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CI I--C 12---C ! 3---C 14 68.7 (2) 
C 11---C 16----C 15---C 14 48.6(3) 
C12--4211---C16----C15 -38.4 (3) 

C12----C13---C14---C15 -57.6 (2) 
C 13---C 12---C 11---C ! 6 -18.6(2) 
CI 3--C14--C15---C16 0.9 (2) 

All H-atom positions were calculated geometrically, with 
Uiso(H) = 1.2Ueq(parent atom). Refinements were based on 
all the independent reflections. The threshold I > 2or(/) was 
used only for calculation of the R factor. In (I), there is an 
orientational disorder of a methylacrylate moiety in one of 
the two independent molecules; this disorder is similar to 
that observed in (E)-stilbenes and other related compounds 
(Harada et al., 1997). The central C==C double bond has two 
possible orientations which are approximately perpendicular 
to each other, and the terminal COOMe moiety is only a 
little rotated in its plane. The site-occupancy factors of these 
two possible sets of positions, C 1 ~ 2 0 - - C 2 1  ( = = 0 4 ) - - 0 5 - -  
C22 and Cl19-~C120--C121(==O104)- -O105--C122,  were 
assumed to be 80 and 20%, respectively, and the atoms in 
the minor part were refined isotropically. H atoms were not 
introduced for the minor part. 

For both compounds, data collection: MSCIAFC Diffrac- 
tometer Control Software (Molecular Structure Corporation, 
1993); cell refinement: MSCIAFC Diffractometer Control Soft- 
ware; data reduction: TEXSAN (Molecular Structure Corpora- 
tion, 1998); program(s) used to solve structures: SIR92 (Al- 
tomare et al., 1994); program(s) used to refine structures: 
TEXSAN; molecular graphics: ORTEPII (Johnson, 1976); soft- 
ware used to prepare material for publication: TEXSAN. 
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Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: OA 1086). Services for accessing these 
data are described at the back of the journal. 
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Abstract 
In the crystal structure of the title compound, 
C6H16N+.C13H10NOf, the ions are arranged in quadru- 
ples, in which two cations and two anions form a cyclic 
hydrogen-bonded system. 

Comment 
The structure of diisopropylammonium diphenylmethyl- 
nitronate, (I), is of particular interest owing to the forma- 
tion of a 12-membered macrocycle containing four polar 
hydrogen-bond bridges N--H. . .O,  which due to their 
cooperative effect provide an example of molecular self- 
organization. Crystals are obtained as colourless prisms 
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Me Me 

M e ~ N ~ " ~  Me /÷\ 
H H 

O _ O 

(I) 

from the reaction mixture of aci-nitrodiphenylmethane 
(Colvin et al., 1980; Konowalow, 1896) with diiso- 
propylamine at 258 K. Sets of two symmetry-equivalent 
protonated molecular cations and two equivalent an- 
ions form hydrogen-bonded molecular-ion quadruples 
within undulating layers parallel to the xy plane (Fig. 1). 
The packing is supported by additional weak C--H...Tr 
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interactions. The symmetry-equivalent  ion-pairs of  a 
quadruple are connected by N - - H . . . O  hydrogen bonds 
to produce 12-membered rings ( . . . O N O . . . H N H . .  ")2. 
The CNO2 planes of  the anions are shifted perpendic- 
ular to each other by 2.09 (1),~ and exhibit  an inter- 
planar angle of  29 (2) ° relative to the planar rectan- 
gle of  the four O atoms. The amine-N atom centres 
deviate - t -0.74(1)A from this plane, resulting in the 
twisting of  the 12-membered ring. The protonated nitro- 
gen centre N2 forms a hydrogen bond N 2 - - H 2 A . . . O 1  
with a distance N-- -O of  2.725 (3),~ and an angle of  
169 (2) °. The second crystal lographically independent  
hydrogen bond N2- -H2B.  • .02(  - x, 1 - y, 1 - z) shows 
a distance of  2.710 (3) ,~, and an angle of  170(2) °. 
The d i i sopropylammonium cation exhibits a staggered 
conformation with the central angle C2- -N2- - -C5  ex- 
panded by 8 ° compared to an ideal tetrahedron. The 
phenyl  substituents of  the nitronate anions are orien- 
tated differently with one of  them approximately copla- 
nar to the plane CNO2 and the other in a nearly per- 
pendicular orientation with a torsion angle of  88.6 (2) ° 
around the C1---C21 bond. Due to steric hindrance, the 
angle N1- - -C1- - -Cl l  is widened to 124.5 (2) °, reducing 
the corresponding angle N 1 - - C 1 - - C 2 1  to 115.2(2) °. 
The distance between the planar coordinated centres, 
C1 and N1, amounts to 1.322 (2) ,~, and the N - - O  
bonds with distances of  1.302 (2) and 1.308 (2),~ are 
almost identical. This conformation of  the nitronate 
group is in agreement with that in other nitronate 
anions such as hexa(aci-9-nitrofluorenepotassium)bis- 
( tetrahydrofuran)dioxane (Bock et al., 1995). The tor- 
sion angles of  the phenyl  rings differ considerably from 
those found in the structure of  neutral aci-nitrodiphenyl- 
methane (Bock et al., 1993). 

C13 ~ _ ~ ~  

Fig. 1. Two cations and two anions arranged around an inversion 
centre, showing the hydrogen bonding, the atom labels of the 
asymmetric unit and 50% probability ellipsoids. 

Experimental 

A cooled suspension of sodium diphenylmethylnitronate 
(0.5 g, 2.1 mmol) in water (20 ml) was acidified with 5% sulfu- 
ric acid to pH 2. The immediately precipitating pale pink aci- 

nitrodiphenylmethane was filtered, washed three times with 
cold water, dissolved in diethyl ether (40 ml) and the solu- 
tion dried with sodium sulfate. After removal of the sodium 
sulfate by filtration, diisopropylamine (0.3 ml, 2.1 mmol) was 
added to the solution at 273 K. The resulting clear yellow 
solution was cooled to 258 K. Crystals suitable for an X-ray 
crystal structure determination grew after one day. They were 
washed three times with small amounts of n-hexane and dried 
in vacuo. Analysis, found: C 72.37, H 8.71, N 8.71%; cal- 
culated: C 72.58, H 8.33, N 8.91%; m.p. 348-349 K (Kofler, 
uncorrected). 

Crystal data 

C6HI6N + 'Cl3HloNO2-  
Mr = 314 .42  
Triclinic 
PT 
a = 9.198 (1) ,~, 
b = 10.559 (1) ,~, 
c = 10.593 (1) ,~ 
a = 68.94 (1) ° 
/3 = 79.01 (1) ° 
3' = 67.41 (1) ° 
V = 884.8 (2) ~3 
Z = 2  
D.~ = 1.180 Mg m -3 
Dm not measured 

Mo Ka radiation 
A = 0.71073 ,~, 
Cell parameters from 46 

reflections 
0 = 7.5-17.5 ° 
# = 0.077 mm- 
T = 200 (2) K 
Prism 
0.46 x 0.36 × 0.18 mm 
Colourless 

Data collection 
Siemens P4 diffractometer 
,~/0 scan 
Absorption correction: none 
3538 measured reflections 
3307 independent reflections 
2305 reflections with 

I > 2o'(/) 
Rint = 0.029 

Refinement 

Refinement on F 2 
R[F 2 > 2o'(F2)] = 0.045 
wR(F 2) - 0.114 
S-- 1.022 
3306 reflections 
226 parameters 
H atoms treated by a 

mixture of independent 
and constrained refinement 

w = 1/[o'2(Fo 2) + (0.0352P) 2 
+ 0.2790P] 

where P = (Fo z + 2F2)/3 

0max = 26.5 ° 
h = 0 ---~ 11 
k = - 1 1  ---, 12 
/ = -13  ---, 13 
3 standard reflections 

every 100 reflections 
intensity decay: 5% 

(m/O')max < 0.001 
Apmax = 0.163 e ,~-3 
Apmm = --0.150 e ,~-3 
Extinction correction: 

SHELXL93 (Sheldrick, 
1993) 

Extinction coefficient: 
0.018 (4) 

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

Table 1. Selected geometric parameters (,3t, o) 
NI--OI 1.302 (2) 
N 1---O2 1.308 (2) 
NI--CI 1.322 (2) 
CI---CI 1 1.468 (2) 

O 1--N !---O2 116.60 (15) 
O1--N I---Ci 120.0 (2) 
O2--N I---C I 123.39 (15) 
N i - -CI- -CI  1 124.5 (2) 

O2--N 1 ------C 1 ------C I 1 0.4 (3) 
OI--N 1--C1--C21 -0.3 (2) 

C 1---C21 1.493 (2) 
N2---C2 1.499 (2) 
N 2---C5 !.502 (2) 

N I---C i---C21 115.24 (15) 
CI 1--C1--C21 120.3 (2) 
C2--N2---C5 117.32 (15) 

N I---CI--CI 1---C16 4.7 (3) 
C 11---C I--C21---C22 88.1 (2) 
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The H(- -N)  atoms were refined freely, while a riding model 
was used for all other H atoms, with U(H) = 1.2U~q(C). 

Data collection: XSCANS (Siemens, 1994a). Cell refine- 
ment: XSCANS. Data reduction: XSCANS. Program(s) used 
to solve structure: SHELXS94 (Sheldrick, 1994). Program(s) 
used to refine structure: SHELXL93 (Sheldrick, 1993). Molec- 
ular graphics: XP (Siemens, 1994b). Software used to prepare 
material for publication: CIFTAB in SHELXL93. 

anions are held together by N - - H . . . O  hydrogen bonds 
with short N . . -O  distances of 2.670 (4)A in (I) and 
2.582 (3),A, in (II). The H atom in the hydrogen bond 
in (I) was located at the N-atom site [N- -H = 1.09 (5) 
and H. . -O = 1.70 (5)~,], while that in (II) was found 
near the center of N . . . O  [N. . .H = 1.32 (5) and H..  -O = 
1.28 (5) ~,]. 
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Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: CF1289). Services for accessing these 
data are described at the back of the journal. 
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Comment  
Several hydrogen-bonded complexes of the chloranilic 
acid-amine (1:1) system have been studied by IR (Issa 
et al., 1991) and by IR, NMR and UV (Habeeb et al., 
1995). Habeeb et al. reported that the hydrogen bonds 
formed between chloranilic acid and amines vary from 
an N - - H . . - O  to an N. . .H-- -O type with decreasing 
pKa values of the amines. The title compounds, (I) and 
(II), were investigated as part of a structural study on 
hydrogen bonding in chloranilic acid-amine systems. 
The pKa values of pyridine and 1,2-diazine (pyridazine) 
are 5.2 and 2.3, respectively. 

CI 

@ - H  " 

o OH 
CI 

(I) 
Cl ~+ -o~o 

2~. . ._~N-H 0 O_ 

CI 
(II) 

H20 

Acta Cryst. (1999). C55, 1149-1152 

P y r i d i n i u m  a n d  1 , 2 - d i a z i n i u m  sa l t s  o f  

c h l o r a n i l i c  a c i d  

HmOYUKI ISH1DA AND SETSUO KASHINO 

Department of  Chemistry, Faculty of  Science, Okayama 
University, Okayama 700-8530, Japan. E-mail: ishidah@cc. 
okayama-u.ac.jp 

(Received 23 October 1998; accepted 8 March 1999) 

Abstract 
The crystal structures of two salts of chloranilic 
acid (2 ,5  - dichloro- 3 , 6 -  dihydroxy-p- benzoquinone), 
namely pyridinium chloranilate monohydrate, CsH6N +.- 
C6HC1204-.H20, (I), and bis(1,2-diazinium) chloranil- 
ate, 2CaHsN~-.C6C12042-, (II), have been determined 
at room temperature. In (I) and (II), the cations and 
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A n  a s y m m e t r i c  uni t  o f  (I) is c o m p o s e d  o f  CsH6N ÷.- 
C6HC1204- .H20  and that  o f  (II) is C4H5N2.+ gl C6C120~- .  
The  ch lorani la te  ions in (I) and (II) show char- 
acterist ic s tructures hav ing  four  short  C---C bonds  

C12 

O 3 ~  C 5 ~  04 

c 4 ~  25 

H 7 0 ~ o 1  fl[' | / " ~ H 9  

Fig. 1. ORTEPII (Johnson, 1976) view of (I), showing the atomic 
numbering. Displacement ellipsoids for non-H atoms are drawn 
at the 50% probability level and H atoms are drawn as spheres 

2 with Biso = 1.0 m . Hydrogen bonds are indicated by thin lines 
[symmetry code: (ii) I - x ,  1 -  y, 1-z] .  
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