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Six new 1,2,3-triazole-containing bile acid dimers, involv-
ing head-to-tail, head-to-head, and tail-to-tail three types of ster-
oidal derivatives, have been synthesized via CuI-catalyzed 1,3-
dipolar cycloaddition reaction ‘‘click chemistry’’ in high yields.
The inverse micellar properties of these compounds were also
investigated through hydrophilic dye solubilization studies in
nonpolar media.

‘‘Click chemistry,’’ optimized by Sharpless and co-workers,
is the CuI-catalyzed 1,3-dipolar cycloaddition between azides
and terminal alkynes.1 The mild reaction conditions, high yield-
ing, simple reaction and purification performance, and exclusive
1,4-disubstituted 1,2,3-triazole products as well as being stable
to various solvents including water, have promoted it as a unique
organic synthetic modular approach widely applied in biomedi-
cal science, organic synthesis, and material chemistry during the
past several years.2

Bile acids are naturally occurring compounds in the steroid
family which are essential for many physiological functions.
Currently, bile acids, due to their inexpensive availability, the
rigid steroid framework, unique facial amphiphilicity, and
together with viability of being chemically modified on C3,
C7, C12, and even C24, have attracted considerable interest
for diverse significant applications, involved in pharmacology,
asymmetric synthesis, molecular recognition, and also poly-
meric materials.3

Many useful alterations have exhibited with the replacement
of one or more carbon atoms of a steroid molecule by a hetero-
atom. Azasteroids especially feature numerous biological activ-
ities.4 Besides that, more recently, 1,3-disubstituted imidazolium
groups have been introduced to bind anions.5 Consequently, the
azole group which is often found in biologically active com-
pounds and�-conjugated functional materials, because of the ar-
omaticity and lone-pair electrons, may have great potential for
applications in supramolecular chemistry. To the best of our
knowledge, up to now, there are only few published reports us-
ing 1,3-dipolar cycloaddition for the synthesis of 1,2,3-triazole-
containing steroidal derivatives.6 Furthermore, the in situ gener-
ated triazole unit was revealed as a very active pharmacophore
instead of just a passive linker.7 As continuous our previous
work8 and to further develop a facile method to offer various
useful bile acid–triazole conjugates, herein, we report the design
and synthesis of six new bile acid dimers linked with 1,2,3-tria-
zole ring containing head-to-head, head-to-tail, and tail-to-tail
three types of steroidal compounds via CuI-catalyzed 1,3-dipolar
cycloaddition (Scheme 1). The initial mimic inverse micellar
properties of these molecules are investigated in an organic
solvent. It might be interesting to concerning the functional

difference of these molecules.
2-Propynyl esters 9, 10, 13, and 14 were synthesized by es-

terification in the presence of DCC with a catalytic amount of 4-
dimethylaminopyridine. Formation of alcohols 11 and 12 was
carried out by nucleophilic displacement of 3�-mesylate bile
acids with ethylene glycol.9 The azido groups at both C3 and
the side chain were introduced through double nucleophilic dis-
placement.6b,10 Tosylation or mesylation on the hydroxy group
of the corresponding steroidal derivatives followed by treatment
with NaN3 in DMF gave the desired azides 17, 18, 21, and 22.
And compounds 15, 16, 19, and 20 were easy to obtain by
acid-catalyzed esterification (Scheme 2).11 Synthesis of the bile
acid–triazole conjugates was described in Scheme 3 and was
undertaken as the following general procedure: a solution of
equimolar azide and 2-propynyl ester, 5mol% CuSO4

.5H2O
and 20mol% sodium ascorbate in t-BuOH–CH3OH–H2O
(10:2:1) was stirred at 60–65 �C for 3–12 h (Scheme 3). The pure
dimeric compounds were obtained after column chromatograph-
ic purification in 75–92% yield (Table 1).12

Due to flexible conformation and facial amphiphilicity,
these molecules probably adopt an inverse-micelle-like confor-
mation in a nonpolar solvent and hydrophobic faces turn toward
the solvent.13 Such dimers may have the ability to solubilize
hydrophilic substances in nonpolar solvents. We investigated
the solubilization of cresol red sodium (CR), a hydrophilic
dye (inset, Figure 1) by dimers in CHCl3 based on solid–liquid
extraction measurement.13b The dye solubilized by the dimers
varied, while negligible solubility was observed without any
additive (Figure 1). Generally, the amount of dye extracted in-
creased linearly with the concentration of dimers. These studies
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Scheme 1. Structures of six bile acid dimers.
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indicated that compound 1 led to the best encapsulation of the
dye, which may result from possessing more hydroxy groups
and more flexible linkage and therefore the strongest binding.
It is due to the sandwich-type amphiphile conformation with
the better hydrophilic and more space cavity inside (Figure 2).

In conclusion, facile synthesis of six new bile acid dimers
containing 1,2,3-triazole ring was fulfilled by ‘‘click chemistry.’’
The solubility of a hydrophilic dye in a nonpolar solvent may
promote these molecules interesting candidates for biological
and drug delivery applications. Further work is in progress.
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Scheme 3. Synthesis of bile acid dimers via ‘‘click chemistry.’’

Table 1. Dimeric compounds containing 1,2,3-triazole pre-
pared by the CuI-catalyzed synthesis

Entry Alkyne Azide Compds. Yield/%

1a 9 21 1 92
1b 10 22 2 88
2a 9 17 3 84
2b 10 18 4 80
3a 13 17 5 77
3b 14 18 6 75
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Figure 1. Solubilization of CR (inset) by synthetic dimers.
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Figure 2. (a) Possible amphiphile conformation of 1; (b)
Extraction of CR by increasing concentrations of 1. Left to
right: [1] = 0–2.7mM.
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azides.

Chemistry Letters Vol.36, No.12 (2007) 1451

Published on the web (Advance View) November 10, 2007; doi:10.1246/cl.2007.1450


