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Abstract N-Substituted dipropargylamines that are suitable as func-
tionalized linkers for peptide stapling can be synthesized in one step un-
der mild conditions from commercially available starting materials (41%
to quantitative yield).
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Cyclic peptides are emerging as a new class of drugs,
alongside small molecules and proteins, because of their
ability to inhibit protein–protein interactions (PPI).1 The confor-
mational rigidity created by cyclization often confers cyclic
peptides better pharmacological properties than their lin-
ear analogues such as higher binding affinity for the biolog-
ical target, higher resistance to proteolytic degradation, and
higher cell permeability. One of the most versatile tech-
niques available for peptide cyclization is two-component
peptide stapling, in which the side chains of two amino acid
residues in a linear peptide are covalently linked by a bi-
functional linker (Figure 1, a).2–10 Stapling usually results in
the generation of an -helix2–6 which is responsible for the
increased biological activity,11 although biologically active
stapled peptides having non-helical conformation are
known.7–10 A widely used reaction that allows two-compo-
nent peptide stapling is the Cu-catalyzed azide–alkyne cy-
cloaddition between two side-chain azido groups and a ter-
minal dialkyne (Figure 1, b).12 Linear dialkynyl linkers of
various length and conformational flexibility can be used,
based on the distance of the amino acid residues to be
linked on the peptide chain (Figure 1, c). The introduction
of a branching point along the dialkyne chain provides a
chemical handle to which additional functionality can be
attached (Figure 1, d).4 For instance, fluorescent tags, affini-

ty tags, and cell-permeable peptide chains can be added to
branched linkers, improving the properties of the stapled
peptide.

In this way, by reacting a single linear peptide with vari-
ous functionalized linkers it is possible to obtain a library of
stapled peptides with diverse properties.

Further diversity can be achieved using dialkynyl linkers
bearing nitrogen in the place of carbon at the branching
point. The stereochemical lability of sp3-hybridized nitro-
gen atom at room temperature provides an additional de-
gree of conformational control of the peptide. Furthermore,
nitrogen protonation under physiological conditions (pH ca.
7.5) confers cationic nature to the peptide, increasing its
binding affinity for the phospholipid bilayer13 and hence
cell uptake5,9 and biological activity.14 N-Substituted
dipropargylamines are suitable for use in Cu-catalyzed
azide–alkyne cycloadditions, because they are symmetrical
and achiral and therefore avoid the formation of regioiso-
mers and diastereomers during peptide stapling. N-Substi-
tuted dipropargylamines have been used as functionalized
linkers for the stapling of i,i+4,9,10 i,i+6,8 and i,i+76 diazido
peptides; however, they remain largely underexploited in
peptide stapling. Most of the dipropargylamines available
by chemical synthesis are unsuitable for two-component
peptide stapling because their side chain bears either un-
saturated C=C or C≡C bonds,15 which pose a chemoselectiv-
ity issue during stapling, or highly reactive functional
groups incompatible with the stapling conditions (acyl ha-
lides16 and organotrialkoxysilanes17). Other dipropargyl-
amines are compatible with stapling but have multiple
functional groups on the side chain, which compromise the
selectivity of linker’s functionalization.18 In this work we
report the synthesis of five N-functionalized dipropargyl-
amine linkers suitable for two-component peptide stapling
(Figure 2).19 Spacers of various length (0–2 carbon atoms)
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are incorporated between the nitrogen atom and the func-
tional group on the side chain. All compounds can be ob-
tained in one step from commercially available starting ma-
terials. This work provides a new method for the synthesis
of N-substituted dipropargylamines, expanding the number
of dialkyne linkers and hence the diversity of stapled pep-
tides, with a significant impact on the development of new
peptide PPI inhibitors.

Figure 2  N-Substituted dipropargylamines studied in this work.

Compound 1 features the amine group protection as a
carbamate, which may confer additional biological activity
to the peptide or turn the peptide into a prodrug.20 After
stapling, acidic hydrolysis of carbamate 1 would regenerate
the free amine, allowing either prodrug bioactivation or
further functionalization through amine chemistry. Esters 2
and 3 can be further functionalized by nucleophilic acyl
substitution reactions, whereas ,-unsaturated ester 4
may undergo 1,2-addition or 1,4-conjugate addition reac-
tions. -Diester 5 offers the opportunity of C quaterniza-
tion due to the H acidity (pKa -diesters = 13). Compound 5
may also undergo symmetrical chain extension by reaction
of both ester groups. Alternatively, hydrolysis of a single es-
ter moiety followed by decarboxylation would provide a
monoester analogous to 2.

Compound 1 was obtained by nucleophilic acyl substi-
tution of ethyl chloroformate with dipropargylamine at
room temperature (Scheme 1). The use of a stoichiometric

amount of dipropargylamine and two equivalents of i-
Pr2NEt in dichloromethane resulted in limited conversion of
starting materials (85% yield), even after prolonged reaction
time (68 h; Scheme 1, a). The reaction could be made quan-
titative in a shorter time (3 h) by using two equivalents of
dipropargylamine in the absence of tertiary base (Scheme
1, b). The use of acetone (polar aprotic solvent) ensured the
precipitation of the ammonium salt by-product, shifting
the reaction equilibrium to completion.

Scheme 1  Synthesis of 1 from dipropargylamine and ethyl chlorofor-
mate (a) in the presence and (b) in the absence of i-Pr2NEt. a Isolated 
yield.

Compound 2 was obtained by nucleophilic substitution
of t-butyl bromoacetate with dipropargylamine in the pres-
ence of i-Pr2NEt (1.5 equiv) in acetonitrile at room tempera-
ture (Scheme 2, a). An alternative methodology, based on
alkylation of glycine ester with propargyl bromide (Scheme
2, b),21 uses cheaper starting materials but affords lower
yield, partly due to the formation of a trilakylated byprod-
uct containing an allene group attached at the -position.
The present methodology affords the product quantitative-
ly under similar conditions in a comparable time.22

Figure 1  (a) Two-component peptide stapling. (b) Example of Cu(I)-catalyzed azide–alkyne cycloaddition reaction between peptide and linker.9 (c) 
Linear dialkyne linkers. (d) Branched dialkyne linkers.
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Scheme 2  Synthesis of 2 by (a) alkylation of dipropargylamine, and (b) 
dipropargylation of glycine ester. a Isolated yield.

Treatment of ethyl 3-bromopropanoate with dipropar-
gylamine under the same conditions used for 1 (1.5 equiv
tertiary base in acetonitrile) resulted into no reaction, even
under prolonged reflux (66 h). An alternative methodology
based on the Zn-mediated alkylation of secondary amines
in THF, which has been applied successfully to piperazines
and morpholine,23 yielded no reaction in the case of diprop-
argylamine. The use of 2.0 equivalents of nucleophile in ac-
etone in the absence of other bases afforded product 3 in
50% yield, leaving the amine mostly unreacted (Scheme 3,
a). No improvement was obtained by addition of KI (0.1
equiv) in an attempt to convert the 3-bromoester into a
more reactive 3-iodoester. Slightly higher yield (61%) was
obtained by 1,4-conjugate addition of dipropargylamine to
ethyl acrylate in water at 90 °C, using catalytic amounts of
pyridine and sodium L-prolinate (Scheme 3, b).24 The lower
yield of 3 with respect to 2 can be attributed to the lower
reactivity of 3-haloesters with respect to 2-haloesters in
nucleophilic substitutions due to the longer distance of the
electrophilic center from the electron-withdrawing carbox-
ylate group.

Scheme 3  Synthesis of 3 by (a) nucleophilic substitution of ethyl 3-
bromopropanoate with dipropargylamine, and (b) 1,4-conjugate addi-
tion of dipropargylamine to ethyl acrylate. a Isolated yield.

In line with this trend, ethyl 2-(bromomethyl)acrylate,
which bears an additional positive center on the -carbon
of the ,-unsaturated system, afforded product 4 quantita-
tively in acetone at room temperature (Scheme 4).

Scheme 4  Synthesis of 4 by nucleophilic substitution of ethyl 2-(bro-
momethyl)acrylate with dipropargylamine. a Isolated yield.

Diethyl 2-bromomalonate proved to be less reactive
than t-butyl bromoacetate, despite the presence of two es-
ter groups, likely due to the larger steric hindrance at C
(Scheme 5, a). Acetone proved to be a better solvent than
acetonitrile (41% vs. 13% yield). The amination of methyl -
bromomalonate with dimethylamine (a secondary amine
smaller than dipropargylamine) in methanol at 60 °C for 1
hour affords the product in 76% yield;25 in our case, higher
temperature (reflux) and longer reaction time (48 h) pro-
vided product 5 in 26% only (Scheme 5, b).

Scheme 5  Synthesis of 5 by nucleophilic substitution of diethyl 2-bro-
momalonate with dipropargylamine. a Isolated yield.

In summary, this work provides a new method for the
synthesis of N-substituted dipropargylamines, expanding
the number of dialkyne linkers and hence the diversity of
stapled peptides accessible by chemical synthesis, with a
significant impact on the development of new peptide
drugs.
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