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The coordination chemistry of mercury(Il) with 5B, 6B and
7B family elements has been intensively studied because their
structures mimic the interaction of mercury(ll) ion in the
biological systems as well as they exhibit the various coordi-
nation modes." * Among the ligating elements, sulfur is well
known to bind tightly to mercury(ll) as the word ‘mercap-
tan® literally means mercury capturer.” Recently, we have
focused our research interests on the synthesis of new sulfur-
rich compounds and their metal complexes™: A new sulfur-
rich compound dPhEDI-D'I'I" has been synthesized by a
Diels-Alder type [2—4] cycloaddition reaction. It was also
utilized as a precursor of bidentate thiolate ligand to prepare
[NiL2]™ * and [HgsL3]™ 7 type metal complexes. Here, we
report the synthesis and x-ray crystal structure of frams-
[{He{u-CHCIdPhEDT-DYI'T)}2] - (CH3CN); in which thio-
carbony| sulfur weakly coordinates to mercury(ll) ion.
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Experimental Section

Infrared spectra were obtained by KBr method on MIDAC
FT-IR spectrometer, and UV-vis spectra in acetonitrile on
HP 8452A diode array spectrometer. Elemental analysis was
carried out at the Korea Basic Science [nstitute (KBSI).

Synthesis of frans-|{Hg(u-ClYCI(dPhEDT-DTT)}:]. To
a 3 mL of methylene chloride solution of dPhEDT-DTT (94
mg, 0.25 mmol) was added a 5 mL acetonitrile solution of
HgCls: (136 mg. 0.5 mmol) with stirring at room tempera-
ture. Reddish orange precipitates were formed immediately.
The mixture was heated until the precipitate was redissolved
to form orange crystals. The precipitate was collected from
filtrate. Diamond-shaped orange crystals suitable for x-ray
structural analysis were occasionally obtained from the fil-
terate after a few minutes” standing. Yield 100%; mp. 136 °C
(dec.); Elemental analysis (%) calc. for CisHxCliHgaNzS 1y
C 33.12, H 2.19, § 23.26 found C 3292, H 2.58, S 23.14;
FT-IR (KBr, em™) 1489, 1443 (Ar C-C), 1026 (C—S), 740,
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714, 695 (Ar C-H); UV-vis (CH:CN., nm) 222 (st) 276 (w)
406 (m).

X-ray Structural Analysis of rrans-|{Hg(t+CYC(dPhEDT-
DTT)}z| - (CH3CN),. X-ray crystallographic data of trans-
[{Hg(u-CHCKAPhEDT-D'TT)}2] - (CHiCN)> were collected
on an Enraf-Nonius CAD-4 automatic diffractometer with
graphite-monochromated Mo-K e radiation (A= 0.71073 A)
at 293(2) K. Intensities of 1830 [R(int) = 0.0929] indepen-
dent reflections within 8 range 2.19-29.02" were measured
using @28 scan method for the range -20 < h = 20,0 < k =
8,-22 =1 = 22,1830 reflections were considered [[ > 2o
(D] and used in calculation performed on [BM PC using
SHELXS-86 and SHELXS-93, and atomic scattering factors
for all nonhydrogen atoms were supplied by the SHELXS-
86 system.” As the mixture of (S,8)- and (R,R)-dPhED|-
DT enantiomer™ was used as a ligand, the carbon atoms on
the phenyl groups as well as C(4) and C(5) are highly disor-
dered. and that they are fixed to 1.5 £ 0.2 A, Crystal parame-
ters and information for data collection are given in Table 1.

Table 1. Crystal data and structure refinement 1or frans-[ {Hg( it
CHCHAPREDT-IXTT)} 5] - (CHRCN)Y:»

C38 H24 Cl4 Hg2 N2 S10

Empirical tormula

Formula weight 1372.17
Crystal system monoclinic
Space group Cm{No.8)

a=16.9052) A
h=726203) A
¢=18.798(4) A
B=98.10(2) deg.

Unit ccll dimensions

Volume 2284.7(11) A*
z 2

Calculated density 1.995 Mgim’
Absorption coctticient 7.434 mm™'
F(000) 1308

Crystal size

Reflections collected £ unique
Complcteness to 26 = 29.02
Refinement method

Data / restraints / parameters
Goodness-of-fit on F*

Final R indices [[=2611}]

R indices (all data)

Absolute structure parameter
Largest diff. peak and hole

0.10 % 0.4 % 0.5 mm

3362/ 1830 [R{int) = 0.0929]
27.9%

Full-mattix lcast-squares on F?
1830749/ 226

1.045

R1=0.0708. wR2=10.1873
R1=0.0733. wR2=10.189%4
0.11(4)

[.926 and -1.682 ¢.A™

Ry =2X|Fo-fclf XFo|. wRhy = {Zn'(Fo*’-Fch’:" Xu-‘Fo"} 12

Cwhere w = ¢

(G Fo" - (0.1206PF 1 45182 and where P — I Max(Fo 0) 1 277143,



Notes
Results and Discussion

Dimeric mercury(ll) chloride complex of dPhEDT-DTT
was readily preparcd by mixing a dichloromethane solution
of dPhEDT-DTT with an acctonitrile solution of HeCl; with
two molar ratio. and isolated without washing with solvent.
Intcraction between mercuny(ll) and the ligand was con-
firmed by FT-IR: C=S frequency of the free ligand (1069
cm™)™ was shificd 1o 1026 cm™. indicating that intcraction
between mercury (1) and thiocarbony! sulfur can be assumed.
When the product was treated with methanol afier filiering,
mercury(11) chloride was dissolved and washed out. and
only the vellow dPhEDT-DTT ligand lefi on a fritted disk. [t
mcans that the ligand is weakly coordinated 1o mercury(Il)
ion and their interactions are casily broken up when dis-
solved in methanol. This was also conlirmed by UV-vis
mcasurcment: the absorption for n — 7% (ransition of thio-
carbonyl group was obscrved at 406 nm for mercury com-
plex. which is quite closc to that of the free ligand (408
nm). ™ If the thiocarbony] group is coordinated to Ha(11) ion
cven in the solution state. the clectronic transition cncrgy

Table 2. Atomic coordinates (x 10 and equivalent isotropic dis-
placement parameters (A% x 10%) for rrans-| {Lg(u-CHCI(dPRLED -
DT1Y ] - (CLICN )

X v 7 Teq)*
Lig(1) -741(1) 3671(3) 3808(1) ol()
S(l) -2166(3) 572002) ST84(3) 43(1)
S(2) -1348(2) 3720(3) 4194(3) 46(1)
S(3) -3217(3) 3680(2) 4693(3) 41(1)
S(4) -1693(2) 3790(3) 2646(3) 31(2)
8(3) -3753(2) SHO3) 3277(3) 35(2)
Cl(l) 0 3233(14) 3000 43(4)
Cl2) 0 8190(3) 3000 70(6)
Cl(3) -155(3) 3710(3) GY33(3) 79(3)
C(h -2280(11) S710(6) 4890(10)) 40(5)
C2) -2164(10) STH08) 3509(11) 47(0)
C(3) -2951¢10) 386O(7) 3782(10) 36(5)
C4) -2541(13) S180(3) 2153(12) @)
C(5) -3257(14) 6OYS) 2479(12) TI(9)
C(6) -2193(14) 3440¢4) 1414(11) 57(8)
(7 -1940(3) 3840(8) 968(18) 80(12)
C(8) -1630(3) 3980(7) 305(18) 63(10)
G -1490¢2) 3410(0) T(18) 6v(15)
C(1m -1700(4) TIO0(10) 420(2) 200(5)
(1) -2035(6) TIO0(3) 1061(6) 110¢3)
C(12) -3821(6) S370(3) 1964 6) 69
C(13) =4200(6) 3780(3) 1675(6) 83(14)
C(14H -4892(6) 3920(3) 1182(6) 130¢2)
C(1%) -5205(6) 5640(3) 978(6) 118(17)
C(16) -1826(6) T230(3) 1267(6) T1(13)
C(1h =134(6) TO90(3) 1760(6) 72(12)
N 2845(17) S640(8) 2418(16) 94(11)
c2h 4097(16) S960(9) 3033(18) Fo(l1)
Ci2m 3370(2) ST 2743(15) 81(11)

*Ufeq) is defined as one third of the trace of the orthogonalized U]
lensor.
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would be found at different energy.

The crystal structure of trans-| {Ha(u-CCI(dPhEDT-
DTT)}:) - (CH3CN): was analyzed by x-rav dillraction method.
Atomic coordinates arc given in Table 2 and sclected bond
lengths (A) and angles (°) arc given in Table 3. [ts molccular
structure with the atomic numbering scheme is shown in
Figurc 1. The mercury has an extremely distorted tetrahedral
geometry with two bridging chlorides (CI(1) and CI(2)). onc
terminal chloride (C1(3)) and one thiocarbonyl sulfur (S(1)).
Surprisingly. the bond length of Hg(1)-CI(3) (2.105(3) A) is
much shorter than that of the polvmeric |Hg(u-ClYCIKEDT-
DTT)]: complex (2.381(1) A)" and cven the shortest Hg-Cl
bond (2.25 A) in HeCl..* This is. to our knowledge. onc of
the shortest Hg-Cl bond ever reported. The bond lengths bet-
ween mercury and bridging chlorides (2.818(7) A for He(1)-
CI(1) and 2.856(14) A lor Hg(1)-Cl1(2)) arc close to the sum
of ionic radii (2.83 A).” The Cl-Hg-Cl and Cl-Hg-S angles
around Hg(1) arc in the range of 110.4(3)-119.8(3)" cxcept
that of CI(1)-Hg(1)-C1(2) (78.8(2)"). [t means that Hg(1) adopts
the distorted tetrahedral geometry with three chloride and one
sullur atoms. and Hg-(4-Cl)2 core has rhombic geometry,

The C(1)=S(1) bond length (1.66(2) A) is longer than that
of the free ligand (1.634(+) A)Y* because of the additional
coordination of S(1) to Hg(l). Morcover. the overall bond
lengths and angles of EDT-DTT unit of dPhEDT-DTT ligand
deviale signilicantly from thosc of the free ligand™ as can be
scen in Table 3. For example. three angles around C(1) are
102.0(12). 124.2(11) and 133.8(10)" while thosc of the free
ligand arc 124.3(3). 123.4(3) and 112.3(2)". This distortion
ol the ligand structurc can be attributed to the intramolccular
closc-contacts between sulfur and chloride atoms as shown

Table 3. Selected bond lengths[A] and angles[deg] for frans-
[{He(p-CHYCHAPhEDT-DTT)},] - (CHACN )

Lg(1}CI(D 2818(7)  Hg(1)1CK2) 856(14)
Lg(1}C1(3) 21053y Hg(1rS(1) 2.392(4)
S(1RC(1) 1.66(2) $(21C(2) 1.537(18)
S(23C(1) 1.92(2) S(31C(1) 1.575(18)
S(31C(3) 1.84(2) SEHHCH 1.65(3)
S(EC(2) 1.91(2) S(5HC(3) 1.545(17)
$(51C(3) L8317y CERICG3) 1.493)
CH3C ) 1.57719)

CI3HIg(1XS(1)  1134(2) CIG3-Hg(1FCl1y  111.8(5)
S(LHIg(1CI(Y  119.8(3) CIHIg(1FCI2)  110.4(5)
S(LHIZ(13Cl2)  118.1(4) CUDM-Ig1FCL2)  TR8(2)
COFS(IHIg(l) 9237 He(I-CI( 1M g1 102.2(4)
Ho(L#-CI2HIg( 10037y CQS2YC(1) 98.3(9)
CUFS3HC3) 81.2(9) CEFSEPCR) 92.2(9)
CGFSGHCB) 919(12)  SGRCUFS(1) 102.0(12)
SGRCFS(Y 12420110 SULFC(118(2) 133.8(10)
CORCIS2) LM CORCRISE)  142.2(16)
S2ICRFSE)  1134(10)  CQICGBRSG) 122.2(16)
CRICBIS3) 131614 S(5HC(31S(3) 105.1(11)
COFCEFSE)  1088(18)  CEArCBRSG)Y  136(2)

Symmetny ranslormations used to generate equivalent atoms: % -X. v, 1-z
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Figure 1. Molecular structure ol trans-[ {Hg{g-CHCIAPhEDT-
DY) (CHLCN) with (he atomic numbering scheme, ‘The
intramolecular secondary interactions between sulfur and chloride
arc denoted as a dashed linc.

in Figure 1: $(2)-CK1) 3.361. S$(2)---CI(2) 3.352. $(4)-*-
CI3)* 3.113. S22y --CI(1) 3.361. S(2)* --CK2) 3.352 and
S(4)*---CI(3) 3.113 A (symmetry transformation * : -x. y, |-
z). These intramolecular close-contacts are much shorter than
the sum of van der Waals radii {3.7 A).” Due to these con-
tacts, EDT-DTT units can get close to the rhombic Hg u-
Cl). core and that C(1)-S{1}-Hg(1) angle {92.3(7)") becomes
much smaller than that of the polymeric [Hg{ u-CNCI(EDT-
DTT)): complex (107.2(3)").° The diamond-shaped single crys-
tal used for x-ray structure analysis was very brittle presum-
ably due to these intramolecular close-contacts and thereby
highly-distorted structure of dPhEDT-DTT ligand. The mol-
ecule lies in a plane except the phenyl groups and the bridg-
ing chlorides stacking along the »-axis as shown in Figure 2.
Short intermolecular S---S contact is one of the important
requirements for high electrical conductivity of sulfur-rich
compound. The shortest intermolecular S---S contact observed
in our complex is 3.791 A for S(1)---S(3)" {symmetry opera-
tion - :-0.5-x. 0.51y, 1-2) and S(3)**-S(1)* (symmelry oper-
ation & 1 -0.5-x. -0.5 1y, 1-2). which is longer than the sum of
van der Waals radii (3.6 A).2

In summary. we prepared the dimeric mercury(I[) chloride
complex of APhEDT-DTT ligand. frans-| {1 1g(u-ClYCIdPhEDT-
DTT)}:]. by the direct mixing method. It erystallizes in the
monoclinic system with space group Cm (No. 8), Z - 2 and
unit cell parameters « — 16.905(2). & - 7.262(3). ¢ — 18.798(4)
A.and 8- 98.10(2)°. The central 1[g>(u-C1)Cl:S: unit adopts
the frans-centrosymmetric arrangement with the rhombic
Hga(p-Cl)2 core and the distorted tetrahedral geometry of
Hg(IT} with the extremely short 1{g(1)-CI{3) bond (2.105(5)
Ay and the small angle of CI{(1)-Hg(1)-CI(2) (78.8(2)°). Duc
1o the short intramolecular S -+ Cl contacts (3.113-3.361 A),
dPhEDT-DTT ligand is highly-distorted compared 1o the
free ligand.
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