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1. Detailed UV-vis spectra of the selected compound 
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Figure S-1-1. Selected UV-vis spectra depicted in comparison with the sum of the 

reference units, C60 and OPE. (x axis: wavelength(nm), y axis: absorbance) 

 2



2. Detailed CV spectra of the selected compound 
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Figure S-2-1.  Detailed CV spectra of compound 31 and blank solution. 
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3. Selected 1H and 13C NMR spectra  

 

Figure S-3-1.  1H NMR spectrum for compound 16. 
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Figure S-3-2.  13C NMR spectrum for compound 16. 
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Figure S-3-3.  1H NMR spectrum for compound 20 
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Figure S-3-4.  13C NMR spectrum for compound 20. 
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Figure S-3-5.  1H NMR spectrum for compound 21. 
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Figure S-3-6.  13C NMR spectrum for compound 21. 
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Figure S-3-7.  1H NMR spectrum for compound 22. 
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Figure S-3-8.  13C NMR spectrum for compound 22. 
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Figure S-3-9.  1H NMR spectrum for compound 23. 
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Figure S-3-10.  13C NMR spectrum for compound 23. 
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Figure S-3-11.  1H NMR spectrum for compound 25. 
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Figure S-3-12.  13C NMR spectrum for compound 25. 
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Figure S-3-13.  1H NMR spectrum for compound 27. 
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Figure S-3-14.  13C NMR spectrum for compound 27 
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Figure S-3-15.  1H NMR spectrum for compound 33. 
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Figure S-3-16a.  13C NMR spectrum for compound 33. 
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Figure S-3-16b.  13C NMR spectrum for compound 33 (expansion). 
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Figure S-3-16c.  13C NMR spectrum for compound 33 (expansion). 
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Figure S-3-16d.  13C NMR spectrum for compound 33 (expansion). 
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Figure S-3-16e.  13C NMR spectrum for compound 33 (expansion). 
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Figure S-3-16f.  13C NMR spectrum for compound 33 (expansion). 
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Figure S-3-17.  1H NMR spectrum for compound 34. 
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Figure S-3-18a.  13C NMR spectrum for compound 34. 
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Figure S-3-18b.  13C NMR spectrum for compound 34 (expansion). 
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Figure S-3-18c.  13C NMR spectrum for compound 34 (expansion). 
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Figure S-3-18d.  13C NMR spectrum for compound 34 (expansion). 
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Figure S-3-19.  1H NMR spectrum for compound 35. 
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Figure S-3-20a.  13C NMR spectrum for compound 35. 

 

 

 31



 

 

Figure S-3-20b.  13C NMR spectrum for compound 35 (expansion). 
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Figure S-3-20c.  13C NMR spectrum for compound 35 (expansion). 
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Figure S-3-20d.  13C NMR spectrum for compound 35 (expansion). 
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4. Spectroscopic Characterization for the Blank Test of [60]Fullerene with LHMDS  

 

 

Figure S-4-1a.  1H NMR spectrum for products from the blank test reaction after a brief 

silica plug separation. 
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Figure S-4-1b.  1H NMR spectrum for products from the blank test reaction  after a brief 

silica plug separation (expansion in the range of 8.5-6 ppm). 
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Figure S-4-2.  MALDI-TOF mass spectrum for products from the blank test reaction 

after a brief silica plug separation. 
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5. Experimental procedures of the selected compound 

1,4-Bis(decyloxy)-2,5-diiodobenzene (3). To a round 

bottom flask equipped with a magnetic stirrer was added 

1,4-bis(decyloxy)benzene [78k] (7.92 g, 20.3 mmol), Hg(OAc)2 

(16.1 g, 50.4 mmol), I2 (12.9 g, 50.6 mmol), and CH2Cl2 (200 

mL).  The reaction mixture was stirred overnight at room 

temperature and the formed slurry was filtered through 

Celite 521.  The Celite was rinsed with CH2Cl2 (2×). The 

filtrate was washed with Na2S2O3 (10% aq. 1×), NaHCO3 

(saturated, 1×), water (1×), brine (1×), and dried over 

MgSO4.  The solvent was removed in vacuo, and the crude 

product was recrystallized from ethanol (900 mL) to afford 

product 3 as colorless flakes (10.8 g, 83%).  m.p. 50-52 

˚C; 1H NMR (CDCl3, 400 MHz): δ = 7.18 (s, 2H), 3.93 (t, 
3J(H,H) = 6.5 Hz, 4H), 1.80 (m, 4H), 1.50 (m, 4H), 1.35 (m, 

24H), 0.89 (t, 3J(H,H) = 6.7 Hz, 6H) ppm; 13C NMR (100 MHz, 

CDCl3): δ = 153.1, 123.0, 86.5, 70.6, 32.1, 29.78, 29.77, 

29.55, 29.51, 29.4, 29.3, 22.9, 14.4 ppm; FTIR (CH2Cl2 

cast): ν = 2952, 2916, 2846 cm-1; HRMS (EI): m/z: calcd for 

C26H46I2O2: 642.1431; found: 642.1441 [M]+. 

1,4-Bis(decyloxy)-2-iodo-5-trimethylsilylethynylbenzene 

(4). See the general procedure for the Pd/Cu coupling 

reaction.  The materials used were TMSA (1.07 mL, 7.52 

mmol), 3 (6.45 g, 10.04 mmol), PdCl2(PPh3)2 (0.132 g, 0.188 

mmol), CuI (0.068 g, 0.36 mmol), and TEA (80 mL) at room 

temperature overnight.  The residue was purified by flash 

column chromatography with 10-20% CH2Cl2 in hexanes to give 

product 4 (2.71 g, 58%) as a yellow oil. 1H NMR (400 MHz, 

CDCl3): δ = 7.26 (s, 1H), 6.84 (s, 1H), 3.94 (t, 3J(H,H) = 

1.5 Hz, 4H), 1.78 (m, 4H), 1.50 (m, 4H), 1.33 (m, 24H), 
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0.89 (t, 3J(H,H) = 6.6 Hz, 6H), 0.27 (s, 9H) ppm; 13C NMR 

(100 MHz, CDCl3): δ = 155.1, 151.9, 124.0, 116.5, 113.6, 

101.0, 99.6, 88.1, 70.3, 70.0, 32.13, 32.11, 29.9, 29.81, 

29.79, 29.64, 29.55, 29.5, 29.4, 26.3, 26.2, 22.9, 14.3, 

0.17 ppm; FTIR (neat): ν = 2953, 2923, 2852, 2157 cm-1; HRMS 

(EI): m/z: calcd for C31H53IO2Si: 612.2860; found: 612.2848 

[M]+. 

1,4-Bis(decyloxy)-2-triisopropylsilylethynyl-5-

trimethylsilylethynylbenzene (5). See the general procedure 

for the Pd/Cu coupling reaction. The materials used were 

triisopropylsilyl acetylene (0.49 mL, 2.18 mmol), 4 (1.23 

g, 2.01 mmol), PdCl2(PPh3)2 (0.060 g, 0.085 mmol), CuI 

(0.031 g, 0.16 mmol), and TEA (40 mL) at room temperature 

overnight.  The residue was purified by flash column 

chromatography with 2-10% CH2Cl2 in hexanes to give product 

5 (1.29 g, 96%) as a white solid.  m.p. 67-68 ˚C; 1H NMR 

(400 MHz, CDCl3): δ = 6.89 (s, 1H), 6.88 (s, 1H), 3.94 (m, 

4H), 1.78 (m, 4H), 1.50 (m, 4H), 1.31 (m, 24H), 1.14 (m, 

21H), 0.89 (m, 6H), 0.27 (s, 9H) ppm; 13C NMR (100 MHz, 

CDCl3): δ = 154.4, 154.1, 117.9, 116.9, 114.4, 114.0, 103.1, 

101.5, 100.0, 96.7, 69.8, 69.5, 32.1, 31.8, 29.9, 29.8, 

29.72, 29.68, 29.62, 29.57, 26.4, 26.3, 22.91, 22.89, 18.9, 

14.3, 11.6, 0.2 ppm; FTIR (CH2Cl2 cast): ν = 2924, 2860, 

2152 cm-1; HRMS (EI): m/z: calcd for C36H62O2Si2: 582.4288; 

found: 582.4283 [M]+. 

1,4-Bis(decyloxy)-2-ethynyl-5-

triisopropylsilylethynylbenzene (6).  To a round bottom 

flask equipped with a magnetic stirrer was added 5 (1.29 g, 

1.93 mmol), K2CO3 (0.290 g, 2.00 mmol), THF/MeOH (1:1, 30 

mL).  The reaction mixture was stirred for 3 h at room 

temperature and then quenched with satd NH4Cl and diluted 
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with hexanes.  The organic layer was washed with water (1×), 

dried over MgSO4, and the solvent was removed in vacuo.  The 

residue was purified by flash column chromatography with 

10% CH2Cl2 in hexanes to give product 6 (0.987 g, 86%) as a 

white solid.  m.p. 48-49 ˚C; 1H NMR (400 MHz, CDCl3): δ = 

6.92 (s, 1H), 6.91 (s, 1H), 3.99 (t, 3J(H,H) = 6.6 Hz, 2H), 

3.93 (t, 3J(H,H) = 6.3 Hz, 2H), 3.32 (s, 1H), 1.80 (m, 4H), 

1.50 (m, 4H), 1.28 (m, 24H), 1.15 (m, 21H), 0.89 (m, 6H); 

13C NMR (100 MHz, CDCl3): δ = 154.4, 154.1, 117.8, 117.4, 

114.8, 112.8, 102.9, 96.9, 82.3, 80.3, 70.0, 69.5, 32.12, 

32.11, 29.83, 29.79, 29.76, 29.7, 29.64, 29.57, 29.5, 29.4, 

26.4, 26.1, 22.9, 18.9, 14.3, 11.6; FTIR (CH2Cl2 cast): ν = 

3313, 2924, 2861, 2149, 2107 cm-1; HRMS (EI): m/z: calcd for 

C39H66O2Si: 594.4831; found: 594.4832 [M]+. 

Compound (7).  See the general procedure for the Pd/Cu 

coupling reaction.  The materials used were 4 (0.423 g, 

0.711 mmol), 6 (0.440 g, 0.718 mmol), PdCl2(PPh3)2 (20 mg, 

0.028 mmol), CuI (8 mg, 0.04 mmol), and TEA (10 mL) at room 

temperature overnight.  The residue was purified by flash 

column chromatography with 20-25% CH2Cl2 in hexanes to give 

product 7 (0.576 g, 89%) as a yellow solid.  m.p. 54-56 ˚C; 
1H NMR (400 MHz, CDCl3): δ = 6.96 (s, 1H), 6.939 (s, 1H), 

6.936 (s, 1H), 6.933 (s, 1H), 4.03-3.94 (m, 8H), 1.85-1.75 

(m, 8H), 1.52-1.48 (m, 8H), 1.40-1.25 (m, 48H), 1.15 (m, 

21H), 0.90-0.86 (m, 12H), 0.27 (s, 9H) ppm; 13C NMR (100 

MHz, CDCl3): δ = 154.5, 154.4, 153.5, 153.4, 118.1, 117.6, 

117.2, 116.7, 114.8, 114.5, 114.2, 113.8, 103.2, 101.4, 

100.3, 96.7, 91.8, 91.4, 70.1, 69.9, 69.6, 69.4, 32.14, 

32.12, 29.89, 29.86, 29.8, 29.70, 29.67, 29.62, 29.58, 

26.3, 26.21, 26.19, 22.9, 18.9, 14.3, 11.6, 0.2 ppm; FTIR 

(CH2Cl2 cast): ν = 2922, 2855, 2150 cm-1; MALDI-TOF MS 
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(dithranol as the matrix): m/z: calcd for C70H118O4Si2: 1079; 

found: 1079 [M]+. 

4-[2’,5’-Bis(decyloxy)-4’-ethynylphenylethynyl]-2,5-

bis(decyloxy)phenylethynyl-triisopropylsilane (8).  To a 

round bottom flask equipped with a magnetic stirrer was 

added 7 (1.53 g, 1.42 mmol), K2CO3 (0.37 g, 2.68 mmol), 

THF/MeOH (1:1, 40 mL).  The reaction mixture was stirred 

for 3 h at room temperature and then quenched with satd 

NH4Cl and diluted with hexanes.  The organic layer was 

washed with water (1×), dried over MgSO4, and the solvent 

was removed in vacuo.  The residue was purified by flash 

column chromatography with 20-40% CH2Cl2 in hexanes to give 

product 8 (1.17 g, 82%) as a waxy yellow solid. 1H NMR (500 

MHz, CDCl3): δ = 6.99 (s, 1H), 6.98 (s, 1H), 6.95 (s, 1H), 

6.94 (s, 1H), 4.03-3.94 (m, 8H), 3.35 (s, 1H), 1.85-1.80 

(m, 8H), 1.51-1.48 (m, 8H), 1.37-1.25 (m, 48H), 1.16 (m, 

21H), 0.90-0.87 (m, 12H) ppm; 13C NMR (125 MHz, CDCl3): δ = 

154.5, 154.3, 153.5 (2×), 118.2, 118.1, 117.1, 116.7, 115.2, 

114.4, 114.3, 112.7, 103.2, 96.7, 91.8, 91.2, 82.5, 80.3, 

70.0, 69.9, 69.8, 69.4, 32.1, 29.89, 29.85, 29.83, 29.81, 

29.78, 29.76, 29.67, 29.66, 29.6, 29.4, 26.2, 22.9, 18.9, 

14.3, 11.6 ppm; FTIR (CH2Cl2 cast): ν = 3312, 2923, 2854, 

2147 cm-1; MALDI-TOF MS (dithranol as the matrix): m/z: 

calcd for C67H110O4Si: 1007; found: 1007 [M]+. 

1,4-Bis(decyloxy)-2,5-bis(trimethylsilylethynyl)benzene 

(9). See the general procedure for the Pd/Cu coupling 

reaction.  The materials used were TMSA (0.30 g, 3.0 mmol), 

3 (0.70 g, 1.0 mmol), PdCl2(PPh3)2 (20 mg, 0.028 mmol), CuI 

(10 mg, 0.053 mmol), TEA (15 mL), and THF (15 mL) at room 

temperature overnight.  The residue was purified by flash 

column chromatography with 5% CH2Cl2 in hexanes to give 9 
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(0.57 g, 89%) as white needles.  m.p. 67-68 ˚C; 1H NMR (400 

MHz, CDCl3): δ = 6.89 (s, 2H), 3.95 (t, 3J(H,H) = 6.4 Hz, 

4H), 1.79 (m, 4H), 1.50 (m, 4H), 1.34-1.28 (m, 24H), 0.89 

(t, 3J(H,H) = 6.6 Hz, 6H), 0.26 (s, 9H) ppm; 13C NMR (100 

MHz, CDCl3): δ = 154.2, 117.4, 114.1, 101.3, 100.3, 69.7, 

32.1, 29.9, 29.8, 29.7, 29.6, 26.2, 22.9, 14.3, 0.17 ppm; 

FTIR (CH2Cl2 cast): ν = 3051, 2957, 2918, 2850, 2155 cm-1; 

HRMS (EI): m/z: calcd for C42H74O2Si2: 666.5227; found: 

666.5236 [M]+. 

1,4-Bis(decyloxy)-2,5-diethynylbenzene (10). To a round 

bottom flask equipped with a magnetic stirrer was added 

1,4-bis(decyloxy)-2,5-bis(trimethylsilylethynyl)benzene 

(0.47 g, 0.74 mmol), K2CO3 (0.10 g, 0.72 mmol), MeOH (3 mL), 

and THF (6 mL).  The reaction mixture was stirred for 4 h 

at room temperature and then quenched with NH4Cl (aq) and 

diluted with hexanes.  The organic layer was washed with 

water (1×), dried over MgSO4, and the solvent was removed in 

vacuo.  The residue was recrystallized from MeOH to give 

product 10 (0.31 g, 95%) as pale yellow needles.  m.p. 65-

66 ˚C; 1H NMR (400 MHz, CDCl3): δ = 6.95 (s, 2H), 3.97 (t, 
3J(H,H) = 6.6 Hz, 4H), 3.32 (s, 2H), 1.80 (q, 3J(H,H) = 7.0 

Hz, 4H), 1.46 (m, 4H), 1.40-1.25 (m, 24H), 0.88 (t, 3J(H,H) 

= 6.7 Hz, 6H) ppm; 13C NMR (100 MHz, CDCl3): δ = 154.2, 

117.9, 113.4, 82.6, 80.0, 69.9, 32.1, 29.78, 29.76, 29.5, 

29.3, 26.1, 22.9, 14.3 ppm; FTIR (CH2Cl2 cast): ν = 3283, 

2924, 2848 cm-1; HRMS (EI): m/z: calcd for C30H46O2: 438.3498; 

found: 438.3496 [M]+. 

Compound (11).  See the general procedure for the Pd/Cu 

coupling reaction.  The materials used were 3 (0.11 g, 0.16 

mmol), 6 (0.20 g, 0.33 mmol), PdCl2(PPh3)2 (0.012 g, 0.017 

mmol), CuI (0.006 g, 0.03 mmol), TEA (1 mL), and THF (20 
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mL) at room temperature overnight.  The residue was 

purified by flash column chromatography with 10-30% CH2Cl2 

in hexanes to give product 11 (0.077 g, 30%) as a yellow 

solid.  m.p. 94-96 ˚C; 1H NMR (500 MHz, CDCl3): δ = 7.00 (s, 

2H), 6.95 (s, 2H), 6.94 (s, 2H), 4.02 (t, 3J(H,H) = 6.5 Hz, 

8H), 3.95 (t, 3J(H,H) = 6.3 Hz, 4H), 1.88-1.76 (m, 12H), 

1.55-1.45 (m, 12H), 1.35-1.21 (m, 72H), 1.16 (m, 42H), 

0.91-0.86 (m, 18H) ppm; 13C NMR (125 MHz, CDCl3): δ = 154.3, 

153.5, 153.2, 117.9, 117.2, 116.5, 114.4, 114.3, 114.0, 

103.0, 96.5, 91.6, 91.4, 69.9, 69.7, 69.2, 31.93, 31.92, 

31.91, 29.71, 29.69, 29.66, 29.652, 29.646, 29.635, 29.51, 

29.47, 29.38, 29.37, 26.2, 26.03, 25.99, 22.699, 22.693, 

18.7, 14.13, 14.12, 11.4 ppm; FTIR (CH2Cl2 cast): ν = 2923, 

2853, 2147 cm-1; MALDI-TOF MS (dithranol as the matrix): 

m/z: calcd for C104H174O6Si2: 1575; found: 1576 [M]+. 

Compound (12).  See the general procedure for the Pd/Cu 

coupling reaction.  The materials used were 3 (36 mg, 0.056 

mmol), 8 (121 mg, 0.112 mmol), PdCl2(PPh3)2 (5 mg, 0.007 

mmol), CuI (3 mg, 0.016 mmol), TEA (1 mL), and THF (20 mL) 

at room temperature for overnight.  The residue was 

purified by flash column chromatography with 20-50% CH2Cl2 

in hexanes to give product 12 (62 mg, 46%) as a yellow 

solid.  m.p. 126-128 ˚C; 1H NMR (500 MHz, CDCl3): δ = 7.01 

(m, 6H), 6.95 (s, 2H), 6.94 (s, 2H), 4.04-4.01 (m, 16H), 

3.95 (t, 3J(H,H) = 6.3 Hz, 4H), 1.88-1.75 (m, 20H), 1.52-

1.48 (m, 20H), 1.38-1.25 (m, 120H), 1.15 (m, 42H), 0.90-

0.86 (m, 30H) ppm; 13C NMR (125 MHz, CDCl3): δ = 154.4, 

153.5, 153.2, 117.9, 117.3, 117.2, 116.5, 114.4, 114.32, 

114.31, 114.29, 114.0, 103.1, 96.5, 91.63, 91.60, 91.4, 

69.9, 69.7, 69.6, 69.2, 31.94, 31.93, 31.91, 29.72, 29.71, 

29.696, 29.666, 29.662, 29.660, 29.651, 29.6, 29.56, 29.52, 
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29.513, 29.507, 29.479, 29.393, 29.383, 29.383, 29.382, 

29.378, 26.2, 26.045, 26.040, 25.996, 22.71, 22.70, 18.7, 

14.129, 14.126, 11.4 ppm; FTIR (CH2Cl2 cast): ν = 2923, 

2854, 2149 cm-1; MALDI-TOF MS (dithranol as the matrix): 

m/z: calcd for C160H262O10Si2: 2400; found: 2402 [M]+. 

Compound (14).  See the general procedure for the Pd/Cu 

coupling reaction.  The materials used were 1,3,5-

triiodobenzene (13) (0.076 g, 0.17 mmol), 8 (0.52 g, 0.52 

mmol), PdCl2(PPh3)2 (0.010 g, 0.014 mmol), CuI (0.004 g, 

0.02 mmol), and TEA (20 mL) at room temperature for 

overnight.  The residue was purified by flash column 

chromatography with 25-40% CH2Cl2 in hexanes to give product 

14 (0.40 g, 77%) as a greenish yellow wax.  1H NMR (500 MHz, 

CDCl3): δ = 7.64 (s, 3H), 7.02 (s, 3H), 7.00 (s, 3H), 6.96 

(s, 3H), 6.95 (s, 3H), 4.06-4.02 (m, 18H), 3.96 (t, 3J(H,H) 

= 6.3 Hz, 6H), 1.89-1.83 (m, 24H), 1.56-1.50 (m, 24H), 

1.37-1.22 (m, 144H), 1.16 (m, 63H), 0.89-0.82 (m, 36H) ppm; 

13C NMR (125 MHz, CDCl3): δ = 154.6, 154.0, 153.7, 153.5, 

134.1, 124.4, 118.1, 117.4, 117.3, 116.7, 114.9, 114.5, 

114.2, 113.7, 103.2, 96.7, 93.4, 92.0, 91.4, 87.4, 70.1, 

69.9, 69.8, 69.4, 32.15, 32.13, 32,12, 29.91, 29.87, 29.86, 

29.7, 29.60, 29.59, 29.57, 22.92, 22.90, 18.9, 14.343, 

14.338, 11.6 ppm; FTIR (CH2Cl2 cast): ν = 2921, 2853, 2207, 

2147 cm-1; MALDI-TOF MS (dithranol as the matrix):  m/z: 

calcd for C207H330O12Si3: 3095; found: 3094 [M]+. 

Compound (15).  To a round bottom flask equipped with a 

magnetic stirrer was added 14 (0.21 g, 0.068 mmol), TBAF 

(0.25 mL, 0.25 mmol), and THF (10 mL).  The reaction 

mixture was stirred for 3 h at room temperature and then 

quenched with satd NH4Cl and diluted with hexanes.  The 

organic layer was washed with water (1×), dried over MgSO4, 
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and the solvent was removed in vacuo.  The residue was 

purified by flash column chromatography with 30-50% CH2Cl2 

in hexanes to give product 15 (0.13 g, 75%) as a greenish 

yellow solid.  1H NMR (500 MHz, CDCl3): δ = 7.65 (s, 3H), 

7.03 (s, 3H), 7.01 (s, 3H), 7.00 (s, 3H), 6.99 (s, 3H), 

4.05-4.01 (m, 24H), 3.36 (s, 3H), 1.86-1.83 (m, 24H), 1.56-

1.50 (m, 24H), 1.31-1.22 (m, 144H), 0.90-0.84 (m, 36H) ppm; 

13C NMR (125 MHz, CDCl3): δ = 154.4, 154.0, 153.7, 153.5, 

134.1, 124.4, 118.2, 117.4, 117.3, 117.2, 115.1, 114.8, 

113.8, 112.8, 93.5, 91.7, 91.6, 87.3, 82.5, 80.3, 69.9, 

69.83, 69.79, 69.4, 32.13, 32.11, 29.9, 29.84, 29.81, 

29.80, 29.79, 29.68, 29.66, 29.58, 29.55, 29.5, 29.4, 26.3, 

26.20, 26.18, 26.17, 22.90, 22.89, 14.3 ppm; FTIR (CH2Cl2 

cast): ν = 3309, 3282, 2924, 2847, 2202, 2097 cm-1; MALDI-

TOF MS (dithranol as the matrix): m/z: calcld for C180H270O12: 

2626; found: 2626 [M]+. 

Compound (28).  Compound 10 was subject to the addition 

of C60 as described in the general procedure.  The materials 

used were C60 (0.36 g, 0.50 mmol), 10 (0.049 g, 0.10 mmol), 

LHMDS (0.75 mL, 0.75 mmol), and THF (100 mL).  The reaction 

was quenched at 0.5 h with TFA (0.20 mL, 2.6 mmol).  Crude 

products were dissolved in CS2, mixed with silica gel, and 

loaded onto a column with hexanes/CS2/CH2Cl2 (100:1:1).  The 

column was eluted with hexanes/CS2 (2:1) to remove unreacted 

C60, then with hexanes/CS2/CH2Cl2 (2:1:1) to afford product 

28 (80 mg, 42%) as a brown solid.  1H NMR (500 MHz, 

CS2/CDCl3, 1:1): δ = 7.33 (s, 2H), 7.18 (s, 2H), 4.23 (t, 
3J(H,H) = 6.2 Hz, 4H), 1.98 (m, 4H), 1.69 (m, 4H), 1.40 (m, 

4H), 1.30-1.20 (m, 20H), 0.83 (t, 3J(H,H) = 7.1 Hz, 6H) ppm; 

13C NMR (125 MHz, CS2/CDCl3, 1:1): δ = 154.37 (1 signal from 

C-O in the aromatic ring), 151.4, 151.2, 147.6, 147.3, 
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146.6, 146.37, 146.35, 146.19, 146.18, 145.8, 145.62, 

145.61, 145.5, 145.4, 145.3, 144.7, 144.5, 143.2, 142.58, 

142.55, 142.1, 142.01, 141.96, 141.9, 141.7, 141.6, 140.4, 

140.3, 136.1, 135.1 (30 signals from sp2-C in the C60 core), 

116.7, 113.7, 97.9, 80.4, 69.4, 61.9 (CH in the C60 core), 

55.4 (quaternary sp3-C in the C60 core), 32.1, 30.1, 30.0, 

29.92, 29.87, 29.7, 26.7, 23.0, 14.3 ppm; FTIR (KBr): ν = 

2917, 2848, 2327, 1634 cm-1; MALDI-TOF MS (dithranol as the 

matrix): m/z: calcd for C150H46O2: 1880; found: 1882 [M]+.  

(Additional NMR information is in the Supporting 

Information.) 

Compound (29).  To a round bottom flask equipped with a 

magnetic stirrer was added 7 (0.14 g, 0.13 mmol), TBAF (0.3 

mL, 0.3 mmol), and THF (20 mL).  The reaction mixture was 

stirred for 1 h at room temperature and then quenched with 

NH4Cl (aq.) and diluted with hexanes.  The organic layer was 

washed with water (1×), dried over MgSO4, and the solvent 

was removed in vacuo.  All organic residues were subject to 

the next reaction without further purification (see the 

general procedure for the addition reaction of C60 using 

LHMDS).  The materials used were C60 (0.37 g, 0.513 mmol), 

LHMDS (0.8 mL, 0.8 mmol), and THF (100 mL).  The reaction 

was quenched at 30 min with TFA (0.20 mL, 2.6 mmol).  Crude 

products were dissolved in CS2, mixed with silica gel, and 

loaded onto a column with hexanes/CS2/CH2Cl2 (100:1:1).  The 

column was eluted with hexanes/CS2/CH2Cl2 (30:70:1, ca. 300 

mL) to remove bulk unreacted C60, then with 

hexanes/CS2/CH2Cl2 (50:50:1, ca. 1.5 L) for complete removal 

of trace C60, and finally with hexanes/CS2/CH2Cl2 (5:3:2) to 

afford product 29 (0.074 g, 24%) as a brown powder. 1H NMR 

(500 MHz, CS2/CDCl3, 1:1): δ = 7.19 (s, 2H), 7.13 (s, 2H), 
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7.05 (s, 2H), 4.13-4.10 (m, 8H), 1.94-1.90 (m, 8H), 1.70-

1.55 (m, 8H), 1.45-1.15 (m, 48H), 0.87 (t, 3J(H,H) = 7.1 Hz, 

6H), 0.83 (t, 3J(H,H) = 7.1 Hz, 6H) ppm; 13C NMR (125 MHz, 

CS2/CDCl3, 1:1): δ  = 154.3, 153.4, (2 signals from C-O in 

the aromatic ring), 151.3, 151.2, 147.5, 147.2, 146.5, 

146.26, 146.25, 146.09, 146.07, 145.6, 145.52, 145.51, 

145.4, 145.29, 145.22, 144.6, 144.4, 143.1, 142.48, 142.45, 

142.03, 141.92, 141.87, 141.79, 141.6, 141.5, 140.31, 

140.25, 136.0, 135.0 (30 signals from sp2-C in the C60 

core), 117.1, 116.7, 115.1, 112.9, 97.5, 92.0, 80.6, 69.5, 

69.2, 61.9 (CH in the C60 core), 55.4 (quaternary sp3-C in 

the C60 core), 32.11, 32.09, 30.1, 30.0, 29.93, 29.91, 

29.87, 29.7, 29.61, 29.60, 29.58, 26.7, 26.3, 23.03, 23.01, 

14.4, 14.3 ppm; FTIR (KBr): ν = 2920, 2849, 2329, 2219 cm-1;  

MALDI-TOF MS (dithranol as the matrix): m/z: calcd for 

C178H90O4: 2293; found: 2292 [M]+.  (Additional NMR 

information is in the Supporting Information.) 

Compound (30).  To a round bottom flask equipped with a 

magnetic stirrer was added 11 (0.069 g, 0.044 mmol), TBAF 

(0.1 mL, 0.1 mmol), and THF (20 mL).  The reaction mixture 

was stirred for 1 h at room temperature and then quenched 

with NH4Cl (aq) and diluted with diethyl ether.  The organic 

layer was washed with water (1×), dried over MgSO4, and the 

solvent was removed in vacuo.  All organic residues were 

subject to the next reaction without further purification 

(see the general procedure for the addition reaction of C60 

using LHMDS).  The materials used were C60 (0.158 g, 0.220 

mmol), LHMDS (0.35 mL, 0.35 mmol), and THF (100 mL). The 

reaction was quenched at 30 min with TFA (0.23 mL, 3.0 

mmol).  Crude products were dissolved in CS2, mixed with 

silica gel, and loaded onto a column with hexanes/CS2/CH2Cl2 
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(100:1:1).  The column was eluted with hexanes/CS2/CH2Cl2 

(30:70:1) to remove unreacted C60, and then with 

hexanes/CS2/CH2Cl2 (60:1:40) to afford product 30 (0.040 g, 

34%) as a brown solid.  1H NMR (500 MHz, CS2/CDCl3, 1:1): δ = 

7.21 (s, 2H), 7.14 (s, 2H), 7.05 (s, 2H), 6.98 (s, 2H), 

4.13-4.10 (m, 8H), 4.04 (t, 3J(H,H) = 6.6 Hz, 4H), 1.95-1.85 

(m, 12H), 1.67-1.53 (m, 12H), 1.43-1.15 (m, 72H), 0.90-0.82 

(m, 18H) ppm; 13C NMR (125 MHz, CS2:CDCl3, 1:1): δ = 154.3, 

153.39, 153.38 (3 signals from C-O in the aromatic ring), 

151.5, 151.3, 147.6, 147.3, 146.6, 146.36, 146.35, 146.18, 

146.17, 145.8, 145.64, 145.60, 145.45, 145.39, 145.3, 

144.7, 144.5, 143.2, 142.6, 142.5, 142.1, 142.01, 141.96, 

141.9, 141.7, 141.6, 140.4, 140.3, 136.1, 135.1 (30 signals 

from sp2-C in the C60 core), 117.10, 116.7, 115.2, 114.3, 

112.8, 97.5, 92.2, 91.7, 80.6, 69.6, 69.5, 69.3, 61.9 (CH 

in the C60 core), 55.4 (quaternary sp3-C in the C60 core), 

32.09, 32.08, 30.1, 30.0, 29.92, 29.91, 29.87, 29.85, 29.8, 

29.69, 29.65, 29.60, 29.58, 29.56, 29.54, 29.51, 26.7, 

26.23, 26.20, 22.97, 22.96, 22.95, 14.32, 14.31, 14.30 ppm; 

FTIR (CS2 cast): ν = 2921, 2851 cm-1; MALDI-TOF MS (sulfur 

as the matrix): m/z: calcd for C206H134O6: 2705; found: 2703 

[M]+.  (Additional NMR information is in the Supporting 

Information.) 

Compound (31).  To a round bottom flask equipped with a 

magnetic stirrer was added 12 (58 mg, 0.024 mmol), TBAF 

(0.05 mL, 0.05 mmol), and THF (3 mL).  The reaction mixture 

was stirred for 1 min at room temperature and then quenched 

with satd NH4Cl and diluted with diethyl ether.  The organic 

layer was washed with water (1×), dried over MgSO4, the 

slurry was filtrated and the solvent was removed from the 

filtrate in vacuo.  All organic residues were subject to 
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the next reaction without further purification (see the 

general procedure for the addition reaction of C60 using 

LHMDS).  The materials used were C60 (87 mg, 0.12 mmol), 

LHMDS (0.2 mL, 0.2 mmol), and THF (70 mL).  The reaction 

was quenched at 1 h with TFA (0.15 mL, 2.0 mmol).  Crude 

products were dissolved in CS2, mixed with silica gel, and 

loaded onto a column with hexanes/CS2/CH2Cl2 (100:1:1).  The 

column was eluted with hexanes/CS2/CH2Cl2 (30:70:1) to 

remove unreacted C60, and then with hexanes/CS2/CH2Cl2 

(50:1:50) to afford product 31 (51 mg, 60%) as a brown 

solid.  1H NMR (500 MHz, CDCl3): δ = 7.29 (s, 2H), 7.18 (s, 

2H), 7.14 (s, 2H), 7.06 (s, 2H), 7.05 (s, 2H), 7.04 (s, 

2H), 4.17-4.14 (m, 8H), 4.08-4.04 (m, 12H), 1.95-1.85 (m, 

20H), 1.65 (m, 4H), 1.60-1.51 (m, 16H), 1.44-1.20 (m, 

120H), 0.90-0.86 (m, 24H), 0.83 (t, 3J(H,H) = 6.9 Hz, 6H) 

ppm; 13C NMR (125 MHz, CDCl3): δ = 154.6, 153.6, 153.5 (C-O 

in the aromatic ring), 151.7, 151.6, 147.7, 147.4, 146.7, 

146.50, 146.48, 146.32, 146.31, 145.9, 145.8, 145.7, 

145.54, 145.53, 145.45, 144.8, 144.6, 143.3, 142.69, 

142.65, 142.2, 142.13, 142.07, 142.0, 141.8, 141.7, 140.5, 

140.4, 136.2, 135.3 (30 signals from sp2-C in the C60 core), 

117.3, 116.9, 115.2, 114.5, 114.3, 114.2, 112.8, 97.6, 

92.0, 91.7, 91.6, 91.4, 80.3, 69.9, 69.7, 69.5, 62.0 (CH in 

the C60 core), 55.6 (quaternary sp3-C in the C60 core), 

31.96, 31.95, 31.94, 30.0, 29.84, 29.78, 29.77, 29.73, 

29.70, 29.68, 29.67, 29.6, 29.52, 29.51, 29.45, 29.43, 

29.40, 29.39, 26.6, 26.10, 26.06, 22.74, 22.72, 14.18, 

14.15, 14.1 ppm; FTIR (CH2Cl2 cast): ν = 2922, 2852 cm-1; 

MALDI-TOF MS (sulfur as the matrix): m/z: calcd for 

C262H222O10: 3531; found: 3527 [M]+.  (Additional NMR 

information is in the Supporting Information.) 
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Compound (32).  See the general procedure for the 

addition reaction of C60 using LHMDS.  The materials used 

were C60 (0.21 g, 0.29 mmol), 15 (0.13 g, 0.048 mmol), LHMDS 

(0.7 mL, 0.7 mmol), and THF (150 mL).  The reaction was 

quenched at 1.5 h with TFA (0.3 mL, 4 mmol).  Crude 

products were dissolved in CS2 and directly loaded onto a 

column with hexanes/CS2/CH2Cl2 (100:1:1).  The column was 

eluted with hexanes/CS2/CH2Cl2 (100:1:1, ca. 300 mL) to 

remove unreacted C60, and then with hexanes/CS2/CH2Cl2 

(50:50:1, ca. 500 mL) for complete removal of trace C60, and 

finally with hexanes/CS2/CH2Cl2 (50:1:50) to afford product 

32 (0.11 g, 46%) as a brown solid.  1H NMR (500 MHz, CDCl3): 

δ = 7.68 (s, 3H), 7.29 (s, 3H), 7.18 (s, 3H), 7.15 (s, 3H), 

7.08 (s, 3H), 7.05 (s, 3H), 4.17-4.06 (m, 24H), 1.94-1.90 

(m, 24H), 1.65 (m, 6H), 1.60-1.50 (m, 18H), 1.45-1.15 (m, 

144H), 0.90-0.80 (m, 36H) ppm; 13C NMR (125 MHz, CDCl3): δ = 

154.6, 153.8, 153.6, 153.5 (4 signals from C-O in the 

aromatic ring), 151.6, 151.5, 147.7, 147.4, 146.7, 146.5, 

146.4, 146.29, 146.28, 145.9, 145.8, 145.7, 145.51, 145.49, 

145.4, 144.7, 144.6, 143.2, 142.7, 142.6, 142.2, 142.1, 

142.04, 141.95, 141.73, 141.66, 140.44, 140.36, 136.2, 

135.3 (30 signals from sp2-C in the C60 core), 134.0, 124.2, 

117.3, 117.2, 116.9, 115.1, 114.6, 113.7, 112.9, 97.7, 

93.3, 91.8, 91.6, 87.2, 80.3, 69.9, 69.8, 69.7, 69.5, 62.0 

(CH in the C60 core), 55.6 (quaternary sp3-C in the C60 

core), 31.96, 31.95, 31.94, 31.92, 29.84, 29.75, 29.73, 

29.70, 29.68, 29.6, 29.5, 29.42, 29.38, 26.6, 26.2, 26.08, 

26.07, 22.74, 22.73, 22.72, 22.71, 14.19, 14.17, 14.16 ppm; 

FTIR (CH2Cl2 cast): ν =  2919, 2851, 2329, 2210 cm-1; MALDI-

TOF MS (dithranol as the matrix): m/z: calcd for C360H270O12: 

4788; found: 4787 [M]+. 
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Experimental 

 
 NMR spectra were acquired on a Bruker AVANCE 500 MHz spectrometer.  
1D spectra were acquired with a broadband observe (BBO) probe.  To try to 
resolve 1H signals with very similar chemical shifts and to clearly detect 
differences in 1H linewidths within a spectrum, FID acquisition times of at least 
6.55 s (for a digital resolution of at least 0.15 Hz = 0.0003 ppm) were used, and 
the FIDs were processed without line broadening.  Similarly for 13C, FID 
acquisition times of about 6 s were generally used (for a digital resolution of 0.17 
Hz = 0.0013 ppm) in the 13C{1H} experiments, and the FIDs were processed with 
only 0.1 Hz of line broadening to remove high frequency noise.  2D COSY, HSQC, 
and HMBC spectra were acquired with an inverse broadband (BBI) probe with z-
axis pulsed field gradient capability.  Phase sensitive HSQC experiments (via 
double INEPT transfer with a 2-ms 1H trim pulse during the first INEPT transfer to 
remove unwanted coherences, echo/antiecho gradient selection, and GARP 13C 
decoupling during FID acquisition)[1a] were optimized for 1JCH = 145 Hz.  Magnitude 
mode HMBC experiments were optimized for 1JCH = 145 Hz and long-range JCH = 
7.0 Hz unless otherwise specified; these experiments also used a low-pass J-filter 
to suppress 1JCH correlations.[1b]  Additional parameters are given where 
appropriate in the subsequent discussion. 

 
 

NMR Analysis - General 
 

 A combination of 1D experiments (1H, 13C with and without 1H decoupling, 
and DEPT-135 13C) and 2D experiments (1H-1H COSY, 1H-13C HSQC, and 1H-13C 
HMBC) were used to make detailed chemical shift assignments.  The approach 
used will be described for each of 28-31, 33, and 34.  1H and 13C NMR data for the 
2,5-dialkoxy-p-phenyleneethynylene moiety have been reported for numerous 
small compounds and polymers.[2]  However, we are aware of only one report with 
a very limited use of 2D NMR to analyze such species.[2g]
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C10H21O

OC10H21

H

H 
 
 
 

Compound 28 
 

Even though 28, with a molecular formula of C100H46O2 is the simplest of 
the compounds studied by NMR, it still has a molecular weight of 1279.  28 was 
studied first (in 3:2 CDCl3:CS2 containing a little TMS).  Only the 1D experiments 
indicated above were used to arrive at the following assignments: 

 

H

OR

RO H

H

H

H

1

2 3 4 5

6

7

8 9

C1    61.894
C2    55.400
C3    97.872
C4    80.369

C5    113.669
C6    154.379
C7    116.712

1

2
1011

12
13

C1      61.894
C2      55.400
C10  151.210
C11  135.105
C12  136.044
C13  151.385
C14  142.065?

H8    7.320
H9    7.173

14

 
It is not immediately obvious how to assign the equal intensity 1H singlets at 

δ = 7.320 and 7.173 to aromatic C-H or fullerene C-H.  However, analyzing their 
13C satellites allows secure assignments to be made.   
 

The 13C signal at δ = 61.894 in a DEPT-135 13C experiment can be 
unambiguously assigned to the fullerene C-H.  The 13C signal at δ = 55.400 in a 
standard 13C experiment is absent in the DEPT experiment and thus can 
unambiguously be assigned to the fullerene quaternary sp3 carbon.  Both of these 
chemical shifts are very similar to the corresponding shifts previously reported for 
other C60H(C≡C-aryl) compounds.[3-5]

 
The fullerene quaternary sp3 carbon of 28 is split into a doublet (JCH = 5.6 

Hz) in a 1H-coupled 13C experiment through two-bond coupling to the fullerene 
proton.  This 2JCH value is comparable to those previously reported for other 
C60HR species.[6,7]  The corresponding 13C satellites are observed in the 1H 
spectrum of 28 at δ = 7.178461 and 7.167249 (JCH = 5.61 Hz) for the fullerene 1H-
12C signal at δ7.173084, with a 13C/12C isotope effect of –0.23 ppb. 
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The fullerene 1H-12C signal at δ = 7.173084 also appears to exhibit 13C 

satellites at δ = 7.18338 and 7.16244 (JCH = 10.47 Hz, 13C/12C isotope effect = -
0.17 ppb) in light of the same splitting appearing in the 1H-coupled 13C spectrum 
for the alkyne carbon at δ = 97.872 and for the very deshielded sp2 carbon at δ = 
151.385.  Essentially the same JCH coupling has been observed from the fullerene 
proton to a very deshielded sp2 carbon in previous work on other C60HR species.[6-

9]  Additional evidence that the 10.5 Hz splitting in 28 does, indeed, result from 
long-range JCH couplings to an alkyne carbon or to a fullerene sp2 carbon would 
come from 2D HMBC experiments on subsequent compounds.   
 

Only one sp2 carbon in 28 exhibits such a large splitting.  Clearly, it is 
reasonable to assign this splitting to the sp2 carbon with the only two-bond J 
coupling to the fullerene proton. 
 

The fullerene 1H-12C signal at δ = 7.173084 also appears to exhibit a 13C 
satellite at δ = 7.03073 (i.e., 71.2 Hz upfield).  In the 1H-coupled 13C spectrum, the 
fullerene C-H is split into a doublet with 1JCH = 141.2 Hz, a value similar to that for 
fullerene C-H in other C60HR species.[6-8,10-12]  For 28, no satellite is observed 
about 71 Hz downfield of  the 1H-12C signal at δ = 7.320 ppm.  However, a weak 
signal does appear 79.9 Hz downfield of this 1H-12C signal.  This appears to be a 
downfield 13C satellite because in the 1H-coupled 13C spectrum, the aromatic C-H 
signal at δ = 116.712 is split into a doublet with 1JCH = 161.5 Hz, clearly a 
reasonable value for an aromatic C-H J coupling.   
 

The fullerene proton signal at δ = 7.173 is considerably sharper than the 
aromatic proton signal at δ = 7.320, a feature that would be consistently observed 
and useful in the analysis of all the compounds studied.  The chemical shift of the 
fullerene proton is slightly downfield of that in other C60H(C≡C-aryl) compounds.[3-

5,13,14]  The fullerene proton of 28 is more downfield of that in C60H(C≡C-nonaryl) 
compounds.[3,9,14-18]

 
The residual 12CHCl3 signal at δ = 7.228 in the 1H spectrum of 28 could be 

unambiguously identified in two ways.  Its intensity did not match that of the 
signals at δ = 7.320 and 7.173, and the distinctive 13C satellites (JCH = 209 Hz) 
were apparent. 
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The very different splitting patterns for the two alkyne carbons in the 1H-

coupled 13C spectrum allow the signal at δ = 97.872 to reasonably be assigned to 
the alkyne carbon next to the fullerene [doublet (3JCH = 10.4 Hz)] and the signal at 
δ = 80.369 to reasonably be assigned to the alkyne carbon next to the aromatic 
ring [doublet (3JCH ≈ 6.4 Hz) of doublets (4JCH ≈ 2.0 Hz).  For the more downfield 
signal, the 3JCH value of 10.4 Hz is significantly larger than the corresponding 6.0 
Hz coupling reported for the indicated nuclei in 
C60H{CH[COOC(CH3)3][NHCH(C6H5)2]}.[9] These alkyne chemical shift 
assignments are consistent with the corresponding assignments for p-[(CH3)3Si-
(C≡C)-][C60H(C≡C)-]C6H4.[13]

 
The two alkyne carbon signals are noticeably broader (half-height linewidth 

ν1/2 = 1.0 Hz with 0.1 Hz of line broadening used) than any of the non-protonated 
fullerene or aromatic carbons and thus are correspondingly more difficult to detect.  
The aromatic C-H signal is even broader (ν1/2 = 1.7 Hz).    
 

By elimination, the signal at δ = 113.669 in the standard 13C experiment 
(absent in the DEPT-135 experiment) results from the alkyne-substituted aromatic 
carbon.  In the 1H-coupled 13C experiment, this carbon exhibits a doublet (2JCH ≈ 
7.1 Hz) of doublets (3JCH ≈ 1.2 Hz). 
 

The signal at δ = 154.379 in the standard 13C experiment (absent in the 
DEPT-135 experiment) clearly results from the aryloxy carbon; in the 1H-coupled 
13C experiment, it is extensively split by 2JCH (≈ 8.5 Hz) and multiple, smaller 3JCH 
couplings. 
 
 The long-range alkyne and aromatic JCH values clearly show that an HMBC 
experiment optimized for JCH = 7 Hz should give considerably stronger contours 
for the C-H interactions with JCH ≈ 7 Hz than for the C-H interactions with JCH ≤ 2 
Hz.  This observation will prove critical in the analysis of the HMBC spectra of 
more complex compounds. 
 

In addition to the 2JCH couplings indicated above from the fullerene proton to 
a fullerene sp2 carbon (JCH = 10.5 Hz) and to the fullerene quaternary sp3 carbon 
(JCH = 5.6 Hz), there are 3JCH couplings from the fullerene proton to three different 
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fullerene sp2 carbons.  The next two largest couplings (2.8 Hz, δ = 136.044 and 
2.7 Hz, δ = 151.210) most likely are two of those three 3JCH couplings.   

 
The signal at δ = 151.210 (the second most downfield fullerene carbon) can 

reasonably be assigned to the sp2 carbon adjacent to the quaternary sp3 carbon in 
light of the calculated 13C shifts for C60H(C≡CH).[5]  The 3JCH value of 2.7 Hz is 
comparable to those previously reported for the second most downfield fullerene 
carbon in other C60HR species.[6,7]  

 
The signal at δ = 136.044 (the second most upfield fullerene sp2 carbon) 

can reasonably be assigned to the other sp2 carbon three bonds from the fullerene 
proton in that 6-membered ring. The 3JCH value of 2.8 Hz is comparable to the 
values previously reported for the most upfield fullerene sp2 carbon in other C60HR 
species.[6,7]  In addition, the assignment is consistent with the calculated 13C shifts 
for C60H(C≡CH).[5]    
 

The next largest JCH value (1.6 Hz, δ = 142.065) probably results from the 
remaining fullerene sp2 carbon with a potential 3JCH coupling.  If this is the case, 
then the carbon giving a signal at δ = 142.065 would be bonded to the carbon 
giving the signal at δ = 151.385. 
 

Six additional long-range couplings ranging from 1.2 Hz to 0.5 Hz are 
detected from fullerene sp2 carbons to the fullerene proton.  These couplings 
presumably represent 4-bond and 5-bond couplings.  The most upfield fullerene 
sp2 carbon signal, at δ = 135.105, exhibits JCH = 1.2 Hz and can reasonably be 
assigned to the one carbon in the functionalized ring with a potential 4JCH coupling 
in light of the calculated 13C shifts for C60H(C≡CH).[5]  

 
Any long-range couplings smaller than about 0.5 Hz could not be detected, 

as the FID digital resolution was only 0.33 Hz, with a spectral digital resolution of 
0.08 Hz after zero-filling. 

 
The Cs symmetry of 28 results in 2 single-intensity fullerene sp2 carbons (on 

the symmetry plane) and 28 double-intensity fullerene sp2 carbons.  The third and 
fourth most downfield fullerene sp2 carbon signals (δ = 147.548 and 147.276) are 
clearly the single-intensity signals, consistent with the calculated shifts for 
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C60H(C≡CH).[5]  The 30 fullerene sp2 signals (and any long-range JCH couplings) 
are at δ = 151.385 (JCH = 10.5 Hz), 151.210 (JCH = 2.7 Hz), 147.548, 147.276, 
146.578 (JCH = 1.0 Hz), 146.355, 146.334 (JCH = 0.5 Hz), 146.173, 146.162, 
145.734, 145.607, 145.600, 145.445 (JCH = 1.2 Hz), 145.377, 145.302, 144.640 
(JCH = 0.6 Hz), 144.459, 143.166, 142.564, 142.534, 142.065 (JCH = 1.6 Hz), 
141.998, 141.947, 141.853, 141.644, 141.571, 140.356, 140.297 (JCH = 0.9 Hz), 
136.044 (JCH = 2.8 Hz), and 135.105 (JCH = 1.2 Hz).  Comparing these shifts 
against those reported for C60H(C≡C-C6H5) in 1:4 acetone-d6:CS2

[3] shows a very 
close correspondence. 

 
For the C10H21 side chain:  H-1 at δ = 4.224, t, JHH = 6.2 Hz; H-2 at δ = 

1.982, t of t; H-3 at δ = 1.691, t of t; H-4 through H-9, approx. δ = 1.43-1.13; and H-
10 at δ = 0.827, t, JHH =  7.0 Hz.  The C10H21 side chain gives 13C signals at δ = 
69.411 (C-1), 32.089 (C-8), 30.086, 29.981, 29.933, 29.874, 29.618, 26.701, 
22.983 (C-9), and 14.342 (C-10).  For the 13C signals for which the assignments 
are not obvious from the chemical shift, the relatively broad signal at δ = 29.874 
and segmental motion considerations strongly suggest that this signal results from 
C-2.  2D work on subsequent compounds allows the signal at δ = 26.701 to 
reasonably be assigned to C-3, while the four remaining signals from δ = 29.6 to 
30.1 result from C-4, C-5, C-6, and C-7 and could presumably be assigned to 
specific carbons through careful measurement of their 13C spin-lattice relaxation 
times.[19]

 

C10H21O

OC10H21

H

H

2

 
Compound 29 
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29 has a molecular formula of C178H90O4 and a molecular weight of 2293.  
Only 1D 1H and 13C{1H} spectra were obtained on this compound (in 1:1 
CDCl3:CS2 containing a little TMS).  The following assignments have been made: 

 

H

OR

RO H

H

H

OR

RO

H

H

H H

H
O

OH2CH2CH2C(H2C)6H3C

CH2 CH2 CH2 (CH2)6 CH3

1

2 3 4 5

6

7 8

9

10 11

12

13 14

C1    61.909
C2    55.371
C3    97.488
C4    80.622

C5    115.057
C6    153.370
C7    117.054
C8    154.271

C9    116.682
C10  112.916
C11    92.028

C1    69.215
C5    26.662
C3    69.518
C6 26.269

1 2

34

H1    4.123
H2    0.880
H3    4.112
H4 0.826

H12    7.050
H13    7.196
H14    7.134

5

6

 
The 13C and 1H signals for the fullerene C-H and the fullerene quaternary 

sp3 carbon were determined as indicated for 28.  The fullerene proton signal again 
exhibits 13C satellites (JCH = 10.53 Hz; 13C/12C isotope effect = -0.15 ppb) and is 
much sharper (ν1/2 = 0.27 Hz) than either of the aromatic proton signals (ν1/2 = 1.0 
Hz). 

 
The assignments for the two alkyne carbon signals in 28 allow the 

assignments for the three alkyne carbon signals in 29 to be made with confidence. 
 
A pair of 13C signals is observed for the two aryloxy carbons, for the two 

aromatic C-H carbons, for the two alkyne-substituted aromatic carbons, and for 
each position of the two decyl side chains.  A pair of 1H signals is observed for the 
two aromatic protons; overlapping triplets are observed for the two -OCH2- groups; 
but resolved triplets are observed for the two CH3 groups.  2D NMR experiments 
on 30 provided detailed assignments and, except for the CH3 proton assignments, 
allowed the additional assignments indicated above for 29 to be made by direct 
comparison with the assignments for 30.   
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Not surprisingly, of the various pairwise differences in 13C chemical shifts in 
29, the largest is for the two alkyne-substituted carbons because they are closest 
to the structural differences.  The CH3 protons in 29 are differentiated on the basis 
of a pattern observed in the CH3 proton region in proceeding from 28 to 31:  
Lengthening the chain causes the signals for the additional CH3 groups in 29, 30, 
and 31 to cluster near δ = 0.88, but each of 28-31 has a resolved CH3 triplet at δ =  
0.826 ± 0.001. 

 
The 1H data for the two decyl side chains are:  H-1 at δ = 4.123, t, JHH = 6.1 

Hz and at δ = 4.112, t, JHH = 6.5 Hz; H-2 from δ = 1.96-1.88, overlapping 
multiplets; H-3 at δ = 1.65, multiplet and at δ = 1.58, multiplet; H-4 through H-9, δ = 
1.45-1.13; and H-10 at δ = 0.880, t, JHH = 7.0 Hz and at δ = 0.826, t, JHH = 7.0 Hz.  
The 13C shifts for the two decyl side chains are δ = 69.518 and 69.215 (C-1); 
32.110 and 32.093 (C-8); 30.064, 29.975, 29.931, 29.912, 29.877, 29.871, 29.709, 
29.614, 29.599, and 29.578 (C-2, C-4, C-5, C-6, and C-7); 26.662 and 26.269 (C-
3); 23.027 and 23.010 (C-9); and 14.361 and 14.340 (C-10).  A similar compound 
[with OC12H25 instead of OC10H21 side chains and symmetrical terpyridyl-
substituted ethynyl end groups instead of C60H(C≡C)-] also studied just by 1D 1H 
and 13C NMR but on a 200 MHz spectrometer gave far fewer resolved pairs of side 
chain resonances.[2i]   

 
The 30 fullerene sp2 signals of 29 are at δ = 151.371, 151.253, 147.500, 

147.232, 146.540, 146.304, 146.291, 146.129, 146.115, 145.688, 145.559, 
145.552, 145.403, 145.329, 145.260, 144.598, 144.427, 143.122, 142.520, 
142.492, 142.029, 141.959, 141.912, 141.828, 141.604, 141.529, 140.306, 
140.246, 136.021, and 135.013.   
 

C10H21O

OC10H21

H

H

3

   
Compound 30 
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 30 has a molecular formula of C206H134O6 and a molecular weight of 2705.  
All of the 1D and 2D NMR techniques mentioned at the beginning were used to 
study this compound (in 1:1 CDCl3:CS2 containing a little TMS) and arrive at the  
following assignments: 
 
 

H

OR

RO H

H

H

OR

RO

H

H

OR

RO

H

H

H

O

OR

CH2 CH2 CH2 (CH2)6 CH3

H2CH2CH2C(H2C)6H3C

OH2CH2CH2C(H2C)6H3C

1

2 3 4 5
7

6

8

9

10 11 12 13

14

15

16

17

18 19

C1    61.929
C2    55.431
C3    97.474
C4    80.564
C5  115.172

C6    153.392 or 153.379
C7    117.10*
C8    154.332
C9    116.714
C10  112.782

*C7 and C15 are overlap at 117.10 ppm

C11    91.661
C12    92.181
C13  114.311
C14  153.379 or 153.392
C15  117.10*

1 2

34

56

C1               69.267
C2               26.665
C3 or C5     69.590 or 69.452 
C4 or C6     26.230 or 26.199

H1                4.122
H2                1.652
H3 or H5      4.109 or 4.039 
H4 and H6   1.56 (overlap)

H16    6.980
H17    7.054
H18    7.206
H19    7.144

 
In addition, the 1H-coupled 13C spectrum reveals long-range couplings from the 
fullerene proton to at least 13 fullerene sp2 carbons.  Apparently, all 13 long-range 
couplings up to five bonds are detected. 
 
 The distinctive fullerene C-H 13C and 1H signals can be assigned 
unambiguously and serve as a starting point for deducing heteronuclear chemical 
shift correlations in the HMBC and HSQC experiments. 
 

Once the alkyne carbons and possibly the alkyne-substituted aromatic 
carbon closest to the fullerene H are identified through the HMBC experiment, one 
then looks for an aromatic proton coupled to any of these alkyne carbons or the 
alkyne-substituted aromatic carbon in order to determine the chemical shift of the 
aromatic proton closest to the fullerene.  The long-range correlations of this 
aromatic proton to aromatic carbons in the ring and possibly to the inner alkyne in 
the chain provide new assignments. 
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One then looks for another aromatic proton coupled to the same aromatic 

carbons and the inner alkyne in the chain to determine the chemical shift of the 
other aromatic proton on this ring. 

 
By elimination, the remaining aromatic proton has to be on the central 

aromatic ring, and the long-range correlations of this proton have to be to aromatic 
carbons on this central ring and to the inner alkyne. 

 
One then looks for 3-bond correlations from the distinctive -OCH2- protons 

to the aryloxy carbon.  The success of this step depends on the extent to which 
the various -OCH2- triplets are resolved and whether the digital resolution in the 
13C dimension is sufficient to differentiate among the aryloxy carbons. 

 
One then looks for correlations from the -OCH2- protons to decyl C-2 and 

C-3 and for correlations from the -OCH2- carbons to decyl H-2 and H-3.  One 
continues to proceed down the chain until overlap in the 1H dimension or 
insufficient digital resolution in the 13C dimension stops the analysis. 

 
The distinctive -OCH2- triplets similarly also serve as a starting point for 

deducing 1H-1H correlations in the COSY experiment.  Secure assignments for 
decyl H-2 and H-3 in turn enable secure differentiation of decyl C-2 from decyl C-3 
in the HSQC spectrum.   

 
This approach yields more complete and much more detailed assignments 

than have been previously reported for similar trimer compounds studied just by 
1D 1H and 13C NMR on lower field strength spectrometers.  (In one report, the 
compounds differ in having OC12H25 instead of OC10H21 side chains and in having 
either Br or symmetrical terpyridyl-substituted ethynyl end groups instead of 
C60H(C≡C)- end groups.[2i]  In the other report, the compounds differ in having 
OC6H13 instead of OC10H21 side chains and in having either H or Si(CH3)3 or 
CH3CO-S-C6H4-p end groups instead of C60H(C≡C)- end groups.[2e])  Still, a field 
strength greater than 500 MHz would have been desirable for trying to make still 
more detailed assignments for 30.   

 
With respect to specific aspects of the HMBC experiment: 

 11



 
• The long-range correlation from the fullerene proton to the first alkyne carbon 

(δ = 97.474) is clearly a doublet with J ≈ 11 Hz.  This is consistent with the 
alkyne carbon at δ = 97.474 exhibiting a doublet (JCH = 10.51 Hz) in the 1H-
coupled 13C spectrum and with the 13C satellites observed for the fullerene 
proton in the 1H spectrum (JCH = 10.49 Hz; isotope effect = -0.19 ppb). (In the 
1H spectrum, the 1H-12C fullerene signal at δ = 7.144 is much sharper than any 
of the aromatic signals.) 

 
• The contour at δH = 7.206 and δC = 154.332 is stronger than the contour for δH 

= 7.206 and δC = 153.379 or δH = 7.206 and δC = 153.392.  The experiment 
was optimized for a long-range JCH = 7.0 Hz.  In light of the long-range JCH 
values for the aryloxy carbon in 28 (above), we believe that the more intense 
aryloxy contour in 30 results from a 2-bond coupling, while the less intense 
contour results from a 3-bond coupling.  (Also see the discussion below of the 
1H-coupled 13C spectrum of 30.)  The assignment of the alkyne-substituted 
aromatic carbon at δ = 115.172 is secure because it is the only such carbon 
coupled to the fullerene proton.  Not surprisingly, the contour for δH = 7.206 and 
δC = 115.172 (2-bond coupling) is stronger than the contour for δH = 7.206 and 
δC = 112.782 (3-bond coupling to the other alkyne-substituted aromatic carbon 
on that ring).  Similarly, the contour for δH = 7.206 and δC = 80.564 (3-bond 
coupling to alkyne carbon previously assigned) is stronger than the contour for 
δH = 7.206 to δC = 91.661 (apparently a 4-bond coupling to an interior alkyne 
carbon).  The 4-bond coupling across the ring from δH = 7.206 to δC = 116.714 
is weak. 

 
• The essentially total overlap of two aromatic C-H signals at δ = 117.099 clearly 

limits the assignments that can be made.  Similarly, the two aryloxy carbons 
differing by only 0.013 ppm cannot be differentiated in the 13C dimension of the 
HSQC and HMBC experiments.  This is a significant limitation in making 
assignments because the aryloxy carbons are the crucial link to the decyl side 
chains via a 3-bond coupling from the aryloxy carbons to the -OCH2- protons. 

 
• The aromatic proton at δ = 7.054 clearly couples to the same aromatic and 

alkyne carbons as does the aromatic proton at δ = 7.206.  However, the 
relative intensities of the contours are the opposite of those observed for the 

 12



proton at δ = 7.206, consistent with 2JCH to the alkyne-substituted carbon at δ = 
112.782 being significantly larger than 3JCH to the alkyne-substituted carbon at 
δ = 115.172, with 2JCH to the aryloxy carbon at δ = 153.379 or 153.392 being 
larger than 3JCH to the aryloxy carbon at δ = 154.332, and with 3JCH to the 
alkyne carbon at δ = 91.661 being larger than 4JCH to the alkyne carbon at δ = 
80.564. 

 
• By elimination, the aromatic proton at δ = 6.980 is assigned to the central 

aromatic ring.  Because of the symmetry of the substituents on this ring, this 
proton exhibits long-range coupling to only one type of aryloxy carbon and to 
only one type of alkyne-substituted aromatic carbon, i.e., the intensity of the 2-
bond and 3-bond couplings from each of the two equivalent aromatic protons 
constructively adds.  Similarly, only one coupling is evident to an alkyne carbon 
(at δ = 92.181), for which the intensity of the 3-bond and 4-bond couplings from 
the two equivalent aromatic protons constructively adds.  This alkyne carbon 
can be clearly differentiated from the adjacent alkyne carbon at δ = 91.661 
because the digital resolution in the HMBC experiment was 0.332 ppm (512 
increments over a 170-ppm range, zero-filled to 1024 data points in processing 
for a final digital resolution of 0.166 ppm).  A weak 4-bond coupling is evident 
from the aromatic proton across the ring to the symmetry-equivalent carbon 
bearing the other aromatic proton. 

 
• The -OCH2- protons at δ = 4.122 exhibit a 3-bond coupling to the aryloxy 

carbon at δ = 154.332.  The -OCH2- protons at δ = 4.109 and 4.039 exhibit a 3-
bond coupling to the unresolved aryloxy carbons at δ = 153.379 and 153.392. 

 
 The COSY and HSQC experiments enable an unambiguous differentiation 
of decyl C-2 from C-3, essential to continuing the interpretation of the HMBC decyl 
contours. 
 
• In the COSY spectrum (Figures S-1 and S-2), the upfield -OCH2- signal (δ = 

4.039) correlates with the upfield region of the decyl H-2 signal, which, in turn, 
correlates with the more upfield region of the decyl H-3 signal.  The downfield -
OCH2- signals at δ = 4.109 and 4.122 overlap and correlate with the more 
downfield region of the decyl H-2 signals, which, in turn, correlate with the 
upfield and downfield regions of the decyl H-3 signals.  Interestingly, this 
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pattern reverses for the coupling of H-3 with H-4, as the two more upfield H-3 
signals correlate with the more downfield H-4 signals, while the most downfield 
H-3 signal correlates with the most upfield H-4 signal.  The extensive overlap of 
the H-4 through H-9 signals at 500 MHz precludes any detailed interpretation.  
The upfield decyl H-9 signal correlates with the more upfield decyl CH3 group 
(δ = 0.826), while the downfield decyl H-9 signal correlates with the more 
downfield decyl CH3 groups (δ = 0.886 and 0.875). 

 
• With secure assignments thus established for decyl H-2 (δ = 1.75-1.95) and H-

3 (δ = 1.50-1.70), the HSQC spectrum provides secure differentiation of the 
three decyl C-2 signals (near δ = 30) from the three decyl C-3 signals (δ = 
26.199, 26.230, and 26.665 in the 1D 13C spectrum).  The decyl C-3 at δ = 
26.665 correlates with the decyl H-3 multiplet centered at δ = 1.652, while the 
two more upfield decyl C-3 signals (δ = 26.230 and 26.199) correlate with the 
overlapping decyl H-3 multiplets centered at δ = 1.56.  The three decyl C-2 
signals clearly fall in the region with the decyl C-4, C-5, C-6, and C-7 signals. 

 
The most downfield of the three decyl C-3 signals clearly correlates with the 

most downfield of the -OCH2- signals (3-bond coupling) in the HMBC spectrum: δH 
= 4.122 and δC = 26.665. 
 

In addition, pairwise correlations δH = 4.039 and δC = 69.452, δH = 4.109 
and δC = 69.590, and δH = 4.122 and δC = 69.267 can be established in the HSQC 
experiment.  This differentiation is possible in the 13C dimension because the 
digital resolution is 0.254 ppm (512 increments over a 130-ppm range, zero-filled 
to 1024 data points in processing for a final digital resolution of 0.127 ppm). 
 
 The 13C shifts for the three decyl side chains are: δ =  69.590, 69.452, and 
69.267 (C-1); 32.094 and two overlapping signals at δ = 32.079 (C-8); 15 signals 
from δ = 30.059 to δ = 29.513 (C-2, C-4, C-5, C-6, and C-7); δ = 26.665, 26.230, 
and 26.199 (C-3); 22.973, 22.959, and 22.953 (C-9); and 14.321, 14.307, and 
14.299 (C-10).  The spectrum was obtained with a digital resolution of 0.162 Hz 
(0.00129 ppm). 
 
 The 30 fullerene sp2 signals are at δ = 151.464, 151.345, 147.563, 147.293, 
146.605, 146.360, 146.346, 146.185, 146.171, 145.757, 145.638, 145.600, 
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145.445, 145.387, 145.316, 144.655, 144.482, 143.170, 142.569, 142.541, 
142.086, 142.012, 141.964, 141.879, 141.655, 141.579, 140.353, 140.289, 
136.075, and 135.081. 
 
 1H-coupled 13C spectra provided additional support for the HMBC 
assignments: 
 
• The alkyne carbon at δ = 97.474 exhibits a doublet with JCH = 10.51 Hz. 
 
• The alkyne carbon at δ = 80.564 exhibits a doublet with JCH ≈ 7.0 Hz, 

presumably from 3-bond coupling to the nearest aromatic proton.  Each 
component of the doublet is broadened, presumably from much smaller 4-bond 
coupling to the fullerene proton, a more distant aromatic proton, or both.  The 
alkyne carbons at δ = 91.661 and 92.181 each exhibit a doublet with JCH ≈ 6.5 
Hz, presumably from 3-bond coupling to the nearest aromatic proton.  Each 
component of the doublet is broadened, presumably from much smaller 4-bond 
coupling to one or two more distant aromatic protons.  Since the HMBC 
experiment was optimized for long-range JCH = 7.0 Hz, contours from JCH 
couplings ≈ 7 Hz will be considerably more intense than contours from much 
smaller couplings.  Thus, the relative intensities indicated above for the alkyne 
contours are consistent with the observed long-range couplings. 

 
• The alkyne-substituted aromatic carbons at δ = 115.172, 114.311, and 112.782 

each exhibit a doublet (JCH ≈ 7.0 Hz) of doublets (JCH ≈ 1.5 Hz) consistent with 
2-bond and 3-bond couplings, respectively.  Thus, the relative intensities 
indicated above for the alkyne-substituted contours in the HMBC experiment 
are also consistent with the observed long-range couplings.  

 
• The aryloxy carbons at δ = 154.332, 153.392, and 153.379 each exhibit a 

doublet (JCH ≈ 8.0 Hz), presumably from 2-bond coupling to the nearest 
aromatic proton.  Each component of the doublet is further broadened or split, 
presumably from much smaller, 3-bond couplings to the other aromatic proton 
on the ring and to the -OCH2- protons.  Thus, the relative intensities indicated 
above for the aryloxy contours in the HMBC experiment are also consistent 
with the observed long-range couplings. 
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• The quaternary fullerene sp3 carbon exhibits 2JCH = 5.66 Hz.  The fullerene C-H 
carbon exhibits 1JCH = 141.3 Hz. 

 
The 1H-coupled 13C spectrum also exhibits a wealth of long-range couplings 

from the fullerene proton to the fullerene sp2 carbons, with 13 JCH couplings ≥ 0.32 
Hz apparently present in an experiment with a FID digital resolution of 0.16 Hz and 
a spectral digital resolution of 0.08 Hz after zero-filling.  No more than five such 
couplings have apparently previously been observed in other Cs symmetry C60HR 
species bearing one proton and one adjacent functional group.[6,7]  Twenty long-
range couplings have previously been observed in a C1 symmetry C60HR species 
bearing one proton and one adjacent chiral group,[9] which would correspond to 
ten long-range couplings if the substituent were achiral.   

 
Thus, we decided to obtain a spectrum of just the sp2 carbon region of 30 

with extremely high FID digital resolution (0.0501 Hz) and a spectral digital 
resolution of 0.0125 after zero-filling.  Again, 13 JCH couplings ≥ 0.20 Hz are 
clearly evident.  Two smaller couplings are probably present because other signals 
are sharp.  Apparently, all 13 long-range couplings up to 5 bonds are detected, as 
there is one 2JCH, three 3JCH, four 4JCH, and five 5JCH.  The 15 splittings in 
descending size are: JCH = 10.51 Hz (δ = 151.464), JCH = 2.83 Hz (δ = 151.345), 
JCH = 2.83 Hz (δ = 136.075), JCH = 1.62 Hz (δ = 142.086), JCH = 1.21 Hz (δ = 
145.445), JCH = 1.21 Hz (δ = 135.081), JCH = 1.05 Hz (δ = 146.605), JCH = 0.89 Hz 
(δ = 140.289), JCH = 0.65 Hz (δ = 144.655), JCH = 0.57 Hz (δ = 146.346), JCH = 
0.30 Hz (δ = 145.387), JCH = 0.28 Hz (δ = 145.757), JCH = 0.28 Hz (δ = 143.170), 
JCH = 0.18 Hz (δ = 145.316), and JCH = 0.16 Hz (δ = 140.353).  Spielmann et al. 
have indicated that in the 1H-coupled 13C spectra of fullerenes, 1H-13C coupling 
constants down to 0.1 Hz can be reliably detected and measured; they have also 
indicated that in 1,2-C70H2, 1H-13C coupling manifests itself out to five bonds from 
the proton.[20]

 
At present, it does not appear possible to make assignments for the 

fullerene sp2 carbons in 30 beyond those given for 28.  However, many of these 
assignments on the substituted half of the fullerene might be made by obtaining a 
13C-13C 2D INADEQUATE spectrum[9,21-28] at a very high field strength, both for 
reasons of sensitivity and to increase the first-order character of coupled 13C-13C 
spin pairs.  The secure assignments for fullerene C-H (δ = 61.929) and fullerene 
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quaternary sp3 carbon (δ = 55.431) would serve as the starting point for making 
assignments in the INADEQUATE spectrum, with a δ = 151.464 / δ = 61.929 
correlation (on the basis of the large 2JCH coupling) and a δ = 151.345 / δ = 55.431 
correlation (on the basis of the moderate 3JCH coupling and prior work[5]) clearly 
expected.  Clearly, very high digital resolution in the double quantum dimension 
would be desirable for trying to make the specific assignments. 

 

 

C10H21O

OC10H21

H

H

5

Compound 31 
 
31 has a molecular formula of C262H222O10 and a molecular weight of 3531.  

As with 29, only 1D 1H and 13C{1H} spectra were obtained on 31 (in CDCl3 
containing a little TMS; CS2 was not needed to achieve reasonable solubility). 

 
The following assignments appear reasonable in light of the data for 28-30: 
 

H

OR

RO H

H

H

OR

RO

H

H

OR

RO

H

H

OR

RO

OR

RO

H

H

H

H
1

2 3 4 5

6

7
8 9 10

11

12 13

C1    61.965
C2    55.592
C3    97.600
C4    80.282
C5  115.166

C6  116.937
C7  154.567
C8  112.828
C9    91.406
C10  91.978

H11    7.142
H12    7.287
H13    7.184

 
 
Additional 1H and 13C shifts that cannot readily be assigned to specific sites are 
given in the following discussion.  

 
For the 1H spectrum, we note: 
 

• The change in solvent causes a significant (i.e., several hundredths of a ppm) 
change in the 1H chemical shifts of the fullerene and aromatic protons.  The 
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relatively sharp signal at δ = 7.184 with its distinctive 13C satellites (JCH = 10.49 
Hz; 13C/12C isotope effect = -0.21 ppb) clearly results from the fullerene proton. 

 
• In 29, the two aromatic protons differ in chemical shift by 0.146 ppm, with the 

proton closer to the fullerene giving the more downfield signal.  In 30, the two 
aromatic protons on the ring next to the fullerene differ by 0.152 ppm, with the 
proton closer to the fullerene again giving the more downfield signal.  Clearly, 
for 31, one can also reasonably expect the two aromatic protons on the ring 
next to the fullerene to differ by 0.15 ppm and to exhibit the same relative 
shifts.  Thus, the signal at δ = 7.287 can reasonably be assigned to the 
aromatic proton closest to the fullerene, and the signal at δ = 7.142 can 
reasonably be assigned to the other aromatic proton on that ring. 

 
• In 30, the aromatic proton on the central ring gives the most shielded aromatic 

signal.  Thus, it is reasonable that the three remaining aromatic protons in 31 
also give more shielded signals (δ = 7.062, 7.049, 7.037), but the assignments 
are not immediately obvious. 

 
• In 31, the five -OCH2- groups separate into groups of two and three 

overlapping triplets at δ = 4.157 and 4.154 and at δ = 4.071, 4.065, and 4.054. 
 

• In light of the interpretation of the 1H spectrum of 30, one can reasonably 
assume that for 31 the complex patterns from about δ = 1.98-1.82, 1.71-1.48, 
and 1.45-1.13 result from decyl H-2, H-3, and H-4 through H-9, respectively.  
The integrated areas also are consistent.    

 
• As discussed earlier, the CH3 triplet at δ = 0.825 is assigned to the decyl group 

nearest the fullerene in 31.  The triplets at δ = 0.878, 0.884, 0.886, and 0.892 
are assigned to the methyl groups on the more interior chains. 

 
Many, but not all, signals are resolved in the 13C spectrum of 31.  All 30 

fullerene sp2 carbon signals are resolved; the 5 different alkyne-substituted 
aromatic carbon signals are resolved; and the 6 different alkyne signals are 
resolved.  However, less than 5 signals are observed for the aryloxy carbons, 
aromatic C-H, and each of C-1 through C-10 of decyl.  The overlap among the 
aryloxy carbon signals and among the aromatic C-H carbon signals would 
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severely limit the interpretations that could be derived from HSQC and HMBC 
spectra. 

 
• The aryloxy carbon signals are at δ = 154.567, 153.577 (double intensity), and 

153.530 (double intensity).  In light of the interpretation of the 13C spectrum of 
30, the distinctive signal at 154.567 in 31 is probably from the second aryloxy 
carbon relative to the fullerene.  

 
• The relatively broad aromatic C-H carbon signals are at δ = 117.312, 117.275 

(triple intensity), and 116.937.  In light of the interpretation of the 13C spectrum 
of 30, the distinctive signal at δ = 116.937 in 31 is probably from the second C-
H carbon relative to the fullerene.  

 
• The five different alkyne-substituted aromatic carbon signals are at δ = 

115.166, 114.503, 114.333, 114.170, and 112.828.  In light of the interpretation 
of the 13C spectrum of 30, the signal at δ = 115.166 in 31 can reasonably be 
assigned to the alkyne-substituted aromatic carbon closest to the fullerene; the 
signal at δ = 112.828 can reasonably be assigned to the second such carbon 
relative to the fullerene; and the remaining three signals at δ = 114.503, 
114.333, and 114.170 to the more interior alkyne-substituted aromatic carbons.  
The last three assignments are not immediately obvious, as these three 
carbons clearly have very similar environments. 

 
• The six different alkyne carbon signals are at δ = 97.600, 91.978, 91.705, 

91.607, 91.406, and 80.282.  In light of the data for any of 28, 29, or 30, the 
signals at δ = 97.600 and 80.282 can immediately be assigned to the alkyne 
carbons closest and second closest to the fullerene.  In light of the 0.52-ppm 
difference in the chemical shifts for the interior alkyne carbons in 30 and their 
relative values, the signals at δ = 91.406 and 91.978 in 31 can reasonably be 
assigned as the third and fourth alkyne carbons relative to the fullerene.  The 
two most interior alkyne carbons in 31 clearly have the most similar 
environments and would be expected to exhibit the smallest pairwise difference 
in chemical shifts.  Thus, the signals at δ = 91.705 and 91.607 can reasonably 
be thus assigned, although it is not immediately obvious which alkyne carbon 
gives which signal.  The chemical shifts for the interior alkyne carbons are 
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clearly consistent with those reported in the analogous polymers bearing other 
alkyloxy groups in the 2- and 5-positions.[2b,h,k,l] 

 
• The -OCH2- carbon signals are at δ = 69.880, 69.712 (double intensity), 

69.699, and 69.526.  In light of the interpretation of the 13C spectrum of 30, the 
signal at δ = 69.526 in 31 is probably from the second -OCH2- relative to the 
fullerene. 

 
• The C-3 carbon signals are at δ = 26.622, 26.100, and 26.056 with shoulder 

(triple intensity).  In light of the interpretation of the 13C spectrum of 30, the 
distinctive signal at δ = 26.622 in 31 is probably from the second decyl C-3 
relative to the fullerene. 
 
We note that 1H and 13C NMR data without assignments have been reported 

for several pentamer compounds[2e,i] similar to 31.  These pentamers are 
analogous to the trimers described earlier in the discussion of the data for trimer 
30. 
 

The 30 fullerene sp2 signals are at δ = 151.678, 151.551, 147.722, 147.448, 
146.748, 146.497, 146.479, 146.322, 146.310, 145.927, 145.824, 145.713, 
145.539, 145.530, 145.451, 144.786, 144.604, 143.278, 142.684, 142.655, 
142.216, 142.133, 142.075, 141.985, 141.766, 141.690, 140.463, 140.387, 
136.180, and 135.259.   
 

 

H

HC10H21O

C10H21O

OC10H21

C10H21O

OC10H21

C10H21O

OC10H21

OC10H21

Compound 34 
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34 has a molecular formula of C242H182O8 and a molecular weight of 3218.  
34 differs from 31 in the arrangement of the substituents on the terminal aromatic 
rings and in the presence of a “bare” C6H4 central aromatic ring.   

 
1D 1H, 13C{1H}, and DEPT-135 13C and 2D COSY, HSQC, and HMBC 

spectra were used to study this compound (in CDCl3 containing a little TMS; CS2 
was not needed to achieve reasonable solubility).  The following assignments 
have been made: 

 
 

H

RO H

H OR

RO

H

H

H

H

H

H

OR

OR

RO

ORH

H

H

H

RO

H
12

3
4

5
10

6

7
8 9

11 12 13

14

15 16

17

18 19 20 21
22

23

24

25

26

27

28

C1    62.216
C2    55.476
C3    95.155
C4    82.990
C5  120.163
C6  115.686

C7    149.615
C8    149.332
C9    115.864
C10  117.844
C11    94.121
C12    87.963

C13  114.404
C14  153.809 or 153.839
C15  117.154
C16  153.839 or 153.809
C17  116.951
C18  114.060

C19    88.772
C20    94.730
C21  123.181
C22  131.368

H23    7.388
H24    7.085
H25    6.906
H26    7.164
H27    7.272
H28    7.175

O H

H O

O

H

H H

H

O

H

H2C

H2C

H2C

H2C

H2CH2C(H2C)6H3C

H2C
H2C
(CH2)6

CH3

H2C
H2C
(CH2)6

C
H3

H2C
H2C

(CH2)6

CH3

123

4
5

6

7

8

9

10

C1               69.218
C2 or C5     29.178 or 29.160
C3 or C6     26.067 or 26.056 
C4               69.336
C7               69.650  
C8 or C10   26.148 or 26.202
C9               69.915

H1    4.090
H2    1.892
H4    4.127
H5    1.905
H7    3.880
H11  1.690
H8    1.395
H9    4.011
H12  1.868

11

12
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The downfield region of the 1H spectrum is shown in Figure S-3.  The 

relatively sharp signal at δ = 7.175 can reasonably be assigned to the fullerene 
proton (subsequently confirmed by HMBC analysis).  Note that the presence of an 
aromatic proton signal 0.01066 ppm (5.33 Hz) upfield precludes using the 13C 
satellites of the signal at δ = 7.175 to prove that this signal results from the 
fullerene proton. 

 
The distinctive double intensity aromatic proton signal at δ = 7.388 can 

immediately be assigned to the protons of the central ring.  Thus, two clear 
spectroscopic “handles” are available for detailed structural analysis by 2D NMR 
techniques, with the general approach as previously indicated for 30. 

 
The long-range correlation from δH = 7.175 to δC = 95.155 clearly identifies 

the fullerene proton and the alkyne carbon bonded to the fullerene.  This 
correlation is clearly a doublet with J ≈ 11 Hz. 
 

The long-range correlations from δH = 7.388 to δC = 94.730 and δC = 
123.181 clearly identify the most interior alkyne carbon and the most interior 
alkyne-substituted aromatic carbon, respectively.  The para-substituted C6H4 ring 
results in this proton exhibiting 1JCH, 2JCH, 3JCH, and 4JCH to symmetry-equivalent 
carbons at δC = 131.368.  This is also the most deshielded 13C signal in the DEPT-
135 experiment.  
 

The alkyne carbon at δ = 94.730 also exhibits a weak long-range correlation 
to δH = 7.085, which can then reasonably be assigned to the next proton nearest to 
this alkyne carbon (a 4JCH coupling). 
 

The aromatic proton at δ = 7.085 also exhibits correlations to the alkyne 
carbons at δ = 88.772 (strong), δ = 87.963 (moderate), and δ = 94.121(very weak), 
which can reasonably be interpreted as 3JCH, 4JCH, and 5JCH correlations.  The 
aromatic proton at δ = 7.085 also exhibits correlations to the alkyne-substituted 
aromatic carbons at δ = 114.060 and 114.404.  The former contour is more 
intense.  These two carbons can be clearly differentiated because the digital 
resolution in the HMBC experiment was 0.166 ppm (1024 increments over a 170-
ppm range).  The aromatic proton at δ = 7.085 also exhibits correlations to one or 
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both of the aryloxy carbons at δ = 153.809 and 153.839 and a weak 4-bond 
correlation to the aromatic C-H carbon at δ = 117.154 on the other side of the ring.  
Finally, the HSQC experiment shows a correlation between δH = 7.085 and δC = 
116.951 and a correlation between δC = 117.154 and δH = 6.906.   
 

The aromatic proton at δ = 6.906 couples to the same four alkyne carbons 
and the same two alkyne-substituted aromatic carbons as does the proton at δ = 
7.085.  However, the relative intensities of the alkyne contours at δ = 87.963 and 
88.772 are the opposite of those observed for the proton at δ = 7.085, consistent 
with 3JCH from the proton at δ = 6.906 to the alkyne carbon at δ = 87.963 being 
significantly larger than 4JCH to the alkyne carbon at δ = 88.772.  Similarly, the 
relative intensities of the alkyne contours at δ = 94.121 and 94.730 are the 
opposite of those observed for the proton at δ = 7.085, consistent with 4JCH from 
the proton at δ = 6.906 to the alkyne carbon at δ = 94.121 being larger than 5JCH to 
the alkyne carbon at δ = 94.730.  The relative intensities of the alkyne-substituted 
aromatic carbon contours at δ = 114.060 and 114.404 are the opposite of those 
observed for the proton at δ = 7.085, again consistent with 2JCH from the proton at 
δ = 6.906 to the alkyne-substituted aromatic carbon at δ = 114.404 being 
significantly larger than 3JCH to the alkyne-substituted aromatic carbon at δ = 
114.060.  The aromatic proton at δ = 6.906 also exhibits correlations to one or both 
of the aryloxy carbons at δ = 153.839 and 153.809 and a weak 4-bond correlation 
to the aromatic C-H carbon at δ = 116.951 on the other side of the ring. 
 

The alkyne carbon at δ = 94.121 also exhibits a strong long-range 
correlation to δH = 7.164 and a weak long-range correlation to δH = 7.272, which 
reasonably leads to the remaining aromatic proton assignments. 
 

The aromatic proton at δ = 7.164 also exhibits a much weaker correlation to 
the alkyne carbon at δ = 82.990, consistent with 4JCH being much smaller than 
3JCH.   The aromatic proton at δ = 7.164 exhibits a much stronger correlation to the 
alkyne-substituted aromatic carbon at δ = 117.844 than to the alkyne-substituted 
aromatic carbon at δ = 120.163, consistent with 2JCH being much larger than 3JCH.  
The aromatic proton at δ = 7.164 exhibits a weak 4-bond correlation to the 
aromatic C-H carbon at δ = 115.686 on the other side of the ring.  The aromatic 
proton at δ = 7.164 is coupled to the aryloxy carbons at δ = 149.332 and 149.615, 
with the contour more intense at the more upfield frequency.  Finally, the HSQC 
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experiment shows a correlation between δH = 7.164 and δC = 115.864 and a 
correlation between δH = 7.272 and δC = 115.686.  
 

The aromatic proton at δ = 7.272 couples to the same two alkyne carbons, 
the same two alkyne-substituted aromatic carbons, and the same two aryloxy 
carbons.  However, the relative intensities of the contours are the opposite of 
those observed for the proton at δ = 7.164, consistent with 3JCH to the alkyne 
carbon at δ = 82.990 being larger than 4JCH to the alkyne carbon at δ = 94.121, 
consistent with 2JCH to the alkyne-substituted carbon at δ = 120.163 being larger 
than 3JCH to the alkyne-substituted carbon at δ = 117.844, and consistent with 2JCH 
to the aryloxy carbon at δ = 149.615 being larger than 3JCH to the aryloxy carbon at 
δ = 149.332.  The aromatic proton at δ = 7.272 also exhibits a weak 4-bond 
correlation to the aromatic C-H carbon at δ = 115.864 on the other side of the ring. 
 
 Thus, all the carbons in the poly(arylethynylene) segment can be assigned 
except for the pair of aryloxy carbons at δ = 153.809 and 153.839 on the second 
(and fourth) aromatic rings. 
 

The -OCH2- protons exhibit the following δH and 3JHH values and 1JCH 
(HSQC) and 3JCH (HMBC) correlations:  δH = 4.127 (t, J = 6.65 Hz) with δC = 
69.336 and 149.332, δH = 4.090 (t, J = 6.65 Hz) with δC = 69.218 and 149.615, δH 
= 4.011 (t, J = 6.52 Hz) with δC = 69.915 and 153.809 or 153.839, and δH = 3.880 
(t, J = 6.37 Hz) with δC = 69.650 and 153.839 or 153.809.  This differentiation in 
the 13C dimension of the HSQC experiment is possible because the digital 
resolution is 0.140 ppm (1024 increments over a 143-ppm range) zero-filled to 
2048 data points in processing for a final digital resolution of 0.070 ppm. 
 

In an attempt to identify the specific -OCH2- group giving the signal at δH = 
4.011 and the specific –OCH2- group giving the signal at δH = 3.880, additional 
HMBC experiments were done but optimized for smaller, longer range couplings 
(2.5, 1.25, and 0.8 Hz as opposed to 7.0 Hz in the initial experiment).  No 4-bond 
couplings from the -OCH2- protons to the aromatic C-H carbons at δ = 116.951 
and 117.154 were detected.  No 4-bond couplings from the -OCH2- protons to the 
alkyne-substituted aromatic carbons at δ = 114.060 and 114.404 were detected.  
However, in the experiment optimized for JCH = 1.25 Hz, weak contours were 
detected from the -OCH2- carbons to aromatic protons:  δC = 69.218 to δH = 7.272, 
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δC = 69.336 to δH = 7.164, δC = 69.650 to δH = 6.906, and δC = 69.915 to δH = 
7.085.  These can reasonably be interpreted as 4JCH (rather than 5JCH) couplings.  
In addition, the relative intensities of the contours for the correlation of aromatic 
protons at δ = 7.164 and 7.272 and the aryloxy carbons at δ = 149.332 and 
149.615 are the opposite of that observed in the experiment optimized for JCH = 
7.0 Hz.  In the experiment optimized for JCH = 1.25 Hz, the contours resulting from 
3JCH couplings can reasonably be expected to be more intense than the contours 
resulting from 2JCH couplings.   
 
 In principle, the same approach (i.e., an HMBC experiment optimized for 
JCH = 1.25 Hz) could be used with 30 to try to make specific pairwise assignments 
for the -OCH2- carbons at δ = 69.590 and 69.452 through 4JCH correlations to the 
aromatic protons at δ = 7.054 and 6.980, provided that the digital resolution in the 
13C dimension is adequate.  In 31, three of the -OCH2- 13C signals are too similar 
in chemical shift for this approach to even be feasible. 
 

As with 30, the COSY and HSQC experiments on 34 enable an 
unambiguous differentiation of decyl C-2 from C-3, essential to continuing the 
interpretation of the HMBC decyl contours. 

 
In the COSY spectrum of 34, there is a clear pattern in the relative chemical 

shifts of the -OCH2- protons and in the relative chemical shifts of the decyl H-2 
protons to which the -OCH2- protons are coupled (Figure S-4):  as the  -OCH2- 
protons become more shielded, so do the decyl H-2 protons coupled to them.  
There is an especially large upfield shift for the most shielded -OCH2- (δ = 3.880) 
and most shielded decyl H-2 (δ = 1.690) protons.  For the other three decyl H-2 
groups, the shifts are δ = 1.868, 1.892, and 1.905.  The coupling of the decyl H-2 
protons at δ = 1.690 to the decyl H-3 protons at δ = 1.395 is clearly resolved.  The 
other decyl H-3 protons are further downfield and overlap.  Clearly, a field strength 
greater than 500 MHz would have been desirable for trying to make still more 
detailed assignments. 
 

With secure assignments thus established for decyl H-2 (δ = 1.93-1.67) and 
H-3 (δ = 1.57-1.37), the HSQC spectrum provides secure differentiation of the four 
decyl C-2 signals (δ = 29-30 region) from the four decyl C-3 signals (δ = 26.056, 
26.067, 26.148, and 26.202).  In the HMBC experiment optimized for JCH = 7.0 Hz, 
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the more shielded pair of decyl C-3 signals is coupled to the downfield pair of -
OCH2- signals (δH = 4.127 and 4.090); the more deshielded pair of decyl C-3 
signals is coupled to the upfield pair of -OCH2- signals (δH = 4.011 and 3.880).  
 

Remarkably, in the cluster of C-2, C-4, C-5, C-6, and C-7 signals from δ = 
29-30, two signals are 0.2 ppm upfield of all the others. While these two signals (δ 
= 29.178 and 29.160) are unresolved in the HSQC and HMBC experiments, these 
signals clearly correlate with the -OCH2- protons at δ = 4.127 and 4.090 in the 
HMBC spectrum optimized for JCH = 7.0 Hz.  Thus, δC = 29.178 and 29.160 result 
from two of the decyl C-2 carbons.  Not surprisingly (segmental motion 
considerations), these two signals are broader than any of the other signals in the 
cluster of signals from δ = 29-30 and are broader than any of the decyl C-3 
signals. 
 

Only 29 of the 30 fullerene sp2 signals are resolved.  The intensity of the 
signal at δ = 140.284 and the absence of two signals near δ = 140.3 (cf. 28-31), 
clearly indicate the total overlap of two signals at δ = 140.284 in 34.  Of these five 
compounds, 34 has a unique arrangement of the substituents on the terminal (i.e., 
fullerene-substituted) aromatic ring.  Except for the overlap of two signals, the 
chemical shifts of the fullerene sp2 signals in 34 do not appear to be noticeably 
different from those in 28-31:  δ = 151.655, 151.614, 147.656, 147.374, 146.608, 
146.407, 146.400, 146.254, 146.245, 145.825, 145.740, 145.603, 145.459, 
145.427, 145.371, 144.715, 144.533, 143.187, 142.616, 142.568, 142.090, 
142.055, 142.000, 141.856, 141.666, 141.609, 140.284 (two signals), 135.976, 
and 135.154. 
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C10H21O

C10H21O

OC10H21

Compound 33 
 
Of the compounds studied, 33 is distinctive in its C3 symmetry.  With a 

molecular formula of C444H402O18, it clearly has the highest molecular weight 
(6026), nearly five times that of 28.  

 
As with 34, 1D 1H, 13C{1H}, and DEPT-135 13C and 2D COSY, HSQC, and 

HMBC spectra were used to study 33 (also in CDCl3 containing a little TMS).  The 
following chemical shift assignments have been made: 
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H
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C6H13

1

2

3

4

5

6

7

8

H1    7.182
H2    7.289
H3    7.141
H4    7.056 or 7.068*
H5    7.068 or 7.056*
H6    7.050 apparently
H7    7.028
H8    7.662

*tentative assignment

1
2

3
4

C1    69.877 or 69.494

H1    4.155
H2    1.934
H3    1.667 or 1.57
H4    1.362 or 1.40
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H
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1 2
3
4

5
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8
9
10
11

12
13
14

15

16
17
18

19
20

C1     61.959
C2     55.579
C3     97.627
C4     80.294
C5   115.153
C6   116.896
C7   154.573
C8   112.852
C9     91.458
C10   91.572 or 91.726 
C11  114.246 or 114.406*
C12  114.246 or 114.406*
C13    91.726 or 91.572
C14    91.971
C15  113.544
C16  114.746
C17     87.197
C18     93.282
C19   124.232
C20   133.93

*tentative assignment
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The downfield region of the 1H spectrum is shown in Figure S-5.  The 
relatively sharp signal at δ = 7.182 with its distinctive 13C satellites (JCH = 10.46 Hz; 
13C/12C isotope effect = -0.30 ppb) clearly results from the fullerene proton. 

 
The signal at δ = 7.662 is much more deshielded than any of the aromatic 

proton signals in the other compounds and can reasonably be assumed to be from 
the distinctive proton on the central 1,3,5-trisubstituted ring. 

 
Many, but not all, signals are resolved in the 13C spectrum of 33.  All 30 

fullerene sp2 carbon signals are resolved; the 6 aryloxy carbon signals are 
resolved; the 6 alkyne-substituted aromatic carbon signals on the three rings with 
OC10H21 groups are resolved;  and the 8 alkyne carbon signals are resolved.  
However, 4 of the 6 aromatic C-H carbon signals on the three rings with OC10H21 
groups extensively overlap, while less than 6 signals are observed for each of C-1 
through C-10 of decyl.  Still, detecting 5 of the 6 decyl CH3 signals is remarkable [δ 
= 14.140, 14.146 (double intensity), 14.152, 14.162, and 14.179]. 

 
A wide variation in linewidths is evident.  There is even a noticeable 

variation in linewidth for signals in the same type of carbon environment, at least in 
part reflecting the relative amount of motional freedom in this very large molecule.  
The distinctive pair of carbon signals for the central ring are very broad, with ν1/2 = 
10.7 Hz for the C-H signal at δ = 133.93 and ν1/2 = 3.2 Hz for the alkyne-
substituted carbon signal at δ = 124.232.  In general, the alkyne signals are broad 
(ν1/2 ≈ 3.6 Hz to 6.3 Hz); the alkyne-substituted aromatic carbon signals are clearly 
narrower (ν1/2 ≈ 1.8 to 2.5 Hz); and the aryloxy carbon signals are still narrower 
(ν1/2 ≈ 0.9 to 1.3 Hz, where resolved).  Segmental motion clearly narrows signals 
proceeding out along the OC10H21 chains.  Among the fullerene carbons, the C-H 
signal is relatively broad (ν1/2  = 2.34 Hz), while the quaternary sp3 carbon is much 
sharper (ν1/2 = 0.53 Hz).  The variation in fullerene carbon sp2 linewidths is 
especially noticeable and not readily explained.  With a nearly 30-fold range of 
linewidths among all the 13C signals, extensive signal averaging was required to 
detect all the signals under the very high digital resolution conditions required to 
resolve closely spaced signals. 

 
Detailed chemical shift assignments through 2D NMR experiments are 

limited because of the overlap among the aromatic C-H carbon signals and the 
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insufficient digital resolution in the 13C dimension for the many very closely spaced 
resonances in various spectral regions (five aryloxy carbon signals at δ = 153.782, 
153.575, 153.565, 153.548, and 153.482; two alkyne-substituted aromatic carbon 
signals at δ = 114.406 and 114.246; and four alkyne carbon signals at δ = 91.971, 
91.726, 91.572, and 91.458).  Still, the 2D experiments were able to provide some 
useful information. 

 
The long-range correlation from δH = 7.182 to δC = 97.627 clearly identifies 

the fullerene proton and the alkyne carbon bonded to the fullerene.  This 
correlation is clearly a doublet with J ≈ 11 Hz. 

 
The strong and weak long-range contours observed for correlations from δH 

= 7.662 to δC = 93.282 and δC = 87.197, respectively, clearly identify the most 
interior (3JCH) and second most interior (4JCH) alkyne carbons, respectively.  These 
alkyne carbon signals are not seen in the other compounds, consistent with their 
proximity to a significantly different substituent (the 1,3,5-trisubstituted ring).  
These two alkyne signals are also noticeably broader than the others, consistent 
with relatively slow molecular motion near the interior core of the molecule. 

 
The correlation from δH = 7.662 to δC = 124.232, a pair of resonances not 

seen in the other compounds, results from 2JCH and 4JCH coupling to the most 
interior alkyne-substituted aromatic carbon.   This carbon does not give a signal in 
the DEPT-135 13C experiment.  Similarly, the correlation from δH = 7.662 to δC = 
133.93, another pair of resonances not seen in the other compounds, results from 
3JCH coupling to the symmetry-equivalent C-H carbons on the ring.  The same 1JCH 
correlation is, of course, seen in the HSQC experiment.  This carbon does give a 
signal in the DEPT-135 13C experiment, albeit weak and broad, presumably 
because of relatively slow rotation of the interior core of the molecule. 
 
 The contour at δH = 7.141 and δC = 91.458 is stronger than the contour for 
δH = 7.141 and δC = 80.294, consistent with 3JCH to the alkyne carbon at δC = 
91.458 being significantly larger than 4JCH to the alkyne carbon at δC = 80.294.  
(Note that the alkyne carbons at δ = 91.458 and 91.572 are not easily 
differentiated in the HMBC experiment because the digital resolution in the 13C 
dimension is only 0.166 ppm.  The relative intensities of the contours in these 
adjacent rows in the 2D spectrum is used to try to differentiate, i.e., the upfield 13C 
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intensity is clearly greater for the contours at δH = 7.141 and  δH = 7.289 than it is 
for the cluster of 1H signals upfield of δ = 7.1.) 
 
 The contour at δH = 7.141 and δC = 112.852 is stronger than the contour for 
δH = 7.141 and δC = 115.153, consistent with 2JCH to the alkyne-substituted carbon 
at δ = 112.852 being significantly larger than 3JCH to the alkyne-substituted carbon 
at δ = 115.153.  Since these two 13C chemical shifts represent the extremes 
among the alkyne-substituted carbons, one can reasonably conclude that among 
the alkyne-substituted carbons, these two have the least similar environment, i.e., 
they are on the aromatic ring nearest the fullerene. 
 
 The aromatic proton at δ = 7.141 clearly correlates with the most downfield 
aryloxy carbon (δ = 154.573) and more strongly with one of the aryloxy carbons 
from δ = 153.782 to 153.482. 
 
 An HSQC correlation is evident for δH = 7.141 and δC = 116.896.   
 

The aromatic proton at δ = 7.289 clearly couples to the same aromatic and 
alkyne carbons as does the aromatic proton at δ = 7.141.  However, the relative 
intensities of the contours are the opposite of those observed for the proton at δ = 
7.141.  These two 1H signals differ by 0.148 ppm, essentially the same separation 
seen for the two aromatic protons on the ring next to the fullerene in each of 29, 
30, and 31.  Clearly, these two protons are on the ring next to the fullerene, with 
the more deshielded proton being closer to the fullerene, as in 29, 30, and 31.  An 
HSQC correlation is evident for δH = 7.289 and δC = 117.27 (one of four 
overlapping 13C resonances).  The similarity in the shifts with the corresponding 
fragment in 30 is obvious and reasonable. 
 

The remaining four aromatic proton signals in 33 are clustered from δ = 
7.068 to δ = 7.028, and the corresponding aromatic C-H carbon signals are at δ = 
117.152 (resolved) and δ = 117.27 (the remaining three of the four overlapping 
signals).  The alkyne carbon at δ = 87.197 is strongly coupled to the aromatic 
proton at δ = 7.028 and weakly coupled to the aromatic proton at δ = 7.662, 
consistent with 3JCH and 4JCH couplings, respectively. 
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In contrast, the unresolved cluster of four alkyne signals at δ = 91.46 to 
91.97 is clearly coupled to the downfield side of these four aromatic proton signals, 
i.e., to some or all of δ = 7.050, 7.056, and 7.068.  The four most interior alkyne 
carbon signals in 33 clearly have the most similar environments and would be 
expected to exhibit very similar chemical shifts.   
 

The remaining four alkyne-substituted aromatic carbon signals are at δ = 
114.746, 114.406, 114.246, and 113.544.  The carbon at δ = 114.746 is strongly 
coupled to the aromatic proton at δ = 7.028.  The most shielded part of this 13C 
region correlates with the next most shielded part of this 1H region.  Thus, δC = 
113.544 appears to correlate with δH = 7.050.  The central part of this 13C region 
correlates with the most deshielded part of this 1H region. 
 

Clearly, the two alkyne-substituted aromatic carbons on the central 
tetrasubstituted ring are in very similar environments and would be expected to 
give very similar chemical shifts.  Similarly, the two alkyne carbons next to the 
central tetrasubstituted ring are in very similar environments and would also be 
expected to give very similar chemical shifts.   
 

Almost no decyl chain-specific chemical shift assignments can be made 
because only one aryloxy carbon signal (δ = 154.573) and only one aromatic C-H 
carbon signal on a tetrasubstituted ring (δ = 116.896) are sufficiently resolved to 
be useful in HMBC experiments connecting the sidechain to the ring.  
Furthermore, four of the -OCH2- groups give extensively overlapping triplets from δ 
= 4.09 to 4.03, while the remaining two triplets essentially totally overlap at δ = 
4.155. 
 

In the COSY spectrum: 
 
• The two downfield -OCH2- signals correlate with the downfield region of the 

decyl H-2 signals (δ = 1.934), while the four upfield -OCH2- signals correlate 
with the upfield region of the decyl H-2 signals (δ1.891).   

 
• One of the two relatively deshielded decyl H-2 signals correlates with a 

resolved and relatively deshielded decyl H-3 signal (δ = 1.667); the other 
relatively deshielded decyl H-2 signal correlates with an H-3 signal at about δ = 
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1.57; while the four more shielded decyl H-2 signals correlate with highly 
overlapped H-3 signals at about δ = 1.54. 

 
• The deshielded decyl H-3 signal at δ = 1.667 correlates with a relatively 

shielded H-4 signal at δ = 1.362, while the other decyl H-3 signals correlate 
with H-4 signals at about δ = 1.40.  This same reversal in relative chemical 
shifts for coupled H-3 and H-4 was also observed in 30. 

 
• The more shielded decyl H-9 signals correlate with the relatively shielded and 

resolved decyl CH3 triplets at δ = 0.826 and 0.849, while the more deshielded 
decyl H-9 signals correlate with the relatively deshielded and extensively 
overlapping decyl CH3 triplets at δ = 0.880, 0.886, 0.888, and 0.893.  This 
pattern was also observed in 30.  As discussed earlier, the methyl triplet at δ = 
0.826 is assigned to the decyl group nearest the fullerene in 33.  The distinctive 
triplet at δ = 0.849 presumably arises from the decyl group nearest the central 
1,3,5-trisubstituted ring. 

 
 In the HSQC spectrum: 
 
• The two overlapping  -OCH2- 1H signals at δ = 4.155 clearly correlate with the 

most upfield (δ = 69.494) and the most downfield (δ = 69.877) 13C -OCH2- 
signals.  The remaining four -OCH2- 1H signals from δ = 4.09-4.03 correlate 
with 13C signals at δ = 69.643, 69.702 (double intensity), and 69.757.  

 
• With secure assignments for decyl H-2 and H-3, the HSQC spectrum provides 

secure differentiation of the six decyl C-2 signals (δ = 29-30 region) from the six 
decyl C-3 signals [δ = 26.021, 26.064 (double intensity), 26.097, 26.140, and 
26.632].  The relatively deshielded decyl C-3 signal at δ = 26.632 correlates 
with the relatively deshielded decyl H-3 signal at δ = 1.667.  The decyl C-2 
signals clearly fall in the region with the decyl C-4, C-5, C-6, and C-7 signals. 

 
 In the HMBC spectrum, one of the two -OCH2- 1H signals at δ = 4.155 
correlates with the well resolved aryloxy carbon signal at δ = 154.573.  
 
 The 30 fullerene sp2 carbon signals are at δ = 151.654, 151.522, 147.696, 
147.421, 146.725, 146.475, 146.456, 146.299, 146.29 (broad), 145.904, 145.807, 
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145.697, 145.522, 145.506, 145.427, 144.763, 144.582, 143.260, 142.665, 
142.633, 142.191, 142.108, 142.051, 141.966, 141.745, 141.668, 140.447, 
140.369, 136.165, and 135.252. 
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Figure S-1. Entire aliphatic region of the 1H-1H COSY spectrum of 30. 
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Figure S-2. Decyl H-2 through H-10 region of the 1H-1H COSY spectrum of 30. 
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Figure S-3. Downfield region of the 1H spectrum of 34. 
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Figure S-4. Entire aliphatic region of the 1H-1H COSY spectrum of 34. 
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Figure S-5. Downfield region of the 1H spectrum of 33. 
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