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charge transport occurs through overlapping intermolec- 
ular 7r orbitals with proton transfer; the proton transfer 
may also be a basis for the development of molecu- 
lar switches (Xu et al., 1994). Interest in photochromic 
compounds has been increasing ever since the potential 
applications of photochromic materials were realised in 
various areas, such as the control and measurement of 
radiation intensity, optical computers and display sys- 
tems (Dtirr, 1989; Dtirr & Bouas-Laurent, 1990). 

Our structural investigation of the Schiff bases (Eler- 
man et al., 1991, 1992, 1994, 1995, 1997; Elmali et al., 
1995; Kevran et al., 1996; Elmali & Elerman, 1997) 
have led us to examine the title compound, (I). The 
molecular geometry is illustrated in Fig. 1. 
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Abstract 

Molecules of the title compound, CI6HI4N2OS, are 
nearly planar. Each molecule contains an intramolecular 
O. . .N hydrogen bond [2.626 (2)~,]. 

Comment 

Schiff bases have been used widely as ligands in the for- 
mation of transition metal complexes. Many such com- 
plexes have been structurally characterized, but only a 
relatively small number of free Schiff bases have been 
similarly characterized (Calligaris & Randaccio, 1987). 
N-Substituted salicylaldimines have been found to dis- 
play thermochromism and photochromism in the solid 
state by proton transfer from the hydroxy O atom to the 
imine N atom, which may be reversible (Moustakali et 
al., 1978; Hadjoudis et al., 1987; Xu et al., 1994). The 

On the basis of some thermochromic and photo- 
chromic Schiff base compounds, it was proposed that 
molecules exhibiting thermochromism are planar, while 
those exhibiting photochromism are non-planar (Mous- 
takali et al., 1978), and that planarity of the molecule 
facilitates proton transfer through the hydrogen bond 
in the ground state (Bregman, Leiserowitz & Schmidt, 
1964; Bregman, Leiserowitz & Osaki, 1964). In agree- 
ment with the above conclusions, the present molecule 
(excluding C13 and C14) is planar [with the largest de- 
viation from planarity being 0.346 (2)A for atom C13] 
and thermochromic (Kabak, 1998). There is a strong 
intramolecular hydrogen bond O1...N1 [2.626(2) A] 
in which the H atom is bonded to the O atom (the 
H10 atom was located from a difference Fourier map 
at the end of the refinement process as a small posi- 
tive electron density). The sum of the van der Waals 
radii of O and N (3.07 ~,; Bondi, 1964) is significantly 
longer than the O--.N hydrogen-bond length, which 
is similar to the corresponding bond lengths in N-(2- 
hydroxyphenyl)salicylaldimine [2.625 (7) A; Elerman et 
al., 1995], 2,2'-azinodimethyldiphenol [2.611 (6)2~; Xu 
et al., 1994] and bis -N,N' -p-chlorosal icy l ideneamine-  
1,2-diaminobenzene [2.615 (6) A; Elerman et al., 1994]. 
The O1- -H10  and H10. . .N1 distances are 0.88 (3) and 
1.83(3)A, respectively. The O1--H10. . .N1  angle is 
150 (2) ° . The unit cell and hydrogen-bonding scheme 
are shown in Fig. 2. Apart from the intramolecular 
hydrogen bond, there is also an intermolecular C - -  

1 1 H. . .N contact, C 7 . . . N 2 ( ~ - x ,  ~+y,  z) 3.401(3),4,. 
Such C - - H . . . N  contacts are thought to represent signif- 
icant polar attractions (Berkovitch-Yellin & Leiserowitz, 
1984) contributing to the overall packing. 
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Fig. 1. The molecular structure of the title compound with the atomic 
labelling scheme and displacement ellipsoids at the 50% probability 
level. H atoms have arbitrarily small radii. The intramolecular 
hydrogen bond is shown as a dashed line. 
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Fig. 2. Unit-cell contents with the hydrogen-bonding scheme indicated 
by dashed lines [symmetry code: (i) ~ - x ,  ½ + y, z]. 

Experimental 

The title compound was obtained from the reaction of  
2-amino-4,5-tetramethylene-3-cyanothiophene (0.01 mol) in 
50 ml of  hot ethanol with a solution of  salicylaldehyde 
(0.01 mol) in 4 0 m l  of  hot ethanol. The precipitate was 
recrystallized for 5-6  d from 2 g of  Schiff base in 25 ml of  
acetonitrile solution. 

Crystal data 

C16HI4N2OS Mo Ka radiation 
Mr -- 282.35 ,~ = 0.71069 ,~, 
Orthorhombic Cell parameters from 25 
Pbca reflections 
a = 7.424 (4) A 0 = 2 .75-17.54 ° 
b = 14.303 (3 ) /k  # = 0.226 m m - t  
c = 26.510 (2) tk T = 293 (2) K 
V = 2815.0 (16) ~3 Prismatic 
Z = 8 0.40 x 0.20 x 0.15 m m  
Dx = 1.332 Mg m -3 Yellow 
Dm not measured 

Data collection 

Enraf-Nonius CAD-4 
diffractometer 

0/20 scans 
Absorption correction: none 
2156 measured reflections 
1809 independent reflections 
1353 reflections with 

I > 2o'(/) 

Rint = 0.036 
0max = 25.63 ° 
h = 0---~ 8 
k = 0 --~ 15 
l =  0--~ 28 
3 standard reflections 

frequency: 120 min 
intensity decay: 5.2% 

Refinement 

Refinement on F 2 
R[F 2 > 2o.(F2)] = 0.034 
wR(F 2) = 0.090 
S = 1.083 
1809 reflections 
184 parameters 
H atoms: riding with fixed 

Uiso values 

w -- 1/[o.2(Fo 2) + (0.0632P) 2 
+ 0.1935P] 

where P = (Fo 2 + 2F~)/3 
(A/O')max = 0.003 
Apmax = 0.131 e ik -3 
Apmin = --0.508 e ~ - 3  
Extinction correction: none 
Scattering factors from 

International Tables for 
Crystallography (Vol. C) 

Tab le  1. Selected geometric parameters (,4, o) 

Sl--C8 1.7265 (14) NI--C7 1.281 (2) 
S I---CI 1 1.729 (2) NI---C8 1.386 (2) 
O1---CI 1.360 (2) N2--C16 1.132 (2) 

C8--SI---CI 1 91.77 (8) C9--C8---S 1 110.38 (I0) 
C7--N I---C8 121.18(13) N1---C8--SI 126.70(11) 
O1--C1--C2 118.0(2) CI0---C11--SI 112.59(12) 
O1--C1--C6 • - 121.70(15) CI2---CII--SI 122.74(13) 
N 1---C7---C6 121.6 (2) N2---CI 6--C9 177.8 (2) 
C9---C8--N 1 122.92 (13) 

All H-atom positions, except that of  the hydroxy H atom, 
were calculated using a riding model  and included with 
fixed isotropic displacement parameters in all refinements. The 
hydroxy H atom was found in the final difference Fourier map 
as a small positive electron density and refined. 

Data collection: SDP (Frenz, 1985). Cell refinement: SDP. 
Data reduction: SDP. Program(s) used to solve structure: 
SHELXS86 (Sheldrick, 1990). Program(s) used to refine struc- 
ture: SHELXL93 (Sheldrick, 1993). Molecular graphics: OR- 
TEPII (Johnson, 1976) and PLUTON (Spek, 1991). Software 
used to prepare material for publication: SHELXL93. 

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: AB1510). Services for accessing these 
data are described at the back of the journal. 

References 
Berkovitch-Yellin, Z. & Leiserowitz, L. (1984). Acta Cryst. B40, 159- 

165. 
Bondi, A. (1964). J. Phys. Chem. 68, 441-451. 
Bregman, J., Leiserowitz, L. & Osaki, K. (1964). J. Chem. Soc. pp. 

2086-2100. 
Bregman, J., Leiserowitz, L. & Scmidt, G. M. J. (1964). J. Chem. 

Soc. pp. 2068-2073. 
Calligaris, M. & Randaccio, L. (1987). Comprehensive Coordination 

Chemistry, Vol. 2, edited by G. Wilkinson, pp. 715-738. London: 
Pergamon. 

Diirr, H. (1989). Angew. Chem. Int. Ed. Engl. 28, 413-431. 
Diirr, H. & Bouas-Laurent, H. (1990). In Photochromism: Molecules 

and Systems. Amsterdam: Elsevier. 



YAL(~IN ELERMAN AND AYHAN ELMALI 531 

Elerman, Y., Elmali, A., Atakol, O. & Svoboda, I. (1995). Acta Cryst. 
C51, 2344-2346. 

Elerman, Y., Elmali, A., Kabak, M., Aydin, M. & Peder, M. (1994). 
J. Chem. Crystallogr. 24, 603-606. 

Elerman, Y., Elmali, A., Kendi, E., Ozbey, S. & Ert0z0n, V. (1997). 
Acta Cryst. C53, 1158-1160. 

Elerman, Y., Paulus, H., Svoboda, I. & Fuess, H. (1992). Z. 
Kristallogr. 198, 135-136. 

Elerman, Y., Svoboda, I. & Fuess, H. (1991). Z. Kristallogr. 196, 
309-311. 

Elmali, A. & Elerman, Y. (1997). Acta Cryst. C53, 791-793. 
Elmali, A., (Szbey, S., Kendi, E., Kabak, M. & Elerman, Y. (1995). 

Acta Cryst. C51, 1878-1880. 
Frenz, B. A. (1985). Enraf-Nonius Structure Determination Package. 

Enraf-Nonius, Delft, The Netherlands. 
Hadjoudis, E., Vitterakis, M., Moustakali, I. & Mavridis, I. (1987). 

Tetrahedron, 43, 1345-1360. 
Johnson, C. K. (1976). ORTEPII. Report ORNL-5138. Oak Ridge 

National Laboratory, Tennessee, USA. 
Kabak, M. (1998). J. Org. Chem. In preparation. 
Kevran, S., Elmali, A. & Elerman, Y. (1996). Acta Cryst. C52, 3256- 

3258. 
Moustakali, I., Mavridis, I. & Hadjoudis, E. (1978). Acta Cryst. A46, 

467-473. 
Sheldrick, G. M. (1990). Acta Cryst. A46, 467-473. 
Sheldrick, G. M. (1993). SHELXL93. Program for the Refinement of 

Crystal Structures. University of Gfttingen, Germany. 
Spek, A. L. (1991). PLUTON. Molecular Graphics Program. Univer- 

sity of Utrecht, The Netherlands. 
Xu, X.-X., You, X.-Z., Sun, Z.-E, Wang, X. & Liu, H.-X. (1994). 

Acta Cryst. C50, 1169-1171. 

Waals contacts only, the shortest intermolecular dis- 
tances being between the O and N atoms of one 
molecule, and the methyl group H atoms of the clos- 
est neighbouring molecules. 

Comment 
Coumarin and many of its derivatives have marked 
physiological effects and lasing properties (Kuo, 1994; 
Fabian, 1985). Only a few examples of their methyl- 
ene derivatives (C==CXY instead of C==O) are known 
because the lactone ring has very low reactivity in direct 
condensations, such as Reformatsky (X = H, Y = CO2Et; 
Pailer & Vostrowsky, 1971) or Knoevenagel reactions 
(X = Y = CN; Tkach et al., 1992); other strategies have 
been developed from benzopyrylium salts (X = H, Y = 
Ph; Iwasaki & Akiba, 1987), 3-cyanocoumarins (X = H, 
Y = CN; Junek & Wilfinger, 1970) or salicylaldehydes 
(X = CHO, Y = CO2Et; Werner et al., 1994). Even 
when the compounds exist, the ZIE configuration has 
never been determined; in the last example of those cited 
above, the authors note an easy Z/E isomerization due 
to a low energy barrier (18 kcal). We have synthesized 
a new series of compounds, as shown in the scheme 
below, with R I = H, Ph or Me, R 2 = H or Me, and 
R 3 = H or OMe (Pochat & L'Haridon, 1998), where the 
methylene group displays a captodative effect (Stella et 
al., 1980). All these new derivatives are obtained as ZIE 
mixtures. 
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a-(2H-1-Benzopyran-2-ylidene)-c~-(methyl- 
thio)acetonitrfle, a Chromylidene Aceto- 
nitrile~ 
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Abstract 
The title compound, C12H9NOS, is the E deriva- 
tive, the major product obtained from the reaction 
between salicylaldehyde and /%bromo-a-(methylthio)- 
crotononitrile. The molecular packing involves van der 

t Part of a synthetic study on benzopyrans and chromones (Pochat & 
L'Haridon, 1998)." 

R 1 

R ~ ~ S M  e 

CN 

(I) R 1 = R  2 = R  3 = H  

All the I H NMR spectra show two SMe peaks at 
(5 = 2.30 and 2.40 p.p.m. However, the major isomer 
[(I), R 1 = R 2 = R 3 = H; 6 SMe = 2.30 p.p.m.], derived 
from coumarin itself, was easily isolated through re- 
crystallization from cyclohexane and its X-ray structure 
established. Molecule (I) (Fig. 1) exhibits the E configu- 
ration (SMe trans to the pyranyl O atom). The benzene 
and pyran, rings are planar, with a maximum deviation 
of 0.013 A for C2, whereas the plane around the C11 
atom defined by C11, C2, C12 and S is slightly tilted 
in relation to the pyran plane by 4.9 (2) °. The methyl 
group and the N atom are located on the same side of 
this plane, with a distance of 1.683 (5) A, for C 13 and a 
distance of 0.042 (5) ,~ for N, which thus lies very close 
to this plane. Bond lengths and angles in the benzene 
and pyran rings are close to the mean values observed 
for similar compounds (Jasinski & Woudenberg, 1994). 

The shortest intermolecular contacts are O1.-.H133 
( 1 - x ,  - y ,  - z )  2.86 (4), N . . . H 1 3 1 ( x - 1 ,  y, z) 2.87(4) 
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