
Chinese Chemical Letters 34 (2023) 107438

Contents lists available at ScienceDirect

Chinese Chemical Letters

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

Synthesis of a glucose conjugate of pristimerin and evaluation of its

anticancer activity

Fan Yanga,b, Jie Zhanga, Jiacheng Lib, Wenbo Yeb,c,∗, Ang Lib,∗, Weiwei Hea,∗

a Shanghai Key Laboratory of New Drug Design, School of Pharmacy, East China University of Science and Technology, Shanghai 200237, China
b State Key Laboratory of Bioorganic and Natural Product Chemistry, Center for Excellence in Molecular Synthesis, Shanghai Institute of Organic Chemistry,

University of Chinese Academy of Sciences, Chinese Academy of Sciences, Shanghai 200032, China
c The Research Center of Chiral Drugs, Innovation Research Institute of Traditional Chinese Medicine, Shanghai University of Traditional Chinese Medicine,

Shanghai 201203, China

a r t i c l e i n f o

Article history:

Received 9 December 2021

Revised 12 April 2022

Accepted 12 April 2022

Available online 18 April 2022

Keywords:

Glucose conjugation

Warburg effect

Pristimerin

Extracellular stability

a b s t r a c t

Taking advantage of the Warburg effect in cancer cells, glucose conjugation has emerged as a useful

strategy for targeted delivery of anticancer agents. Pristimerin is a naturally occurring triterpenoid that

displays potent but non-selective cytotoxicity. We developed a convergent and modular approach to con-

struction of glucose−payload conjugates featuring copper-mediated azide−alkyne cycloaddition and pre-

pared a glucose conjugate of pristimerin through this approach. The anticancer activity of this conjugate

was evaluated in cancer cells and normal cells; however, the selectivity toward cancer cells was not sig-

nificantly improved. We then examined the extracellular stability of the conjugate and found that its ester

linkage was cleaved rapidly in Dulbecco’s Modified Eagle’s Medium at 37 °C, which resulted in the release

of pristimerin. In fact, the inorganic components in this medium were sufficient to induce the cleavage.

Given that the subtle difference between intrinsic stability and extracellular stability of the conjugate

linker is often underappreciated, this work highlights the importance of the latter in the development of

target-selective conjugates.

© 2022 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

Most cancer cells rely on aerobic glycolysis, rather than mi-

tochondrial oxidative phosphorylation favored by normal cells, to

generate energy for cellular processes. This phenomenon is known

as the Warburg effect [1–3]. The high rate of aerobic glycolysis in

cancer cells requires a significant increase in glucose uptake [2].

Glucose transporters (GLUTs), a family of membrane proteins that

facilitate the transport of glucose across the plasma membrane,

are overexpressed in a wide range of cancer cells [4]. Of note,

some glucose analogues can also be recognized by GLUTs [5]. For

instance, 2-deoxy-2-[18F]fluoro-d-glucose (18F-FDG), a radiolabeled

glucose analogue, is taken up by cancer cells via GLUTs (in partic-

ular GLUT1 and GLUT3) at a markedly higher rate than by normal

cells, which forms the basis of tumor imaging by positron emis-

sion tomography (PET) in clinical oncology [3]. Based on a similar

mechanism of action, glucose conjugation has been considered a

promising strategy for targeted delivery of anticancer agents [6].

The glucose conjugates of a number of cytotoxic compounds, in-
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cluding those of ifosfamide [7], duocarmycin SA [8], and paclitaxel

[9,10], exhibited improved target selectivity and water solubility.

Tripterygium wilfordii is a Chinese herb known natively as

“Thunder God Vine”. A series of hydrophobic terpenoids with po-

tent but non-selective cytotoxicity have been identified from this

species, including triterpenoids pristimerin [11,12] and celastrol

(tripterine) [13] (1 and 2, Fig. 1) and diterpenoid triptolide [14] (3).

Despite considerable in vitro and in vivo studies, the lack of se-

lectivity toward cancer cells, coupled with the poor water solu-

bility, hampered the evolution of these natural products into anti-

cancer drug candidates [12]. Of note, Liu, Pomper, and co-workers

developed a glucose conjugate of 3, which displayed significantly

improved selectivity and water solubility compared to the natu-

ral product itself [15]. Inspired by this work and in accordance

with our continued interest in triterpenoids [16–18], we devised a

glucose−pristimerin conjugate (4, Fig. 1) to overcome the problems

of 1. This structure embodied the following considerations. (a)

From the payload perspective, esterification of the enol could be a

suitable method for the modification of 1. The C3 hydroxyl group

of 1 had proved critical for its biological activities [19,20]. Cap-

ping this hydroxyl group might help to reduce the side effects of 1

in the extracellular environment. Upon entry into cells, the conju-
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Fig. 1. The structures of anticancer terpenoids pristimerin, celastrol (tripterine), and

triptolide (1–3) and the devised structure of a glucose conjugate of pristimerin (4).

Scheme 1. Preparation of glucose conjugate 4 through a convergent and modular

approach.

gate would be cleaved at the ester linkage by cellular esterases,

releasing the payload. Therefore, this conjugate was expected to

serve as a prodrug to some content [10,15]. (b) From the saccha-

ride perspective, the β-glucoside should remain recognizable for

GLUT1 [5]. (c) From the linker perspective, the 1,4-disubstituted

1,2,3-triazole moiety would arise from an azide fragment and an

alkyne fragment; copper-mediated 1,3-dipolar cycloaddition [21–

25] could be used for convergent and modular assembly of this

type of conjugate. Herein, we report the synthesis of 4 and evalu-

ation of its cytotoxicity in cancer cells and normal cells; however,

the selectivity toward the former was not significantly improved.

The unexpected cleavage of the ester linkage of 4 in the cell cul-

ture medium highlights the importance of extracellular stability of

the conjugate.

Following our experience with the synthesis of hybridaphni-

phylline B [26], we first prepared tetraacetate 5 as a plausible pre-

cursor of 4 (Scheme 1). On one hand, β-d-glucose pentaacetate

(6) underwent a known two-step sequence of glycosylation and

substitution to give compound 7, via 3-bromopropyl β-d-glucoside

Table 1

The cytotoxicity of compound 4 against cancer cells and normal cells.a

Entry Cell line IC50 (μmol/L)

4 1

1 MDA-MB-231 1.49 1.01

2 MDA-MB-231/DDP 0.99 1.54

3 SMMC-7721 2.78 1.97

4 QGY-7703 5.56 2.34

5 L-02 4.61 3.60

6 Hep G2 1.73 0.93

7 Hep G2b 1.00 −
a The cells were incubated with 4 at various concentrations (0–10 μmol/L) for

24h. Pristimerin (1) was used as a control.
b In the presence of GLUT1 inhibitor WZB117.

Table 2

The extracellular stability of enol esters 4, 5 and 9.a

Entry Medium Ester 4 Ester 5 Ester 9

1 water stable stable stable

2 DMEM/FBSb unstable unstable unstable

3 DMEM unstable unstable unstable

4 aq. inorganicsc unstable stable stable

a The media containing the indicated compounds were incubated at 37 °C for 4h.

The release of 1 resulting from the ester linkage cleavage was examined by 1H NMR

and TLC analysis.
b 10% v/v FBS.
c The aqueous solution of the inorganic salts in DMEM (Table S1 in Supporting

information).

tetraacetate [27] as an intermediate. On the other hand, treatment

of 1 with acyl chloride 8 in the presence of Et3N provided enol

ester 9 with excellent efficiency [28]. Under the 1,3-dipolar cy-

cloaddition conditions (CuI, Et3N) modified from those used in our

one-pot triflate elimination−cycloaddition protocol [29], 5 was ob-

tained from 7 and 9 in good yield. However, global deacetylation of

5 resulted in undesired cleavage of the enol ester, even under the

mild conditions (Et3N, MeOH, water) used for our synthesis of hy-

bridaphniphylline B [26,30]. We then had recourse to fully deacety-

lated precursor 10 derived from 6 (Scheme 1) [31]. To our delight,

the [3+2] cycloaddition reaction of 10 and 9 proceeded smoothly

to afford target molecule 4. From a broad perspective, these efforts

established a convergent and modular approach to preparation of

glucose−payload conjugates.

We then evaluated the cytotoxicity of 4 in a number of human

cancer cell lines and a human fetal hepatocyte line (L-02), using

1 as a control (Table 1 and Fig. S1 in (Supporting information).

This glucose conjugate displayed potent inhibitory activity against

triple-negative breast cancer (TNBC) MDA-MB-231 and cisplatin-

resistant MDA-MB-231 (MDA-MB-231/DDP) cells and hepatocellu-

lar carcinoma (HCC) SMMC-7721 and QGY-7703 cells (Table 1, en-

tries 1–4). However, its cytotoxicity against L-02 cells (entry 5) was

not reduced as expected. The significant similarity between the cy-

totoxicity profiles of 4 and 1 implied that the glucose conjugation

did not improve the selectivity toward cancer cells. Intrigued by

the cause of this unsatisfactory selectivity, we investigated whether

4 could be effectively delivered into cancer cells via GLUTs. From-

mer and colleagues reported that HCC Hep G2 cells rely predomi-

nantly on GLUT1 for glucose uptake [32]. If 4 enters Hep G2 cells

via GLUT1, WZB117 [33], a GLUT1 inhibitor, should be able to an-

tagonize the anticancer effect of this glucose conjugate [15]. How-

ever, when Hep G2 cells were co-treated with 4 and WZB117, the

potency of the former remained unaffected (entry 6 versus entry

7). These results suggested that 4 was not effectively taken up by

cancer cells and might have been hydrolyzed extracellularly to re-

lease 1.

We continued to examine the extracellular stability of 4, 5, and

9 (Table 2), all of which possess enol ester motifs. A series of media
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containing these compounds were incubated at 37 °C for 4h. Not

surprisingly, all the compounds were stable in water (Table 2, en-

try 1), which verified the intrinsic stability of their ester linkages.

However, Dulbecco’s Modified Eagle’s Medium (DMEM) with and

without Fetal Bovine Serum (FBS) both resulted in the release of 1

from the compounds (entries 2 and 3). This may be attributable to

the ester cleavage mediated by amine nucleophiles in the media.

Interestingly, the inorganic components in DMEM (including CaCl2
and MgCl2; see Supporting information for details) were found to

be sufficient to induce the cleavage of the ester linkage of 4 but

not to affect 5 and 9 (entry 4). We postulated that aquated Ca2+

or Mg2+ might be transiently enriched by the glucose moiety of 4

via its multiple hydroxyl groups and then serve as a local promoter

of the enol ester hydrolysis.

In summary, we developed a convergent and modular ap-

proach to constructing glucose conjugates of anticancer agents and

prepared glucose−pristimerin conjugate 4 through this approach.

Compared to the payload (1), this conjugate did not exhibit signif-

icantly improved selectivity toward cancer cells as expected. Fur-

ther investigations revealed that the inorganic salts in DMEM were

sufficient to induce the cleavage of its ester linkage and the re-

lease of 1 in the extracellular environment. This work points to

the need for proper evaluation of extracellular stability in the de-

velopment of glucose−payload conjugates as well as other types of

target-selective conjugates. The study of the next-generation glu-

cose conjugates of 1 is underway in our laboratories.

Declaration of competing interest

The authors declare that they have no known competing finan-

cial interests or personal relationships that could have appeared to

influence the work reported in this paper.

Acknowledgments

This paper is dedicated to Prof. Guo-Qiang Lin. This work

was supported by Ministry of Science and Technology (Na-

tional Key Research and Development Program of China, No.

2018YFA0901900), National Natural Science Foundation of China

(Nos. 21931014, U2002221, 21772225, 21572064, 81502956 and

21621002), Chinese Academy of Sciences (Strategic Priority Re-

search Program, No. XDB20000000; International Partner Program,

No. 121731KYSB20190039; Key Research Program of Frontier Sci-

ences, No. QYZDB-SSW-SLH040), Science and Technology Commis-

sion of Shanghai Municipality (Nos. 20430713400, 17XD1404600

and JCYJ-SHFY-2022–005).

Supplementary materials

Supplementary material associated with this article can be

found, in the online version, at doi:10.1016/j.cclet.2022.04.036.

References

[1] O. Warburg, Science 123 (1956) 309–314.

[2] S.Y. Lunt, M.G. Vander Heiden, Annu. Rev. Cell Dev. Biol. 27 (2011) 441–464.
[3] S.J. Bensinger, H.R. Christofk, Semin. Cell Dev. Biol. 23 (2012) 352–361.

[4] M.L. Macheda, S. Rogers, J.D. Best, J. Cell Physiol. 202 (2005) 654–662.

[5] S.S. Yuan, M.L. Li, J.S. Chen, L. Zhou, W. Zhou, ChemMedChem 13 (2018)
764–778.

[6] E.C. Calvaresi, P.J. Hergenrother, Chem. Sci. 4 (2013) 2319–2333.
[7] J. Pohl, B. Bertram, P. Hilgard, et al., Cancer Chemother. Pharmacol. 35 (1995)

364–370.
[8] L.F. Tietze, F. Major, I. Schuberth, Angew. Chem. Int. Ed. 45 (2006) 6574–6577.

[9] T. Mandai, H. Okumoto, T. Oshitari, et al., Heterocycles 54 (2001) 561–566.

[10] Y.S. Lin, R. Tungpradit, S. Sinchaikul, et al., J. Med. Chem. 51 (2008) 7428–7441.
[11] A.B. Kulkarni, R.C. Shah, Nature 173 (1954) 1237–1238.

[12] J.J. Li, Y.Y. Yan, H.M. Sun, et al., Front. Pharmacol. 10 (2019) 746.
[13] G. Lan, J. Zhang, W. Ye, et al., Sci. China Chem. 62 (2019) 409–416.

[14] Z.L. Zhou, Y.X. Yang, J. Ding, Y.C. Li, Z.H. Miao, Nat. Prod. Rep. 29 (2012)
457–475.

[15] Q.L. He, I. Minn, Q. Wang, et al., Angew. Chem. Int. Ed. 55 (2016) 12035–12039.

[16] J. Li, P. Yang, M. Yao, J. Deng, A. Li, J. Am. Chem. Soc. 136 (2014) 16477–16480.
[17] P. Yang, M. Yao, J. Li, Y. Li, A. Li, Angew. Chem. Int. Ed. 55 (2016) 6964–6968.

[18] P. Yang, J. Li, L. Sun, et al., J. Am. Chem. Soc. 142 (2020) 13701–13708.
[19] W.G. Shan, H.G. Wang, Y. Chen, et al., Bioorg. Med. Chem. Lett. 27 (2017)

3450–3453.
[20] Z. Chen, D. Zhang, S. Yan, et al., Eur. J. Med. Chem. 177 (2019) 171–187.

[21] V.V. Rostovtsev, L.G. Green, V.V. Fokin, K.B. Sharpless, Angew. Chem. Int. Ed. 41

(2002) 2596–2599.
[22] C.W. Tornøe, C. Christensen, M. Meldal, J. Org. Chem. 67 (2002) 3057–3064.

[23] M. Meldal, C.W. Tornøe, Chem. Rev. 108 (2008) 2952–3015.
[24] J.E. Hein, V.V. Fokin, Chem. Soc. Rev. 39 (2010) 1302–1315.

[25] W.Y. Lu, X.W. Sun, C. Zhu, J.H. Xu, G.Q. Lin, Tetrahedron 66 (2010) 750–757.
[26] W. Zhang, M. Ding, J. Li, et al., J. Am. Chem. Soc. 140 (2018) 4227–4231.

[27] J.A.F. Joosten, V. Loimaranta, C.C.M. Appeldoorn, et al., J. Med. Chem. 47 (2004)
6499–6508.

[28] H. Sun, L. Xu, P. Yu, et al., Bioorg. Med. Chem. Lett. 20 (2010) 3844–3847.

[29] Y. Chen, L. Liu, D. Wu, Y.P. He, A. Li, Chin. Chem. Lett. 30 (2019) 269–270.
[30] I.K. Mangion, D.W.C. MacMillan, J. Am. Chem. Soc. 127 (2005) 3696–3697.

[31] A.K. Yadav, D.L. Shen, X. Shan, et al., J. Am. Chem. Soc. 137 (2015) 1181–1189.
[32] H. Takanaga, B. Chaudhuri, W.B. Frommer, Biochim. Biophys. Acta 1778 (2008)

1091–1099.
[33] W. Zhang, Y. Liu, X. Chen, S.C. Bergmeier, Bioorg. Med. Chem. Lett. 20 (2010)

2191–2194.

3




