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Click Glycosylation for the Synthesis of
1,2,3-Triazole-Linked Picropodophyllotoxin
Glycoconjugates and Their Anticancer Activity
Cheng-Ting Zi+,[a] Liu Yang+,[b] Wei Gao,[b] Yan Li,[b] Jun Zhou,[b] Zhong-Tao Ding,[c] Jiang-
Miao Hu,*[b] and Zi-Hua Jiang*[d]

Cu(I)-catalyzed azide-alkyne cycloaddition (CuAAC) reaction
was employed successfully to prepare a series 4b-triazole-linked
picropodophyllotoxin glycoconjugates (25 – 34). Maltose
residue, 1,6-b-D-diglucose residue, and several triazole-linked
disaccharide and trisaccharide residues were coupled to 4b-
azido-podophyllotoxin derivatives through click glycosylation
strategy. The initial click glycosylation products were treated
with catalytic amount of NaOCH3 to facilitate global deacylation
and epimerization at C-2 position to yield the cis-g-lactone
moiety in the picropodophyllotoxin glycoconjugates. Most of
these picropodophyllotoxin glycoconjugates show weak cyto-
toxicity (IC50 > 40 mM) against a panel of five human cancer cell

lines (HL-60, SMMC-7721, A-549, MCF-7, SW480) as indicated by
in vitro MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazo-
lium bromide] assay. However, compound 27 that contains a
1,6-b-D-di-glucose residue displays strong anticancer activity
against all cancer cell lines tested, with IC50 values ranging from
0.67 to 7.41 mM, which is significantly more potent than the
control drug etoposide against four of the five cancer cells
tested. Structure activity relationship analysis suggests that the
4’-O-methyl group on the E ring of podophyllotoxin scaffold is
perhaps important for the anticancer activity of glycosylated
picropodophyllotoxin derivatives with a cis-g-lactone moiety.

Introduction

The Cu(I)-catalyzed azide-alkyne cycloaddition (CuAAC) reac-
tion, popularly known as the click reaction, is a powerful means
for linking a terminal alkyne with an organic azide to generate
in a regioselective manner the corresponding 1,4-disubstituted
1,2,3-triazole exclusively.[1, 2] The Cu(I)-catalyzed click reaction
has recently emerged as one of the most powerful tools in
drug discovery, chemical biology, and materials science.[3–6] The
reaction has also found applications in the field of carbohydrate
chemistry,[7] which allows the linking of a carbohydrate with

another carbohydrate or non-carbohydrate unit. A large
number of glycosylated compounds have been synthesized
from smaller building blocks by click reaction, e. g., N-glycosyl-
triazoles,[8–10] cyclodextrins,[11] glycodendrimers,[12, 13] and glyco-
polymers.[14] Recently Lo Conte et al. reported the synthesis of a
set of 1,6-a-D-oligomannosides having the 1,2,3-triazole ring as
the interglycosidic linker through click glycosylation strategy
using mannose-based alkyne and azide.[15] These triazole-linked
oligomannosides showed variable inhibitory activity against
mycobacterial a-(1,6)-mannosyltransferases.

Podophyllotoxin (1, Figure 1), an aryl tetralin lignan found
mainly in podophyllum peltatum and podophyllum hexan-
drum,[16, 17] is a potent inhibitor of microtubule assembly. Due to
its many side effects such as nausea, vomiting and damage of
normal tissues, attempts to use podophyllotoxin in cancer
chemotherapy have been mostly unsuccessfully.[18] However, its
semisynthetic glycosylated derivative etoposide (2, Figure 1) is
a clinically useful drug against various cancers, including small-
cell lung cancer, non-Hodgkin’s lymphoma, leukemia, Kaposi’s
sarcoma, neurobslastoma and soft tissue sarcoma.[18, 19] Etopo-
side functions as an inhibitor of DNA topoisomerase II by
forming a ternary complex with DNA and the enzyme,
preventing the re-ligation of DNA strands.[20] Picropodophyllo-
toxin (3, Figure 1) is an epimer of podophyllotoxin with a 2,3-
cis-fused g-lactone and also exhibits potent anticancer activity.
Picropodophyllotoxin was found to efficiently block the activity
of insulin-like growth factor-1 receptor (IGF-1R) which plays a
vital role in transformation, growth, and survival of malignant
cells and has emerged as a general and promising target for
cancer treatment.[21] It was also found to reduce pAkt and
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phosphorylated extracellular signal regulated kinase 1 and 2
(pErk1/2), induce apoptosis in cultured IGF-1R-positive tumor
cells, and cause complete tumor regression in xenografted and
allografted mice.[21] Strömberg et al. showed the in vitro growth
inhibitory effect of picropodophyllotoxin using a panel of 13
multiple myeloma cell lines and freshly purified tumor cells
from 10 patients with multiple myeloma.[22] Interestingly, in
contrast to podophyllotoxin, picropodophyllotoxin is almost
nontoxic (LD50>500 mg/kg in rodents),[23–25] suggesting its
promising potential as an anticancer agent for clinical use.
Furthermore, the anticancer activity of picropodophyllotoxin
glycosides has also been reported. For example, 4’-demethylpi-
cropodophyllotoxin 4-O-b-D-glucopyranoside (4, Figure 1)[26]

isolated from the rhizomers of Sinopodophyllum emodi (Wall.)
showed cytotoxic effects in human carcinoma cell lines,
inhibited tumour cell growth and induced apoptosis. Despite
the promising potential of picropodophyllotoxin as an anti-
cancer agent, studies on picropodophyllotoxin-derived ana-
logues, especially those having sugar residues, and their
anticancer activity are quite limited.[27]

Due to their unique physical, chemical and biological
properties, the incorporation of carbohydrate scaffolds in the
design and synthesis of new molecular entities has attracted
much attention in recent years in drug discovery research.[28]

The conjugation of glucose to anticancer drugs has been
exploited as a strategy to reduce the side effects and improve
the efficacy of such drugs[29] since cancer cells take up more
glucose than normal cells as a result of abnormal glucose
metabolism in cancer cells.[29, 30] Mishra et al recently reported a
number of noscapine glycoconjugates inspired by Cu(I)-
catalyzed click chemistry in order to improve the therapeutic

efficacy of noscapine as an antitussive and antitumour agent.[31]

Previously, we reported a group of glucosylated 1,2,3-triazole-
podophyllotoxin derivatives, some of which showed promising
anticancer activity.[32] In this paper, we describe the synthesis
and anticancer property of a group of picropodophyllotoxin
glycoconjugates (5, Figure 1) which are readily accessible by
linking multiple glucose residues through click glycosylation
strategy.

Results and Discussion

Chemistry

The synthetic route to alkynyl and/or azido monosaccahride
building blocks for the CuAAC reactions is depicted in
Scheme 1. The building blocks 6,[33] 7[34], 8[33] and 9[33] were
prepared according to known procedures. The synthesis of
compounds 10 and 11 was based on a similar method reported
earlier[35, 36] and slightly modified. Thus, compound 7 was
selectively benzoylated at low temperature with BzCl in
pyridine to give 2,3,6-tri-O-benzoyl intermediate 10, which was
treated with Tf2O in pyridine-CH2Cl2 (1:12) at –20 oC, followed
by the treatment with NaN3 in DMF providing the azido
building block 11 in 60 % yield. The inversion of the config-
uration at C-4 in 11 was confirmed by the coupling constant
between H-3 and H-4 (J3,4), which was 4.0 Hz as observed for
the signal at d 5.60 ppm (dd, 1H, J = 4.0 Hz, 10.0 Hz, H-4) for
compound 11.

The synthesis of disaccharide building blocks for click
reactions is depicted in Scheme 2. Propargyl glycoside of
peracetylated maltose (12) was synthesized with a yield of 94 %

Figure 1. Structures of podophyllotoxin 1,
etoposide 2, picropodophyllotoxin 3, 4’-
demethylpicropodophyllotoxin 4-O-b-D-
glucopyranoside 4, and designed picropo-
dophyllotoxin glycoconjugates 5.
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in two steps by first treating maltose with acetic anhydride and
sodium acetate to provide the peracetylated maltose, which
was glycosylated with propargyl alcohol in the presence of
boron trifluoride diethyl etherate (BF3·Et2O) as the catalyst. In
order to prepare b-1,6-linked glucosyl disaccharide building
block 16, compound 7 was treated with trityl chloride in the
presence of 4-dimethylaminopyridine (DMAP) in pyridine and
then with acetic anhydride and pyridine to give 13 in 96 %
yield. Acid catalyzed removal of the trityl group in 13 yielded
the glycosylation acceptor 14 in 90 % yield. The glycosylation
reaction of 14 with trichloroacetimidate 15[37] in the presence
of BF3·Et2O as the catalyst at –78 oC afforded alkynyl
disaccharide 16 in 70 % yield.

With several alkynyl and/or azido monosaccharide building
blocks on hand, we now turn our attention to the preparation
of disaccharide and trisaccharide terminal alkynes through click
glycosylation reaction. On the basis of previous reports on the
CuAAC reaction, we choose CuSO4·5H2O and sodium ascorbate
as the coupling reagents and have the reaction taken place at
room temperature for 4 h in t-BuOH:H2O (1:2) as the solvent.[1, 2,

38] Under these conditions, alkyne 6 was coupled with azide 9
and 11 to give 1,2,3-triazole-linked disaccharide 17 and 18 in
89 % and 81 %, respectively (Scheme 3). Similarly, the click
reaction between alkyne 8 and azide 9 provided the coupled
compound 19 in 82 % yield. The treatment of 19 with NaN3 in
DMF at 60 oC gave the azide building block 20, which was
subjected to CuAAC reaction with alkyne 6 to form the
trisaccharide 21 in 89 % yield as the only product. It is
interesting to note that although building block 9, 11 and 20
are all bifunctioanl, each of which contains an alkynyl group
and an azido group, no addition product resulted from the
participation of the alkynyl group in 9, 11 or 20 has been
detected in significant amount in any of these click reactions.
The reason behind the observed regioselectivity is unclear.

It is well documented that the trans-fused g-lactone ring in
podophyllotoxin can readily undergo base-catalyzed epimeriza-
tion to form the more stable cis-fused g-lactone.[39, 40] A mild
basic condition such as CH3CO2Na is sufficient to promote the
isomerization at C-2 position of the podophyllotoxin scaffold.[41]

In order to find out the best condition for the epimerization

Scheme 1. Reagents and conditions: (a): BzCl,
pyridine, –40 oC, 30 min (30 %). (b): i. Tf2O,
pyridine- CH2Cl2 (1:12), –20 oC; ii. NaN3, DMF
(60 %).

Scheme 2. Synthesis of disaccharide building blocks for click reaction: (a): i. acetic anhydride, NaOAc, 100 oC, 20 min (quant.); ii. propargyl alcohol, BF3·Et2O, CH2

Cl2, rt, 12 h (94 %). (b): Ph3CCl, DMAP, pyridine, 80 oC, 2.5 h (53 %). (c): acetic anhydride, pyridine, rt, 16 h (96 %). (d): CH3OH, PTSA, rt, 5 h, (90 %). (e): BF3·Et2O, CH2

Cl2, –20 oC, 10 h (70 %).
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reaction, we first tried the treatment of non-glycosylated azide
22 with NaOCH3 (0.3 equiv.) in dry methanol (Scheme 4), a
condition that we anticipated to be efficient for the simulta-
neous removal of all acetyl/benzoyl groups on the sugar
residues. The reaction time and temperature seem to affect the
degree of epimerization and consequently the yield of the
epimerized product 23 (Table 1). At room temperature, a 24 h
reaction leads to the complete epimerization of 22 and an

isolated yield of 85 % could be obtained for the epimerized
product (Entry 3). At reflux temperature, the epimerization
proceeds at a much faster rate: reflux for 2 h leads to nearly
complete epimerizaton of the starting material (Entry 4).
Prolonged reaction time under reflux condition (Entry 4 and 5)
does not result in much increase in the yield of the epimerized
product. The epimerized product 23 and the starting material
22 could be readily separated through flash chromatography
and distinguished by their NMR data. Most importantly, in the
13C-NMR spectra, the carbonyl carbon (C-12) of the cis-lactone
moiety in 23 shows a characteristic signal at 178 ppm while
that of the trans-lactone moiety in 22 at around 174 ppm.[42, 43]

In all cases (Entry 1–6), a minor by-product was also
detected, which showed a molecular weight of 18 units higher
than compound 22 as evidenced by its MS data (m/z 462, [M +

Na]+). The structure of this by-product has not been confirmed,
but presumably it is the carboxylic acid 23-I (Scheme 4)
resulted from the hydrolysis of the lactone ring due to wetness
associated with the reaction. Among all the tested reaction
conditions, the treatment at room temperature for 24 h (Entry

Scheme 3. Synthesis of terminal-alkyne
blocks for Click reaction: (a): CuSO4·5H2O,
sodium ascorbate, t-BuOH:H2O (1:2), 4 h
(81 %–89 %). (b): NaN3, DMF, NaI, 60 oC, 48 h
(67 %).

Scheme 4. Reagents and conditions: (a): CH3ONa
(0.3 equiv.), CH3OH, rt or reflux.

Table 1. Effect of reaction time and temperature on the yield of
epimerization from 22 to 23.

Entry t (h) T (8C) Yielda (%)

1 2 25 36
2 8 25 76
3 24 25 85
4 2 reflux 64
5 8 reflux 70
6 24 reflux 72

a Isolated yield (%) after column chromatography (SiO2).
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3) provides the highest isolated yield of the epimerized product
23; hence this condition is to be used for the deacylation and
epimerization process in the preparation of picropodophyllo-
toxin glycoconjugates in our subsequent synthesis.

The podophyllotoxin-derived azides 22 and 24[44, 45] were
allowed to react with the above glycosylated terminal alkynes
12, 16–18 and 21 in the presence of CuSO4·5H2O, sodium
ascorbate in t-butyl alcohol–water (1:2) to provide click addition
products (Figure 2). Each of the click addition products was
treated with CH3ONa (0.3 equiv.) in CH3OH at room temperature
for 24 h to facilitate the global deacylation on the sugar
residues and the epimerization at C-2 position of the

podophyllotoxin scaffold to yield picropodophyllotoxin glyco-
conjugates 25–34 in good yield (Figure 2).

All the products were characterized by 1H-NMR, 13C-NMR,
ESI-MS, and HRESI-MS spectral data. In the 1H-NMR spectra, the
formation of triazole ring(s) was confirmed by the resonance of
C5’’-H signal (d 7.79–8.16 ppm) of the triazole ring in the
aromatic region. The structure was further confirmed by the
13C-NMR spectra, which showed the carbon signals at around
145 ppm (dC-4’’) and 126 ppm (dC-5’’) corresponding to the 1,4-
disubstituted 1,2,3-triazole residue(s). In the 13C-NMR spectra, all
compounds (25 – 34) show a characteristic signal at around
180 ppm for the carbonyl carbon (C-12), indicating a cis-lactone
moiety of the podophyllotoxin scaffold.[43] ESI-MS and HRESI-MS

Figure 2. Reagents and conditions: (a) CuSO4·5H2O, sodium ascorbate, t-BuOH:H2O (1:2), 4 h, rt. (b) CH3ONa, CH3OH, rt, 24 h.
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of all compounds showed the [M + Na]+ or [M + H]+ adduct
as the molecular ion.

Anticancer Activity

All the 4b-triazole-linked picropodophyllotoxin glycoconjugates
25–34 were tested for their anticancer activity against five
human cancer cell lines, including HL-60 (leukemia), SMMC-
7721 (hepatoma), A-549 (lung cancer), MCF-7 (breast cancer),
and SW480 (colon cancer). Etoposide (2) and cisplatin were
taken as reference compounds and the anticancer activity data
are presented in Table 2. Most of these compounds show weak

cytotoxicity (IC50 > 40 mM). However, compound 27 shows
strong anticancer activity against all cancer cell lines tested,
with IC50 values ranging from 0.67 to 7.41 mM, which is
significantly more potent than the control drug etoposide
against four of the five cancer cells. It is interesting to note that
the 4’-O-demethylated analog 28 (IC50 of > 40 mM) is much less
active than 27, indicating that this 4’-O-methyl group is
perhaps important for the anticancer activity of glycosylated
picropodophyllotoxin derivatives with a cis-g-lactone moiety.

Conclusion

In conclusion, we employed the Cu(I)-catalyzed azide-alkyne
cycloaddition (CuAAC) reaction to efficiently link a terminal
glycosyl alkyne with an azido-functionalized compound (click
glycosylation). Maltose, 1,6-b-D-di-glucose, and several triazole-
linked disaccharide and trisaccharide residues were efficiently
coupled with 4b-azido-podophyllotoxin 22 and 4b-azido-4’-O-
demethylpodophyllotoxin 24 through click glycosylation strat-
egy, which is followed by a base-catalyzed epimerization
reaction to yield a series of 4b-triazole-linked picropodophyllo-
toxin glycoconjugates. All compounds were screened for
anticancer activity against a panel of five human cancer cell
lines including HL-60 (leukemia), SMMC-7721 (hepatoma), A-
549 (lung cancer), MCF-7 (breast cancer), and SW480 (colon
cancer). Compound 27 with a b-1,6-linked di-glucose residue
shows strong anticancer activity against all five cancer cell lines

tested, with IC50 values ranging from 0.67 to 7.41 mM, which is
significantly more active than the control drug etoposide
currently in clinical use.

Supporting Information

Experimental details for the preparation of all compounds, their
spectral data and bioassay procedures are available in the
Supporting Information associated with this paper.
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