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Abstract s-

Five new complexes of sterically hindered 1,3-
dimethyl-2(3H)-imidazolethione (dmit) with the
chlorides of Cd(II), Hg(II), Te(Il), Sn(IV) and Sb(V) / «—> \+ / N/
have been synthesized and characterized. The pre- A \ B AN

viously reported Zn(II) adduct was also synthesized
and further characterized. These complexes were of
the general formula MX,(dmit),, where n =2 and
m=2 when M=Zn, Cd, Hg and Sn; and n=2 and
m =4 for Te(Il). The only 1:1 adduct observed was
SbClsdmit, and its chemistry is more complex giving
rise to unique redox products upon heating in solu-
tion. Solid state spectra of these complexes as well
as for dmit complexes are reported and discussed
with regard to the coordination sensitive N—-C—N
asymmetric stretch and the C=S stretch observed not
only for dmit complexes but for tetramethylthiourea
(tmtu) complexes reported in the literature as well.
Greatest shifts on coordination are observed with
the N—C-N asymmetric stretch for tmtu causing
shifts to higher wave numbers ranging from 55 to
95 cm™! relative to free tmtu. Shifts are explained
on the basis of observed crystal structures of tmtu
adducts showing a greater C—N double bond charac-
ter. Dmit adducts show much smaller shifts both to
higher and lower wave numbers for this mode relative
to free ligand, and the C=S stretch shows little
change also. Comparison to known crystal structures
show little change in the bond distances of the dmit
ligand upon coordination. Inductive effects based
on correlations of shift magnitude to the Sanderson
group electronegativity (SGEN) of the acceptor seem
to be unrelated with the exception of a small positive
correlation observed for the N-C—N asymmetric
stretch of tmtu.

Introduction

There have been several infrared studies of thio-
urea-type complexes of main group metal halides
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Fig. 1. Characteristic resonance contributors for thioureas.

Me\ )J\ /Me

N N

e "—-Z

Fig. 2. Structure of 1,3-dimethyl-2(3H)-imidazolethione
(dmit).

reported in the past [2—7]. Most studies dealing with
both solid and solution state IR spectra in the 4000—
400 cm™! region have cited modes which were par-
ticularly sensitive to complexation and shifted in a
predictable direction when going from the free state
to the coordinated state. Two modes in particular
have been used to demonstrate sulfur coordination
— the C=S stretch and the N—C—-N asymmetric
stretch — the former usually decreasing in frequency,
the latter usually increasing. Normally this behavior
was rationalized on the structural basis as illustrated
in Fig. 1 with the canonical form on the right (1B)
being highly favored in sulfur coordination to a
metal. Selvarajan [2] and Wharf et al. [3] noted this
phenomenon in thiourea complexes of Zn(Il), Cd(1I)
and Hg(IT) while Gosavi and Rao [4] observed it for
several metal complexes of a variety of alkylthio-
ureas. Large shifts were noted particularly for the
N—C—N asymmetric stretch in tetramethylthiourea
(tmtu) complexes by Wynne et al. [5,6], and Wil-
liams and Wynne [7] used this phenomenon to
calculate solution state dissociation constants for
AsClstmtu and AsBrytmtu with quantitative IR by
measuring concentrations of free coordinated tmtu
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at 1505 and 1959 ¢cm™*, respectively. Only one thio-
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Metal Complexes with Thioureas
Results and Discussion

Table I lists physical and chemical parameters
measured for the new complexes. The new com-
plexes generated were all air-stable solids which all
displayed relatively low solubility in various solvents
both polar and non-polar. Acetonitrile and N,N-
dimethylformamide appeared to be the best solvents
for solution characterization purposes. The Te(II)
salt decomposed in aqueous solutions yielding
elemental Te similar to other thiourea derivatives
of this particular type [11]. The extremely high
melting point of the Cd(II) complex implies either
an ionic or polymeric structure in the solid state,
and based on solution state conductivity studies,
it’s more than likely polymeric perhaps similar in
structure to CdA(SCN),(etu), (etu = ethylene thio-
urea) [13].

Solution state studies reveal all but the Sb(V)
complex to be non-electrolytes, and it is more than
likely that the observed value for the Sb(V) complex
is actually that of the dithiouronium salt since it
falls into the range of a 2:1 electrolyte [14]. Pro-
longed heating was required to dissolve the complex
in order to obtain the 1073 M solution, and as ex-
plained above this results in the formation of the
disulfide salt. Interestingly, the Te(Il) complex
should be an electrolyte based on known solid state
structures reported for several thiourea analogs. The
ethylene thiourea (etu) complex, for example, con-
tains the square-planar [Te(etu)s]** cation in the
solid state [15], and several other crystallographic
structures of other thiourea analogs have shown
similar results [11,15]. It is possible that tight-ion
pair formation or some type of radical structural
change in solution is responsible for the non-
electrolyte behavior in solution.

The observed UV absorptions of the complexes
for Zn(II), Cd(IT), Hg(II) and Sn(IV) show a slight
hypsochromic shift relative to the free ligand which
gave an observed maximum wavelength at 272 nm
in acetonitrile (¢f. 260 nm in EtOH [8]. This is
characteristic of an n - 7" transition in regard to
shift direction with change in solvent polarity or
coordination to a metal [16]. The UV data taken
together with the proton NMR data and the limited
molecular weight data seem to indicate a high degree
of dissociation at least for the Zn(Il), Cd(II) and
Hg(1I) complexes. Small differences in the chemical
shifts for the methyl protons relative to uncoordi-
nated dmit are observed for these three metal com-
plexes whereas the Sn(IV) complex shows a larger
shift implying at least a larger degree of association
along with the increased inductive effect due to
the higher oxidation state (¢f. CHj shift for un-
complexed dmit in acetonitrile is 3.51 [7].

The observed NMR shift and Ay, ., for SbClsdmit
support the fact that the compound has been altered
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upon prolonged heating to obtain sufficiently con-
centrated solutions for study, and the Te(II) complex
appears to be completely dissociated based on the
NMR data, thus indicating perhaps some type of
structural change if indeed the solid state structure
is ionic as presumed based on literature precedence.
The UV maximum is also nearest to the uncomplexed
value for dmit supporting a molecular dissociative
process as opposed to ionic.

With regard to the solid state vibrational data
and the question of coordination sensitive modes
related to structure, Table II lists frequency shifts
of N—C—N),qym and »(C=S) as well as the direc-
tion of frequency shift relative to the uncomplexed
ligand for several tmtu and dmit complexes. Sander-
son group electronegativities (SGEN) for the ac-
ceptors are also listed [17]. Table III lists average
bond distances as calculated from several reported
X-ray crystallographic studies containing dmit and
tmtu ligands [8, 19-27], and structural information
for the free ligands is also included [10, 24]. Changes
in angles are not included in this table since they
have already been discussed in an earlier work [7]
for dmit.

The largest changes are noted for the N—C—N
asymmetric stretch of tmtu, and can be rationalized
based on the overall shortening of the C—N bond
upon complexation (1.39 A for free tmtu versus
1.34 A for the complexed ligand). Unfortunately not
many reports for the C=S stretch for tmtu adducts
are found in the literature. As we can see, however,
from the few values in Table II, the shift is not as
great as one would expect based on the relatively
large elongation of 0.07 A in the C=S bond in the
complexed state. Gosavi and Rao [4] noted the
small change in C=S stretching frequency upon com-
plexation and explained that the change in C=S
bond order is compensated through coupling with
other vibrations such that the stretching frequency
remains relatively unaltered. Nevertheless, these
changes substantiate the assertion that complexation
favors the increase in bond order of the C—N bond
and decreases that of the C=S bond as seen in Fig.
1B.

Very small shifts are observed in both modes
for the dmit ligand, and inspection of Table III
will reveal very little significant change in the ring
structure and the C=S bond length between the free
and complexed states. The already-favored ‘aromatic’
structure of the ring alters very little upon complexa-
tion, thus changes in frequencies are small.

To investigate inductive effects on magnitude of
shift, we plotted SGEN values versus changes in
shifts relative to the uncoordinated ligand for the
N—-C—N asymmetric stretches of tmtu and dmit,
and also for the C=S stretch of dmit. No clear-cut
trend could be observed although as seen in Fig. 3
for tmtu, there is a slight trend toward higher SGEN



TABLE I1. Stretching Frequency Shifts for Coordination Sensitive Modes in dmit and tmtu Complexes (cm™ha

Compound Av(N-C-N)asym av(C=S8) SGEN Reference
AsClzdmit -15 +10 465 7,18
AsBradmit -20 +10 4.37 7,18
PhAsBry(dmit), -5 -5 4.32 7
Aslzdmit -10 -5 3.86 18
BiCla(dmit), -5 -5 4.41 18
BiBridmit -20 -10 4.13 18
Bil3(dmit); -10 -15 3.66 18
CdCly(dmit), 0 -5 3.98 b
CoCl,(dmit), c -7 3.72 8
CoBr,(dmit), c ~10 3.60 8
Col,(dmit), e -10 3.28 8
HBr(dmit) +10 e 4.01 8
HgCly(dmit), -3 -5 4.14 b
NiClp(dmit), c -5 3.72 8
NiBr,(dmit), e -5 3.57 8
Nil,(dmit), c -5 3.28 8
PbCly(dmit), 0 +10 4.21 1
PBNCS),(dmit), -5 0 2.84 1
TeCl,(dmit)g -10 ~-15 4.45 b
SbClzdmit ~15 +5 4.48 18
SbBrydmit -10 +5 4.20 18
Sblzdmit -10 +5 3.72 18
ShClsdmit -20 0 462 b
SnCla(dmit), -5 -5 4.49 b
ZnCl,(dmit), 0(c) 0(—8) 4.10 b (8)
ZnBry(dmit), e -9 3.81 8
Znl,(dmit), e -9 3.54 8
AsCltmtu -~10 +90 4.65 7
AsBrjtmtu -5 +93 4.37 7
PhAsCl,tmtu d +86 4.32 7
PhAsBrtmtu d +85 4.14 7
PhAsltmtu d +61 3.81 7
p-CH3PhAsCl, tmtu d +84 4.32 7
p-CH3PhAsBr,tmtu d +95 4.14 7
p-CH3PhAsl,tmtu d +78 3.81 7
p-CH30PHA sClytmtu d +68 4,35 7
p-CiPhAsClytmtu d +86 4.32 7
p-NO,PhAsCl,tmtu d +85 4.40 7
CdeCl,tmtu -1 +62 3.98 4
HgClytmtu -3 +84 4.14 4
PdCl,tmtu -2 +85 3.82 4
SeClytmtu ¢ +90 4.69 6
SeBrytmtu ¢ +85 4.43 6
MeTeClstmtu ¢ +70 4.35 S
MeTeBrstmtu ¢ +70 4.14 N
MeTeltmtu ¢ +55 3.74 S
EtTeClytmtu ¢ +95 4.36 S
EtTeBrjtmtu ¢ +65 4.14 5
EtTelstmtu € +67 3.75 5
p-CH30PhTeCl3tmtu ¢ +55 4.39 5

#0bserved y(N-C—N),sym and »(C=S) frequencies for uncoordinated ligands (cm™Y) respectively: dmit = 1570, 11701180
[7, 8];tmtu = 1495-1505, 1060 [4, 7]. bThis study.  ©Not reported. d0bscured by phenyl modes.

values being related to greater shifts to higher wave- presented, this can be rationalized on the basis of
numbers for the N—C—N asymmetric stretch, but more intensified charge separation due to stronger
just the reverse trend is noted for the same mode electron-withdrawing acceptors in tmtu as illustrated

in dmit (Fig. 4). Based on the structural data already by Fig. 1B. The relationship for dmit, however, is



TABLE III. Comparison of Bond Distances in Uncoordinated
(U) and Coordinated (C) dmit [8, 19-23] and in Uncoordi-
nated (U) and Coordinated (C) tmtu (24, 27]2

C=S8 C-N N-Me Other

dmity 1.79(1) 1.35(1) 1.45(1D)
dmitg 1.72(1) 1.36(2) 1.48(D
tmtuy  1.67(1) 1.39(1) 1.46(1)
tmtug 1.74(3) 1.34(4) 1.47(6)

1.39(1) N—C(ring)
1.38(2) N—C(ring)

8All values are in A with e.s.d.s in parentheses.
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Fig. 3. Sanderson group electronegativity (SGEN) vs. fre-
quency shifts (Av) in cm™! relative to uncoordinated ligand
for the N—C—N asymmetric stretch of tmtu. Data given in
Table II.
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Fig. 4. Sanderson group electronegativity (SGEN) vs. fre-
quency shifts (A») in cm™! relative to uncoordinated ligand

for the N—-C-N asymmetric stretch of dmit. Data given in
Table I1.

not as easily rationalized, but electron-withdrawing
acceptors apparently tend to slightly reduce the bond
order in the dmit ring thus suggesting some minor
perturbation to its aromatic character albeit not
evident through comparison of bond distances in
Table III. The relationship between SGEN and C=S
stretch also suggests a reverse trend over what would
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Fig. 5. Sanderson group electronegativity (SGEN) vs. fre-
quency shifts (Av) in cm™! relative to uncoordinated ligand
for the C—S stretch of dmit. Data given in Table II.

be expected where stronger electron-withdrawing
groups tend to increase the bond order (Fig. 5).
The majority of shifts are relatively small for dmit,
and bordering of the edge of experimental error.
Given the small shifts and the virtually unchanged
structure of the ligand on complexation, the induc-
tive effect of the acceptors coordinated to dmit
seems to have little or no relationship to the mag-
nitude of shift.

In conclusion, typical indicators for complexation
in thioureas such as the C=S stretch or the N—C—N
asymmetric stretch tend not to be reliable with dmit
since the magnitude and direction of shift relative to
the uncomplexed ligand tend to be relatively small
and unrelated to the nature of the acceptor. This is
in contrast to the acyclic, non-aromatic alkyl thio-
ureas such as tmtu, in which at least the N-C—N
asymmetric stretch tends to be a good indicator, and
tends to fit a pattern of greater shift to higher wave-
numbers with increased electronegativity of the
acceptor. Structural comparisons between complexed
and uncomplexed ligands give evidence for the rea-
son for such observations with significant structural
difference noted for tmtu while dmit remains virtual-
ly unchanged.
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