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ABSTRACT An azlactone derivative, 4-[(p-N,N-dimethylamino)benzylidene]-

2-(3,5-dinitrophenyl)oxazol-5-one (DNPO), C18H14N4O6, has been synthe-

sized, and its crystal structure has been investigated by single crystal X-ray

analysis and ab initio method. DNPO is monoclinic, with a¼ 9.3628(4) Å,

b¼ 13.5148(9) Å, c¼ 13.7701(6) Å, b¼ 92.921(4)�, Z¼ 4, Dx¼ 1.46 g=cm3,

m(MoKa)¼ 0.112mm�1, and space group P 121=c1. The whole molecule is

almost planar. The crystal structure is stabilized by C�H���N type intramolecu-

lar, C�H���O type intermolecular interactions. To determine the flexibility of

DNPO, the selected torsion angle is varied from �180� to 180� in steps of 10�,

and the molecular energy profile is calculated and analyzed.

KEYWORDS azlactones, conformational analysis, crystal structure

INTRODUCTION

5-Oxazolones are important intermediates for various organic syntheses,

especially in the synthesis of [alpha]-keto and arylacetic acids, aminoacids,

and peptides.[1,2] Azlactones give low fluorescence quantum yields. The

fluorescence of the 5-oxazolone ring increases with substituted aryl groups,

which already have emission characteristics.[3] Derivatives of 4-arylidene-2-

aryl-oxazole-5-one have been studied as a precursor to some organic com-

pounds, such as amino acids, amide-containing polymers,[4] and a wide

range of biologically active compounds,[5] and also as a pH sensor and an

alternative indicator for enzymatic glucose sensing.[6–8]

Here, we report the molecular and crystal structure of DNPO by single crystal

X-ray diffraction study, and the conformational analysis with respect to a selec-

ted torsion angle is achieved by using 6-31G basis set at the Hartree–Fock level.

MATERIALS AND METHODS

UV-Vis absorption spectra were recorded with a Shimadzu (Tokyo,

Japan) UV-1601 spectrophotometer. Fluorescence measurements were
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performed by using a Varian-Cary Eclipse spectro-

fluorimeter (Ivarian, Molgrave, Australia). IR spec-

trum was recorded on a Perkin Elmer (Wellesley,

MA) Spectrum BX FTIR spectrometer as KBr pellets.
1H NMR spectra were recorded on a Varian Mercury

AS 400 NMR spectrometer at 400 MHz.

Synthesis

Asolutionofp-N,N-dimethylaminobenzaldehyde (1g,

6.7mmol), 3,5-dinitrobenzoylglycine (1.8g, 6.7mmol),

acetic anhydride (1.3mL, 13.4mmol), and sodium acet-

ate (0.91g, 6.7mmol) was heated: after liquefaction,

heating was continued for an additional 2h. After the

completion of the reaction (TLC analysis), 20mL ethanol

wasaddedand theproduct (Scheme1)keptat roomtem-

perature for 18h. The solid product thus obtained was

purified by washing with cold ethanol, hot water, and

then a small amount of hexane. The solid was recrystal-

lized from hot ethanol, and red crystals were obtained.

Spectroscopic Details

UV-Vis Absorption and Emission Spectra

DNPO dye exibited long wavelength absorption

and emission maxima in solutions of dichloro-

methane (DCM), acetonitrile (ACN), and tetrahydro-

furan (THF) (Table 1). In all of the employed

solvents, the excitation wavelength was chosen as

500 nm and emission spectra were recorded.

IR Spectroscopy

FT-IR (KBr, cm�1): 3091 (C�H, aromatic); 2861

(C�H, aliphatic); 1769 (C=O); 1641 (C=N); 1525,

1375, 1342 (NO2); 1163 (C�O).

1H NMR
1H NMR of 2-(3,5-dinitrophenyl)-4-(3-N,N-dimethyl-

aminophenylmethylene)-oxazol-5-one (CDCl3,

400MHz, d (ppm)): 3.05–3.25 (s, 6H, (CH3)2N�);

6.72–6.85, 8.05–8.2 (d,d2H,2H(CH3)2N�C�CH=CH�,

(CH3)2N�CCH=CH�); 7.32–7.40 (s, 1H, =N�C6H4

�CH=); 9.1–9.16 (s, 1H, =C(NO2)�CH=C(NO2)�);

9.17–9.26 (s, 2H, =C(NO2)�CH=C�C=N�).

X-ray Crystallographic Details

A single crystal of size 0.58� 0.38� 0.23mm was

selected for the crystallographic study. All diffraction

measurements were performed at room tempera-

ture (293K) using graphite monochromated Mo-Ka

radiation of wavelength 0.71073 Å and an STOE

(Darmstadt, Germany) IPDS II diffractometer. Accurate

cell parameters and orientation matrix were determ-

ined by least-squares refinement of the setting angles

for 32,064 reflections collected in the range

2.11�< h< 27.92�. The systematic absences and inten-

sity symmetries indicated the monoclinic P121=c1

space group. Total 10,636 reflections with hmax¼ 27.8�

� were collected in the rotation mode. The intensities

were corrected for Lorentz and polarization factors,

but not for absorption effect (m¼ 0.087mm�1).

The structure was solved by direct methods using

SHELXS-97.[9] The structure was refined (on F2) using

full-matrix least-squares methods on the positional

and anisotropic temperature parameters of the non-

hydrogen atoms, and isotropic temperature para-

meters for H atoms. The structure was refined to

R¼ 0.046 for the observed reflections and R¼ 0.092

for all data, Goof (Goodness of fit) S¼ 0.953 by using

the intensity (I) values of 2304 reflections satisfying

the I> 2r(I) criterion and 4042 reflections in refine-

ment for 309 crystallographic parameters. The

maximum peak and deepest hole observed in the

Dq map were 0.192 and �0.225 eÅ�3, respectively.

TABLE 1 UV-Vis Absorption Maxima, kabs
max, and Emission

Maxima, kemis
max , of the Title Molecule in Solvents of DCM, ACN,

and THF

Solvent kabs
max (nm) kemis

max (nm)

DCM 518 558

ACN 503 584

THF 503 574

SCHEME 1 Chemical diagram of the title molecule.
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The scattering factors were taken from SHELXL-97.[9]

The data collection conditions and parameters of

refinement process are listed in Table 2.

Computational Details

The geometry optimization of the molecule

leading to energy minima was achieved by using

6-31G[10] basis set at the restricted Hartree–Fock

(RHF) level.[11] In order to determine the most stable

conformation, the selected torsion angle T1 (N1–C9–

C10–C11) is varied from �180� to 180� in 36 steps,

and molecular energy profile is obtained by

performing single point energy calculations on the

calculated potential energy surface. All of the calcu-

lations were performed by using Gaussian 03 W.[12]

RESULTS AND DISCUSSION

An ORTEPIII diagram[13] with the atom numbering

scheme with intramolecular weak interaction is

shown in Fig. 1. The atomic coordinates and their

equivalent isotropic thermal parameters are listed in

Table 3. Comparative results obtained from X-ray

crystallographic and computational studies are listed

in Table 4.

The bond distances and angles of the oxazolone

ring are compared with these similar com-

pounds,[14,15] especially, the N1–C9, C8–C9 single

bonds and the double bond of the C7=N1; the O1–

C8–O2 exocyclic bond angle, and C7–N1–C9, C7–

O1–C8 bond angles; and N1–C9–C10–C11 torsion

angle.

4-Arylidene-2-aryl-oxazole-5-one derivatives have

planar geometry.[16,17] In agreement with the litera-

ture, DNPO also has planar geometry. The angle

between C1. . .C6 and oxazolone ring planes is

2.66(13)�; and between C11. . .C16 and oxazolone

ring planes is 1.97(13)�. The largest displacement

from the mean plane of oxazolone ring is observed

for C7 with a maximum deviation of 0.006(1) Å. Both

FIGURE 1 An ORTEP III view of the title molecule showing

intra-molecular weak interactions with the atomic numbering of

the non-H atoms. Displacement ellipsoids are shown at the 50%

probability level.

TABLE 2 Crystallographic Data for the Title Compound

Color=shape Red=prism

Chemical formula C18H14N4O6

Formula weight 382.3

Temperature (K) 293(2)

Crystal system Monoclinic

Space group P 121=c1

Unit cell dimensions

a (Å) 9.3628(4)

b (Å) 13.5148(9)

c (Å) 13.7701(6)

b (�) 92.921(4)

Volume (Å3) 1740.15(4)

Z 4

Density (calculated), (g=cm3) 1.46

Absorption coefficient (mm�1) 0.112

Calculated Tmin, Tmax 0.945, 0.982

Diffractometer=meas. meth. STOE IPDS II=rotation

Orange for data calculation (�) 2.7–27.8

Unique reflections measured 4042

Independent=observed reflections 4042=2340

Data=restraints=parameters 4042=0=309

Goodness of fit on F2 0.953

Final R indices [I> 4r(I)] R1¼ 0.046, wR2¼ 0.097

R indices (all data) R1¼ 0.092, wR2¼ 0.111

3 Crystal Structure of 4-Arylidene-2-Aryly-Oxazolone
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six-membered rings are nearly planar with a

maximum deviation of 0.006(1) Å.

Besides the van der Waals interactions, the crystal

structure is stabilized by C–H���N type intramolecular

and C�H���O type intermolecular weak interactions,

of which details are given in Table 5, and Pluton[18]

molecular packing drawing with intermolecular

weak interactions in the unit cell of DNPO is shown

in Fig. 2. The one-dimensional assemblies formed by

hydrogen bonding are enforced by weaker inter-

molecular interactions. C13 in the molecule at (x,y,z)

acts as a hydrogen-bond donor, via H13, to atom

O2 in the molecule (2� x, 1=2þ y, �1=2� z), while

atom C13 at (2� x, 1=2þ y, �1=2� z), in turns, acts

as donor to O2 at (x, 1þ y, z). In this manner, a

C(8)[19] chain is formed, running along the b-axis.

In a similar fashion, C5 in the molecule at (x,y,z) acts

as a hydrogen-bond donor, via H5, to atom O4 in

the molecule (x, �1=2� y, 1=2þ z), and atom C5

at (x, �1=2� y, 1=2þ z), in turns, acts as donor to

O4 at (x, y, 1þ z). In this manner, a C(7)[19] chain

is formed, running along the c-axis.

There are two p–p stacking interactions relating to

the R1 (C1. . .C6) ring [fractional centroid coordi-

nates: 0.41067(8), �0.19419(6), 0.16247(5), Cg(1)]

and R2 (C11. . .C16) ring [fractional coordinates:

0.95902(8), 0.13815(6), �0.06896(5), Cg(2)] in the

crystal structure. R1 at (x, y, z) interacts with R2 at

(1� x, �y, �z); in the same manner, R2 at (x, y, z)

interacts with R1 at (1� x,�y,�z), so there forms a

p–p interaction dimer. The perpendicular distances

of these p–p stacking interactions (R1–R2) are found

to be 3.709(1) Å.

TABLE 3 Atomic Coordinates and Equivalent Isotropic Dis-

placement Parameters. Ueq is Defined as One Third of the Trace

of the Orthogonalized Uij tensor

Atom x (Å) y (Å) z (Å) Ueq (Å2)

O1 0.5694(1) 0.7239(1) 0.4229(1) 0.0523(3)

O2 0.6865(2) 0.7299(1) 0.2826(1) 0.0705(5)

O3 0.4999(3) 0.4864(2) 0.8126(1) 0.1090(8)

O4 0.3536(2) 0.5760(1) 0.8887(1) 0.0881(6)

O5 0.1781(3) 0.8806(2) 0.7470(1) 0.1076(7)

O6 0.2071(2) 0.9077(1) 0.5966(1) 0.0791(5)

N1 0.6578(2) 0.5824(1) 0.4897(1) 0.0437(4)

N2 1.0979(2) 0.1910(1) 0.4974(1) 0.0564(4)

N3 0.4255(2) 0.5591(2) 0.8197(1) 0.0647(5)

N4 0.2303(2) 0.8608(1) 0.6705(1) 0.0636(5)

C1 0.4973(2) 0.6111(2) 0.6589(1) 0.0456(4)

C2 0.4182(2) 0.6295(1) 0.7379(1) 0.0465(4)

C3 0.3314(2) 0.7114(2) 0.7445(1) 0.0501(5)

C4 0.3251(2) 0.7749(1) 0.6668(1) 0.0471(4)

C5 0.4028(2) 0.7606(1) 0.5854(1) 0.0453(4)

C6 0.4892(2) 0.6777(1) 0.5813(1) 0.0412(4)

C7 0.5748(2) 0.6569(1) 0.4981(1) 0.0432(4)

C8 0.6666(2) 0.6871(2) 0.3564(1) 0.0506(5)

C9 0.7218(2) 0.5959(1) 0.4009(1) 0.0433(4)

C10 0.8232(2) 0.5387(1) 0.3618(1) 0.0438(4)

C11 0.8889(2) 0.4498(1) 0.3982(1) 0.0409(4)

C12 0.9913(2) 0.4024(1) 0.3437(1) 0.0455(4)

C13 1.0589(2) 0.3169(2) 0.3738(1) 0.0472(4)

C14 1.0288(2) 0.2739(1) 0.4638(1) 0.0429(4)

C15 0.9267(2) 0.3216(1) 0.5191(1) 0.0461(4)

C16 0.8595(2) 0.4064(1) 0.4877(1) 0.0442(4)

C17 1.1872(3) 0.1331(2) 0.4363(2) 0.0671(6)

C18 1.0541(4) 0.1428(2) 0.5856(2) 0.0698(7)

TABLE 4 Selected Bond Distances (Å), Bond Angles (�), and

Torsion Angles (�)

X-ray Ab initio

Bond distances

O(1)–C(7) 1.374(2) 1.381

O(1)–C(8) 1.413(2) 1.405

O(2)–C(8) 1.191(2) 1.200

N(1)–C(7) 1.281(2) 1.270

N(1)–C(9) 1.401(2) 1.416

C(6)–C(7) 1.459(2) 1.454

C(9)–C(10) 1.357(3) 1.344

C(10)–C(11) 1.428(3) 1.441

Bond angles

C(7)–O(1)–C(8) 104.9(1) 107.11

C(7)–N(1)–C(9) 105.3(1) 107.22

C(1)–C(6)–C(7) 117.8(1) 119.38

O(1)–C(7)–N(1) 116.7(2) 114.22

O(2)–C(8)–C(9) 134.4(2) 133.45

N(1)–C(9)–C(8) 108.6(2) 107.57

N(1)–C(9)–C(10) 127.7(2) 128.65

Torsion angles

C(7)�O(1)�C(8)�O(2) 179.7(2) �179.99

C(1)�C(6)�C(7)�N(1) 0.1(3) 0.00

N(1)�C(9)�C(10)�C(11) �1.6(3) 0.00

C(9)�C(10)�C(11)�C(12) �179.2(2) 180.00

TABLE 5 Details Related to Both Intermolecular and Intramol-

ecular Weak Interactions (Å, �)

D–H���A D–H H���A D���A D–H���A

C(16)–H(16)���N(1) 0.99(2) 2.36(2) 3.038(2) 124.8(13)

C(13)–H(13)���O(2)i 0.97(2) 2.54(2) 3.497(2) 171.8(16)

C(5)–H(5)���O(4)ii 0.94(2) 2.57(2) 3.507(3) 175.6(19)

Note: D, donor, A, acceptor. Symmetry transformation used to gener-
ate the equivalent atoms. Symmetry codes: i: 2� x, 1=2þ y,�1=2� z;
ii: x,�1=2� y, 1=2þ z.

R. Sevinçek et al. 4
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In order to obtain the most stable conformation of

DNPO, the torsion angle T (N1–C9–C10–C11) was

chosen because it determines the isomerism (E or

Z). According to crystallographic study, T is obtained

as �1.6(3)�, whereas this torsion angle is 0.0� in the

optimized molecular structure corresponding with

the most stable pseudo-conformer. Ab initio meth-

ods cannot represent the structural properties of

the crystalline materials comprehensively, because

they have some foibles such regarding as a single

molecule throughout the computations. For these

reasons, some discrepancies are observed between

the molecular conformations of the optimized struc-

ture and the X-ray structure. The observed confor-

mational difference in optimized structure is

presumably due to weak intermolecular and intra-

molecular hydrogen bonding and the contribution

from packing of the molecules obeyed space group

symmetry operations. The ab initio molecular orbital

calculations were carried out in order to define the

conformational flexibility of DNPO as a function of

the torsion angle T. Variation of heat of formation

against the torsion angle T is shown in Fig. 3. The

energy profile as a function of T has two nearly

global maxima in the vicinity of �90� and 90�. The

energy profile has a minimum in the vicinity of 0�.

When T is 0�, the molecule is in Z isomerism. There

are two local minima in the vicinity of �160� and

160�; the molecule is nearly in E isomerism. Accord-

ing to the conformational analysis, the most stable

conformation of DNPO is in Z isomerism, in agree-

ment with the X-ray crystallographic results.
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7. Ertekin, K.; Çinar, S.; Aydemir, T.; Alp, S. Glucose sensing employing
fuorescent pH indicator: 4-[(p-N,N-dimethylamino)benzylidene]-
2-phenyloxazole-5-one. Dyes Pigments 2005, 67, 133–138.

8. Ertekin, K.; Karapire, C.; Alp, S.; Yenigül, B.; İçli, S. Photophysical and
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