
This article was downloaded by: [Institute Of Atmospheric Physics]
On: 09 December 2014, At: 15:14
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered
office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Click for updates

Journal of Coordination Chemistry
Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/gcoo20

New fac-tricarbonyl rhenium(I)
semicarbazone complexes: synthesis,
characterization, and biological
evaluation
Ignacio Machadoa, Soledad Fernándezb, Lorena Beccoc, Beatriz
Garatc, Jorge S. Gancheffa, Ana Reyb & Dinorah Gambinoa

a Facultad de Química, Cátedra de Química Inorgánica,
Universidad de la República, Montevideo, Uruguay
b Facultad de Química, Cátedra de Radioquímica, Universidad de
la República, Montevideo, Uruguay
c Laboratorio de Interacciones Moleculares, Facultad de Ciencias,
Universidad de la República, Montevideo, Uruguay
Accepted author version posted online: 22 May 2014.Published
online: 16 Jun 2014.

To cite this article: Ignacio Machado, Soledad Fernández, Lorena Becco, Beatriz Garat, Jorge
S. Gancheff, Ana Rey & Dinorah Gambino (2014) New fac-tricarbonyl rhenium(I) semicarbazone
complexes: synthesis, characterization, and biological evaluation, Journal of Coordination
Chemistry, 67:10, 1835-1850, DOI: 10.1080/00958972.2014.926008

To link to this article:  http://dx.doi.org/10.1080/00958972.2014.926008

PLEASE SCROLL DOWN FOR ARTICLE

Taylor & Francis makes every effort to ensure the accuracy of all the information (the
“Content”) contained in the publications on our platform. However, Taylor & Francis,
our agents, and our licensors make no representations or warranties whatsoever as to
the accuracy, completeness, or suitability for any purpose of the Content. Any opinions
and views expressed in this publication are the opinions and views of the authors,
and are not the views of or endorsed by Taylor & Francis. The accuracy of the Content
should not be relied upon and should be independently verified with primary sources
of information. Taylor and Francis shall not be liable for any losses, actions, claims,
proceedings, demands, costs, expenses, damages, and other liabilities whatsoever or
howsoever caused arising directly or indirectly in connection with, in relation to or arising
out of the use of the Content.

http://crossmark.crossref.org/dialog/?doi=10.1080/00958972.2014.926008&domain=pdf&date_stamp=2014-05-22
http://www.tandfonline.com/loi/gcoo20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/00958972.2014.926008
http://dx.doi.org/10.1080/00958972.2014.926008


This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden. Terms &
Conditions of access and use can be found at http://www.tandfonline.com/page/terms-
and-conditions

D
ow

nl
oa

de
d 

by
 [

In
st

itu
te

 O
f 

A
tm

os
ph

er
ic

 P
hy

si
cs

] 
at

 1
5:

14
 0

9 
D

ec
em

be
r 

20
14

 

http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


New fac-tricarbonyl rhenium(I) semicarbazone complexes:
synthesis, characterization, and biological evaluation
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Expanding our previous work on salicylaldehyde semicarbazone metal complexes as prospective
anti-trypanosomal agents, five new fac-ReI(CO)3-containing complexes with ligands of this semicar-
bazone series were synthesized and characterized. An atypical coordination mode of these poten-
tially tridentate ligands through only the carbonylic oxygen and the azomethine nitrogen (the
so-called N,O fashion) was demonstrated by IR spectroscopy and supported by theoretical
calculations. Three of the compounds showed moderate in vitro anti-Trypanosoma cruzi activity and
increased activity with respect to the corresponding free ligands. The brominated ligands, 5-bromo-
2-hydroxybenzaldehyde semicarbazone (L2) and 5-bromo-2-hydroxy-3-methoxybenzaldehyde
semicarbazone (L5), led to the most active rhenium(I) complexes. These compounds are among the
few reported examples of rhenium complexes bearing in vitro activity against T. cruzi.

Keywords: Rhenium(I); Tricarbonyl complexes; Trypanosoma cruzi; Salicylaldehyde semicarbazones

1. Introduction

Besides increasing research on rhenium(I) carbonyl complexes due to their interesting
photophysical, photochemical, and catalytic properties [1], the coordination chemistry of

Five new fac-ReI(CO)3-tridentate semicarbazone complexes were synthesized, characterized and
evaluated on Trypanosoma cruzi. The atypical bidentate coordination mode observed was
supported by DFT calculations.
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fac-{Re(CO)3}
+ core has been widely explored for development of radiotherapeutic bioorg-

anometallic agents for nuclear medicine purposes [2, 3].
Rhenium organometallics have been described as a new class of promising anti-prolifera-

tive compounds. Several tricarbonyl rhenium(I) complexes with interesting cytotoxicity on
tumor cells have been reported and their mechanism of action has been explored [4]. In par-
ticular, some rhenium-based anti-tumor agents constitute promising candidates for clinical
development [5].

During the last decade, our group has been devoted to the search for prospective
anti-trypanosomal metal-based drugs by exploring different design strategies [6–8]. Chagas
disease (American Trypanosomiasis), caused by Trypanosoma cruzi (T. cruzi), is one of the
17 diseases recognized by the World Health Organization as neglected illnesses [9]. It is
endemic to Latin America where it affects around 10 million people mainly of poor areas
and causes more deaths in this region than any other parasitic disease. Despite the efficacy
of large-scale programs focused on insect vector control and on transfused blood testing,
the disease could not be eradicated. Moreover, migration at the beginning of the 2000s
caused the spread of the disease in non-endemic countries of North America and Europe.
The current chemotherapy is based on two old drugs, Nifurtimox and Benznidazole. Both
show several therapeutic disadvantages, like severe toxic effects and poor efficacy in the
chronic phase of the disease. Hence, the development of more efficacious and less toxic
drugs, which could also circumvent emerging drug resistance, is urgently needed [10–13].

As part of our research related with inorganic medicinal chemistry, we have developed
several metal compounds of salicylaldehyde semicarbazone ligands (figure 1) [14–21]. In
particular, oxidovanadium(IV) mixed-ligand complexes constitute promising candidates
showing high anti-trypanosomal activity and very low unspecific cytotoxicity [19–21].

Although there are several reports on fac-tricarbonyl rhenium(I) thiosemicarbazone com-
plexes, as far as we know only one very recent study deals with semicarbazone complexes
[22–28]. Moreover, only the growth inhibitory effect on T. cruzi epimastigotes of Re(V)
complexes with nitrofuryl semicarbazones has been previously evaluated [29]. In addition,
rhenium complexes were little explored for anti-trypanosomal metal-based drug develop-
ment. Fricker et al. tested a series of classical “3 + 1” mixed-ligand oxidorhenium(V) com-
plexes including a tridentate and a monodentate ligand donor set and some of them showed
in vitro inhibitory activity on the parasite [30]. Organometallic cyrhetrenyl complexes
derived from 5-nitrofurane were recently in vitro evaluated on T. cruzi [31].

We decided to expand our previous work on salicylaldehyde semicarbazone complexes
as prospective anti-trypanosomal agents by exploring the coordinative behavior of these
ligands (figure 1) with the tricarbonylrhenium(I) core and the biological activity of the
resulting organometallic compounds.
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Figure 1. Tridentate salicylaldehyde semicarbazone derivatives selected as ligands.

1836 I. Machado et al.

D
ow

nl
oa

de
d 

by
 [

In
st

itu
te

 O
f 

A
tm

os
ph

er
ic

 P
hy

si
cs

] 
at

 1
5:

14
 0

9 
D

ec
em

be
r 

20
14

 



2. Experimental setup

2.1. Materials

All common laboratory chemicals were purchased from commercial sources and used with-
out purification. Semicarbazone ligands were synthesized from an equimolar mixture of the
corresponding aldehyde and semicarbazide using a modification of a previously reported
procedure and were characterized by C, H, and N elemental analyses; FTIR; and 1H and
13C NMR spectroscopy [14, 16–19]. The [ReBr(CO)5] precursor was prepared according to
a published procedure by reacting [Re2(CO)10] and Br2 in hexane under N2. Solid [ReBr
(CO)5] was isolated by evaporating hexane at low pressure and was purified by sublimation
[32, 33].

2.2. Syntheses of the rhenium(I) complexes, [ReI(CO)3Br(L)]

The new [ReI(CO)3Br(L)] complexes, where L = salicylaldehyde semicarbazone (L1),
5-bromo-2-hydroxybenzaldehyde semicarbazone (L2), 2-hydroxy-3-methoxybenzaldehyde
semicarbazone (L3), 2-hydroxy-3-ethoxybenzaldehyde semicarbazone (L4) or 5-bromo-2-
hydroxy-3-methoxybenzaldehyde semicarbazone (L5), were prepared by mixing [ReBr
(CO)5] (44 mg, 0.108 mM) with L (0.108 mM, 19 mg L1, 28 mg L2, 22 mg L3, 24 mg L4,
31 mg L5) in toluene (15 mL) and refluxing for 24 h. In each case, a gray solid was isolated
by centrifugation and washed with two portions of toluene.

2.2.1. [ReI(CO)3Br(L1)], 1. Yield: 32 mg, 56%. Anal. Calcd for C11H9BrN3O5Re (%): C,
24.96; H, 1.71; N, 7.94. Found: C, 24.92; H, 1.79; N, 7.83. ΛM(DMSO): 4.0 Scm2M–1.
ESI-MS (negative mode) (MeOH) m/z [Found (Calcd)]: 528.00 (527.92) [M –H]–, 526.21
(525.92), 529.82 (529.92).

2.2.2. [ReI(CO)3Br(L2)], 2. Yield: 45 mg, 68%. Anal. Calcd for C11H8Br2N3O5Re (%):
C, 21.72; H, 1.33; N, 6.91. Found: C, 21.91; H, 1.35; N, 6.85. ΛM(DMSO): 9.8 Scm2M–1.
ESI-MS (negative mode) (MeOH) m/z [Found (Calcd)]: 607.71 (607.83) [M –H]–, 605.75
(605.83), 609.69 (609.83), 603.74 (603.83).

2.2.3. [ReI(CO)3Br(L3)], 3. Yield: 53 mg, 88%. Anal. Calcd for C12H11BrN3O6Re (%):
C, 25.77; H, 1.98; N, 7.51. Found: C, 25.61; H, 2.00; N, 7.41. ΛM(DMSO): 5.7 Scm2M–1.
ESI-MS (negative mode) (MeOH) m/z [Found (Calcd)]: 557.90 (557.90) [M –H]–, 559.80
(559.90), 556.00 (555.90).

2.2.4. [ReI(CO)3Br(L4)], 4. Yield: 48 mg, 78%. Anal. Calcd for C13H13BrN3O6Re (%):
C, 27.23; H, 2.29; N, 7.33. Found: C, 27.37; H, 2.22; N, 7.28. ΛM(DMSO): 6.2 Scm2M–1.
ESI-MS (negative mode) (MeOH) m/z [Found (Calcd)]: 571.93 (571.94) [M –H]–, 573.79
(573.94), 570.05 (569.94).

Tricarbonyl rhenium(I) semicarbazone 1837
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2.2.5. [ReI(CO)3Br(L5)], 5. Yield: 22 mg, 32%. Anal. Calcd for C12H10Br2N3O6Re (%):
C, 22.58; H, 1.58; N, 6.58. Found: C, 22.76; H, 1.60; N, 6.46. ΛM(DMSO): 3.7 Scm2M–1.
ESI-MS (negative mode) (MeOH) m/z [Found (Calcd)]: 637.70 (637.84) [M –H]–, 639.99
(639.85), 635.66 (635.80), 633.75 (633.90).

2.3. Physicochemical characterization

C, H, and N analyses were performed with a Thermo Flash 2000 elemental analyzer. Mass
spectrometry of methanolic solutions of the complexes was performed on an Ion Trap mass
spectrometer Bruker Esquire 6000 equipped with an electrospray ionization source and
operated in the negative-ion mode. Conductometric measurements were performed at 25 °C
in 10–3 M DMSO solutions using a Conductivity Meter 4310 Jenway [34]. FTIR spectra
(4000–400 cm–1) of the complexes and the free ligands were measured as KBr pellets with
a Bomen FTIR model M102 instrument. 1H NMR spectra of the free ligands and complexes
were recorded on a Bruker DPX-400 instrument (at 400MHz). Experiments were per-
formed at 30 °C in DMSO-d6. Heteronuclear correlation experiments (2-D-HETCOR), het-
eronuclear multiple quantum correlation and heteronuclear multiple bond correlation, were
performed with the same instrument.

2.4. Computational studies

All computational studies have been undertaken at the density functional level of theory
(DFT). The geometries of the complexes were optimized in a closed-shell singlet (S = 1).
The absence of crystallographic data prompted us to conduct stability studies of the isomers
derived from the different coordination positions of bromide, and from two bidentate coor-
dination modes of the ligand. Their optimizations were conducted with B3LYP [35] in com-
bination with LANL2DZ [36, 37]. For the most stable configuration, studies on equilibrium
geometry were performed by employing PBE1PBE [38] in combination with the so-called
STMIDI basis set (see below for details). PBE1PBE/STMIDI has proven to adequately
describe geometries of large complexes at a very low computational cost [39–42]. The
valence electrons for non-metal atoms in STMIDI were treated with MIDI! [43], those for
the metal being described by a basis set (8s7p6d2f1g)/[6s5p3d2f1g] [44]. The core electrons
were replaced by Stuttgart effective-core pseudo-potentials [44, 45]. LANL2DZ and
STMIDI take scalar relativistic effects into account, especially important when systems with
heavy atoms are studied [46]. The nature of the stationary point was verified through a
vibrational analysis (no imaginary frequencies). All theoretical studies reported in this work
were conducted by employing the program package Gaussian 09, Rev. A.01 [47].

2.5. Biological activity

2.5.1. In vitro anti-T. cruzi activity. T. cruzi epimastigotes of the Dm28c strain were
maintained in exponential growth at 28 °C in liver infusion tryptose medium complemented
with 10% (v/v) fetal calf serum. The effect on cell growth was analyzed incubating an ini-
tial concentration of 1 × 106 cells mL–1 with various concentrations of the compounds for
five days. Compounds were added as stock DMSO solutions immediately after the prepara-
tion of these solutions. The final DMSO concentration in the culture media never exceeded
0.4% (v/v) and had no effect by itself on the proliferation of the parasites [19, 20]. The
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percentage of cell growth was followed by measuring the absorbance, A, of the culture at
595 nm and calculated as follows: % = (Ap −A0p)/(Ac −A0c) × 100, where Ap = A595 of
the culture containing the drug at day 5; A0p = A595 of the culture containing the drug at
day 0; Ac = A595 of the culture in the absence of any drug (control) at day 5; and
A0c = A595 in the absence of the drug at day 0. Dose-response curves were recorded and the
IC50 values (50% inhibitory concentration) were determined. The results are presented as
averages ± standard deviation (SD). Nifurtimox (Nfx) was used as the reference trypanoso-
micidal drug.

2.6. Lipophilicity studies

Reversed-phase TLC experiments were done on pre-coated TLC plates SIL RP-18W/UV254

and eluted with MeOH : DMF : 10 mM aqueous buffer Tris pH 7.4 (20 : 20 : 60 v/v/v). Stock
solutions were prepared in pure methanol (Aldrich) prior to use. The plates were developed
in a closed chromatographic tank, dried, and the spots were located under UV light. The Rf

values were averaged from two to three determinations and converted to RM via the rela-
tionship: RM = log10 [(1/Rf) − 1] [19, 20, 48, 49].

3. Results and discussion

Five complexes of the tridentate salicylaldehyde semicarbazone derivatives L1–L5 (figure 1)
were synthesized with good yields. Attempts to obtain single crystals for performing X-ray
diffraction studies failed. All the complexes are non-conducting in DMSO, indicative of the
presence of neutral species. Analytical, ESI-MS, FTIR, and 1H NMR spectroscopic results
are in agreement with the proposed formula, [ReI(CO)3Br(L)]. ESI-MS experiments allowed
the clear detection of the [M –H]– species for each Re-complex. In all cases, peaks reflect-
ing the isotope distribution of 79Br and 81Br were detected in agreement with the presence
of one (complexes 1, 3 and 4) or two (complexes 2 and 5) bromine atoms per molecule.

Numerous Re(I)-based complexes described in the literature were prepared via displace-
ment of two carbonyls of the Re(I)-pentacarbonyl complexes [Re(CO)5X], where X = Cl or
Br, by bidentate ligands bearing various donors (O, S, Se, Te, N, and P). In these cases, the
three carbonyl ligands of the kinetically inert {Re(CO)3}

+ core served to fix three coordina-
tion sites, leaving available three positions for ligand substitution. Moreover, different
ligands, like some thiosemicarbazones, were able to displace two carbonyl groups but also
the bromide acting as tridentate ligands [50, 51]. The salicylaldehyde semicarbazones
selected in this work have demonstrated their ability to act as tridentate ligands of different
metal ions through the azomethine nitrogen, carbonyl oxygen, and the phenolic oxygen
(figure 1) [14–21]. We were interested in expanding our previous chemical work by study-
ing the coordination behavior of L1–L5 towards the {Re(CO)3}

+ core. All the results show
that in this case the ligands were not able to coordinate tridentate, leading to [ReI(CO)3Br
(L)] species instead of [ReI(CO)3(L–H)] ones.

3.1. IR spectroscopic studies

Based on our previous experience for vibrational behavior of metal complexes of salicylal-
dehyde semicarbazone derivatives [14–21], vibration bands related to the semicarbazone

Tricarbonyl rhenium(I) semicarbazone 1839
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coordination mode were tentatively assigned. Some selected vibration bands and their tenta-
tive assignments are presented in table 1. The absence of the ν(C=O) bands, present in the
ligands at 1667–1698 cm−1, and the appearance of strong bands at ca. 1646–1655 cm−1 are
characteristic of the coordination of these ligands through carbonylic oxygen [52].

The shift of ν(C=O) and ν(C=N) bands and the presence of ν(OH) (in the 3420–3480
cm−1 region) are in agreement with bidentate coordination through the carbonylic oxygen
(OO–C(NH2)=N) and the azomethine nitrogen (Nazomethine) [14–21].

The IR spectra display three strong carbonyl stretching bands, ν(C≡O), in the
2034–1898 cm–1 region, which are characteristic of monomeric pseudo-octahedral fac-{Re
(CO)3}

+ complexes [53–56].

3.2. NMR results

NMR spectroscopic data show narrow signals, typical of diamagnetic complexes. HETCOR
experiments allow assigning all 1H signals. 1H NMR integrations and signal multiplicities
are in line with the proposed formula. Table 2 includes the 1H NMR chemical shift values
along with chemical shift differences between each complex and the corresponding ligand
(expressed as Δδ). The figure included in table 2 shows the numbering scheme of the sali-
cylaldehyde semicarbazone moiety used as a general numbering scaffold for the five
selected ligands either in the table or in the text. The five complexes show similar 1H chem-
ical shifts of the salicylaldehyde semicarbazone fragment. As previously discussed for gal-
lium(III) and dioxidovanadium(V) complexes of these ligands, upon coordination the de-
shielding effect of the metal is apparent in some protons near the nitrogen and carbonylic
oxygen donors (i.e. protons 8, 10 and 11), causing a downfield shift of the corresponding
1H NMR signals [14, 15, 20]. Nevertheless, almost all protons are affected due to coordina-
tion to the rhenium core.

3.3. Computational studies

3.3.1. Geometries and isomer stability. The experimental results are in line with the
presence of a neutral complex with bidentate semicarbazone derivative (L), which can, in
principle, lead to two coordination modes (labeled as “N,O” and “N,OH”, respectively)

Table 1. Tentative assignment of selected IR bands of the [ReI(CO)3Br(L)] complexes 1–5. Bands of the free
semicarbazone ligands L1–L5 are included for comparison [14–21]. Band positions are given in cm–1.

Compound ν(C=O) ν(C=N)a ν(O–H) ν(N–H) ν(C≡O)

L1 1695 1593 3493 3157 –
[ReI(CO)3Br(L1)], 1 1655 1555 3459 3200 2032, 1945 sh,1929
L2 1698 1596 3470 3191 –
[ReI(CO)3Br(L2)], 2 1655 1553 3448 3170 2034, 1918 br
L3 1676 1586 3466 3171 –
[ReI(CO)3Br(L3)], 3 1650 1553 3450 3157 2028, 1914, 1888
L4 1667 1595 3433 3160 –
[ReI(CO)3Br(L4)], 4 1648 1555 3420 3152 2032, 1916, 1899
L5 1672 1572 3477 3190 –
[ReI(CO)3Br(L5)], 5 1646 1540 3480 3162 2027, 1920, 1898

aThe bands assigned to ν(C=N) (azomethine) are associated with other stretching bands [20, 21, 45].
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(figure 2). The different coordination positions of the halide lead to the isomers displayed
in figures 3 and 4 (for the particular case of [Re(CO)3Br(L2)]): fac-isomer (1) and mer-iso-
mers (2 and 3), results for only one of the fac-enantiomers are presented and discussed.

The optimization for all isomers has been conducted with B3LYP/LANL2DZ, which
gives a minimum stationary point in all cases. The stability results point to fac-isomer
being the most stable with L2 (R1 = H; R2 = Br) coordinating rhenium in either mode
(see figure 2). The largest energy differences between isomers are observed for the ones
featuring bromide in an in-plane coordination position, regardless of the coordination
mode of L2. When L2 coordinates N,O to rhenium (L2N–O), the calculated energy
difference is 22 kcal M−1 (isomer 3), while in a N,OH-mode (L2N–OH) the difference is
26 kcal M−1 (isomer 2).

In studying the stability of the fac-stereoisomer 1 with L2N–O and with L2N–OH, calcula-
tions show the first to be more stable than the second one by 9 kcal M−1. This energy differ-
ence is the result of conformational changes in the semicarbazone, changes in the chelate
ring size and the formation of an intra-ligand N–H⋯O hydrogen bond when L coordinates
rhenium in a N,O-mode. The results of the Gibbs energy are also in line with the above-
mentioned stability results.

These findings are consistent with the coordination mode exhibited by other salicylalde-
hyde semicarbazone derivatives in rhenium(I) tricarbonyl complexes [28]. A different
behavior was previously reported for a [Re(CO)3Br(L)] complex of a potentially tridentate
thiosemicarbazone N,N,S ligand (L) that coordinated in a bidentate mode through both
nitrogen donors but not through its thiocarbonylic sulfur donor site [50].

Regarding the carbonyl ligands, we are not aware of a mer-configuration of the carbonyl
ligands in tricarbonyl-based complexes of rhenium(I). Our results of isomer stability
(table 3) for [Re(CO)3Br(L2)] are also in agreement with this observation. Therefore, we
expect to obtain [Re(CO)3Br(L2)] as a racemic mixture.

Besides study of the electronic features of the most stable isomers of [Re(CO)3Br(L2)], it
is also our aim to test the reliability of PBE1PBE/STMIDI in studying the electronic proper-
ties of complexes with rhenium in low oxidation states. Therefore, we decided to investigate
the geometry and the vibrational IR spectrum for fac-[Re(CO)3Br(L2)] (1 in figures 3 and
4) with PBE1PBE/STMIDI.

Figure 2. Bidentate coordination possibilities of the semicarbazone employed in this work: N,O-mode (left) and
the N,OH-mode (right).
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To elucidate the coordination mode of the semicarbazones considered in this work, we
studied the vibrational IR spectrum of the most stable isomer of [Re(CO)3Br(L2)] by
employing PBE1PBE/STMIDI. The calculated vibrational IR spectra for the fac-isomer 1
with L2N–O and with L2N–OH are depicted in figure 5, in which the experimental one is also
included.

The better simulation of the IR spectrum is obtained for the complex with L2N–O. The
most important difference arises in the region between 2100 and 1500 cm–1, in which the
stretching mode of C=O is presented. The calculations allow us to distinguish C=O coordi-
nating rhenium (N,O-mode) from uncoordinated C=O (N,OH-mode). While calculated
ν(C=O) in the first case appears at 1735 cm–1 (shifted +37 cm–1 with respect to the experi-
mental value), it is calculated at 1862 cm–1 for L coordinating rhenium in a N,OH-mode.
Therefore, from the comparison of the theoretical and the experimental band pattern from
2100 to 1500 cm–1 for the complex with L2N–O, and taking the origin of these bands as
mentioned above into account, we are in the position to assume that L2 is a bidentate ligand
coordinating through the carbonylic oxygen and the azomethine nitrogen.

The calculated spectrum of [Re(CO)3Br(L2N–O)] exhibits a very intense band at
2086 cm−1, attributable to ν(C≡O) of the carbonyl ligands, which is simulated at +52 cm–1

shifted with respect to the experimental value. In the low-energy part of the spectrum, the
stretching of the carbonyl groups leads to two very intense bands simulated at 2010 and
1983 cm–1, which can be related to the broad band experimentally detected at 1918 cm–1. It
is worth mentioning that this broad band has been observed as two independent bands for

Figure 3. Optimized structures of the isomers of [Re(CO)3Br(L2)] derived from the different coordination posi-
tions of the halide ligand in a N,O coordination mode of L2 by employing B3LYP/LANL2DZ.
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all the other complexes included in this work. At 1734 and 1601 cm–1, two intense bands,
ascribable to ν(C=O) + δ(NH2) and ν(C=N) + δ(NH2), respectively, have also been
calculated. Both bands are shifted with respect to the experimental evidence, the shifts

Figure 4. Optimized structures of the isomers of [Re(CO)3Br(L2)] derived from the different coordination
positions of the halide ligand in a N,OH coordination mode of L2 by employing B3LYP/LANL2DZ.

Table 3. Energy difference between isomers of [Re(CO)3Br(L2)] as computed with B3LYP/LANL2DZ (in the
gas phase) taking two coordination modes of L into account (T = 298 K).

Coordination mode Isomer # DE (kcal M–1)a DG° (kcal M–1)a

N,O 1 0b 0d

2 21 21
3 22 22

N,OH 1 0c 0e

2 26 26
3 15 15

aEnergy difference with respect to the most stable isomer.
bE isomer # 1 (N,O-coordination mode) = –1069.81063729 u.a.
cE isomer # 1 (N,OH-coordination mode) = –1069.7961849 u.a.
dG isomer # 1 (N,O-coordination mode) = –1069.79618492 u.a.
eG isomer # 1 (N,OH-coordination mode) = –1069.57021273 u.a.
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being +36 and +51 cm–1, respectively. All findings already commented on are in line with
the conclusion that [Re(CO)3Br(L2N–O)] is obtained in the solid state as a racemic mixture
of stereoisomers 1 and 2. Optimized geometry of isomer 1 is displayed in figure 6. Selected
optimized parameters are gathered in table 4.

The calculated structure of fac-[Re(CO)3Br(L2N–O)] with PBE1PBE/STMIDI exhibits a
slightly distorted octahedral rhenium ion featured by metric parameters in good agreement
with the ones recently reported for the related [Re(CO)3Br(H2Bu2)] (H2Bu2 = salicylalde-
hyde-N,N-dibutyl semicarbazone) [28]. The geometry at the minimum displays Re–C bond
lengths ranging from 1.891 to 1.917 Å (exp. value of 1.90 Å). All other calculated Re-non-
metal bond lengths show a deviation of up to 0.051 Å (Re–Br), which account for a good
performance of PBE1PBE/STMIDI in dealing with optimized structures of complexes with
rhenium in oxidation state +1.

Figure 5. Experimental vibrational IR spectra of [Re(CO)3Br(L2)] (top), and theoretical (bottom) as calculated
with PBE1PBE/STMIDI for the most stable isomer in a N,O-coordination mode of L2 (red line), and in a N,OH-
mode of L2 (blue line) (see http://dx.doi.org/10.1080/00958972.2014.926008 for color version).
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3.4. Biological activity

3.4.1. In vitro anti-T. cruzi activity. The complexes were in vitro evaluated for their anti-
T. cruzi activities against the epimastigote form (Dm28c strain). The results were compared
to that of the reference drug Nifurtimox (table 5). The free semicarbazones L1–L5 have
been previously tested by the same in vitro test and have shown no significant inhibitory

Figure 6. Most stable isomer of [Re(CO)3Br(L2N–O)] as calculated with PBE1PBE/STMIDI (T = 298 K).

Table 4. Selected geometric parameters calculated for the most stable isomer of [Re(CO)3Br(L2N–O)] by using
PBE1PBE/STMIDI (T = 298 K).a

Complex Bond d (Å) Angle ∠ (°)

fac-[Re(CO)3Br(L2N–O)] Re–C1 1.917 C1–Re–C2 88.3
Re–C2 1.891 C1–Re–O1 98.9
Re–C3 1.905 C2–Re–N1 98.6
Re–Br 2.564 O1–Re–N1 74.1
Re–N1 2.182 Br–Re–N1 82.9
Re–O1 2.186 Br–Re–C1 93.3

aFor atom assignment see figure 6.

Table 5. In vitro biological activity on T. cruzi (Dm28c strain) and lipophilicity of the fac-Re(CO)3-containing
complexes. Nifurtimox and [Re(CO)5Br] were included for comparison.

Compound IC50 ± SD (μM)a RM
b

[ReI(CO)3BrL1], 1 67.1 ± 1.3 –0.35
[ReI(CO)3BrL2], 2 57.3 ± 8.7 –0.05
[ReI(CO)3BrL3], 3 168.1 ± 40.8 –0.54
[ReI(CO)3BrL4], 4 187.0 ± 31.4 –0.31
[ReI(CO)3BrL5], 5 59.9 ± 3.8 –0.09
L1 >100 [15, 18] –0.57
L2 >100 [15, 18] –0.07
L3 >100 [15, 18] –0.71
L4 >100 [15, 18] –0.66
L5 >100 [15, 18] –0.09
[Re(CO)5Br] 107.6 ± 15.2 –
Nifurtimox 6.0 [18] –

aIC50: concentration that inhibits 50% of the parasite growth, SD: standard deviation.
bRM= log10 [(1/Rf) –1].
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effect on T. cruzi epimastigotes (IC50 > 100 μM) [16, 19]. The precursor [Re(CO)5Br] was
also tested for comparison. It shows very low activity on the parasite.

The L1, L2, and L5 new rhenium(I) complexes show moderate activity on T. cruzi epim-
astigotes. An improvement of the anti-trypanosomal activity is observed upon coordination
to rhenium. Both brominated ligands, L2 and L5, lead to the most active rhenium(I) com-
plexes. Similar enhanced bioactivity has been previously reported for the gallium(III) and
oxidovanadium(IV) complexes of these salicylaldehyde semicarbazone derivatives [18, 21].

3.5. Lipophilicity studies

Lipophilic, polar, electronic, and steric effects are among the prime factors controlling trans-
port to and interaction with biological receptors. Hence, structure–activity relationships usu-
ally involve studying the effect of lipophilicity, among other factors, on biological activity
[20, 21, 57]. Therefore, this physicochemical property was determined for the whole series
of the newly developed fac-ReI(CO)3-based complexes trying to find out if bioactivity is
correlated with this factor.

Lipophilicity was experimentally determined using reversed-phase TLC experiments
where the stationary phase, precoated TLC-C18, may be considered to simulate lipids of

51 2 3 4 6 7 8 9 10

Mobile phase front

Figure 7. Schematic representation of the lipophilicity determination by TLC (see text): 1: complex 1, Rf = 0.69;
2: complex 2, Rf = 0.53; 3: complex 3, Rf = 0.78; 4: complex 4, Rf = 0.67; 5: complex 5, Rf = 0.55; 6: L1, Rf = 0.79;
7: L2, Rf = 0.54; 8: L3, Rf = 0.83; 9: L4, Rf = 0.82; 10: L5, Rf = 0.56.

Tricarbonyl rhenium(I) semicarbazone 1847

D
ow

nl
oa

de
d 

by
 [

In
st

itu
te

 O
f 

A
tm

os
ph

er
ic

 P
hy

si
cs

] 
at

 1
5:

14
 0

9 
D

ec
em

be
r 

20
14

 



biological membranes or receptors, and the mobile phase, MeOH : DMF : Tris–HCl buffer
pH 7.4 (20 : 20 : 60, v/v/v), resembles the aqueous biological milieu. The composition of
the mobile phase was modified and adjusted in order to allow differentiating complexes
according to their lipophilicity (figure 7). The most adequate one was a combination of
polar organic solvents, MeOH and DMF, together with a buffer that simulates the physio-
logical pH value. Table 5 summarizes the RM values for each complex together with those
values determined for the free ligands in the same experiment.

Each Re–L complex shows a lower Rf value than the corresponding free ligand L. That
means that, as expected, each rhenium(I) tricarbonyl complex is more lipophilic than the
free ligand. Nevertheless, only three complexes of five are more active than the free ligands.
Although a significantly higher number of complexes would be needed in order to establish
a more reliable conclusion, no apparent correlation could be observed between lipophilicity
of the complexes and their anti-trypanosomal activities. At this stage, we conclude that
other physicochemical factors or a combination of factors including lipophilicity could
determine the activity tendency experimentally observed. Work is in progress to increase
the number of structurally related Re(I) tricarbonyl compounds by modification of the sub-
stitution pattern on the salicylaldehyde semicarbazone moiety in order to determine struc-
ture–activity relationships and improve the biological activity.

4. Conclusion

Five new fac-ReI(CO)3-containing complexes with salicylaldehyde derivatives as ligands
were synthesized and characterized. The potentially tridentate semicarbazone ligands
showed an atypical bidentate coordination mode through the carbonylic oxygen and the
azomethine nitrogen. This observation was supported by DFT calculations. Studies on the
equilibrium geometry performed with B3LYP/LANL2DZ pointed to the isomer featured by
an out-of-plane coordinated bromide (in either coordination modes of L) to be the most
abundant one. The vibrational IR spectrum computed with PBE1PBE/STMIDI has proven
to be useful for studying the features of the coordination sphere, in which semicarbazone is
bidentate by employing the carbonylic oxygen and the azomethine nitrogen as donors. Cal-
culated metric parameters for the optimized structure were in agreement with those reported
for the X-ray-determined structure of [Re(CO)3Br(H2Bu2)] (H2Bu2 = salicylaldehyde-N,
N-dibutyl semicarbazone). Thus, PBE1PBE in combination with STMIDI could be
confidently employed in studying complexes of Re(I) with semicarbazone-derivative
ligands keeping the computational cost very low.

Three of the new compounds showed moderate anti-T. cruzi activity and increased
activity with respect to the corresponding free ligands. These are among the few reported
examples of rhenium complexes bearing in vitro activity against T. cruzi.
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