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S = 1.075 
1681 reflections 
147 parameters 
H-atom parameters 

constrained 
w = l/[cr2(Fo 2) + ( 0 . 0 3 5 4 P )  2 

+ 0 . 2 6 1 4 P ]  
where P = (Fo 2 + 2F~) /3  

Extinction correction: 
SHELXL93 

Extinction coefficient: 
0.040 (7) 

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

T a b l e  1. Selected geometric parameters and hydrogen- 
bonding geometry (.4, o) 

S1---O3 1.4383 (15) N I--C1 1.333 (2) 
S I---OI 1.4460(14) N I----C5 1.335 (2) 
S1----O2 1.4564 (14) N2--C10 1.337 (2) 
S1--C2 1.781 (2) N2--C6 1.345 (2) 

O3--S1--OI 115.02(10) C 1 ~ 2 - - S 1  119.58(13) 
O3--S I----O2 112.42 (9) C3---C2--S t 122.39 (13) 
OI--S1--O2 112.51 (9) N 1--C5--C4 122.8(2) 
O3--S I---C2 105.89 (8) N I--C5--C6 114.87 (15) 
O1--SI--C2 104.44 (8) N2---C6---C7 118.34(15) 
O2--S I--C2 105.51 (8) N2---C6--C5 116.19(14) 
CI--N I---C5 116.97(15) C1~9--- -C8 118.8(2) 
C10~N2---C6 123.35 (15) N2--C10--C9 119.8 (2) 
N 1~1---C2 124.4 (2) 

D---H. • -A D - - H  H. • .A D. • .A D--H. • .A 
N2--H2. • .02' 0.86 2.04 2.817 (2) 149 

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

All H atoms were located from difference Fourier synthesis 
and were allowed to refine riding on their parent atoms. It 
was possible to positionally refine the proton attached to N2, 
however, as 'free' refinement yielded a position which was 
close (within experimental error) to that calculated, it was 
ultimately refined riding on its parent atom. 

Data collection: CAD-4-PC Software (Enraf -Nonius ,  1992). 
Cell refinement: CELDIM in CAD-4-PC Software. Data reduc- 
tion: XCAD (McArdle  & Higgins, 1995). Program(s)  used to 
solve structure: SHELXS86 (Sheldrick, 1990). Program(s)  used 
to refine structure: SHELXL93 (Sheldrick, 1993). Molecular  
graphics: ORTEX (McArdle ,  1995). 

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: DAI080). Services for accessing these 
data are described at the back of the journal. 
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dimensional hydrogen-bond networks 
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Abstract 
The hydrogen-bonded 1:1 complexes of chloranilic 
acid (2,5-dichloro-3,6-dihydroxy-p-benzoquinone) with 
pyrazine (1,4-diazine), pyrazine-chloranilic acid (1/1), 
C4I-hN2.C6H2CI204, (1), and with morpholine, mor- 
pholinium chloranilate, CnH10NO+.C6HC120£, (2), 
were prepared and their crystal structures were deter- 
mined at room temperature. The two components in (1) 
are linked by O - - H . . . N  hydrogen bonds to form a one- 
dimensional chain. In (2), molecules of chloranilic acid 
form an O - - H . . . O  hydrogen-bond chain and that of  
morpholine links the two chains with N - - H . . . O  hydro- 
gen bonds, forming the two-dimensional hydrogen-bond 
network in the crystal. 

C o m m e n t  
1:1 Complexes of chloranilic acid with pyrazine and 
morpholine in the solid state were studied using IR data. 
For both complexes it was reported that a charge transfer 
accompanied by a proton transfer occurs between the 
two components, resulting in C4H5N~-C6HC1204- (Issa 
et al., 1991) and CnHIoNO+-C6HCI204 - (Habeeb et al., 
1995), the anion and the cation of  which are held by 
N - - H ( N ) . . . O  hydrogen bonds. In the present study, 
we prepared the 1:1 complexes and determined their 
crystal structures at room temperature to investigate the 
hydrogen bonds. 
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In (1), no acid-base interaction involving a proton 
transfer is observed, which is inconsistent with the 
result reported by Issa et al. (1991). The molecules of 
chloranilic acid and pyrazine lie around the positions 
2b and 2c, respectively, of the space group C2/m 
and possess 2/m symmetry in the crystal. These mol- 
ecules are arranged to form an O2- -H1. . .N  hydrogen- 
bond chain along [101] (Fig. 1 and Table 2). The 
dihedral angle between the planes of chloranilic acid 
and pyrazine is 90 °. The H1 atom is also involved 

in a weak intermolecular hydrogen bond with O1 i 
[symmetry code: (i) -x ,  1 - y ,  -z ;  Table 2]. The 
C4 atom undergoes strongly anisotropic displacements 
in the direction perpendicular to the pyrazine ring, 
suggesting the existence of a large amplitude vibration 
and/or disordering of the C atoms around a pseudo-C2 
axis through the N atoms. However, attempts to resolve 
the disordered positions were unsuccessful. The shortest 
contact between the chains is H2---O1 ii 2.57(3),4, 

1 [symmetry code: (ii) i - x ,  3 _ y, -z ;  Table 2], implying 
that a weak C - - H . . . O  interaction exists between the 
chains. 

In (2), two independent chloranilic acid molecules 
(Fig. 2) having a 1 symmetry are linked bYo short O--- 
H. . .O  hydrogen bonds [ 0 2 . . . 0 4  2.512 (2)A], forming 
a chain along [221]. The dihedral angle between the 
planes of the chloranilic acid molecules is 95.6 (1)°. The 
position of the H atom in the hydrogen bond was found 
to split into two positions, H1A and H1B. H1A attached 
to 02 mainly contributes to form the O2--H1A. . .04  
hydrogen bond, while H1B attached to 04 participates in 
the 0 2 . . . 0 4  hydrogen bond as well as the intramolecu- 
lar 04 . . .O3  i hydrogen bond [symmetry code: (i) 1 - x ,  
1 - y ,  -z ;  Table 4]. Morpholinium ions link the chains 
of chloranilic acid through N- -H2 . . . 04 ,  N--H3-.-O1 ii 
and NmH3. . .O2  iii hydrogen bonds [symmetry codes: 
(ii) x, y - l ,  z - l ;  (iii) 2 - x ,  l - y ,  l - z ;  Table 4] 
(Fig. 3), forming a two-dimensional hydrogen-bond net- 
work. 

o 
C ~ ~  Ol i C~, c4 

. . . . . . .  -C_ff N 
',, !, . . . . . . .  

1 

O l  0 2  - b 

Cl 

Fig. 1. ORTEP-3 (Farrugia, 1997) drawing of (1) forming a one-dimensional hydrogen-bond chain. Displacement ellipsoids of non-H atoms 
are drawn at the 50% probability level and H atoms are drawn as circles of arbitrary size. Hydrogen bonds are indicated by dashed lines 
[symmetry code: (i) -x, 1 - y , - z ] .  

C12 

C., ~ "  ~ 02 o 3 H ~  

Fig. 2. ORTEP-3 (Farrugia, 1997) drawing of the chloranilic acid molecules in (2) forming a one-dimensional hydrogen-bond chain. 
Displacement ellipsoids of non-H atoms are drawn at the 50% probability level and H atoms are drawn as circles of arbitrary size. 
Site occupancy factors of H1A and H1B are 50%. [Symmetry code: (i) 1 -x ,  1 - y ,  -z.] 
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C. 

\O4 
/ k,,(9 ' . " HIAm 

ClO Q/7 ~, 3:3 

0 5  

Fig. 3. ORTEP-3 (Farrugia, 1997) drawing of the morpholinium ion 
hydrogen bonded to the chloranilic acid molecules in (2), forming 
a two-dimensional hydrogen-bond network. Displacement ellipsoids 
of non-H atoms are drawn at the 50% probability level and H atoms 
are drawn as circles of arbitrary size. The site-occupancy factors of 
HIA and H1B are 50%. N- -H- . .O  hydrogen bonds are indicated 
by dashed lines [symmetry codes: (i) 1 - x, I - y, - z ;  (ii) x, y - 1, 
z-1;(iii) 2-x ,  l - y ,  l -z ] .  

995 measured reflections 
741 independent  reflections 

Data collection 
Rigaku AFC-5R diffractom- 625 reflections with 

eter I > 20-(/) 
w-20 s c a n s  Rint = 0.014 
Absorption correction: 0max = 27.48 ° 

~b scans (North et al., h = - 2  ~ 10 
1968) k = 0 ~ 8 

Train = 0.819, Tmax = 0.847 l = - 1 4  ~ 14 

Refinement 

Refinement  on F 2 
R(F) = 0.037 
wR(F 2) = 0.084 

S = 1.76 
739 reflections 
60 parameters 
All H-atom parameters 

refined 
w = 1/[0.2(Fo) 

+ 0.000221Fol 2] 

3 standard reflections 
every 97 reflections 
intensity decay: 0.27% 

( A / 0 . ) m a x  < 0 . 0 0 1  

A p m a x  = 0 . 0 0  e ,~-3 

m p m i n  - - 0 . 2 3  e ,~-3 
Extinction correction: 

Zachariasen (1967) 
Extinction coefficient: 

1.4 (4) × 10 -6 

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

o 

Tab le  1. Selected geometric parameters (A, ° ) for  (1) 
CI---C2 1.722 (2) C1---C2 1.440 (3) 
OI---C1 1.220 (2) C1 - -C3 '  1.508 (3) 
O2---C3 1.312 (3) C2---C3 1.349 (3) 
N----C4 1.282 (3) C4---C4 i~ 1.387 (5) 

C4---N----C4 'ii 114.6 (3) N---C4------C4" 122.7 ( I ) 

Symmetry codes: (i) -x ,  1 - y, -z ;  (ii) 1 - x, y, 1 - z; (iii) x, 1 - y, z. 

T a b l e  2. Hydrogen-bonding and short-contact geometry 
(A, ° ) for  (1) 

Experimental 

Crystals of  the title complexes were prepared by slow C o m p o u n d  (2) 
evaporation from acetonitrile solutions of  chloranilic acid with Crystal data 
pyrazine or morpholine (molar ratio 1:1) at room temperature. 

CaHIoNO +.C6HC12Oa- 
Mr = 296.11 

Compound (1) Triclinic 
Crystal data P1 
C4H4N2.ChH2C1204 Mo Koe radiation a = 9.222 (2) ,~ 
Mr = 289.07 A = 0.71073 A b = 9.241 (4) ,4, 
Monocl inic  Cell parameters from 25 c = 8.644 (4) ,4, 
C2/m reflections a = 116.26 (3) ° 

a = 8.296 (5) ,4, 0 = 9 .0-11.8  ° /3 = 113.55 (3) ° 
b = 6.654 (2) ,~ /_t = 0.552 mm-~  "7 = 92.65 (3) ° 
c = 10.993 (2) ,~ T = 297 K V = 582.9 (6) ,~3 

/3 = I01.60 (3) ° Prismatic Z = 2 
V 594.3 (3) A 3 0.45 x 0.30 x 0.30 mm Dx = 1.687 Mg m -3 
Z = 2 Brown D,, not measured 

Dx = 1.615 Mg m --3 
Dm not measured Data collection 

Rigaku AFC-5R diffractom- 
eter 

w-20 scans 
Absorption correction: 

~b scans (North et al., 
1968) 
Tmin = 0.833, Tmax = 0.892 

2832 measured reflections 
2666 independent  reflections 

D--H. • -A D--H H. • .A D- - .A D--H. - -A 
O 2 - - H I .  • .N 0.81 (3) 1.98 (3) 2.719 (3) 151 (3) 
O 2 - - H I . . . O 1  ~ 0.81 (3) 2.21 (3) 2.681 (3) 117(3) 
C4---H2. • .O1" 1.03 (4) 2.57 (3) 3.320 (4) 129 (1) 

Symmetry codes: (i) - x ,  1 - y, - z ;  (ii) ½ - x, 3 _ y, - z .  

Mo Ka radiation 
A = 0.71073,4, 
Cell parameters from 25 

reflections 
0 = 11.4-12.0 ° 

= 0.569 m m -  
T = 300 K 
Prismatic 
0.30 x 0.30 x 0.20 mm 
Brown 

2298 reflections with 
I > 20.(/) 

Rint = 0.012 
0max ---- 2 7 . 4 9  ° 

h = 0 ---, 11 
k = - l l  --~ 11 
l =  - 1 1  ~ 10 
3 standard reflections 

every 97 reflections 
intensity decay: 0.51% 
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Refinement 

R e f i n e m e n t  on F 2 
R(F)  = 0.045 
wR(F 2) = 0.077 

S =  1.51 
2666 ref lect ions  
210 parameters  
H a toms  t rea ted by  a 

mix tu re  o f  i ndependen t  
and  cons t ra ined  re f inement  

w = 1/[tr2(Fo) 
+ 0.00027lFol z] 

(z~/O')max "- 0.001 
Apmax = 0.33 e ~-3 
Apmin = -0.28 e A, -3 
Extinction correction: 

Zachariasen (1967) 
Extinction coefficient: 

7.3 (5) × 10 -6  

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

Table 3. Selected geometric parameters (A, °) for (2) 
CI 1----C2 1.730 (2) C4---C5 
C12----C5 1.726 (2) C4--C6 ~' 
OI--C1 1.222 (2) C5---C6 
O2--C3 1.295 (2) O5--C8 
O3---C4 1.216 (2) O5--C9 
O4-----C6 1.299 (2) N--C7 
C 1---C2 1.439 (2) N--C 10 
C 1--C3 i 1.527 (2) C7---C8 
C2--C3 1.357 (2) C9---C10 

O5---C8---C7 110.5 (1) N--C 10--C9 
O5---C9--C 10 111.6 (2) C7--N--C 10 
N--C7--C8 109.2 (1) C8--O5--C9 

1.444 (2) 
1.522 (2) 
.355 (2) 
.420 (2) 
.424 (2) 
.489 (2) 
.492 (2) 
.5O7 (2) 

1.504(2) 

109.3 (I) 
111.1 (1) 
I10.1 (1) 

Symmetry codes: (i) 2 - x, 2 - y, 2 - z; (ii) 1 - x, 1 - y, - z .  
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Table 4. Hydrogen-bonding geometry (A, °)for (2) 
D--H.  • .A D - - H  H. • .A D. • .A D--H. • .A 

O2--H IA. • .04 0.90 (4) 1.72 (5) 2.512 (2) 145 (4) 
O2--HIA. • .O3 i 0.90 (4) 2.45 (5) 3.067 (2) 126 (3) 
O4---HIB. • .02 0.70 (5) 1.92 (5) 2.512 (2) 142 (5) 
(M---HIB. • .03 ~ 0.70 (5) 2.25 (5) 2.686 (2) 122 (4) 
N--H2. • .04 0.91 (2) 1.99 (2) 2.851 (2) 157 (2) 
N--H3. • . O 1  ii  0.93 (2) 2.07 (2) 2.928 (2) 153 (2) 
N--H3- • . O 2  iii 0.93 (2) 2.27 (2) 2.963 (2) 131 (2) 

Symmetry codes: (i) 1 - x, 1 - y, - z ;  (ii) x, y - 1, z - 1; (iii) 2 - x, 
1 - y ,  1 - z .  

H a toms  were  loca ted  on d i f fe rence  syn theses  and  all H a toms 
except  H1A and H1B in (2) were  ref ined isotropical ly.  The  
coord ina tes  o f  H1A and H1B were  ref ined wi th  an o c c u p a n c y  
fac tor  o f  0.5; the va lues  o f  Uiso were  a s s u m e d  to be equal  to 
1.5 t imes  the average  value  o f  Ueq o f  0 2  and 0 4  in (2). 

For  bo th  c o m p o u n d s ,  da ta  col lect ion:  MSC/AFC Diffrac- 
tometer Control Software (Molecu la r  St ructure  Corpora t ion ,  
1990); cell re f inement :  MSC/AFC Diffractometer Control Soft- 
ware; data  reduct ion:  TEXSAN (Molecu la r  Structure  Corpora-  
t ion,  1997). P rogram(s )  used  to solve  structures:  PATTY in 
DIRDIF92 (Beurskens  et al., 1992) for  (1); SIR92 (Al tomare  
et al., 1993) for  (2). For  bo th  c o m p o u n d s ,  p rogram(s)  used  to 
refine structures:  TEXSAN; sof tware  used  to prepare  mater ia l  
for  publ icat ion:  TEXSAN. 
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Abstract 
The molecular structure of the title compound, 2- 
[ 1-(2,4-dinitrophenyl)-4-methyl- 1H-pyrazol-3-yl]phenol, 
C16HI2N405, containing a dinitrophenyl and a hydroxy- 
phenyl ring substituted to the pyrazole moiety is one of 
the products obtained from the reaction of o-hydroxy 
propiophenone 2,4-dinitrophenylhydrazone. The phenyl 
and pyrazole rings are quite planar. The dihedral 
angles between the pyrazole and the two phenyl 
rings are 23.5 (1) and 15.3 (1)°. The interplanar angle 
between the phenyl ring is 32.6 (1) °. The crystal struc- 
ture is stabilized by O--H. . .N- ,  and O--H. . .O-type 
intramolecular hydrogen bonds and the packing of the 
molecules are stacked by C--H. . .O-type intermolecular 
hydrogen bonds. 
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