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Abstract: Acid-catalysed hydrolysis of  1:1
[CH,{Sn(Ph,)CH,Si(OiPr)Me,},]  fol-
lowed by subsequent reaction with mer-
curic chloride in acetone afforded the
novel silicon- and tin-containing eight-
membered ring [cyclo-CH,{Sn(Cl,)-
CH,Si(Me,)},0] in good yield, the crys-
tal structure of which is reported. Sn
NMR and X-ray studies indicate that
[cyclo-CH,{Sn(Cl,)CH,Si(Me,)},0] acts
as a bidentate Lewis acid towards
chloride ions exclusively forming the

complex

Lewis acids -
- silicon - tin

Introduction

In recent years the selective complexation of anions and
neutral donor molecules by molecular hosts has been a subject
of growing interest.'””71 This general concept includes the
synthesis of multidentate Lewis acids in which the active sites
are part of cyclic®'° or noncyclicl'3*! structures. Elements
which serve as the Lewis acidic centres in these host molecules
are for instance B,?%42 A][38 43.44] I [30-35] Gj [13. 4547 Ge [14
Snl#-12. 16291 and Hg.[1> 3% 38 48531 More recently, bidentate Lewis
acids have attracted interest as activators for transition metal
based olefin polymerisation catalysts.’® %3 Also, com-
pounds showing selectivity towards different anions have
been employed in liquid membranes for the design of ion
sensitive electrodes (ISE).””! Some time ago, we and others
have shown that the methylene-bridged ditin compound
(PhCl,Sn),CH,, when incorporated into a polyethylene mem-
brane, exhibits a remarkable selectivity towards phos-
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[(PhsP),N]*[cyclo-CH,-
{Sn(Cl,)CH,Si(Me,)},OCl]~ upon addi-
tion of [(Ph;P),N]J*Cl-. Also reported
are the synthesis and structure of
[K(dibenzo[18]crown-6)]*[cyclo-

CH,{Sn(Cl,)CH,Si(Me,)},OF]", the first
completely characterised organostan-  of
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nate with a C,SnCLF- substituent pat-
tern. No ring-opening polymerisation
could be achieved for [cyclo-CH,-
{Sn(Cl,)CH,Si(Me,)},0] or for its per-
phenylated  derivative [cyclo-CH,-
{Sn(Ph,)CH,Si(Me,)},O]. The reaction
[cyclo-CH,{Sn(Cl,)CH,Si(Me,)},0]
with Me;O*BF,~ gave the tin-containing
fluorosilane [CH,{Sn(Cl,)CH,Si(F)-
Me,},], in which the Si—F bond is
activated by intermolecular Si—F---Sn
interactions in the solid state.

phate.”> 21 One shortcoming of this type of electrode is its
short lifetime. One possibility to overcome this disadvantage
might be to make the CLSnCH,SnCl,-fragment part of a
polymer. In continuation of our studies on tin-based biden-
tatel!® 2227291 and multidentate®! Lewis acids we report here
on the synthesis and structure of a novel cyclic eight-
membered ditin compound containing a siloxane unit and
on its complexation behaviour towards chloridel?”? and
fluorideP®! ions. Also presented are attempts at ring-opening
reactions of this eight-membered ring and its perphenylated
derivative leading, however, to a novel tin-containing fluo-
rosilane.

Results and Discussion

Synthesis and properties of [cyclo-CH,{Sn(Cl,)CH,Si-
(Me;)},0] (2): The reaction of bis(diphenylfluorostannyl)-
methanel®” with two molar equivalents of Me,(iPrO)-
SiCH,MgCI!  afforded  bis{[(dimethylisopropoxysilyl)-
methyl]diphenylstannyl}jmethane (1) as a colourless oil in
almost quantitative yield (Scheme 1).

Treatment of [CH,{Sn(Ph,)CH,Si(OiPr)Me,},] (1) with
diluted sulfuric acid in diethyl ether resulted in a crude
reaction product, the ?Si NMR spectrum (CDCl;) of which
showed two major signals at 6 =9.3 (50 %, 2/(11"'¥Sn,?Si=
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[CHa(SNPhoF),] 1

[CHA{SNPh,CH,Si(OiPr)Me},]
1

Scheme 1. Synthesis  of i) 2Me(iPrO)SiCH,MgCl

(—2MgCIF).

compound 1

39 Hz) and 17.5 (35 %, 2J(11"'"Sn,»Si = 29 Hz), and two minor
resonances at 0 =7.7 and 17.2 (total integral approximately
15% of the major signals). The '"Sn NMR spectrum of the
same sample displayed major signals at 0 = —39.4 (50 %) and
—40.0 (30%) and two minor resonances at 6 =—40.4 and
—40.8 (total integral approximately 20% of the major
signals). The signals at 6 =9.3 (¥Si) and —39.4 ('"°Sn) belong
to the eight-membered ring species [CH,{Sn(Ph,)CH,Si-
(Me,)}O] (5). The signals at 6 =17.5 (¥Si) and —40.0 (}*°Sn)
are assigned to the silanol [CH,{Sn(Ph,)CH,Si(OH)Me,},],
whereas the remaining resonances at d =7.7 and 17.2 (¥’Si) and
—40.4 and —40.8 ('°Sn) are assigned with caution to the
acyclic derivative [{Me,(HO)SiCH,Sn(Ph,)CH,Sn(Ph,)CH,-
Si(Me,)},O]. None of these compounds were isolated from
this reaction mixture, but the synthesis and isolation of
compound 5 was achieved and is described below. Treatment
of the crude product in acetone with two molar equivalents of
mercuric chloride per tin provided, after working up, the
eight-membered ring species [CH,{Sn(Cl,)CH,Si(Me,)}O] (2)
in 72% yield (Scheme 2). From this high yield it is apparent

i), i) ClpSn™"SnCl,
[CH2{SnPh,CH,Si(OiPr)Mey},] ————
1 MeZSi\O,SiMez
2

Scheme 2. Synthesis of the eight-membered ring 2. i) 0.5m H,SO,, Et,0
(—2iPrOH); ii) 4HgCl,, acetone (—4PhHgCl).

Abstract in German: Aus [CH,{Sn(Ph,)CH,Si(OiPr)Me,},]
wurde durch sdurekatalysierte Hydrolyse und Reaktion mit
Quecksilberchlorid in Aceton der neuartige silicium- und
zinnhaltige Achtring [cyclo-CH,{Sn(Cl,)CH,Si(Me,)},0] in
guter Ausbeute erhalten und seine Struktur mittels Einkristall-
rontgenstrukturanalyse bestimmt. ''°Sn-NMR-Studien und Un-
tersuchungen durch Rontgenstrahlbeugung am Einkristall
zeigen, dass [CH,{Sn(Cl,)CH,Si(Me,)},0] sich gegeniiber
Chloridionen als bidentate Lewis-Sdure verhdlt und mit
[(Ph;P),N]*CI~ ausschliesslich unter Bildung des entsprechen-
den 1:1-Komplexes [(Phs;P),N]"[cyclo-CH,{Sn(Cl,) CH,Si-
(Me,)},OCI]~ reagiert. Ebenfalls berichtet wird iiber die
Synthese und Struktur von [K(dibenzo[18]Krone-6)]"[cyclo-
CH,{Sn(Cl,)CH,Si(Me,)},OF]~, dem ersten vollstindig cha-
rakterisierten Organostannat mit einem C,SnCLF-Substitu-
tionsmuster. Weder fiir [cyclo-CH,{Sn(Cl,)CH,Si(Me,)},0]
noch fiir das perphenylierte Derivat [cyclo-CH,{Sn(Ph,)-
CH,Si(Me,)},0] gelang eine ringdffnende Polymerisation.
Die Reaction von [cyclo-CH,{Sn(Cl,)CH,Si(Me,)},O] mit
Me;OBF,;~ lieferte das zinnhaltige Organofluorsilan
[CH,{Sn(CL,)CH,Si(F)Me,},]. Dieses zeigt im Festkorper
eine Aufweitung der Si-F-Bindung durch intermolekulare
Si—F --- Sn-Wechselwirkung.
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that both the cyclosiloxane derivative 5 and the open-chain
compound [CH,{Sn(Ph,)CH,Si(OH)Me,},] are transformed
into the tin-functionalised cyclosiloxane derivative 2. Com-
pound 2 is a colorless crystalline solid that is soluble in
dichloromethane, diethyl ether and benzene, but almost
insoluble in hexane. Cyclic organotin compounds containing
one tin atom and an Si-O-Si structural motif have been
reported.rs ¥

The molecular structure of 2 is shown in Figure 1. Unit cell
data and refinement details are listed in Table 1. Compound 2
crystallises with two different conformers, which are con-
nected by a weak intermolecular CI(3)-Sn(1’) contact of
3.684(1) A. The coordination geometry at Sn(1), Sn(2) and
Sn(2’) can be best described as a monocapped tetrahedron
([44+1] coordination), with the position of the respective tin
atoms along the path tetrahedron—trigonal bipyramid given
by the difference of the sum of the equatorial and axial
angles,[* % (je., 29,,—29,,=17.83° for Sn(1), 26.29° for
Sn(2) and 19.67° for Sn(2’). This configuration is realised by
weak intramolecular Sn(1)---O(1), Sn(2)---O(1) and
Sn(2') ---O(1’) contacts of 3.559(2), 3.074(2), and 3.184(2) A,
respectively; the approach occurs through the corresponding
tetrahedral face. The intramolecular Sn--- O distances are at
the borderline or shorter than the sum of the van der Waals
radii of tin (2.20 A)%% and oxygen (1.50 A).13! Intramolecular
Sn---- O contacts of 2.884(3)-3.067(2) A and 2.38(4) A have
been reported for compounds in which the tin and oxygen
atoms are part of four-**®] and five-membered® 7l rings,
respectively. The Sn(2)-ClI(2") distance amounts to
4.232(1) A which is greater than the sum of the van der Waals
radii of tin and chlorine (1.70 A).I] The CI(2)-Sn(1)-O(1),
CI(3)-Sn(2)-O(1), and CI(3')-Sn(2")-O(1’) angles amount to
139.26(4), 167.53(5), and 169.34(5)°, respectively, the devia-
tions of these angles from the ideal value of 180° being the
result of ring constraints. The Sn(1’) atom of the conformer
shown on the right side in Figure 1 exhibits a [4+2]
coordination geometry In other words, two Sn(1")-C(1'/7")
bonds of 2.116(3) and 2.110(3) A and two intramolecular
Sn(1')-CI(1'/2") bonds of 2.3470(9) and 2.341(1) A are
accompanied by one weak intramolecular Sn(1"):--O(1)
contact of 3.061(2) A and one weak intermolecular
Sn(1')---CI(3) contact of 3.684(1) A with the last distance
being shorter than the sum of the van der Waals radii of tin
and chlorine.[® The CI(1)-Sn(1')-Cl(3) and CI(2')-Sn(1')-
O(1’) angles amount to 173.26(5) and 174.00(3)°, respectively,
the deviations of the angles from the ideal value of 180° again
being the result of ring constraints. In both conformers of 2,
the intramolecular Sn(1/2)---O(1) and Sn(1'/2")--- O(1") con-
tacts are associated with Si(1)-O(1)-Si(2) and Si(1')-O(1')-
Si(2") angles of 145.5(2) and 144.9(1)°, respectively, which are
at the lower end of a range of corresponding angles in eight-
membered cyclo-stannasiloxanes that have no such con-
tacts.[® 91 The Si(1/2) - O(1) and Si(1'/2") - O(1") bond lengths
between 1.640(2) and 1.648(2) A are close to standard Si—O
bond lengths reported in the literaturel™7? and indicate the
intramolecular Sn --- O contact mentioned above to be mainly
electrostatic. Nevertheless, compound 2 is an interesting
model substance for a Si—O bond activation by an organotin
Lewis acid.
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Figure 1. General view (SHELXTL) of the crystal structure of 2 showing 30% probability displacement
ellipsoids and the atom numbering scheme. Hydrogen atoms are omitted for clarity. Selected bond lenghts [A]
and angles [°]: Sn(1)—Cl(1) 2.3437(9), Sn(1)—Cl(2) 2.335(1), Sn(1)—O(1) 3.559(2), Sn(2)—Cl(3) 2.350(1),
Sn(2)—Cl(4) 2.3471(9), Sn(2)—O(1) 3.074(2), Sn(1")—Cl(1') 2.3470(9), Sn(1')—Cl(2") 2.341(1), Sn(1")—O(1)
3.061(2), Sn(1")—CI(3) 3.684(1), Sn(2")—CL(3") 2.339(1), Sn(2')—Cl(4') 2.3465(9), Sn(2)—O(1") 3.184(2), C(1)-
Sn(1)-C(7) 125.0(1), C(1)-Sn(1)-CI(1) 103.7(1), C(7)-Sn(1)-Cl(1) 107.33(9), C(1)-Sn(1)-Cl(2) 107.6(1), C(7)-
Sn(1)-Cl(2) 109.25(9), Cl1(1)-Sn(1)-C1(2) 101.35(4), C1(2)-Sn(1)-O(1) 139.26(4), C(1)-Sn(2)-C(2) 131.0(1), C(1)-
Sn(2)-Cl(4) 99.44(9), C(2)-Sn(2)-Cl(4) 109.60(9), C(1)-Sn(2)-CI(3) 104.0(1), C(2)-Sn(2)-C1(3) 106.7(1), Cl(4)-
Sn(2)-Cl(3) 103.05(4), C1(3)-Sn(2)-O(1) 167.53(5), Si(1)-O(1)-Si(2) 145.5(2), C(1")-Sn(1")-C(7’) 126.4(1), CI(1')-
Sn(1')-C1(2") 101.19(4), CI(1")-Sn(1")-ClL(3) 174.00(3), CI(2')-Sn(1)-O(1") 173.26(5), C(1')-Sn(2)-C(2") 126.5(1),
C(1')-Sn(2')-Cl(4') 103.41(9), C(2')-Sn(2')-Cl(4) 106.8(1), C(1')-Sn(2)-Cl(3") 105.55(9), C(2')-Sn(2")-Cl(3")

110.7(1), CI(4)-Sn(2))-C1(3’) 100.79(4), C1(3')-Sn(2)-O(1") 169.34(5), Si(1')-O(1')-Si(2’) 144.9(1).

The side views of the two conformers of 2 are shown in
Figure 2. According to a classification scheme recently

Table 1. Crystallographic data for 2, 3, 4a and 6.

introduced™ and applied for
eight-membered rings,*® %! the
left conformer is a F-type
(000 ++400—) and the right
conformer is a G-type (00++
00 ++ ) structure.

From the solid-state struc-
ture of 2, four '"Sn cross-polar-
isation, magic-angle spinning
(CP-MAS) resonances are to
be expexted. Given the similar-
ity of the configurations at
Sn(1") and Sn(2), and at Sn(1)
and Sn(2’), only two resonan-
ces (WY%=1500 Hz) are ob-
served at 6=87 and 114. In
CDCl;, however, the tin and
the silicon atoms are equivalent
on the respective NMR time-
scales, and single resonances
are observed at ¢ (¥Si)=14.2
J(171198n,#Si) = 56/59 Hz) and
0 (Sn)=109.0. The spectra
remain virtually the same in
CD,Cl, at —85°C. The eight-
membered ring structure of 2 is
retained in solution as was veri-

fied by molecular weight determination (calcd for 2: M=
554 gmol!, found in CH,Cl,: M =547 gmol ™).

2 3 4a 6

formula C;H,5C1,08n,Si, C,,H;5,Cl,OP,NSn,Si, C,;H;3CLFO, 550,81, K C;H,5CLF,Sn,Si,

M, 553.62 1212.60 990.14 575.62

crystal system monoclinic monoclinic triclinic orthorhombic

crystal size [mm] 0.15x0.10 x 0.10 0.20 x 0.12 x 0.10 0.40 % 0.08 x 0.08 0.12 % 0.10 x 0.10

space group P2,/c C2lc P1 Pbcn

a[A] 9.856(1) 43.532(1) 10.198(1) 19.726(1)

b [A] 15.967(1) 9.522(1) 10.590(1) 8.917(1)

c[A] 24.391(1) 33.304(1) 19.993(1) 10.994(1)

a [ 90 90 83.163(1)

A 99.438(1) 128.904(1) 84.228(1)

v [°] 90 90 69.829(1)

4 i‘] 3786.5(5) 10743(1) 2008.2(3) 1933.8(3)

V4 8 8 2 4

Peaiea [Mgm™] 1.942 1.499 1.622 1.977

Prmeasa IMgm ] 1.988(5) 1.514(8) lal 1.986(26)

u# [mm~1] 3312 1.415 1.716 3.257

F(000) 2112 4848 978 1096

0 range [°] 3.49-27.48 3.41-27.45 2.95-25.35 3.59-27.48

index ranges —-12<h<12 —-56<h<56 —-12<h<12 —25<h<25
—-20<k<20 -9<k<9 -10<k<10 —11<k<11
—25<1<25 —43<1<33 —23<1<24 —-11<i<11

reflns measured 47465 69399 22975 24918

completeness to 6, 91.7 90.6 92.5 92.6

independent reflns/R; 7968/0.040 11136/0.038 6812/0.038 2064/0.030

reflns observed [I>20(1)] 5319 5002 3876 1432

parameters 298 576 412 81

GooF (F?) 0.890 0.866 0.855 0.903

R1 (F) [I>20(])] 0.0252 0.0349 0.0317 0.0225

wR2 (F?) (all Data) 0.0523 0.0705 0.0675 0.0532

(A410) max 0.001 0.001 0.001 0.001

largest diff. peak/hole [e A3] 0.372/ - 0.723 0.507/ - 0.533 0.522/—-0.411 0.391/ - 0.566

[a] Not measured.
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Figure 2. Side views of the two conformers of 2.

Complexation behaviour of [cyclo-CH,{Sn(Cl,)CH,Si-
(Me,)},0] (2) towards chloride ions: The '’Sn NMR chemical
shifts of the eight-membered ring 2 to which various amounts
of [(Ph;P),N]*Cl- have been added (Figure 3) indicate
quantitative formation of the 1:1 complex with the chloride
ion (3, Scheme 3). The pentachlorodistannate derivative 3 was
isolated as a colorless crystalline solid. Interestingly, even
though adduct formation appears to be almost quantitative,
the observation of a single resonance during the course of the
titration indicates a rapid intermolecular exchange of chloride
ions between 2 and 3.

l\‘
80-
Y
\\\
1S N
\% 40 \!\
= AN
$ \
% O .
-40 \\\l\
80— R
0.0 0.4 08 12

n{[(Ph;P),N]CI} / n{compound 2)

Figure 3. Plot of '"Sn{'H} NMR (111.92 MHz) chemical shift (ppm) versus
molar ratio [(Ph;P),N]*Cl-/compound 2 (0.11m solution of 2 in CH,Cl,/
D,0).

ClLSn”"SnCl, ) Cl,Sn7>SnCl,
0 () [(PhsP),N]*
MEZSi\O/SiMez MeZSi\O/SiMez

2 3
Scheme 3. Formation of the chloride complex 3. i) [(Ph;P),N],Cl-.

In a solution of 3 in CDCl;, both tin atoms are pentacoor-
dinate as is evidenced i) by the "*Sn NMR chemical shift of
0=—68.7 being shifted to low-frequency with respect to
compound 2, which contains four-coordinate tin atoms (6 =
109.0), ii) by the observation of increased 'J("'”'"Sn,"*C) and
2J(117"119Sn,'H) couplings of 456/476, 134/140 Hz for SiCH,Sn
and 559/585, 84/88 Hz for SnCH,Sn in comparison with the
corresponding couplings measured for compound 2 (335/351,
115/121 Hz for SiCH,Sn and 370/387, 76/80 Hz for SnCH,Sn)
and iii) by the observation of an increased 2/('Sn,'"Sn)
coupling of 595 Hz for 3 as compared to 419 Hz for 2. The
chloride bridge in 3 is symmetric on the 'H, 3C, Si, and "*Sn
NMR timescales (i.e., the methyl groups and methylene
groups as well as the silicon and tin atoms are each

350 — © WILEY-VCH Verlag GmbH, D-69451 Weinheim, 2001

equivalent). The equivalence
at room temperature as well as
at —85°C of the methyl groups
in the '"H and 3C NMR spectra
indicate the chloride complex 3
to be kinetically labile. Ther-
modynamically, however, com-
plex 3 appears to be rather
stable; the ''”Sn NMR chemical
shift (CD,Cl,) is almost temperature independent (6 = —72.6
at 22°C and —74.8 at —85°C).

The molecular structure of 3 (anionic part) is illustrated in
Figure 4. Unit cell data and refinement details are listed in
Table 1. Compound 3 crystallises with one molar amount of
dichloromethane in the unit cell. The lattice of 3 is composed

Clid)

Figure 4. General view (SHELXTL) of the anionic part of 3 showing 30 %
probability displacement ellipsoids and the atom numbering scheme. The
countercation [(Ph;P),N]* and the hydrogen atoms are omitted for clarity.
Selected bond lenghts [A] and angles [°]: Sn(1)—CI(1) 2.352(1), Sn(1)—CI(2)
2.424(1), Sn(1)—CIL(5) 2.891(1), Sn(1)—O(1) 3.449(2), Sn(2)—Cl(3) 2.358(1),
Sn(2)—Cl(4) 2.453(1), Sn(2)—CI(5) 2.781(1), Sn(2)—O(1) 3.280(2), C(1)-
Sn(1)-C(7) 132.6(2), C(1)-Sn(1)-CI(1) 110.5(1), C(7)-Sn(1)-CI(1) 112.7(1),
C(1)-Sn(1)-C1(2) 96.4(1), C(7)-Sn(1)-Cl(2) 98.6(1), CI(1)-Sn(1)-Cl(2)
94.72(4), Cl(2)-Sn(1)-C1(5) 174.18(3), CI(1)-Sn(1)-O(1) 151.71(5), C(1)-
Sn(2)-C(2) 140.4(1), C(1)-Sn(2)-Cl(4) 92.5(1), C(2)-Sn(2)-Cl(4) 95.0(1),
C(1)-Sn(2)-C1(3) 110.0(1), C(2)-Sn(2)-Cl(3) 107.4(1), Cl(4)-Sn(2)-CI(3)
97.92(4), Cl(4)-Sn(2)-CI(5) 169.99(3), Cl(3)-Sn(2)-O(1) 157.11(6), Si(1)-
O(1)-Si(2) 147.2(2).

of discrete [cyclo-CH,{Sn(Cl,)CH,Si(Me,)},OCI]~ anions and
[(Ph;P),N]* cations, with no significant interionic contacts.
Both tin atoms in the anionic part of 3 exhibit a [5+1]
coordination geometry with a distorted trigonal bipyramid
(Z9q — 29,,=66.1° for Sn(1) and 72.4° for Sn(2)) with weak
intramolecular Sn(1/2)---O(1) contacts of 3.449(2) and
3.280(2) A, respectively. The axial positions of the trigonal
bipyramid at Sn(1) are occupied by CI(2) and CI(5) and at
Sn(2) by Cl(4) and CI(5). The Sn(1) and Sn(2) atoms are
displaced from the equatorial planes, defined by C(1), C(7)
and CI(1) for Sn(1) and by C(1), C(2) and CI(3) for Sn(2), in

0947-6539/01/0702-0350 $ 17.50+.50/0 Chem. Eur. J. 2001, 7, No. 2
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the direction of CI(2) and Cl(4) by 0.255(2) and 0.181(2) A,
respectively. The bond lengths of tin to the equatorial chlorine
atoms (Sn(1)—CI(1) 2.352(1), Sn(2)-CI(3) 2.358(1) A) are
shorter than those to the axial chlorine atoms (Sn(1)-Cl(2)
2.424(1), Sn(2)-ClI(4) 2.453(1) A). The Sn(1)-CI(5)-Sn(2)
bridge is strongly asymmetric with Sn(1)—CI(5) 2.891(1) A
and Sn(2)-CI(5) 2.781(1) A. A similar asymmetry was
reported for the Sn-Cl-Sn bridge in the chloride complex of
1,1,5,5,9,9-hexachloro-1,5,9-tristannacyclododecane.'l  The
Si(1)-O(1)-Si(2) angle of 147.2(2)° is similar to that observed
for compound 2.

Complexation behaviour of [cyclo-CH,{Sn(Cl,)CH,Si-
(Me,)},0] (2) towards fluoride ions: The reaction of the
eight-membered ring 2 with one molar equivalent of potas-
sium fluoride and dibenzo[18]crown-6 in the presence of air
moisture gave a crude reaction product, the ¥Si NMR
spectrum (CDCl;) of which showed three signals at 6 =6.2,
8.9 and 31.9 (J(*FSi) =276 Hz) with an integral ratio of
15:75:10. The signals at 0=6.2 and 8.9 belong to the
hydroxide complex 4b and the fluoride complex 4a, respec-
tively. The signal at 0 =31.9 reveals the presence of an acyclic
fluorosilane, the identity of which has not been established
yet, but it is different from compound 6 (see below). There are
no signals visible in the "Sn NMR spectrum at room
temperature. The fluoride complex 4a was isolated in 56 %
yield by recrystallisation from CH,Cl,/hexane solution as an
adduct with half a molar equivalent of water (Scheme 4).

) Cl,Sn7”_>SnCl,
- . < F > [K(dibenzo[18]crown-6)]*

Me;Si~ - SiMe, + 0.5 H0

ClLSn”~">SnCl,
Me;Si~ - SiMe;

2 4a

Scheme 4. Formation of the fluoride complex 4a. i) KF, dibenzo[18]-
crown-6, CH,Cl,, H,O.

The molecular structure of 4ais illustrated in Figure 5. Unit
cell data and refinement details are listed in Table 1. It is the
first completely characterised fluoride complex of a diorga-
notin dichloride. The lattice of 4a comprises [cyclo-
CH,{Sn(Cl,)CH,Si(Me,)},OF]~ anions and [K(dibenzo[18]-
crown-6)|* cations that are connected by K(1)---CI(1)—,
K(1)---CI(3)— and K(1) --- F(1) contacts of 3.157(1), 3.444(2),
and 2.905(2) A, respectively. These bond lengths are shorter
than the sum of the vander Waals radii of potassium
(2.80 A)%3) and chlorine (1.70 A) or potassium and fluorine
(1.50 A), respectively. The K(1) atom is coordinated by six
oxygens of the crown ether with K(1)---O bond lengths of
2.768(3)-2.943(3) A. In addition, there is a K(1)---O(8)
contact of 2.96(2) A of the potassium to the water molecule;
this gives the K(1) a decacoor-
dination (Figure 5). Both tin

atoms exhibit a [5+1] coordina- C'25/n\/\/5n0|

[K(dibenzo[18]crown-6)]*

closrYoi7) (30}

Cl29
0(8)

Figure 5. General view (SHELXTL) of a molecule of 4a showing 30 %
probability displacement ellipsoids and the atom numbering scheme.
Hydrogen atoms are omitted for clarity. Selected bond lenghts [A] and
angles [°]: Sn(1)—Cl(1) 2.348(1), Sn(1)—Cl(2) 2.462(1), Sn(1)—F(1) 2.225(2),
Sn(1)-O(1) 3.391(3), Sn(2)—Cl(3) 2.349(1), Sn(2)—Cl(4) 2.450(1),
Sn(2)-F(1) 2271(2), Sn(2)-O(1) 3.471(3), K(1)-Cl(1) 3.157(1),
K(1)—CI(3) 3.444(2), K(1)-F(1) 2.905(2), K(1)-[O(2)—0(7)] 2.768(3)
—2.943(3), K(1)—0(8) 2.96(2), C(1)-Sn(1)-C(7) 128.5(2), C(1)-Sn(1)-CI(1)
111.0(1), C(7)-Sn(1)-CI(1) 117.3(1), C(1)-Sn(1)-CL(2) 98.5(1), C(7)-Sn(1)-
Cl(2) 97.6(1), CI(1)-Sn(1)-Cl(2) 90.67(4), C1(2)-Sn(1)-F(1) 173.60(7), CI(1)-
Sn(1)-O(1) 151.82(6), Si(1)-O(1)-Si(2) 159.5(2).

for Sn(1) and 67.0° for Sn(2)) with weak intramolecular
Sn(1/2)---O(1) contacts of 3.391(3) and 3.471(3) A, respec-
tively. The axial positions of the trigonal bipyramid at Sn(1)
are occupied by CI(2) and F(1) and at Sn(2) by CI(4) and F(1).
The Sn(1) and Sn(2) atoms are displaced from the equatorial
planes, defined by C(1), C(7) and CI(1) for Sn(1) and by C(1),
C(2) and CI(3) for Sn(2), in the direction of CI(2) and CI(4) by
0.222(2) and 0.248(2) A, respectively. The bond lengths of tin
to the equatorial chlorine atoms (Sn(1)-CI(1) 2.348(1),
Sn(2) - CI(3) 2.349(1) A) are shorter than those to the axial
chlorine atoms (Sn(1)-CI(2) 2.462(1), Sn(2)-Cl(4)
2.450(1) A). The Sn(1)-F(1)-Sn(2) bridge is asymmetric
with Sn(1)-F(1) 2.225(2) A and Sn(2)-F(1) 2.271(2) A. The
Si(1)-O(1)-Si(2) angle amounts to 159.5(2)° and is signifi-
cantly larger than the corresponding angles in compounds 2
and 3.

In CD,Cl,, the fluoride complex 4a is in equilibrium with
the hydroxide complex 4b. (Scheme 5). The ratio of com-
pounds 4a:4b is approximately 3:1. Thus, the *Si and '"°Sn
NMR spectra at —85°C each display two resonances at 0 =
10.4 and 9.3, and at 6=-380.3 (J(*E!'"°Sn)=971 Hz) and
—74.7, respectively. In contrast to the chloride complex 2,
both the fluoride complex 4a and the hydroxide complex 4b

Cl,Sn_>SnCl, _
(0] [K(dibenzo[18]crown-6)]*

. . . ( -
tlgn geomgtry Wth a.d1§torted MesSi~ o-SiMe; . 05 Hy0 — MeZSi\g,SiMez E
trigonal bipyramid similar to

that of the related chloride 4a 4b

complex 3 (29,4 —Z9,,="70.0°
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Scheme 5. Equilibrium of 4a and 4b in solution.
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are kinetically inert on the *C NMR timescale at —90°C. The
13C NMR spectrum of the same solution as used for recording
the 2°Si and "°Sn NMR spectra shows two resonances for the
methyl carbons of 4a at 6 =1.62 and 2.28 and two resonances
for the methyl carbons of 4b at 6 =1.62 and 2.09. That the
signal at 0 =1.62 is a superposition of two resonances follows
unambiguously from its higher intensity with respect to the
signal at 6 =2.28. The identity of the hydroxide complex 4b
was further confirmed by adding one molar equivalent of
Bu,NOH -30H,O0 to a solution of the eight-membered ring 2
in CD,Cl,. The #Si and '"°Sn NMR spectra at —90°C of this
solution exhibit the resonances assigned to the anion of 4b as
mentioned above.

Studies on ring-opening reactions and synthesis of
[CH,{Sn(Cl,)CH,Si(F)Me,},]: Reaction of compound 2 with
four molar equivalents of phenylmagnesium bromide provid-
ed exclusively 1,1,3,3-tetraphenyl-5,5,7,7-tetramethyl-1,3-di-
stanna-5,7-disila-6-oxacyclooctane (5) as a colorless oil
(Scheme 6). Attempts at cationic ring-opening polymerisa-
tion77 of 2 using para-toluenesulfonic acid or concentrated

ClL,Sn~"SnCl, Ph,Sn™" ~SnPh,

i)

Me;Si~ - SiMe, Me;Si~ - SiMe,

2 5
Scheme 6. Synthesis of the cyclic compound 5. i) 4 PhMgBr (— 4 MgBrCl).

sulfuric acid as catalyst, or at anionic ring-opening polymer-
isation of 5 by using KOSiMe; or KOrBu were both
unsuccessful. Reactions were carried out neat (for 2 and 5)
by heating the sample up to 180 °C as well as in acetone (for 2)
or in toluene (for 2 and 5) under
reflux conditions. The results
reveal the high thermodynamic
stability of these eight-mem-
bered ring compounds 2 and 5.

On the other hand, the reac-
tion of the tetrachloro-substi-
tuted derivative 2 with
Me;O'BF,~ gave under ring-
opening and regioselective fluo-
rination  bis{dichloro[(dimeth-
ylfluorosilyl)methyl]stannyl}-
methane (6) in almost quanti-
tative yield (Scheme 7).
Compound 6 is a colorless solid
which has good solubility in
chlorinated solvents and diethyl
ether; it is one of the very few
examples of molecules with
both halide functionalised tin
and silicon sites.[”!

The crystal structure of 6 is
illustrated in Figure 6. Unit cell
data and refinement details are
listed in Table 1. Both tin atoms
in the molecular structure of 6

are equivalent and exhibit a  C(1)-Sn(1)-C(2) 125.8(1).
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ClLSn”"SnCl,

[CH2{Sﬂ(C|2)CH2$i(F)MEz}2]

MEZSi\ /SiMEZ 6

(0]
2

Scheme 7. Synthesis of the acyclic fluorosilane 6. i) Me;O'BF,~ (— Me,0,
—MeF, — %4B,0;, — ABF;).

[4+2] coordination geometry, that is, two Sn(1)—C(1/2) bonds
of 2.122(2) and 2.108(3) A, and two Sn(1)—Cl(1/2) bonds of
2.3428(9) and 2.3508(8) A are accompanied by two intermo-
lecular Sn(1) --- F(1B/1C) contacts of 3.051(2) and 3.022(2) A.
The two last bond lengths are shorter than the sums of the
van der Waals radii of tin (2.20 A) and fluorine (1.50 A). The
deviation from an ideal octahedral configuration is especially
manifested by the C(1)-Sn(1)-C(2) angle of 125.8(1)°, which is
in between the ideal cis (90°) and trans (180°) angles. The
Cl(1)-Sn(1)-F(1C) and CI(2)-Sn(1)-F(1B) angles amount to
175.43(4) and 176.61(3)°, with only little deviation from the
ideal value of 180°. As a result of the intermolecular Sn(1) ---
F(1B/1Cc) contacts, compound 6 has a one-dimensional
polymeric structure in the solid state with alternating
SnCSiFSnCSiF eight-membered rings and SnFSnFC-bicyclo-
pentane fragments. The Si(1)—F(1) bond of 1.625(2) A is not
significantly affected by these intermolecular Sn --- F contacts;
this indicates its low polarisability. That the intermolecular
Sn--- F contacts are weak and have only little influence on the
electronic situation at the tin atom is also reflected by the
9Sn CP-MAS resonance at 6 =80, which is only slightly
shifted to low frequency with respect to the signal at 6 =106.7
observed in solution.

In solution, compound 6 is monomeric and the tin atoms are
essentially tetracoordinated. This is verified by molecular

Figure 6. General view (SHELXTL) of a molecule of 6 and of its supramolecular structure showing 30 %
probability displacement ellipsoids and the atom numbering Scheme (Symmetry transformations used to
generate equivalent atoms: A = —x+1,y, —z+0.5;B=x, —y,z+0.5; C= —x+1, —y, — z). Hydrogen are omitted
for clarity. Selected bond lengths [A] and angles [°]: Sn(1)—CI(1) 2.3428(9), Sn(1)—Cl(2) 2.3508(8), Sn(1)-F(1B)
3.051(2), Sn(1)-F(1C) 3.022(2), Si(1)—F(1) 1.625(2), CI(1)-Sn(1)-F(1C) 175.43(4), C1(2)-Sn(1)-F(1B) 176.61(3),
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weight determination and the '"Sn NMR chemical shift
mentioned above. The latter is close to the value of 6 =118
observed for the related derivative [CH,{Sn(Cl,)-
CH,SiMe,)},]?"! and typical for tetracoordinated diorganotin
dichlorides.™

Conclusion

Linking together two organotin moities in a cyclic structure
results in a new bidentate Lewis acid. This structural motif
containing tin moieties and a disiloxane unit is easily
accessible by a two-step hydrolysis/functionalisation reaction.
Although no ring-opening polymerisation could be achieved
with the particular compounds reported in this paper, the class
of cyclic compounds that contains both tin and Si—O—Si units
represents potential precursors for polymers serving as multi-
dentate Lewis acidic hosts. We are currently extending our
studies to di-, tri-, and polymethylene-bridged ditin com-
pounds.

Experimental Section

General methods: All reactions were carried out under an atmosphere of
dry argon. The solvents were purified by distillation from appropriate
drying agents under argon. Mercuric chloride, bis(triphenylphosphoran-
ylidene)ammonium chloride, dibenzo[18]crown-6, bromobenzene and
trimethyloxonium tetrafluoroborate were commercial products. Bis-
(diphenylfluorostannyl)methanel?” and (chloromethyl)dimethylisopropoxy-
silanel®! were synthesised according to literature methods. The density of
the crystals was measured by using a Micromeritics Accu Pyc 1330.
Elemental analyses were performed on a LECO-CHNS-932 analyser, and
mass spectrometry was performed using a Finnigan MAT 8200. Molecular
weights were measured using a Knaur osmometer.

NMR spectroscopy: NMR spectra were recorded on Bruker DRX 400 and
DPX300 (in case of YF) FT NMR spectrometers with broad-band
decoupling of *C at 100.63 MHz, "°F at 282.40 MHz, *Si at 79.49 MHz
and '“Sn at 111.92 and 149.21 MHz by using internal deuterium lock. 'H,
BBC, YF, Si and '"Sn NMR chemical shifts ¢ are given in ppm, and are
referenced against external Me,Si (*H, *C, #Si), CFCl; (*F) and Me,Sn
(1°Sn). The complexes for NMR investigations were generally prepared in
situ.

Crystallography: Crystals of [cyclo-CH,{Sn(Cl,)CH,Si(Me,)},0] (2) were
grown from a CH,Cly/hexane/pentane solution at 5°C, of [(Ph;P),N]*-
[cyclo-CH,[Sn(Cl,)CH,Si(Me,)],OCl]~ (3) and of [K(dibenzo[18]crown-
6)]*[cyclo-CH,[Sn(Cl,)CH,Si(Me,)],OCl]~-0.5H,O (4a) from a CH,Cl,/
hexane solution at 5°C, and of CH,[Sn(Cl,)CH,Si(F)Me,], (6) from a
benzene solution at 5°C. Intensity data for the colorless crystals were
collected on a Nonius Kappa CCD diffractometer with graphite-mono-
chromated Moy, radiation. The data collection covered almost the whole
sphere of reciprocal space with 360 frames through o rotation (Aw =1°) at
two times 10 s for 2, two times 20 s for 3 and 4a and two times 30 s for 6 per
frame. The crystal-to-detector distance was 2.8 cm (2, 3) and 3.0 cm (4a, 6)
with a detector-6-offset of 5°. Crystal decay was monitored by repeating the
initial frames at the end of data collection. Upon analysis the duplicate
reflections there was no indication for any decay. The structures were
solved by direct methods SHELXS 978! and successive difference Fourier
syntheses. Refinement applied full-matrix least-squares methods
SHELXL 972 The H atoms were placed in geometrically calculated
positions by using a riding model and refined with a common isotropic
temperature factor for different C—H types (C—H,, 0.96 A, C-H,.
0.97 A, Uy, 0.099(2) A2 (2), Uy, 0.146(5) A2 (3), Uy, 0.106(3) A2 (4a), U,,
0.090(4) A2 (6); C,ry=H 0.93 A (3), C,ry mH 0.93 A (4a), U, 0.113(3) A2 (3),
U, 0.128(8) A2 (4a)). For compound 3 the occupany of the disordered
phenyl rings were refined at 0.437(13) (C(55), C(56)), 0.563(13) (C(55'),
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C(56")), 0.508(7) (C(65), C(66)) and 0.492(7) (C(65'), C(66')). Atomic
scattering factors for neutral atoms and real and imaginary dispersion terms
were taken from the literature.® The figures were created by
SHELXTL."® Crystallographic data are given in Table 1. Crystallographic
data (excluding structure factors) for the structures reported in this paper
have been deposited with the Cambridge Crystallographic Data Centre as
supplementary publication no. CCDC-144295 (2), 144296 (3), 144297 (4a),
and 144298 (6). Copies of the data can be obtained free of charge on
application to CCDC, 12 Union Road, Cambridge CB21EZ, UK (fax:
(444)1223-336-033; e-mail: deposit@ccdc.cam.ac.uk).

Bis{[ (dimethylisopropoxysilyl)methyl]diphenylstannyl}methane, [ CH,{Sn-
(Ph,)CH,Si(0iPr)Me,},] (1): A solution of Me,(iPrO)SiCH,MgCl (70 mL,
33.5mmol) in THF, which was prepared from Me,(iPrO)SiCH,Cl and
magnesium turnings, was added dropwise to a suspension of bis(diphenyl-
fluorostannyl)methane (10.00 g, 16.7 mmol) in THF (70 mL) at 0°C. The
reaction mixture was stirred at room temperature for 15 h before removing
the solvent in vacuo. Hexane (100 mL) was added to the residue and after
stirring thoroughly the mixture was filtered; the procedure was repeated
three times. The solvent was removed in vacuo to give 1 (13.62¢g,
16.6 mmol, 99%) as a colorless oil. 'H NMR (CDClL): 6=0.05 (s,
J(PCH)=121Hz, 12H; SiCH;), 022 (s, J(®C/'H)=117 Hz,
2J("7"198Sn,'"H) = 74/77 Hz, 4H; SiCH,Sn), 0.84 (s, J("*C,'H)=119 Hz,
2J("798n,'"H) =62 Hz, 2H; SnCH,Sn), 115 (d, YJ(*C,/'H)=125Hz,
3('"H,'H)=6Hz, 12H; CCH;), 3.97 (sept, J(*C,/'H)=138 Hz,
*J('H,'H) = 6 Hz,2H; OCH), 7.37 (m, 12H; H,,/H,), 7.52 (m, *J(""""*Sn,'H)
=47 Hz, 8H; H,); *C{'"H} NMR (CDCl;): 6 = —13.58 (s, 'J(1""1Sn,3C) =
274/287 Hz; SnCH,Sn), —3.17 (s, J(*'"1"Sn,"3C) = 246/257 Hz, 'J(*Si,"*C)
=58 Hz; SiCH,Sn), 1.14 (s, 'J(¥Si,*C) =58 Hz, 3J(''"1Sn,*C) =10 Hz;
SiCH,), 25.75 (s, 3J(¥Si,'*C) =17 Hz; CCHs;), 64.58 (s; OCH), 12797 (s,
SJ (171980, C) =49 Hz; C,,), 128.33 (s, /("'"'Sn,*C) = 11 Hz; C,), 136.60
(s, 2J(""M9Sn,3C) =38 Hz; C,), 141.35 (s, 'J("""°Sn,"*C) =467/488 Hz,
3J(171198n,3C) =12 Hz; C)); ¥Si{'H} NMR (CDCLy): 6 =14.7 (s, J(3CHy/
BCH,,”Si) =59 Hz, 2J("'""1Sn,»Si) =19 Hz); "Sn{'H} NMR (CDCl;): 6 =
—38.3 (s, J(3C;,'"*Sn) =489 Hz, 'J(Sn'"*CH,,'"*Sn) =288 Hz, %/('""Sn,'"Sn)
=239 Hz, 2J(BC,,'"Sn) =40 Hz, 3J(3C,,,'Sn) = 47 Hz); elemental analysis
caled (%) for C3;Hs,0,8n,S0, (822.41): C 54.03, H 6.37; found: C 53.50, H
6.40.

1,1,3,3-Tetrachloro-5,5,7,7-tetramethyl-5,7-disila-1,3-distanna-6-oxacyclo-
octane, [cyclo-CH,{Sn(Cl,)CH,Si(Me,)},O0] (2): Diluted sulfuric acid
(0.5M) was added to a solution of 1 (13.30 g, 16.2 mmol) in diethyl ether
(300 mL) and the resulting mixture was heated at reflux for 40 h. After
phase separation, the organic phase was washed with water (100 mL) and
the solvent removed in vacuo. A solution of mercuric chloride (17.56 g,
64.7 mmol) in acetone (80 mL) was added dropwise to a solution of the
residue in acetone (80 mL) at 0°C. The resulting suspension was stirred at
room temperature for 14 h before removing the PhHgCl by filtration. After
evaporating the filtrate in vacuo, the residue was suspended in hot hexane
(100 mL). The suspension was filtered, the filtrate collected, and the
procedure repeated with another 100 mL of hot hexane. The combined
filtrates were allowed to stand overnight at 5°C to give 2 (6.43 g, 11.6 mmol,
72%) as a colorless solid. M.p. 107-109°C; 'H NMR (CDCl;): 6 =0.31
(s, Y(°C/H)=120Hz, 12H; CH,;), 121 (s, J(C,/H)=127 Hz,
2J(""7198n,'H) = 115/121 Hz, 4H; SiCH,Sn), 1.70 (s, J(**C,'H) =137 Hz,
2J(1171198n,'H) = 76/80 Hz, 2H; SnCH,Sn); C{'H} NMR (CDCLy): 6 =2.67
(s, Y(¥Si,13C) = 61 Hz, 3J(1'"%Sn,3C) =22 Hz; CHj;), 13.89 (s, J(1711°Sn,*C)
=335/351 Hz, J(¥Si,C)=55Hz; SiCH,Sn), 16.91 (s, J(1"¥Sn,1’C) =
370/387 Hz; SnCH,Sn); *Si{'H} NMR (CDCLy): 6 =14.2 (s, 2J(*'"""*Sn,
»Si) =56/59 Hz); '“Sn{'H} NMR (CDCl;): 6=109.0 (s, 2/(*'"Sn,'""Sn)
=419 Hz); "“Sn{'H} CP-MAS NMR: § =87, 114; elemental analysis calcd
(%) for C;H,3C1,0Sn,Si, (553.62): C 15.19, H 3.28; found: C 15.15, H 3.30;
MS (70 eV, EI): m/z (%): 59 (11.83) [CH;0Si] ", 73 (11.29) [C,H;OSi]*, 117
(11.59) [C;H,0S5,]*, 131 (52.65) [C,H,,08i,]*, 539 (100.00) [M — CH;]*;
Mol. wt. (VPO, CH,Cl,): 547 (calcd: 554).

Bis(triphenylphosphoranylidene)ammonium (u,-chloro)-1,1,3,3-tetrachlo-
ro-5,5,7,7-tetramethyl-5,7-disila-1,3-distanna-6-oxacyclooctane,

[(Ph;P),N]*[cyclo-CH,{Sn(Cl,) CH,Si(Me,)},OCl]- (3): Bis(triphenyl-
phosphoranylidene)ammonium chloride (207 mg, 0.36 mmol) was added
to a solution of 2 (200 mg, 0.36 mmol) in CH,Cl, (10 mL). The mixture was
stirred at room temperature for 10 min and the solvent removed in vacuo to
give 3 (407 mg, 0.36 mmol, 100%) as a colorless solid. M.p. 121 -124°C;
'H NMR (CDCL): 6=0.21 (s, J("*C,'H) =119 Hz, 12H; CH,), 1.12 (s,
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LJ(13C,'H) = 126 Hz, 2J(1"119Sn,'H) = 134/140 Hz, 4H; SiCH,Sn), 2.36 (s,
LJ(3C,'H) =136 Hz, 2J(*'""°Sn,'H) = 84/88 Hz, 2H; SnCH,Sn), 7.38-7.64
(m, 30H; PhP); ¥C{H} NMR (CDCl;): 6 =2.75 (s, YJ(¥Si,*C) = 60 Hz,
3J(17119Sn,BC) =31 Hz; CHj), 2218 (s, 'J(''7'°Sn,3C)=456/476 Hz,
J(*Si,*C)=56 Hz; SiCH,Sn), 37.83 (s, 'J("Sn,*C)=1559/585 Hz;
SnCH,Sn), 126.54-133.58 (4 signals with *'P couplings; PhP); *Si{'H}
NMR (CDCL): 8=9.8 (s, J(*CH;-%Si)=60Hz, 2J("'"'%Sn*Si)=
54 Hz); "“Sn{'H} NMR (CDCl;): 6=-68.7 (s, 'J(Sn"*CH,,'"Sn)=
595 Hz, 'J(Si'*CH,,'""Sn) =474 Hz, 2J('Sn,'”Sn)=633 Hz); elemental
analysis caled (%) for C,HsCl,OP,NSn,Si, (1212.60, 3-CH,Cl,): C
43.58, H 4.16, N 1.16; found: C 43.50, H 4.40, N 1.10. Crystal structure
determination shows one molar equivalent of CH,Cl, which is supported by
"H NMR spectroscopy (6 =5.22 (s, 2H; CH,CL,)).

Potassium(dibenzo[18]crown-6) (u,-fluoro)-1,1,3,3-tetrachloro-5,5,7,7-tet-
ramethyl-5,7-disila-1,3-distanna-6-oxacyclooctane, [K(dibenzo[18]crown-
6)]"[cyclo-CH,{Sn(Cl,)CH,Si(Me,)},OF]~ “4): Dibenzo[18]crown-6
(139 mg, 0.39 mmol) and potassium fluoride (22 mg, 0.39 mmol) were
added to a solution of 2 (213 mg, 0.39 mmol) in CH,Cl, (10 mL). The
mixture was stirred at room temperature for 14 h in order to dissolve the
potassium fluoride. The solvent was then removed in vacuo, leaving a crude
product which was recrystallised from CH,Cl,/hexane (1:1) in the presence
of air moisture to give 4a-0.5H,0 (210 mg, 0.21 mmol, 56 %) as a colorless
solid of m.p. 189-190°C. The ratio in solution of compounds 4a:4b is
approximately 3:1. '"H NMR (CD,Cl,, 188 K): 6 =0.06 (s, 6H; 4a, CHj;),
0.11 (s, 6H; 4a, CH;), 0.27 (s, 12H; 4b, CHj;), 1.55 (s, 4H; 4b, SiCH,Sn),
1.58 (d, J(*F,'H) = 14 Hz, 4H; 4a, SiCH,Sn), 2.04 (d, *J("’F,'H) =12 Hz,
2H; 4a, SnCH,Sn), 2.16 (s, 2H; 4b, SnCH,Sn), 4.00 (m, 16 H; OCH,), 6.88
(m; H,,), 6.92 (m; H,,); “C{'H} NMR (CD,Cl,, 188K): 0=1.62 (s,
1J(*¥S1,13C) = 63 Hz; 4a/4b, CHj;), 2.09 (s; 4b, CH;), 2.28 (s, J(¥Si,*C) =
63 Hz; 4a, CH;), 16.05 (d, 'J(*''¥Sn,3C) = 465/484 Hz, 2J(**F,*C) = 11 Hz;
4a, SiCH,Sn), 21.31 (s; 4b, SiCH,Sn), 26.18 (d, 2/(YF,*C) =49 Hz; 4a,
SnCH,Sn), 36.89 (s; 4b, SnCH,Sn), 65.70 (s; OCH,), 68.80 (s; OCH,),
11045 (s; Cyy), 120.80 (s; Ca,), 145.75 (s; Cu,); PSi{'H} NMR (CD,Cl,,
188 K): =9.3 (s; 4b), 10.4 (s; 4a); '“Sn{'H} NMR (CD,Cl,, 188 K): 6 =
—80.3 (d, Y(E"Sn)=971 Hz; 4a), —74.7 (s; 4b); IR (KBr): 7=
3428 cm~! (O—H); elemental analysis calcd (%) for C,;H,;3CLFO,5Sn,Si,K
(990.14, 4-0.5H,0): C 32.75, H 4.38; found: C 32.90, H 4.20. The crystal
structure determination shows half a molar equivalent of H,O.

5,5,7,7-Tetramethyl-1,1,3,3-tetraphenyl-5,7-disila-1,3-distanna-6-oxacyclo-
octane, [cyclo-CH,{Sn(Ph,)CH,Si(Me,)},0] (5): A solution of phenyl-
magnesium bromide (0.470M 15.4 mL, 7.24 mmol) in diethyl ether, which
was prepared from bromobenzene (1.57 g, 10.0 mmol) and magnesium
turnings (0.36 g, 15 mmol), was added dropwise to a solution of 2 (1.00 g,
1.81 mmol) in diethyl ether (50 mL) at 0°C The reaction mixture was
stirred at room temperature for 15 h before removing the solvent in vacuo.
Hexane (50 mL) was added to the residue and after stirring thoroughly, the
mixture was filtered; this procedure was repeated twice. The solvent was
removed in vacuo to give 5 (1.29 g, 1.79 mmol, 99 %) as a colorless oil.
'H NMR (CDCL): 6=0.12 (s, 'J(**C,'H) =119 Hz, 12H; CHj;), 0.28 (s,
J(BC,'H) =119 Hz, 2J("""°Sn,'H)="73/76 Hz, 4H; SiCH,Sn), 0.74 (s,
1J(®C,'H) =126 Hz, 2J(""""°Sn,'H) = 60/63 Hz, 2H; SnCH,Sn), 731 (m,
12H; H,/H,), 747 (m, 3J("""Sn,'H) =46 Hz, 8H; H,); “"C{'H} NMR
(CDCLy): 60=-15.42 (s, J(1'7'YSn,3C) =289/302 Hz; SnCH,Sn), —2.66
(s, YJ('"119Sn,BC)=251/263 Hz, 'J(*Si,®C)=60Hz; SiCH,Sn), 3.25
(s, J*Si,BPC)=59Hz, 3J(""°Sn,BC)=14Hz; CH,), 12811 (s,
J("7M9Sn,*C)=47Hz; C,), 12836 (s, YJ(''""Sn,BC)=11Hz; C,)),
136.17 (s, 2J(*7"Sn,3C) =38 Hz; C,), 142.31 (s, J(!1'%Sn,3C) = 455/476
Hz, 3J("""Sn,BC)=16 Hz; C;); *Si{'H} NMR (CDCl): 6=9.3 (s,
IJ(®CH,/"*CH,,”Si) =59 Hz, 2J('"""°Sn,”Si) =39 Hz); '“Sn{'H} NMR
(CDCL): d=-39.1 (s, 'J(**C,'"Sn) =477 Hz, 'J(Sn'*CH,,'"*Sn) =301 Hz,
YJ(Si*CH,,""Sn) =262 Hz, 2J("’Sn,'"*Sn) =233 Hz, 2J(¥Si,'®Sn) =39 Hz);
elemental analysis calcd (%) for C5H330Sn,Si, (720.23): C 51.69, H 5.32;
found: C 51.90, H 5.40; MS (70 eV, EI): m/z (%): 643 (100.00) [M — Ph]*,
705 (2.66) [M — CH;]*.

Bis{dichloro[ (dimethylfluorosilyl)methyl]stannyljmethane, [CH,{Sn(Cl,)-
CH,Si(F)Me,},] (6): Trimethyloxonium tetrafluoroborate (83 mg,
0.56 mmol) was added to a solution of 2 (310 mg, 0.56 mmol) in toluene
(10 mL). The reaction mixture was stirred at room temperature for 3 d
before removing the resulting B,O; by filtration. The solvent was removed
in vacuo to give 6 (319 mg, 0.56 mmol, 99 %) as a colorless solid. M.p. 86°C;
'H NMR (CDClL): 6=043 (d, 'J(**C,'H)=120 Hz, */("“F'H)=7 Hz,
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12H; CH,), 121 (d, J(®C,/H)=124 Hz, 2J("7"9Sn,'H)=107/112 Hz,
SI(F)H)=8Hz, 4H; SiCH,Sn), 180 (s, YJ(°C,'H)=139Hz,
2J("7M98n 'H) = 69/72 Hz, 2H; SnCH,Sn); BC{'H} NMR (C¢Dj): 6 =1.04
(d, J(*Si,3C) = 63 Hz, 2J(¥F,*C) = 15 Hz, J(1711Sn,3C) =19 Hz; CH,),
12,90 (d, J("7"M9Sn,BC) =356/374 Hz, J(¥Si,*C)=53 Hz, J(“E"C)=
18 Hz; SiCH,Sn), 18.55 (s, J("7'Sn,'3C)=388/407 Hz; SnCH,Sn);
YF{'H} NMR (CD,CL): 6 = — 141.5 (s, J(¥Si,°F) =277 Hz, 3J(11719Sn,F)
=94Hz); *Si{'H NMR (CiDy) 06=314 (d, YJ(FSi)=277Hz,
J(3CH, #Si) =63 Hz, J(CH,*Si)=51Hz, 2/(""Sn2Si)=41Hz);
Sn{'H} NMR (CD¢): 6=106.7 (d, J(Sn“CH,,"”Sn)=405 Hz,
YJ(Si'*CH,,""Sn) =369 Hz, 3J(“E"°Sn)=93 Hz); '"“Sn{'H} CP-MAS
NMR: d =80; elemental analysis calcd (%) for C;H sCl,F,Sn,Si, (575.62):
C14.61,H 3.15; found: C 14.60, H 3.30; MS (70 eV, EI): m/z (%): 77 (18.11)
[CH(FSi]*, 260 (23.99) [C,H,Cl,SnSi]*, 485 (100.00), [M — CH,(CH,),-
SiF]*, 561 (29.11) [M — CH,]*; Mol. wt. (VPO, CH,CL,): 554 (calcd: 576).

Acknowledgement

We are grateful to the Deutsche Forschungsgemeinschaft and the Fonds der
Chemischen Industrie for financial support.

[1] J. L. Pierre, P. Baret, Bull. Soc. Chim. Fr. 1983, 11-12, 367-377.

[2] B. Dietrich, Pure Appl. Chem. 1993, 65, 1457 - 1464.

[3] F.P. Schmidtchen, M. Berger, Chem. Rev. 1997, 97, 1609 —1646.

[4] P.D. Beer, D. K. Smith, Prog. Inorg. Chem. 1997, 46, 1-96.

[S] M. M. G. Antonisse, D. N. Reinhoudt, Chem. Commun. 1998, 443 —
448.

[6] P.D. Beer, Acc. Chem. Res. 1998, 31, 71 -80.

[7] J. D. Wuest, Acc. Chem. Res. 1999, 32, 81 -89.

[8] M. Newcomb, J. H. Horner, M. T. Blanda, P.J. Squattrito, J. Am.
Chem. Soc. 1989, 111, 6294 -6301.

[9] M. T. Blanda, M. Newcomb, Tetrahedron Lett. 1989, 30, 3501 —3504.

[10] J.H. Horner, P.J. Squatritto, N. McGuire, J. P. Riebenspies, M.
Newcomb, Organometallics 1991, 10, 1741 -1750.

[11] K. Jurkschat, H. G. Kuivila, S. Liu, J. A. Zubieta, Organometallics
1989, 8, 2755-2759.

[12] K. Jurkschat, A. Rithlemann, A. Tzschach, J. Organomet. Chem. 1990,
381, C53-C56.

[13] D. Brondani, F. H. Carre, R. J. P. Corriu, J.J. E. Moreau, M. Wong -
Cho Man, Angew. Chem. 1996, 108, 348 -352; Angew. Chem. Int. Ed.
Engl. 1996, 35, 324 -326.

[14] S. Aoyagi, K. Tanaka, Y. Takeuchi, J. Chem. Soc. Perkin Trans. 2 1994,
1549-1553.

[15] A. L. Chistyakov, I. V. Stankevich, N. P. Gambaryan, Y. T. Struchkov,
A. 1. Yanovsky, I. A. Tikhonova, V.B. Shur, J. Organomet. Chem.
1997, 536, 413 -424.

[16] R. Altmann, O. Gausset, D. Horn, K. Jurkschat, M. Schiirmann,
Organometallics 2000, 19, 430—-443.

[17] K. Swami, J. P. Hutchinson, H. G. Kuivila, J. A. Zubieta, Organo-
metallics 1984, 3, 1687 —1694.

[18] J.R. Hyde, T.J. Karol, J. P. Hutchinson, H. G. Kuivila, J. Zubieta,
Organometallics 1982, 1, 404 —405.

[19] T.J. Karol, J. P. Hutchinson, J. R. Hyde, H. G. Kuivila, J. A. Zubieta,
Organometallics 1983, 2, 106 —114.

[20] H. G. Kuivila, T.J. Karol, K. Swami, Organometallics 1983, 2, 909 —
914.

[21] M. Austin, K. Gebreyes, H. G. Kuivila, K. Swami, J. A. Zubieta,
Organometallics 1987, 6, 834 —842.

[22] M. Gielen, K. Jurkschat, J. Meunier-Piret, M. V. Meerssche, Bull. Soc.
Chim. Belg. 1984, 93, 379 -391.

[23] J. Meunier-Piret, M. van Meerssche, K. Jurkschat, M. Gielen, J.
Organomet. Chem. 1985, 288, 139-143.

[24] K. Jurkschat, F. Hesselbarth, M. Dargatz, J. Lehmann, E. Kleinpeter,
A. Tzschach, J. Meunier-Piret, J. Organomet. Chem. 1990, 388, 259 —
271.

[25] N. A. Chaniotakis, K. Jurkschat, A. Riihlemann, Anal. Chim. Acta
1993, 282, 345-352.

[26] J. K. Tsagatakis, N. A. Chaniotakis, K. Jurkschat, Helv. Chim. Acta
1994, 77, 2191 -2196.

0947-6539/01/0702-0354 $ 17.50+.50/0 Chem. Eur. J. 2001, 7, No. 2



Cyclic, Bidentate Lewis Acids

347-355

[27]
(28]
[29]

30]
(31]

(32]
(33]
(34]
35]
(36]
(37]

(38]

Chem. Eur. J. 2001, 7, No. 2

D. Dakternieks, K. Jurkschat, H. Zhu, E.R.T. Tiekink, Organo-
metallics 1995, 14, 2512 -2521.

R. Altmann, K. Jurkschat, M. Schiirmann, D. Dakternieks, A. Duthie,
Organometallics 1997, 16, 5716 -5723.

R. Altmann, K. Jurkschat, M. Schiirmann, D. Dakternieks, A. Duthie,
Organometallics 1998, 17, 5858 — 5866.

F. P. Gabbai, A. Schier, J. Riede, Chem. Commun. 1996, 1121 -1122.
F. P. Gabbai, A. Schier, J. Riede, D. Schichl, Organometallics 1996, 15,
4119-4121.

M. Tschinkl, A. Schier, J. Riede, F. P. Gabbai, Inorg. Chem. 1997, 36,
5706-5711.

M. Tschinkl, A. Schier, J. Riede, E. Schmidt, F. P. Gabbai, Organo-
metallics 1997, 16, 4759 —-4761.

F. P. Gabbai, A. Schier, J. Riede, M. J. Hynes, Chem. Commun. 1998,
897 -898.

F. P. Gabbai, A. Schier, J. Riede, Angew. Chem. 1998, 110, 646—648;
Angew. Chem. Int. Ed. 1998, 37, 622—-625.

M. Tschinkl, A. Schier, J. Riede, F. P. Gabbai, Organometallics 1999,
18, 1747 -1753.

M. Tschinkl, A. Schier, J. Riede, F. P. Gabbai, Organometallics 1999,
18, 2040-2042.

M. Tschinkl, R. E. Bachman, F. P. Gabbai, Chem. Commun. 1999,
1367 -1368.

D. F. Shriver, M. J. Biallas, J. Am. Chem. Soc. 1967, 1078 —1080.

H. E. Katz, J. Am. Chem. Soc. 1986, 108, 7640 -7645.

J. J. Eisch, B. W. Kotowicz, Eur. J. Inorg. Chem. 1998, 761 —769.

M. V. Metz, D.J. Schwartz, C.L. Stern, P. N. Nickias, T.J. Marks,
Angew. Chem. 2000, 112,1368 —-1372; Angew. Chem. Int. Ed. 2000, 39,
1312-1316.

V. Sharma, M. Simard, J. D. Wuest, J. Am. Chem. Soc. 1992, 114,
7931-7933.

F. A. R. Kaul, M. Tschinkl, F. P. Gabbai, J. Organomet. Chem. 1997,
539, 187-191.

K. Tamao, T. Hayashi, Y. Ito, J. Am. Chem. Soc. 1990, 112,2422 —2424.
K. Tamao, T. Hayashi, Y. Ito, M. Shiro, Organometallics 1992, 11,
2099 -2114.

K. Tamao, T. Hayashi, Y. Ito, J. Organomet. Chem. 1996, 506, 85-91.
J. D. Wuest, B. Zacharie, Organometallics 1985, 4, 410—411.

A. L. Beauchamp, M. J. Olivier, J. D. Wuest, B. Zacharie, J. Am.
Chem. Soc. 1986, 108, 73-717.

A. L. Beauchamp, M. J. Olivier, J. D. Wuest, B. Zacharie, Organo-
metallics 1987, 6, 153 —156.

J. D. Wuest, B. Zacharie, J. Am. Chem. Soc. 1987, 109, 4714 -4715.
J. Vaugeois, M. Simard, J. D. Wuest, Organometallics 1998, 17, 1215-
1219.

M. Tschinkl, A. Schier, J. Riede, F. P. Gabbai, Angew. Chem. 1999, 111,
3769 -3771; Angew. Chem. Int. Ed. 1999, 38, 3547 —3549.

V. C. Williams, W. E. Piers, W. Clegg, M. R. J. Elsegood, S. Collins,
T. B. Marder, J. Am. Chem. Soc. 1999, 121, 3244 —3245.

E. Bakker, D. Diamond, A. Lewenstam, E. Pretsch, Anal. Chim. Acta
1999, 393, 11-18.

[56]
[57]
[58]
[59]
[60]
[61]
[62]
[63]
[64]
[65]
[66]
[67]
[68]
[69]
[70]
[71]
[72]
[73]
[74]
[75]
[76]
[77]
78]

[79]
(30]

(31]
(32]
83]

(34]

H. W. Roesky, I. Haiduc, J. Chem. Soc. Dalton Trans. 1999, 2249 —
2264.

K. Tamao, N. Ishida, M. Kumada, J. Org. Chem. 1983, 48, 2120-2122.
R. L. Merker, M. J. Scott, J. Am. Chem. Soc. 1959, 81, 975-977.

A. V. Belyakov, L. V. Vilkov, A. V. Golubinskii, V. S. Nitikin, E. A.
Kovaleva, V. I. Shiryaev, Russ. J. Gen. Chem. 1996, 66, 788 —793.

U. Kolb, M. Driger, B. Jousseaume, Organometallics 1991, 10, 2737 —
2742.

U. Kolb, M. Beuter, M. Driger, Inorg. Chem. 1994, 33, 4522 —4530.
M. Driéger, J. Organomet. Chem. 1983, 251, 209-214.

J.E. Huheey, E. A. Keiter, R.L. Keiter, Inorganic Chemistry—
Principles of Structure and Reactivity, 4th ed., Harper Collins College
Publishers, New York, 1993.

R. Willem, A. Delmotte, I. D. Borger, M. Biesemans, M. Gielen, F.
Kayser, E. R. T. Tiekink, J. Organomet. Chem. 1994, 480, 255 —259.
G. Ferguson, J. N. Low, J.-N. Ross, E. J. Storey, J. L. Wardell, Main
Group Met. Chem. 1999, 22, 453 —462.

M. Driger, R. Engler, Z. Anorg. Allg. Chem. 1975, 413, 229-238.
K. Jurkschat, J. Schilling, C. Miigge, A. Tzschach, J. Meunier-Piret, M.
van Meerssche, M. Gielen, R. Willem, Organometallics 1988, 7, 38—
46.

J. Beckmann, B. Mahieu, W. Nigge, D. Schollmeyer, M. Schiirmann, K.
Jurkschat, Organometallics 1998, 17, 5697 —5712.

J. Beckmann, K. Jurkschat, U. Kaltenbrunner, N. Pieper, M. Schiir-
mann, Organometallics 1999, 18, 1586 —1595.

M. J. Barrow, E. A. V. Ebsworth, M. M. Harding, Acta Crystallogr.
Sect. B 1979, 35, 2093 -2099.

P. E. Tomlins, J. E. Lydon, D. Akrigg, B. Sheldrick, Acta Crystallogr.
Sect. C 1985, 41,292 -294.

I. L. Karle, J. M. Karle, C. J. Nielsen, Acta Crystallogr. Sect. C 1986, 42,
64-67.

M. Akkurt, T. R. Kok, P. Faleschini, K. Randaccio, H. Puff, W. Schuh,
J. Organomet. Chem. 1994, 470, 59— 66.

1. Manners, Can. J. Chem. 1998, 76, 371 -381.

T. Sanji, H. Hanao, H. Sakurai, Chem. Lett. 1997, 1121 -1122.

M. Mazurek, M. Scibiorek, J. Chojnowski, B.G. Zavin, A.A.
Zhdanov, Eur. Polym. J. 1980, 16, 57 - 69.

S. W. Kantor, W. T. Grubb, R. C. Osthoff, /. Am. Chem. Soc. 1954, 76,
5190-5192.

M. K. Denk, K. Hatano, A. J. Lough, Eur. J. Inorg. Chem. 1998, 1067 —
1070.

B. Wrackmeyer, Ann. Rep. NMR Spectrosc. 1985, 16, 73 —186.

K. A. Andrianov, A. Golubenko, J. Gen. Chem. USSR Engl. Transl.
1975, 45, 2614-2618.

G. M. Sheldrick, Acta Crystallogr. Sect. A 1990, 46, 467 —473.

G. M. Sheldrick, University of Goéttingen, 1997.

International Tables for Crystallography, Kluwer Academic, Dor-
drecht, 1992.

G. M. Sheldrick, Release 5.1, Bruker AXS Inc., Madison, Wisconsin,
USA, 1997.

Received: May 18, 2000 [F2498]

© WILEY-VCH Verlag GmbH, D-69451 Weinheim, 2001

0947-6539/01/0702-0355 $ 17.50+.50/0 — 355



