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Oxocarboxylate complexes of 3d metals containing a trinuclear neutral or cationic [M;(H3-O)(CF;CO0)(L;]1%* unit (M = Cr, Fe;
L =MeCOOH, H,0, CF;COO-, THF) were obtained by electrolytic dissolution of a metal in CF;COOH or by a reaction of a
metal (or its compound) with CF;COOH; the crystal structures of three complexes were studied by single X-ray crystallography.

Trinuclear complexes [MD(OOCR)L,]* have interesting physical gradually concentrated until the formation of crystals. The struc-

and chemical properties because of the presence of an oxidete of the compound was determined by X-ray single crystal

centered triangular trinuclear uh#.Antiferromagnetic coupling analysis (Table 1).

between metal ions and electron delocalization in cases when theAccording to chemical analysis, IR spectroscopy and X-ray

metal ions form mixed-valence compounds was actively studieghowder diffraction data, the reactions of Fe@®H,0,

The bonding of peripheral ligands L is also of intefdsthis CrCl;-9H,0 and FeC}9H,0 with trifluoroacetic acid result in

work was devoted to the synthesis and crystal structure of 3the formation of similar trinuclear oxotrifluoroacetate complexes

metal trinuclear oxotrifluoroacetate complexes. consisting of [M(p5-O)(CKCOO)(L)4]* and Ct or NGOy ions.
Trifluoroacetate complex [Gfu;-O)(CHCOO)(H,0)4]- The use of metal nitrate mixtures led to the precipitation of

(NO3)(H,0) 1 was prepared by the reaction of Cr(H,0 heterometallic complexes: FeCr@g(O)(CF,COO),(H,0); in

with 99% trifluoroacetic acid. A deep green solution wasthe case of Fe(NQy-9H,0, Cr(NQ,);-9H,0 and Co(NQ),:6H,0;
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/p Table 2 Important distances in [{l5-O)(CFCOO)(H,0)5](NO3)(H,0)
o 1, [Cry(u5-O)(CRCOO)(H;0),(CF;CO0)|(CRCOOH) 2, Cry(li5-0)-
g4 N (CF;CO0)(MeCOOH)(CF,COO0) 3, Cry(liz-O)(CRCOO)(MeCOOH)-
v o gi} (THF) 4 and [Fg(ui3-0)(CR,CO0)(H,0),][MeC(0)Me]; 5.
ey . ke °cF((sl>F1()1 ) Distance 1 2 3 4 5
7o O:g.»:llz) M(1)-M(2) 3.311 3.354 3.344 3.352 3.333
H(4():r%*€r(2)l_| ) M(2)-M(3) 3.350 3.387 3.333 3.339
HEIAT ot otd) M(1)-M(3) 3312 3368  3.322  3.339
o@e) “\’3\5351) M(1)—50 1.912(2) 1.942(2) 1.900(3) 1.952(2) 1.912(3)
o e M(1)-O(1)  1.968(2) 1.980(2) 2.001(3) 2.072(2) 2.039(3)
M(1)-O(4) 1.983(2) 1.995(2) 2.102(2) 2.094(3)
Figure 1 Structure of [Cf(15-O)(CF,COO)(H,0),(CF,COO)(CRCOOH).  M(1)-O(5) 1.964(2) 1.991(2) 1.991(3) 2.09(2) 2.022(3)
M(1)-O(7) 1.982(2) 2.002(3) 2.086(2) 2.043(3)
the Fe:Cr:Co ratio equal to 1:1:1 was found by X-ray fluo-M(1)-O 2.015(2) 1.992(2) 2.030(3) 2.115(2) 2.055(3)
rescence spectroscopy (XFS). The XFS analysis of mixed-meti(2)-+:0 1.918(2) 1.948(3) 1.878(2) 1.897(3)
complex was performed using well-formed single crystals. M(2)-0(2) 2.051(2) 2.002(3) 2.045(2) 2.047(3)
Trichromium(it 1t 1) trifluoroacetate complex [Qlps-O)- mgg‘ggg i'g%gg i'ggigg 3'823% 3'8%8;
(CF,COOK(H,0),(CF;CO0)|(CRCOOH) 2 was prepared by o) o) 1.965(2) 1.980(3) 2.073(2) 2.049(3)
refluxing metallic chromium cuttings with a mixture of 99% ) o 1.985(2) 1.985(3) 2.070(2) 2.017(3)
trifluoroacetic acid and D, (2:1) for 40 h. Note that this M(3)—150 1.923(2) 1.982(2) 1.947(2) 1.971(3)
interaction does not occur in the absence of hydrogen peroxidg3)-o(s) 1.982(2) 2.017(3) 2.078(2) 2.067(3)
A blue solution was kept in a dessicator with sulfuric acid untilM(3)-0(10) 1.976(2) 1.989(3) 2.092(2) 2.050(3)
the liquid phase disappeared and well-formed crystals aros#|(3)-O(11) 2.007(2) 1.962(2) 2.093(2) 2.040(3)
Crystallographic data fdt are listed in Table 1. M(3)-0(12) 1.979(2) 1.982(3) 2.072(2) 2.068(3)
Chromium(il) complex Ci(ji;-O)(CR,COO0)(MeCOOH)-  MB)-O 1.966(2) 2.005(3) 2.089(2) 2.118(3)
(CF,COO) 3 and chromium(i,lil,ll) complex Cglli;-O) In trichromium(il Il ,1II) complex1, the cation is located on

(CF,CO0)(MeCOOH),(THF) (THF = tetrahydrofurand were

prepared by the anodic dissolution of chromium metal in 1:
mixtures of trifluoroacetic acid and acetonitrile or THF, respec

tively.5
The crystallization of [Fgu5-O)(CR,COO)(H,0)3](H,0)s5 5
which was prepared according to a published procedinoen

acetone resulted in the formation of a deeply red crystallin?h

product [Fg(ps-O)(CRCOO)(H,0)][MeC(O)Me]; 5. Crys-
tallographic data are given in Table 1.

A common feature of trinuclear oxocarboxylate complexes i%
the presence of a nearly (fd) equilateral oxygen-centered
triangle with six bridging carboxylic groups and three terminal

L ligands.

The average M#;-O distances in the complexes are 0.05—- 0.0

(in trivalent complexeq, 2 and3) and 0.12-0.15 A (in mixed-

valence complexed and5), which are shorter than the M—O

distances to bridging trifluoroacetic groups. The latter signifi-
cantly depend on the nature and oxidation state of transitio,
metals. The M-Q distances (to a terminal ligand) strongly

depend on the nature of L (neutral or anionic).

Table 1 Crystal data for [CYps-O)(CRCOO)(H,0)5](NO3)(H,0) 1,
[Cr3(u5-O)(CR,CO0)(H,0),(CF,CO0)|(CRCOOH) 2 and [Fg(us-O)-
(CR,CO0)(H,0);][MeC(O)Me]; 5.

he twofold axis; consequently, the;Ortriangle is planar. The

O, group and the O molecule are situated outside of the
trinuclear unit on the threefold axis. All metal atoms are equiva-
lent, and distances between chromium and oxygen atoms are
similar (Table 2).

The trinuclear unit in compour® (Figure 1) is neutral with

e terminal ligands of two J© molecules and one QEOO-
anion (in contrast to the structure Bf The CEFCOOH mole-

ule is situated outside the metal complex forming a hydrogen
ond to the trifluoroacetic anion. A comparison lofand 2
shows that the replacement of a ‘hard’ ligand ¢Nid 1) by a
softer stabilising ligand (GEOO- in 2) results in a change of

éhe complex type (cationic ihand neutral ir2).

The crystal structures of complex@snd4 were described
earlier® The only difference in the molecular structure8 ahd
4 is the presence of an anionic (COO) or neutral (THF)
klgand in one of the terminal positions. Therefore, the complex
ype changed fronill Il il (3) to NI, (4). However, the
position of Ct in the latter cannot be localised.

Apparently, the oxidation state#l (I1,I1) in the heterovalent
complex [Fg(13-O)(CRCOO)(H,0);][MeC(O)Me]; 5 are
delocalised. This can be deduced from the proximity of Fe—-O
distances to bridging GEOO groups. The shorter distances
ps-O—Fe and Q,..—Fe(2) cannot be traced clearly (Figure 2).

Parameter 1 2 5 The theoretical calculation of the geometry of thg(iM-O)-
Formula weight 1083.24 111320 1263.48 (CF,CO0)0;] fragment for M = Fe, Co, Cr and Mn demon-
Crystal system  Hexagonal Monoclinic Triclinic strated the energetic stability. Thus, the isolation of a@ Mhit
Space group  P6y/m P2,/c P1 containing compounds from solutions of a métalfitrate or
alA 9.893(1) 12.195(3) 10.698(1) chloride in a carboxylic acid can be easily performgds(a
b/A 9.893(1) 15.117(2) 11.968(2) typical example). For the most active metal (such as iron), the
c//A 19.366(4) 20.399(4) 85201-&42‘;(4) same type of complexes can be prepared by a direct reaction of
a1° 106.51(3) 78.24(1) the metal with trifluoroacetic acid; however, chemical@)
yl° 120.00 67.35(1)

VIA3 1641.4(4) 3606(1) 3826.9(8) cas) fCO

z 2 4 4 e =00

Jgq/g C3 2.008 2.051 1.578 0(22))_ C?lg)(Zl)

w(MoKa)cm  10.77 10.26 10.01 ®

Crystal size/mm  0.25x0.10x0.08 0.30x0.25x0.16 ~0.35x0.21x0.11 " CYZ?')*Iw

TIK 293(2) 150 298 YN Y

Omand 29.95 23 28.0 < ol S e ra0)

Collected/unique 1637/897 7564/4244 28356/12563 e(\zﬁoéslz)

reflections ik 0o(14)

Diffrn reflns ~ 1069/128 22717/7564  10656/387 il

number/refins coy F(5)

number observed F(13) F(14)

wR, 0.0641 0.1069 0.1133

R, 0.0355 0.0558 0.0647 Figure 2 Structure of [Fg(u3-O)(CRCOO)(H,0),][MeC(O)Melg.
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or electrochemical oxidation is necessary in the case of a lessWe are grateful to A. V. Mironov for performing X-ray data
active metal (Cr). collection for compound.

As a rule, the trinuclear fragment ;{{1,-O)(CFCOO),
retains its structure after crystallization from another solvenReferences

(as for compoun8). ' :
- 1. k P.Th . Inorg. Chem. R h 78,20
The formation of homovalentlli(lll,llI) or heterovalent ggfattenc and orntoAdv. Inorg. Chem. Radiochent 978,20,

(i) complexes may occur differently. The reaction carkiifh 1. Fujihara, J. Aonahata, Sh. Kumakura, A. Nagasawa, K. Murakami and
out under similar conditions (M + GEOOH + H,0,) can pro- T. Ito, Inorg. Chem, 1998,37, 3779.

duce homovalent (@) or heterovalent (Fe'.') com- m& 3 S. P. Paliilnorg. Chim. Acta2001,319, 23.

plexes depending on the nature of the metal. The localizm®@ M. Eshel and A. Binolnorg. Chim. Acta2002,329, 45.

of metal atoms in different oxidation states is impossible using T. Yu. Glazunova, A.l.Boltalin and S. I. Troyanolépord. Khim, in
X-ray data. The temperature dependence of magnetic susce {)/felsg-onomarev 0. S. Filipenko, L. O. Atovmyan, S. A. Bobkova and
tibility shows a weak antiferromagnetic interaction. The magneti® Y- - i vt o2

momenty,; corresponds to an intermediate number of unpaired K ! Turte,Dokl. Akad. Nauk SSS5&982,262 346 (in Russian).
electrons for each metal atom. Thus, the magnetic suscep-

tibilities of chromium compleX show that the delocalization

of Cr' takes place up to 2 K. Received: 2nd June 2004; Com. 04/2278

Mendeleev Commu@004 143


Administrator
T. Fujihara, J. Aonahata, Sh. Kumakura, A. Nagasawa, K. Murakami and

Administrator
T. Ito, Inorg. Chem., 1998, 37, 3779.

Administrator
S. P. Palii, Inorg. Chim. Acta, 2001, 319, 23.

Administrator
M. Eshel and A. Bino, Inorg. Chim. Acta, 2002, 329, 45.

http://dx.doi.org/10.1021/ic980001g
http://dx.doi.org/10.1016/S0020-1693(01)00444-3
http://dx.doi.org/10.1016/S0020-1693(01)00793-9

