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similarity in structure is also reflected in >N chemical shift;
HFeRu;*N(CO),,'” and Ph;PAuFeRu;!*N(CO),, resonate at
530.9 and 533.0 ppm, respectively, a difference in chemical shift
of only 2.1 ppm. The shifts of the two gold homonuclear clusters
are also approximately 2 ppm downfield from the corresponding
hydrides. These facts along with the IR data suggest the gold
is also bridging the hinge M—M bonds in Ph;PAuFe,N(CO),, and
Ph3PAuRu4N(C0)12.

Removal of the Gold Phosphine Group. The three new com-
pounds were reacted with PPN(NO,) in an attempt to synthesize
new nitrido—nitrosy! clusters. We found, however, that reaction
occurred immediately, not only wth PPN(NO,), but also with
PPNC], to remove the Ph;PAu group from the cluster. Such
reactivity is not unprecedented, as [HBEt;]™ and I~ have been used
as a nucleophilic reagent to remove the gold ligand from other
carbonyl clusters.’
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Examples of clusters containing single “bare” or “naked” group
15 atoms (E) bridging transition-metal atoms have recently be-
come more numerous.! However, the number of structurally
confirmed examples in which the E atom links four or more metal
atoms remains small. Examples include u,-spiro complexes
[Fe,(CO)sEFe;(CO)6Cl], E = P or As,? [Cou(n°-CsH;)4(CO),-
(us-As)]BF,,’ one u¢-As structure, [Cog(ug-As)(pg-As) (us-
AsPh),(CO)l,,* and a few examples of partial® or complete
encapsulation.® The isolobal analogy between E and CH makes
understandable the more common u;-E, triangular-face capping
properties of E atoms.’

Except for the encapsulated Sb atom in [Rh;;Sb(CO),;]13+6 no
clusters containing four or more metal atoms linked by an Sb atom
are known. In fact antimony atom clusters of any type are ex-
tremely rare; the only previously reported cluster is Sb,[ W(C-
0)s}5.2  We now report the synthesis and characterization of
[Fe,(CO)g(ug-Sb)],[Fe,(CO)6] (1) containing two spirolike
u4-Sb(Fe,) linkages.

Experimental Section

Synthesis of [Fe,(CO)g(us-Sh)][Fe,(CO)¢] (1). Compound 1 was
obtained by first treating 6.14 g of [Et,N],[Fe,(CO);]® (10.3 mmol) with
1.55 g of SbCl,!® (6.8 mmol) in dried acetone. This yielded a reddish
brown solution, which was filtered and treated with 4.31 g of {Cu(C-
H,CN),][BF,].!! After being stirred overnight, the dark brown solution
was filtered to remove precipitated copper and the solvent removed under
vacuum. The solid residue was extracted into CH,Cl,/toluene (1:3) and
chromatographed on Florisil by eluting with toluene to give brown Sb,-
Fes(CO),, (1) in 8.5% yield. 1 is insoluble in hexane but soluble in most
common organic solvents. IR (vco, CH,Cl,): 2110 sh, 2090 m, 2060 m,
2038 s, 1995 w, 1960 w cm™. Mp: 232-233 °C dec.
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Table I. Crystal Data Collection and Refinement Data for
SbZFCG(CO)ZZ

(a) Crystal Parameters
formula szFCstszz z 8
cryst system orthorhombic D(caled), g cm™  2.27
space group Pbca u, cm™ (Mo Ka) 41.0

a, 18.016 (3)* cryst size, mm 0.21 X 0.21 X 0.38
b, A 16.414 (4) color deep red

c 23.672 (6) temp, °C 23

v, A3 7000 (3)

(b) Data Collection

diffractometer Nicolet R3m/u data collected +h,+k+l

radiation Mo Ka (A = rflns collected 6113
0.71073 A) obsd rflns (F, = 3949
mono- graphite 4o(F,)
chromator std rflns 3 5td/97 rflns
scan method  omega decay <1%
26 scan limits, 4 <26 < 48 Traox/ Train 0.288/0.210
deg
scan speed, var, 5-20
deg min™!
(c) Refinement
Re/Ryp, % 3.84/4.03 Alo 0.075
g 0.001 Ap(max), e A 0.58
GOF 1.009 Ap(min), e A7 -0.49

data/param 8.40

2 Unit-cell parameters, least-squares best fit, angular settings of 25
reflections, 20° < 26 < 30°. bw™! = ¢¥(F,) + gF,%

Figure 1. Molecular structure and labeling scheme for [Fe,(CO)g(u,-
Sb)],{Fey(CO)¢] (1) with 45% probability thermal ellipsoids.

X-ray Structural Characterization. Crystals suitable for diffraction
were recrystallized from CH,Cl,. Crystal data and parameters used

(1) Herrmann, W. A, Angew. Chem., Int. Ed. Engl. 1986, 25, 56.

(2) Huttner, G.; Mohr, G.; Pritzlaff, B.; Von Seyerl, J.; Laszlo, Z. Chem.
Ber. 1982, 115, 2044,

(3) Campana, C. F.; Dahl, L. F. J. Organomet. Chem. 1977, 127, 209.

(4) Rheingold, A. L.; Sullivan, P. J. J. Chem. Soc., Chem. Commun. 1983,
39.

(5) [Fe4(usN)CO) 5] Fjare, D. E.; Gladfelter, W. L. J. Am. Chem. Soc.
1981, 103, 1572. [Rus(CO),s(u-PPh,)(us-P)]: MacLaughlin, S. A,
Taylor, N. J.; Carty, A. J. Inorg. Chem. 1983, 22, 1409.

(6) [RheP(CO), 1% Vidal, J. L.; Walker, W. E.; Pruett, R. L.; Schoening,
R. C. Inorg. Chem. 1979, 18, 129. [CogP(CO)s]": Chini, P.; Ciania,
G.; Martinengo, S.; Sironi, A.; Longhetti, L.; Heaton, B. T. J. Chem.
Soc., Chem. Commun. 1979, 188. [Rh;,As(CO),,]*~ and [Rh,,Sb-
(CO),7]1%: Vidal, J. Inorg. Chem. 1981, 20, 243. Vidal, J.; Troup, J.
M. J. Organomet. Chem. 1981, 213, 351.

(7) Some examples of u;-E complexes are as follows. [Co;(CO)o(us-P)]:
Vizi-Orosz, A.; Palyi, G.; Marko, L. J. Organomet. Chem. 1973, 60,
C25. Vizi-Orosz, A. J. Organomet. Chem. 1976, 111, 61. [Cou(n’-
CsHs)4(us-P)s]: Dahl, L. F.; Simon, G. L. J. Am. Chem. Soc. 1973,
95, 2175. [Mog(n’-CsHjs)4(its-As),]: Rheingold, A. L.; Foley, M. J;
Sullivan, P. J. J. Am. Chem. Soc. 1982, 104, 4727. [Fe3(CO)g(us-As),]:
Delbaere, L. T. J.; Kruczynski, L. J.; McBride, D. W. J. Chem. Soc.,
Dalton Trans. 1973, 307. [Co4(is-As);(us-n>-As;)(PPhy),]: Fenske,
D.; Hachgenei, J. Angew Chem., Int. Ed. Engl. 1986, 25, 175. [Fes-
(CO)¢(us-Bi),]: Whitmire, K. H.; Lagrone, C. B.; Churchill, M. R.;
Fettinger, J. C.; Biondi, L. V. Inorg. Chem. 1984, 23, 4227.
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Table II. Atomic Coordinates (X10%) and Isotropic Thermal
Parameters (A2 X 10%)

X y z e
Sb(1) 813.3 (3) 13748 (3) 1805.3 (2) 347 (2)
Sb(2) 1650.6 (3) 1822.4 (3) 580.0 (2) 374 (2)
Fe(1) 370.6 (6) 1343.0(7) 805.7 (5) 40.1 (4)
Fe(2) 1072.0 (6) 2701.7 (6) 13229 (5) 37.3 (4)
Fe(3) 22.3(6) 1099.4 (7) 2686.6 (5) 44.5 (4)
Fe(4) 1490.0 (6) 502.2 (7) 2542.2 (5) 42.7 (4)
Fe(5) 2230.3 (7) 2249.0 (7) -355.9 (5) 52.4 (4)
Fe(6) 2866.9 (7) 10809 (7) 372.2 (5) 46.3 (4)
O(1) -161 (4) 2254 (5) -180 (3) 99 (3)
0(2) -1146 (4) 1095 (5) 1208 (3) 94 (3)
0@3) 664 (4) =322 (4) 430 (4) 93 (3)
0(4) 1023 (4) 3989 (4) 461 (3) 68 (2)
O(5) 2323 (4) 3259 (5) 2012 (3) 86 (3)
0(6) -179 (4) 3427 (4) 1934 (3) 81 (3)
O(7) -1343 (4) 1965 (5) 2407 (3) 93 (3)
O(8) -528 (4) -362 (4) 2091 (4) 92 (3)
0(9) -308 (5) 401 (5) 3802 (3) 118 (4)
0O(10) 511 (4) 2654 (4) 3181 (3) 91 (3)
o(11) 1049 (4) -920 (4) 1861 (3) 79 (3)
0(12) 2050 (4) 2031 (4) 3032 (3) 73 (3)
0(13) 1366 (6) =317 (5) 3648 (3) 122 (4)
0(14) 3051 (4) 179 (7) 2285 (5) 156 (5)
O(15) 1322 (5) 3586 (5) =785 (3) 99 (3)
O(16) 3099 (4) 3432 (4) 302 (4) 105 (4)
O(17) 3379 (6) 2064 (6) -1230 (4) 147 (5)
O(18) 1149 (5) 1146 (6) -898 (3) 115 (4)
O(19) 2248 (5) =70 (5) -461 (4) 100 (4)
0(20) 4330 (4) 850 (6) -177 (4) 104 (4)
oQ21) 3545 (4) 2174 (5) 1205 (3) 102 (4)
0(22) 2671 (5) -268 (5) 1161 (3) 116 (4)
C(1) 56 (5) 1890 (6) 196 (4) 63 (4)
C(2) -544 (5) 1216 (6) 1066 (4) 64 (4)
C(3) 539 (5) 335 (%) 578 (4) 58 (3)
C(4) 1037 (4) 3485 (5) 792 (4) 44 (3)
C(5) 1846 (5) 3035 (5) 1736 (4) 52 (3)
C(6) 307 (5) 3137 (5) 1690 (4) 52 (3)
C(7 -810 (5) 1633 (6) 2504 (4) S8 (3)
C(8) —-295 (4) 184 (5) 2312 (4) 55(3)
C(9) -171 (6) 663 (6) 3374 (4) 75 (4)
C(10) 356 (5) 2043 (6) 2991 (4) 62 (4)
C(11) 1202 (5) ~-378 (6) 2120 (4) S5(3)
C(12) 1809 (4) 1439 (5) 2841 (4) 49 (3)
C(13) 1404 (7) -9 (6) 3220 (4) 76 (4)

C(14) 2433 (6)
C(15) 1665 (6)
C(l6) 2776 (5)

313 (7) 2363 (5) 82 (4)
3062 (6) -609 (4) 68 (4)
2950 (6) 54 (4) 68 (4)

C(17) 2948 (1) 2126 (7T) -898 (5) 88 (5)
C(18) 1583 (7) 1554 (6) -684 (4) 75 (4)
C(19) 2455 (5) 402 (6) ~155 (5) 65 (4)
C(20) 3754 (5) 943 (7) 27 (4) 68 (4)
C(2l)  3270(5) 1771 (6) 874 (4) 66 (4)
C(22) 2766 (6) 284 (6) 875 (4) 75 (4)

?Equivalent isotropic U defined as one-third of the trace of the or-
thogonalized Uj; tensor.

during the collection of intensity data are given in Table L.

A deep red, roughly egg-shaped crystal of C;,0,,FesSb, was attached
with epoxy cement to a fine glass fiber and found to crystallize in the
orthorhombic space group Pbca. A profile-fitting procedure was applied
to all intensity data to improve the precision of the measurement of weak
reflections. Intensity data were corrected for absorption by an empirical
procedure that employs six refined parameters to define a pseudoellipsoid.

(8) Huttner, G.; Weber, U.; Sigwarth, B.; Scheidsteger, O. Angew. Chem.,
Int. Ed. Engl. 1982, 21. 215.
(9) Summer, C. E.; Collier, J. A.; Pettit, R. Organometallics 1982, 1, 1350.

(10) Recrystallized from benzene.

(11) Hemmerich, P.; Sigwarth, C. Experientia 1963, 19, 488. Simmons, M.
G.; Merrill, C. L.; Wilson, L. J.; Bottomley, L. A.; Kadish, K. M. J.
Chem. Soc., Dalton Trans. 1980, 1827,

(12) Analyses gave 25.47% Fe and 18.26% Sb for material recrystallized
from methylene chloride/hexane. The Fe:Sb ratio is exactly 3:1 as
expected, but the values are low overall suggesting the presence of
solvent molecules, which was substantiated by the '"H NMR spectrum
of a sample that had been dried overnight under vacuum.

Notes

Table III. Selected Bond Distances and Angles for
[Fey(CO)g(uy-Sb)[o[Fe,(CO)g] (1)

(a) Bond Distances (A)

Fe(1)-Fe(2)  2.841 (1)  Sb(1)-Fe(d)  2.565 (1)
Fe(3)-Fe(d)  2.841 (1)  Sb(2)-Fe(1)  2.494 (1)
Fe(5)-Fe(6) 2822 (2)  Sb(2)-Fe(2)  2.502 (1)
Sb(1)-Fe(1) 2498 (1)  Sb(2)-Fe(5)  2.548 (1)
Sb(1)-Fe(2) 2503 (1)  Sb(2)-Fe(6)  2.554 (1)
Sb(1)-Fe(3)  2.567 (1)

(b) Bond Angles (deg)
Fe(1)-Sb(1)-Fe(2)  69.2 (1) Fe(5)-Sb(2)~-Fe(6) 67.2 (1)
Fe(1)-Sb(1)-Fe(3) 126.1 (1) Sb(l)-Fe(1)-Fe(2) 55.5(1)
Fe(1)-Sb(1)-Fe(4) 141.7 (1) Sb(1)-Fe(2)-Fe(l) 55.3 (1)
Fe(2)-Sb(1)-Fe(3) 1289 (1) Sb(l)-Fe(3)-Fe(4) 56.4 (1)
Fe(2)-Sb(1)-Fe(4) 1350 (1) Sb(l)-Fe(4)-Fe(3) 56.4 (1)
Fe(3)-Sb(1)-Fe(4) 67.2 (1) Sb(2)-Fe(1)~Fe(2) 55.5(1)
Fe(1)-Sb(2)-Fe(2)  69.3 (1) Sb(2)-Fe(2)~-Fe(l) 55.2(1)
Fe(1)-Sb(2)-Fe(5) 130.7 (1) Sb(2)-Fe(5)-Fe(6) 56.5 (1)
Fe(1)-Sb(2)-Fe(6) 1332 (1) Sb(2)-Fe(6)-Fe(5) 56.3 (1)
Fe(2)-Sb(2)-Fe(5) 128.6 (1) Sb(1)-Fe(1)-Sb(2) 84.3 (1)
Fe(2)-Sb(2)-Fe(6) 140.1 (1) Sb(1)-Fe(2)~-Sb(2) 84.0 (1)

Less than 1% decay occurred in three standard reflections over the course
of the data collection.

The structure was solved by using the direct-methods program soLv,
which located the two Sb atoms. The remaining atoms were located from
subsequent difference Fourier syntheses. All atoms were refined aniso-
tropically. The final difference Fourier synthesis showed only a diffuse
background (maximum 0.58 ¢/A%). An inspection of F, vs. F, values and
trends based upon sin 6, Miller index, or parity group failed to reveal any
systematic errors in the data. All computer programs used in the data
collection and refinement are contained in the Nicolet (Madison, WI)
program packages P3 and SHELXTL (version 5.0).

The atomic coordinates are given in Table IT and bond distances and
angles in Table III. Additional crystallography data are available as
supplementary material.

Results and Discussion

The treatment of [NEt,],[Fe,(CO),] with SbCl; followed by
Cu(I) oxidation produces [Fe,(CO)g(uy-Sb)],[Fes(CO)g] (1) in
low yield. The structure of 1 has been crystallographically
characterized. The molecular structure and labeling scheme for
1 are shown in Figure 1. Compound 1 crystallizes as discrete
molecules without significant intermolecular associations. The
central complex core composed of the Fe(1), Fe(2), Sb(1), and
Sb(2) rhombus may be viewed as a familiar “butterfly” (-
ido),Fe,(CO)¢ complex, i.e., Fe,(CO)¢(u-ER,),,1* E = group 15
element, in which the Sb{Fe(CO),], groups replace the “-ido”
(ER,) groups. The butterfly dihedral angle is 109.1 (1)° at the
Fe-Fe crease. The overall molecular symmetry is approximately
C,,. The Sb(1)--Sb(2) distance, 3.351 (1) A, precludes significant
interaction. The Fe(1)-Fe(2) distance, 2.841 (2) A, is rather long
(cf. 2.623 (3) A in [Fey(CO)g(u-PPh,),]).!* The Fe-Fe bonds
in the Fe,(CO)g groups are also long (average 2.831 (1) A) but
similar to Fe(1)-Fe(2). In [PPN],[Fe,(CO);],'* the Fe-Fe
distance is 2.787 (2) A.

The naked Sb atoms serve as bridges between the inner Fe,-
(CO); group and the outer Fe,(CO)g groups, with outer Sb-Fe
bonds somewhat longer (average 2.559 (4) A) than the inner set
(average 2.499 (4) A). In [Fey(CO)g{u-SbCH(SiMe;),}] (2), the
Sb-Fe distances are longer (average 2.637 A)!S than either set,
but in the C1,Sb[Fe(CO),Cpl,* ion, the Sb-Fe distances are
shorter (average 2.440 A).!"7 Lastly, in the {CISb[Fe(CO),Cp].},*
ion, the Sb-Fe distances (average 2.539 A)!8 are intermediate to

(13) Carty, A. J. In Catalytic Aspects of Metal Phosphine Complexes;,
Alyea, E. C,, Meek, D. W., Eds.; Advances in Chemistry 196; American
Chemical Society: Washington, DC 1982; p 163.

(14) Ginsburg, R. E.; Rothrock, R. K,; Finke, R. G.; Coliman, J. P.; Dahl,
L. F. J. Am. Chem. Soc. 1979, 101, 6550.

(15) Chin, H. B.; Smith, M. B.; Wilson, R. D.; Bau, R. J. Am. Chem. Soc.
1974, 96, 5285.

(16) Cowley, A. H.; Norman, N. C.; Pakulski J. Am. Chem. Soc. 1984, 106,
6844, Cowley, A. H.; Norman, N. C.; Pakulski, M.; Bricker, D. L.;
Russell, D. H. J. Am. Chem. Soc. 1988, 107, 8211.

(17) Einstein, F. W. B.; Jones, R. D. G. Inorg. Chem. 1973, 12, 1690.

(18) Trinh-Toan; Dahl, L. F. J. Am. Chem. Soc. 1971, 93, 2654.
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the values in 1, as is also that found in the simple stibine complex
{Fe(CO),[Sb(r-Bu);]};, 2.547 (1) A.1°

The Sb atoms appear to apportion their five potential donor
electrons, three to the central Fe,(CO)¢ fragment and two to the
outer Fe,(CO)g fragments. This is in agreement with the isolobal
principles used by Cowley et al. to describe the bonding in 2'¢ and
the observed differences in the Sb—Fe distance in 1. Each 34-
electron diiron fragment is isoelectronic with Fe,(CO).

The acute Fe~Sb-Fe angles differ little whether involving inner
or outer diiron units: inner average 69.25 (6)°; outer average 67.18
(6)°. These angles are similar to those found in [Co,(n*-
CH:)4(CO),4(us~As)]* [average 70.1 (1)°], containing the related
pq-AsCo, group,’ and the [Fe,(CO)s(u4-E)Fe,(CO)4Cl] com-
plexes, E = P or As.? The triangular Fe,Sb planes in 1 have an
inner/outer dihedral angle of 95.0 (1)° at Sb(1) and 85.1 (1)°
at Sb(2) (if viewed from the same perspective). The expectation
of more nearly perpendicular interplanar relationships is offset
by intramolecular carbonyl repulsions between the Fe,(CO); units
in the center of the complex; the O(22)--O(14) distance, 2.84 (1)
A, is within the sum of the van der Waals radii (3.04 A).
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Mono- and bis(methylidyne) complexes have been the object
of several experimental and theoretical investigations in the near
past,>™ not least because of suggestions that discrete metal clusters

(1) (a) CNR of Padova. (b) University of Berlin. (c) University of Padova.

(2) (a) Clauss, A. D; Shapley, J. R.; Wilker, C. N.; Hoffmann, R. Or-
ganometallics 1984, 3, 619 and references therein. (b) Kammitt, R.
D. W,; Russel, D. R. in Comprehensive Organometallic Chemistry;
Wilkinson, G., Ed.; Pergamon: Oxford, England, 1982; Vol. 5, p 162
ff and references therein. (c) Chesky, P. T.; Hall, M. B. Inorg. Chem.
1981, 20, 4419 and references therein. (d) Hall, M. B. In Organo-
metallic Compounds Synthesis, Structure, and Theory; Shapiro, B. L.,
Ed.; Texas A&M University: College Station, TX, 1983; 334. (e)
Costa, N. C. V; Lloyd, D. R.; Brint, P.; Pelin, W. K.; Spalding, T. R.
J. Chem. Soc., Dalton Trans. 1982, 201. (f) Xiang, S. F.; Bakke, A.
A.; Chen, H.-W_; Eyermann, C. J.; Hoskins, J. L.; Lee, T. H.; Seyferth,
D.; Withers, H. P., Jr.; Jolly, W. L. Organometallics 1982, I, 699. (g)
Wong, K. S.; Dutta, T. K.; Fehlner, T. P.; J. Organomet. Chem. 1981,
215, C48.
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Figure 1. He I (below) and He II (above) excited PE spectra of (u;-
CF),(Fe(CO),];. PE bands are labeled alphabetically.

may serve as models for miniature metal surfaces or highly dis-
persed supported catalysts.’ Some of the authors have already
focused their attention on the electronic structure of nona-
carbonyl-substituted mono(methylidyne)tricobalt clusters (u;-
CY)[Co(CO),]; (Y = H, CH;, CF;, COOCH,, F, Cl, Br, I),*
obtaining an experimental evaluation, along the investigated series,
of the interaction extent between the metal triangle and the apical
carbon atom.

In agreement with the EAN rule,® a further CY ligand could
be incorporated into the analogous Fe cluster, leading to the
(13-CY),[Fe(CO);]; series. At present, as a matter of fact, only
two complexes containing the Fe;(CY), moiety have been syn-
thesized to our knowledge.® Further, two iron clusters of the type
(13-CCH3) (u3-COR)[Fe(CO);]5 (R = CH,, C,Hjy), which have
been described recently, show interesting reactions with CO and
acetylenes, respectively.*

In this note we report an experimental and theoretical analysis
of the electronic structure of (u;-CF),[Fe(CO),]; combining He
I/He II gas-phase UV photoelectron (PE) spectroscopy and
Hartree-Fock—-Slater first-principle DV-Xa calculations.”

(#3-CF),[Fe(CO);]; has been prepared according to the lit-
erature methods.> Its He I/He II excited PE spectra were re-
corded on a Perkin-Elmer PS-18 spectrometer modified by in-
clusion of a hollow-cathode discharge lamp giving high output
of He II photons. The spectrometer was connected on line with
a MINC-23 computer (Digital Eq.). The ionization energy (IE)
scale was calibrated by reference to admitted inert gases (Xe-Ar)
and to the He 157! self-ionization. A heated inlet probe system
was used at 60-70 °C,

Figure 1, where bands have been labeled alphabetically, shows
only the IE region below 12 eV. The higher IE one consists of

(3) (a) Lentz, D.; Bridgam, I.; Hartl, H. Angew. Chem., Int. Ed. Engl.
1985, 24, 119 and references therein. (b) Wong, W. K.; Chin, K. W ;
Wilkinson, G.; Galas, A. M. R.; Thornton-Pett, M.; Hursthouse, M. B.
J. Chem. Soc., Dalton Trans. 1983, 1557. (c) Nuel, D,; Dahan, F.;
Mathieu, R. Organometallics 1985, 4, 1436. (d) Nuel, D.; Dahan, F.;
Mathieu, R. J. Am. Chem. Soc. 1985, 107, 1658.

(4) Granozzi, G.; Tondello, E.; Ajo, D.; Casarin, M.; Aime, S.; Osella, D.
Inorg. Chem. 1982, 21, 1081.

(5) (a) Tolman, C. A. Chem. Soc. Rev. 1972, 1, 337. (b) Muetterties, E.
L. Bull. Soc. Chim. Belg. 1975, 84, 959. (c) Muetterties, E. L. Bull.
Soc. Chim Belg. 1976, 85, 451. (d) Ugo, R. Catal. Rev.—Sci. Eng.
1975, 11, 225. (e) Vahrenkamp, H. Struct. Bonding (Berlin) 1977, 32,
11

(6) Wade, K. Adv. Inorg. Chem. Radiochem. 1976, 18, 1.

(7) (a) Ellis, D. E,; Painter, G. S. Phys. Rev. B: Solid State 1970, 2, 2887.
(b) Averill, F. W,; Ellis, D. E. J. Chem. Phys. 1973, 59, 6412. (c)
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