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ABSTRACT

On the basis of the hybridization strategy of naltyoroducts, a total of 32 novel
celastrol hybrids were designed, synthesized araluated for their antitumor
activities. Most of these derivatives exihibitedrsficant antiproliferative activities
compared to celastrol, among which compo@@dlisplayed the strongest inhibitory
capability [IGso = 0.15 + 0.03 pM (A549),0.17 + 0.03 pM (MCF-7)26.+ 0.02 pM
(HepG2)], which exhibited equal or superior anti@ar activities in comparison to
2-cyano-3,12-dioxoolean-1,9(11)-dien-28-oic acidthyk ester (CDDO-Me). The
mechanism of pharmacological research indicatetl 2Bgpossessed the ability to
disrupt Hsp90-Cdc37 complex which was similar tasgol. Meanwhile, compound
29 could induce abnormal regulation of clients (p-Aktd Cdk4) of Hsp90 and cell
cycle arrest at @G; phase in a concentration-dependent manner. Intiaaldi
compound29 could also induce cell apoptosis through the deathptor pathway on
A549 cells. Taken together, our results demongdrétat29 might be a promising

novel candidate for further druggability research.



1. Introduction

Celastrol CE) (Fig.1), a pentacyclic triterpenoid obtained frame root bark of
Tripterygium wilfordii Hook FI*2, possesses an unique quinone methide moiety
exhibiting multiple pharmacological activities, esplly for its widely investigated
anti-cancer activit§’. Zhanget al!” pointed out that the anti-cancer property of
celastrol mainly due to the disruption of the iatdron between heat shock protein
90 (Hsp90) and its molecular co-chaperone, celsitia cycle protein 37 (Cdc37), so
as to prevent a variety of downstream client prstefrom achieving stable
conformations, cell transportation and transmemdarafost of these client proteins
are oncogenic proteins, such as protein kinase B),(&yclin-dependent kinases 4
(Cdk4), Raf family proteins and MEK172

Ferulic acids (FA, 4-hydroxy-3-methoxycinnaraimd), a class of phenolic acid
widely existed in fruits, vegetables, and Chinessdicinal herbs such a&ngelica
sinensis, Cimicifuga racemosadLigusticum chuanxiod§®. FA has been proved to
possess potential therapeutic effects for the ddgas of anti-oxidation,
anti-diabetes, anti-inflammatory, neuroprotectiett”. It is worth mentioning that
FA and its derivatives also showed promising antic@genic efficacyin vivo and
vitro?%® Silva and Batist&’! have reviewed hundreds of naturally occurring
compounds containing feruloyl moieties with variob®logical activities. As a
naturally oleanolic acid derivative bearing a trégrsiloyl unit at C-27 position,
uncarinic acid A7 (Fig.1) showed potent cytotoxicity against A54%irran lung
cancer cell lines) and MCF-7 (human breast canekiines) with EGg values 4.6
ng/ml and 7.7ug/ml, respectively. Liet all*® also introduced various feruloyl
moieties into glycyrrhetinic acid (GA) and obtainadseries of glycyrrhetinic acid
derivatives (Fig.1), which displayed enhanced aaticer activities. Therefore,
feruloyl moieties can be used as a promising fragnmein anti-cancer agents design.

Molecular hybridization, a strategy which aims tose more than one
pharmacophoric group to obtain new hybrids with rioved bioactivitie$®?” is

widely used in drug design. In order to developel@nticarcinogenic agents, many



hybrids have been reported via this strategy basedatural producte?¥. Thus,
combined with the strategy and analysis above, wsigded and synthesized
thirty-two (1-32) novel celastrol hybrids in which 29-carboxyl gpowas modified

by methyl ferulate and its derivatives with diffetéinkers. All hybrids were assayed
in vitro for their anti-proliferative activities against A549, MCF-HAgpG2 cancer
cells. Among them, compourzb showed strongest cytotoxicity on the above three
cancer cells. Furthermore, disruption of Hsp90-Gde8mplex, apoptosis, cell cycle
arrest, regulation of Hsp90 clients 28 were assessed. Additionally, related proteins

of exogenous apoptotic pathwaya8were preliminarily evaluated by western blot.

Celastrol (CE) Uncarinic A Glycyrrhetinic Acid Derivatives

Fig.1 The structure of celastrol, and several examplefemfiloyl moiety-containing
natural and synthetic antitumor agents.

2. Results and discussion

2.1. Chemistry

The synthetic routes of 32 target compounti8?) are depicted in Scheme 1.
The different hydroxy aryl aldehydeay(; and d;;) were treated with methyl
cyanoacetate for 12 h at 100 to get thea-cyano substituted methyl cinnamate
derivativesb;.; and e, respectivel?. Different kinds of benzene acrylic acid
derivativesag or ds4 were under esterification reaction to get compasuncande;.s.
Then the intermediates were obtained via couplibgiy or e.4 with
trans-1,4-dibromo-2-butene catalyzed byCK:s; and BuN'Br™ or alkyl bromides
catalyzed by KCO*®. Subsequently, the target compourid32 were synthesized
by connecting intermediates; {, or f1.19) to C-29 carboxyl group of celastrol with
NaHCQ; in DMF?”, The substituent groups;#Rs of 1-32 were listed in Table 1 &

Table 2, respectively.
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Scheme 1Reagents and conditions: i) Methyl cyanoacetdk&;OAc, tolune, 1007,
reflux, 12 h; ii) CHOH, H,SQ,, 70 [, reflux, 12 h; iii) alkyl bromides, ¥CO;,
acetone, 5007, reflux, 7-8 h or trans-1,4-dibromo-2-butene,CO;, BuwN'Br,
acetone, 507, reflux,7 h; iv) celastrol, NaHC)DMF, 60(], reflux, 7 h.



Table 1 Structures of target compounti22

Cpd Intermediates X R, R, R R4
1 b, ¢ (CHy)s H H H CN
2 by, (CHy)s H CH, H CN
3 bs, C3 (CH,)3 H OCH, H CN
4 ba, Cs (CHy)s H F H CN
5 bs, Cs (CH,)3 CH;, H H CN
6 be, Cs (CH,), OCH; H H CN
7 bs, C; (CH,)3 OCH, H H CN
8 be, Co (CH,), OCH;, H H CN
9 be, Co CH,CH=CHCH  OCH;, H H CN
10 by, Cio (CHy)s F H H CN
11 [ (CH,), OCH, H OCH, H
12 bg, Ci2 (CHy)s OCH; H OCH; H
13 bg, Ci3 (CHp)4 OCHs H OCH, H
14 bg, C14 CH,CH=CHCH, OCH; H OCH; H
15 be, Cus (CH,), H H H H
16 bg, Ci6 (CHy)s H H H H
17 bg, Ci7 (CHp)s H H H H
18 bg, C18 CH,CH=CHCH, H H H H
19 B10,Cio (CH,), OCH; H H H
20 Bio, Coo (CHy)s OCH; H H H
21 D10, Co1 (CHy)4 OCH; H H H
22 b1o, G2 CH,CH=CHCH, OCH; H H H




Table 2 Structures of target compoun23-32

23-32

Cpd. Intermediates X Rs Rs
23 e, f (CHy)3 H CN
24 &, f (CH,), OCH; CN
25 &, f3 (CHy)s OCH; CN
26 e f (CHy), OCHs CN
27 e, fs CH,CH=CHCH, OCH; CN
28 es, fo (CHy)s H H
29 e fr (CH,), OCH; H
30 e fs (CHy)s OCHs H
31 e fo (CHy), OCHs H
32 e, f1o CH,CH=CHCH, OCH; H




2.2. Biological activities
2.2.1. In vitro cytotoxic activity

The synthesized compound$-§, 7, 10, 16, 20, 23, 25, 28, )3@ith linker
bearing three carbon atoms were preliminarily eat&ld their inhibitory effectin
vitro against MCF-7 by MTT assay at uf, adopting celastrol as positive control.
According to the data listed in Table 3, we sel@a@empounds whose inhibition rate
exhibited over 50% for further research to disctissir inhibitory activities by
replacing different linkers. Additionally, we founthat derivatives containing
benzene ring with a methoxy group showed best iamp ability. Thus, we
synthesized four more compound4{14) to explore whether the number of methoxy
group made any sense. As shown in Table 3, eighgett@ompounds7( 11, 15, 20,
24-25, 29-3Ddisplayed superior inhibitory activity 60%) compared to celastrol.

The preliminary structure and activity relationghif®ARs) could be concluded
as follows: (1) Various linkers had certain infleenon potency. Hybrids with
unsaturated alkyl possessed higher anti-prolifegadictivity than those with saturated
butyl linker, but lower than two or three carbor@@ompounds with 2 carbons
exhibited stronger anti-cancer capability than ®oas (1and12, 15and16, 24and
25, 29and 30), while 6 and 7, 19 and 20 showed reversed results. (2) Under the
condition that the compounds had the same linkethaxy grougxhibited the best
effect on the activities as the substituent groupanzene of ferulic acid derivatives
compared with the Ranalogsl (-H), 5 (-CHj3), 7 (-OCH;g), and10 (-F). However, the
R, analogsl (-H), 2 (-CHj3), 3 (-OCHg), 4 (-F) possessed similar less cytotoxicity. (3)
Compared witHl1-14and15-18and19-22 it was interesting to find out compounds
with one methoxy group displayed the best cytotitxiexcept for the situation that
compound with one methoxy grod®j had the least cytotoxicity while those without
(15) or with two (1) methoxy groups are equipotent. (4) The presehé&&Nogroup
had little effect on the activity of the compoundgy.1 and16, 6-9 and19-22 23 and
28, 24-27and29-32 (The CN group was designed to investigate whathead the

function to increase the electrophilicity of thesaturated methyl cinnamate group



like CDDO-Me. However, we only treated it as a commnsubstituent group due to
the experimental results.)

To comprehensively evaluate the cytotoxicity of tegsized compounds, the
ICs0 values (concentration of compound required to ceda0% of cell viability) of
these compounds against three human cancer cafls (A549, MCF-7, HepG2)
were then measured using MTT assay (Table 4). WWd €ODO-Me as a positive
control, which was studied in phase Il clinicaitf®>"" Evidently, eight selected
products were proved to show superior cytotoxi@tyainst A549, MCF-7 and
HepG2 cells than celastrol. Particularly, compou2@ displayed the strongest
cytotoxcity with 1Gpvalues of 0.15 uM, 0.17 uM, and 0.26 uM on A549, ML
and HepG2, respectively. Meanwhil29 showed equal or better anti-proliferative
activity compared to CDDO-Me. Thug29 was selected for further investigation.
Moreover, A549 cell lines were chosen for subsetjggperiments as they were the
most sensitive t@o.

Table 3Preliminary inhibitory effects of the tested compds on MCF-7 cells.
Cpd. Inhibition rate (%) Cpd. Inhibition rate (%) Cpd. Inhibition rate (%)

at1.0 uM at1.0 uM at 1.0 uM
1 22.07 12 8.61 23 46.97
2 19.83 13 7.52 24 79.69
3 11.04 14 18.01 25 65.91
4 8.36 15 63.89 26 27.42
5 21.95 16 50.47 27 45.59
6 59.91 17 0.94 28 32.96
7 66.45 18 5.29 29 87.70
8 13.75 19 27.70 30 67.42
9 25.67 20 78.53 31 40.09
10 18.84 21 15.93 32 49.18
11 60.30 22 32.50 CEP 60.21

®MTT methods, cells were incubated with correspogdinompounds at a
concentration of 1.0 uM for 48 h. Values are mefi@e independent experiments.
PPositive control.

Table 4 ICs values of eight compounds on three human cancérlices(A549,

MCF-7, HepG2)

Cpd. Cytotoxicity 1C 5o (UM)?




A549 MCF-7 HepG2

7 066+0.09 0.65+0.31 0.75+0.15
11 1.07+£0.42 0.88+0.21 0.89+0.22
15 0.60+0.13 0.67+0.12 0.60+0.13
20 0.56+0.21 0.45+0.11 0.53%0.12
24 0.46+0.02 0.30+0.04 0.37+0.03
25 0.78+0.06 0.64+0.11 0.71+0.15
29 0.15+0.08 0.17+0.038 0.26 +£0.02
30 0.70+0.05 0.67+0.15 0.65%0.22
CE 1.28+0.24 106+0.17 1.33+0.13
CDDO-Me” 0.36+0.18 0.35+0.07 0.26 +0.09

qMTT methods, cells were incubated with correspogdiompounds for 48 h. kg
(LM) values (means £ SD, n = 3).
®Positive control.
2.2.2.29 disrupted the Hsp90-Cdc37 Interaction in vitro

To make a thorough inquiry about the function 28 on the interaction of
Hsp90-Cdc37, immunoprecipitation experiment hachbesried out with DMSO as
negative control an@E as positive control. We treated A549 cells wiathor CE at
the concentration of 5.0 uM for 6 h, respectivéblljowed by the pull-down of
Hsp9Q: with y-phosphate-linked ATP-Sepharose. As shown in Ri§y-&) and (A-b),
there were no non-specific proteins that affectied tesults of the experiment.
Furthermore, it was proved that when Hsp%t@as pulled down29 could decrease
more amount of Cdc37 distinctly comparedG& (Fig. 2B). Thus, these results
indicated that29 possessed stronger function to disrupt the intieradetween

Hsp90 and Cdc37 thabE.

A B 1.2
5 10
IgG DMSO CE 29 °
E 08
e
Cdc37 ‘” - 2 2 06 B CE
3
° 04 |29
() k.
Hsp90o —— E 02
2
= 0.0

Hsp90a Cdc37

Fig. 2 29 disrupted the Hsp90-Cdc37 interaction in A549 sceA549 cells were



treated with 5.0 uM29 or CE for 6 h, respectively29 decreased the amount of
Cdc37 associated with Hsp90. A: (a) Expression @a¢3Z after Hsp9® was pulled
down;(b) Expression of Hsp@Gafter Hsp9a was pulled down. IgG is to exclude
interference from non-specific proteins. B: Grayscanalysis was presented by
means of the density ratios of proteins treatett @tor CE to those untreated. Data
were expressed as the mean + SD (n = 3).
2.2.3.29 regulated the Hsp90-Cdc37 client proteins and apsig-related proteins
Immunoprecipitation assay has proved as a Hsp90-Cdc37 disruptor, which
could result in degradation of downstream clienbt@ns. Once the biological
behaviour of these clients playing a key role i@ timcogenic process was hindered,
they might trigger the apoptosis-related proteiosirtduce apoptosis. Thus, we
detected these proteins with specific antibodie2%treated A549 cells at different
concentrations. As depicted in Fig. 3, it was obserthat29 could down-regulate
p-Akt and Cdk4 in a concentration-dependent marnviereover, compared tGE,
the expression level of the clients induced?Byat the same concentration was much
lower, which indicated tha29 exhibited stronger inhibitory activity. The levet$
Bax, a pro-apoptotic protein of Bcl-2 family, wayesitively related to concentration.
Instead, Bcl-2 displayed the opposite behavior as aati-apoptotic protein.
Additionally, the amount of activated ultimate apmgis-executing protein caspase-3
got higher as the concentration increased. Allglresults were consistent with what
we have designed and visually represented by gméey/sanalysis in Fig. 3B.
Considering29 had inhibition on the clients of Hsp90 and regrilapoptosis-related
proteins to induce cell apoptosis, whose effect stasnger than celastrol to some

extent.
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Fig. 3 Effects of29 on clients of Hsp90-Cdc37 and apoptosis-relatexeprs in
A549 cells. (A) The western blot results revealbd expression levels of Hsp90,
Cdk4, p-Akt, cleaved caspase-3, Bax, Bcl-2 in As#lls untreated (control) and
treated with29 for 8 h at different concentrations (0.5, 1.0, gl@). CE (2.0 uM)
was used as a positive contrplactin was used as a loading control. (B) Grayscale
analysis was presented by means of the densitysrafi proteins t-actin. Data
were expressed as the mean + SD (n = 3).
2.2.4. Effects a29 on cell-cycle distribution

Cdk4 is a key regulator protein of cell cycle. A®ntioned above29 could
cause a decrease in the expression level of Cdiet déstroying Hsp90-Cdc37
complex. To test whether the anti-proliferativeiatt was due to cell cycle arrest,
A549 cells were treated with compouBé at three different concentrations (0.06,
0.18, and 0.27 uM) for 12 and 24 h and untreatdld as the control. The analysis
was performed by flow cytometry using a FluoreseeActivated Cell Sorter (FACS)
after labelling with propidium iodide (PI). As showin Fig. 4, the results indicated
that 29 arrested cell cycle at GO/G1 phase. Thus, cellecgctest may be one of the
mechanisms of the anti-proliferation activity @9. The analysis lead to a
concentration-dependent accumulation of cells en@G; phase with a concomitant
increase after both 12 and 24 h of treatment. Maredrom the results illustrated in
Fig. 4E, the proportions of cells treated after Bdld a negligible accumulation than
the proportions of cells treated after 12h at thenes concentration. Thus, these

results suggest that growth inhibition of the AZEIs proliferation by29 may be



related to induction of gG; phase arrest.
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Fig. 4 Cell cycle analysis a29 in A549 cells. (A) and (C) Cells were treated w2th

at 0.06, 0.18 and 0.27 uM for 12 h, harvestednsthivith Pl, and then analyzed by

flow cytometry. (B) and (D) Cells were treated wa@at 0.06, 0.18 and 0.27 uM for

24 h, harvested, stained with PI, and then analylagdflow cytometry. (E)

Time-dependent effects &9 on cell cycle were investigated at three different

concentrations (0.06, 0.18, and 0.27 uM).

2.2.5.29 induced apoptosis by the extrinsic death recep&thway

To further explore the apoptotic mechanism induce@9, the levels of related



proteins in the extrinsic signaling pathway weralgred. It is well-known that cell
apoptosis is complex. One of its main mechanisnextisnsic pathway, which is also
called Fas/Fas-L death receptor pathiayCaspase-8 is an initiating apoptotic
protease, which is in response to extracellulaptysis-inducing ligands after being
activatet?”. PARP, a cleavage substrate for caspase, is anothe member in cell
apoptosi§®. Consequently, we evaluated the effect2@fon Fas, Fas-L, cleaved
caspase-8 and cleaved PARP, adopftagtin as an internal reference. As shown in
Fig. 5, the expressions of all tested proteins wegrerformed in a
concentration-dependent manner. These findings eprothat 29 could induce
apoptosis in an extrinsic death receptor pathwayedver, it was worth mentioned
that the band of cleaved PARP treated #hat 2.0 uM got unusually conspicuous
while those which were induced WyE at the same condition or untreated were
almost unobserved. The results could indicate toesextent that PARP was more
sensitive to29, in other words29 might target mainly at PARP to cause cell death.

However, the specific mechanism is intricate, whdelserves our in-depth research.
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Fig. 5 Effects 0of29 on extrinsic death receptor pathway proteins id®6ells. (A)
The western blot results revealed the expressiopldeof Fas, Fas-L, cleaved
caspase-8, cleaved PARP in A549 cells untreatedr@d and treated witB9 for 8 h

at different concentrations (0.5, 1.0, 2.0 uIi@E (2.0 uM) was used as a positive
control. B-actin was used as a loading control. (B) Graysaakdysis was presented
by means of the density ratios of proteing4actin. Data were expressed as the mean
+ SD (n = 3).

2.2.6. Effects 029 on cell apoptosis



On the basis of the experiments ab@&was witnessed to induce cell apoptosis.
In order to provide more convincing evidence, walgred A549 cells treated with
different concentrations d@9 by flow cytometry after Annexin V-FITC/PI double
staining. As observed in Fig. 6, the total numbaErspoptotic cells grew with the
increasing consistency. Particularly, late apopgtasas conspicuous. The greatest
consequent 029 was at 1.2 uM with 11.3 % early and 52.2 % latepagtic cells
while those are 4.1 % and 4.2 % separately in éiméral condition. Interestingly, 0.4
UM 29incubated cells had similar effects on those dedh 2.0 uMCE. In other
words, the potency of anti-tumor &9 was approximately five times stronger
compared to the parent compound. Hence, our stalctoodification design for

celastrolCE could promote the apoptosis of A549.

. CE (2.0 pM)
*d48%

8 2 3

30
[ early apoptosis

@ late apoptosis
10 4

Cell Number (%)

< 29(02 pM) « 29 (0.4 pM)

*g44% 127% *§

16.4% " 27 6% 86.9%

aw

FL3-A B
9 B A B ST
Lo 1y

124.6% . 11.3%)
= T T T

b o5 ® b b W w ] P P 5 up 2 SR b b w2
FL1-A FL1-A FL1-A FL1-A FL1-A

10.0% o
T T

Fig. 6 Apoptosis analysis d29 andCE in A549 cells. Cells were treated wi@E
(2.0 uM) and compound9 at distinct concentrations (0.2, 0.4, 0.6, 0.2, iM) for
24 h, analyzed by flow cytometry. The results wanesented in the form of a column
chart. The figures were representative of threeepeddent experiments and the
values were expressed as means = SD.
2.2.7. Morphological analysis of A549 treated wath

It's reported that apoptotic cells acquire morplgadal characteristics, such as
cell shrinkage, nuclear fragmentation, zeiosis apdptotic bodies formatiéff. To

corroborate the effect of compou8 on induction of apoptosis, cells treated with



compound29 for 48 h at different concentrations (0.06, 0.08d ®.18 uM) were
observed by fluorescence microscopy after staingu Moechst 33342. As depicted
in Fig. 7, with the concentration increased, A549Isc showed typical apoptotic
features such as cell shrinkage and nuclear fragatien. Moreover, the amount of
cells was obviously decreased, which indicated thdtere was a
concentration-dependent effect @ on cell apoptosis. These morphological
observations further confirmed our hypothesis tdoapound?9 induces apoptosis in

AB49 cells.

DMSO 0.06 pM 0.09 pM 0.18 pM

29

Fig. 7 Fluorescence microscopy images of A549 cells sthimge Hoechst 33342.
A549 cells were treated with tt&9 at indicated concentrations (0.06, 0.09, and 0.18
uM) for 48 h.

3. Conclusion

In summary, based on the hybridization strateggesfeloping novel anti-tumor
drugs, a series of celastrol hybrids were desigmetisynthesized. Some derivatives
performed promoted anti-proliferative activity ohrée human cancer cell lines
(A549, MCF-7, HepG2)n vitro. Among them, compoung9 showed the strongest
anti-tumor activity (I1Gy = 0.15-0.26 pM). The SAR of all target productssvedso
discussed. Further bio-assay proved tRtretained the ability to disrupt the
interaction of Hsp90 and Cdc37 compared to celbstveanwhile, it could
down-regulate Hsp90 client proteins, followed hgdering cell apoptosis. Studies
on mechanism suggested tH29 induced apoptosis in A549 cells by activating
Fas/Fas-L, caspase-8 and PARP through extrinsmaksng pathway. Moreove£9
arrested cell cycle atd&s; phase, which was considered as another main misahan

of cell death. Taken together, as a promising catdifor cancer therapy, compound



29is worth further research to obtain more details.

4. Experimental

4.1.Chemistry

All reagents were available from commercial suppliand used directly unless
otherwise stated. Routine thin-layer chromatogragiyC) was performed to
monitor reactions on silica gel plates with an asiolet lamp. Column
chromatography was carried out on silica gel (200-81esh).'H NMR and *°C
NMR spectra were all recorded on a Bruker AVANCEtinment at 25. The
molecular weights were detected on HP 1100LC/MS&spmeter.
4.1.1. Synthesis of intermediates and target comg®u
4.1.1.1. General procedures for the preparatio€ompound
4.1.1.1.1. General procedures for Synthesizing @am@sb.7, €12
NH4OAc (0.5 eq, 4.0 mmol, 308.0 mg) and hydroxy algehydea;.; or d;» (0.9 eq,
7.2 mmol) were dissolved in a solution of methyawogacetate (1.0 eq, 8.0 mmol,
706 pl) in tolune (45 ml).The mixture was refluxadLO0[ for 12 h by stirring. The
reaction mixture was filtered and then the crudedpct was purified by column
chromatography using petroleum ether : ethyl aedt&tOAC) = 2:1 (V/v).
4.1.1.1.2. General procedures for Synthesizing Gamg@sbg, €;3.4
Sinapic acid &g) or 3-hydroxycinnamic aciddg) or isoferulic acid d4) (1.0 eq, 5.0
mmol) was dissolved in methanol (50 ml), stirreddemnthe catalysis of 30,
(2.0-2.0 ml) at 70 for 12 h. On cooling, the solvent was removed draps of
NaCOs were then added to the residue until the pH waatgr or equal to 7.0. The
resulting solution was extracted with EtOAc (3x20).ihe combined organic layer
was washed with NaCl solution (2x20 ml), driedhmiaS0O,, and subsequently
solvent was evaporated to acquire the crude prdmumtes 4.
4.1.1.1.3. General procedures for Synthesizing @am@sc:-2,, f1-10
4.1.1.1.3.1. General procedures for Synthesizingh@mndsc;.g, Cio, C11-13, Ci5-17,
Cio21, f1.4, o0

Compoundb;.zor methyl sinapatebg) or methyl 4-hydroxycinnamatéd) or methyl



ferulate p10) or compounde;.,or methyl 3-hydroxycinnamates or isoferulic acid
methyl esterd;) (1.0 eq, 1.2 mmol) and KOs (3.0 eq, 3.6 mmol) were successively
dissolved in anhydrous acetone (8 ml). A solutibditferent alkyl bromides (5.0 eq,
6.0 mmol) in anhydrous acetone was added and ¢hition mixture was stirred at
50 [ for 7-8 h. The reaction mixture was concentrateden vaccum and the residue
was dissolved in dichloromethane. The organic layas washed with 5% aqueous
NaHCG; solution (60 ml) and agueous saturated NaCl soiu{80 ml). After drying
over anhydrous N&Q,, the dichloromethane was removed in vaccum. Theecr
materials was purified by column chromatographysidita gel [petroleum ether
/ethyl acetate=6:1 (v/V)] .

4.1.1.1.3.2. General procedures for Synthesizingn@mndscy, €14, C1s, C22, s, f10
Methyl sinapateldg) or methyl 4-hydroxycinnamatdd) or methyl ferulatel{;o) or
compounde; or isoferulic acid methyl esteeq) (1.0 eq, 0.5 mmol) , $C0O;(2.0 eq,
1.0 mmol, 138.0 mg), BN'Br (0.06 eqg, 0.03 mmol, 9.67 mg) and
trans-1,4-dibromo-2-butene (3.0 eq, 1.5 mmol, 324g) were added into anhydrous
acetone. The reaction mixture was refluxed for Byhstirring. The acetone was
removed under reduced pressure and the residuextrasted with ethyl acetate (60
ml). The combined organic layers were dried ovelilsn sulfate, filtered, and the
solvent was evaporated. The crude materials waBgouby column chromatography
on silica gel [petroleum ether /ethyl acetate=1@7¥)] to afford pure intermediates
Co, C14, C18, G2, T, f10.

4.1.1.1.4. General procedures for Synthesizing @a@pmpound-32

A mixture of celastrol (1.0 eq, 0.1 mmol, 45.1 mgy);, or f1.10 (3.0eq, 0.3 mmol)
and NaHCQ (5.0 eq, 0.5 mmol, 42.0 mg) in anhydrous DMF (§ wis stirred at
60 C under reflux for 6 h. The reaction solution wasshved with DCM (100 ml)
for four times. The combined organic layers weralveal by aqueous saturated NaCl
solution (30 ml), then dried over sodium sulfatdtefed, and the solvent was
evaporated. The crude product was purified by calwmromatography [petroleum

ether /ethyl acetate=3:1 (v/v)].



4.1.1.1.4.1Compoundl. Obtained from celastrol angd. Orange red powder, 40.5%
yield. Analytical data fod: *H-NMR (300 MHz, CDC}, TMS), § ppm: 0.53 (3H, s),
1.10 (3H, s), 1.19 (3H, s), 1.25 (3H, s), 1.44 (3},2.24 (3H, s), 3.94 (3H, s),
4.05-4.23 (4H, m), 6.30 (1H, d,= 7.1 Hz), 6.50 (1H, s), 6.96 (2H, 3= 8.9 Hz),
7.05 (1H, dJ = 7.0 Hz), 8.00 (2H, dJ = 8.8 Hz), 8.22 (1H, s)C NMR (75 MHz,
CDCly) &¢c: 178.3, 178.2, 170.0, 164.7, 163.6, 163.0, 154.6.014134.0, 133.8,
127.4 (Cx2), 124.4, 119.5, 118.2, 117.2, 116.3,1116%2), 98.9, 64.7, 60.9, 53.2,
45.0, 44.2, 42.9, 40.5, 39.4, 38.2, 36.3, 34.84,332.8, 31.6, 30.9, 30.5, 29.8, 29.7,
28.4, 28.1, 21.6, 18.6, 10.3; HRMS (ESI) calculafed CssHs,NO; [M + H]*
694.3744, found 694.3753.

4.1.1.1.4.2Compound2. Obtained from celastrol argd. Orange red powder, 38.8%
yield. Analytical data fo2: *H-NMR (300 MHz, CDC}, TMS), § ppm: 0.54 (3H, s),
1.10 (3H, s), 1.19 (3H, s), 1.25 (3H, s), 1.44 (84,2.23 (3H, s), 2.45 (3H, s), 3.94
(3H, s), 4.01-4.14 (3H, m), 4.17-4.23 (1H, m), 6(3H, d,J = 7.2 Hz), 6.51 (1H, s),
6.78 (1H, s), 6.81 (1H, d, = 8.8 Hz), 7.04 (1H, d] = 7.1 Hz), 8.34 (1H, d] = 8.8
Hz), 8.52 (1H, s)**C NMR (75 MHz, CDC}) 5c: 178.3, 178.2, 169.9, 164.7 (Cx2),
162.3, 156.5, 152.1, 146.0, 134.1, 131.0, 127.42jC%23.3, 119.5, 118.2, 117.2
(Cx2), 112.3, 99.9, 64.5, 60.9, 53.2, 45.0, 44229440.5, 39.3, 38.2, 36.3, 34.8, 33.4,
32.8, 31.6, 30.9, 30.5, 29.8, 29.7, 28.5, 28.26,220.1, 18.6, 10.3; HRMS (ESI)
calculated for G4HssNO- [M + H]* 708.3900, found 708.3895.
4.1.1.1.4.3Compound3. Obtained from celastrol arg@. Orange red powder, 39.6%
yield. Analytical data foB: *H-NMR (300 MHz, CDC}, TMS), § ppm: 0.45 (3H, s),
1.10 (3H, s), 1.19 (3H, s), 1.22 (3H, s), 1.42 (81,2.25 (3H, s), 3.75 (3H, s), 3.93
(3H, s), 4.01-4.06 (1H, m), 4.11-4.22 (3H, m), 6(2Bl, d,J = 7.1 Hz), 6.36 (1H, dJ

= 2.2 Hz), 6.50 (1H, s), 6.55 (1H, d#i= 9.0 Hz, 2.2 Hz), 7.00 (1H, d,= 7.0 Hz),
8.41 (1H, dJ = 8.9 Hz), 8.73 (1H, s)*C NMR (75 MHz, CDC}) ¢: 178.3 (Cx2),
170.0, 165.0, 164.7, 164.1, 148.9, 146.0, 143.3.313131.2, 127.3, 119.4, 118.1,
117.3, 116.9, 114.1, 105.6 (Cx2), 98.8, 64.5, 68578, 45.0, 44.1, 42.9, 40.5, 39.2,
38.2, 36.3, 35.0, 33.2, 33.0, 31.6, 30.9, 30.57,229.6, 28.4, 28.0, 21.6, 20.1, 18.6,



10.3; HRMS (ESI) calculated fors@HssNOg [M + H]* 724.3849, found 724.3855.
4.1.1.1.4.4Compound4. Obtained from celastrol ared. Orange red powder, 41.2%
yield. Analytical data fod: *H-NMR (300 MHz, CDC}, TMS), 6 ppm: 0.52 (3H, s),
1.10 (3H, s), 1.18 (3H, s), 1.24 (3H, s), 1.44 (3}),2.23 (3H, s), 3.94 (3H, s),
4.03-4.18 (4H, m), 6.29 (1H, d,= 7.4 Hz), 6.51 (1H, s), 6.73 (1H, 3= 8.9 Hz),
6.78 (1H, d,J = 8.9 Hz), 7.03 (1H, dJ = 7.3 Hz), 7.06 (1H, s), 8.50 (1H, s¥C
NMR (75 MHz, CDC}) 6c: 178.3 (Cx2), 170.0, 164.7 (Cx2), 158.3, 157.5, 153.
146.0, 134.1, 130.3, 127.4, 119.5, 118.2, 117.2,911111.6, 106.6, 102.2, 98.9, 65.3,
60.8, 53.3, 45.0, 44.2, 42.9, 40.5, 39.4, 38.23,384.8, 33.5, 32.8, 31.6, 30.9, 30.5,
29.7, 29.6, 28.5, 28.0, 21.6, 18.6, 10.3; HRMS JES8lculated for GzHs:FNO; [M +
H]* 712.3650, found 712.3646.

4.1.1.1.4.5Compounds. Obtained from celastrol an@. Orange red powder, 35.1%
yield. Analytical data fob: *H-NMR (300 MHz, CDC}, TMS), s ppm: 0.50 (3H, s),
1.10 (3H, s), 1.19 (3H, s), 1.23 (3H, s), 1.43 (3H4,2.13 (3H, s), 2.26 (3H, S), 3.94
(3H, s), 4.07-4.21 (4H, m), 6.25 (1H,H= 7.1 Hz), 6.50 (1H, s), 6.90 (1H, 3= 8.6
Hz), 7.07 (1H, dJ = 7.2 Hz), 7.79 (1H, s), 7.93 (1H, = 8.6 Hz), 8.19 (1H, s)*C
NMR (75 MHz, CDC}) 6c: 178.3, 178.2, 170.0, 164.6, 163.7, 153.6, 152.6,014
134.0, 130.9, 127.4 (Cx2), 124.8, 119.5, 118.4,21817.2, 115.7, 114.1, 100.6,
66.0, 60.8, 53.4, 45.0, 44.2, 42.9, 40.5, 39.42,386.3, 34.8, 33.5, 32.8, 31.6, 30.9,
30.5, 29.8, 29.7, 28.5, 28.2, 21.6, 20.1, 18.53;16IRMS (ESI) calculated for
Ca4Hs4sNO7 [M + H]™ 708.3900, found 708.3904.

4.1.1.1.4.6Compound6. Obtained from celastrol an@. Orange red powder, 37.5%
yield. Analytical data fo6: *H-NMR (300 MHz, CDC}, TMS), s ppm: 0.53 (3H, s),
1.11 (3H, s), 1.21 (3H, s), 1.25 (3H, s), 1.43 (834,2.21 (3H, s), 3.92 (3H, s), 3.95
(3H, s), 4.26-4.34 (3H, m), 4.38-4.51 (1H, m), 6(3H, d,J = 7.2 Hz), 6.42 (1H, s),
6.93 (1H, dJ = 8.4 Hz), 7.00 (1H, d] = 7.1 Hz), 7.41 (1H, dd] = 8.5 Hz, 2.1 Hz),
7.80 (1H, dJ = 2.2 Hz), 8.18 (1H, s)*C NMR (75 MHz, CDC}J) 8c: 178.3 (Cx2),
169.7, 164.6, 163.6, 154.9, 152.7, 149.7, 146.83,9.3127.6, 127.4, 125.1, 119.5,
118.1, 117.2 (Cx2), 112.9, 112.3, 99.3, 66.9, 62660, 45.0, 44.2, 42.9, 40.6, 39.4,



38.2, 36.4, 34.8, 33.4, 32.8, 31.6, 30.8, 30.58,2%0.6, 28.5, 21.6, 18.6, 10.3; HRMS
(ESI) calculated for gHs,NOg [M + H]* 710.3693, found 710.3688.
4.1.1.1.4.7Compound?. Obtained from celastrol ang. Orange red powder, 36.8%
yield. Analytical data fo7: *H-NMR (300 MHz, CDC}, TMS), § ppm: 0.50 (3H, s),
1.10 (3H, s), 1.19 (3H, s), 1.24 (3H, s), 1.44 (831,2.24 (3H, s), 3.82 (3H, s), 3.95
(3H, s), 4.04-4.12 (1H, m), 4.17-4.21 (3H, m), 6(28, d,J = 7.2 Hz), 6.49 (1H, s),
6.92 (1H, dJ = 8.6 Hz), 7.07 (1H, d) = 7.0 Hz), 7.49 (1H, d] = 8.5 Hz), 7.75 (1H,
s), 8.20 (1H, s)**C NMR (75 MHz, CDCY)) 5c: 178.3, 178.2, 169.8, 164.6, 163.6,
155.0, 153.1, 149.5, 146.0, 134.1, 127.8, 127.4,6.2119.5, 118.2, 117.2, 116.4,
112.1, 111.8, 98.8, 65.3, 60.9, 55.8, 45.0, 448220,440.5, 39.3, 38.2, 36.3, 34.9, 33.3,
32.8, 31.6, 30.9, 30.5, 29.7, 29.6, 28.4, 28.0%,218.5, 10.3; HRMS (ESI) calculated
for C4sHs4NOg [M + H]* 724.3849, found 724.3852.

4.1.1.1.4.8Compound8. Obtained from celastrol argd. Orange red powder, 39.2%
yield. Analytical data foB: *H-NMR (300 MHz, CDC}, TMS), § ppm: 0.49 (3H, s),
1.10 (3H, s), 1.19 (3H, s), 1.23 (3H, s), 1.43 (81,2.23 (3H, s), 3.82 (3H, s), 3.95
(3H, s), 4.06-4.11 (1H, m), 4.17-4.19 (3H, m), 6(281, d,J = 6.8 Hz), 6.50 (1H, s),
6.92 (1H, dJ = 8.6 Hz), 7.08 (1H, d] = 6.9 Hz), 7.49 (1H, d] = 8.5 Hz), 7.76 (1H,
s), 8.22 (1H, s)**C NMR (75 MHz, CDC}) 6c: 178.3, 178.2, 170.0, 164.7, 163.7,
155.0, 153.2, 149.5, 146.0, 134.2, 127.9, 127.4,52119.5, 118.1, 117.2, 116.4,
112.0, 111.8, 98.8, 68.5, 64.0, 56.0, 53.2, 454(B,442.9, 40.4, 39.4, 38.3, 36.4, 34.9,
33.5, 32.8, 31.6, 30.9, 30.5, 29.8, 29.7, 25.73,281.6, 18.5, 10.3; HRMS (ESI)
calculated for GsHseNOg [M + H]* 738.4006, found 738.4004.
4.1.1.1.4.9Compound. Obtained from celastrol argd. Orange red powder, 40.3%
yield. Analytical data fo®: *H-NMR (300 MHz, CDC}, TMS), § ppm: 0.57 (3H, s),
1.12 (3H, s), 1.21 (3H, s), 1.28 (3H, s), 1.46 (3),2.21 (3H, s), 3.95 (6H, s),
4.46-4.51 (2H, m), 4.68-4.69 (2H, m), 5.99 (2H, ®B6 (1H, dJ = 7.2 Hz), 6.55
(1H, d,J = 1.4 Hz), 6.91 (1H, d] = 8.5 Hz), 7.02 (1H, dd] = 7.1 Hz, 1.4 Hz), 7.45
(1H, dd,J = 2.1 Hz, 8.6 Hz), 7.83 (1H, d,= 2.1 Hz), 8.20 (1H, s)*C NMR (75
MHz, CDCk) 6c:177.8 (Cx2), 170.0, 164.6, 163.6, 155.0, 152.6,94146.0, 134.0,



128.5, 128.0, 127.7, 127.4, 124.8, 119.4, 118.1,111116.4, 112.4, 111.8, 90.0, 68.5,
63.8, 56.1, 45.0, 44.2, 42.9, 40.5, 39.4, 38.33,364.8, 33.5, 32.8, 31.6, 30.8, 30.5,
29.8, 29.6, 28.7, 21.8, 18.7, 10.3; HRMS (ESI) dalted for GsHs,NOg [M + H]*
736.3849, found 736.3853.

4.1.1.1.4.10Compound10. Obtained from celastrol anch,. Orange red powder,
38.1% yield. Analytical data fat0: *H-NMR (300 MHz, CDC4, TMS), é ppm: 0.55
(3H, s), 1.10 (3H, s), 1.19 (3H, s), 1.26 (3H,1s%5 (3H, s), 2.23 (3H, s), 3.95 (3H,
s), 4.07-4.15 (1H, m), 4.19-4.22 (3H, m), 6.32 (tH] = 7.2 Hz), 6.49 (1H, s), 7.01
(1H, d,J = 8.8 Hz), 7.04 (1H, s), 7.05 (1H, 8= 7.0 Hz), 7.77 (1H, d] = 8.9 Hz),
8.17 (1H, S),13C NMR (75 MHz, CDC) 6¢:178.3, 178.2, 170.0, 164.7, 163.2, 153.4,
152.1, 146.0, 134.1, 130.8, 127.4 (Cx2), 123.3,5,1918.1, 117.2 (Cx2), 116.3,
112.4, 100.0, 64.5, 60.9, 53.2, 45.0, 44.2, 420%,439.3, 38.2, 36.3, 34.8, 33.4, 32.8,
31.6, 30.9, 30.5, 29.8, 29.7, 28.5, 28.2, 21.61,218.6, 10.3; HRMS (ESI) calculated
for C4aHs1FNO; [M + H]* 712.3650, found 712.3638.

4.1.1.1.4.11.Compound1l Obtained from celastrol anch;. Orange red powder,
33.8% yield. Analytical data fdkl: *H-NMR (300 MHz, CDC}, TMS), d ppm: 0.57
(3H, s), 1.11 (3H, s), 1.20 (3H, s), 1.26 (3H,1sh1 (3H, s), 2.22 (3H, s), 3.84 (6H,
s), 4.10-4.17 (1H, m), 4.21-4.26 (3H, m), 6.34 (8] = 7.3 Hz), 6.35 (1H, s), 6.40
(1H, d,J = 16.1 Hz), 6.77 (2H, s), 7.01 (1H, s 7.4 Hz), 7.65 (1H, d] = 16.0 Hz);
%C NMR (75 MHz, CDGJ) 5¢: 178.3 (Cx2), 170.0, 167.5, 164.8, 153.5 (Cx2), A46.
144.9, 139.0, 134.0, 130.1, 127.4, 119.5, 118.1,21117.0, 105.2 (Cx2), 70.0, 64.0,
56.0 (Cx2), 51.7, 45.1, 44.3, 42.9, 40.4, 39.52386.4, 34.7, 33.4, 32.6, 31.6, 30.9,
30.6, 29.7, 29.3, 28.6, 21.6, 18.5, 10.3; HRMS JE3alculated for ¢zHs509 [M +
H]* 715.3846, found 715.3854.

4.1.1.1.4.12Compound12 Obtained from celastrol and,. Orange red powder,
37.8% yield. Analytical data fak2: *H-NMR (300 MHz, CDC4, TMS), é ppm: 0.57
(3H, s), 1.10 (3H, s), 1.19 (3H, s), 1.27 (3H,I1s%6 (3H, s), 2.21 (3H, s), 3.80 (3H,
s), 3.85 (6H, s), 3.90-3.95 (1H, m), 4.02-4.10 (&), 6.35 (1H, d,J = 6.9 Hz), 6.36
(1H, d,J = 15.8 Hz), 6.51 (1H, s), 6.74 (2H, s), 7.00 (8HJ = 6.9 Hz), 7.59 (1H, d,



J = 15.8 Hz);*®*C NMR (75 MHz, CDCY)) &c: 178.3, 178.2, 170.0, 167.4, 164.6,
153.6 (Cx2), 146.0, 144.9, 138.9, 134.0, 130.0,.4,2719.5, 118.1, 117.1, 117.0,
105.2 (Cx2), 70.0, 61.5, 56.1 (Cx2), 51.7, 45.03442.9, 40.4, 39.4, 38.2, 36.4,
34.8, 33.4, 32.8, 31.6, 30.8, 30.5, 29.8, 29.62,288.6, 21.6, 18.5, 10.3; HRMS (ESI)
calculated for GyHs7Og [M + H]* 729.4003, found 729.3997.
4.1.1.1.4.13Compound13. Obtained from celastrol anci;z. Orange red powder,
38.3% yield. Analytical data fat3;: *H-NMR (300 MHz, CDC}, TMS), d ppm: 0.57
(3H, s), 1.11 (3H, s), 1.19 (3H, s), 1.27 (3H,1s15 (3H, s), 2.22 (3H, s), 3.82 (3H,
s), 3.86 (6H, s), 3.92-3.96 (1H, m), 4.01-4.09 (&), 6.35 (1H, dJ = 6.9 Hz), 6.36
(1H, d,J = 15.8 Hz), 6.51 (1H, s), 6.74 (2H, s), 7.02 (HH) = 6.9 Hz), 7.62 (1H, d,
J=15.9 Hz):*C NMR (75 MHz, CDC}) &¢: 178.3 (Cx2), 170.0, 167.4, 164.7, 153.6
(Cx2), 146.0, 144.9, 139.2, 134.1, 129.8, 127.94.31118.1, 117.1, 116.9, 105.2
(Cx2), 72.7, 64.2, 56.1 (Cx2), 51.7, 45.1, 44.39420.4, 39.5, 38.2, 36.4, 34.8, 33.5,
32.8, 31.6, 30.8, 30.6, 29.8, 29.7, 28.6, 26.70,281.6, 18.5, 10.3; HRMS (ESI)
calculated for GsHsqOg [M + H]* 743.4159, found 743.4159.
4.1.1.1.4.14Compoundl14. Obtained from celastrol anci,. Orange red powder,
41.1% vyield. Analytical data fak4: "H-NMR (300 MHz, CDC}, TMS), § ppm: 0.56
(3H, s), 1.11 (3H, s), 1.19 (3H, s), 1.27 (3H,1s15 (3H, s), 2.22 (3H, s), 3.83 (3H,
s), 3.88 (6H, s), 4.36-4.48 (2H, m), 4.54-4.56 (&), 5.80-5.87 (1H, m), 5.97-6.07
(1H, m), 6.35 (1H, dJ = 6.6 Hz), 6.37 (1H, d] = 16.1 Hz), 6.50 (1H, s), 6.75 (2H, ),
7.02 (1H, dJ = 6.7 Hz), 7.63 (1H, d] = 16.1 Hz);**C NMR (75 MHz, CDC)) 8c:
178.3, 177.9, 170.0, 167.4, 164.7, 153.6 (Cx2),@4644.9, 139.3, 134.0, 130.0,
129.8, 127.5, 127.4, 119.5, 118.1, 117.0, 116.9,11(Cx2), 73.0, 64.1, 56.1 (Cx2),
51.7,45.1, 44.3, 42.9, 40.4, 39.4, 38.2, 36.48,333.4, 32.8, 31.6, 30.8, 30.5, 29.8,
29.6, 28.7, 21.7, 18.5, 10.3; HRMS (ESI) calculdtedCisHs0g [M + H]* 741.4003,
found 741.4004.

4.1.1.1.4.15Compoundl15. Obtained from celastrol ancis. Orange red powder,
38.4% yield. Analytical data fat5: *H-NMR (300 MHz, CDC4, TMS), é ppm: 0.57
(3H, s), 1.10 (3H, s), 1.21 (3H, s), 1.26 (3H,1s45 (3H, s), 2.23 (3H, s), 3.82 (3H,



s), 4.13-4.27 (3H, m), 4.31-4.38 (1H, m), 6.33 (3HJ = 6.7 Hz), 6.37 (1H, dJ =
15.9 Hz), 6.51 (1H, s), 6.88 (2H, 8= 8.7 Hz), 7.02 (1H, d] = 6.8 Hz), 7.50 (2H, d,
J = 8.7 Hz), 7.66 (1H, d] = 16.0 Hz);"*C NMR (75 MHz, CDCJ) 8c: 178.3 (Cx2),
169.8, 167.8, 164.7, 160.2, 146.0, 144.4, 134.0,812Cx2), 127.6, 127.4, 119.6,
118.1, 117.1, 115.6, 114.9 (Cx2), 65.8, 62.9, 54550, 44.2, 42.9, 40.5, 39.4, 38.2,
36.4, 34.8, 33.6, 32.8, 31.6, 30.7, 30.5, 29.87,288.6, 21.6, 18.6, 10.3; HRMS (ESI)
calculated for GiHs:0; [M + H]* 655.3635, found 655.3622.

4.1.1.1.4.16 Compoundl16. Obtained from celastrol ancle. Orange red powder,
40.7% vyield. Analytical data fak6: "H-NMR (300 MHz, CDC}, TMS), § ppm: 0.52
(3H, s), 1.10 (3H, s), 1.19 (3H, s), 1.25 (3H,1s¥4 (3H, s), 2.24 (3H, s), 3.82 (3H,
s), 4.01-4.09 (3H, m), 4.16-4.24 (1H, m), 6.28 (BHJ = 7.0 Hz), 6.35 (1H, dJ =
16.0 Hz), 6.51 (1H, s), 6.86 (2H, 8= 8.7 Hz), 7.02 (1H, d] = 6.9 Hz), 7.47 (2H, d,
J=8.7 Hz), 7.67 (1H, d] = 16.0 Hz);"*C NMR (75 MHz, CDC}) &¢: 178.3, 178.2,
169.8, 167.8, 164.7, 160.5, 146.0, 144.5, 134.0,812Cx2), 127.4, 127.2, 119.5,
118.1, 117.1, 115.3, 114.7 (Cx2), 64.3, 61.0, 54550, 44.2, 42.9, 40.5, 39.4, 38.2,
36.3, 34.8, 33.4, 32.8, 31.6, 30.9, 30.5, 29.8/,288.5, 28.3, 21.6, 18.6, 10.3; HRMS
(ESI) calculated for &Hs30; [M + H]* 669.3791, found 669.3792.
4.1.1.1.4.17Compoundl7. Obtained from celastrol anc,;. Orange red powder,
39.1% yield. Analytical data fat7: *H-NMR (300 MHz, CDC4, TMS), é ppm: 0.57
(3H, s), 1.11 (3H, s), 1.20 (3H, s), 1.27 (3H,1s16 (3H, s), 2.22 (3H, s), 3.81 (3H,
s), 3.93-3.97 (3H, m), 4.00-4.09 (1H, m), 6.31 (tH) = 7.0 Hz), 6.33 (1H, dJ =
16.0 Hz), 6.53 (1H, s), 6.87 (2H, 8= 8.6 Hz), 7.03 (1H, d] = 7.2 Hz), 7.46 (2H, d,
J = 8.6 Hz), 7.66 (1H, d] = 16.1 Hz);**C NMR (75 MHz, CDC}) ¢: 178.3 (Cx2),
170.0, 167.8, 164.7, 160.7, 146.0, 144.6, 134.9,712Cx2), 127.4, 127.1, 119.5,
118.2, 117.1, 115.2, 114.8 (Cx2), 67.5, 64.1, 54550, 44.3, 42.9, 40.4, 39.4, 38.2,
36.4, 34.8, 33.5, 32.8, 31.6, 30.9, 30.5, 29.87,288.6, 26.9, 25.9, 21.6, 18.5, 10.3;
HRMS (ESI) calculated for £HssO; [M + H]* 683.3948, found 683.3948.
4.1.1.1.4.18Compoundl18 Obtained from celastrol ancig. Orange red powder,
34.4% yield. Analytical data fat8 *H-NMR (300 MHz, CDC4, TMS), é ppm: 0.57



(3H, s), 1.11 (3H, s), 1.21 (3H, s), 1.27 (3H,1s45 (3H, s), 2.21 (3H, s), 3.81 (3H,
s), 4.43-4.49 (2H, m), 4.56 (2H, m), 5.94 (2H,6s34 (1H, d,J = 16.1 Hz), 6.35 (1H,
d, J = 6.9 Hz), 6.52 (1H, s), 6.89 (2H, #= 8.6 Hz), 7.02 (1H, d] = 7.2 Hz), 7.48
(2H, d,J = 8.6 Hz), 7.66 (1H, d] = 16.0 Hz);**C NMR (75 MHz, CDC}) 5¢: 178.3,
177.9, 170.0, 167.8, 164.7, 160.2, 146.0, 144.8,113129.8 (Cx3), 128.5 (Cx2),
127.5,127.4,119.4, 118.1, 115.4, 115.0 (Cx2)5,654.0, 51.6, 45.0, 44.2, 42.9, 40.4,
39.4, 38.2, 36.3, 34.7, 33.5, 32.8, 31.6, 30.8,,329.8, 29.6, 28.6, 21.6, 18.6, 10.3;
HRMS (ESI) calculated for gHs30; [M + H]* 681.3791, found 681.3791.
4.1.1.1.4.19Compound19. Obtained from celastrol anchs. Orange red powder,
38.3% vyield. Analytical data fat9: *H-NMR (300 MHz, CDC}, TMS), s ppm: 0.53
(3H, s), 1.10 (3H, s), 1.21 (3H, s), 1.25 (3H,I1s%3 (3H, s), 2.22 (3H, s), 3.83 (3H,
s), 3.89 (3H, s), 4.22-4.30 (3H, m), 4.35-4.45 (i), 6.30 (1H, d,J = 7.2 Hz), 6.36
(1H, d,J = 15.9 Hz), 6.46 (1H, s), 6.88 (1H,H= 8.6 Hz), 6.99 (1H, s), 7.00 (1H, d,
J=7.1Hz), 7.08 (1H, d] = 8.4 Hz), 7.64 (1H, d] = 15.9 Hz);"*C NMR (75 MHz,
CDCl3) 6¢: 178.3 (Cx2), 169.8, 167.8, 164.5, 150.4, 149.5,04644.8, 134.0, 127.5,
127.4, 122.3, 119.5, 118.1, 117.1, 115.5, 112.P,11165.2, 61.0, 51.7, 45.0, 44.2,
42.9, 40.4, 39.3, 38.2, 36.3, 34.9, 33.3, 32.97,330.9, 30.5, 29.8, 29.6, 28.3, 21.7,
18.5, 10.3; ESI/HRMS (m/z) HRMS (ESI) calculated 64,Hss0s [M + H]*
685.3740, found 685.3744.

4.1.1.1.4.20Compound20. Obtained from celastrol anck,. Orange red powder,
37.4% yield. Analytical data f&0: *H-NMR (300 MHz, CDC4, TMS), é ppm: 0.49
(3H, s), 1.10 (3H, s), 1.19 (3H, s), 1.24 (3H,1s%3 (3H, s), 2.25 (3H, s), 3.77 (3H,
s), 3.83 (3H, s), 4.01-4.14 (3H, m), 4.19-4.27 (1), 6.25 (1H, dJ = 7.2 Hz), 6.36
(1H, d,J = 15.9 Hz), 6.50 (1H, s), 6.85 (1H,H= 8.3 Hz), 7.02 (1H, s), 7.02 (1H, d,
J=7.2 Hz), 7.11 (1H, d] = 8.3 Hz), 7.67 (1H, d] = 15.9 Hz):**C NMR (75 MHz,
CDCly) &¢c: 178.3, 178.2, 169.8, 167.7, 164.6, 150.4, 149.%.014144.8, 134.0,
127.5, 127.4, 122.4, 119.5, 118.1, 117.0, 115.3,211110.2, 65.3, 61.1, 51.6, 45.0,
44.2, 42.9, 40.4, 39.3, 38.2, 36.3, 34.9, 33.39,321.6, 30.9, 30.5, 29.7, 29.6, 28.4,
28.2, 21.7, 18.5, 10.3; ESI/HRMS (m/z) HRMS (ESd)calated for GzHss0g [M +



H]* 699.3897, found 699.3900.

4.1.1.1.4.21.Compound2l Obtained from celastrol anc;. Orange red powder,
39.2% yield. Analytical data f&1: *H-NMR (300 MHz, CDC}, TMS), é ppm: 0.56
(3H, s), 1.11 (3H, s), 1.19 (3H, s), 1.27 (3H,1s16 (3H, s), 2.23 (3H, s), 3.82 (3H,
s), 3.89 (3H, s), 3.93-3.99 (3H, m), 4.02-4.10 (i), 6.33 (1H, dJ = 16.0 Hz), 6.35
(1H, d,J = 7.3 Hz), 6.53 (1H, s), 6.85 (1H, 3= 8.4 Hz), 7.03 (1H, dJ = 7.2 Hz),
7.04 (1H, s), 7.09 (1H, d,= 8.3 Hz), 7.65 (1H, d] = 15.9 Hz):**C NMR (75 MHz,
CDCly) &¢c: 178.3, 178.2, 169.9, 167.7, 164.7, 150.4, 149.%.(14144.8, 134.1,
127.5, 127.4, 122.5, 119.5, 118.1, 117.1, 115.3,611110.1, 68.4, 64.1, 55.9, 51.6,
45.0, 44.3, 42.9, 40.4, 39.4, 38.2, 36.3, 34.85,332.8, 31.6, 30.9, 30.8, 30.5, 29.8,
28.5, 25.8, 25.2, 21.6, 18.5, 10.2; HRMS (ESI) @aied for G4Hs:Og [M + H]*
713.4053, found 713.4053.

4.1.1.1.4.22 Compound22 Obtained from celastrol anc,. Orange red powder,
36.0% yield. Analytical data f@2: *H-NMR (300 MHz, CDC4, TMS), é ppm: 0.55
(3H, s), 1.11 (3H, s), 1.19 (3H, s), 1.26 (3H,1s}4 (3H, s), 2.21 (3H, s), 3.81 (3H,
s), 3.91 (3H, s), 4.39-4.54 (2H, m), 4.62-4.63 (&1}, 5.86-6.06 (2H, m), 6.32 (1H, d,
J = 7.8 Hz), 6.33 (1H, dJ = 15.7 Hz), 6.51 (1H, s), 6.84 (1H, 3= 8.0 Hz), 7.01
(1H, d,J = 8.5 Hz), 7.06 (1H, s), 7.08 (1H, 8= 8.6 Hz), 7.64 (1H, d] = 16.0 Hz);
3C NMR (75 MHz, CD(.)) oc: 178.3, 177.8, 170.0, 167.7, 164.7, 150.4, 149.9,
146.0, 144.8, 134.1, 128.4, 128.0, 127.7, 127.2,42119.5, 118.1, 117.1, 115.6,
112.8, 110.0, 68.5, 63.9, 55.9, 51.7, 45.0, 44220,440.4, 39.4, 38.2, 36.3, 34.7, 33.4,
32.8, 31.6, 30.8, 30.5, 29.8, 29.6, 28.6, 21.65,180.3; HRMS (ESI) calculated for
CuaHss05 [M + H]* 711.3897, found 711.3902.

4.1.1.1.4.23.Compound23. Obtained from celastrol anfi. Orange red powder,
38.1% yield. Analytical data f3; *H-NMR (300 MHz, CDC}, TMS), d ppm: 0.54
(3H, s), 1.10 (3H, s), 1.19 (3H, s), 1.25 (3H,1s¥4 (3H, s), 2.23 (3H, s), 3.89 (3H,
s), 4.07 (3H, s), 4.17-4.23 (1H, m), 6.32 (1HJ & 6.9 Hz), 6.52 (1H, s), 6.91 (1H, d,
J=8.0 Hz), 7.03 (2H, s), 7.15 (1H, 3= 7.9 Hz), 7.29 (1H, d] = 6.9 Hz), 8.19 (1H,
s); 1*C NMR (75 MHz, CDC)) &¢: 178.3 (Cx2), 170.0, 164.7 (Cx2), 159.1, 155.3,



146.0, 134.1, 132.5, 127.4, 120.8, 119.5, 118.1,111116.9, 114.6, 113.4, 98.9, 64.4,
61.0, 53.5, 45.0, 44.2, 42.9, 40.5, 39.4, 38.23,364.8, 33.4, 32.9, 31.6, 30.9, 30.5,
29.8, 29.7, 28.5, 28.2, 21.6, 18.6, 10.3; HRMS JES&lculated for ¢zHs,NO7 [M +
H]* 694.3744, found 694.3747.

4.1.1.1.4.24.Compound24. Obtained from celastrol ant}. Orange red powder,
37.4% yield. Analytical data f&®4: *H-NMR (300 MHz, CDC4, TMS), é ppm: 0.55
(3H, s), 1.10 (3H, s), 1.22 (3H, s), 1.25 (3H,1s%1 (3H, s), 2.22 (3H, s), 3.92 (3H,
s), 3.94 (3H, s), 4.26-4.28 (2H, m), 4.32-4.37 (&), 6.32 (1H, dJ = 7.2 Hz), 6.34
(1H, s), 6.96 (1H, dJ = 8.7 Hz), 7.00 (1H, dJ = 7.4 Hz), 7.50 (1H, d] = 8.6 Hz),
7.77 (1H, s), 8.12 (1H, s}°C NMR (75 MHz, CDCY) 6¢: 178.4, 177.9, 170.0, 164.7,
163.7, 154.9, 154.2, 148.6, 146.0, 134.0, 128.7,4.2124.3, 119.5, 118.1, 117.0
(Cx2), 112.5, 111.2, 98.8, 68.7, 64.0, 56.0, 524%0, 44.2, 42.9, 40.4, 39.4, 38.2,
36.3, 34.8, 33.4, 32.8, 31.6, 30.8, 30.5, 29.87,228.6, 21.7, 18.6, 10.3; HRMS (ESI)
calculated for GgHs,NOg [M + H]* 710.3693, found 710.3692.
4.1.1.1.4.25.Compound?25. Obtained from celastrol anty. Orange red powder,
36.8% vyield. Analytical data f&5: *H-NMR (300 MHz, CDC}, TMS), § ppm: 0.46
(3H, s), 1.09 (3H, s), 1.18 (3H, s), 1.22 (3H,1s%1 (3H, s), 2.25 (3H, s), 3.79 (3H,
s), 3.94 (3H, s), 4.00-4.08 (1H, m), 4.14-4.18 (&1, 4.23-4.31 (1H, m), 6.23 (1H, d,
J=7.0 Hz), 6.45 (1H, s), 6.84 (1H, 8= 8.5 Hz), 7.02 (1H, d] = 7.0 Hz), 7.44 (1H,
d, J = 8.6 Hz), 7.79 (1H, s), 8.17 (1H, $JC NMR (75 MHz, CDC}) 5c: 178.4,
178.3, 170.0, 164.7, 163.7, 154.9, 154.2, 148.6,014134.1, 128.3, 127.3, 124.3,
119.5, 118.1, 117.0 (Cx2), 112.5, 111.2, 98.7, 65800, 55.9, 53.2, 45.0, 44.2, 42.9,
40.5, 39.3, 38.2, 36.3, 34.9, 33.3, 32.9, 31.69,380.5, 29.7, 29.6, 28.5, 28.1, 21.7,
18.5, 10.3; HRMS (ESI) calculated fors£8s,NOg [M + H]* 724.3849, found
724.3852.

4.1.1.1.4.26.Compound26. Obtained from celastrol anfi. Orange red powder,
35.1% yield. Analytical data f&6; *H-NMR (300 MHz, CDC4, TMS), é ppm: 0.57
(3H, s), 1.11 (3H, s), 1.19 (3H, s), 1.27 (3H,1s15 (3H, s), 2.22 (3H, s), 3.94 (6H,
s), 4.04-4.15 (4H, m), 6.36 (1H, 3= 7.2 Hz), 6.51 (1H, s), 6.93 (1H, 3= 8.4 Hz),



7.02 (1H, dJ = 7.1 Hz), 7.47 (1H, d) = 8.6 Hz), 7.80 (1H, s), 8.18 (1H, 3fC
NMR (75 MHz, CDC}) d¢c: 178.3 (Cx2), 170.0, 164.7, 163.7, 155.1, 154.2,.8,48
145.8, 134.1, 128.1, 127.4, 124.4, 119.5, 118.1,01{Cx%2), 113.0, 111.2, 98.7, 68.5,
64.2, 56.1, 53.2, 45.1, 44.3, 42.9, 40.4, 39.42,386.4, 34.8, 33.5, 32.8, 31.6, 30.8,
30.6, 29.8, 29.7, 28.6, 25.8, 25.3, 21.6, 18.53;16IRMS (ESI) calculated for
CasHseNOg [M + H]™ 738.4006, found 738.4004.

4.1.1.1.4.27.Compound27. Obtained from celastrol anti. Orange red powder,
38.1% vyield. Analytical data f&7: *H-NMR (300 MHz, CDC}, TMS), s ppm: 0.55
(3H, s), 1.10 (3H, s), 1.19 (3H, s), 1.26 (3H,I1s%4 (3H, s), 2.20 (3H, s), 3.93 (3H,
s), 3.96 (3H, s), 4.41-4.54 (2H, m), 4.68 (2HEsPO (2H, s), 6.35 (1H, d,= 7.0 Hz),
6.49 (1H, s), 6.96 (1H, d, = 8.5 Hz), 7.01 (1H, dJ = 6.9 Hz), 7.50 (1H, d] = 8.2
Hz), 7.79 (1H, s), 8.18 (1H, sY’C NMR (75 MHz, CDCJ) 5¢: 178.3, 177.9, 170.0,
164.7, 163.6, 155.0, 148.0, 146.0, 134.1, 128.8,412128.0, 127.4, 124.4, 119.5,
118.1, 117.1, 116.3, 113.3, 111.2, 98.8, 68.6,,@b®, 53.2, 45.0, 44.2, 42.9, 40.4,
39.4, 38.2, 36.3, 34.8, 33.4, 32.8, 31.6, 30.85,38B0.2, 29.8, 29.6, 28.6, 21.7, 18.6,
10.3; HRMS (ESI) calculated fors§s4NOg [M + H]* 736.3849, found 736.3842.
4.1.1.1.4.28.Compound28. Obtained from celastrol ants. Orange red powder,
41.6% yield. Analytical data fd28: *H-NMR (300 MHz, CDC4, TMS), § ppm: 0.53
(3H, s), 1.09 (3H, s), 1.19 (3H, s), 1.24 (3H,1s%3 (3H, s), 2.23 (3H, s), 3.82 (3H,
s), 4.04-4.09 (3H, m), 4.15-4.23 (1H, m), 6.29 (BH) = 7.1 Hz), 6.43 (1H, d] =
16.0 Hz), 6.50 (1H, s), 6.89 (1H, 3= 8.1 Hz), 7.01 (1H, s), 7.02 (1H, 3= 8.0 Hz),
7.12 (1H, dJ = 7.3 Hz), 7.28 (1H, 1) = 7.9 Hz), 7.66 (1H, d] = 16.0 Hz);**C NMR
(75 MHz, CDC4) 6c: 178.3, 178.2, 169.9, 167.4, 164.7, 160.5, 159.6,014144.8,
135.7,134.2, 130.0, 127.4, 120.9, 119.5, 118.RJCKL7.2, 116.7, 113.3, 64.3, 61.0,
51.6, 45.0, 44.2, 42.9, 40.5, 39.4, 38.2, 36.33,333.4, 32.8, 31.6, 30.9, 30.5, 29.8,
29.7, 28.5, 28.3, 21.6, 18.6, 10.3; HRMS (ESI) waled for GoHs:0; [M + H]*
669.3791, found 669.3790.

4.1.1.1.4.29.Compound29. Obtained from celastrol anfi. Orange red powder,
42.1% vyield. Analytical data fa29: *H-NMR (300 MHz, CDC}, TMS), § ppm: 0.53



(3H, s), 1.10 (3H, s), 1.22 (3H, s), 1.24 (3H,1s%1 (3H, s), 2.21 (3H, s), 3.82 (3H,
s), 3.88 (3H, s), 4.24 (2H, m), 4.28-4.29 (1H, mB5 (1H, m), 6.27 (1H, d, = 16.1
Hz), 6.31 (1H, dJ = 7.2 Hz), 6.38 (1H, s), 6.89 (1H, d= 8.2 Hz), 6.99 (2H, m),
7.13 (1H, dJ = 8.1 Hz), 7.59 (1H, d] = 15.8 Hz);"*C NMR (75 MHz, CDC}) éc:
178.3 (Cx2), 169.8, 167.6, 164.6, 152.0, 148.2,0,4644.4, 133.9, 127.3 (Cx2),
123.7, 119.5, 118.1, 117.0, 115.6, 113.5, 111.%,®B.2, 56.0, 51.6, 45.0, 44.3, 42.9,
40.5, 39.5, 38.2, 36.4, 34.8, 33.5, 32.8, 31.68,380.5, 29.8, 29.6, 28.6, 21.6, 18.5,
10.3; HRMS (ESI) calculated forsgHs:0g [M + H]* 685.3740, found 685.3745.
4.1.1.1.4.30.Compound30. Obtained from celastrol ant}. Orange red powder,
36.9% yield. Analytical data f@80: *H-NMR (300 MHz, CDC4, TMS), d ppm: 0.49
(3H, s), 1.10 (3H, s), 1.19 (3H, s), 1.24 (3H,Is12 (3H, s), 2.24 (3H, s), 3.78 (3H,
s), 3.82 (3H, s), 4.01-4.13 (3H, m), 4.21-4.29 (i#), 6.27 (1H, dJ = 7.3 Hz), 6.31
(1H, d,J = 15.9 Hz), 6.47 (1H, s), 6.81 (1H,d= 8.3 Hz), 7.01 (1H, d] = 7.0 Hz),
7.03 (1H, s), 7.10 (1H, d,= 8.2 Hz), 7.64 (1H, d] = 16.0 Hz);**C NMR (75 MHz,
CDCl3) 6¢: 178.3 (Cx2), 170.0, 167.7, 164.7, 151.2, 148.4,04644.8, 134.1, 127.1
(Cx2), 122.9, 119.5, 118.1 (Cx2), 115.4, 111.6,.2165.2, 61.1, 55.8, 51.7, 45.0,
44.2, 42.9, 40.4, 39.3, 38.2, 36.3, 34.9, 33.39,321.6, 30.9, 30.5, 29.7, 29.6, 28.5,
28.3, 21.6, 18.5, 10.3; HRMS (ESI) calculated fagHzs0g [M + H]" 699.3897,
found 699.3901.

4.1.1.1.4.31.Compound3l Obtained from celastrol anfy. Orange red powder,
38.2% yield. Analytical data f@1: *H-NMR (300 MHz, CDC}, TMS), é ppm: 0.57
(3H, s), 1.11 (3H, s), 1.19 (3H, s), 1.27 (3H,1s15 (3H, s), 2.22 (3H, s), 3.81 (3H,
s), 3.89 (3H, s), 3.93-4.00 (1H, m), 4.05-4.09 (84}, 6.31 (1H, dJ = 16.0 Hz), 6.35
(1H, d,J = 7.4 Hz), 6.52 (1H, s), 6.87 (1H, 3= 8.3 Hz), 7.01 (1H, dJ = 7.3 Hz),
7.06 (1H, s), 7.11 (1H, d,= 8.4 Hz), 7.64 (1H, d] = 16.1 Hz);"*C NMR (75 MHz,
CDCl) 6¢:178.3 (Cx2), 170.0, 167.7, 164.7, 151.9, 148.5,04144.8, 134.1, 127.4,
127.3, 122.8, 119.5, 118.1, 117.1, 115.4, 111.4,41168.6, 64.2, 56.0, 51.6, 45.0,
44.2, 42.9, 40.4, 39.4, 38.2, 36.4, 34.8, 33.53,321.6, 30.8, 30.5, 29.8, 29.7, 28.6,
26.0, 25.2, 21.6, 18.5, 10.3; HRMS (ESI) calculdtedCs4Hs70g [M + H]* 713.4053,



found 713.4059.

4.1.1.1.4.32.Compound32 Obtained from celastrol anfd,. Orange red powder,
40.6% vyield. Analytical data f@2 *H-NMR (300 MHz, CDC}, TMS), § ppm: 0.55
(3H, s), 1.11 (3H, s), 1.19 (3H, s), 1.26 (3H,1s14 (3H, s), 2.21 (3H, s), 3.81 (3H,
s), 3.91 (3H, s), 4.39-4.56 (2H, m), 4.63-4.64 (&1}, 5.87-6.05 (2H, m), 6.30 (1H, d,
J = 16.0 Hz), 6.34 (1H, d] = 7.2 Hz), 6.50 (1H, s), 6.89 (1H, 3= 8.3 Hz), 7.04
(1H, d,J = 7.4 Hz), 7.05 (1H, s), 7.13 (1H, &= 8.2 Hz), 7.64 (1H, d] = 15.9 Hz);
¥C NMR (75 MHz, CDQYJ) 6¢:178., 177.9, 169.9, 167.7, 164.7, 151.6, 148.6,d.4
144.7 134.0, 128.7, 128.0, 127.9, 127.3, 123.0,511918.1, 117.1, 115.5, 112.1,
111.4, 68.8, 64.0, 56.0, 51.6, 45.0, 44.2, 42.94,480.4, 38.2, 36.4, 34.8, 33.4, 32.8,
31.6, 30.8, 30.5, 29.8, 29.7, 28.7, 21.6, 18.53;16IRMS (ESI) calculated for
CaqHs50g [M + H]™ 711.3897, found 711.3899.

4.2 .Biological evaluation
4.2.1. Cytotoxic assay in vitro

The cytotoxic activities of all celastrol hybridsere evaluated against lung
carcinoma cells (A549), breast carcinoma cells (MFhepatocellular carcinoma
cells (HepG2) by MTT method. For this assay, 2.53#10"/ml) cells per well were
seeded in 24-well plates and allowed to incubat@4oh. Then, the compounds with
different concentrations were added. After 48 hinmubation, MTT solution (0.5
mg/ml) was added , and the plates were incubatash &gr another 4 h at 37. The
supernatant was then removed before addingud @@ DMSO to each well. The OD
values at 550 nm was immediately read by an ELI$fepreader (POLARstar
Omega, Offenburg, Germany). Subsequently, the Malues were calculated by
Graphpad Prism 5. Three independent experiment®e werformed. Data are
presented as the mean = SD (n = 3)
4.2.2.Cell cycle assay

Cell-cycle distribution was measured by flow cytdrge using a

Fluorescence-Activated Cell Sorter (FACS). A549Isc¢ll5x1d cells/well) were



seeded in 6-well plates, and preincubated at 3@r 24 h. Then cells were incubated
for 12 h and 24 h with DMSO (blank control) 29 at specified concentrations. For
cell cycle analysis, both floating and adherenisogkere harvested, washed with PBS
and fixed in 70% ethanol at 4 °C overnight. Afteashing with PBS, cells were
suspended in PBS containing 50 mg/ml propidiumdediPl) (KeyGEN, China) and
100 mg/mL RNase A, incubated at 37 °C for 0.5 hamalyzed with flow cytometry.
4.2.3.Cell apoptosis assay

A549 cells (15 x 1Bcells/well) were seeded in 6-well plates, andrprebated at
37 [ for 24 h. Then cells were incubated for 24 h vibildSO (blank control) o29
at specified concentrations. For apoptosis analgsiés were harvested in cold PBS
and collected by centrifugation for 5 min at 30pér Then cells were were added to
250 pl 1 x binding buffer and incubated with 2.5Annexin V-FITC and 2.5 pl PI
staining (KeyGEN, China) in the dark at room tenapare for 15 min, and analyzed
by flow cytometry (BD Accuri C6 flow cytometer, Bien & Dickinson Company,
Franklin Lakes, NJ).
4.2.4. Fluorescence microscopy imaging

A549 cells (3x16cells/well) were seeded in 24-well plates, and lrated at
37 [ for 24 h. Then cells were treated with DMSO (cohtor compound9 at three
different concentrations (0.06, 0.09, and 0.18 pibt) 48 h. After removing the
culture medium and washing with 1mL PBS of eachl,wkhl 1640 incomplete
medium and 10 pl Hoechst 33342 (KeyGEN, China) vestéed to each well, and
the plates were incubated for 5 min at3@rotected from the light. The cells were
then observed on a fluorescence microscope (TSBERON CORPORATION, Japan)
to detect the differences on the morphologicaluiesst of A549 cells.
4.2.5.Western blotting analysis

A549 cells were seeded (5¥1€ells) in 6 cm medium and incubated for 24 h.
Then29 or celastrol with specific concentrations wereetlfbr 8 h incubation. The
proteins were extracted with lysis buffer and qifeeat by BCA method to diluted to
3-5 mg/ml. Each sample (10 ul) was separated on 468 tum dodecyl sulphate



(SDS)-polyacrylamide gels, followed by incubatedthwithe primary specific
antibodies overnight at 4 andp-actin for 1 h at room temperature. Then the bands
were visualised using a developing approach.
4.2.6. Immunoprecipitation

A549 cells were seeded (5¥1€ells) in 6 cm growth medium and incubated for
24 h.29 and celastrol were added to the dishes with 5 puiMahother 6 h-incubation.
The proteins were extracted with lysis buffer. Thésp9® was pulled down by-
phosphate-linked ATP-sepharose and the Cdc37 wadledpudown by
Hsp9-sepharose. Equal amounts of total protein wergesténl to SDS-PAGE to
detect the levels of the target proteins by monwlantibodies were purchased

(Abcam, Cambridge, UK).
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A series of novel celastrol hybrids were designed, synthesized and eval uated.

29 exhibited superior potency compared to the other compounds.

29 disrupted Hsp90-Cdc37 complex and induced apoptosis through extrinsic
signaling pathway in A549 cells.

29 down-regulated the expression levels of the Hsp90 clients (Akt and Cdk4), and
induced apoptosis and the cell cycle arrested at the Go/G; phase in A549 cells.



