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Abstract

Interaction of the binuclear complex Cp,Cr,(u-OCMe,), (I) with Co,(CO); in
the molar ratio 1/1 in benzene at room temperature yields the cluster Cp,Cr,(p-
OCMe,),[0CCo,(CO),] (I) (space group P2,/n, a 10.377(4), b 17.87%7), ¢
18.115(7) A, B101.39(3)°, V 3294.7 A’, Z=4, T —100°C). One of the chromium
atoms of the Cp,Cr,(p-OCMe,), fragment (Cr—Cr 2.766(1), Cr—-OCMe, 1.950(3) A)
in complex II is bonded to the oxygen atom of the p,-CO group of the cluster
fragment Co,(p;-CO)CO), (Cr-O 1.988(3), C-O 1.247(6) A, Co-Co
2.483(1)-2.489(1) A), which is an analogue of the alkoxide group. Compound II is
treated as a Cp,Cr,(OR)(p-OCMe,), complex with chromium atoms of different
oxidation states; its properties are compared with the characteristics of the binuclear
tetraalkoxide Cp,Cr,(OCMe,),(p-OCMe,;), (III) which is formed along with the
well-known cluster Cp,Cr,Te, in the reaction of I with tellurium. Complex III has
been characterized by an X-ray diffraction study (space group Prna2,, a 22.4539(12),
b 11.7514(6), ¢ 10.7303(5) A, V 2831.3 A, Z=38, T 20°C). Both Cr"" atoms of the
binuclear fragment Cp,Cr, (g-OCMe; ), (Cr... Cr 3.004(3) A, Cr—O(average) 2.000(9)

* For part XIX see ref. 16.
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/Z\) in 1T are bonded to the terminal alkoxide group (Cr—Of(average) 1.852(8) A).
Complexes 1-1II are antiferromagnetic. Calculations of the MOs for 1-1I1 compared
with the well-known complex Cp,Cr,(OMe),(NO), have been carried out by the
extended Hiickel method.

Introduction

The binuclear complex Cp,Cr,(p-OCMe;), (I) was first synthesized by Chisholm
and Cotton and studied as a model of the active centre of an ethylene polymeriza-
tion catalyst [1]. Another important feature of complex [ is its antiferromagnetic
properties (—2J 246 cm ™ ') [2] in combination with the short direct Cr~Cr bond
(2.635 A) [1]. It is noteworthy that the geometry of the Cp*—Cr-Cr—Cp* fragment
(where Cp* is the centroid of the C;H; ligand: the Cp* CrCr angles are equal to
143.9 and 146.3°) is not so favourable for g-metal-metal bond formation as in the
case of another antiferromagnetic complex. Cp,Cr,(p-S)(p-SCMe. ), (11) ( —2J 430
em '), which has a linear Cp*-Cr-Cr-Cp* group (Cr-Cr 2.689 A) [3]. The
situation changes considerably when the bridging Fe(CO), fragment is attached to
I: the Cp*CrCrCp* group becomes linear and although the length of the Cr—Cr
bond (2.635 A) does not change, the parameter of antiferromagnetic exchange
increases (—2J 304 ¢cm ') [2]. On the other hand, oxidative addition of terminal
halogen atoms to the chromium atoms of 1 results in the formation of
Cp,Cry(X),(p-OR), (X =Cl. Br, I) dimers with smaller Cp*CrCr angles. less
effective overlap of the d.: orbitals and corresponding weakening of the Cr-Cr
bond (Cr...Cr 2.917-2.971 A). which leads to a decrease of the parameter of
antiferromagnetic exchange (—2J 150-160 cm ') [4].

It seemed quite interesting to study the addition of the Co(CO), fragment to
complex I. Its geometry is similar to that of Fe(CO),, whereas its electronic function
is analogous to that of a halogen atom: the Co(CO), group readily adds one
electron, forming the [Co(CO),]™ anion. The addition to I of tellurium atom, which
demonstrates carbenoid properties analogous to Fe(CO),. has also been studied.

Results and discussion

Interaction of Cp,Cr,(u-OCMe,), (I) with Co,(CO)¢ occurs practically instantly
in benzene at room temperature with the formation of a dark-crimson solution. On
cooling, it yields large brown-crimson prisms of the cluster Cp,Cr,(u-OCMe,),-
[OCCo4(CO)q] (II), which are extremely sensitive to atmosphere oxvgen and mois-
ture.

In the spectrum of [, a band at 1390 cm ', characteristic of the stretching
vibrations of an isocarbonyl-type bridging CO group. is observed. According to the
X-ray diffraction data (Fig. 1, Tables 1-3), molecule Il preserves the binuclear
fragment Cp,Cr,(p-OCMe,), (Cr-O(average) 1.950(3) A) with a trinuclear cluster
fragment OCCo;(CO)4 (Co-Co 2.483(1)-2.489%(1) /3\) bonded to one of the chro-
mium atoms via the oxygen atom of the p,-bridging CO (Cr-O 1.988(3), p,-C-O
1.247(6) A). As a result. quite different displacements of the C,H,-ligand centroids
from the Cr-Cr axis (Cp*CrCr 117.2 and 155.7°) are observed together with
weakening of the metal-metal bond (2.766(1) A). One may consider two points of

1
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view on molecule 11, On the one hand, the fragment O[Cp,Cr,(u-OCMe,),]| may be
regarded as a metal-containing group R in the well-known clusters of type
(CO)4Co;CR [5]. On the other hand, the trinuclear fragment (CO),Co,C may act as
R’ in the tris-alkoxide complex Cp,Cr,(OR")(p-OCMe,),, involving chromium
atoms in different oxidation states: Cr'' and Cr'"'. Complex II is antiferromagnetic
and p., per Cr atom decreases from 2.48 to 1,72 BM in the temperature range
296-77 K, which may be described by the dimeric Heisenberg—Dirac—Van Vleck
model with the exchange parameter —2J 164 cm ! (the admixture of monomer is
6% with a mean square error of 1%).

It 1s noteworthy that II can be formed when the ratio of the reagents is different.
One may assumed that in the first stage of interaction, oxidation of Cr'' to Cr'!
with simultaneous conversion of Co(CO), to Co(CO), anion takes place. It is
known that this anion adds hard Lewis acids (H*, Cp,Ln"™, etc. [6]) as a hard Lewis
base via the carbonyl oxygen with the formation of the alkoxide-carbyne system
M-0O-C=Co(CO), in the intermediate complex A. Further, fast addition of the
Co,(CO), fragment to the Co=C bond leading to OCCo,(CO), most probably takes
place, as has been observed earlier in the case of the diamagnetic sandwich
complexes Cp, M[OCCo;(CO),], (M = Ti, Zr, Hf) [7].

On the other hand, the binuclear complex of Cr'"! with four alkoxide groups,
Cp,Cr,(OCMe,),(u-OCMe,), (III), has been isolated in the reaction of 1 with
tellurium metal.

At the same time, the well-known tetranuclear cluster Cp,Cr,Te, (IV) which gives
a molecular ion in the mass spectrum, is formed. It is likely that an intermediate,
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Fig. 1. Molecular structure of the cluster Cp,Cra (p-OCMe;),[0CC0o,(CO), ).

(CpCrOCMe,),Te, analogous to the (CpCrOCMe,),Fe(CO), complex described
above is formed:
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Table 1

Atomic coordinates of the cluster Cp,Cr, (p-OCMe;),[OCCo4(CO),] (IT) (X 10° for Co and Cr; x10*
for the others)

Atom X ¥y z

Co(1) 79053(7) 76683(4) 50422(4)
Co(2) 89134(7) 88217(4) 46372(4)
Co(3) 707177y 82028(4) 37685(4)
Cr(1) 110732(8) 71910(4) 34202(5)
Cr(2) 119494(8) 57461(5) 32835(5)
O(1) 9607(3) 7407(2) 3948(2)
0(2) 5675(5) 8212(3) 5674(3)
0(3) 9894(5) 7520(3) 6402(3)
0(4) 7290(6) 6081(2) 4782(3)
0O(5) 9399(4) 9833(2) 3465(2)
O(6) 11585(4) 8850(2) 5522(3)
o7 7459(4) 9822(2) 5495(3)
a(8) 5016(4) 9205(2) 4158(2)
09 5637(4) 6845(2) 3225(3)
0(10) 7394(4) 8731(2) 2292(2)
Oo(11) 10348(3) 6306(2) 2858(2)
0(12) 12061(3) 6467(2) 4120(2)
C(1) 8807(5) 7821(3) 4181(3)
C(2) 6546(6) 8017(3) 5430(4)
C3) 9119(6) 7584(4) 5847(4)
C4) 7522(7) 6695(4) 4872(4)
C(5) 9205(5) 9427(3) 3915(3)
C(6) 10519(5) 8813(3) 5183(3)
c(n 8009(6) 9438(3) 5164(3)
C(8) 5803(5) 8823(3) 4003(3)
C(9)61 6196(5) 7373(3) 3437(4)
C(10) 7283(5) 8526(3) 2871(3)
c(y) 9021(5) 6070(3) 2554(3)
C(11A) 8240(5) 6752(3) 2216(3)
C(11B) 8443(6) 5731(3) 3179(4)
C(110) 9068(6) 5506(3) 1936(3)
C(12) 12317(5) 6366(3) 4917(3)
C(12A) 13649(7) 6021(4) 5140(4)
C(12B) 11249(7) 5866(4) 5102(4)
C(120) 12278(6) 7125(3) 5282(3)
C(13) 12912(5) 7857(3) 3450(3)
C(14) 11895(5) 8361(3) 3512(3)
C(15) 10914(5) 8315(3) 2844(3)
C(16) 11333(6) 7788(3) 2372(3)
cQ17) 12537(5) 7498(3) 2738(3)
C(18) 12375(6) 4990(3) 2340(3)
C(19) 12157(6) 4527(3) 2923(4)
C(20) 13166(6) 4675(3) 3558(4)
C(21) 14002(6) 5216(3) 3349(3)

C22) 13528(6) 5388(3) 2594(3)
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Table 2
Bond lengths of the cluster Cp,Cr, (u-OCMe;),[OCCo;(CO),] (11)

Bond d(A) Bond d (A)
Co(1)-Co(2) 2.488(1) Cr(1)-0(11) 1.950(3)
Co(1)-Co(3) 2.489(1) Cr(1)-0(12) 1.954(3)
Co(2)=-Co(3) 2.483(1) Cr(2)-0(11) 1.963(3)
Co(1)=C(1) 1.990(5) Cr(2)-0(12) 1.975(3)
Co(2)-C(1) 1.964(5)

Co(3)-C(1) 1.933(5)

C()-O(D) 1.247(6)

Cr{1)-O(1) 1.988(3)

Cr(1)-Cr(2) 2.766(1)

IIT is readily soluble in organic solvents and can be isolated as large brown
prisms on recyrstallization from heptane. The bonding of metal atoms in molecule
IT1 (Fig. 2, Table 4-6) with bulky terminal t-butoxyl groups (Cr—O 1.861(8)-1.843(8)
A) results in a considerable deviation of both Cp rings from the Cr-Cr axis
(Cp* CrCr 123.1°), thus hindering overlap of the d.: orbitals. As a result, the Cr-Cr
distance is as long as 3.004(3) A. Complex 11T demonstrates antiferromagnetic
properties: p., per Cr atom decreases from 2.83 to 1.40 BM in the temperature
range 296-77 K. _

The considerable shortening of the terminal Cr-OCMe, bonds (average 1.852 A)
in comparison with the bridging Cr-OCMe, bonds (2.000 A) is noteworthy. The
Cr-0OCMe, terminal bonds are also shortened in comparison with the sum of the
covalent radii of the Cr and O atoms (1.46 and 0.66 A, respectively), which indicates
the significant contribution of additional w-interaction of lone electron pairs of the
oxygen atoms of the terminal alkoxide groups with the half-filled orbitals of the
chromium atoms.

In order to interpret the observed effects and to evaluate the spin state of the
chromium atoms, calculations of the energetic spectrum of the one-electron levels of

Table 3
Bond angles of the cluster Cp,Cr, (u-OCMe,),[OCCo,(CO),] (1I)

Angle (%) Angle (%)
Co2)Co(1HCo(3) 59.85(3) Cr(2)Cr(1HO(11) 45.2(1)
Co(MCo(2)Co(3) 60.09(3) Cr2)CrH(12) 45.6(1)
Co(1)Co(3)Co(2) 60.05(3) O(1DCHDO2) 84.3(1)
Co(hHC(NCo(2) 78.0¢2) Cr(HCrE2)YO(11) 44 8(1)
Co(1)C(1)Co(3) 78.7(2) CrYCH2)O(12) 45.001)
Co(2)C(NCo(3) 79.1(2) O(1DHCr(2)O(12) 83.4(1)
Co(1)C(1O(1) 129.2(4) Cr(HOHCH2) 89.9(1)
Co(2)C(1)O(1) 134.3(4) Cr(DHO2)Cr(2) 89.5(1)
Co(3HC(hHo(1) 135.2(4)

Cr(HO(1YC(1) 154.4(3)

Cr(2)Cr(1)YO(1) 121.4(1)
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Fig. 2. Molecular structure of the binuclear complex Cp,Cr,(p-OCMe;),(0OCMey),.

complexes I-III were performed. The results were compared with those for the
well-known diamagnetic complex Cp,Cr,(p-OMe),(NQ), (V) [8], in which the Cr
atoms have the same coordination number (6) whereas the #-donor terminal OR
groups are replaced by m-acceptor NO groups. The calculations were done by the
extended Hiickel method including a correction for the intra-atomic interaction of
electrons * [10]. In order to simplify the calculations, the OCMe; groups in IT and
II1 and the tricobalt fragment OCCo,(CO), were replaced by OMe groups, as this
does not in fact influence the energy of molecular orbitals of the d-block, which
form the group of frontier orbitals (Fig. 3).

It should be noted that unambiguous classification of the orbitals to o, 7 or §
types relative to the Cr—Cr bond was impossible because of the non-collinearity of
the (C;H:-centroid)-Cr and Cr—Cr vectors in complexes I-1II and V. Nevertheless,
taking into account the stronger interaction of the Cr atoms with its ligand
environment as compared to the Cr—Cr interaction, one may make an approximate
assignment of the molecular orbitals to o-, - or 8-types according to their local
symmetry relative to the (C;Hs-centroid)-Cr axes. Index A for 8-type orbitals
indicates that these orbitals are approximately antisymmetric relative to the plane
passing through the Cr atoms and the CsH centroids. The Cr atoms in complex I1
are non-equivalent, which in some cases leads to different types of local symmetry
and necessitates the use of more detailed designations (indices 1 and 2 refer to Cr
atoms with coordination numbers 6 and 5, respectively). Figure 3 demonstrates the
usual change of composition of the lowest bonding MO (transition from 8 to o
symmetry) with an increase of the coordination number of Cr from 5 to 6, which

* Geometrical parameters were taken from the results of the X-ray diffraction study. Quantum-chemical
parameters (ionization potentials and exponents) are listed in Table 7. The formula from ref. 9 was
used for non-diagonal matrix elements.
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Table 4

Atomic coordinates of the complex Cp,Cr,(p-OCMe;),(OCMe,), (11D (x10° for Cr: x10* for the
others)

Atom X ¥ z

Cr(1) 30939(8) 10912(18) 19405¢0)
Cr(2) 38793(9) 31604(17) 19995(73)
O(1) 3578(4) 2027(7) 3179%(%9)
0(2) 3561(4) 1993(8) 755(9)
0O(3) 3555(4) —-225(7) 1957(32)
O4) 4666(3) 2715(7) 2044(28)
(1) 3834(9) 1751(19) 4406(17)
C2) 3924(11) 2760(17) 5163(15)
C(3) 4395(7) 895(15) 4050(17)
C(4) 3397(8) 993(20) 5100(14)
C(5) 3808(7) 1608(12) —443(14)
C(6) 4349(7) 916(14) —319(16)
a7 4072(9) 2786(16) —1123(17)
C(8) 3265(8) 984(20) —1106(18)
C(9) 3583(7) —1480(10) 1742(28)
C(10) 4252(7 —=1779%(13) 1712(53)
can 3248(10) —1907(13) 807(21)
C(12) 3311(11) —1922(18) 3343(24)
C(13) 5293(6) 3072(13) 2081(48)
C(14) 5432(7) 3584(15) 658(21)
C(15) 5647(6) 1915(14) 1734(42)
C(16) 5439(9) 4001(19) 3058(22)
(17) 2225(5) 2156(14) 2403(21)
C(18) 2227(7) 1706(19) 1134(22)
cQ9) 2227(6) 621(15) 1102(19)
C20) 2211¢6) 94(16) 2236(50)
Ci2n 2227) 1145017 3166(19)
C(22) 3606(9) 4763(8) 945(20h
C23) 4090(7) 5070(10) 1808(51)
C(24) 37749 4884(14) 3096(21)
C(25) 3192(8) 4506(13) 2421(22)
C26) 3119(%9) 4330(15) 1130¢20)

leads, as stated above, to a decrease in the Cp*CrCr bond angle and a change in
coordination of the local d-orbitals.

The results obtained show that the lowest d-block orbital (Table 8) makes the
greatest contribution to the Cr—Cr bond population (0.094) in complex 1. In I1, this
population is significantly smaller {0.053), and eventually in IIl and V it vanishes

Table 5
Bond lengths of the complex Cp,Cr,(#-OCMe;),(0OCMe; ), (I1I)

Bond d (/3:) Bond d (A)
Cr(1)-Cr(2) 3.004(3) Cr(2)-0(2) 2.043(11)
Cr(1)-0(1) 2.038(9) Cr(1)-0(3) 1.861(R)
Cr(1)-0(2) 1.960(10) Cr(2)-0(4) 1.843(8)

Cr(2)-0O(1) 1.958(11)
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Table 6
Bond angles of the complex Cp,Cr,(p-OCMe;),(0CMe,), (III)

Angle (°) Angle ()
Cr2)Cr(1HO() 40.2(6) Cr(1)Cr(2)0(4) 105.4(6)
Cr)Cr(1OQ) 42.4(5) Cr(1)O(1)Cr(2) 97.4(1)
Cr(2)Cr(1)0(3) 110.2(6) Cr(1)0(2)Cr(2) 97.2(1)
Cr(1)Cr(2)0(1) 42.2(6)

Cr(1)Cr(2)0(2) 40.3(6)

almost completely (0.032 and 0.030, respectively). In contrast to the other complexes
of the series, the §-orbitals of complex V are pushed out into the antibonding
region, which is a result of the strong interaction of the NO group «*-orbitals with
the ds-orbitals of the Cr atoms (leading, however, to stabilization of the NO
7 *-orbitals). The strengthening of this interaction is directly related to the m-accep-
tor properties of the NO ligand, as the NO 7 *-orbital energy is closer to that of the
Cr d-levels than the energy of the donor p_-orbitals of the OR group.

In complex V, there are only two electrons in the MO with significant localiza-
tion of the Cr atoms, although the main contribution of the total number of
d-electrons comes from the filled orbitals, consisting of the bonding component of
the NO #*-orbitals and the Cr ds-orbitals.

Calculation of the energy levels ¢, and the populations of AOs in complexes 1111
and V gives an opportunity to determine the local spins of paramagnetic Cr atoms
within the model * of the local spin Hamiltonian [10] for the evalution of one-centre
Coulomb interactions. However, it should be taken into consideration that because
of the systematic errors of the theoretical model the accuracy of the determination
of the total energy intervals does not exceed ~ 0.5 eV. As a result (Table 9), the
most favourable spin states of the chromium atoms in I-III and V, in our opinion,
are 3/2 and 3/2,3/2and 1, 3/2 and 3/2, and 1/2 and 1/2, respectively. Indeed,
the magnetic properties of complexes I-III with these spin states of Cr atoms can be
described within the dimeric model of Heisenberg—Dirac—Van Vleck [11] more

satisfactorily than with other spin values (Table 10). (continued on p. 301

* The total energy of the ¢lectronic state with configuration ¢; and parallel electron spins of the
half-filled levels is calculated as follows:

E{qi}=zqiii-‘2Ja<Sﬂ2> m

where a implies summation over all d elements and the average local spin values are estimated
according to the formula

ny_nafna
(sH=7(5+1)
where na is the effective number of unpaired d-electrons determined from Mulliken population
analysis. The following dependence of J(Cr) from the effective configuration of the Cr atom is
adopted (in eV):
J(59d%+*) = 0.752-0.034¢g — (0.02695 ~ 0.0126 7) x> — (0.10145—0.00444 ) x

Its coefficients were found from the values of the Racah parameters F2(3d3d),F*(343d) in different
configurations of the Cr atom [12]. The influence of s and p electrons on the J value is assumed to be
equal: J(d"s™p*)=J(d"s* ™)
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Table 7
Quantum chemical parameters (ionization potentials and exponents) for Cp,Cr; (u-OCMe,) ,(OCMe, ),
(11D
Atom AQ lonization Exponent
potential
(eV)
H 1s 13.6 1.2
C 25 11.4 1.625
2p 11.4 1.625
N 2s 26.0 1.95
2p 134 1.95
O 2s 323 2.275
2p 14.8 2275
Cr 3d 11.22 4.95 (0.48761) “
1.60 (0.72051) “
4ds 8.66 1.7
ap 5.24 1.7

“ Coefficients of linear combination of the normalized Slater AO for the bi-exponential basis functions

are given in parentheses.
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Table 10

Magnetic properties of complexes I-III and V
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Parameter Cp,Cr»- CpyCry(p-OCMe,);  CpyCrp(OCMes) - CpyCr(NO) -
{#-OCMe;); -OCC0;(CO), (u-OCMe,), (p-OMe},
(D (409] (11 V)
terr- MB per
Cr atom 1.88-1.49 2.48-1.72 2.83-1.40 diamagnetic
T (K) 333.5-214 296-79 295-79 296-77
Sa and Sg 3/23/2 13,2 3/23/2 1,212
—2J (cm™ 1) 204 164 70 >1000
—2J=48,Sg —2J
(ecm™h) 1836 984 630 > 1000

The value of the exchange parameter J in I is in good agreement with the
existence of a strong single Cir—Cr bond in ii, which is likely to be the main channel
for exchange interactions. On the other hand, the —2J value for III without any
direct Cr—Cr bonding decreases considerably (to 70 cm ') and corresponds mainly
to the indirect exchange via two alkoxide bridges. The picture becomes clearer if the
values for the total exchange parameter —2.J are used for comparison [13] (Table
10);

—2Jg=—2J-4S5,S;

The transition from complex III to V causes a decrease in spin to 1/2, which can
result in diamagnetism of the complex at room temperature owing to the high value
of J (J = Js in this case). As far as complex [T with Cr atoms in different oxidation
states is concerned, the —2J and —2J; values correspond to the existence of a
weak Cr—Cr bond; however, the observed p. value (1.72 BM) at 79 K is somewhat
higher than the expected value (in the case of strong exchange, this parameter
should be equal to 1.22 BM per Cr atom). This fact may be due to the presence of
small amounts of strongly paramagnetic impurities in the samples measured *, e.g.
cobalt(Il) oxide, since ESR measurements (performed on a large single crystal at 77
K) have revealed a singlet signal (g = 2.0) corresponding to one unpaired electron
localized at the Cr'' atom.

Experimental

All operations connected with the synthesis of the initial complex 1 as well as
complexes II-1V were conducted in a stream of pure argon; absolute solvents were
used. I was obtained from Cp,Cr and HOCMe, according to [1]. IR spectra were
measured in KBr pellets or in suspension in nujol. ESR spectra were measured with
a Sex-2542 instrument at 77 K. Magnetic susceptibility was measured according to
the Faraday method, using the technique designed in the Institute of General and
Inorganic Chemistry [14]. X-ray diffraction data were obtained with an automated
Syntex P2, diffractometer (A(Mo-K ), 8/28 scan) at a temperature of —100°C for
II, and with an automated Hilger & Watts diffractometer (A\(Mo-K ), 8/28-scan, T
20°C) for III (Table 11). Structures IT and III were solved by the direct method

* A series of independent measurements of large single crystals of 11 was carried out.
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Table 11

Crystal data for complexes II and 11

Cp,Cr,(u-OCMe;) - Cp,Cr, (0OCMes ) -
[OCC0,(COY,] (p-OCMe,),
(a0 (I

Crystal system monoclinic orthorhombic

Space group P2 /n Pra2,

a (A) 10.377(4) 22.4539(12)

b (A) 17.87%7) 11.7514(6)

¢ (A) 18.115(7) 10.7303(5)

B(°) 101.39(3)

v (AY) 3204.7 2831.3

V4 4 4

20, 56 54

Number of reflections measured 6318 2723

Number of reflections with 1 > 3o

used in refinement 5428 1801
R, 0.044 0.070
R 0.048 0.072

W

using the MULTAN program and were refined by the block-diagonal least-squares
technique in an anisotropic approximation for all non-hydrogen atoms. The hydro-
gen atoms in structure 11 were located in the difference Fourier synthesis: their
contribution to F_,,. was taken into account, but positional and thermal parameters
were not refined. All calculations were carried out using the INEXTL program
package [15] with an Eclipse S,/200 computer.

Synthesis of Cp,Cry(u-OCMe;), [u-OCCo,(CO),[ (11)

Addition of a solution of 0.93 g (2.7 mM ) of Co,(CO), in 10 ml of benzene to a
red-brown sotution of Cp,Cr,(u-OCMes), (obtained from 1 g (5.5 mM) of Cp,Cr
and Me,COH) in 10 ml of benzene instantly yielded a crimson solution. This
transparent solution was kept at +5°C for 2 days. The large brown-crimson
crystals which precipitated from this solution were separated by decantation,
washed with benzene/heptane (1,5 mixture) and dried at room temperature in an
argon flow. The product was extremely sensitive to atmospheric oxygen and
moisture.

Yield 0.61 g (27%) relative to Cp,Cr. IR spectrum (Nujol) (», cm '): 2080m,
2015vs br, 1990s br, 1965m. 1880m, 1160m br, 810m, 775w, 720w, 670m. 605w,
560w, 500w, 450. IR spectrum (KBr) (v, cm ™ '): 2900w br, 2080m, 2000s br, 1455m,
1435m br, 1390m br, 1160w, 890w br, 800w, 660w, 550w, 5G0m br.

The product yield increased to 61% when the ratio of the components was 1 /3.

Synthesis of Cp,Cr,(u-OR),(OR), (111)

An excess of solid Te was added to a red-brown solution of Cp,Cr,(p-OCMe,),
(obtained from 0.5 g (2.7 mM) of Cp,Cr and Me;COH) in 25 ml of toluene. The
reaction mixture was refluxed for 2 h, the brown-green solution formed was filtered,
and the solvent was then evaporated in an argon flow at 120° C. The solid residue
was extracted by hot heptane until the solution became colourless (total amount
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40-60 ml); a fine crystalline precipitate of Cp,Cr,Te, (IV) was left. The green
heptane extract was concentrated at 120°C in an argon flow to 5-8 ml and cooled
to —15°C. The large green prisms which precipitated from the solution in one day
were isolated from the solution by decantation, washed with cold (—20 to —30°C)
heptane and dried in vacuo. The yield of Cp,Cr,(p-OCMe,),(0OCMe;), was 0.1 g
(14% relative to Cp,Cr).

IR spectrum (v, cm ') 540m br, 575s, 780s, 790s, 880s, 980s, 1000w, 1170s br,
1335m, 1360w, 2920w br, 2950w br.
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