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Abstract

The structures of 2-aminotoluene-4-sulfonic acid
monohydrate, C;H¢NO,S.H,0 (I), and 4-
aminotoluene-2-sulfonic acid monohydrate,

C;HyNO;S.H,O (II), have been determined. The
compounds crystallize as zwitterions (ammonio-
toluenesulfonate). Both structures consist of layers of
nearly planar molecules oriented parallel to one
another with the sulfonate and ammonium groups
directed towards the adjacent layers. The water mol-
ecules lie between the layers. There are hydrogen
bonds between the water molecule, sulfonate O
atoms and ammonium H atoms in each structure.
The structures differ in the stacking pattern of the
layers. The layers in (I) are identical, so that
molecules in adjacent layers are parallel, while the
adjacent layers in (II) are rotated at approximately
90° with respect to one another.

Comment

As part of a continuing study of layered metal
arylsulfonate compounds (Kosnic, McClymont,
Hodder & Squattrito, 1992), it is of interest to
determine if the arylsulfonic acids also have similar
layered structures. In addition, we wanted to know
how the molecular-packing patterns would differ for
the two isomeric sulfonic acids, (I) and (II), used in
this experiment.
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The structural diagrams of the two isomers,
Figs. 1 and 2, show that they differ only in the
placement of the methyl group on the phenyl ring.
This difference is sufficient to result in substantially
different packing schemes, shown in Figs. 3 and 4.
For both isomers, the molecules in a given layer are
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parallel to one another, with the sulfonate and
ammonium groups directed towards the outer sur-
faces of the layers. Half the molecules are oriented
with the sulfonate group ‘up’ and half with the
sulfonate group ‘down’. The structure of 2-amino-
toluene-4-sulfonic acid, (I), is formed by the stacking
of identical layers ‘in register’ while the layers in
4-aminotoluene-2-sulfonic acid, (II), stack in a more
complicated pattern in which the molecules in
alternate layers are nearly orthogonal.

The layers in both structures are held together by
hydrogen bonds involving the ionic groups and
water molecules of crystallization (Tables 2 and 4).
In both cases, the H atoms of each ammonium group
interact with two sulfonate O atoms and a water O
atom, while both H atoms of each water molecule
interact with sulfonate O atoms.

Fig. 1. ORTEPII (Johnson, 1976) diagram of (I) showing atomic
labeling scheme. In this and subsequent figures, the dis-
placement ellipsoids of the non-H atoms are shown at the 50%
probability level.

Fig. 2. ORTEPII diagram of (II) showing atomic labeling scheme.
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Fig. 3. ORTEPII packing diagram of (I) showing the outline of

3

oL
o
¢

the unit cell.
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Experimental

Crystals of both compounds were obtained by dissolving about
1 g of powdered reagent grade material (Eastman Kodak) in
100 ml of warm distilied water. Crystals grew upon cooling
and partial evaporation of the solvent. Crystals of the triclinic
compound, (I), formed as long prismatic rods, while crystals
of the monoclinic compound, (II), were parallelogram-shaped

slabs.
Compound (I)
Crystal data

C7HoNO3S.H,0
M, =205.23

@_}fﬂ\;{;ﬂ
S

Fig. 4. ORTEPII packing diagram of (II) showing the outline of
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the unit cell.

Mo Ka radiatgon
A =0.71069 A

Triclinic

P1
a=8514(1) A
b=8817(1)A
c=6028(1)A

a = 96.66 (1)°
8 = 93.35 (1)°
v =93.83 (1)°
V=4475 () A3
Z=2

D, =1523Mgm™*

Data collection

Rigaku AFC-6S diffractome-
ter
w-20 scans
Absorption correction:
none
1680 measured reflections
1564 independent reflections
1323 observed reflections
[/ > 3e(D]
Rin = 0.017

Refinement

Refinement on F
R =0.036

wR = 0.039

S =3.08

1323 reflections
155 parameters
w = 1/g*(F)
(A/T)max = 0.01

Compound (II)
Crystal data

C;HoNO:S.H,0
M, = 205.23
Monoclinic
C2/c
a=113653) A
b=9.142 (2) A
c=17.671 (1) A

B = 96.93 (1)°
vV =1822.6 (5) A
Z=8

D, = 1.496 Mg m >

Data collection
Rigaku AFC-6S diffractome-
ter
w—20 scans
Absorption correction:
none
1800 measured reflections
1703 independent reflections
1249 observed reflections
[1 > 3o(h]
Rim = 0.017
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Cell parameters from 20
reflections

0 = 22.3-24.8°
g =0.328 mm™!
T =296 K

Rod

0.35 x 0.15 x 0.15 mm
Colorless

Omax = 25.0°
h=0-10
k=-10—- 10
l=-7-=7

3 standard reflections
monitored every 150
reflections
intensity variation:
none within intensity
statistics

Apmax =023 e A™3
Apmin = —027 e A3
Extinction correction:
Zachariasen (1968)
Extinction coefficient;
C=067(7) x 107°
Atomic scattering factors
from Cromer & Waber
(1974); Cromer (1974)

Mo Ka radiatjon

A =0.71069 A

Cell parameters from 18
reflections

6 = 23.6-24.9°
p = 0322 mm™'
T =296 K

Parallelepiped
0.30 x 0.20 x 0.20 mm
Colorless

Bmax = 25.0°
h=0—13
k=0-—-10
1 =-20—-20

3 standard reflections
monitored every 150
reflections
intensity variation:
none within intensity
statistics
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Refinement

Refinement on F Dpmax = 0.36 ¢ A3

R = 0.036 Apmin = —029 ¢ A3
wR = 0.038 Extinction correction:
S =265 Zachariasen (1968)

Extinction coefficient:
C=0142(8) x 107°

Atomic scattering factors
from Cromer & Waber
(1974); Cromer (1974)

1249 refiections
152 parameters
w = 1/o(F)
(A/0)max = 0.08

Table 1. Fractional atomic coordinates and isotropic or
equivalent isotropic displacement parameters (A*) for
compound (1)

Biso for H; Beq = (81r2/3)2,~2jU,7ai‘aj‘a,'.aj for other atoms.

x y z Biso/Beg
S(1) 0.64162 (8) 0.30206 (8) 0.8640 (1) 2.39(3)
o(1) 0.5339(2) 0.2389 (2) 1.0120 (3) 3.38(9)
0(2) 0.5703 (2) 0.4072 (2) 0.7242 (3) 3.06 (8)
0(3) 0.7904 (2) 0.3685 (2) 0.9768 (3) 3.67 (9)
0(4) 0.9345 (2) 0.5796 (2) 0.7089 (4) 4.7 (1)
N(1) 0.6555 (3) —0.2823 (3) 0.6218 (4) 25(1)
C(1) 0.7789 (3) —0.1035 (3) 0.3849 (4) 2.5(1)
C(2) 0.6981 (3) —0.1255 (3) 0.5748 (4) 22(1)
C@3) 0.6552 (3) —0.0051 (3) 0.7210 (4) 22Q)
C4) 0.6907 (3) 0.1437 (3) 0.6763 (4) 22(1)
C(5) 0.7660 (3) 0.1702 (3) 0.4842 (5) 2.8(1)
C(6) 0.8102 (4) 0.0472 (3) 0.3446 (5) 3.0(D
C( 0.8304 (5) —0.2348 (4) 0.2312 (6) 35(D)
H(1) 0.598 (3) —0.023(3) 0.846 (4) 2.1(5)
H(Q2) 0.791 (3) 0.279(3) 0.445 (4) 2.6 (6)
H(@3) 0.863 (3) 0.061 (3) 0.223 (4) 2.6 (6)
H(4) 0.744 (4) —0.311(4) 0.185 (6) 6(1)
H(5) 0918 (4) —0.283 (4) 0.288 (6) 6(1)
H(6) 0.889 (5) —0.196 (4) 0.127 (6) 7(1)
H(7) 0.595 (4) —0.283 (4) 0.742 (6) 49(8)
H(8) 0.753 (4) —0.335(3) 0.646 (5) 44 (8)
H(9) 0.595 (4) -0.332(4) 0.511(6) 4.7 (8)
H(10) 0.8910 0.5001 0.7875 5.4
H(11) 1.0273 0.6043 0.7973 54

Table 2. Selected geometric parameters (A, °) for

compound (I)
S(1)—0(1) 1.446 (2) C(1)—C(6) 1.389 (4)
S(1)»—0(2) 1461(2)  CO1)»—C(N 1.503 (4)
S(1)—0(3) 1456(2)  C@—CQ3) 1.382(3)
S(1)—C(4) 1780(3)  C(3)»—C(4) 1387 (3)
N(1)—C(2) 1470(3)  CE#—CG) 1.392 (4)
C(1)—C(2) 1395(4)  C(5—C(6) 1.381 (4)
O(1)—S(1)—0(2) 113.5(1) 0Q2)—S(1)—0(3) 1116 (1)
O(1)—S(1)—0(3) 113.6 (1) 0Q2)—S(1)—C(4) 105.9 (1)
O(1)—S(1)—C(4) 105.7 (1)
D H A D—H H-A D—H-.A
N1 H7 or' 092(3) 1914  168(3)
N1 H8 o4 099(3) 181(3)  176(3)
N1 H9 02 0873) 196(3) 167(3)
04 H10 03 0.96 1.92 170
04 H11 03" 0.93 1.99 170

Symmetry codes: (i) 1—x, —y,2—z; (i) x, y— 1, z; (iii) L —x, =y, 1 —z;
(iv)2—x,1—y,2-1z
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Table 3. Fractional atomic coordinates and isotropic or
equivalent isotropic displacement parameters (A?) for

compound (II)
Bio for H; Beq = (87 3)2,-ZjUijai*aj‘ a;.a; for other atoms.
X y z Biso/Beq
S() 0.72032 (6) 0.48513 (8) 0.14838 (4) 221 (3)
o) 0.8012 (2) 0.3838(2) 0.1927 (1) 29(1)
0(2) 0.7811 (2) 0.5999 (2) 0.1119 (1) 3.2(1)
03) 0.6315(2) 0.5418 (2) 0.1942 (1) 27(1)
0(4) 0.7370 (2) 0.8893 (3) 0.1498 (1) 3.8(1)
N(1) 0.6070 (2) 0.3858 (3) —0.1402 (1) 23(1)
c() 0.5732 (3) 0.2612 (3) 0.0880 (2) 24(1)
Cc@2) 0.6433 (2) 0.3810 (3) 0.0725 (2) 20(1)
c3) 0.6554 (3) 0.4227 (3) —0.0020 (2) 20(1)
C4) 0.5960 (2) 0.3449 (3) —0.0611 (2) 20 (1)
C(5) 0.5238 (3) 0.2288 (4) —0.0482(2) 28 (1)
C(6) 0.5129 (3) 0.1891 (4) 0.0260 (2) 2.9 (1)
cn 0.5598 (4) 0.2080 (5) 0.1666 (2) 36(2)
H(1) 0.703 (2) 0.502 (3) —0.011(2) 2.8
HQ) 0.482(2) 0.181 (3) —0.088 (2) 3.1
H3) 0.464 (3) 0.115(3) 0.036 (2) 32
H4) 0.658 (3) 0.463 (4) —0.143(2) 37
H(S) 0.536 (3) 0.410 (4) —0.166 (2) 37
H(6) 0.632(3) 0.303 (4) —0.169 (2) 37
H() 0.507 (3) 0.137 (4) 0.166 (2) 39
H(8) 0.629 (3) 0.186 (4) 0.199 (2) 39
H©) 0.547 (3) 0.280 (4) 0.198 (2) 39
H(10) 0.725 3) 0.886 (4) 0.196 (2) 40
H(11) 0.756 (3) 0.807 (4) 0.141 (2) 40
Table 4. Selected geometric parameters (A, °) for
compound (II)
S(1H—0(1) 1.464 (2) C(1)—C(6) 1.386 (4)
S(1)—0(2) 1.450 (2) C(1)—C(D 1.498 (4)
S(1)—0(3) 1.463 (2) C2)—C(3) 1.394 (4)
S(1)—C(2) 1.785 (3) C(3)—C(4) 1.372 (4)
N(1)—C(4) 1.467 (4) C4)—C(5) 1378 (4)
Cc(1)—C@) 1.400 (4) C(5)—C(6) 1.381 (4)
0(1)—S(1)—0(2) 113.2(1) 0(2)—S(1)—0(3) 112.8 (1)
O(1)—S(1)—0(3) 111.0 (1) 0(2)—S(1)—C(2) 105.6 (1)
0(1)—S(1)—C(2) 106.5 (1)
D H A D—H H.A D—H A
N1 H4 o4 092(3) 1823) 177(3)
N1 H5 o3t 0913 196(3) 165(3)
N1 H6 ori 097(3) 194(3) 161 (3)
04 H10 o1 085(3) 2013 178(3)
04 HIl 02 081(3) 1993) 172(4)

Symmetry codes: (i) § —x, 3 —y, —z (i) l —x, 1 —y, —z (iii) § —x,
P =y-zi-xy+l -z

All H atoms for compound (I) were located on difference elec-
tron density maps. Atoms H(1)-H(9) were refined isotropically
while atoms H(10) and H(11) were included as fixed isotropic
scatterers with Bj, values of 1.2 times that of O(4) at the
time of their inclusion in the model. All H atoms for com-
pound (II) were located on difference electron density maps
and were assigned isotropic displacement parameters equal to
1.2 times the B of the attached atom at their inclusion in the
model. For both compounds, data collection was performed
with MSC/AFC Diffractometer Control Software (Molecular
Structure Corporation, 1988), data reduction and structure
refinement with TEXSAN (Molecular Structure Corporation,
1991), and structure solution with MITHRIL (Gilmore, 1983)
and DIRDIF (Beurskens et al., 1983).
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Abstract

The crystal structure of the ‘non hydrogen-bonded’
(according to IR data) polymorph of 1,7-bis(phenyl-
carbamoyl)-1,7-dicarba-closo-dodecaborane(12), Cje-
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H3;B1gN;0;, has been determined. The two pheny-
lamide groups have a Z configuration [the torsion angles
O—C—N—C are —2.3(5) and —3.0(5)°]. As a result
both ‘active’ protons of these groups are almost com-
pletely shielded by other H atoms of the neighbouring
carborane nucleus and phenyl substituents, and, there-
fore, no hydrogen-bonding contacts are found.

Comment

It is widely known that the specific properties of
polyamides depend strongly on the presence of inter-
chain hydrogen-bonding interactions. The hydrogen-
bonding parameters may often be predicted on the
basis of the crystal structures of low molecular weight
analogues of these polymers. Such studies have been
carried out, in particular, for low molecular weight
models of the elementary units of aliphatic (Ruede &
Fayos, 1982) and aromatic (Brisson & Brisse, 1985,
1986) nylons.

The title compound (I) was synthesized as a model
of the elementary unit of poly(4,4’-diphenylene-1,7-
carboranyl dicarbamide), [OCCB oH;qCCOHNCgzH,-
C¢Hs;NH—],. It has been shown by IR specroscopy
that the title compound (I) has two polymorphs (Leites,
Kats, Bukalov & Komarova, 1991). By using a slow
crystallization method the stable ‘non hydrogen-bonded’
modification (Ia) is formed, whereas fast crystallization
leads to a metastable ‘hydrogen-bonded’ form (Ib)
in which N—H---O bonds are present. The relative
amount of each form obtained depends on the particular
conditions used for precipitation. Unfortunately, we
were only able to prepare suitable crystals of the (la)
form for this study.

m-C.B,,H,, ——<
@* 5O

The molecule of (I) in form (Ia) is elongated in shape
(Fig. 1). The geometrical parameters of this molecule
are in good agreement with the standard values (Allen,
Kennard, Watson, Brammer, Orpen & Taylor, 1987).
Both chemically equivalent halves of the molecule have
a similar conformation: the carbonyl groups are syn-
oriented with respect to the B1 and B2 atoms and the
amide groups have a Z configuration and are essentially
planar. The terminal phenyl groups are rotated out of the
planes of the adjacent amide groups [the corresponding
dihedral angles are 46.9 (7)° for the C11-C16 phenyl
group and 26.2 (4)° for the C21-C26 phenyl group]. In
this conformation both of the amide H atoms happen
to be almost completely shielded by other H atoms of
the neighbouring carborane nucleus and phenyl groups
(Fig. 2). Evidently, this is the main reason for the
absence of hydrogen bonds in the structure of (Ia).
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