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Abstract: The mechanism established for the unimolecular loss of C2H4 from [Fe(4-oc- 
tyne)]®, is somehow altered in the analogous Mn®-induced reaction in that some intra­
molecular hydrogen exchange (involving unprecedented manganese-earbene complexes) 
precedes the dissociation. Mechanistic variants are discussed, and brief mentioning is also 
made on the propene loss which is unique to the [Mn(4-octyne)]® complex.

Gas-phase experiments with bare transi­
tion metal ions offer an unique opportu­
nity to probe, in the absence of any solva­
tion and ion-pairing effects, the inherent 
properties of reactive organometallic spe­
cies and to evaluate the potential role of 
these remarkable molecules in the initial 
stages of the activation of CH and CC 
bonds111. While many transition metal ions

M® readily undergo oxidative insertion 
(Eq. (1)) in C—X bonds (X = hydrogen, 
carbon, nitrogen, oxygen, halogen, etc.)111, 
Mn® shows a distinctly lower reactivity to­
wards these substrates121. The decreased 
reactivity of Mn® in comparison with, for 
example, Fe® has been explained by using 
several qualitative concepts of MO theory. 
Allison and Ridge114 2dl ascribe the low reac­
tivity of Mn® due to the quite high promo­
tion energies to generate from the 3d54s' 
ground state configuration of Mn® either a 
3d44s2 or a 3d44s'4pl excited state, which 
may then be used to form two covalent 
bonds. Armentroutlle-281 and Weisshaar[2fl 
explain the low reactivity of Mn® in terms 
of a frontier orbital MO concept, devel­
oped earlier by Saillard and Hoffmann P1. 
According to this, the metal insertion of a 
3d"4s° configuration is favoured over that

with a Sd^^s1 due to two favourable do­
nor-acceptor interactions in the former. 
These are the interactions of (i) the doubly- 
occupied wcx orbital (donor) with the 
empty 4sM® (acceptor) and (ii) of a doubly- 
occupied d„, say (donor) with the empty 
o* x (acceptor). Moreover, spin conserva­
tion also requires double occupancy of the 
dxz orbital which can only occur for 3d" 
metal ions with n > 6, i.e. for Fe®, Co®, 
and Ni®, but not for the ground state Mn® 
ion.

M® + | # Mz (1) 
X \

We recently reported141 that, in spite of 
these constraints, Mn® (presumably in ex­
cited electronic states) may well react with 
organic substrates like alkynes. Among the 
many reactions observed, a spectacular 
one corresponds to the Mn®-induced 
demethanation via an unprecedented 1,6- 
elimination mode accross the triple bond, 
to generate metallacycloalkynes with Mn® 
in a high oxidation state. A mechanism 
which is in keeping with the labeling data 
and the chain-length effects is depicted in 
Scheme 1. Addition of either a CC (l->2) 
or a CH bond (1 —>3) to the n-complexed 
Mn® ion 1 generates intermediates which 
may further rearrange to the manganacy- 
cloheptyne cation 4; the latter may serve as 
direct precursor in the reductive elimi­
nation of methane to generate species 5.
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While metallacycles are often invoked or 
experimentally indicated to act as inter­
mediates in gas-phase reactions of transi­
tion metal ionsI!b'd f ''5|, in none of the pre­
viously reported cases CC multiple-bond 
containing metallacycles were involved. 
Apparently, the gas-phase chemistry of or­
ganometallic species containing Mn® is 
quite distinct.

The unusual behaviour of Mn® is also 
reflected in its overall reactivity161 as evi­
denced by a comparison of the metastable 
ion (MI) mass spectrum of [Fe(4-octyne)]®

Table 1. Unimolecular ethylene loss from labeled [Mn(4-octyne)]® complexes“1.

with that of [Mn(4-octyne)]® (Fig. 1). 
While the [Fe(C8H14)]® complex decom­
poses virtually via one reaction channel, 
i.e. loss of C2H4, the analogous 
[Mn(C8H14)]® species gives rise to a multi­
tude of processes. Moreover, the mecha­
nism by which the major neutral fragment 
(i.e. C2H4) is eliminated, differs to some 
extent as shown by the study of 2H-labeled 
4-octynes.

Detailed investigations of the 
[Fe(C8H14)]® system111,7,91 support the mech­
anism depicted in Scheme 2 for C2H4 loss

from [Fe(4-octyne)]®. The ethylene-hy- 
drido complex 9 is, presumably, in compe­
tition generated via oxidative addition of 
the CC (6^7) or the CH bond (6^8) to 
the 7t-complexed Fe®, followed by irrever­
sible hydrogen migration (7-»9) or cleav­
age of the propargylic CC bond (8 >9). By 
probing the structure of the ethylene de­
composition products, Peake and Gross191 
were able to demonstrate that 12 and 13 
are formed in an approximate ratio of 
1.5:1. Another key feature of the overall 
reaction sequence 6^9 is that the P-hydro- 
gen transfer (which involves specifically 
the methyl group) is neither reversible nor 
associated with a primary kinetic isotope 
effect; dissociation of 9 to generate C2H4 
and [Fe(C6Hl0)]® has, however, an isotope 
effect of kJkD =1.1 per deuterium atom in 
the ethylene eliminated171. Hydrogen ex­
change processes do not precede the loss of 
C2H4.

The analysis of the labeling results (Ta­
ble 1) suggests that a major part of the 
ethylene loss, induced by both Fe® and 
Mn®, follows the same mechanism 
(Scheme 2). However, there is no doubt 
that the Mn®-induced process is to some 
extent distinct. This is clearly evidenced by 
the data of the isotopomers 14a, 14b, and 
14d, which demonstrate that prior to Mn®- 
induced ethylene loss partial exchange of 
the hydrogen atoms at C(2) and C(3) - but 
not C(l) - occur, which are not operative in 
the Fe® complex. A mechanistic variant 
which is in keeping with the hydrogen ex­
change processes is depicted in Scheme 3. 
Here, the central intermediate corresponds 
to the carbene complex 18 which via the 
reaction 18-^19 brings about hydrogen ex­
change of C(2)/C(3). For the generation of 
18 itself several routes are conceivable; 
those proceeding via 16 and 17 have pre­
cedences in the gas-phase chemistry in­
volving other transition metal ions ni. Note, 
that 17 is also suggested141 to be involved in 
the Mn®-induced demethanation of 
alkynes (see species 3 in Scheme 1); ion 16 
serves as branching point for both the hy­
drogen exchange reaction (via 18 ?± 19) 
and the actual ethylene loss pathway ana­
logous to 7^9 with Mn® substituted for 
Fe®.

A further distinction between the Fe®- 
and Mn®-induced processes concerns the 
loss of C3H6 (presumably propene); this 
reaction is of minor importance for the 
[Fe(C8H14)]® complex (< 3 % rel. inten-

al Data are given in %, EC2H4 XDX =100%. Errors are ± 3% of reported data. For comparison the data of the analogous [Fe(4-octyne)J® complexes are given in parentheses.

Neutral Lost

ch3ch2cd2c=cc3h7
14a

4-Octyne Precursors 

CH3CD2CH2C=CC3H7 
14b

CD3(CH2)2C=CC3H7
14c

CD3CD2CH2CssCC3H7
14d

QH4_XDX CH3(CH2)2C=CC3H7
14

C2H4 100 (100) 81.6(100) 44.7 (54.5) 55.2 (54.8) 45.1 (59.1)

C2H3D 12.8 10.6 2.1

c2h2d2 5.6 44.7 (45.5) 44.8 (45.2) 1.8

C2HjD3 8.5

C2D4 42.5 (40.9)



FORSCHUNG 247
CHIMIA 41 (1987) Nr. 7-8 (Juli-August)

Fig. 1. Metastable ion (MI) mass spectra of (a) [Fe( 4-octyne J/®, generated from Fe( CO)S and 4-octyne according to Ref [11,71, and (b) 
[Mn(4-octyne)]®, generatedfrom Mn2(CO)I0 and4-octyne. Briefly, in a typical experiment the metal carbonyl and the hydrocarbon (in a 
ratio 1:5 —10 were introduced simultaneously via the gas inlet system in the chemical ionization source of a Vacuum Generator ZAB-HF-3F 
triple sector mass spectrometer of BEB configuration (B denotes magnetic and E electric sector) [8!. Experimental conditions were as 
follows: ionization energy 100 eV; emission current 0.5 mA; repeller voltage 0 V; acceleration voltage 8 kV; mass resolution 2000-5000 
(10% valley definition); ion source pressure ca. 10~5 mbar; ion source block temperature 200° C. The metal-hydrocarbon complexes were 
formed by reaction of M( CO)® ions and the appropriate hydrocarbon via displacement of the CO ligands. The so-formed organometallic 
complexes, having 8 keV kinetic energy, were mass-selected and focussed with B(1)E, and the unimolecular dissociations occuring in the 
field-free region between E and B(2) were monitored by scanning B(2). The spectra shown in Fig. 1 and the data reported in Table 1 
correspond to the average of 10-100 spectra which were accumulated using the VG 11/250 data system.

sity) but amounts to 45 % in the MI spec­
trum of [Mn(C8H14)]® (see Fig. 1). Al­
though the interesting labeling results re­
ported in Table 2 for the [Mn(4-octyne)]® 
isotopomers are very tempting to speculate 
on the mechanism(s) of this reaction, we 
refrain from doing so. Apparently, sub­
stantial rearrangements, presumably in­
volving migration of the CC triple bond, 
must precede the loss of propene. This 
is, for example, indicated by the 
Mn®-induced loss of C3H5D from

Table 2. Unimolecular propene loss from labeled [Mn(4-octyne)]® complexes“*.

Neutral Lost 4-Octyne Precursors

C3H6 XDX 14 14a 14b 14c 14d

C3H6 100 33.9 30.2 45.3 25.0

c3h5d 24.0 66.8 14.5

C3H4D2 42.1 3.0 2.9

C3H3D3 54.7 4.7

c3h2d4 52.9

“'Data are givenin %, S C3H6_XDX = 100%. Errors are ± 3% of reported data.

CD3CD2CH2=CC3H7 (14d). In analogy to 
the ethylene elimination, the positions 
C(2)/C(3) seem to be involved in the hy­
drogen exchange reaction, while the 
methyl groups of 4-octyne are quantitati­
vely transferred to the neutral propene 
formed. We note the inverse kinetic iso­
tope effect (kH/kD = 0.83) favouring the 
loss of C3H3D3 over C3H6. Again, a 
straightforward, unambiguous explana­
tion is not at hand yet.
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