 H, td, J = 9.3, 7.2 Hz), 7.29 (1
H, dd, J = 8.8, 2.2 Hz), 7.45 - 7.51 (1 H, m), 7.54 (1 H, d, J = 2.2 Hz). *C NMR (d®-MeOD, 101 MHz):®
8 =345,37.0,111.9 (d, Jcr = 18.3 Hz), 113.5, 118.9, 119.0, 124.6, 125.0, 125.8 (dd, Jcr = 8.4, 4.0 Hz),
131.5, 132.8, 140.5, 145.2 (dd, Jcr = 250.4, 14.8 Hz), 154.2 (dd, Jcr = 253.0, 10.0 Hz), 169.4, 175.5. ESI-
MS [M-H] calculated for C16H1:03N2BrCIF,: 431.0; found: 430.8.

N-(3-((4-(1,2,4,5-Tetrazin-3-yl)benzyl)amino)-3-oxopropyl)-2-((4-bromo-2-chlorophenyl)amino)-
3,4-difluorobenzamide (9)

F Br

The representative procedure given for tetrazine conjugate 3 was carried out with compound 9c (22.3 mg,
51.4 umol, 1.0 eq) to afford tetrazine conjugate 9 (23.9 mg, 39.6 umol, 77% yield) after flash column
chromatography on silica gel (hexane/ethyl acetate 1:1 to pure ethyl acetate).

TLC: Ry = 0.29 (ethyl acetate). *H NMR (d®-DMSO, 400 MHz): & = 2.45 - 2.48 (2 H, m), 3.45 - 3.53 (2
H, m), 4.39 (2 H, d, J = 45 Hz), 6.76 (1L H, dd, J = 8.6, 7.0 Hz), 7.15 - 7.27 (L H, m), 7.36 (L H, dd, J =
8.6,2.2 Hz), 7.51 (2 H,d, J = 7.9 Hz), 7.54 - 7.60 (L H, m), 7.68 (L H, d, J = 2.2 Hz), 8.40 (2 H, d, J = 8.1
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Hz), 8.57 (1 H,t,J=5.9Hz),8.89 (1 H,t,J=5.4 Hz), 9.56 (1 H, s), 10.59 (1 H, s). *C NMR (d®-DMSO,
101 MHz):**§ =34.9, 36.1, 41.8, 110.0 (d, Jcr = 17.6 Hz), 111.8, 118.3, 118.4, 121.8, 122.8, 124.9 (dd,
Jcr=8.4,3.3Hz),127.7 (2C), 128.1 (2 C), 130.3, 130.4, 131.1, 138.4, 142.5 (d, Jcr = 249.0 Hz), 144.8,
151.9 (d, Jc,r =261.0 Hz), 158.1, 165.4, 166.8, 170.4. ESI-MS [M+H]" calculated for Ca5H2002N7BrCIF,:
602.1; found: 601.8.

4.9 Synthesis of Compound 10
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Scheme S8. Synthesis of compound 10.

8-(2-((4-Bromo-2-chlorophenyl)amino)-3,4-difluorobenzamido)octanoic acid (10a)

HO H (@]
TN,
N

o

F Br
F 10a

The representative procedure given for amide 3b was carried out with 3,4-difluoro-2-((4-bromo-2-
chlorophenyl)amino)benzoic acid 7a (250 mg, 690 umol, 1.0 eq) and 8-aminooctanoic acid (131 mg, 827
umol, 1.2 eq) to afford 10a (225 mg, 446 pmol, 65% yield) as a brown solid after flash column
chromatography on silica gel (hexane/ethyl acetate 3:1 to 1:1).

TLC: Rr = 0.39 (hexane/ethyl acetate = 3:1). *H NMR (d*-MeOD, 400 MHz): § = 1.24 - 1.40 (6 H, m),
1.46-1.54 (2 H, m), 1.54 - 1.64 (2H, m), 2.26 (2 H, t, J = 7.4 Hz), 3.25 - 3.29 (2 H, m), 6.62 (1 H, dd, J
=8.7,5.5Hz), 7.09 (1 H, td, J = 9.3, 7.2 Hz), 7.28 (1 H, dd, J = 8.8, 2.2 Hz), 7.46 (1 H, ddd, J = 8.7, 5.5,
2.0 Hz), 7.54 (1 H, d, J = 2.2 Hz). BC NMR (CDCls, 101 MHz):** § =26.2, 28.0, 30.2, 30.3, 30.4, 35.1,
40.9%, 41.2%, 112.4 (d, Jcr = 18.3 Hz), 113.3, 118.6, 118.6, 124.3, 125.6 (dd, Jcr = 8.8, 4.4 Hz), 126.2,
131.6, 132.8, 140.7, 144.5 (d, Jcr = 242.0 Hz), 154.1 (dd, Jcr = 252.0, 11.2 Hz), 169.3, 177.8. ESI-MS
[M-H]" calculated for C21H2103N>BrCIF,: 501.0; found: 501.4.

N-(8-((4-(1,2,4,5-tetrazin-3-yl)benzyl)amino)-8-oxooctyl)-2-((4-bromo-2-chlorophenyl)amino)-3,4-

difluorobenzamide (10)
\

F Br

ZT
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The representative procedure given for tetrazine conjugate 3 was carried out with compound 10a (22.5 mg,
44.7 umol, 1.0 eq) to afford the pink tetrazine conjugate 10 (18.9 mg, 28.1 umol, 63% yield) after flash
column chromatography on silica gel (hexane/ethyl acetate 2:1 to pure ethyl acetate).

TLC: Rs = 0.42 (ethyl acetate). 'H NMR (d®-DMSO, 400 MHz): 1.18 - 1.30 (6 H, m), 1.41 - 1.49 (2 H,
m), 1.49 - 1.57 (2 H, m), 2.16 (2 H, t, J = 7.4 Hz), 3.20 (2 H, g, J = 6.2 Hz), 4.39 (2 H, d, J = 5.7 Hz), 6.73
(1 H, dd, J = 8.6, 6.6 Hz), 7.20 - 7.29 (1 H, m), 7.36 (1 H, dd, J = 8.7, 2.3 Hz), 7.52 (2 H, d, J = 8.3 H2),
7.55-7.58 (LH, m), 7.68 (L H, d, J = 2.2 Hz), 8.41 - 8.44 (L H, m), 8.45 (2 H, d, J = 8.3 Hz), 8.73 (L H, t,
J=5.6Hz),9.37 (L H, s), 10.58 (1 H, s). *C NMR (d°-DMSO, 101 MHz):15 § = 25.2, 26.3, 28.4, 28.6,
28.7, 35.3, 38.9, 41.8, 110.4 (d, Jcr = 16.9 Hz), 111.6, 118.0, 118.0, 122.5, 122.9, 124.7 (dd, Jcr = 11.3,
4.3 Hz), 127.8 (2 C), 128.0 (2 C), 130.3, 130.4, 131.1, 138.6, 142.8 (d, Jcr = 253.0 Hz), 145.1, 151.6 (d,
Jcr = 251.0 Hz), 158.1, 165.4, 166.6, 172.3. ESI-MS [M+H]* calculated for C3H3z0O2N7BrCIF,: 672.1;
found: 672.2.

4.10 Synthesis of Compound 11
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Scheme S9. Synthesis of compound 11.

12-(2-((4-Bromo-2-chlorophenyl)amino)-3,4-difluorobenzamido)dodecanoic acid (11a)

HO H (@]
TN, o
N

o

F Br
F 11a

The representative procedure given for amide 3b was carried out with 3,4-difluoro-2-((4-bromo-2-
chlorophenyl)amino)benzoic acid 7a (250 mg, 690 pumol, 1.0 eq) and 12-aminododecanoic acid (178 mg,
827 mmol, 1.2 eq) to afford 11a (237 mg, 423 pmol, 61% yield) as a brown solid after flash column
chromatography on silica gel (hexane/ethyl acetate 5:1 to 2:1).

TLC: Rr = 0.36 (hexane/ethyl acetate = 5:1). *H NMR (d*-MeOD, 400 MHz): 5 = 1.15 - 1.39 (14 H, m),
1.44-1.54 (2H, m), 1.55-1.64 (2 H, m), 2.27 (2 H, 1, J = 7.5 Hz), 3.09-3.20 (2 H, m), 3.26 - 3.29" (2 H,
m), 6.61 (1 H, dd, J = 8.7, 5.5 Hz), 7.08 (1 H, ddd, J = 9.3, 9.2, 7.2 Hz), 7.26 (1 H, dd, J = 8.8, 2.2 H2),
7.43-7.48 (1 H, m), 7.52 (1 H, d, J = 2.2 Hz). 3C NMR (d*-MeOD, 101 MHz):** § = 26.2, 28.1, 30.4,
30.4, 30.6, 30.7, 30.8, 30.8, 30.8, 35.1, 41.0%, 41.3%, 112.3 (d, Jcr = 18.3 Hz), 113.3, 118.5, 118.6, 124.3,
125.6 (dd, Jc = 8.8, 3.7 Hz), 126.2, 131.6, 132.8, 140.7, 145.5 (dd, Jcr = 250.0, 14.7 Hz), 154.1 (dd, Jc
=251.0, 11.0 Hz), 169.3, 177.8. ESI-MS [M-H] calculated for CzsH290sN2BrCIF;: 557.1; found: 556.8.
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N-(12-((4-(1,2,4,5-Tetrazin-3-yl)benzyl)amino)-12-oxododecyl)-2-((4-bromo-2-
chlorophenyl)amino)-3,4-difluorobenzamide (11)

H . o
T, o
) ”(i
" F Br
F

The representative procedure given for tetrazine conjugate 3 was carried out with compound 11a (21.9 mg,
39.1 umol, 1.0 eq) to afford tetrazine conjugate 11 (20.3 mg, 27.8 umol, 71% yield) after flash column
chromatography on silica gel (hexane/ethyl acetate 3:1 to pure ethyl acetate).

N
=
l

f.

TLC: R =0.51 (ethyl acetate). *H NMR (d°-DMSO, 400 MHz): 6 = 1.13 - 1.30 (14 H, m), 1.39 - 1.49 (2
H, m), 1.50 - 1.58 (2 H, m), 2.17 (2 H, t, J = 7.3 Hz), 3.20 (2 H, g, J = 6.1 Hz), 4.39 (2 H, d, J = 5.9 H2),
6.73 (1L H, dd, J = 8.5, 6.7 Hz), 7.19 - 7.31 (L H, m), 7.36 (1 H, dd, J = 8.8, 2.0 Hz), 7.53 (2 H, d, J = 8.1
Hz), 7.55 - 7.58 (1 H, m), 7.66 (1 H, d, J = 2.2 Hz), 8.39 - 8.43 (1 H, m), 8.45 (2 H, d, J = 8.2 Hz), 8.71 (1
H,t, J=55Hz),9.33 (L H,s), 10.57 (1 H, s). 3C NMR (d-DMSO, 101 MHz):15 § = 25.3, 26.3, 28.6,
28.7,28.7, 28.9, 28.9, 29.0, 35.3, 38.9, 41.8, 110.5, 111.6, 117.9, 118.0, 122.4, 123.1, 124.7, 127.7 (2 C),
128.0 (2 C), 130.3,130.4, 131.1, 138.6, 142.8 (d, Jcr = 249.0 Hz), 145.1, 151.8 (d, Jc,r = 258.0 Hz), 158.1,
165.4, 166.7, 172.3. ESI-MS [M+H]" calculated for Cs4H3s0.N;BrCIF,: 728.1; found: 727.8.

4.11 Synthesis of Compound 12
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Scheme S10. Synthesis of compound 12.
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Methyl (E)-4-((4-aminophenyl)diazenyl)benzoate (12a)

(0]

Meo)ﬁ
-N
N

12a

O,

To a stirring solution of methyl 4-aminobenzoate (7.50 g, 49.6 mmol, 1.0 eq) in CH,Cl, was added a
solution of Oxone® (48.8 g, 79.4 mmol, 1.6 eq) in water (250 mL). The reaction mixture was then stirred
for 4.5 h at rt. Subsequently, the deep green coloured organic layer was separated, the aqueous solution
was neutralized by the addition of saturated solution of NaHCO3; (150 mL) and extraceted with CH2Cl, (3
x 125 mL). The combined organic layers were tried with MgSQO., filtered off and the solvent was removed
in vacuo. The crude nitroso-compound was then dissolved in a mixture of dry CH.Cl, (120 mL) and dry
THF (30 mL). To this solution p-phenylenediamine (5.37 g, 49.6 mmol, 1.0 eq) and glacial acetic acid
(14.2 mL, 248 mmol, 5.0 eq) was added. The mixture was finally stirred overnight (14 h) in the absence
of light, the solvent was evaporated under reduced pressure and the residue was purified by column
chromatography (hexane/ethyl acetate 3:1 to 1:1, 1% NEts) to yield azobenzene linker 12a (8.30 g,
32.5 mmol, 66% yield) as an orange solid.

2

TLC: Rf = 0.52 (hexane/ethyl acetate 3:1). *H NMR (d®-DMSO, 400 MHz): 6 =3.88 (3 H, s), 6.32 (2 H,
br.s),6.69(2H,d,J=89Hz),7.71(2H,d,J=88Hz),7.82(2H,d,J=85Hz),808(2H,d, J=8.6
Hz). BC NMR (d®-DMSO, 101 MHz): § =52.2, 113.4 (2 C), 121.7 (2 C), 125.9 (2 C), 129.4, 130.4 (2 C),
142.9, 153.8, 155.3, 165.8. ESI-MS [M+H]* calculated for C14H13N302: 256.3; found: 256.3.

Methyl (E)-4-((4-(3,4-difluoro-2-((2-fluoro-4-iodophenyl)amino)benzamido)phenyl)diazenyl) benz-

oate (12b)
H
N__O
H F
N. /[ j N
MeO
° T(Q/ 12b F '
F

)

3,4-Difluoro-2-((2-fluoro-4-iodophenyl)amino)benzoic acid 3a (311 mg, 793 pumol, 1.35eq) was
dissolved in dry CH,Cl; (3 mL) and one drop of DMF was added. The resulting mixture was then cooled
to 0°C, followed by the dropwise addition of a solution of oxalyl chloride (73 pL, 852 pL, 1.45 eq) in
CH2Cl (0.5 mL). The mixture was further stirred at 0°C for 15 min, warmed up to rt and the stirring was
continued for additional 2 h. Subsequently the solvent and excess of oxalyl chloride was removed under
reduced pressure, the residue was dissolved in CH2Cl, (1 mL) and added dropwise to a mixture of
azobenzene linker 12a (150 mg, 587 umol, 1.0 eq) and NEt; (523 pL, 2.94 mmol, 5.0 eq) in CHxCl; (5
mL) at 0°C. The reaction mixture was then warmed up to rt and stirred overnight (15 h). After the addition
of water the pH was adjusted to pH = 10 by the dropwise addition of NaOH (1 M). The layers were the
separated, the organic layer was washed with water (2 x 10 mL) and the aqueous layer was extracted with
CH,CI; (3 x 10 mL). The combined organic layers were dried over MgSOs., filtered off and the solvent was
removed in vacuo. Column chromatography (hexane/ethyl acetate 9:1 to 5:1 to 1:1) affords azobenzene
conjugate 12b (235 mg, 372 pmol, 63% yield) as a yellow solid.

TLC: Rf=0.56 (hexane/ethyl acetate 3:1). 'H NMR (d®-DMSO, 400 MHz): 6 =3.97 (3H,s), 6.59 (1 H,
ddd, J = 8.6, 8.5, 4.0 Hz), 6.97 - 7.08 (1 H, m), 7.29 - 7.36 (1 H, m), 7.39 - 7.45 (1 H, m), 7.59 - 7.68 (1 H,
m), 7.72 (2 H, d, J= 8.9 Hz), 7.94 (2 H, d, J = 8.7 Hz), 7.98 (2 H, d, J = 8.6 Hz), 7.99 (1 H, br.s), 8.19 (2
H, d, J = 8.8 Hz), 8.61 (1 H, 5). 3C NMR (d5-DMSO, 101 MHz):15 § =52.3, 83.1, 111.0 (d, Jcr = 18.0
Hz), 119.8, 120.3 (2 C), 122.4, 122.6 (2 C), 124.2, 124.5 (2 C), 124.6, 130.6 (2 C), 130.9, 131.7, 133.3,
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140.3, 144.0 (d, Jc s = 237.0 Hz), 149.3, 152.1, 153.3 (d, Jc,r = 257.0 Hz), 153.7 (d, Jc r = 247.0 Hz), 155.1,
164.6, 166.5. ESI-MS [M+H]* calculated for Co7H19F3IN4O3: 631.0; found: 631.1.

(E)-4-((4-(3,4-Difluoro-2-((2-fluoro-4-iodophenyl)amino)benzamido)phenyl)diazenyl)benzoic  acid

(12¢)
N_o
IPPED
N. N
N
Y(j E II by
o 12¢ F

Azobenzene ester 12b (44.0 mg, 69.8 umol, 1.0 eq) was treated with LiOH-H,O (8.80 mg, 209 pumol, 3.0
eq) ina 2:1:1 mixture of MeOH/THF/H>0O (0.5 mL, 0.25 mL, 0.25 mL) at rt and stirred for 4 h. The organic
solvents were then evaporated in vacuo, water was added (3 mL) and the pH value was adjusted to pH =4
by the dropwise addition of 1M HCI. Subsequently, the reaction product was filtered off, repetitively
washed with water (3 x 10 mL) and ethyl acetate (3 x 10 mL) and dried in vacuo to afford acid 12c (38.0
mg, 61.6 pumol, 88% yield) as a yellow solid which was used in the following reaction without further
purification.

(E)-N-(4-((4-((4-(1,2,4,5-Tetrazin-3-yl)benzyl)carbamoyl) phenyl)diazenyl) phenyl)-3,4-difluoro-2-
((2-fluoro-4-iodophenyl)amino)benzamide (12)

H
Ny N._O .
Nr | N /©/ N
geSVegageqs!
N F |
(o} 12 F

Acid 12c¢ (33.0 mg, 53.5 umol, 1.35 eq), (4-(1,2,4,5-tetrazin-3-yl)phenyl)methanamine hydrochloride
(8.87 mg, 39.6 umol, 1.0 eq), EDCI hydrochloride (13.7 mg, 71.4 umol, 1.8 eq) and BtOH (1.52 mg,
9.92 umol, 0.25 eq) were dissolved in dry DMF (1.5 mL). Then pyridine (32 pL, 397 umol, 10.0 eq) was
added dropwise and the mixture was stirred for 16 h at rt. After removal of the solvent by freeze drying
the crude product was purified by column chromatography (hexane/ethyl acetate 3:1 to 1:1 to pure ethyl
acetate) to yield tetrazine azobenzene conjugate 12 (15.2 mg, 19.4 umol, 49% yield) as a red orange solid.

TLC: Ri=0.21 (hexane/ethyl acetate 1:1). *H NMR (d®-DMSO, 400 MHz): 6 = 4.66 (2 H, d, J = 5.7 Hz),
6.72 (1 H, td, J=8.8,3.8 Hz), 7.25-7.33 (1 H, m), 7.35 (L H, d, J = 8.5 Hz), 7.53 (1 H, dd, J = 10.8, 1.8
Hz), 7.60 (1 H, d, J = 8.6 Hz), 7.65 (2 H, d, J = 8.3 Hz), 7.86 - 7.92 (3 H, m), 7.93 - 7.98 (3 H, m), 8.13 (2
H,d,J=8.6 Hz),8.49 (2H,d, J=8.3 Hz), 8.60 (1 H, s), 9.31 - 9.41 (1 H, m), 10.57 (1 H, s), 10.78 - 10.83
(1 H, m). ¥C NMR (d®-DMSO0, 101 MHz):% § =42.7,82.0, 110.4, 120.3, 120.5 (2 C), 122.3 (2 C), 123.6
(2C),123.8,125.4,127.9 (2 C), 128.2 (2 C), 128.6 (2 C), 130.5, 131.3, 133.2, 135.9, 138.5, 138.7, 143.4
(d, Jc,r = 256.0 Hz), 144.8, 148.0, 152.1, 152.3 (d, Jc,r = 234.0 Hz), 152.7 (d, Jc,r = 237.0 Hz), 153.6,
158.1, 165.5, 165.7, 169.4. ESI-MS [M+H]" calculated for CssH24F3IN9O2: 786.1; found: 786.3.
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4.12 Synthesis of Compound 15i
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Scheme S11. Synthesis of compound 15i.

2-(tert-Butyl) 4-ethyl 3,5-dimethyl-1H-pyrrole-2,4-dicarboxylate (15c¢)

OEt

To an ice-cooled mixture of tert-butyl acetoacetate 15a (10.0 g, 126.4 mmol, 1.0 eq) and glacial acetic acid
(20 mL) was slowly added an aqueous solution of NaNO; (3 M, 21 mL, 126.4 mmol, 1.0 eq). The resulting
solution was warmed to rt and stirring was continued at this temperature for 4 h. A solution of ethyl
acetoacetate 15b (14.4 g, 126.4 mmol, 1.0 eq) in glacial acetic acid (50 mL) was added in one portion to
the mixture and the resulting solution warmed up to 65°C. Then zinc dust (8.2 g, 126.4 mmol, 1.0 eq) was
added to the warm solution in small portions. The mixture was stirred at 65°C for 2 h and subsequently
poured into 600 mL of cold water and stirred for 30 min. The resulting precipitate was filtered off, washed
with water and dried under vacuum to afford 15c as a pale yellow solid (18.3 g, 68.5 mmol, 54% yield).

TLC: Rs = 0.51 (hexane/ethyl acetate = 1:1). *H NMR (CDCls, 400 MHz): § =1.36 (3 H, t, J = 7.1 Hz),
158 (9 H,s),251(3H,s),2.54 (3H,s),429 (2H,q,J=7.2Hz),9.03 (1L H,br.s.). 3C NMR (CDCls,
101 MHz): 8 =11.9,14.3,14.4,28.5(3C),59.4,81.1,113.4, 119.1, 129.9, 138.2, 161.1, 165.6. ESI-MS
[M+H]* calculated for C14H210.N: 268.2; found: 268.3.

Ethyl 2,4-dimethyl-1H-pyrrole-3-carboxylate (15d)

O

OEt
I\

N
H
15d
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To a stirred solution of 3,5-dimethyl-1H-pyrrole-2,4-dicarboxylic acid 2-tert-butyl ester 4-ethyl ester 15¢
(9.0 g, 33.7 mmol, 1.0 eq) in ethanol (300 mL) at 0°C was added slowly HCI (10 M, 17 mL, 168 mmol,
1.0 eq). The reaction mixture was then stirred at 65°C for 4 h. After cooling to rt the mixture was poured
into ice water (1 L) and was extracted with 3 x 100 mL CH.Cl.. The combined organic extracts were
washed with brine (50 mL) and water (50 mL), dried over anhydrous MgSOQsu, filtered off and concentrated
in vacuo to afford 15d (5.52 g, 33.0 mmol, 98% yield) as a light brown solid.

TLC: Rs = 0.46 (hexane/ethyl acetate = 1:1). *H NMR (CDCls, 400 MHz): § =1.36 (3 H, t, J = 7.2 Hz),
2.25(3H,s),2.50(3H,s),4.28(2H,q,J=7.1Hz),6.36 (LH, br.s), 7.92 (1 H, br. s.). *C NMR (CDCls,
101 MHz): 8 = 14.0, 145, 59.0, 110.8, 114.2, 121.6, 135.9, 166.3. ESI-MS [M+H]" calculated for
CoH140,N: 168.1; found: 168.3.

Ethyl 5-formyl-2,4-dimethyl-1H-pyrrole-3-carboxylate (15e)

To an ice-cooled solution of DMF (2.54 mL, 32.9 mmol, 1.1 eq) in CH,CI, (8 mL) was added drop wise
POCI; (3.07 mL, 32.9 mmol, 1.1 eq). The reaction mixture was then warmed up to rt and stirring was
continued for 15 min before it was cannulated over a period of 10 min to a solution of ethyl 2,4-dimethyl-
1H-pyrrole-3-carboxylate 15¢ (5.00 g, 29.9 mmol, 1.0 eq) in CH.Cl, (60 mL) at 0°C. The reaction mixture
was then stirred for additional 15 min and subsequently heated to reflux for 2.0 h. After cooling to rt an
aqueous solution of NaHCOs (1 M, 150 mL, 150 mmol, 5.0 eq) was added and the reaction mixture was
refluxed for 1 h. The organic layer was than separated and the aqueous layer was extracted with 3 x 50 mL
CH2Cl,. The combined organic layers were washed with brine (50 mL) and water (2 x 50 mL), dried with
MgSO., filtered of and the solvents were evaporated under reduced pressure to yield 15e as a yellow solid
(4.13 g, 21.2 mmol, 71% yield).

TLC: Rt = 0.56 (hexane/ethyl acetate = 1:1). *H NMR (CDCls, 400 MHz): § =1.37 (3 H, t, J = 7.1 Hz),
2.56 (3 H,5s),2.59 (3H,5),431(2H,q,J=7.1Hz),9.61(1H,s),10.37 (1L H, br. s.). 2C NMR (CDCls,
101 MHz): 86 =10.6,14.3,14.4,59.7,114.2, 128.3, 136.3, 143.8, 165.0, 177.3. ESI-MS [M+H]* calculated
for C1oH1403N: 196.1; found: 196.1.

5-Formyl-2,4-dimethyl-1H-pyrrole-3-carboxylic acid (15f)

OH

To a solution of ethyl 5-formyl-2,4-dimethyl-1H-pyrrole-3-carboxylate 15e (3.40 g, 17.4 mmol, 1.0 eq) in
MeOH (60 mL) was added a solution of potassium hydroxide (1 M, 34.8 mL, 1.95 g, 34.8 mmol, 1.0 eq)
in water and the reaction mixture was heated to reflux for 16 h. After cooling to rt the clear solution was
diluted with water (30 mL) and washed with dichloromethane (40 mL). Subsequently, the pH was adjusted
to pH = 3 by the slowly addition of concentrated HCI to recover 15f as a red precipitate (2.59 g, 15.6 mmol,
89% yield). SE30
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TLC: Rr=0.33 (hexane/ethyl acetate = 1:1). *H NMR (d*-MeOD, 400 MHz): § =2.50 (3 H, s), 2.53 (3 H,
5),9.59 (1 H, s). °C NMR (d°-MeOD, 101 MHz): § =10.9, 14.0, 101.2, 115.0, 130.0, 145.2, 168.5, 179.3.
ESI-MS [M-H] calculated for CsHsO3N: 166.1; found: 166.3.

5-Fluoroindolin-2-one (15h)

5-Fluoroisatin 15g (8.00 g, 48.5 mmol, 1.0 eq) and hydrazine monohydrate (3.41 g, 63.0 mmol, 1.3 eq)
were suspended in n-butanol (60 mL) and stirred at rt for 30 min. After heating to 80°C for 3 h,
triethylamine (9.0 mL, 67.8 mmol, 1.4 eq) was added and the suspension was stirred further 12 h at 100°C.
Upon cooling to rt the solvent was removed in vacuo, the crude mixture was dissolved in ethyl acetate (50
mL) and washed with a solution of 10% KHSO, in water (50 mL). The aqueous layer was then extracted
with ethyl acetate (3 x 100 mL), the combined organic phases were washed with brine (50 mL) and the
solvents were evaporated under reduced pressure. Afterwards the residue was dissolved in hot ethyl acetate
(50 mL) and petroleum ether was added until the solution became slightly cloudy. After filtration and
cooling to rt 15h was obtained as light brown crystals (6.1 g, 40.3 mmol, 83% yield).

TLC: R = 0.31 (ethyl acetate). *H NMR (d*-MeOD, 400 MHz): 6 =4.30 (2 H, s), 7.59 (1L H, dd, J = 8.5,
4.4Hz),7.75-7.83(1H, m),7.90 (1 H, dd, J=8.5,2.3Hz),11.17 (1 H, br.s.). ®*C NMR (d*-MeOD, 101
MHz): 6 =45.8,119.2 (d, Jcr=8.1 Hz), 121.8 (d, Jcr =25.0 Hz), 123.2 (d, Jcr =22.0 HZz), 137.3 (d, JcF
=8.8 Hz), 149.5, 167.4 (d, Jc £ =234.0 Hz), 185.8. ESI-MS [M+H]* calculated for CsH;ONF: 152.1; found:
152.3.

(2)-5-((5-Fluoro-2-oxoindolin-3-ylidene)methyl)-2,4-dimethyl-1H-pyrrole-3-carboxylic acid (15i)

0
OH
I\
F I N
0

N .
H 15i

A solution of 5-fluoro-1,3-dihydro-2H-indol-2-one 15h (1.36 g, 8.97 mmol, 1.0 eq), 5-formyl-2,4-
dimethyl-1H-pyrrole-3-carboxylic acid 15f (1.50 g, 8.97 mmol, 1.0 eq), and pyrrolidine (1.47 mL, 18.0
umol, 2.0 eq) in ethanol (130 mL) was heated to reflux for 3 h. Upon cooling to rt HCI (2 M, 15 mL) was
added to the suspension and the resulted crude precipitate was recovered by suction filtration, washed with
ethanol (20 mL) and petroleum ether (20 mL) to afford 15i as a yellow powder (2.19 g, 7.29 mmol, 81%
yield).

TLC: Rf = 0.11 (ethyl acetate). *H NMR (d5-DMSO, 400 MHz): 6 =2.50 (3 H, s), 2.53 (3 H, s), 3.33 (1
H, br.s.), 6.84 (1 H, dd, J = 8.5, 4.5 Hz), 6.88 - 6.98 (1 H, m), 7.74 (1 H, s), 7.77 (1 H, dd, J = 9.5, 2.5
Hz), 10.92 (1 H, br. s.), 13.85 (1 H, br. s.). 3C NMR (d®-DMSO, 101 MHz):** § = 11.5, 14.5, 106.2 (d,
Jer =25.0 Hz), 110.1 (d, Jor =9.5 Hz), 112.7 (d, Jcr =24.0 Hz), 114.7, 115.5, 124.8, 126.0, 127.0 (d, Jcr
=9.0 Hz), 133.5, 134.7, 140.8, 158.2 (d, Jcr =235.0 Hz), 166.0, 169.6. ESI-MS [M-H] calculated for
CisH1203N2F: 299.1; found: 299.2.
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4.13 Synthesis of Compound 15
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Scheme S12. Synthesis of compound 15.

Methyl (Z)-6-(5-((5-fluoro-2-oxoindolin-3-ylidene)methyl)-2,4-dimethyl-1H-pyrrole-3-carbox-
amido)hexanoate (15k)

o) o)
F
@ N%OMe
H 4
4 HN

O
N
N 15k

Sunitinib Acid 15i (100 mg, 333 pmol, 1.0 eq), methyl 6-aminohexanoate hydrochloride 15j (76 mg, 416
umol, 1.25 eq), EDCI hydrochloride (96 mg, 500 umol, 1.5 eq) and BtOH (7.6 mg, 82.8 umol, 0.15eq)
were dissolved in dry DMF (2.0 mL). Then triethylamine (89 uL, 662 umol, 2.0 eq), was added dropwise
and the mixture was stirred at rt for 14 h. Subsequently, DMF was removed in vacuo, the residue was
resuspended in water (10 mL) and ethyl acetate (10 mL) and filtered off. The crude filtrate was washed
repetitively with water (3 x 10 mL) and ethyl acetate (3 x 10 mL) and dried in vacuo to afford amide 15k
(119 mg, 278 pmol, 84% yield) as a yellow solid which was used in the following reaction without further
purification.

TLC: Rf = 0.25 (ethyl acetate/MeOH = 9:1). *H NMR (d®-DMSO, 400 MHz): 8 = 1.26 - 1.38 (2 H, m),
1.43-1.52 (2H, m), 1.57 (2 H, dd, J=15.1, 7.5 Hz), 2.32 (1 H, t, J = 7.3 Hz), 2.40 (3 H, s), 2.42 (3 H, s),
3.20(2H,q,J=6.7Hz),3.32(1H,s),3.59(3H,s),6.80-6.87 (1 H, m), 6.88-6.95 (1 H, m), 7.63 (1 H,
t,J=56Hz),7.71 (1 H,s), 7.76 (L H, dd, J = 9.4, 2.2 Hz), 10.88 (1 H, s), 13.67 (1 H, br. s.). *C NMR
(d5-DMSO, 101 MHz):3§ =10.5, 13.2, 24.2, 26.0, 29.0, 33.3, 38.5, 51.2, 105.9 (d, Jcr = 25.0 Hz), 110.0
(d, Jcr = 9.4 Hz), 112.4 (d, Jcr = 24.0 Hz), 114.5, 121.2, 124.9, 125.8, 127.2 (d, Jcr = 9.2 Hz), 130.3,
134.5,136.3, 158.2 (d, Jc s = 235.0 Hz), 164.7, 169.6, 173.4. ESI-MS [M+H]* calculated for C23H2704N3F:
428.2; found: 428.3.

(2)-6-(5-((5-Fluoro-2-oxoindolin-3-ylidene)methyl)-2,4-dimethyl-1H-pyrrole-3-
carboxamido)hexanoic acid (151)

(0] (0]
F
a NAH)%H
H 4
4 HN

0
N
N 151
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Ester 15k (60.0 mg, 140 umol, 1.0 eq) was treated with LiOH'H,O (118 mg, 2.81 mmol, 20 eq) ina 2:1:1
mixture of MeOH/THF/HO (5 mL, 2.5 mL, 2.5 mL), heated up to 60 °C and stirred for 5 h. The organic
solvents were then evaporated in vacuo, water was added (10 mL) and the pH value was adjusted to pH =
1 by the dropwise addition of 1M HCI. Subsequently, the reaction product was filtered off, repetitively
washed with water (3 x 10 mL) and ethyl acetate (3 x 10 mL) and dried in vacuo to afford acid 15l (53.7
mg, 128 umol, 91% vyield) as a yellow solid which was used in the following reaction without further
purification.

(2)-N-(6-((4-(1,2,4,5-Tetrazin-3-yl)benzyl)amino)-6-oxohexyl)-5-((5-fluoro-2-oxoindolin-3-
ylidene)methyl)-2,4-dimethyl-1H-pyrrole-3-carboxamide (15)

o o
F N%N
J TN e R N
HN Moy
o .
N 15 N\N)

Acid 151 (30.0 mg, 72.5 pmol, 1.3 eq), (4-(1,2,4,5-tetrazin-3-yl)phenyl)methanamine hydrochloride (12.4
mg, 55.8 umol, 1.0 eq), EDCI hydrochloride (21.4 mg, 111.6 umol, 2.0 eq) and BtOH (1.28 mg,
8.37 umol, 0.15 eq) were dissolved in dry DMF (2.5 mL). Then pyridine (45 pL, 558 umol, 10.0 eq) was
added dropwise and the mixture was stirred for 16 h at rt. After removal of the solvent by freeze drying
the reaction mixture was purified by reversed phase column chromatography (C-18, H,O/MeCN 70:30)
and freeze dried again to afford the tetrazine conjugate 15 (23.7 mg, 40.7 umol, 73% vyield) as a red solid.

TLC: R = 0.22 (H.0/MeCN 70:30). *H NMR (d5-DMSO, 400 MHz): & = 1.29 - 1.40 (2 H, m), 1.46 - 1.55
(2H, m), 1.55-1.64 (2H, m), 221 (2 H,t,J=7.3Hz), 2.38 (3H, 5), 241 (3H, 5), 3.22 2 H, q, J = 6.6
Hz), 4.40 (2 H, d, J = 5.9 Hz), 6.80 - 6.87 (1L H, m), 6.87 - 6.96 (1 H, m), 7.52 (2 H, d, J = 8.8 Hz), 7.63
(AH,t,J=5.6Hz),7.67(1H,s),7.74(1LH,dd,J=9.4,25Hz),844(2H,d,J=83Hz),848 (1 H,t,J
=6.0 Hz), 10.55 (1 H, s), 10.92 (1 H, br. s.), 13.63 (L H, s). *C NMR (d®-DMSO, 101 MHz):** § = 10.5,
13.2, 25.0, 26.2, 29.1, 35.3, 38.6, 41.8, 105.9 (d, Jcr = 24.4 Hz), 110.0 (d, Jcr=9.4 Hz), 112.3 (d, Jcr =
24.0 Hz), 114.4,121.2,124.8,125.7,127.2 (d, Jcr = 9.5 Hz), 127.8 (2 C), 128.0 (2 C), 130.2, 134.5, 136.3,
145.1, 158.0, 158.2 (d, Jc r = 235.0 Hz), 162.3, 164.6, 165.4, 169.5, 172.3. ESI-MS [M+H]* calculated for
C31H3203N8FZ 583.3; found: 583.4.
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6. NMR-spectra
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