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

D---H. - -A H. • -A D. • .A D--H. • -A 
NIA--H1A. • . O 1 A  i 2.319 (3) 2.898 (4) 124.88 (9) 
NIA--HIA. • .O3A ii 2.471 (4) 3.110 (4) 131.59 (9) 
N 1B--H 1 B- • -O 1B iii  2.340 (4) 2.918 (4) 124.8 ( 1 ) 
N 1B--H 1 B- • .O3B ~v 2.444 (4) 3.099 (4) 133.45 (9) 
Symmetry codes: (i) x - ½, 2~ - y, z; (ii) x, 1 + y, z; (iii) ½ + x, - ½ - y, z; 
(iv) x,y - 1,z. 
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Extinction conditions indicated that the space group was Pna21 
(No. 33) or Pnam (No. 62). Successful structure solution by 
direct methods and successive refinement confirmed the space 
group to be Pna2~. Although two independent enantiomers 
(molecules A and B) are related by a local inversion center 
at x = 0.86, y = 0.50, z = 0.33, this crystal structure can 
not be described by the centrosymmetric space group (Pnam). 
The absolute structure was not determined [X = 0.3 (4); 
Flack, 1983]. H atoms were located at geometrically calculated 
positions and were included in the refinement using the riding 
model. Polar axis restraints were applied according to the 
method of Flack & Schwarzenbach (1988). Data collection 
was performed for the independent region of the reciprocal 
space. Because some reflections were in a blind region of 
the equipment, their equivalent reflections, i.e. h k - l ,  were 
measured instead. 

Data collection: MSC/AFC Diffractometer Control Soft- 
ware (Molecular Structure Corporation, 1992a). Cell refine- 
ment: MSC/AFC Diffractometer Control Software. Data reduc- 
tion: TEXSAN (Molecular Structure Corporation, 1992b). Pro- 
gram(s) used to solve structure: SHELXS86 (Sheldrick, 1990). 
Program(s) used to refine structure: SHELXL93 (Sheldrick, 
1993). Molecular graphics: TEXSAN and ORTEPII (John- 
son, 1976). Software used to prepare material for publication: 
SHELXL93. 

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: DE I051). Services for accessing these 
data are described at the back of the journal. 
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Abstract 
The  title c o m p o u n d ,  C17H21NO, crys ta l l izes  wi th  two  
i n d e p e n d e n t  m o l e c u l e s  in the a s y m m e t r i c  unit.  T h e  
c o n f o r m a t i o n  o f  the m o l e c u l e s  is essent ia l ly  the same.  
All  sa tura ted  r ings adopt  a cha i r  con fo rma t ion ,  w h i c h  is 
a p re requis i te  for  eff icient  cha rge  transfer.  
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Comment 
E n d - f u n c t i o n a l i z e d  o l i g o ( c y c l o h e x y l i d e n e s ) ,  w h i c h  con-  
sist o f  cha i r - type  c y c l o h e x a n e  r ings  c o n n e c t e d  via 
doub le  bonds  ( H o o g e s t e g e r  et al., 1995), are ver-  
satile m o l e c u l a r  bu i ld ing  b locks  for  the p repara t ion  
o f  s u p r a m o l e c u l a r  assembl ies ,  such as non -cova l en t  
po lymer - l i ke  sys tems  (Hooges tege r ,  J enneskens ,  Kooi j -  
man ,  Ve ldman  & Spek,  1996), L a n g m u i r - B l o d g e t t  
m o n o -  and  mul t i l ayers  ( H o o g e s t e g e r  et al., 1997), and  
the r ipen ing  and g r o w t h  o f  mic roc rys ta l s  depos i t ed  on 
s i l icon by sp in -coa t ing  (ten Gro tenhu i s ,  van der  Ee rden ,  
H o o g e s t e g e r  & Jenneskens ,  1996). S ince  o l igo (cyc lo -  
hexy l idenes )  are semi- r ig id  a l iphat ic  br idges ,  possess-  
ing a o'-Tr-cr topology ,  it was  env i s aged  that end-  
func t iona l i za t ion  wi th  an e l e c t r o n - d o n o r  and  an e lec t ron-  
accep to r  mo ie ty  w o u l d  g ive  op to-e lec t r ic  c o m p o u n d s ,  
i.e. mater ia ls  w h i c h  g ive  long- range  cha rge  separa t ion  
by e lec t ron  t ransfer  f rom the d o n o r  to the accep to r  
upon  pho toexc i t a t ion  ( P a d d o n - R o w ,  1994, and refer-  

ences  therein) .  
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Recently, we have shown that 4-(1-phenylpiperidin-4- 
ylidene)cyclohexylidenepropanedinitr i le ,  (1), possesses 
opto-electrical properties (Hoogesteger,  1996). Since 
the ground-state conformation of  the compound is 
of  interest in studies of  the occurrence of  photo- 
induced charge separation (Paddon-Row, 1994), we 
wished to determine the single-crystal X-ray structure 
of  (1). Hitherto, no crystals of  (1) have been obtained; 
however,  suitable crystals of  its precursor, 4-(1-phenyl- 
piperidin-4-ylidene)cyclohexanone,  (2), were obtained. 
We report here the low-temperature structure of  the title 
compound,  (2). 

(1) (2) 

The crystal structure of  (2) contains two independent 
molecules. The conformation of  both molecules is essen- 
tially the same, although there are significant differences 
in the crystal environments of  the molecules at longer 
range. The cyclohexane-type and piper!dine-type rings 
have adopted slightly distorted chair conformations [all 
relevant asymmetry  parameters  (Duax & Norton, 1975) 
are less then 10°]. It is a prerequisite for the occur- 
rence of  efficient charge transfer that both rings adopt a 
chair-type conformation.  The phenyl ring is located in 
an equatorial position of  the piper!dine-type ring and is 
eclipsed with one of  the C - - N  bonds of  this ring. 

The relation between the independent molecules 
A ( - x , - y , - z )  and B can be most  easily visualized as a 
local rotation of  174.3 ° around an axis parallel to [1.00, 
- 0 . 5 5 ,  0.06]. The r.m.s, fit for this match is 0.94 A for 
superposit ioned centres of  gravity and 0.13 .~ for a free 
fit. The rotation axis in the direct lattice does not coin- 
cide with one of  the possible twofold rotation axes of  the 
reciprocal lattice; the smallest angle is 18.9 ° with (211). 
Rotation symmetry  does not hold at longer distances. 

c3,° c9 c14  

C ~ / C 5 ~  C4 (217 C I ~ ~ 0  ~ l z ~ ~ ~ 1 6  

No other additional symmetry  was detected (MISSYM 
option in PLATON; Spek, 1990a). 

In the crystal, the molecules form layers perpendic- 
ular to the b axis, with ant!parallel dipole moments .  
Intermolecular  interactions include two short C - - H . . . O  

1 contacts (Steiner, 1996), C 3 - - H 3 A . . . O 2 ( x ,  ~ - y ,  z + ½) 
[ C . . - O  3.440 (3) A and C - - H . . . O  154.9 (2) ° ] and 
C 2 0 - - - H 2 0 A . . . O I ( x ,  3 _ y ,  z - ½ ) [ C - . - O  3 .510(3 ) ,~  
and C - - H . . . O  165.1 (3)°]. 

", ".... 

..... 

o /  d / 

..... : .... -..... 

Fig. 2. Packing diagram viewed down the a axis. 

Experimental 

Details of the synthesis of the title compound are described 
elsewhere (Hoogesteger, 1996). Crystals were obtained by 
slow evaporation of a solution in cyclohexane. 

Crystal data 

CI7H2!NO Mo Ka radiation 
Mr = 255.36 A = 0.71073.4, 
Monoclinic Cell parameters from 25 
P2 ! / c reflections 
a - -  12.3962(8).4, 0 = 10.24-13.95 ° 
b = 7.8062 (5) ,~, /~ = 0.07 mm-J 
c = 30.305 (2) ~, T= 150 K 
/3 = 106.319 (5) ° Plate-shaped 
V= 2814.4(3)~3 0.40 x 0.25 x 0.10 mm 
Z = 8 Yellow 
Dx = 1.205 Mg m -3 
Om not measured 

X.. oc34 c33  

C19 b 6 
Fig. 1. A displacement ellipsoid plot (50% probability level) of both 

independent molecules of the title compound. H atoms are shown 
as spheres with arbitrary radii. 

Data collection 

Enraf-Nonius CAD-4T 
diffractometer on rotating 
anode 

a~-20 scans 
Absorption correction: none 
6561 measured reflections 
5797 independent reflections 
5797 reflections with 

I _> -3o-(1) 

Ri,t = 0.0378 
0m~x = 26.45 ° 
h = -15  ~ 15 
k = - 9  ---~ 0 
l = - 3 7  ---, 26 
3 standard reflections 

frequency: 60 min 
intensity decay: 2% 
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Refinement 

Refinement on F z 
R(F) = 0.063 
wR(F 2) = 0.148 
S = 0.960 
5797 reflections 

• 343 parameters 
H atoms: see below 
w = l/[crZ(F 2) + (0.0616P) 2] 

where P = [min(Fo2,0) 
+ 2F~Z]/3 

(z~/O')max = 0.003 
Apmax = 0.256 e ,~-3 
Z~pmin "- --0.287 e ,~-3 
Extinction correction: none 
Scattering factors from 

International Tables for 
Crystallography (Vol. C) 

Table 1. Selected geometric parameters (,~, °) 

OI--CI 1.215 (3) O2--C18 1.21313) 
NI---C9 1.465 (3) N2--C26 1.459 (3) 
N1--CI0 1.460 (3) N2---C27 1.462 (3) 
N1---C12 1.413 (3) N2----C29 1.413 (3) 
C9--NI----CI0 110.99 (17) C26---N2---C27 111.29 (17) 
C9--N1--C12 116.06 (18) C26---N2---C29 117.62 (18) 
C10---N1---CI2 118.05 (19) C27--N2---C29 117.95 (19) 
C9--N 1--C12---C13 50.7 (3) C26--N2--C29--C30 5.5 (3) 
C10--N 1---C12----C17 2.3 (3) C27--N2--C29---C34 -40.4 (3) 

The unit-cell parameters were checked for the presence of 
higher lattice symmetry (Spek, 1988). Data were collected dur- 
ing 13 h of X-ray exposure time. Reflections were measured 
with a scan angle Aw = (0.60 + 0.35tan0) °, the horizontal and 
vertical apertures were 3.00 and 4.00 mm, respectively. The H 
atoms were included in the refinement on calculated positions, 
riding on their carrier atoms. The H atoms were refined with 
a fixed isotropic displacement parameter related to the equiv- 
alent isotropic displacement parameter of the carrier atom by 
a factor of 1.2. All non-H atoms were refined with anisotropic 
displacement parameters. The cited R value is calculated for 
3078 reflections with F > 4o-(F); wR is calculated for all 
observed reflections. 

Data collection: locally modified CAD-4 Software (Enraf- 
Nonius, 1989). Cell refinement: SET4 (de Boer & Duisenberg, 
1984). Data reduction: HELENA (Spek, 1990b). Program(s) 
used to solve structure: SHELXS86 (Sheldrick, 1985). Pro- 
gram(s) used to refine structure: SHELXL93 (Sheldrick, 1993). 
Molecular graphics: PLUTON (Spek, 1991). Software used to 
prepare material for publication: PLATON (Spek, 1990a). 
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Abstract 

The  crystal  structure of  the title c o m p o u n d ,  CI9H16 - 
N2OS, has been  de te rmined .  The  core  o f  the mol-  
ecule  (exc lud ing  the me thy l  group)  is planar, wi th  the 
largest  devia t ion  o f  0.069 ( 2 ) A  for the O atom. An  
in t ramolecu la r  O - - - H . . . N - t y p e  h y d r o g e n  bond  occurs  
be tween  the hydroxy l  and amino  groups  [2,574 (3)A,]. 
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Comment  

Schi f f  bases have  been  ex tens ive ly  used as l igands in 
the field o f  coord ina t ion  chemis t ry  (Call igaris ,  Nardin  & 
Randacc io ,  1972). Schif f  base c o m p o u n d s  can be clas- 
sified by their  pho toch romic  and t h e r m o c h r o m i c  charac-  
teristics (Cohen ,  Schmid t  & Flavian,  1964; Moustakal i ,  
Mavr id is  & Hadjoudis ,  1978; Hadjoudis ,  Vitterakis,  
Mous taka l i  & Mavridis ,  1987). The  in t ramolecu la r  
h y d r o g e n  bond  b e t w e e n  O and N a toms plays an impor-  
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