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Summary
Oxidative addition of the olefins acrylonitrile, acrolein, crotonaldehyde and

methyl vinyl ketone to vanadocene leads to formation of the corresponding metalla-
cycle.

Introduction

Owing to the important role played by derivatives of titanium and vanadium in
processes such as polymerization, hydrogenation or hydroformylation [1,2], some
olefin and acetylene derivatives of these elements have been characterized [3-5].
However, the only previously known olefin derivative of vanadium was the complex
formed by reaction between dimethylfumarate and vanadocene [6]. On the basis of
spectroscopic data [6] and on X-ray diffraction studies [7,8], cyclopropanemetal
structure have been proposed for these olefin derivatives.

In this paper we describe the synthesis and characterization of several complexes
of vanadocene with activated olefins.

Results and discussion

Complexes of vanadocene with acrylonitrile, acrolein, crotonaldehyde and methyl
vinyl ketone can be readily obtained by addition of the corresponding olefin to an
ethereal solution of vanadocene under an inert atmosphere; brown air-sensitive
solids immediately separate out. The IR spectra of the products show the character-
istic bands of the %°-CsHjs rings at 3100-2900m, 1500-1430m, 1300-1250m, 1040m,
860-820s cm ! [9,10] and the characteristic bands of the CN and CO groups of the
coordinated olefins are also observed, as shown in Table 1.

In all cases, the »(C=C) band, which is in the range 1608-1640 cm ™' in the free
olefin, disappears upon coordination to the vanadium atom, indicating the forma-
tion of a metallacycle. This coordination mode is confirmed in the case of the
acrylonitrile by shift of the »(CN) band to lower frequencies, upon coordination to
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TABLE 1
R (em ')y DATA FOR THE NFW OLEFIN COMPLEXES

Compound

Comples

P(COYor n(CN) pC=Cr P COTor rON
Cp.V(CH, . 2230 S e
Cp.VICH,CHCHO) 1702 1643, 1630
CpaVICH ,CHCHCHO) 1641 1697 10581614

CpoVICH,CHCOCH ) 1618 1653

the metal [11]. In the other complexes there is also a shift to lower frequencies of the
r(CO) bands when the olefin is coordinated to metal. The small shifts (40 3G em
observed in these bands relative 1o those for the free olefin mdicate that the CN and
CO groups are not directiv mvolved in the coordination o metal. The doublet
observed for some of these hands (Table 1) is probably due 1o solid state interactions
[6].

Metallacyele formation is zlso indicated by a reduction i the number of the
unpaired efectrons from 3 in the vanadocene to 1 in the synthesized complexes. as
shown by the EPR spectra. This decrease can be accounted for in terms of the
bonding model presented by Lauher and Hoffman [12] for this tvpe of complex. In
this the =-occupied orbital of the olefin provides a donor orbital whicl interacts with
the 2a, orbital of the metal. while the two electrons which ure in the b, orbital of the
metal can be transfered by hack donation into the 7% cmpty orbital of the olefin.
This back donation interaction results in oxidation of the metal fromr VU oin
vanadocene to V' in the olefin complexes. in which the olefin is bonded to the
metal through two o bonds. thus forming the metallacycle. On this picture the
unpaired electron is localized in the «, nonbonding orbital of the metal.

The EPR spectra recorded for CHC!, solutions at room temperature show eight
signals arising from coupling between the unpaired electron with the 7'V (/= 7,2)
nucleus. The small A4, values found for these complexes (41 43 < 10 * em 1y
(Table 2). compared with those observed for other complexes of the tvpe CpVX,
(X = CL Br. CN, SCN) [13i, reflect a higher electronic delocalization in the former
series, which is consistent with their metallacycle nature. This decrease in the o
values is consistent with the high values observed for g (see Table 23 in the light of
the decrease in the spin-orbit contribution when the electronic delocalization is
mncreased. The narrow range observed for the values of the isotropic hyperfine
coupling constants in the complexes we have studied indicates that the olefin s
bonded 1n a similar way to the vanadocene in all cases.

The EPR spectra obtained at liquid nitrogen temperature in frozen solutions of
mixtures of CHCIL,/EtOH. are anisotropic. and present two groups of cight well
defined signals and a third set which is poorly resolved. but which can he calculated
using the following expressions: g, , = 1/3(g+ g, + g yand A4, =1 34 + 4 +
A_). The calculated values for the three components of the o and 4 tensors, are
indicated in Table 2.

Because of the close similarity between these EPR spectra and those found in
other vanadium complexes. such as Cp,VL, [13], of (5, symmetry. we used the sume
coordinate system. in which 4, is directed o the olefin molecule and A, s
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perpendicular to the plane of the metallacycle. In agreement with the bond scheme
previously indicated. the fundamental electronic stiate consists of @ mixture of two or
more d orbitals, and can be represented by ¥, =a d .- + bl - - where ¢ and b are
the mixture coefficients.

The parameters of the low temperature EPR spectra can be analvzed by the
equations described by Evans {14 which give the «. A 7 and A values. The
hyperfine parameter P =g, g, ¥, v, (r ") gives direct information aboul the
electronic delocalization and the covalency: K s the spin polarizanen parameter

falt) &
'

which is related to 4, by the equation 4, = — KP4 (g, g )P The calculated

inei .
values for a. b. P and K are listed in Table 2 and it will be seen that the P values
vary between 74 80 % 10 7 em ' compared with the P value of 172 % 10 “om
for a free V7 ion. indicating that the unpaired electron is 42.46% localized on the
metal; this suggests that there 1s extensive electronic defocalization or a large degree
of covalent character in the vanadium- olefin bonds.

The observed values for ¢ and b indicate that the unpaired clectron is localized
in a d_. orbital. Furthermore. the ¢ value for the complexes is significantly higher
than the one obtained for CpVCIL (a7 = 0.96. H~= (.25 [15}). which indicates that
the contributions of the « : and 4 . orbitals to the ground state depend on the
type of ligand. Thus with 7-acceptor ligands such as the olefins we have studied.

higher values of «”. such as those found with ¢ tvpe halide ligands. are observed.
This s consistent with a greater overlap between the w-acceptor orbitals of the
ligand and the «.: orbital. which facilitates the back donation from the metal to the
olefin in agreement with the proposed bonding scheme. and also leads to delocaliza-
tion of the electrons of the vanadium -olefin bond. which coniributes to the low
values obtained for P.

The influence of the various olefin substituents is noteworthy: the largest varia-
tions are found in the A is directed to the coordinated olefin), while A,
and A_ remain practically constant (Table 2). However 1t is at present not possible
to correlate the influence of the olefin substituents with the electronte distribution in
the complexes.

. values (A

Experimental

All manipulations were carried out under purified nitrogen using Schlenk tech-
niques. Vanadocene was prepared by the usual method {16].

The IR spectra were recorded at 4000200 ¢cm™ " on a Nicolet SDX FT-IR
spectrophotometer using Nujol and Hostaflon mulls between Csl windows. The EPR
spectra were recorded on a Varian E-12 specltrometer at a microwave frequency of 9
GHz (X-band) equipped with a HP 35342 A frequencemeter and a Bruker NMR
Gaussmeter. The spectra at low temperature were recorded in a variable temperature
cell.

Preparation of compounds

(0 -CiH;) VICH,CHCN).  Freshly sublimed (#-CH:).V (1 g. 5.5 mmol) was
dissolved in Et,O (30 ¢cm’) under an N, atmosphere in a 100 ml two-necked flask
provided with an N, 1nlet. magnetic stirrer. and pressure-equalized dropping funnel.
and a solution of acrylonitrile (0.32 g. 6 mmol) in Et,O (10 ¢cm’y was added. A
brown solid separated immediately. Stirring was continued for 1 h and the solid was
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filtered off, washed several times times with Et,O, and dried in vacuo at room
temperature. The product is air-sensitive. (Found: C, 65.8; H, 5.3; N, 5.6; V, 21.0.
C;H 3NV caled.: C, 66.6; H, 5.5; N, 5.9; V, 21.8%).

(n’-CsH),V(CH,CHCHOQO). This compound was obtained by the method de-
scribed above from (7°-CsHjs),V (1 g, 5.5 mmol) and acrolein (0.33 g, 6 mmol). The
brown solid which separates is more air-sensitive than that described above. (Found:
C, 65.0; H, 5.1; V, 19.9. C,5H,,0V caled.: C, 65.8; H, 5.9; V, 21.5%).

(n’-CsH,),V(CH,CHCHCHQ). This compound was prepared by a similar pro-
cedure from (7°-CsH,),V (1 g, 5.5 mmol) and crotonaldehyde (0.42 g, 6 mmol).
After the addition of the olefin the violet vanadocene solution turned brown.
Subsequent addition of pentane gave a brownish-green precipitate, which was
filtered off, washed several times with pentane, and dried in vacuo at room
temperature. The compound was air-sensitive. (Found: C, 66.0; H, 6.0; V, 19.8.
C4H OV caled.: C, 66.9; H, 6.3; V, 20.3%).

(n’-CsH;),V(CH,CHCOCH,). Similarly, 1 g, 5.5 mmol of (n>-CsH;),V was
dissolved in 40 cm® of Et,O and a solution of 0.42 g (6 mmol) of methyl vinyl ketone
in 10 cm® of Et,O was added. A very air-sensitive dark green, solid was obtained.
(Found: C, 65.8; H, 6.0; V, 19.7. C,,H, OV calcd.: C, 66.9; H, 6.3; V, 20.3%).
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