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Key indicators

Single-crystal X-ray study

T = 273 K

Mean �(C–C) = 0.004 Å

R factor = 0.072

wR factor = 0.141

Data-to-parameter ratio = 15.1

Molecules in the title compound, C19H17N5, are linked into

chains via weak C—H� � ��(cyano) interactions, and these

chains are linked via C—H� � ��(arene) interactions to form a

three-dimensional structure of parallel sheets.

Comment

Pyrazole nuclei have long attracted pharmacological interest

as anti-anxiety (Haufel & Breitmaier, 1974; Wustrow et al.,

1998), antipyretic, analgesic and anti-inflamatory drugs (Eid et

al., 1978; Menozzi et al., 1997; Penning et al., 1997). In addition,

they show antimicrobial (Habit & Tawil, 1981; Pathak &

Bahel, 1980; Devi et al., 1983; Daidone et al., 1998; El-Emary &

Bakhite, 1999) and antiparasitic activities in the N-hetero-

cyclic series (Rathelot et al., 1995; Tedlaouti et al., 1990;

Tedlaouti et al., 1991). Compounds from a family of pyrazole-

related derivatives have been described as potent PDE4B or

PDE4D inhibitors (Card et al., 2005). Pyrazole compounds

have been used for some time as ligands in transition metal

complexes, since the heterocyclic nucleus may coordinate the

metal directly via one or both vicinal N atoms; some of these

compounds present catalytic activity (Rojas et al., 2004).

Moreover, it is known that the metal may be bound to several

pyrazole nuclei, to yield polypyrazole systems linked to the

heteroatoms and/or C atoms (Duprez & Heumann, 2004). We

present here the crystal structure of the title compound, (I).

The molecular structure of compound (I) is shown in Fig. 1.

Bond lengths (Table 1) are in good agreement with reference

values (Allen et al., 1987). The dihedral angle between the

mean planes formed by the C1–C6 and C13–C18 benzene

rings is 50.15 (14)�, while that between the mean planes of the

pyrazole and C1–C6 rings is 30.50 (16)�. The pyrazole ring is

essentially coplanar (r.m.s. deviation = 0.03 Å for all atoms).

On the other hand, the widening of the exocyclic C4—N2—

C11 angle [131.0 (3)�] may be due to the steric interaction

between atoms H5 and H12C (H� � �H = 2.35 Å).

There are no conventional intermolecular hydrogen bonds

in (I) and the entire supramolecular structure is constructed



only by weak interactions. Chains along the [110] direction are

formed via C—H� � ��(cyano) interactions (Table 2 and Fig. 2).

Although no reliable example of a C—H� � ��(cyano)

hydrogen bond has been reported in the literature, that

reported here can be classified as intermediate between

normal C—H� � �N and C—H� � ��(cyano) (C—H perpendi-

cular to C N) hydrogen bonds (Desiraju & Steiner, 1999).

The structure is further stabilized via two C—H� � ��(arene)

interactions (Malone et al., 1997), which connect the chains

into sheets parallel to (221) (Table 3 and Fig. 3).

Experimental

A mixture of 2,3,4-pentanetrione 3-[(4-methylphenyl)hydrazone]

(0.005 mol), 4-hydrazinobenzonitrile (0.005 mol) and glacial acetic

acid (2 ml) in ethanol (25 ml) was stirred and heated under reflux for

18 h. After cooling to room temperature, water (30 ml) was added,

precipitating an abundant quantity of orange solid. The product was

washed twice with water and dried under vacuum at 313 K. The crude

compound was recrystallized by diffusion of methanol over a mixture

of the compound dissolved in tetrahydrofuran–methanol (1:1).

Crystal data

C19H17N5

Mr = 315.38
Triclinic, P1
a = 9.3464 (18) Å
b = 9.4021 (18) Å
c = 10.422 (2) Å
� = 108.580 (3)�

� = 98.301 (4)�

� = 103.722 (4)�

V = 818.9 (3) Å3

Z = 2
Dx = 1.279 Mg m�3

Mo K� radiation
� = 0.08 mm�1

T = 273 K
Plate, orange
0.45 � 0.13 � 0.06 mm

Data collection

Bruker SMART CCD area-detector
diffractometer

’ and ! scans
Absorption correction: none
6660 measured reflections

3312 independent reflections
1932 reflections with I > 2�(I)
Rint = 0.046
�max = 26.4�

Refinement

Refinement on F 2

R[F 2 > 2�(F 2)] = 0.072
wR(F 2) = 0.141
S = 1.02
3312 reflections
220 parameters

H-atom parameters constrained
w = 1/[�2(Fo

2) + (0.0414P)2]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max = 0.011
��max = 0.19 e Å�3

��min = �0.13 e Å�3

Table 1
Selected geometric parameters (Å, �).

N1—C7 1.139 (5)
N4—N5 1.252 (3)
N2—N3 1.383 (4)
N3—C9 1.316 (3)

C9—C10 1.414 (4)
C10—C11 1.366 (4)
N2—C11 1.350 (4)

H8A� � �N1i 2.79 H12A� � �N1ii 2.93

C4—N2—C11 131.0 (3)
N1—C7—C1 179.1 (4)

C8—C9—C10 129.6 (3)

C11—N2—C4—C5 �33.7 (5)
C10—N4—N5—C15 179.2 (2)

N4—N5—C15—C14 �17.4 (4)

Symmetry codes: (i) �xþ 2;�yþ 2;�zþ 2; (ii) �xþ 1;�yþ 1;�zþ 2.
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Figure 1
The molecular structure of (I), with displacement ellipsoids drawn at the
50% probability level and showing the atom-labelling scheme.

Figure 2
Part of the crystal structure, showing the formation of chains along [110],
which are formed by C—H� � ��(cyano) interactions (dotted lines). H
atoms not involved in these interactions have been omitted. [Symmetry
codes: (i) 2 � x, 2 � y, 2 � z; (ii) 1 � x, 1 � y, 2 � z].

Figure 3
Detail of the two C—H� � ��(phenyl) interactions which form sheets
parallel to the (221) plane. The dotted lines represent the vectors between
H atoms and the ring centroids. [Symmetry codes: (iii) 1� x, 1� y, 1� z;
(iv) 2 � x, 1 � y, 1 � z].



Table 2
Hydrogen-bond geometry (Å, �).

Cg1 is the centroid of the C13–C18 benzene ring.

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

C6—H6� � �Cg1iii 0.93 2.82 3.533 (3) 135
C3—H3� � �Cg1iv 0.93 2.79 3.464 (3) 131

Symmetry codes: (iii) �xþ 1;�yþ 1;�zþ 1; (iv) �x þ 2;�yþ 1;�zþ 1.

H atoms were placed in geometrically idealized positions and

constrained to ride on their parent atoms, with aromatic C—H =

0.93 Å and Uiso(H) = 1.2Ueq(C), and methyl C—H = 0.96 Å and

Uiso(H) = 1.5Ueq(C). The methyl groups were allowed to rotate but

not to tip.

Data collection: SMART (Bruker, 2001); cell refinement: SAINT

(Bruker, 2000); data reduction: SAINT; program(s) used to solve

structure: SHELXS97 (Sheldrick, 1997); program(s) used to refine

structure: SHELXL97 (Sheldrick, 1997); molecular graphics: XP in

SHELXTL/PC (Sheldrick, 1994); software used to prepare material

for publication: PLATON (Spek, 2003) and MERCURY (Macrae et

al., 2006).

The authors greatly acknowledge the financial support

received from the Dirección de Investigación y Desarrollo of

the Universidad Austral de Chile (DID-UACh; grant No.

S-2006–45) and also thank Andrés Bello University (grant No.

DI-UNAB 12–04) for financial support. We also thank

CIMAT for the use of the diffractometer.

References

Allen, F. H., Kennard, O., Watson, D. G., Brammer, L., Orpen, A. G. & Taylor,
R. (1987). J. Chem. Soc. Perkin Trans. 2, pp. S1–19.

Bruker (2000). SAINT. Version 6.02a. Bruker AXS Inc., Madison, Wisconsin,
USA.

Bruker (2001). SMART. Version 5.624. Bruker AXS Inc., Madison, Wisconsin,
USA.

Card, G. L., Blasdel, L., England, B. P., Zhang, C., Suzuki, Y., Gillette, S., Fong,
D., Ibrahim, P. N., Artis, D. R., Bollag, G., Milburn, M. V. & Kim, S.-H.
(2005). Nature Biotech. 23, Part N2, 201–207.

Daidone, G., Maggio, B., Plescia, S., Raffa, D., Musiu, C., Milia, C., Perra, G. &
Marongiu, M. E. (1998). Eur. J. Med. Chem. 33, 375–382.

Desiraju, G. R. & Steiner, T. (1999). The Weak Hydrogen Bond, pp. 198–200.
Oxford University Press.

Devi, S., Mitro, P., Mishra, S. B. & Mittra, A. S. (1983). J. Indian Chem. Soc. 60,
679–681.

Duprez, V. & Heumann, A. (2004). Tetrahedron Lett. 45, 5697–5701.
Eid, A. I., Kira, M. A. & Fahmy, H. H. (1978). J. Pharm. Belg. 33, 303–

311.
El-Emary, T. I. & Bakhite, E. A. (1999). Pharmazie, 54, 106–110.
Habit, N. S. & Tawil, G. G. (1981). Sci. Pharm. 49, 42–51.
Haufel, J. & Breitmaier, E. (1974). Angew. Chem. 13, 604–604.
Macrae, C. F., Edgington, P. R., McCabe, P., Pidcock, E., Shields, G. P.,

Taylor, R., Towler, M. & van de Streek, J. (2006). J. Appl. Cryst. 39, 453–
457.

Malone, J. F., Murray, C. M., Charlton, M. H., Docherty, R. & Lavery, A. J.
(1997). J. Chem. Soc. Faraday Trans. pp. 3429–3436.

Menozzi, G., Mosti, L., Fossa, P., Mattioli, F. & Ghia, M. J. (1997). Heterocycl.
Chem. 34, 963–968.

Pathak, R. B. & Bahel, S. C. (1980). J. Indian Chem. Soc. 57, 1108–1111.
Penning, T. D. et al. (1997). J. Med. Chem. 40, 1347–1365.
Rathelot, P., Vanelle, P., Gasquet, M., Delmas, F., Crozet, M. P., Timon-David,

P. & Maldonado, J. (1995). Eur. J. Med. Chem. 30, 503–508.
Rojas, R., Valderrama, M. & Garland, M. T. (2004). J. Organomet. Chem. 689,

293–301.
Sheldrick, G. M. (1994). SHELXTL/PC. Version 5.03. Siemens Analytical

X-ray Instruments Inc., Madison, Wisconsin, USA.
Sheldrick, G. M. (1997). SHELXS97 and SHELXL97. University of

Göttingen, Germany.
Spek, A. L. (2003). J. Appl. Cryst. 36, 7–13.
Tedlaouti, F., Gasquet, M., Delmas, F., Majester, B., Timon-David, P., Madadi,

E., Vanelle, P. & Maldonado, J. (1991). Farmaco, 46, 1195–1201.
Tedlaouti, F., Gasquet, M., Delmas, F., Timon-David, P., Madadi, E., Vanelle, P.

& Maldonado, J. (1990). J. Pharm. Belg. 45, 306–310.
Wustrow, D. J., Capiris, T., Rubin, R., Knobelsdorf, J. A., Akunne, H., Davis,

M. D., MacKenzie, R., Pugsley, T. A., Zoski, K. T., Heffner, T. G. & Wise,
L. D. (1998). Bioorg. Med. Chem. Lett. 8, 2067–2070.

Bustos et al. �


