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the subsequent reaction of this solution with 1 equiv of
PhySnCl in THF at —78 °C to give a 57% yield of off-white
needles of Li[W(CO) P(i-Pr);}SnPhy]-2THF?! after pre-
cipitation with benzene and recrystallization from Et,0.
Counterion exchange using [NEt,Br in ethanol gives
[NEt,][W(CO){P(i-Pr)4}SnPh;], which recrystallized as
off-white needles of a CH,Cl, solvate®? from CH,Cl,.

Acknowledgment. We thank the donors of the Pe-
troleum Research Fund, administered by the American
Chemical Society, the Exxon Educational Foundation, and
the National Science Foundation (Grants CHE 78-25699
and CHE 80-16162) for financial support.

Registry No. Na,[Cr(CO);], 51233-19-3; Na,[Mo(CO);), 57127-
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SnPhg], 79135-09-4; [NEt,][W(CO)P(i-Pr)s}SnPh,], 79135-11-8;
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(31) IR: »(CO) (THF) 1978 (s), 1858 (vs), 1823 (s) cm™’. 'H NMR
{(CD3),CO] & 8.62-8.37 (m, 6 H, m-H of Ph), 8.07-7.72 (m, 9 H, o- and
p-H of Ph), 3.64 (m, 8 H, OCH,CH,), 1.79 (m, 8 H, OCH,CH,), 1.12 (dd,
181 H, J = 6.4 Hz, Jy p = 12.8 Hz, CH(CH,),), CH(CHj;), obscured by
solvent.

(32) Anal. Caled for C4HgNO,PSnW-0.5CH,Cly: C, 48.46; H, 5.82.
Found: C, 48.65; H, 6.12. IR: »(CO) (CH,Cl,) 1975 (s), 1863 (vs), 1810
(s) em™ 'H NMR [(CD;),CO]: & 7.756-7.63 (m, 6 H, m-H of Ph),
7.17-7.01 (m, 9 H, o- and p-H of Ph), 5.58 (s, 1 H, 0.5CH,Cl,); 3.32 (q,
8 H, J = 7.3 Hz, CH,CHj), 2.00 (septuplet, 3 H, J = 7.2 Hz, CH(CHj),,
partially obscured by solvent), 1.31 (tof t, 12 H, J = 7.3 Hz, Jy_y = 1.6
Hz, CH,CH,), 1.11 (d of d, 18 H, J = 7.2 Hz, Jyp = 12.5 Hz, CH(CH,),).
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Summary: The electron-rich complex [RuCl{PMe,),(Cp)]
reacts with the alkynol Ph,C(OHXC==CH) and NH,PF, to
produce the novel diphenylallenylidene complex [Ru(n'-
C=C==CPh,}PMe,),(Cp)] [PFs]. An X-ray structural de-
termination reveals a nearly linear metallacumulene chain
with a short (1.884 (5) A) ruthenium-carbon bond.

The chemistry of transition-metal alkylidene (carbene)
complexes is now well established,! but only recently have
unsaturated alkylidenes (vinylidene complexes, M=C=
CR,) been explored.? Still more rare are examples of the
cumulogs® of alkylidene complexes, allenylidene complexes
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Figure 1. A perspective ORTEP diagram of the cation of [Ru-
(CsPhy) (PMey)o(Cp)][PF,] showing 50% probability ellipsoids.

Table I. Selected Bond Lengths and Angles with Errors
for [Ru(C,Ph,)(PMe,),(CP)][PF,]

bond

atoms length, & atoms angle, deg
Ru-C1 1.884 (5) Ru-C1l-C2 175.9 (5)
Ru-P1 2,289 (2) Ci1-C2-C3 175.1(7)
Ru-P2 2,292 (2) C2-C3-C31 119.8 (8)
Ru-CPO°¢ 1,929 C2-C3-C41 119.5 (6)
Ci-C2 1.255(8) (C31-C3-C41 120.7 (5)
C2-C3 1.329(9) P1-Ru-P2 94.57 (6)
C3-C31 1.462(9) P1-Ru-C1 87.0 (2)
C3-C41 1.511(8) P2-Ru-Ci1 92.4 (2)

CPO%Ru-C1 127.95

¢ CPO is the centroid of the cyclopentadienyl ring.

(M=C=C=CR,).* A simple method for the preparation
of cationic ruthenium allenylidene complexes is reported
here, along with the structure of one of these complexes.

The reaction of [RuCl(PMeg),(Cp)]°® with the acetylenic
alcohol PhyC(OH)(C=CH)® and NH,PF, in ethanol (25
°C, 27 h) leads to a deep orange-brown solution and a
brown precipitate. Cooling, filtration, washing with water
and ethanol, and drying in vacuo produces a 76% yield of
a brown microcrystalline solid. Recrystallization from
dichloromethane/ether yields large orange-brown crystals
suitable for X-ray diffraction.

Spectroscopic characterization of the product suggests
that is [Ru(C;Ph,)(PMej;)o(Cp)1[PF¢] (I), a cationic di-
phenylallenylidene complex. Strong infrared absorptions
are found at 1926 and 840 cm™ (in CHCly), corresponding
to the asymmetric C==C==C stretch of an allene system™®
and to the asymmetric stretch of the [PFg]™ ion,? respec-
tively. The proton NMR spectra of several [RulL-
(PMe;),(Cp)]™* derivatives have suggested a direct rela-
tionship between the chemical shift of the cyclopentadienyl
group and the degree of “electron richness” at the metal
site. In light of this correlation, the 'H NMR spectrum
of complex I (CDCl,, 90 MHz; 6 7.8-7.4 (m, Ph), 5.50 (s,
Cp), 1.55 (br t, PMe;)) suggests that the diphenyl-
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allenylidene ligand is a significantly less effective =-acid
than the similar phenylvinylidene (»'-C=CHPh) ligand
(5(Cp) 5.94)1 but that it is similar in =-acid strength to
a carbonyl ligand (3(Cp) 5.47).5% The 3C{H} NMR spec-
trum of complex I (50 MHz, (CD;),CO; éc 295.8 (s, C1),
216.0 (s, C2), 153.8 (s, C3), 145.0 (8, Cipeo), 131.6 (8, Cpara),
130.4 (8, Coptho), 130.0 (8, Cprera), 92.0 (s, Cp), 22.9 (t, YJcp
= 17.9 Hz, PMe;)) clearly reflects the presence of an un-
saturated alkylidene ligand. Furthermore, the simplicity
of the aromatic region of the 2C spectrum suggests that
both phenyl groups rotate freely and that rotation of the
diphenylallenylidene moiety with respect to the [Ru-
(PMe;),(Cp)] symmetry plane is rapid on the 1*C NMR
time scale at room temperature.

Because of the paucity of structural data on metal-
lacumulene complexes, a single-crystal X-ray diffraction
study of complex I was undertaken.!'! An ORTEP plot of
the [Ru(CsPhy)(PMe,),(Cp)]* cation is shown in Figure
1, and selected bond distances and angles are presented
in Table I. The diphenylallenylidene ligand is of primary
interest. The ruthenium to carbon (C1) bond is consid-
erably shorter than a typical Ru—C single bond length of
ca. 2.1 A2 and slightly shorter than most ruthenium to
carbonyl bonds (1.92-1.93 A).12 The C1—C2 bond length
in I is nearly as short as a carbon-carbon triple bond
(1.20-1.21 A).¥ The C2—C3 bond length is typical of an
allene C(sp)—C(sp?) double bond (e.g., 1.31 A in CH,—
C=CH,!**). These structural parameters indicate a
substantial contribution from two different mesomeric
forms, Ja and Ib, [CpL;Ru=C=C=CPh,]* <
{CpL,Ru—C=C—CPh,]* with the cationic charge stabi-
lized by both the metal center and the diphenylcarbenium
moiety. A similar conclusion was reached in the structural
analysis of [Cr(CO)4in'-C=C=C(NMe,)Ph}l.#* The nearly
linear metallacumulene moiety in I is oriented such that
it lies approximately in the [Ru(PMe,),(Cp)] pseudomirror
plane; i.e., the plane defined by C2, C3, C31, and C41 forms
a dihedral angle of 10.6° with the plane defined by Ru, C1,
and the centroid of the cyclopentadienyl ring. This alle-
nylidene orientation is consistent with that predicted by
Hoffmann and his co-workers to maximize w-orbital
overlap in the model compound [Fe(n!-C=C=CH,)-
(CO)y(Cp)j+.18

(10) Treichel, P. M.; Komar, D. A. Inorg. Chim. Acta 1980, 42,
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30(F2). The relatively high R factors are probably due to unresolvable
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Almenninger, A.; Bustiansen, O.; Tratteberg, M. Acta Chem. Scand. 1959,
13, 1699-1702. (c) Maki, A. G.; Toth, R. A. J. Mol. Spectrosc. 1965, 17,
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A probable mechanism for the formation of I is indicated
in Scheme I. Heterolytic dissociation of the highly po-
larized ruthenium—chlorine bond of [RuCl(PMes),(Cp)]°°
is followed by alkyne coordination and a 1,2-hydrogen shift
to form the intermediate hydroxyvinylidene complex IT.210
Although not observed in this case, such intermediates may
be isolated from reactions of [FeCl(dppe)(Cp)] with alk-
ynols.l”  Under the reaction conditions, complex II
srig)ntaneously dehydrates to form allenylidene complex
I

Other reactions of [MX(PR3),(Cp)] (M = Fe, Ru; X =
Cl, Br, I) with alkynols are under investigation. In par-
ticular, it appears that alkyl-substituted allenylidene
complexes (e.g., [Ru{C;Me,) (PPh;)5(Cp)]1*) may be pre-
pared similarly to I, but their chemistry is dominated by
deprotonation of the alkyl groups.!?
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Peri-substituted naphthalenes are an important subset
of the class of overcrowded molecules.! Most notable in
this group are 1,8-di-tert-butylnaphthalenes (1a) in which

(CHz)aM

la,M=C
b, M = Si
c,M=Ge
d, M= 8Sn

the steric interaction is so great that the naphthalene
skeleton is severely distorted from planar geometry.? It

M(CHs)3

(1) For a review of early work, see: Balasubramanian, V. Chem. Rev.
1966, 66, 567.
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