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Investigation of the reactivity of the molybdenum borylene
complex [(OC)5Mo=B=N(SiMe3)2] towards the late transition
metal complexes [M(PCy3)2] (M = Pd, Pt) indicated the for-
mation of [(OC)4Mo(µ-CO){µ-BN(SiMe3)2}Pd(PCy3)] and
[(Cy3P)(OC)3Mo(µ-CO){µ-BN(SiMe3)2}Pt(PCy3)], respectively,
as the first Mo-based semi-bridging borylene complexes. The
new complexes were fully characterised spectroscopically

Transition metal boryl complexes have attracted signifi-
cant interest due to their role as key intermediates in cata-
lysed hydro-[1] and diboration reactions[2] as well as in C–H
bond activation of organic compounds.[3] Borylene com-
plexes as another type of metal-boron compound are also
in the focus of research[4] because of their close relationship
to carbonyl complexes and due to their propensity to effec-
tively stabilise[4g,5] elusive borylenes[6] in the coordination
sphere of a metal. In particular, group 6 transition metal
carbonyl fragments have been shown to possess good sta-
bilising properties resulting in the formation, by means of
a salt elimination reaction, of [(OC)5M=B=N(SiMe3)2] (M
= Cr, 1; W, 2) which are the first two-coordinate borylene
complexes.[7] Unfortunately, this method of preparation is
limited in scope and, hence, the borylene transfer under
thermal[8] or photochemical conditions[9] has become estab-
lished as a highly useful alternative for the synthesis of bor-
ylene complexes and borylene functionalised main group
element substrates.[10]

Very recently, it was demonstrated that borylene ligands
(Figure 1) can adopt rather unusual coordination modes be-
yond the common scope of mononuclear neutral (e.g. 1, 2
and 3)[7,9,11] and cationic (e.g. 4)[12] or symmetrically
bridged homodinuclear species (e.g. 5 and 6).[9a,13] Impor-
tant examples include heterodinuclear borylene complexes
(e.g. 7),[14] metalloborylenes (e.g. 8)[8d,15] (Figure 1) and di-
nuclear compounds with semi-bridging borylene li-
gands.[8a,8b]
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and analysed by X-ray diffraction. The conclusions drawn
from the experimental data for the ligand-metal interactions
for this particular coordination mode of a borylene group
were supported by DFT computations.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2007)

Figure 1. Different coordination modes for borylene ligands: ter-
minal 1,[7,9a] 2[7] and 3,[11b] cationic 4,[12a,12b,12c] symmetrically
bridging homodinuclear 5[13a] and 6,[13b] symmetrically bridging
heterdionuclear 7[14] and metalloborylene 8.[15]

In the case of the group 6 transition metals, several boryl
and borylene complexes of tungsten are known for example
[L(OC)4W=B=N(SiMe3)2] (L = CO, 2; PCy3)[7,11b] and [(η5-
C5H5)2WXBR2] (X = H, R2 = Ph2, 1,2-O2-C6H4; X = Cl,
R2 = 1,2-O2-C6H4),[16] [(η5-C5H5)2W(BR2)2] [R2 = (1,2-O2-
4-tBuC6H3), (1,2-O2-3,5-tBu2C6H2)][16b,17] or [(η5-C5H5)-
W(CO)3{B(NMe2)B(NMe2)X}] (X = Cl, Br, I),[18] most of
them being fully characterised including crystallographic
data. Likewise, a variety of chromium borylene complexes
were reported, e.g. [L(OC)4Cr=B=N(SiMe3)2] (L = CO, 1;
PCy3,10),[7,8a,9a,11b] [(OC)5Cr=B–Si(SiMe3)3][11a] and [(OC)5-
Cr=B–Fe(η5-C5H5)(CO)2] (8)[15] and in addition, one boryl
complex [Cr(η6-C6H6)(CO)2(η2-tmp�BCR2)] [tmp�BCR2

= (η2-9-fluorenylidene)(2,2,6,6-tertramethylpiperidino)-
borane].[19] In the case of molybdenum, however, only few
boryl complexes of molybdenum are known, e.g.
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[Mo(tpb�)(CO)2{B(Et)CH2-p-tolyl}] [tpb� = tris(3,5-di-
methylpyrazol-1-yl)hydroborate][20] or the diborane(4)yl
complex [(η5-C5H5)Mo(CO)3{B(NMe2)B(NMe2)X}] (X =
Br, I)[18b,18c,18d] and only very recently we contributed the
first Mo borylene complex [(OC)5Mo=B=N(SiMe3)2] (3)
and reported its conversion to trans-[(Cy3P)(OC)4-
Mo=B=N(SiMe3)2] (11).[11b] Presumably, the relative scar-
city of Mo–boron complexes can be attributed to the en-
hanced lability of 4d transition metal complexes with re-
spect to their corresponding 3d and 5d analogues.[21]

Recent studies have shown that metal coordinated bory-
lene and, albeit to a lesser extent, boryl ligands[22] are highly
susceptible to the addition of transition metal bases, leading
in the case of the former to novel heterodi- and trinuclear
borylene species.[8c,8d]

In this paper we report on the reactivity of [(OC)5-
Mo=B=N(SiMe3)2] (3)[11b] towards the late transition metal
complexes [M(PCy3)2] (M = Pd, 12; Pt, 13)[23] which leads
to the first Mo-species comprised of a semi-bridging bory-
lene ligand. In addition, we provide detailed results of DFT
studies which have elucidated the electronic structures of
the title compounds.

Results and Discussion

Equimolar amounts of [(OC)5Mo=B=N(SiMe3)2] (3)
and [Pd(PCy3)2] (12) were mixed in C6D6 at room tempera-
ture. The progress of the reaction was monitored by multi-
nuclear NMR spectroscopy and, after 30 min, complete
conversion of the starting materials, formation of a new
compound and liberation of PCy3 [δ (31P) = 10.0 ppm] was
observed. The product was isolated as orange crystals in
53% yield by layering a toluene solution with hexane and
storing at –35 °C overnight. The 11B{1H} NMR spectrum
shows a broad signal at δ = 99 ppm which is downfield
shifted with respect to that in the precursor 3 (δ =
89.7 ppm).[11b] A sharp resonance at δ = 35.1 ppm in the
31P{1H} NMR spectrum can be observed for the metal co-
ordinated phosphane ligand indicating the presence of only
one tricyclohexylphosphane unit in the molecule. The 1H
NMR spectrum features one singlet for both trimethylsilyl
groups at δ = 0.41 ppm which is deshielded with respect
to that of the borylene precursor 3 (δ = 0.15 ppm)[11b] but
comparable to those of the Cr and W analogues ([(OC)4-
M(µ-CO){µ-BN(SiMe3)2}Pd(PCy3)], M = Cr, 14; M = W,
15; δ = 0.42 ppm).[10a]

The result of a single-crystal X-ray diffraction study of
[(OC)4Mo(µ-CO){µ-BN(SiMe3)2}Pd(PCy3)] (16) is shown
in Figure 2.

Compound 16 crystallises in the orthorhombic space
group Pna21 with the two metal fragments [Mo(CO)4] and
[Pd(PCy3)] linked by a bridging CO and a –BN(SiMe3)2

group. The latter is oriented almost perpendicular with re-
spect to the plane containing Mo, B and Pd as indicated by
the dihedral angle Si1–N–B–Pd of 86.1(3)°. The Mo–B
bond [2.235(4) Å] is elongated by 8 pm when compared
with the terminal Mo-borylene complex 3 [2.1519(15)
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Figure 2. Molecular structure of [(OC)4Mo(µ-CO){µ-BN-
(SiMe3)2}Pd(PCy3)] (16). Thermal ellipsoids are set at the 50%
probability level. Selected bond lengths [Å] and angles [°]: Mo–B
2.235(4), Pd–B 2.065(4), B–N 1.376(5), Pd–P 2.3764(9), Pd–Mo–
C1 51.74(10), Mo–C1–O1 164.3(3), Pd–Mo–B 47.59(10), Mo–B–N
150.7(3), Si1–N–B–Pd 86.1(3).

Å][11b] and this is due to the increased coordination number
of the boron centre in the former. However, it is still shorter
(10 pm) than the distance in the only structurally character-
ised complex with a Mo–B–bond [(η5-C5H5)Mo(CO)2-
COB(NMe2)B(NMe2)Mo(CO)3] [Mo–B 2.348(4) Å].[18b,18c]

Likewise, the Pd–B bond length [2.065(4) Å] lies within the
expected range for three-coordinate boron linked to a palla-
dium centre [2.006(9)–2.077(6) Å].[24] The relatively short
B–N distance of 1.376(5) Å, which is only marginally longer
than in the corresponding borylene complex 3
[1.3549(18) Å], indicates significant double bond character
in the B–N linkage.[11b] In contrast, the homodinuclear
bridged aminoborylene species [{(η5-C5H5)Mn(CO)2}2{µ-
BNMe2}] (5)[13a] and [{(η5-C5H4Me)Fe(CO)}2(µ-CO){µ-
BN(SiMe3)2}] (6),[13b] in which the boron centres possess
formal sp2 hybridisation, display a different arrangement.
In 5 the B–N distance of 1.39(1) Å is also in agreement with
the formulation of a B=N double bond, the plane of the
BNMe2 substituent, however, is arranged almost coplanar
[8(3)°] with respect to the Mn2B plane[13a] whereas in 6 the
BN(SiMe3)2 plane is twisted by 53(1)° with respect to the
Fe2B plane resulting in less effective N–B π bonding and,
hence, an elongation of the B–N bond [1.412(4) Å].[13b] The
perpendicular disposition of the two respective planes in
16 in combination with a typical B–N double bond length
disagrees with the description of a formally sp2 hybridised
boron centre. More appropriate is the description of the
overall bonding situation in terms of a terminal borylene
centre being stabilised by a metal base. The Lewis-basic
[(Cy3P)Pd] fragment releases electron density into the
empty orbitals of CO and the borylene moiety (vide infra).
Thus, the π acceptor fragments CO and BN(SiMe3)2 form
a pair of two noncompensating, semi-bridging ligands. The
classification scheme for semi-bridging carbonyl ligands de-
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veloped by Crabtree[25] is applicable to the relevant bond
angles [Pd–Mo–C1 51.74(10)°; Mo–C1–O1 164.3(3)°]. The
corresponding angles for the semi-bridging B–R moiety
[Pd–Mo–B 47.59(10)°; Mo–B–N 150.7(3)°] lie clearly be-
tween those typically found for terminal and symmetrically
bridging ligands and are similar to their semi-bridging Cr
and W analogues 14 and 15.[10a]

For the synthesis of 16, it is important to restrict the
reaction time to a minimum since liberated phosphane
tends to substitute a carbonyl group at Mo which sub-
sequently leads to formation of a variety of degradation
products as indicated by 31P{1H} NMR spectroscopic data:
[(Cy3P)(OC)3Mo(µ-CO){µ-BN(SiMe3)2}Pd(PCy3)] (17)
[δ (31P) = 50.7 ppm (d, 4JP,P = 12 Hz, PMo), 33.9 ppm (d,
4JP,P = 12 Hz, PPd); δ (1H) = 0.63 ppm (s, SiMe3)], trans-
[(Cy3P)(OC)4Mo=BN(SiMe3)2] (11) [δ (31P) = 51.2 ppm (s);
δ (1H) = 0.37 ppm (s, SiMe3)],[11b] and [(OC)5Mo(PCy3)]
(18) [δ (31P) = 47.8 ppm(s)]. In a typical experiment, a ratio
of 9:1 for [(OC)4Mo(µ-CO){µ-BN(SiMe3)2}Pd(PCy3)] (16)
to [(Cy3P)(OC)3Mo(µ-CO){µ-BN(SiMe3)2}Pd(PCy3)] (17)
was observed after 30 min which decreased after 1 d to 3:1
and, in addition, trans-[(Cy3P)(OC)4Mo=BN(SiMe3)2] (11)
started to be formed. Finally, after 4 d the ratio was approx-
imately 4:3:3 according to the 1H NMR spectra.

In order to study whether trans-[(Cy3P)(OC)4Mo=
BN(SiMe3)2] (11) is available in an analogous manner to
the Cr complex 10 by irradiation of the heterodinuclear
complex 14,[10a] [(OC)4Mo(µ-CO){µ-BN(SiMe3)2}Pd-
(PCy3)] (16) was photolysed. According to the
31P{1H} NMR spectra, however, the aforementioned prod-
uct mixture of 16, 17, 11 and 18 was already obtained after
30 min but now with a ratio of 5:4:6:14.

Scheme 1. Survey for the reaction mechanism of the formation of different semi-bridging borylene complexes.
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In order to complete the series of semi-bridging group 6
borylene complexes with Pd- and Pt-base stabilisation,
[(OC)5Mo = BN(SiMe3)2] (3) was treated with [Pt(PCy3)2]
(13) in C6D6 under identical conditions. The reaction mix-
ture showed several compounds, from which [(Cy3P)(OC)3-
Mo(µ-CO){µ-BN(SiMe3)2}Pt(PCy3)] (19), trans-[(Cy3-
P)(OC)4Mo=BN(SiMe3)2 (11), [(OC)5Mo(PCy3)] (18) and
PCy3 could be identified by 31P{1H} NMR spectroscopy.
The dinuclear complex 19 was isolated by layering a toluene
solution with hexane and slow evaporation of the solvent.

The 31P{1H} NMR spectrum of the isolated compound
19 showed two doublets [δ = 70 ppm (d, 4JP,P = 11 Hz, 1JP,Pt

= 5002 Hz, PPt), 49.9 (d, 4JP,P = 11 Hz, 3JP,Pt = 73 Hz,
PMo)], indicating the presence of two nonequivalent phos-
phane ligands. A singlet for the –SiMe3 groups (δ =
0.63 ppm) in the 1H NMR spectrum as well as a broad
resonance in the 11B{1H} NMR spectrum (δ = 100 ppm)
were observed downfield shifted with respect to the signals
of the starting material 3.[11b] The reaction with [Pt-
(PCy3)2] (13) proceeds even faster than that with [Pd-
(PCy3)2] (12), or the one of 13 with the W-borylene 2.[10b]

Therefore, very fast work-up is required, since the NMR
spectroscopic data recorded 1 h after mixing the reactants
already indicated a 2:2:1 mixture of the subsequently iso-
lated product [(Cy3P)(OC)3Mo(µ-CO){µ-BN(SiMe3)2}Pt-
(PCy3)] (19), the borylene complex trans-[(Cy3P)(OC)4-
Mo=BN(SiMe3)2] (11)[11b] and [(Cy3P)Mo(CO)5] (18)
(Scheme 1). After one week, the ratio has changed to 1:2:2,
thus explaining the low yield of 12%.

The molecular constitution of 19 was determined by a
single-crystal X-ray diffraction study (see Figure 3). The
complex crystallises in the triclinic space group P1̄ and
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shows similar structural features to the W analogue 20[10b]

or the Mo–Pd compound 16 particularly with respect to the
geometries of the CO [Pt–Mo–C1 51.38(14)°; Mo–C1–O1
165.7(4)°] and borylene ligands [Pt–Mo–B 49.34(15)°; Mo–
B–N 153.2(4)°]. These data together with the short B=N
double bond [1.408(7) Å] and the orthogonal orientation of
the aminoborylene group with respect to the M–B–Pt plane
[Si2–N–B–Mo 91.2(9)°] demonstrate the presence of semi-
bridging borylene and CO ligands, respectively. Compari-
son of the Mo–B bond lengths in the mono- and diphos-
phane complexes 16 and 19, however, reveals distinct differ-
ences. In the case of 19, the Mo–B separation of 2.138(6) Å
is significantly smaller than that in 16 [2.235(4) Å] but falls
barely below the Mo–B distance in 3 [2.1519(15) Å][11b] de-
spite the higher coordination number of the boron atom in
the diphosphane complex 19. The same effect has already
been observed in the corresponding complexes of W (15
and 20 in comparison with 2).[10b] Clearly, the presence of
the PCy3 group in a trans position to the borylene leads to
a decreased M–B separation due to the reduced π acceptor
abilities of the phosphane when compared with CO, thus
inducing a stronger M–B dπ–pπ back donation. A similar
observation was made in the case of terminal borylene com-
plexes 1–3, substituted with a phosphane ligand in trans
position to the boron atom [trans-[(Cy3P)(OC)4-
M=BN(SiMe3)2] (M = Cr, 9; Mo, 11; W, 10)].[10b,11b]

Figure 3. Molecular structure of [(Cy3P)(OC)3Mo(µ-CO){µ-
BN(SiMe3)2}Pt(PCy3)] (19). Thermal ellipsoids are set at the 50%
probability level Selected bond lengths [Å] and angles [°]: B–N
1.408(7), Mo–B 2.138(6), Pt–P2 2.2912(13), Mo–P1 2.5587(12), Pt–
Mo–C1 51.38(14), Mo–C1–O1 165.7(4), Pt–Mo–B 49.34(15), Mo–
B–N 153.2(4), Si2–N–B–Mo 91.2(9).

Calculations

To gain some deeper insight into the electronic structures
of semi-bridging borylene complexes, we performed DFT
computations on model systems of the complexes 16, 17
and 19.[26] Since no significant difference was observed be-
tween the Pd and Pt analogues, only the results for the Pd
complexes are presented. To reduce computation time PMe3
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was used instead of PCy3 and N(SiMe3)2 was replaced by
N(SiH3)2.

To our surprise, the optimised geometry of the model
compound [(OC)4Mo(µ-CO){µ-BN(SiH3)2}Pd(PMe3)] (16a)
displays a Si–N–B–Mo torsion angle of ca. 41°. Reoptimi-
sation with the smaller NH2 group (16bMin) led to the co-
planar system CµM2B=NH2, thus allowing π interaction
between the electron lone pair on the nitrogen and the
empty p orbital of the boron atom to extend to both metal
atoms, thus providing evidence that the mutual orthogonal
orientation of the amino-group and the four-membered
ring CµM2B is caused by steric effects. The molecule with
an orthogonal disposition of the two respective planes was
found to be a transition state (16bTS) on the PES which is
34.4 kJmol–1 higher in energy than the coplanar minimum
structure 16bMin.

As mentioned before, the B–N bond in 16 is only negligi-
bly longer than that in the terminal borylene 3 (137.6 vs.
135.5 pm). The DFT computations for 16bMin and 16bTS

result in very similar B–N distances (138.5 and 139.9 pm
respectively) thus mirroring the short experimental B–N
bond despite the orthogonal orientation of the amino-
group to the BM2 plane. The arguments against sp2 hybrid-
isation of boron were already raised in the crystal structure
discussion and are supported by theory. Even for 16bTS

with its orthogonally orientated amino-group, one can
identify an orbital clearly describing the B=N π interaction
(HOMO–8), thus backing up the relative high s character
of the hybrid orbital at the boron atom (see Figure 4).

We analysed the canonical orbitals of the parent com-
pound 16bTS with regards to interaction between the Mo
borylene moiety [(OC)5MoBNH2] and the metal base
[Pd(PH3)]. For this analysis the transition state geometry
16bTS rather than the minimum 16bMin was employed since
it displays the same orientation for the amino group as that
found experimentally for 16. Selected orbitals for 16bTS are
depicted in Figure 4.

The HOMO-9 and HOMO-10 are characterised mainly
by σ interaction between the lone pair of the formal bory-
lene BNH2 and d orbitals of palladium. The HOMO-7 is
primarily composed of a palladium dxz + dyz hybrid (ca.
2:1) orbital with some admixture of the boron pz orbital
and thus describes the Pd�B π backbonding interaction.
Inspection of the orbitals revealed, that in spite of similari-
ties between borylenes and carbonyls, there is a difference
in their interaction with metal bases. Marder et al. em-
ployed the Fragment Orbital Analysis for [(η5-C5H5)(OC)-
Rh(µ-CO)2Cr(CO)(C6H6)] and found that the dominant in-
teraction between the metal-base [(η5-C5H5)(OC)Rh] and
the metal-carbonyl fragment [(OC)3Cr(η6-C6H6)] is that of
occupied d orbitals of rhodium with unoccupied π* orbitals
on the carbonyl groups. In the case of the borylene, how-
ever, the HOMO-3 shows no bonding character between
the boron and metal centre because the hybrid orbital on
boron is a mixture of py and px with s orbitals. Mixing of
both p functions adjusts the direction of the hybrid towards
molybdenum and subtraction of the s function removes a
lobe pointing toward palladium and leads to further polari-
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Figure 4. Kohn–Sham orbitals of [(OC)4Mo(µ-CO)(µ-BNH2)Pd(PH3)] 16bTS.

Figure 5. Plot of the ELF (isosurface: 0.70) of [(OC)4Mo(µ-CO){µ-BN(SiH3)2}Pd(PMe3)] 16a and [(Me3P)(OC)3Mο(µ-CO){µ-BN-
(SiH3)2}Pd(PMe3)] 17a. The ELF surface around the ligands has been omitted for clarity.

sation towards Mo. The interaction of the Pd-fragment with
the unoccupied orbital of the carbonyl group plays only a
minor role as also indicated by the experimental data, i.e.
the Pd–Cµ distance is significantly greater than the Pd–B
separation.

Analysis of the Electron Localisation Function (ELF)
can provide insight into the topology of valence electron
pairs. Similar to [(µ3-BMe){[(η5-C5H5)Mn(CO)2][Pd-
(PMe3)]2}],[8c–8d] ELF computations located, in all com-
puted molecules, three-synaptic basins representing (3c,2e)–
Mo–B–Pd bonds, with their attractors localised on the bo-
ron-metal side. The situation of the bridging carbonyls re-
sembles that of the borylenes. The ELF attractors of the
Mo–C–Pd basins are also placed between Mo and the
bridging atom (see Figure 5). In all cases the highest atomic
contribution to the three-synaptic basins is provided by the
central atom (ca. 50%).

The shape of the ELF basins of 16a is very similar to that
of [(Me3P)(OC)3Mο(µ-CO){µ-BN(SiH3)2}Pd(PMe3)] (17a).
There is, however, a distinct discrepancy in the population
of the B–N disynaptic basins which illustrates the difference
in the trans effect of carbonyl vs. the phosphane groups.
Formal exchange of CO in 17a by a phosphane leads to a
stronger Mo–B interaction, thus resulting in weaker B=N
and B–Pd bonds. This phenomenon is reflected in the val-
ues of the Wiberg Bond Index (WBI). The WBI of the B–
Mo bonds increases from 0.59 to 0.76 while at the same
time it decreases for the B–Pd bonds from 0.61 to 0.53 when
compared 16a with 17a. It should be mentioned, that de-
spite short interatomic distances, neither ELF attractors
nor the WBI indicates a distinct Mo–Pd interaction (see
Table 1).
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Table 1. Analysis of bonding in [(OC)4Mo(µ-CO)(µ-BNH2)Pd-
(PH3)] (16bMin and 16bTS) [(OC)4Mo(µ-CO){µ-BN(SiH3)2}Pd-
(PMe3)] (16a), and [(Me3P)(OC)3Mο(µ-CO){µ-BN(SiH3)2}Pd-
(PMe3)] (17a).

16bMin 16bTS 16a 17a

Bond lengths [pm] and
angles [°]
�(M2BC)(R2NB) 0.0 90.0 41.0 39.2
B–Mo 224.5 224.2 226.4 217.4
B–Pd 204.3 203.8 204.8 210.0
Cµ–Mo 207.2 208.2 207.8 207.6
Cµ–Pd 236.4 236.0 233.4 227.5
B=N 138.5 139.9 139.9 140.9
N–B–Mo 146.3 150.2 149.2 153.1
Mo–B–Pd 82.2 82.1 81.5 81.8
Wiberg Bond Indices
B–Mo 0.61 0.63 0.59 0.76
B–Pd 0.62 0.58 0.61 0.53
Cµ–Mo 0.76 0.74 0.74 0.75
Cµ–Pd 0.21 0.22 0.24 0.28
B=N 1.13 1.03 1.01 0.98
Mo–Pd 0.11 0.11 0.11 0.12
Natural charges
B 0.54 0.62 0.61 0.64
Mo –1.17 –1.20 –1.17 –1.20
Pd 0.06 0.02 0.01 0.01
Cµ 0.51 0.51 0.51 0.49
ELF basin population
B=N 3.92 3.97 3.47 2.67
Mo–B–Pd 3.13 3.13 3.23 3.22
Mo–C–Pd 3.08 3.15 3.15 3.20

Conclusions
The first Mo-based semi-bridging borylene complexes

[(OC)4Mo(µ-CO){µ-BN(SiMe3)2}Pd(PCy3)] (16) and [(Cy3-
P)(OC)3Mo(µ-CO){µ-BN(SiMe3)2}Pt(PCy3)] (19) were ob-
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tained from the reaction of [(OC)5Mo=B=N(SiMe3)2] (3)
with the late transition metal complexes [M(PCy3)2] (M =
Pd, 12; Pt, 13) and fully characterised in solution and in
the crystalline state. As indicated by multinuclear NMR
spectroscopy, the formation of these heterodinuclear species
is induced by cleavage of PCy3 from the Pd and Pt precur-
sors and subsequent addition of the Lewis-basic metal frag-
ments [M(PCy3)] to the borylene moiety, thus representing
a rare case of reactivity of terminal aminoborylene com-
plexes under thermal (i.e. nonphotolytic) conditions. The
generally increased lability of Mo organometallics with re-
spect to their Cr and W counterparts is reflected by the
rapid formation of the borylene species reported here and,
in particular, by their enhanced reactivity, thus leading to
the formation of a variety of side and degradation products.
This, above all, is true for the instantaneous generation of
the diphosphane complex 19 which is supposedly formed
via a monophosphane intermediate [(OC)4M(µ-CO){µ-
BN(SiMe3)2}Pt(PCy3)] analogous to 16 and which is known
for M = Cr and W but could not be detected here in the
case of M = Mo. Besides, this facile substitution of CO by
PCy3 provides further evidence of the strong trans influence
of boron centred ligands.

The particular coordination mode of the aminoborylene
ligand in the title compounds was elucidated for the first
time by detailed DFT and ELF studies which demon-
strated, in agreement with the structural data, that the
(Me3Si)2NB moiety adopts a semi-bridging position which
is well known for related carbonyl complexes but has only
very recently started to appear for borylenes. From the
computational data it can be concluded that the (Me3Si)2-
NB ligand is characterised by a pronounced B=N double
bond and a predominantly sp hybridised boron atom and
donates σ electron density from its formal lone pair to both
metal centres and receives in return π back donation into a
pz orbital. In addition, structural and computational data
indicate that a phosphane group trans to the semi-bridging
borylene (e.g. 19) increases the Mo–B bond strength with
respect to a trans CO ligand, due to the higher π acceptor
abilities of the latter.

Experimental Section

All manipulations were performed either under an atmosphere of
dry argon or in vacuo using standard Schlenk line and glove-box
techniques. Solvents were dried by standard methods and were dis-
tilled and stored over molecular sieves prior to use. Deuterated sol-
vents (C6D6) were degassed by three freeze-pump-thaw cycles and
stored over molecular sieves in the glove-box. The irradiation ex-
periments were carried out using a Heraeus TQ 150 high-pressure
Hg lamp. IR spectra were recorded as toluene solutions between
NaCl plates on a Bruker Vector 22 FTIR spectrometer. NMR spec-
tra were acquired either on a Bruker AMX 400 or a Bruker Avance
500 NMR spectrometer. Reaction mixtures were monitored on a
Bruker Avance 200 NMR spectrometer. 1H and 13C{1H} NMR
spectra were referenced to external TMS by the residual proton
resonances of the solvent (1H) or the solvent itself (13C).
11B{1H} NMR spectra were referenced to external BF3·OEt2 and
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31P{1H} NMR spectra to 85% H3PO4. Microanalyses for C, H and
N were performed on a Leco CHNS-932 elemental analyser.

[(OC)4Mo(µ-CO){µ-BN(SiMe3)2}Pd(PCy3)] (16): Solid [(OC)5-
Mo=B=N(SiMe3)2] (3) (0.060 g, 0.147 mmol) was added to a pale
yellow solution of [Pd(PCy3)2] (12) (0.098 g, 0.147 mmol) in C6D6

(0.5 mL). After 5 min the reaction mixture was layered with hexane
(2 mL) and stored at –35 °C. Over night orange crystals of [(OC)4-
Mo(µ-CO){µ-BN(SiMe3)2}Pd(PCy3)] (16) had formed (0.062 g,
53%). 1H NMR (400 MHz, C6D6, 21 °C): δ = 1.97–1.14 (m, 33 H,
Cy), 0.41 (s, 18 H, SiMe3) ppm. 13C{1H} NMR (101 MHz, C6D6,
21 °C): δ = 213.0 (d, JC,P = 2 Hz, CO), 210.8 (d, JC,P = 4 Hz, CO),
34.0 (d, 1JC,P = 13 Hz, C1, Cy), 31.5 (d, 3JC,P = 5 Hz, C3,5, Cy),
27.8 (d, 2JC,P = 11 Hz, C2,6, Cy), 26.5 (d, 4JC,P = 1 Hz, C4, Cy), 3.8
(s, SiMe3) ppm. 11B{1H} NMR (64 MHz, C6D6, 23 °C): δ = 99 (br.
s, ω1/2 = 810 Hz) ppm. 31P{1H} NMR (162 MHz, C6D6, 21 °C): δ
= 35.1 (s) ppm. IR (toluene): ν̃ = 2043, 1962, 1939, 1876
[ν(C=O)] cm–1. C29H51BMoNO5PPdSi2 (794.03): calcd. C 43.87, H
6.47, N 1.76; found C 43.77, H 6.47, N 1.72.

[(Cy3P)(OC)3Mo(µ-CO){µ-BN(SiMe3)2}Pt(PCy3)] (19): Solid
[(OC)5Mo=B=N(SiMe3)2] (3) (0.045 g, 0.110 mmol) was added to
a pale yellow solution of [Pt(PCy3)2] (13) (0.084 g, 0.110 mmol) in
toluene (0.5 mL). The solution turned brown and then red. After
5 min the reaction mixture was layered with hexane (2 mL) and the
solvent was allowed to slowly evaporate in the glovebox. The solid
was extracted with C6D6, the red solution was layered with hexane
(1.5 mL) and the solvent was allowed to evaporate. After 4 d pale
red-brown crystals formed which were recrystallised from toluene/
hexane yielding 15 mg (12%) of [(Cy3P)(OC)3Mo(µ-CO){µ-
BN(SiMe3)2}Pt(PCy3)] (19). 1H NMR (500 MHz, C6D6, 27 °C): δ
= 2.20–2.05 (m, 18 H, Cy), 1.80–1.58 (m, 30 H, Cy), 1.28–1.20 (m,
18 H, Cy), 0.63 (s, 18 H, SiMe3) ppm. 13C{1H} NMR (126 MHz,
C6D6, 27 °C): δ = 220.4 (d, 2JC,P = 2 Hz, CO), 220.3 (d, 2JC,P =
2 Hz, CO), 37.1 (d, 1JC,P = 13 Hz, C1, CyMo), 36.4 (d, 1JC,P =
22 Hz, C1, CyPt), 31.1 (d, 3JC,P = 2 Hz, C3,5, CyPt), 30.4 (s, C3,5,
CyMo), 28.1 (d, 2JC,P = 10 Hz, C2,6, CyMo), 27.9 (d, 2JC,P = 11 Hz,
C2,6, CyPt), 26.8 (s, C4, CyMo), 26.7 (s, C4, CyPt), 4.2 (s,
SiMe3) ppm. 11B{1H} NMR (160 MHz, C6D6, 27 °C): δ = 100 (br.
s, ω1/2 = 1557 Hz) ppm; 31P{1H} NMR (202 MHz, C6D6, 27 °C): δ
= 70.6 (d, 4JP,P = 11 Hz, 1JP,Pt = 5002 Hz, PPt), 49.9 (d, 4JP,P =
11 Hz, 3JP,Pt = 73 Hz, PMo) ppm. IR (toluene): ν̃ = 1985, 1889,
1796, 1766 [ν(C=O)] cm–1. C46H84BMoNO4P2PtSi2 (1135.11):
calcd. C 48.67, H 7.46, N 1.23; found C 48.54, H 7.11, N 1.20.

Crystal Structure Determination: The crystal data of 16 and 19 were
collected on a Bruker X8APEX diffractometer with a CCD area
detector and Mo-Kα radiation monochromated by using a multi-
layer mirror. The structures were solved by direct methods, refined
with the Shelx software package (G. Sheldrick, University of
Göttingen, 1997) and expanded using Fourier techniques. All non-
hydrogen atoms were refined anisotropically. Hydrogen atoms were
assigned to idealised positions and were included in structure factor
calculations.

Crystal Data for 16: C29H51BMoNO5PPdSi2, Mr = 794.01, orange
bar, 0.23�0.21�0.13 mm, orthorhombic space group Pna21, a =
17.7385(13) Å, b = 9.5613(7) Å, c = 21.3089(15) Å, V =
3614.1(5) Å3, Z = 4, ρcalcd = 1.459 gcm–3, µ = 0.990 mm–1, F(000) =
1632, T = 173(2) K, R1 = 0.0307, wR2 = 0.0649, 7134 independent
reflections [2θ � 52.24°] and 370 parameters.

Crystal Data for 19: C46H84BMoNO4P2PtSi2, Mr = 1135.10, yellow
block, 0.19�0.10�0.07 mm, triclinic space group P1̄, a =
12.2522(7) Å, b = 13.4914(8) Å, c = 16.2482(10) Å, α =
96.7280(10)°, β = 101.2180(10)°, γ = 96.7180(10)°, V =
2589.3(3) Å3, Z = 2, ρcalcd = 1.456 gcm–3, µ = 3.088 mm–1, F(000) =
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1164, T = 173(2) K, R1 = 0.0462, wR2 = 0.1017, 10261 independent
reflections [2θ � 52.28°] and 551 parameters.

CCDC-645809 and -645810 contain the crystallographic data for
this article. These data can be obtained free of charge from the
Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/
data_request/cif

Supporting Information (see also the footnote on the first page of
this article): Results of DFT calculations.
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