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OSW-1 is a well-known natural saponin with potent antitumor activities. We have designed and prepared a small library of 22 OSW-1 analogues with a 
variety of p-acylamino-benzoyl groups installed at C2’’ of the xylose residue, wherein a regioselective (1→3)-glycosylation of arabinoside 3,4-diol has been 
achieved by manipulation of the protecting groups on the imidate donors. Bioassays lead to new structure-activity relationships as well as two applicable 
fluorescent probes, which are found to localize to lysosomes in HeLa cells and could be used in further antitumor mechanism studies of OSW-1 in living 
cells. 

 

Background and Originality Content 
OSW-1 (1) is a disaccharide saponin isolated from the bulb of 

Ornithogalum saundersiae by Sashida and co-workers in the early 
1990s (Figure 1).1-2 Owing to its exceptionally strong 
antiproliferative activities against tumor cell lines,3-9 OSW-1 (1) has 
attracted extensive researches on the synthesis, derivatization, and 
structure-activity relationships.10-26 SBF-1 (2), a synthetic analogue 
bearing an ester chain at C22,27 displays comparable antitumor 
activities as the natural product. Due to its easy accessibility via 
chemical synthesis, SBF-1 (2) has been used as a surrogate for OSW-
1 (1) in biological studies.28-34 Very recently, we revealed that 
analogue 3, with the original ester at the xylose residue being 
replaced by amide, displayed even stronger antitumor activities 
with the IC50 value as low as 0.11 nM against Jurkat T cell lines.35 

 
On the other hand, the antitumor mechanism of these 

molecules still remains elusive.28-34, 36-41. It is of great interest to 
identify the antitumor-associated binding proteins which could be 
exploited as drug targets for cancer treatment. Recently, Sakurai 
and co-workers synthesized several OSW-1-based probes with 
fluorescent tags installed at C3’’ or C4’’ on the xylose residue,42-47 
and found these probes could localize to the ER and Golgi 
apparatus in HeLa cells and induce Golgi stress.41 

 
Based on our previous structure-activity relationship studies, 

we envisioned SBF-1-based analogues bearing a p-amino-benzoyl 
group at C2’’ of the xylose residue and an azido-substituted 
aliphatic side chain on the aglycone moiety both highly active and 
readily derivatizable into various probes (Figure 1). Particularly, 
fluorescent probes were designed, in which 4-(N,N-dimethyl 
aminosulfonyl)-2,1,3-benzoxadiazole (DBD) was installed at either 
the 2’’-(p-aminobenzoyl) group via acylation or the terminus of the 
side chain via click reaction. Herein, we report the synthesis of 
these new OSW-1 analogues and fluorescent probes bearing 2’’-O-
(p-acylamino-benzoyl)-xylose residues, their antiproliferative 
activities, and localization in HeLa cells. 
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Figure 1 Structures of OSW-1 (1), its analogues, and fluorescent probes. 

 

Results and Discussion 
The synthesis commenced with the conversion of d-xylose into 

butane-bisacetal (BDA)-protected β-thioxyloside 5 (Scheme 1).48-51 
Thus, treatment of d-xylose (4) with Ac2O in pyridine provided 
tetraacetyl xylose, which was subjected to condensation with p-
TolSH in the presence of BF3·OEt2. The resulting thioxyloside was 
treated with NaOCH3 in a mixture solvent of CH3OH and CH2Cl2 at 
rt to remove the acetyl groups;48 subsequent protection under the 
conditions of 2,3-butanedione and CH(OMe)3 in the presence of 
BF3·OEt2 provided 5 in an overall yield of 35% (based on 4).49-51 As 
a precursor of the desired p-aminobenzoyl group for late-stage 
acylation, the relatively inert p-nitrobenzoyl (PNB) group was 
introduced into alcohol 5 to give 6 in 91% yield under the 
conditions of PNBCl, DIPEA, and DMAP in CH2Cl2. Treatment of 
thioglycoside 6 with NBS and H2O resulted in hemiacetal 7 in 98% 
yield, which was a ready precursor for further preparation of 
imidate and ortho-alkynylbenzoate donors. 

Scheme 1 Synthesis of BDA-protected hemiacetal 7. 
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In our previous studies, it was found that xylosyl donor 8 
bearing BDA protecting group at O3 and O4 led mainly to the 
undesired (1→4)-linked disaccharide product when coupled with l-
arabinoside 3,4-diol 10,35 whereas the glycosylation with TES-
protected donor 9 offered the desired (1→3)-linked disaccharide 
as the major product (Figure 2).8, 11 In order to improve the regio-
selectivity and verify our assumption that these regio-selectivities 
were majorly determined by the protecting groups at O3 and O4 of 
the donors instead of the substitutes at O2 or anomeric position,50-

53 we envisioned the TES-protected thioxyloside 11 as a 
counterpart of BDA-protected 6 in the present studies (Scheme 2). 
Thus, the BDA group on 6 was removed by a mixture of 95% 
CF3COOH and CH3CN (2:1), and the resulting diol was treated with 
TESOTf and 2,6-lutidine in CH2Cl2 at −20 oC to give 3,4-di-O-TES 
donor 11 in 89% yield (based on 6). Subjection of thioglycoside 11 
into hydrolysis under the conditions of NBS and H2O in CH2Cl2 and 
acetone at rt gave the corresponding hemiacetal 12 in 51% yield. 
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8 9 10  
Figure 2 Structure of donors 8, 9, and acceptor 10 in previous studies. 

Next, hemiacetal 7 was coupled with CCl3CN in the presence 
of DBU at rt (Scheme 3), and the resulting trichloroacetimidate 
donor 13 was obtained in only 76% yield due to partial hydrolysis 
during column purification. On the other hand, the conversion of 
hemiacetal 7 into shelf-stable alkynylbenzoate donor 15 was highly 
efficient upon treatment with o-hexynylbenzoic acid (14) and EDCI 
in the presence of DIPEA and DMAP.54-61 Similar results were 
obtained in the transformation of hemiacetal 12 into the 
corresponding trichloroacetimidate 16 and alkynylbenzoate 17. 
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Scheme 2 Synthesis of TES-protected hemiacetal 12. 
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Scheme 3 Synthesis of xylosyl imidate and alkynylbenzoate donors. 
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With three BDA-protected donors (6, 13, 15) and their TES-
protected counterparts (11, 16, 17) at hand, we set out to examine 
their performance in the glycosylation of l-arabinoside 3,4-diol 10. 
The crude products were purified with a flash column 
chromatography to offer a mixture of the glycosylation products, 
which were then run on HPLC to determine the UV absorption of 
each product as a reference for their molar ratio. As depicted in 
Table 1, all three BDA-protected donors (6, 13, 15) led to the full 
consumption of diol 10 and provided three glycosylation products, 
i.e., (1→3)-linked disaccharide 18, (1→4)-linked disaccharide 19, 
and trisaccharide 20 (entries 1−10). The molar ratios of 
disaccharides 18/19 were approximately equal to the ratios of their 
UV absorption, whereas the UV absorption ratio of 18/20 could 
reflect the change of the molar ratio given the different UV 
absorptivity of the disaccharide and trisaccharide. All the three 
BDA-protected donors resulted in more (1→4)-linked disaccharide 
19 than (1→3)-linked disaccharide 18 (entries 1−9). Lowering the 

reaction temperature from −20 oC to −60 oC gradually increased the 
proportion of 18 and decreased the proportions of 19 and 
trisaccharide 20 (entries 1 to 3, entries 5 to 7, and entries 8 to 10). 
The best proportion of 18 was obtained when alkynylbenzoate 
donors 15 was used at −60 oC under the conditions of Ph3PAuNTf2 
(0.1 equiv) and 4Å MS in CH2Cl2 (entry 10), wherein 18 was found 
slightly more than 19. The most effective suppression of the 
formation of trisaccharide 20 was observed in the pre-activation 
glycosylation with thioxyloside donor 6 under the conditions of BSP, 
TTBP, Tf2O, and 3Å MS in CH2Cl2 at −70 oC (entry 4).62-64 However, 
the resulting molar ratio of 18/19 (1.0:1.3) was not as good as that 
in entry 10 (1.0:0.90). 
 

The results above revealed that low temperature was preferred 
for preparing the desired (1→3)-linked disaccharide, hence the 
following glycosylation with TES-protected donors (11, 16, 17) was 
conducted at −60 oC or −70 oC. No trisaccharide product was 
observed under these conditions, so that only the mixture of 
(1→3)-linked disaccharide 21 and (1→4)-linked disaccharide 22 
was isolated and examined to give the ratios of 21/22 and the yields 
of 21 (Table 1, entries 11-15). As expected, TES-protected donors 
generally displayed better 3-OH selectivity than BDA-protected 
donors. Although treatment of thioglycoside donor 11 with NIS and 
TMSOTf at –70 oC led to a complex mixture (entry 11), the 
corresponding pre-activation glycosylation with BSP, Tf2O, and 
TTBP gave 21/ 22 in a ratio of 1.0:1.1 (entry 12), that was slightly 
better than the 18/19 ratio of 1.0:1.3 in entry 4. However, the yield 
of 21 was only 25% due to the formation of some unidentified by-
products. Gratifyingly, alkynylbenzoate donor 17 under the 
catalysis of Ph3PAuNTf2 (0.2 equiv) was found to provide a 
satisfactory 21/22 ratio of 1.0:0.67 and much less by-products, 
giving the desired (1→3)-linked disaccharide 21 in 56% yield (entry 
15). Notably this reaction was conducted at –60 oC that was 
uncommon for gold(I)-catalyzed glycosylation with 
alkynylbenzoates, implying the high reactivities of these xylosyl 
donors. For trichloroimidate donor 16, the glycosylation 
underwent smoothly at –60 oC and the regio-selectivities were 
found to be greatly dependent on the promoters. When TMSOTf 
was employed (entry 13), a modest 21/22 ratio of 1.0:1.2 was 
obtained similar to the 18/19 ratio of 1.0:1.1 in entry 7, whereas 
the replacement with a catalytic amount of BF3·OEt2 could 
significantly increase the ratio to 1.0:0.55. The best yield of 21 was 
obtained in 64% using TES-protected donor 16 under the catalysis 
of BF3·OEt2 in CH2Cl2 at −60 oC.
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Table 1 Glycosylation of arabinoside diol 10 with BDA-protected donors (6, 13, 15) and TES-protected donors (11, 16, 17). 
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entry donor Conditions Temperature 
Ratio of the UV 
absorption of 
18/19/20 

Ratio of the UV 
absorption of 
21/22 

Yield of 
21 

1 

6 
NIS, TMSOTf, 4Å MS, CH2Cl2 

−20 oC 1.0:1.9:0.98 − − 

2 −40 oC 1.0:1.6:0.75 − − 

3 −60 oC 1.0:1.2:0.54 − − 

4 BSP, TTBP, Tf2O, 3Å MS, CH2Cl2 −70 oC 1.0:1.3:0.23 − − 

5 

13 TMSOTf, 4Å MS, CH2Cl2 

−20 oC 1.0:1.6:0.52 − − 

6 −40 oC 1.0:1.4:0.60 − − 

7 −60 oC 1.0:1.1:0.40 − − 

8 

15 Ph3PAuNTf2, 4Å MS, CH2Cl2 

−20 oC 1.0:1.6:0.77 − − 

9 −40 oC 1.0:1.3:0.67 − − 

10 −60 oC 1.0:0.90:0.44 − − 

11 
11 

NIS, TMSOTf, 4Å MS, CH2Cl2 −70 oC − complex 

12 BSP, TTBP, Tf2O, 3Å MS, CH2Cl2 −70 oC − 1.0:1.1 25% 

13 
16 

TMSOTf, 4Å MS, CH2Cl2 −60 oC − 1.0:1.2 39% 

14 BF3·OEt2, 4Å MS, CH2Cl2 −60 oC − 1.0:0.55 64% 

15 17 Ph3PAuNTf2, 4Å MS, CH2Cl2 −60 oC − 1.0:0.67 56% 

Both (1→3)-linked disaccharides 18 and 21 could be used in 
the subsequent preparation of OSW-1 analogues. Thus, the BDA 
protecting group on 18 was removed in a mixture of 95% CF3COOH 
and CH3CN (Scheme 4), and the resulting triol was subjected to TES 
protection under the conditions of TESOTf and 2,6-lutidine at –20 
oC to result in 23 in 62% yield. A highly efficient Pd/C-promoted 
reduction was conducted at 1 atm H2 atmosphere for 3 h to convert 
the nitro group into amino group with the anomeric benzyl group 
being intact. The resulting 24 was then treated with Boc2O in the 
presence of DMAP at rt to provide 25 in 43% yield and 26 in 35% 
yield, respectively. Next, the anomeric benzyl group on 26 was 
successfully removed by an enhanced 24-h hydrogenolysis with an 
excess amount of Pd/C, and the resulting hemiacetal was coupled 
with alkynylbenzoic acid 14. A Ph3PAuNTf2-catalyzed glycosylation 

was then conducted with either azido-bearing aglycone 27 or 
alkyne-bearing aglycone 28 at 0 oC (See SI for the preparation of 
28),35 and subsequent removal of the TES and Boc groups under 
the conditions of CF3COOH and CH2Cl2 at rt furnished the desired 
OSW-1 analogues 29 and 30 which bear a 2-O-(p-amino-benzoyl)-
xylose residue. 

 
Alternatively, an enhanced hydrogenolysis of disaccharide 23 

was employed to remove the anomeric benzyl group and 
simultaneously to convert the nitro group into amino group 
(Scheme 5). Subsequently selective condensation of the resulting 
acetal with alkynylbenzoic acid 14 gave a mixture of epimers 31 in 
61% yield with the α/β ratio of 1:10. The intact amino group was 
then coupled with a variety of acyl chlorides, anhydrides, and 
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carboxylic acids. Ph3PAuNTf2-catalyzed glycosylation of aglycone 
27 and final removal of the TES groups furnished sixteen OSW-1 

analogues, including 32–38 with benzoyl-derived groups, 39–46 
with aliphatic acyl groups, and 47 with the fluorescent DBD group.

Scheme 4 Synthesis of OSW-1 analogues 29 and 30 bearing 2-O-(p-amino-benzoyl)-xylose residue. 
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Scheme 5 Synthesis of OSW-1 analogues 32–47 bearing 2-O-(p-acylamino-benzoyl)-xylose residue. 
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Compound 38 was coupled with DBD-PEG2-alkyne 48 via a Cu-
catalyzed click reaction in the presence of tris[(1-benzyl-1H-1,2,3-
triazol-4-yl)methyl]amine (TBTA) and sodium ascorbate in DMF 
and H2O. The crude product was purified by HPLC to afford the 
desired probe 50 with the saponin residue connecting the 
fluorescent DBD tag via a flexible and hydrophilic PEG linker. 
Similar coupling of compounds 32, 38, and 47 with biotin-PEG4-
alkyne 49 via click reaction provided three probes (i.e., 51–53) with 

the biotin group extended from the aglycone side chain. 
 
With these 22 OSW-1 analogues at hand, we evaluated their 

antiproliferative activities against Jurkat T tumor cell lines and 
CRL1999 normal cell lines (Table 2). Compounds 29 and 30 bearing 
p-aminobenzoyl group at C2’’ displayed similarly potent activities 
as OSW-1 (1) and SBF (2) bearing the p-methoxybenzoyl group. 
With an IC50 value of 1.0 nM, alkyne derivative 30 was found 10 
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time more potent than azide derivative 29 against Jurkat T, 
implying that the terminal group at the aglycone side chain could 
influence the antiproliferative activities. For those with an 
additional benzoyl-derived residue at the p-amino group, i.e., 32–
33 and 35–36 with either an electron-donating methoxyl group or 
an electron-withdrawing nitro or nitrile group, were found to 
retain the potent activities with IC50 values against Jurkat T in the 
range of 2.5–15 nM, which was consistent with the previous 
presumption that a variation at this site could be tolerable.3, 46, 65-

66 The p-trifluoromethylbenzoyl derivative 37 was less potent, 
whereas compound 34 bearing 2,4,6-trifluorobenzoyl group was 
found to be inactive. Moreover, the activities of the diazirine-

containing 38 also significantly descended, excluding it from 
further use as a photoaffinity probe. 

 
On the other hand, compounds 39–42 bearing short aliphatic 

acyl residues showed better activities than the aforementioned 
benzoyl-derived analogues against Jurkat T cell lines with IC50 
values in the range of 1.1–5.9 nM (Table 2). Increased IC50 values 
were observed on those bearing electron-withdrawing nitrile or 
trifluoromethyl groups (e.g. 43 and 44) as well as the analogues 
with long acyl chains. Particularly, compound 46 bearing a very 
long hydrophobic side chain lost the antiproliferative activities 
against CRL1999 normal cell lines. 

Scheme 6 Synthesis of OSW-1 probes bearing DBD or biotin residues. 
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Table 2  Antiproliferative activities of the synthetic OSW-1 analogues and probes against Jurkat and CRL1999 cell lines. 

Compounds 
IC50 (nM) 

Compounds 
IC50 (nM) 

Jurkat CRL1999 Jurkat CRL1999 

29 12 17 30 1.0 7.0 

32 5.1 27 33 15 19 

34 >1000 >1000 35 7.4 14 

36 2.5 9.0 37 89 96 

38 >100 >100 39 1.1 3.8 

40 2.7 13 41 2.7 8.1 

42 5.9 9.1 43 58 49 

44 33 78 45 51 78 

46 >100 >1000 47 2.8 59 

50 60 >100 51 21 82 

52 18 >100 53 >100 >1000 

Taxol 7.7 36    
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It is interesting to find that compound 47 with a bulky DBD 
group at C2’’ still retained excellent activities against Jurkat T cell 
lines (Table 2), making it a useful fluorescent probe for mechanism 
studies in living cells. The addition of a PEG-linked biotin group to 
the aglycone side chain on 47 decreased the activities of the 
resulting derivative 53. And similar decrease of activity was 
observed in the transformation of 32 into its biotin-PEG-
conjugated 51. Nevertheless, similar transformations of the 
diazirine derivative 38 into its biotin-PEG-conjugated 52 and DBD-
PEG-linked 50 were found to increase the activities against Jurkat 
cells. 

 
Figure 3  Intracellular colocalization analysis of DBD probes 47 (0.5 µM), 
50 (0.5 µM), and Lysotracker® Red (lysosome marker) in HeLa cells. Cells 
were preincubated with 333 µM of Lysotracker® Red in DMEM at 37 oC for 
1 h, washed with DMEM, then treated with 47 or 50 (0.5 µM) at 37 oC for 
1h. Scale bars: 100 µm. 

The fluorescent derivatives 47 and 50 were found active, 
therefore were applied to the intracellular localization studies. A 
preliminary examination was conducted and showed that 47 and 
50 could be internalized into cells in 0.5 h, and presumably 
localized at lysosomes. Hence, colocalization experiments were 
performed with lysosome marker Lysotracker® Red in HeLa cells, 
which demonstrated that the green fluorescence from 47 and 50 
could obviously overlay with lysosome marker. It is noteworthy 
that probe 50 with weaker antiproliferative activities gave higher 
fluorescence intensity. Further studies on   the mechanism of 
OSW-1 compounds against cancer cells using these novel probes 
are yet to perform. 

Conclusions 
We have established an effective approach to the preparation 

of 2’’-O-p-acylamino-benzoyl OSW-1 analogues, wherein the 
regioselective glycosylation of arabinoside 3,4-diol to construct 
the desired (1→3)-linked disaccharides was realized by employing 
3,4-di-O-TES-xylosyl imidate donors under the catalysis of 
BF3·OEt2 at low temperature. Thus, 22 analogues were 
synthesized and their antiproliferative activities against Jurkat T 
cell lines and CRL1999 cell lines were evaluated. Some of these 
new derivatives, such as 39–42 with short aliphatic acyl residues, 
show antiproliferative activities as potent as the parent natural 
product. In addition, two fluorescent probes are found to be able 
to localize at lysosomes of HeLa cells, which might be useful for 

further studies on the mechanisms of action of this important type 
of anticancer compounds. 

 

Supporting Information  
The supporting information for this article is available on the 

WWW under https://doi.org/10.1002/cjoc.2018xxxxx. 

Acknowledgement 
We acknowledge the financial support from the National 

Natural Science Foundation of China (21672248 and 21621002), 
E-Institutes of Shanghai Municipal Education Commission 
(E09013), the Strategic Priority Research Program of the Chinese 
Academy of Sciences (XDB20020000), and the K. C. Wong 
Education Foundation. 

References 
1. Kubo, S.; Mimaki, Y.; Terao, M.; Sashida, Y.; Nikaido, T.; Ohmoto, T., 
Acylated cholestane glycosides from the bulbs of Ornithogalum 
saundersiae. Phytochemistry 1992, 31, 3969-3973. 
2. Challinor, V. L.; De Voss, J. J., Open-chain steroidal glycosides, a 
diverse class of plant saponins. Nat. Prod. Rep. 2013, 30, 429-454. 
3. Mimaki, Y.; Kuroda, M.; Kameyama, A.; Sashida, Y.; Hirano, T.; Oka, 
K.; Maekawa, R.; Wada, T.; Sugita, K.; Beutler, J. A., Cholestane glycosides 
with potent cytostatic activities on various tumor cells from Ornithogalum 
saundersiae bulbs. Bioorg. Med. Chem. Lett. 1997, 7, 633-636. 
4. Morzycki, J. W.; Wojtkielewicz, A., Synthesis of a highly potent 
antitumor saponin OSW-1 and its analogues. Phytochem. Rev. 2005, 4, 
259-277. 
5. Yu, B.; Zhang, Y. C.; Tang, P. P., Carbohydrate chemistry in the total 
synthesis of saponins. Eur. J. Org. Chem. 2007, 5145-5161. 
6. Lee, S.; LaCour, T. G.; Fuchs, P. L., Chemistry of trisdecacyclic pyrazine 
antineoplastics: The cephalostatins and ritterazines. Chem. Rev. 2009, 109, 
2275-2314. 
7. Forsman, J. J.; Leino, R., L-Pentoses in biological and medicinal 
applications. Chem. Rev. 2011, 111, 3334-3357. 
8. Tang, Y.; Li, N.; Duan, J.-a.; Tao, W., Structure, bioactivity, and 
chemical synthesis of OSW-1 and other steroidal glycosides in the genus 
Ornithogalum. Chem. Rev. 2013, 113, 5480-5514. 
9. Yang, Y.; Laval, S.; Yu, B., Chemical synthesis of saponins. Adv. 
Carbohydr. Chem. Biochem. 2014, 71, 137-226. 
10. Guo, C.; Fuchs, P. L., The first synthesis of the aglycone of the potent 
anti-tumor steroidal saponin OSW-1. Tetrahedron Lett. 1998, 39, 1099-
1102. 
11. Deng, S.; Yu, B.; Lou, Y.; Hui, Y., First total synthesis of an 
exceptionally potent antitumor saponin, OSW-1. J. Org. Chem. 1999, 64, 
202-208. 
12. Yu, W.; Jin, Z., A new strategy for the stereoselective introduction of 
steroid side chain via α-alkoxy vinyl cuprates:  Total synthesis of a highly 
potent antitumor natural product OSW-11. J. Am. Chem. Soc. 2001, 123, 
3369-3370. 
13. Morzycki, J. W.; Wojtkielewicz, A., Synthesis of a cholestane 
glycoside OSW-1 with potent cytostatic activity. Carbohydr. Res. 2002, 337, 
1269-1274. 

This article is protected by copyright. All rights reserved.



 

 
 www.cjc.wiley-vch.de © 2019 SIOC, CAS, Shanghai, & WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim Chin. J. Chem. 2019, 37, XXX－XXX 

Report First author et al. 

14. Xu, Q.-h.; Peng, X.-w.; Tian, W.-s., A new strategy for synthesizing 
the steroids with side chains from steroidal sapogenins: Synthesis of the 
aglycone of OSW-1 by using the intact skeleton of diosgenin. Tetrahedron 
Lett. 2003, 44, 9375-9377. 
15. Deng, L.; Wu, H.; Yu, B.; Jiang, M.; Wu, J., Synthesis of OSW-1 
analogs with modified side chains and their antitumor activities. Bioorg. 
Med. Chem. Lett. 2004, 14, 2781-2785. 
16. Shi, B.; Tang, P.; Hu, X.; Liu, J. O.; Yu, B., OSW saponins: Facile 
synthesis toward a new type of structures with potent antitumor activities. 
J. Org. Chem. 2005, 70, 10354-10367. 
17. Morzycki, J. W.; Wojtkielewicz, A.; Wołczyński, S., Synthesis of 
analogues of a potent antitumor saponin OSW-1. Bioorg. Med. Chem. Lett. 
2004, 14, 3323-3326. 
18. Matsuya, Y.; Masuda, S.; Ohsawa, N.; Adam, S.; Tschamber, T.; 
Eustache, J.; Kamoshita, K.; Sukenaga, Y.; Nemoto, H., Synthesis and 
antitumor activity of the estrane analogue of OSW-1. Eur. J. Org. Chem. 
2005, 803-808. 
19. Qin, H.-J.; Tian, W.-S.; Lin, C.-W., A highly efficient synthesis of 22-
deoxy-OSW-1 by utilizing the intact skeleton of diosgenin. Tetrahedron Lett. 
2006, 47, 3217-3219. 
20. Wojtkielewicz, A.; Długosz, M.; Maj, J.; Morzycki, J. W.; Nowakowski, 
M.; Renkiewicz, J.; Strnad, M.; Swaczynová, J.; Wilczewska, A. Z.; Wójcik, J., 
New analogues of the potent cytotoxic saponin OSW-1. J. Med. Chem. 
2007, 50, 3667-3673. 
21. Tang, P.; Mamdani, F.; Hu, X.; Liu, J. O.; Yu, B., Synthesis of OSW 
saponin analogs with modified sugar residues and their antiproliferative 
activities. Bioorg. Med. Chem. Lett. 2007, 17, 1003-1007. 
22. Xue, J.; Liu, P.; Pan, Y.; Guo, Z., A total synthesis of OSW-1. J. Org. 
Chem. 2008, 73, 157-161. 
23. Zheng, D.; Zhou, L.; Guan, Y.; Chen, X.; Zhou, W.; Lei, P., Synthesis of 
cholestane glycosides bearing OSW-1 disaccharide or its 1→ 4-linked 
analogue and their antitumor activities. Bioorg. Med. Chem. Lett. 2010, 20, 
5439-5442. 
24. Guan, Y.; Zheng, D.; Zhou, L.; Wang, H.; Yan, Z.; Wang, N.; Chang, H.; 
She, P.; Lei, P., Synthesis of 5(6)-dihydro-OSW-1 analogs bearing three 
kinds of disaccharides linking at 15-hydroxy and their antitumor activities. 
Bioorg. Med. Chem. Lett. 2011, 21, 2921-2924. 
25. Maj, J.; Morzycki, J. W.; Rárová, L.; Oklešt'ková, J.; Strnad, M.; 
Wojtkielewicz, A., Synthesis and biological activity of 22-deoxo-23-oxa 
analogues of saponin OSW-1. J. Med. Chem. 2011, 54, 3298-3305. 
26. Liu, C.; Wang, A.-p.; Jin, L.; Guo, Y.; Li, Y.; Zhao, Z.; Lei, P., Synthesis, 
conformational analysis and SAR research of OSW-1 analogues. 
Tetrahedron 2016, 72, 4091-4102. 
27. Shi, B.; Wu, H.; Yu, B.; Wu, J., 23-Oxa-analogues of OSW-1: Efficient 
synthesis and extremely potent antitumor activity. Angew. Chem. Int. Ed. 
2004, 43, 4324-4327. 
28. Li, W.; Song, R.; Fang, X.; Wang, L.; Chen, W.; Tang, P.; Yu, B.; Sun, Y.; 
Xu, Q., SBF-1, a synthetic steroidal glycoside, inhibits melanoma growth 
and metastasis through blocking interaction between PDK1 and AKT3. 
Biochem. Pharmacol. 2012, 84, 172-181. 
29. Li, W.; Ouyang, Z.; Zhang, Q.; Wang, L.; Shen, Y.; Wu, X.; Gu, Y.; Shu, 
Y.; Yu, B.; Wu, X.; Sun, Y.; Xu, Q., SBF-1 exerts strong anticervical cancer 
effect through inducing endoplasmic reticulum stress-associated cell 
death via targeting sarco/endoplasmic reticulum Ca2+-ATPase 2. Cell Death 
Dis. 2014, 5, e1581. 
30. Elgehama, A.; Chen, W.; Pang, J.; Mi, S.; Li, J.; Guo, W.; Wang, X.; Gao, 

J.; Yu, B.; Shen, Y.; Xu, Q., Blockade of the interaction between Bcr-Abl and 
PTB1B by small molecule SBF-1 to overcome imatinib-resistance of chronic 
myeloid leukemia cells. Cancer Lett. 2016, 372, 82-88. 
31. Chen, W.; Qian, X.; Hu, Y.; Jin, W.; Shan, Y.; Fang, X.; Sun, Y.; Yu, B.; 
Luo, Q.; Xu, Q., SBF-1 preferentially inhibits growth of highly malignant 
human liposarcoma cells. J. Pharmacol. Sci. 2018, 138, 271-278. 
32. Liu, W.; Li, P.; Mei, Y., Discovery of SBF1 as an allosteric inhibitor 
targeting the PIF-pocket of 3-phosphoinositide-dependent protein kinase-
1. J. Mol. Model. 2019, 25, 187. 
33. Chen, W.; Fang, X.; Gao, Y.; Shi, K.; Sun, L.; Yu, B.; Luo, Q.; Xu, Q., SBF-
1 inhibits contact hypersensitivity in mice through down-regulation of T-
cell-mediated responses. BMC Pharmacol. Toxicol. 2019, 20, 86. 
34. Shan, Y.; Gao, Y.; Jin, W.; Fan, M.; Wang, Y.; Gu, Y.; Shan, C.; Sun, L.; 
Li, X.; Yu, B.; Luo, Q.; Xu, Q., Targeting HIBCH to reprogram valine 
metabolism for the treatment of colorectal cancer. Cell Death Dis. 2019, 
10, 618. 
35. Sun, L.; Wang, R.; Wang, X.; Dang, Y.; Li, W.; Yu, B., Synthesis and 
antiproliferative activities of OSW-1 analogues bearing 2-acylamino-xylose 
residues. Org. Chem. Front. 2019, 6, 2385-2391. 
36. Burgett, A. W. G.; Poulsen, T. B.; Wangkanont, K.; Anderson, D. R.; 
Kikuchi, C.; Shimada, K.; Okubo, S.; Fortner, K. C.; Mimaki, Y.; Kuroda, M.; 
Murphy, J. P.; Schwalb, D. J.; Petrella, E. C.; Cornella-Taracido, I.; Schirle, M.; 
Tallarico, J. A.; Shair, M. D., Natural products reveal cancer cell dependence 
on oxysterol-binding proteins. Nat. Chem. Biol. 2011, 7, 639-647. 
37. Albulescu, L.; Strating, J. R.; Thibaut, H. J.; van der Linden, L.; Shair, 
M. D.; Neyts, J.; van Kuppeveld, F. J., Broad-range inhibition of enterovirus 
replication by OSW-1, a natural compound targeting OSBP. Antiviral Res. 
2015, 117, 110-114. 
38. Zhou, Y.; Garcia-Prieto, C.; Carney, D. A.; Xu, R.-h.; Pelicano, H.; Kang, 
Y.; Yu, W.; Lou, C.; Kondo, S.; Liu, J.; Harris, D. M.; Estrov, Z.; Keating, M. J.; 
Jin, Z.; Huang, P., OSW-1: A natural compound with potent anticancer 
activity and a novel mechanism of action. J. Natl. Cancer Inst. 2005, 97, 
1781-1785. 
39. Garcia-Prieto, C.; Riaz Ahmed, K. B.; Chen, Z.; Zhou, Y.; Hammoudi, 
N.; Kang, Y.; Lou, C.; Mei, Y.; Jin, Z.; Huang, P., Effective killing of leukemia 
cells by the natural product OSW-1 through disruption of cellular calcium 
homeostasis. J. Biol. Chem. 2013, 288, 3240-3250. 
40. Zhu, J.; Xiong, L.; Yu, B.; Wu, J., Apoptosis induced by a new member 
of saponin family is mediated through caspase-8-dependent cleavage of 
Bcl-2. Mol. Pharmacol. 2005, 68, 1831-1838. 
41. Kimura, M.; Sasaki, K.; Fukutani, Y.; Yoshida, H.; Ohsawa, I.; Yohda, 
M.; Sakurai, K., Anticancer saponin OSW-1 is a novel class of selective Golgi 
stress inducer. Bioorg. Med. Chem. Lett. 2019, 29, 1732-1736. 
42. Sakurai, K.; Takeshita, T.; Hiraizumi, M.; Yamada, R., Synthesis of 
OSW-1 derivatives by site-selective acylation and their biological 
evaluation. Org. Lett. 2014, 16, 6318-6321. 
43. Yamada, R.; Takeshita, T.; Hiraizumi, M.; Shinohe, D.; Ohta, Y.; 
Sakurai, K., Fluorescent analog of OSW-1 and its cellular localization. 
Bioorg. Med. Chem. Lett. 2014, 24, 1839-1842. 
44. Yamada, R.; Hiraizumi, M.; Narita, S.; Sakurai, K., Two-Step synthesis 
of a clickable photoaffinity probe from an anticancer saponin OSW-1 and 
its photochemical reactivity. Asian J. Org. Chem. 2016, 5, 330-334. 
45. Hiraizumi, M.; Komatsu, R.; Shibata, T.; Ohta, Y.; Sakurai, K., 
Dissecting the structural basis for the intracellular delivery of OSW-1 by 
fluorescent probes. Org. Biomol. Chem. 2017, 15, 3568-3570. 
46. Sakurai, K.; Hiraizumi, M.; Isogai, N.; Komatsu, R.; Shibata, T.; Ohta, 

This article is protected by copyright. All rights reserved.



 

 
Chin. J. Chem. 2019, 37, XXX－XXX © 2019 SIOC, CAS, Shanghai, & WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim www.cjc.wiley-vch.de  

Running title Chin. J. Chem. 

Y., Synthesis of a fluorescent photoaffinity probe of OSW-1 by site-selective 
acylation of an inactive congener and biological evaluation. Chem. 
Commun. 2017, 53, 517-520. 
47. Komatsu, R.; Sakurai, K., Development of chemical probes for 
functional analysis of anticancer saponin OSW-1. Chem. Rec. 2019, 19, 
2362-2369. 
48. Lüning, B.; Norberg, T.; Tejbrant, J., Synthesis of glycosylated amino 
acids for use in solid phase glycopeptide synthesis, Part 2: N-(9-
Fluorenylmethyloxycarbonyl)-3-O-[2,4,6-tri-O-acetyl-3-O-(2,3,4-tri-O-
acetyl-α-D-xylopyranosyl)-β-D-glucopyranosyl]-L-serine. J. Carbohydr. 
Chem. 1992, 11, 933-943. 
49. Tamura, S.; Abe, H.; Matsuda, A.; Shuto, S., Control of α/β 
stereoselectivity in Lewis acid promoted C-glycosidations using a 
controlling anomeric effect based on the conformational restriction 
strategy. Angew. Chem. Int. Ed. 2003, 42, 1021-1023. 
50. Khasanova, L. S.; Gimalova, F. A.; Torosyan, S. A.; Fatykhov, A. A.; 
Miftakhov, M. S., Disaccharide blocks for analogs of OSW-1. Russ. J. Org. 
Chem. 2011, 47, 1125-1129. 
51. Pakulski, Z.; Cmoch, P., Study on the synthesis of regio- and 
stereoisomers of the disaccharide unit of the OSW-1 saponin. Tetrahedron 
2015, 71, 4757-4769. 
52. Ma, X.; Yu, B.; Hui, Y.; Xiao, D.; Ding, J., Synthesis of glycosides 
bearing the disaccharide of OSW-1 or its 1→4-linked analogue and their 
antitumor activities. Carbohydr. Res. 2000, 329, 495-505. 
53. Kuczynska, K.; Cmoch, P.; Rárová, L.; Oklešt'ková, J.; Korda, A.; 
Pakulski, Z.; Strnad, M., Influence of intramolecular hydrogen bonds on 
regioselectivity of glycosylation. Synthesis of lupane-type saponins bearing 
the OSW-1 saponin disaccharide unit and its isomers. Carbohydr. Res. 2016, 
423, 49-69. 
54. Li, Y.; Yang, Y.; Yu, B., An efficient glycosylation protocol with glycosyl 
ortho-alkynylbenzoates as donors under the catalysis of Ph3PAuOTf. 
Tetrahedron Lett. 2008, 49, 3604-3608. 
55. Li, Y.; Yang, X.; Liu, Y.; Zhu, C.; Yang, Y.; Yu, B., Gold(I)-catalyzed 
glycosylation with glycosyl ortho-alkynylbenzoates as donors: General 
scope and application in the synthesis of a cyclic triterpene saponin. Chem. 
- Eur. J. 2010, 16, 1871-1882. 
56. Yu, B.; Sun, J.; Yang, X., Assembly of naturally occurring glycosides, 
evolved tactics, and glycosylation methods. Acc. Chem. Res. 2012, 45, 
1227-1236. 
57. Luo, J.; Wan, Q., Recent advances in gold-catalyzed glycosylation. 
Carbohydr. Chem. 2014, 43, 140-159. 
58. Li, W.; Yu, B., Gold-catalyzed glycosylation in the synthesis of 
complex carbohydrate-containing natural products. Chem. Soc. Rev. 2018, 
47, 7954-7984. 
59. Yu, B., Gold(I)-catalyzed glycosylation with glycosyl o-
alkynylbenzoates as donors. Acc. Chem. Res. 2018, 51, 507-516. 
60. Zhu, D.; Yu, B., Synthesis of the diverse glycosides in traditional 
chinese medicine. Chin. J. Chem. 2018, 36, 681-691. 
61. Ehianeta, T. S.; Shen, D.; Xu, P.; Yu, B., Synthesis of spirostanol 
saponins via gold(I)‐catalyzed glycosylation in the presence of Ga(OTf)3, 
In(OTf)3, or HOTf. Chin. J. Chem. 2019, 37, 827-833. 
62. Crich, D.; Smith, M., 1-Benzenesulfinyl 
piperidine/trifluoromethanesulfonic anhydride:  A potent combination of 
shelf-stable reagents for the low-temperature conversion of thioglycosides 
to glycosyl triflates and for the formation of diverse glycosidic linkages. J. 
Am. Chem. Soc. 2001, 123, 9015-9020. 

63. Yang, W.; Yang, B.; Ramadan, S.; Huang, X., Preactivation-based 
chemoselective glycosylations: A powerful strategy for oligosaccharide 
assembly. Beilstein J Org Chem 2017, 13, 2094-2114. 
64. Wu, Y.; Xiong, D.-C.; Chen, S.-C.; Wang, Y.-S.; Ye, X.-S., Total synthesis 
of mycobacterial arabinogalactan containing 92 monosaccharide units. 
Nat. Commun. 2017, 8, 14851. 
65. Kuroda, M.; Mimaki, Y.; Yokosuka, A.; Sashida, Y.; Beutler, J. A., 
Cytotoxic cholestane glycosides from the bulbs of Ornithogalum 
saundersiae. J. Nat. Prod. 2001, 64, 88-91. 
66. Kuroda, M.; Mimaki, Y.; Yokosuka, A.; Hasegawa, F.; Sashida, Y., 
Cholestane glycosides from the bulbs of Ornithogalum thyrsoidesand their 
cytotoxic activity against HL-60 leukemia cells. J. Nat. Prod. 2002, 65, 1417-
1423. 
 
 
(The following will be filled in by the editorial staff) 
Manuscript received: XXXX, 2019 
Manuscript revised: XXXX, 2019 
Manuscript accepted: XXXX, 2019 
Accepted manuscript online: XXXX, 2019 
Version of record online: XXXX, 2019 
 

This article is protected by copyright. All rights reserved.


	Synthesis and antiproliferative activities of OSW-1 analogues bearing 2’’-O-p-acylaminobenzoyl residues
	Background and Originality Content
	Results and Discussion
	Conclusions
	Supporting Information
	Acknowledgement
	References




