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THE REACTION OF CARBONYLHYDRIDOFERRATE(0) IN APROTIC SOLVENTS. I.
HYDROACYLATION OF «,8-UNSATURATED CARBOXYLIC ESTERS
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a,B-Unsaturated carboxylic esters selectively insert into the
hydrogen-iron bond of [FeH(CO)4]_ in an aprotic solvent under an
ambient condition to give an alkyl-iron complex, which gives a hydro-

acylated product by treatment with alkyl iodide.

The reaction of tetracarbonylhydridoferrate(O0), [FeH(CO)4]- ({), which is
1)

recently proposed to be the catalytic species in Reppe's hydroxymethylation,
2)

with unsaturated compounds such as olefin has been studied. However, almost all
of these reactions were carried out in protic solvents such as alcohol and/or
water, and the hydrogen transfer occurred too readily to isolate the reaction
intermediate.

In this letter we wish to report the hydroacylations)

of a,B-unsaturated
carboxylic ester (II) using the ferrate (I) and alkyl iodides in aprotic solvents
under an ambient condition. a,B-Unsaturated carboxylic esters (I}) selectively
insert into the hydrogen-iron bond of (I) to give alkyl-carbonylferrate (m,
which can be isolated as a bis(triphenylphosphine)iminium salt. The complex (II)
is converted into a hydroacylated compound by treating with alkyl iodide4)

(Scheme-1).



1386

Scheme-1

Na[FeH(CO) ]

(0

(I)a,b,c

a

+

Rl

H
r! R?
H H
H H
Me H
H Me

r2

(11
é%
Me
Et
Me

Me
(B)

R'I

)

(l:=c-c00R3

R? -
) RlCHZ-%-COORS
THF Fe (CO),
(II)a,b,c

Chemistry Letters, 1974

The typical results of the hydroacylation are shown in Table-1.

TABLE-1, HYDRQACYLATION OF o,B-UNSATURATED CARBOXYLIC ESTERS.
RZ
1./ 3 L4 0 . . 1 4*3
R -Q-C-COOR R'I Temp( C) Solvent Time (hr) Product Yield
H
%
Rt r? R We w o® W ® )
*
a H H Me EtI 20 30 THF THF-NMP2 1 48 2-methyl-3- 80
2 1 oxovalerate
b H H Et Mel 30 30 THF THF 2.5 14 2-methyl-3- 74
oxobutyrate
c Me H Me Mel 50 30 THF THF 5 14 2-ethyl-3- 43
oxobutyrate
c Me H Me Mel 30 30 THF THF-NMP 15 30 2-ethyl-3- 67
2 1 oxobutyrate
d H Me Me — 50 — THF — 24 no reaction
*#]1. (A) and (B) mean the reactions (A) and (B) in Scheme-1, respectively.
*2. N-Methyl-Z-pyrrolidone.
*3, Yields, based on [FeH(CO)4]', were determined by gas chromatography.
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The reaction procedure will be illustrated by the synthesis of ethyl 2-
methyl-3-oxobutyrate. Ethyl acrylate ([}b) (5.5 mmol) was added to [FeH(C0)4]'
(I) (5.5 mmol) in THFS) (38 m1) at 30°C under an argon atmosphere and agitated for

1 hr.6)

Then the reaction mixture was treated with 11 mmol of methyl iodide to
give selectively ethyl 2-methyl-3-oxobutyrate in a 74% yield. The yield was
improved by the addition of 19 ml of N-methyl-2-pyrrolidone to the solution of

m. 4

In all cases, acylation selectively occurred on the a-position of the
ester group.

The insertion of ([}) into hydrogen-iron bond of (I) is dramatically affected
by the atmospheres; under a carbon monoxide atmosphere the insertion reaction is
practically suppressed at room temperature in contrast to that under an argon

atmosphere. This effect may be due to the following equilibrium,l)

[FeH(CO)4]- [FeH(CO)s]- + CO

and the tricarbonylferrate appears to be a real active species in this reaction.
Analogous effect has been observed in the reaction of tetracarbonylhydridocobalt
(I).7) The insertion reaction is also affected by the substituent on the a-
position of the ester (Rz). Methyl methacrylate ([}d) does not react with (;)
even at 50°C. This may attribute to the steric hindrance of the methyl group.
The complex (Iga) was isolateds) from the reaction mixture as a
bis (triphenylphosphine)iminium saltg) (Yield 37%), which supports the reaction
scheme 1. [(P¢3)2N]+ HSC-QHCOOMe s mp (under argon) 114-116°C dec. Anal.
Fe(CO)4
Calcd. for C,,H;,0(NP,Fe: C, 66.59; H, 4.70; N, 1.77%. Found: C, 66.29; H,
4,.59; N, 1.58%. IR (XBr disk): vCO 1998(m), 1901(s), 1887(s), \)COester 1667 (m)
cm™l. PMR (220 MHz Acetome dg): t 6.6(s, 3H), 7.6(q, 1H, J=7 Hz), 8.6(d, 3H,
J=7 Hz)ppm. Further organic syntheses using (I) in aprotic solvent are in

progress.
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