
BASMA TROJETTE et al. 1869 

Table 2. Hydrogen-bonding geometry (A, °) 

D--H-  • .A D - - H  H. • .A D. - -A D--H.  • -A 
O3--HO3...N2' 0.76 (3) 1.99 (3) 2.744 (3) 169 (3) 
O4~HO4. • -02" 0.81 (3) 1.70 (3) 2.513 (2) 175 (3) 
NI--HINI. . -O1" '  0.91 (3) 1.88(3) 2.784 (2) 176 (2) 
NI--H2NI. .  -02" 0.89(3) 1.85 (3) 2.731 (2) 178 ~2) 
N I--H3N 1. • .O 1 0.84 {3) 1.97 (3) 2.809 (3) 176 (2) 
N2--HIN2. . .Ol" '  0.85(3) 2.16(3) 2.972(3) 161 (2) 
N2--H2N2. • -03' 0.87 (31 2.29 (3) 3.051 (3) 147 (2) 

Symmetry codes: (i) - x , - y ,  1 - z; (ii) I + x ,y ,z ;  (iii) x - l , y , z ;  (iv) 
- x , l  -3' ,1 - z ; ( v ) - I  - x , - 3 . , l  -z..  

Data collection: CAD-4 EXPRESS (Duisenberg, 1992; 
Macfeek & Yordanov, 1992). Cell refinement: CAD-4 EX- 
PRESS. Data reduction: MoIEN (Fair, 1990). Program(s) used 
to solve structure: SHELXS86 (Sheldrick, 1990). Program(s) 
used to refine structure: SHELXL93 (Sheldrick, 1993). Molec- 
ular graphics: ORTEPII (Johnson, 1976). Software used to 
prepare material for publication: SHELXL93. 

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: CF1225). Services for accessing these 
data are described at the back of the journal. 
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group. In the crystal packing the aromatic rings are 
stacked in a herring-bone mode along the y direction. 

Comment 
Azobenzenes have been extensively used as ligands 
suitable for investigation on cyclometallated systems 
(Ryabov, 1990). In the course of our ongoing work 
on the synthesis and structural characterization stud- 
ies of cyclopalladated mesogens containing azobenzene 
ligands (Crispini et al., 1996), the title compound, (I), 
was synthesized and we report here its crystal structure. 
The compound was synthesized using 2-chloro-p-tolu- 
idine and following the synthetic routine recently 
reported in the literature (Bermfdez et al., 1994). 

M e ~ N / / N - - ~  Me 

CI 

(1) 

The molecule occupies a special position at an 
inversion centre and is essentially planar. The torsion 
angle about the central bond of 180 ° confirms a 
trans conformation with both aromatic rings in a 
parallel orientation, typical for stilbenes and diphenyl- 
azobenzenes (Bouwstra et al., 1985; Klebe, 1994). 
Moreover, both these molecules diplay preferences for 
planarity of the entire Ph--X--X--Ph (X = C, N) 
fragment, with exceptions, due to the steric repulsion, in 
examples with non-H atoms at the ortho positions. The 
torsion angles about the N--C bond [ N I ' - - N I - - - C l - -  
C2 = -166.4(2) and N I ' - - N 1 - - C 1 - - C 6  = 14.4(3) °] 
are comparable with the corresponding values of the 
related compound trans-2,2'-dichloroazobenzene [ 168.5 
and -14.3 °] (Komeyama et al., 1973) and greater than 
values found for 4,4'-disubstituted azobenzenes like 
4,4'-azodiphenetole (175.0, -171.7 and 7.7, -6 .4  °) 
(Galigne, 1970) and 4,4'-dibromoazobenzene (178.3 and 
-1 .3  °) (Howard et al., 1994). 

t r a n s - 2 , 2 ' - D i c h l o r o . 4 , 4 ' . d i m e t h y l a z o b e n z e n e  

ALESSANDRA CRISPIN1, MAURO GHEDINI AND DANIELA 
PUCCl 

Dipartimento di Chimica, Universit6 degli Studi della 
Calabria, 1-87030 Arcavacata di Rende, Cosenza, Italy. 
E-mail: a. crispini@ unical, it 

(Received 29 April 1998; accepted 26 June 1998) 

) ('ll 

( ' s -  ~ N~ ~ . . ~  -- 

Fig. 1. Structure of the molecule showing 50% probability displace- 
ment ellipsoids. H atoms are omitted for clarity. 

Abstract The packing type can be easily identified as the 
The X-ray crystal structure of the title compound, simplest pattern observed for aromatic hydrocarbons: the 
CI4HI2CI2N2, reveals a trans geometry of the two CI herring-bone motif HB (Gavezzotti & Desiraju, 1988; 
atoms in the ortho position with respect to the azo Desiraju & Gavezzotti, 1989). As shown in Fig. 2, 
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1870 CI4H12C12N2 

the  shor t e s t  d i s t ance  b e t w e e n  a r o m a t i c - r i n g  cen t ro id s  

(5 .10  A)  is for  the  non -pa ra l l e l  nea res t  n e i g h b o u r  m o l -  
3 ecu le s  ( i n t e rp l ana r  ang le  o f  65.3 °) r e l a ted  by ~ - x, y - 

l i 
2 , 2  z. 

Fig. 2. Crystal packing of the molecules projected down the a axis. 
Dashed lines show the shortest distances between aromatic-ring 
centroids. 

T h e  shor tes t  i n t e r m o l e c u l a r  n o n - b o n d e d  d i s t ances  

C . . . C 1 ,  C . - . C  and  C . - . H  o f  3 .559  (2), 3 .542  (2) and  
2 .96  ,~, are all nea r  to the  s u m  o f  the  van  der  Waals  
radii .  T h e  p r e s e n c e  o f  fo rces  m o r e  d o m i n a n t  than  
C1. • -C1 in t e r ac t ions  [shor tes t  i n t e r m o l e c u l a r  n o n - b o n d e d  

d i s t ance  C1 . . .C1  o f  3 .938 (2),~,] is one  o f  the  fea tu res  
w h i c h  f a v o u r  the  a d o p t i o n  o f  n o n - 3 - ( h e r r i n g - b o n e )  
s t ruc tures  for  c h l o r o - a r o m a t i c  c o m p o u n d s  ( S a r m a  & 
Des i ra ju ,  1985; Des i ra ju ,  1989). 

2349 measured reflections 
1162 independent reflections 
957 reflections with 

I > 20-(/) 
Rlnt = 0.045 

2 standard reflections 
frequency: 98 min 
intensity decay: not 

measured 

Refinement 

Refinement on F 2 
R[F ~- > 20.(F2)] = 0.042 
wR(F 2) = 0.117 
S = 1.062 
1162 reflections 
82 parameters 
H atoms riding, with fixed 

isotropic U 

w =  l/[0.2(Fo) + (0.0685P) 2 
+ 0.1607P] 

where P = (F,~ + 2F~)13 
(A/0.)m.~ = - 0 . 0 0 2  
Apma× = 0.289 e ~ - 3  
Apmin = - 0 . 3 5 8  e ,~-3 
Extinction correction: none 
Scattering factors from 

International Tables for  
Co'stallograph 3" (Vol. C) 

Tab le  1. Selec ted  geometr ic  parameters  (A, °) 

CII--C2 1.737 (2) N I---C1 1.425 (3) 
NI--NI' 1.250 (3) 

NI'--NI--CI 113.7(2) C2---CI--N 1 118.0(2) 
C2---C I----C6 118.1 (2) C6---C 1--N 1 123.8(2) 
Symmetry code: (i) 1 - x, 1 - y, 1 - z. 

Data collection: P3/V  (Siemens, 1990a). Cell Refinement: 
P3/V.  Data reduction: SHELXTL-Plus, 1990). Program(s)used 
to solve structure: SHELXTL-PIus. Program(s) used to refine 
structure: SHELXL93 (Sheldrick, 1993). Molecular graphics: 
XP (Siemens, 1990b). Software used to prepare material for 
publication: SHELXL93. 

We a c k n o w l e d g e  f inancia l  suppo r t  f r o m  I ta l ian M i n -  

is tero pe r  l 'Univers i t~i  e la R i ce r ca  Sc ien t i f i ca  e T e c n o -  
log ica  ( M U R S T )  e C o n s i g l i o  N a z i o n a l e  de l le  R i c e r c h e  
(CNR) .  

E x p e r i m e n t a l  

Crystals were obtained by slow evaporation of  a CH2CI_~/Et_~O 
solution. 

Crystal data 

C~4HI2C12N2 Mo Ko~ radiation 
Mr = 279.16 A = 0.71073 ,A. 
Monoclinic Cell parameters from 25 
P21/n reflections 
a = 8.103 (4) .A 0 = 7.7-14.8 ° 
b = 5.686 (3) ,~ # = 0.478 m m -  
c = 14.270 (8) ,~ T = 293 (2) K 
/3 = 95.94 (4) ° Parallelepiped 
V=  653.9 (6),~3 0.30 × 0.22 × 0.14 mm 
Z = 2 Dark orange 
Dx = 1.418 Mg m -3 
Dm not measured 

Data collection 

Siemens R3m/V diffractom- 0 .... = 25.05 ° 
eter h = 0 ---, 9 

0-20 scans k = - 6  ---, 6 
Absorption correction: none l = - 17 ~ 16 

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: NA 1372). Services for accessing these 
data are described at the back of the journal. 
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Abstract 
The title compound, Ci4HilN3, is planar to within 
0.030 ,~ (excluding H atoms). Wide bond angles are ob- 
served exocyclic to the five-membered ring [maximum 
134.2 (2)°]. Molecules are connected into zigzag chains 
by hydrogen bonds of the form Carom--H'' .N:--~--C, with 
an H. . .N distance of 2.47 ,~. 

CN 

M e m O  
N (2) Me 

N I ' ~ ' / C N  piperidine Me 
H acetate (3) 

(la) H+/heat 

Me 
(4) 

NH 
~ N , . . ~ ( : N  (2) c'N 

(5) 
(lb) Me 

CN 
(6) 

The molecule of (6) (Fig. 1) is planar, with an r.m.s. 
deviation of all non-H atoms from the least-squares 
plane of 0.030A. [The r.m.s, deviation is reduced 
to 0.014A on excluding atoms C14 and N3, which 
lie 0.109(3) and 0.056(3)*,  respectively, outside the 
improved plane.] The bond lengths and angles are 
closely similar to those of a benzimidazo[ 1,2-a]pyridine 
derivative with a further annelated seven-membered ring 
recently determined by us (Elgemeie et al., 1998); in 
particular, wide angles are observed exocyclic to the 
five-membered ring [e.g. C1- -NI - -C9  132.41 (18) and 
C8-~C9--N1 134.2 (2)°1. 

Comment 
In the course of our preparative studies of fused 
heterocyclic nitrogen compounds utilizing readily ob- 
tainable nitrile intermediates (Elgemeie et al., 1992, 
1997; Elgemeie & Fathy, 1995), we have reported new 
approaches starting from 2-cyanomethylazolyl deriva- 
tives (Elgemeie & Elaal, 1986; Elgemeie & Fathy, 
1988). We report here a novel synthesis of a benzo[g]- 
imidazo[1,2-a]pyridine derivative from the readily ob- 
tainable 2-cyanomethylbenzimidazole, (1). Compound 
(1) reacted with the sodium salt of 3-(hydroxymethyl- 
ene)-2-butanone, (2), in the molar ratio 1:1 to give a 
product for which several possible isomeric structures 
[cf. (3)-(6) in Scheme] were considered. The spectral 
data were ambiguous; an X-ray structure determination 
indicated form (6) for the product in the solid state. 
The formation of (6) from the reaction of (1) and (2) 

,~, c14 f3 

C7 Cl C 1 3  

C)---- 

" C6 C5 C3 

'C4 
N2 

N3 

Fig. 1. The molecule of the title compound in the crystal. Ellipsoids 
are shown at 50c/c probability levels and H atoms are shown as 
circles of arbitrary radii. 
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