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Compared to their carbonaceous analogues, silafullerenes (Si)) and their saturated derivatives, silafulleranes (Si,H ), represent an almost
untouched area of synthetic chemistry. Nevertheless, the smallest possible silafullerane cage, Si,,H,, has been considered an attractive subject
for guantum-chemical research over decades. Just recently, we have proven its existence by the synthesis of salts containing the endohedrally
chloride-doped cluster [CI@Si, H,,]~. Our efficient protocol builds on the previously published synthesis of the T,-symmetric [20]silafullerane
[Cl@Si,,Cl,,]™ as the first of three steps.*! [nBu,N][CI@Si,,Cl,,] can be prepared from Si,Cl, [nBu,N]Cl, and catalytic amounts of nBu;N in a one-
pot procedure and crystallizes in yields up to 30%.123]

Syntheses and Molecular Structures in the Solid State (SC-XRD)

i 8 iBu-AlH 20 CD(l
[Cl@Si,,Cl ]~ —22PN2C _ (c|@Si, Hy,Cli]™ — 2 o [CI@Si, H, ] o [CI@Si,,Cl]"
- 12 SI(pIT)Z — 8 iBu,AlCl — 20 CDHCI,
— 36 HC

Note: The cations ([Et,N]*, [nBu,N]*, or [(Ph;P),N]*) have been omitted for clarity.

3>Cl NMR Spectroscopy
1H

3383 SiIH} 3333 PCO{H} 3
3>Cl (and 3/Cl) NMR experiments (S(3>Cl) = S(3Cl) = 3/,) normally suffer from extreme line AR =N K
broadening as a result of rapid quadrupolar relaxation.*I This is not a problem in the /, and '
T, symmetric environments of our endohedral Cl~ ions! \J \/ /\
Therefore, 1:1:1:1 quartets caused by coupling to the endohedral 3°Cl or 3/Cl nucleus are
observed in the 'H and 2°Si{*H} NMR spectra of [(Ph,P),N][CI@Si,,H,,]: J(H,Cl) = 3.3 Hz;
J(Si,Cl) = 3.0 Hz. wv// \AM
Rt
< 0}3 < A higher number of Cl substituents on the Si,, cluster surface...
g«? gw"' g}'\?
\@"’“ \@‘7“’ \@"“ ... increases the charge transfer (CT) from the endohedral CI-ion to its Si,, host.
e o ¢ ... leads to a larger bond-dissociation energy (BDE) between host and guest.
—__ -
535¢l) [ppm] TG e o — ... decreases the HOMO LUMO gfap (.AEHL). |
. causes a stronger magnetic shielding of the endohedral Cl- ion!
—
[Gperel LPPM] —— —— e Major theoretical achievements:
—
AE,, [eV] 5.06 4.30 3.33

L . CCSD(T)/aug-cc-pVTZ
v -
- —— Application of DLPNO-CCSD(T1)/VeryTightPNO/®y ;55 /0B (aug-cc-pvTz/aug-cc-pvaz)

AEp [eV] e Pt Fotl for the calculation of accurate BDE and CT values.
_____-_ I _ ' I I "
BDE [keal mol!] T T TS A v" Calculation of NMR-spectroscopic parameters and analysis of shielding components at
the SO-ZORA-PBEO/TZP(COSMO(THF))//B3LYP-D4/def2-TZVPP level of theory.
CT(CI->Si,) [e] 030 0 35 0.40 v" Rationalization of the inverse correlation between &(3°Cl) and BDE / CT(CI==>Si,,) by
perturbation theory.
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