organic compounds

Acta Crystallographica Section E
Structure Reports
Online

ISSN 1600-5368

4-Phenyl-2-(2-pyridylmethylsulfanyl)-3H-
1,5-benzodiazepine

Mohamadou Lamine Doubia,” Rachid Bouhfid,?
Noureddine Hamou Ahabchane,® El Mokhtar Essassi® and
Lahcen El Ammari®*

ALaboratoire de Chimie Organique Hétérocyclique, Pdle de Compétences, Pharma-
cochimie, Avenue lbn Battouta, BP 1014, Faculté des Sciences, Université
Mohammed V-Agdal, Rabat, Morocco, and b aboratoire de Chimie du Solide
Appliquée, LAF 501, Faculté des Sciences, Université Mohammed V-Agdal, Avenue
Ibn Battouta, BP 1014, Rabat, Morocco

Correspondence e-mail: |_elammari@fsr.ac.ma

Received 31 May 2007; accepted 15 June 2007

Key indicators: single-crystal X-ray study; T = 296 K; mean o(C—C) = 0.003 A;
R factor = 0.044; wR factor = 0.152; data-to-parameter ratio = 25.8.

The title compound, C,;H7N3S, is a new heterocyclic system
derived from 1,5-benzodiazepine. The molecule is built up
from two fused six- and seven-membered rings with phenyl
and picolylsulfanyl side groups. The seven-membered ring
displays a twist-chair conformation. The cohesion of the
crystal structure is ensured by weak slipped m—m stacking
between the pyridine rings of symmetry-related molecules
[interplanar distance = 3.42 A and centroid-to-centroid
vector = 3.784 (1) A] and weak C—H---N hydrogen-bond
interactions.

Related literature

A comparative study of the crystal structure of this molecule
and that of the related molecule containing benzylsulfanyl
instead of picolylsulfanyl has been carried out (Doubia et al.,
2007). For related literature, see: Atack et al. (2006); Cremer &
Pople (1975); Doubia et al. (2007); Dourlat et al. (2007); El
Azzaoui et al. (2006); Ghomsi et al. (2004); Kumar et al. (2006);
Zellou et al. (1999).

Experimental

Crystal data

C,H;N5S V =1741.40 (7) A3

M, = 343.44 Z=4

Monoclinic, P2, /n Mo Ko radiation
a=142995 (3) A =019 mm™!

b = 87004 (2) A T =29 (2) K
c=143851 (4) A 0.38 x 0.22 x 0.12 mm
B =103.337 (1)°

Data collection

Bruker X8 APEXII diffractometer
Absorption correction: none
25788 measured reflections

5841 independent reflections
4115 reflections with I > 20(1)
Rin = 0.027

Refinement

R[F? > 20(F?)] = 0.044
wR(F?) = 0.152
S=111

5841 reflections

226 parameters

H-atom parameters constrained
APmax = 044 ¢ A3

Apmin = =023 ¢ A™?

Table 1

Hydrogen-bond geometry (A, °).

D-H--A D-H H--A D---A D-H--A
C21—H21---N3' 0.93 2.56 3411 (2) 152
C13—H13---N1" 0.93 2.67 3.554 (2) 160

Symmetry codes: (i) —x+3,y — 3 —z+3; (i) x,y + 1, 2.

Data collection, cell refinement and data reduction: APEX2
(Bruker, 2005); structure solution: SHELXS97 (Sheldrick, 1997);
structure refinement: SHELXL97 (Sheldrick, 1997); molecular
graphics: ORTEP-3 for Windows (Farrugia, 1997); software used to
prepare material for publication: WinGX (Farrugia, 1999).

The authors thank the Unit of Support for Technical and
Scientific Research (UATRS, CNRST). They also thank
Professors B. Jaber and M. Benaissa for their fruitful discus-
sions, and H. Zouihri for his helpful technical assistance during
the X-ray measurements.

Supplementary data and figures for this paper are available from the
IUCr electronic archives (Reference: DN2192).
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Comment

Many benzodiazepines and their derivatives reveal very interesting biological and pharmacological activities (Dourlat et al.,
2007, Zellou et al., 1999). Furthermore, it has been shown that the introduction of one or several nitrogenous heterocycles
on the different positions of the diazepinic cycle increases the biological activity considerably (Atack et al., 2006, Kumar
et al., 2006). In this context, our team has been interested in the synthesis of new heterocyclic systems deriving from
1,5-benzodiazepine (Ghomsi ef al., 2004, El Azzaoui et al., 2006).

The 2-(benzylsulfanyl)-4-phenyl-3H-1,5-benzodiazepine (II) (Doubia et al. 2007) and 2-(picolylsulfanyl)-4-phenyl-3 H-
1,5-benzodiazepine (I) are two almost identical molecules as shown in scheme 1. In fact,each molecule is built up from two
fused six-membered and seven-membered rings linked to benzylsulfanyl and phenyl for (II) or picolylsulfanyl and phenyl
for (I)(Fig.1). The seven-membered ring displays a twist-chair conformation in both moleclules (I) and (II), as indicated by
the total puckering amplitude Q7=0.859 (2) A and spherical polar angle 0,=74.83 (9)° with ¢,=-48.0 (2)° and ¢3=103.0 (4)°
for (II) and QT=0.860 (2) A 0,=74.45 (8)° with p=-48.4 (2)° and ¢3=103.1 (3)° for (I) (Cremer & Pople, 1975). However,
slightly geometrical differences exist between the torsion angles of the two molecules, especially: C9—S1—C10—Cl11 =
—87.07°, C8—C7—C17—C22 = 3.36° and C8—C7—C17—C18 =-177.46° in molecule (IT) difer from that observed in
molecule (I), respectively: —90.23 °, 10.04° and —170.26°. But the most important difference resides in the measurements
of the crystal unit cell. This difference can be explained by the intermolecular hydrogen bonds (H:--N3) that influence the
orientation of the molecules in the crystals. The crystal structure is stabilized by weak C—H:--N hydrogen bonds (Table
1)and also by weak slipped n-n stacking between symmetry related molecules (C16 to C21 ring) with interplanar distance
of 3.42A and centroid to centroid vector of 3.784 (1) A.

Experimental

To a solution of 4-phenyl-1,5-benzodiazepine-2-thione (1 g, 3.96 mmol) and benzylbromide (0.70 ml, 4.36 mmol) or pico-
lylchloride (0.51 g, 3.96 mmol) in DMF (20 ml), 0.5 mmol of tetra-n-butylammonium bromide and 4.36 mmol (0.60 g)
of anhydrous potassium carbonate were added. After filtration, the solvent was evaporated under reduced pressure and the

crude residue was recrystallized from ethanol giving compound II in 76% yield.

Refinement

All H atoms were fixed geometrically and treated as riding with C—H = 0.93 A (aromatic) or 0.97 A (methylene) with
Uiso(H) = 1.2Ugq(C).
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Figures

rary radii.

] —i ) Fig. 1. Molecular view of compound (I) with the atom-labelling scheme. Displacement ellips-
L oids are drawn at the 50% probability level. H atoms are represented as small spheres of arbit-

Fig. 2. Schematic representations of the structures of (I) and (II).

4-Phenyl-2-(2-pyridylmethylsulfanyl)-3H-1,5-benzodiazepine

Crystal data
C21Hi7N3S
M, =343.44

Monoclinic, P2/n

Hall symbol: -p 2yn
a=14.29953) A
b=8.7004 (2) A
c=14.3851 (4) A
B=103.337 (1)°
V=1741.40 (7) A3
Z=4

Data collection

Bruker X8 APEXII KappaCCD area-detector
diffractometer

Radiation source: fine-focus sealed tube
Monochromator: graphite

T=296(2) K

¢ scans, and ® scans with k offsets
Absorption correction: none

25788 measured reflections

5841 independent reflections

Refinement

Refinement on F>

Fooo= 720
Dy=1310Mgm >

Mo Ka radiation
1=0.71073 A

Cell parameters from 5841 reflections
0=2.8-31.6°

p=0.19 mm '

T=296 (2)K

Parallelepiped, pale yellow

0.38 x 0.22 x 0.12 mm

4115 reflections with /> 26(/)

Rint = 0.027
Omax = 31.6°
Omin = 2.8°

h=-21-21
k=-12—-11
[=-21-21

Secondary atom site location: difference Fourier map
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Hydrogen site location: inferred from neighbouring

Least-squares matrix: full .
sites

R[F2 > 20(F2)] =0.044 H-atom parameters constrained

w = 1/[c2(Fy?) + (0.0656P) + 0.3072P]

WR(F?) =0.152 , )
where P = (Fy* + 2F%)/3

S=1.11 (A6 )max = 0.001
5841 reflections Apmax = 0.44 ¢ A3
226 parameters Apmin =023 e A3

Primary atom site location: structure-invariant direct

Extinction correction: none
methods

Special details

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two Ls. 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 1.s. planes.

Refinement. Refinement of F* against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2, convention-
al R-factors R are based on F, with F set to zero for negative F2. The threshold expression of F?> ZSigma(Fz) 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 F? 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 (A’Z )

X y z Uiso*/Ueq
S1 0.67517 (3) 0.23757 (5) 0.79695 (3) 0.04864 (13)
N1 0.49783 (9) 0.16662 (14) 0.81086 (8) 0.0431 (3)
N2 0.38145 (8) 0.15159 (13) 0.60681 (8) 0.0407 (2)
N3 0.69778 (11) 0.59718 (18) 0.88759 (13) 0.0654 (4)
Cl 0.40814 (10) 0.09371 (15) 0.78066 (10) 0.0409 (3)
c2 0.36691 (12) 0.0369 (2) 0.85337 (12) 0.0529 (4)
H2 0.3993 0.0496 0.9168 0.064*
c3 0.27984 (14) ~0.0371 (2) 0.83291 (15) 0.0611 (4)
H3 0.2555 —-0.0789 0.8820 0.073*
c4 0.22823 (12) ~0.0495 (2) 0.73931 (14) 0.0592 (4)
H4 0.1695 —0.1004 0.7252 0.071*
cs 0.26406 (11) 0.01364 (19) 0.66732 (12) 0.0509 (3)
H5 0.2272 0.0102 0.6050 0.061*
c6 0.35536 (10) 0.08363 (15) 0.68549 (10) 0.0401 (3)
c7 0.46882 (9) 0.14973 (14) 0.59740 (9) 0.0355 (2)
cs 0.54617 (10) 0.06568 (15) 0.66913 (9) 0.0389 (3)
H8A 0.5260 —0.0386 0.6781 0.047*
H&B 0.6054 0.0618 0.6471 0.047*
C9 0.56080 (9) 0.15465 (14) 0.76107 (9) 0.0379 (3)
C10 0.66896 (12) 0.32930 (18) 0.90820 (11) 0.0504 (3)
H10A 0.6265 0.2700 0.9382 0.060*
H10B 0.7324 0.3278 0.9507 0.060*
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Cl11
Cl12
H12
Cl13
H13
Cl14
H14
Cl15
H15
Cl6
C17
H17
CI18
H18
C19
H19
C20
H20
C21
H21

0.63335 (10)
0.66942 (17)
0.7137
0.57906 (17)
0.5633
0.51236 (16)
0.4496
0.54042 (14)
0.4972
0.49184 (10)
0.42283 (11)
0.3633
0.44150 (14)
0.3945
0.53019 (16)
0.5433
0.59865 (15)
0.6580
0.58049 (12)
0.6277

0.49434 (17)
0.7437 (2)
0.8185
0.7904 (2)
0.8942
0.6808 (3)
0.7083
0.5277 (2)
0.4502
0.23272 (14)
0.32813 (18)
0.3398
0.4053 (2)
0.4671
0.3904 (2)
0.4438
0.2978 (2)
0.2876
0.21835 (18)
0.1555

Atomic displacement parameters (142 )

S1
N1
N2
N3
Cl1
C2
C3
C4
C5
C6
C7
C8
C9
C10
Cl11
C12
Cl13
Cl14
Cl15
Cl16
C17
C18
C19
C20

Ull
0.03589 (19)
0.0428 (6)
0.0355 (5)
0.0542 (8)
0.0408 (6)
0.0528 (8)
0.0577 (10)
0.0445 (8)
0.0403 (7)
0.0372 (6)
0.0353 (6)
0.0386 (6)
0.0369 (6)
0.0491 (8)
0.0421 (7)
0.0766 (14)
0.0884 (15)
0.0641 (11)
0.0538 (9)
0.0398 (6)
0.0446 (7)
0.0683 (11)
0.0897 (14)
0.0710 (11)

U22

0.0547 (2)
0.0460 (6)
0.0435 (6)
0.0557 (8)
0.0385 (6)
0.0610 (9)
0.0629 (10)
0.0587 (9)
0.0546 (8)
0.0379 (6)
0.0347 (5)
0.0382 (6)
0.0355 (5)
0.0498 (8)
0.0517 (7)
0.0537 (10)
0.0552 (9)
0.0749 (12)
0.0651 (10)
0.0368 (6)
0.0493 (7)
0.0607 (9)
0.0609 (10)
0.0592 (9)

0.89685 (9)
0.88149 (18)
0.8744
0.88511 (14)
0.8829
0.89215 (16)
0.8926
0.89861 (13)
0.9040
0.51568 (9)
0.45926 (10)
0.4742
0.38182 (12)
0.3443
0.36022 (12)
0.3087
0.41406 (14)
0.3986
0.49195 (12)
0.5283

U33 U12

0.0442 (3)
0.0729 (6)
0.087*
0.0682 (5)
0.082*
0.0704 (5)
0.085*
0.0597 (4)
0.072*
0.0375 (3)
0.0475 (3)
0.057*
0.0602 (4)
0.072*
0.0637 (5)
0.076*
0.0617 (4)
0.074*
0.0490 (3)
0.059*

Ul 3

0.0509 (2) —0.00153 (14) 0.00101 (15)

0.0390 (5) 0.0000 (5)
0.0409 (6) ~0.0012 (4)
0.0854 (11) 0.0004 (7)
0.0441 (6) 0.0025 (5)
0.0478 (8) 0.0040 (7)
0.0707 (11) 0.0019 (8)
0.0776 (12) ~0.0074 (7)
0.0558 (9) ~0.0051 (6)
0.0447 (7) ~0.0003 (5)
0.0340 (5) ~0.0004 (4)
0.0381 (6) 0.0051 (5)
0.0374 (6) 0.0027 (4)
0.0428 (7) 0.0012 (6)
0.0333 (6) 0.0009 (6)
0.0908 (15) ~0.0020 (9)
0.0604 (10) 0.0209 (10)
0.0742 (12) 0.0199 (10)
0.0602 (10) 0.0003 (8)
0.0340 (6) ~0.0048 (5)
0.0438 (7) ~0.0062 (6)
0.0443 (8) ~0.0104 (8)
0.0424 (8) ~0.0158 (9)
0.0649 (10) ~0.0070 (8)

0.0065 (5)
0.0041 (4)
0.0145 (8)
0.0111 (5)
0.0176 (7)
0.0313 (9)
0.0204 (8)
0.0068 (6)
0.0084 (5)
0.0028 (4)
0.0050 (5)
0.0009 (5)
~0.0088 (6)
~0.0026 (5)
0.0245 (12)
0.0163 (10)
0.0199 (9)
0.0130 (8)
0.0046 (5)
0.0003 (6)
~0.0020 (7)
0.0194 (8)
0.0366 (9)

U23
~0.00703 (15)
~0.0043 (5)
0.0013 (4)
~0.0003 (8)
~0.0016 (5)
0.0024 (7)
0.0125 (8)
0.0048 (8)
0.0009 (7)
~0.0004 (5)
~0.0042 (4)
~0.0020 (5)
~0.0004 (4)
~0.0035 (6)
~0.0029 (5)
0.0067 (9)
0.0067 (8)
0.0035 (10)
0.0002 (8)
~0.0054 (4)
0.0046 (6)
0.0103 (7)
0.0021 (7)
~0.0054 (8)
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C21 0.0491 (8) 0.0475 (7) 0.0525 (8) 0.0030 (6) 0.0163 (6) ~0.0025 (6)

Geometric parameters (4, °)

S1—C9 1.7527 (14) C10—Cl1 1.520 (2)
S1—C10 1.8088 (16) C10—HI10A 0.9700
N1—C9 1.2776 (18) C10—H10B 0.9700
N1—Cl1 1.4067 (18) Cl1—Cl15 1.366 (2)
N2—C7 1.2875 (17) Cl12—C13 1.367 (3)
N2—C6 1.4016 (17) Cl2—HI2 0.9300
N3—Cl1 1313 (2) C13—Cl4 1.369 (3)
N3—CI2 1.335(2) C13—HI3 0.9300
Ccl—C2 1.404 (2) Cl4—Cl5 1.388 (3)
C1—C6 1.405 (2) Cl4—H14 0.9300
C2—C3 1372 (3) C15—HI5 0.9300
C2—H2 0.9300 Cl6—C21 1392 (2)
C3—C4 1.382 (3) Cl6—C17 1.397 (2)
C3—H3 0.9300 C17—C18 1378 (2)
C4—C5 1372 (2) C17—HI17 0.9300
C4—H4 0.9300 C18—C19 1.380 (3)
C5—C6 1.409 (2) C18—HI8 0.9300
C5—HS 0.9300 C19—C20 1.363 (3)
C7—Cl6 1.4798 (18) C19—HI19 0.9300
Cc7—C8 1.5153 (18) C20—C21 1.391 (2)
Cc8—C9 1.5048 (18) C20—H20 0.9300
C8—H8A 0.9700 C21—H21 0.9300
C8—HS8B 0.9700

C9—S1—C10 102.08 (7) C11—C10—H10B 108.8
C9—NI—C1 120.03 (12) S1—C10—H10B 108.8
C7—N2—C6 121.68 (12) H10A—C10—H10B 107.7
Cl11—N3—C12 116.61 (17) N3—C11—CI5 124.42 (16)
C2—C1—C6 118.71 (13) N3—C11—C10 115.42 (14)
C2—C1—N1 116.01 (13) C15—C11—C10 120.15 (15)
C6—C1—N1 125.13 (12) N3—C12—CI3 123.8(2)
C3—C2—Cl1 121.45 (16) N3—C12—HI2 118.1
C3—C2—H2 119.3 C13—C12—HI2 118.1
Cl—C2—H2 119.3 Cl12—C13—Cl4 118.48 (18)
C2—C3—C4 119.99 (15) Cl12—CI13—HI13 120.8
C2—C3—H3 120.0 Cl14—C13—HI13 120.8
C4—C3—H3 120.0 C13—C14—C15 118.54 (19)
C5—C4—C3 119.71 (16) C13—Cl14—H14 120.7
C5—C4—H4 120.1 C15—Cl14—H14 120.7
C3—C4—H4 120.1 Cl1—C15—Cl4 118.06 (18)
C4—C5—C6 121.63 (16) Cl11—C15—H15 121.0
C4—C5—H5 119.2 Cl4—Cl15—HI5 121.0
C6—C5—H5 119.2 C21—C16—C17 118.15 (13)
N2—C6—Cl 125.25 (12) C21—C16—C7 122.20 (13)
N2—C6—C5 116.12 (13) C17—C16—C7 119.65 (12)
Cl1—C6—C5 118.29 (13) C18—C17—C16 121.08 (16)
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N2—C7—C16
N2—C7—C8
C16—C7—C8
CO—C8—C7
C9—C8—HSA
C7—C8—HSA
C9—C8—HS8B
C7—C8—HS8B
H8A—C8—HSB
N1I—C9—C8
N1—C9—S1
C8—C9—S1
C11—C10—S1
C11—C10—H10A
S1—C10—H10A

Hydrogen-bond geometry (4, ©)
D—H-A

C21—H21--N3!

C13—H13-N1"

118.45 (12)
120.53 (12)
121.02 (11)
106.37 (10)
110.5
110.5
110.5
110.5
108.6
124.16 (12)
122.13 (10)
113.68 (10)
113.92 (10)
108.8
108.8

D—H
0.93
0.93

Symmetry codes: (1) —x+3/2, y—1/2, —z+3/2; (ii) x, y+1, z.

C18—C17—H17
Cl16—C17—H17
C17—C18—C19
C17—C18—H18
C19—C18—H18
C20—C19—C18
C20—C19—H19
C18—C19—H19
C19—C20—C21
C19—C20—H20
C21—C20—H20
C20—C21—C16
C20—C21—H21
Cl16—C21—H21

H-A
2.56
2.67

DA
3.411(2)
3.554 (2)

119.5
119.5
119.72 (17)
120.1
120.1
120.30 (16)
119.9
119.9
120.55 (17)
119.7
119.7
120.18 (16)
119.9
119.9

D—H4
152
160
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Fig. 1
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Fig. 2
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