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The synthesis and characterization of several tin(II), lead(II) and ytterbium(II) complexes supported by
[C(Ph2P=NSiMe3){6-(2-RC5H3N)}]2- or [CH(Ph2P=NSiMe3){6-(2-RC5H3N)}]- (R = 3,5-dimethyl-1-
pyrazolyl or iminophosphoranyl) ligands are reported. Reaction of 2-R-6-{CH2P(Ph2)=NSiMe3}-
C5H3N with M[N(SiMe3)2]2 (M = Sn, Pb) generated tin(II) and lead(II) complexes [M{C(Ph2P=
NSiMe3){6-(2-RC5H3N)}}]2 [3, M = Sn, R = 3,5-dimethyl-1-pyrazolyl; 4, M = Pb, R = 3,5-dimethyl-
1-pyrazolyl; 9, M = Sn, R = Me3SiN=P(Ph2); 10, M = Pb, R = Me3SiN=P(Ph2)]. When R =
p-MeC6H4N=P(Ph2), a N,N-chelate tin(II) complex, [Sn{2-{N(p-MeC6H4)=PPh2}-6-{CHP(Ph2)=
NSiMe3}}{N(SiMe3)2}] (11), was isolated. Treatment of 2-(Ph2P=NSiMe3)-6-{CH2P(Ph2)=NSiMe3}-
C5H3N with Yb[N(SiMe3)2]2(DME) afforded N,N,N-chelale ytterbium(II) complex [Yb{2-{N(SiMe3)=
PPh2}-6-{CHP(Ph2)=NSiMe3}}{N(SiMe3)2}] (12). The complexes were characterized by elemental
analyses and multinuclear NMR spectroscopy. Complexes 3, 4 and 10–12 were further characterized by
single crystal X-ray diffraction techniques.

Introduction

Iminophosphoranes can act as neutral,1 monoanionic2 and
dianionic ligands3 and have been proved to be able to stabilize
main group, transition and lanthanide metal ions.4 Some of
the metal complexes bearing iminophosphorane ligands exhibit
catalytic activity and interesting reactivity.5,6 Examples include the
catalysis of magnesium and zinc complexes in the ring-opening
polymerization of e-caprolactone or lactides,5a–5d the catalysis of
vanadium, iron, cobalt and nickel complexes bearing neutral
or monoanionic iminophosphorane ligands in the polymeriza-
tion or oligomerization of ethylene5e–5g and catalysis of nickel
complexes in the carbon-carbon coupling.5h–5j Iminophosphorane
metal complexes also attracted considerable attention due to
their diverse structural patterns.7 For example, complexes of
the dianionic ligand [C(Ph2P=NSiMe3)2]2- with Ti(IV), Zr(IV),
Hf(IV), Mo(II), Sm(III) or Ge(II) afforded carbon-metal double
bond complexes (I and II in Chart 1),3e,6c,7e–7h but the germanium
complex showed different coordination mode from the others.7e

The same ligand with Cr(II), Mn(II), iron(II), tin(II) or lead(II)
gave 1,3-dimetallacyclobutanes (III in Chart 1).3d,6h,7a One of au-
thors with collaborators reported synthesis of tin(II) and lead(II)
complexes supported by [C(Ph2P=NSiMe3)(2-Py)]2- ligand, which
exhibit homo- or hetero-1,3-dimetallacyclobutane structures (IV
in Chart 1).8 In this paper, we wish to report the synthesis
and characterization of tin(II) and lead(II) complexes supported
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Chart 1

by [C(Ph2P=NSiMe3){6-(2-RC5H3N)}]2- (R = 3,5-Me2-1-C3HN2

or Me3SiN=PPh2) ligands and tin(II) and ytterbium(II) com-
plexes supported by [CH(Ph2P=NSiMe3){6-(2-RC5H3N)}]- (R =
p-MeC6H4N=PPh2 or Me3SiN=PPh2) ligands.

Results and discussion

Syntheses of compounds 2–4 are shown in Scheme 1. Iminophos-
phorane 2 was obtained by the reaction of 1 with Me3SiN3 at
140–160 ◦C, and the product was purified by recrystallizing from
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Scheme 1 Synthesis of complexes 3 and 4. Reagents and conditions: i,
Me3SiN3, 140–160 ◦C, 12 h; ii, M[N(SiMe3)2]2 (M = Sn, Pb), toluene, r.t.,
24 h, then 60 ◦C, 12 h (for Sn compound) or r.t., 72 h (for Pb compound).

hexane. Treatment of 2 with an equivalent of Sn[N(SiMe3)2]2

in toluene afforded complex 3 in 49% yield. Similar reaction
between 2 and Pb[N(SiMe3)2]2 generated complex 4 in 57%
yield. Reaction between 2 and M[N(SiMe3)2]2 (M = Sn or Pb)
might first form an unstable intermediate metallavinylidene, :M =
C(Ph2P=NSiMe3)(Ar), which then underwent a “head-to-tail”
cycloaddition to give 1,3-dimetallacyclobutanes, 3 and 4.7e,8b Both
3 and 4 are air-sensitive crystalline solids, soluble in pyridine and
THF and slightly soluble in toluene. Each of the compounds
2–4 was characterized by elemental analysis and 1H, 13C and
31P NMR spectroscopy. The 1H NMR spectrum of complex 3
exhibited a set of signals, showing the two ligands to adopt the
same coordination mode to the central metals. This is consistent
with its solid structure determined by single X-ray diffraction
(see below). However, each of 1H, 13C and 31P NMR spectra
of complex 4 gave two sets of ligand signals. For example, its
31P NMR spectrum exhibited resonance signals at d 3.17 and
12.32 ppm, respectively. This observation supports that the two
lead atoms have different coordination modes, being different from
its solid structure identified by the single crystal X-ray diffraction.
Unfortunately, and as seen before,7e,8b the 13C NMR signals of the
quarternary methandiide carbon in complexes 3 and 4 could not
be detected, and hence could not provide clues to the solution
structures. However, based on the coordination mode of a related
tin(II) complex (V in Chart 2)8b we conjecture that the solution
structure of 4 may be VI or VII (Chart 2).

The ORTEP drawing of complex 3 is displayed in Fig. 1,
along with selected bond lengths and angles. In the molecule the
tin atoms are bridged by the methandiide carbons, the skeletal
structure being ladder-shaped. The central Sn2C2 ring is planar
with the angle at carbon [93.64(11)◦] wider than that at tin,
86.36(11)◦. The two imino nitrogen atoms rather than the pyridyl
nitrogen atoms of the ligand coordinate to the Sn(II) centers,
forming two SnCPN four-membered rings. This coordination
pattern is different from that of 1,3-[Sn{C(Pri

2P=NSiMe3)(2-
Py)}2]2, in which one tin center is bonded to the methandiide

Chart 2

Fig. 1 ORTEP drawing of complex 3 shown with 30% thermal ellipsoids.
Symmetry operations for generating equivalent positions are: -x + 1,
-y + 2, -z + 2. Selected bond distances (Å) and angles (◦): Sn1-C1 2.278(3),
Sn1-N1 2.283(3), Sn1-C1A 2.342(3), P1-C1 1.735(3), P1-N1 1.611(3),
C1-Sn1-N1 68.86(10), C1-Sn1-C1A 86.36(11), N1-Sn1-C1A 94.29(10),
Sn1-C1-Sn1A 93.64(11), P1-C1-Sn1 91.56(13), P1-N1-Sn1 94.77(12),
N1-P1-C1 100.75(14).

carbons and coordinated to two imino nitrogens and the other
tin atom is bonded to the methandiide carbons and coordinated
to two pyridyl nitrogens.8b This difference does not appear to
be caused by the steric hindrance of the 2-substituents of the
pyridyls in complex 3 because a related complex with a sterically
hindered ligand (VIII in Chart 3) adopts a completely different
coordination pattern.7k The Sn-C bond distances in complex 3
[2.278(3) and 2.342(3) Å, respectively] are comparable to those
corresponding in VIII [2.287(6) and 2.362(7) Å, respectively].
The Sn1-N1 distance of 2.283(3) Å in complex 3 is shorter
than the Sn-N(pyridyl) distance in VIII [2.316(5) Å], and the
Sn-N(iminophosphoranyl) distances in III (Chart 1, M = Sn)
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Chart 3

[2.542(6) and 2.550(5) Å, respectively], but within the normal range
of the Sn-N(iminophosphoranyl) distances.7j,7k,8

The ORTEP drawing of complex 4 is displayed in Fig. 2,
along with selected bond lengths and angles. Crystalline complex
4 exhibits a similar structure to 3. Thus, the lead atoms are
bridged by the methandiide carbons and the imino nitrogen atoms
coordinate to the Pb(II) centers to form a fused tricyclic ladder-
shaped skeleton. The molecule is centro-symmetric and the central
Pb2C2 ring is planar with the angle at carbon [93.72(8)◦] wider
than that at lead [86.28(8)◦]. This coordination mode is different
from that of III (Chart 1, M = Pb),7e but similar to that of IX
(Chart 3).7k The endocyclic angles of the central rhomboidal Pb2C2

ring in complex 4 are almost same as the corresponding ones
in IX. However, the Pb-C distances in complex 4 [2.442(2) and

Fig. 2 ORTEP drawing of complex 4 shown with 30% thermal
ellipsoids. Symmetry operations for generating equivalent positions
are: -x, -y + 1, -z. Selected bond distances (Å) and angles (◦):
Pb1-C13 2.442(2), Pb1-C13A 2.345(2), Pb1-N1A 2.428(2), P1-N1 1.604(2),
P1-C13 1.741(2), C13-Pb1-C13A 86.28(8), C13A-Pb1-N1A 66.25(8),
N1A-Pb1-C13 92.85(7), Pb1-C13-Pb1A 93.72(8), P1-C13-Pb1 107.36(11),
N1-P1-C13 102.42(11), P1-N1-Pb1A 93.84(9).

2.345(2) Å, respectively] are different from the corresponding ones
of VI [2.426(2) and 2.363(2) Å, respectively]. The Pb-N distance
of complex 4 [2.428(2) Å] is longer than that of VI [2.406(2) Å],
and both are much shorter than those in III (Chart 1, R = Pb)
[2.625(4) and 2.631(4) Å].7e,7k

Synthesis of compounds 5, 6a, 7a and 8a followed the same
methods we reported previously.5c Pre-ligand 8b was synthesized
according to similar procedures to 8a as shown in Scheme 2. Thus,
reaction of 5 with p-MeC6H4N3 in THF at room temperature
gave iminophosphorane 6b in 73% yield. Lithiation of 6b with
LDA and then treatment with Ph2PCl afforded 7b in 54% yield.
Treatment of 7b with Me3SiN3 at 140–160 ◦C yielded 8b in 63%
yield. The Sn(II), Pb(II) and Yb(II) complexes were synthesized
from 8a and 8b as shown in Scheme 3. Thus, reaction of 8a with
M[N(SiMe3)2]2 (M = Sn, Pb) in toluene under reflux conditions
produced complexes 9 and 10, respectively. Reaction of 8b with
Sn[N(SiMe3)2]2 at room temperature for 72 h afforded complex
11 as red crystals in 61% yield. It was expected that complex

Scheme 2 Synthesis of compounds 6b-8b. Reagents and conditions for 6b,
7b and 8b: i, p-MeC6H4N3, THF, r.t., 3 h; ii, LDA, THF, -60 ◦C to -20 ◦C,
20 min., then Ph2PCl, -80 ◦C, 15 min. and r.t., overnight; iii, Me3SiN3,
140–1600 ◦C, 12 h.

Scheme 3 Synthesis of complexes 9–12. Reagents and conditions: i,
M[N(SiMe3)2]2 (M = Sn, Pb), toluene, r.t., 24 h, then reflux, 6h; ii,
Sn[N(SiMe3)2]2, toluene, r.t., 72 h; iii, Yb[N(SiMe3)2]2(DME), hexane, r.t.,
24 h.

This journal is © The Royal Society of Chemistry 2009 Dalton Trans., 2009, 8005–8012 | 8007
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11 further lost a proton under intenser conditions to form a
methandiide complex similar to complex 9. For this purpose the
solution of 11 in toluene was heated at 80 ◦C for 24 h to give yellow
precipitates. The species was insoluble in most organic solvents
such as Et2O, THF, toluene, CH2Cl2 and pyridine, and hence was
not characterized by NMR spectroscopy. In this case we can not
judge if a methandiide complex has been formed although its
elemental analytical data matched the formula of the supposed
methandiide complex. Attempts to isolate an analogue of 11
through reaction of 8a with Sn[N(SiMe3)2]2 at room temperature
were unsuccessful, a mixture was always obtained. Reaction of
8a with Yb[N(SiMe3)2]2(DME) in hexane at room temperature
afforded complex 12 as brown crystals. Attempts to prepare
ytterbium methandiide complex from 12 by prolonging reaction
time or heating the toluene solution of 12 were unsuccessful. No
reactions occurred under these conditions.

Compound 6b was crystallized from Et2O. However, the crys-
talline solid is only slightly soluble in Et2O, but soluble in THF and
CH2Cl2. Compound 7b is slightly soluble in hexane and soluble in
toluene, THF and CH2Cl2. Compound 8b was crystallized from
a mixed solvent of CH2Cl2 and hexane, and is soluble in Et2O,
toluene and CH2Cl2. Each of 6b, 7b and 8b gave satisfactory
elemental analysis. The 1H, 13C and 31P NMR spectra match their
respective structure.

Complexes 9–12 are air-sensitive crystalline solids. Both com-
plexes 9 and 10 were crystallized from toluene, and are soluble in
THF, slightly soluble in toluene and insoluble in Et2O and hexane.
Complex 11 was crystallized from a mixture of Et2O and hexane,
and is soluble in Et2O and toluene and slightly soluble in hexane.
Complex 12 was crystallized from Et2O, and is soluble in Et2O
and toluene and slightly soluble in hexane. Each of the complexes
9–12 was characterized by elemental analysis, 1H, 13C and 31P
NMR spectroscopy. It is worth indicating that the solution NMR
spectra of complex 10 gave a set of ligand signals, while those of
complex 4 displayed two sets of ligand signals, showing different
coordination patterns of the complexes in solution. In addition,
the signals due to the quarternary methandiide carbons could not
be detected in the 13C NMR spectra of 9 and 10, being same as the
situation in complexes 3 and 4.

Complexes 10, 11 and 12 were further characterized by single
crystal X-ray diffraction. The ORTEP drawing of 10 is presented in
Fig. 3, along with selected bond lengths and angles. The molecule
has a similar structure skeleton to 4. Thus, the lead atoms are
bridged by the methandiide carbon atoms and the nitrogen atoms
of the iminophosphoranyl attached on methandiide carbons
coordinate to the Pb(II) centers to form a centro-symmetric fused
tricyclic ladder-shaped skeleton. The central rhomboidal Pb2C2

ring has the endocyclic angles subtended at the carbon atoms
ca. 10◦ wider than those at lead. The C-Pb-C angles [84.9(4) ◦] are
close to those in complex 4 [86.28(8)◦]. The angles of N2-Pb1-C1A
and P1-C1-Pb1A [93.9(3) and 105.7(5)◦, respectively] are also close
to those corresponding in complex 4 [92.85(7) and 107.36(11)◦,
respectively]. The Pb1-C1 distance [2.380(10) Å] is longer than that
of complex 4 [2.345(2) Å], while Pb1-C1A distance [2.431(11) Å]
is comparable to that corresponding in 4 [2.442(2) Å].

The ORTEP drawing of 11 is presented in Fig. 4, along
with selected bond lengths and angles. The structure consists
of a tin atom bonded to the ligand in an N,N-chelate fashion.
The geometry around the tin center is a distorted trigonal

Fig. 3 ORTEP drawing of complex 10 shown with 30% thermal ellipsoids.
Symmetry operations for generating equivalent positions are: -x + 1,
-y + 1, -z + 1. Selected bond distances (Å) and angles (◦): Pb1-C1
2.380(10), Pb1-C1A 2.431(11), Pb1-N2 2.404(8), P1-C1 1.743(11), P1-N2
1.616(9), C1-Pb1-C1A 84.9(4), N2-Pb1-C1A 93.9(3), C1-Pb1-N2 66.7(3),
Pb1-C1-Pb1A 95.1(4), P1-C1-Pb1A 105.7(5).

Fig. 4 ORTEP drawing of complex 11 shown with 20% thermal ellipsoids.
Selected bond distances (Å) and angles (◦): Sn1-N2 2.209(4), Sn1-N3
2.239(4), Sn1-N4 2.109(4), P1-N1 1.539(4), P1-C16 1.733(5), P2-N3
1.597(4), P2-C21 1.787(5), N2-C21 1.356(5), N2-C17 1.378(5), C16-C17
1.375(6), N2-Sn1-N4 102.79(14), N2-Sn1-N3 77.77(13), N3-Sn1-N4
101.45(14), C17-N2-Sn1 119.4(3), C21-N2-Sn1 119.4(3), C17-N2-C21
119.6(4), N3-P2-C21 103.8(2), C17-C16-P1 124.8(4).

pyramid with one vertex occupied by a lone pair of electrons.
The geometry around the N2 atom is approximately planar,
supporting a sp2 hybrid N atom. C16 and P1 atoms are ap-
proximately coplanar with the pyridyl ring, which shows C16
to be a sp2 hybrid atom. The C16-C17 distance of 1.375(6) Å
is also indicative of a C-C double bond. The Sn1-N2 distance
[2.209(4) Å] is shorter than that of Sn1-N3 [2.239(4) Å], and
both are comparable to those in [ClSn{CH(Pri

2P=NSiMe3)(2-
Py)}] [2.201 Å]8a and in [(Me3Si)2NSn{(NBut)2P(Ph)(CH2Ph)}]
[2.206(3) and 2.238(3) Å, respectively].9 The Sn1-N4 distance
of 2.108(4) Å is comparable to those of Sn(II) amides {cf.,
2.09(1) Å in Sn[N(SiMe3)2]2}10 or eneamides {cf., 2.130(3) Å in
Sn[N(SiMe3)C(But)=CH(C6H3Me2–2,5)]2}.11

The ORTEP drawing of 12 is presented in Fig. 5, along with
selected bond lengths and angles. The complex is monomeric
in the solid state. The ligand adopts an N,N,N-tridentate co-
ordination mode and the ytterbium atom exhibits a distorted

8008 | Dalton Trans., 2009, 8005–8012 This journal is © The Royal Society of Chemistry 2009
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Fig. 5 ORTEP drawing of complex 12 shown with 30% thermal
ellipsoids. Selected bond distances (Å) and angles (◦): Yb1-N1 2.352(9),
Yb1-N2 2.529(9), Yb1-N3 2.446(8), Yb1-N4 2.338(10), P1-C1 1.777(12),
P1-N2 1.544(10), P2-C6 1.741(12), P2-N3 1.549(9), N1-C1 1.368(13),
N1-C5 1.364(13), C5-C6 1.415(15), N1-Yb1-N2 73.8(3), N1-Yb1-N3
83.3(3), N1-Yb1-N4 115.2(3), N2-Yb(1)-N3 121.9(3), N2-Yb1-N4
111.8(3), N3-Yb1-N4 126.3(4), C1-N1-Yb1 121.3(7), C5-N1-Yb1 111.3(7),
P1-N2-Yb1 112.1(5), P2-N3-Yb1 107.4(4), N2-P1-C1 109.6(5), N3-P2-C6
116.9(5), N1-C1-P1 111.0(9), C5-C6-P2 124.9(10).

tetrahedral geometry. The pyridyl ring is approximately planar,
and coplanar with P1 and C6 atoms. The Yb atom is out
of the plane, the torsion angle of P1C1N1Yb1 being 34.4◦.
The distances of the ytterbium atom to the iminophosphorano-
nitrogen atoms [2.529(9) and 2.5446(8) Å, respectively] is
longer than that to the formally negatively charged pyridyl-
nitrogen atom [2.352(9) Å]. The former is longer than those
of ytterbium atom to the iminophosphorano-nitrogen atoms
in [{(Me3SiN=PPh2)2CH}YbI(THF)2] [2.491(4) and 2.475(3) Å,
respectively],12a but within the range of the coordinated Yb-N bond
distances [2.50(3) to 2.61(3) Å] in [Yb{N(SiMe3)2}{m-DAC}]2Yb
(DAC = 4,13-diaza-18-crown-6).12b The latter is comparable to
those of Yb(II) bis(trimethylsilyl)amides (2.33–2.44 Å).12b–12e The
C5-C6 bond distance of 1.415(15) Å is between a single bond and
a double bond, which suggests C6 to be conjugate with the pyridyl
ring.

Conclusions

We have synthesized tin(II) and lead(II) complexes con-
taining 1,3-dimetallobutanes through reaction of 2-R-6-
{Me3SiN=P(Ph2)CH2}C5H4N (R = 3,5-dimethyl-1-pyrazolyl or
iminophosphoranyl) with M[N(SiMe3)2]2 (M = Sn or Pb). In
these complexes, the nitrogen atoms of the iminophosphoranyl
attached on the methandiide carbons coordinate to the central
tin(II) or lead(II) atoms. We also obtained [M{2-{N(R¢)=P(Ph2)}-
6-{Me3SiN=P(Ph2)CH}C5H4N}{N(SiMe3)2}] (11, M = Sn,
R¢ = p-MeC6H4; 12, M = Yb, R¢ = SiMe3) by reac-
tion of 2-{N(R¢)=P(Ph2)}-6-{Me3SiN=P(Ph2)CH2}C5H4N with
M[N(SiMe3)2]2(L) (M = Sn, L = nothing; M = Yb, L = DME).
The tin(II) complex 11 has an N,N-chelate coordination mode and
can be further transformed by heating to a new complex which was

not fully characterized, while the ytterbium(II) complex 12 adopts
an N,N,N-tridentate coordination mode and can not be further
converted by heating or prolonging reaction time.

Experimental

General remarks

All air or moisture sensitive manipulations were performed
under dry nitrogen using standard Schlenk techniques. Sol-
vents were distilled under nitrogen over sodium (toluene),
sodium/benzophenone (n-hexane, THF and diethyl ether) or
CaH2 (CH2Cl2) and degassed prior to use. LiBun, Me3SiN3

and (Me3Si)2NH were purchased from Acros Organics and
used as received. C6D6, CDCl3 and C5D5N were purchased
from Cambridge Isotope Laboratories, Inc., and were degassed
and stored over Na/K alloy (C6D6) or 4A molecular sieves
(CDCl3 and C5D5N). Sn[N(SiMe3)2]2,13 Pb[N(SiMe3)2]2

13 and
[Yb{N(SiMe3)2}2(DME)]14 were prepared according to the re-
ported methods. All other chemicals were obtained from commer-
cial vendors and used as received. NMR spectra were recorded on a
Bruker av300 spectrometer at ambient temperature. The chemical
shifts of the 1H and 13C NMR spectra were referenced to TMS or
internal solvent resonances; the 31P NMR spectra were referenced
to external 85% H3PO4. Elemental analysis was performed by the
Analytical Center of the University of Science and Technology of
China.

Preparations

2-(3,5-Me2C3HN2)-6-(CH2PPh2=NSiMe3)C5H3N (2). A
stirred mixture of 2-(PPh2CH2)-6-(3,5-Me2C3HN2)C5H3N (1)
(2.62 g, 7.05 mmol) and Me3SiN3 (1.1 cm3, 8.1 mmol) was heated
at 140–160 ◦C for 12 h. The unreacted Me3SiN3 was removed
in vacuo and the residue was dissolved in hexane. The solution
was filtered and the filtrate was concentrated to afford colorless
crystals of 2 (2.62 g, 81%) (found: C, 67.75; H, 6.74; N, 11.97.
C26H31N4PSi requires C, 68.09; H, 6.81; N, 12.22%), mp 70–71 ◦C.
1H NMR (CDCl3): d -0.08 (s, 9H, SiMe3), 2.23 (s, 3H, Me),
2.27 (s, 3H, Me), 3.83 (d, 2H, J = 14.1 Hz, CH2), 5.89 (s, 1H,
pyrazolyl), 7.16–7.18 (m, 2H, Py), 7.36–7.46 (m, 5H, Ar + Py),
7.60–7.68 (m, 6H, Ar). 13C NMR (CDCl3): d 4.01, 13.71, 14.35,
42.68 (d, J = 66.9 Hz), 106.77, 113.42 (d, J = 2.9 Hz), 122.24
(d, J = 3.9 Hz), 128.17, 128.33, 130.89 (d, J = 2.8 Hz), 131.25,
131.38, 134.65, 135.94, 138.05 (d, J = 2.5 Hz), 141.53, 149.61,
151.98 (d, J = 7.4 Hz), 153.02. 31P NMR (CDCl3): d -4.12.

[Sn2{C(Ph2P=NSiMe3){6-(2-(3,5-Me2C3HN2)C5H3N)}}2] (3).
To a solution of 2 (0.36 g, 0.79 mmol) in toluene (20 cm3) was
added a solution of Sn[N(SiMe3)2]2 (0.36 g, 0.82 mmol) in toluene
(5 cm3) at room temperature with stirring. The mixture was stirred
at room temperature for 24 h, and then at 60 ◦C for 12 h. The
mixture was cooled to room temperature and filtered. The filtrate
was concentrated to form yellow crystals of 3 (0.22 g, 49%) (found:
C, 53.98; H, 5.22; N, 9.42. C52H58N8P2Si2Sn2 requires C, 54.28;
H, 5.08; N, 9.74%), mp 257–258 ◦C. 1H NMR (C6D6+C5D5N):
d -0.10 (s, 18H, SiMe3), 2.51 (s, 6H, Me), 2.74 (s, 6H, Me), 6.17 (s,
2H, pyrazolyl), 7.18 (d, J = 7.5 Hz, 2H, Py), 7.31–7.47 (m, 14H,
Ph + Py), 7.68 (d, J = 7.8 Hz, 2H, Ph), 8.11–8.20 (m, 8H, Ph).
13C NMR (C6D6+C5D5N): d 2.64, 13.95, 14.76, 108.20, 109.19,
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110.71, 125.69, 128.56, 129.33, 131.21 (d, J = 1.8 Hz), 131.41,
131.54, 132.28, 132.42, 136.04, 137.08, 137.76, 137.90, 140.74,
149.00, 154.00, 161.39. 31P NMR (C6D6+C5D5N): d 26.94.

[Pb2{C(Ph2P=NSiMe3){6-(2-(3,5-Me2C3HN2)C5H3N)}}2] (4).
To a slolution of 2 (0.36 g, 0.79 mmol) in toluene (20 cm3) was
added a solution of Pb[N(SiMe3)2]2 (0.44 g, 0.83 mmol) in toluene
(5 cm3) at room temperature with stirring. The mixture was stirred
at room temperature for 72 h and then filtered. Concentration of
the filtrate afforded red crystals identified as 4·0.8PhMe (0.32 g,
58%) (found: C, 49.40; H, 4.56; N, 8.13. C52H58N8P2Pb2Si2·0.8C7H8

requires C, 49.30; H, 4.63; N, 7.99%), mp 178–180 ◦C (dec). 1H
NMR (C5D5N): d -0.11 (s, 9H, SiMe3), 0.28 (s, 9H, SiMe3), 1.93 (s,
3H, Me), 2.20 (s, 3H, Me), 2.26 (s, PhMe), 2.35 (s, 3H, Me), 2.40 (s,
3H, Me), 5.64 (s, 1H, pyrazolyl), 5.80 (d, J = 7.8 Hz, 1H, Py), 5.86
(d, J = 7.8 Hz, 1H, Py), 5.93 (s, 1H, pyrazolyl), 6.50 (d, J = 7.5 Hz,
1H, Ar), 6.83 (t, J = 8 Hz, 1H, Ar), 7.09–7.32 (m, 18H, Ar), 7.87–
7.97(m, 8H, Ar). 13C NMR (C5D5N): d 1.42, 3.66 (d, J = 3.1 Hz),
13.37, 13.98, 14.24, 14.51, 21.42, 104.07, 107.99, 108.26, 109.07,
109.45, 109.72, 125.70, 127.91, 128.57, 128.66, 129.34, 130.24 (d,
J = 4.7 Hz), 130.58, 130.84, 130.98, 131.19, 131.32, 134.90, 136.88,
137.90, 138.78, 140.04, 141.06, 144.56, 145.43, 145.62, 146.53,
148.74, 149.03, 149.17, 151.89, 158.75, 161.82. 31P NMR (C5D5N):
d 3.17, 12.32.

2-(p-MeC6H4N=PPh2)-6-MeC5H3N (6b). To a stirred solu-
tion of 5 (0.40 g, 1.44 mmol) in THF (10 cm3) was added
dropwise p-MeC6H4N3 (0.23 g, 1.73 mmol) at room temperature.
The solution color changed to pale yellow. The mixture continued
to stir for 3 h. Solvent was removed in vacuo and the residue
was dissolved in Et2O. The ether solution was filtered and the
filtrate was concentrated to give pale yellow powder (0.40 g, 73%)
(found: C, 78.50; H, 6.09; N, 7.20. C25H23N2P requires C, 78.51;
H, 6.06; N, 7.32%), mp 149–150 ◦C. 1H NMR (CDCl3): 2.12 (s,
3H, Me), 2.50 (s, 3H, Me), 6.65–6.77 (m, 3H, Ar), 7.11–7.14 (m,
1H, Ar), 7.30–7.43 (m, 7H, Ar), 7.83–8.02 (m, 6H, Ar). 13C NMR
(CDCl3): d 20.62, 24.72, 123.19, 123.43, 124.81, 126.18, 126.38,
126.65, 128.33 (d, J = 11.8 Hz), 129.34, 130.38, 131.47, 131.67,
133.07 (d, J = 9.1 Hz), 136.19 (d, J = 9.7 Hz), 148.62, 153.54,
155.24, 159.00, 159.25. 31P NMR (CDCl3): d -7.78.

2-(p-MeC6H4N=PPh2)-6-(CH2PPh2)C5H3N (7b). A solution
of 6b (0.55 g, 1.44 mmol) in THF (30 cm3) was cooled to about
-60 ◦C. To the solution was added LDA (1.8 mmol) prepared
from Pri

2NH (0.37 cm3, 1.85 mmol) and BunLi (0.72 cm3, 2.5 M,
1.8 mmol). The mixture was stirred at -20 ◦C for 20 min and re-
cooled to about -80 ◦C. To the cooled solution Ph2PCl (0.32 cm3,
1.8 mmol) in THF (5 cm3) was added. The solution was stirred
at -80 ◦C for 15 min and at room temperature overnight. Solvent
was removed in vacuo and the residue was extracted with diethyl
ether. The extract was filtered and the filtrate was concentrated
to afford yellow crystals of 7b (0.44 g, 54%) (found: C, 78.06; H,
5.83; N, 4.75. C37H32N2P requires C, 78.43; H, 5.69; N, 4.94%), mp
78–80 ◦C. 1H NMR (CDCl3): d 2.11 (s, 3H, Me), 3.58 (s, 2H, CH2),
6.63 (d, J = 8.1 Hz, 1H, Py), 6.74 (d, J = 8.1 Hz, 1H, Py), 7.06–7.54
(m, 20H, Ar), 7.67–7.83 (m, 4H, Ar), 7.98 (t, J = 6.6 Hz, 1H, Py).
13C NMR (CDCl3): d 20.65, 38.74 (d, J = 16.7 Hz), 123.21 (d, J =
18.3 Hz), 125.22 (d, J = 3.5 Hz), 125.29 (d, J = 3.5 Hz), 126.27,
126.74, 127.00, 128.28, 128.44, 128.53, 128.78, 129.35, 131.47 (d,
J = 2.6 Hz), 132.69, 132.95, 133.05, 133.17, 136.36 (d, J = 9.6 Hz),

138.08, 138.28, 159.00, 159.12, 159.26, 159.37. 31P NMR (CDCl3):
d -14.99 (m), -7.57.

2-(p-MeC6H4N=PPh2)-6-(Me3SiN=PPh2CH2)C5H3N (8b).
A mixture of 7b (0.44 g, 0.78 mmol) and Me3SiN3 (0.20 cm3,
1.5 mmol) was heated at 140–160 ◦C for 12 h with stirring.
Excess Me3SiN3 was removed in vacuo and the residue was
dissolved in CH2Cl2. The solution was filtered and the filtrate was
concentrated to about 2 cm3. Hexane (10 cm3) was added and set
aside overnight to give yellow crystals of 8b (0.32 g, 63%) (found:
C, 70.30; H, 6.07; N, 6.39. C40H41N3P2Si·0.4CH2Cl2 requires C,
70.55; H, 6.13; N, 6.11%), mp 92–94 ◦C.1H NMR (CDCl3): -0.21
(s, 9H, SiMe3), 2.09 (s, 3H, Me), 3.79 (d, J = 14.1 Hz, 2H, CH2),
6.60 (d, J = 8.2 Hz, 2H, Ar), 6.73 (d, J = 8.1 Hz, 2H, Ar),
7.09–7.15 (m, 4H, Ar), 7.23–7.28 (m, 6H, Ar), 7.35–7.40 (m, 3H,
Ar), 7.44–7.58 (m, 5H, Ar), 7.63–7.70 (m, 4H, Ar), 8.01–8.06 (m,
1H, Py). 13C NMR (CDCl3): d 3.97 (d, J = 3.3 Hz), 20.63, 42.76
(d, J = 66.6 Hz), 120.08, 123.14, 123.38, 126.29, 127.00 (d, J =
3.3 Hz), 127.04 (d, J = 3 Hz), 127.25 (d, J = 2.3 Hz), 127.51
(d, J = 2.6 Hz), 128.21 (d, J = 9.6 Hz), 128.36 (d, J = 9.6 Hz),
129.35 (d, J = 1.7 Hz), 130.09, 130.86 (d, J = 2.8 Hz), 131.11,
131.24, 131.38, 131.44 (d, J = 2.8 Hz), 133.08 (d, J = 9.4 Hz),
134.76, 135.93, 136.06, 148.46 (d, J = 2.6 Hz), 155.19, 155.29. 31P
NMR (CDCl3): -6.77, -3.96 (m).

[Sn2{C(Ph2P=NSiMe3){6-(2-(PPh2=NSiMe3)C5H3N)}}2] (9).
To a solution of 8a (0.18 g, 0.28 mmol) in toluene (10 cm3) was
added a solution of Sn[N(SiMe3)2]2 (0.14 g, 0.31 mmol) in toluene
(5 cm3) at room temperature with stirring. The mixture was kept
stirring at room temperature for 24 h and then refluxed for 6 h.
The hot solution was filtered and the filtrate was cooled to room
temperature to afford yellow crystals of 9 (0.14 g, 66%) (found:
C, 57.34; H, 5.55; N, 5.39. C72H82N6P4Si4Sn2 requires C, 57.46;
H, 5.49; N, 5.58%), mp 220–222 ◦C. 1H NMR (C6D6+THF): d
-0.86 (s, 9H, SiMe3), 0.06 (d, J = 1.8 Hz, 9H, SiMe3), 6.95–
6.99 (m, 1H, Py), 7.05–7.31 (m, 14H, Ar), 7.35–7.42 (m, 2H, Ar),
7.62–7.68 (m, 2H, Ar), 7.83–8.02 (m, 2H, Ar), 8.15–8.21 (m, 2H,
Ar). 13C NMR(C6D6+THF): 1.77, 3.99 (d, J = 3.4 Hz), 120.49,
121.73, 122.04, 125.64, 126.40, 126.67, 127.93, 128.16, 128.22,
128.51, 128.59, 129.28, 130.11 (d, J = 1.9 Hz), 130.83 (d, J =
2.9 Hz), 131.35, 131.47, 133.60, 133.72, 134.36, 135.11, 135.20,
135.85, 136.53, 137.15, 138.83, 139.22, 157.43, 159.08. 31P NMR
(C6D6+THF):d -7.91 (m), 30.24 (m).

[Pb2 {C (Ph2P=NSiMe3){6 - (2 - (PPh2 =NSiMe3) C5H3N)}}2 ]
(10). A similar procedure to 9 was followed. Thus, to a solution
of 8a (0.14 g, 0.22 mmol) in toluene (10 cm3) was added a solution
of Pb[N(SiMe3)2]2 (0.14 g, 0.27 mmol) in toluene (5 cm3) at room
temperature with stirring. The mixture was kept stirring at room
temperature for 24 h and then refluxed for 6 h. The hot solution
was filtered and the filtrate was cooled to room temperature to
precipitate red crystals of 10 (0.08 g, 43%) (found: C, 51.19; H,
4.91; N, 5.00. C72H82N6P4Pb2Si4 requires C, 51.41; H, 4.91; N,
5.00%), mp 103–105 ◦C. 1H NMR (C6D6+THF): d -0.04 (d, J =
3 Hz, 9H, SiMe3), -0.05 (d, J = 3.3 Hz, 9H, SiMe3), 6.81–6.87 (m,
1H, Ar), 6.95–7.23 (m, 16H, Ar), 7.42–7.76 (m, 4H, Ar), 8.12 (t,
J = 7.5 Hz, 2H, Ar). 13C NMR(C6D6+THF): 1.17, 4.11, 126.39,
126.73, 126.89, 128.22, 128.65, 126.82, 129.28, 130.46 (d, J =
11.8 Hz), 130.84 (d, J = 2.8 Hz), 131.12, 131.35, 131.49, 131.84,
131.98, 132.63, 132.76, 133.02, 134.53, 135.20, 135.86, 136.53,
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Table 1 Details of the X-ray structure determinations of complexes 3, 4, 10, 11 and 12†

3·C6H14 4·C7H8 10·C4H8O 11·0.5C6H14 12

empirical formula C58H72N8P2Si2Sn2 C59H66N8P2Pb2Si2 C76H90N6OP4Pb2Si4 C49H65N4P2Si3Sn C42H60N4P2Si4Yb
fw 1236.74 1419.70 1754.16 974.95 968.28
T (K) 294(2) 293(2) 298(2) 294(2) 293(2)
crystal system triclinic triclinic orthorhombic triclinic monoclinic
space group P-1 P-1 Pbca P-1 P2(1)/n
a (Å) 9.9696(13) 9.9080(9) 20.789(2) 10.4319(16) 14.9293(17)
b (Å) 12.8011(17) 12.6483(12) 17.829(2)) 15.457(3) 13.9411(15)
c (Å) 12.8842(17) 12.8690(12) 22.813(3) 17.668(3) 23.677(2)
a (deg) 100.983(2) 98.515(1) 90 80.404(3) 90
b (deg) 108.444(2) 107.279(1) 90 72.936(3) 105.018(2)
g (deg) 91.686(2) 98.784(2) 90 71.534(2) 90
V (Å3) 1524.2(3) 1489.6(2) 8455.3(17) 2574.7(7) 4759.6(9)
Z 1 1 4 2 4
Dcalcd (gcm-3) 1.347 1.583 1.378 1.258 1.351
m (mm-1) 0.953 5.781 4.15 0.664 2.165
no. of reflns collected 7769 8465 40850 10880 24375
no. of indep reflns(Rint) 5337 (Rint = 0.0221) 5991 (Rint = 0.0169) 7463 (Rint = 0.1288) 8408 (Rint = 0.0250) 8345 (Rint = 0.1532)
goodness of fit on F 2 1.030 1.013 0.999 1.036 0.995
final R indicesa [I > 2s(I)] R1 = 0.0318 R1 = 0.0245 R1 = 0.0496 R1 = 0.0459 R1 = 0.0681

wR2 = 0.0735 wR2 = 0.0552 wR2 = 0.1214 wR2 = 0.1068 wR2 = 0.1337
R indices (all data) R1 = 0.0451 R1 = 0.0333 R1 = 0.1473 R1 = 0.0768 R1 = 0.1679

wR2 = 0.0827 wR2 = 0.0590 wR2 = 0.1536 wR2 = 0.1260 wR2 = 0.1604

a R1 = R‖Fo| – |Fc‖/R |Fo|; wR2[R w(Fo2–Fc2)2/R w(Fo4)]1/2

137.16, 155.57, 158.91, 159.33. 31P NMR (C6D6+THF): d -8.27,
21.20.

[Sn{2 - (N(p - MeC6H4)=PPh2) - 6 - (CHP (Ph2)=NSiMe3)}{N -
(SiMe3)2}] (11). To a solution of 8b (0.18 g, 0.28 mmol) in
toluene (10 cm3) was added a solution of Sn[N(SiMe3)2]2 (0.12 g,
0.27 mmol) in toluene (5 cm3) at room temperature with stirring.
The mixture was kept stirring at room temperature for 72 h.
Solvent was removed in vacuo and the residue was dissolved in
Et2O. The solution was filtered and the filtrate was concentrated
to about 5 cm3. Hexane (10 cm3) was added and the solution was
kept at -20 ◦C for 24 h to form red crystals of 11 (0.16 g, 61%)
(found: C, 59.01; H, 6.11; N, 5.87. C46H58N4P2Si3Sn requires C,
59.29; H, 6.27; N, 6.01%), mp 108–110 ◦C (dec). 1H NMR (C6D6):
d 0.23 (s, 18H, SiMe3), 0.42 (s, 9H, SiMe3), 1.85 (s, 3H, Me), 4.91
(d, J = 11.4 Hz, 1H, CH), 5.98–6.00 (m, 1H, Ar), 6.68–7.05 (m,
17H, Ph), 7.26–7.29 (m, 3H, Ph), 7.48–7.49 (m, 2H, Ph), 8.09–
8.13 (m, 4H, Ar). 13C NMR (C6D6): 4.83 (d, J = 3.5 Hz), 6.47,
20.62, 31.97, 126.25 (d, J = 9.9 Hz), 128.21, 128.26, 128.84, 129.00,
129.10, 129.27, 130.00 (d, J = 1.8 Hz), 130.11, 131.70, 131.85 (d,
J = 2.6 Hz), 132.00, 132.17, 133.31, 133.60, 133.73, 140.58, 141.14,
157.86, 158.80, 159.22, 160.08. 31P NMR (C6D6) : d -5.85, 19.02.

A solution of complex 11 in toluene was heated at 80 ◦C for
24 h to give yellow precipitates. The precipitates were washed with
toluene and dried in vacuo. It was insoluble in toluene, Et2O, THF,
pyridine and CH2Cl2. Elemental analysis found: C, 62.55; H, 5.21;
N, 5.32. C80H78N6P4Si2Sn2 requires C, 62.35; H, 5.10; N, 5.45%.

[Yb{2-(N(SiMe3)=PPh2)-6-(CHP(Ph2)=NSiMe3)}{N(SiMe3)2}]
(12). A solution of 8a (0.23 g, 0.36 mmol) in hexane (10 cm3) was
cooled to about -80 ◦C. To the solution was added a solution of
Yb[N(SiMe3)2](DME) (0.24 g, 0.41 mmol) in hexane (5 cm3) with
stirring. The mixture was allowed to warm to room temperature
and stirred for 24 h. Solvent was removed in vacuo and the residue
was dissolved in Et2O. The solution was filtered and the filtrate

concentrated to afford brown crystals of 12 (0.16 g, 46%) (found:
C, 52.01; H, 6.19; N, 5.55. C42H60N4P2Si4Yb requires C, 52.10; H,
6.25; N, 5.79%), m.p. 162–163 ◦C. 1H NMR (C6D6): d 0.04 (s, 9H,
SiMe3), 0.37 (s, 9H, SiMe3), 0.57 (s, 18H, SiMe3), 3.54 (d, J =
15.9 Hz, 1H, CH), 5.94 (t, J = 6.8 Hz, 1H, Py), 6.55–6.66 (m, 2H,
Ar), 6.89–7.25 (m, 10H, Ar), 7.33–7.35 (m, 2H, Ar), 7.44–7.50 (m,
2H, Ar), 7.58–7.68 (m, 2H, Ar), 7.79–7.82 (m, 2H, Ar), 7.99–8.05
(m, 2H, Ar). 13C NMR (C6D6): 3.83 (d, J = 4.3 Hz), 4.15 (d, J =
4.2 Hz), 5.96, 57.48 (d, J = 130.4 Hz), 112.52 (d, J = 24.4 Hz),
123.01 (d, J = 3.2 Hz), 123.20 (d, J = 3.2 Hz), 127.91, 128.16,
128.23, 128.65, 128.81, 131.14, 131.29, 131.43, 131.49, 131.61,
132.67, 132.80, 133.63 (d, J = 2.3 Hz), 133.80 (d, J = 2.1 Hz),
150.69, 152.53, 166.69 (d, J = 1.3 Hz), 166.92 (d, J = 1.5 Hz). 31P
NMR (C6D6): d 11.74 (m), 14.31.

X-Ray crystal structure determination of complexes 3, 4, 10, 11
and 12

Single crystals of complexes 3, 4, 10, 11 and 12 were respectively
mounted in Lindemann capillaries under nitrogen. Diffraction
data were collected on a Bruker Smart CCD area-detector with
graphite-monochromated Mo Ka radiation (l = 0.71073 Å). The
structures were solved by direct methods using SHELXS-9715 and
refined against F 2 by full-matrix least-squares using SHELXL-
97.16 Hydrogen atoms were placed in calculated positions. Crystal
data and experimental details of the structure determinations are
listed in Table 1.
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