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Calibration of ZINDO Calculations for Fullerenes with an Inherently Chiral
Addition Pattern

A conformational search was done for cis-3 bis-adduct (R,R,*4)-21 of Cs with an
inherently chiral addition pattern,'* using the standard Monte Carlo method implemented
in Spartan ’02,® keeping all conformers with an energy <10 kcal/mol above the global

minimum.

Scheme S1 Structure of (R,R,"4)-21.

The search yielded only one relevant structure which is a C,-symmetric
conformer. Although the solid state structure found by X-Ray diffraction is not C;-
symmetric, Harada and co-workers® proposed on the basis of NMR data that a C,-
symmetric conformation is actually present in solution. The single C;-symmetric
structure obtained at the semi-empirical quantum mechanical (AM1) level was used in
the present work. The harmonic vibrational analysis at the same level of theory proved

that the structure is a minimum of the PES (Potential Energy Surface).
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Figure S1 C,-symmetrical AM1-optimized conformer of (R,R,f’YA)-Z 1.

This conformer (Figure S1) was taken to be the only one that determines the

macroscopic properties and used for the calculation of the excited states.

Using the ZINDO data, the CD spectrum was simulated using the following

equation:*

E-AE, jz

I | siap Rl

Ae(E)= :
4E)=5 557 10 2ro

A o value of 0.15 eV. was used for the simulation of the spectrum. The

experimental spectrum, as reported by Diederich and co-workers,' was superimposed for

comparison.
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Figure S2 Superposition of the calculated (solid line) and the experimental (dotted line) CD
spectra of [CD(+)491]-(R,R,” 4)-21.

In general, the position, relative intensities, and signs of the Cotton effects are
accurate in the region between 500 nm and 250 nm. The intensity of every calculated
value was multiplied by 2 for a better comparison. Nevertheless, the intensity of the band
around 380 nm is somewhat underestimated in the calculation. The biggest discrepancy
is found in the excitation energy of the negative Cotton effect at higher wavelengths. The

absorption that is located around 715 nm in the experimental spectrum appears blue-

shifted by more than 100 nm in the calculated one. Despite of this discrepancy, the

methodology used here confirms the absolute configuration assigned by Diederich' and
Harada® and co-workers.

Based on the success of this methodology to confirm the absolute configuration of
a fullerene with an inherently chiral addition pattern, the same sequence of calculations
was used for the assignment of the absolute configuration of the enantiomers of 3'-

benzoylisoxazolo[4',5":7,22](Cro-Dsne))[5,6]fullerene (20).
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The DFT geometry optimizations for (*°4)-20 and (**C)-20 were done in each
case starting from the geometry found in the conformational search at the AM1 level. The
two minima found at the AMI1 were further optimized at the B3LYP/6-31G(d) level of
theory and the convergence was achieved through two different criteria for the different
enantiomers. For the ("C)-20 enantiomer the optimization completed on the basis of
negligible forces (RMS force = 0.00000), for (*4)-20 the optimization completed by
convergence of all four criteria (Maximum Force, RMS Force, Maximum Displacement
and RMS Displacement). It is expected, then, that the two enantiomers will have a
slightly different geometry and will consequently show CD spectra that are not exact
mirror images (see main text, Figure 6). Nevertheless, the computed difference in energy
between the two enantiomers was extremely small (-3180.30126325 a.u. for (**C)-20 and
-3180.30126315 a.u. for (**4)-20) and although this slight difference might be magnified
in the simulation of the CD spectra, it does not affect the sense of the assignment of the
absolute configuration. Elimination of this minor inconsistency by the use of tighter
convergence criteria or a modified GDIIS algorithm would lead to much longer
computation times and the result would not be different from the one obtained in terms of

assignment of the absolute configuration.
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