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Abstract 

The synthesis of novel a-alkynyl cyclopentadienyl iron(H) complexes of the type [Fe(C%CR)L,(n- 
CsH,)] [L = CO; R = SiMe,, ‘Bu, CO,Me; L, = bis(diphenylphosphino)methane (dppm), R = SiMq, 
‘Bu, CCO,Me, H, C,H,] is described. IR and ‘H, “P(‘H) and 13C NMR data are discussed. The 

structure of [Fe(C=CPh)(dppm)(n-CsH,)] has been determined by an X-ray diffraction study. The 
coordination around the Fe atom of the cyclopentadienyl ring (considered as bonded at its centroid), the 

two P atoms of the dppm molecule acting as a chelating @and, and the terminal carbon of the 
phenylacetylide ligand, can be described as a three-legged piano stool. The stabilities of the dppm chelate 

rings in the complexes have been studied, and their reactions with CO under atmospheric or higher 
pressure examined. 

Introduction 

The chemistry of metal alkynyl complexes has undergone important development 
in recent years [l-4]. The ability of the acetylide anions RCS- to bond to 
transition metals as terminal, bridging or multisite ligands [3,4] has no equivalent 
among unsaturated hydrocarbyls. The ability of the coordinated ligands to react 
with both nucleophilic and electrophilic agents is well established [5], and they have 
been shown to be excellent precursors for the generation of other hydrocarbyl 
ligands in polynuclear coordinated ligands systems [6]. 

We have recently reported a new method of synthesis of tetra- and n-i-nuclear 
copper(I) acetylide complexes of the types [Cu(p,-q’-C=CR)(dppm-P)], [4a], 

[Cu,(CL-dppm),(~l,-~‘-(R)12+ [4b] and [Cu,(p-dppm),(p,-C~)(~~-TJ’-C=-CP~)]? 
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[4c] starting from dinuclear systems containing the “Cu,(p-dppm),” moiety (dppm 
= bis(diphenylphosphino)methane) and taking advantage of the well known ability 
of dppm to act mainly as a bridging ligand [7]. 

In continuation of our studies of the chemistry of acetylide complexes and of the 
ability of dppm to form polynuclear complexes, we report here the preparation of a 
series of novel cyclopentadienyl iron(I1) alkynyl complexes Fe(C%CR)L,( n-C,H,) 

[L = CO (6-9) and L, = dppm (l-S)] in which dppm acts as a chelating bidentate 
ligand. 

Q 

R L2 = dppm L-CO 

Q 
SiMe3 1 6 

COZMe 2 7 

‘Eu 3 8 

L&@J FeYq.R 

/ 

H 4 

C6H5 5 9 

The structure of complex 5, determined by a single-crystal X-ray diffraction 
study, has a piano stool arrangement of the phenylacetylide and dppm ligands 
around the metal atom, with a small bite angle P-M-P (ca. 74O) characteristic of 
the chelated dppm complexes. The chelation shift values A, for the corresponding 
phosphorus resonances in the NMR spectra (ca. -28) reflect the typical upfield 
shifting of the strained four membered metal-dppm rings [8]. With the aim of 
exploring the behavior of these complexes as metal-containing bifunctional ligands, 
we have studied their reactions with CO to bring about ring opening by displace- 
ment of one of the two coordinated phosphorus atoms. However, in contrast with 

the ability of other dppm complexes to undergo ring opening reactions (i.e. 

MX,(dppm) [91, [WdppmMC12 M = Pd, Pt [lo], Fe(CO),(dppm) [ll], 
RuH,(dppm), [12] used as precursors of homo and heterodinuclear compounds), 
complexes l-5 seem to be resistant towards opening processes of the chelate ring. 
3’P{1H} NMR studies show that significant ring opening takes place only in the 
presence of CO under high pressures (ca. 30 atm), the equilibrium 

Fe(C=CR)(dppm)( n-C,H,) + CO e Fe(C=CR)(CO)(dppm-P)( T&H,) 

lying over to the left at lower pressures. 
We also present 13C NMR data which extend the limited information available 

for alkynyl cyclopentadienyl complexes of iron. A new cyclopentadienyl mono- 
carbonyl derivative containing a monodentate dppm ligand, FeBr(CO)(dppm-P)( n- 
C,H,), is also described. 

Results and discussion 

Although a variety of methods of preparing a-alkynyl cyclopentadienyl transition 
metal complexes have been described [la] the most useful approach involves the 
reaction of halide derivatives with an acetylide reagent, which is generally prepared 
in situ (as a lithium derivative or from the terminal alkyne in the presence of a base) 
[lb]. However the enhanced reactivity of the alkynyl group GCR upon coordina- 
tion, even when only a u-bond is formed, limits the synthetic utility of organo- 
lithium reagents and leads to rather low yields after work up of the reaction 
mixtures. 
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Table 4 (continued) 

Atom 

C(102) 

c(l12) 
C(122) 
C(132) 
C(142) 
C(152) 
C(162) 
C(172) 
C(182) 
C(192) 
C(202) 
C(212) 
C(222) 
C(232) 
C(242) 
C(252) 
C(262) 
C(272) 
C(282) 
C(292) 
C(302) 
C(312) 
C(322) 
C(332) 
C(342) 
C(352) 
C(362) 
C(372) 
C(382) 

x 

1937(3) 
l&(3) 
1343(3) 
156q3) 
536(2) 

- 67(2) 

- 94(3) 
- 562(3) 
- 983(3) 
- 968(3) 

- 504(3) 
521(2) 
488(3) 
478(3) 
506(3) 
549(3) 

556(3) 
1303(3) 
948(3) 

1058(3) 
1491(3) 
1839(4) 

1740(3) 
1522(2) 
1709(3) 
1925(3) 
1949(3) 
1771(3) 
1562(3) 

Y z 

8069(9) 6391(4) 
821qll) 5955(4) 
6858(13) 5874(3) 
5932(9) 6252(4) 

9340(7) 7264(2) 
8113(7) 6317(3) 
6749(E) 6115(3) 
6149(10) 5934(3) 
6936(9) 5970(3) 
8294(10) 6166(3) 
8892(E) 6341(3) 

10536(7) 616q3) 
10432(E) 5596(3) 
11663(9) 528q3) 
12999(10) 5525(4) 
13099(9) 6079(3) 
11870(E) 6395(3) 

8144(E) 8056(3) 
8286(9) 8435(3) 
7684(9) 8959(4) 
6988(10) 9073(4) 
6815(10) 8707(4) 
7387(9) 8181(3) 

10632(7) 7463(3) 
11289(E) 7020(3) 
12663(9) 7079(3) 
13376(10) 7565(3) 
12708(9) 8005(3) 
11342(E) 7965(3) 

reflections, 4855, having Z > 2a(Z), were considered observed and used in the 
analyses. The individual profiles were analyzed as described by Lehmann and 
Larsen [23]. No absorption correction was applied. 

The structure was solved by Patterson and Fourier methods and refined by 
full-matrix least-squares with anisotropic thermal parameters in the last cycles for 
all the non hydrogen atoms, excepting for the carbon atoms of the phenyl rings. All 
the hydrogen atoms were placed at their calculated positions (C-H = 1.00 A) and 
refined riding on the corresponding carbon atoms. A weighting scheme w = 
K[s2( F,) + gEbz]-’ was used in the last cycles of refinement, with K = 0.660 and 
g = 0.0015. Final R and R' values were 0.0543 and 0.0606 respectively. The SHELX-76 

and SHELXS-86 programs were used [24]. Atomic scattering factors, corrected for 
anomalous dispersion, were taken from Ref. 25. Final atomic coordinates for the 
non hydrogen atoms are given in Table 4. All calculations were carried out on the 
Cray X-MP/lZ computer of the Centro di Calcolo Elettronico Interuniversitario 
dell’Italia Nord-Orientale, Bologna and on the Gould Powemode 6040 of the 
Centro di Studio per la Strutturistica Diffrattometrica de1 C.N.R., Parma. Ad- 
ditional data (H-atom coordinates, thermal parameters) are available from the the 
authors. 
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