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Strong evidence for cyanide binding at the Ni site is provided
by the complete conversion of the S = 3/, [NiFe;S,]* EPR
spectrum to a new resonance, g = 4.4, 3.7, and 1.9, on addition
of a 50-fold excess of potassium cyanide, Figure lc. In contrast,
the EPR and low-temperature magnetic circular dichroism spectra
of the S = 3/, [Fe,S,]* centers in this Fd were unaffected by the
addition of a 50-fold excess of potassium cyanide (data not shown).
The g values of the cyanide-bound [NiFe,;S,]* cluster are indi-
cative of an axial S = 3/, species (E/D = 0.06), and tempera-
ture-dependence studies (4~15 K) show that this resonance arises
exclusively from the lower Kramers doublet, i.e., D > 0.

On the basis of the available spectroscopic data, it is not possible
at the present time to determine if a similar [NiFe;S,]* cluster
constitutes the active site of CO dehydrogenases. Ill-defined S
= 3/, EPR signals centered around g = 5 are apparent in both
dithionite- and CO-reduced samples of C. thermoaceticum CO
dehydrogenase,!? in addition to the novel $ = !/, resonance, g
= 2.03 and g, = 2.07, that is only observed on CO reduction.
Moreover, it is important to note that the § = !/, resonance is
a relatively minor component, typically accounting for 0.15
spins/Ni.!? EPR signals near g = 4.3 from a S > !/, center as
well as a § = 1/, resonance, g = 2.04, 1.90, and 1.71, have been
assigned to the NiFe center in R. rubrum CO dehydrogenase.*
Clearly, the results reported herein call for more detailed char-
acterization of the low-field EPR signals in CO dehydrogenases.
The spectroscopic consequences of binding other ligands, including
CO, to the [NiFe,S,]* cluster in P. furiosus Fd are currently under
investigation in this laboratory.
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n*-Acyl ligands are common products from carbonylation of
early-transition-metal, lanthanide, and actinide alkyls' and have
been studied primarily from a synthetic or structural rather than
a reactivity perspective. Reactions of #%-acyls include insertion
into aryl C~H bonds?* and conversion into metal-bound eno-
lates,>7 ketenes,? carboxylates,’ ketones,!? and mononuclear and
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dinuclear enediolates.!! There are interesting reports of n-acyl
C-0 bond cleavage, including formal O atom abstraction to
generate metal carbynes,'? CO deoxygenation/cyclopentadiene
synthesis following CO insertion/ring expansion into metal-
lacyclo-3-pentene complexes!® (which may proceed through an
acyl intermediate), and generation of hexaalkylbenzenes from a
(C;sMe;),Ti(III) acyl upon reaction with Cp,Mo,(CO)¢.'4 Our
interests in mid-valent, mono(n-CsR) early-metal chemistry!*16
and in the comparative structure/reactivity of organometallic
functional groups in complexes with different metal valencies led
us to examine whether an electronically unsaturated n2-acyl
complex would deinsert, rearrange to a ketene hydride,!” have
altered n%-interaction and reactivity, or undergo structural rear-
rangement upon reduction. We have discovered an example of
the latter, specifically that n?-acyl reduction can lead to deoxy-
genative coupling with a cyclopentadienyl C;,,~C;,, bond.
The n?-acyl complex (n-C5Me4R)Ta[C(O)Ci-IZCMeﬂCl; 1;
R = Me, Et),41819 which is to our knowledge the most structurally
distorted'®® transition-metal n?-acyl, is reduced by Mg, Na/Hg,
K/Hg, Zn, or sodium naphthalenide in a variety of solvents to
a dark orange solution, from which the arene C¢Mes(CH,CMe,)

can be sublimed after centrifugation or filtration (eq 1). The
CMe,
==z §ha
Ts M ° x i
D=0 + excess Mg —» + Mg 2
X xl)-(\c‘// O
CH,CMe,

highest yields (61% isolated, 75% GC based on 1) are obtained
with 4 equiv of Mg in Et,0. The arene GC yield decreases to
50% with 2 equiv of Mg or 1, 2, or 4 equiv of Na/Hg, while 0.5
equiv of Na/Hg resulted in ca. 23% GC yield. The other re-
ductants behaved similarly but produced lower arene yields. The
arene was identified by 'H and '3C NMR spectroscopy, mass
spectrometry,?0 and X-ray diffraction.

The tantalum-containing product(s) are presently unidentified
because of the difficulty in direct separation from byproducts or
separation via derivatization. Characterization of the tantalum
product(s) has been hampered by a concurrent, slow (7;, = 1-2
days in the absence of reductant) decomposition of the starting
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acyl 1, which produces, among other organics, HC(O)CH,CMe,
and a ditantalum monoacyl complex, which itself reduces to a
variety of products. This decomposition prevents unambiguous
determination of the reduction stoichiometry since the reduction
rate of 1 decreases relative to the decomposition of 1 at low levels
of reductant. An IR spectrum of the reaction mixture containing
the tantalum product(s) shows broad Ta—O-Ta modes at 829 and
719 cm™ and a broad O-H mode at ~3250 cm™.

Reduction of the [1*Clacyl (CsMes)Ta['*C(O)CH,CMe;]Cl,
yielded (CMe)s(PCCH,CMe,), establishing that the unique arene
ring carbon is derived from the acyl. At least two (by GC) of
the three arene isomers (CMe)(CEt)(CCH,CMe,) were obtained
from (CsMe Et)Ta[C(O)CH,CMe;]Cl, reduction. A double label
crossover experiment with labeled acyl and CsRs groups supports
a predominantly intramolecular mechanism for this unusual
transformation. Reduction of an equimolar mixture of
(CsMe;)Ta[*C(O)CH,CMe;]Cl; and (CsMe Et)Ta['2C(O)-
CH,CMe;]Cl; in toluene gave the direct arene products
(CMe)s(PCCH,CMe;,) and (CMe),(CEt)(**CCH,CMe;) in 93%
relative yield (eq 2), with only 7% combined cross-product arenes,
(CMe)s('2CCH,CMe;) and (CMe)(CEt)(*CCH,CMe;) isomers,

observed by mass spectrometry.?!
VS

== ==

| + 2 Na/Hg
+ Ta SR + (2)
AV Q @
A : XX ¢ Et  Me,

Taw,
X“Z4i\ /,C’
XX ¢c*

While a complete mechanism cannot yet be proposed, several
experiments have yielded pertinent mechanistic information about
this intramolecular reaction. No organic or inorganic interme-
diates are visible by 'H or 1C NMR or IR spectroscopies during
the reduction, and small molecule traps (H,, CO, C,H,) do not
affect the course of the reaction. The acyl/alkylidyne attack on
the CsMe; ring is highly selective, as there is no evidence for
products from formal alkylidyne insertion into the C,;p;~Cremy
or methyl C~H bonds. The ketone CsMesC(O)CH,CMe,,™
potentially derived from acyl migration to the CsMe; ring, is not
a free intermediate since (1) <0.5% can be found by GC of the
reaction mixture and (2) it is not visible during in situ NMR or
IR spectral studies of the reduction. The lack of intermediates
that are sufficiently long-lived to be detected or trapped during
the reaction suggests the possibility of a concerted intramolecular
process. Mechanistic possibilities include oxycarbenoid /carbe-
nium?2 addition to the C,;,;~Cying bond (with opening of the cy-
clopropyl to the arene) or acyl migration to the ring to form a
lower valent CsMesC(O)CH,CMe, complex which is deoxygen-
ated rapidly by the electrophilic tantalum. The role of the added
electron(s) is presently unknown. While the LUMO in d°
Cp,Ti[#%-C(O)CH;]Cl is primarily C-O =* in character,? the
assignment of the LUMO in mono(»n-C;sR) d° n?-acyl complexes
awaits extended Hiickel and Fenske~Hall calculations.

The synthetic utility of reductive metal acyl deoxygenation and
addition to other organic ligands will be addressed after more
thorough studies are completed. In conclusion, our studies show
that reductive acyl deoxygenation is possible and suggest that other
organometallic ligands may exhibit unusual chemistry as the metal
valency is formally altered.
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The electronic structure and the interconversion of the radical
cations of the (CH); group have recently attracted attention.!*
Among the (CH); hydrocarbons, cubane® has high symmetry (0O,)
and the highest strain energy.’ Its physicochemical properties
continue to attract experimental and theoretical interest.51 The
cubane radical cation (1) was first studied in neon matrices at
4 K.! The observed nonet EPR spectrum (|4gy| = 3.2 G) was
explained by invoking a dynamic Jahn~Teller distortion of 1.
Because of the narrow temperature range of neon matrices, further
reactions of 1 were not observed.! Here we report isomerization
of 1 to the bridged 1,4-bishomobenzene radical cation (2), which
was first demonstrated to be formed by the ring-opening of the
semibullvalene radical cation.* A mechanism of this novel thermal
rearrangement is suggested. Another highly strained compound
in the (CH); hydrocarbon family is cuneane.!! We show here
that radiolytic oxidation of cuneane also yields 2.

1 was generated by the radiolytic oxidation!? of cubane in three
Freon matrices (CFCl;, CF,CCly, and CF,CICFCl,). Similar
spectra of 1 were obtained in all three matrices. Figure la shows
the EPR spectrum of 1 in CF,CICFCl, at 77 K. It is a broad
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