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Spectroscopic and thermal-gravimetric investigation of two new

rhenium (V) ionic liquid complexes
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Rhenium (V) ionic liquids of formula [BzEt;N1[ReOCI; (MBT)(tri)] and [Et;N][ReOCl;(amino)] (BzEt;N= benzyltriethyl-
ammonuim, Et;N=triethylammonium, MBT=mercaptobenzothiazole, Tri=1, 2, 4-triazole and amino= amino thiazole)
were synthesised by reaction between [BzEt;N][ReOCl,] and [Et;N][ReOCl,] precursors and free ligands , in the pres-
ence of triethylamine. These ionic liquid complexes have been characterised by elemental analysis, spectroscopy (IR,
'H-3C NMR, MS) and thermogravimetric studies. Geometry optimisation of [Et;N][ReOCl;(amino)] has been
carried out using DFT and the predicted IR spectrum of the geometrically-optimised structure shows good agreement

with experimental values.
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An ionic liquid is a liquid that contains essentially only ions. In
the broad sense, the term includes all molten salts, for instance,
sodium chloride at temperatures higher than 800 °C. However,
the term ‘ionic liquid’ is now commonly used for salts whose
melting point is relatively low (below 100 °C). In particular,
salts that are liquid at room temperature are called room-
temperature ionic liquids, or RTILs."

Ambient temperature molten salts (ionic liquids) with very
low vapour pressure, especially those comprising mixtures
of N, N-O®-dialkylimidazolium (e.g., 1-ethyl-3-methylimid-
azolium, [EMIM]*, and 1-n-butyl-3-methylimidazolium,
[BMIM]*) chloride and aluminum chloride, are increasingly
finding a range of laboratory developmental, and technical
applications. For example, ionic liquids are used as media
for organic and inorganic chemical synthesis, in materials
production, in electrochemical and separation processes, and
as prototype novel materials. Much current research is focused
upon the possible use of ionic liquids as media for cleaner
organic synthesis and processing and on better understanding
of liquid structure and solvation phenomena of ionic liquids
and their relevance to reactivity.> Ionic liquids containing
transition-metal complexes are of great interest because of
their potential catalytic applications. However, relatively few
studies have explored the use of ionic liquids for the synthesis
and characterisation of coordination complexes. Recently ionic
liquids have been used as the media for the preparation of
some halometalate complexes and clusters.'

In the last decade, room temperature ionic liquids (RTILs)
have been used in a variety of catalytic reactions. Their unique
physical properties, such as low volatility, low flash point,
thermal stability and high polarity make them an attractive
alternative to organic solvents.> RTILs provide therefore a
non-aqueous alternative for two-phase catalysis, in which the
catalyst is immobilised in the ionic liquid phase and is easily
separated from the products.>* Methyltrioxorhenium (MTO)
is a very efficient catalyst precursor for a variety of organic
reactions.>1°

We now report the synthesis of the new ILs complexes,
[BzEt;N][ReOCl; (MBT)(Tri)](1) and [Et;N] [ReOCl;(amino)]
(2). The complexes were characterised using spectroscopy,
thermogravimetry and micro analysis. The structure and IR
spectra of 2 were calculated using DFT. The investigated
complexes could have potential use as selective catalysts or as
media for carrying out oxidation—reduction reactions.

Experimental

All chemicals and reagents were used without further purification.
Rhenium was purchased from Aldrich as NaReO, and NH,ReO, and
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was converted to [BzEt;N][ReOCl,] and [Et;N] [ReOCl,], as described
in the literature.''"'> Chloroform and methylene chloride were distilled
from CaH, prior to use. Triethylamine was dried by distillation from
CaH, and stored over KOH pellets. Methanol was distilled from Mg/,
and stored over 3A° molecular sieves. Dry HCI gas was generated as
described in Vogel."?

IR spectroscopy was recorded on a Perkin Elmer spectrophotometer
1000 in the spectral range 200-4000 cm™' using KBr discs. UV-Vis
spectra were recorded on a UV-Vis Beckman Du-70 spectrophoto-
meter in the range 190-700 nm. 'H-"*C NMR spectra were measured
(DMSO-d¢ and CDClj; as solvents) on a JOEL-NMR 400 MHz spec-
trometer. Microanalyses (CHNS) were run at the Mikronalytisches
Labor Pascher, Germany. Thermogravimetric/differential thermal
analysis (TG/ DTA) measurements were carried out using a Perkin-
Elmer TG A7 thermal analyser, the weight loss was measured from
ambient temperature up to 1000 °C at a heating rate of 10 °C/min.
About 15 mg of the compound was used for the analysis, with alumina
as the reference material. Mass spectroscopy was run on a Quattra gas
chromotography mass spectrometer at the Mikronalytisches Labor
Pascher, Germany.

[BzEt;N][ReOCIy(MBT)(Tri)] (1): Benzyltriethylammonuim oxo-
tetrachlororehenate (V) (0.11 g, 4.8 mmol) was dissolved in CH,Cl,
(5 mL). To this solution was added carefully under constant stirring
a mixture of MBT (0.064 g, 0.4 mmol) and Tri (0.0132 g, 0.2 mmol)
in CH,Cl, (10 mL). Stirring was continued for 3h and the pH was
adjusted by addition of two drops of triethylamine. The solvent was
removed by rotary evaporation to almost dryness whereupon a
precipitate was obtained. 89% yield of compound, m.p. 67 °C: Anal.
Calcd (found) for C,,S,H,sNsOCLRe: C, 35.9 (36.2); H, 3.81 (4.5); N,
9.53 (10.1); S, 8.71 (8.41); Re, 25.34 (27.3)%. IR (KBr, v/cm™): 910
(Re=0), 321 (Re—Cl), 461(Re-S). '"H NMR (CDCls, ppm): 1.3(t, 9H,
CH,), 2.1 (m, 6H, CH,), 3.1(t, 2H, CH,-N), 7.7-7.9 (MBT, H-ph),
8.2(s, CH=N), 7.2-7.4 (Bz, 5H). *C NMR (CDCl;, ppm): 8.3(CH,),
45(CH,), 53(CH,-Bz), 121, 126, 129, 132(C-ph). UV-Vis (CH,Cl,;
Amax[nm](g; dm*mol~'em™): 278 (1889) LMCT n(0)—d, 327 (988)
assigned to m(Cl)—d. MS(m/z)542.7 [ReOCL,(MBT)(Tri)], 167(MBT),
69(Tri).

Synthesis of [Et;N][ReOCls(amino)] (2): [Et;N][ReOCL,] (0.2196 g,
4.63 x 10~ mmol) was dissolved in MeOH at 0 °C with stirring until
the solution became clear green. Amino (0.186 g, 1.853 x 10~ mmol)
was added dropwise to the mixture with continuous stirring at 0 °C
whereupon the colour changed to dark red. The solvent was removed
by rotary evaporation to almost dryness and a precipitate was obtained.
88% yield of compound, m.p. 88 °C: Anal. Calcd (found) for
C,HsN;OCL;SRe: C, 21.12 (21.40); H, 3.53 (4.12); N, 8.25 (8.90); S,
6.29 (5.98); Re, 36.6 (37.3) %. IR (KBr, v/cm™): 911.1(Re=0), 322
(Re—Cl). 'HNMR (DMSO, ppm):1.15 (t, 9H, CH;), 2.4 (m, 6H, CH,),
3.9 (s, NH), 6.6 (d, CH=C), 7(d, CH), 7.7 (s, CH). *C NMR (DMSO,
ppm): 7.6 (CH;), 51(CH,), 134(CH=C-N), 107(C-S), 169(C=N).
UV-Vis (CH,Cl,; A, [nm](g; dm’mol-'cm™) : 273 (3062) due to
(Cl)—d. MS(m/z) 407.7[ReOCl;(amino)], 100 (amino).

Results and discussion

The mixed ligand, oxo-complex [BzEt;N]J[ReOCL(MBT)(Tri)] (1)
has been obtained in high yield by reacting [BzEt;N][ReOCl,] with
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Scheme 1

MBT and tri in the presence of base (NEt;) (see Scheme 1). Complex
[Et;N][ReOCl;(amino)] (2) was obtained by replacement of a chloride
ion by the amino-molecule as also shown in Scheme 1.

Microanalytical data showed good agreement between experimen-
tally and theoretically calculated data as included in the experimental
section. The key criterion for the evaluation of an ionic liquid is,
by definition, its melting point (low temperatures, below 100). Of
particular significance is, therefore, the question of the relationship
between the structure and chemical composition of an ionic liquid
and its melting point.'*'> In most cases, an increasing size of the
anion with the same charge leads to a further decrease in the melting
point.'*'7 In general, it can be concluded that the density of compa-
rable ionic liquids decreases as the bulkiness of the organic cation
increases.'®!”

The GAUSSIAN 98 program was used in the calculations.” The
complex was treated as an open shell-system and no symmetry con-
straints were applied. Geometrical optimisation of the investigated
complex was carried out using Beck’s three parameter exchange
functional B3LYP using the Los Alamos LANL2DZ spilt-valence
basis set,”*> and computed following the geometrical optimisation of
the complex at the same level of theory (B3LYP) and the same basis
set.?? Natural bond orbital (NBO) calculations were performed using
the NBO code® included in GAUSSIAN 98.

The calculated bond lengths, bonds angles and torsion angles are in
agreement with the values based upon the X-ray crystal structure data
for other oxo-rhenium complexes of comparable structure as shown in
Table 1.2

& )

Fig. 1 Optimised structure of (2).

Table 1 Optimised bond length(A°) for (2)

Table 2 Atomic charges from the natural population anaylsis
(NPA) for (2)

Atom Atomic charge
Re(1) 0.5680
CI(3) -0.227
N(6) -0.610
0(2) -0.418
Cl(4) -0.264

Table 2 presents the atomic charges from the Natural Population
Analysis (NPA) for for (2). The calculated charge on the rhenium
atom was found to be considerably lower than the formal charge of
+5, as a result of significant charge donation from the chloride ions
and the N-ligand. The charge on the oxo ligand is significantly smaller
than (27) and less negative than the charge on the Cl ligand (1), which
indicates high electron density delocalisation.

The Re centre of anionic (2) is less positive in comparison with
other complexes of rhenium,? as a result of the 6-donation from three
chloride atoms towards the Re in this anionic complex. It indicates
higher electron density delocalisation from these ligands towards to
the rhenium centre and corresponds to differences in the Re-charge.

Table 3 compares the calculated and observed vibrational modes of
(2). It should be mentioned that the theoretical values are usually
higher than the experimental data. One has to scale the theoretical data
by optimal scaling factors which vary by basis set. In our case quite
good agreement between the theoretical and experimental data was
detected.

The IR spectrum of complex (1) displays the characteristic bands of
the cation part, namely the C—H and C—C out-of plane bending vibra-
tions in the mono-substituted benzene ring in the 604—750 cm™' region
and the v(C=C) stretching vibrations at 1456 cm™'. Some bands in the
complexes spectrum are absent, with respect of the free ligands, such
as the donor sets SH and NH, at 2889 and 3408 cm™ respectively,
indicating that these donor atoms were deprotonated upon complex-
ation. The IR spectra of (1) and (2) exhibit also characteristic v(Re=0)
stretching bands at 910, 911 cm™, respectively, which are in the range
reported for the precursor ReOCl,~.>’

Resonances observed in the range 1-4§ are attributed to the
aliphatic protons of the BzEt;N cation. The multiplet signals arising
from the benzyl ring protons are in the range 7.5-7.51 8. The [Et;N]

Table 3 Calculated and observed vibrational modes of (2)

Experimental x-ray
data of comparable

Bond length (A% B3LYP/LANL2DZ [ReOCl;(bpzm)].2*
Re(1)-0(2) 1.6952 1.6973
Re(1)-CI(3) 2.4547 2.4502
Re(1)-N(6) 1.8907 2.0089

Experimental B3LYP/LANL2DZ Assignment
910 959.6 vRe=0
322 350 vRe-Cl
561 680 vRe-N
1520 1579 vC=C
1623 1647 vC=N
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Fig. 3 TG curve of complex 2.

cation exhibits signals of aliphatic protons with some downfield shift
in complex 2. In complex 1 the protons of the benzene ring of [BzEt;N]
overlap with those of the benzene ring of MBT. The MBT protons at
7.7-7.9 are more deshielded being nearer to the oxo core® than the
benzene ring of the cation. The *C NMR spectrum (ppm) indicated
the presence of ipso-carbon atoms of aromatic ring at 8 = 133.1 and
ortho-carbon atoms at 130.0, the signals at 129.0 are due to meta-
carbon atoms and the para-carbon resonates at 128.4. The aliphatic
group resonances are at 16.0, 17.0 (CH,), 52.0 (CH,), and 60.0 (CH,—
N). The investigated complexes exhibit two characteristic C-S and
C-N signals at lower field compared to those of the ligands, indicating
that coordination is via the charged thiolate sulfur atom. The SH
signals of each bidentate ligands disappear upon coordination and
the associated C—S and C-N carbons signals are deshielded at 133.0
and 143.0 ppm versus 137.0, and 148.0 ppm in the free ligands,
confirming that coordination is also through the S site.

The mass spectra of the investigated complexes show two major
peaks with m/z at 542.7 and 407.7 attributed to anionic species of 1
and 2, respectively. For complex 1, three fragments at 180, 167 and 68
m/z, were ascribed to [ReOJ**, (MBT) and (tri) species, respectively.
In case of complex 2 a fragment of m/z 100 corresponded to the
(amino) fragment.

The electronic absorption spectra of the complexes in dichloro-
methane were recorded at room temperature. A broad strong absorp-
tion was observed in the range 260-340 nm, which is a characteristic
band of oxorhenium (V) complexes and is due to charge transfer from
the ligand to the metal ion.?

Figure 2 shows typical TG/DTA curves of compound 1. The TG
curve exhibits a TG-window for ionic liquids in temperature range
25-170 °C and two overlapped decomposition steps. The first weight
loss of (28.9%) occurs in the temperature range of 150-220 °C, which
can be ascribed to the loss of cation species BzZEt;N (calculated value
26%). This weight loss was accompanied by an endothermic peak
maximised at 220 °C. The successive weight losses in the temperature
range of 220-320 °C, could be attributed to losses of three chloride
ions, MBT and Tri moieties. A minor weight gained was observed in
the range of 350-380 °C attributed to oxidation process and formation
of Re,0;. The oxidation process was probably accompanied by an
exothermic peak as shown in DTA curve.

The thermal behaviour of the compound 2 displays, in addition to
the TG-window for ionic liquids in the temperature range 25-120 °C,
two collapse-stages as shown in Fig. 3. The first weight loss of 20.2%
occurred in the temperature range of 120-180 °C, and attributed to the
loss of [Et;N] molecules. The second decomposition step, detected in
the temperature range of 200-320 °C, is ascribed to loss of ligands.
The two endothermic processes were maximised at 120 °C and 210 °C
as shown in the DTA curve.

Conclusion

Tonic liquids (ILs) have attracted interest as reaction media for
organic reaction, for extraction, and as potential catalysts. In
this respect we have synthesis two new oxorhenium (V) ionic
liquids of potential use in the field of nuclear pharmacy
and catalytic application of metal complexes. The chemical



formula of two compounds deermined by chemical and physi-
cal measurements reported in this investigation and a DFT
computional study was carried out one of the investigated
ILs.
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