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Abstract

This work includes the syntheses, molecular andtr@eic structure analyses of two novel
secondary amide compounds 3-acetoxy-2-mdthg2-methoxyphenyl)benzamidé, and 3-
acetoxy-2-methyN-(3-methylphenyl)benzamid®, The title compounds were characterized
by X-ray single crystal diffraction, FT-IRH NMR and**C NMR techniques and quantum
chemical calculations were used for the investigeti on electronic structure. X-ray
diffraction analyses show that both compouidand 2 crystallized in the triclinic system
with space group P-1. While the characteristic @bdnds were observed in IR and NMR
spectra, crystallographic studies indicate thatstifgramolecular structures were stabilized by
intramolecular and intermolecular hydrogen bondsl &@‘H...nt interactions for both
compounds. Beside the experimental studies, naboradl orbital and molecular electrostatic
potential analyses were carried out to underst&edintramolecular charge transfers and
hydrogen bonding behaviors of compounds.

Keywords: Secondary amides, non-covalent interactions, spemipic techniques, X-ray

diffraction, electronic structure.
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1. Introduction
The amide functional group can be found extensiwelpature and its great significance is
well known. The common features of all the most ami@nt biological molecules such as

peptides and proteins are that they contain anidetional groups [1-8].

Literature review shows that the amide linkage ammtg compounds like benzamide
derivatives deserve special consideration as thaye hbiological and pharmacological
activities such as antibacterials [9, 10], antimicgal [11], antifungal [12], andanticonvulsant
[13] antiinflamatory [14], anti-HSV [15], analgegit6], antitumor [17], and anticancer [18]
among other applications.

Medical and industrial fields make broad use commgisucontain the amide functionality
[19]. Amides are also widespread in coordinatioenalstry because of their coordinating
ability [20]. Many complexes have been studied wathide group ligands which display
various coordinating behavior with diverse metalsi¢21].

An increase has recently been seen in quantum chembmputational studies on
electronic structure of compounds. Density Funetidrneory (DFT) calculations based upon
computational quantum chemistry has been showmawife among several computational
chemistry methods because of its great accuracgproducing the experimental values and
advantages in designing/characterizing new moleda2, 23].

Based on this information, we have synthesized soewve benzamides which have been
described below and investigated with experimeautal theoretical methods to elucidate their
structures. Cakmak et al. [24] prepared many suibsti secondary amide compounds such as
2,3-dimethoxybenzoic acid and aniline derivativBisese new compounds, which include 3-
acetoxy-2-methyN-(4-methoxyphenyl) benzamide, are shown to haveatgemtioxidant
properties [25]. The ultimate goal of this artideto outline the synthesis and elucidation of

new secondary compounds within the line of our amgprojects.
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2. Experimental procedures

2.1. Synthesis of 3-acetoxy-2-methyl-N-(2-methoxyphenyl)benzamide (1)

2-methoxyaniline (10 mmol) was dissolved in THFn{R), and trimethylamine (1.4 mL, 10
mmol) was added dropwise. Into this reaction, atune& was slowly added 3-acetoxy-2-
methylbenzoyl chloride (2.34 g, 11 mmol) in THF f8.) at room temperature. After the
reaction mixture was stirred at room temperatune 6 hours, the resulting white salt
precipitate was filtered off and then 150 mL watexrs added dropwise to the filtrate. The
precipitate was filtered off and washed severaksmith water to remove excessive aniline
and triethylamine hydrochloride salt. The crudedoici was crystallized from acetonitrile:

methanol (2:1) (2.30 g, 70%; m.p. 128-13D The synthesis reaction is given in Scheme 1.

2.2. Synthesis of 3-acetoxy-2-methyl-N-(3-methylphenyl) benzamide (2)

3-methylaniline (10 mmol) and triethylamine (10 mjmm THF (10 mL) was added to
dropwise solution of 3-acetoxy-2-methylbenzoyl c¢lde (11 mmol) in THF (10 mL) at room
temperature. The reaction mixture was stirred atrréemperature for 15 h; next, the resulting
white salt precipitate was filtered off, and theBOImL water was added dropwise to the
filtrate. The precipitate was filtered off and wadrseveral times with water to remove excess
aniline derivative and trimethylamine hydrochlorisi@t. The crude product was crystallized

from acetonitrile (1.87 g, 60%; m.p. 142-1@5 The synthesis reaction is given in Scheme 1.
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Scheme 1Synthesis of compundsand2.

\”7

2.3. Instrumentation

All reagents were purchased from commercial souiidesck, ABCR, or Sigma-Aldrich) and
used without further purification except commerdcihaionyl chloride. It was fractionally
distilled twice to give a colourless product of ligurity, b.p. 77 °C/760 mmHg. The solvents
were of analytical gradéH and **C NMR spectra were taken at room temperature on a
Bruker/Ultraschilt operating at 300 MHz f&iH, and 75 MHz for'*C NMR. IR spectra were
recorded with a Bruker Vertex 80V. All melting ptsrwere measured with a Stuart SMP 30.

X-Ray diffraction data were collected with a STAIDES |l diffractometer.

2.4. Crystal structure determination

A suitable sample of size 0.66 x 0.38 x 0.07%fun1 and 0.80 x 0.29 x 0.03 nirfor 2 were
chosen for the single crystal X-ray study. Reflatsi were collected in the rotation mode (
scanning mode) and cell parameters were determityedsing X-AREA software [24].
Absorption correctionspf = 0.094 mrit and p, = 0.083 mrit) were achieved by the

integration method via X-RED32 software [26]. Theistures were solved by direct methods
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using SHELXT-2014/4 [27]. The refinements were iegtrout by full-matrix least-squares
method using SHELXL 2016 on the positional and @nipic temperature parameters of the
non-hydrogen atoms, or equivalently corresponding@l crystallographic parameters for
and 383 for2 [28]. All non-hydrogen atom parameters were refiaadsotropically and after
checking the electron map, H atoms were positiggeszimetrically and refined using a riding
model. The C-H bond distances were fixed to 0.98rACH and 0.96 A for Ckigroups. The
Uiso Values of H atoms were also fixed to 1.2 timgg\alue of parent atoms for CH and 1.5
times Uyq value of parent atoms for GHjroups. Under the condition of | @) threshold,
the structures were refined to R = 0.0415, wR2 ¥023, S = 1.042 with 3114 observed
reflections forl and R = 0.0840, wR2 = 0.1959, S = 0.914 with 66BServed reflections for

2. The other data collection conditions and parareeté refinement process are listed in

Table 1.

Table 1.Unit cell information, reflection data and refinem@etails forl and.

1 2
Formula Ci17H17/NO4 Ci17H17/NO5
Formula weight 299.31 283.31
Crystal system Triclinic Triclinic
Space group P-1 P-1
z 2 2
a (A 5.0970(14) 7.6769 (7)
b(A) 10.907 (2) 8.8152 (8)
c (A) 13.974 (3) 23.386 (2)
a (%) 77.117 (16) 82.708 (8)
B (°) 85.600 (2) 82.947 (7)
v (°) 87.360 (2) 89.993 (7)
V (A3 754.7 (3) 1557.7 (3)
Radiation type MoK, MoK,
i (mnit) 0.094 0.083
Trmax Tmin 0.9873, 0.9912 0.9764, 0.9956
Reflections read 11543 26056
Unique reflections 2402 2101
Refl. with 1>25(1) 3114 6623



125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

Refined parameters 201 383

Omax Ormin 26.497, 2.680 26.752, 1.769
h, k, | -6<h<6, -13<k<13, -17<I<17 -9<h<9, -11<k<10, -29<I<29
R[F>>26(F,)] 0.0415 0.0840
WR(F) 0.1023 0.1959
S 1.0420 0.9140

2.5. Supplementary data
CCDC 1472110 fod and CCDC 1472112 fd2 contain the supplementary crystallographic
data for this paper. These data can be obtainede fref charge via

www.ccdc.cam.ac.uk/structures, by emailing datauesti@ccdc.cam.ac.uk, or by contacting

The Cambridge Crystallographic Data Centre, 12,0brfiRoad, Cambridge CB2 1EZ, UK;

fax: +44 1223 336033.

3. Results and discussion

3.1. Crystal structures

Fig. 1 and Fig. 2 show the ORTEP-3 [29] plots atmhmanumbering schemes for the title
compoundsl and2. Hydrogens are drawn as small spheres of arbit@y and the other

atoms are seen as displacement ellipsoids at 36babpility level.

Figure 1. ORTEP-3 depiction of with number scheme. The dashed bonds are the

intramolecular hydrogen bonds.

7
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Figure 2. ORTEP-3 depiction a? with number scheme. The dashed bonds indicate the
intramolecular hydrogen bonds and the hydrogen ingnd asymmetric unit. For clarity,

hydrogen atoms not involved in hydrogen bondingen@nitted.

There are two crystallographically independent enoles in the asymmetric unit @f
(named moleculé& and moleculdd). Molecular geometries df and2 are not planar and the
dihedral angles between the planes P1, P2 andeP&td in Table 2. P1, P2 and P3 are the

planar groups which form the molecular structuee (Bigure s1 at supplementary materials).

Table 2.Dihedral angles between planes P1, P2 and PBdad?2 (°).

Molecule P1-P2 P2-P3 P1-P3
1 53.84 37.01 89.30
2A 58.93 39.24 82.03
2B 73.02 36.82 70.32

The molecular conformations are also affected grmolecular and intramolecular
hydrogen bonds, van der Waals interactions, CaHandx...n interactions. Both the crystal

packing of compoundL and the crystal packing of compoudcontain intermolecular
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hydrogen bonds, C-Hx.interactions and weak van der Waals interactiartbeir own three-
dimensional networks.

The crystal packing ol appears to be stabilized by two intramolecular C-®.bonds,
intermolecular N-H...O and C-H...O hydrogen bonds amnd C-H..x interactions. While
the intramolecular C6-H6...02 [with D...A distance: @%(8) A] and C15-H15B...02
[3.0345 (8) A] bonds which can be seen from Fifprin two pseudo six-membered rings of
N(6) graph-set motif, the intermolecular N1-H1..'Q®0014 (8) A, symmetry code: (i) 1+x,
y, z] and C17-H17A...04[3.5044 (8) A, symmetry code: (i) -1+x, y, z] ks form
hydrogen-bondedr;(20) motifs according to Graph-Set Notation [30]. Itosls the
formation of these motifs parallel to bc-plane lné unit cell. C7-H7C.Cg(1)' [3.5743 (10)
A, symmetry code: (i) 1+x, y, z] and C14-H1€g(2)" [3.6563 (10) A, symmetry code: (ii) -
1+x, Yy, z] bonded chain structure balong the a-axis of the unit cellis (see Figureas s3
at supplementary materials).

The crystal packing d@ appears to be stabilized by four intramoleculad C-O bonds, an
N-H...O hydrogen bond in asymmetric unit, an interacolar N-H...O bond, two
intermolecular C-H...O bonds and two C-Ht.interactions. The N1-H1...04 [2.8633 (3) A]
hydrogen bond which links two independent identicablecules in asymmetric unit,
intermolecular N2-H2A...O1 [2.8531 (3) A, symmetry code: (i) x, 1+y, z], &1
H12...06" [3.3874 (3) A, symmetry code: (iv) -1+x, y, z] aBd7-H17B...0% [3.4067 (3)
A, symmetry code: (v) 1-x, -y, 1-z] bonds can bersésee Figure s4 at supplementary
materials). Among these bonds, C17-H17B."O@rms a R2(8) motif. All these
intermolecular hydrogen bonds in compouhcbnnect the molecules along all directions and
form a complex bonding motif. The C14-H14g(3) [3.6539 (3) A](in asymmetric unit)

and C32-H32.Cg(1)" [3.6759 (3) A] interactions generate a chain malifng b-axis of the



179  unit cell (see Figure s5 at supplementary mat@rigery similar intermolecular interactions
180  can be seen from the previous paper [31].

181 The contact distances, angles, and the other slethiintramolecular and intermolecular
182  hydrogen bonds are summarized in Table 3.

183

Table 3.Hydrogen bonding geometry farand2 (A, °).

D-H...A D-H (A) H...A (A D...A (A) D-H...A(°)
1

C6-H6...02 0.93 2.49 2.9095 (8) 108
C15-H15B...02  0.96 2.41 3.0345 (8) 122
N1-H1...02 0.86 2.18 3.0014 (8) 159
C17-H17A...04  0.96 2.58 3.5044 (8) 163
C7-H7..Cg(1) 0.93 2.69 3.5743 (10) 154
C14-H14..Cg(2)" 0.93 2.76 3.6563 (10) 156
2

C2-H2...01 0.93 2.59 2.9816 (3) 106
C15-H15B...01  0.96 2.37 3.0383 (3) 126
C19-H19...04 0.93 2.56 2.9665 (3) 107
C28-H28C...04 0.96 2.59 3.2071 (3) 126
N1-H1...04 0.86 2.05 2.8633 (3) 158
N2-H2A...01" 0.86 2.06 2.8531 (3) 154
C12-H12...08 0.93 2.48 3.3874 (3) 167
C17-H17B...03  0.96 2.54 3.4067 (3) 150
C14-H14..Cg(3) 0.93 2.79 3.6539 (3) 155
C31-H31..Cg(4)" 0.93 2.94 3.6759 (3) 137

184  'T1+x,y, z],"[-1+X, y, z]," [x,1+y,z], “[-1+x, vy, z],"[1-X, -y, 1-Z].
185 Co(1): ring C1/C6 ofl, Cg(2): ring C9/C14 ofl, Cg(3): ring C18/C23 of, Cg(4): ring C1/C6 of2.
186

187 Some selected bond lengths and angles are listd@bte 4. The C-N and C=0 bond
188 lengths in the amide group of molecules fall witkkpected values and the good agreement
189 can be seen between these bond lengths and anigtethe counterparts in similar amide
190 compounds [24, 25, 31-35].

191

192

10
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Table 4.Selected geometrical parametersfiend2 (A, ©).

2A 2B

C8=02 1.2218 (17) C8=01 1.220 (5) C25=04 1.224 (5)
C8-N1 1.3435 (19)  C8-N1 1.339 (6) C25-N2 1.337 (6)
N1-C1 1.4165 (18)  N1-C1 1.426 (6) N2-C18 1.446 (7)
C8-C9 1.504 (2) C8-C9 1.508 (6) C25-C26 1.500 (7)
C2-01 1.3633 (18) C11-02 1.406 (6) C29-05 1.407 (6)
01-C7 1.4177 (19) 02-C16 1.373 (7) 05-C23 1.360 (6)
C11-03 1.4027 (19) C16=03 1.179 (6) C33=06 1.188 (5
C16-03 1.354 (2) - - -

C16=04 1.196 (2) - - -

C9-C8-N1  114.92(12) C9-C8N1 114.8(4) C26-C25-N214.8 (4)
C9-C8-02  121.68(13) C9-C8-O1 120.8 (5) C26-C25-0121.9 (4)
02-C8-N1  123.40 (14) O1-C8-N1 124.5(4) 04-C25-N2 23.3 (5)
C8-N1-C1  123.23(12) C8-N1-C1 126.6(4) C25-N2-C1827.6 (4)

It is well known that the aromaticity is a signrabre delocalized electron clouds, and the
delocalization of electrons gives more stabilityth@ molecules. Beside the delocalization,
trans configuration of main groups of molecules is aeotfactor which gives additional
stability to the molecule. Inrans configuration steric interactions between the bgeén
atoms are less effective than thatood configuration. Molecules have two six-membered
rings which are intrans configuration with respect to amide C-N bonds. THamonic
oscillator model of aromaticity (HOMA) index givesformation about the aromaticity of
compounds and is based upon average squared davidtbond lengths. HOMA index has
been calculated for both rings dfand2 by using following equation [36, 37] because we
observed that the bond lengths in one of the rimgsolecule2B are very different from each

other.

HOMA = 1= [152, (R~ Repe )] @

11
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Where n is the number of bonds in the moleculagnrants of interest (in our case n is
equal to 6 for the six-membered rings),normalization constant is equal to 257.7,iR
individual bond length and & is equal to 1.388 A for C-C bonds in an aromdtig.rFor the
purely aromatic systems the HOMA index is equdl sind for the non-aromatic ones equal to
0. The calculated indices are found as 0.974 fd€6ing (ring containing atoms C1 to C6,
hereafter abbreviated C1/C6 ring) and 0.976 forQ2@/ring (ring containing atoms C9 to
C14) of1, 0.727 for C1/C6 ring, 0.961 for C9/C14 ring 2A and 0.322 for C18/C23 ring
(ring containing atoms C18 to C23), 0.937 for CZCing (ring containing atoms C26 to
C32) of2B. There is one slight andone considerable devidtmn the aromaticity for the six
membered rings in compoud The slight deviation belongs to C1/C6 ring2#f but the ring
can still be defined as aromatic. On the other h&iB/C23 ring o2B appears to show a
somewhat reduced degree of aromaticity in the stéite. The C-H..x interaction including
the C18/C23 ring and the hyperconjugative resonafifeet with the methyl group must be

responsible for the deviations.

3.2. Electronic structures
For all the DFT calculations, B3LYP hybrid excharaerelation functional [38,39] has been
employed with 6-311+G(d,p) basis set [40] as im@etad in Gaussian03 package [41].

The electron delocalization gives amides a polaratter, and because of this polar
character, amides forms relatively strong hydrogemds involving both their C=0O group and
N-H proton [42]. In this part of the study, we exam the electronic delocalization and
electrostatic potential surfaces on the basis d@irab bond orbital (NBO) analyses and
molecular electrostatic potential (MEP) plots ohgmundsl and2 with the help of density

functional theory (DFT) to investigate the aboventitned hydrogen bondings.

12
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The electron delocalization can be rationalized Wwglthe NBO analysis which gives the
stabilization energy and the redistribution of &l@c density in bonding and antibonding
orbitals. The NBO calculations were performed usig0 3.1 program [43] as implemented
in the Gaussian 03W package on the optimized ge@sedf compoundd and2. In this
method, the stabilization energy E(2) associatel thie delocalization+j for each donor (i)
and acceptor (j) is defined with the following etjoa:

E(2) = g, )

FE-ED
wheregq; is the donor orbital occupandy, andE; are the diagonal ané;is the off-diagonal
elements of the Fock matrix (orbital energies) [48]. The larger E(2) values indicate the
stronger interactions between electron-donors aedpdors and larger extent of conjugation
of the whole system. Table 5 summarizes the passiiiensive interactions (which the

stabilization energies are larger than 15 kcal/rfalcompoundl and2.

Table 5.Electron delocalization and second order interactioergies fofl and2.

13

Donor (i) Acceptor (j) E(2) (kcal/mol) ;EE (a.u.) F (a.u.)
1

n(C1-C6) n*(C2-C3) 20.65 0.28 0.068

n(C1-C6) n*(C4-C5) 19.07 0.29 0.067

n(C2-C3) *(C1-C6) 16.54 0.30 0.064

n(C2-C3) n*(C4-C5) 18.93 0.30 0.068

n(C4-Cb) *(C1-C6) 20.07 0.28 0.068

n(C4-Cb) n*(C2-C3) 18.83 0.27 0.065
n*(C10-

n(C9-C14) C11) 20.38 0.29 0.069
n*(C12-

n(C9-C14) C13) 18.65 0.30 0.067

n(C10-C11) =*(C9-C14) 19.80 0.29 0.067
n*(C12-

n(C10-C11) C13) 20.47 0.30 0.071

n(C12-C13) n*(C9-C14) 20.62 0.29 0.069
n*(C10-

n(C12-C13) C11) 20.69 0.29 0.069



n1(N1) 7*(C1-C6)  34.04 0.30 0.090

n1(N1) n*(C8-02) 50.02 0.30 0.112

n2(01) n*(C2-C3) 26.79 0.35 0.093

n2(02) c*(C8-C9) 18.54 0.66 0.100

n2(02) c*(C8-N1) 25.08 0.70 0.120
c*(C16-

n2(04) C17) 17.62 0.64 0.098

n2(04) c*(C16-03) 36.04 0.61 0.134

2

n(C1-C2) n*(C3-C4) 22.14 0.29 0.072

n(C1-C2) n*(C5-C6) 18.05 0.28 0.064

n(C3-C4) n*(C1-C2) 18.49 0.28 0.064

n(C3-C4) n*(C5-C6) 23.78 0.27 0.072

n(C5-C6) n*(C1-C2) 20.77 0.29 0.070

n(C5-C6) n*(C3-C4) 16.27 0.30 0.063
n*(C11-

n(C9-C10) C12) 21.03 0.29 0.068
n*(C13-

n(C9-C10) C14) 21.63 0.30 0.070

n(C11-C12) a*(C9-C10) 20.92 0.30 0.071
n*(C13-

n(C11-C12) C14) 19.80 0.29 0.068

n(C13-C14) =*(C9-C10) 19.50 0.29 0.068
n*(C11-

n(C13-C14) C12) 20.28 0.28 0.068

n1(N1) n*(C1-C2) 33.16 0.30 0.090

n1(N1) n*(C8-01)  48.24 0.31 0.111

n2(01) c*(C8-C9) 18.56 0.66 0.100

n2(01) c*(C8-N1) 25.39 0.70 0.121
c*(C16-

n2(03) C17) 17.60 0.64 0.098

n2(03) c*(C16-02) 35.07 0.61 0.132

245
246 In Table 5, first twelve lines for both and2 are about the electron delocalization in the

247  phenyl rings of compounds. These are expected demaceptor interactions because of the
248 aromaticity of phenyl rings which they give addité stability to the compounds. The
249  stabilization energy values for these expect€¢@-C) — =n*(C-C) intramolecular charge
250 transfers are in the range of 16 kcal/mol - 20 /kaal. The strongest interaction faris the

251  electron donation that forms the donor lone pa{iNi)} orbitalto ther*(C8-02) anti-bonding
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orbital with the 50.02 kcal/mol stabilization engrgvhich contributes to a resonance
interaction in the amide group of molecules. Thieeotsignificant contibutions in second
order perturbation approach table fois n2(04)— ¢*(C16-03), n1(N1)— n*(C1-C6) and
n2(02) — o*(C8-N1) with the stabilization energies of 36.84.04 and 25.08 kcal/mol,
respectively. The similar donor — acceptor intecgs occured in compourZiaccording to
the second order perturbation theory analys &feside ther(C-C) — =n*(C-C) interactions,
there are four more noteworthy donations attraetatitention in Table 5. The strongest one is
the electron donation that forms the donor lone p&{N1) orbital to the anti-bonding(C8-
01) orbital in the amide group with the 48.24 keall stabilization energy. The others are
n2(03) — ¢*(C16-02), n1(N1l) » w*(C1-C2) and n2(01)— o*(C8-N1) with the
stabilization energies of 35.07, 33.16 and 25.38l/kwl, respectively. NBO analyses bf
and2 reveal that the electron delocalizations in ango®ips make these groups more polar,
the oxygen and NH proton becomes much better hgarbgnd acceptors and donors.

The charge density and chemical reactivity, so Hisarelative polarity of a molecule can
be understood well by looking at the molecular tetestatic potential (MEP) map which
represents different values of electrostatic paaéntith different colours [46]. MEPs are
drawn onto the constant electron density surfaceth®se maps, while blue colour represents
the most positive regions which have the strongdisaction, red colour is for the most
electronegative regions which indicate the stronggsulsion. The MEPs of title compounds
are presented in Figures 3 and 4 for compduadd?2, respectively. The colour scales on the
maps show the lower and upper limits of electrastabtentials. The electrostatic potential is
in the range between -5.45254@.u. and 5.452xIda.u. for compound and in the range
between -6.527xI0a.u. and 6.527xIba.u. for compoun@. The figures clearly show that
the MEPs of two investigated compounds are verylaimin both maps, the most positive

regions are localized on the hydrogen atoms bondedtrogens of amide groups. On the

15



277  other hand, the most negative regions are on thl@ &@aygens. These results are in agreement
278  with the well-known fact that the negative regianfsMEPs are associated with the lone
279 electron pairs of the electronegative atoms in g@né’he obtained results are also in

280 accordance with NBO data.

-5.452x102 a.u.

281

282 Figure 3. MEP of title compound.
-6.527x107 a.u. 6.527x102 a.u.

283

284 Figure 4. MEP of title compounc.
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We have also calculated the NLO (non-linear opfipabperties like linear polarizability
(o) and the first-order hyperpolarizabilit)(values of the title compounds with the help of
DFT because of their good transfer of charges wheh be seen from the NBO analyses
results. The NLO properties of a compound have mportant role for design of new
materials in optical technology, for example sigpabcessing and optical interconnection
devices. Because of theirelectron cloud movement, especially organic mdecithave
larger NLO susceptibilities [47]. In order to olitahea andp values of the compounds, the
components of linear polarizability and the firster hyperpolarizability have been
calculated using polar=ENONLY input to Gaussian0&a level of B3LYP/6-31+G(d,p) in

the gas phase and the components have been ubeditdowing equations: [48]

a = % la.. +a,, +a.] 3)

T
i i

2 1
[ngx_x +JGI}'}' +18_xzz) +
JB - [JG J‘J‘J‘+18 xy +JG _:rzz]: + (4)
(_18333 +18:rxz +ﬁ}'}'§)‘

The calculatedh andp values are 230.762*fand 3.716x18° cnr/esu for compound,
224.567 R and 3.513x18° cn/esu for compoun@. In order to understand whether the
compound is a good candidate for non-linear opttatlies or not, we compared the linear
polarizability and the first-order hyperpolarizatyilvalues with those of urea as a common
way in literature. For urea with the same functiarad basis set by DFT method, calculaded
and p values were found as 3.83% And 0.373x18° cnt/esu [49]. In our ongoing work,
while B of compoundl is 9.96 times greater than that of urgaf compoun is 9.41 times
greater than that of urea. These values are relathigh when compared to the literature [50,
51] and point out that both compoufhdnd?2 can be good candidates for non-linear optical
materials.
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3.3. Vibrational frequencies

In the IR spectra, characteristic amide bands wbserved for the compounds (see Figure s6
at supplementary materials). The N-H stretchingatibn was observed as characteristic
absorption at 3323 cfnfor compoundl. In compound?, the same band appeared at 3234
cm’. In compoundd and2, the C=0 (amide ) stretching vibrations were obse as second
characteristic absorption band at 1660*and 1651 ci, respectively. For compoundsand

2, the C=0O stretching vibration of ester carbonybups were observed very strong
vibrational bands at 1750 ¢mand 1761 cr), respectively. The strong C=O stretching
vibration of ester carbonyl group was observed ighdr wavenumber than the normal
stretching vibration of aliphatic ester (~17409rdue to resonance of the phenyl group with
oxygen. Another group wavenumber was the C-N dtmegcvibration with the N-H bending
vibration (amide Il) resulting from Fermi resonareféect. In compound$ and2, this mode
was observed at 1458 &nand 1455 cil in the infrared spectra, respectively. These deta

in agreement with those both previously reportedimilar compounds [25, 52].

3.4. NMR spectra

The 'H NMR spectrum of compountl was recorded in CDEI[Fig. 5]. While the three
methyl protons attached to ester carbonyl was egedrat 2.38 ppm (s, 3H, -OCOgHhs a
singlet, three protons due to methyl group at dtjprson the phenyl ring were observed at
2.35 ppm (s, 3H, ArCk) as a singlet. The signal was observed at 3.89 (gp3H, ArOCH)
due to the methoxy group atfdsition of the phenyl ring. The signal of NH motappeared
as a singlet at 8.15 ppm (s, 1H, NH-C=0) which wexy characteristic for this type of amide
protons. For compount], the aromatic protons of the phenyl rings appeardtie region of

0= 6.92-7.42 ppm [Fig. 5].
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Figure 5.'H NMR spectrum of compount

This compound was further characterized/ NMR [Fig. 6]. The'*C NMR spectrum of
compoundl showed 17 distinct resonances in agreement wehptbposed structure. The
carbon atom of the ester carbonyl group appearé®® ppm, whereas the amide carbonyl
functional group was observed at 167.0 ppm. Thematic C1 and CZarbons were the most
downfield in comparison with the other carbons lod aromatic rings and so these carbons
gave the signal at 149.9 ppm and 148.1 ppm resedetiThis downfield shift was due to the
presence of acetoxy group at the 1-position inatfeenatic ring and the methoxy group &t 2
position of the other phenyl ring. The other carb of the aromatic rings (C2, C3, C4, C5,
C6, C1, C3, C4, C5 and C6 were at 127.6 ppm, 138.9 ppm, 126.9 ppm, 12818, d424.2
ppm, 124.7 ppm, 119.8 ppm, 126.9 ppm, 124.0 ppml2ddl ppm, respectively. The methyl
carbon attached to ester carbonyl group (-OCgQdve a signal at 20.8 ppm, while the
signal at 13.0 ppm belonged to methyl group carp@Hs) located at 2-position on the
phenyl ring. The methyl carbon attached to methgrsgup (-OCH) at 2-position of the
phenyl ring gave a signal at 55.6 ppm. These vaduesin agreement with the values of

previously reported for similar compounds [25].
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Figure 6.°C NMR spectrum of compourid

The'H NMR spectrum of compour@iwas recorded in CDEJFig. 7]. The methyl group
protons at the '3 and 2-positions of phenyl rings were observedwas different singlets at
2.30 and 2.34 ppm for compouBdThe methyl proton of ester carbonyl group waseoled
at 2.38 ppm. The proton of the amide group (NH-C=a8p appeared as a singlet at 7.64
ppm. Aromatic protons of phenyl ring appeared ia tegion of 7.10-7.50 ppm. The H2
proton showed a singlet at 7.50 ppm. Thé ptéton coupled to Hjroton and gave doublet

peak at 6.99 ppm.
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Figure 7."H NMR spectrum of compourl

The *C NMR spectrum of compoun® was recorded in CDgI[Fig. 8]. The chemical
structure was confirmed by the presence of 17 peakexpected. THEC NMR spectrum of
compound? displayed a peak at 21.5 ppm, which was consistghtmethyl group carbon at
3’-positionon the phenyl ring. The other two methgilions were attached to ester carbonyl
group (-OCOCH) and were located at 2-positions of phenyl ringpreate at 20.8 ppm and
13.0 ppm, respectively. The carbon of ester carbgroup appeared at 169.3 ppm, whereas
the amide carbonyl functional group was observed€at2 ppm. The aromatic C1 carbon
bearing the acetoxy group (-OCOg@Hnd the aromatic Carbon of phenyl ring was the
most deshielded carbons, and so these carbonstgavsignals which were the furthest
downfield at 149.90 ppm and 139.09 ppm respectivEhe rest of aromatic carbon signals
were observed between 138.7-117.0 ppm. These seardt consistent with the literature

values [25].
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4. Conclusions
In the present work, we have described the synshasd characterizations of two secondary
amide compounds 3-acetoxy-2-metiNA2-methoxyphenyl) benzamide and 3-acetoxy-2-
methylN-(3-methylphenyl) benzamide by using the X-ray rdiétion, IR,*H NMR and**C
NMR techniques experimentally and by using DFT th#&oally. The results of X-ray studies
showed that the six-membered rings arérams configuration with respect to C-N bond of
amide bridge in both molecules. The intramolecalad intermolecular hydrogen bonds and
C-H...n interactions stabilized the crystal structuresahpoundsl and2. According to the
FT-IR and NMR results, characteristic absorptiondsaand NMR signals are in the expected
ranges for the amide structures. MEP and NBO studaried out by DFT method are
gualified to explain the hydrogen bondings in connuas. Calculated linear polarizability and
first-order hyperpolarizability values of compoundsdicated that they can be considered as
potential non-linear optical materials. We hopé tha results of this study will be helpful for
the further studies.
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562

563  Figure Captions

564 Scheme 1Synthesis of compundsand2.

565 Figure 1. ORTEP-3 depiction of with number scheme. The dashed bonds are the
566 intramolecular hydrogen bonds.

567 Figure 2. ORTEP-3 depiction a2 with number scheme. The dashed bonds indicate the
568 intramolecular hydrogen bonds and the hydrogen ingnd asymmetric unit. For clarity,
569 hydrogen atoms not involved in hydrogen bondingensmitted

570  Figure 3. MEP of title compound.

571  Figure 4. MEP of title compounc.

572 Figure 5.'H NMR spectrum of compour

573  Figure 6.*C NMR spectrum of compourid

574  Figure 7.*H NMR spectrum of compourt

575  Figure 8.*C NMR spectrum of compourfi
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Highlights
 Syntheses of two new secondary amide compounds.
* The compounds were characterized by X-ray crystdffradtion and spectroscopic

techniques.

* Quantum chemical calculations were used for thestigations on electronic structure.
* The intramolecular and intermolecular hydrogen Isosmd C-H. .z interactions.
« MEP and NBO studies which carried out by DFT method
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