J. Am. Chem. Soc. 1986, 108, 6831-6832 6831

for partial support of this research (Grant 16965-AC3). The
Center for Fast Kinetics Research is supported jointly by the
Biotechnology Branch of the Division of Research Resources of
NIH (RR 00886) and by the University of Texas at Austin.

An Electron-Deficient Thallium Zintl-Metal
Carbonylate: Structure and Bonding of
[Et,N]([TlsFe;o(CO)34]

Kenton H. Whitmire*

Department of Chemistry, Rice University
Houston, Texas 77251

Robert R. Ryan and Harvey J. Wasserman

Los Alamos National Laboratory
Los Alamos, New Mexico 87545

Thomas A. Albright* and Sung-Kwon Kang

Department of Chemistry, University of Houston
Houston, Texas 77004

Received December 24, 1985

Cluster anions of the heavy main-group elements are well-known
except for those of group 13 where the high degree of electron
deficiency inhibits cluster bonding.! Those elements can, however,
be incorporated into more electron-rich, heteroelement clusters
such as [T1,Te,)%,2 [TISno)*,? and [TISng)*.? Thallium interacts
with transition-metal carbonyls to form traditional complexes such
as TICo(CO),,* TI[Co(CO),];,*° TI[Mn(CO);]3,° and [TI[Co-
(CO)4l4)"7 A report of Tl,Fe;(CO),,,* which has not been
structurally characterized, has appeared. This latter report coupled
with our recent discovery of [Et,N],[BisFe (CO),,]° suggested
that the TI-Fe system might yield some examples of unusual
bonding situations.

When Fe(CO);/KOH/MeOH solutions are treated with
thallium salts, deep yellow-brown solutions result from which an
anionic metal carbonyl complex can be isolated and is proposed
to be [Et,N][TI[Fe(CO)4],]' (1), which may be structurally
related to the known [M[Fe(CO),),]* ions (M = Zn, Cd, Hg).!!
When methanol solutions of this complex stand at room tem-
perature black crystals, 2, deposit slowly which will not redissolve
in methanol. On the basis of analyses, spectroscopic data and
X-ray analysis, 2 is shown to be [Et,N];[Fe,(CO)s(u-CO)[u-
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Figure 1. oRTEP diagram of [TlsFe 4(CO)]® with carbonyl ligands
omitted for clarity. Three carbonyls are associated with each of the iron
atoms Fel, Fel’, Fe2, and Fe2’ while the other irons are ligated by four
carbonyls each.

TI[Fe(CO)4]1;]5, an aggregate of 1 produced by loss of CO.
Details of the structure of 2, which is structurally similar to
Burlitch’s recently reported Co,(CO)4(u-CO)(u-ZnCo(CO)y),,
will appear elsewhere.'* An X-ray diffraction study of crystals
of a minor product showed it to be the highly unusual cluster
compound 3 which can be viewed as a derivative of 2 in which
the u-CO’s are replaced by [u-TIFe(CO),]". The structure and
bonding of this complex whose formula is [EtyN][TlFe,;o(CO);6]
is the subject of this paper. The TI-Fe framework is shown in
Figure 1."* Bond distances and angles are given in Table I.

The structure is composed of two thallium triangles held to-
gether asymmetrically by two u;-Fe(CO); moieties without any
apparent bonding between the irons (dp._r. = 3.087 (5) A). The
triangles are connected by two Fe(CO), bridges. Terminal,
trigonal-bipyramidal Fe(CO), groups are attached to TI2, TI12’,
T13, and T13/, and all metals, with the exception of the u;-Fe's,
are coplanar.

For purposes of understanding the bonding in 3, it is useful to
consider it to be a dimer of Tl;[u;-Fe(CO),],[Fe(CO)4]5> (4).
On the basis of electron counting rules for cluster compounds,'’
a closo trigonal-bipyramidal cluster should possess 12 skeletal
electrons. In 4, two electrons on each Tl atom are utilized for
dative bonds to the FeL, units. This leaves 10 electrons for cluster
bonding and the cluster is electron deficient by Wade's electron
counting rules which presuppose the existence of TI-TI bonding.
The TI-Tl distances in Figure 1, however, fall nicely in the range
of TI-TI nonbonded contacts for other structures.*' This is
consistent with extended Hiickel molecular orbital calculations'’
on 4 which gave a very small TI-Tl overlap population of 0.025.
Localized bonding in the Tl;[u;-Fe(CO);], fragment would also
require 12 skeletal electrons for two-center two-electron bonding.
The cluster may still be considered 10 be deficient by two elecirons
per monomeric 4.

How does this molecule accommodate the electron deficiency?
Our calculations on 4 give five occupied levels of ¢”, €', and a)’
symmetry which are associated with Tl-FeL, cluster bonding along
with three occupied Tl-FeL, bonding orbitals of a,” and ¢’ sym-
metry.'® All eight molecular orbitals lie at moderate energies.
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The LUMO of 4 shown in 5 is also TI-FeL, bonding. It is of
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a,” symmetry and lies at much higher energy that the other eight
valence molecular orbitals (the HOMO-LUMO gap was com-
puted to be 2.3 eV).??

What, then, is the electronic basis for forming a dimeric
structure from 4 and, furthermore, in what region of the dimer
does the electron deficiency reside; i.e., is it retained in the Tl;-
(u3-Fe(CO);), fragment or is it associated with the Tl,(u,-Fe-
(CO),); portion of the molecule? In order for dimerization to
occur, one of the terminal Fel, units of 4 must pseudorotate so
that the thallium is coordinated at an equatorial rather than an
axial position, but the electronic details of this new configuration
are not significantly different from those for 4. There are two
ways to view formation of the dimer. Along with the dative,
two-electron Tl-FeL, bond, one has an empty p orbital on Tl, 6,
and a filled d orbital on the Fel,, 7. First, the dative Tl-Fel ,
bond along with 6 and 7 can combine in the dimer to yield four
occupied two-center, two-electron Tl-Fe bonds. Alternatively,
one could construct electron deficiency in this region of the
molecule by using these four orbitals to form two three-center
two-electron bonds. The extra four electrons would be placed in
the two molecular orbitals of the dimer corresponding to sym-
metry-adapted combinations of 5. Our computations suggest that
there are four two-center two-electron bonds in the Tl-bridging
FeL, region. The two LUMO’s of the dimer are clearly identified
as combinations of 5. The electron deficiency, therefore, appears
to be in the T1-FeL, portion of the molecule.
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(18) The Fel, groups in 4 are assumed to have C;, symmetry; thus, the
maximum symmetry of 4 is Cy,. The Cy, FeL, group is, however, a concial
fragment, thus, the apparent summetry is D;, and we have used symmetry
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Ribonucleotide reductases catalyze the conversion of ribo-
nucleotides to deoxyribonucleotides and thus play a key role in
regulating DNA biosynthesis.! The enzyme from E. coli consists
of two subunits? designated B, (M, = 170000)3 and B, (M, =
87000).> B, contains the substrate binding sites and the thiols
required for substrate reduction,* while B, possesses a binuclear
iron site and the tyrosine radical essential for activity.> The
binuclear iron site has been probed by a variety of physical
techniques. The site exhibits strong antiferromagnetic coupling
(J = -108 cm™),b large Mdssbauer quadrupole splittings,’ and
Raman vibrations characteristic of an Fe—~O—Fe bridging unit.®
These properties bear a striking resemblance to those of the bi-
nuclear iron cluster in methemerythrins.>!® We report here an
iron K-edge EXAFS study of the B, subunit of ribonucleotide
reductase from E. coli (B,).

Subunit B, was isolated from E. coli strain N6405/pSPS2, a
heat—inducible overproducer,'’ while methemerythrin azide
(metHrN;) was obtained from Phascolopsis gouldii.'? X-ray
absorption spectra were obtained at the Cornell High Energy
Synchrotron Source on the C2 beam line using fluorescence de-
tection for the proteins at 77 K;'? the specific activities and the
UV-visible spectra of the protein samples were unchanged after
data collection. Spectra for model compounds were obtained in
transmission mode. EXAFS (x) was extracted from the X-ray
absorption spectrum by standard methods.’* Curve fitting em-
ployed theoretical amplitude and phase functions.'®

EXAFS spectra obtained for native B, and its radical-free
(hydroxyurea-treated!®) form are similar. The spectrum for native

*Present address: Department of Chemistry, University of Massachusetts,
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