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An one-pot reaction of Re2(CO)10 and an a-diimine (1:2 molar ratio) in refluxed 2-chloroethanol afforded
the corresponding chlorotricarbonyl(a-diimine)rhenium(I) complexes, fac-(CO)3(a-diimine)ReCl, 1-4, in
very high yield. The a-diimines in 1-4 are 2,20-bipyridyl, 1,10-phenanthroline, 2,9-dimethyl-1,10-phe-
nanthroline, and 2,9-dimethyl-4,7-diphenyl-1,10-phenanthroline, respectively. Alternatively, an one-
pot reaction of Re2(CO)10 and an a-diimine (1:2 mole ratio) in refluxed 1-pentanol in the presence of
CO2 and HCl yielded the corresponding chloro complexes, 1-4, in very high yield. 1-4 were characterized
spectroscopically. Additionally, 3 and 4 were characterized through X-ray crystal structure determina-
tions. The chloro complexes, 1-4 exhibit fluorescence both in the solid states and in solutions. Surpris-
ingly, 1-4 are cytotoxic against breast, prostate, and lung cancer cell lines.

� 2008 Elsevier B.V. All rights reserved.
Rhenium tricarbonyl (a-diimine) complexes of the type, fac-
(CO)3(a-diimine)ReX, (where, X is an anionic ligand), are of impor-
tance because most of these complexes exhibit long-lived metal-
to-ligand charge transfer (MLCT) and intra-ligand (IL) excited
states in solutions at room temperature [1]. Additionally, similar
complexes have been reported to be cytotoxic against numerous
cancer cell lines [2]. Among the most frequently studied complexes
of this type are fac-(CO)3(a-diimine)ReCl because of their unique
photochemical and photophysical properties [3]. Generally these
complexes are synthesized from the reactions of the corresponding
a-diimine ligands with Re(CO)5Cl, which is either available com-
mercially or synthesized from the reaction of Re2(CO)10 with Cl2.
In this communication, we report the one-pot synthesis and the
fluorescence and cytotoxicity studies of fac-(CO)3(a-diimine)ReCl,
1-4, where, the a-diimines are 2,20-bipyridyl, 1,10-phenanthroline,
2,9-dimethyl-1,10-phenanthroline and 2,9-dimethyl-4,7-diphenyl-
1,10-phenanthroline, respectively.

The reactions of Re2(CO)10 with corresponding a-diimines in re-
fluxed 2-chloroethanol, or 1-pentanol in the presence of CO2 and
HCl, afford 1-4 in very high yields according to eqs. (1) and (2) [4]:
ll rights reserved.
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andal).
Re2ðCOÞ10 þ 2ða-diimineÞ þ 2ClCH2CH2OH

! 2fac-ðCOÞ3ða-diimineÞReCl;1-4þ CH3CH2OH

þ ClCH2CHOð?Þ þ 4CO ð1Þ

ðCOÞ10 þ 2ða-diimineÞ þ CH3ðCH2Þ3CH2OHþ 2HCl

! 2fac-ðCOÞ3ða-diimineÞReCl;1-4þ CH3ðCH2Þ3CHOð?Þ
þ 4COþ 2H2 ð2Þ

We did not explore the mechanism of the reactions. It is, however,
possible that ligand substitution reactions yield initially the corre-
sponding dimers, [Re(CO)3(a-diimine)]2 [5]. The reactions of the di-
mers with 2-chloroethanol or 1-pentanol/CO2/HCl in several steps
afford the corresponding chloro complexes, 1-4. The IR, 1H and
13C NMR spectral data of 1-4 closely match with the published spec-
tral data of 1-4 and similar chloro complexes [6]. Surprisingly, the
13C NMR spectral data of 4 are not available in the literature. The
present study reveals that the 13C NMR spectrum of 4 exhibits
two characteristic and well-resolved resonances at d197 and 189
(intensity ratio of 2:1) due to the three terminal carbonyls. The
molecular structures of 3 and 4 were established through X-ray
crystal structure determinations [7]. The X-ray structures of 1, 2,
and analogous chloro complexes were reported earlier [8]. The
molecular plots of 3 are shown in Fig. 1 and the molecular plots
of 4 are shown in Fig. 2. The rhenium atom in 3 or 4 has distorted
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Fig. 1. The X-ray crystal structure of 3. Selected bond lengths (Å): Re–C(15),
1.905(4); Re–C(16), 1.916(3); Re–C(17), 1.933(4); Re–N(1), 2.224(3); Re–N(2),
2.211(3); O(15)–C(15), 1.160(5); O(16)–C(16), 1.155(4); O(17)–C(17), 1.128(4); Re–
Cl, 2.4765(9). Selected bond angles (�): C(17)–Re–Cl, 175.56(9); C(16)–Re–Cl,
97.24(11); C(15)–Re–Cl, 91.02(13).
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Fig. 3. Fluorescence spectra of the fac-chlorotricarbonyl(a-diimine)rhenium(I)
complexes in DMSO (1: 1.9486 x 10�4 M fac-(CO)3(bipy)ReCl; 2: 2.0590 � 10�4

fac-(CO)3(phen)ReCl; 3: 2.1403 � 10�4 M fac-(CO)3(2,9-Me2–phen)ReCl; 4:
1.6513 � 10�4 M fac-(CO)3(2,9-Me2–4,7-Ph2–phen)ReCl).

Table 1
Photophysical parameters of 1-4
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octahedron with three terminal CO’s in a facial arrangement, an a-
diimine, and a chloride ligand. There may be a small amount of
trans CO/Cl disorder in 3 as indicated by the shortened C17-O17
bond distance and the more linear Re-C17-O17 bond angle relative
to the other carbonyl groups. This type of disorder is typical for
these complexes [9]. The axial CO and Cl ligands in 4 are disordered
across the equatorial plane.

The UV-visible spectra of 1-4 are very similar to the UV-visible
spectra of 1-4 published earlier by several research groups [6,10].
The fluorescence spectra [11] of 1-4 in DMSO are shown in Fig. 3.
The quantum yields (/) of 1-4 were determined from the following
equation [12] using the solution of equal absorbance (�0.089) with
crystal violet in methanol as reference standard (/ = 0.54 [13])
Fig. 2. The X-ray crystal structure of the major component of 4. Selected bond
lengths (Å): Re(1)–C(1A), 1.902(18); Re(1)–C(2), 1.898(7); Re(1)–C(3), 1.911(6);
Re(1)–Cl(1A), 2.421(3). Selected bond angles (�): C(2)–Re(1)–Cl(1A), 91.9(2); C(1A)–
Re(1)–Cl(!A), 179.6(6); C(3)–Re(1)–Cl(1A), 91.0(2).
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The subscripts u and s refers to the unknown and the standard,
respectively, n is the refractive index, and F is the integrated area
of the fluorescence band. Strichler method was used to determine
the fluorescence lifetime [14]:

1=s0 ¼ 2:88� 10�9n2m3
f /
�1
Z e

�m
�d�m
Compound kex (nm) kem (nm) e (� 103/M-cm) / s0 (ns)

1 319 576.47 2.897 0.261 21.0
2 319 577.19 4.375 0.603 32.0
3 319 577.98 3.259 0.483 38.0
4 319 578.31 5.036 0.459 29.0
Ref. Sample 319 630.21 – 0.56 –
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Fig. 4. Plot of drug type vs. % viable cells. Brown, pink, and yellow represent breast,
prostate, and lung cancer cell lines, respectively. Green represents control – cells
exposed to DMSO only. (1) Cancer cells treated with 1 lg/mL of 1. (2) Cancer cells
treated with 1 lg/mL of 2. (3) Cancer cells treated with 1 lg/mL of 3. (4) Cancer cells
treated with 4 lg/mL of 4. (For interpretation of the references to colour in this
figure legend, the reader is referred to the web version of this article.)
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Table 1 summarizes the photophysical parameters of the chloro
complexes, 1-4. Most importantly, the chloro complexes, 1-4 are
cytotoxic against human breast (MCF 7), prostate (PC3), and lung
(H522) cancer cell lines. The cytotoxicities were studied [15] in
the concentration range of 0.5–4.0 lg/mL. 1-4 are barely active in
0.5 lg/mL concentration (not shown). However, 1 or 3 are very ac-
tive against lung cancer cell lines in an optimum concentration of
1 lg/mL (Fig. 4). Although 4 is not active in 1 lg/mL concentration
(not shown), it is extremely active against all cancer cell lines in an
optimum concentration of 4 lg/mL (Fig. 4). Detailed cytotoxicity
studies using a wide range of concentrations of 1-4 and the mech-
anism of actions of 1-4 are in progress.
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Appendix A. Supplementary material

CCDC 683150 and CCDC 682962 contain the supplementary
crystallographic data for 3 and 4. These data can be obtained free
of charge from The Cambridge Crystallographic Data Centre via
www.ccdc.cam.ac.uk/data_request/cif. Supplementary data associ-
ated with this article can be found, in the online version, at
doi:10.1016/j.inoche.2008.05.033.
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