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UNUSUAL 1,3-HYDROGEN SHIFT IN THE REACTION OF

NazFe(CO)4 WITH METHYL E-3-CHLORO-2-BUTENOATE
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Methyl E-3-chloro-2-butenoate reacts with NazFe(CO)4 in THF
at 25°C affording an unexpected [n3-2-(methoxycarbonylmethyl)‘
acryloyl]tricarbonylferrate which has been derived by an unusual
1,3-hydrogen shift. The reaction was rationalized by assuming a

(nZ-allene)hydridoferrate intermediate.

g-Elimination and readdition of hydridometal complexes are very important
factors which determine the structure of organic products in the reaction involving
alkyl-l) and alkenyl-z) metal complexes. We now report an unusual 1,3-hydrogen
shift in a reaction of a halovinyl compound with NaZFe(CO)4, which is reasonably
considered to proceed via (nz—al1ene)hydridocarbonylferrate.

)

Methyl Z-3-chloro-2-butenoate (3 mmol) reacted with NazFe(C0)43 (3 mmol) in
tetrahydrofuran at 25°C affording the expected {né{Z-Z-methyl-S-(methoxycarbonyl)-
acryloyl]ltricarbonylferrate, which was isolated as a bis(triphenylphosphine)iminium

4,5,6) in a 55% yield (Scheme). The reaction may be rationalized by the

salt
substitution reaction of the halide with [Fe(CO)4]2- followed by the insertion of a
CO group and the co-ordination of the olefinic group to the iron atom4) (Scheme) .

The reaction of methyl E-3-chloro-2-butenoatewith NazFe(CO)4 also gave yellow micro
crystals (yield 59%), however, the following observations and the spectral data of vn
the complex shownin the Table exhibited that the structure is not the expected 0 but
[n3-2-(methoxycarbonylmethyl)acryloyl]tricarbonylferrate 16); 1) the 1H nmr spectrum

7) exhibited the signals due to two metal-coordinated vinylidene

taken at -30°C
protons (8§, 2.15(1H) and 2.51(1H), J¥0 Hz) instead of the expected terminal methyl
protons. Furthermore an AB quartet (8, 2.29(1H) and 2.92(1H) J=14.0 Hz) due to

nonequivalent sp3 methylene protons was observed which was assigned to the methoxy-

carbonylmethyl group. 2) 13C nmr spectrum also showed the presence of a co-ordinated
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Table. Ir, 1H and 13C nmr Spectral Data of 3 and 7.
P R
Complex Ir(KBr, cm—l) 1H nmr 13C nmr
(s ppm, TMS, CD,Cl,, J Hz)
Me  _ 1990
A0 1910} Veso 1.50(s, 3H) NC-CH;  20.5(qd, Joul27, Jooen?-2)
[PPNT* | oo o 1890 3.40(s, 1H) CH= Moo 50
28 1718 ve, 3.42(s, 3H) OMe 32.7(m, Jecy 3-8) C*ETC
3 ¥
Fe
3 1678 v 47.8(da, Joyl53.7, Joeen
=0 4.9)  H-C=
243.9(s) FeC=0
CO,Me 1977 2.15(s,1H, JX0) Hy  31.8(s) C¥C<C=0
- Y
CHJ 1905} Vezo 2.51(s, 10, J20) HE o e 1ss, 1709
) 1875 2 29 4 Jeu
L | A0 21201 (ABq, J=14.0) 2
[PPN] Wl 1725 ve_g CH, 41.4(t, Jou131) CH,
(CO) 4 695 “iﬁo 3.48(s, 3H) OMe 248.9(s) FeC=0

olefinic group (6, 31.8 (s) and 33.4 (dd, J=152, 170 Hz) ppm), a methylene group
(41.4 (t) J=131 Hz) and an acyl-iron group (248.9 ppm (s))*). 3) The ir spectrum

showed the terminal Veso of the complex having minus charge on it (1977, 1905 and 1875

cm-l) and a characteristic band of nS—acryloyl group (1725 cm-l) as well as the v
1

Cc=0

of the ester group (1695 cm ~). The complex { can be derived by the 1,3-hydrogen

shift of the methyl proton in 3.

In order to account for this result we postulate the following reaction route.s)

1) The corresponding alkenyl-iron complex 8 is formed4). 2) Dissociation of a carbon
monoxide and the g-elimination of 8 gives (nz-allene)hydridoferrate 2 which isomerizes
to 10. 3) Readdition of the hydride and the migratory insertion of a carbonyl group
and the co-ordination of the olefinic group affords Z. The discrepancy of the
reaction of p! and é may be partly due to the stabilization effect of a methoxycarbonyl
group at eis position of Fe(CO)4' group in the reaction of % which may make a chelate
ring such as é. The Belimination-readdition reaction of an alkenyl iridium complex via
a (nz-allene)hydridoiridium complex was reportedz), however, the product was n3-311y1
complex derived by 1,2-hydrogen shift. To our knowledge, this is the first example

of a 1,3-hydrogen shift which is reasonably considered to proceed via a (nz-allene)-

hydridometal complex.
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[PPN]+=bis(triphenylphosphine)iminium cation
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