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Abstract: A series of novel pleuromutilin derivatives embragifH-pyrrolo[2,3d]pyrimidine moiety
were synthesized and evaluated for their in vitntibacterial activity against Gram-positive and
Gram-negative pathogens as well as in vivo effidadgthal systemic infected mice. Most compounds
displayed good in vitro potency against MSSA, MR8MSSE, MRSE and. faecium (MIC = 0.0625

~ 4 ug/mL), especiallyl5a, 15b and 150 showed excellent activity that even more activantithe
comparator valnemulin. The in vivo efficacy investiion exhibited compound5a (EDs, = 16.0
mg/kg) had comparable activity to valnemulin @313.5 mg/kg). The results provided by the
dose-response study demonstratbd can supply infected mice with 70% survival ratedase of 40
mg/kg via intragastric (i.g.) administration.

Key words. antibacterial activity; in vivo efficacy; pleuronilin derivatives; pyrrolopyrimidine;
Gram-positive bacteria

1. Introduction

The widespread long-term abuse of antibiotics endlinic has led to the growing problem of antilmot
resistance, especially the emergence of “superebatt which poses a great threat to human life
safety™? In 2016, the World Health Organization (WHO) figdr in the Global Review of
Antimicrobial Resistance that about 700,000 peajpésl of superbugs infections every year in the
whole world. It is estimated that by 2050, 10 roitlipeople’s lives would be threatened by bacterial
infections. On February 27, 2017, WHO releasedfits¢ list of 12 deadliest pathogens including
Staphylococcus aureus and Streptococcus pneumoniae which have serious resistance to traditional
antibiotics. Therefore, in order to effectively peat and treat serious bacterial infections ansolue

the current acute shortage of antibiotics, thealisty and development of novel antibacterial drags
urgent. Natural products are an important sourcdeafl compounds for use in small-molecule
discovery. In fact, all new small-molecule-basednpmaceuticals approved during 1981 and 2014,
approximately 51% came from natural product whe#28% were based on chemical syntheses. In
terms of the natural product-based drugs, most wataral product-derived or synthetic drugs with
natural product backbonés.

Azamulin Retapamulin BC-3781 (Lefamulin)

Figure 1. Pleuromutilin and related compounds and drugs
Pleuromutilin @) (Figure 1) is a natural product with an unusuglytlic diterpenoid structure
first isolated from the fungClitopilusscyphoides in 1950s and has been demonstrated to show modest
antibacterial activity¥! The mechanism research has proved it inhibitsebattprotein synthesis via
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interaction with prokaryotic 50s ribosome subunit heither affected protein synthesis of eukaryotes
nor bind to mammalian ribosomB&s.The special structure and action mode of pleurdimut
encourages people to modify it for developmentenf elass of antibiotics to reduce cross-resistamce
clinical use. Between 1970s and early 1980s, a eumbsemisynthetic pleuromutilin derivatives were
prepared and in-depth study of structure-activitiationship implied that introduction of thiothemda
alkaline group in the C14 side chain would imprawgibacterial activitf® Such efforts successfully
prompted the approval of tiamuli2)(and valnemulin3) as veterinary antibiotics in 1979 and 1999,
respectively”’ Another pleuromutilin analogue azamuli4) (vas produced in 1980s to aim at human
use, which was impeded in the phase | clinical stémt its poor water solubility resulting in
insufficient bioavailability.™**" In 2007, retapmuling) developed by GlaxoSmithKine was approved
as the first pleuromutilin derivative for treatmenft human topic skin infectiort*? In late 2006,
Nabriva Therapeutics developed compound BC-378% (called lefamulin) ), which has obtained
important progress in community-acquired bactepiaumonia (CABP) phase Il clinical and acute
bacterial skin and skin structure infections (AB§S$ase Il clinical trials!*®

Based on former structure-activity relationship lexations as well as the inherent metabolic
instability of pleuromutilin/**! we exerted our effort to combined hetetoaromathsstutions into the
C14 side chain of pleuromutilin to develop a newssl of pleuromutilin derivatives to improve
antibacterial activity and water solubility. Thesdgn, synthesis, SAR, detailed antibacterial agtivi
and in vivo efficacy of novel semisynthetic pleungditin analogues embracing
7H-pyrrolo[2,3d]pyrimidine backbone in the C14 side chain will lported and discussed in the
article.

2. Results and discussion
2.1 Chemistry

As shown in scheme 1, pleuromutilit) (was reacted with tosyl chloride in the presentcBl@aOH in
H,O andt-butyl methy ether (TBME) to provide mutilin 14-tdexyacetate(7) in 90% vyield.
Compound8 was prepared by nucleophilic substitution7ofvith KI under a basic condition in 86%
yield. ¢!

2-bromo-1, 1-diethoxyethan®)(was coupled with malononitrile in the presenceKg€O; in
DMF overnight to give 2-(2, 2-diethoxyethyl) malanitwile (10) in 75% yield. Cyclization reaction of
compound10 with thiourea usingt-BuOK as the base in refluxing EtOH to lead to pstam
4,6-diamino-5-(2,2-diethoxyethyl)pyrimidine-2-thaté (1) in 62% vyield. Subsequent cyclization of
compoundll with 4 N HCI at room temperature for 1 h followeedatment of 4 M NaOH for 10 min to
yield 4-amino-H-pyrrolo[2,3-d]pyrimidine-2-thiol 12) in 91%. Compound3 was prepared smoothly
from 8 with 12 in the presence of 15% NaOH in 84% yield. Nexg, dmidation reaction of compound
13 with chloroacetyl chloride employing DCM and DMBE a mixed solvent and §& as a base to
provide compound4 in 45% yield. Finally, a wide range of amines urdihg primary and secondary
amine compounds were reacted with compolhdatalyzed by 2 mol% Nal in refluxing THF to give
target compound5a-o.
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Scheme 1. Reagents and conditions: (i) malononitrileCiKs;, DMF, 50 °C, overnight; (ii) thioured;BuOK, EtOH, 80 °C,
overnight; (i) 4 N HCI for 1 h and 4 M NaOH foi0Imin; (iv) compound, 15% NaOH, THF, 0 °C, 2 h; (v) chloroacetyl
chloride, EN, DCM/DMF = 5/1, rt, 2 h; (vi) RH, 2 mol% Nal, KCOs;, THF, 60 °C.

2.2 Invitro antibacterial activity

The evaluation of the in vitro antibacterial adieé of the synthesized pleuromutilin derivatives
containing H-pyrrolo[2,3d]pyrimidine were performed against a panel of welaracterized
drug-susceptible and -resistant Gram-positive ggehs isolated from clinic as well as against two
Gram-negative bacteria strain. Valnemulin hydrodbk was used as the positive control and the
minimum inhibitory concentration (MIC) values wepeovided in Table 1. In general, all the newly
prepared pleuromutilin derivatives showed good xoeHent in vitro antibacterial activity against
Gram-positive bacteria except faecalis. However, none of all of these synthesized comgsiand
the reference agent have potency against Graminegsatthogens.

Initially, compound13 was synthesized as a lead compound to evaluate Visro antibacterial
activity against Gram-positive bacteria. The resshowed thal3 displayed 4 to 8 fold decrease in
activity against MSSA, MRSA, MSSE, MRSE aBdfaecium in comparison with that of valnemulin,
with MICs ranging from 1 to 2ug/mL. Next, several amines compounds including arimand
secondary amines were introduced1® through chloroacetyl chloride coupling with 4-Bplih the
pyrrolopyrimidine to optimize its potency. It wasuihd that introduction of pyrrolel%a), piperidine
(15b) and diethylamine160) exhibited apparent improved activity than valnémuespecially MICs
of 15a against all strains were lower than that of valnlm The substitution of the 4-positon of
piperidine of15b with aminomethyl, aryl, hydroxyl, hydroxymethylépiperidinyl (yieldingl5c, 15d,
15e, 15f and 15g, respectively) led to decreased activity in corigmar with that of the parent
compoundl5b. The activity ofl5¢c and15d displayed significant decline, with 4 to 8 foldda@ to 16



fold drop compared td@5b, respectively. Replacement 4 with morpholine {5h) showed enhanced
activity than 13 and gave comparable activity as valnemulin. Compgolbi bearing piperazine
resulted in lower activity against MSSA and MRSAunhthat ofl3 while the 4-substituted piperazine
compounds introduced tb showed more active thdbi. This result indicates the substitution effect
in the 4-position on the activity of piperazine ggated an opposite trend compared to that of
piperidine. The data of efficacy of primary amindéscorporated to14 demonstrated that
cyclopropylamine 15m) showed a better promotion for antibacterial aigtiin comparison with that

of cyclohexylamine 15n), with MICs ranging from 0.125 to 0.2pg/mL and 0.5 to 1ug/mL,
respectively.

In addition, the in vitro activity of those syntimsd compounds against Gram-negative bacteria
such a<.coil andP. multocida were investigated. The result showed that thieserompounds were
not effective to inhibit the growth of Gram-negatipathogens. As the data in Table 1, compdifad
gave the relative good result agaifstoil, exhibiting moderate efficacy with a MIC of 1&/mL,
which had a 2 fold increase in activity agaifstoil compared to that of valnemulin. The activity
againstP. multocida was also examined, and the most efficient compdisadoroffered identical MIC
(16 pg/mL) as valnemulin.

Table 1. In vitro antibacterial activity of the synthetompounds and reference agent against Gram-poaitidésram-negative

bacteria
MIC 3(ug/mL)
compound
MSSA®  MRSA” MSSE MRSE®  E.faecium®”  E.faecali® E.coil® P multocida®

13 1 1 1 2 1 64 >64 64
15a 0.0625 0.0625 0.0625 0.0625 0.0625 64 32 16
15b 0.0625 0.125 0.0625 0.125 0.125 32 64 32
15¢ 0.5 1 0.5 0.5 1 64 >64 64
15d 1 2 1 1 1 64 >64 >64
15e 0.25 0.25 0.25 0.25 0.5 64 >64 32
15f 0.25 0.25 0.125 0.125 0.25 64 >64 64
159 0.5 0.5 0.25 0.5 0.0625 64 64 64
15h 0.125 0.25 0.25 0.25 0.25 64 64 32
15i 2 4 1 1 1 64 >64 32
15j 0.125 1 0.25 0.5 0.5 64 >64 32
15k 1 1 0.5 1 1 64 >64 64
15l 1 0.5 0.5 0.5 0.25 64 >64 >64
15m 0.125 0.25 0.125 0.25 0.25 64 >64 32
15n 0.5 1 0.5 0.5 0.5 64 >64 64
150 0.0625 0.0625 0.0625 0.125 0.125 32 16 64

Valnemulin 0.25 0.25 0.125 0.25 0.125 >64 32 16

a Abbreviations are as follows: MIC, minimum inhdrsly concentration; MSSA, methicillin-sensitiB8aphylococcus aureus;
MRSA, methicillin-resistant Saphylococcus aureus; MSSE, methicillin-sensitive Staphylococcus epidermidis; MRSE,
methicillin-resistantStaphylococcus epidermidis; E. faecium, Enterococcus faecium; E. faecalis, Enterococcus faecalis; E.coail,
Escherichia coli; P. multocida, Pasteurella multocida.

b All of the strains were isolated from the clidibacteria in Chongqging Daping Hospital and resgrivelnstitute of Veterinary

Sciences & Pharmaceuticals, Chongqing Academy ahAhSciences.



¢ E.coil ATCC11775.
d P. multocida was isolated from the clinical bacteria in Insttof Veterinary Sciences & Pharmaceuticals, Chargyéicademy
of Animal Sciences.

We also conducted the time-kill kinetics of thremeentrations o15a and valnemulin during the
initial 4 h through inhibiting the viability of exmential-phase ofaureus (MRSA) isolated from
clinic to probe their antibacterial activity furtie The outcomes revealed that boiba and
valnemulin displayed concentration-dependent eftétg. 2). The pathogen suspension was treated
with 8 fold MIC of 15a and valnemulin to lead the concentration of thetdrga slumped to the
undetectable level in 2 h and the result also sstgdethatl5a had faster kinetics bactericidal against
Saureus than valnemulinWhen the concentration of compounds decreaseddtd MIC, the bacteria
was killed in 4 h. Compared to other two teamspld MIC treatments provided a more slower speed
in inhibiting the growth oB.aureus.
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Figure 2. Time-kill kinetics ofl5a and valnemulin against stationary-phas&afireus. 3 biologically independent samples were

performed to give the meas.d. of CFU/ml.

2.3 Invivo efficacy of compounds 15a, 15b and 150

Since their excellent in vitro antibacterial adyicompound45a, 15b and150 were assessed fdreir

in vivo efficacy against lethaBaureus (MRSA) systemic infection model in mice (Table 2).
Compoundl5a showed potent protective effect against MRSA woyiwith ED;y of 16.0 mg/kg that
was slightly higher than that of valnemulin. Compdsi15b exhibited moderate in vivo efficacy and
150 presented the largest Efyalue thougt50 showed equivalent activity in vitro to that t¥a. The
data ofl5a vs. valnemulin andl5a vs. 150 implied that pharmacokinetics and ADME propertiave
considerable impact on efficacy.

Table 2. In vivo efficacy (ERg) of compoundd45a, 15b and150 in Mouse Systemic Infection Model

MRSA?
Compound ~
MIC(ug/mL) EDso(mg/kg)®
15a 0.0625 16.0 (12.6~19.9)
15b 0.125 19.7 (16.8~24.5)

150 0.0625 27.7 (22.6~34.5)




valnemulin 0.25 13.5(10.7~16.8)

2 Clinical isolate.” MICs of compounds against specific strains usedrfovivo efficacy estimation’ EDs;was selected as the

efficacy criterion and calculated as the dose athvimice survival rate was 50%. Mice were inocudaitgraperitoneally and

medication was given intraperitoneal administratidm after infection. Values in parentheses ings&5% confidence ranges.

Next, further investigations of the in vivo effiga®f compoundl5a and valnemulin were
conducted in another panel mice infected by MRSA.sAown in Fig. 3, once daily intragastric (i.g.)
administration with 40mg/kg ofl5a and valnemulin for consecutive 3 days profferedable
protection against lethal challenge caused by dadinisolate Saureus resistant strainDuring the
treatment period, the survival percentage of Hdih and valnemulin kept higher than 90% and the
figure experienced a slight decrease between fiedind sixth days, standing at 70% and 80% af last
respectively. However, when the treatment doseceditio 20 mg/kg, the survival percent of bafa
and valnemulin slumped to 30%. The rapid decreasee survival rate intrigued by the half reduction
of dose may attribute to the apparent first-pagscefof 15a and valnemulin, which lowered the
effective plasma concentration. The outcome indgahat the survival percent of infected mice is
significantly dose-dependent with the dose of ba@memulin andl5a via i.g. administration in this
experiment model.

—— Compound 15a (20mg/kg)
—V— Compound 15a (40mg/kg)

100 —@—0_ 4 Valnemulin (20mg/kg)
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Figure 3. Dose-response study of compouisd and valnemulin in lethal systemic infection mideem once daily intragastric

administration
2.4 Molecular docking study of compound 15a

As its excellent in vitro and in vivo efficaciouse conducted the molecular docking research5af
selecting valnemulin as the control. To validate trotocol of Surflex-dock, the co-crystallized
tiamulin was re-docked into the binding site of tB®S ribosomal subunit fronDeinococcus
radiodurans (PDB ID: 1XBP). The total score of the optimal tammer was 10.06, and the root mean
squared deviation (RMSD) of heavy atoms was 0.47i§ure 3). It can be inferred that Surflex-dock
can reproduce the native conformation of tiamuémpvell.

Crystal structure studies have proposed thaturpmutilin derivatives blocks peptide-bond
formation directly by interfering with substratentling at the ribosome’s peptidyl-transferase center



(PTC) domain™"*® Taimulin, valnemulin and compouriba exhibited the same binding modes in
PTC domain (Fig.4). It can be observed that allttihee compounds involved hydrophobic interactions
with residues G2061, A2062, C2063, A2451, C245250% U2504, G2505, U2506, U2585, C2586
and formed three hydrogen bonds with G2505 and G2@6ich were consistent with previous result
reported (nucleotides were numbered accordingddeitoli 23S rRNA sequence throughout the text)
71 Furthermore, the total score (-log(KD)) of the ol conformation ofl5a was calculated to be

12.53, which indicated that the affinity activity d5a with 23S rRNA was significantly higher than

tiamulin (10.06) and valnemulin (10.46). In ternfslBa, it should be notable that two extra hydrogen

bonds were formed between 1kl of pyrrole ring and residues U2506, G2505, amdl - stacking

interactions were formed between the pyrrolopyrimeédscaffold and U2506. The total score and
strong hydrogen bonds as well as #he stacking interaction af5a may explain why it showed better
in vitro antibacterial activity than valnemulin.
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Figure 4. The binding modes of tiamulin, valnemulin atih within the PTC domain. The inhibitors tiamulin,Imamulin and
15a are represented by yellow, purple and pink. Nuides involved in hydrogen bonds and hydrophobieractions are
colored in cyan and white, respectively. Hydrogemds andr-n interactions are shown as dotted black and ordings,

respectively.

3. Conclusion

In summary, a series of new semisynthetic thioetpEuromutilin compounds incorporating
pyrrolopyrimidine backbone have been reported. Reditary SAR study has shown that incorporation
of intermediatel3 into pleuromutilin provides moderate antibacteadalivity against regardless of
sensitive or resistant Gram-positive pathogenstheuroptimization using chloroacetyl chloride as a
linker to introduce several amines compounds reduilh compound45a, 15b and 150 possessing
outstanding in vitro antibacterial activity, whiehere equivalent or even superior to marketed drug
valnemulin. The time-kill kinetics assay demonsdathatl5a was a kind of concentration-dependent
antibacterial agent and showed a more rapid kinét@ctericidal again§aureus than valnemulin. The



EDg, values evaluation and dose-response study inlletysiemic infection mice of those three
compounds have reveal&8a can be a lead of potential antibacterial agentiadidates hydrophilicity,
pharmacokinetics and ADME properties may have figait impact on the in vivo efficacy, which
would provide insight into our following research meuromutilin derivatives for the treatment of
infectious in either animal or human.

4. Experiment section
4.1 Material and methods

Pleuromutilin (~ 92% purity) was purchased from jBgi Couple Technology Co., Ltd. Other
chemical were from J&K scientific Co., Ltd. All s@nts are analytical grade and without further
purification unless otherwise noted. All reactiowent under inert atmosphere nitrogen and were
monitored by TLC using pre-coated silica gel GF2fidss plates (Qingdao Haiyang Chemical Co.,
Ltd., Shandong, China) or monitored by LCMS empbgyithe following method: Agilent LCMS
1260-6400; Column: Waters X-Bridge C18-OBD colurdn6(mm x 50 mm, fum); Temperature:
40 °C; Flow rate: 2.0 mL/min; Mobile phase: fromg8Qwater + 5 mM HCOONE] and 10% [CHCN]

to 10% [water + 5 mM HCOONJ} and 90% [CHCN] in 0.9 min, then under this condition for 0.9
min, finally changed to 90% [water + 5 mM HCOONnNd 10% [CHCN ] in 0.01 min and under
this condition for 0.7 min. The target compoundsengurified by flash chromatography column or by
Prep-HPLC.’H NMR and *C NMR were measured on Agilent 600 DD2 (600 MHz)Bruker
Ultrashield 400 (400 MHz) spectrometer using trinyégilane as an internal standard. Chemical shifts
(0 values) were reported in parts per million (pprodfield from tetramethylsilane, and coupling
constantsJ). ESI-HRMS was performed on Bruker solariX XR (FIRMS).

4.2 Synthesis

2-(2,2-diethoxyethyl)malononitrilel(). To a solution of malononitrile (20.0 g, 0.30 iwl DMF (350

mL) in a 500-mL round-bottom flask equipped withgnatic stirrer was added potassium carbonate
(41.8 g, 0.30 mol). The resulting purple mixtureswhen added with bromoacetaldehyde diethyl acetal
(29.6 g, 0.15 mol) was added. The suspension watedhdo 50 °C and aged overnight. TLC test

showed materials were consumed completely. Theysluas cooled to room temperature and treated
with water (150 mL) and extracted with toluene (200x3 ). The combined organic layers were

washed with brine (200 mLx3), dried over anhydrblasSO, and evaporated in vacuum. The residue
was flushed with toluene (100 mLx2) followed anhyul ethanol (100 mLx2). The concentrate (20.5
0, 75.0 % yield) was used for the next step diyawtthout further purification.

potassium 4,6-diamino-5-(2,2-diethoxyethyl)pyrinmiei2-thiolate {1). To a stirred solution of
compoundl10 (20.5 g, 112.5 mmol) in anhydrous ethanol (200 mk} added thiourea (10.3 g, 135.0
mmol) under ice bath. The solution was stirred1®dmin and then added potassitem-butoxide solid
(15.1 g, 135.0 mmol). The mixture was warmed td®C8nd keep at this temperature overnight. The
slurry was cooled to ambient temperature afterréaetion completed. The resulting precipitate was
filtered and washed with anhydrous ethanol (100 8)L¥he filter cake was dried in vacuum at 40 °C



overnight to give an off-white solid (20.6 g, 62 yield). The solid was subjected to the next step
without further purification.

4-amino-H-pyrrolo[2,3-d]pyrimidine-2-thiol {2). To a stirred solution of compourid (20.6 g, 69.5
mmol) in HO (150 mL) was added 4N HCI (34.8 mL, 139.0 mmaIp&C. Then the mixture was
warmed to 50 °C and aged 1 h. The formed slurry twested with HO (150 mL) and 4 M NaOH (18
mL, 70 mmol) to adjust pH 7 and stirred at roompenature for 10 min. The precipitate was filtered
and the filter cake was dried in vacuum at 40 °@ite an off-white solid (10.5 g, 91 % vyieldH
NMR (400 MHz, DMSO¢) § 11.51 (s, 2H), 7.60 (brs, 2H), 6.85 (s, 1H), 6.d6J(= 3.2 Hz, 1H)
HRMS (ES) calcd [M + H]for CsHeN4S 167.03859, found 167.03900.

14-O-(((4-amino-H-pyrrolo[2,3-d]pyrimidin-6-yl)thio)acetyl)mutilin 13). To a stirred solution of
compoundB (20.0 g, 41.0 mmol) in THF (150 mL) was added coumqubl2 (6.8 g, 41.0 mmol) and 15%
NaOH (ag.) (16.5 mL, 61.5 mmol) at 0 °C and remdiZeh. After the material was consumed
completely, the THF was evaporated in vacuum. Th&HCI| was employed to adjust the pH of the
mixture to 7. The resulting solution was extracteith EtOAc (50 mLx3). The combined organic
layers were dried over anhydrous,8@), and evaporated in vacuum. The crude product wefiguu

by flash chromatography with DMC/MeOH (V/V = 50/a 25/1) as eluent to givi3 as an off-white
solid (18.0 g, 84 % yieldfH NMR (400 MHz, DMSOdg) 611.25 (s, 1H), 6.98 (s, 2H), 6.93 — 6.90 (m,
1H), 6.43 (ddJ = 3.3, 1.9 Hz, 1H), 5.52 (d,= 8.3 Hz, 1H), 5.02 (d] = 16.0 Hz, 1H), 4.95 (d] =
12.0 Hz, 1H), 4.49 (d] = 4.0 Hz, 1H), 3.89 (ddl = 20.0, 16.0 Hz, 2H), 3.39 @,= 6.0 Hz, 1H), 2.37
(s, 1H), 2.23 — 1.95 (m, 4H), 1.66 — 1.58 (m, 2H%6 — 1.36 (m, 2H), 1.34 (s, 3H), 1.29 — 1.20 (m,
3H), 1.03 — 0.92 (m, 4H), 0.80 (@= 7.0 Hz, 3H), 0.60 (d] = 6.8 Hz, 3H) HRMS (ES) calcd [M +
H]"* for CygH3gN,0,S 527.26865, found 527.26778.

14-O-(((4-(2-chloroacetamido)H-pyrrolo[2,3-d]pyrimidin-6-yl)thio)acetyl)mutilin 14). A three-neck
round bottom flask equipped with a magnetic stimas added compouri8 (10.0 g, 19.0 mmol) and
100 mL of DCM/DMF (V/V = 9/1). The stirred solutiomas then added # (2.9 g, 28.5 mmol) and
2-chloroacetyl chloride (3.2 g, 28.5 mmol) at O d@der nitrogen atmosphere. The resulting mixture
was stirred at rt for 2 h. After completion, thextare was treated with J@ (20 mL) and extracted
with DCM (30 mLx3). The combined organic layers svavashed with brine, dried over anhydrous
N&SO, and concentrated in vacuum. The residue was edrifiy flash chromatography with
DMC/MeOH (V/V = 40/1 to 20/1) as eluent to gitd as white solid (5.2 g, 45 % yieldH NMR
(600 MHz, DMSO#d) ¢ 6.95 (brs, 2H), 6.88 (dl = 4.0 Hz, 1H), 6.39 (d]l = 4.0 Hz, 1H), 5.47 (d] =
4.0 Hz, 1H), 5.13 (d) = 12.0 Hz, 1H), 5.04 (dl = 8.0 Hz, 1H), 4.90 (d] = 6.6 Hz, 1H), 4.44 (ddl =
24.0, 8.0 Hz, 2H), 3.87 (d,= 16.1 Hz, 2H), 2.30 — 2.25 (m, 1H), 2.20 — 2.4% 2H), 2.11 — 2.04 (m,
2H), 1.78 (gJ = 8.0 Hz, 1H), 1.62 (d] = 8.0 Hz, 1H), 1.46 — 1.42 (m, 1H), 1.38 Jd7 12.0 Hz, 1H),
1.33 (s, 3H), 1.24 — 1.22 (m, 3H), 1.01Xt 12.0 Hz, 1H), 0.85 (s, 3H), 0.71 @z 7.0 Hz, 3H), 0.59
(d,J=7.0 Hz, 3H) LCMS (ES) calcd [M + H] for C3gH34CIN,OsS 602.23, found 603.3.

General procedure for the synthesis of compouttdso. To a stirred solution of compourid (1
mmol) in THF (10 mL) was added,&O; (207.0 mg, 1 mmol), 1 (1L mmol) and Nal (3 mg, 0.02
mmol) at rt. The mixture was warmed to 60 °C andamed for 4 h. Then the mixture was adde®H
(5 mL) and extracted with EtOAc (10 mLx3). The congal organic layers were dried over anhydrous



N&SQO, and concentrated in vacuum. The crude productpméaified by Prep-TLC or Prep-HPLC to
give the target.

14-O-(((4-(2-(pyrrolidin-1-yl)acetamido)H-pyrrolo[2,3-d]pyrimidin-6-yl)thio)acetyl)mutilin (15a):
slight yellow solid, 65% yield, m. p. : 110.3 — 124H NMR (400 MHz, DMSOds) §11.83 (s, 1H),
10.15 (s, 1H), 7.24 (d) = 2.4 Hz, 1H), 6.76 (d] = 3.1 Hz, 1H), 5.52 (d] = 8.2 Hz, 1H), 4.99 (d] =
16.5 Hz, 1H), 4.93 (d] = 11.2 Hz, 1H), 4.50 (d} = 5.8 Hz, 1H), 4.00 (dd} = 20.0, 16.0 Hz, 2H), 3.42
(s, 2H), 3.18 (s, 1H), 2.64 (s, 4H), 2.37 (s, 1A1L8 (dd,J = 16.0, 8.0 Hz, 1H), 2.08 (ddd,= 28.0,
16.0, 8.0 Hz, 3H), 1.76 (s, 4H), 1.67 — 1.66 (m),2H44 (dJ = 8.2 Hz, 1H), 1.33 (d] = 16.0 Hz, 1H),
1.31 (s, 3H), 1.23 (1 = 8.0 Hz, 3H), 1.02 — 0.98 (m, 1H), 0.97 (s, 36180 (d,J = 6.8 Hz, 3H), 0.58
(d,J=6.7 Hz, 3H)}*C NMR (101 MHz, DMSOdg) ¢ 217.61, 169.49, 168.06, 160.28, 154.38, 150.08,
141.16, 123.46, 115.61, 104.81, 103.49, 73.03,5/®Q2.32, 58.55, 57.68, 54.05, 45.40, 44.51, 41.97,
36.81, 34.44, 33.84, 30.56, 29.04, 27.03, 26.17912424.17, 23.97, 23.74, 16.51, 14.93, 11.98;
HR-MS (ESI) m/z calcd for §H4gNs0sS (M+H)": 638.33707, found: 638.33526.

14-O-(((4-(2-(piperidin-1-yl)acetamido)¥i-pyrrolo[2,3-d]pyrimidin-6-yl)thio)acetyl)mutilin  (15b):
slight yellow solid, 70% yield, m. p. : 108.4 — 180H NMR (400 MHz, DMSOds) 6 11.83 (s, 1H),
10.11 (s, 1H), 7.24 (dd, = 3.3, 2.4 Hz, 1H), 6.77 (dd,= 3.4, 1.9 Hz, 1H), 5.52 (d,= 8.2 Hz, 1H),
5.03 — 4.99 (dJ = 16.0 Hz, 1H), 4.92 (dl = 8.0 Hz, 1H), 4.49 (d] = 6.0 Hz, 1H), 3.99 (dd} = 20.0,
16.0 Hz, 2H), 3.48 — 3.37 (m, 2H), 3.22 (s, 2HR62(d,J = 14.4 Hz, 2H), 2.18 (q] = 8.0 Hz, 1H),
2.02 (dddJ = 24.2, 17.5, 8.8 Hz, 3H), 1.67 — 1.54 (m, 6HR01- 1.35 (m, 6H), 1.31 (s, 3H), 1.29 —
1.21 (m, 3H), 1.03 — 0.97 (m, 4H), 0.80 {ds 6.9 Hz, 3H), 0.57 (d] = 6.7 Hz, 3H) **C NMR (101
MHz, DMSO-g) 6 217.61, 169.23, 168.04, 160.30, 154.45, 149.90,1741123.52, 115.58, 104.78,
104.47, 103.50, 73.03, 70.25, 62.50, 57.68, 5454222, 45.40, 44.50, 44.00, 41.97, 36.84, 36.79,
34.44, 33.90, 30.55, 29.02, 27.02, 26.13, 24.98®36.51, 14.93, 11.97; HR-MS (ESI) m/z calcd for
CagHsoNgOsS (M+H)": 729.37927, found: 729.37640.

14-0-(((4-(2-(4-(dimethylamino)piperidin-1-yl)acetamigt&H-pyrrolo[2,3-d]pyrimidin-6-yl)thio)acety
)mutilin (15c): brown solid, 61% yield, m. p. : 95.6 — 9748;NMR (400 MHz, DMSO#dg) 511.85 (s,
1H), 10.18 (s, 1H), 8.28 (s, 1H), 7.24 (dd; 3.3, 2.0 Hz, 1H), 6.75 (dd,= 3.4, 1.3 Hz, 1H), 5.52 (d,

= 8.2 Hz, 1H), 5.03 — 4.87 (m, 4H), 3.99 (dds 20.0, 16.0 Hz, 2H), 3.38 (d,= 5.7 Hz, 1H), 2.97 (d,
J=11.1 Hz, 2H), 2.55 (s, 1H), 2.48 — 2.38 (m, 8M20 (dt,J = 32.0, 8.0 Hz, 4H), 2.02 (ddd= 36.0,
16.0, 8.0 Hz, 3H), 1.82 (s, 2H), 1.65 — 1.55 (m),4H47 — 1.42 (m, 1H), 1.37 (d = 16.0 Hz, 1H),11.3
(s, 3H), 1.29 — 1.20 (m, 3H), 1.18 — 0.98 (m, 16186 (s, 3H), 0.80 (d] = 6.9 Hz, 3H), 0.57 (d] =

6.7 Hz, 3H);*C NMR (101 MHz, DMSOds) ¢ 217.61, 169.15, 168.04, 164.91, 160.29, 154.40,
150.02, 141.16, 123.52, 115.60, 104.86, 103.43373.0.25, 61.72, 61.44, 57.69, 52.52, 45.40, 44.50
43.99, 41.98, 40.87, 36.84, 36.79, 34.44, 33.98®9.04, 27.60, 27.03, 24.90, 16.50, 14.95,7:1.9
HR-MS (ESI) m/z calcd for §HssNgOsS (M+H)': 695.39492, found: 695.39235.

14-0O-(((4-(2-(4-hydroxypiperidin-1-yl)acetamido)-tpyrrolo[2,3-d]pyrimidin-6-yl)thio)acetyl)mutilin
(15d): slight yellow solid, 64% vyield, m. p. : 133.2 358.7;"H NMR (400 MHz, DMSO#dg) 6 11.84 (s,
1H), 10.18 (s, 1H), 7.31 (s, 1H), 7.32 — 7.25 (id),47.22 — 7.17 (m, 1H), 6.78 (dd,= 3.5, 1.9 Hz,
1H), 5.53 (dJ = 8.2 Hz, 1H), 4.99 (ddl = 17.8, 1.7 Hz, 1H), 4.93 (dd= 11.2, 1.6 Hz, 1H), 4.49 (4,
= 6.1 Hz, 1H), 4.00 (dd] = 24.0, 16.0 Hz, 2H), 3.38 @,= 6.2 Hz, 1H), 3.35 (s, 2H), 3.02 @= 11.0



Hz, 2H), 2.56 — 2.54 (m, 1H), 2.36 — 2.32 (m, 3M}7 (dd,J = 19.2, 10.2 Hz, 1H), 2.02 (dddl= 32.8,
17.1, 8.8 Hz, 3H), 1.79 — 1.74 (m, 4H), 1.60 (dd; 24.0, 12.0 Hz, 2H), 1.49 — 1.36 (m, 2H), 1.28 —
1.19 (m, 3H), 1.24 (d] = 15.7 Hz, 3H), 1.01 — 0.94 (m, 1H), 0.97 (s, 361Y9 (d,J = 7.0 Hz, 3H),
0.58 (d,J = 6.7 Hz, 3H) '3C NMR (101 MHz, DMSOds) 6 217.60, 169.26, 168.05, 160.31, 154.45,
150.01, 146.54, 141.15, 128.80, 127.18, 126.50,542315.61, 104.90, 103.51, 73.03, 70.23, 62.09,
57.69, 54.20, 45.39, 44.50, 44.01, 41.98, 41.7853636.80, 34.44, 33.93, 33.62, 30.55, 29.05,27.0
24.91, 16.52, 14.96, 11.98; HR-MS (ESI) m/z calod €y;HsNsOsS (M+H)": 728.38402, found:
728.38151.

14-O-(((4-(2-(4-phenylpiperidin-1-yl)acetamidoHtpyrrolo[2,3-d]pyrimidin-6-yl)thio)acetyl)mutilin
(15e): white solid, 60% yield, m. p. : 133.2 — 13513;NMR (400 MHz, DMSO#d;) §11.83 (s, 1H),
10.13 (s, 1H), 7.24 (d) = 3.6 Hz, 1H), 6.76 (d] = 3.5 Hz, 1H), 5.52 (d] = 8.2 Hz, 1H), 4.98 (d] =
17.8 Hz, 1H), 4.92 (d] = 11.2 Hz, 1H), 4.62 (s, 1H), 4.49 @= 5.9 Hz, 1H), 3.99 (dd] = 20.0, 16.0
Hz, 2H), 3.51 (s, 1H), 3.24 (s, 2H), 2.80 — 2.77 i), 2.36 — 2.29 (m, 3H), 2.17 (d#i= 19.0, 10.7
Hz, 1H), 2.01 (dddJ = 24.6, 17.4, 8.8 Hz, 3H), 1.78 — 1.75 (m, 2H§51- 1.55 (m, 2H), 1.55 — 1.51
(m, 3H), 1.36 (dJ = 13.8 Hz, 1H), 1.31 (s, 3H), 1.24 — 1.20 (m, 3HD2 — 0.98 (m, 1H), 0.96 (s, 3H),
0.80 (d,J = 6.9 Hz, 3H), 0.58 (d] = 6.7 Hz, 3H);*C NMR (101 MHz, DMSOd,) 6 217.62, 169.24,
168.04, 160.29, 154.41, 149.96, 141.15, 123.50,6015.04.80, 103.48, 73.04, 70.24, 66.02, 61.79,
57.69, 51.36, 45.39, 44.50, 43.98, 41.97, 36.881B&4.83, 34.44, 33.86, 30.55, 29.04, 27.03,124.9
16.52, 14.95, 11.99; HR-MS (ESI) m/z calcd faghzNsOsS (M+H)": 668.34763, found: 668.34543.

14-O-(((4-(2-(4-(hydroxymethyl)piperidin-1-yl)acetamif@H-pyrrolo[2,3-d]pyrimidin-6-yl)thio)acety
mutilin (15f): white solid, 56% vyield, m. p. : 119.5 — 12148;NMR (400 MHz, CDC}) 611.83 (s,
1H), 10.09 (s, 1H), 7.24 (d,= 3.3Hz, 1H), 6.77 (d] = 3.3Hz, 1H), 5.52 (d] = 8.2 Hz, 1H), 4.98 (dd,
J=17.8, 1.6 Hz, 1H), 4.92 (dd,= 11.2, 1.6 Hz, 1H), 4.49 (d,= 5.7 Hz, 1H), 4.45 (brs, 1H), 3.99 (q,
J=16.2 Hz, 2H), 3.28 (dl = 6.2 Hz, 2H), 3.24 (s, 2H), 2.90 @@= 10.9 Hz, 2H), 2.37 (s, 1H), 2.20 —
2.15 (m, 3H), 2.02 (ddd, = 36.0, 16.0, 8.0 Hz, 3H), 1.70 — 1.58 (m, 4H%81-1.34 (m, 3H), 1.31 (s,
3H), 1.28 — 1.18 (m, 5H), 1.02 — 0.98 (m, 1H), 0(863H), 0.80 (dJ = 6.9 Hz, 3H), 0.58 (d] = 6.7
Hz, 3H); *C NMR (101 MHz, DMSQdy) 6 217.61, 169.27, 168.03, 160.29, 154.43, 149.93,1441
123.51, 115.60, 104.81, 103.51, 99.99, 73.03, 7(G@34, 62.20, 57.69, 53.66, 45.40, 44.50, 44.01,
41.97, 38.32, 36.79, 34.44, 33.89, 30.55, 29.30£227.03, 24.91, 16.51, 14.96, 11.99; HR-MS (ESI)
m/z calcd for GgHs,NsOS (M+H)": 682.36328, found: 682.36091.

14-0-(((4-(2-([1,4"-bipiperidin]-1'-yl)acetamido)H-pyrrolo[2,3-d]pyrimidin-6-yl)thio)acetyl)mutilin
(15g): yellow solid, 68% yield, m. p. : 123.9 — 125'A;NMR (400 MHz, DMSOds) 511.85 (s, 1H),
10.17 (s, 1H), 8.26 (s, 1H), 7.24 (dds 3.3, 2.3 Hz, 1H), 6.75 (dd,= 3.5, 1.7 Hz, 1H), 5.52 (d,=

8.3 Hz, 1H), 4.98 (dd) = 17.8, 1.6 Hz, 1H), 4.92 (dd,= 11.2, 1.6 Hz, 1H), 4.00 (dd,= 20.0, 16.2
Hz, 2H), 3.39 (dJ = 5.7 Hz, 1H), 2.98 (d] = 10.9 Hz, 2H), 2.73 (m, 4H), 2.57 = 11.5 Hz, 1H),
2.37 (s, 1H), 2.24 (§ = 11.8 Hz, 2H), 2.16 (1] = 11.8 Hz, 1H), 2.02 (ddd,= 32.0, 17.5, 8.8 Hz, 3H),
1.82 (d,J=11.1 Hz, 2H), 1.66 — 1.60 (m, 8H), 1.43 Jd; 5.0 Hz, 3H), 1.37 (d] = 13.8 Hz, 1H), 1.31

(s, 3H), 1.25 - 1.21 (m, 3H), 1.01 = 4.3 Hz, 1H), 0.96 (s, 3H), 0.80 @@= 6.9 Hz, 3H), 0.57 (d]

= 6.7 Hz, 3H);"*C NMR (101 MHz, DMSOdg) ¢ 217.61, 169.14, 168.04, 164.63, 160.28, 154.40,
150.01, 141.14, 123.52, 115.60, 104.86, 103.449273.0.24, 62.15, 61.45, 57.70, 52.85, 49.79, 45.40



44.51, 44.00, 41.98, 40.88, 36.85, 36.79, 34.489830.56, 29.04, 27.33, 27.03, 25.19, 24.91,723.8
16.50, 14.94, 11.98; HR-MS (ESI) m/z calcd fophzgNgOsS (M+H)": 735.42622, found: 735.423009.

14-O-(((4-(2-morpholinoacetamido)H-pyrrolo[2,3-d]pyrimidin-6-yl)thio)acetyl)mutilin(15h): slight
yellow solid, 72% yield, m. p. : 132.4 — 134"8;NMR (400 MHz, DMSOdj) §11.82 (s, 1H), 10.25 (s,
1H), 7.24 (ddJ = 3.3, 2.1 Hz, 1H), 6.75 (d,= 3.3 Hz, 1H), 5.52 (d] = 8.2 Hz, 1H), 4.99 (dd] =
17.8, 1.6 Hz, 1H), 4.92 (dd,= 11.2, 1.5 Hz, 1H), 4.49 (d,= 6.0 Hz, 1H), 4.00 (q] = 16.2 Hz, 2H),
3.65 — 3.63 (m, 4H), 3.40 — 3.35 (m, 4H), 2.57542am, 4H), 2.37 (s, 1H), 2.18 (ddi= 19.1, 10.8 Hz,
1H), 2.02 (ddd,) = 24.4, 17.5, 8.8 Hz, 3H), 1.65 — 1.56 (m, 2H%71- 1.41 (m, 1H), 1.38 — 1.34 (m,
1H), 1.31 (s, 3H), 1.27 - 1.17 (m, 3H), 1.02 — 098 1H), 0.96 (s, 3H), 0.80 (d,= 6.9 Hz, 3H), 0.58

(d, J = 6.7 Hz, 3H);°C NMR (101 MHz, DMSQdy) § 217.62, 168.89, 168.04, 160.28, 154.37, 150.08,
141.15, 123.49, 115.62, 104.89, 103.41, 73.03,5/®R.69, 61.89, 57.68, 53.47, 45.39, 44.51, 43.96,
41.98, 36.84, 36.79, 34.44, 33.87, 30.54, 29.0402724.91, 16.52, 14.95, 11.98; HR-MS (ESI) m/z
calcd for GsH4gNsO6S (M+H)™: 654.33198, found: 654.32979.

14-O-(((4-(2-(piperazin-1-yl)acetamido)Htpyrrolo[2,3-d]pyrimidin-6-yl)thio)acetyl)mutilin  (15i):
slight yellow solid, 52% vyield, m. p.: 84.9 — 86'8; NMR (600 MHz, DMSOd,) 6 11.79 (s, 1H),
10.10 (s, 1H), 7.21 (s, 1H), 6.71 @z 15.1 Hz, 1H), 5.48 (d] = 7.7 Hz, 1H), 4.95 (d] = 17.7 Hz,
1H), 4.89 (dJ = 11.1 Hz, 1H), 4.45 (dl = 5.1 Hz, 1H), 3.96 (g] = 16.2 Hz, 2H), 3.35 — 3.29 (m, 4H),
3.19 (s, 2H), 2.5 — 2.44 (m, 4H), 2.33 (s, 1H),32(dd,J = 18.6, 11.1 Hz, 1H), 2.03 (dd~= 18.8, 9.0
Hz, 2H), 1.93 (ddJ = 15.5, 8.1 Hz, 1H), 1.62 — 1.54 (m, 2H), 1.411(4), 1.33 (dJ = 8.0 Hz, 1H),
1.27 (s, 3H), 1.22 — 1.17 (m, 3H), 0.97 — 0.95 1), 0.93 (s, 3H), 0.76 (d,= 6.3 Hz, 3H), 0.55 (d]

= 6.1 Hz, 3H);"*C NMR (151 MHz, DMSOdg) ¢ 222.32, 173.77, 172.76, 164.99, 159.14, 154.67,
145.88, 128.22, 120.32, 109.53, 108.18, 77.76,8/49.15, 66.06, 62.41, 59.18, 57.28, 56.34, 50.83,
50.12, 49.23, 48.71, 46.69, 41.57, 41.51, 39.16885.28, 33.76, 31.75, 29.63, 21.24, 19.67,d6.7
HR-MS (ESI) m/z calcd for §HoNgOsS (M+H)": 653.34797, found: 653.34576.

14-O-(((4-(2-(4-methylpiperazin-1-yl)acetamidoHipyrrolo[2,3-d]pyrimidin-6-yl)thio)acetyl)mutilin
(15)): slight yellow solid, 75% vyield, m. p. : 70.2 —.31"H NMR (400 MHz, CDC}) 611.84 (s, 1H),
10.14 (s, 1H), 7.24 (s, 1H), 6.76 (b= 2.9 Hz, 1H), 5.52 (d] = 8.1 Hz, 1H), 4.98 (d] = 16.0 Hz, 1H),
4.92 (d,J =12.0 Hz, 1H), 4.49 (dl = 4.0 Hz, 1H), 4.00 (g] = 16.0 Hz, 2H), 3.28 (s, 7H), 2.57 — 2.37
(s, 8H), 2.19 (s, 3H), 2.15 (d,= 9.7 Hz, 2H), 2.02 (ddd, = 25.0, 17.5, 8.8 Hz, 3H), 1.65 — 1.56 (m,
2H), 1.47 — 1.42 (m, 1H), 1.39 — 1.34 (m, 1H), 1(823H), 1.25 - 1.17 (m, 3H), 1.00 (m, 1H), 0.97 (
3H), 0.80 (d,J = 6.8 Hz, 3H), 0.57 (dJ = 6.6 Hz, 3H);"*C NMR (101 MHz, DMSOd,) §217.61,
168.99, 168.03, 160.28, 154.43, 149.95, 141.15,522315.61, 104.82, 103.48, 73.03, 70.23, 61.60,
57.69, 55.16, 53.03, 46.17, 45.40, 44.50, 44.0897%136.84, 36.79, 33.90, 30.55, 29.03, 27.03,124.9
16.53, 14.99, 11.98; HR-MS (ESI) m/z calcd faghts;NgOsS (M+H)": 667.36362, found: 667.36139.

14-O-(((4-(2-(4-phenylpiperazin-1-yl)acetamidolipyrrolo[2,3-d]pyrimidin-6-yl)thio)acetyl)mutilin
(15k): white solid, 73% yield, m. p. : 137.4 — 13818;NMR (400 MHz, DMSOds) 6 11.84 (s, 1H),
10.26 (s, 1H), 7.26 — 7.19 (m, 3H), 6.95Jd 8.3 Hz, 2H), 6.81 — 6.77 (m, 2H), 5.52 Jd5 8.2 Hz,
1H), 4.99 (dJ = 20.0 Hz, 1H), 4.92 (d] = 11.2 Hz, 1H), 4.49 (d] = 6.0 Hz, 1H), 4.00 (ddl = 20.0,
16.0 Hz, 2H), 3.38 (s, 3H), 3.21 — 3.19 (m, 4HY42- 2.72 (m, 4H), 2.36 (s, 1H), 2.17 (dds 18.8,
10.7 Hz, 1H), 2.02 (ddd} = 32.0, 17.5, 8.8 Hz, 3H), 1.60 (dilF 23.1, 12.2 Hz, 2H), 1.44 — 1.35 (m,



2H), 1.31 (s, 3H), 1.25 - 1.19 (m, 3H), 1.02 — (8L 4H), 0.80 (dJ = 6.9 Hz, 3H), 0.57 (d] = 6.7
Hz, 3H): *C NMR (101 MHz, DMSQds) J 217.60, 168.96, 168.03, 160.30, 154.40, 151.42,0050
141.14, 129.37, 123.52, 119.36, 115.96, 115.63,8804103.43, 73.03, 70.24, 61.56, 57.69, 53.04,
48.79, 45.39, 44.50, 43.99, 41.97, 36.78, 34.487330.55, 29.05, 27.03, 24.91, 16.54, 14.96,%4,1.9
HR-MS (ESI) m/z calcd for GHsaNgOsS (M+H)": 729.37927, found: 729.37640.

14-O-(((4-(2-((4-(pyridin-2-yl)piperazin-1-yl)acetamiffdH-pyrrolo[2,3-d]pyrimidin-6-yl)thio)acetyl)
mutilin (15) : off-white solid, 66% yield, m. p. : 136.4 — 138361 NMR (400 MHz, DMSO«d,) &
11.83 (s, 1H), 10.29 (s, 1H), 8.12 (dds 4.8, 1.5 Hz, 1H), 7.53 (8 = 6.9 Hz, 1H), 7.27 — 7.22 (m,
1H), 6.83 (dJ = 8.6 Hz, 1H), 6.76 (dd] = 3.5, 1.9 Hz, 1H), 6.64 (dd,= 6.9, 5.0 Hz, 1H), 5.52 (d,=

8.2 Hz, 1H), 4.98 (dd] = 17.8, 1.6 Hz, 1H), 4.91 (dd,= 11.2, 1.5 Hz, 1H), 4.49 (d,= 6.0 Hz, 1H),
4.00 (dd,J = 20.0, 16.0 Hz, 2H), 3.56 — 3.54 (m, 4H), 3.352d), 2.71 — 2.64 (m, 4H), 2.36 (s, 1H),
2.17 (ddJ = 18.9, 10.5 Hz, 1H), 2.02 (dddi= 24.8, 17.3, 8.8 Hz, 3H), 1.65 — 1.56 (m, 2H331(d,J

= 9.3 Hz, 1H), 1.36 (d] = 10.9 Hz, 1H), 1.30 (s, 3H), 1.24 — 1.19 (m, 3HD1 — 0.98 (m, 1H), 0.98 (s,
3H), 0.80 (d,J = 6.9 Hz, 3H), 0.57 (dJ = 6.7 Hz, 3H);"*C NMR (101 MHz, DMSQdy) ¢ 217.60,
168.98, 168.04, 160.30, 159.43, 154.39, 150.09,0148141.14, 137.96, 123.51, 115.62, 113.49,
107.55, 104.90, 103.42, 73.04, 70.24, 61.61, 5758%H3, 45.39, 45.16, 44.51, 43.99, 41.97, 36.84,
36.78, 34.45, 33.88, 30.54, 29.04, 27.02, 24.91531614.95, 11.99; HR-MS (ESI) m/z calcd for
CagHs:N;0sS (M+H)": 730.37451, found: 730.37125.

14-0O-(((4-(2-(cyclopropylamino)acetamido}-tpyrrolo[2,3-d]pyrimidin-6-yl)thio)acetyl)mutilin

(15m): slight yellow solid, 76% yield, m. p. : 116.2 20.6;"H NMR (400 MHz, DMSO¢ds) §11.82 (s,
1H), 10.39 (s, 1H), 7.23 (d,= 3.6 Hz, 1H), 6.77 (d] = 3.6 Hz, 1H), 5.52 (d] = 8.2 Hz, 1H), 4.98 (d,
J=17.8 Hz, 1H), 4.93 (dl = 11.2 Hz, 1H), 4.49 (d} = 6.0 Hz, 1H), 4.00 (dd] = 20.0, 16.0 Hz, 2H),
3.51 (s, 2H), 3.35 (s, 2H), 2.96 (brs, 1H), 2.361¢d), 2.23 — 2.13 (m, 2H), 2.02 (ddH= 28.0, 16.0,
8.0 Hz, 3H), 1.65 — 1.56 (m, 2H), 1.45 — 1.34 (iH),21.31 (s, 3H), 1.24 — 1.20 (m, 3H), 1.02 — 0.98
(m, 1H), 0.96 (s, 3H), 0.80 (d,= 6.9 Hz, 3H), 0.58 (d] = 6.7 Hz, 3H), 0.38 (dt] = 16.0, 3.3 Hz, 2H),
0.31 (dt,J = 8.0, 3.3 Hz, 2H)**C NMR (101 MHz, DMSOdg) § 217.61, 171.56, 168.03, 160.29,
154.30, 150.27, 141.14, 123.36, 115.63, 104.7138033.04, 70.25, 57.69, 53.19, 45.39, 44.50,%3.9
41.97, 36.84, 36.80, 34.44, 33.81, 30.53, 29.0032724.91, 16.53, 14.93, 11.98, 6.61; HR-MS (ESI)
m/z calcd for GgH4eNsOsS (M+H)™: 624.32142, found: 624.31970.

14-0O-(((4-(2-(cyclohexylamino)acetamido}-tpyrrolo[2,3-d]pyrimidin-6-yl)thio)acetyl)mutilin(15n):
off-white solid, 74% yield, m. p. : 123.0 — 125'8; NMR (400 MHz, DMSOdq) 611.83 (s, 1H), 7.24
(d,J =3.0 Hz, 1H), 6.81 (d] = 3.2 Hz, 1H), 5.52 (d] = 3.2 Hz, 1H), 4.98 (dd] = 17.8, 1.4 Hz, 1H),
4.93 (d,J = 12.0 Hz,1H), 4.49 (d] = 6.0 Hz, 1H), 3.99 (dd] = 24.0, 16.0 Hz, 2H), 3.44 (s, 2H), 3.38
(t, J=4.0 Hz, 1H), 2.43 - 2.37 (m, 2H), 2.16 (dd; 24.0, 16.0 Hz, 1H), 2.02 (dddl~ 24.4, 17.5, 8.7
Hz, 3H), 1.83 (dJ = 10.8 Hz, 2H), 1.70 — 1.54(m, 5H), 1.47 — 1.35 2H), 1.32 (s, 3H), 1.25 - 1.18
(m, 5H), 1.10 (dJ = 10.6 Hz, 2H), 1.02 — 0.98 (m, 5H), 0.96 (s, 3HRO (d,J = 6.9 Hz, 3H), 0.57 (d,

J = 6.7 Hz, 3H);*C NMR (101 MHz, DMSOd,) § 217.59, 171.67, 168.02, 160.32, 154.40, 149.94,
141.16, 123.42, 115.60, 104.57, 103.47, 73.04,5/(%2.69, 56.76, 50.72, 45.39, 44.49, 43.98, 41.97,
36.79, 34.44, 33.86, 33.39, 30.55, 29.02, 27.0413624.84, 16.51, 14.93, 11.98; HR-MS (ESI) m/z
calcd for GgHsNsOsS (M+H)™: 666.36837, found: 666.36627.



14-0O-(((4-(2-(diethylamino)acetamido)Htpyrrolo[2,3-d]pyrimidin-6-yl)thio)acetyl)mutilin ~ (150)
slight yellow solid, 62% yield, m. p. : 111.3 — 124'H NMR (600 MHz, DMSOdg) § 11.80 (s, 1H),
10.04 (s, 1H), 7.21 (s, 1H), 6.76 (s, 1H), 5.48)(d,8.2 Hz, 1H), 4.95 (d] = 17.8 Hz, 1H), 4.89 (dl
=11.2 Hz, 1H), 4.45 (d] = 5.9 Hz, 1H), 3.96 (q] = 16.2 Hz, 2H), 3.35 (1] = 5.7 Hz, 1H), 3.30 (s,
3H), 2.61 (qJ = 6.9 Hz, 4H), 2.47 (s, 1H), 2.33 (s, 1H), 2.14X& 12.0, 8.0 Hz, 1H), 2.05 - 1.99 (m,
3H), 1.94 (ddJ = 12.0, 8.0 Hz, 1H), 1.61 — 1.54 (m, 2H), 1.41321(m, 2H), 1.27 (s, 3H), 1.24 - 1.17
(m, 3H), 1.01 (tJ = 7.1 Hz, 6H), 0.97 — 0.95 (m, 1H), 0.93 (s, 481Y,6 (d,J = 6.8 Hz, 3H), 0.54 (d]

= 6.9 Hz, 3H);"*C NMR (151 MHz, CDG)) § 222.30, 175.09, 172.78, 165.04, 159.20, 154.45,83B}
128.27, 120.31, 109.48, 108.29, 77.76, 74.99, 653102, 50.12, 49.23, 48.72, 46.69, 41.56, 41.51,
39.16, 38.56, 35.27, 33.75, 31.74, 29.63, 21.23641917.30, 16.69; HR-MS (ESI) m/z calcd for
CasHs2Ns0sS (M+H)™: 640.35272, found: 640.35034.

4.3 Minimum Inhibitory Concentrations Testing.

MICs of compoundsl5a-150 against Gram-positive bacteria (MSSA, MRSA, MSSHERSE, E.
faecalis andE.faecium) and Gram-negative bacterig.¢oil and P. multocida) were investigated using
valnemulin hydrochloride as the reference agentdasn the National Committee for Clinical
Laboratory Standards (NCCLS). The test compounds wissolved in agueous solution containing 10
— 20% DMSO to make the concentration of stock smhstbe 128Qug/mL. Then 1 mL of the stock
solution was added 9 mL sterile water and diluted28ug/mL as the initial test concentration. Each
well of the 96-well plates was added 100 of Mueller-Hinton Broth (MHB) and the initial safion
was added to the first column to make the concgotraf the test compounds be G4/mL. Then
pipetting 100uL of the solution in the first column into the sadocolumn and employing the same
2-fold dilution method to adjust the concentratiofishe test compounds in column 2 to 10 to 32,816,
4, 2,1, 0.5, 0.25 and 0.12/mL. Column 11 was just added only MHB solutioniletcolumn 12
was only filled with bacterial suspension. The teatteria were cultured in MHB overnight and cell
concentrations of those bacteria were diluted f5-100 CFU/mL. Bacterial suspension with a mount
of 100 uL was added to each well of the 96-well plates aimimg 100uL of a serial of diluted
compounds or drug and the 96-well plates were iamdat 37°C for 24 h. The MIC values of the test
compounds and drug were determined by the OD valirésh were compared to that of MHB (blank
control). Each concentration of the test compoundibiting each bacteria contained three parallels.

4.4 Killing kinetics assay

To get exponential phase cells &f aureus, the bacterial suspension was incubated at 379®, w
shaking at 120 rpm for 4 h. The culture were diute ~ 2 x10 CFU/mL with MHB. 1 ml of the
exponential phase cell culture was added to thésweéla 96-well assay block (Corning Costar 3960,
Corning, NY, USA) containing 1 ml of MHB with twicéhe desired concentrations &ba and
valnemulin. The assay block was incubated at 31a&iag at 120 rpm. At specific times (1, 2, 3 and 4
h), 400ul samples were drawed and washed once with PBSmowe the antibiotics. The samples
were serially diluted 10fold with PBS and spot-plated onto MHB plates.eAfincubating the plates
overnight (~18h) at 37°C, the colonies were courtteéenumerate the number of cells which was
represented as lgg(CFU/mL). These experiments were conducted iti¢age.



4.5 EDs, testing

Clinical Isolate of MRSA. Kunming mice (half male and half female, Chonggifiengxin Bill
Experimental Animal Sales Co. Ltd. Limited) weigfibetween 19 and 23 g were used in the study,
with 10 mice in each group. The mice were infedtgda lethal systemic MRSAia intraperitoneal
injection with 0.5 mL obacterial suspension (~1GFU/mL). Compound5a, 15b and150 dissolved

in 0.5 mL vehicle (DMSO: Tween-80: sterile watet :8) and valnemulin dissolved in 0.5 mL sterile
water were given intraperitoneal administratiorift h infection at doses of 8.0, 12.0, 18.0, 22000
mg/kg, 9.8, 14.3, 21.0, 30.5, 45.0 mg/kg, 10.00133.0, 34.5, 50.0mg/kg and 7.0, 10.8, 16.7, 25.7
and 40.0 mg/kg, respectively. EpPvalues were calculated after 7 days treatmentgusie Probit
analysis method. The protocol for this study wasensed and approved by Chongging Academy of
Animal Sciences

4.6 MRSA Infection Model

Clinical Isolate of MRSA. Kunming mice (female, Chongqging Tengxin Bill Exipeental Animal Sales
Co. Ltd. Limited) weighting 22+2 g, were subjectedneutropenic for intraperitoneal treatment with
150 mg/kg cyclophosphamide 4 days before infectioth with 100 mg/kg 1 day before infection. The
neutropenic mice were treated with 0.5 mL bactstigpension via intraperitoneal injection. At 1 h
after infection, the infected mice were conducteiiaigastric administration with the test compounds
15a and valnemulin at doses of 20 mg/kg/d and 40 mid/ky uninterrupted 3 days. The protocol for
this study was reviewed and approved by Chonggicadamy of Animal Sciences

4.7 Molecular docking

Surflex-dock (Sybyl 8.2, Tripos Inc.) as a flexibilecular docking method was employed in this
paper %, The crystal structures of the 50s ribosomal sitbfrom Deinococcus radiodurans in
complex with tiamulin (PDB ID: 1XBP) was used forolacular docking. Surflex-dock adopted
protomol, an idealized ensemble of CHIH and CO probes, to provide the generation afkohg
conformers of the ligands.

The protomol was generated based on the resigdiigin 5A distance from tiamulin. The search
grid and the number of additional starting confaiiores were set as 2A and 3 A, respectively. The
self-scoring, molecule fragmentation, soft gridepand post-dock minimizations were performed in
the docking processes. Total score indicating Kag(was used for ligand ranking. Before docking, al
ligands were optimized by Tripos force field witbnjugate gradient minimizer (Sybyl 8.2). The
maximum iteration steps and energy gradient wereosg000 times and 0.05kcal/mol-A, respectively.
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Research Highlights

Fifteen novel peluromutilin derivatives linking 7H-pyrrol o[ 2,3-d]pyrimidine were synthesized
Compounds 15a presented the best in vitro antibacterial activity

Thein vivo efficacy of compounds 15a was equal to valnemulin

15a might be a promising lead compound for new antibacterial agent



