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The coordination compounds o f the general formula Re2(1^ 4X 2 (X = Cl, Br; L = 1-adamantylcarboxylate and 1-adamantylacetate) have been prepared and characterized by means of UV-VIS
spectroscopy (20000 cm-1 , 6 —►6*). The crystal and molecular structure of Re2(AdCOO)4Cl2
• 4 CHCI3 solvate was determined by X-ray diffraction. The units Re 2(AdCOO)4Cl2 adopt a
centrosymmetric dinuclear array with each metal atom coordinated in a distorted octahedron
comprising one rhenium and one chlorine atoms (Re-Cl 2.505(2) A) and four carboxylate
oxygen atoms in the equatorial plane. The rhenium-rhenium separation of 2.2300(5) A corre
sponds to quadruple bond between the metal atoms. All R e-0 bonds have an almost uniform
length (2.017(4) - 2.032(4) A) and do not differ essentially from the parameters reported for
related compounds. The closest environment of the Re2(AdCOO)4Cl2 molecules in the crystal
comprises weak Cl— HC hydrogen bonds with the chloroform molecules and significantly
shortened van der Waals contacts Cl— Cl, 3.46 A.

Introduction
The preparation of dirhenium(III) octahalide salts
Kat2 [Re2 Xg] and some dirhenium(III) tetracarboxylate compounds Re2 (RCOO)4 X2, their structure and
the nature of the quadruple rhenium-rhenium bond
were elaborated over two decades ago [1, 2]. The
chemistry of the dirhenium(III) moiety is rich and
versatile. The compounds may retain their metalmetal bond in many reactions that allow a directed
preparation of di-, tetra- and polynuclear coordi
nation compounds containing dirhenium cores [1,
3, 4]. Dirhenium(III) compounds are relatively sta
ble in air and in aqueous solutions, they undergo
controllable and reversible oxidation, hydrolysis
and ligand exchange reactions [1 ,5 ,6 ]. Our present
interest in the synthesis, structure and properties of
these compounds is connected with their potential
biological activity. Dirhenium(III) cores presum
ably may act as a specific effective receptors for
biologically important anions and anionic groups
of complex molecules (cf of carboxylate and phos
phate families).

Our recent investigations revealed the potential
of dirhenium(III) compounds as bioactive systems.
Different species of this family show antitumor, antianaemic, cytostabilizing and other activity [7 - 9].
The compound of the type Re2 (RCOO)4 Cl2 and
Re2(RCOO)2Cl4 (R = -CH(CH3)2, -(CH2)3~NH2)
have an influence on the acid resistance of hu
man erythrocytes and lead to an increase of
hemoglobin [7], they also act as antihaemolytic
drugs and prolong life of anaemic animals [10]. It is
notable, that at low concentrations of dirhenium(III)
compounds the effects on human erythrocytes sta
bility appeared to be comparable with those reported
for steroids [7, 11]. Thus dirhenium(III) cores with
quadruple metal-metal bonding, having no prece
dents in biosystems and naturally occurring prod
ucts, may be viewed as a novel perspective target
in biochemistry and medicine. This issue is signifi
cantly supported by the fact of an actually very low
general toxicity of rhenium compounds [7, 10, 12].
Synthesis of new dirhenium carboxylate com
pounds, their chemical and physiological properties
and possible structure-properties correlations are of
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special interest in this context. As one of suitable
ligand systems we regard adamantyl substituted carboxylates possessing relatively high lipophilicity.
The use of adamantyl substituents for the modifica
tion of bioactive species and pharmaceutical prepa
rations was described previously [13 - 15]. In the
present contribution we report the synthesis and
structure of novel tetracarboxylate dirhenium(III)
compounds, derived from adamantane carboxylic
acids.

Table 1. Experimental data for Rei(AdCOO)4Cli
CHCI3 .

Formula
Formula weight
Crystal system
Space group; Z

C48H64Cl,40 8Re2

a (A)

H (M o-K q ) (cm - 1 )

11.0237(9)
11.3534(9)
12.4237(9)
93.427(2)
99.363(2)
96.080(2)
1520.9(2)
1.788
8004
46.38

Data collection
T (K)

223(2)

b (A)
c (A)
Q(°)

ßO
7 0 3
V (A 3)
Dcalc (g cm -)
F(000)

Experimental

Synthesis
The chemicals were commercial products of reagent
grade, used without further purification. Octahalodirhenate(III) salts (NBu^R eaX g (X = Cl, Br) were prepared in
accordance with [16], and 1-adamantanecarboxylic and 1adamantylacetic acids were prepared accordingly to [17],
Quantitative analysis of rhenium and chlorine (brom
ine) was performed by gravimetry, as nitron [4,5-dihydro2,4-diphenyl-5-(phenylimino)-1H -1,2,4-triazolium] perrhenate and AgCl (AgBr), using standard procedure [18].
Dirhenium(III) complexes were obtained with almost
quantitative yield by fusion of solid (NBu 4)2Re2Xs and
the appropriate adamantanecarboxylic acid in the absence
of air:
(NBu 4 )2Re2X 8 + 4RCOOH -» Re2(RCOO)4X 2 + 2 NBU4 X + 4HX

1637.69
triclinic
Pi; 1

Radiation

M o-K q (graphite
monochromator)

Wavelength (A)
20max (°)
Reflections collected ( ± h , ± k, ± /)
Unique data
Observed reflections (/ > 2<r(I))

0.71073
53.1
9281
6212 (/?int = 0.0302)
5115

Structure refinement
Data used / parameters refined
f l1, wR2 (Fi ) (obs.)
R 1, wR2 (F2) (all data)
GOF on F2
Largest peak and hole (e A - 3 )

6212/325
0.0458,0.1104
0.0607,0.1151
1.036
1.787,-1.416

: h 2X = C1. Br; R =

In a typical synthesis, a homogeneous mixture of
0.228 g (0.2 mmol) of (NBu 4) 2Re 2Cl8 and 0.432 g
(2.4 mmol) of 1-adamantanecarboxylic acid was heated
gently to 205 °C under argon and was allowed to stand
at this temperature for 5 h. After cooling the result
ing orange-brown fusion cake was triturated with 5 ml
of acetone to remove the excess of 1-adamantanecarb
oxylic acid and the tetrabutylammonium salts. Recrys
tallization of the solid residue from chloroform af
forded pure tetracarboxylate complex Re2(AdCOO)4Cl2
• 4 CHCI3 as transparent light-orange prisms. The com
pound easily loses chloroform of crystallization within
hours at room temperature giving an orange powder of
Re2 (AdCOO)4Cl2. The yield was 0.2225 g (96%). C44H6oCl2 0 8 Re2 (1160.22): calcd. Re 32.10, Cl 6.11;
found Re 31.93, Cl 5.74.
Under similar conditions (NBu 4 ) 2Re2Br8 produced
red-orange Re2 (AdCOO)4Br2 (yield 8 8 %), and the reac
tion of (NBu 4 ) 2Re2X 8 with 1-adamantylacetic acid (5 h

at 225 °C) led to Re2(AdCH 2COO)4X 2 (X = Cl, or
ange, 92%; Br, red-brown, 84%). All the compounds are
air- and moisture-stable, insoluble in water and most or
ganic solvents and sparingly soluble in chlorinated hy
drocarbons, cf. CHCI3, CH 2CI2 and C6H5CI. The sam
ples for analysis were dried in vacuo at room temper
ature. Re2(AdCOO)4Br2 - C44H6oBr2 0 gRe2 (1249.14):
calcd. Re 29.81, Br 12.79; found Re 29.67, Br 12.46.
Re2 (AdCH 2COO)4Cl2 - C48H68Cl2 0 8Re 2 (1216.32):
calcd. Re 30.62, Cl 5.83; found Re 30.49, Cl 5.53.
Re2(AdCH 2COO)4Br2 - C48H68Br2 0 8Re2 (1305.24):
calcd. Re 28.53, Br 12.24; found Re 28.46, Br 11.85.

Measurements
Absorption spectra of the complexes were recorded on
a SPECORD M40 (Carl Zeiss, Jena) UV-VIS spectrome
ter (1 2 0 0 0 - 26000 cm“ 1).
For the X-ray diffraction study crystals of the di
mensions 0 .2 0 x 0 .2 0 x 0 .1 0 mm 3 were used. Crystallo
graphic measurements were made at 223 K using a
SMART CCD diffractometer (Siemens). Semi-empirical
absorption corrections using the SADABS program were
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Table 2. Selected bond lengths (A) and angles (°) for
a
Re2(AdCOO)4Cl2 • 4 C H CI 3
0(1)-C (1)
0 (2 )-C (l)
0(3)-C (12)
0(4)-C (12)
C (l)-C (2)
C(12)-C(13)

1.286(8)
1.284(7)
1.294(7)
1.286(8)
1.488(8)
1.473(9)

0 (2a)-R e(l)-C l(l)
R e(la)-R e(l)-C l(l)
C (l)-0 (1 )-R e (l)
C (l)-0(2)-R e(la)
C (12)-0(3)-R e(l)
C (12)-0(4)-R e(la)
0 (2 )- C (l) -0 (l)
0(2)-C (l)-C (2)
0(1)-C(1)-C(2)
0(4)-C (12)-0(3)
0(4)-C(12)-C(13)
0(3)-C(12)-C(13)

86.4(1)
175.42(4)
119.6(4)
120.5(4)
119.9(4)
120.6(4)
119.9(5)
119.1(6)
121.0(6)
119.5(6)
121.1(6)
119.3(6)

Fig. 1. UV-VIS absorption spectra of the rhenium com
plexes in chloroform solutions, 1: Re 2(AdCOO)4Br2,
2 : Re2(AdCH2COO)4Br2, 3: Re2 (AdCÖO)4Cl2, and 4:

a Symmetry transformations used to generate equivalent atoms:
-x, -y , -z.

bridge Crystallographic Data Centre and are available on
request quoting the depository number CCDC-151983.

applied. Table 1 lists the cell parameters, and details of
the data acquisition and structure refinement. Neither
SHELXS-86, nor SIR-97 software were able to solve
the structure in centrosymmetric space group P i. The
structure was solved using SHELXS-86 [19] in the noncentrosymmetric space group PI and the coordinates of
rhenium and chlorine atoms of metal-organic core were
used for calculation of their positions for the centrosym
metric space group. The remaining atoms were located
from subsequent Fourier syntheses. All non-hydrogen
atoms in the structure were refined anisotropically, the
hydrogen atoms were included as fixed contributions. The
structure was refined using SHELXL-97 [20]. Relatively
large U values for carbon atoms C (6)-C (ll) (Ueq 0.110
to 0.144 A 2) and poor bond distances in the C-C linkages
of the adamantane frame indicated possible disorder, but
attempts to divide the oscillatory movement of the corre
sponding fragment between two positions with different
partial occupancies were not successful. The high ther
mal motion of the chloroform molecules (Ueq 0.076 to
0.132 A 2) is a typical feature for enclathrated species. Re
finements were terminated with all non-hydrogen param
eter shifts < 0.20 o\ the weighting schemes were w ~’ =
<t 2(F 2) + (aP)2 + bP, where 3 P = (2 Fc2 + F02) and a and b
are constants adjusted by the program. Convergence was
obtained at the R- values given in Table 1. The principal
interatomic distances and angles are listed in Table 2. Full
crystallographic data have been deposited with the Cam-

Results and Discussion

R e(l)-R e(la)
R e(l)-C l(l)
R e (l)-0 (1 )
R e(l)-0(2a)
R e(l)-0 (3 )
Re( 1)-0(4a)

2.2300(5)
2.5046(16)
2.017(4)
2.032(4)
2.022(4)
2.024(4)

0 (l)-R e (l)-0 (3 )
89.0(2)
91.4(2)
0 (l)-R e (l)-0 (4 a )
0 (3 )-R e(l)-0(4a)
179.7(2)
0 (l)-R e (l)-0 (2 a )
179.8(2)
91.0(2)
0 (3 )-R e(l)-0 (2 a )
88.7(2)
0(4a)-R e(l)-0(2a)
0(1)-R e(l)-R e(la)
90.7(1)
0(3)-R e(l)-R e(la)
90.3(1)
0(4a)-Re( 1)-Re( 1a) 89.6(1)
0(2a)-Re( 1)-Re( 1a) 89.1(1)
0(1 )-R e(l)-C l(l)
93.7(1)
90.8(1)
0(3 )-R e(l)-C l(l)
89.2(1)
0 (4a)-R e(l)-C l(l)

V*10 , cm

Re2(XdCH2CÖO)4Cl2.

The UV-VIS absorption spectra of the com
pounds, in chloroform solutions, agree well with
the data reported for the dirhenium(III) tetracarboxylate compounds [21, 22]. All the complexes
Re2 (AdCOO)X 2 and Re2 (AdCH 2 COO)X 2 (X =
Cl, Br) exhibit absorption bands at 20000 cm - 1 cor
responding to 6 —> <5* transition and charge transfer
bands (L^al —> Re) at 25000 cm - 1 (X = Cl) and
23800 (X = Br) (Fig. 1).
The crystal structure of Re2 (AdCOO)4 Cl2 •
4 CHCI3 consists of molecular units Re2 (AdCOO)4 Cl2 and chloroform of crystallization. Inclu
sion of guest species is a quite general phenomenon
for the structural chemistry of large molecules of
similar shape. The most characteristic types of such
clathrates are exemplified by tetrapyridinate com
plexes MPy4 (N 0 3 ) 2 • 2 Py (M = Co, Ni, Zn) [23]
or molecular adducts of tris-(l, 2 -benzenediolato)phosphazene [24].
The coordination units possess a centrosymmet
ric dinuclear structure (Fig. 2), typical for this type
of rhenium complexes. Each metal atom is coor
dinated in a distorted octahedron comprising one
rhenium and one chlorine atom and four carboxylate oxygen atoms in an equatorial plane. The rhe
nium atom lies exactly in the plane of these four
oxygen atoms. Two oxygen atoms of the carboxy-
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C(5)

X

- /

Fig. 2. Perspective view of the
[Re2(AdCOO)4Cl2] molecular
complex showing the atom la
beling scheme. Non-hydrogen
atoms are represented with
thermal ellipsoids at the 40%
probability level, and the hy
drogen atoms are omitted for
clarity. Only two of four
hydrogen bound chloroform
molecules are shown.

CI22I

© -G 2

Table 3. Geometry of Re2 (RCOO)4X 2 cores observed in crystal structures.
R

X
Re-Re

c 6h 5
ch3

n-C^Hy
C(CH3)3
C(CH3)3
2-C6H5C6H4
1-Adamantyl

Cl
Cl
ReÜ4
Cl
Br
Cl
Cl

2.235
2.224
2.252
2.236
2.234
2.236
2.2300(5)

- Bond distances, [A] Re-X
R e-0
2.490
2.521
2.177
2.477
2.603
2.482
2.505(2)

late groups are coordinated to two metal atoms si
multaneously forming planar five membered rings
and the adjacent metal-carboxylate rings in the
molecule are almost orthogonal (interplanar an
gle 87.9(1)°). All Re-O bonds are almost uniform
[2.017(4) - 2.032(4) A] and do not differ essen
tially from the parameters reported for related com
pounds (Table 3). The rhenium-rhenium separation
of 2.2300(5) A corresponds to a quadruple bond
between the atoms [1, 2] and is almost insensi
tive to the structure of the substitutes at the car-

2 .0 1 3 -2 .0 2 7
2 .0 1 4 -2 .0 3 9
2.000 - 2.049
2.026
2.029
2 .0 0 2 -2 .0 1 7
2.017(4) - 2.032(4)

Re-Re-X,
[°]

Ref.

177.1
176.5
175
180
180
180
175.42(4)

[2]
[27]
[28]
[29]
[29]
[30]
this work

boxylate groups (Table 3). In each -COO group
in the complex the C -0 bond lengths are almost
equal [cf. C (l)-0 (1 ) and C (l)-0 (2 ) 1.286(8) and
1.284(7) A], indicating effective delocalization of
7r-electron density in the carboxylate frame.
Each chlorine atom of the complex core
Re2 (AdCOO)4 Cl2 maintains short contacts with
carbon atoms of two chloroform molecules [Cl— C
3.54(1) and 3.64(1) A] that may be attributed to
very weak hydrogen bonds (Fig. 2). Correspond
ing angles Cl— H-C are ca. 157 and 169°. Sim-
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ilar weak hydrogen bonds were noted for the
Re2 (PhCOO)4 Cl2 • 2 CHCI3 complex [2]. It is in
teresting that the coordinated chlorine atoms appear
in even shorter contacts with chlorine atom of the
chloroform molecule: C l(l)— Cl( 6 ) (-Jt, 1 - y , -z)
3.460(3) A. This distance is much shorter than the
normal van der Waals contact (3.80 A) or the limit
quoted for usual van der Waals separations (3.65 A)
between chlorine atoms [25,26], and possibly refers
to a certain specific interaction Cl— Cl. This kind
of intermolecular interactions may be an important
factor responsible for the good solubility of Re2 -
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