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1. Correlation between reaction energies and energy barriers.

Correlation between reaction energies and energy barriers for Ceo(1)!, C70(1)!, C7e(1), Cs4(23), C7s(5)? and
Ces(6140)2, with BD. Reaction energies and energy barriers for fullerenes Cro(1), C7s(5) and Ces(6140) have
been taken from references 1-3. Values for C76(1) and Cs4(23) were calculated at M062X/6-31G(d,p)* DFT
level of theory.
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Figure S1. Correlation between DFT reaction energies AEr and DFT energy barriers AE? for the most stable neutral cages of
fullerenes a) Cgo(1), b) C70(1), €) C76(1) and d) Cs4(23) with BD. Correlation coefficient R? is indicated.

2. Computational details

Structure optimizations of regioadducts obtained from the Diels-Alder (DA) reaction of C7s(1) and Cs4(23) with
1,3-butadiene (BD) and cyclopentadiene (Cp) to all non-equivalent bonds were performed. The computations
were carried out in gas phase at the M062X/6-31G(d,p)* DFT level of theory, by using the Gaussian 09
package.® M062X functional was designed to treat non-covalent interactions and therefore it includes at least,
partially dispersion. Nevertheless, although dispersion is important for DA reaction on fullerenes as it changes
the absolute values of reaction energies and energy barriers, the relative energies do not vary with the
inclusion of dispersion corrections.® Results for Ceo and C7o with BD were obtained at the same level of theory
from the literature.*

All possible candidates of the most stable isomers of bare IPR fullerenes were taken from previous works?,
where geometries were fully optimized at the B3LYP/6-31G(d) level. These possible candidates were chosen
as follows: for fullerenes from Cso to Css, we included all possible IPR isomers; for fullerenes from Cgo to Ci20
and from Ci22 to Ciso, we chose, respectively the 10-12 and 5 lowest energy isomers.

The bond orders and free valences are calculated following the Coulson scheme.® Within the framework of
HMO theory, the 1 bond order between atoms a and b, B, is calculated as:

n
Bap = ) CarChn (s1)

i=1

where c,; and c,; are coefficients of the i-th Hiickel molecular orbital (MO) corresponding to atoms a and b,
respectively. The sum is over all n occupied MOs for a neutral fullerene C2,. The 1 free valence of atom a, F,,
is calculated as:

@=@—Z&b (S2)

b
where /3 is the maximum 1 bonding power for a carbon atom as in trimethylenemethane, and the sum is
over all the neighboring atoms {b} that are bonded to atom a.



The multicenter index (MCI)? of a given A-membered ring R is calculated using the following formulal®:

MCI(R) = > Lng (R) (s3)

P(R)

where string R = {ab, bc, ..., Aa} contains A elements that are ordered according to the connectivity of the
atoms in the ring; P(R) is permutation operator that generates N! permutations of the elements in string R;
Ling(R) is the multicenter bond index proposed by Giambiagi et al.*!, which can be calculated using the HMO

theory, as follows:

Iring(R) = 2ABabBbc Bla (84’)

Note that here in the HMO theory each atom has only one atomic basis that is orthogonal to others.

3. Comparison between fullerene reactivity with dienes 1,3-butadiene and
cyclopentadiene

We wanted to analyze the influence of the diene in the relative DA reaction energies obtained for the different
regioadducts. For that, we selected empty fullerenes C7s(1) and Cs4(23), which are added to two different
dienes, namely, BD and Cp. Figures S2 and S3 show that the relative reaction energies for both dienes are
very similar, which highlights that the diene has a minor influence on the relative energies of the regioadducts.
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Figure S2. Correlation between DFT reaction energies AEg and Tr stabilization index X/ for fullerene C(1) with dienes (a) BD
and (b) Cp. The color and symbol codes are the same as in Figure 2 of the manuscript and the correlation coefficient R? is

indicated.
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Figure S3. Idem Figure S2 for fullerene Cgs(23).

4. Correlation between DFT reaction energies and X! for IPR fullerenes C74(1), C7s(5),
Cso(6) and Cso(7)

The correlation between DFT reaction energies and 1 stabilization index was also obtained for other empty
IPR fullerenes. The results of Cz4(1), C7s(5), Cso(6) and Cso(7), together with their Schlegel diagrams, are
depicted in Figures S4-S7, respectively. As we can see, they follow the same trend as in the cases presented
in Figure 2 of the manuscript. DFT reaction energies for these systems have been obtained from the
literature12 except for C74(1) that has been calculated at M062X/6-31G(d,p) level of theory.
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Figure S4. Correlation between DFT reaction energies AEg and Tr stabilization index X’ for fullerene C-4(1) with BD. Correlation
coefficient is indicated. Non-equivalent bonds are highlighted in the Schlegel diagram. Pentagons are colored in yellow. DFT
reaction energies have been calculated at M062X/6-31G(d,p) level of theory.
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Figure S5. Idem Figure S4 for fullerene C75(5) with BD. DFT reaction energies have been obtained from reference 2.
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Figure S6. Idem Figure S4 for fullerene Cgo(6) with BD. DFT reaction energies have been obtained from reference 12.
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Figure S7. Idem Figure S4 for fullerene Cgo(7) with BD. DFT reaction energies have been obtained from reference 12.




5. Correlation between DFT reaction energies and XSl index for non-IPR fullerenes
Ce8(6140) and C75(22010)

The correlation between DFT reaction energies and the XSI index!® was also obtained for some non-IPR
fullerenes. In this case, the classification of bond types has been realized using the major bond types first
proposed by Poblet and co-workers4 depicted in Figure S8. The results of Ces(6140) and C7s(22010) together
with their Schlegel diagrams are depicted in Figures S9 and S10, respectively. DFT reaction energies for
these systems have been obtained from the literature315,
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Figure S8. lllustrations of all major bond types found in IPR and non-IPR fullerenes without triple fused pentagons. Isolated
pentagon rings are colored in yellow and fused pentagons in purple. Major bond types E and F are only found in non-IPR

fullerenes.

2 Ces(6140)  © |
R2=0.83 .’

0
0 T O /

0°
o ®

/0

/

-20

AER / kcal/mol

(elNeNe)
O >
00O
tTmmo

1.8 2}.0 2. 2.4
XSl /-2

Figure S9. Correlation between DFT reaction energies AEr and the XSI index for non-IPR fullerene Cgg(6140) with BD.
Correlation coefficient is indicated. Non-equivalent bonds are highlighted in the Schlegel diagram colored according to major
bond types of Figure S8. Isolated pentagons are colored in yellow and fused pentagons in purple. DFT reaction energies have

been obtained from reference 3.
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Figure S10. Idem Figure S9 for fullerene C75(22010) with BD. DFT reaction energies have been obtained from reference 15.

6. All possible bond patterns in IPR fullerenes

Figure S11 depicts explicitly all possible bond patterns of IPR fullerenes defined in Figure 1 of the manuscript.

Figure S11. Explicit illustrations of all bond patterns in Figure 1 of the manuscript. Different major types of bonds are denoted
with a capital letter and grouped into different colors (A: blue, B: green, C: red, D: magenta). The following number counts the
pentagon rings in the second layer. Pentagon rings in the first layer are colored in yellow whereas pentagons in the second layer
are colored in light blue. Note that for C2 subtype there exist three different patterns, as we do not distinguish the locations of

pentagon rings in the second layer.



7. General correlations

General correlations exist for all the cages studied in the main article. In particular, two correlations can be
obtained for the values of the reaction energies (AEr) and the Xi and CARI indexes:

AERr = 133.0 * Xi - 307.9 kcal/mol

AERr = -206.8 * CARI - 478.9 kcal/mol
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Figure S12. General correlations including fullerenes Cgo(1), C70(1), C76(1) and Cg4(23) between reaction energies AEg and (a) Xi
index and (b) CARI index.



8. Correlation between X and the CARI descriptor for other fullerenes
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Figure S13. Correlation between X/ and the CARI descriptor for all possible DA adducts of empty IPR fullerenes Ceo and Cro—
Css. For each cage size, the cage structure corresponds to the lowest-energy isomer.”'® The color and symbol codes are the
same as in Figure 2 in the manuscript. Correlation coefficients R? are indicated.
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Figure S14. Idem Figure S13 for fullerenes Cgo—Caqo.
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Figure S16. Idem Figure S13 for fullerenes C104—Ci14.
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Figure S18. Idem Figure S13 for fullerenes C126—Ciss.

14



ool ' ' ' ' ' "o sl 23sf ' ' ' o Al
» Ci O BO
L N, A c2 || ~ > co
2.22 Q\ o Do 23l i » > Ci |
| ~ | AR ) A c2
22 ~ o Do
A AN 4 ¢ D1
2.18f N 1 225} ~ ¢ .
= » = ISR
Q 216f ~ = | SIS
9 o~ Q' 22p % ]
L o4} AN 1| — %\8\
= N iy
>< 2.12F \\\ 1 >< 215} % B\\ 4
. ) N
21 ~ 1 N
C,,,-1(121354) N o1l C142=C,,(150303) W 2y |
2.08} S - Q.
R2 o R2 127 AN
2.06 =0.9909 205 =0.912 . ]
2.04 . . . . . . - . . . . .
234 -232 -23 -228 -226 -224 -222 -22 —2.35 23 —2.25 2.2 —2.15
CARI CARI
2.35F ' ' ' ol
o A0
2.35} e o o 8o
A > co > co
N » Ci 2.3F N : c1 H
= At | > o
| 2 225} ¢ Dif
2.25} L N |
& AR o 22f \[}\ ’. .
I 22} = 1 [ > %
= > — > o
N4 D'\Q\ X 2.5} © & 3 1
215} L ERNON 1 @ gm o
o N
~N
ol C,,,~D,,(186610) BN | 21} C,,.-C,(222515) %D\gb% :
2 ~Q > O
R =0.9248 AN 205 R“=0.9128 AN 1
2,05} .
-2.35 -23 -2.25 2.2 -2.15 _2.‘35 -2j3 _z.és -212 _2.‘15
CARI CARI
o Ao 235 ' ' " [ o ]
N O BO N O BO
23 AAN > ol 23t A > ol
- A C2 % A C2
N & o Do N ¢ DO
2.25} S o ¢ o1 225} AN ¢ o]
“a b’;\\ = AN 00
=X N & S ) N
N N N N
o 22p ~ 11 L 22p N 1
X S x N
> EIN P ~
2.15} 5 N 1 2.15} g D\\\ |
— (=] —
C,457D,(276111) B C 507D, (333052) BN
il & | 2.1t \\2 1
R® = 0.8697 R? = 0.8621 .
, , , , 205t , , , ]
—2.35 2.3 —2.25 2.2 —2.35 2.3 —2.25 22
CARI CARI

Figure S19. Idem Figure S13 for fullerenes C140—Ciso.
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Figure S20. Idem Figure S13 for fullerenes Ci5,—Cises2.
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Figure S21. Idem Figure S13 for fullerenes C164—Ci7a.
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Figure S22. Idem Figure S13 for fullerenes C176—Ciso.
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9. Correlation between X and the YMCI descriptor for other fullerenes
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Figure S23. Correlation between X/ and the =MCI descriptor for all possible DA adducts of empty IPR fullerenes C7o, Cgo, Coo,
C100, C110 and Cip0. For each cage size, the cage structure corresponds to the lowest-energy isomer.”*¢ The color and symbol
codes are the same as in Figure 2 in the manuscript. Correlation coefficients R? are indicated.
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Figure S24. Idem Figure S23 for fullerenes Ci3o, Ci140, Cis0, C160, C170 @and Cigo.

20




References

@
@
©)
4)
®)

(6)
O]

®)

©)

(10)
(1)
(12)
(13)
(14)
(15)
(16)

Gao, X.-F.; Cui, C.-X.; Liu, Y.-J. J. Phys. Org. Chem. 2012, 25, 850-855.

Osuna, S.; Swart, M.; Campanera, J. M.; Poblet, J. M.; Sola, M. J. Am. Chem. Soc. 2008, 130, 6206-6214.

Yang, T.; Zhao, X.; Nagase, S.; Akasaka, T. Chem. Asian J. 2014, 9, 2604—-2611.

Zhao, Y.; Truhlar, D. G. Theor. Chem. Acc. 2008, 120, 215-241.

Gaussian 09, Revision E.01, Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria, G. E.; Robb, M. A.; Cheeseman, J. R.; Scalmani, G.; Barone, V.;
Mennucci, B.; Petersson, G. A.; Nakatsuji, H.; Caricato, M.; Li, X.; Hratchian, H. P.; Izmaylov, A. F.; Bloino, J.; Zheng, G.; Sonnenberg, J. L.; Hada, M.;
Ehara, M.; Toyota, K.; Fukuda, R.; Hasegawa, J.; Ishida, M.; Nakajima, T.; Honda, Y.; Kitao, O.; Nakai, H.; Vreven, T.; Montgomery, J. A., Jr.; Peralta,
J. E.; Ogliaro, F.; Bearpark, M.; Heyd, J. J.; Brothers, E.; Kudin, K. N.; Staroverov, V. N.; Keith, T.; Kobayashi, R.; Normand, J.; Raghavachari, K.;
Rendell, A.; Burant, J. C.; lyengar, S. S.; Tomasi, J.; Cossi, M.; Rega, N.; Millam, J. M.; Klene, M.; Knox, J. E.; Cross, J. B.; Bakken, V.; Adamo, C.;
Jaramillo, J.; Gomperts, R.; Stratmann, R. E.; Yazyev, O.; Austin, A. J.; Cammi, R.; Pomelli, C.; Ochterski, J. W.; Martin, R. L.; Morokuma, K.;
Zakrzewski, V. G.; Voth, Salvador, P.; Dannenberg, J. J.; Dapprich, S.; Daniels, A. D.; Farkas, O.; Foresman, J. B.; Ortiz, J. V.; Cioslowski, J.; Fox, D.
J. Gaussian, Inc., Wallingford CT, 2013.

Garcia-Borras, M.; Osuna, S.; Luis, J. M.; Swart, M.; Sola, M. Chem. Eur. J. 2012, 18, 7141-7154.

(a) Xu, L.; Cai, W.; Shao, X. Comput. Mater. Sci. 2008, 41, 522-528. (b) Xu, L.; Cai, W.; Shao, X. J.Phys. Chem. A 2006, 110, 9247-9253. (c) Shao,
N.; Gao, Y.; Yoo, S.; An, W.; Zeng, X. C. J.Phys. Chem. A 2006, 110, 7672-7676.

(a) Coulson, C. A. Proc. R. Soc. Lond. A. Math. Phys. Sci. 1939, 169, 413-428. (b) Coulson, C. A.; O’Leary, B.; Mallion, R. B. Hiickel Theory for
Organic Chemists, Academic Press, London, 1978; pp. 60-69.

Bultinck, P.; Ponec, R.; Van Damme, S. J. Phys. Org. Chem. 2005, 18, 706—-718.

Matito, E.; Feixas, F.; Sola, M. J. Mol. Struct. THEOCHEM 2007, 811, 3-11.

Giambiagi, M.; De Giambiagi, M. S.; Dos Santos Silva, C. D.; De Figueiredo, A. P. Phys. Chem. Chem. Phys. 2000, 2, 3381-3392.

Osuna, S.; Valencia, R.; Rodriguez-Fortea, A.; Swart, M.; Sola, M.; Poblet, J. M. Chem. Eur. J. 2012, 18, 8944-8956.

Wang, Y.; Diaz-Tendero, S.; Alcami, M.; Martin, F. J. Am. Chem. Soc. 2017, 139, 1609-1617.

Campanera, J. M.; Bo, C.; Poblet, J. M. J. Org. Chem. 2006, 71, 46-54.

Osuna, S.; Swart, M.; Sola, M. J. Am. Chem. Soc. 2009, 131, 129-139.

Wang, Y.; Diaz-Tendero, S.; Alcami, M.; Martin, F. Phys. Chem. Chem. Phys. 2017, 19, 19646-19655.

21



