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Summary

The reaction between 7-(PhCH=CHCOR)Fe(CO); {R = H, CH;, Ph) and
L (L = PPh,, AsPh,, SbPh;) in acetone occurs in two steps. The products of the
first step are the 7-(PhCH=CHCOR)Fe(CO);L complexes, which in the second
step yield Fe(CO);L. and m-(PhCH=CHCOR)Fe(CO), L. The kinetic results indi-
cate that the first step is association of the substrate with the ligand. The varia-
tion of the ratio {Fe(CO);L,]/[1-(PhCH=CHCOR)Fe(CO),L] with L suggests
three different reaction paths for the second step.

Introduction

Reactions between Group V ligands and organometallic carbonyl com-
plexes have been studied extensively and substitution of the hydrocarbon [1]
or of the CO [2] group has been observed. This behaviour was also observed
for the w-dieneiron tricarbonyl [3] and w-heterodieneiron tricarbony! [4, 5]
complexes.

In this work we have studied the behaviour of #-(PhCH=CHCOR)Fe(CO),
complexes in an attempt to detect the formation of intermediate olefinic
mT-(PhCH=CHCOR)Fe(CO);L complexes.

During completion of this work, other authors [6] reported the formation
of 7-(RCH=CHCOR')Fe(CO);L complexes with very basic phosphinic ligands.

Experimental

The complexes 7-(PhCH=CHCOR)Fe(CO); (R = H, CH;, Ph) were pre-
pared as described elsewhere [5,7].

The complexes 7-(PhCH=CHCOR)Fe(CO).L (L = PPh;, AsPh;, SbPh;)
were freed from the disubstituted Fe(CO);L. complexes by chromatography on
Al.O; using hexane as supporting liquid, and a 1/3 mixture of CH,Cl,/hexane
as eluent.
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TABLE 1
IR STRETCHING FREQUENCIES FOR n(PhCH=CHCOR)Fe(CO)3L AND n(PhCH=CHCOR)Fe(CO)2 L
COMPLEXES IN HEXANE

HCO) (cm ')
R L n-(PhCH=CHCOR)Fe(CO)1L n{PhCH=CHCOR)Fe(CO), L
H PPh; 2047, 1980, 1962 2000, 1947
H AsPh3 2050, 2057. 1982, 1965 2000. 1951
H SbPh3 2034, 1972, 1960 1994, 1947
CH3 PPh3 2040, 1977. 1962 2002, 1947
CHj3 AsPh3j 2052, 1982, 1962 2002, 1942
CH3 SbPhj 2044, 1972, 1962 1997, 1945
Ph PPh3 2047, 1991, 1962 2000, 1947
Ph AsPh, 2050, 1982, 1964 2002, 1947
Ph SbPhj3 2027, 1992, 1964 2000. 1947

The complexes 7-(PhCH=CHCOR)Fe(CO);L were not separated but
were identified by their IR CO stretching bands (Table 1). The structure of
these complexes is probably trigonal bipyramidal, as ocbserved for other Fe®
complexes [8]. The three stretching bands of the CO group suggest that neither
PPh; nor PhCH=CHCOR ligands are simultaneously apical in the bipyramid,
but probably PPh; is in the apical and PhCH=CHCOR is in the equatorial
position.

The kinetic runs were performed using a ten-fold excess of PPh; in
carefully deaerated acetone. The pseudo-first-order rate constants were mea-
sured by following the disappearance of the CO stretching band at the higher
frequency of the reacting complex and the appearance of the CO siretching
frequency due to Fe(CO)i(PPh,),; at [PPhi] < 107' M, these rate constants
are equal within the limits of experimental error, at [PPh;] > 10™"' M the
rate constants differ and the formation of the intermediate 7-(PhCH=CHCOR)-
Fe(CO);L is observed.

Spectrophotometric measurements were carried out in NaCl cells on a
Perkin—Elmer 257 instrument. The temperature of reaction was 40°.

Results and discussion

The stoichiometry of the reaction is as follows:

7{PhCH=CHCOR)Fe{CO); + (1 +a) L » « Fe(CO);L, +
(1 —a) 7(PhCH=CHCOR)Fe(CO),L + (1 — a) CO + a (PFhCH=CHCOR) (1)

a is the fraction of Fe(CO);L; per mole of the reacting complex.

The reaction occurs in two steps. In the first, 7-(PhCH=CHCOR )Fe(CO); L
complexes are formed and the kinetic results (Table 2) show that this step is of
second-order and the mechanism is associative with the ligand PPh;.

The intermediate 7-(PhCH=CHCOR)Fe(CO);L complexes react further
to yield Fe(CO);L,; and m-(PhCH=CHCOR)Fe(CO).L complexes in the ratio
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Fig. 1. Plot of /(1 — @) vs. PPh3 for reaction 1 in acetone at 40° with R = H (a), CH3 (b), Pb (c).

w

aI.L — @. This rati Yeas -entration and the b 1c1t.y of the
ligand L. Figure 1 shows the plot of the «/1 — « versus the concentration of
PPh,; this plot is linear and the intercept is non-zero.

These experimental results may be explained on the basis of Scheme 1.
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TABLE 2

THE r‘A'I‘IO a/(1 —a) AND SECOND-ORDER RATE CONSTANTS FOR REACTION 1 IN ACETONE

AT 40

n(PhCH=CHCOR)Fe(CO)3 10°[PPh3} 10° &, il —a)  kalks  Kalk3 kK
R ) or! sechH o wrl)
H 212 0.57 17.7 0.24¢ 74
H 3.01 0.88

H 4.01 0.94

H 5.01 1.70 1.07

H 10.20 4.60 2.04

CHj3 2.00 1.07 32.0 0.490 65
cH, 3.10 1.50

cH; 4.05 1.61

CH; 5.10 7.43 2.00

CH3 6.03 2.33

CH3 10.30 7.30

Ph 2.00 0.56 20.4 0.150 136
Ph 3.02 0.77

Ph 5.10 47

Ph 5.50 1.32

Ph 7.14 1.65

Ph 10.10 4.55 2.16




SCHEME 1 M) L 7T _{(FNCH==CHCOR)Fe(CO)L + CO
77~ (PnCH==CORFelCOl; X1 an TF—(PhCH=CHCOQJFe(CO),L—L—Fe(Co),L + PhCH=—CHCOR
+L
e for
. !
2 = Fe(COlL, + PnCH=CHCOR

+L

If ks {L] > k3, as is reasonable, the ratio /(1 — ) is given by eqn. 2. This ac-
a _k, k2 2
T—a "k, F17E, (2)

counts for the linear trend in Fig. 1.
On the basis of expression 2 the values k. /&5, k; /k3 and k, /k; are ob-

tained and are given in Table 2.

Equation 2 shows that Fe{CO);L, is formed by two parallel pathways,
one associative with L and the other dissociative. This mechanism is different
from that observed with square planar olefinic complexes [9] which react by
an associative mechanism and with octahedral olefinic complexes [10], which
react by a dissociative mechanism.

The ratio k, /k5 gives the rate of the associative relative to that of the dis-
sociative path for the formation of Fe(CO);L.; the ratio values decrease in the
order Ph > H > CH,, thus, the CH; substituent favours the dissociative path,
in accord with substituent effects found in the olefinic complexes studied pre-
viously [11].

At this stage of the investigation it is impossible to say whether or not
the formation of the #-(PhCH=CHCOR)Fe(CO),L complexes proceeds via an
intramolecular cihelation mechanism, particularly in view of the results ob-
tained for the formation of 7-(PhCH=CHCOR)Fe(CO); from 7-(PhCH=
CHCOR)Fe(CO), [12].

References

F. Zingales, A. Chiesa and F. Basolo. J. Amer. Chem. Soc., 88 (1966) 2707: A. Pidcock and B.W.
Taylor. J. Chem. Soc. A, (1967) 877.
T.A. Manuel aad F.G.A. Stone, J. Amer. Chem. Soc., 82 (1960) 366.
A. Reckziegel and M. Bigorgne, J. Organometal. Chem., 3 (1965) 341.
S. Otsuka, T. Yoshida and A. Nakamura, Inorg. Chem., 6 (1967) 20.
A.M. Brodie, B.F.G. Johnson, P.L. Josty and J. Lewts, J. Chem. Soc. Dalton, (1972) 2031.
A. Vessieres and A. Dixneuf, Tetrahedron Lett., (1974) 1499.
E. Koerner Von Gustorf, F.W. Grevels, C. Kniger. G. Olbrich, F. Mark, D. Shulz and R. Wagner,
Z. Naturforsch. B, 27 (1972) 392.
A.R. Luxmoore and M.R. Truter, Acta Crystallogr., 15 (1962) 1117:
C. Pedone and A. Sirigu, Inorg. Chem., 7 (1968) 2614%.

9 C.E. Holloway and J. Fogelman, Can. J. Chem.;, 48 (1970) 3802.
10 M. Wrighton, G.S. Hammond and H.B. Gray, J. Amer. Chem. Soc., 93 (1971) 6048.
11 G. Cardaciand V. Narciso, J. Chem. Soc. Dalton. (1972) 2289:

G. Cardaci, Int. J. Chem. Kiaet.. 5 (1973) 805.

12 G. Cardaci.J. Amer. Chem. Soc., in press.

NOUmbhLN -

]



