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Experimental Section 

Materials. Reagent grade chemicals received from Aldrich Chemical Co. were used as the raw materials 
and solvents for preparation of MA-FS and MA-SS.  

Measurements: PALS analysis on the resins was carried out on a lab-assembled instrument. 22Na, as a 
positron source, was sandwiched between two Kapton foils. The PAL data were recorded with a BaF2 
lifetime detector with a counting rate of 100-200 cps. The PAL spectra were analyzed with a PATFIT 
program (purchased from Riso National Laboratory, Denmark) to determine the mean positron lifetime 
and with a MELT software based on a finite-term lifetime analysis using the maximum entropy method to 
obtain the positron lifetime distribution.[27] FTIR spectra were recorded with a Perkin Elmer Spectrum 
FTIR instrument accessed with a temperature controlled sample holder. The dielectric properties of C-
MA-FS and C-MA-SS were measured with a WAYNE KERR6440B Precision Component Analyzer at 1 
MHz. The samples were deposited with silver prior to measurements. The dielectric constants were 
calculated with the obtained capacitance, sample area, and thickness. The dissipation factors were directly 
read from the instrument. 

5-Furfuryl-2,2-dimethyl-5-(4-vinylbenzyl)-[1,3]dioxane-4,6-dione, MA-FS: MA (1.44 g 10 mmol), FA 
(0.96 g 10 mmol), piperidine (43 mg, 0.5 mmol), and acetic acid (90 mg, 1.5 mmol) were dissolved in 10 
mL DMSO. The solution was reacted at 50 oC for 24 h. The system was cooled to 0 oC, slowly added 
NaBH4 (0.20 g, 5.3 mmol), and then stirred at room temperature for 0.5 h. The reaction was quenched 
with addition of 5 mL H2O and 10 mL 10 wt% HCl(aq). The product was extracted with EA for 3 times. 
The organic solution was collected, washed with brine, dried with MgSO4, and evaporated with a  rotaory 
evaporator. The collected crude product was purified with a flash column to give the product of furan-
containing MA derivative (5-furfuryl-2,2-dimethyl-[1,3]dioxane-4,6-dione, MA-F). Yield: 95 %; mp = 92 
oC. 1H NMR (300 MHz, CDCl3) δ 7.28 (1H), δ 6.27 (1H), δ 6.16 (1H), δ 3.81 (1H), δ 3.50 (2H), δ 1.77 
(3H), δ 1.66 (3H); FTIR (KBr): 2960, 2926, 1784, 1749, 1506, 1395, 1385, 1348, 1311, 1260, 1205, 1146, 
1080, 1010, 946, 802 cm-1. EI-MS calcd for C11H12O5: 224.0. Found: 224.1. Elemental analysis calcd for 
C11H12O5: C 58.93, H: 5.36. Found: C 59.00, H: 5.40. 

MA-F (1.87 g, 8.3 mmol) and K2CO3 (1.65 g, 12 mmol) were dissolved in 10 mL DMF. After addition of 
VBC (1.58 g, 10.4 mmol) in dropwise, the solution was reacted at room temperature for 20 h. The 
reaction was quenched with addition of 10 mL 10 wt% HCl(aq). The product was extracted with 
chloroform. The organic solution was collected, washed with water, dried with MgSO4, and evaporated 
with a  rotaory evaporator. The collected crude product was purified with a flash column to give the 
product of furan- and styrene-containing MA derivative (MA-FS). Yield: 60 %; mp: 117 oC. 1H NMR 
(300 MHz, CDCl3) δ 7.31 (1H), δ 7.24 (2H), δ 7.12 (2H), δ 6.62 (1H), δ 6.27 (1H), δ 6.16 (1H), δ 5.67 
(1H), δ 5.21 (1H), δ 3.49 (2H), δ 3.35 (2H), δ 1.02 (3H), δ 0.73 (3H); FTIR (KBr):3003, 2925, 1774, 
1740, 1631, 1514, 1390, 1361, 1273, 1201, 1149, 1092, 1069, 1040, 1013, 954, 853 cm-1; EI-MS calcd 
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for C20H20O5: 340.1. Found: 340.1. Elemental analysis calcd for C20H20O5: C 70.56, H: 5.93. Found: C 
70.65, H: 5.94. 

2,2-Dimethyl-5,5-di(4-vinylbenzyl)-[1,3]dioxane-4,6-dione, MA-SS: MA (2.0 g, 12.9 mmol), K2CO3 (4.8 
g, 34.6 mmol) were dissolved in 20 mL DMF. After addition of VBC (4.6 g. 30.4 mmol) in dropwise, the 
solution was reacted at room temperature for 20 h. The reaction was quenched with addition of 10 mL 10 
wt% HCl(aq). The product was extracted with EA. The organic solution was collected, washed with water, 
dried with MgSO4, and evaporated with a  rotaory evaporator. The collected crude product was purified 
with a flash column to give the product of furan- and styrene-containing MA derivative (MA-FS). Yield: 
65 %; mp: 177 oC. 1H NMR (300 MHz, CDCl3) δ 7.31-7.15 (8H), δ 6.65-6.58 (2H), δ 5.67 (1H), δ 5.21 
(1H), δ 3.42 (4H), δ 0.66 (6H); FTIR (KBr): 2936, 1770, 1737, 1511, 1441, 1355, 1269, 1202, 1123, 1091, 
1049, 1010, 955, 912, 857, 8369, 693 cm-1; EI-MS calcd for C24H24O4: 376.1. Found: 376.1. Elemental 
analysis calcd for C24H24O4: C 76.56, H: 6.43. Found: C 70.55, H: 6.45. 

Preparation of C-MA-FS and C-MA-SS: A certain amount of MA-FS was dissolved in tetrahydrofuran. 
The solution was poured into a Teflon-coated stainless mold. After removal of the solvent at 50 oC undser 
vacuum, the residual was thermally cured at 250 oC for 2 h to result in the resin of C-MA-FS. C-MA-SS 
was obtained with the same manner. 
 
Figure S1 collects the spectral characterization of MA derivatives.  

 

  

 
Figure S1. FTIR (upper), 1H NMR (middle), and Mass (lower) spectra of the MA derivative monomers. 
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Figure S2 collects the DSC and TGA thermograms of the MA based monomers. 
 

 
Figure S2. DSC (left) and TGA (right) thermograms of the MA derivative monomers. 
 
 

The thermal decomposition and sequential reaction of the MA derivative has been traced with a 1H 
NMR using MA-F as a model compound. According to the method proposed with Hawker et al (Nature 
Chemistry 2010, 2, 207-212), MA-F in NMR sample tube was placed in a preheated oil bath at 160 oC for 
10 min. After been cooled the sample was dissolved in CDCl3 and the solution was applied for 1H NMR 
measurement. (Figure S3). Similar to the results reported with Hawker et al, the formation of acetone 
from the MA group decomposition is confirmed with the resonance peak at δ = 2.10 ppm. The decrease in 
the peak intensity associating to the methylene group of MA-F indicates the occurrence of MA 
decomposition. The formation of the ketene and cyclobutane-1,3dione is traced with the corresponding 
methylene groups showing peaks at δ = 2.90 and δ = 2.63 ppm, respectively. The Diels-Alder reaction 
between ketene and furan groups results in the DA adduct which exhibit resonance peaks at about δ = 
5.80-6.20 ppm.  
 

 
Figure S3. 1H NMR spectrum of MA-F residual after a thermal reaction at 160 oC for 10 min.  
 



 4

 
Figure S4 shows the thermal analysis result on the cured resins C-MA-FS and C-MA-SS. 
 

  
 

 
 
Figure S4. Thermal analysis on the cured resins C-MA-FS and C-MA-SS with TGA (upper left), (upper 
right), and DMA (lower). 


