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Abstract The aim of the present work is to explore
crystal and electronic structure of
N,N-di[(5-chloro-2-0x0-2,3-dihydrobenzo[d]oxazole-3-yl)
methyl]ethanamine. In the title compound, C;gH;15CI,N3O4,
the two 2, 3-dihydro-1, 3-benzoxazole ring systems are
almost planar and make a dihedral angle of 96.12(7) with
each other. The ethyl group is disordered over two set of sites
with a site-occupancy ratio of 0.766(12):0.234(12). The
crystal structure contain intermolecular C—H...O hydrogen
bonds which form a zigzag chains along the c-axis, C—H...x
interactions and z-z stacking interactions [centroid-centroid
distance = 3.5668(19) A].
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1. Introduction

A series N-substituted-5-chloro-2(3H)-benzoxazolone
derivatives were synthesized and evaluated by [1] their
acetylcholinesterase inhibitory activity. These compounds
were  synthesized by Mannich reaction of

5-chloro-2(3H)-benzoxazolone with the appropriated amines.

The acetylcholinesterase inhibitory activity of the title
compounds was determined by colorimetric Ellman\'s
method. The preliminary screening results indicated that
5-chloro-2-(3H)-benzoxazolone  scaffold  demonstrated
different inhibition range against acetylcholinesterase
enzyme depending on the structural differences.
2(3H)-Benzoxazolone, as one of the most versatile
heterocyclic ring, produce diverse compounds with a wide
range of biological activities such as anti-HIV [2], anticancer
[3], analgesic [4], anti-inflammatory [5], antinociceptive [6],
antimicrobial [7], anticonvulsant [8], antimalarial [9], human

leukocyte MPO clorinating inhibitor activity [10].

In this paper the title compound, C;gH;5CI,N3;O4 was
prepared and characterized using elemental analysis and
FT-IR and *H-NMR spectroscopy studies. The crystal and
molecular structure of the title compound was determined
from single-crystal X-ray diffraction data. It crystallizes in
the monoclinic space group P2;/c. Semi-emprical molecular
orbital calculations were carried out using the AM1 method.

2. Experimental

2.1. Synthesis and Crystallization
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Figure 1.

4-chloro-2-aminophenol (10 mmol), urea (50 mmol) and
37% HCI (2.5 ml) were irradiated (300 W, 413 K) for 15 min
in a microwave oven. After completion of reaction (by
monitoring with TLC), water (10 ml) was added to the
reaction mixture and stirred at room temperature for 1 h. The
resulting precipitate was filtered and washed with water.
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After drying the precipitate was by crystallization from
ethanol-water (1:1) to yield 5-chloro-2(3H)-benzoxazolone.

This compound (2 mmol) was dissolved in methanol (5
ml). Ethylamine (2 mmol) and 37% formalin (2.5 mmol)
were added to this solution. The mixture was stirred
vigorously for 3h. The resulting precipitate was filtered and
washed with cold methanol. The crude product was
crystallized from methanol-water (1:1) (Figure 1).

Yield 52%; M.p.: 420 K; MS (ESI) m/z (%): 239 (100),
241 (31), 408 (M+H, 10), 410 (M+H+2, 4), 412 (M+H+4, 1).

2.2. Crystal Structure Analysis

In this study, the crystal structure of the title compound,
N,N-di[(5-chloro-2-0x0-2,3-dihydrobenzo[d]oxazole-3-yl)
methyl]ethanamine, was determined by X-ray analysis. The
crystal structure of the title compound was solved by direct
methods and was refined by a full-matrix least-squares
method on F2. A summary of the crystallographic data is
given in Table 1.

Table 1. The results of the X-ray structure analysis of the title compound

Crystal data

CCDC no 1543745
C1gH15C12N3O4 Dy = 1.495 Mg m*
M, = 408.23 Mo Ka radiation

Monoclinic, P2,/c Cell parameters from 7238

reflections
a=5.7628 (7) A 0=1.2-25.9°
b =35.059 (3) A u=0.388 mm*
c=8.9921 (11) A T=29 (2) K

£ =92.948 (10)°
V=18143 (3) A®
z=4

Prism, light yellow
0.760 x 0.313 x 0.040 mm

Data collection
STOE IPDS 2 diffractometer

1315 reflections with 1> 2o(I)

® scans Rint = 0.077

Absorption correction: integration Omax = 25.0°
Tmin = 0.9412, Tax = 0.9813 h=-6 56
11421 measured reflections k=-41 —-40
3098 independent reflections I=-10—>10

Refinement

Calculated weights w =
1/[6*(Fo?) + (0.0158P)?] where P =
(F2 + 2FA)/3
(A/6)max = 0.000
Apmax = 0.163 e A

Apmin = -0.163 e A3

Refinement on F2

R[F? > 20(F?)] = 0.0423
wR(F?) = 0.0529
$=0.806

3098 reflections Extinction correction: none

263 parameters

A single crystal suitable for X-ray diffraction obtained in
methanol-water was light yellow and prismatic. The data

were collected using a STOE X-AREA [11], using
graphite-monochromated MoKo radiation. Diffraction
measurements were made at 296 K. The cell was refined on a
X-AREA and the data were reducted on a X-RED32 [11].
The structure was solved by direct methods using SIR-97 [12]
and refined by a full-matrix least-squares on F? and by using
the program SHELXL-97 [13]. N-bound and C-bound H
atoms were positioned geometrically [N—H = 0.86 A, C—H
=0.93-0.97 A] and refined using a riding model with U;s,(H)
=1.5 Ugy(C) for methyl H atoms and Uiso(H) = 1.2U¢(C, N)
for the others. The software used to prepare material for
publication: WinGX publication routines [14]. Empirical
absorption corrections were applied by integration
(XRED-32; [11]). Molecular graphics: ORTEP-3 for
Windows [15]; PLATON [16] and PARST [17].

3. Result and Discussion

3.1. Spectral Studies

The synthesized compound was characterized IR and
'"H-NMR data. The *H-NMR data of the compound obtained
in CDCl; solution were given in the experimental section and
was consistent with the structural results. The significant
absorption bands of the compound are given in Table 2.

Table 2. The important IR and *H-NMR signals of the title compound

IR (FT-IR/ATR, cm?) H-NMR (CDCl;, §)

2968 1.18 (3H, t, J=7.2 Hz, CH,CHy),
1769 2.92 (2H, q, J=7.2 Hz, CH,CH)
1037 4.90 (4H, s, 2XCH,)

7.00 (2H, t, J=1.6 Hz, Ar-H)
7.09-7.14 (4H, m, Ar-H)

3.2. Description of the Crystal Structure of
ClSH15C|2N304
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Figure 2. View of the title molecule (I) with the atom numbering scheme.
Displacement ellipsoids for non-H atoms are drawn at the 30% probability
level. Only the major component of the disordered ethyl goup is shown.
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An ORTEP drawing of the title molecule with 30 %
probability  displacement  thermal ellipsoids and
atom-labeling scheme are shown in Figure. 2. Crystal data
and details for the crystal structure determination of the
compound are listed in Table 1, and selected bond lengths,
bond and torsion angles are given in Table 3. As the C-0O and
C-C distances, and O—C-C angles, geometric parameters all
lie in the expected ranges [18].

In the title compound (Figure 2) the two nine-membered 2,
3-dihydro-1, 3-benzoxazole ring systems (O1/N1/C1-C7
and O3/N3/C12-C18) of the title compound (I) are
essentially planar [maximum deviations = -0.033(4) for C7
and 0.005(4) A for C18, respectively] and make a dihedral
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angle of 96.12(7)° with each other. The N1—C8—N2—C11
and N3—C11—N2—C8 torsion angles are 77.2(4) and
142.1(3)°. The values of all bond lengths and angles in (I) are
normal and are consistent with those reported for the related
compounds [19-20].

In the crystal, molecules are linked by C—H...O hydrogen
bonds (Table 4 and Figure 3), forming a zigzag chains along
the [001] direction. In addition, C—H... 7 interactions and
-r stacking interactions [Cg1l...Cg3" = 3.5668(19) A, where
symmetry codes: (iii) = 1-x,-y,-z; Cgl and Cg3 are the
centroids of the O1/N1/C1/C6/C7 oxazole ring and the
C1—C6 benzene ring, respectively] are observed.

Table 3. Selected bond lengths (A), angles (°) and torsion angles (°) of the title compound

Cli—C3 1.734 (3) N1—C1 1.393 (4)
Cl2—C14 1.734 (4) N1—C7 1.361 (5)
01—C6 1.380 (4) N2—C8 1.413 (5)
02—C7 1.196 (5) N3-C18 1.369 (5)
C1—N1—C7 109.5 (3) N1—C8—N2 117.9 (3)
C7—N1—C8 121.9 (3) 03—C17—C16 128.4 (3)
C8—N2—C9A 117.9 (5) 03—C18—N3 107.9 (4)
N1—C1—C2 133.0 3) Cl1—C3—C2 118.9 (3)
N1—C1—C6 105.9 (3) Cl2—C14—C15 119.0 (3)
01—C6—C1 109.6 (3) N2—C9A—C10A 100.1 (8)
01—C7—N1 107.8 (3) C13—C14—C15 122.3 (4)
01—C7—02 122.5 (4)
C7—01—C6—C5 -178.2 (3) C12—N3—C18—04 -179.3 (5)
C18—03—C17—C16 -179.5 (4) Cl1—C2—C3—Cl1 179.3 (2)
C7—N1—C1—C2 177.5 (3) Cl1—C3—C4—C5 -178.7 (3)
Cl2—C14—C15—C16 178.3 (3) C12—C13—C14—cCI2 -178.8 (3)
C1—N1—C7—02 -178.7 (4) C8—N1—C7—02 -7.7 (6)
C15—C16—C17—C2 0.3 (6) C11—N3—C18—04 -0.7 (7)
C11—N3—C18—03 179.2 (3) N3—C12—C17—03 0.4 (4)
N1—C1—C2—C3 -179.3 (3)
Table 4. Hydrogen-bonding geometry (A, °)
D—H H..A D..A D—H...A
C15—H15...04 0.93 2.58 3.213 (5) 126
C10B—H10D...Cg4 0.96 2.98 3.830 (3) 149

Cg4 is a centroid of the C12—C17 benzene ring.

Figure 3. Packing diagram of (I), viewed down the a axis, with the hydrogen bonds (dashed lines). For clarity, H atoms not involved in hydrogen bonding

and the minor component of the disordered ethyl group have been omitted.
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3.3. Theoretical Study

Semi-empirical molecular orbital calculations of the title
compound were carried out using the AM1 method [21] with
WinMopac7.2 software [22]. A spatial view of the single
molecule of the title compound calculated in the gas phase is
shown in Figure 4, The two planar
2,3-dihydro-1,3-benzoxazole ring systems of (I) make a
dihedral angle of 68.83° with each other. The conformational
analysis of the molecule as theoretically obtained (Figure 4)
is in a good agreement with the X-ray structure. The
calculated dipole moment of (1) is 5.430 Debye. The HOMO
and LUMO energy levels are -9.35210 and -.48704 eV,
respectively.

Figure 4. A spatial view of the calculated molecule of the title compound

4. Conclusions

In conclusion, C;gH;5CI,N3O,4 has been synthesized and
structurally characterized. We summarize the results from
synthesis and X-ray diffraction measurements for (1) single
crystal. In the molecule, the ethyl group is disordered over
two positions with occupancies of 0.766(12) (for atom
labelled A) and 0.234(12) (for atom labelled B). The terminal
C atoms of the disordered ethyl group were refined
anisotropically with the Uj; values restrained to behave
isotropically, with the ISOR instruction [ISOR 0.010 C10A
C10B].

In the crystal, molecules are linked by C—H...O hydrogen
bonds forming a zigzag chains along the [001] direction. In
addition, C—H... m interactions and z-z stacking interactions
are observed.

According to the Semi-empirical molecular orbital
calculations of the title compound with the AM1, the
calculated dipole moment of (1) is 5.430 Debye. The HOMO
and LUMO energy levels are -9.35210 and -.48704 eV,
respectively.

Supplementary Information

Crystallographic data for the structural analysis have been

deposited with the Cambridge Crystallographic Data Centre
as supplementary publication number CCDC 1543745 for
compound
N,N-di[(5-chloro-2-o0x0-2,3-dihydrobenzo[d]oxazole-3-yl)
methyl]ethanamine.

Copies of the data can be obtained free of charge at
http://www.ccdc.cam.ac.uk/conts/retrieving.html, or from
the Cambridge Crystallographic Data Centre, 12 Union Road,
Cambridge CB2 1EZ, UK; fax: (+44) 1223-336-033; e-mail:
deposit@ccdc.cam.ac.uk.

Acknowledgements

The authors acknowledge the Faculty of Arts and
Sciences, Ondokuz Mayis University, Turkey, for the use of
the Stoe IPDS 2 diffractometer (purchased under grant
F.279 of the University Research Fund).

REFERENCES

[1] Z. Soyer, S. Parlar, V. Alptuzun. Synthesis and acetyl
cholinesterase  (AChE) inhibitory activity of some
N-substituted-5-chloro-2(3H)-benzoxazolone derivatives
Marmara Pharm. J. 17(1), 15-20, 2013

[2] B.L. Deng, M.D. Cullen, Z. Zhou, T.L. Hartman, R.W.Jr.
Buckheit, C. Pannecouque, E.D. Clercq, P.E. Fanwick, M.
Cushman. Synthesis and anti-HIV activity of new
alkenyldiarylmethane (ADAM) non-nucleoside reverse
transcriptase inhibitors (NNRTIs) incorporating
benzoxazolone and benzisoxazole rings. Bioorg. Med. Chem.
14, 2366-2374, 2006.

[3] Y. Ivanova, G. Momekov, O. Petrov, M. Karaivanova, V.
Kalcheva. Cytotoxic mannich basesof6-(3-aryl-2-propenoyl)-
2(3H)-benzoxazolones. Eur. J. Med. Chem. 42, 1382-1387,
2007

[4] S. Unlu, T. Onkol, Y. Dundar, B. Okcelik, E. Kupeli, E.
Yesilada, N. Noyanalpan, M.F. Sahin. Synthesis and analgesic
and  anti-inflammatory  activity of  some  new
6-acyl-2-benzoxazolinone and 6-acyl-2- benzothiazolinone
derivatives with acetic acid and propanoic acid residues. Arch.
Pharm. Pharm. Med. Chem. 336(8), 353-361, 2003.

[5] M. Koksal, N. Gokhan, E. Kupeli, E. Yesilada, H. Erdogan.
Synthesis, analgesic and antiinflammatory properties of
certain 5-/6-acyl-3-(4-substituted- 1-piperazinylmethyl)-2-be
nzoxazolinones derivatives. Arch. Pharm. Chem. Life Sci.
338(2-3), 117-125, 2005.

[6] T. Onkol, S. Ito, E. Yildirim, K. Erol, M.F. Sahin. Synthesis
and antinociceptive  activity  of  (2-benzazolon-
3-yl)propionamide derivatives. Arch. Pharm. Pharm. Med.
Chem. 334(1), 17-20, 2001.

[71 M. Koksal, N. Gokhan, H. Erdogan, M. Ozalp, M. Ekizoglu.
Synthesis of 3-(4-substituted benzoylmethyl)-2-benzoxazolin
ones and screening antimicrobial activities. 11 Farmaco. 57(7),
535-538, 2002.


mailto:deposit@ccdc.cam.ac.uk

Universal Journal of Physics and Application 11(2): 57-61, 2017 61

[8] H. Ucar, K.V. derpoorten, S. Cacciaguerra, S. Spampinato, J.P.

Stables, P. Depovere, M. Isa, B. Masereel, J. Delarge, J.H.
Poupaert.  Synthesis and anticonvulsant activity of

2(3h)-benzoxazolone and 2(3h)-benzothiazolone derivatives. J.

Med. Chem. 41(7), 1138-1145, 1998.

[91 M. Courtois, Z. Mincheva, F. Andreu, M. Rideau, M.C.
Viaud-Massuard. Synthesis and biological evaluation with
plant cells of new fosmidomycin analogues containing a
benzoxazolone or oxazolopyridinone ring. J. Enzyme Inhib.
Med. Chem. 19(6), 559-565, 2004.

[10] Z. Soyer, M. Bas, A. Pabuccuoglu, V. Pabuccuoglu. Synthesis
of some 2(3h)-benzoxazolone derivatives and their in-vitro
effects on human leukocyte myeloperoxidase activity. Arch.
Pharm. Chem. Life Sci. 338(9), 405-410, 2005.

[11] Stoe & Cie. X-AREA (Version 1.18) and X-RED32 (Version
1.04). Stoe & Cie, Darmstadt, Germany, 2002.

[12] A. Altomare, M.C. Burla, M. Camalli, G.L. Cascarano, C.
Giacovazzo, A. Guagliardi, A.G.G. Moliterni, G. Polidori, R.
Spagna. J. Appl. Cryst. SIR97: a new tool for crystal structure
determination and refinement. 32, 115-119, 1999.

[13] G. M. Sheldrick. Acta Cryst. A short history of SHELX. A64,
112-122, 2008.

[14] L. J. Farrugia. WinGX suite for small-molecule single-crystal
crystallography. J. Appl. Cryst. 32, 837-838, 1999.

[15] L. J. Farrugia. ORTEP-3 for Windows - a version of

ORTEP-III with a Graphical User Interface (GUI). J. Appl.
Cryst. 30, 565, 1997.

[16] A. L. Spek. Structure validation in chemical crystallography.
Acta Cryst. D65, 148-155, 2009.

[17] M. Nardelli. PARST: A system of fortran routines for
calculating molecular structure parameters from results of
crystal structure analyses. Comput. & Chem. 7, 95-98, 1983.

[18] F.H. Allen, O. Kennard, D. G. Watson, L. Brammer, A.G.
Orpen, R. Taylor. Tables of bond lengths determined by X-ray
and neutron diffraction. Part 1. Bond lengths in organic
compounds. J. Chem. Soc. Perkin Trans. 2, S1-S19, 1987.

[19] Y. Koysal, S. Isik, M. Koksal, H. Erdogan, N. Gokhan.
3-[4-(4-Fluorophenyl)piperazin-1-ylmethyl]-5-methyl-
1,3-benzoxazol-2(3H)-one and
3-[4-(2-fluorophenyl)piperazin-1-ylmethyl]-5-methyl-1,3-ben
zoxazol-2(3H)- one. Acta Cryst. C60, 0232-0234, 2004.

[20] A. Aydin, Z. Soyer, M. Akkurt, O. Buyukgungor.
3-Anilinomethyl-5-chloro-1, 3-benzoxazol-2(3H)-one. Acta
Cryst. E68, 01544-01545, 2012.

[21] M.J.S. Dewar, E.G. Zoebisch, E.F. Healy, J.J.P. Stewart.
Development and use of quantum mechanical molecular
models. 76. AM1: a new general purpose quantum mechanical
molecular model. J. Am. Chem. Soc. 107, 3902-3909, 1985.

[22] R. Shchepin, D. Litvinov. WinMopac7.21. Perm State
University, Perm, Russia, 1998.



	1. Introduction
	2. Experimental
	3. Result and Discussion
	4. Conclusions
	Acknowledgements
	REFERENCES

