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Oxidative decarbonylation of Cp*(CO)2W;CNEt2 (1) with 16e carbene complex Cp*(Cl)3W=C(H)NEt2 (6) after
elimination of P(OMe)3. Complex 5 was obtained from thePhICl2 affords the aminocarbyne complex cis-Cp*

(Cl)2(CO)W;CNEt2 (2), which reacts with tBuNC to give the CO ligand-exchange reaction of 2 with P(OMe)3. Treatment
of 6 with tBuNC yields the cationic 18e carbene complexCO substitution product cis-Cp*(Cl)2(tBuNC)W;CNEt2 (3)

(Cp* = C5Me5). Complex 3 undergoes a carbyne–isocyanide [Cp*(Cl)2(tBuNC)2W=C(H)NEt2]Cl (7). The mechanism of the
C–C coupling reaction of 3 to give 4 is discussed and thecoupling reaction with HCl to yield the alkyne complex Cp*-

(Cl)3W[η2-tBu(H)NC;CNEt2] (4). In comparison, the reaction crystal structures of 4 and 6 are described.
of cis-Cp*(Cl)2[P(OMe)3]W;CNEt2 (5) with HCl affords the

last step a carbyne2carbyne coupling reaction of C affordsIntroduction
the alkyne complex D (Scheme 1).[3g,3k23m,3o23q] The car-

The transition-metal-mediated conversion of carbon bonyl or isocyanide ligands in A and B are activated for
monoxide and related C1 building blocks to organic com- an electrophilic addition at the heteroatom. This activation
pounds is a major goal in organometallic chemistry. [1] In occurs upon coordination of these ligands to an octahedral,
this context a class of metal-centered C2C bond-forming “electron-rich” d6 metal center, which is known to form
reactions involving the coupling of two carbonyl or isocyan- strong metal2carbon triple bonds. [3,4] It was therefore
ide ligands to an alkyne unit has attracted the attention of interesting to elucidate whether such ligand-coupling reac-
several research groups (Scheme 1). [2]

tions could also occur at transition-metal centers with a dif-
ferent d electron configuration. This has prompted us to
carry out the following work reporting on the intramolecu-
lar coupling of a carbyne with an isocyanide ligand at a d4

tungsten center.

Results and Discussion

Starting material for the reactions described below was
the WII aminocarbyne complex 2, [4] which was prepared
upon oxidative decarbonylation of 1 [5] with one equivalent
of PhICl2 in dichloromethane and isolated as a violet solid
in 88% yield (Scheme 2). Complex 2 is readily soluble in
CH2Cl2 and THF, poorly soluble in Et2O, insoluble in pen-
tane and decomposes upon heating at 176°C.

Treatment of 2 with tBuNC in refluxing toluene yielded
the CO substitution product 3. Complex 3 was isolated in
76% yield as a rose-colored, thermally stable solid, whichScheme 1. Mechanism of the carbonyl/isocyanide coupling reac-

tions of Group V and VI transition metal complexes; first ionic melts at 105°C (Scheme 2). 3 undergoes a selective and fast
charge: M 5 V2Ta, second ionic charge: M 5 Mo, W carbyne2isocyanide coupling reaction with HCl in diethyl

ether to afford the violet WIV alkyne complex 4 in 92% yieldIn the first two steps of these reactions successive ad-
(Scheme 2). Complex 4 is thermally stable in the solid statedition of an electrophile occurs to the O/N atom of the
and decomposes upon heating at 157°C.carbonyl/isocyanide ligand leading initially to the carbyne

Complexes 224 were fully characterized (see Experimen-complex B and then to the bis-carbyne complex C. [3] In the
tal Section). The IR spectra of 2 and 3 in CH2Cl2 show an
intense absorption for the ν(Ccarbyne

…
2N) stretching vi-[a] Fachinstitut für Anorganische und Allgemeine Chemie der

Humboldt-Universität zu Berlin, bration at ν̃ 5 1600 and 1571 cm21, which indicates the
Hessische Straße 122, D-10115 Berlin strong π conjugation of the amino group with the tung-Fax: (internat.) 149 (0)30/20936939
E-mail: filippou@chemie.hu-berlin.de sten2carbon triple bond.[5] The 1H- and 13C{1H}-NMR
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the NMR spectra of 4 revealing a “frozen” rotation of the
diethylamino group about the Calkyne2N bond (see Exper-
imental Section) and the single-crystal X-ray diffraction
study of 4, which shows rather short Calkyne2N bonds
[1.301(5) and 1.347(5) Å] and W2Calkyne bonds [2.008(4)
and 2.043(4) Å], a long (C2C)alkyne bond of 1.366(6) Å
and planar amino groups (Figure 1).[3g,3k,7] Planarity of the
amino groups is indicated by the sum of bond angles at the
atoms N1 and N2 of 359.3 and 354.6°, respectively. Other
features of the molecular structure of 4 are the near orthog-
onality of the alkyne-ligand plane defined by the atoms
W,C6,C7 and the Cp* ring plane (dihedral angle 5 80.9°),
as well as the trans position of the tBu substituent. [8]

Scheme 2. Syntheses of the complexes 2, 3 and 4

spectra of 2 and 3 at 293 K display one set of resonances
for the methyl and methylene protons of the aminocarbyne
ligand indicating a fast rotation of the diethylamino group
around the Ccarbyne2N bond. The methylene protons of
each ethyl group are diastereotopic because of the C1 sym-
metry of 2 and 3. However, they are isochronous by acci-
dent and give rise to one quadruplet resonance in the 1H-
NMR spectra of 2 and 3 at 293 K. Variable-temperature
1H-NMR spectra (300 MHz) of 2 in CD2Cl2 show this

Figure 1. ZORTEP plot of the molecular structure of 4 with thecomplex to be fluxional due to hindered rotation of the
thermal ellipsoids drawn at the 50% probability level; hydrogen

amino group about the Ccarbyne2N bond. The free energy atoms are omitted for clarity reasons except that bonded to the
nitrogen atom N1; selected bond lengths [Å] and angles [°]: W2C6of activation, ∆G°(Tc), for the site exchange of the ethyl
2.008(4), W2C7 2.043(4), W2Cl1 2.4457(13), W2Cl2 2.4817(12),groups was calculated at the coalescence temperature Tc of W2Cl3 2.4477(12), C62C7 1.366(6), C62N1 1.347(5), C72N2

the methyl proton resonances (Tc 5 191 K, 300 MHz) to be 1.301(5), W2Cg 2.089, (Cg denotes the center of gravity of the Cp*
ring), Cl12W2Cl2 149.04(4), Cl12W2Cl3 80.92(4), Cl22W2Cl339.8 kJ mol21. The activation barrier is smaller than that
79.21(4), N12C62C7 140.5(4), N22C72C6 142.4(4), C62W2C7of cis-Cp(Cl)2(CO)W;CNiPr2 [∆G° 5 50.5 kJ mol21] and 39.4(2), W2C62N1 147.4(3), W2C72N2 146.8(3), C62N12C8
129.4(4), C72N22C9 123.5(4), C72N22C12 119.5(4),cis-Cp*(Cl)2(CO)W;CNiPr2 [∆G° 5 47.4 kJ mol21], but
C92N22C12 116.3(4)similar to that of cis-Cp*(Br)2(CO)W;CNEt2 [∆G° 5

39.6 kJ mol21].[5c,6] Further support for the structures of 2
and 3 was given by the 13C{1H}-NMR spectra, which dis- We were interested to elucidate the mechanism of the

acid-promoted carbyne2isocyanide coupling reaction of 3play a carbyne2carbon resonance at low field (2: δ 5 310.0;
3: δ 5 306.4). This resonance is accompanied by tungsten (Scheme 2) and therefore prepared the aminocarbyne com-

plex 5 from 2 and P(OMe)3 by thermal CO ligand exchangesatellites due to coupling with the 183W nucleus. The
1J(W,C) coupling constant of 210.0 (2) and 223.3 Hz (3) is in THF (Scheme 3).

Complex 5 was isolated after purification by columntypical of 18e WII aminocarbyne complexes.[4,5c] In com-
parison, two low-field resonances are observed in the chromatography on silanized silica as an orange solid in

77% yield. It is readily soluble in CH2Cl2 and THF, spar-13C{1H}-NMR spectrum of 4 (δ 5 218.5, 219.3) indicating
the presence of a 4e-donor alkyne ligand.[3c,3g,3k,7] Further- ingly soluble in Et2O and decomposes upon heating at

98°C. Treatment of 5 with one equivalent of HCl afforded,more, an intense absorption band is observed in the IR
spectrum of 4 in CH2Cl2 at 1667 cm21, which can be as- after elimination of P(OMe)3, the 16e tungsten(IV) amino-

carbene complex 6 as a red, water-sensitive solid in 64%signed to the ν(N…
2C…

2C…
2N) stretching vibration of the di-

aminoacetylene ligand and suggests an extensive delocaliz- yield (Scheme 3). [4] Complex 6 is very soluble in CH2Cl2,
sparingly soluble in Et2O and decomposes upon heating atation of the amino-nitrogen lone-pair electrons in the al-

kyne ligand.[3c,3g,3k] Further evidence for this was given by 135°C.
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Figure 2. ZORTEP plot of the molecular structure of 6 with the
thermal ellipsoids drawn at the 50% probability level; hydrogen
atoms are omitted for clarity reasons except that bonded to the

Scheme 3. Syntheses of the complexes 5, 6 and 7 carbon atom C6; selected bond lengths [Å] and angles [°]: W2C6
2.065(7), W2Cl1 2.413(2), W2Cl2 2.418(2), W2Cl3 2.382(2),
W2Cg 1.979 (Cg denotes the center of gravity of the Cp* ring),
C62N1 1.300(9), Cl12W2Cl2 81.93(7), Cl12W2Cl3 133.49(7),The reaction of complex 6 with tBuNC was studied. Ad-
Cl22W2Cl3 81.08(8), Cl12W2C6 81.8(2), Cl22W2C6 138.5(3),dition of the isocyanide to the Lewis acidic tungsten center
Cl32W2C6 83.0(2), W2C62N1 129.2(6), C62N12C7 120.6(7),

of 6 would be expected to give the 18e carbene complex C62N12C9 123.2(6), C72N12C9 116.1(6)
Cp*(Cl)3(tBuNC)W5C(H)NEt2, which would rearrange to
afford the alkyne complex 4, if addition of HCl to the tung-
sten2carbon triple bond of 3 is the first step of the carbyne- 13C{1H} spectrum of 5 diplays a doublet resonance for the

carbyne2carbon nucleus at δ 5 306.5 [2J(P,C) 5 37.8 Hz].2isocyanide coupling reaction of 3 to give 4 (Scheme 2).
However, treatment of 6 with tBuNC in CH2Cl2 afforded The aminocarbene complexes 6 and 7 are distinguished by

an IR absorption band of medium intensity at 1508 andthe cationic 18e tungsten(IV) aminocarbene complex 7
selectively, [4] which was isolated as a yellow solid in 82% 1579 cm21, which is assigned to the ν(Ccarbene

…
2N) stretch-

ing vibration. The position of this band indicates the strongyield (Scheme 3). The outcome of this reaction was inde-
pendent of the molar ratio of the reactants, half of the start- π interaction of the amino group with the metal2

carbon double bond. This is supported by the temperature-ing material 6 being converted into 7, when only one equiv-
alent of tBuNC was used. These results suggest that car- dependent 1H-NMR spectra of 6 (400 MHz) in the range

of 2332293 K revealing a hindered rotation of the diethyl-bene complex intermediates are not formed during the reac-
tion of 3 with HCl.[3f,3p,9] Instead of this, they indicate a amino group about the Ccarbene2N bond. The free energy

of activation for the site exchange of the inequivalent ethylreaction pathway involving protonation of 3 at the isocyan-
ide nitrogen atom followed by spontaneous carbyne2car- groups was found to be 57.3 kJ mol21. Furthermore, the

1H-NMR spectrum of 7 (400 MHz) in CD2Cl2 at 293 Kbyne ligand coupling to afford the alkyne complex 4. This
suggestion is supported by earlier work showing that the displays two sets of resonances for the methyl and methyl-

ene groups indicating that rotation of the diethylamino2e-oxidation of WII bis(aminocarbyne) complexes is ac-
companied by C2C coupling of the carbyne ligands. [3g] group around the Ccarbene2N bond is slow on the NMR

time scale. The 1H-NMR spectra of 6 and 7 show a singletComplexes 527 were also fully characterized (Exper-
imental Section). The IR spectrum of the aminocarbyne resonance at low field (6: δ 5 10.56; δ 5 9.95) for the pro-

ton bound to the carbene carbon atom. Accordingly, thecomplex 5 in CH2Cl2 displays an intense absorption for the
ν(Ccarbyne

…
2N) stretching vibration at 1547 cm21. This ab- carbene carbon resonances of 6 and 7 at δ 5 248.7 and

230.9 are split into doublets in the proton-coupled 13C-sorption appears at lower wavenumbers than that of 2 and
3 indicating stronger metal2carbyne back bonding. [5] The NMR spectra. The 1J(C,H) coupling constant of the 16e

complex 6 is, at 140.1 Hz, of similar magnitude to that of1H-NMR spectrum of 5 at 293 K shows one triplet reson-
ance for the methyl protons and two doublets of quad- the 18e complex 7 (144.2 Hz) and excludes any agostic in-

teraction of the C2H bond with the metal center in 6. [9,10]ruplets for the diastereotopic methylene protons of the ami-
nocarbyne ligand due to fast rotation of the diethylamino This is verified by the solid-state structure of 6 showing a

W2Ccarbene2N bond angle [W2C62N1 5 129.2(6)°] ingroup about the Ccarbyne2N bond and the presence of only
the C1-symmetric cis stereoisomer in solution. [5c] The the range found for nondistorted carbene ligands (Figure
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of authentic samples to determine whether the compounds had de-2). [10,11] The W2CCarbene bond of 2.065(7) Å is shorter than
composed.that of structurally related WII aminocarbene complexes

{e.g. [cis-Cp*(CO)2(Cl)W5C(H)NEt2]: W2C 5 2.141(3) cis-Cp*(Cl)2(CO)W;CNEt2 (2): A solution of 1 (0.46 g,
Å} due to the smaller covalent radius of tungsten(IV). The 1.00 mmol) in 20 mL of CH2Cl2 was cooled to 278°C and treated
short Ccarbene2N bond of 1.300(9) Å reflects the double- with a solution of freshly prepared PhICl2 (0.275 g, 1.00 mmol) in

10 mL of CH2Cl2. The reaction mixture was allowed to warm tobond character of this bond in full agreement with the spec-
room temperature and stirred for 2 h. Evolution of gas was ob-troscopic data of 6. The plane of the aminocarbene ligand
served and the color of the solution changed from intense yellowpassing through the atoms W, C6, and N1 is almost perpen-
to violet. The complete conversion of 1 to 2 was confirmed by IRdicular to the Cp* ring plane (dihedral angle between the
spectroscopy in the region of 220021500 cm21. The purple solu-best planes 5 88.5°).
tion was concentrated in vacuo to a few milliliters and a diethyl
ether/pentane mixture (1:1) was added to precipitate complex 2.
The supernatant solution was discarded and the residue wasConclusion
washed twice with 10 mL of a diethyl ether/pentane mixture (1:1)
and dried in vacuo. Yield 0.44 g (88%), violet, microcrystallineThe carbyne2isocyanide coupling reaction of cis-Cp*
solid, m.p. 176°C (decomp.). 2 IR (CH2Cl2): ν̃ 5 1986 cm21, vs(Cl)2(tBuNC)W;CNEt2 (3) with HCl to give the alkyne
[ν(CO)], 1600 s [ν(Ccarbyne

…
2N)]. 2 1H NMR (400 MHz, CD2Cl2,

complex Cp*(Cl)3W[η2-tBu(H)NC;CNEt2] (4) shows that 293 K): δ 5 1.32 [t, 3J(H,H) 5 7.3 Hz, 6 H, N(CH2CH3)2], 2.05 (s,
electrophilic activation of C1 ligands related to carbon mon- 15 H, C5Me5), 3.50 [q, 3J(H,H) 5 7.3 Hz, 4 H, N(CH2CH3)2]. 2
oxide, is also possible at a metal center in high oxidation 13C{1H} NMR: (100.6 MHz, CD2Cl2, 293 K): δ 5 11.8 (C5Me5),
state and induces C2C bond formation. In comparison, the 14.9 [N(CH2CH3)2], 50.6 [N(CH2CH3)2], 109.3 (C5Me5), 228.2
aminocarbyne complex cis-Cp*(Cl)2[P(OMe)3]W;CNEt2 [CO, 1J(W,C) 5 135.6 Hz], 310.0 [W;C, 1J(W,C) 5 210.0 Hz]. 2

EI-MS (70 eV): m/z 5 473 [M1 2 CO], 444 [M1 2 CO 2 Et], 389(5) adds HCl to the metal2carbon triple bond to afford
[M1 2 CO 2 Et 2 EtNC]. 2 C16H25Cl2NOW (502.14): calcd. Cthe 16e aminocarbene complex Cp*(Cl)3W5C(H)NEt2 (6)
38.27, H 5.02, Cl 14.12, N 2.79, O 3.19, W 36.61; found C 38.17,after elimination of P(OMe)3. The reaction of 6 with
H 4.85, Cl 14.52, N 3.05, O 3.75, W 36.99%.tBuNC to give the 18e carbene complex [Cp*

(Cl)2(tBuNC)W5C(H)NEt2]Cl (7) suggests that electro- cis-Cp*(Cl)2(tBuNC)W;CNEt2 (3): A suspension of 2 (1.02 g,
philic activation of 3 occurs upon protonation of the isocy- 2.03 mmol) in 50 mL of toluene was treated at ambient temperature

with tBuNC (0.253 mL, 2.23 mmol) and then refluxed for 2 h. Theanide ligand at the nitrogen atom.
color of the solution changed from violet to bright-red. An IR
spectrum of the solution was recorded to confirm the complete
conversion of 2 to 3. The solution was then evaporated to dryness,Experimental Section
the residue dissolved in a minimum amount of CH2Cl2 and the

General: Standard inert-atmosphere techniques were used for all solution treated at 278°C with 10 mL of diethyl ether and 20 mL
syntheses and sample manipulations. The solvents were dried by of pentane to precipitate complex 3. This procedure was repeated
standard methods (pentane with CaH2, diethyl ether, THF and once to afford 3 as a rose-colored, microcrystalline solid. 2 Yield
toluene with Na/benzophenone, CH2Cl2 with P2O5 and Na/Pb al- 0.86 g (76%), m.p. 105°C. 2 IR (CH2Cl2): ν̃ 5 2135 cm21, vs
loy) and distilled under argon prior to use. Column chromatogra- [ν(tBuN;C)], 1571 s [ν(Ccarbyne

…
2N)]. IR (toluene): ν̃ 5 2129 cm21,

phy was carried out on a silanized silica support (Merck 7719; vs [ν(tBuN;C)], 1577 s [ν(Ccarbyne
…
2N)]. 2 1H NMR (300 MHz,

006320.200 mm) as the stationary phase in a thermostated column CD2Cl2, 293 K): δ 5 1.29 [t, 3J(H,H) 5 7.2 Hz, 6 H, N(CH2CH3)2],
of 15-cm length and 2-cm diameter. The silanized silica was dried 1.56 (s, 9 H, Me3C), 1.98 (s, 15 H, C5Me5), 3.46 [q, 3J(H,H) 5
in vacuo at 150°C prior to use. Complex 1, [5b] PhICl2, [12] and 7.2 Hz, 4 H, N(CH2CH3)2]. 2 13C{1H} NMR: (75.5 MHz, CD2Cl2,
tBuNC[13] were prepared according to literature procedures. 293 K): δ 5 11.9 (C5Me5), 15.4 [N(CH2CH3)2], 31.2 (Me3C), 49.5
P(OMe)3 was distilled under argon prior to use. All other chemicals [N(CH2CH3)2], 58.5 (Me3C), 107.2 (C5Me5), 166.7 (Me3CNC),
were commercially available. 2 Elemental analyses were obtained 306.4 [W;C, 1J(W,C) 5 223.3 Hz]. 2 C20H34Cl2N2W (557.26):
from the Central Analytical Group of the Department of Chemis- calcd. C 43.11, H 6.15, N 5.03; found C 43.32, H 6.35, N 5.13%.
try of the Humboldt-Universität zu Berlin and the Microanalytical
Laboratory of the Institute of Inorganic Chemistry of the Technis- Cp*(Cl)3W[η2-tBu(H)NC;CNEt2] (4): A solution of 3 (0.129 g,

0.23 mmol) in 30 mL of diethyl ether was treated at 278°C with ache Universität München. 2 Solution IR spectra were recorded on
a Bruker IFS-55 spectrometer using a NaCl cell. 1H-, 13C{1H}-, 1  solution of HCl in diethyl ether (0.23 mL, 0.23 mmol). The

reaction mixture was allowed to warm to room temperature andand 31P{1H}-NMR spectra were recorded on a Bruker AM-300 or
a Jeol GX-400 spectrometer in dry, deoxygenated [D2]dichlorome- stirred for 1 h. During this time precipititation of a violet solid

was observed. The supernatant solution was decanted off and thethane. The 1H- and 13C{1H}-NMR spectra were calibrated against
the internal residual proton and natural-abundance 13C resonances precipitate washed twice with 10 mL of cold diethyl ether (278°C)

and dried in vacuo. Yield 0.126 g (92%), violet solid, m.p. 157°Cof the deuterated solvent ([D2]dichloromethane, δH 5 5.32
and δC 5 53.8) and the 31P{1H}-NMR spectra against an external (decomp.). 2 IR (CH2Cl2): ν̃ 5 3435 cm21, m [ν(NH)], 1667 s

[ν(N…
2C…

2C…
2N)]. 2 1H NMR (300 MHz, CD2Cl2, 258 K): δ 585% H3PO4 aqueous solution. 2 Mass spectra were obtained with

a Hewlett2Packard 5995A or a Varian MAT 311 A spectrometer; 1.22 (t, 3 H, CH2CH3), 1.30 (t, 3 H, CH2CH3), 1.34 (s, 9 H, CMe3),
1.97 (s, 15 H, C5Me5), 4.01 (q, 2 H, CH2CH3), 4.32 (q, 2 H,m/z values are given relative to the 184W and 35Cl isotopes. 2 Melt-

ing points were determined using a Büchi 530 melting point appar- CH2CH3), 5.77 (s, 1H, NH). 2 13C{1H} NMR (75.5 MHz,
CD2Cl2, 258 K): δ 5 11.0 (C5Me5), 15.1 (CH2CH3), 15.6atus and are not corrected. The samples were sealed under argon

in capillary tubes and heated with a rate of 1 K min21. 2 IR spec- (CH2CH3), 31.4 (CMe3), 51.3 (CH2CH3), 51.9 (CH2CH3), 58.2
(CMe3), 117.7 (C5Me5), 218.5, 219.3 (Calkyne). 2 EI-MS (70 eV):tra of the heated samples were recorded and compared with those
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m/z 5 557 [M1 2 Cl], 501 [M1 2 Cl 2 Me2C5CH2], 473 [M1 2 NMR (75.5 MHz, CD2Cl2, 293 K): 11.8 (C5Me5), 14.2 (CH2CH3),

14.5 (CH2CH3), 30.4 (CMe3), 30.9 (CMe3), 53.6 (CH2CH3), 58.4Cl 2 Me2C5CH2 2 CNH2], 444 [M1 2 Cl 2Me2C5CH2 2

CNH2 2 Et], 389 [M1 2 Cl 2 Me2C5CH2 2 CNH2 2 Et (CH2CH3), 59.0 (CMe3), 59.9 (CMe3), 103.7 (C5Me5), 146.4
(tBuNC), 154.6 (tBuNC), 230.9 [W5C, 1J(W,C) 5 84.4 Hz;2EtNC], 353 [M1 2 Cl 2 Me2C5CH2 2 CNH2 2 Et 2 EtNC

2 HCl]. 2 C20H35Cl3N2W (593.72): calcd. C 40.46, H 5.94, N 4.72, 1J(C,H) 5 144.2 Hz]. 2 C25H44Cl3N3W (676.85): calcd. C 44.36,
H 6.55, Cl 15.71, N 6.21; found C 44.40, H 6.61, Cl 15.59, N 5.83%.Cl 17.91; found C 40.32, H 6.12, N 4.75, Cl 17.85%.

X-ray Crystal-Structure Determination of 4 and 6: Data collectioncis-Cp*(Cl)2[P(OMe)3]W;CNEt2 (5): A solution of 2 (0.12 g,
for 4 was performed on a CAD4-Enraf2Nonius and for 6 on a0.24 mmol) in 30 mL of THF was treated with P(OMe)3 (0.034 mL,
STOE STADI4 four-circle diffractometer with graphite monochro-0.29 mmol) and refluxed for 5 h. An IR spectrum of the reaction
mated Mo-Kα radiation (λ 5 0.71073 Å). After data reduction andsolution was recorded in the region 220021500 cm21 to ensure
LP correction the structures were solved with Patterson Methodsthe complete conversion of 2 to 5. Afterwards the solution was
(SHELXS-86)[14] and subsequent difference-Fourier synthesisevaporated to dryness and the residue was purified by column chro-
(SHELXL-93). [15] Refinement on F2 was carried out by full-matrixmatography on silanized silica at 220°C. Elution with diethyl ether
least-squares techniques (SHELXL-93). Non-hydrogen atoms wereafforded an orange fraction, which was evaporated to dryness to
refined anisotropically, the atoms H1 in 4 and H6 in 6 were refinedgive 5 as an orange, microcrystalline solid. Yield 0.11 g (77%), m.p.
isotropically. All other hydrogen atoms were calculated using a rid-98°C (decomp.). 2 IR (CH2Cl2): ν̃ 5 1547 cm21, s [ν(Ccarbyne

…
2N)].

ing model. Geometrical calculations were performed with PLA-IR (THF): ν̃ 5 1544 cm21, s [ν(Ccarbyne
…
2N)]. 2 1H NMR

TON[16] and illustrations with ZORTEP.[17](400 MHz, CD2Cl2, 293 K): δ 5 1.26 [t, 3J(H,H) 5 7.3 Hz, 6 H,
N(CH2CH3)2], 1.96 (s, 15 H, C5Me5), 3.38 [dq, 2J(H,H) 5 13.7 Hz, Single crystals of 4 were obtained upon diffusion of diethyl ether
3J(H,H) 5 7.3 Hz, 2 H, N(CHAHBCH3)2], 3.54 [dq, 2J(H,H) 5 into a solution of 4 in CH2Cl2 at 230°C; C20H35Cl3N2W (593.70);
13.7 Hz, 3J(H,H) 5 7.3 Hz, 2 H, N(CHAHBCH3)2], 3.78 [d, crystal dimensions 0.6 3 0.3 3 0.2 mm; orthorhombic, space group
3J(P,H) 5 10.4 Hz, 9 H, OCH3]. 2 13C{1H} NMR: (100.6 MHz, P212121 (Nr. 19), a 5 9.460(2), b 5 13.868(4), c 5 17.056(3) Å,
CD2Cl2, 293 K): δ 5 11.8 (C5Me5), 15.4 [N(CH2CH3)2], 48.2 [d, V 5 2237.7(9) Å3, Z 5 4, ρcalcd. 5 1.762 g cm23; T 5 166 K, µ 5
4J(P,C) 5 3.4 Hz, N(CH2CH3)2], 54.8 [d, 2J(P,C) 5 7.9 Hz, OMe], 5.327 mm21, F(000) 5 1176, ω-2Θ scan, 4° # 2Θ # 50°; 2321 total
108.6 (C5Me5), 306.5 [d, 2J(P,C) 5 37.8 Hz, W;C]. 31P{1H} NMR reflections, 2168 unique and 2161 with I > 2σ(I), which were used
(162.1 MHz, CD2Cl2, 293 K): δ 5 133.3 [1J(W,P) 5 435.1 Hz]. CI- for refinement; empirical absorption correction DIFABS (min.
MS: m/z 5 473 [M1 2 P(OMe)3]. 2 C18H34Cl2NO3PW (598.20): 0.876, max. 1.112); [18] residual electron density, min/max 20.359/
calcd. C 36.14, H 5.73, Cl 11.85, N 2.34, W 30.73; found C 36.08, 0.389 eÅ23; refinement of the 239 parameters resulted in R1 5
H 5.75, Cl 11.90, N 2.36, W 30.80%. 0.0142, wR2(F2) 5 0.0312, GOF 5 1.088.

Cp*(Cl)3W5C(H)NEt2 (6): A sample of 5 (0.11 g, 0.18 mmol) was Single crystals of 6 were obtained upon diffusion of diethyl ether
suspended in 40 mL of diethyl ether and treated at 278°C with a into a solution of 6 in CH2Cl2 at 230°C; C15H26Cl3NW (510.57);
1  solution of HCl in diethyl ether (0.18 mL, 0.18 mmol). The crystal dimensions 0.5 3 0.4 3 0.3 mm; orthorhombic, space group
reaction mixture was warmed to room temperature and stirred for Pbca (Nr. 61), a 5 12.551(9), b 5 15.487(10), c 5 18.663(2) Å, V 5
2.5 h. During this time the color of the suspension changed from 3628(4) Å3, Z 5 8, ρcalcd. 5 1.870 g cm23; T 5 190 K, µ 5 6.553
orange to red. The resulting red precipitate was then allowed to mm21, F(000) 5 1984, ω22Θ 2scan, 4° # 2Θ # 50°; 1984 total
settle, the supernatant solution was decanted and the precipitate reflections, 1754 unique and 1745 with I > 2σ(I), which were used
washed three times with 10 mL of cold diethyl ether (278°C) and for refinement; empirical absorption correction DIFABS (min.
dried in vacuo. Yield 0.06 g (64%), red solid, m.p. 135°C (decomp.). 0.906, max. 1.337); residual electron density, min/max 20.722/
2 IR (CH2Cl2): ν̃ 5 1508 cm21, m [ν(Ccarbene

…
2N)]. 2 1H NMR 0.609 eÅ23; refinement of the 185 parameters resulted in R1 5

(400 MHz, CD2Cl2, 233 K): δ 5 1.24 [t, 3J(H,H) 5 7.3 Hz, 3 H, 0.0269, wR2(F2) 5 0.0586, GOF 5 1.134. [19]

CH2CH3], 1.29 [t, 3J(H,H) 5 7.3 Hz, 3 H, CH2CH3], 2.31 (s, 15 H,
C5Me5), 3.65 [q, 3J(H,H) 5 7.3 Hz, 2 H, CH2CH3], 3.81 [q,
3J(H,H) 5 7.3 Hz, 2H, CH2CH3], 10.56 (s, 1H, W5CH). 2 13C AcknowledgmentsNMR (100.6 MHz, CD2Cl2, 233 K): 13.5 (C5Me5), 16.5 (CH2CH3),
16.7 (CH2CH3), 50.9 (CH2CH3), 54.2 (CH2CH3), 107.3 (C5Me5), We thank the Deutsche Forschungsgemeinschaft, the Fonds der
248.7 [W5C, 1J(W,C) 5 103.8 Hz; 1J(C,H) 5 140.1 Hz]. 2 FD- Chemischen Industrie and the Humboldt-Universität zu Berlin for
MS (CH2Cl2): m/z 5 509 [M1]. 2 C15H26Cl3NW (510.59): calcd. financial support, M. Barth, Dr. U. Hartmann, and U. Kursawe
C 35.29, H 5.13, Cl 20.83, N 2.74, W 36.01; found C 34.60, H 5.04, for the elemental analyses and Dr. M. von Löwis, A. Woyda, Prof.
Cl 20.87, N 2.76, W 35.99%. Dr. F. R. Kreißl, and R. Dumitrescu for recording the mass spectra.

[Cp*(Cl)2(tBuNC)2W5C(H)NEt2]Cl (7): A solution of 6 (0.125 g,
0.24 mmol) in 10 mL of CH2Cl2 was treated at room temperature
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J. Chem. Soc., Dalton. Trans. 1995, 119321199. [17] L. Zsolnai, H. Pritzkow, ZORTEP, ORTEP program for PC,

University of Heidelberg, Germany, 1994.[4] The carbyne ligand is considered formally as a cationic 2e-do-
nor ligand bearing a pair of empty orthogonal acceptor orbitals [18] N. Walker, D. Stewart, DIFABS, Acta Crystallogr. A 1983, 39,

158.of π symmetry, the carbene ligand as a neutral 2e-donor ligand
bearing an empty π-acceptor orbital, and the cyclopentadienyl [19] Crystallographic data (excluding structure factors) for the struc-

tures reported in this paper have been deposited with the Cam-group as an anionic 6e-donor ligand. Given this formalism, the
metal center has in complexes B, C, and 1 a d6, in complexes bridge Crystallographic Data Centre as supplementary publi-

cation no. CCDC-121964 and -121965. Copies of the data can2, 3, and 5 a d4 and in complexes 6 and 7 a d2 electron configu-
ration. be obtained free of charge on application to CCDC, 12 Union

Road, Cambridge CB2 1EZ, UK [Fax: (internat.) 1 44-1223/[5] [5a] A. C. Filippou, E. O. Fischer, J. Organomet. Chem. 1988,
349, 3672374. 2 [5b] A. C. Filippou, W. Grünleitner, Z. Natur- 336033, E-mail: deposit@ccdc.cam.ac.uk].

Received July 6, 1999forsch B 1989, 44, 157221580. 2 [5c] B. Lungwitz, A. C. Filip-
pou, J. Organomet. Chem. 1995, 498, 912107. [I99240]

Eur. J. Inorg. Chem. 1999, 1905219101910


