1886 Macromolecule2007,40, 1886-1890

Ring-Opening Polymerization a+Caprolactone by
Benzylalkoxybis(2,4,6-triisopropylphenyl)tin Compounds: Observation
of the Insertion Product into the Si©Me Bond

Daniela Pappalardo,*' Liana Annunziata,* Claudio Pellecchia?
Monique Biesemans} and Rudolph Willem®

Dipartimento di Studi Geologici ed Ambientali, Wersita del Sannio, Via Port’Arsa, 1-82100,
Beneento, Italy; Dipartimento di Chimica, Unérsitadi Salerno, Via Ponte don Melillo, 1-84084
Fisciano (SA), Italy; and High Resolution NMR Centre, Vrije Larsiteit Brussel, Pleinlaan 2, B-1050
Brussel, Belgium

Receied October 12, 2006; Resed Manuscript Receed January 10, 2007

ABSTRACT: Benzylmethoxybis(2,4,6-triisopropylphenyl){it) and benzylisopropoxybis(2,4,6-triisopropylphe-
nyhtin (2) were synthesized and characterized. Compofnexhibited good activity in the ring-opening
polymerization ok-caprolactone, in Aving fashion, under mild conditions. The polymerization was demonstrated
to proceed via ring-opening of the monomer at the aoydygen bond. The-caprolactone insertion product into
the Sn—-OCH; of the initiator was characterized, providing support for a “coordinatiosertion” mechanism.

Introduction initiator.® Theoretical works further support the mechanism for

The polymerization of cyclic esters is a convenient method the ROP of cyclic diesters in the presence of a stannous
for the synthesis of biodegradable and biocompatible polyesters,2-€thylhexanoate-based systé.
which have many applications in various areas such as Interestingly, the product formed by the reaction of two ring-
agriculture and medicinkePolycaprolactone (PCL) is one of —Openeds-butyrolactones and a hexameric alumoxane has been
the most promising synthetic polymers prone to degradation in Structurally characterize.
aqueous medium or by microorganisms, and therefore it can Several studies have also been devoted to the elucidation of
been used to make polymeric deviées. the polymerization mechanism efcaprolactoné&:'2-14 The

Various species including alkoxide and alkyl complexes of crystal structures of rare earth metal complexes witiapro-
aluminum3tin,45lanthanide$,and transition metaldave been  lactoné23and of a methylaluminium(bisphenoxided-capro-
used as initiators for the ring-opening polymerization (ROP) lactone compleX have been reported; the latter compound
of e-caprolactone, some having the ability to initiate a living formed an efficient catalytic system only upon addition of dry
polymerization. Current interest has been devoted to the designair. NMR studies of model reactions between a chelating
of well-defined ROP initiators, with the aim to control the diamide aluminum initiator ane-caprolactone showed that the
molecular weight and the polymer microstructure, enhance the initiation involves monomer insertion into the AN bond?®
catalytic activity, and limit deleterious transesterification reac- For tin-containing initiators, NMR analysis of the polymer end
tions. Single-site catalysts can be represented by the generafjroups has been so far the orihdirect proof to support the
formula L,MX, where M is the active center, X is the initiating  coordination-insertion mechanisrf.
group, generally an alkoxide, and, lre ancillary ligands not We recently reported the synthesis of tin(IV) compounds of
directly involved in the polymerization but able to tune the general formula TigSnR. (Tip = 2,4,6-triisopropylbenzene; R
properties of the metallic center and minimize the aggregation = alkyl, halogen) and studied their reactivity toward ionizing
processes and side reactions. agents and toward 1,4-butadiene, propylene oxide, caa-

In principle, the process is believed to occur via a coordina- prolactone’ The obtained cationic species were able to act as
tion—insertion mechanism, whereby the initiation proceeds by initiator in the ROP ofe-caprolactone. In order to establish
insertion of a monomer unit into the metallkoxide bond with whether a “coordinatiorinsertion” mechanism could be active
cleavage of the acyloxygen bond of the monomer. As already in this kind of system, we substituted an alkyl group for an
pointed out, despite the huge amount of catalytic systems for alkoxy group and studied the reactivity of the compounds in
cyclic esters polymerization, there is a paucity of structurally thee-caprolactone ring-opening polymerization. The results of
authenticated intermediate spedi€sTo our knowledge, only these studies are presented herein. Advanced NMR analysis of
for cyclic diesters a few examples have been reported as directthe polymer end groups and the characterization of the monomer
evidence of the coordinatierinsertion mechanism, i.e., tiel insertion product into the SrOMe bond both converge to the
NMR characterization of the insertion productmfactide into conclusion that the polymerization mechanism is a polyinsertion
the Al-OCH; bond of a porphyrin supported initiafoand the proceeding via acytoxygen bond cleavage of the monomer.
X-ray crystal structure of the intermediate formed by insertion
of lactide into the At-alkoxide bond of an organometallic  Results and Discussion

_ , o Synthesis of the ComplexesThe novel compounds benzyl-
:Sgir\;gfsg;é‘é?%aaﬁmgr- E-mail: pappalardo@unisannio.it. methoxybis(2,4,6-triisopropylphenyl)tifi) and benzylisopro-
* Universitadi Salerno. poxybis(2,4,6-triisopropylphenyl)tif2) were synthesized by
8 Vrije Universiteit Brussel. reaction of benzylbromobis(2,4,6-triisopropylphenybtime-
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Table 1. Polymerization of e-Caprolactone (CL) by Compound 1 " 5 B 0] N
e time[h]  yield[g] conv[%] Me®  MaMP Mo Howo\/\/\)LoA/v\[(OCHs
(0]

I 3 0.050 6.1 4756 1.1 4467 “n o
I 12 0.312 37.9 10 984 1.2 9721

I 18 0.400 48.5 18 341 1.3 14965 e o

v 24 0.710 86.2 27377 1.4 19 753

B+6
a Polymerization conditions: compouidd= 60xmol; toluene= 10 mL;
CL = 0.8 mL; temperature= 75 °C. P Determined by gel permeation Y
chromatography (GPCW, = weight-average molecular weight}, =
number-average molecular weight,/M, = molecular weight distribution.
¢ Determined bylH NMR Mn,NMR = [(1 + (ICHZOCdICHQOH))MWCL] +

Mwoch,:

spectively with sodium methoxide and sodium isoproproxide £

in tetrahydrofuran (THF) solution with good yield. The com- e )

pounds were fully characterized by 28, 1*C, and'!°sn NMR . : : : : . . .
spectroscopy in solution and mass spectroscopy (see Experi- 4.0 35 3.0 25 2.0 15 ppm
mental Section). Figure 1. 'H NMR spectrum (CDG) 25 °C) of polycaprolactone

CompoundLl is very stable as a solid in an inert atmosphere sample obtained using compoufidTable 1, run II).
but easily undergoes hydrolysis in solution in the presence of
adventitious water to give the species ;BgSnOH. The latter
species was characterized by NMR and IR analysis (see 207 .
Experimental Section). 1

Polymerization of e-Caprolactone. Living Character. The 15 1 L 15
reactivity of compoundd and2 in the ring-opening polymer- 5
ization ofe-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 ofe-caprolactone in dry toluene. 5 ‘_| | 5

Compound?2 was inactive as an initiator far-caprolactone . —
even at high temperature (11G). Probably the bulky isopropyl ]
aryl substituents and the bulky isopropoxy group prevent the 04 = -0
coordination of the monomer to the metal center. . . R —

The main results of the polymerization studies using com- 0 20 40 60 8 100
pound1l as the initiator are summarized in Table 1. Compound Conversion %

1 appeared poorly active at room temperature, but the activity Figure 2. Polymerization of-caprolactone initiated with compound
increases upon temperature increase, affording almost completd (for polymerization conditions see Table 1). Relationship between

PR L1 . number-average molecular weigiMl, (M) and molecular weight
monomer conversion in 24 h at 7& (dry toluene; 1:120 tin: distributionM./M, (O) and conversiorM, andM./M,, were determined

monomer molar ratio). The polymers, precipitated from the p el permeation chromatography GPC ¢80 tetrahydrofuran, 1 mL/
reaction solution by addition of hexane, were analyzed by gel min).

permeation chromatography (GPC) and by NMR (C§ClIhe
number of monomer units in the polymers was also assessedror instance, if the initiating group is an alkoxide, an ester
by 'H NMR analysis from the ratio between the methylene functionality will be generated as the polymer end group. The
resonance areas of the repeating urifsi 4.04 ppm and those  presence of the “initiating group” as the end group of the
of the end group units-CH,CH,OH (¢') at 3.62 ppm (Figure  polymer is therefore a clue for the insertion mechanism.
1). TheM; evaluated by NMR and thkl, measured by GPC In order to check this issue, we investigated the polymer end
agreed well (see Table 1). The obtained PCL showed alwaysgroups by NMR analysis of a suitable sample. In {HeNMR
narrow molecular weight distribution®(,/M, = 1.1-1.4). The spectrum of a typical PCL sample (Figure 1, CB)Ch addition
molecular weight distribution is kept narrow until almost to intense resonances assignable to the opesmagprolactone
complete monomer conversion and only broadens for longer units, minor resonances were assigned, according to literature
reaction times, when transesterification reactions become sig-data, to the polymer end groups. Diagnostic signals are a singlet
nificant. Such a behavior is compatible with the presence of a at 3.65 ppm, assigned to the methyl group of a methyl ester
highly selective active species. Consistently, polymerization function —COOCH3, generated via insertion of the monomer
screenings performed at 7& displayed a linear correlation  unit into the SA-OCHs bond with cleavage of the acybxygen
between the polymer molecular weight and the conversion, bond of the monomer, and a triplet at 3.62 ppm, associated with
evidencing the “living” character of the polymerization (Figure the methylene group at the hydroxyl end groa@H,CH,OH
2). (¢"), generated by hydrolysis of the polymer chain (Scheme 1).
Mechanism of Ring-Opening of the Monomer. Nature of Protic reagents were not added to the reaction mixture, but the
the End Groups. As generally assuméd, the first step of air moisture was enough to perform this hydroly3f€ NMR
e-caprolactone ROP “coordinatiefinsertion” mechanism is the  data confirmed these assignmett$he NMR analysis did not
formation of a coordination complex between the cyclic ester show any other end groups, such as benzylic or arylic. The PCL
and the initiator, through the interaction of the carbonyl group was formed by exclusive insertion of the monomer molecule
of the monomer with the metal. The second step is the insertion into the Sr-OMe bond, while the SAC bonds remain intact.
of the monomer into the metalinitiating group) bond with Therefore, a single polymer chain can grow for each molecule
selective cleavage of the aeybxygen bond of the monomer.  of tin-containing initiator. The presence of such end groups
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therefore constitutes an indirect proof for the monomer insertion 5,4 |
step of the mechanism.

Oligomerization of e-Caprolactone. Observation of the 0]
Insertion Product into the Sn—OMe Bond. In order to obtain 58
a low molecular weight sample;caprolactone was polymerized 60
in the presence of compouridat 75°C in dry toluene in a ]
1:60 tin:monomer molar ratio for 17 h. In order to avoid 62 T
deleterious hydrolysis reaction (see above), the quenching was ., | ) ) _— > -CH,OH
performed with dry hexane, and all the manipulations were 77N - Ti
performed under nitrogen (see Experimental Section). In this 66— N > TipB2SnOCH,
case, no precipitation was observed, but upon solvent removing g |
in vacuo, an oily product was obtained. 8 NMR spectrum

T T T
displayed, in addition to the main resonances assignable to PCL, 3-75 3.70 3.65 3.60 ppm
minor resonances due to tin(IV)-containing species with benzy! Figure 4. Part of!H—3C heteronuclear multiple quantum correlation
and triisopropylphenyl ligands, the aromatic resonances of which (HMQC) NMR  spectrum (CDG| 25 °C) of the e-caprolactone
are shifted upfield compared to those bf The 1190 NMR oligomerization mixture containinga.
spectrum no longer displays the signaté7.8 ppm belonging .
to the initiatorl, but three new resonances, all in the expected Methylene groupef) bound to the oxygen atom in the last
range for tetrahedral tin species, among which the oresat2 inserted unit (SrO—CH,—) and provides unambiguous evi-
ppm is the major one. Its resonance pattern appears compatiblg!€nce fore-caprolactone insertion into the S@CH; bond of
with the formulation benzylbis[2,4,6-triisopropylphenyl](L)tin- cc_)rrzlpltl)gusndl, prior to hydrolysis (Scherr]rje_ 1).' T?]'Z Spi%gm
(IV) (18), where “L” is a monoanionic ligand, replacing the wit n resonance ‘.%50'2 ppm €ex ibits in th H- >N
methoxy group of compound. In order to obtain more HMBC spectrum additional correlapon peaks with a singlet at
information on the nature of the fourth ligand L in compound 2.93 ppm, assigned to the benzylic protons of the I

1a, 2D spectra were recorded. The 2B—119Sn heteronuclear moiety, and the resonance around 6.9 ppm arising from_ the
multiple-bond-correlation (HMBC) spectrdfnexhibits a cor-  ydrogen atoms of trisopropylphenyl groups, further proving

relation peak between tH&%Sn resonance at50.2 ppmand a  ItS identity.

1H signal at 3.67 ppm, with &H—119Sn coupling splitting of To our knowledge this is the first direct observation of the
24.2 Hz (Figure 3). The 2DH—3C heteronuclear multiple ~ Product of the insertion of-caprolactone into a Sralkoxide
quantum correlation (HMQC) NMR spectrum (Figure 4) reveals bond of a ROP initiator. This result constitutesliaect prOOf

that the intricate signal at 3.7 ppm in théH NMR spectrum  that the insertion mechanism via aeylxygen bond cleavage

is a composite one, correlating with thr&€ NMR signals at IS operating in such a system.

51.7 ppm {H at 3.65 ppm), 62.7 ppmi at 3.62 ppm), and A second organotin species was also identifiedt@7.5 ppm
65.7 ppm {H at 3.67 ppm). The resonances at 51.7 and 62.7 in the*Sn NMR spectrum. This latter species was the prevalent
ppm are assigned respectively to the methyl ester end groupone in an oligomeric sample prepared in the presence of initiator
(—C(0O)OCH3) and to the—CH,OH end group of PCL, and 1 contaminated by TigBzSnOH. By the analysis of combined
therefore the corresponding protons do not show a correlationH, 12C, and!®Sn NMR spectra, the resonance-a7.5 ppm
cross-peak in théH—119Sn HMBC spectrum. The third signal  in the 11%Sn NMR spectrum has been assigned to the species
at 65.7 ppm, correlating with ¥ signal at 3.67 ppm, belongs,  Tip.BzSn—OOC(CH)sO(CO(CHy)s),—OOC(CH)4CH,OH (1h).
according to a distortionless enhancement by polarization The assignments were confirmed ¥y—13C and'H—11°Sn 2D
transfer DEPT-135 NMR analysis, to a methylene carbon, NMR spectra. The tin species-ab7.5 ppm showed, apart from
adjacent to an oxygen atom as suggested from the value of itscorrelations with benzyl and triisopylphenyl protons, a correla-
chemical shift. This correlation peak is thus assigned to the tion with protons at 2.25 ppm in ittH—11Sn HMBC NMR
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Figure 5. Part of'H—1%Sn heteronuclear multiple bond correlation (HMBC) NMR spectrum (GPZ3 °C, 1/(2y-sr) delay= 62.5 ms) of the
e-caprolactone oligomerization mixture containihl.

Scheme 2 recorded on Bruker Avance 400 (Avance 1) and 500 (Avance 2)
MHz spectrometers', 400.00 MHz;13C, 100.57 MHz;1%Sn,

o) o]
)J\/\/\/o OH 149.09 MHz andH, 500.13 MHz33C, 125.77 MHz119Sn, 186.49
H,CO o MHz, respectively). Thé1®Sn resonances were measured relative
© n to Sn(CH).. EI MS data were obtained with a Finnigan Thermo-

quest GCQ Plus 200 spectrometer using a direct insertion probe.
‘ Tip,BzSnOH Molecular weight and molar mass distribution of polymers were
measured by gel permeation chromatography (GPC) &€30sing

0 ;
Mo 0 OH THF as solvent, flow rate of eluant 1 mL/min, and narrow
Tip,BzSn ¢ polystyrene standards as reference. The measurement were per-
1b 0 n formed on a Waters 1525 binary system equipped with a Waters

2414 RI dztector using four Styragel columns (range 1000

. S 1000000 A). FTIR spectra with a resolution of 1 chwere
spectrum (Figure 5). Thgse protons had a correlation ifHhe recorded on a Bruker Vector 22 spectrometer, using solid samples
13C HMBC spectrum with a €O resonance at 177.8 ppm, i, kBr pellets.

meaning that they belonged to a methylene groups directly  genzyimethoxidebis(2,4,6-triisopropylphenyl)tin (1) Sodium
bound to a carbonyt-CH,CO—, thus confirming the structure  methoxide (100 mg, 1.85 mmol) was added to a stirred solution of
1b (see Supporting Information). SpeciHscan reasonably be  benzylbromobis(2,4,6-triisopropylphenyl)tin (750 mg, 1.08 mmol)
assumed to be generated by the transesterification reaction oin dry THF (50 mL) at room temperature. The solution was warmed
the polymer methyl ester end group with the ;BaSnOH to 50°C and stirred for 18 h. The solvent was removed in vacuo,
impurity, formed by hydrolysis of the initiator (Scheme2). and the product was extracted with dry hexane. The solvent was

Tip.BzSnOH was also identified as the third product in the oily rémoved in vacuo, and a white powder was obtained. Y4e&D0
rention Mixture. mg, 729%.H NMR (CDCh, 293 K): 6 = 0.94 (12H, d, CH(Ely),),

0.98 (12H, d, CH(El),), 1.18 (12H, d, CH(El3),), 2.75-2.85 (6H,
m, CH(CHa),), 2.96 (2H, s2J1%Sn—1H = 63.4 Hz, G4,Ph), 3.62
(3H, s,301195n—1H = 44.5 Hz, OGH5), 6.90 (4H, S4J1195n—1H =

Benzylmethoxybis(2,4,6-triisopropylphenyljtin(IV) was syn-  22.0 Hz, AH), 6.9-7.1 (5H, m, Ph)}3C NMR (CDCk, 293 K):
thesized and screened as an initiator in the ring-opening 9 = 24.1, 24.4, 25.0 (CH{Hs),), 32.2 CH2Ph), 34.3 p-CH(CHg)o),
polymerization of-caprolactone. The catalytic activity appeared  37-5 0-CH(CHy)o), 54.7 ((CH), 121.7 (ACH), 124.4, 128.3, 128.5
satisfactory, and the polymerization showelilzéng behavior. (PhC), 139.2, 150.5, 155.0 +(A@)' °Sn (CDCh, 293 K): 0 =
NMR analysis of the polymer end groups suggested that the —37.8. EI MSm/z = 647 [M]".

RIEAT . : . : : : The species TygBzSnOH, derived from the hydrolysis &f was
polymerization is achieved with a polyinsertion mechanism via identified as side productH NMR (CDCl, 25 °C): 6 = 0.37

acyl-oxygen bond clea\(age of the monomer. Th(_a _ir_lsertion (1H, s,23119Sn—1H = 26.4 Hz, Sn®1, CH(CHs),), 1.05 (12H, d,
product ofe-caprolactone into the SrOMe bond of the initiator - cy(cHy),), 1.19 (12H, d, CH(E),), 2.80-2.87 (6H, m, Gi(CHy)y),
was observed, unambiguously confirming the insertion mech- 2 95 (2H, s2J119%n-1H = 63.1 Hz, G4,Ph), 6.93 (4H, sAJ11%
anism. This product could be a model complex for the design Sn—1H = 22.4 Hz, AH), 7.0-7.1 (5H, m, Ph)13C NMR (CDCl,
of new high-performance single-site ROP catalyst systems. The293 K): 6 = 24.1, 24.5, 25.1 (CH{H3),), 31.3 CH,Ph), 37.5 ¢-
presence of different reactive/functional groups at both polymer CH(CHj),), 121.8 (ACH), 124.6, 128.1, 128.7 (PG}, 139.4, 139.8,
chain ends also makes it a versatile macroinitiator for the 150.5, 154.7 (Ar€). 1°Sn (CDC}, 293 K): 6 = —59.9. IR (KBr),
synthesis of new block copolymers etaprolactone. Work is ~ characteristic bandsy = 3599 cn* (stretching—OH); 563 cn*

in progress in order to develop these promising issues. (stretching SrO).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-
General Procedure.Sensitive materials were manipulated under pylphenyl)tin (582 mg, 0.76 mmol) in THF dry (40 mL) at°C.
nitrogen using Schlenk or glovebox techniques. Toluene, hexane, The resulting solution was allowed to reach room temperature and
and tetrahydrofuran (THF) were refluxed over sodium/benzophe- stirred for 18 h. The solvent was removed, and the product was
none and distilled under nitrogen prior to use. CP@hs distilled extracted with hexane. The solvent was removed by rotary
from CaH and stored over molecular sieves in a glovebox. All evaporation, and a light orange oil was obtained, crystallized in
reagents were purchased from Aldrich and used as received.methyl alcohol at-20°C (yield = 383 mg; 75%)H NMR (CDCl,,
e-Caprolactone was distilled in vacuum from Gaptior to use. 293 K): 6 = (24H, m, CH(H3),), 1.03 (6H, d, OCH(El3),), 1.19
The benzylbromobis(2,4,6-triisopropylphenyl)tin was synthesized (12H, d, CH(QH3),), 2.78-2.88 (6H, m, G1(CHa),), 2.95 (2H, s,
according to a previously reported procedtrBIMR spectra were 2J1198n-1H = 64.04 Hz, G1,Ph), 4.04 (1H, m, O8(CHy),), 6.86

Conclusions

Experimental Section
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(4H, s,%3119Sn—1H = 21.5 Hz, AH), 6.9-7.0 (5H, m, Ph)13C
NMR (CDCl, 293 K): 6 = 24.1, 24.5, 24.9 (CHTH3),), 27.6
(OCH(CHs)), 32.2 CH.Ph), 34.3 p-CH(CHsy),), 37.1 ©-CH-

(CHa),), 66.4 (QCH(CHs),), 121.7 (ACH), 124.3, 128.3, 128.6 (Ph-

C), 141.0, 142.1, 150.3, 155.4 (A). 1195n (CDCl,, 293 K): 6
= —62.0. El MSn/z = 617 [M—OCH(CH),] .

Polymerization Screening.The main results of the polymeri-
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626. (b) Gibson, C.; Marshall, E. L. Il@omprehensie Coordination
Chemistry || Elsevier: Amsterdam, 2004; Vol. 9, p 1. (c) Dechy-
Cabaret, O.; Martin-Vaca, B.; Bourissou, Dhem. Re. 2004 104,
6147-6176.

(2) Jarrett, P.; Benedict, C.; Bell, J. P.; Cameron, J. A; Huang, S. J. In

Polymers as BiomaterialShalaby, S. W., et al., Eds.; Plenum Press:
New York, 1984; pp 181192.

zation tests are summarized in Table 1. Polymerization tests were (3) (&) Nomura, N.; Aoyama, T.; Ishii, R. Kondo, Macromolecules

carried out in dry nitrogen by dissolving the appropriate amount
of compoundl in dry toluene and the selected amount of
e-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 Il) was conducted

by dissolving 40 mg (6@mol) of compoundLl in a mixture of dry

toluene (10 mL) and oé-caprolactone (0.8 mL, 7.2 mmol). The

solution was warmed to 78C and stirred for 12 h. After this

time, the solution was cooled to room temperature, and 60 mL of

2005 38, 5363-5366. (b) Chen, C.; Huang, C.; Huang, Racro-
molecule2004 37, 7968-7973. (c) Milione, S.; Grisi, F.; Centore,
R.; Tuzi, A. Organometallic2006 25, 266—274.

(4) (a) Lecomte, P.; Stassin, F.; JeromeMacromol. Symp2004 215,

325-338. (b) Deshayes, G.; Poelmans, K.; Verbruggen, |.; Camacho-
Camacho, C.; De€ge P.; Pinoie, V.; Martins, J. C.; Piotto, M,;
Biesemans, M.; Willem, R.; Dubois, REhem—Eur. J. 2005 11,
4552-4561.

(5) Deshayes, G.; Mercier, F.; Degee, P.; Verbruggen, |.; Biesemans, M.;

Willem, R.; Dubois, PChem—Eur. J. 2003 9, 4346-4352.

hexane was added. The polymer was filtered and dried in vacuo (6) Shen, Y.; Shen, Z.; Zhang, Y.: Yao, Klacromoleculesl996 29

(yield = 0.312 g).2H NMR (CDCl,, 25°C): 6 = 1.34 (m, 2H,
~CHy—), 1.62 (M, 4H,~CH,—), 2.29 (t, 2H,~CH,C(0)O-), 4.04
(t, 2H, —CH,0C(O)-), 3.62 (t, 2H,—CH,OH), 3.65 (s, 3H, -C(O)-
OCHs). 3C NMR (CDCk, 25 °C): 6 = 24.7, 25.7, 28.5, 34.3,
64.3 (-OCO(CH)s—), 51.7 (-C(O)OCHs), 62.7 (-CH,OH), 173.7

8289-8295. (b) Nishiura, M.; Hou, Z.; Koizumi, T.; Immoto, T.;
Wakatsuki, Y.Macromoleculed 999 32, 8245-8251. (c) Kerton, F.;
Withwood, A.; Williams, C.Dalton Trans.2004 2237-2244. (d)
Barnea, E.; Moradove, D.; Berthet, J.-C.; Ephiritikhine, M.; Eisen,
M. S. Organometallic2006 25, 320—-322.
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7,887—-889. (d) Chen, M.; Sun, H.; Li, W.; Wang, Z.; Shen, Q.; Zhang,

(—COO-). GPC data:M,, = 10 984;M,/M, = 1.2.
Oligomerization Reaction. The reaction was performed as

above, but using 49 mg (76mol) of compoundl at 75°C in a

mixture of dry toluene (10 mL) and 0.5 mL efcaprolactone for

17 h. After addition of dry hexane (60 mL), no insoluble products Y. J. Organomet. Chen2006 691, 24892494,

were observed. The solvent was removed in vacuo from the (8) Trofimoff, L.: Aida, T.: Inoue, SChem. Lett1987, 991-994

polymerization solution, obtaining an oily white product (70 mg), o C $ : o C

which was further characterized by NMR. All the manipulations ~ (9) Lewinski, J.; Horeglad, P.; Wojcik, K.; Justyniak drganometallics

were performed under nitrogen, using Schlenk or glovebox 2005 24, 4588-4593.

techniques. (10) Ryner, M,; Stridsberg, K.; Albertsson, A.; von Schenck, H.; Svensson,
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