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Abstract

In this study, a series of variously substitutezic-7-diaryl-1,4-diazepan-5-oné&s16
have been synthesized using Schmidt rearrangemenar@ characterized by IR, mass and
1D & 2D NMR spectral data. The proton NMR coupliognstant and estimated dihedral
angles reveal that the compourgd$6 prefer a chair conformation with equatorial oraidn
of alkyl and aryl groups. Single crystal X-rayustiure has been solved for compoufdsd
11 which also indicates the preference for distortddir conformation with equatorial
orientation of substituents. The compour@d$6 have been docked with the structure of
Methicillin-resistant Staphylococcus aureus (MRSaNd the results demonstrate that
compound 10 is having better docking score and glide energgntlothers and it is
comparable to co-crystal ligand. Furthermore,tlal compounds have been evaluated for
their antibacterial and antioxidant activities.| tle compounds show moderate antibacterial
activity and onlyll exhibits better activity again& aures andE. coli. The compound#l,

13 and 14 exhibit half of the antioxidant power when comphrt® the BHT and the

remaining compounds show moderate activity.
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1. Introduction

g-Caprolactam plays an important role for the prafian of modified nylons [1] and
nanogels [2]. The 1,4-diazepanone ring nucleus actanticonvulsant agent and is present in
the liposidomycin nucleoside antibiotics that intsbbacterial peptidoglycan synthesis [3].
Furthermore, recent studies on 1,4-diazepan-5-oregeal their antimicrobial [4],
antitrypanosomal and antiplasmodial activities [9However, a little information is only
available on the synthesis, stereochemistry andodpmal evaluation of 2,7-diaryl-1,4-
diazepan-5-ones. Hence, it is of interest to reffer synthesis and characterisation of 2,7-
diaryl-1,4-diazepan-5-ones by the ring expansiof,6fdiarylpiperidin-4-ones using Schmidt
rearrangement. Only a few 2,7-diaryl-1,4-diazepaomies have been already reported using
Beckmann rearrangement of piperidin-4-ones oximés §, 7] as well as Schmidt

rearrangement of piperidin-4-ones [8-16].

The present work involves the synthesis of a nawesef 2,7-diaryldiazepan-5-ones
9-16 from their corresponding piperidin-4-onés8 using Schmidt rearrangement with a
modified procedure (Scheme 1). Earlier the Schmadtrangement of piperidin-4-ones have
been carried out in two stepgse. converting piperidin-4-ones into hydrochloridesdan
subjecting them to Schmidt rearrangement afteaismi [8, 11-14]. The conversion in one

step with simple reaction conditions is reportedno

The structural characterization and analysis ofitemt state conformation are made
using IR, mass, 1D and 2D NMR spectral studiesttheamore, the X-ray crystal structures
of 9 and11 have been solved in order to confirm their pref@rconformation in solid state.
Baliahet. al. [6] reported only the synthesis of diazepan-5-tih&om its oxime derivative of
piperidin-4-one by Beckmann rearrangement. Howedherspectral data and stereochemistry
of 12 have not been reported. Depending on the migraaptitude of the C-3 and C-5
carbons in piperidin-4-one&-8, two kinds of isomers are possible for the proslunt the
Schmidt rearrangements. The spectral data ofeeatlidies [8, 11] confirmed the migration
of C-3 to form diazepan-5-oné€s16 as expected product. All the synthesised compsund
have been tested for their antibacterial and amtéox activities. In addition, molecular
docking studies have been carried out for compo@tl The docking studies show that
the compounds inhibit at the active site of thgeaiprotein and can be utilized as potential

drug molecules.



2. Experimental
2.1. Materials and methods

All the reported melting points which are uncoreecthave been taken in open
capillaries using melting point apparatus with hbcated thermometer. FT-IR spectra have
been recorded on a Bruker alpha spectrophotomstag KKBr pellets. *H and *C NMR
spectra have been recorded in CP&2ld DMSOeds; on a Bruker NMR spectrometer (400 &
500 MHz for'H and 100 & 125 MHz fof>C), using TMS as internal standard. Chemical
shifts @) are expressed in ppm where abbreviations s,, lo&l,cand m stand for the resonance
multiplicities singlet, broad singlet, doublet, ddet of doublet and multiplet, respectively,
and coupling constants are given in Hz. Electrapact mass spectra have been recorded
using JEOL GCMS spectrometer. Elemental analyses been carried out in Carlo Erba
1108 CHN analyzer and are within 0.4% of the camd values.

All the parentr-2,c-6-diarylpiperidin-4-onesl-8 have been prepared according to

the reported procedures [17].
2.2. General procedure for the synthesis of r-2,c-7-diaryl[ 1,4] diazepan-5-ones 9-16.

r-2,c-6-Diarylpiperidin-4-ones 1-8 (0.03 mol) in conc. HCI (2 ml) and
dichloromethane (60 ml) are stirred well in a beal a few minutes. To this stirred
solution, conc. B0, (20 ml) is added in dropwise at 0-5 °C for 1 hemperature of the
solution is allowed to rise at 25 °C. While stigj NaN; (0.09 mol) is added over a period of
1h and stirring is continued for another 2-3 h.eHolution is poured into crushed ice and
stirred well. Ammonium hydroxide is added slowlyttwstirring to reach pH=11. The
resulting mass is washed with water and about 20frdichloromethane is added. The
organic layer is separated, dried over anhydroy$S@®aand concentrated for crystallization.
The crystals thus obtained are recrystallized fdichloromethane-pet ether (60-80 °C) in the

ratio of 5:1.
2.3. Sngle crystal X-Ray studies

X-ray diffraction intensity data have been collecter the 2,7-diaryl-1,4-diazepan-

5-ones9 and 11 on Bruker axs Kappa Apexll [18] single crystal ar diffractometer
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equipped with graphite mono-chromated Mo&=0.7103 A) radiation and CCD detector.
Crystals have been cut to suitable size and mouotted glass fibre using cyanoacrylate
adhesive. The unit cell parameters have beenrdited from 36 frames measured (0.5° phi-
scan) from three different crystallographic zoned asing the method of difference vectors.
An average four-fold redundancy per reflection ha&en used to collect the data at an
optimum resolution of 0.75 A. The intensity datdlection, frames integrations (Lorentz and
polarization) and decay correction have been dmieguSAINT-NT (version 7.06) [18]
software. Empirical absorption correction (muttas) has been performed using SADABS
[18] program. Crystal structures have been sobyedirect methods using SHELXS-97 [19].
The phase sets with the best combined figure ofitsneeveal the positions of all non-
hydrogen atoms in both the structures. The strastbhave been then refined by full-matrix
least-squares procedures using SHELXL-97 [19].

2.4. Molecular docking studies

Molecular docking studies have been performed tmmexe the binding mode and
pattern of ligands with MRSA, for which the stru@lucoordinates have been retrieved from
Protein Data Bank (PDB ID: 4D7I) [20]. The targebtein is optimized after removal of the
water molecules from the crystal structure andiglaatomic charges assigned according to
the force field. Minimization of target is perforohentil the average root mean square (rms)
deviation of the non-hydrogen atoms reached 0.®RLS-2005 force field) to remove the
steric hindrance. Ligands are also minimized by 8RDO05 force field. The results with the
docking score are compared with the co-crystalnigalhe docking studies are carried out
using Glide module of MAESTRO, Schrodinger suit&][2The figures are generated using
Pymol [22].

2.5. Antibacterial evaluation
2.5.1 Test Organisms

Four human pathogenic bacterial strains \Baphylococcus aureus (ATCC 25923),
Streptococcus pyogenes (ATCC 19615),Micrococcus luteus (ATCC 9341) andescherichia
coli (ATCC 25922) have been maintained on nutrient afgmts at refrigerated condition

until used in the present study.

2.5.2. Agar well diffusion method



Agar well diffusion method [23] has been followen determine the antibacterial
activity. Nutrient agar (NA) plates have been swab({sterile cotton swabs) with 8 hour old -
broth culture of respective bacteria. The wellasging 6 mm in diameter has been made in
each of these plates using sterile cork borer.hEetri plate has been prepared by pouring
20 ml of appropriate agar media. The solutionsyrithesized compoun®16 have been
prepared at a concentration of 1 mg/ml using DMS@bout 100 pl solutions of each
compound have been added into the wells of seetbddsp DMSO has been used as a
control for all the experiments. The plates haeerbincubated at 37°C for 18-24 h and
antibacterial activity has been determined by mexagithe diameter of the inhibition zone
and the activity index has also been calculategli¢ates have been maintained and the
experiment has been repeated thrice. For eacitatgd, the readings have been taken in

three different fixed directions and the averageesmhave been reported.
2.5.3. MIC using MTT assay method

The MTT assay has been carried out as describeddsynan [24]. The 96 wells
plates have been prepared under aseptic conditttath culture plates have the volume of
10Qul which contain Mueller Hinton Broth (MHB) and cowmynds9-16 are dissolved with
5% (v/iv) DMSO. Using micropipette, serially desdery concentrations (400, 200, 100, 50,
25, 12.5 and 6.2mg/ml) of compound-16 have been prepared. A llOof bacterial
suspension has been added to each well to achigersity of 1.0x10CFU/ml (McFarland
No. 0.5). The commercial antibiotic ampicillin hasen used as positive control. The plates
have been placed in an incubator at 37 °C for 24'hen, to all these wells, 10 of MTT
solution (5mg/ml of MTT in PBS) has been addedteA# h, the medium has been discarded
and added 15QI of DMSO. The plates have been kept for 10 mirotider to make the
complete dissolution. Optical absorbance has besasured at 490 nm.

2.6. Antioxidant evaluation
2.6.1. DPPH radical scavenging assay

The evaluation of antioxidant activity of newly $lyasized compounds has been
done by DPPH radical scavenging activity (RSA) [25%olutions of all the synthesized
compound®-16 have been prepared in different concentrations 180, 200, 300, 400 and
500 pg/ml) using methanol. The 1 ml of test commuisusolutions9-16) has been added

with 0.1 mM methanol solution of DPPH and shakegoxously. The solution tubes have

5



been incubated at room temperature in dark roon8@omin. The decrease in absorbance
has been measured at 517 nm using UV-Visible spaedtometer and remaining DPPH has
been calculated. Butylated Hydroxytoluene (BHT) Hzeen used as standard and the
experiment has been carried out in triplicate. nirtbe results of this bioassay, RSA % has

been calculated using the following formula:
% Scavenging = [(Ac-As)/Ag 100]

where Ac is the absorbance of the control and Alsasabsorbance of the

compound.
3. Results and discussion
3.1. Analysis of IR and Mass spectra

The IR spectra of the diazepan-5-08ek65 display the bands at 3281-3322 tfor
amine NH and 3195-3216 ¢hmfor amide NH. The strong band at 1651-1673ciw
indicative of the amide CO stretching which in t@wonfirms the formation of the products.
Mass spectral studies provide information regarditrgctural and molecular weight of a
compound. The important IR stretching bands antkcatar ion (M) peaks are depicted in
Table 1.

3.2. Analysis of NMR spectra

The assignments dH and**C NMR signals for compounds16 are made with the
help of 1D and 2D NMR spectra. Based ontHeNMR (D,O exchange) spectra, the amine
and amide NH protons are assigned. The DEPT-18&rspare used to assist the assignment
of °C NMR spectra. The characteristi¢ and**C NMR signals 0B-16 are identified using
1D NMR spectra’fd, **C and DEPT-135) and unambiguously assigned usin¢CZESY and
HSQC) NMR spectra (Tables 2 & 3). While recordthg *H NMR spectra of diazepan-5-
ones14-16 in DMSO-s, the amide NHprotons appear as a doublet with the coupling
constant value of 2-4.5 Hz which is due to the ¢tiogpbetween amide NH and proton at C-
3. This observation suggests the migration of €&bon during Schmidt rearrangement of
piperidin-4-oned-8 to diazepan-5-oneék16. The deshielding of C-3 carbon than C-6 in the
13C NMR spectra 09-16 also supports the above prediction.

3.2.1. NMR spectral analysis of compound 9



For the compoun@®, the two singlets at 1.92 and 6.13 ppm are asdigmeamine
and amide protons, respectively. Higher deshigldihamide proton is due to the presence
of electron withdrawing C=0 group and its resonamgth nitrogen. Since no coupling
partner is available at C-3 for C-2 proton, the Heazylic proton appears as a singlet at 4.73
ppm. The chemical shift value of H-2 benzylic protis comparable to that of 3-alkyl
analogues which is indicative of the axial orieimtatfor the proton and equatorial orientation

for the aryl group at C-2.

The signal at 4.62 ppm appearing as doublet Withalue of 11.0 HZ3}ea 173 is
assigned to the axial proton at C-7 (H-7a) whichuim confirms the equatorial position of
the aryl group at C-7. Further, the signal at 46t is correlated with a doublet of doublet
at 3.10 ppm and a doublet at 2.69 ppm in its CO&¢sum (Fig. 1). This confirms that the
peaks at 3.10 and 2.69 ppm are due to the axiakqudtorial protons at C-6, respectively.
The axial and equatorial protons can be assignied tiseir coupling constants. The signal at
3.10 shows coupling constants values of 11.5 an@ H5 and the other one at 2.69 has’he
value of 15.5 Hz. The H-7a proton itself showdoablet {J=11.0 Hz) instead of a doublet
of doublet and the higher coupling constant valudicates that it is due to the diaxial
coupling. Hence, the doublet of doublet at 3.1 {fea n711.5 Hz anddqea, Hea15.0
Hz) and a doublet at 2.69 ppfilia Hee=15.5 Hz) are assigned to the axial and equatorial
protons, H-6a & H-6e, respectively. The H-6e appes a doublet instead of a doublet of
doublet which indicates that it has zero couplinghwH-7a, since the magnitude of the
vicinal coupling approaches zero when the dihedrajle is 90°. The aromatic protons
appear as multiplet between 7.18-7.69 ppm. Themwthyl groups at C-3 appearing at 1.65
and 1.09 ppm are assigned to 3sGitid 3-‘CH, respectively. The assignments have been
made for the other compoun#i@-16 in a similar manner and the complete assignmertd o
and™*C NMR chemical shifts data are presented in Tablasd 3.

Correlation of protons with their coupling partnersd one bondH-'3C correlations
are made unambiguously usifig-"H COSY and'H-*C HSQC, respectively (Fig. 1 and 2).
'H-*C HMBC NMR of9 gives correlations between carbons and protonsloxger ranges
of about 2-4 bonds and the direct one-bond corogistare suppressed. By this the
correlations of carbonyl anig)so carbons with ring protons can be understood. Tiwee
and four bond correlations are clearly depictei 3. The complete correlation #-'H
COSY,'H-*C HSQC andH-'*C HMBC for9 are presented in Table 4.



3.3. Conformational analysis

The preferred conformation of the diazepan-5-08ek5 has been arrived by
considering the vicinal coupling constants betw#den H-7a and H-6a & H-6e protons as
well as between H-2a and H-3a protons. The vicimaipling constant datdJ(ea n7aand
3Juee. H7a are employed to estimate the dihedral angles dmstwthe vicinal protonsb<=®
Hee H7a aNd Pyan=Drea v79 by DAERM [26] and are used for the conformatioaahlysis.
The extracted coupling constants and the estimaiteetiral angles 08-16 using DAERM
are presented in Table 5. The conformations oérsg\substituted piperidin-4-ones have
been extensively studied in solution as well asaid states which denote that the piperidine
ring exists in a chair conformation with equatooakntation of aryl groups [17, 27-29]. The
extracted vicinal coupling constants and estimdibddral angles for the reported piperidin-
4-onest and7 are Jioa, vz 10.3-10.5 Hz, wha, e 11.5 — 12.0 Hz,143e 1es& 2.3-3.0 Hz and
D= 57-60°, Dyans=177-18CF [27].

The seven membered ring, in general, is more flexian the six membered ring.
Hence, the diazepan-5-one ring may not adopt ahalr conformation like piperidin-4-ones.
Here, the coupling constants and dihedral anglediézepan-5-oned-16 are, Jza sz 7.6-
8.0 Hz, Jisa, 7= 10.8 - 11.6 Hz, ke, w7 0 Hz and®gs= 81° & Dyans= 159°. Thedcis
coupling constant of 0 Hz observed between H-7a ldtk in the diazepan-5-on&sl6
suggests a dihedral angle close t8. 9The dihedral angle of 82 stimated using DAERM
supports the above observation. The higher vi@oapling constant values suggest that the
aryl groups at C-2 and C-7 and the C-3 /C-6 alkpugs of diazepan-5-on&s16 prefer to
adopt the equatorial orientation. The observedesbf coupling constants suggest that the
diazepan-5-oned-16 adopts a chair conformation. Among the two megrglups at C-3 for
compounds9-13, one is axially oriented and the other one is aanaly oriented. The
analysis of proton NMR data also reveals that HsGaore deshielded than H-6e. Similarly
the more deshielded methyl group (3-Ci$ assigned as axial and the other methyl gr8up (

‘CH3) as equatorial.
3.4. Sngle crystal X-Ray studies

The ORTEP plots [30] o® and 11 are shown in Fig. 4. 111, there are two
crystallographically independent molecules in tlsgnametric unit with similar structural

environment. The diazepine rings @fand 11 adopt distorted chair conformation (Fig. 5).



The puckering parameters [31] and asymmetry paesi§82] are: g2 = 0.277(2)A, g3 =
0.676(2)A,p2 = 199.5(5)° &ACs(C-5) = 0.125.5(2)° fo® and g2 = 0.309(2)A[0.288(2)A],
g3 = 0.652(2)A[0.665(2)A]p2 = 191.4(4)°[ 5.2(4)°] &ACS(C-5) = 113.4(2)°[ 0.120.8(2)°]
for the molecule A[B] ofL1.

The planar phenyl rings substituted at C-2 and ibgitions of the diazepine ring
are in equatorial orientation in bo#hand11 as evidenced from the torsion angles [(N4-C3-
C2-C14/C5-C6-C7-C8) 168.67(2)°/159.2(2)° r-169.09(2)° & 165.82(2)° /161.46(2)° &
-161.23(2)° for the two molecules Ii]. The best plane of diazepine ring orients atlesg
of 60.59(11)° and 70.59(11)° with respect to theerpth rings of9 and 62.74(11)° &
60.14(9)° (molecule A) and 73.76(9)° & 65.29(1)°0letule B) ofll, respectively.

In 9 & 11, one of the methyl groups (C-20) substituted & Gecupies equatorial
orientation whereas the other (C-21) occupies ai@ntation (N1-C2-C3-C20/ N1-C2-C3-
C21 -175.68(18)°/-53.8(2)° f®; -175.13(16)° & 174.52(18)°/-53.7(2)° & 52.1(2)5rf11.
The chlorine atom and methyl group in both the mwles of9 and11 lie in the plane of
phenyl rings which is evidenced from the deviatiom the attached rings (0.014(1)A & -
0.060(1)A of CI-1 & CI-2 for9; -0.009(4)A[0.033(3)A] & 0.096(4)A[0.038(3)A]C-22-23
For 11(A[B]). In 9 and 11, the molecules are stabilized by N-H...O, C-H.a@d C-H...N
types of hydrogen bondings. In both the compouhdsmolecules are linked through N-

H...O hydrogen bond into cyclic centrosymmetrfe &mer [33] as shown in Fig. 6.
3.5. Docking Analysis

Methicillin-resistant Staphylococcus aureus (MRSA) gram-positive human
bacterial pathogen which is highly connected witfections in hospitals. It is acquiring
resistance to thp-lactam antibiotics and vancomycin [34], which ressates the search to
find alternative drugs. The structural informati@trieved from the “Protein Data Bark
(PDB ID: 4D7I) has been used as the template for study. The diazepanon@sl6 are
shown to be effective inhibitor against MRSA. Xrr@ystal structures have been utilized to
predict the expected binding mode and electronicpgnties enabled optimization to
diazepanones as a potent second-generation leadesults obtained from this study would
be useful in both understanding the inhibitory mofleliazepan-5-one8-16 and accurately
predicting the activities of newly designed inhilog on the basis of docking scores. These

models also provide some beneficial clues in stinattmodification for designing new drug.



A view of the X-ray crystal structure of the MRSAtiae site shows the key hydrogen
contacts between co-crystal [6-(4-(((3-fluoroph&éghamino)methyl)phenyl)-4-
methylpyridin-2-amine] and enzyme and this is titated in Fig. 7. The surface diagrams for
eight diazepanone molecules docked at the actieeo§iIMRSA are depicted in Fig. 8. The
molecules predominantly interact with Glu243 tangetidue, in the docked pose of MRSA.
Scaffolds containing methoxy substituted phenyysiin the structure are placed well into
the pocket lined by hydrophobic residues; the pbkeads bearing carbonyl and hydroxyl
groups interact through H-bonds with the polar sidains of the amino acids at the active
site. Moleculesl13 and 14 show more number of H-bond interactions at thevecsite
residues. Among them, following interactions Glu24¥r239, His128, Asp220, Argl32,
GIn129, Trp329 and Asn248 have also been noticdldarco-crystal ligand of MRSA, apart
from this, interaction with other residues like %8 Leul62, Vall63, Lys200, lle235,
Glu240 and Asp300 has been found in remaining camg®. Overall, molecul&O [2,7-
bis(4-chlorophenyl)-3,3-dimethyl-1,4-diazepan-5Jone having better docking score and
glide energy is comparable to co-crystal ligandllSA. The docking score, glide energy
and hydrogen bonding interactions are presentawjalth the co-crystal ligand (Fig. 9. &
Table 6) docked at the active site of target fbmablecules. The results indicate that the

identified compounds have good and efficient intioityi activities against the chosen target.
3.6. Antibacterial activity assay

All the synthesized compoun®16 have been screened for antibacterial activity
against four bacterial strains using agarose wiilsion method and by minimum inhibitory
concentration (MIC) method [23, 24]. The solvebyISO used for the preparation of
compounds does not show inhibition against theetesrganisms. The results reveal that
most of the synthesized compounds exhibit antibattectivity againstS aureus, S
pyogenes, andE. coli whereas\. luteus strain shows no activity. The results are preskimte
Tables 7 & 8. Compoundk), 11, 15 and16 dictate a certain degree of antibacterial activity
exceptM. luteus. Moreover, compound&l and 15 show better activity among the all

compounds.

The minimal inhibitory concentration has been sceeeby MTT assay method [24].
Here, DMSO has been used as a negative controlaamgcillin as a positive control.
Among all the compound3-16, only the compoundl1 shows comparable results with the
standard drug ampicillin againSt aureus andE. coli strains. The other compounds show
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significant to weak bactericidal inhibitory actiiagainstS. aureus, S. pyogenes, E. coli and
M. luteus. All the compound®-16 exhibit better activity again&® aureus when compared

with other strains.

3.7. Antioxidant activity

The DPPH radical scavenging method [25] is the ncostmon tool to inspect the
antioxidant capacity of the specific compounds.e Blynthesized compoundsl6 interact
with the free radicals in the DPPH and inhibit thhadation exhibiting a certain degree of
radical scavenging activity. The antioxidant résare expressed in terms ofsd@ uM as
presented in Table 9. From the results, the comg®il (24.68 + 0.48)13 (30.29 + 0.29)
and14 (26.90 + 0.39) show significant antioxidant adies equal to half of the antioxidant
power of standard BHT. All the remaining compoueghibit moderate antioxidant activity.
In general, presence of electron donating grouphenaromatic ring of compoundd4 (4-
CHs) and13 (4-OCHs) show better antioxidant activity than the electrathdrawing groups
in the aromatic rings of compounég2-Cl) and10 (4-Cl). The compound having CI at the
ortho position of the aromatic ring®) shows higher activity than the Cl at thara position
(10). The increase in bulkiness of groups at theda®on of the diazepanone ring results in
the decrease of antioxidant activit¥4¢15). The substituted aromatic rings show batter
activity than the unsubstituted phenyl ringsl(, 13 and14> 12). Among the diazepanones
9-16, the antioxidant activity order can be presentetila 14> 13> 9> 10> 12> 16> 15.

4. Conclusion

In summary, diazepan-5-one9-16 have been synthesized using Schmidt
rearrangement in good yields by adopting simplesiap procedure. All the compounds are
characterized using IR, mass, 1D and 2D NMR splesttalies. The stereochemistry of
compound$-16 has been studied with the help’sf and**C NMR data. The diazepan-5-
ones9-16 prefer to adopt chair conformation with equatooiaéntation of alkyl groups at C-
3/C-6 and aryl groups at C-2 and C-7. Single atyXtray diffraction studies have been
carried out for the compound® and 11 which show the preference for distorted chair
conformation with equatorial orientation of substitits. Then silico docking study has
been carried out for all the compounds which ressglle better docking score of the
compoundl0 and the comparable glide energy to co-crystahligaf MRSA. Then vitro
evaluation of antibacterial activities reveal ttte¢g compound.1 has better activity againSt

aureus and E. coli strains and the remaining compounds exhibit maedeaativity when
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compared with standard drug ampicillin. The commusll, 13 and14 exhibit the activity
equal to half of the antioxidant power of standdrndg and the remaining compounds show

moderate activity, as seen from the antioxidaréyass
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All captions
Scheme 1

Synthesis of-2,c-7-diaryl[1,4]diazepan-5-oneés 16.
Figure captions

Figure 1

'H-'H COSY NMR spectrum .

Figure 2

'H-%C HSQC NMR spectrum &

Figure 3

'H-*C HMBC NMR spectrum o9.

Figure 4

The ORTEP plot of the molecul®saand11.

Figure 5

Chair conformation of compoun@sand11.

Figure 6

Crystal packing of compoun@sand1l.

Figure 7

Interaction of protein with the co-crystal

Figure 8

Surface diagram showing the binding%16 within the hydrophobic pocket of MRSA.
Figure 9

Interactions 0B-16 docked complex with MRSA.
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Table captions

Table 1

Analytical data of diazepan-5-on@<l6

Table 2

'H NMR chemical shift values of diazepan-5-08ek5 [5 (ppm)]
Table 3

13C NMR chemical shift values of diazepan-5-08ekS [5 (ppm)]
Table 4

'H-'H cosY,H-c HSQC andH-*C HMBC correlations 0
Table 5

Coupling constants (Hz) and dihedral angles (Yavhpound®-16
Table 6

Hydrogen bond interactions 816 and co-crystallized ligand with amino acids atalegve
site of MRSA

Table 7

Zone of inhibition in mm at 100 pg/ml concentratmir®-16 with selected bacterial strains
Table 8

Minimum inhibitory concentration (MIC) d3-16 against selected bacterial strains

Table 9

Screening results of DPPH radical scavenging dgtofi9-16.
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Table 1

Elemental analysis

IR stretching frequencies (¢

compound Molecular weight m.p. (°C) Yield (%) Found (Calcd) %
C H N NH (amine) NH (amide) C=0 (amide)
9 363.49 084-286 72 (23232) (gzgg) (323?) 3288 3204 1654
10 363.58 202204 69 (23232) (222‘51) (;:si) 3282 3198 1652
11 322.73 144-146 75 (;;:3‘2‘) (g:g) (g:gé) 3281 3203 1651
12 294.00 [in(t).sﬁ_gig] 81 i i i 3285 3195 1668
13 354.18 172-174 71 (Zﬁg) (;:gg) (%g) 3285 3216 1653
14 340.12 180-182 69 (;g:gg) (Zﬁ) (g:gé) 3322 3202 1666
15 354.10 138-140 70 (Zﬁ‘é) (;:gg) (%3) 3307 3214 1673
16 354.23 133135 eg 083 147 764 359, 3206 1666

(71.16) (7.39) (7.90)




Table 2

‘ C4IC-4" C-4ICA4" Aromatic
Compound H-2a H-3a H-6a H-6e H-7a 3-CH 3-'CH; 3-CH,CH;, 6-CH; OCH, CHs NH CONH protons
9 4.73(s) : 310 (dd)  269(d)  462(d)  165(s) 910 : : . . 192 (brs)  6.13(s) 7'6(?;];'18
10 3.93 (s) : 311(dd) 258(d)  4.08(d)  157(s) 609 : : . . 1.90 (brs)  6.30 (s) 7'3(%'26
7.31-7.06
11 3.90 (s) i 314(dd) 262(d)  406(d)  158(s) 409 : - i 230(s)  189(brs)  611(s)
12 3.87 (s) - 3.00(dd) 256(d)  403(d)  153(s) 80.8 - - - - 1.88 (brs)  6.21(s) 771'38;1)
13 3.89 (s) - 313(dd) 2.60(d)  4.05(d)  157(s)  40.9 ; - 3'7‘(33')3'77 ; 1.86 (brs)  5.95(s) 7'3(“:’;] ?'80
14 3.64 (s) a 310(dd) 261(dd) 4.07(d)  0.81(d) - - - a - 1.96 (brs)  5.91 (s) 7'3(‘:; ?'82
] 109 (m, CH), ] 3.78,3.77 ] 7.33-6.82
15 371(s)  358(m) 3.10(dd) 261(dd)  4.08(d) 535 o & Lo7brs)  57L()
16 3.61(s) b 3.04 (dd) - b 0.81 (d) ; ; 0.72 (d) b . 200(brs) 5.75(s) 7'3(?;]?'81

(@) 3.80-3.75 §, ppm) H-3a merged with C-4'/C-4"0C4i(b) 3.80-3.744, ppm) H-3a and H-7a merged with C-4'/C-4"O¢H



Table 3

C-4/C-4” C-4/C-4”  Aromaticipso

Compound C-2 C-3 C-5 C-6 C-7 3-GH 3-‘CH; 3-CH,CH;,4 6-CH; OCH, CHs carbons Aromatic carbons
129.81, 129.71, 128.89,
9 67.41 56.68 174.65 45.05 56.78 21.93 28.39 ; ; - - 11%%% 112?2'259' 128.79. 128.74, 127.29.
I 29099 12714, 127.04
142.86, 140.29, 129.55, 128.97, 128.48,
10 73.08 55.80 174.58 46.84 60.38 21.31 30.41 - . - - 133.87 13354 127.75
21.14,  141.92,139.34, 129.39, 128.88, 128.24,
11 73.69 56.16 175.32 47.12 60.96 21.54 30.54 - - 2110 137.60, 137.38 126.36
128.72, 128.34, 128.21,
12 73.87 56.02 175.18 47.06 61.17 21.45 30.41 - - - - 144.65, 142.12 127.92. 127.75. 126.43
55.29, 159.18, 159.05, 129.27, 127.45, 114.02,
13 73.17 56.16 175.19 47.03 60.55 21.37 30.56 - -~ eoe - 137.05, 134.42 113.49
55.27, 159.23, 159.00, 128.65, 127.86, 127.48,
14 7045 54.91 175.83 47.59 59.03 19.90 ) . . 55.26 ) 137.23,134.59 113.96, 113.91, 113.70
55.41, 129.32, 128.73, 127.47,
15 69.44 59.14 176.18 47.56 60.69 - ; fg'gg gggg - 55.27, ; 11539722}9 11533'%%' 114.22 113.95, 113.93,
' 55.25 e Y 113,78
16 70.45 54.40 178.49 46.07 64.43 19.71 - - 14.60 55.2 - 159.20, 158.99, 128.83, 128.65, 113.87,

135.67, 134.70 113.66




Table 4

Chémécpar'nih”t 'H-'H COSY *H-¥C HSQC 'H-1%C HMBC
28 473 (5, 1H) _ 6741 (C2) (2(::L(§)|:\3l F(S-CH), 56.68 (C-3), 132.50 (C-2)), 139.65 (C-1), 178.6
H-6a,3.10 (dd, 1H)  H-6e, H-7a  45.05 (C-6) 56.787C174.65 (CONH)
H-6e, 2.69 (d, 1H) H-6a 4505 (C-6) 56.78 (C-7)1.28 (C-1"), 174.65 (CONH)
H-7a, 4.62 (d, 1H) H6a  56.78 (C-7) 67.41 (C-22.58 (C-2"), 141.29 (C-1")
3-CH, 1.65 (s, 3H) : 2193 (3-Gj  28.39 (3-CH), 56.68 (C-3), 67.41 (C-2)

3-'CHa, 1.09 (s, 3H) - 28.39 (3-'CH

21.93 (3-CH), 56.68 (C-3), 67.41 (C-2), 174.65 (CONH)




Table 5

Compound coupling constants (Hz) Dihedral angles (°)

3 2 3 3

JHz2a, H3:  “JHea, el “Jnea, H7i  “Jree, H7i  PHeeH7:  PHeaHT:
9 - 15.0 11.5 0 81 159
10 - 15.2 11.6 0 81 159
11 - 15.2 11.6 0 81 159
12 - 155 11.5 0 81 159
13 - 15.2 11.6 0 81 159
14 8.0 14.0 10.8 0 81 159
15 7.6 14.0 10.8 0 81 159

16 8.0 - -




Table 6

Compounds

Glide Score

Glide Energy
(kcal/mol)

Hydrogen Bonding

Interactions Distance (A)

Co-Crystal
(PDB ID: 4D71)

9
10

11
12

13

14

15

16

-7.52011

-6.79254
-7.86139

-6.3959

-8.24083

-7.00516

-7.53081

-7.48146

-8.16355

-49.9386

-55.1623
-57.6659

-50.2444

-51.0804

-47.7864

-48.6479

-49.2091

-49.199

N-H...O(GLU243 2.9
N-H...O(TYR357) 3.8

O...H-O(TYR357) 2.87
O...H-N(ARG247) 2.93
O...H-N(ARG247) 3.4
N-H...N(ARG247) 2.8
N-H...O(HEM901) 3.2
O-H...O(HEM901) 3.4
0...H-O(GLU243) 2.8
O...H-N(GLN129) 2.9
O-H...O(HIS128) 2.8
N-H...O(ASP220) 3.3
N-H...O(HEM901) 3.0
O...H-N(ARG132) 3.0
O-H...O(TYR239) 3.0
O..H-N(TRP329 2.8
N-H...O(ASN248) 3.2
O...H-N(ASN248) 2.8
N-H...O(GLU243) 3.0
N...H-N(ARG132) 3.4
O...H-N(ARG132) 3.3
0...H-O(GLU243) 2.9
O-H...O(HEM901) 2.7
0...H-O(GLU243) 2.5
O-H...O(ASP220) 2.8
O...H-N(HIS128) 3.1
N-H...O(HEM901) 3.2




Table 7

Diameter of inhibition zone (mm)

Cpds :
S. aureus S. pyogenes M. luteus E.coli
9 12.29 £0.73 - - -
10 10.92+0.45 10.11+0.32 - 11.65£0.27
11 16.19+0.32 11.12+0.34 - 14.16 £0.71
12 - - - -
13 - - - 10.29£0.33
14 10.29+£0.69 11.72+0.22 - -
15 1448 £0.26 16.95+0.35 - 10.19+£0.51
16 11.11+£0.38 11.09+0.29 - 11.43£0.95
Ampicillin - 24.12 +0.23 28.63 +0.31 - 22.43 £0.65
Table 8
ICso Concentration uM
Cpds . H
S. aureus S. pyogenes M. luteus E. coli
9 60.72 £ 0.31 95.97 £0.13 97.68 £0.34 92.88 +0.34
10 64.91 £0.18 93.69+0.34 93.99+£0.18 88.02 + 0.08
11 25.85 £ 0.07 70.74 £0.17 80.14 £ 0.06 31.63+£0.21
12 87.00 £ 0.27 82.05 £ 0.29 85.57+0.21 83.77 £0.17
13 70.42 £0.33 87.81+£0.17 101.91 £0.13 84.28 0.2
14 64.46 £ 0.28 81.21 £0.20 93.81 +0.32 64.45 £ 0.11
15 45.63 + 0.33 75.94 £ 0.23 89.91 +0.20 81.08 £ 0.35
16 61.73£0.17 81.21+ 0.08 100.28 £ 0.12 74.46 £0.17
Ampicillin 18.57 £ 0.19 17.02 £ 0.15 24.15+0.34 19.87 £ 0.26




Table 9

Compounds DPPH (K + SOF) uM

9 64.96 + 0.50
10 77.80 +0.83
11 24.68 +£0.48
12 87.73 +£0.36
13 30.29 £ 0.29
14 26.90 £ 0.39
15 135.86 + 0.91
16 124.83 £ 0.38
BHT 12.46 £ 0.12

2 The results are average of triplicate analysiswér 1G, values indicate higher radical scavenging activity
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R, /\

N

=0 . O, X ethanol
O
NH,"
)J\O- X

conc. HCl/ DCM | conc. H,SO4/NaN;

[1-8]

Entry R R R; X
9 CH; CH; H 2-Cl
10 CH; CHjs H 4-Cl
11 CH; CH:; H 4-CHs
12 CH; CH; H H
13 CH; CH; H  4-OCH;
14 CH3 H H  4-OCHs;
15 CHs H H  4-OCH;
16 CH3 H CH; 4-OCH;
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Highlights

Seven new diazepan-5-ones have been synthesized and characterized using NMR
spectra

X-ray crystal structures have been solved for compounds 9 and 11
Diazepan-5-ones adopt chair conformation in solution and solid states

Docking studies confirm the binding of active compounds with MRSA

Compounds have been evaluated for their antibacterial and antioxidant activities



