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Table 1. Fractional atomic coordinates and equivalent 
isotropic displacement parameters (,~2 ) 

Ueq = (1 /3 )EiEjUoa~a*a , .a  j .  ) 

x y z Ueq 
Zr 0 0.1003 (I) 1/4 0.043 (I) 
CI -0.0256(I) -0.1544(1) 0.3514(I) 0.061 (I) 
C(I) 0.1066 (I) 0.2467 (5) 0.1953 (2) 0.051 (I) 
C(2) 0.1287 (1) 0.0414 (6) 0.1871 (2) 0.060 (I) 
C(3) 0.1584 (1) 0.0391 (7) 0.1137 (3) 0.072 (2) 
C(4) 0.1356 ( 1 ) 0.0923 (8) 0.0231 (3) 0.082 (2) 
C(5) 0.1140 (I) 0.2959 (8) 0.0266 (3) 0.075 (2) 
C(6) 0.0854 ( 1 ) 0.3049 (6) 0.1018 (2) 0.058 (I) 
C(7) 0.1378 (I) 0.4127 (6) 0.228t (2) 0.063 (1) 
C(8) 0.1642 (I) 0.3689 (7) 0.3155 (3) 0.078 (2) 
C(9) O. 1911 (2) 0.5298 (9) 0.3543 (3) 0.099 (2) 
C(IO) 0.2149 (2) 0.4685 (11) 0.4405 (3) 0.125 (3) 
C( 11 ) 0.2171 (2) 0.6368 (9) 0.2951 (4) O. 127 (3) 
C(12) 0.0753 ( 1 ) 0.2354 (5) 0.2649 (2) 0.046 ( I ) 
C(13) 0.0482 ( I ) 0.3919 (5) 0.2849 (2) 0.050 ( I ) 
C(14) 0.0297 (1) 0.3438 (6) 0.3634 (2) 0.056 (I) 
C(15) 0.0448 (1) 0.1553 (6) 0.3934 (2) 0.058 (1) 
C(16) 0.0718 (1) 0.0856 (5) 0.3317 (2) 0.052 (I) 

Table 2. Selected geometric parameters (A, o) 
Zr--C1 2.460 ( I ) Zr~CENt 2.224 ( I ) 
Zr---C(12) 2.599 (3) Zr--C(I 3) 2.508 (3) 
Zr---C(14) 2.468 (4) Zr---C(15) 2.506 (3) 
Zr--C(16) 2.539(3) C( I )---C(2) 1.544(5) 
C( 1 )----C(6) 1.549 (6) C( I ) ~ ( 7 )  1.542 (5) 
C(I)----C(I 2) 1.521 (5) C(2)--C(3) 1.526 (6) 
C ( 3 ) ~ ( 4 )  1.524 (6) C(4)---C(5) 1.520 (7) 
C(5)----C(6) 1.523 (5) C ( 7 ) ~ ( 8 )  1.525 (5) 
C(8)--C(9) 1.463 (7) C(9 )~ (10 )  1.496 (7) 
C(9)--C( I I) 1.461 (8) C(12)---C(I 3) 1.410(5) 
C(12)--C(16) 1.417 (5) C(13)--C(14) 1.402 (5) 
C(14)~(15)  1.397(5) C( 15)----C(16) 1.406(5) 

CEN--Zr---CI 105.3 ( 1 ) CEN--Zr---CI i 108.3 ( 1 ) 
CI--Zr--CI' 93.7(1) CEN--Zr--CEN' 130.1 (1) 
C( 12)--Zr------C( 12 ~ ) 139.9(1) C (16 ) - -Z r~ ( I  2') 151.0(1) 
C(I)---C(12)--C(13) 125.5 (3) C(1)~(12)----C(16) 128.1 (3) 
C(13)----C(I 2)--C(16) 105.7 (3) C(12)---C(13)--C(14) 109.6 (3) 
C(13)---C(14)---C(15) 107.7 (3) C(14)---C(15)--C(16) 107.8 (3) 
C(15)---C(16)---C(12) 109.1 (3) C(12)~(1)---C(7) 106.3 (3) 
C( 12)---C( 1 )~C(6) 110.9(3) C(I 2 ) ~ ( I ) ~ ( 2 )  110.9(3) 
C(2)~C( I ) ~ ( 6 )  108.5 (3) C(2)-~C( I ) ~ ( 7 )  110.6 (3) 
C(6)~C( 1 )--C(7) 109.6(3) C( I )--C(2)~C(3) 113.3(3) 
C(2)~C(3)~C(4) 110.2(3) C(4)--C(5)~C(6) 112.1 (4) 
C(5)--C(6)--C( I ) 113.8(3) C(I)~C(7)--C(8) 116.1 (3) 
C(7)--C(8)--4S(9) 118.2 (4) C(8)---C(9)--C(10) 112.9 (5) 
C(8)~C(9)---C( I 1 ) 118.1 (4) C( 10)--C(9)---C( 11 ) 111.6(4) 

Symmetry code: (i) - x , y ,  ½ - z. 

t CEN is the centroid of the cyclopentadienyl ring. 

The  s t ructure  was  so lved  by  h e a v y - a t o m  m e t h o d s  and ref ined 
by  b lock -d i agona l  least  squares  with an iso t rop ic  d i sp l acemen t  
pa rame te r s  for  all non -H  a toms.  H a toms  were  in t roduced  
at ca lcu la ted  pos i t ions  and f ixed with i sot ropic  d i sp l acemen t  
pa rame te r s  (Ui~o = 0 .06  A, 2) in the final cyc l e s  o f  ref inement .  

Data  co l l ec t ion  and cell  ref inement :  P 3  Program (Nico le t  
X R D  Corpora t ion ,  1985). Data  reduct ion ,  s t ructure  so lu t ion  
and ref inement ,  m o l e c u l a r  g raphics  and prepara t ion  o f  mater ia l  
for  publ ica t ion:  SHELXTL Users Manual (Sheldr ick ,  1985). 

We would like to express our thanks to Professor 
S. S. Chen of the Institute of Organic Elemental, 
Nankai University, for his help in the synthesis of the 
title complex. BTH is grateful to the National Natural 
Science Foundation of China (NNSFC) for financial 
support. 
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Lists of structure factors, anisotropic displacement parameters, H- 
atom coordinates and complete geometry have been deposited with 
the IUCr (Reference: KH1008). Copies may be obtained through The 
Managing Editor, International Union of Crystallography, 5 Abbey 
Square, Chester CHI 2HU, England. 
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at 150 K: a R e d e t e r m i n a t i o n  and 
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Abstract 
The structure of the title compound {[HgCl2([18]- 
aneS204)]HgC12}n ([18]aneS204 = 1,4,7,10-tetraoxa- 
13,16-dithiacyclooctadecane), [Hg2C14(CI2H2404S2)], 
has been redetermined and reinterpreted as a one- 
dimensional polymeric thread comprising linked Hg4CI4 
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Nottingham, University Park, Nottingham NG7 2RD, England. 
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22 [Hg2C14(CI2H240452)]  

macrocyclic moieties with pendant macrocyclic ligands 
{the compound may be named catena-poly[(chloro- 
mercury)-di- #-chloro- bis [( 1,4,7,10- tetraoxa- 13,16-di- 
thiacyclooctadecane-S,S)mercury]-di-/z-chloro-(chloro- 
mercury)-di-#-chloro] }. 

Comment 
We are currently investigating the coordination chem- 
istry of mixed O/S donor ionophores, such as [18]- 
aneS204, with a range of transition and main group 
metal ions (Blake, Reid & Schff3der, 1990, 1992; Blake, 
Gould, Radek & Schr6der, 1994; Blake, Gould, Reid, 
Radek, Taylor & Schrtider, 1993; Reid, 1989). We re- 
port herein an improved single-crystal structure deter- 
mination, a revised structural description and spectro- 
scopic data for the title compound, (1). The struc- 
ture of (1) has been reported previously by Dalley & 

" S1 Cq2 0 1 3 ~  U'" ~ S l  ( ~  :'2' 

~ C'I: 

C8 

Fig. 1. A view of the contents of the asymmetric unit of (1) showing 
the atom-numbering scheme. Displacement ellipsoids enclose 50% 
probability surfaces and H atoms are drawn as spheres of arbitrary 
radii. 

-Cl 

I 

o 1 

(1) 

Larson (1981), who described it in terms of iso- 
lated molecules of [HgClz([18]aneS204)]HgCl2. The 
asymmetric unit in the low-temperature single-crystal 
structure of (1) (Fig. 1) contains the binuclear frag- 
ment [HgC12([18]aneS204)]HgCl2. The structure fea- 
tures two Hg u ions with very different coordination 
geometries. The macrocyclic ligand adopts a typi- 
cal bidentate coordination mode via the thioether S 
donors [HglmS1 = 2.664 (2), Hgl - -S4  = 2.511 (2) A; 

o 

H g l - - C l l l  = 2.472(2), Hg l - -C l l2  = 2.440(2)A]. 
The coordination geometry at Hgl can be described 
as distorted tetrahedral [S1- -Hgl - -S4  = 86.09 (6) and 
Cll 1 - -Hg l - -C l l2  = 109.43 (7)°]. Similar geometry has 
been reported for the binuclear HguCl2 complex with 
1,4,8,1 I-tetrathiacyclotetradecane ([ 14]aneS4) (Alcock, 
Herron & Moore, 1978); however, the CIwHg--CI 
angle in [(HgC12)2([14]aneS4)] is significantly wider 
[117.54(9)°], and this supports our reinterpretation of 
the structure of (1) as a polymeric network involving 
bridging CI- ligands. 

The second Hg II ion is part of an HgCI2 unit 
with Hg2---CI21 = 2.327 (2), Hg2--C122 = 2.317 (2),~,, 
C121--Hg2--C122 = 166.90(7) °. These values are 
similar to those found in the single-crystal structure 
of HgCI2 (Subramanian & Serf, 1980) [Hg--CII = 
2.292 (10), Hg----C12 = 2.274 (10) ,~,, CI1--Hg--CI2 = 
178.6(4)°]. Hg2 participates in four additional long- 

range interactions involving Cll 1 [3.054 (2)A,] at ( -x ,  
1 - y, 1 - z), C112 [2.863 (2) A,] and C121 [3.281 (2)A] 
at ( - x  - 1, -y ,  z - 1) and S1 [3.153 (2)A] at (x - 
1, y, z). All four lie well within the sum of the van der 
Waals radii of the relevant atoms [Hg 1.50, CI 1.80 and 
S 1.85 ~,; Bondi, 1964) and may be considered at least 
partially covalent in nature. However, it seems likely 
that there is an ionic contribution to the stability of this 
structure. 

Fig. 2 shows the formation of eight-membered 
HgnCI4 macrocycles via bridging C1- ligands. Other 
long-range Hg. . .CI-  interactions link these into one- 
dimensional polymeric threads, which are weakly cross- 
linked via S 1...Hg2 contacts to form a two-dimensional 
sheet structure. The structure of (1) can be regarded as a 
co-crystallization product between HgCI2 and the metal 
macrocyclic complex [HgC12([ 18]aneS204)]. 

Interestingly, in the complex [HgCI2(1,4,7,10- 
tetraoxa- 13,16-dithiacyclooctadec- 14-en- 14,15-dicarbo- 
nitrile)], (2), (Silbert, Lange, Stem, Hoffman & Barrett, 
1994), which contains a related ligand, the Hg H ion is 
coordinated by two axial chlorides and four equatorial 
O atoms; two of the latter are closely bound [Hgm 

cI 

x 

~ o I I 

Fig. 2. A packing diagram of ( I ) illustrating the infinite chain structure. 
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O = 2.657 (4), 2.681 (5) A,], the other two markedly less 
so [ H g - - O  - 2.932 (4), 2.980 (4) ,~,]. This preferential 
coordination by O donors is unusual since Hg 11 tends 
to bind to thioether S donors. The distance between 
the Hg H centre and the two S donors is greater than 
3.3 A and therefore well beyond typica l  values for H g - -  
S bonding distances [2.50-2.75 A (Sato, Habata, Sato & 
Akabori,  1989; Dalley & Larson, 1981; Blake, Holder, 
Hyde,  Reid & Schr6der, 1989; Heinzel & Mattes, 1992; 
Jones, Sokol, Rohrabacher  & Giick, 1979; Blake, Pas- 
teur, Reid & Schr6der, 1991; Byriel,  Gahan, Kennard & 
Sunderland, 1993; Sobhia et al., 1992; Alcock, Herron 
& Moore, 1978)]. 

NC t 0 ,!/ 

(II) 

Experimental 

The macrocyclic ligand [18]aneS204 was prepared according 
to a published method (Bradshaw et al., 1974). HgCI2 
(272 mg, 1.0 mmol) was added to a refluxing solution of [18]- 
aneS204 (148 mg, 0.5 mmol) in MeOH/MeCN (50cm 3, 5:1 
v/v) to obtain a colourless solution. Removal of the solvent 
in vacuo yields the product as a white microcrystalline solid. 
Recrystallization of the initial product by slow concentration 
of a solution in MeCN afforded colourless tabular crystals 
suitable for X-ray diffraction studies (yield: 377 mg, 90%). 
Microanalysis for Cw2H24CI4Hg204S2: calculated C 17.2, H 
2.88%; found C 17.1, H 2.84%. Fast-atom bombardment mass 
spectrum (DMSO/3-nitrobenzoic acid/trifluoroacetic acid) m/z: 
533; calculated for [2°2Hg35Cl([18]aneS204)] ÷ 533. I H NMR 
spectrum (d6-DMSO, 297K, 250.130 MHz): 2.86, 3.22, 
3.54 and 3.72 p.p.m. 13C NMR spectrum (d6-DMSO, 297 K, 
62.900MHz): 30.59 (double intensity), 69.37, 69.63, 70.14 
and 70.55p.p.m. IR (KBr disc): 2980m, 2880m, 1470m, 
1450m, 1400m, 1355s, 1295m, 1250s, 1200w, l125vs, 1085vs, 
1040s, 945m, 890m, 840m, 690w, 670w, 620w, 540w, 490w 
and 450w cm -I .  

Crystal data 

[Hg2CI4(CI2H2404S2)] Mo K~ radiation 
Mr = 839.41 A = 0.71073 
Triclinic Cell parameters from 24 
P]- reflections 
a = 8 . 2 6 9 ( 4 )  A 0 =  15-16 ° 
b = 11.310(5)/k # = 14.59 mm -~ 
c = 12.332 (5) #, T = 150.0 (2) K 
a = 92.45 (3) ° Tablet 
[3 = 95.02 (3) ° 0.43 x 0.43 x 0.31 mm 
-), = 105.78 (4) ° Colourless 
V = 1102.9 (8) ~3 
Z = 2  
Dx = 2.528 Mg m -3 

Data collection 
Stoe Stadi-4 four-circle 

diffractometer 
w-20 scans using on-line 

profile fitting (Clegg, 
1981) 

Absorption correction: 
#, scans (North, Phillips 
& Mathews, 1968) 
Tm,n = 0.003, Tmax = 

0.020 

4859 measured reflections 
3886 independent reflections 
3585 observed reflections 

[1 > 2a(/)] 
Ri,t = 0.0173 
0m,x = 25.01° 
h = - 9  ---~ 9 
k = -13  ~ 13 
/ = 0 ----~ 14 
3 standard reflections 

frequency: 60 min 
intensity decay: 3% 

Refinement 

Refinement on F 2 
R[F 2 > 2o'(F2)] = 0.0342 
wR(F 2) = 0.0933 
S = 1.109 
3868 reflections 
218 parameters 
H atoms riding on C atoms 

with U(H)= 1.2Ueq(C) 
w = 1/[o'2(Fo 2) + (0.057P) 2 

+ 2.17P] 
where P = (Fo 2 + 2F2)/3 

(A/O-)max = -0.15 

Apmax = 1.84 e ~ -3  
(close to Hg) 

Apmin = - 1. I 1 e ,~- 3 
(close to Hg) 

Extinction correction: 
SHELXL93 (Sheldrick, 
1993) 

Extinction coefficient: 
0.0019 (3) 

Atomic scattering factors 
from International Tables 
for Crystallography ( 1992, 
Vol. C, Tables 4.2.6.8 and 
6.1.1.4) 

Table 1. Fractional atomic coordinates and equivalent 
isotropic displacement parameters (m 2) 

Ueq = (l/3)E,Zy~ja~afa,.aj. 

Table 2. Selected geometric parameters (/~, °) 
HgI--SI 2.664 (2) C6--07 1.412 (9) 
HgI- -S4  2.511 (2) 07--(28 1.422 (9) 
HgI~-CIII  2.472 (2) C8--C9 1.493 (12) 
Hgl---CII2 2.440 (2) C9---OI0 1.420 (10) 
Hg2---CII2 2.863 (2) O10--4211 1.425 (10) 
Hg2---CI21 2.327 (2) CI1~-CI2 1.488 (12) 
H g 2 ~ 1 2 2  2.317 (2) C12---O13 1.419 (9) 

x y z Ueq 
Hgl 0.11766 (4) 0.36502 (2) 0.45074 (2) 0.03734 (13) 
Hg2 -0.35796 (3) 0.16701 (3) 0.44384 (2) 0.03694 (13) 
CI12 -0.0331 (2) 0.2088 (2) 0.56426 (14) 0.0373 (4) 
C121  -0.5073 (2) 0.1339 (2) 0.59634 (15) 0.0410 (4) 
CIII 0.2669 (3) 0.5536 (2) 0.56653 (15) 0.0424 (4) 
C 1 2 2  -0.2626 (2) 0.1662 (2) 0.2727 (2) 0.0411 (4) 
SI 0.3166 (2) 0.2458 (2) 0.36280 (14) 0.0330 (4) 
C2 0.3283 (9) 0.3199 (6) 0.2352 (6) 0.036 (2) 
C3 0.1629 (9) 0.3374 (6) 0.1844 (5) 0.0336 (14) 
$4 0.0650 (2) 0.4326 (2) 0.26276 (14) 0.0330 (4) 
C5 0.2159 (9) 0.5839 (61 0.2756 (6) 0.037 (2) 
C6 0.2137 (10) 0.6507 (6) 0.1726 (61 0.037 (2) 
07 0.2739 (6) 0.5863 (5) 0.0918 (4) 0.0383 (11) 
C8 0.2481 (11) 0.6251 (8) -0 .0149(6)  0.044 (2) 
C9 0.3198 (10) 0.5511 (8) -0 .0908(6)  0.043 (2) 
OI0 0.2365 (7) 0.4238 (5) -0.0887 (4) 0.0419 (12) 
CII  0.2972 (11) 0.3523 (8) -0 .1650(6)  0.045 (2) 
CI2 0.2233 (11) 0.2187 (8) -0 .1526(6)  0.047 (2) 
O13 0.2913 (7) 0.1846 (5) -0.0530 (4) 0.0434 (12) 
C14 0.2386 (12) 0.0535 (8) -0 .0479 (7) 0.049 (2) 
CI5 0.2968 (11) 0.0197 (8) 0.0624 (7) 0.046 (2) 
OI6 0.2012 (7) 0.0585 (5) 0.1410 (4) 0.0391 (11) 
C17 0.2325 (I0) 0.0186 (7) 0.2457 (6) 0.040 (2) 
CI8 0.1707 (9) 0.0939 (6) 0.3284 (6) 0.037 (2) 



2 4  [ H g 2 C 1 4 ( C 1 2 H 2 4 0 4 5 2 ) ]  

s i - - c2  1.812 (7) 
s1--c18 1.819 (7) 
c2--c3 1.520 (10) 
c3----$4 1.809 (7) 
$4--c5 1.814 (7) 
C5---c6 1.507 (10) 

Cll I--Hgl--CII2 109.43 (7) 
CII 2--HgI--S4 136.22 (6) 
CII I--HgI--S4 106.40 (7) 
CII 2--HgI--S 1 100.42 (7) 
CII I--HgI--SI t15.19 (7) 
S 1--Hg 1--$4 86.06 (6) 
CI22--Hg2---C121 166.90 (7) 
C122--Hg2--C112 95.87 (7) 
CI21--Hg2--Cl12 94.86 (7) 
Hgl---CII 2--Hg2 96.07 (7) 
C2--S1--C18 104.6 (3) 
Hgl---S 1--C2 96.9 (2) 
CI8--SI--Hgl 101.4 (3) 
S 1---C2---C3 115.3 (5) 
C2~-C3--$4 117.1 (5) 

C 18--S 1---C2---C3 61.8 (6) 
S 1 ~C2---C3--$4 61.5 (7) 
C2--C3--$4---C5 62.9 (6) 
C3--$4--C5--C6 76.9 (6) 
$4--C5---C6--O7 -66.8 (7) 
C5--C6---O7--C8 168.5 (6) 
C6--O7--C8--C9 179.1 (6) 
O7--C8---C9---O 10 60.4 (8) 
C8--C9--O10----C11 176.9 (6) 

013--ci4 1.432 (10) 
ci4--c15 1.502 (12) 
c15--O16 1.429 (9) 
016--ci7 1.411 (9) 
c17---c18 1.510 (11) 

c3--$4-----c5 104.6 
c6---c5--$4 I 12.6 
07--c6--c5  107.6 
c6~07---c8 113.5 
O7--C8---C9 107.5 
01 fp-cg--c8 110.3 
c9--01 o ~ c  11 111.0 
OlO---Cl I--CI2 110.1 
013--c12--ci  1 110.4 
c12--OI 3--CI4 110.4 
O13--CI4---c15 109.8 
016--c15--c14 108.3 
c 17---016---c15 112.8 
016---c17--c18 108.7 
c17----ci8--si 112.7 

c9--010--c11--CI 2 173.5 (6) 
OlO----c I l--C 12--013 -70.0 (8) 
CII---ci2--013--c14 -172.0 (7) 
c12--013--c14---c15 -174.3 (7) 
013---c 14---c 15---016 70.0 (9) 
c 14,--c 15--016---c 17 173.2 (6) 
c 15--016--c 17---c 18 162.9 (6) 
O 16---c 17--c 18--s I -78.7 (7) 
c2--s  l---Cl 8--ci  7 61.4 (6) 

Data collection: DIF4 (Stoe & Cie, 1990a). Cell refinement: 
DIF4. Data reduction: REDU4 (Stoe & Cie, 1990b). Pro- 
gram(s) used to solve structure: SHELXS86 (Sheldrick, 1990). 
Program(s)  used to refine structure: SHELXL93 (Sheldrick, 
1993). Molecular  graphics: SHELXTL/PC (Sheldrick, 1992). 
Sof tware  used to prepare material for publication: SHELXL93. 

We thank the SERC for support. 

Lists of structure factors, anisotropic displacement parameters, H- 
atom coordinates and complete geometry have been deposited with 
the IUCr (Reference: CF1033). Copies may be obtained through The 
Managing Editor, International Union of Crystallography, 5 Abbey 
Square, Chester CH1 2HU, England. 
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Abstract 
In (1,4,7,10,13,16-hexaoxa-2,3:11,12-dibenzocycloocta- 
deca-2,11-diene)potassium triiodide, [K(C20H2406)]I3, 
the K ÷ ion is coordinated to the six ether O donors 
of the macrocycle [K- -O 2.716(4)-2.779(4)A,] and 
to atom 13 at a distance of 3.6002(13)A; I1--I2 is 
2.8741 (7) and I2--I3 2.9838 (7) A,. Pairs of symmetry- 
related [K(dibenzo- 18-crown-6)]I3 molecules aggregate, 
with an unusually short distance of 3.184 (3) A between 
the K ÷ ion and the centroid of one of the benzo groups. 

Comment  
We are interested in the stabilization of extended 
polyiodide networks by metal macrocyclic complexes 
and our work has focused on complexes containing 
homoleptic S-donor macrocycles (Blake, Devillanova, 
Lippolis & Schr6der, 1994; Blake, Gould, Parsons, 
Radek & Schr6der, 1995). 
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