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Cys—Cys and Cys-Lys Stapling of Unprotected Peptides Enabled by

Hypervalent lodine Reagents

Javier Ceballos®, Elija Grinhagena®, Gontran Sangouard, Christian Heinis, and Jerome Waser*

Abstract: Easy access to a wide range of structurally diverse
stapled peptides is crucial for the development of inhibitors of
protein-protein interactions. Herein, we report bis-functional
hypervalent iodine reagents for two-component cysteine-cys-
teine and cysteine-lysine stapling yielding structurally diverse
thioalkyne linkers. This stapling method works with unpro-
tected natural amino acid residues and does not require pre-
functionalization or metal catalysis. The products are stable to
purification and isolation. Post-stapling modification can be
accessed via amidation of an activated ester, or via cyclo-
addition onto the formed thioalkyne group. Increased helicity
and binding affinity to MDM2 was obtained for a i,i+7
stapled peptide.

Introduction

Protein-protein interactions (PPT) mediate a wide array of
signaling pathways in the cell. Many of such interactions
involve binding through a-helical sequences. Identification
and synthesis of these fragments therefore represents a power-
ful starting point for developing PPI inhibitors for drug
discovery."?! Nevertheless, the helical conformation of short
peptides is less stable than when the sequences are part of
proteins, and they are rapidly degraded by proteases.
Stapling—covalently linking two amino acids residues of
peptides on the same face of an a-helix—has been shown to
enforce the helical conformation and improve the stability of
peptides. It also enhances their cell membrane permeability
and therefore their potential to be used as drugs.”) When
developing a bioactive stapled peptide, the structure, length,
lipophilicity and reactivity of the introduced linker is im-
portant.> The linkers can be used to improve the solubility
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and the overall binding affinity of the peptide, not only by
inducing helical conformation, but also through direct inter-
action with the binding protein. Therefore, during the search
of prospective drug candidates, an easy access to a library of
stapled peptides with different covalent linkers is important
to increase the chance of finding active inhibitors and tune the
properties of the lead compounds. The introduction of linker
variability has been mainly addressed by two-component
stapling strategies between modified peptides and reactive
small organic molecules (Scheme 1).! Natural or non-natural
amino acids bearing reactive functional groups are introduced
on the peptide during solid-state synthesis, then reaction with
a bi-functional linker yields the desired stapled peptide.
Further modification is then possible using an orthogonal
functional group on the linker. In addition, the stapled
peptides can not only be used as pharmaceuticals, but also as
chemical biology tools.! In the latter case, linkers with
biorthogonal handles enabling in vivo visualization or target
identification are especially useful.

While the use of non-natural amino acids provides good
selectivity and reactivity, the required building blocks are less
readily available and stapling often requires metal catalysis,
which can be inconvenient and challenging on peptides.” For
these reasons, stapling methods using natural amino acids
have been developed. Cysteine has been the most broadly
used amino acid, due to its rare presence and high reactivity.®
The main reagents used have been either Michael acceptors
or benzyl, allyl or alkyl halides 1 and dichloroacetone 2
(Scheme 2, A).”) More recently, thioyne/ene (B, reagents
3),0% and cysteine arylation (C, reagents 4 and 5)!" stapling
techniques have been reported by the Chou and the Pentelute
laboratories, respectively. Despite this important progress,
there is still a strong need for the introduction of structurally
diverse linkers reacting efficiently and with high selectivity
towards cysteines.

When using two cysteines for stapling, the method is
limited to symmetric linkers. To further expand linker
variability, asymmetric reagents have been recently devel-
oped to staple two different natural amino acids. This strategy
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Scheme 1. Two-component stapling strategy and post-stapling modifi-
cation to introduce structurally diverse linkers.
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A. Cys-Cys stapling with symmetrical linkers
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Scheme 2. Previous Cys—Cys (A) and Cys—Lys (B) stapling strategies.

has been less explored, with only few reports on stapling
between Lys and Glu or AspP® or Cys.™ Similarly to
cysteine, lysine displays a strong nucleophilicity and is
therefore ideally suited for labelling. However, when both
residues are present, the selective introduction of a non-
symmetrical tether becomes challenging. Previous ap-
proaches for Cys-Lys stapling therefore required the use of
non-standard protecting groups''*! or the pre-functionaliza-
tion of either Cys!" or both amino acids,"*! which led to
multi-step syntheses. More efficient approaches have been
reported recently: Pentelute, Buchwald and co-workers
developed a highly selective palladium complex 6 containing
an active carbamate for Cys-Lys stapling>!! [Scheme 2, B,
Eq. (1)]. The need to synthesize palladium complexes is
a drawback of this approach and limits structural diversity.
The Li and Perrin groups independently reported a method
using ortho-phthalaldehyde (7) as a cheap and broadly
available Cys—Lys linker [Scheme 2, B, Eq. (2)].**!! Interest-
ingly, the obtained isoindole could be readily functionalized
by reaction with maleimide derivatives!™! or provided
fluorescent peptides directly."?! However, instability of the
linker was observed, which could limit applications in vivo.['*!
Other amino acids have been targeted for stapling with Lys by
means of multicomponent reaction-based techniques,™*"
including the use of propargylated azaglycine-Lysine A3 %
N and C termini Ugi-based cyclization,"*! or the stapling of
two lysines by a Petasis reaction.'* There is still a clear
demand for simple bifunctional linkers reacting with high
selectivity on non-protected peptides that are well-suited for
structural modifications.

Our group reported in 2013 a mild alkynylation of thiols
using ethynyl-1,2-benziodoxol-3(1H)-ones (EBXs) hyperva-
lent iodine reagents.™ We later demonstrated that these
reagents were able to selectively label cysteine on peptides
and proteins."” Building on this work, we envisioned that the
observed reactivity and selectivity towards Cys could be
applied to the stapling of o-helices without the need of
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protecting or pre-functionalizing amino acid residues
(Scheme 3). For Cys-Cys stapling EBX-based dimer reagents
8 with two reactive hypervalent iodine warheads were
designed. For Cys-Lys stapling an activated ester was
introduced on the EBX reagent providing asymmetric linkers
9. After reaction of the hypervalent iodine reagent with
cysteine, the ester group of the reagent 9 would then react
with a nearby amine. The tether that links the two electro-
philic functional groups could be used to introduce structural
variability in the stapled peptides and as a reactive group for
further functionalization. Furthermore, the thioalkyne group
present on the tether may open the possibility of further
functionalization via [3+2] cycloaddition.

Herein, we report the use of EBX-derived reagents 8 and
9 for Cys—Cys and Cys-Lys stapling of unprotected peptides.
The obtained stapled peptides were stable, allowing purifica-
tion and characterization. Post-stapling modifications were
possible using either an additional activated ester or the
formed thioalkyne (a and b in Scheme 3). The impact of
stapling on helicity was studied showing improved helicity
with several peptides. Finally, this technology was applied to
staple an a-helical p53 derived peptide that binds to MDM2,
an important cancer target.'! One stapled peptide was
demonstrated to be an efficient inhibitor of MDM?2 with
a K, of 29+4 nM showing a 12 times increase of potency
compared to the linear peptide, emphasizing the substantial
effect of the enhanced helicity.
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Scheme 3. Our strategy for Cys—Cys and Cys—Lys stapling and post-
stapling functionalization using hypervalent iodine reagents.

Results and Discussion

We started our study with the investigation of potential
Cys—Cys stapling reagents. After several attempts, it was
concluded that the frequently used more reactive 2-iodoben-
zoic acid based-EBX reagents!"*!*! were not suitable for the
synthesis of dimeric reagents. First, their synthesis was long
and low yielding. Second, they exhibited poor solubility in
most solvents. Third, even when better solubility could be
achieved, they were excessively strong oxidants, leading to
disulfide formation as major pathway. Consequently, we
turned our focus to the bis-CF; substituted hypervalent
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iodine reagents (1-ethynyl-3,3-bis(trifluoromethyl)-1,3-dihy-
dro-113-benzo[d][1,2]iodoxole), which exhibit a lower oxida-
tion potential and reactivity, as well as higher solubility.l'"]
First, the only reported aryl-derived bis-CF; benziodoxole
dimer 8a was synthesized (Scheme 4 A).'’Y Reagent 8a has
been previously used for the synthesis of multi-substituted
furans, but has never been applied for the alkynylation of
thiols. The meta substituted aryl reagent 8b was also
synthesized, as the geometry of the linker was expected to
have a strong influence on stapling. In addition, new reagents
8c—e bearing silicon linkers of different lengths could also be
accessed. Silicon-substituted EBX reagents were more reac-
tive towards thiols than alkyl- or aryl-substituted analogues
and led more efficiently to the alkyne product in our previous
work.*131 All reagents were obtained in one step from the
known hypervalent iodine reagent 10!®! in 40-94 % yield. The
structure of 8c¢ was further confirmed by X-ray analysis
(Scheme 4B).) Reagent 8¢ reacted cleanly with N-Acetyl-
L-cysteine methyl ester (12) to give bis-thioalkyne 13 in 63 %
yield, demonstrating that this class of benziodoxole reagents
can also be used for thioalkynylation (Scheme 4 C).
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Scheme 4. A) Synthesis of bis-hypervalent iodine reagents 8. B) Crystal
structure of compound 8c. C) Reaction of 8c with N-Acetyl-L-cysteine
methyl ester (12). D) Synthesis of hypervalent iodine-activated ester
reagents 9.
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Next, potential reagents for Cys—Lys stapling were
prepared. In order to enable reaction with Lys (K), a com-
monly used pentafluoro phenyl (PFP) ester was selected.””!
PFP esters are easily accessible and stable, but still reactive
enough to efficiently yield amides. Having a single hyper-
valent iodine center allowed us to move back to the more
reactive and more efficiently synthesized EBX core based on
2-iodobenzoic acid. We also anticipated that reactivity with
these EBX reagents should be sufficient with aryl substituents
and decided to focus on substituted phenyl rings as tethers.
Furthermore, the geometry and length of the linker can be
readily modified with different substitution patterns at the
phenyl ring. The para-reagent 9a and the meta-reagent 9b
were accessed in 74 % and 45 % yield, respectively. The ortho-
substitution pattern was more difficult to synthesize, but the
EBX 9c¢ could nevertheless be obtained in 16 % yield. Finally,
the highly sensitive reagent 9d bearing two activated esters
could be accessed in 27 % yield. While the best result was
obtained when a TMS protected alkyne was used, the
reagents could also be accessed in slightly lower yields using
directly the terminal alkynes (see Supporting Information,
Section 4b).

With the reagents in hand, we moved to apply them on
a peptide model (Table 1). We selected an axin-derived
peptide 16,”! with the sequence of Ac-ENPE-
CILDCHVQRVM, which: (1) has been reported for cys-
teine-cysteine (CC) stapling; (2) has been described to display
low degree of helicity in solution as a linear peptide, but a high
degree when stapled; (3) contains histidine (H), arginine (R),

Table 1: Optimization of the reaction conditions on peptide model Ac-
ENPECILDCHVQRVM (16).1

lPr\ liPr
Si
/ \ IPI‘ /Pr
| |
SH HS ool o / \

FsC CF,
FsC 8c CF3

V). 4 hlal
AC-ENPECILDCHVQRVM-NH, D'FEA (25 8quiv), 41

16 17a
Entry Reagent Solvent Conc. T[°C] Yield [%]*
[equiv] [mMm]®!
1 1.0 DMF 1 23 55
2 1.5 DMF 1 23 67
3 3.0 DMF 1 23 72
4 5.0 DMF 1 23 73
5 3.0 DMF 1 37 78 (9814
6 3.0 DMF 5 37 66!
7 3.0 DMSO 1 37 62
8 3.0 THF! 1 37 5
9 3.0 Dioxane!’ 1 37 0
10 3.0 DMF/Water (1.1:1) 1 37 0

[a] See Supporting Information (Section 8, Table S1-4) for an optimiza-
tion of the base, the equivalents of base and the reaction time. [b] The
peptide was dissolved in the indicated solvent (1 mM) and the base and
reagent solutions were added making the final concentration not lower
than 0.94 mM. [c] Calibrated yields base on absorbance at 210 nm (see
Supporting Information, Figure ST). All yields are an average of
duplicated reactions. [d] Relative absorbance of 17a vs. 16 at 210 nm.
[e] Reaction time: 30 min. [f] 10% of DMF was added to increase the
solubility.
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methionine (M) and glutamic acid (E) as potential competing
nucleophilic residues.

To optimize the conditions reagent 8¢ was chosen.
Reaction of 16 with one equivalent of 8¢ afforded stapled
peptide 17a in 55% yield after 4 hours (Table 1, entry 1).
Formation of the disulfide bridge was identified as the major
side-product of the reaction. Excess of the reagent resulted in
yields up to 73 %, but little or no difference was found beyond
3.0 equivalents (entries 1 to 4). Raising the temperature to
37°C, increased the yield to 78 % and allowed to better
solubilize the stapling reagents (entry5). At 5mM, the
reaction was completed in 30 minutes albeit with a slight loss
of yield (entry 6). The reaction worked also well in DMSO,
but the yield decreased to 62% (entry 7). In other solvents,
the solubility of the linear peptide 16 and reagent 8¢ was not
sufficient and very low to no conversion was observed
(entries 8 to 10).

We then set out to expand the peptide scope using the
reagent 8¢ under the optimized conditions (Table 2 A). Based
on our previous work with EBX,!*! we identified arginine
(R) as the most likely residue to potentially raise chemo-
selectivity issues. Hence, we selected the Ac-YGGEAAR-
EACARECAARE Cys—Cys (i,i+4) stapling model 18 re-
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ported by Greenbaum and co-workers, which contains three
arginine (R) residues.” Compared to the model system
(Table 2 A, entry 1), a similar result was obtained (entry 2).
Considering that the distance between the i and i + 4™ amino
acids in o-helix is 5.4 A and the distance between iodine
atoms in reagent 8¢ was 8.7 A (according to X-ray analysis,
Scheme 3B), we wondered if 8¢ could be used for two-loop
stapling (i,i+7, 10.8 A), taking into account the additional
flexibility provided by the cysteine sidechains. Consequently,
we synthesized another peptide model 20, with the sequence:
Ac-QSQQTFCNLWRLLCQN. This sequence has been in-
troduced by Verdine and co-workers as a modification of the
wild type helical binding domain of p53 that exhibits better
cell permeability and helicity.’” The inhibition of the
interaction between p53 and MDM?2 proteins has been linked
to tumor suppression. They further improved the property of
the peptide by stapling in a two-loop fashion (i,i+7) via
metathesis, where non-natural olefinic amino acids were used
in place of cysteines. Unfortunately, stapling with 8 ¢ was less
efficient in this case (entry 3). In order to study the chemo-
selectivity of our reagents, we applied 8¢ on peptide 22
containing the most nucleophilic amino acids; Ser (S), Glu
(E), Arg (R), Trp (W), His (H), Gln (Q), Tyr (Y), Lys (K),

Table 2: Reagent and peptide scope. The structure of the products was established based on MS/MS experiments (see Supporting Information).

Reactions were done on 0.2 to 1.5 umol scale.

A. Cys—Cys stapling.”

X
Z N
S S iPr P /j ; {F’r {Pr_ 2"
X— 4 i\SI{ i m IPr\/Si; ,Si/’Pr @ @
N é : : : E 1 A7 /SI\ S0 5 R
n
Peptide Entry  Rel. abs. Entry Rel. abs. [%] Entry Rel. abs. [%] Entry  Rel. abs. Entry Rel. abs.
[%]"! [%] [%]
Ac-ENPECILDCHVQRVM-NH, 1 98 [46] 5 89 (17b) 8 51 29] 12 27 (17d) 14 13 (17¢)
(16) (17a) (17¢)
Ac-YGGEAAREACARECAARE- 2 72 [48] 6 69 (19b) 9 9[19] (19¢) - - - -
NH, (18) (19a)
Ac-QSQQTFCNLWRLLCQN-NH, 3 30 [13] 7 [22] (21b) 10 449[17] 13 46 (21d) 15 13 (21¢)
(20) 21a) 1¢)
H,;N-SERCWHECYKNM-NH, 4 79 (23a) - - 11 4219 (23¢) - - - -
(22)
B. Cys—Lys stapling.”
o}
7X’4 P .
s—= " in - -
: X= Q Q ‘
n
Peptide Entry Rel. abs. [%] Entry Rel. abs. [%] Entry Rel. abs. [%]
Ac-ENPECILDKHVQRVM-NH, (24) 16 9419 [52] (25a) 21 34 [7] (25b) 26 1011 (25¢)
Ac-YGGEAAREACAREKAARE-NH, (26) 17 114 [65] (27a) 22 77 [44] (27b) 27 118 (27¢)
Ac-QSQQTFCNLWRLLKQN-NH, (28) 18 117 [87] (29a) 23 110 [55] (29b) 28 123 (29¢)
H,N-SERCWHEKYKNM-NH, (30) 19 63 (31a) 24 20 (31b) - -
H,N-RSQFYKHDAGCG-NH, (32) 20 69,19 2319 (333, 33a") 25 22 (33b) - -

[a] Reaction conditions: 8 (3.0 equiv), DIPEA (2.5 equiv), T mM, 37°C, 4 h. [b] Relative absorbance of stapled product compared to a standard solution
of starting material at 210 nm (see Supporting Information, Section 3). The relative absorbance correlates well with the yield, but is higher, the error
was estimated to be 5 to 28 % taking in account absorbance of linker (calculated for 17a and 29a) and errors arising from weighing small amounts of
starting material. The absorbance was taken as the average of two reactions (see Supporting Information, Table S5 and S9). The isolated yields
obtained on 4.3 mg to 16 mg (1.9 to 7.3 umol) scale are given in square brackets. [c] 24 hour reaction time. [d] Reaction conditions: 9 (1.1 equiv),
DIPEA (2.5 equiv), 1 mM, 37°C, 30 min. [e] The stapled peptide was unstable and could not be isolated in pure form (see Supporting Information,

Section 10).
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Asn (N) and Met (M) in no particular order, as well as a free
N terminus. To our delight, reactivity and selectivity com-
parable with the ones of other peptide models were observed
(entry 4).

Next, we turned to the scope of reagents. The cyclohexyl-
based reagent 8d afforded the stapled product with peptides
16, 18 and 20 as efficiently as the iPr-based reagent 8¢
(entries 5-7). Introduction of the longer silanol-based linker
using reagent 8e was generally less efficient (entries 8-11),
with the exception of a slightly better result obtained for the
i,i +7 model (entry 10). This is in accordance with the longer
distance between the two iodine atoms. Due to the observed
low reactivity of 8e, the monothioalkynylation intermediate
was commonly detected as the major product. Longer
reaction times did not increase conversion (Supporting
Information, Table S5). The use of the para- and meta-
substituted phenyl reagents, 8a and 8b was then examined for
both the one-loop model 16 and the two-loop model 20
(entries 12-15). In general, the phenyl- based linkers were less
efficient than the corresponding silicon analogues.

Only the para-linker together with two-loop peptide
model 20 provided a comparable result (entry 13).*! The
isolation of complex pure peptides is often difficult and
associated with significant loss in yield. We were therefore
pleased to see that selected peptides could be isolated in pure
form after preparative HPLC in 13-48 % yield (Entries 1-2,7,
8-10).

In order to test the cysteine-lysine (CK) stapling reagents
9, we synthesized the same peptide models as used for Cys—
Cys stapling (16, 18, 20 and 22), but exchanging the second
cysteine for a lysine—to give peptides 24, 26, 28 and 30
(Table 2B). In addition, the model 32, previously used by
Buchwald and co- workers specifically for Cys-Lys sta-
pling,"*¥ albeit with a free N-terminus was also synthesized.
To our delight, the para-reagent 9a stapled the peptide
models 24, 26, and 28 very efficiently in only 30 minutes
(entries 16-18). By HPLC, only the stapled products were
observed. In this case again, higher absorbance is observed for
the stapled products in comparison to the starting materials.
To confirm that the relative absorbance was still reasonably
correlated with the yield, the reaction was performed on
larger scale. The stapled products 25a, 27a and 29a were
isolated in 52, 65 and 87 % yields, respectively. Therefore, the
stapling with the Cys—Lys system appeared to be more general
and efficient than with Cys—Cys. This could be due to the
higher reactivity of the hypervalent iodine reagent, or the
higher flexibility of the lysine side chain. The nucleophilic
peptide 30 with a free N-terminus was stapled slightly less
efficiently (entry 19). Interestingly, only one product was
detected by HPLC analysis. MS/MS studies confirmed the
formation of the Cys-Lys stapled product. This selectivity
however, appears to be sequence dependent. In fact, when the
unprotected Buchwald model 32 was examined, both stapled
products—Cys-Lys (33a) and Cys-N-terminus staple (33a’)—
were obtained.

The meta-reagent 9b showed lower reactivity with peptide
24. When previously using reagent 9a, full conversion was
observed, but meta-reagent 9b provided only 63 % conversion
of 24 in 30 minutes with a 34 % relative absorbance for the
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product (entry 21). Longer reaction times did not result in
significant increase in conversion. The isolation of pure
product 25b was also difficult and low yielding. However,
good results were obtained with peptides 26 and 28 resulting
in 77% and 110% relative absorbance, respectively (en-
tries 22 and 23). In this case, the products 27b and 29b could
also be isolated in good yields —44 % and 55 % respectively.
Stapling was also less efficient with peptide models 30 and 32
containing free N-terminus (entries 24 and 25). Only the
stapling between Cys—Lys was observed by MS/MS analysis of
both models. In contrast, excellent reactivity and full con-
version of the starting peptides 24, 26 and 28 was again
observed with the ortho reagent 9¢ after 30 minutes (Ta-
ble 2B, entries 26-28). However, all attempts to isolate the
pure products 25¢, 27¢ or 29¢ were unsuccessful due to the
observed instability of the products in solution.”” For this
reason, the peptide scope was not further investigated, as the
instability of the ortho-linker made it not suitable for
biological applications. Overall, the trends in reactivity
suggest that the position of the electron withdrawing carboxy
group on the reagent has a strong influence on the efficiency
of stapling.

To further investigate the reaction mechanism and the
origin of the observed selectivity, stapling of peptide 26 with
the para reagent 9a was chosen as it displayed quantitative
conversion, and no other side-products were detected by
HPLC. Kinetic MS experiments showed that the thiol attack
onto the EBX core is very fast, complete in under 1 minute,
yielding intermediate 34 (Figure 1). The formation of an
ynamine intermediate instead is highly improbable, as EBX
reagents are known to react rapidly with thiols and not with
amines."*%! Overall, the reaction was finished in 10 minutes
even at a 0.1 mM concentration providing the product 27a.
We were pleased to see that intermediates 35 and 36 arising

o o
=) =)

Relative intensity
o
s

0,2

0 5 10 15 g (g
Time, min
o) 35
1
“NH

36

Figure 1. MS kinetic experiment following reaction between peptide 26
and para reagent 9a. The possible reaction intermediates 34-36 are
shown. See Supporting Information, Figure S3 for details.
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from initial attack on the activated ester were not detected,
suggesting that the Lys attack is proximity driven. If these
intermediates were formed, a lack of selectivity would be
expected. The observed high selectivity and reaction rate of
EBX reagents towards sulfur nucleophile is therefore be-
lieved to be the reason behind the high efficiency observed for
peptide stapling.

To show that our Cys-Lys stapling can be performed in
presence of additional Lys (K) residue, we synthesized
a modified version of peptide 26 (Ac-YGGEAAREACAR-
EKAARE) containing (4,4-dimethyl-2,6-dioxo-cyclohex-1-
ylidene)-3-methyl-butyl (ivDde) protected Lys—ivDde-26a
(Table 3, A).”! The stapling using the reagent 9a proceeded
efficiently and the ivDde protecting group could be removed
by addition of hydrazine in one-pot manner, yielding the final
product 26a’ in excellent rel. abs (Table 3, entry 1). While the
reagent 9b also reacted well with ivDde-26 a, the deprotection
proved to be more difficult as degradation of the peptide was
observed (entry2). Since the protecting group approach
lacked generality, we wanted to investigate if unprotected Lys
(K) could be tolerated in our stapling method. Based on the
results of the kinetic experiment showing that thiol function-
alization was orders of magnitude faster (Figure 1), we
thought that formation of the staple would be favored over
reaction with other Lys (K) not on the same side of the helix.
In addition to 26a, we introduced a Lys (K) in various
positions relative to Cys (Table 3, B). After submitting the
peptides 26a, 26b and 26¢ to our Cys-Lys stapling reaction
conditions and reagent 9a, the desired i,i + 4 stapled peptides,
as confirmed by MS/MS analysis, were obtained in excellent
rel. abs (entries 3-5). Only minor formation of another
stapled product or overreaction at the free lysine were
observed (0-13% and 0-23% rel. abs, respectively, see
Supporting Information, Section 12b). Moreover, the product
26a”, which could not be obtained using the ivDde protecting
group strategy, was now formed in 74 % rel. abs (entry 6).

Table 3: Cys-Lys stapling in presence of additional ivDde protected and unprotected Lys.

0
—xA4

) = " Hn

)
. -
A n
R = ivDd
R=H R= : e) hydrazinel®!
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We then explored the reactivity of the tris-functionalized
reagent 9d in a one-pot stapling/labelling sequence (Sche-
me 5 A). The stapled intermediate 27d containing a PFP ester
was obtained in 70 % relative absorbance using peptide 26.

The additional activated ester was then further reacted
with an amine-containing azido-PEG reagent 37, providing
the final functionalized product 38 in 73 % relative absorb-
ance. Next reagent 9d was applied to peptide 32 containing
a free N-terminus. After prolonged reaction time, tricyclic
peptide 39 was formed in 37 % yield.

With the successful synthesis and isolation of the stapled
peptides, we then wanted to explore the use of the unique
thioalkyne functionality for post-stapling modifications. The
metal-catalyzed cycloaddition between azides and terminal
alkynes®*?! has been broadly used as a bioorthogonal
reaction.”™ In contrast, internal alkynes are usually less

OO

H
& \@F 0. N\(/\Oh
3 N3

=

HoN N
9«6/\0)/\/3 é

Soood éoood

Ac-YGGEAAREACAREKAARE-NH, (27d)
70%

73%

Scheme 5. A) Post-stapling modifications of 27d. B) Cys—Lys-N-termi-
nus bis-stapled product 39 obtained from peptide 32. Relative absor-
bances of products compared to a standard solution of starting
materials are indicated.

reactive. In 2017, Mascarefias and
co-workers reported a rare biocom-
patible Ru"-catalyzed azide-thioal-
kyne cycloaddition (RuAtAC) un-
der aqueous conditions.””) Thus, we
decided to take advantage of this
reactivity and apply it to the thio-

X= @

alkyne present in our linkers. In
order to apply the method to our

L

Peptide Entry Rel. abs. [%] Entry Rel. abs. [%] stapled peptides, the reported con-
A ditions needed to be adjusted. The
Ac-YGGEAARK(ivDde) ACAREKAARE-NH, 117% 72% reported 2:1 ratio of thioalkyne and
(ivDde-262) ! (ing]e-ZGa’) 2 (ivDde-26a")  ,7ide was changed to a 1:1 ratio to
o, ” o, ”
. 97% (26a’) 0% (262")  cpsure the full conversion of the
p - 1 [30]
Ac-YGGEAARKACAREKAARE-NH, (262) 3 92% (26) 6 74% (2627 ~More precious stapled peptide.
Ac-YGGEKAREACAREKAARE-NH, (26b) 4 91% (26b) - - The concentration of 75 mM was
Ac-YGGEAAREACAREKAAREK-NH, (26¢) 5 95% (26¢) - - unrealistic for our small reaction

[a] Reaction conditions: 9 (1.1 equiv), DIPEA (2.5 equiv), 1 mM, 37°C, 30 min. [b] Reaction conditions:
35 wt% hydrazine in water, 2%, 37°C, 30 min. [c] Relative absorbance of stapled product compared to
a standard solution of starting material at 210 nm. [d] Relative absorbance of stapled product compared

to a standard solution of 26a at 210 nm.
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scale typically used for peptides and
was decreased to 27 mM to ensure
solubility. Moreover, the solvent
was changed from water or DCM
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to DMF, to ensure that a one-pot—stapling and cycloaddi-
tion—procedure could be done in the same solvent. After
optimization using model stapled peptide 29a in combination
with 1 equivalent of benzyl azide (40a) (Supporting Informa-
tion, Table S10), full conversion to yield two regioisomers of
the triazole product in a ratio of 10:1 was achieved in presence
of 20 mol % of Ru catalyst at 27 mM concentration (Table 4,
entry 1). Azides bearing fluorescent dyes (5/6-TAMRA-
PEG;-N;) (40b) and 6-FAM-N; (40c¢)) were then used. In
both cases full conversion was observed (entries 2 and 3). The
effect of varying the linkers was explored next. Lower
conversion, but higher regioselectivity was obtained when
using staple 29b bearing a meta linker. (entry4). The
optimized conditions were then applied to the para linked
peptides 27a and 25a using benzyl azide (40a). Excellent
reactivity and selectivity were observed with staple 27a
(entry 5). The desired product was also successfully obtained
using staple 25a, but a lower conversion was observed
(entry 6), possibly due to a more hindered reaction site,
created by leucine (L) and isoleucine (I) amino acid residues.
The cycloaddition was not successful on the Cys—Cys staple
17a, probably due to the steric hindrance resulting from the
iPr groups (Supporting Information, Section 14b).

The optimized reaction conditions were adjusted to
enable one-pot stapling and subsequent RuAtAC (Scheme 6).
The concentration of the reaction was further reduced to
5mM to ensure intramolecular attack during the stapling
step. To reach full conversion, the ruthenium catalyst loading
in the cycloaddition step needed to be increased to 50 mol %.

Table 4: Azide and stapled peptide scope for RUAtAC.
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nternat Chemie
9a (1.1 equiv) N=N
DIPEA (2.5 equiv) N O
SH HaN DMF, 37 °C Bn”
4 15 min S NH
- -- then—— { QA
4 BnN; (40a, 1 equiv)
Ac-QSQQTFCNLWRLLKQN-NH, Cp*Ru(cod)Cl
28 (50 mol%) 4a, Ma’
DMF (5mM), 37 °C 89% absorb. ratio
24 h [62%, 4%]

Scheme 6. One-pot stapling/ RuAtAC procedure. Only the structure of
the likely major product is presented. Absorbance ratio(%) =[(UV
absorbance of product)/((combined UV absorbance of stapled peptide
and product)] * 100. Full conversion of peptide 28 was observed.
Isolated yield is given in bracket.

The linear peptide 28 could then be converted into triazole
products 41a and 41a’ in one-pot and 89 % conversion of the
stapling intermediate. The one-pot procedure was then used
to isolate both regioisomers in 52 % and 4 % yield.

To study the changes induced in the peptide conforma-
tions, we obtained circular dichroism measurements of the
helical linear peptides and the corresponding isolated stapled
peptides (Table 2, entries 1-3, 7-10, 16-18, 21-23). Both one-
and two-loop staples 19a and 21a with the bis(isopropyl)silyl
tether seemed to have lost partially the alpha helix con-
formation (Figure 2 A,B). On the other hand, the staples 19¢
and 21 ¢ with the longer silanol linker showed similar helicity
compared to linear peptide 18, as seen by the values at 222 nm
(Table S11).B" A similar behavior was observed for peptide
17 ¢, while for 17a obtaining a precise measurement under the
same conditions was difficult (See Supporting Information,

Section 16, Figure S4 and S5). For
Cys-Lys staples in general, little
change or decrease in helicity was

. R—N'N:N observed for one-loop staples 25
=N\ ,’\(0 (?:Z:ig) ZNY 0 and 27 (see Supporting Informa-
S HN< ) Cp*Ru(cod)Cl Z N ) tion, Figure S6 and S7). In contrast,
m (20mol%) meta- and para- two-loop staples
n DMF, 27 mM, rt, 24 h n 29a and 29b as well as the corre-
Entry Sequence Staple R= absorb. ratio [%]® sponding triazole staple 4la dis-
played higher helicity than linear
1 Ac-QSQQTFCNLWRLLKQN-NH,  29a Bn (40a) quant. 41(10;11)6" peptide 28 (Figure 2C). Overall, the
2 5/6-TAMRA-PEG, (40b)  quant. 541 b: 4 b’)) grfeatest hehclty' increase was ob-
3 6-FAM (40¢) quant. @1¢) tained for 29b with a meta linker for
4 Ac-QSQQTFCNLWRLLKQN-NH,  29b Bn (40a) 71 (36:1) Cys-Lys stapling of the two-loop

(42, 42) model 28.
5 Ac-YGGEAAREACAREKAARE-NH,  27a Bn (40a) quant. (32:7) Finally, we tested if modifica-
(43, 43) tion of peptides with the novel

6 Ac-ENPECILDKHVQRVN-NH, 25a Bn (40a) 59 (44)

stapling reagents can yield efficient
inhibitors of PPIs. For this we

@) 0] OH
999

5/6-TAMRA-PEG3-N; (40b)

6-FAM-N; (40¢c)

[a] Absorbance ratio(%) =[(UV absorbance of product)/((combined UV absorbance of stapled peptide
and product)] * 100, and is given as combined yield when both regioisomers where observed. Only
starting material, reagent and products were observed by HPLC. In brackets ratio of regioisomers is
indicated where applicable. Products 41b and 41b’ could not be fully separated, while only one peak
corresponding to the m/z of the desired product was detected for 41 c and 44 by HPLC analysis. Only the
structure of the likely major product is drawn.
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studied the interaction of the p53-
derived peptide sequence Ac-
QSQQTFCNLWRLLC/KQON (20
and 28) with MDM2. We first tested
the binding of the peptides to
MDM?2 using a fluorescence polar-
ization (FP) competition assay in
which the displacement of a linear,
fluorescein-labeled reporter pep-
tide was measured (fluorescein-
GSGSSQETFSDLWKLLPEN-
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A Ac-YGGEAAREACARECAARE-NH, B Ac-QSQQTFCNLWRLLCQN-NH, c Ac-QSQQTFCNLWRLLKQN-NH,
70 70 70
60 —_—18 60 ——20 60 ——28

——19a 50

—_—21a

—— 200

g g0 2
40 40 40 4
s 19¢ 5407 21c 2 29b
£ 30 £ 30 £ 30
(3] S \ o
> 20 =2 B%) P20 —41a
(5] (5}
2 2 10 2 10
5" o =
x 0 s X 0 < 0 ‘
> = ) ” T, 180 \ 240
RLY 200 T ,180 g ; 20 T, )
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-30 A, nm 30 A, nm 30 A, nm

Figure 2. Circular Dichroism (180-240 nm) spectra of linear (represented by a black line) and stapled peptides. Measured using 0.1 mM 40%
TFE/Water solutions. See Figure S3—6 in Supporting Information for the data of other stapled peptides.

NH,). The stapled peptides 21a, 29a and 29b efficiently
displaced the probe at concentrations close to that of MDM2,
suggesting high binding affinities and Kgs in the nanomolar
range (Supporting Information, Figure S8). We decide to
further investigate the binding of the staple 29a as it exhibited
good helicity (Figure 2), binding affinity in competition assay
and could be isolated in high yield (Table 2). In order to
accurately determine the binding affinities we synthesized 28’,
and the corresponding stapled peptide 29a’, both as con-
jugates with a 5(6)-carboxyfluorescein at the N-terminus
(Scheme 7).

The presence of fluorescein did not affect the stapling
reaction, and product 29a’ was isolated in 76 % yield and
could be used to measure the binding to MDM2 in a direct FP
assay. The stapled peptide bound to MDM2 with a 12-fold
higher affinity (K;=29+4 nM) than the linear one (K ;=
346 £45 nM) (Figure 3). Interestingly, both the absolute
value and the increase of affinity are higher than for the
reported metathesis staple (K;=55+10nM and 2-fold
increase).” It is comparable to affinities observed for other
reported highly optimized metathesis-based peptide sta-
ples.P? In addition, a single pure staple is obtained in contrast

o 9 -
6 n
SH HN™ 4
HO
o]

OH 28
9a (1.1 equiv)

DIPEA (2.5 equiv)
DMF, 37 °C

o 9 3
O, 4
) 653 _ “i.:
OH
29a|

110% absorb. ratio
[76%]

Scheme 7. Stapling reaction using fluorescein labelled linear peptide
28’ and reagent 9a. Isolated yield is given in bracket.
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Figure 3. Binding of fluorescein-labelled stapled peptide 29a’ and

a linear peptide 28’ with the same sequence to MDM2, measured in
a fluorescence polarization-based assay. Average values and SDs of
three independent measurements are shown.

to the E/Z isomers formed in metathesis reactions, which
display different affinities. This result showed that the
developed stapling reagents can substantially improve the
binding affinity of a-helical peptides and yield high-affinity
inhibitors of PPIs.

Conclusion

In summary, we have reported the synthesis of new
bifunctional hypervalent iodine reagents and their use for
peptide stapling. Reagents bearing two reactive hypervalent
iodine sites were developed for Cys—Cys stapling, whereas
combining one hypervalent iodine group with an activated
ester enabled Cys-Lys stapling. Both one-loop (i,i +4) and
two-loop (i,i 4+ 7) stapling was possible. The stapling did not
require the use of protecting or activating groups. The
geometry and length of the linker in the reagents greatly
influenced the stapling efficiency and helicity. Post-modifica-
tion of the stapled peptides was achieved either by introduc-
ing an additional reactive ester group, or by ruthenium-
catalyzed cycloaddition of the formed thioalkynes with azides.
Depending on the linker length and geometry, either an
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increase or decrease of helicity was observed. Stapled peptide
29a displayed both enhanced helicity and binding affinity to
the MDM2 protein.
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1. General procedures

All reactions using anhydrous conditions were performed with oven-dried glassware, under an
atmosphere of nitrogen, unless stated otherwise. Tetrahydrofuran, acetonitrile, diethyl ether and
dichloromethane (DCM) were dried by passage over activated alumina, under nitrogen
atmosphere, on an Innovative Technology Solvent Delivery System (water content < 10 ppm, Karl-
Fischer titration). Dichloroethane and ethanol were purchased from Acros and trifluoroethanol was
purchased from Fluorochem. DMSO was purchased from Sigma-Aldrich. All the Fmoc-protected
amino acids and Rink Amide MBHA resin were purchased from GL Biochem or Bachem. 1-
[Bis(dimethylamino)methylene]-1H-1,2,3-triazolo[4,5-b]pyridinium 3-oxide hexafluorophosphate
(HATU, Bachem) and N,N-diisopropylethylamine (DIPEA, Iris Biotech GmbH) were used as
received. All the other reagents were purchased from ABCR, Acros, AlfaAesar, Apollo Scientific,
Fluorochem, Fluka, Roth, Sigma-Aldrich and TCl and were used as such. For flash
chromatography, distilled technical grade solvents were used. Chromatographic purification was
performed as flash chromatography using Macherey-Nagel silica 40-63, 60 A, using the solvents
indicated as eluent with 0.1 — 0.5 bar pressure. TLC was performed on Merck silica gel 60 F254
TLC aluminum or glass plates and visualized with UV light or permanganate stain. Melting points
were measured on a Bichi B-540 melting point apparatus using open glass capillaries. 1H-NMR
spectra were recorded on a Brucker DPX-400 400 MHz spectrometer in CDCl;, DMSO-d6 or D,0.
All signals are reported in ppm with the internal CHCI; signal at 7.26 ppm, the internal DMSO
signal at 2.50 ppm and MeOD as 3.31 ppm as standard. The data is being reported as: s = singlet,
d = doublet, t = triplet, g = quadruplet, gi = quintet, m = multiplet or unresolved, br = broad signal,
app = apparent, coupling constant(s) in Hz, integration, interpretation.13C-NMR spectra were
recorded with 1H-decoupling on a Brucker DPX-400 100 MHz spectrometer in CDCls, DMSO-d6
or MeOD. All signals are reported in ppm with the internal CHCI; signal at 77.16 ppm or the internal
DMSO signal at 39.52 ppm as standard. Spectra were fully assigned using COSY, HSQC, HMBC
and ROESY. Infrared spectra were recorded on a JASCO FT-IR B4100 spectrophotometer with
an ATR PRO410-S and a ZnSe prisma and are reported as cm™ (w = weak, m = medium, s =
strong, br = broad). High-resolution mass spectrometric measurements were performed by the
mass spectrometry service of ISIC at the EPFL on LTQ Orbitrap ELITE ETD (Thermo fisher), Xevo
G2-S QTOF (Waters), or LTQ Orbitrap ELITE ETD (Thermo fisher). Circular dichroism
measurements were performed using a 100 uM solution of peptide in a mixture of water and 2,2,2-
trifluoroethanol (TFE), Spectra were measured from 260 nM to 190 nM on a J-810
Spectropolarimeter (Jasco, Oklahoma City, USA).

2. HPLC-MS and preparative HPLC information

a. HPLC-MS analysis

HPLC-MS measurements were performed on an Agilent 1290 Infinity HPLC system with a G4226a
1290 Autosampler, a G4220A 1290 Bin Pump and a G4212A 1290 DAD detector, connected to a
6130 Quadrupole LC/MS, coupled with a Waters XBridge C18 column (250 x 4.6 mm, 5 pm).
Water:acetonitrile 95:5 (solvent A) and water:acetonitrile 5:95 (solvent B), each containing 0.1%
formic acid, were used as the mobile phase, at a flow rate of 0.6 mL.mint. The gradient was
programmed as follows:



Method 1: 100% A for 5 minutes and then a gradient to 100% B in 20 minutes, plus 5 minutes of
100% B.

Method 2: Gradient from 100% A to a 100% B in 20 minutes, plus 5 minutes of 100% B.
Method 1 was used for HPLC-MS analysis unless noted otherwise.

The column temperature was set up to 25 °C. Low-resolution mass spectrometric measurements
were acquired using the following parameters: positive electrospray ionization (ESI), temperature
of drying gas = 350 °C, flow rate of drying gas = 12 L. min‘%, pressure of nebulizer gas = 60 psi,
capillary voltage = 2500 V and fragmentor voltage = 70 V.

b. Preparative HPLC

Preparative RP-HPLC were performed on an Agilent 1260 HPLC system with a G2260A 1260
Prep ALS Autosampler, a G136la 1260 Prep Pump, a G1365C 1260 MWD detector and a
G1364B 1260 FC-PS collector, coupled with a Waters XBridge semi-preparative C18 column (19
x 150 mm, 5 um). Water (solvent A) and water:acetonitrile 5:95 (solvent B), each containing 0.1%
TFA, were used as the mobile phase at a flow rate of 20 mL.min. The gradient was programmed
as follows: 100% A isocratic for 5 minutes followed by 100% A to 100% B in 20 minutes then
isocratic for 5 minutes.

3. Synthesis and Characterization of peptides

Solid-Phase Peptide Synthesis (SPPS):

Peptides were synthesized on an MultiPep RSi parallel peptide synthesizer (Intavis) using
standard Fmoc SPPS-chemistry and Rink Amide MBHA resin (0.337 mmol/g resin, 0.05 mmol
scale). Each coupling cycle was initiated by Fmoc deprotection on the Rink Amide MBHA resin,
achieved by shaking the resin with 800 uL of 20% v/v piperidine in dimethylformamide (DMF) at
400 rpm, over 5 minutes twice. Then the resin was washed with DMF (6000 uL x7). The coupling
was carried out by shaking Rink Amide MBHA resin with a Fmoc-protected monomer (4.0 equiv.),
2-(1H-benzotriazol-1-yl)-1,1,3,3-tetramethyluronium hexafluorophosphate (HBTU, 4.0 equiv.),
hydroxybenzotriazole (HOBt, 4.0 equiv.) and N-Methylmorpholine (6.0 equiv.), in DMF (1.3 mL),
at 400 rpm, over 30 minutes twice. Alternatively, HATU (4.0 equiv.) instead of the HBTU and HOBt
combination was used for the coupling. Capping using Cap Mixture (5% v/v Ac.O and 6% v/v 2,6-
lutidine in DMF) was carried out at the end of each cycle, followed by a DMF wash (6000 pL x7).
The synthesis was finished by deprotection of Fmoc using 20% v/v piperidine in
dimethylformamide at 400 rpm, over 5 minutes two times. The N-terminus was either left
unprotected or was acylated or fluoresceinated. Acetylation of the N-terminal was achieved by
incubating the resin with Cap Mixture three times. Fluoresceination was achieved by shaking Rink
Amide MBHA resin with a 5(6)-carboxyfluorescein (2.0 equiv.), 2-(1H-benzotriazol-1-yl)-1,1,3,3-
tetramethyluronium hexafluorophosphate (HATU, 2.0 equiv.) and N-Methylmorpholine (3.0
equiv.), in DMF (1.3 mL), at 400 rpm, over 30 minutes. Next, washing steps were performed with
dimethylformamide (5 x 3 mL). Finally, resin was dried with dichloromethane (5 x 3 mL).

Peptide cleavage and deprotection:

Peptides were deprotected and cleaved from the resin by treatment with 2.5% v/v water and 2.5%
v/v Triisopropyl silane in neat trifluoroacetic acid (5 mL). The resulting mixture was shaken for 2
hours, at room temperature. The resin was removed by filtration and peptides were precipitated



in cold diethyl ether (50 mL), followed by a 2 hours incubation at -20 °C. Peptides were pelleted
by centrifugation at 4000 rpm, for 5 minutes. Finally, the mother liquors were carefully removed.

Peptide purification and analysis:

Peptides were dissolved in water with a minimum amount of organic co-solvent (acetonitrile,
dimethylformamide or dimethyl sulfoxide). Peptides were then purified on preparative RP-HPLC
with a gradient of 5 minutes of solvent A (100% Water with 0.1% TFA) and then 20 minutes
gradient to 100% solvent B (5% Water/AcCN with 0.1% TFA). Fractions containing the desired
peptide were lyophilized. Peptides were obtained as TFA salts, one molecule of TFA was assumed
for every basic amino acid residue - Lys (K), Arg (R) and His (H). The purity was assessed by
HPLC-MS analysis. At the same time, low-resolution mass spectrometric measurements were
also acquired. In order to obtain high-resolution mass spectrometric measurements, the purified
peptide was submitted to the mass spectrometry service of ISIC at the EPFL that uses a
MICROMASS (ESI) Q-TOF Ultima API.

MS/MS fragmentation

The regioselectivity of the stapling was confirmed using MS/MS analysis. The spectra were
obtained by the mass spectrometry service of ISIC at the EPFL using Thermo Orbitrap Elite
instrument. The desired ion was selected using mass filters and submitted to fragmentations. The
obtained data was analyzed using fragment generation program on eln.epfl.ch.[1] For the
calculations peak threshold for intensity was set to 0.5% and 0.03% for quantity, precision was set
to 5 ppm and minimal similarity: 70%. The peaks were compared to theoretical peaks. The
theoretical peak width was calculated from the mass of the ion by the formula provided in the
script. The zone was setto -0.5 to 4.5 ppm. y and b fragments with and without linker were selected
and reported. In the cases were fragmentation was low, ¢ and z fragments and/or fragments
arising from neutral losses were included. The fragments are reported as: fragment type
(fragment intensity), the fragments containing the linker mass are indicated by italics. The
unexpected fragments are noted by *. The unexpected fragments exhibit small intensity and could
arise due to background noise, small amount of impurities or if small amount of the staple was
broken during the fragmentation experiment. The MS/MS experiments on Cys-Cys systems are
of less importance as the Cys-EBX reactivity has been well established by our group among others
(see manuscript). Hence, only selected MS/MS analysis were performed on Cys-Cys stapled
peptides.

1 a) J. S. Desport, G. Frache, L. Patiny Ref Rapid Commun Mass Spectrom. 2020, e8652; b) D. Ortiz, N
Gasilova, F. Sepulveda, L. Patiny, P. J. Dyson, L. Menin, Ref Rapid Commun Mass Spectrom. 2020.



a. Synthesis of Cysteine-Cysteine containing peptides
AcetGluAsnProGluCyslleLeuAspCysHisValGInArgValMetNH, (16)
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Following the general procedure, Ac-ENPECILDCHVQRVM-NH, (16) was obtained as white
amorphous solid.

HRMS (nanochip-ESI/LTQ-Orbitrap) m/z: [M + H]* Calcd for C7sH124N23024Ss* 1826.8346; Found
1826.8376.HPLC-UV Chromatogram (210 nm):

Retention time: 13.2 min

Absorbance area (mAU): 3128.8
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AcetTyrGlyGlyGluAlaAlaArgGluAlaCysAlaArgGluCysAlaAlaArgGluNH: (18)
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Following the general procedure, Ac-YGGEAAREACARECAARE-NH; (18) was obtained as white
amorphous solid.

HRMS (ESI/QTOF) m/z: [M + H]*? Calcd for C77H126N25028S2*? 977.4363; Found 977.4379
HPLC-UV Chromatogram (210 nm) of a 1 mM solution in DMF:
Retention time: 11.1 min

Absorbance area (mAU): 3676
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AcetGInSerGInGInThrPheCysAsnLeuTrpArgLeulLeulLysGInAsnNH: (20)
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Following the general procedure, Ac-QSQQTFCNLWRLLCQN-NH; (20) was obtained as white
amorphous solid.

HRMS (ESI/QTOF) m/z: [M+H]* Calcd for Cs7H13sN27025S2" 2022.9637; Found 2022.9679
HPLC-UV Chromatogram (210 nm) of a 1 mM solution in DMF:
Retention time: 15.8 min

Absorbance area (mAU): 3916
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HSerGluArgCysTrpHisGluCysTyrLysAsnMetNH; (22)
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Following the general procedure, H-SERCWHECYKNM-NH; (22) was obtained as white
amorphous solid.

HRMS (APPI/LTQ-Orbitrap) m/z: [M + Hj]*? Calcd for CesHooN21010Ss™ 792.8289; Found
792.8251.

HPLC-UV Chromatogram (210 nm) of a 1 mM solution in DMF:
Retention time: 10.9 min

Absorbance area (mAU): 3515
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b. Synthesis of Cysteine-Lysine containing peptides

AcetGluAsnProGluCyslleLeuAspLysHisValGInArgValMetNH- (24)
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Following the general procedure, Ac-ENPECILDKHVQRVM-NH: (24) was obtained as white
amorphous solid.

HRMS (nanochip-ESI/LTQ-Orbitrap) m/z: [M + Hz]+2 Calcd for C7gH132N24024S,"2 926.4638; Found
926.4629.

HPLC-UV Chromatogram (210 nm) of a 1 mM solution in DMF:
Retention time: 12.4 min

Absorbance area (mAU): 3127
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AcetTyrGlyGlyGluAlaAlaArgGluAlaCysAlaArgGluLysAlaAlaArgGluNH: (26)
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Following the general procedure, Ac-YGGEAAREACAREKAARE-NH: (26) was obtained as white
amorphous solid.

HRMS (nanochip-ESI/LTQ-Orbitrap) m/z: [M + Hz]*? Calcd for CgoH133N29028S%? 989.9792; Found
989.9789.

HPLC-UV Chromatogram (210 nm) of a 1 mM solution in DMF:
Retention time: 10.5 min

Absorbance area (mAU): 2414
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AcetGInSerGInGInThrPheCysAsnLeuTrpArgLeuLeuLysGInAsnNH- (28)
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Following the general procedure, Ac-QSQQTFCNLWRLLKQN-NH: (28) was obtained as white
amorphous solid.

HRMS (nanochip-ESI/LTQ-Orbitrap) m/z: [M+ Hz]*2 Calcd for CeoH144N280255*% 1024.5284; Found
1024.5329.

HPLC-UV Chromatogram (210 nm) of a 1 mM solution in DMF:
Retention time: 14.4 min

Absorbance area (mAU): 3134
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Following the general procedure, 5(6)-FAM-QSQQTFCNLWRLLKQN-NH; (28') was obtained as
yellow amorphous solid.

HRMS (ESVQTOF) m/z: [M]+ Calcd for ClogH152N280308+2 1182.5469; Found 1182.5482.
HPLC-UV Chromatogram (210 nm) of a 1 mM solution in DMF:
Retention time: 14.9 min

Absorbance area (mAU): 7129
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HSerGluArgCysTrpHisGluLysTyrAsnMetNH (30)
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Following the general procedure, H-SERCWHEKYNM-NH, (30) was obtained as white
amorphous solid.

HRMS (nanochip-ESI/LTQ-Orbitrap) m/z: [M + Hs]** Calcd for CesHesN2001sS,2™2 494.5519; Found
494.5497

HPLC-UV Chromatogram (210 nm) of a 1 mM solution in DMF:

Retention time: 10.6 min

Absorbance area (mAU): 3417
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HArgSerGInPheTyrLysHisAspAlaGlyCysGlyNH- (32)
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Following the general procedure, H-RSQFYKHDAGCG-NH; (32) was obtained as white
amorphous solid.

HRMS (APPI/LTQ-Orbitrap) m/z: [M + H]*? Calcd for CssHasN20017S*2 684.3173; Found 684.3144.
HPLC-UV Chromatogram (210 nm) of a 1 mM solution in DMF:

Retention time: 9.8 min

Absorbance area (mAU): 2795
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AcetTyrGlyGlyGluAlaAlaArgLysAlaCysAlaArgGluLysAlaAlaArgGluNH: (26a)

HNg_NH,

HO'

HN? “NH, HNJ\NHZ

NH, Y NH,
HO._O NH HO._O
Yoo u © w © u © w © SHH o} h © u © w ©
ISP U WES S NESHES NS WEE WY e
| Rl son 0orow oeow Dorow Boiow oo m oW
/©/ (NH H(;LO (NH

Following the general procedure, Ac-YGGEAARKACAREKAARE-NH: (26a) was obtained as

white amorphous solid.

HRMS (nanochip-ESI/LTQ-Orbitrap) m/z: [M + Hs]** Calcd for Cs1H139N30026S*2 660.0060; Found

660.0075.
HPLC-UV Chromatogram (210 nm) of a 1 mM solution in DMF:
Retention time: 10.0 min

Absorbance area (mAU): 1933
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AcetTyrGlyGlyGluLysAlaArgGluAlaCysAlaArgGluLysAlaAlaArgGluNH; (26b)
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Following the general procedure, Ac-YGGEKAREACAREKAARE-NH, (26b) was obtained as

white amorphous solid.



HRMS (nanochip-ESI/LTQ-Orbitrap) m/z: [M + Ha]** Calcd for CgzH142N30028S™ 509.7577; Found
509.7594.

HPLC-UV Chromatogram (210 nm) of a 1 mM solution in DMF:
Retention time: 9.9 min

Absorbance area (mAU): 1861
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AcetTyrGlyGlyGluAlaAlaArgGluAlaCysAlaArgGluLysAlaAlaArgGluLysNH: (26¢)
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Following the general procedure, Ac-YGGEAAREACAREKAAREK-NH; (26¢) was obtained as
white amorphous solid.

HRMS (nanochip-ESI/LTQ-Orbitrap) m/z: [M + Ha]** Calcd for CgsH147N31020S% 527.5170; Found
527.5195.

HPLC-UV Chromatogram (210 nm) of a 1 mM solution in DMF:
Retention time: 10.4 min
Absorbance area (mAU): 2058
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AcetTyrGlyGlyGluAlaAlaArgLys(ivDde)AlaCysAlaArgGluLysAlaAlaArgGluNH; (ivDde-26a)

Following the general procedure, Ac-YGGEAARK(ivDde)ACAREKAARE-NH, (ivDde-26a) was
obtained as white amorphous solid.



HRMS (nanochip-ESI/LTQ-Orbitrap) m/z: [M + H,]*2 Calcd for CogsH156N300285*? 1092.5708;
Found 1092.5751.

HPLC-UV Chromatogram (210 nm) of a 1 mM solution in DMF:
Retention time: 12.1 min

Absorbance area (mAU): 2243
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4. Synthesis of the stapling reagents

a. Cysteine-Cysteine stapling reagents
1-Chloro-3,3-bis(trifluoromethyl)-3-(1H)-1,2- benziodoxole (47)

i
OYNYO
OH TMEDA OH | - NN o—1I—cCl
FsC TR FsC hig FyC
FsC M2 L ke — O . Fc
THF, 0°Ctort. DCM
45 46 47

Following a reported procedure,® tetramethylethylenediamine, distilled over KOH, (TMEDA, 1.26
mL, 8.32 mmol, 0.20 equiv.) was added to a solution of n-butyllithium in hexanes (nBulLi, 36.6 mL,
91.0 mmol, 2.20 equiv.). After 15 minutes, the solution was cooled to 0 °C and 1,1,1,3,3,3-
hexafluoro-2- phenylpropan-2-ol (46) (7.00 mL, 41.6 mmol, 1.00 equiv.), in tetrahydrofuran (37
mL), was added dropwise. The reaction was stirred 30 minutes at 0 °C, followed by 18 hours at
room temperature. lodine (11.2 g, 44.1 mmol, 1.06 equiv.) was added in small portions at 0 °C.
The mixture was stirred at 0 °C for 30 minutes and then at room temperature for 4 hours. The
reaction was quenched with a solution of saturated agueous ammonium chloride (100 mL) and
extracted with diethyl ether (100 mL). The aqueous layer was then extracted twice with diethyl
ether (3 x 50 mL). The organic layers were combined, washed twice with a solution of saturated
agueous sodium thiosulfate (2 x 50 mL), dried over magnesium sulfate, filtered and reduced to
afford 1,1,1,3,3,3-hexafluoro-2-(2-iodophenyl)propan-2-ol (46) (12.7 g, 34.4 mmol, 82%) as an
orange oil which was used without further purification. The crude oil was dissolved in DCM (34
mL) under air and trichloroisocyanuric acid (2.80 g, 12.0 mmol, 0.35 equiv.) was then added
portionwise at 0 °C. After 30 minutes, the resulting suspension was filtered and the filtrate was
concentrated in vacuo. The resulting solid was dissolved into diethyl ether (50 mL), filtered, dried

[2] Perozzi, E. F.; Michalak, R. S.; Figuly, G. D.; Stevenson, W. H.; Dess, D. B.; Ross, M. R.; Martin, J. C.
J. Org. Chem. 1981, 46, 1049.



and washed with small amounts of dichloromethane to afford 1-chloro-3,3-bis(trifluoromethyl)-3-
(1H)-1,2- benziodoxole (47) (1.59 g, 3.93 mmol, 11%) as a yellow solid.

'H NMR (CDCls, 400 MHz) & 8.09 (d, J = 8.5 Hz, 1H, Car-H), 7.85 (dt, J = 8.6, 4.3 Hz, 1H, Ca-H),
7.73 (d, J = 4.6 Hz, 2H, Car-H).
Spectroscopic data was consistent with the values reported in literature.®!

1-Hydroxy-3,3-bis(trifluoromethyl)-3-(1H)-1,2-benziodoxole (10)

O—I—Cl O—I1—OH
FsC BnNEt,Cl, KOH FaC
F,C — 3 . F,C
DCM/H,0
47 10

Following a reported procedure,” benzyltriethylammonium chloride (63 mg, 0.20 mmol, 0.05
equiv.) was added to a stirring solution of 1-chloro-3,3-bis(trifluoromethyl)-3-(1H)-1,2-
benziodoxole (47) (1.59 g, 3.93 mmol, 1.00 equiv.) in dichloromethane (27 mL) and potassium
hydroxide (0.22 g, 3.9 mmol, 1.0 equiv.) in water (4 mL). The reaction was stirred for 5 hours under
air. The organic layer was separated, dried over magnesium sulfate and concentrated in vacuo.
The resulting solid was purified over a silica plug with ethyl acetate, then recrystallized in ethyl
acetate and washed with pentane to afford 1-hydroxy-3,3-bis(trifluoromethyl)-3-(1H)-1,2-
benziodoxole 10 (0.653 g, 1.69 mmol, 43%) as a colorless solid.

'H NMR (DMSO-ds, 400 MHz) & 7.81-7.88 (m, 2H, Ca-H), 7.76 (d, J = 7.7 Hz, 1H, Car-H), 7.67
(ddd, J=8.0,6.7, 1.5 Hz, 1H, Ca-H).

Spectroscopic data was consistent with the values reported in literature.™

Diisopropylbis((trimethylsilyl)ethynyl)silane (11c)

nBulLi,

= TMS L
THE 78°Ctort.  'MS Si ™S

Cl—Si-ClI
48 11c

To a solution of ethynyltrimethylsilane (1.4 mL, 10 mmol, 2.0 equiv.) in THF (25 mL) at -78°C, n-
butyl lithium (2.5 M in hexane, 4.4 mL, 11 mmol, 2.2 equiv.) was added and the mixture stirred for
10 minutes at -78 °C and 1 hour at room temperature. Dichlorodiisopropylsilane (48) (0.90 mL,
5.0 mmol, 1.0 equiv.) was then added and the reaction was allowed to stir overnight at room
temperature. The reaction was quenched with water for 5 minutes and extracted with diethylether.
The solvents were removed under reduced pressure and the crude product was purified by flash
chromatography (Pentane) to afford diisopropylbis((trimethylsilyl)ethynyl)silane 11c (0.82 g, 2.6
mmol, 52%) as a clear oil.

Rf= 0.8 (pentane).

[3] Cvengros, J.; Stolz, D.; Togni, A. Synthesis 2009, 2818.
[4] Blake, A. J.; Novak, A.; Davies, M.; Robinson, R. I.; Woodward, S. Synth. Commun. 2009, 39, 1065-
1075



IH NMR (CDCls, 400 MHz): & 1.06 (d, J = 6.4 Hz, 12H, CH(CHs)2), 0.94-1.03 (m, 2H, CH(CHa)z),
0.18 (s, 18H, Si-CHs).

13C NMR (CDCls, 101 MHz): & 116.8 (-CC-Si), 106.8 (-CC-Si), 17.7 (CH(CHs)2), 12.3 (CH(CHa)z),
0.0 (Si-CHa).

IR (Vmax, cm™): 2955 (m), 2867 (w), 1462 (w), 1251 (m), 995 (w), 842 (s), 778 (s), 671 (W).
HRMS (ESI/QTOF) m/z: [M + Ag]* Calcd for CisH32AgSiz™ 415.0857; Found 415.0857.
Dicyclohexylbis((trimethylsilyl)ethynyl)silane (11d)

nBuli,
. ——TMS [
_Qi_ > — —
Cl—Si-ClI THE, 78°Ctort TMS Si TMS
49 11d

To a solution of ethynyltrimethylsilane (1.4 mL, 10 mmol, 2.0 equiv.) in THF (25 mL) at -78°C, n-
butyl lithium (2.5 M in hexane, 4.4 mL, 11 mmol, 2.2 equiv.) was added and the mixture stirred for
10 minutes at -78 °C and 1 hour at room temperature. Dichlorodicyclohexyl silane (49) (1.2 mL,
5.0 mmol, 1.0 equiv.) was then added and the reaction was allowed to stir overnight at room
temperature. The reaction was quenched with water for 5 minutes and extracted with diethylether.
The solvents were removed under reduced pressure and the crude product was purified by flash
chromatography (Pentane) to afford dicyclohexylbis((trimethylsilyl)ethynyl)silane 11d (0.72 g, 1.8
mmol, 36%) as a white solid.

Rf = 0.6 (pentane).

IH NMR (CDCls, 400 MHz): & 1.79-1.70 (m, 10H, CHy), 1.32-1.23 (m, 10H, CH,), 0.81 (m, 2H,
SiCH), 0.18 (s, 18H, Si-CHa).

13C NMR (CDCls, 101 MHz): & 116.8 (-CC-Si), 107.6 (-CC-Si), 28.0 (CH,), 27.5 (CH>), 26.9 (CH>),
23.6 (CH(CHy)), 0.0 (Si-CHa).

m.p. (°C): 116-118.
IR (Vmax, cm™): 2966 (w), 2919 (m), 2847 (w), 1447 (w), 1248 (m).
HRMS (ESI/QTOF) m/z: [M + Ag]* Calcd for C2:H0AgSis* 495.1483; Found 495.1483.

1,1,3,3-Tetraisopropyl-1,3-bis((trimethylsilyl)ethynyl)disiloxane (11e)

Y nBulLi,
. . =——TMS P —
/Sl S|\ [————— i—O—Sij
Cl \o/ Cl THF, 78°Ctort TMS———Si—O0 Si——TMS

50 11e

To a solution of ethynyltrimethylsilane (0.50 mL, 3.6 mmol, 2.0 equiv.) in diethylether (9.2 mL, 0.4
M) at -78°C, n-butyllithium (2.5 M in hexane, 1.6 mL, 4.0 mmol, 2.2.0 equiv.) was added and the



mixture stirred for 10 minutes at -78 °C and 1 hour at room temperature. 1,3-Dichloro-1,1,3,3-
tetraisopropyldisiloxane (50) (0.57 mL, 1.8 mmol, 1.0 equiv.) was then added and the reaction
was allowed to stir overnight at room temperature. The reaction was quenched with water for 5
minutes and extracted with diethylether. The solvents were removed under reduced pressure and
the crude product was purified by flash chromatography (1% EtOAc/Pentane) to afford 1,1,3,3-
tetraisopropyl-1,3-bis((trimethylsilyl)ethynyl)disiloxane 11e (0.16 g, 0.37 mmol, 21%) as a clear
oil. Minor impurities could not be separated completely, the product was used as such in the next
step.

Rf = 0.5 (1% EtOAc in pentane).

IH NMR (CDCls, 400 MHz): 5 1.05 (d, J = 7.0 Hz, 24H, CCH3), 0.98-0.87 (m, 4H, CHCH), 0.16
(s, 18H, SiCHs).

13C NMR (CDCls, 101 MHz) (isolated with an impurity): 8 115.7 (-CC-Si), 109.1 (-CC-Si), 29.9,
17.1, 16.9, 13.1, 0.0 (SiCHs).

IR (Vmax, €M) 2957 (M), 2926 (w), 2867 (W), 1464 (w), 1251 (m), 1082 (w), 997 (w), 841 (s), 761
(s), 683 (m), 608 (w).

HRMS (APPI/LTQ-Orbitrap) m/z: [M + H]* Calcd for C22H47OSis* 439.2698: Found 439.2686.

1,4-Bis((3,3-bis(trifluoromethyl)-113-benzo[d][1,2]iodaoxol-1(3H)-yl)ethynyl)benzene (8a)

O—I—OH 1) TMS-OTf

FsC 2) 11a F3co —— N\ /7 OCF3
FsC 3) Pyridine FsC CF,
_—
DCM/MeCN, r.t.
10 8a

To a solution of 3,3-bis(trifluoromethyl)-113-benzo[d][1,2]iodaoxol-1(3H)-ol (10) (30 mg, 0.078
mmol, 2.5 equiv.) in DCM (0.4 mL), trimethylsilyl trifluoromethanesulfonate (0.015 mL, 0.078
mmol, 2.5 equiv.) was added and the reaction was allowed to stir at room temperature for 20
minutes, before adding 1,4-bis((trimethylsilyl)ethynyl)benzene (11a) (8.4 mg, 0.031 mmol. 1.0
equiv.). The reaction was left stirring overnight and then quenched with NaHCO3; (sat. aqueous
solution) for 10 minutes. The organic layer was washed with NaHCO3 (sat. aqueous solution).
After partial evaporation of the solvents under reduced pressure, 1,4-bis((3,3-bis(trifluoromethyl)-
113-benzo[d][1,2]iodaoxol-1(3H)-yl)ethynyl)benzene 8a precipitated as a white solid (25 mg, 0.029
mmol, 94%). The characterization data matches the data reported in the literature by Wu et al.®

Rf = 0.3 (DCM).

IH NMR (CDCls, 400 MHz): & 8.35 (dd, J = 8.0, 1.3 Hz, 2H, Ca-H), 7.87 (dtd, J = 14.0, 7.1, 1.6
Hz, 4H, Ca-H), 7.80 (d, J = 7.5 Hz, 2H, Ca-H), 7.76 (S, 4H, Ca-H).

13C NMR (CDCI3, 101 MHz): & 133.8 (Cay), 132.7 (Car), 131.6 (Cay), 130.1 (Car), 129.6 (Ca),
129.2 (Car), 123.7 (g, J = 291.0 Hz, CFs), 122.2 (Ca), 112.0 (Ca), 102.7, 82.4-81.3 (m, CO),
58.7.

[5] J. Wu, N. Yoshikai, Angew. Chem. Int. Ed. 2015, 54, 11107-11111.



Decomposition point (°C): 225.1-226.9.

IR (Vmax, CM™): 2360 (s), 2338 (s), 2143 (W), 1264 (m), 1184 (m), 1151 (m), 950 (M), 836 (W),
761 (m), 733 (m), 692 (m), 660 (M), 634 (M), 620 (S).

HRMS (ESI/QTOF) m/z: [M + H]* Calcd for CzgHi3F121.0,* 862.8808; Found 862.8807.
1,3-Bis((3,3-bis(trifluoromethyl)-113-benzo[d][1,2]iodaoxol-1(3H)-yl)ethynyl)benzene (8b)

F.c O—I—OH 1) TMS-OTf | = A
3 2)11b P I
F5C 3) Pyridine 0 0o
DCM/MeCN, rt. F3C CFs
FsC CF,

10 8b

To a solution of 3,3-bis(trifluoromethyl)-113-benzo[d][1,2]iodaoxol-1(3H)-ol (10) (30 mg, 0.078
mmol, 2.5 equiv.) in DCM (0.4 mL), trimethylsilyl trifluoromethanesulfonate (0.015 mL, 0.078
mmol, 2.5 equiv.) was added and the reaction was allowed to stir at room temperature for 20
minutes, before adding 1,3-bis((trimethylsilyl)ethynyl)benzene (11b) (8.4 mg, 0.031 mmol. 1.0
equiv.). The reaction was left stirring overnight and then quenched with NaHCO3 (sat. aqueous
solution) for 15 minutes. The organic layer was washed with NaHCO3 (sat. aqueous solution) and
the solvents were then evaporated under reduced pressure. The crude product was purified by
preparative thin layer chromatography (DCM) to afford 1,3-bis((3,3-bis(trifluoromethyl)-1I3-
benzo[d][1,2]iodaoxol-1(3H)-yl)ethynyl)benzene 8b (15 mg, 0.018 mmol, 57%) as a white solid.

Rf = 0.3 (DCM).

IH NMR (CDCls, 400 MHz): & 8.38 (dd, J = 7.8, 1.5 Hz, 2H, Ca-H), 7.97 (t, J = 1.7 Hz, 1H Ca-H),
7.88 (dtd, J = 14.4, 7.1, 1.6 Hz, 4H Ca-H), 7.81-7.77 (M, 4H Ca--H), 7.59 (t, J = 7.8 Hz, 1H Ca-H).

13C NMR (CDCls, 101 MHz): & 135.7 (Ca;), 133.9 (Car), 133.8 (Cay), 131.6 (Car), 130.1 (Ca), 129.7
(Ca), 129.2 (Ca), 123.7 (4, J = 290.9 Hz, CFs), 121.8 (Ca), 111.9 (Ca), 102.2, 81.8 (m, CO),
57.1.16

Decomposition point (°C): 245.2-247.1.

IR (Vmax, cm™): 2360 (w), 2331 (w), 2140 (w), 1809 (w), 1712 (w), 1570 (w), 1469 (w), 1435 (w),
1261 (S), 1184 (S), 1145 (S), 955 (S), 796 (m), 757 (m), 728 (m), 685 (m), 655 (m).

HRMS (ESI/QTOF) m/z: [M + H]* Calcd for C2sH13F121.0," 862.8808; Found 862.8804.

[6] One peak was unresolved.



Bis((3,3-bis(trifluoromethyl)-113-benzo[d][1,2]iodaoxol-1(3H)-yl)ethynyl)diisopropylsilane
(8c)

O—I—OH 1) TMS-OTf, DCM

F3C |———Si——1
3 2) 11C. . FsC O | Si | O CF,4
F3C 3) Pyridine )\
F3C CF3
MeCN, r.t.
10 8c

To a solution of 1-Hydroxy-3,3-bis(trifluoromethyl)-3-(1H)-1,2-benziodoxole (10) (0.20 g, 0.52
mmol, 2.5 equiv.) in DCM (6.6 mL), trimethylsilyl trifluoromethanesulfonate (0.10 mL, 0.52 mmol,
2.5 equiv.) was added and the mixture was allowed to stir for 20 minutes at room temperature.
The solvents were then removed under reduced pressure and the solid was redissolved in MeCN
(4.0 mL) and diisopropylbis((trimethylsilyl)ethynyl)silane (11c) (0.064 g, 0.21 mmol, 1.0 equiv.)
was added. After 20 minutes pyridine (0.025 mL, 0.31 mmol, 2.5 equiv.) was added and the
reaction was stirred for 20 minutes, the solvents were then evaporated under reduced pressure
and the solid was partitioned between DCM and water. The organic layer was then washed with
sat. agueous solution of NaHCO3; and the solvents removed under reduced pressure. The crude
product was purified by flash chromatography (DCM) to yield 8c (0.128 g, 0.142 mmol, 69%) as a
white solid.

OH | 1) mCPBA, pTsOH Y
FsC 2) 11c Fc O I=s—=—-1—0
FsC 3) Saturated ag. NaHCO;  .°C P oF.
DCE:TFE (1:1), 50 °C 3 3
46 8c

One pot procedure: 1,1,1,3,3,3-hexafluoro-2-(2-iodophenyl)propan-2-ol (0.575 g, 1.55 mmol,
2.50 equiv.), p-Toluene sulfonic acid (0.294 g, 1.55 mmol, 2.50 equiv.) and mCPBA (0.295 g, 1.70
mmol, 2.75 equiv.) were dissolved in a 1 to 1 mixture of DCE and TFE (4.6 mL). The mixture was
then heated for 1 hour at 50 °C before adding diisopropylbis((trimethylsilyl)ethynyl)silane (11c)
(0.240 g, 0.777 mmol, 1.00 equiv.). The reaction was left to stir at 50 °C for 24 hours. The solvents
were then evaporated under reduced pressure and the residue was partitioned between DCM and
NaHCOs; (sat. aqueous solution). The organic layer was washed with NaHCOs3; (sat. aqueous
solution), then evaporated under reduce pressure to afford the crude product. The crude product
was purified by column chromatography (DCM) to afford 8c (0.161 g, 0.179 mmol, 23%) as a
white solid.

Rf = 0.6 (DCM).

IH NMR (CDCls, 400 MHz): & 8.28 (d, J = 8.2 Hz, 2H, Ca-H), 7.84 (d, J = 7.6 Hz, 2H, Ca-H), 7.70
(t, J = 7.4 Hz, 2H, Ca-H), 7.64 (td, J = 7.8, 7.3, 1.6 Hz, 2H, Ca-H), 1.21 (m, 14H, Si-CH, Si-
CHCHb).

13C NMR (CDCls, 101 MHz): 8 133.1 (Car-l), 131.5 (Ca-CO), 130.2 (Ca-H), 130.1 (Ca-H), 128.3
(Car-H), 123.6 (g, J = 290.1 Hz, CF3), 110.9 (Ca-H), 106.8 (CC-1), 81.7 (dt, J = 59.3, 29.3 Hz, CO),
74.0 (CC-I), 17.7 (CHs), 12.4 (Si-C).

m.p. (°C): 190-191.



IR (Vimax, cmL): 2937 (w), 2869 (w), 1461 (w), 1266 (m), 1182 (s), 1148 (s), 1007 (w), 965 (m), 948
(s), 878 (w), 759 (m), 707 (s).

HRMS (APPI/LTQ-Orbitrap) m/z: [M + H]+ Calcd for CzsH23F121202Si* 900.9360; Found 900.9359.

Bis((3,3-bis(trifluoromethyl)-113-benzo[d][1,2]iodaoxol-1(3H)-yl)ethynyl)dicyclohexylsilane
(8d)

—|—OH O—I|——Si———I1—-0
F.c 0 ; ;ImS-OTf, DCM FAC i CF,
0 B PO OO

MeCN, r.t.
10 8d

To a solution of 1-Hydroxy-3,3-bis(trifluoromethyl)-3-(1H)-1,2-benziodoxole (10) (0.025 g, 0.065
mmol, 2.5 equiv.) in DCM (0.8 mL), trimethylsilyl trifluoromethanesulfonate (0.013 mL, 0.065
mmol, 2.5 equiv.) was added and the mixture was allowed to stir for 20 minutes at room
temperature. The solvents were then removed under reduced pressure and the solid was
redissolved in MeCN (0.5 mL) and dicyclohexylbis((trimethylsilyl)ethynyl)silane (11d) (0.010 g,
0.026 mmol, 1.0 equiv.) was added. After 20 minutes pyridine (0.0031 mL, 0.039 mmol, 2.5 equiv.)
was added and the reaction was stirred for 20 minutes, the solvents were then evaporated under
reduced pressure and the solid was partitioned between DCM and water. The organic layer was
then washed with a sat. agueous solution of NaHCO3; and the solvents removed under reduced
pressure. The crude product was purified by flash chromatography (DCM) to yield 8d (0.010 g,
0.010 mmol, 40%) as a white solid.

1) mCPBA, pTsOH Q
Fed | 2)11d 0—I—=—Si——=—1—0
FsC 3) Saturated ag. NaHCO4 FsC CF,
>K© DCE:TFE (1:1), 50 °C F30>K© © ©/kCF3
46

8d

One pot procedure: 1,1,1,3,3,3-hexafluoro-2-(2-iodophenyl)propan-2-ol (46) (0.500 g, 1.35
mmol, 2.50 equiv.), p-Toluene sulfonic acid (0.256 g, 1.35 mmol, 2.5 equiv.) and mCPBA (0.256
g, 1.49 mmol, 2.75 equiv.) were dissolved in a 1 to 1 mixture of DCE and TFE (4.6 mL, 0.17 M).
The mixture was then heated for 1 hour at 50 °C before adding
dicyclohexylbis((trimethylsilyl)ethynyl)silane (11d) (0.240 g, 0.540 mmol, 1.00 equiv.). The
reaction was left to stir at 50 °C for 24 hours. The solvents were then evaporated under reduced
pressure and the residue was partitioned between DCM and NaHCOs (sat. aqueous solution). The
organic layer was washed with NaHCOs (sat. aqueous solution), then evaporated under reduced
pressure to afford the crude product. The crude product was purified by column chromatography
(DCM) to afford 8d (0.225 g, 0.229 mmol, 42%) as a white solid.

Rf = 0.6 (DCM).



IH NMR (CDCls, 400 MHz): & 8.29 (dd, J = 8.3, 1.1 Hz, 2H, Ca-H), 7.85 (dq, J = 7.7. 1.4 Hz, 2H,
Car-H), 7.70 (td, J = 7.5, 1.1 Hz, 2H, Ca-H), 7.63 (ddd, J = 8.6, 7.2, 1.6 Hz, 2H Ca-H), 1.79-1.92
(m, 10H, CHy), 1.25-1.44 (m, 10H, CH,), 1.04 (tt, J = 12.3, 2.8 Hz, 2H, Si-CH).

13C NMR (CDCls, 101 MHz): 8 133.1 (Ca-1), 131.5 (Ca-CO), 130.2 (Car-H), 130.1 (Ca-H), 128.4
(Car-H), 123.6 (q, J = 291 Hz, CFs), 111.0 (Ca-H), 107.2 (CC-I), 82.0-81.4 (m, CO), 74.0 (CC-I),
27.7 (CHy), 27.7 (CH2), 26.7 (CH2), 23.6 (SIiC)

m.p. (°C): 198-200.

IR (Vimax, CM1): 2918 (W), 2849 (W), 1440 (w), 1267 (s), 1258 (s), 1180 (s), 1162 (s), 1148 (s), 1002
(W), 965 (s), 951 (s), 882 (), 845 (), 820 (w), 761 (m), 740 (s), 730 (s), 707 (S), 660 (S), 641 (m).

HRMS (APPI/LTQ-Orbitrap) m/z: [M + H]" Calcd for CzaHs1F1210,Si* 980.9986; Found 981.0011.

1,3-Bis((3,3-bis(trifluoromethyl)-113-benzo[d][1,2]iodaoxol-1(3H)-yl)ethynyl)-1,1,3,3-
tetraisopropyldisiloxane (8e)

O——1—OH 1) TMS-OTf o L oL
FsC 2)11e. ' FsC ——Si-0-Si—1 0 CF,
FsC 3) Pyridine F.C )\)\ oy

DCM/MeCN, r.t.
10 8e

To a solution of 1-hydroxy-3,3-bis(trifluoromethyl)-3-(1H)-1,2-benziodoxole (10) (0.274 g, 0.709
mmol, 2.50 equiv.) in DCM (9.1 mL), trimethylsilyl trifluoromethanesulfonate (0.137 mL, 0.709
mmol, 2.50 equiv.) was added and the mixture was allowed to stir for 20 minutes at room
temperature. The solvents were then removed under reduced pressure and the solid was
redissolved in MeCN (5.5 mL) and 1,1,3,3-tetraisopropyl-1,3-bis((trimethylsilyl)ethynyl)disiloxane
(11e) (0.125 g, 0.284 mmol, 1.00 equiv.) was added. After 20 minutes pyridine (0.057 mL, 0.71
mmol, 2.50 equiv.) was added and the reaction was stirred for 20 minutes, the solvents were then
evaporated under reduced pressure and the solid was partitioned between DCM and water. The
organic layer was then washed with NaHCO; (sat. aqueous solution) and the solvents removed
under reduced pressure. The crude product was purified by flash chromatography (5 to 10%
EtOAc/Pentane) to yield 8e (0.189 g, 0.184 mmol, 65%) as a white solid.

Rf = 0.4 (5% EtOAc/Pentane).

'H NMR (CDCls, 400 MHz): & 8.29 (dd, J = 8.2, 1.1 Hz, 2H, Ca-H), 7.81 (dq, J = 7.7, 1.4 Hz, 2H,
CarH), 7.66 (td, J = 7.4, 1.2 Hz, 2H, Car-H), 7.59 (ddd, J = 8.6, 7.1, 1.6 Hz, 2H, Car-H), 1.16-1.06
(m, 28H, CH(CHg)z and CH(CHs)z).

13C NMR (CDCls, 101 MHz): & 132.9 (Car-1), 131.5 (Ca-CO), 130.2 (Car-H), 130.0 (Ca-H), 128.3
(Car-H), 123.6 (g, J = 290 Hz, CF3), 111.0 (Ca-H), 110.7 (CC-l), 81.6 (dt, J = 59.4, 29.5 Hz, CO),
17.2 (CHs), 14.0 (CSi).

m.p. (°C): 193-195.

IR (Vmax, cM™): 3667 (W), 2978 (s), 2902 (s), 1449 (w), 1401 (m), 1251 (m), 1222 (m), 1181 (m),
1152 (m), 1057 (s), 964 (m), 946 (m), 877 (m), 763 (M), 728 (M), 688 (s).



HRMS m/z: [M + H]* Calcd for CzsHs7F121203Si>* 1031.0174; Found 1031.0197.

b. Cysteine-Lysine stapling reagents
2-lodosylbenzoic acid (14)
|  OH HO—I—oO0
NalOsg
© AcOH 30% in H,0, ©
reflux

51 14

Following a reported procedure,”’ sodium periodate (18.1 g, 85.0 mmol, 1.00 equiv.) and 2-
iodobenzoic acid (51) (20.0 g, 81.0 mmol, 1.05 equiv.) were suspended in 30% (v:v) aq. AcOH
(60 mL). The mixture was vigorously stirred under reflux for 4 hours protected from light and then
cooled to room temperature. The mixture was diluted with cold water (0.20 L). The resulting solid
was collected by vacuum filtration and washed with cold water (3 x 20 mL) and cold acetone (3 x
20 mL) and then air-dried in darkness overnight to afford 2-iodosylbenzoic acid (14) (10.1 g, 38.4
mmol, 95%) as a white solid.

IH NMR (400 MHz, DMSO-ds) & 8.01 (dd, J = 7.5, 1.5 Hz, 1H, CaH), 7.96 (ddd, J = 8.5, 7.2, 1.6
Hz, 1H, CaH), 7.87 — 7.82 (m, 1H, CaH), 7.71 (td, J = 7.3, 1.0 Hz, 1H, CaH);

13C NMR (100 MHz, DMSO-ds) & 167.7(CO,), 134.5(Ca), 131.5(Ca), 131.1(Ca), 130.4(Ca),
126.3(Ca), 120.4(Ca).

Spectroscopic data was consistent with the values reported in literature.[™

Perfluorophenyl 4-((trimethylsilyl)ethynyl)benzoate (15a)

1) (COCl),, DMF O F F
o  2)DIPEA TMS%Q—{
TMS%©—< 2,3,4,5,6-pentafluorophenol 0 F
OH DCM, r.t.
52 15a F F

In an oven-dried Schlenk flask, to a solution of 4-((trimethylsilyl)ethynyl)benzoic acid (52) (150 mg,
0.687 mmol, 1.00 equiv.) in anhydrous DCM (2.3 mL) oxalyl dichloride (74 uL, 0.86 mmol, 1.3
equiv.) and DMF (53 uL, 0.69 mmol, 1.0 equiv.) were added at room temperature. The mixture
was stirred for 1 hour and concentrated to dryness to yield 4-((trimethylsilyl)ethynyl)benzoyl
chloride, which was used as crude for further synthesis.

To a solution of 4-((trimethylsilyl)ethynyl)benzoyl chloride (54 mg, 0.23 mmol, 1.0 equiv.) in DCM
(1 mL) at room temperature, DIPEA (0.044 mL, 0.25 mmol, 1.1 equiv.) and pentafluorophenol (44
mg, 0.24 mmol, 1.05 equiv.) were added. The solution was stirred for 2.5 hours and directly filtered
through a Celite® pad with pentane as eluent. The solvents were then removed under reduced
pressure to afford the crude product 15a as a white solid (84 mg, 0.22 mmol, 95%) with enough
purity to continue the synthesis.

Rf = 0.5 (pentane).

[7] Brand, J. P.; Waser, J. Synthesis 2012, 44, 1155.



IH NMR (CDCls, 400 MHz): & 8.13 (d, J = 8.6 Hz, 2H, Ca-H), 7.61 (d, J = 8.5 Hz, 2H, Ca-H), 0.28
(s, 9H, SiCHsa).

13C NMR (CDCls, 101 MHz): & 162.2 (CO5), 141.5 (dm, J = 252.2 Hz, Ca-F), 139.8 (dm, J =
253.3 Hz, Ca-F), 138.1 (dm, J = 254.3 Hz, Ca-F), 132.4 (Ca), 130.6 (Cay), 129.9 (Cay), 126.4
(Car), 125.4 (m, Ca-O), 0.0 (SiCHs).

m.p. (°C): 123-125.

IR (Vmax, cm™) 2960 (w), 2161 (w), 1766 (s), 1603 (w), 1516 (s), 1247 (s), 1179 (m), 1045 (s), 991
(s), 835 (s), 757 (s), 687 (m), 635 (m).

HRMS (APPI/LTQ-Orbitrap) m/z: [M + H]* Calcd for C1gH14FsO2Si* 385.0678; Found 385.0668.

Perfluorophenyl 4-((3-oxo0-1,3-ben zo[d][1,2]iodaoxoI—l(3H)—yI)ethynyl)benzoate (9a)

O
HO—1—O0 1) TMS-OTf o—|4©—/<
2) 15a
o} 3) Saturated ag. NaHCO3 o}

DCM, r.t.

14

To a solution of 2-iodosyl benzoic acid (14) (264 mg, 0.710 mmol, 1.00 equiv.) in DCM (2.2 mL),
trimethylsilyl trifluoromethanesulfonate (0.15 mL, 0.78 mmol, 1.1 equiv.) was added and the
reaction was allowed to stir at room temperature for 1 hour, before adding perfluorophenyl 4-
((trimethylsilyl)ethynyl)benzoate (15a) (300 mg, 0.780 mmol, 1.10 equiv.). The reaction was left
stirring for 4.5 hours and then quenched with NaHCOs (sat. aqueous solution) for 15 minutes. The
organic layer was washed with NaHCO3; (sat. aqueous solution) and the solvents were then
evaporated under reduced pressure. The crude product was purified by flash chromatography
(1.5% MeOH/DCM) to afford perfluorophenyl 4-((3-oxo-1,3-benzo[d][1,2]iodaoxol-1(3H)-
yhethynyl)benzoate 9a (293 mg, 0.525 mmol, 74%) as a white solid.

Rf = 0.2 (1.5 % MeOH/ DCM).

IH NMR (CDCls, 400 MHz): & 8.42 (dd, J = 7.2, 2.0 Hz, 1H, Ca-H), 8.27-8.24 (m, 3H, Ca-H), 7.83-
7.76 (M, 4H, Car-H).

13C NMR (CDCls, 101 MHz): & 166.9 (CO), 161.7 (CO,), 141.4 (dm, J = 251.9 Hz, Car-F) Car-F),
139.9 (dm, J = 254.0 Hz, Ca-F), 138.1 (dm, J = 254.3 Hz, Car-F), 135.2 (Ca/), 133.2 (Ca/), 132.7
(Car), 131.9 (Ca), 131.4 (Car), 131.0 (Car), 128.4 (Car), 127.1 (Car), 126.6 (Car), 125.2 (m, Car-0),
116.3 (Car), 104.3 (C-I), 56.3 (CC-Ca).

m.p. (°C): 240-245.

IR (Vmax, cm™): 3022 (w), 2941 (w), 2849 (w), 2154 (w), 1758 (s), 1623 (m), 1518 (s), 1321 (w),
1240 (m), 1181 (w), 1146 (m), 1044 (s), 993 (s), 855 (m), 827 (m), 746 (s), 687 (m), 606 (m).

HRMS (ESI/QTOF) m/z: [M + H]* Calcd for CaHeFslO4* 558.9460; Found 558.9459.



Perfluorophenyl 3-((3-ox0-1,3-benzo[d][1,2]iodaoxol-1(3H)-yl)ethynyl)benzoate (9b)

1) (COCI),, DMF :\<
= 2) DIPEA, o
0

2,3,4,5,6-pentafluorophenol 0 F
HO DCM, r.t. F .
53
F F
15b
1) TMS-OTf oO—I—=
HO—1—0 2) 15b o
o) 3) Saturated aq. NaHCO;, o
(0] F
DCE, r.t. to 40 °C
F F
9b

To a solution of 3-ethynylbenzoic acid (53) (300 mg, 2.05 mmol, 1.00 equiv.) in DCM (6.8 mL)
oxalyl dichloride (0.220 mL, 2.57 mmol, 1.25 equiv.) and few drops of DMF were added. The
mixture was stirred for 1 hour and concentrated to dryness. The obtained solid was re-dissolved
in DCM (8.0 mL). To this solution N-ethyl-N-isopropylpropan-2-amine (0.400 mL, 2.06 mmol 1.10
equiv.) and 2,3,4,5,6-pentafluorophenol (397 mg, 2.16 mmol, 1.05 equiv.) were added. The
mixture was stirred for 2.5 hours. The crude product was purified by flash chromatography (0-4%
EtOAc/pentane) to afford perfluorophenyl 3-ethynylbenzoate (15b) (556 mg, 1.78 mmol, 87%) as
white solid.

Rf= 0.5 (2% EtOAc in pentane).

IH NMR (CDCls, 400 MHz): & 8.32 (t, J = 1.7 Hz, 1H, ArH), 8.17 (dt, J = 7.9, 1.5 Hz, 1H, ArH),
7.80 (dt, J = 7.8, 1.4 Hz, 1H, ArH), 7.53 (t, J = 7.8 Hz, 1H, ArH), 3.18 (s, 1H, CH).

13C NMR (CDCls, 101 MHz): & 162.0 (CO,), 141.6 (dm, J = 252.0 Hz, Ca-F), 139.8 (dm, J =
253.1 Hz, Ca-F) 138.0 (dm, J = 252.0 Hz, Ca-F) 138.1 (Ca), 134.4 (Cay), 130.9 (Ca), 129.2
(Ca), 127.5 (Ca), 125.5-125.1 (m, Ca-0), 123.5 (Cay), 82.0, 79.2.

m.p. (°C): 61-63.
IR (Vmax, cm™) 3302 (w), 2962 (w), 2925 (m), 2873 (w), 2854 (w), 1765 (m), 1756 (m), 1732 (w).

To a suspension of 2-iodosylbenzoic acid (14) (20 mg, 0.076 mmol, 1.0 equiv.) in DCE (0.23 mL),
trimethylsilyl trifluoromethanesulfonate (0.015 mL, 0.076 mmol, 1.0 equiv.) was added. The
mixture was stirred for 1 hour at room temperature, then perfluorophenyl 3-ethynylbenzoate (15b)
(26 mg, 0.083 mmol, 1.1 equiv.) was added. The mixture was stirred for 24 hours (overnight) at
40 °C. The reaction was quenched with a saturated ag. NaHCO, solution. The two layers were

separated and the aqueous layer was extracted with DCM. The combined organic layers were
dried over MgSOs, filtered and the solvent was removed under reduced pressure. The crude
product was purified by flash chromatography (0-2% MeOH/DCM) to afford perfluorophenyl 3-((3-
oxo-1,3-benzo[d][1,2]iodaoxol-1(3H)-yl)ethynyl)benzoate (9b) (19 mg, 0.034 mmol, 45%) as white
solid.



Rf = 0.3 (4% MeOH in DCM).

IH NMR (CDCls, 400 MHz): & 8.48 — 8.40 (m, 2H, Ca-H), 8.34 — 8.23 (m, 2H, Ca-H), 7.92 (d, J =
7.8 Hz, 1H, Ca-H), 7.86 — 7.75 (M, 2H, Ca-H), 7.66 (t, J = 7.9 Hz, 1H, Ca-H).

13C NMR (CDCls, 101 MHz): & 166.5 (CO,), 161.5 (CO2), 141.3 (dm, J = 249.0 Hz, Car-F), ,
139.7 (dm, J = 239.5 Hz, Car-F), 138.4 (Car), 138.0 (dm, J = 256.0 Hz, Car-F), , 135.2 (Ca), 134.9
(Car), 132.7 (Car), 132.4 (Car), 131.8 (Car), 131.2 (Car), 129.6 (Car), 127.8 (Car), 126.3 (Car), 125.2
—124.7 (m, Ca-0), 121.9 (Car), 116.1 (Ca/), 104.1 (C-l), 53.2 (C-CCh).

Decomposition point. (°C): 180.5-183.2.

IR (Vmax, cm™) 3079 (w), 2356 (W), 2335 (w), 2151 (w), 1760 (m), 1697 (w), 1681 (w), 1644 (s),
1620 (W), 1603 (W).

HRMS (ESI/QTOF) m/z: [M + H]* Calcd for C22HoFslO4" 558.9460; Found 558.9474.
Methyl 2-((trimethylsilyl)ethynyl)benzoate (55)

Cul, Pd(PPhy),,
TMS——= MeO
MeO Et;N o | |

0 | toluene, 80 °C

TMS
54 55

To a suspension of Cul (109 mg, 0.572 mmol, 10 mol%) and Pd(PPhs)4 (331 mg, 0.286 mmol, 5
mol%) in toluene (14.5 mL) was added methyl 2-iodobenzoate (54) (0.84 mL, 5.7 mmol, 1.0
equiv.), trimethylsilylacetylene (1.1 mL, 8.0 mmol, 1.4 equiv.) and EtsN (2.8 mL, 20 mmol, 3.5
equiv.), at room temperature. The reaction mixture was heated to 80 °C and stirred for 12 hours.
Afterwards, the reaction mixture was filtered through a pad of Celite® and washed with AcOEt.
The organic layer was washed with a saturated NH4Cl aqueous solution (50 mL x 3), dried
(MgSO0Os4) and concentrated.

The crude product was purified by flash chromatography (0-5% AcOEt/pentane) to afford methyl
2-((trimethylsilyl)ethynyl)benzoate (55) as a colourless oil (1.30 g, 5.59 mmol, 98% yield).

IH NMR (CDCls, 400 MHz): & 7.93 — 7.87 (m, 1H, Ca-H), 7.61 — 7.55 (m, 1H, Ca-H), 7.44 (td, J =
7.6, 1.5 Hz, 1H, Ca-H), 7.36 (td, J = 7.6, 1.4 Hz, 1H, Ca-H), 3.92 (s, 3H, CHs), 0.27 (s, 9H, SiCHs).

Spectroscopic data was consistent with the values reported in literature.®!

[8] K. Norseeda, N. Chaisan, C. Thongsornkleeb, J. Tummatorn, S. Ruchirawat J. Org. Chem.
2019, 84, 16222-1623



2-Ethynylbenzoic acid (57)

MeO aq. NaOH HO

o | | MeOH, r.t. o | |

T™MS
56 57

Following a reported procedure,” to a solution of the methyl 2-((trimethylsilyl)ethynyl)benzoate
(56) (717 mg, 3.09 mmol, 1.00 equiv.) in MeOH (10 mL), 1 M aqueous solution of sodium
hydroxide (30.9 mL, 30.9 mmol, 10.0 equiv.) was added. The mixture was stirred for 2 hours. The
organic layer was removed and the aqueous layer was acidified with 1 M HCI to pH = 2.7. The
aqueous solution was washed with diethyl ether (100 mL x 3). The combined organic layers were
washed with brine, dried (MgSQ.) and concentrated. The obtained yellow solid was washed with
pentane (x3), providing the desired 2-ethynylbenzoic acid 57 in quantitative yield as light-yellow
solid with enough purity for further synthesis.

IH NMR (MeOD, 400 MHz): & 7.91 (dd, J = 7.8, 1.5 Hz, 1H, Ca-H), 7.61 (dd, J = 7.7, 1.4 Hz, 1H,
Car-H), 7.52 (td, J = 7.6, 1.5 Hz, 1H, Ca-H), 7.45 (td, J = 7.6, 1.5 Hz, 1H, Ca-H), 3.73 (s, 1H, CC-
H).

Spectroscopic data was consistent with the values reported in literature.®
Perfluorophenyl 2-((3-ox0-1x3-benzo[d][1,2]iodaoxol-1(3H)-yl)ethynyl)benzoate (9c)

F
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To a suspension of crude 2-ethynylbenzoic acid (58) (451 mg, 3.09 mmol, 1.00 equiv.) in DCM
(10 mL) was added oxalyl dichloride (0.331 mL, 3.86 mmol, 1.25 equiv.) and DMF (0.24 mL, 3.1
mmol, 1.0 equiv.). The mixture was stirred vigorously for 1 hour and concentrated to dryness. The
obtained solid was re-dissolved in DCM (14 mL). To this solution N-ethyl-N-isopropylpropan-2-

[9] A. S. K Hashmi, C Lothschitz., R. D6pp, M. Ackermann, J. De Buck Becker, M. Rudolph, C. Scholz, F.
Romingera Adv. Synth. Catal. 2012, 354, 133 — 147.



amine (0.591 mL, 3.40 mmol, 1.10 equiv.) and 2,3,4,5,6-pentafluorophenol (597 mg, 3.24 mmol,
1.05 equiv.) were added. The mixture was stirred for 12 hours and additional N-ethyl-N-
isopropylpropan-2-amine (0.40 mL, 2.3 mmol, 0.74 equiv.) was added to reach pH = 7. Purification
by column chromatography (0-6% EtOAc/pentane) afforded perfluorophenyl 2-ethynylbenzoate
15c as brown solid. The solid was washed with pentane and the filtrate was left to re-crystalize,
the procedure was repeated two times yielding perfluorophenyl 2-ethynylbenzoate (15c¢) (508 mg,
1.63 mmol, 53%) as light pink solid.

Rf = 0.5 (0.5% EtOAc in pentane).

IH NMR (CDCls, 400 MHz): & 8.19 (dd, J = 7.8, 1.4 Hz, 1H, Ca-H), 7.73 (dd, J = 7.7, 1.4 Hz, 1H,
Ca-H), 7.63 (td, J = 7.6, 1.4 Hz, 1H, Ca-H), 7.52 (td, J = 7.7, 1.4 Hz, 1H, Ca-H), 3.46 (s, 1H, CC-
H).

13C NMR (CDCls, 151 MHz): 161.7(CO5), 141.6 (dm, J = 252.2 Hz, Ca--F), 139.8 (dm, J = 254.8
Hz, Ca-F), 138.0 (dm, J = 251.9 Hz, Ca-F), 135.5 (Car), 133.7 (Car), 131.6 (Car), 129.0 (Ca),
129.0 (Cay), 125.6 — 124.9 (m, Ca-O), 124.3 (Ca), 84.1, 81.2.

m.p. (°C): 78.7-79.2.
IR (Vmax, cm™) 3277 (w), 3264 (w), 2962 (w), 1756 (s), 1718 (w).
HRMS not MS active.

To a suspension of 2-iodosylbenzoic acid (14) (418 mg, 1.58 mmol, 1.00 equiv.) in DCE (16 mL)
was added trimethylsilyl trifluoromethanesulfonate (287 pL, 1.58 mmol, 1.00 equiv.) under
nitrogen atmosphere at room temperature. The mixture was vortexed and stirred for 1 hour.
Afterwards, perfluorophenyl 2-ethynylbenzoate (15c) (544 mg, 1.74 mmol, 1.10 equiv.) was added
under nitrogen atmosphere and the reaction was heated to 40 °C and stirred for 48 hours. The
reaction was quenched with saturated aq. NaHCO, solution (20 mL) and stirred for 3 hours. The
two layers were separated and the aqueous layer was extracted with DCM (2 x 50 mL). The
combined organic layers were dried over MgSOQ., filtered and the solvent was removed under
reduced pressure. Purification by column chromatography (0-6% MeOH/DCM/) afforded the
desired product perfluorophenyl 2-((3-oxo-1,3-benzo[d][1,2]iodaoxol-1(3H)-yl)ethynyl)benzoate
(9c) as a brown solid (139 mg, 249 umol, 16% yield).

Rf = 0.2 (4% MeOH in DCM).

IH NMR (CDCls, 400 MHz): & 8.46 (dd, J = 7.9, 1.3 Hz, 1H, Ca-H), 8.39 (dd, J = 7.2, 2.0 Hz, 1H,
Car-H), 8.33 (dd, J = 8.1, 1.3 Hz, 1H, Ca-H), 7.82 (dd, J = 7.7, 1.4 Hz, 1H, Ca-H), 7.80 — 7.66 (m,
3H, Car-H), 7.66 (td, J = 7.7, 1.5 Hz, 1H, Ca-H).

13C NMR (CDCls, 101 MHz): & 166.7(CO5), 161.1(CO5), 141.4 (dm, J = 251.6 Hz, Ca-F), 139.8
(dm, J = 245.3 Hz, Ca-F), 138.1 (dm, J = 252.2 Hz, Ca-F), , 135.9 (Ca)), 135.2 (Ca), 134.2 (Ca),
132.6 (Car), 132.0 (Car), 131.8 (Car), 131.2 (Car), 130.5 (Car), 128.9 (Car), 127.1 (Car), 125.2 —
124.8 (M, Ca-0), 123.0 (Ca;), 116.6 (Ca;), 103.3 (C-I), 57.7 (CC-Cha)).

Decomposition point (°C): 176.1-177.6.

IR (Vmax, cm™) 2989 (w), 2961 (w), 2902 (w), 2361 (w), 2154 (w), 1766 (w), 1754 (m), 1640 (m),
1621 (m).



HRMS (ESI/QTOF) m/z: [M + H]* Calcd for C22HsFs104" 558.9460; Found 558.9466.

Bis(perfluorophenyl) 5-((3-0xo0-1,3-benzo[d][1,2]iodaoxol-1(3H)-yl)ethynyl)isophthalate
(9d)
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To a suspension of 5-ethynylisophthalic acid (59) (100 mg, 0.526 mmol, 1.00 equiv.) in DCM (1.8
mL) oxalyl dichloride (0.113 mL, 1.32 mmol, 2.50 equiv.) and few drops of DMF were added. The
mixture was stirred vigorously for 2 hours and concentrated to dryness. The obtained solid was
re-dissolved in DCM (1.8 mL). To this solution N-ethyl-N-isopropylpropan-2-amine (0.201 mL, 1.15
mmol 1.10 equiv.) and 2,3,4,5,6-pentafluorophenol (203 mg, 1.10 mmol, 2.10 equiv.) were added.
The mixture was stirred for 64 hours. The crude product was purified by flash chromatography (0-
3% EtOAc/pentane) to afford bis(perfluorophenyl) 5-ethynylisophthalate (15d) (145 mg, 0.278
mmol, 53%) as white solid.

Rf = 0.3 (2% EtOAc in pentane).

IH NMR (CDCls, 400 MHz): & 8.96 — 8.92 (m, 1H, Ca-H), 8.62 — 8.56 (m, 2H, Ca-H), 3.31 (s, 1H,
C-H).

13C NMR (CDCls, 101 MHz): & 160.9 (CO,), 141.4 (dm, J = 256.2 Hz, Ca-F), 140.1 (dm, J =
254.7 Hz, Car-F), 139.7 — 136.5 (M, Car, Car-F), 132.5 (Ca)), 128.7(Car), 125.4 — 124.6 (M, Ca,
Ca-O), 81.2, 80.5.

m.p. (°C): 139.6 - 140.2.
IR (Vmax, cm™) 3266 (w), 1786 (w), 1781 (w), 1766 (w), 1756 (w), 1744 (w).

To a suspension of 2-iodosylbenzoic acid (14) (39.5 mg, 0.150 mmol, 1.00 equiv.) in DCE (0.45
mL) trimethylsilyl trifluoromethanesulfonate (27.1 pL, 0.150 mmol, 1.00 equiv.) was added at room



temperature. The mixture was vortexed and stirred for 1 hour. Afterwards, bis(perfluorophenyl) 5-
ethynylisophthalate (15d) (86.0 mg, 0.170 mmol, 1.05 equiv.) was added and the reaction was
heated to 40 °C and for 16 hours. The reaction was quenched with a saturated ag. NaHCO,
solution (5 mL) and stirred for 2 hours. The two layers were separated and the aqueous layer was
extracted with DCM (2 x 20 mL). The combined organic layers were dried over MgSQy, filtered
and the solvent was removed under reduced pressure. The crude product was purified by flash
chromatography (0-4% MeOH/DCM) to afford the desired product bis(perfluorophenyl) 5-((3-oxo-
1,3-benzo[d][1,2]iodaoxol-1(3H)-yl)ethynyl)isophthalate (9d) as a white solid (30.5 mg, 40.0 umol,
27% yield).

Rf = 0.3 (4% MeOH in DCM).

IH NMR (CDCls, 400 MHz): & 9.05 (t, J = 1.7 Hz, 1H, Ca-H), 8.70 (d, J = 1.7 Hz, 2H, Ca-H), 8.45
(dd, J = 6.9, 2.2 Hz, 1H, Ca-H), 8.30 — 8.23 (m, 1H, Ca-H), 7.89 — 7.77 (m, 2H, Ca-H).

13C NMR (CDCls, 151 MHz): & 166.9 (CO»), 160.6 (CO), 141.3 (dm, J = 253.1 Hz, Ca-F), 140.1
(dm, J = 254.7 Hz, Ca-F), 139.8 (Cay), 138.2 (dm, J = 254.0 Hz, Ca-F), 135.5 (Cay), 133.8 (Ca),
132.9 (Car), 132.1 (Car), 131.2 (Car), 129.1 (Car), 126.6 (Car), 125.0 — 124.6 (m, Ca-O), 123.5
(Ca), 116.2 (Ca), 102.0 (C-1), 56.2 (CC-Ch)).

Decomposition point (°C): 197.2-198.5.

IR (Vimax, cM™) 3094 (W), 3063 (W), 2955 (W), 2921 (w), 2357 (m), 2332 (m), 1760 (m), 1716 (w),
1699 (w), 1684 (w), 1650 (w), 1634 (w), 1621 (w).

HRMS (ESI/QTOF) m/z: [M + H]* Calcd for C29HgF10lOs™ 768.9200; Found 768.9200.



5. Small molecule model

(4R,14R)-Methyl 14-acetamido-9,9-diisopropyl-4-(methoxycarbonyl)-2-oxo0-6,12-dithia-3-
aza-9-silapentadeca-7,10-diyn-15-oate (13)

\04{) /_};O/

8c, DIPEA "

)J\H —' >7NH r: S HN~<
A 0

13

To a solution of bis((3,3-bis(trifluoromethyl)-113-benzo[d][1,2]iodaoxol-1(3H)-
yhethynyl)diisopropylsilane (8c) (122 mg, 0.136 mmol, 1.00 equiv.) in THF (1.9 mL), N-ethyl-N-
isopropylpropan-2-amine (11.8 pyL, 0.073 mmol, 0.5 equiv.) followed by methyl acetyl L-cysteinate
(12) (48 mg, 0.027 mmol, 2.0 equiv.) was added at room temperature and the mixture was stirred
for 12 h. Afterwards, additional methyl acetyl L-cysteinate (12) (24 mg, 0.014 mmol, 1.0 equiv.)
and N-ethyl-N-isopropylpropan-2-amine (12 pL, 0.073 mmol, 0.50 equiv.) were added. After 2
hours the crude reaction mixture was purified using reverse phase preparative liquid
chromatography (0-100% AcCN/H.0) to afford (4R,14R)-methyl 14-acetamido-9,9-diisopropyl-4-
(methoxycarbonyl)-2-oxo-6,12-dithia-3-aza-9-silapentadeca-7,10-diyn-15-oate  (13) (45 mg,
0.086, 63%) as light-yellow viscous oil.

IH NMR (400 MHz, CDCls) & 6.61 (d, J = 7.6 Hz, 2H, NH), 4.95 (dt, J = 7.5, 4.7 Hz, 2H, CH(N)),
3.81 (s, 6H, CH30), 3.33 (dd, J = 13.9, 4.4 Hz, 2H, HCH(S)), 3.21 (dd, J = 13.8, 5.1 Hz, 2H,
HCH(S)), 2.08 (s, 6H, CO(CHs)), 1.13 — 0.92 (m, 14H, CH(CHs), and CH(CHs),).

13C NMR (101 MHz, CDCls) & 170.4 (CO), 170.2 (CO), 96.4 (CSi), 94.6 (CS), 53.1, 52.5, 37.8,
23.2,17.7 (CH(CHa)y), 12.6.

HRMS (nanochip-ESI/LTQ-Orbitrap) m/z: [M + Na]* Calcd for Ci2H34N2NaOsS,Si* 537.1520;
Found 537.1500.

IR (Vmax, M) 2953 (W), 2865 (W), 2093 (m), 1745 (m), 1663 ().



6. Crystal structure

X-ray of single crystal of 8c. Supplementary crystallographic data for this compound have been
deposited at Cambridge Crystallographic Data Centre (CCDC 2040767) and can be obtained free
of charge via www.ccdc.cam.ac.uk/data_request/cif.

7. Peptide model Calibration

Peptide used for the calibration: Ac-ENPECILDCHVQRVM-NH>

T

O—I——-si iPr

FyC )\_ 9 cr, iPr\Si/
SH F3c>l\© CF, Z
(1.1 equiv.) S S
: DIPEA (2.0 equiv.), DMF (0.025 M), r.t., 1 h

17a

16
Sequence: Ac-ENPECILDCHVQRVM-NH,

To a solution of Ac-ENPECILDCHVQRVM-NH: (16) (28.8 mg, 0.0150 mmol, 1.00 equiv.) in DMF
(0.6 mL, 0.025M), DIPEA (5.2 pL, 0.030 mmol, 2.0 equiv.) was added. After 5 minutes, bis((3,3-
bis(trifluoromethyl)-113-benzo[d][1,2]iodaoxol-1(3H)-yl)ethynyl)diisopropylsilane (8c) (14.9 mg,
0.0170 mmol, 1.10 equiv.) was added and the solution was allowed to stir at room temperature for
1 hour. The solution was then directly injected into a preparative RP-HPLC (following method 1)
and lyophilized to afford the stapled product (17a) (10.2 mg, 33%). A 2 mM solution of the stapled
peptide was prepared and the aliquot for the calibration were prepared by dilution (see table
below).

HRMS (nanochip-ESI/LTQ-Orbitrap) m/z: [M + Hz]+2 Calcd for CgsHi37N23024S3Si*? 993.9564;
Found 993.9577.

MS/MS Characterization:

EfNFfP E ¢ 1 L D cfH VYQ RJV M

€13::  ald.:

al4 (17.3), al4 (35.9), c11 (2.0), c13 (35.8), c14 (100.6), c14 (1.0), x6 (78.8), y4 (1.3), y13
(2.2), y14 (0.9).



Absorbance (mAU) versus concentration (mM) of the stapled peptide (17a).

Conc. (mM) Absorbance (mAU)
1 3677.3
0.8 3318
0.6 2615.5
0.4 1661.7
0.2 973.1
0.1 412.5
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Figure S1: Linear equation of the absorbance (mAU) versus concentration (mM) of the stapled
peptide (17a).

The equation of the trendline was used to calculate the yield based on absorbance of the reaction
with Ac-ENPECILDCHVQRVM-NH; as substrate.

HPLC-UV Chromatograms (210 nm):
Retention time: 9.7 min
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8. Cysteine-cysteine reaction optimization

a. Base optimization

General Procedure for the base optimization: Ac-ENPECILDCHVQRVM-NH; (16) (0.50 to 3.0
mg, 0.24 to 1.5 pmol, 1.0 equiv.) was weighed in a 1.5 mL Eppendorf tube. DMF that had been
bubbled with nitrogen for 30 minutes was used to prepare a 1 mM solution. To 91 pL of the peptide
solution, 1.0 pL of a 0.2M solution of DIPEA (2.2 equiv.) in DMF and then 1.0 pL of a 0.1M solution
of bis((3,3-bis(trifluoromethyl)-113-benzo[d][1,2]iodaoxol-1(3H)-yl)ethynyl)diisopropylsilane (8c)
(1.1 equiv.) in DMF were added. The mixture was vortexed for a few seconds and shaken at room

temperature for 30 minutes and analyzed by HPLC (Method 1).

Table S1: Yield (%) for a series of bases, based on the model calibration (see Section 7: Peptide model Calibration)

Base Absorbance (mAU) Yield (%)
DIPEA 1815 45
DBU 168

TMG 237

Morpholine 856 18
Pyridine 1617 39
2,6-Lutidine 1897 47
2,2,6,6-Tetramethylpiperidine 1362 32
Quinoline 1896 a7
NMM 1923 48

Based on the similarity of the results for NMM, Quinoline, 2,6-Lutidine
selected as the base of choice for the stapling reactions.

HPLC-UV Chromatograms (210 nm):

Retention time product: 9.7 min

Retention time reduced lodocompound byproduct (46): 17.5 min
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2,6-Lutidine:
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b. Base loading optimization

General Procedure for the base loading optimization: Ac-ENPECILDCHVQRVM-NH, (16)
(0.50 to 3.0 mg, 0.24 to 1.5 umol, 1.0 equiv.) was weighed in a 1.5 mL Eppendorf tube. DMF that
had been bubbled with nitrogen for 30 minutes was used to prepare a 1 mM solution. To 91 pL of



the peptide solution, 1.0 uL of a 0.002, 0.02, 0.1 or 0.2 M solution of DIPEA (2.2 equiv.) in DMF
and then 1.0 pL of a 0.1M solution of bis((3,3-bis(trifluoromethyl)-113-benzo[d][1,2]iodaoxol-1(3H)-
yhethynyl)diisopropylsilane (8c) (1.1 equiv.) in DMF were added. The mixture was vortexed for a
few seconds and shaken at room temperature for 30 minutes and analyzed by HPLC (Method 1).

Table S2: Yield (%) for bases loading optimization, based on the model calibration (see Section 7: Peptide model

Calibration)

Base loading (equiv.) Absorbance (mAu) Yield (%)
0 691 14
0.02 1020 23
0.22 1789 44
1.1 1722 42
2.2 1778 44

HPLC-UV Chromatograms (210 nm):

Retention time stapled product: 9.7 min

Retention time starting peptide: 7.6 min

Retention time reduced

0.0 equivalents:
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c. Reagent loading

General Procedure for the reagent loading optimization: Ac-ENPECILDCHVQRVM-NH: (16)
(0.50 to 3.0 mg, 0.24 to 1.5 umol, 1.0 equiv.) was weighed in a 1.5 mL Eppendorf tube. DMF that
had been bubbled with nitrogen for 30 minutes was used to prepare a 1 mM solution. The solution
was split in two fractions of the same volume. To both peptide solutions, DIPEA in DMF (0.2M,
2.5 equiv.) and then bis((3,3-bis(trifluoromethyl)-113-benzo[d][1,2]iodaoxol-1(3H)-
yl)ethynyl)diisopropylsilane (8c) in DMF (0.1 M, 1.0-5.0 equiv.) were added. The mixture was
vortexed for a few seconds and shaken at room temperature for 240 minutes and analyzed by
HPLC (Method 2).



Table S3: Reagent loading optimization. Yields are based on the model calibration (see Section 7: Peptide model

Calibration)
Reagent loading Abs. 1 (mAu) Abs. 2 (mAu) Average Yield (%)
1.0 2175 2162 55
15 2595 2607 67
3.0 2805 2700 72
5.0 2700 2794 73
HPLC-UV Chromatograms (210 nm) (only one of the duplicates is shown):
Retention time stapled product: 15.1 min
Retention time starting peptide: 13.2 min
Retention time reduced lodocompound byproduct (46): 22.2 min
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mALl
1500
1000 5
500 % =
0 iy JL I\
-500
I 1|0 I 1|5 I I I I 2|0 2‘5 ‘ min
1.5 equivalents:
mAl
1500
1000—f
5oo_f g
0] B
7500—5
- 1 1 1 1 | | | 1 1 1 ‘ | 1 1 1 1
10 15 20 25 min
3.0 equivalents:
mAU_:
1500
1000—2 5
500—f J
] ‘ i
0+
-500—f
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d. Temperature

Ac-ENPECILDCHVQRVM-NH- (16) (0.60 mg, 0.29 umol, 2.0 equiv.) was weighed in a 1.5 mL
Eppendorf tube. DMF (302 uL, 1.0 mM), that had been bubbled with nitrogen for 30 minutes, was
used to prepare a 1 mM solution. The solution was split in two fractions of the same volume (146
puL). To both peptide solutions, DIPEA in DMF (0.2M, 1.8 uL, 2.5 equiv.) and then bis((3,3-
bis(trifluoromethyl)-113-benzo[d][1,2])iodaoxol-1(3H)-yl)ethynyl)diisopropylsilane  (8c) in DMF
(0.1M, 4.4 pL, 3.0 equiv.) were added. The mixture was vortexed for a few seconds and shaken
at 37°C for 240 minutes and analyzed by HPLC (Method 2).

Temperature Abs. 1 (mAu) Abs. 2 (mAu) Averaged Yield (%)
37°C 2701 2794 78

HPLC-UV Chromatograms (210 nm) (only one of the duplicates is shown):

Retention time stapled product: 15.1 min
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e. Concentration

Ac-ENPECILDCHVQRVM-NH, (16) (0.64 mg, 0.31 umol, 2.0 equiv.) was weighed in a 1.5 mL
Eppendorf. DMF (49.0 uL, 6.4 mM), that had been bubbled with nitrogen for 30 minutes, was used
to prepare a 6.4 mM solution. The solution was split in two fractions of the same volume (24.5 pL).
To both peptide solutions, DIPEA in DMF (0.2M, 1.9 pL, 2.5 equiv.) and then bis((3,3-
bis(trifluoromethyl)-113-benzo[d][1,2])iodaoxol-1(3H)-yl)ethynyl)diisopropylsilane  (8¢c) in DMF
(0.1M, 4.7 pL, 3.0 equiv.) were added. The mixture was vortexed for a few seconds and shaken
at 37°C for 30 minutes and analysed by HPLC (Method 2).

Concentration (mM) Abs. 1 (mAu) Abs. 2 (mAu) Averaged Yield (%)
5.0 1289 1209 66




HPLC-UV Chromatograms (210 nm) (only one of the duplicates is shown):

Retention time stapled product: 15.1 min
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f. Solvent

Procedure A for the solvent optimization: Ac-ENPECILDCHVQRVM-NH; (16) (0.50 to 3.0 mg,
0.24to 1.5 umol, 2.0 equiv.) was weighed in a 1.5 mL Eppendorf tube. THF that had been bubbled
with nitrogen for 30 minutes was used to prepare a 1 mM solution. The solution was split in two
fractions of the same volume. To both peptide solutions, DIPEA in DMF (0.2M, 2.5 equiv.) and
then bis((3,3-bis(trifluoromethyl)-113-benzo[d][1,2]iodaoxol-1(3H)-yl)ethynyl)diisopropylsilane (8c)
in DMF (0.1 M, 1.0-5.0 equiv.) were added. The mixture was vortexed for a few seconds and
shaken at 37 °C for 240 minutes and analyzed by HPLC (Method 2).

Procedure B for the solvent optimization: Ac-ENPECILDCHVQRVM-NH; (16) (0.50 to 3.0 mg,
0.24 t0 1.5 pmol, 2.0 equiv.) was weighed in a 1.5 mL Eppendorf tube. DMF that had been bubbled
with nitrogen for 30 minutes was used to prepare a 10 mM solution. The solution was split in two
fractions of the same volume and THF (bubbled with nitrogen) was added to yield a 1 mM final
concentration. To both peptide solutions, DIPEA in DMF (0.2M, 2.5 equiv.) and then bis((3,3-
bis(trifluoromethyl)-113-benzo[d][1,2]iodaoxol-1(3H)-yl)ethynyl)diisopropylsilane (8c) in DMF (0.1
M, 1.0-5.0 equiv.) were added. The mixture was vortexed for a few seconds and shaken at room
temperature for 240 minutes and analyzed by HPLC (Method 2).

Procedure C for the solvent optimization: Ac-ENPECILDCHVQRVM-NH; (16) (0.50 to 3.0 mg,
0.24 to 1.5 umol, 2.0 equiv.) was weighed in a 1.5 mL Eppendorf tube. A mixture of DMF/Water
(1:1) that had been bubbled with nitrogen for 30 minutes was used to prepare a 1 mM solution.
The solution was split in two fractions of the same volume. To both peptide solutions, DIPEA in
DMF (0.2M, 2.5 equiv.) and then bis((3,3-bis(trifluoromethyl)-113-benzo[d][1,2]iodaoxol-1(3H)-
yhethynyl)diisopropylsilane (8c) in DMF (0.1 M, 1.0-5.0 equiv.) were added. The mixture was
vortexed for a few seconds and shaken at room temperature for 240 minutes and analyzed by
HPLC (Method 2).



Table S4: Solvent optimization. Yields are based on the model calibration (see Section 7:

Solvent Procedure Abs. 1 (mAu) Abs. 2 (mAu)

Peptide model Calibration)

Averaged Yield (%)

THF A 0 0

0

DMF/THF 159 207

5

DMF/Dioxane 0 0

0

DMSO 2394 2367

62

O|>| W|wm

DMF/Water 110 91

0

HPLC-UV Chromatograms (210 nm) (only one of the duplicates is shown):

Retention time stapled product (16): 15.1 min
Retention time starting peptide (17a): 13.2 min
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9. Cysteine-Cysteine Stapling Scope

General Procedure for Cysteine-Cysteine stapling on analytical scale: The selected linear
peptide (0.50 to 3.0 mg, 1.0 equiv.) was weighed in a 1.5 mL Eppendorf tube. DMF that had been
bubbled with nitrogen for 30 minutes was used to prepare a 1 mM solution. The solution was split
in two fractions of the same volume. To both peptide solutions, DIPEA in DMF (0.2 M, 2.5 equiv.)
and then the corresponding stapling reagent (8) in DMF (0.1 M, 3.0 equiv.) were added. The
mixture was vortexed for a few seconds and shaken at 37 °C for 240, 1440 or 2880 minutes, and
analysed by HPLC (Method 2). The yields were approximated by comparison of the absorbances
of the linear and the staple peptides, assuming no significant changes in absorbance at 210 nm.

General Procedure for isolation of Cysteine-Cysteine stapled peptides: The corresponding
peptide (1.0 equiv.) was weighed in a 1.5 mL Eppendorf tube. DMF that had been bubbled with
nitrogen for 30 minutes was used to prepare a 2 mM solution (when need the reaction transferred
to a microwave seal cap vial. DIPEA (2.5 equiv.) and then the stapling reagent (3.0 equiv.) were
added. The mixture was vortexed for a few seconds and shaken at 37 °C overnight. The reaction
was then directly purified by preparative RP-HPLC.

Table S5: Peptide and reagent scope. Relative absorbance of stapled product compared to a standard solution of
starting material at 210 nm. Absorbance for peptide 17 at 1 mM concentration = 3128.8 mAu. From the absorbance
obtained for product 17a, the absorbance increase for the linker can be calculated to be 18%. Considering errors arising
from weighing small amounts of starting material, the relative absorbance is estimated to be 8-28% higher than the
yield. Entries correspond to those in Table 2.

X
_Z
s s
n
Linear Rel
Entr Product where Linear Peptide Peptide Time Abs.1 Abs.2 abs.
Y x= P Abs.  (min) (mAu) (mAu)
(mAu) °
iPry ,iPr
1 /,S'\ Ac-ENPECILDCHVQRVM-NH: 3129 240 2701 2794 (78(3;[346]
17a
iPr iPr
5 ts( Ac-YGGEAAREACARECAARE- 3676 240 2780 2544 12 (48]
“ion NH: 1440 2956 2429 73
iF’f\S_/iF’f 240 1182 1194  30[13]
3 S Ac-QSQQTFCNLWRLLCQN-NH2 3916
21a 1440 1039 1032 26
iPry_iPr 240 2551 2989 79
4 /S'\ H-SERCWHECYKNM-NH2 3515
23a 1440 2413 2751 73
Cy. Cy
5 /S'\\ Ac-ENPECILDCHVQRVM-NH: 3129 240 2758 2786 89 (72)

17b




Ac-YGGEAAREACARECAARE-

6 Pl 3676 240 2658 2427 69
198 NH2
Cy. .Cy
7 /S'\ Ac-QSQQTFCNLWRLLCQN-NH2 - - - - [22]
21b
ip iPripr iPr
| F\Si Si. 51 (40)
8 e I Ac-ENPECILDCHVQRVM-NH. 3129 240 1628 1587 [29]
17¢c
'Pripq iPr_ iPr
| nd SN .
9 //SkO/Sk\ AoYGGEAAﬁiﬁEARECAARE- 3676 210 425 200 9 [19]
19¢c
iPrqu iPr_ iPr 240 1182 - 30
NA H
10 e '\O/S'\ Ac-QSQQTFCNLWRLLCQN-NH: 3916 1440 1717 - 44 [17]
21¢ 2880 1854 - 47
iy iPry iPT 240 559 503 15
11 /,SI\O/S'\ H-SERCWHECYKNM-NH: 3515
23c 1440 1424 1564 42
__Q—_ 240 846 869  27(19)
12 Ac-ENPECILDCHVQRVM-NH: 3129
17d 1080 867 831 27 (19)
__<<:::>F__ 240 1843 1776 46
13 Ac-QSQQTFCNLWRLLCQN-NH2 3916

1440 1960 - 50

1080 400 563 15 (8)

240 521 528 13

21d
240 398 410 13 (6)
14 - ~. Ac-ENPECILDCHVQRVM-NH:2 3129
17e

15 . N Ac-QSQQTFCNLWRLLCQN-NH2 3916

21e 1440 585 - 15

Values in round brackets were calculated based on the calibration done for the product 17a.
Values in square brackets are isolated yields.

Retention times of the common by-products:
22 min and 28 min - exhibit low ionization and originate from the excess of stapling reagent used.

Commonly observed side-product:

The majority of the side products present in the crude mixtures matched m/z that corresponded to
oxidation of the linear peptide (Figure S2, A), mono-thioalkynylation or thioalkyne EBX-adduct
staple; Figure S2, B), mono-adduct of EBX or bis EBX-staple (Figure S2, C). Double
thioalkynylation (Figure S2, D) was only observed for some reagents when double loop stapling
was done. In some cases, m/z that could not be assigned to any logical side product were also



detected. A comment is added above the chromatogram when significant amount of specific side

product is present.
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Figure S2: Structures of commonly observed side products.
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17a (Entry 1, Table 2)

Following the general procedure for Cysteine-Cysteine stapling on analytical scale 17a (retention

time 15.1 min) was obtained in 98% relative absorbance after 4 hours.

HPLC-UV Chromatograms (210 nm) of the crude mixture (only one of the duplicates is shown):
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Following the general procedure for isolation of Cysteine-Cysteine stapled peptides, Ac-
ENPECILDCHVQRVM-NH: (16) (6.8 mg, 3.3 pmol) together with bis((3,3-bis(trifluoromethyl)-113-
benzo[d][1,2]iodaoxol-1(3H)-yl)ethynyl)diisopropylsilane (8c) afforded the product (17a) (3.4 mg,
1.5 pumol, 46%) as a white amorphous solid (retention time 15.0 min).

HPLC-UV chromatogram at 210 nm of the isolated product:
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19a (Entry 2, Table 2)

Following the general procedure for Cysteine-Cysteine stapling on analytical scale 19a (retention
time 13.6 min) was obtained in 72% relative absorbance after 4 hours.

HRMS (nanochip-ESI/LTQ-Orbitrap) m/z: [M + H]*? Calcd for Cg7H13sN28025S2Si™? 1057.4718;
Found 1057.4718.

HPLC-UV Chromatogram (210 nm) of the crude mixture (only one of the duplicates is shown):
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Following the general procedure for isolation of Cysteine-Cysteine stapled peptides, Ac-
YGGEAAREACARECAARE-NH, (18) (4.9 mg, 2.1 pupmol) together with bis((3,3-
bis(trifluoromethyl)-113-benzo[d][1,2]iodaoxol-1(3H)-yl)ethynyl)diisopropylsilane (8c) afforded the
product (19a) (2.3 mg, 0.95 umol, 48%) as a white amorphous solid (retention time 13.7 min).



HPLC-UV chromatogram at 210 nm of the isolated product:
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21a (Entry 3, Table 2)

Following the general procedure for Cysteine-Cysteine stapling on analytical scale 21a (retention
time 17.1 min) was obtained in 30% relative absorbance after 4 hours.

HRMS (nanochip-ESI/LTQ-Orbitrap) m/z: [M + Na]*? Calcd for Co7H14sN27Na025S,Si*? 1103.0119;
Found 1103.0131.

HPLC-UV Chromatogram (210 nm) of the crude mixture (only one of the duplicates is shown):
21.5: m/z = 903.4, 1354.9. unknown product (1855 mAU).

21.8: m/z = 394.9 by-products of stapling reagent.
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Chemical Formula: Cqp5H171F121,N27027S,Si,%*
m/z: 1542.4869 (100.0%))

23.7: m/z = 1542.5 (+2), 1028.7 (+3). double thioalkynylation.29.8: m/z = 525.0 by-products of
stapling reagents (1482 mAU).
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MS/MS Characterization:

cH3coQls Q QfTJFfCc N L W R L L CJQJN NH2

b14:i b15::

b4 (3.8), b5 (4.1), b11* (0.6), b12* (0.7), b14 (24.0), b14 (12.8), b15 (26.7), y10 (26.4), y12 (3.2),
y15 (22.8).

Following the general procedure for isolation of Cysteine-Cysteine stapled peptides, Ac-
QSQQTFCNLWRLLKQN-NH2 (20) (15.6 mg, 7.28 pmol) together with bis((3,3-
bis(trifluoromethyl)-113-benzo[d][1,2]iodaoxol-1(3H)-yl)ethynyl)diisopropylsilane (8c) afforded the
product (21a) (2.2 mg, 0.96 umol, 13%) as a white amorphous solid (retention time 17.1 min).

HPLC-UV chromatogram at 210 nm of the isolated product:
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23a (Entry 4, Table 2)

Following the general procedure for Cysteine-Cysteine stapling on analytical scale 23a (retention
time 13.7 min) was obtained in 79% relative absorbance after 4 hours.

HRMS (ESI/QTOF) m/z: [M + H]*? Calcd for C76H111N21019S3Si*2 872.8643; Found 872.8637.
HPLC-UV Chromatogram (210 nm) of the crude mixture (only one of the duplicates is shown):

Retention time oxidized peptide: 10.3 min



Reaction time: 4 hours
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1500 3 Reaction time: 4 hours

MS/MS Characterization:

y10.
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b9.; b10:: bills

b3 (6.1), b6* (45.7), b7* (1.0), b8 (12.5), b8 (4.8), b9 (9.2), b9 (11.0), b10 (7.7), b10 (48.6), b1l
(50.4), y3 (2.8), y4 (3.9), y9 (5.8), y9 (1.4), y10 (8.0).

17b (Entry 5, Table 2)

Following the general procedure for Cysteine-Cysteine stapling on analytical scale 17b (retention
time 16.3 min) was obtained in 89% relative absorbance after 4 hours.

HRMS (nanochip-ESI/LTQ-Orbitrap) m/z: [M + Hz]*? Calcd for CoiH145sN23024S3Si*? 1033.9877;
Found 1033.9888.

HPLC-UV Chromatogram (210 nm) (only one of the duplicates is shown):
Retention time (46) (in Method 2): 22.2 min
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MS/MS characterization:



EfN(P Efc 1 L D cfHfVvIiQfR)yV M

b13 (58.9), b14 (100.3), y3 (2.4), y4 (6.0), y5 (3.1), y6 (5.1), y11 (1.5), y13 (5.4), y14 (3.3).

19b (Entry 6, Table 2)

Following the general procedure for Cysteine-Cysteine stapling on analytical scale 19b (retention
time 14.9 min) was obtained in 69% relative absorbance after 4 hours.

HRMS (ESI/QTOF) m/z: [M + H;]*2 Calcd for CozH146N25028S2Si*? 1097.5031; Found 1097.5038.

HPLC-UV Chromatogram (210 nm) of the crude mixture (only one of the duplicates is shown):
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21b (Entry 7, Table 2)

Following the general procedure for isolation of Cysteine-Cysteine stapled peptides, Ac-
QSQQTFCNLWRLLCQN-NH, (20) (13.7 mg, 6.41 pmol) together with bis((3,3-
bis(trifluoromethyl)-113-benzo[d][1,2])iodaoxol-1(3H)-yl)ethynyl)dicyclohexylsilane (8d) afforded
the product (21b) (3.4 mg, 1.5 pmol, 22%) as a white amorphous solid (retention time 18.5 min).

HRMS (nanochip-ESI/LTQ-Orbitrap) m/z: [M + H]*? Calcd for CiosH157N27025S,Si*? 1132.0522;
Found 1132.0557.

HPLC-UV chromatogram at 210 nm of the isolated product:
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17c (Entry 8, Table 2)

Following the general procedure for Cysteine-Cysteine stapling on analytical scale 19b (retention
time 16.8 min) was obtained in 51% relative absorbance after 4 hours.



HRMS (nanochip-ESI/LTQ-Orbitrap) m/z: [M+ Hz]"? Calcd for CeiH149N23025S3Si>*? 1057.9892;
Found 1057.9891.

HPLC-UV Chromatogram (210 nm) of the crude mixture (only one of the duplicates is shown):
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MS/MS characterization:
EfN(P Efc 1 L D clHYv)YQyr)yv)m

b10 (0.9), b1l (1.9), b12 (1.3), b13 (57.8), b14 (101.3), y3 (1.6), y4 (4.6), y5 (2.7), y6 (3.1), y11
(0.8), y11 (0.9), y13 (4.7), y14 (3.0).

Following the general procedure for isolation of Cysteine-Cysteine stapled peptides, Ac-
ENPECILDCHVQRVM-NH: (16) (9.7 mg, 4.7 umol) together with 1,3-bis((3,3-bis(trifluoromethyl)-
113-benzol[d][1,2]iodaoxol-1(3H)-yl)ethynyl)-1,1,3,3-tetraisopropyldisiloxane (8e) afforded the
product (17c¢) (3.2 mg, 1.4 umol, 29%) as a white amorphous solid (retention time 16.5 min).

HPLC-UV chromatogram at 210 nm of the isolated product:
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19c (Entry 9, Table 2)

Following the general procedure for Cysteine-Cysteine stapling on analytical scale 19c (retention
time 15.4 min) was obtained in 9% relative absorbance after 4 hours.

HRMS (ESVQTOF) m/z: [M]+ Calcd for C93H151N28029825i2+ 2244.0176; Found 2244.0127.
HPLC-UV Chromatogram (210 nm) of the crude mixture (only one of the duplicates is shown):

Retention time starting linear peptide: 11.1 min
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Following the general procedure for isolation of Cysteine-Cysteine stapled peptides, Ac-
YGGEAAREACARECAARE-NH2 (18) (9.2 mg, 4.0 pmol) together with 1,3-bis((3,3-
bis(trifluoromethyl)-113-benzo[d][1,2]iodaoxol-1(3H)-yl)ethynyl)-1,1,3,3-tetraisopropyldisiloxane
(8e) afforded the product (19¢) (1.9 mg, 0.74 umol, 19%) as a white amorphous solid (retention
time 15.3 min).

HPLC-UV chromatogram at 210 nm of the isolated product:
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21c (Entry 10, Table 2)

Following the general procedure for Cysteine-Cysteine stapling on analytical scale 21c (retention
time 19.1 min) was obtained in 44% relative absorbance after 24 hours.

HRMS (ESI/QTOF) m/z: [M]* Calcd for Ci103H162N27026S,Sit* 2313.1159; Found 2313.1079
HPLC-UV Chromatogram (210 nm) (only one of the duplicates is shown):
Retention time starting linear peptide: 15.7 min

Retention time oxidized peptide: 15.8 min
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Following the general procedure for isolation of Cysteine-Cysteine stapled peptides, Ac-
QSQQTFCNLWRLLKQN-NH> (20) (13.9 mg, 6.50 pmol) together with 1,3-bis((3,3-
bis(trifluoromethyl)-113-benzo[d][1,2]iodaoxol-1(3H)-yl)ethynyl)-1,1,3,3-tetraisopropyldisiloxane
(8e) afforded the product (21c¢) (2.6 mg, 1.1 umol, 17%) as a white amorphous solid.

HPLC-UV chromatogram at 210 nm of the isolated product:

25004 ©
225(H i
2000 -
17507 Y
15001 | P
2 12501
E 10001 \
7507 | \
5007 \
2507 J - j\“—— A B
o S
'250- /7 1 1 I 1 1
5 10 15 20 25 30
Time [min]

23c (Entry 11, Table 2)

Following the general procedure for Cysteine-Cysteine stapling on analytical scale 23c (retention
time 15.1 min) was obtained in 42% relative absorbance after 24 hours. The HPLC Chromatogram
shows a similar area of stapled product (15.1 min) and oxidized product (10.3 min), which is in
accordance to the relative absorbance reported (42%). The peak at 22.4 min corresponds to the
stapling reagent, which was added in excess and therefore should not be considered for the
relative absorbance.

HRMS (ESI/QTOF) m/z: [M + H]*2 Calcd for CgzH125N21020S3Si>*? 937.9050; Found 937.9046



HPLC-UV Chromatogram (210 nm) (only one of the duplicates is shown):
Retention time starting linear peptide: 10.8 min

Retention time oxidized peptide: 10.3 min

mAL
1500

-
Reaction time: 4 hours
1000 2

500

-500

-1000 | | |

mAl ]

1500 4 o
] Reaction time: 24 hours
1000

10.312
5122

500 )

[ S 13

500

17d (Entry 12, Table 2)

Following the general procedure for Cysteine-Cysteine stapling on analytical scale 17d (retention
time 14.5 min) was obtained in 27% relative absorbance after 4 hours. For further clarification of
occurring side-reactions, all of the potential peptide-related peaks were integrated (see Table S6
below) and the potential structures of the detected side-products have been drawn (see Figure
S2). The 27% reported relative absorbance correlates well with the 20% of total area reported in
the table below. We believe the relative area estimation to be more accurate. Only the relative
absorbances were reported in the main part of the manuscript.

Table S6: Side-products detected in the formation of 17d after 4 hours

Entry Ret. Abs. 1 Abs. 2 Rel. Area from Assignment (see figure S2)
Time (mAu) (mAu) all products (%)
(min)
1 12.8 603 604 14 linear peptide (16)
2 14.5 846 869 20 desired product
3 154 1782 1834 42 mono-thioalkynylation or
thioalkyne EBX-adduct staple
4 15.9 284 263 6 mono-thioalkynylation or
thioalkyne EBX-adduct staple
5 16.6 772 824 18 mono-adduct of EBX or bis EBX-

staple




Peaks at 22.2 and 27.6 min exhibit low ionization and are coming from the excess of reagent, thus
the absorbances of these peaks have been excluded for the above estimation of yield.

HRMS (nanochip-ESI/LTQ-Orbitrap) m/z: [M + HNa]*? Calcd for CgsHi26N23Na024S3*? 985.9197;
Found 985.9264.

HPLC-UV Chromatogram (210 nm) of the crude mixture (only one of the duplicates is shown):
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21d (Entry 13, Table 2)

Following the general procedure for Cysteine-Cysteine stapling on analytical scale 21d (retention
time 16.1 min) was obtained in 46% relative absorbance after 4 hours. All of the potential peptide-
related peaks were integrated (see Table S7 below). The 46% reported relative absorbance
correlates well with the 42% of total area reported in the table below.

Table S7: Side-products detected in the formation of 21d after 4 hours

Entry Ret. Abs. Abs. 2 Rel. Area from Assignment (see figure below for
Time (mAu) (mAu) all products (%)  structures)
(min)
1 12.8 382 372 42 desired product
2 17.4 880 839 20 mono-thioalkynylation or thioalkyne
EBX-adduct staple
3 17.7 1682 1682 39 mono-thioalkynylation or thioalkyne

EBX-adduct staple
Peaks at 22.2 and 27.6 min exhibit low ionization and are coming from the excess of reagent, thus
the absorbances of these peaks have been excluded for the above estimation of yield.

HRMS (nanochip-ESI/LTQ-Orbitrap) m/z: [M + H]* Calcd for Co7H1390N27025S 2145.9871; Found
2145.9818



HPLC-UV Chromatogram (210 nm) of the crude mixture (only one of the duplicates is shown):
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17e (Entry 14, Table 2)

Following the general procedure for Cysteine-Cysteine stapling on analytical scale 17e (retention
time 13.9 min) was obtained in 13% relative absorbance after 4 hours. All of the potential peptide-
related peaks were integrated (see Table S8). The 13% reported relative absorbance correlates
well with the 14% of total area reported in the table below.

Table S8: Side-products detected in the formation of 17e after 4 hours

Entry Ret. Abs. Abs. 2 Rel. Area from Assignment (see figure below for
Time (mAu) (mAu) all products (%)  structures)
(min)
1 12.8 382 372 14 linear peptide (16)
2 13.9 398 410 14 desired product
3 15.6 946 943 34 mono-thioalkynylation or thioalkyne
EBX-adduct staple
4 16.0 746 764 27 mono-thioalkynylation or thioalkyne
EBX-adduct staple
5 18.5 295 319 11 unknown Product (m/z 706.2, 937.9,
1406.3)

Peaks at 22.2 and 27.6 min exhibit low ionization and are coming from the excess of reagent, thus
the absorbances of these peaks have been excluded for the above estimation of yield

HRMS (nanochip-ESI/LTQ-Orbitrap) m/z: [M + H]*2 Calcd for CgsH127N23024S3%? 974.9288; Found
974.9295.

HPLC-UV Chromatogram (210 nm) of the crude mixture (only one of the duplicates is shown):
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21e (Entry 15, Table 2)

Following the general procedure for Cysteine-Cysteine stapling on analytical scale 21e (retention
time 16.5 min) was obtained in 13% relative absorbance after 4 hours.

HRMS (nanochip-ESI/LTQ-Orbitrap) m/z: [M + Na]*? Calcd for Co7H13sN27NaO25S,"2 1084.4882;
Found 1084.4860.

HPLC-UV Chromatogram (210 nm) (only one of the duplicates is shown):

Retention time starting linear peptide: 15.6 min
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10.Cysteine-Lysine Stapling Scope

General Procedure for Cysteine-Lysine stapling on analytical scale: The selected linear
peptide (0.50 to 3.0 mg, 1.0 equiv.) was weighed in a 1.5 mL Eppendorf tube. DMF that had been
bubbled with nitrogen for 30 minutes was used to prepare a 1 mM solution. The solution was split
in two fractions of the same volume. To both peptide solutions, DIPEA in DMF (0.2 M, 2.5 equiv.)
and then the corresponding stapling reagent (9) in DMF (0.1 M, 1.1 equiv.) was added. The mixture
was vortexed for a few seconds and shaken at 37 °C for 30 minutes (unless otherwise indicated),
and analyzed by HPLC (Method 2). The yields were approximated by comparison of the
absorbances of the linear and the stapled peptides, assuming no change in absorbance.

General Procedure for isolation of Cysteine-Lysine stapled peptides: The corresponding
peptide (1.0 equiv.) was weighed in a 1.5 mL Eppendorf tube. DMF that had been bubbled with
nitrogen for 30 minutes was used to prepare a 1 mM solution (when the volume was bigger than
1.5 mL, the reaction was transferred to a microwave seal cap vial). DIPEA (2.5 equiv.) and then
the stapling reagent (1.1 equiv.) were added. The mixture was vortexed for a few seconds and
shaken from 1 to 24 hours. The reaction was then directly purified by preparative RP-HPLC.

Table S9: Cysteine-Lysine peptide and reagent scope. Relative absorbance of stapled product compared to a standard
solution of starting material at 210 nm. The absorbance increase for the products was calculated to be 15% by
comparing absorbance of 1 mM solution of 28 and 29a at 210 nm. Considering errors arising from weighing small
amounts of starting material, the relative absorbance is estimated to be 5-25% higher than the yield. Entries correspond
to those in Table 2.

I
0}
N \f
S Z HN
50000
n
Linear
Entr Substitution Linear Pentide Peptide Time Abs.1 Abs.2 Rel.
y pattern P Abs. (min)  (mAu) (mAu) abs. (%)
(mAu)
30 2020 1845 62
16 para (25a) Ac-ENPECILDKHVQRVM-NH; 3127
1440 3084 2811 94 [52]
17 para (27a) Ac-YGGEAAREACAREKAARE-NH:2 2414 30 2645 2845 114 [65]
18 para (29a) Ac-QSQQTFCNLWRLLKQN-NH2 4134 30 4894 4811  117[87]
19 para (31a) H-SERCWHEKYNM-NH:2 3417 14402 2409 2314 69
30 1486° 1463 54pb
para (33a, ) ) (501  (474)° (18)°¢
20 332) H-RSQFYKHDAGCG-NH; 2739 Taa 1958° 18017 69
(670)°  (585)° (23)°
21 meta (25b) Ac-ENPECILDKHVQRVM-NH:2 3127 30 1066 1049 34 [7]
22 meta (27b) Ac-YGGEAAREACAREKAARE-NH:2 2414 30 1899 1839 77 [44]
23 meta (29b) Ac-QSQQTFCNLWRLLKQN-NH: 4134 30 4556 4504 110 [55]
24 meta (31b) H-SERCWHEKYNM-NH:2 3417 30 702 698 20
30 606 603 22
25 meta (33b) H-RSQFYKHDAGCG-NH:2 2739

26 ortho (25c) Ac-ENPECILDKHVQRVM-NH2 3127 30 3205 3082 101




1440 1947 1666 58

30 2827 2878 118
27 ortho (27c) Ac-YGGEAAREACAREKAARE-NH:2 2414
1440 1041 961 41
30 4870 5270 123
28 ortho (29c) Ac-QSQQTFCNLWRLLKQN-NH2 4134
1440 4254 4435 105

[a] The reaction was analyzed after 30 minutes, but a significant amount of activated ester intermediate was detected.
[b] Major product, tentatively assigned as Cys-Lys stapling based on MS/MS analysis.

[c] Minor product, tentatively assigned as Cys-N-terminus stapling based on MS/MS analysis.
Yield in square brackets correspond to the isolated yield.

Retention times of the common by-products:

2-iodobenzoic acid (51) 17.5-17.6 min
Dusopropylethylam'monlum 19.5-19.9 min
perrfluorophenyloxide

Reagent 9 22.2 min

25a (Entry 16, Table 2)

Following the general procedure for Cysteine-Lysine stapling on analytical scale 25a (retention
time 13.2 min) was obtained in 94% relative absorbance after 24 hours.

HRMS (nanochip-ESI/LTQ-Orbitrap) m/z: [M+H,]*? Calcd for Cs7H134N24025S2*? 989.4691; Found
989.4655.

HPLC-UV Chromatograms (210 nm) of the crude mixture (only one of the duplicates is shown):

Side product: 13.9 min exhibiting the same m/z as the expected product.
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MS/MS Characterization:

+1

y1(4§§ ;?ggg y1r2$% ;i%;g y635 y5: y4d  y3d
CH3COEINIPIEJC I L D KJHJV RJVJ M NH2
I bé blé biét?l i b133 blgq‘%
b4 (1.3), b9 (1.2), b10 (7.6), b1l (11.6), b12 (5.2), b13 (27.3), b1l4 (101.0), y3 (3.1), y4 (11.0),
y5 (7.3), y6 (7.6), y11 (5.2), y11 (1.8), y12 (0.9), y13 (20.1), y13 (1.1), y14 (14.6).

Following the general procedure for isolation of Cysteine-Lysine stapled peptides, Ac-
ENPECILDKHVQRVM-NH; (24) (5.6 mg, 2.6 umol) together with perfluorophenyl 4-((3-0x0-1,3-
benzo[d][1,2]iodaoxol-1(3H)-yl)ethynyl)benzoate (9a) afforded the product (25b) (2.9 mg, 1.3
pumol, 52%) as a white amorphous solid (retention time 13.1 min).

HPLC-UV chromatogram at 210 nm of the isolated product:
mAU 3
100%\ , E
oé | i ?
100 | [ e I

-200

3003/

‘ [
-400 - =

27a (Entry 17, Table 2)

Following the general procedure for Cysteine-Lysine stapling on analytical scale 27a (retention
time 11.6 min) was obtained in 114% relative absorbance after 30 minutes.

HRMS (nanochip-ESI/LTQ-Orbitrap) m/z: [M + Hz]*? Calcd for CgoH135N20020S? 1052.9845; Found
1052.9874.

HPLC-UV Chromatogram (210 nm) of the crude mixture (only one of the duplicates is shown):
mal
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MS/MS Characterization:

yl4:: yl1l:: y4:i  y3i:

cH3coY f G G{EfAJAfR(E{AFZ A R E KfASASR)E NH2
55 b33 b8

bl b i b4il b5 b14:i b15:! b16:: b17:i

bl (1.5), b2 (6.2), b3 (4.9), b4 (5.3), b5 (3.2), b6 (0.9), b8 (29.5), b9 (6.0), b14 (5.0), b15 (9.1),
b15 (0.3), b16 (14.9), b17 (38.3), b17 (0.4), y2 (1.3), y3 (4.0), y4 (10.9), y4 (1.5), y9 (11.8), y10



(81.3), y11 (26.6), y12 (1.4), y12 (0.5), y13 (2.2), y13 (0.7), y14 (53.3), y14 (0.8), y15 (1.5), y17
(8.3), y17 (1.4).

Following the general procedure for isolation of Cysteine-Lysine stapled peptides, Ac-
YGGEAAREACAREKAARE-NH: (26) (5.7 mg, 2.3 umol) together with perfluorophenyl 4-((3-oxo-
1,3-benzo[d][1,2]iodaoxol-1(3H)-yl)ethynyl)benzoate (9a) afforded the product (27a) (3.7 mg, 1.5
pumol, 65%) as a white amorphous solid (retention time 11.7 min).

HPLC-UV chromatogram at 210 nm of the isolated product:
mAu? 4
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29a (Entry 18, Table 2)

Following the general procedure for Cysteine-Lysine stapling on analytical scale 29a (retention
time 15.3 min) was obtained in 117% relative absorbance after 30 minutes.

HRMS (nanochip-ESI/LTQ-Orbitrap) m/z: [M+H,]*? Calcd for CogH146N28026S? 1087.5336; Found
1087.5347.

HPLC-UV Chromatogram (210 nm) of the crude mixture (only one of the duplicates is shown):
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MS/MS Characterization:

y15:

Q(S QQ)T)F(C N L W R L L K)Q)N

b4 (0.5), b5 (1.3), b14 (18.7), b14 (86.2), b15 (7.6), y10 (0.6), y15 (1.0).

Following the general procedure for isolation of Cysteine-Lysine stapled peptides, Ac-
QSQQTFCNLWRLLKQN-NH; (28) (4.3 mg, 1.9 umol) together with perfluorophenyl 4-((3-oxo-1,3-
benzo[d][1,2]iodaoxol-1(3H)-yl)ethynyl)benzoate (9a) afforded the product (29a) (3.8 mg, 1.7
pumol, 87%) as a white amorphous solid (retention time 15.5 min).



HPLC-UV chromatogram at 210 nm of the isolated product:
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31a (Entry 19, Table 2)

Following the general procedure for Cysteine-Lysine stapling on analytical scale 31a (retention
time 11.6 min) was obtained in 63% relative absorbance after 30 minutes.

HRMS (nanochip-ESI/LTQ-Orbitrap) m/z: [M+H,]*? Calcd for C72HgsN20019S2"2 804.3296; Found
804.3296.

HPLC-UV Chromatograms (210 nm) of the crude mixture (only one of the duplicates is shown):
30 min:
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MS/MS Characterization:
y9it y3i!
H S E(RJCWH E K{YgN M NH2
b33 b8 bd: b103
b8} b9

b3 (0.6), b8 (12.2), b8 (7.9), b9 (17.2), b9 (3.7), b10 (96.4), y3 (0.8), y9 (1.8).

33a and 33a’ (Entry 20, Table 2)

Following the general procedure for Cysteine-Lysine stapling on analytical scale 33a and 33a
(retention time 11.2 and 11.8 min) were obtained in 69% and 23% relative absorbance after 24
hours.

33a: HRMS (nanochip-ESI/LTQ-Orbitrap) m/z: [M+H_]*? Calcd for Ce7HooN2001sS 747.3226;
Found 747.3241.

33a’: HRMS (nanochip-ESI/LTQ-Orbitrap) m/z: [M+H,]*? Calcd for Ce7HgoN20018S™? 747.3226;
Found 747.3195.

HPLC-UV Chromatograms (210 nm) of the crude mixture (only one of the duplicates is shown):
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MS/MS Characterization of the major product:

H R(S{Qé 4leK)H D) A G(C)G NH2

bll'}ﬂ

b2 (1.0), b3 (5.5), b4 (17.8), b5 (59.4), b6 (0.8), b8* (0.8), b1l (103.5), y2* (0.6), y7 (37.4), y8
(15.2), y9 (6.7), y10 (1.1), y11 (2.9).

MS/MS Characterization of the minor product:

HRSQFYKH)D)AgG C)G NH2
b8

b11:

b7 (1.8), b8 (0.7), b9 (0.6), b11 (67.8).

25b (Entry 21, Table 2)

Following the general procedure for Cysteine-Lysine stapling on analytical scale 25b (retention
time 14.0 min) was obtained in 34% relative absorbance after 30 minutes.

HRMS (nanochip-ESI/LTQ-Orbitrap) m/z: [M+H2]*? Calcd for Cg7H134N24025S,"2 989.4691; Found
989.4698.

HPLC-UV Chromatograms (210 nm) of the crude mixture (only one of the duplicates is shown):

30 min;
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MS/MS Characterization:
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CH3COE(NT( E/c I L D KJ { fQ V) M NH2
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b11:} b123 b13: b143



b4 (0.7), b9 (1.5), b10 (6.9), b11 (10.4), b12 (4.5), b13 (30.5), b14 (102.4), y3 (2.7), y4 (9.9), y5
(8.1), y6 (10.1), y11 (1.9), y11 (0.7), y13 (6.5), y14 (5.6).

Following the general procedure for isolation of Cysteine-Lysine stapled peptides, Ac-
ENPECILDKHVQRVM-NH: (24) (5.4 mg, 2.5 pmol) together with perfluorophenyl 3-((3-oxo-1,3-
benzo[d][1,2]iodaoxol-1(3H)-yl)ethynyl)benzoate (9b) afforded the product (25b) (0.4 mg, 0.2

pumol, 7% with 25% inseparable impurity) as a white amorphous solid (retention time of the product
14.0 min, of the impurity 13.5 min).

HPLC-UV chromatogram at 210 nm of the isolated product:
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27b (Entry 22, Table 2)

Following the general procedure for Cysteine-Lysine stapling on analytical scale 27b (retention
time 12.1 min) was obtained in 77% relative absorbance after 30 minutes.

HRMS (nanochip-ESI/LTQ-Orbitrap) m/z: [M + H,]*"? Calcd for CgoH135N20020S*? 1052.9845; Found
1052.9847.

HPLC-UV Chromatogram (210 nm) of the crude mixture (only one of the duplicates is shown):
Retention time of a S/N attack on the activated ester: 11.4 min

Retention time of the oxidized peptide: 11.0 min
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MS/MS Characterization:

16:3 Y15 y1497 y1397 V].Zg y1197 y10w V49

vggs
CH3CO Y G(G; {AIR;J;C A R E K(AI’A) NH2
.ib4‘3§ b?5 96 98 o8

b6:; b b16gs b1



b3 (0.6), b4 (3.9), b5 (5.9), b6 (3.6), b7 (11.0), b8 (9.4), b9 (18.1), b16 (1.0), b16 (0.7), b17 (26.3),
y3 (0.8), y4 (1.7), y9 (5.9), y10 (4.1), y11 (2.4), y12 (0.7), y13 (0.7), y14 (12.8), y15 (0.6), y16
(0.8).

Following the general procedure for isolation of Cysteine-Lysine stapled peptides, Ac-
YGGEAAREACAREKAARE-NH:; (26) (7.3 mg, 3.0 umol) together with perfluorophenyl 3-((3-oxo-
1,3-benzo[d][1,2]iodaoxol-1(3H)-yl)ethynyl)benzoate (9b) afforded the product (27b) (3.2 mg, 1.3
umol, 44%) as a white amorphous solid (retention time 12.2 min).

HPLC-UV chromatogram at 210 nm of the isolated product:
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29b (Entry 23, Table 2)

Following the general procedure for Cysteine-Lysine stapling on analytical scale 29b (retention
time 15.9 min) was obtained in 110% relative absorbance after 30 minutes.

HRMS (nanochip-ESI/LTQ-Orbitrap) m/z: [M+H,]*? Calcd for CogH147N25026S? 1088.0376; Found
1088.0413.

HPLC-UV Chromatograms (210 nm) of the crude mixture (only one of the duplicates is shown):
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MS/MS Characterization:

Z15::

Qfs Q@ Q@fT)Yrfc N L W R L L KJ)Q N

b14.:
aldss

al4 (4.9), b5 (0.7), b14 (83.0), b14 (7.3), z10 (1.1), z11 (0.5), z12 (0.7), z15 (3.3).

Following the general procedure for isolation of Cysteine-Lysine stapled peptides, Ac-
QSQQTFCNLWRLLKQN-NH; (28) (4.9 mg, 2.2 umol) together with perfluorophenyl 3-((3-oxo-1,3-
benzo[d][1,2]iodaoxol-1(3H)-yl)ethynyl)benzoate (9b) afforded the product (29b) (2.7 mg, 1.2
pumol, 55%) as a white amorphous solid (retention time 15.8 min).



HPLC-UV chromatogram at 210 nm of the isolated product:
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31b (Entry 24, Table 2)

Following the general procedure for Cysteine-Lysine stapling on analytical scale 31b (retention
time 12.1 min) was obtained in 20% relative absorbance after 30 minutes.

HRMS (nanochip-ESI/LTQ-Orbitrap) m/z: [M+H,]*? Calcd for C72HgsN20019S2"2 804.3296; Found
804.3290.

HPLC-UV Chromatogram (210 nm) (only one of the duplicates is shown):

Retention time stapled product: 12.1 min
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MS/MS Characterization:

¥9:s y8::
s EfRYNYc wW H)J)EJKNY)NJM
b7 b8::

b9:;  b10.,

b3 (0.7), b6* (0.7), b7* (1.1), b8 (9.5), b8 (9.7), b9 (3.3), b9 (13.2), b10 (72.1), y3 (1.4), y8 (0.6),
y9 (2.0).

33b (Entry 25, Table 2)

Following the general procedure for Cysteine-Lysine stapling on analytical scale 33b (retention
time 12.0 min) was obtained in 22% relative absorbance after 30 minutes.

HRMS (nanochip-ESI/LTQ-Orbitrap) m/z: [M + Hs]*® Calcd for Cs7He1N2001sS** 498.5508; Found
498.5514.

HPLC-UV Chromatograms (210 nm) (only one of the duplicates is shown):
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MS/MS Characterization:

y8:i
81

y9:ii i y7:!
H R S)Q{F;YIK H DJA G
b

C) G NH2
i b4 b1
bi1:

b2 (0.9), b3 (16.2), b4 (26.9), b5 (0.8), b8* (1.0), b1l (52.4), b1l (26.5), b1l (2.1), y7 (14.1), y7
(4.1), y8 (5.0), y8 (4.2), y9 (3.5).

25c (Entry 26, Table 2)

Following the general procedure for Cysteine-Lysine stapling on analytical scale 25c (retention
time 13.7 min) was obtained in 101% relative absorbance after 30 minutes.

HRMS (nanochip-ESI/LTQ-Orbitrap) m/z: [M+H2]*? Calcd for Cg7H134N24025S5,"2 989.4691; Found
989.4713.

HPLC-UV Chromatograms (210 nm) (only one of the duplicates is shown):
New product appears at 13.1 min
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MS/MS Characterization:

vl 1'35
y14:; y13: 61  y5:)

y yai
cH3COEMN(P EfC I L D(KJH VIQfR)V) M NH2
I b9:: blé blé b12:: b13:: b1¢’l|é§

b4 (0.7), b9 (3.1), b10 (6.0), b11 (8.5), b12 (4.2), b13 (31.3), b14 (100.3), y3 (2.3), y4 (7.0) y5
(7.2),y6 (9.2), y7* (1.1), y11 (1.8), y11 (1.3), y13 (6.9), y14 (7.2).

27c (Entry 27, Table 2)

Following the general procedure for Cysteine-Lysine stapling on analytical scale 27c (retention
time 12.0 min) was obtained in 118% relative absorbance after 30 minutes.

HRMS (nanochip-ESI/LTQ-Orbitrap) m/z: [M+Hs]" Calcd for CgoH136N20020S™ 702.3254; Found
702.3274

HPLC-UV Chromatograms (210 nm) of the crude mixture (only one of the duplicates is shown):
New products appear at: 11.2 and 12.1 min

HPLC-UV chromatogram at 210 nm of the crude reaction mixture after 30 min:
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MS/MS Characterization:
y17::
y1797 Y15; y14w y13sz V].Z-;z Y119 y10m vggs v4w y’395

cmcovfs{g’ AIR(E{ {c A R E(K[A ASR)E NH2
55 b4 35 o6

b1 b E1497 b1l gz b16: b17::
blSGi
bl (1.8), b2 (7.5), b3 (5.9), b4 (6.0), b5 (3.6), b6 (1.0), b8 42.5, b9 (8.2), b14 (6.5), b14 (0.8), b15
(10.6), b15 (1.0), b15 (0.5), b16 (13.1), b16 (0.9), b17 (40.3), y2 (2.2), y3 (6.8), y4 (14.8), y4 (3.0),
y5* (2.1), y9 (11.5), y10 (101.3), y11 (20.2), y12 (1.1), y12 (1.1), y13 (1.8), y13 (1.3), y14 (52.1)
y14 (2.5), y15 (1.5), y15 (1.2), y16 (5.1), y17 (9.4), y17 (6.0).



29c (Entry 28, Table 2)

Following the general procedure for Cysteine-Lysine stapling on analytical scale 29c (retention
time 16.1 min) was obtained in 123% relative absorbance after 30 minutes.

HRMS (nanochip-ESI/LTQ-Orbitrap) m/z: [M+H.]*"? Calcd for CoeH147N25026S™? 1088.0376; Found
1088.0413.

HPLC-UV Chromatograms (210 nm) of the crude mixture (only one of the duplicates is shown):

New product appears at 15.0 min

HPLC-UV chromatogram at 210 nm of the crude reaction mixture after 30 min:
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HPLC-UV chromatogram at 210 nm of the crude reaction mixture after 24 hours:
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MS/MS Characterization:

y13::
y15:7 y13:: y12: yl1s: y10::

cH3coQfls QfQ TJF(C N L WR L L KJQJN NH2
b5::

b14: b15:5
b14:

b4 (2.1), b5 (4.6), b14 (99.0), b14 (10.2), b15 (80.3), y10 (6.6), y11 (4.2), y12 (4.7), y12 (0.7),
y13 (1.6), y13 (1.4), y15 (11.7).



11.Kinetic Data for the reaction of the Cysteine-Lysine system

o)
NH, oF F NH
o= ()4 _
(0] F s Z
SH 0 9a
1.1 equiv. F F
- DIPEA (2.5 equiv), DMF 0.1 mM,
26 27a

Sequence: Ac-YGGEAAREACAREKAARE-NH,

The linear peptide Ac-YGGEAAREACAREKAARE-NH: (26) (0.61 mg) was weighed in a 1.5 mL
Eppendorf tube. DMF (0. 25 mL) that had been bubbled with nitrogen for 30 minutes was used to
prepare a 1 mM solution. The solution was further diluted to 0.1 mM and 100 pL were placed in a

96-well

plate well. To this solution a 0.02 M solution of DIPEA in DMF (1.25 pL, 2.5 equiv.) was

added and directly after a 0.01 M solution of stapling reagent (27a) in DMF (1.1 uL, 1.1 equiv.)
was added. The mixture was mixed with the micropipette a few times before starting the injection
(around 5 seconds after mixing).

1

0.8

o
o

Relative intensity
o
=

0.2

0 5 10 15
Time, min

Figure S3: Kinetic experiment based on the ions detected of the linear peptide (26), the stapled product (27a) and the
potential Lysine and Cysteine attack resulting intermediates (35,36 and 34, respectively). The total ion counts were
normalized to 1.



12. Cysteine-Lysine Stapling in presence of additional Lys

Retention times of the common by-products:

2-iodobenzoic acid (51) 17.5-17.6 min
Diisopropylethylammonium i .
perrfluorophenyloxide 19.5-19.9 min
Reagent 9 22.2 min

a) ivDde protected Lys
ivDde-26a’ (Entry 1, Table 3)

Following the General Procedure for Cysteine-Lysine stapling on analytical scale using ivDde-26a
and 9a the product ivDde-26a’ was obtained in 117% relative absorbance (13.1 min, 2900 and
2365 mAu) after 30 minutes, addition of 35wt% hydrazine in water to the crude mixture (2%)
provided 26a after 30 minutes in 84% relative absorbance (compared to ivDde-26a) and 97%
relative absorbance (compared to 26a) (11.0 min, 2069 and 1695 mAu).

ivDde-26a’

HRMS (nanochip-ESI/LTQ-Orbitrap) m/z: [M + H]*? Calcd for CiosH158N30020S*? 1155.5760;
Found 1155.5798.

HPLC-UV Chromatogram (210 nm) of the crude mixture (only one of the duplicates is shown):
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HRMS (nanochip-ESI/LTQ-Orbitrap) m/z: [M + H;]*2 Calcd for CgoH140N30027S*? 1052.5107;
Found 1052.5146.

HPLC-UV Chromatogram (210 nm) of the crude mixture (only one of the duplicates is shown):
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MS/MS Characterization:



Y G(G?SE/AXA;R'(K)A;D:: A R E K(A(va:-\)R)E

b7:. b8::

b4 (2.8), b5 (5.2), b6 (2.7), b7 (9.8), b8 (3.8), b9 (4.9), b16 (1.3), b17 (43.0), y3 (0.8), y4 (1.4),
y9 (2.1), y11 (3.7), y12 (0.7), y13 (1.0), y14 (15.5), y15 (1.0), y16 (0.6).

ivDde-26a"" (Entry 1, Table 2)

Following the General Procedure for Cysteine-Lysine stapling on analytical scale using ivDde-26a
and 9b the product 26a was obtained in 72% relative absorbance (13.2 min, 1549 and 1673
mAu) after 30 minutes.

ivDde-26a™

HRMS (nanochip-ESI/LTQ-Orbitrap) m/z: [M + H;]*2 Calcd for CiosH158N30020S™? 1155.5760;
Found 1155.5814.
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12.8 min oxidized ivDde-26a (550, 449 mAu, 22% rel. abs.)

After 30 minutes, addition of 35wt% hydrazine in water to the crude mixture (2%) resulted in
degradation as observed by formation of white precipitate and HPLC chromatogram.

26a”

Peaks at 11.6 min (364 and 458 mAu) and 11.1 min (147 and 132 mAu) did not match the expected
m/z within 5 ppm error.
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b) Unprotected Lys
26a’ (Entry 3, Table 3)

Following the General Procedure for Cysteine-Lysine stapling on analytical scale using 26a and
9a the product 26a’ was obtained in 92% relative absorbance (11.1 min, 1785 and 1769 mAu)
after 30 minutes.



HRMS (nanochip-ESI/LTQ-Orbitrap) m/z: [M + Hz]*2 Calcd for CgoH140N30027S*2 1052.5107;
Found 1052.5124.

HPLC-UV Chromatogram (210 nm) of the crude mixture (only one of the duplicates is shown):
11.4 min undesired stapling between Cys and introduced Lys (271, 245 mAu, 13% rel. abs.)

12.4 min over reactivity between additional Lys and excess of the reagent (295, 280 mAu, 15%
rel. abs.)
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MS/MS Characterization:

yl2: ylls

Y G{GI’E:(HI;\)AXRXK)A/CA R E KI(A)A)JR)E
ba.- b5:- b7 b9::

b8:: b16::  b17::

b4 (2.2), b5 (3.0), b6 (1.7), b7 (4.8), b8 (1.3), b9 (2.1), b15 (0.7), b16 (1.0), b16 (0.6), b17 (35.5),
y4 (1.0), y9 (1.7), y11 (2.8), y12 (0.7), y14 (13.3), y15 (0.5), y16 (0.8).

26b° (Entry 4, Table 3)

Following the General Procedure for Cysteine-Lysine stapling on analytical scale using 26b and
9a the product 26b” was obtained in 91% relative absorbance (11.0 min, 17380 and 1739 mAu)
after 30 minutes.

HRMS (nanochip-ESI/LTQ-Orbitrap) m/z: [M + Ha]** Calcd for CgaH144N30020S% 541.2604; Found
541.2626

HPLC-UV Chromatogram (210 nm) of the crude mixture (only one of the duplicates is shown):
11.2 min undesired stapling between Cys and introduced Lys (137, 127 mAu, 7%)

12.5 min over reactivity between additional Lys and excess of the reagent (308, 316 mAu, 17%)
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MS/MS Characterization:

y17:: yl6s yl5:: ylds:: y13s  yl2s  ylle Y9: y4::

Y,(G)’G(E(K(A(RXE(A(é A R E KA A R E

bil.:

bl (1.0), b2 (0.7), b7 (0.7), y4 (0.6), y9 (0.5), y10 (1.4), y11 (1.5), y12 (0.6), y13 (2.4), y14 (5.5),
y15 (2.5), y16 (1.8), y16 (8.1), y17 (19.9), y17 (98.6).

26¢” (Entry 5, Table 3)

Following the General Procedure for Cysteine-Lysine stapling on analytical scale using 26¢ and
9a the product 26¢™ was obtained in 95% relative absorbance (11.3 min, 1890 and 2027 mAu)
after 30 minutes.

HRMS (nanochip-ESI/LTQ-Orbitrap) m/z: [M + Hs]*® Calcd for CesH14sN31030S*2 745.0238; Found
745.0234.

HPLC-UV Chromatograms (210 nm) of the crude mixture (only one of the duplicates is shown):
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12.4 and 12.6 min over reactivity due to excess of the reagent (166, 141 and 384, 292 mAu, 7%
and 16% rel. abs.)

MS/MS Characterization:

y18. y17 y15.. yi4 ylls:  y10O.

Y,(GXGBXEXA/AXRDXE/A”XC A R E KYayaj)r)e)«

3a: b4 bs 7 b8 b14 b1s. b16:: bi7:; bi8s

b1 (0.7), b2 (7.7), b3 (6.3), b4 (7.7), b5 (4.6), b6 (1.1), b7 (6.5), b8 (45.3), b9 (8.9), b14 (1.6), b15
(2.3), b16 (3.1), b17 (4.5), b17 (13.4), b18 (9.0), b18 (3.0), y4 (1.7), y5 (3.4), y10 (11.8), y11
(100.4), y12 (1.7), y13 (1.9), y14 (2.7), y15 (71.1), y16 (2.0), y17 (4.2), y18 (10.9), y18 (4.7).

26a”" (Entry 6, Table 3)



Following the General Procedure for Cysteine-Lysine stapling on analytical scale using 26a and

9b the product 26a"" was obtained in 74% relative absorbance (11.6 min, 1378 and 1486 mAu)
after 30 minutes.

HRMS (nanochip-ESI/LTQ-Orbitrap) m/z: [M + Ha]** Calcd for CooH142N30027S% 526.7590; Found
526.7611.

HPLC-UV Chromatogram (210 nm) of the crude mixture (only one of the duplicates is shown):
Retention time of a S/N attack on the activated ester: 11.0 min (315 mAu)

Retention time of the oxidized peptide: 10.5 min (149 mAu)

26a: 9.9 min (147 mAu)
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MS/MS Characterization:

v{ bzfﬁ) Ef Y a R}libfukfgﬁ A R FEE (l:l{jﬂ;);::\ (VZ;:IJ“E
b1 (100.5), b2 (72.5), b3 (34.0), b4 (12.7), b5 (4.9), b7 (4.0), b8 (5.6), b9 (1.5), b14 (1.9), b15
(2.3), b17 (1.6), y2 (10.6), y3 (15.7), y4 (36.2), y5* (5.1), y6* (5.9), y9 (6.0), y9 (1.6), y10 (15.0),
y10 (1.5), y11 (19.2), y11 (0.6), y13 (1.0), y14 (6.4), y14 (0.6), y16 (0.8), y17 (1.9), y17 (1.5).

13.Stapling using the reagent 9d containing additional activated ester

@ O OH
9d (1.1 equiv)
DIPEA (2.5 equiv) =

DMF, 37 °C

Ac-YGGEAAREACAREKAARE-NH, 15 min
(26)

Following the general procedure for Cysteine-Lysine stapling on analytical scale using Ac-
YGGEAAREACAREKAARE-NH; (26) (Absorbance area (210 nm): 2414 mAu of 1 mM solution)
and reagent 9d product 27d (retention time 14.3 min) was obtained in 70% relative absorbance
(1666 and 1713 mAu for both duplicates) after 15 minutes. Side product arising from hydrolysis of
the additional activated ester (60) was also observed on HPLC chromatogram (retention time 11.8
min).

27d:




HRMS (nanochip-ESI/LTQ-Orbitrap) m/z: [M]*® Calcd for CosH13s5FsN2003:S* 772.3168; Found
772.3196.

HPLC-UV Chromatograms (210 nm) (only one of the duplicates is shown):

Retention times of the common by-products:

2-iodobenzoic acid (51) 17.5-17.6 min
Dusopropylethylam'monlum 19.5-19.9 min
perrfluorophenyloxide

Reagent 9d 22.2 min
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MS/MS Characterization:

+1

y1797 VIG 95 v1596 y1497 v1396 y129 v1197 V].Osé y9g§ y49é y3: y2;

cmcov(s{e{ !A J{A C A RE KfAafA E NH2
& b4dit b 6t b7:i b b9:! b14: b1l Jb162 J

b2 (5.4), b3 (4.8), b4 (5.5), b5 (3.4), b6 (0.9), b7 (9.8), b8 (39.5), b9 (7.3), b14 (7.0), b15 (11.4),
b16 (18.4), b17 (42.4), b17 (0.5), y2 (1.5), y3 (4.7), y4 (12.0), y9 (14.3), y10 (99.3), y11 (21.7),
y12 (1.6), y13 (2.5), y14 (64.2), y15 (1.7), y15 (0.8), y16 (3.5), y17 (9.5).

38:

OO~ 0 \k\o)fv N3
‘ /7F5 N 3
o
3
37 _ =

27d 38

)

To the crude mixture of 27d, 11-Azido-3,6,9-trioxaundecan-1-amine (37) in DMF (0.1 M, 1 equiv.)
was added and reaction was continued to shack at 37 °C for 15 minutes. The product 38 (retention
time 12.5 min) was obtained in 73% relative absorbance (relative to 27d) (1118 and 1342 mAu for
both duplicates).

HRMS (nanochip-ESI/LTQ-Orbitrap) m/z: [M]*® Calcd for CegH152N33033S*™2 783.6978; Found
783.6991.
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39:

Following the general procedure for Cysteine-Lysine stapling on analytical scale using H-
RSQFYKHDAGCG-NH, (32) (Absorbance area (210 nm): 2739 mAu of 1 mM solution) and
reagent 9d in 30 minutes product (39) (retention time 11.5 min) and intermediated corresponding
to stapling between Cys and Lys or N-terminus were observed (retention times 11.3 and 11.7

min). After 24 hours product (39) was obtained in 37% relative absorption (1145 and 871 mAu for
both duplicates).

HRMS (nanochip-ESI/LTQ-Orbitrap) m/z: [M+H_]*? Calcd for CesHgsN20019S*? 760.3122; Found
760.3152.

HPLC-UV Chromatograms (210 nm) (only one of the duplicates is shown):
30 min:
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MS/MS Characterization:

HRSQFYgKHDAG
b

b5* (0.7), b11 (39.6).

C) G NH2

b1i1l



14. RuAtAC procedure

a. Optimization

4la and 41a
Bn
N=N N-N
/N\%\Q\(O N’\/X\@\/(o
Bn
s HN S HN
C O 0
Ac—Q-S-Q-Q-T-F—CN-L W-R-L-LK-Q-N—NH, Ac—Q-S-Q-Q-T-F-CN-L W-R-L-L K=Q-N—NH,

To p-Ac-QSQQTF(CNLWRLLK)QN-NH: (29a) (0.2 pmol, 1.0 equiv.) (retention time 15.6)
Cp*Ru(cod)CI (0.04 umol, 20 mol%) and (azidomethyl)benzene (0.2 umol, 1.0 equiv.) were added
as solutions in DMF. Both solutions were prepared and added under nitrogen flow. The reaction
vessel was sealed with parafilm and shaken for 24 hours under air. The conversion was followed
using HPLC/MS retention times of the products were determined using LRMS obtained for each
peak.

Absorbance ratio(%) = [(UV absorbance of product)/((combined UV absorbance of stapled peptide
and product)] * 100. Due to the small reaction volumes it would be technically difficult to produce
samples of precise concentration needed to obtain rel. abs. as in Table 2. And since formation of
side products was not detected by HPLC analysis (see below), absorbance ratio was used to
determine efficiency of the reaction.

Retention times of the products (41a and 41a’): 16.2 and 16.5 min.
Retention time of the starting material 29a: 15.5-15.6 min.
Retention time of the residual 2-iodobenzoic acid (51): 17.5-17.6 min.

HRMS of the mixture (ES|/QTOF) m/z: [|\/|]+ Calcd for CigsH152N31026S* 2307.1240; Found
2307.1330.

Table S10: Optimization of RUAtAC reaction of stapled peptides

Entry  Loading of Ru cat. (mol%) Conc. (mM) Equiv. of BnNs Time (h) absorb. ratio (%)
1 5 2 1 24 <1
2 5 27 1 24 36
3 5 27 3 24 <1
3 96
4 20 27 1
24 quant.
3 98
5 50 27 1

24 quant.




Entry 1:

mAU
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b. Azide and stapled peptide scope

General procedure for the RuAtAC reaction: to the isolated stapled peptide (0.2 pumol, 1.0
equiv.) 0.06 M solution of Cp*Ru(cod)CI (0.04 pmol, 20 mol%) in DMF and 0.01 M solution of
(azidomethyl)benzene (0.2 pmol, 1.0 equiv.) in DMF were added. Both solutions were prepared
and added under nitrogen flow. The reaction vessel was sealed with parafilm and shaken for 24 h
under air. The conversion was followed using HPLC/MS, retention times of the products were

determined using LRMS obtained for each peak.

Absorbance ratio(%) = [(UV absorbance of product)/((combined UV absorbance of stapled peptide
and product)] * 100. Due to the small reaction volumes it would be technically difficult to produce
samples of precise concentration needed to obtain rel. abs. as in Table 2. And since formation of
side products was not detected by HPLC analysis (see below), absorbance ratio was used to

determine efficiency of the reaction.

Retention time of a residual 2-iodobenzoic acid (51): 17.5-17.6 min.

4la and 41a” (Entry 1, Table4):

Bn

b4

N N—N
/“/'\)\Q\‘(o N‘/\/)\Q\/(o
Bn

Y
S HN S
g>>4
Ac—Q-S-Q-Q-T-F—C N-L W-R-L-L K-Q-N—NH, Ac—Q-S-Q-Q-T-F-C N-L W-R-L-LK-Q-N—NH,

Following the general procedure for the RUATAC reaction, p-Ac-QSQQTF(CNLWRLLK)QN-NH2
(29a) together with (azidomethyl)benzene afforded the products (41a and 41a") in quant. absorb.

ratio (retention times 16.2 and 16.5 min) and ratio 10:1.

HRMS of the mixture (ESI/QTOF) m/z: [M + Hs]™® Calcd for Ci32H1s5N34033S* 935.4516; Found

935.4515

HPLC-UV chromatogram at 210 nm of the crude reaction mixture after 24h:
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41b and 41b” (Entry 2, Table 4)

5/6-TAMRA-PEG 3

J
N:N N—
N 0 N 0
5/6-TAMRA-PEG3
S HN S HN
0 0
Ac—Q-S-Q-Q-T-F—C N-L W-R-L-L K-Q-N—NH, Ac—Q-8-Q-Q-T-F-CN-L W-R-L-LK-Q-N—NH

Following the general procedure for the RUALAC reaction, p-Ac-QSQQTF(CNLWRLLK)QN-NH;
(29a) together with 4/5-((2-(2-(2-(2-azidoethoxy)ethoxy)ethoxy)ethyl)carbamoyl)-2-(6-
(dimethylamino)-3-(dimethyliminio)-3H-xanthen-9-yl)benzoate afforded the products (41b and
41b’) in quant. absorb. ratio (retention times 15.3, 15.4 min).
HRMS of the mixture (ESI/QTOF) m/z: [M + Hs]*® Calcd for Ci32H1s5N34033S™ 935.4516; Found
935.4515
HPLC-UV chromatogram at 210 nm of the crude reaction mixture after 24h:
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41c (Entry 3, Table 4)

6-FAM
N=N N-N
] [e) ] O
N/
S HN S HN
< O Y
Ac—Q-S-Q-Q-T-F—CN-L W-R-L-LK—-Q-N—NH, Ac—Q-S-Q-Q-T-F-CN-L W-R-L-L K-Q-N—NH,

Following the general procedure for the RUATAC reaction, p-Ac-QSQQTF(CNLWRLLK)QN-NH>
(29a) together with 4-((3-azidopropyl)carbamoyl)-2-(3,6-dihydroxy-9H-xanthen-9-yl)benzoic acid
afforded the products (41c) in quant. absorb. ratio (retention time 16.1 min).



HRMS of the mixture (ESI/QTOF) m/z: [M + Hs]™ Calcd for Ci23H165N32032S* 878.0657; Found
878.0647

HPLC-UV chromatogram at 210 nm of the crude reaction mixture after 24h:
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Bn HN S HN
° oy ( \Lu
Ac—Q-5-Q-Q-T-F-CN-L-W-R-L-L-K-Q-N—NH, Ac—Q-S-Q-Q-T-F-CN-L'W-R-L-L-K-Q-N—NH,
Following the general procedure for the RUALAC reaction, m-Ac-QSQQTF(CNLWRLLK)QN-NH2
(29b) (retention time 15.8) together with (azidomethyl)benzene afforded the products (42 and 427)
in 71% absorb. ratio (retention time 16.2 and 16.4 min) and ratio 36:1.
HRMS of the mixture (ESI/QTOF) m/z: [M+H2]*? Calcd for Ci0sH153N310265*? 1154.0656; Found

1154.0665.
HPLC-UV chromatogram at 210 nm of the crude reaction mixture at 24h:
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43 and 43" (Entry 5, Table 4)
N

=N N—N o
1 o 1
S

HN S HN

z

O )

AC*Y*G’G*E*A’A*R*E*A&*A*R*E*K*A*A*R*E*N Hy AC*Y’G’G*E*A*A*R*E*A&*A*R*E*K*A*A*R*E*NHZ

Following the general procedure for the RUAtAC reaction, p-Ac-YGGEAAREA(CAREK)AARE-
NH: (27a) (retention time 11.6) together with (azidomethyl)benzene afforded the products (43 and
437) in quant. absorb. ratio (retention times 12.5 and 12.8 min) and ratio 32:1.

HRMS of the mixture (nanochip-ESI/LTQ-Orbitrap) m/z: [M+Hs]"® Calcd for CosH143N32020S*
746.6801; Found 746.6818

HPLC-UV chromatogram at 210 nm of the crude reaction mixture after 24h:
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44 (Entry 6, Table 4)

Bn
N=N N—N
1 0] 11 O
7
S HN s HN
& () s % () )
Ac—E-N-P-E-C—I—L—D—K-H-V-Q-R-V-M—NH, Ac—E-N-P-E-C—I—L—D—K-H-V-Q-R-V-M—NH,

Following the general procedure for the RUAtAC reaction, p-Ac-ENPE(CILDK)HVQRVM-NH,

(40a) (retention time 13.2) together with (azidomethyl)benzene afforded the product (44) in 59%
absorb. ratio (retention time 13.9 min).

HRMS of the mixture (nanochip-ESI/LTQ-Orbitrap) m/z: [M+H,]*? Calcd for CosH141N27025S,*?
1056.0011; Found 1056.0029.

HPLC-UV chromatogram at 210 nm of the crude reaction mixture after 24hours:
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NP AP iPr\S,”:’r

SN 70

S S Bn

n
Ac—Efop—Egc—l—L—D—lfova—R—v—M—NH2 AcfEfNfPfEfgflfoDfC)foVfoRfvfoNHz

To the isolated Si(iPr).-Ac-ENPE(CILDC)HVQRVM-NH, (17a) (0.2 umol, 1.0 equiv.) 0.03 M
solution of Cp*Ru(cod)Cl (0.1 pmol, 50 mol%) in DMF and 0.05 M solution of
(azidomethyl)benzene (0.2 pmol, 1.0 equiv.) in DMF were added. Both solutions were prepared
and added under nitrogen flow. The reaction vessel was sealed with parafilm and shaken for 24 h
under air. The conversion was followed using HPLC. Only trace of the product (61) were detected
by LRMS.

HPLC-UV chromatogram at 210 nm of the crude reaction mixture after 24 hours:

Retention of the starting material 17a: 14.6 min.
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15.0ne-pot RUAtAC procedure

a. Optimization

N=N
! e}
Bn/N 7

S HN
< <) e

Ac—Q-S-Q-Q-T-F—CN-L W-R-L-L K-Q-N—NH;

Bn

z.

;

N—

1

Ac—Q-S-Q-Q-T-F-C-N-L-W-R-L-L-K-Q-N—NH, =~ ——————— N
28

(0]
HN

)
Ac—Q-S-Q-Q-T-F-CN-L W-R-L-LK-Q-N—NH,

T

41a and 41a’

Following the general procedure for the Cysteine Lysine reactions (Section 7), to Ac-
QSQQTFCNLWRLLKQN-NHz (28) in DMF (84 or 94 pL) perfluorophenyl 4-((3-oxo-1,3-
benzo[d][1,2]iodaoxol-1(3H)-yl)ethynyl)benzoate (9a) afforded p-Ac-QSQQTF(CNLWRLLK)QN-
NH: (29a) in quant. HPLC yield. The crude reaction mixture of p-Ac-QSQQTF(CNLWRLLK)QN-
NH2 (29a) together with 0.03-0.04 M solution of Cp*Ru(cod)CI (20 or 50 mol%) in DMF and 0.1 M

solution of (azidomethyl)benzene in DMF afforded 41a and 41a” in 42% or 89% absorb. ratio
accordingly.

HPLC-UV chromatogram at 210 nm of the crude reaction mixture after 24 hours using 20 mol%
of Cp*Ru(cod)Cl:

Retention times of;

Linear peptide 28 15.1 min
Product 41a 15.7 min
2-iodobenzoic acid (51) 17.0 min

Diisopropylethylammonium

perrfluorophenyloxide
mAU |

19.2 min

750 3 ‘

500 ‘

250 3 |
E

:\ \ f(\ _ . d N
250—;||f i R
500
450—? [

15,050

= 15,720




HPLC-UV chromatogram at 210 nm of the crude reaction mixture after 24 hours using 50mol%
of Cp*Ru(cod)Cl:

Retention times of:

Starting material 28 15.6 min
Products 41a and 41a’ 16.2 and 16.5 min
2-iodobenzoic acid (51) 17.6 min

Diisopropylethylammonium

: 19.6 min
perrfluorophenyloxide
mAU 3 ‘ | -
E 2
750 \ %
5003 1 . \
250 9 ‘ | A 2 |§ 3 2
GEN * i © e = >
2507 I I‘ L e NV ———
ER '8
50041/
=
_?50€ I'\_jli
-1000 4 | | | | | I | | | I I | I | | I | | | | |
5 10 15 20 25 min

b. Isolation of the products using optimized one-pot procedure

4la and 4l1a’
an
N=N N—N
Bn
S HN S HN
( O ( 0
Ac—Q-S-Q-Q-T-F—CN-L W-R-L-L K—Q-N—NH; Ac—Q-S-Q-Q-T-F-CN-L W-R-L-L K-Q-N—NH,

To 6.1 mM solution of Ac-QSQQTFCNLWRLLKQN-NH: (28) (6.7 mg, 2.9 pmol, 1.0 equiv.) in
DMF, 0.2 M solution of N-ethyl-N-isopropylpropan-2-amine (37 ul, 7.4 ymol, 2.5 equiv.) in DMF
and 0.1 M solution of 9a (32 pl, 3.2 pmol, 1.1 equiv.) in DMF were added under nitrogen
atmosphere. The solution was vortexed once more and the mixture was shaken and heated to 37
°C for 30 minutes under nitrogen atmosphere. To the crude mixture 0.1 M solution of
Cp*Ru(cod)CI (37 ul, 1.5 pmol, 50 mol%) in DMF and 0.04 M solution of (azidomethyl)benzene
(30 pl, 3.0 umol) in DMF were added under nitrogen atmosphere. All solutions were made under
nitrogen flow. The reaction mixture was stirred for 3 hours. The crude mixture was purified using
preparative RP-HPLC to afford the products 41a in 52% (3.7 mg, 1.5 pmol, retention time: 16.2
min) and 41a” 4% (0.3 mg, 0.1 umol, retention time: 16.5 min) yield.

41a:

HRMS (nanochip-ESI/LTQ-Orbitrap) m/z: [M + HNa]*? Calcd for C10sH152N31NaO26S*? 1165.0566;
Found 1165.0617.
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HRMS (nanochip-ESI/LTQ-Orbitrap) m/z: [M + HNa]*? Calcd for Ci10sH152N31NaO26S*? 1165.0566;
Found 1165.0623.
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16.Circular Dichroism Measurements

General Procedure for the measurement of CD spectra: The lyophilized solid linear and staple
peptides were dissolved in water (bubbled with nitrogen for 30 minutes) to afford a 1 mM solution.
The 1 mM stock solution was diluted with water and TFE to afford 0.1 mM solutions with 0, 5, 10,
20 and/or 40% TFE. The ellipticity was measured from 260 nM to 180 nM. The data described is
the average of at least 2 values. The mean peptide ellipticity [6] was calculated using equation (1)
and plotted against wavelength.

0
[6] T 10xCxNp x1

)
0: ellipticity [mdeg], C: peptide molar concentration [M], Np: number of peptide units, I: cell path length [cm].1°

The linear and staple peptides were compared at the same % of TFE. When possible, the
comparison was made at 40% TFE. When HT went over 700 V the data was not considered
accurate. For 17a only measurements at 5% TFE provided reliable data over the whole range of
wavelengths. For 27a, no change was observed between 5% and 10 % TFA, thus for comparability
26 and 27b are also reported at 5% TFA.

Table S11: Values of [6] at 208 and 222 nm at 40% TFE:

[6], 10*deg cm?dmol?

peptide at 208 nm at222 nm
16 -17.6973 -15.0094
162 -7.72634 -5.10823
17a* -4.41878 -3.67977
17c -13.5956 -11.6452
18 -19.7211 -17.4597
19a -9.05424 -9.67353
19c -16.7328 -14.5365
20 -19.5064 -17.0082
2la -10.1194 -10.8116
21c -20.6443 -18.1432
24 -18.8331 -15.4929
25a -9.0980 -6.45338
25b -12.5676 -10.2989
262 -12.4933 -10.9386
27a% -4.68167 -2.83951
27b? -11.6794 -10.5297
28 -14.115 -12.2692
29a -19.7351 -18.6972
29b -21.6834 -22.2641
4la -15.1404 -18.0033
a5% TFE

10 Shepherd, N. E.; Hoang, H. N.; Abbenante, G.; Fairlie, D. P. J. Am. Chem. Soc. 2005, 127, 2974-2983.
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Figure S4: Circular Dichroism curve of the linear (16) and stapled peptide (17a) with a sequence of Ac-
ENPECILDCHVQRVM-NH: at 0.1 mM in 5% TFE/Water. Interval for 180 to 240 nm.
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Figure S5: Circular Dichroism curve of the linear (16) and stapled peptide (17c¢) with a sequence of Ac-
ENPECILDCHVQRVM-NH: at 0.1 mM in 40% TFE/Water. Interval for 180 to 240 nm.



Ac-YGGEAAREACAREKAARE-NH,
40

—e— 26

30
——27a

20 Lf* 27b

[6] X103 deg cm? dmol*

Figure S6: Circular Dichroism curve of the linear (26) and stapled peptides (27a and 27b) with a sequence of Ac-
YGGEAAREACAREKAARE-NH: at 0.1 mM in 5% TFE/Water. Interval for 180 to 240 nm.
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Figure S7: Circular Dichroism curve of the linear (24) and stapled peptides (25a, 25b) with a sequence of Ac-
ENPECILDKHVQRVM-NH2 at 0.1 mM in 40% TFE/Water. Interval for 180 to 240 nm.



17.Synthesis of Fluoresceine Labelled Stapled Peptides

29a’

O

SZ®/4NH

Q)
4
Q-5-Q-Q-T-F-C-N-L-W-R-L-L-K-Q-N—NH,

Following the general procedure for isolation of Cysteine-Lysine stapled peptides 5(6)-FAM -
QSQQTFCNLWRLLKQN-NH: (287) (4.3 mg, 1.7 pumol) together with perfluorophenyl 4-((3-oxo-
1,3-benzo[d][1,2]iodaoxol-1(3H)-yl)ethynyl)benzoate (9a) afforded the product (29a°) (3.2 mg, 1.3
pmol, 76%) (7129 mAu at 210 nm, 110% relative absorption) as a yellow amorphous solid
(retention time 16.1 min).

HRMS (ESI/QTOF) m/z: [M + H]+2 Calcd for C118H154N2503:S*2 1245.5522; Found 1245.5557.

HPLC-UV chromatogram at 210 nm of the reaction mixture after 30 minutes:
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18.Binding assays

a. Competition fluorescence polarization assay

The binding of stapled peptides was measured by adding 2-fold dilutions of stapled peptide to pre-
mixed fluorescent reporter peptide (5(6)-FAM-GSGSSQETFSDLWKLLPEN-NH2) and human
MDM2 (hMDM2) fused to GST (hMDM2-GST) in phosphate buffer (100 mM Na;HPO,, 18.5 mM
NaH2PO., 137 mM NaCl, 2.7 mM KCI, pH 7.4) containing 100 uM TCEP and 0.01% Tween-20.
The reagents were added to wells of a 384-microwell plate (ThermoFischer NUNC™ 384 shallow
well std height plates non-sterile, black) to reach a total assay volume of 15 ul. The final
concentrations of stapled peptide ranged from 50 uM to 49 nM, and the final concentrations of
reporter peptide and hMDM2-GST were 50 nM and 1 uM, respectively. After 30 min incubation at
room temperature, the plate was read using a plate reader (Infinite 200 PRO Tecan, Eex= 485 nm,
Eem =535 nm). Sigmoidal curves were fitted to the data using Graphpad Prism 5 software and the
following dose-response equation (2):

(Top—Bottom)

y = Bottom + ———er= - (@)

y: anisotropy, Top and Bottom: plateaus in the units of the Y axis, x: peptide concentration, p: Hill slope and ICso:
functional strength of the inhibitor.

- 20 - 28
o 21a 607 + 29a
- = 21b 5. 50 29b
§ 21c §40_ = 4#a
2 2 30]
c c
< < 5]
10
0,
0.01 0.1 1 10 100 0.01 0.1 1 10 100
Peptide [uM] Peptide [uM]

Figure S8: Binding of peptides to hMDM2 measured in a fluorescence polarization competition assays. Average values
of two independent measurements are shown.

b. Direct fluorescence polarization binding assay

The binding of fluorescent peptide was measured by adding 2-fold dilutions of h(MDM2-GST to a
fixed concentration of fluorescein-labeled peptide in phosphate buffer (10 mM Na;HPO4, 1.85 mM
NaH:PO., 137 mM NaCl, 2.7 mM KCI, pH 7.4) containing 0.01% Tween-20. The reagents were
added to wells of a 384-microwell plate (Greiner bio-one, Microplate, 384 well, PS, F-bottom,
fluotrac, med binding, black) to reach a total assay volume of 50 ul. The final concentrations of
fluorescein-labeled peptide was 2 nM and the one of hMDM2-GST ranged from around 10 uM to
2 nM. After 30 min incubation at room temperature, the fluorescence anisotropy was measured
as described above. Sigmoidal curves were fitted to the data using Graphpad Prism 5 software
and equation (3):

—/(Kg+x+P)2—4xP
y=a+ (b—a) (Kq+x+P) (ZI;d+X+P)Z 4xP 3)



y: anisotropy, a: anisotropy of probe alone, b: anisotropy of probe signal in the presence of saturating concentrations of
MDM2, x and P: the protein and probe concentrations respectively.

For data representation, the data was normalized wherein the anisotropy of fluorescent probe

alone was set to 0% faction bound, and anisotropy of all fluorescent probe bound to 100% faction
bound.



19.NMR spectra of the synthesized compounds.

1H NMR (DMSO, 400 MHz)
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1H NMR (DMSO, 400 MHz)
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1H NMR (CDCI3, 400 MHz)
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1H NMR (CDCI3, 400 MHz)
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1H NMR (CDCI3, 400 MHz)
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1H NMR (CDCI3, 400 MHz)
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1H NMR (CDCI3, 400 MHz)
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1H NMR (CDCI3, 400 MHz)
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1H NMR (CDCI3, 400 MHz)
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1H NMR (CDCI3, 400 MHz)
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1H NMR (CDCI3, 400 MHz)
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1H NMR (CDCI3, 400 MHz)
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1H NMR (CDCI3, 400 MHz)
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1H NMR (CDCI3, 400 MHz)
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1H NMR (CDCI3, 400 MHz)
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1H NMR (CDCI3, 400 MHz)

96°0
160
86°0
66°0
66°0
66'0
0T¢
20T
€01
S0'T
90'T
£0°T

Tl
80—

mm.o#

6T'€E
oce
we
€Te
TEENE
e T
mm.m\
9€'e
8°€—

€6'v
v6'v
S6't
96t
96t
L6V

099~
2997

fC}L
HN

——S

_T

0N
S

\ o}
o
O>/-7NH

13

TQ.‘l

EELS

Fe6t
Fe61

F66'S

F ooz

ot

1.0

1.5

2.0

4.0

4.5

5.0
1 (ppm)

5.5

7.5

8.5

13C NMR (CDCI3, 101 MHz)

LS°CT

€LLT
NN.MN/

6LLE —

S5TS
11785~

P9'v6 ~
0v'96

oLt
9€'0LT >

mwwwwwWWuJW SPPVINDIN ORI e s W5 v

130

160

170

110

120

140

150

190 180

200

f1 (ppm)



	anie.202014511
	SupportingInformation_Stapling_Accepted

