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ABSTRACT: Benzylmethoxybis(2,4,6-triisopropylphenyl)tin(1) and benzylisopropoxybis(2,4,6-triisopropylphe-
nyl)tin (2) were synthesized and characterized. Compound1 exhibited good activity in the ring-opening
polymerization ofε-caprolactone, in aliVing fashion, under mild conditions. The polymerization was demonstrated
to proceed via ring-opening of the monomer at the acyl-oxygen bond. Theε-caprolactone insertion product into
the Sn-OCH3 of the initiator was characterized, providing support for a “coordination-insertion” mechanism.

Introduction

The polymerization of cyclic esters is a convenient method
for the synthesis of biodegradable and biocompatible polyesters,
which have many applications in various areas such as
agriculture and medicine.1 Polycaprolactone (PCL) is one of
the most promising synthetic polymers prone to degradation in
aqueous medium or by microorganisms, and therefore it can
been used to make polymeric devices.2

Various species including alkoxide and alkyl complexes of
aluminum,3 tin,4,5 lanthanides,6 and transition metals7 have been
used as initiators for the ring-opening polymerization (ROP)
of ε-caprolactone, some having the ability to initiate a living
polymerization. Current interest has been devoted to the design
of well-defined ROP initiators, with the aim to control the
molecular weight and the polymer microstructure, enhance the
catalytic activity, and limit deleterious transesterification reac-
tions. Single-site catalysts can be represented by the general
formula LnMX, where M is the active center, X is the initiating
group, generally an alkoxide, and Ln are ancillary ligands not
directly involved in the polymerization but able to tune the
properties of the metallic center and minimize the aggregation
processes and side reactions.

In principle, the process is believed to occur via a coordina-
tion-insertion mechanism, whereby the initiation proceeds by
insertion of a monomer unit into the metal-alkoxide bond with
cleavage of the acyl-oxygen bond of the monomer. As already
pointed out, despite the huge amount of catalytic systems for
cyclic esters polymerization, there is a paucity of structurally
authenticated intermediate species.8,9 To our knowledge, only
for cyclic diesters a few examples have been reported as direct
evidence of the coordination-insertion mechanism, i.e., the1H
NMR characterization of the insertion product ofD-lactide into
the Al-OCH3 bond of a porphyrin supported initiator8 and the
X-ray crystal structure of the intermediate formed by insertion
of lactide into the Al-alkoxide bond of an organometallic

initiator.9 Theoretical works further support the mechanism for
the ROP of cyclic diesters in the presence of a stannous
2-ethylhexanoate-based system.10

Interestingly, the product formed by the reaction of two ring-
openedâ-butyrolactones and a hexameric alumoxane has been
structurally characterized.11

Several studies have also been devoted to the elucidation of
the polymerization mechanism ofε-caprolactone.5,12-14 The
crystal structures of rare earth metal complexes withε-capro-
lactone12,13and of a methylaluminium(bisphenoxide)-ε-capro-
lactone complex14 have been reported; the latter compound
formed an efficient catalytic system only upon addition of dry
air. NMR studies of model reactions between a chelating
diamide aluminum initiator andε-caprolactone showed that the
initiation involves monomer insertion into the Al-N bond.15

For tin-containing initiators, NMR analysis of the polymer end
groups has been so far the onlyindirect proof to support the
coordination-insertion mechanism.16

We recently reported the synthesis of tin(IV) compounds of
general formula Tip2SnR2 (Tip ) 2,4,6-triisopropylbenzene; R
) alkyl, halogen) and studied their reactivity toward ionizing
agents and toward 1,4-butadiene, propylene oxide, andε-ca-
prolactone.17 The obtained cationic species were able to act as
initiator in the ROP ofε-caprolactone. In order to establish
whether a “coordination-insertion” mechanism could be active
in this kind of system, we substituted an alkyl group for an
alkoxy group and studied the reactivity of the compounds in
theε-caprolactone ring-opening polymerization. The results of
these studies are presented herein. Advanced NMR analysis of
the polymer end groups and the characterization of the monomer
insertion product into the Sn-OMe bond both converge to the
conclusion that the polymerization mechanism is a polyinsertion
proceeding via acyl-oxygen bond cleavage of the monomer.

Results and Discussion

Synthesis of the Complexes. The novel compounds benzyl-
methoxybis(2,4,6-triisopropylphenyl)tin(1) and benzylisopro-
poxybis(2,4,6-triisopropylphenyl)tin(2) were synthesized by
reaction of benzylbromobis(2,4,6-triisopropylphenyl)tin17 re-
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spectively with sodium methoxide and sodium isoproproxide
in tetrahydrofuran (THF) solution with good yield. The com-
pounds were fully characterized by 1D1H, 13C, and119Sn NMR
spectroscopy in solution and mass spectroscopy (see Experi-
mental Section).

Compound1 is very stable as a solid in an inert atmosphere
but easily undergoes hydrolysis in solution in the presence of
adventitious water to give the species Tip2BzSnOH. The latter
species was characterized by NMR and IR analysis (see
Experimental Section).

Polymerization of ε-Caprolactone. Living Character. The
reactivity of compounds1 and2 in the ring-opening polymer-
ization ofε-caprolactone was studied. Polymerization screening
was performed under a nitrogen atmosphere by dissolving the
proper amount of the initiator in a solution of the selected
amount ofε-caprolactone in dry toluene.

Compound2 was inactive as an initiator forε-caprolactone
even at high temperature (110°C). Probably the bulky isopropyl
aryl substituents and the bulky isopropoxy group prevent the
coordination of the monomer to the metal center.

The main results of the polymerization studies using com-
pound1 as the initiator are summarized in Table 1. Compound
1 appeared poorly active at room temperature, but the activity
increases upon temperature increase, affording almost complete
monomer conversion in 24 h at 75°C (dry toluene; 1:120 tin:
monomer molar ratio). The polymers, precipitated from the
reaction solution by addition of hexane, were analyzed by gel
permeation chromatography (GPC) and by NMR (CDCl3). The
number of monomer units in the polymers was also assessed
by 1H NMR analysis from the ratio between the methylene
resonance areas of the repeating units (ε) at 4.04 ppm and those
of the end group units-CH2CH2OH (ε′) at 3.62 ppm (Figure
1). TheMn evaluated by NMR and theMn measured by GPC
agreed well (see Table 1). The obtained PCL showed always
narrow molecular weight distributions (Mw/Mn ) 1.1-1.4). The
molecular weight distribution is kept narrow until almost
complete monomer conversion and only broadens for longer
reaction times, when transesterification reactions become sig-
nificant. Such a behavior is compatible with the presence of a
highly selective active species. Consistently, polymerization
screenings performed at 75°C displayed a linear correlation
between the polymer molecular weight and the conversion,
evidencing the “living” character of the polymerization (Figure
2).

Mechanism of Ring-Opening of the Monomer. Nature of
the End Groups. As generally assumed,16 the first step of
ε-caprolactone ROP “coordination-insertion” mechanism is the
formation of a coordination complex between the cyclic ester
and the initiator, through the interaction of the carbonyl group
of the monomer with the metal. The second step is the insertion
of the monomer into the metal-(initiating group) bond with
selective cleavage of the acyl-oxygen bond of the monomer.

For instance, if the initiating group is an alkoxide, an ester
functionality will be generated as the polymer end group. The
presence of the “initiating group” as the end group of the
polymer is therefore a clue for the insertion mechanism.

In order to check this issue, we investigated the polymer end
groups by NMR analysis of a suitable sample. In the1H NMR
spectrum of a typical PCL sample (Figure 1, CDCl3), in addition
to intense resonances assignable to the openedε-caprolactone
units, minor resonances were assigned, according to literature
data, to the polymer end groups. Diagnostic signals are a singlet
at 3.65 ppm, assigned to the methyl group of a methyl ester
function -COOCH3, generated via insertion of the monomer
unit into the Sn-OCH3 bond with cleavage of the acyl-oxygen
bond of the monomer, and a triplet at 3.62 ppm, associated with
the methylene group at the hydroxyl end group-CH2CH2OH
(ε′), generated by hydrolysis of the polymer chain (Scheme 1).
Protic reagents were not added to the reaction mixture, but the
air moisture was enough to perform this hydrolysis.13C NMR
data confirmed these assignments.16 The NMR analysis did not
show any other end groups, such as benzylic or arylic. The PCL
was formed by exclusive insertion of the monomer molecule
into the Sn-OMe bond, while the Sn-C bonds remain intact.
Therefore, a single polymer chain can grow for each molecule
of tin-containing initiator. The presence of such end groups

Table 1. Polymerization ofE-Caprolactone (CL) by Compound 1

runa time [h] yield [g] conv [%] Mw
b Mw/Mn

b Mn,NMR
c

I 3 0.050 6.1 4 756 1.1 4 467
II 12 0.312 37.9 10 984 1.2 9 721
III 18 0.400 48.5 18 341 1.3 14 965
IV 24 0.710 86.2 27 377 1.4 19 753

a Polymerization conditions: compound1 ) 60µmol; toluene) 10 mL;
CL ) 0.8 mL; temperature) 75 °C. b Determined by gel permeation
chromatography (GPC);Mw ) weight-average molecular weight,Mn )
number-average molecular weight,Mw/Mn ) molecular weight distribution.
c Determined by1H NMR Mn,NMR ) [(1 + (ICH2OCO/ICH2OH))MwCL] +
MwOCH3.

Figure 1. 1H NMR spectrum (CDCl3, 25 °C) of polycaprolactone
sample obtained using compound1 (Table 1, run II).

Figure 2. Polymerization ofε-caprolactone initiated with compound
1 (for polymerization conditions see Table 1). Relationship between
number-average molecular weightMn (9) and molecular weight
distributionMw/Mn (O) and conversion.Mn andMw/Mn were determined
by gel permeation chromatography GPC (30°C, tetrahydrofuran, 1 mL/
min).
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therefore constitutes an indirect proof for the monomer insertion
step of the mechanism.

Oligomerization of ε-Caprolactone. Observation of the
Insertion Product into the Sn-OMe Bond. In order to obtain
a low molecular weight sample,ε-caprolactone was polymerized
in the presence of compound1 at 75 °C in dry toluene in a
1:60 tin:monomer molar ratio for 17 h. In order to avoid
deleterious hydrolysis reaction (see above), the quenching was
performed with dry hexane, and all the manipulations were
performed under nitrogen (see Experimental Section). In this
case, no precipitation was observed, but upon solvent removing
in vacuo, an oily product was obtained. Its1H NMR spectrum
displayed, in addition to the main resonances assignable to PCL,
minor resonances due to tin(IV)-containing species with benzyl
and triisopropylphenyl ligands, the aromatic resonances of which
are shifted upfield compared to those of1. The 119Sn NMR
spectrum no longer displays the signal at-37.8 ppm belonging
to the initiator1, but three new resonances, all in the expected
range for tetrahedral tin species, among which the one at-50.2
ppm is the major one. Its resonance pattern appears compatible
with the formulation benzylbis[2,4,6-triisopropylphenyl](L)tin-
(IV) (1a), where “L” is a monoanionic ligand, replacing the
methoxy group of compound1. In order to obtain more
information on the nature of the fourth ligand L in compound
1a, 2D spectra were recorded. The 2D1H-119Sn heteronuclear
multiple-bond-correlation (HMBC) spectrum18 exhibits a cor-
relation peak between the119Sn resonance at-50.2 ppm and a
1H signal at 3.67 ppm, with a1H-119Sn coupling splitting of
24.2 Hz (Figure 3). The 2D1H-13C heteronuclear multiple
quantum correlation (HMQC) NMR spectrum (Figure 4) reveals
that the intricate signal at 3.6-3.7 ppm in the1H NMR spectrum
is a composite one, correlating with three13C NMR signals at
51.7 ppm (1H at 3.65 ppm), 62.7 ppm (1H at 3.62 ppm), and
65.7 ppm (1H at 3.67 ppm). The resonances at 51.7 and 62.7
ppm are assigned respectively to the methyl ester end group
(-C(O)OCH3) and to the-CH2OH end group of PCL, and
therefore the corresponding protons do not show a correlation
cross-peak in the1H-119Sn HMBC spectrum. The third signal
at 65.7 ppm, correlating with a1H signal at 3.67 ppm, belongs,
according to a distortionless enhancement by polarization
transfer DEPT-135 NMR analysis, to a methylene carbon,
adjacent to an oxygen atom as suggested from the value of its
chemical shift. This correlation peak is thus assigned to the

methylene group (ε*) bound to the oxygen atom in the last
inserted unit (Sn-O-CH2-) and provides unambiguous evi-
dence forε-caprolactone insertion into the Sn-OCH3 bond of
compound1, prior to hydrolysis (Scheme 1). This species1a
with 119Sn resonance at-50.2 ppm exhibits in the1H-119Sn
HMBC spectrum additional correlation peaks with a singlet at
2.93 ppm, assigned to the benzylic protons of the SnCH2Ph
moiety, and the resonance around 6.9 ppm arising from the
hydrogen atoms of triisopropylphenyl groups, further proving
its identity.

To our knowledge this is the first direct observation of the
product of the insertion ofε-caprolactone into a Sn-alkoxide
bond of a ROP initiator. This result constitutes adirect proof
that the insertion mechanism via acyl-oxygen bond cleavage
is operating in such a system.

A second organotin species was also identified at-67.5 ppm
in the119Sn NMR spectrum. This latter species was the prevalent
one in an oligomeric sample prepared in the presence of initiator
1 contaminated by Tip2BzSnOH. By the analysis of combined
1H, 13C, and119Sn NMR spectra, the resonance at-67.5 ppm
in the 119Sn NMR spectrum has been assigned to the species
Tip2BzSn-OOC(CH2)5O(CO(CH2)5)n-OOC(CH2)4CH2OH (1b).
The assignments were confirmed by1H-13C and1H-119Sn 2D
NMR spectra. The tin species at-67.5 ppm showed, apart from
correlations with benzyl and triisopylphenyl protons, a correla-
tion with protons at 2.25 ppm in its1H-119Sn HMBC NMR

Scheme 1

Figure 3. Part of 1H-119Sn heteronuclear multiple bond correlation
(HMBC) NMR spectrum (CDCl3, 25 °C, 1/(2JH-Sn) delay) 10.0 ms)
of the ε-caprolactone oligomerization mixture containing1a.

Figure 4. Part of1H-13C heteronuclear multiple quantum correlation
(HMQC) NMR spectrum (CDCl3, 25 °C) of the ε-caprolactone
oligomerization mixture containing1a.
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spectrum (Figure 5). These protons had a correlation in the1H-
13C HMBC spectrum with a CdO resonance at 177.8 ppm,
meaning that they belonged to a methylene groups directly
bound to a carbonyl-CH2CO-, thus confirming the structure
1b (see Supporting Information). Species1b can reasonably be
assumed to be generated by the transesterification reaction of
the polymer methyl ester end group with the Tip2BzSnOH
impurity, formed by hydrolysis of the initiator (Scheme 2).19

Tip2BzSnOH was also identified as the third product in the oily
reaction mixture.

Conclusions

Benzylmethoxybis(2,4,6-triisopropylphenyl)tin(IV) was syn-
thesized and screened as an initiator in the ring-opening
polymerization ofε-caprolactone. The catalytic activity appeared
satisfactory, and the polymerization showed aliVing behavior.
NMR analysis of the polymer end groups suggested that the
polymerization is achieved with a polyinsertion mechanism via
acyl-oxygen bond cleavage of the monomer. The insertion
product ofε-caprolactone into the Sn-OMe bond of the initiator
was observed, unambiguously confirming the insertion mech-
anism. This product could be a model complex for the design
of new high-performance single-site ROP catalyst systems. The
presence of different reactive/functional groups at both polymer
chain ends also makes it a versatile macroinitiator for the
synthesis of new block copolymers ofε-caprolactone. Work is
in progress in order to develop these promising issues.

Experimental Section

General Procedure.Sensitive materials were manipulated under
nitrogen using Schlenk or glovebox techniques. Toluene, hexane,
and tetrahydrofuran (THF) were refluxed over sodium/benzophe-
none and distilled under nitrogen prior to use. CDCl3 was distilled
from CaH2 and stored over molecular sieves in a glovebox. All
reagents were purchased from Aldrich and used as received.
ε-Caprolactone was distilled in vacuum from CaH2 prior to use.
The benzylbromobis(2,4,6-triisopropylphenyl)tin was synthesized
according to a previously reported procedure.17 NMR spectra were

recorded on Bruker Avance 400 (Avance 1) and 500 (Avance 2)
MHz spectrometers (1H, 400.00 MHz;13C, 100.57 MHz;119Sn,
149.09 MHz and1H, 500.13 MHz;13C, 125.77 MHz;119Sn, 186.49
MHz, respectively). The119Sn resonances were measured relative
to Sn(CH3)4. EI MS data were obtained with a Finnigan Thermo-
quest GCQ Plus 200 spectrometer using a direct insertion probe.
Molecular weight and molar mass distribution of polymers were
measured by gel permeation chromatography (GPC) at 30°C, using
THF as solvent, flow rate of eluant 1 mL/min, and narrow
polystyrene standards as reference. The measurement were per-
formed on a Waters 1525 binary system equipped with a Waters
2414 RI detector using four Styragel columns (range 1000-
1 000 000 Å). FTIR spectra with a resolution of 1 cm-1 were
recorded on a Bruker Vector 22 spectrometer, using solid samples
in KBr pellets.

Benzylmethoxidebis(2,4,6-triisopropylphenyl)tin (1).Sodium
methoxide (100 mg, 1.85 mmol) was added to a stirred solution of
benzylbromobis(2,4,6-triisopropylphenyl)tin (750 mg, 1.08 mmol)
in dry THF (50 mL) at room temperature. The solution was warmed
to 50 °C and stirred for 18 h. The solvent was removed in vacuo,
and the product was extracted with dry hexane. The solvent was
removed in vacuo, and a white powder was obtained. Yield) 500
mg, 72%.1H NMR (CDCl3, 293 K): δ ) 0.94 (12H, d, CH(CH3)2),
0.98 (12H, d, CH(CH3)2), 1.18 (12H, d, CH(CH3)2), 2.75-2.85 (6H,
m, CH(CH3)2), 2.96 (2H, s,2J119Sn-1H ) 63.4 Hz, CH2Ph), 3.62
(3H, s,3J119Sn-1H ) 44.5 Hz, OCH3), 6.90 (4H, s,4J119Sn-1H )
22.0 Hz, ArH), 6.9-7.1 (5H, m, Ph).13C NMR (CDCl3, 293 K):
δ ) 24.1, 24.4, 25.0 (CH(CH3)2), 32.2 (CH2Ph), 34.3 (p-CH(CH3)2),
37.5 (o-CH(CH3)2), 54.7 (OCH3), 121.7 (ArCH), 124.4, 128.3, 128.5
(Ph-C), 139.2, 150.5, 155.0 (Ar-C). 119Sn (CDCl3, 293 K): δ )
-37.8. EI MSm/z ) 647 [M]+.

The species Tip2BzSnOH, derived from the hydrolysis of1, was
identified as side product.1H NMR (CDCl3, 25 °C): δ ) 0.37
(1H, s, 2J119Sn-1H ) 26.4 Hz, SnOH, CH(CH3)2), 1.05 (12H, d,
CH(CH3)2), 1.19 (12H, d, CH(CH3)2), 2.80-2.87 (6H, m, CH(CH3)2),
2.95 (2H, s,2J119Sn-1H ) 63.1 Hz, CH2Ph), 6.93 (4H, s,4J119-
Sn-1H ) 22.4 Hz, ArH), 7.0-7.1 (5H, m, Ph).13C NMR (CDCl3,
293 K): δ ) 24.1, 24.5, 25.1 (CH(CH3)2), 31.3 (CH2Ph), 37.5 (o-
CH(CH3)2), 121.8 (ArCH), 124.6, 128.1, 128.7 (Ph-C), 139.4, 139.8,
150.5, 154.7 (Ar-C). 119Sn (CDCl3, 293 K): δ ) -59.9. IR (KBr),
characteristic bands:ν ) 3599 cm-1 (stretching-OH); 563 cm-1

(stretching Sn-O).20

Benzylisopropoxidebis(2,4,6-triisopropylphenyl)tin (2). So-
dium isoproproxide (THF solution, 0.261 M, 3.5 mL, 0.91 mmol)
was added to a stirred solution of benzylbromobis(2,4,6-triisopro-
pylphenyl)tin (582 mg, 0.76 mmol) in THF dry (40 mL) at 0°C.
The resulting solution was allowed to reach room temperature and
stirred for 18 h. The solvent was removed, and the product was
extracted with hexane. The solvent was removed by rotary
evaporation, and a light orange oil was obtained, crystallized in
methyl alcohol at-20°C (yield) 383 mg; 75%).1H NMR (CDCl3,
293 K): δ ) (24H, m, CH(CH3)2), 1.03 (6H, d, OCH(CH3)2), 1.19
(12H, d, CH(CH3)2), 2.78-2.88 (6H, m, CH(CH3)2), 2.95 (2H, s,
2J119Sn-1H ) 64.04 Hz, CH2Ph), 4.04 (1H, m, OCH(CH3)2), 6.86

Figure 5. Part of1H-119Sn heteronuclear multiple bond correlation (HMBC) NMR spectrum (CDCl3, 25 °C, 1/(2JH-Sn) delay) 62.5 ms) of the
ε-caprolactone oligomerization mixture containing1b.

Scheme 2
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(4H, s, 4J119Sn-1H ) 21.5 Hz, ArH), 6.9-7.0 (5H, m, Ph).13C
NMR (CDCl3, 293 K): δ ) 24.1, 24.5, 24.9 (CH(CH3)2), 27.6
(OCH(CH3)2), 32.2 (CH2Ph), 34.3 (p-CH(CH3)2), 37.1 (o-CH-
(CH3)2), 66.4 (OCH(CH3)2), 121.7 (ArCH), 124.3, 128.3, 128.6 (Ph-
C), 141.0, 142.1, 150.3, 155.4 (Ar-C). 119Sn (CD2Cl2, 293 K): δ
) -62.0. EI MSm/z ) 617 [M-OCH(CH3)2]+.

Polymerization Screening.The main results of the polymeri-
zation tests are summarized in Table 1. Polymerization tests were
carried out in dry nitrogen by dissolving the appropriate amount
of compound 1 in dry toluene and the selected amount of
ε-caprolactone. The reaction mixture was quenched by addition of
hexane. The polymer was filtered and dried in vacuo.

A typical polymerization test (Table 1, run II) was conducted
by dissolving 40 mg (60µmol) of compound1 in a mixture of dry
toluene (10 mL) and ofε-caprolactone (0.8 mL, 7.2 mmol). The
solution was warmed to 75°C and stirred for 12 h. After this
time, the solution was cooled to room temperature, and 60 mL of
hexane was added. The polymer was filtered and dried in vacuo
(yield ) 0.312 g).1H NMR (CDCl3, 25 °C): δ ) 1.34 (m, 2H,
-CH2-), 1.62 (m, 4H,-CH2-), 2.29 (t, 2H,-CH2C(O)O-), 4.04
(t, 2H,-CH2OC(O)-), 3.62 (t, 2H,-CH2OH), 3.65 (s, 3H, -C(O)-
OCH3). 13C NMR (CDCl3, 25 °C): δ ) 24.7, 25.7, 28.5, 34.3,
64.3 (-OCO(CH2)5-), 51.7 (-C(O)OCH3), 62.7 (-CH2OH), 173.7
(-COO-). GPC data:Mw ) 10 984;Mw/Mn ) 1.2.

Oligomerization Reaction. The reaction was performed as
above, but using 49 mg (76µmol) of compound1 at 75 °C in a
mixture of dry toluene (10 mL) and 0.5 mL ofε-caprolactone for
17 h. After addition of dry hexane (60 mL), no insoluble products
were observed. The solvent was removed in vacuo from the
polymerization solution, obtaining an oily white product (70 mg),
which was further characterized by NMR. All the manipulations
were performed under nitrogen, using Schlenk or glovebox
techniques.

Species 1a.1H NMR (CDCl3, 25 °C): δ ) 0.92 (12H, d, CH-
(CH3)2), 0.96 (12H, d, CH(CH3)2), 1.19 (12H, d, CH(CH3)2), 2.80-
2.85 (6H, m, CH(CH3)2), 2.93 (2H, s,2J119Sn-1H ) 63.1 Hz,
CH2Ph), 3.67 (2H, m,3J119Sn-1H ) 24.2 Hz, SnOCH2-), 6.89
(4H, s, 4J119Sn-1H ) 21.9 Hz, ArH), 6.9-7.1 (5H, m, Ph).13C
NMR (CDCl3, 293 K): δ ) 24.3, 24.8 (CH(CH3)2), 30.2 (CH2Ph),
37.3 (o-CH(CH3)2), 65.1 (SnOCH2-), 121.7 (ArCH), 124.4, 128.3,
128.5 (Ph-C), 139.3, 150.3, 155.0 (Ar-C). 119Sn (CDCl3, 293 K):
δ ) -50.2.

Species 1b.1H NMR (CDCl3, 25 °C): δ ) 0.90, (12H, d, CH-
(CH3)2), 1.02 (12H, d, CH(CH3)2), 1.16 (12H, d, CH(CH3)2), 2.25
(2H, m, Sn-OOCCH2(CH2)4-), 2.69 and 2.80 (6H, m, CH(CH3)2),
3.20 (2H, s,2J119Sn-1H ) 69.4 Hz, CH2Ph), 6.90 (4H, s, ArH),
7.00-7.15 (5H, m, Ph).13C NMR, selected resonances (CDCl3,
293 K): δ ) 33.0 (CH2Ph), 35.9 (Sn-OOCCH2(CH2)4-), 38.0
(CH(CH3)2), 122.0 (ArCH), 124.8, 128.2, 128.5 (Ph-C), 138.9,
140.0, 154.3 (Ar-C), 177.8 (Sn-OOCCH2(CH2)4-). 119Sn (CDCl3,
293 K): δ ) -67.5.
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