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for synthesis of the disaccharide
of OSW-1†

Bin Wang,‡*a Yan Zhang‡a and Xiangyan He *b

A flexible, efficient, and practical synthesis route was developed to synthesize an OSW-1 disaccharide. The

synthesis took 13 steps from L-arabinose and D-xylose derivatives, and the overall yield was 7.2%. The region

preferentially protects various D-xylose hydroxides because the TBS group selectively reacts with this

hydroxide at low concentrations due to greater activity at the C-4 hydroxyl of D-xylose. Then, high

efficiency selectively protects C-2 hydroxyl and C-3 hydroxyl of D-xylose, respectively. The first high

yield of glycosylation on an OSW-1 synthesis disaccharide was achieved by taking sulfide donor 4 with

b-PMP anomeric L-arabinose acceptor 12. The cytotoxicity reveals that the analogy has a high IC50 for

a variety of cell types. This approach should provide a versatile way to modify OSW-1's disaccharide.
Introduction

A natural saponin, OSW-1, was isolated from the bulbs of
Ornithogalum saudersiae by Sashida et al. in 1992.1 Pharmaco-
logical studies showed that OSW-1 exhibits exceptionally potent
antitumor activities in nanomolar concentration (IC50 0.1–0.7
nM).2a It is more potent than those used in clinical treatment as
anticancer agents such as mictomycincadeiamycin and Taxol.2

Therefore, the higher potential anticancer activity and structure
of OSW-1 has always attracted chemists and biologists.3

The structure of OSW-1 can be separated into two parts:
aglycon and disaccharide moieties. Fuchs et al. reported the
rst synthesis of the aglycone portion of OSW-1 in 1998.3a Yu
et al. reported the rst complete synthesis of OSW-1 in 1999.3b

Jin et al. published another complete synthesis of OSW-1 in
2001.3c Even though many synthetic methods for the prepara-
tion of disaccharides have been published to date,3–6 Yu's
method appears to be the most straightforward and practical.
However, they used hydrogenation to remove the benzyl group.
Three major types of donors have been reported (Scheme 1),
Jin's group reported 10 steps from D-xylose to generate the type I
donor.3c,d Yu's group reported the shortest synthesis from D-
xylose to generate the type II donor,3b,f,6e,13a but they had to use
hydrogenation to remove the benzyl group. Seven steps from D-
xylose to generate type III donor by using 2,3-butanedione to
selective protection of the 3,4-diol moiety of D-xylose,6b but this
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donor does not very commonly apply in total synthesis OSW-1
or analogies. Though these three types of donors use different
protection groups, there is the same concept of using the same
group to protect the 3,4-diol moiety of D-xylose. The structure–
activity relationship studies of OSW-1 found that the disac-
charide moiety, particularly the C-2 position of 4-methox-
ybenzoyl (MBz) and C-2′ position of groups acetyl (Ac) at the
disaccharide unit, play a critical role. Recently, a lot of studies
on site-selective functionalization of carbohydrates have been
reported.7 Sakurai group reported the synthesis of OSW-1
derivatives via site-selective acylation on the xylose moiety,
and they discovered an effective approach was to insert uo-
rescence or a biotin moiety on the xylose portion with no activity
loss.8 Therefore, developing a route to simplify the selective
modication of xylose and provide a exible intermediate
compound for OSW-1 or analogies modication at the end of
the synthesis is extremely important.

In this report, we describe a exible, efficient, and practical
synthesis of the disaccharide moiety, with a focus on shortening
the xylose donor synthesis route and selectively introducing
different groups at C-2 hydroxyl, C-3 hydroxyl and C-4 hydroxyl
on the xylose donor. We specically report the acceptable yield
Scheme 1 Synthetic plan for the disaccharide moiety.
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of glycosylation in this disaccharide utilizing a sulde donor.
Meanwhile, the presence of b-PMP in the anomeric position of
arabinose caused C-3′ hydroxyl to be more active than C-4′

hydroxyl, which improved the yield of glycosylation (Scheme 1).

Result and discussion

The synthesis of the xylose moiety was outlined in Scheme 2
utilizing xylose as a starting material, and compound 1 was
synthesized as described in the literature.3c,d

The crucial step was regioselective introducing the TBS
protect group to the C-4 hydroxy position. Aer optimization of
the reaction conditions (Table S1†), we found that a low
concentration of 1 was prepared initially in dry dichloro-
methane, followed by slowly adding TBSCl at room temperature
to afford regioselective 2a in a yield of 85%. However, we
noticed that when TBSOTf replaced TBSCl or increased the
concentration of compound 1, the yield of 2a was decreased,
and in the meantime, we acquired a by-product that was both C-
4 and C-2 hydroxyl position protected. Encouraging by
successfully synthesized compound 2a, we plan to introduce
another different group at the 4-hydroxyl position of xylose,
aer scanning several conditions (Table 1). Compound 1 could
regio-selectively react with ally chloroformate using N,N-diiso-
propylethylamine (DIPEA) as a base to afford 2b in 70%.
Meanwhile, treating compound 1 with levulinic acid and N,N′-
Scheme 2 Reaction condition: (a) TBSCl (1.1 eq.), imidazole, DCM (c=
0.02), rt, 85% yield; (b) MBzCl, DMAP, Et3N, DCM, room temperature,
2 h, 81% yield; (c) TESOTf, DMAP, Et3N, DMF, room temperature, 2 h,
79% yield; (d) NBS, acetone/aq. NaHCO3 (5 : 1), 30min, rt, 86% yield; (e)
Cl3CCN, DBU, DCM, overnight, room temperature, 87% yield.

Table 1 Regioselectivity introducing the protecting group to the C-4 O

Entry Condition

1 TBSCI (1.1 eq.), imidazole DCM (c =

2 Allyl chloroformate (1.1 eq.), DIPEA

3 Levulinic acid (1.1 eq.), DIC, Et3N D

30986 | RSC Adv., 2023, 13, 30985–30989
diisopropylcarbodiimide to afford compound 2c, even though
the yield was moderate (57%). This result successfully supplied
an extra protection group in the xylose moiety.

With compound 2a in hand, we have tried to nish the rest
of the xylose part. The C-2 hydroxyl site was selectively acety-
lated using p-methoxybeznoyl chloride to yield 3 (Scheme 2).
While compound 2a is reacted with ally chloroformate using
triethylamine (Et3N) as a base, it produced the high-yield
product 3a, which provides more options for disaccharide
modication, as shown in ref. 9. The TES protection of the C-3
hydroxy position by TESOTf in dimethylformamide (DMF) went
off without a hitch. We tried a variety of different conditions
(Table S2†), such as using a different solvent (e.g., dichloro-
methane or tetrahydrofuran) or replacing TESOTf with TESCl as
the reagent, but only the reaction employing TESOTf in DMF
with DMAP yielded the best results. Finally, hemiacetal 5 was
obtained by deprotecting S-Tol of glycoside 4 in the presence of
N-bromosuccinimide, followed by trichloroacetimidation with
trichloroacetonitrile under normal conditions to generate. Aer
ve steps from compound 1, the target Schmidt donor 6 was
produced with a total yield of 39%.

The acceptor synthesis is depicted in Scheme 3. b-PMP-
glycoside 8 was made from tetra-acetyl-L-arabinose 7 utilizing
BF3Et2O as a promoter, and the acetyl group was deprotected
with sodium methoxide to afford 9. Protection of the cis-3′,4′-
diol 9 with 2,2-dimethoxypropane resulted in 10, while protec-
tion of the C-2′ hydroxy group with acetyl anhydride resulted in
11. The 3′,4′-acetonide was deprotected by 70% acetic acid/H2O,
yielding diol 12. We attempted to protect position C-4′hydroxy
with TESCl reagent, but C-3′ hydroxyl protected as the major
product, and only 19% of the desired compound 13. This result
is different from the a-anomeric position which only protected
C-4′ hydroxyl with TESCl reagent.3c,d The C-4′ hydroxyl selectivity
has been observed in the previous attempts to synthesize OSW-1
analogues,6 including a detailed analysis by Pakulski and co-
workers. They concluded this unusual C-4′ hydroxyl selectivity
to a novel equatorial C-4′ hydroxyl of arabinose with the 1C4

conformation constrained by the intramolecular hydrogen
bonding between C-3′ hydroxyl and the cis-anomeric oxygen
atom of arabinoside. We assume that the presence of b-PMP in
the anomeric position causes C-3′ hydroxyl more active than C-4′
H position

Result

0.02), rt

(c = 0.02), 0 °C

CM (c = 0.02), rt

© 2023 The Author(s). Published by the Royal Society of Chemistry
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Scheme 3 Reaction condition: (a) PMP-OH, BF3$Et2O, DCM, 0–25 °C.
3 days, 57% yield; (b) MeONa, MeOH, 95% yield; (c) CAS, 2,2-dime-
thoxypropane, DMF, 50 °C, 90% yield; (d) Ac2O, pyridine, 94% yield; (e)
70% AcOH, 86% yield; (f) TESCl, Et3N, DCM, −50 °C, 25% yield.

Scheme 5 Reaction condition: (a) NIS (3.0 eq.), BF3$Et2O (0.05 eq.), 4
Å MS, DCM, −40 °C, 4 h; (b) TESOTf, Et3N, room temperature, DCM,
2 h; (c) CAN, CH3CN/H2O (4 : 1),−10 °C, 10 min, 75% yield; (d) Cl3CCN,
DBU, DCM, overnight, room temperature, 88% yield.
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hydroxyl, which is consistent with Pakulski's report.6c,d The
structure of compound 13 was conrmed by 2D NMR aer
being treated with chloroacetyl chloride (as shown in ESI†).
With compounds 6 and 13 in hand, we focused on glycosylation.
Aer optimization of the reaction conditions (Table S3†), we
found that the glycosylation of 13 with 6 as glycosyl donor and
0.1 eq. BF3$Et2O as a promoter, the reaction gave 15 with a yield
of 78%. This result conrmed that glycosylation occurred in the
presence of BF3$Et2O, but the yield of compound 13 is insuffi-
cient. Meanwhile, we realized that utilizing 12 as the acceptor
directly should be the better option. Aer ve processes, the
necessary acceptor 12 was prepared with a total yield of 40%.

In the presence of BF3$Et2O, glycosylation of 12 with 6 as the
glycosyl donor resulted in an inseparable mixture of disaccha-
rides 13 and 14 (Scheme 4). The protection of the mixture
compound with TESCl using Et3N as the base. The disaccharide
15 (72% yield) and 16 (20% yield) were obtained by chromato-
graphic separation of the combination using DCM with hexane
as elution.

Even though we were able to properly produce disaccharide
15, this synthesis method is not very efficient. In 2008, Guo
et al., attempted to glycosylate this disaccharide by a sulde
Scheme 4 Reaction condition: (a) BF3$Et2O (0.1 eq.), 4 Å MS, DCM,
−60 °C, 1.5 h; (b) TESOTf, Et3N, room temperature, DCM, 2 h.

© 2023 The Author(s). Published by the Royal Society of Chemistry
donor with a-acetyl anomeric acceptor, but were unsuccessful,
despite employing N-iodosuccinimide (NIS) and triic acid as
promoters or bromine as a promoter with silver triate.10 In
2019, Yu's group achieved the glycosylation of this disaccharide
by a sulde donor with a b-benzyl anomeric acceptor, but only
23% yield of the desired product. We thus decided to undertake
the direct glycosylation of sulde donor and b-PMP anomeric
acceptor in one-pot reaction. Aer optimization of the glyco-
sylation of this disaccharide by a sulde donor with b-PMP
anomeric acceptor (Table S4†), we found that utilizing NIS and
BF3$Et2O as promoters, the glycosylation of 12 with 4 was
successfully generated a mixture of the target 13 and by-product
Scheme 6 Reaction condition: a, diosgenin (1 g), Zn (150 eq.), conc.
HCl (75 mL), EtOH (150 mL), reflux, 66% yield; (b) TBSCl, DBU, THF, rt
16 h, 92% yield; (c) TMSOTf, 4 Å MS, DCM,−40 °C, 3 h, 68% yield; (d) Pd
(MeCN)Cl2, acetone/H2O,overnight, room temperature, 82% yield.

RSC Adv., 2023, 13, 30985–30989 | 30987
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Table 2 Cell cytotoxicity of WB-06 and Taxol

IC50 (nM)

HCT-50 HeLa MDA-MB-231 MCF-7 SKOV-3 HMC-3M MCF-10A

WB-06 95.6 18.6 20.5 16.3 22.1 65.1 56.3
Taxol 57.8 2.1 5.5 12.1 9.8 — —
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14, then TES protection to generate 15 in 68% (Scheme 5).
Furthermore, we conrmed b-PMP anomeric enhanced 3′-
hydroxyl activity by using compound 13 as an accepter to
glycosylate with donor 4 using NIS and BF3Et2O as promoters
generated compound 15 in a 65% yield, as shown in ref. 11.
Finally, hemiacetal 17 was obtained by deprotecting PMP of
glycoside 15 in the presence of CAN, followed by tri-
chloroacetimidation with trichloroacetonitrile under normal
conditions to generate 18.

Sapogenin 20 was synthesized from diosgenin using
a process described in the literature (Scheme 6).12 The OSW-1
analogy was synthesized with both aglycon 20 and the disac-
charide donor 18 readily hand. Under typical conditions,
compound 20 reacted with disaccharide donor 18 to produce
21. The OSW-1 analogue WB-6 was produced by the depro-
tection of 21 with Pd (MeCN)Cl2. The physical characteristics of
WB-6 are the same as those reported.12b
Antitumor activities in vitro

The synthetic OSW-1 analogue WB-06 was screened against
HCT-8, HeLa, MDA-MB-231, MCF7, Skov-3. HMC-3, MCF-10A
cell lines by alamarBlue cytotoxicity assay. Taxol was used as
a positive control; all the experiments were repeated three
times. The HCT-8, HeLa, MDA-MB-231, and MCF7 cell line was
selected for comparison with the literature-reported OSW-1 or
OSW-1 analogy cytotoxicity data.12c,13 All of the other cell lines
were screened for the rst time. The results presented in Table 2
illustrate the concentrations required for 50% cell death (IC50
values) when compared to the vehicle-treated negative control.
The IC50 value for WB-6 range from 18.6 nM to 110.6 nM less
active to Taxol. In particular, the IC50 value for HeLa, MDA-MB-
231, and MCF7 cells is comparable to the literature-reported
value. WB-6 also showed valuable benets to Skov-3 cell lines.
Unfortunately, no selectivity between tumor and non-tumor cell
lines (HMC-3 and MCF-10A) was observed for WB-6.

The in vitro cytotoxicity against HCT-8 (colon carcinoma cell
line), HeLa (cervical cancer cell line), MDA-MB-231 (Human
Breast cancer cell line), MCF7 (breast cancer cell line), Skov-3
(ovarian cancer cell line), HMC-3 (human microglia cell line),
MCF-10A (non-tumorigenic epithelial cell line) cell lines were
evaluated by the standard MTT assay.
Conclusions

Finally, we have developed a exible synthesis strategy for OSW-
1 disaccharide, which was synthesized in 13 steps with an
overall yield of 7.2% from xylose derivate 1 and arabinose
30988 | RSC Adv., 2023, 13, 30985–30989
derivate 7. A new and effective process for preparing disaccha-
ride building blocks has been created. Donor 4 was achieved by
protecting the C-2, C-3, and C-4 hydroxyl positions indepen-
dently, allowing for easy modication. The xylose donor moiety
is useful for studying the structure–activity relationship of OSW-
1 and discovering new anticancer treatments. Specically, the
rst high yield of glycosylation on an OSW-1 synthesis disac-
charide was achieved by sulde donor 4 with b-PMP anomeric L-
arabinose acceptor 12. The cell analysis shows that analogy has
higher anti-tumor potential. This strategy should provide
a versatile way to modify OSW-1's disaccharide. Further appli-
cation of this disaccharide to generate OSW-1 and analogies is
in progress in our laboratory.
Conflicts of interest

The authors declare no competing nancial interest.
Acknowledgements

This research was supported by the National Natural Science
Foundation of China (grant no. 81660725, 82060782), Urumqi
science and technology talent, Tianshan Innovation Team of
Xinjiang Uygur Autonomous Region (no. 202D14011). Tian-
shang Cedar plan (no. 2018XS21), Development Program,
Specialized Research on Modernization of TCM (no.
2018YFC1708006 and 2018 YFC1708003).
Notes and references

1 S. Kubo, Y. Mimaki, M. Terao, Y. Sashida, T. Nikaido and
T. Ohmoto, Phytochemistry, 1992, 31, 3969–3973.

2 (a) Y. Mimaki, M. Kuroda, A. Kameyama, Y. Sashida,
T. Hirano, K. Oka, R. Maekawa, T. Wada, K. Sugita and
J. A. Buetler, Bioorg. Med. Chem. Lett., 1997, 7, 633–636; (b)
M. Kuroda, F. Hasegawa, A. Yokosuka, Y. Mimaki and
Y. Sashida, Chem. Nat. Prod., 2001, 43, 371–376; (c) Y. Tang,
N. Ji, J. Duan and W. Tao, Chem. Rev., 2013, 113, 5480–5514.

3 (a) C. Guo and P. L. Fuchs, Tetrahedron Lett., 1998, 39, 1099–
1102; (b) S. Deng, B. Yu, Y. Lou and Y. Hui, J. Org. Chem.,
1999, 64, 202–208; (c) W. Yu and Z. Jin, J. Am. Chem. Soc.,
2001, 123, 3369–3370; (d) W. Yu and Z. Jin, J. Am. Chem.
Soc., 2002, 124, 6576–6583; (e) J. W. Morzycki and
A. Wojtkielewicz, Carbohydr. Res., 2002, 337, 1269–1274; (f)
B. Shi, P. Tang, X. Hu, J. O. Liu and B. Yu, J. Org. Chem.,
2005, 70, 10354–10367.

4 (a) M. Tsubuki, S. Matsuo and T. Honda, Tetrahedron Lett.,
2008, 49, 229–232; (b) L. Sun, R. Wang, X. Wang, Y. Dang,
© 2023 The Author(s). Published by the Royal Society of Chemistry

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d3ra05748h


Paper RSC Advances

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 2

3 
O

ct
ob

er
 2

02
3.

 D
ow

nl
oa

de
d 

on
 1

1/
17

/2
02

5 
5:

57
:3

4 
PM

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
W. Li and B. Yu, Org. Chem. Front., 2019, 6, 2385–2391; (c)
L. Sun, D. Zhu, L. Beverborg, R. Wang, Y. Dang, M. Ma,
W. Li and B. Yu, Chin. J. Chem., 2020, 38, 1091–1097.

5 (a) X. Ma, B. Yu, Y. Hui, Z. Miao and J. Ding, Carbohydr. Res.,
2001, 334, 159–164; (b) P. Tang, F. Mamdani, X. Hu, J. Liu
and B. Yu, Bioorg. Med. Chem. Lett., 2007, 17, 1003–1007.

6 (a) X. Ma, B. Yu, Y. Hui, D. Xiao and J. Ding, Carbohydr. Res.,
2000, 329, 495–505; (b) L. S. Khasanova, F. A. Gimalova,
S. A. Torosyan, A. A. Fatykhov and M. S. Miakhov, Russ. J.
Org. Chem., 2011, 47, 1125–1129; (c) Z. Pakulski and
P. Cmoch, Tetrahedron, 2015, 71, 4757–4769; (d)
K. Kuczynska, P. Cmoch, L. Rárová, J. Oklešt'ková,
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