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Summary: Reaction of (‘BusSn0)s with R(Clz)Sn(CHg)s-
Sn(Cl2)R (R = MesSiCHy) gives an alkyl-bridged double
ladder {[R(Cl)Sn(CH3)3Sn(Cl)R]JO}4 which has been
characterized in the solid state by X-ray crystallography
and in solution by multinuclear NMR spectroscopy. The
compound consists of two ladder-type layers which are
bridged by four propyl chains. The structure observed
in the solid state is retained in solution.

Controlled hydrolysis of diorganotin dihalides com-
monly proceeds via formation of dimeric tetraorgano-
distannoxanes [Ra(X)SnOSn(X)Rz]; and [R2(X)SnOSn-
(OH)R:ls. An alternative route for preparation of these
compounds is reaction between diorganotin oxides and
diorganotin dihalides. Dimeric tetraorganodistannox-
anes feature a planar central SnyO; ring and adopt the
so called ladder-type structure both in solution and in
the solid state.!=8 Furthermore, these compounds are
active catalysts for a variety of organic reactions.57

There is no report on the extension of this framework
to more than four tin atoms by linking two ladder units
together via a spacer. We have found that di-ter:-
butyltin oxide, (*Bu2SnO);, acts as an efficient source of
anhydrous 02~ and consequently have used the reaction
of di-tert-butyltin oxide with 1,3-bis(((trimethylsilyl)-
methyl)dichlorostannyl)propane, 1, to form the alkyl-
bridged double ladder 2 and di-tert-butyldichlorostan-
nane almost quantitatively (eq 1).

R(C1)Sn(CH,)3Sn(CI))R + 1/3 (‘Bu,Sn0), (1)
1

R=Me,SiCH, toluene or

CH,Cl,

{[R(CHSn(CH,);Sn(CHRIO) ; + 'Bu,SnCl,
2

The corresponding monohydroxide, 3, is obtained by
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Figure 1. ORTEP diagram of 2.

the treatment of 1 with potassium hydroxide (eq 2). The

KOH/ K0/ CH,Cl,
1 —

- KCl

{IR(CHSN(CH,);Sn(OH)RIO}, (2
3

molecular structure of 2 is shown in Figure 1, and
selected bond lengths and bond angles are given in
Table 1. The SCHAKAL diagram in Figure 2 is clearer
and shows compound 2, which contains a center of
symmetry, consists of two ladder-type layers which are
bridged by four propyl chains. Each layer contains four
Sn, four Cl, and two O atoms in a nearly planar
arrangement. All tin atoms have a distorted trigonal
bipyramidal geometry but with different environments.
At Sn(1) the axial positions are occupied by Cl(1) and
O(1) and the equatorial ones by C(3), C(11), and O(2).
At Sn(2), the atoms O(2) and Cl(2) occupy axial positions
whereas the equatorial positions are occupied by C(1),
C(21), and O(1). Atoms Sn(3) and Sn(4) each have two
axial chlorine atoms (Cl(2), Cl(3) and CI(1), Cl(4),
respectively). The equatorial sites about these two tin
atoms are again occupied by two carbons and one oxygen
(C(6), C(31), O(1) and C(4), C(41), O(2) respectively). In
general the bond lengths resemble those found in {[Mes-
SiCH3(C1)Sn]z0},8 with the difference that the bridging
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Figure 2, SCHAKAL diagram of 2 with the Me3Si groups
omitted for clarity.

Table 1. Selected Bond Distances (A) and Angles (deg) in 2

Sn(1)—CI(1) 2.706(3) Sn(4)—CI(1) 2.728(3)
Sn(2)—ClI(2) 2.678(3) Sn(4)—Cl(4) 2.453(3)
Sn(3)—Cl(2) 2.717(3) Sn(3)—Cl(3) 2.457(3)
Sn(1)—0O(1) 2.118(5) Sn(1)—0(2) 2.063(5)
Sn(2)—0(1) 2.060(5) Sn(2)—0(2) 2.135(5)
Sn(3)—0(1) 2.039(5) Sn(4)—0(2) 2.031(5)
Sn(1)—C(3) 2.126(7) Sn(1)—C(11) 2.136(10)
Sn(2)—C(1) 2.157(8) Sn(2)—C(21) 2.114(8)
Sn(3)—C(6) 2.151(%) Sn(3)—C(31) 2.137(9)
Sn(4)—C(4) 2.166(9) Sn{4)—C(41) 2.126(9)
O(1)—Sn(1)—CI(1) 150.05(15)  O)—~Sn(1)—CI(1) 76.86(15)
0(2)~Sn(1)—0(1) 73.7720) C(3)—Sn(1)—CK1) 89.02(22)
C(3)—Sn(1)—0(1) 99.33(25) C(3)—Cn(1)—~0(2) 117.54(24)
C(11)—Sn(1)—CI(1) 93.04(27) C(11)—Cn(1)—O(1) 101.83(29)
C(11)—Sn(1)—0(2)  108.99(30) C(11)—Sn(1)—C(3) 132.58(32)
O(1)—Sn(2)—Cl(2) 77.33(15)  O(2)—Sn(2)—ClI(2) 149.74(14)
0(2)—Sn(2)—0(1) 73.47(19) C(1)—Sn(2)—Cl(2) 86.42(22)
C(1)—Sn(2)—0(1) 116.12(25) C(1)—Sn(2)—0(2) 99.30(25)
C(21)—Sn(2)—Cl(2)  96.69(25) C(21)—Sn(2)=O(1)  108.41(26)
C(12)—Sn(2)—0(2) 99.84(26) C(12)—Sn(2)—C(1)  134.88(30)
Sn(4)—0(2)—Sn(2)  130.44(19) CI3)—Sn(3)—Cl(2) 164.48(8)
0O(1)—Sn(3)—CI(2) 76.73(15)  O(1)—Sn(3)—CI(3) 87.75(16)
C(6)—Sn(3)—C1(2) 88.38(24) C(6)—Sn(3)—Cl(3) 98.28(25)
C(6)—Sn(3)—0(1) 114.7927) C(31)—Sn(3)—CI(2) 89.79(25)
C(3D—Sn(3)—Cl(3)  95.88(25) CEB1—Sn(3)—0O(1) 110.95(28)
C(31)—Sn(3)—C(6) 132.41(33) Cl4)—Sn4)—CIl(1) 164.76(8)
0(2)—Sn(4)—CI(1) 76.83(15)  O(2)—Sn4)—Cl(4) 88.22(16)
C(4)—Sn(4)—CI(1) 90.11(25) C4)—Sn4)—Cl4) 98.81(25)
C(4)—Sn(4)—0(2) 114.02(28) C(41)—Sn(4)—CK1) 88.20(25)
C@D—Sn4)—Cl(4)  95.67(25) C(41)—Sn(4)—0(2) 115.39(30)
C@D—Sn#)—C{4) 128.10(35) Sn(4)—CK1)—Sn(1) 82.64(8)
Sn(3)—Cl(2)—Sn(2) 82.46(8)  Sn(2)—O(1)—Sn(1)  105.98(20)
Sn(3)—0(1)—Sn(1)  130.52(20) Sn(3)—O(1)—Sn(2)  120.29(1%9)
Sn(2)—0(2)—Sn(1)  105.28(19) Sn(4)—O(2)—Sn(l)  122.47(20)

CI(1) and Cl(2) in 2 are more symmetrically bonded to
Sn(1), Sn(4) and Sn(2), Sn(3), respectively, than the
corresponding chlorine atoms in {{Me3zSiCHo(C1)Sn},O}%s.

(8) Table 7 in ref 2.

Notes

The 11%Sn NMR spectrum of 2 (in CH2Cly) shows
two resonances of equal intensity (—96.1 ppm,
2J(1198n—~0—117119gn) 67 Hz, and —132.9 ppm,
2J(1198n—(Q—1171198n) 69 Hz). The 13C NMR spectrum
displays two signals of equal intensity for each carbon
(35.8 ppm, 'J(1198n—13C) 623 Hz, 3J(119Sn—13C) 143 Hz;
38.8 ppm, 1J(}1°Sn—13C) 687 Hz, %J(119Sn—18C) 159 Hz
(SnCHy); 20.4, 20.9 ppm (CHy); 16.8 ppm, 1J(119Sn—13C)
378 Hz; 20.2 ppm, 1J(119Sn—-13C) 397 Hz (SiCHy); 0.9,
1.5 ppm (SiCHs)).

The 1H NMR spectrum shows two singlets of equal
intensity for the SiCHj protons (0.81 and 0.92 ppm), two
equal intensity singlets for the SiCH; protons (0.75 ppm,
2J(1198n~1H) 118 Hz; 0.86 ppm, 2J(}1°Sn—1H) 122 Hz),
and complex patterns for the propylene protons (1.88
and 2.48 ppm).

The NMR data, especially the 13C spectrum, reveal
that the structure A found in the solid state is retained

R,
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n
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R

chloride atoms are omitted for clarity

A B

in solution. The alternative structure B can be excluded
since no splitting of the 13C resonance of CH; would be
expected for this arrangement. The reason for the
adoption of A over B is very likely the high tendency of
all tin atoms in 2 to become pentacoordinate. In B only
two of the four tins can achieve pentacoordination. The
NMR results obtained for 3 are very similar to 2
indicating the same type of structure.

Experimental Section

Synthesis. [(MesSiCH;)Cl;SnCH:];CH;, 1. Mercuric
dichloride (9.23 g, 26.96 mmol) was added in small portions
to a magnetically stirred solution of (PhsSnCH,).CH; (10 g,
13.48 mmol) (prepared from PhsSnNa and CICH,CH,CH:Cl)
in 70 mL of acetone at 0 °C. The reaction mixture was allowed
to warm to room temperature and stirring continued for a
further 2 h. The PhHgCl formed was filtered off and the
solvent removed in vacuo. Ether (50 mL) was added to the
residue, and the mixture was stirred for 5 min and then
filtered to remove residual PhHgCl. The filtrate was evapo-
rated to give crude (PhyClSnCH2),CH; (6(11°Sn) 6.6 ppm in
CH,Cly), which was subsequently redissolved in ether (50 mL).
This solution was added dropwise to a magnetically stirred
solution of Me3SiCH2MgCl (40 mmol in 50 mL of ether). The
reaction mixture was refluxed for 2 h and hydrolyzed with
aqueous ammonium chloride; the ether layer was separated
and dried over MgSQO,. Evaporation of the solvent gave
[Phy(MesSiCH;)SnCH;1,CHs as an oil (6(1**Sn) —62.4 ppm in
CH,Cl;). Mercuric dichloride (11.41 g, 42 mmol) was added
in small portions to a magnetically stirred solution of [Ph,(Me;-
SiCH3)SnCH,).CH; (8.0 g, 10.5 mmol) in 80 mL of acetone. The
reaction mixture was stirred overnight and then filtered to
remove the PhHgCl formed. The solvent was evaporated and
the residue stirred for 5 min in 40 mL of ether followed by
filtration to remove residual PhHgCl. The filtrate was evapo-
rated and the residue recrystallized from CHyClghexane (1:1)
to give 5.3 g of [Me;SiCHy(Cly)SnCH:CH,y, 1 (85%), as



Notes

Table 2. Summary of Crystallographic Data for Compound
2

mol formula C44H54C135i504sns

mol wt 21632 _

cryst system, space group triclinic, P1 (No. 2)
radiation (4 (A)) Mo Ka radiation (0.710 69)

a (&), o (deg)
b (&), B (deg)
c(A), y (deg)

12.176(3), 103.28(4)
12.660(5), 105.70(2)
17.281(5), 105.04(3)

V(A% 2340(2)

4 1

Dcalcd (g Cm—B) 1.544

F(000) 1008

cryst dimens, mm 0.30 x 0.30 x 0.90
range of hkl +15,£15,+20

ref reflns 3, every 4000 s
loss of intensity (%) 30

corr linear fit

no. of reflns: measd, indep (int R)
no. of reflns used, limit

14 001, 11 863 (0.007)
9873,1> 20(D)

u, cm™! 22.76 (no abs corr)

Table 3. Fractional Atomic Coordinates with Esd’s in

Parentheses
x y z

Sn(1) 0.5952(4) 0.43229(4) 0.18837(3)
Sn(2) 0.29336(4) 0.56023(4) 0.13738(3)
Sn(3) 0.19144(5) 0.25321(4) 0.05871(4)
Sn(4) —0.16940(5) 0.25799(5) —0.27277(4)
CI(1) —0.0233(2) 0.5787(2) 0.2774(2)
Cl(2) 0.3507(2) 0.4175(2) 0.0272(2)
CI(3) 0.0351(2) 0.1499(2) 0.1058(2)
Cl4) 0.3534(2) 0.8435(2) 0.2505(2)
o(1) 0.1659(4) 0.4017(4) 0.1128(3)
02) 0.1671(6) 0.5928(4) 0.1962(3)
C(1) 0.2576(6) 0.6444(6) 0.0427(5)
C(2) 0.1375(6) 0.5804(6) -0.0272(5)
C(@3) 0.1161(6) 0.6429(6) —0.0921(5)
C4) —0.0472(8) 0.1815(7) —0.2095(5)
C(5) 0.0088(8) 0.2356(7) —0.1144(5)
C(6) 0.0960(8) 0.1765(6) -0.0762(5)
Si(1) 0.0419(3) 0.2998(3) 0.3396(2)
can 0.1433(8) 0.3893(8) 0.2968(5)
C(12) —-0.116(1) 0.238(1) 0.270(1)
C(13) 0.054(2) 0.389(2) 0.443(1)
C(14) 0.094(2) 0.179(1) 0.357(1)
Si(2) 0.6016(2) 0.6423(3) 0.2453(2)
cQ2n 0.4437(6) 0.5900(7) 0.2463(5)
CQ2) 0.613(1) 0.747(1) 0.1841(9)
C(23) 0.6463(10) 0.524(1) 0.1932(9)
C(24) 0.7058(10) 0.719(1) 0.3573(8)
Si(3) 0.4010(2) 0.1197(2) 0.0984(2)
C(@31) 0.3405(7) 0.2301(7) 0.1440(6)
C(32) 0.525(1) 0.111(1) 0.1803(9)
C(33) 0.283(1) —0.0204(10) 0.054(1)
C(34) 0.453(2) 0.155(1) 0.014(1)
Si(4) 0.2486(3) 0.9068(2) 0.4758(2)
c@dn 0.2549(8) 0.7766(7) 0.4053(5)
C42) 0.320(1) 0.922(1) 0.5886(7)
C@43) 0.337(1) 1.0342(9) 0.4567(8)
C(44) 0.087(1) 0.895(1) 0.4538(8)

colorless crystals, mp 88—90 °C. Anal. Found: C, 21.97; H,
4.63; Cl, 23.51. Calcd for C11H2sClsSioSn; (595.73): C, 22.18;
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H, 4.74; C], 23.80. 'H NMR (CDCl3): 6 0.20 (s, 18H, Me3Si),
0.90 (s, 4H, SiCHj, 2J(1°Sn—'H) 90 Hz), 1.84 (t, 4H, SnCHj,
2J(1198n~H) 49 Hz), 2.3 (q, 2H, CHy). 6(1*Sn(CH,Cly)) 132.8
ppm.

{[MesSiCH:(C1)Sn(CH;);Sn(C1)CH;SiMe;3]0}4, 2. Com-
pound 1 (1.25 g, 2.1 mmol) and (*BusSn0); (0.52 g, 0.7 mmol)
were mixed in 30 mL of toluene, and the mixture was refluxed
for 5 min. The reaction mixture was filtered and the solvent
slowly evaporated at room temperature to a volume of about
5 mL to give 1.03 g (91%) of 2 as colorless crystals, mp 304—
305 °C. Anal. Found: C, 24.36; H, 5.95; Cl, 13.06. Calcd for
Cu4H115Cls0481sSng (2163.2): C, 24.43; H, 5.22; Cl, 13.11.
Molecular weight (0.199 g in 29.122 g of CHCI; at 40 °C using
a Knauer AO 280 osmometer): 1920.

{[MesSiCHz(Cl)Sn(CH2)sSn(OH)CH2SiMe3]0}4, 3. Com-
pound 1 (0.50 g, 0.84 mmol) in 20 mL of CHyCl; was added
dropwise to a magnetically stirred solution of KOH (0.14 g,
2.5 mmol) in 15 mL of ethanol and 5 mL of water. The reaction
mixture was stirred for 3 h and the solvent removed in vacuo.
The residue was then stirred with 40 mL of CH,Cl; and filtered
to remove KCl. The filtrate was slowly evaporated to give
0.394 g (90%) of 8 as colorless crystals, mp 261—264 °C. Anal.
Found: C, 25.96; H, 569, Cl, 6.91. Caled for C44H11sCl40sSi5-
Sng (2089.64): C, 25.29; H, 5.59; Cl, 6.79. *H NMR (CDCls):
6 0.14 (s, 36H, Me3Si), 0.20 (s, 36H, Me3Si), 0.81 (s, 8H, CHo-
Si), 0.92 (s, 8H, CH3S1), 1.60 (m, 16H, CH;Sn), 2.40 (m, 8H,
CHz). 3C NMR (CDCls): 6 1.2, 1.7 (MesSi), 11.5 (*J(11°Sn—
13C) 424 Hz), 14.9 (1J(}198n—13C) 424 Hz) (CH.Si), 21.8, 21.7
(CHy), 31.4 (}J(11*Sn—13C) 632 Hz, 3J(11%Sn—13C) 143 Hz), 33.7
(LJ(2198Sn—18C) 647 Hz, 3J(11*Sn—13C) 131 Hz) (CH;Sn). %8n
NMR (CH:Cly): 6 —160.5 (2J(*1¥Sn—0—1171158n) 94 Hz), ~162.9
(2J(119Sn—(Q—1171188n) 94 Hz. NMR measurements were re-
corded on a Jeol GX 270 MHz spectrometer.

Crystal Structure Determination. Compound 2 crystal-
lized as colorless rectangular blocks (from dichloromethane
solution). Data were collected at 298 K on a CAD4 diffracto-
meter using the 6/26 scan type (6 range 1.5—30°) giving 11 863
unique reflections. Relevant crystallographic data are given
in Table 2. The structure was solved by Patterson and Fourier
methods and refined by full-matrix least squares (using 325
variables) first with isotropic thermal parameters and then
with anisotropic thermal parameters for all non-hydrogen
atoms. Hydrogen atoms were localized in the difference
Fourier map. Calculations were carried on an IBM RISC-6000
computer using the SHELX-76 and SHELX-86 programs,
vielding final R = 0.0497 and Ry, = 0.0497. Fractional atomic
coordinates are given in Table 3.
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