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Experimental Section

General procedures. All of the manipulations were performed under an argon
atmosphere using the standard Schlenk techniques and glovebox. AlMes and AlEt; are
commercially available. THF, toluene, and hexane were distilled from sodium
benzophenone ketyl before use. &Caprolactone (e-CL) was purchased from Arcos,
and were dried by CaH, for 48 h, and then distilled under reduced pressure.
Deuterated solvents (C¢D¢ and ds-THF) were obtained from CIL, [ONNO]H;
{H2[ONNO] = 1,4-bis(2-hydroxy-3,5-di-methyl-benzyl)-piperazidine} was prepared
according to the published methods.' Carbon, hydrogen, and nitrogen analyses were
performed by direct combustion with a Carlo-Erba EA-1110 instrument. The IR
spectra were recorded with a Nicolet-550 FTIR spectrometer as KBr pellets. NMR
(‘H, "*C) spectra were recorded on a Unity Varian spectrometer at 25 °C. Molecular
weight and molecular weight distribution (PDI) were determined against a
polystyrene standard by gel permeation chromatography (GPC) on a PL 50 apparatus,
and THF was used as an eluent at a flow rate of 1.0 mL min™ at 40 °C.

Synthesis of complex 1: AlEt; (1.50 mL, 2 M solution in toluene) was added to a
solution of [ONNO]H, (1.06 g, 3.00 mmol) in 20 mL of THF at 0 °C. The reaction
mixture warm slowly to room temperature, and was stirred overnight. The solution
was concentrated to about 2 mL under vacuum, and then 15 mL of n-hexane was
added. The precipitates were removed by centrifugation, and colorless crystalline
solid was obtained at room temperature in a few days (0.87 g, 71%). Anal. calcd. for

Cao4H33AIN,05: C, 70.56; H, 8.14; N, 6.86. Found: C, 70.31; H, 8.08; N, 6.38%. 'H
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NMR (Cg¢Ds, 300MHz ): 6 7.01 (s, 2H, Ar-H), 6.50 (s, 2H, Ar-H), 3.88 (d, J=13.2 Hz,
2H, Ar-CH,), 2.63, 2.59 (b, s, 2H, Ar-CH,; 6H, CHs; 4H, pip-CH), 2.31 (s, 6H, CH3 ),
1.59-1.53 (t, 3H, Al-CH,-CH3), 1.51-1.44 (m, 2H, pip-CH), 1.11-1.01 (m, 2H,
pip-CH), 0.18-0.10 (m, 2H, Al-CH,). *C NMR (C¢Ds, 75 MHz): 6 157.40 (Ar-C),
131.70(Ar-CH), 128.86(Ar-CH), 126.93 (Ar-C), 124.41 (Ar-C), 119.29 (Ar-CH),
57.86 (CH,), 50.10, 46.31 (pip-C), 20.78 (CHs), 17.38 (CH3), 10.97 (Al-CH,-C),
-0.15 (AI-C).

Synthesis of complex 2: AlEt; (4.50 mL, 2 M solution in toluene) was added slowly
to a solution of [ONNO]JH, (1.06 g, 3.00 mmol) in 20 mL of THF at 0 °C. The
reaction mixture warm slowly to room temperature, and was stirred overnight. THF
was evaporated completely under reduced pressure, and the solid resulted was washed
with hexane (10.00 mL) for three times. The powder obtained was dissolved in hot
toluene, and colorless crystals were obtained from a concentrate toluene solution
(about 15 mL) at -5 °C in several days (1.43 g, 69%). Anal. calcd. for C30HssALLN,O; :
C, 68.94; H, 9.26; N, 5.36. Found: C, 69.03; H, 9.52; N, 5.28%. '"H NMR (CDs, 300
MHz ): 6 6.99 (d, J = 15.3 Hz, 2H, Ar-H), 6.46 (d, J = 15.9 Hz, 2H, Ar-H), 3.19 (b,
4H, Ar-CHy), 2.51-2.42 (m, 4H, pip-CH; overlap with methyl signal), 2.41 (s, 6H,
CH3), 2.29 (s, 2H, CH3), 2.18 (s, 4H, CH3), 2.05-1.90 (m, 4H, pip-CH), 1.39-1.29 (m,
12H, Al-CH,-CHj3), 0.18-0.03 (m, 8H, Al-CH,). *C NMR (C¢Ds, 75 MHz): 6 156.56
(Ar-C), 133.27 (Ar-CH), 128.20 (Ar-CH, overlap with C¢Dg signal), 127.84 (Ar-C),
126.12 (Ar-C), 118.26 (Ar-CH), 62.27 (CH;), 50.56, 46.17 (pip-C), 20.64 (CHs),

16.42 (CH;), 9.57 (Al-CH,-C), 1.29 (AI-CHs).
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Synthesis of complex 3: AlMe; (9.0 mL, 1 M solution in heptane) was added slowly
to a solution of [ONNO]JH, (1.06 g, 3.00 mmol) in 20 mL of THF at 0 °C. The
reaction mixture warm slowly to room temperature, and was stirred overnight. THF
was evaporated to about 1 mL under vacuum, and then 15 mL of toluene was added.
The precipitate was removed by centrifugation. Colorless crystals were obtained at
room temperature in several days (1.19 g, 85%). Anal. calcd. for Co6H40ALN,Os: C,
66.93; H, 8.64; N, 6.00. Found: C, 66.58; H, 8.53; N, 5.99%. 'H NMR (C¢Det+THF-ds,
300 MHz): ¢ 6.92 (s, 2H, Ar-H), 6.49 (s, 2H, Ar-H), 3.42 (br, 4H, Ar-CH,), 2.44 (br,
8H, pip-CH), 2.28 (s, 6H, Me), 2.17 (s, 6H, Me), -0.60 (s, 12H, Al-CH3). *C NMR
(CeDe+ THF-ds, 75 MHz ): 6 156.15 (Ar-C), 132.82 (Ar-CH), 128.02 (Ar-CH),
127.93 (Ar-C), 125.88 (Ar-C), 118.55 (Ar-CH), 66.97 (THF-dS8), 59.67 (CH,), 48.37
(pip-C), 24.76 (THF-ds), 20.47 (CHs), 16.47 (CH3), -9.13 (Al-CH3).

Typical polymerization procedures: The procedures for the polymerization of ¢-CL
initiated by complexes 2 and 3 were similar, and a typical polymerization procedure is
given below. A 50 mL Schlenk flask, equipped with a magnetic stirring bar, was
charged with the desired amount of initiator and BnOH in a toluene solution. The
solution was stirred for 2 min in glovebox at room temperature, and then desired
amount of toluene along and desired amount of ¢-CL were added to the solution,
respectively. The reaction mixture was quickly placed into an oil bath pre-heated at 60
°C, and the solution was stirred for the prescribed time, during which time an increase
in viscosity was observed. The reaction mixture was quenched by the addition of 1M

HCl-ethanol solution, and then poured into methanol to precipitate the polymer, which
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was dried under vacuum and weighted.

Preparation of oligomers for end-group analysis. With a monomer-to-initiator ratio
of 10, the oligomers were prepared in toluene at 60 °C, terminated with 10%
HCI-H,O and precipitated with hexane from THF several times. The oligomers were
then dried under vacuum to constant weight.

NMR experiments. Under argon atmosphere, 2 (10 mg, 0.019 mmol) was placed in
an NMR tube, and 0.4 mL of C¢D¢ was added. e-CL (0.021 mL, 0.19 mmol) was then
introduced. The reaction mixture was quickly placed into an oil bath pre-heated at 60
°C, followed by NMR analysis after 1.5 h and 8.5 h.

X-Ray crystallography. Suitable single crystals of complexes 1-3 were sealed in a
thin-walled glass capillary for determining the single-crystal structure. Intensity data
were collected with a Rigaku Mercury CCD area detector in @ scan mode using Mo
Ko radiation (4 = 0.71070 A). The diffracted intensities were corrected for Lorentz
polarization effects and empirical absorption corrections.

The structures were solved by direct methods and refined by full-matrix
least-squares procedures based on |F|°. All of the non-hydrogen atoms were refined
anisotropically. All of the hydrogen atoms were held stationary and included in the
structure factor calculation in the final stage of full-matrix least-squares refinement.
The structures were solved and refined using SHELEXL-97 programs.

Structure of complex 1. The boat conformation of the piperazidine ring in complex 1,
different from that in the dinuclear complexes 2 and 3, might be contributed to the

formation of the mononuclear aluminum alkyl complex. The aluminum metal center
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is five-coordinated by two oxygen atoms, two nitrogen atoms from the bis(phenolate)
ligands, and one carbon atom from the ethyl group. The coordination geometry at the
central metal can be best described as a distorted square based pyramidal geometry if
the n*-coordinated piperazidine-based ligand (N>O») is considered to occupy the base
of the pyramid and the ethyl group occupies the axial position, which is different from
those observed in complexes 2 and 3. The Al-O bond distances are 1.760(16) and
1.791(17) A, respectively, and the Al-C bond distance is 1.980(2) A, which are
comparable with the corresponding values in complexes 2 and 3. The bond lengths of
Al-N1 and AI-N2 are 2.082(19) and 2.185(2) A, respectively, giving the average
2.133(5) A, which is slightly larger than the corresponding bond lengths in the
dinuclear complexes 2 and 3, reflecting the increased steric congestion because of the

formation of the mononuclear structure.

Fig. S1 ORTEP diagram of complex 3. Thermal ellipsoids are draw at the 20%
probability level, and hydrogen atoms are omitted for clarity. Selected bond lengths
(A): Al1-01 1.760(16), Al1-02 1.791(17), Al1-C23 1.980(2), Al1-N2 2.082(19),

AlI-N1 2.185(2).

Reference

(1) Tshuva, E. Y.; Goldberg, I.; Kol, M. Organometallics 2001, 20, 3017.
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Figure S2. 'H NMR spectrum of complex 1
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Figure $3. *C NMR spectrum of complex 1
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Figure $4. "H NMR spectrum of complex 2
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Figure $5. *C NMR spectrum of complex 2
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Figure $7. *C NMR spectrum of complex 3
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Figure S10. "H NMR spectra in C¢D; for 2 (bottom), reaction of 2 + 10 &CL after 1.5 h (middle), and reaction of 2
+ 10 &CL after 8.5 h (top).




<<
  /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


