Communications to the Editor

a solvent molecule coordinated In the trans position to the oxo group.
Previous work2? Indicates that NO3~ must coordinate In a position cis to
the oxo group for reduction by molybdenum(V) oxo complexes. Models
also Indicate that the deprotonated ligand could coordinate with solvent
or an open position cis to oxo only with conslderable distortion.

(20) R. D. Taylor, P. G. Todd, N. D. Chasteen, and J. T. Spence, inorg. Chem.,
18, 44 (1979).

(21) J. T. Spence, M. Minelll, and C. A. Rice In "Molybdenum Chemistry of BI-
ologlcal Significance’, W. E. Newton and S. Otsuka, Eds., Plenum Press,
New York, 1980, p 263.

(22) Reduction of MoO2LH, by ligand (possibly catalyzed by S0327) as occurs
with MoQ, (ethylcysteine),,2® Is ruled out since quantitative formation of
MoOL.~ is observed. Because of the difficulty in detecting small amounts
of SO42~ in the presence of a large excess of S032~, SO42 has not yet
been Identifled as a product.

(23) I reaction 1Is an equilibrium with K = 100, the MoO,LH,/MoOL ™ reversible
potential 2—0.84 V vs. SCE.

(24) Reported values for xanthine oxidase are —0.355 and —0.355 V5 and
+0.220 and +0.180 V for nitrate reductase: S. P. Vincent, Blochem. J.,
177, 757 (1979).

(25) C. D. Garner, R. Durrant, and F. E. Mabbs, Inorg. Chim. Acta, 24, L29
(1977).

(26) NOTE ADDED IN PROOF. A flve-line shift of 2.14 X 104 cm™" due to two
equivalent N nuclei is observed for [EtyN][MoOL] In DMF at —30 °C.
This Is similar to N splitting reported in the nitrogen deprotonated
Mo(abt)s~ complex,™ and is further evidence in support of the proposed
structures.
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Metal Clusters. 25.1 A Uniquely Bonded C-H Group and
Reactivity of a Low-Coordinate Carbidic Carbon Atom
Sir:

In seeking'~# metal clusters containing carbidic carbon
atoms of low coordination number and high reactivity,® we
have prepared a unique cluster containing a methylidyne group
bonded to the iron cluster atoms, namely HFes(n2-CH)-
(CO),,. Deprotonation of the cluster with base successively
yielded [HFes(us-C)(CO)127] and [Feq(ps-C)(CO)1527]
clusters, the first clusters to contain four-coordinate carbidic
carbon atoms.? Oxidation of Fe,C(CQ) ;22" in the presence
of hydrogen to form HFes(n2-CH)(CO),5 has established a
unique cluster carbidic carbon atom reactivity that is formally
analogous to that of carbide carbon atoms at a metal sur-
face.’

Treatment of [(C2H5)4N+]2[FC5C(CO)|42_] with HCl
quantitatively yielded [(C;Hs)4N*] [HFesC(CO) 4~]. Pro-
longed reaction of the hydride derivative with HCl gave
HFe,(CH)(CO)2 in 95-100% yield:5"’

HFesC(CO) 4~ + 3HC! — HFes(CH)(CO),»
+2CO + FeCl, + Cl™ + H; (l)

Cluster stability to electron impact was high; mass spectral
analysis showed stepwise loss of CO to HFe4(CH)(CO)* and
then Fe,C* formation. Only terminal M-CO bonding was
evident in the cluster IR spectrum. Two types of hydrogen
atom environments, one a CH and the other a hydridic hy-
drogen atom, were established by NMR spectroscopy: there
were two resonances of equal intensity and of doublet form due
to HH coupling (0.9 Hz); the CH doublet at the unusual po-
sition of —1.31 ppm showed '3C satellites (Jy13c = 103.4), and
the Fe,-H doublet was at —27.95 ppm.8 Consistently, the '3C
CH resonance was a doublet of doublets (Jyi3¢c = 103.4 and
JH(Fe)3c = 6.4 Hz) at 335 ppm at 35 to —50 °C. Both proton
resonances were sharp up to 635 °C, but hydrogen exchange,
which is probably intramolecular, does occur between the two
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sites as shown by spin saturation experiments.® Hydrogen
exchange between CH and FeH sites in our cluster is a dy-
namic phenomenon expected for most hydrocarbon fragments
bound to a metal surface. In addition, H-D exchange between
both hydrogen sites and D,O was established by the dimunition
of "TH NMR intensities on addition of D»O to a cluster solution
and intensity restoration on H,O addition. For the case of in-
termediate H-D exchange, the C-H 'H NMR intensity was
more sharply reduced than that for Fe,-H resonance. This is
an equilibrium isotope effect, with a ratio of HFe4(CD)(CO)2
to DFes(CH)(CO);; of 1.73:1 at 35 °C;'0 a similar ratio of
1.74:1 has been reported'' for a methyl(hydrido)osmium
cluster which showed H exchange between C-H and Os,-H
sites.

These spectroscopic data define a cluster with a metal hy-
dride and a methylidyne, CH, hydrogen atom. A three-center
C-H-Fe bond is clearly indicated by the NMR chemical shift
for the CH hydrogen atom.'!'2 Thus, HFe4(n2-CH)(CO)>
is a 62-electron four-atom cluster and should have a butterfly
array of iron atoms. Our proposed structure'? based on the
spectroscopic data is shown in 1. Originally, we thought that

b,
the hydride might be displaced toward the FeB,FeA’ face, but
crystallographic studies'* have now established the structure
as shown in 1 with the hydride bridging between the two basal
iron atoms. Structure 1 has seven different CO environments,
but HFe4(n2-CH)(CO),, is highly fluxional and only four !3C
CO resonances, of 4:2:4:2 intensity ratios, were present in the
—90 °C '3C NMR spectrum and these reduced to one sharp
and two broad resonances of relative 4:6:2 intensities at 20 °C.
The chemical exchange data and the '3C and '"H DNMR
studies establish several dynamic processes to be operative in
the cluster: H site (CH) exchange, CO site exchange, and
hydrogen exchange between CH and Fe,H sites. CH-hydro-
gen site exchange comprises an apparent shift of the bridging
CH hydrogen atom from one apical iron atom (FeA) to the
other (FeA"), an exchange that is fast on the NMR time scale
even at —90 °C.

All previously known'? methyne cluster complexes achieved
coordination saturation with simple M-C bonding as in (us-
HC)Co3(CO)g and (u3-HC)Os3H3(CO)g. Our new n2-CH
cluster derivative represents another possible mode of C-H
bonding at a surface, one more probable than a n'-CH inter-
action for the typically coordinately unsaturated, electropos-
itive metal surface atoms.'¢

The hydrogen atoms in HFe4(n2-CH)(CO),; were removed
by triethylamine to give first [HFe4(us-C)(CO),7] and then
[Fea(ug-C)(CO) 22~ which were isolated as PPN salts.!”
From +35 to —90 °C, the dianion exhibited two carbonyl 13C
resonances of equal intensity at 220.8 and 222.8 ppm consistent
with our proposed structure 2 assuming that intramolecular
CO exchange localized on single iron sites is fast at these
temperatures.'® The monoanion had a 20 °C single broad
high-field hydride resonance at —26.8 ppm (w,2 = 30 Hz)
which sharpened on temperature decrease (6 —26.9 ppm and
wi/2 = 3 Hz at =70 °C); this carbide cluster has structural
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Figure 1. This cyclic scheme summarizes the demonstrated retationships
among the Fe4C and FesC carbonyl systems.

form 2 with a hydride bridging between the two basal, FeB, iron
atoms. There were similarities between the carbonyl 13C

2_

Fe
/7
DNMR spectra of the monoanion with those of HFe4(n?-
CH)(CO),,; carbonyl site exchange barriers increase in the
series [FesC(CO)122~] < [HFesC(CO)13~] < HFes(n?-
CH)(CO),,. Intermolecular exchange of H between
HFe4(CH)(CO); and HFe,C(CO) >~ was not observable on
the NMR time scale. Single crystals of salts of the two cluster
carbide anions are under crystallographic study.

Protonation of the exposed, four-coordinate carbide carbon
atom in [HFe4(us-C)(CO)y,7] is fast and represents the
first protonation of an exposed carbide carbon atom in a metal
cluster. The five-coordinate carbon atom in Fes(us-C)(CO);s
is not protonated by strong acids, although the generation of
HFe4(n2-CH)(CO);, by reaction of [FesC(CO)42~] with
HCI must involve at some step transfer of hydrogen to the
carbide carbon atom. In addition, [Fe4C(CO),,2~] undergoes
framework expansion when allowed to react with mononuclear
transition metal complexes. The previously' reported
[RhFe4C(CO) 4~] was obtained from the reaction of the di-
anion with [Rh(CO),Cl],, and a new octahedral carbide,
[Mo03FesC(CO)132~], was formed with Mo(CO)3(THF)s.
Cyclic interconversions in the Fe4C and FesC systems are
summarized in Figure 1.

Oxidation of Fe,C(CQO);,2~ with AgBF, in the presence of
H> and of D, respectively, yielded HFes(CH)(CO)3 and
DFe,4(CD)(CO);, implicating oxidative addition of hydrogen
to a coordinately unsaturated Fe4C(CO),; intermediate. This
is the first facile H, reduction of a carbide carbon atom in
metal cluster chemistry and is a formal analogue of a step
proposed? in Fischer-Tropsch reactions.
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Fischer-Tropsch Chemistry: Structure of a Seminal
72-CH Cluster Derivative, HFe4(12-CHYCO);2
Sir:

We have completed a high-precision low-temperature [—100
(3) °C] X-ray crystal structure study of a Fes “butterfly”
cluster containing an unusual #2-CH ligand. This cluster,
HFes(n2-CH)(CO),3, 1, occupies a central role in transfor-
mations that document the proposed? high reactivity of low-
coordinate carbon (carbide) ligands in clusters and that for-
mally may relate to intermediates® in some metal surface
catalyzed Fischer-Tropsch reactions.*-6

After collection of an extensive low temperature data set’
for crystals of 1 recrystallized from hexane, the structure was
solved using MULTAN.8 There is a butterfly array of four iron
atoms, each with three terminal carbonyl ligands, with the
carbidic carbon atom nestled near the center of the top of the
“wings” of the Fe, array where it forms a strong C-H-Fe in-
teraction as depicted in Figure 1.° The most striking feature
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