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Generation of Metallocarboxylic Acid Anions in the Gas
Phase

Sir:

We describe here the formation and reactivity of several
metallocarboxylic acid anions, M(CO),COOH", in the gas
phase and discuss the implications of these findings for ho-
mogeneous catalysis of the water gas shift reaction (WGSR)
by transition-metal carbonyls.!-

As part of a larger program of study of the reactions of bare
and partially solvated gas-phase ions with transition-metal
compounds using the flowing afterglow method,* we have
recently observed a remarkable effect of reactant ion hydration
on the reaction between OH~ and Fe(CO)s (eq 1). Bare
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hydroxide ion and each of the cluster ions shown above all react
with Fe(CO); at or near the collision rate.® In the former
case, a coordinatively unsaturated iron tricarbonyl hydroxide
ion results by expulsion of two CO ligands’ while the hydrated
species all yield a hydroxide adduct by exclusive loss of water
molecules. We find this behavior to be general for several
other group 6 metal carbonyls (eq 2-4). Several analogous
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examples of solvent-induced mechanism changes in gas-phase
proton-transfer and substitution reactions have been report-
ed.®>10 In the present case, the observed maintenance of high
reaction rates with even up to four solvent water molecules
without solvent retention by the product ions must be a re-
flection of the strongly exothermic attachment of OH- to the
metal carbonyls.!! Indeed, the observation of a fast reaction
between OH(H,0),” and Fe(CO); permits an estimate of a
lower limit to D°[Fe(CO)s—OH"] of 250 kcal/mol.12

Several gas-phase ion-molecule reactions of Fe(CO);OH-
have been observed in the flowing afterglow that support a
structural formulation as the iron carboxylic acid 1. Fe(C-
0
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0);OH" is not observed to undergo binary neutral switching
type reactions with molecules possessing large permanent
dipole moments (i.e., CH;NO,, up = 3.86 D)!? such as might
be expected if it were an electrostatically bound cluster ion,
[Fe(CO)s~OH).111*  Furthermore, Fe(CO)sOH™ and its
deuterated analogue,’ Fe(CO)sOD", both undergo hydrogen—
deuterium exchange in the presence of carboxylic acids and
H,S (eq 5-7). We take this observation as evidence against
an isomeric formate structure, {Fe(CO),0,CH]", since ex-
change of a formyl hydrogen under these conditions is unlikely.

(C0O),FeCOOD" + HCO,H —
(CO),FeCOOH- + HCO,D (5)

(C0O),FeCOOH- + CH,CO,D —
(C0O),FeCOOD™ + CH;CO,H (6)

(CO),FeCOOD" + H,S — (CO),FeCOOH" + HSD (7)

We therefore assign the iron carboxylic acid structure, 1,
to Fe(CO);OH" and, by analogy, we presume the other metal
carbonyl/OH™ adducts in eq 2-4 to be anionic metallo-
carboxylic acids. Their occurrence as relatively stable gas-
phase species has an important bearing on the continuing
efforts to determine the mechanisms by which certain metal
carbonyls may catalyze the water gas shift reaction in alkaline
solution.'* In particular, although Fe(CO),COOH" has been
postulated as a key intermediate in WGSR catalysis by Fe-
(CO)s,'517 it has never been observed directly and the exact
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manner in which it decarboxylates to yield Fe(CO),H™ (eq 8)
still remains controversial.!8-20
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In the early work with this system it was presumed that CO,
loss proceeded directly from the free metallocarboxylic acid
anion 1.7 However, several recent investigations!®-2° have
concluded that decarboxylation requires a second equivalent
of base and proceeds via dianion 2. Our results suggest that
on a millisecond time scale, isolated Fe(CQO),COOH" is stable
with respect to decarboxylation. This must be due to a sub-
stantial kinetic barrier to CO, loss since formation of Fe(C-
0),H from Fe(CO),COOH™ can be estimated to be slightly
exothermic (ca. —17 kcal/mol).?! Furthermore, our experi-
ments indicate that, in the absence of bulk solvation, decar-
boxylation is not catalyzed by a lone water molecule nor by
stronger neutral bases such as amines since Fe(CO),COOH"
sustains many collisions with H,O in the course of its formation
and detection in our instrument and undergoes no observable
reaction with Me,NH. Additional support for the contention
that decarboxylation of Fe(CO),COOH" requires strong-base
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Communications

catalysis is given by the collision-induced-dissociation (CID)
spectrum of this ion, which we have obtained in our recently
developed flowing afterglow—triple quadrupole apparatus.??
Fragmentation of 1 occurs upon low-energy collisional acti-
vation by successive loss of only CO ligands and not CO, (eq
9).22  Thus, Fe(CO),COOH" resists decarboxylation even
when it possesses relatively large amounts of excess internal
energy; i.e., the barrier for CO, loss exceeds that for CO loss.

Fe(CO),COOH™ —=» Fe(CO)s,OH- + nCO  (9)

In summary, several examples of metallocarboxylic acid
anions have been produced by reactions between hydroxide-
water clusters and metal carbonyls in the gas phase. The
previously unobserved Fe(CO),COOH™ ion has been found
to be a relatively stable species on a millisecond time scale
which is resistant toward decarboxylation either when colli-
sionally activated or when in the presence of weak neutral bases
such as amines. These results corroborate previous conten-
tions'®*20 that decarboxylation of the (CO),FeCOOH" inter-
mediate in the Fe(CO)s-catalyzed WGSR requires strong-base
catalysis.?® The full details of these experiments will be
published elsewhere.
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