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Compound 32
MIC = 0.25 pg/mL

-~

ICso = 6.148 yM

ﬂm vitro inhibition of CYP3A4
™
100{ *

Note: A series of novel pleuromutilin derivatives bearing both
aminophenylthiol and 1,2,3-triazole moiety were designed and
synthesized. Compound 32 from this series displayed superior in
vivo efficacy to the reference drug tiamulin against MRSA in
both the thigh infection model and the mouse systemic infection
model. Compound 32 possessed moderate in vitro inhibition of
CYP3AA4.
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Abstract

A series of novel pleuromutilin derivatives possagsl,2,3-triazole moieties were
synthesized via click reactions under mild condisio Thein vitro antibacterial
activities of these derivatives against 4 straihsSoaureus (MRSA ATCC 43300,
ATCC 29213, AD 3, and 144) and 1 straineotcoli (ATCC 25922)wvere tested by the
broth dilution method. The majority of the synttzesl derivatives displayed potent
antibacterial activities against MRSA (MIC = 0.1252 ug/mL). It was also found
that most compounds had no significant inhibitoffee on the proliferation of
RAW264.7 cells at the concentration of &/mL. Among these derivatives,
compound 32 (~1.71 logo CFU/g) containing dimethylamine group side chain
displayed more effective than tiamulin (~0.77.0GFU/Q) at the dose of 20 mg/kg in
reducing MRSA load in thigh infected mice. Additadly, compound2 (the survival
rate was 50%) also displayed supeiiovivo efficacy to that of tiamulin (the survival
rate was 20%) in the mouse systemic model. Streiativity relationship (SAR)
studies resulted in compou@ with the most potenih vitro andin vivo antibacterial
activity among the series. Moreovecpmpound 32 was evaluated in CYP450

inhibition assay and showed moderatevitro inhibition of CYP3A4 (IGo = 6.148

UM).

Keywords: Pleuromutilin; 1,2,3-triazole; MRSA,; Syntheg\sitibiotics
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1. Introduction

As one of the prominent pathogen with high morlyidiand mortality,
multidrug-resistant  Staphylococcus  aureus (MRSA) usually cause
health-care-associated infections which posediausethreat to human health around
the world [1]. Therefore, there is an urgent neddvelop new antibiotics with new
mode of action that can be used to treat infectmmssed by multidrug-resistast
aureus (MRSA). Natural products have always played an irgyd role in dealing
with human diseases, especially in the field obatibus diseases. Despite several
drawbacks, various natural products or their déikrea have been developed and
approved as antibacterial agents, such as peni€)i tigecycline, vancomycin and
aztreonam [2]. The development of new antibacterggnts from natural products or
their semisynthetic derivatives is still the moffeetive way to deal with MRSA
infections.

Pleuromutilin (, Figure 1) is a naturally tricyclic diterpenoidoduced by the higher
fungi Basidiomycetes Pleurotus speciddleurotus mutilus and Pleurotus
Passeckerianus, first isolated in 1951 [3]. Pleuromutilin dispkpotent antibacterial
activity against gram-positive bacteria. It hasrbeentified that pleuromutilin and its
derivatives could inhibit the bacterial protein gsis through binding to the V
domain of the peptidyl transferase center (PTGhefbacteriabOs ribosomal subunit
23s RNA [4-6]. Due to the unique mechanism of actigmguromutilin and its
derivatives possess low propensity to select fossresistance to currently available

antibacterial agents. Thus, pleuromutilins haveifeged many researchers to explore
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and develop pleuromutilin derived effective antieai@l agents. The structural
modifications of the C14 side chain of pleuromatiliesulted in the discovery of
tiamulin @, Figure 1) and valnemulir8(Figure 1}, which were approved and used as
veterinary antibiotics for poultry and pigs in 198@d 1999, respectively [5]. In 2007,
another pleuromutilin derivative retapamuliy Figure 1) was approved for human
use. As the first pleuromutilin antibiotic for humaise, retapamulin is used as a
topical antibiotic to treat skin infections [7]. tAbugh pleuromutilin derivatives
usually exhibit potent antibacterial activity, magtthem were discontinued develop
for human use due to their limited bioavailabilégd CYP450 inhibition [8]. More
recently, lefamulin §, Figure 1), as the first systemic pleuromutilirtilietic, was
approved by FDA for intravenous and oral treatnegrdtommunity-acquired bacterial
pneumonia (CABP) on August 19, 2019 [6]. As margupbmutilin derivatives have
poor bioavailability, lefamulin's success could dmnstituted as a milestone for the
pleuromutilin class of antibiotcs.

Figurel here
Previous work in our group has led to the synthast evaluation of various series of
novel pleuromutilin derivatives [9-11]. One of thaerivatives containing the
2-aminophenylthiol in the C14 side chain (compouné&igure 1) displayed excellent
antibacterial activityin vitro and good efficacyin vivo against MRSA [11, 12].
Numerous pleuromutilin derivatives have been preghand evaluated with excellent
antibacterial activity achieved by incorporatingdrearomatic substituents containing

a sulfide linkage into the C14 side chain [8, 1&dlditionally, 1,2,3-triazole moiety



87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

have been reported that might influence the andoeat activity of the pleuromutilin
derivatives [14]. These research motivated us t@lde the pleuromutilin derivatives
containing both aminophenylthiol and 1,2,3-triazoleiety.

We now report the synthesis and biological actegitiof novel pleuromutilin
derivatives with 1,2,3-triazole substituents inaygied into compound and the
discovery of compound2 which displayed good antibacterial activities agai
MRSA bothin vitro andin vivo.

2. Resultsand Discussion

2.1. Chemistry

A general synthesis strategy based on compound (2&mino-phenylsulfanyl)
-22-deoxypleuromutilin (compound) and a variety of piperazine derivatives or
secondary amines were used (Scheme 1). Compdéubdsed on which yielded a
series of pleuromutilin derivatives with potentaitibacterial against MRSA in our
previous work [10], was used as a lead compounan@oind8 was prepared by
condensation of acyl chloride group of chloroacehibride with compound. Then,
compound8 was converted into the azide compou@dthrough a nucleophilic
substitution. This azide compou®dwas reacted with 27 different terminal alkynes
compounds18-25, 53-71 that were all linked to various secondary amin@s o
piperazine derivatives. A standard click reactid®][based on the catalysis Cu
which was produced in situ by €uand sodium ascorbate, was applied for the
cycloaddition. Thus, pleuromutilin derivatives comopds 26-33 and 72-90 all

containing a 1,2,3-triazol linkage were preparedgood yields (Scheme 1). The
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structures of all those 27 pleuromutilin derivasiwvgere confirmed b{H NMR, **C
NMR and HR-MS(ESI).
2.2. In vitro antibacterial activity
All the newly synthesized 1,2,3-triazole linked yolemutilin derivatives were
evaluated for their antibacterial activity agaimstthicillin-resistan. aureus (ATCC
43300),S. aureus (ATCC 29213)E. coli (ATCC 25922) and two clinical strains &f
aureus (AD3 and 144, isolated from Guangdong Provincdle MICs and MBCs of
all synthesized pleuromutilin derivatives as wallthe reference antibacterial drugs,
pleuromutilin and tiamulin were determined by th@tb micro dilution methods
according to the Clinical and Laboratory Standahdstitute (CLSI). S. aureus
(MRSA) ATCC 43300 was used as QC strain, and ttaitgucontrol range of CLSI
quality control bacteria strain was taken as refeee The results of MIC and MBC
were shown in Table 1 and Table 2.

Tablel here
Most of these new pleuromutilin derivatives showsatent antibacterial activities
againstS. aureus (ATCC 43300),S. aureus (ATCC 29213),S. aureus (AD3) andS
aureus (144)in vitro. The MIC value of all these 27 compounds agashsiureus
ranged from 2 to 0.12hg/mL. The MIC value of all derivatives against coli
(ATCC 25922) are higher than 3@/mL. Among these compounds, compou@€s
31, 32, 72, 86, 89 and 90 (MIC = 0.125 ~ 0.25pg/mL) showed more potent
antibacterial activity against MRSA in comparisanthat of tiamulin (MIC = 0.5

ug/mL). Compound89 with 1-(3-nitrophenyl)-piperazine and compouff with
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1-(4-nitrophenyl)-piperazine exhibited the mostgmitactivity with MIC value of
0.125ug/mL.

Table2 here
Firstly, compound£6-33 were designed and prepared by using 1,2,3-triamolek
various nitrogen heterocycles and secondary aneneatives compound. These 8
compounds all showed potent activity agalBsureus (MIC = 0.25 ~ 1ug/mL).
In order to explore SAR, different electron withdiag and donating groups were
introduced. Then we borrowed from the previous wexkerience of the laboratory
and introduced a series of derivatives of pipe@%8] to obtain compound&2-90.
Among them, compound&-82, 88-90, in which the electron-withdrawing group was
introduced into the phenylpiperazine of compoufg] resulting in a decrease in
antibacterial activity against MRSA\evertheless, compound® and 90 showed
better antibacterial effect than compour@l This may be explained by the strong
electron-withdrawing ability of the nitro group, wh can generate local
electron-deficient sites in the molecule and irdenaith proteins and amino acids
present in the living system [16], other kinds obstituents or other substituent sites
may weaken these effects. However, in the fac@é@fptroblem that drugs containing
nitro groups may cause serious adverse reactionsrganisms, we still need to
explore in depth in the future development proaégdeuromutilin derivatives.
Those ratios of MBC to MIC were all less than oua&qto 4, indicating that all
synthesized pleuromutilin derivatives had good é@adal ability [17]. MBC values

of all compounds for MRSA ranged 1xMIC from 4xMghich illustrated that these
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compounds have good bactericidal ability against8RAmong these derivatives,
compound6, 32, 89 and90 exhibited more potent bactericidal effects thamtian.
Therefore, we carried out an in-depth study onathiibacterial activity of these four
compounds.

The time-kill kinetic approach was used to investiggthe anti-MRSA activity of
compounds26, 32, 89 and 90 in vitro. The experimental results were shown in
graphic form inFigure 2 andFigure SI 28. When the concentration of compouraés
(Figure 2a) and32 (Figure 2b) was 1xMIC, it had a definite inhibitoeffect on
MRSA; when the concentration was 4xMIC or abovlaid a good bactericidal effect
on MRSA and killed 99.9% of MRSAHowever, compound89 (Figure Sl 28a) and
90 (Figure Sl 28b) can only play a role in killing NBR at concentrations exceeding
8xMIC. However, from another aspect, after the coumul reaches a certain
concentration, the bactericidal effect of theseupenutilin derivatives and tiamulin
did not have a positive correlation with the inae&f the compound concentration,
indicating that these derivatives and tiamulin wéirae-dependent antibacterial
agents. The key to the rational and scientific asdime-dependent antibacterial
agents was to optimize the time when bacteria weposed to the effective
concentration of antibiotics, which can be achietagdmultiple daily administration
in clinical practice. For pathogens with high MI€yen continuous intravenous
infusion was needed [18].

Figure2 here

The postantibacterial effect (PAE) is an importamdicator of antibiotic
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pharmacodynamics, and it has important guidingisegmce for the rational use of
antibiotics in clinical practice, evaluation of ase reactions of antibiotics and
combined use [19]. Based on the test results taae bbeen obtained, we performed
PAE tests on compoun@$ and32. The bacterial growth kinetics curve was shown in
Figure 3 and the results of the PAEs were showii @ble 3. After espousing 4xMIC
for 2h, the PAE of compound26 and 32 were 1.84h and 2.74h, respectively. It is
worth mentioning that compound2 showed better postantibacterial effect than
tiamulin at the concentrations of 2xMIC or 4xMIC.

Figure3 here

Table3 here
In the clinical use of antibacterial drugs, mosttieé pharmacodynamic indicators
referenced are the minimum antibacterial conceaontra(MIC) and the minimum
bactericidal concentration (MBC). However, this huet of administration, which is
based on these two indicators, ignores the interatietween drugs and bacteria and
the potential of the drug to continue to inhibi¢ trowth and reproduction of bacteria
[20]. To design the drug delivery regimen reasopalnld provide a theoretical basis
for clinical adjustment of drug interval [21], wiest performed time-kill kinetic tests
on four of this batch of compounds, and then PAE tested on compoun@$ and
32 with stronger bactericidal effects. The above expental results showed
compound32 may be administered at longer intervals than tiamsuggesting that
compound32 may have some potential value for clinical usetha treatment of

MRSA infections. Furthermore, a more scientific doision could be attained based
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onin vivo, dose-fractionation, PK/PD studies and targeiratiant studies as well as
PK studies.
2.3.In vivo antibacterial activity
2.3.1. Thigh infection model
In order to explore then vivo efficacy of the drug, the mouse thigh infectiondalbo
with neutropenia was first established to evaltlaéetherapeutic effect of the drug on
the local infection in mice. Due to the longer PARd the potent bacteriostatic ability
of compound32 on MRSAInN vitro, compounds32 was testedn vivo at first in this
infection model.
First and foremost, a mice model of neutropenia e@sstructed by intraperitoneal
injection of cyclophosphamide into mice, and 0.9%line was injected
intraperitoneally as a negative control group. Trhiee thigh muscle was injected with
about 16 CFU/mL of the bacterial solution to establish égtthinfection model
caused by MRSA. The experimental results of thrs yware shown irFigure 4.
Fiqure4 here
It can be concluded from Figure 4 that 20 mg/kgaipound32 can significantly
reduce the bacterial load (~1.71 19GFU/qg) in thighs, compared with the no drug
control group the difference was statistically #igant (P< 0.001, n = 6/group). The
bacterial clearance rate of tiamulin (~0.77.l89FU/g) in thigh muscle of mice was
lower than that of compour@2, but compared with the control group without drugs
tiamulin could still reduce the MRSA load in thigfB< 0.01, n = 6/group). The

experimental results revealed that compowid displayed potency antibacterial
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activity than tiamulin in reducing MRSA load in tmeouse thigh infection model.
Thus, compound 32 might be used in the treatmeRtREA infection.
2.3.2. MRSA infection model
After determining the potent antibacterial activitycompound32 in the mice thigh
infection model with neutropenia, we further tesiesdtherapeutic effect in mice in
the MRSA infection model with no drug treatmentaasontrol group. As shown in
Figure 5, compound2 (30 mg/kg) had a therapeutic effect on a mice madel
systemic infection with MRSA. After 7 days' admingion, the survival rate of mice
in compound32 group was 50%, which was significantly higher thiaat of tiamulin
group (20%), and the compouBa did not directly cause animal death at this dose.
The result ofin vivo efficacy demonstrated that compous2l was a new antibiotic
candidate which was worth developing for clinicaetment of MRSA infections.
Fiqure5 here
2.4. Cytotoxicity assay
Chemical substances act on the basic physiologreakesses of cells, which may lead
to reduced cell survival, inhibited proliferatiomda disturbance of physiological
functions, and trigger a series of adverse reasti@2]. Therefore, the antibiotics
approved for clinical use should have no inhibitefiect on cell proliferation within
a certain concentration range.
The cytotoxicity of these pleuromutilin derivativesRAW 264.7 cells was evaluated
by MTT assay. The result of this part showed thastnof these compounds including

compound32 did not affect the viability of RAW 264.7 cells e concentration of 8
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pg/mL (Figure SI 29), which was an acceptable starting point for fertlirug
discovery efforts.
2.5. Effect on liver microsomal CY P450 enzyme activity
During the process of pleuromutilin structural nfmdition, azamulin (Figure 6a) was
screened out and entered the phase | clinical tgiafortunately, azamulin had been
eliminated during drug development due to its ggrand irreversible inhibitory effect
on the CYP450 enzyme syste(tCso value for CYP3A is 0.03~0.24 uM) [23].
Additionally, pleuromutilin derivatives with thide¢r side chains had also been
reported to have strong inhibitory effects on CYR3&]. Therefore, we speculated
that these synthesized pleuromutilin derivativegihhihave inhibitory effect on
CYP3A4. Thus, compoun8 was selected to evaluate its inhibition poterdgdinst
CYP3A4. The CYP3A4 inhibition was analyzed by detieing 1Cso value in human
liver microsomes through the use of testosterorte@aprobe substrate. The results of
this assay are shown in Figure 6b.

Fiqure6 here
The results declared that compouB2 had an intermediate inhibitory effect on
CYP3A4 (IGp = 6.148 pM). Compounds with 3 pM <4£<10 uM are generally
considered to be moderate CYP inhibitors, while goumds with 1Gy> 10 uM are
weak CYP inhibitors, compounds withs& 3 uM are strong CYP inhibitors [24].
Compared with the strong inhibitory effect of azdimon CYP450 (IGy = 0.12 uM)
[23], compound32 could only inhibit the activity of CYP enzyme torse extentat a

certain concentration. Due to the complexity ofnlgs organisms, the results aif
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vitro experiments may be different from thoseinfvivo experiments, so further
clinical studies were still needed for compreheasvaluation.

3. Conclusions

A series of novel pleuromutilin derivatives weresig@ed and synthesized in few
steps. SAR studies have shown thatO atom at the C22 position was replaced by an
S atom, which contributes to the improvement ofdgaal activity. The terminal was
connected to basic groups such as dimethylamireghydamine, tetrahydropyrrole
and a phenylpiperazine substituent bearing nitrougs have excellenin vitro
antibacterial activity against both sensitive aedistantS. aureus bacterial strains.
Among these prepared derivatives, compowz@)s32, 89 and90 exhibited the most
potent antibacterial activity and that were selgécfer the time-killing curve
determination. The results showed that compo@édmd32 manifested a more rapid
bactericidal kinetic effect on MRSA. Subsequerittg PAE (post-antibiotic effect) of
compounds26 and 32 were determined. Compourd2 displayed a longer PAE time
than tiamulin against MRSA. Thae vivo antibacterial activity of compouri82 was
further studied. The results indicated that complo82 exhibited a potenin vivo
antibacterial effect than tiamulin in two MRSA iof®n mice models. CYP450
inhibition assay demonstrated that compo®2dhad a moderaten vitro CYP3A4
inhibition. The current research results indicatest compound2 might serve as a
possible lead compound for the development of n@leuromutilin antibacterial
agent.

4. Experimental
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4.1. Materials

Pleuromutilin (>90% pure) was purchased from Gigajpyhood Biochemical Co.
Ltd., (Sichuan, China). All analytical grade solteenwere purchased from
Greagent-bate, and other reagents were purchasedAdamas. Purification of all
compounds by column chromatography was carriedusutg silica gel (200-300
mesh, Branch of Qingdao Haiyang Chemical Co. L$¥thandong, China)H-NMR
and *C-NMR spectra were recorded at Bruker AV-400 specéter. Among them,
the chemical shift valued) are reported in ppm, and the coupling constants(in
Hertz. Tetramethylsilane was used as the inteaaldgard in chlorofornd to analyze
the compounds. High-resolution mass spectra wemdumted using Waters Acquity
UPLC-LCT Premier XE with an electro spray ionizati@&SI) source.

4.2. Synthesis

The synthetic approaches for the preparation ofrttegmediates and the synthesis of
a series of novel pleuromutilin derivatives basedcompoundl were illustrated in
Scheme 1.

Scheme 1 here

Compound 1 (pleuromutilin) was purchased commercially. Compmbur
(22-O-tosylpleuromutilin) and compound 7
(22-(2-amino-phenylsulfanyl)-22-de-oxypleuromutjliwere synthesized according to
a reported method [11].

4.2.1. 22- (2-(2-chloroacetamido) phenyl) thioacety-I-yl-22-deoxypleuromutilin

(8)
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Compound 22-(2-amino-phenylsulfanyl)-22-deoxypleoutilin (compound?) (1 g,
2.06 mmol) was dissolved in toluene (30 mL). Slowhded DIPEA (0.53 g, 4.12
mmol) and chloroacetyl chloride (0.47 g, 3.09 mmuwiyler ice bath, the remaining
mixture was reacted at room temperature for 0.Bchthen refluxed for 2 h. After the
reaction was completed, it was quenched with iceemva&xtracted three times with
chloroform, and the organic phases were combin&é. drganic phase was washed
successively with deionized water and saturatedebiThe organic phase was dried
over anhydrous sodium sulfate and concentratedruredieiced pressure to obtain a
dark brown oil. The crude product was purified Bica gel column chromatography
using petroleum ether/ethyl acetate (2:1) as elteegive a pure product, compouéd
(white solid, 85.1% vyield).

4.2.2. 22- (2-(2- azido acetamido) phenyl) thioacety-I-yl-22-deoxypleuromutilin
9)

CompoundB (1 g, 1.78 mmol) was dissolved in acetone (20 r.)vhich a solution
of sodium azide (0.58 g, 8.90 mmol) in deionizedevd5 mL) was added. The
reaction was mixed in a round bottom flask anduseftl for 4 hours. After completion
of the reaction, the reaction solution was pourdgd a separating funnel, extracted
with chloroform, and washed twice with a saturaagdeous sodium chloride solution.
The organic phase was dried over anhydrous sodulfates and concentrated on a
rotary evaporator to give the crude product. Thalerproduct was purified by silica
gel column chromatography using petroleum etheyfedloetate (4:1) as eluent to

obtain compoun® (white solid, 73.5% yield).
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4.2.3. Synthesis of secondary amine analogs containing propynyl and piperazine
derivatives (18~25, 53~71)

Secondary amine derivatives (13.67 mmol) was diesbin ethyl acetate (30 ml),
potassium carbonate (3.78 g, 27.34 mmol) was adaetithen 3-bromopropyne (1.63
g, 13.67 mmol) was slowly added dropwise to thetrea system. The reaction was
performed at room temperature overnighltfter the reaction was completed,
deionized water was added. Then the reaction solutias stirred for 0.5 h and
poured into a separating funnel, extracted twict whloroform. The organic phase
was washed with saturated aqueous sodium chloatlgian, then dried (N&SO,)
and concentrated under reduced pressure to obtairda product. The crude product
was purified by column chromatography to obtain poond 18~25, 53~71,
respectively.

4.2.4. 22-(2-(2-(4-((diethylamino)methyl)-1H-1,2,3-triazol-1-yl)acetamido)phenyl)
thioacety-1-yl-22-deoxy pleuromutilin (26)

Compound® (1 g, 1.70 mmol) and compoud8 (0.19 g, 1.70 mmol) were added in a
mixture solution oft-butanol (10 mL) and of water (10 mL), and coppelfase
pentahydrate (0.0033 g, 0.068 mmol) and sodiumrbat® ( 0.0013 g, 0.068 mmol),
and the reaction was stirred at room temperature3ftr. After the reaction was
completed, the reaction solution was poured ingearating funnel, 40 ml of ethyl
acetate was added for extraction, and the orgdrasgs were combined. The organic
phase was washed twice with a saturated aqueousgnsarthloride solution, dried

over anhydrous sodium sulfate, and concentrate@ruretiuced pressure to give the



351  crude product. The crude product was purified tigasigel column chromatography
352 using petroleum dichloromethane/methanol (10: 1klagnt to obtain the product
353  compounda26.

354 White powder; yield: 61%'H NMR (400 MHz, Chlorofornd) & 9.54 (1 H, s),
355 8.37 (L H,s), 8.25 (1 H, d, = 8.3Hz), 7.56 (1 H, dJ = 7.8Hz), 7.36 (1 H, d] =
356  7.8Hz), 7.07 (1 H, t) = 7.6Hz), 6.44 (1 H, ddl = 17.4, 10.9Hz, H19), 5.69 (1 H, d,
357 =8.5Hz, H14), 5.43 (2 H, s, H20), 5.16 (1 HJ& 17.4Hz, H20), 4.23 (2 H, s), 3.53 —
358 3.31 (3 H, m, H11,H22), 2.98 (5 H, s, H2), 2.24H3ddt,J = 37.1, 19.5, 8.6Hz,
359 H4,H10,H13), 2.09 — 1.94 (2 H, m, H6,11-OH), 1.18H, d,J =14.7Hz, H8), 1.69 —
360 1.53 (3H, m, H1,H7), 1.52 — 1.41 (2 H, m, H13R8L(3 H, s, H15), 1.36 (9 H, s, H8),
361 1.12 (3 H, s, H18), 0.90 (3 H, d= 6.9Hz, H17), 0.53 (3 H, d, = 7.0Hz, H16)*°C
362 NMR (101 MHz, Chloroformd) § 216.85 (C3), 169.70 (C21), 162.81, 139.20 (C19),
363 138.85, 136.45, 130.88, 130.19, 125.18, 122.49,0821117.25 (C20), 99.98, 74.55
364 (C11), 70.78 (C14), 66.04, 57.98 (C4), 53.43, 53B82), 46.18, 45.39 (C9), 44.58
365 (C13), 44.04 (C12), 41.75 (C15), 40.14, 36.53 (36)98 (C10), 34.41 (C2), 30.29
366 (C8), 28.27, 26.84 (C7), 26.39 (C18), 24.79 (CH.52 (C16), 14.76 (C15), 11.60
367 (C17), 9.56. HR-MS (ESI): Calcd for 3@s5/Ns0sS (M+H"): 680.3846; Found:
368  680.3839.

369  4.2.5. 22-(2-(2-(4-((mor pholinomethy)methyl)-1H-1,2,3-triazol-1-yl)acetamido)

370  phenyl)thioacety-I-yl-22-deoxy pleuromutilin (27)

371 White powder; yield: 62%'H NMR (400 MHz, Chlorofornd) & 9.42 (1 H, s),

372 8.28(1H,dJ=8.3),7.78 (L H, s), 7.54 (1 H, di= 7.7Hz), 7.35 (1 H, t = 7.9Hz),
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7.06 (1 H, tJ = 7.6Hz), 6.42 (1 H, ddJ = 17.4, 11.0Hz, H19), 5.67 (1L H, d,=
8.5Hz, H14), 5.35 (2 H, d, = 3.6Hz, H20), 5.30 (1 H, § = 5.6Hz), 5.15 (1L H, d] =
17.4Hz, H20), 3.72 (5 H, s), 3.40 (2 H, )= 16.1Hz, H22), 3.34 — 3.29 (1 H, m,
H11), 2.55 (4 H, tJ = 4.6Hz), 2.37 — 2.09 (4 H, m, H2,H4,H10,H13), 2-02.04 (1
H, m, 11-OH), 1.98 (1 H, dd] = 16.1, 8.6Hz), 1.91 (1 H, s), 1.81 — 1.72 (1 H, m),
1.63 (2 H, dJ = 9.7Hz, H6,H8), 1.55 — 1.40 (4 H, m, H1,H7,H1387L(3 H, s, H15),
1.35 — 1.29 (1 H, m, H8), 1.11 (3 H, #i= 4.2Hz, H18), 0.89 (3 H, dl = 6.9Hz,
H17), 0.52 (3 H, dJ = 7.0Hz, H16).X*C NMR (101 MHz, Chlorofornd) & 216.82
(C3), 169.34 (C3), 163.20, 144.78, 139.10 (C198.8G, 136.41, 130.82, 125.17,
124.46, 122.39, 120.96, 117.25 (C20), 77.36, 7432), 70.59 (C14), 66.86, 57.97
(C4), 53.61, 53.41, 53.36 (C22), 45.38 (C9), 44623), 43.99 (C12), 41.72 (C5),
39.80, 36.53 (C6), 35.96 (C10), 34.40 (C2), 30.28)( 26.82 (C7), 26.51, 26.33
(C18), 24.78 (C1), 16.53 (C16), 14.76 (C15), 11(6%7). HR-MS (ESI): Calcd for
Ca7Hs52N506S (M+H): 694.3638; Found: 694.3658.

4.2.6.
22-(2-(2-(4-((4-(2-hydroxyethyl)piperidin-1-yl)methyl)-1H-1,2,3-triazol-1-yl)aceta
mido)phenyl)thioacety-1-yl-22-deoxy pleuromutilin (28)

White powder; yield: 57%'H NMR (400 MHz, Chlorofornd) & 9.40 (1 H, s),
8.28 (1 H, dJ= 8.3Hz), 7.81 (1L H, s), 7.54 (1L H, s), 7.35 (1 H * 7.9Hz), 7.05 (1
H,t,J= 7.6Hz), 6.42 (1 H, dd] = 17.4, 10.9Hz, H19), 5.67 (1 H, 3= 8.5Hz, H14),
5.34 (1 H, dJ = 2.3Hz, H20), 5.28 (1 H, s), 5.15 (1 H,d& 17.3Hz, H20), 3.73 (2

H, s), 3.67 (2 H, tJ = 6.5Hz), 3.40 (2 H, tJ = 15.0Hz, H22), 3.36 — 3.29 (1 H, m,
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H11), 2.97 (2 H, dJ = 11.3Hz, H4,H10), 2.23 (4 H, ddd,= 27.7, 13.1, 7.4Hz,
H2,H13), 2.11 (2 H, dJ = 11.5Hz), 2.05 (1 H, d] = 3.7Hz, 11-OH), 1.98 (2 H, dd,

= 16.1, 8.6Hz), 1.73 (4 H, dd,= 25.6, 14.3Hz, H6,H8), 1.60 (3 H, dd~= 20.2,
9.7Hz, H1,H7,H13), 1.51 (3 H, dd~= 13.1, 6.7Hz H1,H7,H13), 1.46 — 1.41 (2 H, m),
1.37 (3 H, s, H15), 1.35 — 1.24 (4 H, m, H8,H18),11(3 H, s, H18), 0.89 (3 H, d=
6.9Hz, H17), 0.52 (3 H, d] = 7.0Hz, H16).X*C NMR (101 MHz, Chlorofornd) &
216.91 (C3), 169.26 (C21), 163.27, 145.12, 139099}, 138.85, 136.41, 130.80,
125.12, 124.61, 122.36, 120.93, 117.26 (C20), 99.9%3 (C11), 70.51 (C14), 60.40,
57.99 (C4), 53.59, 53.50, 53.43 (C22), 45.38 (@@)59 (C13), 43.98 (C12), 41.72
(C5), 39.68, 39.26, 36.55 (C6), 35.96 (C10), 34@2), 32.08, 32.03, 30.30 (C8),
26.81 (C7), 26.32 (C18), 24.78 (C1), 16.55 (C1@)78 (C15), 14.19, 11.56 (C17).
HR-MS (ESI): Calcd for GgHseNsO6S (M+H'): 736.4108; Found: 736.4126.

4.2.7.
22-(2-(2-(4-((3-(hydroxymethyl)piperidin-1-yl)methyl)-1H-1,2,3-triazol-1-yl)aceta
mido)phenyl)thioacety-1-yl-22-deoxy pleuromutilin (29)

White powder; yield: 62%'H NMR (400 MHz, Chlorofornd) & 9.38 (1 H, s),
8.26 (1 H, dJ = 8.3Hz), 7.80 (1 H, sHz), 7.52 (1 H, 8= 7.8Hz), 7.33 (1L H, tJ =
7.9Hz), 7.04 (1 H, t) = 7.6Hz), 6.41 (1 H, dd] = 17.4, 11.0Hz, H19), 5.66 (1 H, &,
= 8.5Hz, H14), 5.34 (2 H, s, H20), 5.28 (2 H,J= 11.6Hz), 5.13 (1 H, dJ =
17.3Hz, H20), 3.72 (2 H, s), 3.57 (1 HJk 10.2Hz), 3.52 — 3.44 (2 H, m, H22,H11),
3.39 (2 H, dJ= 12.8Hz), 3.34 — 3.29 (1 H, m), 2.92 (1 HJ& 11.0Hz), 2.83 — 2.72

(1 H, m), 2.23 (5 H, ddd] = 25.7, 15.5, 8.3Hz, H2,H4,H10,H13), 2.05 (2 H,1s}7
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(1 H,dd,J= 16.1, 8.6Hz, 11-OH), 1.75 (3 H, d~= 14.7Hz, H6,H8), 1.66 — 1.57 (4
H, m, H1,H7,H13), 1.45 (3 H, d = 6.3Hz), 1.36 (3 H, s, H15), 1.27 (2 H, Xz
13.0Hz, H8), 1.10 (3 H, s, H18), 0.88 (3 H,Jd= 6.9Hz, H17), 0.52 (3 H, d] =
7.0Hz, H16).2*C NMR (101 MHz, Chlorofornd) & 216.89 (C3), 169.24 (C21),
163.33, 145.05, 139.06 (C19), 138.91, 136.29, ¥30.25.11, 124.62, 122.44, 120.97,
117.19 (C20), 74.54 (C11), 70.56 (C14), 66.51, B8@4), 56.89, 54.08, 53.70, 53.42
(C22), 45.39 (C9), 44.60 (C13), 43.99 (C12), 41(E3), 39.64, 38.12, 36.55 (C6),
35.97 (C2), 34.41, 30.31 (C8), 27.11, 26.81 (CB)32 (C18), 24.78 (C1), 24.54,
16.53 (C16), 14.77 (C15), 11.53 (C17). HR-MS (ESTalcd for GoHseNsOsS
(M+H™"): 722.3951; Found: 722.3890.

4.2.8. 22-(2-(2-(4-((4-hydroxypiperidin-1-yl))methyl)-1H-1,2,3-triazol-1-yl)acet
amido)phenyl)thioacety-I-yl-22-deoxy pleuromutilin (30)

White powder; yield: 42%'H NMR (400 MHz, Chlorofornd) & 9.41 (1 H, s),
8.26 (1 H, dJ = 8.4Hz), 7.80 (1 H, s), 7.52 (1 H, 3= 7.8Hz), 7.34 (L H, tJ =
7.9Hz), 7.05 (1 H, t) = 7.6Hz), 6.40 (1 H, dd] = 17.5, 10.9Hz, H19), 5.65 (1 H, &,
= 8.5Hz, H14), 5.34 (2 H, s, H20), 5.28 (1 H,J= 10.5Hz), 5.13 (1 H, dJ =
17.3Hz, H20), 3.71 (3 H, d,= 12.3Hz), 3.41 (2 H, ] = 14.6Hz, H22), 3.30 (1 H, d,
J = 6.4Hz, H11), 2.84 (2 H, dl = 12.1Hz), 2.31 — 2.22 (4 H, m, H2,H13), 2.21 —
2.15 (2 H, m, H4,H10), 2.04 (1 H, s, 11-OH), 1.9M, dd,J = 16.0, 8.5Hz), 1.91 —
1.85 (2 H, m), 1.75 (1 H, d, = 14.5Hz), 1.64 — 1.55 (5 H, m, H1,H7,H13), 1.51 —
1.39 (3 H, m), 1.36 (3 H, s, H15), 1.33 — 1.24 (InH H8), 1.10 (3 H, s, H18), 0.88

(3 H, d,J = 6.9Hz, H17), 0.51 (3 H, dJ = 7.0Hz, H16)C NMR (101 MHz,
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Chloroformd) & 216.94 (C3), 169.29 (C21), 163.29, 145.06, 13¢@19), 138.88,
137.71, 136.34, 130.76, 125.16, 124.62, 122.45,992A17.21 (C20), 111.33, 74.52
(C11), 70.56 (C14), 67.45, 57.99 (C4), 53.40, 530B2), 50.78, 45.38 (C9), 44.58
(C13), 43.98 (C12), 41.72 (C5), 39.70, 36.54 (G596 (C10), 34.41 (C2), 34.21,
30.29 (C8), 26.81 (C7), 26.37 (C18), 24.78 (C1)536(C16), 14.77 (C15), 11.56
(C17). HR-MS (ESI): Calcd for £gH54N506S (M+H"): 708.3795; Found: 708.3699.
4.2.9.

22-(2-(2-(4-(pyrrolidin-1-yl-methyl)-1H-1,2,3-triazol-1-yl)acetamido)phenyl)
thioacety-1-yl-22-deoxy pleuromutilin (31)

White powder; yield: 40%'H NMR (400 MHz, Chlorofornd) & 9.39 (1 H, s),
8.29 (1 H, ddJ = 8.3, 1.3Hz), 7.81 (1 H, s), 7.54 (1 H, d&s 7.8, 1.6Hz), 7.35 (1 H,
td, J = 7.9, 1.6Hz), 7.06 (1 H, td) = 7.6, 1.4Hz), 6.43 (1 H, dd) = 17.4,
11.0Hz,H19), 5.67 (1 H, d,= 8.5 Hz, H14), 5.41 — 5.27 (3 H, m, H20), 5.15 (1dH,
J=17.5, 1.5Hz, H20), 3.86 (2 H, s), 3.46 — 3.28 (31H H11, H22), 2.63 (4 H, d,
= 6.0Hz), 2.35 - 2.10 (3 H, m, H4,H10), 2.02 — 1(864, m, 11-OH,H2,H13), 1.80
(4 H, h,J = 3.3Hz, H6,H8,H13), 1.70 — 1.57 (2 H, m, H1), 1-52.43 (2 H, m, H7),
1.38 (3 H, s, H15), 1.36 — 1.28 (1 H, m, H8), 1(32H, s, H18), 0.89 (3 H, d] =
6.9Hz, H17), 0.53 (3 H, d] = 7.0Hz, H16).X*C NMR (101 MHz, Chlorofornd) &
216.89 (C3), 169.24 (C21), 163.27, 145.85, 139@B9), 139.08, 138.85, 136.38,
130.77, 125.09, 124.33, 122.40, 122.40, 120.93,211{C20), 74.52 (C14), 70.49,
57.99, 53.94, 53.44 (C22), 50.49, 45.38 (C9), 44GHB), 43.98 (C12), 41.72 (C5),

39.65, 36.55 (C6), 35.96 (C10), 34.41 (C2), 30/38), 26.81 (C7), 26.33 (C18),
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24.78 (C1), 23.49, 16.53 (C16), 14.77 (C15), 1X657). HR-MS (ESI): Calcd for
Cz7Hs52N505S (M+HY): 679.3689; Found: 679.3705.

4.2.10.
22-(2-(2-(4-((dimethylamino)methyl)-1H-1,2,3-triazol-1-yl)acetamido)phenyl)thio
acety-l-yl-22-deoxy pleuromutilin (32)

White powder; vyield: 57%'H NMR (400 MHz, Chlorofornd) & 9.36 (1 H, s),
8.26 (1 H, dJ=8.2 Hz), 7.76 (1 H, s), 7.51 (1 H, dt&7.7, 1.6 Hz), 7.32 (1 H, td=
7.9, 1.5 Hz), 7.06 — 7.00 (1 H, m), 6.39 (1 H, #i¢17.4, 11.0 Hz, H19), 5.64 (1L H, d,
J =8.5 Hz, H14), 5.37 — 5.24 (4 H, m, H20), 5.12H1dd,J =17.4, 1.6 Hz, H20),
3.64 (2 H, s), 3.39 (1 H, d,=16.2 Hz, H11), 3.35 — 3.29 (2 H, m, H22), 2.284(6s,
H2,H4,H10,H13), 2.27 — 2.10 (3 H, m), 2.06 — 2.024( m, 11-OH), 1.95 (1 H, dd,
=16.0, 8.6 Hz, H6), 1.74 (1 H, dd,=14.6, 3.2 Hz, H8), 1.65 — 1.54 (2 H, m, H1),
1.50 — 1.38 (2 H, m, H7,H13), 1.35 (3 H, s, H15301(1 H, dtJ =11.0, 4.0 Hz, H8),
1.09 (3 H, s, H18), 1.08 — 1.04 (1 H, m), 0.87 (3 =6.9 Hz, H17), 0.50 (3 H, d,
=7.1Hz, H16)3C NMR (101 MHz, Chlorofornd) § 216.78 (C3), 169.12 (C21),
163.28, 145.78, 139.07 (C21), 138.96, 136.31, 113A.25.07, 124.29, 122.43, 120.91,
117.11 (C20), 77.30, 77.09, 76.88, 74.49 (C11%Z(C14), 57.99 (C4), 54.27, 53.44
(C22), 45.38 (C9), 45.13, 44.62 (C13), 44.00 (C¥A),73 (C5), 39.59, 36.55 (C6),
35.99 (C10), 34.39 (C2), 30.30 (C8), 26.81 (C7),426(C18), 24.78 (C1), 16.50
(C16), 14.76 (C15), 11.51 (C17). HR-MS (ESI): Cafod CasHsoNsOsS (M+H'):

652.3533; Found: 652.3542.
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4.2.11.
22-(2-(2-(4-(piperidin-1-yl-methyl)-1H-1,2,3-triazol-1-yl)acetamido)phenyl)thioac
ety-l-yl-22-deoxy pleuromutilin (33)

White powder; yield: 47%'H NMR (400 MHz, Chlorofornd) & 9.35 (1 H, s),
8.28 (1 H, dJ = 8.4Hz), 7.78 (L H, s), 7.53 (L H, d= 7.8Hz), 7.34 (L H, tJ =
7.8Hz), 7.04 (1 H, t) = 7.6Hz), 6.41 (1 H, dd] = 17.4, 11.0Hz, H19), 5.66 (1 H, &,
= 8.5Hz, H14), 5.33 (2 H, d,= 2.4Hz, H20), 5.14 (1 H, d,= 17.4Hz, H20), 3.69 (2
H, s), 3.45 - 3.27 (3 H, m, H22,H11), 2.52 — 2 84( m, H4,H10), 2.24 (4 H, ddd,
= 28.1, 10.6, 5.3Hz, H2,H13), 2.07 — 1.92 (2 H, ®+AH,H6), 1.80 — 1.71 (1 H, m),
1.61-1.56 (6 H, m, H1,H7,H13), 1.45 (4 H, dde;, 19.1, 8.6, 4.7Hz), 1.38 — 1.23 (4
H, m, ,H8,H15), 1.11 (4 H, s, H8,H18), 0.88 (3 HJ& 6.9Hz, H17), 0.52 (3 H, d,
= 7.0Hz, H16)C NMR (101 MHz, Chlorofornd) & 216.84 (C3), 169.15 (C21),
163.31, 145.43, 139.07 (C19), 138.88, 136.38, ¥3(.25.08, 124.47, 122.37, 120.90,
117.21 (C20), 74.52 (C11), 70.47 (C14), 57.99 (64)27, 53.93, 53.44, 51.63 (C22),
45.38 (C9), 44.60 (C13), 43.98 (C12), 41.72 (C%).59, 36.55 (C6), 35.96 (C10),
34.40 (C2), 30.31 (C8), 26.81 (C7), 26.33 (C18),89525.81, 24.78 (C1), 24.07,
16.53 (C16), 14.77 (C15), 11.53 (C17). HR-MS (ESTalcd for GgHsiNsOsS
(M+H™"): 692.3846; Found: 692.3719.

4.2.12.
22-(2-(2-(4-(4-methylpiper azin-1-yl)methyl)-1H-1,2,3-triazol-1-yl)acetamido)phe

nyl)thioacety-I-yl-22-deoxy pleuromutilin (72)
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White powder; yield: 51%'H NMR (400 MHz, Chlorofornd) & 9.39 (1 H, s),
8.27 (1 H, dJ = 8.3Hz), 7.77 (L H, s), 7.53 (L H, d= 7.7Hz), 7.34 (L H, tJ =
7.9Hz), 7.05 (1 H, t) = 7.6Hz), 6.41 (1 H, dd] = 17.4, 11.0Hz, H19), 5.66 (1 H, &,
= 8.5Hz, H14), 5.40 — 5.26 (3 H, m, H20), 5.15 (1dH] = 17.4Hz, H20), 3.74 (2 H,
s), 3.38 (3 H, dt) = 24.2, 12.1Hz, H11,H22), 2.60 (5 H, s), 2.48 (46H,2.29 (6 H, s,
H2,H4,H10,H13), 2.26 — 2.10 (2 H, m,H8), 2.07 -21(2 H, m, 11-OH,H6), 1.69 —
1.51 (3H, m, H1,H7), 1.48 — 1.41 (1 H, m, H1387L(3 H, s, H15), 1.34 — 1.23 (1 H,
m,H8), 1.11 (3 H, s, H18), 0.89 (3 H, = 7.0Hz, H17), 0.52 (3 H, dl = 7.0Hz,
H16).3C NMR (101 MHz, Chlorofornd) § 216.79 (C3), 169.24 (C21), 163.24,
144.96, 139.09 (C19), 138.89, 136.35, 130.75, 133.24.45, 122.42, 120.97, 117.22
(C20), 74.52 (C11), 70.55 (C14), 66.21, 57.98 (54)89, 53.41, 53.10, 52.69, 45.86,
45.38 (C9), 44.62 (C19), 43.99 (C12), 41.73, 3936.54 (C6), 35.97 (C10), 34.39
(C2), 30.30 (C8), 26.82 (C7), 26.35 (C18), 24.78)(C16.52 (C16), 14.77 (C15),
14.74, 11.53 (C17). HR-MS (ESI): Calcd foggBssNsOsS (M+HY): 707.3955; Found:
707.3823.

4.2.13.
22-(2-(2-(4-((4-phenylpiper azin-1-yl)methyl)-1H-1,2,3-triazol-1-yl)acetamido)phe
nyl)thioacety-I-yl-22-deoxy pleuromutilin (73)

White powder; yield: 53%'H NMR (400 MHz, Chlorofornd) & 9.41 (1 H, s),
8.29 (1 H, dJ = 8.3Hz), 7.82 (1 H, s), 7.54 (1 H, 3= 7.8Hz), 7.36 (1L H, tJ =
7.9Hz), 7.25 (1 H, dJ = 7.6Hz), 7.08 (1 H, qJ = 8.3, 7.6Hz), 6.92 (2 H, d] =

8.2Hz), 6.85 (1 H, t) = 7.3Hz), 6.43 (1L H, dd] = 17.4, 11.0Hz, H19), 5.67 (1 H, &,
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= 8.5Hz, H14), 5.37 — 5.32 (2 H, m, H20), 5.16 (1dH] = 17.4Hz, H20), 3.82 (2 H,
s), 3.49 — 3.32 (3 H, m, H11,H22), 3.22 (4 HJg 6.4, 4.8Hz), 2.73 (5 H, t] =
4.9Hz, H2,H13), 2.24 (3 H, dg,= 27.8, 9.3, 8.0Hz, H4,H10), 2.08 — 1.93 (2 H, m,
11-OH), 1.77 (1 H, dd] = 14.5, 3.4Hz, H6), 1.63 (2 H, td~= 12.3, 11.1, 7.1Hz, H8),
1.53-1.41 (4 H, m, H1,H7,H13), 1.38 (3 H, s, H1B32 (1 H, ddJ = 14.1, 3.6Hz,
H8), 1.12 (3 H, s, H18), 0.90 (3 H, 3= 7.0Hz, H17), 0.52 (3 H, d,= 7.0Hz, H16).
%C NMR (101 MHz, Chlorofornd) § 216.75 (C3), 169.27 (C21), 163.23, 151.21,
144.89, 144.83, 139.12 (C19), 138.89, 136.37, B33.30.79, 129.08, 126.03, 125.15,
124.54, 122.41, 120.97, 119.74, 117.23 (C20), 1 674.54 (C11), 70.59 (C14),
57.98 (C4), 53.45, 53.23, 52.90 (C22), 49.06, 4%5G9), 44.62, 44.01 (C12), 41.74
(C5), 39.75, 36.54 (C6), 35.98 (C10), 34.40 (CD,43, 30.31 (C8), 26.83 (C7),
26.35 (C18), 24.79 (C1), 16.53 (C16), 14.77 (C18),54 (C17). HR-MS (ESI):
Calcd for G3Hs:NeOsS (M+H"): 769.4111; Found: 769.4102.

4.2.14.
22-(2-(2-(4-((4-(o-tolyl)piperazin-1-yl)methyl)-1H-1,2,3-triazol-1-yl)acetamido)ph
enyl)thioacety-I-yl-22-deoxy pleuromutilin (74)

White powder; yield: 57%'H NMR (400 MHz, Chlorofornd) & 9.42 (1 H, s),
8.30 (1 H, dJ = 8.3Hz), 7.85 (1 H, s), 7.55 (1 H, 3= 7.8Hz), 7.36 (1L H, tJ =
7.9Hz), 7.16 (2 H, t) = 8.2Hz), 7.02 (3 H, ddf] = 21.5, 14.8, 7.5Hz), 6.43 (1 H, dd,
J=17.4, 10.9Hz, H19), 5.68 (1 H, d,= 8.5Hz, H14), 5.42 — 5.31 (3 H, m, H20),
5.16 (1 H, dJ = 17.4Hz, H20), 3.84 (2 H, s), 3.51 — 3.29 (3 H,H11,H22), 2.97 (4

H, t,J = 4.8Hz), 2.75 (4 H, s), 2.30 (4 H, s, H2, H13),8:22.13 (2 H, m, H4,H10),
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2.06 —1.95 (2 H, m, 11-OH), 1.82 — 1.72 (1 H, i) H..68 — 1.56 (2 H, m, H1), 1.55
—1.41 (2 H, m, H13), 1.38 (3 H, s, H15), 1.36 241(1 H, m, H8), 1.12 (4 H, s, H18),
0.90 (3 H, dJ = 6.9Hz, H17), 0.53 (3 H, dl = 7.0Hz, H16)**C NMR (101 MHz,
Chloroformd) & 216.77 (C3), 169.28 (C21), 163.22, 151.35, 1451813 (C19),
138.79, 136.40, 132.59, 131.03, 130.80, 126.53,1825124.58, 123.16, 122.41,
120.96, 120.90, 119.02, 117.13 (C20), 116.16, 1M 0/M4.55 (C11), 70.58 (C14),
57.99 (C4), 53.53, 53.32 (C22), 51.52, 45.39 (@@)1 (C13), 44.01 (C12), 41.74
(C5), 39.76, 36.55 (C6), 35.98 (C10), 34.40 (CP)32 (C8), 26.83 (C7), 26.34 (C18),
24.80 (C1), 17.86, 16.53 (C16), 14.78 (C15), 1X647). HR-MS (ESI): Calcd for
CasHsoNeOsS (M+H"): 783.4268; Found: 783.4269.

4.2.15.
22-(2-(2-(4-((4-(m-tolyl)piperazin-1-yl)methyl)-1H-1,2,3-triazol-1-yl )acetamido)p
henyl)thioacety-I-yl-22-deoxy pleuromutilin (75)

White powder; vyield: 59%'H NMR (400 MHz, Chlorofornd) & 9.41 (1 H, s),
8.30 (1 H, dJ = 8.3Hz), 7.83 (1 H, d] = 2.4Hz), 7.55 (1 H, d] = 7.8Hz), 7.36 (1 H,
t,J= 7.9Hz), 7.11 (2 H, dty = 31.9, 7.6Hz), 6.77 — 6.65 (3 H, m), 6.43 (1 H, did,
17.5, 10.9Hz, H19), 5.67 (1 H, d= 8.5Hz, H14), 5.39 — 5.32 (2 H, m, H20), 5.16 (1
H, d,J= 17.4Hz, H20), 3.82 (2 H, d,= 2.4Hz), 3.49 — 3.29 (3 H, m, H11,H22), 3.21
(4 H, t,J= 4.7HzZ), 2.72 (4 H, t) = 4.8Hz), 2.32 (4 H, s, H2,H13), 2.22 (2 H, 3t
16.8, 10.1Hz, H4,H10), 2.08 — 1.95 (2 H, m, 11-OHY,7 (1 H, dJ = 14.5Hz, H6),
1.62 (2 H, t,J = 11.0Hz, H8,H13), 1.54 — 1.40 (4 H, m, H1,H7), 1(@8H, s,

H8,H15), 1.12 (4 H, d] = 4.9Hz, H18), 0.90 (3 H, d,= 6.9Hz, H17), 0.52 (3 H, d,
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= 7.0Hz, H16)¥C NMR (101 MHz, Chlorofornd) & 216.78 (C3), 169.29 (C21),
163.22, 151.27, 144.89, 139.13 (C19), 138.87, B3&.36.59, 136.40, 130.80, 128.92,
125.15, 124.56, 122.39, 120.96, 120.68, 117.26 J,CPI6.96, 113.24, 74.54 (C11),
70.57 (C14), 57.98 (C4), 53.46, 53.23, 52.94 (C29)14, 45.38 (C9), 44.61 (C13),
44.00 (C12), 41.73 (C5), 39.76, 36.54 (C6), 35.610), 34.41 (C2), 30.30 (C8),
26.83 (C7), 26.33 (C18), 24.79 (C1), 21.76, 16646), 14.77 (C15), 13.28, 11.55
(C17). HR-MS (ESI): Calcd for gHsoNeOsS (M+H"): 783.4268; Found: 783.4270.
4.2.16.
22-(2-(2-(4-((4-(p-tolyl)piperazin-1-yl)methyl)-1H-1,2,3-triazol-1-yl)acetamido)ph
enyl)thioacety-I-yl-22-deoxy pleuromutilin (76)

White powder; yield: 59%'H NMR (400 MHz, Chlorofornd) & 9.42 (1 H, s),
8.29 (1 H, dJ = 8.3Hz), 7.83 (1L H, s), 7.58 — 7.51 (1 H, m), 7(B6, t,J = 8.2Hz),
7.06 (3 H, ddJ = 7.9, 5.4Hz), 6.84 (2 H, dl = 8.2Hz), 6.43 (1 H, dd] = 17.4,
11.0Hz, H19), 5.67 (1 H, d,= 8.5Hz, H14), 5.40 — 5.32 (2 H, m, H20), 5.16 (1dH,
J = 17.4Hz, H20), 3.82 (2 H, s), 3.43 (2 HJtz 15.6Hz, H11,H22), 3.33 (1 H, s),
3.17 (4 H, tJ = 5.0Hz), 2.73 (4 H, t) = 5.0Hz), 2.27 (5 H, s, H2,H4,H13), 2.25 —
2.15 (1 H, m, H10), 2.08 — 1.93 (2 H, m, 11-OHP3L- 1.83 (2 H, m, H8), 1.82 —
1.72 (1 H, m, H6), 1.63 (2 H, td,= 12.1, 10.7, 6.2Hz, H1), 1.54 — 1.40 (3 H, m,
H7,H13), 1.38 (3 H, s, H15), 1.11 (4 H, 3= 4.9Hz, H8,H18), 0.90 (3 H, d, =
6.9Hz, H17), 0.52 (3 H, d] = 7.0Hz, H16)*C NMR (101 MHz, Chlorofornd) &
216.82 (C3), 169.32 (C21), 163.22, 149.11, 144189.11 (C19), 138.81, 136.38,

130.80, 129.61, 129.31, 125.17, 124.59, 123.75,412420.98, 117.21 (C20), 116.47,
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74.54 (C11), 72.96, 70.57 (C14), 64.45, 57.98 (68)46, 53.21, 52.93 (C22), 49.62,
45.38 (C9), 44.60 (C13), 44.00 (C12), 41.73 (C%).73, 36.54 (C6), 35.97 (C10),
34.41 (C2), 30.30 (C8), 26.82 (C7), 26.32 (C18),794(C1), 20.41, 16.54 (C16),
14.77 (C15), 11.55 (C17). HR-MS (ESI): Calcd fout@soNeOsS (M+H): 783.4168;
Found: 783.4111.

4.2.17.
22-(2-(2-(4-((4-(2-fluor ophenyl)piper azin-1-yl)methyl)-1H-1,2,3-triazol-1-yl)aceta
mido)phenyl)thioacety-1-yl-22-deoxy pleuromutilin (77)

White powder; yield: 60%'H NMR (400 MHz, Chlorofornd) & 9.43 (1 H, s),
8.29 (1 H, dJ = 8.3Hz), 7.83 (1 H, s), 7.55 (1 H, 3= 7.9Hz), 7.36 (1L H, tJ =
7.9Hz), 7.11 — 6.88 (5 H, m), 6.43 (1 H, d&k 17.4, 11.0Hz, H19), 5.67 (1 H, 3=
8.5Hz, H14), 5.36 (2 H, &= 3.3Hz, H20), 5.16 (1 H, d,= 17.4Hz, H20), 3.83 (2 H,
s), 3.50 — 3.28 (3 H, m, H11,H22), 3.13 (4 H] & 4.8Hz), 2.76 (4 H, t) = 4.8Hz,
H10,H13), 2.35 — 2.10 (3 H, m,H2,H4), 2.08 — 1.88H m, 11-OH), 1.85 — 1.72 (2
H, m, H6,H8), 1.62 (2 H, ddd), = 15.9, 11.8, 7.2Hz, H1), 1.54 — 1.40 (3 H, m, H7,
H13), 1.38 (4 H, s, H8,H15), 1.11 (4 H,X= 5.1Hz, H18), 0.90 (3 H, dl = 6.9Hz,
H17), 0.52 (3 H, dJ = 7.0Hz, H16)**C NMR (101 MHz, Chlorofornd) 5 216.72
(C3), 169.26 (C21), 163.21, 156.93, 154.49, 144180.06, 139.98, 139.12 (C19),
138.87, 136.37, 130.77, 125.14, 124.50, 124.43,4024122.47, 122.43, 122.39,
120.97, 118.99, 118.96, 117.21 (C20), 116.18, 1 5A.55 (C11), 70.58 (C14),
57.99 (C4), 53.47, 53.21, 52.94 (C22), 50.41, 5048838 (C9), 44.62 (C13), 44.01

(C12), 41.74 (C5), 39.75, 36.54 (C6), 35.98 (CB@)39 (C2), 30.31 (C8), 26.83 (C7),
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26.32 (C18), 24.79 (C1), 16.51 (C16), 14.77 (C1%)51 (C17). HR-MS (ESI): Calcd
for C4aHseFNsOsS (M+H'): 788.4017; Found: 788.4091.

4.2.18.
22-(2-(2-(4-((4-(3-fluor ophenyl)piper azin-1-yl)methyl)-1H-1,2,3-triazol-1-yl)aceta
mido)phenyl)thioacety-1-yl-22-deoxy pleuromutilin (78)

White powder; yield: 71%'H NMR (400 MHz, Chlorofornd) & 9.43 (1 H, s),
8.28 (1 H, dJ = 8.3Hz), 7.83 (1 H, s), 7.54 (1 H, 3= 7.8Hz), 7.35 (L H, tJ =
7.8Hz), 7.06 (1 H, t) = 7.6Hz), 6.95 (2 H, tJ = 8.7Hz), 6.86 (2 H, ddJ = 9.1,
4.6Hz), 6.43 (1 H, dd] = 17.4, 10.9Hz, H19), 5.67 (1 H, 8= 8.5Hz, H14), 5.43 —
5.28 (4 H, m, H20), 5.15 (1 H, d= 17.4Hz, H20), 3.82 (2 H, s), 3.49 — 3.28 (3 H, m,
H11,H22), 3.13 (4 H, dJ = 5.2Hz), 2.73 (4 H, dJ = 5.0Hz), 2.30 — 2.16 (2 H, m,
H2), 2.13 — 1.94 (2 H, m, H10), 1.81 — 1.71 (1 H,I+OH), 1.62 (2 H, td] = 12.1,
10.6, 6.3Hz, H4,H13), 1.54 — 1.39 (3 H, m, H1,HZR7 (4 H, s, H8,H18), 1.11 (4 H,
d, J = 4.4Hz, H18), 0.89 (3 H, d| = 6.9Hz,H17), 0.51 (3 H, dl = 7.0Hz, H16)*C
NMR (101 MHz, Chlorofornmd) 6 216.82 (C3), 169.35 (C21), 165.01, 163.19, 162.59,
152.87, 152.78, 144.77, 139.12 (C19), 138.85, 136.30.83, 130.13, 130.03, 125.18,
124.58, 122.38, 120.96, 117.24 (C20), 111.16, #11105.96, 105.74, 102.79, 102.54,
74.52 (C11), 70.60 (C14), 57.97 (C4), 53.44, 535769 (C22), 48.52, 45.38 (C9),
44.58 (C13), 44.00 (C12), 41.72 (C5), 39.80, 36G8), 35.96 (C10), 34.41 (C2),
30.29 (C8), 26.82 (C7), 26.32 (C18), 24.79 (C1),5%6(C16), 14.77 (C15), 11.57
(C17). HR-MS (ESI): Calcd for fGHseFNgOsS (M+H"): 788.4017; Found:

788.4040.
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4.2.19.
22-(2-(2-(4-((4-(4-fluor ophenyl)piper azin-1-yl)methyl)-1H-1,2,3-triazol-1-yl)aceta
mido)phenyl)thioacety-1-yl-22-deoxy pleuromutilin (79)

White powder; yield: 36%'H NMR (400 MHz, Chlorofornd) & 9.43 (1 H, s),
8.28 (1 H, dJ = 8.3Hz), 7.83 (1 H, s), 7.54 (1 H, 3= 7.8Hz), 7.35 (L H, tJ =
7.8Hz), 7.06 (1 H, t) = 7.6Hz), 6.95 (2 H, tJ = 8.7Hz), 6.86 (2 H, ddJ = 9.1,
4.6Hz), 6.43 (1 H, dd]) = 17.4, 10.9Hz, H19), 5.67 (1 H, dl= 8.5Hz, H14), 5.43 —
5.28 (4 H, m, H20), 5.15 (1 H, d= 17.4Hz, H20), 3.82 (2 H, s), 3.49 — 3.28 (3 H, m,
H11,H22), 3.13 (4 H, d] = 5.2Hz), 2.73 (4 H, d] = 5.0Hz, H2,H13), 2.30 — 2.16 (2
H, m, H4,H10), 2.13 — 1.94 (2 H, m, 11-OH), 1.81.71 (1 H, m), 1.62 (2 H, td,=
12.1, 10.6, 6.3Hz, H6,H8), 1.54 — 1.39 (3 H, m,HAH13), 1.37 (4 H, s, H8,H15),
1.11 (4 H, dJ = 4.4Hz, H18), 0.89 (3 H, d,= 6.9Hz, H17), 0.51 (3 H, d,= 7.0Hz,
H16).3C NMR (101 MHz, Chlorofornd) § 216.82 (C3), 169.34 (C21), 163.21,
158.36, 155.98, 147.86, 144.72, 139.11 (C19), B3&.86.41, 130.82, 129.92, 125.18,
124.63, 122.40, 120.97, 117.91, 117.84, 117.24 \CPIb.59, 115.37, 74.52 (C11),
70.59 (C14), 57.97 (C4), 53.43, 53.13, 52.86 (C2R)03, 45.38 (C9), 44.58 (C13),
44.00 (C12), 41.72 (C5), 39.79, 36.52 (C6), 35.840), 34.40 (C2), 30.29 (C8),
26.82 (C7), 26.33 (C18), 24.79 (C1), 16.54 (C1@)7I (C15), 11.56 (C17). HR-MS
(ESI): Calcd for GaHseFNgOsS (M+H'): 788.4017; Found: 788.4100.

4.2.20.
22-(2-(2-(4-((4-(2-chlor ophenyl)piper azin-1-yl)methyl)-1H-1,2,3-triazol-1-yl)aceta

mido)phenyl)thioacety-1-yl-22-deoxy pleuromutilin (80)
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White powder; yield: 34%'H NMR (400 MHz, Chlorofornd) & 9.43 (1 H, s),
8.28 (1 H, dJ = 8.4Hz), 7.87 (1 H, s), 7.54 (1 H, 3= 7.8Hz), 7.35 (2 H, tJ =
7.3Hz), 7.21 (1L H, t) = 7.7Hz), 7.09 — 6.92 (3 H, m), 6.43 (1 H, de& 17.4, 11.0Hz,
H19), 5.67 (1 H, dJ = 8.5Hz, H14), 5.34 (3 H, dd,= 22.8, 6.6Hz, H20), 5.15 (1 H,
d,J= 17.4Hz, H20), 3.85 (2 H, s), 3.49 — 3.28 (3 HH11,H22), 3.11 (4 H, s), 2.79
(4H,s),2.23 (5 H, dddl= 23.5, 15.3, 8.2Hz, H2,H4,H10,H13), 2.08 — 1.9 (2n,
11-OH,H8), 1.76 (1 H, d] = 14.5Hz,H6), 1.61 (2 H, 1 = 10.4Hz, H1), 1.54 — 1.41
(2 H, m, H7,H13), 1.40 — 1.23 (4 H, m, H8,H15),11(@ H, s, H18), 0.89 (3 H, d,=
6.9Hz, H17), 0.52 (3 H, d] = 7.0Hz, H16)*C NMR (101 MHz, Chlorofornd) &
216.84 (C3), 169.31 (C21), 163.24, 149.08, 144168,.69, 139.11 (C19), 138.84,
136.40, 130.80, 130.62, 128.73, 127.57, 125.38,1825124.76, 123.73, 122.42,
120.97, 120.41, 117.24 (C20), 74.53 (C11), 70.564§C57.98 (C4), 53.45, 53.45,
53.07 (C22), 50.93, 45.38 (C9), 44.59 (C13), 43092), 41.73 (C5), 39.78, 36.54
(C6), 35.97 (C10), 34.41 (C2), 30.30 (C8), 26.87)( 26.33 (C18), 24.79 (C1),
16.54 (C16), 14.78 (C15), 11.57 (C17). HR-MS (ESIplcd for GaHseCINGOsS
(M+H™"): 803.3721; Found: 803.3649.

4.2.21.
22-(2-(2-(4-((4-(3-chlorophenyl)piper azin-1-yl)methyl)-1H-1,2,3-triazol-1-yl)aceta
mido)phenyl)thioacety-1-yl-22-deoxy pleuromutilin (81)

White powder; yield: 35%'H NMR (400 MHz, Chlorofornd) & 9.42 (1 H, s),

8.29 (1 H, dJ = 8.3Hz), 7.82 (1 H, s), 7.55 (1 H, 3= 7.8Hz), 7.36 (1L H, tJ =

7.9Hz), 7.15 (1 H, t) = 8.1Hz), 7.07 (L H, t) = 7.6Hz), 6.86 (1 H, s), 6.83 — 6.74 (2
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H, m), 6.43 (1 H, ddJ = 17.4, 10.9Hz, H19), 5.67 (1 H, d= 8.5Hz, H14), 5.43 —
5.27 (4 H, m, H20), 5.16 (1 H, d= 17.4Hz, H20), 3.81 (2 H, s), 3.51 — 3.31 (3 H, m,
H11,H22), 3.21 (4 H, t) = 4.7Hz), 2.71 (4 H, t) = 4.9Hz, H10,H13), 2.24 (3 H, dq,
J=27.8,9.4, 8.1Hz, H2,H13), 2.08 — 1.93 (2 H, m@AH), 1.81 — 1.72 (1 H, m, H6),
1.62 (2 H, tJ = 11.6Hz, H8), 1.55 — 1.40 (3 H, m, H1,H7,H13), 1(3&, s, H15),
1.35—1.24 (1 H, m, H8), 1.12 (4 H, s, H18), 0(8®, d,J = 6.9Hz, H17), 0.52 (3 H,
d, J= 7.0Hz, H16)*C NMR (101 MHz, Chloroforntd) & 216.75 (C3), 169.31 (C21),
163.18, 152.23, 144.76, 139.12 (C19), 138.87, 184.34.91, 130.81, 129.99, 125.17,
124.56, 122.40, 120.97, 119.30, 117.20 (C20), BI5113.91, 97.30, 74.54 (C11),
70.62 (C14), 57.98 (C4), 53.45, 53.16, 52.69 (C28)56, 45.38 (C9), 44.61 (C13),
44.01 (C12), 41.74 (C5), 39.79, 36.53 (C6), 35.880), 34.40 (C2), 30.30 (C8),
26.83 (C7), 26.46, 26.35 (C18), 24.79 (C1), 16636), 14.77 (C15), 11.54 (C17) .
HR-MS (ESI): Calcd for GHs¢CINgOsS (M+H'): 803.3721; Found: 803.3726.
4.2.22.
22-(2-(2-(4-((4-(4-chlor ophenyl)piper azin-1-yl)methyl)-1H-1,2,3-triazol-1-yl)aceta
mido)phenyl)thioacety-1-yl-22-deoxy pleuromutilin (82)

White powder; yield: 39%'H NMR (400 MHz, Chlorofornd) & 9.43 (1 H, s),
8.29 (1 H, dJ = 8.3Hz), 7.83 (1 H, s), 7.55 (1L H, 3= 7.8Hz), 7.36 (1L H, tJ =
7.9Hz), 7.20 (2 H, dJ = 8.5Hz), 7.07 (1 H, t) = 7.6Hz), 6.83 (2 H, dJ = 8.6Hz),
6.43 (1 H, ddJ = 17.4, 10.9Hz, H19), 5.68 (1 H, di= 8.6Hz, H14), 5.34 (3 H, dd,
= 19.9, 5.3Hz, H20), 5.16 (1 H, d= 17.4Hz, H20), 3.82 (2 H, s), 3.39 (3 H, dit

25.0, 12.4Hz, H11,H22), 3.18 (4 H, 38+ 5.2Hz), 2.73 (4 H, t) = 4.9Hz,H13), 2.23
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(3 H, ddt,J = 24.5, 19.4, 8.4Hz, H2,H4,H10), 2.08 — 1.86 (2 H,1H-OH), 1.82 —
1.72 (1 H, m, H6), 1.63 (2 H, h] = 9.2, 8.8Hz, H8), 1.53 — 1.41 (3 H, m,
H1,H7,H13), 1.38 (4 H, s, H8,H15), 1.12 (4 H, s8)10.90 (3 H, dJ = 7.0Hz, H17),
0.52 (3 H, dJ = 7.0Hz, H16)*C NMR (101 MHz, Chlorofornd) & 216.74 (C3),
169.34 (C21), 163.16, 149.80, 144.72, 139.12 (C138,84, 136.41, 130.82, 128.92,
126.09, 125.18, 124.59, 122.41, 120.97, 117.27 \CR1r.18, 101.69, 74.54 (C11),
70.63 (C14), 57.98 (C4), 55.21, 53.46, 53.46, 535P472 (C22), 49.02, 45.38 (C9),
44.61, 44.61 (C13), 44.01 (C12), 41.74 (C5), 3938153 (C6), 35.98 (C10), 34.39
(C2), 30.30 (C8), 26.83 (C7), 26.34 (C18), 24.74)(C16.53 (C16), 14.77 (C15),
11.54 (C17). HR-MS (ESI): Calcd fors§s6CINgOsS (M+H"): 803.3721; Found:
803.3682.

4.2.23.

22-(2-(2-(4-((4-(2-methoxyphenyl)piper azin-1-yl)methyl)-1H-1,2,3-triazol-1-yl)ac
etamido)phenyl)thioacety-I-yl-22-deoxy pleuromutilin (83)

White powder; yield: 42%'H NMR (400 MHz, Chlorofornd) & 9.41 (1 H, s),
8.29 (1 H, dJ = 8.3Hz), 7.83 (1 H, s), 7.54 (1 H, 3= 7.7Hz), 7.35 (L H, tJ =
7.9Hz), 6.96 (5 H, ddt] = 51.8, 24.6, 7.8Hz), 6.43 (1 H, dii= 17.4, 11.0Hz, H19),
5.67 (1 H, dJ = 8.5Hz, H14), 5.39 — 5.28 (3 H, m, H20), 5.16 (1d{J = 17.3Hz,
H20), 3.85 (5 H, dJ = 7.7Hz), 3.49 — 3.28 (3 H, m, H11,H22), 3.11 (4sh,2.81 —
2.69 (4 H, m, H13), 2.35 — 2.11 (3 H, m, H2,H4,H1DP8 — 1.92 (2 H, m, 11-OH),
1.77 (1 H, dJ = 14.5Hz, H6), 1.62 (2 H, ] = 10.3Hz, H8), 1.55 — 1.39 (3 H, m,

H1,H7,H13), 1.39 — 1.22 (4 H, m, H8,H15), 1.11 (4cHJ = 5.0Hz,H18), 0.90 (3 H,
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d,J = 6.9Hz,H17), 0.52 (3 H, dl = 7.0Hz, H16)**C NMR (101 MHz, Chloroforng)

0 216.80 (C3), 169.27 (C21), 163.26, 152.24, 144134,20, 139.13 (C19), 139.13,
138.86, 136.39, 130.78, 125.13, 125.13, 124.59,9B22122.41, 120.96, 118.22,
117.27 (C20), 111.19, 74.54 (C11), 70.54 (C14)9%7C4), 55.33, 53.45, 53.23,
53.09 (C22), 50.47, 45.38 (C9), 44.61 (C13), 43092), 41.73 (C5), 39.73, 36.55
(C6), 35.97 (C10), 34.40 (C2), 30.31 (C8), 26.82)(26.32 (C18), 24.79 (C1), 16.52
(C16), 14.77 (C15), 11.54 (C17). HR-MS (ESI): Cafod CyHseNeOsS (M+H'):
799.4217; Found: 799.4195.

4.2.24.

22-(2-(2-(4-((4-(4-methoxyphenyl)piper azin-1-yl)methyl)-1H-1,2,3-triazol-1-yl)ac
etamido)phenyl)thioacety-I-yl-22-deoxy pleuromutilin (84)

White powder; yield: 52%'H NMR (400 MHz, Chlorofornd) & 9.42 (1 H, s),
8.28 (1 H, ddJ = 8.2, 1.4Hz), 7.87 (1L H, s), 7.54 (1 H, d& 7.8, 1.6Hz), 7.35 (1 H,
ddd,J = 8.6, 7.5, 1.6Hz), 7.06 (1 H, td= 7.6, 1.4Hz), 6.91 — 6.80 (4 H, m), 6.43 (1
H, dd,J=17.4, 11.0Hz, H19), 5.67 (1 H, di 8.5Hz, H14), 5.36 (2 H, d,= 2.9Hz,
H20), 5.33 — 5.30 (1 H, m), 5.15 (1 H, dd= 17.4, 1.5Hz, H20), 3.84 (2 H, s), 3.76
(3 H, s), 3.50 — 3.25 (4 H, m, H11,H22), 3.12 (4tH] = 4.9Hz), 2.76 (4 H, t] =
49Hz, H2,H13), 2.34 — 2.10 (3 H, m, H4,H10), 1@8H, dd,J = 16.0, 8.6Hz,
11-OH,H6), 1.76 (1 H, dgl = 14.5, 3.2Hz, H8), 1.70 — 1.54 (2 H, m, H1,H7)41-5
1.40 (2 H, m, H7,H13), 1.37 (4 H, s, H8,H15), 1(41H, d,J = 4.0Hz, H18), 0.89 (3
H, d, J = 6.9Hz, H17), 0.52 (3 H, dJ = 7.0Hz, H16)."°C NMR (101 MHz,

Chloroformd) ¢ 216.83 (C3), 169.32 (C21), 163.23, 155.23, 153185,51, 144.51,
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139.10 (C19), 138.82, 136.37, 130.78, 125.16, 1R4.82.43, 120.99, 118.29, 117.20
(C20), 114.42, 82.32, 74.53 (C11), 70.57 (C14)987(C4), 55.55, 53.44, 53.44,
53.09, 52.93 (C22), 50.41, 45.38 (C9), 44.59 (C23)00 (C12), 41.73 (C5), 39.76,
38.52, 36.53 (C6), 35.97 (C10), 34.40 (C2), 30.38)( 26.82 (C7), 26.33 (C18),
24.78 (C1), 16.53 (C16), 14.77 (C15), 11.56 (CIMR-MS (ESI): Calcd for
CasHsoNeO6S (M+H"): 799.4217; Found: 799.4133.

4.2.25.

22-(2-(2-(4-((4-(2-hydroxyphenyl)piper azin-1-yl)methyl)-1H-1,2,3-triazol-1-yl)ace
tamido)phenyl)thioacety-I-yl-22-deoxy pleuromutilin (85)

White powder; yield: 71%'H NMR (400 MHz, Chlorofornd) & 9.45 (1 H, s),
8.29 (1 H, dJ = 8.3Hz), 7.86 (L H, s), 7.55 (1L H, 3= 7.7Hz), 7.36 (1L H, tJ =
7.9Hz), 7.16 (1 H, d) = 7.7Hz), 7.07 (2 H, ) = 7.7Hz), 7.00 — 6.91 (1 H, m), 6.85
(1 H, td,J = 7.6, 1.6Hz), 6.43 (1 H, dd,= 17.4, 11.0Hz, H19), 5.68 (1 H, d,=
8.5Hz, H14), 5.45 — 5.28 (4 H, m, H20), 5.16 (1dd,J = 17.4, 1.7Hz, H20), 3.85 (2
H, d,J = 2.7Hz), 3.51 — 3.32 (3 H, m, H11,H22), 2.93 (4dHJ = 5.0Hz), 2.77 (5 H,
s, H2), 2.35 - 2.10 (4 H, m, H4,H10,H13), 2.08 931(2 H, m, 11-OH, H8), 1.82 —
1.72 (1 H, m, H6), 1.62 (1 H, s, H13), 1.51 — 1(3H, m ,H1,H7), 1.38 (4 H, s,
H8,H15), 1.11 (4 H, d] = 6.0Hz, H18), 0.90 (3 H, d,= 6.9Hz, H17), 0.53 (3 H, d,
= 7.0Hz, H16)¥C NMR (101 MHz, Chlorofornd) & 216.82 (C3), 169.35 (C21),
163.21, 151.45, 144.60, 139.12 (C19), 138.88, 138.88.82, 136.43, 130.83, 126.47,
125.18, 124.67, 122.38, 121.44, 120.97, 120.04,261{€C20), 114.09, 74.54 (C11),

70.62 (C14), 57.98 (C4), 53.49, 53.44, 53.12, 5352232 (C22), 45.38 (C9), 44.60
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(C13), 44.00 (C12), 41.74 (C5), 39.83, 36.54 (G597 (C10), 34.40 (C2), 30.30
(C8), 26.82 (C7), 26.32 (C18), 24.79 (C1), 16.54f)% 14.77 (C15), 11.55 (C17).
HR-MS (ESI): Calcd for GzHs5:NeOsS (M+H"): 785.4060; Found: 785.3993.

4.2.26.

22-(2-(2-(4-((4-(3-hydroxyphenyl)piper azin-1-yl)methyl)-1H-1,2,3-triazol-1-yl)ace
tamido)phenyl)thioacety-I-yl-22-deoxy pleuromutilin (86)

White powder; yield: 73%'H NMR (400 MHz, Chlorofornd) & 9.45 (1 H, s),
8.29 (1 H, dJ = 8.3Hz), 7.81 (L H, s), 7.55 (1 H, dii= 7.8, 1.6Hz), 7.41 — 7.32 (1
H, m), 7.13 — 7.02 (2 H, m), 6.51 — 6.37 (3 H, M9 6.33 (1 H, dd) = 7.9, 2.3Hz),
5.67 (1 H, dJ = 8.5Hz, H14), 5.38 — 5.32 (3 H, m, H20), 5.21 151 H, m, H20),
3.80 (2 H, s), 3.49 — 3.28 (3 H, m, H11,H22), 34&, t,J = 4.8Hz), 2.70 (4 H, 1)
= 5.0Hz), 2.34 — 2.13 (3 H, m, H2,H10), 2.09 — 1@}, m, 11-OH), 1.81 — 1.71 (6
H, m, H4,H6,H8,H13), 1.69 — 1.56 (2 H, m, H1), 1(@8H, dtd,J = 25.5, 13.1, 11.5,
4.6Hz, H7), 1.38 (4 H, s, H8,H15), 1.12 (3 H, s8H1.90 (3 H, dJ = 6.9Hz, H17),
0.52 (3 H, dJ = 7.0Hz, H16)*C NMR (101 MHz, Chlorofornd) & 217.05 (C3),
169.29 (C21), 163.24, 157.10, 152.60, 144.57, 136319), 138.87, 136.30, 130.75,
129.92, 125.21, 124.81, 122.50, 121.03, 117.26 Y,A2B.31, 108.24, 106.96, 103.32,
74.57 (C11), 70.60 (C14), 58.02 (C4), 53.46, 535808, 52.75 (C22), 48.76, 45.40
(C9), 44.62 (C13), 44.00 (C12), 41.75 (C5), 39.36.56 (C6), 35.97 (C10), 34.42
(C2), 30.31 (C8), 26.82 (C7), 26.35 (C18), 24.784)(C16.53 (C16), 14.80 (C15),
11.53 (C17). HR-MS (ESI): Calcd for 465:NgOsS (M+H"): 785.4060; Found:

785.4125.
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4.2.27.
22-(2-(2-(4-((4-(4-hydr oxyphenyl)piper azin-1-yl)methyl)-1H-1,2,3-triazol-1-yl)ace
tamido)phenyl)thioacety-I-yl-22-deoxy pleuromutilin (87)

White powder; yield: 65%'H NMR (400 MHz, Chlorofornd) & 9.44 (1 H, s),
8.31—8.24 (1 H, m), 7.82 (1 H, 3= 1.3Hz), 7.54 (1L H, dtJ = 7.7, 1.6Hz), 7.35 (1
H, td,J = 7.8, 1.6Hz), 7.06 (1 H, td,= 7.6, 1.5Hz), 6.83 — 6.70 (4 H, m), 6.42 (1 H,
ddd,J = 17.5, 11.0, 1.7Hz, H19), 5.66 (1 H,X+ 8.4Hz, H14), 5.42 — 5.26 (4 H, m,
H20), 5.15 (1 H, ddJ = 17.4, 1.7Hz, H20), 3.81 (2 H, s), 3.51 — 3.28 (3nk
H11,H22), 3.05 (4 H, t) = 4.8Hz), 2.72 (4 H, ) = 4.8Hz, H13), 2.34 — 2.09 (3 H, m,
H2,H4,H10), 2.08 — 1.92 (2 H, m, 11-OH), 1.76 (1dd,J = 14.1, 3.1Hz, H6), 1.69 —
1.55 (3 H, m, H8,H7,H13), 1.53 — 1.39 (2 H, m, HILB8 — 1.25 (5 H, m, H8,H15),
1.11 (3 H, dJ = 1.5Hz, H18), 0.89 (3 H, d,= 6.9Hz, H17), 0.51 (3 H, d,= 6.9Hz,
H16).3C NMR (101 MHz, Chlorofornd) § 217.03 (C3), 169.39 (C21), 163.26,
150.35, 145.12, 144.52, 139.06 (C19), 138.84, B3d.30.80, 125.22, 124.85, 124.84,
122.46, 121.02, 118.56, 117.31 (C20), 116.00, 157.55 (C11), 70.60 (C14),
57.99 (C4), 53.42, 53.02, 52.91 (C22), 50.55, 4%C9), 44.58 (C13), 43.98 (C12),
41.73 (C5), 39.78, 36.54 (C6), 35.95 (C10), 34@2)( 30.29 (C8), 29.69, 26.81 (C7),
26.34 (C18), 24.78 (C1), 24.72, 16.54 (C16), 14085), 11.58 (C17). HR-MS (ESI):
Calcd for G3Hs:NeOsS (M+H"): 785.4060; Found: 785.4081.

4.2.28.
22-(2-(2-(4-((4-(2-nitrophenyl)piperazin-1-yl)methyl)-1H-1,2,3-triazol-1-yl)aceta

mido)phenyl)thioacety-1-yl-22-deoxy pleuromutilin (88)
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Yellow powder; yield: 43%*H NMR (400 MHz, Chlorofornd) & 9.44 (1 H, s),
8.30 (1 H, dJ=8.3Hz), 7.80 (1 H, s), 7.75 (1 H, dilz 8.1, 1.7Hz), 7.55 (1 H, dd,
= 7.8, 1.6Hz), 7.50 — 7.43 (1 H, m), 7.40 — 7.334(1m), 7.14 (1 H, dJ = 8.2Hz),

7.05 (2 H, ddJ = 13.2,5.7Hz), 6.44 (1 H, dd,= 17.4, 11.0Hz, H19), 5.68 (1 H, d,

8.6Hz, H14), 5.37 (2 H, d, = 4.1Hz, H20), 5.33 — 5.29 (1 H, m), 5.16 (1 H, dd,

17.5, 1.6Hz, H20), 3.81 (2 H, s), 3.41 (2 HJ); 15.1, 14.0Hz, H11,H22), 3.34 —
3.30 (1 H, m), 3.11 (4 H, §,= 4.8Hz), 2.72 (4 H, tJ = 4.8Hz, H13), 2.25 (3 H, dd,

= 27.8, 9.4, 8.0Hz, H2,H4,H10), 2.06 (1 H, s, 11-OHY9 (1 H, ddJ = 16.1, 8.6Hz,
H6), 1.76 (2 H, s, H8), 1.63 (3 H, dij= 14.8, 8.1, 4.3Hz, H1,H7,H13), 1.51 — 1.45
(2 H, m), 1.38 (3 H, s ,H15), 1.36 — 1.25 (2 H,H8), 1.12 (3 H, s, H18), 0.90 (3 H,
d, J = 6.9Hz, H17), 053 (3 H, dJ = 7.0Hz, H16).*C NMR (101 MHz,
Chloroformd) 6 216.82 (C3), 169.36 (C21), 163.21, 145.92, 143143,.42, 140.24,
139.16 (C20), 138.85, 136.46, 133.44, 130.84, ¥3.85.14, 124.46, 122.36, 121.77,
121.04, 120.94, 117.31 (C11), 74.54 (C14), 70.609% (C4), 53.43, 53.13, 52.84
(C22), 51.57, 45.39 (C9), 44.58 (C13), 44.00 (C¥4)73 (C5), 39.82, 36.54 (C6),
35.96 (C10), 34.41 (C2), 30.30 (C8), 26.82 (C7),326(C18), 24.79 (C1), 20.46,
16.55 (C16), 14.77 (C15), 11.56 (C17). HR-MS (ESBalcd for GaHseN;O/S
(M+H™"): 814.3962; Found: 814.3950.

4.2.29.
22-(2-(2-(4-((4-(3-nitrophenyl)piperazin-1-yl)methyl)-1H-1,2,3-triazol-1-yl)aceta
mido)phenyl)thioacety-1-yl-22-deoxy pleuromutilin (89)

Yellow powder; yield: 46%*H NMR (400 MHz, Chlorofornd) & 9.46 (1 H, s),
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8.30 (1 H, dJ = 8.3Hz), 7.82 (1L H, s), 7.70 (1 HJz= 2.4Hz), 7.65 (1 H, dd] = 8.0,
2.1Hz), 7.56 (1 H, dd) = 7.8, 1.6Hz), 7.41 — 7.32 (2 H, m), 7.18 (1 H, dd; 8.3,
2.5Hz), 7.07 (1L H, ) = 7.6Hz), 6.44 (1 H, dd] = 17.4, 11.0Hz, H19), 5.68 (1 H, d,
= 8.5Hz, H14), 5.38 (1 H, d,= 3.9Hz, H20), 5.34 — 5.29 (1 H, m), 5.21 — 5.1H(1
m, H20), 3.82 (2 H, s), 3.50 — 3.34 (3 H, m, H12HB.32 — 3.28 (4 H, m), 2.74 (4
H, s, H13), 2.35 - 2.11 (3 H, m, H2,H4,H10), 2.064, d,J = 2.7Hz, 11-OH), 2.02 —
1.95 (1 H, m, H6), 1.76 (3 H, s, H8), 1.69 — 1.87H, m, H1), 1.52 — 1.43 (3 H, m,
H7,H13), 1.38 (3 H, s, H15), 1.35 — 1.24 (2 H, 8)HL.12 (3 H, s, H18), 0.90 (3 H,
d, J = 6.9Hz, H17), 053 (3 H, dJ = 7.0Hz, H16).*C NMR (101 MHz,
Chloroformd) 6 216.68 (C3), 169.34 (C21), 163.16, 151.74, 149128,.80, 139.15
(C19), 138.91, 136.44, 130.84, 129.65, 125.17, 4824122.37, 121.08, 120.95,
117.22 (C20), 113.66, 109.62, 74.54 (C11), 70.684§C57.97 (C4), 53.44, 53.16,
52.52 (C22), 48.31, 45.38 (C9), 44.63 (C13), 44022), 41.75 (C5), 39.84, 36.53
(C6), 35.99 (C10), 34.39 (C2), 30.30 (C8), 26.83)(26.34 (C18), 24.79 (C1), 16.53
(C16), 14.76 (C15), 11.52 (C17). HR-MS (ESI): Cafod CyHseN;O/S (M+H'):
814.3962; Found: 814.3987.
4.2.30.
22-(2-(2-(4-((4-(4-nitrophenyl)piperazin-1-yl)methyl)-1H-1,2,3-triazol-1-yl)aceta
mido)phenyl)thioacety-1-yl-22-deoxy pleuromutilin (90)

Yellow powder; yield: 42%*H NMR (400 MHz, Chlorofornd) § 9.49 (1 H, s),
8.29 (1 H, dJ = 8.3Hz), 8.18 — 8.05 (2 H, m), 7.82 (1 H, s), 7(56H, dd,J = 7.8,

1.6Hz), 7.43 —7.32 (1L H, m), 7.13 — 7.00 (1 H, 6187 — 6.75 (2 H, m), 6.44 (1 H, dd,
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J=17.5, 11.0Hz, H19), 5.68 (1 H, d8i= 8.5Hz, H14), 5.38 (2 H, d,= 4.2Hz, H20),
5.31 (1 H, tdJ = 6.3, 3.2Hz), 5.16 (1 H, dd,= 17.5, 1.6Hz, H20), 3.81 (2 H, s),
3.50 — 3.38 (6 H, m, H11,H22), 3.37 — 3.30 (1 H, &1Y2 (4 H, dJ = 5.2Hz, H13),
2.33 — 2.14 (3 H, m, H2,H4,H10), 2.06 (1 H, s, 1#)02.00 (1 H, ddJ = 16.0,
8.6Hz, H6), 1.80 — 1.68 (4 H, m, H1,H7,H8), 1.66.57 (1 H, m, H13), 1.47 (2 H, d,
J=10.9Hz), 1.38 (3 H, s, H15), 1.35 — 1.25 (1 HH#8), 1.12 (4 H, s, H18), 0.90 (3
H, d, J = 6.9Hz, H17), 0.53 (3 H, dJ = 7.0Hz, H16).2°C NMR (101 MHz,
Chloroformd) & 216.74 (C3), 169.47 (C21), 163.12, 154.79, 14413B.15 (C19),
138.88, 138.48, 136.50, 130.89, 125.92, 125.23,522422.38, 120.96, 117.24 (C20),
112.69, 74.53 (C11), 70.70 (C14), 57.96 (C4), 5358942, 53.08, 52.34 (C22), 46.97,
45.38 (C9), 44.59 (C13), 44.02 (C12), 41.74 (C%).98, 36.57, 36.51 (C6), 35.98
(C10), 34.43, 34.40 (C2), 30.29(C8), 29.68, 26.83)( 26.34 (C18), 24.79 (C1),
16.55 (C16), 14.76 (C15), 11.55 (C17). HR-MS (ESTalcd for GaHseN;O/S
(M+H™"): 814.3962; Found: 814.3915.

4.3. In vitro efficacy of pleuromutilin derivatives

4.3.1 Minimal inhibitory concentration (MIC) and minimum bactericidal
concentration (MBC) testing

The MIC of these novel pleuromutilin derivativesaaggt methicillin-resistant.
aureus (ATCC 43300),S. aureus (ATCC 29213),S. aureus (AD3), S aureus (144)
andE. coli (ATCC 25922) were determined by using pleuromutdind tiamulin as
positive control. MIC values were determined by breth micro dilution methods

according to CLSI (2012). 2-Fold serial dilutionfseach pleuromutilin derivative in
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Mueller-Hinton broth medium were prepared in 964vpdhtes with inoculum size of
5x10° CFU/mL. Three parallel experiments for each conmabuoncentration. The
plates were incubated at 37 for 24 h. The MIC value was recorded as the mimmu
drug concentration that completely inhibits thebles growth of test bacteria.

The MBC values were determined by plating 100 aliquots from wells without
visible growth onto the agar plates according presiy reference [17, 25]. The agar
plates were incubated overnight at@7for colony count. The MBC was determined
as the lowest concentration of compound, which ceduhe viable counts for 99.9%
of the original inoculum.

4.3.2. Constant concentration time-kill curves

The bactericidal activity of compour@? was determined by the time-kill curve as
reported in our previous work [10]. MRSA grown iruNer-Hinton (MH) broth were
diluted to approximately 1x2@FU/mL and treated with 1xMIC, 2xMIC, 4xMIC,
8xMIC, 16xMIC, 32xMIC of compound2 and tiamulin. Samples (106@L) were
taken from the subculturing inoculums at 0, 3, 61® and 24 h and serially diluted
10-flod with sterile saline. Then 28 of the dilutions were plated onto MH agar
plates. The total bacterial CFU/mL on the plategeweounted to calculate the
bacterial colonies after up to 20 h of incubatiarBa°C. The time-kill curve was
constructed by plotting the lgg CFU/mL of bacteria counts in the presence or
absence of test compound versus time.

4.3.3. Deter mination of the postantibiotic effect
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Compound32 and tiamulin were tested against MRSA using tinlletkethods
according previous work to determine the postanitibieffect (PAE) [10].

For the PAE testing, the tubes were inoculated MIRSA in the logarithmic phase
of growth at a final concentration of 1>¥IOFU/mL in MH broth as the inoculum.
Each test compound at final concentrations of 2xMih@d 4xMIC was added to tubes
containing the inoculum. The inoculums containing test compound were incubated
at a 371 constant temperature vibration incubafor 2 hours. After the initial
incubation, the test compound was removed by daging the tubes three times at
3000 rpm for 10 min, decanting and suspending ervprmed MH broth. The
bacterial pellet was washed using 0.9% saline hed suspended in 5 mL MH broth
in new tubes. The tubes were placed iN37  and lgasofutions were taken from
each culture at 0, 1, 2, 4, and 6 h. The samplégisab (100uL) were diluted 10-fold
in saline and plated on MH agar plates. After iratuiy these plates at 37 for 20 h,
the resulting colonies on the plates were counidéw PAE was calculated by the
equationPAE=Ta-Tc and expressed in houFy andT¢ are the time required for the
bacteria in the test and control groups to incrégsk logo CFU/mL.

4.4. In vivo efficacy of pleuromutilin derivatives

4.4.1. Neutropenic murinethigh infection model

In this experiment, 6-week-old, specific pathogesef female ICR/Swiss mice that
weighing 22-28 g were fed and housed. The neutlopdfi mice were reduced
(<0.1x10/L) to establish an experimental model. By injeatinf cyclophosphamide

(Mead Johnson Pharmaceuticals, Evansville, IN) dose of 150 mg/kg on 4 days
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and injection of cyclophosphamide at a dose of frifJlkg on 1 day before the
experiment, as described previously [10, 26]. Miee anesthetized with ether and
then injected with 0.1 mL of warm MH broth (abo@® TFU/mL) through each thigh
to generate a model of thigh infection caused byS¥AR

The mice were divided into 3 groups (3 per groupdl #.9% saline, each test
compound (20 mg/kg) and tiamulin (20 mg/kg) weljedted intravenously (i.v.) after
2 h of MRSA growth in the thigh. The mice from eagioup were euthanized 24 h
after drug injection. The thigh tissue was colldcttom animal, weighed,
homogenized (Polytron tissue homogenizer, Kineraatizicerne, Switzerland) in 3
mL of iced saline and serially followed by platimmpn MH agar plates. After
incubation for 24 h, the resulting colonies wererted. The protocol was reviewed
and approved by the Institutional Animal Care arsg Committee of the South China
Agricultural University.

4.4.2. MRSA infection model

Thein vivo potential of test compound to treat MRSA infectigas also determined
using the MRSA infection model as described in pravious work [9, 10]. Briefly,
6-week-old, specific pathogen-free, ICR/Swiss mitke Medical Experimental
Animal Center of Guangdong Province, Guangzhoun&hweighing between 23
and 25 g, were used for this model. These mice wemdomly divided into five
groups with 10 mice in each group. Mice were didideto positive control group
(MRSA infection), drug control group (treated withmulin (30 mg/kg) after MRSA

infection), experimental group (treated with compod32 (30 mg/kg) after MRSA
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infection) and two negative control groups (treateth tiamulin (30 mg/kg) and
compound32 (30 mg/kg) without MRSA infection, respectively).iamulin and
compound32 were dissolved in the working solution (5% DMS® Jween-80, and
90% normal saline). Mice in positive control grougtug control group and
experimental group were injected intraperitoneafith 0.5 mL of 16 CFU/mL of
bacterial solution. Mice in drug control group, #gerimental group and the positive
control group were administered intravenously wiémulin, compound2 and the
working solution, respectively. Meanwhile, mice the negative groups were
administered intravenously with tiamulin and compdb32, respectively. The mice
were fed and drank freely, and observed continydiaslone week to obtain the mice
survival curve. The protocol for this study was iesved and approved by the
Institutional Animal Care and Use Committee of tBeuth China Agricultural
University.

4.5. Cytotoxicity assay

Cell viability was assessed using the MTT assagessribed in the references [27,
28]. The cell line used in this experiment was RAM4.7 cells. The cells were
seeded into 96-well plates at a density of 1.0 %cBlls per well and incubated at %7
for 24 h. The cells were then treated with thesaigmutilin derivatives (§g/mL)
and cultured for 16 h incubation at 7. After that, the cells were incubated with 100
uL/well of MTT (0.5 mg/mL in PBS) for another 4 h der 5% CQ 37 C. The

medium was removed and cells were dissolved infld5DMSO. Absorbance at 540
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nm was recorded using a microplate spectrophotonadter 30 min incubation
(BIO-TEK Instrument Inc., USA).

4.6. Effect of derivatives on human liver microsomal CY P3A4 enzyme activity
Inhibition effect of compoun®2 on CYP3A4 were evaluated according previous
work with minor modifications [8, 29]. Each tubentained 40uL of human liver
microsomes (final concentration of human liver msmes is 0.2 mg/mL), 3 of
compound32 and 20uL of probe substrates (final concentration of tstgwne is 20
umol/L) in 0.1 M Tris (pH 7.4). The final concenti@ts of compoun®2 were 0.5 1.
5. 10. 30 and 50 puM, respectively. After prewarm at°@7for 5 min, the reaction
started with the addition of 20L NADPH (final concentration is 1 mmol/L). The
tubes were incubated at 37 for 5 min and then added 1QQ of acetonitrile with 50
nM loratadine as the internal standard to quench rémction. The tubes were
centrifuged and supernatants were analyzed by LOWSS
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Figure Captions

Table 1 In vitro antibacterial activity of the synthesizg@teuromutilin derivatives
26-33.

Table 2 In vitro antibacterial activity of the synthesiz@teuromutilin derivatives
72-90.

Table 3 The PAEs values of compoun@§, 32 and tiamulin against MRSA ATCC

43300.



Tablel

MIC (ug/mL) /MBC (ug/mL)

Compound R MRSA Saureus SAUreus SAUreus E. coli
No ! ATCC ATCC AD3 144 ATCC
43300 29213 25022
26 /)9\ 0.25/05  0.25/0.25 0.5/1 0.5/0.5 >32/>32
27 S A 0.5/1 0.5/0.5 1/2 11 >32/>32
(@)
28 /\/O‘X 0.5/1 0.5/0.5 1/1 0.5/0.5 >32/>32
HO
A\
29 0.5/0.5 0.5/0.5 0.5/1 0.5/0.5 >32/>32
OH
30 OX 1/2 11 11 1/2 >32/>32
HO
31 c'\l>\ 0.25/0.5 0.25/4 0.25/0.5  0.25/05  >32/>32
32 NN 0.25/05  0.25/0.25  0.25/0.5 0.5/0.5 >32/>32
|
33 OX 0.5/2 0.5/0.5 0.5/0.5 11 >32/>32
Pleuromulin 2/4 1/2 2/4 2/4 -
Tiamulin 0.5/1 0.5/1 1/2 1/2 -




Table 2

MIC (ug/mL) /MBC (ug/mL)

Compound R MRSA Saureus Saureus Saureus E. coli
No 2 ATCC ATCC AD3 144 ATCC
43300 29213 25922
R,
N
RRSE
N
N\)LNH 0
O
72 H3c>\ 0.25/0.5 0.25/0.5 0.5/1 0.5/2 >32/>32
73 ©)\ 0.5/0.5 0.5/0.5 0.5/1 1/2 >32/>32
74 ©)\ 1/1 1/2 2/4 1/4 >32/>32
75 \©)\ 1/1 1/2 2/4 1/8 >32/>32
76 /@A 1/4 0.5/0.5 1/2 1/2 >32/>32
F
77 ©)\ 1/2 0.5/1 0.5/1 1/1 >32/>32
F
78 \©)\ 1/2 0.5/0.5 0.5/1 1/2 >32/>32
79 /@A 1/1 0.5/0.5 0.5/1 1/2 >32/>32
F
Cl
80 1/2 1/2 2/2 2/4 >32/>32

Y



MIC (ug/mL) /MBC (ug/mL)

Compound R MRSA Saureus Saureus Saureus E. coli
No 2 ATCC ATCC AD3 144 ATCC
43300 29213 25922
Cl
81 \©)\ 2/4 1/1 2/2 2/4 >32/>32
82 O)\ 0.5/1 1/4 2/4 2/2 >32/>32
Cl
o
83 @)\ 0.5/1 1/2 1/2 1/4 >32/>32
84 /@A 11 0.5/0.5 11 1/2 >32/>32
N
o
OH
85 ©)\ 0.5/1 11 1/2 1/2 >32/>32
HO
86 \©)\ 0.25/05  0.25/05  0.25/0.5 0.5/1 >32/>32
87 /@A 214 2/4 2/4 2/8 >32/>32
HO
NO,
88 ©)\ 0.5/1 0.25/0.25 0.5/1 0.5/2 >32/>32
O,N
89 \©)‘ 0.125/025 0.25/025 02505 02505  >32/>32
90 /@A 0.125/0.25 0.125/0.125 0.25/0.5  0.25/0.25  >32/>32
O,N
Pleuromulin 2/4 1/2 2/4 2/4 -
Tiamulin 0.5/1 0.5/1 1/2 1/2 ;




Table3

_ PAE (h)
Compounds Concentrationsg(mL) Exposure for 2 h
2 x MIC 0.5 1.81
Compound26 4 % MIC 1 1.84
0.5 :

Compound32 2 x MIc Py
4 x MIC 1 2.74
Tiamulin 2 X MIC . >04
4 x MIC 2 2.04




o

(iii) 1 s\)j\o... (iv)
8
Ri N:N o
< ) ~ (vi) NH o)
R \\/R e ©/s\)LO'-'
10-17 18-25 26-33
Rz
N
L
(\N,R V) ~ (\N,R (vi) N\ _N NH
HN > XN ©/s\)Lo._'
34-52 53-71 72-90

Scheme 1 Reagent and conditions: (i) tosyl chloride, ethyl acetate, NaOH, O [1 for 0.5
h, rt for 3 h; (ii) 2-Aminobenzenethiol, ethyl acetate, TEBAC, under N,, reflux, 6h;
(iii) chloride, toluene, DIPEA, reflux, 2 h; (iv) sodium azide, acetone, H,O, reflux, 4h;
(v) 3-Bromopropyne, ethyl acetate, rt, overnight; (vi) compound 9 , CuSO, =5H,0,

sodium ascorbate, tert-Butanol: H,O=1:1, rt, 3 h.



Figure Captions

Figure 1 Structure of pleuromutilin (1), tiamulin (2), valnemulin (3), retapamulin (4),
lefamulin (5) and compound 7.

Figure 2 Time-kill curves for MRSA ATCC 43300 with different concentrations of
compound 26 (a), compound 32 (b) and tiamulin (c).

Figure 3 The bacterial growth kinetic curves for MRSA ATCC 43300 exposed to
compound 26 (a), compound 32 (b) and tiamulin (c) for 2 h.

Figure 4 Efficacy of tiamulin and compounds 32 against MRSA ATCC 43300 in
murine neutropenic thigh models. black circular: growth control; blue square:
tiamulin (20 mg/kg); green triangle: compounds 32 (20 mg/kg).

Figure 5 Efficacy of compound 32 (30 mg/kg) and tiamulin (30 mg/kg) in mouse
systemic infection model. (Note: tiamulin control group is only injected with tiamulin
solution and no pathogenic bacteria, compound 32 control group is only injected with
compound 32 solution and no pathogenic bacteria)

Figure 6 Effect on liver microsoma CYP450 enzyme activity, (a) structure of
azamulin, (b) Inhibition curve of compound 32 on CYP3A4 (Note: Each point in the

figure isthree parallel averages)
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Highlights

» Synthesis of novel pleuromutilin derivatives bearing both aminophenylthiol and
1,2,3-triazole moiety. » Compound 32 exhibited superior in vivo efficacy to that of
tiamulin against MRSA. » Compound 32 possessed moderate in vitro inhibition of

CYP3AA4.
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