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Preliminary communication

o,m-Acetylido complexes via P—C bond cleavage of phosphinoacetylenes:
X-ray structure of Fe, (CO);(C=CPh)(PPh;)
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There are very few examples in which the triple-bond of a o-bonded acetylide
group is m-bonded to a second metal atom™* although many acetylene complexes of
transition metal carbonyls have been characterized'. We have characterized the novel
complex Fe, (CO)s(C=CPh)(PPh,), 1, which is formed in the room temperature reaction of
Ph, PC=CPh with Fe; (CO); and found that I contains an acetylide group g-bonded to one
iron atom and intramolecularly 7-bonded to a second iron atom. The interest in and
importance of I stems from the unusually facile cleavage of the P—C(acetylene) bond by
metal carbonyls and the fact that I may be an intermediate in the formation of the tri-
nuclear species Fe;(CO)g [Ph, PC4(CF3), ] (PPh,) *. In addition, o-bonded acetylides -
similar to I have been postulated as intermediates in the metal carbonyl catalyzed
trimerization of acetylenes®.

The reaction of Ph, PC=CPh 7 with Fe, (CO), in benzene at room temperature,
followed by chromatography on alurmina and recrystallization from benzene/heptane,
afforded red crystals of a complex analyzing as Fe; (CO)g [Ph; PC, Ph]. An NMR spectrum
indicated only phenyl ring protons. The mass spectrum gave a parent ion at m/e of 566 and
successive loss of the six CO groups to give an ion [Fe, C;oH;sP]™* in high abundance. The
IR spectrum [CgH,q; ¥(CO) region at 2074 s, 2036 vs, 2010 s, 1992 5, 1991 s, 1975 w] in
conjunction with the mass spectrum suggested two non-equivalent Fe(CO); groups and a

*Author to whom correspondence should be addressed at Department of Chemistry, University of
Florida, Gainesville, Florida 32601 (U.S.A.).
*™The simple acetylides [M(C=CR)] ,,, phosphine derivatives [(PR,)MC=CR],, (M =Cu, Ag)? and the
recently characterized polynuclear species [(7-C,H,)Fe(CO),(C,Ph)CuCl], ® and Cu,Ir, (PPh,),-
(C=CPh), * are notable examples. '
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coordinated triple-bond since »(C=C) of the ligand at 2198 cm ™! was missing. An X-ray
crystal structure study was undertaken to establish unequivocally the molecular geometry
of this interesting complex. '

Crystal data: Fe, (CO)¢(Ph, P)(C, Ph), Mol. wt. 566.07, monoclinic crystals, space
group P2, /c;a 9.507(1), b 30.565(8), ¢ 5.763(3) A, 8 117.21(2); U 2523(1) A ?, D,

1.48 g/em®, Z =4, D_ 1.490 g/ecm®_ The structure was solved by the heavy atom method
and refined by least-squares methods. The current R value is 0.052 for 2349 independent,
non-zero reflections measured with graphite monochromatized Mo-K radiation, using a
variable scan rate on a Syntex P1 diffractometer.

The molecular geometry, atomic numbering and the thermal ellipsoids are
illustrated in Fig. 1. The two Fe(CO); muoieties are joined by a metal—metal bond, a
bridging diphenylphosphido group, and the unique acetylide ligand which is o-bonded to
Fe(1) and w-bonded to Fe(2). The Fe—Fe distance of 2.597(2) A is intermediate in the
range of values (2.42—2.88 A) found in other organometallic compounds®:°. The Fe—P
distances (Fe(1)—P of 2.213(2) A and Fe(2)—P of 2.224(2) A) are shorter than the values
in the related compound Fe3(CO)s [Ph; PC4(CF3). (Ph, P)] *, but the Fe—P—Fe angle of
71.64(7)° is much smaller than was found in the other phosphido bridge (98.17(8)°) °. The
acute angle in the present structure is certainly a consequence of the Fe—Fe bond.

The coordinated acetylide must function as a 1-electron donor to Fe(1) via a
o-bond and also as a 2-electron donor to Fe(2) via a 7-bond if adherence to the 18-electron
rule is to be maintained. This dual interaction is reflected in the deviation of the Fe(1)—
C(7)—C(8) (160.3(6)°) and the C(7)—C(8)—C(31) (162.3(8)°) angles from linearity. The
Fe(1)—C(7) bond length of 1.891(6) A is in agreement with the formulation of an

Fig. 1. A view of the Fe, (CO), (C=CPh)(PPh,) molecule showing the molecular geometry, atomic
numbering and thermal ellipsoids Only the first carbon atom of each of the three phenyl groups is
shown together with the two bonds to ring carbons.
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Fe—C(sp) single bond'®, especially if one compares the Fe(1)—C(7) distance to the
Fe—C(CO group) distances, av. 1.78 A, which are considered to have multiple-bond
character. The Fe(2) to C(7) and C(8) distances of 2.125(8) A and 2.304(7) A are
reasonable relative to the usual Fe—C(olefinic-bond) distances* . The C(7)—C(8) bond
distance of 1.232(10) A is longer than the average triple bond length of 1.202(5) A '2,
reflecting the interaction of the triple bond with Fe(2). A similar distance, 1.235(18) A,
was reported for a coordinate acetylene bond in PtCl, (t-BuC=CBu-t)(CH3;CsH;NH;) 3. It
is interesting that reaction of I with P(OEt); proceeds via initial displacement of the
o-bonded acetylide from Fe(2) yielding yellow crystals of Fe, (CO)s(C=CPh)(PPh,)P(OEt);
rather than the CO substitution product Fe, (CO)s (C=CPh)(PPh; )P(OEt)s.

The facile fragmentation of the P—C bond in Ph, PC=CPh by Fe, (CO), at room
temperature is remarkable. A few other examples of M—C (M = P, As) bond cleavage in
reactions of Group V ligands with transition metal carbonyls have been reported but
usually require elevated temperatures!®. The cleavage in Ph, PC=CPh may be related to the
rigid linear P—-C=C—R skeleton which cannot remain intact if both the phosphorus atom
and the triple-bond are to coordinate in a binuclear metal—metal bonded complex. An
analogous P—C fragmentation occurs in the formation of Fe3(CO)g [Ph; PC4(CF3);] [PPh; ]
from Ph, PC=CCF; and Fe3(C0);, °. A comparison of the structure of I with that of
Fe3(CO)g [Ph, PC4(CF3), ] [PPh, ] clearly suggests that the latter could be formed from
the CF; analogue of I by the addition of the uncoordinated triple bond of the phosphine
complex Fe(CO),(Ph; PC=CCF 3)* to the coordinated acetylide in I, followed by a
rearrangement. We are currently exploring this possibility and the wider implications of
P—C bond cleavage in the reactions of phosphinoacetylenes with metal carbonyls.
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