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Figure S1. Representation of the most stable and less stable optimized Bingel-Hirsch 
monoadducts of: a) Gd3N@Cs(51365)-C84 with 1 APP; b) Y3N@C2(22010)-C78 with 2 
APPs; and c) Sc3N@D3(6140)-C68 with 3 APPs. Geometries are optimized at BP86-
D2/DZP level. It should be emphasized here that for the three explored systems, always 
for the most stable adducts an open-cage structure is obtained, while a closed-cage 
structure is found for the less stable ones. 
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Prod. Dl 
(0.0) 

Prod. B3 
(3.9) 

Y3N@C2(22010)-C78 

Prod. Ds 
(29.1)  

 

c) 

Prod. C 
(0.0) 

Prod. D 
(0.2) 

Prod. A 
(19.4) 

Sc3N@D3(6140)-C68 

 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



Figure S2. Representation of superimposed structures of: a) Cs(51365)-C84 (lila) and 
Gd3N@Cs(51365)-C84 (gray); b) C2(22010)-C78 (lila); Y3N@C2(22010)-C78 (gray); and 
c) D3(6140)-C68 (lila) and Sc3N@D3(6140)-C68 (gray). Geometries are optimized at 
BP86-D2/DZP level. 

 

a) b) c) 
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Figure S3. Representation of the endohedral metal orientations and Metal–Ccage 
distances (in Å) of: a) Gd3N@Cs(51365)-C84 with 1 APP; b) Y3N@C2(22010)-C78 with 
2 APPs; and c) Sc3N@D3(6140)-C68 with 3 APPs. Geometries are optimized at BP86-
D2/DZP level. 

 

a) b) c) 
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Table S1. C–C bond distances (dC–C, in Å) and pyramidalization angles (�Pyr, in deg.) of 
the Cs(51365)-C84, C2(22010)-C78, and D3(6140)-C68 empty cages and 
Gd3N@Cs(51365)-C84, Y3N@C2(22010)-C78, and Sc3N@D3(6140)-C68 obtained at 
BP86-D2/DZP level. Bond pyramidalization angles are calculated as the average over 
the two atoms that constitute the bond under consideration. For the EMF systems, 
shortest C– C bonds and largest pyramidalization angles are highlighted in bold. 

 

 dC-C �Pyr 

 C84 Gd3N@C84 �(Gd3N@C84 - C84) C84 Gd3N@C84 �(Gd3N@C84 - C84) 
E 1.445 1.443 -0.002 16.08 15.63 -0.45 
D1 1.455 1.458 0.003 11.39 11.30 -0.09 
D2 1.447 1.456 0.009 11.53 11.47 -0.05 
F1 1.399 1.423 0.024 13.72 14.08 0.37 
F2 1.400 1.424 0.024 13.96 14.18 0.22 
B1 1.417 1.462 0.046 9.77 11.53 1.77 
B2 1.427 1.463 0.036 9.73 11.81 2.08 

 dC-C �Pyr 

 C78 Y3N@C78 �(Y3N@C78 - C78) C78 Y3N@C78 �(Y3N@C78 - C78) 
E 1.440 1.434 -0.007 15.75 16.03 0.28 
F 1.395 1.429 0.034 13.68 13.48 -0.20 
A 1.387 1.418 0.032 11.88 12.07 0.19 
B1 1.422 1.412 -0.010 9.62 9.38 -0.24 
B2 1.408 1.413 0.005 8.96 8.84 -0.13 
B3 1.433 1.455 0.022 11.04 11.43 0.39 
Ds 1.433 1.416 -0.016 9.81 9.62 -0.19 
Dl 1.443 1.476 0.033 10.63 12.15 1.52 

 dC-C �Pyr 

 C68 Sc3N@C68 �(Sc3N@C68 - C68) C68 Sc3N@C68 �(Sc3N@C68 - C68) 
E 1.426 1.438 0.012 16.17 16.55 0.38 
D 1.442 1.463 0.021 11.31 11.41 0.09 
F1 1.421 1.452 0.031 13.79 14.65 0.86 
F2 1.418 1.443 0.025 14.26 14.69 0.44 
B 1.438 1.441 0.003 10.27 10.71 0.44 
C 1.481 1.457 -0.024 8.55 9.12 0.57 
A 1.390 1.413 0.023 11.47 11.66 0.19 
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Table S2. Relative energies (�E, in kcal·mol-1) with respect the most stable EMF 
Bingel-Hirsch monoadduct of the Gd3N@Cs(51365)-C84, Y3N@C2(22010)-C78, and 
Sc3N@D3(6140)-C68 systems computed at BP86-D2/TZP//BP86-D2/DZP level. 

 

Gd3N@Cs(51365)-C84 
Bond Type �E ALA Final Bond 

E [5,5] 11.5 (10.0)a 12.83 Open 
D1 [5,6] 1.9 (0.0)a 13.16 Open 
D2 [5,6] 0.0 (4.4)a,b 13.37 Open 
F1 [5,6] 23.7 5.81 Closed 
F2 [5,6] 23.7 5.47 Closed 
B1 [6,6] 2.8 (3.2)a 14.37 Open 
B2 [6,6] 4.3 (3.7)a 13.82 Open 

Y3N@C2(22010)-C78 
Bond Type �E ALA Final Bond 

E [5,5] 14.1 6.96 Open 
F [5,6] 16.8 6.61 Open 
Ds [5,6] 29.1 3.61 Closed 
Dl [5,6] 0.0 8.13 Open 
A [6,6] 17.8 7.42 Open 
B1 [6,6] 25.1 5.00 Closed 
B2 [6,6] 26.7 4.17 Closed 
B3 [6,6] 3.9 8.40 Open 

Sc3N@D3(6140)-C68 
Bond Type �E ALA Final Bond 

E [5,5] 16.6 [13.5]d 8.02 Open 
D [5,6] 0.2 (2.7)c 9.57 Open 
F1 [5,6] 2.4 (5.4)c 9.70 Open 
F2 [5,6] 11.1 (14.0)c 9.16 Open 
B [6,6] 11.0 (13.6)c [11.3]d 9.25 Open 
C [6,6] 0.0 (0.0)c [0.0]d 9.56 Open 
A [6,6] 19.4 (18.8)c [23.3]d 7.90 Closed 

a In parenthesis relative energies obtained by M. Alegret et al. J. Org. Chem. 2010, 75, 8299. 
b Y3N@Cs(51365)-C84 has been considered instead of Gd3N@Cs(51365)-C84. 
c In parenthesis relative energies obtained by M. Alegret et al. Chem. Eur. J. 2013, 19, 5061. Solvent 
effects (ortho-dichloreobenzene) included by means of single point energy calculations. 
d In brackets relative energies obtained by T. Cai et al. J. Phys. Chem. C 2008, 112, 19203. 
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Table S3. Xyz coordinates of all presented structures (in Å). 
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