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Novel nucleoside–Cinchona alkaloid conjugates were synthesized using ‘click’ chemistry approach based
on the copper(I) catalyzed Huisgen azide–alkyne cycloaddition. Two series of conjugates were prepared
employing 30-azido-30-deoxythymidine (AZT) as the azide component and the four 10,11-didehydro Cin-
chona alkaloids as well as their 9-O-propargyl ethers as the alkyne components. All obtained conjugates
showed strong fluorescence emission and some of them exhibited marked cytotoxic activity in vitro.

� 2010 Elsevier Ltd. All rights reserved.
Several 20,30-dideoxynucleosides, including 30-azido-30-deoxy-
thymidine (AZT, zidovudine), have been used as antiretroviral drugs
for the treatment of acquired immunodeficiency syndrome (AIDS).1

In addition, there are some examples of application of AZT as an anti-
tumor agent in the therapy of advanced colon cancer.2 Wagner and
co-workers also reported activity of AZT phosphoramidates against
breast cancer.3 On other hand, the major member of Cinchona alka-
loids—quinine remained the antimalarial drug of choice until the
1940s and it is still used to treat chloroquine- and multidrug-resis-
tant Plasmodium falciparum malaria.4 Quinidine, a diastereoisomer
of quinine, is widely used as an antiarrhythmic drug.5 Apart from
their pharmacological applications, quinine and quinidine display
significant fluorescence emission owing to the presence of aromatic
6-methoxyquinoline ring and quinine sulfate is used routinely as a
fluorescence quantum yield standard.6

In 2001 Sharpless and his co-workers introduced the ‘click’ chem-
istry concept and defined the criteria for ‘click’ reactions such as:
wide in scope, high yield, modularity, ready available starting mate-
rials and reagents as well as simple reaction conditions.7 Meldal8 and
Sharpless9 independently established in 2002 that the Huisgen 1,3-
dipolar cycloaddition reaction of organic azides and terminal
alkynes could be efficiently catalyzed by copper(I) ions and thus per-
formed at room temperature, resulting in the exclusive formation of
1,4-regioisomers of 1,2,3-triazole. This discovery had a tremendous
impact on the development of conjugate synthesis of various organic
compounds with azide and terminal alkyne functional groups. Thus,
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the copper(I) catalyzed azide–alkyne cycloaddition soon became the
premier ‘click’ chemistry reaction.10 ‘Click’ chemistry has also been
recognized as valuable synthetic tool in the field of nucleosides,
nucleotides, and DNA11 since their azido and alkyne derivatives
are readily accessible. However most of the published work focused
on the preparation of nucleotide analogues or relatively simple
nucleotide hybrids12 and artificial linear or cyclic modified DNAs.13

Less attention has been paid to the construction of functional hy-
brids consisting of nucleosides linked with other complex molecules
such as natural products or fluorescence indicators which is crucial
to the overall conjugate properties.14 On other hand Cinchona alka-
loids have been only rarely conjugated with other bioactive frag-
ments15 but to the best of our knowledge, nucleoside–Cinchona
alkaloid hybrids linked with 1,2,3-triazole spacer have not been re-
ported so far. It is worth adding that some successful attempts at
the synthesis of 1,2,3-triazole modified nucleosides, using the Huis-
gen reaction, were reported prior to the advent of ‘click’ chemistry.16

The aim of our study was to synthesize novel nucleoside conju-
gates of Cinchona alkaloids with potential antiviral or anticancer as
well as fluorescent properties. We expected that due to the
presence of Cinchona alkaloid fluorophore its conjugates could
potentially serve as reporter group for detection of DNAs.17 Here,
we report the synthesis of nucleoside–Cinchona alkaloid conjugates
using ‘click’ chemistry approach based on the copper(I) catalyzed
1,3-dipolar Huisgen cycloaddition reaction. Two series of conju-
gates were prepared employing 30-azido-30-deoxythymidine (1)
as the azide component and 10,11-didehydro Cinchona alkaloids
2a–d as well as 9-O-propargyl Cinchona ethers 4a–d as the alkyne
components.
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Scheme 1. Synthesis of 30-azido-30-deoxythymidine–10,11-didehydro Cinchona alkaloid conjugates 3a–d. Reagents and conditions: (i) CuSO4 (10 mol %), sodium ascorbate
(40 mol %), THF/H2O (3:1, v/v), rt, 12 h.
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The first series of conjugates 3a–d was synthesized by reaction
of 30-azido-30-deoxythymidine (1)18 with 10,11-didehydroquinine
(2a)19 and other 10,11-didehydro Cinchona alkaloids 2b–d in the
presence of copper(I) cations generated in situ from copper(II) sul-
fate and sodium ascorbate in THF–water (Scheme 1).20

The reaction afforded the corresponding conjugates 3a–d as the
single products in around 70% yield. It should be noted that the yield
of conjugates 3a–d is strongly dependent on the pH of the reaction
mixture. Due to the high basicity of the modified Cinchona alkaloids
a pH of the water–THF reaction mixture was around 8 and the yields
of 70–75% were observed. Lowering the pH to 7 by addition of hydro-
chloric acid resulted in higher yields of 80–85%. A further decrease of
the pH, however, led to reduction in the reaction yield.

We have also investigated the effect of organic co-solvent on
the yield of the ‘click’ reaction. When t-butanol was used instead
of THF, only a small decrease in the yield was observed. The reac-
tion was also carried out using the Meldal procedure employing
copper(I) iodide as a catalyst, and diisopropylethylamine (DIPEA)
HN

N

O

CH3

O
OHO

N3

+

N

R

N
O

8

9

4a: (8S,9R), R = OCH
4b: (8R,9S), R = OCH
4c: (8S,9R), R = H
4d: (8R,9S), R = H

1

Scheme 2. Synthesis of 30-azido-30-deoxythymidine-9-O-propargyl Cinchona alkaloid c
(40 mol %), THF/H2O (3:1, v/v), rt, 12 h.
as a base in THF or acetonitrile but no expected improvement in
the yield of 3a was observed (60% yield). Although crude products
3a–d could be precipitated from reaction mixture by addition of
water it was more expedient to purify the products by silica gel
column chromatography to remove traces of the starting materials
and copper complexes.

The second series of conjugates 5a–d was synthesized by the
Huisgen cycloaddition of 30-azido-30-deoxythymidine (1) with 9-
O-propargylquinine (4a)21 and its congeners 4b–d using similar pro-
cedure involving copper(I) cations generated in situ from copper(II)
sulfate and sodium ascorbate in THF–water medium (Scheme 2).20

This reaction also proceeded cleanly giving the corresponding prod-
ucts 5a–d in 70–80% yield after column chromatography.

Fluorescence emission spectra (measured in acetonitrile) of
starting 10,11-didehydro and 9-O-propargyl Cinchona alkaloids
(compounds 2a–b and 4a–b, respectively) show strong emission
band with the maximum centered at about 360 nm on excitation
at 320 nm (Fig. 1). The fluorescence spectra of the respective
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Table 1
Quantum yield of fluorescence of Cinchona alkynes 2a–b and 4a–b
and their conjugates 3a–b and 5a–b calculated using 0.1 M
quinine sulfate as standard (U = 0.53)

Compound UT
a

2a 2.34 � 10�2

2b 1.74 � 10�2

3a 4.334 � 10�2

3b 2.997 � 10�2

4a 3.96 � 10�2

4b 2.77 � 10�2

5a 7.198 � 10�2

5b 7.784 � 10�3

For other condition see Figure 1.
a Total quantum yield of fluorescence calculated from the

whole spectrum.

Table 2
Cytotoxic activity of conjugates 3a–d and 5a–d against
KB human cancer cells

Compound ED50
a (lg/mL)

3a 1.3
3b 12
3c 11.6
3d 21
5a 2.1
5b 3.9
5c >100
5d >100
Cytosine arabinoside (standard) 0.99

a ED50 concentration of compound inhibiting by 50%
protein biosynthesis in the cell line population.
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Figure 1. Fluorescence emission spectra of Cinchona alkynes 2a–b and 4a–b (upper panel, left and right column, respectively) and their conjugates 3a–b and 5a–b (bottom
panel, left and right column, respectively) all spectra measured in acetonitrile (c = 1 � 10�5 mol/L) on excitation at 320 nm.
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nucleoside–Cinchona alkaloid conjugates 3a–b and 5a–b show
similar characteristics both with respect to the emission wave-
length and quantum yield (Table 1). For most conjugates a strong
emission band with maximum centered at about 365 nm (Fig. 1)
was observed indicating Cinchona 6-methoxyquinoline fluoro-
phore presence. Somewhat unexpectedly, decrease in the intensity
of the fluorescence emission was observed only for conjugate 5b
and it is likely to be due to the favoured spatial arrangement of
the quinidine moiety and quenching effect of interacting nucleo-
base thymine.22 These thymidine–Cinchona alkaloid conjugates
3a–b and 5a–b can be incorporated into DNA oligonucleotides at
the 30-end and their strong light emission make them promising
fluorescent markers.

The in vitro cytotoxic activity of conjugates 3a–d and 5a–d was
studied in human KB (nasopharynx carcinoma) tumor tissue culture
using cytosine arabinoside (ED50 = 0.99 lg/mL) as a standard (Ta-
ble 2).23 In the first series of conjugates 3a–d the most active
was compound 3a (ED50 = 1.3 lg/mL) the other compounds
showed only a moderate activity (ED50 = 11.6–21 lg/mL). In the
second series of conjugates 5a–d the highest activity exhibited
compounds 5a (ED50 = 2.1 lg/mL), compound 5b showed some-
what reduced activity (ED50 = 3.9 lg/mL) whereas 5c and 5d
proved inactive. The findings show that despite different attach-
ment site of Cinchona alkaloid pharmacophore to nucleoside moi-
ety, there are some representative of both type conjugates (3a v.
5a and 5b) which exhibit considerable level of cytotoxicity.

In conclusion, two series of conjugates of 30-azido-30-deoxythy-
midine (1) and 10,11-didehydro Cinchona alkaloids 2a–d as well as
9-O-propargyl Cinchona alkaloids 4a–d were synthesized in good
yields using the copper(I) catalyzed Huisgen azide–alkyne cycload-
dition. Conjugates 3a–d and 5a–d showed significant fluorescence
emission with potential applicability as fluorescent markers. In
addition, conjugates 3a and 5a–b also exhibited promising cyto-
toxic activity in vitro.
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