
372  C10H1403 

Refinement 

Refinement on F z 
R(F) = 0.051 
wR(F 2) = 0.122 
S =  0.94 
1667 reflections 
131 parameters 
w = 1/[tr2(F 2) + (0.0635P) 2] 

where P -  (Fo z + 2F~)/3 
(A/,r)m~ = -o.ool 

Apmax = 0.11 e A, -3 
Apmin = --0.12 e ,~-3 
Extinction correction: 

SHELXTL (Sheldrick, 
1994) 

Extinction coefficient: 
0.000 (7) 

Scattering factors from 
International Tables for 
Crystallography (Vol. C) 

Tab le  1. Selected geometric parameters and hydrogen- 
o 

bonding geometry (A, o) 

or- -c2  1.204 (4) C2--C3 1.497 (5) 
O2--C9 1.197 (4) C3--C4 1.536 (4) 
O3---C9 1.304 (4) C4----C5 1.527 (6) 
C1---C10 1.508 (4) C4-----C7 1.548 (4) 
Ci--C'2 1.521 (4) C5---C6 1.548 (6) 
CI----C6 1.536 (5) C7---C9 1.515 (4) 
C 1------c-~ 1.560 (4) C7---C8 1.530 (4) 

C9--O3---H3 113 (3) C3----C4----C7 102.3 (2) 
C2---C1---C6 102.4 (2) C4---C5---C6 102.8 (3) 
C2---C 1--C7 99.9 (2) C 1--C6-425 104.6 (3) 
Cf--C 1----C7 101.7 (2) C9--C7--C4 110.6 (3) 
O1--C2----C3 126.9 (3) C9---C7--C 1 116.3 (2) 
O1---C2---C1 125.2 (3) C4----C7---CI 94.2 (2) 
C3--C2--C1 107.9 (2) O2---C9--4)3 122.3 (3) 
C2---C3--C4 101.7 (2) O2--429---C7 123.0 (3) 
C5---C4--C3 107.0 (3) O3---C9--C7 114.6 (3) 
C5---C4----C7 102.1 (3) 

O1--C~--C3--C4 - 177.1 (3) C8--C7--C9---O3 93.2 (3) 
C8---C7--C9--4)2 -83.1 (4) C4----C7--C9--4)3 - 141.3 (3) 
C4---C7--C9--O2 42.4 (4) C1--C7--C9--O3 -35.5 (4) 
C 1----C7---C9---O2 148.2 (3) 

D---H- • -A D---H H. • -A D. • .A D--H. • .A 
O3--H3- • .O1 i 0.87 (4) 1.86 (4) 2.698 (3) 162 (4) 

Symmetry code: (i) x, y - 1, z. 

All non-carboxyl H atoms, although found in electron-density 
difference maps, were replaced in calculated positions and 
allowed to refine as riding models;  their displacement para- 
meters were allowed to refine, with the methine H4 atom 
having Uiso = 0.060 and all the methylene H atoms (H3A- 
H6B) having a group Uiso = 0.077. The H atoms of  both 
methyl  groups were treated as disordered, with two different 
sets of  three H atoms each; the C8 group H atoms (occupancy 
ratio 78/22) had a group Uiso = 0.053 and the C10 group H 
atoms (occupancy ratio 73/27) had a group Uiso = 0.073. The 
carboxyl H3 atom was found in an electron-density difference 
map. Its positional parameters were refined and its isotropic 
displacement parameter Ui~o was refined to 0.09 (1). 

Data collection: XSCANS (Fait, 1991). Cell refinement: 
XSCANS. Data reduction: XSCANS. Program(s) used to solve 
structure: SHELXTL (Sheldrick, 1994). Program(s) used to 
refine structure: SHELXTL. Molecular graphics: SHELXTL. 
Software used to prepare material for publication: SHELXTL. 

Lists of atomic coordinates, displacement parameters, structure factors 
and complete geometry have been deposited with the IUCr (Reference: 
BK1292). Copies may be obtained through The Managing Editor, 
International Union of Crystallography, 5 Abbey Square, Chester CH 1 
2HU, England. 
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Abstract 
M o l e c u l e s  o f  the  t i t le c o m p o u n d ,  2 - ( 1 , 3 - b e n z i m i d a z o l -  

2 - y l ) - 6 - m e t h o x y p h e n o l ,  C14HI2N202 ,  are nea r ly  p lanar ,  
the  g rea te s t  d e v i a t i o n s  f r o m  the  m o l e c u l a r  l eas t - squa res  

p l ane  b e i n g  - 0 . 1 4 5  (3) A for  C 1 2  and  - 0 . 1 4 9  (3) A 
for  C14 .  A n  i n t r a m o l e c u l a r  O - - - H . . . N  h y d r o g e n  b o n d  
[ O 1 . . . N 1  2 .577  (6) ~,] is obse rved .  

Comment 
S c h i f f  bases  p r o v i d e  a la rge  c lass  o f  c o m p o u n d s  o f  
b o t h  s t e r e o c h e m i c a l  and  m a g n e t o c h e m i c a l  in te res t  (Gar-  
novsk i ,  N i v o r o z h k i n  & M i n k i n ,  1993; M a g g i o ,  P i zz ino  

& R o m a n o ,  1974; Moras s i ,  Ber t in i  & Saccon i ,  1973; 
E l e r m a n ,  F u e s s  & Pau lus ,  1992).  C o m p l e x e s  o f  S c h i f f  
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bases can be classified according to their photochromic 
and thermochromic characteristics (Cohen, Schmidt 
& Flavian, 1964; Moustakali, Mavridis, Hadjoudis & 
Mavridis, 1978; Hadjoudis, Vitterakis, Moustakali & 
Mavridis, 1987). The intramolecular hydrogen bond be- 
tween O and N atoms plays an important role in the 
formation of metal complexes and in the solid state, 
Schiff base compounds can undergo proton transfer from 
the hydroxyl O atom to the imine N atom (Moustakali, 
Mavridis, Hadjoudis & Mavridis, 1978; Hadjoudis, Vit- 
terakis, Moustakali & Mavridis, 1987; Xu, You, Sun, 
Wang & Liu, 1994). Proton transfer may also be the 
basis of molecular switches; the charge transport occurs 
through overlapping 7r orbitals (Xu et al., 1994). The 
molecular geometry of the title compound, (I), is illus- 
trated in Fig. 1. 

"H-O O--CH 3 
(I) 

The N1---C7 distance of 1.325 (5),~ corresponds to 
a typical N==C double bond [cf. 1.317(6) (Elerman., 
Elmali, Atakol & Svoboda, 1995) and 1.323(7)A 
(Chinnakali, Sivakumar & Nataroajan, 1990)]. The O 1 - -  
C1 bond length of 1.353(4)A is in the range ob- 
served for similar structures (Inabe, Hoshino, Mitani 
& Maruyama, 1989; Bregman, Leiserowitz & Schmidt, 
1964). 

An intramolecular hydrogen bond occurs between 
the O1 and N1 atoms, the H atom being bonded to 
the former. The O1. . .N1,  N1. . .HO1 and O I ~ H O 1  
bond distances are 2.577 (6), 1.73 (5) and 0.95 (5),~, 
respectively, and the O1--HO1- . .N1 bond angle is 
151 (3)°; the O1.-.N1 distance is comparable to that ob- 
served for thermochromic 2,2~-azinodimethyldiphenol 
(2.611 ,~: Xu et al., 1994) and for N, Nt-disalicylidene - 

~ N 2  ~ 4  

Fig. 1. ORTEPII view (Johnson, 1976) of the structure of the title 
compound showing displacement ellipsoids at the 50% probability 
level. H atoms have small arbitrary radii. The intramolecular hydro- 
gen bond is shown as a dashed line. 

1,6-pyrenediamine (2.614~,; Inabe, Hoshino, Mitani 
& Maruyama, 1989). As a result of hydrogen bond- 
ing between the N1 and O1 atoms, the NI-----C8 bond 
length appears to be longer than N2---C13 [1.391 (5) 
versus 1.376 (5),4,] and the valence angle at the NI 
atom is smaller than that at the N2 atom [106.1 (3) 
versus 107.6(3)°]. The C1----C6 C7--N1 and C5 B 
C6---C7BN2 torsion angles of 6.3 (3) and 7.3(3) °, 
respectively, are similar and the molecule is slightly 
twisted about the C6---C7 bond. Calculations on the 
non-H atoms show that these lie almost in a plane, 
with the greatest deviations being - 0 . 1 4 5 ( 3 ) A  for 
C12 and -0 .149 (3)A for C14. The dihedral angle be- 
tween the benzimidazolyl and 3-methoxyphenol groups 
is 7.50 (7) ° . 

In thermochromic Schiff base compounds, the pla- 
narity of the molecule makes it possible for the proton 
to transfer through the hydrogen bond in the ground 
state (Bregman, Leiserowitz & Schmidt, 1964; Breg- 
man, Leiserowitz & Osaki, 1964). This proton trans- 
fer, accompanied by a configurational change of the 
7r-electron structure, is central to many proposals for 
molecular-electronic devices. On the basis of the struc- 
tural results, the title compound is expected to be a 
thermochromic Schiff base and may be a candidate for 
the construction of a type of conductive organic material 
in which proton transfer is essentially correlated with 
electron conduction. 

Experimental  

Benzimidazole and 3-methoxyphenol were dissolved in aceto- 
nitrile and the solution refluxed for 2 d. Suitable crystals were 
obtained upon cooling. 

Crystal data 

CI4HI2N202 Mo Kc~ radiation 
Mr = 240.26 A = 0.71073.4, 
Monoclinic Cell parameters from 25 
P21/n reflections 
a = 7.737 (1)/k /9 = 3.3-15.9 ° 
b = 12.249 (1) ,4, # = 0.094 mm -~ 
c = 12.247 (1) ,~, T = 293 (2) K 

= 94.17 (1) ° Needle 
V= 1157.6(2),~3 0.20 x 0.12 x 0.08 mm 
Z = 4 Yellow 
Dx = 1.38 Mg m -3 
Dm not measured 

Data collection 

Enraf-Nonius CAD-4 
diffractometer 

,,/20 scans 
Absorption correction: none 
1402 measured reflections 
1401 independent reflections 
1099 reflections with 

I > 2or(/) 

Rint = 0.0045 
0max -- 23.9 ° 
h = - 8 - - - , 8  
k=O---,  13 
I=0--- ,  13 
3 standard reflections 

frequency: 120 min 
intensity decay: 3.8% 
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Refinement 

Refinement on F 2 (A/or)max = 0.001 
R(F) = 0.058 Apmax = 0.23 e A, -3 
wR(F 2) = 0.152 Apmin = -0.24 e ,~-3 
S = 1.099 Extinction correction: none 
1401 reflections Scattering factors from 
166 parameters International Tables for 
H atoms: see below Crystallography (Vol. C) 
w = 1/[cr2(Fo 2) + (0.08P) 2 

+ 1.012P] 
where P = (F 2 + 2Fc2)/3 

Table 1. Selected geometric parameters (A, °) 
O1--C1 1.353 (4) NI--C8 1.391 (5) 
O2--C2 1.377 (4) N2--C7 1.371 (4) 
O2---C14 1.419 (5) N2----CI 3 1.376 (5) 
N 1---427 1.325 (5) 
C2---O2---~14 117.1 (3) C7--N2----C13 107.6 (3) 
C7--N 1----C8 106.1 (3) 

Non-H atoms were refined anisotropicaUy and H atoms (except 
for HO 1 which was refined positionally with a fixed Uiso value) 
were located geometricaUy and not refined. 

Data collection: CAD-4 Software (Enraf-Nonius, 1989). 
Cell refinement: CAD-4 Software. Data reduction: SDP- 
Plus (Frenz, 1985). 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). Software used to prepare material for 
publication: SHELXL93. 

The authors wish to acknowledge the purchase of 
CAD-4 diffractometer under Grant DPT/TBAG1 of the 
Scientific and Technical Council of Turkey. 

Lists of atomic coordinates, displacement parameters, structure factors 
and complete geometry have been deposited with the IUCr (Reference: 
BM1068). Copies may be obtained through The Managing Editor, 
International Union of Crystallography, 5 Abbey Square, Chester CH 1 
2HU, England. 
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Abstract 

The title compound, C6HIINOS, is a 3-oxothioketone. 
It adopts an enol constitution which is stabilized by 
an intramolecular O H . . . S  hydrogen bond [O. . -S 
2.895 (4)A,], even though some molecular orbital cal- 
culations suggested that the corresponding enethiol 
tautomer was the most stable for 3-oxothioketone mol- 
ecules. A Cambridge Structural Database search for the 
3-oxothioketone skeleton found four enol structures but 
no enethiol ones. The molecule lies on the crystallo- 
graphic mirror plane. 

Comment  
The present work is part of a study of the novel reaction 
of bis(trimethylsilyl)thioketene and N,N-disubstituted 
amides (Tsuchiya, Oishi, Shibuya, Taguchi & Honda, 
1996). The investigated compound is a 3-oxothio- 
ketone which has three possible tautomers, namely, the 
thioketo-keto, enol and enethiol forms. 

( H 3 C ) 2 N ~ C H 3  (H3C)2Nx~/~CH3 ( H 3 C ) 2 N ~ C H 3  

S O S-..H,O S,H..- O 

thioketo-keto enol enethiol 

For similar 3-oxothioketone structures such as thio- 
acetylacetone and thiomalondialdehyde, some molecu- 
lar orbital calculations predicted that the intramolecular 
hydrogen-bonded enethiol and enol tautomers were 

© 1997 International Union of Crystallography 
Printed in Great Britain - all rights reserved 

Acta Crystallographica Section C 
ISSN 0108-2701 © 1997 


