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Carbyne complexes have been extensively studied but only a few of them contain the M���C–H moiety (M = transition
metal). In order to contribute to the debate about the linearity of this fragment, two neutron diffraction experiments
on single crystal have been performed at 100 and 293 K on the trans-W(CH)(dmpe)2Br (dmpe = 1,2-bis(dimethyl-
phosphino)ethane) (1). The results point, without ambiguity, to the linearity of the fragment. The specific behaviour
of the dmpe ligand is modelled and interpreted.

Introduction
Our studies of metal–alkylidyne complexes are directed at
developing a thorough understanding of the nature of the
metal–carbon triple bond.1 Elucidation of the molecular
structure (Table 1) and bonding of complexes of the type
trans-W(CH)(dmpe)2X (dmpe = 1,2-bis(dimethylphosphino)-
ethane, X = halide or alkynyl, compounds 1 to 11) or trans-
W(CH)(PMe3)4X (X = halide or alkynyl, compounds 12 to 14),
especially of the geometry of the M���C–H group, is particularly
important. These are the simplest carbyne derivatives 2–8 known
up to now, conjugation and hyperconjugation effects 1b,9 are
absent in these structures. Another interesting feature of this
series is due to the fact that the hydrogen atom is much smaller

than alkyl and aryl groups. The steric effects are negligible and
the bending or the linearity of the carbyne group can be due to
only the chemical effects, either electronic or hydrogen bonding.

The first attempt, by Churchill et al.,7 at determining the
X-ray crystal structure of 12 was inconclusive due to disorder
within the crystal. The tungsten atom lies on a crystallographic
C2 axis, such that the methylidyne and chloride atoms overlap
each other in the electron density map, making an accurate
determination of the W���C and W–Cl distances difficult.
Recently, we have obtained ordered crystals of 1, the X-ray
structure of which has been determined.3a Interestingly, the
molecules are so arranged that the W���C–H � � � H–C���W
moieties are in a parallel configuration, a peculiarity which has
been observed for all the methylidyne compounds (complexes 1

Table 1 Crystallographic structures 2–8 of W (���C–H)(dmpe-d12)2L and W (���C–H)(PMe3)nL� complexes where L and L� are various ligands and n = 3
or 4. A letter follows the number used to define a complex when two different experiments have been performed. Comments on the possible disorder
do not concern the cis ligand. N = neutron source, Sync. = synchrotron source, X-Ray = classical X-Ray source

 Complexes Source, temperature Comment Bond angles M���C–H/� References

1-d W(���C–H)(dmpe-d12)2Br N, 100 K  this work this work
1-d W(���C–H)(dmpe-d12)2Br N, 293 K  this work this work
1 W(���C–H)(dmpe)2Br Sync., 123K  178.01(12) 2
1 W(���C–H)(dmpe)2Br X-Ray, 213 K  164(6) 3
2 W(���C–H)(dmpe)2F X-Ray, 296 K disorder (F, C) — 3
3 W(���C–H)(dmpe)2Cl X-Ray, 296 K 2 molecules — 3
3 W(���C–H)(dmpe)2Cl X-Ray, 296 K 2 molecules 158(8) 4
4 W(���C–H)(dmpe)2I X-Ray, 218 K  176(8) 3
5 W(���C–H)(dmpe)2(n-Bu) X-Ray, 224 K  162(4) 3, 5
6 W(���C–H)(dmpe)2(OTf ) X-Ray, 227 K  177(4) 3
7 W(���C–H)(dmpe)2(CN) X-Ray, 212 K  177(2) 3
8 W(���C–H)(dmpe)2(CCH) X-Ray, 213 K  169(5) 3
9 W(���C–H)(dmpe)2(CCSiMe3) X-Ray, 209 K  164(5) 3
9 W(���C–H)(dmpe)2(CCSiMe3) X-Ray, 225 K  174(3) 6

10 W(���C–H)(dmpe)2(CCPh) X-Ray, 218 K  174(3) 3
11 W(���C–H)(dmpe)2(CCp–C6H4CCPr) X-Ray, 227 K  — 3
11 W(���C–H)(dmpe)2(CCp–C6H4CCPr)) X-Ray, 218 K  — 3
12 W(���C–H)(PMe3)4Cl X-Ray, 296 K disorder (Cl, C), 2 molecules — 7, 8
13 W(���C–H)(PMe3)3Cl�Al Cl1 � xMe2 � x X-Ray, 296 K disorder, x = 0.16, 2 molecules 164(4) 7
14 W(���C–H)(PMe3)3OTf�THF X-Ray, 208 K  173(3) 3
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to 14 in Table 1). The W���C–H bond angle of the former series
varies apparently from 158(8)� for 3 4 to 173(3)� for 14 3 accord-
ing to the X-ray data (Table 1). The distribution of the M���C–R
bond angles for the Cr, Mo and W compounds in Fischer-
type or Schrock-type carbyne complexes (Fig. 1) shows that a

small number of compounds present a bent conformation. This
bending is explained by sterical considerations as reported by
the authors 12j,v–x,z or by an unusually long metal–carbyne
bond 10a–b,d (W���C = 1.90 Å). However, for the pure methylidyne
compounds the linearity does not seem to be verified. As
the position of the methylidyne hydrogen is uncertain, due to
the presence of the heavy metal and the relatively small scatter-
ing factor of hydrogen for the X-ray diffraction, a neutron
diffraction structure determination is essential for establishing
the methylidyne–hydrogen position.

This study reports the results obtained by neutron diffraction
of an isotopomer of 1: to avoid excessive background and
reducing beam attenuation due to the presence of hydrogen
atoms in the structure, P(CD3)2 groups were preferred to the
P(CH3)2 for the neutron diffraction study, since the crystal
structures of the isotopomers are known to be identical. For
that reason, W(CH)((CD3)2PCH2CH2P(CD3)2)2Br, 1-d was syn-
thesised for this study. We performed two neutron experiments:
one at low temperature (100 K) to minimize the thermal
parameters, and an other at room temperature in order to avoid
the technical constraints due to the cryostat sheath and to
answer to the eventual question of a phase transition, the first
X-ray crystal structure of 1 having been performed at 213 K.

Experimental

Synthesis of W(CH)(dmpe-d12)2Br (1-d)

All manipulations were performed under an inert atmosphere
using a standard glove box and Schlenk techniques. The ligands
dmpe and (CD3)2PCH2CH2P(CD3)2 (dmpe-d12) were prepared
by treating Cl2PCH2CH2PCl2 with Li(CH)3 and Li(CD3),
respectively. Lithium bromide (99�%; 0.074 g, 0.85 nmol) was
added to a stirred solution of W(CH)(dmpe)2(OTf ) (0.500 g,
0.77 nmol) in 30 mL of THF at room temperature. The reaction
was shown to be complete by 1HNMR after 2 days, at which
point the solvent was removed in vacuo and the remaining
yellow solid was extracted into a solution of 3 : 1 pentane/
toluene (60 mL) and filtered. The pentane was then removed
under vacuum, and the yellow product recrystallized from a
concentrated 3 mL toluene solution at 233 K, yielding, after
1 day, 0.413 g (92% yield) of large, yellow block-shaped crystals.

Fig. 1 Distribution of the M���C–R bond angles for the carbyne
complexes of Cr,10 Mo 11 and W.3–8,10a,b,10d,11f,12 The polymetallic
complexes have been excluded of the comparison but the bis-carbyne
has been included. R is any substituent. Insert : distribution of the
“bent” M���C–R bond angles (<170�) versus the linear moiety (≥170�).

Data collection and data reduction at 100 and 293 K

The single crystal of 1-d used for the neutron diffraction
experiment at low temperature is cylindrical (diameter of 5 mm,
height of 1.2 mm) and was glued with an araldite glue inside an
aluminium cylindrical box filled with helium due to the high
sensitivity of the compound. The crystal was kept at 100(1) K
with a closed-cycle cryo-refrigerator.13 A second single crystal
was used at room temperature for the neutron diffraction
experiment, it is roughly hexagonal (diameter of 4.5 mm, height
of 3 mm) and was also glued and stored in similar conditions.

The neutron diffraction data were collected using the 6T2
four-circle diffractometer (thermal source λ100K = 1.51 Å and
λ293K = 1.54 Å of the Orphée Reactor, Saclay, France). The
orientation matrix and the lattice parameters were refined
using the space group P21/n. Partial data collection have been
performed in order to check this space group determined by
preliminary X-ray diffraction experiments 3 at 213 K. The
neutron parameters are at 100 K: a = 8.98(3) Å, b = 18.23(8) Å,
c = 12.57(7) Å and β = 100.548(6)�, V = 2022(15) 109 Å3 and at
293 K: a = 9.12(3) Å, b = 18.42(6) Å, c = 12.77(3) Å and
β = 101.228(5)�, V = 2104(12) 109 Å3 compared to the X-ray
values 3 (213 K) a = 9.138(2) Å, b = 18.468(4) Å, c = 12.793(3) Å
and β = 101.07(3)�, V = 2119(1) 109 Å3.

At low temperature, the intensity data were collected for one
complete quadrant of the reciprocal sphere up to 0.57 Å�1 and
equivalent reflections were measured for some low order Bragg
peaks. Intensities of the two reflections (0 4 0) and (2 4 0),
monitored every 100 reflections, have a variation of less than
3%. The ω-step, ω/θ, and ω/2θ-step-scan methods were used
for the intensity recording, depending on the θ values. The
intensities were calculated using the Lehman and Larsen
algorithm,14 COLL5 program. Finally 3267 reflections were
recorded, of which 2486 reflections uncontaminated from the
aluminium sheet or from overlapping at high order, leading to
1880 independent reflections. 1053 of those were such as I = 2σ

with an internal reliability factor† Rint(F
2) = 0.029.

At room temperature, the intensity data were collected for all
the reciprocal sphere up to 0.35 Å�1 and for one complete quad-
rant of the reciprocal sphere between 0.35 and 0.57 Å�1. Inten-
sities of two reflections (0 4 0) and (2 4 0), monitored every 200
reflections, have a variation inferior to 3%. The ω-step, ω/θ, and
ω/2θ-step-scan methods were used for the intensity recording,
depending on the θ values and leading to 4179 recorded reflec-
tions. A first rough integration was done using the Lehman and
Larsen algorithm 14 in order to facilitate a precise examination
of each profile. After a precise determination of the number
of points belonging to the background, and an elimination
of the reflections contaminated by the aluminium sheet, a
simple integration (peak-background) was performed. Thus
2216 reflections were kept, leading to 1034 averaged independ-
ent reflections. 868 of the latter show an intensity higher than
2σ with an internal reliability factor Rint(F

2) = 0.060.
CCDC reference numbers 185256 and 185257.
See http://www.rsc.org/suppdata/dt/b2/b204383a/ for crystal-

lographic data in CIF or other electronic format.

Results and description of the structure
Full matrix least-square refinements were performed using
the CRYSTAL program 15 and the SHELXL97 program 16

package. Coherent scattering lengths were taken from Sears.17

For the low temperature experiment, a first refinement con-
verged to R1(F ) = 0.102 and G.O.F. = 1.03 for 1053 reflections
with I ≥ 2σ and 209 parameters (consisting in scale factor,

†  
with J = sum over a

symmetric equivalent group and K = sum over a symmetric independent
reflection.
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nuclear position, isotropic thermal parameters). Then a very
meticulous anisotropic refinement, using constraints on 51
bond distances. These constraints were suppressed for the
last cycle (R1(F ) = 0.054 and G.O.F. = 1.17 for 1053 reflec-
tions with I ≥ 2σ and 470 parameters). At room temperature
the isotropic refinement converged to R1(F ) = 0.1702 and
G.O.F. = 1.01 for 868 reflections with I ≥ 2σ and 209 param-
eters. Extinction correction was found negligible at room
temperature.

Taking into account the experimental parameters (wave-
length, aluminium sample holder, size of the unit cell...) the
main difficulty of this work was the elimination of the
contaminated reflection by the aluminium diffraction peaks
coming from the sample holder and the cryostat. Despite,
the low number of used reflections, the model fits a stable and
reliable solution. Indeed the interatomic distances and bond
angles remain stable within the errors, whatever the level
of refinement. The greater variation between the isotropic/
anisotropic refinement at 100 K lies on the W���C1–H1 dis-
tance which is (1.77(1) Å, 1.13(1) Å) for the isotropic
and (1.75(1) Å, 1.15(1) Å) for the anisotropic refinement,
the variation of which is still within three σ. Therefore, the
anisotropic results are used in the rest of the paper in order to
be able to discuss (vide supra) the anomalous behaviour of
some atoms. A special attention was paid on the methylidyne
hydrogen atom determination which was easily located on the
difference maps.

Fig. 2 shows the molecular structure of the complex at low

temperature. The results obtained at room temperature are
similar but less precise, therefore only the main interatomic dis-
tances and bond angles at low temperature are given in Tables 2
and 3. In a general manner, the results obtained by neutron
diffraction confirm, more precisely, the preliminary structure
determined previously by X-ray diffraction.3 Indeed, all the
hydrogen or deuterium atoms are localised and the averaged
distances C–H or C–D are very satisfying (〈dC–H = 1.113(4) Å〉,
〈dC–H = 1.10(2) Å〉 and 〈dC–D = 1.072(1) Å〉, 〈dC–D = 1.05(1) Å〉
respectively at 100 and 293 K).

The general features of the structure can be briefly described
as following: (i) The metal lies in a pseudooctahedral environ-
ment. (ii) The W���C bond distance is one of the shortest

Fig. 2 (a) Molecular structure of 1-d as determined by neutron
diffraction at 100 K.

Table 2 Interatomic distances (Å) for 1-d at 100 and 213 K 3a

Distances 100 K (N) 213 K (X-ray)

W–Br 2.76(2) 2.760(1)
W–C1 1.750(12) 1.786(8)
〈W–P〉 2.424(5) 2.442(1)
〈P–C(Me)〉 1.822(3) 1.133(3)
P3–C10 1.844(8) 1.854(11) 1.908(44)
P4–C11 1.845(9) 1.875(12) 1.788(24)
C4–C5 1.510(7) 1.499(9)
C10–C11 1.506(7) 1.563(15) 1.475(57)
C1–H1 1.155(13) 0.792(81)

distance reported‡ (1.75(1) Å at 100 K and 1.77(1) Å at 293 K).
(iii) The four phosphorus atoms are globally situated on the
equatorial plane. The P–W–P intra-angles (〈P–W–P = 81.1(2)�〉
at 100 K, 〈P–W–P = 80.9(4)�〉 at 293 K) differ significantly from
the P–W–P inter-angle (〈P–W–P = 98.5(2)�〉 at 100 K, 〈P–W–P =
98.7(4)�〉 at 293 K) as observed for other similar complexes §. In
a first approximation these dmpe ligands are bent toward the
bromine atom (〈C1–W–P = 93.3(1)�〉 at 100 K, 〈C1–W–P =
93.2(3)�〉 at 293 K). A deeper analysis of the behaviour of the
dmpes in trans-W(���CH)(dmpe)2X will be discussed later. (iv)
The most significant result of the present work is the precise
determination of the W���C–H bond angle (178.0(7)� at 100 K,
177.8(18)� at 293 K).

Discussion

Temperature effect

A fine observation of the distances for the three experiments
(neutron at 100 K, X-ray at 213 K, neutron at 293 K) leads to
the following conclusion: (i) Despite the small number of
used reflections, the neutron experiment at low temperature is
of the same quality level as the X-ray experiment, except obvi-
ously for the hydrogen and deuterium atom for which this work
gives an accurate determination. (ii) As expected, the accuracy
decreases strongly from 100 K to room temperature (about one
digit on the interatomic distances). Nevertheless, examination
of the repartition of similar distances or angles shows that
results at room temperature are still reliable. (iii) No effect of
the temperature (except thermal motions) has been detected.
The molecule keeps the same electronic properties in the
temperature range from 100 K to 300 K.

Specific behaviour of the dmpe ligand

Kostic and Fenske 19 have demonstrated that the cis carbonyl
ligands are oriented towards the groups with the weakest
π-acceptor, i.e. that carbyne ligands are among the best π-acid
ligands. These theoretical results have been already observed
experimentally for octahedral chromium carbyne complexes.9,20

In order to extend this trend to the phosphine ligand, the
behaviour of some octahedral tungsten carbyne complexes con-
taining phosphine and carbonyl cis ligands has been studied
(complexes presenting sterical effects have been excluded). One
can find than for four complexes 12c,s,w,z,ae the 〈C���W–P〉 angle =

Table 3 Interatomic bond angles (�) for 1-d at 100 and 213 K 3a

Angles 100 K (N) 213 K (X-ray)

W–C1–H1 178.0(7) 164(6)
Br–W–C1 179.2(3) 177.8(2)
〈Br–W–P〉 86.7(2) 86.2(1)
〈C1–W–P〉 93.3(1) 93.0(2)
〈P–W–P intra〉 81.1(2) 80.6(1)
〈P–W–P inter〉 98.5(2) 99.1(1)
〈P–W–P trans〉 177.3(3) 173.9(1)
〈W–P–C(Et)〉 109.1(2) 109.1(1)
〈W–P–C(Me)〉 120.3(1) 120.0(1)
〈C(Me)–P–C(Me)〉 101.5(2) 101.1(2)
〈C(Me)–P–C(Et)〉 101.2(1) 101.6(3)
〈P–C–C〉 110.5(2) 113.4(6)
〈H–C–P〉 108.5(2)  
〈H–C–C〉 111.0(2)  
〈H–C–H〉 106.9(4)  
〈D–C–P〉 105.2(1)  
〈D–C–D〉 104.5(1)  

‡ The average interatomic distance W���C is 〈1.82 Å〉 deduced from 49
structures (ref. 3–8, 10a–b, 10d, 11e, 12). Only two complexes exhibit
shorter values: 1.728(7) Å (ref. 12z) and 1.746(9) Å (ref. 12x).
§ The average P–W–P intra-angles reported in complexes containing a
dmpe ligand is 〈80.2�〉 ( ref. 3–6, 18).
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Table 4 Steric parameter (SP) of some methylidyne complexes. Model : structure calculated after a 180� rotation of the dmpe ligand which presents
the shorter C1–W–P angles. C1 is the carbynic atom. SP = Σ (3.9 � dC � � � C) for intermolecular contacts shorter than 3.9 Å. The C1 � � � C1 distance is
excluded of the summation

Complex dC1 � � � C1/Å dC � � � C min/Å SP (real)
Number of
distances < 3.9 (real) SP (model)

Number of
distances < 3.9 Å (model) SP model � SP real

1a 3.453 3.746 0.406 6 1.737 7 1.331
1b 3.531 3.849 0.079 2 0.808 5 0.729
2a 3.484 3.788 0.141 3 1.231 5 1.136
2b 3.596 3.833 0.067 1 2.331 9 2.264
5 3.458 3.933 0 0 0.710 4 0.710
6 3.577 3.887 0.013 1 0.782 4 0.769
7 3.772 3.639 0.598 4 0.513 6 �0.085
8 3.479 3.874 0.026 1 1.280 8 1.254
9 3.760 3.665 0.655 6 1.651 8 0.996

10a 3.507 3.575 0.825 4 0.968 4 0.143

95.8� while 〈C���W–C(CO)〉 = 89.9�, therefore the phosphine
ligand seems to be a more flexible ligand than the carbonyl
groups. Taking into account the complexes of Table 1 and some
other octahedral tungsten carbyne complexes,12f,g,x one obtains
〈C���W–P〉 = 93.2� over 60 bond angles.

The behaviour of the dmpe ligand presents some specific
characteristics that have to be emphasised. (i) The C1–W–P
angles are not equal. Three of them give an average value of
〈92.3(2)�〉 at 100 K and 〈92.4(3)�〉 at 293 K compared to the
fourth value (96.4(3)� at 100 K and 95.6(6)� at 293 K). (ii) Dis-
order in one of the two dmpes has been modelled in this work
by abnormally large isotropic displacement parameters (Ueq);
the ratio of the averaged Ueq value of the carbon atoms of each
dmpe is 1.32 at 100 K and 1.48 at 293 K). ¶ (iii) The disordered
dmpe ligand is the one without the phosphorus atom which is
most bent toward the bromine ligand.

For all the complexes except 10, one phosphorus atom
presents the specific behaviour (point i) described above. One
of the two dmpes is disordered in all the complexes for which
the structure can be simply determined, i.e. except for 2 and 3.
This disorder (point ii) is described by two branches (case of 1
(X-ray at 213 K), 7, 8, 9 (X-ray at 209 K) and 11 (X-ray at
227 K)) or by using abnormally large Ueq values (case of 1-d
(neutron at 123 K and 293 K), 1 (Sync. at 123 K), 4, 5 and 6).
(The ratio of the averaged Ueq value of the carbon atoms of
each dmpe is 1.33 for 1 (Sync. at 123 K), 1.76 for 4 and 1.32 for
5 and 6).

An accurate examination of the packing arrangement
explains the special position of one phosphorus atom. We have
eliminated two compounds (10 and 11) for which the trans
ligand presents a great steric bulk and two complexes for which
the determination of the dmpe ligands was uncertain (2 and 3).
Therefore we have worked with 10 structures (7 compounds).
A modelled structure has been defined by performing a 180�
rotation of the dmpe which presents the shorter C1–W–P
angles. The C � � � C intermolecular contacts have been deter-
mined. The C � � � C shortest distance in the real molecules have
been reported (Table 4) compared to the C1 � � � C1 inter-
molecular distance (C1 is the carbynic atom). In order to model
a steric effect, we have arbitrarily fixed a value (3.9 Å) above
which the intermolecular distance has no more influence on the
steric bulk. We have simply estimated the relative influence of
each intermolecular distance inferior to 3.9 by the quantity
defined as the summation of (3.9 � dC � � � C) over all the C � � � C
distances shorter than 3.9.

This parameter (SP) || can give an estimation of the
constraints in the molecule. The greater this parameter is,
the bigger the steric constraints are. One can observe (Table 4)
that except for 6 where SP is similar in the real and in the

¶ For 1 (X-ray at 213 K) the disorder has been modelled by two different
positions (A and B) of one dmpe. That leads to a larger dispersion of
the interatomic distances or bond angles involving that branch.

modelled structure, all the steric effects are minimised in
the real molecule. In other words, that means that one phos-
phorus atom kicked out from the equatorial plane (C1–W–P ≈
96�) gives less steric effects than all four phosphorus atoms
presenting a similar C1–W–P value (≈92�).

In order to explain the disorder of only one dmpe for the
compounds (1 (X-ray at 213 K), 7 and 9 (X-ray at 209 K))
where the disorder is modelled in the refinement by two dmpes
(named A and B branch) with 50% occupation each, we have
calculated two modelled structures containing two A or two B
dmpes.** As previously done a steric parameter has been calcu-
lated in the real molecule and in the two modelled conform-
ations. The calculations also show that steric constraints are
responsible for the disorder of one dmpe ligand.

The conclusion is that, in order to minimise the unfavourable
Van der Waals interaction between carbon atoms in the dmpe
ligands in adjacent molecules, one of the phosphorus atoms is
kicked out of the equatorial plane while the carbon atoms of
the other dmpe sit alternately on two different positions. This is
true for almost all the isostructural compounds, the exceptions
being some structures for which the accuracy was not sufficient.

Nature of the W���C–H bond angle

Now we want to focus on the question of the different W���C–H
bond angle values in methylidyne complexes. As observed in
Table 1, half of the previous W���C–H bond angle values
reported from classical X-ray diffraction experiments are
between 158(8) and 169(5)�, leading to a bent carbyne (1 (X-ray
at 213 K), 5, 8 and 13) whereas the other half presents W���C–H
bond angle values between 173(3) and 177(4)�, leading to a
linear carbyne (3, 6, 7, 9 (X-ray at 209 K), 10 and 14).

In order to obtain a tentative explanation of these different
behaviours, it is important to recall the following parameters
which influence the M���C chemical bond in such compounds: (i)
The nature of the ligand trans to the carbyne carbon (i.e. the
strength of the trans effect); (ii) The nature of the organic
substituent of the carbyne atom (i.e. an organic moiety able to
generate a conjugation effect); these two factors lead to slight
modifications in the M���C bond distance (i.e. longer for a soft
ligand 21 or a conjugated R); (iii) The nature of the cis ligand.
For example, substituting four PMe3 by two dmpes changes the
conformation and leads to a lowering of the local symmetry of
the metal from C4v to C2v. Moreover, the cis ligand can slightly
move away from the equatorial plane and modify the metal

|| All the C � � � C intermolecular distances inferior to 3.9 Å have been
included in the calculation. For 1-d (neutron at 100 K) we have also
checked that for the shorter C � � � C intermolecular distances in the
model the corresponding H � � � H or D � � � D are also shorter.
** For the three structures presenting two disordered dmpe ligands the
calculations have been performed in a lower space group with two
independent molecules in the asymetric unit. For the modelled
structure two different rotations have been done for each molecule.
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orbitals. The interatomic distance M–Lcis is also important, as
shown by ab initio calculations 9a,22 and experimental works
based on Raman spectroscopy 23 or density deformation
study 9a,9c of a methylmethylidyne complex; (iv) The inter-
molecular bonding. All these parameters can induce an asym-
metry in the π-orbital of the carbyne bond, and a relative
contribution of the M���C resonant form.

Some common explanations for the bending of the methyl-
idyne ligand are based either on a packing effect hypothesis or
on electronic considerations. Concerning crystallographic con-
siderations, compounds of Table 1 display a «head-to-head»
packing feature. Manna et al.5 have made the hypothesis that
a short Ccarbyne � � � Ccarbyne distance between two adjacent
molecules may be responsible for the bent linkage. Moreover,
Jorgensen 24 has studied the influence of a ligand trans to the
M���C–H fragment using the extended Hückel method. He has
established that soft ligands which are trans to the alkylidyne
carbon cause more bending than hard ligands.

Before the precise examination of the behaviour of com-
plexes from Table 1 as a function of those two hypotheses, one
has to remember that X-ray data concerning the geometry of
the carbyne groups are to be considered with care when H-atom
positions are concerned. It could be noticed, for example, that
two experiments were performed with classical X-ray diffrac-
tion for 9 at 209 K 3 and at 225 K.6 The results of these experi-
ments are not in agreement concerning the determination of the
W���C–H bond angle: at 209 K the axis W���C–H is bent whereas
at 225 K the axis is linear. Therefore, as expected, the geometry
of the W���C–H moiety can only be determined accurately from
a neutron experiment.

Nevertheless, the hypothesis of Manna et al.5 which states
that a short Ccarbyne � � � Ccarbyne distance between two adjacent
molecules suggests the presence of hydrogen bonding thus
implying a bent linkage, is to be reconsidered. Indeed, in the
present case of the simple bromine carbyne complexes 1, 1-d the
Ccarbyne � � � Ccarbyne bond is measured as significantly shorter for
the neutron experiments and nevertheless the W���C–H axis
remains linear. So the linear geometry is not a consequence of
the packing effect.

The hypothesis of Jorgensen 24 which states that soft ligands
trans to the carbyne carbon create more bending than hard
ligands is valid for our results (1-d, 1 (Sync. at 123 K): that
compound possesses a trans hard ligand (Br) and experimental
observations indicate a linear linkage. The behaviour of the
complexes 4, 6 and 7 (hard ligand) and 5, 8 and 9 (X-ray at
209 K) (soft ligand) seems consistent with this interpretation
while 1 (X-ray at 213 K), 3 9 (X-ray at 225 K) and 10 do not
verify this hypothesis. However, we have previously demon-
strated for 1 (X-ray at 213 K) and 9 (X-ray at 225 K) that the
ambiguity was due to the accuracy expected with a classical
X-ray measurement. Therefore, it is not possible to validate
Jorgensen’s hypothesis even for the compounds (4, 5, 6, 7, 8
and 9 (X-ray at 209 K)) for which it seems consistent. The only
solution to validate or confirm Jorgensen’s hypothesis is to per-
form a neutron diffraction experiment or a precise synchrotron
experiment 2 on a simple carbyne complex with a soft ligand.

The situation of 13 seems to be different because it presents a
short intramolecular Ccarbyne � � � Al bond distance which can
induce a bending.

In the previous works,9 we have experimentally studied the
bonding of Cl(CO)4Cr���C–C6H5 (16) and Cl(CO)4Cr���C–CH3

(17) methylidyne complexes. A conjugation effect has been
clearly demonstrated for 16 from the electron deformation
density maps. The same trend has not been established for the
methyl compound 17. Thus, the strong influence of the R group
for the contribution of the M���C–R resonant form was shown.
Concerning the M���C–H moiety, simple chemical consider-
ations should lead to a total sp character, and therefore to a
linear behaviour, with a shorter M���C bond distance. These
trends are effectively observed for 1-d.

Conclusion
The structure of a methylidyne compound possessing a hard
ligand has been studied by neutron diffraction at low and room
temperature. Despite the low number of used reflections in the
refinements the two structures have been solved and gave con-
sistent results. The main characteristics of the complex are simi-
lar to those observed for other simple methylidyne complexes.
No specific electronic effect due to the temperature has been
demonstrated. The specific behaviour of the dmpe ligands (one
phosphorus atom strongly out of the cis plane, and the second
dmpe exhibiting a disorder) has been precisely studied for 10
compounds. The steric bulk of the dmpe in the head to head
packing arrangement is responsible for this behaviour. The
linearity of simple methylidyne has been prooved without
ambiguity, which was expected for a total sp character of the
M���C. The bent linkage observed previously for some com-
pounds seems an artefact of the classical X-ray measurements.
Nevertheless, it will be interesting to study a methylidyne com-
pound possessing a soft ligand, experimentally (by neutron
diffraction) or theoretically (ab initio calculations) in order to
increase the understanding of the metal carbyne moiety
behaviour.
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Spasojević-de Biré, Nguyen Quy Dao, E. O. Fischer and N. K.
Hansen, Inorg. Chem., 1993, 32, 5354–5361; (c) A. Spasojević-de
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