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Abstract

The title compound, £HigN.Os, was synthesized and characterized by experimental
techniques (FT-IR*H-NMR, *C-NMR, UV-Vis and X-Ray single crystal determinatjaand
theoretical calculations. The molecular geometrybrational frequencies, molecular
electrostatic potential (MEP), thermodynamic praiesr the dipole moments, HOMO-LUMO
energy has been calculated by using the Densitgtiunal Theory (DFT) method with 6-
311G(d,p) and 6-311++G(d,p) basis setd and **C-NMR chemical shifts show good
agreement with experimental values. According toutated results, the 6-311G(d,p) and 6-
311++G(d,p) basis sets have showed similar resiilte optimized geometry can well

reproduce the crystal structure parameters.
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I ntroduction

The synthesis, study of structure and propertiesarmide compounds has been an
important research topic during the last severaades [1]. Pyridine carboxamide compounds
containing common carboxamide [-C(O)NH-] group ire tmain structure of proteins are
important for construction of metal complexes [Phese compounds are widely used in the
many fields of science such as industrial, pharnoggoal and biological studies [3-4]. The
literature concerning the dibenzoyl acetic acid poonds with nitrophenyl amide is rich and
the papers published cover such subjects as syrghdS], NMR and vibrational
characteristics [6,7].

Many important physicochemical properties of biadady and chemical systems,
investigation of structural properties and theagdtmodeling of drug functional material can
be predicted by various computational techniqued|[g he density functional theory (DFT)
and Becke’s three-parameter hybrid functional (BBl.Yhas been used to determined of
molecular structure and vibrational spectra becafsés accuracy and consistency with
experimental data [10-15].

In this study, the title compound was synthesizedlifferent from the litarature [5], and
determined of the molecular geometry, vibrationpbectra and assignments, electronic
absorption spectra, molecular electrostatic paaértiermodynamic properties. This structure
was compared with experimental BiH-NMR, *C-NMR, FT-IR and UWis spectral
methods. In addition, molecular electrostatic po&n(MEP), molecular orbital (MO)
andnatural bond orbital (NBO) analysis of the tidtempound were performed by the
B3LYP/6-311++G (d,p) level.

Experimental and Computational Methods
Materials and Methods

All the chemicals were obtained from commercial@igos (Sigma-Aldrich, Merck) and
used without any further purification. Elementalabsis (C, H, N, S) was recorded on a
Thermo Scientific Flash 2000 elemental analyzerlRBpectra were recorded on a Perkin—
Elmer FT-IR type 1650 spectrophotometer. Electrabsorption spectra were recorded in
DMF from 1100 to 190 nm range on a PG Instrume@3@+UV/Vis spectrometer in ethanol

and methanol’H-NMR and **C-NMR spectra were recorded at 25 using an Agilent-



VNMRS-400 spectrometer operating at 400 MHz and Wb respectively. Melting points

were measured on a RY-1 micro melting point apparat
Synthesis of the N-carboxamide LigandL(H

A mixture of dibenzoyl acetic acid-carboxy alkyl amide [8] (339 mg, 1 mmol) and 4-
nitroaniline (135 mg, 1 mmol) was stirred at 1@for further 3 h in toluene (20 mL). The
toluene was removed under vacuum. 50 mL of dnyhglledther was added to the residue. The
solid was filtered, washed with diethyl ether arecrystallized from a mixture oF
BUuOH/THF.Anal.Calc for CoH16N20s: C, 68.04; H, 4.15; N, 7.21. Found: C, 67.81; K394
N, 7.17. LC-MS/MS (m/z): 389.1 [M+H]

Crystal structure determination

The data of the title single crystal was collectal a Agilent Diffraction Xcalibur [16]
diffractometer by then-scanning technique using graphite-monochromatid Mi@diation
(A=0.71073 A). The intensity symmetries indicate ti@noclinic P12/c1 space group with a
=10.023 (2) A, b = 21.587 (5) A, c= 9.401 (2) Adgh= 110.29 (3)°, and Z = 4 in the unit
cell. Intensity data were collected in therange 5.96-52.72° at 296 K. The structure was
solved by direct methods using SHELXS-97 [17] inmpdat in WINGX [18] program suite.
The program ORTEP-3 for Windows [19] was used ia fiteparation of the molecular
graphics. The refinement was carried out by fullirdeast-squares method on the positional
and anisotropic temperature parameters of the mdmgen atoms using SHELXL-97
[20].All H atoms were positioned geometrically anelated using a riding model, fixing the
bond lengths at 0.86 and 0.93 A for NH and CH ataespectively. The crystal structure was
refined to R=0.097 by the condition of the2s(l) threshold. The crystal data, some details
data collection conditions and parameters of tlimement process are listed in Table 1,
whereas selected bond lengths, bond angles, asrioangles are shown in Table 2. Full
crystallographic data are available as supplemgmtaterial.

(Tablel)
Computational details

All theoretical calculations were conducted usingnBity Functional Theory (DFT)
[21,22] as implemented in the Gaussian 03Wquantuemestry programs [23,24]. Geometry



optimization was performed to obtain the stable faoners. Initial calculations were
performed using the restricted B3LYP exchange aadetation functional and the 6-
311G(d,p) and 6-311++G(d,p) [25,26] basis setsafbatoms. Default SCF and geometry
convergence criteria were used and no symmetryti@nts were imposed [27], harmonic
frequency analysis based on analytical second atesvwas used to characterize the
optimized geometry as global minimum on the po&drénergy surface of the title molecule
[28].

Geometry optimization of the molecule, moleculaergy, 'H-NMR, **C-NMR and FT-
IR spectrum, UWis spectrum, Mulliken charges and dipole moments veaieulated by
using the same method [29-33]. The obtained frecjasrwere scaled by 0.984 and 0.979 for
6-311G(d,p) and 6-311++G(d,p), respectively [34]lJAG (Gauge-Independent Atomic
Orbital) method was used to determine NMR chemstaft values [35,36]. The obtained
NMR frequencies were scaled by 31.99 ppm and 3ip@7 for H atom and 184.79 ppm and
184.66 ppm for C atom in 6-311G(d,p) and 6-311++(despectively [37].

Results and discussion

N-(4-nitrophenyl)-2, 2-dibenzoylacetamide (NPDBA$ description in Scheme S1
(supplementary materials). The title compound wapgred by the reaction of dibenzoyl
acetic acidN-carboxy ethyl amide and 4-nitroaniline and obtdiime 65 % yield as colorless
solid. The experimental data was obtained and coedpavith calculated values. The
observed and calculated values of the title comgauwere found to be in well-agreement with

each other.
Crystal structure description of the compound

The molecular structure and Ortep-3 view of thie tbompound, &H16N2Os, is given in
Figure 1a and b. According to crystallographic datahe title compound (Table 1), the title
compound belongs to monoclinic crystal system \gplace group P121 which have the
following dimensions; a=10.023 (2) A, b=21.587 £)c=9.401 (2) A angt =110.29 (3)°.
The molecular structure of the compound is not giamth a dihedral angle N1—C7—C8—
C16 of -148.1 (3) A and N1—C7—C8—C9 of 90.9 (4)The N1—C1 and N1—C7 distance
has been observed as 1.409 (4) A and 1.339 (4)efec®d optimized and experimental

geometries parameters of the title compound inrplatate was given in Table 2.



The crystal packing of the title compound is shawrrigure 2. In the crystal structure,
molecules are linked together by intermolecular N—& and intramolecular C—H---O
interactions with symmetry code (i) 2-x, -y, -zj) &, 1/2-y, 1/2+z. This hydrogen bond
generates an intramolecular S(6) ring motif thro@hH---O. Details of these bonds and

interactions are given in Table 3.
Optimized geometries

The optimized structure parameters of the title poamd were calculated by DFT—
B3LYP levels with the 6-311G(d,p) and 6-311++G(dyppis sets. The selected bond lengths,
bond angles and torsion angles were compared wigheixperimental data of the title
compound (Table 3). X-ray crystallographic data andlecular calculations of the title
compound have not been reported to best of our laume. All calculated geometrical
parameters are in good agreement with the expetahstnuctural parameters.

In benzene ring, all carbon-carbon bond lengthseweatculated in the range of 1.392—
1.403 A for B3LYP and observed in the range of 3-34.395 A for XRD data. In phenyl
ring, C—C bond lengths were observed 1.359—1.388n4 calculated 1.383—1.406 A in
range. N2—O04, N2—O5, C1—N1 and C7—N1 bond distansere observed as 1.191,
1.178, 1.409 and 1.339 A, respectively. The expemiial bond lengths are in agreement with
the theoretical values (1.225, 1.225, 1.401, ad®4l A, respectively). These data can be
comparable with literature data [38].

The bond angles, C7—C8—C16, C7—C8—C9, C8—C9—C10—-C86—C17 and
C1—N1—C7 , was observed as 109.3°, 107.9°, 120.98,7° and 127.8°, whereas these
values were calculated as and 108.2°, 116.5°, 11818.5° and 128.4°, respectively. N1—
C7—O03 bond distances in amide group was observd@®8°. The bond angles C17-C16—
02, C8-C16-02, C10-C9-01 and C8-C9-01 were obsawd®1.8°, 119.5°, 120.8° and
118.3°, this bond angles were calculated as 1229.4, 120.5 and 120.8, respectively. These
values are in agreement with literature data [39].

The torsion angles, (N1—C7—C8—C16) were observed as 80.4° for theaabyiand
as -148.1° for experimentally. Furthermore, (N1—Q2Z8—C9) was observed as -41.4° and
-90.9° for theoretically and experimentally, respey. The torsion angles; (O1—C9—
C8—C7) andr; (O3—C7—C8—C9) are 33.4° and 141.2° for B3LYP, retipely. These
torsion angles are in agreement with the XRD db2a3C and -88.0°).



Using the root mean square (RMS) error, experinieatal theoretical data were
compared (Figure3). It was found that the B3LYP18:3(d,p) calculation provide the lowest
RMSE value of 0.025 A and 1.738 for bond lengthsl dond angles respectively.
Consequently the B3LYP calculation with 6-311G(dypkis set predicts the best geometry

when compared the calculation with 6-311++G(d,p¢le.
(Figurel)
(Table 2)
(Figure?2)
(Figure 3)
(Table 3)
Vibrational frequency

In order to facilitate assignment of the observedks, we have analyzed some bands and
compared calculated results with the experimemakoExperimental FT-IR spectrum of the
title compound is given in Figure S1 (supplementagterials). As seen from Table 4, the
FT-IR spectra contain some characteristic bands BH, CO and NO groups. The
carboxyamide ligand stated the formation of progoseucture by the appearance of new
absorption bands at 3281 ¢rfNH), 3070 (sym) and 3104 (asym) ¢rfAr-CH), 1689, 1675,
1659 cnt (C=0), 1595-1507 crit (C=C), 1448,1409 ci{Ph-NG,). Di substitue and mono
substitue phenyl ring were observed at 804 and 688-cm', respectively. The high
frequency region above 3000 ¢iis the characteristic region for identification pleCO H
stretching vibrations [40]. In the present caggiH{ modes of the phenyl rings are observed at
3070 cm' in the IR spectrum. The region 1700-500'dmas very strong and sharp peaks. All

the calculated spectra are in good agreement hélexperimental data.
(Table4)
'H NMR (DMSO-g, 6 ppm):

'H NMR (400 MHz, DMSO-¢): 5, ppm 11.04 (s, 1H, NH), 8,25(d, 2Bk9.2 Hz, B ring
Ci-ArH), 7.99 (d, 4H,J= 7.6 Hz, A ring G-ArH),7.79 (d, 2H,J= 9.2 Hz, B ring G-ArH),



7.71 (t, 2H, A rings GArH), 7.59 (t, 4H, A rings €ArH), 6.90 (s, 1H, aliphatic C-H).The
'H-NMR spectra (Figure S2 (supplementary material®)e in good agreement with the
structure of N-(4-nitrophenyl)-2,2-dibenzoylacetdmi In the'H-NMR spectrum of the
compound in DMSO-+J the aromatic protons appeared as a broad band&8.25 ppm, —
NH proton at 11.04 ppm and —CH proton among thaekanyl groups at 6.90 ppm.

13C NMR (DMSO-¢ 5 ppm):

65.00 (aliphatic carbon+§); 119.40 (B aromatic ring &); 125.60 (B ring Go); 128.87
(A aromatic rings §)); 129.57 (A aromatic rings§); 134.52 (A aromatic rings©); 135.98
(A aromatic rings @)); 143.09 (B aromatic ring &); 145.09 (B aromatic ring §); 165.19
(amide carbonyl (C=0) &), 192.70 (A aromatic ring benzoyl carbonyls (Cx})). The*C
NMR spectrum of compound is analyzed carbonyl (-E=@bon resonance is observed
characteristic peaks sequentially 3atl65.19 carbonyl related to amide and 192.70 ppm
carbonyl related to benzoyl. In the compound, cardoms include one hydrogen in benzene
rings located at 119.4, 125.6, 128.87, 129.57,3284nd CI H aliphatic carbon (§} among
three carbonyl carbons at 65.00 ppm (Figure S3p{supentary materials)). The carbons
atom without hydrogen in benzene rings observed 3%.98, 143.09 and 145.09 ppm.
Chemical shifts of the peaks of the carbon in tteenatic ring due to the effect substituents
are compatible with the literature data [41]. As t@ seen from Table 5, the theoretit4l
and*C chemical shift results for the title compound gemerally closer to the experimental
'H and™*C shift data. Both 6-311G(d,p) and 6-311++G(d,p)ehshowed good conformity.

(Table5)
Electronic absorption spectra

Ultraviolet spectra analyses of N-(4-nitrophenyl)-2-dibenzoylacetamite) (NPDBA)
have been investigated by experimentally and thieaily. The UVVis spectra of the title
compound in ethanol and methanol solvents wererdedowithin the 190-1100 nm range.
The maximum is observed at 320 nm related to transition of the amide and benzoyl
carbonyl groups (Figure S4 in supplementary mdggritn addition, the maximum at 260 nm
is related tat-n transition of phenyl rings. The calculated frontebital energies, absorption
wavelengthX), excitation energies (E) and oscillator stren@tior gas phase and solvent are
given in Table 6.



(Table6)
HOMO and LUMO analysis

The calculations indicate that the compound hasdb@lpied molecular orbitals (MOSs).
The energy gap between HOMO and LUMO of the mokedntlicate that this molecule is
very stable [42]. Figure 4 shows the distributiansl energy levels of the HOMO-1, HOMO,
LUMO and LUMO+1 orbitals computed at the B3LYP/613%+G(d,p) level for the title
compound. The positive and negative phase has Iseen in red and green color,
respectively. The energy gap between the highesupsed and the lowest unoccupied
molecular orbitals, is a critical parameter in dei@ing molecular electrical transport

properties because it is a measure of electronusivity.

HOMO energy = -6.9713eV
LUMO energy = -2.7494eV
HOMO-LUMO energy gap = 4.2219eV

The energy values of HOMO and LUMO are computedra3254, -7.0186 and -6.9713
eV; -3.0251, -3.0264 and -2.7494 eV in ethanol,haetl and gas phase, respectively. The
energy gap values of the title compound are 4.0803922 and 4.2219 eV in ethanol,
methanol and gas phase, respectively. AccordindK@opmans theorem, the values of
electronegativity, hardness, softness, electraptyiliindex and dipole moment of the
molecule were calculated as 5.0252, 2.0001, 0.2813928 eV and 13.7011 debye in ethanol,
respectively [43-46]. The electronic propertiesuesl for the molecules are shown in Table S1
(supplementary materials).

(Figure4)
Molecular electrostatic potential

Molecular electrostatic potential is related to #ectronic density and is a very useful
descriptor for determining sites for hydrogen baogdinteractions as well as electrophilic
attack and nucleophilic reactions [47,48]. The etetatic potential/(r) at any point in space

around a molecule by charge distribution is givgn b

V() = SZA|Ra-t| - Jp(r)/|r'-r|dr!



where the summation runs over all the nudkein the molecule and polarization and
reorganization effect is neglectegh, is the charge of the nucless located aRa andp(r') is
the electron density function of the molecule.

The different values of the electrostatic potentlthe surface are represented by
different colors. The electrostatic potential ireges in the order red < orange < yellow <
green < blue. The color code of these maps isarrdinge between -0.02573 a.u. (dark red)
and 0.02573 a.u. (dark blue) in compound. The megdted color) regions of MEP were
related to electrophilic reactivity and the potifblue color) ones to nucleophilic reactivity.
As seen from Figure 5, the negative potential negi@ged) are over the O atom on the NO2
bonded to aromatic ring, amide carbonyl (C=0) amudnatic tile carbonyl (C=0) group. The
positive potential regions (blue) are over the éhabn the aliphatic (C-H) and aromatic tiles.
Considering these calculated results, the MEP rhaws that the negative potential sites are
on electronegative O atoms as well as the posfintential sites are around the hydrogen

atoms, respectively.
(Figureb)
Mulliken population analysis and natural populatianalysis

The calculated Mulliken atomic charges and natpapulation analysis (NPA) atomic
charges of N-(4-nitrophenyl)-2, 2-dibenzoylacetaniNPDBA) are presented in Table S2
(supplementary materials). The Mulliken populatimmalysis and NPA are obtained from
optimized geometry and NBO [49] results, respetgivin all these compound among the
C17 atom has the highest positive charge (0.91dwe to highly electronegative Oxygen
atoms (01 = -0.571 @nd O3 = -0.614 kpresent in the adjacent position. The chargdef t
03 (-0.614 g atom is the highest negative value at NPA. Howeslearge value for O4 and
O5 (-0.007 g atoms at Mulliken population analysis are neardytral. As can be seen in
Table S2 (supplementary materials), all the hydnagfems have a net positive charge and all
the oxygen atoms have a net negative charge. N&apalation Analysis shows that the H1
atom has maximum positive atomic charges (0.449.435 & than the other hydrogen
atoms. The total dipole moments were obtained &818nd 10.88 Debye by using Mulliken
population analysis and NPA, respectively.

Natural bond orbital analysis (NBO)
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Natural bond orbital (NBO) analysis is a helpfubltéor understanding the bond-antibond
stabilization energies within the title compounteraction among bonds, and charge transfer
or conjugative interaction in molecular systems-$3). The Natural Bond Orbital (NBO)
calculations were performed via NBO 3.1 program pslimplemented in the Gaussian 03W
package at the DFT-B3LYP/6-311++G(d,p) level. Theosd order perturbation approach is
used to evaluate the donor (i) and acceptor @radtion in the NBO basis [55].

In our study, this system shows some contributiothér electron delocalization corresponds
to the donor—acceptor interactions which &@23—C32)—-n*(01—C22) (20.37 kcal/mol),
n*(C24—C26) (19.30 kcal/moly*(C28—C30) (17.84 kcal/moly(C24—C26)—n*(C23—
C32) (19.08 kcal/mol),n*(C28—C30) (21.74); n(C28—C30) —n*(C23—C32) (22.88
kcal/mol),n*(C24—C26) (17.36)1n(C35—C44)—n*(02—C34) (19.31 kcal/molj*(C36—
C38) (19.78 kcal/mol)*(C40—C42) (17.74 kcal/mol)x(C36—C38) —»n*(C35—C44)
(18.83 kcal/mol),n*(C40—C42) (21.62 kcal/mol)n(C40—C42) —»n*(C35—C44) (22.82
kcal/mol), n*(C36—C38) (17.61 kcal/mol), whiletr(C9—C10) —»n*(C12—C14) (25.31
kcal/mol), n*(C15—C17) (16.34 kcal/mol)i(C12—C14)—n*(O5—N8) (26.43 kcal/mol),
1*(C9—C10) (16.61 kcal/mol)g*(C15—C17) (22.01 kcal/mol)r(C15—C17)—-n*(C9—
C10) (21.51 kcal/mol)z*(C12—C14) (17.30 kcal/mol) for the phenyl ringstbe molecule.
The most important interaction energies are LP(1)NG(0O3—C19) (63.22 kcal/mol) and
1*(C9—C10) (38.06 kcal/mol); LP(3)G4n*(O5—N8) (160.60 kcal/mol). Finally, n(O1—
C22), n(02—C34), n(O5—N8) lead to an enormousilsgtabion of 120.69, 128.68 and
17.57 kcal/mol, respectively. This strong stabtima denotes the larger delocalization. This
highest interaction around the ring can inducedhge bioactivity in the compound [50]. The
hyper conjugative interaction and electron densapsfer from lone electron pair of the O1
atom to the NBI H7 anti bonding orbital in the N6H7---O1 system, O3 atom to C16i11
and C441 H45 anti bonding orbital in CIDH11---O3 and C44H45---0O3 have been
predicted. This hydrogen bonding is formed by thbital overlap between LP(2)OL

BD*(1) N6 H7 (6.87 kcal/mol), LP(1) O3 BD*(1) C100 H11 (0.53 kcal/mol ), LP(2)

03-BD*(1) C100 H11 (1.10 kcal/mol) and LP (2) O3BD*(1) C440 H45(0.61 kcal/mol)
which consequences inter and intra molecular chaayesfer (ICT) causing stabilization of
the hydrogen bonded system. The results for tidlenmound were presented in Table S3

(supplementary materials).
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Nonlinear optical effects (NLO)

The polar properties of the title compound werecwaalted at the DFT-B3LYP/6-
311++G(d,p) level using Gaussian 03W program paekélyea is one of the prototypical
molecules used in the study of the Non Linear @p{ilLO) properties of molecular system.
As can be seen in Table S4 (supplementary matgralksulated values ofid4 oot andpio: for
the title compound are, 4.281 debye, 45.86@Ad 2.283x18°cnr/esu and the title molecule
is 61.2 times greater than those of urea §ud B of urea are 1.3732 debye and 0.3728x10
3cm/esu, respectively [50]. According to these resutte title compound is a good

candidate of NLO material.
Conclusion

N-(4-nitrophenyl)-2, 2-dibenzoylacetamite) (NPDBA);H16N2Os, was synthesized and
characterized by experimental (X-Ray, FT-IR, NMRI &V/-Vis) and by theoretical methods
in DFT-B3LYP/6-311G(d,p) and B3LYP/6-311++G(d,pyéds. The crystal structure of the
title compound is stabilized by the C—H---O and N—B type hydrogen bonds. In order to
understand electronic transitions of compound, TIEFRalculations on electronic absorption
spectra in gas phase and solvent (ethanol and nwjhavere performed. Theoretical
calculations of*C and 'H-NMR chemical shifts, FT-IR frequencies and geainat
parameters contribute to a better understandintpeofexperimental spectra. The MEP map
shows that the negative potential sites are ortreleegative O atoms as well as the positive
potential sites are around the hydrogen atoms. tiéromolecular orbital energies and
molecular electronic potential are calculated u€dy YP/6-311G(d,p) and 6-311++G(d,p)
level, and obtained small HOMO-LUMO energies shbwat tcharge transfer occurs in the
titte compound. Electronic transition of the tit®mpound has observed good chemical
stability with 4.24 eV value. Mulliken populatiomaysis and natural population analysis
have showed maximum positive atomic charges artm@17 (Mulliken charges) atom. All
the hydrogen atoms have a net positive charge rald@@opulation Analysis shows that the H1
atom has maximum positive atomic charges than titver dnydrogen atoms. Nonlinear optical
properties of the title compound were found gre#tan those of urea. Natural bond orbital

(NBO) calculations reveals N6H7---O1 and CIOH11- - - O3 hyper-conjugation interaction.

Supplementary data
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Crystallographic data for the structure reportedthis article was deposited with the
Cambridge Crystallographic Data Centre as suppléamgnpublication number CCDC
1042436. Copies of the data can be obtained frebarfge on application to CCDC 12 Union
Road, Cambridge CB21 EZ, UK.

(Fax: (+44) 1223 336-033; e-mail: data_request@.cetit.ac.uk).
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Figure Captions:

Figure 1 (a) Ortep 3 diagram of the title compound with t#tem numbering scheme.
Displacement ellipsoids were drawn at the 50% prtdiya Dashed lines are show
the C-H---O intramolecular hydrogen bonds. (b) Theoretical geometric
structure of the title compound (B3LYP/6-311++G{dgvel).

Figure 2 Packing diagram of the title compound along theib.a

Figure 3 Atom-by-atom superimposition of the structures ghdted (red) [a= B3LYP/6-
311G(d,p) and b= B3LYP/6-311++G(d,p)] over the X-adructure (black) for the
title compound. Hydrogen atoms omitted for clarity.

Figure 4 The atomic orbital compositions of the frontier emilar orbital for N-(4-
nitrophenyl)-2, 2-dibenzoylacetamite) (NPDBA).

Figure 5 Molecular electrostatic potential map calculatethasB3LYP/6-311++G(d,p) level.



Table 1Crystallographic data for the title compound.

Formula Sum

Crystal System

Space Group

Formula weight

MA)

Temperature’K)
Volume(A%

Z

a, b, c(A)

B()

Calculated density (Mg/fh
W (mni?)

F(000)

Crystal size (mm)

0 range for data collectiof)(
Refinement method
Absorption correction
Limiting indices
Measured reflections
Independent reflections
Goodness -of-fit o

Weighting scheme

Rint
R[F*>25(F?)], wR(F)
Largest diff. Peak and hole (€%

&H16N205
Monoclinic
'P121/cl’
388.37
0.71073
293(2)
1907.8 (7)
4
10.023(2),21.587(5),9.401(2)
110.29(3)
1.352
0.097
808.0
0.5241 x 0.2252 x 0.1561
5.96-52.72
Full-matrixleast-squared=6n
analytical
-1&6h<12, -26k <17, -1k <11
8061
3900
1.002
w = 1[6°(Fs) + (0.154%)* +
0.0000P]; P = (R? + 2RA)/3
0.1027
0.0972, 0.3037
0.51and -0.58




Table 2 Selected optimized and experimental geometriespeteas of the title compound in

ground state.

Parameters Experimental Calculated (B3LYP)
6-311G(d,p) 6-311++G(d,p)
Bond lengths (A)
01—C9 1.217 (5) 1.218 1.219
02—C16 1.207 (5) 1.210 1.211
C8—C16 1.523 (5) 1.562 1.563
C9—C10 1.464 (5) 1.492 1.492
03—C7 1.209 (4) 1.218 1.219
C10—C11 1.378 (6) 1.403 1.404
04—N2 1.191 (6) 1.225 1.227
C10—C15 1.393 (6) 1.401 1.402
O5—N2 1.178 (6) 1.225 1.226
C11—C12 1.377 (7) 1.387 1.387
N1—C1 1.409 (4) 1.401 1.401
C12—C13 1.359 (9) 1.395 1.396
N1—C7 1.339 (4) 1.364 1.363
C13—C14 1.355 (9) 1.392 1.393
N2—C4 1.472 (6) 1.471 1.470
C14—C15 1.353 (7) 1.391 1.392
Cl1—C2 1.375 (5) 1.404 1.404
C16—C17 1.477 (5) 1.492 1.492
C1—C6 1.376 (5) 1.406 1.406
C17—C18 1.395 (6) 1.403 1.404
C2—C3 1.389 (6) 1.388 1.389
C17—C22 1.380 (6) 1.401 1.402
C3—C4 1.373 (6) 1.390 1.391
C18—C19 1.380 (7) 1.387 1.388
C4—C5 1.359(6) 1.392 1.393
C19—C20 1.343 (7) 1.396 1.396
C5—C6 1.371 (6) 1.383 1.383
C20—C21 1.363 (7) 1.393 1.393
C7—C8 1.535 (5) 1.547 1.548
C21—C22 1.381 (6) 1.392 1.392
C8—C9 1.524 (5) 1.532 1.533
RMSE 0.025 0.026
Max. Difference 0.008 0.008
Bond Angles (°)
C7—N1—C1 127.8 (3) 128.4 128.5
01—C9—C10 120.8 (4) 120.5 120.6
04—N2—C4 118.1 (5) 117.7 117.8
C10—C9—Cs8 120.9 (3) 118.7 118.6
0O5—N2—04 123.1 (5) 124.6 124.4
C11—C10—C9 118.3 (4) 117.4 117.5
O5—N2—C4 118.7 (5) 117.7 117.8
C2—C1—N1 123.5 (3) 123.5 123.6
C15—C10—C9 122.7 (4) 123.5 123.4
C2—C1—C6 119.9 (4) 119.6 119.6



Cl2—Ci11—C10
C6—C1—N1
Cl13—Ci12—C11
C1—C2—C3
C14—C13—C12
C4—C3—C2
C15—C14—C13
C3—C4—N2
Cl14—C15—C10
C5—C4—N2
02—C16—Cs8
C5—C4—C3
02—C16—C17
C17—C16—C8
C18—C17—C16
0O3—C7—N1
C22—C17—C16
03—C7—Cs8
N1—C7—C8
C19—C18—C17
C9—C8—C7
C20—C19—C18
C16—C8—C7
C19—C20—C21
C16—C8—C9
C20—C21—C22
01—C9—Cs8
Cl17—C22—C21
RMSE

Max. Difference
Torsion Angles (°)
01—C9—C10—C11
01—C9—C10—C15
02—C16—C17—C18
02—C16—C17—C22
03— C7—C8—C9
03—C7—C8—C16
0O4—N2—C4—C3
04—N2—C4—C5
O5—N2—C4—C3
O5—N2—C4—C5
N1—C1—C2—C3
N1—C1—C6—C5
N1—C7—C8—C9
N1—C7—C8—C16
N2—C4—C5—C6
C9—C8—C16—02

119.8 (5)
116.6 (3)
119.9(5)
119.5(4)

120.6 (5)
119.0 (4)
120.7 (6)
118.5(4)

120.0 (5)
119.6 (5)
119.5(4)

122.0 (4)
121.8 (4)
118.7 (3)
118.9 (4)
125.3 (3)
122.8 (4)
120.8 (3)
113.8 (3)
119.6 (5)
107.9 (3)
121.4 (3)
109.3 (3)
120.0 (5)
111.2 (3)
120.1 (5)
118.3 (3)
120.6 (4)

7.8 (6)
-169.5 (4)
7.2 (6)
171.8 (4)
-88.0 (4)
33.0 (5)
-175.9 (6)
3.2 (9)
7.1(8)
-173.8 (6)
-179.4 (4)
-179.9 (4)
90.9 (4)
-148.1 (3)
-179.0 (5)
14.6 (5)

120.5
116.8
120.0
119.6
120.0
119.8
120.1
1194
120.3
119.2
1194
121.3
122.1
118.5
117.4
125.7
123.1
119.2
114.9
120.2
116.5
119.9
108.2
120.1
108.0
120.2
120.8
119.9
1.738
3.200

-4.7
174.1
-14.7
163.6
141.2
-96.8
-179.9
0.1
0.1
-179.9
179.3
-179.4
-41.4
80.4
179.9
38.1

120.5
116.7

120.0
119.6

120.0
119.8

120.1
1194

120.3
119.2

119.4
121.3

122.1
118.5
117.5
125.6

123.0
119.1
115.2

120.2
116.7

119.9
108.3
120.0
108.1
120.1
120.8

119.9

1.758
3.100

-4.8
174.0
-15.5
162.8
141.8
-95.8
-179.9
0.1
0.1
-179.9
179.3
-179.4
-40.7
81.4
179.9
39.9

*RMSE and maximum differences between the bond ksnghd angles computed using

theoretical method and those obtained from X-rélyadition.



Table 3Hydrogen bond geometry (A, °)

D—H---A D—H(A) H---A(A) D---A(A) D—H--- &
C2—H2.---03 0.93 2.28 2.8671 120
C3—H3.--05 0.93 2.45 3.3603 165
C6—H6---Ol 0.93 2.42 3.2032 142
C8—HS8.--08 0.98 2.46 3.1585 128
N1—H1---O38 0.86 2.13 2.9459 159

Note: Symmetry codes: (i) 2-x, -y,- z; (i) x, 1/2-y,24z.

Table 4 Comparison of the experimental and calculated timal frequencies (ci).

Assignment Experimental Calculated (B3LYP)

6-311G(d,p)  6-311++G(d,p)
V(N-H)aiphatic 3281 3397 3376
v(C-H) 3104 3139 3135
v(C-H) 3070 3128 3122
V(C=Oenzoy 1689 1735 1717
v(C=0) +v(N-H) 1675 1728 1707
v(C=0) 1659 1695 1675
y(N-H) 1618 1629 1616
y(C=C)x 1595 1616 1603
V(NOz)as+ y(N-H) - 1585 1566
V(NOo)as+ y(N-H) 1448 1550 1550
Y(C-H)s - B0 1494
Y(C'H)benzoy' 1456 1446
o(C-H) - 1422 1412
V(NO,)as+ v(N-H) 1409 1354 1328
B(ring) 1334 1338 1328
y(C-H) 1284 1252 1298
y(C-H) 1239 1226 1217
0~)(C'H)pheny 804 800 792
®(C-H)pheny 751 770 762
7(N-H) 686 716 712
o(C-H) 679 696 687

" v: Stretching, s: Symmetrig; rocking,o: wagging,a: scissoring



Table 5 Theoretical and experimenta-NMR and*C-NMRchemical shift (with respect to
TMS, all values ppm) for the title compound.

Atom Experimental (ppm) Calculated (ppm)
(DMSO-dg) 6-311G(d,p) 6-311++G(d,p)
'H-NMR
H1 11.04 10.63 10.97
H2 7.79 8.95 9.04
H3 8.25 8.39 8.39
H5 8.25 8.41 8.53
H6 7.79 7.17 7.30
H8 6.90 6.69 6.86
H11 7.99 8.73 8.72
H12 7.59 7.73 7.76
H13 7.71 7.73 7.81
H14 7.59 7.45 7.41
H15 7.99 7.81 7.81
H18 7.99 8.33 8.58
H19 7.59 7.66 7.60
H20 7.71 7.81 7.83
H21 7.59 7.83 7.92
H22 7.99 9.18 9.27
“C-NMR
C1 145.09 151.21 152.45
C2 119.40 123.28 124.57
C3 125.60 131.71 133.36
C4 143.09 151.80 152.12
C5 125.60 130.66 131.91
C6 119.40 122.71 123.28
C7 165.19 165.93 167.33
Cc8 65.00 70.13 71.08
C9 192.70 197.31 199.20
C10 135.98 141.64 142.30
Cl1 129.57 136.81 138.33
C12 128.87 135.22 136.05
C13 134.52 141.18 142.30
C14 128.87 134.21 135.27
C15 129.57 134.97 135.79
C16 192.70 192.04 193.91
C17 135.98 142.34 143.42
C18 129.57 137.17 139.09
C19 128.87 134.57 134.95
C20 134.52 140.68 141.75
C21 128.87 134.70 135.88

C22 129.57 138.15 139.51




Table 6 Calculated energies values, chemical hardnesgr@abegativity, chemical potential,
electrophilicity index of N-(4-nitrophenyl)-2,2-d#nzoylacetamite) (NPDBA) UV-vis region.

TD-DFT/B3LYP Gas Phase Ethanol Methanol
6-311++G(d,p) (e=1) (e=24.3) (e=32.63)
Eiotal (Hartree) -1333.8911 -1333.9197 -1333.9208
Enomo (eV) -6.9713 -7.0254 -7.0186
ELumo (V) -2.7494 -3.0251 -3.0264
AEHOMO-LUMO 4.2219 4.0003 3.9922
Chemical hardnesg) 2.1109 2.0001 1.9961
Chemical softnessy| 0.2368 0.2499 0.2504
Electronegativity x) 4.8603 5.0252 5.0225
Chemical potential (p) -4.8603 -5.0252 -5.0225
Electrophilicity index ¢) 5.5953 6.3128 6.3186

Dipole moment (Debye) 10.8806 13.7011 13.7599




(b)

Figure 1






b)

Figure 3



AE=4.2218 eV

HOMO =-6.9713 ¢V f 9

LUMO+1=-2.6558 ¢V 4@

AE=5.0307 eV

3ol

HOMO-1 =-7.6865 eV



2.573 a.u.



Highlights of paper
* Thevibrational frequencies of the compound have been calculated by B3LY P/6-
311G(d,p) and B3LY P/6-311++G(d,p) methods.
* NLO and NBO analysis of the molecule were studied.

« HOMO and LUMO energies, absorption wavelength and excitation energies were
calculated.
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Table Captions:

Table S1 The experimental and theoretical absorption wawgle(nm), excitation energids
(nm) and oscillator strength$) (of N-(4-nitrophenyl)-2,2-dibenzoylacetamite) (NBB) in
different solution and gas phase.

Table S2 Calculated net charges by mulliken population meétlamd natural population

analysis (B3LYP/6-311++G(d,p) level).

Table S3 Second-order perturbation theory analysis of FockriM in NBO basis forN-(4-
nitrophenyl)-2,2-dibenzoylacetamite) (NPDBA).

Table $4 Calculated dipole moments (u), polarizability @nd first hyper polarizabilityp)
components for the title compound.

Figure Captions:

Scheme S1 The view of the title compound.

Figure S1 Experimental FT-IR spectrum of title compound.

Figure S2 Experimental (ajH and (b)"*C chemical shift spectra of the title compound.
Figure S3 The solvent effect on UW4s spectra of the title compound in ethanol and

methanol.



Table S1 The experimental and theoretical absorption wawgle(nm), excitation energids

(nm) and oscillator strength$) (of N-(4-nitrophenyl)-2,2-dibenzoylacetamite) (NBB) in
different solution and gas phase.

Experimental TD-DFT/B3LYP 6-311++G(d,p)

A (nm) E(nm) f(a.u.)
Gas Phase 268.32 0.0329
320.68 0.2015
Ethanol 245 273.51 0.0389
325 345.79 0.6454
M ethanal 245 273.62 0.0355

325 345.91 0.6402




Table S2 Calculated net charges by mulliken population meétlamd natural population
analysis (B3LYP/6-311++G(d,p) level).

ATOM Mulliken Natural ATOM Mulliken Natural
charges charges (NPA) charges charges (NPA)
C1 -0.181 0.193 N1 0.172 -0.610
C2 0.459 -0.224 N2 -0.204 0.483
C3 -0.022 -0.163 O1 -0.204 -0.571
C4 -0.506 0.051 02 -0.127 -0.535
C5 -0.358 -0.171 03 -0.233 -0.614
C6 -0.145 -0.216 04 -0.007 -0.390
C7 -0.286 0.706 05 -0.007 -0.383
Cc8 0.634 -0.457 H1 0.449 0.435
C9 -0.191 0.595 H2 0.241 0.251
C10 0.455 -0.157 H3 0.255 0.242
C11 0.167 -0.139 H5 0.257 0.244
C12 -0.471 -0.199 H6 0.162 0.216
C13 -0.179 -0.164 H8 0.264 0.247
C14 -0.298 -0.201 H11 0.212 0.231
C15 -0.650 -0.165 H12 0.181 0.212
C16 -0.620 0.582 H13 0.168 0.210
C17 0.917 -0.167 H14 0.194 0.212
C18 0.450 -0.143 H15 0.066 0.208
C19 -0.306 -0.202 H18 0.222 0.229
C20 -0.430 -0.167 H19 0.187 0.211
C21 -0.362 -0.201 H20 0.164 0.209
C22 -0.869 -0.171 H21 0.205 0.212

H22 0.178 0.229




Table S3 Second-order perturbation theory analysis of FockriM in NBO basis forN-(4-
nitrophenyl)-2,2-dibenzoylacetamite) (NPDBA).

a f D i \C
Donor (i) Eo ()@ Acceptor )  ED ()@ (kcaIIE(r$1)c>I'1) E(J(;_Eg') F(g UJ))
n(OSIN8)  1.98639 LP (3) O4 145839 12.20 0.17 0.078
n(Co0 C10)  1.60396 m#(C120C14) 0.39112  25.31 0.28 0.075
m(C150 C17) 0.29168  16.34 0.28 0.062
n(C1271C14) 164626 1#(O50N8) ~ 0.63124  26.43 0.14 0.059
7 (CONC10) 0.37489  16.61 0.29 0.062
m(C150 C17) 0.29168  22.01 0.29 0.073
n(C157C17) 1.68991 1(COT C10)  0.37489 2151 0.28 0.071
m(Cl20 C14) 039112  17.30 0.28 0.064
n(C237C32) 1.63887 (010 C22)  0.15297  20.37 0.27 0.070
(C240 C26) 027551  19.30 0.29 0.068
m(C280 C30) 0.31210  17.84 0.29 0.064
n(C247C26) 1.64765 m+(C230C32) 0.37946  19.08 0.28 0.065
m(C280 C30) 0.31210  21.74 0.28 0.070
n(C287 C30) 1.63903 1(C230C32) 0.37946  22.88 0.28 0.072
m(C240 C26) 0.27551  17.36 0.29 0.065
n(C357Ca4) 163742 1020 C34)  0.14425  19.31 0.27 0.068
(C360 C38) 0.28130  19.78 0.29 0.069
(C400 C42) 031254  17.74 0.28 0.064
n(C3601C38) 1.65083 m(C350 C44) 0.37431  18.83 0.28 0.065
(C400 C42) 031254  21.62 0.28 0.070
n(CA0TC42) 1.64081 1#(C350 CAd) 0.37431  22.82 0.28 0.072
(C360 C38) 0.28130  17.61 0.29 0.065
LP (1)01 197256 RY*(1)C22 001651 1431 1.59 6.13
LP (2)01 187542 o*N6LH7)  0.03851  6.87 0.69 0.063
o*(C200) C22) 0.06488  18.97 0.65 0.101
o*(C220 C23) 0.06139  18.47 0.72 0.105
LP (1)02 197751 RY%1)C34 001726  15.62 1.58 Q.14
LP (2)02 1.86875 o*(C200 C34) 0.08202  24.33 0.60 0.109
o*(C340 C35) 0.06465  18.21 0.71 0.103
LP (1)03 197608 RY*1)Cl9 001599 1595 1.69 0.14
LP (2)03 1.85640 N6 C19) 0.07112  23.94 0.72 0.120
o*(C1901C20) 0.06990  20.16 0.61 0.101
LP (1)04 198192  RY*(1) N8 001752 587 1.91 0.094
(NSC C14)  0.10216  4.21 1.08 0.061
LP (2)04 1.90109 1*(O50N8)  0.05460  18.88 0.72 0.106
(N8O C14)  0.10216  11.87 0.57 0.074
LP (3)04 145839 m+(O50N8)  0.63124  160.60 0.14 0.138
LP (2)05 1.90033 #0400 N8)  0.05512  19.00 0.72 0.106
(N8O C14)  0.10216  11.94 0.57 0.074
LP (1)N6 162581 1030 C19) 0.29793  63.22 0.27 0.119
T(CO0C10)  0.37489  38.06 0.29 0.094
n(01-C22) = 197577 m#(C230C32) 0.37946  120.69 0.01 0.072
n(02-C34) 197350 7(C350C44) 037431  128.68 0.01 0.070
n(05-N8) 198639 r#(Cl120C14) 039112  17.57 0.14 0.063

B means electron density.

¥£(2) means energy of hyper conjugative interactions.

'Energy difference between donor and acceipamd j NBO orbitals.
¥, j) is the Fock matrix element betweieandj NBO orbitals.



Table $4 Calculated dipole moments (u), polarizability @nd first hyper polarizabilityp)
components for the title compound.

Mx=-4.264a.u. Bxxx=2644.054a.u.
Hy,=0.030a.u. Bxxy=274.577a.u.
M=-0.375a.u. Bxyy=149.551 a.u.
Uoi=4.281Debye Byyy=-522.722a.u.
oxx=410.028a.u. Bxxz=94.908 a.u.
axy=-11.047 a.u. Bxy=71.225 a.u.
ay,=296.899a.u. Byyz=40.704 a.u.
ox=14.167a.u. Bxzz—-168.439a.u.
ay,=-36.727a.u. Byzz=8.389a.u.
02,=220.295a.u. Bzz= -55.916a.u.

01=45.800 R Bioi=2.283x10°° cnt/esu
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Figure S1 Experimental FT-IR spectrum of tittle compound.
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Figure S2'H-NMR (DMSO-d6) spectrum of the title compound (wiespect to TMS, all
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Figure 4 The solvent effect on UWis spectra of the title compound in ethanol and

methanol.



