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Abstract: A series of novel pleuromutilin derivatives withostituted 6-methylpyrimidine moieties was
designed, synthesized, and evaluated for theibactirial activities. Most of the tested compouextsibited
potent antibacterial activities agairf@aphylococcus aureus ATCC 25923 & aureus-25923), methicillin-resistant
Staphylococcus epidermidis ATCC 51625 (MRSE-51625), methicillin-resisté@phylococcus aureus BNCC
337371 (MRSA-337371xtreptococcus dysgalactiae (S. dysgalactiae) andStreptococcus agalactiae (S
agalactiae). Compound$c and5g were the most active and displayed bacteriostativities against MRSAN
vivo mouse systemic infection experiment showed3baignificantly improved the survival rate of midelso =
18.02 mg/kg), reduced the bacterial load and atedi the pathological changes in the lungs of tleeted mice.
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1. Introduction

A major challenge to global health and wealth reenbcaused by the increasing bacterial resistanoaritently
used antibiotics [1,2]. Multidrug resistant (MDRjdteria, especially methicillin-resista®ttphyl ococcus aureus
(MRSA), are a growing concern internationally [Bloreover, most antibiotics, including vancomycinigbhis
indicated for the treatment of life-threateningeictions by Gram-positive bacteria, are losing th#ficiency
because of the wide-spreading bacterial resist@jc&herefore, there is an urgent need for nowéhaicrobial
agents against the resistant bacteria without ecesistance to currently used antibiotics.

Pleuromutilin @) (Fig. 1), a natural compound isolated fr&heurotus mutilus andP. passeckerianusin 1951 [5],
is characterized as the glycolic ester of the paae (+)-mutilin [6]. Pleuromutilin derivatives setively inhibited
bacterial protein synthesis through interactiorhvpitokaryotic ribosomes and preventing the peptidyisferase
reaction [7,8]The crystallography data, utilizing a structurés08 ribosomal subunit froleinococcus
radioduransin complex with tiamulin, further confirmed thistémaction mode in which the tricyclic core of the
tiamulin are mediated through hydrophobic intemiand hydrogen bond formed mainly by the nudestof
domain V [9,10]. Preliminary studies showed that todifications of pleuromutilin side chain improviés
biological activity [11,12]. Furthermore, the sp@action mode of pleuromutilin encourages reseascto modify
it for new antibiotics to reduce cross-resistamcelinical use [13]. Such modifications succesgfpiiompted the
approvals of tiamulin, valnemulin, retapamulin defmulin (Fig. 1) [14-17].

It is well known that heterocyclic ring bearing @ogroups at the C-14 side chain of pleuromutién\datives
raise their antibacterial activities [18]. A ser@aovel pleuromutilin derivatives with pyrimidirmaoieties was
reported in our lab and further confirmed that éhdsrivatives presented improved activities agaesstant
Gram-positive bacterial strains [18,19]. In viewtloé above findings, we now report the design,tssis, and

antibacterial activities of novel pleuromutilin dextives with substituted 6-methylpyrimidine moesti
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Fig. 1. Structural formulas of pleuromutilin, tiamulin,lm@mulin, retapamulin and lefamulin.

2. Resultsand Discussion
2.1. Chemistry

The synthetic approaches for the preparation getgsleuromutilin derivativeSa-m and their intermediates
were illustrated in Scheme 1. The pleuromutlliwas converted into 22-O-tosylpleuromutifina key intermediate
used for synthesizing almost all pleuromutilin gatives. Compound 14-O-[(4-hydroxy-6-methylpyrinmidi2-yl)
thioacetyl] mutilin 8) was prepared by nucleophilic substitutiorRafith
4-hydroxy-2-mercapto-6-methylpyrimidine under bagaditions. However, we used the one pot method to
synthesize8 from 1 in 76% yield. The target pleuromutilin derivativ@&sa-m) were directly prepared with one pot
in 41-66% vyield using compourg] the commercially available 2,4,6-trimethylbenzarghonyl chloride and

various secondary amines in the presence of ttaatige and 1-methylpyrrolidine.
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Scheme 1. General synthetic scheme for the pleuromutilinvdgives5a-m.

O-Alkylation of compound with alcohols using Mitsunobu reaction directljoafled the target pleuromutilin

derivativesta-d (Scheme 2). HoweveBge was obtained in three steps, including the amiotepgtion of

2-aminoethanol with benzyl carbonochloridate (ChzOlalkylation and deprotection employing catalyti

hydrogenolysis (Scheme 3).
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Scheme 2. Synthesis of pleuromutilin derivativéa-d.
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Scheme 3. Preparation of pleuromutilin derivatige.
All the structures of the synthesized compound®wearacterized by IRH NMR, **C NMR (Supplementary

data) and HRMS spectra. Furthermore, a crystabofpound3 was obtained as a colorless, block-like from a

solution of ethanol and acetone by slow evaporatiethod at room temperature (Fig. 2).

Fig. 2. ORTEP diagram for compouriwith ellipsoids set at 75% probability.

2.2. Antibacterial testing of pleuromutilin derivatives

The minimum inhibitory concentrations (MICs) of thgnthesized pleuromutilin derivatives, as weltiasulin
fumarate and retapamulin used as reference drigys, assessed against a panel of predominantly @Goaitive
bacteria, includingaphylococcus aureus ATCC 25923 §. aureus-25923), methicillin-resistaritaphyl ococcus
epidermidis ATCC 51625 (MRSE-51625), methicillin-resistaégaphylococcus aureus BNCC 337371
(MRSA-337371) Streptococcus dysgalactiae (S. dysgalactiae), Streptococcus agalactiae (S. agalactiae) and
Enterococcus faecalis (E. faecalis), as well ag?asteurella multocida CVCC 1659 P. multocida-1659) and
Escherichia coli CICC 10389 E. coli-10389) used as representative Gram-negative straire results of MICs for
all screened compounds were listed in Table lelregal, all the compounds showed higher antibattactivities
againstS aureus-25923, MRSE-51625, MRSA-337373,dysgalactiae andS. agalactiae than that againgt.

faecalis, P. multocida-1659 ancE. coli-10389. Compounds with N-alkylation of 6-methylpgidine Ga-m) and3



exhibited excellent antibacterial efficiency agafBsaureus-25923, MRSE-51625, MRSA-337373,dysgalactiae
andS. agalactiae with MIC values ranging from 0.05 to 0.8#1. However, Compounds with O-alkylation of
6-methylpyrimidine ¢a-e€) showed comparatively lower antibacterial effidgmgainst these strains with MIC
values ranging from 0.12 to 3.581. For S aureus-25923, MRSE-51625, MRSA-337373,dysgalactiae andS.
agalactiae, compound$c and5g showed the highest antibacterial activities thendther synthesized compounds
and tiamulin fumarate, but comparable antibactagélities to that of retapamulin. The MIC resutidicated that
the introduction of amine groups into the C-14 gliccacid side chain of pleuromutilin could enhaacgibacterial
activities, which was consistent with previous mgd [18,20].

TABLE 1. Antibacterial activities of the synthesized pleutditim derivatives.

MIC (uM)

Compounds
Saureus MRSE MRSA Sdysgalactiae S agalactiae E. faecalis P. multocida E. coli

3 0.25 025 0.25 0.12 0.12 15.96 7.95 > 63.84
5a 0.12 0.24 0.24 0.12 0.12 15.11 30.23 >60.46
5b 0.22 045 045 0.22 0.11 28.71 57.42 >57.42
5c 0.06 0.11  0.06 0.06 0.06 14.41 1441  >57.63
5d 0.11 0.11 0.22 0.22 0.11 28.00 14.00 >56.01
5e 0.11 022 011 0.05 0.11 14.03 28.05 >56.11
5f 0.43 043 043 0.43 0.11 54.76 5476  >54.76
59 0.11 011 011 0.05 0.05 14.00 14.00 >56.01
5h 0.21 021 0.21 0.11 0.05 27.34 27.34  >54.67
5i 0.21 021 0.21 0.11 0.11 13.67 27.34  >54.67
5j 0.10 021 0.21 0.05 0.05 26.74 26.74 >53.48
5k 0.21 042 0.84 0.42 0.84 53.48 53.48 >53.48
5l 0.10 0.20 0.20 0.05 0.05 26.09 52.17 >52.17
5m 0.10 0.20 041 0.10 0.10 26.04 26.04 >52.09
6a 0.24 024 0.24 0.12 0.24 30.99 61.98 >61.98
6b 0.12 0.24 012 0.12 0.24 15.09 >60.35 >60.35
6C 0.46 0.46 0.23 0.92 0.23 58.79 >58.79 >58.79
6d 1.79 179 358 0.45 0.90 57.32 >57.32 >57.32
6e 0.92 092 0.92 0.23 0.46 58.68 >58.68 >58.68
Tiamulin 0.82 0.82 0.82 0.20 0.20 52.48 3.28 52.48

Retapamulin  0.24 0.12 0.12 0.06 0.06 15.45 0.97 30.90




Compoundsbc andb5g displayed promising antibacterial activities aherefore were further evaluated for their
in vitro time-kill assay. The time-kill curves of differecncentrations dic andsg, as well as tiamulin fumarate
used as reference druaggainst MRSA-337371 displayed concentration-depatnigcteriostatic effects (Fig. 3).
Although 0.5 x and 1 x MIC of compoud, 59 and tiamulin fumarate slowed bacterial propagatitven
compared to control, their higher concentrations éhd 4 x MIC) showed relatively bacteriostatioekics against
MRSA. Treated wittbc and5g, living cell counts of MRSA were reduced by atsie2 log, at 2x and 4 x MIC
nearly within 8 h (Fig. 3A and B). However, the teaiostatic effect of tiamulin reduced living cetiunt only 1

log;o under the same conditions (Fig. 3C).
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Fig. 3. Time-kill analysis of compoundx (A), 59 (B) and tiamulin fumarate (C) against MRSA-337371.

2.3. In vivo efficacy in mouse model

Bearing the excellenn vitro antibacterial activities, compoud was assessed for itsvivo efficacy by
measuring the survival of mice after a single Ieghallenge of MRSA-337371 (3 x 4@FU in 0.1 mL saline),
and tiamulin fumarate used as the reference drtigr Being infected with MRSA, mice were intrapenally
treated with different doses B¢ dissolved in vehicle. Mice injected with vehicleaé showed 100% mortality in
this model. Treatment withc and tiamulin fumarate displayed dose-dependenegtion and led to the survival of

the mice (Fig. 4), with EEy of 18.02 and 25.85 mg/kg body weight, respectively
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Fig. 4. Efficacy of compoundc (A) and tiamulin fumarate (B) in mouse systemieation model.

For further evaluating thie vivo efficacy of5c, the lung, kidney and liver of infection model miwere

examined for their MRSA load after treatment fai. Z'reatment wittbc at 40 and 20 mg/kg doses extremely

significantly reduced MRSA load in lung comparedHhat in the control group (~ 4.8 lggCFU/mL,p < 0.01) and

the tiamulin groups (~3.5 lggCFU/mL,p < 0.01). Tiamulin at 40 and 20 mg/kg showed sigaiftly treatment

effects (1.1-1.6 log CFU/mL) against MRSA in lung compared to thathia tontrol groupg < 0.05) (Fig. 5A). In

the kidney, MRSA load in the twec groups and tiamulin group (40 mg/kg) were extrgnsanificantly lower

than that in the control group (Fig. 5B). Howevas,significant difference of MRSA load in liver wabserved

among the five groups (Fig. 5C).
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Figure5. The bacterial load of compoursd and tiamulin in lung (A), kidney (B) and liver (@jter challenge of

MRSA.

To assess whether compoWswattenuates lung tissue damage caused by MRSAphtstological changes
from the non-treatment and treatment groups wesesaed by light microscopy. Compared to the nocoirol
group (Fig. 6A), the predominant changes in thguof mice in the control group were congestiorneal, diffuse
infiltration of neutrophils cells within the alveolar septa ahdolar lumen, fibrous tissue hyperplasia andaare
wall thickening (Fig. 6B). It is worth noting thtite lungs of mice at the group treated with 40 m@kbc were
histologically normal with no significant inflamnmay cell infiltration in pulmonary interstitium (§i 6C).
Infiltration of a few inflammatory cells, slightihickening of alveolar septum and wall were foim¢he lungs of
mice treated with 20 mg/kg &t (Fig. 6D). However, lungs of mice at the tiamuoups (40 and 20 mg/kg)

showed mild to moderate infiltration of neutrophikdls and local congestion (Fig. 6E and F).




Fig. 6. Representative lung histology of mice in normaitcol group (A), control group (Bjc treated group

with 40 mg/kg (C)5c treated group with 20 mg/kg (D), tiamulin treaggdup with 40 mg/kg (E), and tiamulin

treated group with 20 mg/kg (F) treatment.

3. Conclusion

In summary, we have synthesized a series of ndeal@mutilin derivatives possessing 6-methylpyriiméd
moieties. These derivatives were initially evalddiar theirin vitro antibacterial activities againStaureus-25923,
MRSE-51625, MRSA-337378 dysgalactiae, S agalactiae, E. faecalis, P. multocida-1659 ancE. coli-1659. The
MIC values demonstrated that all the synthesizedatives possessed potent antibacterial activibperties.
Compound$c and5g were the most active antibacterial agents. In tioakill assaysbc and5g showed relatively
bacteriostatic kinetics against MRSA. In furthewivo antibacterial study, compound displayed potent efficacy
to improve the survival rate of mice, reduce thetéi@al load and alleviate the pathological damiagée lungs of
the infected mice. The antibacterial effecboffound in this study suggested that it meritedhferrtdrug

development as a potential agent against MRSA fioies:

4. Materials and methods

4.1. General

All reactions were performed using standard lalmwyaequipment and glassware. Reagents and solwents
obtained commercially and used without further fication. The progress of all reactions and punotythe
compounds were monitored by thin layer chromatdaya@éLC) on silica gel plates (GF254; Qingdao Haiya
Chemical Co., Ltd, Shandong, China), followed bgudlization after spraying with a 0.05% KMp@queous
solution or under UV illumination directly. Infradtg(IR) spectra were obtained on a Thermo NicoleXNE-670
spectrometer using KBr thin films, and the absorgtiare reported in ¢chmAll *H NMR and™*C NMR spectra

were recorded using Bruker 400 MHz and 100 MHz spewters in CDG| respectively. The chemical shif) (



were reported in parts per million (ppm) relativetétramethylsilane. High-resolution mass spedtRNS) were
obtained with a Bruker Daltonics APEX Il 47e magsarometer equipped with an electrospray ion sourc
4.2. Chemistry

4.2.1. 14-O-[ (4-ol-6-methylpyrimidine-2-yl) thioacetyl] mutilin (3)

A 10 mL of NaOH aqueous solution (10 M) was addexbaise to a mixture of pleuromutilin (18.93 g, 50
mmol) andp-toluenesulfonyl chloride (10.49 g, 55 mmol) in mdtisobutyl ketone (150 mL). The mixture was
vigorously stirred for 45 min at 6%, followed by washing with 60 mL water for 10 naind separation. The
organic layer was added to a solution of sodiumaa@-mercapto-6-methylpyrimidin-4-ol which wastailmed by
2-mercapto-6-methylpyrimidin-4-ol (7.11, 50 mmotjde5.5 mL NaOH aqueous solution (10 M) in 50 mL
methanol. The mixture was stirred for 6 h af65and evaporated under reduced pressure to dryflessrude
product was extracted with 100 mL ethyl acetatethrd cooled on an ice bath for 2 h. The targetpmmd3 was
then precipitated without further purification teeld 19.12 g (76%). IR (KBr): 3489, 2985, 2932, 286718, 1657,
1582, 1541, 1460, 1363, 1284, 1180, 1118, 1019, 8&%icnT; 'H NMR (400 MHz, Chlorofornd) 5 13.09 (s,
1H), 6.47 (ddJ) = 17.4, 11.0 Hz, 1H), 6.07 (d= 1.1 Hz, 1H), 5.76 (dd} = 8.6, 3.2 Hz, 1H), 5.34 (dd,= 11.0,
1.6 Hz, 1H), 5.23 —5.13 (m, 1H), 3.95 — 3.81 (iM),3.37 (dJ = 6.3 Hz, 1H), 2.38 — 2.23 (m, 2H), 2.21 Jc;
2.8 Hz, 4H), 2.07 (dg]l = 16.2, 2.9 Hz, 2H), 1.77 (di,= 14.4, 3.1 Hz, 1H), 1.69 — 1.61 (m, 2H), 1.56381(m,
6H), 1.36 — 1.23 (m, 2H), 1.16 @@= 2.9 Hz, 4H), 0.87 (dd} = 7.2, 2.5 Hz, 3H), 0.75 (dd,= 7.1, 2.8 Hz, 3H);
%C NMR (101 MHz, Chloroform-dj 216.9, 166.8, 165., 165.1, 158.8, 138.9, 117.8,6,0/4.5, 70.1, 58.1, 45.4,
445, 43.9,41.9, 36.7, 36.0, 34.4, 33.2, 30.43,22%.3, 24.8, 24.1, 16.8, 14.8, 11.5; HRMS (E®)cfM + H]"
for Cy7H3gNOsS 503.2576, found 503. 2569.

4.2.2. General procedure for the synthesis of compounds 5a-m

To a solution of compoungl(0.75 g, 1.5 mmol) in 20 mL dry DCM, triethylami(@&73 g, 7.2 mmol),
4-dimethylaminopyridine (0.01 g, 0.1 mmol) and rdeine-2-sulfonyl chloride (0.50 g, 2.3 mmol) werdded
and stirred at room temperature for 2-3 h. Thenparfy.5 mmol) and 1-methylpyrrolidine (1.27 g,rhBol) were
added in one portion and the reaction was stirt@P@ for 1-2 h. The mixture was washed with 5% ciérbid,
followed by drying with NaSO, overnight and rotary evaporation to dryness. Tade residue obtained was
purified by silica gel column chromatography (p&tton ether: ethyl acetate 1:1-1:10 v/v) to affdre tlesired
compounds.

4.2.2.1. 14-O-[ (4-(Dimethylamino)-6-methyl pyrimidine-2-yl) thioacetyl] mutilin (5a)

White solid, 0.32 g (yield 41%); IR (KBr): 3448, 29, 2864, 1733, 1671, 1591, 1500, 1459, 1407, 18732,



1153, 1117, 1031, 916, 807 ¢ntH NMR (400 MHz, Chloroformd) & 6.50 (ddd,) = 17.0, 11.0, 5.7 Hz, 1H), 5.82
(s, 1H), 5.71 (dJ = 8.4 Hz, 1H), 5.30 (dt] = 11.0, 1.4 Hz, 1H), 5.16 (dd= 17.4, 1.7 Hz, 1H), 3.93 — 3.75 (m,
2H), 3.58 (tJ = 6.1 Hz, 1H), 3.33 (dd} = 10.7, 6.5 Hz, 1H), 3.05 (s, 2H), 2.29 (d&; 11.0, 5.4 Hz, 4H), 2.24 —
2.12 (m, 2H), 2.07 (s, 1H), 1.97 &= 8.1 Hz, 2H), 1.76 — 1.70 (m, 1H), 1.66 — 1.58 2ir), 1.55 — 1.35 (m, 7H),
1.25 (td,J = 8.2, 7.7, 2.8 Hz, 3H), 1.11 (@z= 2.4 Hz, 4H), 0.85 (d] = 7.0 Hz, 3H), 0.71 (dd} = 6.8, 1.4 Hz, 3H);
%C NMR (101 MHz, Chloroform-dj 216.0, 167.4, 158.6, 138.2, 115.9, 97.1, 73.6,688..1, 57.14, 45.4, 44.4,
43.4,42.9, 40.9, 36.2, 35.8, 34.9, 33.5, 33.04,285.9, 25.2, 23.8, 15.8, 13.9, 13.2, 10.4; HRES)(calcd [M +
H]* for CooH43N50,4S 530.3044, found 530.3047.

4.2.2.2. 14-O-[ (4-(Diethylamino)-6-methyl pyrimidine-2-yl) thioacetyl] mutilin (5b)

White solid, 0.49 g (yield 59%); IR (KBr): 3448, &8, 2930, 2864, 1732, 1 1582, 1499, 1459, 1416],1B792,
1153, 1117, 1017, 915, 807, 547 tH NMR (400 MHz, Chlorofornd) § 6.44 (ddJ = 17.3, 11.1 Hz, 1H), 5.75
(s, 1H), 5.64 (dJ = 8.5 Hz, 1H), 5.23 (dd} = 10.9, 1.6 Hz, 1H), 5.09 (dd= 17.5, 1.7 Hz, 1H), 3.88 — 3.68 (m,
2H), 3.50 (d,J = 6.3 Hz, 1H), 3.26 (dd} = 10.8, 6.6 Hz, 2H), 2.27 — 2.16 (m, 4H), 2.16672m, 2H), 1.99 (d] =
12.2 Hz, 3H), 1.91 (ddl = 14.9, 7.6 Hz, 4H), 1.70 — 1.65 (m, 1H), 1.56t(d¢ 11.2, 8.1, 4.1 Hz, 2H), 1.48 — 1.27
(m, 7H), 1.22 — 1.14 (m, 3H), 1.04 @5 2.9 Hz, 4H), 0.78 (d] = 7.0 Hz, 3H), 0.65 (dd] = 6.9, 4.1 Hz, 3H)**C
NMR (101 MHz, Chlorofornd) & 216.0, 167.5, 158.8, 138.2, 115.9, 97.0, 73.%,68.4, 57.1, 45.3, 44.4, 43.4,
42.9, 40.9, 35.8, 34.9, 33.5, 33.1, 33.0, 29.4,255.3, 23.8, 22.8, 15.8, 13.9, 13.2, 10.4; HRES)(calcd [M +
H]* for CsH4N50,S 558.3319, found 558.3326.

4.2.2.3. 14-O-[ (4-(Pyrrolidine-1-yl)-6-methyl pyrimidine-2-yl) thioacetyl] mutilin (5c)

White solid, 0.45 g (yield 54%); IR (KBr): 3448, 28, 2864, 1734, 1592, 1499, 1459, 1416, 1370, 126R3,
1117, 1030, 981, 915 ¢'H NMR (400 MHz, Chlorofornd) § 6.51 (dd,J = 17.4, 11.0 Hz, 1H), 5.82 (s, 1H),
5.71 (d,J = 8.5 Hz, 1H), 5.30 (dd} = 10.9, 1.7 Hz, 1H), 5.16 (dd= 17.4, 1.7 Hz, 1H), 3.94 — 3.75 (m, 2H), 3.54
(s, 2H), 3.33 (ddJ = 10.7, 6.4 Hz, 2H), 2.33 — 2.24 (m, 4H), 2.22H1m, 2H), 2.06 (dJ = 13.1 Hz, 2H), 1.99 —
1.92 (m, 3H), 1.75 (dd] = 14.6, 3.2 Hz, 1H), 1.62 (td,= 11.0, 9.1, 4.6 Hz, 2H), 1.55 — 1.37 (m, 7H)21-31.23
(m, 3H), 1.11 (s, 4H), 0.85 (d,= 7.0 Hz, 3H), 0.72 (dl = 6.8 Hz, 3H);*C NMR (101 MHz, Chlorofornd) &
216.0, 167.5, 158.9, 138.3, 115.9, 97.1, 73.7,,@804, 57.2, 45.3, 44.5, 43.5, 43.0, 41.0, 35%9),33.5, 33.1,
29.5, 26.0, 25.4, 23.9, 22.8, 20.1, 15. 9, 14.(8,1.5; HRMS (ES) calcd [M + Hfor Cs;H.sN30,S 556.3218,
found 556.3223.

4.2.2.4. 14-O-[ (4-(2-(39-3-Hydroxypyrrolidine-1-yl)-6-methyl pyrimidine-2-yl) thioacetyl] mutilin (5d)



White solid, 0.49 g (yield 57%); IR (KBr): 3386, 28 2863, 1718, 1592, 1498, 1456, 1417, 1370, 12220,
1153, 1117, 1019, 969, 915, 806 & NMR (400 MHz, Chlorofornd) 5 6.55 — 6.42 (m, 1H), 5.85 (s, 1H), 5.74
—5.65 (m, 1H), 5.36 — 5.27 (m, 1H), 5.16 (d&; 17.4, 1.7 Hz, 1H), 3.94 — 3.80 (m, 2H), 3.73&,7.0 Hz, 2H),
3.58 (s, 2H), 3.34 (s, 1H), 2.28 (s, 4H), 2.20 Jd,9.3, 4.5 Hz, 2H), 2.10 — 2.05 (m, 2H), 1.75X¢&,12.7 Hz, 1H),
1.66 — 1.60 (m, 2H), 1.53 — 1.36 (m, 7H), 1.24 &,7.0 Hz, 5H), 1.11 (d] = 2.6 Hz, 4H), 0.86 (d] = 7.0 Hz, 3H),
0.72 (d,J = 6.9 Hz, 3H) **C NMR (101 MHz, Chlorofornd) 5 216.1, 167.4, 159.0, 138.4, 116.0, 97.2, 73.64,69.
68.5, 57.2, 57.2, 53.8, 44.5, 43.6, 43.0, 43.(8,3%6.1, 33.5, 33.1, 32.8, 32.8, 29.5, 26.0, 283, 22.5, 17.5,
15.9, 14.0, 10.5; HRMS (ES) calcd [M +Hpr CsiH,4sN30sS 572.3131, found 572.3136.

4.2.2.5. 14-O-[ (4-(Piperazine-1-yl)-6-methyl pyrimidine-2-yl) thioacetyl] mutilin (5€)

White solid, 0.38 g (yield 45%); IR (KBr): 3448, 28, 2863, 1734, 1591, 1499, 1459, 1416, 1372, 12206,
1153, 1117, 1018, 981, 915, 809tH NMR (400 MHz, Chlorofornd) & 6.44 (dd,J = 17.4, 11.0 Hz, 1H), 5.75
(s, 1H), 5.64 (dJ = 8.5 Hz, 1H), 5.29 — 5.22 (m, 1H), 5.09 (dd; 17.4, 1.7 Hz, 1H), 3.85 — 3.69 (m, 2H), 3.49 (s,
2H), 3.26 (dd,J = 10.6, 6.6 Hz, 2H), 2.26 — 2.17 (m, 4H), 2.13&,7.5 Hz, 2H), 1.99 (d] = 10.4 Hz, 2H), 1.91
(dd,J = 15.2, 7.9 Hz, 4H), 1.68 (dd= 14.7, 3.2 Hz, 2H), 1.61 — 1.54 (m, 2H), 1.46.281(m, 7H), 1.19 (dd] =
9.2, 6.9 Hz, 3H), 1.04 (s, 4H), 0.78 (&5 7.0 Hz, 3H), 0.65 (d] = 6.9 Hz, 3H);*C NMR (101 MHz,
Chloroform-d)5 216.0, 167.5, 158.7, 138.2, 115.9, 97.1, 73.68,68.9, 57.1, 45.3, 44.4, 43.4, 42.9, 40.9, 37.0,
35.8, 34.9, 33.5, 33.0, 29.4, 28.7, 25.9, 25.8,22.7, 15.8, 13.9, 10.4; HRMS (ES) calcd [M + Fr
Ca1H46N40,S 571.3208, found 571.302.

4.2.2.6. 14-O-[ (4-(4-Methyl piper azine-1-yl)-6-methyl pyrimidine-2-yl) thioacetyl] mutilin (5f)

White solid, 0.37 g (yield 42%); IR (KBr): 3547, 2B, 2865, 1735, 1671, 1591, 1499, 1459, 1416, 1BIHX],
1222, 1148, 1117, 1018, 980, 914, 814, 700;cd NMR (400 MHz, Chlorofornd) § 6.45 (dd,J = 17.4, 11.0 Hz,
1H), 5.75 (s, 1H), 5.64 (d,= 8.5 Hz, 1H), 5.27 — 5.19 (m, 2H), 5.09 (dd; 17.5, 1.7 Hz, 1H), 3.87 — 3.69 (m,
2H), 3.50 (s, 2H), 3.26 (dd,= 10.9, 6.5 Hz, 3H), 2.29 — 2.10 (m, 6H), 1.99X&,9.6 Hz, 2H), 1.93 — 1.80 (m,
4H), 1.68 (dd,) = 14.6, 3.2 Hz, 1H), 1.56 (td,= 10.5, 9.8, 3.5 Hz, 2H), 1.37 (@@= 7.4 Hz, 7H), 1.23 - 1.12 (m,
3H), 1.04 (s, 4H), 0.78 (d,= 7.0 Hz, 3H), 0.65 (d] = 6.9 Hz, 3H);*C NMR (101 MHz, Chlorofornd) § 216.1,
167.5, 158.7, 138.2, 115.9, 97.0, 73.5, 68.2, 521, 47.5, 45.2, 44.4, 43.4, 42.9, 40.9, 35.9),388.5, 33.0,
29.4,28.7, 25.9, 25.2, 24.3, 23.8, 22.8, 15.8),18.4; HRMS (ES) calcd [M + Ffor CsH4gN40,S 585.3448,
found 585.3502.

4.2.2.7. 14-O-[ (4- (Morpholine-4-yl)-6-methyl pyrimidine-2-yl) thioacetyl] mutilin (59)



White solid, 0.48 g (yield 56%); IR (KBr): 3547, 2B, 2861, 1732, 1584, 1490, 1448, 1417, 1372, 1BP74,
1151, 1117, 1018, 984, 917, 810, 552"'chid NMR (400 MHz, Chlorofornd) & 6.42 (ddJ = 17.4, 11.0 Hz, 1H),
5.97 (s, 1H), 5.64 (dl = 8.5 Hz, 1H), 5.25 (ddl = 11.0, 1.6 Hz, 1H), 5.11 (dd= 17.5, 1.6 Hz, 1H), 3.75 (d,=
1.9 Hz, 2H), 3.68 () = 4.9 Hz, 3H), 3.51 (q] = 4.8 Hz, 3H), 3.27 (ddl = 10.7, 6.5 Hz, 1H), 2.22 (d,= 6.1 Hz,
4H), 2.18 — 2.07 (m, 2H), 1.99 @@= 14.3 Hz, 2H), 1.95 — 1.88 (m, 1H), 1.68 (dd; 14.4, 3.2 Hz, 1H), 1.56 (td,
=10.4, 10.0, 5.1 Hz, 2H), 1.38 @@= 16.0 Hz, 7H), 1.25 - 1.17 (m, 3H), 1.06 (s, 4HY,9 (d,J = 7.0 Hz, 3H),

0.64 (d,J = 6.9 Hz, 3H);*C NMR (101 MHz, Chloroform-dy 216.0, 167.3, 160.9, 138.1, 116.1, 96.4, 73.5,68.
65.5, 59.4, 57.1, 44.4, 43.5, 43.2, 42.9, 40.97,3%.9, 33.5, 33.0, 29.4, 25.9, 25.3, 23.8, 216(8, 13.9, 13.2,
10.4; HRMS (ES) calcd [M + HJfor C3HasNs0sS 572.3169, found 572.3163.

4.2.2.8. 14-O-[ (4-(39)-3-Hydroxypiperidine-1-yl)-6-methyl pyrimidine-2-yl) thioacetyl] mutilin (5h)

White solid, 0.54 g (yield 62%); IR (KBr): 3442, 28, 2862, 1732, 1584, 1494, 1447, 1417, 1373, 1BDB4,
1151, 1117, 1018, 980, 917, 807, 550"chid NMR (400 MHz, Chlorofornd)  6.52 — 6.38 (m, 1H), 6.08 (d=
1.8 Hz, 1H), 5.68 (dJ = 8.3 Hz, 1H), 5.30 (d] = 6.5 Hz, 2H), 5.15 (ddd,= 17.4, 5.9, 1.6 Hz, 1H), 3.87 — 3.75 (m,
3H), 3.67 (dJ =10.4 Hz, 1H), 3.48 (dl = 27.7 Hz, 1H), 3.40 — 3.27 (m, 2H), 2.25 (s, 4M}9 (ddJ = 10.5, 6.8
Hz, 2H), 2.06 (dJ = 15.9 Hz, 2H), 2.02 — 1.90 (m, 2H), 1.88 — 1.#9 {H), 1.75 (s, 1H), 1.67 — 1.61 (m, 2H),
1.54 — 1.39 (m, 7H), 1.30 — 1.20 (m, 3H), 1.124{), 0.86 (dtJ = 7.0, 3.3 Hz, 3H), 0.68 (#,= 7.0 Hz, 3H);°C
NMR (101 MHz, Chloroformd) 6 216.7, 161.6, 138.9, 116.7, 97.2, 74.3, 71.9,,6588, 57.9, 53.1, 50.7, 45.2,
44.4,43.7,41.7, 36.5, 35.7, 34.2, 33.8, 32.2,356.6, 26.1, 24.6, 23.7, 21.9, 16.5, 14.7, 1BLR; HRMS (ES)
calcd [M + HJ for CsHa7N30sS 586.3310, found 586.3316.

4.2.2.9. 14-O-[ (4-(4-Hydroxypiperidine-1-yl)-6-methyl pyrimidine-2-yl) thioacetyl] mutilin (5i)

White solid, 0.55 g (yield 63%); IR (KBr): 3438, 29, 2863, 1719, 1585, 1497, 1453, 1417, 1370, 1BP06,
1153, 1117, 1088, 1026, 980, 915, 808, 558;c#d NMR (400 MHz, Chlorofornd) § 6.42 (ddJ = 17.4, 11.0 Hz,
1H), 6.01 (s, 1H), 5.64 (d,= 8.5 Hz, 1H), 5.24 (d] = 10.7 Hz, 1H), 5.10 (d = 17.4 Hz, 1H), 4.03 — 3.85 (m,
3H), 3.77 (s, 2H), 3.28 — 3.17 (m, 2H), 2.21J¢; 4.7 Hz, 4H), 2.14 (g1 = 9.1, 8.6 Hz, 2H), 1.99 (dd,= 15.5,

2.9 Hz, 1H), 1.95 — 1.90 (m, 1H), 1.86 (s, 2H)81(6,J = 14.4 Hz, 1H), 1.57 (d,= 11.7 Hz, 4H), 1.47 — 1.32 (m,
7H), 1.21 (dJ = 16.2 Hz, 3H), 1.06 (s, 4H), 0.79 (b= 7.0 Hz, 3H), 0.64 (d] = 6.9 Hz, 3H);*C NMR (101 MHz,
Chloroform-d)s 216.1, 167.4, 158.3, 138.1, 116.0, 96.4, 73.6,68.3, 58.0, 57.1, 47.6, 44.4, 43.5, 42.9, 40.9,
40.4, 35.8, 34.9, 33.5, 33.0, 32.7, 31.5, 29.4,22%.3, 23.8, 15.8, 13.9, 10.4; HRMS (ES) calcd{M]" for
C3H47N30sS 586.3310, found 586.3316.

4.2.2.10. 14-O-[ (4-((3R)-3-Hydroxymethyl piperidine-1-yl)-6-methyl pyrimidine-2-yl) thioacetyl] mutilin (5j)



White solid, 0.47 g (yield 53%); IR (KBr): 3448, 2B, 2862, 1732, 1585, 1496, 1445, 1418, 1308, 1207,
1117, 1019, 981, 917, 882, 549°tmH NMR (400 MHz, Chlorofornd) & 6.40 (dt,J = 10.9, 5.8 Hz, 1H), 6.00 (d,
J=2.1Hz, 1H), 5.62 (dl = 8.5 Hz, 1H), 5.24 (td] = 6.7, 3.3 Hz, 1H), 5.10 (ddd= 17.4, 5.8, 1.7 Hz, 1H), 3.79
—3.67 (m, 2H), 3.52 — 3.44 (m, 1H), 3.45 — 3.36 i), 3.26 (d,) = 8.3 Hz, 1H), 3.09 — 3.01 (m, 1H), 2.18 (s,
4H), 2.16 — 2.09 (m, 2H), 2.00 @z 15.8 Hz, 3H), 1.93 (d} = 7.4 Hz, 1H), 1.79 — 1.68 (m, 3H), 1.65 — 1.60 (m
1H), 1.58 — 1.51 (m, 2H), 1.37 (s, 7H), 1.30 — (@4 2H), 1.23 — 1.18 (m, 3H), 1.05 (s, 4H), 0.dU(= 6.9 Hz,
3H), 0.66 — 0.58 (m, 3HJ°C NMR (101 MHz, Chlorofornd) & 216.0, 167.7, 160.3, 138.2, 115.9, 96.4, 73.5,68.
63.78,59.4,57.1, 46.2, 44.4, 43.5, 42.9, 42.9,487 .3, 35.7, 34.9, 33.5, 29.4, 26.1, 25.9, 25338, 23.0, 22.9,
20.0, 15.8, 13.9, 13.2, 10.4; HRMS (ES) calcd [MH for Ca3HagN3OsS 600.3470, found 600.3464.

4.2.2.11. 14-O-[ (4-((3R)-3-Hydroxymethyl piperidine-1-yl)-6-methyl pyrimidine-2-yl) thioacetyl] mutilin (5k)

White solid, 0.40 g (yield 45%); IR (KBr): 3356, 2B, 2863, 1724, 1586, 1496, 1458, 1417, 1371, 1RP25,
1153, 1117, 1025, 981, 911, 806, 555'¢chid NMR (400 MHz, Chlorofornd) § 6.42 (ddJ = 17.4, 11.0 Hz, 1H),
5.99 (s, 1H), 5.64 (dl = 8.5 Hz, 1H), 5.24 (ddl = 10.8, 1.7 Hz, 1H), 5.10 (dd= 17.5, 1.7 Hz, 1H), 4.32 (s, 1H),
3.77 (s, 2H), 3.45 (dl = 5.8 Hz, 2H), 3.27 (dd} = 10.6, 6.4 Hz, 1H), 2.84 — 2.71 (m, 2H), 2.26 :7Am, 4H),

2.17 — 2.09 (m, 2H), 1.97 (td,= 16.1, 15.6, 5.0 Hz, 2H), 1.76 — 1.65 (m, 3H561(ddd,J = 12.5, 7.3, 2.8 Hz, 3H),
1.48 —1.32 (m, 7H), 1.26 (d,= 19.5 Hz, 2H), 1.19 — 1.10 (m, 3H), 1.06 (s, 44Y9 (d,J = 6.9 Hz, 3H), 0.65 (d,
J=6.9 Hz, 3H)*C NMR (101 MHz, Chlorofornd) & 216.1, 167.4, 160.4, 138.1, 116.0, 96.5, 73.6},685.4,
57.2,44.4,43.5,43.1, 43.1, 42.9, 40.9, 37.88,3%4.9, 33.5, 33.0, 29.4, 27.3, 25.9, 25.3, 2239), 15.8, 13.9,
13.2, 10.4; HRMS (ES) calcd [M + Hior C33H4gN50sS 600.3470, found 600.3464.

4.2.2.12. 14-O-[ (4-(4-Hydr oxyethyl pi peridine-1-yl)-6-methyl pyrimidine-2-yl) thioacetyl] mutilin (5I)

White solid, 0.61 g (yield 66%); IR (KBr): 3422, 28 2857, 1720, 1582, 1495, 1532, 1449, 1422, 1831,
1223, 1154, 1118, 1048, 1029, 971, 915, 819, 55% &rNMR (400 MHz, Chlorofornd) § 6.42 (dd,J = 17.4,
11.0 Hz, 1H), 5.97 (s, 1H), 5.64 @@= 8.5 Hz, 1H), 5.24 (ddl = 11.0, 1.6 Hz, 1H), 5.10 (dd= 17.4, 1.7 Hz, 1H),
4.28 (s, 1H), 3.77 (s, 2H), 3.66 Jt= 6.5 Hz, 2H), 3.27 (dd} = 10.4, 6.4 Hz, 1H), 2.76 (td,= 12.8, 10.8, 4.1 Hz,
2H), 2.29 — 2.17 (m, 4H), 2.16 — 2.06 (m, 2H), 2:01.89 (m, 2H), 1.69 (df, = 11.5, 7.5 Hz, 4H), 1.63 — 1.49 (m,
3H), 1.48 — 1.33 (m, 8H), 1.31 — 1.23 (m, 2H), 1=21.10 (m, 3H), 1.06 (s, 4H), 0.79 (& 7.0 Hz, 3H), 0.65 (d,
J=6.9 Hz, 3H);°*C NMR (101 MHz, Chlorofornt) 5 216.1, 167.5, 160.4, 138.1, 116.0, 96.4, 73.6} 68.4,

59.2, 57.2, 44.4, 43.5, 42.9, 40.9, 38.1, 35.8),388.5 , 33.0, 31.7, 30.8, 29.4, 25.9, 25.3, 2339), 20.0, 15.8,
13.9, 13.2, 10.4; HRMS (ES) calcd [M +Hpr CaHs:N30sS 614.3553, found 614.3559.

4.2.2.13. 14-O-[ (4-(4-Hydr oxyethyl pi per azine-1-yl)-6-methyl pyrimidine-2-yl) thioacetyl] mutilin (5m)



White solid, 0.46 g (yield 50%); IR (KBr): 3448, 29, 2864, 1734, 1591, 1499, 1459, 1415, 1347, 19225,
1153, 1117, 1018, 981, 915, 807, 547 ¢hi NMR (400 MHz, Chloroformd) § 6.44 (ddJ = 17.4, 11.0 Hz, 1H),
5.75 (s, 1H), 5.64 (dl = 8.5 Hz, 1H), 5.23 (ddl = 11.0, 1.7 Hz, 1H), 5.09 (dd= 17.5, 1.7 Hz, 1H), 3.88 — 3.69
(m, 2H), 3.50 (dJ = 6.4 Hz, 2H), 3.24 (td] = 14.4, 12.7, 5.7 Hz, 3H), 2.22 = 14.9 Hz, 4H), 2.18 — 2.11 (m,
2H), 1.99 (dJ = 11.2 Hz, 2H), 1.94 — 1.82 (m, 4H), 1.70 — 1.6% {H), 1.60 — 1.50 (m, 3H), 1.48 — 1.29 (m, 7H),
1.26 — 1.15 (m, 4H), 1.04 (s, 5H), 0.78Jd 7.0 Hz, 3H), 0.65 (dl = 6.9 Hz, 3H)"*C NMR (101 MHz,
Chloroform4) 6 216.0, 167.5, 158.7, 138.2, 115.9, 97.0, 73.63,60.4, 57.1, 45.3, 44.4, 43.4, 42.9, 42.0, 40.9,
35.8, 34.9, 33.5, 33.0, 29.4, 28.7, 25.9, 25.2,28.8, 20.0, 15.8, 13.9, 13.2, 10.4; HRMS (E®)tfM + H]"
for Ca3HsoN4OsS 615.3568, found 615.3563.

4.2.3. General procedure for the synthesis of compounds 6a-e

To a solution of compoungl(0.91 g, 1.8 mmol), alcohols (2 mmol) and triphphgsphine (0.58 g, 2.2 mmol)
in 20 mL dry DCM, triethylamine (0.73 g, 7.2 mmadljisopropyl azodiformate (0.45 g, 2.2 mmol) wadexd
dropwise and stirred at room temperature for 2-1Phle mixture was washed with water, followed byirnly with
Na,SO, overnight and rotary evaporation to dryness. Betbe synthesis of compoungks the amino of
monoethanolamine was protected by benzyl carboonddhte (CbzCl). After treatment with NaHg@nd brine,
the residue was treated with Pd/C (0.1 g) and anunoformate (1.14 g, 18 mmol) in 20 mL MeOH undefitux
for 2 h. The reaction mixture was filter and tHerdie was removed in vacuum. The obtained so@itee was
dissolved in DCM and washed with water, dried vaitthydrous Nz50, overnight and rotary evaporated to
dryness. The crude residue obtained was purifieslilog gel column chromatography (petroleum ethéryl
acetate 3:1-1:5 v/v) to afford the desired compsund

4.2.3.1. 14-O-[ (4-Methoxy-6-methyl pyrimidine-2-yl) thioacetyl] mutilin (6a)

White solid, 0.32 g (yield 35%); IR (KBr): 3448, 2%, 2884, 1734, 1677, 1503, 1455, 1411, 1365, 1PB83,
1118, 1019, 980, 916, 754, 722, 542"citi NMR (400 MHz, Chlorofornd) § 6.39 (ddJ = 17.4, 11.0 Hz, 1H),
5.97 (s, 1H), 5.69 (dl = 8.5 Hz, 1H), 5.26 (ddl = 11.0, 1.6 Hz, 1H), 5.12 (dd~= 17.4, 1.6 Hz, 1H), 3.91 — 3.76
(m, 2H), 3.43 (s, 3H), 3.29 (dd= 10.3, 6.4 Hz, 1H), 2.27 — 2.12 (m, 3H), 2.09931(m, 6H), 1.70 (dd] = 14.3,
3.3 Hz, 1H), 1.62 — 1.55 (m, 2H), 1.38 (s, 4H),71-21.16 (m, 3H), 1.08 (s, 4H), 0.80 {d5 6.9 Hz, 3H), 0.67 (d,
J = 6.9 Hz, 3H);°C NMR (101 MHz, Chloroforntd) & 215.9, 165.7, 161.1, 158.8, 137.9, 116.2, 108385, 69.1,
57.0, 44.4, 43.4, 42.9, 40.9, 35.6, 35.0, 33.84,33.3, 29.0, 25.8, 25.4, 23.8, 22.7, 15.9, 1B3&, 10.5; HRMS
(ES) calcd [M + HJ for CygH4oN,0sS 517.2747, found 517.2741.

4.2.3.2. 14-O-[ (4-Ethoxy-6-methyl pyrimidine-2-yl) thioacetyl] mutilin (6b)



White solid, 0.30 g (yield 31%); IR (KBr): 3468,2%, 2860, 1730, 1664, 1493, 1456, 1402, 1372, 13290,
1201, 1168, 1110, 1015, 924, 846, 563'ctil NMR (400 MHz, Chlorofornd) § 6.47 (dd,J = 17.4, 11.0 Hz, 1H),
6.02 (s, 1H), 5.75 (dl = 8.5 Hz, 1H), 5.34 (ddl = 11.0, 1.5 Hz, 1H), 5.19 (dd= 17.4, 1.6 Hz, 1H), 4.16 — 4.02
(m, 2H), 3.99 — 3.79 (m, 2H), 3.35 @ 6.5 Hz, 1H), 2.31 — 2.20 (m, 2H), 2.09 Jd; 33.8 Hz, 4H), 1.76 (dd,=
14.6, 3.1 Hz, 1H), 1.65 (d,= 11.4 Hz, 2H), 1.45 (s, 4H), 1.34 Jt= 7.1 Hz, 4H), 1.29 — 1.21 (m, 5H), 1.14 (s, 4H),
0.86 (d,J = 7.0 Hz, 3H), 0.74 (dl = 7.0 Hz, 3H);®*C NMR (101 MHz, Chloroforntd) & 215.8, 165.8, 160.9, 158.0,
137.9, 116.3, 107.3, 73.5, 69.1, 57.0, 44.4, 4824, 40.9, 38.6, 35.7, 35.0, 33.7, 33.4, 29.4{,2%.8, 25.3, 23.8,
22.6,15.9, 13.8, 11.8, 10.4.; HRMS (ES) calcd [M}F for C,gH4N,0sS 531.2888, found 531.2884.

4.2.3.3. 14-O-[ (4-1sopropoxy-6-methyl pyrimidine-2-yl) thioacetyl] mutilin (6c)

White solid, 0.44 g (yield 45%); IR (KBr): 3448,2%, 2864, 1733, 1676, 1500, 1452, 1413, 1376, 1B&Z7,
1263, 1176, 1116, 1058, 1019, 916, 731'cthl NMR (400 MHz, Chlorofornd) & 6.42 (dd,J = 17.4, 11.0 Hz,
1H), 5.87 (s, 1H), 5.67 (d,= 8.5 Hz, 1H), 5.28 (ddl = 11.0, 1.6 Hz, 1H), 5.13 (dd~= 17.5, 1.6 Hz, 1H), 3.89 —
3.67 (m, 2H), 3.28 (d] = 6.5 Hz, 1H), 2.24 — 2.15 (m, 2H), 2.02 (s, 3HR7 — 1.89 (m, 1H), 1.69 (dd~= 14.4,

3.1 Hz, 1H), 1.54 (dd] = 6.7, 3.6 Hz, 6H), 1.38 (s, 7H), 1.18 (s, 4HP8L(d,J = 7.0 Hz, 4H), 0.79 (dd] = 6.9,
3.4 Hz, 3H), 0.66 (d] = 7.0 Hz, 3H);*C NMR (101 MHz, Chloroforntd) & 215.9, 165.8, 159.9, 157.9, 137.9,
116.3, 73.5, 68.9, 57.0, 44.4, 43.3, 42.9, 40.%,3%.9, 34.3, 33.4, 29.3, 28.7, 25.8, 25.3, 228, 21.7, 18.2,
15.9, 13.8, 13.1, 10.4; HRMS (ES) calcd [M + #jr CsoHa4N,0sS 545.3009, found 545.3004.

4.2.3.4. 14-O-[ (4-Butoxy-6-methyl pyrimidine-2-yl) thioacetyl] mutilin (6d)

White solid, 0.24 g (yield 24%); IR (KBr): 3473, 2B, 2865, 1735, 1498, 1439, 1402, 1374, 1269, 11583,
1018, 981, 915, 839 c'H NMR (400 MHz, Chlorofornd) & 6.40 (dd,J = 17.4, 11.0 Hz, 1H), 5.94 (s, 1H), 5.68
(d,J = 8.5 Hz, 1H), 5.26 (ddl = 11.0, 1.6 Hz, 1H), 5.12 (dd= 17.4, 1.6 Hz, 1H), 3.93 (td,= 7.5, 5.6 Hz, 2H),
3.84 - 3.73 (m, 2H), 3.28 (d= 6.3 Hz, 1H), 2.24 — 2.15 (m, 2H), 2.06 (s, 4H8 (s, 2H), 1.62 (td} = 14.6,

13.8, 9.5 Hz, 5H), 1.37 (d,= 9.1 Hz, 8H), 1.21 — 1.14 (m, 3H), 1.07 (s, 38180 (t,J = 7.4 Hz, 3H), 0.80 (dl =
7.0 Hz, 3H), 0.67 (d] = 7.0 Hz, 3H)C NMR (101 MHz, Chlorofornt) 5 215.9, 165.8, 160.9, 158.1, 137.9,
116.2, 107.2, 73.5, 69.0, 59.4, 57.0, 44.4, 424,40.8, 35.6, 35.0, 33.7, 33.4, 29.4, 28.6,, 2581, 23.8, 22.6,
19.1, 15.8, 13.8, 13.2, 12.6, 10.4; HRMS (ES) c@iitd H]" for CaiH4eN-0sS 559.3122, found 559.3117.

4.2.3.5. 14-O-[ (4-(2-aminoethoxy)-6-methyl pyrimidine-2-yl) thioacetyl] mutilin (6€)

White solid, 036 g (yield 37%); IR (KBr): 3495, 3342930, 2884, 1724, 1583, 1547, 1455, 1343, 1PB63,
1117, 1055, 1017, 980, 916, 736, 698'cfiti NMR (400 MHz, Chlorofornd) & 6.48 (dd,J = 17.4, 11.0 Hz, 1H),

6.23 (s, 1H), 5.72 (dl = 8.5 Hz, 1H), 5.30 (d] = 2.9 Hz, 2H), 5.12 (d] = 10.9 Hz, 3H), 4.39 (gl = 5.9 Hz, 2H),



3.90 — 3.77 (m, 2H), 3.56 (4,= 5.6 Hz, 2H), 3.33 (dl = 6.3 Hz, 1H), 2.34 (s, 2H), 2.31 — 2.17 (m, 3HD9 —
1.98 (m, 2H), 1.75 (dd} = 14.3, 3.1 Hz, 1H), 1.68 — 1.58 (m, 2H), 1.49391(m, 5H), 1.26 (h] = 5.1, 4.4 Hz,
3H), 1.12 (s, 4H), 0.85 (d,= 7.0 Hz, 3H), 0.71 (d] = 7.0 Hz, 3H);*C NMR (101 MHz, Chlorofornd) § 215.9,
166.9, 138.0, 127.5, 127.2, 116.1, 101.6, 73.5,,635.9, 64.6, 57.1, 52.4, 44.4, 43.6, 42.9, 48697, 34.9, 33.4,
33.1, 29.4, 25.8, 25.3, 23.8, 22.6, 15.8, 13.7%4;19RMS (ES) calcd [M + H]for CygH4aN305S 546.2986, found
546.2991.
4.3. Biological evaluation

4.3.1. MIC testing

The MICs of the pleuromutilin derivatives werdeatenined using a modified standard microtiter diatmethod.
Briefly, compounds, as well as tiamulin fumarate agtapamulin used as reference drugs, were desaiv25%
DMSO to a solution with concentration of @g/mL. All the solutions were then diluted two-foldth distilled
water to provide 11 dilutions (final concentratisr0.0613ug/mL). Inoculums, including. aureus-25923,
MRSE-51625, MRSA-337378 dysgalactiae, S agalactiae, E. faecalis, P. multocida-1659 ancE. coli-1659 were
incubated overnight at 37 °C and transferred to neitient broth (MHB) until the logarithmic phaskgrowth.
The bacteria were then diluted to>2@° colony forming units (CFU)/mL in MHBA 100 uL volume of bacteria in
MHB was mixed with 10QL of serially diluted aliquots of the compoundssterile 96-well plates, which resulted
in the final concentration of each dilutions desieg two fold. The mixtures were then incubated87tC for
18-24 h in an incubatorhe MIC was determined by optical density (OD) nueasents at a wavelength of 492
nm as the lowest concentration of thbempounds that resulted in no bacterial growth. rEselts were expressed
as an average of the MICs obtained from three iadégnt experiments.

4.3.2. Bactericidal time-kill kinetics

MRSA-337371 was cultured in MuellereHinton brott8@t°C for 6 h with shaking and then diluted to
approximately 6 x T0CFU/mL. Test compoundse, 5g and tiamulin fumarate with the final concentratiofi®.5
x MIC, 1 x MIC, 2 x MIC and 4 x MIC were inoculatedth the aliquots of bacteria resuspended in freslia.
After specified time intervals (0, 2, 4, 6, 8, I®&l&4 h), 0.5 mL aliquots were serially dilutedL®" to 108 by
10-fold in 0.9% saline. The resulted dilutions wplaed on sterile MuellereHinton agar plates anudibated at
37 °C for 24 h. The viable colonies were countedi rpresented as lgg CFU/mL). The same procedure was
repeated in triplicate.
4.4, Mouse systemic infection model

Thein vivo efficacy of compoundc was determined in 6-8 weeks old Kunming mice (fjgggathogen-free,



Laboratory Animal Center of Lanzhou University, zliou, China). All mice were rendered neutropenicrup
treatment with 150 mg/kg cyclophosphamide intrapegally for four days and with 100 mg/kg for oragy gbrior

to inoculation, respectively. The neutropenic miege anesthetized with isoflurane and then receiv@d mL
MRSA-337371 inoculum of FOCFU/mL via intraperitoneal injection. Some animaksre used for determining the
survival and E, which have been described in our previously wagk [L9]. Briefly, about 1 h after infection, the
mice were then intraperitoneal administered compdigrdissolved in 0.5 mL vehicle
(DMSO:Tween-80:sterile:water = 0.5:0.5:9) at dos€s, 8, 15, 25, and 40 mg/kg body weight (10 peug).
Tiamulin fumarate was used as a reference druggisame manner at the same dosés.asll animals were
observed twice daily for symptoms and mortalitytfoe animal procedures. The survival of the mice aafter
infection was used as the end-point, and theyBas calculated by the Bliss method.

For the determination of MRSA in tissues and hajaal analyses, the neutropenic mice warthanized and
sacrificed after treatment for 2 d. Then the kiddegr and a part of lung were cut to two parise evas weighted
and ground to homogenate with sterile saline, ¥a#id by 10-fold dilution. The resulted dilutions weglated on
sterile MuellereHinton agar plates and incubategi7etC for 24 h. The same procedure was repeateiplicate.
The viable colonies were counted (represented &5rGE) and the bacterial load was calculated a¥allCFU/g
= (the mean CFU x 10 xvolume of homogenate x ditutactor)/weight of tissues. The other part oguvas
collected and fixed in 10% buffered formalin, emtbed in paraffin, sectioned at4n, and stained with
hematoxylin and eosin (H&E) and examined undettligltroscopy [21]. The protocol for this study wasiewed
and approved by the Laboratory Animal Ethical Coswiain of Lanzhou Institute of Husbandry and
Pharmaceutical Sciences of CAAS.

4.5, Statistical analysis

Statistical analysis was performed using IBM SP&&isSics for Windows version 24.0 (SPSS Inc., @b,
USA). The data were analyzed by One-way analysimoance (ANOVA), followed by Dunnettsst-hoc tests as
appropriate. Statistical significant difference wigfined as @ < 0.05 and the extremely significant differenceswa

defined as @ < 0.01.
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Figure L egends

Figure 1. Structural formulas of pleuromutilin, tiamulin,lmemulin, retapamulin and lefamulin.

Figure 2. ORTEP diagram for compour8with ellipsoids set at 75% probability.

Figure 3. Time-kill analysis of compound$c (A), 5g (B) and tiamulin fumarate (C) against
MRSA-337371.

Figure 4. Efficacy of compoundsc (A) and tiamulin fumarate (B) in mouse systemieation model.

Figure5. The bacterial load of compouid and tiamulin in lung (A), kidney (B) and liver (@jter challenge of
MRSA.

Figure 6. Representative lung histology of mice in norn@itcol group (A), control group (Bhc treated group
with 40 mg/kg (C) 5c treated group with 20 mg/kg (D), tiamulin treatgdup with 40 mg/kg (E), and tiamulin
treated group with 20 mg/kg (F) treatment.

Scheme 1. General synthetic scheme for the pleuromutilin\dgives5a-m.

Scheme 2. Synthesis of pleuromutilin derivativéa-d.

Scheme 3. Preparation of pleuromutilin derivatiée.



* A series of novel pleuromutilin derivatives with substituted 6-methylpyrimidine
moieties were synthesi zed.

» Synthesized compounds were evaluated for their antibacterial activity.

» Compounds 5c showed excellent antibacterial activity and potent therapeutic

efficacy in mouse systemic infection.
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