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1. INTRODUCTION

Transition metals show a large variety in their reactivity towards olefins. We have studied
three of these reaction types: a) coordination of the olefin to a 16-electron metal centre after
photochemical dissociation of a 2-electron donating ligand; b) coordination of the olefin to a 17-
electron centre, formed by photochemical dissociation of a 1-electron donating ligand and ¢)
thermal electron transfer to the olefin after reaction a) or b).

2. COORDINATION TO A 16-ELECTRON METAL CENTRE

A well known example of a photochemical reaction in which an olefin is involved as a 2- or
4-¢lectron donating ligand is the photochemical formation of Cr(CO)s(m2-diene) and
Cr(CO)4(m?-diene) out of Cr(CO)s and a diene [1]. Upon further irradiation of Cr(CO)4('q4~
diene) in the presence of H the coordinated diene is hydrogenated [2]. Instead of new C-H
bonds, C-C bonds are formed when Cr(CO)3(n6-cycloheptatriene), 1, is irradiated in the
presence of a conjugated diene [3], resulting in the formation of a coordinated bicyclo—
undecatriene ligand in the product 2. We have investigated the mechanism of this reaction [4].
The primary photoprocesses [3] were studied by matrix isolation photochemistry, the secondary
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Figure 1. The UV/Vis spectrum of 1 in pentane.
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Scheme 1. The mechanism of the photochemical C-C coupling reaction between 1 and
conjugated dienes.

thermal reactions by low temperature solution experiments, mainly in liquid xenon, which is
able -due to its inertness- to stabilize highly unstable intermediates [3].

2.1. The primary photoprocesses

The UV/Vis spectrum of complex 1 (see Figure 1) shows two bands. The reactions taking
place upon irradiation into the composite 350 nim band have been studied by Hooker and Rest
[6], while we have irradiated into the low intensity ligand field transition around 500 nm [4].
Irradiation with A> 280 nm resulted in both CO loss and hapticity change of the triene ring. The
latter process was only observable in the presence of excess CO. Which Cr-CO or Cr-olefin
bond was broken depended, however, on the wavelength of irradiation.

2.2. The secondary thermal reaction steps

The secondary thermal reaction steps are represented in Scheme 1. The mechanism is
wavelength independent at A;;;> 365 nm. Irradiation of 1 in the presence of a diene (usually
pentadiene) resulted exclusively in the formation of a thermally unstable dicarbony! complex.
No trace of a tricarbonyl product was observed, which means that no hapticity change of the
triene ring is involved in the C-C coupling reaction [3]. By comparing the CO-stretching
frequencies and force constants of the products of a series of mono- and diolefins and P- and N-
donors [7] the dicarbonyl vibrations were assigned to Cr{CO)(m®-CyHg)(M2-diene), 3.
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Upon raising the temperature of the diolefin reaction mixtures to 165 K complex 3
disappeared with concomitant formation of a second dicarbonyl complex, 4. Contrary to those
of product 3, the CO-stretching vibrations of this product were not influenced by the presence
of methyl substituents on the diene. The new dicarbonyl] vibrations are assigned to a product
already observed by Kreiter [3]: Cr(CO)2(n8-olefin), in which the olefin is the product of the
formation of one C-C bond between the diene and the triene ring. Upon further raising the
temperature to 180 K the final product 2 was formed, most probably via a concerted process in
which the dissociated CO reacted back and the second C-C bond formation occurred.

3. COORDINATION TO A 17-ELECTRON METAL CENTRE

A 17-electron metal centre which is highly reactive towards olefins is the rheniumpentacarbonyl
radical, which reacts for instance with monoolefins [8], Reaction 1, and with cumulated
diolefins (allenes) [9]. In several steps of the allene reaction CO dissociation is involved.
However, since the products absorb in the same wavelength region as the starting materials, it is
impossible to determine whether a secondary process is thermal or photochemical.

v X
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We have therefore decided to generate the rheniumpentacarbonyl radicals with visible light.
This was achieved by using (CO);5ReRe(CO)3(a-diimine) complexes, 5, as the starting
material. In these complexes a Re(CO)3(0-diimine) fragment (ot-diimine= phenantroline or 1,4-
p-tolyl-1,4-diazabutadiene) serves as a chromophoric group. Irradiation into the long
wavelength transition, see Figure 2, results exclusively in metal-metal bond homolysis,

producing rheniumpentacarbonyl and rheniumtricarbonyl-o-diimine radicals [10]. The allene
used was phenylallene.
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Figure 2. The UV/Vis spectra of 5§ (—) and Re9(CO);q (- - -).
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The preliminary results turned out to be dependent on the temperature of the reaction mixture.
Irradiation at 240 K in toluene resulted in the formation of two rheniumpentacarbonyl products,
having their highest CO stretching frequencies at 2143 and 2132 cm1respectively. After raising
the temperature one of these pentacarbonyl bands remained (at 2133 cml), while a tetracarbony!
CO-band showed up at 2063 cm-l. The proposed reaction, (2) {9, involves an attack of two
rheniumpentacarbonyl radicals at one allene molecule, followed by CO loss and 13-coordination
of the allenic unit to the resulting rheniumtetracarbonyl fragment upon raising the temperature.

Re(CO)s A Re(CO)s
AN, "
o— Re(CO)s ¢ RECO),

At still iower temperatures an unstable tricarbonyl product with low tricarbonyl frequencies
(2010, 1890 and 1875 cm!) was formed, while a pentacarbonyl band showed up at 2118 cmL.
The product is assigned to (CO)sRe-phenylallene-Re(CO)3(a-diimine). 6, see Chart 2. The
tricarbonyl frequencies are typical for a zerovalent Re(CO)3(a-diimine) species, o-coordinated
to a 1-clectron donating ligand {11}, while the pentacarbonyl band most probably belongs to a
Re(CO)s coordinated to an olefin, compare for instance complex 7 (Chart 1) [9].

Re(CO)s 0
Re(CO)s(a-diimine) /
o 7z Re(CO)s o 7\ Re(CO)s
6 7

Chart 1

4. ELECTRON TRANSFER REACTIONS

The electrophilic olefin tetracyanoethylene (TCNE) reacts with a variety of organometallic
complexes [12]. Examples are insertion in the tin-tin bond in SnpMeg [13] and THF substitution
in Cp*Mnl(CO)2(THF), followed by electron transfer from the metal to the olefin {14]. We have
studied the reaction between Ph3SnM(CO)3(o-diimine) (M= Mn, Re; a-diimine= bpy’, 4,4'-
dimethyl-2,2"-bipyridine, and R-DAB, 1,4-di-R-1.4-diazabutadiene, with R=i-propyl. t-butyl)
and TCNE. The manganese complexes show only CO dissociation upon irradiation, enabling us
to study the reaction between TCNE and a 16-electron metal-o-diimine systemn [15]. The
rhenium complexes, on the other hand, show only metal-metal bond homolysis and can
therefore be used to study the interaction between TCNE and a metal-o.-diimine radical
[12a,12b,15]. TCNE was chosen because of its high reactivity and because of its two different
coordination modes, via a nitrogen or via the ethylenic unit, which are clearly distinguishable by
their specific influence on the CN-stretching vibrations [14].
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4.1. The photochemical reactivity of the complexes

At lower temperatures (below 213 K) the manganese complexes showed the expected CO
substitution reaction with TCNE. The TCNE coordinates via a nitrogen atom. The CO-
stretching frequencies were very high for a dicarbonyl complex but a similar behaviour has e.g.
been observed for Cp*Mn(CO)2(TCNE) [14]. Upon substituting the THF ligand in
Cp*Mn(CO),(THF) by TCNE the CO-stretching vibrations shift from 1910 and 1836 cm-1 [16]
to 1985 and 1950 cm-! respectively. In Ph3SnMn(CO)y(t-butyl-DAB)L the frequencies shift
from 1884 and 1810 cm-! (L= THF, [15]) to 1951 and 1880 cm-! respectively (L= TCNE).

The high CO-stretching frequencies indicate an almost complete electron transfer from the
metal to the olefin. This was confirmed by the UV/Vis spectrum, which showed the vibrational
fine structure of TCNE* [17]. The electronic absorption spectrum also showed an intense band
at A= 900 nm or higher (900 nm is the apparatus maximum). The nature of this band could not
be determined, but it most likely belongs to a charge transfer transition between the metal and
the TCNE ligand. The product is thermally unstable. Upon raising the temperature a back
reaction occurs to give the starting material. The rhenium complexes showed metal-metal bond
homolysis upon irradiation, followed by coordination of the TCNE. Again an electron transfer
to the olefin was observed, resulting in the formation of Rel(CO)3(a-diimine)(TCNE®), 8.

4.2. Thermal reactions

Product 8 of the photochemical reaction of the rhenium complexes was thermally unstable. It
isomerized to another tricarbonyl complex, 9. Surprisingly product 8 could also be obtained
thermally, in a slow reaction. The manganese complexes formed similar thermal reaction
products, 10 and 11, but the reactions were much faster. We have characterized the products of
the thermal reaction of Ph3SnMn(CO)3(bpy"). The most characteristic CN-stretching
frequencies (2225 and 2195 cm! in 10 and 2210 and 2130 cm-1 in 11 respectively) indicate a
n-coordination of the TCNE ligand in 8 and 10 and a 6-coordination in 9 and 11, see Reaction

3[14].
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