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Synthesis and NMR spectroscopy of
dichlorobis( acetophenonethiosemicarbazone ) mercury (II) formed from
phenylmercury(II) chloride and aceiophenonethiosemicarbazone:
the first example of symmetrisation in
organomercury (II)-thiosemicarbazone chemistry
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Abstract

The reaction of phenylvercury (1) chloride with acetophenonethiosemicarbazone (Hatse) in ethanol in 1:1 mole ratio undergoes sym-
metrisation forming the products, HgCly(Hatse )y and Ph,Hg instead of the anticipated compound PhHgCl(Hatse) . The analytical data, some
physical properties, IR and NMR ('H, ''C, "™ Hg) spectroscopy all support the formation of HgCla(Hatsc) 2. '*“Hg NMR of the solid obtained
from the filtrate of the reaction provides evidence for Ph,Hg. This reaction represents the first example of a symmetrisation phenomenon
ubserved in organomercury (1) -thiosemicarbazone chemistry. — © 1998 Elsevier Science S.A.

Kevwords: Ouganowercury ¢ complexes: Thiosemicarbazone complexes

1. Introduction

Organomercury(11)  substrates, RHgX. are known 1o
undergo symmetrisation forming symmetric diorganomer-
curials HgR, and Hg(11) complexes [ 1-3]. However, sw-
bilisation of the dicoordinate [PhHg(PPhy) " 4] and
tetracoordinate | RHgL ] ' species (R =Me, Ph: L = tripodal
ligand, N(CH,CH,PPh,) .. coordinating via all three phos-
phorus atoms) |5] has been reported. No symmetrisation
occurs with the analogous phosphine chalcogenides (Ph,PE,
E=0,SorSe) {3].
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In order 10 understand the generality of the symmetrisation
phenomenon, in this note, the reaction of phenylmercury (11
chloride with acetophenonethiosemicarbazone (I, Hatse,
R'=CH. R=CHs shown in the E-configuration) is
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described us an example of general symmetrisation reaction
and the products identified using analytical data, some phys-
ical properties, IR and multinuclear ('H. "'C, "™"Hg) NMR
spectroscopy. It may be noted that limited investigations on
complexes of thiosemicarbazides and thiosemicarbazones
with mercury (1) or organomercury(11) have been reported
[6=10].

2. Experimental
2.1. Technigues used

The clemental analysis for C, H and N were obtained with
a Carlo-Erba 1108 microanalyser. Melting points were deter-
mined with a Gallenkamp electrically heated apparatus. The
IR spectra were recorded in KBr pellets (4000-400 cm ')
or nujol mull in polyethene sheets (500100 cm” 'y ona
Bruker IFS 66V spectrometer. The NMR specira were
recorded in (i) (CD4),SO using a Bruker AMX 300 spec-
trometer at 300.14 and 75.48 MHz frequencies ( 'H and '*C)
with TMS as the internal reference and (ii) (CD;),80 or
CDCl, using a Bruker AMX 500 spectrometer at 89.51 MHz
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probe frequency (""Hg) with neat Me,Hg as the external
reference.

2.2, Preparation of ucetophenonethiosemicarbazone
{Hatsc)

This ligand was prepared by the methods reported for other
related thiosemicarbazones [ 11] as follows. To thiosemicar-
bazide (3.65 g, 0.04 mol) suspended in 75 ml of distilled
water was added about 2 ml of glscial acetic acid and the
mixture was heated until a clear solution. was formed. To this
was added slowly under constant stirring acetophenone (S
ml, 0.04 mol) dissolved in 30 ml of ethanol. The contents
were refluxed for a period of 6 h and, on cooling, a light
yellow solid formed, which was filtered and dried in vacuo.
Yield 70%: m.p. 114-115°C. IR data (cm ™ '): 3408s. 3364m
(¥NH); 3236s, 3210s, 31475 (vCH+ vNH); i587vs,
15itvs, 1490vs (pC=N + vC=C + NH,): 1460s, 14445
(8CH); 1310sh, 1293s, 1105m (¥N=-N+ vC-N); 1035
(#C=8); 964m (pCH.,); 847s (#C=3); 764s, 752m (ring
modes): 688s ( 8C=N, 6C=C).

2.3, Reaction of PRHCI with Hatse and synthesis of
HeClyHatse)s (compound A)

To a PhHgCl solution (0.313 g, 1 mmol) in 50 mi of
ethanol was added the ligand solution (0,193 g, 1 mmol).
The contents were stirred at room temperature ( 20-25°C)
for a period of 48 h und the white solid formed was filtered,
washed with ethunol and dried in vacuo. Yield 35%; m.p.
245-280°C (d). Anal. Found: C, 32.6; H, 3.4: N, 12.6. Calc.
for CiuHaN:S.ClhH: €, 32.8: H. 3.3 N, 12.8%, IR daw
tem ') for HgCly(Hatse ) »: 3386m, 342w ( PNH); 32675,
3172, 3056w (vCH+ oNH): 1598vs, 1528vs, 1493wy
(¥C=N + pC=C + 8NH,): 1460sh, 1444m (SCH): 1296w,
12808, br, 1097vw { ¥N=N + pC=N): 1088w ( 1C=5); 967w
{pCH,): B3ds (#C=8): 7645, 743m (ring modes): 686y
(8C=N + 6C=C); I88m ( vHE=8): 342m { vHR-C1). A new
solid (compound B) obtained trom the filtrate after evapo-
rating all the solvent at room temperature was used for record-
ing its ""Hg NMR speetrum in order to contiem the formation
of PhyHg in the symmetrisation reuction,

3. Results and discussion

The analytical data of the white solid, obtained from the
reaction of phenylmercury(11) chloride with acetophenone-
thiosemicurbuzone  (Huatse), reveal the  formation  of
HeCl,(Hatse); (compound A), insteud of the anticipated
PhHCl{ Hatse) compound. Product A is a high melting
white solid which decomposes at 245-250°C 1o a black mass.
It s soluble in DMSO und DMF, but virtwally insoluble in
all other solvents and repeated efforts to grow crystals of
complex A were in vain.

In the IR spectrum of A, the v{NH) bands due to the
~N'H, and -N,H groups undergo changes to low energy, but
are not sufficient to suggest coordination by the NH, group
in accordance with its non-participation in bonding tc metals
|6.11,12]. The coordination of suifur to Hg(Il) is clearly
shown by (i) a new characteristic peak at 388 cm ' due to
v{Hg-S) and (ii) to the shift in the strong peak due to
v(C=S) at 847 cm ™' in the free Hatsc to 843 cm ™! in the
complex. The »(Hg-Cl) band occurs at 342 cm ™! in its
characteristic region but the bands due to #(C=N), »(C=C)
and 6(NH;) are difficuit to assign separately and are thus
assigned as overlapping bands in the 1490-1600cm ™ ' region
[{3.11-13].

The -N*H- group of Hatsc is not deprotonated in complex
A but shifts to low field as shown by its '"H NMR data
(Table 1). Similarly, the <N'H, protons appear as sharp and
strong signals at low-ficld positions in this complex. Two
peaks due to the ~N'H, protons in Hatsc and complex A are
probably due to the restricted rotation of this group about the
C'-N' bond axis due to the partial double bond character and
the low-field shift of the -NH, protons reveals deshielding of
these protons with the possibility of enhanced double bond
character in the C'=N' bond in complex A. The <CH, group
attached to the C* carbon undergoes a low-field shilt by
0.12 ppm. but the -CH, signals are nearly unaftected in the
complex: the above changes clearly support coordination by
thione sulfur of the neutral Hatse to whe Hg(Il) centre (1,
E-configuration), It may be noted that coordination of a thio-
semicarbazone in the deprotonated torm (I Z-configura-
tion) leads to an upfield shift in the '"H(N'H,) signals
[ 11.14], Thus, "H NMR data unequivocally confirm coor-
dination of Hutse to Hg (1) via its thione sulfur in the neutral
form.
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In the "'C NMR specirum of Hatse (Table 1), the ¢!
NMR signal at § 179.1 shows a high-field shitt, while the
"C* and ''C” signals in complex A undergo low-field shifis.
The peaks due to the -C Hq group of Hatse are marginally
affected in the complex. Thus, coordination via the thione
sultur leads to shielding of the C' carbon and deshielding of
the C* and C” carbons, The shielding ol the €' carbon sug-
gosts the following resonating structures (1la—c) | 15].
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Table |

Multinuclear NMR ('H, 'C, " Hg) data (8 (ppm). J (H2)) of the ligand and mercury (11) compounds

'"HNMR*
Compound S3IN'H,| S|N°H} SIC'H.| 8| CHH| SICTHY
Hatse 831k br 10,245 2294 7.92m 7.38m
7925
HeCl:(Hatse-S 1, Y1ls 10.91s 241s 7.98m 74Im
8.79x
VCNMR*®
Compound aC! 8- & sC! aCc" &CcH &
Hatse 179.1 148.0 140 137.7 129.3 128.3 126.6
HgCl( Hatse-8) . 1740 152.5 153 137.3 130.3 128.6 1274
"Hg NMR
Compound S(Hw) YiHg-H)
HpCli(Hatse-8), " — 838 br
Ph,Hg " - 748t 173

“ Solveut, dmso-d,,.

" Solvent. CDCL.

v 8 vadues relative to neat Me,Hy.
“ Phenyl proton incorporates.,

9 H
CH, \ I/S
AN N6
. C=N‘ 2 1
s 2 ) NH,
3
6 8

The low-tield shift of the "'C? signal reveals that structure
1lb makes o signiiicam contribution o the resonating
strueture,

The "™ Hg NMR spectrum of complex A shows a signal a
& = 838s, and this position is different from that of PhHeCl
(8Hp. = 1092 ppm) |3}, Tertiary phosphine complexes.
Hg(‘l:( PPh(): il“d “g(()\CCFJ‘( Pph\); hilVC 6“8 ul'
=413 and = 893 ppm. respectively. [t shows that shielding
of " Hg in complex A is somewhat lower than that of the
Hg(0,CCF,),(PPh,), complex but much higher than that
of HgCl,(PPh,) ,. In comparison. 8Hg values for the phenyl-
mercury(1) complexes (8Hg, PhHg(O0,CCF;)(OPPh;).
- 1246; PhHg(O.CCH,)(SPPh;), ~ 1405, PhHg(O,CC-
CL)(SePPh,), — 1123) which do not show symmetrisation
are all uplield relative 10 complexes which exhibit this phe-
nomenon | 3.16). The solid B showed a ""Hg NMR signal
at & —749¢ (1, triplet) with “/(Hg-H) coupling constant of
173 Hz. and this conlirms the formation of Ph,Hg and
HgCly(Hatse), as the products of the symmetrisation
reaction { 17].

Bascd on the above data, u tetrahedral structure for
HgCl,(Hatse), is suggested in which Hatse is coordinating
to Hg (1) via its thione sulfur. The X-ray crystallography on
analogous complexes, MX,(HL); (M. X, HL: Co. L. Hatsc:
Ni, CI, Hatsc; Hg, Cl, Br. thiosemicarbazide) [9.18] have

established their tetrahedral structures coordinating viathione
sulfur only.
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