
Introduction

Heterocyclic thiosemicarbazones have been shown to possess
a broad spectrum of pharmacological activities [1]. It has been
proposed, based on NMR studies, that these molecules exist in
solution in at least three different isomeric conformations: E,
E' and Z [2] (Fig. 1).

The crystal structure of the E isomer with respect to C7-
N2 was reported for 5-hydroxy-2-formylpyridine thiosemicar-
bazone, H5OHFo4DH [3], 2-formylpyridine N4-methylth-
iosemicarbazone, HFo4M [4], and 2-acetylpyridine N4-ethyl-
thiosemicarbazone, HAc4E [4]. The Z conformation was
observed in 2-formylpyridine 3-azabicyclo[3.2.2]nonylth-
iosemicarbazone, HFobcn, the E' isomer has been reported for
2-acetylpyridine 3-hexamethyleneiminylthiosemicarbazone,

HAchexim [4], and earlier for 2-acetylpyridine 3-azabicy-
clo[3.2.2] nonylthiosemicarbazone, HAcbcn [5]. Although
there have been reports of 2-formyl- and 2-acetylpyridine
thiosemicarbazones, particularly those without substituents at
N4, as well as two copper(II) complexes of 2-benzoylpyridine
N4-substituted thiosemicarbazones [6], there have only three
structures of uncomplexed 2-benzoylpyridine thiosemicar-
bazones reported. 2-benzoylpyridine N4-methyl-N4-phenylth-
iosemicarbazone, HBz4MePh, was found to be in the Z con-
formation with respect to C7-N2 [7], as were 2-benzoylpyri-
dine 3-piperidyl and 3-hexamethyleminimylthiosemicarbazone
[8], HBzpip and HBzhexim respectively, but there was a dif-
ference in their conformation with respect to the N-C(S) bond.
Because of this 4th structural modification of thiosemicar-
bazones, we decided to look for an additional example and
report here the crystal structure of 2-benzoylpyridine N4-p-
methoxyphenylthiosemicarbazone, HBz4pMeOPh.

Results and Discussion

The shape of the molecule and the atomic numbering are indi-
cated in Fig. 2. Final atomic parameters are given in Table 2
and selected bond distances and angles in Table 3. N1 and N2
present a Z conformation with respect to the C7-N2 bond, and
N2 and S1 an E conformation with respect to N3-C8. The con-
formation of the ligand may be explained by the intramolecu-
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Abstract. 2-benzoylpyridine N4-p-methoxyphenylthiosemicar-
bazone, HBz4pMeOPh, crystallizes with a Z arrangement of N1 and
N2 with respect to C7-N2, which allows for the N3-H3A...N1 hydro-
gen bond and a six-membered ring. In addition, a 5-membered ring
involving a second hydrogen bond, N4-H4A...N2 results in the N2
and S1 E conformation with respect to N3-C8. Intramolecular C-
H...O and C-H...S hydrogen bonds create supramolecular chains.
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Resumen. La 2-benzoilpiridina N4-p-metoxifeniltiosemicarbazona,
HBz4pMeOPh, cristaliza con un arreglo Z de N1 y N2 con respecto a
C7-N2 lo que permite la formación del enlace de hidrógeno N3-
H3A...N1 en un anillo de seis miembros. Adicionalmente se forma un
anillo de 5 miembros el cual involucra un segundo enlace de
hidrógeno, N4-H4A...N2 del cual resulta una conformación E de N2
y S1 con respecto a N3-C8. Se producen cadenas supramoleculares
debido a los enlaces de hidrógeno C-H...O y C-H...S.
Palabras clave: tiosemicarbazonas, estructura cristalina.
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Fig. 1. Different forms of N4-sustituted thiosemicarbazones.

Revista de la Sociedad Química de México, Vol. 44, Núm. 2 (1999) 144-147

N



Crystal and Molecular Structure of 2-Benzoylpyridine N4-p-methoxyphenylthiosemicarbazone 145

lar hydrogen bonds: N3-H3A...N1, and N4-H4A...N2. The
thiosemicarbazone backbone, N2-N3-C8-S-N4 (TSCB), is
nearly planar, with a mean plane deviation of 0.008 Å. The
pyridine ring forms an angle of 13.24(6)° with the TSCB.
Both phenyl groups, on C7 and N4, deviate from the TSCB
plane, with angles of 45.3(1)° and 14.1(1)°, respectively. The
deviation of the former ring with respect to the plane of the
TSCB may be understood by considering the C3H3-C14H14
repulsions of the pyridyl and benzoyl rings.

Although according to Etter’s hydrogen-bond rules for
organic compounds [9], six-membered-ring hydrogen bonds
are preferred to intermolecular hydrogen bonds, it is interest-
ing to mention that the six-membered-ring hydrogen bond N3-
H3A...N1 is not present in HFo4M, HAc4E [4] or
H5OHFo4DH [3]. Several facts indicate a greater delocaliza-
tion when this 6-membered ring is present in the molecule: the
N2-N3 bond distances in the Z isomers are shorter, 1.355(4)
and 1.321(8)Å for HBz4pMeOPh and HFobcn, respectively,
than the ones observed in the E isomer ligands, HFo4M and
HAc4E 1.375(2) and 1.370(2)Å, respectively [4]. The present
compound has C7-N2-N3 and N2-N3-C8 bond angles of
120.6(4) and 120.4(5)° respectively, and the C7-N2-N3-C8
dihedral angle is 180(1)°. Another consequence of this ring is
the opening of the C2-C7-N2 angle, with values of 127.3(5)°
in HBz4pMeOPh and 132.2(7)° in HFobcn, compared to
120.5(2)° and 114.7(2)° in HFo4M and HAc4E respectively
[4].

The E conformation between S1 and N2 is explained by
considering the hydrogen bond between N4-H...N2. The five-
membered ring hydrogen bond formed is also rather planar,
with a N2-N3-C8-N4 dihedral angle of 2(1)°. In the present
compound the S1-C8-N4 angle has a value of 129.2(5)°. This
distortion may be a consequence of the O1...H5-C5 intermole-
cular hydrogen bond, vide infra.

When the structure of the four HBzTSC molecules
reported are compared, see Table 4, maybe the most signifi-
cant differences are related to the greater planarity in the
TSCB in HBz4pMeOPh. The C8-S1 bond length is shorter,
the in N3-N2-C7 and N2-N3-C8 are near 120° and the values

of N2-N3-C8-S1, N4-C8-N3-N2 and C8-N3-N2-C7 are
closed to 180 or 0°. These differences may be explained by
the two intramolecular hydrogen bonds present only in
HBz4pMeOPh.

As long as the hydrogen atoms on the nitrogens are
involved in intramolecular hydrogen bonds, and there are no
other acidic hydrogen atoms, this molecule is a good candi-
date for the study of C-H ... O and C - H ... S hydrogen bonds.

Fig. 2. ORTEP drawing of HBz4OMePh with atomic labelling show-
ing the thermal ellipsoids at 50% probability level.

Table 1. Crystallographic data and Structure Determination Summ-
ary for HBz4OmePh.

HBz4OMePh

Empirical Formula: C20H18N4OS
Color / Habit Yellow / block
Formula weight: 362.4
Crystal System: Triclinic
Space Group: Pl
Temperature (K): 293
Cell constants1

a, Å 10.118(2)
b, Å 10.227(3)
c, Å 10.317(3)

α,deg 62.02(2)
β, deg 85.88(2)
γ, deg 81.09(2)

Cell volume, Å3 931.4(5) 
Formula units / unit cell 2
Density(calc.), Mg/m3 1.292 
Absorption Coefficient, mm–1 1.670
Diffractometer Nicolet P3/F
Radiation, CuKα, (λ = 1.54178 Å)
Monochromator Ni-filter
Crystal size (mm) 0.34 × 0.16 × 0.16
Scan Type: ω
Scan Range (ω) 2.0° plus Kα-separation
Standard Reflections 3 every 97
Reflections Collected 4576
F(000) 380
Index Ranges: –10 ≤ h ≤ 10

–10 ≤ k ≤ 10
–10 ≤ l ≤ 10

Independent Reflections 4576 (Rint = 2.84 %)
Observed Reflections 3441 [F > 4.0 σ (F)]2

Absorption Correction Face-indexed numerical
Max/min Transm. Factor 0.6855 / 0.7900
System used3 SHELXTL PLUS (PC version)
Number of parameters varied 306
Weights ω–1 = [σ2 (F) + 0.0008 (F)2]
Goodness-of-Fit: 1.40
R = ΣFo−Fc / ΣFo 4.40 %
wR 5.98 %
Largest feature final diff. map 0.34 e– Å–3

1 Least-squares refinement of [(sin θ)/l]2 values for 40 reflections 2.71 ≤ θ ≤
25.0 deg.

2 Corrections, Lorentz-polarization.
3 Neutral scattering factors and anomalous dispersion corrections.



There is a C5 - H5 ... O1 contact within the accepted distances
(3.0-4.0 Å) and angles (90 - 180°) for a C - H ... O hydrogen
bond [10]. The distance between C5 and O1 of an adjacent
molecule (1 + x, y, 1 + z) is 3.390(4) Å. The C5 - H5 and H5
... O1 distances are 0.91(3) and 2.61(2)Å, respectively, with a
C5-H5...O1 angle of 144(2)°. Two of the three hydrogen
atoms of C21 hydrogen bond to the same S1 atom at (–x, –y,

–z). The C21 ... S1 distance is 3.518(3) Å, the H...S1 distances
for H21B and H21C are 3.12(3) and 3.06(3) Å, respectively,
and the C21 - H distances are 0.94(3) and 0.96(3) Å for H21B
and H21C, respectively. The C21 - H ... S1 bond angles for
H21B and H21C are 108(2) and 111(2)°, respectively. The
combination of these hydrogen bonds produce macromolecu-
lar chains as shown in Fig. 3.

Experimental

HBz4pMeOPh was prepared as described previously [6, 11],
crystals were grown by slow diffusion (–10 °C) of diethyl
ether into chloroform solution. The structure determination
summary is shown in Table 1. All hydrogen atoms were locat-
ed in the Fourier map difference and refined isotropically.
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Fig. 3. Macromolecular chains produced by intramolecular C-H...O
and C-H...S hydrogen bonds.

Table 2. Atomic coordinates (×104) and equivalent isotropic dis-
placement coefficients (Å2 × 103) for HBz4pOMePh.

X Y Z U(eq)

S1 1743(1) 2020(1) 1359(1) 97(1)
O1 –2247(2) 3139(2) –4390(2) 108(1)
N1 4322(2) 5131(2) 1605(2) 79(1)
N2 2479(2) 6101(2) –802(2) 69(1)
N3 2459(2) 4669(2) 249(2) 75(1)
N4 1003(2) 4480(2) –1193(2) 79(1)
C2 4036(2) 6577(3) 642(2) 70(1)
C3 4513(3) 7664(4) 835(3) 99(1)
C4 5322(4) 7251(5) 2014(4) 115(1)
C5 5634(4) 5792(4) 2973(4) 105(1)
C6 5104(3) 4770(4) 2747(3) 95(1)
C7 3190(2) 6964(2) –637(2) 66(1)
C8 1700(2) 3768(3) 61(3) 71(1)
C9 3125(2) 8468(2) –1925(2) 64(1)
C10 1919(3) 9238(3) –2591(3) 87(1)
C11 1862(4) 10581(3) –3857(4) 102(1)
C12 2991(4) 11190(3) –4481(4) 93(1)
C13 4189(4) 10455(3) –3825(3) 84(1)
C14 4264(3) 9103(3) –2566(3) 76(1)
C15 154(2) 4006(2) –1877(3) 68(1)
C16 –549(3) 5117(3) –3067(3) 85(1)
C17 –1342(3) 4803(3) –3874(3) 92(1)
C18 –1456(3) 3338(3) –3476(3) 77(1)
C19 –804(3) 2229(3) –2274(3) 84(1)
C20 10(3) 2561(3) –1478(3) 88(1)
C21 –2286(4) 1697(4) –4174(5) 117(1)

*  Equivalent isotropic U defined as one third of the trace of the orthogonal-
ized Ui j tensor

Table 3. Selected bond lengths (Å) and bond angles (°) for
HBz4pOMePh.

Bond lengths (°)

S1-C8 1.652(2)
O1-C18 1.382(3)
O1-C21 1.391(4)
N1-C2 1.337(3)
N1-C6 1.337(3)
N2-C7 1.296(3)
N2-N3 1.355(3)
N3-C8 1.374(3)
N4-C8 1.338(3)
N4-C15 1.417(3)

Bond angles (°)

C18-O1-C21 118.8(2)
C2-N1-C6 118.0(2)
C7-N2-N3 120.8(2)
N2-N3-C8 120.2(2)
C8-N4-C15 132.9(2)
N1-C2-C7 117.6(2)
N2-C7-C2 127.0(2)
N2-C7-C9 112.9(2)
N4-C8-N3 112.7(2)
N4-C8-S1 129.1(2)
N3-C8-S1 118.2(2)
C19-C18-O1 125.3(2)
C17-C18-O1 115.1(2)
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Table 4. Selected bond lengths (Å), bond angles (°) and dihedral
angles (°) for HBz4pMeOPh, HBzpip, HBzhexim and HBz4MePh.

Bond lengths (°) (°) (°) (°)

HBz4pMeOPh HBzpip HBzhexim HBz4MePh

S1-C8 1.649(3) 1.686(3) 1.657(8) 1.665(4)
N2-N3 1.355(4) 1.363(3) 1.35(1) 1.362(4)
N2-C7 1.296(4) 1.290(4) 1.29(1) 1.293(5)
N3-C8 1.375(5) 1.374(4) 1.36(1) 1.362(5)
N4-C8 1.339(4) 1.326(3) 1.33(1) 1.355(5)

Bond angles

HBz4pMeOPh HBzpip HBzhexim HBz4MePh

N1-C2-C7 117.4(5) 118.1(2) 118.9(8) 118.1(3)
N2-C7-C2 127.3(5) 127.4(2) 125.8(8) 128.0(3)
N3-N2-C7 120.6(4) 118.8(2) 119.8(6) 118.5(3)
N2-N3-C8 120.4(5) 124.5(2) 122.5(6) 120.4(3)
N2-C7-C9 112.6(5) 115.0(2) 113.2(6) 113.2(3)
S1-C8-N3 118.4(4) 114.2(2) 122.9(7) 123.1(3)
S1-C8-N4 129.2(5) 124.5(2) 124.0(7) 123.1(3)
N3-C8-N4 112.5(5) 121.3(2) 113.1(7) 113.8(4)

Dihedral angles

HBz4pMeOPh HBzpip HBzHexim HBz4MePh

N2-C7-C2-N1 14(1) 29(1) –18(1) –11(1)
N2-N3-C8-S1 179(1) 161(1) –5(1) 6(4)
N4-C8-N3-N2 –2(1) –21(1) 174(1) –174(1)
C8-N3-N2-C7 –180(1) –175(1) 180(2) –170(1)
C10-C9-C7-N2 45(1) 51(1) –51(1) –67(1)
C14-C9-C7-N2 131(1) 130(1) 126(1) 111(1)
C9-C7-C2-C3 16(1) 28(1) –16(1) –10(1)
C14-C9-C7-C2 48(1) 53(1) –56(1) –71(1)
C10-C9-C7-C2 136(1) 126(1) 126(1) 111(1)




