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Abstract 
The title compound, CIoH8N4, belongs to a series of 
conjugated molecules that offer potential utilization as 
organic dyes. As indicated by the planarity of the mol- 
ecule and the pattern of bond lengths and angles, a 
considerable amount of 7r-electron density is transferred 
from the dihydropyridineimine portion of the molecule 
to the cyano groups. The principal packing interaction 
seems to be 7r-Tr stacking of the heterocyclic rings. 

Comment 
This work is part of our continuing study on the re- 
lationship between molecular and electronic structures, 
and absorption properties of polarized molecules having 
electron-releasing and electron-accepting groups bonded 
to an ethylene skeleton. These molecules absorb in the 
near-ultraviolet and visible regions due to delocalization 
of 7r electrons, and exhibit pronounced colour changes 
depending on the nature of the substituents attached to 
the ethylene-type C atoms. Consequently, it is of interest 
to examine the extent of conjugation in these molecules 
by combined use of theoretical and experimental meth- 
ods. We report herein the crystal structure of the title 
compound, (I), a derivative having a dihydropyridine- 
imine chromophore and two cyano groups bonded to an 
ethylene skeleton. 

CN 

N N--CH/ ,~  \ -~ (~,~ 

(I) 

Bond lengths and angles within the 1,2-dihydro- 
pyridine-2-imine moiety are affected by conjugation. 
The bonds N1--C2 and N1--C6 have partial double- 
bond character (Burke-Laing & Laing, 1976) and hence 
are much shorter than the essentially single bond N1- -  
C14. The N1 atom is sp 2 hybridized, as evidenced by the 
sum of the valence angles around this atom [360.1 (2)°], 
with the lone-pair electrons available for 7r bonding. 
The intra-ring C- -C bond distances, perhaps with the 
exception of the C5--C6 bond which approximates 
to a double bond, are equivalent. These facts indicate 
7r-electron delocalization within the heterocyclic ring. 
A similar pattern of bond distances and angles has 
been observed in two other compounds containing 
the 1-methyl-l,2-dihydropyridine-2-imine substructure 
(Rodier et al., 1986; Hammen et al., 1989), as revealed 
by a search of the Cambridge Structural Database (Allen 
et al., 1983). 

Considering the exocyclic bonds, the formally double 
bond C 2 ~ N 7  is even longer than the formally single 
bond N7--C8, the ethylene double bond C 8 = C 9  is con- 
siderably longer than the reported value of 1.314 (6) ,4, 
in unpolarized ethylene (van Nes & Vos, 1977), and 
the C9---C10 and C9---C12 bond lengths [1.411 (3) and 
1.412 (3),~, respectively] are shorter than the value ex- 
pected for a pure C,p2---Csp single bond (Hummel & 
Procher, 1986). There is, therefore, an indication that 7r 
density concentrated in the dihydropyridineimine chro- 
mophore is transferred, at least in part, to the acceptor 
(cyano) groups. 

Due to conjugation, the dihydropyridine ring is planar 
within experimental error [r.m.s. deviation 0.007 (2)A] 
and atoms N7 and C14 are displaced from this plane 
on opposite sides, with respective out-of-plane displace- 
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ments  o f  - 0 . 0 4 0  (3) and  0.038 ( 3 ) A .  As can  be seen 
f rom the exocyc l i c  tors ion angles ,  the m o l e c u l e  as a 
w h o l e  is also app rox ima te ly  planar.  

The  m o l e c u l e s  s tack in the b d i rec t ion,  the hetero-  
cyc l ic  t ings  be ing  requi red  to be paral le l  by symmet ry ,  
but  they do not  lie d i rect ly  over  one  another.  The  per- 
pend icu l a r  d i s tance  b e t w e e n  t hem is 3 .380 ,&; however ,  
the d is tance  b e t w e e n  their  cen t ro ids  is b = 3.956,4,,  i.e. 
the r ings are ' s l ipped '  by 2.058 ]~ f rom their  fully over-  
l apped  posi t ion.  Such  a s tacking g e o m e t r y  is in line wi th  
the mode l  o f  7r-Tr in terac t ions  p resen ted  by Hun te r  & 

Saunders  (1990).  

Data collection 

Syntex P2~ diffractometer 
0120 scans 
Absorption correction: none 
1611 measured reflections 
1611 independent reflections 
988 reflections with 

I > 2o-(/) 

k 4  #¢O Nil 

Fig. 1. View of the title molecule showing the labelling of the non-H 
atoms. Displacement ellipsoids are shown at 50% probability levels 
and H atoms have been drawn as small circles of arbitrary radii. 

Experimental 

To a solution of 2-imino-l-methyl-l ,2-dihydropyridine hydro- 
iodide (10 retool), synthesized according to Bertho (1947), in 
dry ethanol (30 ml), was added dry triethylamine (10mmol).  
After stirring for 10 rain, a solution of freshly distilled 
ethoxymethylenepropanedinitrile (10 mmol) in ethanol (30 ml) 
was added dropwise and the mixture was refluxed for 4 h. 
When the reaction was terminated, the reaction mixture 
was cooled, evaporated to dryness, and finally subjected to 
chromatographic separation to obtain the product in 65% yield 
(m.p. 487-488 K). 

Crystal data 

CIoH8N4 
Mr = 184.20 
Monoclinic 
P21/n 

a = 11.686 (8) .~ 
b = 3.956 (2)/~, 
c = 20.404 (13) ,~, 
/3 = 106.06 (7) ° 
V = 906.5 (10) ,~3 
Z = 4  
D~ = 1.350 Mg m -3 
D,,, = 1.35 (1) Mg m -3 
Dm measured by flotation in 

bromoform-cyclohexane 

Mo Ka radiation 
A = 0.7107 ,~ 
Cell parameters from 15 

reflections 
0 = 10-19 ° 
# = 0.088 m m -  
T = 293 (2) K 
Prism 
0.30 × 0.25 × 0.15 mm 
Yellow 

0ma× = 25.07 ° 
h = 0 ---, 13 
k = 0 ~ 4  
1 = - 2 4  ---, 22 
2 standard reflections 

frequency: 100 min 
intensity decay: none 

Refinement 

Refinement on F 2 
R[F 2 > 2o-(F2)] = 0.050 
wR(F 2) = 0.130 
S = 1.004 
1611 reflections 
127 parameters 
H atoms not refined 
w =  l/[o--(F,;-) + (0.0719P) 2] 

where P = (F,~ + 2F,?)/3 

(Z~/O')rnax = 0.001 
Apma, = 0.270 e ,~-3 
Apmin = -0 .302  e ~ - 3  
Extinction correction: none 
Scattering factors from 

International Tables for  
Co,stallography (Vol. C) 

Table 1. Selec ted  geometr ic  parame ter s  (,4, o) 

N 1--C6 1.354 (3) C 5 ~ 6  
N 1 --C2 1.359 (3) N 7 ~ 8  
NI---C14 1.469(3) C8---C9 
C2--N7 1.346 (3) C9--C10 
C2--C3 1.398 (3) C9--~12 
C3---C4 1.354 (3) C10--N 11 
C4--C5 1.384 (4) CI2--N13 

C6---N 1 ~ 2  121.7 (2) N7--C2~3 
C ~ - N I ~ I 4  119.0(2) N 1----C2~3 
C2--N 1 ~ 1 4  119.4 (2) C8--N7~2 
N7~2--N 1 114.2 (2) N7----C8~9 

N 1--C2--N7--C8 179.6 (2) N7--C8--C9---C 12 
C2--N7--C8--C9 179.6 (2) 

.332 (3) 

.318 (3) 

.373 (3) 

.411 (3) 

.412 (3) 

.135 (3) 
1.137 (3) 

128.8 (2) 
117.0 (2) 
118.3 (2) 
121.9 (2) 

O.3 (4) 

H atoms were located from a difference Fourier map but were 
not refined; U~o was set to 1.2Ueq of the parent atom. 

Data collection: Syntex P2~ diffractometer system. Cell re- 
finement: Syntex P2~ diffractometer system. Data reduction: 
XP21 ( P a v e l ~ ,  1987). Program(s) used to solve structure: 
SHELXS86 (Sheldrick, 1985). Program(s) used to refine struc- 
ture: SHELXL93 (Sheldrick, 1993). Molecular graphics: OR- 
TEPII (Johnson, 1976). Software used to prepare material for 
publication: SHELXL93. 

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: OS1002). Services for accessing these 
data are described at the back of the journal. 
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As shown in Fig. 1, the furyl and thienyl functions 
are trans-positioned at the C5==C7 double bond. This 
bond [1.346 (3)A] is considerably longer than the bond 
length of 1.314 (6),~ in unsubstituted ethylene (van Nes 
& Vos, 1977), but falls into a range of values generally 
observed for polarized ethylenes (Banerjee et al., 1985). 
Bond lengths and angles within the furan and thio- 
phene rings also agree well with those found in other 
compounds containing these molecular fragments (Sanni 
et at., 1987; Gilmore et al., 1983; Bak et al., 1961; 
Pavelf:fk et al., 1989). 

trans- 2-( 2- Thien yl ).3.( 5-p hen yl.2.furyl ). 
propenenitrile 
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C I ~  C8 

a'/~15 ~ C16 ~ N1 " SI 

Fig. 1. ORTEPII (Johnson, 1976) view of the title molecule showing 
the labelling of the non-H atoms. Displacement ellipsoids are shown 
at the 50% probability level and H atoms are drawn as small circles 
of arbitrary radii. Both orientations of the disordered thiophene ring 
are shown. 

Abstract 
The title compound, C I 7 H l l N O S ,  belongs to a series of 
extensively conjugated molecules which have potential 
as organic dyes. As indicated by the planarity of 
the molecule and bond-length patterns, the 7r-electron 
delocalization extends over the whole molecule. As 
expected, the arrangement of the phenylfuran and thio- 
phene moieties at the double bond is trans. 

Comment 
As part of our study on the relationships between molec- 
ular and electronic structures and absorption properties 
of extensively delocalized molecules as potential organic 
dyes, we have prepared a series of 1-(2-furyl)-2-cyano- 
ethylenes. These molecules absorb in the near ultraviolet 
and visible regions of the spectrum, and exhibit pro- 
nounced colour changes depending on the nature of the 
substituents attached to the ethylene C atom and the 
furan ring. Consequently, it is of interest to examine the 
extent of conjugation in these molecules by the com- 
bined use of theoretical and experimental methods. In 
this communication, we report on the crystal structure 
of the title phenyl-thienyl derivative, (1). 

o / 

CN 
(1) 

The thiophene ring shows disorder; it adopts two dif- 
ferent orientations related by a rotation of 172.3 (8) ° 
about the C4--C5 bond. An unrestrained model of the 
disorder gave a reasonable fit to the experimental data 
but the resulting bond lengths and angles were un- 
satisfactory, particularly for the sites of lower occu- 
pancy. Therefore, restraints on both geometrical and 
displacement parameters as implemented in SHELXL93 
(Sheldrick, 1993) were used. This resulted in a model 
with occupancies of 0.63 and 0.37 for the major and 
minor sites and a reasonable geometry for both rotamers. 

The molecule as a whole is approximately planar. As 
expected, the furyl and phenyl tings are planar (r.m.s. 
deviations 0.000 and 0.003 A, respectively), and the 
dihedral angle between these two planes is 2.8 (2) ° . The 
twist about the ethylenic bond, as measured by the angle 
between the planes through C4, C5, C6 and H7, C7, C8 
is 4.6 (9) °. While the furan ring lies in the plane of this 
double bond [dihedral angles 3.8 (4)°], the thiophene 
ring is substantially rotated out of the mean plane of 
the ethylenic bond [dihedral angle 13.2 (8) and 7.9 (9) ° 
for the major and minor rotamers, respectively]. Thus, 
the planarity of the whole molecule is perturbed mainly 
by the thiophene moiety. 

The extensive conjugation in the molecule is also 
observed in the C A C5, C7--C8 and C l l - - C 1 2  bond 
distances, which are alloSUbstantially shorter than the 
normal value of 1.487 A reported for the C~p~.--C~p2 
single bond (Shmueli et al., 1973). 
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