
964  C7H 10N + . B r -  

w scans 
Absorption correction: 

empirical (SADABS; 
Sheldrick, 1996) 
T r a i n  = 0.534, 7", .... = 0.777 

3587 measured reflections 
1386 independent reflections 

Rim = 0.046 
0max = 26.02 ° 
h = - 8 - + 9  
k =  - 9  ---, 9 
l = - 1 0  ~ 10 
76 standard reflections 

intensity decay: none 

Refinement 

Refinement on F 2 
R[F 2 > 2or(F2)] = 0.062 
wR(F 2) = 0.132 
S = 1.080 
1386 reflections 
87 parameters 
H atoms: see below 
w = 1/[cr2(F,}) + (0.0429P) 2 

+ 2.3936P] 
where P = (F,~ + 2F,?)/3 

(A/cr)m~,x < 0.001 
Apmax = 1.415 e ,~-3 

(0.93 ,~, from Brl)  
Apmin =o-1.111 e A -3 

(0.80 A from C41) 
Extinction correction: none 
Scattering factors from 

International Tables for 
Crystallography (Vol. C) 

Tab le  1. Fractional atomic coordinates and equivalent 

isotropic displacement parameters (A" ) 

Ueq = (l/3)E,~jU~JaiaJai.aj. 

,x- v .7. Ueq 
Brl 0.0527(2) 0.18021 (17)  1.12747(18) 0.0430(3) 
NI 0.1897 (13) 0.3823 (12)  0.6779(12) 0.037 (2) 
C2 0.2587 (13) 0.5649 (14) 0.6080 (15) 0.035 (2) 
C3 0 . 3 2 0 2 ( 1 4 )  0 .6750(12)  0 .4160(14)  0.032(2) 
C31 0.3942 (18) 0.8784 (15) 0.3438 (19) 0.059 (4) 
C4 0.3021 (14) 0.5852 (13) 0.3043 (13) 0.031 (2) 
C41 0 . 3 5 1 5 ( 1 8 )  0 .6936(18)  0 .0992(12)  0.059(3) 
C5 0.2296 (14) 0.3954 (13) 0.3833 (14) 0.036 (2) 
C6 0.1763 (15) 0.2966 (13) 0.5721 (15) 0.036 (2) 

The data collection nominally covered over a sphere of 
reciprocal space, by a combination of five sets of exposures; 
each set had a different ~ angle for the crystal and each 
exposure covered 0.3 ° in ~.  The crystal-to-detector distance 
was 5.95 cm. Coverage of  the unique set is over 88% complete 
to at least 25 ° in 0. Crystal decay was monitored by repeating 
the initial frames at the end of  data collection and analysing 
the duplicate reflections. Cell reduction revealed that the cell 
could be transformed to a monoclinic C-centred one, but R,m 
and R,, of  0.046 and 0.066, respectively, were significantly 
better for the triclinic case than for a monoclinic lattice (0.146 
and 0.079). Furthermore, the data showed a suspicious value 
of  0.488 for (E 2-1) ,  which is a warning sign for twinning. 
The structure could be solved in the triclinic space group 
P]  with many difficulties. During refinement, large positional 
shifts led to unreasonable molecular geometry, and additional 
peaks appeared in the difference map. This behaviour is 
typical of merohedral twins, which are formed when the metric 
symmetry of the unit cell is higher than that of its contents. 
Under these conditions, a distinct symmetry element of  the 
higher symmetry cell can be used as a twin law. Here the 
mirror plane perpendicular to the b axis of the monoclinic 
cell was selected and then expressed with respect to the 
triclinic axes by the matrix (100/010/T01). After allowing for 
twinning, the refinement proceeded normally; the twin scale 
factor was 0.647(3).  H atoms HI,  H2, H31A, H41B and 
H5 were located by difference Fourier synthesis: the others 
were placed at calculated positions. While H1 was refined 
isotropically, the others were refined with fixed individual 

displacement parameters [U(H) = 1.5Oeq(Cmethyl) or U(H) = 
1.2Ueq(C)] using a r iding model with C--Hm~th,~ = 0.98 or 
C - - H  ...... tic = 0.95 A. 

Data collection: SMART (Siemens, 1995). Cell refinement: 
SMART. Data reduction: SAINT (Siemens, 1995). Program(s) 
used to solve structure: SHELXS97 (Sheldrick, 1990). Pro- 
gram(s) used to refine structure: SHELXL97 (Sheldrick, 1997). 
Molecular graphics: XP in SHELXTL-PIus (Sheldrick, 1991 ). 

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: HA 1209). Services for accessing these 
data are described at the back of the journal. 
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A b s t r a c t  

The  title c o m p o u n d ,  C~2H~0CI2N2, c rys ta l l izes  wi th  t w o  
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  uni t ,  w h i c h  
d i f fer  s ign i f ican t ly  on ly  in the two  cent ra l  to r s ion  angles .  
The  i n t e r m o l e c u l a r  p a c k i n g  is s tab i l ized  by shor t  C - -  

H . . . N  con tac t s .  
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C o m m e n t  

Pyr idaz ine  der ivates  are k n o w n  part icularly for their  
pha rmaco log ica l  s ignif icance.  They  have  attracted no- 
tice s ince the work  by O v e r e n d  & Wigg ins  (1947) and 
their  chemis t ry  has been  descr ibed  c o m p r e h e n s i v e l y  by 
Ti l le r  & S tanovnik  (1968).  N e w  organic  c o m p o u n d s  dis- 
p lay ing  an t iconvuls ive  propert ies  have  been  reported by 
Foussard-Blan  & Lacroi× (1991) and Mar ion  (1991).  We 
have  syn thes ized  the title c o m p o u n d ,  (I), as descr ibed  by 
Taoufik (1982),  Taoufik et al. (1984) and Rubat  et al. 
(1990).  

CI 

II 
N 

CH 3 CI 

(I) 

C o m p o u n d  (I) crystal l izes  wi th  two independen t  mol-  
ecules  in the a symmet r i c  unit, wh ich  differ  s ignif icant ly 
only  in the dihedral  angles  about  the pairs o f  bonds  
C 1 - - C 2  and C 1 - - C  11, and C 1A---C2A and C 1A---C 11A 
(Table 1). The  two aromat ic  r ings enc lose  angles  of  

CI4 C 16 ~ ' ~ -  ~ 

N5 ~ - ~  C ll / 

Fig. 1. Perspective view of one of the two independent molecules 
of the title compound with the atom numbering; displacement 
ellipsoids are at the 50% probability level. 

(~ I2A 

CI4A C I 2A ~ ~CI 3 ~ )  

Fig. 2. Perspective view of the second molecule of the title compound 
with the atom numbering; displacement ellipsoids are at the 50c~ 
probability level. 

86.38 (5) and 77.56 (5) ° for the two molecu les  in the 
a symmet r i c  unit. The  in te rmolecu la r  packing  is stabi- 
l ized by short N . - . H - - C  contacts:  N 5 . . . H I 4  i 2 .822~,  
and N 5 . . . H 1 4 i - - - C 1 4  i 128.9°; N 6 . - . H I 3  i 2.817,~, and 
N 6 . . . H I 3 i - - C 1 3  i 148.1 °. N5A- - -H14A 'i 2 . 6 5 7 A  and 
N 5 A . - . H 1 4 A i i - - C 1 4 A i i  128.1 °. N 6 A . . - H 1 3 A  ii 2.562 
and N6A. • .H 13Aii - -C 13A ii 148.7 ° [ symmet ry  codes:  fi) 

3 t.  ( i i)  x ,  ~ I x, ~ - y ,  z -  3, ~ - y ,  _3 - z ] .  

E x p e r i m e n t a l  

Condensation of levulinic acid and o-chlorobenzaldehyde 
gives arylmethyllevulinic acid, which is treated with hydrazine 
in ethanol to give 5-(o-chlorobenzylidene)-6-methylpyridazin- 
3-one. Addition of POC13 leads to the title compound. Single 
crystals were obtained by recrystallization from ether. 

Crystal data 

Ct:HloCl2N2 
M, = 253.12 
Monoclinic 
P2j / c  
a = 12.8011 (2) ,~ 
b = 9.6258 (2) A 
c = 19.4453 (2) ,~, 
/3 = 92.882 ( 1)° 
V = 2393.04 (7) ,~3 
Z = 8  
D~ = 1.405 Mg m -3 
O,, not measured 

Data collection 

Siemens CCD three-circle 
diffractometer 

,~ scans 
Absorption correction: 

z~ scan (SADABS; 
Sheldrick, 1996) 
Train = 0.555, Tm,~ = 0.902 

11 236 measured reflections 

Mo Kc~ radiation 
A = 0.71073 ,~, 
Cell parameters from 7731 

reflections 
0 = 1-25 ° 

= 0.515 mm -~ 
T=  173K 
Block 
0.70 × 0.40 × 0.20 mm 
Light yellow 

3972 independent reflections 
3278 reflections with 

I > 2o'(1) 
Rim = 0.030 
0m,~ = 26.23 ° 
h =  -14-- - ,  15 
k = - 9  ---, 10 
1 = - 2 2  ---, 23 

Refinement 

Refinement on F 2 (A/o-)m~x = 0.001 
R[F 2 > 2O.(F2)] = 0.034 Ap,~x = 0.211 e ,~-3 
wR(F 2) = 0.081 Apmm = -0 .264  e A-3 
S = 1.052 Extinction correction: none 
3972 reflections Scattering factors from 
291 parameters International Tables for  
H atoms: see below Crystallography (Vol. C) 
w = l/[o.2(F,~) + (0.0289P) 2 

+ 0.9979P] 
where P = (F,~ + 2F,2)/3 

Table 1. Selec ted  geometr ic  parameters  (,4, °) 

C2---C3 1.376 (3~ C2A~C3A 
C2---C7 1.423 {3) C2A~('7A 
C3~C4 1.393 131 C3A~C4A 
C4--N5 1.321 {21 C4A--N5A 
C4---C14 1.741 {21 C4A--CI4A 
N5--N6 1.358 (2) N5A--N6A 
N6--C7 1.337 {3) N6A~C7A 
C 12--C12 1.755 {2~ CI 2A~I2A 

1.373 (3~ 
1.42{) (3; 
1.393 (3; 
1322 {2) 
1.742 (2) 
1.360 (2) 
1.334 {3) 
1.753 (2) 
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C3---C2--C7 
C2- - -C3~4  
N5--C4---C3 
N5--C4---CI4 
C3--C4---C14 
C4---N5--N6 
C7--N6---N5 
N6- - -C7~2  

116.59 (17) 
117.34 (17) 
125.22 (18) 
114.58(14) 
120.19(15) 
117.85 (16) 
120.41(16) 
122.54 (18) 

C 11 ~ C  1 --C2--C3 
C 11 --C 1--C2--C7 
C2--C1--CI I--C16 
C2--CI--C1 l--C12 
C I 1A--C IA--C2A--C3A 
CIIA---CIA~2A--C7A 
C2A---CIA---CI1A--C16A 
C2A--CIA--CIIA--CI2A 

C3A--C2A--C7A 
C2A--C3A~4A 
N5A~4A---C3A 
N5A--C4A--C14A 
C3A--C4A--CI4A 
C4A--N5A--N6A 
C7A--N6A--N5A 
N6A--C7A--C2A 

12.6 (3) 

116.72(181 
117.40(17~ 
125.11(19) 
114.99(15) 
119.88(15~ 
117.65(17) 
120.60(16~ 
122.49 (18) 

- 168.00 (19) 
-99.7 (21 

80.4 (2~ 
6.9 (3) 

-173.37(18) 
- 105.2 (2) 

74.9 (21 
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The data collection nominally covered over a sphere of re- 
ciprocal space, by a combination of three sets of exposures; 
each set had a different ~ angle for the crystal and each expo- 
sure covered 0.3 ° in ~v. The crystal-to-detector distance was 
5.95 cm. Coverage of the unique set was over 88% complete 
to at least 26 ° in 0. Crystal decay was monitored by repeating 
the initial frames at the end of data collection and analysing 
the duplicate reflections. H atoms were located by differ- 
ence Fourier synthesis and refined with fixed individual dis- 
placement parameters {U(H) = 1.5U~q[C(methyl)] or U(H) = 
1.2Ueq(C)} using a riding model with C--H(secondoary) = 
0.99, C--H(methyl) = 0.98 or C--H(aromatic) = 0.95 A. The 
methyl ~oups were allowed to rotate about their local three- 
fold axis. 

Data collection: SMART (Siemens, 1995). Cell refinement: 
SMART. Data reduction: SAINT (Siemens, 1995). Program(s) 
used to solve structure: SHELXS97 (Sheldrick, 1990). Pro- 
gram(s) used to refine structure: SHELXL97 (Sheldrick, 1997). 
Molecular graphics: XP (Sheldrick, 1991). 

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: SKI 176). Services for accessing these 
data are described at the back of the journal. 
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Abstract 

Phenanthrene-4-carboxylic acid, C 15H 1002, crystallized 
in the centrosymmetric space group P21/n, while 1,2-di- 
hydrophenanthrene-4-carboxylic acid, C~5H~:O2, crys- 
tallized in the centrosymmetric space group Pbca. In 
each structure, there is a single type of hydrogen bond: 
it is of  the cyclic dimer type about a center of sym- 
metry. The Odo~o~"" "Oacccptor distances are 2.634 (2) and 
2.651 (2)A, and the O - - H . . . O  angles are 176 (3) and 
173 (2) ° , respectively, for the two structures. In each 
structure, the carboxy H and O atoms are ordered. The 
phenanthrene core of the fully aromatic acid is roughly 
planar; the dihedral angle between the best-fit core plane 
and the carboxy group plane is 63.7 (1) °. As expected, 
the hydrogenated ring of the second acid is much less 
nearly planar; the remaining naphthalenoid core is, how- 
ever, roughly planar and the dihedral angle between this 
best-fit plane and the carboxy group plane is 60.4 (1) °. 

Comment  
This is one of a series of  reports on hydrogen bond- 
ing in polyaromatic carboxylic acids, and follows a re- 
port on phenanthrene-9-carboxylic acid (Fitzgerald & 
Gerkin, 1997). In phenanthrene-4-carboxylic acid, (1), 
and in 1,2-dihydrophenanthrene-4-carboxylic acid, (2), 
the hydrogen bonding is of  the cyclic dimer type about 
a center of symmetry, as shown in Figs. l(a) and l(b), 
which also present the numbering schemes. The geo- 
metric parameters of the hydrogen bonds are given in 
Table 3. In terms of graph-set analysis (Bernstein et al., 
1995), for both (1) and (2), the first-level graph set is 
R_~(8) and there are no higher-level graphs. As expected 
for ordered carboxy O atoms, the principal axes of the 
displacement tensors of O1 and 0 2  in both structures 
are almost normal to the carboxy group plane, as evi- 
dent in Figs. l(a) and l(b). The carboxylic H atom, H4, 
is also ordered in both structures; although in (1), its 
distance from O1 is greater than customary (Table 3), 
there is no evidence for a H atom at this or a lesser 
distance from 02 ,  and refinement is complicated by the 
occurrence of a small amount of carboxy group disorder 
as described below. 
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