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Syntheses of ButSeH, Hg(SeR ), (R = Me, Et, But),
MeSeHgO,CMe, and MeHgSeBut are described. The
complexes Hg(SeBut), and MeSeHgO,CMe have
X-ray powder diffraction indicating that they have
identical polymeric structures to their thiol analo-
gues. Vibrational spectra for the complex Hg(SeBut),
with tetrahedral coordination for mercury indicate
that mercury—selenium stretching modes occur in the
region 130—140 em™?, the linear complex MeHgSeBut
has v(Hg—Se) 194 em™! (IR) [200 cm™* (Raman)]
and J('H-'"°Hg) 146.8 Hz, and the other complexes

have Hg—Se modes below ca. 200 cm™".

Introduction

Selenium has a protective effect in both inorganic
[1-3] and methylmercury(ll) [2, 4, 5] poisoning. It
is of particular interest that for inorganic mercury a
direct (chemical) interaction between mercury and a
form(s) of selenium in vivo appears to be responsible
for the protective action of selenium [2, 3]. Little is
known about the chemical forms of selenium in vivo,
although selenoamino acids do occur [1, 6] eg.
glycine reductase isolated from Clostridium strick-
landii contains selenocysteine in the reduced form
[7]. Thus, a mercury—selenol interaction may be
important in the biological behaviour of mercury.
However, the structural chemistry of simple seleno-
lates, Hg(SeR),, has not been studied, and since we
have recently interpreted vibrational spectra of
related thiolates Hg(SR), (R = Me, Et, But) [8—10]
and MeSHgO,CMe [11] in terms of established
crystal structure determinations [12—15], we have
prepared the analogous selenolates and compared
their spectroscopic and X-ray powder diffraction data
with the thiolates. As this study required preparation
of tert-butaneselenol, the MeHg(II) complex of this
selenol was also prepared as it is expected to have the
lowest value of J(*H—'%Hg) for selenol complexes.

*Address enquiries to this author.

Experimental

Preparation of Selenium Compounds and Complexes

The diselenides R,Se, (R = Me, Et) were prepared
as described [16, 17] and purified by distillation
[R = Me, b.p. 42—44° (8—9 mm), lit. [18] 43—44°
(15 mm); R = Et, b.p. 68—70° (9—10 mm), lit. [18]
74-75° (14 mm)]. As Bu'SeH has been previously
prepared but details of the method not given [19],
full details are given here. The complex Hg(SeMe),
has been prepared by reaction of metallic mercury
with Me,Se, [20], and as details of this preparation
have not been given they are recorded here;
Hg(SeEt),, which has previously been prepared from
mercuric oxide and ethaneselenol [21], was prepared
from metallic mercury and Et,Se,. The new complex
Hg(SeBut), was prepared from mercuric cyanide and
tert-butaneselenol, and the 1:1 complex MeSeHgO, -
CMe was prepared following the method reported for
MeSHgO,CMe [22]. MeHgSBu' was prepared as
described {23] [m.p. 40—42 (lit. [23] 41-42°);
NMR (CDCl;): § 0.78 (3H, MeHg!!), 1.51 (9H, But),
J(*H-'**Hg) 150.1 Hz, lit. ([23] in CDCl;): 0.77,
1.48, 150.2], and MeHgSeBut prepared similarly
from MeHgOH and ButSeH.

Bis{methaneselenolato Jmercury(Il )

Excess metallic mercury was stirred with dimethyl-
diselenide (2.81 g, 15 mmol) in pyridine (50 ml) for
2 days. The resulting yellow and black suspension was
extracted with hot pyridine until the extract was
colourless (200 ml), the black mercuric selenide and
metallic mercury being removed by filtration through
cellulose powder and a fine sinter under slight posi-
tive pressure. Yellow leaflets of the required product
formed on cooling (5.28 g, 90%).

Bis(ethaneselenolato )mercury(I1)

Excess metallic mercury was stirred with diethyl-
diselenide (ca. 2 ml, unweighed because of stench)
in chloroform (50 ml) for 1 day. The yellow powder
which formed was dissolved by addition of hot
chloroform (100 ml), and metallic mercury removed
by decantation and filtration through a fine sinter
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under slight positive pressure. Chloroform was
removed under vacuum, and the yellow powder re-
crystallized from pyridine to form yellow prisms of
the required product.

Acetato(methaneselenolato )mercury(Il),

MeSeHgO,CMe

Bis(methaneselenolato)mercury (0.130 g, 0.34
mmoi) was added to a solution of mercuric acetate
(0.107 g, 0.34 mmol) in water (5 ml) and ethanol
(3 ml). After 15 min the colourless solution was
filtered to remove a small amount of unreacted
Hg(SeMe),, and the filtrate deposited colourless
crystals on slow evaporation. They were collected
(0.193 g, 81%) and dried over phosporus pentoxide.

tert-Butaneselenol

Powdered grey selenium (3.83 g, 49 mmol) was
added slowly over 30 min with vigorous stirring under
nitrogen to a solution of tert-butylmagnesium chlo-
ride (prepared from 97 mmol of ButCl) in ether (75
ml). After a further 30 min stirring, ether (50 ml) was
added and, after standing for 12 hr, the solution was
cooled in ice and ice cold water (50 ml) added. Sul-
phuric acid (150 ml, 2.5 M) was added slowly over
a period of 2 hr, and only a small amount of un-
reacted selenium remained undissolved. The ether
layer was separated, the aqueous layer extracted with
ether (50 ml), and the combined colourless ether
extracts (100 ml) dried over sodium sulphate.

Bis(tert-butaneselenolato Jmercury(1l)

A portion of the ether extract from preparation of
tert-butaneselenol (ca. 80 ml) was distilled into a
stirred solution of mercuric cyanide (6.12 g, 24
mmol) in methanol (50 ml). The precipitate formed
was collected (Whatman No. 1), dissolved in boiling
chloroform (250 ml), and on cooling, white needles
were collected with a coarse sinter.

tert-Butaneselenolato (methyl)mercury(Il)

A portion of the ether extract from preparation of
tert-butaneselenol (ca. 20 ml) was distilled into an
ice-cold solution of MeHgOH [from MeHgNO; (0.927
g, 3.34 mmol) and NaOH (3 ml, 2 M, 6 mmol)] in
methanol (40 ml). Water (10 ml) was added, and after
standing for 12 hr the solution was filtered through a
sinter containing cellulose powder and washed with
methanol (20 ml). The solution was extracted twice
with hexane (25 ml), NaOH (3 ml, 2 M) and water
(10 ml) added to the aqueous layer and extracted
three more times with hexane (25 ml), and the
hexane extracts taken to dryness under low vacuum
(ca. 25 mm) at 0 °C. The white solid obtained
sublimes at 50—60° (15 mm), m. p. 57—58.5° (sealed
capillary).
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X-ray Powder Diffraction

For Hg(SeR), (R = Me, But) and MeSeHgO,CMe,
measured d spacings (R) are given, followed by rela-
tive intensities.

Hg(SeMe),: 8.3 s(br), 6.63 vw, 561 w, 4.16 m,
3.90 w, 3.63 m, 3.31 w, 3.17 vw, 3.07 m, 2.90 w,
2.87 w, 2.70 w, 2.66 w, 2.56 m, 246 w, 2.42 vw,
227 m, 222 vw, 205w, 196 vw, 191 m, 1.87 w,
1.78 vw.

Hg(SeBut),: 9.3 vs(br), 6.45 m(br), 4.84 w, 4.58
w, 4.10 m, 3.89 w, 3.72 w, 3.57 w, 3.19 vw, 3.06 w,
291 w,2.74m,243 w,2.30w,2.23 w,2.10w, 1.84
w,1.80w,1.71 w.

MeSeHgO,CMe: 8.1 s(br),5.16 w,4.86 w,4.15 w,
399 w, 3.46 w,3.21 m,2.90 vw, 2.65 m(br), 2.49 w,
243 vw, 2.31 w,2.24 vw,2.21 vw,2.15 vw,2.12 vw,
2.05 ww.

Physical Measurements

Infrared spectra (4000—400 cm™!) of complexes
in Nujol and hexachlorobutadiene mulls were re-
corded with a Perkin-Elmer 577 spectrometer. Far IR
spectra of complexes in Nujol mulls between poly-
ethylene plates were recorded with a Perkin-Elmer
577 spectrometer (600—200 cm™') and with a
Perkin-Elmer 180 spectrometer (500—100 cm™?)
Raman spectra were obtained from powdered samples
in sealed capillaries with a Cary 82 laser Raman spec-
trometer (4000—100 cm*). For Hg(SeR), (R = Me,
Et, But} it was necessary to use a Coherent Radiation
Model 1590 dye laser (Rhodamine 6G) as the exciting
source to prevent sample decomposition. For R = Et,
But it was also necessary to defocus the laser beam by
sample spinning. Direct Ar’ 514.5 nm excitation was
used for the other complexes. Maximum errors are
considered to be =4 cm™ ! for both IR and Raman
spectra.

'H NMR spectra at 100 MHz were measured on a
Jeol-INM-4H-100 spectrometer. Microanalyses were
carried out by Australian Microanalytical Service,
Melbourne, and are given in Table L.

Debye-Scherrer X-ray powder diffraction patterns
were obtained from powdered complexes in sealed
Lindemann tubes using Ni filtered CuKa (A = 1.5418
A) or Mn filtered FeKa (A = 1.9373 A) radiation.

TABLE L. Analytical Data for the Complexes.

Complex Found % Calcd. %

C H Hg C H Hg
Hg(SeMe), 63 15 518 62 16 516
Hg(SeEt), 112 23 477 115 24 482
Hg(SeBut), 203 39 427 203 3.8 424
MeSeHgO,CMe 102 1.7 56,5 102 1.7 56.7
MeHgSeBut 170 3.5 570 171 34 570
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Photographically recorded patterns were measured
with a vernier scale, with estimated errors of *0.1
mm.

Results and Discussion

Reaction of metallic mercury with dialkyldisele-
nides is a satisfactory preparative method for
Hg(SeR);, (R = Me, Et) (1), Hg(SeBut), can be pre-
pared from Hg(CN), and Bu'SeH (2), and the com-
plexes MeSeHgO,CMe (3) and MeHgSeBut (4) can be
readily obtained by methods suitable for analogous
thiolates.

Hg + R,Se, — Hg(SeR), (R = Me, Et) 1)
Hg(CN), + 2ButSeH —— Hg(SeBut), + 2HCN  (2)

Hg(SeMe), + Hg(0,CMe), —> 2MeSeHg0,CMe
3)
MeHgOH + ButSeH —— MeHgSeBut + H,0  (4)

X-ray Powder Diffraction

Crystallographic studies reveal that Hg(SR), (R =
Me [12], Et [13]) are linear molecules (I) with
Hg(SMe), also having weak intermolecular Hg—S
interactions. The complexes Hg(SBut), [14] and
MeSHgO,CMe [15] are polymeric with bridging
sulphur to give tetrahedral ‘HgS,’ coordination (II)
and a complex coordination geometry ‘HgS,0;” (IIT)
based on a dominant ‘HgS,’ moiety, respectively.

RS —Hg — SR

I R=MeEt
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In addition, Hg(SMe), also exists in two crystalline
forms, and vibrational spectra establish that the form
not studied by single crystal X-ray methods is also
linear [10].

X-ray powder photographs of analogous com-
plexes Hg(XBut), and MeXHgO,CMe (X = S, Se) are
very similar (Table IT) indicating that the sulphur and
selenium analogues have similar structures. Although
some lines of each complex are absent in their
analogues, presumably due to the effect of change
in scattering between sulphur and selenium (these
complexes have 22.3-33.4% Se), spectra of Hg-
(SeBut), and MeSeHgO,CMe may be indexed using
unit cell parameters for sulphur analogues, even with
the restriction Ak, k, and I < 4. The complex Hg(SeEt),
gives a poor diffraction photograph, showing only dif-
fuse background scattering; and thus X-ray powder
diffraction studies establish that Hg(SeBut); and
MeSeHgO,CMe have structures analogous to II and
III but do not reveal the structure of Hg(SeR), (R =
Me, Et).

Vibrational Spectra

Mercury—sulphur vibrations have been assigned in
the ranges 322—216 [11, 24] and 371 (or 405 [8])—
172 cm™! [8, 9, 25, 26] for RSHgO,CMe (R = Me,
Et, P, Bu™), and 1:2 mercury(II) thiolates, respecti-
vely. Complexes Hg(SR), (R = Me, Et, But) have
v(SHgS) modes at frequencies consistent with the
expected [27] decrease in frequency with increasing
coordination number, e.g. Hg(SMe), (I) has v,,(SHgS)

TABLE 1I. X-ray Powder Diffraction Data for Hg(XBu‘)z and MeXHgO,CMe (X = S, Se)2.

Hg(SBut), Hg(SeBu‘)z MeSHgO,CMe MeSeHgO,CMe
( ) ( )
meas (dmeas) dca.lc(hkl) b meas (dmeas) dcalc (hklD) ¢
9.0, br 9.3 vs, br 9.18 (200) 8.2s, br 8.1s,br 8.0 (020)
6.58m,br  645m,br 649 (210)d 498 m 4.86 w 5.02 (110)
4.54m 458 w 4.59 (020, 400) 4.02 w 3.99 w 3.98 (040), 4.00 (111)
415m 4.10m 4.11(220),4.22311)  373m 3.73 (130)
3.97m 3.89 w 3.92 (021, 401) {3.26 (31), 3.23 (022)
3.03m 3.06 w 3.03 (312) 323w 3.21m 3.18 (140)
271 w 274m 2.74 (330) {2.64 (042), 2.64 (200)
232w 230 w 2.30 (040) 264w 265 m, br 2.61 (210)

8From powder diffraction using FeKa radiation. Very weak lines are omitted. Very weak lines can also be indexed satisfactorily

and d spacings for these are given in the Experimental section.
Hg(SBuY), [14].
(210) is not allowed for space group C222.

bUsing h, k, 1 < 4 and orthorhombic unit cell parameters for
€Using h, k, 1 € 4 and monoclinic unit cell parameters for MeSHgO,CMe [15].

dHowever, the reflection
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S, Se)2.

TABLE IIL Vibrational Spectra (600—-100 cm™ 1) for Hg(XR), and MeXHgO,CMe (X

Hg(SEt), © Hg(SeEt), Hg(SBut),; © Hg(SeBut), MeSHgO,CMed MeSeHg0,CMe
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8Raman values in parentheses [ ]. Abbreviations: v, very; s, strong; m, medium; w, weak; b, broad; sh, shoulder.

[178m]

110s, vb

b<01d phase’, structure determined by X-ray crystallography

f s (SHES).

1,((SHgS) may be 245 cm™! [8].

h, (SHgS).

By .s(SHgS) may be 268 cm™! [8].

€p(CSe).

CFrom reference 8. 4From reference 11.

[12], Fig. 1.
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337 and v, 297 cm™ ! while Hg(SBut), (II) has
Vos(SHgS) 172 and », 188 cm~ ' [8]. In Table III
bands assigned as Hg—S and Hg—Se modes are indi-
cate in italics; assignments for Hg(SR), (R = Me, Et,
But) and MeSHgO,CMe are from previous studies.

With the structures of Hg(SeBut), and MeSeHgO, -
CMe established by X-ray powder diffraction, assign-
ment of Hg—Se modes can be attempted by compari-
son with spectra of thiolates and other complexes
containing Hg—Se bonds [28—31], together with the
expected [27] decrease in Hg—X modes on replacing
sulphur with selenjum. Mercury—selenium stretching
frequencies for complexes with two-coordinate
mercury have been reported to occur in the range
233—178 cm™! [28-31], lower than for Hg—S
modes in related complexes, e.g. Se(HgMe), has v,
231, vg 201 cm™! [29] and S(HgMe), has »,s 344,
vg 300 cm™! [32]; the only 1:2 complex studied,
Hg(SeCF3),, has v,y 233 (solid mull) and v, 178
cm ! (methanol solution) [28]. Tetrahedral mercury
in [PhyaP],[Hg(SePh),] has vg 150 cm™! [30], lower
than in Se(HgMe), which is assumed to have linear
geometry for mercury.

For the selenol complexes described here polymeric
structures occur for Hg(SeBut), and MeSeHgO,CMe,
and are possible for Hg(SeR), (R = Me, Et). When
polymeric structures are possible assignment of
metal—ligand modes requires extreme caution, as
noted for [MX,L;], [33] and MeSHgO,CMe [11,
34}, and simple point group approaches are not ap-
plicable. Nevertheless, assignment is made below for
Hg(SeBut),, and although assignments for the other
complexes are not definite the spectra do support
earlier assignments of Hg—S modes in the analogous
thiolates and suggest that Hg—Se modes occur below
ca. 200 cm™ !,

The tetrahedral complex Hg(SeBut), has intense
bands at 135 (IR), 139 (R) cm !, and as these are
below values observed for Hg—S modes in Hg(SBut),
[172 (IR), 188 (R) cm™!] and similar to v for
[Ph,P],[Hg(SePh),], they are assigned as Hg—Se
modes.

Except for a weak band at 291 (IR) [298 cm™!
(Raman)] _for Hg(SeEt), the complexes Hg(SeR),
(R = Me, E#) do not have bands in the region 500—
200 cm™ ! where Hg—S modes occur for the sulphur
analogues. However, presence of several intense bands
in the region 180—100 cm™! in spectra of both com-
plexes indicate that straightforward assignment of
Hg—Se modes is not possible.

The 1:1 complex MeSeHgO,CMe aiso does not
have bands in the region observed for MeSHgO,CMe,
but has intense bands at 182 and 136 cm™!, sug-
gesting assignment as Hg—Se modes.

MeHgSeBut!
The main reason for preparation of MeHgSeBu®
was to obtain the coupling constant J(*H—!9°Hg) for
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the MeHg!! group, as it is expected to have a lower
coupling constant than any other selenol complex.
The coupling constant has been determined for a
large number of thiolates [9, 23, 35—38] and a linear
correlation is obtained between J(*H—'*Hg) and pKa
of RSH [37]. The lowest coupling constant obtained
is for MeHgSBut (150.2 Hz [23]), and as selenol
complexes have J(*H—"""Hg) lower than their sulphur
analogues, e.g. MeHgXCH,CH(NH;)CO, (X = S,
177.2 Hz; X = Se, 164.3 Hz [38], MeHgSeBut is
expected, and found (146.8 Hz), to have J(*H—'**Hg)
lower than for other selenolates.

Organomercury(II) thiolates have essentially linear
geometry for mercury [39—42] and »(Hg—S) occurs
in the range 388—322 cm™! [9, 25, 41—-44], with
coincidence of IR and Raman values indicating
absence of a centre of symmetry at mercury and thus
excluding dimeric structures similar to that found for
PhHgOR (R = Me, Et) in the solid state [45]. For
MeHgSBu* and MeHgSeBut v(Hg—C) is readily
assigned to bands at 534 m (IR), 536 vs (R) and 521
m (IR), 526 m (R) cm™, respectively, and v(Hg—S)
at 383 w (IR), 390 m (R} cm ™' for MeHgSBut. Below
500 cm™? the selenium complex has weak IR absorp-
tion at 290 (302 m in Raman) but intense absorption
at 194 cm™! (200 s in Raman) readily assigned as
v(Hg—Se) by comparison with two-coordinate
mercury in Se(HgMe), (vas 231, v 201 cm™! [29]).
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