Available online at www.derpharmachemica.com

oo o]
\Y
L =vw=_l

** De,
*x D\

ISSN 0975-413X Der Pharma Chemica, 2016, 8(7):46-54
CODEN (U SA)Z PCHHAX (http://derpharmachemica.com/archive.html)

Synthesis, Characterization, Crystal structure andDFT calculations of
1-benzofuran-2-carboxylic acid

G. Krishnaswamy', Nivedita R. Desat, Krishna Murthy Potla *, P. A. Suchetaf
and Arunakumar D. B.*!

'Department of Studies and Research in Chemistmykiiu University, Tumkur-572 103, India
“Department of Chemistry, University College of Scge Tumkur University, Tumkur-572 103, India

ABSTRACT

In this study, 1-benzofuran-2-carboxylic acid wamthesized and characterized by FT-fRINMR and single
crystal XRD analysis. The compound crystallizesnionoclinic system with space group.f2and Z = 4. Its
vibrational frequencies and optimized geometric goaeters has been calculated using DFT method with
UB3LYP/6-31G (d, p) basis sets by Gaussian 03 aoftwlhe calculated vibrational frequencies andiropted
geometric parameters (bond lengths and bond angles® compared with experimentally measured vahres
found to be in good agreement with each other. thaldilly, molecular electrostatic potential mapsndity of
states, frontier molecular orbitals and the othefated molecular energy values have been evaluasaty the
same theoretical calculations.
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INTRODUCTION

Benzofurans are important heterocyclic compoundschvare naturally occurring and exhibit not ordynarkable
biological activities but also acts as useful hinddblocks in the synthesis of natural products2l,Many of the
natural benzofurans have physiological, pharmaccéd@nd toxic properties [3].These derivatives éndisplayed
wide range of biological activities such as anttbeal [4], analgesic, anti-inflammatory [5,6], a@ncer [7] and
cardiovascular [8]. In addition, benzofurans aredugn cosmetic formulations [9] and optical brigiges [10,
11].To the best of our knowledge and literatureseumreports reveal that results based on the Xstagly, IR and
HOMO-LUMO analysis of the title compound have neeh reported. Hence, the present study was taken up
synthesize 1-benzofuran-2-carboxylic acid and distathe chemical structure by IRINMR and single crystal x-
ray diffraction. The vibrational frequencies andimized geometric parameters were calculated utiegDFT
method with 6-31G (d, p) basis sets level.

MATERIALS AND METHODS

Chemistry

The purity and progress of reaction was assessetthibylayer chromatography on precoated silica gates.
Infrared spectrum was obtained with a JASCO FTIR#&pectrometer using KBr pellets in the range Q04—
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400 cm'* and results was expressed in wave numberscHNMR spectrum was recorded on a JEOL-400 MHz
NMR instrument using DMS@s as solvent with chemical shifts being reported asits relative to TMS.

Synthesis of 1-benzofuran-2-carboxylic acid (2)

Ethyl-1-benzofuran-2-carboxylaté&)((0.20 g, 0.0010 mmol) was taken in a round bottiask containing ethanol:
water (4:1, 5 mL), to this sodium hydroxide (0.210¢0052 mmol) was added and refluxed for 4-5 Brsteown in

Scheme-1The reaction was monitored by thin layer chromgedphy. After completion of the reaction, the react
mixture was poured into ice cold water and extitteethyl acetate layer. Then the organic layes washed with
water and dried over anhydrous sodium sulphate ofgy@nic layer was evaporated under vacuum to aetyellow

crystalline compoun(®). IR (KBr, cm): 3445 (OH str), 3062-2922 (CH str), 1684 (C=€),t087-1102 (C-O-C);
'H NMR (400 MHz, DMSOds): 6 13.5 (s, 1H, OH), 7.80-7.78 (d, 1H, Ar-H, J = 8i8), 7.71-7.67 (t, 2H, Ar-H, J =
8.0 Hz ), 7.52-7.48 (t, 1H, Ar-H, J = 16 Hz ), 7-BB4 (t, 1H, Ar-H, J = 12 Hz).

(@] (0]
o (@] Ethanol:HO, A o OH

1 2

Scheme-1: Synthesis of 1-benzofuran-2-carboxylicia

X-ray Crystallography

The crystals suitable for X-ray diffraction werevdped by slow evaporation of ethyl acetate atréemperature.
1-Benzofuran-2-carboxylic acid was subjected tgleircrystal X-ray diffraction at 298 K on an Oxfdiffraction

X caliber Gemini single crystal X-ray diffractometasing graphite monochromated Ma Kadiation {= 0.71073
A). The CrysAlisPro software [12] was used for detélection, reduction and absorption correctiohe Btructure
of the compound was solved by direct methods afided on E by full-matrix least-squares procedures using
SHELX-97 [13] within the WinG-X suite [14]. The maneter for data collection and structure refinenoéihe title
compound are listed in table 1. All non-hydrogeons were refined using anisotropic thermal pararaete
Hydrogen atoms bonded to carbon were includederstiucture factor in calculated positions usinglang model.
The MERCURY [15] packages were used for molecutak gacking diagrams.

Computational details

For computation, the initial atomic coordinategted compound were obtained from the experimentatttre. The
vibrational frequencies were calculated at the shwel of theory for the optimized structure usiDn§T/B3LYP

and DFT/HF methods with 6-31G (d, p) basis seth v@aussian 03 [16] package and Gauss view molecular
visualization programs on the personal computerinVestigate the reactive regions of the compotimelmolecular
electrostatic potential maps were calculated utiegsame method. Density of States calculationg werformed

by using Gauss Sum 3.0 [1¥ckage.

RESULTS AND DISCUSSION

Structure description

From single crystal XRD studies, it has been fotlvad the title compound belongs to monoclinic aysystem and
posses$2;/n space group with cell dimensioass 4.7512(6) Ab = 22.133(2) Ac = 7.1740(8) Ap = 96.337(7)
and V = 749.79(15) A The molecular structure of the compound with disement ellipsoids drawn at 50%
probability is shown in figure 1a. The moleculglanar as shown in figure 1b and the benzofuramemnys anti to
the carboxylic -OH group across the C-C bond witht mean squared deviation (r.m.s.d) being 0.01snd the
018-C7-C14-015 torsion being 179°49he 015-H15016 strong hydrogen bonds forming®@) rings are
shown in table 2 and figure 2a. The.r interactions along ‘a’ axis (centroid-centroidtdisce being 3.7160 A)
helps in forming a one dimensional zig-zag architexas displayed in figure 2b.
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a)

b)

Figure 1: a) ORTEP view of the title compound withatom labeling in color. Atoms are shown as 50% thenal ellipsoids. b) View of the
molecule displaying its planarity

Optimized geometry

The calculated geometric parameters by DFT methddeaperimental structure parameters (bond lergytdsbond
angles) were listed in table 3 and figure 3 shdvesdptimized geometry of the title compound. Inboawylic acid
group, the C14-015, C14-016 and C14-C7 bond lengtr® observed as 1.252(19), 1.278(18) and 1.45%(2)
respectively. These bond lengths have calculatedl.2&5 (B3LYP)/1.217(HF), 1.351 (B3LYP)/1.351 (H&hd
1.466 (B3LYP)/1.476 (HF) respectively. In furangijrthe C7-018, C1-O18 and C7-C8 were calculatetl. 387
(B3LYP)/1.371(HF), 1.364 (B3LYP)/1.368 (HF) and 843(B3LYP)/1.379 (HF) respectively. These bond theg
were observed as 1.387, 1.373 and 1.337 A rasphctWe can see that the C1-C2, C2-C3, C3-C4065%and
C6-C1 bond lengths in the benzene ring have belenlated from 1.410 to 1.391 A at B3LYP and fror88Z to
1.401 A at HF levels. These bond length ranges ft887 to 1.388 A in X-ray study. The bond anglasehbeen
calculated for C1-018-C7, O18-C7-C14, 015-C14-Ohfl ©15-C14-016 as 105.9 (B3LYP)/105.5 (HF), 119.4
(B3LYP)/119.1 (HF), 123.5(B3LYP)/124.5 (HF) and 1283LYP)/125.5 (HF) respectively and observed as
104.8, 116.8, 124.4 and 12%réspectively.

Table 1: Crystallographic data and structure refinement of tittle compound
CCDC reference no CCDC 1032498

Empirical formula GHeOs
Formula weight 162.14
Wavelength(A) 0.71073
Crystal system Monoclinic
a(A) 4.7512(6)
b (A) 22.133(2)
c(h) 7.1740(8)
a(°) 90
B 96.337(7)
y (° 90

V (A% 749.79(15)
Space group P2,/n

Z 4

T (K) 293(2)

Crystal size (mm) 0.36 x0.20 x 0.16
Peaice (g CIT°) 1.43¢

u (mmt) 0.109

6 range (°) 1.84 -30.53
h/k/1indices -6/6,-30/ 31,-9 /1(
Reflections collected 13374
Unique reflectionRine 2271 [R(int) = 0.0479]
GooF 1.028

R1[l > 26(1)] 0.0492
wR2[all data] 0.1430

Apmay, Apmin (€ A 0.25 and -0.20
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Table 2: Hydrogen bonding parameters for the titlecompound

D-H~A (A) D-H(®) H-A(® D-A(°) D-H"A (A)
015-H15-016 0.82(2) 1.82(2) 2.6239(2) 166 (2)
Cgl...Cg2* - - 3.7160 -

Symmetry codes: (i) 2-x, -y, -z; (i) 1+x,y, z
*Cgl and Cg2 are the centroids of the benzene haduran ring respectively.

Table 3: Optimized and experimental geometries dhe title compound
B3LYP/ HF/

Expt.Values ¢ 31G(d,p)  CC-PVDZ
Bond length (A°)
C14-015 1.2522(19) 1.21565 1.21706
C14-016 1.2784(18) 1.35154 1.35166
C14-C7 1.457(2) 1.46661 1.47687
C7-018 1.3870(17) 1.37730 1.37114
c1-018 1.373(2) 1.36446 1.36851
C7-C8 1.337(2) 1.36402 1.37925
C2-C8 1.430(2) 1.43479 1.43833
c1-c2 1.387(2) 1.41086 1.41895
C2-C3 1.397(2 1.4058: 1.4155:
C3-C4 1.380(3) 1.38865 1.39791
C4-C5 1.388(3) 1.41037 1.42022
C5-C6 1.372(3 1.3921¢ 1.4004
C6-C1 1.388(2) 1.39122 1.40116
Bond angle )
C1-018-C7 104.89(12) 105.90906 105.56370
018-C7-C14 116.87(13) 119.42958 119.16683
015-C14-016 124.46(15) 123.58589 124.55885
C14-C7-C8 131.25(14) 128.58804 128.15692
018-C1-C2 110.94(13) 110.60204 110.95958
C1-C2-C3 119.01(15) 118.97543 119.02904
C1-018-C7 104.89(12) 105.90906 105.56370
016-C7-C14 120.56(13) 121.57711 121.39791
015-C14-016 124.46(15) 125.84218 125.46657
018-C1-C6 125.48(14) 119.42958 119.16683
C4-C5-C6 122.36(17) 123.58589 124.55885

Figure 2: Optimized geometry of titte compound

Electrostatic potential
The electrostatic potential is well establishedhaseffective tool for interpreting and predictinglecular reactive

behavior toward electrophiles [18-20]. The caltedaelectrostatic potential and magnetic contoup roftitle
compound is depicted in figure 4a & b respectivilghows that the negative potential is localiabdve and below
the plane of furan and oxygen molecules. This tésdicates the effective conjugation among these rings. So, the
molecular electrostatic potential map of compouardficms the existence of intramolecular interactifserved in
the solid state.
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(@ (b)

Figure 4: (a) Electrostatic potential map (b) Magnéc contour map of title compound

HOMO-LUMO Analysis

The highest occupied molecular orbital (HOMO) aoddst unoccupied molecular orbital (LUMO) are nanaed
frontier molecular orbitals (FMO). The FMO play enportant role in optical and electrical propertéeswell as in
guantum and UV-Vis spectra [21-23]. HOMO-LUMO odi#t are the main orbitals involved in the chemical
stability of molecule. The HOMO represents donag #bility to donate electrons, while LUMO as ancaien
acceptor. The distributions and HOMO-LUMO orbitalsergy values have been calculated at the UB3LBR(G-
(d, p) level and are shown in figure 5. The Framimlecular orbital energy gap relates the stabilftcompound to
hardness. The large HOMO-LUMO gap means hard comgpand small energy gap means soft compound, the
compound with small energy gap is more polarizatite high chemical reactivity [24]. The energy @&psration
between the HOMO and LUMO reflects the chemicaldgtand explains the charge transfer interactiotinin the
molecule, which in turn influences the biologicatigity. In fact, the compound has the lowest egaygp of 4.735
eV, show the highest activity. The +ve phase represl in red color and —ve phase is representgdeien color.
By using HOMO and LUMO energy values= (I — A)/2 (chemical hardness),=1/ (chemical softness), u = 1/2
(ELumo + Enomo) (chemical potential) and the Global electropitijiéndex » = p%/2 4 were also calculated and the
results are tabulated in table 4.

Eriman=-1.632 eV

AE=4735eV

Eraonmo=-6.367 eV

Figure 5: Distribution and energy levels of HOMO am LUMO of title compound
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Table 4: The calculated frontier orbital energies ad other molecular properties of compound

Molecular property 6-31G (d, p)

Enomo (eV) -6.367
ELumo (V) -1.632
Energy gap (eV) 4.735

lonization potentia(l) 6.367
Electron affinity(A) 1.632
Chemical potentig(n)  3.99¢
Global hardnesgy) 2.367
Softnessy) 11.49
Electrophilicity (w) 3.37¢

Vibrational Assignment
The calculated vibrational frequencies and expanialyy measured values are presented in table &.ca@lculated
FT-IR along with experimental infrared spectralis\sn in figure 6a & b respectively.

C-H vibrations: The C-H stretching modes were normalhserved at 3100-3000 €nj25-27]. In the title
compound, these modes were observed at 3062-2844nhdime FT-IR spectrum and were calculated as 3064 c
The aromatic C-H in-plane bending vibration banpisear in the region 1300-1000 ¢n\s seen from the spectrum
of the title compound these bands are observe@38-1112 crit and calculated as 1305-1136 triThe C-H out-
of-plane bending modes occur in the lower frequeregyon at 900-675 cth[28-29]. In the title compound, these
modes are observed at 884-613"cand calculated as 904-616 ¢m

O-H stretching: Carboxylic acid dimer display verpéd intense O-H stretching in the region 3300-2&60 and
there will be superimposition of weak C-H stretghbands on the broad O-H bands. Hydrogen bondipgegent in
five or six member ring system would reduce the Gttétching band to 3200-3550 cnegion [30]. In the title
compound, the O-H stretching is assigned to 344% icnthe FT-IR spectrum and calculated as 3768.chine O—

H in-plane bending vibration appears in the rarfgg4d0-1395 cril. Krishna kumar and Mathammal [3ifjserved
the in-plane bending vibration at 1463 trin the FT-IR. These in-plane bending is observed4¥7 cni,
calculated as 1454 chin the title compound. One of the characterisaad appear in the dimeric carboxylic acid
spectra is out-of-plane bending of the bonded OtH920 cm', these band appear in the spectra of the title
compound at 944 cthand calculated as 930 ¢m

C=0 vibrations: The C=0 stretching bands are morensgeand carboxylic acid dimer has a center of sytmyme
hence only asymmetric C=0 stretching absorbs thénlfthe region of 1720-1706 ¢hmand internal hydrogen
bonding reduces frequency of carbonyl stretchingpattion to a greater extéhtence, in the titte compound the
C=0 stretching is observed at 1684 cand calculated as 1696 ¢m

Ringvibrations: There is great mixing of the ring \dabonal and substituent modes. Especially, in-pkame out-of-
plane modes are the most difficult to assign dumitdng of ring and also substituent modes. Skébataations,
involving C=C stretching vibration absorb in thedD61585 and 1500-1400 ¢megions [32]. In the present case,
these bands are observed at 1613, 1586, 1577 atvdctd', were calculated as 1616, 1592, 1584 and 1454 cm
respectively. The ring carbon—carbon stretching ratibns appear inthe region 1400-1650tmin
benzene derivatives [30]. In general, the bandsagéble intensity are observed at 1625-1590, 15905, 1540—
1470, 1465-1430 and 1380-1280tinom the wavenumber ranges by Varsanyi [33-34].
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Figure 6: (a) Calculated and (b) experimental FT-IRspectra of title compound
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Table 5: Vibration wavenumbers obtained for the tite compound using UB3LYP/6-31G (d, p)

Modes No  Experimental  Calculated Vibrational assigments

Vi 3445 3768 vOH

Vo 3062 3064 vCH

V3 3030 - vCH

Va 3013 - vCH

Vs 2844 - vCH

Ve 1684 169¢€ vCO

V7 1613 1616 vCC ring +vCO

Vg 1586 1592 vCC ring

Vo 157€ 1584 vCC ring

A% 1477 1454 vCC +3COH +vCO
Vi1 1446

Vi2 1341 1367 vCOH +vCC +vCO +3CCC
Vi3 1331 1311 vCC ring

V14 1298 1305 vCO +vCC

V15 1258 1248 vCC ring +vCO +

V16 1223 1205 6CCH +vCC +3COH
V17 1187 1186 6COH +3CCH +56CO
Vig 1143 1160 6COH +3CCH +vCO
Vig 1112 1136 dCCH +8CCC

Vag 1087 1060 vCC +3CCH

Va1 1102 1011 vCC +3CCH +vCO +3CCC
Va2 944 930 yCH

Vo3 884 904 vCC +vC-COOH

V24 863 840

Vo5 844 832 yCH

Vo2g 815 800

Va7 767 768 6CCC +vCO

Vog 747 760 rCCO +#OH

Vag 613 61€ 50CC +30CO0 +56CCC
V3g 586 584 yOH +yCCCO

Va1 571 576 6CCO +3CCC +50CO

v- Stretchingg- in-plane bendingy- out-of-plane bending.
CONCLUSION

In the present study, the title compound was syitled and its structure has been confirmed by'#HRIMR and
single X-ray diffraction studies. The single crysstudies shows that the BA crystallizes in mondclicrystal
system with space group 2 and are interlinked by O15-H1®16 strong hydrogen bonds forming a one
dimensional zig-zag architecture. The optimized ngelvic parameters (bond length and bond angles) and
vibrational frequencies were compared with expenitaledata are in good agreement. The Moleculartrelstatic
potential map shows that —ve potential regions ragnly localized on benzofuran and oxygen atomse Th
calculated HOMO-LUMO energy gap corresponds to 3.@% and their plot has been presented to unde&rstan
charge transfer interactions. Additionally, the signof states and the other molecular propertieh @s lonization
Potential (1), Electron affinity (A), Global Hards® (), Chemical potential (1) and Global Electrophiljdiw) were
calculated and tabulated respectively. Since theedompound is an important intermediate in orgayinthesis the
obtained results will provide helpful informatioorfthe further group transformation and derivatorat
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