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Abstract 

Di-iron nonacarbonyl reacts with dibenzylideneacetone (5) to produce, depending on the reaction conditions, either a mixture of the 
three complexes Fe(CO)a[r/2(COXCH=CHPh)2] (6), Fe2(CO)8[r/2, r/2(COXCH=CHPh)2] (7), and Fe(CO)a[r/4(COXCH=CHPh)2] (8), 
or solely complex 7 in which the ligand is bound in a T/z, /z-7/2, 7/E, or ~/4 fashion. All three complexes have been ~lly characterized by 
X-ray crystallography. Crystal data for complex 6:C21H1 4FeOs, monoclinic, space group P21/n,  a = 6.326(2) A, b = 14.567(2) A, 

o ° 3  - 3  • • • c = 20.504(2) A, fl = 96.91(2), U = 1875(4) A ,  D c = 1.42 g cm , Z = 4. For complex 7: C25H14Fe209, tnchnlc, s~ace group P1, 
a = 9.677(5) ,~, b = 10.635(5) ,~, c = 13.471(6) ,~, a = 104.24(3) °, fl = 105.46(4) °, y = 104.75(4) °, U = 1216.7(8) A 3, De = 1.56 og 
cm -3, Z = 2. For complex 8: C2oH14FeO 4, orthorhombic, space group Pbca, a = 13.397(2) A, b = 10.041(3) A, c = 26.579(2) A, 
U = 3575.1(8) ~3, Dc = 1.39 g cm-3, Z = 8. Upon reaction with MeLi under an atmosphere of CO, all of the three complexes each gave 
a mixture of the expected r/4-ketene complex Fe(CO)4(T/4-PhCH=CH(C=C=O)CH=CHPh) (9) as the result of a deoxygenation- 
carbonylation reaction, and the new/z-alkylidene complex Fe2(CO)6(/z-~/a, r/3-C(CH=CHPh)2 ) (10) as the result of a deoxygenation 
reaction of the starting complex followed by the trapping of the intermediate alkylidene complex by Fe(CO) 3. Complex 10, 
C23H14Fe206, has been fully characterized by X-ray crystallography and shown to be orthorhomblc, space group Pbcn, a = 17.155(4) 
o o o o 3 

A, b = 7.842(2) A, c = 15.857(2) A, U = 2133.2(5) A ,  D c = 1.55 g c m -  3, Z = 4. 

Keywords: Iron; Ketene; Alkylidene complexes; Dibenzylideneacetone 

1. Introduction 

Recent work by Thomas  et al. [1] demonstrated the 
role that Fe(0) r/4-vinyl ketone complexes can play in 
organometall ic  chemistry as well as in organic chem- 
istry. Especially important was the observation o f  the 
formation of  vinyl ketene complexes from the attack of  
an organoli thium compound  on a carbonyl  ligand of  the 
metal. The investigation o f  the mechanism for this 
transformation suggests the formation of  transient 
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vinyl-carbene complexes (Scheme 1, 1 ~ 3) which un- 
dergo an insertion o f  CO (3 ~ 4). 

However ,  direct evidence for the formation of  an 
unstable carbene complex such as compound 3 has not 
been established, although organic coupling products o f  
the presumed carbene complexes have been detected 
[1,2] and heteroatom-substituted carbene complexes o f  
iron have been found to undergo easy CO-insertion 
reactions [3,4] leading to coordinated ketene complexes.  

During our studies o f  the interaction o f  amines, 
especially tertiary amines, with ketene complexes o f  
chromium [5,6] and of  iron [2], we attempted the syn- 
thesis of  ketene complexes derived from functionalized 
vinyl ketones, among  which were divinyl ketones. 
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Scheme 1. 

Here we present evidence that suggests the formation 
of an intermediate alkylidene complex. 

2. Results and discussion 

2.1. Synthesis of the vinyl-ketone complexes 

When dibenzylideneacetone (5) was treated in anhy- 
drous ether, at room temperature, with an excess of 
Fe2(CO)9, the complex Fe2(CO) 8 [r/z, r/2(CO)- 
(CH=CHPh) 2 ] (7) precipitated as a yellow powder, in a 
22% yield. Silica-gel chromatography of the residue 
obtained upon evaporation of the solvent gave a further 

crop of complex 7 [7] (6%) together with complexes 
Fe(CO)n[r/2(CO)(CH=CHPh)2] (6) (8.5%) and 
Fe(CO)3[r/a(co)(CH=CHPh)2] (8) (18%). The struc- 
tures of these complexes were assigned spectroscopi- 
cally and confirmed by X-ray diffraction (Scheme 2). 

The 1H NMR spectrum of complex 6 disclosed dou- 
blets centred at 6 7.77 and 7.08 ppm (d, J = 16 Hz) for 
the vinylic protons of the free carbon-carbon double 
bond, and at 6 4.59 and 5.33 ppm (d, J = 11.4 Hz) for 
those of the coordinated double bond. The upfield shift 
observed for the vinylic protons of the coordinated 
double bond is similar to those reported in tetracarbonyl 
(cinnamaldehyde) iron(0) [8] and tetracarbonyl (chal- 
cone) iron(0) [9], suggesting that in complex 6, an 
Fe(CO) 4 fragment is bound in an 1,72 fashion to the 
ligand. Moreover, the carbons of the free and coordi- 
nated double bonds gave signals at respectively 6 141.9 
and 125.7 ppm, and at 53.3 and 57.7 ppm as compared 
with the shift observed for the free ketone, at 8 142.9 
and 125.5 ppm. 

The ORTEP view of complex 6 appears in Fig. 1 
whereas the bond distances (.~) and the bond angles 
(deg) are listed in Table 1. This shows the 1,72 coordina- 
tion of the ketone to Fe(CO) 4, with a lengtheninbg of the 
coordinated double bond C(2)-C(3), 1.409(3) A, com- 
pared with a C(4)-C(5) free double bond length of 
1.313(4) ,~. No difference in the bond distance for 
C(2)-C(1) and C(1)-C(4) is, however, observed. 

The IR spectrum of the second complex (7) showed 
four ~ (MCO) bands typical of (olefin)Fe(CO) 4 sys- 
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Fig. 1. The molecular structure and atom-numbers scheme for complex 6. 
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Table 1 
Bond lenghts (.~) and bond angles (deg) for C21H14FeO 5, (6) 
Fe(1)-C(2) 2.105(2) 
Fe(1)-C(3) 2.138(2) 
Fe(1)-C(11) 1.808(3) 
Fe(1)-C(12) 1.827(3) 
Fe(1)-C(13) 1.803(3) 
Fe(1)-C(14) 1.794(3) 
C(1)-C(2) 1.472(3) 
C(1)-C(4) 1.484(4) 
C(1)-0(1) 1.227(3) 
C(2)-C(3) 1.409(3) 
C(3)-C(31) 1.482(3) 
C(4)-C(5) 1.313(4) 
C(5)-C(51) 1.464(3) 
C(ll)-O(ll) 1.129(3) 
C(12)-0(12) 1.120(3) 

C(2)-Fe(1)-C(3) 38.8(9) 
C(2)-Fe(1)-C(11) 86.8(1) 
C(3)-Fe(1)-C(ll) 91.3(1) 
C(2)-Fe(1)-C(12) 93.4(1) 
C(3)-Fe(1)-C(12) 88.7(1) 
C(11)-Fe(1)-C(12) 179.6(1) 
C(2)-Fe(1)-C(13) 109.0(1) 
C(3)-Fe(1)-C(13) 147.5(1) 
C(ll)-Fe(1)-C(13) 90.4(1) 
C(12)-Fe(1)-C(13) 89.8(1) 
C(2)-Fe(1)-C(14) 139.5(1) 
C(3)-Fe(1)-C(14) 101.1(1) 
C(11)-Fe(1)-C(14) 90.1(1) 
C(12)-Fe(1)-C(14) 89.5(1) 
C(13)-Fe(1)-C(14) 111.4(1) 
C(2)-C(1)-C(4) 116.4(2) 
C(2)-C(1)-0(1) 121.2(2) 
C(4)-C(1)-0(1) 122,5(2) 
Fe(1)-C(2)-C(1) 110.7(2) 
Fe(1)-C(2)-C(3) 71.9(1) 
C(1)-C(2)-C(3) 121.9(2) 
Fe(1)-C(3)-C(2) 69.3(1) 
Fe(1)-C(3)-C(31) 117.6(2) 

C(13)-O(13) 1.138(4) 
C(14)-O(14) 1.133(4) 
C(31)-C(32) 1.388(4) 
C(31)-C(36) 1.386(4) 
C(32)-C(33) 1.379(4) 
C(33)-C(34) 1.365(4) 
C(34)-C(35) 1.373(4) 
C(35)-C(36) 1.380(4) 
C(51)-C(52) 1.384(4) 
C(51)-C(56) 1.408(4) 
C(52)-C(53) 1.371(4) 
C(53)-C(54) 1.367(4) 
C(54)-C(55) 1.382(4) 
C(55)-C(56) 1.373(4) 

C(2)-C(3)-C(31) 125.2(2) 
C(1)-C(4)-C(5) 121.2(3) 
C(4)-C(5)-C(51) 127.8(3) 
Fe(1)-C(ll)-O(11) 178.8(3) 
Fe(1)-C(12)-O(12) 176.6(3) 
Fe(1)-C(13)-O(13) 179.5(3) 
Fe(1)-C(14)-O(14) 178.2(3) 
C(3)-C(31)-C(32) 119.3(2) 
C(3)-C(31)-C(36) 122.8(2) 
C(32)-C(31)-C(36) 117.8(2) 
C(31)-C(32)-C(33) 120.9(3) 
C(32)-C(33)-C(34) 120.4(3) 
C(33)-C(34)-C(35) 119.8(3) 
C(34)-C(35)-C(36) 120.1(2) 
C(31)-C(36)-C(35) 121.0(2) 
C(5)-C(51)-C(52) 118.9(2) 
C(5)-C(51)-C(56) 123.3(2) 
C(52)-C(51)-C(56) 117.8(2) 
C(51)-C(52)-C(53) 122.0(3) 
C(52)-C(53)-C(54) 119.6(3) 
C(53)-C(54)-C(55) 120.1(3) 
C(54)-C(55)-C(56) 120.7(3) 
C(51)-C(56)-C(55) 119.9(3) 

E.S.D.s in parentheses refer to the last significant digit. 

tems. The 1H NMR spectrum exhibits signals, besides 
those for the aromatic protons, at 6 4.78 and 5.29 ppm 
(d, J = 11.3 Hz) as two doublets for the four vinylic 
protons. This upfield shift of the signals is also ob- 
served in the lrC NMR spectrum: the carbons of the 
double bonds appear at 6 57.6 and 52.8 ppm, at almost 
the same frequency as complex 6. The ORTEP view of 
complex 7 is depicted in Fig. 2, whereas the bond 
distances (~,) and the bond angles (deg) are listed in 
Table 2. The dinuclear complex 7 possesses a nearly 
perfect C 2 symmetry with the F e ( C O )  4 moieties and the 
phenyl rings lying on opposite faces of the fairly planar 
divinyl ketone. The geometry around each iron atom 
can be described as a slightly distorted trigonal bipyra- 
mid with the apical planes tilted by 69 ° and 47 ° with 
respect to the plane of the divinyl ketone. The C-C axis 
of the double bond lies in the equatorial plane: this 
geometry agrees well with that of mono-olefin Fe(CO) 4 

and related dinuclear complexes, the structures of which 
have already been reported [9]. The C(2)-C(3) and 
C(4)-C(5) distances of the bound olefinic moieties, 
1.390(9) and 1.394(7) ,~ are essentially the same, as are 
the distances of the vinylic carbons to the metal, whereas 
the bond angles around C(2), C(3), C(4), and C(5) show 
that there is an sp 2 hybridization. 

Finally for complex 8 the 1H NMR spectrum dis- 
closes signals, as for related r/4-vinyl ketone complexes 
[1,9,10], for the vinylic protons attached at C(2) and 
C(3) at respectively (~ 3.44 and 6.28 ppm (d, J = 9 Hz), 
the signals for the protons attached to C(4) and C(5) 
givin~ a signal at (5 7.09 and 7.76 ppm (d, J = 16 Hz). 
The 1~C NMR spectrum shows signals for the carbons 
of the free double bond at 6 135.18 and 122.23 ppm 
and for the carbons of the coordinated double bond at (5 
79.75 and 62.46 ppm. An X-ray study provided the 
molecular structure of complex 8. Fig. 3 represents an 
ORTEe-like projection of the complex. Bond distances 
and angles are listed in Table 3. If the C(2)-C(3) and 
C(1)-O(1) bonds are both assumed to occupy a single- 
site coordination, the iron atom is five-fold coordinated 
with a distorted trigonal bipyramidal geometry. C(13) 
and O(1) atoms are in apical positions, with an angle 
around the metal centre of 165.4(3) ° . This observed 
geometry is consistent with an r/4-coordination of the 
O(1)-C(1)-C(2)-C(3) moiety of the benzylideneace- 
tone ligand to a Fe(CO) 3 fragment and is in good 
agreement with closely related compounds such as te- 
tracarbonyl (cinnamaldehyde) iron(0) [11] and dicar- 
bonyltriphenylphosphine (cinnamaldehyde) iron (0) [12]. 
As for complexes 6 and 7, a lengthening of the coordi- 
nated double bond is observed, C(2) -C(3)=  1.411(13) 
,~ compared with the free double bond: C(4) -C(5)=  
1.331(12) A. In contrast, the bond distance for the 
carbonyl group appears to be longer in complex 8 than 
in 6 and 7, owing to the coordination to iron: C(1)-O(1) 
= 1.317(9) A instead of 1.227(3) A and 1.226(6) ,~ for 
6 and 7 respectively. 

014 
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Fig. 2. The molecular structure and atom-numbers scheme for com- 
plex 7. 
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Table 2 
Bond lenghts (A) and bond angles (deg) for C25H14Fe209, (7) 
Fe(1)-C(11) 1.807(5) 
Fe(1)-C(12) 1.783(8) 
Fe(1)-C(13) 1.778(8) 
Fe(1)-C(14) 1.826(5) 
Fe(1)-C(2) 2.108(7) 
Fe(1)-C(3) 2.137(7) 
O(11)-C(11) 1.122(6) 
O(12)-C(12) 1.132(10) 
O(13)-C(13) 1.144(10) 
O(14)-C(14) 1.126(6) 
Fe(2)-C(21) 1.819(6) 
Fe(2)-C(22) 1.796(8) 
Fe(2)-C(23) 1.784(7) 
Fe(2)-C(24) 1.815(7) 
Fe(2)-C(4) 2.115(6) 
Fe(2)-C(5) 2.153(6) 
O(21)-C(21) 1.132(8) 
O(22)-C(22) 1.124(11) 
O(22)-C(23) 1.141(10) 
O(24)-C(24) 1.129(8) 

C(11)-Fe(1)-C(12) 90.0(3) 
C(11)-Fe(1)-C(13) 89.4(3) 
C(12)-Fe(1)-C(13) 111.5(3) 
C(11)-Fe(1)-C(14) 178.1(3) 
C(12)-Fe(1)-C(14) 88.7(3) 
C(13)-Fe(1)-C(14) 89.8(3) 
C(11)-Fe(1)-C(2) 89.4(3) 
C(12)-Fe(1)-C(2) 139.2(3) 
C(13)-Fe(1)-C(2) 109.3(3) 
C(14)-Fe(1)-C(2) 92.6(3) 
C(ll)-Fe(1)-C(3) 91.4(3) 
C(12)-Fe(1)-C(3) 101.0(3) 
C(13)-Fe(1)-C(3) 147.5(3) 
C(14)-Fe(1)-C(3) 90.2(3) 
C(2)-Fe(1)-C(3) 38.2(2) 
Fe(1)-C(11)-O(11) 178.4(7) 
Fe(1)-C(12)-O(11) 178.3(6) 
Fe(2)-C(21)-O(21) 175.3(7) 
Fe(2)-C(22)-O(22) 179.8(7) 
Fe(2)-C(23)-O(23) 178.8(6) 
Fe(2)-C(24)-O(24) 178.5(6) 
0(1)-C(1)-C(2) 121.2(6) 
0(1)-C(1)-C(4) 123.2(5) 
C(2)-C(1)-C(4) 115.6(4) 
Fe(1)-C(2)-C(1) 113.2(4) 
Fe(1)-C(2)-C(3) 72.0(4) 
C(1)-C(2)-C(3) 122.7(4) 
Fe(1)-C(3)-C(2) 69.8(4) 
Fe(1)-C(3)-C(31) 115.9(4) 
C(2)-C(3)-C(31) 125.0(5) 
Fe(2)-C(4)-C(1) 108.1(4) 
C(1)-C(4)-C(5) 123.4(4) 
Fe(2)-C(5)-C(4) 69.5(3) 
Fe(2)-C(5)-C(51) 114.7(4) 

O(1)-C(1) 1.226(6) 
C(1)-C(2) 1.491(7) 
C(1)-C(4) 1.472(9) 
C(2)-C(3) 1.390(9) 
C(3)-C(31) 1.486(7) 
C(4)-C(5) 1.394(7) 
C(5)-C(51) 1.479(9) 
C(31)-C(32) 1.374(8) 
C(31)-C(36) 1.379(9) 
C(32)-C(33) 1.372(10) 
C(33)-C(34) 1.345(12) 
C(34)-C(35) 1.361(10) 
C(35)-C(36) 1.377(9) 
C(51)-C(52) 1.380(7) 
C(51)-C(56) 1.387(7) 
C(52)-C(53) 1.373(10) 
C(53)-C(54) 1.381(8) 
C(54)-C(55) 1.358(9) 
C(55)-C(56) 1.384(9) 

Fe(1)-C(13)-O(13) 177.6(5) 
Fe(1)-C(14)-O(14) 173.6(7) 
C(21)-Fe(2)-C(22) 88.3(3) 
C(21)-Fe(2)-C(23) 91.8(3) 
C(22)-Fe(2)-C(23) 111.2(4) 
C(21)-Fe(2)-C(24) 176.9(3) 
C(22)-Fe(2)-C(24) 88.6(3) 
C(23)-Fe(2)-C(24) 89.7(3) 
C(21)-Fe(2)-C(4) 94.4(3) 
C(22)-Fe(2)-C(4) 140.4(3) 
C(23)-Fe(2)-C(4) 108.2(3) 
C(24)-Fe(2)-C(4) 87.7(3) 
C(21)-Fe(2)-C(5) 87.7(3) 
C(22)-Fe(2)-C(5) 102.8(3) 
C(23)-Fe(2)-C(5) 146.0(3) 
C(24)-Fe(2)-C(5) 92.6(3) 
C(4)-Fe(2)-C(5) 38.1(2) 
C(4)-C(5)-C(51) 125.7(4) 
C(3)-C(31)-C(32) 122.6(6) 
C(3)-C(31)-C(36) 120.4(5) 
C(32)-C(31)-C(36) 117.0(6) 
C(31)-C(32)-C(33) 121.5(7) 
C(32)-C(33)-C(34) 120.9(7) 
C(33)-C(34)-C(35) 119.0(7) 
C(34)-C(35)-C(36) 120.7(7) 
C(31)-C(36)-C(35) 120.9(6) 
C(5)-C(51)-C(52) 119.9(4) 
C(5)-C(51)-C(56) 122.3(5) 
C(52)-C(51)-C(56) 117.7(6) 
C(51)-C(52)-C(53) 121.1(5) 
C(52)-C(53)-C(54) 19.5(7) 
C(54)-C(55)-C(56) 120.3(5) 
C(51)-C(56)-C(55) 121.0(5) 

E.S.D.s in parentheses refers to the last significant digit. 

Easy interconversion between the various complexes 
is observed: thus an acetone solution of complex 7 leads 
to complex 8 (7%) after 24 h at room temperature, and 
refluxing 7 in THF for 1.5 h gives a 16% yield of 

complex 6 and complex 8 as a by product. Moreover, 
refluxing complex 6 in THF for 2 h leads to complex 8 
in a 17% yield (Scheme 3). 

2.2. Reaction of complexes 6, 7, and 8 with MeLi / CO: 
formation of the ketene complex 9 and of the tx-al- 
kylidene complex 10 

The purpose of this investigation was to prepare the 
new ketene complex  F e ( C O ) a ( r / 4 - P h C H = C H  
(C=C=O)CH=CHPh)  (9) and to try to bring to light a 
possible influence of the supplementary double bond of 
the starting complexes 6, 7, and 8 on the course of the 
reaction. 

Thus, treatment of the dinuclear complex 7 with 
methyl lithium under an atmosphere of CO, as reported 
in the literature [1], led to two new complexes which 
were easily detected by thin layer chromatography 
(TLC). Silica-gel chromatography of the reaction mix- 
ture gave a product, isolated as an orange solid in 25% 
yield, which proved to be the r/n-vinyl ketene complex 
9, in agreement with its spectroscopic data. The mass 
spectrum confirmed the presence of one metal centre 
and the substitution of the ketone oxygen atom by one 
CO group. Whereas the 1H NMR spectrum disclosed 
signals for the hydrogens of a free double bond at 
7.14 ppm (d, J = 16 Hz), 6.47 ppm (d, J = 16 Hz) and 
a coordinated double bond at 6 6.52 ppm (d, J = 9.5 
Hz) and 3.48 ppm (d, J = 9.5 Hz), in the 13C NMR 
spectrum, one observes the characteristic signals for a 
coordinated vinyl ketene, at 6 233.7 (C=O), 92.9 
(C=C=O) ,  and for the coordinated double bond at 
48.9 and 60.5 ppm [1]. 

For the less polar product, a red complex Fe 2 
(CO)6( ~- '0 3, r/3-C(CH=CHPh)2) (10) obtained in a 
9% yield, both the elemental analysis and the mass 
spectrum agreed with the presence of two metal centres. 
Indeed, the mass spectrum displayed ions owing to the 
successive loss of six CO groups (M ÷ to M ÷ -  6CO). 

012 

CI2 011 

Cll 

C35 C36 (31 

C34 

c33 c32 c2 

C55 (~ 

Fig. 3. The molecular structure and atom-numbers scheme for com- 
plex 8. 
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Moreover, no ketone v CO appeared in the IR. The 1H 
NMR spectrum disclosed signals, besides those for two 
phenyl groups, at 6 6.48 and 3.61 ppm as two doublets 
(d, J = 9 Hz), owing to two coordinated double bonds. 
This means that the newly formed complex must be 
highly symmetrical. The presence of these two coordi- 
nated double bonds was also confirmed by the 13C 
NMR spectrum which showed two signals at 6 72.4 
and 67.6 ppm. An additional signal owing to a quater- 
nary carbon atom appeared at 6 112.3 ppm, suggesting 
that deoxygenation of the carbonyl group occurred. The 
structure of this complex was finally assessed by an 

X-ray diffraction study. Its ORTEP projection appears in 
Fig. 4, whereas the bond distances (.~) and the bond 
angles (deg) are gathered in Table 4. 

The most important feature of complex 10 is that the 
organic ligand is the result of the deoxygenation of the 
starting dibenzylideneacetone, giving rise to a distyryl- 
carbene moiety which bridges the two metal centres. 
The complex displays a perfect C2 symmetry, a fact 

• . . r 13 which explains the very simple H and C NMR 
spectra• It can be described either as a /x-alkylidene 
complex bearing two coordinated double bonds or as a 
bis-Tr-allyl system, one carbon atom being common to 

Table 3 
Bond lenghts (A) and bond angles (deg) for C20H14FeO 4 (8) 
Fe-C(11) 1.815(11) 
Fe-C(12) 1.813(10) 
Fe-C(13) 1.776(8) 
Fe-O(1) 2.020(5) 
Fe-C(1) 2.093(8) 
Fe-C(2) 2.082(8) 
Fe-C(3) 2.141(9) 
O(11)-C(11) 1.126(13) 
O(12)-C(12) 1.136(12) 
O(13)-C(13) 1.136(10) 
O(1)-C(1) 1.317(9) 
C(1)-C(2) 1.420(12) 
C(1)-C(4) 1.449(12) 
C(2)-C(3) 1.411(13) 
C(3)-C(31) 1.469(13) 

C(11)-Fe-C(12) 105.1(4) 
C(11)-Fe-C(13) 87.8(4) 
C(12)-Fe-C(13) 96.3(4) 
C(ll)-Fe-O(1) 93.8(4) 
C(12)-Fe-O(1) 97.3(3) 
C(13)-Fe-O(1) 165.4(3) 
C(11)-Fe-C(1) 93.0(4) 
C(12)-Fe-C(1) 132.8(4) 
C(13)-Fe-C(1) 128.1(3) 
O(1)-Fe-C(1) 37.3(3) 
C(ll)-Fe-C(2) 120.9(4) 
C(12)-Fe-C(2) 132.1(4) 
C(13)-Fe-C(2) 98.0(3) 
O(1)-Fe-C(2) 68.7(3) 
C(1)-Fe-C(2) 39.8(3) 
C(ll)-Fe-C(3) 159.9(4) 
C(12)-Fe-C(3) 94.5(4) 
C(13)-Fe-C(3) 94.5(3) 
0(1)-Fe-C(3) 79.1(3) 
C(1)-Fe-C(3). 69.9(4) 
C(2)-Fe-C(3) 39.0(3) 
Fe-C(11)-0(11) 177.6(9) 
Fe-C(12)-0(12) 177.1(8) 
C(31)-C(36)-C(35) 122.5(9) 
C(5)-C(51)-C(52) 120.8(8) 
C(5)-C(51)-C(56) 122.7(8) 
C(52)-C(51)-C(56) 116.5(8) 
C(51)-C(52)-C(53) 121.1(9) 

C(4)-C(5) 1.331(12) 
C(5)-C(51) 1.467(13) 
C(31)-C(32) 1.394(12) 
C(31)-C(36) 1.370(13) 
C(32)-C(33) 1.388(13) 
C(33)-C(34) 1.377(15) 
C(34)-C(35) 1.362(18) 
C(35)-C(36) 1.372(15) 
C(51)-C(52) 1.390(13) 
C(51)-C(56) 1.384(13) 
C(52)-C(53) 1.377(15) 
C(53)-C(54) 1.339(17) 
C(54)-C(55) 1.365(15) 
C(55)-C(56) 1.371(13) 

Fe-C(13)-O(13) 178.1(7) 
Fe-O(1)-C(1) 74.4(4) 
Fe-C(1)-O(1) 68.3(4) 
Fe-C(1)-C(2) 69.7(5) 
O(1)-C(1)-C(2) 115.5(8) 
Fe-C(1)-C(4) 133.1(6) 
O(1)-C(1)-C(4) 122.8(7) 
C(2)-C(1)-C(4) 121.6(7) 
Fe-C(2)-C(1) 70.5(5) 
Fe-C(2)-C(3) 72.8(5) 
C(1)-C(2)-C(3) 118.0(8) 
Fe-C(3)-C(2) 68.2(5) 
Fe-C(3)-C(31) 125.1(6) 
C(2)-C(3)-C(31) 126.0(8) 
C(1)-C(4)-C(5) 122.9(7) 
C(4)-C(5)-C(51) 126.3(7) 
C(3)-C(31)-C(32) 120.6(8) 
C(3)-C(31)-C(36) 121.8(8) 
C(32)-C(31)-C(36) 117.6(8) 
C(31)-C(32)-C(33) 120.5(8) 
C(32)-C(33)-C(34) 119.6(10) 
C(33)-C(34)-C(35) 120.5(10) 
C(34)-C(35)-C(36) 119.3(10) 
C(52)-C(53)-C(54) 120.7(10) 
C(53)-C(54)-C(55) 120.0(10) 
C(54)-C(55)-C(56) 120.0(10) 
C(51)-C(56)-C(55) 121.7(9) 

E.S.D.s in parentheses refers to the last significant digit. 
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011 
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Fig. 4. The molecular structure and atom-numbers scheme for com- 
plex 10. 

the two allylic groups (Scheme 4). The angle between 
the Fe(1)-C(1)-Fe(I ' )  and C(2)-C(1)-C(2 ' )  planes is 
39.6 ° while that between the C(1)-C(2)-C(3)  and 
C(1)-C(2 ' ) -C(3 ' )  planes is 52.3 °. The internuclear dis- 
tance, Fe-Fe  = 2.781(1) A is within the limits for weak 
single bonds [13]. To our knowledge, it is the largest 
Fe -Fe  distance observed for this type of complex 
[14,15]. This fact is also reflected in the large Fe(1)-  
C(1)-Fe(I ' )  angle observed for complex 10, very close 
to 90 ° (88.9(2)°), comparable with the angle of 83(1) ° 
observed in the structure of octacarbonyldiphenyl 
(vinylidene) di-iron(0) [15]. 

Complex 13 had already been obtained, with similar 
structural features, in this laboratory starting from the 
/x-methylene complex 12, upon insertion of two 
molecules of acetylene (Scheme 5) [16]. Interestingly, 
the bond distances around the metal centres for the two 
complexes 13 and 10 are similar. Thus the internuclear 
distance is 2.776(1) A, in complex 13 and 2.781(1) in 
complex 10, the distances of the bridging carbon to the 
metals are 1.992(5) * for 13 and 1.985(4) * for 10. A 
significant difference is, however, observed for the dis- 
tances of the terminal carbons of the allylic groups from 

Table 4 
Bond lenghts (A) and bond angles (deg) for C23H14Fe206, (10) 
Fe(1)-C(11) 1.783(6) 
Fe(1)-C(12) 1.792(5) 
Fe(1)-C(13) 1.774(4) 
Fe(1)-C(1) 1.985(4) 
Fe(1)-C(2) 2.089(4) 
Fe(1)-C(3) 2.210(5) 
Fe(1)Fe(l') 2.781(1) 
0(11)-C(11) 1.150(7) 
O(12)-C(12) 1.146(6) 
O(13)-C(13) 1.145(6) 

C(11)-Fe(1)-C(12) 99.5(2) 
C(11)-Fe(1)-C(13) 89.9(2) 
C(12)-Fe(1)-C(13) 97.5(2) 
C(ll)-Fe(1)-C(1) 99.7(2) 
C(12)-Fe(1)-C(1) 134.3(2) 
C(13)-Fe(1)-C(1) 123.4(2) 
C(11)-Fe(1)-C(2) 132.1(2) 
C(12)-Fe(1)-C(2) 126.5(2) 
C(13)-Fe(1)-C(2) 95.7(2) 
C(1)-Fe(1)-C(2) 39.8(2) 
C(11)-Fe(1)-C(3) 169.4(2) 
C(12)-Fe(1)-C(3) 89.8(2) 
C(13)-Fe(1)-C(3) 93.9(2) 
C(1)-Fe(1)-C(3) 69.9(1) 
C(2)-Fe(1)-C(3) 37.6(2) 
C(11)Fe(1)Fe(l') 82.9(1) 
C(12)-Fe(1)-Fe(I') 97.0(2) 
C(13)Fe(1)Fe(l') 164.7(1) 
C(1)-Fe(1)-Fe(I') 45.5(1) 
C(2)-Fe(1)-Fe(I') 79.5(1) 
C(3)-Fe(1)-Fe(I') 91.0(1) 

C(1)-C(2) 1.389(5) 
C(2)-C(3) 1.392(6) 
C(3)-C(31) 1.474(6) 
C(31)-C(32) 1.394(6) 
C(31)-C(36) 1.377(7) 
C(32)-C(33) 1.370(8) 
C(33)-C(34) 1.354(9) 
C(34)-C(35) 1.357(9) 
C(35)-C(36) 1.385(7) 

Fe(1)-C(ll)-O(ll) 175.9(4) 
Fe(1)-C(12)-O(12) 178.8(5) 
Fe(1)-C(13)-O(13) 177.1(4) 
Fe(1)-C(1)-C(2) 74.2(2) 
Fe(1)-C(1)-Fe(l') 88.9(2) 
C(2)-C(1)-Fe(r) 138.2(3) 
C(2)-C(1)-C(2') 141.4(5) 
Fe(1)-C(2)-C(1) 66.1(2) 
Fe(1)-C(2)-C(3) 75.9(2) 
C(1)-C(2)-C(3) 120.1(4) 
Fe(1)-C(3)-C(2) 66.5(3) 
Fe(1)-C(3)-C(31) 124.4(3) 
C(2)-C(3)-C(31) 125.1(4) 
C(3)-C(31)-C(32) 122.6(4) 
C(3)-C(31)-C(36) 119.3(4) 
C(32)-C(31)-C(36) 118.1(4) 
C(31)-C(32)-C(33) 120.2(5) 
C(32)-C(33)-C(34) 121.3(5) 
C(33)-C(34)-C(35) 119.4(6) 
C(34)-C(35)-C(36) 120.8(5) 
C(31)-C(36)-C(35) 120.3(5) 

Primed atoms generated by. l-x, y, 1.5-z. 
E.S.D.s in parentheses refers to the last significant digit. 

the metals which areoslightly longer, 2.210(5) A in 10 
rather than 2.089(4) A in 13. 

Similar results were observed starting either from 
complex 8 which gave complexes 9 and 10 in, respec- 
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bene complexes of iron, and of tungsten, similar to 
complex 11 could be coordinated to a Fe(CO) 3 frag- 
ment to produce either homodinuclear or heterodinu- 
clear/x-alkylidene complexes: such a reaction probably 
occurs in the transformations described herein. Interme- 
diates related to complex 10 have been proposed in 
other reactions, generally without direct evidence for 
the formation of these transient species [3,18]. 

Finally, it was possible for the first time to prepare 
an "0a-vinyl ketene complex 9, starting from '02-mono 
or di-nuclear reagents (complexes 6 or 7), probably via 
the '04-vinyl ketone complex 8. 

4. Experimental 

Ph 

MeLi I CO 

Ph 

~ F e ( C O )  l= 

Ph 
11 

~ C0)3 ] 

Ph 

(CO)3Fe-- Fe(CO~ - -  __ 

\ ,h' y 

10 
Scheme 6. 

tively, 18% and 6.5% yields, or from complex 6 which 
gave the same complexes as 7 in a 23% yield. 

3. Conclusion 

Although the formation of a stable Fe2(CO)8(/,L-'0 2, 
"02-dibenzylideneacetone) complex is remarkable, the 
most interesting result is the transformation of this 
complex and also of complexes 6 and 8 into a distyryl- 
carbene complex 10. Indeed this complex can be con- 
sidered as the result of the stabilization of the suspected 
mononuclear alkylidene complex 11 by Fe(CO) 3 
(Scheme 6). The key for the success of this reaction is 
probably the presence of an extra double bond in the 
starting vinyl ketone complex and thus in the intermedi- 
ate 11. Previous observations [17] from this laboratory 
have indeed indicated that conjugated mononuclear car- 

4.1. General methods 

1H NMR and 13C NMR spectra were recorded on a 
Varian VXR-300S spectrometer, JEOL GX 400 or 
BRUKER WM 200. IR spectra were recorded on a 
Perkin-Elmer 283B or 1420 spectrometer and mass 
spectra on a ZAB HSQ (Fisons) instrument. Microanal- 
yses were performed by the Service Central d'Analyses 
du CNRS, Solaize. Melting points were measured using 
a Mel-Temp II apparatus and are uncorrected. Column 
chromatography was performed with Merck silica gel 
(70-230 mesh) using various ratios of ethyl acetate/ 
hexane or dichloromethane/hexane as eluent. All 
reagents were obtained from commercial suppliers and 
used as received. Reactions were performed under a 
nitrogen atmosphere in carefully dried glassware. Ben- 
zene, tetrahydrofuran (THF) and diethyl ether were 
distilled from sodium/benzophenone ketyl under an 
argon atmosphere. 

4.2. Obtaining complexes 6, 7 and 8 

Complexes Fe(CO)4['02(CO)(CH=CHPh)2] (6), 
F e 2 ( C O )  8 ['0 2, '02(CO)(CH=CHPh)2] (7) and 
Fe(CO)4['04(CO)(CH=CHPh)2] (8) were obtained from 
dibenzylideneacetone (5) (8 g, 34.2 mmol) in anhydrous 
diethyl ether to which Fez(CO) 9 (13.68 g, 37.6 mmol) 
was added. After stirring at room temperature for 24 h, 
under nitrogen, a yellow solid precipitated. Filtration of 
the suspension gave yellow crystals of complex 7 (4.24 
g, 22% resp. dibenzylideneacetone) and a solution from 
which the solvent was evaporated under vacuum. Silica- 
gel chromatography of the residue with ethyl acetate/ 
hexane (5/95)  as the eluent first gave complex 8 (2.27 
g, 18%) as an orange solid, then complex 7 (1.12 g, 
6%) and finally complex 6 (1.27 g, 9%) as a yellow 
solid. 

Complex 6: mp, 104 °C; IR (CHC13), 2095 cm -1, 
2015 cm -1, 1985 cm -1 ( M -  CO), 1665 cm -1 (CO); 
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1H NMR (200 MHz, CDC13) t~ 4.59 (1H, d, J = 11.3 
Hz), 5.33 (1H, d, J = 11.3 Hz), 7.04-7.81 (m, 12H, Ar, 
C=C); a3C NMR (50 MHz, CDC13) 6 207.1 (CO), 
193.6 (CO), 141.9, 134.8, 130.3, 128.9, 128.8, 128.3, 
126.7, 126.1, 125.7 (Ar, C=C), 57.7, 53.3 [Fe(C=C)]. 
HRMS for C18H14FeO2: (M + -  3CO) calc., 318.0343; 
found, 318.0341. Anal. Found: C, 62.02; H, 3.64; Calc. 
for C21H14FeO5: C, 62.69; H, 3.48. 

Complex 7: mp, 130 °C; IR (KBr), 2098 cm -1, 2022 
cm -1, 2002 cm -1, 1982 cm -1, 1972 cm -1 (M - CO), 
1630 cm -1 (CO). 1H NMR (200 MHz, CDC13) t$ 
7.39-7.17 (m, 10H, Ar), 5.3 (d, 2H, J =  11.2 Hz, 
=CHCO), 4.78 (d, 2H, J = 11.2 Hz, PhCH=C); ~3C 
NMR (50 MHz, CDCI 3) 6 207.3 ( M - C O ) ,  184.0 
(CO), 141.8, 128.9, 128.3, 126.7, 126.2 (Ar), 57.6, 52.8 
(FeCH=CH). Anal. Found: C, 51.76; H, 2.62. Calc. for 
C25H14Fe209: C, 52.63; H, 2.46. MS (FAB): 571 
(MH+), 542 (M ÷ -  CO), 514 (M ÷ -  2CO), 346 (M ÷ -  
8co). 

Complex 8: mp, 100 °C; IR (KBr), 2065 cm -~, 2002 
cm -1, 1990 cm -1, 1985 cm -1 ( M -  CO), 1630 cm -1 
(CO); 1H NMR (200 MHz, CDCI 3) 6 7.80-7.05 (m, 
12H, At, CH=CH), 6.28 (d, 1H, J = 9 Hz), 3.44 (d, 
1H, J = 9 Hz); 13C NMR (50 MHz, CDC13) 6 207.2 
(M - CO), 143.4, 138.5, 135.1-122.2 (At, C=C), 79.7, 
62.5 (FeCH=CH). HRMS for C20H14Fe04: (M+), 
374.0241; found, 374.0239. 

Complex 7 was also obtained from dibenzylideneace- 
tone (4 g, 17.1 mmol) in diethyl ether (150 ml) and 
Fe2(CO) 9 (6.84 g, 18.8 mmol) at reflux temperature for 
24 h. Filtration of the solution over alumina gave 
complex 7 (2.35 g, 24%) as a yellow solid. Silica-gel 
chromatography of the residue obtained after evapora- 
tion of the solvent under vacuum with hexane/ethyl 
acetate (70/30) produced a further fraction of complex 
7 (0.88 g). Total yield of 7, 33%. 

4.3. Formation of complex 8 from complex 7 

Complex 7 (1.140 g, 2 mmol) was kept at room 
temperature in acetone (150 ml) for 24 h. After filtra- 
tion of the solution over neutral alumina, the solution 
was evaporated under vacuum and the residue chro- 
matographed on silica gel with hexane/ethyl acetate 
(99/1) as eluent. Evaporation of the appropriate frac- 
tions gave complex 8 (0.050 g, 7%). 

4.4. Formation of complex 6 from complex 7 

A solution of complex 7 (0.67 g, 1.18 mmol) in THF 
(100 ml) was refluxed for 1.5 h. The solution was 
evaporated under vacuum and the residue chro- 
matographed on silica gel to give complex 6 (0.070 g, 
16%), identical with an authentic sample in all respects. 
A by-product could be detected by TLC and was identi- 
fied as complex 8. 

4.5. Formation of complex 8 from complex 6 

Compound 6 (0.402 g, 1 mmol) was dissolved in 
THF (50 ml) and was refluxed for 2 h. Filtration over 
alumina yielded an orange solution containing pure 
complex 8 (TLC), which after reduction afforded 65 mg 
of 8 (17%). 

4.6. Formation of complex Fe(CO)4(~74-PhCH=CH 
(C = C = O)CH = CHPh) (9) and complex Fe2(CO) 6 
[tx-~73, ~13-C(CH = CHPh) 2 ] (10) 

From complex 7. A solution of complex 7 (5.7 g, 10 
retool) in THF (100 ml) was cooled to - 78 °C and kept 
under a slight overpressure of CO (ca. 1.1 atm). Methyl 
lithium (5.4 ml, 1.4 M in Et20) was then added. The 
solution was kept at this temperature for 1 h, then 
allowed to heat to room temperature for 3 h. Evapora- 
tion of the solvent under vacuum, followed by silica-gel 
chromatography of the residue with hexane/ethyl ac- 
etate (98/2) as eluent, first gave complex 10 (0.435 g, 
9%) as a red solid: rap, 200 °C; IR (KBr), 2040 cm -1, 
1998 cm -1, 1965 cm -1, 1950 cm-1; 1H NMR (200 
MHz, CDCI 3) 6 7.42-7.32 (m, 10H, At), 6.48 (d, 2H, 
J = 9 Hz), 3.61 (d, 2H, J = 9 Hz); 13C NMR (50 MHz, 
CDC13) t$ 210.6 (CO), 138.8, 128.0, 127.7, 127.2 (Ar), 
112.3 (CFe2), 72.4, 67.6 (C=C). Anal. Found: C, 55.25; 
H, 3.01. Calc. for C23H14Fe206: C, 55.42; H, 2.81. 
HRMS for C23H14Fe206: (M+), 497.9489; found, 
497.9491. 

Elution with the same solvent gave complex 9 (0.96 
g, 25%) as orange crystals: rap, 143 °C (dec); IR (KBr), 
2062 cm-1, 2002 cm- 1 ( M  -- CO) ,  1766 cm- 1 (CO); 
1H NMR (200 MHz, CDCI3), 6 7.47-7.25 (m, 10H, 
Ar), 7.14 (d, 1H, J = 16 Hz, C(O)CH=CHPh), 6.47 
(d, 1H, J =  16 Hz, C(O)CH=CHPh), 6.52 (d, 1H, 
J =  9.5 Hz, Fe(CH=CHC(O)), 3.48 (d, 1H, J =  9.5 
Hz, Fe(CH=CHCO)); 13C NMR (50 MHz, CDC13) t$ 
233.7 (C=C=O) ,  208.0 (CO), 137.9, 135.7, 129.2, 
128.8, 128.7, 127.7, 126.6 (At), 135.9 (C=C-CCO),  
118.3 (C=C=O),  92.9 (FeCH=C), 60.5(FeCPh=C), 
48.9 (C=C=O).  HRMS for C20H14FeO3: (M + -  CO), 
358.0292; found, 358.0292. 

From complex 8. A solution of complex 8 (2 g, 5.3 
retool) in THF (100 ml) was treated as above with MeLi 
(3.8 ml, 1.4 M in Et20). Silica-gel chromatography 
gave complexes 9 (0.370 g, 18%) and 10 (0.17 g, 
6.5%). 

From complex 6. A solution of complex 6 (1 g, 2.48 
mmol) in THF (50 ml) was treated as above with MeLi 
(1.7 ml, 1.4 M in Et20). A work up as above gave 
complexes 10 (0.084 g, 7%), and 9 (0.22 g, 23%). 

4. 7. X-ray data collection, structure solution and refine- 
ments 

Suitable crystals of complexes 6, 7, 8 and 10 were 
grown by slow cooling hexane/dichloromethane solu- 
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Table 5 
Crystal data and refinement details for complexes 6, 7, 8 and 10 

23 

Compound 6 7 8 10 

Formula C21H14FeO 5 C25H14Fe209 C20Hl4FeO4 C23H14Fe206 
M w 402.2 570.1 374.2 498.0 
Crystal system Monoclinic Triclinic Orthorhombic Orthorhombic 

Space group P 21/n f i l  P bca P bcn 

a (,~) 6.326(2) 9.677(5) 13.397(2) 17.155(4) 

b (,~) 14.567(2) 10.635(5) 10.041(3) 7.842(2) 

c (,~) 20.504(2) 13.471(6) 26.579(2) 15.857(2) 
a (deg) 104.24(3) 
fl (deg) 96.91(2) 105.46(4) 
y (deg) 104.75(4) 

U (,~3) 1875(4) 1216.7(8) 3575.1(8) 2133.2(5) 
Z 4 2 8 4 
D c (g cm 3) 1.42 1.56 1.39 1.55 
p, (cm- 1) 8.28 100.6 8.63 14.0 
F (000) 825.4 576 1536 1008 
Diffractometer Enraf CAD4F Nicolet P3 Siemens P 3 / P C  Siemens P3/PC 
Radiation Mo K a Cu K a Mo K a Mo K a 
Scan type o9-20 0 /20  w-20 ~o-20 
Scan range (deg) 1.5 < 20 < 25 3 < 20 < 100 3 < 20 < 50 3 < 20 < 60 
Data collected 3789 2704 3146 2819 
Data used (Criterion) 2481(F > 3o'(F)) 2508 (F  > 3o-(F)) 1284 (F  > 4o'(F)) 1392 (F  > 3o-(F)) 
R(Rw) (%) 3.28 (3.89) 5.1 (5.7) 5.42 (5.68) 4.46 (5.16) 
1.s. parameters 289 167 239 148 
G.O.F. 1.12 1.06 1.13 1.08 

tions to 0 °C. A crystal summary is given in Table 5. As 
a general procedure, for each compound the accurate 
cell dimensions and orientation matrix were obtained 
from least-squares refinement of the setting angles of 25 
well-defined reflections. Diffraction intensities were 
collected at room temperature and all data were cor- 
rected for the usual Lorentz and polarization effects and 
placed on an approximately absolute scale. Absorption 
correction was applied by DIFABS [19] for complexes 6 
(min./max.  correction, 0.61-1) and 7 (min./max. cor- 
rection, 0.69-1.19). An empirical absorption correction 
[20] was applied for complexes 8 and 10 (correction 
factors in the range 0.68-0.78 and 0.56-0.81 respec- 
tively). The space groups for 6, 8 and 10 were deter- 
mined from systematic absences. The structures were 
solved by direct methods followed by different Fourier 
maps, and refined by full-matrix least-squares. All non- 
hydrogen atoms were refined anisotropically to conver- 
gence. Hydrogen atoms were located on difference 
Fourier syntheses for complex 6. Their atomic coordi- 
nates were refined and they were assigned an overall 
isotropic thermal parameter. Hydrogen atoms were in- 
cluded as an idealized isotropic contribution (riding 
model) for complexes 7, 8 and 10. Data reduction and 
structure solution were achieved using CRYSTALS [21] 
for complex 6 and the SHELXTL PLUS structure solution 
software package [22] for others. Analytical scattering 
factors for neutral atoms were taken from Ref. [23]. 

Tables showing fractional coordinates (Tables S1-  
$4), anisotropic thermal parameters (Tables $5-$8) ,  

hydrogen-atom parameters (Tables $9-$12)  and struc- 
ture factors (Tables S13-S16) for complexes 6, 7, 8 and 
10 are available from the authors (49 pp.). 
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