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tion of O, with the resulting Fe!'-EDTA to form the peroxo
complex which in turn decomposes to Fe!!'-EDTA and H,0..
Finally, trace C of Figure 2 shows the rate and extent to which
equimolar amounts of Fell’l-EDTA and H>O, combine to form
the peroxo complex. It should be noted that traces A and C
converge as nearly equal amounts of total peroxide are present,
while in experiment B the final absorbance value is less, con-
sistent with the reduction of Fe!''-EDTA to Fe!'~-EDTA by
O;~ to form O, resulting in a lower final concentration of
H>05. The results of Figure 2 are thus rationalized in terms
of reactions 3-5.

Fe!'-EDTA + O,~ — [Fe!!'-EDTA-0,]3~ 3)
Fel'l'.EDTA + O,~ — Fe!'-EDTA + O, 4

H+
[Fell-EDTA-0,]3- = Fe!''-EDTA + H,0, (5)

From a knowledge of the dead time of the stopped-flow in-
strument we estimate k3 2 107 M~!s~! The values of the
other rate constants were estimated from experiments similar
to those described in Figure 2 in which the rate of formation
and breakdown of the peroxo complex was observed; estimates
arekg~6X 103 M-Is~! ks~1s~! andk_s~ 500 M~ !5~
Equations 3-5 describe a minimal scheme for the catalytic
dismutation of superoxide by Fe-EDTA which is qualitatively
and quantitatively consistent with all of our observations and
which involves the well-known and relatively stable iron-
peroxo complex as an obligatory intermediate. The details of
this general scheme and its putative relationship to the
mechanism of the iron-superoxide dismutase!® are currently
under investigation.

Reaction 3 bears considerable analogy to the oxidation of
animopolycarboxylate complexes of several bivalent transition
ions by halogens as studied by Woodruff and Margerum.!’
These authors observed that the oxidation of Fe!!-EDTA by
Br; and I, proceeded at a rate on the order of 10’ M~!s~!, and
they suggested that this was determined by the rate at which
the oxidant could enter the inner coordination sphere of the
complex. This is formally a one-electron oxidative addition
reaction as surveyed by Halpern.'8 Reaction 4 appears to be
a direct one-electron reduction of Fe!''-EDTA,; it is not known
whether the O,~ must enter the first coordination sphere or
if an outer-sphere reaction occurs.
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Hydroacylation of Michael Acceptors through Sequential
Insertion Reactions of Organotetracarbonyiferrates
Sir:

While reagents abound for the introduction of acyl anion
equivalents via displacement and carbonyl addition reactions,!
relatively few methods exist for the introduction of such units
in a conjugate manner to Michael-type acceptors.2 We now
wish to report a new method for the direct hydroacylation of
such acceptors.

We3 and others? have previously shown that organotetra-
carbonylferrates, 1, prepared in high yield through the alkyl-
ation of Na,Fe(CO)4 with ordinary halides and tosylates,
undergo facile carbonyl insertion reactions in the presence of
suitable ligands to give acylferrate complexes which in turn
serve as acyl anion equivalents. We have also shown that in the
presence of ethylene, 1 undergoes sequential migratory in-
sertion reactions whereby the olefin is incorporated in the
product.> We now find that 1 undergoes multiple insertion
reactions with a variety of Michael-type acceptors (C=
C—Z) giving B-ketoesters, ketones, and nitriles from common
alkylating agents as shown in eq 1. Illustrations® of this

transformation using simple alkyl halides are shown in Table
L

|| Q

—C=0C—7Z H* ” I

Na,Fe(CO), _— RCCllTZ (1)

RX —=—% RFe(CO),
1

5

In the case of unsaturated esters and nitriles, the transfor-
mation may be performed in a single operation by the alkyla-
tion of Na;Fe(CO)y in the presence of the desired acceptor
followed by quenching with acetic acid.6 The addition of un-
saturated ketones, which are often incompatable with Na,-
Fe(CO)4 owing to polymerization or reduction, is deferred
until formation of 1 is complete.

While anionic acyl nickel complexes derived from the ad-
dition of alkyllithium reagents to nickel tetracarbonyl have
been reported to serve in a similar fashion as acyl donors with
Michael acceptors,22 it is noteworthy that the potential syn-
thetic utility of the presently reported method is enhanced by
the use of the limiting and often more valuable component as
the electrophile. Alkylations with Na,Fe(CO), have also been
shown to have a wide tolerance for other functional
groups.‘2
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Table I. Hydroacylation of Michael Acceptors
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RXa Acceptor Mol equiv Product? % yield®
I
n-CGHuBr /\CO - 25 "'CEHL’!C O 92d
2 2
I
n-C H,I ’)\cozEc 25 n-c‘ch\/kCOgEt 82
0
C Hg
a9 o )
/\/\/\COZE'L 2.5 \CiOZEt 61)
0
il
nity
SN 0C(CH, 23 Y caccy, 83
0
|
CszI /j(\ 2.0¢ Cszc\/\r\ ng
0 0
0 )
0
n-C H,I 3.5¢ n_%g 94 (78)
0 0
é 3.5¢ i 92
n-CH,C
I
1.2 nCHC 95 (82
AN NSon )
0
CH g
n4hy
\/\CN 1.2 Y\CN 87
i
1.2 n-CH,C 92 (80
’)\CN \/k o (80)

@ Reactions typically employed 1.0 mmol of RX and Na,Fe(CO),*'® from 1.4 mmol of Fe(CO),.* b All products were identified through
spectra and either comparison with an authentic sample or perparation of a known derivative. Satisfactory elemental analyses were obtained
for all new compounds. ¢ Determined by GLC; isolated yields are in parentheses. @ Yield dropped to 79% with 1.2 equiv of acceptor. € Accep-
tor added after alkylation step complete (approximately 10 min) and reaction time increased to 8 h./In a similar experiment methyl vinyl

ketone gave the corresponding product in only 20% yield.

This transformation is believed to proceed through two se-
quential migratory insertion reactions as shown in eq 2. Mi-

0 0 Z
| | I
- —C=C—12 "— " - H*
RFe(CO), RCFe(CO), — RCCCFe(CO), — 5
1 4
\c=c/ (2)
/ z 3
2
-
RCCFe(L)(CO),
4

gration of the alkyl group in 1 to a metal-bound carbonyl in the
presence of the olefinic acceptor gives rise to an acylferrate
complex 2 in which the acceptor has been incorporated into the
coordination sphere of the metal. Preformed coordinatively
saturated acyl ferrates’ (RCOFe(CO)4~, RCOFe(PhsP)-
(CO)37) do not subsequently react with added olefin indicating
that, unlike the labile acyl nickel analogues, the olefin does not

gain access to the metal through ligand exchange.?? Insertion
products are not obtained when 1 is treated with acceptors
which are trisubstituted olefins but instead reduction products,
RH, arising from the protonation of 1 are observed.? This
suggests that steric factors play an important role in the initial
carbonyl insertion step. Migration of the acyl unit in 2 to the
terminus of the bound olefin then gives 3. The coordination
vacancy created by this second migration may be filled by ei-
ther intramolecular coordination of a functional group within
the incorporated acceptor or through complexation with a
second olefin (L = -C=CZ). The quantities of acceptors
needed to obtain the optimum yields shown in Table I suggest
the latter in the case of esters and ketones and the former in
the case of nitriles.

Complex 3 is thought to rearrange to a new ¢ complex,
represented here as 4,5 when Z = COOR or CN. The absence
of a normal ketone carbonyl band and the presence of a band
at 1570 cm~!in the IR spectra of solutions where acrylonitrile
served as acceptor? suggests that the same 8 — « metallocar-
bonyl rearrangement previously observed in ethylene inser-
tions® also operates in these systems. A normal ketone band
at 1710 cm~! appears only after addition of the proton source
and treatment of unquenched solutions with methyl iodide
gives only 3-methyl-4-ketonitrile and ester.

Finally, we have investigated the possibility of the formation
of carbocycles through the use of substrates which can undergo
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intramolecular insertions. Treatment of 6 with Na,Fe(CO)4
in THF gave after protonation cyclopentanone derivatives 7a
and 7b in 85 and 82% yield, respectively (eq 3). We are cur-
rently investigating other applications of this novel approach
to ring construction.

6a,Z = COOEt 6 /
b7 =CN —Fe(CO), 7

3)
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Ditertiary Phosphines as Monodentate Ligands
in Transition Metal Carbonyl Complexes
Sir:

Early syntheses of group 6 transition metal carbonyl com-
plexes containing tetraphenyldiphosphinoethane typically
involved thermal or photolytic methods, and under these harsh
conditions only chelated complexes were isolated. The synthesis

of a tungsten carbonyl complex which contains
PhyPCH,CH,PPh; as a monodentate ligand was report-

ed in 1972 and was achieved by displacing aniline of
(OC)sWNH,Ph with the phosphine at room temperature.!

(OC)sWNH,Ph + PPh,CH,CH,PPh,
— (OC)sWPPh,CH,CH,PPh, + PhNH,

This reaction has been employed subsequently in the synthesis
of a number of carbonyl complexes which contain both sym-
metrical and unsymmetrical ditertiary phosphines.?

The reaction of a pentacarbonylhalo metal anion with a
ditertiary phosphine in the presence of trialkyloxonium tet-
rafluoroborate has been reported as an alternate method for
the preparation of complexes of this type.

(OC)sMX~ + PPh,CH,CH,PPh; + (R30)(BF.)
— (OC)sMPPh,CH,CH,PPh; + RX + R,0 + BF4~

Careful evaluation of the foregoing approaches shows that
neither is satisfactory. In each reaction substantial quantities
of dimetallic decacarbonyl, (OC)sWPPh,CH;CH;,PPh,-
W (CO)s, and unreacted free ligand must be separated from
the desired product. The formation of the dimetallic product
is inevitable since (OC)sWPPh,CH,CH,PPh; is itself a good
ligand and competes well for available metal sites.* An addi-
tional disadvantage of both methods is that there is no means
of controlling which end of an unsymmetrical ditertiary
phosphine will coordinate to the metal. Further, since alk-
yloxonium salts are good alkylating agents, any excess of this
reagent quaternizes the free phosphine.

1t was desirable, therefore, to find a method for coordinating
one end of a polytertiary phosphine to a metal in high yield or
for converting a monodentate ligand of a transition metal
complex into a polydentate ligand thereby accomplishing the
same thing. We have explored the latter approach by investi-
gating the reaction of diphenylphosphine with pentacarbon-
yldiphenylvinylphosphinetungsten(0).

The addition of secondary phosphines to vinylphosphines
has been studied previously by several groups. Grim and co-
workers have used the addition of lithium alkyl and aryl
phosphides to vinylphosphines for the preparation of unsym-
metrical ditertiary phosphines.? King et al. have shown that
the addition of secondary phosphines to vinylphosphines is base
catalyzed and have prepared a number of polyphosphines by
this method.5 More recently Meek and coworkers have de-
termined that these addition reactions are free radical cata-
Jyzed and applicable to a wide range of systems.®

We have determined that these approaches to the synthesis
of polytertiary phosphines also are effective when a transition
metal carbonyl complex which contains a vinylphosphine
is employed as a reactant (Scheme I). The reaction of
a THF solution of lithium diphenylphosphide with
(OC)sWPPh,CH=CH, (mp 64-65 °C) followed by hy-
drolysis is the least reliable of the three reactions and gives an
average yield of 12% (based on eight reactions). Stoichio-

metric quantities of diphenylphosphine react with
Scheme I
UL (0C), WPPh,CHLiCH,PPh,
lHqO
(OC); WPPh,CH,CH,PPh,,
12%
Ph,PH
(OC);WPPh,CH = CHy—{7 o> (OC), WPPh,CH,CH,PPh,
) 72%
L PP (0C), WPPh,CH,CH,PPh,
AIBN 81%
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