Journal of Organometallic Chemistry, 218 (1981) 351—359
Elsevier Sequoia S.A., Lausanne — Printed in The Netherlands

—T-REARRANGEMENT OF THE ACETYLENE LIGAND ON
PROTONATION OF Cp(CO);W—C=CPh. THE CRYSTAL STRUCTURE OF
[7%{(#n*-CYCLOPENTADIENYL)(TRICARBONYL)(n'-PHENYLETHYNYL)-
TUNGSTEN }-(n5-CYCLOPENTADIENYL)(CARBONYL)-
(7*-PHENYLACETYLENE)TUNGSTEN] TETRAFLUOROBORATE

N.E. KOLOBOVA, V.V. SKRIPKIN, T.V. ROZANTSEVA, Yu.T. STRUCHKOV *,
G.G. ALEKSANDROV and V.G. ANDRIANOV

Nesmeyanov Institute of Organoelement Compounds, U.S.S.R. Academy of Sciences,
Vavilova st. 28, Moscow (U.S.S.R.)

(Received April 7th, 1981)

Summary

The protonation of 15-Cp(CO);WC=CPh by HBF, in CH,Cl, gives the stable
cationic binuclear complex of tungsten [(n°-Cp)(OC)sW{u-(n!,n%-C,Ph)} W(n?-
C.PhH)(CO)(n°-Cp)1'BF;~ (V). In the presence of PPhj; this reaction leads to the
formation of the phosphonium complex [1°-Cp(CO);W {C(PPh3;)=CPhH} ]"BF,".
The structure of complex V has been determined by X-ray diffraction methods.

Introduction

The protonation of o-acetylides of Pt [1] and Fe [2—5] by strong protic
acids results in the formation of cationic vinylidene (vinylcarbenium) com-
plexes, in which an electrophilic centre is stabilized by a transition metal atom:

[M}-C=CR ¥ [M]—C'=CHR = [M]'=C=CHR

The reactivity of cationic vinylidene complexes depends on the nature of the
metal and donating properties of the ligands coordinated to the metal atom.
The protonation of Cp(CO),FeC=CPh (I) by HX (X = ClO4 or BF}) gives a reac-
tive vinylidene complex [Cp(CO),Fe'=C=CHPh] X" (II) which, in the absence
of a competing nucleophile, reacts with a second molecule of I, to yield a binu-
clear complex of iron with a cyclobutenylidene ligand {2,4]. In the presence of
PPh; the reaction results in a vinyl-metal complex containing a cationic phos-
phonium centre {3]. The protonation of acetylide complexes with increased elec-
tron density at the iron atom, viz. Cp(CO)(PPh;)FeC=CPh and Cp(Diphos)FeC=
CR, where R = Me, H and Diphos = Ph,PCH,CH,PPh,, gives vinylidene compounds,
more stable and less reactive than II [4—86].
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In an effort to determine the effect of the transition metal on the reactivity of
cationic vinylidene complexes, we have studied the reaction of Cp(CO)3W—

C=CPh (III) with HBF,.
Results and discussion

The protonation of III by HBF, in CH,Cl, (1 h, at —20 to 20°C) gives complex
V in 53% yield as orange-yellow crystals with m.p. 225—230°C (dec.):
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The IR spectrum of V contains absorption bands of terminal CO groups at
1950, 2040 and 20660 cm™!. The PMR spectrum of V (8§ in ppm, acetonitrile)
shows proton singlets at 5.59. 5.76 and 5.64 ppm from the Cp ligands (Cp-
(CO);W fragment), singlets at 5.80, 6.02 and 6.05 ppm (Cp(CO)W fragment)
and a multiplet centered at 7.44 ppm from the phenyl protons. Three signals
from each of the two Cp ligands may be attributed to the presence in the solu-
tion of three rotamers, differing in orientation of the m-acetylene ligands with
respect to the CO group:

Ph Ph Ph H [w] Ph
e ” e o ~c i
=~ =G =G0l
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(a) {(b) 5]

[w] = cptcornw

At room temperature the isomers are present, from the line intensities of Cp
ligand protons, in the ratio 6:2.5:1.

The structure of complex V was determined unambiguously by X-ray analy-
sis. Complex V has an ionic structure and is built up of tetrahedral anions
BF, (av. B—F 1.34(4) &, FBF 109(4)°) and binuclear cations [(1°-Cp)(CO)sW-
{u-(m"',7*-C,Ph)} W(>-C,PhH)(CO)(77°-Cp)1". The cation geometry is presented
in Fig. 1 and its main geometrical parameters are tabulated in Tables 1 and 2.

The binuclear cation in compound V includes as a ligand a molecule of the ini-
tial complex Cp(CO);W(1)(—C=CPh), n*-coordinated through its g-acetylide
ligand, as a bridge, to the W(2) atom of the fragment Cp(CO)W(2)(13-C,HPh).
As the distance W(1)---W(2) = 4.216(I) A in the cation significantly exceeds the
doubled covalent radius of tungsten (3.18 A [7]), direct W—W interaction is
lacking and the metal atoms are bonded only through the o,7-bridging phenyl-
acetylide ligand.
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Fig. 1. The structure of cation V.

This indicates that the positive charge of the cation is probably localized at the
W(2) atom. The metal atoms in cation V have different electron shells (18-elec-
tron in W(1) and 16-electron in W(2); the coordination numbers are 7 and 6,
respectively), This difference probably explains the significantly shorter length,
1.86(3) A, of the W(2)—CO bond in comparison with the W(1)—CO bonds, 1.99,
2.00 and 2.02(2) A, although W—C(Cp) distances for both tungsten atoms to
similar to within ¢. In both alkyne ligands n*-coordinated to the W(2) atom the
C=C bonds have equal lengths (1.30(3) A), increased compared with that of an un-
coordinated triple bond (1.205 A) [8]. The phenylacetylene ligand C(18)—C(19)
is symmetrically coordinated to W(2) (W(2)—C(18) 2.07, W(2)—C(19) 2.06(2) A),
while the g,7-bridging phenylacetylide ligand C(5)—C(6) is bonded asymmetric-
ally (the W(2)—C(5) distance 2.21(2) A is significantly greater than W(2)—C(6),
2.10(2) A). The elongation of the W(2)—C(5) distance may be attributed to
participation of C(5) in a 0-bond with W(1), the length of which, 2.19(2) A, is
somewhat shorter than that of the g-bond W—C(sp?) 2.28(1) A in Cp,W-
(0-CH,CcHs;Me, ), [9], and to steric hindrance caused by short intramolecular
contacts involving the C(5) atom: C{5)---C{4) 2.59, C(5)---C(I) 2.58 and C(5)---
C(2) 2.60 A. The np*-coordinated alkyne ligands acquire a cis-stilbene configura-
tion (the W(1)C(5)C(6), C(5)C(6)C(7) and C(18)C(19)C(20) angles are equal to
146(2), 148(2) and 138(2), respectively) and exhibit distortion of planarity (the
torsion angle around the C(5)—C(6) bond is 6.8°). The dihedral angles between
the Ph rings C(7)—C(12) and C(20)—C(25) and the planes of the corresponding
C=C—C(Ph) fragments are equal to 55.4 and 13.5°, respectively.

Complex V is obtained through the conversion of a vinylcarbenium ligand of
the intermediate complex IV into a 7>-phenylacetylene one, loss of two CO groups
and n?-coordination of the triple bond of a o-phenylacetylide ligand of 111 to a
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TABLE 2
BOND ANGLES w(deg) ¢

Angle w Angle w Angle w
C(1)W(1)C(2) 111.9(9) C(4YW(@2)AcQ) 95.5 W()C(5)C(6) 146(2)
C(1)W(1)C(3) 75.3(9) C(A)W(2)Ae(2) 91.8 C(5)C(6)YC(T) 148(2)
C1)W(1)C(5) 76.0(8) C(4)YW(2)Cp(2) 114.7 C(6)C(7)C(8) 120(2)
C(YWI)Cp(1) 125.3 Ac(1)W(2)Ac(2) 106.5 C(6)C(7)YC(12) - 121(2)
C(2)WQAQ)C(3) 79.3(9) Ac(1)W(2)Cp(2) 116.0 C(8)C(7)CcC(12) 118(2)
C(2)W(1)C(5) 75.9(8) Ac(2)W(2)Cp(2) 125.9 C(18)C(19)C(20) 138(2)
C(2)W(1)Cp(1) 22.8 w(@a)c1)o) 178(2)  C(19)C(20)C(21) 123(2)
C(3)WQ)YC(5) 131.1(8) W(1)C(2)0(2) 179(2) C(19)C(20)C(25) 118(2)
C(3)W(@1)Cr(1) 1154 W(1)C(3)0(3) 177(2) C(21)C(20)C(25) 118(2)
C(5)W(1)Cp(1) 113.5 W(2)C(4)0(4) 176(2)

2 Cp(1) and Cp(2) denote the centroids of the cyclopentadienyl ligands C(13)—C(17) and C(26)—C(30).
Ac(l) and Ac(2) are the midpoints of the n2-coordinated bonds C(5)=C(6) and C(18)=C(19).

tungsten atom of IV. The participation of the vinylcarbenium complex IV is con-
firmed by the formation of the phosphonium cation VI by the reaction:

PPh;
(1)HBF, I _
Cp(CO);W—C=CPh " [Cp(CO);W—C=CHPh] BF,
3
(111) Vi)

Complex VI is a yellow crystalline substance with a melting point of 121—
122°C (dec.). The IR spectrum of VI taken in CH,Cl, exhibits »(C=0) bands at
1860, 1965 and 2040 cm™!. The PMR spectrum of VI (§ in ppm, acetonitrile)
shows a singlet at 5.16 ppm (Cp) and a multiplet at 7.60 ppm (Ph). The *'P
NMR spectrum in CH,CI, reveals a singlet at 36.72 ppm characteristic of phos-
phonium salts [10].

Experimental

A 40% aqueous solution of HBF, was used in the study. The IR spectra were
recorded on a Zeiss UR-20 spectrophotometer. The PMR spectra were
recorded on Hitachi-60 and RYa-2309 spectrometers. The 3P {!H} NMR-spec-
tra were run on a Bruker-90 instrument at 36.43 MHz, using 85% H3;PO, as an
intermal standard. Melting points were determined in sealed capillaries. Crystal
data were determined on a Syntex P2, four-circle diffractometer (temperature
20°C, X\ Mo, graphite monochromator, 2° < 20 < 50°, /260 scan, 3924 reflec-
tions with F? > 20). Absorption correction was carried out with the OPABS-II
program [11] *. The structure was determined by the heavy atom method and
refined by the full-matrix anisotropic least-squares method. Hydrogen atoms
were included in the refinement with fixed calculated positional parameters and
assigned isotropic thermal parameters (B;s, = 5 A%). Finally, R = 0.0390, Ry =
0.070. Crystals of V are triclinic, at 20°C a = 9.385(3), b = 11.938(4),

* Details of the method of absorption correction used in this study are given in ref. 12,
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¢ =14.113(4) &, a = 110.76(3), 8 = 90.40(3), v = 107.18(2)°, V = 1401.6(8) A>.
M =904.6, Dea1eq. = 2.15 g em™>, Z = 2, space group P1. Atomic positional and
thermal parameters are listed in Table 3.

(n3-cyclopentadienyl)(tricarbonyl)(n'*-phenylethynyl)tungsien (11I)

A solution of 28 g (61 mmol) Cp(CO);WI in 125 ml THF was added at —15°C
with stirring to a suspension of 15 g (120 mmol) PhC=CNa in 75 ml THF. The
temperature of the reaction mixture was allowed to rise to ca. 20°C and the
solution was stirred for 2 h. The solution was filtered and the filtrate concen-
trated in vacuo. Chromatography on a SiO, column (eluent benzene) yielded
13.2 g (50%) of 11, m.p. 139—142°C (hexane/benzene, 4/1) (lit. 142—143°C
[13]). (Found: C, 44.36; H, 2.23; W, 42.24. C,;sH,,03W calcd.: C, 44.20; H,
2.80; W, 42.30%.) IR spectrum (v, cm™!, in cyclohexane): 1950, 1975, 2050
(C=0).

[ {n*(n*-cyclopentadienyl)(tricarbonyl)(n*-phenylethynyl)tungsten} {{n3cyclo-
pentadienyl)(carbonyl)(n*-phenylacetylene)tungsten}] tetrafluoroborate (V)
0.24 g (1.1 mmol) HBF, was added dropwise with stirring to a solution of

0.2 g (0.46 mmol) III in 5 ml CH,CI, cooled to —20°C. The reaction mixture
temperature was allowed to rise to ca. 20°C and the mixture was left to stand
for 1 h; the solvent was then removed in vacuo. Chromatography on a SiO,
column (eluent MeOH) gave 0.11 g (53%) of orange-yellow crystals; m.p. 225—
230°C (dec., MeOH/ether, 5/1). (Found: C, 39.79; H, 2.30; F, 10.05.
C30H21W204BF4 CalCd.: C, 40-0; H, 2-33; F, 8-45%-)

[(1-triphenylphosphonium )(2-phenylvinyl)(n®-cyclopentadienyl)(tricarbonyl)-
tungsten] tetrafluoroborate (VI)

A solution of 0.2 g (0.46 mmol) III in 5 ml CH,Cl, was added with stirring
to the mixture of 0.24 g (0.92 mmol) PPh; in 20 ml CH,Cl, and 0.24 g (I mmol)
HRBF, in 1 ml ether, cooled to —70°C. The reaction mixture temperature was
raised to ca. 20°C and the mixture left to stand for 1.5 h. The solvent was
removed in vacuo and the solid residue washed with ether (4 X 10 ml). 0.12 g
(83%) of yellow crystals was isolated; m.p. 121—122°C (dec., CHCl;/ether,
9/1). (Found: C, 46.33; H, 3.27; P, 3.83. C34H,40;B¥F, calcd.: C, 52.00; H,
3.32; P, 3.95%.)
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