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Abstract 

Dehydrohalogenation of halogeno-tricarbonyl(2-hydroxypropenyl)in complexes (6) with a silver 
tetrafluoroborate/pyridine complex gives the dimeric tricarbonyl(oxyallylhron complexes (41, or, in the 
presence of CO, the tetracarbonyl(2-hydroxypropenyliumhron salts (8). The latter complexes are 
soluble only in strongly polar solvents, and show unprecedentedly large geminal 2J(HH) coupling 
constants (5.9-6.1 Hz) for the P-complexed allylic ligands. The dimeric methyl-substituted oxyallyl 
complex (4b) undergoes a facile intramolecular rearrangement followed by fragmentation to yield 
tricarbonyl(n4-2-hydroxybutadienehron (10). Neither the methyl-substituted nor the cationic tetracar- 
bonyloxyallyl complexes undergoes cycloaddition with furan. 

Introduction 

Oxyallyl (l), a formal analog of trimethylenemethane, may be involved as a 
short-lived intermediate in well-known reactions such as the Favorski rearrange- 
ment and the cycloaddition of a,a’-dihalogenoketones to dienes under reductive 
conditions (Noyori reaction). We previously described [l] the synthesis of the 
(oxodimethylenemethane)iron dimer 4a, a transition metal stabilized oxyallyl sys- 
tem, and the present work was initiated to investigate the possible involvement of 
r-complexed species in the latter reaction. 

Noyori et al. [2] tentatively assigned enolate structure 2 to the reaction interme- 
diate, whereas FGlisch et al. 131 proposed the dinuclear-bridged complex 3 on the 
basis of the X-ray structure of a closely related sulfur-containing compound. Either 
product could undergo loss of bromide ion to yield a free ally1 cation. 

The observed lack of reactivity of complex 4a towards cycloaddition, e.g. [4 + 31 
addition to furan, might be due to the low electrophilicity of the complexed ligand 
or insufficient stabilization of a transitorily formed unsubstituted ally1 cation. In 
order to throw light on the matter we examined both alkyl-substituted derivatives 
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and cationic analogs of complex 4a. 

1 2 3 

Results and discussion 

4a 

The methyl-substituted complex 4b was synthesized in two steps by complexa- 
tion of the known silyl enol ether 5b with Fe,(CO), followed by dehydrohalogena- 
tion of the isolated intermediate, bromotricarbonyl(q3-2-hydroxy-2-butenyI)iron 
(6b), by treatment with the salt [Ag(pyridinellBF, generated in situ. Two equiva- 
lents of silver salt are required, since the precipitate consists of [Ag(pyridine),]BF, 
and only silver ions in solution remove halides. The function of the precipitated 
silver complex is probably simply to lower the concentration of dissolved pyridine. 
Most of the protecting trimethylsilyl groups were cleaved off during complexation, 
leaving only minor amounts of the silyl-protected complex of 6. Complete conver- 
sion to complex 6b occurred during work-up, including chromatography on silica 
gel (Scheme 1). 

Complex 6b possesses the structure shown, containing an e&o-oriented allylic 
ligand and a Z-configurated CH, group. The position of the latter was deduced 
from the absence of a 4J coupling between I?,,,,-C(1) and H-C(3) in the ‘H NMR 
spectrum (cf. Table 1) (syn and anti with respect to the substituent at C(2)): the 4J 
coupling constant between the syn-hydrogens arranged in a W-shape in the 
unsubstituted complex 6a has a value of 3.5 Hz. Assignment of the syn- and 
anti-hydrogens, in turn, were based on the findings that mutual NOEs are 
observed between (a) the signal of the OH group (5.3 ppm) and the signals of the 
CH, group (2.0 ppm) and Hsyn- C(1) (4.16 ppm), and (b) between those of 
H,,,i-C(l> (3.06 ppm) and Han,;- C(3) (4.09 ppm). Upon addition of Eu(fod),, 
there was a l.Zfold larger displacement of the signal at 4.16 ppm (H,,,,-C(1)) than 
of th,e signal at 3.06 ppm (H,,,&(l)). 

The en&-orientation is commonly adopted by 2-substituted allylic ligands for 
steric reasons. Furthermore, the observed dependence of the chemical shifts for 
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the syn- and anti-hydrogens on the electronegativity of the ligand X in all 
complexes of type 6 is fully consistent with the known behaviour of unsubstituted 
en&-oriented allylic iron carbonyl complexes [4]. 

Dehydrohalogenation of 6b yielded two complexes, the expected dimeric oxy- 
allyliron complex 4b and tricarbonyl(q3-2-hydroxybutadienehron (10) [5], in varying 
ratios. In the experiment giving the best yield of 4b, products 4b and 10 were 
formed in a ratio of 3/2, as indicated by ‘H NMR spectroscopy. 

There is no rigorous proof of the dimeric nature of compound 4b because its 
instability precludes any further analytical investigations, especially by mass spec- 
trometry, but there are very similar highfield shifts in the ‘H NMR spectrum for 

I-H,,, and l-Hanti on going from 6b to 4b (0.44 and 1.66 ppm) as on going from 
6a to 4a (0.52 and 1.40 ppm). The configuration of the methyl substituent in 
complex 4b remains Z, as shown again by the absence of a 4J(HH) W-coupling. Of 
the two possible structures A and B for a dimeric complex 4b only one is obtained. 
Neither of these could be assigned unambiguously, although isomer B is expected 
to be formed preferentially because of the smaller steric interactions in the folded 
dimeric structure, assumed to be similar to that of the unsubstituted complex 4a, 
which possesses a folded, dynamic C, structure [l]. 

In solution, even at low temperatures (- 78 o C), 4b gradually decomposes, and 
is partly converted into 10, the only isolable product (yield up to 70%). In a typical 
run, the decrease in the amount of 4b in dichloromethane at room temperature 
had a first-order rate constant of k = 8 X lo-” s-’ and 10 was formed in a relative 
yield of 20%, as shown by ‘H NMR spectroscopy by using an internal standard. It 
is difficult to define the mechanism of this facile transformation, since intermolec- 
ular deprotonation or protonation steps are probably not involved: such steps 
would immediately transform the dienol complex 10 into the known heterodienic 
complex 11 [6], a reaction which even occurs during chromatography of 10 on 
neutral alumina. One possible mechanism (Scheme 2) would start from a dimeric 
complex with a double hydrogen shift from carbon to iron together with a release 
of the carbon atoms C(3) of the allylic ligands from the coordination sphere of iron 
and formation of freely rotating vinyl groups. Such hydrogen shifts could be 
facilitated by the short trajectory distance in the high energy conformer of isomer 

Scheme 2. 
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5 

a: R=H 
b: R=CH3 

Scheme 3. 

B of 4b. This distance is about 2 A as estimated from a molecular model based on 
the structural data for 4a, i.e. only slightly above the distance between iron and an 
agostic [7] hydrogen. Transfer of the hydrogen atoms from iron to the oxygen 
atoms of the organic ligands is favored thermodynamically. Complexation of the 
rotated free vinyl groups and release of the hydroxyl group ligands would finally 
lead to two molecules of 10. 

Evidence for the existence of the monomeric complex 7b, at least in the gas 
phase, was provided by the mass spectra of the complexes investigated so far. On 
EI ionization, both complex 6b and 4b yield typical mass spectra showing frag- 
ments from consecutive losses of CO ligands. In addition, further fragments from 
either a loss of the halogen atom X or of both H and X, are noted. The loss of 
both H and X can be clearly seen to take place in a thermal process prior to 
ionization from the pronounced increase in the relative intensity of the peaks 
(tentatively) assigned to 7b with increase in the source temperature. This assign- 
ment is based on both the isotopic pattern and the exact mass of the pertinent 
mass fragments. 

Nevertheless, preparative flash vacuum pyrolysis of complex 6b in the presence 
of furan gave no trace of the expected cycloaddition product 12, but instead 
yielded 2-butanone (27%). In an attempt to trap the proposed intermediate 7b in a 
cycloaddition reaction, the dehydrohalogenation of 6b was carried out in furan as 
solvent, but again no cycloaddition product 12 was isolated (Scheme 3). 

An alternative to a concerted [4 + 3]-cycloaddition would be a stepwise mecha- 
nism (Scheme 3) involving electrophilic addition of oxyallyl to furan followed by an 
intramolecular attack on the enolic double bond by the intermediate carbocation. 
This route may perhaps be followed to some extent (6% yield) in the reaction of 
silyl enol ether 5a (X = Cl) with furan in the presence of ZnCl, [l]. The replace- 
ment of the halide ligand in complexes of type 6 by CO should lead to increased 
electrophilicity and thereby enhance the reactivity towards furan by virtue of the 
resulting net positive charge on the tetracarbonyl complexes of type 8. 

0 0 

Complexes 8a and 8b were readily prepared from the bromo complexes 6a and 
6b by dehalogenation with AgBF, under an atmosphere of CO in CHzCl, [8] 
followed by extraction of the sparingly soluble precipitate with trifluoroacetic acid. 
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It is noteworthy that the ‘J coupling constants between the syn and anti protons in 
complexes Sa and Sb are 5.9 and 6.1 Hz, respectively, unprecedentedly large values 
for geminal coupling constants for 7r-complexed allylic ligands. This points to an 
important contribution by limiting metallacyclobutanone structures [l] in these 
complexes, a conclusion which is corroborated by the changes in the i3C NMR 
chemical shifts of complexes of type 6 compared with those for type 4 or 8. 

The EI mass spectra of complexes 8a and 8b show only fragments from a loss of 
both HBF, and one CO ligand as the ions of highest mass. The mass spectra 
therefore indicate a facile thermal fragmentation to yield exclusively the still 
elusive monomeric complexes 7a and 7b. 

Surprisingly, complexes of type 8 proved to be stable in trifluoroacetic acid for 
several hours at room temperature, although small amounts of the trifluoroacetato 
complexes 9a and 9b were formed (yield up to 10%). 9a was also made indepen- 
dently from 5a and CF,CO,Ag. In acetonitrile and acetone, however, both 8a and 
8b decompose with a half-life time in the region of 1 h, presumably via exchange of 
one CO ligand by a solvent molecule. These observations point to a very labile CO 
ligand. Decomposition in the presence of furan, however, afforded no adduct, 
either in the presence or absence of base (pyridine). 

Experimental 

All ‘H and 13C NMR spectra were recorded on a Bruker AM360 spectrometer 
operating at 360.13 and 90.56 MHz, respectively, and the EI MS spectra were 
obtained with a VG Instrument 70/70E instrument. The elemental analyses were 
carried out in the Analytical Laboratory of CIBA-GEIGY in Marly (Switzerland). 

The silyl enol ethers 5a and 5b were prepared by published procedures 191. All 
experiments were carried out under pure dry nitrogen using dried and oxygen-free 
solvents and reagents. 

Preparation of bb 
2-Trimethylsiloxy-3-bromobutene (Sb) (12 g, 53.8 mmol) and Fe,(CO), (40 g, 

110 mmol) were stirred in 40 ml of benzene at 35 ’ C for 4 d. The dark solution was 
filtered and evaporated to dryness. The residue was dissolved in diethyl ether and 
the solution filtered through a plug of glass wool. The ‘H NMR spectrum of the 
solution showed it to contain a mixture of silylated (6b-Si(CH,),) and desilylated 
6b. Complete conversion into 6b occurred during subsequent chromatography on 
silica gel with diethyl ether as eluent. The orange fraction was evaporated and the 
residue crystallized from CH,Cl, at - 78 O C to yield 6.8 g (43%) of pure 6b. Small 
scale preparations consistently gave much lower yields. Found: C, 28.97; H, 2.45. 
C,H,FeBrO, (290.75) talc.: C, 28.89; H, 2.41%. 

6b: MS: m/e (rel. intensity) 264/262 (4), 236/234 (13), 211 (5), 210 (8), 208/206 
(lo), 183 (lo), 182 (49), 155 (lo), 154 (35), 127 (15), 126 (43), 109 (20), 108 (loo), 86 
(33), 84 (52), 73 (30), 56 (60), 49 (90), 43 (100). 

Preparation of 4b 
To a solution of 694 mg (3.57 mmol) AgBF, in 50 ml of dry diethyl ether was 

added 25 ml of diethyl ether containing 282 mg (3.57 mmol) of pyridine. A white 
precipitate was formed. To the mixture was added 500 mg (1.72 mmol) of 6b in 25 
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ml of diethyl ether. The mixture was stirred at room temperature for 15 min, then 
filtered through a small amount of silica and glasswool. The solvent was evapo- 
rated in vacua at room temperature, and the yellow residue (204 mg, 57%) was 
purified by column chromatography on silica with CH,Cl, as eluent. The main 
fraction (93.1 mg) consisted of an inseparable mixture of 4b and tricarbonyl(q4-2- 
hydroxy-1,3-butadieneliron (10) in a 3/l ratio. 

Preparation of 8b and 8a 
A suspension of 106.7 mg (0.55 mmol) AgBF, in 10 ml dichloromethane was 

saturated with carbon monoxide by passing a slow stream of CO through it for 2 
min. A solution of 150 mg (0.52 mmol) 6b in 5 ml of dichloromethane was added in 
portions during 3 min. The colour of the solution changed from orange to yellow 
and a yellow precipitate separated. The passage of CO was continued for 10 min 
and the mixture was then filtered. The precipitate was washed twice with cold 
CH,Cl, and dried in uacuo at room temperature (215.3 mg). The filtrate and 
washings were combined and evaporated in uacuo at room temperature to yield 
44.4 mg of yellow crystals, which were shown by NMR spectroscopy to consist of a 
mixture of starting material and 4b. The original precipitate was extracted with 
trifluoroacetic acid to yield Sb (72.6 mg, 43%). A satisfactory elemental analysis 
could not be obtained owing to partial exchange of the counter ion during 
extraction. 

Complex 8a was synthesized by the same procedure starting from 6a (yield 
58%). 

8a: MS: m/e (rel. intensity) 196 (30), 168 (651, 140 (401, 112 (201, 84 (60), 69 
(80), 56 (951, 45 (100). 

8b: MS: m/e (rel. intensity) 210 (101, 182 (401, 154 (40), 126 (951, 84 (301, 72 
(90), 56 (100). 

Reactions of 8a and 8b with CF,CO,H, and preparation of 9a and 96 
Solutions of Sa or Sb in trifluoroacetic acid slowly lost a CO ligand to form the 

unstable complexes 9a and 9b, respectively. Attempts to isolate these complexes by 
evaporation of the solvent in uacuo were frustrated by rapid decomposition of the 
compounds under these conditions. Solutions of 9a in trifluoroacetic acid were 
obtained independently by reaction of 6a with 1 equivalent of CF,CO,Ag. 

Conclusion 

Although the reactivity of the complexed oxyallyl system towards [4 + 3]- 
cycloaddition, e.g. with furan, could not be increased by introduction of an alkyl 
substituent or a positive charge, their possible participation in the Noyori cycload- 
dition reaction cannot be ruled out, since the corresponding a,a’-dibromoketones 
also fail to react under the conditions of the Noyori reaction [lo]. 
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