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Bis(morpholinium) tetraiodo(morpholine-

4-carbodithioato-x2S,S")bismuth(I11)

The crystal structure of the title compound, (C,H;(NO),-
[Bi(CsHgNOS,)L,], the Bi'" complex anions and morpholi-
nium cations. The Bi'" ion is coordinated by four 1™ anions
and two S atoms from a morpholine-4-carbodithioate (mcda)
dianion with a distorted octahedral coordination geometry. In
the anion, Bi, the CS, atoms, N, O and two I atoms are located
on a mirror plane; the morpholine C atoms of the mcda ligand
are disordered on both sides of the mirror plane. N—H- - -1
hydrogen bonding between the morpholinium cation and the
Bi"" complex stabilize the crystal structure.

Comment

Some dialkyl-substituted dithiocarbamate salts have shown
interesting biological effects (Gringeri et al., 1988). They are
also used as effective antidotes for cadmium intoxication
(Kopf-Maier & Klapotke, 1988). The chemistry of main-group
metal complexes with dithiocarbamate has been studied
previously (Yin et al., 2003). We report here the structure of
the title Bi"" complex, (I), which contains a morpholine-4-
carbodithioate (mdca) ligand.

2.

The crystal structure of (I) consists of tetraiodo-
(morpholine-4-carbodithioato)bismuth(III)  dianions and
morpholinium cations (Fig. 1). The Bi'" ion is coordinated by
four I anions and two S atoms from a mcda dianion with a
distorted octahedral coordination geometry. Within the Bi'"
complex, while atoms Bil, C1, S1, S2, O1, N1, I2 and I3 are
located on a mirror plane, the morpholine C atoms are
disordered on both sides of the mirror plane. The large 12—
Bil —1I3 bond angle (Table 1) indicates the distortion of the
coordination geometry from a normal octahedron. The
morpholine group of the mcda ligand and free morpholinium
display chair conformations. N—H..-I hydrogen bonding
between the morpholinium cation and the Bi'" complex
(Table 2) stabilizes the crystal structure of (I).

Experimental

Morpholinium (morpholine-4-carbodithioate) (0.30 mmol) was
added to an acetonitrile solution (20 ml) of Bil; (0.25 mmol). The
solution was stirred for 1h at 303 K. An orange-red solution was
obtained and then filtered. The solvent was gradually removed by
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evaporation under vacuum until a solid product was obtained. Single
crystals of (I) were obtained by recrystallization from an acetonitrile
solution [yield 80%; m.p. 485-488 K (decomposition)]. Analysis
calculated (%) for C3HsBilyN303S,: C 14.79, H 2.67, N 3.98, S 6.08;

found (%): C 14.83, H 2.70, N 3.94, S 6.05.

Crystal data

(C4H;oNO),[Bi(CsHsNOS,)1,]
M, = 1055.08

Orthorhombic, Pnma
a=93320 (19) A

b=14561 (3) A

¢ =19.901 (4) A

V =27042 (10) A®

Z=4

D, =259 Mgm™

Data collection

Siemens SMART CCD area-
detector diffractometer

¢ and o scans

Absorption correction: multi-scan
(SADABS; Sheldrick, 1996)
Tnin = 0.068, Tpax = 0.075

13326 measured reflections

Refinement

Refinement on F?

R[F* > 20(F%)] = 0.049

wR(F?) = 0.128

S =1.04

2449 reflections

148 parameters

H-atom parameters constrained

Mo Ko radiation

Cell parameters from 3265
reflections

0 =24-244°

u=11.26 mm™*

T=298(2)K

Block, orange-red

0.25 x 0.24 x 0.23 mm

2449 independent reflections
1731 reflections with I > 20()
Rin = 0.111

Omax = 25.0°

h=-10— 11
k=-13 — 17
[=-23 23

w = 1/[0*(F,%) + (0.0326P)*
+20.8113P]
where P = (F,” + 2F2)/3
(AI6) max < 0.001
Apmax =209 ¢ A7°
ApPmin = —2.09e A7

Table 1

Selected geometric parameters (A, °).

Bil—I1 3.0631 (11) Bil—S2 2.701 (5)
Bil—12 3.2539 (13) S1—-C1 1.694 (17)
Bil—I3 32099 (15) $2-Cl 1.700 (15)
Bil—S1 2.648 (4)

I'—Bil —1I1 173.33 (4) —Bil—I3 86.69 (2)
S1—Bil—S2 66.61 (13) S1—Bil—12 142.19 (10)
S1—Bil—TI1 88.96 (2) S2—Bil—12 7557 (9)
S2—Bil—I1 92.49 (2) I1-Bil—12 92.76 (2)
S1—Bil—1I3 78.10 (10) 12—Bil—I3 139.71 (4)
S2—Bil—13 144.72 (9)

Symmetry code: (i) x, —y +1, z.

Table 2

Hydrogen-bond geometry (A, °).

D—H.--A D—H H---A DA D—H---A
N2—H2A---13 0.90 3.665 (10) 129
N2—H2B---I2" 0.90 3.636 (12) 169

Symmetry code: (i) x — 1, y, z.

H atoms were positioned geometrically and treated as riding on
their parent atoms, with C—H =0.97 A,N—H =0.90 A and U;,,(H) =
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Figure 1

The structure of (I), shown with 30% probability displacement ellipsoids
(arbitrary spheres for H atoms) [symmetry code: (i) x, I — y, z]. The
dashed line indicates a hydrogen bond

12U qy(carrier). The highest peak and d(oaepest hole in the final
difference Fourier map are 0.91 and 0.92 A, respectively, from Bil.
Atoms O1, C2, C3, C4 and C5 of morpholine ring are disordered over
two positions each, with different orientations; all atoms therefore
appeared in both positions with different site-occupancy factors. The
occupancies were fixed at 0.52 and 0.48 for all five atoms in the final
stage of the refinement.

Data collection: SMART (Siemens, 1996); cell refinement: SAINT
(Siemens, 1996); data reduction: SAINT; program(s) used to solve
structure: SHELXS97 (Sheldrick, 1997a); program(s) used to refine
structure: SHELXL97 (Sheldrick, 1997a); molecular graphics:
SHELXTL (Sheldrick, 1997b); software used to prepare material for
publication: SHELXTL.
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