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Summary: Reaction of elemental cesium with 1,3-bis(trimethyl-

silyl)propene produces the corresponding substituted allyl
derivative. The complex and its pr®usly prepared potassium
counterpart form the THF soates K[1,3-(SiMg),CsH3](thf) 3/,
and Cs[1,3-(SiMg,CsH3](thf), respectiely, which crystallize

as coordination polymers in the solid state. In the case of the
cesium complex, the packing is polymeric in two dimensions.

As was preiously found for the potassium complex, the cesium
compound is an initiator for methyl methacrylate polymerization.

Introduction

Heterometallic lanthanide/alkali metal allyl complexes have
recently been shown to be useful polymerization initiaters.
Interestingly, however, the potassium derivative of the bulky
1,3-bis(trimethylsilyl)allyl anion polymerizes methyl meth-

(SiMe3),CsH3]~ [A']™ is described, as are the solid-state
structures of THF solvates of the cesium allyl and its potassium
counterparé:?

Results and Discussion

Synthesis of Allyl ComplexesAn allyl complex of cesium
was synthesized by direct reaction of the trimethylsilyl-
substituted propene with the alkali metal in THF (eq 1).

1,3-(SiMe),C,H, + Cs— Cs[A(thf), +1/2 H, (1)

Although the reaction was initially conducted at low temperature
(=78 °C) during the addition of the propene hydrocarbon
to discourage formation of the coupled allyl dimer [1,3-

(SiMes),C3H3],,8 it was found that warming the reaction above

the melting points of the metal (2&8) improved the modest

acrylate more effectively when used as the sole catalyst ratheryield without producing the dimer. The direct reaction route

than as part of a mixed metal specfeSuch activity naturally
makes the allyl complexes of the heavy alkali metals-(§)
of interest, but compared to allyllithium complef&shey are

less well-known species. There are only two reports of structur-

ally characterized potassium allyl complexXésfor example,

avoids the use of mercury derivatives that have previously been
employed in the preparation of alkali metal derivatives of the
unsubstituted allyl8.2:10

The proton NMR spectrum of the cesium allyl product
displays a singlet, doublet, triplet pattern that is typical for

and none for rubidium and cesium. The latter two have been 7-bound allyls withsyn syntrimethylsilyl arrangements!! One

characterized in solutiérand with computational studiédn

THF is present per allyl anion, but elemental analysis of the

this note, the synthesis and characterization of a cesium complexsolvated allylcesium species provided low carbon and hydrogen

containing the trimethylsilyl-substituted allyl ligand [1,3-
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values. This probably reflects the lability of THF on the cesium
center. Heating the cesium complex under vacuum completely
removes the THF, and the resulting sample analyzes ap-
propriately for 1:1 cesium:allyl.

Solid-State Structures.Organometallic species of the heavy
alkali metals often form coordination polyméfsand both
K[A](thf)z2 and Cs[A](thf) do also. In both structures, the
C—C—C angles of the allyl anions are similar to the 130.3
angle calculated for the free X anion}®and the SiMegroups
are arranged isyn synconfigurations. As is generally found
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Figure 1. Diagram of the polymeri¢ K[A'](thf)s/2} « Structure. Thermal ellipsoids are shown at the 50% probability level, and hydrogen
atoms have been omitted for clarity. Oxygen atoms are in red, potassium in violet, and silicon in green.

for such substituents!! the silicon atoms lie near their
respective @ planes. Beyond such similarities are distinctive
differences in the coordination environments for each compound, &)
as described below.

{K[A"](thf) 3/2} ». Crystals of { K[A](thf)3/2} were grown
from THF solution at room temperatuteUnlike the monomeric
lithium species Li[A](tmeda)? but like the related dme solvate
{K[A"](dme}.,2 the structure of{ K[A'](thf)s;}« is a one-
dimensional coordination polymer, with K(1)(Athf), units
alternating with K(2)(A)(thf) units, running parallel to the
axis (Figure 1). Two of the trimethylsilyl groups are disordered
over two positions, and all three of the THF molecules are
disordered over two positions.

The existence of two different coordination environments
around the potassium centers {#iK[A'](thf)s}- generates
distinctive structural features. For example, roughly linear (1)
K(2)—K(1)" sections (170:) alternate with strongly bent K(2)
K(1)—K(2)' sequences (1038 whereas if K[A'](dme} ., the
corresponding K(1yK(2)—K(1) and K(2)-K(1)~K(2) aggles is formed along the crystallographacaxis (Figure 2). The Cs
are more comparable, at 153zhd 141.9, respectively:® The Cs—Cs' angle is exactly 180 and although there is consider-
range of k-C dlstances iI{K[A"](th)312}» (2.93-3.12 A) is able spread in CsC contacts (3.331(6)3.509(7) A), the
slightly larger than infK[A"J(dme}« (2.98-3.10 A), and the istances to the two allyl ligands are roughly equivalent{Cs
average distance to the formally six-coordinate K(1) (3.05 A) (C1,C3)=3.48 A (av), Cs-C2=3.33 A; C$—(C1,C3)= 3.45
is marginally larger than the average to the five-coordinate K(2) 3 (a’w) C4—C2 = 3.08 A). The Iongeyr of these distances is
(3.01 A). In general, however, the distances are similar to thosecompa’rable to the average ©8 contacts in the polymeric
for potassium cyclopentadienides (cf. 2.99 to 3.08 A in [K(C cesium azaallyl complex Cs[N(CHPh](thf)}. (3.50 A)L7

(SiMeg)Ha)]» and 2.93 to 3.10 A in [K(QSiMeg)aHz)]*), an although the center G2\ bonds of the azaallyl fragments are
indication of the comparably ionic bonding in the complexes. considerably shorter (3.11, 3.21 A).

{Cs[A'](thf) }..16 The immediate environment around the
cesium in{ Cs[A'](thf)}.. consists of a (disordered) THF ligand

Figure 2. Diagram of the non-hydrogen atoms{@s[A’](thf)},
illustrating the numbering scheme used in the text. Thermal
ellipsoids are drawn at the 50% level, and only one orientation of
the disordered THF ligand is shown.

and twosr-bound allyl ligands, so that a coordination polymer

The linear ordering of cesium ions and allyl anions is part of
a two-dimensional packing arrangement parallel toethplane

(14) Crystals of K[A](thf) s are orthorhombic, space grofma2, with (see Figure 3). For each polymeric layer, there are two rows

a=23.151(2) Ab = 11.0862(9) Ac = 16.9491(14) AV = 4350.1(6) (side by si_de in the direction)_ of Cs-allyl repeat units parallel
A3, Z = 4, andpcac = 1.016 g cm3 for fw = 665.39. Refinement of 7483 to thea axis and staggered with respect to each other. The plane
reflections collected at 173 K with Mo & radiation led to residuals of  of each allyl anion is perpendicular to theaxis. Hence each

R(F?) = 0.0559 andR,(F?) = 0.1054 (all data). . s e
(15) Harvey, M. J. Hanusa, T. P.; Pink, M.Chem. Soc., Dalton Trans. ~ C€SiUM atom has a coordination sphere containing two allyl

2001, 1128-1130. groups, two methyl groups (at distances of 3.67 and 3.95 A),

(16) Crystals of Cs[A(thf) are monoclinic, space group2,/n, with a one THF solvent molecule, and a final site that is blocked by
= 6.4496(8) Ab = 10.1112(13) Ac = 30.041(4) A8 = 90.587(23, V
= 1959.0(4) B, Z = 4, and pcac = 1.324 g cm? for fw = 390.45.
Refinement of 3461 reflections collected at 173 K with Mo Kadiation (17) Pauls, J.; Chitsaz, S.; Neuhau, B. Organometallics2002 21,
led to residuals oR(F?) = 0.0672 andRy(F?) = 0.1198 (all data). 1515-1517.




4356 Organometallics, Vol. 26, No. 17, 2007

Figure 3. Packing diagram of Cs[A'](thf)}., projected down the
crystallographica axis. Oxygen atoms are in red, cesium in blue,
and silicon in green. Intermolecular contacts are depicted wit
dashed lines.

two SiMe; groups; thus the cesium center may be loosely
considered to be seven-coordinate. The disordered THF solven

molecules lie in channels between polymeric layers, and th
fact may account for the ease of crystal degradation.The Cs
Ceanyy distances in{ Cs[A](thf)}. are similar to CsCcp)
distances found in the six-coordinate @¥G)4PT [Cs(CsHs)z] )8
(Cs—Ccp) = 3.33-3.39 A), if the values are adjusted for the
difference in coordination number of the two complexes

Likewise, the CsO distance in the allylcesium species (2.93(5)

A) is also within the expected range for cesitifHF bonding®

Notes

Table 1. Average Bond Distances (A) and Angles (deg) for
MIA "](thf) ,2

{K[A"](thf)3/2} {Cs[A](thf)}«

Bond Lengths
Ml_cmethylene 3.079[6] 3_47[1]
M1—Chmethine 2.974[4] 3.307[8]
M1-01,02 2.706(6), 2.695(12) 2.93(5)
M2-0 2.66(2)

Bond/Torsion Angles

C—C—C (allyl) 130.9[4] 131.2(7)
C—C—-C-SP 176.4[8] 176.5[6]

a Standard deviations of individual bond lengths or angles are given in
parentheses. Values in square brackets are the errors of the avéfdges.
value represents the average of the absolute values of the torsion angles.

Initial Polymerization Studies. It has been shown that K[A
polymerizes methyl methacrylate more effectively when used
as the sole catalyst rather than as part of a mixed metal sfecies.
In an effort to determine whether group 1 allyl complexes other
than K[A] exhibit similar catalytic activity, methyl methacrylate
polymerization reactions were conducted with the CKfAf)
complex. The complex displays conversion rates similar to that
of K[A'] (84% and 83%, respectively): however, the allylpo-
tassium species has a much higher TOF (104 0@pthan does
the allyl cesium species (16 000%). As in the case with K[A,
the polymer produced by the allylcesium initiator is atactic.

In summary, the bulky trimethylsilylated propene Héan
be used to synthesize an allyl complex of cesium; the THF
solvates of the cesium allyl and its previously prepared
potassium counterpart form coordination polymers in the solid
state. The cesium compound is an initiator for methyl meth-
h acrylate polymerization.
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