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a b s t r a c t

Synthesis of sugar based triazolyl azido-alcohols was accomplished via one pot click reaction of glycosyl
alkynes with epichlorohydrin in aqueous medium. All the developed triazolyl azido-alcohols were further
utilized for the synthesis of bis-triazolyl ethisterone glycoconjugates using CuAAC reaction. The devel-
oped triazole-linked ethisterone glycoconjugates would be crucial in androgen receptor pharmacology
and chemical biology.

� 2014 Elsevier Ltd. All rights reserved.

1. Introduction

Carbohydrates covalently linked with proteins, peptides, lipids,
saccharides etc. have lately attracted considerable interest due to
involvement in complex biological processes such as catalysis and
highly selective molecular recognition.1 They are crucial to cellular
recognition events, including signal transduction,2 cell adhesion
and inflammation,3 immune response,4 tumor metastasis,5 and
viral & bacterial infections.6,7 Many microbes, including viruses,
bacteria, and their toxins, have evolved to bind cell surface carbohy-
drates, a binding that is a prerequisite for infection to occur.8 The
multivalent nature of these molecules is frequently used to increase
the affinities to the targets in different biological processes, such as
the binding of bacteria, bacterial toxins, galectins, and other lec-
tins.9 The several chiral hydroxyl groups in carbohydrates, upon
appropriate modifications and utilization, would stimulate chemi-
cal diversities, that is, glycoconjugates/glycohybrids are of great
significance in drug discovery and development.10,11

Steroids, due to their rigid framework, broad spectrum activity,
and ability of binding to the specific hormonal receptors, have
become preferred chiral synthons for the development of diverse
bioconjugates.12 Many steroidal framework conjugates are known
to literature, for example, steroid–polyamine conjugates, steroid–
anthraquinone hybrids, steroid–carbohydrate conjugates etc.13

The medicinal applications of these are based on the fact that
several new conjugates arising through such bioconjugation have

been found to exhibit unusual biological properties and activities
as the different molecular segments act cooperatively. In literature
reports, ethisterone is known to compete for androgen receptor
(AR) binding, and suppresses the levels of AR transcriptional acti-
vation relative to dihydrotestosterone (DHT).14 Earlier, Kirshen-
baum group reported the conjugation of ethisterone to peptoid
side chains using copper-catalyzed azide-alkyne cycloaddition
(CuAAC) to afford a family of multivalent conjugates that exhibit
potent anti-proliferative activity in LNCaP-abl cells, a model of
therapy-resistant prostate cancer.15,16 Thus, the development of
numerous triazole-linked ethisterone glycoconjugates would be
crucial in AR pharmacology and chemical biology.

The interest on conjugating lipophilic scaffolds like steroids to
sugars also derives from the recognized capability of the resulting
amphipathic hybrids to interact with phospholipid membranes
and liposomes.17 Numerous facially amphiphilic steroid-disaccha-
ride hybrids have proven success on the solubilization and stabil-
ization of membrane proteins, thus opened up new perspectives
for the extensive manipulation and characterization of membrane
proteins.18 Alternatively, the growing development of ‘click chem-
istry’ has also have an impact on the development of novel sugar/
steroid hybrid architectures. The triazole unit in these is more than
just a passive linker; it readily associates with biological targets
through hydrogen bonding and dipole interactions, and shows
interesting biological properties such as anti-allergic, anti-bacte-
rial, and anti-HIV activities. Numerous lipophilic steroids have
been ligated to sugars by the CuAAC reaction, thus producing
amphipathic hybrids useful to biodynamic applications.19,20 Thus,
considering the growing importance of sugar/steroid hybrids in

http://dx.doi.org/10.1016/j.carres.2014.09.001
0008-6215/� 2014 Elsevier Ltd. All rights reserved.

⇑ Corresponding author. Tel.: +91 542 6702466; fax: +91 542 2368174.
E-mail address: tiwari_chem@yahoo.co.in (V.K. Tiwari).

Carbohydrate Research 399 (2014) 2–7

Contents lists available at ScienceDirect

Carbohydrate Research

journal homepage: www.elsevier .com/locate /carres

http://crossmark.crossref.org/dialog/?doi=10.1016/j.carres.2014.09.001&domain=pdf
http://dx.doi.org/10.1016/j.carres.2014.09.001
mailto:tiwari_chem@yahoo.co.in
http://dx.doi.org/10.1016/j.carres.2014.09.001
http://www.sciencedirect.com/science/journal/00086215
http://www.elsevier.com/locate/carres


drug discovery and biological chemistry, we were prompted to
pursuit a novel carbohydrate-steroid conjugation approach alter-
native to the traditional glycosylation and capable to produce
unique types of molecular chimeras of value to androgen receptor
(AR) pharmacology and chemical biology.

2. Results and Discussion

Our synthetic strategy begins with cheap and readily available
carbohydrates (D-glucose, D-galactose, D-mannose, D-ribose, and
D-xylose), which after processing through a number of high-yield-
ing protection, and modification steps afforded sugar based termi-
nal alkynes 1.21 In continuation to our recent report on the
synthesis of diverse triazolyl azido alcohols 2 from terminal
alkynes via oxirane ring opening of epichlorohydrin followed by
CuAAC reaction with alkynes, and their utilization in the synthesis
of morpholine fused triazoles,22 this time we disclose our results
on click reaction of 2 with a naturally occurring steroid alkyne
ethisterone 3 to afford bis-triazolyl ethisterone glycoconjugates
4 regioselectively in good yields (Scheme 1).

Earlier, several reports have established dichloromethane
(DCM) as a solvent of choice for CuAAC click transformations,
hence the click reaction of compound 2a (0.33 mmol) with 3
(0.33 mmol) in the presence of CuI (5 mol%) and N,N-diisopropyl-
ethylamine (DIPEA, 0.33 mmol) was carried out in anhydrous
DCM under inert atmosphere at rt to afford bis-triazolyl ethister-
one glycoconjugate 4a regioselectively in 85% yield.

The formation of compound 4a was further confirmed by com-
parison of 1H NMR spectrum with compound 2a (Fig. 1). In
300 MHz 1H NMR spectrum, the signal for characteristic tria-
zole-H proton resonated at d 7.74. The carbon resonances
observed at d 144.9 and d 124.2 in 13C NMR spectrum were attrib-
uted for the triazole ring in compound 2a. In 300 MHz 1H NMR
spectrum of 4a, both the triazolyl protons resonated as singlets
one proton each at d 7.79 and d 7.56. The anomeric proton of
furanose sugar (H-1) appeared as doublet at d 5.85 (J = 3.3 Hz).
A singlet observed at d 5.67 was identified for the methyne reso-
nance of ethisterone while a two proton multiplet observed in the
range between d 4.81 and 4.71 was established for corresponding
oxymethylene (–OCH2–) resonance in compound 4a. A multiplet
integrated to four protons resonated between d 4.58 and 4.48
was attributed to triazolyl methylene, >CH–OH and furanosyl
sugar protons H-2 & H-4. Likewise, a four proton multiplet
observed between d 4.11 and 3.95 was established for sugar pro-
tons H-5, H-3, and H-6. The rest of steroid protons in addition to
twelve protons of isopropylidene moiety resonated between d
2.41 and 0.43 ppm.

In the 13C NMR spectrum of compound 4a, a carbon resonance
signal observed at d 199.5 was evidenced for carbonyl carbon of
ethisterone while the anomeric carbon of furanose sugar resonated

at d 105.1. Thus, all the developed triazolyl azido-alcohols 2a–i
were reacted readily with 3 in the presence of CuI and DIPEA in
anhydrous DCM under argon atmosphere at rt to afford respective
bis-triazolyl ethisterone glycoconjugates 4a–i in good yields
(Table 1). Using spectral studies (FTIR, NMR, and HRMS) the struc-
tures of compounds 4a–i were elucidated.

The targeted compounds 4a were also synthesized successfully
by another pathway outlined in Scheme 2, where ethisterone
linked triazolyl azido-alcohol 2j was synthesized from 3 under
one-pot method using CuAAC reaction. However, the synthesis of
precursor compound 2j via this route took longer reaction time
(15 h) giving products in low yields after consuming excess of
compound 3. A subsequent click reaction of 2j with compound
1a in the presence of CuI and DIPEA using DCM as a reaction med-
ium furnished compound 4a in good yields.

In conclusion, a number of triazole containing glycosyl azido-
alcohols were prepared by multicomponent click reaction of glyco-
syl alkynes with epichlorohydrin and NaN3 in the presence of
CuSO4�5H2O/NaAsc. These azido-alcohols were further subjected
to Cu-catalyzed click reaction with ethisterone, a naturally occur-
ring steroid alkyne to afford rare bis-triazolyl ethisterone glyco-
conjugates for potential application in androgen receptor (AR)
pharmacology and chemical biology.

3. Experimental

3.1. General methods

All of the reactions were carried out using anhydrous solvents
under an argon atmosphere in one-hour oven-dried glassware at
100 �C. For the reactions in aqueous condition, normal water was
used. All reagents and solvents were of pure analytical grade.
Thin-layer chromatography (TLC) was performed on 60 F254 silica
gel, pre-coated on aluminum plates, and revealed with either a
UV lamp (kmax = 254 nm) or a specific color reagent (iodine
vapors) or by spraying with methanolic H2SO4 solution and sub-
sequent charring by heating at 100 �C. 1H and 13C NMR were
recorded at 300 and 75 MHz, respectively. Chemical shifts were
given in ppm downfield from internal TMS; J values in Hz. Ele-
mental analysis was performed using a C, H, N analyzer and
results were found to be within ±0.4% of the calculated values.
Mass spectra were recorded using electrospray ionization mass
spectrometry (ESI-MS). HR-MS were recorded using TOF MS
ES + 1.74e3. Infrared spectra were recorded as Nujol mulls in
KBr palates.

3.1.1. 3-Azido-1-(4-(methyl-2,3,4-tri-O-benzyl-a-D-galucopyra-
nose-5-yl)oxy]methyl}-1H-1,2,3-triazol-1-yl) propan-2-ol (2i)

In a mixture of epichlorohydrin (2.0 mmol) and methyl-2,3,4-
tri-O-benzyl-5-O-(prop-2-ynyl)-a-D-glucopyranose23 (1.0 mmol),
a solution of NaN3 (4.0 mmol), CuSO4�5H2O (0.1 mmol), and
sodium ascorbate (0.2 mmol) in water was added. The resulting
solution was stirred for 10–12 h at room temperature. After con-
sumption of starting material (monitored by TLC), the reaction
mixture was extracted with ethyl acetate (3 � 15 mL), combined
organic layers were dried over anhydrous Na2SO4, and concen-
trated in vacuo. The resulting residue was purified by flash chro-
matography (SiO2) using gradient mixtures of n-hexane/ethyl
acetate (3:7) as eluent to afford 2i (0.425 g, 50%) as a viscous
liquid; IR (KBr) cm�1: 3402, 2920, 2104, 1715, 1445, 1075; MS:
m/z 667 [M+Na]+; 1H NMR (300 MHz, CDCl3): d 7.56 (s, 1H),
7.33–7.21 (m, 15H), 4.98–4.21 (m, 11H), 4.00–3.94 (m, 2H), 3.80–
3.71 (m, 3H), 3.57–3.46 (m, 2H), 3.37–3.21 (m, 5H); 13C NMR
(75 MHz, CDCl3): d 144.9, 138.6, 138.2, 138.1, 128.4, 128.1, 127.9,
127.9, 127.7, 124.1, 98.2, 81.9, 79.7, 75.7, 74.8, 73.3, 69.9, 69.2,
64.7, 55.1, 53.7, 52.9.
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Scheme 1. Synthesis of bis-triazolyl ethisterone glycoconjugates 4 from triazolyl
azido alcohols 2.
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