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The reaction of cyclopentadienyl ruthenium complexes of the type [RuCICg)IL 1, L, = PPh,
PMePh, PMePh LiL, = dppe; LiL, = COD; L; = CO, L, = PPh) with Licarb (Hcarb= 2-Me-1,2-
dicarbaelosadodecaborane) gives two types of complexes, [Ru(kH¢arb)LyL ;] or [Ru(carb)(Cp)-

L,L,], depending on the nature of the coordination set. The structures of [Ru(carb)(CpRiPNland
[RuCI(n°-CsMe4H)(PMePh)] have been determined by single-crystal crystallography. The role played
by the ligand set on the site of nucleophilic attack is discussed in light of the steric crowding and electronic
density at the metal center.

Introduction In this context, we were surprised by the preliminary results
obtained in the reaction of [RuCI(Cp)(P## with an ethereal

Cyclopentadienyl ruthenium(ll) complexes are low spf d . . )
coordinatively saturated octahedral systems and, as a conseSolution of Licarb (Hcarb= 2-Me-1,2-dicarbaslosododecabo-

- ; .
quence, rather inert toward substitution; for this reason, their rane)? In fact, instead of a simple Clcarb” exchange product,

use as catalysts has been generally very limited. However, rather S |so|ate_d a hydrido Ru(ll complex,_[_RuI—K&-carb)(PPla)z]
recently, complexes of the type [RuCI(Cp){LXL = PPh ), resultlng_ from a formal nucleophilic attack qf carbn the .
PMePh’PMezPh 1,dppe, CO, PEPNHPh, PEPNHCsH11 1/2_’ cyclopentadienyl group. To our knowledge, this was the first
thPN(I’Et)PPIg, 1/;PmPN@Pr)F;Ph, l/zPhZP,I\IC'Pr)PPIa, anallg- example of a nucleophilic substitution reaction on a Cp ring

coordinated to a fairly electron-rich metal center such as
PhPN(Bu)PPh) have been successfully employed as catalysts ) X
in a se(r;ies)of G)C bond forming reactioyn%*“ Zta);ting from ay ruthenium(ll). Indeed, very few examples are reported in the

variety of diazo compounds. In all cases, preliminary dissocia- literature for this type of reaction. They involve electron-poor

7 7a
tion of one neutral ligand (phosphine or CO) was needed to metal centers such as Os(I)W(IV), ar_1d Mo(Ivy® n.
afford the effective catalytic species. We have an ongoing cyclopentao_llenyl complexes and carbqnlons (from “th'um
research project aimed at the improvement of the reactivity of alkyls® or Grignard reager7ﬁ§ or rather exofic metallophosphide

: . .
this type of complexes by changing the steric and electronic an/lb(\)ns L_'[':A(PPB)(C(gl)?]h d by Xi L al h
character of the anionic ligand. For example, substitution of a timen ;rtécuf ;"rZ‘T‘”EI‘:] alril gomrﬁur:ﬁ:aettio?\” iﬁ Tv%si::r?tat sﬁ rsﬁ‘;e
chloride ligand with a bulky and poor electron-withdrawing ) '
anion, like the one of 2-Me-1,2-dicarlzdescdodecaborane ruthenium complex f>-MezC(CsH)(CzB1oH10))RUH(PPR)Z]

: : btained in good yield by the reaction of [Re(@Ph)3]
(HCC(Me)BygH10), should favor, both for steric and electronic was o s . .
reasons, the dissociation of a neutral ligand in the crucial with [Me;C(CsHa)(C2BaoHao)ILi2, in which the MeC bridge
catalytic step. joins a cyclopentadienyl and a carboranyl $rit. an extension

of this work, they reported later that the same reaction with

* Corresponding author. E-mail: marino.basato@unipd.it; phoha9 complexes bearing phosphines with smaller cone angles yielded
049 Sﬁ:/ ifsllza;%;r d3c?v249 8275223. only the salt metathesis products¥( o-Me;C(CsHa)(CB1oH10))-

t Universitadi Parma. RuLy] (L2 = 2PPh(OEt) or dp.p.e?. The observed behavior with

8ICIS-CNR. the PPR ligands was justified with a sterically induced
20((317) Trost, B. M.; Toste, F. D.; Pinkerton, A. EEhem. Re. 2001, 101, intramolecular coupling reaction between tiearboranyl and

(2) Guerchais, VEUT. J. Inorg. Chem2002, 783. the cyclopentadienyl functionality.
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J. Org. Chem200Q 2795. 2001, 20, 240.
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We present here the results obtained in the reaction of the 35%). Anal. Calcd for GHoB1oP.Ru M = 599.7): C, 48.07; H,

anion of 2-Me-1,2-dicarbatloscdodecaborane with a number

of ruthenium cyclopentadienyl complexes characterized by

different sets of neutral ligands, [RuCI(Cp)ly] (L1, Lo = PPh,
PMePh, PMePh LiL, = dppe; lL, = COD; Ly = CO, L, =
PPh). The main purpose is to obtain information on how steric

6.72. Found: C, 48.31; H, 6.79.

[Ru(carb)(Cp)(PMePh,);] (3). The NMR data and elemental
analysis indicate that the isolated solid is the substitution product
[Ru(carb)(Cp)(PMeP)),] (3), together with small quantities of the
starting materials Hcarb (ca. 5%) and [RuCl(Cp)(PMghHca.

and electronic variations of the spectator ligands can direct this 10%). Characterization @: *H NMR (CDCL): 6 1.99 (s, 3H,

peculiar substitution reaction and, on the basis of this informa-
tion, to propose a possible mechanism. The role of steric
hindrance furthermore has been checked by replacing the Cp

ring with the tetramethyl analoguesKae;H.

Experimental Procedures

General Comments.The reagents (Aldrich-Chemie) were high

CHs), 1.83 (t, 6H, Gi3 PMePh, 2Jpy = 3.6 Hz), 1.2-3.0 (br, 10H,
BH), 4.57 (s, 5H, @Hs), 7.04-7.76 (m, 10H, Ph)3P NMR
(CDCly): 6 24.9 (s, PMePj). 3C NMR (CDCk): ¢ 16.1 (CHs
PMePh), 17.1 CH3), 79.9 (t,CsHs, 2Jpc = 2.1 Hz), 82.1 (CH-C),
86.1 (t (br), RuC), 128.6-133.4 (Ph). MS (ESIn/z 567 ([Ru-
(Cp)(PMePh),] ", 15%), 367 ([Ru(Cp)(PMeRJi*, 100%).
[Ru(carb)(Cp)(dppe)] (4). The NMR data indicate that the
substitution product [Ru(carb)(Cp)(dppe¥) (s contaminated by
the starting materials Hcarb and [RuCl(Cp)(dppe)]. By repeated

purity products and generally used as received. All solvents were yreatment of the solid with small portions of hexane (up to 159

dried by standard procedures and distilled under nitrogen im- | ) and of diethyl ether (up to 100 mL) can be obtained pure
mediately prior to use. The reaction apparatus was carefully in jow yield (25 mg, 10%)*H NMR (CDCL): 6 1.32 (s, 3H, Gls),
deoxygenated, the reactions were performed under argon, and alb g5 (m, 2H, @1,), 3.16 (m, 2H, ®,), 1.2-3.0 (br, 10H, BH),

operations were carried out under an inert atmosphere. They4 79 (s, 5H, GHs), 6.75-7.80 (m, 20H, Ph)31P NMR (CDCE):

complexes [RuCI(Cp)(PRJ],° [RuCIl(Cp)(PMePh)],!* [RuCl-
(Cp)(PMePh);],*?[RuCI(Cp)(dppe)I;* [RuCI(Cp)(COD)J} [RuCl-
(Cp)(CO)(PPBH)],*> and [RuH(GHs-carb)(PPk);] (1)® and 1-methyl-
1,2-dicarbaclosadodecaborane (Hcaf§)were prepared according
to published methods. The solutiéid, 13C{*H}, and3P{*H}-NMR
spectra were acquired on a Bruker DRX-400 (400.13 MHZHgr
100.62 MHz for'3C, and 121.5 MHz fo?!P) at room temperature.
The chemical shiftsd) are reported in units of parts per million

0 77.2 (s, dppe)t3C NMR (CDCh): ¢ 23.8 (m,CH,), 27.6 CH3),
84.1 (t, CsHs, 2Jpc = 2.1 Hz), 80.4 (CHC), 85.5 (br, Ru€),
126.1-137.1 (Ph). MS (ESIin/z 465 ([Ru(Cp)(dppe)], 100%).
Anal. Calcd for GsH42B10P,.RU (M = 721.8): C, 56.57; H, 5.87.
Found: C, 56.21; H, 5.62.

[RuH(CsH4-carb)(COD)] (5). Complex 5 obtained with the
general procedure is contaminated by the presence of free Hcarb
and can be obtained NMR pure in very low yield-&8%) by careful

relative to the residual solvent signals, using tetramethylsilane aS\ashing with small quantities of cold diethyl ethéHd NMR
an internal standard, for proton and carbon chemical shifts and to (CeDe): & —5.26 (s, 1H, RuH), 0.8-3.6 (br, 10H, BY), 1.21 (s

external 85% HPO, (0.0 ppm) for phosphorus chemical shifts.
General Procedure for Reaction of Complexes [RuCl(Cp)-
L1l Jwith n-LiBu. Complexe2—6 were obtained by reaction of
[RuCI(Cp)LL,] with carb™ in a 1:1.5 molar ratio, in anhydrous
toluene, at room temperature for 3 days.
[Ru(carb)(Cp)(PMe2Ph),] (2). In this prototype reactiom-BulLi
(2 mL of a 1.6 M solution in hexane, 1.6 mmol) was added to
Hcarb (0.126 g, 0.79 mmol, in 10 mL of diethyl ether). The resulting
light yellow suspension was left under stirring for ca. 30 min and
then added to a solution of [RuCI(Cp)(Phmd),] (0.240 g, 0.50

3H, CH3), 1.79 (m, 2H, ®l,), 1.86 (m, 2H, ®&ly), 2.13 (m, 2H,
CHy), 2.30 (m, 2H, ®i,), 3.27 (m, 2H, &), 3.67 (M, 2H, &),
4.22 (m, 2H, GHy), 5.12 (M, 2H, GH4). 1*C NMR (CeDg): 6 22.4
(CH3), 31.4 CHy), 32.5 CH,), 60.8 CH), 61.4 CH), 77.0 (CH-
C), 79.3 C'C5H4), 82.1 CsH4), 88.9 C5H4), 89.9 CSH4)- Complex
5 is unstable in CDGlso that the initial NMR patterntH NMR
(CDCL): ¢ —5.44 (s, 1H, RuH), 1.2-3.1 (br, 10H, BH), 1.82 (s,
3H, CH3), 2.15 (m, 6H, ®&,), 2.30 (m, 2H, &), 3.15 (m, 2H,
CH), 3.75 (m, 2H, ®), 4.78 (M, 2H, GH,), 5.49 (M, 2H, GH,)]
evolves in a few days to that corresponding to the H/Cl exchange

mmol, in 25 mL of toluene). The suspension was stirred for 3 days complex [RuCl(GH4-carb)(COD)]: *H NMR (CDCl): 6 0.96—

at room temperature, after which LiCl was filtered off. The volatiles

3.5 (br, 10H, B4), 1.82 (s, 3H, ©l3), 2.18 (m, 6H, E&1,), 2.72 (m,

were removed under reduced pressure from the clear solution, and2H, CH,), 4.51 (m, 2H, ®&), 4.83 (m, 2H, GH,4), 5.29 (m, 2H,

the residue was treated afQ with hexane to give a yellow solid,
which was filtered, washed with hexane, and dried (188 mg, yield
63%).H NMR (CDCl): 6 1.59 (s, 3H, El3), 1.67 (t, 6H, G3
PMePh, 2Jpy = 4.0 Hz), 1.89 (t, 6H, €3 PMePh, 2Jpy = 4.0
Hz), 1.2-3.0 (br, 10H, BH), 4.37 (s, 5H, GHs), 7.10-7.40 (m,
10H, Ph).3P NMR (CDCk): 6 8.3 (s, PMgPh). 13C NMR
(CDCl): ¢ 21.5 (t,CHz PMePh,Jpc = 13.0 Hz), 22.0 (tCH;
PMePh, 1Jpc = 13.5 Hz), 28.4 CH3), 83.4 (t,CsHs, 2Jpc = 2.0
Hz), 83.8 (CH-C), 87.2 (t (br), RuC, 2Jpc = 12.3 Hz), 127.6-
145 (Ph). FT IR (KBr, cmt): 3103-2853, 2527 ¢(B—H)), 1433,
1279, 908, 746. MS (ESH/z 429 ([Ru(Cp)(PMgPh)(PMePh)i,
30%), 305 ([Ru(Cp)(PM£h)T", 100%), 288 ([Ru(Cp)(PMePHh)]

(10) (a) Bruce, M. I.; Windsor, N. Aust. J. Chem1997, 30, 1601. (b)
Bruce, M. |.; Hameister, C.; Swincer, A. G., Wallis, R. [org. Synth.
1982 21, 78.

(11) Lomprey, J. R.; Selegue, J. R.Am. Chem. S0d992 114, 5518.

(12) Treichel, P. M.; Komar, D. A.; Vincenti, P. $ynth. React. Inorg.
Met—Org. Chem.1984 14, 383.

(13) Ashby, G. S., Bruce, M. I.; Tomkins, I. B.; Wallis, R. Bust. J.
Chem.1979 32, 1003.

(14) Albers, M. O.; Robinson, D. J.; Shaver, A.; Singleton(Egano-
metallics1986 5, 2199.

(15) Davies, S. G.; Simpson, S.J.Chem. Soc., Dalton Tran$984
993.

(16) Bregadze, V. IChem. Re. 1992 22, 209.

CsHy), 5.39 (m, 2H, ®&). 13C NMR (CDCk): 6 22.5 CHj3), 26.7
(CHZ), 31.1 CHZ), 76.6 C5H4), 79.3 CH), 89.6 CH), 96.3 C5H4);
CHs-C, C-CsH,4, and CCsH4 were not observed.

[RuH(C sH4-carb)(CO)(PPhg)] (6). Complex6 was obtained as
a light maroon solid (215 mg, yield 65%) NMR (toluened):

0 —11.05 (d, 1H, RuwH, 2Jpy = 30 Hz), 1.30 (s, 3H, B3), 1.20~
3.00 (br, 10H, B), 4.19 (m, 1H, GH,), 4.25 (m, 1H, GHy), 5.03
(m, 1H, GHa,), 5.05 (m, 1H, GHy), 7.50-7.60 (m, 15H, Ph)3lP
NMR (toluenedg): 6 66.72 (s, PP¥.13C NMR (toluenetg): o
22.6 (s,CH3), 75.3 (s, CH-C), 77.8 (5,C-CsH,), 83.4 (d,CsHa,
2\Jpc= 1.0 HZ), 86.5 (dC5H4, 2JpC= 1.4 HZ), 87.4 (dC5H4, ZJPC
=0.7 HZ), 90.4 (d,C5H4, zJpc =17 HZ), 98.1 (SC5H4), 127.9-
133.3 (Ph), 204.4 (dCO, 2Jpc = 14.85 Hz). FT IR (KBr, cm?):
3056-2857, 2569 %(B—H)), 1927, 1480, 1435, 1095, 745. Anal.
Calcd for G7H33B100PRuU M = 6137) C, 52.70; H, 5.36.
Found: C, 52.35; H, 5.25.

Synthesis of [RuClg;®>-CsMesH)(PPhs)] (7). This complex was
prepared in two steps, employing the procedure already reported
for the Cp* analogué’ A mixture of RuCk-nH,O (2.10 g, 9.3
mmol) and GMe,H (2.7 mL, 1.85 g, 15.0 mmol), dissolved in
ethanol (60 mL), was refluxed for 4 h; the resulting reddish brown

(17) (a) Oshima, N.; Suzuki, H.; Moro-Oka, €hem. Lett1984 1161.
(b) Chinn, M. S.; Heinekey, D. MJ. Am. Chem. So0d.99Q 112 5166.
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Table 1. Crystallographic Data for [Ru(carb)(Cp)(PMe,Ph);]
(2) and [Ru(#5-CsMe H)CI(PMe,Ph),] (8)

2 8
chemical formula @H40B10P2RU GosH3sCIP;Ru
fw (g mol™?) 599.67 533.99
T (K) 203(2) 293(2)
wavelength (A) 1.5418 0.71073
cryst syst monoclinic orthorhombic
space group P2:/n Pna2;

a(A) 14.519(5) 17.090(3)

b (A) 13.791(3) 16.233(3)

c(A) 14.581(5) 9.215(1)

p (deg) 94.09(5)

volume (&%) 2912(2) 2556.4(7)

4 4

Dcalc (Mg/n?) 1.368 1.387

u(cm™) 54.75 8.52

F(000) 1232 1104

reflns collected 5727 3205

reflns unique 5511 3077

obsd reflns [ > 20(1)] 5077 3020

Params 494 271

final R indices [ > 20(1)]2 R; = 0.0249, R; = 0.0362,
wR, = 0.0644 wR, = 0.0872

final R indices all dat& Ry =0.0277, R; = 0.0376,
WR, = 0.0659 wR, = 0.0887

aRy = Z||Fo| — |Fd|l/Z|Fol; WR = [Z[W(Foz - Fcz)z]/Z[W(Foz)z]] 112,

suspension was filtered, giving a brown solid, which was washed
with hexane (2x 10 mL) and dried in vacuo (yield 63%). A
solution of PPk (2.10 g, 7.9 mmol) and the solid isolated in the
previous step (1.0 g, 3.4 mmol) was refluxed for 12 h. The resulting
suspension was filtered, and the isolated yellow solid was purified
by recrystallization from a dichloromethane/hexane 1:1 mixture
(vield 76%)."H NMR (CDCly): 6 0.90 (t, 6H, GH3, “Jpy = 0.8
Hz), 1.11 (t, 6H, ®l3, “Jpy = 1.8 Hz), 3.76 (s, 1H, @esH), 7.00-

7.70 (m, 30H, Ph)3’P NMR (CDCk): 9 40.4 (s, PP§). 13C NMR
(CDCl): ¢ 8.9 (CH3), 9.5 (CH3), 80.4 (s,CsMeyH), 85.3 (s,Cs-
Me,H), 94.0 (s,CsMe4H), 127.0-142.0 (Ph). FT IR (KBr, cm?):
3052-2900, 1433, 1088, 698, 519. Anal. Calcd fosl@4sCIP.Ru

(M = 782.31): C, 69.09; H, 5.54. Found: C, 68.82; H, 5.48.

Synthesis of [RuCl5-CsMe4H)(PMe,Ph);] (8). The complex

Organometallics, Vol. 26, No. 17, 2@Q87

solved by Patterson method®€ and by direct methods3(*° and
refined againsF2 with SHELXL-97 8 with anisotropic thermal
parameters for all non-hydrogen atoms. Idealized geometries were
assigned to the hydrogen atoms.

Results and Discussion

The cyclopentadienyl complexes [RuCI(Cplk] (L1, Lo =
PPh, PMePh, PMePhk LiL, = dppe; LLL, = COD; L; = CO,
Lo PPh) react with o-methyl carborane (Hcarb) in the
presence of excess butyl lithium (Ru/Hcarb/LiBu 1:1.5:3) in
toluene/diethyl ether to give substitution at the cyclopentadieny!
ring or at the metal center depending on the nature of the
coordination set (Scheme 1).

The resulting complexes are stable solids, which can be stored
safely under an inert atmosphere. They are soluble in organic
solvents, such as toluene, gBl,, and CHC4, but mostly
insoluble inn-hexane or diethyl ether. They have been fully
characterized by elemental analysis and by standard spectro-
scopic techniques, and in the case of complexes [ReH{C
carb)(PPh)2] (1)° and [Ru(carb)(Cp)(PM#£h)] (2), also by
X-ray structure determination.

The'H NMR spectra of the hydrido complexds5, and6
exhibit a characteristic hydride signal at negative field<4.

—10 ppm), the multiplicity of which depends on the set of
coordinated ligands: a tripleBJpr 34 Hz) for complexdl, a
doublet Jpy 30 Hz) for 6, and a singlet foi5. Furthermore,
two pseudotriplets of signals for the cyclopentadienyl protons
are present in the spectra bfand5, as expected for a4Ei,X
system?® the corresponding®C NMR spectra are consistent
with the proton ones, and in particular, they show three signals
for the Cp carbon atoms. The cyclopentadienyl region in the
1H and!3C spectra ob is more complex, due to the chirality at
the ruthenium center; as a consequence, each CH group of the
substituted Cp ligand resonates at different chemical shifts. The
31p signals ofl and6 are observed at ca. 67 ppm, in the typical
range of hydride phosphino complex@g:

The FTIR spectra of the hydrido compounds show, in

was prepared by displacement of the triphenylphosphine ligands particular, two bands: a narrow one with low intensity at 1970

from [RuCIl(GMesH)(PPh).] (7) (0.25 g, 0.33 mmol) with a slight
excess of PMg”h (0.10 g, 0.70 mmol) in toluene (25 mL) under
reflux for 8 h. The reaction mixture was then evaporated to small

cm1 (stretching Re-H) and a rather broad one centered at 2570
cm! (stretching B-H). The whole of these data, together with
2-D NMR spectra and NOE correlations, allows us to propose

volume under reduce pressure; treatment with diethyl ether affordedfor 5 and6 the same structure determined fora three-legged

a yellow solid, which was filtered and dried under vacuum (yield
63%).*H NMR (CDCl): ¢ 1.23 (br, 6H, G3), 1.32 (br, 6H, Gl3),
1.62 (m, 12H, Gl; PMePh), 3.70 (s, 1H, @MesH), 7.25-7.65
(m, 10H, Ph)3P NMR (CDCE): ¢ 14.3 (s, PMgPh). 3C NMR
(CDCly): ¢ 9.1 (CHs3), 18.2 (t,CH3 PMe&Ph), 18.9 (tCHs PMex-
Ph), 81.3 (5,CsMesH), 84.8 (m, CsMesH), 93.2 (m, CsMegH),
127.8-132.0 (Ph). FT IR (KBr, cml): 3054-2902, 1433, 1101,
903, 700. Anal. Calcd for £H3sCIP,Ru (M = 534.02): C, 56.23;
H, 6.61. Found: C, 55.83; H, 6.49.

Reactions of [RuCl@;>-CsMesH)L ;] (L = PPhs, PMe;Ph) with
Licarb. The reactions were conducted using variable Licarb
excesses (Ru/Hcarb/LiBu ratios 1:1.5:3 or 1:2:4) without any
evidence of the formation of new products.

Crystal Structure Determination of 2 and 8. Crystals of2 and
8 suitable for X-ray analysis were grown by slow crystallization at
0 °C of solutions in dichloromethane/hexane 1:1. Dat& efere
collected at 203 K on a Enraf Nonius CAD 4 single-crystal
diffractometer (Ct Ka. radiation, A = 1.5418 A) and those &
at room temperature on a Philips PW1100 single-crystal diffrac-
tometer (FEBO system, MeKa radiation A = 0.7107 A). Details

piano-stool structure with the hydride located under the carbo-
ranyl substituent and the neutral ligands positioned opposite to
it.5

In the ESI-MS spectruml gives an ion at 585n/z that
corresponds to the loss of the hydride and of one triphenylphos-
phine ligand, to give [Ru(gHs-carb)(PPB)]™; further support
is also given by the simulation of the isotopic pattern of the
mass ion, which perfectly matches the experimental one.

The hydrido phosphine compounds slowly decompose in
chlorinated solvents, to give phosphine oxides, whereas in
toluene, they exhibit a very high stability, also at high
temperatures (99100°C). The hydrido cyclooctadiene complex

(18) Sheldrick, G. M.SHELX-97. Programs for Crystal Structure
Analysis (Release 97-2)niversity of Gdtingen: Gitingen, Germany,
1997.

(19) Altomare, A.; Cascarano, G.; Giacovazzo, C.; Guagliardi, A.
SIR92: A program for crystal structure solutiah Appl. Crystallogr1993
26, 343.

(20) Ayllon, J. A.; Sayers, S. F.; Sabo-Etienne, S.; Donnadieu, B.;
Chaudret, B.; Clot, EOrganometallics1999 18, 3981.

(21) Wilczewski, T.; Bochenska, M.; Biernat, J.J-.Organomet. Chem.

for the X-ray data are summarized in Table 1. The structures were 1981, 215 87.
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Scheme 1. Synthesis of Ruthenium Cyclopentadienyl Complexes-&
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Table 2. Selected Bond Distances (&) and Angles (deg) in Cyclopentadienyl Complexes 1, 2, and 8, [RuCI(Cp)(ER,], and
[RuCI(Cp*)(PMe ,Ph),]
1 2 8 [RUCI(Cp)(PMePh)]2 [RUCI(Cp*)(PMePh)]
Ru—Xb 1.55(2) 2.226(2) 2.458(2) 2.455(22.436(2) 2.451(2)
Ru—P(1) 2.266(1) 2.312(1) 2.283(2) 2.292(2).283(2) 2.297(1)
Ru—P(2) 2.274(1) 2.331(1) 2.293(2) 2.27742.288(2)
Ru—Cpe 1.907(2) 1.881(2) 1.871(2) 1.844.852 1.896(5)
P(1-Ru—P(2) 97.38(2) 94.45(2) 95.49(7) 94.47¢&)6.14(6) 94.5(2)
X—Ru—P(1) 74.2(7) 94.40(6) 89.78(6) 90.83(@)1.34(6) 89.62(5)
X—Ru—P(2) 87.3(7) 101.46(6) 88.95(6) 90.70{86.40(5) 89.62(5)
Cp*—Ru—P(2) 126.3(3) 120.71(7) 122.9(2) 123.824.3 125.4(2)
Cp*—Ru—P(1) 129.9(3) 118.82(6) 128.5(2) 125.226.1 125.4(2)
Cp*—Ru—X 124.7(7) 121.11(8) 120.6(2) 122:421.9

aTwo independent molecules per unit célX = D (1), C(6) (), CI (8), [RuCI(Cp)(PMePh)], and [RuCI(Cp*)(PMegPh)]. ¢ Cp"* refers to the centroid
of the cyclopentadienyl ring.

5 is unstable in CDGl to give H/Cl exchange as already electron density on the metal center; the 1-methyl-1,2-dicarba-

observed in the synthesis of the parent complex [RuCI(Cp)- closcdodecaborane exhibits in fact a lower electronegativity

(CoD) x4 with respect to the chloride. In the ESI-MS spectra, complexes
The NMR features o2—4 are markedly different. ThéH, 2—4 exhibit a fragmentation path somewhat similadiin fact,

13C, 3P, NMR spectra are consistent with coordination of the their principal fragments correspond to [Ru(Cp)(L)IL =

carboranyl anion to the metal center. A single signal is present PMe,Ph, PMePh dppe), derived from a loss of a phosphine

in theH and3C NMR spectra for the cyclopentadienyl proton and the anionic carboranyl ligand.

and carbon nuclei, as expected for an unsubstituted ring. The Tnhese data are in agreement with the structure of [Ru(carb)-

15C NMR spectra show, in particular, the signaba87.2 ppm, - (Cp)(PMePh)] (2) determined by X-ray diffraction methods.
relative to the carboranyl carbon bonded to ruthenium, which A view of this complex is shown in Figure 1, and a selected

appears as a triplet because of the virtual coupling with the two jigt of hond distances and angles is given in Table 2. As
phosphines and is shifted well downfield with respect to the expected, the complex assumes a three-legged piano-stool

free ligand ¢ 61.5 ppm). . . ) . structure achieved as legs by the two P atoms of the phosphine
The 3P spectra show signals at higher fields with respect to olecules and by the C6 atom of the carboranyl ligand. By

the starting chloro complexes, as a consequence of the increaseg:)mmring the structure o with that of 1, it is possible to

note that substitution of the hydride with the carboranyl ligand

causes a slight lengthening of the-R@ bond distances [2.3121-

(11) and 2.3312(7) A i2 vs 2.266(1) and 2.274(1) A i and

a slight narrowing of the PARul—P2 bond angle [94.45(2)

in 2 and 97.38(2)in 1] probably because of the steric hindrance

of the carboranyl ligand.

The first investigated complex was [RuCI(Cp)(Rph and
we justified the rather unexpected nucleophilic attack by the
carboranyl anion at the Cp ring on the basis of the steric
hindrance of the bulky triphenylphosphine ligands around the
metal centeb. The importance of steric factors in determining
the site of nucleophilic attack has been confirmed by the
behavior exhibited by the bis-phosphine complexes [RuCI(Cp)-
LiLo] (L1, Lo = PPh, PMePh, PMePk L;L, = dppe). In fact,
in this series of cyclopentadienyl complexes, there is a smooth
size variation of the two neutral ligands (cone angle values from

Figure 1. View of the structure of [Ru(carb)(Cp)(PNh)] (2).
Hydrogen atoms are omitted for clarity.
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145 (PPh) to 136 (PMeP}), 122 (PMePh), and 125 (dppe¥¥,

and as expected, with the less hindering phosphine ligand set,
the carboranyl anion coordinates the metal center via simple
substitution of the chloride ligand. The molecular structure of
2 shows that this replacement has a very limited effect on the
geometrical parameters of the coordination sphere around the
metal. In other words, the carboranyl anion behaves like more
common carbanions derived either from lithium alkyls or
Grignard reagents, which are known to react with cyclopenta-
dienyl halogen ruthenium complexes to give metal alkyl or aryl
derivatives. However, the differences in cone angle values
between PPhand PMePhseem too small to fully justify the
observed different reaction pathways. In fact, the importance
of electronic factors on determining the site attack is evidenced
by the results obtained with the complex [RuCI(Cp)(CO)&Ph
where one PPhis replaced by one small CO ligand. Also in
this case, rather unexpectedly, the reaction with Licarb gives
substitution at the Cp ring6}. A similar result, attack at the

Cp ring, is observed when the two phosphines are replaced by
the non-hindering cyclooctadiene ligar).(The evaluation of

the role played by steric and electronic factors on determining Scheme 2. Possible Reaction Mechanism for Synthesis of

Ci15

Figure 2. View of the structure of [RuCH{>-CsMe4H)(PMePh);]
(8). Hydrogen atoms are omitted for clarity.

the course of the reaction is not very easy; however, the whole Complexes 16

of these data seems to indicate that electronic effects are _— =
predominant. In fact, the reactivity trend appears to be strictly iy Licarb g

related to the electron density on the metal, which is higher L1\‘L4 ~cl -Licl L1\‘LA carb
with the more basic phosphines (P&, PMePh and dppe) 2 2

and decreases in the presence of one CO ligand or of COD. (2) Ly =Lz = PMe;Ph

This effect of the ligand set is quantified by electrochemical (3) Lq = Lp = PMePh,

studies on a series of [RuCl(Cg)Lcomplexes, which clearly @ Lik2 = dppe
show that their oxidation potentials diminuish as the basicity Reductive
of the ligands increasé423In this view, nucleophilic attack at .e"m'"at'c’"
the Cp ring is possible in the presence of poor electron-donor carb
ligands, which lower the electron density on the metal and, as dl
a consequence, on the coordinated Cp ring. L1\\-‘Ru
To gain further information on the role of steric factors on L
the reaction course and on its possible reaction mechanism, we
have hindered the Cp ring with four methyl substituents and exo 1.5-shift
maintained a €H group capable of undergoing a nucleophilic carb H
attack by carb. We have synthesized two new complexes with @ Oxidative = S
the tetramethyl cyclopentadienyl ligand (i.e., [RugHCs- L1\‘§U*H 2ddition L\\“Ru
Me,H)(PPh),] (7) and [RuCl®-CsMegsH)(PMePh)] (8)). The L2 "o
steric hindrance of the four methyl substituents does not (1) Ly =L, = PPhy
introduce important modifications on the molecular structure (5) L1Lo = COD
of the complexes as shown by the structure determinati@ of (®) L1 =PPhs, L, =CO
by X-ray diffraction methods. In fact, the structural features of
8 are strictly comparable with those found2ndiffering in the The more likely mechanism for the observed reactivity is
nature of the cyclopentadienyl ring {&e4H vs GHs) and of illustrated in Scheme 2.
the anionic ligand (C1 vs carty). The sequence of stages implies: (i) nucleophilic substitution

~ Aview of the structure oB s given in Figure 2. A selected  of the chloride by the carboranyl anion and precipitation of LiCl,
list of bond distances and angles is given in Table 2. The three-the resulting complex is the final product with strong electron-
legged piano-stool structure shows as legs the two P atoms ofyonor substituents (L.L, = 2 PMePh, dppe, 2 PMeP}; (ii)

the phosphine molecules and the @nion. The RerP bond o ,cive elimination process with formation of the-C bond

d2|st§ri1r(]:%s, 3.2;§3(2)§1ndr2.2r?]3§l%[) V\'ﬁ‘t’hiﬂd thefz)h ?:e, 2':'] 58; bl between the Cp and the carboranyl ligands favored by the poorer
(2) » are in good agreeme OS€ Ol Some comparabi€ ¢ -ron_donor ligand sets that reduce the electron density on

i 24 _
ruthenium complexes as [RuCI(Cp)(Phé]* and [RuCl the metal center; (iiilpxc1,5- shift to place a hydrogen in the

Cp*)(PMePh)].?> The repulsions between the phosphines and - ) I iy .
Eh(f C):(p ring su)Z]bstituentspare minimized, as apconspequence ofendo posmon_, followed b_y (v) oxidative addition of t_h's _endo
the reciprocal orientation of the ligands. In particular, the phenyl Nydrogen to give the hydrido complexss, and6. Considering

rings are oriented away from the plane defined by the carbonsin details the single stages: stage i is quite common, if we
of the cyclopentadienyl ring; however, this conformation consider that Licarb can be seen as a particular type of lithium
enhances the steric crowding around the chlorine ligand. alkyl, which is known to give metathesis reactions with-Ru
Unexpectedly, the reactions daind8 with Licarb do notoccur ~ Cl bonds?® stage ii is very crucial and implies the migration of
at all, and this gives indications as to a possible reaction the carboranyl ligand from the ruthenium to the Cp carbon: this
mechanism. migration has been observed on an osmium cyclopentadienyl
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complex for a coordinated ERIE = Ge, Si) anionic ligand around the Cl ligand should not allow its exchange by hindering
and postulated for an alkyl grofpn stage iii, theexa1,5 shift the carboranyl ligand in step i.

is also a well-known process operating in substituted and An alternative mechanism involves in the first step direct
unsubstituted cyclopentadiene rifgand in stage iv, intramo-  attack of the carboranyl anion to the coordinated cyclopenta-
lecular oxidative addition of a €H bond to electron-rich metal  dienyl ligand and successive oxidative addition by theHCor
centers is a fairly common reactih This mechanism is in C—carb bond to the ruthenium center giving the final complex.
agreement with the effect of the coordinated ligands and with This mechanism, however, is more likely with an electron-poor
the lack of reactivity exhibited by and8, in which crowding or cationic Cp comple® and does not justify the behavior of

7 and8, which should, at least on steric grounds, easily react.
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