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Abstract—Acceleration of Cu(I)-mediated Huisgen 1,3-dipolar cycloaddition (Sharpless ‘click reaction’) by non-basic histidine
derivatives was found. An efficient ‘self-activating’ click reaction between the azide- and acetylene-containing peptides on the
solid-phase has also been achieved by introducing the Nim-benzylhistidine residue on the reacting peptides.
� 2007 Elsevier Ltd. All rights reserved.
The synthetic utility of Huisgen 1,3-dipolar cyclo-
addition between azides and alkynes1 was significantly
improved since Sharpless and co-workers have found
that Cu(I) salts accelerate the reaction.2,3 Thus, Cu(I)-
catalyzed azide/alkyne condensation, now known as
Sharpless ‘click reaction’, has been widely applied to
bioorganic and medicinal research fields, such as prepa-
ration of bioconjugates4 or microarrays.5 The reaction
provides 1,2,3-triazole derivatives regioselectively under
the mild conditions, even in aqueous media, at room
temperature, and within a reasonable reaction time.

In general, CuI-mediated Huisgen reaction proceeds
more rapidly in the presence of excess bases to give
the triazoles in much better yields than in the absence
of bases.3 This is because the bases prevent degradation
of Cu(I) from oxidation or disproportionation by coor-
dinating to the copper ion,6 while they accelerate the for-
mation of the copper acetylide intermediates,7 from
which the cycloaddition with azides proceeds. In most
cases of the CuI-catalyzed Huisgen cycloaddition, either
diisopropylethylamine or Et3N has been mostly used as
the base additives in organic solvents, while tris(triazol-
yl)amine is the powerful activator being extensively
applied to bioconjugate purposes.4 Although the base-
free conditions have recently been disclosed in aqueous
media, that is, by using the copper nanoparticle in
PBS buffer solution,8 the use of base additives is still
critical, especially for the reactions performed in organic
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solvents as well as on the solid-phase,9 owing to very
slow formation of copper acetylide without the bases.7

Expanding the entries of the non-basic additives, which
strongly accelerate the reaction, or more preferably, the
additive-free conditions in organic media, is highly
important for the CuI-mediated Huisgen cycloadditions
with broad applications, especially to the base-sensitive
reaction systems. In this Letter, we report the histidine
derivatives as the new non-basic additives of Sharpless
click reaction and an application to the ‘self-activating’
solid-phase reaction between the azide- and acetylene-
containing peptides under the additive-free conditions.

During our optimization of the Cu(I)-mediated Huisgen
cycloaddition between Na-Boc-ornithine derived azide 1
and N-Boc-4-ethynylaniline 2 using 1.0 equiv of CuI and
non-basic additives, we found that the histidine deriva-
tives significantly accelerated the reaction similar to
diisopropylethylamine or Et3N (Table 1). Thus, while
the reaction in DMF for 3 days in the absence of addi-
tives provided triazole 3 only in 20% yield (entry 1), the
use of histidine, as well as Et3N or diisopropylethyl-
amine, successfully gave 3 in quantitative yield for
10 min (entries 2–4). The same acceleration effects were
also observed for Nim-benzylhistidine 5 and Na-Boc-
Nim-benzylhistidine 6, and cycloadduct 3 was produced
rapidly and quantitatively (entries 5 and 6). To our sur-
prise, imidazole or N-methylimidazole, the side chain
substituents of histidine, did not act as an activator,
which indicates that both imidazole and amino acid
moieties in histidines are necessary for the acceleration
of Cu(I)-mediated Huisgen cycloaddition (entries 7
and 8).
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Table 1. Effects of additives on Cu(I)-mediated Huisgen 1,3-dipolar
cycloadditiona

BocHN
+

BocHN COOH

N3

CuI (1.0 eq)

COOHBocHN

N N
N

NHBoc
21 3

additive (1.0 eq)
rt

Entry Additive Solvent Reaction
time

Yield
(%)

1 None DMF 3 d 20%
2 Et3N DMF 10 min Quant
3 DIPEA DMF 10 min Quant

4

H2N COOH

N
H

N

4 DMF 10 min Quant

5

H2N COOH

N

N

Ph

5 DMF 10 min Quant

6

BocHN COOH

N

N

Ph

6 DMF 10 min Quant

7 N
H

N
DMF 3 d None

8 N

N

Me

DMF 3 d None

9 4 H2O/CH3CN (1:2) 3 d None
10 5 H2O/CH3CN (1:2) 3 d Quant
11 Et3N H2O/CH3CN (1:2) 3 d 99b

a The reaction was conducted in the presence of 1.0 equiv of CuI at
room temperature.

b 60% of 3 and 39% of the iodinated compound 3i were obtained; see
Scheme 1.
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In aqueous media, Nim-benzylhistidine 5 was found to
be a stronger activator than simple histidine 4; triazole
3 was obtained in quantitative yield for 3 days in the
presence of 5 in a mixed solvent of H2O and MeCN
(1:2), while the starting materials were completely recov-
ered by using histidine (entries 9 and 10). Interestingly,
under the same aqueous conditions of entries 9 and
10, the Et3N additive provided the click products in high
yield as a mixture of 3 and its iodinated compound 3i
(Scheme 1, 3:3i = 60:39). Although the iodination on
the triazole ring of the initial click products during the
prolonged reaction could also be observed for other
examples in Scheme 2 and Table 2 (vide infra), the basic
nature of the Et3N might facilitate the iodination of 3
via the mechanism shown in Scheme 1.

A few examples of histidines-accelerated Sharpless click
reaction were shown in Scheme 2. Thus, the reaction of
azide 1 with N-Fmoc-4-ethynylaniline 7 in the presence
of 1.0 equiv of CuI and Na-Boc-Nim-benzylhistidine 6
for 15 h provided triazole 8 in 77% yield. The Fmoc-
protected 7 showed the retarded reactivity compared
with that of Boc-protected 2, and the prolonged reaction
resulted in the incorporation of the iodide at the triazole
ring. Nevertheless, the use of non-basic histidine deriva-
tive 6 as an additive did not affect the Fmoc protecting
group, while the Et3N additive caused the base-induced
Fmoc-deprotection under the identical reaction condi-
tions. Furthermore, the reactions of lactose derivative
9 and its benzoyl-protected congener 10 with Boc-
Pra-Tyr-OMe 11 (Pra = propargyl glycine) similarly
provided the coupling products 12 and 13 in 78% and
51% yields, respectively.5a,10

It is well known that histidine strongly coordinates to
the copper ions, which has been extensively investigated
by ESI-MS analysis.11 More recently, the accumulating
experimental evidence shows that the b-amyloid pep-
tides Abs, in particular, Ab-42 has a very high affinity
to copper ions via histidine residues, in association with
the pathophysiology of Alzheimer’s disease.12 The accel-
eration of click reaction by histidine derivatives found in
Table 1, therefore would be due to the strong chelating
effects of histidines to the copper ion, and thus stabilized
Cu(I) complex is responsible for rapid and high yielding
cycloaddition reaction. Our ESI-MS analysis of 4–6 and
dipeptide 14 in the presence of CuI in DMF exclusively
detected the molecular ion peak corresponding to
[M-H+Cu]+ (Scheme 3), while those of serine deriva-
tives, as the examples that did not accelerate the parent
click reaction, exhibited the molecular ions of [M+H]+

and [M+Na]+ as main peaks and copper ion adduct ions



Table 2. ‘Self-activated’ Sharpless click reaction of peptide derivativesa

Entry Azide Acetylene Products and yields (%)

1
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20a: R = H (18%)
20b: R = I (70%)

H-Phe-Leu-Ser

4b

21

His-Gly

Bn

C

O
H
NH-Lys

His-Gly-Lys

Bn

C

O
H
NH-Lys

N3

N3

19

22

His-Gly

Bn

C

O
H
NH-Lys

His-Gly-Lys

Bn

C

O
H
NH-Lys OH

N

N
N

CO2HN
H

H-Phe-Leu-Ser

N

N
N

CO2HN
H

H-Phe-Leu-Ser

(66%)c

5

BocHN COOH

N3

1
GlyC

O
H
NH-Phe-His

Bn

23

GlyC

O
H
NH-Phe-His

Bn

OH

N
N N

H2N CO2H

24 (quant)

a Otherwise noted, the reaction was performed in the presence of 3.0 equiv of CuI and 3.0 equiv of 2, 17, 19, and 1 in DMF for 12 h at room
temperature. After the reactions, the resins were treated with TFA/TES/H2O (31:1:1) and the resulting peptides were precipitated from ether and
analyzed by HPLC.

b 6.0 equiv of CuI and 19 were used.
c Mono-click products were obtained as the main other products.
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with only weakly detectable signal. These results support
the chelation effects of histidines as the outcome of the
reaction acceleration.

The truly advantageous application of histidine activa-
tors comes when the peptide fragments are jointed by
click reaction under the additive-free conditions,
namely, the histidine residue is purposely introduced
into either azide- or acetylene-containing peptide
sequences, so that the peptide conjugates would be
produced without the base additives. Since it is known
that the peptides usually coordinate to the copper ion,
the peptides are one of the challenging substrates for
Sharpless click reaction. In order to circumvent the
problems, an excess amount of strongly basic additives,
such as diisopropylethylamine has always being utilized.
When the histidine of strong Cu(I)-chelator, being
embodied in the peptides can bring the copper ion to
the acetylene and/or azide reactive sites, an efficient
‘self-activating’ click reaction of even complex peptides
on the solid-phase is envisioned.

We therefore prepared the Nim-benzylhistidine contain-
ing peptides, Boc-Orn(N3)-His(Bn)-Gly-OR 15, its
dimeric peptide 21, and H-Phe-His(Bn)-Pra-Gly-OR 23
on the solid-supports (R = polystyrene-based Wang
resin), and investigated the additive-free click reaction
(Table 2). The reaction was performed in the presence
of 3.0 equiv of acetylenes or azides for 12 h at room tem-
perature. The products were released from the resin by
TFA treatments and analyzed by HPLC after the re-
moval of the residual copper ion by the scavenger resin
(ArgoPoreTM-NH2) followed by precipitation from
ether.

Gratefully, the reaction of Boc-Orn(N3)-His(Bn)-
Gly-OR 15 with N-Boc-4-ethynylaniline 2 provided the
corresponding triazole 16 quantitatively (entry 1).13

Similarly, the reaction with Boc-protected propargyl
glycine 17 gave the mixture of triazole 18a and its iodin-
ated derivative 18b in quantitative yield (18a:18b =
57:43) (entry 2). It is worthy to note that even heptapep-
tides 20a,b and heptadecyl peptide 22 were successfully
obtained in 88% and 66% yields by the reaction of 15
or its dimeric 21 with tetrapeptide 19 (entries 3 and 4).
The reverse usage of histidine, that is, Nim-benzylhisti-
25
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dine at the acetylene site on the solid-supports 23, was
also possible and triazole 24 was produced quantita-
tively by the reaction with azide 1 under the identical
conditions performed in entries 1–4 (entry 5).14

Peptide-based ‘self-activated’ click reactions could also
be performed in the solution-phase (in DMF) using
the sequences of the peptides and the substrates similar
to those in Table 2. When 1.0 equiv of CuI was used, the
reactions smoothly provided the corresponding cyclo-
adducts within 30 min based on the ESI-TOF-MS anal-
ysis of the reaction mixtures, while the peptides lacking
the histidine residue, such as the corresponding serine
derivative 25, did not provide any click products in the
presence of only CuI (Scheme 4). For the solution-phase
reactions, however, the presence of the copper ions
made the isolation of the products very difficult, and
exact yields could not be calculated.

In summary, we have found that the non-basic histidine
derivatives strongly accelerate the Cu(I)-mediated Huis-
gen reaction,15,16 as the same acceleration rate as those
obtained by Et3N or diisopropylethylamine. The rate
enhancement of the reaction might possibly be due to
the strong coordination of copper ion to the histidines,
which stabilizes the reactive Cu(I) species. The histi-
dine-activated click reaction was applied to the self-
activating peptides couplings on the solid-phase under
the additive-free conditions. Further applications to
the peptides-based cycloadditions, bioconjugations,
and combinatorial library synthesis based on the current
findings are now in progress in our laboratory.
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