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Abstract

Three noveN-benzyl-2,7-diphenyl-1,4-diazepan-5-oris12 have been synthesized
via two routes starting from 2,7-diphenyl-1,4-diazepannes 4-6 and N-benzyl-2,6-
diphenylpiperidin-4-oneg-9. The structural characterization and conformati@malysis of
these synthesized compounds have been carriedsing IR, mass antH, **C, DEPT-135
and 2D (COSY and HSQC) NMR spectral techniquese NHbenzyldiazepan-5-on&0 is
found to prefer chair conformation with equatoraientation of alkyl and phenyl groups
while N-benzyldiazepan-5-ondd & 12 prefer to adopt twist-boat conformation with phieny
rings at C-2 & C-7 occupying equatorial and pseasial orientations, respectively. The
single crystal X-ray structure of compouh® has been determined which also supports the
twist-boat conformation.In silico molecular docking study has also been performedtlaad
results show that the compound®-12 might exhibit inhibitory activity against HIV-1
protease. All the compounds are screened for theiibacterial activity against three
bacterial strains Saphylococcus aureus, Escherichia coli and Bacillus cereus) and only

compoundll shows moderate activity.
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1. Introduction

Synthesis of new molecules by the fusion of twonmore biologically active
fragment is an important process in the fields eflininal and pharmaceutical chemistry. A
wide range of diazepines has been identified asnpial drugs which are used for many
therapeutic applications [1, 2]. Especially, lidzépines play a vital role in the drug
industry as antimicrobial [3, 4], anti-HIV [5], psiyotropic [6] and anticancer agents [7].
FurthermoreN-benzyl derivatives of piperidines have been fotmte active against human
cervical carcinoma (HeLa) cells [8]. This prompted to synthesise a new system of
N-benzyl-1,4-diazepan-5-ones as target moleculestanstudy their stereochemistry and
biological activity. Very little information is ailable on the synthesis and stereochemistry
of 1,4-diazepan-5-ones [9]. Their nitroso [10-18&thoxycarbonyl [16] and formyl [15]
derivatives prefer to exist in the flattened b@dtiernate chair and twist-chair conformations
in the solution state. The delocalization of rg&n lone pair into thél cloud results in
restricted rotation aboul-NO and N-CO functions which is responsible for the drastic
change in the conformation of the ring and orieatatof the substituents in these

compounds.

The present work involves the synthesis of threg Nebenzyl-1,4-diazepan-5-ones
10-12 by adopting two methods: (i) Schmidt rearrangenoéiperidin-4-oneg-6 followed
by benzylation, (ii) benzylation of piperidin-4-ané-9 followed by Schmidt rearrangement.
The characterization of compounti3-12 are made with the help of IR, madd, *H (D,0),
3C, DEPT-135 NMR spectra and the NMR signals aremimiguously assigned using 2D
NMR (*H-'H COSY &'H-'*C HSQC) spectra. The conformational analysis ohpounds
10-12 has been carried out using NMR spectral dataaduhition, the crystal structure has
also been solved for compoud@ to predict the preferred conformation in the sdtdte
using single crystal X-ray diffraction study. Fuwetmore, antibacterial activity and molecular

docking studies with the target protein are also@a out for compound$0-12.
2. Experimental section

All chemicals were purchased from commercial sigppland used without further
purification. The melting points were taken onedectrically heated block with a calibrated
thermometer and are uncorrected. The FT-IR spegtee recorded on Bruker alpha
spectrometer using KBr pelletdH and**C NMR spectra were recorded on Bruker 400 MHz
and 100 MHz NMR spectrometer, respectively, usilfCG as solvent and tetramethylsilane



(TMS) as an internal reference. All chemical shdte reported id units and described as

being either singlet (s), broad singlet (bs), detilftl), doublet of doublets (dd), triplet (t),

broad (br) and multiplet (m). Thin-layer chromatmghy (TLC) was performed and the

progress of the reaction was monitored on a préedosilica gel Merck plates. Mass spectra
were acquired on an EIl spectrometer at 70 eV. &feah analyses were performed on a
Carlo Erba 1108 CHN analyser.

All the piperidin-4-onesl-3 [17], diazepan-5-one4-6 [9] and N-benzylpiperidin-4-
ones7-9 [18, 19] have been synthesized by following thgoreed procedures. The analytical
data ofN-benzyl-1,4-diazepan-5-on&6-12 are presented in Table 1.

2.1. General procedure for the synthesis of N-benzyl-1,4-diazepan-5-ones 10-12
211 Method A

A mixture of diazepan-5-onet6 (0.01 mol), benzyl bromide (0.015 mol, 1.78 ml)
and anhydrous potassium carbonate (0.02 mol, 2,76 BMF (30 ml) is stirred at room
temperature for 36-48 h. To this, an excess ofcald-water is added and extracted using
dichloromethane (2x10 ml). The organic layer isked with brine solution and dried over
anhydrous Ng50Q,. The organic layer is then concentrated in aryogaaporator to obtain
the crude product. The crude solid thus separetegurified by recrystallisation from

ethanol.
2.1.2. Method B

TheN-benzylpiperidin-4-oneg-9 (5 mmol) are added to a suspension of con80y4
(20 ml) and dichloromethane (40 ml) at 0°C. TheaNN(sodium azide) is continuously
added over a period of 3 h and the resulting mextarstirred at RT for 1 h. The resulting
solution is poured into crushed ice and alkalizéth @mmonia solution (20-30 ml to pH 11-
12). The organic layer is separated from the wdtaction, extracted with DCM
(dichloromethane), dried using anhydrous®@, and concentrated in a rotary evaporator to

obtain the crude product. The crude product thnigined is recrystallised using ethanol.

Here, among the two methods (Methods A & B), therall percentage of yield in
method B (57-77%) is higher than that in the metAq83-61%, Table 1).

2.2. X-ray crystallography

The single crystal X-ray diffraction data were ected on a Bruker axs Kappa

APEXII CCD diffractometer employing graphite-monoaimatized MoKaradiation § =
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0.71073 A). The data were processed using the SAivare program [20]. The structure
was solved by the direct methods using SHELXS-3¥rafined on Eby a full-matrix leasts-
guares technique using the SHELXL-97 package [2]L, Zhe molecular graphics plots were
drawn using PLATON [23] and ORTEP-3 [24]. All Hoats were fixed geometrically and
allowed to ride on their parent C atoms, with C-stahce fixed in the range 0.93-0.97 A.
The H atom displacement parameters were restriciebe 1.2Ueq for the parent atom.
Crystal data and refinement details are given ibl@&. Selected bond distances, bond
angles and torsion angles of the diazepan-5-ihare listed in Tables 3a & 3b. The
molecular structure with atom-numbering and disptaent ellipsoids are drawn at 30%
probability level is shown in Fig. 1a. The ovepapg of both the molecules present in the
asymmetric unit is shown in Fig. 1b [24]. The RMSRlue between the overlapped
molecules is 0.272A.

2.3. Molecular modeling study

All docking calculations were performed using theuced Fit Docking module of
the Schrodinger suite. It performs flexible protegand docking and searches for
favourable interactions between small ligand mdkcand a typically larger receptor
molecule, usually protein. Docking process isdidyd into three steps. Step 1 is the Initial
Glide Docking, wherein protein preparation consieai refinement is carried out with a
maximum of 20 poses. Step 2 involves Prime Indu€gdwherein the side chains are
optimized and refinement of residues take pladbafligand poses are within A0 Step 3
consists of the Glide redocking stage using Stah&aecision (SP) mode. The best-docked
structure/pose was chosen using the following tleréeria: Glide score (G-score) function,
Glide Energy and the number afesidual matches (hydrogen bonds) with the original drug
complex. All computational works were performedhmwarious modules of Schrédinger
Suite 2011 [25] using Red Hat Enterprise Linux T@erface running on Pentium D

workstation.
2.4. |Invitro antibacterial evaluation

The minimum inhibitory concentration (MIC) of tiNebenzyldiazepan-5-ond$-12
against the three human pathoge®saghyl ococcus aureus (ATCC 25923), Escherichia coli
(ATCC 25922) and Bacillus cereus (ATCC 10876)] was analyzed by resazurin reduction
assay described by Sarletial [26].

2.4.1. Method to prepare resazurin dye solution



The resazurin dye solution was made by dissolvigg@amg tablet in 40 ml of sterile
distilled water. The vortex mixer was used to easilvat the resazurin solution was well

dissolved and form a homogeneous solution.
2.4.2. Preparation of the activity plates

The 96 wells plates were prepared under aseptidittoms. A volume of 20Qul of
compounds (1mg/ml) in 5% (v/v) dimethyl sulfoxid@svpipetted out into the first row of the
96 wells plate. To all other remaining wells, 100of nutrient broth was added to the
bacterial cells. The serial dilutions were perfedrusing micropipette with sterile pipette
tips such that each well had 100of the test material in serially descending cantiions.

To all these wells 1Ql of resazurin dye solution was added. Aul®f bacterial suspension
(5 x 10 cells/ml) was added to each well to achieve a eotmation of 5 x 1dcells/ml. The
commercial antibiotic, streptomycin was used astpescontrol in the assay plate. The
plates were placed in an incubator at 37°C for 482 The color change was then observed
visually. The color changes from blue to pink ofotless were recorded as a reduction of
dye by the viable bacteria. The lowest concemmaéit which no color change occurred was
taken as the MIC value.

3. Reaultsand discussion
3.1. Chemistry

The benzylation on 1,4-diazepan-5-ones is perfdrime adopting two routes which
are given in Scheme 1. Both the routes yielde ombno benzylated product. Tin
benzyl-1,4-diazepan-5-ond®-12 are synthesized from 1,4-diazepan-5-odds and from
N-benzylpiperidin-4-ones7-9, respectively.  TheN-benzyldiazepan-5-oned40-12 are
characterized using spectral and analytical d@itee absence of amine NH (3292-3003¢m
and the presence of amide NH (3184-3203"cand amide CO bands (1654-1671%nin
their FT-IR spectra confirm the benzylation at amnmtrogen. This is further confirmed
from the'H (D»O) NMR spectra which show the presence of amidepkttfon at 5.72-6.04
ppm. In addition, new signals appear fdbenzyl methylenic protons at 3.43-3.73 ppm.
These CH protons of10 & 11 are diastereotopic in nature. Furthermore, theeoutar ion
(M™) peaks and fragmentation patterns for the comp®L@d.2 in their mass spectra support
the formation of the products. The complete amaytdata for compound40-12 are

presented in Table 1.

3.2. NMR spectral assignment



The structure oN-benzyl-2,7-diphenyl-1,4-diazepan-5-onE¥12 is confirmed from
the IR, *H and *C NMR spectral data. DEPT-135 spectra are alsorded for all the
compounds which support the assignment®6f NMR signals. The signals of tie NMR
spectra of
N-benzyl-2,7-diphenyl-1,4-diazepan-5-ondf-12 are assigned based on their positions,
multiplicities and intensity. In addition, 2BH-'H COSY, *H-"*C HSQC) NMR spectra are
used for the unambiguous assignmenttb®& *C NMR signals and are presented in Tables 4
& 5, respectively, along with those of parent dzae5-onegl-6 [10].

3.3. Analysisof *H and **C NMR signal's of compound 10

The compoundO has AMX and AB spin systems for the heterocyadiig protons.
The H-6a, H-6e and H-7a protons belong to the AMp¥hssystem. The proton signal
appearing at 4.24 ppm as a doublet correlates tivitldoublet at 3.00 ppm and a doublet of
doublet at 3.17 ppm in the COSY spectrum. In falitthe signals are expected to show
doublet of doublet. However, two signals show amdyblets which reveal that one of the
couplings is zero due to the expected dihedralean§l9C between these vicinal protons
[27]. The signal at 4.24 ppm may be assigned ptleton since it correlates with other two
proton signals. It shows only a doublet with fiesalue of 7.6 Hz. However, the expected
diaxial coupling constant would be 9-11 Hz and deerease in diaxial coupling constant
may be due to ring distortion. Further, the H-étpn occupies the axial position and it
makes an approximate angle of @dth the equatorial proton at C-6 (H-6e) whichulésin
zero coupling Pn7a vee=0 Hz). The equatorial proton at C-6 (H-6e) appess doublet at
3.00 ppm and it has only a geminal coupling witl6ad€Jea Hee= 16.4 Hz). The doublet of
doublet at 3.17 ppm is assigned to axial protorC#& (H-6a). The extracted coupling
constant ofL0-12 along with their estimated dihedral angles usi®gEBM (Dihedral Angle
Estimation by Ratio Method) [28] are presented abl€ 4 along with their parent diazepan-
5-onesA-6.

The H-3 proton appears as a multiplet at 3.59 ppentd its coupling with Ckland H-2
protons. The H-2 & H-3 protons belong to AB spystem. Thus, the doublet appearing at
3.78 ppm is assigned to H-2 benzylic proton. K hal value of 8.4 Hz and it confirms that
both the protons at C-2 and C-3 are diaxially dedr(H-2a & H-3a, respectively). Hence, the
phenyl group at C-2 and the methyl group at C-3upgcequatorial orientations. The doublet
at 0.59 is assigned to GHbrotons at C-3. Two doublets are observed fornisthylenic



protons at 3.72 and 3.43 ppm. Thus, the appearainseparate signals for the gHdrotons

proves its diastereotopic nature. The aromatitopappear between 7.14 and 7.58 ppm.

The assignment of NMR signals of compoudds& 12 using*H, **C NMR, and 2D
NMR spectra has also been made in a similar waye domplete assignment 4 and**C

NMR signals is presented in Tables 4 and 5.
3.4. Conformational analysis of N-benzyl-2,7-diphenyl-1,4-diazepan-5-ones 10-12

The conformational analysis of 1,4-diazepan-5-ofés has been carried out in
solution and solid states. In both the statesdtheepan-5-one4-6 prefer to adopt a chair
conformation with the equatorial orientation of kulgroups Fig. 2 [10, 14]. Further,
N-benzylpiperidin-4-one§-9 are also reported to exist in a chair conformatsimilar to
piperidin-4-onesl-3, with the equatorial orientation of alkyl and agybups in solution and
solid states [18, 19].

The preferred conformation of tHé-benzyl-1,4-diazepan-5-onel-12 has been
arrived by considering the vicinal coupling conssahetween the H-7 and H-6a & H-6e
protons and between H-2 and H-3 protons. The aianupling constant data)sa, 17 and
3%ee. 1) are employed to estimate the dihedral angles dmswthe vicinal protons
(Pis=DPpse H7a aNd Dy ans=Prsa 7 by DAERM [28] and are used for the conformational
analysis (Table 6). The appearance of Bohimand$&B03-2865 cil) in the IR spectra of
10-12 indicates that atleast two axial hydrogens onaashkadjacent to the nitrogen atom are
interacting with the nitrogen lone pair in the dipanone ring [29, 30].

The seven-membered 1,4-diazepan-5-one rings rargeneral, more flexible than
the six-membered piperidin-4-one rings. Hence, dbstabilizing strain factorsi¢., 1,3-
diaxial interaction,gauche interaction, 1,4-diaxial hydrogen-alkyl interacticand bond
eclipsing interaction) may force the ring to chatige chair CE) conformation of the parent
precursorsl-6 (Fig. 2). However, the attachment of benzyl gratiphe ring nitrogen in the
piperidin-4-onesl-3 has not altered the chair conformation of its preor [18, 19]. Hence,
it is of interest to find out the preferred confation of the flexible rings due to the
attachment of benzyl substituent at amine nitrogéfhe possible conformations foi-

benzyl-1,4-diazepan-5-oné&6-12 are shown in Fig. 3.
3.4.1. N-Benzyl-3-methyl-2,7-diphenyl-1,4-diazepan-5-one (10)

In the chair conformationQE), alkyl and aryl substituents occupy equatorial
orientation. The expected vicinal coupling constdretween H-2 & H-3, H-6a & H-7, and
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H-6e & H-7 would be around 8-9 Hz, 10-11 Hz, an#if) respectively. Theis coupling
(J47, He9 constant of 0 Hz observed in the parent diazepes®w6 suggests a dihedral angle
of ca. 90° and thérans dihedral angleby7,, weaWould be 159° [10]. Here, the observed
coupling constant and estimated dihedral anglesctonpound10 are, Jo ns= 8.4 Hz,
Jrea, v= 7.6 HZ, Jee, v= 0 Hz and®y7a, nex 161° Op7anes 79°. Thus, the coupling
constants and dihedral angles of compoul®d are similar to its parent precursdr
(Jz, 1= 7.8 Hz, J6a, 1= 10.6 Hz, Jee = O Hz andDp7a ves 159°,dr7a He= 81°, Table 6).
Hence, similar to parent diazepan-5-ofiecompoundl0 also prefers to adopt a chair
conformation CE) with equatorial orientation of phenyl and metgybups (Fig. 4). Further,
the possibility of the chairGA & TC) and boat BE, BA & TB) conformations is

eliminated.
3.4.2. N-Benzyl-2,7-diphenyl-1,4-diazepan-5-ones (11 & 12)

As discussed earlier, the vicinal coupling constard dihedral angles for the chair
(CE) conformation is b, n5=8-9 Hz, Jiea, v7=10-11 Hz, Jee. v7=0 Hz and®y7 pea =159°,
®y7, vea =90°. The extracted coupling constant and es#ichatihedral angles for the
compoundsll and 12 are J 13=8.1-8.8 Hz, Jsa, 17=8.8-10.6 Hz, e, = 2.4 Hz and
D7, Hea =175°, ®p7 wee =55°. Thus, the increase in this coupling constant and dihedral
angle values oil & 12 when compared with that of the parén& 6, respectively, do not
support theCE conformation for the compound4 & 12. Hence the diazepan-5-onEs &
12 prefer a different conformation when comparedi&zepan-5-oné0.

In CA conformation, all the alkyl and aryl groups occupyal orientations as well
as the ring protons occupy equatorial orientatiombe cis andtrans coupling constants for
benzylic protons would be expected in the range-df Hz. Further, theis and trans
dihedral angles are expected around 60°. In addlifi,3-diaxial interaction is inevitable in
CA which destabilizes the chair conformation and setedmove the ring towards twisIC
& TB) or boat BA & BE) conformations. Hence, the possibility GA conformation is

ruled out for the compoundd & 12.

The expected vicinal coupling constants in thestwhair TC) conformation are
J2, ve= 9-11 Hz, 37, e 4-5 Hz, 47, vee= 2-3 Hz or Jp, w= 2-3 Hz, J7, we= 9-11 Hz,
Ju7. nee= 4-5 Hz. Here, the expected vicinal coupling ¢ants coincide with the extracted
vicinal coupling constants for compoutdl (342 nz= 8.8 Hz, 47, we= 8.8 Hz & Ji7, vee 2.4
Hz). However, the twist-chair conformation does fawor a partial double-bond character at



the amide C-N bond and thus amide carbon behakes lketone carbon. The amide carbon
signals of11 & 12 are observed at 174-173, (ppm) in their'3C NMR spectra which
eliminates the possibility of C conformation.

The protons at C-2 and C-7 are axial and the psotd C-3 and C-6 are equatorial in
the boat conformatioBA. The expected coupling constants would be 4-Fddzis (J,9
coupling and 9-10 Hz fotrans (J 9 coupling. In addition, 1,3-diaxial interactios also
possible between the two phenyl groups at C-2 antl vthich occupy axial orientation.
However, in the absence of allylic strain [31], gieenyl groups need not be forced to occupy
axial orientations. Thus, the diaxial coupling8(0.0) observed between H-2 and H-3 for

the compound&l and12 eliminates the possibility fdA conformation.

The phenyl groups at C-2 & C-7 and alkyl groupa® and C-6 are occupying
equatorial and axial orientations, respectivelyB conformation. Here, onlgis coupling
would be possible between H-2 & H-3. For the conmus 11 & 12, the observed diaxial
coupling constant values between H-2 and Hg3 (&= 8.8-10.0 Hz) does not support BE
conformation. Furthermore, the alkyl substituen€Ca3 and C-6 would feel the 1,4-diaxial
hydrogen-alkyl interaction in this conformationhus, all these observations do not support
the boat conformations with equatorial phenyl gguglence, the conformatidE is not

considered further.

In the twist-boatTB) conformation, the alkyl and aryl groups at C-Z2&3 and C-6
& C-7 are equatorial, pseduo-equatorial & psedualarespectively. The extracted vicinal
coupling constants for the compouridsand12 (Table 6) are comparable with the expected
values of TB conformation. The predicte@iB conformation is further supported by the
X-ray crystal structure ofl2. Hence, it is concluded that-benzyl-2,7-diphenyl-1,4-
diazepan-5-onedl and 12 prefer to adopt twist-boat conformatiomBg) with the phenyl
group at C-7 occupying pseudo-axial orientation #me phenyl group at C-2 occupying

equatorial orientatiorFig. 5.

The increase in thas (J,,9 coupling constant from 0 to 2.4 Hz and decreaseans
(Ja9 coupling constant from 10.7 to 8.8 Hz as wellaadecrease in thas dihedral angle
(81—55° and increase itrans dihedral angle (159175° between C-6 and C-7 are
observed when compared with that of parent compeon8 6. This may be due to an
unsymmetrical twisting of the ring which resultspseudo-axial orientation of phenyl group
at C-7 and pseudo-equatorial orientation of thenglegroup at C-6.



3.4.3. Shielding and deshielding effect of a, s-protons and carbons in *H and **C NMR

spectra

In the'H NMR spectrag-protons (H-2 & H-7) an@-protons (H-3, H-6a & H-6e) of
10-12 are less deshieldedAd=+ 0.04-0.56 ppm) when compared with their parent
compoundsd-6. The introduction of benzyl group at amine nigngs not influencing the
a- andp-protons when compared to that of hetero conjugadeps (-NO, -CHO, -COOEt,
etc.) [9-12]. However, significant shielding and dedding fora & B-carbons ofl0-12 are
noted when compared to their parent compouhfisn *C NMR spectra. Greater shielding
is felt by thep-carbons (C-3 & C-6) when they are having bulkysditbents at C-3 and C-6.
For the compound&0 & 11, a-carbon C-7 is shielded\§= - 2.23-2.38 ppm) and another
a-carbon C-2 is deshieldedd= + 1.20-2.54 ppm). The reverse is true for thepound12
[(Ad= -0.50 (C-2), +1.21 (C-7)]. The shielding afcarbons can be explained by the
eclipsing interaction between one of thhearbons (C-2 or C-7) and methylenic carbon in the
benzyl group at N-1. The shielding and deshieldihghemical shifts of the- andp-protons
and carbons are presented in Tables 7 & 8.

3.5. X-ray crystal structure of compound 12

The N-benzyl-1,4-diazepan-5-on¥2 is crystallized with two crystallographically
independent molecules in the asymmetric unit. Jtady on asymmetry parameters, torsion
angles and least-squares planes reveals thatahepdinone ring in both the molecules adopts
twist-boat conformation (Fig. 6) with puckering [3hd asymmetry parameters [33] are: g2
= 1.113(2)A, g3 = 0.054(2)Ap2 = 342.02(3)° &ACS(C-3A) = 15.6(2)° for molecule A and
g2 = 1.115(2)A, g3 = 0.073(2)A2 = 340.02(1)° &ACs(C-3B)= 12.4(2)° for molecule B,
respectively. The torsion angles shown in thergg{Fig. 6) are supporting the above said
twist-boat conformation for both molecules (A & B).

The planar phenyl rings substituted at C-2 andpsitions of the diazepanone ring
in both the molecules occupy equatorial orientatidrhe corresponding torsion angles are
[C14-C2-C3-N4] 178.7(2)° & -173.1(2)° and [C5-C6-CB] 145.9(2)° & 147.2(2)° for
molecules A & B. The best plane of diazepanong wnients at angles of 72.5(1)° &
80.5(1)° (Molecule A) and 56.6(1)° & 87.8(1)° (Molde B) with respect to the two phenyl
rings, respectively. The benzyl group substitigethe N-1 position of the diazepanone ring
is oriented at an angle of 49.60(16)° (MoleculefA32.45(13)° (Molecule B), respectively.
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In compoundl2, the methyl groups (C-20 & C-21) substituted & &-C-6 occupy
equatorial & axial orientations and the correspogdorsion angles are [N1-C2-C3-C20=] -
173.5(2)° & -168.5(2)°; [C21-C6-C7-N1=] -136.1(&°136.6(2)°, for molecules A & B of
compoundl12, respectively. The bond lengths and bond anglescamparable with each
other. The sum of the bond angles around the dv@iitnogen atoms N-1 [352.4° & 352.7°]
& N-4 [359.4° & 359.7°] for molecules A & B showhat the atoms N-1 & N-4 are &p®
hybridized state.

3.5.1. Packing features

The packing of the molecules viewed down alongctheis is shown in Fig. 7. The
molecules are stabilized by N-H...O type of intelasalar interactions in addition to van der
Waals forces (Table 9). The molecules at (x, yarm) the symmetry related molecules at
(1/2-x,-1/2+y,1/2-z) & (1/2-x,1/2+y,1/2-z) are lie# through intermolecular N4A-
H4A...O1B & N4B-H4B...O1A hydrogen bonds into cyclientrosymmetric &(8) dimers
[34].

3.6. Molecular docking studies for the compounds 10-12

In this study, glide docking has been used to stbdybinding orientations to predict
the binding affinity of the compoundi)-12. The results obtained would be useful to
understand the inhibitory mode of the molecule Base docking scores. This will also
provide some beneficial clues in a structural modifon to design new inhibitors for the
treatment of HIV. The structural information arne tdata for the target were collected from
“Protein Data Bank” (PDB ID: 1AJX) [35]. A view dhe crystal structure of the compounds

10-12 in the HIV-1 protease active site along with hygo contacts is shown in Fig 8.

The disease acquired immune deficiency syndromeéD$Alis caused by the
retrovirus (HIV) human immunodeficiency virus [36]The HIV-1 protease is essential for
maturation of the virus into infectious viral palés and this enzyme is considered, as a
target for drugs against AIDS [37]. HIV PR is aspartyl protease that is functional as a
dimer of two identical subunits with 99 amino acésidues [38]. Guidance in the design of
inhibitors has come from the crystal structuresidf PR complexed with different inhibitors
[39]. There is a significant difference in the tammation of the protease in these inhibitor
complex structures compared to the native strudqd@f The analysis of these inhibitors in

complexation with the protease is presented here.
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The changes in the active site area between diffendibitor HIV PR complexes
are generally small (within 0.3-0.8 A rms deviajigd1]. The amino acids 1le50/47 are
symmetrically positioned and in close contacts it inhibitors. The aspartic acids are in
contact with the inhibitor, due to the asymmetrasigoning of inhibitor in the active site.
The conformational change of the diazepanone ring the shift in the side chain of

compounds induce the interactions with the HIV PR.

For comparison, we performed the docking studiesitmilar N-benzyl derivatives
of diazepanones, namel\-benzyl-3-methyl-2,7-diphenyl-1,4-diazepan-5-on&0)( N-
benzyl-3-ethyl-2,7-diphenyl-1,4-diazepan-5-on&l)( N-benzyl-3,6-dimethyl-2,7-diphenyl-
1,4-diazepan-5-one 12) and including Co-Crystal ((4r,5s,6s,7r)-1,3-Dibg@r4,7-
bis(phenoxymethyl)-5,6-dihydroxy-1,3 diazepan-2Jjone

In compoundl2, the nitrogen and keto O atoms interact with ILEeh distances of
3.13 & 3.4A. Similarly in compounti0, the nitrogen atom in the diazepanone ring intsrac
with ILE-47 at 3.23A. In compountil, the oxygen and nitrogen atoms in the diazepanone
ring are in contact with the aspartic acids (ASPap@8 ASP-30) at distances of 2.77A and
3.20A.) This is due to the asymmetric positiongignhibitor in the active site. All thal-
benzyl-1,4-diazepan-5-ond®-12 show appreciable interactions, good docking scares
glide energy. The Co-Crystal ligand also docked aethe active site and makes contact
with ILE-50 and ASP-25.

The view of theN-benzyl-1,4-diazepan-5-oné6-12 docked at the active site of the
protein is shown in Fig. 8. The relevant dockiogres and energy details are given in Table
10. Since the docking scores of diazepan-5-a0ek2 are similar, it is difficult to judge the
suitable inhibitor. However the parameters areuafale and useful to design inhibitors

comprising seven-membered ring as a core structure.
3.7.  Antibacterial activity

The MIC of the compoundd40-12 is determined visually in the resazurin dye
reduction assay. The change of color of resazolation from blue to pink indicates that
the microbial cells are viable. The enzyme oxidactase present inside the microbial cells
converts the resazurin to resorufin which is pimicolor. When the color of the dye remains
blue, it indicates that there is no activity ofbe cells. The compound®-12, when added,
kill the bacterial cells during incubation. Thgsknown from the blue or purple color of dye
in the respective cells. The pink color formationthe cells even after treating with test
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compoundsl0-12 or commercial drug (Streptomycin) indicates thespnce of viable cells.
Thus, the least dilution in which the color remabige is taken as the MIC value of the

respective compound.

The compoundslO-12, tested in this assay show activity against theteveal
pathogens. The MIC values of the test materialtabailated in Table 11. Both Gram-
positive and Gram-negative bacteria are susceptiblthe test compounds. The results
indicate that only compountll exhibits moderate activity and the other compout@land
12 show no activity even at 1Q@/ml.

4. Conclusion

In the present study, three neMtbenzyl-1,4-diazepan-5-oneH)-12 have been
synthesized by following two methods and the stned are characterized using IR, mass,
NMR spectral techniques. The stereochemistry hesn bstudied for the synthesized
compounds usingH and *C NMR data. The compoundO prefers to adoptCE
conformation whereas the compourids& 12 are shown to prefeFB conformation with
equatorial and pseudo-axial orientations phenyjsin The X-ray crystal structure ap
shows that it is in twist-boat conformation in siaditate. In silico molecular docking studies
are carried out for all the synthesized compounukthe results reveal that the compounds
10-12 are having similar binding interactions, dockingor® and glide energy when
compared with Co-Crystal ligand. The vitro antibacterial screening indicates that the
compounds exhibit no activity even at 10§/ml and only compoundl shows moderate

activity.
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All captions

Scheme 1

Synthesis oN-benzyl-2,7-diphenyl-1,4-diazepan-5-ori€s12
Figure captions

Figure 1

(a) ORTEP plot of the compouri@ with displacement ellipsoids drawn at 30% probgbil
level

(b) The overlapping of molecules (A & B) for thengpound12 present in the asymmetric
unit

Figure 2

chair conformation@QE) of 2,7-diphenyl-1,4-diazepan-5-ore$
Figure 3

Possible conformations for compourifs12

Figure 4

Preferred conformation for compount®

Figure 5

Preferred conformation for compountisand12

Figure 6

Torsion angles for the compouf@ showing the seven-membered diazepanone ring adopts
twist-boat conformation for both molecules

Figure 7

Packing of the molecules for the compou2dsiewed down on c-axis and the formation of
dimer through N-H...O types of hydrogen bonds is shawdotted lines

Figure 8

A view of theN-benzyl-1,4-diazepan-5-on&6-12 in the protein active site showing the key
hydrogen contacts
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Table captions

Table 1

Analytical data oN-benzyl-2,7-diphenyl-1,4-diazepan-5-ori€s12

Table 2

Crystal data oN-benzyl-3,6-dimethyl-2,7-diphenyl-1,4-diazepan-2di?)
Table 3a

Selected bond lengths (A) and bond angles (°) dangoundl2

Table 3b

Selected torsion angles (°) for compoui2d

Table 4

'H NMR chemical shift values ®i-benzyl-1,4-diazepan-5-oné&6-12 [5 (ppm)]
Table 5

3C NMR chemical shift values ®-benzyl-1,4-diazepan-5-oné6-12 [5 (ppm)]
Table 6

Coupling constants (Hz) and dihedral angles (Yavhpoundd0-12

Table 7

'H NMR chemical shift of the- andp-protons A5, ppm) for the compoundk-12
Table 8

13C NMR chemical shift of the- andp-carbons 48, ppm) for the compoundi-12
Table 9

Hydrogen-bond geometry (A, °) for compouti

Table 10

Hydrogen bond interactions df-benzyl-1,4-diazepan-5-ond€-12 with amino acids at the
active site of HIV protein

Table 11

Minimum inhibitory concentration (MIC) of compouni8-12 against selected bacterial
strains
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Table 1

Yield (%) ] .
Compound M. P. (°C) ethod A Method B M(\::»/Izr;lz M. P. (°C) IR cm™ Elemental analysis Found (Calcd)%
amide NH amide CO C H N
10 136-138 °C 53 57 370.00 136-138°C 3184 1654  81.30(81.05) 6.79(7.07)  7.36 (7.56)
11 114-116 °C 50 68 384.98  114-116°C 3188 1656  81.44(81.21) 7.06(7.34)  7.10(7.29)
12 146-148 °C 61 78 384.24  146-148°C 3203 1671  80.90(81.21) 7.58(7.34)  7.07 (7.29)




Table 2

Parameters

Values

CCDC number

Empirical formula

Formula weight
Temperature

Wavelength

Crystal system, space group
Unit cell dimensions

Volume

Z, Calculated density
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Limiting indices

Reflections collected / unique
Completeness tb = 28.38
Refinement method

Data / restraints / parameters
Goodness-of-fit on

Final R indices [I>3(1)]

R indices (all data)

Largest diff. peak and hole

1453761

Cs2 Hse Ny O
769.01

293(2) K
0.71073 A
Monoclinic, P2/n
a=13.944(5) A
b = 20.486(5) A
c = 16.555(5) A
B=113.479(5) °
4338(2) B

4, 1.178 Mg/m
0.072 mnt

1648

0.21 x 0.19 x 0.16 mm
1.62 to 28.38°

42454 /10748 [R: = 0.0363]
98.8%

Full-matrix least-squares orf F
10748 /2 /527

1.015

R1 =0.0608, wR2 = 0.1585
R1=0.1239, wR2 = 0.1941
0.467 and -0.206 A

-18<=h<=17, -27<=k<=27, -21<=I<=22



Table 3a

Lengths Angles
Atoms Molecule A gMolecule B Atoms Molecule A | Molecule B
C2-N1 | 1.465(2) 1.470(3) N1-C2-C3 111.20(16 11018%(
C2-C3 1.527(3) 1.528(3) N1-C2-C14 115.77(15 118.8p
C2-C14 | 1.533(3) 1.518(3) C3-C2-C14 113.88(14) 146.8)
C3-N4 1.461(3) 1.462(3) N4-C3-C20 108.59(18 10018%
C3-C20 | 1.514(3) 1.516(3) N4-C3-C2 109.31(16] 108.65
C5-01 1.229(2) 1.231(2) C20-C3-C2 111.60(2) 1128)(
C5-N4 1.342(3) 1.343(3) 01-C5-N4 122.00(2) 121.30(2
C5-C6 1.510(3) 1.509(3) 01-C5-C6 121.60(2) 122.8)(1
C6-C21 | 1.525(3) 1.514(3) N4-C5-C6 116.28(19) 118.85
C6-C7 1.552(3) 1.550(3) C5-C6-C21 111.54(19 11.8p
C7-N1 1.476(3) 1.474(2) C5-C6-C7 112.02(17 11218B(
C7-C8 1.526(3) 1.528(3) C21-C6-C7 110.03(19 109.8p
C22-N1 | 1.462(3) 1.451(3) N1-C7-C8 116.64(16 116169
N1-C7-C6 111.91(16) 113.14(17
N1-C22-C23 | 112.78(18) 113.40(2)
C22-N1-C2 112.91(16) 112.92(17
C22-N1-C7 | 117.13(16) | 116.04(18
C2-N1-C7 122.41(15) 123.01(15
C5-N4-C3 123.46(18) 123.67(18




Table 3b

Angles
Atoms Molecule A | Molecule B
N1-C2-C3-N4 -53.1(2 -48.3(2)
C14-C2-C3-N4 173.11(11) 178.69(17)
N1-C2-C3-C20 -173.44(19) -168.49(18)
C14-C2-C3-C20 52.7(3) 58.5(3)
01-C5-C6-C21 -9.9(3 -10.5(3)
N4-C5-C6-C21 166.38(19) 165.0(2)
01-C5-C6-C7 114.6(2 113.3(2)
N4-C5-C6-C7 -69.1(2 -71.2(2)
C5-C6-C7-N1 9.8(2 11.9(2)
C21-C6-C7-N1 136.08(14) 136.62(19)
N1-C7-C8-C13 -74.6(3 -64.4(3)
N1-C7-C8-C9 106.7(3 117.5(2)
N1-C2-C14-C15 -75.2(3 -80.8(3)
N1-C2-C14-C19 103.5(9) 99.5(2)
N1-C22-C23-C24 39.2(4) 49.1(3)
N1-C22-C23-C28 -145.3(4d) -132.2(2)
C23-C22-N1-C2 -147.2(4) -155.57(18)
C23-C22-N1-C7 62.9(3 53.9(3)
C14-C2-N1-C22 -49.6(3 -58.5(2)
C3-C2-N1-C22 176.4(2) 169.52(17)
C14-C2-N1-C7 97.8(2 90.3(2)
C3-C2-N1-C7 -36.1(3 -41.7(2)
C8-C7-N1-C22 79.0(2 81.3(2)
C6-C7-N1-C22 -146.68(19) -144.61(18)
C8-C7-N1-C2 -67.5(3 -66.2(2)
C6-C7-N1-C2 66.8(2 67.9(2)
01-C5-N4-C3 -163.60(19) -164.0(2)
C6-C5-N4-C3 20.0(3 20.5(3)
C20-C3-N4-C5 -170.44(19) -173.3(2)
C2-C3-N4-C5 67.1(2 64.7(3)




Table 4

Compound H-2 H-3 H-6a H-6e H-7 3-CH 3-CH,CHj 6-CH;  N-CH,-Ph NH CONH Aromatic
protons
3.72 (d)
10 3.78(d) 359(m) 3.17(dd) 3.00(d) 4.24(d) O@p 343 (0) 592(s)  7.14-7.58 (m)
4 3.70(d) 3.82(ddq) 3.14(dd) 2.65(d)  4.13(d) Q&L 207 (bs) 5.75(bs)  7.23-7.43 (m)
11 3.85 (d) a 320(dd) 294 (dd) 4.31(dd) 09 Em ggg 373 () 572(s)  7.14-7.52 (m)
5 377(d) 365(m) 3.15(dd) 265()  4.14(d) ffzs(ﬁ; Cc?;) 203(s) 577(bs)  7.20-7.44 (m)
12 3.69(d) 4.25(dg)  3.64(q) 407 (d)  1.03(d) 940d)  3.90 (dd) 6.04(d)  7.087.34 (m)
6 3.65(d) 3.86(ddg)  3.08 (dq) 3.79(d)  0.79 (d) 0.70 (d) 206(s) 575(bd)  7.20-7.40 (m)
(@) 3.53-3.48 § ppm) H-3 merged with glof N-CH,-Ph



Table 5

Compound C-2 C-3 C-5 C-6 C-7 3-CH 3-CH,CH; 6-CHg; N-CH,-Ph  Aromatic ipso carbons Aromatic carbons
129.49, 128.74, 128.65, 128.29, 127.91,
10 73.64 50.84 173.99 36.57 57.22 21.95 - - 56.93 28.42.70, 138.15 127.32 126.97 126.47
4 711 547 1757 475 59.6 19.8 - - - 142.1,144.7 126.4,127.7, 128.0, 128.6
i 27.00 (CH) i 129.42, 129.34, 128.81, 128.61, 128.58,
11 71.30 56.59 174.49 38.22 58.27 10.14 (CH) 56.92 145.13, 142.20, 138.21 128.27 127.74 127.24. 126.97. 126.57
5 70.1 593 176.1 474 605 igg Eg::g - 142.0,144.8 126.4,127.6, 127.7, 127.8, 128.5,
129.19, 128.53, 128.48, 128.17, 128.14,
12 70.50 50.05 177.23 40.41 66.11 19.81 - 15.74 59.25141.70, 140.14, 139.02 127.96. 127.16, 127.07. 126.98
6 710 542 1784 459 649 196 . 146 : 142.2,243. 126.7,127.6,127.7,127.8, 128.0, 128.3,

128.5, 128.7




Table 6

coupling constants (Hz) Dihedral angles (°)
Compound 3 > 3 3

Jn2, H3 JHea, Hee JHea, H7 JHee, H7 Dpe H7 Dea,H7
10 8.4 16.4 7.6 0 79 161
4 7.8 14.1 10.6 0 81 159
11 8.8 16.0 8.8 2.4 55 175
5 7.8 14.1 10.7 0 81 159

12 10.0 - 9.6 - -

6 8.1 - 10.6




Table 7

a-protons B-protons
Compound
H-2 H-7 H-3 H-6a H-6e
10 +0.08 +0.11 -0.23 +0.03 +0.35
11 +0.08 +0.17 - +0.05 +0.28
12 +0.04 +0.28 +0.39 +0.56 -
Table 8
a-carbons p-carbons
Compound
C-2 C-7 C-3 C-6
10 +2.54 -2.38 -3.86 -10.93
11 +1.20 -2.23 -2.71 -9.18
12 -0.50 +1.21 -4.15 -5.49
Table 9
D-H...A D-H |H...A |D...A >DHA
N4A-H4A..O1B | 0.86 | 2.15 2.946(3)| 154
N4B-H4B...01A" | 0.86 | 2.09 2.902(3)| 157

Symmetry Equivalent Position

(i) 1/2-x,-1/2+y,1/2-z

(i) 1/2-x,1/2+y,1/2-2



Table 10

Compound Glide Score Glide Energy  Interactions Distance(A)

N-H...O(ILE50) 3.1

12 -8.71922 -50.8854 0...H-O(ILE50) 3.4
N...H-O(ASP30) 3.2

11 -9.1433 -52.492  0O...H-N(ASP30) 3.0
0O...H-N(ASP29) 2.8

10 -7.31637 -48.6696 N-H...O(ILE47) 3.2
N-H...O(ILE50) 2.8

Co-Crystal  -7.70963 -59.0774 O-H...O(ASP25) 2.7
O-H...O(ASP25) 2.7

Table 11

Minimum inhibitory concentration (MIC) ng/ml

Compound Bacterial pathogens
Staphylococcus aureus Escherichia cali Bacillus cereus
10 NA NA NA
11 12.50 25 6.25
12 NA NA NA
Streptomycin 1.56 1.56 0.78

NA-No inhibition even at 10Qg/ml
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Highlights

Three novel N-benzyl-1,4-diazepan-5-ones have been synthesized and characterized
In solution state, 10 prefers CE conformation of the parent

Interestingly 11 & 12 prefer twist-boat conformation

X-ray crystal structure of 12 shows twist-boat conformation

Docking studies confirm the binding of active compounds 10-12 with HIV-1 protease



