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Summary: The four novel organometallic macrocyclic
compounds {[(CO)2CrtSetCr(CO)2][η5-C5H4C(O)CH2]2}n
(1, n ) 1; 2, n ) 2) and {[(CO)2CrtStCr(CO)2][η5-
C5H4C(O)CH2]2}n (3, n ) 1; 4, n ) 2) were prepared via
a facile “one pot” synthetic route. While a possible
pathway leading to such macrocycles is suggested,
products 1-4 have been characterized by elemental
analysis and spectroscopy and, for 1, by X-ray crystal-
lography.

We have been interested in the synthesis and struc-
tural characterization of organometallic macrocycles,
since macrocycles, particularly those with organome-
tallic structural units, are of great importance in theory
and practical applications.1,2 So far, we have reported
three new types of macrocycles, which include the first
type of those containing linear M2Hg (M ) Cr, Mo, W)
structural moieties,3 the second type of those containing
tetrahedral M2FeS (M ) Mo, W) cluster cores,4 and the
third type of those containing butterfly cluster cores (for
example, Fe2S2).5 Herein we report the synthesis and
structural characterization of another new type of
macrocycle, which contains the linear CrtEtCr (E )
Se, S) structural unit.

The designed synthetic route leading to such macro-
cycles, for instance 1-4, is shown in Scheme 1, which
is believed to involve three elementary reactions. The
first one is actually the previously reported ligand
exchange reaction between the succinoyl-bridged bis-
(cyclopentadienylsodium) salt [NaC5H4C(O)CH2]2 and
Cr(CO)6 to give the corresponding bis(Cr/Na) salt [NaCr-
(CO)3]2[η5-C5H4C(O)CH2]2 (m1).3 The second one in-
cludes both the intramolecular oxidative coupling of one
molecule of m1 and the intermolecular oxidative cou-
pling of two molecules of m1 under the action of a

solution of Fe2(SO4)3 in HOAc and H2O to produce the
Cr-Cr singly bonded macrocycles [(CO)3Cr-Cr(CO)3]-
[η5-C5H4C(O)CH2]2 (m2) and {[(CO)3Cr-Cr(CO)3][η5-
C5H4C(O)CH2]2}2 (m3), respectively. In fact, such oxi-
dative coupling can be expected, since the M/Na salt (η5-
RC5H4)(CO)3MNa (M ) Cr, Mo, W) under the action of
Fe2(SO4)3/HOAc/H2O was reported to undergo oxidative
coupling to give the singly bonded complexes [η5-RC5H4-
(CO)3M]2,6a while a mixture of (η5-R1C5H4)(CO)3MNa,
(η5-R2C5H4)(CO)3MNa, and Fe2(SO4)3/HOAc/H2O could
occur in oxidative coupling to produce the singly bonded
complexes [(η5-R1C5H4)(CO)3M]2, [(η5-R2C5H4)(CO)3M]2,
and [(η5-R1C5H4)(CO)3M][(η5-R2C5H4)(CO)3M] (M ) Mo,
W).6b Furthermore, although the Cr-Cr singly bonded
macrocycles m2 and m3 were unable to be separated and
fully characterized by conventional methods due to their
insufficient solubility in common organic solvents and
extreme air sensitivity (it is inflammable in air), the IR
spectrum and particularly the ESI mass spectrum of the
mixture7 obtained by reaction of m1 with Fe2(SO4)3
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/HOAc/H2O followed by an appropriate workup (vide
infra) indicated the presence of the singly bonded
macrocycles m2 and m3. For example, the IR spectrum
showed three absorption bands around 2000 cm-1 for
their terminal carbonyls and one absorption band at
1653 (s) cm-1 for their diketone groups, whereas the ESI
mass spectrum displayed a fragment ion at m/z 428
derived from the molecular ion of monomeric macrocycle
m2 by loss of two CO ligands and the molecular ion of
m3 at m/z 968. The third elementary reaction involved
is the insertion reaction of elemental selenium or sulfur
into m2 and m3 to afford the CrtEtCr (E ) Se, S)
structural unit containing macrocycles {[(CO)2CrtSet
Cr(CO)2][η5-C5H4C(O) CH2]2}n (1, n ) 1; 2, n ) 2) and
{[(CO)2CrtStCr(CO)2][η5-C5H4C(O)CH2]2}n (3, n ) 1;
4, n ) 2). This is also believable, since the insertion
reaction of elemental E (E ) Se, S) with the Cr-Cr
singly bonded complexes [η5-RC5H4(CO)3Cr]2 is a well-
known process to produce the corresponding linear Cr2-
E complexes [η5-RC5H4(CO)2Cr]2E (E ) Se,8 S9) and
particularly the macrocycles 1-4 have been fully char-
acterized (vide infra).

As a typical experiment, the preparation of 1 and 2
was performed as follows. A mixture of 0.440 g (2 mmol)
of Cr(CO)6 and 0.258 g (1 mmol) of [NaC5H4C(O)CH2]2
in 15 mL of diglyme was refluxed for 5 h and then cooled
to ca. 0 °C. To this mixture was added a solution
consisting of 1.67 g (4.2 mmol) of Fe2(SO4)3, 4 mL of
acetic acid, and 9 mL of H2O, and then the new mixture
was stirred at room temperature for 0.5 h to give a green
suspension. After solvents were removed by evaporation
at reduced pressure, the green solid was washed se-
quentially with distilled water, ethyl alcohol, and pe-
troleum ether. To the washed and vacuum-dried green
solid were added 0.158 g (2 mmol) of selenium powder
and 30 mL of THF. The mixture was stirred at room
temperature for 0.5 h to give an orange solution, which
was subjected to TLC separation using 2/5 (v/v) acetone/
petroleum ether (30-60 °C) as eluent to give 1 (Rf )
0.65, 0.142 g, 28%) and 2 (Rf ) 0.50, 0.112 g, 22%).
Similarly, 3 and 4 were obtained in 27% and 24% yields,
respectively, when using 0.064 g (2 mmol) of sulfur
powder instead of selenium powder.

Macrocycles 1-4 have been fully characterized by
elemental analysis and spectroscopy.10 The IR spectra
of 1-4 each showed one absorption band in the range
1672-1665 cm-1 characteristic of their diketone groups
and three absorption bands in the region 2007-1906
cm-1 typical of their terminal carbonyls. The 1H NMR
spectra of 1-4 all displayed one singlet in the region
2.81-3.10 ppm for their CH2 groups and two singlets
in the range 4.47-5.76 ppm for their substituted Cp
rings, the upfield one being assigned to H3 and H4

protons of the Cp rings remote from the electron-
withdrawing succinoyl substituent and the downfield
one being attributed to H2 and H5 protons close to the
succinoyl group.11 The 77Se NMR spectra of 1 and 2

exhibited one singlet at 2693.9 and 2589.2 ppm for their
Se atoms, respectively. It follows that the two Se atoms
in 2 have identical magnetic environments, and the 77Se
NMR chemical shifts of 1 and 2 are very close to those
of their noncyclic analogues [(η5-RC5H4)Cr(CO)2]2Se
(R ) H (2574 ppm),12 Me (2580.9 ppm),13 MeCO (2589.8
ppm),8b MeO2C (2604.6 ppm8b)). In addition, it is worth
pointing out that the ESI mass spectrum of dimeric
macrocycle 2 showed its molecular ion at m/z 1016,
whereas the mass spectrum of dimeric macrocycle 4
displayed its molecular ion at m/z 921.

Forturnately, the structure of 1 has been confirmed
by X-ray diffraction analysis.14 Figure 1 shows that 1
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Bernal, I.; Draux, M. J. Organomet. Chem. 1985, 284, 189. (b) Song,
L.-C.; Cheng, H.-W.; Hu, Q.-M. Organometallics 2004, 23, 1072.

(9) Goh, L. Y.; Hambley, T. W.; Robertson, G. B. Organometallics
1987, 6, 1051.

(10) Characterization data for 1-4 are as follows. 1: mp 62-63 °C.
Anal. Calcd for C18H12Cr2O6Se: C, 42.62; H, 2.39. Found: C, 42.72;
H, 2.62. IR (KBr disk): νC≡O 1999 (m), 1973 (vs), 1906 (s); νCdO 1665
(vs) cm-1. 1H NMR (CDCl3): δ 2.81 (s, 4H, 2CH2), 4.47 (s, 4H, 2H3,
2H4), 5.76 (s, 4H, 2H2, 2H5). 77Se NMR (CDCl3): δ 2693.9 (s). 2: mp
71-72 °C. Anal. Calcd for C36H24Cr4O12Se2: C, 42.62; H, 2.39. Found:
C, 42.87; H, 2.49. IR (KBr disk): νC≡O 1978 (vs), 1940 (s), 1908 (s);
νCdO 1666 (vs) cm-1. 1H NMR (CDCl3): δ 3.10 (s, 8H, 4CH2), 4.71 (s,
8H, 4H3, 4H4), 5.66 (s, 8H, 4H2, 4H5). 77Se NMR (CDCl3): δ 2589.2 (s).
ESI MS (m/z): 1016 (M+, 80Se), 960 (M+ - 2CO), 880 (M+ - 2CO -
Se), 664 (M+ - 5CO - 2Se - Cr). 3: mp 132 °C dec. Anal. Calcd for
C18H12Cr2O6S: C, 46.96; H, 2.63. Found: C, 47.00; H, 2.83. IR (KBr
disk): νC≡O 2005 (s), 1970 (vs), 1939 (s); νCdO 1665 (s) cm-1. 1H NMR
(CDCl3): δ 2.81 (s, 4H, 2CH2), 4.60 (s, 4H, 2H3, 2H4), 5.73 (s, 4H, 2H2,
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2.63. Found: C, 46.54; H, 2.86. IR (KBr disk): νC≡O 2007 (vs), 1963
(vs), 1923 (vs); νCdO 1672 (s) cm-1. 1H NMR (CDCl3): δ 3.11 (s, 8H,
4CH2), 4.81 (s, 8H, 4H3, 4H4), 5.64 (s, 8H, 4H2, 4H5). ESI MS (m/z):
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Figure 1. ORTEP drawing of 1 (thermal ellipsoids at the
30% probability level). Selected bond lengths (Å) and angles
(deg): Se(1)-Cr(1) ) 2.2217(16), Se(1)-Cr(2) ) 2.2135(17),
Cr(1)-C(1) ) 1.883(11), Cr(2)-C(3) ) 1.877(10), C(10)-
O(5) ) 1.212(10); Cr(1)-Se(1)-Cr(2) ) 163.08(6), O(2)-
C(2)-Cr(1) ) 177.7(8), O(3)-C(3)-Cr(2) ) 178.6(8), C(9)-
C(10)-O(5) ) 118.6(8).

Communications Organometallics, Vol. 23, No. 14, 2004 3367

D
ow

nl
oa

de
d 

by
 N

A
T

 L
IB

 U
K

R
A

IN
E

 o
n 

Ju
ly

 5
, 2

00
9

Pu
bl

is
he

d 
on

 J
un

e 
2,

 2
00

4 
on

 h
ttp

://
pu

bs
.a

cs
.o

rg
 | 

do
i: 

10
.1

02
1/

om
04

96
45

o



consists of an essentially linear Cr-Se-Cr skeleton,
four terminal carbonyls, and the succinoyl-bridged bis-
(cyclopentadienyl) ligand. This molecule could be re-
garded as a 17-membered macrocycle, if all the carbon
atoms of the two Cp rings C(5) through C(9) and C(14)
through C(18) are all involved in counting the ring size.
The bond angle around Se (163.08(6)°) in macrocycle 1
is obviously smaller than those in their noncyclic
analogues [(η5-MeO2CC5H4)Cr(CO)2]2Se (167.90(8)°),8b

[(η5-MeC5H4)Cr(CO)2]2Se (178.70(6)°),13 and [CpCr-
(CO)2]2Se (178.3(1)°),8a whereas the average Cr-Se bond
length (2.2176(16) Å) of 1 is close to those of [(η5-MeO2-
CC5H4)Cr(CO)2]2Se (2.1935(16) Å),8b [(η5-MeC5H4)Cr-
(CO)2]2Se (2.2105(2) Å),13 and [CpCr(CO)2]2Se (2.22085-
(1) Å).8a In addition, it is worthy of note that the
considerable shortening of the Cr-Se bond lengths in
comparison with the sum of the covalent radii of
chromium (rCr ) 1.46 Å)15 and selenium (rSe ) 1.17 Å)16

atoms is in agreement with triple bonding between
chromium and selenium atoms in those CrtSetCr
units of such complexes. This molecule is C2v symmetric,
which has a C2 axis passing through the Se(1) atom and
the midpoint of the C(11)-C(12) bond.

In conclusion, we have prepared and characterized

four novel organometallic macrocycles 1-4, which con-
tain both the inorganic functionality of linear CrtEt
Cr (E ) Se, S) structural moieties and the organic diketo
functionality of succinoyl groups. In view of the rich
chemistry of those functionalities,8b,11,17 it is expected
that macrocycles 1-4 can be used as a new type of
versatile synthon for preparing a wide variety of orga-
nometallic macrocycles. Further studies concerning the
functional transformations of such functionalities, as
well as the new applications of the mixed Cr-Cr singly
bonded macrocycles m2 and m3 for synthesis of other
organometallic macrocycles, are also in progress.
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