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The reaction of trialkylaluminum derivatives, R3Al (R = Me, Et, i-Bu), and trimethylgallium with the distannoxane
(Ph;Sn);O yields R,MOSnPh; (M = Al, R = Me (1a); Et (1b), i-Bu (1c); M = Ga, R = Me (2)) and the corresponding
organotin compound, RSnPh;. Attempts to disrupt the Al-O bridge bonds of [R,Al(u-OSnPh;)], (R = Me (1a),
Et (1b)) and form stable adducts with diethyl ether failed, but 4-picoline gives a 1:1 complex. The resulting
derivatives have been characterized by 'H and !3C NMR spectroscopy. The structure of 1a was determined by
single-crystal X-ray diffraction techniques and was found to be in the triclinic space group P1 with cell constants
a=9.076(1) A, b=9.733(2) A, c = 13.084(3) A, a = 71.03(2)°, 8 = 74.22(1)°, y = 65.05(1)°,and Z = 1. The
structure was refined to a final R = 2.6% (R, = 3.9%) based on 3185 (I > 2.5¢(J)) observed reflections. The
molecule exists as a dimer, (Me;AlOSnPh;),, with Al-O bond distances of 1.84 A and Sn—O bond distances of 1,98
A. Both aluminum and tin centers in the dimer are in a pseudotetrahedral environment.

Introduction

The structures of organoaluminum alkoxides/aryloxides,
R3_,Al(OR’), (n = 1-3), have been studied extensively.!? Their
chemistry, especially their wide use in regio- and stereoselective
organic syntheses, is well established.>* The analogous orga-
noaluminum silanoxides, R3_,Al(OSiR’3),, are also known, and
their inorganic materials such as aluminosilicates and -zeolites
find applications as ion exchangers, catalysts, catalyst supports,
and molecular sieves.5!* However, the chemistry of the related
organoaluminum stannoxides is essentially unknown. The use of
trialkylaluminum compounds to alkylate the organotin oxides to
give asymmetrical tetraorganotin derivatives was reported in a
patent, but no attempt was made to isolate the mixed aluminum
stannoxide derivative.!* A study has been reported of the adduct
[(t-BuN);Sn4-u;-O]-AlMe; where the trialkylaluminum is bound
to the us-oxide.!S In another study, Nomura!¢ has explored the
reaction of indium alkyl derivatives with Bu,SnO and reported
the formation of indiostannoxides. In this paper, we report the
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synthesis and characterization of heterometallic complexes, R-
MOSnPh;, formed by the reaction of the distannoxane (Ph;-
Sn),0 with trialkylaluminum derivatives and trimethylgallium.,
Such bimetallicsystems may serve as molecular models to provide
specific information on unique modes of bonding and substrate
activation of their material counterparts since they are amenable
to precise characterization using a variety of structural deter-
mination methods. In this study, we have included the crystal
and molecular structure of the organoaluminumstannoxide [Me,-
Al(u-OSnPhj)],.

Experimental Section

General Experimental Procedures. Allsolvents were purified and dried
by standard techniques.!” Argon gas was purified by passing it through
a series of columns containing Deox catalyst (Alfa), phosphorus pentoxide,
and calcium sulfate. Aluminum alkyls (Aldrich: MesAl, 2 M solution
in toluene; Et3Al, 1.9 M solution in toluene; (i-Bu)3;Al, 1 M solution in
toluene), bis(triphenyltin) oxide (Aldrich), and 4-methylpyridine (4-
picoline) (Aldrich) were used as received. All of the glassware used in
the synthetic work was oven-dried. The compounds are both oxygen and
water sensitive, so standard Schlenk line techniques were employed. 'H
and 3C NMR spectra were recorded either on a General Electric QE-
300 NMR or on a GN-300 NMR spectrometer. The chemical shifts
were referenced to the residual proton line from benzene-ds (6 = 7.15
ppm for 'H; & = 128.0 ppm for 3C). The reported Jsay values are an
average of !'’Sn and !19Sn coupling constants. The resolution in most
cases did not permit assignment of individual coupling constants.

Preparation of [Me;Al(u-OSnPh;) L (1a). Bis(triphenyltin) oxide (1.0
g, 1.40 mmol) was stirred in pentane (ca. 60 mL), and Me3Al (0.70 mL,
1.40 mmol) was added over a period of 5 min. The reaction mixture was
stirred for 24 h, during which time a white precipitate appeared. This
precipitate was isolated and washed with 1015 mL of very cold pentane
and dried under vacuum. The solid was identified from its 'H and !13C
NMR spectra as [Me;Al(u-OSnPh;)]; (1a): yield 60%; mp 300 °C dec.
Anal. Calc for C30H3AlOSn: C, 56.78; H, 5.00. Found: C, 55.26; H,
5.09. 'H NMR (C¢Ds; 8, ppm): 7.04-7.71 (m, 15H, 3Json = 59 Hz, Ph),
-0.58 (s, 6H, AlMe). 3C{'H} NMR (C¢Dg; 5, ppm): 136.6,130.4,128.9
(Ph); —6.3 (AlMe). Mass spectral data (EI mode): peaks at m/e 351,
289,197,120, 78 corresponding to fragments Ph;Sn*, Ph,SnO+, PhSn't,
Sn"*, C5H5'+.

(17) Shriver, D. F.; Drezdzon, M. A, The Manipulation of Air-Sensitive
Compounds; John Wiley & Sons: New York, 1986.
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1a was also synthesized in diethyl ether solvent. In this case, a clear
solution resulted during 24 h of stirring the reaction mixture. The product
was crystallized by freezing the solution in liquid nitrogen and then
warming to —20 °C. The crystals were isolated at dry ice/acetone bath
temperature, washed with diethyl ether, and dried under vacuum. The
TH NMR spectrum of this product was identical to that of 1a and showed
that no ether was retained.

Preparation of Et;Al0SnPh; (1b). Bis(triphenyltin) oxide (3.0g,4.19
mmol) dissolved in pentane (ca. 60 mL) was reacted with Et3Al (2.21
mL, 4.19 mmol) according to the procedure given for 1a. This solid was
identified from its 'H and !13C NMR spectra as Et;A10SnPh; (1b): yield
60%; mp >300 °C. 'H NMR (C¢Ds; 6, ppm): 7.09-7.78 (m, 15H, *Jsnn
= 56 Hz, Ph), 1.02 (t, 6H, Juu = 8 Hz, AICH,Me), 0.04 (q, 4H, Juu
=8 Hz, AICH ;Me). *C{!H} NMR (C¢Dg; §, ppm): 137.2,130.7,129.3
(Ph); 9.4 (AICH,Me); 3.2 (AICH:Me).

Preparation of (i-Bu);A10SnPh; (1c). Bis(triphenyltin) oxide (2.0g,
2.80 mmol) dissolved in pentane (ca. 60 mL) was reacted with (i-Bu)sAl
(2.80mL, 2.80 mmol) according to the procedure given for 1a. The solid
was identified as (i-Bu)2A10SnPh; (1¢) from its !H and 1*)C NMR
spectra: yield >90%; mp 165 °Cdec. Thefiltrate from the above reaction
deposited white solid upon cooling to —20 °C overnight. The secondary
product was identified as (i-Bu)SnPhs, (1¢): mp 70 °C. NMR Data
for 1c are as follows. 'H NMR (C¢Ds; 8, ppm): 7.14-7.80 (m, 15H,
3Jsau = 57 Hz, Ph), 0.08 (d, Juu = 7 Hz, 4H, AICH,CHMe;), 1.70 (m,
Jun = 7 Hz, 2H, AICH,CHMe,), 0.85 (d, Jun = 6 Hz, 12H, AICH,-
CHMe;). C{'H} NMR (C¢Dg; 8, ppm): 137.5,130.7,129.2 (Ph); 24.8
(AICH,CHMe,); 26.2 (AICH;CHMe,); 28.8 (AICH,CHMe2). NMR
data for 1¢’ are as follows. !H NMR (C¢Dg; 8, ppm): 7.14-7.80 (m,
3Jsuu = 46 Hz, Ph), 1.44 (d, Jyug = 8 Hz, 3Jssu = 56 Hz, 2H, AICH--
CHMe;,), 1.99 (m, Juu = 7 Hz, 1H, AICH,CHMey), 0.93 (d, Juu = 7
Hz, 6H, AICH,CHMe,). BC{!H} NMR (C¢Ds; 8, ppm): 139.9, 137.4,
129.0, 128.8 (Ph); 22.9 (AICH.CHMey); 27.1 (AICH,CHMe;); 26.8
(AICH,CHMe;). Mass spectral data (EI mode): peaks at m/e 351,
275,197,119, 78, 57 corresponding to fragments Ph;Sn*, Ph,Sn+, PhSn*,
Sn*, Ph*, C4Hy*.

Preparation of Me;GaOSnPh; (2). Bis(triphenyltin) oxide (1.0 g,
1.40 mmol) dissolved in pentane (ca. 60 mL) was reacted with Me3Ga
(0.14mL, 1.40 mmol) according to the procedure given for 1a. This solid
was identified from its 'H and '*C NMR spectra as Me;GaOSnPh; (2):
yield 50%. 'H NMR (C¢Ds; 8, ppm): 7.00-7.59 (m, 15H, 3Js.u = 56
Hz, Ph), -0.23 (s, 6H, GaMe). 13C{'H} NMR (C¢Dg; 5, ppm): 138.5,
136.6, 129.8, 128.7 (Ph); -1.66 (GaMe).

Attempted Synthesis of 1:1 Addition Compounds. The synthesis of
R2(Ph;SnO)Al addition complexes was attempted by preparation of 1a
and 1b with addition of the base before final workup. When diethyl ether
was added, it was readily removed under vacuum. When 4-picoline was
added to 1b, a white solid was obtained from its —20 °C recrystallization
from pentane: mp 200 °C dec. The product was identified as Et;(Phs-
SnO)Al-4-picoline by 'H NMR spectral data (CsDs; 6, ppm): —0.06 (q,
4H, AICH,CH3),0.91 (t,6H, AICH,CH3), 8.35 (d, 2H, CH (4-picoline)),
6.44 (d, 2H, CH (4-picoline)), 7.47-7.68 (m, 15H, *Js,u = 57 Hz, Ph),
1.65 (s, 3H, 4-CH; (4-picoline)). The 'H NMR spectrum of authentic
4-picoline showed resonances at 8.36 (d, 2H), 6.98 (d, 2H), and 2.23 ppm
(s, 3H, CH3).

X-ray Structure Determination of [Me;Al(u-OSnPhs)|; (1a). Crystals
of [Me;Al(u-OSnPhs)]2 (1a) were grown from diethyl ether at -20 °C.
A crystal suitable for X-ray diffraction studies was mounted in a thin-
walled capillary tube in a drybox; the tube was plugged with grease,
removed from the drybox, flame-sealed, mounted on a goniometer head,
and placed on a Nicolet P2, diffractometer for data collection. Crystal
structure parameters are presented in Table 1. The crystal of 1a was
found tobe triclinic. Lattice constants were verified by axial photographs.
1a was assigned to the space group P1 (No. 2), which was later confirmed
by successful refinement of the structure. Data reduction and calculations
were carried out using the SHELXTL program.!® Direct-methods
routines produced acceptable solutions for the structures, yielding positions
for some of the non-hydrogen atoms, while other atoms were located
during subsequent refinement. Full-matrix least-squares refinement was
carried out using SHELX-76.!° The data were corrected for Lorentz
and polarization effects, and scattering factors for neutral carbon, oxygen,
tin, and aluminum atoms were used. No correction for secondary

(18) Sheldrick, G. M. SHELXTL. University of Gottingen, Germany, 1978.
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extinction was made.Z’ Phenyl carbon atoms were refined as rigid bodies
with C—C =1.395A and C-C—C =120°. In 1a, hydrogen atomic positions
were observed or calculated, riding on the carbon atoms to which they
were bound. Additional cycles of refinement of the data led to a
convergence with R = 2.6% (Rw = 3.9%) for 1a. The atomic coordinates
and isotropic thermal parameters for the non-hydrogen atoms of 1a are
presented in Table 2. ’

Results and Discussion

Reaction of R;M with (PhsSn);O0 To Give R;MOSnPh; (M =
Al R = Me (1a), Et (1b), i-Bu (1¢); M = Ga, R = Me (2)). In
the solid state, the distannoxane (Ph;Sn),O has a bent structure
with a Sn~O-Sn angle of 137.3°, and therefore in this linkage
pm(O)—d=(Sn) bonding should be minimal.?! As a consequence,
the bridging oxygen atoms of the bent stannoxanes may be more
basic and form adducts with Lewis acids. Inorder to explore this
possibility of basicity/reactivity, we attempted the reaction of
bis(triphenyltin) oxide, (Ph3Sn),0, with trialkylaluminum de-
rivatives, R;Al (R = Me, Et, i-Bu), and trimethylgallium as shown
in eq 1. The reaction presumably proceeds through a two-step

0 R. \s%/

‘-,' 0 - y,
v Sn/ .\Sn‘*\\\‘ ——>R3Al '///Al<—1 O/: —
/ l I \ R/R/ \Sn
N
A
R.
'//’Al— f)_—Sn Hieeee 0))
R/ +

R

Y
Sn
N

sequence. The first stage is the formation of the 1:1 adduct, A,
which decomposes rapidly by the migration of the alkyl group
from the aluminum center tothe tin atom to yield the final product.
We have not been able to isolate the addition compound, but
Veith!® has obtained a stable 1:1 adduct, (u3-2-BuN):Sng(us-
0)-AlMe;. Furthermore, inrelated studies on the interaction of
trialkylaluminum derivatives with siloxanes, adducts of the type
presented in eq 1 have been observed in solution by NMR and
proposed as reaction intermediates.!* The reaction of BusIn with
diorganotin oxides, a mechanism involving ligand transfer, is
similar to that proposed here.!6

The R,AlOSnPh; complexes are isolated as colorless solids
which decompose rapidly on contact with air and moisture. They
are moderately soluble in pentane, benzene, and toluene.

Cleavage of the dimer by addition of a Lewis base was also
studied via the reaction shown in eq 2. Diethyl ether was unable
to shift the equilibrium to the right whereas 4-picoline yielded
an isolable addition product. These findings are consistent with
the order of the donor strength (N > P = O > S > Se > Te) of
the ligand Me,E for trimethylaluminum.?

Crystal Structure of [Me;Al(1-OSnPh3)]» (1a). The molecular
structure of 1a is shown in Figure 1. Selected bond distances and
bond angles are presented in Table 3. The molecule has a center
of inversion requiring the Al,O; unit to be rigorously planar. The
gross features of the molecular structure are similar to related
organoaluminum alkyl- and aryloxides. Each aluminum atom

(20) International Tables for X-ray Crystallography; Kynoch: Birmingham,
England, 1974; Vol. IV. (present distributor D. Reidel, Dordrecht, The
Netherlands).
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Table 1. Experimental Parameters for the X-ray Diffraction Study -

of [MeAl(1-OSnPhs)]; (1a)

formula
M,
crystal prepn

crystal color

crystal system

space group

cell constants obtained
from 25 high-angle
reflections with 26 > 20°

radiation type

temp

type of data collection
26 scan range

hkl ranges

scan rate

‘scan width
background/scan ratio
std reflns

dev from the std

no. of data collected
no. of unique data
no. of obs refins
linear abs coeff (1)
F(000)

abs cor

no. of params refined
obs/param ratio

R (=L(Fdl - |Fd)/ LIFJ)

Ry (=[L(Fd - IFeI)’/ EWiFoI’]‘/ %

CaoH42A1,0,8n,

846.118

recrystallized from
diethyl ether at —20 °C

colorless

triclinic

P1 (No. 2)

9.076(1) A

9.733(2) A

13.084(3) A

71.03(2)°

74.22(1)°

65.05(1)°

978.6 (.4) A?

1.436 g cm™3

1 (dimer)

MoKa, X =0.71073 A,
graphite monochromator

22°C

6/26 scan

6-50°

+h,+k,+]

variable, 3-25° /min _

1 0° above Ka, 1.0° below Ka

0.5

3 measured per every
97 reflections

Max dev less than 2%

3785

3436

3185 (with I = 2.5¢(D))

13.54 cm™!

424 ¢

¥ scan

172

18.5/1

2.6%

3.9%

w = (op + 0.0001F2
maxshift /esd 0.001¢
max,/min residual electron density  +0.35/-0.69 e/A?

Table 2. Atomic Coordinates and Isotropic Thermal Parameters for
the Non-Hydrogen Atoms of [Me2Al(u-OSnPh;)], (1a)

atom x y z Usg,? A2
Snl  0.32366(3)  0.39063(3) 0.24284(2)  0.0393(1)
All 0.6482(1) 0.4290(1)  0.03466(9)  0.0467(5)
o1 0.4301(3) 0.4754(3)  00961(2)  0.044(1)
ct 0.7500(6) 0.5526(7)  0.0623(4)  0.075(3)
C2 0.7675(6) 0.2033(5) 0.0547(4) 0.079(2)
C3 0.0990(2) 0.5736(3)  0.2770(2)  0.044(1)
C4 -0.0133(2) 0.6457(3) 0.2035(2) 0.060(2)
Cs  -0.1628(2) 0.7638)3)  0.2274(2)  0.079(2)
Cé6 -0.1999(2) 0.8098(3) 0.3247(2) 0.084(3)
C7  —0.0875(2) 0.7378(3)  0.3981(2)  0.085(3)
c8 0.0619(2) 0.6197(3)  0.3743(2)  0.062(2)
C9 0.4942(3) 0.3337(3) 0.3467(2) 0.043(1)
C10 0.5611(3) 0.4416(3) 0.3417(2) 0.060(2)
Cl1 0.6722(3) 0.4042(3) 0.4111(2) 0.073(3)
Cl2  0.7164(3) 0.2589(3)  0.4855(2)  0.069(2)
Cl3  0.6495(3) 0.1511(3)  0.4905(2)  0.076(2)
Cld  0.5384(3) 0.1885(3)  0.4211(2)  0.059(2)
Cl15 0.2751(3) 0.2015(3) 0.2324(2) 0.047(2)
Cl6  0.1165(3) 0.2004(3)  0.2728(2)  0.063(2)
C17 0.0759(3) 0.0824(3) 0.2632(2) 0.081(3)
C18 0.1940(3) -0.0345(3) 0.2132(2) 0.088(3)
Cl19  03526(3)  -0.0335(3)  0.1728(2)  0.096(3)
C20  0.3931(3) 0.0845(3)  0.1824(2)  0.073(2)

Uy = I/JZiZJUl_’ai‘-aj‘drdj.

has a quasitetrahedral geometry. The oxygen atom is trigonal,
and the Al-O bond distance is similar to those found in other
dimeric four-coordinate aluminum alkyl- and aryloxides and
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Figure 1. ORTEP diagram (50% thermal ellipsoids) of [Me2Al(u-
OSnPh;)]z (1a), showing the atom-labeling scheme. Hydrogen atoms
have been omitted for clarity.

Table 3. Selected Bond Distances (A) and Angles (deg) for
[Me;Al(u-OSnPhs)]; (1a)

Distances
Sn1-01 1.984(4) - All. . -All 2.71H(Q2)
Snl1-C3 2.118(2) 01..-01 2.480(6)
Sn1-C9 2.117(3) All-01 1.840(3)
Sn1-Cl15 2.117(4) All-C1 1.958(8)
Snl...All 3.473(1) All-C2 1.960(7)

Angles

Snl1-01-All 131.3(2) All-O1-All’ 95.1(2)
01-Sn1-C3 105.9(1) 01-Al1-C2 111.5(2)
01-8n1-C9 103.8(1) Cl-Al1-C2 118.6(3)
01-8n1-Cl15 107.7(2) C3-Sn1-C9 113.0(1)
01-All-Cl1 113.7(2) C3-Snl1-Cl15 109.7(1)
01-Al1-01 84.9¢1) C9-Sn1-Cl15 115.9(1)

Rl

R'. o W
T N
R / \O/ \
RI
R «~ OR’
\ \\\,\\“
) Al @
R
Base

shorter than the Al-O distances observed in ether adducts.?
Furthermore, the average Al1-C bond distance and the exocyclic
C-Al-C angle are also in the normal ranges for such complexes,
However, the most significant difference between 1a and other
dimeric organoaluminum alkyl- and aryloxides lies in the structure
of the Al;O; ring. A number of structural parameters such as
O-::0 and Al--Al distances and endocyclic O—Al-O and Al-O-
Al angles can be used to describe the structure of the Al,O; ring.
These parameters for 1a and several other dimeric organoalu-
minum alkyl- and aryloxides are presented in Table 4. These
data reveal that the Al-Al separation of 2.711 A in 1a is
substantially shorter than those in organoaluminum silanoxides
and alkyl- and aryloxides, and it approaches the separation
observed for an Al-Al single bond but does not imply a direct
Al-Al bond. The short Al--Al distance in 1a also has direct
effect on O—Al-O and Al-O-Al angles in the Al,O, ring since
the Al-O bond distance remains nearly constant at 1.86 A in all
Al-O-Albridged compounds. In 1a,the Al-O-Alangleof 95.1°
is 3—7° smaller while the O—Al-O angle of 84.9° is 3—-7° larger
than the corresponding angles found in other related compounds.
The O---O distance of 2.480 A in 1a is significantly longer than
those in [Me;Al(u-OC¢Fs)], and other alkoxides, and the view
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Table 4. Comparison of the Average Selected Bond Distances (A) and Bond Angles (deg) for [R2Al(s-OMR)],
compd Al - -Al Al-O Al-O-Al 0-Al-O
{{(Me3Si)2CH]2A1-Al[CH(SiMe;)2] 2} [Li(tmeda),]* ¢ 2.530
[(MesSi);CH],Al-Al[CH(SiMes)2] 2 2.660
(2,4,6-Pl‘3C6H2)2A]—A1(2,4,6—Pr3C6H2)2‘ 2.660
[(2,4,6-PriCsHa)2A1-Al(2,4,6-Pr3CsH3) ]2~ ¢ 2.470
[Me;Al(u-OSnPhs)],¢ 2,711 1.840 95.1 849
{Me2Al[u-OSi(CsHs)Mez]}»* 2.760 1.854 96.3 83.7
{Me2Al[u-0Si(O-1-Bu)s]}y 2,774 1.865 96.1 81.8
[Me2Al(u-OC¢Fs)] 22 2951 1.895 102.3 71.7
[Me,Al(u-O-menthyl-)],* 2.807 1.841 99.4 80.6
[Me2Al(u-O--Bu)] 2.820 1.864 98.1 81.9
[MesAl(u-OCgH3-2-allyl-6-Me)]»/ 2.866 1.861 100.8 79.2
[(i-Bu)2Al(u-OCeH3-2,6-Mez)]2* 2.899 1.873 101.5 78.5
[Me2Al(u-OCH,CsH-2,4,6-(2-Bu)3)]2 2.840 1.850 100.2 79.5

4 Pluta, C.; Parschke, K.-R., Kriiger, C.; Hildenbrand, K. Angew. Chem., Int. Ed. Engl. 1993, 32, 388. » Uhl, W. Z. Naturforsch. 1988, 43b, 1113,
¢ Wehmschulte, R. J.; Ruhlandt-Senge, K.; Olmstead, M. M.; Hope, H.; Sturgeon, B. E.; Power, P. P. Inorg. Chem. 1993, 32, 2983, 9 Present work.
¢ Reference 9. / Reference 12. £ Hendershot, D. G.; Kumar, R.; Barber, M.; Oliver, J. P. Organometallics 1991, 10, 1917. * Sierra, M. L.; Kumar, R.;
de Mel, V. S. J.; Oliver, J. P. Organometallics 1992, 11, 206. ! Haaland, S.; Stokkeland, O. J. Organomet. Chem. 1975, 94, 345 (determined in the
gas phase by electron diffraction). / Kumar, R.; Sierra, M. L.; de Mel, V. S. J; Oliver, J. P. Organometallics 1990, 9, 484, * Benn, R.; Janssen, E.;
Lehmkuhl, H.; Rufinska, A.; Angermund, K.; Betz. P.; Goddard, R.; Kriiger, C. J. Organomet. Chem. 1991, 411, 37. ! Cetinkaya, B.; Hitchcock, P.
B.; Jasim, H. A.; Lappert, M. F.; Williams, H. D. Polyhedron 1990, 9, 239.

along O-O axis shows that the phenyl groups in SnPh; moieties
arestaggered, thus minimizing stericinteractions. Theview along
the Al-Al axis shows that the two SnPh; groups are frans to each
other, as required by the inversion symmetry of the space group.
The two tin atoms are placed above and below the plane of the
Al(u-0),Al ring with an O-O-Sn angle of 5.9°. Finally, as
expected for a tetrahedral aluminum geometry, the methyl groups
attached to an aluminum center are placed above and below the
Al(u-0).Al plane.

The Sn—O bond distance of 1.984 A is similar to distances
found for two- or three-coordinate bridging oxygen atoms in linear
and polycyclic organostannoxanes. The Sn—C bond distances
range from 2.117t02.118 A and are comparable tosuch distances
found in triorganotin compounds.?!

NMR Studies. The 'H and *C NMR spectral data for the
complexes R;AlOSnPh; (R = Me (1a), Et (1b), i-Bu (1¢)) and
Me,GaOSnPh; (2) are presented in the Experimental Section.

In the 'H NMR spectrum of R,MOSnPh;, the presence of a
sharp upfield resonance for the a-protons of the alkyl group
attached to the group 13 element, along with the resonances
associated with the -OSnPh; group in the appropriate ratio,
provides good evidence for the—MR; coordination at the stannoxy
oxygen. Furthermore, the ortho protons of the phenyl groups of
the —OSnPh; moiety show relatively sharp !!’Sn (I = 1 /,, 7.61%)
and !'9Sn (I = 1/,, 8.58%) satellites with characteristic 3Junusg,y
values in the range 46—59 Hz for the groups coordinated to Sn-
(IV). Interestingly, no “Junnsgny coupling of the tin atom to the
a-protons of the R;M (M = Al or Ga) moiety was observed. The
13C spectra of the R,MOSnPh; compounds also confirm the
presence of various organic groups in these complexes.

Supplementary Material Available: Listings of complete bond distances
and bond angles, anisotropic thermal parameters for the heavy atoms,
hydrogen atom positional parameters, and torsion angles (4 pages).
Ordering information is given on any current masthead page.



