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Abstract The single crystal of the title compound

(C19H15F2N3O4S) with two conformational isomers was

obtained from the solution of the title compound dissolved

in the ethyl acetate by slow evaporation at room temper-

ature. The crystal is Orthorhombic, space group Pca2(1)

with a = 21.840(2) Å, b = 7.5321(8) Å, c = 22.365(2) Å,

a = 90.00�, b = 90.00�, c = 90.00�, empirical formula is

C38H30F4N6O4S2, Mr = 774.80, V = 3,679.2(6) Å3, Z =

4, Dc = 1.399 g/cm3, l(MoKa) = 0.215 mm-1, F(000) =

1,600, S = 1.032, the final R = 0.0328, wR2 = 0.0811 for

4,708 observed reflections with I [ 2r(I). In the unit cell,

there are two independent molecules having only slightly

different bond lengths, torsion angles and the correspond-

ing dihedral angles of the two molecules are also different.

In the crystal structure, molecules are linked through aro-

matic p–p stacking and intermolecular N–H���N hydrogen

bonds interactions, forming 1D chain structure.

Keywords Thiazole � Dihedral angle � Hydrogen bond �
Crystal structure

Introduction

The thiazole ring unit is a common structural feature in

various bioactive molecules [1]. This heterocyclic system

has been employed in the preparation of different important

drugs required for treatment of inflammations [2], bacterial

infections [3], and hypertension [4]. Some of the thiazole

analogues are used as fungicides, inhibiting in vivo the

growth of xanthomonas and as ingredients of herbicides,

antischistosomicidal, and anthelmintic drugs [5]. Amino-

thiazoles are known to be ligands of the estrogen receptor

and as a novel class of adenosine receptor antagonists [6].

As a continuous work, in this paper, the authors report the

synthesis and crystal structure of a new 2-Aminothiazole

compound, 2-(2,6-difluorobenzamido)-4-methyl- N–o-tol-

ylthiazole- 5-carboxamide, in which there are two confor-

mational isomers in the unit cell.

Experimental

Reagents and Apparatus

All the reagents were purchased commercially and used

without further purification. The melting point was deter-

mined using a WRS-1B digital melting-point apparatus and

uncorrected. The C, H, and N elemental analyses were

carried out with a CE-440 (Leemanlabs) analyzer. Fourier

transform (FT)-IR spectra (KBr pellets) were taken on an

AVATAR-330 (Nicolet) spectrometer. 1H NMR spectra

were recorded on a Varian-300 spectrometer using TMS as

an internal reference.

Synthesis of the Title Compound

The title compound was prepared in two stages as shown in

Scheme 1 [7]. To a solution 2-(2,6-difluorobenzamido)-4-

methylthiazole-5-carboxylic acid (2.98 g, 10 mmol) in

dichloromethane (20 mL) was added oxalyl dichloride

(0.54 g, 20 mmol). Two drops of DMF were added to the

reaction mixture after 10 min. The reaction mixture was

stirred at room temperature for 2 h. Then the solvent was

evaporated, afforded acyl chloride, as a yellow solid. The
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acyl chloride was added dropwise to a solution of o-tolu-

idine (1.07 g, 10 mmol) and Et3N (1.06 g, 10.5 mmol) in

dichloromethane (20 mL) at 0 �C. The mixture was stirred

at room temperature for 3 h. The reaction mixture was

evaporated at reduced pressure. The residue was extracted

with CH2Cl2 (2 9 30 mL), washed with a solution of

NaHCO3, NaCl, dried over anhydrous magnesiumsulfate,

the solvent evaporated again. The residue was purified by

column chromatography (50% EtOAc in hexanes as eluent)

to afford the target compound as a white crystalline solid

(3.29 g, 85% yield). The single crystals suitable for

determination were obtained by slow evaporation from the

solution of the title compound dissolved in ethyl acetate at

room temperature. m.p: 162.4–164.0 �C. IR(KBr, cm-1):

3469(m), 3170(w), 3024(w), 2939(w), 2802(w), 1696(m),

1658(m), 1623(m), 1525(s), 1452(s), 1320(s), 1252(m),

1007(s), 806(m), 752(s). The elemental analysis found for

C38H30F4N6O4S2: C, 58.85; H, 3.99; N, 10.82%. Calcd.: C,

58.91; H, 3.90; N, 10.85%. 1H NMR(300 MHz, DMSO-d6)

d(ppm): 2.26 (s, 3H, CH3), 2.60 (s, 3H, CH3), 7.15–7.39

(m, 6H, Ar–H), 7.61–7.71 (m, 1H, AR–H), 9.62 (s, 1H,

NH), 13.6 (s, 1H, NH).

X-ray Crystallography

Single crystal X-ray diffraction data collection for the title

compound (0.32 9 0.28 9 0.26 mm) was performed on a

Bruker Apex II CCD diffractometer at 293(2) K with Mo

Ka radiation (k = 0.71073 Å). A total of 4,708 reflections

was collected, of which 3,962 are independent. The

structure was solved by direct methods and refined by full-

matrix least squares techniques (SHELXTL97) [8, 9]. The

empirical absorption corrections by SADABS were carried

out. All non-hydrogen atoms were located by direct

methods and subsequent difference Fourier syntheses. The

hydrogen atoms were positioned geometrically and refined

using a riding model, with Uiso(H) = 1.2 Ueq(C, N) and

Uiso(H) = 1.5 Ueq(C). Crystal and structure refinement

data are shown in Table 1. Selected bond lengths and bond

angles are listed in Table 2, and the hydrogen bond lengths

and bond angles in Table 3.

Results and Discussion

The bond lengths and angles are in normal range [10]

(Table 2), and in agreement with 2-[(Benzoyl)-amino]-4-

methyl-N-(2-chloro-6-methylphenyl)-1,3-thiazole-5-carbox-

amide [7]. In the unit cell of the title compound, there are

two independent molecules (A and B, Fig. 1) having only

slightly different bond lengths, torsion angles and dihedral

angles between them. The C11–C12 and N3–12 bond

lengths are 1.494(4) and 1.338(5) Å, respectively, compa-

rable with C30–C31 = 1.475(4) and N6–C31 = 1.357(4)

Å, respectively. The S–C–C–O torsion angles, which are

the only note worthy difference in bond geometry between

A and B, namely, 4.8�[S(1)–C(11)–C(12)–O(2)] versus

-16.2� [S(2)–C(30)–C(31)–O(3)] for a difference of 21�.

The methylthiazole, 2-methylphenyl and 2, 6-difluoroben-

zene rings of each molecule are not coplanar. In molecule

A, the dihedral angle formed by the least-squares planes of

the methylthiazole and 2-methylphenyl rings being equal to

3.8�. The dihedral angles between the 2, 6-difluorobenzene

and methylthiazole rings are 49.2�. However, in molecule
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Scheme 1 Synthetic process of the title compound

Table 1 Crystal data and structure refinement

Empirical formula C19H15F2N3O2S

Mr 387.40

Crystal size/mm 0.32 9 0.28 9 0.26

Crystal system Orthorhombic

Space group Pca2(1)

a (Å) 21.840(2)

b (Å) 7.5321(8)

c (Å) 22.365(2)

a (�) 90

b (�) 90

c (�) 90

V (Å3) 3,679.2(6)

Z 8

Dc [g cm-3] 1.399

l [mm-1] 0.215

F(000) 1,600

Flack parameter 0.06(7)

Fiedel opposites 1,374

Total/independent reflections 4,708/3,962

Parameters 491

Rint 0.0282

Ra, Rw
b 0.0328, 0.0803

GOFc 1.031

Residuals [e Å-3] 0.180, -0.189

a R ¼
P

F0k �j jFck=
P

F0j j
b Rw ¼

P
w F2

0 � F2
c

� �2
h i

=
P

w F2
0

� �2
h i1=2

c GOF ¼
P

w F2
0 � F2

c

� �2
h i

= n� pð Þ
n o1=2
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B, the dihedral angles are 19.0 and 54.1� respectively. The

dihedral differences between molecules A and B are 15.2,

4.9� respectively. The difference in the bond lengths, tor-

sion angles and dihedral angles above can be attributed to

the different conformations of the two molecules.

The p–p stacking interactions were observed with the

centroid–centroid separation of 3.658(2) Å, which link the

two independent molecule A and B into a dimer (Fig. 1).

The dimers are further linked by the intermolecular

N–H���N hydrogen bonds (Table 3), which form the R2
2 (8)

rings. This creates 1D chain in the [100] direction (Fig. 2).

Supplementary Material

CIF file has been deposited with the Cambridge Crystal-

lography Data Center. Supplementary data are available

from the CCDC, 12 Union Road, Cambridge CB2 1EZ,

UK, on request, quoting the deposition numbers 712255.

Acknowledgments We acknowledge financial support by the Sci-

entific Research Foundation of Civil Aviation University of China

(No. 08CAUC-S01, No. 07KYS05) and Natural Science Foundation

of Tianjin (09JCYBJC04200).

References

1. Lewis JR (1999) Nat Prod Rep 16:389–416

2. Clemence F, Marter OL, Delevalle F, Benzoni J, Jouanen A,

Jouquey S, Deraedt MR (1988) J Med Chem 31:1453–1462

3. Tsuji K, Ishikawa H (1994) Biorg Med Chem Lett 4:1601–1606

4. Patt WC, Hamilton HW, Taylor MD, Ryan MJ, Taylor DG Jr,

Connolly CJC, Doharty AM, Rapundalo ST, Michniewicz BM,

Olzon SCJ (1992) J Med Chem 35:2562–2572

5. Metzger JV (1984) Comprehensive heterocyclic chemistry, vol 6.

Pergamon Press, Oxford, p 328

6. Fink BE, Mortensen DS, Stauffer SR, Aron ZD, Katzenellenbo-

gen JA (1999) Chem Bio 6:205–219

7. Das J, Chen P, Norris D, Padmanabha R, Lin J, Moquin RV, Shen

ZQ, Cook LS, Doweyko AM, Pitt S, Pang SH, Shen DR, Fang Q,
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Fig. 1 Molecular structure of the title compound. (Dotted lines
indicate p–p stacking interactions)

Fig. 2 1-D chain structure along [100] direction via multiple N–

H���N and p–p stacking interactions
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10. Allen FH, Kennard O, Watson DG, Brammer L, Orpen AG,

Taylor R (1987) J Chem Soc Perkins Trans II S1–19

J Chem Crystallogr (2010) 40:100–103 103

123


	Synthesis and Crystal Structure of a Compound with Two Conformational Isomers: 2-(2,6-Difluorobenzamido)-4-methyl-N-o-tolylthiazole-5-carboxamide
	Outline placeholder
	Abstract

	Introduction
	Experimental
	Reagents and Apparatus
	Synthesis of the Title Compound
	X-ray Crystallography

	Results and Discussion
	Supplementary Material
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


