
S1 

 

Synthesis of a Dual Clickable Fullerene Platform and its Use for the Construction of 

Dissymmetric BODIPY-[60]Fullerene-DistyrylBODIPY Triad 

Jad Rabah,[a] Lyne Yonkeu,[a] Karen Wright,[a]  Anne Vallée,[a]  Rachel Méallet-Renault,[b]  

Minh-Huong Ha-Thi,[b] Anam Fatima,[b] Gilles Clavier,[c]  Hélène Fensterbank,*[a]  Emmanuel 

Allard*[a] 

[a] Université Paris-Saclay, UVSQ, CNRS, Institut Lavoisier de Versailles, 78 000, Versailles, 

France.  

[b] Université Paris-Saclay, CNRS, Institut des Sciences Moléculaires d’Orsay, 91 405, Orsay, 

France. 

[c] Université Paris-Saclay, ENS Paris-Saclay, CNRS, PPSM, 91190 Gif-sur-Yvette, France. 

 

*: helene.fensterbank@uvsq.fr ; emmanuel.allard@uvsq.fr 

 

CONTENTS 

 

Synthesis of Pent-4-ynyl mono malonate and 5-(tri-iso-propyl)pent-4-yn-1-ol page S2 

Structures and numbering of compounds 1a-b           page S2 

NMR and Mass spectra of compounds 1a-b            pages S3-6 

Structures and numbering of compounds 2a-b, 6 and 7          page S7 

NMR, Mass and IR Spectra of compounds 2a-b, 6 and 7          pages S8-20 

Comparison of 1H NMR spectra of compounds 2a, 6 and 7          page S21 

Synthesis of compound 6-bis              page S22 

NMR, Mass and IR spectra of compound 6-bis           pages S23-26 

Synthesis of compound 7-bis              page S27 

NMR, Mass and IR spectra of compound 7-bis           pages S28-31 

Structure and numbering of compound 8            page S32 

NMR, Mass and IR spectra of compound 8            pages S32-37 

Emission spectra of compounds 4-8             pages S38 

Absorption and emission spectra of compounds 4-8 in toluene         pages S38 

Absorption and fluorescence data of compounds 4-8 in toluene         pages S39-S40 

 

 

 

 

mailto:helene.fensterbank@uvsq.fr
mailto:emmanuel.allard@uvsq.fr


S2 

 

Synthesis of pent-4-ynyl mono malonate  

 

In a round bottomed flask, Meldrum acid (6.07 g, 42 mmol) and 4-pentyn-1-ol (3.5 g, 42 mmol) 

were added. The reaction mixture is stirred overnight at 80°C, and then evaporated under 

reduced pressure. After purification by column chromatography on silica gel (SiO2, 

chloroform/methanol, 100/3) 6.5 g of an orange liquid was obtained (yield= 77 %). 1H NMR 

(300 MHz, CDCl3):  1.86 (q, J=6 Hz, 2H; Hd), 1.96 (t, J=2.6 Hz, 1H; Ha), 2.27 (td, J=6 Hz, 

J=3 Hz, 2H; Hc), 3.42 (s, 2H; Hg), 4.26 (t, J=6 Hz, 2H; He), 10.32 ppm (s, 1H; HOH). 

Synthesis of 5-(tri-iso-propyl)pent-4-yn-1-ol  

 

In a round bottomed flask 4-pentyn-1-ol (3 g, 35.7 mmol) was solubilized in 65 mL of THF 

under argon. Then 37 mL of 2 M solution of ethylmagnesium chloride in THF (6.65 g, 74.9 

mmol) were added dropwise during 30 minutes at 0°C. The reaction mixture was stirred under 

reflux for 12 hours. After cooling down to room temperature, triisopropylsilyl chloride (7.63 

mL; 35.7 mmol) in 35 mL of THF was added during 15 minutes. The reaction mixture was then 

refluxed for 6 hours. After cooling down to room temperature, an aqueous solution of (H2SO4 

10%) was added to the flask and the mixture was extracted with 30 mL (x3) of Et2O. The 

organic phase was dried with MgSO4, filtered, and concentrated under reduced pressure. After 

purification by column chromatography on silica gel (cyclohexane/ethyl acetate 9/1), 6.5 g of 

a yellow oil was obtained (yield= 76%). 1H NMR (300 MHz, CDCl3): 1.05-1.06 (bs, 21H; 

Hg, Hh), 1.70-1.85 (m, 3H; Ha, Hc), 2.38 (t, J=6.8 Hz, 2H; Hd), 3.78 ppm (m, 2H; Hb). 

 

 

Figure S1. Structure and numbering of compound 1a used for 1H and 13C NMR signal assignments 

 

Figure S2. Structure and numbering of compound 1b used for 1H and 13C NMR signal assignments 

https://www.sigmaaldrich.com/catalog/product/aldrich/241725?lang=en&region=US
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Figure S3. 1H NMR of compound 1a 

 

Figure S4. 13C NMR of compound 1a 



S4 

 

 

 

Figure S5. Mass spectrum of compound 1a 

 

 

Figure S6. Elemental composition report of compound 1a 
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Figure S7. 1H NMR of compound 1b 

 

Figure S8. 13C NMR of compound 1b 
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Figure S9. Mass spectrum of compound 1b 

 

 

 

Figure S10. Elemental composition report of compound 1b 
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Figure S11. Structure and numbering of compound 2a used for 1H and 13C NMR signal assignments 

 

Figure S12. Structure and numbering of compound 2b used for 1H and 13C NMR signal assignments 

 

Figure S13. Structure and numbering of compound 6 used for 1H and 13C NMR signal assignments 

 

Figure S14. Structure and numbering of compound 7 used for 1H and 13C NMR signal assignments 



S8 

 

 
Figure S15. 1H NMR of compound 2a 

 
Figure S16. 13C NMR of compound 2a 
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Figure S17. Mass spectrum of compound 2a 

 

 

Figure S18. Elemental composition report of compound 2a 
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Figure S19. IR spectrum of compound 2a 

 

Figure S20. 1H NMR of compound 2b 
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Figure S21. 13C NMR of compound 2b  

 

Figure S22. Mass spectrum of compound 2b 
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Figure S23. Elemental composition report of compound 2b 
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Figure S24. IR spectrum of compound 2b 
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Figure S25. 1H NMR of compound 6 

 

Figure S26. 19F NMR of compound 6 
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Figure S27. 11B NMR of compound 6 

 

 
Figure S28. 13C NMR of compound 6 with a zoom in the 138-146 ppm region. 
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Figure S29. Mass spectrum of compound 6 

 

Figure S30. Elemental composition report of compound 6 
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Figure S31. IR spectrum of compound 6 

 

  

Figure S32. 1H NMR of compound 7 
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Figure S33. COSY of compound 7 

 

Figure S34. 19F NMR of compound 7 
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Figure S35. 11B NMR of compound 7 

 

Figure S36. 13C NMR of compound 7 with a zoom in the 115-146 ppm region.  
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Figure S37. Mass spectrum of compound 7 

 

Figure S38. Elemental composition report of compound 7 
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Figure S39. IR spectrum of compound 7 
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Figure S40. 1H NMR spectrum (300 MHz, CDCl3, 25°C) recorded for: Top) Methanofullerene building 

block 2a. Center) BDP-C60 dyad 6. Bottom) DSBDP-C60 dyad 7. The peaks labeled with hash and 

asterisk are due to residual CH2Cl2 and H grease. 
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Compound 6-bis  

 

To a 25 mL flask under argon was added compound 2b (100 mg, 0.09 mmol) in dry DCM (13 

mL). Argon was then bubbled through the solution for 30 minutes, then BDP-N3 4 (50 mg, 

0.108 mmol), DIPEA (15 μL, 0.09 mmol), and CuBr (13 mg, 0.09 mmol) were added. The 

mixture was stirred for 4 hours at room temperature under argon. Then, the solution was washed 

two times with 20 mL of an aqueous solution of EDTA (0.05 M), then with 20 mL of water. 

The organic phase was dried over anhydrous MgSO4, then filtered, and finally concentrated 

under reduced pressure. After purification by column chromatography on silica gel (DCM/Et2O 

100/5), 120 mg of a red solid was obtained (yield= 86%). 1H NMR  (300 MHz, CDCl3):0.97 

(t, J=7.5 Hz, 6H; HB), 1.06-1.07 (bs, 21 H; Hn, Ho), 1.29 (s, 6H; HD), 2.02-2.14 (m, 2H; Hj), 

2.25-2.32 (m, 6H; HC, Hd), 2.45-2.51 (m, 8H; Hk, HA), 2.96 (t, J=7.1 Hz, 2H; Hc), 4.43 (bs, 2H; 

HH), 4.57 (t, J=6.1 Hz, 2H; He or Hi), 4.65 (t, J= 6.1 Hz, 2H; Hi or He), 4.79 (bs, 2H; HG), 6.99 

(d, J=8.5 Hz, 2H; HE or HF), 7.16 (d, J=8.5 Hz, 2H; HE or HF), 7.61 ppm (s, 1H, Ha); 13C NMR  

(75 MHz, CDCl3): 11.4 (Cn), 12.1 (CD), 12.6 (CA), 14.8 (CB), 16.8 (Ck), 17.2 (CC), 18.8 (Co), 

22.1 (Cc), 28.1, 28.2 (Cd, Cj), 49.8 (CH), 52.2 (Cg), 66.0, 66.5 (Ce, Ci), 66.4 (CG), 71.6 (Csp3-C60), 

82.0 (Cm), 106.7 (Cl), 115.1 (CE or CF), 122.7 (Ca), 129.1 (CBDP, Csp2), 129.9 (CE or CF), 131.1, 

132.9, 138.3 (CBDP, Csp2), 139.0, 139.1 (C60, Csp2), 141.10, 140.13, 141.9, 142.0, 142.30, 142.34, 

143.10, 143.13, 143.17, 143.20,143.22, 143.9, 144.0, 144.70, 144.77, 144.80, 144.85, 145.0, 

145.1,145.23, 145.27, 145.28, 145.34, 145.39, 145.43 (C60, Csp2), 153.8, 158.4 (CBDP, Csp2), 

163.70, 163.76 ppm (Cf, Ch); 19F NMR (282 MHz, CDCl3): δ=-145.66 ppm (q, J= 34.4 Hz); 11B 

NMR (96 MHz, CDCl3): δ=0.80 ppm (t, J= 34.5 Hz); IR: ṽ = 1742 cm-1 (C=O), 524 (C60); 

HRMS (ESI): m/z calcd for C107H65BN5O5F2Si: 1575.4852 [M+H]+; found: 1575.4779. 
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Figure S41. 1H NMR of compound 6-bis 

 

Figure S42. 19F NMR of compound 6-bis 
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Figure S43. 11B NMR of compound 6-bis 

 

Figure S44. 13C NMR of compound 6-bis with a zoom in the 138-146 ppm region. 
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Figure S45. Mass spectrum of compound 6-bis 

 

Figure S46. Elemental composition report of compound 6-bis 
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Figure S47. IR spectrum of compound 6-bis 
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Compound 7-bis  

 

To a 25 mL flask under argon was added compound 2b (80 mg, 0.071 mmol) in dry DCM (10 

mL). Argon was bubbled through the solution for 30 minutes, then DSBDP-N3 5 (55 mg, 0.087 

mmol), DIPEA (13 μL, 0.075 mmol), and CuBr (11 mg, 0.08 mmol) were added. The mixture 

was stirred for 4 hours at room temperature under argon. Then, the solution was washed two 

times with 20 mL of an aqueous solution of EDTA (0.05 M), then with 20 mL of water. The 

organic phase dried over anhydrous MgSO4, then filtered, and finally concentrated under 

reduced pressure. After purification by column chromatography on silica gel (DCM/Et2O), 67 

mg of a blue solid was obtained (yield= 55%). 1H NMR (300 MHz, CDCl3):1.06-1.07 (bs, 

21 H; Hn, Ho), 1.16 (t, J=7.5 Hz, 6H; HB), 1.35 (s, 6H; HD), 2.07-2.11 (m, 2H; Hj), 2.32 (bs, 2H; 

Hd), 2.48 (t, J=6.8 Hz, 2H; Hk), 2.53-2.66 (q, J=7.5 Hz, 4H; HC), 2.98 (bs, 2H; Hc), 4.45 (bs, 

2H; HH), 4.58 (bs, 2H; He or Hi), 4.67 (m, 2H; He or Hi), 4.81 (bs, 2H; HG), 7.01 (d, J=8.5 Hz, 

2H; HE or HF,), 7.19-7.22 (m, 3H; HE or HF, Hdist), 7.26-7.43 (m, 6H, HBDP-arom), 7.62 (m, 5H, 

HBDP-arom, Ha), 7.77 ppm (d, 2H, Hdist, J= 16.8 Hz); 13C NMR (75 MHz, CDCl3): 11.4 (Cn), 

12.0 (CD), 14.2 (CB), 16.8 (Ck), 18.5 (CC), 18.8 (Co), 22.1 (Cc), 28.1, 28.2 (Cd, Cj), 49.9 (CH), 

52.3 (Cg), 66.0, 66.52 (Ce, Ci), 66.57 (CG), 71.6 (Csp3-C60), 82.06 (Cm), 106.7 (Cl), 115.2 (CE or 

CF), 119.0 (Cdist), 120.2 (Ca), 123.3, 127.5, 128.7, 128.8 (CBDP, Carom), 129.3 (CBDP, Csp2), 129.8 

(CE or CF), 130.1, 133.4, 134.0, 136.0, 137.4, 138.4 (CBDP, Csp2), 139.0, 139.1 (C60, Csp2), 

141.12, 141.14, 141.9, 142.0, 142.31, 142.34, 143.13, 143.18, 144.0, 144.7, 144.81, 144.85, 

145.0, 145.1, 145.23, 145.27, 145.3, 145.40, 145.43 (C60, Csp2), 150.5, 158.4 (CBDP, Csp2), 

163.71, 163.77 ppm (Cf, Ch); 19F NMR (282 MHz, CDCl3): δ=-138.86 ppm (q, J= 34.4 Hz); 11B 

NMR (96 MHz, CDCl3): δ=2.61 ppm (t, J= 34.5 Hz); IR: ṽ = 1742 cm-1 (C=O), 525 (C60); 

HRMS (ESI): m/z calcd for C121H73BN5O5F2Si: 1752.5442 [M+H] +; found: 1752.5480. 
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Figure S48. 1H NMR of compound 7-bis, the singlet peak at 8.09 ppm is assigned to an impurity 

 
Figure S49. COSY of compound 7-bis 
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Figure S50. 19F NMR of compound 7-bis 

 
Figure S51. 11B NMR of compound 7-bis 
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Figure S52. 13C NMR of compound 7-bis with a zoom in the 119-146 ppm region. 

 

Figure S53. Mass spectrum of compound 7-bis 
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Figure S54. Elemental composition report of compound 7-bis 
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Figure S55. IR spectrum of compound 7-bis 
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Figure S56. Structure and numbering of compound 8 used for 1H and 13C NMR signal assignments  

 

Figure S57. 1H NMR of compound 8 with a zoom in the 6.50-8.00 ppm region. The singlet peaks at 

4.67ppm and 8.09 ppm are assigned to impurities. 
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Figure S58. COSY of compound 8 

 

Figure S59. 19F NMR of compound 8 
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Figure S60. 11B NMR of compound 8 

 

Figure S61. 13C NMR of compound 8 with a zoom in the 12-72 ppm region.  
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Figure S62. 13C NMR of compound 8 (zoom in the 110-170 ppm region) 

Figure S63. HSQC of compound 8 
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Figure S64. Mass spectrum of compound 8 

 

Figure S65. Elemental composition report of compound 8 
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Figure S66. IR spectrum of compound 8 
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Figure S67. Emission spectra in dichloromethane of BDP-N3 4 (green, exc= 495 nm), DSBDP-N3 5 

(blue, exc= 605 nm), BDP-C60 6 (red, exc= 495 nm), DSBDP-C60 7 (navy blue, exc= 605 nm), and 

DSBDP-C60-BDP 8 (violet, exc= 495 nm ; pink, exc= 605 nm). 

 

Figure S68. Normalized absorption and emission spectra in toluene of BDP-N3 4 (black, λexc= 495 nm), 

DSBDP-N3 5 (red, λexc= 605 nm), BDP-C60 6 (blue, λexc= 495 nm), DSBDP-C60 7 (green, λexc= 605 

nm), and DSBDP-C60-BDP 8 (violet, λexc= 495 nm ; orange, λexc= 605 nm). 
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Table S1. Absorption and fluorescence data of compounds 4-8 in toluene 

  

Compound λ
max

abs, nm λ
max

em, nm φ
F
, % 

BDP-N
3   4 525 535

a

 73
c

 

BDP-C
60  6 525 535

a

 1.4
c

 

DSBDP-N
3  5 637 650

b

 86
d

 

DSBDP-C
60  7 637 650

b

 4.8
d

 

BDP-C
60

-DSBDP  8 525, 637
 

 535
a

, 650
b

 
0.4

c

, 2.3
d

 

4.6
e

 
a λ

exc
=495nm, b λ

exc
=605nm, c Reference: Rhodamine 6G ref (λ

exc
 = 495 nm, λ

em
 = 535, φ = 95% in 

ethanol), d Reference: [Ru(bpy)
3
]

2+
 used as standard (λ 

exc
 = 495 nm, λ

em
 = 637 nm φ = 4.2% in water) e 

Reference: Oxazine-1 (λ
exc

 = 605 nm, λ
em

= 637 nm, φ = 11% in ethanol) 

 

Figure S69. Steady state absorption and emission of BDP-N3 4 and DSBDP-N3 5 in toluene. 
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Figure S70. Steady state absorption and emission of BDP-C60 6 and DSBDP-C60 7 in toluene. 

 

Figure S71. Steady state absorption and emission of BDP-C60-DSBDP 8 in toluene. 


