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C 5 - - S ~ 3 - - - C 2  -8.2 (4) C3--$4--C5--N 1 17.0 (4) 
C7--N 1~C2--C3 -96.9 (6) C 3 - - S ~ 5 - - - C 6  114.4 (4) 
C5--N1--<22---C3 18.1 (6) N31--<232--C33--C38 -18.7(7) 
$4---C3--C2--N I -3.5 (5) 
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Acefluoranthylenet 
Despite the fairly large size of crystal (II), it showed weak 
diffraction power, i.e. only 4.2% of observed reflections 
satisfied the I > 2cr(/) criterion in the 25 < 0 < 27 ° 
resolution shell. Therefore, the reflection to parameter ratio 
is rather small. The data were corrected for Lorentz and 
polarization effects and an absorption correction (North 
et al., 1968) was applied to the data of crystal (I). Both 
structures were solved by direct methods and refined by full- 
matrix least-squares calculations based on F 2, with anisotropic 
displacement parameters for all non-H atoms. The amide-H 
atoms in (I) were located in difference Fourier maps and all 
other H atoms in (I), as well as all those in (II), were placed 
in geometrical positions. 

For both compounds, data collection: STADI4 (Stoe & 
Cie, 1996a); cell refinement: STADI4; data reduction: X-RED 
(Stoe & Cie, 1996b); program(s) used to solve structures: 
SHELXS97 (Sheldrick, 1997b); program(s) used to refine 
structures: SHELXL97 (Sheldrick, 1997a); molecular graphics: 
PLATON93 (Spek, 1993a) and PLUTON93 (Spek, 1993b); 
software used to prepare material for publication: SHELXL97. 

The authors would like to thank the Ministry of 
Science and Technology of the Republic of Croatia, for 
partially supporting this work (Grant No. 119420). 

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: KA 1291). Services for accessing these 
data are described at the back of the journal. 
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Abstract 

The title compound, C I8H~0, expresses a curvature in the 
solid state about the planar central pentagon and shows 
distinct bond length alternations. The single bonds in 
the fused cyclopenteno ring are the longest bonds in 
the molecule, in the range 1.487 (2)-1.491 (2).~,. The 
shortest bond, at 1.354 (2)A, is a double bond between 
the two adjacent hexagons. 

Comment 
Polycyclic aromatic hydrocarbons are of great interest as 
components of the smoke produced during incomplete 
combustion of fossil fuels and tobacco. They are of 
particular interest because of the high toxicity of many 
representatives of this class of compounds (Jacob, 
1996). In recent times, polycyclic aromatic compounds 
have also attracted interest as key planar intermediates 
in the formation of fullerenes. 

Acefluoranthylene, (I), was prepared in the context 
of our investigations into the generation of polycyclic 
aromatic compounds using flash vacuum thermolysis 
(FVT; Sarobe et al., 1995; Jenneskens et al., 1996). 
Fig. 1 shows a molecular plot of the title compound with 
the atom-numbering scheme. The molecule is curved in 
the solid state. The maximum deviation from planarity is 
with atoms C17 and C18, which deviate by 0.347 (5) and 
0.305 (5)A,, respectively, from the least-squares plane 
defined by the central five-membered ring. A rigid- 
body motion analysis (Schomaker & Trueblood, 1968) 
leads to R = ~](]Uobs -- Uca,cl)/r~lUob~l - 0.065. This 
low R value is a strong indication that the whole mol- 
ecule behaves as a rigid body (Dunitz, 1979), which 
is to be expected for a polycyclic aromatic system. A 
comparison of the anisotropic vibration parameters in 
the covalent bond direction of atom pairs (Hirshfeld, 
1976) shows only a variation of less than 2or and 
confirms the consistency of the model. 

t Cyclopenta[cd] fluoranthene. 
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(1) 

Bond-length equalisation due to cyclic delocalization 
of 7r-electrons can be considered as a geometric criter- 
ion of aromaticity (Schleyer & Jiao, 1996). The title 
compound, however, shows strong variations in bond 
lengths, leading to the picture of alternating single 
and double bonds (see scheme above). The longest 
bond distances are found as single bonds in the five- 
membered rings, in the range 1.487(2)-1.491 (3)A,. 
The shortest bond is the double bond between two 
six-membered rings, at 1.354(2)A (C10---C16). This 
variation in bond lengths closely resembles the situation 
found in the related polycyclic aromatic hydrocarbon, 
pyracylene (f lai l8;  Freiermuth et al. ,  19901") and is 
also confirmed by our semiempirical AM1 calculations 
(Dewar et al., 1985) for (I). These AM1 calculations, 
as well as high level ab-initio studies (Sarobe, 1998), 
find (I) in a planar state, with molecular symmetry C2v. 
The curvature found in the present study must therefore 
be a result of crystal-specific forces, such as the H-..71- 
interactions described below. 

c6J k.c9 

C1 --- C I ~  CI 1 

Fig. 1. PLATON (Spek, 1998) plot of (I), showing the atom- 
labelling scheme and with displacement ellipsoids drawn at the 
50% probability level. H atoms are drawn as spheres of arbitrary 
radii. 

those within the pentagon are about 1.455 ,~, (Vainshtein 
et aI., 1995). In contrast to C60, in (I), the pentagons are 
not fully surrounded by hexagons. The symmetry is lower 
and the bond length variation is larger. The greatest de- 
viation from the situation in C60 is found in the bond 
lengths of the pentagons not shared with hexagons; the 
bond lengths between adjacent pentagons and hexagons 
are indeed rather similar in (I) and C60. It should be noted 
here that the 'isolated pentagon rule' (Schmalz et al., 
1988), which is formulated with relation to fullerenes, 
is also valid for (I). 

The packing of the molecules in the crystal of (I) 
is influenced by two C--H.. .Tr interactions, which are 
shown in Fig. 2. The distance of H2 to the centre of 
gravity of hexagon 5 i (C10-C14 and C16) is 2.689A, 
with an angle of 156 ° at H2, and the distance of H7 
to the centre of gravity of hexagon 3 ii (C1---C5 and 
C15) is 2.687 A,, with an an~le of 145 ° at H7 [sym- 
metry codes: (i) x + ½, - y  + ~, z; (ii) 1 - x, - y ,  z + ½]. 
This influence of C--H.. .Tr interactions on the pack- 
ing is well known in crystal engineering of aromatic 
compounds (Hunter, 1994). It should be noted that both 
aromatic rings involved in these interactions in (I) are 
hexagons, which have better acceptor capabilities. 

Fig. 2. PLUTON (Spek, 1991) plot, showing the C--H-..rr interac- 
tions. 

The variation in bond lengths can be considered as a pre- 
liminary stage to the fullerene molecule, C60, where the 
bond lengths of adjacent hexagons are about 1.391 .~, and 

t The structure of pyracylene is published in the monoclinic space 
group P21/n (No. 14), but closely fits into the orthorhombic space 
group Cmca (No. 64), and it should therefore be carefully re-checked. 

Experimental 
Acefluoranthylene was prepared according to the procedures 
described previously by Sarobe et al. (1995). 

Crystal data 

C~8HI0 Mo Kc~ radiation 
Mr = 226.26 A = 0.71073 ,~, 
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Orthorhombic  
Pna21 
a = 12.5684 (9) ~, 
b = 14.4723 (10) A, 
c = 6 .1016(9)  A 
V = 1109.8 (2) ~3 
Z = 4  
D, = 1.354 Mg m -3 
Dm not measured 

Cell parameters from 25 
reflections 

0 = 10.93-17.45 ° 
# = 0.077 m m - l  
T =  150(2) K 
Block 
0.50 × 0.25 × 0.25 mm 
Red 

Data collection 

Enraf -Nonius  CAD-4T  
diff ractometer  

w scans 
Absorption correction: none 
2782 measured reflections 
1391 independent  reflections 
1260 reflections with 

I > 2o-(/) 

Rim = 0.036 
0max -- 27.44 ° 
h = - 1 6 - - ,  16 
k = - 1 8 - - - ~ 0  
I =  - 7 - - - , 0  
3 standard reflections 

frequency:  60 min 
intensity decay: none 

Refinement 

Refinement  on F 2 
R[F 2 > 2or(F2)] = 0.034 
wR(F 2) = 0.089 
S = 1.024 
1391 reflections 
163 parameters  
H-atoms constrained 
w = 1/[cr2(Fo 2) + (0.0574P) 2 

+ 0.0850P] 
where  P = (F, 2, + 2F,?)/3 

(A/a)m,x = 0.001 
Apmax = 0.183 e A, -3 
Apmin = -0.189 e A, -3 
Extinction correction: none 
Scattering factors from 

International Tables for  
Crystallography (Vol. C) 

CI---C15 
CI---C2 
C2---C3 
C3---C4 
C4---C5 
C5---C 15 
C5---C6 
C6---C7 
C6---C 16 
C7---C8 
C8----C9 

Table 1. Selected bond lengths (A) 
.383 (2) C9---C10 1.406 (3) 
.394 (3) C9---C17 1.488 (3) 
.383 (3) CI0---4216 1.354 (2) 
.406 (3) CI0---Cll 1.396 (3) 
.383 (3) C11---C12 1.380 (3) 
.431 (3) C11--C18 1.491 (2) 
.487 (2) CI2--C13 1.444 (3) 
.387 (3) C13---C14 1.383 (3) 
.406 (3) C14-----C16 1.404 (3) 
.448 (3) C14--CI5 1.491 (3) 
.385 (3) C17---CI8 1.362 (3) 

The absolute structure was assigned arbitrarily. A check for 
additional higher symmet ry  with ADDSYM in PLATON (Spek, 
1998) did not indicate any missed symmetry.  

Data collection: locally modified CAD-4 Software (Enra f -  
Nonius,  1989). Cell refinement:  SET4 (Boer & Duisenberg,  
1984). Data reduction: HELENA (Spek, 1997). Program(s)  
used to solve structure: SIR97 (Altomare et al., 1997). 
Program(s)  used to refine structure: SHELXL97 (Sheldrick, 
1997). Molecular  graphics: PLATON. Software used to prepare 
material for publication: PLATON. 

This work was supported by the Council for Chemical 
Sciences of the Netherlands Organization for Scientific 
Research (CW-NWO). 

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: GD1006). Services for accessing these 
data are described at the back of the journal. 
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nitrophenyl)-6-oxopyridine-3-carboxylate 
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Abstract  
The title compound, CI4HI4N205, represents a tetra- 
hydropyridin-2-one analogue of  1,4-dihydropyridine- 
type calcium antagonists, and was selected for a crystal 
structure determination in order to clarify some aspects 
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