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The synthesis and structure of compounds containing multiple
bonds between heavier Group 15 (Sb, Bi) elements, or
analogous low-valent compounds with the central atom in
the formal oxidation state + 1, have been among the most
exciting targets in the chemistry of main-group elements.[1]

However, these compounds are often very unstable under
normal conditions. The introduction of sufficiently large
substituents is necessary for kinetic stabilization of such
reactive species. Utilizing very effective and bulky ligands,
such as 2,4,6-tris[bis(trimethylsilyl)methyl]phenyl, 2,6-bis-
[bis(trimethylsilyl)methyl]-4-[tris(trimethylsilyl)methyl]-
phenyl,[2] or various m-terphenyl ligands,[3] allowed isolation
of stable heavier-element dipnictenes RMMR (M = Sb, Bi).
Related ligands are able to stabilize unsymmetric compounds,
where two different heavier Group 15 elements are con-
nected.[4] Using less stericaly crowded ligands, such as
bis(trimethylsilyl)methyl[5] resulted in formation of various
cluster compounds, and coordination of a transition metal was
necessary for stabilization of the RMMR fragment.[5] Never-
theless, monomeric compounds of the type RM (stibinidenes
or bismuthinidenes) have not been isolated in the condensed
phase to date, although the existence of such compounds with
two lone pairs for bismuth has been predicted based on
relativistic effects.[6] We and others have recently demon-
strated that using of so-called NCN pincer-type ligand, [2,6-
bis(dimethylamino)methyl]phenyl (denoted as Ar hereafter),
is an alternative to sterically overcrowded ligands for
stabilization of low-valent antimony and bismuth com-
pounds[7] and the terminal ArSb=E (E = S, Se, Te) bonds.[8]

In view of this fact, it was believed that using of even more
rigid and more sterically demanding NCN pincer ligand may
lead to a stabilization of monomeric RM species (stibinidenes

or bismuthinidenes) by combination of thermodynamical and
kinetic influence of the ligand. Herein, we present the
syntheses and structures of unprecedented monomeric stibi-
nidene and bismuthinidene by taking advantage of using of
2,6-bis[N-(2’,6’-dimethylphenyl)ketimino]phenyl (denoted as
L hereafter; Scheme 1).[9]

The starting chlorides LMCl2 (M = Sb (1) and Bi (2)) were
prepared by standard metathesis of the lithium compound
LLi and MCl3 in Et2O and were isolated as slightly yellow
powders that are soluble in chlorinated solvents. The key step
of the syntheses is using of two equivalents of nBuLi (Et2O,
�60 8C) for successful lithiation of the ligand. Compounds 1
and 2 were characterized by 1H and 13C NMR spectroscopy
and elemental analysis (Supporting Information).

The reactions of 1 and 2 with two equivalents of K[B-
(iBu)3H] proceeded smoothly in THF. The reaction mixture
turned deep blue in color upon addition of K[B(iBu)3H], and
evolution of a gas was clearly visible, thus indicating
formation of unstable hydrides LMH2 that immediately lose
hydrogen. Similar dehydrocoupling reactions have been
recently used for other element–element bond forma-
tions.[7b, 10] Compounds 3 and 4 were isolated by crystallization
from saturated hexane solution as deep blue microcrystalline
materials in lower, but still reasonable, yields (25 % for 3 and
35% for 4). Both compounds have been characterized by the
help of satisfactory elemental analysis. The 1H and 13C NMR
spectra of 3 and 4 revealed one set of sharp signals
corresponding to the ligand L, showing the presence of only
one species in [D6]benzene solution.

The molecular structures of 3 and 4 were unambiguously
determined by the single-crystal X-ray diffraction analysis
(Figure 1). Both compounds crystallize in the C2/c space
group and are closely related in structure.

Scheme 1. Preparation of the compounds studied.
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There is no close intermolecular contact between the
central atom Sb1 in 3 or Bi1 in 4 and other atoms in the crystal
structures confirming an exclusively monomeric nature of
both compounds. The metal atoms are encapsulated well in
the ligand cavity. The central part of the structure remains
essentially planar, as the antimony (3) and bismuth atom (4) is
only slightly bent out of the plane defined by C1-N1-N2 atoms
(0.108 � for 3 and 0.125 � for 4). The flanking aromatic rings
are nearly perpendicular to the central ring of the ligand. The
metal atoms are three-coordinate, and form a M�C1 covalent
bond (2.052(3) � for 3 and 2.150(5) � for 4) and two strong
intramolecular M···N interactions (Sb1�N1 2.352(3) and Sb1�
N2 2.346(3) � for 3, and Bi1�N1 2.461(5), Bi1�N2 2.464(4) �
for 4). The molecular structures of 3 and 4 substantially differ
in comparison to organoantimony(I) compound substituted
with the ligand Ar. This compound forms tetrameric structure
Ar4Sb4 with central four-membered ring. The Sb�N intra-

molecular interactions are significantly weaker in this case
(the distances are in the range 3.016(4)–4.950(5) �). The
central antimony atom is thus marginaly influenced by the
nitrogen donor atoms in comparison with compounds 3 and 4.

The monomeric stibinidenes of the type RSb (R = organic
substituent, Br) have been stabilized by donating two
antimony electron lone pairs to two transition-metal frag-
ments, such as {W(CO)5}, {CpMo(CO)2}.

[11] These compounds
are believed to feature an sp2 s-bonding framework and
p delocalization of the lone pairs of the antimony atom
between both transition-metal centers. The antimony center,
with trigonal planar geometry, posses significant Lewis acidity
because of the presence of an empty p orbital.[12] These Lewis
acidic properties have been were later reflected by the
isolation of compounds [RM{W(CO)5}2] (M = Sb, Bi), where
R = NC chelating ligand, 2-(dimethylaminomethyl)phenyl,
and the pendant ligand arm is strongly coordinated to the
central atom.[13] On the contrary, in the case of 3 and 4, the
central atom is stabilized by two nitrogen donor atoms rather
than by donation of the lone pairs to the transition metal
acceptors. The bonding angle between both nitrogen donor
atoms and the central metal N1-M-N2 is 146.66(9)8 for 3 and
142.07(14) for 4. These values may suggest that in the case of 3
and 4 the monomeric structures are stabilized by blocking of
the empty p orbital by partial donation of electron density
from the nitrogen atoms N1 and N2.

To gain more insight into the structure and bonding of 3
and 4, a theoretical survey focused on both compounds has
been performed. Starting from the crystal structures, the
geometries of compounds 3 and 4 were optimized at the
B3LYP[14]/cc-pVTZ[15] level of theory; on Sb and Bi, the cc-
pVTZ-PP[16] basis set was used. The equilibrium geometries
were confirmed to be minima on the potential energy surface,
and subsequent NBO analysis[17] was performed. All compu-
tations were performed using the Gaussian 03 program.[18]

The Wiberg bond orders[19] and atomic charges are given in
the Supporting Information. The resulting theoretical geo-
metries are in very good agreement with the experimental
values (Figure 1, caption). This analysis reveals a single
s bond between C1 and Sb or Bi mediated by one of the
p orbitals of the central atom (Figure 2a). The two lone pairs
at Sb and Bi atoms remain as an s-type (inert) (Figure 2 b) and
p-type lone pair that is orientated perpendicularly to the
central aryl ring of the ligand. It seems that this p-type lone
pair is also sufficiently shielded by flanking aryl rings and
their ortho methyl substituents (Figure 2c).

The empty p orbital on the Sb and Bi atoms is located in
the plane of the central aryl of the ligand and importantly
shows considerable overlap with the N1 and N2 lone pairs
(Figure 2d). This fact supports our previous presumption that
the empty p-type orbital might be stabilized by effective
interaction with the nitrogen donor atoms of the ligand.
Furthermore, the partial atomic charges on the nitrogen
atoms (�0.546 a.u. for 3 and �0.533 a.u. for 4) and those on
the central atoms Sb (0.696 a.u.) and Bi (0.646 a.u.) are very
close to each other and opposite in magnitude.

As mentioned, using of the same ligand Ar did not led to
the stabilization of stibinidene ArSb, which is most probably
due to the non-rigidity of the Sb�N interaction (caused in part

Figure 1. Molecular structures of 3 (a) and 4 (b), with ellipsoids set at
50% probability. Selected bond lengths [�] and angles [8] (computed
values given in parentheses): 3 : Sb1–C1 2.052(3) (2.058), Sb1–N1
2.352(3) (2.371), Sb1–N2 2.346(3) (2.372), C7–N1 1.302(4) (1.304),
C17–N2 1.300(4) (1.304); C1-Sb1-N1 73.60(11) (73.3), C1-Sb1-N2
73.26(11) (73.3), N1-Sb1-N2 146.66(9) (146.6). 4 : Bi1–C1 2.150(5)
(2.165), Bi1–N1 2.461(5) (2.484), Bi1–N2 2.464(4) (2.484), C7–N1
1.289(7) (1.300), C17–N2 1.296(7) (1.300); C1-Bi1-N1 71.43(16)
(71.1), C1-Bi1-N2 70.83(16) (71.1), N1-Bi1-N2 142.07(14) (142.2).
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by low Lewis acidity of the central atom and also by high
fluxionality of the ligands donor groups (arms) in Ar in
comparison with the ligand L used herein), and only a
tetrameric molecule could be isolated.[7b] These facts further
support the conclusion that the monomeric structures of 3 and
4 are mainly stabilized by virtue of donating of donor atoms
electron density to the empty p-type orbital of the central
atoms. Similar Sn�N interactions have been detected in an
intramolecularly coordinated diorganostannyne ArSnSnAr
recently.[20] In this distannyne, the Lewis basic nitrogen atoms
also stabilize the emtpy p-type orbitals.

In conclusion, it was shown that combination of steric
shielding and intramolecular Sb/Bi···N interactions causing
protection of both empty p-type and lone p-type orbitals of
the central atoms (Sb or Bi) using a 2,6-bis(ketimine)phenyl
ligand allowed the isolation of the first monomeric stibinidene
and bismuthinidene. We are currently investigating reactivity
of these compounds as we are extensively working on
utilization of the ligand L in other low-valent organometallic
compounds.

Experimental Section
All operations on air-sensitive compounds were performed under an
argon atmosphere using Schlenk techniques. All solvents were dried
by standard procedures and degassed prior to use.

3 : A THF solution of K[B(iBu)3H] (4.1 mL, 1m solution,
4.1 mmol) was added to a stirred suspension of 1 (1.19 g, 2.1 mmol)
in THF (50 mL) at room temperature. Immediately after addition,

elimination of hydrogen was observed and the reaction mixture
turned to deep blue color. The resulting mixture was stirred for
additional 1 h at room temperature and evaporated in vacuo. The
residue was extracted with hexane (60 mL, 50 8C) and the insoluble
material was filtered off. The deep blue filtrate was concentrated to
about 10 mL. On standing overnight at �30 8C the solution afforded
blue microcrystals of 3 (0.25 g, 24%). Single crystals of 3 were
obtained by re-crystallization from saturated hexane solution at 5 8C.
M.p. 208–2108C (dark oil). 1H NMR (500 MHz, [D6]benzene, 258):
d = 7.96 (d, 3J(H,H) = 8 Hz, 2H, meta-Ph), 7.29 (t, 3J(H,H) = 8 Hz,
1H, para-Ph), 6.98 (d, 3J(H,H) = 8 Hz, 4H, meta-(2,6-Me2)Ph), 6.94
(t, 3J(H,H) = 8 Hz, 2H, para-(2,6-Me2)Ph), 2.06 (s, 6H, CH3CN),
2.03 ppm (s, 12 H, CH3); 13C NMR (125.8 MHz, [D6]benzene, 258):
d = 172.6 (CN), 162.8, 146.9, 137.7, 131.3, 130.4, 128.8, 125.8, 120.5
((2,6-Me2)C6H3 and Ph), 19.0 (CH3CN), 16.3 ppm (CH3). Elemental
analysis (%) calcd for C26H27N2Sb (489.25): C 63.8, H 5.6; found:
C 63.5, H 5.8.

4 : A THF solution of K[B(iBu)3H] (1.3 mL, 1m solution,
1.3 mmol) was added to a stirred suspension of 2 (0.42 g,
0.65 mmol) in THF (50 mL) at room temperature. Immediately
after addition, elimination of hydrogen was observed and the reaction
mixture turned to deep blue color. The resulting mixture was stirred
for additional 1 h at room temperature and evaporated under reduced
pressure. The residue was extracted with hexane (30 mL) and the
insoluble material was filtered off. The deep blue filtrate was
concentrated to about 10 mL. On standing overnight at �30 8C, the
solution afforded blue microcrystals (directly suitable for X-ray
crystallography) of 4 (0.13 g, 35%). M.p. 252–2558C (dark oil).
1H NMR (500 MHz, [D6]benzene, 258): d = 8.10 (d, 3J(H,H) = 8 Hz,
2H, meta-Ph), 7.11 (t, 3J(H,H) = 8 Hz, 1H, para-Ph), 7.01 (d,
3J(H,H) = 8 Hz, 4H, meta-(2,6-Me2)Ph), 6.90 (t, 3J(H,H) = 8 Hz,
2H, para-(2,6-Me2)Ph), 2.48 (s, 6H, CH3CN), 2.02 ppm (s, 12 H,
CH3); 13C NMR (125.8 MHz, [D6]benzene, 258): d = 204.6 (C-ipso),
172.4 (CN), 148.5, 146.8, 133.9, 129.7, 128.8, 125.8, 122.4 ((2,6-Me2)Ph
and Ph), 19.9 (CH3CN), 18.5 ppm (CH3). Elemental analysis (%)
calcd for C26H27N2Bi (576.50): C 54.2, H 4.7; found: C 54.5, H 4.8.

The suitable single crystals of 3 and 4 were measured on four-
circle diffractometer KappaCCD with CCD area detector by mono-
chromatized MoKa radiation (l = 0.71073 �). The numerical[21]

absorption correction from crystal shape was applied for both
crystals. The structures were solved by direct methods (SIR92[22])
and refined by a full-matrix least-squares procedure based on F2

(SHELXL97[23]). Hydrogen atoms were fixed into idealized positions
(riding model) and assigned temperature factors Hiso(H) = 1.2 Ueq

(pivot atom); for the methyl groups, a multiplication factor of 1.5 was
chosen. The final difference maps displayed no peaks of chemical
significance as the highest peaks and holes are in close vicinity (<
1 �) of heavy atoms. CCDC 771563 (3) and 771564 (4) contain the
supplementary crystallographic data for this paper. These data can be
obtained free of charge from The Cambridge Crystallographic Data
Centre via www.ccdc.cam.ac.uk/data_request/cif. 3 : C26H27N2Sb, Mr =

489.25, monoclinic, C2/c, T= 150(2) K, a = 28.4712(9), b = 8.3513(10),
c = 21.9987(8) �, b = 122.87(2)8, V= 4393.1(2) �3, Z = 8, 1calcd =

1.479 gcm�3, m = 1.270 mm�1, 0.75 � 0.4 � 0.04 mm3, 2Vmax = 27.58 ;
4953 reflections collected, 3867 independent and used in the structure
refinement of 262 parameters. Rint = 0.067, R1 = 0.030 (I> 2s(I)),
wR = 0.068 (all data), min./max. residual electron density: 0.772/
�0.646 e��3. 4 : C26H27N2Bi, Mr = 576.48, monoclinic, C2/c, T=

150(1) K, a = 28.6974(9), b = 8.2791(8), c = 22.0978(10) �, b =
122.19(2)8, V= 4442.9(1) �3, Z = 8, 1calcd = 1.724 gcm�3, m =
7.951 mm�1, 0.30 � 0.25 � 0.03 mm3, 2Vmax = 27.58 ; 5093 reflections
collected, 4097 independent and used in the structure refinement of
262 parameters. Rint = 0.060, R1 = 0.036 (I> 2s(I)), wR = 0.062 (all
data), min./max. residual electron density: 1.461/�1.096 e��3.
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Figure 2. Relevant NBOs (isosurface value: 0.02 a.u.) involving anti-
mony in 3 (left) and bismuth in 4 (right). NBO populations are given
in parentheses. a) s bond between Sb/Bi and C (3 : 1.956, 4 : 1.952),
b) s-type lone pair on Sb/Bi (3 : 1.985, 4 : 1.989), c) p-type lone pair on
Sb/Bi (3 : 1.391, 4 : 1.456), and d) empty p orbital on Sb/Bi (3 : 0.339,
4 : 0.311).
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Růžička, J. Holeček, Organometallics 2008, 27, 2169 – 2171.

[8] a) L. Dost�l, R. Jambor, A. Růžička, A. Lyčka, J. Brus, F.
de Proft, Organometallics 2008, 27, 6059 – 6062; b) L. Dost�l, R.
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