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The solvothermal reaction of (N(C4Ho)s);[Re,Cls] with trifluoroacetic acid and acetic anhydride leads to the new
rhenium trifluoroacetate dimer N(C4Hg)s[Re2(OOCCF;)Clg] (1) and to the rhenium carbonyl dimer Rey(uo-Cl)2(CO)s
as the rhenium-reduced byproduct. The reaction of the precursor complex, N(C4Hg)a[Re2(OOCCF3)Clg] (1), with the
organometallic carboxylic acid (CO)sCo,HCCCOOH leads to the cluster of clusters compound Re,(OOCCCHC0,(CO)g)s-
Cl, (2), which has the dimer structure of Re(OOCR),Cl,. Cyclic voltammetric measurements show that
Re,(O0OCCCHC0,(C0)s)4Cl, (2) has one reduction centered on the dirhenium core and a reduction centered on the
cobalt atoms. DFT calculations have been used to rationalize the observed displacements of the voltammetric
signals in Re;(OOCCCHCO0,(C0O)s)4Cl, (2) compared to the parent ligand (CO)sCo,HCCCOOH and rhenium pivalate.

Introduction carbonyl fragment (at 300 nm for Cr, 536 nm for Mo, and
] ) , ] ) , _ 800 nm for W;e ~ 35000 cm! M~1).23 Moreover, the

There is considerable interest in the use of bimetallic units reactivity of an organocobalt carboxylic acid has been shown
as the anchorage points for the construction of polymetallic ;5 pe gifferent from that of a simple one, as we recently
or supramolecular entitiésThe use of functionalized orga- described for the reaction of (C€)o,HCCCOOH with
nometallic building blocks which can be coordinated to metal copper(ll) methoxide, which led to GECCHCa(COX)s
centers permits a new and versatile approach for the synthesigstead of cu(ll) carboxylate.
of high metal content compounds. This approach to poly-  op the other hand, the success of this synthetic approach
metallic compounds is very attractive. Functionalized orga- genends on the availability of an adequate metallic precursor.
nometallic carboxylates have been used as blocks, tak'”gMixed-Iigand molybdenum complexes, like MBANIF),-
advantage of the well-known carboxylate chemistry, to (MeCNY(BF,), (DANIF = N,N'-di-p-anisylformamidinatey,
as‘_sgmble more cpmplex moIecuIe§ with new properties. A Re(CO)CI” appear to be adequate for supramolecular
striking example is that observed in systems such as M gynihesis, exploiting some differences in the reactivity of
(OOCCCQ(COY)4(OCsHs)> (M = Cr, Mo, W), where the  the |igands. Metal carboxylates such as acetate or trifluoro-
organic carboxylate allows the electronic interaction between 5:etate are known to be useful as precursors of polymetallic
the inorganic coordinated fragment and the organometallic compounds.
unit? leading to polymetallic compounds with properties that |, this paper we describe the synthesis and structure of a

are absent in the “simple” carboxylates, i.e., a low energy pew rhenium trifluoroacetate compound, NKG)JRe»
charge-transfer band from the quadruple bond to the cobalt

(2) Fehlner, T. P.; Calvo, V.; Cen, W. Electron Spectrosd 996 66,

7289.
*To whom correspondence should be addressed. E-mail: vcalvo@uchile.cl (3) Cen, W.; Lindenfeld, P.; Fehiner, T. B.Am. Chem. Sod.992 114,
(V.C.); posgrado@uchile.cl (E.S.); saillard@univ-rennesl.fr (J.-Y.S.). 5451.
T Facultad de Ciencias Quicas y Farmaagicas, Universidad de Chile. (4) Calvo, V.; Vega, A.; Cortes, P.; Spodine,|Borg. Chim. Acta2002
* Universitede Rennes 1. 333 15.
§ Facultad de Ciencias §icas y Materfiticas, Universidad de Chile. (5) Vega, A.; Calvo, V.; Spodine, E.; Zarate, A.; Fuenzalida, V.; Saillard,
(1) (a) Cleac, R.; Cotton, F. A.; Dunbar, K. R.; Murillo, C. A.; Wang, J.-Y.Inorg. Chem.2002 41, 0000.
X. Inorg. Chem 2001, 40, 420. (b) Cotton, F. A.; Donahue, J. P.; (6) (a) Cotton, F. A.; Lin, C.; Murillo, C. AJ. Chem. Soc., Dalton Trans
Lin, Ch.; Murillo, C. A. Inorg. Chem2001, 40, 1234. (c) Siewers, G. 1998 3151. (b) Cotton, F. A.; Daniels, L.; Jordan, G., IV; Lin, C,;
F.; Malafetse, T. JChem. Re. 200Q 100, 853. Murillo, C. A. J. Am. Chem. S0d.998 120, 3398.
5382 Inorganic Chemistry, Vol. 41, No. 21, 2002 10.1021/ic020234e CCC: $22.00  © 2002 American Chemical Society

Published on Web 09/26/2002



Carboxylate-Bridged Dirhenium(lll) Compounds

(OOCCKR)Clg] (1), suitable to be used as precursor for the
synthesis of more complex rhenium species. A new rhenium
organometallic carboxylate, R®OCCCHCg(CO))4Cl, (2),
prepared froml, is structurally characterized and its elec-
trochemistry studied. The existence of electronic interactions
between the cobalt carbonyl peripheral fragments and the
central dirhenium core in this compound is analyzed. Finally,
we rationalize the effects of the organometallic cobalt
carbonyl on the properties of the ROOCR,)Cl, system by
means of DFT calculations.

Experimental Section

(CO)%Co,HCCCOOH, [N(GHy)42[ReClg], and Reg(OOCC-
(CHg)3)4Cl, were prepared according to literature methody
Tetrabutylammonium hexafluorophosphate, trifluoroacetic acid, and
trifluoroacetic anhydride were purchased from Aldrich and used
without further purification.

Syntheses.To find a rhenium precursor as a general starting

Table 1. Summary of Crystal Data and Refinement Details for
N(C4Hg)a[Rex(OOCCFE;)Clg] (1) and Re(OOCCCHCo(CO))4Cl> (2)

param 1 2
formula Q3H36C|5F3N02R62 C35H4C|2C03032R62
mol wt 940.6 1863.1
cryst syst monoclinic monoclinic
space group P2i/n P2:/c
a, 12.3006(7) 10.215(3)
b, A 15.1612(8) 25.640(7)
c, A 16.447(1) 10.474(3)
p, deg 95.296(1) 96.36(2)
vV, A3 3054.1(3) 2726(1)

z 4 2

D¢, kg m3 2.046 2.269
F(000) 1784 1752
w(Mo Ka), mm?t 8.479 6.976
Ra 0.0433 0.0450
R 0.1137 0.0696

3 ZSR(:Z S1IFol = IFell/Z|Fol. ® Rw = [ZIW(Fo? = F)A/ T IW(FATI M2 T

extract or by vacuum evaporation of the solvent. IR spectra and

point for the syntheses of hetero-polynuclear compounds, such as€/emental analysis of the powder and the crystalline material showed

Re,(OOCCCHCg(CO))4Cl; (2), we made some attempts to prepare
rhenium(lll) trifluoroacetate. Trifluoroacetate salts are known to
perform well as synthetic precursdrbasically by their solubility
in low-polarity organic solvents, where organometallic carboxylic
acids such as (C@Fo,HCCCOOH are stablgAttempts to prepare
the starting material by refluxing octachlorodirhenate with trifluo-
roacetic acid and trifluoroacetic anhydride were unsuccessful. This
was not completely surprising, owing to the relatively low boiling
point of the trifluoroacetic mixture. Therefore, a more drastic
approach was adopted, in which the reaction was carried out in a
closed autogenous pressure reactor, to giveN§JJ[Re;(OOCCR)-
Clg] (1) and the rhenium(l) carbonyl dimer Re,-Cl),(CO)!! as
a byproduct.

Solvothermal Preparation of N(C4Hg)[Re;(OOCCF3)Clg] (1).
A 2.0 g amount of [N(GHg)4]o[RexClg], 4 mL of trifluoroacetic
acid, and 0.2 mL of trifluoroacetic anhydride were mixed in a Parr
vessel. Two reaction temperatures, 180 and 250were tried,

no significant differences. The structure bfwas determined by
X-ray diffraction on a crystal directly taken from the synthesis
vessel.

Anal. Calcd for N(GHo)4[Rex(OOCCR)Clg] (1): C, 22.98; H,
3.86; N, 1.49; Re, 39.59. Found: C, 23.1; H, 4.0; N, 1.6; Re, 39.1.
IR (KBr pellet) (yma/cm™1): 2965 (m), 2932 (m), 2875 (m),
1684 (s), 1597 (m), 1466 (s), 2382 (s), 1204 (vs), 1157 (vs), 925

(s).

Synthesis of Rg{OOCCCHC0,(C0O)g)4Cl> (2). This compound
was prepared by reaction of the rhenium precurksdeither as
crystalline or powder material) with (C@)o,HCCCOOH, using
standard Schlenk techniques. Stoichiometric quantities ahd
(CO)%Co,HCCCOOH were dissolved in freshly distilled GEl,.

The (CO}Co,HCCCOOH solution was slowly added to the rhenium
precursor solution. The resulting mixture was stirred &4 h
period. Then the solvent was completely evaporated under vacuum.
The solid product was then extracted with £&Hp and filtered

and a heating time of 48 h was used. The reaction vessel was operthrough activated silica. After volume reduction the extract was

after cooling to room temperature. A solid with only a residual
quantity of liquid was obtained as the raw product of the reaction.
Treatment of this product with acetone allows the isolation of a
semitransparent solid which is insoluble. Single-crystal X-ray, IR,
and elemental analyses showed that this solid correspondsto Re
(u2-Cl)2(CO).1 The yield of this product (estimated by weighing

allowed to stand at low temperature®@©). X-ray-quality, brownish
red crystals were formed from the solution after 3 days.

Anal. Calcd for RgQOOCCCHCg(CO)).Cl, (2): C, 23.21; H,
0.74; Re, 19.99; Co, 25.31. Found: C, 23.43; H, 0.74; Re, 19.40;
Co, 24.9.

IR (KBr pellet) (vma/cm™): vco(terminal), 2113 (s), 2057 (s),

the insoluble residue after extraction with acetone) based on rhenium2005 (s):vcoo, 1540 (M), 1415 (m), 1326 (m).

content is about 30% at 25C and diminishes to about 8% at 180
°C. No attempts were made to fully investigate if this collateral

Measurements and AnalysedR spectra were recorded in KBr
pellets on a Vector 22 spectrophotometer. Elemental and metal

reaction disappears at lower temperatures or for shorter reactiongnient analyses were done at CEPEDEQ, Universidad de Chile.

times. Compound. can be isolated as brown crystals by careful

X-ray diffraction. N(C 4Hg)4[Re;(OOCCF;)Clg] (1). A 0.3 x

separation of the crude reaction product under a microscope or asy 4., 0.6 mm brown crystal of the rhenium mono(trifluoroacetate)

a microcrystalline powder after filtering and cooling the acetone

(7) Slone, R. V.; Hupp, J. T.; Sternm, C. L.; Albrecht-Schmitt, Tlr®rg.
Chem.1996 35, 4096.
(8) (a) Calvo, V.; Fehlner, T. P.; Rheingold, A. Inorg. Chem.1996
35, 7289. (b) Calvo, V.; Shang, M.; Yap, G.; Rheingold, A.; Fehiner,
T. P. Polyhedron1999 18, 1869. (c) Cotton, F. A.; Dikarev, E. V.;
Petrukhina, M. A.; Schmitz, M.; Stang, P.ldorg. Chem2002 41,
2903.
(9) Cotton, F. A;; Curtis, N. F.; Johnson, B. F. G.; Robinson, WIngrg.
Chem.1965 4, 330.
(10) Cotton, F. A.; Oldham, C.; Robinson, W. Rorg. Chem.1966 5,
1798.
(11) Pasynskii, A. A.; Shaposhnikova, A. D.; Zalmanivich, Y. V.; Er-
emenko, I. L.; Antsyshkina, A. S.; Belskii, V. Koord. Khim.1985
11, 988.

(1) (taken directly from the synthesis vessel) was mounted on a
glass fiber. Data collection was made on a Bruker SMART APEX
diffractometer, using 03 of separation between frames. Data
integration was made using SAINT.Semiempirical absorption
corrections were applied using SADABSTin = 0.31, Tnax =
0.95). The structure was solved using XS in SHELXJhy means

of direct methods and completed by Fourier difference synthesis.
Refinement until convergence was achieved using XL SHELXTL.
For additional data collection and refinement details, see Table 1.

(12) SADABS: Area-Detector Absorption Correctid@®iemens Industrial
Automation, Inc.: Madison, WI, 1998.
(13) Sheldrick, G. MSHELXTL V 5.1Brilkker AXS: Madison, WI, 1998.
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Re;(O0OCCCHCO0,(C0)g)4Cl2 (2). A 0.4 x 0.5 x 0.1 mm red
crystal was mounted on a glass fiber at room temperature.
Preliminary examination and data collection showed acceptable
crystal quality. Cell parameters were calculated from 25 reflections.
Data set was collected between 3.18 and 50i@¢he 2 angle on
a Siemens R3m diffractometer. Lorentz and polarization corrections
were incorporated in data reduction using XDI8KSemiempirical
1-scan absorption corrections were applied, using XPRER €
0.38,Tmax = 0.79). The structure was solved using direct methods
in XS, completed by Fourier difference synthesis, and refined using
XL in SHELXTL/PC.1 Hydrogen atoms were also located by

difference Fourier synthesis and refined in subsequent least-squares

cycles, with the G-H distance restricted to be 1.00 A (free to refine

parameter). For more details about data collection and refinement,

see Table 1.

Cyclic Voltammetry. Cyclic voltammograms fo2 and Re-
(OOCC(CH)3)4Cl, were recorded in CkCl, solutions (0.5< 1074
M) using tetrabutylammonium hexafluorophosphate (0.1 M) as
supporting electrolyte. Cyclic voltammograms were recorded at
various sweep rates: 50, 100, 200, 300, 400, and 500 MVAs

vitreous carbon electrode was used as working electrode, a platinum
electrode was used as auxiliary electrode, and a saturated calomel

electrode was used as reference electrode.

Computational Details. DFT'¢ calculations were carried out
using the Amsterdam Density Functional (ADF) progréinThe
Vosko—Wilk —Nusair parametrizatidfi was used for the local
density approximation with gradient corrections for exchange
(Becke88)° and correlation (Perde#?) (BP), respectively. The
numerical integration procedure applied for the calculation was
developed by te Veld¥d Relativistic corrections were added by
the use of the ZORA (zeroth order regular approximation) scalar
Hamiltonian?! A double< STO basis set was employed for H 1s,
C, N 2s and 2p, and Cl 3s and 3p extended with a sifggle-
polarization 2p function for H, 3d for C and N, and for Cl 4d. A

Vega et al.

Figure 1. X-ray molecular structure of the dirhenium mono(trifluoroac-
etate) anion irl. Insert: Packing scheme showing intermolecular contacts.

not optimized, and a single point calculation was done using the
computed geometry &. Spin unrestricted calculations were done
for all the odd-electron systems.

Results and Discussion

(a) Structural Analysis. The rhenium carbonyl byproduct
Rey(u2-Cl)2(CO) has been fully characterized by single-
crystal X-ray diffraction. Since its molecular structure has

triple-; STO basis set was used for Co 3d and 4s, extended with abeen already publishéd, it is not described here (see

single< polarization for Co 4p. A doublé-STO basis set was used
for Re 5s, and a triplé-STO basis set was used for Re 4f, 5p, 5d,
and 6s extended with a single polarization function for 6p. Full
geometry optimizations were carried out on each complex using
the analytical gradient method implemented by Verluis and Zie-
gler? No symmetry constrain was used in the geometry optimiza-
tion of (COXxCo,HCCCOOH and its anionCy, symmetry is the
highest possible symmetry to mod@ However, since the
ADF2000 version used for the calculations does not recognize this
symmetry Con, Symmetry was used for optimizations PRe(OOCC-
(CHz3)3)4Cl2} 9~ and2. No significant deviation fronC4, symmetry
was found in the optimized geometries. The geometrg ofvas

(14) P3-P4/PC, Version 4;2Siemens Analytical X-ray Instruments Inc.:
Madison, WI, 1991.

(15) Sheldrick, G. M.SHELXTLversion 5.0 Siemens Analytical X-ray
Instruments Inc.: Madison, WI, 1993.

(16) (a) Baerends, E. J.; Ellis, D. E.; Ros,Ghem. Phys1973 2, 41. (b)
Baerends, E. J.; Ros, ht. J. Quantum Chenil978 S12 169. (c)
Boerrigter, P. M.; te Velde, G.; Baerends, Elnl. J. Quantum Chem.
1988 33, 87. (d) te Velde, G.; Baerends, EJJComput. Physl992
99, 84.

(17) Amsterdam Density Functional (ADF) programersion 2000 Vrije
Universiteit: Amsterdam, The Netherlands, 2000.

(18) Vosko, S. D.; Wilk, L.; Nusair, MCan. J. Chem199Q 58, 1200.

(19) (a) Becke, A. DJ. Chem. Phys1986 84, 4524. (b) Becke, A. D.
Phys. Re. A 1988 38, 2098.

(20) (a) Perdew, J. PPhys. Re. B 1986 33, 8882. (b) Perdew, J. Phys.
Rev. B 1986 34, 7406.

(21) (a) van Lenthe, E.; Baerends, E. J.; Snijders, JJ.GChem. Phys.
1993 99, 4597. (b) van Lenthe, E.; Baerends, E. J.; Snijders, J. G.
Chem. Phys1994 101, 9783. (c) van Lenthe, E.; van Leeuwen, R.;
Baerends, E. dnt. J. Quantum Cheml996 57, 281.
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Supporting Information). This carbonyl consists of two Re-
(CO), units bridged by two chloride ions, defining a /&,
central parallelogram.

Figure 1 shows the X-ray molecular structure of the anion
of compoundl. Selected bond distances and angles are given
in Table 2. The [REOOCCHR)Cl¢] ~ anion inl has a central
Re—Re motif, with a distance of 2.2361(5) A, as typically
described for quadruply bonded rhenium atdfiBhere are
contacts between the chloride ions in the JREOCCR)Cle]
motif and the axial position of a rhenium atom in a
symmetry-related unit, in such a way that linear chains of
anionic units surrounded by ammonium cations are formed
(see insert in Figure 1). The values for this axial contacts
are 2.921 A (Re2:Cl4,2—x, 1 —y, 2 — 2 and 3.166 A
(Rel--Cl1, 1 —x, 1 -y, 2— 2. This complex is, to the
best of our knowledge, the first dirhenium(lll) mono-
(trifluoroacetate) compound structurally determined, in which
the carboxylate bridges the two 16-electron metal centers.
At the same time, it represents the first example of a
monocarboxylate hexachloride compound of the®Ranit.
Other examples of this kind of substitution on the octachlo-
rodirhenate ion are limited to phosphifand amide® but
not to carboxylate bridges. The Cambridge Structural Da-

(22) Verluis, L.; Ziegler, TJ. Chem. Phys1988 88, 322.
(23) Cotton, F. A.; Walton, R. AMultiple Bonds Between Metal Atoms
2nd ed.; Clarendon Press: Oxford, U.K., 1993.



Carboxylate-Bridged Dirhenium(lll) Compounds

Table 2. Selected Bond Distances (A) and Angles and Torsion Angles
(deg) for N(GHo)4[Rex(OOCCF;)Clg] (1) and
Re(OOCCCHCe(COX)4Cl2 (2)

N(CsHo)4[Rex(OOCCF)Cle] (1)

Re(1)-0(1) 2.078(5) Re(20(2) 2.065(5)
Re(1)-CI(1) 2.314(2) Re(2}CI(4) 2.347(2)
Re(1)-CI(2) 2.279(2) Re(2}CI(5) 2.278(2)
Re(1)-CI(3) 2.305(2) Re(2CI(6) 2.310(2)
C(1)-0(1) 1.260(8) C(1¥0(2) 1.244(7)
Re(1)-Re(2) 2.2361(5)

Cl(2)-Re(1)-CI(3)  90.68(8)  CI(2rRe(1)-Cl(1)  90.70(8)
CI(3)-Re(1)-Cl(1)  151.25(7)  CI(5FRe(2)-Cl(6)  91.19(8)
CI(5)-Re(2)-Cl(4)  90.47(8)  CI(6}Re(2)-Cl(4)  155.56(7)
C(1)-O(1)-Re(l)  117.4(4) C(BHO(2)-Re(2) 118.9(4)

0(2)-C(1)-0(1) 124.1(7)  O(2}C(1)-C(2) 118.0(7)
o(1)-C(1)-C(2) 117.9(6)
Re(OOCCCHCQ(CO))4Cl2 (2)
Re—Re(a) 2.240(1) ReCl 2.473(3)
Re-0O(1) 2.025(6) Re-O(9) 2.035(6)
Re-0(2a) 2.010(6) ReO(10a) 2.036(6)
0(1)-C(2) 1.27(1) 0(9)-C(10) 1.29(1)
C(1)-0(2) 1.30(1) C(10y0O(10) 1.26(1) Figure 2. X-ray molecular structure of the cluster of clusters compound
C(1)-C(2) 1.44(1) C(10)-C(11) 1.45(1) o
c(2)-Cc(3) 1.34(1) C(113C(12) 1.35(1)
Co(1)-Co(2) 2.483(2) Co(3)Co(4) 2.473(2) Table 3. Cyclic Voltammetry Parameters for
O(9)-Re—0(10a) 179.2(2)  O(2YRe(a)-0(9) 89.9(2) Re(OOCC(CH)3)4Cl2
O(1)—-Re-ClI 89.1(2 O(9)-Re-CI 94.1(2 L
0513—0?1_)—0(2) 120.8((8)) c((sgcfzt)—cu) 142(1() ) compd EpdmV_ EedmV  AEMV  ipdipe
O(10)-C(10)-0(9)  122(1) C(12yC(11)-C(10)  145(1) (CO)CoHCCCOOH -1015
Re(a)-Re—Cl 174.83(8) Re(OOCC(CH)3)4Clz —507 —345 162 095
Re(OOCCCHCg(COX)«Cl2 (2)  —365 —290 75 075
O(1)-C(1)-C(2)-C(3) 61.3(18) O(10yC(10)-C(11)-C(12) 42(2) —1086

O(2)-C(1)-C(2)—-C(3) 119.6(14) O(9yC(10)-C(11)-C(12) 142.9(15)
a—x+1,-y+2,-z+1

a2 Reference 4.

(CO)%Co,HCCCOO are observed. The angle defined by the
tabasé refers only one example of coordinated trifluoro- carbon atoms of the HCCCOO fragment has an average value
acetate, the trinuclear rhenium(|) Carbony' Compound of 143 for 2, which Significantly deviates from the value
[N(C2Hs)s][Res(uz-H)3(CONo(u-OOCCR)].27 of 129 observed in (CQLo,HCCCOOH? The dihedral

Figure 2 shows the X-ray molecular structure for com- angle defined by the carboxylate group (OCO plane) is nearly
pound2. Table 2 shows selected bond distances and anglesPerpendicular to the plane defined by the carbon atoms in
It has a dirhenium central core surrounded by four bridging the organic acid fragment (CCC plane) in (GO9;HC-
organometallic carboxylates and by terminal chlorides, an CCOOH (94),*but for2 the observed values are lower (40.1,
arrangement which is common to simple rhenium carboxyl- 60-8). The reason for that is likely to be of steric and/or
ates? The structure has a crystallographic inversion center Packing origin. Indeed, the distance between carbon atoms
in the middle of the rheniurrhenium bond. The distance I the GCo, (average 1.34 A) core remains statistically the
between the rhenium atoms is 2.240(1) A, a value which is S@me, when compared with (GOP,HCCCOOH (1.32 AY.
similar to the metatmetal distance in structurally related  (b) Cyclic Voltammetry. The cyclic voltamogram o2
quadruply bonded compoun&sAlthough the (CO)Co,- shows two waves, one_semlre\_/ersmle wave centere328
HCCCOOH ligand retains all its connectivity (2@, core mV and a completely irreversible wave-at086 mV. The
with carbonyls, carboxylate, and hydrogen groups), when _correspondmg oxidation p_eal_< fort_he first (_)f these r_eductlons
coordinated to rhenium in comparison to the acid, some IS located at-290 mV. Thei/iy ratio for this signal is 0.75
subtle conformation differences between the observed struc-and it is increased at higher sweep rates. The potential for

higher sweep rates, while the potential for the corresponding

(24) (a) Cotton, F. A.; Foxman, B. Mnorg. Chem.196§ 7, 2135. (b) oxidation process becomes more positive as the sweep rate

fﬁtolnf 'zé)AehgbeO'% _MéOFt’t-ci)rfioéthAr%me%e %hig‘é d/_*;é"ilfl’?g is increased. The second reduction processidi86 mV is
2509. (d) Cotton, F. A Dikarev, E. V.; Petrukhina, M. A. Am. completely irreversible for all the sweep rates measured. The

Chemk.hSoc.’L997, 119 125;‘-1- (e) Cotton, F. A(.f;) Dikarev, E. V.;  Eycvalues for this signal are not too sensitive to the changes
Petrukhina, M. A.Inorg. Chem.1998 37, 1949. Cotton, F. A,; : : B : B
Dikarev, E. V.. Jordan. G. T.. IV: Murillo, C. A Petrukhina, M. A, In SwWeep rates. There is another oxidation signal observed

Inorg. Chem.199§ 37, 4611. at 40 mV, which is related to decomposition of the compound

(25) (a) McGaff, R. W.; Dopke, N. C.; Hayashi, R. K.; Powell, D. R; i i ;
Treichel. P. M Polyhedror2000 19, 1245, (b) Nelson, K. . McGaff, during the reduction process, as demonstrated by partial

R. W.; Powell, D. R.norg. Chim. Acta200Q 304, 130. sweep experiments. Table 3 shows a summary of the

(26) Cambridge Structural Data Baseersion 5.20; Cambridge Crystal-  yoltammetric parameters measuredZpin comparison with

lographic Data Center: Cambridge, United Kingdom, 2001.
(27) Beringhelli, T.; Ciani, G.; D’Alfonso, G.; Sironi, A.; Freni, M. the values for (ConzHCCCOOH and RﬁéOOCC(CH‘)Qf

Organomet. Chenl 982 233 C46. Cls.
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Table 4. X-ray and DFT-Optimized Metrical Parameters {{CO%CoHCCCOOH Y-, { Re(OOCC(CHy)3)4Cl2}%~, and 22

(CO)CoHCCCOOH {(COXCoHCCCOOH - Re(OOCC(CH)3)(Cl {ReOOCC(CH)3)iClz} - 2
dist (A) X-ray? DFT DFT X-ray’ DFT DFT DFT
CoCo 2483 2.524 2.860 2522
CaCox 149 1.472 1.455 1.467
Cex O 124130  1.219-1.368 1.2271.387 1.293
CaoCac 132 1.353 1.334 1.358
CoCu 192 1.977 2.038
Re-Re 2.236 2.262 2.264 2.289
Re—Cl 2.477 2.440 2.581 2.467
Re—Ocx 2.026 2.002 2.090 2.048

aSome distances are averagegy Garboxylate carbon. £ acetylenic carbon. @ carboxylate oxyger? Reference 4¢ Reference 10.

Table 5. DFT Mulliken Charges fo{ (CO%Co,HCCCOOH %~, { Re(OOCC(CH)3)4Cl}%~, and 20/~ 2

atom  (CO)CoHCCCOOH  [(COJCoHCCCOOH]  ReOOCC(CH){4Cla  Re[OOCC(CH):4Cla 2 2

Co -0.57 —0.61 (0.47) —0.15  —0.10(0.06)
Cex 0.77 0.75 £0.01) 0.94 0.9340.02) 0.83 0.84 (0.00)
Re 1.30 1.20 (0.49) 1.27 1.19 (0.27)
Ocx —0.65 —0.67 (0.01) —0.65 —0.67(0.02)
cl —0.45 —0.60 (-0.01) —0.41  —0.46 (-0.00)

aSpin densities are shown in parentheses. €arboxylate carbon.  carboxylate oxygen.

Simple dirhenium carboxylates, like ROOCC(CH)3)4- value for the dirhenium reduction process, a 142 mV
Cl,, show a one-electron quasi-reversible reduction in many displacement in th&,. is observed. Similarly, a 70 mV shift
solvents?® The value ofEy; in dichloromethane solution for  is observed for the reduction of the cobalt carbonyl fragment
rhenium pivalate is—420 mV vs SCE?® Experimentally when it is coordinated to the dirhenium core. These shifts
measured values fdt,. andEp, for rhenium pivalate in this  clearly suggest an interaction between the dirhenium core
work, under a set of conditions similar to those fyrare and the cobalt carbonyl fragments, as reflected by the change
—507 and—345 mV, respectively. These values can be well in the potential necessary for both reductions.
compared with the potential values frclearly suggesting (c) Theoretical Investigation.To rationalize the electronic
that this redox process corresponds to the one-electronstructure of2 and to understand the underlying factors that
reduction of the compoun@/2~, centered on the dirhenium  govern the reduction potential shifts observed in cyclic
core. The reduction wave at1086 mV in the cyclic voltammetry, we have carried out DFT calculations. Full
voltammogram of can be assigned to the reduction of the geometry optimizations were carried out {¢€O)Co,HCC-
cobalt fragments in the molecule. It has been demonstratedCOOH; %~, {Re(OOCC(CH)3).Cl:}%-, and 2. Table 4
for (CO)Co,HCCCOOH that the irreversible reduction wave shows the major measured and computed geometrical
observed at—1015 mV corresponds to the one-electron parameters. In all cases there is a good agreement between
reduction of the organometallic acidThis process is  the experimental X-ray distances and the optimized DFT
common to most of the LLo, systems and is basically related geometries. Computed net charges and spin densities are
to the cobalt carbonyl fragmefft Coordination of (COyCo,- given in Table 5 fo{ (COxCo,HCCCOOH -, { Re(OOCC-
HCCCOOH to rhenium centers does not affect the nonre- (CHs)3)4Cl} -, and29-.
versibility of this process but shifts the potential to more  Figure 3 shows the simplified molecular orbital diagrams
negative values. of (CO)Co,HCCCOOH, Rg(OOCC(CH)3)4Cl, and2. As

In this way, the cyclic voltammogram o2 can be expected from thes*co—co antibonding character of the
explained in terms of the redox processes arising from the LUMO in (CO)sCo,HCCCOOQOH, the addition of an extra
dirhenium and the cobalt carbonyl fragments, but we must electron leads to a lengthening of the-G@o distance, which
comment on the difference in the potential values betweenis consistent with the reported electrochemical irreversibility
2 and the corresponding values for (GO»HCCCOOH and of this reduction processOn the other hand, the LUMO of
Re,(OOCC(CH)3)4Cl,. When one compares the potential Re(OOCC(CH)3)4Cl, is mainly localized on the central
rhenium core withd*re-re antibonding character. Consis-
(28) (a) Srini\F/asAan,PVd; Walton, RA Anorrg];- Chem-19780 179, 1635. (b) tently, the one-electron reduction of REOCC(CH)3)4Cl>
(29) (Cac;ttl?,o(?r;d,.A. M?D:arignBMM gdb?nsecm; S.o&?s?mgps‘o?’no,?j]-.; Watson, reduces the rhenium net charge. The spin density computed

D. G. Inorg. Chem.1977 16, 41. (b) Osella, D.; Fiedler, J. = for {Re(OOCC(CH)3)4Clo}%~ confirms that the extra
Organometallics1992 11, 3875. (c) Aggarwal, R. P.; Connelly, N.© glactron is mainly located on the dirhenium core (Table 5).

G.; Crespo, M. C.; Dunne, B. J.; Hopkins, P.; Orpen, AJGChem. . .
Soc., Dalton. Trans1992 655. (d) Lewis, J.; Lin, B.; Khan, M. S.;  The one-electron occupation of theézere Orbital does not

?{'S‘i‘/'éz”?fg%'\ﬂl\]? Rﬁ"ﬂﬁy' P'JRJN Ofgagoné)et- Ifh%ﬂﬂ%% 484M introduce appreciable geometrical change§Re(OOCC-
. (e urty, N.; MCAdam, J.; Nervi, C.; Osella, D.; Ravera, \M.; _
Robinson, B.; Simson, Jinorg. Chim. Actal1996 247, 99. (f) (CHg)3)4Clz} ~ when compared to REOOCC(CH);)«Clz (see

McAdam, J.; Duffy, N. W.; Robinson, B.; Simpson,d.Organomet. Table 4).

Chem.1997, 527, 179. (g) Low, P. J.; Rousseau, R.; Udachin, K. A.; . -

Enright, G. D.; Tse, J. S.. Wayner, D.: Carty, Srganometallics As pommenteq in the voltammetric resulf[s, the electro-
1999 18, 3885. chemical behavior o2 can be understood in terms of a
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from the displacements of the reduction waves2iras
compared to (CQLo,HCCCOOH and R€OOCC(CH)3)s-

Cl,. Assuming that, as found for tHeRex(OOCC(CH)3)4-

Cl;} %~ system (see above), the one-electron reductio? of
does not produce great geometrical changes, a single point
calculation on2~ using the optimized geometry @ was
carried out. It turns out that the electron relaxation associated
with the addition of an extra electron focauses significant
mixing between the)*rere and the nearbyr*c,co levels.
This is reflected in a significantly lower spin density on the
rhenium atoms as compared {&e,(OOCC(CH)3)4Clo} ~

and a significant spin density on the cobalt atoms (see Table
5). This explanation fits well with the measured voltammetric
behavior of2.

Conclusion

The rhenium trifluoroacetate precursor NKg)sRe>
(OOCCER)Cl¢] allows the synthesis of the new polymetallic
compound?2. The cluster carboxylate ligand (C§Q)o,-
HCCCOO has been shown to formua-bridged rhenium
complex which is structurally very similar to the rhenium
carboxylates, R€OOCR)CI; (i.e. pivalate). However, the
electronic structure o? is different from that of “simple”
carboxylates, as shown by cyclic voltammetric data. Upon
reduction, the cluster-carbonyl fragment Znacts as an
“electron buffer”, delocalizing the additional charge, as
shown by the DFT results.

Acknowledgment. The authors acknowledge financial
support of the FONDECYT (Grants 1980896, 2990093, and
Figure 3. MO diagram of (COJCo,HCCCOOH, Rg{OOCC(CH)3)4Clz, 4000027), FONDAP (Grant 11980002), and CNRS/CONI-
and2. CYT French/Chilean cooperation project PICS 922.
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carbonyl fragments on the molecule. DFT results (Figure 3)
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