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1 Experimental details and characterization data

General considerations. All reactions, manipulations, and analyses of air- and moisture-sensitive
compounds were carried out under an atmosphere of dry argon or nitrogen using Schlenk techniques
or in an argon- or nitrogen-filled glovebox. n-Hexane and n-pentane was dried over Na metal, CgHs,
Et,0, and THF were dried over Na/benzophenone. C;H4Cl, and ortho-difluorobenzene (oDFB) were
distilled from CaH,. Prior to use, the solvents were degassed by applying three freeze-pump-thaw
cycles and stored over molecular sieves (3 A). Pyridine (py) was stored over molecular sieves (3 A). C¢Ds
and Tol-ds were dried over Na-K alloy without benzophenone (2-3 d), degassed as described above
and stored over molecular sieves (3 A). CDCls and CD,Cl, were stored over molecular sieves (3 A). All
other commercially available reagents were used as received. 2,2’-Dibromo-4,4’-di-tert-
butylbiphenyl,®*  2,2’-dilithio-4,4’-di-tert-butylbiphenyl®* and  2,4,6-tri-tert-butylphenyllithium
(Mes*Li)*® were synthesized according to literature procedures.

If not stated otherwise, NMR spectra were recorded at 298 K using the following spectrometers: Bruker
Avance™ Il 300 or Bruker Avance™ Il 500 HD. Chemical shift values are referenced to (residual) solvent
signals  (*H/BC{*H}; CeDs: 6=7.16/128.06 ppm; Tol-ds: &=2.08/137.48 ppm;  CDCls:
6=7.26/77.16 ppm; CD,Cl,: 6 =5.32/53.84 ppm), external SnMe, (0.00 ppm), or external Al(NOs)3
(0.00 ppm).>* Abbreviations: s = singlet, d = doublet, dd = doublet of doublets, t = triplet, m = multiplet,
br = broad, n.o. = not observed. Resonances of carbon atoms attached to aluminum atoms were
typically broadened and sometimes only observed in *H-3C-HMBC NMR experiments due to the
quadrupolar relaxation of the ?’Al nucleus. Resonance assignments were aided by *H-'H-COSY, *H-13C-
HSQC,*H-*C-HMBC, *H-3C-H2BC, and 'H-'1°Sn-HMBC NMR experiments.

Elemental analyses (%CHN) were performed at the University of GieRen on a Thermo Fisher Scientific
FlashEA 1112 Elemental Analyzer.
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1.1 Synthesis of 1

Br 1. n-BulLi Me, /9
2. Me,SnCl, S /
gyt
Et,0O/hexanes Bu 4 7 7\8
N\, =3
Br =

Compound 1 was prepared according to the published protocol for tBu-free 9,9-dimethyl-9-
stannafluorene with slight modifications.>® 2,2’-Dibromo-4,4’-di-tert-butylbiphenyl! (1.00 g, 2.36 mmol)
was placed in a round-bottom flask equipped with a dropping funnel and stirred under vacuum for
10 min. Et,0 (60 mL) was added. n-BulLi (2.5 M in hexanes; 2.0 mL, 5.0 mmol) was added dropwise with
stirring over 5 min at —78 °C. The mixture was allowed to warm to room temperature and stirred for
3 h. A solution of Me,SnCl; (518 mg, 2.36 mmol) in Et,O (16 mL) was added dropwise to the stirred
reaction mixture at room temperature over a period of 15 min. After stirring overnight at room
temperature, a colorless suspension had formed. All volatiles were removed from the reaction mixture
under reduced pressure. n-Hexane (30 mL) was added to the solid residue and the mixture was
sonicated at room temperature for 1 h. The resulting suspension was filtered through Celite® and the
solvent was removed from the filtrate under vacuum to obtain 1 as a colorless solid. Yield of 1: 0.96 g
(2.3 mmol, 97 %).

Single crystals of 1 suitable for X-ray diffraction were grown by slow evaporation of a solution of 1 in
CH,Cl; and n-hexane (Fig. S35).

The reported *H and 3C NMR shift values are consistent with literature data.>®

'H NMR (500.2 MHz, CDCl3): 6 = 7.84 (d, *Jun = 8.3 Hz, 2H, H-4), 7.67 (d, “Jun = 2.2 Hz, 2H, H-1), 7.41
(dd, *Jun = 8.3 Hz, Jun = 2.2 Hz, 2H, H-3), 1.37 (s, 18H, H-8), 0.54 (s, 6H, H-9).

13¢{’H} NMR (125.8 MHz, CDCl;): 6 = 149.8 (C-2), 145.8 (C-5), 140.7 (C-6), 133.0 (C-1), 126.4 (C-3), 121.9
(C-4),34.8(C-7),31.6(C-8), —8.1(C-9).

1196n{'"H} NMR (186.5 MHz, CDCl5): 6 = —31.4.
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1.2  Synthesis of (2);

Note: (2); can be synthesized by one of the two alternative approaches (a) or (b).

tBu
Me, /Me O 9 |/
S AlMe /
A — O Al Al=?"~27 "
tBu Q O tBu Bu D

hexanes 9,/ >e*\//5§ 3
or ArH [ 4
S
1 >7i/ %3"
g
(2)2

(a) In a nitrogen-filled glovebox, a thick-walled glass ampoule was charged with 1 (1.00 g,
2.42 mmol) and n-hexane (3 mL). AIMes*’ (2.0 M in hexanes; 1.3 mL, 2.6 mmol) was added at
room temperature via syringe. The ampoule was flame-sealed at —196 °C under vacuum and
subsequently heated to 140 °C in an oven for 3 d. The ampoule was allowed to cool to room
temperature and opened in the glovebox. After 5 min, the obtained suspension was filtered
through a frit. The filter cake was washed with n-hexane (5 x 1 mL) and dried under vacuum
to give a colorless solid. Yield of (2),: 0.55 g (0.90 mmol, 74 %).

(b) In a nitrogen-filled glovebox, a thick-walled glass ampoule was charged with 1 (0.98 g,
2.4 mmol) and C¢He (3 mL). AlIMes (2.0 M in toluene; 1.80 mL, 3.60 mmol) was added at room
temperature via syringe. The ampoule was flame-sealed at —196 °C under vacuum and
subsequently heated to 120 °C in an oven for 3 d. The ampoule was allowed to cool to room
temperature and opened in the glovebox. Its content was transferred to a flask. All volatiles
were removed under reduced pressure (3 h at 30 °C with stirring), whereupon a solid
remained, which was further dried for 2 hat 90 °Cin a dynamicvacuum to obtain a pale yellow
solid. Yield of (2)2: 0.67 g (1.1 mmol, 91 %).

Single crystals of two polymorphous modifications of trans-(2), suitable for X-ray diffraction were
grown in an argon-filled glovebox by slow evaporation of different solutions of (2), from various
crystallization attempts: CD,Cl;, n-hexane (a-trans-(2),; Fig. S36) and toluene (B-trans-(2),; Fig. S37).

trans-(2), in Tol-ds:

'H NMR (500.2 MHz, Tol-ds, —30 °C): 6 = 8.62 (d, *Juu = 2.2 Hz, 2H, H-1’), 8.19 (d, “Jun = 2.1 Hz, 2H,
H-1), 7.92 (d, *Jun = 8.2 Hz, 2H, H-4), 7.70 (d, *Jun = 8.2 Hz, 2H, H-4"), 7.53 (dd, 3Ju = 8.2 Hz, Y/ = 2.1
Hz, 2H, H-3), 7.42 (dd, Jun = 8.2, *Jupn = 2.2 Hz, 2H, H-3’), 1.47 (s, 18H, H-8 or H-8’), 1.28 (s, 18H, H-8 or
H-8’), —0.67 (s, 6H, H-9 and H-9’).

13¢{'H} NMR (125.8 MHz, Tol-ds, —30 °C): & = 162.6 (C-5'), 152.4 (C-6), 149.3 (C-2 and C-2’), 148.4
(C-5), 146.4 (C-1'), 134.2 (C-1), 134.1 (C-3'), 127.6 (C-6'), 127.5 (C-3), 126.1 (C-4"), 122.7 (C-4), 35.0
(C-7 or C-7'), 35.0 (C-7 or C-7’), 31.8 (C-8 or C-8'), 31.5 (C-8 or C-8), —10.9 (C-9 and C-9’).

27AI NMR (130.3 MHz, Tol-ds, —30 °C): 6 = n.o.
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trans-(Z)z in CD2C|22

H NMR (500.2 MHz, CD,Cl,, =30 °C): & = 8.22 (d, “Jun = 2.2 Hz, 2H, H-1’), 7.89-7.88 (m, 4H, H-1 and
H-4), 7.84 (d, 3Jun = 8.2 Hz, 2H, H-4), 7.77 (dd, 3Juy = 8.2 Hz, “Yun = 2.2 Hz, 2H, H-3), 7.53 (dd,
3Jupn = 8.1 Hz, Yun = 2.2 Hz, 2H, H-3), 1.40 (s, 18H, H-8), 1.36 (s, 18H, H-8’), =1.13 (s, 6H, H-9 and H-9").

3C{'H} NMR (125.8 MHz, CD.Cl, —30 °C): & = 161.5 (C-5’), 151.6 (br; C-6), 149.3 (C-2’), 149.2 (C-2),
147.7 (C-5), 145.8 (C-1’), 133.8 (C-1 or C-3’), 133.7 (C-1 or C-3’), 127.0 (C-3), 126.8 (C-6’), 125.4 (C-4"),
121.9 (C-4), 34.8 (C-7'), 34.7 (C-7), 31.3 (C-8 and C-8'), —11.6 (br; C-9 and C-9’).

2Al NMR (130.3 MHz, CD,Cl,, —30 °C): § = n.o.

CiS-(Z)z in CD2C|22

14 NMR (500.2 MHz, CD,Clz, —30 °C): & = 8.51 (d, “Jun = 2.0 Hz, 2H, H-1"), 7.77* (H-3'), 7.39 (d, 3Jupn =
8.2 Hz, 2H, H-4), 6.97 (dd, 3Jun = 8.2 Hz, *Jun = 2.2 Hz, 2H, H-3), 6.82 (d, *Ju = 2.2 Hz, 2H, H-1), 1.44 (s,
18H, H-8), 1.11 (s, 18H, H-8'), —0.57 (s, 6H, H-9 and H-9’), n.o.** (H-4’). *) This signal was only detected
in the *H-'H-COSY NMR experiment, because it overlaps with a signal of trans-(2),. **) This signal could
not be unequivocally identified due to strongly overlapping signals.

13C{*H} NMR (125.8 MHz, CD,Cl,, —30 °C): 6 = 162.1 (C-5’), 148.7 (br; C-6), 148.0 (C-2), 147.7* (C-2’),
147.6 (C-1), 147.5 (C-5), 133.3 (C-3’), 132.6 (C-1), 125.8 (C-6’), 125.1 (C-3), 122.0 (C-4), 34.7 (C-7'),
34.1(C-7),31.1 (C-8 and C-8'), —8.0 (br; C-9 and C-9’), n.o.** (C-4’). *) This signal was only detected in
the 'H-3C-HMBC NMR experiment, because it overlaps with a signal of trans-(2),. **) This signal could
not be unequivocally identified due to strongly overlapping signals.

Al NMR (130.3 MHz, CD,Cl,, —30 °C): § = n.o.

Note: H and C atoms belonging to the same tBu-CgHs ring were identified by using 2D NMR
experiments. The assignment to a terminal (H/C) vs. Al---Al-bridging ring (H’/C’) is based on computed
13C NMR shift values, which show an excellent match (Chapter 4.2).

EA (%): Calculated for the monomer C;;1H27Al [306.19]: C 82.31, H 8.88; found: C 81.04, H 8.70.

1.3 Determination of the coalescence temperature (T.) of the cis/trans-(2). inversion

Note: The coalescence temperature was determined by analyzing the *H NMR spectra in (a) CD,Cl, and
(b) Tol-ds.

(a)  An NMR tube was charged with (2), (31 mg) and CDCl; (0.5 mL). The NMR tube was flame-
sealed under vacuum. *H NMR spectra were measured at 5 °C, 11 °C, 13 °C, 15 °C, 25 °C, and
32 °C. Comparison of the line shapes of the tert-butyl group resonances of trans-(2), revealed
a coalescence temperature of approximately 13 °C (Fig. S13).

(b)  An NMR tube was charged with (2); (31 mg) and Tol-ds (0.5 mL). The NMR tube was flame-
sealed under vacuum. *H NMR spectra were measured at —15 °C, -5 °C, 5 °C, 15 °C, 20 °C,
25 °C, 35 °C, 45 °C, 55 °C, and 65 °C. Comparison of the line shapes of the tert-butyl group
resonances of trans-(2), revealed a coalescence temperature of approximately 30 °C
(Fig. S14).
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1.4 Influence of the solvent on the cis/trans-(2); ratio

An NMR tube was charged with (2); (=30 mg) and the respective solvent (0.5 mL). The NMR tube was
flame-sealed under vacuum.

The more polar the solvent is, the more cis-(2), and the less trans-(2), is present, as is evident from the
integral ratios of the Me-groups of the two isomers (Table S1, Fig. S1, S8, S11, S15-S17). This is
consistent with the polarity of the compounds, as cis-(2); is slightly polar, while trans-(2). is completely
non-polar (Fig. S2).

Table S1: Solvents, polarity indices and integral ratios of the Me-group signals of trans-(2), and cis-(2), based on *H NMR
spectra recorded at —30 °C. *) Since the polarity index of oDFB is not known, the index of chlorobenzene is given instead, as
it is presumably similar.

Solvent Polarity index®® trans-(2), cis-(2)2
Tol-ds 2.3 0.90 0.10
oDFB 2.7* 0.85 0.15
CD,Cl, 3.4 0.82 0.18

C,H4Cl; 3.7 0.81 0.19
CDCls 4.4 0.75 0.25

1
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os | T Goeeemn L 0.75
0.7 °
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0
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Fig. S1: Plot of the polarity index of a given solvent (Table S1; x axis) against the integral ratio of the Me-groups of trans-(2),
and cis-(2),, based on 'H NMR spectra recorded at —30 °C (Table S1; y axis).

Fig. S2: Dipole moment (red arrow) of the computed molecular structure of cis-(2), (Avogadro 1.2.0).5°
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1.5 Synthesis of 2-do

l tBu
O /Me B Me\AidO
u do
Bu RS O >~ ®u Bu
/
Me O
2-do

tBu
(),
General procedure: In an argon-filled glovebox, a round-bottom flask was charged at room

temperature with (2),, the respective solvent, and the donor molecule (Do). The reaction mixture was
stirred for 5 min at room temperature inside the glovebox.

1.5.1 Synthesis of 2-OEt,

b

/
O_
o a

Al
~g—1 /
{Bu i N1
5\ / 8
4 =3
2-OEt,

(2)2 (18 mg, 30 umol), CsHe (0.5 mL), Et,0 (0.1 mL, 1 mmol). A dynamic vacuum was applied to obtain
2-OEt; as a colorless solid. Yield of 2-:OEt,: 22 mg (58 pumol, quantitative).

Single crystals of 2-OEt; suitable for X-ray diffraction were grown in an argon-filled glovebox by slow
evaporation of a solution of 2:OEt; in C¢Hg and n-hexane (Fig. S40).

2:0Et; in CeDg at room temperature:

'H NMR (500.2 MHz, C¢Dg): 6 = 8.05 (d, *Jun = 8.1 Hz, 2H, H-4), 7.95 (d, “Jun = 2.3 Hz, 2H, H-1), 7.46
(dd, *Jun = 8.1 Hz, “Jun = 2.3 Hz, 2H, H-3), 3.24 (q, *Jun = 7.0 Hz, 4H, H-a), 1.44 (s, 18H, H-8), 0.64—0.62
(m, 6H, H-b), —0.20 (s, 3H, H-9).

13C{’H} NMR (125.8 MHz, C¢Dg): § = 150.3 (C-5), 148.1 (C-2), 147.4 (br, C-6), 133.1 (C-1), 126.0 (C-3),
120.6 (C-4), 67.7 (C-a), 34.6 (C-7), 31.9 (C-8), 13.5 (C-b), —12.0 (br, C-9).

27A1 NMR (130.3 MHz, CsDg): 6 = n.o.

2-OEt,in CD,Cl,at —30 °C:

14 NMR (500.2 MHz, CD,Cl,, 30 °C): & = 7.69 (d, 3Juu = 8.2 Hz, 2H, H-4), 7.66 (d, “Juy = 2.3 Hz, 2H,
H-1), 7.26 (dd, *Jun = 8.2 Hz, “Jun = 2.3 Hz, 2H, H-3), 3.95 (q, ¥ = 7.1 Hz, 4H, H-10), 1.32 (s, 18H, H-8),
1.26 (t, *Jun = 7.1 Hz, 6H, H-11), 0. 50 (s, 3H, H-9).

13¢{'H} NMR (125.8 MHz, CD,Cl, =30 °C): & = 149.0 (C-5), 147.9 (C-2), 147.0 (br; C-6), 132.9 (C-1),
125.1 (C-3), 119.5 (C-4), 68.1 (C-10), 34.3 (C-7), 31.2 (C-8), 13.7 (C-11), —12.5 (br; C-9).

271 NMR (130.3 MHz, CsDs, =30 °C): 6 = n.o.

EA (%): Calculated for C;sHs7AIO [380.27]: C 78.91, H 9.80; found: C 77.57, H 9.41.
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1.5.2 Synthesis of 2-thf

Al /
tBu 0 N—=1
S _/ 8

4 =3

2-thf

(2)2 (21 mg, 34 umol), CsDs (0.5 mL), THF (5.6 uL, 69 umol). NMR spectroscopy showed a quantitative
conversion of (2); to 2-thf.

'H NMR (500.2 MHz, C¢Dg): 6 = 8.06 (d, *Jun = 8.2 Hz, 2H, H-4), 7.98 (d, *Jun = 2.3 Hz, 2H, H-1), 7.48 (dd,
3Jun = 8.2 Hz, “Jynu = 2.3 Hz, 2H, H-3), 3.33-3.30 (m, 4H, H-a), 1.45 (s, 18H, H-8), 0.78—0.76 (m, 4H, H-b),
—0.15 (s, 3H, H-9).

13¢{*H} NMR (125.8 MHz, C¢D¢): 6 = 150.4 (C-5), 148.2 (C-2), 147.3 (br; C-6), 133.0 (C-1), 126.0 (C-3),
120.6 (C-4), 71.3 (C-a), 34.7 (C-7), 32.0 (C-8), 24.7 (C-b), —12.6 (br; C-9).

Al NMR (130.3 MHz, CsD¢): 6 = n.o.

1.5.3 Synthesis of 2-py

(2)2 (17 mg, 28 umol), CsHs (0.5 mL), py (6.5 pL, 80 umol). A dynamic vacuum was applied to obtain
2-py as a colorless solid. Yield of 2-py: 22 mg (52 um, 93 %). Note: Considering the co-crystallized CsHe
in the crystal lattice, the molar mass of 2-py x (C¢He)o.s was used to calculate the yield.

Single crystals of 2-py x (CgHe)os suitable for X-ray diffraction were grown in an argon-filled glovebox
through gas-phase diffusion of n-hexane into a C¢He solution of 2-py (Fig. S41).

IH NMR (500.2 MHz, CsDe): 6 = 8.17 (d, ¥Juy = 8.2 Hz, 2H, H-4), 8.10-8.09 (m, 2H, H-a), 8.04
(d, Yup = 2.3 Hz, 2H, H-1), 7.51 (dd, Jup = 8.2 Hz, “un = 2.3 Hz, 2H, H-3), 6.46-6.43 (m, 1H, H-c),
6.04—6.01 (m, 2H, H-b), 1.41 (s, 18H, H-8), 0.08 (s, 3H, H-9).

13C{'H} NMR (125.8 MHz, CsDs): & = 150.7 (C-5), 149.4 (br; C-6), 148.2 (C-2), 147.3 (C-a), 139.9 (C-c),
133.2 (C-1), 126.1 (C-3), 125.0 (C-b), 120.8 (C-4), 34.7 (C-7), 31.9 (C-8), —12.4 (br; C-9).

271 NMR (130.3 MHz, CsDg): 6 = n.o.

EA (%): Calculated for C6H32AIN [385.24]: C 81.00, H 8.37, N 3.63; found: C 79.70, H 8.20, N 3.88.
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1.6 Synthesis of (3)

tBu Bu—<=>—<">—1Bu
O Br,Br 3
Me Al Al

/
/ AIBr /
B /AI Al O Bu C—Hs> Br\Br:\Br>Br
M¢ 66 AI\\AI
O BrBr~
tBu Bu— Y < >—1Bu

AlIBrs* (0.90 g, 3.4 mmol) was added to a stirred solution of (2), (0.50 g, 0.81 mmol) in C¢Hs (4 mL) at
room temperature inside a nitrogen-filled glovebox. After stirring overnight, volatiles were removed
under reduced pressure at room temperature (1073 Torr). The by-product MeAlBr,*” and the
unconsumed AIBr; were afterwards completely sublimed off from the remaining crude product at
higher temperatures (130 °C, 2.5 h, 1073 Torr; Fig. 526). The oily residue was dissolved in CsHe (4 mL)
and freeze-dried to furnish (3); as a yellow solid. Yield of (3),: 0.98 g (0.77 mmol, 95 %).

Single crystals of (3), suitable for X-ray diffraction were grown in an argon-filled glovebox by slow
evaporation of a solution of (3), in CsHe and n-hexane (Fig. S42).

Note: Since the NMR signals of (3), were severely broadened in the temperature range between +70
and —30 °C, NMR spectroscopic analysis was not possible (Fig. S27, S28).

EA (%): Calculated for the monomer CyoH24Al>Brs [633.82]: C 37.65, H 3.79; found: C 37.24, H 3.78.

1.7 Reaction of (3); with Et,0 to furnish 4-OEt;

<> <=2
Br, Br (
/ b
o—s
7D Et,0 Br 4
Br\Br\>Br>Br - =% . )-\I/ /
—1
AI\\AI Cofe gy BN
Br Br= 5\4;3/ 8
Bu— )—<=>—1Bu
4-OEt,
(3)2

An NMR tube was charged with (3)2 (20 mg, 16 umol), CsHs (0.5 mL), and Et,0 (0.1 mL, 0.9 mmol) at
room temperature inside an argon-filled glovebox, whereupon 4-OEt; precipitated as a colorless solid
in essentially quantitative yield.

H NMR (500.2 MHz, CDCls): & = 7.74 (d, ¥y = 8.2 Hz, 2H, H-4), 7.64 (d, “uy = 2.2 Hz, 2H, H-1),
7.34 (dd, ¥y = 8.2 Hz, “Jyn = 2.2 Hz, 2H, H-3), 4.26 (br; 4H, H-a), 1.41 (t, *Juy = 7.2 Hz, 6H, H-b), 1.34 (s,
18H, H-8).

13¢{*H} NMR (125.8 MHz, CDCls): § = 149.0 (C-2), 148.3 (C-5), 141.4* (C-6), 132.5 (C-1), 126.5 (C-3),
120.4 (C-4), 70.0 (br; C-a), 34.6 (C-7), 31.6 (C-8), 14.1 (C-b). *) This signal was only detected in the
'H-13C-HMBC NMR experiment.

Z7AI NMR (130.3 MHz, CDCl3): 6 = n.o.
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1.8 Reaction of (3). with py to furnish 4-py

s

r,
=z <
/ N‘a/b IN T B
s/ py Br, , A r
Br Br:\Br\ —_— )M/ + >A<
N X S CeDg NN Br | SN
Al_ Al tBu N \y—=1 |
BB - S\_J N &
=3
Bu— )—<>—Bu ¢ S
4-py
(3)2 [51X]
X =AIBry~, Br-

An NMR tube was charged with (3); (30 mg, 24 umol), CsDs (0.5 mL), and py (19 pL, 0.24 mmol) atroom
temperature inside an argon-filled glovebox. After the NMR tube had been stored at room
temperature for 1 d, a colorless solid had precipitated. NMR spectroscopy showed the formation of
4-py, along with at least one other py-containing species (most likely [5][AlIBrs] and/or [5][Br], which
crystallized from the reaction mixture; see Fig. S31, S32).

Single crystals of 4-py, [5][AlIBr4], and [5][Br] suitable for X-ray diffraction were grown in an argon-filled
glovebox by slow evaporation of different solutions from various crystallization attempts:
Et,O and n-hexane (4-py; Fig. S43), CcDs and n-hexane ([5][AIBr4]; Fig. S44), and CsHs and n-hexane
([51[Br]; Fig. S45).

4-py:

'H NMR (500.2 MHz, C¢D¢): 6 = 8.48-8.47 (m, H-a)*, 8.05 (d, *Juu = 8.2 Hz, 2H, H-4), 8.01 (d, “Jun =
2.2 Hz, 2H, H-1), 7.48 (dd, *Juu = 8.2 Hz, *Jun = 2.2 Hz, 2H, H-3), 6.81-6.78 (m, H-c)*, 6.45-6.43
(m, H-b)*, 1.33 (s, 18H, H-8). *) Note: The integral values of the resonances of the aromatic protons of
the py ligand are higher than to be expected, likely due to overlap with the py signals of [5][X].

13¢{’H} NMR (125.8 MHz, C¢Dg): 6 = 149.7 (C-5), 149.1 (C-2 or C-a), 149.1 (C-2 or C-a), 143.9 (br; C-6),
137.8 (C-c), 133.0 (C-1), 127.1 (C-3), 124.3 (C-b), 121.1 (C-4), 34.7 (C-7), 31.8 (C-8).

Al NMR (130.3 MHz, CDCl3): 6 = n.o.

[5]1[X]:
'H NMR (500.2 MHz, CsDs): 6 = 8.48—8.47 (m, H-a), 6.81-6.78 (m, H-c), 6.45—6.43 (m, H-b).
13C{'H} NMR (125.8 MHz, C¢D¢): 6 = 149.0 (C-a), 137.7 (C-c), 124.3 (C-b).

27A1 NMR (130.3 MHz, €DCs): 6 = n.o.
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1.9 Synthesis of 6

1) Mes*Li

1
tBu < I
‘Br,Br 2) tButBu /EZ%I
s Li 0 .~
Br Br:\Br\Br tBu €|’ "~
\AI/\AI/ CeHe Al_ 11 /
BrBr 2 Bu i N
B0 Nt
(3)2 6

Inside an argon-filled glovebox, Mes*Li (47 mg, 0.19 mmol) was added to a stirred solution of
(3)2 (55 mg, 43 umol) in Ce¢Hes (2 mL), whereupon a colorless solid precipitated. After stirring the
reaction mixture for 2 min at room temperature, 2,2’-dilithio-4,4’-di-tert-butylbiphenyl (28 mg,
0.10 mmol) was added, whereupon the amount of precipitate increased further. After the reaction
mixture had been stirred overnight at room temperature, it was filtered through a 0.45 um PTFE
syringe filter. The remaining solution was freeze-dried to afford a colorless solid. Yield of 6: 90 mg
(0.17 mmol, 97 %).

Single crystals of 6 x C¢He suitable for X-ray diffraction were grown in an argon-filled glovebox by slow
evaporation of a solution of 6 in C¢Hs and n-pentane (Fig. $46).

'H NMR (500.2 MHz, CsD¢): 6 = 8.07 (d, *Jun = 8.2 Hz, 2H, H-4), 7.92 (d, “Jun = 2.2 Hz, 2H, H-1), 7.55
(s, 2H, H-11), 7.49 (dd, *Jun = 8.2, “Jun = 2.2 Hz, 2H, H-3), 1.47 (s, 18H, H-14), 1.34 (s, 9H, H-16), 1.32
(s, 18H, H-8).

13¢{’H} NMR (125.8 MHz, CsD¢): 6 = 160.6 (C-10), 151.7 (C-12), 149.7 (C-2), 148.9 (C-5), 144.7 (C-6),
132.8 (C-1), 129.1 (br; C-9), 127.3 (C-3), 121.2 (C-4), 120.8 (C-11), 38.2 (C-13), 35.1 (C-15), 34.7 (C-7),
32.6(C-14), 31.7 (C-8), 31.5 (C-16).

Al NMR (130.3 MHz, CsD¢): 6 = n.o.
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2 Plots of NMR spectra
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vs. the aromatic region are not to scale; the spectrum of the purified sample is shown in Fig. S27.
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3 Single-crystal X-ray structure analyses

Single-crystal diffraction data were collected at —100 °C on a STOE IPDS |l two-circle diffractometer
equipped with a Genix 3D HS microfocus MoK, X-ray source (A = 0.71073 A). The finalization of the
data, including empirical absorption corrections, was done using the CrysAlisPro software
v.1.171.42.43a (Rigaku Oxford Diffraction, 2022). The structures were solved using the SHELXS and
SHELXT programs and refined against | F|? with full-matrix least-squares techniques using the program
SHELXL-2018/3.31%12 All H atoms were located geometrically and refined riding on the pivot atom.

Topological aspects of the packing of molecules in crystals were analyzed with the TOPOS 4.0
Professional (ToposPro) program set.>!3

CIF files containing the crystallographicinformation are deposited with the Cambridge Crystallographic
Data Center under the deposition codes CSD2394332-2394341 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 Tables S2-S7.
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Table S2: Selected crystallographic data for 1.

Temperature (K)

1
Chemical formula C22H305n
M, 413.15
Gl SyBsim, Triclinic, P1
space group
173

a, b, c(A) 9.0724(5), 9.1851(5), 13.8604(7)
a,Bv(°) 88.933(4), 78.708(4), 63.108(6)
v (A3) 1006.92(10)
V4 2
F(000) 424
Dy (Mg m™3) 1.363
Radiation type Mo Ka
i (mm™?) 1.27
Crystal shape Block
Color Colorless
Crystal size (mm) 0.24x0.18 x 0.16
Absorption correction Multi-scan
Tmin, Tmax 0.573, 1.000

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

20383, 3958, 3707

Rint 0.042
Omax (°) 26.0
Range of h, k, | h= —11:1_11,6k;1—711911,
RIF? > 2s(F?)], wR(F?), S 0.032,0.079, 1.14
No. of reflections 3958
No. of parameters 216
Apmax, Dpmin (e A7) 1.27,-0.72

Computer programs: X-AREA (Stoe & Cie, 2001), CrysAlis PRO 1.171.42.43a (Rigaku OD, 2022),
SHELXS (G. M. Sheldrick, 1997), SHELXT (G. M. Sheldrick, 2015), SHELXL-2018/3 (Sheldrick, 2018).
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Table S3: Selected crystallographic data for a-trans-(2), and B-trans-(2),.

a-trans-(2); B-trans-(2),
Chemical formula Ca2HsaAlL Ca2HsaAlL
M: 612.81 612.81
C?;S::é ngj:' Triclinic, P1 Monoclinic, P21/n
Temperature (K) 173 173
a b, c(A) 13.1587(8), 14.9947(10), 9.2544(11), 12.0149(11),
15.6441(9) 17.0828(17)
a, B,y(°) 73.852(5), 71.308(5), 88.245(5) 90, 90.972(10), 90
Vv (A% 2802.8(3) 1899.2(3)
V4 3 2
F(000) 996 664
Dy (Mg m~3) 1.089 1.072
Radiation type Mo Ka Mo Ka
g (mm™) 0.10 0.10
Crystal shape Plate Block
Color Colorless Colorless
Crystal size (mm) 0.61x0.51x0.09 0.29x0.29x 0.28
Absorption correction Multi-scan Multi-scan
Timiny Tmax 0.721, 1.000 0.773, 1.000
No. of measured,
independent and observed 27580, 10585, 8133 23747, 3608, 2611
[/ > 2s(/)] reflections
Rint 0.059 0.092
Omax (°) 25.7 25.7
Range of h, k, | h=-16->16, k =-15->18, h=-10->11, k=-14->14,
/=-19->19 [=-20->20
RIF?* > 2s(F?)], wR(F?), S 0.051, 0.144,1.03 0.063, 0.173, 0.95
No. of reflections 10585 3608
No. of parameters 631 222
Apmax, Dpmin (e A7) 0.61, -0.30 0.38, —0.45

Computer programs: X-AREA (Stoe & Cie, 2001), CrysAlis PRO 1.171.42.43a (Rigaku OD, 2022),
SHELXS (G. M. Sheldrick, 1997), SHELXT (G. M. Sheldrick, 2015), SHELXL-2018/3 (Sheldrick, 2018).
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Table S4: Selected crystallographic data for 2:OEt; and 2-py x (CsHg)o.s.

2-0OEt, 2-py % (CsHe)os
Chemical formula CasH37AI0 Ca6H32AIN x (CsHe)os
M: 380.52 424.56

Crystal system,
space group

Monoclinic, C2/c

Monoclinic, P21/n

Temperature (K) 173 173
a, b, c (A) 29.540(12), 7.650(4), 16.4386(7), 18.5881(6),
23.963(8) 18.6041(8)
o, B,y (°) 90, 116.36(4), 90 90, 113.920(5), 90
v (A3 4852(4) 5196.5(4)
Z 8 8
F(000) 1664 1832
D, (Mg m3) 1.042 1.085
Radiation type Mo Ka Mo Ka
i (mm™) 0.09 0.09
Crystal shape Plate Prism
Color Colorless Colorless
Crystal size (mm) 0.12x0.08 x 0.01 0.38x0.20x 0.14
Absorption correction Multi-scan Multi-scan
Tmin, Tmax 0.063, 1.000 0.534, 1.000

No. of measured,
independent and observed

9053, 1869, 945

51723, 9867, 7643

[/ > 2s(/)] reflections
Rint 0.226 0.084
Omax (°) 18.9 25.7
Range of h, k, | h=-26-26, k=—-6->6, h=-20->20, k=-22->22,
[=-21->19 1=-22-522
RIF? > 2s(F?)], wR(F?), S 0.099, 0.279, 0.98 0.048, 0.135, 1.02

No. of reflections 1869 9867
No. of parameters 253 588

Apmax, Dpmin (e A7) 0.31, -0.46 0.36, —0.27

Computer programs: X-AREA (Stoe & Cie, 2001), CrysAlis PRO 1.171.42.43a (Rigaku OD, 2022),
SHELXS (G. M. Sheldrick, 1997), SHELXT (G. M. Sheldrick, 2015), SHELXL-2018/3 (Sheldrick, 2018).

S32



Table S5: Selected crystallographic data for (3); and 4-py.

(3)2 4-py
Chemical formula CaoHagAlsBrs CasH20AIBrN
M 1275.98 450.38
C?;S::é ngj:' Triclinic, P1 Triclinic, P1
Temperature (K) 173 173
a, b, c (A) 10.6406(6), 11.0267(8), 8.8787(6), 9.5697(7),
11.4135(7) 14.8476(9)
@B,y () 1062?2‘2 495‘1'65)76(5)' 75.692(6), 75.093(5), 76.432(6)
v (A3 1228.53(15) 1161.41(14)
V4 1 2
F(000) 620 468
Dy (Mg m™3) 1.725 1.288
Radiation type Mo Ka Mo Ka
u(mm™) 6.63 1.82
Crystal shape Plate Plate
Color Colorless Colorless
Crystal size (mm) 0.28 x 0.16 x 0.06 0.23x0.20 x 0.09
Absorption correction Multi-scan Multi-scan
Trmin, Tmax 0.550, 1.000 0.567, 1.000

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

11856, 5615, 4214

9419, 4632, 3950

Rint 0.069 0.047
Omax (°) 27.5 26.4
Range of h, k, | h=-12-13, k=-14->14, h=-8->11k=-11->11,
[=-14-14 I=-17-18
RIF? > 2s(F?)], wR(F?), S 0.046, 0.086, 1.02 0.036, 0.089, 1.03

No. of reflections 5615 4632
No. of parameters 271 322

Apmax, Dpmin (e A7) 0.58, —0.54 0.42, -0.34

Computer programs: X-AREA (Stoe & Cie, 2001), CrysAlis PRO 1.171.42.43a (Rigaku OD, 2022),

SHELXS (G. M. Sheldrick, 1997), SHELXT (G. M. Sheldrick, 2015), SHELXL-2018/3 (Sheldrick, 2018).
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Table S6: Selected crystallographic data for [5][AlIBr4] and [5][Br].

[5][AIBry] (5][Br]
Chemical formula [C20H20AIBraN4][AlBrs4] [C20H20AIBraN4][Br]
M, 849.82 583.11

Crystal system,
space group

Orthorhombic, Pna2,

Orthorhombic, Pnna

Temperature (K) 173 173
a b, c(A) 19.2045(15), 15.4711(11), 14.1189(5), 7.9834(3),
9.5030(6) 22.9967(7)
o B,y () 90, 90, 90 90, 90, 90
V(A% 2823.5(3) 2592.12(15)
Z 4 4
F(000) 1616 1144
D, (Mg m3) 1.999 1.494
Radiation type Mo Ka Mo Ka
i (mm™) 8.61 4.71
Crystal shape Block Needle
Color Colorless Colorless
Crystal size (mm) 0.23x0.19x0.18 0.81x0.12x0.10
Absorption correction Multi-scan Multi-scan
Tmin, Tmax 0.175, 1.000 0.152, 1.000

No. of measured,
independent and observed

18186, 5553, 4600

35509, 2469, 2074

parameter

[/ > 2s(/)] reflections
Rint 0.095 0.068
Omax (°) 26.1 25.7
Range of h, k, | h=-20->23, k=-19->18, h=-16->17, k=-9-9,
[=-11->11 /=-28-528
RIF? > 2s(F?)], wR(F?), S 0.082, 0.202, 1.15 0.029, 0.074, 1.05

No. of reflections 5553 2469
No. of parameters 289 132

Dprmax, Dpmin (€ A73) 1.64,-2.22 0.92,-0.40

Absolute structure 0.013(15) i

Computer programs: X-AREA (Stoe & Cie, 2001), CrysAlis PRO 1.171.42.43a (Rigaku OD, 2022),
SHELXS (G. M. Sheldrick, 1997), SHELXT (G. M. Sheldrick, 2015), SHELXL-2018/3 (Sheldrick, 2018).
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Table S7: Selected crystallographic data for 6 x CsHe.

6 x CsHe
Chemical formula CagHs3Al x CeHs
M, 614.89
C?;S::é ngj:' Triclinic, P1
Temperature (K) 173
a, b, c (A) 9.462(1)536'?)6,91114.?73)83(6),
a,Bv(°) 79.522(4), 83.939(4), 67.200(5)
v (A3) 1913.57 (18)
V4 2
F(000) 672
Dy (Mg m™3) 1.067
Radiation type Mo Ka
i (mm™?) 0.08
Crystal shape Block
Color Colorless
Crystal size (mm) 0.44x0.25x0.17
Absorption correction Multi-scan
Trmin, Tmax 0.755, 1.000
No. of measured,
independent and observed 18902, 9993, 7477
[/ > 2s(/)] reflections
Rint 0.045
Omax (°) 29.1
P 600, o h= —12:1_22,6k;2—415915,
RIF? > 2s(F?)], wR(F?), S 0.053, 0.145, 1.03
No. of reflections 9993
No. of parameters 475
Apmax, Dpmin (e A7) 0.34,-0.27

Computer programs: X-AREA (Stoe & Cie, 2001), CrysAlis PRO 1.171.42.43a (Rigaku OD, 2022),
SHELXS (G. M. Sheldrick, 1997), SHELXT (G. M. Sheldrick, 2015), SHELXL-2018/3 (Sheldrick, 2018).
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3.1 Single-crystal X-ray structure analysis of 1

Compound 1 crystallizes without solvent in the triclinic space group P1 (No. 2) with one
crystallographically unique molecule in the general position (Fig. S35).

=3
c22

Fig. $35: Molecular structure of 1 in the solid state. Atomic displacement ellipsoids are drawn at the 50 % probability level.

3.2 Single-crystal X-ray structure analyses of two polymorphous modifications of trans-
(2)2

Compound trans-(2), crystallizes without solvent in two polymorphous modifications. The relatively
denser a-form crystallizes in the triclinic space group P1 (No. 2) with one unique molecule in the
general position and another at the inversion center, resulting in a rather peculiar value of Z = 3 (Fig.
S36). One of the terminal tBu-groups in the second molecule is disordered over two positions with the
relative weight of 90:10 %. The B-form crystallizes in the monoclinic space group P2:/n (No. 14) with
one crystallographically unique molecule at the inversion center (Fig. S37). Half of the tBu-groups are
also disordered over two positions with the relative weight of 90:10 %.

Analysis of the crystal packing of the polymorphous modifications of trans-(2), shows significant
differences (Fig. S38). The molecule of a-trans-(2), form a primitive hexagonal packing (Fig. S38a) with
pseudo-hexagonal layers in the ab plane. The next layers overlay in a "sphere-above-sphere" mode,
i.e. the layers are not shifted relative to each other. A packing of this type, which is less dense than the
expected hexagonal closest one, is rather rare. The distances between the centers of the molecules
vary between 6.68 and 11.29 A in the layer and 14.02 A between the layers. In contrast, the molecules
in the less dense B-trans-(2), form a distorted cubic closest packing (Fig. S38b). The packing is
significantly more uniform, with distances between the centers that vary from 9.25 to 12.01 A.
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Fig. S36: Molecular structures of two unique molecules in a-trans-(2), in the solid state. Atomic displacement ellipsoids are
drawn at the 50 % probability level.
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Fig. $37: Molecular structure of B-trans-(2); in the solid state. Atomic displacement ellipsoids are drawn at the 50 %
probability level.

(a) (b)

L. k-

Fig. $38: Packing of (a) a-trans-(2), and (b) B-trans-(2), in the solid state. Terminal tBu-groups as well as H atoms are omitted
for clarity. Red lines show the shortest distances between the centers of the molecules.
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(a)

(b)

Fig. $39: Overlay of (a) the two crystallographically unique molecules in a-trans-(2), and (b) a-trans-(2), and B-trans-(2), in
the unit cell. H atoms omitted for clarity. C: grey, Al: turquoise.
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3.3 Single-crystal X-ray structure analysis of 2-OEt;

Compound 2:OEt; crystallizes without solvent in the monoclinic space group C2/c (No. 15) with one
crystallographically unique molecule in the general position (Fig. S40). Due to the rather poor crystal
quality and the weak scattering ability, all reflections above dmin=1.1A were omitted from the
refinement.

Fig. S40: Molecular structure of 2-OEt; in the solid state. Atomic displacement ellipsoids are drawn at the 50 % probability
level.

3.4 Single-crystal X-ray structure analysis of 2:py x (C¢Hs)o.5

Compound 2-py crystallizes as a solvate with one C¢Hg molecule in the monoclinic space group P2:/n
(No. 14) with two crystallographically unique molecules in the general position (Fig. S41).

Fig. S41: Molecular structures of two unique molecules of 2:-py x (CsHg)os in the solid state. Atomic displacement ellipsoids
are drawn at the 50 % probability level.
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3.5 Single-crystal X-ray structure analysis of (3)

Compound (3), crystallizes without solvent in the triclinic space group P1 (No. 2) with one
crystallographically uniqgue molecule at the inversion center (Fig. S42). Half of the tBu-groups are
rotationally disordered over two positions with the relative weight of 70:30 %.
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Fig. S42: Molecular structure of (3), in the solid state. Atomic displacement ellipsoids are drawn at the 50 % probability level.
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3.6 Single-crystal X-ray structure analysis of 4-py

Compound 4-py crystallizes without solvent in the triclinic space group P1 (No. 2) with one
crystallographically unique molecule in the general position (Fig. S43). One of the tBu-groups is
rotationally disordered over three positions with the relative weight of 65.9:20.2:13.9 %.

Fig. S43: Molecular structure of 4-py in the solid state. Atomic displacement ellipsoids are drawn at the 50 % probability level.

3.7 Single-crystal X-ray structure analysis of [5][AlBr4]

Compound [5][AIBr4] crystallizes without solvent in the orthorhombic space group Pna2; (No. 33); the
cation and anion are both in general positions (Fig. S44).

Fig. S44: Molecular structure of [5][AlIBr4] in the solid state. Atomic displacement ellipsoids are drawn at the 50 % probability
level.
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3.8 Single-crystal X-ray structure analysis of [5][Br]

Compound [5][Br] crystallizes without solvent in the orthorhombic space group Pnna (No. 52). The
cation is located on the two-fold axis parallel to ¢, while the anion lies on the two-fold axis parallel to
a (Fig. $45). The residual density map (Ap map) contains a relatively strong peak Q1, 3.1 e-A™, near the
terminal Br atom, Brl. It cannot be explained by the disorder of the AlBr; fragment, since the Al1-Q1
distance is non-bonding (3.19 A). However, the x and z coordinates of Q1 almost coincide with those
of Brl, while the y coordinate can be calculated as =1.5-y(Br1). Therefore, we can assume that Q1
corresponds to a "shadow" of the entire structure, which is reflected by an additional mirror plane
perpendicular to the b axis and at y = 3/4. This axis contradicts the Pnna space group and could indicate
the phenomenon of a so-called order-disorder (OD) phenomenon, in which two different polytypes
intergrow in the same crystal, leading to stacking faults.*'* It is remarkable that Al1 and Br2 havey = 0.5
and 0.75 and therefore their "reflection" does not result in any additional peaks. According to this
hypothesis, Q1 was assigned to Brlb, and its relative site occupancy factor (sof) was refined to 5 % and
then fixed. Due to the very low weight (5 %) of the second polytype, the remaining atoms are not
visible on the Ap map.

During refinement, Brla was refined anisotropically with sof = 0.95 and Brlb isotropically with sof =
0.05. At this stage, the Platon program revealed two solvent accessible voids of 219 A3 containing 51
electrons each. No reliable electron density was found after the OD phenomenon was modelled, and
in the final stage of the refinement, Platon/SQUEEZE modeled the unclear, disordered solvent.

Fig. S45: Molecular structure of [5][Br] in the solid state. Atomic displacement ellipsoids are drawn at the 50 % probability
level.
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3.9 Single-crystal X-ray structure analysis of 6 x CgHe

Compound 6 crystallizes as a solvate with one CsHg molecule in the triclinic space group P1 (No. 2) with
one crystallographically unique molecule in the general position (Fig. S46). The CsHs molecule is
positionally disordered over two positions with the relative weight of 75:25 %.
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Fig. $46: Molecular structure of 6 x CgHg in the solid state. Atomic displacement ellipsoids are drawn at the 50 % probability

level.
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4 Computational details

All DFT calculations were performed using Gaussian 16, Revision B.01.5*> Graphical representations of
molecular geometries were produced with the CYLview20 software.5

Geometry optimizations and Hessian calculations were performed at the wB97XD%Y/def2-TZVPP5!®
level of theory including implicit solvation by the solvent model based on density (SMD;
solvent = CH,Cl,).5® Optimized geometries were confirmed to be the desired minimum energy
structures or transition states by vibrational frequency analysis. Single-point calculations were
performed at the SMD(CH,Cl,)/wB97XD/def2-QZVPP>* level. A concentration correction accounting
for the change in standard states going from gas phase to condensed phase was neglected in the given
Gags values, since there is no change in moles in the course of the computed rearrangement.

13CNMR isotropic shielding tensors (IST) were computed using the continuous set of gauge
transformation (CSGT) method with the SMD(CH,Cl,)/LC-TPSSTPSS*?!/cc-pVTZ>?*%% |evel of theory, as
this combination was shown to deliver reliable results in a recent benchmark study.*** Since the
experimentally observed NMR shift values refer to symmetry-averaged molecular structures, the
computed ISTs were averaged over all symmetry-related positions for the nuclei under consideration
in each molecule (ISTa). *C NMR resonances were referenced against SiMe, (IST.y = 197.8 ppm;
equation (1)), for which optimization and chemical shielding was calculated in the same manner.

Scalc (13C) = IST,, (SiMe,) — IST,, (130) (1)
Scorr(13C) = 0.9141 - 4. (*3C) — 0.8394 (2)

The calculated NMR shift values 8.i(**C) were further corrected by applying a compensating linear
scaling approach using equation (2). The correction factors were determined using the
crystallographically characterized 2-OEt; as a benchmark molecule (Table S8), where only the C atoms
of the Me-AlFlu moiety were considered. Fig. S47 shows the calculated uncorrected
13C NMR shift values of the benchmark molecule (x-axis) plotted against the experimentally observed
NMR shifts (y-axis).
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Table S8: Calculated isotropic shielding tensors (ISTa,), calculated NMR shift values 8caic(*3C), and experimental NMR shift

values Sexp(*3C) (bottom) [ppm] for the relevant 13C nuclei of the benchmark molecule 2-OEt,.

Fig. S47: Plot of the calculated 3C NMR shift values (Table S2; x-axis, ppm) of the benchmark molecule 2-OEt; against the
corresponding experimentally determined

shift values (Table S2; vy-axis,

f(x) = 0.9141x — 0.8394 with a certainty of R2 = 0.999.
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C atom IST.v / ppm Scalc(*3C) / ppm Sexp(*3C) / ppm
1 53.5 144.3 132.9
2 35.3 162.4 147.9
3 56.8 140.9 125.1
4 64.3 1334 119.5
5 35.0 162.8 149.0
6 36.5 161.3 147.0
7 159.3 38.5 34.3
8 165.1 32.7 31.2
9 209.2 -11.5 -12.5
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4.1 Dynamic rearrangement of (2);

The computed energy difference between the two isomers of (2); in CH,Cl, is quite small (AG® =
1.6 kcal mol™; Scheme S1). This agrees well with the experimentally determined value at —30 °C (AG°
= 0.7 kcal mol™; equation (3) and (4)),5%> which is calculated from the proton-integral ratio K of cis-(2),
and trans-(2), in CD,Cl,. The computed energy of the transition state (TS) for the cis/trans-equilibrium
in CH,Cl, is AG* = 14.8 kcal mol™, which again agrees well with the experimentally determined value
of AG* = 14.5 kcal mol™?, derived from the coalescence temperature (T.):5%” T, is used in conjunction
with the maximum peak separation in the slow-exchange limit (Av = 20.7 Hz is the distance between

the tBu resonances of trans-(2); at =30 °C; Fig. S11, S13). AG* is then calculated according to equation
(5)_526

_ [as(2),]
= Trans-(2),] ®

AG°® = —RTIn(K) (4)

T a=4.575 103 kcal mol™
AG* = aT.[9.972 + log (A—C)] (5) where T.=286K
v Av =20.7 Hz

AG / kcal mol?

Scheme S1: Computed rearrangement equilibrium between cis-(2), and trans-(2); in CHxCl,.
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4.2 13C NMR shift calculations

To further verify that the minor product observed in the reaction of 1 with AlMes is indeed cis-(2),, the
13C NMR shift values of cis-(2), and trans-(2), (Table S9) were calculated and compared with the
experimentally observed shift values of both species.

To obtain as meaningful a picture as possible, only those C atoms were taken into account whose
corrected calculated NMR shift values &.o(13C) differ by > 1.0 ppm between the two isomers (Table S9;
highlighted in yellow). For those, trans-(2), shows a variation from its experimentally observed NMR
shift values with an average absolute deviation of 2.1 ppm (Table S10). The variation observed for cis-
(2); is even smaller, with an average absolute variation of 1.5 ppm. (Table S11). Reverse assignment
(i.e., calculated cis-(2), compared to experimentally observed trans-(2), and vice versa) leads to higher
deviations 2.5 and 3.2 ppm (exp. trans-(2), — calc. cis-(2),; exp. cis-(2), — calc. trans-(2)). In particular,
the *C NMR shift values of the Me-groups at positions 9/9’, which differ significantly between the two
isomers, are among the best matches of the corrected calculated and experimentally observed shifts.
This also supports the above-mentioned assignments of the two isomers.
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Table S9: Calculated isotropic shielding tensors (ISTay), calculated NMR shift values 6caic(13C), and corrected calculated NMR
shift values 8core(13C) [ppm] for all Catoms of cis-(2), and trans-(2),. The last column shows the absolute difference between
the computed chemical shift values of both isomers; C atoms whose chemical shift values differ by > 1.0 ppm are highlighted
in yellow. Solvent model: SMD(CH,Cl,).

cis-(2) trans-(2),
C atom Abs. diff.
ISTa/ | 6ca(®C)/ | 8eord(®C)/ | ISTav/ | 6cald*C)/ | Scorr (PC)/ |/ ppm
ppm ppm ppm ppm ppm ppm

1 51.3 146.5 1331 50.3 147.4 133.9 0.8
2 34.7 163.0 148.2 334 164.4 149.4 1.2
3 57.8 139.9 127.0 55.6 142.1 129.1 2.1
4 61.4 136.4 123.8 61.3 136.5 123.9 0.1
5 37.2 160.5 145.9 36.5 161.3 146.6 0.7
6 33.8 164.0 149.1 30.1 167.7 152.5 3.4
7 159.6 38.1 34.0 158.8 38.9 34.7 0.7
8 165.2 32.5 28.9 165.3 32.4 28.8 0.1

9/9’ 205.4 —7.6 -7.8 210.1 -12.4 -12.2 4.4
1 31.8 165.9 150.8 34.3 163.4 148.5 2.3
2 36.5 161.3 146.6 35.8 161.9 147.2 0.6
3 46.5 151.2 137.4 44.8 152.9 138.9 1.5
4 60.2 137.6 124.9 60.2 137.6 124.9 0
5’ 18.8 178.9 162.7 16.6 181.2 164.8 2.1
6’ 62.5 135.3 122.8 62.7 135.1 122.7 0.1
7 159.0 38.7 34.5 158.8 38.9 34.7 0.2
8’ 165.3 325 28.9 164.7 33.0 29.3 0.4

Table $10: Comparison of the corrected calculated 3C NMR shifts of cis-(2), and trans-(2), with the experimentally observed
shifts (CD,Cl,) of the main product of the reaction between 1 and AlMej3 (trans-(2),). Only the resonances of the C atoms for
which the corrected calculated shifts of cis-(2), and trans-(2), differ > 1.0 ppm are considered.

Sexp(13C) OF cis-(2), trans-(2);
C atom tr(/JnS-(Z)z Seonr(3C) A (Scorr = Sexp) / Scor (13C) A (Bcorr = Bexp) /

e / ppm ppm / ppm ppm
2 149.2 148.2 1.0 149.4 0.2
3 127.0 127.0 0.0 129.1 2.1
6 151.6 149.1 2.5 152.5 0.9
9/9’ -11.6 —7.8 3.8 -12.2 0.6
1 145.8 150.8 5.0 148.5 2.7
3 133.7 137.4 3.7 138.9 5.2
5’ 161.5 162.7 1.2 164.8 3.3

Avg. abs. A / ppm 2.5 2.1
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Table S11: Comparison of the corrected calculated 3C NMR shifts of cis-(2), and trans-(2), with the experimentally observed
shifts (CD,Cl,) of the minor product of the reaction between 1 and AlMejs (cis-(2),). Only the resonances of the C atoms for
which the corrected calculated shifts of cis-(2), and trans-(2), differ > 1.0 ppm are considered.

5exp(13C) of cis-(2)2 trans-(2);
Catom C/IS-(anZ 6corr(13C) A (6corr - 5exp) / 5corr (13C) A (6corr - 6exp) /

PP / ppm ppm / ppm ppm
2 148.0 148.2 0.2 149.4 1.4
3 125.1 127.0 1.9 129.1 4.0
6 148.7 149.1 0.4 152.5 3.8
9/9’ -8.0 -7.8 0.2 -12.2 4.2
1 147.6 150.8 3.2 148.5 0.9
3’ 133.3 137.4 4.1 138.9 5.6
5’ 162.1 162.7 0.6 164.8 2.7

Avg. abs. A / ppm 1.5 3.2
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4.3 Computed structures and free energy values

2.0Et, trans-(2),
Gaog = —1292.321444 Hartree Ga9g = —2117.449560 Hartree

TS cis-(2);
Gy9g =—2117.425978 Hartree Gyog =—2117.446995 Hartree

2
Gy9g =—2117.418679 Hartree
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