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Despite the well-known capabilities of the pentamethylcyclo-

pentadienyl-ruthenium bis(phosphine) auxiliary for binding and
activating a wide range of small molecufesases of genuine
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Figure 1. Molecular structure of the cation [Cp*Ru(dippg)jn 1.
Relevant bond lengths (A) and angles (deg):—R{1), 2.179(3); Rt
C(2), 2.235(3); Ru-C(3), 2.211(3); Ru-C(4), 2.205(3); RuC(5),

coordinatively unsaturated half-sandwich ruthenium phosphine 2.203(3); Ru-P(1), 2.331(1); Ru-C(25), 2.953(4); Ru-H(25a), 2.262

complexes being not stabilized lryydonation from heteroatomic
anionic ligands such as halidesr alkoxide$ through metat
ligand multiple bonds are unknown to date. Cationic 16-electron
species of the type [#Rs)RuP]™ (R = H, Me) have been often

(calculated); Ru-P(2), 2.356(1); P(t)Ru—P(2), 83.13(4).

[Cp*RuUCI(PMéPr,)]*t with 1 equiv of PM&Pr, and NaBAt, in
fluorobenzene under argon. Both compounds are very air-sensitive

postulated as intermediates in most reactions involving 18-electronand are deep blue, a characteristic feature exhibited by other 16-

complexes of the type [¢Rs)RuXP,], but so far they have proven
to be elusive to isolation and characterization. A report claimed

electron half-sandwich ruthenium compleXés:°A strong band
in the UV—vis spectrum (CHKCI, solution) at 686 nm fofl, and

the synthesis of the supposedly 16-electron complex [CpRu(dcpe)]-at 617 nm (with a shoulder at 715 nm) f2ris responsible for
[CFsSO;] (dcpe= 1,2-bis(dicyclohexyl)phosphinoethane) as an  this blqe color. The X-ray crystal structures dfand 2 were
orange solid which was characterized by NMR spectroscopy and determined? Both complex cations possess “two-legged” piano

microanalysis. However, in view of its color, and the ability of
the [CRSO;]~ anion to coordinate at Ru this compound is
thought to be actually an 18-electron species, namely [CpRu(
(0)-CF;SO;)(dcpe)]® Very recently, remarkably stable cationic
16-electron complexes of the type H&G)Ru(N-N)][BAr',y] (R

= Me, N-N = TMEDA,%Me,NCH,CH,N'Bu,;%® R =H, N-N =
TMEDA;®> Ar' = 3,5-GH3(CFs),) have been described and
characterized by X-ray crystallography. Their stability has been
attributed to the hard-donor character of the TMEDA ligard.
Amidinate ligands are also capable of stabilizing coordinatively

stool structures with significant differences in the orientation of
the P-bonded alkyl groups relative to the Cp* moieties. Interest-
ingly, [Cp*Ru(dippe)T is stabilized by an agostic interaction with
one of the hydrogen atoms of an isopropyl group (Figure 1),
whereas such an interaction is absent in the case of [Cp*Ru-
(PMEPr,),]* (Figure 2). The observed RuC(25) separation is
2.953(4) A (calculated RuH(25a) bond distance, 2.262 A). The
Ru---C(25) distance is only slightly longer than the average
Ru-+-C value of 2.875 A observed in the complex [RuPh(CO)-

(9) Spectral data fot: *H NMR (400 MHz, CB,Cl,, 193 K) 6 —4.94 (1

unsaturated metal centers in neutral complexes of the typeH, br, RuH-CH,), 0.60, 0.84 (m br, P(CH(8:).).), 1.43 (s, G(CH3)s), 1.60

[Cp*Ru(amidinate)f, due to weak coordination of-electrons
on the amidinate ligand. Similar compounds containing phos-

(d, PQHy), 2.43 (m br, P(EI(CHa),),); *1P{1H} NMR (161.89 MHz, CRCl,,
193 K) 6 81.3;%C{1H} NMR (201.12 MHz, CRCl,, 193 K) 6 10.8 (s, G-
(CHa)s), 16.6, 17.2 (s, P(CKIH3)2)2), 18.1 (M, BHy), 26.2 (M, PCH(CHa),).),

phorus donor ligands remain unknown. We have now found that 83.2'(s,C5(CH)s).

the complex [Cp*RuCl(dippe)] (dippe= 1,2-diisopropylphos-
phino)ethané)reacts with NaBA(, in fluorobenzene under argon,
furnishing the cationic 16-electron complex [Cp*Ru(dippe)]-
[BAr',] (1).° In analogous fashion, coordinatively unsaturated
[Cp*Ru(PMEePKL,),][BAr's] (2)'° was obtained by treatment of
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shortest contact between Ru and any of the isopropyl carbon atoms
is Ru++C(17), 3.303(13) A (shortest calculated-R distance,
2.67 A to H(17a)), too far for agostic donation. Furthermore, it
is interesting to notice that in [Cp*Ru(PNRx),]* the isopropyl
groups are all directed away from the region perpendicular to
the RuR plane, supporting the conclusion that this complex cation
does not need to be stabilized by agostic donation. The main
chemical difference betweenand? is just the use of either one
bidentate phosphine or two monodentate phosphines as coligands,
although both of them have similar steric and electron-releasing
properties. The chelating nature of the dippe ligand imposes a
P(1)-Ru—P(2) bite angle of 83.13(2)n 1, considerably smaller
than the P(1)Ru—P(2) angle of 101.43(8Yound for2. It seems

that the smaller angle P(2Ru—P(2) imposed by the chelating
phosphine in the case dflowers the energy of the LUMO, in
such a way that agostic donation becomes feasible. This appears
to be in connection to the observed degree of pyramidalization.
According to initial MO calculations made on the isoelectronic
dé fragment [CpMn(CQyY, a bent structure witlCs symmetry is
preferred in the ground state for 16-electron half-sandwich
complexes# However, more recent theoretical investigations have
shown that purer-donor ligands, e.g., H favor the existence of

an orthogonal structure wit,, symmetry3°Further studies have
shown that whether the structure is orthogonal or bent may depend
on whether the complex adopBs—= 0 or S= 1 spin configura-
tions 16 According to these studies, an increase of electron density
in the LUMO in these systems, e.g., when passing from a 16- to
an 18-electron configuration, causes an increase in pyramidal-
ization, just as we have observed fbrOn the other hand, the
agostic interaction should not change significantly the electron
density at the metal, so caution must be taken in order to avoid
a overinterpretation of these results. We are interested in the
electronic structure of complexésand?2, and our structural data
will be used for performing calculations on these novel systems
based on experimental grounds. Whereas the chemistry of the
[Cp*Ru(dippe)]” moiety has been thoroughly exploréH,we
have just started to look at the reactivity of comp@xwhich

Figure 2. Molecular structure of the cation [Cp*Ru(PNP&)2]* in 2.
Relevant bond lengths (A) and angles (deg):—R(1), 2.198(4); Rt
C(2), 2.205(5); Ru-C(3), 2.175(6); Ru-C(4), 2.206(5); RuC(5),
2.126(5); Ru-P(1), 2.3952(12); RuP(2), 2.3932(14); P(HRu—P(2),
101.43(5).

(PMéBuy),][BAr'4], which contains two strong agostic interactions
with C—H groups fronBu groups on different phosphin&sThe
angle Ru-P(2)-C(24) has a value of 99.45 whereas for
nonagostic isopropyl groups the angles lie in range-11124°.

As a consequence of the agostic interaction,{ff@&p*RuP,] '}
moiety adopts a bent conformation, in which the angle formed
by the plane containing the atoms P{Bu—P(2) and the plane
defined by the €ring of the Cp* ligand is 69.4(Z) In contrast
to this, the degree of pyramidalization for [Cp*Ru(PRi),]™

is minimal, as inferred from the value of 80.7{Zpund for the
same angle in the case &fnot far from perpendicularity. Hence,
the cation [Cp*Ru(PM®r),] " has actually a pseud®;, structure,

similar to that observed for the compounds [Cp*RuX{pR3 a oo . X
" 15 n S _ pparently parallels that of its dippe counterpart, in particular the
[Cp*RU(TMEDA][BAT 4).> and [Cp*Ru(amidinate)] The [BAr] ability to undergo oxidative addition reactions with hydrogen to

anions are separated from the complex cations by van der WaaI%/ieId the dihydride [Cp*RuB{PMePE),]*,1 and with 1-alkynes

contacts and do not interact with the metal centers."FhdMR . | g i o
spectrum ofl in CD,Cl, at 193 K displays one broad resonance Eg;'égr;(gpiﬂgpggﬂdo alkynyl derivatives of the type [CpRuH

at—4.94 ppm attributable to the agostic proton. FgH} NMR
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