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against the xenograft tumor of Hela cells in nude mice
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ABSTRACT: A series of novel fusidic acid (FA) derivatives wesynthesized and screened for thairvitro
cytotoxicity against the Hela, U87, KBV and MKN4&rxer cell lines. Selected FA derivatives with -amthor
activity were firstly identified including compourt] which exhibited good anti-proliferative activityith 1ICso values

in the range of 1.26-3.51M. Further research revealed that compodridduced Hela cells to undergo apoptosis by
increasing the ratio of the cells in the Sufi& phase via decreasing the neo-synthesized proteina
dose-dependent manner from 1-iM. Compound4 also showed goodn vivo anti-tumor activity against the
xenograft tumor of Hela cells and had no apparexicity. This study highlights the advantage oframiucing the
medium-length amino-terminal groups at the 3-OHitms of FA to enhance its anti-tumor activity asdggests that
compound4 provides a starting point for designing more potrivatives in the future.
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INTRODUCTION
Cancer is a particularly complex, widespread arel fdisease. There were 14.1 million new cancees;a8.2
million cancer deaths and 32.6 million cancer pati€within 5 years after diagnosis) worldwide ©il2, and cancer

deaths are expected to continue rising with amedéid 13.1 million deaths in 2030 [1,2]. Thus, earitas become a



major cause of mortality around the world. Sevéras of evidence support the view that chemothefregs become
one of the most important treatments for cances][3Jnfortunately, most anticancer drugs have seriside effects
making them less than ideal for the long term mesit of cancer [6]. Therefore, the identificatidmew agents that
are cytotoxic to cancer cells without inducing ees side effects is critical for the research aedetbpment of new
anti-tumor drugs.

Fusidic acid (FA) is a steroid-based, narrow spectbacteriostatic antibiotic with a tetracyclicgisystem [7]. It
was first isolated from the fungususidium coccineunin 1960 and has been in clinical use since 1962tHer
treatment of skin, bone and joint infections causgdStaphylococcus aureuas well as against several other
Gram-positive species [8-11]. Additionally, as BAa marketed drug, it has been extensively stuateids known not
to be cytotoxic. Despite the extensive researckAnmo FA derivatives have appeared on the maeget,there have
not been any reports in the literature that FAdgives are cytotoxic.

In our group, we are committed to finding noncysatoFA derivatives with better antibacterial actyvcompared
with FA. Antibacterial screening for synthesizedidatives in the Community for Open Antimicrobiafl®) Discovery

(http://www.co-add.org/), including antibacteriahda cytotoxicity assay, was carried out to obtaimvdgives with

better antibacterial activity and lower cytotoxycitcompared with FA. However, the results of theitauterial
screening showed that FA derivativesand 10 did not possess the expected antibacterial activit instead were
cytotoxic. Compared with FA that had inhibitory igity againstS. aureuswith a MIC < 0.25 pg/mL and no
cytotoxicity against the human embryonic kidneyl tiak HEK293 with a CGy > 32 ug/mL, compoundl had no
inhibitory activity againss. aureuswith a MIC > 32ug/mL and cytotoxicity against HEK293 with a G 10.8
po/mL. Similarly, compoundlO had weak inhibitory activity agains. aureuswith a MIC = 32 pg/mL and
cytotoxicity against HEK293 with a G&= 20.6ug/mL. According to the results of the antibactesateening, we
speculated that introduction of a benzyl grouphat21-COOH site and amino-terminal groups or caybtrminal
groups at the 3-OH site led to the cytotoxicitidscompoundl and 10. Therefore, FA derivatives with similar
structures to compountor 10 were designed and synthesized to verify whetheiirttroduction of similar structures
led to the cytotoxicity of the FA derivatives, amml further explore the mechanism of the cytotoyiaf the FA
derivatives.

In this work, a series of novel FA derivatives weyathesized, their cytotoxicitiés vitro and anti-tumor activities



in vivo were evaluated and the mechanism of their antbtuactivity was explored. If novel FA derivativestiv
anti-tumor activity and a defined mechanism of@ctttan be obtained, it will further support theigesnd synthesis

of novel FA derivatives with better anti-tumor ady.

Figure 1. Structures oFA, 1, 10, glycyrrhetinic acid (GA) derivative&, B andC.

RESULTSAND DISCUSSION
Synthetic chemistry

FA derivatives1-18 were synthesized as shown in Scheme 1. First, cocmg available FA was coupled with
benzyl bromide in acetone in the presence of amogpiate amount of fCO; to obtain the intermediatél. Three
different types of derivatives can be synthesized@X1 as a raw material according to the following methq1)
Treatment ofX1 with differentt-butyloxy carbonyl (boc)-protected amino acids mtgdrous CHCI, in the presence
of 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide dmpchloride (EDCI) and a catalytc amount of
dimethylaminopyridine (DMAP) produced intermediatesext, intermediates were deprotected under acidic
conditions to produce compountis3; (2) The amino-terminal acids2-X6 with different chain lengths were reacted
with di-tert-butyl dicarbonate (boc anhydride) tert-butyl alcohol (TBA) in the presence of sodium ryxide
solution to obtain the amino-protected acki&X11, respectively. Then, treatment ¥ with X7-X11 in anhydrous
CH,CI, in the presence of EDCI and DMAP produced theesponding intermediates. Next, the intermediata® we
deprotected with trifluoroacetic acid (TFA) to ptamg compound4-8; (3) Treatment oK1 with different anhydrides
in anhydrous CKCl, in the presence of DMAP produced compou@idd. Next,9 or 10 was reacted with different

nitrogen-containing heterocyclic groups in anhydr@i,Cl, in the presence of EDCI produced compouti48.



Scheme 1. Synthesis of FA derivatives 1-18%
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*Reagent and conditions: (1) BrBn,®0s, acetone, 30 °C; (2) Boc-amino acids, DMAP, EDCH,Cly, r.t.; (3) Hydrochloric acid, ethyl
acetate, r.t.; (4) Boc anhydride, NaOHIH TBA, 0 °C-r.t.; (5) DMAP, EDCI, CkCl, r.t.; (6) TFA, CHCI,, 0 °C-r.t.; (7) Anhydrides, DMAP,
CH,Cly, r.t.; (8) Nitrogen-containing heterocyclic groug®Cl, CHCly, r.t.

Cell growth inhibition

The anti-proliferative activity of all the synthesd compounds at M and 1.5uM was determined by an MTT
assay in four cancer cell lines: Hela (cervicalaes)y KBV (multidrug-resistant oral epidermoid daama), U87
(glioma) and MKN45 (gastric cancer). The resulte aummarized in Table 1. FA showed no significamwgh
inhibition effects against the Hela, KBV, U87 andKM45 cell lines. Some of its derivatives displaygambd growth
inhibition effects at 54M and even several derivatives showed good eff@cts 5puM. In the assay of cell growth
inhibition at 5uM, compoundst-8 showed good anti-proliferative activity against f@ancer cell lines that yielded
survival rates of not more than 23%. Compo@rshowed good growth inhibition effects against H&BYV, U87 cell

lines (cell viability < 33% ) and it had no effect against MKN45 cell in€ompoundl showed good growth



inhibition effect against KBV (cell viability was820) and moderate effect against U87 (cell viabiligs 41%).
Compound3 showed good growth inhibition effect only agaiktgtia (cell viability was 22%). Compouri® showed
moderate effect against Hela (cell viability was%®7 Other compounds showed no significant growthibition
effects against Hela, KBV, U87 and MKN45 cell linds the assay of cell growth inhibition at Jub1, compound4
still exhibited good growth inhibition effects agai Hela, KBV, U87 and MKN45 cell lines (cell viéiby were 32%,
14%, 10% and 23%, respectively). However, at a eomation of 1.5uM, compound5 exhibited good growth
inhibition effect only against U87 (cell viabilitwas 10%), compounél exhibited good effect only against MKN45
(cell viability was 16%) and compourtdexhibited moderate growth inhibition effects oalyainst U87 (cell viability
was 49%). Other compounds showed no significanktranhibition effects against the Hela, KBV, U8TdaMKN45
cell lines. In previous antibacterial screeningnpoundsl and10 had cytotoxicity against HEK293 with a ¢G=
10.8 ug/mL and 20.6ug/mL, respectively. However, in the MTT assay ataamcentration of 1M, compoundl
showed a growth inhibition effect against KBV an8idkells but had no effect against Hela and MKNéliscwhile
compoundl0 showed no significant growth inhibition effectsaatst the Hela, KBV, U87 and MKNA45 cell lines. Thus
we infered that differences in the compound corregions and cell lines led to the different cytatity results.

The results of the MTT assay showed that derivatiwih amino-terminal groups at the 3-OH site hatitdy
anti-tumor activity compared with derivatives withrboxyl-terminal groups. And S. Schwarz et al reggbthat the
glycine substituted glycyrrhetinic acid (GA) detiive B had better anti-tumor activity and the hydrogeccgwateC
had less anti-tumor activity compared with GA dative A (Figure 1)[12,13]. The results of the above studies were
consistent, then a preliminary structure-activigtationship was developed that derivatives with remterminal
groups introduced at the 3-OH site had better pratiferative activity than derivatives with carbydsterminal groups
at the 3-OH site. In addition, carbon chains iresbrbetween the amino and carboxyl groups that weyeshort
induced a decrease of anti-proliferative activijaiast the various cancer cell lines. 3-Glycineivdgives without a
branched-chain or with a short branched-chain stdvedter anti-proliferative activity than 3-glyciderivatives with
a long branched-chain. Derivatives with carboxyftimal groups or nitrogen-containing heterocycliooups
introduced at the 3-OH site had no significant-andiliferative activity, but introduction of fat eins and saturated
nitrogen-containing heterocyclic groups might fagati-proliferative activity.

Compound4 showed the best anti-proliferative activity agaiaitfour cancer cell lines among the eighteen FA



derivatives. Therefore, we further extended ourattarization of the anti-proliferative activity 4fin five cancer cell

lines: Hela, U87, JHH-7 (liver cancer), KBV and MK5L The 1G, (50% growth inhibition) values fat are shown in

Table 2. Compound displayed good anti-proliferative activity in dlie tested cell lines with kg values of 1.26

UM-3.57 uM. Thus compound has an effective growth inhibitory effect on aiegy of tumor cells, and we further

explored its possible mechanism of action and tamtier activityin vivo.

Table 1. In vitro cytotoxicities of FA and its der ivatives against Hela, KBV, U87 and MKN45 at 5uM and 1.5 uM?

Cell viability
Cpd
Hela KBV us7 MKN45
5uM 1.5uM 5uM 1.5uM 5uM 1.5uM 5uM 1.5uM

FA 73%t2% 70%t2% 67%t2% 71%+ 4% 87%-2% 92%+ 2% 83%a-2% 80%at-3%

1 96% * 5% 100% +1%  28% + 9% 97% + 1% 41% = 7% 94% + 3% 93% * 1% 95% * 1%

2 23% + 10% 102% £5%  15% + 2% 95% £3%  33% + 8% 95% * 2% 91% + 1% 96% + 2%

3 22% + 1% 99% + 1% 83% * 2% 96% + 1% 111% + 3% 1069/« 92% * 2% 95% + 1%
4 13% + 9% 32% + 14% 12% + 8% 14% *+ 6% 9% + 1% 10% * 0% 5% + 0% 23% + 2%

5 23% + 16% 101% £6%  13% + 9% 98% * 4% 9% + 1% 10% * 0% 6% + 1% 90% * 1%

6 19% + 4% 99% + 2% 11% + 6% 83% +8%  10% + 0% 116% + 4% 4% + 0% 16% = 2%

7 19% + 17% 100% + 4% 9% + 3% 93% 5%  10% + 0% 49% * 9% 5% + 0% 96% * 1%
8 8% * 1% 101% + 8%  18% + 16% 99% + 7% 9% + 1% 105% + 1% 8% + 2% 91% * 1%.
9 69%+t2% 83%+18% 66%a-5% 72%+5% 84%a-2% 86%+2% 76%a-4% 74%+t2%
10 68%+2% 89%+18% 81%t11% 78%+9% 85%t13% 81%+2% 76%-1% 78%+3%
11 69%+1% 76%t7% 108%-26%  86%+5% 90%t-8% 88%+3% 87%t4% 95%+13%
12 64%+ 6% 76%t 4% 66%t8% 78%+t 6% 93%t11% 91%+5% 78%-3% 82%+t3%
13 47%+2% 70%+t2% 71%12% 82%+15% 88%a-7% 87%+t 6% 75%-6% 81%+t5%
14 71%+2% 75%+0% 80%t6% 77%+1% 83%at-2% 87%+3% 83%a-12% 88%+6%
15 60%+5% 76%t7% 66%a-12% 81%+2% 77%t2% 86%+3% 92%at-9% 104%+14%
16 73%t2% 83%+t5% 75%t3% 89%+ 9% 77%t3% 86%+t5% 99%at+13% 104%+9%
17 82%+t3% 90%t2% 79%t2% 85%t3% 87%-3% 90%at0% 96%a-4% 101%t+3%



18 63%+2% 84%+4% 69%t6% 81%t4% 77%t1% 85%-6% 92%t5% 103%t-8%

*The cell viabilities are presented as the mean oBree independent experiments.

Table 2. The I Cg values of compound 4 against a panel of cancer cell lines

ICs0 (M)
Cancer cell lines
4 FA
Hela 3.57+1.27 > 100
us7 2.40+0.87 > 100
JHH-7 3.18+1.16 > 100
KBV 1.26 +0.23 > 100
MKN45 1.28+0.25 > 100

Compound! induced the Hela cells to undergo cell apoptosis

To explore the effect of compounrtion the cell apoptosi@ TUNEL staining assay and flow cytometry were
conducted. As shown in Figure 2, compouhdt 2 uM, but not the parental FA, could induced the Heddls to
undergo apoptosis after 24 hours incubation acated by the green fluorescence cells. Similarlteswuld be
observed in the flow cytometry assay, in which compd 4 at 5uM, but not the parental FA, could significantly

increase the ratio of the cells in the Sull&s phase after 48 h or 72 h incubation (Figure 3).

DAPI Tunel Merge

DMSO

FA2 M

4 2 uM

Figure 2. Effects of compound on the early stage of cell apoptosis in Hela c€lislls were seeded into 12-well plates with caligrs and

treated with compound at 2uM for 24 h. Then cells were subjected to the TUN&#&ining assay to determine the early stage of cell

apoptosis. The red arrows indicate the TUNEL-pesitells.
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Figure 3. Effects of compoundt on the late stage of cell apoptosis in Hela céllells were seeded into 6-well plates and treatgd w
compound4 at 5uM for 48 h and 72 h. Cells were then subjectedaw £ytometry to determine the distribution ratissab-G/G;. *: p<0.05,
compared with the control group.
Compound! inhibited protein synthesis

As puromycin can be incorporated into neo-synthegbproteins, the anti-puromycin antibody was usedetect the
effect of compound on the neo-synthesized proteins. As shown in Figummpoundt at 5uM, but not the parental
FA, decreased the amount of puromycin-incorporated-synthesized proteins, which indicated that camg 4

could inhibit protein synthesis. Consistently, campd4 decreased the neo-synthesized proteins in a degEndent

manner in Hela cells from 1-3M.
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Figure 4. Effects of compoundt on protein synthesis in Hela cells. Cells were seeidénl plates and treated with compou#dat the
concentration indicated for 2 h, and then the celise incubated with puromycin for 10 min. After shing, cells were lysed, and the

puromycin-incorporated neo-synthesized proteinewletected.



Compoundt showed good anti-tumor activity against the xenétgranor of Hela cells in vivo

A Hela cell xenograft model was established usigmdle nude mice to explore the effect of compodirwh the

anti-tumor activityin vivo. Considering that the half-life of FA is short, wéopted a twice daily dosing regimen. The

results showed that compouddhad satisfactory anti-tumor activity in this xenafg tumor model (Figure 5).

Compared with the control, the anti-tumor activitycompound4 was obvious and the compound had no apparent

toxicity. We determined anti-tumor activity of commd4 was dose-dependent and its toxicity was not ineckas
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Figure 5. Effects of compound on the anti-tumor activity of Hela xenograft tumarshude mice. Mice were inoculated with Hela celfsl

treated with at the indicated concentrations adbsedf 25 mg/kg and 50 mg/kg. At the end of treatyihe mice were euthanized and the

tumors were removed and weighed. All data are essgaas the mean + SD (n = §).<0.05, compared with the control group.

Table 3. Inhibitory effects of 4 on the xenograft tumor growth of Hela in nude mice®

Dosage Number Body weight (g)
Groups Tumor weight (g) IR (%)
(mg/kg) Initial/end Initial End
Control 0 5/5 19.7+0.8 21.2+15 1.85+0.36
4 25 5/5 196 +1.0 20.4+0.7 1.19+0.17 354
4 50 5/5 20.2+0.8 20.5+1.0 1.01+0.32 455

*Data are expressed as the mean + SD (n =P5%. 0.05 compared with control.

CONCLUSION

A series of novel FA derivatives were synthesid.thé synthesized derivatives were screened farpaaliferative

activity in Hela, KBV, U87 and MKN45 cell lines ugj the MTT assay. This study demonstrates thabdotring

amino acids and amino-terminal groups at the 3-Qiditpn of FA generated compounds that exhibiteddgo

anti-proliferative activity, but introducing carbgxerminal groups or nitrogen-containing heterdiygroups had no



obvious effect on the anti-proliferative activitWe found that compound had the best anti-proliferative activity
among those tested. Additionally, compouhthduced the Hela cells to undergo apoptosis byeaging the ratio of
cells in the Sub-gG, phase as shown by the flow cytometry and TUNElaypexperiments. Compourbwas also
shown to decrease the neo-synthesized proteingdose-dependent manner in Hela cells from 1+40 Moreover,
compound4 shows good anti-tumor activity against a xenogtaftor of Hela cellsn vivo. Based on these results,
work is ongoing to design and synthesize novel EAvéitives with the introduction of medium-lengtmiao-terminal

groups to obtain derivatives with better anti-turaotivity.

EXPERIMENTAL SECTION

Chemistry

The chemicals and reagents were analytically pudried with standard methods when necessary. Togress of
all reactions were monitored by TLC on silica g&®F254 using fluorescence with a wavelength of 2%4on a
ZF7-C three-purpose UV analyzer and 10% ethandateukolution for detection of the spots. All thenthesized
compounds were purified by column chromatographysiica gel. All NMR spectra't and *3C NMR) were
routinely measured using Bruker av400 or JNM-ECZ® éhstruments using CDghs solvent with TMS as the
internal standard. Chemical shifts are expressed walues (ppm) and the coupling constanls i Hertz. High
resolution mass spectra (HRMS) were recorded oneAgIQTOF 6520 or 6530 spectrometer. Melting poinits
compounds were recorded on Micro melting point agipa XT3A or SGW®X-4.
General procedure for the synthesis of 1-3

Synthetic method of X1

FA (10.0 g, 19.0 mmol) was dissolved in acetone @®AL), potassium carbonate (5.4 g, 39.0 mmol) asmizil
bromide (2.8 mL, 23.0 mmol) were added with stigriand reacted at 30 °C for 6 hours. It was filekncentrated,
diluted with ethyl acetate (50.0 mL), washed susivedy with 10% hydrochloric acid, water and satedsbrine, dried
over anhydrous sodium sulfate, filtered, and thieest was distilled off under reduced pressure. Tésmdue was
purified by silica gel column chromatography toyd® white solidX1.

Synthetic method of intermediates a-c

X1 (0.1 mmol) was dissolved in anhydrous dichlororag#h(10.0 mL) antert-butyloxy carbonyl protected amino

acids (0.2 mmol), DMAP (0.3 mmol) and EDCI (0.3 mijngere added with stirring, reacted at room terapae for



4 hours. It was washed successively with 10% hydooic acid, water and saturated brine, dried caeinydrous

sodium sulfate, filtered, and the solvent was evatgd under reduced pressure. The residue wasegolioy silica gel

column chromatography Moroform Vmethano= 300:1-200:1) to give intermediatas, respectively.
3p-[(2-amino)acetoxy]-21-fusidic acid (benzyl) esfgy

a (45.0 mg, 59.@umol) was dissolved in ethyl acetate (10.0 mL) afélodhydrochloric acid was added dropwise,
reacted at room temperature for 5 hours. It washe@successively with saturated sodium bicarbogatgion, water
and saturated brine, dried over anhydrous sodiulfatey filtered, and the solvent was evaporatedennéduced
pressure. The residue was purified by silica gklroa chromatography (Mioroform Vmethano= 60:1) to give white solid
1 (31.0 mg, 80.3% yield). m.p. 237-239 “E-NMR (CDCk, 400 MHz)s: 7.31-7.36 (m, 5H, 5xAr-H), 5.89 (d,=
8.20 Hz, 1H, 16-H), 5.22 (dd,= 5.17, 12.14 Hz, 1H, CHAr), 5.06 &= 6.91 Hz, 1H, 24-H), 4.99 (d,= 2.11 Hz, 1H,
11-OH), 4.92 (dd)) = 4.38, 12.18 Hz, 1H, CHAr), 4.65 (d= 23.65 Hz, 2H, -Nb), 4.31 (s, 1H, 11-H), 3.47 (s, 1H,
3-H), 3.02 (dJ = 11.43 Hz, 1H, 13-H), 2.38-2.48 (m, 2H, 2x22-AR3-2.30 (M, 1H, 12-H), 2.01-2.20 (m, 5H, 1-H,
5-H, 15-H and 2x23-H), 1.93 (s, 3H, OCOgHL.68-1.88 (m, 4H, 2x2-H, 7-H and 12-H), 1.63 i, 27-CH),
1.54-1.60 (m, 3H, 1-H, 6-H and 9-H), 1.52 (s, 318;CH,), 1.40-1.48 (m, 1H, 4-H), 1.35 (s, 3H, 30-gHL.25-1.32
(m, 1H, 15-H), 1.04-1.18 (m, 2H, 6-H and 7-H), 0(883H, 19-CH), 0.91 (s, 3H, 18-C}), 0.82 (d,J = 6.68 Hz, 3H,
28-CHy). “®C-NMR (CDCL, 100 MHz)s: 175.20, 171.97, 171.39, 149.93, 137.19, 134.63,88, 130.03, 129.97,
129.74, 124.49, 111.68, 76.60, 75.86, 69.55, 668818, 50.16, 45.39, 40.87, 40.47, 39.11, 38.813(8 37.34, 36.36,
33.98, 32.34, 31.17, 30.47, 29.82, 28.80, 27.20{34.13, 22.43, 22.07, 19.43, 19.20, 17.10. HR{&ESI)m/z
calcd. for GgHs,NO; [M+H]*: 664.4208, found: 664.4221.

3p-[(2-amino)propionyloxy]-21-fusidic acid (benzyBter(2)

According to the synthesis methodlofb was reacted with 37% hydrochloric acid to give tetsolid 2 (46.0 mg,
86.7% vyield). m.p. 232-235 °GH-NMR (CDCh, 400 MHz)s: 7.29-7.35 (m, 5H, 5xAr-H), 5.88 (d,= 8.27 Hz, 1H,
16-H), 5.20 (d,) = 12.18 Hz, 1H, CHAr), 5.05 (8,= 7.16 Hz, 1H, 24-H), 4.91 (d,= 2.46 Hz, 1H, 11-OH), 4.92 (d,
=12.14 Hz, 1H, CHAr), 4.64 (d,= 24.20 Hz, 2H, -Nb), 4.31 (s, 1H, 11-H), 3.59 (4,= 6.38 Hz, 1H, -CH-), 3.01 (d,
J=11.13 Hz, 1H, 13-H), 2.38-2.49 (m, 2H, 2x22-P{R4-2.28 (m, 1H, 12-H), 2.05-2.19 (m, 5H, 1-H, 518-H and
2x23-H), 1.92 (s, 3H, OCOGM 1.67-1.89 (m, 4H, 2x2-H, 7-H and 12-H), 1.6238l, 27-CH), 1.54-1.60 (m, 3H,

1-H, 6-H and 9-H), 1.51 (s, 3H, 26-GH1.47 (s, 1H, 4-H), 1.36 (s, 3H, -GH1.35 (s, 3H, 30-Ch), 1.24-1.31 (m, 1H,



15-H), 1.09-1.17 (m, 2H, 6-H and 7-H), 0.97 (s, 38;CH), 0.91 (s, 3H, 18-C¥), 0.83 (dJ = 6.69 Hz, 3H, 28-CH).
BC-NMR (CDCk, 100 MHz)¢s: 177.50, 171.97, 171.38, 149.90, 137.20, 134.082,.QF, 131.92, 130.04, 129.98,
129.75, 124.47, 111.69, 76.58, 75.85, 69.62, 6 B9®B5, 50.44, 50.21, 45.39, 40.92, 40.48, 39.883 37.38, 36.29,
34.07, 32.31, 31.18, 30.47, 29.81, 28.67, 27.20{&£24.12, 22.44, 22.08, 19.42, 19.21, 17.19. HR{&SI)m/z
calcd. for G,HsgNO; [M+H]*: 678.4364, found: 678.4376.

34-[(2-amino-4-methyl)pentanoyloxy]-21-fusidic aclibazyl) este(3)

According to the synthesis methodlofc was reacted with 37% hydrochloric acid to give tetsolid3 (28.0 mg,
79.4% yield). m.p. 248-250 °GH-NMR (CDCl, 400 MHz)d: 7.30-7.36 (m, 5H, 5xAr-H), 5.88 (d,= 8.26 Hz, 1H,
16-H), 5.20 (dJ = 12.21 Hz, 1H, CHAr), 5.06 (8 = 6.94 Hz, 1H, 24-H), 4.91-4.94 (m, 2H, CHAr arldQ@H), 4.64
(d, J = 23.61 Hz, 2H, -Nb), 4.31 (s, 1H, 11-H), 3.49 (@,= 7.43 Hz, 1H, -CH-), 3.02 (d, = 11.58 Hz, 1H, 13-H),
2.38-2.52 (m, 2H, 2x22-H), 2.26-2.29 (m, 1H, 12-B{7-2.20 (m, 3H, 15-H and 2x23-H), 1.96-2.04 2, 1-H and
5-H), 1.92 (s, 3H, OCOCY), 1.68-1.88 (m, 4H, 2x2-H, 7-H and 12-H), 1.6338, 27-CH), 1.54-1.61 (m, 3H, 1-H,
6-H and 9-H), 1.52 (s, 3H, 26-GH 1.38-1.46 (m, 1H, 4-H), 1.36 (s, 3H, 30-gHL.25-1.33 (m, 1H, 15-H), 1.03-1.17
(m, 2H, 6-H and 7-H), 0.98 (s, 3H, 19-§H0.94 (s, 3H, -Ck), 0.93 (dJ = 1.78 Hz, 3H, 18-C}), 0.91 (s, 3H, -Ch),
0.83 (d,J = 6.66 Hz, 3H, 28-CH. *C-NMR (CDCk, 100 MHz)d: 177.58, 171.94, 171.36, 149.95, 137.21, 134.01,
131.88, 130.02, 129.94, 129.72, 124.49, 111.6&0/&5.85, 69.55, 67.86, 54.45, 50.49, 50.19, 4616639, 40.92,
40.50, 39.07, 38.30, 37.38, 36.30, 34.02, 32.29.73130.46, 29.82, 28.61, 27.19, 26.47, 25.62,224.17, 23.54,
22.43,22.06, 19.43, 19.20, 17.23. HR-MS (BB calcd. for G4HssNO; [M+H]*: 720.4834, found: 720.4849.

General procedure for the synthesis of 4-8

Synthetic method &7-X11

Aqueous sodium hydroxide (sodium hydroxide: 170d) 3 mmol; water: 2.0 mL) ardl-tert-butyl dicarbonate
were dissolved itert-butyl alcohol andX2-X6 (3.8 mmol) were added with stirring respectivelyacted at room
temperature for 18-24 hours. It was diluted withtewand 1.0 mol/L hydrochloric acid, extracted wéttyl acetate
rapidly, washed successively with water and satdrdrine, dried over anhydrous sodium sulfateeriitl, and the
solvent was evaporated under reduced pressure.iTgave intermediated7-X11, respectively.

Synthetic method of intermediatbé

X1 (0.1 mmol) was dissolved in anhydrous dichlororaeth(8.0 mL) and compoun40-X14 (0.2 mmol), DMAP



(0.3 mmol) and EDCI (0.3 mmol) were added withrstg respectively, reacted at room temperature2@@4 hours.
It was filtered, concentrated, diluted with ethgbtate (10.0 mL), washed successively with watdrsaturated brine,
dried over anhydrous sodium sulfate, filtered, #resolvent was distilled off under reduced presstihe residue was
purified by silica gel column chromatography yfMieum ether Vethyl acetae = 20:1-8:1) to give intermediates-h,
respectively.

34-(4-aminopropionyloxy)-21-fusidic acid (benzyl)ezgd)

d (35.0 mg, 45.Qumol) was dissolved in anhydrous dichloromethaneQ(10L) and trifluoroacetic acid (0.9 ml)
was added at 0 °C, reacted at room temperatur@ fimurs. The solvent was evaporated under reduessyre. The
residue was purified by silica gel column chromaapiny (Vaichioromethane Vmethanoi= 100:1-50:1) to give white solid
(26.0 mg, 85.0% yield). m.p. 207-210 *&-NMR (CDCl, 400 MHz)5: 7.31-7.34 (m, 5H, 5xAr-H), 5.89 (d,=
8.24 Hz, 1H, 16-H), 5.20 (d,= 12.11 Hz, 1H, CHAr), 4.94 (d,= 12.08 Hz, 1H, CHAr), 4.33 (s, 1H, 11-H), 3.30 (s
1H, 3-H), 3.01 (dJ = 11.51 Hz, 1H, 13-H), 4.47 (m, 2H, -GH 4.33 (s, 1H, 11-H), 4.21-4.24 (m, 4H, 2x-EH2.80
(t,J=7.12 Hz, 2H, -Ch}), 2.31-2.42 (m, 3H, 12-H and 2x22-H), 2.13-2.88 8H, 15-H and 2x23-H), 2.00-2.09 (m,
2H, 1-H and 5-H), 1.93 (s, 3H, OCO@}11.66-1.87 (m, 3H, 2x2-H, 7-H and 12-H), 1.5121(f, 4H, 1-H, 4-H, 6-H
and 9-H), 1.47 (s, 3H, 27-GH 1.43 (s, 3H, 26-C}), 1.32 (s, 3H, 30-C}}, 1.26-1.27 (m, 1H, 15-H), 1.07-1.16 (m,
2H, 6-H and 7-H), 0.97 (s, 3H, 19-GH0.90 (s, 3H, 18-C}), 0.80 (d,J = 6.39 Hz, 3H, 28-CH. **C-NMR (CDC},
100 MHz)¢: 170.88, 170.09, 169.27, 148.87, 135.13, 129.28,0D, 128.01, 127.93, 127.86, 88.59, 75.88, 73.82,
67.44, 65.90, 48.40, 48.21, 45.55, 43.43, 39.3Q®B&B8.40, 36.90, 36.08, 35.35, 34.42, 31.51,13(B0.04, 28.37,
26.43, 25.14, 24.68, 23.90, 23.34, 22.26, 20.44,72007.26, 14.97, 7.95. HR-MS (ESi)z calcd. for G;HsgNO;
[M+H] *: 678.4364, found: 678.4348.

3p-(4-aminobutyryloxy)-21-fusidic acid (benzyl) eg@r

According to the synthesis method 4fe was reacted with trifluoroacetic acid to give whgolid 5 (29.0 mg,
73.6% vyield). m.p. 210-212 °GH-NMR (CDCl, 400 MHz)s: 7.31-7.35 (m, 5H, 5xAr-H), 5.88 (d,= 8.32 Hz, 1H,
16-H), 5.20 (d,J = 12.13 Hz, 1H, CHAr), 4.95 (d,= 12.21 Hz, 1H, CHAr), 4.93 (s, 1H, 11-OH), 4.36 {H, 11-H),
3.53 (t,J = 7.13 Hz, 2H, -Ch), 3.13 (s, 1H, 3-H), 3.00 (d, = 11.69 Hz, 1H, 13-H), 2.45-2.54 (m, 2H, 2x22-H),
2.31-2.44 (m, 1H, 12-H), 2.12-2.24 (m, 3H, 15-H a@w23-H), 2.02-2.10 (m, 2H, 1-H and 5-H), 1.93 &,

OCOCH), 1.62-1.88 (m, 6H, 2x2-H, 6-H, 7-H, 9-H and 12-#)50-1.58 (m, 2H, 1-H and 4-H), 1.47 (s, 3H, 2.5



1.43 (s, 3H, 26-CH), 1.33 (s, 3H, 30-C), 1.27-1.31 (m, 1H, 15-H), 1.09-1.17 (m, 2H, 6-ktlar-H), 0.98 (s, 3H,
19-CH), 0.90 (s, 3H, 18-Ch), 0.80 (d,J = 6.56 Hz, 3H, 28-Ch. **C-NMR (CDCk, 100 MHz)s: 172.68, 170.70,
169.83, 149.25, 135.63, 129.86, 128.60, 128.38,895.63, 74.31, 68.07, 66.43, 49.03, 48.68, 4613400, 43.42,
39.89, 39.62, 39.46, 38.90, 37.09, 36.49, 35.9125%3%31.62, 30.43, 30.21, 28.84, 26.97, 25.61,2524.40, 23.49,
23.18, 22.74, 20.94, 20.21, 17.61, 15.54, 8.45.\HR{ESI) m/z calcd. for G,Hg;NO; [M+H]": 692.4521, found:
692.4505.

3p-(8-aminooctanoyloxy)-21-fusidic acid (benzyl) e¢6

According to the synthesis method4of was reacted with trifluoroacetic acid to give whst#id 6 (25.0 mg, 81.1%
yield). m.p. 219-221 °CH-NMR (CDCk, 400 MHz)s: 8.37 (s, 2H, -NK), 7.32-7.34 (m, 5H, 5xAr-H), 5.89 (d,=
8.26 Hz, 1H, 16-H), 5.18 (d,= 12.13 Hz, 1H, CHAr), 4.97 (d,= 12.14 Hz, 1H, CHAr), 4.93 (d,= 2.03 Hz, 1H,
11-OH), 4.36 (s, 1H, 11-H), 3.12 (@~ 7.33 Hz, 2H, -Cht), 2.99-3.01 (m, 3H, 13-H and -G, 2.31-2.46 (m, 5H,
12-H, -CH- and 2x22-H), 2.00-2.25 (m, 5H, 1-H, 5-H, 15-H &h®3-H), 1.93 (s, 3H, OCOG} 1.72-1.87 (m, 4H,
2x2-H, 7-H and 12-H), 1.51-1.70 (m, 4H, 1-H, 4-Hd@nd 9-H), 1.47 (s, 3H, 27-GH 1.44 (s, 3H, 26-C}, 1.34 (s,
3H, 30-CH,), 1.26-1.33 (m, 1H, 15-H), 1.04-1.18 (m, 2H, 6-ktar-H), 0.98 (s, 3H, 19-Gj 0.91 (s, 3H, 18-Ch),
0.81 (d,J = 6.58 Hz, 3H, 28-CH. *C-NMR (CDCk, 100 MHz)d: 173.90, 170.73, 169.78, 161.59, 161.22, 156.39,
155.98, 149.67, 135.62, 129.85, 128.60, 128.49,3P28123.00, 112.97, 89.12, 74.33, 68.03, 66.43B4848.77,
46.08, 44.01, 40.08, 39.80, 39.38, 37.90, 36.91653484.62, 32.88, 28.60, 28.47, 27.26, 25.91,8326.24, 24.82,
24.40, 24.37, 22.31, 20.94, 20.49, 18.01, 15.646.84R-MS (ESI)m/z calcd. for GgHggNO; [M+H]": 748.5147,
found: 748.5131.

3p-(11-aminoundecyloxy)-21-fusidic acid (benzyl) e€ig

According to the synthesis method 4fg was reacted with trifluoroacetic acid to give wehgolid7 (27.0 mg,
78.8% vyield). m.p. 223-225 °CH-NMR (CDCl, 400 MHz)s: 7.32-7.34 (m, 5H, 5xAr-H), 6.17 (s, 2H, -hH5.88
(d, J = 8.25 Hz, 1H, 16-H), 5.18 (d, = 12.15 Hz, 1H, CHAr), 4.95-4.98 (m, 2H, 11-OH a@HAr), 4.33 (s, 1H,
11-H), 2.97-3.05 (m, 3H, 13-H and -G 2.39-2.45 (m, 3H, 12-H and 2x22-H), 2.33Xt 7.46 Hz, 2H, -Cht),
2.04-2.24 (m, 5H, 1-H, 5-H, 15-H and 2x23-H), 1(823H, OCOCH), 1.78-1.86 (m, 4H, 2x2-H, 7-H and 12-H),
1.52-1.75 (m, 4H, 1-H, 4-H, 6-H and 9-H), 1.48 8, 27-CH), 1.44 (s, 3H, 26-C§), 1.36 (s, 3H, 30-Ch),

1.26-1.30 (m, 1H, 15-H), 1.03-1.18 (m, 2H, 6-H ahll), 0.98 (s, 3H, 19-C¥), 0.91 (s, 3H, 18-Ck), 0.82 (d,J =



6.58 Hz, 3H, 28-Ch). *C-NMR (CDCk, 100 MHz)s: 173.74, 171.05, 169.70, 156.39, 155.98, 149.35,50,
128.89, 128.61, 128.48, 128.41, 115.81, 112.9®4894.39, 74.13, 68.05, 66.46, 48.77, 44.05, 4(BAL/8, 39.36,
38.92, 38.03, 37.01, 35.64, 35.00, 34.53, 33.24)3129.40, 29.25, 29.16, 29.11, 28.79, 27.55,8726.41, 25.69,
25.29, 25.12, 24.71, 24.34, 22.12, 20.91, 20.3708,815.70. HR-MS (ESljn/z calcd. for GgH;sNO; [M+H]™:
790.5616, found: 790.5603.

34-(L-lysinyloxy)-21-fusidic acid (benzyl) est&)

According to the synthesis method 4fh was reacted with trifluoroacetic acid to give vehgolid8 (28.0 mg,
80.5% yield). m.p. 221-222 °GH-NMR (CDCl, 400 MHz)s: 8.53 (s, 2H, -NH), 8.19 (s, 2H, -NK), 7.29-7.33 (m,
5H, 5%Ar-H), 5.86 (dJ = 6.38 Hz, 1H, 16-H), 5.16 (d,= 12.14 Hz, 1H, CHAr), 4.94-4.99 (m, 2H, 11-OH &aRidAr),
4.31 (s, 1H, 11-H), 2.97-3.04 (m, 3H, 13-H and ,gH2.39-2.41 (m, 2H, 2x22-H), 2.20-2.28 (m, 1H-HR
2.03-2.12 (m, 5H, 1-H, 5-H, 15-H and 2x23-H), 1(80 3H, OCOCH), 1.70-1.84 (m, 4H, 2x2-H, 7-H and 12-H),
1.54-1.62 (m, 4H, 1-H, 4-H, 6-H and 9-H), 1.45 8, 27-CH), 1.42 (s, 3H, 26-C§), 1.31 (s, 3H, 30-Ch),
1.26-1.30 (m, 1H, 15-H), 1.05-1.13 (m, 2H, 6-H ah#), 0.97 (s, 3H, 19-C4), 0.89 (s, 3H, 18-Ch), 0.80 (d,J =
4.30 Hz, 3H, 28-CH. *C-NMR (CDCk, 100 MHz)s: 170.80, 169.91, 169.13, 161.43, 156.37, 155.98.66,
135.66, 129.81, 128.59, 128.39, 128.34, 117.48,8415114.59, 112.98, 89.24, 78.76, 74.28, 67.6 0% 7%66.37,
52.69, 48.97, 48.66, 46.08, 43.86, 39.86, 39.38&86.42, 34.94, 31.64, 28.83, 28.23, 25.58,252@.60, 23.64,
22.89, 20.90, 17.75, 15.27, 8.44. HR-MS (B8IE calcd. for G4HegN,0O; [M+H] *: 735.4943, found: 735.4931.

General procedure for the synthesis ofla

4-[21-fusidic acid (benzyl) esteppaxy]-4-oxo-butyric acid9)

X1 (420.0 mg, 0.7 mmol) was dissolved in anhydroahldromethane (20.0 mL), Succinic anhydride (346d)
3.5 mmol) and DMAP (254.0 mg, 2.1 mmol) were adaiét stirring respectively, reacted at room tempaefor 10
hours. It was washed successively with 10% hydméhlacid, water and saturated brine, dried ovedrydrous
sodium sulfate, filtered, and the solvent was evaigd under reduced pressure. The residue waseouby silica gel
column chromatography Moroform: Vmethano= 150:1) to give white soli@l (397.0 mg, 81.1% vyield). m.p. 217-220 °C.
H-NMR (CDCl, 400 MHz)d: 7.28-7.36 (m, 5H, 5xAr-H), 5.88 (d,= 8.36 Hz, 1H, 16-H), 5.21 (d,= 12.20 Hz, 1H,
CHAY), 5.06 (tJ = 7.15 Hz, 1H, 24-H), 4.93 (d,= 12.14 Hz, 1H, CHAr), 4.92 (d,= 2.34 Hz, 1H, 11-OH), 4.38 (s,

1H, 11-H), 3.04 (dJ = 11.30 Hz, 1H, 13-H), 2.52-2.78 (m, 4H, 2x-£}2.38-2.48 (m, 2H, 2x22-H), 2.28-2.31 (m,



1H, 12-H), 2.10-2.22 (m, 3H, 15-H and 2x23-H), 1864 (m, 2H, 1-H and 5-H), 1.93 (s, 3H, OCOg;H..74-1.77
(m, 2H, 2-H and 12-H), 1.66-1.72 (m, 2H, 2-H anH){-1.63 (s, 3H, 27-C}), 1.52 (s, 3H, 26-CkJ, 1.39-1.48 (m, 4H,
1-H, 4-H, 6-H and 9-H), 1.37 (s, 3H, 30-QH1.27-1.27 (m, 1H, 15-H), 1.08-1.16 (m, 2H, 64hti&-H), 0.98 (s, 3H,
19-CHp), 0.92 (s, 3H, 18-Ch), 0.82 (d,J = 6.66 Hz, 3H, 28-Ch). **C-NMR (CDCh, 100 MHz)s: 175.53, 170.96,
170.04, 169.48, 147.73, 135.21, 132.09, 129.81,0628.27.98, 127.76, 122.49, 74.50, 73.86, 68.50% 48.63,
48.11, 43.43, 39.02, 38.42, 36.11, 35.84, 35.39)%B30.62, 29.84, 29.79, 29.58, 29.21, 28.64,888% .91, 26.38,
25.23, 23.29, 22.44, 20.70, 20.45, 17.22, 16.90)7LHR-MS (ESI)m/z calcd. for G,HsgOg [M+Na]*: 729.39785,
found: 729.39569.

2-[21-fusidic acid (benzyl) estep3dxy]-2-0x0-benzoic acifl0)

According to the synthesis method3{X1 was reacted witbh-phthalic anhydride to give white solif (410.0 mg,
73.2% yield). m.p. 227-228 °CH-NMR (CDCl, 400 MHz)s: 7.97 (d,J = 7.40 Hz, 1H, Ar-H), 7.47-7.56 (m, 3H,
3xAr-H), 7.30-7.36 (m, 5H, 5xAr-H), 5.86 (d,= 8.39 Hz, 1H, 16-H), 5.26 (d,= 2.12 Hz, 1H, 11-OH), 5.20 (d,=
12.20 Hz, 1H, CHAr), 5.04 (i = 7.10 Hz, 1H, 24-H), 4.93 (d,= 12.19 Hz, 1H, CHAr), 4.53 (s, 1H, 11-H), 3.05d
= 10.89 Hz, 1H, 13-H), 2.41-2.44 (m, 1H, 22-H), 2234 (m, 2H, 12-H and 22-H), 2.17-2.22 (m, 1H:3
2.04-2.13 (m, 2H, 5-H and 23-H), 1.96-2.02 (m, 2k and 5-H), 1.92 (s, 3H, OCOGH 1.80-1.90 (m, 2H, 2-H and
12-H), 1.73-1.75 (m, 2H, 2-H and 7-H), 1.65-1.68 &H, 1-H, 4-H, 6-H and 9-H), 1.63 (s, 3H, 27-§HL.51 (s, 3H,
26-CHy), 1.40 (s, 3H, 30-Ch), 1.26-1.29 (m, 1H, 15-H), 1.08-1.13 (m, 2H, 6-htlar-H), 0.94 (s, 3H, 19-Gj 0.93
(s, 3H, 18-CH), 0.81 (d,J = 6.66 Hz, 3H, 28-CH. **C-NMR (CDCk, 100 MHz)J: 170.63, 169.98, 169.48, 165.76,
147.27, 135.17, 133.64, 132.17, 131.28, 130.14,7829129.43, 128.74, 128.08, 128.00, 127.79, 12612@.39,
75.77, 73.74, 69.17, 65.95, 48.66, 48.09, 43.4@43B8.36, 38.20, 36.24, 35.73, 35.34, 34.85,B%R08.26, 29.22,
28.44, 27.94, 26.40, 25.23, 24.47, 21.40, 21.124%017.23, 16.36, 14.88. HR-MS (EStyz calcd. for GeHsgOq
[M+Na]*: 777.39785, found: 777.39504.

2-[21-fusidic acid (benzyl) estep3dxy]-2-o0xo-pyrazine acill)

According to the synthesis method3X1 was reacted with 2,3-pyrazinedicarboxylic anhyeltid give white solid
11 (250.0 mg, 83.7% yield). m.p. 232-234 %G-NMR (CDCl, 400 MHz)s: 8.69-8.72 (m, 2H, 2xAr-H), 7.32-7.36
(m, 5H, 5xAr-H), 5.84 (dJ = 7.76 Hz, 1H, 16-H), 5.71 (s, 1H, 11-OH), 5.231(, 11-H), 5.17 (dJ = 12.07 Hz, 1H,

CHAr), 5.02 (tJ = 7.11 Hz, 1H, 24-H), 4.94 (d,= 12.12 Hz, 1H, CHAr), 3.18 (s, 1H, 3-H), 2.95 Jd; 10.98 Hz, 1H,



13-H), 2.63-2.66 (m, 3H, 12-H and 2x22-H), 2.36&2(#n, 5H, 1-H, 5-H, 15-H and 2x23-H), 2.05-2.11 (#H,
2x2-H, 7-H and 12-H), 1.92 (s, 3H, OCOQHL.79-1.83 (m, 4H, 1-H, 4-H, 6-H and 9-H), 1.54 8H, 27-CH), 1.43
(s, 3H, 26-CH), 1.26-1.31 (m, 1H, 15-H), 1.19 (s, 3H, 30~JH..11-1.14 (m, 2H, 6-H and 7-H), 1.05 (s, 3H,a19,),
0.96 (s, 3H, 18-ChJ, 0.87 (d,J = 4.40 Hz, 3H, 28-Ch). **C-NMR (CDClk, 100 MHz)s: 170.55, 169.98, 166.73,
165.01, 164.53, 147.50, 146.13, 145.92, 144.82,574435.57, 132.71, 131.01, 128.59, 128.35, 122.875, 74.22,
73.94, 66.52, 39.35, 38.84, 37.84, 37.74, 36.785H42.81, 32.24, 32.13, 30.09, 30.02, 29.69,288.20, 26.35,
25.61, 24.16, 24.11, 22.36, 20.92, 20.29, 18.1%8,715.38. HR-MS (ESIn/z calcd. for GHssN,Og [M+H]*:
755.3913, found: 755.3941.

General procedure for the synthesis of-13

4-[21-fusidic acid (benzyl) esteppxy]-4-oxo-butyrylmorpholing¢l2)

9 (50.0 mg, 70.Qumol) was dissolved in anhydrous dichloromethanerpmaline (12.QuL, 140.0umol) and EDCI
(21.0 mg, 110.umol) were added with stirring, reacted at room terapure for 6 hours. It was washed successively
with water and saturated brine, dried over anhysirmedium sulfate, filtered, and the solvent wagexated under
reduced pressure. The residue was purified byasgj@ column chromatography §¥roform Vmethano= 150:1) to give
white solid12 (41.0 mg, 74.7%). m.p. 227-229 *&-NMR (CDCl, 400 MHz)s: 7.45-7.32 (m, 5H, 5xAr-H), 5.92 (d,
J = 8.40 Hz, 1H, 16-H), 5.25 (d,= 12.20 Hz, 1H, CHAr), 5.10 (§ = 7.20 Hz, 1H, 24-H), 5.00-4.93 (m, 2H, CHAr
and 11-OH), 4.35 (s, 1H, 11-H), 3.75-3.47 (m, 8Hyr4H), 3.06 (d,J = 11.50 Hz, 1H, 13-H), 2.77-2.60 (m, 4H,
2x-CH,-), 2.56-2.42 (m, 2H, 2x22-H), 2.37-2.28 (m, 1H;HR 2.26-2.00 (m, 5H,15-H, 2x23-H, 1-H and 5-HPZ
(s, 3H, OCOCH), 1.93-1.76 (m, 4H, 2x2-H, 12-H and 7-H), 1.673#l, 27-CH), 1.65-1.57 (m, 4H, 1-H, 4-H, 6-H
and 9-H), 1.56 (s, 3H, 26-GH1.39 (s, 3H, 30-Ch), 1.36-1.27 (m, 3H,15-H, 6-H and 7-H), 1.01 (s, 38-CH), 0.95
(s, 3H, 18-CH), 0.86 (d,J = 6.70 Hz, 3H, 28-Cl). *C-NMR (CDClk, 100 MHz)s: 172.64, 170.52, 170.02, 169.98,
148.50, 135.83, 132.59, 130.48, 128.62, 128.55,312823.12, 74.59, 74.47, 68.18, 66.92, 66.5316619.19, 48.77,
45.78, 44.02, 42.15, 39.51, 39.10, 37.71, 36.98354.99, 32.61, 30.99, 30.64, 29.76, 29.71,8228.41, 28.03,
27.28, 25.79, 24.38, 22.78, 21.02, 20.68, 18.0379715.69. HR-MS (ESIin/z calcd. for GgHgsNOg [M+Na]":
798.4552, found: 798.4558.

4-[21-fusidic acid (benzyl) estepaxy]-4-oxo-butyryl(4-methyl)piperazin€l3)

According to the synthesis method X, 9 was reacted wittN-methyl piperazine to give white solk8 (45.0 mg,



80.6% vyield). m.p. 225-227 °GH-NMR (CDCl, 400 MHz)s: 7.43-7.31 (m, 5H, 5xAr-H), 5.90 (d,= 8.40 Hz, 1H,
16-H), 5.23 (dJ = 12.20 Hz, 1H, CHAr), 5.08 (8, = 7.10 Hz, 1H, 24-H), 4.98-4.91 (m, 2H, CHAr arid@QH), 4.33
(s, 1H, 11-H), 3.73-3.48 (m, 4H, CON(G}H), 3.04 (d,J = 11.60 Hz, 1H, 13-H), 2.75-2.61 (m, 4H, 2x-CH
2.51-2.35 (M, 7H, N(CB,, 2x22-H and 12-H), 2.32 (s, 3H, N-QH2.25-1.98 (m, 6H, 15-H, 2x23-H, 1-H, 5-H and
12-H), 1.95 (s, 3H, OCOCH 1.90-1.67 (m, 6H, 2x2-H, 1-H, 4-H, 6-H and 7-&)65 (s, 3H, 27-CJ, 1.63-1.58 (m,
1H, 9-H), 1.54 (s, 3H, 26-Cfj{ 1.37 (s, 3H, 30-ChJ, 1.35-1.08 (m, 3H, 15-H, 6-H and 7-H), 0.98 (&, 39-CH),
0.92 (s, 3H, 18-C¥J, 0.83 (d,J = 6.70 Hz, 3H, 28-Ck). *C-NMR (CDCk, 100 MHz)4d: 174.01, 171.86, 171.32,
171.07, 149.87, 137.19, 133.93, 131.83, 129.96,82929.65, 124.48, 75.82, 69.50, 67.79, 56.813%656.06,
55.64, 54.84, 50.56, 50.11, 47.42, 46.50, 45.3024310.86, 40.45, 39.05, 38.25, 37.17, 36.34,4392.33, 31.17,
30.42, 29.75, 29.55, 28.61, 27.12, 25.71, 24.133@222.03, 19.37, 19.13, 17.02. HR-MS (ES8i)z calcd. for
Ca7HesN20g [M+H] *: 789.5049, found: 789.5049.

4-[21-fusidic acid (benzyl) estepaxy]-4-oxo-butyrylpyrazolél4)

According to the synthesis method1& 9 was reacted with pyrazole to give white sdit(40.0 mg, 74.7% yield).
m.p. 233-236 °C*H-NMR (CDCk, 400 MHz)s: 8.26 (d,J = 2.60 Hz, 1H, pyr-H), 7.73 (s, 1H, pyr-H), 7.4BG (m,
5H, 5xAr-H), 6.46 (ddJ = 2.8, 1.5 Hz, 1H, pyr-H), 5.90 (d= 8.30 Hz, 1H, 16-H), 5.23 (d,= 12.20 Hz, 1H, CHA),
5.08 (t,J = 7.20 Hz, 1H, 24-H), 4.99 (d,= 2.40 Hz, 1H, 11-OH), 4.94 (d,= 12.20 Hz, 1H, CHAr), 4.35 (s, 1H,
11-H), 3.54-3.47 (m, 2H, -CH), 3.02 (d,J = 11.10 Hz, 1H, 13-H), 2.88-2.81 (m, 2H,-6H 2.56-2.40 (m, 2H,
2x22-H), 2.35-2.27 (m, 1H, 12-H), 2.23-2.00 (m, 89;H, 2x23-H, 1-H and 5-H), 1.95 (s, 3H, OCOgH.90-1.79
(m, 3H, 2x2-H and 12-H), 1.66 (s, 3H, 27-gHL.63-1.56 (m, 1H, 7-H), 1.55 (s, 3H, 26-gHL.28 (s, 3H, 30-CH),
1.18-1.02 (m, 2H, 6-H and 7-H), 0.98 (s, 3H, 1955H.92 (s, 3H, 18-Ck), 0.84 (d,J = 6.70 Hz, 3H, 28-CH).
BC-NMR (CDCE, 100 MHz)¢s: 171.69, 171.06, 170.56, 170.00, 148.49, 144.35.88, 132.61, 130.50, 128.64,
128.58, 128.44, 128.34, 123.12, 109.75, 74.90,7(48.24, 66.48, 49.16, 48.76, 44.02, 39.45, 3BIH1, 36.92,
34.96, 32.60, 31.01, 30.65, 29.56, 29.09, 28.941287.31, 25.79, 24.27, 22.75, 21.03, 20.67,8,918.00, 17.80,
15.64, 13.81. HR-MS (ESH/z calcd. for GsHgoN,Og [M+Na]*: 779.4242, found: 779.4247.

2-[21-fusidic acid (benzyl) estepaxy]-2-0x0-benzoylmorpholingd5)

According to the synthesis method 1, 10 was reacted with morpholine to give white sdl&(44.0 mg, 80.6%

yield). m.p. 240-243 °C*H-NMR (CDCl, 400 MHz)s: 7.99 (d,J = 7.40 Hz, 1H, Ar-H), 7.60-7.52 (m, 1H, Ar-H),



7.48-7.41 (m, 1H, Ar-H), 7.36-7.26 (m, 6H, Ar-H)83 (d,J = 8.30 Hz, 1H, 16-H), 5.19 (m, 2H, 11-OH and CHAr)
5.03 (t,J = 7.20 Hz, 1H, 24-H), 4.92 (d,= 12.20 Hz, 1H, CHAr), 4.32 (s, 1H, 11-H), 4.008(m, 8H, mor-H), 3.04
(d,J = 11.20 Hz, 1H, 13-H), 2.53-2.35 (m, 2H, 2x22-BB3-1.92 (M, 6H, 1-H, 2x5-H, 12-H and 2x23-H),0L(8,
3H, OCOCH), 1.89-1.82 (m, 4H, 2x2-H, 7-H and 12-H), 1.813L(&n, 4H, 1-H, 4-H, 6-H and 9-H), 1.61 (s, 3H,
27-CH), 1.50 (s, 3H, 26-Ch), 1.41 (s, 3H, 30-CH), 1.19-1.03 (m, 2H, 6-H and 7-H), 1.00 (s, 3H,ald,), 0.91 (s,
3H, 18-CHy), 0.85 (d,J = 6.70 Hz, 3H, 28-CH. **C-NMR (CDCk, 100 MHz)4: 170.55, 170.02, 169.97, 165.03,
148.54, 135.86, 132.92, 132.60, 130.99, 130.49,1730129.09, 128.63, 128.54, 128.32, 128.27, 127128.12,
75.65, 74.47, 68.13, 66.63, 66.45, 66.36, 49.3B4317.24, 44.05, 42.22, 39.57, 39.11, 36.91,73532.00, 31.13,
30.65, 29.77, 29.73, 29.43, 29.08, 28.46, 27.49822.77, 21.02, 20.82, 17.97, 17.80, 15.86,A44{R-MS (ESI)
m/z calcd. for GgHgsNOg [M+H] *: 824.4732, found: 824.4730.

2-[21-fusidic acid (benzyl) estepaxy]-2-0x0-benzoyl(4methyl)piperazin€16)

According to the synthesis method1®, 10 was reacted witiN-methyl piperazine to give white solid (45.0 mg,
81.2% yield). m.p. 235-238 °CH-NMR (CDCl, 400 MHz)s: 7.99 (d,J = 7.80 Hz, 1H, Ar-H), 7.59-7.53 (m, 1H,
Ar-H), 7.48-7.42 (m, 1H, Ar-H), 7.36-7.26 (m, 6H-A), 5.88 (d,J = 8.30 Hz, 1H, 16-H), 5.25-5.15 (m, 2H, 11-OH
and CHATr), 5.05 (t] = 7.20 Hz, 1H, 24-H), 4.93 (d,= 12.20 Hz, 1H, CHAT), 4.34 (s, 1H, 11-H), 4.2a8(m, 4H,
CON(CH),), 3.06 (d,J = 11.50 Hz, 1H, 13-H), 2.55-2.40 (m, 4H, N(§}), 2.35 (s, 3H, N-Ck), 2.32-1.96 (m, 8H,
2x%22-H, 1-H, 2x5-H, 12-H and 2x23-H), 1.91 (s, BCOCH), 1.90-1.72 (m, 8H, 2x2-H, 7-H, 12-H, 1-H, 4-H}6-
and 9-H), 1.62 (s, 3H, 27-GH 1.51 (s, 3H, 26-Ch), 1.41 (s, 3H, 30-C}, 1.20-1.05 (m, 2H, 6-H and 7-H), 1.00 (s,
3H, 19-CH), 0.91 (s, 3H, 18-C¥), 0.85 (d,J = 6.70 Hz, 3H, 28-Ch). **C-NMR (CDC}, 100 MHz)s: 170.55, 170.00,
167.80, 165.20, 148.56, 135.87, 132.79, 132.60,38321.30.99, 130.44, 128.99, 128.92, 128.63, 128128.31,
127.17, 123.14, 74.49, 68.09, 66.44, 65.65, 5458310, 48.80, 46.49, 45.97, 44.06, 41.45, 39.58,B3B6.85, 35.81,
32.00, 30.65, 29.77, 29.08, 28.47, 27.45, 25.72&32.74, 21.03, 20.92, 19.26, 17.91, 17.80,4,616.83, 14.20,
13.80. HR-MS (ESIjn/z calcd. for G;HggN,Og [M+H]*: 837.5049, found: 837.5047.

2-[21-fusidic acid (benzyl) esteppdxy]-2-oxo-benzoylpyrazol@?)

According to the synthesis method 1#, 10 was reacted with pyrazole to give white sdlid (39.0 mg, 73.2%
yield). m.p. 239-242 °C*H-NMR (CDCl, 400 MHz)s: 8.48 (d,J = 2.70 Hz, 1H, pyr-H), 8.08 (d, = 8.40 Hz, 1H,

Ar-H), 7.72-7.62 (m, 3H, Ar-H), 7.58 (m, 1H, pyr-H).42-7.32 (m, 5H, Ar-H), 6.50 (dd = 2.70, 1.40 Hz, 1H, pyr-H),



5.92 (d,J = 8.20 Hz, 1H, 16-H), 5.24 (d,= 12.20 Hz, 1H, CHAr), 5.13-5.05 (m, 2H, 24-H adOH), 4.96 (d,) =
12.20 Hz, 1H, CHAr), 4.37 (s, 1H, 11-H), 3.10 {d 12.20 Hz, 1H, 13-H), 2.58-2.43 (m, 2H, 22-H}®1.98 (m,
6H, 1-H, 2x5-H, 12-H and 2x23-H), 1.95 (s, 3H, OGQY 1.92-1.69 (m, 4H, 2x2-H, 7-H and 12-H), 1.66 3Hl,
27-CH), 1.65-1.60 (m, 4H, 1-H, 4-H, 6-H and 9-H), 1.55 8H, 26-CH), 1.45 (s, 3H, 30-CJ, 1.22-1.05 (m, 2H,
6-H and 7-H), 0.99 (s, 3H, 19-G} 0.94 (s, 3H, 18-C), 0.80 (d,J = 6.70 Hz, 3H, 28-Ck). *C-NMR (CDC}, 100
MHz) ¢: 170.54, 169.99, 168.41, 165.32, 148.47, 144.85,86, 135.07, 132.63, 132.24, 130.99, 130.72,5830.
129.53, 129.25, 128.92, 128.64, 128.55, 128.32,1823.09.92, 74.48, 68.26, 66.46, 65.65, 49.41/9814.02, 39.51,
39.10, 37.68, 36.82, 35.54, 32.18, 31.26, 30.68.®@28.47, 27.14, 25.79, 24.05, 23.08, 21.03,®018.26, 17.93,
17.81, 15.55, 13.81. HR-MS (ES1)/z calcd. for GgHgoN,Og [M+Na]™: 827.4242, found: 827.4240.

2-[21-fusidic acid (benzyl) estepdxy]-2-oxo-benzoylimidazold8)

According to the synthesis method I, 10 was reacted with imidazole to give white sdliél (40.0 mg, 75.0%
yield). m.p. 235-237 °C*H-NMR (CDCl, 400 MHz)s: 8.19-8.12 (m, 1H, IMZ-H), 7.84 (s, 1H, Ar-H), D&.70 (m,
2H, IMZ-H and Ar-H), 7.62-7.54 (m, 1H, Ar-H), 7.48, 1H, Ar-H), 7.43-7.33 (m, 5H, Ar-H), 7.15 (s, 1M1Z-H),
5.94 (d,J = 8.40 Hz, 1H, 16-H), 5.25 (d,= 12.20 Hz, 1H, CHAr), 5.16-5.05 (m, 2H, 24-H aidOH), 4.97 (d,) =
12.20 Hz, 1H, CHAr), 4.38 (s, 1H, 11-H), 3.10 {d= 11.40 Hz, 1H, 13-H), 2.58-2.43 (m, 2H, 22-HR22.01 (m,
6H, 1-H, 2x5-H, 12-H and 2x23-H), 1.97 (s, 3H, OG&Q} 1.94-1.69 (m, 6H, 2x2-H, 4-H, 6-H, 7-H and 12-H)67
(s, 3H, 27-CH), 1.64-1.59 (m, 2H, 1-H and 9-H), 1.56 (s, 3H,&83), 1.46 (s, 3H, 30-C}J, 1.25-1.05 (m, 2H, 6-H
and 7-H), 1.02 (s, 3H, 19-G} 0.96 (s, 3H,18-C}J, 0.84 (d,J = 6.70 Hz, 3H, 28-C}). *C-NMR (CDCk, 100 MHz)
0: 170.56, 169.97, 166.48, 164.72, 148.45, 135.88,72, 132.88, 132.64, 131.44, 131.15, 130.54,3130.29.84,
128.66, 128.64, 128.56, 128.33, 128.19, 123.91,11234.46, 74.14, 68.14, 66.47, 49.30, 48.79,24430.55, 39.11,
37.82, 36.81, 35.96, 35.47, 32.19, 32.00, 31.137229.09, 28.45, 27.12, 25.78, 24.06, 23.06,2120.83, 17.92,
17.81, 15.67. HR-MS (ESH/z calcd. for GgHgoN2Og [M+H]*: 805.4423, found: 805.4423.

Biology

Cell culture and treatment

The cancer cell lines Hela, KBV, MKN45 and U87 wknedly provided by Dr. Xiaoguang Chen (Instituteatdria
Medica, Chinese Academy of Medical Sciences) afitiad in our lab [14]. All the cells were maintaghin DMEM

(Hyclone) with 10% heat-inactivated fetal calf garLife Technology), and 100 U/mL penicillin andOIG/mL



streptomycin in a humidified atmosphere of 5%,CGMD 37 °C. Cells in the logarithmic growth phaseevesed for
further experiments [14].

MTT assay

Cytotoxicity was detected using a MTT assay follogvbur previous protocol [15,16]. Briefly, cells meseeded in
96-well plates and treated with the tested compswatdhe desired concentration for 72 h. The MTilitem was then
added into the wells and incubated, and then DM3® added, the optical density was determined an&¥Gnd the
cell survival rate was calculated. Data are exgess average values from at least three indepeagpariments.

Protein synthesis assay

Hela cells at 70-80% confluence were treated wihud/mL puromycin for 10 min. After washing twice with
ice-cold PBS, cells were lysed with SDS-PAGE sanipiéer, and proteins were separated on SDS-PAGE an
transferred to Immobilon-P membranes. Membrane® wtycked for 1 h in TBS containing 5% non-fat mélkd
0.1% Tween-20, followed by incubation with puromycantibodies (1:100 dilution) overnight at 4 °C.texf
incubation with HRP-conjugated anti-mouse IgG (0®G@lilution) for 1 h at room temperature, the megmnler was
visualized using enhanced chemiluminescence.

Cell cycle analysis

A flow cytometry assay was used to analyze theapsptosis as previously reported [15]. BrieflyJaeells (1x16
cells/well) were seeded in 6-well plates. Aftert2éhcubation, the cells were treated with compodrwt FA (5 M)
for 48 h and 72 h. The cells were fixed in 80% htdoand overnight at 4 °C. After washing with PR8|ls were
treated with PI solution (20 mg/mL Pl and 20 mg/RNaseA in PBS) for 1 h. Cells were detected in FATEbur
(Becton-Dickinson, C6, USA), and the cell cycletdirition was analyzed.

TUNEL staining

Cellular apoptosis was assessed by TUNEL staingmgguthe In Situ Cell Death Detection Kit (Rocheamviheim,
Germany) as previously described [17]. Briefly, &leklls (2x16 cells/well) were seeded in 6-well plates. Aftertp4
incubation, the cells were treated with compodrmt FA (2 uM) for 24 h, and then were fixed and permeabiliZEtk
cells were incubated with 50 mL of reaction mixtaoataining the labeling enzyme and the TMR gre@eled-dUTP
at 37 °C for 1 h. After extensive washing, theselere counterstained with DAPI and observed uadkrorescence

microscope (Nikon, Japan).



Xenograft model

Athymic nude mice (8 weeks old, BALB/c, female) were used to estabiish xenograft tumors following our
published Protocol [18]. In brief, Hela cells (50%)Lwere inoculated subcutaneously in right frankaeg. When the
relative tumor volume reached around 100-20C*iimnsize, the mice were randomly divided into thgeeups, control,
4 (25 mg/kg), andt (50 mg/kg) with five mice per group. The mice warga-gastric administration twice a day with
compound4, and the tumor appearance and size were measeggd3®days. Animals were sacrificed and the tumors
were stripped and weighed. The use of animals wasoaed by the Animal Experimentation Ethics Conesitof
Yantai University (protocol number 20180607) in @ciance with the guidelines for ethical conductha care and

use of animals.
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Highlights:

® Fusidic acid (FA) derivatives with anti-tumor activity were first discovered.

® A preliminary structure-activity relationship of the anti-tumor activity was described.
® Onenovel derivative 4 exhibited good anti-tumor activity both in vitro and in vivo.

® The mechanism that compound 4 induced Hela cells to undergo apoptosis was first proved.



