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Complexes of the general formula CIHgSR (R = benzyl, neopentyl, isopropyl) and the
mercury bis(thiolate) compound [Hg(SBz).,]. each have been prepared and characterized by
single crystal X-ray diffraction. CIHgSBz:TMEDA crystallizes in the triclinic space group
P1 with cell constants a = 8.136(2) A, b = 9.958(7) A, ¢ = 11.834(3) A, o = 108.71(2)°, 8 =
92.93(2)°, vy = 109.05(2)°, and Z = 2. Refinement of 2534 observed reflections yields R =
0.050 and R, = 0.056. [CIHgS-iso-Pr]. crystallizes in the monoclinic space group C2 with
cell constants a = 21.430(7) A, b = 4.678(2) A, ¢ = 6.724(2) A, p = 90.43(2)°, and Z = 2.
Refinement of 528 observed reflections yields R = 0.039 and R,, = 0.033. [CIHg(S-neo-
Pent)-0.5Py]. crystallizes in the monoclinic space group C2 with cell constants a = 16.732-
(2) A, b =11.200(1) A, ¢ = 11.929(2) A, B = 104.21(1)°, and Z = 4. Refinement of 2561
observed reflections yields R = 0.035 and wR; = 0.081. [Hg(SBz);].. crystallizes in the
monoclinic space group C2/c with cell constants a = 22.599(4) A, b = 4.334(1) A, ¢ = 29.566-
(5) A, B =106.76(1)°, and Z = 8. Refinement of 1264 observed reflections yields R = 0.036
and wR; = 0.116. The solid-state thermal decompositions of the chloromercury thiolate
compounds have been studied and the XRPD patterns of the resultant solid-state materials
were obtained. The formation of Hg,Cl, is observed upon thermolysis of [CIHg(S-neo-
Pent)-0.5 Py]., or [CIHgS-iso-Pr]. at 200 °C, whereas CIHgSBz:TMEDA produces HgS under
identical conditions. Upon mixing equimolar quantities of HgCl, and Ph;CSH in EtOH,
moderately crystalline HgS is produced at ambient temperature. The volatile products
liberated during the thermal decomposition have been isolated and characterized by GC/
MS techniques. For the cases involving the production of HgS from CIHgSR (R = Bz, Ph3C),
the reaction coproduct was identified as RCI. In the instances where Hg,Cl, was synthesized
from CIHgSR (R = iso-Pr, neo-Pent), R—(S),—R (n = 2, 3, 4) have been identified. The
decomposition pathways of the various chloromercurythiolate compounds are discussed, and

mechanisms consistent with the observed reaction products are presented.

Introduction

The soft RS~ ligand displays a high affinity for many
metals, particularly toward mercury. The structural
chemistry of mercury bis(thiolate) compounds and spe-
cies of the general formula CIHgSR has been studied.?
These compounds show a remarkable structural variety,
mainly due to the flexible coordination properties of
mercury. They have a tendency to form oligomers or
polymers by intermolecular Hg—S or Hg—Cl interac-
tions, or both. Their solubility in polar organic solvents
and their thermal instability combine to make these
compounds potential candidates as unimolecular pre-
cursors for the thermolytic preparation of metal sulfide
materials. This property has ramifications for the more
thermally labile metal selenolates and tellurolates,
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which potentially could serve as precursors in the
preparation of compositions such as HgTe or Hg;—xCdxTe,
materials displaying interesting electrical and optical
properties.3

Recently, we have explored the possibility of designing
simple unimolecular precursors which can be converted
into solid-state materials and reported previously that
the decomposition of the metal bis(thiolate) compounds
of lead, zinc and cadmium proceeds under mild condi-
tions to yield binary metal sulfides.* These investiga-
tions complemented those from other groups® which
indicated that, under certain conditions, the decomposi-
tion of unimolecular precursors leads to the formation
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Table 1. Crystallographic Data

CIHgSBz-TMEDA [CIHgS-iso-Pr].. [CIHg(S-neo-Pent)-0.5Py]. [H9(SBZ)2]
mol formula C13H23N2C|SHQ C6H14C|252ng C15H27NC|252H92 Cl4H1452Hg
mol wt/g mol-1 475.27 622.42 757.60 446.97
cryst syst triclinic monoclinic monoclinic monoclinic
space group P1 Cc2 Cc2 C2/c
alA 8.136(2) 8.136(2) 21.430(7) 16.732(2)
b/A 9.958(7) 9.958(7) 4.678(2) 11.200(1)
c/A 11.834(3) 11.834(3) 6.724(2) 11.929(2)
o/deg 108.71(2)
fldeg 92.93(2) 92.93(2) 90.43(2) 104.21(1)
yldeg 109.05(2)

VIA3 845.3 674.0 2167.1 2775.6

4 2 2 4 8

D¢/g cm~3 1.847 3.07 2.322 2.139
radiation used Mo Ka Mo Ka Mo Ka Mo Ka
temp/°C 25 25 =70 —40

abs coeff/lcm~1 93.28 234.1 145.9 113.7
diffractometer CAD-4 Siemens P3 Siemens P4 Siemens P4
no. of reflns measd 2991 1219 5663 3711

no. of unique reflns 2991 601 2643 2399

no. of significant reflns 2543 528 2561 1264

final R (Rw) 5.0 (5.6) 3.9(3.3) 3.5(8.1)2 3.6 (11.6)2
goodness of fit 1.31 1.54 1.083 0.971

awR; reported.

of unusual phases. This was observed in the case of
cadmium bis(benzylthiolate), which decomposed under
mild conditions yielding the cubic (high temperature)
phase of cadmium sulfide, while other cadmium bis-
(thiolate) compounds examined produced the expected
hexagonal phase under comparable conditions.®

The knowledge of transformations occurring when a
molecular precursor is converted into a solid-state
material often is sparse. Some studies suggest that
structural elements of the molecular precursors may be
preserved during the decomposition and are found in
the solid-state materials.” If this observation is con-
firmed as widely applicable, it ultimately could lead to
the rational design of molecular precursors suitable for
the preparation of a wide variety of desired phases. To
probe the notion that there is a connection between the
structure of a molecular precursor and the solid-state
material obtained by the thermolytic decomposition of
that precursor, mercury thiolate compounds have been
prepared and structurally characterized, and their
decompositions have been examined. Herein, the syn-
theses, crystal structures and solid-state decompositions
of several chloromercury thiolate compounds are re-
ported.

Additionally, the product of the reaction of mercury
dichloride and triphenylmethylthiol (tritylmercaptan)
was included in these studies. The resulting compound,
presumably CIHgSCPhs, was reported over eight de-
cades ago to be unstable under ambient conditions, but
no details were provided relative to its decomposition.8
Finally, a new mercury bis(thiolate) compound has been
prepared and its crystal structure is reported herein.

Experimental Section

General Comments. The chemicals HgClI; (Aldrich), HgO
(Aldrich), and sodium (Fisher-Scientific) were used without
further purification. Benzylthiol (Aldrich) and isopropylthiol
were distilled before use. Neopentylthiol® and triphenylm-
ethylthiol'© were prepared according to literature methods and

(6) Rees, Jr., W. S.; Krauter, G.; Goedken, V. L. Mater. Res. Soc.
Symp. Proc. 1993, 283, 859.

(7) Steigerwald, M. L.; Siegrist, T.; Stuczynski, S. M.; Knom, Y.-U.
J. Am. Chem. Soc. 1992, 114, 3155.

(8) Vorlander, D.; Mittag, E. Chem. Ber. 1913, 46, 3450.

identified as authentic by comparison of their boiling point and
melting point, respectively, with that reported previously.
Additionally, the compounds were characterized by GC/MS.
Ethanol (Florida Distillers) was distilled before use, and
tetramethylethylenediamine was refluxed over clean K, dis-
tilled, and stored under a nitrogen atmosphere. Pyridine was
refluxed over KOH and distilled.

Gas chromatograph/mass spectral data were collected with
a Hewlett Packard GC 5890 Series |1, MS5971A spectrometer.
X-ray powder diffraction data were obtained on a Siemens
Kristalloflex diffractometer. NMR spectra were recorded on
a Gemini-300 spectrometer and processed on a Sun 4/110 data
station. Melting points were obtained using a Mel-Temp 11
apparatus. Elemental analyses were performed by Galbraith
Laboratories, Knoxville, TN.

Syntheses. [Hg(SBz),]..t* and [CIHgS-iso-Pr]..'? were pre-
pared according to literature methods. The preparation of
CIHg(S-neo-Pent) and CIHgSBz each was carried out following
a procedure which was comparable to the method described
in reference 11 (eq 1). The TMEDA adduct of CIHgSBz was
obtained by slow cooling of a saturated solution of CIHgSBz
in tetramethylethylenediamine from 60 to 25 °C overnight. The
pyridine adduct of CIHg(S-neo-Pent) was prepared by the slow
evaporation of solvent from a solution of CIHg(S-neo-Pent) in
pyridine.

HgCl, + R—SH —=- CIHgSR + HCI 1)

CIHgSBz: yield 79%; mp 180 °C (dec); *H NMR (CDCl3) 7.3
(m, 5H), 3.9 (s, 2H). Elemental Anal. (Calcd): C, 25.97%
(23.41%); H, 2.42% (1.97%). (This compound appears to be
somewhat light sensitive and decomposed partially before its
composition could be determined.)

CIHg(S-neo-Pent): Yield 85%; mp 190 °C (dec). Elemental
Anal. (Calcd): C, 17.41% (17.71%); H, 3.33% (3.27%); S, 9.30%
(9.45%).

The reaction of HgCl, with triphenylmethylthiol was carried
out as described previously (eq 2):8

EtOH
25°C, —HCI

“CIHgSCPh,” ™ HgsS + CICPh, (2)

HgCl, + Ph,CSH

(9) Courtin, A.; von Tobel, H.-R.; Auerbach, G. Helv. Chim. Acta
1980, 63, 1412.

(10) Balfe, M. P.; Kenyon, J.; Searle, C. E. J. Chem. Soc. 1950, 3309.

(11) Kern, R. J. 3. Am. Chem. Soc. 1953, 75, 1865.

(12) Biscarini, P.; Fusina, L.; Nivellini, G. Spectrochim. Acta 1980,
36A, 593.
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Table 2. Selected Interatomic Distances (A)

Krauter et al.

CIHgSBz- TMEDA [CIHgS-iso-Pr], [CIHg(S-neo-Pent)-1/,Py]n [Hg(SB2),]n
S—Hg 2.34 Hg(1)—S(1) 2.362(6) Hg(1)—S(1) 2.420(3) Hg—S(1) 2.34(3)
Cl—Hg 2.38 Hg(1)—CI(1) 3.29(1) Hg(2)—ClI(1) 2.687(4) S(1)—C(11) 1.77(2)
N(1)—Hg 2.47 Hg(2)—S(1) 2.560(8) Hg(1)—ClI(1) 3.109(4) S(2)—C(2) 1.79(1)
N(2)—Hg 2.54 Hg(2)—CI(1) 2.503(9) Hg(2)—SI(1) 2.480(3) Hg—S(2) 2.341(3)

Hg(1)—ClI(1b) 3.07(1) Hg(3)—S(2) 2.432(4) S(1)—C(12) 1.88(3)

S(1)—C(@) 1.83(3) S(1)—C(1) 1.86(1)

Hg(1)—Hg(2) 3.578(2) Hg(1)—N(2) 2.35(1)
Hg(2)—C1(2) 2.472(5)
Hg(3)—ClI(1) 3.100(4)
Hg(2)—S(2) 2.471(4)
Hg(3)—N(2) 2.33(1)
S(2)—C(2) 1.85(1)
Hg(1)—Hg(2) 3.555(1)
Hg(2)—Hg(3) 3.577(2)

Table 3. Selected Interatomic Angles (deg)

CIHgSBz-TMEDA [CIHgS-iso-Pr], [CIHg(S-neo-Pent)-1/,Py]n [H(SBz)2]n
S—Hg—Cl 152.1 CI(1)—Hg(1)—ClI(1d) 176.5(3) S(1)—Hg(1)—N(1) 108.03(9) S(1)—Hg—S(2) 174.7(1)
Cl—Hg—N(1) 105.3 Cl(1)—Hg(1)—Cl(1c) 81.8(3) N(1)—Hg(1)—S(1A) 108.03(9) Hg—S(1)—C(12) 103.8(9)
Cl—Hg—N(2) 97.5 S(1)—Hg(1)—ClI(1b) 80.5(3) Cl(1)—Hg(2)—S(1) 96.7(1) Hg—S(1)—C(11) 105.6(7)
S—Hg—N(2) 103.5 S(1)—Hg(1)—Cl(1c) 99.1(3) S(1)—Hg(2)—S(2) 129.3(1)

N(1)—Hg—N(2) 74.6 Cl(1)—Hg(2)—S(1) 100.0(3) S(2)—Hg(3)—S(2b) 135.0(2)
Cl(1)—Hg(2)—S(1b) 110.6(2) CI(1)—Hg(1)—Cl(1a) 170.1(1)
S(1)—Hg(2)—S(1b) 116.9(4) CI(1)—Hg(1)—S(1) 87.7(1)
Hg(1)—CI(1)—Hg(2) 75.0(3) CI(1)—Hg(1)—N(1) 85.1(2)
Hg(1)— S(1)—Hg(2) 93.2(3) CI(1)—Hg(3)—S(2a) 93.0(1)
Hg(1)— S(1)—CI(1) 105.5(9) Hg(1)—CI(1)—Hg(3) 147.9(7)
CI(1)—Hg(1)—ClI(1b) 94.6(3) Hg(1)—CI(1)—Hg(2) 75.3(7)
Cl(1b)—Hg(1)—Cl(1d) 88.9(3) Hg(1)—S(1)—Hg(2) 93.01(7)
S(1)—Hg(1)—S(1a) 174.6(5) Hg(1)—CI(1)—Hg(3) 147.9(7)
S(1)—Hg(1)—Cl(1a) 85.0(3) Hg(1)—CI(1)—Hg(2) 75.3(7)
CI(1)—Hg(2)—Cl(1a) 119.6(4) Hg(1)—S(1)—Hg(2) 93.01(7)
S(1)—Hg(2)—Cl(1a) 110.6(2) Hg(2)—S(1)—C(1) 102.3(6)
Hg(1) CI(1)—Hg(1) 94.6(3) Hg(2)—S(2)—C(2) 100.7(7)
Hg(2)—CI(1)—Hg(1a) 119.2(3) Hg(1)—N(1)—C(3) 121.4(8)
Hg(2)—S(1)—C(1) 106(1) Hg(3)—N(2)—C(6b) 119.9(8)

S(1)—Hg(1)—S(1a) 143.9(1)
CIl(1)—Hg(2)—ClI(2) 102.0(1)
CI(1)—Hg(2)—S(2) 97.1(1)
Cl(2)—Hg(2)—S(2) 113.3(2)
S(2)—Hg(3)—N(2) 112.5(1)
N(2)—Hg(3)—S(2b) 112.5(1)
CI(1)—Hg(3)—ClI(1b) 177.3(1)
CI(1)—Hg(1)—S(1a) 95.4(1)
CI(1)—Hg(3)—S(2) 88.1(1)
CI(1)—Hg(3)—N(2) 88.6(2)
Hg(2)—CI(1)—Hg(3) 76.0(7)
Hg(1)—S(1)—C(1) 102.1(6)
Hg(2)—S(2)—Hg(3) 93.7(2)
Hg(3)—S(2)—C(3) 103.9(5)
Hg(1)—N(1)—C(3a) 121.4(8)
Hg(3)—N(2)—C(6) 119.8(8)

Thermolyses. Samples of the prepared chloromercurythi-
olate compounds (1.5 g) were placed individually in a flask
and heated under vacuum (0.2 Torr) at 200 °C for 4 h.
Mercury sulfide was characterized by XRPD. HgCl, was
identified by reaction with an aqueous ammonia solution,
which yielded elemental mercury. A test for chloride was
carried out by adding silver nitrate solution to a solution of
the recovered solid in diluted nitric acid, yielding AgCl. The
volatile products were trapped in a flask cooled by liquid
nitrogen and subsequently characterized by GC/MS. The
thermolysis of Hg(SBz), was mentioned 40 years ago.*!

X-ray Crystallography. Data were taken on Enraf Nonius
CAD-4 [CIHgSBz-TMEDA] Siemens P3 {[CIHgS-iso-Pr].} or
Siemens P4 {[CIHg(S-neo-Pent)-0.5 Py]..;[Hg(SBz).].} diffrac-
tometers. Crystallographic data and refinement details are
summarized in Table 1. Programs used during structure
solution and refinement were SHELXTL-Plus,'® SHELXL-93
(refinement [CIHg(S-neo-Pent)-0.5 Py]. and [Hg(SBz):]«),*
PLATON,* and ORTEP (unit cell of [CIHgS-iso-Pr]..).1

[CIHgS-iso-Pr]... Crystals suitable for X-ray diffraction were
obtained by slowly cooling a saturated solution of the com-

(13) Sheldrick, G. M. SHELXTL-Plus, Release 4.0, Siemens Ana-
lytical X-Ray Instruments Inc., Madison, WI, 1989.

pound in ethanol from 70 to 25 °C overnight. Structural data
for this compound have been published previously;'” however,
the compound isolated herein has a different absolute config-
uration and the present refinement resulted in a considerably
lower residual electron density, thus this structure is discussed
briefly in the context of this paper. Important interatomic
distances and angles are summarized in Table 2 and Table 3,
respectively. Sufficient data were collected to ascertain the
absolute structure of the molecule. The inverted molecule
refined to R = 4.0, Ry = 3.4. A numerical absorption correction
was applied to the raw data. A plot of the unit cell indicates
that an alternative assignment in C2/m is not plausible.
Standard indications (statistical analysis of the intensities,
anomalous scattering, cell plots, unsuccessful solution and
refinement in a centrosymmetric space group) combine to
indicate the choice of C2.

[CIHg(S-neo-Pent)-0.5Py]... Crystals were obtained by slow
evaporation of the solvent from a saturated solution of CIHgS-

(14) Sheldrick, G. M. SHELXL-93, Gottingen, 1993.

(15) Spek, A. L. PLATON-93, Utrecht, 1993.

(16) Johnson, C. K. ORTEP, ORNL-3794, Oak Ridge National
Laboratories, TN, 1965.

(17) Biscarini, P.; Foresti, E.; Pradella, G. J. Chem. Soc., Dalton
Trans. 1984, 953.
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Figure 1. XRPD pattern of HgS obtained from the reaction
of HgCl, and HSCPh; at ambient temperature in ethanol. The
lines represent HgS (Metacinnabar) [JCPDS 6-261].

neo-Pent in pyridine overnight. Interatomic distances and
angles are summarized in Tables 2 and 3, respectively.
Sufficient data were collected to ascertain the absolute struc-
ture of the molecule. The Flack parameter has a value of
0.003(14). An empirical absorption correction (y scans) was
applied to the raw data. A plot of the unit cell indicates that
an alternative assignment in C2/m is not plausible. Standard
indications (statistical analysis of the intensities, anomalous
scattering, cell plots, unsuccessful solution, and refinement in
a centrosymmetric space group) combine to indicate the choice
of C2.

CIHgSBz-TMEDA. Crystals were obtained by cooling of a
saturated solution of CIHgSBz in tetramethylethylenediamine
slowly from 70 to 25 °C overnight. Interatomic distances and
angles are summarized in Tables 2 and 3, respectively.

[Hg(SBz).].. Crystals were obtained by slowly cooling a
saturated solution of the compound in ethanol from 70 to 25
°C overnight. Interatomic distances and angles are sum-
marized in Tables 2 and 3, respectively.

Results and Discussion

Syntheses and Pyrolyses. Compounds of the gen-
eral formula CIHgSR (R = iso-Pr, neo-Pent, Bz) as well
as the mercury bis(thiolate) compound [Hg(SBz),]. have
been prepared and characterized by single crystal X-ray
diffraction of either the unsolvated compounds or, in the
cases of CIHgSBz and CIHg(S-neo-Pent), of Lewis base
adducts. The prepared chloromercurythiolates form
polymeric chains, except for CIHgSBz-TMEDA, which
is a monomer. These compounds are white crystalline
solids and are soluble in polar and in coordinating
solvents. They do not show any sensitivity toward
oxygen, even after prolonged exposure. The compound
CIHgSBz, as well as its TMEDA adduct, each exhibit
sensitivity toward photodecomposition, while the other
compounds discussed herein show no pronounced sen-
sitivity toward light.

Attempts to isolate CIHgSCPh3 were thwarted, pre-
sumably due to the instability of this compound at
ambient conditions. The decomposition products (iso-
lated in a matter of minutes after HgCl, and triphenyl-
methylthiol are mixed in ethanol) are mercury sulfide
and triphenylmethylchloride, as determined by XRPD
and GC/MS, respectively. Figure 1 shows the XRPD
pattern of the obtained HgS. It reveals the formation
of a relatively crystalline material—which is surprising
considering that the preparation occurred at ambient
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Figure 2. XRPD pattern of HgS obtained from the solid-state
decomposition of CIHgSBz (200 °C, 4 h). The lines represent
HgS (Metacinnabar, JCPDS 6-261 and Cinnabar *, JCPDS
6-256).

temperature. Triphenylmethyl derivatives containing
a C—S bond are known to decompose at mild conditions.
It was reported in the first quarter of this century!® that
(Ph3C)SS(CPhs) decomposes spontaneously when stirred
in benzene at ambient temperature according to eq 3.
(Ph,C)SS(CPh,) % Ph,C' +°SSCPh,  (3)
Apparently, the known high stability of the triphenyl-
methyl radical is the predominate contributor to this
decomposition pathway. Incidentally, following the
completion of the present project, a similar decomposi-
tion was disclosed for a copper(ll) thiolato complex
containing a triphenylmethylthiolate group.®
Chloromercurybenzylthiolate decomposes when heated
to 200 °C to form a black solid, identified as HgS
(Metacinnabar and cinnabar) by XRPD (JCPDS File
#6-261 and 6-256, respectively) (Figure 2) and a colorless
liquid which was found to be BzCIl by GC/MS (m/et =
126 amu). Thus, the benzyl derivative follows the same
decomposition pathway observed for the triphenylm-
ethyl compound, albeit at a somewhat more elevated
temperature (eq 4).

200 °C

ClHgSBz CIHgS' +°'Bz—BzCl + HgS (4)

The chloromercury alkylthiolates [CIHgS-iso-Pr].. and
CIHg(S-neo-Pent) also decompose at a temperature of
about 200 °C. However, unlike the decomposition of the
triphenylmethyl and benzyl derivatives, each of which
apparently are initiated by the cleavage of a C—S bond,
the thermolyses of [CIHgS-iso-Pr]. and CIHg(S-neo-
Pent) proceed by a rupturing of the Hg—S bond. The
decomposition products of such a bond scission are Hg,-
Cl, and organosulfur compounds, the latter being
formed presumably by recombination of radicals (eq 5

CIHgSR 2% Hg,Cl, + R—S—S—R
R = C;H,;(neo-Pent) (5)

and Scheme 1). If the alkyl group present in the

(18) Blicke, F. F. J. Am. Chem. Soc. 1923, 45, 1965.
(19) Fujisawa, K.; Moro-oka, Y.; Kitajima, N. J. Chem. Soc., Chem.
Commun. 1994, 623.
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Cl12b)

Cld)

Figure 3. ORTEP representation of the solid-state structure
of [CIHQgS-is0-Pr]e.

Scheme 1. Proposed Thermal Decomposition
Mechanism for CIHgS-iso-Pr

200°C

ClHgS:-Pr Hg,Cl, +  i-Pr-S-S-i-Pr

|
>_ 3 PR + >— S-S-H

/
\ o

+ >— Se +>‘ S-Se

D

chloromercury thiolate contains g-hydrogen atoms, the
number of organic decomposition products increases due
to f-hydride elimination (Scheme 1).

The dialkyldi-, -tri-, and -tetrasulfides each were
isolated and characterized by GC/MS (Table 4). How-
ever, propene escaped detection as a consequence of the
GC/MS instrument available for use in these experi-
ments not being equipped to detect such highly volatile
species. In the absence of f-hydrogen atoms, the
dialkydisulfide is the only organic decomposition prod-
uct (eq 5).

Solid-State Structures of the Precursors

Structural Motifs. [CIHgS-iso-Pr].. The compound
is best described by the formula {[Hg(S-iso-Pr),]-
HgCl} . and forms a two-dimensional polymeric chain
(Figure 3). Atom Hg(1) reaches a coordination number
of six by coordinating to two sulfur atoms [Hg(1)-S(1),
Hg(1)—S(1a) 2.36 A, S(1)—Hg(1)—S(1a) 176°] and four
chlorine atoms. The Hg(1)—Cl interatomic distances are
3.07 and 3.29 A, as compared to 2.50 A for the Hg(2)—
Cl—interatomic distances. Atom Hg(2) is in a distorted
tetrahedral environment and interacts with two sulfur
atoms and two chlorine atoms (Figure 3).
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Figure 4. ORTEP representation of the solid-state structure
of [CIHg(S-neo-Pent)-0.5 Py]..

Figure 5. ORTEP representation of the solid-state structure
of CIHgSBz-TMEDA.

Figure 6. ORTEP representation of the solid-state structure
of [Hg(SBz).].. All unlabeled atoms are carbon atoms.

[CIHg(S-neo-Pent)-0.5 Pyl.. The compound forms a
one-dimensional polymer [(neo-PentS), Hg(NCsHs)--
HgCl;].. (Figure 4). The mercury atoms Hg(1) and Hg-
(3) are coordinated by two sulfur atoms and two chlorine
atoms. Their distorted trigonal bipyramidal environ-
ment is completed by coordination to the nitrogen atom
of the pyridine ring. The Hg—S interatomic distances
(2.43, 2.42 A) clearly are within the range observed for
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Figure 8. Detail of tetrahedral atomic coordination present
around Hg(2) in [CIHg(S-neo-Pent)-0.5Py]..
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Figure 9. Detail of trigonal bipyramidal atomic coordination
present around Hg(1) in [CIHg(S-neo-Pent)-0.5Py]...

other mercury thiolate complexes (2.32—2.43 A).2 The
separation between Hg(2)—CI(1) (2.69 A) is considerably
longer than that observed for Hg(2)—CI(2) (2.47 A). This
presumably is due to the presence of the additional
interaction of CI(1) to Hg(3) and Hg(1) (Figure 4, narrow
lines in ORTEP). Atom Hg(2) possesses a coordination
number of four, with a tetrahedral (average angle =
108.2°) array of two sulfur and two chlorine atoms.
CIHgSBz-TMEDA. The compound is a monomer and
the coordination sphere around the mercury atom is a
distorted tetrahedron (Figure 5). The Hg—S distance
(2.35 A) is in the range observed for the other complexes

Figure 10. Stereoview of the unit cell of [CIHgS-iso-Pr].,
showing the two-dimensional planes formed by intermolecular
accretion of the two formula units [Hg(S-iso-Pr);] and HgCl..

described herein. The Hg—Cl distance (2.39 A) (Table
2) is shorter than the analogous distances in [CIHgS-
iso-Pr]. or [CIHgQ(S-neo-Pent)-0.5 Pyl.. This is ex-
plained by noting that the chlorine atom in CIHgSBz--
TMEDA is interacting exclusively with one mercury
atom, while each of the chlorine atoms in the other
chloromercury thiolate compounds discussed herein are
involved in secondary, bridging interactions between
two metal centers, thereby resulting in an observation
of an elongation of the distance (2.47—3.29 A).
[Hg(SBz),]». The compound forms a polymeric chain
[Hg(SBz);]. by intermolecular Hg—S interactions (Hg—
S(2a) 3.25 A; Hg—S(1a) 3.39 A) (Figures 6 and 7). The
chains are connected to each other by short Hg—S
interactions (Hg—S(1b) 3.15 A) leading to the formation
of a double chain structure (Figure 7). The coordination
environment around the mercury atom is best described
as a distorted trigonal bipyramid. The Hg—S distances
[Hg—S(1) 2.34 A; and Hg—S(2) 2.39 A] are almost
identical with those observed in CIHgSBz-TMEDA and
are in the range reported for other comparable com-
pounds.?%21 The angle S(1)—Hg—S(2) is close to 180°,
a value observed in many mercury bis(thiolate) com-

(20) Block, E.; Brito, M.; Germon, M.; McGowty, D.; Kang, H.;
Zubieta, J. Inorg. Chem. 1990, 29, 3172.
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Figure 11. Representation of the layered nature of [CIHgS-iso-Pr]. by a partial view of the extended solid-state structure. Key:
purple, mercury; green, chlorine; yellow, sulfur; white, ipso-carbon of iso-Pr groups; terminal methyl groups and all hydrogen
atoms have been omitted for clarity in viewing of the presentation.

pounds?%2! and, indeed, in numerous homoleptic diva-
lent mercury compounds in general.??

Comments

Atom Hg(2) in [CIHg(S-neo-Pent)-0.5Py]., has a ge-
ometry almost identical with that of Hg(2) in [CIHgS-
iso-Pr]., both being pseudo-tetrahedral (Figure 8).
However, the localized geometry around each of the
remaining independent mercury atoms for each struc-
ture is quite different. While Hg(1) in [CIHg(S-neo-
Pent)-0.5Py]. has near TBP geometry, Hg(1) in [CIHgS-
iso-Pr]. is almost octahedral. The axial arrangement
of the two chlorine atoms is completed with two equato-
rial sulfur atoms and the nitrogen atom of pyridine for

(21) Alsina, T.; Clegg, W.; Fraser, K. A.; Sola, J. J. Chem. Soc.,
Dalton Trans. 1992, 1393.

(22) Larock, R. C. Mercury: Organometallic Chemistry. In Ency-
clopedia of Inorganic Chemistry; King, R. B., Ed.; Wiley: New York,
1994; Vol. 4, pp 2145—2164.

[CIHg(S-neo-Pent)-0.5Py].. (Figure 9). An equatorial
complement of four chlorine atoms is offset by axial
positioning of the two sulfur atoms in [CIHgS-is0-Pr].
(Figure 3).

The two-dimensional nature of [CIHgS-iso-Pr].. may
be gleaned by study of the stereoview of the unit cell
(Figure 10). This correlates well with the formation of
Hg.Cl, upon thermolysis of the compound. The inter-
layer connectivities are portrayed as thin lines, while
the intralayer connectivities are represented by bold
lines to demonstrate the clear layering of this solid-state
structure (Figure 11).

The chainlike nature of [CIHg(S-neo-Pent)-0.5Py].
differs substantially from the individual chains present
in [CIHgS-iso-Pr]». In the absence of an additional
Lewis base, the regular ordered array of mercury atoms
may be described best by a comb configuration off of a
central backbone, with all pendant units pointing in the
same direction. The zigzag arrangement (Figure 12)
arises upon incorporation of a monodentate Lewis base
within the structural formula.
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Figure 12. Representation of the zig-zag nature of the
structure of [CIHg(S-neo-Pent)-0.5Py]. by a partial view of the
extended solid-state structure. Key: purple, mercury; green,
chlorine; yellow, sulfur; blue, nitrogen; white, methylene
carbon of neo-Pent groups. All hydrogen atoms and terminal
alkyl groups have been omitted for clarity in viewing of the
presentation; z-ring atoms on pyridine also omitted.

Conclusion

Chloromercury thiolate compounds have been char-
acterized structurally, and the thermal decomposition
of these species has been studied. Upon scrutiny of the
solid-state motifs displayed by the four compounds
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Table 4. Volatile Decomposition Products Obtained from
the Thermolysis of CIHgS-iso-Pr As Determined by

GC/MS
obs mass abundance assignment
150 amu 81.4% iso-PrSS-iso-Pr
182 amu 17.3% is0-PrSSS-iso-Pr
214 amu 1.3% is0-PrSSSS-iso-Pr

Table 5. Interatomic Hg—Cl and Hg—S Distances [A]

compound Hg—ClI Hg-S
[CIHgS-is0-Pr]e 3.07 2.36
3.29
2.50
[CIHg(S-neo-Pent)-0.5 Py], 2.69 2.43
2.47 2.42
CIHgSBz-TMEDA 2.39 2.35

structurally characterized in the present single crystal
X-ray diffraction investigations, a few universal themes
emerge. In the absence of any additional Lewis base,
chloromercurythiolate compounds aggregate into infi-
nite sheetlike structures (Figure 3). When a monoden-
tate Lewis base is added, the 2D planes undergo
dimensional reduction to form 1D chains (Figure 4).
Once chelated with a difunctional Lewis base, a mon-
omeric species results (Figure 5).

A comparison of the localized coordination environ-
ment present around mercury atoms can be derived
(Table 5). The observed geometry of the nearest neigh-
bors ranges from linear (Figure 6) to octahedral (Figure
3), with intermediate examples of tetrahedral (Figures
8 and 11) and trigonal bipyramidal (Figure 9). Thus,
as a function of the presence of added external Lewis
base, the degree of catenation is reduced, while the
metal coordination sphere is observed to portray a
diversity of atomic arrays.

The polymeric chloromercuryalkylthiolate compounds
which display strong Hg—ClI interactions in their mo-
lecular structure decompose to form Hg,Cl,, while the
absence of these interactions appears to encourage the
formation of HgS. A further correlation may be drawn
to relate the thermolytic reaction products (HgS or Hg-
Cly) with the solid-state structure for chloromercury
thiolate compounds. To a first order, the best data fit
appears to be related to the stability of the radical
formed upon cleavage of the R—S bond (BDE, in kcal/
mol for R—H: Ph3C, <60; Bz, 78; iso-Pr, 94; neo-Pent,
97).28 This is reinforced by noting that coordinated
Lewis bases are lost in the early stages of thermolyses.
Noteworthy, TGA data support the identity of the
penultimate reaction product in each case as decom-
plexed CIHgSR. The identified volatile decomposition
product distributions also suggest that radical species
are formed during the thermolyses. Thus, the decom-
position pathway is not only a function of the solid-state
molecular structures of the precursors but also, and
maybe even more importantly, a function of the stabili-
ties of the radical species prepared during the ther-
molytic decomposition. By introducing organic groups
forming relatively stable radicals, the decomposition
route can be designed for the favorable formation of
HgS. In the extreme case of chloromercury triphenyl-
methylthiolate the high stability of the triphenylmethyl
radical leads to a spontaneous cleavage of the C—S bond
at ambient temperature, thus ensuring the predestined

(23) Morrison, R. T.; Boyd, R. N. Organic Chemistry, 2nd ed.; Allyn
and Bacon: Boston, 1966.
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formation of moderately crystalline HgS under rela-
tively mild conditions. Exertion of such control over the
structure of products prepared via gentle synthetic
schemes is an example of the principles of molecular
design of materials. Additional examples of these
concepts are undergoing active investigations in these
laboratories and will be reported in due time.
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