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Polyimido sulfur phosphanyl complexes of alkaline earth
metals can be synthesised by transmetallation of a suitable
lithium precursor. By the same route heterobimetallic com-
plexes of lithium, potassium or rubidium are accessible.
[(tmeda)Li{Ph2PCH2S(NSiMe3)2}] (I) is an excellent starting
material for such reactions because the pendent phosphorus
side arm is free to precoordinate with a second metal to bring
this metal into close spatial proximity with the ligand’s two

Introduction

In recent publications we have reported alkali metal com-
plexes of sulfur diimido phosphanyl[1] and aminyl[2] ligands
and demonstrated the flexibility and versatility of this class
of new hemilabile Janus head ligands. The complexes ob-
tained so far are dimeric and monometallic. It is now of
interest to promote metal exchange reactions to explore the
full complexation potential of this new ligand type. In ad-
dition, the synthesis of heterobimetallic complexes is one of
our main objectives, as the new ligands contain both hard
and soft donor sites.

In the current study, we focus on alkali and alkaline
earth metal complexes. Interest in heavy Grignard reagents
has been growing steadily over the past years.[3] These aryl
alkaline earth metal halides and hydrides[4] show increased
reactivity in metallation reactions,[5] metathesis[6] and ad-
dition reactions[7] in comparison to their magnesium coun-
terparts. Organocalcium compounds are used as initiators
for ring-opening polymerisations of cyclic esters.[8] (β-diket-
iminato)calcium complexes are known to catalyse hydro-
amination[9] and hydrophosphination reactions of alkenes,
alkynes and carbodiimides.[10] Benzyl alkaline earth metals
are precatalysts for the hydrosilylation of alkenes.[11] Cal-
cium has the advantage over many other metals by being
readily available, cheap and non-toxic, which is most advan-
tageous if it is to be used in polymerization reactions. The
use of benzyl calcium as a precatalysis for the hydro-
silylation of 2-vinylpyridine has been studied by Souter et
al.[12]
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nitrogen chelating claws. Lithium can then leave the com-
plex as a stable tmeda/ligand adduct. Via this route several
alkali and alkaline earth metal complexes such as
[M{Ph2PCH2S(NSiMe3)2}2] with M = Ca (1), Sr (2), and
[(tmeda)M�{Ph2PCH2S(NSiMe3)2}2Li] with M� = Rb (3), K (4)
were synthesized and structurally characterized. All com-
pounds show interesting structural features both in the solid
state and in solution.

Heterobimetallic complexes have gained ever increasing
attention in preparative chemistry,[9] above all for use in de-
protonation reactions. Usually, lithium organic reagents like
BuLi or LDA are used for such purposes. However, they
suffer from insufficient functional group tolerance, low
selectivity, and the reactions have to be conducted at low
temperatures (usually below 0 °C) to avoid side reactions.
This is why so-called complex metalators consisting of two
or more metal components are used. In these compounds,
the metal atoms interact synergistically because they are
held in close spatial proximity by the ligands. Thereby, un-
usual (for lithium organics) deprotonation reactions are
feasible and selectivities can greatly be enhanced. Promi-
nent examples are the LiCKOR superbases developed by
Lochmann and Schlosser,[13] zincate complexes,[14] turbo-
Grignards,[15] and inverse crown reagents for alkali metal
mediated metalations (AMMMs).[16]

Results and Discussion

In a previous studies we embarked on the direct trans-
metalation of [Li{Me2PCH2S(NR)2}]2 (R = tBu, SiMe3)
with metal halides.[1] However, this reaction was only suc-
cessful in the case of MgCl2.[17] The futility of employing
metal halides for such reactions with sulfur diimido com-
pounds has already been discussed.[18] Sulfur ylides and
other similar sulfur nitrogen compounds are too redox
active, and the addition of metal halogenides leads to S–N
and S–C bond cleavage reactions. This phenomenon was
also reported in the 1980’s for sulfur diimide derivatives.[19]

The use of MgCl2 in the above mentioned reaction was
probably successful because of the diagonal relationship be-
tween magnesium and lithium in the periodic table of ele-
ments. The synthesis of the magnesium complexes
[Mg{Me2PCH2S(NR)2}2] (R = tBu, SiMe3) involves two
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NSCP ligands complexing with small dications in a hexa-
dentate manner.[1] Consequently, it was of interest to deter-
mine what coordination geometry would be adopted by a
larger dication. For comparison reasons the heavier homo-
logues calcium and strontium were employed. However, an-
other pathway for the transmetalation had to be found.

If the secondary metal is already precoordinated by an
appropriate donor then this facilitates the transmetalation
of the lithium diimido complexes. This principle is quite
intuitive as the cation is not coordinated firmly to the li-
gand and can be removed easily. With this in mind, I[1]

(Scheme 1) was identified as a good starting material, as the
lithium atom is not only chelated by the diimido nitrogen
atoms but also by a tmeda molecule.

Scheme 1. General preparation procedure for the alkaline earth
metal complexes.

The reaction of [Ca{N(SiMe3)2}2] with I proceeded with
a complete metal exchange, in accordance with Scheme 1.
It could have been anticipated that the large calcium atom
would be accommodated by the pendent phosphorus side-
arm, and the smaller lithium cation would remain between
the nitrogen atoms yielding a heterobimetallic complex like
in [(thf)2CaLi2{(NtBu)3S}2].[18] However, this was not ob-
served and a dimer of the composition [Ca{Ph2PCH2S-
(NSiMe3)2}2] (1) was formed instead. The calcium dication
is coordinated by the four nitrogen and two phosphorus
atoms from two tridentate ligands in a facial manner
(Figure 1). The coordination of the NSCP ligand resembles
the coordination of S(NtBu)3

2– in [(thf)2Li2Ca-
{(NtBu)3S}2][18] and 1 could be regarded as a monometallic
analogue of this complex. The coordination polyhedron
should not be described as an octahedron as it is too dis-
torted. One could envisage the structure as two CS-capped
NNPCa tetrahedra fused at their common Ca apexes. The
angles N1–Ca1–N2 63.47(6)° and N2–Ca1–P1 71.20(5)°
around the calcium atom support this view. Both tetrahedra
are twisted by 55° with respect to each other, inhibiting an
alignment of the two phosphorus donor atoms. Despite the
different ligands the structure is very similar to the
already reported magnesium complex [Mg{Me2PCH2S-
(NtBu)2}2].[1] The bond lengths in 1 are all in the expected
range and are comparable to other geometrically similar
phosphorus–calcium and nitrogen–calcium complexes, al-
though the phosphorus–calcium bonds are somewhat elon-
gated.[20] This elongation is attributed to the side arm do-
nation of a phosphanyl moiety[21] rather than a phosphan-
ide anion. The S–N distances are shorter than single bonds
and suit the concept of polar reinforced Sδ+–Nδ– bonds,
which have been studied by experimental and theoretical
charge density methods.[22]
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Figure 1. Molecular structure of 1, hydrogen atoms are omitted for
clarity. Selected bond lengths [Å] and angles [°]: S1–N1 1.6078(19),
S1–N2 1.6076(17), Ca1–N1 2.4198(18), Ca1–N2 2.3909(19), Ca1–
P1 3.0815(7), N1–S1–N2 103.80(9), S1–C13–P1 107.70(11), N1–
Ca1–N2 63.47(6), N2–Ca1–P1 71.20(5).

It is striking that the phosphorus atoms are on the same
side of the molecule and not on opposite sides to reduce
steric strain as one may expect. In the crystal structure of
1, the four phenyl rings are twisted by approximately 90°
with respect to each other to reduce steric strain. In a com-
plementary explanation, it has already been established by
theoretical investigations that the heavy alkaline earth met-
als show not only ionic but also covalent bonding proper-
ties. This is achieved by contribution of the d-orbitals to
bonding, and the high polarisability of the sub-valence
shells, which results in the atoms being non-spherical.[23]

Therefore, the heavy alkaline earth metal halides, hydrides,
and many other compounds like [Ca{C(SiMe3)3}2][24] for
instance, have bent rather than linear structures. The ar-
rangement of the phosphorus atoms in 1 is also controlled
by the same facts. Thus, the s-bonding character between
the phosphorus p-orbital and the calcium d-orbital could
be responsible for the cis-arrangement of the phosphorus
side arms as well as the polarisation of Ca2+ by the ligand.
A similar cisoid arrangement of ligands was found in [(thf)-
Ca{(NSiMe3)2PPh2}2][25] and [(dme)3Ba(N-carbazolyl)2],[26]

and was explained in the same way.
The reaction of I with [Sr{N(SiMe3)2}2] afforded the

strontium complex 2 as colourless crystals. Complex 2 is
isostructural with the calcium complex 1, and is depicted in
Figure 2.

The nitrogen–strontium and phosphorus–strontium
bond lengths are elongated in 2 in comparison to the cal-
cium complex 1, which is due to the larger ionic radius of
strontium. However, they are in the range observed for the
bonds in the bis(diphosphanylamido) complex [(thf)3Sr-
{(Ph2P)2N}2],[27] which is to the best of our knowledge the
only other reported example of phosphanyl donation in a
strontium complex. The N1–S1–N2 angle is slightly wid-
ened in 2 in comparison to the calcium complex [104.73(7)°
vs. 103.80(9)°] as is the S1–C13–P1 angle [108.20(8)° vs.
107.70(11)°]. On the other hand, the angles around the
strontium dication are considerably more acute than in the
calcium complex. This could be due to the fact that the
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Figure 2. Molecular structure of [Sr{Ph2PCH2S(NSiMe3)2}2] (2),
hydrogen atoms are omitted for clarity. Selected bond lengths [Å]
and angles [°]: S1–N1 1.6053(10), S1–N2 1.6139(10), Li1–N2
1.968(2), Li1–N3 2.193(2), Li2–N2 2.284(2), N1–S1–N2 104.73(7),
S1–C13–P1 108.20(8), N1–Sr1–N2 59.71(4), N2–Sr1–P1 66.70(3).

bond lengths between the metal and donor atoms are
longer because of the increased ionic radius of the metal,
and therefore the ligand is located further away from the
central metal atom. Consequently, the angles have to be-
come more acute. The arrangement of the phosphorus side
arms is the same as in the corresponding calcium complex,
however the bending of the ligand is reduced [S1–Ca1–S2:
158.103(19)°, S1–Sr1–S2: 162.896(10)°], which might be due
to the larger cation size.

In comparison it has been shown that the ligand
{R2PCH2S(NSiMe3)2}– is very flexible and versatile as it
can accommodate various alkaline earth metal dications. In
the structures described so far, the ionic radii[28] range from
72 pm (Mg2+)[1] to 121 pm (Sr2+), and the metals have coor-
dination numbers equal to six. The connectivity is always
the same with all nitrogen and phosphorus atoms taking
part in the coordination, regardless of the hard and soft
acid base (HSAB) hardness[29] of the central metal ion.
There is no formation of aggregates, which is a known
property of the heavy alkaline earth metals because of their
very large ionic radii.[30] It can be concluded that the ligand
employed in 1 and 2 is sterically demanding enough to
block certain coordination sites and prevent the formation
of aggregates, and hence soluble alkaline earth metal com-
plexes are generated.

It was of further interest to prepare complexes of the
ligand {Ph2PCH2S(NSiMe3)2}– and the heavy alkali metals
to investigate the possible changes in coordination and to
synthesize heterobimetallic complexes. Complex 3 was pre-
pared by reacting I with [Rb{N(SiMe3)2}] at –78 °C in pen-
tane (Scheme 2).

As suspected because of the many coordination sites, the
metal exchange was not complete and only half of the lith-
ium ions were exchanged for rubidium, resulting in the for-
mation of a heterobimetallic dimeric complex, with the mo-
lecular structure shown in Figure 3.

As anticipated, the lithium cation is coordinated to the
four nitrogen atoms from both ligands. The rubidium cation
is complexed by only two nitrogen atoms of the diimido
moieties, but also by each of the phosphorus side arms and
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Scheme 2. General preparation procedure for alkali mixed metal
complexes.

Figure 3. Molecular structure of [(tmeda)Rb{Ph2PCH2S-
(NSiMe3)2}2Li] (3), hydrogen atoms are omitted for clarity. Selected
bond lengths [Å] and angles [°]: S1–N1 1.6024(15), S1–N2
1.6076(15), Li1–N1 2.053(2), Li1–N2 2.262(2), Rb1–N2 3.0646(15),
Rb1–P1 3.5996(5), N1–S1–N2 103.69(8), N1–Li1–N2 71.43(6),
N2–Rb1–P1 59.15(3), P1–Rb1–P1� 150.818(18).

the tmeda molecule, which complete the coordination
sphere. Consequently, both alkali metals have different co-
ordination geometries and environments. The structure is
bisected by a mirror plane that passes through both metal
ions. Li1 has a distorted tetrahedral coordination geometry
with Li–N bond lengths between 2.053(2) Å (Li1–N1) and
2.262(2) Å (Li1–N2). The Li1–N2 bond is slightly elongated
because N2 is also coordinated to Rb1. The rubidium atom
Rb1 is six fold coordinated in a severely distorted octahe-
dral manner. It is interesting that one of the tmeda mole-
cules remains in the complex, but switches its coordination
to rubidium. The Rb–N and Rb–P bonds are above 3.0 Å,
which is normal and can be found in other complexes
like [Rb(thf)P(SiMe3)2]�,[31] [RbP(H)(dmp)][32] (dmp =
2,6-dimesitylphenyl) and [Rb{([Me3Si]2C)P(C6H4-2-CH2-
NMe2)2}]n.[33]

A search of the Cambridge Structural Database (CSD)
revealed that heterobimetallic complexes of lithium and ru-
bidium are rare. There are only five examples of structurally
characterized compounds of this type and none of them
contains multifunctional ligands. Mulvey et al. describe a
heptalithium tetrarubidium mixed alkoxide peroxide
wherein the clusters are linked by Rb–(tmeda)–Rb brid-
ges.[34] The reported mean Rb–N bond length of 3.197 Å is
close to the value for Rb1–N3 [3.0458(16) Å] in 3. Another
compound with the composition [(tBuO)8Li4Rb4] contains
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neither nitrogen nor phosphorus atoms, which is also the
case with the other examples in the CSD.[35]

Interestingly, there are two signals in the 7Li{1H} NMR
spectrum of 3. The signal at δ = 1.81 ppm can be associated
with the Rb/Li heterobimetallic complex 3; the other signal
at δ = 1.02 ppm seems to belong to the starting material I.
This is certainly not due to contamination of the sample, as
pure crystals of 3 were dissolved in C6D6 and the sample
tube sealed airtight for the NMR data collections. In ad-
dition, the signal for the starting material I is quite high in
intensity. An impurity of such a high concentration would
have been detected in the elemental analysis, however this
was not the case. When looking at the 31P{1H} spectrum of
3 the presence of starting material in the sample is even
more obvious. There is a small broad signal at –39 ppm
associated with I, whereas the heterobimetallic complex 3
shows a signal at –33 ppm. The integration reveals a ratio
of 1 to 0.2 for these peaks. All these analytical results indi-
cate that the Rb/Li complex is not retained completely in
solution. The whole system seems to be flexible in solution
like other sulfur diimido phosphanyl complexes.[1] There-
fore, the tmeda molecule could switch positions and also
bind to the lithium cation. The 31P{1H} NMR shifts related
to this new compound would be very similar to I. However,
this phenomenon is still under investigation.

A reaction, according to Scheme 2, conducted with
[K{N(SiMe3)2}] yields colourless crystals belonging to the
space group C2/c. The compound that was synthesized in
this reaction is the heterobimetallic lithium/potassium com-
plex 4, which is isostructural with 3. The molecular struc-
ture of 4 is shown in Figure 4. Unfortunately, the crystals
were of too poor a quality to enable the crystal structure to
be fully refined, and the final refinement model contained
some unaccounted for residual electron density. Although
the structural model is reasonable, the bond lengths and
angles should be discussed with caution.

Figure 4. Molecular structure of [(tmeda)K{Ph2PCH2S-
(NSiMe3)2}2Li] (4), hydrogen atoms are omitted for clarity. Selected
bond lengths [Å] and angles [°]: S1–N1 1.602(2), S1–N2 1.604(2),
Li1–N1 2.063(4), Li1–N2 2.263(5), K1–N2 2.934(2), K1–P1
3.5613(7), N1–S1–N2 103.62(12), N1–Li1–N2 71.07(9), N2–K1–P1
60.43(5), P1–K1–P1� 156.23(4).

The Li–N bond lengths are 2.069(4) Å (Li1–N1) and
2.254(4) Å (Li1–N2). Remarkably, the K1–P1 bond length
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of 3.5613(7) Å in 4 is almost the same as the Rb1–P1 dis-
tance in 3 [3.5996(5) Å]. This is probably due to the fact
that the rigid coordination of the lithium cation serves as
a structural anchor, and predetermines the position of the
phosphorus side arms. The potassium-nitrogen bond
lengths have almost the same values [K1–N2: 2.933(2) Å,
K1–N3: 2.937(2) Å]. The angles in 4 differ very little from
the rubidium derivative. It is striking though that the P1–
K1–P1� angle of 156.23(4)° is almost six degrees wider in 4
than it is in 3. The lithium atom is disordered with a second
potassium cation, which has an occupancy factor of 6%.

There are only a few examples of lithium/potassium het-
erobimetallic complexes. Several examples with butoxy li-
gands are supposed to be novel superbases, and there are
even Li/Na/K heterotrimetallic compounds[36] and mixed
phosphanediide/silanolate heterotrimetallic aggregates con-
taining Li/K/Sr and Li/K/Ba.[37] In 1998, we presented a
lithium/potassium heterobimetallic complex based on the
{S(NtBu)3}2– ligand.[38] The compound [(thf)2Li4K2-
(OtBu)2{(NtBu)3S}2] was the first example of a complex
with a triazasulfite dianion. The metal ions are sandwiched
between two {S(NtBu)3}2– caps and have different coordi-
nation geometries, obviously the arrangements are very dif-
ferent to those in 3 and 4 because there is no side arm
donation in [(thf)2Li4K2(OtBu)2{(NtBu)3S}2].

Conclusions
The formation of the above mentioned complexes dem-

onstrates that sulfur diimido phosphanyl ligands are valu-
able multidentate chelating ligands due to the intramolecu-
lar phosphane donor site that is held in close spatial prox-
imity to the functional imido groups.

During the course of our research, it became obvious
that the loose coordination of the lithium atom in I is essen-
tial for various transmetalation reactions. It is an excellent
starting material for such reactions because the pendent
phosphorus side arm is free to precoordinate with the sec-
ondary metal and bring it into close spatial proximity with
the two nitrogen chelating claws. Lithium can then leave
the complex as a stable tmeda/ligand adduct. Via this route
several alkali and alkaline earth metal complexes were syn-
thesized. The ligand is able to adapt to different ionic radii,
which makes it a valuable tool in coordination chemistry.
With divalent metals, a monomeric soluble complex is
formed with two ligands acting as tridentate facial chelates.
When monovalent metals are employed, heterobimetallic
complexes 3 and 4 are generated, showing the great poten-
tial of this class of ligand. In essence, 3 represents the first
heterobimetallic lithium/rubidium complex containing ni-
trogen and phosphorus donor atoms. The coordination
mode of phosphorus in such complexes is unprecedented.
1–4 are soluble in polar and apolar organic solvents, which
is a great advantage and is due to the periphery groups of
the ligand. Complexes of the heavy alkali and alkaline earth
metals tend to form large aggregates that are poorly soluble.
However, in the cases presented herein this is averted by the
ligand.
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Experimental Section
General: All manipulations were performed either in an inert gas
atmosphere of purified dry nitrogen or argon with standard
Schlenk techniques, or in an argon glove box. The glassware was
dried at 130 °C, assembled hot and cooled under vacuum. All sol-
vents were dried with appropriate alkali metals, and were distilled
and degassed prior to use. [(tmeda)Li{Ph2PCH2S(NSiMe3)2}] (I)
was synthesized according to literature reports.[1] All NMR spectra
were either recorded on a Bruker Avance DPX 300 MHz or Bruker
Avance DRX 500 MHz spectrometer with TMS (1H, 13C and 29Si),
LiCl (7Li) and H3PO4 (31P) as external references and the protons
of the deuterated solvents as internal standards. The spectra were
measured at room temperature if not otherwise stated. Elemental
analyses (C, H, N and S) were carried out at the Mikroanalytisches
Labor, Institut für Anorganische Chemie, Universität Göttingen.

[Ca{Ph2PCH2S(NSiMe3)2}2] (1): To a slurry of [Ca{N(SiMe3)2}2]
(0.10 g, 0.29 mmol, 1.0 equiv.) in pentane (25 mL) a solution of I
(0.30 g, 0.57 mmol, 2.0 equiv.) in pentane (10 mL) was slowly
added at –78 °C. After warming to room temp. and stirring over-
night, the light yellow suspension was filtered through celite, re-
duced in volume and stored at 4 °C. Colourless crystals formed
after one day; yield (crystals): 0.12 g, 0.14 mmol, 48%.
C38H60CaN4P2S2Si4 (851.40): found C 53.49, H 7.13, N 7.19, S
8.19; calcd. C 53.61, H 7.10, N 6.58, S 7.53. 1H NMR
(300.13 MHz, C6D6): δ = 0.19 [s, 36 H, NSi(CH3)3], 3.39 (d, 2JP,H

= 5.01 Hz, 4 H, PCH2S), 6.99–7.07 (m, 12 H, o-H, p-H), 7.51–7.57
(m, 8 H, m-H) ppm. 13C{1H} NMR (125.76 MHz, C6D6): δ = 2.39
[NSi(CH3)3], 70.09 (PCH2S), 128.75 (pseudo-t, o-C), 128.00 (p-C),
133.00 (m, 3JP,C = 18.25 Hz, m-C), 137.29 (i-C) ppm. 29Si{1H}
NMR (99.36 MHz, C6D6): δ = –3.67 ppm. 31P{1H} NMR
(121.49 MHz, C6D6): δ = –39.31 ppm.

[Sr{Ph2PCH2S(NSiMe3)2}2] (2): To a slurry of [Sr{N(SiMe3)2}2]
(0.15 g, 0.37 mmol, 1.0 equiv.) in pentane (5 mL) a solution of I
(0.39 g, 0.73 mmol, 2.0 equiv.) in pentane (10 mL) was slowly
added at –78 °C. After warming to room temp. and stirring over-

Table 1. Crystallographic data for 1 to 4.

1 2 3 4

Empirical formula C38H60CaN4P2S2Si4 C38H60N4P2S2Si4Sr C44H76LiN6P2RbS2Si4 C44H76K1.06Li0.94N6P2S2Si4
Formula weight 851.40 898.94 1019.94 975.50
Crystal size [mm] 0.16�0.02�0.02 0.2 �0.15 �0.1 0.2�0.15�0.1 0.1�0.1�0.02
Symmetry setting orthorhombic orthorhombic monoclinic monoclinic
Space group P212121 P212121 C2/c C2/c
a [Å] 10.2753(11) 10.4329(17) 18.0553(17) 18.2492(11)
b [Å] 20.867(2) 20.842(3) 13.6709(13) 13.4012(8)
c [Å] 22.261(2) 22.140(4) 22.639(2) 22.8301(14)
β [°] 90 90 97.149(2) 96.4140(10)
V [Å3] 4773.1(9) 4814.3(13) 5544.6(9) 5548.4(6)
ρcalcd. [g cm–3] 1.185 1.240 1.222 1.168
Z 4 4 4 4
GoF 1.050 1.053 1.036 1.066
θ range [°] 1.34–26.02 1.34–26.77 1.81–26.02 1.80–25.68
Reflections measured 46417 120179 40145 39141
Independent reflections 9409 10269 5449 5267
μ [mm–1] 0.416 1.402 1.147 0.354
F(000) 1816 1888 2160 2092
Rint/Rσ 0.0462/0.0305 0.0262/0.0105 0.0393/0.0245 0.0389/0.0228
Max./min. transmission 0.9422/0.8075 0.9422/0.8426 0.942/0.8952 0.9422/0.8605
Restraints/parameters 0/472 0/472 0/280 10/280
R1, wR2 (all data) 0.0340, 0.0691 0.0181, 0.0445 0.0361, 0.0641 0.0585, 0.1199
R1, wR2 [I� 2σ(I)] 0.0291, 0.0668 0.0173, 0.0442 0.0281, 0.0612 0.0495, 0.1146
Flack parameter[44] 0.04(3) 0.066(2)
Diff. peak/hole [eÅ–3] 0.295/–0.193 0.255/–0.142 0.536/–0.241 1.470/–0.691
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night, the light yellow suspension was filtered through celite, re-
duced in volume and stored at 4 °C. Colourless crystals formed
after two days; yield (crystals): 0.15 g, 0.17 mmol, 45%.
C38H60SrN4P2S2Si4 (898.94): found C 50.73, H 7.04, N 6.34, S 7.44;
calcd. C 50.77, H 6.73, N 6.23, S 7.13. 1H NMR (300.13 MHz,
C6D6): δ = 0.21 [s, 36 H, NSi(CH3)3], 3.41 (d, 2JP,H = 5.15 Hz,
PCH2S), 6.99–7.05 (m, 12 H, p-H, o-H), 7.47–7.50 (m, 8 H, m-H)
ppm. 13C{1H} NMR (125.76 MHz, C6D6): δ = 2.42 [NSi(CH3)3],
70.08 (d, 1JP,C = 5.55 Hz, PCH2S), 128.76 (m, o-C), 128.95 (p-C),
133.66–133.88 (m, m-C), 137.46 (m, i-C) ppm. 29Si{1H} NMR
(99.36 MHz, C6D6): δ = –4.53 ppm. 31P{1H} NMR (121.49 MHz,
C6D6): δ = –36.07 ppm.

[(tmeda)Rb{Ph2PCH2S(NSiMe3)2}2Li] (3): To a slurry of
[Rb{N(SiMe3)2}] (0.14 g, 0.57 mmol, 1.0 equiv.) in pentane (5 mL)
a solution of I (0.30 g, 0.57 mmol, 1.0 equiv.) in pentane (10 mL)
was slowly added at –78 °C. After warming to room temp. and
stirring overnight, the light brown suspension was filtered through
celite, reduced in volume and stored at 4 °C. Yellow crystals formed
after two hours; yield (crystals): 0.26 g, 0.26 mmol, 45%.
C44H76LiN6P2RbS2Si4 (1019.94): found C 51.60, H 7.60, N 8.32, S
6.55; calcd. C 51.81, H 7.51, N 8.24, S 6.55. 1H NMR
(300.13 MHz, C6D6): δ = 0.30 [s, 36 H, NSi(CH3)3], 2.08 [s, 12 H,
N(CH3)2], 3.43 (s, 4 H, PCH2S), 7.02–7.13 (m, 12 H, o-H, p-H),
7.56 (br. s, 8 H, m-H) ppm; the N(CH2)2N protons were not re-
solved from the baseline. 7Li{1H} NMR (194.37 MHz, C6D6): δ =
1.81 (br. s) ppm. 13C{1H} NMR (125.76 MHz, C6D6): δ = 3.37
[NSi(CH3)3], 45.85 [N(CH3)2], 57.53 [br, N(CH2)2N], 67.99 (br,
PCH2S), 128.29 (o-C), 128.65 (br, p-C), 132.47 (d, 3JP,C = 18.71 Hz,
m-C), 133.53 (d, 1JP,C = 18.35 Hz, i-C) ppm. 29Si{1H} NMR
(99.36 MHz, C6D6): δ = –5.63 (br. s) ppm. 31P{1H} NMR
(202.46 MHz, C6D6): δ = –33.03 (br. s) ppm; beside these signals
that are assigned to the product 3, signals due to the starting mate-
rial I were detected with batch-dependent intensity relationships:
1H NMR (300.13 MHz, C6D6): δ = 0.28 [s, 18 H, Si(CH3)3], 1.77
[br. s, 4 H, N(CH2)2N], 2.07 [s, 12 H, (CH3)2N], 3.47 (br. s, 2 H,
SCH2P), 6.99–7.12 (m, 6 H, o-H, p-H), 7.59–7.70 (m, 4 H, m-H)
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ppm. 7Li{1H} NMR (194.37 MHz, C6D6): δ = 1.00 ppm. 13C{1H}
NMR (125.76 MHz, C6D6): δ = 3.19 [Si(CH3)3], 45.82 [(CH3)2N],
56.66 [N(CH2)2], 70.84 (d, 1JP-C = 23.99 Hz, PCH2S), 128.46 (d,
3JP-C = 6.02 Hz, m-C), 132.48 (d, 4JP-C = 18.74 Hz, p-C), 133.90
(d, 2JP-C = 19.50 Hz, o-C), 142.04 (d, 1JP-C = 14.98 Hz, i-C) ppm.
29Si{1H} NMR (99.36 MHz, C6D6): δ = –8.29 ppm. 31P{1H} NMR
(202.46 MHz, C6D6): δ = –38.78 (br. s, PCH2S) ppm. The tempera-
ture and solvent dependency of the I/3 ratio has not been studied
yet.

[(tmeda)K{Ph2PCH2S(NSiMe3)2}2Li] (4): To a slurry of
[K{N(SiMe3)2}] (0.11 g, 0.57 mmol, 1.0 equiv.) in pentane (5 mL)
a solution of I (0.30 g, 0.57 mmol, 1.0 equiv.) in pentane (10 mL)
was slowly added at –78 °C. After warming to room temp. and
stirring overnight, the yellow suspension was filtered through celite,
reduced in volume and stored at –25 °C. Yellow crystals formed
after four days; yield (crystals): 0.16 g, 0.16 mmol, 29%.
C44H76LiN6P2KS2Si4 (973.57), a satisfactory elemental analysis
could not be obtained for 4, which might be due to the potassium
present in the sample. 1H NMR (300.13 MHz, C6D6): δ = 0.23 [s,
18 H, NSi(CH3)3], 0.30 [s, 18 H, NSi(CH3)2], 2.04 [br. s, 16 H,
(CH3)2N, N(CH2)2N], 3.40 (br. s, 4 H, PCH2S), 6.98–7.13 (m, 12
H, o-H, p-H), 7.46–7.68 (m, 8 H, m-H) ppm. 7Li{1H} NMR
(116.64 MHz, C6D6): δ = 1.90 (br. s) ppm. 31P{1H} NMR
(121.49 MHz, C6D6): δ = –33.99 (br. s) ppm.

Single Crystal Structural Analysis: X-ray data sets were collected
at 100(2) K with an INCOATEC Mo microfocus source[39] with
mirror-monochromated Mo-Kα radiation (λ = 0.71073 Å) in omega
scan mode. The single crystals were mounted, while cooled, in inert
oil under argon with a XTEMP-2 device.[40] An absorption correc-
tion was applied to the data with SADABS.[41] The structures were
solved by direct methods with SHELXS, and they were refined by
full-matrix least-squares on F2, with all data, with SHELXL.[42,43]

Non-hydrogen atoms were refined with anisotropic displacement
parameters. All H atoms were placed in calculated positions and
refined with a riding model. Crystallographic data can be found in
Table 1.

CCDC-828833 (for 1), -828834 (for 2), -828835 (for 3) and -828835
(for 4) contain the supplementary crystallographic data for this
paper. These data can be obtained free of charge from The Cam-
bridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/
data_request/cif.
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