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Summary: Deprotonation of the cationic vinylidene
complex [Cp(PPhg3)sRu=C=C(Ph)CH;CN]I (2a) by (n-
Bu)/NF yields the neutral cyclopropenyl complex Cp-

s
(PPhg)sRu—C=C(Ph)CHCN (3a). For Cp(PPhg);Ru=—
C=C(Ph)CH;OCH3]I (2b) the fluoride attacks C, to
produce the vinyl complex Cp(PPhg)sRu—C(F)=C(Ph)-
CH,0CHj3(4). Electrophilic attack at the methyne carbon
of 3a by H* or Ph3C* opens the three-membered ring and
gives back the vinylidene complexes.

Metal vinylidene complexes have attracted a great deal
of attention in recent years. Extensive reviews have
appeared recently.! A theoretical study of vinylidene
complexes associated the localization of electron density
on Cs (HOMO) or in the M=C double bond and the
electron deficiency at C,.2 Thus, protonation of the
vinylidene ligand at Cg to form a carbyne occurs readily
unless the ligand is present in a cationic complex. With
a more electron rich metal center, addition to the M=C
bond gives (n%-allene)- or (heteroketene)metal complexes.
Intramolecular attack of the acetylide Csz at a pendant
terminal alkyl halide chain also gives cyclic vinylidene
complexes.lc Onthe other hand, addition of the acetylenic
alcohols HC=C(CH;),OH to CpRuLCl afforded cyclic
carbene complexes. The reaction proceeds via initial
formation of the vinylidene complexes, followed by an
intramolecular attack of the terminal alcohol function at
C..? Astudy of thereaction of alcohols with Ru vinylidene
complexes indicated that the electron-withdrawing groups
onthe acetylide unit or on the metal facilitate nucleophilic
attack at C,.¢ For the reactions of vinylidene complexes
with diazomethane, various addition modes have been
revealed.® Utilizing the above-mentioned reactivities,
herein we report a novel cyclopropenation reaction by
appending an electron-withdrawing substituent to C, of
the vinylidene ligand.

Reaction of Cp(PPhj3);RuC=CPh (1) with ICH,CN
gives the cationic vinylidene complex [Cp(PPhs)oRu=
C=C(Ph)CH2CN1I (2a)% in 83% vyield. The vinylidene
ligand of 2a is confirmed by the presence of a triplet 12C
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resonance with Jc_p = 17.9 Hz at 6 345.6 assignable to C,.
Other spectroscopic data are consistent with this formula-
tion. For example, in the 3P NMR spectra, the two PPhg
ligands give a single resonance due to the fluxional behavior
of the vinylidene ligand (the alkylidene ligand of 2, with
two different substituents, is a two-dimensional chiral
complex). Deprotonation of one of the methylene protons
of 2a by (n-Bu)4NF (1 M in THF) cleanly yields the neutral

]
cyclopropenyl complex Cp(PPhs);Ru—C=C(Ph)CHCN
(3a;7 see Scheme 1). Complex 3a is a yellow, air-stable
compound, soluble in CHCI; or THF and insoluble in
hexane or CHsCN. When the reaction is carried out at
low concentration, single crystals of complex 3a are directly
obtained. The identification of 3a in solution was through
31P NMR, which gave the expected AB spectrum at room
temperature, because the chiral center created by the
cyclization process thus makes the two phosphine ligands
inequivalent. The molecular structure of compound 3a
has been confirmed by a single-crystal X-ray diffraction
study.? The two optical isomers crystallized together. The

(7) Spectroscopic data for 3a: tH NMR (25 °C, CDCly) 6 7.20-6.61 (m,
35H, Ph), 4.54 (s, 5H, Cp), 1.40 (s, 1H, CH); 13C NMR (25 °C, CDCly) é
134.8-128.4 (Ph), 126.2 (t, Je_p = 23.0 Hz, C,), 113.8 (CN), 86.3 (Cp), 7.96
(CH); 1P NMR (25 °C, CDClg) 6 51.7, 49.6 (AB, Jp_p = 34.6 Hz); MS
(FAB) m/z 831 (M%), 570 (M* — PPhy), 429 (M* - PPh;, C;,PhCH,CN).
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Figure 1. ORTEP drawing of Cp(PPh3s);Ru—C=C(Ph)-

1
CHCN (3a) with thermal ellipsoids shown at the 30%
probability level. Phenyl groups on the two triphenylphos-
phine ligands are omitted for clarity. Selected bond distances
(A) and bond angles (deg) are as follows: Ru-P(1), 2.309(2);
Ru-P(2), 2.302(2); Ru—C(6), 2.034(5); C(6)-C(7), 1.289(8);
C(6)-C(8), 1.58(1); C(N-C(8), 1.45(1); C(8)-C(9), 1.22(2);
C(9)-N(10),1.10(2) A; C(6)-Ru-P(1), 89.9(2); C(6)-Ru-P(2),
92.4(2); Ru~-C(8)-C(7), 169.7(4)°; Ru-C(6)-C(8), 130.4(4)°;
C(8)-C(6)-C(7), 59.8(4)°; C(6)-C(7)-C(8), 70.1(5)°; C(6)-
C(8)-C(7), 50.1(4)°; C(6)-C(8)-C(9), 135.5(8)°.

ORTEP diagram of one isomer is shown in Figure 1. The
metal center is coordinated to an sp? carbon of the
substituted cyclopropenyl ligand. The Ru-C(2) distance
of 2.034(5) A is typical for a Ru-C single bond, and the
C(6)-C(7) distance of 1.289(8) A is typical of a carbon-
carbon double bond. The Ru-C(6)-C(7) bond angle is
169.7(4)°, far greater than the idealized C(sp?) hybridiza-
tion bond angle, possibly due to the ring strain. Interest-
ingly, the intermolecular nucleophilic attack of 2a is not
attainable; i.e. in a mixture of 2a and MeOH, no reaction
wasobserved. A few transition-metal cyclopropenylidene
complexes, mostly from dichlorocyclopropene,® and a
number of w-cyclopropene complexesl® are known. Metal
cyclopropenyl derivatives in which the metal is bonded to
the methylene C atom (in this case the ring can be viewed
as an antiaromatic cyclopropenide ion) have been re-
ported.!! However, to our knowledge there is only one
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previous example!2 in which the metal is bonded to C(sp?)
of the three-membered ring.

A different pattern was observed for the reaction of the
analogous dark red complex [Cp(PPhs)sRu=C=C(Ph)-
CH;OCH;]I (2b)!8 with (n-Bu)4NF. The reaction pro-
duced the yellow metal vinyl complex Cp(PPhg);Ru—C-
(F)=C(Ph)CH,OCH; (4).14 In this case about 75%
conversion had beenreached inacetone at 10°C. Complex
4 is soluble only in CHCl;3 and insoluble in most of the
organic solvents. Upon dissolution complex 4 instanta-
neously reconverted to 2b (with fluoride anion) at room
temperature. Therefore, the spectroscopic data were
obtained at —40 °C. In the 13C NMR spectrum of 4, a
doublet resonance (3J¢c_p = 21.8 Hz) at § 70.8 (which gives
an inverted peak in a DEPT-135 experiment) is assigned
to the methylene carbon. The coupling constant Jp_p =
47 Hz of the doublet resonance at 6 50.2 in the 1P NMR
spectrum is consistent with the triplet resonance in the
I9F NMR spectrum. In the 'H NMR spectrum, an
exceptionally upfield Cp resonance at § 3.78 is ascribed to
the presence of the electron-withdrawing fluoride sub-
stituent at the vinyl C,. In an attempted reaction of
[Cp(PPhg);:Ru=C=C(Ph)CH;CH=CH;]Br (2¢) with (n-
Bu)4NF, neither deprotonation nor nucleophilic attack
was observed. The formations of 3a and 4 are thus
attributed to the electron-withdrawing substituents at C,.
The CN group of 2a increases the acidity of the methylene
protons and makes the deprotonation/cyclization reaction
possible. On the other hand, the CH;OCH; group of 2b
makes C, more electrophilic for fluoride attack. The
importance of ionic fluorides as proton abstractors in base-
assisted reactions,!> and as sources of fluorine in the
synthesis of organofluorine derivatives,!® is well docu-
mented. Attempts to deprotonate 2a by other bases were
unsuccessful. There should be factors associated with the
ionic fluoride (other than the basicity and nucleophilicity)
that govern the reactions of 2a and/or 2b with (n-Bu),NF.
These factors are not yet clear.

Protonation of 3a in CH3CN by CF3COOH immediately
produces 2a in a quantitative yield. Conversion of 4 back
to 2b is also a fast reaction. Reaction of 3a with Ph3CPFg
also affords [Cp(PPhjz);Ru=C=C(Ph)CH(CPh3;)CN]PF,
(2d)!7in65% yield. Trityl cationserves as an electrophile
attacking the methyne carbon of the three-membered ring.
Further deprotonation of the methyne proton of 2d by
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(n-Bu),NF (1 M in THF) also affords the cyclopropenyl

]
complex Cp(PPh3):RuC=C(Ph)C(CPh3)CN (3d;!® see
Scheme 1). The yield is only 35% in this reaction. The
31P NMR spectra of 2d and 3d both give the expected AB
pattern because of the chiral carbon that makes the two
phosphine ligands inequivalent. The vinylidene ligand of
2, with two different substituents, is a two-dimensional
chiral simplex.1® The complex is considered as having a
plane of chirality. We are currently investigating possible
asymmetric induction by using the chiral phosphine
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ligand.?® Also, experiments to test the generality of this
kind of reaction, particularly for analogous molybdenum
complexes, are in progress.
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