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C-H---m interactions

Pyridine- and pyrazine-2-carboxamide thiosemicarbazones
(HAm4DH and HAmpz4DH) or their N4, N*-dimethyl deriva-
tives (HAm4DM and HAmpz4DM) react with chloro[2-(di-
methylaminomethyl)phenyl-C'lmercury(Il), [Hg(damp)Cl],
to give the tetrahedral [Hg(TSC),] complexes [TSC =
Am4DH (1), Am4DM (2), Ampz4DH (3) or Ampz4DM (4)].
Spectroscopic studies and a X-ray structural analysis show
that the potentially tridentate thiosemicarbazones adopt S,N
coordination modes, with each deprotonated thiosemicarb-
azone binding to the Hg" centre through the azomethine ni-

trogen and the thiolate sulfur atoms, whereas the heterocy-
clic nitrogen atoms are free of coordination. Intra- and inter-
molecular hydrogen bonding in all complexes and specific
C-H---r interactions with the chelate or pyridyl rings of the
complexes 1 and 2 were found in the crystal structures.
Furthermore, [Hg(damp)Cl] undergoes symmetrisation to
give the symmetric unit [Hg(Hdamp),]** in which the Hdamp
is protonated at the nitrogen.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2006)

Introduction

Thiosemicarbazones have been extensively studied due to
their pharmacological properties and their coordinative be-
haviour towards transition-metal ions.!') However, very few
mercury(IT) complexes with thiosemicarbazones are known.

The reaction of potentially tridentate thiosemicarb-
azones, such as 2-acetylpyridine thiosemicarbazone or pyri-
dine-2-carboxamide thiosemicarbazone, with Hg' salts
gives rise to five-coordinate compounds [Hg(HL)X,] (X =
Cl, Br or I) in which coordination to the metal centre oc-
curs through the pyridine and azomethine nitrogen atoms
and the thiocarbonyl sulfur atom (Scheme 1, a).[>
Furthermore, compounds such as 2-acetylpyridine N-oxide
N* N*-dimethylthiosemicarbazone can act as N,S-bidentate
ligands for mercury halides in which the metal atom has a
coordination number four with the same formula [Hg(HL)-
X,] for the complexes (Scheme 1, b).”l These thiosemicarb-
azones can also form dimeric or polymeric complexes in
which the sulfur or the halogen acts as a bridge between
metal centres and, in some cases, they also behave as S-
monodentate ligands (Scheme 1, ¢) to form complexes of
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the formula [Hg(HL),X,], where the mercury atom has a
tetrahedral coordination geometry.[%-0-8-91
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Pyridine-2-carboxamide and pyrazine-2-carboxamide
thiosemicarbazone derivatives (Figure 1) are almost always
N,N,S-tridentate ligands>® but are sometimes unidentate
ligands that coordinate through the sulfur atom.!! Only in
two rhenium complexes does the 2-cyanopyridine thiosemi-
carbazone act as an N,N-bidentate ligand through the pyri-
dine and azomethine nitrogen atoms (Scheme 2, a)l!% or
through the amide and imine nitrogen atoms (Scheme 2,
b).l11
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Figure 1. Pyridine-2-carboxamide and pyrazine-2-carboxamide
thiosemicarbazone derivatives (left and right, respectively).
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The coordination chemistry of organomercury(II) is not
as extensive as that of mercury(Il) salts such as halides or
pseudohalides, probably because organomercury(Il) deriva-
tives have a lower tendency to increase their coordination
by interaction with donor molecules. Organomercury(II)
substrates, RHgX, are known to undergo symmetrisation
to form symmetric diorganomercury HgR, and Hg"" com-
plexes.'>"13] Bidentate thiosemicarbazones react with or-
ganomercury(Il) (RHgX) to form three-coordinate com-
plexes [HgR(TSC)] (R = Ph or Me, TSC = thiosemicarb-
azone).16-18]

When “TSC” is benzaldehyde or 4-methoxybenzalde-
hyde, the '’Hg NMR spectrum shows two signals, one cor-
responding to the formation of the aforementioned complex
and another corresponding to the formation of HgPh,, in-
dicating that a symmetrisation reaction has occurred. How-
ever, when the “TSC” is cyclopentanone, cyclohexanone, 2-
hydroxybenzaldehyde, N-phenyl pyrrole-2-carbaldehyde, N-
phenyl thiophene-2-carbaldehyde, or furan-2-carbaldehyde
thiosemicarbazonate, the *Hg spectra show only one sig-
nal, indicating the presence of a single type of chemical en-
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vironment around the mercury(Il) atom. The reaction be-
tween acetophenone thiosemicarbazone (Hatsc) and
PhHgCl gives compounds of formula [HgCl,(Hatsc),],
where the proposed structure is a four-coordinate complex
in which the “Hatsc” is bonded to the metal through the
thiocarbonyl sulfur atom, and Ph,Hg as the products of the
symmetrisation reaction.[!]

In this paper we report the first examples of the reactions
between pyridine-2-carboxamide or pyrazine-2-carbox-
amide thiosemicarbazone (HAm4DH and HAmpz4DH)
and their N* N*dimethyl derivatives (HAm4DM and
HAmpz4DM), which are usually N,N,S-tridentate ligands,
with chloro[2-(dimethylaminomethyl)phenyl-C'Jmercury(II)
(Figure 2). These reactions give complexes [Hg(Am4DH),]
(1), [HzAm4DM),] (2), [Hz(Ampz4DH),] (3) and
[Hg(Ampz4DM),] (4), which contain two deprotonated li-
gands in a bidentate mode chelating to the Hg!! through
the azomethine nitrogen and thiolate sulfur atoms, a very
unusual coordination mode for these potentially tridentate
ligands. Furthermore, the "Hg NMR spectroscopic data
suggest a symmetrisation phenomenon, which is also sup-
ported by 'H NMR and IR data. In contrast to this behav-
iour, it was recently reported that thiosemicarbazonate
complexes of gold(IIl) are formed in reactions of [Au-
(damp-!C,N)Cl,] with pyridine-2-carboxamide thiosemi-
carbazones, where the organometallic damp™ ligand is pro-
tonated during the reactions and the Au-N bond is
cleaved.l?%!

NMe,

Hg
¢

Figure 2. Chloro[2-(dimethylaminomethyl)phenyl-C'imercury(I1).

Results and Discussion

The reaction of chloro[2-(dimethylaminomethyl)phenyl-
Cllmercury(Il), [Hg(damp)Cl], with pyridine-2-carbox-
amide or pyrazine-2-carboxamide thiosemicarbazone
(HAm4DH and HAmpz4DH) and their N* N*-dimethyl de-
rivatives (HAm4DM and HAmpz4DM) give solids of for-
mula [Hg(TSC),] (TSC = deprotonated thiosemicarb-
azone). The products are consistent with the elemental
analysis data and are colourless or yellow and quite soluble
in common organic solvents.

The FAB* spectra of all complexes show peaks corre-
sponding to {H,L}*, but only the N* N*dimethyl-substi-
tuted complexes show fragments that contain mercury. The
spectra of 2 and 4 show peaks at m/z = 646 and m/z = 648,
which can be assigned to a molecular ion of composition
{HgHL,}". Peaks at m/z = 423 can be assigned to the com-
plex with a loss of a ligand, {HgL}*. In the mass spectra
of 1 and 3 only the signals due to the protonated ligand can
be seen (at m/z 196 and 197, respectively).
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Mercury(II) Complexes with Thiosemicarbazones

X-ray Crystal Structures

In the molecular structures of the complexes the geome-
try is essentially similar and contains four coordinate neu-
tral Hg(TSC), molcules. However, in the compounds 1, 3
and 4 the mercury atom lies on a twofold axis and the
asymmetric unit consists of half a molecule of complex and,
as a consequence, a tetrahedral complex is formed with two
chelating anionic ligands around the central metal (Fig-
ure 3). Complex 2 crystallises in the orthorhombic space
group Pna2, and the Hg metal ion is tetrahedrally coordi-
nated with two symmetrically independent thiosemicarb-
azone ligands as monoanionic bidentate N,S-chelators (Fig-
ure 4). Selected bond lengths and angles are listed in Table 1
and Table 2, respectively.

Figure 3. Structure of 1 showing the intramolecular hydrogen
bonding. Symmetry codes are as given in Table 2.

H1SB

Figure 4. Asymmetric unit of 2 showing the intramolecular hydro-
gen bonding.

In the complexes 1, 3 and 4 the tetrahedra are highly
deformed with Hg-S bond lengths in the range 2.354(2)—
2.362(1) A, averaging 2.358(1) A, which is a little shorter

Eur. J. Inorg. Chem. 2006, 3079-3087

© 2006 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

FULL PAPER
Table 1. Selected bond lengths [A] for complexes 1-4.
Bond 1 2l 3 4
Hgl NI2  2490(3) 2.513(2) 2.488(4) 2.540(3)  2.492(5)
Hgl SI 2363(1)  2417(1)  2.312(1)  2.356(1)  2.354(2)
Cl17-S1 1.764(3)  1.759(6)  1.747(6)  1.757(4)  1.768(7)
CI6-N12  1311(4) 1.352)  1.302(7) 1.304(4)  1.305(8)
NI2-N13  1.402(4) 1.377(19) 1.410(6) 1.400(4) 1.391(8)
NI3-C17  1.2904) 1.332(7) 1.307(7) 1.295(4)  1.308(9)
CI7-N14  1.367(4) 1.346(7) 1.336(7) 1.351(4) 1.361(8)
CI6-N15  1.340(5) 1.342(7) 1.334(7) 1.347(5)  1.340(9)

[a] The second column corresponds to molecule I1.

Table 2. Selected bond angles [°] for complexes 1-4.

Angle 1 2001 3 4
SI-Hgl-SIE  153.80(5) 159.70(5) 152.23(5) 157.46(9)
SI_Hgl-N121  118.65(7) 108.05(9) 125.52(7) 120.24(13)
St Hgl- 7913(7)  77.679) 77.03(7)  77.51(13)
N12@

SI-Hgl-N12  79.13(7)  74.5(5) 77.03(7)  77.51(13)
SIFLHgl-N12  118.65(7) 121.8(5) 125.52(7) 120.24(13)
NI2WLHgl-  100.13(13) 113.9(5) 84.05(13) 85.4(3)
NI12

NIS-CI6-N12  123.53)  121.6(10) 124.0(5) 124.73) 124.1(6)
CIS-CI6-NI2  11993)  121.3(10) 119.1(5) 119.7(3) 117.8(6)
CI6GNI2ZZNI3  11093) 111.2(15) 112.54) 1112(3) 111.6(5)
NIZNI3-CI7 11853) 1144(10) 118.5(5) 117.03) 117.4(5)
NI3-CI7-NI4  117.53) 115.0(15) 116.8(5 117.2(3) 117.0(6)
NI3-CI7-SI  129.6(2) 128.2(4) 126.0(5) 129.53) 127.6(5)
NI4-CI7-SI  11292) 1168(4) 1169(4) 1133(3) 1154(5)

[a] The second column corresponds to molecule II. [b] Symmetry
transformations used to generate equivalent atoms: —x, y, —z+1/2
1, 3); x+1, y, z+3/2 (4).

than the sum of the single-bond covalent radii (2.52 A).21
However, there is a significant difference between the two
Hg-S distances in 2 [2.416(5) and 2.313(5) A]. The Hg-N
bond lengths [range 2.484(15)-2.540(3) A] are somewhat
longer than the Hg—N(hydrazinic) distances in tetracoordi-
nate mercury(I) complexes, but in 1 this distance is
2.290(3) A, which is significantly shorter. Thus, in 1 the thi-
olate sulfur and hydrazine nitrogen atoms are strongly
bound to Hg.

The bond angles around the Hg centre vary over a wide
range, and in any case the geometry is not clearly tetrahe-
dral. The S-Hg-S bond angles [range 152.23(5)-159.8(2)°]
deviate significantly from the ideal tetrahedral angle, but
the main differences are in the N-Hg—N angles, which have
values of 100.1(1) and 114.(5)° for compounds 1 and 2,
respectively, and 84.1(1) and 85.4(3)° for compounds 3 and
4, respectively. These values seem to indicate that the pyr-
azine rings of the thiosemicarbazones have a significant in-
fluence on the packing.

The coordination polyhedra in the four complexes are to
some extent reminiscent of those adopted by
[Hg(H4DMLO)X,] (X = Cl or Br, HADMLO = 2-acetyl-
pyridine N-oxide N* N4-dimethyl thiosemicarbazone).[”]
This can be described as a distorted trigonal pyramid with
the mercury atom in the same mean plane as the nitrogen
and sulfur atoms of the first thiosemicarbazone, and the
sulfur atom of the symmetrical one (1, 3 and 4) or of the
3081
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second thiosemicarbazone (2) [av. 0.2874(2) A] (Figure 5).
These coordination planes form angles in the range 5.5(1)—
12.0(2)° (1, 3 and 4) and 16.2(4)-36.2(2)° (2) with the mean
plane of the thiosemicarbazone moiety.

Figure 5. Perspective drawing of 4 oriented as a distorted trigonal
pyramid. Symmetry codes are as given in Table 2.

The least-squares plane data and deviations from these
planes for the complexes are listed in Table 3. In all four
complexes the pyridyl and pyrazinyl rings are almost
planar. In complex 1 the pyridine ring and the thiosemi-
carbazone moiety form a dihedral angle of 44.8(1)°, and
the two thiosemicarbazonates bonded to the Hg!! are nearly
orthogonal, forming an angle of 85.3(1)°. However, in com-
plex 2 the deviations are smaller and the angles between the
pyridine and the thiosemicarbazone moieties are 25.6(8)
and 29.6(7)° for the two non-symmetric ligands and the an-
gle between the thiosemicarbazone main least-squares pla-
nes is 64.2(4)°. In complexes 3 and 4 the angles between the
pyrazine ring and the thiosemicarbazone moieties are
33.3(1) and 42.7(2)°, respectively, whereas the angles be-
tween each thiosemicarbazone moiety and its symmetrical
one are 46.8(1) and 45.8(2)°, respectively (Figure 6).

Table 3. Best least-squares planes for complexes 1-4.

Figure 6. Parallel projection along the [101] direction showing the
angle of the thiosemicarbazone moieties in the molecule of 3. Sym-
metry codes are as given in Table 2.

The bond lengths in the noncoordinating pyridine and
pyrazine units remain unchanged upon metal-complex for-
mation. These units therefore appear not to participate in
the complexation process. The bond lengths for the thio-
semicarbazone moieties are as one would expect and the
bond lengths in the five-membered chelate rings are inter-
mediate between the usual values for single and double
bonds, thus demonstrating metalloaromaticity.[??!

A number of intra- and intermolecular hydrogen bonds
are formed in the crystal packing arrangement (Table 4),
and it is not only the amine and imine groups that take part
but also the pyridine and pyrazine nitrogen atoms of the
ligands (Figure 7). The most significant intramolecular in-
teractions occur between the amino donor groups and the
imine or pyrazine nitrogen atoms of neighbouring chains,
which act as acceptors. These interactions give rise to a
three-dimensional supramolecular network (Figure 8).

Compound  Plane Rms deviation [A] Largest deviation [A] Angle with previous plane [°]
1 SI-N12-S1fal 0 Hgl, 0.335(1)
C16-N12-N13-C17-S1-N14 0.1292 N12, 0.246(2) 9.8(1)
NI11-C11-C12-C13-C14-C15 0.0071 Cl14, 0.012(3) 44.8(1)
2 SI-N12-S2 0 Hgl, 0.215(4)
C16-N12-N13-C17-S1-N14 0.0080 C17, 0.02(2) 16.2(4)
NI11-C11-C12-C13-C14-C15 0.0109 Cl13, 0.02(2) 25.6(8)
N21-C21-C22-C23-C24-C25 0.0139 N21, 0.02(1) 55.7(7)
C26-N22-N23-C27-S2-N24 0.0535 N24, 0.02(1) 29.6(7)
S2-N22-S1 0 Hgl, 0.334(4) 36.2(3)
3 S1-N12-S1fl 0 Hgl, 0.270(1)
C16-N12-N13-C17-S1-N14 0.0851 N12, 0.160(3) 5.5(1)
NI11-C11-C12-C13-C14-C15 0.0057 C14, 0.010(3) 33.3(1)
4 S1-N12-S1fl 0 Hgl, 0.242(1)
C16-N12-N13-C17-S1-N14 0.0789 N12, 0.156(4) 12.0(2)
NI11-C11-CI12-N16-C14-C15 0.0126 Cl15, 0.021(6) 42.7(2)

[a] Symmetry transformations used to generate equivalent atoms: —x, y, —z+1/2 (1, 3); —x+1, y, —z+3/2 (4).
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Table 4. Hydrogen bonding interactions [A, °] for complexes 1-4.

D H-+A dD-H) dH+A) dD-A) 2D HeA
1@ N14 HI4B-~NI3! 0.76  2.33 3.0354)  154.5
NI5-HISA-NI3 090  2.22 2.565(4)  101.8
NI5-HI5B-~NI11 089  2.19 2.660(4)  112.0
2 NI5-HI5B~NI11 086  2.35 2.693)  104.0
NI5-HISA-NI13 086  2.22 2.532) 1010
N25-H25B-+N21  0.86  2.33 2672)  103.5
N25 H25A-N23  0.86  2.28 2.592) 1017
3 NI14-HI4A~NI3' 091 224 3.142(5) 1725
N14 H14B-~N16> 0.83 224 3.060(5)  169.3
NI5S-HISA-NI13 095  2.22 2.586(4)  102.2
NI5-HI5B-N11 088  2.24 2.660(5)  109.0
49 NIS-HI5A-NI3 097 227 2.579(9)  100.9
NI5S-HI5B-NI1 097  2.46 27729)  102.3
NI5-HI5B-NI6! 092  2.56 3251(10)  132.2

[a] Symmetry transformations used to generate equivalent atoms:
a) l: —x+1/2, y+1/2, —z+1/2. [b] 1: —x, —y+1, —z; 2: x—1/2, -y +
32, z—1/2. [c] 1: =x+1/2, y—1/2, —z+1/2..

Figure 7. Drawing of the packing diagram of 3 in the ac plane
showing the intermolecular hydrogen bonding and the patterns of
repeating infinite array of layers along the [010] direction.

Figure 8. Partial representation of the unit cell of 4 showing the
intermolecular hydrogen bonding.
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Intermolecular CH---t(chelate ring) interactions between
C-H bonds of the pyridyl ligand and the metal chelate ring
are observed in complex 1 (Table 5). The H--ring centroid
(H-+Q) distances are in the range 2.66-2.89 A, and the «
and f angles have values of 120° and 12.5-19.0°, respec-
tively (Figure 9). These data are comparable with those
found in crystal structures with weak C—H--m interactions
between an organic moiety and a chelate ring in transition-
metal complexes (¢ > 110°, f# < 16° and H+Q < 3.0 A; o,
B, and Q are defined in Table 5). The crystal structure of
complex 2 also displays a weak C—H-**1 interaction between
a methyl group and the pyridyl ring of neighbouring mole-
cules.?4

Table 5. Intermolecular CH-:m ring interaction parameters for
complexes 1 and 2.[4

CH-Q H+Q[A]  a[] B
1 CII-HIl-(Hgl/S1)! 2.89 1204 127

Cl4-H14-(Hgl/S1)2 2.66 1209 189
2 C29-H29B-~(NI11/C150° 2.97 1236 95

[a] Q is the ring plane, a the angle C-H---centroid of 2 and f the
angle defined by the H-:-centroid line and the perpendicular to this
plane. Symmetry transformations used to generate equivalent
atoms: 1: —x, 1-y, —z; 2: —x, y, Yo—2z; 3: —x, 1-y, —1/2+z.

Figure 9. Perspective view of 1 showing an intermolecular C-H--nt
interaction with the m-system of the chelate ring.

Spectral Data

The complexes exhibit bands due to v(NH) vibrations in
the range 3500-3146 cm™'. The bands associated with
v(C=N) and v(C=C) appear in the range 1609—1444 cm™!
and are shifted to lower and higher frequencies, respectively,
compared to those of the ligands. The v(NH) band is
shifted to slightly higher frequencies in the complexes with
respect to the ligands, indicating the coordination of the
azomethine nitrogen. The v(CS) band appears at ca.
755 cm™! for the complexes with pyridine and ca. 850 cm™!
for the pyrazine derivatives, which is in agreement with ob-
served values for this series of compounds with the sulfur
atom coordinated to the metal centre. Furthermore, coordi-
nation by the N azomethine and the S thiolate is supported
by the localisation of the v(Hg-N) modes around 405-
418 cm ! and the v(Hg-S) modes around 289-326 cm !,
respectively.

In the '"H NMR spectra of the complexes, the absence of
the N3-H signal is consistent with the thiosemicarbazone
3083
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in its deprotonated form. The pyridine proton signals ap-
pear at around 8.44-7.36 ppm and the pyrazine protons are
in the range 9.67-8.48 ppm, which is normal for these aro-
matic protons. The N°H, proton in both 1 and 2 appear as
a singlet at & = 6.60 ppm in each case and at 6 = 7.06 and
6.51 ppm for 3 and 4, respectively. The N*H, protons ap-
pear at 0 = 6.03 ppm in 1 and at 8.33, 8.22 ppm in 3. The
presence of two signals for the N*H, protons in 3 must be
due to the restriction of free-rotation around the C’-N*H,
bond.['>23] The variation in the shielding between the com-
plexes must be related to a different arrangement of the
complex in DMSO solution or to a different interaction
between the N*H, protons and DMSO.

The 'Hg NMR spectrum of 1 shows two peaks at —577
and —-806 ppm (Figure 10). The peak at 6 = —-806 ppm is due
to our four-coordinate complex, whereas the signal at 0 =
—577 ppm may be due to the coordination of the nitrogen
atom of the pyridine ring in DMSO solution, a situation
that increases the coordination number of the Hg atom and
moves the §('*Hg) signal to higher frequencies. This obser-
vation is in agreement with literature data.l*>>°! Further-
more, the 'H NMR spectra of the reaction between
[Hg(damp)Cl] and HAm4DH in a [Dg]DMSO solution
shows two peaks for the protons of the pyridine ring, which
is also consistent with the suggested coordination of the
heterocyclic nitrogen atom in solution.

The behaviour of the complexes in solution was followed
by NMR spectroscopy of the reaction between two of the
thiosemicarbazones and [Hg(damp)Cl]. The '"?"Hg NMR
spectra were recorded for the reactions between [Hg(damp)-
Cl] and HAm4DM or HAmpz4DH in a MeOH/[D,4]JMeOH
mixture in 10-mm NMR tubes. The spectra for these two
reactions each show two signals (Figure 11). The first signal
is observed at —650 and —655 ppm for the two reactions,
respectively, and this may indicate that, in solution, the het-
erocyclic nitrogen atom is also coordinated to the mercury
centre in the complex HgL,.?>2! The second peak, which
appears at —1162 and —1167 ppm, respectively, could corre-
spond to the presence of [Hg(Hdamp),]** as a secondary
product formed by symmetrisation.['>!5] These signals are
shifted to higher field with respect to that of [Hg(damp)Cl],

<
s
o

-577

-806

I

I I
-500 -600

I I
ppm -700 -800 -900

Figure 10. Hg NMR spectrum at room temperature of a solution
of complex 1 in DMSO.

which appears at 6 = —1109 ppm. Symmetrisation is a well
known reaction in organometallic mercury com-
poundst?’-1 and the occurrence of such a process would
be consistent with the tendency for organomercury com-
pounds to maintain linearity in R,Hg or RHgX systems.
The overall reaction can be represented as follows:

It seems likely that the most stable form of the complex
in solution is Hg(TSC),™NS) that this is the form first pro-
duced when the reaction is carried out in methanol
(Scheme 3, reaction I), and that its conversion to Hg-
(TSC),™S via equilibrium II (Scheme 3) is driven by the
precipitation of Hg(TSC),™S as crystals. When Hg-
(TSC),™® is dissolved in DMSO, equilibrium II (Scheme 3)
leads rapidly to the presence of both species.

The molar conductivity values for the solutions discussed
above indicate that they are 2:1 electrolytes in MeOH,B% a
finding that is consistent with the presence of the species
[Hg(Hdamp),]** and 2 CI', and consequently, the forma-
tion of a zwitterionic charge distribution in this ligand is
not possible. The pH values of the solutions were also mea-
sured and significant variations were not found with respect

-1162

T |
ppm -600 -800

[
-1000

T
-1200 -1400

Figure 11. '”Hg NMR spectrum at room temperature of the reaction between [Hg(damp)Cl] and HA4DM in MeOH/[D,MeOH. The
signal for [Hg(Am4DM),] is on the left and that for [Hg(Hdamp),]>* on the right.
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2 [Hg(damp)Cl] |
+

——> [Hg(TSC),|NN) + [Hg(Hdamp),]**
2 HTSC +
Il 2Cr
[Hg(TSC),| N
Scheme 3.

to the typical value for MeOH. This observation is consis-
tent with the presence of the species [Hg(Hdamp),]Cl,,
which would retain the protons lost by the ligand upon co-
ordination to mercury.

The reaction between [Hg(damp)Cl] and HAmpz4DH in
DMSO was carried out and '"H NMR spectra were ac-
quired. It was found that, in addition to the signals corre-
sponding to species 3 (as discussed above), a new set of
signals appeared due to the presence of organometallic
rings (in the range 7.17-7.48 ppm), CH, (6 =3.47 ppm) and
the methyl groups of [Hg(Hdamp),]Cl, (6 = 2.23 ppm).
Furthermore, the presence of a singlet at 6 = 10.26 ppm in
the reaction between [Hg(damp)Cl] and HAmpz4DH pro-
vides further evidence for protonation of the Hdamp nitro-
gen. Similarly, in the reaction between [Hg(damp)Cl] and
HAm4DM in CDCls, as well as the signals described above,
a signal was observed at 0 = 11.60 ppm and this is probably
due to protonation of the species [Hg(Hdamp),]**. Proton-
ation of the ligand Hdamp is supported by IR spectra of
damp, which show a band corresponding to v(N-H) vi-
brations at around 2670 cm!, a value consistent with those
found for other Hdamp complexes,?*31-321 and with the N—
H absorption of free tertiary ammonium salts (ca.
2700 cm™).

Experimental Section

Elemental analyses were performed with a Carlo Erba 1108 micro-
analyser. The mass spectra were obtained using the FAB method
with a Hewlett-Packard HPS988A mass spectrometer. IR spectra
were recorded as KBr disks (4000-400 cm ') or polyethylene-sand-
wiched Nujol mulls (500-100 cm™!) with a Bruker IFS-66v spec-
trometer. NMR spectra were obtained with a Bruker AMX 300
and AMX 500 spectrometers; chemical shifts are reported in ppm
downfield from Me,Si or Hg(CHs),. With the exception of
[Hg(Am4DH),], the '""Hg NMR spectra of the other mercury
complexes could not be registered due to their low solubility.

[Hg(damp)CI] was synthesised according to the reported pro-
cedure.?3 The thiosemicarbazones were prepared by reduction of
pyridine-2-carboxamide and pyrazine-2-carboxamide with sodium
and subsequent reaction with the corresponding thiosemicarbazide
as described previously.[6-3433]

Synthesis of [Hg(Am4DH),| (1): A mixture of HAm4DH (0.03 g,
0.15 mmol) and [Hg(damp)Cl] (0.06 g, 0.15 mmol) in methanol
(25mL) was heated under reflux for 1h. The clear pale-yellow
solution was left to crystallise and, after several days, colourless
crystals suitable for crystal determination were obtained. Yield:
4.86 mg. C4HsHgN oS, (589.06): caled. C 28.5, H 2.7, N 23.8, S
10.9; found C 28.6, H 2.6, N 23.2, S 10.1. IR: V.= 3479-3148
v(NH), 1606-1552 v(C=N and C=C), 1003 v(NN), 795 v(CS), 415
v(Hg-N), 322 v(Hg-S) cm™'. FAB* MS, m/z (%), assignment:
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196.09 (1.47), [HoAm4DH]. '"H NMR ([Dg]DMSO, ppm): 6 = 8.44
(d, 1 H, 1-H), 7.83 (d, 1 H, 4-H), 7.67 (td, 1 H, 3-H), 7.36 (m, 1
H, 2-H), 6.60 (s, 2 H, N5H,), 6.03 (s, 2 H, N4H,).

Synthesis of [Hg(Am4DM),] (2): HAm4DM (0.02 g, 0.1 mmol) in
methanol was added to a stirred solution of [Hg(damp)Cl] (0.02 g,
0.1 mmol) in methanol (20 mL). The mixture was stirred for several
hours and the resulting yellow solution was left to crystallise. A
yellow crystalline solid formed after several days and crystals suit-
able for X-ray diffraction were obtained from the same solvent.
Yield: 15.48 mg. C;gH,4HgN (S, (645.17): caled. C 33.5, H 3.7, N
21.7, S 9.9; found C 33.4, H 3.8, N 21.7, S 9.1. IR: V., = 3489-
3358 v(NH), 1609-1544 v(C=N and C=C), 995 v(NN), 797 v(CS),
418 v(Hg-N), 305 v(Hg-S) cm™!. FAB* MS, m/z (%), assignment:
646.27 (1.70), [Hg(HAmDM)(Am4DM)]; 559.26  (17.0),
[Hg(AmDM)(CsHgNy)]; 423.14 (0.73), [Hg(AmDM)]; 224.12
(3.12), [Hb Am4DM]. 'H NMR ([Dg]DMSO, ppm): 6 = 8.44 (d, 1
H, 1-H), 7.74 (d, 1 H, 4-H), 7.63 (td, 1 H, 3-H), 7.37 (m, 1 H, 2-
H), 6.60 (s, 2 H, N5H,), 3.08 (s, 6 H, 2Me).

Synthesis of [Hg(Ampz4DH),] (3): A mixture of HAmpz4DH
(0.02 g, 0.1 mmol) and [Hg(damp)CI] (0.04 g, 0.1 mmol) in meth-
anol (25 mL) was heated under reflux for 1 h. The resulting yellow-
green precipitate was filtered off and dried under vacuum. Yellow
crystals suitable for X-ray structural analysis were obtained from
the liquors. Yield: 13.29 mg. Elemental analysis: C;,H;sHgN,S,
(591.04): caled. C 24.4, H 2.4, N 28.4, S 10.8; found C 24.5, H 2.3,
N 28.3, S 10.7. IR: V. = 3500-3146 v(NH), 1608-1553 v(C=N
and C=C), 1017 v(NN), 855 v(CS), 417 v(Hg-N), 326 v(Hg-S).
FAB* MS, m/z (%), assignment: 197.09 (1.64), [H,Ampz4DH]. '"H
NMR ([D¢]DMSO, ppm): 6 = 9.58 (s, 1 H, 4-H), 8.67 (s, 1 H, 1-
H), 8.56 (d, 1 H, 2-H), 6.61 (s, 2 H, N5H,), 6.37, 6.06 (1 H, 1 H,
s, s, N4H,).

Synthesis of [Hg(Ampz4DM),] (4): HAmpz4DM (0.02 g,
0.09 mmol) in methanol was added to a stirred solution of
[Hg(damp)CI] (0.02 g, 0.09 mmol) in methanol (20 mL). The mix-
ture was stirred for several hours and the resulting yellow solution
was left to crystallise. A yellow crystalline formed after several days
and was filtered off and dried under vacuum. Yellow crystals suit-
able for X-ray diffraction were obtained from the same solvent.
Yield: 8.74 mg. C;sH,,HgN|,S, (647.14): caled. C 29.7, H 3.4, N
26.0, S 9.9; found C 29.4, H 3.4, N 25.5, S 10.1. IR: V., = 3420—
3312 v(NH), 1607-1573 v(C=N and C=C), 1019 v(NN), 861 v(CS),
405 v(Hg-N), 289 v(Hg-S). FAB* MS, m/z (%), assignment: 648.20
(34.03), [Hg(HAmpzDM)(Ampz4DM)]; 423.08 (2.01),
[Hg(Ampz4DM)]; 225.10 (5.07), [H,Ampz4DM]; 191.12 (55.29),
(CgH 1NgS). '"H NMR ([Dg]DMSO, ppm): § = 8.84 (s, 1 H, 4-H),
8.58 (s, 1 H, 1-H), 8.48 (s, 1 H, 2-H), 6.51 (s, 2 H, N5H,), 3.14 (s,
6 H, 2Me).

X-ray Crystallography: Crystals of all complexes were mounted on
glass fibres and used for data collection. Crystal data were obtained
with a Bruker SMART CCD-1000 diffractometer at room tempera-
ture. X-ray data were processed using the SAINT program!3¢! and
corrected for absorption using SADABS.?7! Structural solution and
refinement was carried out using the SHELX suite of pro-
grams.’8:3% The hydrogen atoms were located unambiguously from
difference Fourier maps (N-H hydrogen atoms) and included as
fixed contributions riding on attached atoms or included in geo-
metrically idealized positions employing appropriate riding models,
all with isotropic displacement parameters constrained to 1.2 times
those of their carrier atoms. Atom scattering factors were taken
from the International Tables for Crystallography*®! and molecular
graphics were obtained from PLATONM ! (see also Table 6).
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Table 6. Crystallographic data for complexes 1-4.

[Hg(Am4DH),]

[Hg(Am4DM),]

[Hg(Ampz4DH),]

[Hg(Ampz4DM),]

Empirical formula
Colour, habit

CiaH6HgN 0S,
prism, colourless

CisHogHgN oS,
yellow, plate

CioHi4HgN5S,
yellow, prism

Ci6H»HgN S,
yellow, prism

Formula weight 589.08 645.18 591.06 647.17
Crystal size [mm] 0.57%0.26x0.18 0.14%0.11x0.06 0.16%0.14x0.11 0.18%0.17x0.06
Crystal system monoclinic orthorhombic monoclinic orthorhombic

Space group
Unit cell dimensions

C2/c (No. 15)

Pna2; (No. 33)

C2/c (No.15)

€222, (No. 20)

a[A] 16.907(4) 17.892(3) 13.316(3) 11.898(4)

b [:A] 7.194(2) 9.070(2) 7.805(2) 11.513(4)

c[A] 15.535(3) 13.915(3) 18.517(4) 16.605(5)

a ] 90 90 90 90

BI°] 94.781(4) 90 109.648(3) 90

7 [°] 90 90 90 90

VA3 1883.0(7) 2258.2(7) 1812.4(7) 2274.6(13)

Z 4 4 4 4

Deyieq. (grem3) 2.078 1.898 2.166 1.890

4 [mm!] 8.419 7.029 8.750 6.981

0 Range for data coll. [°] 2.42-26.35 2.28-26.37 2.34-28.28 2.45-28.28

Index ranges 20=h=20 2 =h=0 -16=h=17 0=h=15
8=k=38 11=k=0 0=k=10 -15=k=15
-19=/=19 0=l=17 24 =1=0 0=/=22

Reflections collected 7619 19433 11513 10875

Unique reflects., R;,, 1914, 0.0341 2415, 0.0672 2221, 0.0334 2756, 0.0307

Data/parameters 1914/131 2415/280 2221/123 2756/141

Final R indices R; = 0.0205 R, = 0.0430 R, =0.0244 R, =0.0311

[1>20(D)] wR, = 0.0503 wR, = 0.0867 wR, = 0.0427 wR, = 0.0815

R indices (all data) R; =0.0220 R, = 0.0994 R; =0.0380 R, = 0.0379
wR> = 0.0510 wR, = 0.1107 wR, = 0.0466 wR, = 0.0878

Goodness-of-fit 1.101 1.097 1.082 1.058

Flack parameter - 0.09(2) - 0.00(1)

CCDC-600478 (for [Hg(Am4DH),)), -600479 (for [Hg(Am4DM),)),
-600480 (for [Hg(Ampz4DH),]) and -600481 (for [Hg(Ampz4DM),])
contain the supplementary crystallographic data for this paper. These
data can be obtained free of charge from The Cambridge Crystallo-
graphic Data Centre via www.ccde.cam.ac.uk/data_request/cif.
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