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Alkyl and alkylidene imido cyclopentadienyl tungsten complexes
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Abstract

This paper reports the alkylation of the cyclopentadienyl imido tungsten complexes [WCp%(NtBu)Cl3] (Cp%=h5-C5H5,
h5-C5Me5) with b-hydrogen containing alkyl groups to render halo alkyl and trialkyl complexes [WCp%(NtBu)Cl3−nRn ] (R=Et,
n-Pr). Thermal decomposition of the trialkyl compounds gives the alkylidene derivatives [WCp%(NtBu)(CHR)(CH2R)] (R=Me,
Et) by a-hydrogen elimination. All of the compounds were characterized by NMR spectroscopy and the molecular structure of
[W(h5-C5Me5)(NtBu)Et3] was determined by X-ray diffraction methods. © 1999 Elsevier Science S.A. All rights reserved.
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1. Introduction

High valent molybdenum and tungsten compounds
have found important applications as catalysts in vari-
ous industrial processes related to olefin metathesis [1]
and ring opening metathesis polymerization [2], in
which intermediate alkylidene moieties are readily
formed particularly in the presence of stabilizing
alkoxo and imido ligands. Imido molybdenum and
tungsten complexes have also been used as model cata-
lysts for the ammoxidation of olefins [3]. For all these
reasons the chemistry of transition-metal imido com-
plexes has been extensively developed in the past 5
years and continues to expand [4]. We have lately
reported the isolation of several h5-cyclopentadienyl
imido complexes of Group 5 and 6 metals in high

yields [5]. Alkyl derivatives of chloro diimido [6] and
trichloro imido [5a,7] cyclopentadienyl molybdenum
and tungsten compounds, usually without b-hydrogen
atoms, have been reported. They provide easy access to
alkylidene compounds by a-hydrogen abstraction fol-
lowed by reductive elimination of alkanes which have
been shown to be effective metathesis catalysts [8]. We
have recently reported the isolation of tungsten alkyli-
dene compounds [WCp*(NtBu)(�CHR)(CH2R)] (R=
H, Ph, SiMe3) and [WCp*(NtBu) (�CHSiMe3)Cl] [9]
and were interested in studying the behaviour of re-
lated compounds with b-hydrogen containing alkyl
groups. Preferential a- against b-elimination has been
reported [10] and the catalytic activity of trans-
[WOCl2(O-2,6-Br2C6H3)2] in the presence of PbEt4 has
been explained [11] on the basis of the intermediate
formation of the ethylidene complex by a-hydrogen
elimination. We report here the results of our studies
of the alkylation of [WCp%(NtBu)Cl3] (Cp%=h5-C5H5,
h5-C5Me5) using ethyl and n-propyl alkylating agents,
the X-ray crystal structure of the triethyl complex
[W(h5-C5Me5)(NtBu)Et3] and the thermal activation of
the resulting tungsten alkyls.
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Scheme 1.

2. Results and discussion

2.1. Alkylation reactions

Alkylation of the trichloro tungsten complex [W(h5-
C5Me5)(NtBu)Cl3] (1) prepared as reported in detail
previously [5a], with MgClEt was studied using varying
molar ratios. Addition of one equivalent of the alkylat-
ing agent to a toluene solution of the complex gave an
oily orange residue which contained a mixture of vari-
ous components as evidenced by its 1H-NMR spectrum
from which the triethyl complex [W(h5-C5Me5)-
(NtBu)Et3] (4) was recovered as a yellow crystalline
solid after extraction into cold pentane. The resulting
pale-yellow residue contains a mixture of excess starting
material together with the monoalkylated compound
cis-[W(h5-C5Me5)(NtBu) Cl2Et] (3) characterized by
NMR spectroscopy. The initial mixture also contained
the trans-3 stereoisomer identified by the unique
methylenic CH2–Me quartet observed at d 2.40 in the
1H-NMR spectrum of the oily residue, which disap-
peared on manipulation probably due to its isomeriza-
tion to the cis-3 isomer favoured by the strong trans-
effect of the imido ligand. Formation of 4 when a
deficiency of the alkylating agent is present demon-
strates that the alkylation of any partially alkylated
species is more rapid than that of the starting com-
pound. The monoethyl complex cis-3 could not be
obtained free of the starting complex as both exhibited
similar solubility and repeated recrystallization from

toluene resulted only in a 6/1 molar ratio of both
compounds, cis-3 being the major component.

The same behaviour was observed when the reaction
was carried out adding two equivalents of the alkylat-
ing agent leading to a mixture which contained 4/cis-3
in a molar ratio slightly higher than 1/1 and a smaller
amount of the starting trichloro complex. Formation of
the diethyl complex was never observed. The triethyl
complex 4 was the only component formed and recov-
ered in a 70% yield after recrystallization when three
equivalents of the alkylating agent were used (Scheme
1).

An analogous reaction of [W(h5-C5Me5)(NtBu)Cl3] 1
with three equivalents of MgCl(n-Pr) allowed the tri-
alkylated complex [W(h5-C5Me5)(NtBu)(n-Pr)3] 5 to be
isolated as a pale-yellow crystalline solid in a 65% yield
after recrystallization from pentane. Partially alkylated
compounds were probably also formed when one or
two equivalents of the alkylating agent were used,
although we were not able to identify them as single
components in the resulting mixtures.

The reaction of [W(h5-C5H5)(NtBu)Cl3] 2 (prepared
by a previously reported method [5a]) with ethyl and
n-propyl magnesium chloride also gave unresolvable
mixtures of alkylated compounds whereas the related
trialkyl complexes [W(h5-C5H5)(NtBu)R3] (R=Et 6,
n-Pr 7) resulted in unique components when three
equivalents of the alkylating agent were used. However
6 and 7 could only be characterized in solution by
1H-NMR spectroscopy because any attempt made to
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Fig. 1. PLUTO diagram of the molecular structure of [W(h5-
C5Me5)(NtBu) Et3] 4; the hydrogen atoms are omitted for the sake of
clarity.

types of alkyl groups in a 1:2 molar ratio. They exhibit
a spectral behaviour consistent with A2B3 (trans-ethyl),
ABC3 (cis-ethyl), A2B2C3 (trans-n-propyl) and
ABCDE3 (cis-n-propyl) spin systems, respectively (see
Section 3). The 13C-NMR spectra for 4 and 5 confirmed
these assignments and showed a remarkable shielding
(Dd=dtrans–dcis) trans-b-effect (−6.1 ppm for 4 and
−6.4 ppm for 5) and a very small a-effect (−1.9 ppm
for 4 and −1.3 ppm for 5) of the imido ligand.

In addition two singlets were observed, one for the
tBu and one for the methyl-cyclopentadienyl groups for
all of these compounds.

2.3. X-ray molecular structure of complex 4

A diagram of the molecular structure of 4 is shown in
Fig. 1 and selected bond distances and angles are given
in Table 1.

If the centroid of the cyclopentadienyl ligand is
viewed as occupying one coordination site, the geome-
try about tungsten in this complex is close to being
square pyramidal with the four positions of the basal
plane occupied by the N1 atom of the imido group and
the three carbon atoms of the ethyl substituents C31,
C41 and C51. The imido group shows an almost linear
disposition with a W1–N1–C21 angle of 174.6(7)° and
a very short W1–N1 triple bond distance (1.727(7) Å)
indicative of the sp hybridized nitrogen atom of a
four-electron donor ligand which completes the 18-elec-
tron count for the metal center. The W-ring centroid
and the W1–N1 distances are comparable to those in
other tungsten imido complexes such as [W(h5-
C5Me5)(NtBu)Cl3] [5a]. The most significant feature of
this structure is the orientation of the ethyl group trans
to the imido ligand which shows a W1–C41 distance
slightly longer (2.249(9) Å) than the other two located
in cis-positions (2.228(9) and 2.216(9) Å), revealing the
stronger trans- effect of this ligand. Moreover, the
W1–C41–C42 angle for the trans-ethyl group is signifi-
cantly more opened (126.0(6)°) than the corresponding

record 13C-NMR spectra or to recover them as solids
by evaporation of the solvent resulted in their decom-
position to give unidentified products.

2.2. IR and NMR spectroscopy

The two triethyl tungsten complexes 4 and 6 showed
two IR absorption bands between 1263 and 1211 cm−1

due to the reported [4a] combination of the M�N and
N–C stretching vibrations whereas absorptions due to
W–Cl bonds were observed between 400 and 200 cm−1

in the partially alkylated cis-3 complex.
The cis disposition of the imido and the ethyl ligands

in complex cis-3 was shown by the chiral character of
the metal center which is responsible for the ABC3 spin
system of the ethyl group, in contrast with the A2B3

spin system observed for trans-3 (see Section 3).
The 1H-NMR spectra of the triethyl 4 and 6 and

tri-n-propyl complexes 5 and 7 show the expected (two)

Table 1
Selected bond lengths (Å) and angles (°) for 4a

Bond lengths
1.727(7) W(1)–C(51)W(1)–N(1) 2.216(9) W(1)–C(31) 2.228(9)

C(31)–C(32)1.468(11)N(1)–C(21)2.249(9)W(1)–C(41) 1.533(13)
1.553(12) C(51)–C(52) 1.501(13) W(1)–Cp*(1)C(41)–C(42) 2.114

Bond angles
N(1)–W(1)–C(41)87.6(3)N(1)–W(1)–C(31) 120.4(3)

N(1)–W(1)–C(51) 86.9(3) C(51)–W(1)–C(31) 142.1(4)
C(51)–W(1)–C(41) 77.3(3) C(31)–W(1)–C(41) 73.3(3)

117.5(6)C(21)–N(1)–W(1) C(32)–C(31)–W(1)174.6(7)
C(42)–C(41)–W(1) 126.0(6) C(52)–C(51)–W(1) 117.2(6)

Cp*(1)–W(1)–C(31)127.9Cp*(1)–W(1)–N(1) 105.8
107.1Cp*(1)–W(1)–C(51)Cp*(1)–W(1)–C(41) 111.7

a Cp*(1) is the centroid of the cyclopentadienyl ring.
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angles (117.5(6) and 117.2(6)°) for the other two ethyl
groups with essentially sp3 carbon atoms; the presence
of an a-agostic interaction, which is the first step of
the a-elimination process, could not be detected.

2.4. Thermal acti6ation of the alkyl tungsten complexes

Thermal activation of the triethyl and tri-n-propyl
tungsten complexes 4–6 was studied by heating their
C6D6 solutions in sealed NMR tubes and monitoring
their transformations by 1H-NMR spectroscopy. For-
mation of the ethylidene complexes [WCp%(NtBu)
(�CHR)(CH2R)] (Cp%=h5-C5H5, R=Me 9; Cp%=h5-
C5Me5, R=Me 8, Et 10) resulting from a-hydrogen
elimination is consistent with the observation of char-
acteristic resonances for the W�CHR moiety in the
1H- and 13C- (8, 10) NMR spectra (see Section 3).

The triethyl complex 6 (with the unsubstituted cy-
clopentadienyl ligand) is thermally stable for 2 days
at temperatures under 90°C but is slowly trans-
formed, with elimination of ethane, when heated at
90°C, the reaction being complete after 1 day to give
the ethylidene complex [WCp(NtBu)(�CHMe)-
(CH2Me)] 9. Similar treatment of complex 4 (with the
permethylated cyclopentadienyl ring) revealed that
this compound is transformed at lower temperature
(45°C) but its decomposition is slower than that of
complex 6, 80 h being required to complete its trans-
formation to give [WCp*(NtBu)(�CHMe)(CH2Me)] 8.
When heated at temperatures higher than 50°C the
reaction was faster but the resulting ethylidene com-
plex was always contaminated by other unidentified
by-products. In this case, the steric hindrance of the
bulkier cyclopentadienyl ligand and its higher donor
capacity makes its transformation into the ethylidene
compound slower and less selective [10]. Similar treat-
ment of the tri-n-propyl complex 5 led to its transfor-
mation after 3 h at 25°C, although a complete
transformation required heating at 40°C for 24 h and
was favoured by the presence of sun-light, giving the
corresponding n-propylidene derivative [WCp*(NtBu)
(�CHEt)(CH2Et)] 10. This behaviour is consistent
with the known preference for a-H abstraction in
compounds containing larger Cb substituents [10].

The 1H-NMR spectra of complexes 8, 9 and 10
showed the expected signals for the ethylidene proton
of the W�CHCH3 moiety and the diastereotopic
methylenic protons for the remaining alkyl group due
to the chiral character of the tungsten atom. A NOE
experiment (NOE=0.58%) for complex 8 allowed the
assignment of the disposition of the ethylidene group
with the H atom oriented in the direction of the cy-
clopentadienyl ring. All these assignments were confi-
rmed by the 13C-{1H}-NMR spectra of 8 and 10
which showed the resonance due to the ethylidene

carbon at d 247.4 (1JCW=167.2 Hz) and d 256.0
(1JCW=169.1 Hz), respectively (see Section 3).

3. Experimental

3.1. General methods

All manipulations were performed under an inert
atmosphere of argon using standard Schlenck tech-
niques or a dry box. Solvents used were previously
dried and freshly distilled under argon: THF from
sodium benzophenone ketyl; toluene from sodium;
hexane from sodium–potassium. Unless otherwise
stated, reagents were obtained from commercial
sources and used as received. The following reagents
were synthesized using literature procedures: [W(h5-
C5Me5](NtBu)Cl3] and [W(h5-C5H5)](NtBu)Cl3] [5a].
IR spectra were recorded in Nujol mulls between CsI
pellets, over the range 4000–200 cm−1 on a Perkin-
Elmer 583 spectrophotometer. 1H- and 13C-NMR
spectra were recorded on a Unity 300 or Unity 500
Plus spectrometer. Chemical shifts, in ppm, are mea-
sured relative to residual 1H- and 13C- resonances for
benzene-d6 used as the solvent: 7.15 (1H) and 128.0
(13C), and coupling constants are in Hz. C, H and N
analysis were carried out with a Perkin-Elmer 240 C
analyzer.

3.2. Reaction of [WCp*(NtBu)Cl3] with MgEtCl

3.2.1. Molar ratio 1/1
A 2 M solution of MgEtCl in THF (0.53 ml, 1.06

mmol) was added to a solution of [WCp*(NtBu)Cl3]
(0.53 g, 1.06 mmol) in toluene (50 ml) cooled to −
78°C. Darkening of the solution was observed when
the solution was warmed to room temperature (r.t.).
After 16 h the solution was filtered and the solvent
was removed under vacuum to give an oily green
residue. This residue was washed with cold pentane
and the resulting pale yellow solid was recrystallized
from hexane to give a solid which according to its
1H-NMR spectrum contained a 1/1 mixture of the
monoethyl [WCp*(NtBu)EtCl2] 3 and the starting
complex 1. Repeated recrystallization of this mixture
from hexane gave a mixture of 3/1 in a molar ratio
of 6/1 with yields lower than 10%. Pure complex 3
could not be isolated and therefore was only charac-
terized by NMR spectroscopy. 1H-NMR (d ppm,
C6D6): 1.12, 2.02, 2.57 (1H, 1H, 3H, CH2CH3 ABC3

spin system: 2JHH=9.5 Hz, 3JHH=7.0 Hz), 1.21 (s,
9H, NCMe3), 1.72 (s, 15H, C5Me5). 13C-NMR (d
ppm, C6D6): 11.7 (C5Me5), 23.0 (CH2CH3), 29.4
(CMe3), 53.9 (1JCW=70.7, CH2CH3), 72.9 (CMe3),
118.4 (C5Me5).
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3.2.2. Molar ratio 1/3
A 2 M solution of MgClEt in THF (1.8 ml, 3.60

mmol) was added to a toluene (50 ml) solution of
[WCp*(NtBu)Cl3] (0.60 g, 1.20 mmol) cooled to −
78°C and the mixture was stirred for 16 h. The solu-
tion was filtered and the solvent removed under
vacuum to give a brown oil which was extracted into
a 1/1 mixture of toluene/hexane (2×20 ml). The yel-
low solution was concentrated to ca. 15 ml and
cooled to −40°C to give the triethyl complex
[WCp*(NtBu)Et3] 4 as yellow crystals (0.40 g, 0.84
mmol, 70% yield). Anal. Calc. for C20H39NW: C,
50.32; H, 8.23; N, 2.93. Found: C, 50.39; H, 8.27; N,
2.94. IR (Nujol mull, n cm−1): 1263 (s), 1211 (s),
1068 (m), 1023 (m), 462 (w), 442 (w). 1H-NMR (d
ppm, C6D6):1.18, 1.77 (2H, 3H, 3JHH=7.0 Hz, A2B3

spin system CH2CH3 trans), 1.22 (s, 9H, CMe3), 1.42,
1.53, 2.13 (2H, 2H, 6H, 2JHH=10.5 Hz, 3JHH=7.0
Hz, ABC3 spin system CH2CH3 cis), 1.57 (s, 15H,
C5Me5). 13C-NMR (d ppm, C6D6): 10.8 (C5Me5), 16.5
(CH2CH3 trans), 22.6 (CH2CH3 cis), 29.6 (CMe3),
36.0 (CH2CH3 trans), 37.9 (CH2CH3 cis), 70.4
(CMe3), 115.0 (C5Me5).

3.3. Reaction of [WCp*(NtBu)Cl3] with MgCl(n-Pr)

A 2 M diethyl ether solution of MgCl(n-Pr) (2.00
ml, 4.00 mmol) was added to a toluene solution of
[WCp*(NtBu)Cl3] (0.66 g, 1.33 mmol). After stirring
for 16 h at r.t. the solution was filtered and the sol-
vent removed under vacuum to give a yellow oil
which was recrystallized from pentane to give
[WCp*(NtBu)(n-Pr)3] 5 as yellow crystals. Yield 65%
(0.45 g, 0.86 mmol). Anal. Calc. for C23H45NW: C,
53.18; H, 8.73; N, 2.70. Found: C, 53.03; H, 8.70; N,
2.70. IR (Nujol mull, n cm−1): 1262 (s), 1211 (s),
1023 (m), 383 (w), 347 (w). 1H-NMR (d ppm, C6D6):
1.05, 1.71, 1.32 (2H, 2H, 3H, A2B2C3 spin system
CH2CH2CH3 trans), 1.20 (s, 9H, CMe3), 1.30, 1.44,
2.07, 2.18, 1.34, (2H, 2H, 2H, 2H, 6H, ABCDE3 spin
system CH2CH2CH3 cis), 1.58 (s, 15H, C5Me5). 13C-
NMR (d ppm, C6D6): 11.0 (C5Me5), 24.0
(CH2CH2CH3 trans), 25.4 (CH2CH2CH3 trans), 31.8
(CH2CH2CH3 cis), 29.7 (CMe3), 23.1 (CH2CH2CH3

cis), 48.5 (1JCW=68.7, CH2CH2CH3 trans), 49.8
(1JCW=65.6, CH2CH2CH3 cis), 70.8 (CMe3), 110.5
(C5Me5).

3.4. Reaction of [WCp(NtBu)Cl3] with MgEtCl

A 2 M solution of MgEtCl in THF (2.1 ml, 4.20
mmol) was added to a solution of [WCp(NtBu)Cl3]
(0.69 g, 1.40 mmol) in toluene (50 ml) cooled to −
78°C. Darkening of the solution was observed imme-
diately and after 10 h the solution was filtered and
the residue was extracted into pentane (2×20 ml) to

give a solution of the triethyl complex
[WCp(NtBu)Et3] 6, which was characterized by its 1H-
NMR spectrum. Data of 6: 1H-NMR (d ppm, C6D6):
1.10 (s, 9H, CMe3), 1.81, 2.60, 1.65 (2H, 2H, 6H,
ABC3 spin system CH2CH3 cis), not detected
(CH2CH3 trans), 2.12 (3H, 3JHH=7.2 Hz, CH2CH3

trans), 5.13 (s, 5H, C5H5).

3.5. Reaction of [WCp(NtBu)Cl3] with MgCl(n-Pr)

A 2 M solution of MgCl(n-Pr) in Et2O (1.00 ml,
2.00 mmol) was added to a solution of
[WCp(NtBu)Cl3] (0.28 g, 0.66 mmol) in toluene (50
ml). After stirring for 10 h at r.t. the solution was
filtered and the solvent removed under vacuum to
give a yellow oil which was characterized as the tri-n-
propyl complex [WCp(NtBu)(n-Pr)3] 7. 1H-NMR (d
ppm, C6D6): 1.08 (s, 9H, CMe3), 1.31, ca. 1.6, 2.10
(2H, 2H, 3H, CH2CH2CH3 trans), 1.77, 2.41, 1.23
(2H, 2H, 6H, CH2CH2CH3 cis), 5.13 (s, 15H, C5H5).

3.6. Thermal acti6ation of [WCp*(NtBu)Et3] 4

A solution of 4 (0.015 g, 0.03 mmol) in 1 ml of
C6D6 was added to an NMR tube which was then
sealed and heated to 45°C in an oil bath for 80 h.
Elimination of ethane (d 0.79) and formation of
[WCp*(NtBu)(�CHMe)Et] 8 were observed by NMR
spectroscopy. 1H-NMR (d ppm, C6D6): 1.22 (s, 9H,
CMe3), 1.41 (dqd, 1H, 2JHH=10.9 Hz, 3JHH=7.25
Hz, 4JHH=0.5 Hz, CHHCH3), 1.52 (dqq, 1H,
2JHH=10.9 Hz, 3JHH=8.0 Hz, 5JHH=0.5 Hz,
CHHCH3), 1.57 (s, 15H, C5Me5), 2.14 (dd, 3H,
3JHH=7.25 Hz, 3JHH=8.0 Hz, CH2CH3), 3.64 (dd,
3H, 3JHH=8.15 Hz, 5JHH=0.5 Hz, CHCH3), 9.90
(qd, 1H, 3JHH=8.15 Hz, 4JHH=0.5 Hz, 2JHW=3.8
Hz, CHCH3). 13C-NMR (d ppm, in C6D6): 11.1 (q,
1JCH=126.1 Hz, C5Me5), 18.2 (tm, 1JCH=120.7 Hz,
CH2CH3), 25.4 (qt, 1JCH=123.2 Hz, 2JCH=3.9 Hz,
CH2CH3), 31.9 (qm, 1JCH=125.7 Hz, CMe3), 36.8 (q,
1JCH=124.8 Hz, CHCH3), 67.0 (m, CMe3), 109.0 (m,
C5Me5), 247.4 (dq, 1JCH=125.8 Hz, 2JCH=6.7 Hz,
1JCW=167.2 Hz, CHCH3).

3.7. Thermal acti6ation of [WCp(NtBu)Et3] 6

A solution of 6 (0.015 g, 0.04 mmol) in 1 ml of
C6D6 was added to an NMR tube which was then
sealed and heated to 90°C in an oil bath for 24 h.
The 1H-NMR demonstrated the elimination of ethane
(d 0.79) and formation of the alkylidene complex
[WCp(NtBu)(�CHMe)Et] 9: 1H-NMR (d ppm, C6D6):
1.23 (s, 9H, CMe3), 1.92 (t, 3H, 3JHH=7.5 Hz,
CH2CH3), not observed (CH2CH3), 3.64 (d, 3H,
3JHH=8.4 Hz, CHCH3), 5.35 (s, 5H, C5H5), 10.60 (c,
1H, 3JHH=8.4 Hz, �CHCH3).
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3.8. Thermal acti6ation of [WCp*(NtBu)(n-Pr)3] 5

A solution of 5 (0.015 g, 0.03 mmol) in 1 ml of C6D6

was added to an NMR tube which was then sealed and
heated to 40°C in an oil bath for 24 h. Elimination of
propane was demonstrated by the 1H-NMR spectrum
(d 0.85 t, 6H; 1.33 d, 2H) leaving a solution of the
propylidene derivative [WCp*(NtBu)(�CHEt)(n-Pr)] 10.
1H-NMR (d ppm, C6D6): 1.279 (t, 3H, 3JHH=7.5 Hz,
CHCH2CH3), 1.284 (s, 9H, CMe3), 1.81 (s, 15H,
C5Me5), 2.14, 2.30, ca. 1.25, 1.22 (1H, 1H 2H, 3H,
ABCDE3 spin system CH2CH2CH3), 3.72 (dqd, 1H,
2JHH=9.5 Hz, 3JHH=7.5 Hz, 3JHH=7.5 Hz,
CHCHHCH3), 4.13 (dqd, 1H, 2JHH=9.5 Hz, 3JHH=
7.5 Hz, 3JHH=7.0 Hz, CHCHHCH3), 9.70 (dd, 1H,
3JHH=7.1 Hz, 3JHH=7.5 Hz, CHCH2CH3). 13C-NMR
(d ppm, C6D6): 11.2 (C5Me5), 18.7 (CH2CH2CH3), 22.5
(CHCH2CH3), 29.6 (CH2CH2CH3), 31.8 (CMe3), 34.8
(CHCH2CH3), 44.6 (CH2CH2CH3), 67.5 (CMe3), 109.0
(C5Me5), 256.0 (1JCW=169.1 Hz, CHCH2CH3).

3.9. X-ray structure determination of 4

A yellow crystal of [WCp*(NtBu)Et3] 4 crystallized
from a 1/1 toluene/pentane mixture at −40°C was
mounted in a glass capillary, in a random orientation,
on an Enraf–Nonius Cad4 four-circle automatic dif-
fractometer with graphite-monochromated Mo–Ka ra-
diation (l=0.7073 Å). Crystallographic and
experimental details of 4 are summarized in Table 2.
Data were collected at r.t. Intensities were corrected for
Lorentz and polarization effects in the usual manner.
No absorption or extinction corrections were made.
Intensity measurements were performed by v−u scans
in the range 2°B2uB52°.

The structure was solved by direct methods and
refined by least squares against F2 (SHELXL-97) [12].
Of the 4589 measured reflections, 3999 were indepen-
dent; R1=0 0.041 and wR2=0.080 (for 2258 reflections
with I\2s(I)). The values of R1 and wR2 are defined
by R1=S��Fo�− �Fc��/[S�Fo�]; wR2={[Sw(Fo

2 −F c
2)2]/

[Sw(Fo
2)2]}1/2, where w=1/[s2(Fo)2+ (0.0433P)2], P=

(Fo
2 +2F c

2)/3 and s was obtained from counting
statistics. All non-hydrogen atoms were refined an-
isotropically and the hydrogen atoms were introduced
in the last cycle of refinement from geometrical calcula-
tions and refined using a riding model with thermal
parameters fixed at U=0.08 Å2.

4. Conclusions

New cyclopentadienyl imido b-hydrogen containing
triethyl and tri-n-propyl tungsten(VI) complexes were
prepared by reaction of the related trichloro derivatives
[WCp%(NtBu)Cl3] with three equivalents of MgRCl

Table 2
Crystal data and structure refinement for 4

Empirical formula C20H39NW
477.37Formula weight

Temperature (K) 293(2)
Wavelength (Å) 0.71073
Crystal system Orthorhombic
Space group Pbca
a (Å) 11.015(1)

12.928(1)b (Å)
c (Å) 28.695(1)
V (Å3) 4086.2(5)
Z 8

1.552Dcalc. (g cm−3)
5.653Absorption coefficient (mm−1)
1920F(000)
0.40×0.37×0.30Crystal size (mm)

u range for data collection (°) 2.33–26.05
0BhB13, 0BkB15, 0BlB35Index ranges

Reflections collected 4589
3999 (Rint=0.0001)Independent reflections

Observed reflections [I\2s(I)] 2258
Absorption correction N/A
Refinement method Full-matrix least-squares on

F2

3999/0/199Data/restraints/parameters
Goodness-of-fit on F2 0.982

R1=0.0408, wR2=0.0802Final R indices [I\2s(I)]
R1=0.1359, wR2=0.1006R indices (all data)
1.785 and −1.203Largest diff. peak and hole

(e Å−3)

(R=Et, n-Pr) and were isolated as yellow crystalline
solids (Cp%=h5-C5Me5) or characterized in solution
(Cp%=h5-C5H5). Only the formation of the monoethyl
complex [WCp*(NtBu)Cl2Et] was observed by reaction
with one or two equivalents of the alkylating agent,
although it was not isolated free of the triethyl deriva-
tive. Thermal activation of the trialkyl compounds
monitored by 1H-NMR spectroscopy in sealed tubes
led to the formation of the alkylidene complexes
[WCp%(NtBu)(�CHR)(CH2R)] (R=Me, Et; Cp%=h5-
C5H5, h5-C5Me5) through a-hydrogen elimination. This
transformation is faster and more selective for h5-C5H5-
than for h5-C5Me5-derivatives and faster for n-propyl
than for ethyl compounds.
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Seidel, N.C. Mösch-Zanetti, K.-Y. Shih, M.B. O’Donoghue,
W.M. Reiff, J. Am. Chem. Soc. 119 (1997) 11876.

[11] W.A. Nugent, J. Feldman, J.C. Calabrese, J. Am. Chem. Soc.
117 (1995) 8992.

[12] G.M. Sheldrick, SHELXL 97, University of Gottingen, Gottin-
gen, Germany, 1997.

..


