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1. Experimental Details and Characterization Data

1.1.  General Considerations

All reactions were carried out under an inert-gas atmosphere (dry argon or nitrogen) using
standard Schlenk or glove-box techniques. Commercially available starting materials were used
as received. Heteroadamantanes Ge[2], Ge[l], and Ge[0] were prepared according to
literature.>* THF, Et,0, toluene, and n-hexane were dried over Na metal; CH,Cl, was dried
over CaHa. All solvents were freshly distilled prior to use. CD2Cl> was stored over molecular
sieves (3 A). NMR spectra were recorded at 298 K on a Bruker Avance 111 HD 500 spectrometer
equipped with a Prodigy BBO 500 S1 probe. *H/=C{*H} NMR spectra were referenced against
(residual) solvent signals (CD2Cl,: 5.32 ppm/53.84 ppm;>? s = singlet). 2°Si{*H} NMR spectra
were calibrated against external SiMes (5(*°Si) = 0); whenever present, SiCls (5(*°Si) = —18.9
ppm) was used as internal standard. Resonance assignments were supported by two-
dimensional **C/*H HSQC, BC/*H HMBC, #Si/*H HSQC, #Si/*H HMBC, and !Sn/'H
HMBC spectra. 711°Sn satellites are observed in most cases where they are expected; the
corresponding coupling constants "J(*11°Sn/X) are given only if they could be determined
unambiguously. Elemental analyses were performed at the microanalytical laboratory Pascher,
Remagen, Germany (Sn[2]/iso-Sn[2]) and at the Institute of Organic Chemistry, Justus-Liebig-
University GieRen, Germany (Ge[0]™S and Ge[2] ™).
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1.2.  Synthesis of the two isomers Sn[2] and iso-Sn[2]

SiCl, SicCl,
/Si\ /Si\
Cl,Si SnMe, Cl,Si SnMe,
| ql +0.8 [nBu,N]CI . /
4 Me,snCly + 16 Si,Cl room temperature, 3d,” J SnMe, & J Sicl, J
I— —SI |~ —I
CH,Cl, CI3Si// |\Snl\/| 5 sicl, C|3Si// |\SnM7/2 Tsicl,
Si Si
MeZSn/ Tsicl MeZSn/ \SnMez
Cl,Si Cl,Si
Sn[2] iso-Sn[2]

A solution of [nBusN]CI (0.253 g, 0.910 mmol) and Me2SnCl; (1.00 g, 4.55 mmol) in CH2Cl;
(20 mL) was prepared in a screw-cap Schott glass bottle. After addition of neat Si>»Cle (4.90 g,
18.2 mmol) at room temperature, the bottle was closed and stored for 3 d. During this time,
colorless, X-ray quality crystals formed, which contained 1 eq. SiCls per heteroadamantane
unit.*) The crystals were isolated by filtration, washed with CH2Cl, (3 mL), and identified as a
1:1-mixture of the two isomers Sn[2] and iso-Sn[2] by means of NMR spectroscopy. Since the
separation of the two isomers was not possible, the isomer mixture Sn[2]/iso-Sn[2] was further
investigated to characterize both compounds. Yield: 0.614 g (0.426 mmol, 37%).

Note: The corresponding reaction of Me>SiCl, with Si>Cle/CI™ did not lead to the formation of
analogous Si-adamantanes. NMR spectroscopy showed unconsumed Me>SiCl, along with the
products that are usually obtained from mixtures of Si>Cle and CI™ in the absence of additional
reaction partners.

*) Note: To exclude any risk of hydrolysis, the crystals were used directly for NMR analysis.
Therefore, the 2°Si NMR spectrum shows the signal of SiCla. If the substance is to be used for
further reactions, the crystals can be dissolved in CH2Cl> beforehand and the solution

subsequently evaporated in vacuo, which easily and quantitatively removes the volatile SiCl..

Elemental analysis: Calculated for CsH24Cl16Si10Sn4 (1443.17): C 6.66; H 1.68. Found: C 6.11;
H 1.58.

Sn[2]:

IH NMR (500.2 MHz, CD2Cl): § = 0.86 (s, 2J("'”"1°Sn,'H) = 52, 54 Hz, 24H; SnMey).
BC{'H} NMR (125.8 MHz, CD2Cl2): 6 = 6.5 (SnMey).

29Si{*H} NMR (99.4 MHz, CD2Cl2): 6 = 36.0 (2J(''"1"°Sn,*Si) = 19 Hz, SiCl,), 15.1 (SiCls),
~103.9 (1J(**Sn,?Si) = 142 Hz, 'J("'7Sn,?Si) = 136 Hz; Si-SiCls).

1195n{1H} NMR (186.5 MHz, CD2Cl2): 6 = —139.9 ("J(''°Sn,?Si) = 142 Hz; SnMe).
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is0-Sn[2]:

H NMR (500.2 MHz, CD2Cl2): 6 = 0.97 (s, 3H; Me?), 0.88 (s, 2J("'"11°Sn,'H) = 52, 54 Hz,
12H; Me? and Me®), 0.79 (s, 3H; Me'), 0.79 (s, 6H; Me?).

13C{'H} NMR (125.8 MHz, CD2Cl): § = -5.4 (Me? or Me®), -5.6 (Me?), -5.8 (Me? or Me?®),
—6.0 (Me?), 8.3 (Me").

29Si{'H} NMR (99.4 MHz, CD2Cl>): § = 33.1 (Si*Cl,), 21.6 (Si®Cls), 14.8 (Si°Cls), 9.4 (Si'Cls),
—87.1 (Si®), —104.3 (Sit), —129.7 (Si?).

1195n{1H} NMR (186.5 MHz, CD2Cl2): 6 = —121.4 (Sn?), =126.0 (Sn%), =155.0 (Sn?).

Note: Based on their relative signal intensities in combination with HSQC/HMBC experiments,
it was possible to unequivocally assign all resonances of Sn[2] and iso-Sn[2] — the only
exception being the SiClz resonances. These were tentatively assigned based on the following
considerations: (i) Only in Sn[2] all four SnMe: groups are strictly equivalent, should thus show
precisely the same coupling to 2°SiCly, and in turn give the more pronounced satellite signals.
(ii) Quantum-chemical calculations predict that the 2°SiCl; signal of Sn[2] appears downfield-

shifted relative to the corresponding signal of iso-Sn[2] (see Table S1).

iso-Sn[2]: T7C|3 sn[2]: SicCl,
/Si3\ /Si\
cLSi / SnMe @ snve, Cl,Si / SnMe,
‘ si‘cl @ s ‘ $hMe,
Sit. iz Si _Si
CI3$|5// ~sn’Mg, SieCly sicl, C|3Si// \'\SnM 5 SiCly
Si Si
MeZSnl// T—sh’Me, ® sc, Me,Si— 7/ sicl,
ClySi® Cl,Si

Figure S1. Left: Numbering scheme used for the NMR characterization of iso-Sn[2]. Right:
Analogous to the case of Ge[2], the NMR spectrum of the highly symmetric Sn[2] shows only
one signal each for CHs, CHs, Si, SiCly, SiCls, and Sn.
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Figure S2. The X-ray powder diffractogram of the bulk product (top; room temperature) agrees
very well with the reference diffractogram simulated from the single-crystal data of the isomer
mixture Sn[2]/iso-Sn[2] (bottom; —100 °C). Measured at a STOE-STADI-P diffractometer.
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1.3.  Synthesis of Sn[1]

Sicly SiCl, si‘cly
Si Si Sit
c|25i/ \SnMez c|25i/ \SnMez CIZSi/ \Sn1Me2
| | | / +0.1 [nBu,yNICI o .
d °nMe, & + & Sicl, A 60°C, 24 h, CH,Cl, s_lsn Me, Ly
I—| —I 1—| —Ol 1< I
CI3Si// |\SnM ;SiCly CI3Si// \SnM7/2 Tsicl, CI35i4// |?Snl|v|/2 Tsiscl,
Si Si Si
MeZSn/ \SiC|2 |\/|e25n/ \Snl\/lez MeZSnl// \SnZMez
Cl,Si Cl,Si Cl,ySi®
Sn[2] iso-Sn[2] Sn[1]

A glass ampoule was charged with single crystals of the isomer mixture Sn[2]/iso-Sn[2]
(0.500 g, 0.346 mmol), [nBusN]CI (0.010 g, 0.035 mmol), and CH2Cl> (15 mL). The ampoule
was flame-sealed and heated to 60 °C for 24 h. After cooling to room temperature, the ampoule
was opened, and the reaction solution was transferred to a Schlenk tube. All volatiles were
removed under reduced pressure and the yellow residue was extracted into n-hexane (4x5 mL).
All volatiles were removed from the extract to obtain Sn[1] as a colorless solid. Yield: 0.094 g
(0.063 mmol, 23%).

Note: (i) Monitoring of the above reaction by NMR spectroscopy (CD2Cl2) shows a conversion
to Sn[1] of about 50% next to unreacted Sn[2]/iso-Sn[2] after 3 d (longer reaction times slowly
lead to a higher degree of conversion, no detectable side products); yield losses occur during
workup. (ii) Treatment of the isomer mixture Sn[2]/iso-Sn[2] with 1.0 eq. [nBusN]CI led to
unselective decomposition already at room temperature (sealed NMR tube; CDCly). This
contrasts with the case of Ge[2], which is selectively transformed into Ge[1] under the same
conditions. (iii) Heating of the isomer mixture Sn[2]/iso-Sn[2] to 60 °C in the absence of
[NBusN]CI resulted in no reaction (sealed NMR tube; CD2Cly).

IH NMR (500.2 MHz, CD2Cl2): 6 = 0.85 (s, 2J("'"""Sn,'H) = 51, 53 Hz, 12H; Sn'Me), 0.78
(s, 6H; Sn’Mey), (s, 2J("'""119Sn,'H) = 50, 52 Hz, 12H; Sn'Mey).

I3C{!H} NMR (125.8 MHz, CD2Cl2): § = -5.2 (Sn’Me), -5.6 (Sn'Mey), (Sn'Mey).
29Si{*H} NMR (99.4 MHz, CD2Cl2): 6 = 37.0 (Si*Cl,), 21.5 (Si°Cls), 15.4 (Si*Cls), —104.1
(Sit), —130.1 (Si?).

1195n{1H} NMR (186.5 MHz, CD2Cl2): § = —107.5 (2J("'?Sn,'"”"'"Sn) = 54 Hz; Sn’Me),
~119.5 2J(1"Sn,""”11%Sn) = 54 Hz, 1J("?Sn,?°Si) = 132 Hz; Sn'Me).
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1.4.  Synthesis of Ge[2]™S

Sicl, SiMe,
/Si\ /Si\
cl,Si GeMe, Cl,Si / GeMe,
‘ +exc. MeMgBr
& GeMe, d 60 °C, 24 h, EL,0 > & GeMe, &
i~ _Si i—| _Si .
CISSi// ~GeMg, Tsicl, Me3Si// ~GeMg, SiMe,
Si Si
Me,Ge— / sicl, Me,Ge~— / sicl,
Cl,Si Me,Si
Ge[2] Ge[2]™$

A solution of Ge[2] (0.100 g, 0.0790 mmol) in Et.O (3 mL) was prepared in a glass ampoule.
MeMgBr (3.0 M in Et,0, 1.1 mL, 3.3 mmol) was added dropwise with stirring via syringe at
0 °C. The ampoule was flame-sealed under vacuum and heated to 60 °C for 24 h. After opening
the ampoule, the reaction solution was transferred to a Schlenk flask. To ensure complete
transfer, the ampoule was rinsed with Et2O (1 mL). The excess MeMgBr was quenched with
MeOH (0.3 mL) at 0 °C. After stirring at room temperature for 10 min, all volatiles were
removed under reduced pressure and the colorless residue was extracted into n-hexane
(4x5 mL). All volatiles were removed from the extract under reduced pressure to obtain
Ge[2]™S as a colorless solid. Yield: 0.069 g (0.068 mmol, 86%).

Single crystals of Ge[2]™S-0.4(CH2Cl2) suitable for X-ray analysis were grown by slow
evaporation of a CH.Cl; solution. The solvatomorph Ge[2]™S$ without co-crystallized solvent

molecules was obtained by slow evaporation of an n-hexane solution.

Elemental analysis: Calculated for C20HeoClaGesSiio (1013.87): C 23.69; H 5.97. Found: C
23.71; H 6.09.

IH NMR (500.2 MHz, CD2Cl2): 6 = 0.70 (s, 24H; GeMey), 0.37 (s, 36H; SiMes).

BC{*H} NMR (125.8 MHz, CD2Cl2): 6 = 3.7 (SiMe3), 2.5 (GeMe).

29Si{*H} NMR (99.4 MHz, CD2Cl): 6 = 50.9 (SiCly), —2.0 (SiMes), —92.3 (Si-SiMe3).
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1.5.

Synthesis of Ge[1]™S

Sicl

//Si\GeMe2

cl,Si

+exc. MeMgBr

GeMe, |
CI3Si//Si\ '\c-;elvrzs'\sm3
MezGe/SI\GeMeZ
Clysi

Ge[1]

60 °C, 24 h, Et,0

4
Si"Me,

Sit
CIZSi/ \Gell\/lez

.1Ge1Me2 5
Me3Si4//SI \|:Ge1v/ész' T=Si5Me,
MezGel//Sl\GezMez
Me,Si°

Ge[l]TMS

A solution of Ge[1] (0.100 g, 0.0790 mmol) in Et.O (3 mL) was prepared in a glass ampoule.
MeMgBr (3.0 M in Et,0, 1.1 mL, 3.3 mmol) was added dropwise with stirring via syringe at
0 °C. The ampoule was flame-sealed under vacuum and heated to 60 °C for 24 h. After opening
the ampoule, the reaction solution was transferred to a Schlenk flask. To ensure complete
transfer, the ampoule was rinsed with Et2O (1 mL). The excess MeMgBr was quenched with
MeOH (0.3 mL) at 0 °C. After stirring at room temperature for 10 min, all volatiles were
removed under reduced pressure and the colorless residue was extracted into n-hexane
(4x5 mL). All volatiles were removed from the extract under reduced pressure to obtain
Ge[1]™S as a colorless solid. Yield: 0.066 g (0.065 mmol, 82%). Single crystals of Ge[1]™S

suitable for X-ray analysis were grown by slow evaporation of a CH2Cl> solution.

IH NMR (500.2 MHz, CD2Cl2): 6 = 0.66 (s, 12H; Ge'Mey), 0.61 (s, 12H; Ge'Mey), 0.59 (s,
6H; Ge’Mey), 0.35 (s, 18H; Si*Mes), 0.27 (s, 18H; Si°Mes).

BC{IH} NMR (125.8 MHz, CD2Cl2): 6 = 4.1 (SiMes), 3.8 (Si*Mes), 3.6 (Ge?Mey), 3.3
(GelMey), 2.9 (Ge'Mey).

29Gi{1H} NMR (99.4 MHz, CD2Cl): 6 = 52.9 (Si°Cl,), 2.6 (Si*Mes), -3.5 (Si°Mes), —91.9
(Sit), =97.6 (Si2).
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1.6.  Synthesis of Ge[0]™™S

Sicl, SiMe;
Si\ /Si\
MezGe// GeMe, MeMed Me,Ge / GeMe,
+ exc. elvigbr
gi GeMe, S| room temperature, 24 h,' gi GeMe, gi
— —I I— — )
CI3Si//I ‘\GeM ;SiCl THF/Et,0 Me3Si// S‘\GeM ,SiMe,
Si i
Me,GE~ / GeMe, Me,GE— / —GeMe,
Cl,Si Me,Si
Gel0] Ge[o]™

A suspension of Ge[0] (0.200 g, 0.158 mmol) in THF (10 mL) was prepared in a Schlenk flask.
MeMgBr (3.0 M in Et20, 2.1 mL, 6.3 mmol) was added dropwise with stirring via syringe at
0 °C. Stirring was continued at room temperature for 24 h. Excess MeMgBr was quenched with
MeOH (0.7 mL) at 0 °C. After stirring at room temperature for 10 min, all volatiles were
removed under reduced pressure and the colorless residue was extracted into n-hexane
(2x10 mL). All volatiles were removed from the extract under reduced pressure to obtain
Ge[0]™S as a colorless solid. Yield: 0.082 g (0.080 mmol, 51%). Single crystals of Ge[0]™S
suitable for X-ray analysis were grown by slow evaporation of a CH2Cl> solution.

Note: Incomplete methylation of Ge[0] was observed when the reaction was performed in Et2O
at 60 °C (as in the cases of Ge[1]™S and Ge[2]™9). Formation of permethylated Ge[0]™S
was achieved only when THF was added to the reaction mixture (but then already at room
temperature). In turn, Ge[2] showed significant decomposition under the reaction conditions
applied for the synthesis of Ge[0]"™S,

Elemental analysis: Calculated for C24H72GesSis (1021.30): C 28.23; H 7.11. Found: C 27.92;
H7.15.

H NMR (500.2 MHz, CD2Cl): § = 0.57 (s, 36H; GeMey), 0.25 (s, 36H; SiMes).

BC{*H} NMR (125.8 MHz, CD2Cl2): § = 4.2 (SiMe3), 3.7 (GeMe).

29Si{*H} NMR (99.4 MHz, CD2Cl): 6 = -3.9 (SiMe3), -97.7 (Si-SiMes).
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1.7.  Synthesis of permethylated Ge[2]M¢

SiMe, SiMey
Cl,Si GeMe, Me,Si GeMe,
+exc. AlMe;
& GeMe, & 200°C,3d, & GeMe, !
I—| —Ol I— —Sl
Me35i// ~GeMg, SiMe, toluene Me3Si// ~GeMg, TTSiMe,
Si Si
Me,Ge= 7/ SiCl, Me,G¢~ / SiMe,
Me;Si Me,Si
GE[Z]TMS Ge[z]Me

A solution of Ge[2]™S (0.149 g, 0.148 mmol) in toluene (6 mL) was prepared in a glass
ampoule. AlMes (2.0 M in toluene, 0.74 mL, 1.5 mmol) was added via syringe. The ampoule
was flame-sealed under vacuum and heated to 200 °C for 3 d. After opening the ampoule, the
yellow reaction solution was transferred to a Schlenk flask. Upon addition of Et,O (20 mL), a
colorless precipitate formed. The excess AlMez was quenched with aqueous HCI (20 mL),
which was added slowly with stirring at 0 °C. After aqueous workup, all volatiles were removed
from the organic phase under reduced pressure to obtain the permethylated Ge[2]M¢ as a
colorless solid. Yield: 0.111 g (0.119 mmol, 80%).

Note: The product contains about 10-20% of an unknown impurity, which is assumed to be the
heteroadamantane bearing one SiMe, and one SiMeCl group as a result of incomplete

methylation of one SiCl group.

IH NMR (500.2 MHz, CD2Cl2): 6 = 0.57 (s, 24H; GeMey), 0.46 (s, 12H; SiMey). 0.25 (s, 36H:;
SiMey).

BC{'H} NMR (125.8 MHz, CD2Cl2): 6 = 4.5 (SiMes), 3.9 (SiMe), 3.6 (GeMey).

29Si{*H} NMR (99.4 MHz, CD2Cl2): § = —4.3 (SiMes), —23.3 (SiMe), —105.3 (Si-SiMe3).
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2. NMR Spectroscopy
2.1.  Compilation of 2°Si NMR chemical shift values

Table S1. 2°Si NMR chemical shift values dexp(*°Si) of Si,Sn-adamantanes (iso-Sn[2], Sn[2],
and Sn[1]) and methylated Si,Ge-adamantanes (Ge[2]™S, Ge[1]™S, and Ge[0]™S). The
published chemical shift values of the Si,Ge-adamantanes (Ge[2], Ge[1], and Ge[0]) are
provided for comparison.5! Calculated chemical shift values deaic(2°Si) are given in parentheses.

Sexp(°Si)
5calc(zgSi)

150-Sn[2] 1296 1042 _87.0 21.6 148 9.4 33.1
(-129.6) | (-99.9) | (-79.9) | (22.5) (18.1) | (134) | (22.6)

1038 15.1 36.0

Sn[2] (95.9) (19.5) 27.1)
sn[1] 1301 1041 215 15.4 37.0
(-1262) | (-97.8) (23.5) (18.6) (27.4)

R _81.0 11.9 296
Ge[2] (75.9) (16.8) (22.4)
Gel1 833 80.7 16.2 121 31.0

(-80.7) (-76.6) (20.0) (17.1) (23.0)

R 834 16.2
Ge[0] (20.5)

s 922 2.0 50.9
Ge[2] (-91.5) (~12.4) (41.8)
Ge[]™s 976 91.9 35 2.6 52.9

(~98.5) (-91.7) (-13.0) | (-12.5) (43.2)
977 3.9

TMS

Gel0] (~99.6) (~13.0)
‘ g g

_ ¢ D34 Gy Ty

iso-Sn[2] sn[2], Ge[2], Ge[2]™* sn[1], Ge[1], Ge[1]™S Ge[0], Ge[0]™®

Table S1 compiles the experimentally determined and the computed (in parentheses) 2°Si NMR
chemical shift values of the heteroadamantanes. It is seen that (i) the experimental and
calculated values (see ‘Computational Details’) agree very well supporting the assignment and

(ii) corresponding chemical shift values of comparable compounds are consistent (cf. colors).
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2.2.  Compilation of 1**Sn NMR chemical shift values

Table S2. 119Sn NMR chemical shift values dexp(*1°Sn) of Si,Sn-adamantanes iso-Sn[2], Sn[2],
and Sn[1]. Calculated chemical shift values Scac(*1°Sn) are given in parentheses.

iso-Sn[2] —155.0 -121.4 -126.0
>0 (~174.6) (~145.2) (~146.9)
-139.9
Sn2] (-167.7)
-119.5 -107.5
Snfi] (—145.7) (~143.0)
| sicl,
Si Si Si
CIZSi/ \SnMez CIZSi// \SnMez CIZSi// \SnMeZ
. SiCl, ‘ | SnMe, i | SnMe, |
Clasi//SI\I_\SnME/ZSI\SiCB C|3Si//5|\s‘_\SnM/2 —sicl, C|351//S'\f5nM;/25'\§iC|
MeZSn/S'\SnMeZ Me,si— 7 ~sicl, MeZSn/SI\SnMez
ClySi Cl5Si Cl,Si
iso-Sn[2] Sn[2] Sn[1]

Table S2 compiles the experimentally determined *°Sn NMR chemical shift values of the
Si,Sn-adamantanes iso-Sn[2], Sn[2], and Sn[1]; the calculated values are given in parentheses

(see ‘Computational Details’).
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2.3.  Plots of NMR Spectra (*H, 3C{tH}, 2Si{'H}, ®Si-DEPT, 2Si/*H HMBC, 119Sn{H},
and 119Sn/*H HMBC)
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Figure S3. *H NMR spectrum (500.2 MHz, CDCl,) of the isomer mixture Sn[2]/iso-Sn[2]
(containing trace amounts of Sn[1]). 2°Sn and 'Sn satellites are marked with asterisks.
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Figure S4. *C{*H} NMR spectrum of the isomer mixture Sn[2]/iso-Sn[2] (125.8 MHz,
CD2Cly).
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Figure S5. #Si{®H} NMR spectrum of the isomer mixture Sn[2]/iso-Sn[2] (99.4 MHz,
CD2Cly).
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Figure S17. 3C{*H} NMR spectrum of Ge[2]™S (125.8 MHz, CDCl,).
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Figure S20. *H NMR spectrum of Ge[1]™S (500.2 MHz, CD.Cl,).
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Figure S21. 3C{*H} NMR spectrum of Ge[1]™S (125.8 MHz, CDCl,).
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Figure S23. 2°Si/*"H HMBC NMR spectrum of Ge[1]™s,
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Figure S25. 3C{*H} NMR spectrum of Ge[0]™S (125.8 MHz, CDCl,).
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3. Computational details

All geometry optimizations and Hessian calculations were performed applying the MN15%3
functional in combination with the functionals def2-SVP%* (H, C, Si, Cl) and def2-TZVpPS*%°
(Ge, Sn (ECP)). Solvation corrections were incorporated with the solvent model based on
density (SMD; solvent = CH,Cl.).%® Optimized geometries were confirmed to be the desired
minimum energy structures by the absence of imaginary frequencies (io < 15 cm™) in the
harmonic vibrational frequency calculation. Single point calculations were performed at the
SMD(CH2CI2)/MN15/def2-TZVP level of theory to get final energy values. All free energy
(Gagg) values were calculated for the corresponding experimental temperature at 298 K.

All 2°Si and °Sn NMR isotropic shielding tensors (IST) were computed using the gauge-
invariant atomic orbital (GIAO)S" method with the SMD(CH-Cl,)/PBEQ/x2¢c-TZVPall-s level
of theory,S° as this combination was shown to deliver reliable results in recent benchmark
studies.5!° Since the experimentally observed NMR chemical shift values are a result of a
dynamic process, the computed ISTs were averaged over all symmetry-related positions of the
nuclei under consideration in each molecule. 2°Si and 1°Sn NMR resonances were referenced
against SiMes (IST = 340.3300 ppm) and SnMes (IST = 2463.7378 ppm), respectively, for
which optimization and chemical shielding were calculated in the same manner.

The calculated NMR chemical shift values 6(E) were further corrected by applying a
compensating linear scaling approach using the general formula (1). The correction factors o
and S were determined from a benchmark set consisting of constitutionally comparable
compounds (all structures were optimized with the method described above): MesSnCl S
MezSnCl,, 3 EtSnCl3, St MesSnSiCls,2  MesSnSi(SiMes)s,*®  (MesSn)2Si(SiCls)z, 512
MesGeSiCls,5*2 (MesGe),Si(SiCls)2.5*? Figure S32 and Figure S33 show the calculated
uncorrected 2°Si and °Sn NMR chemical shift values of the benchmark set (x-axis) plotted
against the experimentally observed NMR chemical shift values (y-axis) published in the
literature. The linear regressions derived from these plots for 2°Si and 1°Sn have the formulas
(2) and (3), respectively, and can be used directly to correct the calculated NMR chemical shift

values in the heteroadamantanes.

General: Scorr(E) = a-6(E)+ 1)
295;: f(x) = 0.7336-x —9.1031 2)
119gn; f(x) = 0.8038-x + 1.7162 3)

All DFT calculations were performed using Gaussian 16, Revision B.01.5** Graphical

representations of molecular geometries were produced with the CYLview20 software.5'
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3.1. Linear scaling approach for 2°Si and 1**Sn NMR calculations

Table S3. Calculated isotropic shielding tensors (IST; top), calculated NMR chemical shift
values dcaic (Middle), and experimental NMR chemical shift values dexp (bottom) in ppm for all

295 and 9Sn nuclei of the benchmark set.

avg. IST
29Qj
g:i:((zgssi')) Si(SiRa)s SiRs sn
[Ppm]
2277.1979
MesSnCl - - 186.5
164.2
2285.6384
Me2SnClz2 - - 178.1
137
2442.7389
EtSnCls - - 21.0
6
294.0166 2547.4573
MesSnSiCls 46.3 - -83.7
- —70
515.7489 352.2391 2554.7869
MesSnSi(SiMes)s —175.4 -11.9 -91.0
—136.6 —6.1 —69.4
466.6837 300.1247 2547.3272
(MesSn)2Si(SiCls)z ~126.4 40.2 -83.6
—106.4 19.6 —55.2
296.7357
Mes3GeSiCls - 43.6 -
17.8
441.6128 302.226
(MesGe)2Si(SiCls)2 -101.3 38.1 -
—84.2 17.2
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Figure S32. Plot of the calculated ?°Si NMR chemical shift values (x-axis, ppm) of the
benchmark set against the corresponding experimentally determined chemical shift values (y-
axis, ppm) reported in the literature. The linear regression is f(x) = 0.7336x — 9.1031 with
a certainty of R? = 0.993.
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Figure S33. Plot of the calculated *°Sn NMR chemical shift values (x-axis, ppm) of the
benchmark set against the corresponding experimentally determined chemical shift values (y-
axis, ppm) reported in the literature. The linear regression is f(x) = 0.8038x + 1.7162 with
a certainty of R? = 0.991.
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3.2.  Calculation of 2°Si NMR chemical shift values

o

Dy (%
iso- Sn[Zl sn[2], [2], [2]™ sn[1], [1], [1]™* [0], [0]TIVIS
avg. IST
3(*°Si)
5corr(298i)
[ppm]
504.0768 | 464.0683 | 436.8397 | 297.2684 | 303.2810 | 309.7229 | 297.1239
iso—Sn[2] | —163.7 -123.7 -96.5 43.1 37.0 30.6 43.2
-129.2 -99.9 —79.9 22.5 18.1 13.4 22.6
458.6170 301.4055 291.0349
Sn[2] -118.3 38.9 49.3
-95.9 195 27.1
499.9728 | 461.1784 295.8489 | 302.5802 290.5912
Sn[1] -159.6 | —120.8 44.5 37.7 49.7
—126.2 —97.8 23.5 18.6 27.4
431.4427 305.0311 297.3424
Ge[2]2 -91.1 35.3 43.0
—75.9 16.8 22.4
437.9177 | 432.2765 300.6709 | 304.6085 296.5132
Ge[1]? -97.6 -91.9 39.7 35.7 43.8
—-80.7 —~76.6 20.0 17.1 23.0
438.2841 300.0299
Ge[0]? -98.0 40.3
-81.0 20.5
452.5883 344.8337 270.9810
Ge[2]™S -112.3 —4.5 69.3
-91.5 -12.4 41.8
462.1950 | 452.9534 345.6034 | 344.9370 269.0904
Ge[1]™S | -1219 | -112.6 -5.3 —4.6 71.2
-98.5 -91.7 -13.0 -12.5 43.2
463.6663 345.6834
Ge[0]™S | —123.3 5.4
-99.6 -13.0

Figure S34. Top: Schematic representation of the heteroadamantane scaffolds. Bottom:
Calculated isotropic shielding tensors (IST in ppm; first value), calculated NMR chemical shift
values 6(?*Si) (second value), and the corrected NMR chemical shift values dcorr(2°Si) (corrected
with formula (2); third value) in ppm for all 2°Si nuclei in the heteroadamantanes.
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The calculated 2°Si NMR chemical shift values of the quaternary silicon atoms variate on
average by +3.4 ppm from the experimentally determined chemical shift values. A similar but
systematic deviation is found for all calculated values of SiClz atoms, whose chemical shift
values are overestimated by an average of 3.6 ppm. Somewhat larger discrepancies are observed
for the SiCl> atoms of the adamantane backbone, whose NMR chemical shift values are
underestimated by 9.0 ppm on average. The NMR chemical shift values of the SiMez atoms are
also underestimated by 9.7 ppm on average. This slightly larger deviation can be explained by
the choice of the benchmark set, since SiClz groups are mostly present here instead of SiMes

groups.
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3.3. Calculation of 119Sn NMR chemical shift values

Td3 TO;
CIZSi//SI\SnMeZ chSi//SI\SnMez SnMe,
/SL\SnMeZ /S\i /s\i\SHMez /S\i |
i ~snMg, i 5Si ~snMe, SiCl; i M si
sty wesd el e
clySi cl,Si
Sn[1] Sn[2]
avg. IST
5(1lgsn)
500”(1198”)
[ppm]
2683.1827 2646.5844 2648.6510
iso—Sn|2] -219.4 -182.8 -184.9
-174.6 —145.2 —146.9
2674.5579
sn[2] —210.8
-167.7
2647.2081 2643.8734

Sn[1] ~183.5 ~180.1
—145.7 —143.0

Figure S35. Top: Schematic representation of the heteroadamantane scaffolds. Bottom:
Calculated isotropic shielding tensors (IST in ppm; first value), calculated NMR chemical shift
values o(**°Sn) (second value), and the corrected NMR chemical shift values dcorr(**°Sn)

(corrected with formula (3); third value) in ppm for all Si,Sn-adamantanes.

The uncorrected calculated NMR chemical shift values 5(11°Sn) systematically underestimate

the experimentally determined chemical shift values by an average of 65 ppm, which is within

a common error range for predicted *°Sn resonances.5*® However, correction by the

compensating linear scaling approach significantly improves the accuracy of the calculated

NMR chemical shift values dcorr(*1°Sn), underestimating the experimental values by only 26

ppm on average.
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3.4. Comparison of the isomers E[2] and iso-E[2] (E = Si, Ge, Sn)

Table S4. Absolute (Gz29s) and relative (AGzgs) free energies of the isomers E[2] and iso-E[2]

for E = Si, Ge, Sn.

Goos / Hartree

AG2es = G2os(is0-E[2])—G29s(E[2])

AGaes / Hartree AGags / kcal mol™

Si[2] ~11733.39265790
- - 0.00382330 24
is0-Si[2] ~11733.38883460

Ge[2] ~18885.09987240
: 0.00447960 2.8
is0-Ge[2] ~18885.09539280

sn[2] ~11431.15537390
: 0.00259620 1.6
iS0-Sn[2] —11431.15277770
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3.5. Computed structures and free energy values

Si[2] is0-Si[2]
Gase = ~11733.39265790 Hartree ~ Gass = ~11733.38883460 Hartree

Ge[0]
Gagg = —20779.65042380 Hartree Gags = —19832.37681450 Hartree

Ge[2] is0-Ge[2]
Gogg = —18885.09987240 Hartree Gogs =
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Ge[0]™™S Ge[1]™s

Gogg = —15735.69409180 Hartree Gogg = —14788.43390190 Hartree

Ge[2]™s Sn[1]
Gaos = —13841.17150940 Hartree Gaos = ~10514.94266020 Hartree

sn[2] is0-Sn[2]
Gogs = —11431.15537390 Hartree Gogs =
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4. Single-crystal X-ray analyses

Single-crystal diffraction data were collected at —100°C on STOE IPDS Il two-circle
diffractometer equipped with Genix 3D HS microfocus MoK, X-ray source (1 = 0.71073 A).
The finalization of the data, including empirical absorption corrections, were done using
CrysAlisPro software v.1.171.42.43a (Rigaku Oxford Diffraction, 2022). The structures were
solved by direct methods using the program SHELXS and refined against |F|? with full-matrix
least-squares techniques using the program SHELXL-2018/3.51651" All H atoms were located
geometrically and refined riding on the pivot atom.

The crystal structure of Ge[0]™S does not show disorder. In the heteroadamantane core of
Sn[2]/iso-Sn[2] all positions of SnMe> groups are shared with SiClz groups with variable ratios
(due to disorder). In the heteroadamantane cores of Ge[2]™S and Ge[1]™S all positions of
GeMe: groups are shared with SiCl> groups with variable ratios (due to disorder). In these cases,
both positions were taken into refinement assuming the same atomic coordinates and
anisotropic replacement parameters (EXYZ and EADP instructions in SHELXL-2018).
Moreover, because there is no chemical evidence for the existence of SiMez, SnCl, or GeCl;
groups, the same occupancy factors were assigned to Si/Cl and Sn/Me pairs or Si/Cl and Ge/Me
pairs.

CIF files containing the crystallographic information are deposited in the Cambridge
Crystallographic Data Centre under the deposition codes CSD2223399 ((iso-)Sn[2]-SiCla),
CSD2223400  (Ge[2]™S),  CSD2223401  (Ge[2]™S.0.4(CH:Cl2)), CSD2223402
({Ge[1]™5}.86{Ge[2]™S}0.14), and CSD2223403 (Ge[0]™S) and can be obtained free of
charge via www.ccdc.cam.ac.uk/data_request/cif. Crystallographic data and parameters of the
diffraction experiments are given in Table S6, Table S7, and Table S8.

The authors thank Dr. Matthias Meyer (Rigaku Oxford Diffraction) for his precious help with
the implementation of the CrysAlisPro software for the STOE IPDS Il diffraction data.
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4.1. Single-Crystal X-ray Analysis of (iso-)Sn[2]-SiCl4

(iso-)Sn[2]-SiCla crystallizes in the tetragonal space group 14m2 (No. 119) with both the Si1oSns
heteroadamantane and SiCls laying in different special positions with 4m2 (D24) point
symmetry, close to ideal Tq. There are two crystallographically unique positions of SnMe;
groups that are shared with SiCl, to varying degrees (due to disorder). The unconstrained
refinement of the site occupancy factors results in a chemical composition statistically
undistinguishable from Si1oSns and therefore the SUMP instruction was implemented at the
final stage of the refinement. Due to disorder Sn[2] and iso-Sn[2] cannot be distinguished.
Selected bond length [A]: Si(3)-Si(4) = 2.319(4).

Si4

Figure S36. Molecular structure of (iso-)Sn[2]-SiCls in the solid state. Left: All SnMe; vertices
of the heteroadamantane core depict positions shared with SiCl, and are therefore colored in
light gray. The a.d.p. ellipsoids are shown at the 50% probability level. All H atoms and the co-
crystallized SiCls molecule are omitted for clarity. Right: Schematic representation of partial
site occupancy factors by means of sectors. Blue: Si, pink: Sn, yellow: Cl, dark gray: C.
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4.2.  Single-Crystal X-ray Analysis of Ge[2]™S
Molecular compound Ge[2] ™S was obtained in two distinct crystalline phases: A (Ge[2]™9)
and B (Ge[2]™S.0.4(CH2Clz)) by the crystallization from n-hexane and CH,Cly, respectively.

Structure A crystallizes in the orthorhombic space group Pbca (No. 61) with Ge[2]™S lying in
the general position (Z = 8). All six positions of GeMe: groups are shared with SiCl; to varying
degrees (due to disorder). An unconstrained refinement of the site occupancy factors of
GeMe,/SiCl> resulted in a chemical composition being statistically undistinguishable from
Ge4Si1o and therefore the occupancy factors were restrained to give this exact composition by
using the SUMP instruction. Selected bond lengths [A]: Si(1)-Si(5) = 2.363(2), Si(2)-Si(6) =
2.360(2), Si(3)-Si(7) = 2.380(2), Si(4)-Si(8) = 2.364(2).

e Je

Si6

f"\.’_’ i Si2
I ‘ “')
&1 /

Py ‘
..ﬁ.,-—') |
| ,

Geb5/8i5G

Figure S37. Molecular structure of Ge[2]™S in the solid state. Left: All GeMe; vertices of the
heteroadamantane core depict positions shared with SiCl, and are therefore colored in light
gray. The a.d.p. ellipsoids are shown at the 50% probability level. All H atoms are omitted for
clarity. Right: Schematic representation of partial site occupancy factors by means of sectors.
Blue: Si, purple: Ge, yellow: CI, dark gray: C.
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Structure B crystallizes in the orthorhombic space group Pnma (No. 62) with Ge[2]™S lying
on the mirror plane. In addition, the crystal contains 0.4 equivalents of severely disordered
CH:ClI; per formula unit. All six positions of GeMe: groups are shared with SiCl, to varying
degrees (due to disorder). An unconstrained refinement of the GeMe2/SiCl, site occupancy
factors resulted in a chemical composition being statistically undistinguishable from GesSi1o
and therefore in the final refinement step the SUMP instruction was implemented. Selected
bond lengths [A]: Si(1)-Si(4) = 2.3632(12), Si(2)-Si(5) = 2.3749(17), Si(3)-Si(6) =
2.3644(16).

Figure S38. Molecular structure of Ge[2]™S-0.4(CH2Cl2) in the solid state. Left: All GeMe;
vertices of the heteroadamantane core depict positions shared with SiCl, and are therefore
colored in light gray. The a.d.p. ellipsoids are shown at the 50% probability level. All H atoms
are omitted for clarity. Right: Schematic representation of partial site occupancy factors by
means of sector. Blue: Si, purple: Ge, yellow: ClI, dark gray: C.
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4.3. Single-Crystal X-ray Analysis of {Ge[1]™S}o.ss{Ge[2] ™MS}0.14

The molecular compound Ge[1]™S is isostructural to Ge[0]™S. It crystallizes in the
orthorhombic space group Cmcm (No. 63) with the molecule lying on the position m2m (Cay
point symmetry). The terminal SiMes groups are affected by the rotational disorder around Si-
Si axis that was approximated with the anisotropic ellipsoids of carbon atoms. All three
crystallographically unique positions of GeMe; groups are shared with SiClz to varying degrees
(due to disorder).

Therefore, the crystal selected for the SC-XRD is a solid solution with the average formula
{Ge[1]™S}o 86{Ge[2]™S}0.14, similar to the structure of Sn[1] being mixed with Sn[2].
Selected bond lengths [A]: Si(1)-Si(3) = 2.357(2), Si(2)-Si(4) = 2.358(2).

Ge2/Si2G

Figure S39. Molecular structure of {Ge[1]™5}ogs{Ge[2] ™S}o.14 in the solid state. Left: All
GeMe: vertices of the heteroadamantane core depict positions shared with SiCl> and are
therefore colored in light gray. The a.d.p. ellipsoids are shown at the 50% probability level. All
H atoms are omitted for clarity. Right: Schematic representation of partial site occupancy
factors by means of sectors. Blue: Si, purple: Ge, yellow: Cl, dark gray: C.
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4.4,  Single-Crystal X-ray Analysis of Ge[0]™S

The molecular compound Ge[0]™S crystallizes in the orthorhombic space group Cmcm (No.
63) with the molecule lying on the position m2m (Cay point symmetry). The terminal SiMes
groups are affected by the rotational disorder around Si—Si axis that was approximated with the
anisotropic ellipsoids of carbon atoms. Analysis of the atomic displacement parameters and the
residual density gives no evidence for a possible GeMe>/SiCl disorder; this is in agreement
with the expected absence of SiCl, moieties in compound Ge[0]™S, For selected bond lengths
[A] and bond angles [°] see Table S5.

Figure S40. Molecular structure of Ge[0]™S in the solid state. The a.d.p. ellipsoids are shown
at the 50% probability level. All H atoms are omitted for clarity; blue: Si, purple: Ge, dark gray:
C.

Table S5. Ranges of selected bond lengths [A] and bond angles [°] of Ge[0]TVs.

bond length/ | minimal value maximal value average
angle

Ge-Si Ge(3)-Si(2) = 2.3904(12) Ge(2)-Si(2) = 2.3947(7) 2.392
Si-Si Si(2)-Si(4) = 2.3561 (17) Si(1)-Si(3) = 2.3581 (16) 2.357
Ge-Si-Ge Ge(2)-Si(1)-Ge(2) = 107.81(5) | Ge(2)-Si(2)-Ge(2) = 110.06(5) | 108.70
Si-Si-Ge Si(4)-Si(2)-Ge(2) =109.75(4) | Si(4)-Si(2)-Ge(3) =111.18(6) | 110.36
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Table S6. Crystallographic data and details of the diffraction experiments for (iso-)Sn[2]-SiCla.

(is0-)Sn[2]-SiCla

Crystal data 2223399
Chemical formula C3H24C|168i108n4'C|4Si
M; 1613.02

Crystal system, space group

Tetragonal, 14m2

Temperature (K) 173

a, b, c(A) 15.4337 (3),
15.4337 (3),
10.8282 (4)

a B,y (°) 90, 90, 90

VvV (A3 2579.26 (12)

Z 2

F(000) 1532

Radiation type Mo Ka

« (mmt) 3.22

Crystal shape Block

Color Colorless

Crystal size (mm) 0.21x0.14 x 0.12

Tin, Trmax 0.588, 1.000

No. of measured, independent and observed [1 > 2s(1)]

6111, 1288, 1251

reflections

Rint 0.057

O values (°), max, min 25.7,4.2

Range of h, k, | =-18—18,
=-18—12,
=-13—-12

R[F2 > 25(F9)], wR(F?), S 0.030, 0.068, 1.19

No. of reflections 1288

No. of parameters 65

Apmax, Apmin (€-A) 0.43,-0.48

Absolute structure parameter 0.06 (7)
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Table S7. Crystallographic

Ge[2]™S.0.4(CH:Cl2).

data and experimental

details for Ge[2]™S

and

Ge[2]™s Ge[2]™S.0.4(CH2Cl2)

Deposition code 2223400 2223401

Chemical formula Ca0HeoClaGesSig Ca0HeoClaGesSig-0.4(CH,Cly)

M; 1013.74 1047.71

Crystal system, space group Orthorhombic, Pbca Orthorhombic, Pnma

Temperature (K) 173 173

a, b, c(A) 20.2374(4), 25.2179(4),
12.5486(3), 15.3306(2),
37.1944(9) 12.6825(2)

a, f,y(°) 90, 90, 90 90, 90, 90

V (A3 94455 (4) 4903.14 (13)

4 8 4

F(000) 4128 2131

Radiation type Mo Ka Mo Ka

« (mm™) 3.02 2.95

Crystal shape Needle Plate

Color Colorless Colorless

Crystal size (mm) 0.17 x 0.09 x 0.02 0.19 x 0.14 x 0.03

Tmin, Trmax 0.369, 1.000 0.607, 1.000

No. of measured, independent and

observed [I > 2s(1)] reflections

74122, 8626, 5703

83027, 4829, 4159

Rint 0.124 0.064
O values (°), max, min 25.4,3.8 25.7,3.8
Range of h, k, | h=-23-24, =-30—30,
=-12—-15, =-18—18,
| =-44—44 I=-15—>14
R[F? > 2s(F?)], wR(F?), S 0.053, 0.121, 1.06 0.033, 0.086, 1.04
No. of reflections 8626 4829
No. of parameters 373 225
Apmax, Apmin (6-A3) 1.15, -0.47 0.89, —0.66
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Table S8. Crystallographic data and details of the diffraction

{Ge[1]™S}o.86{Ge[2] ™S} 14.

experiments for Ge[0]™S and

{Ge[1]™}os6{Ge[2]™5}0.14 Ge[0]™S

Deposition code 2223402 2223403

Chemical formula (C20He0Cl4GesSi1g)0.142 Ca4H72GesSis
(C22He6Cl2GesSig)o.ss8

M; 1016.83 1021.07

Crystal system, space group Orthorhombic, Cmcm Orthorhombic, Cmcm

Temperature (K) 173 173

a, b, c(A) 17.1568(11), 17.4656(5),
18.8562(10), 18.7853(6),
15.1154(9) 15.0222(5)

a, f,y(°) 90, 90, 90 90, 90, 90

V (A3 4890.0 (5) 4928.7 (3)

Z 4 4

F(000) 2071 2080

Radiation type Mo Ka Mo Ka

« (mm™) 3.32 3.82

Crystal shape Plate Block

Color Colorless Colorless

Crystal size (mm) 0.18 x 0.13 x 0.05 0.18 x 0.14 x 0.12

Tmin, Trmax 0.747, 1.000 0.404, 1.000

No. of measured, independent and

observed [I > 2s(1)] reflections

9822, 2490, 1674

35724, 2511, 2129

Rint 0.070 0.056

® values (°), max, min 25.7,4.0 25.7,4.3

Range of h, k, | =—-17-20, h=-21-21,
k=-22-22, k=-22-22,
I=-15—>18 I=-18—18

R[F? > 2s(F?)], wR(F?), S 0.043, 0.100, 1.04 0.031, 0.071, 1.10

No. of reflections 2490 2511

No. of parameters 111 109

Apmax, Apmin (6-A3) 0.51, -0.46 0.44,0.51
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