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Reaction of [Cp*Ru(OMe)]z with highly fluorinated arenes gives easy access to fluoroarene 
Cp*Ru sandwich complexes. The reaction is demonstrated with the ligands C6F50H and 
CsFs to yield Cp*Ru(yG-C6F50) (2), [Cp*Ru(y6-CsF50H)1CF3S03 (3), and [Cp*Ru(y6-C6F6)lCF3- 
so3 (41, respectively. [Cp"Ru(y6-C~F50H)lCF3S03 (3b) (Cp" = q5-C5Me4Et) crystallizes in 
the space group P1 (No. 2) with a = 9.022(2), b = 9.750(7), and c = 13.2" A, a = 75.04- 
(31, B = 76.49(1), and y = 80.34(3)", and z = 2. Extremely facile fluoride, for example, 
methoxide substitution, has been observed in the cationic fluoroarene complexes. 

Highly fluorinated arenes have occupied a peculiar 
position as n-ligands in transition metal sandwich 
chemistry. "he c$6 ligand for example, apart from two 
Cr complexes (Cr(CsF6)z and Cr(CsFdPF3)d prepared 
by the metal vapor technique,l has more frequently been 
engaged as an q4- or an q2- rather than a regular q6- 
ligand.2 Only recently was one of the highly fluorinated 
y6-complexes structurally ~haracterized.~ It is shown 
in the following that the Cp*Ru+ fragment, generated 
from [Cp*Ru(OMe)lz (U4 and acid, easily forms q6-n- 
complexes with fluorinated arenes, a method which 
provides an easy and quite general access to highly 
fluorinated Ru sandwich complexes. 

On reaction of [Cp*Ru(OMe)lz with CsF50H in ether 
at ambient temperature (Scheme 11, a cream-colored 
solid precipitated which a€ter crystallization from acetone/ 
pentane gave pale yellow crystals of 2 in 85% yield. 
Complex 2 has recently been obtained from Cp*Ru- 
(NCCH3)3C1 and C6F50Tl and was utilized as a precur- 
sor for the preparation of C ~ * R U ( ~ ~ - C ~ F ~ ) . ~  "he reaction 
is analogous to the one observed for 1 and phenol,6 with 
the major difference that in this latter case a stoichi- 
ometry Ru:phenol of 1:3 was required and the product 
invariably was Cp*Ru( q6-C6H5=0).2CsH50H, where the 
two extra moles of phenol are strongly hydrogen bonded 
to the ketonic oxygen and are not easy to remove. In 
the present case the stronger acidity of the parent 
phenol and the more pronounced ketonic character of 
the C=O group in the pentafluorooxocyclohexadienyl 
ligand, as evidenced by a shift of the VC=O frequency in 
the IR from 1542 cm-' in c p * R ~ ( q ~ - C & o ) ~  to 1614 

+For 14, see: Homig, A,; Englert, U.; Koelle, U. J. Organomet. 
Chem. 1993,453,255. 
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cm-l in 2 is the obvious reason for much weaker 
hydrogen bonding, leading directly to the oxocyclohexa- 
dienyl complex. 

The same starting compounds in the presence of CF3- 
S03H yield a precipitate of the cationic phenol complex 
3. The pure triflate salt was obtained in 75% yield by 
diffusion of ether into an acetone solution. Protonation 
of 2 to 3 can readily be demonstrated by lH NMR 
spectroscopy, monitoring the shift of the Cp* signal from 
1.88 ppm in 2 t o  1.99 ppm in 3 on addition of CF3S03H 
to a CDCl3 solution of 2. 

Having demonstrated facile x-complexation of pen- 
tafluorophenol to the Cp*Ru+ cationic fragment, experi- 
ments were conducted with C6F6 as a potential 6-elec- 
tron ligand. Reaction of 1 with either CF3S03H or 
CF3S03SiMe3 (Scheme 1) gave a precipitate which after 
recrystallization from acetone had the proper analytical 
composition for [C~*RU(C~F~)]CF~SO~.  The 19F NMR 
spectrum in CDzClz showed two singlets at -74.6 and 
-174.4 ppm, the latter in the same region as the 
fluorine multiplets in derivatives 3,5, and 6, which are 
assigned to CF3 and q6-CsFs groups, respectively. How- 
ever, when the 19F NMR spectrum was recorded in CD3- 
OD it revealed the presence of a pentafluorophenyl 
complex. Monosubstitution of one F for OMe to 5 was 
found to proceed by simply keeping the complex in 
methanol solution at  ambient temperature for a short 
time. In the course of some days at room temperature 
or by refluxing the methanol solution for 10 min, further 
substitution to the p-dimethoxy complex 6 has been 
inferred from lH NMR. Complexes 5 and 6 were then 
prepared separately from 4 and methanol and charac- 
terized. 

Nucleophilic substitution of F in fluoroaromatics and 
x-complexed fluorinated ligands is not without prece- 
dence and removal of fluorine from the allylic position 
in (fluorocyc1ohexadiene)tricarbonyliron has also been 
observed,' but the ease at which these occur in cationic 
complexes 4 and 5 is quite exceptional. Thus, fluo- 
robenzenes frequently require prolonged heating in 
~ ~~ 

(7) Powell, J.; Horvath, M. Organometallics 1993, 12, 4073. 
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Reactions of [CP"~)RU(OM~)IZ 

Scheme I 
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l+ 

5 

X = CF,COO 

alcohol in the presence of alcoholate. Cr(CsHg)(C6F6) 
did not react with alcoholate and Cr(CsF& gave the bis- 
methoxo complex after treatment with NaOMe in low 
yield.8 

In contrast to arene congeners Cp*Ru(arene)+ which 
resist electrochemical reduction, the more electron 
deficient fluoro complex 4 is electrochemically reducible 
with relative ease. The cyclic voltammogramg of 4 in 
propylene carbonate shows an irreversible reduction 
wave at -1.02 V vs SCE (E,) assigned to a one-electron 
reduction followed by one of the usual follow-up reac- 
tions of the reactive neutral radical, such as dimeriza- 
tion or hydrogen abstraction. In more nucleophilic 
solvents, the cation 4 undergoes degradation. Thus, 
cyclic voltammetry in DMF showed an initial reduction 
wave with peak potential -1.00 V, assigned to the 
analogous process as above. This peak disappears in 
favor of reduction waves with peak potentials at -1.20, 
-1.4, and -1.63 V, appearing and disappearing succes- 
sively in the course of 1 h at ambient temperature. 
NMR spectra taken in DMF-d7 likewise showed the 
appearance of new Cp* signals and disappearance of the 
original one. 

In an attempt to grow crystals of 4 suitable for X-ray 
analysis, the Cp" (q5-C5Me4Et) derivative 4b was pre- 
pared analogously to 4a. Crystals that separated after 
some time from the purified but oily material turned 
out to be those of [CpARu(q6-CsF5-OH)1CF~SO~ (3b). The 
presence of a pentafluorophenyl ligand was confirmed 
by 19F NMR. In light of the above observations on facile 
nucleophilic exchange, the assumption that residual 

6 

water in the solvent acetone had caused hydrolysis over 
the time required for crystallization appears very 
plausible. 

The structure of 3b, depicted in Figure 1, shows a 
sandwich molecule with a planar, n-complexed CsF5- 
OH ligand, hydrogen bonded to one oxygen of the anion. 
Ru-C distances to either ring are in the range fre- 
quently found for RuCp(arene) cations,1° similar to the 
recent example W(CsF& where no spectacular differ- 
ences from W(CsH& were found either.3 Slippage of 
the metal projection from the center of the 6-membered 
ring away from C1-01 is only 0.04 A. Since C-F and 
C-0 distances are indistinguishable in the structure, 
the obvious hint for the correct location of the OH group 
is a 01-02 distance of 2.6 A due to a hydrogen bond. 
The hydrogen atom was located in a Fourier difference 
synthesis and its temperature factor refined to a rea- 
sonable value. 

Experimental Section 

Cp*Ru(q5-C&O) (2). To a solution of 100 mg (0.19 mmol) 
of [Cp*Ru(OMe)]z (1) was added 69 mg (0.375 mmol) of 
pentafluorophenol, and the solution was stirred overnight 
during which time the product precipitated as a cream-colored 
solid. The solvent was decanted, and the solid was washed 
with two 20 mL portions of ether and dried. Diffusion of 
pentane into an acetone solution of the solid gave 135 mg (85%) 
of yellowish crystals. IH NMR (CDC13): Cp* 1.88. 19F NMR 
(CDC13): p-F -195.28 (Ut, 35 = 40.3, *J = 13.6 Hz), m-F 
-184.69 (d/d), o-F -188.61 (dd ,  3J' = 29.5 Hz). IR (KBr): YCO 
= 1614 cm-'. MS (mlz, re1 intensity): 420 (95, M+), 392 (12, 

(8) McGlinchey, M. J.; Tan, T.-S. J. Am. Chem. SOC. 1976,98,2271. 
(9) EG&G electrochemical equipment, Pt  working electrode, Buq- 

NPFs supporting electrolyte, scan rate 100 mV/s; ferrocene+/0 vs SCE 
is 0.4 V in either solvent. 

(10) (a) Fagan, P. J.; Ward, M. D.; Caspar, J. V.; Calabrese, J. C.; 
Krusic, P. J. J. Am. Chem. SOC. 1989,110,2981. (b) Fagan, P. J.; Ward, 
M. D.; Calabrese, J. C.; Krusic, P. J. J .  Am. Chem. SOC. 1989, 111,  
1698. 

D
ow

nl
oa

de
d 

by
 N

A
T

 L
IB

 U
K

R
A

IN
E

 o
n 

A
ug

us
t 1

0,
 2

00
9

Pu
bl

is
he

d 
on

 M
ay

 1
, 2

00
2 

on
 h

ttp
://

pu
bs

.a
cs

.o
rg

 | 
do

i: 
10

.1
02

1/
om

00
02

2a
04

9



4066 Organometallics, Vol. 13, No. 10, 1994 

F8 A- F7 

Koelle et al. 

CF3S03-), -174.4 (8, C6F6). Anal. (M,  571.4) Calcd for 
C ~ ~ H ~ ~ F ~ O ~ R U S ;  C, 35.73; H, 2.65; F, 29.92. Found: C, 35.81; 
H, 2.71; F, 30.04. The analogous complex with a Cp^-ligand, 
4b, was prepared from [CpARu(OMe)]z and C6F6 in exactly the 
same way. Anal. (M,  585.4) Calcd for Cl8H17F903RuS: C, 
36.93; H, 2.93. Found: C, 36.63; H, 3.32. Crystallization from 
acetone over two months, however, gave crystals of [Cp^Ru- 

[Cp*Ru(CsFsOMe)lCF3SO3 (5). 4a (150 mg, 0.263 mmol) 
was dissolved in methanol. After some hours at ambient 
temperature, the solvent was evaporated and the residue 
chromatographed over alumina (5% water) using dichlo- 
romethane/acetone 2/1 as eluent. After removal of the solvent, 
the solid residue was dissolved in acetone and crystallized by 
diffusion of pentane to  give 80 mg (52%) yellowish crystals. 
lH NMR (CDCl3): Cp* 1.91, OMe 4.17. 19F NMR (CD30D): 
p-F-179.3 (Wt, 3J = 32.7, 4J = 7.5 Hz), m-F -177.1 (d/d, 3J = 

[C~*RU(~-C~F~(OM~)~)]CF~SO~ (6). A solution of 100 mg 
of [C~*RU(C&'~)]CF~SO~ in 20 mL of methanol was refluxed 
for 3 h. The solution was concentrated to a small volume and 
the product precipitated by addition of ether. Then 70 mg 
(67%) of colorless, analytically pure crystals was obtained by 
slow diffusion of ether into an acetone solution. lH NMR (CD3- 
OD): Cp* 2.00, OMe 4.21. 19F NMR (CD30D): -174.6 (5). 
Anal. Calcd: C, 38.32; H, 3.56. Found: C, 38.12; H, 3.57. 

Structure solution for 3b: C I ~ H I ~ F ~ O ~ S R U ,  M = 583.46 
gmol-l, approximate crystal dimensions 0.4 x 0.2 x 0.2 mm. 
ENRAF-Nonius CAD4, data collection at ambient temperature. 
Crystal data: triclinic space group Pi (No. 21, a = 9.022(2), b 
= 9.750(7), and c = 13.215(3) A, a = 75.04(3), p = 76.49(1), 
and y = 80.34(3)", V = 1085(1) A3, 2 = 2, dcelc = 1.786 g/cm3, 
p(Mo Ka) = 8.89 cm-l, F(OO0) = 580. A total of 10 012 
reflections were measured within 1'3 -= 35"; 6967 unique 
reflections with Z > 341) were used in structure solution and 
refinement." Empirical absorption correction by V-scans.l2 
Refinement of 291 variables resulted in R = 0.044, R, = 0.064, 
and w = l/u2(F,,). 

(C6F5OH)]CF3S03 (3b). 

24.4,31.1 Hz), 0-F -173.2 (dd,  3J= 22.9, 7.5 Hz), CF3 -74.6. 

0 4  

Figure 1. Structure of 3a (ORTEP). Ellipsoids are drawn 
at 30% probability. Selected bond distances (A) and angles 
(deg): Ru-C1 2.265(2), Ru-C2 2.198(2), Ru-C3 2.199(2), 

C(CpA) (av) 2.181, C1-01 1.321(3), C2-F2 1.323(3), C3- 
R u - C ~  2.194(2), R u - C ~  2.194(2), Ru-C6 2.223(2), RU- 

F3 1.327(3), C4-F4 1.325(3), C5-F5 1.323(3), C6-F6 
1.330(2), 01-H1 0.95, 02-H1 1.71; 01-H1-02 155.7. 

M - CO), 375 (11, RuCp*z). Anal. (M, 419.4) Calcd: C, 45.83; 
H, 3.61; F, 22.65. Found: C, 45.71; H, 3.77; F, 22.76. 
Analytical data are in accord with those reported in ref 5. The 
analogous complex with a CpA(v5C&le&) ligand was prepared 
from [CpARu(OMe)12 and &F&H in exactly the same way. 'H 
NMR (CDC13); Cp^ 1.88 (12H), 1.04 (t, 3H), 2.26 (q,2H). Anal. 
(M,  433.4) Calcd for C ~ ~ H ~ ~ F ~ O R U :  C, 47.12; H, 3.95. Found: 
C, 47.44; H, 4.22. 
[Cp*(")Ru(CsFaOH)]CF3SO~ (3a(b)). Addition of a slight 

excess of CF3S03H to  the solution of 110 mg (0.206 mmol) of 
[Cp*Ru(OMe)lz and 75 mg (0.412 mmol) of pentduorophenol 
in 25 mL of ether caused the immediate precipitation of a 
white solid. After 30 min the solvent was decanted, and the 
precipitate was washed with ether and dried in vacuo. Slow 
diffusion of ether into an acetone solution gave 180 mg (75%) 
of white crystals. lH NMR (CDCl3): Cp* 1.99. 19F NMR 
(CDCl3): p-F -179.95 (Ut, 3J = 35.2, 4J = 9.8 Hz), m-F -174.66 
(m), o-F -176.95 (m), CF3 -74.61. Anal. (M,  579.4) Calcd for 

H, 2.92; F, 26.53. 
[Cp*(")Ru(CsFs)lCF3SO3 (4a(b)). To a solution of 140 mg 

(0.262 mmol) of [Cp*Ru(OMe)lz and 97 mg (0.524 mmol) of 
CsF6 in 25 mL of ether was added dropwise a slight excess of 
CF3S03H on which 4a slowly precipitated as a brownred solid. 
After stirring for two more hours at ambient temperature, the 
ether was decanted and the residue was washed twice with 
ether, dried, redissolved in the minimum quantity of acetone, 
and crystallized by slow diffusion of ether into the acetone 
solution to obtain 240 mg (80%) of yellowish crystals. lH NMR 

C~~H&*O&US: C, 35.86; H, 2.83; F, 26.69. Found: C, 35.88; 

(CDzClz, 6): 1.73 (5, Cp*). "F NMR (CDzClz): -74.6 (s, 
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