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Instituto de Quı́mica, Universidad Nacional Autónoma de México, Circuito Exterior,
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The asymmetric unit of the title compound, C8H10N4S�0.5H2O,

contains one 2-methyl-1-(3-pyridylmethylene)thiosemicarba-

zone molecule and one half of a water molecule with its O

atom lying on a twofold rotation axis. The thiosemicarbazone

molecule exhibits an anti arrangement between the thione S

atom and the hydrazine N atom. The thiosemicarbazone

molecules are interconnected into a chain by N—H� � �N

hydrogen bonds. The chains are interconnected by N—H� � �O

and O—H� � �S hydrogen bonds involving water molecules into

a three-dimensional network.

Related literature

For general background, see: Soliman et al. (2007); Beraldo et

al. (2004); Quiroga et al. (2004); Casas et al. (2000). For related

structures, see: Beraldo et al. (2000, 2001); Mendes et al.

(2001); Lovejoy et al. (2000); Valdés-Martı́nez et al. (1991,

1995, 1996, 1997); Ali et al. (2006).

Experimental

Crystal data

C8H10N4S�0.5H2O
Mr = 203.27
Monoclinic, C2=c
a = 16.901 (2) Å
b = 10.091 (1) Å
c = 12.681 (1) Å
� = 112.077 (1)�

V = 2004.2 (3) Å3

Z = 8
Mo K� radiation
� = 0.29 mm�1

T = 298 (2) K
0.21 � 0.18 � 0.16 mm

Data collection

Bruker SMART APEX CCD
diffractometer

Absorption correction: analytical
(SHELXTL; Sheldrick, 2000)
Tmin = 0.924, Tmax = 0.961

8695 measured reflections

1830 independent reflections
1402 reflections with I > 2�(I)
Rint = 0.040

Refinement

R[F 2 > 2�(F 2)] = 0.036
wR(F 2) = 0.089
S = 0.94
1830 reflections
133 parameters
2 restraints

H atoms treated by a mixture of
independent and constrained
refinement

��max = 0.20 e Å�3

��min = �0.19 e Å�3

Table 1
Hydrogen-bond geometry (Å, �).

D—H� � �A D—H H� � �A D� � �A D—H� � �A

N4—H4A� � �O1 0.86 (2) 2.41 (2) 3.036 (2) 129 (2)
N4—H4B� � �N1i 0.86 (2) 2.11 (2) 2.969 (2) 175 (2)
O1—H1� � �S1ii 0.846 (5) 2.53 (1) 3.347 (2) 162 (3)

Symmetry codes: (i) x � 1
2; y� 1

2; z; (ii) �xþ 1;�y;�zþ 1.

Data collection: SMART (Bruker, 1999); cell refinement: SAINT

(Bruker, 1999); data reduction: SAINT; program(s) used to solve

structure: SHELXTL (Sheldrick, 2000); program(s) used to refine

structure: SHELXTL; molecular graphics: SHELXTL; software used

to prepare material for publication: publCIF (Westrip, 2007).
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Comment

Due to their pharmacological versatility (Beraldo et al. 2004; Quiroga et al. 2004) there has been a continuous interest in the
chemistry and structure of thiosemicarbazones and their metal complexes (Soliman et al. 2007; Casas et al. 2000; Beraldo
et al. 2000, 2001; Mendes et al. 2001; Lovejoy et al. 2000; Valdés-Martínez et al. 1991, 1995, 1996, 1997; Ali et al. 2006).

The 3-formyl-N(2)-methylthiosemicarbazone molecule in the title compound, (I), presents an anti arrangement between
the thione S atom and the hydrazinic N atom with respect to the N3—C8 bond (see Fig. 1). The molecule is approximately
planar with the S1 [0.220 (1) Å] and N4 [−0.132 (2) Å] showing the greater deviation from the mean plane of the molecule.

The thiosemicarbazone molecules are interconnected by N4—H4B···N1(x − 1/2, y − 1/2, z) hydrogen bonds into a

chain. Two of these chains are interconnected by water molecules forming an R4
4(12) motif through N4–H4A···O1 and

O1—H1···S1(1 − x, −y, 1 − z) hydrogen bonds (Table 1) as shown in Fig 2. These double chains are interconnected into a
three-dimensional network by N4—H4A···O1 hydrogen bonds as shown in Fig.3.

Experimental

The title compound was obtained from the reaction of 3-pyridinecarboxaldehyde (1.07 g, 10 mmol) and 2-methyl-3-thi-
osemicarbazide (1.05 g, 10 mmol) in boiling ethanol (200 ml) containing 1 ml of acetic acid. Crystal were obtained by slow
evaporation of the solution at room temperature.

Refinement

C-bound H atoms were placed in geometrically idealized positions and refined using a riding model, with C—H = 0.93 Å
(aromatic) or 0.96 Å (methyl). H atoms on N and O atoms were located in a difference map and their positional parameters
were refined with distance restraints [N–H = 0.90 (1) Å, O–H = 0.85 (1) Å]. The Uiso(H) values were set at 1.5Ueq(C) for

methyl H atoms and 1.2Ueq(C,N) for other H atoms.

Figures

Fig. 1. The molecular structure of 3-formyl-N(2)-methylthiosemicarbazone in (I), showing the
atom-labelling scheme. Displacement ellipsoids are drawn at the 30% probability level and H
atoms are shown as small spheres of arbitrary radius.

Fig. 2. The hydrogen bonding (dashed lines) in the chains of (I).

http://dx.doi.org/10.1107/S1600536807030760
http://scripts.iucr.org/cgi-bin/citedin?search_on=name&author_name=Castillo-Cruz,%20A.
http://scripts.iucr.org/cgi-bin/citedin?search_on=name&author_name=Toscano,%20R.A.
http://scripts.iucr.org/cgi-bin/citedin?search_on=name&author_name=Hern%26aacute;ndez-Ortega,%20S.
http://scripts.iucr.org/cgi-bin/citedin?search_on=name&author_name=Vald%26eacute;s-Mart%26iacute;nez,%20J.
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Fig. 3. The crystal packing of (I). Hydrogen bonds are shown as dashed lines.

2-Methyl-1-(3-pyridylmethylene)thiosemicarbazone hemihydrate

Crystal data

C8H10N4S·0.5H2O F000 = 856

Mr = 203.27 Dx = 1.347 Mg m−3

Monoclinic, C2/c Mo Kα radiation
λ = 0.71073 Å

Hall symbol: -C 2yc Cell parameters from 3795 reflections
a = 16.901 (2) Å θ = 2.4–25.3º
b = 10.091 (1) Å µ = 0.29 mm−1

c = 12.681 (1) Å T = 298 (2) K
β = 112.077 (1)º Prism, colourless

V = 2004.2 (3) Å3 0.21 × 0.18 × 0.16 mm
Z = 8

Data collection

Bruker SMART APEX CCD
diffractometer 1830 independent reflections

Radiation source: fine-focus sealed tube 1402 reflections with I > 2σ(I)
Monochromator: graphite Rint = 0.040

Detector resolution: 0.661 pixels mm-1 θmax = 25.4º

T = 298(2) K θmin = 2.4º
ω scans h = −20→20
Absorption correction: analytical
(SHELXTL; Sheldrick, 2000) k = −12→12

Tmin = 0.924, Tmax = 0.961 l = −15→15
8695 measured reflections

Refinement

Refinement on F2 Secondary atom site location: difference Fourier map

Least-squares matrix: full Hydrogen site location: inferred from neighbouring
sites

R[F2 > 2σ(F2)] = 0.036
H atoms treated by a mixture of
independent and constrained refinement

wR(F2) = 0.089
  w = 1/[σ2(Fo

2) + (0.0518P)2]
where P = (Fo

2 + 2Fc
2)/3

S = 0.94 (Δ/σ)max = 0.001
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1830 reflections Δρmax = 0.20 e Å−3

133 parameters Δρmin = −0.19 e Å−3

2 restraints Extinction correction: none
Primary atom site location: structure-invariant direct
methods

Special details

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full covariance mat-
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes.

Refinement. Refinement of F2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F2, convention-

al R-factors R are based on F, with F set to zero for negative F2. The threshold expression of F2 > 2sigma(F2) is used only for calculat-

ing R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F2 are statistically about twice
as large as those based on F, and R– factors based on ALL data will be even larger.

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å2)

x y z Uiso*/Ueq

S1 0.40483 (3) 0.25286 (5) 0.58184 (4) 0.05486 (19)
N1 0.81555 (9) 0.47029 (15) 0.36753 (13) 0.0500 (4)
C2 0.76726 (11) 0.46750 (17) 0.42982 (15) 0.0463 (4)
H2 0.7807 0.5260 0.4908 0.056*
C3 0.69838 (10) 0.38351 (16) 0.41005 (13) 0.0379 (4)
C4 0.67824 (11) 0.29788 (18) 0.31816 (15) 0.0456 (4)
H4 0.6326 0.2393 0.3014 0.055*
C5 0.72671 (12) 0.30095 (18) 0.25238 (16) 0.0508 (5)
H5 0.7139 0.2452 0.1898 0.061*
C6 0.79457 (11) 0.38766 (18) 0.28005 (16) 0.0484 (5)
H6 0.8272 0.3882 0.2351 0.058*
C7 0.65111 (10) 0.39031 (16) 0.48553 (14) 0.0400 (4)
H7 0.6666 0.4522 0.5442 0.048*
C8 0.47507 (10) 0.23971 (17) 0.51628 (14) 0.0378 (4)
C9 0.56853 (11) 0.41704 (19) 0.63545 (15) 0.0494 (5)
H9A 0.5315 0.4072 0.6768 0.074*
H9B 0.5637 0.5054 0.6057 0.074*
H9C 0.6265 0.4008 0.6855 0.074*
N2 0.58876 (8) 0.31211 (13) 0.47160 (11) 0.0379 (3)
N3 0.54415 (8) 0.32252 (13) 0.54211 (11) 0.0389 (3)
N4 0.46463 (9) 0.15186 (16) 0.43554 (13) 0.0448 (4)
H4A 0.5011 (11) 0.1461 (18) 0.4028 (15) 0.054*
H4B 0.4233 (11) 0.0955 (16) 0.4182 (15) 0.054*
O1 0.5000 0.0027 (2) 0.2500 0.0960 (9)
H1 0.526 (2) −0.049 (2) 0.3048 (19) 0.144*
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Atomic displacement parameters (Å2)

U11 U22 U33 U12 U13 U23

S1 0.0516 (3) 0.0664 (4) 0.0605 (3) −0.0126 (2) 0.0370 (3) −0.0099 (2)
N1 0.0453 (9) 0.0490 (9) 0.0649 (10) −0.0103 (7) 0.0312 (8) −0.0028 (8)
C2 0.0434 (10) 0.0456 (11) 0.0539 (11) −0.0115 (8) 0.0229 (8) −0.0063 (9)
C3 0.0339 (9) 0.0379 (10) 0.0431 (9) −0.0026 (7) 0.0157 (7) 0.0039 (8)
C4 0.0398 (10) 0.0475 (11) 0.0501 (11) −0.0100 (8) 0.0179 (8) −0.0032 (8)
C5 0.0521 (12) 0.0543 (12) 0.0489 (11) −0.0050 (9) 0.0223 (9) −0.0077 (9)
C6 0.0481 (11) 0.0525 (12) 0.0550 (11) 0.0003 (9) 0.0311 (9) 0.0039 (9)
C7 0.0385 (9) 0.0398 (10) 0.0424 (9) −0.0064 (8) 0.0161 (7) −0.0015 (8)
C8 0.0372 (9) 0.0375 (9) 0.0394 (9) −0.0017 (7) 0.0153 (7) 0.0045 (8)
C9 0.0512 (11) 0.0530 (12) 0.0475 (10) −0.0122 (9) 0.0225 (8) −0.0090 (9)
N2 0.0349 (7) 0.0406 (8) 0.0420 (8) −0.0028 (6) 0.0186 (6) 0.0024 (6)
N3 0.0374 (8) 0.0424 (8) 0.0413 (8) −0.0070 (6) 0.0200 (6) −0.0034 (7)
N4 0.0410 (9) 0.0456 (9) 0.0562 (10) −0.0122 (7) 0.0280 (8) −0.0089 (8)
O1 0.167 (3) 0.0559 (15) 0.102 (2) 0.000 0.093 (2) 0.000

Geometric parameters (Å, °)

S1—C8 1.691 (2) C7—N2 1.275 (2)
N1—C6 1.325 (2) C7—H7 0.93
N1—C2 1.332 (2) C8—N4 1.315 (2)
C2—C3 1.385 (2) C8—N3 1.372 (2)
C2—H2 0.93 C9—N3 1.454 (2)
C3—C4 1.386 (2) C9—H9A 0.96
C3—C7 1.461 (2) C9—H9B 0.96
C4—C5 1.372 (3) C9—H9C 0.96
C4—H4 0.93 N2—N3 1.373 (2)
C5—C6 1.379 (2) N4—H4A 0.86 (2)
C5—H5 0.93 N4—H4B 0.86 (2)
C6—H6 0.93 O1—H1 0.846 (5)

C6—N1—C2 116.89 (15) C3—C7—H7 119.8
N1—C2—C3 124.49 (17) N4—C8—N3 116.7 (2)
N1—C2—H2 117.8 N4—C8—S1 121.5 (1)
C3—C2—H2 117.8 N3—C8—S1 121.8 (1)
C2—C3—C4 117.25 (16) N3—C9—H9A 109.5
C2—C3—C7 118.83 (15) N3—C9—H9B 109.5
C4—C3—C7 123.92 (15) H9A—C9—H9B 109.5
C5—C4—C3 118.88 (16) N3—C9—H9C 109.5
C5—C4—H4 120.6 H9A—C9—H9C 109.5
C3—C4—H4 120.6 H9B—C9—H9C 109.5
C4—C5—C6 119.30 (17) C7—N2—N3 119.4 (1)
C4—C5—H5 120.4 C8—N3—N2 115.1 (1)
C6—C5—H5 120.4 C8—N3—C9 123.3 (1)
N1—C6—C5 123.20 (16) N2—N3—C9 121.6 (1)
N1—C6—H6 118.4 C8—N4—H4A 120.5 (13)
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C5—C6—H6 118.4 C8—N4—H4B 120.1 (12)
N2—C7—C3 120.5 (2) H4A—N4—H4B 119.2 (18)
N2—C7—H7 119.8

Hydrogen-bond geometry (Å, °)

D—H···A D—H H···A D···A D—H···A
N4—H4A···O1 0.86 (2) 2.41 (2) 3.036 (2) 129 (2)

N4—H4B···N1i 0.86 (2) 2.11 (2) 2.969 (2) 175 (2)

O1—H1···S1ii 0.846 (5) 2.53 (1) 3.347 (2) 162 (3)
Symmetry codes: (i) x−1/2, y−1/2, z; (ii) −x+1, −y, −z+1.
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Fig. 1



supplementary materials

sup-7

Fig. 2
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Fig. 3


