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Synthesis of the First Example of a Metal Complex containing a Co-ordinated ps-(n2-1)
Phospha-alkyne Ligand. Addition of an Fe,(CO)¢ Unit to the n2-Phospha-alkyne
Complex [Pt(dppe)(ButCP)]: Crystal and Molecular Structure of
[Fe,Pt(dppe)(CO)s(ButCP)] (dppe = Ph,PCH,CH,PPh,)

Saud |. Al-Resayes, Peter B. Hitchcock, Mohamed F. Meidine, and John F. Nixon*
School of Chemistry and Molecular Sciences, University of Sussex, Brighton BN1 9QJ, Sussex, U.K.

A new mode of co-ordination for a phospha-alkyne ligand has been established in the complex

[Fe,Pt(dppe}{CO)g(ButCP)].

There is considerable current interest in the chemistry of
compounds containing multiple bonds to second row ele-
ments.]—3 Previously we have described syntheses and co-
ordination complexes of phospha-alkenes R,C=PR’, and
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phospha-alkynes RC=P, and established bonding types (I),
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Figure 1. 3'P{'H} N.m.r. spectrum of Fe,Pt(dppe)(CO)s(ButCP), (2).

But); and (III) ML, = Co(CO);, M'L’,, = W(CO)s, ML, =
Mo(CO)(n>-CsHs), ML, = W(CO)st Osy(CO)y,
Ru3(CO),; (R = BuY).7}

We now report that treatment of the new colourless
complex Pt(dppe)(ButCP), (1) (dppe = Ph,PCH,CH,PPh,)
[made quantitatively from Pt(dppe), and ButCP] with
Fe,(CO)y or Fey(CO)y, in toluene gives quantitatively the
deep cherry red trimetallic complex [Fe,Pt(dppe)(CO)¢-
(ButCP)] (2).

The 3'P{'H} n.m.r. spectrum of (1) shows the expected
ABX pattern of lines & —=93.6 (P,), —87.9 (Pg), —=53.3p.p.m.
(Px); U(Pt,P4) 3308, U(Pt,Pg) 2930, LJ(Pt,Px) 166, 2] (P 4,Pp)
44,2](P,Px) 27, 2J(Pg,Px) 21 Hz and the small magnitude of
UJ(Pt,Px) (166 Hz) is indicative of the n2-phospha-alkyne
bonding mode previously established crystallographically for
type (I) bonding [M = Pt, L, = (PPh;),, R = But].4 The 31P-
{TH} n.m.r. spectrum of (2) on the other hand (Figure 1)
exhibits a simple A,X pattern with platinum satellites & —76.9
(Pa), —192.8 p.p.m. (Px); J(Pt,P4) 3329, J(Pt,Px) 128,
2J(Pa,Px) 36 Hz indicating that the molecule has a plane of
symmetry. The low value of YJ(Pt,Px) (128 Hz) in (2)
indicates that the phospha-alkyne is not bonded to platinum
via its phosphorus lone pair.

A single crystal X-ray diffraction study+ on (2) confirms the
spectroscopic data and reveals that the phospha-alkyne RC=P
fragment transversely bridges the Fe-Fe bond so that the
phosphorus atom is co-ordinated to the three metal atoms of
the Fe,Pt ring (Figure 2). This type of bonding is the first of its
kind established for a phospha-alkyne ligand and is similar to
the relatively rare examples known for alkynes RC=CR in the
complexes [Niy(CO)4{C(CF3),}3],8 [Nig(CNBut)4(C,Phy)5],°
[FeS(CO)Q(CzPhZ)],IU and [WzFC(CO)(,(V]S—CSHS)z{Cz(C(,H4'
Me),}].1t

Interestingly the latter complex results from coupling of two
RC fragments in the reaction of the carbyne complex
[W(CO),(n3-CsHs)(CC¢HyMe)] with Fe,(CO)y. On the other

t Crystal data for (2): C3H33Fe,O6P3Pt, monoclinic, space group
P2,/c,a =13.238(1), b = 11.295(2), c = 25.642(2) A, § = 100.72(1)°,
Z = 4. The structure was solved by heavy atom methods and refined to
R = 0.040 by least squares using 3954 reflections with I > o (1)
measured on a CAD4 diffractometer with Mo-K, radiation. The
atomic co-ordinates for this work are available on request from the
Director of the Cambridge Crystallographic Data Centre, University
Chemical Laboratory, Lensfield Rd., Cambridge CB2 1IEW. Any
request should be accompanied by the full literature citation for this
communication.

Figure 2. Molecular structure of Fe,Pt(dppe)(CO)s(ButCP), (2).
Selected bond lengths (A) and bond angles (°) of interest are:
Pt-Fe(1) 2.671(1), Pt-Fe(2) 2.669(1), Pt-P(1) 2.343(2), Pt+-P(2)
2.263(2), P+-P(3) 2.270(2), Fe(1)-Fe(2) 2.518(1), Fe(1)-P(1)
2.343(2), Fe(2)-P(1) 2.446(2), Fe(1)-C(1) 2.080(6), Fe(2)-C(1)
1.974(6), P(1)-C(1) 1.703(6); Pt—P(1)-C(1) 113.6(2), P(1)-C(1)-C(2)
128.1(5), Fe(1)-P(1)-Fe(2) 63.40(5).

hand Stone et al.12 found that the analogous reaction of the
carbyne complex [Pt(PR3),W(CO),(15-CsHs)(CCsHyMe)] in
tetrahydrofuran with Fe,(CO)y {in which the carbyne
[W(CO),(n5-CsHs)(CCyH Me)] fragment is isoloball3.14 with
RC=P} gave products involving only one iron atom.

Further structural features of interest in complex (2) are (a)
the lengthening of the P-C bond of the co-ordinated phos-
pha-alkyne from 1.54 A in the free ligand to 1.70 A which is
more typical for a C=P double bond,? (b) the preference for
the phosphorus atom rather than the CBut group as the p;
bonding moiety, and (c) the Pt-P bond length [2.343(2) A] is
only slightly longer than the Pt-P bonds to the dppe ligand
even though the phosphorus lone pair appears not to
participate significantly in Pt-phospha-alkyne bonding.

The RC<g?P<g>W(CO),(n>-CsHs) isolobal relationship
however suggests that it should be possible to synthesise many
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metal phospha-alkyne complexes analogous to the extensive 5 S. L. Al-Resayes, S. I. Kiein, H. W. Kroto, M. F. Meidine, and
series of carbyne-metal derivatives developed by Stone and J. F. Nixon, J. Chem. Soc., Chem. Commun., 1983, 930.
coworkers. 14 6 J. C. T. R. Burckett-St. Laurent, P. B. Hitchcock, H. W. Kroto,

M. F. Meidine, and J. F. Nixon, J. Organometal. Chem., 1981,
238, C82.
7 R. Bartsch, P. B. Hitchcock, M. F. Meidine, and J. F. Nixon, J.

Further types of co-ordination modes for phospha-alkyne
ligands in metal complexes will be the subject of future

publicat?ons. i ) Organometal. Chem., 1984, 266, C41.
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