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Photochemical head-to-head (R = H) vs. head-to-tail dimerization
(R = Ph) of iron acetylide complexes (n°-C;Me,)Fe(CO),-C=C-R
leading to a dimetallacyclopentenone and a u-vinylidene complex *
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Abstract

Irradiation of a benzene solution of iron acetylides Fp*~C=C-R (R = H, Ph) results in dimerization of the R-C=C ligand to give
dinuclear complexes with completely different structures, i.e. a dimetallacyclopentenone Cp3Fe,(COXu-COXu-n':n>-
C(C=CH)=CHC(=0)] (R = H) and a p-vinylidene complex Cp3;Fe,(CO),(1-CO) p-C=C(Ph)C=C-Ph)] (R = Ph), depending on the
substituent (R). The formation of the products has been interpreted in terms of head-to-head (R = H) and head-to-tail coupling
(R = Ph) of the alkynyl ligands within the coordination sphere of the Cp*Fe(CO) fragment.

Metal acetylide complexes contain two reaction sites,
that is, the C=C part and the metal centre itself. Since
the former works as an electron donating n?-alkyne
ligand and the latter possesses an ability to transform a
ligand within its coordination sphere, combination of
the two functions has been expected to effect unusual
chemical reactivities. In previous papers we have
demonstrated that, if an nZ-alkyne ligand and an 7'-
organic group are introduced into a coordination sphere
of the CpFe(CO) fragment, the C=C part readily in-
serts into the Fe—C(n'-ligand) bond to give cis-alkenic
products [1,2**]. As summarized in Scheme 1, (i)
nucleophilic addition to [Fp*(n?Ph—C=C-Ph)IBF, [1c]
or (ii) photolysis of Fp—CH [3] or Fp*~CH  [1b] in the
presence of Ph—C=C-Ph may generate the n'-acyl-n?-
alkyne-intermediate, which undergoes intramolecular
transfer of the acyl or Nu group to the alkyne ligand
from the metal side to produce an alkenyl complex
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and/or a metallacycle with cis-configuration. These
results prompted us to examine photolysis of iron
acetylide complexes Fp*~C=C-R [R=H(1), Ph(2)]
which should serve as a substrate as well as a reactive
metal centre. Here we report the first example of
photochemical dimerization of metal acetylides [4*]
and a clear-cut regiochemical dependence of C-C cou-
pling processes on the substituent (R).

Irradiation of a benzene solution of iron acetylide
complexes 1 and 2 [1a] with a high-pressure mercury
lamp affords deep purple products 3 and 4 in moderate
yields (38 and 19%) [5*], respectively, after chromato-
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Fig. 1. An ortep view of 3 drawn at the 30% probability level.
Important bond lengths (A) and angles (°) are Fel-Fe2: 2.582(1),
Fel-Cl: 1.889(7), Fel-C2: 2.058(7), Fel-C3: 1.984(7), Fel-C7:
1.940(6), Fe2-C3: 1.957(6), Fe2—C6: 1.746(9), Fe2-C7: 1.940(6), C1-
C2: 1.44(1), C1-0O1: 1.197(9), C2-C3: 1.439%(9), C3-C4: 1.424(9),
C4-C5: 1.18(1), C6-02: 1.15(1), C7-03: 1.161(8); Fel-C3-Fe2:
81.9(3), Fel-C3-C4: 129.4(6), Fe2-C3-C4: 121.2(5), Fe2-C1-0O1:
143.9(6), O1-C1-C2: 139.2(7), C1-C2-C3: 115.3(5), C2-C3-C4:
119.1(6), C3-C4-C5: 178.2(9).

graphic separation (on alumina eluted with CH,Cl,-
hexanes) followed by recrystallization from ether-
hexanes. (egs. (1) and (2)) The two distinct Cp* signals,
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the presence of a bridging carbonyl ligand, and the
purple colour clearly indicate that both are dinuclear
complexes with an Fe—Fe bond.

Spectroscopic analyses of the H derivative (3) [6*]
merely reveal the presence of a non-coordinated
ethynyl group, an acyl functional group, and only one
n'-CO ligand in addition to the above-mentioned
structural informations. The structure has been deter-
mined unambiguously by crystallography (Fig. 1) [7*].
That C1, C2 and C3 lie within the range of bonding
interaction of Fel and that C3 is almost equidistant
from Fel and Fe2 may be interpreted in terms of the
three possible resonance structures, i.e. the dimetalla-
cyclopentenone structure (3), the ketene form (3’), and
the n>-allyl form (3”) (Scheme 2). Similar dimetallacy-
clopentenones (M = Fe, Ru) were prepared by a differ-
ent method, i.e. addition of R-C=C-R to a
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“Cp,M,(CO),” fragment, and their structures were
characterized by Knox et al. [8]

For the Ph derivative (4) [6], on the basis of the
highly deshielded quarternary carbon signal diagnostic
of a vinylidene ligand [ 328.6 (Ca), 135.6 (CB); cf.
Cp3Fe,(u-C=CHRXu-COXCO), (Ca, CB): R=H
(295.5, 113.4), R = C(=0)'Bu (334.9, 137.2) [1c]] [9], all
the '*C-NMR signals are readily assigned to the dinu-
clear p-vinylidene structure, which has been confirmed
by X-ray crystallography (Fig. 2) [7]. While most struc-
tural parameters to'all in their normal ranges, the C1-C2
distance [1.41(2) A] is the longest of the C=C lengths of
the previously reported diiron p-vinylidene complexes
(1.30 to 1.38 A) [9]. The elongation may result from
twisting of the C=C bond as is evident from the torsion
angles Fe2-C1-C2-C3 =29.6° and Fel-C1-C2-Cl11
= 41.4°, which suggest that the steric repulsion be-
tween the Cp* ring (C20 ~ 29) and the Ph group (C11
to ~ 16) is dominant.

Fig. 2. An ortep view of 4 drawn at the 30% probability level.
Important bond lengths (A) and angles (°) are Fel-Fe2: 2.565(3),
Fel-C1: 1.91(1), Fel-C17: 1.72(1), Fel-C18: 1.93(1), Fe2-Ct:
1.90(1), Fe2-C18: 1.90(2), Fe2-C19: 1.75(2), C1-C2: 1.41(2), C2-C3:
1.43(2), C2—C11: 1.49(2), C3-C4: 1.20(2), C4-C5: 1.42(5), C17-01:
1.16(2), C18-02: 1.20(2), C19-03: 1.15(2); Fe1-C1-C2: 138.5(9),
Fe2-C1-C2: 136.2(9), Fe1-C1-Fe2; 84.7(5), C1-C2-C3: 117(1), C1-
C2-C11: 125(1), C3-C2-C11: 11%1), C2-C3-C4: 172(1), C3-C4-C5:
176(1).
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Since no other isomeric product has ever been iso-
lated from the reaction mixtures, the present photo-
chemical dimerizations turn out to be regiospecific
ones. In addition, it should be noted that the regio-
chemistries of the C-~C coupling observed for 3 and 4
are completely different. In 3 the two ethynyl groups
are bonded to each other at the a-carbon of the
acetylide (head-to-head dimerization), whereas in 4 the
C-C bond formation has taken place between the
a-carbon of one Ph—C=C ligand and the B-carbon of
the other ligand (head-to-tail dimerization).

Taking into account our previous results, a plausible
mechanism for the formation of 3 and 4 is shown in
Scheme 3. Photochemical decarbonylation of 1 and 2
generates a coordinatively unsaturated species 5, which
incorporates another molecule of 1 and 2 to give a
dinuclear intermediate, 6 and 7, respectively. In the
next insertion step two orientations may be possible
depending on the substituent of the acetylide ligand.
When R = Ph, head-to-tail insertion leads to the for-
mation of 8, which is subsequently transformed to 4 via
metal-metal bond formation. On the other hand, an
insertion reaction of 7 may take place in the opposite
direction (head-to-head) to give 9. Isomerization giving
10 followed by CO insertion and Fe-Fe bond forma-
tion finally produces 3. Since rationalization of the
observed regiochemistry by preliminary EHMO calcu-
lations has been unsuccessful, we now assume that the

difference may partly result from steric reasons. When
R = H, the steric repulsion between the two Fp* groups
should stabilize 7 [10*]. However, in the case of 6 the
bulky Ph groups may destabilize the orientation like 7
or, more likely, some attractive interaction between the
two Fe atoms, which finally results in the formation of
the Fe—Fe bond, may favour 6.

Thus quite regioselective dimerization of metal
acetylides has been realized by the C-C coupling reac-
tion of the acetylide ligands in the coordination sphere
of the Cp*Fe(CO) fragment.
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