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The oxidation of molybdenum hexacarbonyl, Mo(GQJy antimony(V) fluoride, Sb§ at 60°C in an excess of
liquid SbFs, produces polymeric{Mo(CO)u} o(Cis-u-F2SbF)3]x[ShoF11]x as the main product. Recrystallization
from HF—SbFs produces orange prismatic crystals, suitable for a single-crystal X-ray diffraction study. Crystals
of [{Mo(CO)s} o(Cis-u-F2SbR)s]\[ShaF11]x are monoclinic, space group2i/c (No. 14),a = 9.234(4) A,b =
13.858(3) A,c = 25.790(3) A, = 90.532(2}, V = 3300.1(12) &, andZ = 4. The structure was solved by the
Patterson method and refined with anisotropic thermal parametéRs=t00.048 andR, = 0.047 (onF, 472
variables, 5116 observations witke 30(1)). In the polymeric cation, two pyramidal Mo(C©Jdroups are linked

by bridging, iso-bidentate JSbF, groups first into eight-membered rings, which are then further linked into
polymeric chains. The bridging,BbF, groups and the [SB11] ~ anion are involved in significant intermolecular
and interionic F-C contacts to the C atoms of the Mo(G@roups.

Introduction by the CO evolution. Removal of all volatiles in vacuo produces a
_ ) ) ) mixture of Sbk-SbFs and the { Mo(CO)} 2(Cis-u-FoSbR)s]x [ ShaF14] x.
Since the first report of the generation of [Au(GD)in the The latter is dissolved at 50C in anhydrous HF (Air Products) with
Brgnsted superacid HSP in 1990! the field of thermally about 20 vol % Shfadded and contained in a KEL-F reactor. Lowering

stable, homoleptic carbonyl cations of electron-rich metals and the temperature at a rate of 2@ per hour produces yellow-orange
their derivatives has grown rapidly and includes examples from crystals on the reactor wall. All volatiles are then removed in vacuo.
groups 8-12. Both a highlight and a review artickon the Carbon analysis: expected 6.09%, found 3.88%.

subject have appeared recently. The Lewis supetactr (b) X-ray Crysta_llography. A ngaku/AD_S_C CCD diffractometer
has emerged as the ideal reaction medium for the solvolytic, @d Mo Ka, graphite-monochromated radiation are used: Mo (&

2= ! . =0.710 69 A),» scans at-93 °C, 21 454 reflections with@= 4.0—
OXIdatIV?’ or _reductlve _%arbonylano_ns O_f metal Sélﬁ_he 60.2, unique 8081. The data were processed and corrected for Lorentz
superacid anion [SBii]” © is found invariably as an ideal

. . - . polarization and absorption (empirical, based on a three-dimensional
counterion to produce salts of surprisingly high thermal stabil- analyses of symmetry-equivalent data using fourth order spherical
ity.2 In addition a number of related metal carbonyl derivatives, harmonics, relative transmission factors: 0.7809000). The structure
where one or more CO ligands are replaced by anions havewas solved by the Patterson method. The heavy atom positions were
been obtained. Three of theses-Pd(COX(SOsF),, merlr(CO)s- determined from the Patterson function, and the remaining atoms were
(SOsF)3, and the cation [Ir(CQLI]Z™ with [ShyF14]~ as anion positioned from subsequent difference Fourier syntheses. Sb(3) and Sb-
are structurally characteriz8dWe describe here our first ~ (4) lie on crystallographic centers of symmetry. All atoms were refined
successful attempt to extend the existence range of the pre-With anisotropic thermal parametersko= 0.048 ancR, = 0.047 (on

dominantlyo-bonded homoleptic metal carbonyl catiddand F, 472 variables, 5116 observations witle: 3o(1)). No secondary
. 7 correction was necessary. Neutral atom scattering factors and anomalous
their derivatives to molybdenum, a group 6 metal.

dispersion corrections were taken from tiiternational Tables for
X-ray Crystallography! All calculations were performed using TeXsan

Experimental Section (Molecular Structure Corporation, The Woodlands, TX, 1996). Ad-
(a) Synthetic Procedure Freshly sublimed Mo(CQ)1 mmol, 264 (6) Zhang, D.; Rettig, S. J.; Trotter, J.; Aubke,Iforg. Chem1996 35,

mg) (Pressure Chemicals) and about 15 mL of freshly distilleds SbF 6113.

(Atochem North America) were allowed to react for 24 h at°@0in (7) Abel, E. W.; Tyfield, S. PAdv. Organomet. Chenil97Q 8, 117.

a glass reactor of 50-mL internal volume. The reaction mixture turned (8) Beck, W.; Sukel, K. Chem. Re. 1988 88, 1405.

ellow immediately. The progress of the reaction may be monitored (9) Melnik, M.; Sharrock, PCoord. Chem. Re 1985 65, 49.
y y prog y (10) Baker, P. KAdv. Organomet. Chenmil99§ 40, 45.

(11) Baker, P. KChem. Soc. Re 1998 27, 125 and references therein.

T The University of British Columbia. (12) Leigh, G. J.; Richards, R. IComprehensie Coordination Chemistry
* Institut fir Anorganische Chemie der Universita Wilkinson, G., Ed.; Pergamon Press: London, U.K., 1987, Vol. 3, p
(1) Willner, H.; Aubke, F.Inorg. Chem.199Q 29, 2195. 1265.
(2) Weber, L.Angew. Chem1994 106, 1131;Angew. Chem., Int. Ed. (13) Cotton, F. A.; Wilkinson, GAdvanced Inorganic Chemistrpth ed.;
Engl. 1994 33, 1077. Wiley: New York, 1988; pp 58, 1021
(3) Willner, H.; Aubke, FAngew. Cheml997, 109, 2506;Angew. Chem., (14) Crabtree, R. HThe Organometallic Chemistry of the Transition Metals
Int. Ed. Engl.1997, 36, 2402. 2nd ed.; Wiley: New York, 1994.
(4) Olah, G. A.; Prakash, G. K. S.; SommerSiiperacidsWiley: New (15) Ellis, J. E.Adv. Organomet. Chen99Q 31, 1.
York, 1985. (16) Bondi, A.J. Phys. Chem1964 68, 441.
(5) O’Donnell, T. ASuperacids and Acidic Melts as Inorganic Chemical (17) Bach, C.; Willner, H.; Wang, C.; Rettig, S. J.; Trotter, J.; Aubke, F.
Reaction MediaVCH: Weinheim, 1993. Angew. Chem., Int. Ed. Endl996 35, 1974.
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Figure 1. Stereoview of the unit cell of(Mo(CO)} 2(Cis-u-F.SbF)s]«[SbaF11]x-

Table 1. Crystallographic Data coordination geometries and d-electron configurations includes
emp form GF2oM0,0sShs in addition to d° (linear), & (square planar), and®doctahe-
form wt 1575, 67 dral)2 also d with a seven-coordinate geometry for the metal
lattice param b&- 9.234(4() ;&A space group2y.c (No. 14) ion. Molybdenum becomes, together with irididnthe only
= 13.858(3 T—-93°C her metal for which presently typick highly r 2
c-270(0A  dcacasizigem  oner metal for which presently ypickl:highy reduced
= 90532(2) 1= 071089 A and predominantly-bonded cationic carbony! derivativesre
V =3300.1(12) & 1 =495 cnrt reported. (iii) The simultaneous presence of two extremely
Z=4 20 = 4.0-60.2 weakly nucleophilic fluoroantimonate(V) anions, [SbFand
R Ry(onF, 1= 30 (1) 0.048,0.047 [ShyF14] ™ in the same compound is highly unusual. The former
AR = ¥ |IFol — IFell/S|Fol. ® Ry = [(SW(IFe| — |Fol)¥TWF2)]¥2 is found here agis-F-bridging, iso-bidentate ligand. Thes-

bridging [:SbF]~ ligands are responsible for two unusual

ditional crystallographic data are collected in Table 1. Selected structural Structural features: eight-memberéwnsMoF,ShF, rings
parameter (bond lengths and bond angles) together with vibrational with fluoro bridges between alternating Mo and Sb atoms. The
data are summarized in Table 2. A stereoview of the unit cell is shown metallocycles are further linked into chains, againdistF,-
in Figure 1. A repeat unit of the polymeri§ NJo(CO)}(cCis-u-Fo- SbF, bridges.
SbR){| " cation is depicted in Figure 2. Another feature, secondary contacts which are about-0.20
0.40 A shorter than the sum of the van der Waals r&dii,
between F atoms of the [& 1]~ anion or thecis-SbFs ligands,

We report here the synthesis and the molecular structure ofand O or C atoms of the carbonyl groups are found also pre-
a new type of predominantly-bonded metal carbonyl deriva-  Viously for [I(CO)}CI|[SbzFi1]2*” while for [Hg(COY][ShoF11]2*8
tive, polymeric [Mo(COW} »(Cis-u-F-SbR)sShFi]x (see  F+-C contacts dominate. The observed formation of a metal-
Figure 1), which has no precedent among known CO-containing locycle and polymerization, of the cyclic moieties both via F
organometallic catiori$ or coordination compounds of molyb- ~ SbF; bridges as well as the interionic and intramolecular contacts
denuni~12 on three accounts: (i) all known homoleptic metal described above, reflect the enormous electrophilicity and Lewis
carbonyl cations and their derivativeare mononuclear or  acidity of the pyramidal Mo(Il)(CQ) moiety.

Results and Discussion

occasionally like [Pslu-CO)]?" binuclear® Likewise, previ- The synthetic route td Mo(CO)} o(Cis-u-F2SbF) 3] ShoF11]
ously reported molybdenum(ll) carbonyl derivatives are either has evolved from prolonged and ultimately unsuccessful at-
monomers or ligand-bridged di-, tri-, or tetram@ré? (i) The tempts to synthesize a binuclear compound, containing the

existence range of predominantlybonded cationic metal  quadruply bonded cation [(CE)YloMo(CO)]4*. In the binuclear
carbonyl derivatives is now extended to group 6. The range of metallocycle which is formed in these attempts, the two Mo-
(CO), moieties are separated by intervening Sb&nions with
(18) Bodenbinder, M.; Balzer-llenbeck, G.; Willner, H.; Batchelor, R. the shortest Me-Mo separation of 5.776 A. The formation reac-

J.; Einstein, F. W. B.; Aubke, Anorg. Chem.1996 35, 82. i i it i i i -
(19) Birchal, T Dean, P. A. W.- Valle. B, D.: Gillespie. R, Gan. J. tion, formulated for a single formula unit is deceptively simple:

Chem.1973 51, 667. 60°C. 241
(20) Nandana, W. A. S.; Passmore, J.; White, R1.££hem. Soc., Dalton 4

Trans.1985 1623. 2Mo(CO); + 9SbR SbR(), —4CO

21) International Tables of X-ray Crystallography, Vol ;I\Kynoch
( )Press: IBirminham, 1974. i grapy Y [{Mo(CO),} ,(cisu-F,SbF),][Sb,F, ;] + 2(SbR-SbF) (1)
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Table 2. Internal Bond Parameters and Vibrational Wavenumbers@CStretching Range) fof Mo(CO)} 2(Cis-u-F2SbF)s]« [ ShoF14]«

(a) Bond Parameter

group bond length range obsd [A] group bond angles range obsd [deg]
Mo—-C 2.021(10)-2.052(10) C-Mo—-C 70.2(4) and 75.3(4)
111.6(4) and 113.9(4)
c-0 1.089(11y-1.136(11) Moe-C-0 174.8(9y-178.7(9)
Mo—uF 2.140(5)-2.196(5) F-Mo—F 74.2(2)-77.6(2)
Sb—uF—(Sby 2.014(6) and 2.056(5) S-Sk 150.0(3)
Sb—uF—(Mo) 1.933(6)-1.988(6) Sb-F—Mo 142.1(3)-162.8(3)
Sb—F° ~1.85+ 0.02 Ry—Sb—F 91+ 1°
(b) Vibrational Data
fundamental and IR Wavenumberg [cm™] fundamental and Raman shifts\v [cm™Y]
assignmeist and esd intensities assignmerst and esd intensities

v(CO) A 2156 ms v(CO) A 2156 vs

(CO) A 2105 m, sh (CO) A1 2105vs

v(CO) B, 2092 s, sh v(CO) B, 2088 m, sh

v(CO) B, 2086 vs v(CO) B, 2085 m

7COuy 2110 fco 18.0x 1N m=?

aData pertain to [Si15] . ® Denotes terminal F atom icis-SbRs~ and in [ShF;]~. ¢ Assignment is based oB,, local symmetry.

only. A repeat unit of the polymeric catioMo(CO)} »(cis-
u-F2SbR)s)t is shown in Figure 2. Important bond parameters
for the cation as well as for [$B;1] ~ are summarized in Table
2, together with vibrational wavenumbemJQ) for the Md'-
(CO), moiety. As can be seen both molybdenum ions are seven-
coordinate, which is rather common for Mo(ll) compleXe¥
The coordination polyhedron is best described as a square
antiprism or 4:3 geometry,where a trigonal Mok and an
approximately square Mo(C@pyramid share a common apex.
For the latter, observed bond angle alternation and coincidence
of »CO in the IR and Raman spectra (see Table 1) suggest the
local symmetry of the Mo(Cg) moiety to be approximately
C21,'-

As can be seen from the data collected in Table 1, the
molecular structure of the cyclic repeat u{iMo(CO)s} »(cis-

© u-F2SbR)s)t is very regular. Variations within a bond group
gw) are small, often within the quoted esd values. As observed for

e / \
oS 7

B
R(17%) &L Sbd)  F16)

F19) the homoleptic metal carbonyl catioh&§—O bond lengths are

rather short and are near or below thevalue of 1.132 A in
Figure 2. ORTEP plot with 50% probability thermal ellipsoids of the  the Cambridge data indé%. Correspondingly the MeC
repeat unit of the polymeric catiofi j1o(CO)} o(Cis-u-F.SbR)3] *. distances are long and above thevalue of 2.007 A. While

S i f the tw lid oroduct d tallizati f the C-Mo—C angles alternate between acute and rather wide
eparation of the two Solid products and recrystalization 0 by about 40, the Mo—C—O angles depart from linearity by

the title compound is achieved with the help of the conjugate 13-5 % f in TH 2+ 18 This is. i i
superaci®#® HF—SbF;, wherein SbgSbFR!° is found to be :3-5.2, as found in [Hg(COJ*'. IS 1S, I our opinion,
insoluble. The general synthetic method appears to be extendabl
to tungsten hexacarbonyl. In this new approach, liquidsSbF
plays an expanded role: as in all other carbonylation reactionsquemIy the stretching force constdap of 18.0 x 107 Nm-*
reported by usit 1S the reaction medium and source for the — ,painey by the Cotton-Kraihanzel methd#*are slightly lower
counterion [SEF14] . In addition it functions as oxidizing agent, than in free CO (2143 cr and 18.6x 102 N m-! respec-
provides the bidentate ligand$bF~, which facilitates elimina- tively3). There are two reasons for this: (a) the net charge on
tion of CO. P ; ' _
. each Mo is+?1/, compared tot+2 in [Hg(CO)]?* wherewCO

Yellow-orange crystals of {Mo(CO)}a(Cis:u-F2SbRa)s]- is 2279.5 cml.sz comparison for neutral Mo(C@Jcois 17.1
[SteFulx are, in a sealed glass tube, stable up to 3@0At x 1% N m%? (b) some z-back-bonding and secondary
~150°C me'“f‘g with decomposition occurs. CO Bﬁnq S.'E‘ interionic and intramolecular contacts combine to weaken the
are observed in gas-phase IR spectra. In addition to liquid,SbF C—0 bond. Nevertheless, the CO stretching wavenumbers
colorless sublimable crystals form, which are tentatively identi- observed here are to onjr knowledge the highest for any
fied as MoOR. An olive residue is left. The reduced byproduct, molybdenum(ll) carbonyl species. They are even higher than

formulated as ShfSbF(A),1?is recrystallized from anhydrous the 7 | f therwi v ch teri |
HF and is identified according to its cell constants as SbF e vCO values for otherwise poorly characterized carbony

5SbFs whose structure is know#?. This finding confirms that (22) Orpen, G. A.; Brammer, L.; Allen, F. H.; Kennard, O.; Watson, D.
SbFs functions as oxidizing agent toward Mo(C{) G.; Taylor, R.Chem. Soc. Dalton Trans. Supfib89 S1.

; ; ; ; _(23) Cotton, F. A,; Kraihanzel, C. 9. Am. Chem. Sod.962 84, 4432.
The new complex is unambiguously characterized by single (24) Kraihanzel, C. S.. Cotton. F. Anorg. Chem1963 2, 533,

crystal X-ray diffraction* Support comes from IR and Raman  (35) jones, L. Hlnorganic Vibrational Spectroscopyol. 1 Marcel
spectra, which are readily interpreted in the CO-stretching range Dekker: New York, 1971; p 145.

due to the observed interionic and intermolecular contacts which
fhvolve both O and C atoms of the carbonyl groups.
The averagerCO wavenumber of 2110 crh and conse-
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fluorides of Mo(lll) and Mo(IV) reported some time ag®?’ early transition metal with a“dconfiguration, a coordination
The remaining bond parameters are clear-cut and merit little polymer with a very unusual structure.
discussion. We are not aware of any other synthetic method that produces
any thermally stable, homoleptic metal carbonyl cations and
Conclusions their derivatives with metals if-2 or +3 oxidation state333
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now in this group the first cationic derivative formed by an ) ) ) L
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