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Iron and nickel carbonyls oligomerize acetylenes so readily that very few
simple acetylene complexes of these metals have been characterized [1, 2].
Complexes of the type (RC=CR')Fe(CO), are said to be highly reactive and can
only be isolated® when R and R’ are bulky substituents, such as C(CHj3); and
Si(CH3); [2]. In only one case did the reaction of Ni{CO); with acetylenes vield
a stable m-alkyne derivative, Niy (CO);(CF;C,CF3); [3]. A few nickel analogs of
the platinum complexes (Ph;P). Pt(RC=CR') have been synthetised from
Ni(C,H, )(PR3), [4, 5], but the complexes are reportedly | 5] too unstable for an
analysis. In contrast, we have found that phosphinoacetylenes, Ph, PC=CR, react
with either Fe,(CO)y or Ni(CO), to give stable Fe® and Ni° r-alkyne complexes.
These simple malkyne complexes are possible models for the intermediates in the
iron {2] and nickel carbonyl {6] catalyzed oligomerization of acetylenes. There-
fore, X-ray structural studies of Fe, (CO)q(Ph, PC=CPh), and Ni, (CO)--

(Ph, PC=CBu-t), were undertaken since there is a lack of X-ray data for simple,
non-bridging, m-acetylene complexes of 1st row transition metals.

The reaction of Fe,(CO), with Ph, PC=CPh in benzene at room temperature
gives the o,m-acetylide complex Fe, (CO)¢(C=CPh)(PPh; ) as the major product,
together with smaller quantities of Fe, (CO)s(Ph,PC,Ph), (I). The yellow-brown
air stable complex I has v(C—O¢terminal) bands at 2020s, 201 2s, 1988s, 1970s (br),
1940s (br) ecm ™!, bands of medium intensity at 1805 and 1798 cm ™' but no
y(C=C) bands of the free ligand™*. The reaction of Ni(CO), with Ph, PC=CBu-t
in carefully degassed non-polar solvents at room temperature gives Ni, (CO),-

*PDetails on the characterization and properties of these compounds have never been published.
* *Bands near 1800 cm ™! in I and II are due to v(C=C) of the coordinated acetylenecs.
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(Ph,PC,Bu-t), (II). A strong IR band was observed at 1810 cm™ similar to that
found in the iron complex, together with »(CO¢) bands at 1980 and 1938 cm™".
The v(C=C) of the ligand was also absent.

Crystal data: Fe, (CO)4{(Ph,PC=CPh)., mol. wt. 852.4, monoclinic crystals,
space group P2, /n;a = 12.032, b = 19.155, ¢ = 17.644 &, 8 91.39°; U = 4065.2,
D = 1.42¢glem?, Z = 4, D =.1.393 gfcm?. Ni,(CO), (Ph, PC=CBu-t),, mol. wt.
706.1, monoclinic crystals, P2, /n;a =16.733, b= 12.233, ¢ = 19.677 4,
8118.31°% U = 3546.0, Dy, = 1.32 g/cm?®, Z = 4, D = 1.324 g/cm?®. The structures
were solved by the heavy atom method and refined by least-squares techniques.
The current R value for I is 0.065 for the 3400 reflections with I = 1.8¢(I)
measured with graphite monochromatized Mo-K,, radiation. For I the R value is
0.070 for 2268 reflections, with I > 2.00(I) measured with Ni-filtered Cu-K,
radiation. All measurements were made with the P diffractometer using a
variable speed scan technique.

9)
1.016(8)

Fig. 1. A view of the molecular structure of Ni,(CO),(Ph, PC, Bu-t), showing the atomic numbering and
pertinent distances and angles. Only one carbon atom of each phenyl ring is shown.

The nickel complex shown in Fig. 1 is the first example of a simple
acetylene complex obtained from the reaction of Ni(CQ),; and an acetylene. The
closely related iron complex is shown in Fig. 2. Pertinent bond distances and
angles are shown in these figures. In both binuclear complexes the metal atoms
are coordinated to the phosphorus atom of one phosphinoacetylene and the
triple bond of the second phosphinoacetylene. The iron atoms in I can be
considered to be the centers of trigonal bipyramids if the alkynes are assumed to
occupy one site in the trigonal plane. In I, the nickel atoms are the centers of
trigonal planar arrangements, consisting of the CO group, the phosphorus atom,
and the alkyne moiety. The angle between the planes Ni(1), P(1), C(1) and Ni(1),
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Fig. ‘2. A vitzw of the molecular structure of Fe, (CO), (Ph,PC,Ph), showing the atomic numbering and
pertinent distances and angles. For the sake of clarity only one carbon atom of each phenyl ring is shown.

C(9), C(10) is 6.0° and between Ni(2), P(2), C(2) and Ni(2), C{38), C(4) is 5.9°.
The orientations of the alkynes follow the pattern found in other zerovalent
metal—olefin and acetylene complexes [7—9].

The strength of the metal acetylene interaction is reflected in a lengthening
of C=C from 1.20 A in ‘““free” acetylene to 1.267¢(11) A inI and 1.280(14) A in
I1. The iron—acetylene n-interaction is clearly stronger than in Fe,(CO)g(C=CPh)-
(PPh,) [10], where C=C is 1.232(10) A, as indicated by the shorter Fe—C
distances of 2.063(8) A in I versus 2.125(8) and 2.304(7) A in Fe,(CO)s(C=CPh)-
(PPh,). Similarly, the Ni—C distances in II, av. 1.914(10) A, are significantly
shorter than the Ni—C bond distances of 2.02(2) A in Ni(#-C, H, )[lo-CH3;C,H,0);P’
{8] and 1.99(1) & in Ni(#-C, H,)(PPh;). [9] but comparable to the Ni—C
distance of 1.911(12) A in the acrylonitrile complex Ni(H, C=CHCN){(0-CH;-
C¢H,;0)3P]. [8]. The latter complex is particularly interesting since acrylonitrile
is one of the few olefins which react directly with Ni(CO), to yield stable olefin
complexes. The Ni—C bond in II is apparently one of the strongest Ni—C (#-bond)
interactions reported to date.

Whereas I can be considered as a disubstituted derivative of Fe(CO);, the
compounds [Ni(CO)}(Ph,PC=CR)]. are rare and unusual examples of coordi-
natively unsaturated carbonyl complexes of Ni®. Complexes of the types I and II
may be of considerable utility in organometallic chemistry because of their facile
synthesis and ease of handling, their similarity to intermediates, such as Fe{CO),-
(RC=CR) and Ni(PR.1).(R'C=CR"), proposed for acetylene trimerization
reactions [1, 2, 6] and the presence of groups susceptible to both nucleophilic
and electrophilic attack. We are currently exploring the use of phosphino-
acetylenes for the synthesis of other metal-—acetylene complexes of low stability.

Acknowledgements

We are grateful to the National Research Council of Canada for financial
support (AJC) and the Northeast Regional Data Center, University of Florida for



C20

a grant of computing time. One of us (AJC) thanks the Chemistry Department,
Center for Molecular Structures, University of Florida for facilities provided
during a sabbatical leave.

References

1
2

Cw = anew

10

F.L. Bowden and A_B.P. Lever, Organometal. Chem. Rev., 3 (1968) 227.

W. Hubel in I. Wender and P. Pino (Eds.), Organic Syntheses via Metal Carbonyls, Interscience, New York,
1968, pp. 273—342.

R.B. King, M.I. Bruce, J.R. Phillips and F.G.A. Stone, Inorg. Chem., 5 (1966) 684.

G. Wilke and G. Herrmann, Angew. Chem., 74 (1962) 693.

E.O. Greaves, C.J.L. Lock and P.M. Maitlis, Can. J. Chem., 46 (1968) 3879.

C. Hoogzand and W. Hubel in I. Wender and P. Pino (Eds.), Organic Synthesis via Metal Carbonyls,
Interscience, New York, 1968, pp.- 343—371.

See for example, M.A. Bennett, G.B. Robertson, P.O. Whimp and T. Yoshida, J. Amer. Chem. Soc., 93
(1971) 3797; J.O. Glanville, J.M. Stewart and S.0. Grim. J. Organometal. Chem., 7 (1967) P9.

L.J. Guggenberger, Inorg. Chem., 12 (1973) 499 and ref. therein.

P.T. Cheng, C.D. Cook, C.H. Koo, S.C. Nyburg and M.T. Shiomi, Acta Crystallogr., Sect. B, 27 (1904)
171.

R.G. Fischer, H.A. Patel, A.J. Carty, D.V. Naik and G.J. Palenik, J. Organometal. Chem., 60 (1973) C49.



