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The structures of the title compound, C,0H,4N,O,S,, and its
mercury(Il) dichloride complex, dichloro{20-dicyanomethyl-
ene-5,8,11,14-tetraoxa-2,17-dithiabicyclo[16.4.1]tricosa-1(23),-
18,21-triene-k*0,kS"Jmercury(Il), [HgCly(CH,4N,0,S,)],
have been determined by X-ray crystallographic analyses.
The mercury(Il) dichloride complex has two independent
molecules of [HgClL(Cy,0HN,0,S,)] in the lattice. The
mercury(Il) ion has pentagonal bipyramidal coordination
which involves one S atom, four O atoms and two Cl™ ions.

Comment

The development of selective ion recognition systems has
been of much concern as a solution to environmental pollution
(Bacon & Kirch, 1985, 1987; Izatt, Bruening et al., 1985; 1zatt,
Clark & Christensen, 1985; Izatt et al., 1986; Parham &
Shamsipur, 1994). Thiacrown ethers can be used as extraction
agents for heavy-metal ions (Dalley & Larson, 1981; Blake &
Schroder, 1990; Sibert et al., 1994). Recently, we have reported
the synthesis and the complexation of mercurophilic dithio-
crown ethers with tropone and heptafulvene chromophores
(Kubo et al., 1995, 1996; Kato et al., 1995; Mori et al., 1996,
1997, 1998), in which the carbonyl or dicyanomethylene
groups played an important role in the selective complexation
and transport of the mercury(Il) ion. The structures of the
mercury(Il) dichloride complexes were elucidated by X-ray
crystallographic analyses (Kubo et al., 1995, 1996, 1998; Kato et
al., 1995; Mori et al., 1996, 1997, 1998). The most effective
mercurophilic  dithiocrown ether, 23-dicyanomethylene-
5,8,11,14,17-pentaoxa-2,20-dithiabicyclo[19.4.1]hexacosa-
1(26),21,24-triene, (A), showed preferential coordination of
the mercury(II) ion to O over S atoms (Kubo ef al., 1998). In
order to determine the precise coordination structure, single
crystals of  20-dicyanomethylene-5,8,11,14-tetraoxa-2,17-
dithiabicyclo[16.4.1]tricosa-1(23),18,21-triene, (I), and its

mercury(Il) dichloride complex, (IT), have now been investi-
gated by X-ray crystallographic analyses.
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In title compound (I), the dicyanomethylene group is out of
the crown ether ring, which has the conformation
S,C,C0O.C,C,0CCOLC,COLLS, where t and g denote
trans and gauche linkages, respectively. The planarity of the
8,8-dicyanoheptafulvene ring system is fairly good; the dihe-
dral angle between the least-squares planes A defined by Cl1,
C2, C3, C4, C5, C6 and C7, and B defined by C8, C9, C10, N1
and N2 is 4.7 (1)°. The exocyclic C=C bond length [C1—C8
1.397 (3) A] of (I) is similar to those [1.389(3) and
1.392 (5) A] of 5- and 7-(dicyanomethylene)-2,3-dihydro-
cyclohepta-1,4-dithianes (Kubo et al., 1994) and is shorter than
that [1.422 (13) A] of 8,8-dicyanoheptafulvene (Shimanouchi
et al., 1966).

The mercury(II) dichloride complex, (II), has two inde-
pendent structures, (Ila) and (IIb), in the lattice. The
mercury(II) ions are surrounded by one S atom, four O atoms
and two Cl™ ions in a pentagonal bipyramidal coordination.
The conformation of the dithiocrown ether part is S,C,C,O,-
C,C,0,C,CO.C,COLLC,S. All the CH,—O bonds have trans
conformations. The geometry is similar to that observed in the

Figure 1
The molecular structure of (I) showing 50% probability displacement
ellipsoids.
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Figure 2

The molecular structure of (II) showing 50% probability displacement ellipsoids.

mercury(Il) dichloride complex of 5,8,11,14-tetraoxa-2,17-di-
thiabicyclo[16.4.1]tricosa-1(22),18,20-trien-23-one  (Kubo et
al., 1996). The mercury(Il) dichloride is inserted perpendi-
cular to the crown ring: the angles between the least-squares
planes of mercury(II) dichloride [(IIa) Cl1—Hgl—CI2, (IIb)
ClI3—Hg2—Cl4] and the thiocrown planes [(Ila) S1—O1—
02—03—-04, (IIb) S3—05—06—07—08] are 92.6 (1)° for
(Ila) and 92.3 (2)° for (11b). The bond angles for Cl—Hg—Cl
are 168.43 (13) and 173.18 (14)°, respectively, which are
smaller by 6-10° than the reported angle [178.9 (5)°] of HgCl,
(Subramanian & Seff, 1980). The distances for Hg—O are
2.677-2.977 A for (Ila) and 2.605-3.083 A for (11b), which are
similar to those found in the mercury dichloride complexes of
tetraethylene glycol dimethyl ether (2.78-2.96 A; Iwamoto,
1973) and 5,8,11,14-tetraoxa-2,17-dithiabicyclo[16.4.1]tricosa-
1(22),18,20-trien-23-one (2.774-2.860 A; Kubo et al, 1996).
The planarity of the heptafulvene ring changed slightly by
complexation with mercury(II) dichloride; the angle between
planes A and B is 3.3 (6)° for (Ila) and 7.9 (7)° for (IIb), while
that of (I) is 4.7 (1)°. The S2 and S4 atoms are not coordinated
with mercury(Il) ions. The Hg—S distances [5.258 (4) for
(I1a), 5.360 (4) A for (IIb)] are much longer than the typical
distances for Hg—S (2.50-2.75 A; Alcock e al., 1978; Sato et
al., 1989; Dalley & Larson, 1981; Sibert et al, 1994). As a
result, an electron-withdrawing 8,8-dicyanoheptafulvene
moiety would reduce the affinity of the S atom for the
mercury(II) ion.

Experimental

The single crystals of the title compound, (I), were obtained by
crystallization of (I) from CH;CN and those of the complex (IT) were
obtained by crystallization of an equimolar mixture of (I) and HgCl,
from CH;CN.

Compound (1)
Crystal data

CooHosN,O4S,
M, = 42053
Triclinic, P1
a=10947 (5) A
b=12185(5) A
c=8883(5) A

o = 103.808 (5)°
B =113.331 (5)°
y = 76.135 (5)°

V =10425 (9) A3

Data collection

Enraf-Nonius FR590 diffract-

ometer
w20 scans

Absorption correction: empirical
via Y scans (North et al., 1968)
Tmin = 0473, Tpax = 0.775

4032 measured reflections

3550 independent reflections

3249 reflections with 7 > 20(1)

Table 1

Z=2

D, = 1340 Mg m™>

Cu Ko radiation

Cell parameters from 25
reflections

6 =19.15-42.78°

=255 mm "

T=29 (2) K

Prism, red

0.50 x 0.30 x 0.10 mm

Rin = 0.014
Opax = 64.91°
h=—11— 12
k=-13 - 14
I=—10—>0

3 standard reflections
frequency: 120 min
intensity decay: none

Selected geometric parameters (A, °) for (I).

S1—-C3
S2—-C5
N1—-C9
N2—C10
C1-C8
c1—C2
C1-C7

C3—-S1—-C11-C12
C13—-01—-C12—-C11
S1—-C11-C12—-01
C12—01-C13—-C14
C15—02—-C14—-C13
01-C13—-C14—-02
C14—02—-C15—-C16
C17—03—-C16—C15

1.7586 (18)
1.7572 (19)
1.146 (3)
1.141 (3)
1.397 (3)
1.420 (2)
1.434 (3)

173.66 (13)
—176.08 (16)
69.71 (18)
105.8 (2)
1199 (2)
—65.6 (2)
—168.79 (17)
—178.89 (16)

C2—-C3
C3—-C4
C4-C5
C5—-C6
C6—C7
C8—C9
C8—C10

02—-C15—-C16—03
C16—03—-C17—C18
C19—-04—-C18—C17
03—-C17—-C18—04
C18—04—-C19—-C20
04—-C19—-C20—S2
C5—-82—-C20—-C19

1.368 (3)
1432 (3)
1.359 (3)
1.441 (3)
1.339 (3)
1421 (3)
1423 (3)

174.74 (16)
17334 (16)
176.71 (18)
679 (2)

—166.48 (19)

773 (2)
101.45 (17)
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Refinement

Refinement on F?

R[F? > 20(F?)] = 0.036

wR(F?) = 0.104

S =1.101

3550 reflections

254 parameters

H-atom parameters constrained

Compound (II)

Crystal data

[HegCly(CyoH24N,0,S5)]
M, = 692.02
Monoclinic, P2,/a
a=15387(5) A

b =22349 (5) A
c=14579 (5) A

B = 95337 (5)°

V = 4992 (3) A?

Z=8

Data collection

Enraf-Nonius FR590 diffract-
ometer

w-20 scans

Absorption correction: empirical
via y scans (North et al., 1968)
Tmin = 0.179, Tax = 0.227

w = 1/[o*(F,%) + (0.0512P)*
+0.3471P]
where P = (F,” + 2F.%)/3
(A/0)max = 0.001
APmax = 032 A7
APmin = —020e A7

Extinction correction: SHELXL97

(Sheldrick, 1997)
Extinction coefficient: 0.0120 (8)

D,=1842Mgm™

Cu Ko radiation

Cell parameters from 22
reflections

6 =19.93-42.14°

= 14.840 mm ™"

T =29 (2) K

Prism, red

0.15 x 0.10 x 0.10 mm

Ry = 0.052

Omax = 64.98°
h=-18— 18
k=-26—>0
[=0— 17

3 standard reflections

8840 measured reflections

8483 independent reflections
4883 reflections with I > 20(1)

frequency: 120 min
intensity decay: 6.4%

Table 2 .
Selected geometric parameters (A, °) for (II).
Hgl—Cll 2294 (3)
Hgl—CR2 2295 (3)
Hgl—02 2.677 (8)
Hgl—03 2.725 (8)
Hgl—O4 2.969 (8)
Hgl—01 2.978 (8)
Hgl—S1 3.268 (3)
Hg2—CI3 2307 (4)
Hg2—Cl4 2314 (3)
Hg2—06 2.606 (8)
Hg2— 07 2.661 (8)
Hg2— 08 2913 (9)
Hg2—05 3.083 (8)
Hg2—S3 3.138 (3)
S1—-C3 1770 (12)
S2—C5 1.750 (12)
$3-C23 1.755 (12)
S4—C25 1738 (12)
N1—C9 1.129 (16)
N2—C10 1121 (17)
N3—C29 1.124 (16)
Cl1—Hgl—CI2 168.43 (13)
O2—Hgl—-03 62.1 (2)
O3—Hgl—04 61.1(2)
02—Hgl—-01 61.2 (2)
O1—Hgl—S1 58.76 (18)
04—-C19—C20—S2 —167.4 (7)

N4—C30 1.158 (17)
Cl1—C8 1.403 (14)
Cl-C2 1.411 (15)
Ccl—c7 1.443 (16)
2-C3 1.348 (15)
C3—C4 1.439 (16)
C4—Cs 1.374 (16)
C5—C6 1.426 (15)
C6—C7 1.363 (16)
C8—Cl10 1.408 (19)
C8—C9 1.410 (17)
C21—C28 1.382 (16)
21-C27 1.434 (16)
C21-C22 1.456 (15)
C22—C23 1.348 (15)
C23—C24 1.430 (15)
C24—C25 1.374 (16)
C25—C26 1.453 (17)
C26—C27 1.319 (17)
C28—C30 1.403 (19)
C28—C29 1.424 (18)
CI3—Hg2—Cl4 173.18 (14)
06—Hg2—07 65.1 (3)

07—Hg2—08 623 (3)

06—Hg2—05 61.1(2)

05—Hg2—S3 58.06 (16)
08—C39—C40—S4 —163.7 (8)

Refinement

Refinement on F?
R[F? > 20(F?)] = 0.052
wR(F?) = 0.137

S =1.009

8483 reflections

559 parameters

H-atom parameters constrained

w = 1/[o*(F,?) + (0.0584P)%]
where P = (F,” + 2F.%)/3

(A/0) max < 0.001

APmax = 1.06 ¢ A7

APmin = —1.48 ¢ A3

All H atoms were calculated at ideal positions and restrained to
ride on the atom to which they are bonded. Isotropic displacement
factors of H atoms were fixed to 1.2 times U,q of the riding atoms.

For both compounds, data collection: CAD-4 Software (Enraf-
Nonius, 1989); cell refinement: CAD-4 Software; data reduction:
MolEN (Fair, 1990); program(s) used to solve structure: SIR97
(Altomare et al, 1999); program(s) used to refine structure:
SHELXL97 (Sheldrick, 1997); molecular graphics: Xtal_ GX (Hall &
du Boulay, 1995); software used to prepare material for publication:
SHELXL97.

Supplementary data for this paper are available from the IUCr electronic
archives (Reference: JA1020). Services for accessing these data are
described at the back of the journal.
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