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The preparation and properties of CpVBr, and CpVl, (Cp = q5-C5H5) are described. The compound CpVBr, exhibits an E l j 2  
of 5 IO mV (vs Ag/AgCl) and is able to oxidize ferrocene. The salt [Cp,Fe] [CpVBr,] was characterized by infrared spectroscopy 
(vcH(Cp2Fe) = 857 cm-I), S7Fe Mossbauer spectroscopy at 295 K (6, = 0.35, = 0.421 mm/s) and 150 K, variable-temperature 
magnetic susceptibility (ped300 K) = 3.75 pg), and 'H NMR spectroscopy. While CpVBr, is more oxidizing than CpVCI,, we 
find that CpVI, is lcss oxidizing ( E l l 2  = 425 mV). In solution CpVI, exists as two distinct species as shown by 'H NMR 
spcctroscopy. The structure of CpV13 was solved in the orthorhombic space group Pn2,a (no. 33, alternate setting) with the lattice 
constants a = 11.847 (4) A, b = 11.304 (3) A, c = 7.532 (1) A, and Z = 4. 

Introduction 
There is currently considerable interest in organometallic 

compounds containing metals in high formal oxidation states. 
Many of these complexes feature cyclopentadienyl ligands and 
maintain their high oxidation states by virtue of electronegative, 
n-donor ligands such as F, CI-, 02-, N3-, and S2-.I These 
compounds represent soluble and synthetically tractable analogues 
of traditional binary and ternary metal halides, oxides, and ox- 
yhalides. In  fact, the existence of a stable oxyhalide MOJ,,, often 
portends the stability of an analogous cyclopentadienyl compound, 
(C5R5)MOwIX,. Despite their high oxidation state, few examples 
of these organometallic compounds are particularly good oxidants 
for either atom transfer2 or electron abstraction. One reason for 
this situation may be that most studies have focused on the easily 
ionized second- and third-row metals. 

We have recently described a series of cyclopentadienyl com- 
pounds that are good oxidants in terms of either their electro- 
chemistry or their 0-atom transfer ability. Thus CpVCI,, which 
was first prepared by Fischer in  1960,j has an of 655 mV 
versus the standard hydrogen electrode (SHE). The oxide 
CpV0Cl2 while more highly oxidized is ca. 100 mV less oxidizing, 
illustrating the stabilizing effect of the oxo ligand. Similarly, while 
Cp*CrBr3 (Cp* = $-C5Me5) is a polyhalogen complex, not a 
Cr(lV) complex, the compound Cp*CrVOBr2 is an isolable in- 
termediate in the O2 oxidation of phosphines and  sulfide^.^ 

The compound CpVCI, is oxidizing for two reasons. First, it 
features a first-row transition metal in a high oxidation state. 
Second, its coordination environment consists of nonoxidizable 
(versus the metal d levels) ligands, which provide weak n sta- 
bilization. This report deals with the situation where the halide 
to vanadium n stabilization is further weakened. We already know 
that in  the extreme case the halide is lost as halogen, e.g., 
Cp*CrBr3 - [Cp*CrBrJ2 + Br2. Having previously investigated 
the properties of CpVCI,. we describe in this paper the properties 
of CpVBr,. probably the strongest known (neutral) organometallic 
oxidant. We then move one step further to reduce x donation 
from the halidc to the vanadium in the form of the unusual species 

Results 
Preparation and Properties of CpVBr,. In 1960, Fisher, Vi- 

goureux, and Kuzel described the reaction of CPV(CO)~ and Br2 
which produced CpVBr, in high yield and purity.3 Since that time, 
no reports of this compound have appeared. Indeed, the only 

CpVI3. 

bromide analogue of the general class of CpVX3 that has been 
reported is C P * V B ~ , , ~  but it is well-known that permethylation 
of the Cp ring lowers the redox potential by ca. 250 mV. The 
reduction potential of CpVBr, is quite oxidizing at  5 IO mV (vs 
Ag/AgCI, or 730 mV vs SHE). Under precisely the same ex- 
perimental conditions, we find that ferrocene is oxidized at  500 
mV. 

Solid and Solution Characterization of [Cp,Fe][CpVBr,]. The 
ability of the CpVBr, to oxidize ferrocene was demonstrated by 
chemical synthesis. Microcrystalline samples of [Cp2Fe] [CpVBr,] 
are thermally sensitive; at room temperature in vacuo we observed 
the loss of about 5% of the ferrocene by sublimation. The IR 
spectrum of solid [Cp,Fe] [CpVBr,] shows a v ~ - ~  band at 857 cm-I 
in the infrared spectrum, typical of other [Cp2Fe]+ salts. The 
57Fe Mossbauer spectrum of the salt a t  295 and 150 K displays 
a distorted quadrupole doublet characterized by parameters 61 
= 0.35 (fwhh = 1.72) and b2 = 0.421 (0.676) mm/s (at 295 K). 
Again, these data are typical for ferrmnium salts.' The magnetic 
susceptibility of the salt at 300 K gives an effective magnetic 
moment of 3.75 I . c~ ,  whereas the spin-only value for S = 1 (V) 
and S = (Fe) is 3.32 pB. These data indicate slight ferro- 
magnetic coupling between the V(II1) and Fe(II1) centers. The 
temperature dependence of the susceptibility down to 4.5 K in- 
dicates that the ground state is antiferromagnetic. Collectively, 
these measurements indicate the solid consists of Cp2Fe+ and 
CpVBr,- subunits. 

Solution ' H  N M R  spectroscopy indicates that full charge 
transfer is not achieved in solution, however. A single broad 
(C5H5)2Fe signal is observed at 6.41 ppm downfield of T M S  
(Cp2Fe, 6 4.16; [Cp2Fe]PF6, 6 3 3 ,  as well as a single (C5H5)VBr3 
signal at 6 61 (CpVBr,, 6 54; CpVBr3-, ca. 6 150). The position 
of each NMR resonance can be shifted by the presence of an 
excess of either reagent. For example, the addition of an excess 
of CpzFe drives the CpVBr3*- resonance to lower fields. We 
conclude that in solution there is facile reversible electron transfer 
between the donor Cp2Fe and the acceptor CpVBr, (eq I).* 

(1) 

Preparation and Properties of CpVI,. The addition of I2 to 
CPV(CO)~ in CH2CI2 results in the formation of CpVI,, which 
was isolated in 75% yield. This black, air-sensitive and thermally 
sensitive material is prone to loss of 12. Single crystals of CpV13, 
however, are thermally stable a t  room temperature over a period 
of months. Previously, this reaction had been reported to give 
C P V I ~ ~  More recently Herberhold prepared the C5Me5 derivative 

Cp2Fe + CpVBr, s Cp2Fe+ + CpVBr3- 

( I )  Bottomley, F.; Sutin. L. Adu. Organomet. Chem. 1988, 28, 339. 
(2) Holm, R. H. Chem. Rev. 1987,87, 1401. 
(3) Fischer, E. 0.; Vigoureux, S.; Kuzel. P. P. Chem. Ber. 1960, 93, 701. 
(4) Morse, D. 8.; Hendrickson, D. N.; Rauchfuss, T. B.; Wilson, S. R. 

Organometallics 1988, 7,496. Morse, D. B.; Rauchfuss, T. B.; Wilson, 
S. R. J .  Am. Chem. SOC. 1988, 110. 2646. 

( 5 )  Morse, D. B.; Rauchfuss, T. B.; Wilson, S. R. J .  Am. Chem. Soc. 1988, 
110, 8234. 
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(6) Herberhold, M.; Kuhnlein, M.; Ziegler, M. L.; Nuber, B. J.  Organomet. 
Chem. 1988, 349, 131. 

(7)  Cp,Fe: Ernst, R. D.; Wilson, D. R.; Herber, R. H. J .  Am. Chem. SOC. 
1984, 106, 1646. Cp2Fe+: Wertheim, G. K.; Herber, R. H. J .  Chem. 
Phys. 1963, 38, 2106. 

(8) Self-exchange would broaden but not appreciably shift the NMR signal: 
Yang, E. S.; Chan, M A . ;  Wahl, A. C. J .  Phys. Chem. 1980,84, 3094. 
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Figure I .  Solid-state packing arrangement for CpVI, at -78 "C. 

Table I. Selected Bond Distances (A) and Angles (deg) for CpVI, 
(-75 "C)' 

V- l l  2.562 (5) V-13 2.544 ( I )  
V-12 2.601 (5) V-Cpb 1.926 (6) 

II-v-12 99.5 ( I )  11-V-Cp 115.6 (1) 
11-V-13 101.6 ( I )  12-V-Cp 116.5 (3) 
12-V-13 101.0 ( I )  13-V-Cp 119.5 (2) 

"Thc C-C distances are all 1.420 (9-20) A. bCp refers to the center 
of the cyclopentadienyl ring. 

Cp*V13 but characterized it on the basis of its mass spectrum 
only.I0 Wc have examined both the solid- and solution-state 
properties of CpVI,. 

The compound CpVI, was structurally characterized by X-ray 
diffraction at -75 OC (1 98 K). The best refinement was achieved 
in the polar space group PnZla.  The molecules are not well 
separated i n  the lattice but are interconnected in a chain motif 
via a series of long (3 .824 ( 4 )  A) I--I contacts (Figure 1 ) .  The 
van der Waals radius of iodide (I-) is 2.15 Two iodides of 
each CpVI, unit are involved in the linear polymer, which has 
the connectivity [ I-V-I...I-V-I...I-V-I],. The "bridging" iodides 
have slightly longer bonds to vanadium (2.601 ( 5 )  and 2.562 ( 2 )  
A) vs the "terminal" iodides, 2.544 ( I )  A (Table I). At room 
temperature (298  K),  the 1-1 contact elongates to 3.869 ( 2 )  A. 

Magnetic susceptibility measurements indicate that CpVI, is 
not a simple d '  complex (Figure 2). At high temperatures the 
magnetic moment is indicative of an S = spin system, but by 
ca. 20 K the susceptibility response assumes a spin-pairing profile. 

Cyclic voltammetry of CH2CI2 solutions prepared from high- 
quality samples of CpVI3 exhibit a reversible reduction wave at 
E l l 2  = 425 mV (vs Ag/AgCl). This value is notably lower than 
that observed for CpVBr, despite the decreased amount of T -  

(9) King, R.  B.; Hoff, C .  D. J .  Organomet. Chem. 1982, 225, 245. 
(IO) (a) Herberhold. M.: Kremnitz, W.; Kuhnlein, M.: Ziegler, M. L.; 

Brunn,  K .  Z .  Naturforsch. 1987, 42B, 1520. (b) Hammer, M. S.; 
Messcrlc, L. fnorg. Chem. 1990, 29, 1780. 

( I  I )  Pauling. L.  The Nature of rhe Chemical Bond, 3rd ed.; Cornell Univ- 
ersity: Ithaca, New York. 1960. 
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Figure 2. Magnetic susceptibility data (effective magnetic moment) at 
10 kG for CpV13. 
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Figure 3. ' H  NMR spectrum of CpV13 (200 MHz, CDCI,/TMS, 19 
"C). 

donation of iodide or bromide. The electrochemistry of CpVI, 
is also distinct from that for I2.I2 The oxidation of CpW3 is 
electrochemically irreversible, whereas the chloride and bromide 
analogues undergo quasi-reversible oxidation to vanadium(V). 

The IH NMR spectroscopy of CpV13 is unlike that for any other 
CpMX, complex reported to date (Figure 3) .  A typical spectrum 
displays two isotropically shifted signals at 6 73 and 53 in a 1:4.5 
integrated ratio (the product from thermal decomposition of 
CpVI,, "[CpV12]2", exhibits a resonance at  6 105). The inte- 
gration-weighted average position of these signals is approximately 
at  the shift expected by extrapolation of the shifts for CpVCI, 
and CpVBr,. Variable-temperature, -solvent (CDC13 and tolu- 
ene-d8), and -concentration (1 8 and 1.5 mM) studies were carried 
out to determine the cause of this peculiar spectrum. The positions 
of these signals are not concentration dependent, but they are 
solvent dependent. In contrast, the integrated ratio of these 
resonances is nearly independent of solvent at fixed concentration 

( I  2) The electrochemical behavior of iodine is well-known to be dependent 
upon other species in solution: Koval, C. A.; Drew, S. M. Inorg. Chem. 
1988, 27, 4323. 
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but somewhat dependent upon concentration. The 'H NMR data 
for CpV13 are indicative of molecular association phenomena. The 
MeCp derivative of CpVI, was prepared, and similar spectra were 
obtained. 
Discussion 

O u r  results indicate that CpVBr, is the most highly oxidizing 
organometallic complexes known. With a reduction potential of 
510 mV (vs Ag/AgCI; CpzFe+/O under the same conditions, 500 
mV), CpVBr, oxidizes ferrocene to give the salt[Cp,Fe+]- 
[CpVBr3-]. I n  solution, CpVBr,- is involved in rapid reversible 
electron exchange with CpzFe+. The substitution of bromide for 
chloride in the CpVX3 class increases the oxidative potential of 
the complex by ca. 50 mV, about twice the effect in substituting 
Cp for MeCp. The anodic shift in reduction potentials on changing 
from CpVCI, to CpVBr, is attributed to the weaker a-donor ability 
of bromide. When a very strong a-donating ligand such as oxide 
is added to the coordination sphere of these vanadium compounds, 
the subtle differences between the properties of chloride and 
bromide are overshadowed (the do complexes CpVOBr, and 
CpVOCIz display the same reduction potential, 345 mV). 

We have also established that the product of CpV(CO), and 
1, is the vanadium(1V) complex CpVI,. The Ell*  for CpVI, is 
roughly equal to that for (MeCp)VCI,. On the basis of 'H NMR 
results, we believe that CpVI, aggregates in solution concomitant 
with the formation of polyiodide anions. Compounds of the type 
Cp*CrI,y clearly display associative behavior.', Additionally, the 
chemistry of the binary vanadium halides is known to be quite 
complex, involving equilibria between 12, VI2, VI,, and even 
gaseous VI4.', Bottomley and co-workers isolated a species 
proposed to be [(CsMes)v(No)]2(~-r~).'5 

Magnetic measurements show that in the solid-state CpVI, 
undergoes spin pairing at low temperatures. The temperature 
dependence of pcFf resembles in profile that for [Cp2Co+]- 
[( MeCp)VCI<].4 A localized model for this spin-pairing mech- 
anism is not possible since CpVI, is an odd-electron entity. The 
structural data show a linear chain structure where already a t  
198 K there are significant 1-1 contacts. We propose that at lower 
temperatures the 1-1 contacts are strengthened such that by 20 
K VIv has oxidized its own iodide ligands. 

It is remarkable to us that compounds of the simple composition 
CpVX, havc such rich and varied chemistry. The structure of 
"CpV13" in solution remains unknown. 
Experimental Section 

Syntheses. All reactions and characterizations were conducted under 
an incrt atmosphcrc by using standard Schlenk line techniques and a 
Vacuum Atmosphcrcs Dri-Lab. Dried and oxygen-free nitrogen was 
uscd. Solvcnts were distilled from appropriate drying agents under ni- 
trogcn (tolucnc, Na: hexanes, Na/K; CDCI,, P401p). 

CpVBr,. A solution of 0.5 mL of Br2 ( I O  mmol) in  20 mL of CH2CI2 
was addcd dropwisc to a solution of C P V ( C O ) ~  (405 mg, 1.8 mmol) in 
30 mL of CH2CI2. After I h ,  the solvent was removed in vacuo and the 
residuc was cxtractcd with 60 mL of toluene. The filtrate was evapo- 
rated, and thc rcsulting solid was washed twice with 1 mL of toluene 
followcd by 30 mL of hcxancs. The microcrystalline solid was dried in 
vacuo for a yield of 5 2 5  mg (83%). Anal. Calcd for CSH5Br3V: C, 
16.88; H. 1.42: V. 14.32. Found: C,  17.04; H, 1.42; V, 14.40. 'H  NMR 
(CDCI,/TMS. 291 K): 6 54.5 (fwhh = 95 Hz). 

CpVI,. A solution of I ,  (446 mg, 1.8 mmol) in 20 mL of CH2CI2 was 
addcd to a solution of C P V ( C O ) ~  (250 mg, 1 .1  mmol) in 20 mL of 
CH2CI2. After 1 h. the solvent was removed under vacuum. The crude 
solid was thcn cxtractcd with 25 mL of toluene. The filtrate was then 
reduccd i n  volumc and the product was precipitated by addition of a 
IO-fold cxccss of hexanes. The solid was dried in vacuo for a yield of 75% 
(410 mg). Anal. Calcd for C5H513V: C, 12.09; H, 1.01. Found: C, 
12.25; H, 0.96. 
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(13) Morse, D. B.; Rauchfuss, T. B.; Wilson, S. R. J .  Am. Cfiem. SOC. 1990, 
112. 1860. 

(14) (a) Berry, K .  0.: Smardzewski, R. R.; McCarley, R. E. Inorg. Cfiem. 
1%9,8. 1994. (b) Juza, D.; Giegling, D.; Schafer, A. B. 2. Anorg. Affg. 
Cfiem. 1969, 366, 121. For the related example of ferric iodide, see: 
Joon, K. E.: Kochi, J .  K. Inorg. Cfiem. 1990, 29, 869. 

( I  5)  Bottomley, F.; Darkwa, J.; Sutin, L.; White, P. S. Organomefalfics 
1986, 5, 2165. 

Table 11. Crystallographic Data for (C,H,)VI, 
chem formula = C5H513V 
fw = 496.75 
space group: Pn2'a (No. 33) 
a = 11.847 (4) 8, 
b = 11.304 (3) 8, 
c = 7.532 ( I )  8, 

= p = ., = 900 
V =  1008.7 A' 

2 = 4  

A = 0.71073 8, (Mo Ka) 
pobs = 3.271 g/cm' 

= 99.76 cm-' 
transm coeff = 0.3 15-0.108 
R = 0.039 
R, = 0.048 

T = -75 OC 

Table 111. Atomic Coordinates for Non-Hydrogen Atoms in 
(CSHS)VI, 

X Y z 

I1 0.0790 (2) 0.0767 (5) 0.1925 (2) 
12 0.0773 ( I )  0.4252 (5) 0.1891 (2) 
13 -0.13406 (5)  0.2501 (6) 0.50259 (9) 
V 0.0729 ( I )  0.2496 0.4122 (2) 
CI 0.1160 (5) 0.2321 ( I O )  0.7038 (8) 
c2 0.1751 0.1432 0.6085 
c3 0.2519 0.2000 0.4916 

c5 0.1563 0.3439 0.6458 
c4 0.2403 0-.324 1 0-,5146 

CpVI, thus obtained slowly liberated I, and developed 'H  N M R  
characteristics attributable to [ C P V I ~ ] ~  unless stored with a small piece 
of solid iodine. Alternatively, the crude reaction mixture can be extracted 
with toluene, the filtrate reduced in volume by half, and cooled to -25 
"C. Large crystals thus obtained showed no decomposition at  room 
temperature over a period of many months. 

(MeCp)VI,. This complex was synthesized according to the procedure 
for the CSHS analogue. The ease of preparation of (MeCp)VI, depends 
greatly on the purity of the ( M ~ C P ) V ( C O ) ~  starting material. 'H  NMR 
(CDC13/TMS, 293 K): 8 -4.5 (Me,), 74.5 (CH,), -10.0 (Meb), 57 

Microanalyses were performed by the 
University of Illinois Microanalytical Laboratory, and 'H N M R  mea- 
surements were recorded with a Varian XL-200 200-MHz FT-NMR 
instrument. Electrochemical studies were carried out at ca. 1 mM in 
CHlC12 on a Bioanalytical Systems BAS-IO0 instrument equipped with 
a three-electrode cell using Pt working and counter electrodes and ca. 0.1 
M ["Bu4N] [PF,] (TBAHFP) supporting electrolyte. Inert-atmosphere 
voltammograms were performed in a Dri-Lab box, utilizing a 
[Cp,Fe] [PF,]-Cp,Fe-TBAHFP (CHzCIz) reference electrode ([Cp,Fe+] 
= [CpzFe] = 0.5 mM) and potentials standardized to the Ag/AgCI 
reference system by using Cp2Fe as an internal reference. Variable- 
temperature magnetic susceptibility experiments were performed on a 
SHE Industries VTS-50 Series 800 SQUID susceptometer; a value of 
-208.85 X IO" cgsu for the mole unit of CpVI, was used for diamagnetic 
correction. X-ray analysis was performed by the School of Chemical 
Sciences Crystallography Center. 

Crystallography. The structure was determined from a crystal grown 
by slow cooling to -25 OC of a concentrated toluene solution. The opaque 
prismatic crystal selected (0.1 X 0.2 X 0.3 mm) was cut from a larger 
crystal and was mounted by using oil (Paratone-N, Exxon) to a thin glass 
fiber at -25 OC. Data collection was performed at -75 OC on an En- 
raf-Nonius CAD4 automated x-axis diffractometer using graphite- 
monochromated molybdenum radiation (A(Ka) = 0.71073 A). 

From 2790 mea- 
sured intensities, 1416 were processed in the orthorhombic model Pn2,a 
(conventionally PnaZ,), resulting in 1202 observed reflections with I > 
2.58a(I). Total crystal exposure time was 19.07 h. The data were 
corrected for Lorentzian, anomalous dispersion, and polarization effects 
and were numerically corrected for absorption. A second shell was 
collected to confirm diffraction symmetry. 

The structure was solved by direct methods (SHELX-86); correct pos- 
itions for iodine and vanadium atoms were deduced from an E map. 
Subsequent least-squares difference Fourier calculations revealed posi- 
tions for the carbon atoms. Carbon atoms were idealized, and hydrogen 
atoms were included as fixed contributors in "idealized" positions. At- 
omic coordinates are given in Table 111. In the final cycle of least- 
squares refinement, vanadium and iodine atoms were refined with an- 
isotropic thermal coefficients, carbon atoms were refined with isotropic 
thermal coefficients, and a group isotropic thermal parameter for the 
hydrogen atoms and an isotropic extinction parameter were refined. The 
highest peaks in the final difference Fourier map (+1.56 > e/A' > -2.85) 
were in the vicinity of the iodine atoms. No apparent systematic errors 
were observed; R = 0.039, and R ,  = 0.048. 

Refinement with the centric model Pnma with 1269 intensities pro- 
cessed resulted in 1057 observed reflections. No new features are ob- 

(CHb). 
Physical Measurements. 

Crystallographic data are contained in  Table 11. 
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served in the final difference Fourier map, but a short C3423' distance 
(1.35 ( I )  A) is present: R = 0.044, and R, = 0.054. 
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Synthesis and Structures of Rhodium Isocyanide Complexes Containing an 
q*-Hydrotris( 3,5-dimethylpyrazolyl) borate Ligand 
William D. Jones* and Edward T. Hessell 

Received August IO, 1990 
Complexes of the general type HB(Pz*) ,R~(CNR)~  (Pz' = 3,5-dimethylpyrazol-I-yl, R = neopentyl, 2,6-xylyl, methyl) were 
prepared by reaction of an isocyanide and K[HB(Pz*),] with [RhCI(C2H4),I2 in benzene. The complexes with R = neopentyl 
( l a )  and R = 2,6-xylyl ( lb)  have been structurally characterized. Complex l a  crystallizes in the monoclinic space group m l / c  
with a = 12.882 (5) A, b = 12.740 (6) A, c = 18.836 (7) A, @ = 101.1 1 (3)O, V =  3033 (4) A', and 2 = 4. Complex l b  crystallizes 
in the triclinic space group P i  with a = 10.179 (4) A, b = 13.415 (4) A, c = 14.792 (9) A, (Y = 67.06 (3)O, @ = 75.61 (4)O, y 
= 75.47 (3) O,  V = 1775 (3) A? and Z = 2. The HB(Pz*), ligand in both la and l b  is bidentate, with the noncoordinated pyrazole 
ring lying roughly cofacial with the square plane formed by the metal, two-coordinated isocyanides, and two-coordinated pyrazole 
rings with HB(PZ*)~.  A comparison of the infrared and N M R  spectra of l a  in solution (C,D,) and the solid state (KBr pellet) 
with the corresponding solution and solid-state spectra of H2B!Pz*)2Rh(CNR)2 (2) (R = neopentyl) indicates that complex l a  
rcmnins square planar in solution and possesses a rapidly fluxional bidentate HB(Pz*), ligand. Complex l a  reacts with HBF4 
lo givc the metal hydride salt [HB(Pz*),Rh(H)(CNR),]BF, (3) (R = neopentyl), which has been structurally characterized. 
Complex 3 crystallizes in the monoclinic space group P2,/c  with a = 12.028 (9) A, b = 26.234 (6) A, c = 12.298 (14) A, @ = 
100.13 ( 5 ) O ,  V = 3820 (8) A3, and Z = 4, displaying an octahedral geometry in which the HB(Pz*), ligand is tridentate. 

Introduction 
Since its original synthesis by Trofimenko,' hydrotris(pyraz0- 

1yl)boratc (HB(Pz),) has been widely used as a ligand in the 
synthesis of novel transition-metal complexes.2 The H B ( P z ) ~  
ligand is normally tridentate and has been considered to be both 
sterically and electronically similar to the cyclopentadienyl anion 
( C P ) . ~  Complexes containing the HB( P z ) ~  ligand often display 
fluxional behavior which can vary depending on the hapticity and 
coordination environment of the HB(Pz), ligand.4 

Recently, Ghosh and Graham reported that the complex HB- 
( P z * ) , R ~ ( C O ) ~  (Pz* = 3,5-dimethylpyrazol-I-yl) was capable 
of forming metal alkyl hydrides of the type HB(Pz*),Rh(H)- 
(R)(CO) (R = alkyl) upon photolysis in alkane s o l u t i ~ n . ~  They 
also presented infrared spectral evidence suggesting that HB- 
( P z * ) ~ R ~ ( C O ) *  exists in solution as a mixture of isomers in which 
the HB(Pz*), ligand is either bidentate or tridentate.6 Recently, 
they have also obtained a crystal structure for the related complex 
HB( F , - P Z + ) , R ~ ( C O ) ~  ( F6-Pz* = 3,5-bis(trifluoromethyl)- 
pyrazo- 1 -yl) ,  which shows bidentate coordination of the HB- 
( F~-Pz*), ligand.' 

We prepared the isocyanide complexes H B ( P z * ) ~ R ~ ( C N R ) ~  
(la-c), analogous to our previously studied (CSMeS)Rh(CNR),,* 
in the hope that they would be active as catalysts for hydrocarbon 
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functionali~ation~ (eq 1). X-ray crystal structures were obtained 

R-H + CNR' - R XH (1) 

R = alkyl w @  

for two analogues, both of which show that the HB(Pz*), ligand 
is bound in the uncommon bidentate modesi0 Infrared and NMR 
spectral data are presented which indicate that the structures of 
these complexes in solution contain a fluxional bidentate HB(Pz*), 
ligand. 
Results 

Complexes la-c are prepared by slow addition of the appro- 
priate isocyanide to a benzene solution of [RhCI(C2H4).J, during 
which time the original orange suspension of the rhodium dimer 
becomes black. The black intermediate(s) has (have) not been 

(9) (a) Jones, W. D.; Hessell, E. T. Organometallics 1990, 9, 718. (b) 
Jones, W. D.; Foster, G. P.; Putinas, J. M. J. Am. Cfiem. SOC. 1987, 
109, 5047. 

(10) For other q2-HBPz3 complexes characterized by X-ray diffraction, see: 
(a) Cocivera, M.; Ferguson, G.; Kaitner, B.; Lalor, F. J.; OSullivan, 
D. J.; Parvez, M.; Ruhl, B. Organometallics 1982, I, 1132. (b) Rush, 
P. E.; Oliver, J .  D. J. Cfiem. SOC., Cfiem. Commun. 1974, 996. (c) 
Oliver, J. D.; Rice, N. C. Inorg. CHem. 1976, 15, 2741. (d) Canty, A. 
J.; Minchin, N. J.; Patrick, J. M.; White, A. H. Ausr. J .  Cfiem. 1983, 
36, 1107. Byers, P. K.; Canty, A. J.; Minchin, N. J.;  Patrick, J. M.; 
Skelton, B. W.; White, A. H. J. Am. Cfiem. Soc., Dalton Trans. 1985, 
1183. (e) Stainer, M. V. R.; Takats, J.  Inorg. Cfiem. 1982, 21,4050. 
(fJ Thompson, J. S.; Harlow, R. L.; Whitney, J. F. J .  Am. Cfiem. Soc. 
1983, 105, 3522. (g) Cowley, A. H.; Geerts, R. L.; Nunn, C. M.; 
Carrano, C. J. J. Organomet. Cfiem. 1988,341, C27. (h) Canty, A. J.; 
Minchin, N. J.; Engelhardt, L. M.; Skelton, B. W.; White, A. H. J .  
Cfiem. Soc., Dalron Trans. 1986, 645. (i) Collins, D. M.; Cotton, F. 
A.; Murillo, C. A. Inorg. Cfiem. 1976, 15, 1861. For q2-BPq complexes 
characterized by X-ray diffraction, see: (j) Holt, E. M.; Holt, S.  L. J .  
Cfiem. Soc., Dalton Trans. 1973, 1893. (k) Trofimenko, C.; Calabrese, 
J. C.; Domaille, P. J.; Thompson, J.  S.;  Inorg. Cfiem. 1989, 28, 1091. 
( I )  Canty, A. J.; Skelton, B. W.; White, A. H. Aust. J. Cfiem. 1987,40, 
1609. (m) Abu Salah, 0. M.; Bruce, M. I.; Lohmeyer, P. J.; Raston, 
D. L.; Skelton, B. W.; White, A. H. J.  Cfiem. Soc., Dalton Trans. 1981, 
962. 

0020-1669/91/ 1330-0778$02.50/0 0 1991 American Chemical Society 


