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[ Cp2V(ASF&][ ASF,]. Crystal Structure of [ Cp2NbC12][ SbF6] 
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Niobocene dichloride, Cp,NbC12 (l), reacts with SbF, to give [Cp2NbC12][SbF6] (2). The X-ray structure 
of 2 has been determined and shows 2 to consist to discrete SbF, anions, which show the usual octahedral 
geometry but are slightly disordered in the crystal, and CpZNbCl2+ cations with an approximate tetrahedral 
coordination of the Nb atom. The average Nb-Cl distance is 2.341 A; the Nb-C distances range from 2.354 
to 2.455 A with an average of 2.404 A. The mean distance from Nb to the Cp ring centroids is 2.087 A. 
The angle C1-Nb-Cl is 98.10'; the average of the centroid-Nb-C1 angles is 106', the angle at Nb between 
the centroids 131°, and the angle between the ring planes 51.4'. 2 crystallizes in the orthorhombic space 
group mlcn with cell constants a = 8.557 (3) A, b = 12.753 (4) A, c = 13.839 (6) A, V = 1510.2 A3, 2 = 
4, and R(F) = 3.3%. The oxidation of vanadocene dichloride, Cp2VClz (3), which is not possible by common 
agents such as Ag+, with AsF, has been estimated to be thermodynamically favored by simple Born-Haber 
cycles and has been proved to be a convenient and quantitative synthesis of novel organovanadium(V) 
species. [Cp2VC12] [AsF,] (5) and [Cp2V(AsF,),] [A#,] (6) were prepared and characterized by elemental 
analysis, IR, 'H NMR, and l9F NMR spectroscopy (5: 6 = -58.75 ppm, q; relative to CFC1,; J = 937 f 
5 Hz). The preparation and characterization of the paramagnetic Cp,V(SbF6), (4) is also reported. The 
EPR spectrum of 4 shows a nicely resolved eight-line spectrum (B = 1.9738), indicating that the unpaired 
electron is mainly localized at the V. 

Introduction 
Currently we are investigating routes to high oxidation 

state transition-metal complexes containing highly fluo- 
rinated ligand systems.'p2 Recently we prepared Cp2Ti- 
(AsF& (from Cp2TiC12 and AgAsF6 or from Cp2TiF2 and 
AsF5) which was the first fluorine coordinated hexa- 
fluoropnicogenate complex of an electron-deficient me- 
tallocene derivative.12 From these results our interest arose 
to investigate also other transition-metal groups. Espe- 
cially the chemistry of group 5 seemed to be interesting 
(cf. ref 3-5), as two further aspects, one thermodynam- 
ic/kinetic and one steric, are of importance: (i) Will 
CpzMClz (M = V, 3; M = Nb, 1) react with AgAsF, in 
analogy to Cp,TiClz by substitution of the chloro ligands 
remaining in oxidation state IV or will the metallocene 
fragment be oxidized (Ag+/Ag) yielding a species like 
Cp2MC12(AsF6)? (ii) Which structure will be realized in 
derivatives of the type Cp,MCl2(AsF6)? Will they contain 
(for electronic reasons) a direct M-F-As bond with co- 
ordination number five in analogy to the structurally 
characterized Cp2Ti(AsF6)2 or will an ionic species of the 
type [Cp,MCl,] [AsF,] be obtained due to steric reasons 
in analogy to [CpzTi(CH3CN),]2+[AsF6]1?6 

Quite recently the first niobocene(V) hexafluoro- 
phosphate was prepared by reaction of CpzNbC1(SiMe3) 
with ferrocenium hexafluorophosphate.' However, oxi- 
dation of Cp,NbC1(SiMe3) with [Cp2Fe] [PF,] results in a 
complex reaction that produces Me,SiCl, Me,SiF, 
[Cp2Nb(CH2SiMe3)C1] [PF,], and [CpzNbCl21 [PF,]. 

We were particularly interested to plan our synthesis 
on the basis of simple thermodynamic estimations. By 

(1) Klapotke, Th.; Thewalt, U. J .  Organomet. Chem. 1988,356, 173. 
(2) KlapWke, Th. Polyhedron 1988, 7(13), 1221. 
(3) Greenwood, N. N.; Earnshaw, A. In Chemistry of the Elements; 

(4) Antinolo, A,; Fajardo, M.; Otero, A,; Royo, P. J. Organomet. Chem. 
Pergamon Press: Oxford, 1986; p 1163. 

1984,265, 35. 
(5) Fakhr, A,; Mugnier, Y.; Broussier, R.; Gautheron, B. J. Organomet. 

Chem. 1986,279, C 15. 
(6) Klapotke, Th. Polyhedron 1989, 8, 311. 
(7) Arnold, J.; Tilley, T. D.; Rheingold, A. L.; Geib, S. J. Organo- 

metdllics 1987, 6, 473. 

doing this and simple mechanistical reactions, we try to 
achieve one of our goals of preparing the compounds in 
one single step in quantitative or high yields. 

Results and Discussion 
Preparation and Properties of [Cp2NbC12][SbF6] 

(2). We have shown that the direct oxidation of an or- 
ganometallic compound with agents such as Ag+, NO+, 13+, 
AsF,, SbF,, and Fz seems to be not only of potential but 
also of general interest for the preparation of numerous 
of high oxidation state organometallic complexes.8 Al- 
though 2 can be prepared by the oxidation of l with 
AgSbF,, NOSbF,, or 13SbF6 very conveniently (see also 
thermodynamic aspects), we got the best orange-red 
crystals suitable for X-ray diffraction by preparing 2 ac- 
cording to eq 1 and recrystallizing the product twice from 
SOz. The characterization of 2 was achieved by micro- 

2CpzNbC1, + SSbF, - 2[CpzNbC12][SbF6] + SbF, 
1 2 

so2 

(1) 
analysis, lH NMR, 19F NMR, IR, and mass spectroscopy 
(see Experimental Section). The 'H NMR spectrum of 2 
in SO2 consists of one singlet a t  6 = 6.97 ppm (relative to 
TMS in SOz) due to the 10 equivalent Cp protons. The 
'gF NMR spectrum shows a complex multiplet at 6 = -110 
ppm (relative to CFC1,) due to the couplings '@F to lzlSb 
and '=Sb. In the IR spectrum (CsI) the absorptions of the 
Cp ring, the octahedral (not coordinated!) SbFC anion, and 
the Nb-C1 stretching modes were observed. SbF3 was 
identified by IR spectroscopy in the reaction residue as 
it is insoluble in SO2. Due to the ionic character of 2 in 
the mass spectrum (EI, 70 eV) only fragments of both the 
cation and the anion could be observed. 

Structural Aspects of 2. The X-ray structure analysis 
shows 2 to consist of discrete SbF, anions, which show the 
usual octahedral geometry but are slightly disordered in 
the crystal, and Cp2NbC12+ cations with an approximately 

(8) Gowik, P.; Klapotke, Th. J. Organomet. Chem. 1989, 368, 35. 
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Figure 1. Structure of the CpzNbC12+cation in [Cp2NbCl2][SbF6] 
(2). 

Scheme I. Reactions of CpzVClz (3) 

+ W A S F ~  -24CI 

[(Cp)2VC121[AsF6 1 
5 

I 
J 

[(CP)?V(AsF6)2 1 
7 

+ 3/2ASF5 - ' / 2 A ~ F 3  

[(CP)Zv(~F6)2 1 
4 

[(CP)ZV(ASF6)2 iLASF6 1 
6 

tetrahedral coordination of the Nb atom (Figure 1). The 
average Nb-Cl distance is 2.341 A, which is considerably 
shorter than the Nb-C1 distance of 2.470 A in 1,B as is to 
be expected, but comparable with the Nb-C1 distance of 
2.370 A in [Cp2NbC1] 02+[BF4]-2.D Nb-C distances range 
from 2.354 to 2.455 1 with an average of 2.404 A. The 
mean distance from Nb to the Cp ring centroids is 2.087 
A, which agrees well with the values of 2.09 A in 1 and 2.10 
A in [Cp2NbC1]202+[BF4]-2, respectively; the angle C11- 
Nb-Cl2 is 98.10', compared with 85.6' in 1 and 96.2' in 
[Cp2NbC1]202+[BF4]-2, this is well in agreement with both 
the positive charge at  the metallocene fragment and 
therefore the shorter Nb-Cl bond compared with those in 
neutral 1. The average of the centroid-Nb-C1 angles is 
106O, the angle at Nb between the centroids 131°, and the 
angle between the ring planes 51.4O.lo 

(9) Green, J. C.; Green, M. L. H.; Prout, C. K. J.  Chem. SOC., Chem. 
Commun. 1972,421. 

(IO) Crystal data: C,d-Il0Cl2FflbSb, M = 529.8, orthorhombic, space 
BTOUD P2,cn (nonstandard setting of Pna2,. No. 33). a = 8.557 (3). b = 
22.763 (4j, c = 13.839 (6) A; v =-i510.2 AS; z = 4; d,, = 2.33 g'im-3; 
F(O00) = 1OOO; crystal size 0.5 X 0.4 X 0.1 mm; ~ ( M o  Ka) = 2.93 mm-'. 
Data were colleded by using a four-circle dfiactometer Syntex P2': Mo 
Ka radiation (graphite monochromator, h = 0.71069 A); 1996 unique 
reflections with 28, = 55O measured; 1634 with Z L 2 4 0  used for 
calculations (program system SHELX-76); numerical absorption correc- 
tion; transmieaiona 0.28-0.77; Sb and Nb located by the Patterson method 
and C and F from difference maps; hydrogen positions calculated and 
eventually refined with fixed thermal parameters, non-hydrogen atoms 
refined anisotro ically on F to R = 0.033 and R, = 0.034; weighting 
scheme w-l = $0 + O.O0056F$ 273 parameters; S = 1.27. maximum 
shift/esd = 0.2; maximum residual electron density = 0.75 e A-s near the 
Sb atom. The [SbF& anion shows a rotational disorder. One of the Cp 
rings (ring 2) is also disordered; it exists in two orientations; both were 
taken into account in the refinement, but only one is shown in the plot. 
Further details of the structure determination have been deposited with 
the Fechinformationszentnun Energie Physik Mathematik, D-7514 Eg- 
genstein-Leopoldshafen 2, Federal Republic of Germany, and may be 
obtained by quoting a full literature citation and the reference number 
CSD-53613. 

V 
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Figure 2. Infrared spectra (CsI) of 5 and 6. 

1100 1200 roo0 800 600 LOO 

w a v e n u m b e r  I c m - '  

Figure 3. Infrared spectrum (CsI) of 4. 

While in Cp,Ti(AsF6), the AsF, unit is directly coor- 
dinated to the Ti center (linear Ti-F-.As unit)l in 2, there 
is no F coordination to the Cp2NbC12+ cation. So only 
superficially the high oxidation state niobocene species can 
be seen in analogy to the titanocene(1V) derivatives (as IV 
is the highest stable oxidation state for Ti). 

Preparation and Properties of Cp2V(SbF6)2 (4), 
[CP2VCbI[AsF61 ( 5 ) ,  and [Cp2V(AsF&dAsF61 (6). 
Scheme I illustrates all the reactions that have been carried 
out in vanadium chemistry yielding the products nearly 
quantitatively. Although Ag+ thermodynamically should 
be able to oxidize Cp,VCl2 (3), only substitution of the 
chloro ligands could be observed and the redox reaction 
is supposed to be kinetically hindered. On the other hand, 
AsF, oxidizes 3 yielding the cationic 5 which is, as far as 
we are aware, the first example of a stable vanadocene(V) 
dichloride cation and one of the few organovanadium(V) 
species. c p , v ( A ~ F ~ ) ~  (7) was prepared according to 
Scheme I, but not isolated, and directly oxidized yielding 
the quite unstable tris(hexafluoroarsenate) derivative 6. 

The IR spectra of 5 and 6 are similar (Figure 2) but 
clearly show the V-CI stretching modes in the case of 5. 
The IR spectrum of 4 (Figure 3) shows all expected ab- 
sorptions. The splitting of the v3 and the v4 modes of the 
SbF6 unit as well as V-F and Sb-F bands are indicative 
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Oxidation of Organouanadium and -niobium Complexes 

I d - " 2 . 1 5  - 5 3 . 2 5  - 6 4 , 2 8  - 7 8 . 3 5  

,s I D O I  

Figure 4. 'q NMR spectrum of 5 (SOz, 20 "C, relative to CFC13). 

I 
3080 3200 3380 3800 3680 3800 3950 HIG - 

Figure 5. EPR spectrum of 4 (benzene solution, saturated,  25 
"C). 

for the covalent structure as observed for CpzTi(AsF& 
(X-ray structure analysis).' 

The '@F NMR spectrum of 5 in SOz (Figure 4) shows one 
nicely resolved quartet a t  6 = -58.75 ppm (relative to 
CFC13) due to the 19F-7SAs couplings (7SAs, I = 3 / z )  with 
a coupling constant of 937 f 5 Hz. The broad and badly 
resolved multiplet in the l9F NMR spectrum of 6 is well 
in agreement with its composition with two coordinated 
and one ionic AsF6 units. 

Instead of NMR data for the paramagnetic 4, EPR 
spectra were recorded. A nicely resolved eight-line spec- 
trum (benzene solution) was observed (Figure 5), indicating 
that the unpaired electron is mainly localized at the slV 
(61V, I = 7/z; g = 1.9738). From IR and 19F NMR data it 
can be concluded that 5 exists isostructural to 2 which was 
characterized by X-ray diffraction (see above). Due to 
steric reasons the coordination number four is highly fa- 
vored for most of the early transition element metallocene 
complexes and 2 and 5 may very well be regarded as an 
analogue of [CpzTi(CH3CN),] [AsFg],, which, however, was 
prepared on a very different route. While the acetonitrile 
complex is one derivative of the well-known group of Lewis 
base coordinated titanocene 2 represents as 
far as we know the first completely characterized example 
of a cationic niobocene complex of the composition 
[CpZMClz][XF] where X is a Lewis acidic perfluoro non- 
metal species (e.g. X = BF,, AsF,, SbFs).4 

Thermodynamic Aspects. We estimated that the 
oxidation reactions leading to niobocene(V) and vana- 

(11) Berhalter, K.; Thewalt, U. J. Organomet. Chem. 1987,332, 123. 
(12) Meirim, M. G.; Neuse, E. W. Transition Met. Chem. (Weinheim, 

Ger.) 1984, 9, 337. 

(Weinheim, Ger.) 1985, 10, 337. 
(13) Thewalt, U.; Berhalter, K.; Neuse, E. W. Transition Met. Chem. 

(14) Thewalt, U.; Berhalter, K. J. Organomet. Chem. 1986,302,193. 

l a  
I b  

Table I. Estimated Heats of Reactions for the Formation of 
[Cp2MC12][X] (M = V, Nb; X = SbF6, AsF6, BFd from 

Cp2MClz and the Corresponding Oxidizing Agent According 
to Scheme I1 

AHJkcal.mol-' (per 
oxidizing agent mol of [CpzMClz][X]) 

NOSbF6 -27 

AgASF6 -56 
NOBF4 -14 
AsFSn -71 
AsFbb -63 

I~AsF, -79 

docene(V) species were thermodynamically allowed on the 
basis of simple Born-Haber cycles. A cycle representing 
the oxidation of 1 with NOSbF,, 13SbF6, AgAsFG, and 
NOBFl is given in Scheme 11. Using a similar approach, 

(15) Gmelins Handbuch der anorganischen Chemie: (a) Zirkonium- 
Organische Verbindungen; Moulik, A,, Ed.; VCH Verlag Chemie: We- 
inheim, 1973; VollO; (b) Titan-Organkche Verbindungen; Thewalt, U., 
Ed.; VCH Verlag Chemie: Weinheim, 1980; Vol. 8 (part 2). 

(16) Petersen, J. L.; Lichtenberger, D. L.; Fenske, R. F.; Dahl, L. F. 
J. Am. Chem. SOC. 1975,97,6433. 

(17) Fluck, E.; Heumann, K.; In Periodensystem der Elemente, VCH 
Verlag Chemie: Weinheim, 1985. 

(18) Johnson, D. A. In Some thermodynamic aspects of inorganic 
chemistry, 2nd ed.; Cambridge University Press: Cambridge, 1982; Ap- 
pendix. 

lett, N. Znorg. Chem. 1984, 23, 3167. 

(19) Lauher, J. W.; Hoffmann, R. J. Am. Chem. SOC. 1976,98, 1729. 
(20) Mallouk, T. E.; Rosenthal, G. L.; Mtiller, G.; Brusasco, R.; Bart- 

(21) Richardson, T. J.: Tarzella, F. L.: Bartlett, N. J. Am. Chem. SOC. 
1986,108,4937. 

(22) Passmore, J.: Sutherland. G.: White, P. S. Znorp. Chem. 1981,20, 
2169. 
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we showed that the oxidation of 1 with AsF, (which is very 
similar to SbF,; SbF, should even be a better oxidizing 
agent) and 3 with AsF, (yielding 5) are  also thermody- 
namically favorable. The heats of the reactions are sum- 
marized in Table I. 

Experimental Section 
All techniques have been described previously.s The reactions 

were done in SOz(l) between -30 "C and room temperature. All 
byproducts were either volatile (AsF,) or insoluble in SOz (Ag, 
AgCl, SbF,) and could be separated by pumping or filtration, 
respectively. The products were recrystallized from either SOz 
or a mixture of SOz/CFC13 or SOz/SOZClF. Elemental analyses 
were performed by Malissa & Reuter, Analytische Laboratorien, 
Engelskirchen, or recorded on a Hewlett-Packard 185. lH NMR 
spectra were recorded at  80 MHz with a Bruker WP 80 or at  60 
MHz with a Varian EM 360. 19F NMR spectra were recorded 
with a SXP 90 at  84 MHz. Infrared spectra were recorded on 
a Perkin-Elmer 580B; EPR spectra were recorded on a Varian 
E-300 spectrometer. 

1 and 3 were used after recrystallization from SOz as com- 
mercially available (Aldrich). AsF5 (Union Carbide) was purified 
by condensation, SbF5 (Alfa) was purified by destillation. AgAsF6 
and AgSbF6 were prepared from AgF and AsF, or SbF5 as de- 
scribed previously.6 

[CpzNbClz][SbF6] (2). A cold solution (-30 "c) of 1 (0.5610 
g, 1.908 mmol) in SOz (10 mL) was added to a cold solution (-30 
"C) of SbF5 (0.6182 g, 2.852 mmol) in SOz (10 mL). After the 
solution was stirred for 30 min at -30 "C, the color changed from 
dark brown to orange. The solution was then allowed to warm 
to room temperature. After filtration (orange solution of 2, white 
solid of SbF,) the solvent was evaporated and the orange-red 
product was recrystallized twice from SOz (10 mL) giving red 
crystals (mp 164 "C dec) in 98% yield (1.11 9). 

Anal. Calcd for CloHloClzF6NbSb~S0z: C, 20.23; H, 1.70. 
Found C, 19.96; H, 1.63. IR (CsI, cm-'): 3125 (m, u(CH)), 1738 
(w, br, v(NbH)), 1438 (m, w(CC)), 1368 (w, 6(CH)), 1172 (w, 6(CH)), 
1126 (w, 6(CH)), 1070 (vw, A(CCC)), 1029 (w, A(CCC)), 1014 (w, 
6(CH)), 965 (vw, 6(CH)), 863 (s, r(CH)), 743 (m, v,(NbONb)), 

ring tilt), 380 (w, u(NbCp)), 345 (m, u(NbCI)), 288 (vs, u4(SbF6-)). 
'H NMR (SOz, 20 "C, relative to TMS, ppm): 6.97 s. 19F NMR 
(SOz, 20 "C, relative to CFCl,, ppm): -110 m. MS (EI, 70 eV, 
60 "C, m/z  (re1 intens); m/z  >64 (re1 intens >4%)): 293 (5, 
CpzNbCIz+), 274 (5, CpzNbC1O+), 258 (8, CpzNbC1+), 228 (8, 
CpNbCI,+), 197 (8, SbF4+), 193 (5, CpNbCP), 178 (11, SbF3+), 

85 (100, CpFH+), 84 (39, CpF+), 65 (32, Cp'). 
CpzV(SbF6)2 (4). At room temperature a solution of 3 (0.5786 

g, 2.296 mmol) in SOz (10 mL) was added to a solution of AgSbF6 
(1.5790 g, 4.595 mmol) in SOz (15 mL). The mixture was stirred 
for 30 min at  room temperature and filtered (dark solution of 4, 

660 (VS, v,(SbF,-)), 645 (sh, us(SbF,-)), 578 (W, A(CCC)), 398 (W, 

163 (11, NbClz+), 159 (11, SbFz+), 140 (8, SbF+), 128 (11, NbCl+), 

Gowik et al. 

(23) Burford, N.; Passmore, J.; Sanders, J. C. P. In Molecular Struc- 
ture and Bonding; Liebman, J .  F., Greenberg, A., eds.; VCH Verlag 
Chemie: Weinheim, 1989; Vol. 11, and references therein. 

(24) The Merck Index, 9th ed.; Merck & Co Inc.; Rahway, NY, 1976. 
(25) Caron, A. P.; Ragle, J. L. Acta Crystallogr. 1971, B27, 1102. 
(26) Bode, H.; Clausen, H. 2. Anorg. A&. Chem. 1951,265, 229. 
(27) Gafner, G.; Kruger, G. J. Acta Crystallogr. 1974, B30, 250. 
(28) Kruger, G. J.; Pistorius, C. W. F. T. Acta Crystallogr. 1976, B32, 

2916. 

residue of AgCl), and the solution was concentrated to dryness. 
The remaining black solid was recrystallized from SOZ/CFCl3 (15 
mL), and black crystals were isolated (1.147 g, 76%). 

Anal. Calcd for Cl&l,-,F1zSbzV C, 18.40; H, 1.54. Found: C, 
18.17; H, 1.38. IR (CsI, cm-'): 3108 (m, v(CH)), 1443 (m, w-CC), 
1428 (s, w(CC)), 1122 (w, 6(CH)), 1025 (sh, b(CH), 1010 (m, 6(CH)), 

(SbF6)), 640 (sh, v,(SbF,)), 545 (m, v(Sb--?) and v,(V.-F)), 515 
(m, v(Sb-F) and v,(V-F)), 410 (ring tilt), 390 (w, ~ (Vcp) ) ,  280 
(vs, 6(SbF4, eq) in SbF,), 275 (sh, 6(SbF4, eq) in SbF6). MS (EI, 
70 eV, 20 "C, m/z (re1 intens); m/z >64 (re1 intens >3%)): 178 
(100, SbF3+), 159 (78, SbFz+), 140 (36, SbF+), 135 (12, CpVF'), 

(benzene, 25 "C, v = 9.73 X lo9 Hz): H = 3522 G, A = 116.3 G, 
g = 1.9738, eight-line spectrum. 

[CpzVC1z][AsF6] (5). 5 was prepared completely in analogy 
to the synthesis of 2. As AsF3 is volatile, the solvent (SOz) and 
the byproduct (AsF,) were removed by pumping. 3 (0.9150 g, 3.63 
mmol) was reacted with AsF5 (0.9260 g, 5.45 mmol) yielding 5 
quantitatively. 5 was recrystallized from SOz/SOZClF giving a 
black microcrystalline product in EM% yield (1.34 g). The solution 
of 5 in SOz is dark blue-green. 

Anal. Calcd for CloHl&sC1zF6V: C, 27.24; H, 2.28. Found: 
C, 26.91; H, 2.16. IR (CsI, cm-'): 3135 (m, v(CH)), 1442 (s, w(CC)), 
1433 (m, w(CC)), 1129 w (6(CH)), 1030 (sh, 6(CH)), 1015 (w, 
6(CH)), 868 (sh, r(CH)), 860 (sh, r(CH)), 850 (9, r(CH)), 835 (sh, 
r(CH)), 700 (vs, br, V3(AsF6-)), 398 (vs, V~(ASFS-)), 320 (m, v(VCI)), 
268 (m, v(VCI)), 225 (m, v(VC1)). 19F NMR (SOz, 20 "C, relative 
to CFCl,, ppm): -42.15, -53.25, -64.25, -75.35; J =637 & 5 Hz. 

[CpzV(AsF6),][AsF6] (6). A cold solution (-30 "C) of 3 (0.437 
g, 1.734 mmol) in SOz (10 mL) was added to a cold solution (-30 
"C) of AgAsF6 (1.030 g, 3.471 mmol) in SOz (10 mL) and allowed 
to warm to room temperature. After filtration the remaining 
residue (AgC1) was washed several times with SOz. The dark 
brown solution (20 mL) containing 7 was then recooled and frozen 
at  -196 "C. Onto the frozen solution was condensed AsF, (0.44 
g, 2.60 mmol), and the mixture was allowed to warm to -20 "C 
(red-brown solution). After the mixture was stirred for 30 min 
at  -20 "C, SO2 and AsF, were removed in a dynamic vacuum at 
+5 "C. The remaining black product (1.15 g, 89%) was charac- 
terized without further purification due to its instability. 

Anal. Calcd for CloHl~s3FlsV: C, 16.06; H, 1.35. Found: C, 
15.79; H, 1.20. IR (CsI, cm-'): 3130 (m, v(CH)), 1450 (m, o(CC)), 
1448 (m, w(CC)), 1130 (w, 6(CH)), 1035 (w, 6(CH)), 1020 (w, 
6(CH)), 860 (s, r(CH)), 700 (vs, br, u(AsF6)), 395 (vs, 6(AsF6)). 
19F NMR (SOz, 20 "C, relative to CFCI,, ppm): -47.55 (s, br, u / 2  
= 1850 Hz). 
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900 (w, r(CH)), 850 (9, r(CH)), 665 (VS, v (SbF,)), 660 (sh, V- 

129 (18, C&9+), 121 (28, Sb+), 70 (14, SbF2+), 65 (39, Cp+). EPR 
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