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Summary  The (74-vinylketen) tricarbonyliron complexes 
(lc) and (Id) react with L’ (L’ = CO or PR,) to afford 
the ferracyclopent-2-en-5-ones (4)-(6) by an unusual 
intramolecular carbonylation-decarbonylation rearrange- 
ment of the vinylketen skeleton, induced by the co- 
ordination of L’; the structure of (5) was determined by 
X-ray analysis. 

RECENTLY the (q4-viny1keten)iron complexes (la) and (lb) 
were prepared by the reaction of (q3-vinylcarbene) tri- 
carbonyliron (3) with L (L = CO or PPh,); X-ray 
molecular analysis of (lb) showed that structure (1) is 
preferable to (2) .It 

c p 2 e  CO,Mc 

(1) a;L=CO 
b; L= PPh, 
C; LOPPh Me 
d; L= PPhkeZ 

(3) 

We now report an unusual intramolecular carbonylation- 
decarbon ylation rearrangement of the +vinylketen skeleton 
of (lc) (L = P P h a e )  and (ld)$ (L = PPhMe,) induced by 
the co-ordination of an additional ligand L’ (L’ = CO, 
PPh$e, or PPhMe,) affording the novel ferracyclopent- 
2-en-5-ones (4)-(6) (Scheme). 

t After the publication of ref. 1, the molecular structure of (+vinylketen)Fe(CO), complexes prepared by the reaction of cyclo- 
propenes with Fe,(CO), was reported: G. Dettlaf, U. Behrens, and E. Weiss, Chem. Ber., 1978, 111, 3019; P. Binger, B. Cetinkaya, and 
C.  Krueger, J .  Organometallic Chem., 1978, 159, 63;  M. G. Newton, N. S. Pantaleo, R. B. King, and C. K .  Chu, J.C.S. Chem. Comm., 
1979, 10. 

$ (lc) and (Id) were prepared by the method similar to that for (lb) both in ca. 70% yield. Analytical and spectral data of these 
complexes were fully consistent with the structures given. The reaction of (la) or (lb) with CO or PR, was very slow and no product 
was isolated. 
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Treatment of (Id) with 1 mol. equiv. of dimethylphenyl- 
phosphine or carbon monoxide (1 atm) in methylene 
dichloride at room temperature for several hours followed 
by recrystallization from light petroleum-diethyl ether 
gave yellow crystals of the 1 : 1 adducts (4) and (5),$ in 45 
and 65% yields, respectively. The reaction of (lc) with 
methyldiphenylphosphine also gave the 1 : 1 adduct (6) in 
13% yield. On the basis of the spectral data of (4)-(6), 
the formation of a novel series of ferracyclopent-Ben-5-ones 
was inferred and the complete structural characterization 
of (5) was accomplished by an X-ray single crystal analysis, 
the result of which is shown in the Figure. CrystuE datu: 
C,,H,,FeO,P, M = 434.2, monoclinic, space group P2,/n, 

Ph n 

I 1 
FIGURE. Molecular structure of FeCOCH,C(CO,Me)=C(OMe) - 
(CO),(PPhMe,) (5) .  The phenyl group is not shown except for 
the carbon atom bonded to the phosphorus atom. Important 
distances (A) and angles (") are also given. 

a = 13.393(4), b = 16.906(3), G = 8.774(2) A, /3 = 
93.10(2)01 2 = 4, D, = 1-454g~m-~.  Least-squares 
calculations on 2690 non-zero independent reflections 
(Mo-K, radiation) gave an R value of 4.2%. The geometry 
of the co-ordination is pseudo-octahedral { LP-Fe-C( 16) 
167.9(1)"]. Both C(2) and C(5) are in the cis positions 
about the dimethylphenylphosphine. The phenyl group 
is oriented towards the ferracyclopentenone ring, which is 
not planar but envelope-like; C(2)=0(1) deviates from the 
plane Fe-C(S)-C(4)-C(3).7 The molecule is thought to be 
formed by the co-ordination of carbon monoxide to the 
iron atom accompanied by the migratory insertion of 
carbon monoxide into the methylene carbon-iron bond of 
(Id) and by the decarbonylation of the acyl group in (ld). 

On the basis of the X-ray analysis and the following 
spectral observations for the complexes (4) and (6), the 
geometry of (4) and (6)  was deduced to be as shown in the 
Scheme: (i) 1H and 13C n.m.r. spectra of (4) and (6) 
exhibited nonequivalence of the methyl groups of the 
methylphenylphosphines and the methylene protons show- 
ing the absence of a plane of symmetry in the complexes; 
(ii) the 13C n.m.r. signals for the Fe-C(: 0)- groups in (4) 
and (6) were triplets [JGp(L), Jc-p(L') = 23-2 and 
21 -5 Hz, respectively]. 

A plausible reaction route can be deduced by comparison 
of the molecular structures of (1) and (4)-(6) (Scheme). 
The attack of the ligand L' on the iron atom from the 
plane C(2)-C(16)-L (see Scheme) in (1) would cause move- 
ment of C(16)0, inducing fission of the C(3)-Fe bond and 
formation of the C(2)-C(3) bond accompanied by cleavage 
of the C(5)-C(12) bond. 

Although several examples of ferracycl~pentanones~ s3 

and ferracyclopentenones4-6 have been prepared and 
characterised, compounds (4)-(6) are the first examples 
of fully characterized ferracyclopent-2-en-5-ones. 

(Received, 15th March 1979; Corn. 261.) 

ij Satisfactory analytical and spectral data for the complexes have been obtained. Detailed spectroscopic data for (4)-(6), which 
are completely consistent with the X-ray structure will be reported in a full paper. 

'T[ The atomic co-ordinates for this work are available on request from the Director of the Cambridge Crystallographic Data Centre, 
University Chemical Laboratory, Lensfield Road, Cambridge CB2 1 EW. Any request should be accompanied by the full literature 
citation for this communication. 
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