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ABSTRACT

The title compound, (2-oxo-2H-pyridin-1-yl)-aceticid hydrazidewas synthesized in good yield by refluxitig
hydroxypyridinewith ethyl chloroacetate in the presence ¢€Rs in anhydrous acetone. The product obtained was
characterized by spectroscopic techniques andlfinthe structure was confirmed by X-ray diffractistaudies. The
compound crystallizes in the monoclinic crystalteyswith the space group P with unit cell parameters a =
8.6789(4) A, b =10.4374(5) A, ¢ = 8.3596(4)s% 92.873(3 and Z=4. The crystal structure features two strong
N--H...O hydrogen bonds with different packing motifirshfeld surface analysis for visually analyzing
intermolecular interactions in crystal structuremploying molecular surface contours and 2D fingarpplots
have been used to examine molecular shapes.

Keywords: 2-Hydroxy pyridine Crystal structure, Dimeric chain, Hirshfeld Sgda, N--H...O and C--H...O
interactions.

INTRODUCTION

Pyridine is one of the most prevalent heterocyctienpounds in nature. It is present in natural camps like
nicotinic acid (vitamin B3) and pyridoxine (vitamB6) and in numerous alkaloids. Further it playseatral role as
versatile building block in the synthesis of natymaducts as well as biologically active compoundliso, pyridine
bases are widely used in pharmaceutics as nicoiitegnand nicotinic acid derivatives. The variousrépeutic
potential of pyridine derivatives have been repbrie the treatment of cancers of diverse cells,tdngeting
angiogenesis [1,2], apoptosis [3, 4] and by inifgitwide range of tumour promoting factors like, 6], CDK
[3-6] and topoisomerade [7] and also antiproliferative and apoptogenicgamies against Dalton’s lymphoma was
repoted [8]. Many Hydrazides derivatives displayetise pharmacological activities such as anti-inftatory [9],
antidiabetic [10], anticancer [11], antitumour asdalgesic activities [12]. Isoniazid (isonicotinolngzide) is an
antituberculosis drug [13], while Iproniazid (Nb@opylisonicotinohydrazide) possesses antidepnéssetivity
[14]. Phenelzine ((2-phenylethyl) hydrazine) is aod chemical to be used as muscle relaxant. Sigilar
Hydralazine is used to treat hypertension [15]f@wylhydrazide derivatives act as DNA modifying atgeand have
antitumor activities against murine tumors, inchglthe B16 melanoma, M109 lung carcinoma, L1218deuas,
P388 and M5076 reticulum cell sarcoma [11]. In vigtheir broad spectrum of biological propertiesi as a part
of our ongoing work on synthesis and charactepmaif novel compounds [16,17], the title compoundsw
synthesized. The compound obtained was charaatesfzectroscopically and finally the structure wasfcmed by
X-ray diffraction studies. An investigation of ctosntermolecular contacts between the molecukeslirshfeld
surface analysis is also presented in order totifydhe interactions within the crystal structure.
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MATERIALS AND METHODS

All the chemicals were purchased from Sigma Ald@temical Co’H NMR spectra was recorded on a Bruker 400
MHz in CDCk and the chemical shifts were recorded in partsnpiion downfield from tetramethylsilane. Mass
spectra were obtained with a VG70-70H spectrophetem The elemental analysis of the compounds was
performed on a Perkin ElImer 2400 Elemental AnalyZée results of elemental analyses were withid¥)of the
theoretical values.

Synthesis ofPyridin-2-yloxy)-acetic acid ethyl ester 2:

A mixture of 2-hydroxy pyridinel, 0.03 mol) and ethyl chloro acetaf (.045 mol) in dry acetone (40 ml) was
treated with anhydrous potassium carbonate (62 @#5 mol) and refluxed for 12 h. The reaction mnigtwas
cooled and solvent removed by distillation. Thadeal mass was triturated with cold water to rempoegassium
carbonate, and extracted with ether (3x30 ml). @theer layer was washed with 10% sodium hydroxidatiem
(3%x30 ml) followed by water (3x30 ml) and then driever anhydrous sodium sulphate and evaporatedfdcd
compound 2 as a yellow liquid [18, 19].

Yield 88%; IR (cm%): 1740 (C=0);H NMR (DMSO-d): § 2.5 (t, 3H, CH of ester), 3.8 (g, CHof ester), 4.5 (s,
2H, CH,), 6.6-7.8 (m, 4H, pyridine Ar-H); LC-MS m/z 182 (M); Anal. Cal. for GH;;NO; (181): C, 59.66; H,
6.12; N, 7.73. Found: C, 59.46; H, 6.34; N, 7.49%.

Synthesis of (Pyridin-2-yloxy)-acetic acid hydrazié 3:

Compound &, 2.6 g, 0.01 mol) was dissolved in ethanol (20. nifydrazine hydrate (1.4 g, 0.035 mol) was added
to this and the mixture was stirred for 6 hrs. Phecipitate was filtered, washed with water to g@hpound 3 as a
white solid.

Yield 75%. M.P. 115-117C. IR (KBr, cni?): 1670 (amide, C=0), 3120-3220 (NH-)H'H NMR (DMSO-d): 5:
4.5 (s, 2H, CH), 6.5-7.7 (m, 4H, pyridine Ar-H), 12.3 (s, 1H, NH)C-MS m/z 168 (M+1).Anal. Cal. for £lgN30O,
(167): C, 50.29; H, 5.43; N, 25.14. Found: C, 501215.41; N, 25.08%.

X KCOq X
CICH,COOGC,Hs NH,-NH,. H,O
= Dry Acetone = Alcohol, stirring
N OH Reflux, 8-10 h N o 2-3h
1
2 o)
\ \
‘ H Recrystallization ‘
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N o/ﬁ( \NH2 Ethaonol, 3 days N o)
o o)
3 4
NH
Scheme H,N

Scheme 1: Synthesis qR-oxo-2H-pyridin-1-yl)-acetic acid hydrazide

Synthesis of (2-oxo0-2H-pyridin-1-yl)-acetic acid hgrazide 4:

Compound 8) in ethanol (10 ml) was kept for crystallizatioor f3 days and was left undisturbed at room
temperature to obtain white crystals of (2-oxo-2Higtin-1-yl)-acetic acid hydrazided). A schemtaic diagram of
the synthesized molecule is shown in scheme 1.

Yield 75%. M.P. 142-144C. IR (KBr, cni): 1675 (amide, C=0), 3130-3230 (NH-BH'H NMR (DMSO-d):
3:4.0 (s, 1H, NH), 4.4 (s, 2H, CH), 6.6-7.8 (m, 4H, pyridine Ar-H), 9.7 (s, 1H, NH)C-MS m/z 168 (M+1); Anal.
Cal. for GHgN3O, (167): C, 50.29; H, 5.43; N, 25.14. Found: C, 5012, 5.39; N, 25.09%.

2.2 Crystal Structure Determination
A white coloured rectangle shaped single crystatlioiensions 0.29x0.27x0.22 mm of the title compowras$
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chosen for an X-ray diffraction study. The X-rayeinsity data were collected at a temperature ofk®6é a Bruker
Proteum2 CCD diffractometer equipped with an X-ggnerator operating at 45 kV and 10 mA, using CuK
radiation of wavelength 1.54178 A.Data were coiddor 24 frames per set with different setting®@® and 90°),
keeping the scan width of 0.5°, exposure time of the sample to detector distance of 45.10 mmZ2éwxdiue at
46.6°. A complete data set was processed BKRINT PLUJ20]. The structure was solved by direct methaats a
refined by full-matrix least squares methodrSrusingSHELXSand SHELXLprograms [21]. All the non-hydrogen
atoms were revealed in the first difference Foumep itself.All the hydrogen atoms were positiogedmetrically
(C-H = 0.93A, O-H = 0.82 A) and refined using anigmodel withUiso(H) = 1.2Ucand 1.5U.{O). After several
cycles of refinement, the final difference Founeap showed peaks of no chemical significance aaddhiduals
saturated to 0.0345. The geometrical calculatioasevearried out using the prograthATON[22].The molecular
and packing diagrams were generated using the adfMERCURY[23]. The details of the crystal structure and
data refinement are given frable 1 Figure 1represents the ORTEP of the molecule with theetliplsoids drawn
at 50% probability.

07

N12

Figure 1: ORTEP of the molecule with thermal ellipsids drawn at 50% probability

Table 1: Crystal data and structure refinement tabe

Parameter Value
CCDC deposit No. CCDC1488797
Empirical formula C;HgN3O,
Formula weight 167.17
Temperature 293(2) K
Wavelength 1.54178 A
Crystal system, space group | Monoclinic, P2,/c
Unit cell dimensions a= 8.6789(4) A

b= 10.4374(5) A
c= 8.3596(4)A
B = 92.873(3)°

Volume 756.30(6) AR

Z, Calculated density 4,1.468 Mg/m

Absorption coefficient 0.932 mm?

Fiooo 352

Crystal size 0.29x 0.27 x 0.22 mm
Theta range for data collectig 5.1 to 64.37°

Limiting indices -10ch<9,-12<k<12,-9<1<9
Reflections collected / uniqug 4848/ 1224 [R(int) = 0.0367]
Refinement method Full-matrix least-squares d¥f
Data / restraints / parameters 1224 /0/110
Goodness-of-fit o’ 1.059

Final R indices Ip2o(1)] R1=0.0345wR2=0.0901

R indices (all data) R1=0.0388wR2=0.0927

Largest diff. peak and hole 0.189 and -0.191 e. A
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Hirshfeld surface calculations

Molecular Hirshfeld surface in the crystal struetuvas createtiased on the electron distribution calculated as th
sum of spherical atom electron densitiElse normalized contact distanah.) based on bott,, dand thevan Der
Waals radiiof theenables identification of the regions of particutaportance to intermolecular interactions. The
Hirshfeld surfaces and fingerprint plots preseritere wereplotted using the software CrystalExplorer 3.0 [Z&je
dnorm Plots were mapped with colour scale in betweerdi8@wu (blue) and 1.4 au (red). The 2D fingerprlot9[25,

26] were displayed by using the expanded 0.6—2v8elv with the d and d distance scales displayed on the graph
axes. When the cif file was uploaded into the Gi{stplorer software, all bond lengths to hydrogearev
automatically modified to typical standard neutvatues i.e., C—H = 1.083A.

RESULTS AND DISCUSSION

The pyridine ring is planar. The pendant acetid &gdrazide is in an extended conformation andesakdihedral
angle of 72.95(1)° from the plane of the pyridimegr This value is slightly higher than the repdrtealue of
67.57(1)° for 2,6-difluoro phenoxy acetic acid [2The structure exhibits both inter and intramolactydrogen
bonds of the type N--H...O and C--H...O. The crysteucture features two strong N--H...O hydrogendswith
different packing motifs. Of the two, one (N11--H1D7) is involved in forming a dimeric’®X14) ring Eigure 2),
while, the other (N12--H12A...0O7)connects these dimennits into C(8) chains, and thus a two dimensional
network is observed. The adjacent two dimensioralorks are interconnected by C-H...O interactiarafng a
3D architecture. The crystal packing is furthebaized by pi...piinteractions (Cg...Cg = 3.4870Ajgure 3).

v

Figure 2: Packing of the molecules showing the dirmie R%(14) ring. The dotted lines represent the N11--H11.Q7 intermolecular
hydrogen bonds
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Figure 3: Packing of the molecules when viewed algrtheb axis. The dotted lines represent intermolecularydrogen bond N12--
H12A...07 forming C(8) chains

Hirshfeld surface studies

Hirshfeld surface analysis is an effective tool #ploring packing modes and intermolecular intéoas in
molecular crystals, as they provide a visual p&taf intermolecular interactions and of moleculaapes in a
crystalline environment. Surface features charatierof different types of intermolecular interiaets can be
identified, and these features can be revealeddbyuc coding distances from the surface to the estaatom
exterior (d plots) or interior (dplots) to the surface. This gives a visual pictofalifferent types of interactions
present and also reflect their relative contribngidrom molecule to molecule. Further, 2D fingempplots (FP), in
particular the breakdown of FP into specific atomona contacts in a crystal, provide a quantitatideai of the
types of intermolecular contacts experienced byeegulks in the bulk and presents this informatioa tonvenient
colour plot. Hirshfeld surfaces comprising, g surface and Finger Print plots were generatedaaadysed for the
titte compound in order to explore the packing nm®oa@md intermolecular interactions. The two dimemsio
fingerprint plots from Hirshfeld surface analyseégure 4,illustrates the difference between the intermdicu
interaction patterns and the relative contributicios the Hirshfeld surface (in percentage) for thejan
intermolecular contacts associated with the tidenpound. The fingerprint plots can be decomposed to higlligh
particular atoms pair close contacts. There aredfarp spikes pointing toward the lower left of thets and are
typical C—H...O hydrogen bonds¢mportantly, H...H (42%) bonding appears to be gomaontributor in the
crystal packing, whereas the O...H/H...O (29.3%),HIH...C (14.12%), N...H/H...N(6.7%) plots alseveal the
information regarding the intermolecular hydrogemds thus supporting for the N--H...Oand C--H.n€@iactions.
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Figure 4: Fingerprint plots of the title compound $iowing H...H, O...H,C...H and N...H interactions. dis the closest internal distance
from a given point on the Hirshfeld surface and dis the closest external contacts

This intermolecular contact is highlighted by comtenal mapping of g, on molecular Hirshfeld surfaces and is

shown inFigure 5. The red spots over the surface indicate thedateacts involved in hydrogen bond. The dark-
red spots on the,gh, surface arise as a result of the short interat@anmtacts, i.e., strong hydrogen bonds, while the
other intermolecular interactions appear as ligltspots.
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Figure 5:dwom(l) and electrostatic potential(ll) mapped on Hirsheld surface for visualizing the intermolecular cotacts

Figure 6 shows e shape index and curvedness mapped on Hirshifiefdce indicating the largest regions of flat
curvedness appearing for the title compounbe shape index surface clearly shows that the dides of the
molecules are involved in same contacts with neighing molecules and curvedness plots show flatasar
patches characteristic of planar stacking.
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Figure 5: Shape index(l) and curvedness index(ll) mpped on the Hirshfeld surface. The surfaces are stvn as transparent to allow
visualization of the orientation and conformation @ the functional groups in the molecules
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