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The imide tautomer of sulfasalazine
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The title compound, 5-{4-[(2-pyridylideneamino)sulfonyl]-
phenyldiazenyl}salicylic acid, C;gH;4N4OsS, crystallizes as
the imide tautomer in the monoclinic space group P2/c. In
addition to an intramolecular O—H.--O hydrogen bond,
intermolecular O—H---O interactions link adjacent mol-
ecules into helices, which are connected by pairwise N—
H.--N interactions into two-dimensional hydrogen-bonded
layers. Both the molecular conformation and the packing
differ from those seen in the triclinic amide form [Filip et al.
(2001). Acta Cryst. C57, 435-436].

Comment

Crystal engineering of pharmaceutical solids represents a
fertile emerging area of research (Walsh et al., 2003; Oswald et
al.,2002). The impetus for discovery of diverse crystal forms of
drugs stems from the critical need to balance stability, bio-
availability and other performance characteristics, and also to
provide valuable intellectual property protection. Sulfa-
salazine (synonyms: salazopyridine and salazosulfapyridine;
abbreviated herein as SSZ) is a conjugate of 5-aminosalicylic
acid and sulfapyridine possessing antimicrobial properties,
and is used as a drug for treating inflammatory bowel disor-
ders (Svartz, 1942; Das & Rubin, 1976) and rheumatoid
arthritis (Pullar, 1989). It is also a known inhibitor of a-, u-
and m-class glutathione S-transferases, with concentrations of
28 uM or less required to inhibit 50% of enzymatic activity
(Ahmad et al., 1992). We are investigating the interaction of
this drug with metal ions, with a view to obtaining complexes
with useful medicinal properties. In this paper, we report the
crystal structure of the monoclinic form, (I), of SSZ and
compare the hydrogen-bonding interactions observed in the
two forms of SSZ, the structure of the triclinic amide form
having been reported by Filip ez al. (2001).

In the title phase, (I) (Fig. 1), both the C5—N2 [1.348 (4) A]
and the S1—N2 [1.586 (3) A] bond lengths are much shorter
than those observed in the triclinic amide form [1.425 (2) and
1.6539 (16) A, respectively], indicating conjugation between

the pyridine ring and the side chain. These bond lengths and
the orange colour of the crystals of (I) identify the imide
tautomeric form observed previously as a dimethylform-
amide-water mixed solvate by van der Sluis & Spek (1990)
[C—N = 1.348 (7) and N—S = 1.600 (4) A], rather than the
triclinic amide phase reported by Filip et al. (2001). This
conclusion was supported by competitive refinement of the
occupancies of possible H-atom positions on N1 and N2,
which clearly locates the H atom on the former. Other
molecular geometry parameters are comparable with those
found for the amide form.
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@

The molecular conformation of (I) (Fig. 1) is different from
that of the triclinic form. Although the aromatic rings linked
by the -N=N- bridge are essentially coplanar in both forms,
the relative orientations of the (2-pyridylamino)sulfonyl group
differ markedly. In the triclinic form, the N—S—C—C torsion
angles lie near 87°, while in the title phase, these torsions are
about 44° (Table 1). In both forms, the bulk of the molecule
(including the S atom, the phenyl ring, the azo bridge and the
salicylic acid segment) is almost planar, as a result of
extensive electron delocalization, with an intramolecular
0O3—H30---04 hydrogen bond (Table 2) directing the
orientation of the carboxylic acid group; atom H3O lies
within 0.075 (5) A of the least-squares mean plane through
the other atoms (04/C12/C13/C14/03) of the six-membered
ring. The overall conformation is similar to that of one of the
two independent molecules in the asymmetric unit of the
solvate (Van der Sluis & Spek, 1990).

Analysis of the crystal packing of (I) shows the presence of
intermolecular O—H- --O and N—H- - -N hydrogen bonds in
the structure (Table 2). The H atom of a carboxyl group forms
an O5—HS50- --0O2" interaction with an O atom of a sulfonyl
group [symmetry code: (i) 1—x, y—3 1—2z]. These
hydrogen bonds connect adjacent molecules into helices
running along the b axis, with a pitch [6.0911 (11) A] equal to

Figure 1

A view of (I) showing the atom-numbering scheme, with displacement
ellipsoids drawn at the 50% probability level and H atoms shown as small
spheres of arbitrary radii. The dashed line identifies the intramolecular
O3—H30- - -04 hydrogen bond.
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Figure 2

A side view of a helix formed in (I) via O5—HS5O0- - -O2 hydrogen bonds.
The helix runs parallel to the b axis. Atoms are shown as plain for C,
dotted for N, lined for O and cross-hatched for S.

Figure 3

A view of representative parts of three helices in (I), showing the
intermolecular N1—HIN-.-N2 interactions which link them. Atom
shading is as in Fig. 2 [symmetry code: (i) 2 —x,1 —y,1 —z].

Figure 4
An overall view of the crystal packing in (I) along the b axis, showing a
side view of the two-dimensional layers. Atom shading is as in Fig. 2.

its length (Fig. 2). Meanwhile, N1—HIN. - -N2' interactions
(Fig. 3) between pyridylamine moieties generate R5(8) rings
(Etter, 1990; Etter et al., 1990) and link the helices to form
two-dimensional hydrogen-bonded sheets (Fig. 4) [symmetry
code: (i) 2 — x, 2 — y, 1 — z]. This packing contrasts with that
of the amide tautomer (Filip ef al., 2001), which is character-
ized by a repeating unit consisting of a centrosymmetric dimer
assembled through N—H---O hydrogen bonds between the
pyridylamine and carboxylic acid moieties, and which exhibits
aromatic 77— stacking between adjacent molecules.

We note that reaction under the same conditions but in the
absence of the Zn" ions, or under ambient conditions, did not
result in the formation of (I), suggesting that the presence of
these ions is important in obtaining the structure. As we have
also obtained the same crystals in the presence of Cu(ClOy),,
Zn(ClOy,), and Cd(ClO,),, and the amide form was isolated
from a reaction between SSZ and CuCl, (Filip et al., 2001), it
seems that the ions present play a structure-directing role in
the system, although the origin of this effect remains unclear.

Experimental

A mixture of Zn(ClO,),-6H,O (0.074 g, 0.2 mmol), SSZ (0.080 g,
0.2 mmol), ethanol (8 ml) and distilled water (2 ml) was sealed in a
Teflon-lined stainless steel autoclave and heated at 393 K for 48 h
under autogenous pressure and then cooled to room temperature.
Orange lozenge-like crystals of (I) were obtained. Analysis calcu-
lated: C 54.3, H 3.5, N 14.1%; found: C 54.3, H 3.6, N 13.8%. Spec-
troscopic analysis, IR (KBr, v, cm™"): 3125 (s), 3059 (s), 3026 (s),
1677 (m), 1635 (m), 1617 (m), 1586 (m), 1393 (m), 1358 (m), 1270 (m),
1269 (m), 1199 (m), 1172 (m), 1127 (m), 1085 (m), 800 (m), 790 (m),
768 (m), 613 (m), 574 (m).

Crystal data

CisH14N,O5S

M, = 398.39
Monoclinic, P2,/c
a=19308 (3) A

b =6.0911 (11) A
c=16.109 (3) A

B = 113.405 (3)°

V =17387 (5) A®
Z=4
D,=152Mgm™

Data collection

Bruker SMART APEX CCD area-

detector diffractometer
 scans
Absorption correction: multi-scan
(SADABS; Bruker, 2001)
Toin = 0.711, Ty = 1.000
10 720 measured reflections

Refinement

Refinement on F>

R[F? > 20(F%)] = 0.067

wR(F?) = 0.195

§=1.04

3950 reflections

262 parameters

H atoms treated by a mixture of
independent and constrained
refinement

Mo Ko radiation
Cell parameters from 2040
reflections

6 =2.5-274°
w=023mm"’
T=150(22) K

Column, orange
0.49 x 0.14 x 0.09 mm

3950 independent reflections
2603 reflections with 1 > 20(1)
R;n = 0.038

Omax = 27.4°
h=-25—24
k=-7—4
l=-20— 20

w = 1/[c*(F,?) + (0.109P)*
+1.095P]
where P = (F,” + 2F.2)/3
(A/6)max < 0.001
APmax = 1.02¢ A7
APmin = —044 ¢ A3
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Table 1 .

Selected geometric parameters (A, °).

S1-01 1.431 (3) C12—04 1.235 (4)
S1—-02 1.439 (3) C12—05 1.316 (5)
S1—N2 1.586 (3) Cl4—03 1.358 (4)
C5—N2 1.348 (4) N3—N4 1.242 (4)
01-S1—-02 11679 (15)  N2—S1—C6 107.73 (14)
O1—-S1—N2 11377 (15)  C1—N1—C5 1243 (3)
02—S1—N2 104.12 (14) C5—N2—S1 1202 (2)
01-S1-C6 106.96 (15)  N4—N3—C9 1135 (3)
02—S1—C6 107.00 (15)  N3—N4—Cl7 114.6 (3)
N2—-S1—-C6—C11 439 (3) C10—C9—N3—N4 —179.6 (3)
N2—S1—-C6—C7 —137.3 (3) C8—C9—N3—N4 —2.1(5
04—C12—CI3—CI8 1778 (3) C9—N3—N4—Cl17 1786 (3)
C12—C13—-C14—-03 1.7 (5) C18—C17—N4—N3 —176.8 (3)
N1—C5—N2—S1 1647 (2) C16—C17—N4—N3 32(5)
C4—C5—N2—S1 —158(5)

Table 2 .

Hydrogen-bonding geometry (A, °).

D-H---A D-H H--A D---A D-H---A
03—H30- --04 091 (3) 175 (3) 2.612 (4) 157 (4)
N1—HIN-- N2 0.90 (3) 1.98 (3) 2.878 (4) 173 (3)
05—H50---021 091 (3) 177 (3) 2.636 (4) 159 (4)

Symmetry codes: (i) 2 —x,1 —y, 1 —z; (ii)) 1 —x,y — %, % — 7.

The highest difference electron-density peak (1.02e A—3 ) lies
0.85 A from atom S1. H atoms of the O—H and N—H groups were
located from difference Fourier syntheses and thereafter refined with
distance restraints of 0.90 (1) A. C-bound H atoms were included at
geometrically calculated positions and constrained to ride at
distances of 0.93 A from their parent atoms. For all H atoms,
Uiso(H) = 1.2U,4(C). The location of an H atom on N1 rather than on
N2 was established by competitive refinement of the occupancies of
the two possible H-atom positions.

Data collection: SMART (Bruker, 2001); cell refinement: SAINT
(Bruker, 2002); data reduction: SAINT and SHELXTL (Bruker,
2001); program(s) used to solve structure: SHELXS97 (Sheldrick,
1997); program(s) used to refine structure: SHELXL97 (Sheldrick,
1997); molecular graphics: SHELXTL; software used to prepare
material for publication: enCIFer (CCDC, 2003) and PLATON
(Spek, 2003).

The authors gratefully acknowledge the Royal Society
(K. C. Wong Fellowship to RXY). RXY also thanks the
Natural Science Foundation of Jiangsu Education Govern-
ment, China. The authors thank the EPSRC, England, for
provision of a diffractometer.

Supplementary data for this paper are available from the IUCr electronic
archives (Reference: SK1702). Services for accessing these data are
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