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Experimental Section 

General Details. All operations were carried out under dry argon atmosphere using standard 

Schlenk techniques. Benzene, n-hexane, and toluene were dried using PURE SOLV MD-5 

solvent purification system from Innovative Technology Inc. All amidine ligands, N,N'-

diphenylformamidine (1a), N,N'-bis(4-methoxyphenyl)formamidine (1b), N,N'-bis(4-

(trifluoromethyl)phenyl)formamidine (1c), N,N'-bis(2,6-dimethylphenyl)formamidine (1d), and 

N,N'-bis(2,6-diisopropylphenyl) formamidine (1e) were synthesized according to literature 

procedures.1 Sn[N(SiMe3)2]2 was synthesized according to literature procedure.2 ε-Caprolactone 

(ε-CL) was purchased from Aldrich, dried over CaH2 and distilled prior to use. 

Measurements. 1H and 13C{1H} NMR spectra were recorded on a Bruker DPX-300 or 

AVANCE 500 spectrometer and referenced to protio impurity of commercial chloroform-d 

(CDCl3, δ 7.26 ppm) or benzene-d6 (C6D6, δ 7.16 ppm) as internal standards. Elemental analyses 

were performed on a Perkin Elmer 2400 CHN.  X-ray crystallography data was collected at 

293K on a Bruker SMART CCD area-detector diffractometer using graphite-monochromated 

Mo Kα radiation (λ = 0.71073 Å).  MALDI-TOF mass spectrometry was carried out using a 

Bruker Daltonics flexAnalysis mass spectrometer.  Spectra were recorded in reflector mode at an 

acceleration voltage of 19 kV and the delay time was 400 ns.  The data was reprocessed using 

the Bruker XTOF software.  Gel permeation chromatography (GPC) analyses were carried out 

on a Waters e2695 instrument equipped with Model 3580 refractive index detectors (Viscotek) 

and two 10 μm PL Gel columns.  The GPC columns were eluted using tetrahydrofuran with flow 

rate of 1.0 mL/min at 35 °C. Molecular weights and molecular weight distributions were 

calibrated with polystyrene standards ranging from 500 to 10,000,000 amu.  Water contact 

angles were measured using a home-made apparatus equipped with a syringe needle to dispense 
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a water drop onto the surface. The average of at least three separate advancing contact angle 

measurements was determined. The contact angle of the water drop on the polymer surface was 

observed by CCD camera connected to a computer. 

Synthesis of bis(amidinate)tin(II) complexes. A general synthetic procedure is 

described in Scheme S1. The following representative procedure is for complex 2a. Other tin(II) 

complexes were synthesized similarly. 

To a mixture of ligand 1a (0.66 g, 3.36 mmol) and Sn[N(SiMe3)2]2 (0.74 g, 1.68 mmol) 

was added 20 mL toluene. The reaction was allowed to stir at 70 °C overnight.  After solvent 

removal, the product was obtained as a pale yellow microcrystalline (0.86 g, 1.68 mmol, >99%). 

Scheme S1. Synthetic procedure for bis(amidinate) tin(II) complexes 2a−e. 
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[(C6H5)N)2CH]2Sn (2a) A pale yellow microcrystalline (>99%).  1H NMR (300 MHz, 

C6D6): δ 8.69 (s, 2H, N=CH), 7.06 (t, 3JHH = 7.8 Hz, 8H, m-C6H5), 6.88 (t, 3JHH = 7.3 Hz, 4H, p-

C6H5), 6.80 (d, 3JHH = 7.6 Hz, 8H, o-C6H5). 13C{1H} NMR (75 MHz, C6D6): δ 157.0 

(HC(N(C6H3))2), 146.2 (ipso-C), 129.2 (m-C), 123.1 (p-C), 120.6 (o-C). Anal. Calcd for 

C26H22N4Sn: C, 61.33; H, 4.35; N, 11.00. Found: C, 61.50; H, 4.63; N, 10.99. 
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[(((4-CH3O)C6H4)N)2CH]2Sn (2b) A dark-green microcrystalline (81%).  1H NMR 

(300 MHz, C6D6): δ 8.77 (s, 2H, N=CH), 6.83 (d, 3JHH = 8.7 Hz, 8H, C6H4), 6.74 (d, 3JHH = 8.8 

Hz, 8H, C6H4), 3.32 (s, 12H, OCH3). 13C{1H} NMR(75 MHz, CDCl3): δ 157.3 (N=CH), 156.3 

(COCH3), 140.0 (ipso-C), 121.6 (o-C), 114.7 (m-C), 55.0 (OCH3). Anal. Calcd for 

C30H30N4O4Sn: C, 57.26; H, 4.81; N, 8.90. Found: C, 57.20; H, 4.60; N, 8.90. 

[((4-CF3C6H4)N)2CH]2Sn (2c) A pale yellow microcrystalline (83%).  1H NMR (300 

MHz, C6D6): δ 8.31 (s, 2H, N=CH), 7.28 (d, 3JHH = 8.4 Hz, 8H, C6H4), 6.45 (d, 3JHH = 8.0 Hz, 

8H, C6H4). 13C{1H} NMR (75 MHz, C6D6): δ 148.2 (N=CH), 129.3 (ipso-C), 126.6 (o-C), 125.7 

(CCF3), 123.2 (CF3), 120.2 (m-C). Anal. Calcd for C30H18F12N4Sn: C, 46.13; H, 2.32; N, 7.17. 

Found: C, 46.23; H, 2.45; N, 7.14. 

 [((2,6-Me2C6H3) N)2CH]2Sn (2d) A colorless microcrystalline (99%).  1H NMR (500 

MHz, CDCl3): δ 8.30 (s, 2H, N=CH), 6.92 (d, 3JHH =7.4 Hz, 8H, m-C6H3), 6.84 (t, 4H, p-C6H3), 

2.11 (s, 24H, CH3). 13C{1H} NMR (125 MHz, CDCl3): δ 162.3 (N=CH), 144.6 (ipso-C), 132.2 

(o-C), 128.1 (m-C), 123.4 (p-C), 19.3 (CH3). Anal. Calcd for C34H38N4Sn: C, 66.72; H, 6.16; N, 

9.02. Found: C, 66.87; H, 5.94; N, 9.14. 

[((2,6-iPr2C6H3)N)2CH]2Sn (2e) A colorless microcrystalline (90%).  1H NMR (300 

MHz, C6D6,): δ 8.06 (s, 2H, N=CH), 7.06 (m, 12H, C6H3), 3.50 (sep, 3JHH = 6.7 Hz, 8H, 

CH(CH3)2), 1.12 (m, 48H, CH(CH3)2). 13C{1H} NMR (75 MHz, C6D6): δ 163.0 (N=CH), 143.8 

(o-C), 142.2 (i-C), 125.3 (p-C), 123.6 (m-C), 28.9 (CH(CH3)2), 23.9 (CH(CH3)2).  Anal. Calcd 

for C50H70N4Sn: C, 71.00; H, 8.34; N, 6.62. Found: C, 71.27; H, 8.06; N, 6.54. 
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Polymerization of ε-caprolactone. The following representative polymerization is for ε-

CL:2e molar ratio of 500:1. The amount of tin(II) complex can be adjusted accordingly for ε-

CL:Sn molar ratios of 10:1, 100:1, 1000:1, 5000:1 and 10000:1. 

     Polymerization without the addition of benzyl alcohol: Complex 2e (0.100 g, 0.118 

mmol, 1 equiv) and ε-CL (6.743 g, 59.15 mmol, 500 equiv) were added to a Schlenk flask. The 

flask was then submerged with continuous stirring into a preheated oil bath at 110°C. After 2 

min, the flask was taken out of the oil bath and then submerged into a cold water bath. A small 

amount of sample was taken for NMR analysis.  The rest of the polymer was dissolved in 

CH2Cl2 (20 mL) and precipitated with excess methanol.  The solid polymer was collected and 

dried under vacuum. 

     Polymerization with addition of benzyl alcohol: The polymerization was carried out 

similarly as described above except that 1 equiv of benzyl alcohol was added to the reaction 

along with the tin complex and ε-caprolactone. 

X-ray crystallography The single crystal X-ray analyses were carried out at the Mahidol 

crystallographic facility. Diffraction measurements were made on a 4 K Bruker SMART3 CCD 

area detector diffractometer using graphite-monochromated Mo Kα radiation (λ = 0.71073 Å). 

The crystals were mounted in paratone oil and held in a low-temperature N2 stream during data 

collection. Cell constants and an orientation matrix for data collection were obtained from a 

least-square refinement using the measured positions of reflections in the range 4.14° < 2θ < 

54.9° for complex 2e. The frame data were integrated by the program SAINT4 and corrected for 

Lorentz and polarization effects. The structure was solved by the maXus crystallographic 

software package,5 using direct methods (SIR97)6 and refined by full-matrix least-squares 
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method on (Fobs)2 using the SHELXTL-PC V 6.12 software package.7 Note that, for complex 2e, 

the methine carbons of the isopropyl groups (C7, C23, C32, and C48) are surrounded by methyl 

carbons with high thermal motion (i.e., large thermal ellipsoids) resulting in lower Ueq values as 

compared to those of the surrounding carbons. 
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Table S1. Experimental Details for X-ray Crystallography of complex 2e. 

 
 2e 

empirical formula C50H70N4Sn 

FW 845.83 

cryst color, habit Colorless, cube 

cryst system monoclinic 

space group P21/c 

a (Å) 14.9195(4) 

b (Å) 16.3981(5) 

c (Å) 21.0942(6) 

α (deg) 90 

β (deg) 110.127(2) 

γ (deg) 90 

volume (Å3) 4845.6(2) 

2θ range (deg) 4.14 – 54.9 

Z 4 

T/K 298 

Dcalc (g/cm3) 1.159 

μ (mm-1) 0.562 

no. of params refined 10680 

refln/param ratio 496 

final residuals R; Rall
a 5.54; 8.62 

goodness of fit indicatorb 1.047 

max. shift/error in final LS cycle 0 

a R = Σ| |Fo| - |Fc| | / Σ|Fo|. b GOF = [Σw( |Fo| - |Fc| )2 / (Nobs – Nparam)]1/2. 
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Figure S1. ORTEP drawing of complex 2e with thermal ellipsoids drawn at 50% probability 
level. Hydrogen atoms are omitted for clarity. 

 

Selected bond lengths (Å) and bond angles (°). 

Sn1−N1  2.221(3) Sn1−N4  2.241(3)  Sn1−N3  2.371(3) 

Sn1−N2  2.379(3)  N2−C13 1.301(5) N1−C13 1.321(5)  

N4−C38  1.316(5)  N3−C38  1.304(5)  

N1−Sn1−N4  102.4(1)  N1−Sn1−N3 92.7(1)  N3−Sn1−N4   57.8(1)  

N1−Sn1−N2    57.9(1)  N2−Sn1−N4 91.2(1)  N2−Sn1−N3 133.2(1)  
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Figure S2. Water contact angle of poly(ε-caprolactone) synthesized from complex 2e with ε-

CL:2e molar ratio of 500:1 (a) without the addition of BnOH and (b) with the addition of 

1equiv of BnOH. 

 

 

Table S2. Water contact angles of poly(ε-caprolactone) synthesized from complex 2e with ε-
CL:2e molar ratio of 500:1. 

                No BnOH         Add 1 equiv of BnOH 

Run Degree (°)  Run Degree (°) 
1 104.5  1 93.5 
2 105.0  2 92.4 
3 107.9  3 92.6 
4 110.3  Average 92.8 
5 109.1  SD   0.6 

Average 107.4    
SD    2.5    

 

(a) (b) 
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Mass spectrum of the polymerization of ε-CL at 110°C for 1 min using ε-CL:2e = 10:1. 

The repeating major mass is assigned to cyclic [ε-CL]n + Na+. The peaks with much lower 

intensities observed at 1600-2200 Dalton (e.g. 1753.3, 1867.2, 1981.4, 2098.5, 2209.5) are 

assigned to linear H[CL]nOH+Na+. 
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Table 1, Entry 1.
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Table 1, Entry 2.
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Table 1, Entry 3.
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Table 1, Entry 4. 
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Table 1, Entry 5. 
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Table 1, Entry 6. 
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Table 1, Entry 7. 
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Table 1, Entry 8. 
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Table 1, Entry 9. 
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Table 1, Entry 10. 
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Table 1, Entry 11. 
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Table 1, Entry 12. 
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Table 1, Entry 13. 
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Table 1, Entry 14. 
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