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Supporting information 

General Methods. All reactions were carried out under a dry and oxygen-free argon atmosphere by 

using Schlenk techniques or under a nitrogen atmosphere in an MBraun glovebox. Solvents were 

purified by an MBraun SPS system. Ligands were synthesized according to modified literature 

procedures.1 The phenols and amines were purchased from Aldrich or Fluka. All liquids were dried over 

4 Å molecular sieves for a week and distilled before use, and solid materials were used without 

purification. The synthesis of Salan lutetium complex 1 and complex 2 followed our previously 

established method.2 5-Methyl-5-allyloxycarbonyl-1,3-dioxan-2-one (MAC) was synthesized as 

reported, recrystallized three times before use and dried over CaH2 in dry THF.3 

Instruments and Measurements. Organometallic samples for NMR spectroscopic measurements 

were prepared in a glove box by use of NMR tubes and then sealed by paraffin film. 1H, 13C NMR 

spectra were recorded on a Bruker AV400 (FT, 400 MHz for 1H; 100 MHz for 13C) spectrometer. NMR 

assignments were confirmed by 1H-1H (COSY), 1H-13C (HMQC), and 13C NMR (DEPT) experiments 

when necessary. Polymer characterizations were carried out by combining a Waters 515 GPC 

instrument with multiangle laser light scattering (MALLS) apparatus at 25 °C. The system included 

Styragel HMW6E column, a 515 HPLC pump, an OPTILAB DSP RI detector, and a DAWN EOS 

multiangle laser-light scattering (MALLS) detector at a laser wavelength of 690 nm (from Wyatt 

Technology). One guard column and three 30 cm columns were used for polymer fractionation. HPLC-

grade DMF was used as the mobile phase at a flow rate of 0.5 mL/min. The whole system, including 

columns and detectors, was maintained at 25 °C. Polymers solutions with a concentration between 8.0 
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and 10.0 mg/mL were injected into the columns at an injection volume of 200 μL. Astra software from 

Wyatt Technology was used to collect and analyze the data from the detectors. The differential 

refractive index (DRI) increment (dn/dc) value of 0.051 mL/g was used for all obtained star polylactide. 

Experiments  

Synthesis of Complex 1. To a hexane (5 mL) solution of Lu(CH2SiMe3)3(THF)2 (0.2 g, 0.34 mmol) 

was added an equimolar amount of N,N,O,O-multidentate Salan ligands (0.18 g, 0.37 mmol, in 10 mL 

of hexane). The reaction mixture was stirred at -30 °C for 12 h. Removal of the volatiles afforded a 

residue, which was carefully washed with cold hexane to remove non reacted lanthanide tris(alkyl)s and 

then cooled to -30 °C again. White solids of complex 1 deposited on the bottom of the flask in 1 day 

(0.22 g, 75%). 1H NMR (300 MHz, Tol-d8, 25 °C): δ H 7.54 (2 H, d, JHH = 2.4, C6H2), 7.08 (2 H, d, JHH 

= 2.4, C6H2), 3.92 (4 H, br, THF), 3.76 (2 H, d, JHH = 12.4, ArCH2N), 2.89 (2 H, d, JHH = 12.4, 

ArCH2N), 2.31 (2 H, br, N(CH2)2N), 1.74 (18 H, s, C(CH3)3), 1.72 (6 H, s, N(CH3)3), 1.57 (2 H, br, 

N(CH2)2N), 1.44 (18 H, s, C(CH3)3), 1.28 (4 H, br, THF), 0.43 (9 H, s, CH2SiMe3), -0.54 (2 H, d, JLuH = 

3.0, CH2SiMe3). 
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Synthesis of Complex 2. To a THF (2.5ml) solution of complex 1 (0.50g, 0.58 mmol) was dropwise 

added 1/3 equivalent TEA (0.029g, 0.19 mmol, in 2.5ml THF) slowly. After being stirred at 25 °C for 

10 minutes, volatiles were then removed in vacuo to give complex 2 in a quantitative yield (0.47g). 1H 

NMR (300 MHz, THF-d8, 25 °C) δH 7.20 (6H, d, JHH = 3.0 Hz, C6H2), 7.00 (6H, d, JHH = 3.0 Hz, C6H2), 

4.29 (6H, brs, NCH2CH2O), 4.23–3.89 (6H, m, ArCH2N), 3.48 (6H, brs, NCH2CH2O), 3.23–2.86 (6H, 

m, ArCH2N), 2.54 (6H, brs, N(CH2)2N), 2.00 (18H, s, N(CH3)2), 1.93 (6H, brs, N(CH2)2N), 1.49 (54H, 

s, C(CH3)3), 1.22 (54H, s, C(CH3)3). 
13C NMR (100 MHz, THF-d8, 25 °C): δC 164.0 (6C, ipso-2,4-tBu2-

C6H2), 135.0 (6C, ipso-2,4-tBu2-C6H2), 136.8 (6C, ipso-2,4-tBu2-C6H2), 126.2 (6C, 2,4-tBu2-C6H2), 

126.5(6C, 2,4-tBu2-C6H2), 122.2 (6C, ipso-2,4-tBu2-C6H2), 66.0 (6C, ArCH2N), 62.1 (3C, NCH2CH2O), 

59.4 (3C, N(CH2)2N), 49.0 (3C, N(CH2)2N), 47.2 (3C, NCH2CH2O), 46.1 (6C, N(CH3)2), 34.8 (6C, 

C(CH3)3), 33.4 (6C, C(CH3)3), 30.3 (18C, C(CH3)3), 31.6 (18C, C(CH3)3). 
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Typical Polymerization of MAC in the presence of TEA. A typical procedure for polymerization of 

MAC in the presence of TEA was performed in a 25 mL round flask under an N2 atmosphere. To a 

vigorously stirred solution of complex 1 in 3 mL THF was added TEA in 2 mL THF. After 10 minutes, 

MAC was added quickly. The polymerization took place immediately at room temperature. After a 

specified polymerization time, an aliquot was withdrawn and quenched quickly with 1.0 mL 

HCl/CH3OH/CHCl3 (0.1/10/60 v/v) solution, and then 1.0 mL THF was added to obtain a clear solution. 

Several drops of the quenched solution were taken, removed volatiles and subjected to monomer 

conversion determination using 1HNMR (CDCl3). The residue solution was quenched by an excess 

amount of ethanol, filtered, washed with ethanol, and then dried at 40°C for 24 h in vacuo to give 

polymer product. The molecular weight and the molecular weight distribution of the resulting polymer 

were determined by SEC-MALLS. 
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Figure S1. Dependence of the molar mass Mn (PDI indicated in parentheses) on [TEA]0/[Lu]0 ratio. 

Conditions: [MAC]0-to-[Lu]0 ratio = 100, [MAC]0 = 0.33M, Solvent, THF, Tp = 25 oC. 

 

 

Figure S2. 1H NMR (300MHz, CDCl3, 25 °C) spectrum of PMAC. Conditions: [MAC]0 = 0.33 M, 

[MAC]0:[BnOH]0:[Lu]0 = 100:10:1, THF, 100% conversion, Tp = 25 °C. 

 

 

Figure S3. 1H NMR (300MHz, CDCl3, 25 °C) spectrum of amphiphilic diblock copolymers MPEG-b-

PMAC. Conditions: [MAC]0 = 0.33 M, [MAC]0:[MPEG5K]0:[Lu]0 = 100:1:1, THF, 100% conversion, 

Tp = 25 °C. 
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Figure S4. 1H NMR spectrum (300MHz, CDCl3, 25 °C) of an amphiphilic triblock copolymer PMAC-

b-PEG-b-PMAC. Conditions: [MAC]0 = 0.33 M, [MAC]0:[PEG2K]0:[Lu]0 = 100:1:1, THF, 100% 

conversion, Tp = 25 °C. 
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Figure S5. Coordination-insertion mechanism for the ROP of MAC using complex 1 in absence of 
alcohols. 
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As shown in Figure S5, the polymerization mechanism is a coordinating-insertion process. In the case 

of polymerization using complex 1 without alcohols, –CH2SiMe3 is the initiating group of the Lu-based 

catalyst ([Lu]–CH2SiMe3), so during the polymerization, the initiation chain ends (alfa-chain ends) of 

obtained PMAC are –CH2SiMe3. When the polymerization was terminated with protic compounds such 

as H2O, ROH, the chain end may turn out to be –COOH or –COOR by releasing TMS. 
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Figure S6. Coordination-insertion mechanism for the ROP of MAC using complex 1 in presence of 
alcohols. 

As shown in Figure S6, the polymerization mechanism is a coordinating-insertion process, which has 

been supported experimentally by end group analysis through 1H NMR (Figure 1) and MALDI-TOF 

mass spectrum (Figure 2) in the manuscript. According to the mechanism the Lewis acidic metal center 

loosely binds and activates the carbonate to attack by the metal alkoxide group. The intermediate 

undergoes acyl–oxygen bond cleavage of the carbonate ring to generate a new metal alkoxide species 

and a growing chain end capped with an ester group. The new metal-alkoxide species is capable of 

further monomer insertion. 

References 

1. E. Y. Tshuva, I. Goldberg, Z. Goldschmidt and M. Kol, Organometallics, 2001, 20, 3017.. 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012



 7

2. (a) X. Liu, X. Shang, T. Tang, N. Hu, F. Pei, D. Cui, X. Chen and X. Jing, Organometallics, 2007, 

26, 2747. 

3. Hu, X.; Chen, X.; Xie, Z.; Liu, S.; Jing, X. J. Polym. Sci., Part A: Polym. Chem. 2007, 45, 5518. 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENG ()
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 779.528]
>> setpagedevice


