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ABSTRACT: Disulfide modification typically relies on global reduction, S-SAr S-SEt OB s-£sar sk S-SEt
preventing the selective manipulation of individual disulfide bonds O(SO O(SO O(SO O(SO
within complex peptides. Here, we show that aromatic, ethyl, and fert- S-sBu (1) Phosphite S-SBu

butyl disulfides embedded in fully unprotected peptides exhibit distinct O(SO - J:§'= o= of ¥ 1o
o oF

intrinsic reactivities that can be selectively decoded by using matched o
activation modes. This architecture-guided hierarchy enables sequential - Me g
chemoselective functionalization without the use of protecting groups.
Aromatic disulfides further undergo an orthogonal phosphite-mediated

s
transformation, expanding the repertoire of programmable disulfide O(SO O(SO BBD 'stsBu

editing.

D isulfide bonds are among the most versatile functional
groups in peptide chemistry owing to their reversible
redox chemistry and susceptibility to thiol—disulfide exchange,
which support protein folding, structural stability, biological
activity, and chemical modification."” Conventional disulfide
functionalization, however, generally treats all disulfides as
chemically equivalent by reducing them globally to free thiols
prior to derivatization.” Although powerful, this strategy erases
the chemical identity of individual disulfides and precludes
selective modification of specific S—S linkages within complex
peptide architectures.

Selective manipulation of individual cysteine residues has
traditionally relied on orthogonal nondisulfide protecting
groups introduced during peptide synthesis.” Sequential
deprotection using acids, bases, or other orthogonal conditions
provides a well-established strategy for site-selective cysteine
functionalization (Figure 1A).” These approaches are highly
effective when orthogonal nondisulfide protecting groups are
incorporated during peptide synthesis. Here, we provide a
complementary strategy for the late-stage diversification of
fully unprotected peptides by directly discriminating among
pre-existing disulfide architectures based on their intrinsic
reactivity.

We envisioned an alternative strategy in which the disulfide
bond itself serves as the source of the selectivity. Because
disulfides differ in steric and electronic properties, we
hypothesized that distinct disulfide architectures would possess
characteristic activation profiles that could be selectively
addressed using appropriately matched reaction conditions.’
Rather than viewing disulfides as interchangeable functional
groups, this approach exploits their intrinsic chemical identity
to enable predictable and programmable editing. Although
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Figure 1. (A) Previous methods utilize orthogonal non-disulfide
protecting groups for selective modification of cysteine on peptides.
(B) Previous methods unable to modify different disulfides selectively
under reducing conditions. (C) This work exploits intrinsic
differences among disulfide architectures to selectively cleave and
functionalize individual S—S bonds in fully unprotected peptides.

mstallanon of multiple
functlonal groups

Received: August S, 2026
Revised:  September 19, 2026
Accepted: September 23, 2026

https://doi.org/10.1021/acs.orglett.6c03451
Org. Lett. XXXX, XXX, XXX—-XXX

9202 1890300 G0 uo 3senb Aq ypd' | G€009 WI610"SOB/Z850.89/1L G¥E009 WoIBI0"SOB/L Z0 L 0L /1op/sPpd-ajonie/2Ja110/B10"soe sqnd woyy papeojumog


https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Samrat+Kundu"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Adrija+Majumdar"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Monika+Raj"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/showCitFormats?doi=10.1021/acs.orglett.6c03451&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.6c03451?ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.6c03451?goto=articleMetrics&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.6c03451?goto=recommendations&?ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.6c03451?goto=supporting-info&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.6c03451?fig=tgr1&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.6c03451?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.6c03451?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.6c03451?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.6c03451?fig=fig1&ref=pdf
pubs.acs.org/OrgLett?ref=pdf
https://pubs.acs.org?ref=pdf
https://pubs.acs.org?ref=pdf
https://doi.org/10.1021/acs.orglett.6c03451?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://pubs.acs.org/OrgLett?ref=pdf
https://pubs.acs.org/OrgLett?ref=pdf
https://creativecommons.org/licenses/by/4.0/

Organic Letters

pubs.acs.org/OrglLett

previous studies have shown that different disulfide classes can
display distinct reactivity, selective cleavage of one disulfide
architecture in the presence of another remains under-
developed (Figure 1B).>¢

Here we demonstrate that aromatic (S—SAr), ethyl (S—
SEt), and fert-butyl (S—S'Bu) disulfides embedded within fully
unprotected peptides constitute three orthogonal classes of
chemical reactivity (Figure 1C). Matched activation modes
selectively address each architecture while preserving the
remaining disulfides, enabling the sequential installation of
multiple functional groups without global reduction.” We
further identified a reduction-free phosphite-mediated trans-
formation unique to aromatic disulfides that provides an
additional orthogonal editing pathway. Together, these studies
establish disulfide architecture as a programmable determinant
of chemoselective peptide modification and provide a general
framework for the sequential editing of multiple disulfides in
fully unprotected peptides.

B ARCHITECTURE-DEPENDENT REACTIVITY
ESTABLISHES A PROGRAMMABLE DISULFIDE
HIERARCHY

We first examined whether structurally distinct disulfides
display predictable differences in their reactivity toward
commonly used reducing agents. Model amino acid derivatives
containing aromatic (S—SAr') 1a, ethyl (S—SEt) 1b, or tert-
butyl (S—SBu) 1c disulfides were evaluated using DTT,
TCEP, and phosphine-based reagents (Table 1). A screen of
reductants revealed that DTT selectively reduced the aromatic
disulfide S—SAr while leaving both S—SEt and S—SBu

Table 1. Establishing an Operational Reactivity Hierarchy
for Selective Cleavage of Three Disulfide Classes®

H (o] reduc{ng rea%ir_vts H (0]
— N \:)LOH screening conditions Fmoc® N \:)LOH
i ACN:H,0 (1:1), rt i
1 S-SR 1 "S-H
ity Substrate Reducing reagent DIPEA Time Conversion
(R=) (10 eq) (% of volume)  (h) 1" (%)?
1 Ar', 1a TCEP - 0.5 >99
2 Ar', 1a DTT - 1 88
3 Ar', 1a TSPP - 1.5 85
4 Ar', 1a TCEP 25 0.5 >99
5 Ar', 1a DTT 25 0.5 >99
6 Et, 1b TCEP - 1 >99
7 Et, 1b DTT - 1 0
8 Et, 1b TSPP - 1 71
9 Et, 1b TCEP 25 1 >99
10 Et, 1b DTT 25 1 >99
11 ‘Bu, 1c TCEP - 1 0
12 ‘Bu, 1c DTT - 1 0
13 Bu, 1¢ TSPP - 1 0
14 Bu, 1c TCEP 25 1 64
15 ‘Bu, 1c DTT 25 1.5 >99
Summary DTT TCEP DTT/TCEP-DIPEA
Fmoc-C(SAr")-OH, 1a & @ @&
Fmoc-C(SEt)-OH, 1b & @ @
Fmoc-C(S'Bu)-OH, 1¢ 0l] @ @

“S—SAr is selectively cleaved by DTT, S—SEt by TCEP, and S—SBu
only under base-assisted DTT/DIPEA or TCEP/DIPEA conditions.
DTT = dithiothreitol, TCEP = tris(2-carboxyethyl)phosphine, TSPP
= tris(3-sulfonatophenyl)phosphine hydrate, Ar' = (4-NO,)(3-
CO,Me)C¢Hs.

unchanged (Table 1, entry 2 vs entries 7 and 12, Table S1).
Greater S—S bond polarization and stabilization of the
departing aryl thiolate likely underlie the increased activation
of the aryl disulfide, thereby lowering the barrier to exchange.
Under near-neutral conditions, the low concentration of
reactive DTT thiolate may further enhance discrimination by
favoring reaction with the more activated aryl disulfide over the
less reactive aliphatic disulfides.

In contrast, TCEP selectively cleaved the S—SEt disulfide
without detectable cleavage of the more sterically hindered S—
S'Bu analogue (Table 1, entry 6 vs entry 11, Table S2). This
selectivity likely reflects TCEP’s direct nucleophilic phospho-
rus attack, which favors the less sterically hindered S—SEt
linkage without requiring thiolate formation. The S—SBu
linkage was the most resistant architecture, and its activation
required the addition of base and proceeded efficiently only
under DIPEA-assisted DTT or TCEP conditions (Table 1,
entries 14 and 15, Table $3).>! DIPEA likely increases the
concentration of reactive DTT thiolate, enabling attack on the
sterically shielded S—S‘Bu linkage.

B SEQUENTIAL CHEMOSELECTIVE EDITING OF
PAIRED DISULFIDES

We next examined whether the reactivity hierarchy remained
predictive when two disulfide architectures were present
simultaneously. Fully unprotected peptides containing S—
SAr/S—SBu or S—SEt/S—SBu combinations, together with a
mixture of S—SAr- and S—SEt-containing peptides, were
subjected to the corresponding activation conditions (Figure
2, Figures $2—S5).

Treatment of peptides 1d and le bearing S—SAr and S—
SBu linkages, with DTT selectively cleaved the aromatic
disulfide while preserving S—S'Bu. Trapping of the newly
generated thiol with maleimide afforded the corresponding
monofunctionalized products (2a, 2b) in near-quantitative
conversion (Figure 2, Figures S2 and S3). Subsequent
treatment with DTT/DIPEA activated the remaining S—S'Bu
linkage, enabling installation of a second functional group with
iodoacetamide (IAA) to furnish 3a and 3b (Figure 2, Figures
S2 and S3). Chemoselectivity was also maintained in 1e, which
contains Lys, Tyr, Met, Trp, and Asp residues in addition to
S—SAr and S—S'Bu linkages. We have further established the
sequence diversity, position tolerance, and Trp independence
of our methodology under the optimized conditions by
incorporating His, Ser, and Glu residues, introducing a
disulfide bond at the C-terminus, and eliminating aromatic
residues, respectively, in different peptide sequences. Impor-
tantly, no detectable modifications of these native side chains
were observed (Figure S3). In peptide 1f, containing S—SEt
and S—SBu linkages, TCEP selectively cleaved S—SEt while
leaving the more hindered S—SBu linkage intact. After
trapping the newly generated thiol with maleimide to afford
2¢, the remaining S—SBu linkage was activated under base-
assisted conditions.

DTT/DIPEA conditions and functionalized with IAA to
provide 3c in near-quantitative conversion (Figure 2, Figure
S4). The distinction between S—SAr and S—SEt was further
evaluated using a mixture of peptides 1g and 1h, each
containing one of the architectures. DTT selectively activated
the S—SAr-containing peptide, followed by functionalization of
free thiols with maleimide (2d). Subsequent treatment with
TCEP selectively cleaved the remaining S—SEt linkage,
followed by sequential functionalization with IAA to afford

https://doi.org/10.1021/acs.orglett.6c03451
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Figure 2. Orthogonal cleavage and modification of paired disulfides in fully unprotected peptides. Pairwise peptide substrates demonstrate that the
activation hierarchy is preserved in the presence of competing disulfide linkages and native amino-acid side chains. Reaction conditions: 1 (1
equiv), DTT or TCEP (10 equiv), DIPEA (if required, 2.5% of volume) followed by thiol protecting group (IAA/maleimide, 10 equiv). Ar* = (4-

NO,)(3-CO,H)C¢H,.

2e under orthogonal conditions (Figure 2, Table S4, and
Figure SS). These experiments establish our hypothesis of
selectively addressing each disulfide architecture by a matched
activation mode while preserving the other for subsequent
transformations.

B REDUCTION-FREE EDITING OF AROMATIC
DISULFIDES

The distinctive reactivity of aromatic disulfides prompted us to
investigate whether S—SAr linkages could undergo direct
conversion without prior formation of a free thiol.* Screening
phosphite-based reagents revealed that aryl phosphite P-
(OAr;); converted S—SAr-containing peptides to the corre-
sponding phosphite-modified product 4a. Because this nitro-
benzylphosphite reagent is not commercially available, it was
synthesized as described in the Supporting Information and
handled under conditions that minimize exposure to air due to
its air sensitivity (Figure S7). In contrast, alkyl phosphite
P(OEt); showed poor reactivity (entries 1 and 2, Table 2,
Figures S8 and S9). Initial substrates displayed moderate
conversion, whereas incorporation of electron-withdrawing
substituents into the aryl disulfide 1g afforded the correspond-
ing product, 4¢, in near-quantitative conversion within 4 h
(Table 2, entry 3, Figure S9). This enhancement is consistent
with increased polarization of the S—S bond and stabilization

Table 2. Establishing Reduction Free Selective Modification
of Aryl Disulfides with Phosphite Reagents

S-P(O)(OR"),

S-SR phosphite reagents

- screening conditions
AA/Peptide

DMF, rt, 4 h

1 R=Ar/EY/Bu 4 R'=EVAP
Entry  Peptide Substrates Phosphites (10 eq.) Conversion 4 (%)?
1 Ac-C(SPh)-CO.Me, 1i P(OAr), 4a (42)
2 Ac-C(SPh)-CO.Me, 1i P(OEt); 4b (26)
3 Ac-C(SAP)WAFR-CONH,, 1g  P(OAF); 4c (>99)
4 Fmoc-C(SEt)-CO;H, 1b P(OAr); 4d (0)
5 Fmoc-C(SBu)-CO.H, 1c P(OArR); 4d (0)

“Reaction conditions: 1 (1 equiv), phosphites (10 equiv). Ar* = (4-
NO,)(3-CO,H)C¢H;, Ar® = 1-ethyl-2-nitrobenzene.

of the departing aryl thiolate, which may facilitate phosphorus-
mediated substitution. Although the detailed mechanism
remains to be established, these observations support a
pathway distinct from conventional reduction, followed by
thiol functionalization.

Importantly, the aliphatic disulfide S—SEt and S—SBu
linkages remained intact under the phosphite-mediated
conditions (Table 2, entries 4 and S, Figure S9). Aromatic
disulfides can therefore be addressed through either selective
reductive activation or a complementary reduction-free
pathway, providing two distinct editing modes while preserving
the competing aliphatic disulfides.

B REDUCTION-FREE SEQUENTIAL EDITING OF
PAIRED DISULFIDES

We next examined whether phosphite-mediated S—SAr
modification could serve as the first step in sequential editing
of paired disulfide architectures (Figure 3A, Figures S10—S13).
In a peptide le containing S—SAr and S—S‘Bu linkages, the
optimized phosphite selectively converted the aromatic
disulfide S—SAr to the phosphorus-modified product 4e,
while leaving S—SBu intact. Subsequent DTT/DIPEA-
mediated cleavage of S—S'Bu, followed by maleimide trapping,
afforded the doubly modified peptide Se in >99% conversion
(Figure 3A, Figure S10). In addition, the sequence has been
further evaluated in this peptide, when potentially reactive
residues Tyr, Asp, Lys, Met, and Trp were chemically
untouched throughout the process and no detectable
modification of the native amino acid side chains was observed,
demonstrating that this method remains chemoselective in a
densely functionalized, fully unprotected peptide environment.
Orthogonality between S—SAr and S—SEt was demonstrated
using a mixture of peptides 1g and 1h. Phosphite selectively
modified the S—SAr-containing peptide 1g to 4c, whereas the
S—SEt-containing peptide 1h remained unchanged. Subse-
quent TCEP reduction and thiol trapping with maleimide
afforded 2f-functionalized S—SEt (Figure 3A, Figure S11).
These results establish phosphite-mediated S—SAr conversion
as a reduction-free entry point for sequential editing while
preserving aliphatic disulfides for later activation.

https://doi.org/10.1021/acs.orglett.6c03451
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Figure 3. (A) Direct phosphorus-mediated modification of aromatic disulfides. Aromatic S—SAr linkages undergo direct conversion with
phosphorus-based reagents without requiring a discrete reduction step or global thiol exposure. (B) Establishing pairwise orthogonality and
aromatic-disulfide direct conversion on peptide containing all three disulfide architectures. Reaction Conditions: 1 (1 equiv), phosphites (10
equiv), DTT or TCEP (10 equiv), DIPEA (if required, 2.5% of volume) followed by thiol protecting group (IAA/maleimide, 10 equiv). Ar® = 1-

ethyl-2-nitrobenzene.

B SEQUENTIAL EDITING OF THREE DISULFIDE
ARCHITECTURES IN FULLY UNPROTECTED
PEPTIDES

Having established selective activation of individual and paired
disulfides, we next evaluated whether all three architectures
could be addressed sequentially within a single reaction
sequence. A mixture of peptides containing S—SAr* (1g), S—
SEt (1h), and S—SBu (1j) linkages was subjected to the
matched activation conditions in the order defined by the
reactivity hierarchy (Figure 3B, Figures S12 and S13).

Following the operational hierarchy, peptides were mixed
and first treated with DTT to selectively cleave S—SAr* in 1g,
which was functionalized with maleimide to afford 2d, while
1h and 1j remained unchanged. Subsequent treatment with
TCEP selectively activated S—SEt in 1h, enabling installation
of a second functional group on reaction with maleimide and
forming 2f without affecting S—S'Bu in 1j. Finally, exposure to
DTT/DIPEA cleaved the remaining S—S‘Bu linkage, which
was functionalized with IAA and furnished 2g (Figure 3B,
Figure S12). Each step proceeded with high conversion and
preserved the disulfide architectures designated for later
activations.

The sequence could also be initiated through direct
phosphorus-mediated editing of aromatic disulfide. Treatment
of the three-component mixture with P(OAr®); selectively
converted the S—SAr’-containing peptide 1g to phosphite
product 4c (Figure 3B, Figure S13). The remaining disulfides
containing peptides (1h—1j) were then addressed sequentially
using TCEP and base-assisted DTT followed by selective
functionalization, respectively, and afforded 2f and 2g in high
conversion (Figure 3B, Figure S13). This alternative sequence
demonstrates that reductive and reduction-free activation
modes can be combined within the same workflow to expand
the order and type of transformations available for disulfide
editing.

We developed an architecture-guided strategy for sequential
disulfide editing in fully unprotected peptides. Aromatic, ethyl,
and tert-butyl disulfides display distinct activation profiles that
permit their selective transformation using DTT, TCEP, and
base-assisted reducing conditions, respectively. This selectivity
arises from the interplay of the disulfide architecture, reductant
mechanism, and base activation rather than from external
protecting groups or global thiol exposure. Aromatic disulfides
also undergo direct phosphite-mediated modification without
prior reduction, thereby providing a complementary reduction-
free editing pathway. Together, these results establish intrinsic
disulfide architecture as a programmable source of chemo-
selectivity and expand disulfide chemistry from a global
reduction strategy to a set of selectively addressable trans-
formations for the stepwise diversification of unprotected
peptide scaffolds.

B ASSOCIATED CONTENT
Data Availability Statement

The data underlying this study are available in the published
article and its Supporting Information.

© Supporting Information

The Supporting Information is available free of charge at
https://pubs.acs.org/doi/10.1021/acs.orglett.6c03451.

General experimental procedures and characterization
details, including HPLC, HRMS, and 'H and BC NMR
spectra of all reported compounds (PDF)

B AUTHOR INFORMATION
Corresponding Author

Monika Raj — Department of Chemistry, Emory University,
Atlanta, Georgia 30322, United States; © orcid.org/0000-
0001-9636-2222; Email: monika.raj@emory.edu

https://doi.org/10.1021/acs.orglett.6c03451
Org. Lett. XXXX, XXX, XXX—XXX

9202 1890300 G0 uo 3senb Aq ypd' | 51€009 WI610"SB/Z850.89/1L G¥E009 WaIBI0"SOB/L 201 0L /1op/jpd-ajoiue/ 2Jal0/B10"soe sqnd woyy papeojumoq


https://pubs.acs.org/doi/suppl/10.1021/acs.orglett.6c03451/suppl_file/ol6c03451_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acs.orglett.6c03451/suppl_file/ol6c03451_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acs.orglett.6c03451/suppl_file/ol6c03451_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acs.orglett.6c03451/suppl_file/ol6c03451_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acs.orglett.6c03451/suppl_file/ol6c03451_si_001.pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.6c03451?goto=supporting-info
https://pubs.acs.org/doi/suppl/10.1021/acs.orglett.6c03451/suppl_file/ol6c03451_si_001.pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Monika+Raj"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://orcid.org/0000-0001-9636-2222
https://orcid.org/0000-0001-9636-2222
mailto:monika.raj@emory.edu
https://pubs.acs.org/doi/10.1021/acs.orglett.6c03451?fig=fig3&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.6c03451?fig=fig3&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.6c03451?fig=fig3&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.6c03451?fig=fig3&ref=pdf
pubs.acs.org/OrgLett?ref=pdf
https://doi.org/10.1021/acs.orglett.6c03451?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

Organic Letters

pubs.acs.org/OrglLett

Authors

Samrat Kundu — Department of Chemistry, Emory University,
Atlanta, Georgia 30322, United States

Adrija Majumdar — Department of Chemistry, Emory
University, Atlanta, Georgia 30322, United States

Complete contact information is available at:
https://pubs.acs.org/10.1021/acs.orglett.6c03451

Author Contributions

*SK. and AM. contributed equally. S.K, AM., and MR
designed the study. SK. and A.M. performed all the
experiments and characterization. S.K. and M.R. wrote the
manuscript. All authors have given approval to the final version
of the manuscript.

Notes

The authors declare no competing financial interest.

B ACKNOWLEDGMENTS

This research was supported by NSF (Grant No. CHE-
2406996) to M.R. All figures were created with biorender.com.

B REFERENCES

(1) (a) Betz, S. F. Disulfide Bonds and the Stability of Globular
Proteins. Protein Sci. 1993, 2, 1551—1558. (b) Lukesh, J. C.; Palte, M.
J.; Raines, R. T. A Potent, Versatile Disulfide-Reducing Agent from
Aspartic Acid. J. Am. Chem. Soc. 2012, 134, 4057—4059. (c) Chiu, J;
Hogg, P. J. Allosteric Disulfides: Sophisticated Molecular Structures
Enabling Flexible Protein Regulation. J. Biol. Chem. 2019, 294, 2949—
2960.

(2) (a) Khoo, K. K;; Norton, R. S. Role of Disulfide Bonds in
Peptide and Protein Conformation. In Amino Acids, Peptides and
Proteins; Royal Society of Chemistry: Cambridge, UK., 2012; Vol. 37,
pp 31-62. (b) Goéngora-Benitez, M.; Tulla-Puche, J.; Albericio, F.
Multifaceted Roles of Disulfide Bonds. Peptides as Therapeutics.
Chem. Rev. 2014, 114, 901—926. (c) Bechtel, T. J.; Weerapana, E.
From Structure to Redox: The Diverse Functional Roles of Disulfides
and Implications in Disease. Proteomics 2017, 17, 1600391.

(3) (a) Boutureira, O.; Bernardes, G. J. L. Advances in Chemical
Protein Modification. Chem. Rev. 2015, 115, 2174—2195. (b) Xu, L;
Raabe, M.; Zegota, M. M.; Nogueira, J. C. F.; Chudasama, V.; Kuan,
S. L; Weil, T. Site-Selective Protein Modification via Disulfide
Rebridging for Fast Tetrazine/trans-Cyclooctene Bioconjugation. Org.
Biomol. Chem. 2020, 18, 1140—1147. (c) Procopio-Melino, R.; Kotch,
F. W,; Prashad, A. S.; Gomes, J. M.,; Wang, W.; Arve, B,; Dawdy, A,;
Chen, L.; Sperry, J.; Hosselet, C.; He, T.; Kriz, R.; Lin, L.; Marquette,
K,; Tchistiakova, L.; Somers, W.; Rouse, J. C.; Zhong, X. Cysteine
Metabolic Engineering and Selective Disulfide Reduction Produce
Superior Antibody—Drug Conjugates. Sci. Rep. 2022, 12, 7262.

(4) (a) He, R;; Pan, J; Mayer, J. P.; Liu, F. Stepwise Construction of
Disulfides in Peptides. ChemBioChem. 2020, 21, 1101-1111.
(b) Spears, R. J.; McMahon, C.; Chudasama, V. Cysteine Protecting
Groups: Applications in Peptide and Protein Science. Chem. Soc. Rev.
2021, 50, 11098—11155. (c) Chakraborty, A.; Mthembu, S. N.; de la
Torre, B. G.; Albericio, F. Ready to Use Cysteine Thiol Protecting
Groups in SPPS, A Practical Guide for Peptide Synthesis. Org. Process
Res. Dev. 2024, 28, 26—50.

(5) (a) Denis, B.; Trifilieff, E. Synthesis of Palmitoyl-Thioester T-
Cell Epitopes of Myelin Proteolipid Protein (PLP): Comparison of
Two Thiol Protecting Groups (StBu and Mmt) for On-Resin
Acylation. J. Pept. Sci. 2000, 6, 372—377. (b) Eliasen, R.; Andresen, T.
L.; Conde-Frieboes, K. W. Handling a Tricycle: Orthogonal versus
Random Oxidation of the Tricyclic Inhibitor Cystine Knotted Peptide
Gurmarin. Peptides 2012, 37, 144—149. (c) Postma, T. M.; Giraud,
M.; Albericio, F. Trimethoxyphenylthio as a Highly Labile
Replacement for tert-Butylthio Cysteine Protection in Fmoc Solid-

Phase Peptide Synthesis. Org. Lett. 2012, 14, 5468—5471.
(d) Chakraborty, A.; Sharma, A.; Albericio, F.; de la Torre, B. G.
Disulfide-Based Protecting Groups for the Cysteine Side Chain. Org.
Lett. 2020, 22, 9644—9647. (e) Karas, J. A.; Wade, J. D.; Hossain, M.
A. The Chemical Synthesis of Insulin: An Enduring Challenge. Chem.
Rev. 2021, 121, 4531—4560.

(6) (a) Gilbert, H. F. Molecular and Cellular Aspects of Thiol—
Disulfide Exchange. Adv. Enzymol. Relat. Areas Mol. Biol. 1990, 63,
69—172. (b) Schmidt, B.;; Ho, L.; Hogg, P. J. Allosteric Disulfide
Bonds. Biochemistry 2006, 4S, 7429—7433. (c) Bach, R. D,
Dmitrenko, O.; Thorpe, C. Mechanism of Thiolate—Disulfide
Interchange Reactions in Biochemistry. J. Org. Chem. 2008, 73, 12—
21.

(7) (a) Maruani, A.; Smith, M. E. B.; Miranda, E.; Chester, K. A;
Chudasama, V.; Caddick, S. A Plug-and-Play Approach to Antibody-
Based Therapeutics via a Chemoselective Dual Click Strategy. Nat.
Commun. 2018, 6, 6645. (b) Wang, T.; Riegger, A.; Lamla, M.; Wiese,
S.; Oeckl, P.,; Otto, M.; Wu, Y,; Fischer, S.; Barth, H.; Kuan, S. L.;
Weil, T. Water-Soluble Allyl Sulfones for Dual Site-Specific Labelling
of Proteins and Cyclic Peptides. Chem. Sci. 2016, 7, 3234—3239.

(8) (a) Overman, L. E; Petty, S. T. Nucleophilic Cleavage of the
Sulfur—Sulfur Bond by Phosphorus Nucleophiles. III. Kinetic Study of
the Reduction of a Series of Ethyl Aryl Disulfides with
Triphenylphosphine and Water. J. Org. Chem. 1975, 40, 2779—
2782. (b) Schroll, A. L.; Hondal, R. J.; Flemer, S., Jr. 2,2"-Dithiobis(5-
nitropyridine) (DTNP) as an Effective and Gentle Deprotectant for
Common Cysteine Protecting Groups. J. Pept. Sci. 2012, 18, 1-9.
(c) Bertran-Vicente, J.; Penkert, M.; Nieto-Garcia, O.; Jeckelmann, J.-
M.; Schmieder, P.; Krause, E.; Hackenberger, C. P. R. Chemoselective
Synthesis and Analysis of Naturally Occurring Phosphorylated
Cysteine Peptides. Nat. Commun. 2016, 7, 12703—12712.

https://doi.org/10.1021/acs.orglett.6c03451
Org. Lett. XXXX, XXX, XXX—XXX

9202 1890300 G0 uo 3senb Aq ypd' | 51€009 WI610"SB/Z850.89/1L G¥E009 WaIBI0"SOB/L 201 0L /1op/jpd-ajoiue/ 2Jal0/B10"soe sqnd woyy papeojumoq


https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Samrat+Kundu"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Adrija+Majumdar"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.6c03451?ref=pdf
http://biorender.com
https://doi.org/10.1002/pro.5560021002
https://doi.org/10.1002/pro.5560021002
https://doi.org/10.1021/ja211931f?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja211931f?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1074/jbc.REV118.005604
https://doi.org/10.1074/jbc.REV118.005604
https://doi.org/10.1021/cr400031z?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/pmic.201600391
https://doi.org/10.1002/pmic.201600391
https://doi.org/10.1021/cr500399p?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/cr500399p?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1039/C9OB02687H
https://doi.org/10.1039/C9OB02687H
https://doi.org/10.1038/s41598-022-11344-z
https://doi.org/10.1038/s41598-022-11344-z
https://doi.org/10.1038/s41598-022-11344-z
https://doi.org/10.1002/cbic.201900717
https://doi.org/10.1002/cbic.201900717
https://doi.org/10.1039/D1CS00271F
https://doi.org/10.1039/D1CS00271F
https://doi.org/10.1021/acs.oprd.3c00425?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.oprd.3c00425?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/1099-1387(200008)6:8<372::AID-PSC264>3.0.CO;2-A
https://doi.org/10.1002/1099-1387(200008)6:8<372::AID-PSC264>3.0.CO;2-A
https://doi.org/10.1002/1099-1387(200008)6:8<372::AID-PSC264>3.0.CO;2-A
https://doi.org/10.1002/1099-1387(200008)6:8<372::AID-PSC264>3.0.CO;2-A
https://doi.org/10.1016/j.peptides.2012.06.016
https://doi.org/10.1016/j.peptides.2012.06.016
https://doi.org/10.1016/j.peptides.2012.06.016
https://doi.org/10.1021/ol3025499?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ol3025499?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ol3025499?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.0c03705?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.chemrev.0c01251?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/9780470123096.ch2
https://doi.org/10.1002/9780470123096.ch2
https://doi.org/10.1021/bi0603064?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/bi0603064?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jo702051f?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jo702051f?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1038/ncomms7645
https://doi.org/10.1038/ncomms7645
https://doi.org/10.1039/C6SC00005C
https://doi.org/10.1039/C6SC00005C
https://doi.org/10.1021/jo00907a016?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jo00907a016?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jo00907a016?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jo00907a016?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/psc.1403
https://doi.org/10.1002/psc.1403
https://doi.org/10.1002/psc.1403
https://doi.org/10.1038/ncomms12703
https://doi.org/10.1038/ncomms12703
https://doi.org/10.1038/ncomms12703
pubs.acs.org/OrgLett?ref=pdf
https://doi.org/10.1021/acs.orglett.6c03451?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

