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Linezolid 18-42
I1Cs0 = 0.8 pg/mL (MtbH37a Active) 165 = 1.56 — 16.341g/mL (MtbH37a Active)

ICs0 = 0.71pg/mL (MtbH37a Dormant) 163 = 2.07 — 22.831g/mL (MtbH37a Dormant)
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ABSTRACT

The design, synthesis and antimicrobial evaluatbm novel series of azaspiro analogues of
linezolid (1) have been described. Linezolid comprises of gohmaime ring which is known for
its metabolism-related liabilities. Therefore, #tesy modification made in the linezolid structure
was the replacement of morpholine moiety with itgidostere, 2-oxa-6-azaspiro[3.3]heptane.
Furthermore, the replacement Nfacetyl terminal ofl with various aromatic or aliphatic
functionalities was carried out. The title composimdere evaluated against a panel of Gram-
positive and Gram-negative bacteria avigicobacterium tuberculosisSubsequent structure-
activity relationship (SAR) studies identified sealecompounds with mixed antibacterial and
antitubercular profiles. Compoung2 (ICso 0.72, 0.51, 0.88, 0.49 pg/mL fdE. coli, P.
aeruginosasS. aureus, B. subtiligespectively) exhibited similar antibacterial filas1. The
N-acetyl derivativel8 was similar tol in antitubercular profile. Thus, the present study
successfully demonstrated the use of azaspiro reighste in the medicinal chemistry of
antibacterial and antitubercular agents.
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Azaspiro, MRSA (methicillin-resistantStaphylococcus aureys bioisostere, morpholine,
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1. Introduction

The bacterial resistance to established antimiatabiugs has become a critical global problem.
Infections caused by multidrug-resistant Gram-passitcocci, such as methicillin-resistant
Staphylococcus aureugMRSA), vancomycin-resistanenterococci (VRE) and penicillin-
resistantStreptococcus pneumoni@@NSSP), etc., have emerged as major public heaftbern

[1]. The number of effective antibiotics has redlideastically, because microorganisms are able
to create new mechanisms of resistance and rapmtBad the genes encoding them via mobile
genetic elements, mostly plasmids and integronsJ@pilarly, tuberculosis (TB) also remains a
major global health challenge and has been decksgaublic health emergency by the World
Health Organization (WHO) [3]. TB affects one-thwélthe world population. About 9 million
new cases and 1.1 million TB-related deaths wepsarted in 2013 [3]. Multidrug-resistant
strains of Mycobacterium tuberculosigMtb), the causative agent of TB (MDRTB) and
extremely drug-resistant TB (XDRTB) have emerge8][4There is an extremely urgent need of

new antitubercular drugs which can tackle the TBace.

As a prerequisite, newer antitubercular drugs shbelactive against the drug-resistant forms of
Mtb. This implies that they must act preferablymanlecular targets different than those of the
current drugs. Importantly, such drugs need to besractive against persistent Mtb, which may
lead to further reduction in the treatment duratibhe treatment of TB is complicated by the

tendency of its etiological agent, predominantlyoMio adopt a nonreplicating persistent state
[6-8].

Linezolid (1, Zyvox®, Figure 1), a newer generation synthetititgotic from oxazolidinone
class, was developed by a team at Pharmacia arghJi@ompany (now part of Pfizer) [9]. It
was approved in 2000 for the treatment of seriodsctions caused by Gram-positive bacteria
resistant to several other antibiotics such as MR&RE (responsible for soft tissue infections
and PNSSN) [10]. Currentlyi, and related compounds are under clinical investigefor the
treatment of TB (Figure 1) [11]. Recently, cytoxaedinezolid hybrids were shown to induce

apoptosis and senescence in DU145 prostate cagiténe [12a].

The mechanism of action df involves interaction with 50S A-site pocket at tpeptidyl
transferase center (PTC) of the bacterial ribosaméch overlaps with the aminoacyl moiety of
an A-site bound tRNA, thereby inhibiting overalbpzin synthesis [12b,13]. However, in some



cases, linezolid-resistar®. aureusand Enterococciwere found among the hospital isolates
[14,15]. Toxic effects of linezolid on prolongedeuimclude reversible myelosuppression leading
to anaemia, leucopaenia and thrombocytopaeniadditian to this,1 has been shown to inhibit
monoamine oxidase (MAO) enzymes, potentially legdiio drug-drug interactions with
adrenergic and serotonergic agents [2]. Overallyemeand potent antibiotics are expected to
possess: i) extended spectrum of antibacterialvigcticovering fastidious Gram-negative
organisms; ii) activity against linezolid-resistasttains; iii) improved safety profile leading to
circumvention or at least minimization of myelostggsion and iv) activity against drug-
resistant forms of Mtb.

In the present investigation, bioisosteric modifimas of 1 were tried in order to develop
potential new treatment against drug-resistant $oohbacteria, including Mtb, with reduced
toxicity profiles. Here, replacement of the morphel ring in 1 with 2-oxa-6-

azaspiro[3.3]heptane was attempted. Morpholinenis of the common privileged structures
found in several drugs such as linezolid, timog@fitinib, moracizine, nimorazole, emorfazone,

etc. It is often used to raise aqueous solubilitgrags.

However, morpholine ring is regularly a target loé¢ toxidative metabolism by non-cytochrome
P450 (CYP) enzyme systems. This is evident fronottidative metabolites reported for at least
eight marketed drugs containing morpholine [16-18he 2-oxa-6-azaspiro[3.3]heptanes, a
bioisostere of morpholine (Figure 2) was selecteccbmbating the oxidative metabolism issues
associated with  morpholine. The azaspiro analogué morpholine, 2-oxa-6-
azaspiro[3.3]heptanes, is better due to its imptaheemical stability, lower lipophilicity, higher
solubility and metabolic robustness over morphol[®8]. The present study documents a
systematic structure-activity relationship (SAR)astigation of the azaspiro analogue Jof
(compoundl8, Table 1, 2) leading to potent antibacterial antit@bercular agents.

<< Figure 1 >>

<< Figure 2 >>



2 Results and discussion
2.1 Chemistry

The azaspiro intermediat®&and 10 were synthesized by reported method [20] in goedtdy
Condensation of0 with 3,4-difluoronitrobenzenel ) under refluxing conditions in presence of
DIPEA in ACN led to compound?2 which was subjected to catalytic hydrogenatioryitdd
substituted anilind 3. It was further reacted with commercially availab#to afford secondary
alcohol15. Use of DIPEA in DMF at 120 °C resulted in modergiteld compared to other bases
and polar solvents (data not shown). Furtiérwas cyclized to oxazolidinont6 using CDI,
followed by deprotection of the pthalimide-protettd-methylamino group using hydrazine

hydrate to get alkylamine compouhd

The systematic exploration of the SAR at the 5-ylathino group ofl7 (amide, sulfonamide,
urea and thiourea derivatives) yielded a libraryiittd compounds (see Supporting Information
section) on reaction with substituted acid chlaidesulphonylchlorides, isocyanates and
thioisocyanates, respectively, at 0-5 °C for 2 fAilse crude products were purified using flash
chromatography (2-5% MeOH in DCM) to afford titleoropounds 18-42 (Scheme 1).
Compound45 was synthesized by condensing commercially availetbermediated3 and44 at
100 °C in presence of 2M NaOs, PdC} (dppf)-CHCI, adduct in 1,4-dioxane (Scheme 2).

Further, we have synthesized novel azaspiro congpb2mhich was central spiro ring analogue
of 1 (Scheme 3). Compourtl’ was synthesized from commercially available conmulot6 by
reported method [31 Compound49 was synthesized in the presence of lithium peattoin
ACN. Compound49 was then cyclised in the presence of CDI to yietenpound50. The
compound51 was obtained by debenzylation by palladium hyditexiThe acetylation was
carried out with AgO in the presence of THF and TEA to yield compo&ad

<< Scheme 1 >>

<< Scheme 2 >>

<< Scheme 3 >>
2.2 Biological evalutions

The present investigation explored the effect gilaeement of oxidatively-labile morpholine

ring in 1 with bioisosteric azaspiro substructure (FigureR2rther, the effect of such structural



modification on the antibacterial and antitubercaletivities ofl was investigated. The azaspiro
analogue ofl (compoundl8) retained the antibacterial activity profile dfexcept complete
abrogation of antk. coli activity (Tablel and Table S1, Supporting Information section).
Similarly, 18 retained the antitubercular activity af (Table 2, Table S1, and Supporting
Information). Intrigued by these observations, shwthors systematically studied the SAR of
compoundl8 at the 5-methylamino substituent on the oxazaotidenring. A total of three series
(amides, thioamides and sulphonamides) were deasigynthesized and tested. The protocols
and results of primary screening (antibacterial amditubercular) are given in Supporting
Information section (Table S1). Tablésand 2 list MIC and 1Go (Mg/mL) values of the title
compound which exhibited >75 % inhibition at 3 pb/ooncentration during primary screening
[22].

Careful inspection of the preliminary screeningadstiowed the following activity trends. (Some
of the less active compounds and their detailsgasen in the Supporting Information section -
Table 1S.) Compound?7 is an azaspiro analogue of compouhénd was as a precursor to
compoundl8 Compoundl7 retainedreasonable activity against coliandS. aureusut lost its
activity against other strains. Acetylating compout resulted in compound8, an exact
azaspiro analogue of compoufd Compoundl8 exhibited activity similar tal in all tested
strains excepk. coli. Since Linezolid is an acetyl derivative, otheetgt compounds were
synthesized and tested8, 19, 20, 21, 22, 35, 3&nd 37). Generally it was observed that
acetylation of the free amine in compouhdwith bulky substituents35, 36) led to complete
loss of activity. 2-Acetoxyacetyl substitutio@1) or 2-methoxyacetyl substitutior3¥) led to
significant loss of both antibacterial and antitudogar activity. Upon acetylation with aromatic
substituents led to mixed results. Isoxazole stigin 22) led to encouraging activity trends
across various tested strains but pyridih8) @nd Ck-substituted phenyl2Q) moieties led to
significant loss of activity across various strai@®@mpoundl9 retained good activity againkt

coli.

Replacing the amide bond in compouhndith a sulphonamide linkage led to compou@8s24,
38, 39 and40. This was an unfavourable transformation where@thpounds exhibited loss of

activity except compoun#3 which retained antibacterial activity.



Different urea and thiourea derivatives of compoubid were also evaluated. The urea
derivatives such a&5-27and41 exhibited loss of antibacterial activity and coetplabrogation
of antitubercular activity. Compound®8-34 and 42 (thiourea derivatives) were retained
antibacterial activity against two or more strawmgh complete abolition of antitubercular
activity. Compound34 with polar 4-nitrophenyl substituent completely fiouto lose both the
activities. To compare urea and thiourea, two camgds 41, 42) were synthesized
unfortunately both the compounds were found tonaetive in antibacterial and antitubercular
assays. Tablet and? listed the antibacterial and antitubercular atiggi (MIC and G, values
(ug/mL)) of the compounds showing >75% inhibitiorBatg/mL concentration [23]. Compound
22 was found to be the best in the series with diygleiduced antitubercular activity compared to
1.

Majority of the compounds showed mixed antibactg@am-positive versus Gram-negative)
profiles. Compound.8 exhibited slightly reduced activity in comparistml. A minor change
(morpholine inl to azaspiro morpholine ih8) led to marginal reduction in the activity. This
may be due to the linear conformation adopted laspizo morpholine as opposed to the chair
conformation of the morpholine ring. It may affélse interaction with its molecular target with
direct effect on the potency. Overall, the pressmtly attempted replacement of oxidatively

labile morpholine ring irl with its azaspiro analogue and subsequent SAR tigadi®ns.

Among the compounds synthesized using Scheme $,conmhpounds1 showed good activities
againstE. coli while no activity was shown against other bactestienins. Unfortunately, it was
also not exhibited antitubercular activity. Compd @2, central spiro analogue of linezolid)(

was inactive in both antitubercular and antibaatessays.
<<<<Table 1>>>>
<<<Table 2>>>
In silico ADMET predictions

Nowadays absorption, distribution, metabolism, etton and toxicity (ADMET) data has got
significant importance in the drug discovery pracesice several studies have indicated that
approximately 40% of drug candidates fail in clalitrials owing to poor pharmacokinetics and

toxicity properties. These late-stage failures gbate significantly to the cost of new drug



discovery projects. Therefore, ability to deteatlgematic candidates in the early stage of drug
discovery significantly reduces the risk of latage attrition in optimizing the screening and the
cost of new drug discovery campaign and focusedethe optimization efforts to enhance the
desired ADMET profiles. Also considering the castalved in the experiments to obtain the
ADMET data, thein silico approach provides a cost-effective alternativéilter and optimize
the leads in the early phase of drug discoveryh\Wits objectivejn silico ADMET predictions
were performed on the novel azaspiro analogs igagst in the present study to gauge their
pharmacokinetic, safety and drug-likeness profééng the QikProp module incorporated in
Small-Molecule Drug Discovery Suite (QikProp, versé.6, Schrodinger, LLC, New York, NY,
2015). The prediction data is summarized in Table 3his study, we have evaluated molecular
weight, number of hydrogen bond acceptor and déumactional groups, logarithm of partition
coefficient (LogP), aqueous solubility, brain/blood partition coeiint, binding to human serum

albumin and % human oral absorption.

Oral bioavailability is often a desirable propeity a drug candidate. The molecules investigated
herein have shown moderate-to-high oral bioavditgbas reflected from the % human oral
absorption data with very low susceptibility to cadiydrolysis in the stomach. The partition
coefficient values (logPo/w) and prediction of bimgl to human serum albumin (logKhsa)
suggests that these molecules are hydrophilic far@avhich is further confirmed by the logS
values suggesting that these molecules have adegqatous solubility. Drugs that act at the
central nervous system are expected to cross tlogltdrain barrier (BBB) in order to reach their
site of action while those with peripheral siteactions are expected to have no brain penetration
to avoid related side effects. Low values predidtadbrain/blood partition coefficient signify
that these molecules will have very low propensitycross the BBB, thereby eliminating the
chances of CNS-related toxicity. All of these azaspanalogs have favorable drug-like

properties and are potentially interesting for fatlead optimization.

<<<Table 3>>>

3. Conclusions

The present study successfully attempted the replant of oxidatively-labile morpholine ring

in a leading antibacterial drug, linezolit))(with its azapiro analogue. This is an exampléhef



successful use of the azaspiro and related substesc in the medicinal chemistry of
therapeutically useful compounds. Novel centralspiza ring containing analogue of linezolid
was synthesized (compourk®). Further SAR investigations led to identificatioh several
mixed (Gram-positive and Gram-negative) antibaatexnd antitubercular agents. The ADMET
predictions for these molecules were also foundetavithin tolerance limit qualifying them for
development of oral drug candidates. This studyides novel molecules for further exploration
in our quest for novel antibacterial and antitub&rc agents. In our opinion, this is a valuable

investigation with significant impact on antibagand antitubercular drug development field.

4. Experimental Section

4.1 General.

Reagents and solvents were obtained from commengpgdliers, Sigma-Aldrich, USA and were
used as received unless otherwise indicated. Sslvegre dried, wherever necessary, according
to standard procedures. All reactions were perfdrmeder an inert atmosphere (N2) unless
otherwise indicated. Analytical silica gel 6@Jfcoated TLC plates were purchased from EMD
Chemicals, USA, and were visualized with UV lighthe *H-NMR spectra were routinely
obtained with a Varian Mercury Plus 300 MHz NMR a#@d0 MHz (Agilent Technologies,
Santa Clara, USA) and TMS was used as an intetaadlard. LC-MS spectra were recorded on
6110 AA Series Quadrupole LC/MS system (Agilent Aremlogies, Santa Clara, USA).
Analytical HPLC studies were carried out with a Kxasil® 100-5Gg column (150 mm X 4.6
mm) on PerkinElmer Series 200 HPLC system with assonpler and PDA detector
(PerkinElmer, Inc., Waltham, USA). Melting pointsere recorded using a Veego (VMP)-D
capillary melting point apparatus (Veego Instrurser@orp. Mumbai, India) and were
uncorrected.

4.2 Synthesis

4.2.1 Synthesis of 6-tosyl-2-oxa-6-azaspiro[3.3]ltepe (9): To a solution of
benzenesulphonamide8)( (5.81 g, 36.9 mmol) in 500 mL of EtOH, 3-brom@-2
bis(bromomethyl)propan-1-oB) (10 g, 30.8 mmol), KOH (5.53 g, 99 mmol) was atided
heated to reflux at 90 °C for 48 hrs. The solveaswvaporated and 100 mL of 1M KOH was

added and the resultant white suspension wasdstioreanother 2 hrs at RT. The mixture was



filtered and the residue was rinsed with waterluhg filtrate was neutral. The filter cake was
dried under high vacuum to give crude product €).5vield: 57.7 %; off-white solid*H-NMR
(300 MHz, DMSO#€®6) & (ppm): 7.69 (dJ = 8Hz, 2H, Ar-H), 7.49 (dJ) = 8.1Hz, 2H, Ar-H),
4.42 (s, 4H, 2CH spiro morpholine), 3.84 (s, 4H, 2GHpiro morpholine), 2.42 (s, 3H, GH
LC-MS (ESI +ve)m/z254 [M+H]"; HPLC purity: 99.79 %

4.2.2 Synthesis of of 2-oxa-6-azaspiro[3.3]heptan&alate (10):To a solution 0B (7.5 g, 29.6
mmol) in 500 mL MeOH, magnesium turnings (5.04 @/ 2nmol) were added and reaction mass
was sonicated for 1 hr. Then solvent was evaporatedl L of diethyl ether was added along
with sodium sulphate decahydrate (4.21 g, 29.6 rhewad stirred for 1 hr at RT. The reaction
mixture was filtered through celite and dried oaehyd. Na2SO4 and then oxalic acid (1.33 g,
14.80 mmol) dissolved in 2 mL EtOH added and difier 5 min. to get oxalate salt of amine
(10) (1.5 g). Yield: 51.1% ; off-white solidH-NMR (300 MHz, DMSO€6) & (ppm): 4.65 (s,
4H, 2CH, spiro morpholine), 4.16 (s, 4H, 2GHpiro morpholine); LC-MS (ESI +vej/z100.0
[M+H] ™.

4.2.3 Synthesis of 6-(2-fluoro-4-nitrophenyl)-2-ox&-azaspiro[3.3] heptane (12):To a
solution of 11 (6.99 mL, 62.9 mmol) in 20 mL of ACN, were addedoxA-6-
azaspiro[3.3]heptane (1) (4 g, 27.6 mmol) and RRB2.9 mL, 189 mmol) and the reaction
mixture heated to 90 °C overnight. The cooled t&bCC and filtered to get the crude product (8
g). Yield: 53.4 %; yellow solid*H-NMR (300 MHz, DMSO-d6% (ppm): 7.95 (d,) = 9Hz, 2H,
Ar-H), 6.59 (t,J = 9Hz, 1H, Ar-H), 4.7 (s, 4H, 2CHspiro morpholine ), 4.35 (s, 4H, 2GHdpiro
morpholine); **C-NMR (50 MHz, DMSOd6) &: 150.98, 144.20, 135.41, 122.01(2C), 111.94,
62.64(2C), 56.51(2C), 42.10; LC-MS (ESI +wejz239.1 [M+H]; HPLC Purity: 98.88%.

4.2.4 Synthesis of 3-fluoro-4-(2-oxa-6-azaspiro[3t&ptan-6-yl) aniline (13).To a solution of

12 (5 g, 20.99 mmol) in 25 mL EtOH, Pd-C (2.23 g,90mmol) was added and reaction mass
was stirred for 4 hrs at 65-80 PSI at RT under &thosphere Parr® shaker. The reaction was
monitored by TLC. After completion, the contentstioé flask were filtered through celite and
concerntrated to get pure (13) (4 g). Yield: 92¥gwn solid;"H-NMR (300 MHz, DMSO€l6)

d (ppm): 6.31-6.23 (m, 3H, Ar-H), 4.75 (s, 4H, 2£18piro morpholine), 3.81 (s, 4H, 2GH
spiro morpholine)**C-NMR (50 MHz, DMSOd6) &: 155.18, 142.50, 129.60, 115.69, 109.85,



102.28, 79.79(2C), 62.31(2C), 40.76; LC-MS (ESI )iz 209.1 [M+H]+: HPLC Purity: 99.73
%.

4.2.5 Synthesis of (R)-2-(3-((3-fluoro-4-(2-oxa-6zaspiro[3.3]heptan-6-yl)phenyl)amino)-2-
hydroxypropyl) isoindoline-1,3-dione (15):To a solution ofl3 (2.95 g, 14.17 mmol), (S)2-
(oxiran-2-ylmethyl)isoindoline-1,3-dione (14) (534 26.6 mmol) in 10 mL DMF, DIPEA 4.7
mL was added and reaction mass was heated at 120€i@ight. The solvent was evaporated,
water was added and the mixture was extracted Wi@M. It was purified using flash
chromatography (ethyl acetae: pet ether 40:60)etol ypure product (4 g). Yield: 54.9 %; brown
solid; m.p. 128-130 °C; d]*% = -16 (c = 0.1 , CHGQ); *H-NMR (300 MHz, DMSOd6) §
(ppm): 7.85 (d,) = 3.6, 4H, Pthalimide ), 6.42-6.34 (m, 3H, Ar- 8)24-5.22 (m, 1H, CH-OH),
5.14 (d,J = 5.1Hz, 1H, NH ), 4.68 (s, 4H, 2GHpiro morpholine), 4.0-3.97 (m, 1H, OH ), 3.8
(s, 4H, 2CH spiro morpholine), 3.63-3.58 (m, 2H, @Hdthalimide ), 3.05-3.02 (m, 1H, NHCH-
HOH), 2.94-2.92 (m, 1H, NHCH-HOH)**C-NMR (50 MHz, DMSOd6) &: 168.05 (2C),
154.13, 143.13, 134.20 (2C), 131.79 (2C), 1298B2.87(2C), 115, 108, 100, 79.79(2C),
68.57(2C), 62.33(2C), 48.03, 42.39: LC-MS (ESI +wvé)412.1 [M+H]; HRMS (ESI +vem/z
[M+H] " calcd for GoH,oFN3O,4: 412.1667, found 412.1672; HPLC Purity: 98.73 %.

4.2.6 Synthesis of (S)-2-((3-(3-fluoro-4-(2-oxa-6zaspiro[3.3]heptan-6-yl)phenyl)-2-
oxooxazolidin-5-yl)methyl)isoindoline-1,3-dione (16 A reaction mixture containin@5 (4 g,
9.72 mmol), CDI (2.365 g, 14.58 mmol), DMAP (0.5§44.86 mmol) in 10 mL THF was heated
at 60 °C overnight. After completion, the reactimass was concentrated and water was added
followed by extraction in DCM. The organic layerene dried over sodium sulphate and
purification was done with the help of flash chraaggaphy in ethyl acatete and pet ether
(40:60) to get pure product (2.6 g). Yield: 61.1 yétlow soild; m.p. 203-205 °Cp]*% = -84°

(c = 0.1, CHGJ); *H-NMR (300 MHz, DMSOd6) § (ppm): 7.92-7.84 (m, 4H, Ar-H), 7.32 (,

= 15 Hz, 1H, Ar- H), 7.0 (d) = 8.4Hz, 1H, Ar- H), 6.60 () = 9.3Hz, 1H, Ar- H), 4.8-4.69 (m,
1H, CH oxazolidone ring), 4.69 (s, 4H, 2&Bpiro morpholine), 4.13 (] = 9Hz, 1H, CH of
oxazolidone ring), 4.0 (s, 4H, 2GHf spiro morpholine), 3.95-3.92 (m, 1H, ¢bif oxazolidone
ring ), 3.91-3.89 (m, 2H, CH pthalimide); "> C-NMR (100 MHz, DMSO-d6)%: 167.77(2C),
153.81, 134.60(2C), 131.48(2C), 123.23 (4C), 114384 107.12 (2), 79.71 (3C), 69.93,



62.27(2C), 48.07, 40.47; LC-MS (ESI +ve)z 438.1 [M+H]; HRMS (ESI +ve)m/z [M+H]*
calcd for GaHFNsO4: 438.1460, found 438.1465; HPLC Purity: 92.07%.

4.2.7 Synthesis of (S)-5-(aminomethyl)-3-(3-fluord-(2-oxa-6-azaspiro[3.3]heptan-6-
yl)phenyl)oxazolidin-2-one (17): To a solution of 16 (3 g, 6.86 mmol) in 10 mL EtOH,
hydrazine (1.722 mL, 54.9 mmol) was added and daetron mixture refluxed for 2 hrs. The
solvent was evaporated and the residue washedmaitr and purified on flash chromatography
using DCM and MeOH (95:5) to get pure product (5geld: 71.2%; off-white solid; m.p.
118-120 °C; 1% = -96 (c = 0.1 , CHGJ); 'H-NMR (300 MHz, DMSQd6) & (ppm): 7.42 (dJ

= 15Hz, 1H, Ar- H), 7.14 (dJ = 9Hz, 1H, Ar-H), 6.57 (dJ = 9.9Hz, 1H, Ar- H), 4.7 (s, 4H,
2CH, spiro morpholine), 4.56- 4.54 (m, 1H, CH of oxadohe), 3.98-3.95 (s, 5H, 2GHpiro
morpholine), 3.81 () = 7.5Hz, 1H, CH of oxazolidone ring H), 2.81-2.77 (m, 2H,gH&ttached
to amine), 1.91-1.89 (m, 2H); LC-MS (ESI +ve¥z 308.1 [M+H] ; HRMS (ESI +ve)m/z
[M+H] " calcd for GsH1gFN3Os: 308.1405, found 308.1395; HPLC Purity: 98.49 %.

4.2.8 Synthesis of (S)-N-((3-(3-fluoro-4-(2-oxa-Gzaspiro[3.3]heptan-6-yl)phenyl)-2-
oxooxazolidin-5-yl)methyl)acetamide (18)To a solution ofL7 (100 mg, 0.325 mmol) in 5 mL
DCM, TEA (181 pL, 1.302 mmol) was added and thectiea mixture cooled to 0 °C, acetic
anhydride (36.8 pL, 0.390 mmol) was added which waviously cooled to 0 °C and then
stirred at RT for 1 hr. After completion, water svadded and the reaction mixture extracted
with DCM. The combined organic layers were whichswdried over sodium sulfate and the
solvent evaporated followed by the purificationtbé residue by flash chromatography using
EtOAc and pet ether (40:60) to get pure productn(@). Yield: 79%; off-white solid; m.p. 178-
180 °C; [0]*% = - & (c = 0.1, CHG)); 'H-NMR (300 MHz, DMSOd6) § (ppm): 8.25 (tJ =
3.6Hz, 1H, amide), 7.38 ( d,= 7.8Hz, 1H, Ar -H), 7.10 (dJ = 5.1Hz, 1H, Ar-H), 6.60 (d] =
6Hz, 1H, Ar-H), 4.70-4.65 (m, 5H, GHspiro morpholine and Ghbxazolidone ring), 4.05-4.02
(m, 5H, CH spiro morpholine and CHoxazolidone ring), 3.67-3.65 (m, 1H, €Hxazolidone
ring), 3.39 (t,J = 3Hz, 2H, CH attach to amide), 1.83 (s, 3H, methy!3c-NMR (100 MHz,
DMSO-d6)4: 169, 154, 152, 135, 130, (2)114, 106, (2C)79,(2C) 62, 47, 40, 38, 22; LC-MS
(ESI +ve)m/z350.1 [M+H]; HRMS (ESI +ve)m/z[M+H] " calcd for: G/HooFNsO4; 350.1511,
found 350.1482; HPLC Purity: 99.79 %.

4.2.9 Compounds 19, 20, 21, 22, 35, 36, 37 weretkgrized using similar procedure for 18.



4.2.10 Synthesis of (S)-N-((3-(3-fluoro-4-(2-oxa#zaspiro[3.3]heptan-6-yl)phenyl)-2-
oxooxazolidin-5-yl)methyl)nicotinamide (19):To a solution ofL7 (100 mg, 0.325 mmol) in 5
mL of DCM, TEA (181 pL, 1.302 mmol) added and reattwas cooled to O °C, nicotinoyl
chloride (87 mg, 0.488 mmol) was added and stifoe® hrs at RT. Work up was done similar
to compound (18) and purified by flash chromatpgsain DCM andMeOH (95:5) to get pure
product (76 mg). Yield: 56.6%; off-white solid; .j;n 176-178 °C*H-NMR (300 MHz, DMSO-
dé) & (ppm): 9.0 (m, 2H), 8.72 (d, = 4.5Hz, 1H), 8.18 (dJ = 8.1Hz, 1H), 7.53 (m, 1H), 7.39
(m, 1H), 7.12 (dJ = 8.4Hz, 1H), 6.60 (t) = 9.3Hz, 1H), 4.82-4.80 (m, 1H), 4.7 (s, 4H), 4,1

= 9Hz, 1H), 4.0 (s, 4H), 3.79-3.80 (m, 1H), 3.6863(m, 2H);**C-NMR (50 MHz, CDC}) & :
166.68, 154.70, 152.22, 148.33(2C), 135.45(2C),.dR2C), 123.47(2C), 114.60, 107.45,
80.96(2C), 71.87, 62.73(2C), 48.12, 42.68, 39.TBMS (ESI +ve)m/z413.2 [M+H] ; HRMS
(ESI +ve)m/z[M+H]" calcd for: GiH21FN4Oy4; 413.1620, found 413.1614; HPLC Purity: 99.29
%.

4.2.11 Synthesis of (S)-N-((3-(3-fluoro-4-(2-oxa#zaspiro[3.3]heptan-6-yl)phenyl)-2-
oxooxazolidin-5-yl)methyl)-4-(trifluoromethyl)benzamide (20): To a solution ofL7 (100 mg,
0.325 mmol) in 5 mL of DCM, TEA (181 pL, 1.302 mrpaldded and reaction was cooled to 0
°C, 4-(trifluoromethyl)benzoyl chloride (88 mg, @23 mmol) was added and stirred for 2 hrs at
RT. Work up was done similar to compound (18) pudfied by flash chromatography in DCM
and MeOH (95:5) to get pure product (70 mg). Yidld:88 %; off-white; m.p. 209-210 °éH-
NMR (300 MHz, DMSOd6) 5 (ppm): 9.04-9.02 (m, 1H), 8.04 (d,= 8.1Hz, 2H), 8.18 (d) =
8.1Hz, 2H), 7.39-7.34 (m, 1H), 7.12-7.10 (m, 1HBG®(t,J = 9.3Hz, 1H), 4.84-4.80 (m, 1H),
4.7 (s, 4H), 4.1 (t) = 9Hz, 1H), 4.0 (s, 4H), 3.80 - 3.77 (m, 1H),B8%63 (m, 2H)*C-NMR
(50 MHz, CDC}): 8166.54, 153.96, 136.79, 129.40, 127.56(5C), 4.6)(A3.84(2C), 107.20,
106.73, 80.29(2C), 71.02, 62.17(2C), 47.64, 423960; LC-MS (ESI +vein/z480.2 [M+HT ;
HRMS (ESI +ve)m/z[M+H]" calcd for: GsH21FNsOy4; 480.1541, found 480.1579; HPLC Purity:
97.77 %.

4.2.12 Synthesis of (S)-2-(((3-(3-fluoro-4-(2-oxadraspiro[3.3]heptan-6-yl)phenyl)-2-
oxooxazolidin-5-yl)methyl)amino)-2-oxoethyl acetaté21): To a solution ofL7 (100 mg, 0.325
mmol) in 5 mL of DCM, TEA (181 pL, 1.302 mmol) waslded and the reaction mixture was
cooled to 0 °C, 2-chloro-2-oxoethyl acetate (6684 /488 mmol) was added and stirred for 2



hrs at RT. Work up was done similar to compoub8 followed by purification using flash
chromatography in DCM and MeOH (95:5) to get puredpct (69 mg). Yield: 52.1 %; off-
white solid; m.p. 103-105 °CH-NMR (300 MHz, DMSO-d6% (ppm): 8.40 (s, 1H), 7.39 (d,

= 14.7Hz, 1H), 7.11 (d] = 8.7Hz, 1H), 6.61 (tJ = 9.Hz, 1H), 4.70 (s, 4H), 4.46 (s, 2H), 4.22-
4.20 (m, 2H), 4.02 (s, 4H), 3.69-3.67 (m, 1H),433140 (m, 2H), 2.06 (s, 3H); HRMS (ESI
+ve) m/z[M+H]" calcd for GoH2,FN3Os; 408.1565, found 408.1549; HPLC Purity: 98.31%.

4.2.13 Synthesis of (S)-N-((3-(3-fluoro-4-(2-oxa#zaspiro[3.3]heptan-6-yl)phenyl)-2-
oxooxazolidin-5-yl)methyl)isoxazole-5-carboxamide2@): To a solution ofL7 (100 mg, 0.325
mmol) in 5 mL of DCM, TEA (181 pL, 1.302 mmol) adtand reaction was cooled to 0 °C,
isoxazole-5-carbonyl chloride (47.2 uL, 0.488 mmwBs added and stirred for 2 hrs at RT.
Work up was done similar to compound (18) and mdiby flash chromatography in DCM and
MeOH (95:5) to get pure product (80 mg). Yield: 6%, pale yellow solid; m.p. 164-165 °C;
'H-NMR (400 MHz, DMSOd6) § (ppm): 9.30 (tJ = 8Hz, 1H), 8.75 (dJ = 1.92Hz, 1H), 7.37
(dd, J = 2.4Hz, 1.64 Hz, 1H), 7.10 (d,= 1.6Hz, 1H), 7.08 (dJ = 2.4Hz, 1H), 6.59 (t) =
8.80Hz, 1H) 4.81-4.49 (m, 1H), 4.70 (s, 4H), 4.2 9Hz, 1H), 4.02 (s, 4H), 3.80-3.76 (m,
1H), 3.61-3.58 (m, 2H); HRMS (ESI +va)/z[M+H]" calcd for GgH1sFN4Os; 403.1412, found
403.1450; HPLC Purity: 92.36 %.

4.2.14  Synthesis of (R)-5-chloro-N-((3-(3-fluoro-42-oxa-6-azaspiro[3.3]heptan-6-
yl)phenyl)-2-oxooxazolidin-5-yl)methyl)thiophene-2sulfonamide (23): To a solution ofl7
(200 mg, 0.325 mmol) in 5 mL of DCM, TEA (181 pL302 mmol) added and reaction was
cooled to 0 °C, 5-chlorothiophene-2-sulfonyl chileri(106 mg, 0.488 mmol) was added and
stirred for 2 hrs at RT. Then water was added atcheted with DCM which was dried over
sodium sulfate. The DCM layer was concentrated@ndied by flash chromatography in DCM
and MeOH (95:5) to get pure product (85 mg). Yid&d:5 %,; off-white solid; m.p. 98-100 °C;
'H-NMR (300 MHz, DMSOd6) & (ppm): 8.50 (s, 1H), 7.52 (d,= 4.2Hz, 1H), 7.39 (dJ =
2.1Hz , 1H), 7.34 (d) = 2.1Hz, 1H), 7.09-7.06 (m, 1H), 6.61Jt 10.2Hz, 1H), 4.70 (s, 5H),
4.02 (s, 5H), 3.71-3.66 (m, 1H), 3.22-3.19 (m, 2B3-NMR (100 MHz, DMSOd6) §: 153.91,
152.41, 139.48, 135.54, 134.54, 131.58, 130.04,9827114.74(2C), 106.91, 79.70(2C), 70.88,
62.25(2C), 47.11, 45.36, 40.12; LC-MS (ESI +ve)z 488.1 [M+H]; HRMS (ESI+ve) m/z
[M+H] "calcd for: GoH19CIFN3OsS,; 488.0511, found 488.0501; HPLC Purity: 99.29 %.



4.2.15 Compounds 24, 38, 39, 40 were synthesizedikir to 23

4.2.16 Synthesis of (R)-N-((3-(3-fluoro-4-(2-oxa-&zaspiro[3.3]heptan-6-yl)phenyl)-2-
oxooxazolidin-5-yl)methyl)-3-(trifluoromethyl)benzenesulfonamide (24: To a solution ofL7
(200 mg, 0.325 mmol) in 5 mL of DCM, TEA (181 pL302 mmol) added and reaction was
cooled to 0 °C, 3-(trifluoromethyl)benzene-1-suifbohloride (79 pL, 0.488 mmol was added
and stirred for 2 hrs at RT. Work up and purifioatwas done similar t83 to get pure product
(76 mg). Yield: 45.32%; white solid; m.p. 98-101; “6-NMR (300 MHz, DMSO€6) & (ppm):
8.44 (d,J = 8.1Hz, 1H), 8.35 (s, 1H), 8.25 @z 7.8Hz, 1H), 7.99 () = 8.1Hz, 2H), 7.41-7.36
(m, 1H), 7.12-7.09 (m, 1H), 6.63 @,= 9.3Hz, 1H), 4.96-4.92 (m, 1H), 4.7 (s, 4HY5+4.36
(m, 1H), 4.15-4.09 (m, 2H), 4.03 (s, 4H), 3.74-3(f2, 1H); LC-MS (ESI +ve)m/z 516.1
[M+H]"; HRMS (ESI) m/z [M+H]" calcd for: GoH,1FsN30sS; 515.1133, found 515.1109;
HPLC Purity: 98.31 %.

4.2.17 Synthesis of (S)-1-((3-(3-fluoro-4-(2-oxadzaspiro[3.3]heptan-6-yl)phenyl)-2-
oxooxazolidin-5-yl)methyl)-3-(4-fluorophenyl)urea @5): To a solution ofl7 (100 mg, 0.325
mmol) in 5 mL of DCM, TEA (181 pL, 1.302 mmol) adtland reaction was cooled to 0 °C, 4-
flurohenyl isocynate (54.9 uL, 0.488 mmol) was atlded stirred for 2 hrs at RT. Then water
was added and extracted with DCM which was drieer ®@odium sulfate. The DCM layer was
concentrated and purified by flash chromatographyDCM and MeOH (95:5) to get pure
product (67 mg). Yield: 46.3%; off-white solid; pn.215-217°C}H-NMR (400 MHz, DMSO-
d6) s (ppm): 8.60 (s, 1H), 7.38-7.34 (m , 3H), 7.11-7(6% 3H), 6.58 (tJ = 9.48Hz, 1H), 6.47-
6.44 (t,J=5.88, 1H) 4.74-4.735 (m, 1H), 4.69 (s, 4H), 440865 (t, J= 9Hz, 1H), 4.01 (s, 4H),
3.72 (m, 1H), 3.45-3.43 (i1 = 8Hz, 2H); LC-MS (ESkve) m/z445.2 [M+H]; HPLC Purity:
99.55 %.

4.2.18 Compounds 26, 27 and 41 were synthesized i&amto 25.

4.2.19 Synthesis of (S)-1-((3-(3-fluoro-4-(2-oxadzaspiro[3.3]heptan-6-yl)phenyl)-2-
oxooxazolidin-5-yl)methyl)-3-(3-(trifluoromethyl)phenyl)urea (26): 17(100 mg, 0.325 mmaol)
in 5 mL of DCM, TEA (181 pL, 1.302 mmol) added arghction was cooled to 0 °C, 1-
isocyanato-3-(trifluoromethyl)benzene (91 mg, 0.4880l) was added and stirred for 2 hrs at
RT. Work up and purification was done similar t®)20 get pure product (75 mg). Yield: 46.6
%; white solid; m.p. 87-90 °CH-NMR (300 MHz, DMSO€6) & (ppm): 8.9 (s, 1H), 7.95 (s,



1H), 7.47 (m, 1H), 7.37-7.35 (m, 2H), 7.25 {d= 6.3Hz, 1H), 7.13 (dJ = 8.4, 1H), 6.62-6.59
(m, 2H), 4.91-4.90 (m, 1H), 4.7 (s, 4H), 4.11-4(68§ 1H), 4.0 (s, 4H), 3.75 (§,= 6.3Hz, 1H),
3.47-3.46 (m, 2H)*C-NMR (100 MHz, DMSOd6) &: 155.25, 152.42, 150.04, 141.01, 135.51,
130.14, 129.76, 129.58, 129.26, 121.25, 117.50,7D14114.60, 113.65, 106.94, 79.70(2C),
71.77, 62.24(2C), 47.90, 41.94, 39.91; HRMS {ESN/z [M+H]* calcd for: GsHaFsN4Ox.;
495.4650, found 495.1629; HPLC Purity: 96.29 %.

4.2.20 Synthesis of (S)-1-((3-(3-fluoro-4-(2-oxadzaspiro[3.3]heptan-6-yl)phenyl)-2-
oxooxazolidin-5-yl)methyl)-3-(2-fluorophenyl)urea 27): To a solution ofLt7 (100 mg, 0.325
mmol) in 5 mL of DCM, TEA (181 pL, 1.302 mmol) setti and reaction was cooled to 0 °C,
1-fluoro-2-isocyanatobenzene (66 mg, 0.4817. mma¥ added and stirred for 2 hrs at RT.
Work up and purification was done similar to (26)get pure product (80 mg). Yield: 55.3 %;
white solid; m.p. 1483-205 °CH-NMR (400 MHz, DMSOd6) & (ppm): 8.43 (s, 1H), 8.0 (,

= 1.6Hz , 1H), 7.40-7.38 (m, 1H), 7.17-6.91 ( m,))516.91 (t,J = 8.80Hz , 1H), 4.74 - 4.73 (m,
1H), 4.70 (s, 4H), 4.09 (f, = 9Hz, 1H), 4.01 (s, 4H), 3.80-3.76 (m, 1H), 33182 (m, 2H)*C-
NMR (100 MHz, DMSOe6) &: 155.07, 154.113, 152.82, 150.42, 135.53, 1301P8.03,
124.35, 121.81, 120.20, 114.88, 114.69, 114.64,970679.69(2C), 71.86, 62.24(2C), 47.33,
41.84, 40.13; HRMS (ES) m/z [M-H] calcd for GoH,oFoN4O4; 443.1525, found 443.1561;
HPLC Purity: 98.66 %

4.2.21 Synthesis of (S)-1-(4-cyanophenyl)-3-((3{l8oro-4-(2-oxa-6-azaspiro[3.3]heptan-6-
yl)phenyl)-2-oxooxazolidin-5-yl)methyl)thiourea (2§: To a solution ofl17 (100 mg, 0.325
mmol) in 5 mL of DCM, TEA (181 pL, 1.302 mmol) adtland reaction was cooled to 0 °C, 4-
isothiocyanatobenzonitrile (78 mg, 0.488 mmol) vaalsled and stirred for 2 hrs at RT. Then
water was added and extracted with DCM which waddover sodium sulfate. The DCM layer
was concentrated and purified by flash chromatdgrap DCM and MeOH (95:5) to get pure
product (70 mg). Yield: 47.9 %; off-white solid; .pn 196-198 °C*H-NMR (300 MHz, DMSO-
d6) & (ppm): 10.12 (s, 1H), 8.4 (s, 1H), 7.74 (s, 4H%27(d,J = 14.4Hz, 1H), 7.14 (d, 1H), 6.61
(t, J=9H, 1H), 4.92-4.90 (m, 1H), 4.7 (s, 4H), 4(814H), 3.92-3.82 (m, 1H), 3.8 (s, 1H), 3.17
(d, J = 5.1Hz, 1H), 2.7 (d) = 12.36Hz, 1H)*C-NMR (100 MHz, DMSO-d6) & : 180.97,
154.03, 152.41, 143.87, 135.56, 132.77(2C), 1301@4,56, 119.03, 114.66(2C), 107.2(2C),
105.10, 79.71(2C), 70.92, 62.27(2C), 47.40, 4648812; HRMS (ES)) m/z [M+H]" calcd for:
Co3H2oFNsO3S; 468.1500, found 468.1474; HPLC Purity: 98.42 %.



4.2.22 Compounds from 29 to 33 and 42 are synthesizsimilar to 28

4.2.23 Synthesis of (S)-1-((3-(3-fluoro-4-(2-oxadzaspiro[3.3]heptan-6-yl)phenyl)-2-
oxooxazolidin-5-yl)methyl)-3-(3-(trifluoromethyl)phenyl)thiourea (29): To a solution ofl7
(200 mg, 0.325 mmol) in 5 mL of DCM, TEA (181 pL302 mmol) added and reaction was
cooled to 0 °C, 1-isothiocyanato-3-(trifluorometfipgnzene (99 mg, 0.488 mmol) was added
and stirred for 2 hrs at RT. Work up and purifioativas done similar to (28) to get pure product
(80 mg). Yield: 48.2 %; white solid; m.p. 180-182;*H-NMR (300 MHz, DMSO€6) § (ppm):
9.95 (s, 1H), 8.27 (s, 1H), 7.79 (s, 1H), 7.65-7868 1H), 7.54-7.37 (m, 3H), 7.14 (d,= 8.7,
1H), 6.59-6.56 (m, 1H), 4.92-4.90 (m, 1H), 4.748), 4.10-4.09 (m, 1H), 4.0 (s, 4H), 3.90 (s,
1H), 3.82-3.80 (m, 1H), 3.17 (d, = 5.1Hz, 1H);13C-NMR (100 MHz, DMSOd6) 6:181.47,
154.03, 152.42, 140.18, 135.57, 130.09, 129.61,282926.44, 125.38, 122.67, 120.42, 119.03,
114.70, 107.03, 79.71(2C), 71.02, 62.26(2C), 4746038, 40.28; HRMSESI") m/z [M+H]*
calcd for G3H22FiN4O3S ; 511.1422, found 511.1429; HPLC Purity: 99.71 %.

4.2.24 Synthesis of (S)-1-((3-(3-fluoro-4-(2-oxadzaspiro[3.3]heptan-6-yl)phenyl)-2-
oxooxazolidin-5-yl)methyl)-3-isopropylthiourea (30) To a solution of17 (100 mg, 0.325
mmol) in 5 mL DCM, TEA (181 pL, 1.302 mmol) was adid. Reaction mass was cooled to 0
°C, isopropyl Isocyanate (48.3 pL, 0.488 mmol) wedded and stirred for 2 hrs at RT. Work up
and purification was done similar to (28) to getepproduct (70 mg). Yield: 52.7 %; white solid;
m.p. 148-150 °C*H-NMR (400 MHz, DMSO-d6) (ppm): 7.51 (br, s, 2H), 7.39 (ddi= 2.3Hz,
10.98Hz, 1H), 7.11 (dd] = 1.6Hz, 8.6Hz, 1H), 6.59 (§, = 8.9Hz, 1H), 4.80 (m, 1H), 4.70 (s,
4H), 4.20-4.18 (m, 1H), 4.06 (s, 5H), 3.79-3.77 @H); 1.09-1.05 (m, 6H)*C-NMR (100
MHz, DMSO-) 0: 154.07, 152.39, 135.56, 130.09, 114.74(2C), 102Q),(79.69(2C), 71.47,
62.25(2C), 47.27, 46.04, 45.07, 39.92, 22.16(2CRM$ (ESI) m/z [M+H]" calcd for
C1oH25FN4O3S; 409.1704, found 409.1752; HPLC Purity: 99.16 %.

4.2.25 Synthesis of (S)-1-((3-(3-fluoro-4-(2-oxadzaspiro[3.3]heptan-6-yl)phenyl)-2-
oxooxazolidin-5-yl)methyl)-3-(4-methoxyphenyl)thiouea (31): To a solution ofLt7 (100 mg,
0.325 mmol) in 5 mL of DCM, TEA (181 uL, 1.302 minadded and reaction was cooled to 0
°C, l-isothiocyanato-4-methoxybenzene (69.9 mg2dHmol) was added and stirred for 2 hrs
at RT. Work up and purification was done similar(28) to get pure product (79 mg). Yield:
51.4%; white solid; m.p. 176-178 °@4-NMR (400 MHz, DMSO-d6) (ppm): 9.50 (s, 1H),



7.74 (s, 1H), 7.38 (dd] = 3.72Hz, 14.64Hz, 1H), 7.17 (= 8.84Hz, 2H), 7.11- 7.08 (m, 1H),
6.86 (d,J = 8.92Hz, 2H), 6.58-6.53 (m, 1H), 4.87-4.85 (m,)1#67 (s, 4H), 4.06 (1] = 9Hz,
1H), 3.99 (s, 4H), 3.82-3.80 (m, 3H), 3.70 (s, 3HE-NMR (100 MHz, DMSO-d6p : 181.53,
156.68, 154.07, 152.41, 150.03, 135.54, 131.30,1P, 125.94, 114.67(2C), 113.30, 92(2C),
79.70(2C), 71.07, 62.26(2C), 55.21, 47.32, 46.8813; HRMS (ESI) m/z [M-H]- calcd for
CasHasFN4O4S Na ; 471.1497, found 471.1495; HPLC Purity: 9885

4.2.26 Synthesis of (S)-1-((3-(3-fluoro-4-(2-oxadzaspiro[3.3]heptan-6-yl)phenyl)-2-
oxooxazolidin-5-yl)methyl)-3-(2-fluorophenyl)thiourea (32): To a solution of17 (100 mg,
0.325 mmol) in 5 mL of DCM, TEA (181 pL, 1.302 mrpaldded and reaction was cooled to 0
°C, 1-fluoro-2-isothiocyanatobenzene (74.8 mg, 8.48nol) was added and stirred for 2 hrs at
RT. Work up and purification was done similar t@)2o get pure product (75 mg). Yield: 50.1
%; off-white solid; m.p. 189-190 °CH-NMR (400 MHz, DMSO-d6% (ppm): 9.44 (s, 1H),
8.21 (s, 1H), 7.64 (m, 1H), 7.41 (db= 4Hz, 14Hz, 1H), 7.26-7.22 (m, 2H), 7.17-7.16 @H),
6.60-6.5 (m, 1H), 4.90-4.80 (m, 1H), 4.70 (s, 4410 (t,J = 9Hz, 1H), 4.01 (s, 4H), 3.87-3.82
(m, 2 H), 3.82-3.78 (m, 1H); HRMS (E%Im/z [M-H]- calcd for GoH2FoN4OsS ; 459.1297,
found 459.1297; HPLC Purity: 99.87 %.

4.2.27 Synthesis of (S)-1-(tert-butyl)-3-((3-(3-floro-4-(2-oxa-6-azaspiro[3.3]heptan-6-
yl)phenyl)-2-oxooxazolidin-5-yl)methyl)thiourea (33: To a solution of17 (100 mg, 0.325
mmol) in 5 mL of DCM, TEA (181 pL, 1.302 mmol) adbland reaction mass was cooled to O
°C, 2-isothiocyanato-2-methylpropane (56.2 mg, 8.48nol) was added and stirred for 2 hrs at
RT. Work up and purification was done similar t8)2o get pure product (80 mg). Yield: 58.2
%; off-white solid; m.p. 155-158 °CH-NMR (400 MHz, DMSOd6) & (ppm): 7.53 (t,J =
5.56Hz, 1H), 7.39 (dd] = 2.36Hz, 14.64 Hz, 2H), 7.11 (d#l= 2.04Hz, 8.6Hz, 1H), 6.59 (dd,

= 8.84Hz, 10.12Hz, 1H), 4.80-4.77 (m , 1H), 4.704¢d), 4.06-4.01 (m, 5H), 4.02 (s, 9H), 3.80-
3.73 (m, 3H)*C-NMR (50 MHz, DMSOd6) §: 181.93, 154.09, 152.40, 135.57, 130.10, 114.76
(2C), 107.11, 79.70(2C), 71.65, 62.26(2C), 52.2628, 45.43, 40.13, 28.54(3C); HRMS (ESI
+ve) m/z[M-H]- calcd for GoH27FN4O3S ; 421.1704, found 421.1628; HPLC Purity: 99.72 %.

4.2.28 Synthesis of (S)-1-((3-(3-fluoro-4-(2-oxad&zaspiro[3.3]heptan-6-yl)phenyl)-2-
oxooxazolidin-5-yl)methyl)-3-(4-nitrophenyl)thiourea (34): To a solution ofl17 (100 mg,
0.325 mmol) in 5 mL DCM, TEA (181 pL, 1.302 mmolasadded and reaction mass was



cooled to 0 °C, 1-isothiocyanato-4-nitrobenzenerffi 0.423 mmol) was added and stirred for
2 hrs at RT. Work up and purification was done kimio (28) to get pure product (87 mg).
Yield: 54.8 %; yellow solid; m.p. 200-202 °@4-NMR (400 MHz, DMSOd6) & (ppm): 10.53
(s, 1H), 8.53 (s, 1H), 8.18 (d,= 1.88Hz, 2H), (d J = 2.92Hz, 2H), 7.42 (dd] = 2.4Hz, 10.98
Hz, 1H), 7.14 (ddJ = 2Hz, 8.68Hz , 1H), 6.60 (dd,= 8.9Hz, 10Hz, 1H), 4.94-4.90 (m, 1H),
4.70 (s, 4H), 4.13 (1 = 9.0Hz, 1H), 4.01 (s, 4H), 3.93-3.89 (m, 2H),23880 (m, 1H), HRMS
(ESI) m/z [M+Na]" calcd for G,H2,FNsOsS Na ; 510.1218, found 510.1271; HPLC Purity:
99.60%.

4.2.29 Synthesis of (1S,4R)-N-(((S)-3-(3-fluoro-2-pxa-6-azaspiro[3.3]heptan-6-yl)phenyl)-
2-oxooxazolidin-5-yl)methyl)-4,7,7-trimethyl-3-oxo02-oxabicyclo[2.2.1]heptane-1-
carboxamide (35):To a solution ofL7 (100 mg, 0.325 mmol) in 5 mL of DCM, TEA (181 pL,
1.302 mmol) added and reaction was cooled to 0 (X5,4R)-4,7,7-trimethyl-3-ox0-2-
oxabicyclo[2.2.1]heptane-1-carbonyl chloride (10§, ®.488 mmol) was added and stirred for 2
hrs at RT. Work up was done similar to compound é&l purified by flash chromatography in
DCM and MeOH (95:5) to get pure product (50 mg)iely: 31.5 %; white solid; m.p. 103-105
°C; 'H-NMR (300 MHz, DMSOd6) § (ppm): 8.39 (t]) = 3.6Hz, 1H), 7.39 (d] = 14Hz, 1H),
7.08 (d,J =5.1Hz, 1H), 6.57 (dJ = 6Hz, 1H), 4.7 (s, 4H), 4.02 (s, 4H), 3.78 - 3(§ 1H),
3.53-3.50 (m, 2H), 2.42-2.34 (m, 2H), 1.93-1.91 @8H), 1.53-1.50 (m, 1H), 0.99 (s, 3H), 0.94
(s, 3H), 0.74 (s, 3H); LC-MS (ESI +va)/z488.2 [M+H] ; HRMS (ESI +vem/z[M+H] " calcd
for: CosH3oFN3Og; 488.2191, found 488.2204; HPLC Purity: 98.44 %.

4.2.30 Synthesis of (S)-N-((3-(3-fluoro-4-(2-oxa#zaspiro[3.3]heptan-6-yl)phenyl)-2-
oxooxazolidin-5-yl)methyl)adamantane-1-carboxamidg36): To a solution ofl7 (100 mg,
0.325 mmol) in 5 mL of DCM, TEA (181 pL, 1.302 mrpaldded and reaction was cooled to 0
°C, adamantane-1-carbonyl chloride (97 mg, 0.48&hwias added and stirred for 2 hrs at RT.
Work up was done similar to compound (18) and mdiby flash chromatography in DCM and
MeOH (95:5) to get pure product (90 mg). Yield:.%86; white solid; m.p. 178-180 °CH-
NMR (300 MHz, DMSO€6) § (ppm): 7.72 (tJ = 3.6Hz, 1H), 7.38 (dl= 14Hz, 1H), 7.09 (d,

J = 8.7Hz, 1H), 6.57 (d] = 9.3Hz, 1H), 4.70 (s, 4H), 4.02 (s, 4H), 3.7183(f, 1H), 3.40-3.34
(m, 2H), 1.92 (s, 3H), 1.71-1.61 (m, 14H5C-NMR (100 MHz, DMSOd6) &: 177.77, 154.17,
153.20, 135.44, 135.33, 130.19, 114.71, 106.8770[2C), 71.21, 62.28(2C), 47.48, 41.57,



40.14, 36.06(3C), 30.66(3C), 27.58(4C); LC-MS (E®8&) m/z470.3 [M+H]; HRMS (ESI +ve)
m/z [M+H]" calcd for: GgH3sFN3O4; 470.2450, found 470.2490; HPLC Purity: 99.14 %.

4.2.31 Synthesis of (S)-N-((3-(3-fluoro-4-(2-oxa#zaspiro[3.3]heptan-6-yl)phenyl)-2-
oxooxazolidin-5-yl)methyl)-2-methoxyacetamide (37 To a solution of17 (100 mg, 0.325
mmol) in 5 mL of DCM, TEA (181 pL, 1.302 mmol) wadded and reaction mass was cooled to
0 °C, 2-methoxyacetyl chloride (44.56 pL, 0.488 oymvas added and stirred for 2 hrs at RT.
Work up was done similar to compound (18) andfpariby flash chromatography in DCM and
MeOH (95:5) to get pure product (70 mg). Yield: 52b; white solid; m.p. 140-142 °CH-
NMR (400 MHz, DMSO€6) & (ppm): 8.14 (t) = 6Hz, 1H), 7.38 (dd] = 2.36Hz, 10.98Hz, 1H),
7.11 (dd,J = 1.6Hz, 8.6Hz, 1H), 6.59 (#,= 8.9Hz, 1H), 4.72 (m, 5H), 4.06-6.55 (m, 5H),2.8
(s, 2H), 3.75-3.41 (m, 1H), 3.45 (m, 2H), 3.2738); HRMS (ESI +vem/z[M+H]+ calcd for
C18H22FN30s; 380.1616, found 380.1685; HPLC Purity: 97.87 %.

4.2.32 Synthesis of (R)-N-((3-(3-fluoro-4-(2-oxa-&zaspiro[3.3]heptan-6-yl)phenyl)-2-
oxooxazolidin-5-yl)methyl)-1,2-dimethyl-1H-imidazoé-4-sulfonamide (38):To a solution of
17 (100 mg, 0.325 mmol) in 5 mL of DCM, TEA (181 pL. 302 mmol) added and reaction was
cooled to 0 °C, 1,2-dimethyl-1H-imidazole-4-sulfbohloride (101 mg, 0.521 mmol) was added
and stirred for 2 hrs RT. Work up and purificatawas done similar to (23) to get pure product
(60 mg). Yield: 39.6 %; white solid; m.p. 182-18&; 'H-NMR (300 MHz, DMSO€6) §
(ppm): 7.81 (tJ = 3.6Hz, 1H), 7.64 (s, 1H), 7.33 @= 8.4Hz, 1H), 7.09 (d] = 8.7Hz, 1H),
6.57 (d,J = 9.3Hz, 1H), 4.70 (s, 5H), 4.02 (s, 5H), 3.7783(ih, 1H), 3.57 (s, 3H), 3.14-3.12 (m,
2H), 2.2 (s, 3H)!*C-NMR (100 MHz, DMSO-d6) & 153.99, 152.41, 146.57, 136.89, 135.51,
135.40, 124.56(2C), 114.74, 106.91, 79.71(2C), 7162.27(2C), 47.11, 45.16, 40.12, 32.82,
12.43; LC-MS (ESI +ve)m/z 466.1 [M+H]; HRMS (ESI +ve)m/z [M+H]" calcd for:
CooH24FNsOsS; 466.1555, found 466.1549; HPLC Purity: 99.14 %.

4.2.33 Synthesis of (R)-3,5-dichloro-N-((3-(3-fluar4-(2-oxa-6-azaspiro[3.3]heptan-6-
yl)phenyl)-2-oxooxazolidin-5-yl)methyl)benzenesulfilamide (39): To a solution ofl7 (100
mg, 0.325 mmol) in 5 mL of DCM, TEA (181 uL, 1.3@#nol) added and reaction was cooled
to 0 °C, 3,5-dichlorobenzene-1-sulfonyl chlorid2@mg, 0.488 mmol) was added and stirred
for 2 hrs at RT. Work up and purification was damailar to (23) to get pure product (80 mg).
Yield: 47 %; White solid; m.p. 105-107 °¢4-NMR (300 MHz, CDC}) & (ppm): 8.40 (s, 1H),



7.97 (t,d = 2.1Hz, 1H), 7.80 (d] = 1.8Hz, 2H), 7.38-7.33 (m, 1H), 7.07-7.05 (m)16161 (tJ

= 10.2Hz, 1H), 4.70 (s, 5H), 4.02 (s, 5H), 3.7083(f, 1H), 3.19-3.18 (m, 2H}*C-NMR (50
MHz,CDClk) & 154.52, 149.54, 142.76, 136.11(2C), 132.77(2C9, 1R 125.30 (3C), 114.89,
107.66, 81.04(2C), 71.18, 62.78(2C), 47.48, 4538181; MS:m/z516.1 [M+H]'; HRMS (ESI
+ve) m/z[M+H]* calcd for: GiH»0CiFN3OsS; 516.0558, found 516.0518; HPLC Purity: 99.29
%.

4.2.34 Synthesis of (R)-2-chloro-N-((3-(3-fluoro-42-oxa-6-azaspiro[3.3]heptan-6-
yl)phenyl)-2-oxooxazolidin-5-yl)methyl)-5-nitrobenznesulfonamide (40)To a solution ofL7
(200 mg, 0.325 mmol) in 5 mL of DCM, TEA (181 pL302 mmol) added and reaction was
cooled to 0 °C, 2-chloro-5-nitrobenzene-1-sulfooljloride (108 mg, 0.423 mmol) was added
and stirred for 2 hrs at RT. Work up and purifioativas done similar to (23) to get pure product
(76 mg). Yield: 44.3 %; brown solid; m.p. 98-10D; *H-NMR (400 MHz, DMSOd6) & (ppm):
8.81 (t,J = 8Hz, 1H), 8.62 (dJ = 2.72, 1H), 8.41 (dd] = 2.72Hz, 8Hz, 1H), 7.89 (d,= 8Hz,
1H), 7.29 (dd,J) = 2.24Hz, 14.64 Hz, 1H), 7.0,(d = 10Hz, 1H), 6.57 (d, 8Hz, 1H), 4.70 (s, 4H),
4.63 - 4.58 (m, 1H), 4.02 (s, 4H), 4.0 (= 8Hz, 1H), 3.65 - 3.63 (m, 1H), 3.87-3.32 (m, 2H)
13C-NMR (100 MHz, DMSOd6) &: 153.58, 152.34, 145.98, 139.40, 137.21, 135.45,3833
129.97, 128.16, 124.96, 114.66, 114.40, 106.727/42C), 71.01, 62.24(2C), 46.88, 45.11,
40.12; HRMS (ESI +ven/z [M-H]  calcd for GiH20CIFN4O;S; 525.0642, found 525.0646;
HPLC Purity: 98.49 %.

4.2.35 Synthesis of (S)-1-(4-chlorophenyl)-3-((3-(Rioro-4-(2-oxa-6-azaspiro[3.3]heptan-6-
yl)phenyl)-2-oxooxazolidin-5-yl)methyl)urea (41):To a solution ofL7 (100 mg, 0.325 mmol)
in 5 mL of DCM, TEA (181 pL, 1.302 mmol) added am@ction was cooled to 0 °C, 1-chloro-
4-isocyanatobenzene (75.0 mg, 0.488 mmol) was addeédtirred for 2 hrs at RT. Work up and
purification was done similar to (25) to get puredquct (80 mg). Yield: 53.3 %; off-white solid;
m.p. 218-220 °C*H-NMR (400 MHz, DMSO-d6)% (ppm): 8.72 (s, 1H), 8.74-7.35 (m, 5H),
7.11 (dd,J = 1.9Hz, 8.7Hz, 1H), 6.58-6.50 (m, 2H), 4.75-4.%#8 (LH), 4.69 (s, 4H), 4.08 {,=

18 Hz, 1H), 4.01-4.00 (d) = 1.6Hz , 4H), 3.72-3.68 (m, 1H), 3.46 Jt= 5.5Hz, 2H); HRMS
(ESI +ve) m/z [M+H]+ calcd for G,H2,CIFN,O,4; 461.1431, found 461.1404; HPLC Purity:
98.31 %.



4.2.36 Synthesis of (S)-1-(4-chlorophenyl)-3-((3-(Rioro-4-(2-oxa-6-azaspiro[3.3]heptan-6-
yl)phenyl)-2-oxooxazolidin-5-yl)methyl)thiourea (42: To a solution of17 (100 mg, 0.325
mmol) in 5 mL of DCM, TEA (181 uL, 1.302 mmol) adtland reaction was cooled to 0 °C, 1-
chloro-4-isothiocyanatobenzene (83 mg, 0.488 mmal} added and stirred for 2 hrs at RT.
Work up and purification was done similar to (28)get pure product (80 mg). Yield: 51.5 %;
white solid; m.p. 200-202 °CH-NMR (300 MHz, DMSO-d6)% (ppm): 9.78 (s, 1H), 8.11 (s,
1H), 7.46 (d,J = 8.7Hz, 1H), 7.36 (dJ = 8.7Hz, 2H), 7.14 (dJ = 8.7Hz, 2H), 6.62 (t,J =
9.3Hz, 1H), 6.62-6.58 (m, 1H), 4.91-4.90 (m, 1#4),0 (s, 4H), 4.09-4.06 (m, 1H), 4.0 (s, 4H),
3.88-3.82 (m, 2H), 3.18 (d, = 5.1Hz, 1H);**C-NMR (50 MHz, DMSO-d6): 181.36, 154.06,
153.61, 138.08, 135.63, 135.41, 130.16(4C), 12418%.67(2C), 107.14, 79.72(2C), 71.05,
62.29(2C), 47.39, 46.45, 42.10; HRMS (ESI +wejz [M+H]" calcd for GyH2:CIFN4OsS;
477.1158, found 477.1172; HPLC Purity: 98.66 %.

4.2.37 Synthesis of (1R,5S)-tert-butyl 3-(4-((S)-&cetamidomethyl)-2-oxooxazolidin-3-yl)-
2-fluorophenyl)-8-azabicyclo[3.2.1]oct-2-ene-8-cadxylate (45):To a solution o#3 (100 mg,
0.302 mmol) in 5mL of dioxane and 1 mL of waterded ((1R,5S)-8-(tert-butoxycarbonyl)-8-
azabicyclo[3.2.1]oct-2-en-3-yl)boronic acid(42) (8@, 0.393 mmol), Added sodium carbonate
(112 mg, 1.057 mmol), Argon gas was purged for 2@utes. Then added PdCI2 (dppf)-CH2CI2
adduct (12.33 mg, 0.015 mmol). Again argon gas paged into reaction mass. Heated the
reaction mass for 100 °C for overnight. Then cotredéed the reaction mass. Product was
dissolved into DCM. Saturated sodium bicarbonatetiem washing was given to organic layer
followed by water washing was given. The compourd wurified by flash chromatography in
DCM and MeOH (95:5) to get pure product (60 mg)eld: 43.2 %,; off-white solid; m.p. 155-
158 °C;*H-NMR (300 MHz, DMSOd6) § (ppm): 8.25 (tJ = 5.56Hz, 1H), 7.48 (dJ = 14Hz,
1H), 7.33-7.27 (m, 2H), 6.32 (s, 1H), 4.71-4.70 ,(dH), 4.35-4.30 (m, 2H), 4.10 @,= 9Hz,
1H), 3.74-3.72 (m, 1H), 3.40 @,= 5.4Hz, 2H) 2.92-2.90 (m, 1H), 2.19-2.13 (m, 2HP2-1.91
(m, 2H), 1.82 (s, 3H), 1.72-1.70 (m, 1H), 1.399sl); *C-NMR (50 MHz, CDC}) &: 171.23,
162.57, 157.64, 154.17, 138.04, 132.54, 129.67,2824.13.15(2C), 106.43, 79.43, 72.00(2C),
47.38(2C), 41.84(2C), 37.28, 34.29, 28.36(3C), 21C-MS (ESI +ve)m/z 460.2[M+H] ;
HRMS (ESI +ve)m/z[M+H]" calcd for G4H30FN3Os; 460.2242, found 460.2201; HPLC Purity:
99.32 %.



4.2.38 Synthesis of 5-benzyl-1-oxa-5-azaspiro[2.4jptanes (47): To a solution of
trimethylsulfoxonium iodide (7.4 g) was added tesuspension of NaH (0.81 g) in anhydrous
DMSO (25 mL) at 10 to 15 °C over twenty minuted|dwed by stirring at room temperature
under nitrogen atmosphere for 1 hr. A solutiod©{4.9 g) (commercial available) in anhydrous
DMSO (25 mL) was added thereto at 10 to 15 °C twenty minutes, followed by stirring at 10
to 24 °C for one hr. Water (50 mL) and EtOAc (50)mtere added thereto under cooling with
ice-water, and the mixture was separated. The ptodas extracted with EtOAc (50 mL x 2)
and was combined with the former organic layer. €bmbined organic layer was sequentially
washed with water (30 mL x 3) and brine (50 mL xahg was dried over anhydrous sodium
sulfate. The solvent was removed under reducedipresthe residue was purified by silica gel
column chromatography (eluent; hexane: EtOAc = lad)eld the title compound (2.25g ) as an
oil. Yield: 44.4%; brown semi solid*H-NMR (300 MHz, CDC}) & (ppm): 7.34-7.32 (m, 5H),
3.72 (q,J = 12.3Hz, 2H), 2.82-2.80 (m, 2H), 2.63-2.56 (m,)2R126-2.17 (m, 2H), 1.95-1.88
(m, 2H); LC- MS(ESI +ven/z190 [M+H]" ; HPLC Purity: 99.39%.

4.2.39 Synthesis of 1-benzyl-3-(((3-fluoro-4-morptiaophenyl)amino)methyl) pyrrolidin-3-

ol (49): To a solution of 47 (601.5 mg, 3.18 mmol) in 10 mL of ACN, added thium
perchlorate (676 mg, 6.36 mmol), add&l (686 mg, 3.50 mmol) and heated the reaction mass
for 90 °C overnight. Then concentrated the reaati@ss and purification was done in DCM and
MeOH to give the title compound (700 mg). Yield:. B%; brown semi solid*H-NMR (300
MHz, CDCk) & (ppm): 7.32 (s, 5H), 6.82 (@, = 9Hz, 1H), 6.48 (dJ = 2.1Hz,1H), 6.34 (d) =
8.4Hz, 1H), 5.36 (br s, 1H), 4.9 (br s, 1H), 4.0 (H), 3.69-3.66 (t) = 4.2 Hz , 5H), 3.16 (d]

= 5.1Hz, 1H), 3.01 (s, 2H), 2.81-2.72 ({,= 4.5Hz, 6H), 1.98-1.47 (m , 3H)*C-NMR (100
MHz, DMSO4d6) 4: 157.60, 146.40, 138.94, 128.86, 128.47(3C), ¥@&QC), 120.41, 107.60,
100.19, 79.16, 66.38(3C), 64.73, 59.63, 52.87,&?2Q), 30.66; LC-MS (ESI +ven/z 386.2
[M+H]"; HRMS (ESI +ve)m/z [M+H]" calcd for GoH.gFN:O, : 386.2238, found 386.2242;
HPLC Purity: 98.68%

4.2.40 Synthesis of 7-benzyl-3-(3-fluoro-4-morphaiophenyl)-1-oxa-3,7-diazaspiro[4.4]

nonan-2-one (50):To a solution of49 (500 mg, 1.297 mmol), added di(1H-imidazol-1-
yl)methanone (421 mg, 2.59 mmol), added 2,3,4,87.8-octahydropyrimido[1,2-a]Jazepine
(494 mg, 3.24 mmol). After stirring at 80° C. ovigit, the solvent was evaporated under

reduced pressure. The residue was dissolved iA&tend the solution was washed twice with



aqueous sodium hydrogen carbonate solution. Tigana layer was dried over sodium
sulphate, and the solvent was evaporated undecedduressure. The residue was purified using
flash chromatography using EtOAc and pet etherite ghe title compound (400 mg). Yield:
47.9%:; off-white solid, m.p. 148-150 °&4-NMR (300 MHz, CDC}) & (ppm): 7.4 (s. 1H), 7.43
(s, 1H), 7.32 (s, 3H), 7.25 (m, 1H), 7.19-7.16J¢&; 9Hz, 1H), 7.07-7.01 (] = 9.6Hz, 1H), 4.0

(s, 2H), 3.7 (s, 3H), 3.6 (s, 2H), 2.9 (s, 4HBR(s, 1H), 2.74-2.6 (m, 3H), 2.54 (s, 1H), 2.16
(m, 1H), 1.26 (dJ = 10.8Hz, 1H)*C-NMR (100 MHz, DMDOd6) §: 155.74, 153.55, 138.49,
133.47, 133.37, 128.49(3C), 126.93(2C), 119.19,258,4106.95, 83.98, 66.13(2C), 64.25, 58.98,
54.58, 50.70, 50.67, 37.79, 30.66; LC-MS (ESI +vé)412.7 [M+H]; HRMS (ESI +ve)m/z
[M+H] " calcd for GsH2eFN3Os: 412.2038, found 412.2031; HPLC Purity: 98.59%.

4.2.41 Synthesis of 3-(3-fluoro-4-morpholinopheny]-oxa-3,7-diazaspiro[4.4]nonan-2-one
(51): To a solution 060 (1.5 g, 3.65 mmol), In MeOH, added palladium hyale on carbon
(0.358 g, 2.55 mmol). Stirred the reaction massragét at rt at hydrogen atmosphere by using
hydrogen balloon. Then filtered the reaction mass$ eoncentrated the reaction mixture. For
further purification was done in DCM and MeOH byingsflash chromatography to yield the
title compound (600 mg) Yield: 51.2%; brown solid,p. 120-122 °C;*H-NMR (300 MHz,
CDCly) & (ppm): 7.51 (d, dJ = 1.2Hz, 1.2Hz, 1H), 7.21 (d, d= 1.2Hz, 1.2Hz, 1H), 7.09 @,=
5.7Hz, 1H), 4.10 (o) = 5.4Hz, 12.3Hz, 2H), 3.74 (m , 4H), 3.14 {o& 2Hz, 1H), 3.0-2.93 (m,
7H), 2.17 (m, 1H), 1.99 (m, 1H), 1.90 (s, 1HJC-NMR (300 MHz, DMSOd6) &: 155.78,
153.66, 135.15, 121.62, 120.27, 119.15, 106.6293566.12(2C), 57.69, 52.53, 50.66(2C),
45.41, 30.60; LC-MS (ESI +van/z 322.3 [M+H]; HRMS (ESI +ve)m/z [M+H]" calcd for
Ci6H20FN3O3: 322.1555, found 322.1561; HPLC Purity: 98.70%.

4242  Synthesis of  7-acetyl-3-(3-fluoro-4-morphaiophenyl)-1-oxa-3,7-diazaspiro
[4.4]lnonan-2-one (52)To a solution 061 (40 mg, 0.124 mmol) in 5 mL of THF, added the
TEA (52.0 pL, 0.373 mmol), acetic anhydride (23183 0.249 mmol) at 0° C, then stirred the
reaction mass for rt for 1h. Then concentratedréaetion mass and water washing was given,
extracted the product with EtOAc and purificatioasadone with DCM and MeOH using flash
chromatography to yield the title compound (30 mggld: 66.3%, off-white solid; m.p. 83-85
°C; 'H-NMR (400 MHz, CDC}) & (ppm): 7.51(d,J =14.8Hz, 1H, Ar-H), 7.20(m, 1H),7.09-
7.052(t,J = 9.6, 1H, Ar-H),4.15-4.05(m, 2H), 3.90@= 12H, 1H), 3.79-3.73(m, 5H), 3.57(m,
1H), 3.45(d,J = 13.2Hz, 1H), 2.96(s, 4H), 2.37-2.12(m, 2H), 1DD = 13.2Hz, 3H), LC-MS



(ESI +ve)m/z364.3 [M+H] ; HRMS (ESI +vem/z[M+H]" calcd for GgH2:FN3O4: 364.1720,
found 364.1667; HPLC Purity: 99.78%;

4.3 Biological evaluation
4.3.1 General

For biological activity, stock solutions of the cpounds were prepared in DMSO (10 mg/mL)
and were further used for testing antibacterialvdgt Bacterial strain€. coli (NCIM 2688),P.
aeruginosa(NCIM 2036) as Gram-negative aml subtilus (NCIM 2079),S. aureug(NCIM
2010) as Gram-positive were obtained from NCIM (NQune) and were grown in Luria
Burtony medi-um from Himedia, India. Antibacterittivity. Bacterial strains were grown to
logarithmic phase (O.D. 1.0 at 620 nm) in a LB medi Test compound solutions were added
into 96-well plate. DMSO (1%) was used as vehiclentol. Initially the compound
concentrations of 30, 10 and 3 pg/mL were usedheck the antibacterial activity. The
compounds showing inhibition above 75% fop@mL concentration were selected for further
analysis by dose-response curve. Dose-responsescwere generated by using half dilution
from 100pug/mL upto 0.78 pg/mL. The OD was measured by Sae@k spectrophotometer at
620 nm.

4.3.2 Antibacterial activity

All bacterial cultures were first grown in LB med& 37 °C at 180 RPM. The assay was
performed in 96-well plates after 8 and 12 hrs.@am-negative and Gram-positive bacteria,
respectively. A 0.1 % suspension of OD 1 (620 nmilfuce was used for screening. The
inoculated culture was added into each well of @#-wlate containing the compounds to be
tested. Optical density for each plate was measateg?0 nm after 8 hrs for Gram-negative
bacteria and after 12 hrs for Gram-positive baateFor antibacterial assay, 2.5 pL of test
compound solution was added in each of the weBb@fvell plates, except control and blank
followed by 247.5 pL of inoculated culture to eaedll except blank to make the final volume
of 250 pL. DMSO (2.5 pL) was used as vehicle cdntrdhe blank and control. Sterile media
(248 uL) was added into blank well.

4.3.3 Antimycobacterial activity



Microbial strains such aglycobacterium tuberculosid37Ra (ATCC 25177) anill. bovisBCG
(ATCC 35734) were obtained from AstraZeneca, Indiae stock culture was maintained at
-80 °C and subcultured once in a liquid medium befooeimation into an experimental culture.
Cultures were grown in Dubos media (enrichment ajedhor antimycobacterial ass&y, pheli
medium (minimal essential medium) was used. It @ost 0.5 g KHPOy, 0.25 g trisodium
citrate, 60 mg MgS0O4, 0.5 g aspargine and 2 mLegblicin distilled water (100 mL) followed
by pH adjustment to 6.6.

Cultivation of mycobacteria and antimycobacterial assay. All bacterial stock cultures were first
grown in Dubos media at 3T at 150 RPM. It takes at least 8-10 days for 2 820 nm. The
antimycobacterial assay was performed in 96-wellgd for active as well as dormant stages.For
antimycobacterial assay, 1 % of OD 1 culture at 680 was used. A total of 2.5 pL of test
compound solution was added into 96-well platesepkcontrol and blank, followed by 250 puL
of inoculated culture to each well except blank. B™Mwas used as vehicle control in blank and
control. A total of 250 pL sterile media was add®d the blank well. Sterile sealer was kept on
it to achieve dormant condition. After 8 days, @lygen was used by bacteria and hypoxic
conditions were obtained, resulting in mycobactshidting to the dormant stage. XTT (fbttb)

as well as NR (foM. bovisBCG) assays were performed dhday for active stage inhibitor and
on 12" day for dormant stage inhibitor. Primary screenivag done at three concentrations 30,
10, 3 pg/mL. Those compounds showing > 80% inlbitat 3 pg/mL concentration were
selected further for generating dose-response swrsig half dilution from 100 pg/mL up to
0.78 pg/mL.

4.3.4 XTT assay

For Mth, XTT assay was performed [22]. For active stadpbitor, the plate was removed after
8 days. XTT sodium salt powder was used for pregati.25 mM stock solution in sterile 1X
PBS and Menadione (Sigma) was prepared as a 6 midiosoin DMSO and was used
immediately. XTT solution was added to make thalficoncentration to 200 pM. Plates were
kept in 37°C incubator for 20 min. Then menadione solution vealed to make final
concentration of 60 uM. The plates were incubated4D min in the incubator. The OD was
measured at 470 nm. For dormant stage inhibitateplwere removed after 12 days. All other

procedures were same.



4.3.5 Nitrate Reductase assay

For M. bovisBCG, NR assay was performed using 1% sulfalic ac2l0% HCI and 1% NEED

(1-naphthyl ethylenediamine dihydrochloride) in eratAfter 8" and 12 days, the plates were
removed for active and dormant stage inhibitorspeetively. A solution containing one part
each of culture from assay plate, sulfanilic aciduson and NEED solution was prepared.

Purple colour prontosil produced was measured @nbd.
Percent inhibition was measured as -

% Inhibition = Comp. OD — Blank

Cont GBlank
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FIGURE CAPTIONS
Figure 1. Structures of approved and developnhenrtzolidinone antibacterials

Figure 2. 2-Oxa-6-azaspiro[3.3]heptanes, a bstese of morpholine



Table 1: Antibacterial activity data of the title compounds

c;L E coli Pseudomonas Staphylococcus Bacillus
g > o ' aeruginosa aureus subtillus
o) N N
Compound <><: \)\/N\R
No. F MIC ICs0 MIC ICs0 MIC ICs0 MIC ICs0
ng/mL pg/mL pg/mL ng/mL png/mL pg/mL Hg/mL pg/mL
1 1.15 0.49 131 0.49 1.13 0.42 1.8 0.64
17 4.05 0.57 >100 >100. 3.38 0.843 >10 >10p
18
>100 >100 6.4 0.58 2.90 0.53 3.46 0.65
19 ¢
ﬁA/Q' 8.33 0.67 >100 >100 18.26 1.03 >10 >100D
[e)
20 12_@0':3 >100 >100 18.14 1.19 22.31] 0.67 >10 >100
21 Q
?H)l\/oj( >100 >100 >100 >100 8.40 0.75 >10( >100
o
22 Iy N
o 4.60 0.72 2.57 0.51 2.05 0.88 2.35 0.49
o
23 Q1
/5\‘6@\0' 15.42 0.89 3.52 1.13 1.31 0.46 2.20 0.64
24 R CF,
%J\S‘\’@ 3.03 0.57 >100 >100 >100 >100 >10( >100
o}
-
25 T >100 | >100 | 19.86 | 0.814 >1000  >100  14.7B 0.76
26 Y“
© 10.45 0.64 23.96 1.25 16.21 0.88 13.07 0.65
FaC
27 ﬂ‘\rn
4 1.36 0.49 >100 >100 >100 >100 15.02 158
F
28 AN
T O 9.54 1.00 >100 >100 11.23 1.03 3.87 0.86
CN
29 SYH
s 241 0.49 >100 >100 >100 >100 >10( >100
CF5
30 AN
\g/ j/ >100 >100 32.28 1.27 >100 >100 6.04 0.64
31 10
A )-d 10.67 1.10 >100 >100 16.13 0.74 8.7§ 1.1p




32 A K
?N@ >100 >100. 15.90 0.98 5.76 0.60 5.1§ 131
F
= T X
32 N 22.78 1.38 >100 >100 9.15 1.45 >10 >10D
- S e
45 Bm{,‘@)’@'“»xnr 3.66 0.57 15.09 0.67 2.95 0.74 5.67 0.55
F, [¢)
O/_\N N>\\O
N/ \/b
51 N 0.554 4.437 >100 >100 >100 >100 >100 >100




Table 2 Antitubercular activity data of the title compounds

Compound  Mycobacterium tuberculosis H37Ra Mycobacterium bovis BCG
No. Active Dormant Active Dormant
MIC ICso MIC ICso MIC ICso MIC ICso
(Mg/m  (pg/m  (pg/m  (ug/m  (pg/m  (ug/m  (ug/m  (ug/mL)
L) L) L) L) L) L) L)
1 1.31 0.8 1.25 0.71 0.42 0.029 0.43 0.31
17 18.27 2.8 11.33 3.46 29.49 15.72 24.35 17.34
18 2.55 1.56 3.10 2.07 1.83 0.79 1.67 0.81
21 7.80 3.24 10.63 6.69 6.32 3.35 5.77 3.05
22 10.89 6.4 21.23 9.58 9.82 4.11 10.12 4.83
32 41.12 16.34 41.63 22.83 44.46 13.07 61.18 17.67
45 21.4 12.33 20.49 10.84 31.16 4.35 23.14 5.82




Table 3 In silico ADME prediction data of the title compounds

Molecule MW?  %Human Hbond Hbond logPow logS  logBB? logKhsa"

oral Donor®  acceptor
Absorption®
1 337.35 77.18 1 8.7 0.49 -2.10 -0.58 -0.62
17 307.32 78.42 2 6.5 1.36 -2.27 0.04 -0.11
18 349.36 82.47 1 8 1.50 -3.28 -0.63 -0.41
19 412.42 90.14 1 9.5 2.49 -4.79 -0.90 -0.05
20 479.43 100 1 8 4.42 -6.99 -0.39 0.53
21 407.39 74.24 1 10 1.34 -4.07 -1.39 -0.49
22 402.38 81.33 1 9.5 1.88 -4.42 -1.20 -0.19
23 487.94 86.76 1 10 2.64 -4.87 -1.00 -0.04
24 51547 77.77 1 10 3.18 -5.38 -0.87 0.12
25 444.43 94.44 2 7.5 3.37 -6.13 -0.76 0.22
26 494.44 100 2 7.5 4.05 -7.07 -0.61 0.40
27 444.43 94.89 2 7.5 3.28 -5.73 -0.69 0.19
28 467.51 89.44 2 9.5 331 -7.58 -1.35 0.30
29 510.50 85.72 2 8 5.01 -7.96 -0.21 0.71
30 408.49 100 2 8 3.53 -6.20 -0.42 0.34
31 472.53 100 2 8.75 4.16 -6.84 -0.53 0.47
32 460.49 100 2 8 4.28 -6.74 -0.25 0.49
33 408.49 100 2 8 3.53 -6.20 -0.42 0.34
45 459.51 90.29 1 8.5 3.45 -6.09 -1.08 0.39
51 321.35 81.51 1 7.7 141 -2.69 0.25 -0.15

4Molecular weight(130.0/725.0)% Human Oral Absorption in Gl (<25% is pod#.of H-bond
donor groups (0/6)% H-bond acceptor groups (2/2(ctanol/water partition coefficient
(-2.0/6.5), 'predicted aqueous solubility (-6.5/0.8predicted brain/blood partition coefficient
(-3.0/1.2);hprediction of binding to human serum albumin (-1.5); The values in bracket
signify Range for 95% of drugs.
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Schemes

Schemel ? Synthesis of 2-oxa-6-azaspiro[3.3]heptane anaadd
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®Reagents and conditions (a) KOH, EtOH reflux at’@0for 48 hrs, 57.7%; (b) Mg turnings, MeOH,
sonication for 1-2 hrs, 51.1%; (c) ACN, DIPEA, teflat 90 °C overnight, 53.4%; (d) Pd-C; HParr®
shaker, 4h RT at 65-80 PSI, 92%; (e) DIPEA, DMR) 1€ overnight, 54.9%; (f) CDI, DMAP,THF, 60
°C, 12 hrs, 61.1%; (g) Hydrazine hydrate, EtOHuseflh, 71.2%; (h) TEA, acetyl chloride, DCM, 0,°C
1-2h, 79%



Scheme Z Synthesis of compourtb.

Yo o o) a %O @’@/ Yo H
N H + \ / \ \ N
Br@/ \)\/N\[( >LO}7N Bb g N \/\/N\([)]/
43 ° 44 45

@ Reagents and conditions (a),8&,, PdCh(dppf)-CH,Cl,adduct, 1,4-dioxane, water 100 °C, overnight,
43.2%.



Scheme 3% Synthesis of compourfsP.
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®Reagents and conditions (a) Trimethylsulfoxoniudide, DMSO, NaH, GC; 2h, 38%; (b) amine
compoun48, lithium perchlorate, ACN, 80 °C, reflux 12 h&§; %; (c) CDI, DMAP,THF, 60 °C, 12
hrs, 48 % ; (d) Pd(OHH, atm, 12h, 51.2 % ; (e)TEA, 0 °C, 2h,,8¢ THF, 66.3%.



Highlights

» Synthesis of novel series of azaspiro analogues of linezolid

» Anti microbia activity studies of azaspiro analogues of linezolid

» Anti mycobaterial screening of azaspiro analogues of linezolid on Mycobacterium
tuberculosisH37Ra (ATCC 25177) and M. bovis BCG (ATCC 35734)

e The N-acetyl derivative 18 was identified as |ead molecul e possessing good
antitubercular profile.



