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Abstract 

The reactions of [Cp * RuCNdippe)] and [CpRuCl(dippe)] (dippe = I ,2-bis(diisopropylphosphino)ethane) with several alkynols 
HCrCC(OH)RR’ (R = R’ = H. Me: R = Me, R’ = Ph) have been studied. These reactions leads to the formation of the corrcspunding 
allenylidene derivatives, although in some cases hydroxyvinylidene complexes were isolated as intermediates in such process. The X-ray 
crystal structure of [CpRu=C=C=CMePh(dippe)][BPh,] was determined. In the course of the reaction of [CpRuCl(dippe)] with 
HC=CC(OH)Me,, there is evidence for the formation of a deep blue dimeric alkynyl-carbene (or alkenyl-allenylidene) complex 
[{CpRu(dippe)),( p-C ,oH,, )][BPh,] resulting formally from the coupling of two allenylidene moieties followed by the loss of one proton. 
The reaction of [Cp * Ru=C=C=CMePh(dippe)][BPh,] with KOBu’ leads to the ene-yne derivative [Cp * RutC=CC(Ph)=CH,)(dippe)] 
as result of the deprotonation of the allenylidene ligand at the &position. This compound was structurally characterized by single crystal 
X-ray crystallography. In an attempt to obtain the primary allenylidene complex [Cp * Ru=C=C=CH,(dippe)][BPh,] by dehydration of 
the hydroxyvinylidene [Cp * Ru=C=CHCH,OH(dippe)][BPh,] using P,O,, the previously reported carbonyl complex [Cp * Ru(CO)(di- 
ppe)][BPh,] was obtained and its crystal structure determined. This is also accessible by aerial oxidation of the hydroxy-vinylidene 
derivative. 0 1997 Elsevier Science S.A. 

Kryvodv: Alkynol: Allenylidenc complex; Vinylidenc complex; Ruthenium; Phosphinc 

1. htroduction 

Since their discovery by Fischer et al. [I] and Berke 
[2], allenylidene complexes constitute after vinylidene 
complexes the simplest class of metallocumulenes, and 
its chemistry is only beginning to be studied in detail, in 
contrast to that of their vinylidene homologues [3]. The 
interest of these species arises not only from their 
material properties [4], but also from the fact that they 
contain a carbon-rich unsaturated chain with a M=C 
linkage, having potential as building blocks for the 
synthesis of unsaturated organic molecules, as well as 
for the access to metal-containing copolymers [5,6]. It is 
reasonably well established now that the reaction of 
propargyl alcohols HC=CC(OH)R, with transition 
metal complexes represents a simple and convenient 

’ Corresponding author. 

0022-328X/97/$17.00 0 I997 Elsevier Science S.A. All rights reserved. 
PII SOO22-328X(97)00472-5 

route for the preparation of allenylidene complexes via 
dehydration of an intermediate hydroxyvinylidene com- 
plex [7,8]. .I related procedure has been used recently 
for the preparation of novel types of organometallic 
cumulenes, such as pentatetraenylidene complexes [9]. 
When hydrogen atoms are present at the carbon atom 
adjacent to the one bearing the OH group, the dehydra- 
tion may take two different reaction pathways, leading 
alternatively to allenylidene or vinyl-vinylidene deriva- 
tives [lo]. In some instances coupled products have also 
been obtained [I 1,121. We have recently reported the 
synthesis of half-sandwich complexes [Cp * RuCl(dippe)] 
and [CpRuCl(dippe)] (dippe = 1,2- 
bis(diisopropyiphosphino)-ethane) [ 131, and their reac- 
tivity towards small molecules [ 141 and alkynes [ 15,161. 
We have observed that the reaction of [CpRuCl(dippe)] 
with I-alkynes in MeOH yields the corresponding 
vinylidene complexes [CpRu = C = CHR(dippe)]+, 
whereas in case of [Cp ‘. RuCl(dippe)] oxidative addition 



of the alkyne takes place furnishing Ru”’ hydrido-al- 
kynyl derivatives [Cp * RuH(C=CR)(dippe)]‘. which 
rearrange to their vinylidene isomers both in solution 
and in the solid state [ 15,161. In order to complete the 
study of the reactivity displayed by these half-sandwich 
ruthenium complexes towards alkynes, we have investi- 
gated their reactions with alkynols. This has led to the 
isolation of allenylidene derivatives and other related 
species. The results of this research are reported in this 
paper. 

2. Results and discussion 

[Cp * RuCl(dippe)] reacts with propargyl alcohol, 
HC=CCH,OH, in MeOH in the presence of NaBPh, 
yielding a light brown crystalline precipitate. The IR 
spectrum of this material displays strong bands at 3528 
cm-’ and 1636 cm-‘, attributable to v(OH) and 
v(C=C) of a vinylidene ligand, respectively. These 
data, together with microanalysis, support the formation 
of the hydroxyvinylidene corn plex 
[Cp * Ru=C=CHCH,OH(dippe)][BPh,] (1). The ’ H 
NMR spectrum of this compound shows one doublet 

Table I 
Summary of data for the crystal structure analysis of 5. 0 and 9 

and one triplet at 3.99 ppm and 4.06 ppm respectively, 
in the intensity ratio 2: 1, corresponding to the CH, 
protons and to the proton attached to the P-carbon of 
the vinylidene coupled each other (J,, = 6.8 Hz). No 
resolvable coupling with phosphorus is observed, al- 
though in some other instances it is resolved, i.e., for 
[Cp * Ru=C=CHCH,OH(PMe, Ph),][PF,] [ 171, and the 
vinylidene proton appears as a triplet of triplets. No 
signal attributable to the OH proton is present, most 
probably due to rapid exchange. In some cases in which 
it has been observed, it appears as a broad resonance 
[ 171. The ” P{’ H} NMR 
sharp singlet, whereas its 

spectrum of 1 consists of one 
3C{’ H} NMR spectrum indi- 

cates the presence of the vinylidene carbon atom di- 
rectly attached to Ru at low field (8 339.5 ppm, 
J = 14.1 Hz). The hydroxyvinylidene complex 
[:L * Ru=C=CHC(OH)Me,(dippe)][BPh,] (2) was ob- 
tained in a similar fashion by reaction of [Cp * RuCl(di- 
ppe)] with HC=CC(OH)Mel and NaBPh, in MeOH. 
The spectral properties of this compound are very simi- 
lar to those of 1, including the presence of v(OH) and 
v(C=C) bands at 3545 cm-’ and 1639 cm-’ respec- 
tively in its IR spectrum. In contrast with 1, which is 
very stable towards dehydration, 2 loses H,O easily in 

Compound 5 I) 0 

F'ofVllUlil 

F.W. 
Crystill hike (tI\tll) 
CryhId sywn 
SPUW group 
Cell purumutws 

V0lun1e 
z 

1'dc 
A 

P 
FWO) 
Transmision factors 
Scan speed ( WI 
2 8 interval 
Measured retlections 
Unique retlections 
Observed retlections (I > 30,) 
Number of parameters 
Retlection/pariuneter ratio 
It” 
H,, ( \\’ = cr, ? 1” 
Maximum J/U in Final Cycle 
g.0.f. 

CJ-h,BP,R~~ 
x75.92 
0.23 x 0.08 x 0.3 I 
Triclinic 
P-I (No. 2) 
(I = 12.672(2) A 

h = 16.364(3) A 
(’ = I2.535(2) A 
U = 05.30(2) 
@= Y6.24(2) 
y = IO7.06(2) 

2338( I ) A’ 
2 
I .244 g cm - ’ 
I.54178 A (CuK,,) 
36.64 cm - ’ (CuK,, ) 
924 
0.80- I .w 
8” min - ’ 
5”<28< 100” 
5200 
51;.+ 
4160 
514 
8.09 
0.034 
0.04 I 
0.15 
I .53 

W-W-W 
625.82 
0.22 x 0.24 x 0.43 
Triclinic 
P-l (No. 2) 
(I = 9).X34(4) A 

/I = I&435(4) A 

(* = 9.174(2) A 
a = 9 I .04(2) 
p = 103.26(2) 
y = 96.41(Z) 
1641(i) A’ 
2 
I.266 g clll’- \ 

I.54178 A (CuK,, 1 
50. I9 cm- ’ (CuK,, ) 
664 
0.8 I - I .oo 
8” min - ’ 
5” < 20 < 100” 
363 I 
3374 
3023 
370 
8.17 
0.049 
0.06 I 
4.09 
2.8 I 

C+, H,, BOP, Ru 
845 .!I0 
0. I9 x 0. I8 x 0.24 
Monoclinic 
P2 ,//t (No. 14) 

(1 ‘= I7.233(4) li 

h = 14.942(2) li 
c’ = 17.623(4) A 

fi = 106.53(Z) 

4416(lL$ 
4 
1.272 g CIll - 1 

0.7 1069 A (MoK ,I ) 
4.52 cm- ’ (MoK,, 1 
1792 
0.95- I .OO 
8” min ’ 
5” < 2t) < 50” 
6965 
6762 
4157 
487 
8.54 
9.042 
0.048 
I.17 
I .36 
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Table 2 
Fractional atomic coordinates and L&, for [CpRu =C=C =CMePh- 
(dippe)][BPh,] 

Positional parameters and Beq 
for [CpRu = C = C = CMePh(dippe)][BPh,] 

Atom x ?’ .? ., B w 
Ru 
P(1) 
P(2) 
C(l) 
C(2) 
C(3) 
C(4) 
C(5) 
C(6) 
C(7) 
C(8) 
C(9) 
C(IO) 
C(l I) 
C(12) 
C(13) 
C(14) 
C(l5) 
C(16) 
C(l7) 
C(18) 
C(19) 
C(20) 
C(21) 
C(22) 
C(23) 
C(24) 
Cc251 
C(26) 
C(27) 
C(28) 
C(29) 
C(30) 
C(31) 
cc321 
C(33) 
C(34) 
C(35) 
C(36) 
C(37) 
C(38) 
cc391 
C(40) 
C(41) 
C(42) 
C(43) 
C(44) 
C(45) 
C(46) 
C(47) 
C(48) 
C(49) 
C(50) 
C(51) 
C(52) 
C(53) 
B 

0.4582( 1) 
0.26498(3) 

O-3205( 1) 
0.0776(5) 
0.0857(S) 
0.1535(59 
0.1851(5) 
0.1378(5) 
0.2973(4) 
0.2999(4) 
0.3003(4) 
0.3820(5) 
0.223 l(4) 
0.2 127(5) 
0.1418(5) 
0.0783(6) 
0.0874(6) 
0.1584(5) 
0.5460(4) 
0.4842(6) 
0.5835(5) 
0.4839(5) 
0.4233(5) 
0.6133(6) 
0.2950(5) 
0.1672(6) 
0.3746(6) 
0.2603(5) 
0. I 3860 1 
0.3396(5) 
0.5366(4) 
0.4786(4) 
I .o I 24(4) 
I .0504(S) 
1.1674(5) 
1.251 I(5) 
1.2198(5) 
I .1018(4) 
0.8096(4) 
0.8556(4) 
0.7975(5) 
0.6884(6) 
0.641 i(5) 
0.7007(5) 
0.8602(4) 
0.8574(4) 
0.8526(4) 
0.8485(5) 
0.85 16(5) 
0.8573(5) 
0.809 i(4) 
0.6954(5) 
0.6415(5) 
0.6998(7) 
0.8 I26(6) 
0.865 l(5) 
0.8730(5) 

0.26064(8) 
0.24828(8) 

0.24874(2) 

0.1653(4) 
0.23 1 l(4) 
0.22 12(4) 
0.1481(4) 
0.1 I 25(4) 
0.3699(3) 
0.4476(3) 
0.5296(3) 
0.5989(4) 
0.5530(3) 
0.6357(3) 
0.6568(4) 
0.5967(5) 
0.5 I48(4) 
0.4927(3) 
0.3549(3) 
0.361 l(4) 
0.441 l(3) 
0.1682(3) 
0.08 12(3) 
0. I Pd5(4) 
O.i381(3) 
0.0930(4) 
0. I363(5) 
0.3042(3) 
0.3034(4) 
0.3976(4) 
0.2668(3) 
0.3029(3) 
0.2171(3) 
0.1447(3) 
0. I522(J) 
0.23 I3(5) 
0.3046(4) 
0.2974(3) 
0.1793(3) 
0.1437(3) 
0. I 172(4) 
0.1247(4) 
0. I604(4) 
1866(3) 
0.2992(3) 
0.3215(3) 
0.4029(4) 
0.463 l(3) 
0.4442t3) 
0.3637(3) 
0.1300(3) 
0.0739(3) 
0.0 I 29(4) 
0.0069(4) 
0.060 I (4) 
0. I205(3) 
0.2061(3) 

0.11981(3) 
0.1449(l) 
0.3114(l) 
0.0653(4) 
0.0018(5) 
- 0.0666(4) 
- 0.0448(5) 
0.0349(5) 
0.1546(4) 
0.1652(4) 
0.1685(4) 
0.2705(5) 
0.0747(4) 
0.0809(4) 
-O.OlOl(6) 
- 0. IO65(6) 
-0.1152(5) 
0.0254(4) 
0.1030(4) 
0.0 I 89(5) 
0.1837(5) 
0.0709(4) 
0.0980(5) 
0.0946(6) 
0.3461(4) 
0.3360(5) 
0.4616(5) 
0.4026(4) 
0.3402(5) 
0.4604(4) 
0.2947(4) 
0.3684(4) 
0 5999(4) 
0.6026(4) 
0.6446(5) 
0.6868(4) 
0.688 I(4) 
0.6457(4) 
0.6458(4) 
0.7385(4) 
0.8139(5) 
0.8004(5) 
0.71 l7(5) 
0.6382(5) 
0.5 196(4) 
0.4144(4) 
0.3907(5) 
0.47 16(h) 
0.5758(5) 
0.5986(4) 
0.4346(4) 
O/4057(4) 
0.3044(6) 
0.2303(5) 
0.2559(5) 
0.3562(4) 
0.55 18(5) 

2.91(l) 
3.09(4) 
3.30(4) 
5.4(2) 
5.2(2) 
5.0(2) 
5.2(2) 
5.5(2) 
3.3(2) 
3.9(2) 
3.8(2) 
5.5(2) 
3.5(2) 
4.7(2) 
5.8(3) 
6.5(3) 
6.2t3) 
4.9(2) 
4.2(2) 
6.5(3) 
5.6(2) 
4.1(2) 
5.2(2) 
6.9(3) 
4.9(2) 
6.2(3) 
7.3(3) 
3.3(2) 
5.5(2) 
5.6(2) 
3.9(2) 
4.2(2) 
3.3(2) 
4.4(2) 
S.l(2) 
5.1(2) 
4.7(2) 
3.8(2) 
3.6(2) 
4.1(2) 
5.2(2) 
5.4(2) 
5.6(2) 
4.5(2) 
3.3(2) 
3.7(2) 
4.6(2) 
4.9(2) 
4.9(2) 
U(2) 
3.6(2) 
4.5(2) 
5.7(2) 
6.4(2) 
6.1(2) 
4.7(2) 
3.3(2) 

solution affording the allenylidene complex 
[Cp * Ru=C=C=CMe,(dippe)][BPh,] (3). The reaction 
of [Cp * RuCl(dippe)] with HCsCC(OH)MePh and 
NaBPh, EtOH yielded the corresponding allenylidene 
complex [Cp * Ru=C=C=CMePh(dippe)][BPh,] (4) di- 
rectly. In this case the intermediate hydroxyvinylidene 
complex was not isolated or detected. No isolable prod- 
uct could be obtained from the reaction of [CpRuCl(di- 
ppe)] with propargyl alcohol, whereas the reaction with 
HC=CC(OH)MePh led also directly to the allenylidene 
[CpRu=C=C=CMePh@ippe)][BPh,] (5). All these al- 
lenylidene complexes display one strong band in their 
IR spectra in the range 1900- 1950 cm- ’ , attributable to 
the stretching of the cumulated C=C=C bonds. The 
most relevant spectral feature for these compounds are 
the resonances of the carbon atoms of the unsaturated 
carbon chain in the 13C{’ H} NMR spectra. These appear 

Table 3 
Selected bond distances (A> and angles (deg) for 
[CpRu=C=C= CMeP2h-(dippe>][BPh,,: 

Intramolecular distances” 

Atom 

Rutl) 
Ru(l) 
Ruti) 
Ku(l) 
RutI) 
RutI) 
RutI) 
Ru(l) 
C(6) 
C(7) 
C(8) 
C(8) 

Atom 

P(i) 
P(2) 
C(1) 
C(2) 
C:3) 
C(4) 
C(5) 
C(6) 
C(7) 
C(8) 
C(9) 
C(IO) 

Distance 

2.324( I ) 
2.304 I ) 
2.23Ot5) 
2.249(5) 
2.283(5) 
2.280(5) 
2.275(5) 
I .884(5) 
I .257(6) 
I .338(7) 
I .SlOM7) 
I .460(6) 

Intramolecular bond angles” 
Atom Atom Atom Angle 

HI) RutI) F(2) 82.90(5) 
HI) RutI) ct I 1 14X.9(2) 
P( I 1 Rut11 C(2) 149.0(2) 
P( I 1 RutI) C(3) I I2.9(2) 
P(I) Ru(l) C(4) 96.4( I) 
P(1) RutI) C(5) I 12.8(2) 
P(l) Ru(l) C(6) 94.3( I ) 
P(2) RutI) ct I ) 100.8( I ) 
P(2) Rut11 C(2) I27.9(2) 
F;(2) Ku(l) C(3) 161.3(l) 
P(2) RutI) C(4) 137.1(2) 
P(2) Rufl) C(5) 105.6(2) 
P(2) RutI) C(6) X8.6( 1) 
Ru(l) C(6) C(7) 169.3(4) 
C(6) C(7) C(8) I75.9(5) 
C(7) C(8) C(9) il9.4(4) 
C(7) C(8) C( 10) I20.9(4) 

“Distances are in angstroms. Estimated standard deviations in the 
feast significant figure are given in parentheses. 
hAngles are in degrees. Estimated standard deviations in the least 
significant figure are given in parentheses. 



either as singlets (C,, C,) or triplets (C, ) in the range 
expected for allenylidene complexes of ruthenium. The 
X-ray crystal structure of 5 was determined. General 
details about the X-ray structure analysis of this and of 
other compounds prepared in this work are listed in 
Table 1. Fractional atomic coordinates, and relevant 
bond distances and angles are listed in Tables 2 and 3 
respectively. An ORTEP view of the complex cation is 
shown in Fig. 1 The complex has a three-legged piano- 
stool geometry, the allenylidene ligand being linearly 
assembled to ruthenium in a fashion very similar to that 
found in other half-sandwich allenylidene complexes 
structurally characterized, such as 
[CpRu=C=C=CPh,(PMe,),][PF,] [7] and [(q”-Inde- 
nyl)Ru=C=C=C(C;,H,,)(PPh,),][PF,] [ 121. The plane 
defined by the cyclopentadienyl ring lies 1.925 A apart 
from the ruthenium atom. The Ru(l)-C(6) bond dis- 
tance of 1.884(S) A is shorter than a single Ru-C bond, 
as expected, comparing well with the values foynd in 
other Ru allenylidene, i.e., 1.884(5) A i!l 
[CpRu=C=C=CPh,(PMe,),][PF,] [7], and 1.889(5) A 
in [($-Indenyl)Ru=C=C%C ,3HZO)(PPhol)2][PF~,] 
[12]. The C(6)-C(7) separation of 1.257(6) A is only 
slightly longer than a C=C triple bond, whereas the 
C(7)-C(8) bond distance of 1.338(7) A is consistent 
with a double bond. This sequence of bond lengths 

indicate, as pointed out for most cationic allenylidene 
complexes studied by X-ray diffraction [3,5-7,121, a 
substantial contribution from two different mesomeric 
forms. The methyl and phenyl substituents and the 
unsaturated carbon chain lie approximately in the same 
plane, which forms a dihedral angle with the plane 
defined by Ru( 11, C(6) and the centroid of the Cp ring 
of 15.9’, an orientation which has been found to maxi- 
mize the effectiveness of the metal-ligand ?r-overlap 
[ 181. The dimensions of the Cp and phosphine ligands, 
as well as those of the [BPh,]- counterion are in the 
expected range, being unexceptional. 

The reaction of [CpRuCl(dippe)] with 
HC=CC(OH)Me, in MeOH in the presence of NaBPh, 
also leads initially to the allenylidene derivative 
[CpRu=C=C=CMe,(dippe)][BPh,l (6), which precipi- 
tates from the reaction mixture as a brown microcrys- 
talline solid. However, prolonged stirring at room tem- 
perature, as well as attempts made for recrystallizing 6, 
yielded deep blue solutions from which a dark blue 
microcrystalline material was isolated. This blue solid 
displays one strong band at 1936 cm- ’ in its IR spec- 
trum, ascribed to v(C=C=C) or v(C=C), being very 
similar to that shown in the IR spectra of allenylidene 
complexes. However, the ‘H NMR spectrum is rather 
complicated. Two separate C, H s resonances are pre- 

CS Cl1 
Fig. I. ORTEP drawing of the cation [CpRu=C=C=CMePh(dippe)lf with 50% probability thermal ellipsoids. Hydrogen atoms, are omitted. 
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HCSC(OH)Me2 
w 

NaBPh, 
MeOH 

+ 

1 + - 

_f \ 

p; P 

P 
\j 

\ 
Form A Form B 

Compound 2: 

Scheme 1. Interaction of [CpRuCNdippe)] with HC=CC(OH)Me,, showing the s:ructure of the coupled product 7, and atom labelling. 

J / - H+ 

sent, together with a series of singlets which were 
absent in the ‘H NMR spectrum of compound 6. The 

spectra1 data match those reported for the binuclear 

” P{’ H} NMR spectrum consists of two singlets of the 
alkynyl-carbene (or alkenyl-allenylidene) derivatives 
[{CpRu(PPh 3 )&( ,u-C ,(I H , , )I[BF, I [ 111 and [{TpRu!di- 

same intensity, a pattern which suggests the presence of 
two sets of non-equivalent phosphorus atoms. These 

ppe))l( p-C , o H , , )][BPh, ] Wp = hydrotris(pyrazoly0 
borate) [ 191, which result from the formal coupling of 

Fig. 2. ORTEP drawing (50% probability thermal ellipsoids) of one of the two independent. virtually 
[Cp * Ru(CrCC(Ph)=CH,(dippe)] in the crystal structure of 5. Hydrogen atoms, are omitted. 

identical molecules 
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two allenylidene units followed by the loss of one 
proton. It has been proposed that the coupling t&s 
place between an allenylidene complex and a vinyl- 
vinylidene derivative, both generated in situ as dehydra- 
tion products of the corresponding intermediate 
hydroxyvinylidene complex, not isolated [ lo,1 11. For 
the CpRu(PPh,), system, this coupling leads to a binu- 
clear vinylidene-carbene complex of formula 
[{CpRu(PPh, ),},( p-C ,. H 17 MBF, I2 , which has been 
structurally characterized [ 111, this being reversibly de- 
protonated to yield the corresponding alkynyl-carbene. 
An alternative mechanism has been postulated, in which 
the coupling occurs between one allenylidene complex 
and an ene-yne derivative formed spontaneously on loss 
of a proton from the allenylidene [20]. Analytical data 
in our case support the formulation as 
[{CpRu(dippe)},( p-C ,0 H , , )][BPh,] (7) for the blue ma- 
terial. Unfortunately, QO single crystals of this com- 
pound suitable for X-ray crystal structure analysis were 
obtained, and hence the structure shown in Scheme 1 
can only be tentatively assigned based upon spectral 
data and by analogy with the complex 
[{CpRu(PPh,),l,( @,oHII )I[BF,l [I 11. The %‘H) 
NMR resonat&s for all the non-quatemary carbon 
atoms of the bridging ligand were assigned by means of 
a DEPT experiment. The chemical shift of the reso- 
nances tentatively assigned to the carbon atoms C,,, C,, 
and C,. (see Scheme 1) appear in the range expected for 
allenylidene complexes. suggesting that the contribution 
of the mesomeric form A (Scheme 1) is more important, 
and therefore compound 7 can be better regarded as an 
alkenyl-allenylidene. Addition of one drop of HBF, to 
a blue solution of 7 in dichloromethane causes an 
immediate colour change to dark red, as it occurs with 
the related CpRu(PPh 3 )? and TpRu(dippe) systems, 
suggesting that protonation at the C,) takes place to 
yield the corresponding vinylidene-carbene complex. 
However, no pure product was isolated from this proto- 
nation reaction. Furthermore, when the protonation was 
carried out in situ inside a NMR tube, new broad 
resonances along with other sharper ones were observed 
in the 3’ P{l H) NMR spectrum. Clearly, the protonation 
of 7 is a complex process, which gives a mixture of 
substances, some of them possibly paramagnetic. In any 
case, no spectral evidence for the formation of vinyli- 
dene-carbene species has been obtained. 

None of the allenylidene derivatives described here 
reacted with refluxing MeOH or EtOH to yield vinyl- 
carbene species, as it has been observed in other cases 
[21,22]. However, compound 4 reacted with KOBu’ in 
THF to yield a yellow, crystalline material which 
showed to be the neutral ene-yne derivative 
[Cp * Ru(CsCC(Ph)=CH.)(dippe)] (8), resulting from 
the deprotonation of the -allenylidene ligand at the & 
carbon. A similar process is known to occur sponta- 
neously in the course of the reaction of other half- 

sandwich Ru-phosphine complexes with cyclic propar- 
gyl alcohols [ 12,9]. In other cases, the reaction of 
allcnylidenes with alkoxides yields neutral akynyl com- 
plexes resulting from the nucleophillic attack at the y 
carbon atom of the allenylidene ligand [3]. The allenyli- 
dene complexes 3 and 5 also react with KOBu’, but in 
these cases oily uncharacterized substances were ob- 
tained. Compound 8 displays one strong v(C=C) band 
at 2048 cm-’ in its IR spectrum. The ‘H NMR spec- 
trum shows two doublets at 5.017 and 5.284 ppm 
attributable to the non-equivalent protons of the termi- 
nal = CH,H, unit of the C=CC(Ph)=CH, ligand, a 
pattern which has been previously observed for the 
related complex [TpRu(C=CC(Ph)=CH, )(dippe)] [ 191. 
The connectivity between the protons and their corre- 
sponding carbon resonances was determined by a 2D- 
HETCOR NMR experiment. The X-Ray crystal struc- 
ture of 8 was determined and an ORTEP view of the 
molecule is shown in Fig. 2. Fractional atomic coordi- 
nates, and selected bond lengths and angles are listed in 
Tables 4 and 5 respectively. This compound displays a 
three-legged piano stool structure which results very 
similar to that adopted by the allenylidene derivative 5. 
The plane Ff the pentamethylcyclopentadienyl ring lies 
at 1.929 A from the ruthenium atom. The ene-yne 
ligand appears linearly assembled to ruthenium, with all 
the atoms including those of the methylene and phenyl 
substituents situated approximately in the same plane, 
which in this case forms a dihedral angle of 93.4” with 
the plane defined by Ru( l), C( 11) and the centroid of 
the Cp* Oring. The Ru( 1 )-C( 11) bond distance of 
I ,994(7) A is longer than that found in compound 5, 
and corresponds to a single bond, comparing well with 
Ru-C separations found in the only other mononuclear 
ruthenium ene-yne derivatives structurally chara:- 
terised, [TpRu(C=CC(Ph)=CH 2 )(dippe)] (2.004(6) A) 
[ 191, and [CpRu-C=CC(0,CCF3)=CMe2(PPh,),] 
(2.02( 1) A) [23]. The C( 11 )-C( 12) and C( 12)*--c( 13) 
bond lengths, 1.22( 1) A and 1.44( 1) A respectively, 
correspond to a triple and a singleDbond, whereas the 
C( 13)-C( 14) separation ?f 1.32( 1) A is consistent with 
a double bond, as expected. As it occurs in the related 
ene-yne complexes [TpRu(C=CC(Ph)=CH,)(dippe)] 
[i9] and [CpRu-C=CC(O,CCF,)=CMe,(PPh,),] 1231, 
the observed sequence of iery distinct C-C bond dis- 
tances in the ene-yne fragment is consistent with little 
electron delocalisation across this ligand. 

We were interested in preparing the unsubstituted 
primary allenylidene complex [Cp * Ru=C=C=CH,(di- 
ppe)][BPh,] starting from the hydroxyvinylidene 1. So 
far, primary allenylidenes have proven to be elusive to 
isolation. In fact, even monosubstituted(secondary) al- 
lenylidene complexes are rare, and have been reported 
only recently [3,24]. Primary allenylidenes have been 
postulated as intermediates, being trapped as phospho- 
nium salts in some instances [20]. Given the robust 



nature of the hydroxyvinylidene complex 1, we at- 
tempted to promote dehydration using a suitable reagent, 
such as P?O,. Thus, the reaction of 1 with an excess of 
P,O, in THF yielded a purplish solution from which a 
microcrystalline material was isolated. This material 
displays one strong absorption band at 1926 cm- ’ , 
which was thought initially to correspond to v(C=C=C) 
of an allenylidene ligand. However, crystal structure 
analysis showed that this compound was the known 
carbonyl complex [Cp * Ru(CO)(dippe)][BPh,] (9) [ 141. 
An ORTEP view of the molecule is shown in Fig. 3. 
Fractional atomic coordinates, and selected bond lengths 
and angles are listed in Tables 6 and 7 respectively. The 
complex cation has the expected three-legged piano 
stool structurz, having the pentamethylcyclopentadienyl 
ring 1.925 A apart from the ruthenium atom. The 
Ru( I )-C( 11) bond distance of 1.843(6) A is similar to 
that found in [Cp * Ru=C=CHPh(PMe2Ph)2][Cp * Ru 
(CO)(PMe, Ph),][PF,], ( 1.86( 1) A) [ 171, and slightly 
shorter than the-value expected for a Ru-C single bond, 
suggesting an appreciable metal-ligand backbonding. 
Accordingly, the C( 11 J-0( 1) bond length 0;’ 1.152(7) A 
indicates a relaxation in the C=O triple bond. All the 
dimensions of the ligands and counterion are in the 
expected range, being quite unexceptional. Thus, P,O, 
acts as an oxidant of the hydroxyvinylidene 1. Atmo- 
spheric oxygen may also perform this oxidation, but 
more slowly, being necessary several days for complete 
oxidation, Them are several reports of the formation of 

carbonyl complexes by aerial oxidation of vinylidene 
species [ 17,251. This has been interpreted in terms of a 
cycloaddition reaction between molecular oxygen and 
the vinylidene ligand 1201, which results in the oxidative 
cleavage of the C=C bond and affords the correspond- 
ing carbonyl complex and an organic acid. In our case, 
the fate of the organic fragment of the hydroxyvinyli- 
dene ligand resulting from the oxidative cleavage is 
unknown. 

3. Experimental 

All synthetic operations were performed under a dry 
dinitrogen or argon atmosphere following conventional 
Schlenk or drybox techniques. Tetrahydrofuran, dieth- 
ylether and petroleum Tther (boiling point range 40- 
60°C) were distilled from the appropriate drying agents. 
All solvents were deoxygenated immediately before 
use. 1,2-Bis(diisopropylphosphino)ethane [26,27] was 
prepared according to reported procedures. 
[Cp * RuCl(dippe)] and [CpRuCl(dippe)] were obtained 
as reported in the literature [ 131, although a modified 
procedure has been developed for [Cp * RuCl(dippe)], 
which is outlined here. IR spectra were recorded in 
Nujol mulls on Perkin-Elmer 881 or Pet-kin-Elmer FTIR 
Spectrum 1000 spectrophotometers. NMR spectra were 
taken on Varian Unity 400 MHz or Varian Gemini 200 
MHz equipments. Chemical shifts are given in ppm 

Fig. 3. ORTEP drawing of the cation [Cp ’ Ru(CO)(dippe)] _ with 50% probability thermal ellipsoids. Hydrogen atoms. are omitted. 



Table 4 
Fractional atom ic coordinates and B,, !-Of 

[Cp* Ru(C=CC(Ph)=CH, Xdippe)] 

Positional parameters and Bcq 
for [CpRu-CS-C(Ph)=CH,(dippe)] 

Atom .\’ ! c B c”( 

P(2) 
C(I) 
C(2) 
C(3) 
C(4) 
as 1 
C(6) 
C(7) 
C(8) 
C(9) 
a 10) 
alI) 
a 12) 
C(l3) 
a 14) 
aIs) 
C( 16) 
C(l7) 
a 18) 
a 19) 
a201 
C(21) 
C(22) 
a231 
C(24) 
a251 
C(26) 
a271 
C(2H) 
C(29) 
a301 
a311 
a321 
C(33) 
a341 

0.38671(S) 
0.2897(2) 
0.1938(2) 
0.5953(7) 
0.5076(7) 
0.4082(7 ) 
0.4348(7 ) 
0.5508(7) 
0.7263(8) 
0.5328(9) 
0.320( I 1 
0.3694(9) 
0.6247(8 ) 
0.4X10(7) 
0.5554(7) 
0.6507(8) 
0.657( I 1 
0.7399(7) 
0.7430(8) 
0.8256(9) 
0.909( I ) 
0.9094(9) 
0.8262(9) 
0.3974(B) 
0.329(! 1 
0.517(l) 
0.2275(8) 
O.l3l(l) 
0.165(l) 
0.224( I ) 
0. I I&I(2) 
0*291(l) 
0.0792(X) 
- O&47( I 1 
0.035( I 1 
0. IN I 1 
0.073( I) 

0.23529(3) 
0.3315(l) 
0.1675( I 1 
0.2538(4) 
0.2888(4) 
0.236 I(4) 
0.167lGI) 
0. I765(4) 
0.2876(4) 
0.368 l(4) 
0.2478(S) 
0.093~W 
0.1183(S) 
0.2247(3) 
0.2 I53(4) 
0.2027(4) 
0. I357(5) 
0.2677(S) 
0.3339(S) 
0.3957(S) 
0.3884(6) 
0.3223(6) 
0.26 I O(6) 
0.3854(4) 
0.4293(5 1 
0.4323(4) 
0.40 I I(4) 
0.3663(S) 
0.4645(S) 
0.1090(5) 
0.0932(X) 
0.0435(6) 
0. IOX3~J) 
0.0649(5 1 
0. I 509,( 5 1 
0.2966(4) 
0*2282(S) 

0.3310(2) 
0.4361 l(5) 

0.3 159(2) 
0.5640(7) 
o&450(7) 
0.6305(7) 
0.6357(7) 
0.5559(7) 
0.5057(9) 
0.7001(9) 
0.8118(8) 
0.6786(9) 
0.393( I ) 
0.256 l(7) 
0.16lN7) 
0.0563(8 1 
O.OOS( I ) 
0.0120(8) 
0.082( I 1 
0.044 I ) 
-0.066( I ) 
-0.135(l) 
-0.0994(9) 
0.2086(9) 
0.089( I ) 
0.297( I ) 
0.45 I2(9) 
0.554( I ) 
0.378( I ) 
0. I S8( I 1 
0.027( I ) 
0.2 1-M I ) 
O.QI( I) 
0.334( I) 
0.539( I 1 
0.202( I 1 
0*238(I) 

2.45(2 1 
3.1(x7) 
3.61(8) 
3.4(3) 
3.1(3) 
3.5(3) 
3.3(3) 
3.1(3) 
4.6(4) 
4.7(4) 
5.2(4) 
4.8(4) 
5.2(4) 
2.8(3) 
3.-I(3) 
4.2(3) 
8.1(6) 
4.1(3) 
5.1(4) 
6.5(S) 
7.9(S) 
7.2(S) 
6.2(4) 
4.3(3) 
6.7(S) 
5.2(4) 
4.2(3) 
7.4(5 1 
6.X(S) 
7.1(S) 
I2.J(X) 
lO.3(7) 
4.7(4) 
7.W) 
6.5(S) 
5.9(4) 
7.3(S) 

from SiMe, (‘H and ‘“C{‘H}) or 85% H,PO, (“‘P{‘H!! 
The phosphine protons for $1 comp&‘ds appeared in 
the corresponding ‘H NMR spec:r’i ias a series of over- 
lapping multiplets in the range 0.5-3 ppm. and were not 
assigned. Microanalysis were by Dr. Mart JC’ Arjonilla 
at the CSIC-Instituto de Ciencias Marinas de Andalucia. 

3. I. Preparation of @.I * RrrCl(dippdl 

To a mixture of [{Cp * RuCI,}, ] (0.61 g, 1 mmol) and 
dippe (0.7 ml, ca. 2.3 mmol) in tetrahydrofuran, zinc 
dust (2 g, excess) was added. The mixture was stirred at 
room temperature for ca. 2 h. Then, it was taken to 
dryness, and the residue extracted with several portions 
of diethylether. The resulting orange solution was fil- 
tered through celite. Addition of petroleum ether, con- 

centration and cooling to - 20°C afforded orange crys- 
tals, which were filtered off, washed with a small 
portion of cold petroleum ether and dried in vacua. 
Yield: 0.85 g, 80%. 

[Cp * RuCl(dippe)] (0.26 g. ca. 0.5 mmol) in MeOH 
(15 ml) was treated with an excess of the corresponding 
alkynol HC=CCR,(OH) (R = H or Me), and solid 
NaBPh, (0.3 g, excess). An orange-brown microcrys- 
talline precipitate was immediately obtained in the case 
of R = Me, whereas for R = H the mixture was stirred 
at room temperature for several minutes, in order to 
complete the precipitation. The crystalline solids were 

Table 5 
Selected bond .;istances (A) and angle5 (deg) for 
[Cp * Ru(C=-CC(Ph)=CH, Mdippe)] 

Intramolecular distances” 

Atom Atom 

RutI) P( I 1 
Ru(l) P(2) 
Ru( I 1 C( I ) 
Rut I) C(2) 
Rut I ) C(3) 
Ru( I ) C(4) 
Rut I 1 C(5) 
Kll( I ) C( I I 1 
C(I I) C( 12) 
C(l2) cYI3) 
C(l.3) a 14) 
C(l.3) CY IS) 

Distance 

2.297(Z) 
2.301(2) 
2.235(6) 
2.275(6) 
2.320(7) 
2.293(7) 
2.252(7) 
I .994( 7 1 
I .22( I) 
I .44( I 1 
I .32( I ) 
I .SO( I 1 

Intramolecular bond angles” 
Atom Atom Atom Angle 

P( I 1 Ru(l) P(2) X3.35(7) 
P( I ) Ru(l) a I 1 120.11(2) 
P( I 1 Ru(l) C(2) 102.4(2) 
P( I 1 Ku(l) C(3) Il6.1(2) 
P( I ) RutI) C(4) I50.5(2) 
P( I ) Rut I ) C(5) I57.3(2) 
P( I 1 Ru( I ) C( I I 1 X7.8(2) 
P(2) Ru( I 1 C( I 1 156.1(2) 
P(2) Ru( I ) C(2) I50.8(2) 
P(2) Ru(l) C(3) I I6.32) 
P(2) RutI) C(4) IO1 .X(2) 
P(2) Rut I ) C(5) I I&8(2) 
P(2) Rut I 1 a I I 1 88.9(2) 
Ru(l) C(I I) a121 169.8(h) 
CCII) C(l2) C(l3) I75.9(7) 
a121 C(l3) C(l4) I I9.6(8) 
C(l2) C(l3) C(l5) I 17.5(7) 

“Distances are in angstroms. Estimated standard deviations in the 
least significant figure are given in parentheses. 
hAngles are in degrees. Estimated standard deviations in the least 
significant figure are given in parentheses. 



filtered off, washed with ethanol and petroleum ether 
and dried in vacua. Compound 2 obtained in this fash- 
ion always appeared containing minor amounts of the 

Tihle h 

Fractional atom ic coordinates and S,,, for 
[Cp * Ru(CO)(dippe)][BPh,] 

Positional parameters and B,, for rC;:Ru(COI(dippe)][BPhd] 

Atom .\ ? . . B w 

Ru(l) 
P( I 1 
P(2) 
a I ) 
Cc!) 
C(3) 
C(4) 
C(S) 
C(6) 
C(7) 
c(n) 
C(9) 
C( IO) 
ai I) 
O( I ) 
c-(12) 
C(l3) 
a 14) 
C(lS) 
C( 16) 
C(l7) 
C(IX) 
C( 19) 
C(20) 
C(21) 
C(22) 
(322) 
C(‘4) 
C(25) 
C(26) 
C(27) 
C(28) 
C(29) 
C(W) 
a31 1 
c’(X) 
C(3.3) 
C(34) 
CCIS) 
CU6) 
C(37) 
C(M) 
C(39) 
C(40) 
C(4l) 
C(42) 
a43 ) 
C(43) 
C(4S 1 
(346) 
CT471 
(348) 
a491 
B 

0.0988 l(3) 
0.0 I 895(9) 
0. I 1844(O) 
0. I I28(4) 
0. I SS6(4) 
0.0988(S) 
0.02 l8(4) 
0.03 I X(4) 
0.1482(S) 
0.2425(S) 
0. I 166(6) 
- 0 iY69(S) 
-0.032 Sl4) 
0. I X74(4) 
0.2447(3) 
0.0307(3) 
0. I I I X(S) 
O.(H)92(5) 
- 0.0903(3) 
-0.1 l67(3) 
- 0.1400(3) 

0.0407(3) 
O*OS92( 3 1 
O.O‘M I(-!) 
0. I ISN-1) 
0.0062(3) 
0.2203(J) 
0.2507(4) 
0.279l(4) 
0. I629(4 1 
0. I 828(4 1 
0.2393(4) 
0.2794(4) 
0.2589(S) 
0.202X(4) 
0. I352(3) 
0.2046(4) 
0.2332(4) 
0.1919(3) 
0.1248(S) 
0.0983(4) 
O.OlhX(3) 
- 0.0348(4) 
- 0. I OS9(4) 
- 0. I268(4) 
- 0.0779(3) 
- 0.0076(4) 
0.0747(4) 
0.1327(S) 
O.I171(6) 
0.0407( 7) 
-O.Ol92(5) 
- 0.0025(4) 
0.0982(4) 

0.2x566(3) 
0. I S42( I ) 
0.3283 I ) 
0.1925(S) 
0.2747(S) 
0.34 I S(S) 
0.3023(4) 
0.2095(3 1 
0. I 069(6 ) 
0.2894(7) 
0.4397(S) 
0.34900) 
0.1476(S) 
0. I6T’3(4) 
0.124X(4) 
0.03 I4(4) 
- 0.000 I (5 1 
-0.0142(S) 
0. I 664(-I) 
0.2612(S) 
0.1014(5) 
0.1904(4) 
0.2xX0(3) 
0.1193(4) 
O.S03O(S) 
0.46-17(4) 
0332S(3) 
0.2-!SS(S) 
0.271 l(S) 
O.Ihl l(4) 
0. I33 I(4) 
0.069X 5 1 
0.0276( 5) 
0.0494(6) 
0.1143~s) 
0.3369(4) 
0.3454(4) 
0.4277(4) 
o.sos l(4) 
0.4991(-I) 
0.4 I69(4) 
0.2 136(3) 
0.2737(4) 
0.2385(S) 
0. I 598(S) 
0.0979(4) 
0. I253(4) 
0.2575(3) 
0.2822(S) 
0.297X6) 
0.29 I S(S) 
0.2717(S) 
0.2538(-l) 
0.2408(S) 

O.lKlSS(3) 
0.24872(9) 
0.29270(9) 
0.06270) 
().X32(3) 
0.0869(4) 
0.0713U) 
0.05560) 
0.0398(3) 
0.0867(S) 
0.0908(5) 
0.05 I O(4) 
0.0 I 93 3 ) 
0.2230(3) 
0.2360(3) 
0.2589(4) 
0.3OSO(S) 
0. I8Ol(S) 
0.2135(3) 
0.2238(4) 
0.2490(3) 
0.350X(33 
0.3603(3) 
0.28 I3(4) 
0.3567(-t) 
0.2406(4) 
O.WX(J) 
0.30-l7(J) 
0.310’~(5) 
0.63 I J(4) 
0.562.3(4) 
O.SS93(S) 
0.6285(7 1 
0.6060(6) 
0.6976(4) 
0.6037( 3 ) 
0.5770(3) 
0.55X6(4) 
O.S667(4) 
0.59-I I(3) 
0.6131(-1) 
0.5632(3) 
0.5 175(j) 
0.4664(4) 
0.3609(4) 
O.SO-ll(4) 
O.S542(3 1 
0.7127(3) 
0.7788(4) 
0.85 I l(4) 
0.8598(4) 
0.7960(S) 
0.72x3(4) 
0.6278(4) 

2.60( 2) 
2.X0(6) 
2.99(7) 
3.20) 
4.50) 
4.60) 
3.8(3) 
3.-l(3) 
7.0(-I) 
9.1(h) 
7.9(5 1 
h.](4) 
5.10) 
3x31 
6.3(3 1 
4.4(3) 
6.2(4) 
7.0(4) 
3.33) 
4.9(3) 
5.20) 
3.6(3) 
3.6(3) 
-I.()(??) 
5.7(-l) 
-II,(J) 
-l.O(3) 
S.‘(3) 
5 .O( -I 1 
3.9C.3) 
4.st.11 
SM4) 
6.X(4) 
6.6(4) 
S.O(3) 
3.2(3P 
3.60) 
4.20) 
1.7(3) 
5.X4) 
4.7(3) 
3.33) 
3.W) 
4.-I(3) 
J.6(3) 
3.t3.3) 
3.33) 
4.10) 
6.0(-l) 
7.1(S) 
7.35) 
6.2(J) 
3.X1(3) 
3.40) 

Table 7 
Selected bond distances (A) and angles (deg) for [Cp*Ru(Co)(di_ 
ppe)l[BPh, 1 
Intramolecular distances” 

Atom Atom Distance 

Rut I ) P( I ) 2.350(2) 
Ru(l) P(2) 2.x%(2) 
Ru(l) C(I) 2.257(6) 
Ru(l) C(2) 2.255(S) 
Ru(l) C(3) 2.299(6) 
Ru( I ) C(4) 2.3 12(6) 
Ru(l) C(S) 2.289(6) 
Ru(ll all) I X43(6) 
C(l I) O( I ) l.l52(7) 

Intramolecular bond anglcsh 
Atom Atom Atom Angle 

P( I ) RutI) P(2) X2.79(5) 
P(l) Ru( I ) C( I ) 121.X2) 
P( I ) Ku(l) C(2) 158X2) 
P( I ) Rut I) C(3) 135.0(2) 
P( I ) Ru( I ) C(4) IlO.9(2) 
P( I ) Ru( I 1 C(S) Io0.2( I ) 
P( I ) Ru( I ) a I I ) 92.32) 
P(2) Ru( I ) C( I ) I SS.9(2) 
P(2) Rut I ) C(2) I 1X8(2) 
P(2) Ru( I ) C(3) 100.1~2) 
P(2) Ru( I ) C(4) I 13.0(2) 
P(2) Rut I ) C’(S) 14X.2(2) 
P(2) Ru( I ) C( I I 1 92.7(2) 
Ru( I ) C(lI) O(l) 16X.2(5) 

“Distances are in angstroma. Estimated standard dcwa!ions in the 
Ieat significant figure are given in parentheses. 
“Anflcb ;lre in degrce~. E~timi~ted st:tn&;rd dcviation~ in the Icast 
4ignificiult figure illI giwn in pilITlltllCW~. 

;1 Ile n y lid e II c d e riv a tiv e 
[Cp’ Ru=C=C=CMe,(dippe)][BPh,] (3). which is 
formed by spontaneousdehydration of 2 in soiutioit. FOI 
this rr:ason, satisfactory microanalysis could not be ob- 
tained for this compound. Yield: 75% in both cases. 1: 
Anal: Calc. for Cs, H,, BOP, Ru C, 70.1: H, 8.19. Found 
C. 69.8; H, 8.08. IR (Nujol): v(OH) 3528 cm- ’ ; 
v(C=C) 1636 cm-‘; NMR (CDCI,): ‘H 6 1.811 ts. 
C,(CH,),): 3.991 (d, J ,,,, = 19 Hz, 
Ru=C--CHCH,OH): 4.062 (t, J,, = 19 Hz, 
Ru=C=CHCH,bH). “P{‘H} 86.8 s. ‘k{‘H} 10.98 (s. 
C,(CH ,,,,; 18.42. 18.70. 19.46, 19.94 (s, 
P(CH(CH,).),); 21.52 (t. Jcr, = 19.8 Hz, PCH,); 25.55 
(t, J<,,,--= & TO:0 Hz. P(CH(CH ,L ), ); 3 1.70 -k ./c,> = 16 
HZ, P(CH(CH,&),): %.5i CS. CHCH,Q-l): 102.77 (s. 
C5Me51 112.07 (s, Ru=C-C’HCH,OHk 339.51 (t, __. 
J ,) = 14.1 Hz, Ru=C=CHCH,OH). 2: IR (Nujol): 
r:lOH) 3545 cm-’ ;-- v(C=C) 1639 cm-‘; NMR 
(CDCI,): ‘H S 1.325 (s. C(CH,),OH); 1.845 (s. 
C&W,),); 3.676 (s, Ru=C=CHCMe,OH). ” PI’ HI 
83.5 -s. ?Z{’ H} NMR spectrum -not recorded due to 
transformation into the allenylidene complex 3. 



3.3. [Cp li Rlr = C = C - CRR’(dippt#BPh, / (R = R’ = 
MU 3; R = Me, R’ = Ph 4) 

TO 2 solution of [Cp * RuCl(dippe)] (0.26 g, 0.5 mmol) 
in MeOH ( 15 ml), an excess of the corresponding 
alkynol (HC=CCMe&OH) for 3. or HC=CCMePh(OH) 
for 4) and NaBPh, (0.3 g, excess) was added. The 
mixture was heated using a water bath for 3 h, and then 
allowed to cool. The resulting brown microcrystalline 
precipitate was filtered off, washed with EtOH and 
petroleum ether and dried in vacua. These products 
were recrystallized from acetone-EtOH. Yield: 80- 
85%. 3: Anal: Calc. for C,, H,,BP$u C. 72.0; H, 8.32. 
Found C, 72.0; H, 8.27. IR (Nujol): v(C=C=C) 1936 
cm-‘. NMR (CDCI,): ‘H 1.550 (s, 
Ru=C=C=C(U+,); 1.850 (s, C,(CH;),).“P~‘H) 
87.8 s. ‘.‘C{‘H} 12.03 (s. C&Cl-l,),); i9.60, 19.77, 
20.13, 20.28 (s, P(CH(CH$,);); 21.77 (m, PCH,); 
25.86 (m, P(CH(CH,), )a; 28.68 (m, PKHKH;), & 1: 
54.66 (s. C=C=C(C&&); 91.46 (s, C&es); 153.52 
(s, Ru=C=C= CM&); 199.0 (s, Rug-C= C=CMe, ); 
288.34 (t, Jcp = 17.1 Hz, Ru=C=C=CMe,). 4: Anal: 
Calc. for C,,H,,BP2Ru C, 73.6: H. 7.99. Found C, 
73.3; H, 7.85. IR (Nujol): v(C=C=C) 1915 cm-‘; 
reinforced v(C=C) in phenyl ring 1645 cm-‘. NMR 
(CDCI,): ‘H fi 1.506 (s, Ru=C=C=C(CH,)Ph): 1.901 
(s, C&W,),); 7.339, 7.635, 7.870 (m, C:rH,). ” P{‘HI 
88.2 s. %(‘H} 11.38 (s, C,(C’H,),): 18’18, 19.37, 
19.85 (q, P(CH(CH & )! ); 21:58 (t. .I<.,, = 19 Hz, 
PCH, ): 25.97 -(m, PCH(CH &)? ); 30.59 (m, 
P6Z’HikH,)~),); 52.37 (s, C==C==C(CH,)Ph): 102.38 
(s, &,Me,); 127.24, 129.56, 131.67 (s, C,,H,): 147.90 
(S, Ru=C=-C=CMcPh); 209.21 (s. 
Ru==C==C=CMe]~h); 271.04 (m hr. 
Ru==C==C-=CMcPh). _D 

This compound was obtained following an experi- 
mental procedure identical to that outlined for the 
Cp * Ru allenylidene derivatives 3-4. A solution of 
]CpRuCl(dippe)] (0.23 g, 0.5 mmol) in MeOH ( 15 ml) 
was treated with an excess of HC=CCMePh(OH) and 
NaBPh, (0.3 g. excess). The mixture was heated in a 
water bath for ca. 3, and then allowed to cool. The 
crystaIline precipitate was filtered, washed with EtOH 
and petroleum ether and dried in vacua. Recrystallisa- 
tion from acetone-EtOH afforded single crystals, suit- 
able for X-Ray structure analysis. Yield: 0.35 g, 80%. 
And: Calc. for Cs3 H,, BP,Ru C, 72.7; H, 7.48. Found 
C. 72.6; H. 7.55. IR (Nujol): v(C=C=C) 1936 cm- I. 
NMR (CDCI,): ‘H S 1,871 (s, Ru=C=C=C(CH,)Ph); 
5.450 (s, CqHs); 7.368, 7.648, 7.849 (m, C,H,).“TP{‘H} 
99.8 s. .C{‘Hl 18.69, 18.80, 18.99,--i9.93 (s, 
P(CH(@H,),), ); 22.93 (t, Jcp = 19.3 Hz, PCl-l,); 28.26 _- -- 

(m, PCH(CH 3 )Z )Z ); 30.3 1 (m. P(_g(CH 3 I2 )? k 29.44 
(s, C=C=C(CH,)Ph); 88.75 (s, C,H,); 127.9L 129.53, 
131.91 (s, C,H,); 141.92 (s.‘- Ru=C=C=CMePb); 
150.53 (s, Ru=C=C=C MePh); 285.24 (t. .$~ = 17.2 
Hz. Ru=_C=C=CMkPh). 

3.5. Reaction of [CpRuCWdippe)] hth 
HC= CCMe,(OH) 

To a solution of [CpRuCl(dippe)] (0.23 g, ca. 0.5 
mmol) in MeOH ( 15 ml), an excess of HC=CCMe&OH) 
and solid NaBPh, was added. The mixture was stirred 
for 15 min. and a dark brown microcrystalline precipi- 
tate was obtained. It was filtered off. washed with 
ethanol and petroleum ether and dried in vacua. This 
brown material contains mainly the allenylidene com- 
plex [CpRu=C=C=CMe,(dippe)][BPh,] (6) plus mi- 
nor amounts of the binuclear derivative 7. Accurate 
microanalysis could not be obtained for this material, 
which does not precipitate, and therefore is not isolated, 
if diluted solutions are used. If the reaction mixture is 
heated up using a water bath for 30 min. and then 
stirred for 18 h at room temperature, a dark blue 
suspension was obtained. The dark blue solids were 
filtered off. washed with petroleum ether and dried in 
vacua. Concentration and cooling of the mother liquor 
afforded another crop of blue microcrystals. Yield: 0.21 
g, 63%. Anal: Calc. for C,, Hl,,,BP,RuZ C, 66.2; H, 
8.04. Found C, 65.8; H, 8.16. 

Selected spectral data for [CpRu=C==C=CMc,(di- 
ppc)][BPh,] (6): IR (Nujol): v(C=C=C) 1946 cm-‘. 
NMR (CD&I,): ’ H I.308 (s, Ru=C=C=C(CH,), ); 
S.510 (s, C&).“P{‘H} 96.7 s. “C{‘H} 19.36, -l-9.63, 
19.89, 19.84 (s, PK’HKH,),),); 23.34 (t, J(.‘, = 19.8 
Hz, PCH,); 31.14 (t, &, 
3 I .87 --(t, ” Jr,, = 

= 9.7 Hz, MCHK’H,),),); 
16.4 Hz, P(CH(CH 3 1,); 1; 80.78 (s. 

C, H s ); 29.3 1 (s, C =C =C(m; )? ); quat&nary carbons: 
iot observed, due to transhrmation into 7 during the 
overnight recording of the “C{’ H} NMR spectrum. 

Selected spectral data for [{CpRu(dippe)},( p- 
C ‘(,H I I )][BPh,] (7): IR (Nujol): v(C=C) 1972 cm- ‘. 
NMR (CD,Cl,, see Scheme 1 for atom proton and 
carbon labels):- ’ H 0.858 (s, (CH$); 1.588, 2.893 (s, 
C/f!! and CH:): 6.396 (s, C-2); 5.080, 5.296 (s, 
C& )? P{’ HI--l 00.24, 1 10.04 s?C( ’ H} 19. I 7, 19.43, 
19:49, 19.67, 20.27, 20.44. 20.66, 20.93 (s, 
P(CH(CH,),),); 23.91 (t, J<.p = 18.8 Hz, PCH,);); 
24.78 rt, J(./, = 18.2 Hz, PCH, ): 28.05 (t. J,,;-= 15.2 
Hz, P(CH(CH 3 j2 )? 1; 29162 (t, Jcr, = 10.9 Hz, 
P(CH@-H & 1,); 30.25 (t, J,, = 9.7 Hz, 
P(cH(CH _& )? ); 33.20 (t, J,, = 1 1 .S Hz, 
P@H(CH & ), 1: 83.47, 87.80 (s, C,H ,); 28.47 (s. 
(C1;H3), ); 44.33. 58.50 (s, (?‘H, and_c’H, ); 113.07 (s, 
C’H); 149.05 (s, Ru=C=C=C’);- 186.7 (s, 
Ru=C=Ch=C); 271.12 (t, & = Il.1 Hz, -- 



Ru= 6’ =C=C): remaining quaternary carbons: not ob- 
served. 

3.6. [Cp * Rw-C= C-C(Ph!= CH2(dippe)] (8) 

To a solution of 4 (0.1 g, ca. 0.1 mmol) in THF, and 
excess of solid KOBu’ was added. An immediate color 
change from dark brown to yellow was observed. The 
mixture was stirred for 30 min at room temperature, and 
then taken to dryness. The residue was extracted with 
diethylether and centrifuged. Addition of petroleum 
ether, concentration and cooling to - 20°C afforded 
well-formed yellow crystals of 8, suitable for X-ray 
structure analysis. Yield: 0.036 g, 57%. Anal: Calc. for 
C,,H,,P,Ru C, 65.3; H, 8.70. Found C, 65.8; H, 8.63. 
IR (Nujol): v(C=C) 2048 cm-‘; NMR (C,D,): ‘H S 
1.846 (s, C,(CI+,),); 5.017 (d, J,, = 2.4 Hz, 
RuC=CC(Ph)=CH,H,), 5.284 (d. J,, = 2.4 Hz, 
RuC=CC(Ph)=CH,&,); 7.173, 7.258, 7.758 (m, 
RuC=CC(C,H,)=CH, ); ” P{’ H} 88.3 s; “C{’ H} 11.27 
(s, C,(CH,):,); 18.75, 18.89, 19.02, 19.45 (s, 
P(CH(CH,),),); 21.12 (t, Jcp = 9.8 Hz, PCH,); 25.25 
(t, J&--= 4.0 Hz, P(CI-J(CH,), )? ); 28.29 (I, Jcp = 7.3 
Hz, P(CH(CH,),),Fi 91.85 (s, C,Me,); 109.6 (s, 
RuC=&(Ph)=&;); 129.1 (s, RuC=CC(Ph)=CH,); 
134.5 (t, Jcp = -2 1 .l Hz, RuC=CC(Ph)kCH 7 ); 135.8 
(s, RuC=CC(Ph)=CH, ); l-26.5, 126.7, 127.4 (s. 
RuC=CC(C~>,)=CH,). __ 

To a THF solution of 1, an excess of solid P,O, was 
added. The mixture turns purple upon stirring at room 
temperature for some minutes. It was allowed to react 
for 15 min. Then, the excess of P,O, was removed by 
filtration. Addition of ethanol and concentration yielded 
lavender crystals, which were filtered off, washed with 
petroleum ether and dried in vacua. Yield: essentially 
quantitative. Single crystals of compound 9 were ob- 
tained by slow recrystallization of 1 from acetone- 
ethanol in air. The spectral data for this complex were 
consistent with those already reported in the literature 
n41. 

A summary of crystallographic data for compounds 
5, 8 and 9 is given in Table 1. X-ray measurements 
were made on crystals of the appropriate size, which 
were mounted onto a glass fiber, and transferred to an 
AFC6SRigaku automatic diffractometer, using CuK,, 
(for compounds 5 and 8) or MoK, (for compound 9) 
graphite-monochromated radiation. Cell parameters were 
determined from the settings of 25 high-angle reflec- 

tions. Data were collected by the w-26, scan method. 
Lorentz, polarization, and absorption (J/-scan method) 
corrections were applied. A decay correction was also 
applied for each of the compounds. the correction based 
on the measure of three standards reflections after every 
200 reflections (for compounds 5 and 8) or 100 reflec- 
tions (compound 9) were - 2.30% for 5, - 0.20% for 8, 
and -4.20% for 9 during data collection. All calcula- 
tions for data reduction, structure solution, and refine- 
ment were carried out on a VAX 3520 computer at the 
Servicio Central de Ciencia y Tecnologia de la Univer- 
sidad de Cadiz, using the TEXSAN [28] software sys- 
tem and ORTEP [29] for plotting. All the structures 
were solved by the Patterson method, and refined by 
full-matrix least-squares. Reflections having 1 > 3cr(I) 
were used for structure refinement. All non-hydrogen 
atoms were anisotropically refined. Hydrogen atoms 
were included at geometrically calculated positions and 
were not refined. Maximum and minimum peaks in the 
Qnal difference Fourier maps were + 0.5 1 and -0.55 e 
A-’ for 5, + 1.06 and - 1.29 e Ae3 for 8, and +0.61 
and -0.42 e A-” for 9. Atomic coordinates and B, , 
and selected bond lengths and angles for each co;- 
pound are listed in Tables 2-7. 

4. Supplementary material 

Tables of X-ray crystallographic data, including 
atomic coordinates and anisotropic thermal parameters. 
interatomic distances and angles (48 pp.). and ktings of 
calculated and observed structure factors (44 pp.). Or- 
dering information is given on any current masthead 
page. 
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