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C o m m e n t  

We decided to combine a hydrogen-bond donor mol- 
ecule (pyromellitic acid, PMA) and a hydrogen-bond 
acceptor molecule having two basic N atoms (2,2'-bi- 
pyridine, BPY), (I), in order to explore the influence of 
weak forces such as hydrogen bonds and electrostatic 
interactions on the potential self-organization of mol- 
ecules (Reetz, Hrgcr & Harms, 1994). Also, in the 
course of a systematic investigation of compounds with 
short intramolecular hydrogen bonds (Jeffrey, 1995), 
acid salts of pyromellitic acid were of special interest. 

2 HOOC~COOH + 2 ffffffffffffffffffffffffffffffffffffff~~ 
HOOC~ v ~-COOH 

PMA BPY 
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Abstract  

The 2,2'-bipyridinium salt of pyromellitic acid (PMA, 
1,2,4,5-benzenetetracarboxylic acid), 2,2'-bipyridinium 
hemi [ 1,2, 4, 5- benzenetetracarboxylate ( 2 - )  ] hemi ( 1,2,- 
4,5-benzenetetracarboxylic acid), C l 0H8N2 H +. ~ [C6H2- 
( C O O ) 4 H 2 1 2 - .  1 [ C 6 H 2 ( C O O ) a H 4 ] ,  has been prep/u'ed and 
studied by X-ray diffraction and IR spectroscopy. 2,2'- 
Bipyridine acts as a proton sponge by accepting a proton 
from pyromellitic acid. The transfer of protons results 
in strong asymmetric intramolecular hydrogen bonds; 
H(N). . .N 2.603 (2) A in the bipyridinium cation, which 
has a syn conformation, and H(O). . .O 2.396 (2),A, in 
the pyromellitate anion. The N - - H . . . N  hydrogen bond 
is part of a three-centre hydrogen bond with a carbonyl 
group of the neutral pyromellitic acid; N----H...N/O 
with an N. . .O distance of 2.805 (2),~,. Each neutral 
PMA molecule is connected by hydrogen bonds to 
two cations and four anions forming a two-dimensional 
network with plane indices (112). The IR spectrum also 
suggests the presence of strong hydrogen bonds. 
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One of the two crystallographically independent mol- 
ecules of pyromellitic acid in (I) is deprotonated, with 
the two protons transferred to the N atoms of two 
bipyridine groups. The pyromellitate anion, PMA 2-, 
and the neutral PMA molecule lie on crystallographic 
centres of symmetry (0,½,0) and (0,½,½), respectively. 
They are connected by H(O3). . .05 2.569 (2) (Fig. 1) 
and H(O1).. .O7 i 2.636 (2)A hydrogen bonds [symme- 
try code: (i) 1 - x ,  2 - y ,  -z].  The bond distances in 
the neutral PMA molecule and the PMA 2- anion are 
consistent with those usually found (Jessen, Kiippers & 
Luehrs, 1992). The structure of the pyromellitate anion 
differs from that of the neutral acid. The ring of the neu- 
tral PMA molecule is planar, with the carboxyl groups 
rotated out of plane by 11.96 (8) and 75.6 (1) °, val- 
ues which are similar to those found in PMA dihydrate 
(18 and 75°; Takusagawa, Hirotsu & Shimada, 1971). 
The carboxyl groups of the PMA 2- anion are twisted 
by 18.0(1) and 6.9 (I) ° with respect to the benzene 
ring, and the two neighbouring carboxylic acid groups 
are connected by a very short intramolecular hydrogen 
bond [ 0 6 . . . 0 8  2.396 (2),4,] which is clearly asymmet- 
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Fig. 1. ORTEP92 (Vickovi6, 1994) view of the molecules of (I), 
showing the atom-labelling scheme and the hydrogen-bond in the 
asymmetric unit. Displacement ellipsoids are drawn at the 50% 
probability level. 

ric [O8--H8 1.07 (2) and 06 . . .H8  1.34 (2) ,~]. The for- 
mation of this extremely short hydrogen bond and the 
resulting repulsion of the carboxylic acid groups leads 
to a considerable deformation of the PMA 2- anion. 

Attention shall be focused on the angles inside and 
around the benzene rings which usually have values 
ca. 120 °. The angles formed by the carboxylic acid 
groups and the benzene ring, C6---C7---C10 and C7- -  
C6---C9, show values of 128.13 (12) and 127.65 (12) °, 
respectively. Furthermore, the hexagon of the benzene 
ring is considerably deformed. The internal angles at 
C6 and C7 are reduced to below 118 ° and the angle at 
C8 between them is 124.85 (12) °. The distance between 
the C6 and C7 ring atoms beari~ng the carboxylic 
acid groups is increased [1.410 (2)A]. Monoprotonated 
2,2'-bipyridinium cations have been identified in many 
earlier crystal structure studies (Khan, Kumar & Tuck, 
1984). The present work, as with those of earlier 
authors, shows that in the crystal lattice, the cation 
adopts a configuration in which the two N atoms 
are syn, in contrast to the ant i  stereochemistry found 
in the neutral molecule (Merritt & Schroeder, 1956) 
and in the diprotonated cation (Chantler & Maslen, 
1989). The geometry of the monopositive cation is 
generally close to that of the neutral compound. The 
syn conformation is not stablized by a slight twisting 
about the C- -C  axis (Khan et  al. ,  1984) but by a 
strong asymmetric intramolecular hydrogen bond, N + -  
H . . .N  (Decurtins, SchmaUe, Schneuwly & Oswald, 
1993). There are some significant differences between 
the protonated CsH4N moiety of the cation and the non- 
protonated ring, as noted previously (Khan et  al. ,  1984). 
The most significant point is an increase of the C ~ N - -  

C angle at the protonated N2 atom [123.64 (13) °] and 
a corresponding decrease of the angles at the adjacent 
C16 and C17 atoms [117.82(14) and 119.83(15) °, 
respectively]. 

The geometry of the intramolecular N2--H. . .N1 
hydrogen bond [N...N, NmH and N m H . . . N  are 
2.603 (2), 0.92 (2) A and 106 (2) °, respectively] estab- 
lishes this bridge as truly asymmetric. The BPYH ÷ 
cation is involved in a three-centre hydrogen bond with 
a carbonyl group of neutral pyromellitic acid; N2- -  
H.. .N1/O4 with an N. . .O  distance of 2.805 (2),~, and 
an N--H-- -O angle of 138 (2) °. The four-atom config- 
uration is planar as follows from the sum of the angles 
around the H atom [360 (2)°]. 

The absorption bands at 2500 and 1940 cm-1 are in- 
dicative of strong hydrogen bonding between the pyro- 
mellitic acid, its anions and the bipyridinium cations 
(Odinokov, Mashkovsky, Glazunov, Iogansen & Ras- 
sadin, 1976; Lee, Painter & Coleman, 1988; Kato, 
Kihara, Uryu, Fujishima & Fr6chet, 1992; Kato, Uryu, 
Kaneuchi, Jin & Fr6chet, 1993). The cations and anions 
are stacked along the a axis, forming 'sandwiches' of 
PMA 2-, BPYH ÷, BPYH ÷ and PMA 2- ions with only 
van der Waals contacts between them. Each neutral 
PMA molecule is connected by hydrogen bonds to 
two BPYH ÷ and four PMA 2- ions, forming a two- 
dimensional network with plane indices (112) (Fig. 2 
and Table 3). 

\ \  

Fig. 2. Packing of the molecules in the unit cell. The pyromellitate 
anion, PMA 2- ,  and neutral PMA molecule lie on crystallographic 
centres of symmetry (0, ½,0) and I I (0,~,i) ,  respectively. Each neutral 
PMA molecule is connected by hydrogen bonds (thin lines) to 
two BPYH ÷ cations (04 . . .H- -N2)  and four PMA 2- anions (03--- 
H . . . 0 5  and OI- -H-- -07) .  

Experimental 
The reaction mixture was prepared by accurate weighing of 
pyromellitic acid and 2,2'-bipyridine in a 1:1 stoichiometry 
and by dissolving them in ethanol. Slow evaporation of the 



2 5 4 0  C10H9N~. l -- 1 ~ C l 0 H 4 0 ~  • ~ C 1 0 H 6 0 8  

solvent at room temperature yielded crystals suitable for X- 
ray structure determination. The compound was characterized 
by IR spectroscopy and elemental analysis. Found: C 58.81, 
H 3.32%; calculated for C20HlaN208: C 58.54, H 3.44%. The 
IR spectrum in the region 4000--450 c m - l  was recorded on a 
Perkin-Elmer VI'-IR spectrophotometer Model 1600 using a 
KBr disk. 

Crystal data 
+ 1 2-- CIoH9N2.~C1oH408 .- 

1 C 1 0 H 6 0 8  
Mr = 410 .33  
Tricl inic  
el  
a = 7 .912  (4) 
b = 10.307 (5) ,4, 
c = 11.533 (9) .~ 
a = 69.09 (4) ° 
/3 = 87 .72  (3) ° 
7 = 84.06 (6) ° 
V - 873.8 (9) ,~3 
Z = 2  
Dx = 1.559 Mg m -3 
Dm not measured 

Data collection 
Philips P W l l 0 0  diffractome- 

ter updated by Stoe 
w/O scans 
Absorption correction: 

none 
8255 measured reflections 
5135 independent reflections 
3010 observed reflections 

[I > 2o'(/)]  

Refinement 
Refinement on F 2 
R(F) = 0.0434 
wR(F 2) = 0.1032 
S = 1.140 
5134 reflections 
327 parameters 
All H-atom parameters 

refined 
w = 1/[o'2(F 2) + (0.068P) 2 + 

0.0338P] 
where P = (F 2 + 2F2)/3 

Mo Ka radiation 
A -- 0 .71073  .~ 
Cell parameters from 26 

reflections 
0 = 8 .60-16 .83  ° 
# = 0.123 mm -1 
T = 293 (2) K 
P r i s m  

0.55 x 0 .30 x 0 .20  mm 
Transparent 

Rint - 0 . 0 2 5 3  

0max = 30.09  ° 
h = - 1 1  ~ 11 
k = - 1 3  ~ 14 
l = 0 ---* 16 
3 standard reflections 

frequency: 100 min 
intensity decay: 5% 

( A / o . ) m a x  = 0 . 1 2 4  
Apmax = 0 .360  e ,~-3  
Apmin = - - 0 . 1 8 8  e , ~ - 3  

Extinction correction: none 
Atomic scattering factors 

from International Tables 
for Crystallography (1992,  
Vol. C, Tables 4.2.6.8 and 
6.1.1.4) 

Table  1. Fractional atomic coordinates and equivalent 
isotropic displacement parameters (,~2 ) 

Ueq = ( 1 / 3 ) ~ i ~ j U i j a ~  a~ a i . a j .  

x y Z Ueq 
C1 0.0276 (2) 0.62280 (12) 0.40103 (12) 0.0255 (3) 
C2 0.1299 (2) 0.49917 (13) 0.41489 (12) 0.0255 (3) 
C3 -0.1015 (2) 0.62203 (13) 0.48657 (13) 0.0284 (3) 
C4 0.0551 (2) 0.75264 (13) 0.29338 (13) 0.0290 (3) 
C5 0.2758 (2) 0.48896 (13) 0.32964 (13) 0.0292 (3) 
Ol -0 .0287 (2) 0.86506 (10) 0.30435 (1 !) 0.0424 (3) 
02  0.1459 (2) 0.75279 (I 1) 0.20732 (10) 0.0455 (3) 
03 0.41073 (14) 0.53972 (11) 0.35046 (I i ) 0.0397 (3) 
04  0.2677 (2) 0.43037 (12) 0.25633 (I 1) 0.0469 (3) 

C6 0.8823 (2) 0.55003 (13) 0.07401 (12) 0.0248 (3) 
C7 0.9622 (2) 0.64554 (12) -0.02758 (13) 0.0248 (3) 
C8 0.9239 (2) 0.40887 (13) 0.09747 (13) 0.0279 (3) 
C9 0.7521 (2) 0.58270 (14) 0.16282 (13) 0.0301 (3) 
CI0 0.9376 (2) 0.80409 (13) -0.07402 (14) 0.0314 (3) 
05 0.66599(15) 0.48694(11) 0.22418(11) 0.0477(3) 
06  0.7345(2) 0.70153(11) 0.17194(11) 0.0443(3) 
07 1.0042(2) 0.86988(10) -0.17144(11) 0.0499(3) 
08 0.8470 (2) 0.86584 (11 ) -0.01146 (I 3) 0.0527 (4) 
CII  0.4017 (2) -0.0148 (2) 0.34354 (14) 0.0343 (3) 
NI 0.3085 (2) 0.05731 (14) 0.40365 (13) 0.0431 (4) 
C12 0.2344 (3) -0.0162 (2) 0.5088 (2) 0.0535 (5) 
C13 0.2501 (3) -0 .1596 (2) 0.5568 (2) 0.0559 (5) 
C14 0.3468 (3) -0 .2318 (2) 0.4951 (2) 0.0499 (5) 
C15 0.4251 (2) -0 .1589 (2) 0.3858 (2) 0.0422 (4) 
C16 0.4782(2) 0.07304(14) 0.22683(14) 0.0311 (3) 
N2 0.4422 (2) 0.21122 (12) 0.19672 (12) 0.0339 (3) 
CI7 0.5000 (2) 0.3058 (2) 0.09424 (15) 0.0381 (4) 
C18 0.6020 (2) 0.2631 (2) 0.0134 (2) 0.0391 (4) 
C19 0.6441 (2) 0.1220(2) 0.0411 (2) 0.0422(4) 
C20 0.5822 (2) 0.0269 (2) 0.1473 (2) 0.0410 (4) 
HIO -0 .009 (3) 0.949 (2) 0.2441 (19) 0.061 (6) 
H30 0.508 (3) 0.526 (2) 0.298 (2) 0.064 (6) 
H80 0.811 (3) 0.790 (2) 0.074 (2) 0.070 (7) 
HN2 0.375 (3) 0.243 (2) 0.2496 (18) 0.056 (6) 

Table  2. Selected geometric parameters (A, o) 
C1----C3 1.390 (2) C10---O7 1.218 (2) 
CI---C2 1.399 (2) C10---4)8 1.277 (2) 
C1---C4 1.494 (2) CI I--N1 1.339 (2) 
C2---CT 1.388 (2) CI 1---C15 1.382 (2) 
C2----C5 1.506 (2) CI 1---4216 1.475 (2) 
C4---O2 1.201 (2) N1- -CI2  1.329 (2) 
C4---OI 1.318 (2) C12---C13 1.374 (3) 
C5---O4 1.208 (2) C13---C14 1.365 (3) 
C5---O3 1.302 (2) CI4---C15 1.377 (3) 
C6---C8 1.388 (2) C16---N2 1.342 (2) 
C6---C7 1.410 (2) C 16----C20 1.384 (2) 
C6---C9 1.521 (2) N2----CI7 1.335 (2) 
C7---C8" 1.391 (2) C17---C18 1.369 (2) 
C7---C 10 1.521 (2) CI 8---C19 1.380(2) 
C9--O5 1.241 (2) C19----C20 1.377 (2) 
C9--O6 1.259 (2) 

C3---C1--C2 119.21 (12) O5---C9---C6 116.52 (13) 
C3---C1----C4 120.85 (12) O6--C9----C6 120.70 (13) 
C2---C1----C4 119.92 (11) O7--C10---4)8 121.20 (14) 
C3L----C2--C I 119.76(11) O7---C 10--C7 118.91 (13) 
C3i---C2---C5 116.57 (12) O8---C 10---C7 119.89 (13) 
C I - - C 2 - - C 5  123.64(12) N I---CI I---C!5 123.56(15) 
C2L--C3---C 1 121.02(12) N I---C 11---C 16 114.07(14) 
O2---C4---O1 124.39 (13) C15---C11----C16 122.37 (14) 
O2---C4--C1 122.75 (13) CI2--NI----CII  116.9 (2) 
O I---C4----C 1 112.86(12) N l-----C 12---C 13 123.2(2) 
O4---C5----O3 125.04 (13) C!4----C13---C12 119.3 (2) 
O4---C5-----C2 121.71 (15) C 13---C 14--C15 119.0(2) 
O3---C5--C2 113.06(13) CI4---C15--C I 1 118.0(2) 
C8- -C6- -C7  117.64 (11) N2--C16----C20 117.82 (14) 
C8---C6--C9 114.71 (12) N2---C 16---C 11 !15.69(13) 
C7---C6--C9 127.65 (12) C20---CI 6----C11 126.49 (14) 
C8~L--C7---C6 117.51 (12) C17--N2---C16 123.64 (13) 
C8"---C7---C10 114.35 (12) N2---C17---CI8 119.83 (15) 
C6----~7-----C!0 128.13 (12) C!7---C18---C19 118.65 (15) 
C6------C8---C7 i~ 124.85 (12) C20----C19---C18 120.21 (14) 
O5---C9---O6 122.78 (13) C19----C20---4216 !19.84 (15) 

S y m m e t r y  codes: (i) - x ,  1 - y, 1 - z; (ii) 2 - x, 1 - y, - z .  

Table  3. Hydrogen-bonding geometry (A, o) 
D - - H .  . .A  D - - - H  n .  . .A  D .  . .A  D - - H .  . .A  

O 8 - - H 8 0 - . - 0 6  1.07 (2) 1.34 (2) 2.396 (2) 169 (2) 
N2--HN2- • -N! 0.92 (2) 2.19 (2) 2.603 (2) 106 (2) 
O I - - H l O .  • .07 ~ 0.92 (2) 1.76 (2) 2.636 (2) 159 (2) 
O3- -H30 .  • .05 0.99 (2) 1.58 (2) 2.569 (2) 174 (2) 
N2--HN2. • .04 0.92 (2) 2.05 (2) 2.805 (2) 138 (2) 

S y m m e t r y  code: (i) l - x, 2 - y, - z .  
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All non-H atoms in the structure were found by direct 
methods. All H atoms were located by subsequent isotropic 
refinement and difference electron-density synthesis. Final 
full-matrix least-squares refinement of the coordinates and 
anisotropic displacement parameters for the non-H atoms, and 
of the coordinates and isotropic temperature factors for the H 
atoms, reduced R to 0.0434. 

Data collection: DIF4 (Stoe & Cie, 1992a). Cell refinement: 
DIF4. Data reduction: REDU4 (Stoe & Cie, 1992b). Pro- 
gram(s) used to solve structure: SHELXS86 (Sheldrick, 1985). 
Program(s) used to refine structure: SHELXL93 (Sheldrick, 
1993). Molecular graphics: ORTEP92 (Vickovi6, 1994) and 
PLUTON (Spek, 1993). Software used to prepare material for 
publication: SHELXL93. Geometric calculations: CSU (Vick- 
ovid, 1988). 
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Abstract 
The title compound, CI8HI0N2OS2, was prepared and 
characterized on the basis of its I H NMR and UV spec- 
tra, and X-ray diffraction analysis. The five-membered 
heterocyclic rings are fiat and coplanar with their fused 
benzene rings. The furan ring is planar, with the 2- 
benzothiazolyl groups rotated out of plane by 6.3 (1) and 
32.7 (1) °. The S atoms of the 2-benzothiazolyl groups 
are positioned anti with respect to one another. 
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Comment 
In the course of our previous studies, we have paid 
attention on the synthesis and spectroscopic properties 
of some aryl- and heteroaryl-substituted benzothia- 
zoles (Fi~er-Jaki6, Karaman & Jakop6i6, 1980; Figer- 
Jaki6 & Jakop6i6, 1981; Tralid-Kulenovi6, Figer-Jaki6 
& Lazarevi6, 1993, 1994; Racan6, Trali6-Kulenovi6, 
Karminski-Zamola & Fi~er-Jaki6, 1995). Similar sub- 
stances are known and used as plant protectors and 
pharmaceuticals (Papenfuhs, 1987), growth-regulating 
substances (ChulAk, Sutoris, G@lovslq~ & Sekerka, 
1990), pesticides (Lficov~i, Chovancov~i, H3~blov~i & 
Varkonda, 1991), intermediates for dyes (Bami, 
Savarino, Larovere & Viscardi, 1986) and optical 
brighteners (Allen, 1971). Continuing the earlier investi- 
gations of furylbenzothiazoles, the title compound, 3,4- 
bis(1,3-benzothiazol-2-yl)furan, (I), was prepared. 

The bond distances in both five-membered hetero- 
cyclic rings are consistent with those usually found 

H O O C ~ C O O H  SOC12~ C I O C ~ C O C i  

N~S/ 
fO 
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