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Synthesis, Structural Characterization, and Transmetalation Reactions of a Tetranuclear
Magnesium Silsesquioxane Complex
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The reaction of a silsesquioxane trisilanol with methylmagnesium chloride leads to an unprecedented tetranuclear
magnesium silsesquioxane complei high yield. The crystal structure shows an unusually short-Kgbond,
indicative of an electron-deficient magnesium atdnhias been used as transmetalation agent for the synthesis of
metal silsesquioxane complexes. Transmetalation activity was low, but can easily be followed by multinuclear

NMR. Crystal data forl: CzgH142Cl1oMg4O26Si14-6(CsHg0), a = 15.744(1) Ab = 26.526(2) A,c = 16.917(1)

A, B = 113.229(2), monoclinic,P2y/n, , Z = 2.

Introduction

Over the past several years, silsesquioxane metal complexes

have been used to mimic silica surfat&@sand silica-supported
metal catalysts® and to synthesize new porous materfalhe

key to success in all of the areas aforementioned is the
development of efficient synthesis methodologies. Although the

chemistry of silsesquioxane ligands and their complexes has

seen a great evolution over the last years, it still may meet with
complications'®1! As a result there is clearly a demand for

suitable transmetalation reagents. Feher et al. found new

yet been explored in silsesquioxane chemistry, although being
widely used in many areas of organometallic chemistry. In this
paper we report the synthesis and structural characterization of
a new tetranuclear magnesium silsesquioxane complex that can
easily be synthesized by the protolysis of methylmagnesium
chloride and an incompletely condensed silsesquioxane tri-
silanol. The magnesium silsesquioxane complex was demon-
strated to be useful in transmetalation reactions.

Experimental Section

transmetalation reagents based on thallium and antimony General Remarks. All operations involving air and moisture
complexes, but these approaches involved the use of thesensitive materials were performed in an inert atmosphere using standard

synthetically not readily available pentamethylantim&ngr
toxic thallium compound&314 Aspinall et al. explored the use
of silsesquioxane lithium complexes as transmetalating adents.

The use of magnesium as transmetalating ion has, however, no
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Schlenk techniques and an argon-filled glovebox. Solvents were dried
over Na/K alloy (THF) @ 4 A molecular sieves (CDg) and were
degassed before use. Methylmagnesium chloride (3.0 M solution in
THF, Merck), SiC} (99.8+%, Acros), and Cr(acag)97%, Jansen-
E:himica) were used as purchased. The silsesquioxane siatias

well as {75-CsHs)TiCl3! and G=ReCk(PPh),'° were prepared accord-
ing to literature procedures. NMR spectra were recorded on VARIAN
Mercury 400 and VARIAN Inova 500 spectrometers and referred to
residual solvent resonancésli(13C) or SiMe, (*°Si). Transmission IR
spectra were measured on a Nicolet AVATAR 360 FT-IR. The Organic
Chemistry Department of the Eindhoven University carried out the
elemental analyses.

Synthesis of{ [(c-CsHg)7Si;012] 2Mg4Cla(THF) 2} -4THF (1). Meth-
ylmagnesium chloride (7.20 mmol, 2.4 mL of a 3.0 M solution in THF)
was added to a solution of the trisilanol silsesquioxanes{ds}zSi;Oy-
(OH); (2.10 g, 2.40 mmol) in THF (15 mL). Immediately after the
addition of the Grignard reagent, a vigorous gas evolution took place.
The resulting clear solution was stirred for 5 min and was subsequently
left standing. Afte 2 h spectroscopically purg (2.18 g, 1.05 mmol,
87%) had crystallized from the solutiofd NMR (400 MHz, CDC},

0): 4.05 (m, THFe-CHp, 24H), 1.95 (m, THF3-CH,, 24H), 1.9-1.3
(M, CHp-CsHg, 112H), 1.1-0.7 (CH, CsHg, 14H).13C{*H} NMR (100
MHz, CDCl;, 0): 69.07 (s, THFe-CHy) 28.04, 27.97, 27.78, 27.62,
27.56, 27.12, 27.03, 26.96, 26.89 C{,-CsHy), 25.42 (s, THF3-CH,),
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Table 1. Crystal Data and Details of the Structure Determination
for 1

formula C73H142C|2Mg40268i14‘6(C4HsO)
fw, g-mol* 2489.93
space group P2;/n (No. 14)
a, A 15.744(1)

b, A 26.526(2)

c, A 16.917(1)

B, deg 113.229(2)
V, A3 6492.3(8)

z 2

T,°C —100

Peale, grem™3 1.274

(Mo Ka), 0.71073

u, cmt 2.7

R(F)? 0.0628
Ry(F?)P 0.1732

aR(F) = Y (||Fol — [Fcl)/Y|Fo| for 6327 reflections obeying, =
4.00(Fo). ° Ry(F?) = [S[W(Fo? — FA/S [W(F?)3] Y2 for 11045 reflec-
tions with Fs? = 0.

24.49, 24.13, 23.79, 22.53, 22.07 @H—CsHo, ratio 1:2:1:2:1) 2°Si-

{*H} NMR (99.3 MHz, CDC}, 0.02 M Cr(acag) 0): —63.83,—68.59,

—70.01,—70.65,—75.52 (s, GHgSiOs, ratio 2:1:1:2:1). Anal. Calcd

for C73H1420|2Mg40255i14‘2(C4H30): C, 45.54; H 6.96. Found: C,

42.90; H, 6.37 (possibly due to formation of silicon carbides, no

satisfactory elemental analyses could be obtained). Scheme 1. Synthesis of the Tetranuclear Silsesquioxane
Transmetalation Reactions. All transmetalations studied were  Magnesium Compled

performed in a similar fashion. About 30 mg of compl&xand an .

equimolar amount of the other reactant were weighed out in a glovebox R7Si704(CH)3

and dissolved in 1 mL of CD@I This solution was transferred to an

NMR tube, which was then sealed to prevent contact with air.

Multinuclear NMR {H and*3C) was used to follow the reaction. The

reaction of {5-CsHs)TiClz with 1 could be followed by the resonance

Figure 1. Structure of [(c-GHg);Si7012]2MgsCl(THF), (1) in the
crystal (ORTEP drawing with 50% probability ellipsoids). The cyclo-
pentyl groups have been omitted for clarity.

i) CHaMgCI/ THF | | i) H,O / CDCly

of the cyclopentadienyl ligandH NMR (400 MHz, CDC}, 6): t=0, THE. cl

7.05 (s,7%-CsHsTiClg); t = 20 min, 7.05 (s75-CsHsTiClg), 6.92, 6.73, R ™ /

6.58, 6.47, 6.44 (all s, intermediate products¥ 16 h, 7.05 (s R\ y‘g\ 'T R

CsHsTiClg), 6.92, 6.86, 6.77, 6.75, 6.73, 6.66, 6.68, 6.60, 6.55, 6.47, si-0-5i—0 O-—Si—O.S/

6.44 (all s, intermediate products)= 2 days, 6.48 (sy°-CsHsTiOs). o 5 \M!/ ~ ' o

Products of the reaction of with SiCl, or O=ReCk(PPh), were R-—Si—/0~‘s'i \Si\o/ o 8 O\SI \ R

identical to those prepared in an alternative way, viz., via amine o o R "1 3'\ / \—o/-s.—

hydrochloride eliminatioR%2 ~ VAN O/\o /Ro
X-ray Diffraction: Crystal and Molecular Structure of 1. /S'~o_33——o 0—SiZp-Si

Diffraction data were collected on a Bruker SMART CCD area detector R é \Mg/| |IR \R

diffractometer. The structure was solved by direct methods using the /o~

program SHELXTL?? Hydrogen atoms were included in the final cl THF 1

R = cyclopentyl

refinement riding on their carrier atoms. The positional and anisotropic
displacement parameters for the non-hydrogen atoms and isotropic
displacement parameters for hydrogen atoms were refind€f arith
full-matrix least-squares procedures. Crystal data and numerical details
on data collection and refinement are given in Table 1.

1, step ii). Dissolvindl in a CDCh/pyridine-ds mixture results

in THF—pyridine exchange, as indicated by the presence of free
THF observed byH NMR. Addition of acetoneds to a CDC}
solution of1 resulted in THF-acetone exchange. Compléx
Results and Discussion is very soluble in chloroform and dichloromethane while it is
moderately soluble in THF, benzene, and toluene. Attempts to
prepare complexes with other than two magnesium atoms per
silsesquioxane ligand by Grignard addition all yield complex

The reaction of the silsesquioxane trisilanol (§Hg)7Si;Og-
(OH)s with 3 equiv of methylmagnesium chloride in THF
proceeds rapidly, with the vigorous release of methane gas, eve
when performed at-40 °C (Scheme 1, step i). Concentration
of the solution and crystallization by subsequent heating and
slow cooling yields large colorless cubelike crystalslpis a
moderately air and moisture stable compound.

Reaction ofl with H,O in an NMR tube yields the starting
silsesquioxane trisilanol in quantitative yield, together with a
white powder that was insoluble in the NMR solvent (Scheme

Since an unambiguous assignment of the structure of the
magnesium complex could not be established on the basis of
the spectroscopic data alone, a single-crystal X-ray diffraction
study was performed oh. Details of the data acquisition are
given in Table 1. An ORTEP drawing dfis shown in Figure
1. Selected bond lengths and bond angles are given in Table 2.
The monoclinic unit cell contains two units of the title compound
(20) Duchateau, R.; Cremer, U.; Harmsen, R. J.; Mohamud, S. |,; a.nd 12 THF solvent molecules, of which two are highly

Abbenhuis, H. C. L.; Van Santen, R. A.; Meetsma, A.; Thiele, S. K.; disordered.
Van Tol, M. F.; Kranenburg, MOrganometallics1999 18, 5447. The structure determination showlsto be an inversion
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Structures University of Gitingen: Gitingen, Germany, 1997. sium atom (denoted as Mg1) is connected to two silsesquioxane




Tetranuclear Magnesium Silsesquioxane Complex

Table 2. Selected Bond Lengths (A) and Angles (deg) for
Bond Lengths

Mg2—Cl 2.255(2% Mgl—0O5a 1.968(3)
Mg2—-013 1.989(4) Mg+06 1.964(3)
Mg2—04 1.962(3) Si404 1.614(3)
Mg2—-05a 1.945(3) Si506 1.600(3)
Mgl-04 1.969(3) Si6-0O5 1.605(3)
Bond Angles
Cl—Mg2—-013 104.00(12) Si404—Mg2 132.01(19)
Cl—Mg2-04 120.28(12) Si404—Mgl 128.92(19)
Mg2—04—Mg1l 93.37(13) Si506—Mgl 130.76(19)
Mg2—05a-Mg1l 93.96(13) Si506—Mgla 135.65(19)
Mgl—0O6—Mgla 92.95(13) Si60O5—-Mgla 126.71(18)
04—Mg2—-05a 86.16(13) SiBO5—Mg2a 137.66(19)
04—Mg1l—-05a 85.37(13) 0O4Mgl-06 118.84(14)
06—Mgl-06a 87.05(13) O5aMgl-O6a  117.26(13)

aStandard deviations in the last decimal place are given in
parentheses.

ligands via three crystallographically different oxygen atoms,
of which one oxygen atom (O6) ig-bonded to the magnesium
atom and two oxygen atoms (04, O5) argbonded to both

magnesium atoms. The magnesium atom (Mg2) is connected
to one chloride and to two silsesquioxane ligands via two oxygen
atoms. To complete the tetrahedral coordination sphere of Mg2,

this Mg atom also has one THF molecule coordinated.

The four magnesium atoms are incorporated in an interlayer

between the two trianionic silsesquioxide ligands. This interlayer

Inorganic Chemistry, Vol. 40, No. 16, 2004051

Scheme 2. Transmetalation Reactions with Complé&x
R =cyclopenty!
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consists of three almost planar four-membered metallaoxocycles,conditions, viz., amine hydrochloride eliminatidivet the low

alternatingly perpendicular to each other, in which the four

rate of the reaction offers the opportunity to follow it by NMR.

magnesium atoms are in a linear structure (the dihedral angleimmediately after addition of-CsHs) TiCls, signals in the low-

of Mg2a—Mgla—Mgl—Mgz2 is 180). The two outer metal-
laoxocycles are virtually planar (the sum of all angles is°359

field resonances for Cp in tHél NMR are observed)7.05 to
d 6.44 ppm). In time, other resonances appear while the original

and the oxygen atoms are bent slightly out of plane toward the peaks decrease and eventually disappear. After 48 h, only

coordinated THF molecule. The inner metallaoxocycle is
perfectly planar (sum of all angles is 369).0

The tetrahedral coordination of the magnesium atoms is
highly distorted with an average-Mg—0 angle of 86.2 This
was also found for other Mgg-O),Mg complexes with angles
ranging from 79.1 in {(4-PrPhO)(Br)(EsO)Mg(us-OPh} »23
to 95. in {(Br)(EO)Mg(us-O-(2,2-dimethylpent-3-en-3-
olato)}»2* The Mg—O bond lengths (average 1.96 A) are
consistent with those compiled by Holloway and Melnik for
tetracoordinated magnesium compounds (181219 A)25
However, the magnesiunthloride bond is exceptionally short
(2.255 A) in comparison to other similar magnesium complexes,
suggesting a highly electron-deficient magnesium a®&fThe
distance between Mg2 and O13+@HF) is in the normal range
(1.989 A), but reasonably short, which could also be explained
by a relatively high electron deficiency on the magnesium atom.

The silsesquioxane magnesium complewas subjected to

transmetalation reactions, leading to various known silsesqui-

oxane complexes. In 48 h the NMR tube reactionlofvith
(75-CsHs)TiClz in CDClz leads to the corned-capped cyclopenta-
dienyl titanium silsesquioxane comple2a together with
precipitation of MgC} (Scheme 2, step $2 However, this

resonances of the cyclopentadienyl titanium silsesquioxane are
observed (i.e., one resonance at 6.48 ppm). This indicates that
the transmetalation reaction proceeds via numerous intermedi-
ates, possibly being one-, two-, and three-bonded silsesquioxane
titanium complexes and their Mg€adducts’® The reaction of
1 with SiCly in CDCl; (Scheme 2, reaction ii) also proceeded
slowly, but led to the expected produ2b®® overnight. The
absence of a characteristit! NMR signal in the reacting
moieties frustrates the observation of intermediate products and
prohibits a clear assignment of the resonances, but it is likely
that reaction ii proceeds in analogy via numerous intermediates.
However, the NMR tube reaction @fwith O=ReCk(PPh),
in CDCl;3 met with complications (Scheme 2, step iiia). In 1
day of reaction, a single product was observed by NMR. After
careful hydrolysis (Scheme 2, step iiib), the cyclodehydration
product2c was identifiec?® This behavior was observed in many
experiments by Fehest al1231in which they tried to react
silsesquioxane trisilanols and silsesquioxide tetramethyl anti-
mony complexes with high valent metal halides such as MoO
Cl, or WO,Cl,, and PO® It indicates thatl has a transmet-
alation behavior similar to that of the tetramethyl antimony
substituted silsesquioxane complexes, and is therefore useful

reaction proceeds slowly compared to the conventional reactiononly in a limited amount of reactions, not involving high valent

(23) Bocelli, G.; Cantoni, A.; Sartori, G.; Maggi, R.; Bigi, @hem—
Eur. J.1997, 3, 1269

(24) Williard, G.; Salvino, J. MJ. Chem. Soc., Chem. Commu986
153

(25) Holloway, C. E.; Melnik, M.J. Organomet. Chen1994 465, 1.

(26) The shortest MgCl bond found was 2.310 A for chlofbis-
(cyclohexyl{uz-3,5-dimethylpyrazolyIN,N")(THF))gallium} -
magnesium.

(27) Atwood, D. A.; Cowley, A. H.; Jones, R. ADrganometallics1993
12, 236

metal species. In contrast to the tetramethyl antimony substituted
silsesquioxane complexes, however, magnesium coniplex
easily available. It also has some advantage against the

(28) Liu, J. C.Chem. Commuril996 1109.

(29) Duchateau, R.; Abbenhuis, H. C. L.; Van Santen, R. A.; Thiele, S. K.
H.; Van Tol, M. F. H.Organometallics1998 17, 5222.

(30) Klunduk, M. C.; Maschmeyer, T.; Thomas, J. M.; Johnson, B. F. G.
Chem—Eur. J.1999 5, 1481.

(31) Feher, F. J.; Budzichowski, T. Rolyhedron1995 14, 3239.
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tetramethyl antimony silsesquioxide complexes, i.e., the trans- highly electron deficient magnesium atom. The magnesium
metalation byproduct Mg@lis almost completely insoluble in ~ complex was tested in transmetalation reactions and seemed to
noncoordinating solvents, while M&bCl is soluble in a variety = have a chemistry similar to that oftetramethyl antimony
of solvents, which could lead to equilibrium mixtures of substituted silsesquioxane complexes. Transmetalation could be
transmetalated and nontransmetalated products. The absence d6llowed by multinuclear NMR.

metat-carbon bonds i, as opposed to tetramethyl antimony
silsesquioxide complexes, also eliminates the chance of alkyl
transfer, which could happen with late transition metals.
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We have reported the synthesis and structural characterization _ _ _ _
of the novel silsesquioxane magnesium comglig-CsHg)7- Supporting Information Available: One X-ray crystallography file,

SH012]MgaClo(THF)} -4THF, 1. An X-ray diffraction study in CIF format. This material is available free of charge via the Internet
showedL to be a tetranuclear magnesium silsesquioxane dimer, at http://pubs.acs.org.
with unusually short magnesiuathloride bonds, indicating a  1C0004131





