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1-(2-furoyl)-3,3-(diphenyl)thiourea: spectroscopic characterization and structural
study from x-ray powder diffraction using simulated annealing
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1-Furoyl-3,3-diphenylthiourea (FDFT) was synthesized, and characterized by FTIR,1H and13C NMR andab initio X-ray powder structure
analysis. FDFT crystallizes in the monoclinic space group P21 with a = 12.691(1), b = 6.026(2), c = 11.861(1) Å, β = 117.95(2)
andV = 801.5(3) Å3. The crystal structure has been determined from laboratory X-ray powder diffraction data using direct space global
optimization strategy (simulated annealing) followed by the Rietveld refinement. The thiourea group makes a dihedral angle of 73.8(6)◦ with
the furoyl group. In the crystal structure, molecules are linked by van der Waals interactions, forming one-dimensional chains along the a
axis.
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1. Introduction

Thiourea derivatives have been largely studied due to the ap-
plication to the fields such as molecular recognition, coordi-
nation chemistry of heavy metals, molecular electronics and
bioactivities [1,2]. Over the past few years electrochemical
sensors based in aroylthioureas as ionophores have been suc-
cessfully developed and some basic approach to describe the
interaction mechanism of the ionophore with the heavy metal
ion have been investigated [3-6]. Particularly, structural stud-
ies of this type of molecules have attracted much attention
[7-9]. Knowledge of crystal structure of these versatile com-
pounds is important to understand the behavior of these lig-
ands as ionophores [10] and also the complex formation.

Usually, single crystal X-ray diffractometry is the pre-
ferred method for crystal structure determination of small
molecules. However, for several materials it could be compli-
cated to grow single crystals of suitable size and quality that
make them appropriated to structure analysis. This fact is es-
pecially true for the title compound. With recent advances
and readiness of software that apply Monte-Carlo/simulated
annealing or molecular search methods to powder diffraction
data [11-13], crystal structure resolution of molecular solids
can nowadays be achieved from experimental X-ray diffrac-
tion data [14-18].

Following with our interest about ion-recognition proper-
ties of 1-furoylthiourea derivatives 3,3-disubstituted, we re-
port in this paper the spectroscopic characterization and crys-
tal structure analysis from X-ray powder diffraction data of
the 1-Furoyl-3,3-diphenylthiourea (FDFT) (Scheme 1).

SCHEME 1. Chemical diagram of FDFT.

2. Experimental

2.1. Materials and methods

All reagents and solvents for synthesis and analysis were
commercially available and used as received without fur-
ther purification. The melting point was determined with
a Reichert-Jung rheostat coupled to a Reichert-Thermovar
binoculars and a RS-3.722 digital thermometer. The FTIR
spectrum was recorded as KBr pellets on a Perkin Elmer
Spectrum One FT-IR spectrometer in transmission mode with
10 scans at a resolution of 2 cm−1. 1H and13C NMR spectra
were obtained on a Bruker AC-250F spectrometer equipped
with a computer ASPECT 3000 at frequencies of 250 MHz
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(1H) and 62.89 MHz (13C) at 25◦C. Sample (30 mmol/L)
was dissolved in DMSO-d6 (Aldrich). X-ray powder diffrac-
tion data was collected with a Bruker D8 Advanced diffrac-
tometer, equipped with a Lynxeye detector and CuKα1 radi-
ation (1.54056̊A) at 25oC.

2.2. Synthesis of FDFT

FDFT was synthesized as previously reported [3], by convert-
ing furoyl chloride into furoyl isothiocyanate and then con-
densing with the diphenylamine. Yield: 93 %. The precipi-
tated FDFT was recrystallized from ethanol. The formation
of FDFT was established by the similarity of melting point
reported in the literature [19]. Some of the spectroscopic data
for product FDFT were previously published [20,21]. Melt-
ing point (◦C): 140-141.

IR spectrum [KBr] (cm−1): νmax/cm−1 3250 (N-
H), 3121-3033 (aromatic C-H), 1698 (C=O), 1590-1562
(aromatic C=C), 1489 (Thioamide band I,ν(C-N) +
ν(NH)), 1369 (Thioamide band II,ν(C-N) + ν(C=S)), 1155
(Thioamide band III,ν(C-N) + ν(C=S)) and 702 (Thioamide
band IV,ν(C=S)).

1H NMR (DMSO-d6) δ 11.04 (1H, s, NH), 7.82 (1H, d,
H6), 7.15-7-40 (11H, m, furan H4, 10H of phenyl groups)
and 6.56 (1H, dd, H5); 13C NMR (DMSO-d6) δ 182.8 (CS),
153.1 (CO), 146.6 (C6), 145.5 (C3), 145.3 (C7), 128.9, 126.8,
126.5 (C10, C9, C8), 116.3 (C4), 111.8 (C5).

2.3. X-ray data collection and structure analysis of
FDFT

The sample was ground using agate pestle and mortar, and
mounted in a top-loaded sample holder. X-ray powder
diffraction data was recorded by a linear position-sensitive
Lynxeye detector with a step size of 0.01◦ (2θ) and a count-
ing time of 2 s per step over an angular range of5.0◦ < 2θ <
60.0◦ using the Bragg-Brentano para-focussing geometry.
Indexing of the X-ray powder pattern of FDFT carried out
using the program N-TREOR09 [22] indicated a monoclinic
unit cell with a = 12.691(1),b = 6.026(2),c = 11.861(1)Å
andβ = 117.95 (2)◦. The figure of merits wereM (20) = 20
andF (20) = 36, respectively. P21 space group was deter-
mined on the basis of systematic absences. The full pattern
decomposition was performed with EXPO2009 [23] follow-
ing the Le Bail algorithm [24] and using a split type pseudo-
Voigt peak profile function [25].

The Monte-Carlo structure determination method imple-
mented in the program EXPO2009 [22] was used for solving
the crystal structure of FDFT. The molecular geometry used
as input for structure solution was constructed using standard
bond lengths and angles. The furan and benzene rings were
maintained as rigid fragments. In the generation of trial struc-
ture during Monte-Carlo simulations, the structural fragment
translation and rotation within the unit cell were carried out
simultaneously with the intramolecular rotations. The molec-

FIGURE 1. Final Rietveld plot of FDFT. Observed pattern
(crosses); calculated pattern (full line) and difference profiles
(lower trace).

ular structure starting with a typical two-dimensional draw-
ing and transform it into a tri-dimensional structure. The
initial position, orientation and intramolecular geometry of
the structural fragment were chosen arbitrarily, and the ran-
dom movement of the molecule in each Monte-Carlo move
constrained such that the maximum displacement in any of
the x, y, z coordinates (in orthogonal reference frame) was
0.5Å and the maximum rotation of the molecule about three
mutually perpendicular axes was±45. The scale factor
functioning analogous to temperature in conventional Monte-
Carlo simulations was fixed giving a 40.9 % acceptance of

TABLE I. Crystal data and Rietveld refinement parameters of
FDFT.

Chemical formula C18H14N2 O2S

Formula weight (Mr) 322.4

Crystal system,

space group Monoclinic, P21

Temperature (◦K) 294 K

Unit cell dimensions

a, b, c (Å) 12.691 (1), 6.026 (2), 11.861 (1)

β(◦) 117.95 (2)

V (Å3) 801.5 (3)

Z 2

Wavelength (̊A) 1.54056

Dcalc (gcm−3) 1.330

2 θ interval (◦) 5.0-60.0

Step size (◦), time (s) 0.01, 2

No. of reflections 270

Rp 7.71

Rwp 11.40

R[F 2 > 2σ(F 2)] 7.31

S 2.17
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TABLE II. Selected bond lengths (Å) and bond angles (◦) of FDFT.

C1-C3 1.47 (5) C7-N2 1.43 (2)

C1-O1 1.21 (2) C8-C9 1.39(3)

C1-N1 1.383 (19) C9-C10 1.393(8)

C2-N1 1.39 (3) C10-C11 1.397(13)

C2-N2 1.40(3) C11-C12 1.400(17)

C2-S 1.61 (4) C13-C14 1.394(8)

C3-C4 1.38 (6) C13-C18 1.394(10)

C3-O2 1.24 (3) C13-N2 1.432(14)

C4-C5 1.37 (3) C14-C15 1.391 (8)

C5-C6 1.406 (18) C15-C16 1.391 (8)

C6-O2 1.294 (12) C16-C17 1.387 (7)

C7-C8 1.39 (3) C17-C18 1.386 (8)

C3-C1-O1 119.6 (19) C7-C8-C9 120.5 (12)

C3-C1-N1 120.4 (16) C8-C9-C10 120.2 (17)

O1-C1-N1 119.9 (19) C9-C10-C11 118.7 (14)

N1-C2-N2 124.3 (19) C10-C11-C12 118.0 (11)

N1-C2-S 118 (3) C7-C12-C11 120.3 (16)

N2-C2-S 118 (2) C14-C13-C18 118.5 (11)

C1-C3-C4 124 (2) C14-C13-N2 120.4 (12)

C1-C3-O2 123 (4) C18-C13-N2 121.1 (11)

C4-C3-O2 111 (4) C13-C14-C15 120.8 (1)

C6-O2-C3 107(3) C14-C15-C16 119.5 (10)

C3-C4-C5 102 (2) C15-C16-C17 120.0 (11)

C4-C5-C6 104.6 (13) C16-C17-C18 119.9 (10)

trial structure close to the optimum 40.0 %. Finally, after
437000 trials, a structural model withRwp = 21.88 was ob-
tained.

The atomic coordinates obtained in the Monte-Carlo cal-
culation were used as the starting model for the Rietveld
refinement using the EXPO2009 [22] program package. In
the final refinement all non-hydrogen atomic positions in the
furan and benzene rings were restrained to the average val-
ues reported for analogous structures (1.380Å). Removal of
these restrains resulted in less satisfactory distances and an-
gles without any improvement in the profile fit. For this rea-
son, they were retained in refinements. The position of all
N, O and S isotropic atomic displacement parameters were
refined. Hydrogen atoms were placed in the calculated po-
sitions using N-H =0.96̊A and C-H =0.96Å (aromatic), but
without effect on the refinement. Final Rietveld refinement
converged toRp = 7.71 andRwp = 11.40 for 270 reflec-
tions with a good agreement between the observed and cal-
culated profiles (Fig. 1). Relevant crystallographic data are
summarized in Table I. Atomic coordinates and equivalent
isotropic displacement parameters are listed in supplemen-
tary information file. Selected bond lengths and bond angles
of FDFT are given in Table II.

3. Results and discussion

3.1. X-ray crystallography

A view of the asymmetric unit of FDFT comprising of
one molecule is shown in Fig. 2. The main bond lengths
and angles are given in Table II, and they are between the
ranges obtained for similar compounds from single-crystal
data [25,26]. Generally for the compound refinement from
powder data the distances are longer that those obtained from
refinement with data collected using single-crystal. The C2-
S1 and C1-O1 bonds show typical double-bond character.
Particularly, the C2-S1 distance of 1.600 (2)Å is shorter than
those reported for related compounds from single-crystal dat.
However, the C-N bond lengths, C1-N1, C2-N1 and C2-N2
are shorter than the normal C-N single bond length of about
1.48Å. These results can be explained by the existence of res-
onance in this part of the molecule. The central thiourea frag-
ment (N1-C2-S1-N2) makes dihedral angle of 73.8 (6)◦ with
the furan carbonyl (O1-O2-C1-C3) group, whereas the C7-
C12 and C13-C18 benzene rings are inclined by 54.5 (6)◦ and
63.7 (1)◦, respectively. In addition, the conformation with
respect to the carbonyl and thiocarbonyl moieties is twisted,
as reflected by the torsion angles O1-C1-N1-C2 and C1-N1-
C2-S1 of -45.8 (3)◦ and 85.5 (3)◦. In this conformation the
sulfur and oxygen atoms are pointing approximately in op-
posite directions. Although from electronic consideration,
planarity should be favored by resonance interactions [27],
steric effects play an important role in determining the molec-
ular structure. In the crystal structure (Fig. 3) only van der
Waals interactions are observed. For other structures related
has been reported intermolecular N-H· · ·O hydrogen bond-
ing and weaker C-H· · ·O hydrogen interactions [5,25,26].

FIGURE 2. View of the asymmetric unit of FDFT with atom num-
bering scheme (50% probability displacement ellipsoids).
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FIGURE 3. View of the crystal packing of the FDFT molecules
along thea axis.

3.2. FTIR spectroscopy

The FTIR spectrum of FDFT showed a sharp peak at
3250 cm−1 due to NH vibration. The peaks at 3121-
3033 cm−1 region are due to aromatic CH stretching of furan
and phenyl rings. The strong peak observed at 1698 cm−1

correspond to C=O stretching. The aromatic C=C stretch-
ing frequency bands appear 1564-1590-1562 cm−1, while
the most intense peaks at 1489, 1369 and 1155 cm−1 can
be assigned to Thioamide bands I [ν(C-N) + δ(NH)], II [ ν(C
N) + ν(C=S)] and III [ν(C-N) + ν(C=S)], respectively. A
weak peak at 702 cm−1 can be ascribed to Thioamide band
IV [mainly ν(C=S)]. This band is difficult to assign in the
FTIR spectra of thiourea derivatives.

3.3. 1H and 13C NMR spectroscopy

The 1H NMR spectrum of FDFT shows a broad signal at
11.04 ppm in DMSO-d6, which disappears with addition of

D2O. It was assigned to the acidic NH proton (aroylthiourea).
The furan protons 7.82-6.56 ppm show the typical spin sys-
tem of a carbonyl substituted furan. The13C NMR spectrum
show the C=S and C=O signals at 182.8 and 153.1 ppm re-
spectively.

4. Conclusion

We have synthesized and spectroscopic characterized a
furoylthiourea derivative 3,3-disusbtituted. The crystal struc-
ture of FDFT was determined using X-ray powder diffraction
method and Monte-Carlo Simulated Annealing technique.
Non H-bonding interactions are present in the crystal packing
unlike of that observed for related structures.

Supporting information

Crystallographic data for the structure C18H14N2O2S re-
ported in this article have been deposited with the Cambridge
Crystallographic Data Centre as supplementary publication
number CCDC 911822. Copies of the data can be obtained
free of charge on application to CCDC, 12 Union Road, Cam-
bridge CB2 1EZ, UK (fax: +44 1223 336033; e-mail: de-
posit@ccdc.cam.ac.uk).

Acknowledgments

The authors thank financial support of CONACyT
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