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The eyntheaia, structure, and reactivity propertiea of CpRu(dfepe)Cl(l, dfepe = (C$ QCH2CHQ(C@J2) 
are reported. Thermolysis of CpRu(Ph3P),C1 in hydrocarbon solvent with excess k epe at 140 OC gives 
1 in good yield. In contrast to donor phosphine analogues, the chloride ligand in 1 is not labilized by 
halide-abetmhg agenta in the abeence of trapping ligan& CryetaUosraphic data for 1 confirm the presance 
of a short Ru-Cl bond (2.406 (1) A). Sodium naphthylide reduction of 1 produces the thermally stable 
anion, Na+[CpRu(dfepe)]-, which upon -went with m+PFe- or CHJ affords the corresponding hydride 
and methyl derivativea CpRu(dfepe)H (3) and CpRu(dfepe)Me (4) in moderate yield. The hydride complex 
3 is more conveniently prepared by the reaction of 1 with AgBF, under 1 atm of H2, presumably via the 
incipient formation of a highly acidic dihydrogen or dihydride cationic complex. Crystal data for 1: 
monoclinic, n, with a = 7.7709 (16) A, b = 14.224 (2) A, c = 20.814 (4) A, 6 = 91.670 (15)O, V = 2299.6 
(7) A3, Z 4, E(, = 6.21%, and RwF 7.21%. 

Introduction 
Piano.stoo1 complexes (w-C,R,,JM(L), are an important 

class of organometallic compounds which continue to be 
the subject of numerous theoretical' and chemical inves- 
tigations." In the group VIII triad, ruthenium complexes 
of the general formulas CPRU(L)~X and [CpRu(L),]+ (L 
= Rsp or CO) have been studied extensively? Electron- 
rich donor phosphine complexea CpRu@SP)& are typified 
by CpRu(Ph8P),C1, which provides a versatile entry into 
a wide variety of substitutional derivatives derived from 
either phosphine or chloride displacement under mild 
conditions.cB The chemistry of electron-poor dicarbonyls 

(1) (a) Kubacek, P.; Hoffmann, R.; Havlas, 2. Organometallics 1982, 
I ,  180. (b) Alwt, T. A; HOtmann, P.; Hoffma~n, R J. Am. Chem. SOC. 
1977,99,7M8. (c) Hofmann, P. Angew. Chem., Int. Ed. Engl. 1977,16, 
636. (d) Poli, R. Organometallics 1990,9,1892. 

(2) (a) Muettsrtiea, E. L.; Bleelre, J. R; Wucherer, E. J.; Albright, T. 
A. Chem. Rev. 1982,82,499. (b) Caulton, K. G. Coord. Chem. Rev. 1981, 
38,l. (c) Bunett, K. W.; Slocum, D. W. J.  Orgonomet. Chem. 1972,4f, 
1. 

(3) Ermt, M. F.; Roddick, D. M. Inorg. Chem. 1990, 29, 3627, and 
refemnccu therein. 

(4) (a) Bennett, M. A; Bruce, M. I.; Matheson, T. W. Comprehensive 
0rga"etallic Chemktry; Willinson, G., Stone, F. G. A., Abel, E. W., 
Eda.; Pergunon: Oxford, 1982; Vol. 4, Chaptar 32.3, pp 776-795. (b) 
A l h ,  M. 0.; Robmn, D. J.; S i l e b n ,  E. Coord. Chem. Rev. 1987,79, 
1. 
(6) (a) Blackmore, T.; Bruce, M. I.; Stone, F. G. A. J. Chem. SOC. A. 

1971,2376. (b) Aahby, G. S.; Bruce, M. I.; Tomkins, I. B.; Wallis, R. C. 
Awt. J.  Chem. 1979,32,1003. (c) Bruce, M. I.; Cifuentea, M. P.; Snow, 
M. R.; Tiekink, E. R. T. J. Orgonomet. Chem. 1989, 369, 379. (d) 
Treichel, P. W, Komar, D. A. Synth. Reuct. Inorg. Met.-Org. Chem. 1980, 
10,206. (e) Bruce, M. I.; Humphrey, M. G.; Swincer, A. G.; Wallii, R. 
C. Aust. J .  Chem. 1984,37,1747. (0 Davies, S. G.; Scott, F. J.  Organo- 
met. Chem. 1980,188, C41. (B) J&, F. L.; Mague, J. T.; Roundhill, D. 
M. Organometallics 1991,10,621. (0 Haines, R. J.; du Preez, A. L. J.  
Orgonomet. Chem. 1976,84,367. 

CPRU(CO)~X is likewise extensive yet often exhibits dis- 
tinctly different reactivity patterns.' 

We have reported the synthesis and properties of per- 
fluoroalkylphosphine molybdenum *-arene complexes 
(@-C8&)Mo(dfepe)(L) (dfepe = (C2F5)PCH2CH2P(C2- 
F6I2, L = N2, CO, py, etc.) which serve as unique elec- 
tron-poor analogues to u n a c c e d  (~-arene)Mo(CO)~(L) 
systems.' In light of the unusual steric and electronic 
properties of these Mo(0) arene piano stools, we have re- 
cently begun to examine the properties of potentially more 
electrophilic isoelectronic Mn(I)* and Ru(I1) complexes. 
In this paper we present our initial studies of CpRu- 
(dfepe)X systems and compare observed chemical prop- 
erties with established CpRu(L),X and [CpRu(L),]+ sys- 
tems. 

Results and Discussion 
Syntheds and Structure of CpRu(dfepe)Cl(l). The 

ease of phosphine substitution previously demonstrated 
for C ~ R U ( P ~ ~ P ) ~ C ~ ~  suggested the straightforward syn- 
the& of CpRu(dfepe)Cl (1) following eq 1. Although prior 

C ~ R U ( P ~ ~ P ) ~ C ~  7 CpRu(dfepe)Cl + 2Ph3P (1) 

studies with dfepe have shown it to be a very weak donor 
ligand, the complete displacement of both triphenyl- 
phosphine ligands from C ~ R U ( P ~ ~ P ) ~ C I  can be achieved 

aepe 

1 

~ ~~~~~ 

(6) Some related rutheniv systems: (a) "&y, T. D.; Grubbe, < H.; 
Bercaw, J. E. Organometallzcs 1984,3,274. (b) Bleeke, J. R; Rauecher, 
D. J. Organometallic0 1988,7, eSZa (c) Arliguie, T.; Border, C.; Chaudrat, 
B.; Devillem, J.; Poilbhc, R. Organometallic8 1989,8,1308. 

(7) Eret,  M. F.; Roddick, D. M. Organometallics 1990, 9, 1588. 
(8) Merosin, R. K.; Roddick, D. M., unpubhhed results. 

0276-7333/92/2311-3417$03.00/0 (0 1992 American Chemical Society 
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Table I. Summary of Crystallographic Data for 
(tt6-CcH.)Ru(dfew)C1 (1) ,. _ _ .  . - .  . .  

formula CI&HBC~~2Ru 
c m t  size (mm) 0.36 X 0.42 X 0.80 . .  
&t syet monoclinic 
space group m / n  
temp ('C) -100 
a (A) 7.7709 (15) 
b (A) 
c (A) 
B (deg) 91.670 (15) 
V (A3) 
z 

14.224 (2) 
20.814 (4) 

2299.6 (7) 
4 

Pulf (g/cm3) 
wavelength (A) 
mol w t  
cc ("-9 
TQua/Tmia 
28 range (deg) 
S c a n  type 
scan range 
reflns mead 
unique reflns 
no. of F > 6.0o(F) 
RF (%) 
R a ~  (%) 
goodness of fit 

2.217 
0.71073 
767.7 
1.086 
0.2620/0.1788 
4.0-53.0 

2.0 
5327 
4758 
3893 
5.21 
7.21 
2.31 

2e/e 

at elevated temperatures due to relief of steric congestion 
in the starting material and the chelate effect. The re- 
action is solvent dependent. In toluene, the reaction of 
CpRu(Ph3P),C1 with excess dfepe yields 1 together with 
a significant amount (0.5-0.7 equiv) of a white solid which 
has been tentatively identified on the basis of 'H, 'BF, and 
31P NMR spectroscopy and analytical data as primarily 
the monofluorinated triphenylphosphine, (C&F)(C$Id2p 
(see Experimental Section). This side product appears to 
be derived from the reaction of free dfepe with the or- 
tho-metalated species C ~ R U ( C ~ H ~ ) P P ~ , ( P ~ ~ P ) . ~  When 
the reaction between C P R U ( P ~ ~ P ) ~ C ~  and dfepe is carried 
out heterogeneously in a saturated hydrocarbon solvent, 
complex 1 is cleanly obtained in high yield. Addition of 
toluene in the latter stages of the thermolysis solubilizes 
the reaction mixture and does not lead to any significant 
formation of orthometallation products. The lack of C-F 
activation side reactions in saturated hydrocarbon solvents 
is likely due to the unfavorable elimination of HCl from 
C ~ R U ( P ~ ~ P ) ~ C ~  to generate CpRu(C6H4)PPh2(Ph3P) in 
nonpolar solvent media. 

A general feature of CpRu(R8p),Cl chemistry when F&P 
is a triaryl- or trialkylphosphine is the facile displacement 
of chloride ligand in the presence of donor ligands or co- 
ordinating solvents such as acetonitrile or methanolPJoJ1 
For the series CpR~(phSp)~Cl, C ~ R U ( P ~ , P ) ( ( M ~ O ) ~ P ) C ~ , ~  
and C~RU((M~O)S~)~C~,"  the ease of chloride substitution 
qualitatively correlates with the increasing donor ability 
of the ancillary phosphine ligands. Consistent with this 
trend, the substitution of Ph3P ligands in complex 1 by 
the strong acceptor ligand dfepe results in greatly dimin- 
ished chloride lability. Halide abstraction from 1 in THF 
by silver triflate, TlBF4, or trimethylsilyltriflate to form 
cationic solvates doee not occur to any appreciable extent. 
In the presence of carbon monoxide as a trapping ligand, 
however, treatment of 1 with AgBF, in CH2C12 gives the 
expected carbonyl complex [CpRu(dfepe)(CO)]BF4 (2). 
Complex 2 exhibits a v(C0) band at 2075 cm-', consider- 

(9) Thermal orthemetalation of CpRu(R&Cl complexes and acti- 
vation of nubatrate C-F bonda han been reported: Bruce, M. L; Gardner, 
R. C. F.; Stone, F. G. A. J. Chem. SOC., Dalton !ham. 1976,81. 

(10) B N ~ ,  M. I.; Wow, F. S.; Skelton, B. W.; White, A. H. J. Chem. 
SOC., Dalton Tiam. 1881,1398. 

(11) Treichel, P. M.; Vicenti, P. J. Inorf. Chem. 1985,24, 228. 

Table 11. Selected Distances (A) and Angler (deqg) for 
(#-CsHI)Ru(dfew)C1 (1) 

Bond Distancee 
R u C l  2.406 (1) RuC(12) 2.200 (6) 
Ru-P(l) 2.248 (2) RuC(13) 2.200 (7) 
Ru-P(2) 2.236 (2) RuC(14) 2.201 (7) 
Ru-C(l1) 2.232 (8) RuC(15) 2.224 (7) 

Bond Angles 
Cl-Ru-P(l) 92.9 (1) CNT-Ru-Cl" 118.6 
Cl-Ru-P(2) 90.6 (1) CNT-RU-P(l) 130.8 
P(l)-Ru-P(2) 83.1 (1) CNT-Ru-P(2) 129.0 
CNT centroid of cyclopentadienyl ring. 

Table 111. Atomic Coordinates (X 10') and Isotropic 
Thermal Parameters (Az X lo") for (#-C6H8)Ru(dfepe)C1 (1) 

atom x Y 2 uo 
146 (1) 

3179 (2) 
359 (2) 
619 (2) 

2061 (6) 
3624 (5) 
3842 (13) 
1053 (14) 
2453 (10) 

-2078 (7) 
-2891 (6) 
-1167 (7) 
-3399 (7) 
-920 (7) 
3918 (5) 
2331 (6) 
3722 (8) 
1014 (8) 
2579 (10) 

-2501 (5) 
-2066 (6) 
-801 (8) 
-766 (7) 

-3159 (7) 
561 (14) 

1325 (12) 
2152 (9) 
2378 (13) 

-1665 (9) 
-1734 (10) 
2415 (8) 
2422 (12) 

-1402 (9) 
-1499 (11) 
-1236 (10) 
-2434 (8) 
-2217 (8) 
-&Lo (9) 
-265 (9) 

75 (1) 
-268 (1) 
1090 (1) 
1363 (1) 
1m (4) 
1218 (4) 
237 (7) 
60 (6) 

-586 (4) 
386 (4) 

1473 (5) 
2758 (3) 
2039 (5) 
1623 (3) 
1411 (4) 
2317 (3) 
899 (5) 
806 (5) 

-115 (4) 
1968 (3) 
1098 (3) 
3408 (4) 
2550 (5) 
2877 (5) 
2327 (5) 
2353 (5) 
1063 (7) 
170 (8) 

1225 (5) 
1925 (6) 
1470 (5) 
734 (7) 

1803 (5) 
2698 (7) 
-825 (5) 
-356 (5) 
-658 (5) 

-1301 (5) 
-1405 (5) 

2261 (1) 
2305 (1) 
3087 (1) 
1676 (1) 
4122 (2) 
3381 (3) 
4471 (5) 
4487 (4) 
3782 (3) 
3823 (2) 
3162 (3) 
3998 (2) 
4291 (3) 
4667 (2) 
1394 (2) 
779 (2) 
141 (3) 
170 (3) 
745 (3) 

1697 (2) 
835 (2) 

1111 (3) 
241 (2) 
661 (3) 

2805 (3) 
2175 (3) 
3712 (3) 
4123 (4) 
3588 (3) 
4159 (3) 
1069 (3) 
528 (4) 

1220 (3) 
799 (4) 

1634 (4) 
1909 (4) 
2534 (4) 
2565 (4) 
1947 (5) 

Equivalent ieotropic U defined a one-third of the trace of the 
orthogonalized Uij tensor. 

ably higher in energy than values reported for the more 
electron-rich complexes CPRU(M~CN)~(CO)+ (20oO 
CpRuCPhp),(CO)+ (1980 and CpRu(Me$),(CO)+ 
(1961 cm-l).l0 

Structural studies for a series of CpRu(L),CI complexes 
have provided a useful correlation between Ru-P and 
Ru-Cl bond lengths and observed lability trends. Ac- 
cordingly, the crystal structure of CpRu(dfepe)Cl has been 
determined in order to extend this series and also to 
compare Ru-P bonding trends with isoelectronic (#a- 
ene)Mo(&P),(L) systems. An ORTEP view of 1 is given 
in Figure 1. Crystal and data collection parameters are 
given in Table I; selected bond distances and angles and 

(12) Crocker, M.; Green, M.; Morton, C. E.; Nagle, K. R.; Orpen, A. 
G. J.  Chem. SOC., Dalton Trona. 1985, 2146. 
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Electrophilic Analogues of (q6- C&)Ru(CO)& 

4& I 
NatNp- 

THF 
____.) 

Organometal lics, 

Scheme I 
CHjI 

91 

Figure 1. ORTEP view of ($-CSHS)Ru(dfepe)C1 (1) with atom 
labeling scheme. 

atomic coordinates are given in Tables 11 and 111, respec- 
tively. As anticipated, the observed Ru-Cl bond length 
for 1,2.406 (1) A, is significantly shorter than that found 
for CpRu(Ph3P),C1 (2.463 (2) A) and CpRu(Me3P)&1 
(2.445 (6) A average)'O and is essentially identical to bond 
lengths reported for the more electron-poor complexes 
C~RU((M~O)~P)&~ (2.393 (3) A)& and CpRu(Ph3P)(CO)C1 
(2.396 (6) A).'3 Reported Ru-P bond distances for 
CpRu(R,P)&l complexes appear to be sensitive to the 
aterice of the phosphorus ligand (Table IV). Thus, the 
Ru-P bond leng&hs for 1 (2.236 (2), 2.248 A, B = 129O) are 
intarmediata between t h w  of C ~ R U ( P ~ ~ P ) ~ C ~  (2.337 (1) 
A average, 0 = 146O) and the phosphite complex CpRu- 
((MeO)Sp)&l (2.217 (2) A, B = 107O), and are only alightly 
shorter than trimethylphosphine Ru-P values (e = 118O). 
This steric trend largely obscures any decrease in Ru-P 
bond lengths ascribable to dr-pr multiple bonding. 
Nevertheless, it is interesting to compare the degree of 
M-P bond shortening observed in comparable Ru(I1) 
complexes to that seen in Mo(0) systems. For (q6-ar- 
ene)Mo&P)2(L) complexes we previously notad a Mo-P 
bond contraction of 0.08 A for dfepe as compared to the 
donor phosphine dm e? This difference is significantly 

CpRu(MeSp)zC1 and is at least consistent with a lowered 
degree of metal-ligand backbonding for Ru(II) relative to 
Mo(0). 

larger than the 0.03 de difference observed between 1 and 

NHd'PF6- 

Vol. 11 ,  No. 10, 1992 3419 

CpRu(dfepe)Me 
- 4 

2 
Table IV. Comparison of Metrical Data and Phosphine 

Cone Angles for CpRu(&P)&l Complexes 
RsP cone 
angle 0: 

complex Ru-Cl, A Ru-P (av), A de#! 
CpRu(Pb3P)&lb 2.453 (2) 2.337 (1) 146 
CpRu((MeO)SP)- 2.427 (1) 2.331 (1) (Ph,P) 

2.224 (1) ((MeO)SP) 107 
(PhaP)Clc 

CpRu(MeaP)&lb 2.445 (6) 2.275 (6) 118 

CpRu(dfepe)Cl 2.406 (1) 2.242 (2) 12Bf 

CpRu((Me0),P),Cld 2.393 (3) 2.217 (2) 
CpRu(Ph,P)(CO)Ck 2.396 (6) 2.311 (3) 

OTolman, C. A. Chem. Rev. 1977, 77, 313. bReference 10. 

Synthesis of CpRu(dfepe)H (3) and CpRu(dfepe)- 
Me (4). A wide range of CpRu(&P),H complexes have 
been prepared from the corresponding chloride using hy- 
dride reagentsk or, more conveniently, by treatment with 
m e t h o ~ i d e . ~ J ~  These methods were not effective in the 
preparation of a hydride complex from 1. After prolonged 
refluxing of 1 with exmas NaOMe in methanol, the starting 
material was recovered unchanged. In similar fashion, 
although the direct alkylation of CpRu@sp)2C1 complexes 
with Grignard or alkyllithium reagents is well-established, 
no clean alkylation of 1 was found with these reagents. 
The general reluctance of 1 to undergo halide dis- 

placement reactions can be attributed to the unfavorable 
explicit or incipient formation of the electron-poor cation, 
CpRu(dfepe)+. Since one of the hallmarks of CpRu(CO)& 
substitution chemistry is access via the corresponding 
anion, we examined the utility of this approach for 
CpRu(dfepe)X systems. As shown in Scheme I, treatment 
of 1 with sodium naphthylide at -78 OC followed by ad- 
dition of NH4PF6 or Me1 afforded CpRu(dfepe)H (3) and 
CpRu(dfepe)Me (41, respectively, in moderate yield. A 
s i m i i  yield of 4 is obtained after allowing the reduced 
solution to warm to ambient temperature for 30 min prior 
to the addition of methyl iodide, indicating that Na+- 
[CpRu(dfepe)]- has significant thermal stability. The 
stability of this anion suggestad that a direct deprotonation 
of 3 would be feasible. Surprisingly, no reaction between 
3 and excess KH in tetrahydrofurande after 48 h at 130 

Reference 5g. Reference 5c. a Reference 13. 'Reference 7. 

(14) (a) Jia, G.; Lough, A. J.; Morris, R. H. Orgonometallic8 1992,11, 
161. (b) Chinn, M. 9.; Heinekey, D. M. J.  Am. Chem. SOC. 1990,112, 
6166. (13) Wilrrewrki, T.; Dauter, Z. J.  Organomet. Chem. 1986,312,349. 
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O C  was observed by 'H NMR. 
Spectmscopic and analytical data are coneistent with the 

formulations of 3 and 4. The hydride ligand of 3 exhibits 
a characteristic triplet at IS -13.60 (2JpH = 34 Hz) and has 
an associatdweak infnued band at 2003 an-'. An unusual 
feature of the 'H NMR spectrum for 4 is that the methyl 
resonance appears at IS  -0.20 as an apparent pentet (J = 
6 Hz), not a triplet as expected for a simple V p H  coupling. 
This resonance collapses into a triplet (J  = 5 Hz) with 
phosphorus decoupling, indicative of additional coupling 
to two equivalent fluorines. 'gF NMR of 4 confirms that 
this coupling is due to only one of the four seta of dia- 
stereotopic CFz resonances. It is likely that the observed 
coupling is not a VFH through-bond interaction but rather 
a through-space coupling with a proximal set of chemically 
equivalent fluorinea analogous to F(2) and F(11) in Figure 
1. 

A route to 3 more convenient than that detailed in 
Scheme I is given in eq 2. Stirring a solution of 1 with 

Keady et al. 

mulls, unless otherwiee noted. NMR spectra were obtained with 
a JEOL JNM-FX270 or GSXaoO instrument. NMR spectra 
were referenced to an 86% H p 0 4  external standard. 'gF NMR 
were referenced to a CFsC02Et external standard (-75.32 ppm 
YB CFClB with upfield shift8 taken to be negative). cpRu(Php)&l 
was prepared following a literature p r ~ ~ d u r e . ' ~  (C2Fd2PCHr 
CH2P(CzF& (dfepe) was prepared as deacribed previouly.lo 

CpRu(dfepe)Cl(l). A medium-ded  Cariue tube fitted with 
a 4mm K o n h  Teflon high-vacuum valve waa chaged with 1.01 
g (1.39 "01) of CpRu(Ph8P)zC1, 1.64 g (2.80 mmol) dfepe and 
15 mL of octane and heated to 140 "C. After 1 day, 5 mL of 
toluene was added to solubilize the heterogeneous mixture and 
the thermolysis was continued at 140 OC for an additional day. 
After oooling, 0.4 mL (6.4 "01) of methyl iodide was added and 
the solution was warmed to 80 OC for 6 h. The contents of the 
reaction tube were rinsed into a swivel fllter frit aeeembly with 
a few milliliters of toluene, and the volatiles were removed under 
vacuum. The residue waa taken up in 20 mL of diethyl ether and 
filtered to remove PhQMeT. After extracting the phmphonium 
residue several times with ether, the filtrate waa a"t ra ted until 
orange crystah began forming. Cold filtration at -78 OC and drying 
under vacuum yielded 0.875 g (82%) of pure 1. Anal. C a l d  for 

'H NMR (CDC13, 400 MHz, 20 "C): 6 5.20 (e, 5 H q6-C&d, 2.57 
(m, 4 H; PCH2CHP). 31P(1HJ NMR (CD2ClB 161.7 MHz, 20 "C): 
6 116.4 (m). 'gF Nh4R (CDZCl2, 376.05 MHz, 20 OC): b -75.28 

-99 to -104.2 (m, overlapping PCF2CFS ABX multiplets). 
Characterization of Fluorinated Phg Side Roduat. The 

synthesis of 1 was carried out an deacribed above, wing toluene 
as the thermolyaia aolvent. 'H NMR of the d e  isolated product 
showed 1 as the sole metal-containing speciea, tugether with 
aromaticresonancee(aL1oprotonerelatioetothedf~beclrbone) 
due to an aromatic side product Slow cryetallization of 1 from 
toluene/heptane fdowed by sublimation of the soluble residue 
at  100 OC (lo4 Torr) gave a small  amount of white solid, tenta- 
tively identified on the beeie of spectroecopic and analytical data 
as a "e of mone and difluorimted tziphenyIp0ephine. Anal. 
Cald  for Cl&Il,FP: C, 77.14; H, 5.04. Anal. Calcd for C&#'$: 

400 MHz, 20 OC): 6 8.02 (dd, J = 14,6 Hz), 7.67 (dd, J = 10,6 
Hz), 7.54 (m), 7.46 (m). 'lP(lH) NMR (CDCI, 161.7 MHz, #) OC): 
b 30.1 (br e). '9 NMR (CDC13, 376.05 MHz,  20 OC): 6 -191.3 
(d, J = 7 Hz; 30% of -191.4 rBsonance), -191.4 (d, J = 7 Hz). 

[CpRu(dfepe)(CO)]BF4 (2). A 25mL round-bottom flask 
was charged with 370 mg (0.482 "01) of 1 and 170 mg (0.873 

" l e n d  in at -78 OC,and the reectionmixture wm phcea under 
1 atm of CO and allowed to warm to ambient temperature with 
stirring. Initially yellow, after warming the solution became 
colorless and a white precipitate formed. After 4 h ths solid WM 
filtered off and waahed briefly with a minimal amount of CH&l, 
to remove traces of starting material. The remaining solid wan 
taken up in 15 mL of acetone and filltered to remove the silver 
salts; cancentration of the filtrate and cooling to -78 OC af€orded 
180 mg (44%) of 2 after cold filtration and drying. Anal. C a l d  
for Cl&EFuOP&u C, 22.69; H, 1.07. Found: C, B88; H, 0.96. 
IR (cm-9: 2075 (e), 2062 (ah). 'H NMR (aceton&, 270 MHt, 
20 OC): 6 6.37 (e, 5 H $-C&J, 3.37 (m, 4 H PCH-). slP(lH) 
NMR (CD2CI, 161.7 MHZ, 20 OC): 6 119.8 (m). 'gF NMR (CD#&, 

Hz; PCF2CFS), -104.3 (ABX (AB component), VA = -103.9 ppm, 
% = -104.6 ppm, 2Jlp = 335 Hz, 2Jp(A) = 113 Hz, 2Jm(B) = 77 

YB = -110.2 ppm, 2 J ~  = 310 Hz, %Jrp(A) = 42 Hz, 2Jrp(B) = 92 

CpRu(dfepe)H (3). Method A. To a du t ion  of 0.600 g (0.65 
"01) of 1 in 5 mL of THF at -78 OC wtm added a THF solution 
of sodium naphthylide (prepared ftom 30 mg (1.3 mmol) of Na 
and "g (203mmol) ofnaphthylene inSmLot'I'HF) dmpwh 
by syringe until the dark green naphthylide color persisted. At 

C,,H&LF'&~RU: C, 23.47; H, 1.18. Found: C, 23.60; H, 1-14. 

(d, 3Jpp = 12 Hz; PCF&F&, -73.37 (d, 'Jpp = 24 Hz, PCF2CFS), 

C, 72.48; H, 4.39. Found: C, 74.42; H, 5.05. 'H NMR (CDCls, 

-01) of AgBF4 and placed under CH&19 (10 mL) w 

376.05 MHz, 20 OC): 8 -77.0 (6; PCF&FS), -77.4 (d, 'Jpp = 15 

Hz; PCF&FJ, -109.4 (ABMJC (AB -t), VA = -1086 p p q  

Hz, '&(A) = 15 Hz, JIp(B) 0 Hz; PCF&F&, -160.6 (8; BF4-1. 

thie point 0.21 g (1.3 "01) o f W F 6  in 3 mL Of THF w added 

H1 -HBFd 
CpRu(dfepe)Cl+ AgBF4 - - 

1 CH?C12 

AgBF, in CH2C12 under 1 atm of hydrogen for several 
houre followed by the addition of EX$4 gave CpRu(dfepe)H 
in 83% isolatd yield. Although this reaction undoubtedly 
proceeds via either a dihydride or dihydrogen cationic 
comple~,1~ initial efforta to characterize this intermediate 
have not been successful. It is notable that attempta to 
isolate a protonated intermediate by precipitation from 
CHzClz solution with diethyl ether resulted in the isolation 
of the neutral hydride, indicating that the basicity of 3 is 
extremely low and protonation of ether is favored.l8 

Summary 
Our preliminary survey of the spectroecopic, structural, 

and reactivity pmprties of CpRu(dfepe)Cl and ita deriv- 
ativee confirm our initial expectation that such complexes 
should be quite electron-poor. Of particular i n b m t  is the 
ready accessibility of Na+[CpRu(dfepe)]-, a rare example 
of a etable organometallic anion that does not have car- 
bonyl ancillary ligands.17 Efforta are currently underway 
to bolate and characterize this intermediate. In a com- 
plementary "e, the facile deprotonation of either 
CpRu(dfepe)(H),+ or CpRu(dfepe)($-Hz)+ implied by eq 
2 similarly suggeata that dfepe induces highly electron- 
deficient behavior relative to conventional CpRu&P),H 
comple~ea .~~J~ Further work elucidating the reactivity 
of CpRu(dfepe~)H toward protonic acids and the heterolytic 
activation of &hydrogen by CpRu(dfepe)+ wi l l  be pres- 
ented in a forthcoming paper. 

Experimental Section 
Gsneral Procadw. AU dpulat iona mre amducted under 

an atmoephere of purified nitragen using Schlenk, high vacuum 
line, and/or glovebox techniques. Dry oxygen-free solvents were 
VaanundietiIledpriortoUsa Elementulanalyeeewereperformed 
byDeamtAuulytica InhedspectrawererecordedonaMattaon 
Cygnus 100 or Perkin-Elmer 1600 FTIR instrument as Nujol 

(15) c.pp.ni. E P.; Maltby, P. A.; Morris, R H.; Schweitzer, C. T.; 
Steele, M. R Inorg. Chem. 1989,2%, 44S7. 

(16) C b ,  M. S.; Hehekey, D. M.; Pnyne, N. G.; Sofield, C .  D. Or- 
ganometallica 1989,8, 1824. 

(17) [CpM(L)&compbxea where L = olefin are known: (n) Jonas, K. 
Angew. Chem., Int. Ed. Engl. 1W, 24,295. (b) F.gan, P. J.; Mahoney, 
W. 5.; Cdabreae, J. C.; William, I. D. Organometallica 1990, 9, 1843. 

(18) Jin, G.; M o d ,  R. H. J.  Am. Chem. Soc. 1991, 213,875. 

~ ~~~ 

(1% Bruce, M. I.; HnmeLter, C.; S a w r ,  A. G.; Wnllia, R. C. Inorg. 
Svnth. 1982. 22. 78. - v  

(20) K t r M .  F.; Roddick, D. M. Inorg. Chem. 1989, 28,1624. 
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and the reacth mixture WM stirred at  -78 OC for 15 min before 
warming to ambient temperature. The volatilee were removed 

ether and fdtered. Concentration of the filtrate and cooling to 
-78 O C  precipitated an off-white solid; the crude yield after drying 
wan 0.215 g (45%). At 20 O C  the sdid Oetained f" this mahod 
becomes gummy unlm all tram of naphthylene have been 
completely removed by sublimation. 
Method 8. A mixture of 518 mg (0.675 m o l )  1 and 210 mg 

(1.08 mmol) AgBF, in 10 mL of CH&& at -78 'C WBB placed under 
1 atm of H1. The reaction venae1 waa d e d  off and allowed to 
warm to ambient temperature with ethhq. Aftar 12 h, the 
initially yellow solution of 1 became colorlean and a precipitate 
of AgCl WM obeerved. At thin point the solution WM cooled to 
-78 O C ,  the HI WM removed, and 0.26 mL (1.8 m o l )  E@! waa 
edded by ~cuumtraxmfer. After warming andetirring for 30 min 
the vohtiles were removed and the residue wae extracted re- 
peatedly with petroleum ether. Concentration of the fdtrate to 

412 mg (83%) of analytically pure ruthenium hydride 3. 3 ie air 
ehbb ardhighlydubla in n o n e  nolventa a r d " m  reedily 
at 80 O C  (lo4 Torr). Anal. Calcd for Cl$il,-,FpP&u: C, 24.57; 
H, 1.37. Found C, 24.89; H, 1.38. IR (cm-'1: 2003 (m), 1302 
(s),1228 (v~),1120 (1)),961 (1)),867 (m),814 (m),744 (e). 'H NMR 
(bnzene-d6, 270 MHe, 20 OC): b 4.79 (I), 5 H; $-C$i& 1.70 (m, 

NMR (benzene& 161.7 MHz, 20 OC): b 122.0 (m). '9 NMR 
(l"ned,,, 376.05 MHz, 20 OC): b -73.9 (I; PCF2CF&, -76.2 (e; 
PCF&Fd, -109.7 (ABX (AB component), PA -109.3 ppm, b 
= -110.0 ppm, 2Jm = 317 Hz, 2Jpp(A) = 61, lJpp = 80 Hz; 
PCF,CFd, -112.0 (ABX (AB component), UA = -110.7 ppm, pg  
= -113.3 ppm, 2Jm = 306 Hz, 2Jpp(A) = 59, 2Jpp(B) = 34 Hz, 

CpBu(dfepe)lUe (4). Using the procedure deecribed for 3, 
a solution of Na+[CpRu(dfepe)]- in 5 mL of THF at  -78 "C waa 
p r e p a d  &om 1.008 g (1.31 mmol) 1 and d u m  napthylida Aft8r 
30 min, 0.2 mL (3.2 "01) of methyl iodide watt edded via syringe 
and ths solution wan warmed to ambient t e m p e " .  THF and 
naphthylene were removed under vacuum and the remaining 
residue wan sublimed at 60 "C (10-1 Torr). The isolated yield watt 
0.478 g (49%). AnaL Calcd for Cl ,&FpP&u C, 26.71; H, 1.62. 
Found: C, 25.73; H, 1.66. 'H NMR (-4 270 MHz, 20 OC): 

b 6.21 (a, 6 H $-(&I&), 260 (m, 4 H PCH&H&'), -0.20 (tt, 2 J p ~  

20 'C): b l a 8  (m). 'gF NMR (benzene-db, 376.05 MHz, 20 'C): 

(ABX (AB component), uA = -102.0 ppm, b = -106.0 ppm, lJPp 

(ABX (AB component), UA = -104.3 ppm, 6 = -105.6 ppm, 2 J ~  

& d y l r a m i c M c u u m a r d t h e d u e w c r c l t 8 k e l l u p i n ~  

2 m L d  -to-78 OCyiddd aRsr cold filtratioll ard dryine 

4 H PCHSCHSP), -13.60 (t, ' J ~ H  * 34 Hz, 1 H; RuH). "P(lHJ 

PCFSCFd. 

r~ Jm LII 5 Hz, 3 H Ru(CHd). "P('q NMR (CDA 161.7 MHz, 

b -77.2 (d, *Jpy = 21 Hz, PCFZCFd, -77.7 (8; PCF@'S), -104.0 

= 322 Hz, *&(A) < 5 Hz, 'Jpp(B) = 85 Hz; PCFZCFd, -105.0 
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Crystal Structure of CpRo(dfepe)Cl(l). X-ray data were 
collectad on a Siemens Wm/V automated diffractometer system 
with a dedicated Microvax II computer system and fitted with 
an LT-2 low temperature device. The radiation ueed waa Mo Ka 
monochrometized by a highly ordered graphite crystal. The 
parameters ueed during the data collection are summanzed ' i n  
Table L AU computations used the SHELTXTL PLUS (Version 
3.4) program library (Siemens Corp., Madieon, WI). 

A suitable crystal of 1 wae grown by diffusing methanol into 
a solution of 1 in THF. Unit cell dimensions were derived from 
a leaetsquaree fit of 50 random reflections (22" I 28 5 300). The 
h u e  symmetry watt determined to be 2/m. Data were collected 
using the 28/e scan technique with a variable scan rate of 5.0 to 
30.0 degfmiu. Anal* of systematic absencm for the total data 
set indicated that the space group waa R1/n. Three standard 
reflections monitored after every 100 data collected showed no 
systematic variation; the R for aversgine 350 d u n d a n t  data watt 
0.026, Data were corrected for absorption using empirical 
ellipsoidal model based on (p scans for 12 reflections with 8' I 
28 I 5oo. 

The structure of 1 wae solved using the SHELXTL PLUS 
Patterson interpretation program; all non-hydrogen a t o m  were 
located on a series of difference Fourier mapa and were refined 
aaieotropically. Hydrogen atom mi t ione  were added in ideal 
calculated poaiticx~ with d(C-H) = 0.96 A and with fixed ieotropic 
thermal paremetSre for the qdopentdknyl and ligand backbone 
hydxgene set at 1.2-1.3 t h e e  the isotropic equivalent of the 
attached carbon atom. Full-matrix le9et-equsree refinement gave 
an R value of 0.052 (Rw = 0.072) for 3893 data with Z > 3u(Z). 
The final difference Fourier map showed a maximum residual 
peak of 1.2 e/A9 amxiatad with the C(4) trifluoromethyl group, 
which exhibited ammalady  large t h e r d  coefficients indicative 
of a mild poeitional W e r .  No other aienificant residual peaks 
were obeerved in the reet of the molecule. 
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Supplementary Material Available: Tablea of complete 
X-ray data collection parameters (Table Sl), atomic coordinate 
(Table SZ), bond distances (Table 531, bond angles (Table Sr), 
anisotropic thermal parameters (Table 551, and hydrogen atom 
coordinates and isotropic thermal parameters (Table S6) for 1 
(7 pages). Ordering information m given on any current 
page. 
OM9202478 

= 320 Hz, 2Jpp(A) = 99 Hz, 2Jpp(B) = 72 Hz, PCF2CFS). 
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