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Displacement of 2-methvlpropene from [Fp(Me2C = CH2)]BF4 (Fp = (/?5-C5H5)Fe(CO)2) 

by Z-1,2-dimethoxyethylene (Z-DME) gives [Fp(Z-DME)]BF4. Displacement by E-1,2-
dimethoxyethylene (E-DME), in contrast, does not give the expected complex of E-DME, 
but rather the complex of the Z-alkene. A mechanism involving scission of the C = C bond 
of the coordinated alkene to give a bis-carbene intermediate is proposed. 

While a wide variety of complexes of electro-
philic alkenes is known [1], until recent years few 
reactions of transition metal complexes with 
electron-rich alkenes had been described. Now, 
however, a number of methoxy- [2] and amino-
alkene [3] complexes have been reported. In an 
effort to extend the former series of compounds, 
attempts were made to prepare cations of the type 
[Fp(methoxyalkene)]+ by treating [Fp(2-methyl-
propene)]BF4 [4, 5] with E- and Z-l,2-dimethoxy-
ethylene (DME). To our surprise, both reactions 
gave the same complex of the Z-alkene, an un-
precedented example of alkene isomerization which 
is reported herein. 

Results and Discussion 
As shown in the experimental section, reaction of 

[Fp(Me2C=CH2)]BF4 with Z-DME led to the 
expected complex [Fp(Z-DME)]BF4. Its spectro-
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Abbreviations: 
Fp = 775-cyclopentadienyl-dicarbonyliron, 

(/?5.C5H5)Fe(CO)2; 
DME = i, 2-dimethoxyethylene; 
R = alkyl; 
Me = methyl. 

* Reprint requests to Prof. Dr. M. Herberhold. New 
adress: Anorganisch-chemisches Laboratorium der 
Universität Bayreuth, Postfach 3008, D-8580 Bay-
reuth. 

0340-5087/81/0400-0485/$ 01.00/0 

scopic properties are characteristic of compounds in 
this class [6, 7]. 

Surprisingly, the analogous reaction with E-DME 
gave also a complex with the spectroscopic prop-
erties of the complex of the Z-alkene. Confirmation 
of the identity of the product was obtained by 
displacing the olefin with excess triphenylphosphine. 

In an effort to detect a presumed E- alkene inter-
mediate, a series of NMR experiments was carried 
out in a number of solvents (1,2-dichloroethane; 
CD3N02, CDaCN, (CD3)2CO). Reactions of 
[Fp(Me2C=CH2)]BF4 with E-DME (2-10 fold ex-
cess) at temperatures ranging from 20-50 °C were 
monitored using both XH and 13C NMR spectro-
scopy. Interestingly, while similar substitution 
reactions of the Z-alkene proceeded smoothly and 
essentially to completion at 45 °C in about two 
hours [8], reactions of the E-alkene required a 
temperature of at least 50 °C for appreciable rates 
to be obtained. Under these conditions, the major 
iron complex formed was [Fp(Z-DME)]BF4, accom-
panied by smaller amounts of [Fp(CO)]BF4 (v(CO) 
-2130, -2070 cm-i, Ö(C5H5) - 6 , 1 ppm [9]) and 
[Fp(solvent)]BF4 (for reactions in acetone and 
acetonitrile [10, 11]). The recovered E-alkene had 
partially decomposed, as shown by a multiplicity 
of resonances in the methoxy regions of the XH and 
13C NMR spectra; the alkene is stable under these 
conditions in the absence of iron compound. The 
observed conversion of E-DME to Z-DME is not 
catalytic. 

The conversion of E- to Z-DME was unexpected, 
as alkene isomerization catalyzed by transition 
metal compounds normally involves either metal 
hydrides or alkenes with allylic hydrogen atoms [12]; 



neither situation pertains here. Isomerization of 
vinyl ethers of the type RCH=CH(OR'), however, 
has been reported to be catalyzed by compounds of 
platinum(II) [13]. It was suggested that the reaction 
might involve a n ^ o interconversion of the co-
ordinated dipolar alkene, i.e. 

r1 c ' 1 c! 
H" v or" H OR1 

The a intermediate would be stabilized by n-
donation from the oxygen atom to the carbenium 
carbon atom, as occurs with platinum(II) complexes 
of 1,1-dimethoxyethylene [14] and vinyl alcohol[15]. 

Such a mechanism, however, does not seem likely 
for an olefin which is electron-rich at both ends. 
Instead, we assume a closer similarity to the 
chemistry of the tetrakis(amino)alkenes of the type 

I 1 
[: CNRCH2CH2NR]2, which react with a wide variety 
of transition metal compounds to form complexes of 

I 1 
the cyclic carbenes, :CNRCH2CH2NR [3], While the 
mechanism of the carbene-forming reaction is not 
clear, a driving force would undoubtedly involve 
^-donation of the nitrogen lone pair electrons into 
the vacant prc orbital of the carbene carbon atom. 
This effect would probably be accentuated in the 
case of a complex of a metal atom in a higher 
oxidation state. 

Formation of similar carbene complexes on co-
ordination of the electron-rich alkenes E- and 
Z-DME to the Fp+ moiety might readily explain 
the observed isomerization process. The reaction 
would possibly involve either a 20 electron inter-
mediate of the type [Fp(carbene)2]+ [16], or an allylic 
species of the type [^3-C5H5)Fe(CO)2(carbene)2]+. 
While carbene stabilization from ^-overlap with the 
oxygen lone pairs would not normally be as signifi-
cant as in the cases of the aminoalkene mentioned 
above, the electron-withdrawing power of the 
cationic [(?75-C5Hs)Fe(CO)2] fragment may well be 
a significant factor. We note that the isoelectronic 
complex, (?;5-C5H5)Mn(CO)2(E-DME) [17], is stable 
with respect to isomerization; in addition, it has 
been reported that alkoxide substituents can weaken 
carbon-carbon bonds [18]. 

A number of carbene complexes of the type 
[Fp(carbene)]+ have been reported [19-21]; they 
exhibit exceedingly low field 13C NMR carbene 

carbon chemical shifts (~<5 340ppm). Monitoring 
the 13C NMR spectrum in the region 200-440 ppm 
during the reaction of [Fp(Me2C=CH2)]BF4 with 
E-DME at 50 °C revealed no new resonances (except 
for CO), however, showing that carbene complexes 
are not present in appreciable amounts in the solu-
tion under these conditions. 

The actual isomerization process would involve 
coordination of the E-alkene, carbon-carbon bond 
scission, and rotation about the iron-carbene bonds 
prior to carbon-carbon bond reformation, i. e. 

H' H OCHj H H «' 
CO ligands omitted for clarity. 

As noted previously for complexes of this type 
[17, 22], and justified theoretically [23], the stable 
conformation of the alkene is that in which the 
C=C axis is parallel to the plane of the ^-cyclo-
pentadienyl ring. Possibly because of the large cone 
angle of the rf- cyclopentadienyl ligand [24], the 
preferred conformations of substituted alkenes are 
those in which the substituents are directed away 
from the ring [23]. While Fp+ complexes of both 
E- and Z-but-2-ene are known, the former appears 
to be the more labile [22], and it is reasonable to 
expect that [Fp(Z-DME)]+ is for steric reasons more 
stable than [Fp(E-DME)]+. 

It is tempting to suggest that a similar "carbene 
mechanism" may apply to the above-mentioned 
platinum(II)-catalyzed isomerization of vinyl ethers 
[13], as again the metal is in a relatively high (for 
alkene complexes) oxidation state. 

Experimental 
The complex [Fp(2-methylpropene)]BF4 was pre-

pared as in the literature [4], while E- and Z-DME 
were gifts from Dynamit Nobel AG, Lülsdorf. All 
reactions were carried out under nitrogen in dried, 
purified solvents. 

Infrared spectra were recorded on a Beckman 
IR 4240 spectrometer, NMR spectra on Varian 
EM 360 (XH) and Bruker HX 60 ^H, *3C) spectro-
meters. 

The compound [Fp(Z-DME)]BF4 was prepared 
by reaction of Z-DME with [Fp(Me2C=CH2)]BF4 
in 1,2-dichloroethane, following standard procedures 
[4, 5]. It was obtained as a yellow crystalline powder 
(70% yield). 



Infrared spectrum: v(CO) 2068,2028 cm~i (CH3N02); 
*H N M R : <5 5.52 (C5H5), <5 6.46 ( = C H ) and <5 4.03 
(CHS) (CD3NO2); 

i3C N M R : <5 89.1 (C5H5), <5104.7 ( = C H ) , <5 62.5 (CH3) 
and <5 210.6 (CO) (CD3N02). 
C11H13BF4FeO\ (351.9) 

Calcd C 37.55 H 3.72 Fe 15.87, 
Found C 37.29 H 3.77 Fe 15.69. 

Reaction of E-DME with [Fp(Me2C=CH2)]BF4 in 
1,2-dichloroethane was somewhat slower and tended 
to give mixtures. However, on one occasion, there 
was obtained in low yield a single homogeneous 

product which had spectroscopic properties identical 
with those listed above (Found: C 37.85, H 3.87, 
Fe 16.00). Reaction of this compound with tri-
phenylphosphine in acetone yielded 
[(^-C5H5)Fe(C0)2PPh3]BF4 and Z-DME. 

This research was initiated at the Technische 
Universität, München, under the gracious auspices 
of a fellowship awarded to M. C. B. by the Alexander-
von-Humboldt-Stiftung. Financial support by the 
Deutsche Forschungsgemeinschaft, the Fonds der 
Chemischen Industrie, and the Natural Sciences and 
Engineering Research Council of Canada is also 
gratefully acknowledged. 

[1] M. Herberhold: Metal ^-Complexes, Vol.11, 
Complexes with Monoolefinic Ligands, Elsevier, 
Amsterdam-London-New York 1972 and 1974. 

[2] M. Herberhold, C. G. Kreiter, and G. O. Wieder-
satz, J. Organomet. Chem. 120, 103 (1976) and 
references therein; cf. iidem, Z. Naturforsch. 31b, 
35 (1976). 

[3] M. F. Lappert and P. L. Pye, J. Chem. Soc. 
Dalton Trans. 1978, 837, and earlier papers in the 
series. 

[4] W . P. Giering and M. Rosenblum, J. Chem. Soc. 
Chem. Commun. 1971, 441. 

[5] A. Cutler, D. Ehntholt, P. Lennon, K. Nicholas, 
D. F. Marten, M. Madhavarao, S. Raghu, A. 
Rosan, and M. Rosenblum, J. Am. Chem. Soc. 97, 
3149 (1975). 

[6] D. E. Laycock, J. Hartgerink, and M. C. Baird, 
J. Org. Chem. 45, 291 (1980). 

[7] D. E. Laycock and M. C. Baird, Inorg. Chim. 
Acta 42, 263 (1980). 

[8] In acetone, displacement of 2-methylpropene by 
solvent occurred more rapidly than did reaction 
with alkene. However, the acetone complex was 
also eventually converted to alkene complex, as 
well. 

[9] R. K. Kochhar and R. Pettit, J. Organomet. 
Chem. 6, 272 (1966). 

[10] E. C. Johnson, T. J. Meyer, and N. Winterton, 
Inorg. Chem. 10, 1673 (1971). 

[11] W . E. Williams and F. J. Lalor, J. Chem. Soc. 
Dalton Trans. 1973, 1329. 

[12] R. F. Heck: Organotransition Metal Chemistry, 

Academic Press, New York and London 1974, 
Chapter V. 

[13] P. Busse, F. Pesa, and M. Orchin, J. Organomet. 
Chem. 140, 229 (1977). 

[14] A. De Renzi, B. Di Blasio, G. Paiaro, A. Panunzi, 
and C. Pedone, Gazz. Chim. Ital. 106, 765 (1976). 

[15] F. A. Cotton, J. M. Francis, B. A. Frenz, and 
M. Tsutsui, J. Am. Chem. Soc. 95, 2483 (1973). 

[16] For an apparent precedent of a 20-electron inter-
mediate, see P. Meier, A. E. Morbach, M. Darti-
guenave, and Y . Dartiguenave, J. Chem. Soc. 
Chem. Commun. 1979,49. Proposals of 20-electron 
intermediates are currently unpopular among 
organometallic chemists, in contrast to the 
respectability of 10-electron intermediates during 
bimolecular nucleophilic substitution reactions of 
carbon. 

[17] M. Herberhold, G. O. Wiedersatz, and C. G. 
Kreiter, J. Organomet. Chem. 104, 209 (1976). 

[18] D. A. Evans and D. J. Baillargeon, Tetrahedron 
Lett. 1978, 3319. 

[19] M. Brookhart and G. O. Nelson, J. Am. Chem. 
Soc. 99, 6099 (1977). 

[20] A. Davison and J. P. Selegue, J. Am. Chem. Soc. 
100, 7763 (1978). 

[21] A. R. Cutler, J. Am. Chem. Soc. 101, 604 (1979). 
[22] J. W . Faller and B. V. Johnson, J. Organomet. 

Chem. 88, 101 (1975). 
[23] B. E. R. Schilling, R. Hoffmann, and D. L. 

Lichtenberger, J. Am. Chem. Soc. 101, 585 (1979). 
[24] K. Stanley and M. C. Baird, J. Am. Chem. Soc. 

97, 4292 (1975). 


