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Various β-, γ-, and δ-alkynols have been reacted with the cedented seven-membered oxacarbene ring. The rhenium-
assisted δ-alkynol to 2-oxacyloheptylidene rearrangement16e2 fragment [(triphos)Re(CO)2]+ generated in situ by H2

elimination from [(triphos)Re(CO)2(η2-H2)]BF4 [triphos = proceeds via the hydroxybutylvinylidene kinetic interme-
diate [(triphos)Re(CO)2{C=C(H)CH2CH2CH2CH2OH}]BF4,MeC(CH2PPh2)3]. Irrespective of the length of the alkyl chain

between the C;C and OH functional groups in the ω-alky- which has been characterized in both the solid state and so-
lution. An X-ray analysis has been carried out on a singlenol, 2-oxacyclocarbene complexes are obtained. These in-

clude the 2-oxacyclopentylidene derivatives [(triphos)- crystal of [(triphos)Re(CO)2{=CCH2CH2CH(Me)O}]BF4. The
structure of this complex consists of [(triphos)Re(CO)2{=Re(CO)2{=CCH2CH2CH2O}]BF4 and [(triphos)Re(CO)2-

{=CCH2CH2CH(Me)O}]BF4, the 2-oxacyclohexylidene dervi- CCH2CH2CH(Me)O}]+ cations and tetrafluoroborate anions
with no interspersed solvent molecules. A facial triphos li-vatives [(triphos)Re(CO)2{=CCH2CH2CH2CH2O}]BF4 and

[(triphos)Re(CO)2{=CCH2CH2CH2CH(Me)O}]BF4, and the 2- gand, two cis-disposed carbonyl groups and a 2-oxacyclo-
pentylidene ligand coordinate the Re centre in a slightly di-oxacycloheptylidene complex [(triphos)Re(CO)2{=CCH2CH2-

CH2CH2CH2O}]BF4. The latter compound contains a unpre- storted octahedral environment.

Introduction carbene (II) is favored over the equally possible elimination
of water to give the vinylvinylidene derivative (III). [15]

The reaction of alkynols with unsaturated metal frag-
Scheme 1. Reactions of 3-butyn-1-ol with metal-ligand systemsments provides a convenient synthetic route to 2-oxacyclo-

carbene complexes, [1] that are receiving increasing attention
as organometallic synthons in several catalytic and stoichio-
metric elaborations.[2] [3] The most widely studied of these,
are the reactions of β-alkynols to give 2-oxacyclopentylid-
ene derivatives, and various complexes with ru-
thenium,[4] [5] [6] [7] osmium,[8] manganese, [9] rhenium,[9a] and
metals of the chromium group[1] [10] have recently been de-
scribed. The β-alkynol to oxacyclocarbene rearrangement
has been shown to proceed via preliminary metal-assisted It has been observed experimentally that the intramolecu-

lar attack by the hydroxy group is increasingly disfavored1-alkyne to vinylidene tautomerization.[1] [10b] [11] For β-al-
kynols, the formation of cyclic Fischer carbene implies the as the number of CH2 spacers between the triple bond and

the OH group in the alkynol increases. Indeed, 2-oxacy-generation of hydroxyethylvinylidene derivatives (I), which
have been intercepted spectroscopically in a few cases clohexylidene complexes derived from metal-assisted re-

arrangements of γ-alkynols are quite rare com-(Scheme 1). [5] Vinylidenes are highly polarized C2 ligands
and both experimental [12] [13] and theoretical studies[14] pounds, [1] [8a] [10b] while no example involving δ-alkynols has

yet been reported. [16] [17] In actuality, δ-alkynols are still re-show the Cα atom to be an electrophilic centre susceptible
to attack by almost any sort of nucleophile (alcohols, water, active substrates towards transition metal fragments. Due

to the length of the pendant hydroxyalkyl tail, however,amines, thiols, phosphanes, etc.). [12] In case of β-hydroxy-
ethylvinylidene ligands, the oxacarbene ring forms via intra- their activation results in the preferential formation of

stable hydroxybutylvinylidene complexes.[8] [18] In no casemolecular attack by the OH group of the dangling hydroxy-
alkyl substituent at the Cα atom. When this happens it is was the hydroxybutylvinylidene intermediate seen to con-

vert to the 2-oxacycloheptylidene isomer.implicit that the ring-closure reaction affording the Fischer

Eur. J. Inorg. Chem. 1998, 2112219  WILEY-VCH Verlag GmbH, D-69451 Weinheim, 1998 143421948/98/020220211 $ 17.501.50/0 211



C. Bianchini, M. Peruzzini, R. Rossi et al.FULL PAPER
Stimulated by the idea that a comparative study involving Synthesis and Characterization of 2-Oxacycloalkylidene

Complexes: In earlier work,[19] we have shown that [(tri-the reaction of a unique metal fragment with different ω-
alkynols could have provided additional information on the phos)Re(CO)2H] (1) reacts with HBF4 ·OMe2 in CH2Cl2 to

give [(triphos)Re(CO)2(η2-H2)]BF4 (2) which contains amechanism of formation of 2-oxacarbene complexes as well
as their chemistry, we decided to examine the reactions of weakly bound dihydrogen ligand.[19] We have now found

that 2 in CH2Cl2 reacts with 3-butyn-1-ol yielding the 2-various β-, γ-, and δ-alkynols with the kinetically inert or-
ganometallic support [{MeC(CH2PPh2)3}Re(CO)2]1. [19] oxacyclopentylidene complex [(triphos)Re(CO)2{5CCH2-

CH2CH2O}]BF4 (3). The selective formation of this FischerWe were gratified to find that Fischer carbene complexes
are selectively formed, via kinetic hydroxyvinylidene inter- carbene complex takes place already at 210°C, and pro-

ceeds with no detectable intermediate on the NMR time-mediates, irrespective of the number of CH2 spacers. The
hydroxyvinylidene complex has exclusively been intercepted scale. The room-temperature 31P{1H}-NMR spectrum con-

sists of an AM2 pattern with chemical shifts and couplingwith the δ-alkynol 5-hexyn-1-ol and its conversion to the
thermodynamic 2-oxacycloheptylidene product has been constants in line with those reported for other cationic

carbene complexes of the general formulastudied.
[(triphos)Re(CO)2{CRR9}]Y.[20] The magnetic equivalence

Results and Discussion of the two phosphorus atoms lying trans to the two car-
The preparations and principal reactions reported in this bonyl ligands is consistent with a rapid rotation of the ox-

article are summarized in Scheme 2. Selected spectroscopic acyclopentylidene group about the Re5C bond. The ox-
data (IR and NMR) are collected in Table 1, or are pro- acarbene ligand continues to rotate freely even at 280°C.
vided in the Experimental Section. The total and unam- A very low-energy barrier to rotation is typical of carbene
biguous assignment of all the hydrogen and carbon reso- and vinylidene groups bonded to the [(triphos)Re(CO)2]1

nances for all rhenium complexes was obtained by a combi- fragment, [19] [20] and it is also commonly encountered in car-
nation of 1D- and 2D-NMR spectroscopy including bene complexes with other transition metals. [9b] [21] The
1H{31P}, DEPT-135, 1H,1H-COSY, 1H,1H-NOESY, and most direct spectroscopic evidence of the presence of a car-
1H,13C-HETCOR experiments. bene ligand in 3 is provided by the 13C{1H}-NMR spectrum

which contains a doublet of triplets centred at δ 5 293.4
Scheme 2. Reactions of [(triphos)Re(CO)2]1 auxiliary with ω-alky- (JCPtrans 5 35.0 Hz, JCPcis 5 8.9 Hz). [12] [13] The other ox-nols

acyclopentylidene carbon atoms resonate at δ 5 85.3, 62.7,
and 22.8, consistent with this type of ligand, while the two
carbonyl carbon atoms appear as a second-order multiplet
at δ 5 197.0. This may properly be computed using an
AXX9Y spin system (A: carbonyl C atom, X and X9: P
atoms trans to the CO ligands, Y: P atom trans to the car-
bene ligand; see Table 1). [19] [20] [22] The proton NMR spec-
trum correlates well with the spectra of various 2-oxacyclo-
carbene metal complexes containing three methylene
groups in the ring. [4] A cyclic oxacarbene ligand in 3 is fi-
nally supported by the IR spectrum displaying a medium
intensity ν(COC) band at 1194 cm21 and two strong ν(CO)
absorptions at wavenumbers (1962 and 1912 cm21) that are
typical of [(triphos)Re(CO)2{5CRR9}]Y carbene com-
pounds. [20]

Replacing 3-butyn-1-ol with (±)-4-pentyn-2-ol in the re-
action with 2 affords the substituted 2-oxa-3-methyl-cyclo-
pentylidene complex [(triphos)Re(CO)2{5CCH2CH2CH-
(Me)O}]BF4 (4) as air-stable orange crystals. As expected,
the presence of a stereogenic carbon atom in the oxacar-
bene ring differentiates the spectroscopic characteristics of
4 from those of 3. For example, the 31P{1H}-NMR spec-
trum of 4 consists of an AMQ spin system, while the car-
bonyl carbons appear in the 13C{1H}-NMR spectrum as a
well-resolved doublet of triplets (δ 5 198.6, JCPtrans 5 45.5
Hz, JCPcis 5 5.7 Hz). The stereocenter in the 2-oxacyclopen-
tylidene ring also leads to the chemical and magnetic non-
equivalence of the methylene protons. For this reason, the
resonances of the oxacarbene-ring protons could only be
unambiguously assigned by means of 2D-COSY and 2D-
phase sensitive NOESY NMR spectra. In particular, the
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Table 1. Selected 1H-, 13C{1H}-, and 31P{1H}-NMR spectral data and IR absorptions for the complexes
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Figure 2. ORTEP Drawing of the complex cationlatter experiment allowed us to establish the spatial relation-
[(triphos)Re(CO)2{5CCH2CH2CH(Me)O}]1 in 4-BF4. Only theships between the Hδ proton at δ 5 4.77 (which correlates
ipso carbons of the phenyl rings of the triphos ligand are shown

with the CH carbon at δ 5 98.5 in the 2D-1H,13C-HMQC for the sake of clarity
NMR experiment) and the signal at δ 5 2.05 of the op-
posite Hγ9 proton. Following this assignment, the remaining
proton and carbon resonances were readily and reliably
identified. Significant sections of the NOESY and COSY
spectra are presented in Figure 1.

Figure 1. (A) Section (δ 5 5.00 2 0.90) of the phase-sensitive 2D-
1H NOESY spectrum of 4 (500.13 MHz, CD2Cl2, 25°C, τmix 800
ms) showing the negative cross-peaks between the protons of the
2-oxa-3-methyl-cyclopentylidene ring. (B) Contour plot of a section
(δ 5 5.0020.90) of the 2D-1H COSY spectrum of 4 (500.13 MHz,
CD2Cl2, 25°C) showing the scalar couplings for the protons of the

2-oxa-3-methyl-cyclopentylidene ring

Table 2. Selected bond distances and angles for 4-BF4

Re2P1 2.488(4) C72O1 1.21(2)
Re2P2 2.490(4) C82O3 1.31(2)
Re2P3 2.466(4) C82C9 1.51(2)
Re2C6 1.89(2) C92C10 1.47(2)
Re2C7 1.85(2) C102C11 1.47(2)
Re2C8 2.02(2) C112C12 1.36(2)
C62O2 1.16(2) C112O3 1.56(2)

C82Re2C6 87.7(3) C82Re2C7 85.1(3)
C62Re2C7 87.8(3) C82Re2P1 91.2(2)
C62Re2P1 172.0(2) C72Re2P1 99.9(2)
C82Re2P2 96.9(2) C62Re2P2 87.1(2)
C72Re-P2 174.5(2) P12Re2P2 85.15(6)
C82Re2P3 174.1(2) C62Re2P3 97.6(2)
C72Re-P3 92.3(2) P12Re2P3 84.03(7)
P22Re2P3 86.16(6) O22C72Re 174.1(6)
C92C82Re 173.0(6) C82C92C10 122.3(7)

anions with no interspersed solvent molecules. A facial
triphos ligand, two cis disposed carbonyl groups and an
oxacyclopentylidene ligand co-ordinate the Re center in a
slightly distorted octahedral environment. The Re2Ccarbene

bond length [dRe5C 5 2.02(2) Å] is shorter than that found
in the alkoxycarbene complex [(triphos)Re(CO)2-
{5C(OEt)CH3}]BF4 [dRe5C 5 2.071(8) Å], [20] but longer
than that reported for the vinylidene complex
[(triphos)Re(CO)2{5C5C(H)Ph}]BPh4 [dRe5C 5 1.925(6)
Å]. [20] Noticeably, the present Re2Ccarbene distance is also
shorter than that found in (CO)5Re5CCH2CH2CH2O
[dRe5C 5 2.125 Å] [9a] and in Br(CO)4Re5COCH2CH2O
[dRe5C 5 2.135 Å]. [23] The oxacyclopentylidene ring adoptsThe solid-state structure of the 2-oxa-3-methyl-cyclopen-

tylidene complex (4) has been determined by a single-crys- an “envelope” conformation with small deviations from the
mean plane defined by the rhenium atom, and by the O3tal X-ray analysis. A view of the complex cation is shown

in Figure 2, while selected bond lengths and angles are and C8 to C12 atoms. The largest deviation affects the C10
atom (20.0201 Å) in β-position with respect to O3. Devia-given in Table 2.

The structure of 4 consists of [(triphos)Re(CO)2- tions from planarity are often encountered in this class of
oxacyclocarbene complexes and deformations ranging from{5CCH2CH2CH(Me)O}]1 cations and tetrafluoroborate
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practically planar systems to significantly distorted rings are shifted to low field with respect to those of 7 (δA 5

219.41, δM 5 215.82, JAM 5 23.2 Hz). The 13C{1H}-have been reported. [24] [25] A comparable distortion has been
reported for the molybdenum complex [MoI(CO)2- NMR spectrum of 7 displays the characteristic low-field

resonance of the vinylidene Cα atom (δ 5 343.9), while the{5COCH2CH2CH2}(η5-C5H5)]. [26] The C82O3 distance
and the other metrical parameters pertaining to the carbene resonance of the Cβ atom appears at higher field (doublet

of triplets at δ 5 111.0). [12] [13] [21] Four signals, spanningligand fall into the range determined for related com-
plexes. [5] [9] [23] [24] [25] [26] from δ 5 52.1 (Cζ) to δ 5 19.8 (Cγ) are assigned to the

CH2 carbon atoms of the δ-hydroxybutyl substituent in theReactions of 2 with γ- and δ-Alkynols: When either 4-pen-
tyn-1-ol or (±)-5-hexyn-2-ol are allowed to react with a vinylidene ligand. In the proton NMR spectrum of 7, the

vinylidene hydrogen resonance appears as a well-resolvedCH2Cl2 solution of 2 at room temperature, the Fischer car-
bene complexes [(triphos)Re(CO)2{5CCH2CH2CH2- triplet of pseudoquartets at δ 5 3.53 which collapses into a

triplet of 8.3 Hz in the broad-band phosphorus-decoupledCH(R)O}]BF4 (R 5 H, 5; R 5 Me, 6) are obtained in good
yields (Scheme 2). To the best of our knowledge, known spectrum.

Further experimental evidence of the vinylidene natureexamples of oxacyclohexylidene metal complexes are
limited to the chromium complex (CO)5Cr{5CCH2- of the organyl ligand in 7 is provided by the reaction of the

latter compound with Brønsted bases, such as NEt3, whichCH2CH2CH2O} described by Dötz, [1] the manganese com-
pound Cp(CO)(PPh3)Mn5C{OCH2C(Me)2CH2CH(Me)} remove the vinylidene hydrogen atom, leading to the clean

formation of the σ-alkynyl complex [(triphos)Re(CO)2-synthesized by Geoffroy and coworkers,[9b] the molyb-
denum derivative [Mo{5CH2(CH2)2CH2O}(dppe)(η- {C;CCH2CH2CH2CH2OH}] (9). [12] [20] This reaction is re-

versible and 9 re-generates 7 by treatment with protic acids.C7H7)]PF6 (dppe 5 Ph2PCH2CH2PPh2) reported by White-
ley and co-workers, [10b] and the indenyl osmium complex The alkynyl derivative 9 has been isolated and authenticated

spectroscopically by comparison with several ReI alkynyls[(η5-C9H7)Os{5CCH2CH2CH2CH2O}(PPh3)2] described
by Gimeno.[8a] of the formula [(triphos)Re(CO)2(C;CR)]. [20]

A careful and complete analysis of the 13C{1H}-NMRThe presence of oxacyclohexylidene rings in 5 and 6 is
shown by the 13C{1H}-NMR spectra which exhibit four dif- spectrum was carried out for the unambiguous identifi-

cation of 8. Key features are a doublet of triplets at δ 5ferent methylene resonances (singlets at δ 5 16.7, 21.6, 55.6,
and 75.0), while the carbene carbon atoms resonate at δ 5 310.8, assigned to the carbene carbon atom, and five meth-

ylene resonances assigned to the five CH2 groups of the 2-303.0 (5: dt, JCPtrans 5 36.8 Hz, JCPcis 5 9.5 Hz) and at δ 5
305.3 (6: dt, JCPtrans 5 36.9 Hz, JCPcis 5 8.6 Hz). As ex- oxacycloheptylidene ring. The presence of five methylene

resonances was of crucial importance for ruling out a vinyl-pected the NMR properties of 6 are similar to those of 4,
which analogously contains a stereogenic carbon atom in vinylidene structure which might have been formed via the

alternative water-elimination pathway (Scheme 1). Of thethe ring. [27]

Monitoring the reactions between 2 and 4-pentyn-1-ol five methylene resonances, only those of the Cζ (δ 5 78.6)
and Cβ (δ 5 60.1) carbons, proximal to the oxygen and to[or (±)-5-hexyn-2-ol] by multinuclear NMR spectroscopy in

the temperature range from 250 to 120°C showed no in- the carbene carbon atoms, respectively, appear as doublets
with small phosphorus-carbon couplings. The remainingtermediate species in the course of the conversion of 2 to 5

(or 6). In contrast, V. T. NMR spectroscopy has re- CH2 resonances (between δ 5 29.1 and 21.5) are singlets
with no discernible coupling.vealed that the hydroxybutylvinylidene complex

[(triphos)Re(CO)2{5C5C(H)CH2CH2CH2CH2OH}]BF4 Fischer carbene complexes containing oxacycloheptyl-
idene rings are extremely rare. To the best of our knowl-(7) is an intermediate to the oxacarbene thermodynamic

product [(triphos)Re(CO)2{5CCH2CH2CH2CH2CH2O}]- edge, the only example reported in the literature is the di-
nuclear dimanganese complex [(CO)5Mn2Mn(CO)4{5CO-BF4 (8) when 2 is reacted with a δ-alkynol such as

HC;CCH2(CH2)2CH2OH. The hydroxyvinylidene com- CH2CH2CH2CH2CH2}]. [16] This, however, was prepared by
the alternative reaction of the bistriflateplex is stable in solution below 210°C. Above this tempera-

ture it slowly but selectively transforms into the 2-oxacy- TfOCH2CH2CH2CH2CH2OTf with the carbonyl metalate
salt K[Mn(CO)5] in THF, and not by δ-alkynol acti-cloheptylidene isomer 8 (Scheme 2). The conversion is fast

at room temperature. Nonetheless, the stability at low tem- vation.[16] [17]

perature allows 7 to be unambiguously characterized in
Conclusionssolution and isolated in the solid state as well.

Bands in the IR spectrum of 7 at 1663 (C5C) and ca. Our study of the reactions of the 16e2 [(triphos)Re(CO)2]1

support with different β-, γ-, and δ-alkynols has shown that3550 cm21 (OH), diagnose the presence of a hydroxyvinyl-
idene ligand. These absorptions are not present in the IR cyclic carbenes are formed irrespective of the separation be-

tween the triple bond and the hydroxy functional group. Wespectrum of 8, in which the stretching frequencies of the
two CO9s are at lower energy (1960 and 1900 cm21) com- have also demonstrated that this cyclization reaction occurs

via the hydroxyalkylvinylidene complexes. For the particu-pared to those of 7 (2008 and 1946 cm21) due to the greater
π-acceptor character of the hydroxyvinylidene ligand.[14] [20] lar case of the δ-alkynol 5-hexyn-1-ol the kinetic hydroxy-

butylvinylidene intermediate has been intercepted in solu-In keeping with this electronic effect, the phosphorus reso-
nances of 8 (δA 5 217.14, δM 5 211.49, JAM 5 20.9 Hz) tion and isolated in the solid state. Its thermal rearrange-
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INS.[31] The initial choices of shifts and coupling constants werement to the thermodynamic 2-oxacycloheptylidene product
refined by iterative least-squares calculations using the experimen-has been observed, showing that the intramolecular nucleo-
tal digitized spectrum. The final parameters gave a satisfactory fitphilic attack by the OH group at the vinylidene Cα atom
between experimental and calculated spectra, the agreement factormay still be favored over H2O elimination to give vinylvinyl-
R being less than 1% in all cases. 2 Infrared spectra were recordedidene products. The same should be true for long-chain ω-
in KBr pellets on a Nicolet 510 P spectrometer operating in the FT

alkynols. Studies are currently in progress to scrutiny the mode, or as Nujol mulls on a Perkin2Elmer 1600 series FT-IR
chemistry of this new family of rhenium 2-oxacarbenes. spectrometer between KBr plates. 2 Conductivities were measured

with an ORION model 990101 conductance cell connected to aThanks are due to Prof. A. Medici (University of Ferrara, Italy)
model 101 conductivity meter. The conductivity data were obtainedfor a gift of (±)-5-hexyn-2-ol and to Prof. J. Gimeno (University of
at sample concentrations of ca. 1·1023  in nitroethane solutionsOviedo, Spain) for communicating some preliminary results prior
at room temperature (21°C). 2 Elemental analyses were performedto publication.
with a Carlo Erba model 1106 elemental analyzer.

Experimental Section Synthesis of [(triphos)Re(CO)2{5CCH2CH2CH2O}]BF4 (3): A
dichloromethane (5 ml) solution of the complex [(triphos)-General Procedure: Tetrahydrofuran (THF), n-hexane, and di-
Re(CO)2(η2-H2)]BF4 (2) was prepared in a 25-ml Schlenk-flask byethyl ether were purified by distillation over sodium/benzophenone
treating [(triphos)Re(CO)2H] (1) (0.25 g, 0.26 mmol) withunder a nitrogen atmosphere. Dichloromethane and ethanol were
HBF4.OMe2 (33 µl, 0.27 mmol) at 220°C under nitrogen.[19] Topurified by distillation under nitrogen over calcium hydride. The
this solution, a slight excess of 3-butyn-1-ol (23 µl, 0.30 mmol) wasligand CH3C(CH2PPh2)3 (triphos)[28] and the complexes [(triphos)-
added with stirring, and the solution was slowly brought to roomRe(CO)2H] (1) [19] and [(triphos)Re(CO)2(η2-H2)]BF4 (2) [20] were
temperature. During this time, the color of the resulting solutionprepared as described in the literature. All the alkynols were pur-
changed from pale yellow to orange. After the reaction mixturechased from Aldrich except for (±)-5-hexyn-2-ol which was pro-
was allowed to reach room temperature, stirring was continued forvided by Prof. A. Medici (Department of Chemistry, University
additional 30 min. The solvent was removed under reduced pres-of Ferrara). The purity of all alkynols was checked by 1H-NMR
sure and the solid residue washed with 2 3 2 ml of ethanol and 2spectroscopy, and, when necessary, they were distilled under inert
3 3 ml of diethyl ether. The crude reaction product was recrys-atmosphere prior to use. All the other reagents and chemicals were
tallized from dichloromethane/diethyl ether (1:1, v/v) to yield or-reagent grade and, unless otherwise stated, were used as received
ange crystals of [(triphos)Re(CO)2{5CCH2CH2CH2O}]BF4 (3).from commercial suppliers. All reactions and manipulations were
Yield 80%. 2 C47H45BF4O3P3Re: calcd. C 55.14, H 4.45; foundroutinely performed under a dry nitrogen atmosphere by using
C 55.20, H 4.55.2 1H NMR (CD2Cl2, 22°C, 200.13 MHz): (thestandard Schlenk-tube techniques. CD2Cl2 for NMR measure-
numbering scheme for the hydrogen and carbon resonances of thisments (Merck and Aldrich) was dried over molecular sieves (4 Å).
complex as well as all the other new complexes described in this2 1H- and 13C{1H}-NMR spectra were recorded on Varian VXR
paper is given in Table 1) δ 5 1.62 (q, JHP 5 3.1 Hz, CH3(triphos),300, Bruker AC200, or Bruker AVANCE DRX 500 spectrometers
3 H), 1.73 (quint, JHH 5 7.8 Hz, Hγ, 2 H), 2.54 (d, JHPaxial 5 8.8operating at 299.94, 200.13, or 500.13 MHz (1H) and 75.42, 50.32,
Hz, CH2Paxial, 2 H), 2.70 (m, CH2Pequat, 4 H), 3.28 (td, JHH 5 7.7or 125.80 MHz (13C), respectively. Peak positions are relative to
Hz, JHP 5 0.6 Hz, Hβ, 2 H), 4.06 (t, JHH 5 7.6 Hz, Hδ, 2 H).tetramethylsilane and were calibrated against the residual solvent
13C{1H} NMR (CD2Cl2, 22°C, 50.32 MHz): δ 5 293.4 (dt,resonance (1H) or the deuterated solvent multiplet (13C). 13C-
JCPtrans 5 35.0 Hz, JCPcis 5 8.9 Hz, Cα), 197.0 (m, CO), 85.3 (d,DEPT, and gated 13C{1H}-decoupled NMR experiments were run
JCP 5 3.2 Hz, Cδ), 62.7 (d, JCP 5 5.7 Hz, Cβ), 40.3 (q, JCP 5 9.9on the Bruker AC200 spectrometer. 1H,13C-2D HETCOR NMR
Hz, CH3(triphos)), 39.7 (q, JCP 5 3.5 Hz, MeC(triphos)), 35.1 (td, N 5experiments were recorded on either the Bruker AC200 spec-
JCPequat9 1 JCPequat0 5 14.0 Hz, JCPaxial 5 4.5 Hz, CH2Pequat), 32.4trometer using the XHCORR pulse program or the Bruker AV-
(dt, JCPaxial 5 23.5 Hz, JCPequat 5 4.4 Hz, CH2Paxial), 22.8 (s, Cγ).2ANCE DRX 500 spectrometer equipped with a 5-mm triple-reso-
31P{1H} NMR (CD2Cl2, 22°C, 81.01 MHz): AM2 spin system,nance probe-head for 1H detection and inverse detection of the
δA 5 215.90, δM 5 211.86, JAM 5 22.1 Hz. 2ΛM(nitroethane) 5 80heteronucleus (inverse correlation mode, HMQC experiment) with
Ω21 cm2 mol21.no sample spinning. The 1H,1H-2D COSY NMR experiments were

routinely conducted on the Bruker AC200 instrument in the abso- Recrystallization of 3 from dichloromethane/ethanol in the pres-
lute magnitude mode using a 45° or 90° pulse after the incremental ence of 2 equiv of NaBPh4, yielded the corresponding tetraphen-
delay. The 1H,1H-2D COSY NMR experiments on the racemate ylborate salt (39) in ca. 90% yield. 2 [(triphos)Re(CO)2-
complexes 4 and 6 were acquired on the AVANCE DRX 500 {5CCH2CH2CH2O}]BPh4 (39, C71H65BO3P3Re): calcd. C 67.89, H
Bruker spectrometer using the phase-sensitive TPPI mode with 5.21; found C 67.19, H 5.01. 2 ΛM(nitroethane) 5 53 Ω21 cm2 mol21.
double quantum filter. 1H,1H-2D NOESY NMR experiments were
conducted on the same instrument in the phase-sensitive TPPI Synthesis of [(triphos)Re(CO)2{5CCH2CH2CH(Me)O}]BF4

(4): The methyl-substituted oxycarbene complex 4, was obtained asmode in order to discriminate between positive and negative cross
peaks. 2 31P{1H} NMR spectra were recorded on either the Varian described above for 3 using (±)-4-pentyn-2-ol (24 µl, 0.26 mmol)

instead of 3-butyn-1-ol. The reaction was complete after stirringVXR 300 or Bruker AC200 instruments operating at 121.42 and
81.01 MHz, respectively. Chemical shifts were measured relative to the mixture at room temperature for 1 h. Work-up as above gave

[(triphos)Re(CO)2{5CCH2CH2CH(Me)O}]BF4 (4) as orange mic-external 85% H3PO4 with downfield values taken as positive. The
proton NMR spectra with broad-band phosphorus decoupling rocrystals. Yield 85%. 2 C48H47BF4O3P3Re: calcd. C 55.55, H,

4.56; found C 54.99, H 4.38. 2 1H NMR (CD2Cl2, 25°C, 500.13were recorded on the Bruker AC200 instrument equipped with a
5-mm inverse probe and a BFX-5 amplifier device using the wideb- MHz): δ 5 1.15 (d, JMeHδ 5 6.3 Hz, CH3(carbene), 3 H), 1.35 (dddd,

JHγ99Hγ9 5 12.8 Hz, JHγ99Hβ9 5 9.2 Hz, JHγ99Hδ 5 6.3 Hz, JHγ99Hβ99 5and phosphorus decoupling sequence GARP.[29] 2 Computer
simulations of NMR spectra were carried out with a locally devel- 3.6 Hz, Hγ99, 1H), 1.62 (q, JHP 5 3.0 Hz, CH3(triphos), 3 H), 2.05

(dddd, JHγ9Hγ99 5 12.8 Hz, JHγ9Hβ99 5 8.8 Hz, JHγ9Hδ 5 6.7 Hz,oped package containing the programs LAOCN3[30] and DAV-
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JHγ9Hβ9 5 3.6 Hz, Hγ9, 1 H), 2.60 (m, CH2(triphos), 6 H), 3.10 (ddd, monohydride 1 within a few minutes to give a solution of 2 which

was cooled down to 278°C. After 2.3 µl (0.030 mmol) of 3-butyn-JHβ99Hβ9 5 19.8 Hz, JHβ9Hγ99 5 9.2 Hz, JHβ9Hγ9 5 3.6 Hz, Hβ9, 1 H),
3.68 (ddd, JHβ9Hβ99 5 19.8 Hz, JHβ99Hγ9 5 8.8 Hz, JHβ99Hγ99 5 3.6 1-ol was syringed into the tube, this was flame-sealed under nitro-

gen at 278°C and then introduced into the NMR probe of theHz, Hβ99, 1 H), 4.77 (dpsquint, JHδHγ9 5 6.7 Hz, JHδMe ø JHδHγ99 5

6.3 Hz, Hδ, 1 H). 2 13C{1H} NMR (CD2Cl2, 22°C, 50.32 MHz): spectrometer precooled to 250°C. The progress of the reaction was
followed by variable-temperature (V.T.) 31P{1H}- and 1H-NMRδ 5 294.5 (dt, JCPtrans 5 35.6 Hz, JCPcis 5 9.2 Hz, Cα), 198.6 (dt,

JCPtrans 5 45.5 Hz, JCPcis 5 5.7 Hz, CO), 98.5 (d, JCP 5 3.2 Hz, spectroscopy. No reaction occurred until the temperature was
raised to about 210°C. At this temperature, the molecular hydro-Cδ), 65.5 (d, JCP 5 5.0 Hz, Cβ), 42.1 (q, JCP 5 10.1 Hz,

CH3(triphos)), 41.6 (q, JCP 5 3.6 Hz, MeC(triphos)), 37.3 (d, JCPequat 5 gen complex started converting to the oxycarbene derivative 3.
Within 1 h at 210°C, 3 was the only product detectable by 31P-25.7 Hz, CH2Pequat), 36.6 (dt, JCPaxial 5 22.2 Hz, JCPequat 5 4.7

Hz, CH2Paxial), 32.5 (s, Cγ), 22.5 (s, CH3(carbene)). 2 31P{1H} NMR NMR spectroscopy.
(CD2Cl2, 22°C, 81.01 MHz): AMQ spin system, δA 5 213.10,

In analogous experiments, (±)-4-pentyn-2-ol or 4-pentyn-1-olδM 5 214.73, δQ 5 216.63, JAM 5 26.7 Hz, JAQ 5 21.3 Hz, JMQ 5
were substituted for 3-butyn-1-ol. Monitoring the reaction by V.T.-21.3 Hz. 2 ΛM(nitroethane) 5 81 Ω21 cm2 mol21.
NMR spectroscopy showed no intermediate species for the trans-

Synthesis of [(triphos)Re(CO)2{5CCH2CH2CH2CH2O}]BF4 formation of 2 into 4 or 5.
(5): A slight excess of 4-pentyn-1-ol (40 µl, 0.37 mmol) was added

In Situ NMR Studies: Reaction of [(triphos)Re(CO)2(η2-with stirring to a solution of 2 (0.26 mmol) prepared as described
H2)]BF4 (2) with 5-Hexyn-1-ol: To a dry-ice/acetone cooled solu-above. Usual work-up gave pale orange crystals of
tion of 2 (0.050 mmol) in CD2Cl2 (0.8 ml), prepared in a 5-mm[(triphos)Re(CO)2{5CCH2CH2CH2CH2O}]BF4 (5). Yield 80%. 2
NMR tube from 1 and HBF4 ·OMe2, was added 6.3 µl (0.055C48H47BF4O3P3Re: calcd. C 55.55, H 4.56; found C 55.49, H 4.50.
mmol) of 5-hexyn-1-ol. The tube was flame-sealed and the reaction2 1H NMR (CD2Cl2, 25°C, 500.13 MHz): δ 5 1.50 (m, Hγ 1 Hδ,
progress was monitored by V.T.-NMR spectroscopy. A reaction be-4 H), 1.68 (q, JHP 5 3.0 Hz, CH3(triphos), 3 H), 2.48 (d, JHPaxial 5
tween 2 and the alkynol already occurred at 215°C to give the8.8 Hz, CH2Paxial, 2 H), 2.70 (m, CH2Pequat, 4 H), 3.28 (t, JHβHγ 5
vinylidene complex [(triphos)Re(CO)2{5C5C(H)CH2CH2CH2-6.8 Hz, Hβ, 2 H), 3.44 (t, JHεHδ 5 6.0 Hz, Hε, 2 H). 2 13C{1H}
CH2OH}]BF4 (7) as the only new rhenium-containing product. ANMR (CD2Cl2, 22°C, 50.32 MHz): δ 5 303.0 (dt, JCPtrans 5 36.8
complete transformation of 2 into 7 was observed after 6 h atHz, JCPcis 5 9.5 Hz, Cα), 198.0 (m, CO), 75.0 (d, JCP 5 2.5 Hz,
215°C. Heating the NMR tube to room temperature caused theCε), 55.6 (d, JCP 5 3.8 Hz, Cβ), 40.3 (q, JCP 5 10.4 Hz,
transformation of 7 into the carbene [(triphos)Re(CO)2-CH3(triphos)), 39.7 (q, JCP 5 3.8 Hz, MeC(triphos)), 32.5 (td, N 5
{5CCH2CH2CH2CH2CH2O}]BF4 (8) at ca. 28°C. The formationJCPequat9 1 JCPequat0 5 14.0 Hz, JCPaxial 5 4.4 Hz, CH2Pequat), 32.5
of 8 was complete after the sample was heated to 20°C for 1 h.(dt, JCPaxial 5 22.9 Hz, JCPequat 5 4.3 Hz, CH2Paxial), 21.1 (s, Cδ),

16.7 (s, Cγ). 2 31P{1H} NMR (CD2Cl2, 22°C, 81.01 MHz): AM2 NMR Data for 7: 1H NMR (CD2Cl2, 216°C, 500.13 MHz): δ 5
spin system, δA 5 216.71, δM 5 210.70, JAM 5 21.4 Hz. 2

1.43 (psquint, JHδHγ ø JHδHε 5 7.4 Hz, Hδ, 2 H), 1.61 (m, Hε, 2
ΛM(nitroethane) 5 82 Ω21 cm2 mol21.

H), 1.67 (q, JHP 5 3.0 Hz, CH3(triphos), 3 H), 2.38 (psq, JHγHβ 5

8.3 Hz, JHγHδ 5 7.4 Hz, Hγ, 2 H), 2.46 (d, JHPaxial 5 9.3 Hz,Synthesis of [(triphos)Re(CO)2{5CCH2CH2CH2CH(Me)O}]-
CH2Paxial, 2 H), 2.54 (m, CH2Pequat, 2 H), 2.73 (m, CH2Pequat, 2 H),BF4 (6): A two-fold excess of (±)-5-hexyn-2-ol (54 µl, 0.55 mmol)
3.53 (tpsq, transforms into a triplet in the 1H{31P}-NMR spectrum,was syringed into a dichloromethane solution of 2 (0.026 mmol)
JHβHγ 5 8.3 Hz, JHPA ø JHPM 5 2.8 Hz, Hβ(vinylidene), 1 H), 3.64prepared as described above. Orange microcrystals of
(br t, JHζHε 5 6.1 Hz, Hζ, 2 H); the resonance of the OH proton[(triphos)Re(CO)2{5CCH2CH2CH2CH(Me)O}]BF4 (6) were ob-
was not observed. 2 13C{1H} NMR (CD2Cl2, 216°C, 50.32tained in ca. 65% yield after usual work up. 2 C49H49BF4O3P3Re:
MHz): δ 5 343.9 (dt, JCPtrans 5 32.1 Hz, JCPcis 5 11.6 Hz, Cα),calcd. C 55.88, H 4.69; found C 55.90, H 4.72. 2 1H NMR
191.7 (m, CO), 111.0 (dt, JCPtrans 5 12.7 Hz, JCPcis 5 2.5 Hz, Cβ),(CD2Cl2, 25°C, 200.13 MHz): δ 5 1.01 (d, JMeHε 5 6.3 Hz,
52.1 (s, Cζ), 39.7 (q, JCP 5 10.2 Hz, CH3(triphos)), 39.2 (br s, MeC(-CH3(carbene), 3 H), 1.35 (m, Hβ9 1 Hδ99, 2 H), 1.60 (m, Hγ9 1

triphos)), 36.9 (m, CH2Paxial), 32.4 (m, CH2Pequat), 31.5 (s) and 27.6CH3(triphos), 4 H), 1.96 (m, Hδ9, 1H), 2.40 2 2.70 (m, Hγ99 1
(s) (Cδ and Cε), 19.8 (s, Cγ). 2 31P{1H} NMR (CD2Cl2, 216°C,CH2(triphos), 7H), 3.92 (ddd, JHβ99Hβ9 5 17.1 Hz, JHβ99Hγ9 5 5.8 Hz,
81.01 MHz): AM2 spin system, δA 5 219.41, δM 5 215.82, JAM 5JHβ99Hγ99 5 3.6 Hz, Hβ99, 1 H), 4.14 (m, Hε, 1H). 2 13C{1H} NMR
23.2 Hz.(CD2Cl2, 20°C, 50.32 MHz): δ 5 305.3 (dt, JCPtrans 5 36.9 Hz,

JCPcis 5 8.6 Hz, Cα), 197.1 (dt, JCPtrans 5 44.5 Hz, JCPcis 5 7.6 Hz,
NMR Data for 8: 1H NMR (CD2Cl2, 22°C, 200.13 MHz): δ 5CO), 83.9 (d, JCP 5 2.2 Hz, Cε), 55.8 (dt, JCPaxial 5 4.5 Hz,

1.41 (m, Hε, 2 H), 1.66 (q, JHP 5 2.9 Hz, CH3(triphos), 3 H), 1.7 (m,JCPequat 5 1.3 Hz, Cβ), 39.7 (q, JCP 5 10.1 Hz, CH3(triphos)), 39.5
partially masked by triphos CH3 resonance, assigned by 2D-1H,1H-(q, JCP 5 3.2 Hz, MeC(triphos)), 35.7 (td, N 5 JCPequat9 1 JCPequat0 5
COSY NMR experiment, Hγ 1 Hδ, 4 H), 2.53 (d, JHPaxial 5 8.75.0 Hz, JCPaxial 5 2.5 Hz, CH2Pequat), 35.1 (td, N 5 JCPequat9 1
Hz, CH2Paxial, 2 H), 3.57 (m, Hβ, 2 H), 3.91 (t, JHζHε 5 4.6 Hz,JCPequat0 5 5.0 Hz, JCPaxial 5 2.4 Hz, CH2Pequat), 32.8 (dt, JCPaxial 5
Hζ, 2 H). 2 13C{1H} NMR (CD2Cl2, 22°C, 75.42 MHz): δ 5 310.822.2 Hz, JCPequat 5 4.8 Hz, CH2Paxial), 28.7 (s, Cδ), 20.3 (s,
(dt, JCPtrans 5 38.4 Hz, JCPcis 5 8.6 Hz, Cα), 198.1 (AXX9Y spinCH3(carbene)), 16.9 (s, Cγ). 2 31P{1H} NMR (CD2Cl2, 22°C, 81.01
system, JAX 5 7.0 Hz, JAY 5 5.8 Hz, JAX9 5 28.2 Hz, JXX9 5 26.8MHz): AMQ spin system, δA 5 212.80, δM 5 214.00, δQ 5
Hz, CO), 78.6 (d, JCP 5 2.9 Hz, Cζ), 60.1 (d, JCP 5 5.2 Hz, Cβ),

216.56, JAM 5 20.1 Hz, JAQ 5 23.5 Hz, JMQ 5 20.7 Hz. 2 ΛM(ni- 40.2 (q, JCP 5 10.1 Hz, CH3(triphos)), 39.7 (q, JCP 5 4.1 Hz,
troethane) 5 85 Ω21 cm2 mol21.

MeC(triphos)), 35.6 (td, N 5 JCPequat 1 JCPequat9 5 14.0 Hz, JCPaxial 5

4.4 Hz, CH2Pequat), 32.7 (dt, JCPaxial 5 22.3 Hz, JCPequat 5 4.8 Hz,In Situ NMR Studies: Reactions of [(triphos)Re(CO)2(η2-
H2)]BF4 (2) with 3-Butyn-1-ol, (±)-4-Pentyn-2-ol, or 4-Pentyn-1- CH2Paxial), 29.1 (s), 28.2 (s), and 21.5 (s), (Cγ, Cδ and Cε). 2

31P{1H} NMR (CD2Cl2, 25°C, 81.01 MHz): AM2 spin system,ol: Deoxygenated CD2Cl2 (0.8 ml) was transferred under nitrogen
into a 5-mm NMR tube previously charged with 1 (0.025 g, 0.028 δA 5 217.14, δM 5 211.49, JAM 5 20.9 Hz. 2 ΛM(nitroethane) 5

80 Ω21 cm2 mol21.mmol). The addition of 3.3 µl of HBF4.OMe2 dissolved the
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Synthesis of [(triphos)Re(CO)2{5C5C(H)CH2CH2CH2CH2- Table 3. Summary of crystal data and structure refinement for

4-BF4OH}]BF4 (7): A slight excess of 5-hexyn-1-ol (60 µl, 0.55 mmol)
was added to a stirred solution of 2 (0.26 mmol) prepared as de-

Formula C48H47BF4O3P3Rescribed above and maintained at 215°C. The resulting solution
Formula weight 1038.23 Crystal size [mm]0.2030.1530.25was stirred for 15 min, then the solvent was removed under reduced
Crystal System monoclinic Space group P 21/n (No. 14)

pressure to give a raspberry-colored powder. The solid residue was a [Å] 10.689(2) α [deg] 90
washed with diethyl ether before being dried under vacuum. NMR b [Å] 17.921(4) β [deg] 94.54(2)

c [Å] 23.175(5) γ [deg] 90spectroscopy showed it to contain 7, occasionally contaminated by
V [Å3] 4425(2) Z 4some 8 (usually less than 10%). 2 C49H49BF4O3P3Re: calcd. C
ρ(calcd) [gcm23] 1.558 Abs. coeff.2.912

55.88, H 4.69; found C 55.70, H 4.74. [mm21]
F(000) 2080Synthesis of [(triphos)Re(CO)2{5CCH2CH2CH2CH2-
θ range [deg] 2.74222.47CH2O}]BF4 (8): A solution of 7 obtained by reacting 2 with 5- Index ranges 211 # h # 11, 0 # k # 19, 0 # l

hexyn-1-ol as described above, was slowly warmed to room tem- # 24
Reflections collected 5763perature with stirring. Within 30 min, the reaction mixture became
Independent reflections 5763 [R(int) 5 0.0000]pale yellow. Evaporation of the solvent under reduced pressure gave
Refinement method Full-matrix least squares on F2

8 as yellow microcrystals. Yield 90%. 2 C49H49BF4O3P3Re: calcd. Data/constraints/parameters 5763/0/234
C 55.88, H 4.69; found C 55.92, H 4.75. Goodness-of-fit on F2 1.016

Final R indices [I > 2σ(I)] R1 5 0.0611; wR2 5 0.1226Synthesis of [(triphos)Re(CO)2{C;CCH2CH2CH2CH2OH}] R indices (all data) R1 5 0.1577; wR2 5 0.1564
(9): To a Schlenk-tube charged with the vinylidene complex 7 (0.19 Largest difference peak [eÅ3] 0.861 and 20.796
g, 0.20 mmol) in CH2Cl2 (5 ml) at 215°C, a three-fold excess of
neat NEt3 (85 µl, 0.60 mmol) was added with stirring. An immedi-
ate reaction took place to give a pale yellow solution. The reaction skeleton. The phenyl rings were treated as rigid bodies with D6h

mixture was stirred for 1 h at room temperature. After the solvent symmetry, and the hydrogen atoms were allowed to ride on the
was removed in vacuo, the pale yellow residue was washed with attached carbon atoms. Crystallographic disorder was detected in
water (2 3 1 ml), ethanol (2 3 1 ml) and diethyl ether (2 3 2 ml) the region of the tetrafluoroborate anion resulting in a double im-
before being dried under vacuum. Yield 80%. 2 C49H48O3P3Re: age of the four fluorine atoms. The two sets of fluorines were as-
calcd. C 60.98, H 5.02; found C 60.70, H 5.1. 2 1H NMR (CD2Cl2, signed a population factor of 0.6 and 0.4 respectively.
25°C, 200.13 MHz): δ 5 1.3 2 1.6 (m, Hδ1 Hγ, 4 H), 1.77 (q,

Crystallographic data (excluding structure factors) for the struc-
JHP 5 3.4 Hz, CH3(triphos), 3 H), 2.3 2 2.7 (m, CH2(triphos) 1 Hγ, 8

ture reported in this paper have been deposited with the Cambridge
H), 3.60 (t, JHζHε 5 6.5 Hz, 2 H); the resonance of the OH proton

Crystallographic Data Centre (deposition number 100775). Copies
was not observed. 2 31P{1H} NMR (CD2Cl2, 22°C, 81.01 MHz):

of the data can be obtained free of charge on application to CCDC,
AM2 spin system, δA 5 26.55, δM 5 220.30, JAM 5 17.2 Hz.

12 Union Road, Cambridge CB2 1EZ, UK [fax (internat):
Reaction of 9 with HBF·OMe2: A 5-mm NMR tube was charged 144(0)123/336-033, e-mail: deposit@chemcrys.cam.ac.uk].

with a CD2Cl2 solution (0.8 ml) of 9 (0.020 g, 0.02 mmol), and
cooled to 278°C. Addition of one equiv of HBF4.OMe2 (25 µl, [1] K. H. Dötz, W. Sturm, H. G. Alt, Organometallics 1987, 6,
0.20 mmol) selectively regenerated 7 as shown by 31P{1H}-NMR 1424.
analysis at 220°C. [2] N. Ruiz, D. Péron, P. H. Dixneuf, Organometallics 1995, 14,

1095 and references therein.X-ray Diffraction Study of [(triphos)Re(CO)2{5CCH2- [3] K. H. Dötz, H. Fischer, P. Hofmann, F. R. Kreissl, U. Schubert,
CH2CH(Me)O}]BF4 (4): A summary of crystal and intensity data K. Weiss, Transition Metal Carbene Complexes; Verlag Chemie:

Weinheim, Germany, 1983.is presented in Table 3. Experimental data were recorded at room
[4] H. Le Bozec, K. Ouzzine, P. H. Dixneuf, Organometallics 1991,temperature (20°C) on an Enraf-Nonius CAD4. A set of 25 care-

10, 2768.fully centered reflections in the range 6.5° < θ < 8.5° was used [5] L. P. Barthel-Rosa, K. Maitra, J. Fischer, J. H. Nelson, Or-
for determining the lattice constants. As a general procedure, the ganometallics 1997, 16, 1714.

[6] H. Werner, A. Stark, P. Steinert, C. Grünwald, J. Wolf, Chem.intensity of three standard reflections were measured periodically
Ber. 1995, 128, 49.every 200 reflections for orientation and intensity control. This pro- [7] W.-H. Leung, E. Y. Y. Chan, I. D. Williams, W.-T. Wong, Or-cedure did not reveal an appreciable decay of intensities. The data ganometallics 1997, 16, 3234.

were corrected for Lorentz and polarization effects. Atomic scat- [8] [8a] M. P. Gamasa, J. Gimeno, M. Gonzalez-Cueva, E. Lastra,
J. Chem. Soc. Dalton Trans. 1996, 2547. 2 [8b] H. Werner, W.tering factors were those tabulated by Cromer and Waber,[32] with
Knaup, M. Schulz, Chem. Ber. 1991, 124, 1121.anomalous dispersion corrections taken from ref. [33]. An empirical [9] [9a] E. Fritsch, T. Kerscher, K. Polborn, W. Beck, J. Organomet.absorptions correction was applied by using the program Chem. 1993, 460, C25. 2 [9b] C. Kelley, N. Lugan, M. R. Terry,

XABS2[34] with transmission factors in the range 0.63121.425. The G. L. Geoffroy, B. S. Haggerty, A. L. Rheingold, J. Am. Chem.
Soc. 1992, 114, 6735.computational work was carried out by intensively using the pro-

[10] [10a] P. Quayle, S. Rahman, L. M. Ward, J. Herbert, Tetrahedrongram SHELX93.[35] Final atomic co-ordinates of all atoms and
Lett. 1994, 35, 3801. 2 [10b] R. L. Beddoes, R. W. Grime, Z. I.structure factors are available on request from the authors and are Hussain, M. W. Whiteley, J. Chem. Soc. Dalton Trans. 1996,

provided as supplementary material. 3893.
[11] S. G. Davies, J. P. McNally, A. J. Smallridge, Adv. Organomet.Pale orange crystals of 4 were grown in air from a dilute di- Chem. 1990, 30, 1.

chloromethane/ethanol solution. A parallelepiped crystal with di- [12] The literature of vinylidene complexes is extensive. Some com-
prehensive reviews are: [12a] M. I. Bruce, Chem. Rev. 1991, 91,mension 0.25 3 0.20 3 0.11 mm was used for the data collection.
197. 2 [12b] A. B. Antonova, A. A. Ioganson, Russ. Chem. Rev.The structure was solved by direct methods using the SIR92 pro-
1989, 58, 593. 2 [12c] M. I. Bruce, A. G. Swincer, Adv. Or-gram.[36] Refinement was done by full-matrix least-squares calcu- ganomet. Chem. 1983, 22, 59.

lations, initially with isotropic thermal parameters then with aniso- [13] Recent leading references of transition metal vinylidene com-
plexes: [13a] I. Ara, J. R. Berenguer, J. Forniés, E. Lalinde, M.tropic thermal parameters for Re, P, and C atoms of the triphos
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Tomas, Organometallics 1996, 15, 1014. 2 [13b] R. L. Beddoes, [21] M. P. Gamasa, J. Gimeno, B. M. Martin-Vaca, J. Borge, S. Gar-

cia-Granda, E. Perez-Carreño, Organometallics 1994, 13, 4045.C. Bitcon, R. W. Grime, A. Ricalton, M. W. Whiteley, J. Chem.
Soc. Dalton Trans. 1995, 2873. 2 [13c] J. M. O’Connor, K. [22] S. I. Hommeltoft, A. D. Cameron, T. A. Shackleton, M. E.

Fraser, S. Fortier, M. C. Baird, Organometallics 1986, 5, 1380.Hübner, R. Merwin, L. Pu, J. Am. Chem. Soc. 1995, 117, 8861.
2 [13d] C. Bianchini, P. Innocenti, M. Peruzzini, A. Romerosa, [23] G. L. Miessler, S. Kim, R. A. Jacobson, R. J. Angelici, Inorg.

Chem. 1987, 26, 1690.F. Zanobini, Organometallics 1996, 15, 272. 2 [13e] M. A. Es-
teruelas, F. J. Lahoz, E. Oñate, L. A. Oro, C. Valero, B. Zeier, [24] M. Berry, J. Martin-Gil, J. A. K. Howard, F. G. A. Stone, J.

Chem. Soc., Dalton Trans. 1980, 1625.J. Am. Chem. Soc. 1995, 117, 7935. 2 [13f] R. Wiedemann, J.
Wolf, H. Werner, Angew. Chem. Int. Ed. Engl. 1995, 34, 1244. [25] [25a] P. Nombel, N. Lugan, R. Mathieu, J. Organomet. Chem.

1995, 503, C22. 2 [25b] R. F. Stepanick, N. C. Payne, J. Or-2 [13g] H. Werner, J. Organomet. Chem. 1994, 475, 45. 2 [13h]
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