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ABSTRACT 
 
Four complexes containing the [Re(V)O]3+ core have 
been prepared by substitution on the precursors 
RO(citrate)2

– and ReO(gluconate)2
–. The complex 

[ReO(MBT)2OH] was obtained by reaction of the 
direct reduction of ReO4

–  using sodium borohydride 
as a reducing agent. Four complexes were character-
ized by UV-Vis and IR spectrophotometer, elemental 
analyses, 1H-and 13C NMR spectroscopy, TG and 
DFT calculations. 
 
Keywords: [ReO]3+, DFT, Mercaptobenzothiazole 
Ligand, Mercaptobenzimidazol Ligand, TG/DTA, XPS, 
Rhenium Complexes. 
 
1. INTRODUCTION  

Heterocyclic thiolates are electron-rich and multifunc-
tional ligands, that show various coordination modes and 
form monomeric or polymeric complexes [1]. They can 
act as unidentate or bidentate ligands in metal complexes. 

Mercapto-1,3-azole ligands play an important role in 
industry and medicine [2]. One of their attractive features 
is their acidity, which could influence their chemical 
reactivity toward transition metal ions and determine the 
structure of the final complexes. These small molecules 
exist as two tautomeric conformations exhibiting thiol- 
thione isomerism involving –NH–C=S and –N=C–SH 
groups in a thione-thiol equilibrium [3]. 

X

N

SH

X

H
N

S

X= NH, O, S  

Probably, only two atoms can act as bonding sites; the 
sulfur exocyclic atom and the cyclic nitrogen atom. Be-
cause the lone pairs on the oxygen or sulfur atoms are 
involved in the resonating structures of the molecules, we 
may expect that they should have no coordinating abili-
ties. To investigate this and as part of our research into 
rhenium (Re) chemistry, we decided to investigate the 
chemical behavior of ambidentate ligands such as 2-mer- 
captoben-zothiazole (MBT) and 2-mercaptobenzimida- 
zole (Bimz). 

The coordination chemistry of Re has been explored 
because of its use in radiopharmaceuticals. Rhenium 
radiopharmaceuticals are a class of therapeutic agents in 
which the biodistribution is determined by the size, 
charge and lipophilicity of the complex. Among these 
compounds, the chemistry of oxo rhenium complexes is 
of particular interest. The interesting chemistry results 
from the favorable nuclear properties of 186Re and 188Re 
nuclides, which make the radioisotopes useful for diag-
nostic nuclear medicine and applications in radioimmu-
notherapy [4]. Our aim was to study the chemical prop-
erties of mercaptobenzothiazole ligands toward the 
[Re=O]3+ core. In this paper, we describe the synthesis of 
oxorhenium complexes and the characterization of those 
complexes with several spectroscopic methods. In addi-
tion, density functional theory (DFT) calculations of 
some representative compounds are also discussed. 

2. EXPERIMENTAL 

2.1. Materials and Methods 

All the reagents used to the synthesis were commercially 
available and were used without further purification. 
ReO(citrate)2

– and ReO(gluconate)2
– precursors were 

prepared according to literature [5,6] respectively. IR 
spectroscopy was recorded on a Perkin Elmer spectro-
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photometer 1000 in the spectral range 200 - 4000 cm–1 
with sample in the form of KBr pellets. UV-Vis spectra 
were recorded on UV-Vis Beckman Du-70 spectropho-
tometer in the range 190 - 700 nm. 1H- 13C NMR spectra 
were measured in (DMSO-d6 and CDCl3) as solvents on a 
JOEL-NMR 400 MHz spectrometer. Micro-analytical 
(CHN) were run at the Mikronalytisches Labor Pascher, 
Germany. Thermogravimetric/differential Thermal ana- 
lysis (TG/DTA) measurements were carried out using 
Perkin- Elmer TG A7 thermal analyzer, 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 com-
pound was used for the analysis, with alumina as the 
reference material. Mass spectroscopy was run on Quattra 
Gas chromatography mass spectrometer run at the Mik-
ronalytisches Labor Pascher, Germany. 

2.2. Synthesis of Complexes 

2.2.1. [ReO2 (MBT)( H2O)2] I 
NaReO4 (1 mmol, 0.273 g) was added to a solution of 
SnCl2 (1 mmol, 0.256 g) in citric acid (0.5 M, 5 mL). 
MBT (3 mmol, 0.501 g) in ethanol was added dropwise to 
the mixture. The mixture was stirred at room temperature 
for 3hr. The pH was adjusted to 9 with NaOH (0.5M) [6]. 
The blackgreen precipitate was filtrated and washed with 
ethanol and acetone to obtain green crystals, (89% yield) of 
compound: UV-Vis (CH2Cl2); λmax[nm](ε; dm3mol–1cm–1): 
205(1582), 219(1044), 355 (1499). 1H NMR (d6-DMSO, 
ppm): 7.7(m,Ha,Hc), 7.4(m,Hb), 7.2(m,Hd) ring. 13C 
NMR (CDCl3, ppm): 122, 123, 126, 127(C=C), 133(C= 
C-C-S), 189(S=C), 141(C=C-C-N). IR (KBr, υ/cm–1): 
914, 860 (O=Re=O), 624 (Re-N), 569 (Re-S). MS (m/z): 
420[M]+.Anal.Calc. (Found) for C7H8S2NO4Re: C, 20. 
(19.97); H, 1.9 (1.78); N, 3.33 (3.01); Re, 44.3(42.2)%. 

2.2.2. [ReO2 (Bimz)( H2O)2] II 
NaReO4 (1 mmol, 0.273 g) was added to a solution of 
SnCl2 (1 mmol, 0.2256 g) in citric acid (0.5 M, 5mL). 
Followed by the dropwise addition of Bimz (3mmol, 
0.45gm) in EtOH. The mixture was stirred at room tem-
perature for 3hr. The pH was adjusted to 9 with NaOH 
(0.5 M). Filtration the blackgreen precipitate and washed 
with ethanol and acetone to obtain the yellow powder , 
89.7% yield of compound: UV-vis (CH2Cl2; λmax[nm] 
(ε;dm3mol–1cm–1): 190(1911), 245(456). 1H NMR (d6- 
DMSO, ppm): 12.2(s,NH), 7.7(m,Ha,Hc), 7.4(m,Hb), 
7.2(m,Hd) ring. 13C NMR (CDCl3, ppm): 122,123,126, 
127(C=C), 133(C=C-C-S), 189(S=C), 141(C=C-C-N). 
IR (KBr, υ/cm–1): 909, 843 (O=Re=O), 618 (Re-N), 547 
(Re-S). MS (m/z): 402[M]+. Anal. Calc. (found) for 
C7H8SN2O4Re: C, 20.8(19.89); H, 1.99 (1.57); N, 6.9 
(6.24); Re, 46.3 (44.7) %. 

2.2.3. [ReO(Bimz)2OH] III 
Rhenium (V)(gluconate)2

– (14.8 mL ,1 mmol) solution 
was adjusted to pH 10 by NaOH (0.1 M) followed by 
addition of Bimz (3 mmol, 0.450 g) dissolved in 1mL of 
methanol. After stirring for 1hr, to the mixture was addi-
tion of methanol to precipitate. 89% yield of compound: 
UV-vis (H2O; λmax[nm](ε; dm3mol–1cm–1): 240(3000), 
325(2060). 1H NMR (d6-DMSO, ppm) 7.1(m, Hb),7.1(m, 
Hc), 7.3 (m,Hd), 7.6(m,Ha): 13C NMR (DMSO, ppm): 
112(C=C), 121(C=C-N), 179(C=N). IR (KBr, υ/cm-1): 
908 (Re=O), 619(Re-N), 415(Re-O). Anal.Calc.(found) 
for C14H9N4O2S2Re: C,32.6(31.9); H, 1.74(1.85); N, 
10.86(9.76)%. 

2.2.4. [ReO(MBT)2OH] IV 
To a solution of NaReO4 (1 mmol, 0.2731 g), MBT (3 
mmol, 0.501g) in methanol was dropwise added. The 
reducing agent NaBH4 (1 mmole) in (0.1 KOH pH 8) 
was added and the color of solution changed to bronze. 
The mixture was stirred at reflux for 3 hr, followed by 
evaporation to almost dryness, the gray precipitate re-
crystallized by hot methanol [5]. 86 % yield of com-
pound: UV-vis (CH2Cl2; λmax[nm] (ε; dm3mol–1cm–1): 
205(1582), sh 219( 1044), 355(1499). 1H NMR (d6- 
DMSO, ppm): 7.7(m, Ha, Hc), 7.4(m, Hb), 7.2(m, Hd) 
ring, 1.2(s,OH). 13C NMR (DMSO, ppm): 122,123, 
126,127(C=C), 190(S=C), 141(C=C-C-N). IR (KBr, 
υ/cm–1): 912 (Re=O), 661 (Re-N), 649 (Re-S), 432 
(Re-O). MS (m/z): 570[M]+. Anal. Calc. (found) for 
C14H12S4N2O2Re: C, 29.3(29.12); H, 2.09(2.28); N, 
4.91(5.12); Re, 32.6(30.9)%. 

3. RESULTS AND DISCUSSION 

3.1. Computational Details 

The GAUSSIAN 03 program [7] was used in the calcu-
lations. The complexes were treated as open shell-system 
and no symmetry constraints were applied. Geometrical 
optimization of the investigated complex was carried out 
with Beck’s three parameter exchange functional B3LYP 
using the Los Alamos LANL2DZ spilt-valence basis set 
[8,9]. A harmonic vibrational analysis was performed 
following the geometrical optimization of the complex at 
the same level of theory B3LYP and the same basis set 
[10]. An additional d function with exponent a = 0.3811 
and an f function with exponent a = 2.033 on the rhenium 
atom were added. Natural bond orbital (NBO) calcula-
tions were performed with the NBO code [11] included in 
GAUSSIAN 03. The optimized geometry for various 
forms of the MBT molecule is shown in Figure 1. The 
two tautomeric forms of MBT were subjected to geome-
try optimization at B3LYP/6-31G** (Table 1). 
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Figure. 1. Optimized geometry of MBT monomer in thiol(a) 
and thione (b) tatomeric equilibrium at B3LYP/6-31G** 
 
Table 1.Selected optimized bond lengths (A˚) and angles(˚) for 
MBT and Bimz ligands. 

B3LYP/LANL2DZBond angles (˚) Bond length (A˚) 
  MBT 

96.102 -S(15)-C(14) )17 H( S(15)-C(14) 1.8159 
113.8972 S(13)-C(14)-N(16) S (15)-H(17) 1.3784 
109.04 S(13)-C(5)-C(6) C(14)-N(16) 1.2948 
114.22 C(14)-N(16)-C(6) N(16)-C(6) 1.3918 
117.562 C(4)-C(6)-N(16) C(14)-S(13) 1.8411 

  Bimz 
113.3 N(7)-C(8)-N(9) C(8)-S(15) 1.812 
94.2 C(8)-S(15)-H(16) C(8)-N(9) 1.393 
126.2 C(8)-N(9)-H(14) N(9)-H(14) 1.010 
120.7 N(9)-C(8)-S(15) N(7)-C(8) 1.325 
106.8 C(2)-N(9)-H(14) S(15)-H(16) 1.373 

 

3.2. cis-dioxo [ReO2(MBT)(H2O)2] 

The most important bond lengths and angles for the 
compound are reported in Table 2. The transformation 
from the ideal octahedral to the distorted octahedral seen 
in complexes is mainly attributed to the electronic repul-
sion of the short Re=O bond. For the [ReO2(MBT) 
(H2O)2] complex, the bridging N-S ligands introduce 
some additional strain (Figure 2). 

The Re-N, Re=Oterminal and Re-O bonds lengths in the 
 

 
Figure 2. Optimized structure of [ReO2(MBT)(H2O)2]. 
 
Table 2. Selected optimized bond lengths (A˚) and angles(˚) 
for [ReO2(MBT)(H2O)2] 

B3LYP/LANL2DZBond angles (˚) Bond length (A˚) 

159.9 O(16)-Re(15)-O(17) Re(15)-O(16) 2.0733 

100.288 O(17)-Re(15)-N(9) Re(15)-O(17) 1.6954 

53.262 S(14)-Re(15)-N (9) Re(15)-N(9) 2.1597 
132.96 S(14)-Re(15)-O(18) Re(15)-S(14) 3.3475 
156.40 N(9)-Re(15)-O(19) Re(15)-O(19) 2.094 
121.33 N(9)-C(8)-S(14) Re(15)-O(18) 3.6705 

[ReO2(MBT)(H2O)2] complex agree with comparable 
values found in rhenium compounds with a Re=O core 
[13,14]. The mean Re=Oterminal bond lengths of 1.680 and 
1.712 Å correspond to the values reported for mononu-
clear mono-oxo d2 rhenium complexes with an average 
bond length of 1.70 Å [15]. These results suggest that a 
small amount of overlap also occurs between the dxz and 
dyz rhenium orbitals and the suitable p orbitals of the O 
ligands. An ideal single Re-O bond length, predicated by 
the use of Pauling’s oxygen covalent radius and Cotton 
and Lippard’s value for the Re (V) octahedral covalent 
radius, should be around. 2.04 Å [16]. Tables 3 and 4 
present the atomic charge determined from the natural 
population analysis (NPA) for the complexes. The cal-
culated charge on the rhenium atom is considerably 
lower than the formal charge of +5 (1.343). 

3.3. [ReO(MBT)2OH] 

The most important bond lengths and angles for the 
compound are reported in Table 5. The gas phase struc-
tural optimization shown in Figure 3 indicates that the 
complex has a tetrahedral geometry. However, in the 
presence of a solvent, the attachment of solvent mole-
cules to form distorted square pyramidal structures has 
been confirmed by measuring the absorption spectra of 
the complexes in different solvent and recording the 
change in wave length caused by a variety of solvents. 

3.4. The Analytical Data 

Table 6 summarizes some analytical data and properties 
of the prepared complexes. The reaction gives oxorhe-
nium complexes in good yields. The elemental analysis 
provides a good agreement between the experimental 
data and the calculated values (Scheme 1). 
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Scheme 1. Synthesis of complex. 
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3.5. The IR spectra 

In the IR spectrum, a weak broad band was observed 
with a maximum at 3445 cm–1, shown in Figure 4. This 
band was predicted at 3526 cm–1 in the DFT calculation 
of monomeric MBT thione (II) for NH stretching vibra-
tions, as shown in Table 7. This result indicates the ex-
istence of a monomeric thione form of MBT. Our ab 
initio calculations for MBT explain the bands at 3115 
and 3069 cm–1 as symmetric and asymmetric NH stret- 
ching vibrations, and the peak observed at 3041 cm-1 can 
be explained as asymmetric CH stretching vibrations 
(Figure 5). 

Our calculations predicted that the intense bands ob-
served at 1244, 1425 and 1495 cm–1 are associated to the 
vibrations of C-N-H group. The intense band observed at 
1455 cm–1 is a result of attributed to CC and CN stretch-  

 
Table 3. Atomic charges from the Natural Population analysis 
(NPA) for [ReO2(MBT)(H2O)2] 

Atomic charge Atom 
1.3439 Re(15) 
–1.0824 O(16) 
–0.56149 N(9) 
–0.73924 O(17) 
0.61039 S(14) 

0.0332 O(18) 

0.0854 O(19) 

Table 4. The occupancies and hybridization of the calculated 
natural bond orbitals (NBOs) of [ReO2(MBT)(H2O)2]. 

Hybridization of NBO occupancy 
BD(2-center 

bond) 
0.6133(sd)Re + 

0.7899(p)O 
1.87533(0.3761) Re(15)-O(17) 

0.9109(sp)N +0.412(sd)Re 1.7159(0.8298) Re(15)-N(9) 
0.8782(sp)O +0.478(s)H 1.9582(0.7713) O(18)-H(20) 

Table 5. Selected optimized bond lengths (A˚) and angles (˚) 
for [ReO(MBT)2OH] 

B3LYP/LANL2DZBond angles (˚) Bond length (A˚) 
113.971 O(31)-Re(29)-S(27) Re(29)-O(31) 1.696

100.2773 O(30)-Re(29)-S(28) Re(29)-O(30) 1.881
131.865 Re(29)-O(30)-H(32) Re(29)-S(27) 2.355
110.951 S(27)-Re(29)-S(30) Re(29)-S(28) 2.336

 

 
Figure 3. Optimized structure of [ReO(MBT)2OH]. 

Table 6.The analytical data of complexes. 

Elemental Analysis % 
Calc.(Found) Complex/ 

Theoretical Formula 
Color 

Yield 
% 

Decomposition 
Temp 
˚C> C H N Re 

[ReO2(MBT) (H2O)2] I 
C7H8S2NO4Re 

Dark- 
green 

89 300 
20.0 

(20.02)
1.9 

(1.78) 
3.33 

( 3.20) 
44.3 

(42.2) 
[ReO2(BImz) (H2O)2] II 

C7H8SN2O4Re 
Yellow 89.7 300 

20.8 
(20.52)

1.99 
(1.95) 

6.90 
(6.24) 

46.30 
(44.7) 

[ReO(Bimz)2OH] III 
C14H9N4O2S2Re 

Gray 98 300 
32.60 

(32.33)
1.74 

(1.85) 
10.86 

(10.78) 
 

[ReO(MBT)2OH] IV 
C14H12S4N2O2Re 

Green 86 300 
29.3 

(29.12)
2.09 

(2.28) 
4.91 

(4.82) 
32.6 

(30.99) 

 

 
Figure 4. IR spectra of (MBT) ligands . 
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Figure 5. IR spectra of (Bimz) ligands 
 
ing and CH bending vibrations. The strong bands at 
1012, 1033 and 1076 cm–1 are predicted to N-C = S 
group in addition to CCC and CH bending vibrations [18, 
19]. The very weak bands observed at 2640 and 2480 
cm-1 can be interpreted as overtone bands of the funda-
mental frequencies at 1319 and 1244 cm–1. The band 
observed at –1595 cm–1 is ascribed to a C=C stretching 
mode. The intense band observed at 1455 cm–1 is attrib-
uted to CC, CN stretching and CH bending vibrations. 
The strong bands at 1012, 1033 and 1076 cm–1 represent 
the N-C=S group in addition to CCC and CH bending 
vibrations. The symmetric out-of-plane CH vibration 
was observed as a very strong band at 750 cm–1. The 
strong band observed at 668 cm–1 and the weak bands at 
603 and 706 cm–1 were attributed to C-S stretching 
modes [19]. It should be mentioned that the theoretical 
values are usually higher than the experimental data. It is 
necessary to scale the theoretical data by an optimal 
scaling factor (0.996) that varies with the basis set [20]. 

From Figure 6 (C) IR spectra of complex [ReO2 
(MBT)( H2O)2] showed two characteristic peaks, at 914 
and 860 cm–1, and [ReO2(Bimz)( H2O)2] assigned at 908, 
843 cm–1. These values are typical of cis-dioxo O=Re=O 
group of the cis-dioxorhenium(V) coordinated com-
plexes [17,21]. In Figure 6. (B) show that υRe=O has 
been detected on 912 cm–1 for complex [ReO(MBT)2OH], 
and υRe-O and υRe-S at 649 and 432 cm–1, respectively 
as compare with free ligand (A) MBT. In Figure 7 (C) 
as shown that υRe=O has been detected on 908 cm–1 and 
absences of the medium band for υNH at 3117 cm–1 and 
the coordinated bonded at υRe-N, υRe-O and υRe-S at 
546, 415and 619 cm–1, respectively. The infrared spectra 
of the rest complexes show bands in the region3304 - 
3458 cm–1 corresponding to υ OH stretching and the 
bands at 1650 - 1580 cm–1 vibration due to HOH bend-
ing. Some bands are disappearing in some complexes 
such as SH and NH at –2889 and –3117 cm–1 respec-
tively, these indicating that these donor atoms were de-

protonated upon complexation. 

3.6. The NMR spectra 

The 1H NMR spectra of a series of mercapto complexes 
show signals assigned to the Ha,b,c,d (the protons of the 
benzene ring) in different chemical shifts caused by the 
anisotropic effect, which laminated the protons oriented 
toward the oxygen that appear deshielded relative to the 
other protons oriented away from the oxygen ( toward or 
away from the oxo-metal core) [18] (Figure 8).  

As we see the protons near the Re=O core was as-
signed to the downfield region of the spectrum at –7.7 - 
7.6 ppm [16-20]. The Bimz-complexes demonstrate the 
same chemical shift behavior as the MBT-complexes. 
The 13C NMR spectra of the complexes exhibit two new 
characteristic peaks for C=S and C-N at lower fields of 
189 and 141 ppm compared with the spectra of free 
ligand MBT, indicating that coordination via the charged 
thiolic sulfur and nitrogen atoms occurred (Figures 
9-11). All of the NMR spectra 

Table 7. The vibrational assignment, experimental and calcu- 
lated wave numbers in cm–1 of MBT and Bimz. 

Assignment B3LYP/LANL2DZ Experimental 
  MBT 

NH 3526 3445 
Asymmetric NH str. 3526 3115(vw) 
Asymmetric CH str. 3187 3041, 2889  

C=C str. 1671 1595 
C-C str. , (C-N-H) 1508 1497,1425,1244

(N-C=S), C=S 1234, 1342 1012,1033,1076
Out.o.p. asym 963 750,668 

C-S 885 706, 603 
S-C=S bend. 438 394 

  Bimz 
NH 3684 3455 

Asymmetric NH str. 3210 3117 (vw) 
Asymmetric CH str. 2990 2880 

C=C str. 1671 1618 
C-C str. , (C-N-H) 1506 1466, 1356 

(N-C=S), C=S 1199 1178 
Out.o.p. asym 962 743,659 

C=N 1633 1513 
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Figure 6. IR spectrum of A: MBT B: [ReO(MBT)2OH] C: 
[ReO2(MBT)(H2O)2]. 
 

 
Figure 7. IR spectrum of A:Bimz B: [ReO2(Bimz)(H2O)2] C: 
[ReO(Bimz)2OH]. 

 
Figure 8. 1H NMR of benzene ring of mercapto-complexes. 
 
of the complexes are listed in Table 8. 

3.7. Electronic Spectrum 

Table 9 show typical UV-Vis spectra with two signify-
cant absorption bands, one of them in the UV region at 
about 205 - 240 nm corresponding to the π→π* band, 
and the other in the visible region at approximately 350 
nm, which is characteristic of metal-oxygen complexes. 
[19-22]. The UV-Vis spectrum of [ReO(MBT)2OH] IV 
exhibits a few intense absorption bands in the range of 
400 - 200 nm. The absorption band at 359 nm is as-
signed to the electronic transitions calculated in the 
range of 390 - 309 nm. They have LMCT (Ligand–Metal 
Charge Transfer) character and originate from the oxo, 
MBT and OH ligands to the d-Rhenium orbitals. The 
experimental bands below 300 nm result mainly from 
Ligand-Metal Charge Transfer. π(O)→d, Ligand-Ligand  

 
Figure 9.13CNMR of [ReO(MBT)2OH] IV complex. 

 

 
Figure 10.13C NMR of [ReO2(MBT)( H2O)2] I complex. 

 

 

Figure 11.1H NMR of [ReO2(MBT)( H2O)2] I complex. 
 

Charge Transfer: n→ π* transitions and intraligand (IL) 
transitions: π→ π* [18]. (Figures 12-15). 

3.8. Mass Spectroscopy 

The mass spectra of the investigated complexes show 
two major peaks with m/z at 553 and 429 attributed to 
anionic species of [ReO(MBT)2OH], [ReO2(MBT)], res- 
pectively. For complex [ReO2(MBT)] three fragments at 
180 m/z ,167 m/z and 68 m/z, were ascribed to [ReO]3+, 
(MBT) and benzene fragmentation species, respectively. 
All the results of MS spectra support with other spectro-
scopic data investigated in this work for dedication of 
chemical structure of the investigated complexes. How-
ever, fragments observed confirmed validity of the 
structures as shown in Table 10.             
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Table 8.The NMR data for ligand and complexes. (δ,ppm)a, 

13C NMR (δ, ppm) ; Assignment 1H NMR (δ, ppm) ; Assignment Compounds 

122,123,126,127 (C=C), 133(C=C-C-S), 153(C-N), 156 
(N = C) 

3(s,SH), 8.1(d,1H), 7.55 (m, 2H), 8.23 (s,1H) MBT 

122, 123,126,127(C=C) ,133(C=C-C-S), 
189(S=C),141(C=C-C-N) 

7.7(m,2H), 7.4(m,1H), 7.2(m,1H) ring 
[ReO2(MBT) (H2O)2] 

I 

122, 123,115,115(C=C) ,137(C-C-N), 141(N=C-S) 
3(s,SH) , 5(s,NH),7.7(d,1H),7.26(m,2H), 

7.7(s,1H) ring 
Bimz 

110(C=C), 122(C=C-N), 132(C-N), 168(C=N). 7.1(m, 2H),7.5(m, 1H ), 7.6(s,1H) ring 
[ReO2(Bimz) (H2O)2] 

II 
112(C=C), 121(C=C-N), 179(C=N). 45(CH2) 7.1(m, 1H), 7.1(m, 1H ), 7.3(m,1H), 7.6(m,1H) [ReO(Bimz)2OH] III 

122, 124,127,129,113(C=C-S), 141(C=C-C-N), 190(S=C).7.7(m,2H), 7.4(m,H1), 7.2(m,1H) ring, [ReO(MBT)2OH] IV 
a s=singlet, d=doublet, t=triplet, m=multiplet 
 

Table 9.The Electronic data of free ligands and complexes. 

Assignment 
λmax[nm] 

(ε; dm3mol–1cm–1) 
Compound 

π → π*, n→π* 212 (519), 247 (767) MBT 
π→π*, π→π*, π(O)→d 205 (1582 ), 219 (1044 ), 355 (1499 )[ReO2(MBT) (H2O)2] I 
π→ π*, π→ π*, n→ π* 224 (3080), 244 (3429), 298 (3161) Bimz 
π→ π*, n→ π*, π(O)→d 190(1911), 245 nm(456), 300(315 ) [ReO2(Bimz) (H2O)2] II 

π →π*, π(O)→d 240(3000), 325(2060) [ReO(Bimz)2OH] III 
π →π* , π →π*, π(O)→d 209( 1556), 233 ( 1055 ), 359 (1498 )[ReO(MBT)2 OH] IV 

Table 10.Mass spectra data of Re-complexes. 

Most relative intensity (m/z) ≈ Mwt Complexes 
ReO2(218), ReO2(MBT)(385), MBT(167), Benzothazole (135),Bz(95,78, 61,44). 420 [ReO2(MBT) (H2O)2] I 

ReO2(BImz)(355), Re(BImz)(336),BImz(148), Bz(95,78, 61,44). 402 [ReO2(Bimz) (H2O)2] II 

ReO(MBT)2 (553), 2MBT (268), MBT(167), Methyl-MBT(181), Benzotha-
zole(135),Bz(95,78, 61,44). 

570 [ReO(MBT)2OH] IV 

 

 
Figure 12. UV spectra of [ReO(MBT)2OH] complex. 

 

 
Figure 13. UV spectra of [ReO(Bimz)2OH] complex. 

 
3.9. Thermal analysis of complexes 

As noted in Table 11 there is a good agreement between 
the calculated percentages of decomposition steps based 
on the proposed structures and the experimentally deter- 

mined data. These results provide further evidence for 
the plausibility investigated structures. The black residue 
can be attributed to metal oxides (Re2O3, 27.4%) (Figure 
16).     
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Figure 14. UV spectra of [ReO2(Bimz)(H2O)2] complex. 

 

 
Figure 15. UV spectra of [ReO2(MBT)(H2O)2] complex. 

 
Table 11. The TG data of complexes. 

Assignment 
Temp 

oC 
Decomposition step 

Anal(Calc) % 
Complex 

Loss of 2H2O 
Loss of MBT 

50 - 150
200 - 600

7.5 (8.5) 
37 (39.5)

First step 
Second step 

[ReO2(MBT)( H2O)2] I 

Loss of 2H2O 
Loss of Bimz 

100 - 250
250 - 600

7.6(8.9) 
25.8(29) 

First. step 
Second. step 

[ReO2(Bimz)(H2O)2] II 

Loss of OH 
Loss of 2MBT 

50 - 190
200 - 600

4.99(6.11)
58 (54) 

First. step 
Second. step 

[ReO(MBT)2OH] IV 

 

 
(a) 

 
(b) 
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(c) 

Figure 16. TG and DTA of complexes. 
 
4. CONCLUSIONS 

The experiments showed that suitable complexation of 
monodentate and bi-dentate S/N and mono-dentate S/N 
ligands was able to stabilize the [ReV=O] core. In this 
paper, we reported the synthesis of a series of novel 
oxorhenium (V) complexes, [ReO2(MBT)(H2O)2] I, 
[ReO2(Bimz)(H2O)2] II, [ReO(Bimz)2OH] III, and [ReO 
(MBT)2OH] IV. The compounds were fully character-
ized by means of spectroscopy methods. Density func-
tional calculations for the [ReO2(MBT)(H2O)2] I and 
[ReO(MBT)2OH] IV complexes were carried out using 
the DFT method with the B3LYP functional and 
LANL2DZ basis set. The experimentally characterized 
molecular structures of theses complexes have been 
properly reproduced by the B3LYP method. 
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