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Abstract

Diosgenin, a naturally occurring steroidal sapohias been confirmed to possess potent anticanopefties. In the current
work, two series of novel diosgenin derivativesrbenl,3,4-oxadiazolebg—6e and7a-7¢€) or 1,3,4-thiadiazoleBa—8e and9a—9¢)
moieties were designed, synthesized and evaluatetthdir cytotoxicities in four human cancer céllels (HepG2, A549, MCF-7
and HCT-116) and normal human gastric epithelids&ES-1) using the MTT assayvitro. The results showed that compounds
8d and 9d exhibited significant cytotoxic activities againte HepG2 and A549 cells, being more potent thweair tparent
compound diosgenin. Furthermore, the 1,3,4-thiadéageries of compounds generally exhibited strowegotoxicity compared
with the 1,3,4-oxadiazole series against HepG2 A4 cells, and the substitution of 3-pyridyl groapthe C5 position of the
1,3,4-thiadiazole ring was the preferred option #foese compounds to display significant cytotoxtivities. Compoundsd
showed potent cytotoxic activity against A549 el (IC5o = 3.93uM) and was 6.7-fold more potent than diosgenindF26.41
uM). Moreover, compound@d displayed low toxicity against GES-1 cells 4G 420.4uM), showing specificity between normal
and tumor cells. Further cellular mechanism studies A549 cells indicated that compoun8d triggered the
mitochondrial-mediated apoptosis by decreasing ehitadrial membrane potential, which was associaftigld up-regulation of
Bax, down-regulation of Bcl-2 and activation levefshee caspase cascade. The above results inditetedompoun®d may be

used as a promising skeleton for antitumor ageittsimproved efficacy.

Key words: Diosgenin derivatives; 1,3,4-Oxadiazole; 1,3,4atlimzole; Antitumor; Apoptosis.



1. Introduction

The incidence and mortality of cancer are rapiadtyngng worldwide. According to the latest Annual Mdb
Cancer Report, there were approximately 18 miliiew cases and 9.6 million cancer deaths worldwidz0il8
[1]. Current studies showed that chemotherapy wh®se of the most effective methods for canceatment.
However, undesirable side effects seriously imgedelinical applications [2, 3]. Therefore, newuds killing
cancer cells without obvious side effects are ehgimportance for cancer chemotherapy. Naturalymis have
been a rich source of compounds for drug discoaads/the majority of anticancer drugs currently useclinic
are derived from natural product scaffolds [4].

Naturally occurring steroids have been shown tes@ss potent antitumor activity and provide privéleg
structures for further modifications [5]. Duringethast few years, our research groups have beekingoon
structural modifications of steroids to obtain maive compounds as potential antitumor agentd, same
derivatives with highly promising cytotoxic actieis against a number of cancer cell lines weredd@s8].

Diosgenin (DG, Fig. 1), a steroidal saponin abutigigoresent in the roots of wild yandipscorea villos,
is used as a traditional medicine because of itdvies of antitumor [9-13], antidiabetes [14],
anti-inflammatory [15] and anti-Parkinson’s Dise§56]. More recently, it has been reported that iDkibited
cancer cell proliferation and induced apoptosisnultiple cancer cell lines including colorectal can [9],
hepatocellular carcinoma [10], breast cancer [lLit]g cancer [12] and prostate cancer [13]. AlthoDgh has
extensive cytotoxic activity, the use of DG for cantherapy was hampered due to its moderate pptenc
Therefore, it is important to carry out structuradification of DG to obtain promising anticancerngounds.

Heterocycles are considered as privileged scaffaddslirug discovery and widely used in medicinal
chemistry [17, 18]. Among them, 1,3,4-oxadiazole 4ar3,4-thiadiazole are two well-known pharmacopkor
and have drawn much attention due to their divgrharmacological activities. Multiple studies have
demonstrated that 1,3,4-oxadiazole/thiadiazoleainimy Zibotentan (an anticancer drug candidatatm stage
clinical trials) and compounds A-D exhibited sigeeint cytotoxic activity against various cancerl digles
[19-23] (Fig. 2). Hence, the incorporation of thés® moieties in the designed compounds may giwe ne
effective antitumor agents.

Aiming at finding promising new leads with potehtititumor activity, it was considered worthwhtte
design and synthesize novel diosgenin derivatihas ¢ontain the 1,3,4-oxadiazole or 1,3,4-thiad@azing

systems. Accordingly, twenty novel diosgenin 1@wdiazolyl/thiadiazolyl derivatives were designed,
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synthesized, characterized and evaluated for dysitoxicity against four tumor cell lines and amarmal cell

line.

2. Reaults and discussion

2.1 Chemistry

The synthetic route for the target compounds isvshm Scheme 1. The acetylation of DG, (using dry
dichloromethane as a co-solvent, afforded interated according to the published method [24] with some
modifications. Next, intermediat2 was converted into intermedia8 by reductive opening of the cyclic
spiroketal using NaBkCN in AcOH at room temperature in 81.0% yield [@fermediate3 was oxidized using
Jones reagent to give the key intermeddaite 76.0% yield. Subsequently, the intermediateas coupled with
the appropriate acylhydrazines in the presence Oefbenzotriazol-1-yI)N,N,N’,N’-tetramethyluronium-
tetrafluoroboratetetrabutyl (TBTU) as a couplingtatgst to afford intermediateba-5e [25]. The
cyclodehydration of intermediat&a-5e with POC} at 80°C furnished the correspondirgmpoundsa-6e in
good yields according to the method described @nliterature [26], and subsequent deacetylationtdethe
3p-hydroxy derivativesa—7e. On the other hand, the Lawesson reagent (LR)ciedlulehydrosulfurization of
intermediatesba—5e in refluxing toluene for 1 h furnished compourgks-8e in good yields [26]. Finally,
deacetylation of compoundda—-8e afforded the B-hydroxy analog®a—9e. All the synthesized compounds

were well characterized by their ESI-HRMS, NMR, and**C NMR spectral data.

2.2 Biological evaluation

2.2.1 In vitro cytotoxic activity

Thein vitro cytotoxicities of the synthesized diosgenin ddiixes against human hepatoma (HepG2), lung
carcinoma (A549), breast cancer (MCF-7), colorectalcer (HCT-116) and normal gastric (GES-1) de#d
were evaluated by the MTT assay, and Mitomycin G wsed as the positive control. Thed®alues are
presented in Table 1. The results showed that cangs8d and9d exhibited marked cytotoxicities against the

HepG2 and A549 cell lines, and were more potent thair parent compound DG and Mitomycin C.



For HepG2 cell line, the 1,3,4-oxadiazolyl seridscompounds6a—6e (R, = Ac) and7a-7d (R, = H)
displayed lower cytotoxic activities than DG G 33.87uM). Only compoundre (ICso = 29.24uM) showed
similar cytotoxicity to DG. The substitutions (gHphenyl, p-methoxyphenyl and 1-naphthyl) on the
1,3,4-thiadiazole moiety led to compourgis-8e and 9a—9 without significant improvement in cytotoxicity
except for compound8d and 9d. These two compounds possessing 3-pyridyl grogplalyed significant
cytotoxic activities with 1G, values of 11.73 and 8.88M, respectively. Specifically, the cytotoxicity of
compound8d was about 2.9-fold more potent than those of camgs8a (ICso = 34.25uM) and DG. For
compoundd, the cytotoxicity was 2:63.8-fold higher than those of compour8iads(ICso = 33.16pM), 9b (1Csq
= 32.14uM), 9c (ICsq = 23.05uM) and9e (ICsp = 32.90uM), and was about 3.8-fold more potent than that of
DG. Furthermore, compounds and9d were less toxic to non-cancer cells GES-1 witk Kalues of 420.4
and 354.4.M, respectively. These data showed that the incatfmm of a 3-pyridine ring at the C5 position of
the 1,3,4-thiadiazole ring led to significant impeanent in cytotoxic activity when compared with mgtand
aryl rings.

For A549 cell line, compound8d (ICso = 3.93uM) and 9d (ICsq = 7.68 uM) also possessed stronger
cytotoxicity than that of DG (I§ = 26.41uM). Among these compounds, compowdiwas the most active
compound, which was 6.7-fold more potent than D@rédver, compounld (ICsq = 420.4uM) showed lower
cytotoxicity against normal cells GES-1 than DGs(l€& 100.7uM). Compound9d was 2.6-4.8-fold more
potent tharcompound®a (ICso = 36.71uM), 9b (ICs0 = 15.04uM), 9c (ICs0 = 16.4uM) and9e (ICso = 18.26
uM). The results also suggested that the substitutdd 3-pyridyl group at the C5 position of the
1,3,4-thiadiazole ring was beneficial for compoutwdisplay potent cytotoxicity against A549 céiel.

For MCF-7 cell line, the 20 synthesized derivatieghibited lower cytotoxicity compared with DG £
23.91uM) with the exception of compourith (ICso = 20.37uM). For HCT-116 cell line, compourttl (ICso =
29.56uM) showed higher cytotoxicity than DG @6= 49.11uM).

Taken together, the 1,3,4-thiadiazole series of pmamds generally exhibited stronger cytotoxicity
compared with the 1,3,4-oxadiazole series agamsttepG2 and A549 cell lines. The above resultgestgd
that the group with 3-pyridyl substitution at thé& @osition of the 1,3,4-thiadiazole ring was theferred
substitution pattern for compounds with potent tyt@ activities.

The partition coefficient (log®?) between two solvents-octanol and water has been used as a classical

descriptor for lipophilicity. Compoun8ld exhibited potent cytotoxic activity against A54éldine. Therefore,



the calculated lo@ (clog P) values of compounfld and DG were calculated using SwissADME web tod| [2
28]. The results showed that the clBgvalue of compoun@®d (6.35) was relatively higher than that of DG
(5.03). Compoundd with the medium clod® value showed stronger cytotoxicity, which mayibttre to the
increase of lipophilicity.

To gain insight into the cellular mechanism of synthesized compounds, the most potent comp8&dnd
was selected for further studies in A549 cells byfgrming DAPI, Annexin V/propidium iodide (PI) $ting,

mitochondrial membrane potentiahm) and Western blot assays.

2.2.2 Apoptosis study

Previous studies have reported that DG exhibitddtoyic activity against DU145 and K562 cells by
inducing apoptosii vitro [29, 30]. Compared with the control group, somehaf8d-treated cells exhibited
rounding, shrinkage, membrane blebbing and the dbam of apoptotic bodies, which were hallmarks of
apoptotic cells (Fig. 3A). However, those changesawnot obviously observed in the DG group. Chanddise
morphological characters in A549 cells were furtstedied by DAPI staining under fluorescence micopy to
confirm that the growth inhibitory activity @d was related to the inducing of apoptosis. As showirig. 3B,
cells of the untreated group were stained homogestgonhile somedd-treated cells exhibited bright chromatin
condensation and nuclear fragmentation, a hallnsdirlepoptosis. The above observation indicated that
treatment oBd induced the apoptosis of A549 cells.

To further verify whetheBd could induce apoptosis in A549 cel&l-incubated A549 cells were stained
with Annexin V (AV) and propidium iodide (PI). A©iswn in Fig. 4, the percentage of total died oglfsoptotic
and necrotic cells) increased to 36.1% and 81.3&6 atkatment witl8d at the concentrations of 15 and 30 uM,
respectively, in comparison with the control (5.4%/0oreover, the apoptotic ratios 8f-treated cells were
significantly increased than those of DG-treatedlsceThese findings suggested th&8t exerted its
antiproliferative effects by inducing apoptosis.

Subsequently, the expression levels of cleavedasas, 3 and cleaved PARP were evaluated by Western
blot analysis in A549 cells. Fig. 5 showed thatepression levels of cleaved caspase-9, cleawgthsa-3 and
cleaved PARP were activated after treated Bdh However, the expression levels of those protdidsnot

change after treated with DG in A549 cells.



2.2.3 Measurement of mitochondrial membrane pakidMP)

Mitochondrion plays an important role in regulatiogllular functions, and mitochondrial dysfunctibas
been identified as one of the characteristic evehtspoptosis [8]. In order to determine whetBdfinduced
apoptosis was involved in a disruption of mitochieldnembrane integrity, we analyzed MMP changethef
A549 cells by staining with the dye JC-1 and analyzhe cells by flow cytometry. As shown in Fig. 8l
induced a concentration-dependent increase in depetl cell population from 0.4% of control to 7.5%d
26.0%, respectively. The results indicated thatpépsis in A549 cells induced 8d was associated with the

mitochondrial (intrinsic) pathways.

2.2.48d induces apoptosis through mitochondrial pathway

The mitochondria-dependent apoptotic pathway, eddled the intrinsic pathway, is modulated by tre-B
family of proteins, including Bax (pro-apoptotiocgpein) and Bcl-2 (anti-apoptotic protein), whichutabinduce
cytochromec (cyto<) released into the cytosol, resulting in the atton of the caspase-9, -3, and PARP
cleavage, finally triggering the execution of ajpgit [31]. Therefore, to reveal the molecular medm of8d,
we examined the expression of Bcl-2, Bax, and cytny Western blot analysis. As shown in Fig. 7, in
comparison with untreated cell8d could increase the level of Bax and decrease thel lef Bcl-2 in a
concentration-dependent manner. Moreover, the ssime of cytoe remarkably increased in a dose-related
fashion (Fig. 7). These results indicated Behtould induce the apoptosis of A549 cells via iasirg the level
of Bax and decreasing the level of Bcl-2, leadinghe release of cyto-and activation of caspase-9, -3, and
PARP cleavage, which triggered the execution opagsis.

The above results indicated that compoBddshowed low cytotoxicity to normal human cells gadential

anti-cancer activity against A549 cells by inducampptosis through mitochondrial pathway.

3. Conclusion

In the present work, twenty novel diosgenin 1,3debazolyl/thiadiazolyl derivatives were synthesiznd
tested for their cytotoxic activitiaa vitro. Derivatives8d and9d showed stronger cytotoxic effects than their
parent compound diosgenin in the HepG2 and A54Blicels. The 1,3,4-thiadiazole series of compounds
generally exhibited stronger cytotoxicity compavéth the 1,3,4-oxadiazole series against the Heai@PA549

cell lines, and the substitution of 3-pyridyl groap the C5 position of the 1,3,4-thiadiazole ringswthe
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preferred option for these compounds to displayiicant cytotoxic activities. Compoun8d displayed the
most potent cytotoxicity against A549 cells 4G 3.93uM) and low cytotoxicity against normal GES-1 cells
(ICso = 420.4 uM). Further studies on the cellular mechanism ofmgound 8d showed that it caused
morphological changes, decreased mitochondrial memeb potential, and induced apoptosis through
mitochondrial pathway in A549 cells. The resultstbé current study imply that compouigd is a lead

compound for further research.

4. Experimental protocols

4.1 Chemistry

Diosgenin was purchased from Xi'an Xiaocao Planthimlogy Co., Ltd. Reagents and solvents were
purchased from commercial sources and used as/eecéilelting points (mp) were determined on a WRS-2
melting apparatus and were uncorrectétiNMR and**C NMR spectra were recorded in CR@lith Bruker
AVANCE NEO 600 spectrometer (TMS as internal stadgarhe values of the chemical shifts were exmess
in 0 values (ppm) and the coupling consta¥sii Hz. ESI-HRMS data were obtained using an ABESC
TripleTOF 4600 instrument. Reaction progress wasitomed by analytical thin layer chromatography Cljlon
silica gel HSGF254 plates (Yantai Zifu Chemical GyaCo. China). Silica gel (16@00 or 206300 mesh,

Qingdao city, China) was used for column chromapby.

4.1.1 Synthesis of (25Rp-&cetoxy-5-en-spirostar)

AcO (14.8 g, 144.9 mol) was added to a magneticaityed solution of diosgenin (30 g, 72.4 mmol) in
CH,CI, (210 mL) and pyridine (60 mL). After the mixture svatirred at room temperature for 6 h, water (300
mL) was added, and then extracted with,CH(100 mL). The combined organic layers were washéd w
saturated NaHC$) brine and dried over anhydrous J88&), then the solids were removed by filtration. The
solvent was evaporated in vacuo, and the cruderi@ateas purified by reflux with anhydrous ethaf@40 mL)
to provide compoun@ (32.1 g, 97.0%). White amorphous powder, mp 19¢98.6°C. '"H NMR (600 MHz,
CDCl;, 6): 5.37 (d,J = 4.9 Hz, 1H, H-6), 4.60 (m, 1H, H-3), 4.41 (dds 14.8, 7.2 Hz, 1H, H-16), 3.47 (diiF
10.1, 4.1 Hz, 1H, H-26), 3.37 = 11.0 Hz, 1H, H-26), 2.03 (s, 3H, Ac-GH1.03 (s, 3H, 19-C}), 0.97 (d,J
= 7.0 Hz, 3H, 21-CH), 0.78 (s, 3H, 18-C¥}, 0.78 (d,J = 5.6 Hz, 3H, 27-Ck). °C NMR (150 MHz, CDGJ, 6):
170.7 (Ac-CO), 139.8 (C-5), 122.5 (C-6), 109.4 (B);B0.9 (C-16), 74.0 (C-3), 67.0 (C-26), 62.2 (D;156.6
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(C-14), 50.1 (C-9), 41.8 (C-20), 40.4 (C-12), 360913), 38.2 (C-4), 37.1 (C-1), 36.9 (C-10), 3227), 32.0
(C-15), 31.8 (C-8), 30.4 (C-23), 29.8 (C-25), 20032), 27.9 (C-24), 21.6 (Ac-C 21.0 (C-11), 19.5 (C-19),

17.3 (C-27), 16.4 (C-18), 14.7 (C-21). ESI-HRMSz 457.3330 [M+H] (Calcd for GeHa04, 457.3312).

4.1.2 Synthesis of (22R,25R}-8cetoxy-5-en-furostan-26-a)

To a magnetically stirred solution of appropriatenpound2 (20 g, 43.9 mmol) in CkCl, (80 mL) was
added acetic acid (20 mL) and NafHN (5.53 g, 87.8 mmol). After 8 h, the mixture vedlsalified by saturated
Na,COssolution. The organic layer was washed with watet larine and dried over anhydrous,8@, then the
solids were removed by filtration. The solvent veasporated in vacuo, and the crude material wafquiby
column chromatography over the silica gel with pletnm ether—ethyl acetate (20:1) to get intermedgi6.3
g, 81.0%). White amorphous powder, mp 161@8.6°C. *H NMR (600 MHz, CDC}, d): 5.36 (d,J = 5.0 Hz,
1H, H-6), 4.59 (m, 1H, H-3), 4.30 (m, 1H, H-16)48.(dd,J = 10.6, 6.0 Hz, 1H, H-26), 3.43 (d#i= 10.6, 6.0
Hz, 1H, H-26), 3.32 (td] = 8.3, 3.7 Hz, 1H, H-22), 2.02 (s, 3H, Ac-gHL.03 (s, 3H, 19-C}j, 1.00 (d,J= 6.7
Hz, 3H, 21-CH), 0.91 (d,J = 6.8 Hz, 3H, 27-CH), 0.80 (s, 3H, 18-C§). **C NMR (150 MHz, CDGJ, 6):
170.7 (Ac-CO), 139.8 (C-5), 122.5 (C-6), 90.5 (Q;223.3 (C-16), 74.0 (C-3), 68.2 (C-26), 65.2 (Q;157.0
(C-14), 50.1 (C-9), 40.8 (C-12), 39.5 (C-13), 3g24), 38.1 (C-20), 37.1 (C-1), 36.8 (C-10), 3529235), 32.4
(C-7), 32.1 (C-15), 31.7 (C-8), 30.6 (C-24), 30323), 27.9 (C-2), 21.6 (Ac-CHi 20.8 (C-11), 19.5 (C-19),

19.1 (C-21), 16.8 (C-27), 16.6 (C-18). ESI-HRMSz 459.3472 [M+H] (Calcd for GeHa70s, 459.3469).

4.1.3 Synthesis of (22R,25R}-8cetoxy-5-en-furostan-26-oic acidl)(

To a stirred solution of compourd(10.0 g, 21.8 mmol) in a mixture of THF (50 mL)daacetone (50 mL),
Jones reagent was added dropwise at room tempenatil the solution remained orange. Then theti@ac
mixture was stirred for 2 h at room temperatureotpompletion, the precipitate was removed byafilon and
the solvent was evaporated under reduced presBueeresidue was dissolved in g, (50 mL) and washed
with brine (3x50 mL) and dried over anhydrous,8l@;, then concentrated under reduced pressure. Tiiriees
was purified on silica gel chromatography with pktum ether-ethyl acetate (10:1) to give intermiedlg7.63
g, 76.0%). White amorphous powder, mp 12425.2°C. *H NMR (600 MHz, CDC}, ¢): 5.37 (d,J = 4.8 Hz,
1H, H-6), 4.60 (m, 1H, H-3), 4.33 (m, 1H, H-16)38.(td,J = 8.6, 2.4 Hz, 1H, H-22), 2.52 (m, 1H, H-25), 2.03

(s, 3H, Ac-CH), 1.18 (d,J = 6.9 Hz, 3H, 27-CH), 1.03 (s, 3H, 19-C¥J, 1.00 (d,J = 6.7 Hz, 3H, 21-Ck), 0.79



(s, 3H, 18-CH). ®C NMR (150 MHz, CDGJ, 5): 181.2 (C-26), 170.7 (Ac-CO), 139.8 (C-5), 122.560C90.4
(C-22), 83.7 (C-16), 74.0 (C-3), 65.0 (C-17), 5{®14), 50.1 (C-9), 40.8 (C-12), 39.5 (C-13), 39525),
38.2 (C-4), 38.2 (C-20), 37.1 (C-1), 36.8 (C-1®,B(C-7), 32.1 (C-15), 31.7 (C-8), 31.6 (C-24),13(C-23),
27.9 (C-2), 21.6 (Ac-CH), 20.8 (C-11), 19.5 (C-19), 19.0 (C-21), 17.4 (0):216.5 (C-18). ESI-HRMSz

473.3220 [M+H] (Calcd for GeHasOs, 473.3262).

4.1.4 General procedure for synthesis of compobadse.

To a solution of compourd (0.6 g, 1.28 mmol) and the appropriate acylhyarezi(2.56 mmol) in CkCl,
(5 mL) was added TBTU (0.82 g, 2.56 mmol) and DIP@A3 g, 2.56 mmol) and stirred for 2 h at room
temperature. When the substrates disappearedtédetbby TLC), the mixture was washed with wab€r i)
and brine (50 mL) and dried over anhydrous3a. The solvent was concentrated under vacuum. Tingecr
product was purified by flash chromatography oitaigel using petroleum ether-ethyl acetate (2s18laent to

yield compound$a—5e.

4.1.4.1 (22R,25R)-N-Acetypacetoxy-5-en-furostan-26-carbohydraziée)(

White amorphous powder, yield 74.5%, mp 22228.0°C. 'H NMR (600 MHz, CDC}, 8): 9.24 (brs, 1H,
NH), 9.15 (dJ = 4.7 Hz, 1H, NH), 5.36 (dl = 3.3 Hz, 1H, H-6), 4.59 (m, 1H, H-3), 4.30 (m,,1H#16), 3.28 (t,
J=6.4 Hz, 1H, H-22), 2.52 (m, 1H, H-25), 2.033sl, 2-CHj3), 2.02 (s, 3H, Ac-Ck), 1.13 (d,J = 6.6 Hz, 3H,
27-CHy), 1.02 (s, 3H, 19-Ch), 0.96 (d,J = 6.1 Hz, 3H, 21-CH), 0.76 (s, 3H, 18-C}). *C NMR (150 MHz,
CDCl, 9): 173.6 (C-26), 170.7 (Ac-CO), 167.0 (0;1139.8 (C-5), 122.5 (C-6), 91.0 (C-22), 83.7 ®);174.0
(C-3), 64.7 (C-17), 57.1 (C-14), 50.1 (C-9), 403812), 39.6 (C-13), 38.4 (C-25), 38.3 (C-20), 3g24), 37.1
(C-1), 36.8 (C-10), 32.2 (C-7), 32.1 (C-15), 31®&Y), 29.8 (C-24), 29.8 (C-23), 27.9 (C-2), 21.6{BH,),
20.8 (C-2), 20.8 (C-11), 19.5 (C-19), 18.7 (C-21), 17.9 (0;216.5 (C-18). ESI-HRMSWz 529.3650 [M+H]

(CalCd for G1H49N5Os, 5293636)

4.1.4.2 (22R,25R)-N-Benzoyt-acetoxy-5-en-furostan-26-carbohydrazi@b)(

White amorphous powder, yield 63.1%, mp 1667.8°C. 'H NMR (600 MHz, CDC}, 9): 9.75 (d,J = 3.5
Hz, 1H, NH), 9.54 (dJ = 3.5 Hz, 1H, NH), 7.79 (d] = 7.7 Hz, 2H, H-2and H-8), 7.44 (t,J = 7.7 Hz, 2H,
H-4'), 7.33 (d,J = 7.7 Hz, 2H, H-3and H-5), 5.34 (d,J = 4.3 Hz, 1H, H-6), 4.57 (m, 1H, H-3), 4.29 (m, 1H
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H-16), 3.27 (J = 7.8 Hz, 1H, H-22), 2.59 (m, 1H, H-25), 2.00 8/, Ac-CHy), 1.12 (d,J = 6.6 Hz, 3H,
27-CHy), 0.98 (s, 3H, 19-Ch), 0.94 (d,J = 6.5 Hz, 3H, 21-Cl}, 0.74 (s, 3H, 18-CH. *C NMR (150 MHz,
CDCl, 0): 174.2 (C-26), 170.6 (Ac-CO), 164.4 (C-28), 139.75)C 132.1 (C-4, 131.8 (C-1), 128.6 (2C,
C-3 and C-5), 127.4 (2C, C-2and C-6), 122.4 (C-6), 90.8 (C-22), 83.6 (C-16), 73.9 (C&%.7 (C-17), 57.0
(C-14), 50.0 (C-9), 40.7 (C-12), 39.5 (C-13), 363525), 38.3 (C-20), 38.1 (C-4), 37.0 (C-1), 363810), 32.2
(C-7), 32.0 (C-15), 31.6 (C-8), 31.0 (C-24), 30C233), 27.8 (C-2), 21.5 (Ac-Cf 20.7 (C-11), 19.4 (C-19),

18.7 (C-21), 17.8 (C-27), 16.4 (C-18). ESI-HRMSz 591.3784 [M+H] (Calcd for GeHs;N,Os, 591.3792).

4.1.4.3 (22R,25R)-N-(p-Methoxybenzoye®etoxy-5-en-furostan-26-carbohydraziée)(

White amorphous powder, yield 48.7%, mp 1688L.0°C. *H NMR (600 MHz, CDC}, 9): 9.26 (brs, 1H,
NH), 9.20 (brs, 1H, NH), 7.77 (d,= 8.6 Hz, 2H, H-2and H-6), 6.86 (d,J = 8.6 Hz, 2H, H-3and H-5), 5.35
(d,J = 3.3 Hz, 1H, H-6), 4.58 (m, 1H, H-3), 4.31 (m,,1H#16), 3.82 (s, 3H,'4OCH), 3.30 (t,J = 6.7 Hz, 1H,
H-22), 2.58 (m, 1H, H-25), 2.02 (s, 3H, Ac-gH1.16 (d,J = 6.6 Hz, 3H, 27-Ck), 1.00 (s, 3H, 19-Ck}, 0.96
(d, J = 6.6 Hz, 3H, 21-Ch), 0.75 (s, 3H, 18-CH. *C NMR (150 MHz, CDGJ, 6): 173.9 (C-26), 170.7
(Ac-CO), 164.0 (C-28), 162.8 (Cy4 139.8 (C-5), 129.3 (2C, C-and C-6), 124.1 (C-1), 122.5 (C-6), 113.9
(2C, C-3and C-5), 91.0 (C-22), 83.7 (C-16), 74.0 (C-3), 64.7 (Q;157.1 (C-14), 55.5 (C*4DCH;), 50.1
(C-9), 40.8 (C-12), 39.5 (C-13), 38.6 (C-25), 36420), 38.2 (C-4), 37.1 (C-1), 36.8 (C-10), 3237), 32.1
(C-15), 31.6 (C-8), 31.1 (C-24), 30.7 (C-23), 2{L92), 21.6 (Ac-CH), 20.8 (C-11), 19.4 (C-19), 18.8 (C-21),

17.9 (C-27), 16.5 (C-18). ESI-HRM8Vz 621.3910 [M+H] (Calcd for G/HsN,0s, 621.3898).

4.1.4.4 (22R,25R)-N-(Pyridyl-3-carbonylp-&cetoxy-5-en-furostan-26-carbohydraziée)(

White amorphous powder, yield 67.8%, mp 12426.4°C. 'H NMR (600 MHz, CDC}, 5): 9.81 (brs, 1H,
NH), 9.32 (brs, 1H, NH), 9.01 (s, 1H, H)28.69 (brs, 1H, H-§, 8.12 (d, 1HJ = 7.9 Hz, H-4), 7.33 (ddJ =
7.9, 4.5 Hz, 1H, H-9, 5.34 (dJ = 4.0 Hz, 1H, H-6), 4.58 (m, 1H, H-3), 4.33 (m,,H#16), 3.32 (m, 1H, H-22),
2.64 (m, 1H, H-25), 2.01 (s, 3H, Ac-GK1.15 (d,J = 6.7 Hz, 3H, 27-Ch), 0.98 (s, 3H, 19-Ch), 0.97 (d,J =
6.9 Hz, 3H, 21-Ch), 0.75 (s, 3H, 18-CH. **C NMR (150 MHz, CDGJ, ¢): 174.8 (C-26), 170.7 (Ac-CO),
163.0 (C-28), 152.7 (CR 148.7 (C-6, 139.8 (C-5), 135.2 (C} 127.8 (C-H, 123.5 (C-3, 122.4 (C-6), 91.2
(C-22), 83.8 (C-16), 74.0 (C-3), 64.5 (C-17), 5{®14), 50.1 (C-9), 40.8 (C-12), 39.5 (C-13), 38525),

38.2 (C-4), 38.2 (C-20), 37.1 (C-1), 36.8 (C-1®,B(C-7), 32.1 (C-15), 31.6 (C-8), 31.0 (C-24),3(C-23),
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27.8 (C-2), 21.5 (Ac-CH), 20.7 (C-11), 19.4 (C-19), 18.6 (C-27), 17.8 (D;216.5 (C-18). ESI-HRMSmz

592.3769 [M+H] (Calcd for GsHsoNsOs, 592.3745).

4.1.4.5 (22R,25S)-N-(Naphthoyl)-F-acetoxy-5-en-furostan-26-carbohydrazide)(

White amorphous powder, yield 70.6%, mp 15158.6°C. '"H NMR (600 MHz, CDC}, 5): 8.36 (m, 1H,
Ar-H), 7.92 (d,J = 8.2 Hz, 1H, Ar-H), 7.84 (m, 1H, Ar-H), 7.70 @3z 8.2 Hz, 1H, Ar-H), 7.51 (m, 2H, Ar-H),
7.42 (t,J = 8.2 Hz, 1H, Ar-H), 5.37 (d] = 4.9 Hz, 1H, H-6), 4.59 (m, 1H, H-3), 4.36 (m,,##16), 3.35 () =
8.4 Hz, 1H, H-22), 2.68 (m, 1H, H-25), 2.02 (s, 3t-CHy), 1.19 (d,J = 6.7 Hz, 3H, 27-Ch), 1.00 (s, 3H,
19-CH), 0.98 (d,J = 6.7 Hz, 3H, 21-C#H), 0.82 (s, 3H, 18-C). **C NMR (150 MHz, CDGJ, 6): 174.1 (C-2),
170.7 (Ac-CO), 166.2 (C'p 139.8 (C-5), 133.8 (Ar-C), 131.6 (Ar-C), 131.2r{C), 130.5 (Ar-C), 128.4
(Ar-C), 127.5 (Ar-C), 126.7 (Ar-C), 126.0 (Ar-C)2%.4 (Ar-C), 124.7 (Ar-C), 122.5 (C-6), 91.4 (C-28%.0
(C-16), 74.0 (C-3), 64.5 (C-17), 57.1 (C-14), 5(C19), 40.8 (C-12), 39.5 (C-13), 38.7 (C-25), 38320),
38.2 (C-4), 37.1 (C-1), 36.8 (C-10), 32.3 (C-7),13C-15), 31.7 (C-8), 31.0 (C-24), 30.5 (C-23),2{C-2),
21.5 (Ac-CH), 20.7 (C-11), 19.4 (C-19), 18.5 (C-21), 17.9 (D;216.5 (C-18). ESI-HRMSm/z 641.3959

[M+H]* (Calcd for GoHsaN,Os, 641.3949).

4.1.5 General procedure for synthesis of compotadse.

N,N'-Disubstituted hydrazine5é-5e, 0.40 mmol) was heated in PQE6 mL) at 80°C for 1 h until the
starting material was not observed by TLC. The treaamixture was cooled to room temperature, cdisefu
poured onto crushed ice and made basic with satufdaHCQ solution. The resulting precipitate was filtered,

dried and purified by silica gel chromatographyktain compoundéa—6e.

4.1.5.1 (22R,25R)BAcetoxy-5-en-25-(45'-methyl]-1,3',4'-oxadiazolyl) furostangg).

White amorphous powder, yield 75.0%, mp 12021.7°C. *H NMR (600 MHz, CDC}, 9): 5.36 (d,J = 4.8
Hz, 1H, H-6), 4.58 (m, 1H, H-3), 4.28 (m, 1H, H-18)28 (m, 1H, H-22), 3.07 (dd,= 14.9, 7.1 Hz, 1H, H-25),
2.49 (s, 3H, 5CHy), 2.02 (s, 3H, Ac-Ch), 1.34 (d,J = 7.1 Hz, 3H, 27-CH), 1.02 (s, 3H, 19-C}}, 0.96 (d,J =
7.1 Hz, 3H, 21-CH), 0.77 (s, 3H, 18-Ch. *C NMR (150 MHz, CDGJ, d): 170.7 (Ac-CO), 170.5 (C'p, 163.6
(C-5), 139.8 (C-5), 122.5 (C-6), 89.8 (C-22), 83.4 (€);174.0 (C-3), 65.2 (C-17), 57.0 (C-14), 50.1 (C4.8

(C-12), 39.5 (C-13), 38.2 (C-20), 38.0 (C-4), 3({Ct1), 36.8 (C-10), 32.3 (C-7), 32.1 (C-15), 320J5), 31.9
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(C-24), 31.7 (C-8), 31.1 (C-23), 27.9 (C-2), 2148{CHs), 20.8 (C-11), 19.5 (C-19), 19.0 (C-27), 18.4 (0);2

16.5 (C-18), 11.1 (5CH5). ESI-HRMS:m/z 511.3562 [M+H] (Calcd for GiH4/N,O4, 511.3530).

4.1.5.2 (22R,25R)MBAcetoxy-5-en-25-(45'-phenyl]-1,3,4'-oxadiazolyl) furostangb).

White amorphous powder, yield 81.5%, mp 982.6°C. *H NMR (600 MHz, CDC}, 6): 8.04 (ddJ = 7.9,
1.3 Hz, 2H, H-2 and H-6'), 7.50 (m, 3H, H-3, H-4" and H-%'), 5.36 (d,J = 3.5 Hz, 1H, H-6), 4.59 (m, 1H,
H-3), 4.28 (m, 1H, H-16), 3.30 (dd= 13.6, 7.3 Hz, 1H, H-22), 3.20 (m, 1H, H-25),2(8, 3H, Ac-CH), 1.43
(d, J = 7.0 Hz, 3H, 27-CH), 1.02 (s, 3H, 19-Ch), 0.96 (d,J = 6.5 Hz, 3H, 21-Ch), 0.77 (s, 3H, 18-Ch. °C
NMR (150 MHz, CDC}, §): 170.7 (Ac-CO), 170.3 (C*p 164.7 (C-H, 139.8 (C-5), 131.6 (C“3, 129.1 (2C,
C-3"and C-5), 126.9 (2C, C-2and C-6), 124.3 (C-1), 122.5 (C-6), 89.9 (C-22), 83.4 (C-16), 74.0 (C-3
65.1 (C-17), 57.0 (C-14), 50.1 (C-9), 40.8 (C-139,5 (C-13), 38.2 (C-4), 38.1 (C-20), 37.1 (C-H,8(C-10),
32.3 (C-7), 32.2 (C-15), 32.1 (C-25), 31.7 (C-8)},8B(C-24), 31.1 (C-23), 27.9 (C-2), 21.6 (Ac-gH20.7
(C-11), 19.5 (C-19), 19.0 (C-27), 18.5 (C-21), 165 18). ESI-HRMS:m/z 573.3714 [M+H] (Calcd for

CagHagN,0s, 573.3687).

4.1.5.3 (22R,25R)BAcetoxy-5-en-25-(45'-p-methoxyphenyl]-13',4' -oxadiazolyl) furostangg).

White amorphous powder, yield 73.2%, mp 69:8.3°C. *H NMR (600 MHz, CDC}, ): 7.97 (ddJ = 8.7,
2.9 Hz, 2H, H-Z and H-6'), 6.98 (ddJ = 8.7, 2.9 Hz, 2H, H-3and H-5'), 5.36 (dJ = 2.0 Hz, 1H, H-6), 4.59
(m, 1H, H-3), 4.28 (m, 1H, H-16), 3.86 (s, 3H, HA@CH), 3.30 (m, 1H, H-22), 3.16 (m, 1H, H-25), 2.02 (s,
3H, Ac-CH), 1.41 (d,J = 6.8 Hz, 3H, 27-Ch), 1.02 (s, 3H, 19-C}), 0.96 (d,J = 6.8 Hz, 3H, 21-Ch), 0.76 (s,
3H, 18-CH). *C NMR (150 MHz, CDGJ, 6): 170.7 (Ac-CO), 169.8 (C'R 164.6 (C-5, 162.3 (C-4), 139.8
(C-5), 128.7 (2C, C-3and C-5), 122.5 (C-6), 116.8 (C+), 114.5 (2C, C-2and C-6), 89.9 (C-22), 83.4
(C-16), 74.0 (C-3), 65.1 (C-17), 57.0 (C-14), 58®B4'-OCHg), 50.1 (C-9), 40.8 (C-12), 39.5 (C-13), 38.2
(C-4), 38.1 (C-20), 37.1 (C-1), 36.8 (C-10), 3237), 32.2 (C-15), 32.1 (C-25), 31.7 (C-8), 31.220), 31.0
(C-23), 27.9 (C-2), 21.6 (Ac-CH 20.7 (C-11), 19.4 (C-19), 19.0 (C-27), 18.5 (D;216.5 (C-18). ESI-HRMS:

m/z 603.3795 [M+H] (Calcd for GHs:N,O4, 603.3972).

4.1.5.4 (22R,25R)fBAcetoxy-5-en-25-(45'-3"-pyridyl]-1',3,4'-oxadiazolyl) furostangd).

White amorphous powder, yield 82.4%, mp 768.0 °C. *H NMR (600 MHz, CDC}, 6): 9.25 (s, 1H,
13



H-2"), 8.76 (dJ = 3.5 Hz, 1H, H-B), 8.34 (d, 1H,J = 7.9 Hz, H-4), 7.46 (dd,J = 7.9, 3.5 Hz, 1H, H'5, 5.36
(d,J = 4.8 Hz, 1H, H-6), 4.58 (m, 1H, H-3), 4.28 (m,, 1H#16), 3.31 (ddJ = 12.6, 7.5 Hz, 1H, H-22), 3.22 (dd,
J=14.4,7.2 Hz, 1H, H-25), 2.02 (s, 3H, Ac-§HL.44 (d,J = 6.9 Hz, 3H, 27-Ch), 1.02 (s, 3H, 19-Ck), 0.96
(d, J = 6.9 Hz, 3H, 21-CH), 0.77 (s, 3H, 18-Ch). *°C NMR (150 MHz, CDGJ, 5): 170.9 (C-2), 170.6 (Ac-CO),
162.6 (C-5), 152.3 (C-2), 147.8 (C-6), 139.8 (C-5), 132.4 (C3, 123.9 (C-8), 122.4 (C-6), 120.8 (C"3,
89.8 (C-22), 83.4 (C-16), 74.0 (C-3), 65.1 (C-13.,0 (C-14), 50.1 (C-9), 40.8 (C-12), 39.4 (C-1H,2 (C-4),
38.0 (C-20), 37.1 (C-1), 36.8 (C-10), 32.3 (C-1,13(C-15), 32.1 (C-25), 32.1 (C-24), 31.7 (C-8),13(C-23),
27.8 (C-2), 21.5 (Ac-Ch), 20.7 (C-11), 19.4 (C-19), 18.9 (C-27), 18.4 (D;216.5 (C-18). ESI-HRMSmz

574.3615 [M+H] (Calcd for GsHgNsO4, 574.3639).

4.1.5.5 (22R,25S)g3Acetoxy-5-en-25-(45'-(naphthalen-1-yl)]-1',3,4'-oxadiazolyl) furostangg).

White amorphous powder, yield 82.0%, mp 14647.9°C. *H NMR (600 MHz, CDC}, 6): 9.20 (dJ = 8.5
Hz, 1H, Ar-H), 8.15 (dJ = 7.3 Hz, 1H, Ar-H), 8.02 (d] = 8.3 Hz, 1H, Ar-H), 7.92 (d] = 8.3 Hz, 1H, Ar-H),
7.67 (m, 1H, Ar-H), 7.58 (m, 2H, Ar-H), 5.36 (@~ 4.9 Hz, 1H, H-6), 4.59 (m, 1H, H-3), 4.30 (m,,1##16),
3.34 (m, 1H, H-22), 3.27 (m, 1H, H-25), 2.03 (s, 3¢-CHy), 1.49 (d,J = 6.9 Hz, 3H, 27-Ch), 1.01 (s, 3H,
19-CH), 0.97 (d,J = 6.8 Hz, 3H, 21-CH), 0.77 (s, 3H, 18-C). *C NMR (150 MHz, CDGJ, 6): 170.7 (C-2),
169.9 (Ac-CO), 164.7 (C'p 139.8 (C-5), 134.0 (Ar-C), 132.5 (Ar-C), 130.2r{C), 128.8 (Ar-C), 128.4
(Ar-C), 128.2 (Ar-C), 126.8 (Ar-C), 126.4 (Ar-C)2%.0 (Ar-C), 122.5 (C-6), 120.9 (Ar-C), 89.9 (C-28B.5
(C-16), 74.0 (C-3), 65.2 (C-17), 57.0 (C-14), 5¢C19), 40.8 (C-12), 39.5 (C-13), 38.2 (C-4), 38t20), 37.1
(C-1), 36.8 (C-10), 32.4 (C-25), 32.2 (C-7), 3AE15), 32.1 (C-23), 31.7 (C-8), 31.2 (C-24), 2192), 21.6
(Ac-CHg), 20.8 (C-11), 19.5 (C-19), 19.0 (C-27), 18.6 (0;216.6 (C-18). ESI-HRMS1/z 623.3829 [M+H]

(CaICd for GoHs51N20y, 6233843)

4.1.6 General procedure for synthesis of compoUad3e.
Compound$a—-6e (0.2 mmol) was dissolved in MeOH (6 mL), respediryand KOH (33.6 mg, 0.6 mmol)

was added. The mixture was stirred at room tempegddr 1 h. Upon completion, the mixture was ditlivith

water and acidified with dilute HCI. The precipéatas filtered, washed with water and dried.

4.1.6.1 (22R,25R)BHydroxy-5-en-25-(2[5'-methyl]-1,3,4'-oxadiazolyl) furostandg).
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White amorphous powder, yield 91.0%, mp 16263.5°C. 'H NMR (600 MHz, CDC}, 9): 5.33 (d J = 4.3
Hz, 1H, H-6), 4.28 (m, 1H, H-16), 3.51 (m, 1H, H-3)28 (dd,J = 13.5, 7.8 Hz, 1H, H-22), 3.06 (dii= 14.1,
7.2 Hz, 1H, H-25), 2.49 (s, 3H}-BH3), 1.34 (dJ = 6.9 Hz, 3H, 27-Ch), 1.01 (s, 3H, 19-C¥}, 0.96 (d,J=6.9
Hz, 3H, 21-CH), 0.77 (s, 3H, 18-C). **C NMR (150 MHz, CDGJ, 6): 170.5 (C-2), 163.6 (C-5, 141.0 (C-5),
121.5 (C-6), 89.8 (C-22), 83.4 (C-16), 71.8 (C&H,2 (C-17), 57.1 (C-14), 50.2 (C-9), 42.4 (C-4),84(C-12),
39.5 (C-13), 38.0 (C-20), 37.4 (C-1), 36.7 (C-139,3 (C-7), 32.1 (C-15), 32.0 (C-25), 31.9 (C-A1),7 (C-8),
31.1 (C-23), 31.1 (C-2), 20.8 (C-11), 19.5 (C-199.0 (C-27), 18.3 (C-21), 16.5 (C-18), 11.1-CF).

ESI-HRMS:nVz 469.3427 [M+H] (Calcd for GgHsN,Os, 469.3425).

4.1.6.2 (22R,25R)ABHydroxy-5-en-25-(2[5'-phenyl]-1,3',4'-oxadiazolyl) furostan7p).

White amorphous powder, yield 93.6%, mp 12128.5°C. *H NMR (600 MHz, CDC}, 6): 8.04 (dd,J =
8.0, 1.3 Hz, 2H, H-2and H-6'), 7.50 (m, 3H, H-3, H-4" and H-5%'), 5.34 (d,J = 5.2 Hz, 1H, H-6), 4.29 (m,
1H, H-16), 3.52 (m, 1H, H-3), 3.31 (m, 1H, H-22)28 (m, 1H, H-25), 1.43 (d,= 7.1 Hz, 3H, 27-Ch), 1.01 (s,
3H, 19-CHy), 0.96 (d,J = 6.9 Hz, 3H, 21-CH), 0.77 (s, 3H, 18-Ch. **C NMR (150 MHz, CDG}, 6): 170.3
(C-2), 164.7 (C-H, 141.0 (C-5), 131.6 (C*3, 129.1 (2C, C-3and C-5), 126.9 (2C, C-2and C-6), 124.3
(C-1"), 121.5 (C-6), 89.9 (C-22), 83.5 (C-16), 71.9 (C&5.2 (C-17), 57.1 (C-14), 50.2 (C-9), 42.4 (C40).8
(C-12), 39.5 (C-13), 38.1 (C-20), 37.4 (C-1), 3¢:8B10), 32.4 (C-7), 32.2 (C-24), 32.1 (C-15), 3AC25),
31.8 (C-23), 31.7 (C-8), 31.2 (C-2), 20.8 (C-19,61(C-19), 19.0 (C-27), 18.5 (C-21), 16.6 (C-IBYI-HRMS:

m/'z 531.3589 [M+H] (Calcd for GsHN,03, 531.3581).

4.1.6.3 (22R,25R)AHydroxy-5-en-25-(2[5'-p-methoxyphenyl]-13,4'-oxadiazolyl) furostan7g).

White amorphous powder, yield 92.5%, mp 15031.6°C. *H NMR (600 MHz, CDC}, 6): 7.97 (ddJ =
8.8, 1.9 Hz, 2H, H-2and H-8'), 6.98 (ddJ = 8.8, 1.9 Hz, 2H, H‘3and H-5'), 5.34 (d,J = 5.0 Hz, 1H, H-6),
4.29 (m, 1H, H-16), 3.87 (s, 3H, H“OCH), 3.52 (m, 1H, H-3), 3.31 (m, 1H, H-22), 3.18 (bi, H-25), 1.42
(d,J = 7.0 Hz, 3H, 27-Ch), 1.01 (s, 3H, 19-C}), 0.96 (d,J = 6.7 Hz, 3H, 21-CH), 0.77 (s, 3H, 18-Ch. *°C
NMR (150 MHz, CDC}, 6): 169.8 (C-2), 164.6 (C-5, 162.3 (C-4), 141.0 (C-5), 128.7 (2C, C*&and C-5),
121.6 (C-6), 116.8 (C*), 114.5 (2C, C-2and C-6), 89.9 (C-22), 83.5 (C-16), 71.9 (C-3), 65.2 (OQ;157.1
(C-14), 55.6 (C-4-OCHy), 50.2 (C-9), 42.4 (C-4), 40.8 (C-12), 39.5 (C513B.1 (C-20), 37.4 (C-1), 36.8

(C-10), 32.4 (C-7), 32.2 (C-15), 32.1 (C-25), 3(C88), 31.8 (C-24), 31.2 (C-23), 29.5 (C-2), 2081(1), 19.6
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(C-19), 19.0 (C-27), 18.5 (C-21), 16.6 (C-18). ESMS: m/z 561.3684 [M+H] (Calcd for GgHagN,Os,

561.3687).

4.1.6.4 (22R,25R)BHydroxy-5-en-25-(2[5'-3"-pyridyl]-1',3 ,4' -oxadiazolyl) furostanfd).

White amorphous powder, yield 93.0%, mp 888.0°C. 'H NMR (600 MHz, CDC}, 6): 9.25 (s, 1H,
H-2""), 8.76 (d,J = 2.8 Hz, 1H, H-8), 8.36 (d, 1HJ = 7.9 Hz, H-Z), 7.47 (ddJ = 7.9, 2.8 Hz, 1H, H'9, 5.34
(d,J = 4.8 Hz, 1H, H-6), 4.29 (m, 1H, H-16), 3.50 (rH,H-3), 3.31 (dd) = 13.5, 7.5 Hz, 1H, H-22), 3.22 (dd,
J=14.3, 7.1 Hz, 1H, H-25), 1.44 (d= 7.0 Hz, 3H, 27-CH), 1.01 (s, 3H, 19-C), 0.96 (d,J = 6.7 Hz, 3H,
21-CHg), 0.77 (s, 3H, 18-Ch. °C NMR (150 MHz, CDGJ, 9): 171.0 (C-2), 162.5 (C-5, 152.1 (C-2), 147.7
(C-6"), 141.0 (C-5), 134.5 (C“3, 124.0 (C-B), 121.5 (C-6), 120.7 (C“3, 89.8 (C-22), 83.5 (C-16), 71.8 (C-3),
65.1 (C-17), 57.1 (C-14), 50.2 (C-9), 42.4 (C-4),84(C-12), 39.5 (C-13), 38.1 (C-20), 37.4 (C-H,8(C-10),
32.4 (C-7), 32.1 (C-15), 32.1 (C-25), 32.1 (C-&1),8 (C-23), 31.7 (C-8), 31.1 (C-2), 20.8 (C-119,61(C-19),

19.0 (C-27), 18.5 (C-21), 16.6 (C-18). ESI-HRMSz 532.3534 [M+H] (Calcd for GsHsNsOs, 532.3534).

4.1.6.5 (22R,25S)A3Hydroxy-5-en-25-(2[5'-(naphthalen-X-yl)]-1',3 4 -oxadiazolyl) furostan7g).

White amorphous powder, yield 91.8%, mp 153%4.7°C. 'H NMR (600 MHz, CDC}, 6): 9.20 (d,J = 8.5
Hz, 1H, Ar-H), 8.15 (dJ) = 7.3 Hz, 1H, Ar-H), 8.02 (d] = 8.3 Hz, 1H, Ar-H), 7.92 (d] = 8.3 Hz, 1H, Ar-H),
7.67 (m, 1H, Ar-H), 7.58 (m, 2H, Ar-H), 5.34 (@~ 4.9 Hz, 1H, H-6), 4.30 (m, 1H, H-16), 3.52 (nk,H-3),
3.34 (m, 1H, H-22), 3.27 (m, 1H, H-25), 1.49 J& 6.9 Hz, 3H, 27-Ck), 1.00 (s, 3H, 19-Ck), 0.97 (d,J= 6.7
Hz, 3H, 21-CH), 0.78 (s, 3H, 18-Ch. *C NMR (150 MHz, CDGJ, 9): 169.9 (C-2), 164.7 (C-5, 141.0 (C-5),
134.0 (Ar-C), 132.5 (Ar-C), 130.2 (Ar-C), 128.8 (&), 128.4 (Ar-C), 128.2 (Ar-C), 126.8 (Ar-C), 126.
(Ar-C), 125.0 (Ar-C), 121.6 (C-6), 121.0 (Ar-C), .89C-22), 83.5 (C-16), 71.9 (C-3), 65.2 (C-17),15{C-14),
50.2 (C-9), 42.4 (C-4), 40.8 (C-12), 39.5 (C-13,13(C-20), 37.4 (C-1), 36.8 (C-10), 32.4 (C-7),BgC-15),
32.1 (C-25), 32.1 (C-24), 31.8 (C-23), 31.2 (CH&).,5 (C-2), 20.8 (C-11), 19.6 (C-19), 19.0 (C-2B,6 (C-21),

16.6 (C-18). ESI-HRMSm/z 581.3777 [M+H] (Calcd for GgHagN,Os, 581.3738).

4.1.7 General procedure for synthesis of compo&ad8e.
To a solution of the appropriate compouds5e (0.23 mmol) in dry toluene (6 mL) was added Lawess

reagent (186 mg, 0.46 mmol) and the reaction maxtuas refluxed for 1 h. When TLC showed the conmtet
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of the reaction, the solvent was removed in vadine crude product was purified by flash chromatphyaon

silica gel using petroleum ether-ethyl acetate(jl8s eluent.

4.1.7.1 (22R,25R)BAcetoxy-5-en-25-(45'-methyl]-1,3,4'-thiadiazolyl) furostan&a).

White amorphous powder, yield 75.6%, mp 9224°C. *H NMR (600 MHz, CDC}, 5): 5.35 (d,J = 3.8
Hz, 1H, H-6), 4.57 (m, 1H, H-3), 4.27 (dii= 13.1, 7.5 Hz, 1H, H-16), 3.32 (m, 1H, H-22),8(?, 1H, H-25),
2.72 (s, 3H, 5CHy), 2.01 (s, 3H, Ac-Ch), 1.37 (d,J = 6.9 Hz, 3H, 27-CH), 1.01 (s, 3H, 19-C}}, 0.94 (d,J =
7.2 Hz, 3H, 21-CH), 0.76 (s, 3H, 18-Ch). **C NMR (150 MHz, CDGJ, 6): 176.7 (C-2), 170.7 (Ac-CO), 164.7
(C-5), 139.8 (C-5), 122.4 (C-6), 90.0 (C-22), 83.4 €;174.0 (C-3), 65.1 (C-17), 57.0 (C-14), 50.1 (C4D.8
(C-12), 39.5 (C-13), 38.2 (C-4), 37.9 (C-20), 3{C11), 36.8 (C-10), 36.5 (C-25), 32.3 (C-7), 32LL5), 31.7
(C-8), 31.3 (C-24), 30.8 (C-23), 27.8 (C-2), 21A&{CH5), 20.7 (C-11), 19.4 (C-19), 18.9 (C-27), 18.5 (O;2

16.5 (C-18), 15.8 (5CH5). ESI-HRMS:m/z 527.3300 [M+H] (Calcd for GiH4N,05S, 527.3302).

4.1.7.2 (22R,25R)BAcetoxy-5-en-25-(45'-phenyl]-1,3,4'-thiadiazolyl) furostangb).

White amorphous powder, yield 72.0%, mp 664.8°C. *H NMR (600 MHz, CDC}, 6): 7.94 (ddJ = 5.1,
1.7 Hz, 2H, H-2 and H-6'), 7.46 (m, 3H, H-3, H-4" and H-%), 5.36 (d,J = 3.5 Hz, 1H, H-6), 4.60 (m, 1H,
H-3), 4.30 (dd, = 13.0, 7.1 Hz, 1H, H-16), 3.40 (m, 1H, H-22),® (@&, 1H, H-25), 2.02 (s, 3H, Ac-GH 1.45
(d, J = 6.6 Hz, 3H, 27-CH), 1.02 (s, 3H, 19-Ch), 0.94 (d,J = 6.7 Hz, 3H, 21-Ch), 0.78 (s, 3H, 18-Ch. °C
NMR (150 MHz, CDC}, ¢): 176.2 (C-2), 170.7 (Ac-CO), 168.2 (C*p 139.8 (C-5), 131.0 (C*3, 130.5 (C-1),
129.2 (2C, C-3and C-5), 128.0 (2C, C-2and C-6), 122.5 (C-6), 90.0 (C-22), 83.4 (C-16), 74.0 (C&5.1
(C-17), 57.0 (C-14), 50.1 (C-9), 40.8 (C-12), 3@513), 38.2 (C-4), 38.0 (C-20), 37.1 (C-1), 36810), 36.6
(C-25), 32.3 (C-7), 32.1 (C-15), 31.7 (C-8), 313324), 30.9 (C-23), 27.9 (C-2), 21.6 (Ac-gH20.7 (C-11),
19.5 (C-19), 19.0 (C-27), 18.6 (C-21), 16.6 (C-B3I-HRMS:mVz 589.3434 [M+H] (Calcd for GgHagN»03S,

589.3458).

4.1.7.3 (22R,25R)BAcetoxy-5-en-25-(45'-p-methoxyphenyl]- 13,4 -thiadiazolyl) furostangc).
White amorphous powder, yield 74.0%, mp 136.38.2°C. *H NMR (600 MHz, CDC}, ¢): 7.87 (dd,J =
8.7 Hz, 2H, H-2 and H-6'), 6.96 (d,J = 8.7 Hz, 2H, H-3 and H-%), 5.36 (br.s, 1H, H-6), 4.59 (m, 1H, H-3),

4.29 (m, 1H, H-16), 3.86 (s, 3H, H4DCHy), 3.39-3.30 (M, 2H, H-22, H-25), 2.02 (s, 3H, AeJ, 1.44 (dJ
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= 6.9 Hz, 3H, 27-Ch), 1.02 (s, 3H, 19-CH), 0.95 (d,J = 6.8 Hz, 3H, 21-CH), 0.77 (s, 3H, 18-CH. °C NMR
(150 MHz, CDC}, d): 175.4 (C-2), 170.7 (Ac-CO), 167.9 (Cf 161.9 (C-4), 139.8 (C-5), 129.5 (2C,
C-3' and C-5), 123.2 (C-1), 122.5 (C-6), 114.6 (2C, C*&nd C-8), 89.7 (C-22), 83.4 (C-16), 74.0 (C-3),
65.2 (C-17), 57.0 (C-14), 55.6 (C-DCHy), 50.1 (C-9), 40.8 (C-12), 39.5 (C-13), 38.2 (GC3§.0 (C-20), 37.1
(C-1), 36.8 (C-10), 32.4 (C-7), 32.1 (C-15), 31C735), 31.7 (C-8), 31.3 (C-24), 30.9 (C-23), 27C92), 21.6
(Ac-CHg), 20.8 (C-11), 19.5 (C-19), 19.5 (C-27), 19.0 (D;216.6 (C-18). ESI-HRMS1z 619.3524 [M+H]

(CaICd for G7Hs51N,0O4S, 6193564)

4.1.7.4 (22R,25R)BAcetoxy-5-en-25-(45'-3"-pyridyl]-1',3 ,4'-thiadiazolyl) furostan&d).

White amorphous powder, yield 68.9%, mp 7Z8.1°C. 'H NMR (600 MHz, CDC}, ¢): 9.11 (brs, 1H,
H-2""), 8.71 (brs, 1H, H-'6), 8.32 (d,J = 7.6 Hz, 1H, H-4), 7.44 (ddJ = 7.6, 4.5 Hz, 1H, H'H, 5.36 (brs, 1H,
H-6), 4.59 (m, 1H, H-3), 4.29 (dd,= 12.6, 6.9 Hz, 1H, H-16), 3.45 (m, 1H, H-22),B(@, 1H, H-25), 2.02 (s,
3H, Ac-CHs), 1.47 (d,J = 6.9 Hz, 3H, 27-Ch), 1.02 (s, 3H, 19-C}), 0.95 (d,J = 6.5 Hz, 3H, 21-Ch), 0.78 (s,
3H, 18-CH). °C NMR (150 MHz, CDGJ, 6): 176.9 (C-2), 170.7 (Ac-CO), 164.7 (C-§ 151.5 (C-2), 148.7
(C-6"), 139.8 (C-5), 135.0 (C*3, 127.0 (C-3), 124.1 (C-8), 122.5 (C-6), 90.0 (C-22), 83.5 (C-16), 74.0 (C-3
65.1 (C-17), 57.0 (C-14), 50.1 (C-9), 40.8 (C-139,5 (C-13), 38.2 (C-4), 38.0 (C-20), 37.1 (C-H,83(C-10),
36.6 (C-25), 32.3 (C-7), 32.1 (C-15), 31.7 (C-8},38(C-24), 30.9 (C-23), 27.9 (C-2), 21.6 (Ac-gH20.7
(C-11), 19.5 (C-19), 19.0 (C-27), 18.4 (C-21), 16&518). ESI-HRMS:m/z 590.3415 [M+H] (Calcd for

CssHagN305S, 590.3411).

4.1.7.5 (22R,25S)g3Acetoxy-5-en-25-(45'-(naphthalen-1-yl)]-1',3,4'-thiadiazolyl) furostan&e).

White amorphous powder, yield 75.5%, mp 734.2°C. *H NMR (600 MHz, CDC}, 6): 8.68 (dd,J = 8.3,
5.0 Hz, 1H, Ar-H), 7.97 (d] = 8.3 Hz, 1H, Ar-H), 7.91 (d] = 8.3 Hz, 1H, Ar-H), 7.78 (d] = 8.3 Hz, 1H, Ar-H),
7.55 (m, 3H, Ar-H), 5.36 (d] = 4.9 Hz, 1H, H-6), 4.59 (m, 1H, H-3), 4.31 (m,,1#16), 3.50 (m, 1H, H-22),
3.35 (m, 1H, H-25), 2.02 (s, 3H, Ac-GK1.51 (d,J = 6.8 Hz, 3H, 27-Ch), 1.01 (s, 3H, 19-Ck), 0.98 (d,J =
6.8 Hz, 3H, 21-CH), 0.78 (s, 3H, 18-Ch). **C NMR (150 MHz, CDGJ, 6): 177.0 (C-2), 170.7 (Ac-CO), 167.2
(C-5), 139.8 (C-5), 134.0 (Ar-C), 131.3 (Ar-C), 130Ar{C), 129.7 (Ar-C), 128.6 (Ar-C), 127.8 (Ar-C), 13
(Ar-C), 126.7 (Ar-C), 125.8 (Ar-C), 125.1 (Ar-C)22.5 (C-6), 90.0 (C-22), 83.5 (C-16), 74.0 (C-B,16(C-17),

57.0 (C-14), 50.1 (C-9), 40.8 (C-12), 39.5 (C-13,2 (C-4), 38.0 (C-20), 37.1 (C-1), 36.8 (C-1(,53(C-25),
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32.3 (C-7), 32.1 (C-15), 31.7 (C-8), 31.3 (C-24),(B(C-23), 27.9 (C-2), 21.5 (Ac-GH 20.7 (C-11), 19.4
(C-19), 19.0 (C-27), 18.5 (C-21), 16.5 (C-18). EHRMS: m/z 639.3617 [M+H] (Calcd for GoHsiN,OsS,

639.3615).

4.1.8 General procedure for synthesis of compoQadSe.

Compoundsa-8e (0.15 mmol) were used for the synthesis as destiiilb Section 4.1.6.

4.1.8.1 (22R,25R)BHydroxy-5-en-25-(2[5'-methyl]-1,3,4'-thiadiazolyl) furostan4a).

White amorphous powder, yield 92.0%, mp 13836.4°C. 'H NMR (600 MHz, CDC}, 9): 5.32 (d,J = 3.7
Hz, 1H, H-6), 4.27 (dd] = 13.1, 7.4 Hz, 1H, H-16), 3.50 (m, 1H, H-3), 3(&2 1H, H-22), 3.26 (m, 1H, H-25),
2.72 (s, 3H, 5CHg), 1.37 (dJ = 7.0 Hz, 3H, 27-Ch), 1.01 (s, 3H, 19-Ch), 0.94 (d,J = 7.0 Hz, 3H, 21-Ch),
0.77 (s, 3H, 18-Ch). **C NMR (150 MHz, CDGJ, 6): 176.8 (C-2), 164.7 (C-5, 141.0 (C-5), 121.5 (C-6), 90.0
(C-22), 83.4 (C-16), 71.8 (C-3), 65.2 (C-17), 5{114), 50.2 (C-9), 42.4 (C-4), 40.8 (C-12), 395B13), 37.9
(C-20), 37.4 (C-1), 36.7 (C-10), 36.5 (C-25), 3@37), 32.1 (C-15), 31.7 (C-8), 31.3 (C-24), 31M7), 30.8
(C-23), 20.8 (C-11), 19.5 (C-19), 19.0 (C-27), 18&21), 16.5 (C-18), 15.8 '&CH;). ESI-HRMS: m/z

485.3185 [M+H] (Calcd for GgHusN,0,S, 485.3196).

4.1.8.2 (22R,25R)BHydroxy-5-en-25-(2[5'-phenyl]-1,3',4'-thiadiazolyl) furostangb).

White amorphous powder, yield 93.6%, mp 13485.4°C. *H NMR (600 MHz, CDC}, ¢): 7.94 (dd,J =
5.1, 1.6 Hz, 2H, H-2and H-8), 7.47 (m, 3H, H-3, H-4" and H-3'), 5.34 (d,J = 4.5 Hz, 1H, H-6), 4.29 (m,
1H, H-16), 3.51 (m, 1H, H-3), 3.42 (m, 1H, H-22)38 (m, 1H, H-25), 1.46 (d,= 6.9 Hz, 3H, 27-Ch), 1.01 (s,
3H, 19-CH), 0.95 (d,J = 6.5 Hz, 3H, 21-CH), 0.79 (s, 3H, 18-Ch). °C NMR (150 MHz, CDGJ, 6): 176.3
(C-2), 168.2 (C-5, 141.0 (C-5), 131.0 (C+3, 130.5 (C-1), 129.2 (2C, C-3and C-5), 128.0 (2C, C-2and
C-6"), 121.5 (C-6), 90.0 (C-22), 83.4 (C-16), 71.8 (G€b.2 (C-17), 57.1 (C-14), 50.2 (C-9), 42.2 (C40).8
(C-12), 39.5 (C-13), 38.0 (C-20), 37.4 (C-1), 3@810), 36.6 (C-25), 32.4 (C-7), 32.1 (C-15), 3(C?8), 31.3
(C-24), 31.2 (C-2), 30.9 (C-23), 20.8 (C-11), 18519), 19.0 (C-27), 18.5 (C-21), 16.6 (C-18). EFRMS:

m/z 547.3324 [M+H] (Calcd for GH4N,0,S, 547.3353).

4.1.8.3 (22R,25R)BHydroxy-5-en-25-(2[5'-p-methoxyphenyl]-13,4'-thiadiazolyl) furostanc).
19



White amorphous powder, yield 92.5%, mp 193%4.2°C. *H NMR (600 MHz, CDC}, ¢): 7.87 (dd,J =
8.7 Hz, 2H, H-2 and H-6'), 6.97 (d,J = 8.7 Hz, 2H, H-3 and H-5%'), 5.34 (d,J = 2.0 Hz, 1H, H-6), 4.59 (m,
1H, H-3), 4.29 (m, 1H, H-16), 3.86 (s, 3H, H-OCH;), 3.51 (m, 1H, H-3), 3.39-3.30 (M, 2H, H-22, H-25)
1.44 (d,J = 6.9 Hz, 3H, 27-Ch), 1.01 (s, 3H, 19-Ch}, 0.96 (d,J = 6.8 Hz, 3H, 21-Ch}, 0.77 (s, 3H, 18-C}h).
¥%C NMR (150 MHz, CDGJ, ¢): 175.3 (C-2), 167.9 (C-5, 161.8 (C-4), 141.0 (C-5), 129.5 (2C, C'&nd
C-5"), 123.3 (C-1), 121.6 (C-6), 114.6 (2C, C*and C-6), 89.7 (C-22), 83.4 (C-16), 71.9 (C-3), 65.2 (Q;17
57.1 (C-14), 50.2 (C-9), 42.4 (C-4), 40.8 (C-12,683(C-13), 38.0 (C-20), 37.4 (C-1), 36.8 (C-1(®,63(C-25),
32.4 (C-7), 32.1 (C-15), 31.8 (C-8), 31.7 (C-2),43(C-24), 30.9 (C-23), 20.8 (C-11), 19.6 (C-19,51(C-21),

19.0 (C-27), 16.6 (C-18). ESI-HRM8Vz 577.3559 [M+H] (Calcd for GsHagN30:S, 577.3558).

4.1.8.4 (22R,25R)BHydroxy-5-en-25-(2[5'-3"-pyridyl]-1',3,4'-thiadiazolyl) furostangd).

White amorphous powder, yield 91.4%, mp 13837.2°C. 'H NMR (600 MHz, CDC}, 8): 9.12 (brs, 1H,
H-2""), 8.72 (brs, 1H, H-6), 8.33 (d,J = 7.7 Hz, 1H, H-4), 7.45 (m, 1H, H-8), 5.33 (brs, 1H, H-6), 4.30 (m,
1H, H-16), 3.51 (m, 1H, H-3), 3.45 (m, 1H, H-22)38 (m, 1H, H-25), 1.47 (d,= 6.8 Hz, 3H, 27-Ck), 1.01 (s,
3H, 19-CHy), 0.96 (d,J = 6.7 Hz, 3H, 21-CH), 0.79 (s, 3H, 18-CH. *C NMR (150 MHz, CDGJ, ¢): 177.0
(C-2), 164.7 (C-5, 151.5 (C-2), 148.7 (C-6), 141.0 (C-5), 135.0 (C3, 127.1 (C-3), 124.2 (C-5), 121.5
(C-6), 89.9 (C-22), 83.5 (C-16), 71.8 (C-3), 65Ct7), 57.1 (C-14), 50.2 (C-9), 42.4 (C-4), 40.81(8), 39.5
(C-13), 38.0 (C-20), 37.4 (C-1), 36.8 (C-10), 3@%25), 32.4 (C-7), 32.1 (C-15), 31.8 (C-8), 31C77), 31.3
(C-24), 30.9 (C-23), 20.8 (C-11), 19.6 (C-19), 1@0327), 18.5 (C-21), 16.6 (C-18). ESI-HRM®/z 548.3304

[M+H]* (Calcd for GgHagN30,S, 584.3305).

4.1.8.5 (22R,25S)g3Hydroxy-5-en-25-(2[5'-(naphthalen-X-yl)]-1',3,4'-thiadiazolyl) furostan4e).

White amorphous powder, yield 92.5%, mp 885.8°C. *H NMR (600 MHz, CDC}, 6): 8.68 (dd,J = 8.3,
5.4 Hz, 1H, Ar-H), 7.97 (d) = 8.3 Hz, 1H, Ar-H), 7.91 (dl = 8.3 Hz, 1H, Ar-H), 7.78 (d] = 8.3 Hz, 1H, Ar-H),
7.55 (m, 3H, Ar-H), 5.32 (br.s, 1H, H-6), 4.30 (iH, H-16), 3.50 (m, 1H, H-3), 3.48 (m, 1H, H-22)38 (m,
1H, H-25), 1.50 (dJ = 6.9 Hz, 3H, 27-Ch), 1.00 (s, 3H, 19-C}k), 0.97 (d,J = 6.9 Hz, 3H, 21-Ch), 0.78 (s, 3H,
18-CH). °C NMR (150 MHz, CDGJ, 6): 177.0 (C-2), 167.2 (C-5, 141.0 (C-5), 134.0 (Ar-C), 131.3 (Ar-C),
130.7 (Ar-C), 129.7 (Ar-C), 128.6 (Ar-C), 127.8 (&), 127.3 (Ar-C), 126.7 (Ar-C), 125.8 (Ar-C), 125.

(Ar-C), 121.5 (C-6), 90.0 (C-22), 83.5 (C-16), 71383), 65.2 (C-17), 57.1 (C-14), 50.2 (C-9), 48344), 40.8
20



(C-12), 39.5 (C-13), 38.0 (C-20), 37.4 (C-1), 36CF10), 36.5 (C-25), 32.4 (C-7), 32.1 (C-15), 3(C?8), 31.3
(C-24), 31.0 (C-2), 31.0 (C-23), 20.8 (C-11), 163519), 19.0 (C-27), 18.5 (C-21), 16.6 (C-18). ESMS:

m'z 597.3497 [M+H] (Calcd for GgHagN,0,S, 597.3509).

4.2 Cell Culture

Human hepatoma (HepG2), lung carcinoma (A549), ¢breancer (MCF-7), colorectal cancer (HCT-116)
and gastric epithelial (GES-1) cells were obtairiein the Cell Bank of Chinese Academy of Sciences
(Shanghai, China). Cells were cultured in DMEM naedi(HyClone, Utah, USA) supplemented with 10% FBS
(Gibco BRL, Grand Island, USA), 100 units/mL petiicj and 100ug/mL streptomycin (HyClone, Utah, USA)

in a humidified atmosphere of 5% & 37°C.

4.3 In vitro cytotoxic activity

Cytotoxic activities of all compounds against Hep®@349, MCF-7, HCT-116 and GES-1 cell lines were
evaluated by the MTT method. The cells (5¥a@ll) were seeded into the 96-well plates filleithwculture
medium containing various concentrations of tesagas. They were incubated at °€7, 5% CQ for 48 h.
After incubation, the cells were incubated with (0 of MTT (Sigma Chemical Co., Ltd., USA) solutiob (
mg/mL in PBS) for 4 h. Subsequently, the growth imedwas replaced with 100L of DMSO and the
absorbance values were measured at 492 nm usingptaite reader (Bio-Rad iIMARK, USA). The {£was
defined as the concentration of the compound thiaibited cell proliferation by 50%. Three replicateere

performed.

4.4 Determination of morphological changes of cells

For cell morphological analysis, A549 cells wereovgn in 6-well plates (2xT0 cells/well). After
stabilization for 24 h, compour&tl (15 or 30uM) and DG (30uM) were cultured together with the cells for 48
h. Control cells were incubated with 0.1% DMSO. #ape contrast microscopy (Olympus, Tokyo, Japars) wa
used to observe the cellular morphology.

For DAPI staining experiments, A549 cells were grow 6-well plates (2xI0cells/well). After 24 h of
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incubation, the cells were then treated with comnmukd (15 or 30uM) and DG (30uM) for 48 h. Control cells
were exposed to 0.1% DMSO. The cells were fixedh wio formaldehyde for 1 h at°@. After fixation, the
cells were treated with pM DAPI (4’,6-diamidino-2-phenylindole) at 3T in the dark for 10 min. Then the

cells were observed using a fluorescence microsi3itje

4.5 Apoptosis analysis by flow cytometry

A549 cells were incubated with compouBdi and DG at different concentrations (0, 15 and BD.|After
48 h, the cells were washed twice in PBS and reswdgal in the Annexin V-FITC/PI staining solutiorcaiing
to the manufacturer’s instruction (BD Pharmingen,Cal., USA). The cells were detected to analyzeptosis

by a flow cytometry (Beckman Coulter, USA).

4.6 Analysis of mitochondrial membrane potential

A549 cells were incubated with compouBd for 48 h, then washed with PBS and stained with th
lipophilic cationic dye JC-1 according to the mauibrer’s instruction (KGA601, KeyGEN Biotech). The
percentage of cells with healthy or collapsed nfitsrial membrane potentials was monitored by flow

cytometry analysis.

4.7 Western Blot Analysis

After treatment with compoung&d (0, 7.5, 15 and 30 puM) and DG (0, 15 and 30 pMj4® cells were
harvested and lysed in RIPA buffer and boiled formin at 100°C. Equal amount of protein (3@y) were
separated on a 10% SDS-PAGE gel and transferredrézellulose membranes. The membranes were biiocke
with 5% BSA and probed with a 1:1000 dilution ofnpary antibody against Cl-caspase-3 (Cell Singaling
Technology, Inc., Danvers, MA, USA), Cl-caspasez®I( Singaling Technology Inc), PARP (Cell Singglin
Technology, Inc), Bcl-2 (Santa Cruz Biotechnolodwe), Cytochromec (Proteintech Group, Inc), Bax
(Proteintech Group, IncB-actin (Ding-Guo Biotech Ltd., Beijing). Then theembranes were incubated with a
1:5000 dilution of horseradish peroxidase-conjugiatecondary antibody for 2 h. Positive bands wenealized

on a X-ray film using an enhanced chemiluminesceystéem (Kodak).
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Tablel

Cytotoxic activities of compoundia-6e, 7a-7e, 8a-8e, and9a-9e in human cells.

ICs0™ (uM)
compound Ry R>

HepG2 A549 MCF-7 HCT-116 GES-1
6a CHs Ac 57.64+1.17 34.38+1.22 44814217 78.8242.81 288117
6b —) Ac 63.24+1.34 84.49+2 57 >100 >100 82.3443.56
6c Oo/ Ac ; - ; ; 151.046.31
6d -@ Ac 82.56+2.07 33.55+1.34 >100 72534251 62.40+2.14
6e ' Ac - - - - 70.08+4.37
7a CHs H 34.23+0.87 30.36+1.09 20.37+1.03 51.63+2.01 794716
7b —) H 39.51+1.01 64.1642.77 52.972.47 >100 119.745.43
7c Oo/ H ; - ; >100 ;
7d -@ H >100 98.13+3.07 >100 >100 198.946.43
7e . H 29.24+1.09 31.26+1.11 69.66+2.44 >100 298.07+7.34
ga CHs Ac 34.25+1.12 40.27+1.36 47.7241.39 >100 75.78%4.3
8b —) Ac ; i - - -
8c Oo/ Ac - - - - -
8d \] Ac 11.73+0.67 3.93+0.37 >100 29.56+1.02 420.4+5.37
8e ' Ac - >100 - >100 -
% CHs H 33.16+1.14 36.71#1.35 33.75+1.25 48.89+1.38 46736
9% —) H 32.14+1.03 15.04+0.87 27.3741.05 48.91+1.43 5657
ac Oo/ H 23.05+1.02 16.4040.97 >100 >100 208.745.38
ad \] H 8.83+0.67 7.67740.57 >100 51.65+2.87 354.4+7.17
% . H 32.90+1.47 18.260.95 63.77+2.43 46.61+1.58 2R

Diosgenin - - 33.87+1.37 26.41+1.42 23.91+1.34 49.1142.11 100534
Mitomycin C - - 32.63+1.22 11.03+1.04 16.71#1.02 11.03+1.01 21,171

2 |Csq: concentration of the tested compound that inkib@% of cell growth. All data are presented asneeaSD of three

independent experiments.

“-" not active.



1. Legendsfor Fig. 1, Fig. 2, Fig. 3, Fig. 4, Fig. 5 and Scheme 1

Fig. 1. Structure of diosgenin.

Fig. 2. Examples of 1,3,4-oxadiazole/thiadiazole-based tiantr compounds and designed diosgenin
1,3,4-oxadiazolyl/thiadiazolyl derivatives.

Fig. 3. Compound8d and DG induced apoptosis in A549 cells. (A) Morplgecal changes of A549 cells were
observed with a phase contrast microscope (Scal&®am). (B) The nuclear morphology changes of {\bdlls
were detected by DAPI staining (Scale bar: 50 pm).

Fig. 4. A549 cells were treated with compouBd and DG (0, 15, and 3(M) for 48 h, and apoptosis was
measured by flow cytometry after staining with ArineV/PI, *** P < .001 versus control.

Fig. 5. Effect of compoundd and DG on the expression of apoptosis-relatecepr®in A549 cells was assayed
by Western blot analysig-actin was employed as loading control, P& .001 versus control. A representative
result from three separate experiments is shown.

Fig. 6. Compoundd induced mitochondrial depolarization in A549 cettsP< .01; ***P< .001 versus control.

Fig. 7. The expression levels of apoptosis-related protamguding Bax, Bcl-2, and cyto-were assayed by
Western blot analysig-actin was employed as loading controlP%*.01; ***P< .001 versus control.

Scheme 1. Synthesis of diosgenin 1,3,4-oxadiazolyl/thiadigzderivatives. Reagents and conditions: (a}@\c
dry pyridine, dry CHCI,, rt, 6 h; (b) NaBHCN, AcOH, CHCI,, 8 h; (c) Jones reagent, THF/acetone (1/1), Jt; (d
appropriate acylhydrazines, TBTU, DIPEA, @, rt, 2 h; () POG| 80°C, 1 h; (f) KOH, MeOH, rt, 1 h; (g) LR,

toluene, 116C, 1 h; (h) KOH, MeOH, rt, 1 h.

2. Graphicsfor Fig. 1, Fig. 2, Fig. 3, Fig. 4, Fig. 5 and Scheme 1
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Fig. 5
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Fig. 6
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Fig. 7
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Scheme 1

a: Ry = Methyl

b: Ry = Phenyl

c: Ry = p-Methoxyphenyl
d: Ry = 3-Pyridyl

e: Ry = Naphthyl

6a-6e R, =Ac 8a-8e Ry, =Ac
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Highlights

« 20 novel diosgenin 1,3,4-oxadiazolyl/thiadiazalgrivatives were designed and synthesized.
» The compounds were evaluated for their cytotaxitivity.

» Compoundd exhibited potent cytotoxic activity against A548lldine.

» Compoundd induced A549 cells apoptosis via the mitochondelated pathway.
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