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The title compound, C14H11Cl3N4O2, consists of two planar

fragments which are nearly perpendicular to one another. The

crystal packing is controlled by intra- and intermolecular CÐ

H� � �O hydrogen bonds, and Cl� � �phenyl-ring-centroid and

weak stacking interactions.

Comment

The presence of an ortho-halogen-substituted phenyl ring in

purine systems is characteristic of many marketed (e.g.

Adipiodone, Guanfacine or Loviride) or emerging drugs in

pharmacology. Knowledge of the three-dimensional structures

of these compounds forms the basis for understanding the

mechanism of their pharmaceutical action, and it is also

necessary for the modeling of docking in the study of the

biological activity of these compounds. Against this back-

ground, we present here the crystal structure of 8-chloro-7-

(2,6-dichlorobenzyl)-1,3-dimethyl-7H-purine-2,6(1H,3H)-

dione, (I).

The molecular structure of (I) (Fig. 1) is characterized by

two planar fragments, one formed by the heterocyclic system

(N1/C2/N3/C4±C6/N7/C8/N9/C14) and the other based on the

benzyl substituent (C14±C20); the dihedral angle between

these two planes is 86.75 (4)�. A search of the Cambridge

Structural Database (CSD, Version 5.25; Allen, 2002) revealed

126 derivatives of 7H-purine-2,6-dione. The bond lengths and

angles of (I) have values which are characteristic of these

compounds.

The molecular packing of (I) (Fig. 2) is characterized by two

CÐH� � �O hydrogen bonds, one intramolecular and the other

intermolecular; details are given in Table 1. The intramole-

cular CÐH� � �O bond corresponds to a moderate hydrogen

bond (Gilli, 2002) and results in an additional ®ve-membered

ring in the molecule, coplanar with the purine system; the

C8ÐN7ÐC14ÐC15 torsion angle is 58.3 (2)�. The formation

of the hydrogen bond is promoted by electron-acceptor

substituents at C14. Most probably, the same type of hydrogen

bond also occurs in the molecule of 7-(2,6-dichlorobenzyl)-8-

(3-oxocyclopentyl)-1,3-dipropyl-7H-purine-2,6-dione (Bolte,

1996).

An estimate of the hydrogen-bond energy has been

undertaken by the quantum-chemical AM1 method

(MOPAC7; Stewart, 1993), which is suitable for systems with

hydrogen bonds (Dewar et al., 1985). The AM1 heat of

formation for (I) is 96.78 kJ molÿ1 and the hydrogen bond

order is 0.0048. For a virtual molecule of (I), with a C8ÐN7Ð

C14ÐC15 torsion angle of 90�, where a hydrogen bond is

impossible, the heat of formation is 105.94 kJ molÿ1. Thus, the

energy of the intramolecular hydrogen bond in (I) can be

estimated to be 9.16 kJ molÿ1. This is a relatively high value,

especially for a CÐH� � �O bond. The theoretically calculated

geometry of the hydrogen bond for an isolated molecule of (I)

(C� � �O = 3.115 AÊ , H� � �O = 2.24 AÊ and CÐH� � �O = 133�)
differs slightly from that obtained by our X-ray analysis

(Table 1).

As shown in Fig. 2, inversion-related molecules [at (x, y, z)

and (1 ÿ x, 1 ÿ y, 1 ÿ z), hereafter (ii)] are linked by a pair of

organic compounds
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Figure 1
The molecular structure of (I) showing the atom-numbering scheme.
Displacement ellipsoids are drawn at the 50% probability level.

Figure 2
Perspective view of the molecular packing in (I), showing the CÐH� � �O
and Cl� � �centroid interactions as dashed lines. [Symmetry codes: (ii)
1 ÿ x, 1 ÿ y, 1 ÿ z; (iii) 1 + x, y, z.]



bifurcated CÐH� � �O hydrogen bonds involving O13 and

C14ÐH14B. These dimers are then linked by chlorine� � �ring-

centroid interactions to generate ribbons which extend in the

[100] direction; Cl1 is 3.258 AÊ from the centroid of the phenyl

ring (Cg1) at (1 + x, y, z), hereafter (iii), and the C16Ð

Cl1� � �Cg1iii angle (Fig. 2) is 162�. Analogous interactions are

observed in the crystal structure of 3-(2,6-dichlorobenzyl)-

N,N-dimethyladenine (Mishnev et al., 1991), where the

distance between the Cl atom and the plane of the six-

membered ring is 3.25 AÊ . The only other signi®cant inter-

molecular interaction in the crystal structure of (I) is between

pairs of inversion-related phenyl rings [at (x, y, z) and (1 ÿ x,

1 ÿ y, 1 ÿ z)]; the centroids of these rings are separated by

4.261 AÊ , but the shortest atom±atom contact is C19� � �C19ii of

3.392 (3) AÊ .

Experimental

The title compound was prepared for the synthesis of a series of 7,8-

disubstituted theophyllines, as reported by Dolman et al. (1965). The

compound was recrystallized from ether. The colourless crystals thus

obtained were ®ltered off and dried in air.

Crystal data

C14H11Cl3N4O2

Mr = 373.63
Triclinic, P1
a = 8.4073 (2) AÊ

b = 8.6544 (3) AÊ

c = 11.8014 (4) AÊ

� = 71.8140 (14)�

� = 70.7538 (13)�

 = 82.343 (2)�

V = 769.74 (4) AÊ 3

Z = 2
Dx = 1.612 Mg mÿ3

Mo K� radiation
Cell parameters from 11 449

re¯ections
� = 1.0±30.0�

� = 0.61 mmÿ1

T = 293 K
Prism, colourless
0.39 � 0.28 � 0.26 mm

Data collection

Nonius KappaCCD diffractometer
' and ! scans
Absorption correction: by Gaussian

integration based on 12 indexed
crystal faces (NUMABS;
Coppens, 1970)
Tmin = 0.838, Tmax = 0.905

10 330 measured re¯ections

4339 independent re¯ections
3637 re¯ections with I > 2�(I)
Rint = 0.070
�max = 30.0�

h = ÿ11! 11
k = ÿ12! 12
l = ÿ15! 16

Re®nement

Re®nement on F 2

R(F ) = 0.049
wR(F 2) = 0.130
S = 1.02
4339 re¯ections
211 parameters
H-atom parameters constrained

w = 1/[�2(Fo
2) + (0.0524P)2

+ 0.2719P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max = 0.002
��max = 0.39 e AÊ ÿ3

��min = ÿ0.36 e AÊ ÿ3

Extinction correction: SHELXL97
Extinction coef®cient: 0.009 (2)

All H atoms were revealed in difference maps and were allowed

for in the re®nement as riding atoms, with CÐH = 0.93±0.97 AÊ and

Uiso(H) = 1.2Ueq(CH or CH2) or 1.5Ueq(methyl C).

Data collection: KappaCCD Server Software (Nonius, 1999); cell

re®nement: SCALEPACK (Otwinowski & Minor, 1997); data

reduction: DENZO (Otwinowski & Minor, 1997) and SCALEPACK;

program(s) used to solve structure: SIR92 (Altomare et al., 1994);

program(s) used to re®ne structure: SHELXL97 (Sheldrick, 1997);

molecular graphics: ORTEPII (Johnson, 1976); software used to

prepare material for publication: SHELXL97 and maXus (Mackay et

al., 1999).
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Table 1
Hydrogen-bonding geometry (AÊ , �).

DÐH� � �A DÐH H� � �A D� � �A DÐH� � �A

C14ÐH14B� � �O13 0.97 2.44 3.170 (2) 132
C14ÐH14B� � �O13i 0.97 2.55 3.196 (2) 124

Symmetry code: (i) 1ÿ x;ÿy; 1ÿ z.


