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(m*-Vinylacyl)tricarbonylferrate and (n*-Vinylmethoxycarbene)tricarbonyliron
Derivatives
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Summary The trans addition of [HFe(CO),]~ to acetyl-
enic compounds gives the first (y*-vinylacyl)tricarbonyl-
ferrates, which are converted into (7*-vinylalkoxycarbene)-
tricarbonyliron derivatives by alkylation with MeOSO,F
or Me,OBF,.

Manvy transition metal-alkoxycarbene complexes have been
synthesized by the alkylation of acylmetallate complexes.l
We now report the preparation of the first (n*-vinylacyl)-
tricarbonylferrates and (n®-vinylmethoxycarbene)tricar-
bonyliron derivatives.

[(PhyP),N][HFe(CO),] (1) (3 mmol) was treated with the
acetylenic compounds (2a—c) (Scheme) (3 mmol) in
CH,(Cl, at 25 °C for 30 min. Addition of Et,O to the reaction
mixture gave 1:1 adducts, (3a—c), as yellow crystals in
yields of 92—959%,.1 Analogous adducts were also prepared
by the reaction of Na,[Fe(CO),] with B-halogenovinylcar-
bonyl compounds, such as methyl cis-f-bromoacrylate, and
isolated as bis[triphenylphosphineliminium salts, e.g. (3d).

The methylation of (3a) and (3b) with MeOSO,F or
Me;OBF, in CH,Cl,, and recrystallization of the product
from light petroleum (b.p. 37—41 °C), gave yellow crystals
of (5a) and (5b) in yields of 65 and 509, based on (3),
respectively.f On the basis of the following arguments,
and the data in the Table, the complexes (3) are believed
to be the [(Ph,P),N1* salts of (n*-vinylacyl)tricarbonylfer-
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ScHEME. i, CH,Cl,; ii, tetrahydrofuran; iii, MeOSO,F or Me;OBF,;
iv, C;H;NO; v, CelV and MeOH; vi, CF;CO,H; py = pyridine.

T Satisfactory analytical data for all formulated compounds, except the unstable complex (5b), have been obtained.

1 The methylation of (3¢) and (3d) did not give any product that could be isolated.
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rates, and not the expected alkenylferrate salts (4), and
complexes (5) are believed to be (n3-vinylmethoxycarbene)-
tricarbonyliron derivatives. (i) Complexes (3) and (5) are
diamagnetic and (5a) is monomeric in benzene solution, M
(Rast) 322 (calc. for C;;H,,OgFe: 326). (ii) The 'H n.m.r.
spectra of (3) and (5) in CD,Cl, exhibit, in addition to the
signals of the cation and the ester or the ketone, olefinic
protons [two slightly broad singlets for (3b) and (3c) at
high fields, 8 1:9—4-3], which strongly suggests the co-
ordination of the olefinic groups to the iron.? (iii) The
13C n.m.r. spectra of (3) and (5) exhibit two peaks at
abnormally high fields (3 18—54 p.p.m.), confirming the
above suggestions.? The J (133C-H) values (153—173 Hz)
show that these carbons are of sp? type. Further, the
signals at very low fields, ca. 240 p.p.m. in (3) and ca.
270 p.p.m. in (5), can reasonably be assigned to the acyl
carbon? and the carbene carbon,® respectively, co-ordinated
to iron. (iv) The i.r. spectra of (3a——d) exhibit, in addition
to the ferrate terminal carbonyl and ester or ketone car-
bonyl bands, a broad and strong absorption around
1740-1710 cm~!, This band is assigned to CO of the
n3-vinylacyliron group. The observed value of Ave-o
(= vo=0m® — Vc—on')® of the vinylacylferrateis ca. 160cm™,
which corresponds to that reported for the n3- and n!-vinyl-
acylcobalt analogues.” This characteristic band disappeared
when (3) was either methylated or protonated. The chemi-
cal properties of the complexes are also in agreement with
the structures assigned. In addition to the methylation
of (3a) and (3b) giving (5a) and (5b), respectively, the
oxidation of (5a) and (5b) with pyridine N-oxide gave
(1,1,2-trimethoxycarbonylethylene)- (6a), and (1,1-dimeth-
oxycarbonylethylene)-tricarbonylpyridineiron, (6b), respec-
tively.§ The co-ordinated carbene carbon is selectively
oxidized to the ester group® and the pyridine molecule
occupies the vacant site. The oxidation of (6a) by CelV in
methanol gave 1,1,2-trimethoxycarbonyl-2-methoxyethane,
(8a).
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TaBLE. (n3-Vinylacyl)tricarbonylferrates and (n3-vinylcarbene)-
tricarbonyliron derivatives.

H n.m.r. 13C n.m.r.
8 (CD,Cl,, 8 (CD,Cl,,
olefinic H) Fe-CO") v (FeC=0)
Complex (J/Hz) p.p.m. cm-1!
(3a) 3-67 (s) 2357 2015, 1937
1918
(3b) 243 (s) 242.7 1995, 1910
1-91 (s)
3c) 2:50 (3) 246-1 1995, 1915
1-93 (s) 1802
(3d) 3-57 (d, 4-6) 246-0 1995, 1915
2-40 (d, 4-6) 1900
(5a) 4-30 (s) 270-9 2050, 2000
(5b) 322 (s) 270-0 2040, 1988
263 (s)

The direction of the addition and the frans addition of
(1) to (2) can be deduced, based on the following facts.
(i) The protonation of (3a—d) with trifluoroacetic acid
gave (m-olefin)tetracarbonyliron complexes (7a—c) by a
route involving decarbonylation of the vinylacyl group.
From (3b), (m-methyl acrylate)tetracarbonyliron® was
obtained quantitatively. The deuteriation of (3b) gave
[(7-MeO,CDC=CH,)Fe(CO),] indicating that the acyl car-
bon is attached to the a-carbon of the ester group. The
direction of addition in (1} is the opposite to that in the
reaction of [HMn(CO);] and acetylenes.l® (i) The deuteri-
ation of [1®-cis-MeO,CCH=CHCOFe(CO);]~ (3d), derived
from methyl cis-B-bromoacrylate and [Fe(CO),]2~, gave
selectively [(m-cis-MeO,CCH=CHD)Fe(CO),] indicating that
the stereochemistry of the olefinic group is completely
retained during the protonation of (3). (iii) The protona-
tion of (3a) selectively gave (7-dimethyl fumarate)tetra-
carbonyliron (7a).? (iv) The deuteriation of [7%*-HDC=-
C(CO,Me)COFe(CO),]~, derived from (2b) with [DFe(CO),]—,
gave selectively (7r-trans-MeO,CCD=CHD)Fe(CO),].

(Received, 12th Mavch, 1976; Com. 254.)

§ Complexes (3a—d) were too unstable to enable the conductance to be measured in polar solvents such as nitromethane.
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