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Di-tert-butyltin oxide, {Bu,SnO}, reacts with RSnC}, to give mixed distannoxane®BL(Cl)SnOSn(CIR]. (1,

R = Me; 2, R= Et; 3, R=Pr; 4, "Bu) whereas diert-butyltin hydroxide chloride,'Bu,Sn(OH)CI}, reacts with
["Bu,SnO}, to give the chlorohydroxydistannoxan®(i,(OH)SnOSn(ChBu;]2, 5; the dimeric nature of these
tetraorganodistannoxanes was confirmed by crystal structure determinatibrand#s. Although stable in the
solid state, compounds-4 rearrange to give a number of distannoxanes in solution. Addition,®NRbL (R =
Me, Pr,"Bu) to solutions ofl, 3, and4, respectively, causes displacemenBf,SnCh with concomitant formation
of [('BuzSNChb)(R2SnOX(R.SNCh)] and [(R.SnCh)(R.SnOX(R.SNCh)]. Thus1—4 can be regarded as {&10)
units which are stabilized by tw8u,SnCh molecules. NMR data indicate that reaction betwéBo,SnQO}) and
Bu,SnC} gives rise to an equilibrium involving lineaBu,Sn(Cl)OSn(CMBu,] and the novel three-quarter ladder
compound Bu,SnCh]['Bu,SnO}L. Formation of trinuclear tin species is also evident from electrospray mass
spectrometric studies.

Introduction of these compounds in solution. These equilibria were rapid
. on the preparative time scale but slow on the NMR time scale.

Tetraorganodistannoxanes of the tprGGS_nOSn(x)a and Although fgrmation of monomeric species(R)SnOSn(X)R
Ry(OH)SnOSN(X)R (R = alkyl, Ph; X = h?“d?’ OA‘_;’ NCS, have been postulatédifo date structural details have appeared
OR) have been known for some yearerivatives with X=. only for the compound (R(Cl)SnOSN(CI)(R), which resulted
halide are usually prepared by the controlled hydrolysis of from the fortuitous oxidation and hydrolysis of §&Sn (R =
diorganotin dihalides® or from reaction between equimolar 2,4,6-tris(trifluoromethyl)phenyh?
amounts of diorganotin oxide and diorganotin dihafid@nly ’Tlhe trimer {Bu,SnO), has been well characterized structur-
symmetrically substituted compounds have been fully charac- ally,’® and its use as a convenient oxide transfer reagent was
terised so far’ although there is one early report of the recéntly describe#t We now report NMR and electrospray
synthesis of the nonsymmetric tetraorganodistannoxaBrixt mass spectrometric studies of reactions 'BE4SnO) with a
SnOSNn(Br)Ps8 A characteristic feature of symmetric tetraor- number of diorganotin dihalides,.8nCb (R = Me, Et, iPr
gantnldistar;]noxanesllir:jtlhe(zjgolid state is theirdimeriﬁatri]on which ng| Bu) as well as the reacti(')n ofHuZSn(OH)éIh ;Nith,
results in the so-called ladder-type arrangement which containsyns,’ )
a central planar S®, four-membered ring; tin-119 NMR [Sﬁgzss:(%%)alw fofllsqo:re&c;r'[(;;mig;ygil igﬂc(%restﬁqz(CI)
investigations favor retention of this structure in solutfon. 2 '

Asymmetric distannoxanes in the ladder configuration, where Experimental Section
the anionic X groups provide the asymmetry, were reported  General Methods. All solvents were dried by standard methods.
recentlyl® There was evidence for monometimer equilibria Dibutyltin oxide, dimethyltin dichloride, and dibutyltin dichloride were
purchased from Aldrich. Diert-butyltin dichloridé®, di-tert-butyltin
* Dedicated to Professor Max Herberhold on the occasion of his 60th 0Xide:® and ditert-butyltin hydroxide chloridé® were prepared by

birthday. published procedures. Elemental analyses were carried out by the
*Present address: Institut rffuAnorganische Chemie, Fachbereich Microanalytical Laboratory of the Australian National University,
Ch§m|e, UniversitaDortmund, D-44221 Dortmund, Germany. Canberra. Molecular weights were determined osmometrically using
1 AAtl’IS”?Ct psjbﬂs.hgd !md”A""”ée. ﬁCS Akatﬁ(-:t\?/ﬁrt” 1|’?1|29Z71' ch a Hitachi Perkin-Elmer 115 molecular weight apparatus and a Knaur
@) Soisl%%é !‘5469_"’“”%’ - 5 Hancock, M., White, k. = BlLhem osmometer (AO 280). Compounds and 4 were measured at a
(2) Chu, C. K.; Murray, J. DJ. Chem Soc A 1971, 360. concentration of 0.660 g/100 g of CHOlolvent; compoun® was
(3) Vollano, J. F.; Day, R. O.; Holmes, R. Rrganometallics1984 3, measured in the concentration range 0208100 g/100 g of CHGI
745 and references cited therein.
(4) Okawara, RProc. Chem Soc, London1961, 383. (11) Narula, S. P.; Bharadwaj, S. K.; Sharma, G.; Mairesse, P.; Barbier,
(5) Harrison, P. G.; Begley, M. J.; Molloy, K. . OrganometChem P.; Nowogrocki, GJ. Chem Soc, Dalton Trans 1988 1719.
198Q 186, 213. (12) Brooker, S.; Edelmann, F. T.; Stalke, &cta Crystallogr 1991, C47,
(6) Puff, H.; Bung, |.; Friedrichs, E.; Jansen, A.Organomet Chem 2527.
1983 254, 23. (13) Puff, H.; Schuh, W.; Sievers, R.; Wald, W.; Zimmer JJROrganomet
(7) Parulekar, C. S.; Jain, V. K.; Das, T. K.; Gupta, A. R.; Hoskins, B. Chem 1984 260, 271.
F.; Tiekink, E. R. T.J. OrganometChem 1989 372 193. (14) Dakternieks, D.; Jurkschat, K.; Schollmeyer, D.; WuQiganome-
(8) Harada, TRep Sci Res Inst, Tokyo1948 24, 177. tallics 1994 13, 4121.
(9) Yano, T.; Nakashima, K.; Otera, J.; Okawara, ®¥ganometallics (15) Kandil, S. A.; Allred, A. L.J. Chem Soc A, 197Q 2987.
1985 4, 1501. (16) Puff, H.; Hevendehl, H.; Her, K.; Reuter, H.; Schuh, WJ.
(10) Gross, D. Clnorg. Chem 1989 28, 2355. OrganometChem 1985 287, 163.
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NMR Spectroscopy. Solution NMR spectra (typically of 0-51.0
M solutions) were recorded on either a 500 Varian Unity or a JEOL
GX 270 FT NMR spectrometer at 500 and 270.3H)( 125.697 and
67.84 {3C), and 186.409 and 100.78%5n) MHz. The chemical shifts
are relative to external M8i (*H, *3C) and MaSn ('°Sn). Solid-state
1195n MAS (149.16 MHz) anéfC (100.44 MHz) CPMAS NMR spectra
were acquired on a Bruker MSL 400 spectrometer. F&8n NMR
spectra, MAS high-powetH decoupling and fast MAS>10 kHz)
were used wh a 4 mmdouble-bearing MAS probe. Spectra were
referenced to an external secondary standard of solid tetracyclohexyltin
at —97.4 ppm.

Electrospray Mass Spectrometry. Solutions of the compounds
(approximately 2x 104 M) were prepared in methanol/water (50:
50). Electrospray mass spectra were obtained using a VG Bio-Q triple
guadrupole mass spectrometer (VG BioTech, Altrincham, Cheshire,
U.K.) with a water/methanol (50:50) mobile phase. Solutions of the
compounds were injected directly into the spectrometer via a Rheodyne
injector equipped with a 10L loop. A Phoenix 20 micro LC syringe
pump delivered the solutions to the vaporization nozzle of the
electrospray ion source at a flow rate ofuB min~%. Nitrogen was
used both as a drying gas and for nebulization with flow rates of
approximatef 3 L min~t and 100 mL min?, respectively. Pressure
in the mass analyzer region was about 3075 Torr. Typically, about
20 signal-averaged spectra were required to give a good signal to
noise ratio. Measurements were made at a first-skimmer (B1) voltage
of 40 V.

Synthesis of [Buy(Cl)SnOSn(Cl)Mey]. (1). A mixture of (Bu,-
SnO} (7.59 mmol, 5.67 g) and M&nCL (22.70 mmol, 5.00 g) was
refluxed in toluene (100 mL) until the solution became clear. The
mixture was then left to cool slowly, and the colorless crystals which
formed were filtered off and dried in air to give 9.1 g (85%)lofmp
250°C. Anal. Calcd for GoHsClsO.Sn (M, = 937.25): C, 25.64;

H, 5.18. Found: C, 25.32; H, 5.31.

Synthesis of Buz(Cl)SnOSn(CI)Et]2 (2). A mixture of (Bu,SnO}
(0.45 mmol, 0.33 g) and E3nCb (1.33 mmol, 0.33 g) was refluxed
for 15 min in 10 mL of toluene. The reaction mixture was then filtered,
and the filtrate was stored at5 °C for 5 days, after which the colorless
crystals that formed were filtered off and dried to give 0.46 g (70%)
of 2; mp 200°C. Anal. Calcd for GsHseCls0.Sny (M, = 993.28): C,
29.02; H, 5.68; Cl, 14.28. Found: C, 29.33; H, 5.55; Cl, 14.45.
(*19Sn) (major peaks in toluene):-152.9;—163.9 J(119SnCGH711%5n)
= 90 Hz, J(**°Sn—C) = 663 Hz).

Synthesis of [Bux(Cl)SnOSNn(CIyPr,]» (3). A sample of P,SnCh
(16.40 mmol, 4.54 g) was reacted witfB;SnO} (5.49 mmol,
4.09 g) in toluene in a manner analogous to thatZorThe color-
less solid3 (5.0 g, 58%) precipitated from toluene: mp 17839 °C.
Anal. Calcd for GgHgsClsOSn (M; = 1049.46): C, 32.04, H,
6.15; Cl, 13.51. Found: C, 31.93; H, 6.18; Cl, 13.18*'°Sn) (major
peaks in CDG): —165.3 fJ(119SnG1711%5n) = 114 Hz); —180.2
(2J(*19SNCH71i%8Nn) = 98 Hz).

Synthesis of Buz(Cl)SnOSn(CIy'Bug]2 (4). A sample of'Bu,SnCh
(16.46 mmol, 5.00 g) was reacted witB,SnQ;) (5.49 mmol, 4.09
g) in toluene in a manner analogous to thatZorThe colorless solid
4 (8.15 g, 90%) was recrystallized from toluene; mp+181°C. Anal.
Calcd for G,H7.Cl4O,Sn, (M, = 1105.56): C, 34.78; H, 6.58. Found:
C, 35.74; H, 7.40. 6(**Sn) (major peaks in CDg: —150.7
(B(*°SnCH7SN) = 81 Hz, J(**°Sn—-C) = 517 Hz); —157.6
(A(M9SnC71ISN) = 89 Hz, J(M°Sn—C) = 614 Hz).

Synthesis of [Bux(OH)SnOSn(CI)'Bug]. (5). A mixture of 1h
(BuzSnO), (1.39 mmol, 0.35 g) anéBu,Sn(OH)CI (1.39 mmol, 0.40
g) was refluxed for 45 min in 15 mL of toluene. The solution was
filtered and the solvent evaporatedvacua The residue was dissolved
in dichloromethane and the solution stored-&t°C for 5 days to give
0.55 g (74%) ob as colorless crystals: mp 26Q08°C. Anal. Calcd
for CsH74Cl,O.Sny (M, = 1068.10): C, 35.97; H, 6.98; ClI, 6.64.
Found: C, 36.33; H, 7.21; Cl, 6.596(*'°Sn) (in CDC}): —181.7
(A(1SNCH7118n) = 38 and 222 HzJ(*9%Sn—C) = 625 Hz);—220.9
(A(*19SNCH7118N) = 38 and 220 HzJ(*'%Sn—C) = 605 Hz).

Crystallography. Intensity data for transparent crystalslodnd4
were obtained at room temperature on an Enraf-Nonius CADA4F
diffractometer fitted with Mo Kt radiation (graphite monochromator),

A =0.7107 A, employing the»—26 scan technique. The size of the
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Table 1. Crystal Data and Refinement Details fbrand 4

1 4
formula GoH4eCls0,Sny C3oH72Cl40.Sny
937.1 1105.5
cryst system monoclinic monoclinic
space group C2/m, P2:/n
, 8.306(1) 13.320(2)
b, A 15.916(2) 10.813(1)
c A 12.810(1) 16.493(4)
B, deg 96.61(1) 101.38(1)
v, A3 1682.2 2328.8
z 2 (tetramers) 2 (tetramers)
Dealcs g CNT2 1.850 1.577
F(000) 904 1096
A 0.71073 0.71073
u, et 30.31 21.96
transm: max, min 0.511, 0.250 n/a
hklrange +h,+k,—I +h,+k,—I|
T,K 293 293
no. of data collcd 1654 6823
6 max, deg 25.0 27.5
no. of unique data 1545 5349
Ramaft 0.037 0.016
no. of unique data 1311 2883
used withl > 2.50(1)
R 0.049 0.031
g 0.013 0.002
0.048 0.038
residualp, e A3 2.23 0.68

? Ramar = { X[NZ[W(Fmean— [Fol)F)/ S[(N — 1)5 (WIF,[?)]} % where
the inner summation is ové\ equivalent reflections averaged to give
Fmean the outer summation is over all unique reflections, and the weight,
w, is taken asdq(Fo)] %

crystal of1 was 0.23x 0.58 x 0.58 mm and that of the multifaceted

4 was approximately 0.5 mm in diameter. The net intensity values of
two standard reflections, monitored after every 7200 s of X-ray exposure
time, showed no change fdrbut indicated a linear decrease during
the course of the data collection fér At the conclusion of the latter
data collection, the intensity standards had decreased to 85% of their
original values and the data set was scaled accordingly. Lorentz
and polarization correctiofswere applied, and fol, an analytical
absorption correction was appli€d.Crystal data are summarized in
Table 1.

Each structure was solved by direct metH8dsd refined by full-
matrix least-squares procedures baseB.8h Anisotropic displacement
parameters were employed for all non-H atoms, and H atoms were
included in each model at their calculated positions. Disorder was noted
in the positions of the C atoms of tmebutyl groups in4, and hence
these groups were refined with-C bond distances constrained to
1.50(2) A. A weighting scheme of the form = [0%(F) + |g|Fq!
was introduced, and the refinements were continued until convergence;
final refinement details are listed in Table 1. The analysis of variance
for each structure showed no special features, indicating that an
appropriate weighting scheme had been employed. The numbering
schemes employed are shown in Figure 1, which was drawn with the
ORTERP® program at 25% probability ellipsoids. Scattering factors
for all atoms were those incorporated in SHELX?6.

Results and Discussion

Synthesis. Reaction of equimolar amounts of @irt-butyltin
oxide (Bu,SnO) with diorganotin dichlorides FBnCh (R =
Me, Et, iPr, "Bu) in dichloromethane or toluene results in
formation of clear solutions from which colorless crystals of

(17) PREABS and PROCES: Data Reduction Programs for the CAD4
Diffractometer. University of Melbourne, 1981.

(18) Sheldrick, G. M. SHELX76: Program for Crystal Structure Deter-
mination. University of Cambridge, England, 1976.

(19) Sheldrick, G. M. SHELXS86: Program for the Automatic Solution
of Crystal Structure. University of Gtingen, Germany, 1986.

(20) Johnson, C. KORTER Report ORNL-5138; Oak Ridge National
Laboratory: Oak Ridge, TN, 1976.
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Figure 1. Molecular structures of (upper) and4 (lower).

formulation'Buy(Cl)SnOSn(CI)R were isolated (eq 1).
Y4('Bu,SnO), +
CH,CI, or C;Hgq i
R,SNCL, ——  Bu,(Cl)SnOSn(CI)R (1)

1: R=Me
2: R=Et
3 R='Pr
4: R="Bu

Interestingly, compound can also be obtained by reaction of
di-tert-butyltin dichloride and dir-butyltin oxide (eq 2).

‘Bu,SnCl, + (1/n)

n CH,CI, or C/Hq t
("Bu,Sn0), ————— 'Bu,(Cl)SnOSN(CIiBu, (2)
4

In a similar manner, diert-butyltin hydroxide chloride reacts
with di-n-butyltin oxide to give5 (eq 3).

Y,['Bu,Sn(OH)CI}, +

n CH,CI, or C;Hg t
(1/n)("Bu,SnO), ——— Bu,(OH)SnOSN(CHBu, (3)
5

Compoundsl—5 have satisfactory elemental analyses; all are
colorless solids which are soluble in solvents such as dichlo-
romethane, chloroform, and toluene.

Molecular Structures of 1 and 4. The molecular structures
of 1 and 4 are shown in Figure 1, and selected interatomic
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Table 2. Selected Bond Distances (A) and Angles (deg)¥and
46

compdl compd4
Sn(1)-CI(1) 2.802(2) Sn(kyCl(ay 2.907(2)
Sn(1)-ClI(2) 3.126(2) Sn(1)yCl(2) 3.013(2)
Sn(1)-0(1) 2.074(5) Sn(1y0O(1) 2.075(3)
Sn(1)-0O(1) 2.104(5) Sn(1)yO(1) 2.080(3)
Sn(1)-C(1) 2.130(6) Sn(C(11) 2.107(6)
Sn(1)-C(1)’ 2.130(6) Sn(1}C(15) 2.109(7)
Sn(2)-CI(1) 2.675(2) Sn(2rCl(1) 2.598(2)
Sn(2)-Cl(2) 2.516(2) Sn(2)Cl(2) 2.574(2)
Sn(2)-0(1) 2.028(5) Sn(2y0(1) 2.034(3)
Sn(2-C(2) 2.191(5) Sn(2yC(21) 2.183(6)
Sn(2)-C(2)' 2.191(5) Sn(2yC(25) 2.177(7)
Cl(1)-Sn(1}-Cl(2) 158.8(1) CI(1)-Sn(1)}-Cl(2) 144.8(1)
Cl(1)-Sn(1>0(1)  73.1(1) CI(1)}Sn(1)-0O(1)  146.3(1)
Cl(1)-Sn(1}-O(1y 148.4(1) CI(1)-Sn(1)-O(1y 72.1(2)
Cl(1)-Sn(1-C(1) 88.4(2) CI(1)-Sn(1>-C(11) 84.0(2)
Cl(1)-Sn(1}-C(1)’ 88.4(2) CI(1)-Sn(1)-C(15) 85.9(2)
Cl(2)-Sn(1}-0(1) 66.7(1)  Cl(2ySn(1)-0(1) 68.9(1)
Cl(2)-Sn(1}-0O(1y 142.3(1) CI(2y-Sn(1}-0O(1) 144.0(1)
Cl(2)-Sn(1»-C(1) 81.8(2) Cl(2yrSn(1y-C(11) 81.2(2)
Cl(2)-Sn(1}-C(1)’ 81.8(2) CI(2)-Sn(1)-C(15) 84.3(2)
O(1)-Sn(1y-0O(1y 75.4(1) O(1ySn(1)-O(1) 75.2(2)
O(1)-Sn(1)-C(1) 106.3(2) O(1ySn(1}-C(11) 108.7(2)
O(1)-Sn(1-C(1)’ 106.3(2) O(1ySn(1}-C(15) 106.4(2)
O(1y—Sn(1)-C(1) 100.5(2) O(I)-Sn(1)-C(11) 106.2(3)
O(1y—Sn(1}-C(1)’ 100.5(2) O(1)-Sn(1)-C(15) 104.7(2)
C(1)-Sn(1)-C(1)’ 144.7(2) C(11ySn(1)}-C(15) 137.8(3)
Cl(1)-Sn(2)-Cl(2) 158.8(1) CI(1ySn(2)-Cl(2) 158.6(1)
CI(1)—Sn(2)-0(1) 76.7(2)  Cl(1ySn(2-0(1) 79.0(1)
Cl(1)-Sn(2)-C(2) 92.6(2) Cl(1ySn(2)-C(21) 95.3(2)
Cl(1)-Sn(2-C(2)' 92.6(2) Cl(1)-Sn(2-C(25) 94.3(2)
Cl(2)-Sn(2)-0(1) 82.1(2) Cl(2ySn(2)-0(1) 79.7(1)
Cl(2-Sn(2-C(2) 97.3(2) CI(2FSn(2)-C(21) 95.2(2)
Cl(2)-Sn(2-C(2)' 97.3(2) CI(2)-Sn(2)-C(25) 94.9(2)
O(1)-Sn(2»-C(2)  117.9(2) O(1}Sn(2y-C(21) 118.1(2)
O(1)-Sn(2y-C(2)’ 117.9(2) O(1ySn(2y-C(25) 117.1(2)
C(2-Sn(2y-C(2)’ 123.7(2) C(21¥Sn(2-C(25) 124.8(3)
Sn(1)-0(1)-Sn(2) 126.4(2) Sn(HO(1)-Sn(2) 126.5(2)
Sn(1>-0(1)-Sn(1) 104.6(2) Sn(1YO(1)-Sn(1) 104.8(2)
Sn(2)-Cl(1)-Sn(1) 83.9(1) Sn(2)Cl(1)-Sn(1) 83.4(1)
Sn(1)-Cl(2)-Sn(2) 82.0(1) Sn(BCI(2)-Sn(2) 82.8(1)

aPrimed atoms are related by a center of inversion, and doubly-
primed atoms are related by a mirror plane.

is triply bridging; further links between the Sn atoms are
provided by the Cl atoms. In addition to the center of inversion,
1 has a crystallographim symmetry such that the $B,Cl,4
atoms lie on this plane and the organic substituents are related
to each other across this plane. Although mirror symmetry is
not crystallographically imposed i the SnO,Cl, atoms are
planar t0+£0.034(2) A.

From an inspection of Table 2 it is clear that the ClI atoms
bridge the Sn atoms with relatively long and disparate-Sh
bond distances so that assignment of coordination numbers to
the Sn atoms is ambiguous, in particular for the endocyclic Sn
atoms. Forl, the exocyclic Sn atom, Sn(2), is coordinated by
two organic substituents, the O(1) atom and two Cl atoms at
2.675(2) and 2.516(2) A. The Sn{gl bond distances are
somewhat longer than the sum of the covalent radii of Sn and
Cl, at 2.39 A, but are short enough to be considered as bonding
interactions, thereby leading to a distorted trigonal bipyramidal

parameters for these compounds are given in Table 2. Thegeometry. The trigonal plane is defined by the O(1) atom and

structures are essentially molecular although there is a weak

intermolecular contact between the Sn(1) atom and a symmetry-

related CI(1) atom (symmetry operation:x, —y, 1 — 2) of
3.597(3) A. Both compounds feature centrosymmetric dimers
situated about a crystallographic center of inversiont/at Q,

YY) for 1 and at U5, Y5, 1) for 4. Connected to the central
SO, unit are two exocyclidBu,Sn groups so that each O atom

two C atoms of théBu groups, and the CI(H)Sn(2)-CI(2)
axial angle is 158.8(2) The deviation from the ideal axial angle
and the elongation of the Sn{2| bond distances may be due,

in part, to the interaction of the Cl atoms with the endocyclic
Sn atoms. The immediate geometry about the Sn(1) atom is
defined by the two O atoms of the £y core and two C atoms

of the methyl substituents which define a distorted tetrahedral
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Table 3. Sn—Cl Bond Distances (A) in [(B8n(CI)OSn(CHRy],

(@] F‘\/Rc
. \SH/CI
R .
\S/ / \ \a/R
N Q O—>Sn
R \ ANV / \R'
o—> = IP
I\ d d
R R
R R a b c d ref
Me Me 2.445(2) 2.789(2) 3.409(2) 2.702(2) 24
iPr Pr 2.462(6) 2.803(5) 3.473(3) 2.675(6) 5
Ph Ph 2.430(1) 2.697(1) 3.355(2) 2.688(1) 26
Me 'Bu 2.516(2) 2.675(2) 3.126(2) 2.802(2) this work
"Bu '‘Bu 2.574(2) 2.598(2) 3.013(2) 2.907(2) this work
geometry. The Sn(1) atom also forms two close contacts with

the Cl atoms, Sn(})Cl(1) = 2.802(2) and Sn(HCI(2) =
3.126(2) A, and while the former distance is indicative of some

bonding interaction, the latter is quite long but nevertheless
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Table 4. 19Sn NMR Data (186.409 MHz) fot (Analytically Pure

Sample) in CDG Solution at 25°C

5(41%sn), 2)(L19SnOHTIS ), LJ(H9Sn-13C),

ppm integral Hz (Hz) assigrit
54.5 8 ‘Bu,SnCb

—75.9 1
—81.8 3 br 610 B

—110.0 0.5 175

—112.4 0.5

—112.7 0.5

—120.0 6.5 72,188

—126.6 6 67 680 B

—-134.1 25 br B

—135.1 5 br~100

—138.3 46 79 693 (394) A

—145.6 46 bt A’

—163.6 6 br, 105 708 (400)

—216.0 0.5

—220.4 4 188

—222.3 0.5

aSharpens at-55 °C; 2J(19SnC7118n) = 75 Hz.” A = [('Bu;SnCh)-

shorter than the sum of the van der Waals radii for these atoms(Me,SrO),(Bu,SNCh)]; A’ = [(BU:SICl2)(Me:SnOY(Bu,SICly)]; B
of 4.0 A2 The environment about the Sn(1) atom is thus best = [(‘Bu,SnCh)(MeSnO}Me,SrCl)]; B' = [(‘BUSNCH)(MeSrO)-
described as being based on a skew-trapezoidal planar geometriMeSnCb)]; B" = [('Bu,SrClz)(MeSnO}(Me,SnCbh)].

with the methyl groups lying over the weaker, i.e-S2i, bonds.
The different Sn(1}Cl bond distances are reflected in the
associated Sn(2)Cl bond distances. Thus, the more tightly
held CI(2) atom (Sn(2}CI(2) = 2.516(2) A) forms the weaker
intramolecular contact to the Sn(1) atom (3.126(2) A) and
conversely the less tightly held CI(1) atom (2.675(2) A) forms

a shorter contact to the Sn(1) atom of 2.802(2) A. From these

involved in weak, but significant, interactions with the endocy-
clic Sn atom, in the symmetric compounds one CIl atom forms
a symmetric bridge and the other is essentially terminal. This
has the consequence that in the symmetrig$(iX O], species
both Sn atoms are five-coordinate and trigonal bipyramidal.
NMR Studies. The solid state’Sn NMR spectrum ofl

variations it can be seen that the CI(1) atom forms the more contains two resonances-al45.8 and-172.0 ppm. Thé*C

symmetrical bridge between the Sn atoms.

The geometry about the Sn(2) atomdiis the same as that
in 1 and the axial CI(1)}Sn(2)-Cl(2) angle is equivalent, at
158.6(1). As in 1, there are weak Sn(3)Cl interactions of
2.907(7) and 3.013(3) A for Sn(#Cl(1) and Sn(1}-ClI(2),

CPMAS NMR spectrum ofl (same sample a5°Sn) shows
resonances at 17.9 pphd(119%Sn—13C) = 732 Hz (SnCHj), 32.0

ppm (CH), and 45.6 ppmiJ(119Sn—13C) = 504 Hz (SnC). The
solid state!®Sn NMR spectrum o# shows two signals, of
nearly equal intensity, at153.5 and—169.0 ppm.

respectively. Consequently, the geometry about Sn(1) is as The 11%n NMR spectrum of an analytically pure sample

described for the comparable atomlin In 4, where the same
trends in the SACl bond distances as above are found, the
disparity in the Sn(2)Cl bond distances (2.574(2), 2.598(2)
A) is much less and the difference between the Sa(l)
interactions (3.013(2) and 2.907(2) A) reflects this fact.

The basic structural type found ftirand4 has been observed
previously in other [(RSnX),0], compounds, for example,
where X= NCS2and X= O,CR 23 and, particularly relevant
to the present study, where 3% Cl;524-26 selected interatomic
parameters for the %= CI derivatives are listed in Table 3.
The structure of the [(M&NCIRO], compound has been
determined on three occasion¥;?¢ and the most recent
parameters have been included in Table 3. In the(X),O],

of 1 in CDCl; at 25°C (Table 4) contains two major reso-
nances at-138.3 and—145.6 ppm which showJ(*1°Sn—0O—
1171185n) satellites of 79 Hz. The resonance—t38.3 ppm
displays aJ(*'®Sn—13C) coupling of 693 Hz. These two
resonances account for about 68% of the total integrated signal
intensity of thel®Sn spectrum. In addition, thE°Sn NMR
spectrum contains 14 weaker resonances between 55220
ppm (Figure 2). These 14 resonances contribute approximately
32% toward the total signal intensity of the spectrum, and the
origin of these signals is discussed further below.

The 13C NMR spectrum ofl in CDCl; (the same solu-
tion 119Sn NMR) displays major resonances at 14.63 ppm,
1J(M9Sn—13C) = 693 Hz (SnCH), 30.35 ppm (CH), and 46.74

compounds that have been structurally characterized, the Rppm, 3J(}1%Sn—1%C) = 504 Hz (SnC). Additional resonances
groups are the same for both the endo- and exocyclic Sn atoms0f low intensity appear in the methyl region (9.32, 11.57, 12.93,
and thus these may be termed symmetrical tetraorganodistanand 14.09 ppm) and in thert-butyl region (29.18, 30.03, 30.35,
noxanes, whereas the present series are examples of asymmetrnd 30.63 ppm). Th&C NMR data allow assignment of the
tetraorganodistannoxanes. 1193n resonance A (at138.3 ppm) to the Mgn moiety and
There is a substantial difference between the structures foundthe '°Sn resonance 'Aat —145.6 ppm) to théBu,Sn moiety
for the symmetric and asymmetric {®1CIp0], compounds.  ©Of [Bux(C)SnOSn(Cl)Me], (Figure 1).
Whereas in the asymmetric compounds both Cl atoms are The proton NMR spectrum (500 MHz, CD{bf 1 displays
two major resonances with a 1:3 integral ratéo .30 ppm,
2)(11%Sn—1H) = 82 Hz; 6 1.44 ppm 2J(*1%Sn—1H) = 124 Hz)
which are assigned to the methyl andrt-butyl groups,
respectively. There are additional low-intensity singlets at
1.00 ppm 2J(119Sn—1H) = 84 Hz, andd 1.18, 1.34, 1.44, and
1.46 ppm. Solution NMR results for compoun@s-4 are
similar.
The major resonances in th®Sn NMR solution spectra of
1-4 are assigned to the two different tin sites in the ladder

(21) Bondi, A.J. Phys Chem 1964 68, 441.

(22) Chow, Y. M.Inorg. Chem 1971, 10, 673.

(23) Tiekink, E. R. TAppl. OrganometChem 1991 5, 1. Tiekink, E. R.
T. Trends OrganomeChem 1994 1, 71.

(24) Dakternieks, D.; Gable, R. W.; Hoskins, B.Iforg. Chim Acta1984
85, L43.

(25) Puff, H.; Friedrichs, E.; Visel, F. ZAnorg Allg. Chem 1981, 477,
50

(26) Gréziani, R.; Casellato, U.; PlazzognaA@ta Crystallogr 1983 C39,
1188.
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Table 5. °Sn NMR Data forl + Additions of MeSnC} (CDCl;
at 25°C)
6(119Sn)’ 2J(1198ndl7/11%n)’ 1J(1198n_13c)'
ppm  integral Hz Hz assigrit
1+ 1.04 equiv of MeSnCh
54.3 46 Bu,SnChb
—61.9 26 56 (br) 626 (370) C
—-81.9 26 58 (br) 637 (406) B
—116.9 23 58 674(393) 'C
—126.6 50 67 681(394) B
—-134.1 23 76 (br) B
—130.3 12 81 691 (302) A
—145.6 11 76 (br) A
1+ 2.29 equiv of MgSnCb
142.0 11 MeSnChb
54.5 88 Bu,SnChb
—61.7 82 br 648 C
-81.9 9 br B
—116.9 77 56 674 C
—126.6 15 67 B
—134.1 6 br B
apA = [(tBUzSﬂCE)(MQzSI’O)z(‘BUzsnclg)]; A = [(tBU2SI'C|2)-

(MezSnO)(‘BuzSICly)]; B = [(‘BuzSnCh)(MezSnO)(Me,SrCly)]; B’
= [('BuSNCh)(Me;SrO),(Me;SnCh)]; B” = [(Bu;SICl)(Me;SnO)-
(Me;SnCh)]; C = [(MezSrCly)(Me;SnO}Me;SrCly)]; C' = [(MezSnCh)-
(Me,Sr0)(Me;SnCh)].

structure which has been confirmed in the solid statelfand

4. This assignment is further supported by the similarity of
the solution and solid state spectra{3C) and4 (}1°Sn).
The exocyclic Bu,Sn) tins are clearly pentacoordinate whereas
the endocyclic (Sn) tin sites may be considered as intermedi-
ate between penta- and hexacoordinated. The-$te-Me
angle forl in solution calculated from the equation of Lockhart
and Mander¥ is 138, close to the 144.7(2)observed in the
solid state (Table 2). The BtSn—Bu angle of 138 calculated
from the equation of Holecek and Lyc¥as even closer to the
value of 137.8(3) found by X-ray analysis (Table 2).

The origin of the mino#1°Sn and'3C NMR signals observed
for solutions ofl—4 becomes clear from the following addition
experiments. Thél°Sn NMR spectrum of a solution df to
which a 1.04 molar equivalent of M8nCb has been added

contains only eight resonances (Table 5). There is an ap-

preciable increase in concentratiorf®fi,SnCL and a decrease
in concentration of. (signals A and A). Thel®Sn NMR spec-
trum also contains resonances for the known compb[Md,-
(CHSNOSN(Cl)Meg],, 6 (signals C and §. The three''®Sn
resonances at81.9,—126.6, and-134.1 ppm (signals B, B
and B'; relative intensities 1:2:1) are assigned to the asym-
metrical species Bu,SnCb)(Me,SnO}(Me;SnCh)], 7. These
results indicate that althoughis a dimer in the solid state,
there is in solution an equilibrium amonB{i(Cl)SnOSn-
(ChMeg]2, [(‘BuzSNCh)(Me,SnO}(Me,;SnCh)], [Mex(Cl)SnOSn-
(ChMe;)2, and 'Bu,SnCh. Addition of MeSnCh favors
displacement ofBu,SnCh from the ladder complex.
Increasing the amount of added p#&aCh moves the equi-
librium toward further displacement of exocycliBu,SnChb
from ladder complexes. ThE%Sn NMR spectrum of a solu-
tion of 1 to which has been added 2.29 molar equiv of
Me,SnC} indicates the disappearance bfand a significant
decrease in the concentration oftB;SnCh)(Me,SnO)-
(Me,SnCh)]. The relative concentration of the species fMe
(CISnOSN(Cl)Mg], has increased significantly (Table 5). The
11950 NMR spectrum of a solution dfto which has been added

(27) Lockhart, T. P.; Manders, W. . Am Chem Soc 1987 109,
7015.
(28) Holecek, J.; Lycka, Alnorg. Chim Acta 1986 118 L15.
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5.74 molar equiv of MgSnCl shows that the dominant ladder
species is now [MgCI)SnOSn(Cl)Mg], with only traces of
[(‘BuzSNCh)(Me,SnO)(Me,SnCh)] remaining evident. These
assignments are supported by the analogdGsNMR spec-
tra. By comparison, thé®sn NMR spectrum of a solution
of 1 to which has been added 2.2 mole equiVRBii,SnC} is
very simple and shows only signals A and @&nd a signal for
‘Bu,SnCbh.

The 1195n NMR spectra of a solution &to which various
guantities of P,SnCh have been added indicate replacement
of Bu,SNCh by 'PnLSnCh. Similarly, addition of"Bu,SnCh
to a solution made frord indicates replacement &u,SnCh
by "Bu,SnCb.

These exchange experiments suggestthatcan be viewed
as Lewis acig-base adducts in which diorganotin oxide dimers
(R2SnO} are stabilized by twéBu,SnCh units. The 1:2 adducts
(‘BuzSNChL)(RSNO}('Bu,SnChL) are stable in the solid state,
but in solution they undergo appreciable dissociation, which
enables the exocycliBu,SnC} units to be exchanged by other
R>SnChL moieties (Scheme 1).

The lability of 1, 3, and4 in solution is reflected in their
molecular weight determinations, which show association fac-
tors of 1.3, 0.6, and 1.2 fof§u,(Cl)SnOSn(Cl)Mg], ['Bux(Cl)-
SnOSN(CIPr], and [Buy(Cl)SNnOSn(ChBu,], respectively, in
chloroform solution. The lower Lewis acidity of tHBu,Sn
moiety compared to /8n (R= Me, Et,'Pr,"Bu) accounts for
its facile displacement in solution. It may also account for the
observation that both reactions 1 and 2 lead to the same
compound4, in which the'Bu,Sn groups are exocyclic and
pentacoordinate.

The solution'1%Sn NMR spectrum oftBuy(OH)SnOSn(CH-
Buy],, 5, in CDCl is simpler than those df—3. It shows two
signals of equal intensity at181.7 and—220.9 ppm which
have two sets oRJ(119Sn—0—-117Sn) satellites as well as
1J(M19Sn-18C). The relative simplicity of the'°Sn NMR
spectrum ob indicates a higher stability of the dimeric structure
because hydroxide is a better bridging group than chloride for
tin.16 The 119Sn CPMAS NMR spectrum ob shows two
resonances at-178.0 and—220.5 ppm, indicating similar
structures in the solid and in solution. The molecular weight
determination ob in chloroform shows an association factor
of 1.9, which indicates negligible dissociation of the dimer in
solution. Single crystals db suitable for X-ray investigation
could not be obtained, but the crystal structure determination
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of ['Bux(OH)SnOSN(Cl)(cyclohexyd). shows a ladder structure By Bu
with exocyclic'Bu,Sn units?®
. . . Cl—> Sn
Reaction of (Bu,SnO); with ‘Bu,SnCl,. Reaction between By /
(‘BuzSnO} gnd 'Bu,SnCh does not appear to produce the Ngh=— O o
corresponding “ladder” {Bu,(Cl)SnOSn(CIBu;].. The room- By’
temperaturé!®sn NMR spectrum of a dichloromethane solution Cl — Sn
prepared from a 1:3 molar ratio 0B{,SnO} and'Bu,SnCb t .
contains a very broad resonance at 57 ppm and a sharper signal Bu Bu
at —27.3 ppm with satellites of 877 Hz. Also present is a very 8a
weak resonance at81.7 ppm with2J(11°Sn—0—11"Sn) coupling
of 363 Hz, consistent with the presence B6SnO}, and two Electrospray Mass Spectrometric Data. ESMS is particu-
very broad resonances @86.2 and—215 ppm. Lowering the larly suitable for the study of these labile organotin systems in
temperature causes the resonances to sharpen, ar@D&IC solution, and a detailed ESMS study of these systems will be

the spectrum contains a resonance of 59.5 ppm, attributed tothe focus of a future paper. The positive-ion spectrunt of
'Bu,SnCh. Also present at-90 °C is a resonance at22.8 dissolved in MeOH/water (50:50) is comparatively simple. The
ppm which hagJ(*1%Sn—0—117Sn) coupling of 842 Hz. The  dominant fragmentsnfz 807 (30%), 723 (100%), 699 (20%),
1195 chemical shift position of this resonance is indicative of 639 (20%), 619 (40%)) contain three tin atoms, and the
four-coordinate tin. The larg&(11%Sn—0—117Sn) coupling is assignments are shown in the following display. Fragments with
similar to values found for compounds with almost linear

Sn—0-Sn angles (e.g., linedBusSnOSIBuU; has2J(119Sn— 'Bu Bu ve Me Me Me Me

Me
O—117Sn) = 900 HZ%3), and consequently this resonance is /o\én/ s /O\\Sn t c—\/
tentatively assigned to the speciéip(Cl)SnOSn(CMBu,], 7. oo Nowe ”\Sn_o/ \OMe B“\Sn/_o/ Non
The remaining two resonances in tH&Sn NMR spectrum at B’ \ \S/ B’ \ N\ B\ N\
—90°C, at—82.8 and—171.7 ppm, have relative intensities of Me n\tB ﬁe"/sn\ AN
u '‘Bu  'Bu gy 'B

2:1 and each has what appear to'b#15n satellites of 150 'Bu
Hz. These resonances are tentatively assigned to the “three-m/z807 (CxHesO4Sng)  m/z2723 (CpiHs51048n5)  m/2 699 (C15HasO5ClISNG)
quarter” ladder specie$qu,SnCh]['Bu,SnOL, 8. These data

are consistent with an equilibrium (eq 4) which implies at least ge\\ Y Me Me
the transient existence of the dimeric speciBaSnO). There 'Bu_ / /S"\ . /C'\\S,{
are no further substantive changes in the spectrum on cooling _Sn—0, OMe B“\Sn_o/ Non
to —100°C. BN N BN N
Me Me/ \Mg H ‘Bu/ }Bu
2'BuSnCly + (BupSn0); === M/2 639 (C15Hge04SN5) Mz 619 (CpyHs;04SN)
'Bu, /‘Bu ) .
Cl—Sn m/z 807 are also present (100% relative abundance) in the
BuL(Cl ¢ . Bu. / / \ positive spectra of ;olutlons of as well in solutions pre-
uz(ClSnOSN(Cl)Bu, 1BU«S”\“ O\ S “ pared from a 2:3 ratio ofu,SnO} and'Bu,SnCb. Experi-
Cl=Sn mental and calculated isotopic cluster patterns are in excellent
) gy agreement.
7 8 These fragments apparently arise from reactioh wfth the

solvent system and demonstrate again the lability of ladder

systems in solution. It may well be that species similar to these
The'%Sn NMR spectrum of a solution prepared from a 1:2  contribute to the very low-intensity signals observed in the

molar ratio {Bu,SnO} and'Bu,SnC} is identical to the above 11954 NMR solution spectra of samples bf4. Nevertheless

with the exception that now there is no resonance observablethe existence of these cationic clusters adds support for the

for BuzSnCh. The proportion of and8 changes as a function  proposed neutral 1:1 adducts of,G0) in Scheme 1 and for

of temperature. At room temperature, the resonanc& of speciess.

Comprises about 50% of the total intensity in H8Sn NMR The anionic Spectrum df contains peaks an/z 485 (100%)

spectrum. At-90 °C, the relative intensity of is only about  and 569 (40%). The anionic spectrum&shows a fragment

10%, with the remainder of the intensity being found in the peak atmiz 485 in 100% relative abundance. The isotope

two resonances attributed 8o The fact that coupling ifand  patterns associated with these peaks are totally consistent with
in (‘BuzSnO} is seen at room temperature in the same solution the formulations of the two anionic species

is consistent with exchange betweemnd {Bu,SnO}, which

is slow on the NMR time scale. o o)

It was recently reportéd that (Bu,SnO) reacts with BR- Buz(CI)Sn/ \Sn(anu2 Me2(0|)3n/ \Sn(cn[;u2
(OH), (R = 2,4,6-MeC¢H>) to give the tritin specie®Bu,Sn- \o/ \o/
(OH);[(‘BuzSnO}0OBR], 8a, which was characterized in the H H
solid state. This compound exhibité#®Sn NMR chemical m/z 569 (C1gH370,Cl,Sny) m/z 485 (C1oH250,C1,Sn,)
shifts of —260.0 and—278.5 ppm (relative intensities 2:1) in
solution, but not*"1%Sn-11711%5n coupling was reported. which is indirect support for existence of species sucfi.as

Conclusion. Ladder compounds containifgu substituents
(29) Dakternieks, D.; Jurkschat, K.; Baumeister, U. Unpublished results. at tin may be isolated in the solid state as discrete molec-

(31) Kerschl, & Wrackmeyer, &, Naturforsch 1087 428 387. ular species'Buy(C)SNOSN(CIl,, which may be regarded
(32) Brown, P.; Mahon, M. F.; Molloy, KJ. Chem Soc, Dalton Trans as 1:2 adducts, BuSnCb)(R:SnO}('BuSnCb)]. In solu-

1992 3503. tion these adducts are labile and undergo some dissociation,
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