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anthranilic acid, it is of interest to know whether the 
7r-stacking or hydrogen-bonding ability function pre- 
dominates in complex formation with picric acid. 
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Abstract 
The X-ray crystal structure of the 2:1 anthranilic 
acid-picric acid complex, 2C7H7NO2.C6H3N307, shows 
extensive stacking interactions, where picric acid is 
sandwiched between two crystallographically indepen- 
dent anthranilic acid molecules, with spacings of 3.29 
and 3.33 ,~. The carboxyl and amino groups of anthra- 
nilic acid are neutral and the former group is hydro- 
gen bonded to the polar nitro and phenol O atoms of 
neighbouring picric acid molecules. The present results 
indicate the superior 7r-donating ability of anthranilic 
acid, as well as a superior hydrogen-bonding ability, in 
its interaction with an acceptor molecule such as picric 
acid. 

Comment 
It is known that picric acid functions not only as an 
acceptor to form 7r-stacking complexes with aromatic 
biomolecules, but also as an acidic ligand to form 
salts with polar biomolecules through specific electro- 
static or hydrogen-bonding interactions. As part of a 
study estimating the 7r-stacking and hydrogen-bonding 
abilities of biomolecules (Nagata, In, Doi, Ishida & 
Wakahara, 1995; Nagata, In, Tomoo, Doi, Ishida & 
Wakahara, 1995), this paper deals with the X-ray crys- 
tal structure of a 2:1 anthranilic acid-picric acid com- 
plex. Because of the polar and aromatic characters of 

© 1997 International Union of Crystallography 
Printed in Great Britain - all rights reserved 

Picric acid is found to be sandwiched by two crys- 
tallographically independent anthranilic acid molecules 
(Fig. 1), where the respective dihedral angles .and mean 
interplanar spacings are 2.8 (5) ° and 3.29A for the 
upper pair, and 1.4 (5) ° and 3.33,4, for the lower one. 
No notable stacking interaction was observed between 
neighbouring anthranilic acid molecules. The carboxyl 
groups of the anthranilic acid molecules are hydrogen 
bonded to the polar atoms of neighbouring anthranilic 
acid and picric acid molecules (Fig. 2); two indepen- 
dent anthranilic acid molecules are linked to one another 
through O - - H . . . O  hydrogen bonds around the diad 
screw axis along the b axis (Table 2). Although the 
complex molecules are linked by O - - H . - . O  hydrogen 
bonds and O. . .O electrostatic interactions, it is signif- 
icant that the amino group of anthranilic acid does not 
participate in any specific interaction. 

The difference Fourier map indicated that the car- 
boxyl and amino groups of anthranilic acid and the 
phenol group of picric acid are neutral. This is also 
suggested by the bond lengths and angles, and the 
intermolecular interaction pattern of the complex. 

N(2) 
O(1)lilh 

Molecule B 

C(4) ~ C(6"~ O(1') 
C(5) 

O ( 6 ~  

O(l) ~ ( 4 )  N ( 4 ) ~  

0(2) ~ - ~ N N ( 2 ) ' ~  0(2') 0(4) 

o(1') ~ o ( 1 )  N(2) 

v ~ Molecule A 
C(6) ~ C(3) 

C(5) C(4) 

Fig. 1. The stacking interaction between the anthranilic and picric 
acid molecules. The upper and lower anthranilic acid molecules 
correspond to molecules A and B, respectively. H atoms have been 
omitted for clarity. Displacement ellipsoids are plotted at the 50% 
probability level. 
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Fig. 2. The crystal packing of the 2:1 anthranilic acid-picric acid 
complex viewed along the b axis. Dotted lines represent hydrogen 
bonds. 

Experimental 

Crystals of the title complex were prepared by slow evap- 
oration of an aqueous ethanol solution containing equimo- 
lar amounts of anthranilic acid and picric acid at room 
temperature. 

Refinement 

Refinement on F 
R = 0.059 
wR = 0.067 
S = 1.7187 
1454 reflections 
323 parameters 
H atoms not refined 
w = 1/[cr2(F) + 0.001291F 2] 

(Z2t/O')max = 0.07 
mpmax = 0.30 e ,~-3 
A p m i n  = - 0 . 2 9  e ,~-3 
Extinction correction" none 
Scattering factors from Inter- 

national Tables for X-ray 
Crystallography (Vol. IV) 

Table  1. Selected geometric parameters (A, o) 
Picric acid 
C(I)--O(I) 1.395 (9) N(4)--<)(41) 1.19 (2) 
C(2)--N(2) 1.47 (2) C(6)--N(6) 1.51 (2) 
N(2)--O(2) 1.19 ( 1 ) N(6)----O(6) 1.22 (2) 
N(2)--O(2') 1.23 (2) N(6)---O(6') 1.20 (2) 
N(4)--O(4) 1.22 (2) 
C(2)--N(2)----O(2) 122.3 (7) O(4)--N(4)--O(41) 118.7 (9) 
C(2)--N(2)----O(21) 113.1 (7) C(6)--N(6)---O(6) 116.2 (7) 
O(2)--N(2)--O(2') 124.4 (8) C(6)--N(6)---O(6 I) 116.8 (7) 
C(4)--N(4)---O(4) 121.1 (8) O(6)---N(6)---<)(6 I) 126.9 (8) 
C(4)---N(4)---O(4') 120.2 (8) 

C(I )----C(2)--N(2)----O(2') - 179 ( 1 ) 
C(3)----C(4)---N(4)---O(4') - 162 ( ! )  
C(5)----C(6)---N(6)--O(6')  - 160 ( i )  

An th ran i l i c  ac id  
M o l e c u l e  A M o l e c u l e  B 

C(I ) - - C ( I ' )  1.44 (2) 1.48 (2) 
C(I ' ) ----O(I)  1.21 (2) 1.28 (2) 
C(I I)---O(1 ~) 1.31 (2) 1.29 (2) 
C(2) - -N(2)  1.41 (2) 1.32 (2) 

C( I ) - - - -C( I ' ) - -O( I )  127.2 (8) 118.5 (7) 
C(! )----C( 1 ~)----O(1 ' )  114.9 (7) 117.8 (7) 
O(1)----C(I ')---O(I i) 117.7 (7) 123.6 (7) 
C( 1 )---C(2)--N(2) 126.4 (7) I 18.5 (8) 
N(2)--C(2)----C(3) 116.1 (7) 123.6 (9) 

C(2) - -C( i ) - - - -C( I ' ) - -<) ( I )  1 (1) 7 (1) 
C(2)----C( 1 )----C( 1 ' )---O( 1 ' ) - 1 7 3  (1) - 1 7 4 ( I )  

Crystal dam 

2CTH7NO2.C6HaN307 
Mr - 503.81 
Monoclinic 
Cc 
a = 10.356 (2) ,~ 
b = 15.350 (3) ,~, 
c = 13.394 (3) ,~, 
/3 = 96.38 (4) ° 
V = 2116.0 (8) ,~3 
Z = 4  
Dx = 1.580 (2) Mg m -3 
Dm= 1.579 Mg m -3 
Dm measured by flotation in 

a C C 1 4 - - C 6 H 6  mixture 

Data collection 
Rigaku AFC-5R diffractom- 

eter 
w-20 scans 
Absorption correction: none 
2342 measured reflections 
1808 independent reflections 
1454 reflections with 

F > 3o'(F) 

Cu K a  radiation 
A = 1.5418 
Cell parameters from 22 

reflections 
0 = 23-26  ° 
# = 1.14 mm -I  
T = 293 K 
Plate 
0.40 x 0.20 x 0.10 mm 
Red 

Rim = 0.018 
0max = 65.1 ° 
h = - 1 2 - - - , 0  
k = 0 ----~ 18 
l = - 1 6  ----, 16 
4 standard reflections 

every 100 reflections 
intensity decay: < 2 %  

Table  2. Contact distances (A ) 
O ( I A ) . . . O ( I ' B  i) 2 .62(1)  O ( I ' B ) . -  .O(2 ii' ) 3.10(1) 
0(2)- • .O(IA") 3.07 (1) O(IB)- • .O( I 'A  iv) 2.63 (1) 
0 (2 ' ) .  • -O(I 'A W) 3.03 (2) O(1)- • . O ( I ' B  v) 3.06 (1) 
0(4) .  • -O(2 iii ) 3.08 (2) O(IB).  • .0(2  'vi) 2.95 (2) 

Symmetry codes: (i) x -  ½, ½ -y ,  ½ +z; (ii) 4 +x, y -  4, z; (iii) x, -y ,  z -  4" 
(iv) ½+x, ½ - y , z -  ½;(v) x -  4 , Y -  4,z;(vi) ½+x, ½+y,z. 

Because of (i) the relatively poor crystaUinity [scan range 
in w = (1.85 + 0.15tan0) °] due to the thin-layered crystal 
habit, and (ii) the extensive stacking formation of the complex 
structure, the observed intensities [Fo >_ 3cr(Fo)] within 20 = 
130 ° were rather limited, compared with the number of 
parameters (323) which should be refined. This could be the 
main cause of the high e.s.d, values for the bonding parameters 
of the structure. Coordinates of all H atoms were obtained 
from a difference map during the final stages of refinement 
and were included as fixed parameters with different isotropic 
displacement parameters in the final refinement. 

Rigaku AFC-5R software was used for data collection, cell 
refinement and data reduction. The structure was determined 
by direct methods using the program MULTAN87 (Debaerde- 
maeker, Germain, Main, Tate & Woolfson, 1987). Full-matrix 
least-squares refinement on F magnitudes with anisotropic dis- 
placement parameters for non-H atoms was performed with 
SHELX76 (Sheldrick, 1976). The molecular graphics were pro- 
duced with ORTEPII (Johnson, 1976). 
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Lists of atomic coordinates, displacement parameters, structure factors 
and complete geometry have been deposited with the IUCr (Reference: 
TAll06). Copies may be obtained through The Managing Editor, 
International Union of Crystallography, 5 Abbey Square, Chester CH 1 
2HU, England. 
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Comment 
We have recently examined the crystal structures of 
several amine-substituted arenesulfonic acids (Shubnell 
& Squattrito, 1994; Gunderman & Squattrito, 1996) 
in order to compare the stacking patterns in these 
layered compounds. The present acid, 4-aminotoluene- 
3-sulfonic acid, is the third isomer of this compound that 
we have studied and the first for which both anhydrous, 
(I), and hydrated, (II), forms have been found. All of 
the compounds exist in the solid state as zwitterions, 
with the acidic proton on the amine N atom, and all 
have N- -H. .  "Os,lfo,ate hydrogen bonds as a primary 
intermolecular interaction. Nonetheless, each compound 
displays a distinct packing pattern as a consequence 
of the different arrangement of the hydrogen-bonding 
groups on the molecule and, in some cases, the differing 
water content of the crystals. The 4-arninotoluene-3- 
sulfonic acid molecule is the first isomer in this series 
to form anhydrous crystals, (I), in water. 
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Abstract 
The crystal structures of 4-aminotoluene-3-sulfonic acid, 
CTH9NO3S, (I), and its hemihydrate, CvH9NO3S.- 
0.5H20, (II), are reported. The acid molecules in both 
crystals exist as zwitterions (ammoniotoluenesulfonate) 
and pack in layers in which the phenyl tings are nearly 
parallel. In (I), the ammonium and sulfonate groups are 
arranged so that a two-dimensional network of intra- and 
intermolecular N - - H . . . O  hydrogen bonds exists on the 
faces of each layer. Each ammonium H atom is involved 
in a single hydrogen bond and there are no strong in- 
teractions between the layers. In the hydrate (II), the 
two crystallographically independent molecules adopt a 
more complicated double-layer structure in which the 
polar groups and water molecules are located between 
every other layer. An extensive two-dimensional net- 
work of N H. . -O and O - - H . . . O  hydrogen bonds 
holds these double layers together, while only weak 
interactions involving the methyl and phenyl H atoms 
occur between these slabs. This two-dimensional nature 
of the intermolecular hydrogen bonding contrasts with 
that observed in similar sulfonic acids. 

H H 
-O3S . ~ / C H 3  - O 3 S ~ / ~ H 3  

' .0.5H20 
÷H3N"~"-~ H ÷H3N" "- .~"  H 

H H 
(I) (II) 

The structure of the acid molecule, (I), is shown in 
Fig. 1. The SOy group is staggered with respect to the 
ring [torsion angle O3--S1---C3---C4 -36.7 (2) °] and 
there is a strong intramolecular hydrogen bond between 
H9 and 03 [1.92 (3) A]. As the packing diagram (Fig. 2) 
reveals, the molecules are arranged in layers in the ac 
plane that stack in the b direction. The phenyl rings 
are approximately perpendicular to the plane of the 
layer, while the SOy and NH~ groups are directed 
towards the faces of the layer, with pairs of mol- 
ecules in alternating up/down orientations. There are two 
intermolecular hydrogen bonds linking neighboring mol- 

O1 

HI H6 

H7 ~ 1"41 ~ C5 

H8 H2 

Fig. 1. Molecular diagram of (I) showing the atom-labeling scheme. 
The displacement ellipsoids of the non-H atoms are drawn at the 
50% probability level. 
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