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Application of a bromomaleimide core allows for the
incorporation of three different peptides. The key reactions
of the process are the selective stapling of both thiol- and
amino-peptides on two different sites of the core. The thiol-
peptide attacks and replaces the bromide whereas the amino-
peptide attaches to the ene-position of the core revealing
differential and selective reactivity. This platform will have
further application in protein chemistry, multidrug
presentation and vaccine preparation.

The preparation of (bio)conjugates is a need in several scientific
fields such as multidrug presentation, peptide-based vaccine
preparation®’, and protein chemistry.*” Thus, the development of
platforms able to incorporate several chemical structures has
raised particular importance.*' Tam in 1988 described the
synthesis of multiple antigenic peptides (MAPs) as vaccine
candidates, which was limited to multihomo-drug presentation.''
In this context, recently we have described the synthesis and
application of the 6-(bromomaleimido)hexanoic acid (BMHA)
platform for the construction of multiple branched peptides.'* In
our work and that of Baker er al.'*"3, peptides are exclusively
incorporated to the bromomaleimido core through the thiol of
Cys. However, taking into account that the bromomaleimide ring
has two reactive positions susceptible to nucleophilic attack,
namely Br (nucleophilic substitution) and the ene (Michael
addition) positions, we envisaged the possibility to introduce two
different molecules with different functionalities to assure total
regioselectivity. In addition to these, a third connection through
the carboxylic acid of the BMHA can be explored to provide
optimum diversity (Fig. 1).
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Fig. 1. Schematic representation of the (bio)conjugation of 3 different

molecules on the BMHA core.

Taking into account that thiol and amino functions, which are
present in a large number of biomolecules and commonly

involved as nucleophiles, we attempted the selective
incorporation of two peptides Ac-X-Leu-Ala-Gly-Val-NH,
[X=Cys, (Peptide 2), Lys (Peptide 3)] onto BMHA-Tyr-Gly-Gly-

4s Phe-Leu-NH, (Peptide 1) 12
The conjugation of thiol-peptide 2 with BMHA-peptide 1 (Fig. 2,
Route A) was carried out at pH 6.5 in phosphate buffer by adding
portion wise one equivalent of thiol-peptide 2 and monitoring the
reaction by analytical HPLC. The reaction gave only one product

s0 and proceeded very fast and quantitatively. 'H-NMR and MS of
the obtained conjugate confirmed that thiol-Peptide 2 attacked at
the bromo-substituted carbon and replaced Br through a
nucleophilic substitution reaction (NMR, Fig 3, Panel B; MS,
Fig. S3, SI).
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Fig. 2 Schematic representation of thiol-peptide conjugation by (A)
solution-phase and (B) solid-phase approaches on bromomaleimide core

j TFAITIS/HLO :: 95/2.5/2.5

6 The same conjugation was carried out on solid-phase (Fig 2,
Route B). In a first attempt, thiol-Peptide 2 in DMF/DIEA was
added to BMHA-peptide 1-ChemMatrix (CM) resin, after 1h the
reaction was not completed although the main product was the
conjugate. After extending the reaction time, no improvement

s was observed. Under these conditions oxidation of thiol-Peptide 2
competed with the nucleophilic substitution reaction'®'”. Next,
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we used the so-called organic buffers as a solvent to carry out the
reaction. The use of OxymaPure'®" (pKa 4.60)/DIEA 1:1 in dry
DMF yielded the required product in about 4h time, avoiding the
formation of the thiol-Peptide 2 dimer. The conjugate obtained by
both methods, solution and solid-phase, were purified by semi-
preparative HPLC and characterized by LCMS (Fig S1-S3, SI).
To study the reactivity of amino-Peptide 3 with BMHA-Peptide 1
in solution (Fig 4, Route A), different basic media were screened.
When 20 mM NaHCO; of pH 8 was assayed, instead of the
10 desired conjugate a mixture of two hydroxylated products (3:1)
was observed. Therefore, it was necessary to avoid aqueous
medium and hence it was decided to use 0.1% DIEA in
DMF/ACN, in which the reaction goes to completion rapidly. 'H-
NMR of the obtained conjugate confirmed that amino-Peptide 3
15 attacked at the ene-position of the core by means of a Michael
addition reaction leaving bromide intact which is in contrast to
thiol-conjugation (Fig 3, Panel C) (MS showed Br pattern, Fig
S7, SI).
To perform this conjugation described before on solid-phase (Fig
20 4, Route B), the first trial was to reproduce the same conditions as
in solution. Thus, 1 equivalent of amino-Peptide 3 was dissolved
in 0.1% DIEA in DMF/ACN, added to BMHA-peptide 1 CM-
resin and allowed to react for 1h. After cleavage and
deprotection, again the major products obtained were those from
25 hydroxylation reaction. Then the conjugation was repeated using
only anhydrous DMF as solvent but any improvement was found.
At this point we concluded that the only OH source is the
ChemMatrix resin®® used to prepare BMHA—peptide 1-resin, thus
the synthesis was repeated on a polystyrene (PS)-based resin. The

o

30 reaction with this new BMHA-peptide 1 PS-resin using DIEA/dry
DMF yielded the required conjugated compound (Fig. 4). The
conjugate obtained by both methods was purified by semi-
preparative HPLC and characterized by LCMS (Fig S4-S6, SI).

(o)
Br\ﬁéNﬂ
()
(o)

Route A ‘ Route B

HoN— Peptide3 | (2 equiv.)

TFA/TIS/HR0 :: 95/2.5/2.5 ‘

DIEA/ dry DMF
° o
B > Q
Y Peptide1 N d
HN o
Y ° Ll o

TFA/TIS/HZ0 :: 95/2.5/12.5
0.1%DIEA in DMF/ACN

[e]
Br:
jfé“ Peptide1
Hf‘\l o]
[e]
35 Peptide3

Fig. 4. Solution- and solid-phase approaches for amino-peptide
conjugation on BMHA-peptide 1.
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Fig. 3 Overlay of NMR spectra of bromomaleimide core (green), Cys-conjugate (red) and Lys-conjugate (blue) in which alkene signals appeared at § 6.7
ppm (arrow marks) as observed in first two panels and absent in the last one.
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After obtaining the first conjugates of both thiol- and amino-
peptides separately, the next step was to attempt the double
conjugation having thiol- and amino-functions on the same
molecule. Three different examples of S- and N-nucleophiles on

so BMHA-peptide 1 were assayed: simple Fmoc-Cys/Lys amino
acids, model peptides (thiol peptide 2 and amino peptide 3), and

finally a HIV-protease inhibitor (TLNF-OH and Ac-XTLNF-OH,
X = C/K). Using the same conditions used for mono conjugation
in solution, route A (Fig. 5), which involves first the S- and then
ss the N-conjugation took place smoothly and rendered the target in
all the three cases (Figs. 6 and S8-S9, SI). Next, route B (Fig. 5),
which involves first the N- and then the S-conjugation was
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performed. As expected, N-conjugation gave excellent yields in
all three cases, but the conjugation of the thiol-component over

the conjugate molecule 3-NH-BMHA-peptide 1 was

not

observed, even after application of different conditions. In this
s case the Br position became less reactive since the substituted

maleimide was previously converted into a

substituted

succinimide, which is less reactive toward thiol nucleophilic

attack.
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Fig. 5. Strategy for S-, N- bis-conjugation
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15 The double conjugates obtained were characterized by HPLC and
LCMS (Figs 6 and S8-S12, SI).

In conclusion, we have developed a rational, chemoselective, and
unambiguous method for the preparation of a platform that is able
to accommodate three different moieties. The core based on the
6-(bromomaleimido) hexanoic acid is able to incorporate (i) a
molecule/peptide at the C-terminal through an amide bond carried
out in solid-phase; (ii) a thiol-moiety at the bromide position,
which can be carried out indistinctively in solution- or in solid-
phase; and (iii) an amino-moiety at the ene position through a
Michael addition carried out in solution. All reactions are
performed under mild reaction conditions including temperature,
pH and solvent compatibility, which prevent side reactions, such
as hydroxylation and/or oxidation of the thiol-peptide. Reactions
are carried in the absence of metals and other reagents facilitating
the purification and assuring a more bio environment. When
multiple Lys are presented in peptide 3, the incorporation of the
peptide can be carried out with the e-amino functions of the
additional Lys protected with an orthogonal protecting group,’!
which after conjugation can be removed. We envisage that this
strategy will find broad applications for multidrug presentation
and peptide-vaccine constructs.
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40 Fig. 6. HPLC traces of double conjugation using HIV protease inhibitor peptides at A) 1h B) 3h C) 7h and D) overnight.
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