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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-Pentane and n-hexane were dried over Na metal; Et,0,
THF, C¢Hs, and toluene were dried over Na/benzophenone. Prior to use, the solvents were degassed
by applying three freeze-pump-thaw cycles and stored over molecular sieves (3 A). C¢Ds and THF-ds
were dried over Na-K alloy without benzophenone (1 d), degassed as described above, and stored over
molecular sieves (3 A). CD,Cl, was stored over molecular sieves (3 A). Pyridine (py) and pyridazine (pyz)
were stored over molecular sieves (3 A). MesSiCl and MeSiCl, were distilled from CaH,. BBrs was
stored over Hg to remove traces of Br,. All other commercially available reagents were used as
received. 1,2-Bis(trimethylstannyl)benzene® and potassium pyrazolide (Kpz)*> were synthesized
according to literature procedures.

If not stated otherwise, NMR spectra were recorded at 298 K using the following Bruker spectrometers:
Avance™ Il 300, Avance™ Il 400 HD, Avance™ Il 500 HD, or Avance™ DRX 600. Chemical shift values
are referenced to (residual) solvent signals (*H/*C{*H}; CeéDs: &=7.16/128.06 ppm; CD,Cl,:
6 =5.32/53.84 ppm; THF-ds: 6 = 3.58/67.21), external AI(NOs); (0.00 ppm), external SiMe, (0.00 ppm),
or external BFs;-Et,0 (0.00 ppm).*® Abbreviations: s = singlet, t = triplet, q = quartet, m = multiplet, br =
broad, n.o. = not observed, n.r. = not resolved. Resonances of carbon atoms attached to aluminum
atoms were typically broadened and sometimes only observed in *H-**C-HMBC NMR experiments due
to the quadrupolar relaxation of the *’Al nucleus. Resonance assignments were aided by *H-'H-COSY,
'H-13C-HSQC, *H-3C-HMBC, *H-3C-H2BC-NMR, and *H-*Si-HMBC experiments.

High-resolution mass spectra were measured in negative-ion mode using Bruker Apollo Il MTP
timsTOFfleX (ESI, MALDI); trans-2-[3-(4-t-butylphenyl)-2-methyl-2-propenylidene]malononitrile
served as the matrix.

Elemental analyses (%CHN) were performed on a HEKAtech EURO FA 3000 Elemental Analyzer.
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1.1 Synthesis of (1)

@SnMe3 3 equiv AIMe3 @ X,
2

SnMe; hexanes

1,2-(MesSn),CeHa 1),

Inside a nitrogen-filled glovebox, a thick-walled glass ampoule was charged with 1,2-(MesSn),CsHs
(1.13 g, 2.80 mmol) and n-hexane (1 mL). AIMes* (2.0 M in hexanes; 2.1 mL, 4.2 mmol) was added at
room temperature via syringe. The ampoule was flame-sealed at —196 °C under vacuum and
subsequently heated to 150 °C in an oven for 3 d. The ampoule was allowed to cool to room
temperature, whereupon (1), precipitated as a colorless solid. The ampoule was opened in the
glovebox and the liquid phase was removed with a syringe. The remaining colorless solid was dried at
room temperature for 3 h in a dynamic vacuum. Subsequently, the solid was dissolved in CsHg (5 mL),
filtered through a 0.45 pum PTFE syringe filter to remove any insoluble residues, and freeze-dried to
obtain (1),. Yield of (1)2: 251 mg (531 umol, 76 %).

Notes: a) A stoichiometric ratio (1:1) of 1,2-(MesSn),CsH4 and AlMe; can also be used; however, for
convenience, excess AlMes; was employed in the ampoule reaction. Unconsumed AlMes can be easily
removed, as the final product (2), precipitates at the end of the reaction. b) NMR spectroscopic
investigations indicate that the reaction is complete after about 1 d at 150 °C. Nevertheless, we
typically store the ampoule in the oven for a more extended period to ensure full conversion.

Single crystals of (1), suitable for X-ray diffraction were grown in an argon-filled glovebox by slow
evaporation of a solution of (1), in n-hexane (Figure S34).

'H NMR (500.2 MHz, C¢Dg): 6 = 8.02—7.98 (m, 4H; H-1), 6.98-6.94 (m, 4H; H-2), 0.01 (s, 6H; H-7).
13¢{’H} NMR (125.8 MHz, CsD¢): 6 = 160.3 (br; C-6), 145.0 (C-1), 129.8 (C-2), 7.7 (br; C-7).

Al NMR (130.3 MHz, CsD¢): 6 = n.o.

'H NMR (500.2 MHz, CDCl): § = 8.04—8.01 (m, 4H; H-1), 7.35-7.32 (m, 4H; H-2), —0.24 (s, 6H; H-7).
13¢{'H} NMR (125.8 MHz, CD,Cl,): 6 = 160.4 (br; C-6), 145.1 (C-1), 129.9 (C-2), -8.1 (br; C-7).
Al NMR (130.3 MHz, CD,Cl,): 6 = n.o.

EA (%): Calculated for the monomer Ci4H14Al; [236.23]: C 71.18, H 5.97; found: C 70.07, H 5.90.
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1.2  Synthesis of 1-(thf);

/

Me 7 O—a
| \ /
os A|]© A|\6|/1§2
. —_—
A,‘I THF AI\J\)
Me 2 thf Me

1)z 1-(thf),

Inside an argon-filled glovebox, a round-bottom flask was charged at room temperature with (1),
(36 mg, 76 umol) and THF (0.5 mL). The reaction mixture was stirred for 5 min at room temperature
inside the glovebox. All volatiles were removed from the reaction mixture under reduced pressure to
obtain 1:(thf); as a colorless solid. Yield of 1:(thf),: 57 mg (0.15 mmol, quantitative).

The H and *C NMR shift values measured for this sample are consistent with the literature data.®

Single crystals of 1-(thf), suitable for X-ray diffraction were grown in an argon-filled glovebox by slow
evaporation of a solution of 1:(thf), in THF and n-hexane (Figure S38).

'H NMR (500.2 MHz, C¢De): 6 = 8.09-8.06 (m, 4H; H-1), 7.56—7.52 (m, 4H; H-2), 3.39-3.36 (m, 8H; H-
a), 0.77-0.74 (m, 8H; H-b), 0.07 (s, 6H; H-7).

13C{*H} NMR (125.8 MHz, C¢Ds): 6 = 162.8 (br; C-6), 136.7 (C-1), 126.5 (C-2), 71.0 (C-a), 24.6 (C-b), -12.1
(br; C-7).

Al NMR (130.3 MHz, CsD¢): 6 = n.o.

'H NMR (600.2 MHz, THF-ds): § = 7.61-7.58 (m, 4H; H-1), 7.05-7.02 (m, 4H; H-2), 3.64-3.59 (m, 6H*;
H-a), 1.80-1.74 (m, 6H*; H-b), —0.51 (s, 6H; H-7). *) The actual integral values are somewhat smaller
(Figure S7), because, only in this case, the sample remained under a dynamic vacuum overnight, which
obviously removed some of the coordinated thf.

13C{*H} NMR (150.9 MHz, THF-ds): 6 = 162.7 (br; C-6), 136.4 (C-1), 125.9 (C-2), 68.0 (C-a), 26.1 (C-b),
—13.0 (br; C-7).

Al NMR (130.3 MHz, THF-ds): 6 = n.o.
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1.3  Synthesis of 1:(py):
o

Me 7 ’N=a/
5 _— |
Al CeHs AI\J\)
Me 2 py Me
(1) 1:(py)2

Inside an argon-filled glovebox, an NMR tube was charged at room temperature with (1), (35 mg,
74 umol), CeHs (0.5 mL), and pyridine (py; 25.1 uL, 0.31 mmol), whereupon 1:(py); precipitated as a
colorless solid, which was dried in a dynamic vacuum. Yield of 1-(py)2: 57 mg (0.14 mmol, quantitative).

Single crystals of 1:(py). x CsHe suitable for X-ray diffraction were grown in an argon-filled glovebox
through gas-phase diffusion of C¢Hs into a THF-ds solution of 1:(py). (Figure S39).

H NMR (500.2 MHz, THF-ds): 6 = 8.40-8.38 (m, 4H; H-a), 7.76—7.73 (m, 2H; H-c), 7.68-7.65 (m, 4H; H-
1), 7.28-7.25 (m, 4H; H-b), 7.08—7.05 (m, 4H; H-2), —0.43 (s, 6H; H-7).

13C{*H} NMR (125.8 MHz, THF-ds): 6 = 163.6 (br; C-6), 148.9 (C-a), 140.2 (C-c), 136.7 (C-1), 126.0 (C-2),
125.6 (C-b), —11.9 (br; C-7).

Al NMR (130.3 MHz, THF-ds): 6 = n.o.
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1.4 Synthesis of K[1-(u-pz)]

(ﬂ\ Tk
N,
05 @ Ij 1eqqupz jAI
|
o @ N,

(1), K[1-(u-pz)]

Z

Inside an argon-filled glovebox, a round bottom flask was charged at room temperature with (1),
(29 mg, 61 umol), THF (0.5 mL), and potassium pyrazolide (Kpz; 13 mg, 0.12 mmol). The reaction
mixture was stirred for 5 min at room temperature inside the glovebox. The solution was filtered
through a 0.45 um PTFE syringe filter. All volatiles were removed under reduced pressure, whereupon
[K(thf)][1-(u-pz)] remained as a colorless solid. Yield of [K(thf)][1:(u-pz)]: 48 mg (0.12 mmol, 94 %).

Single crystals of [K(thf)is][1-(u-pz)] suitable for X-ray diffraction were grown in an argon-filled
glovebox by slow evaporation of a solution of [K(thf)][1:(u-pz)] in a mixture of THF and n-pentane
(Figure S40). Note: To determine the yield, we use the amount of K*-coordinated thf indicated by the
'H NMR spectrum ([K(thf)]"); if we refer to the crystal structure, we use the amount of thf indicated by
X-ray diffraction ([K(thf)1s]").

'H NMR (600.2 MHz, THF-ds): 6 = 7.65 (n.r.; 2H; H-a), 7.58-7.57 (m, 4H; H-1), 6.88—6.86 (m, 4H; H-2),
6.11 (n.r., 1H; H-b), 3.63-3.61 (m, 4H; H™), 1.79-1.76 (m, 4H; H™""), —0.26 (s, 6H; H-7).

13¢{*H} NMR (150.9 MHz, THF-ds): 6 = 168.0 (br; C-6), 137.8 (C-a), 134.9 (C-1),124.5 (C-2), 104.1 (C-b),
68.0 (C™), 26.2 (C™"), —=16.3 (br; C-7).

Al NMR (130.3 MHz, THF-ds): 6 = n.o.

HRMS (ESI): m/z calculated for [C17H17AI:N,]™: 303.1028 [M]; found: 303.0945.

1.5 Synthesis of 1-(pyz)(thf)

) 1 equiv pyz \

n -hexane Al
0.5

THF -dg Al

(1)
1-(pyz)(thf)

In an argon-filled glovebox, pyridazine (pyz; 3.1 pL, 42 umol) was added to (1); (10 mg, 21 umol) in
THF-ds (0.5 mL). The NMR tube was flame-sealed at —196 °C under vacuum, and NMR spectra were
recorded (Figure S13). After the addition of a second equivalent of pyz, NMR spectra were recorded
again (Figure S13).

Single crystals of 1:(pyz)(thf) suitable for X-ray diffraction were grown in an argon-filled glovebox
through gas-phase diffusion of n-hexane into the THF-ds solution (Figure S41).
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1.6 Synthesis of DAA-Rx-(AIBrRz)2 (R = Me or Br)

Me
Al R.
2.2 equiv AlBr: Al-—
oo el @y p &
Al CGDG ~ Al
I
Me 2

(1)2
DAA-R,*(AIBR,),

R = Me or Br

In a nitrogen-filled glovebox, an NMR tube was charged at room temperature with (1); (12 mg,
25 umol), C¢D¢ (0.5 mL), and AlBr;** (30 mg, 0.11 mmol), whereupon a colorless suspension was
formed. The reaction mixture was filtered through a 0.45 um PTFE syringe filter and the filtrate was
then analyzed by NMR-spectroscopy.

Single crystals of DAA-R;:(AIBrR;), suitable for X-ray diffraction were grown in an argon-filled glovebox
through gas-phase diffusion of n-hexane into a CsDs solution of DAA-R,-(AIBrR;); (R = Me or Br; Figure
542).

Note: Some of the NMR signals of DAA-R,-(AIBrR;); are severely broadened at room temperature and
are thus not very diagnostic (Figure $14); up to a measurement temperature of —30 °C, no significant
changes are observable. Since these resonances cannot be straightforwardly assigned to the proposed
structure of DAA-R,-(AIBrR;),, our structural characterization rests mainly on X-ray crystallography.

1.7  Synthesis of 2:(AlBr3):

Me
Al .
4.1 equiv AlBr. Al-i—
05 C e @f_ P
CgHe Al
Al
Me 2

@ 2-(AlIBry),

Inside a nitrogen-filled glovebox, AIBrs* (1.12 g, 4.18 mmol) was added at room temperature to a
stirred solution of (1); (241 mg, 510 umol) in C¢He (3 mL), whereupon a colorless suspension formed.
After the suspension had been stirred overnight, the clear supernatant was removed via syringe. The
remaining colorless solid was suspended in n-hexane (3 mL) and the suspension was stirred for 5 min.
The clear supernatant was removed again, and the procedure was repeated with 2 mL of n-hexane.
The byproduct Me,AlBrs_,** and the unconsumed AlIBr; were removed from the remaining crude
product by sublimation (150 °C, 1073 Torr, 3 h). 2-(AIBr3), was finally obtained as a colorless solid. Yield
of 2-(AlBr3),: 546 mg (607 umol, 60 %).

Single crystals of two polymorphs of 2:(AIBrs); suitable for X-ray diffraction were grown in an argon-
filled glovebox by a) layering a solution of (1); (15 mg, 32 umol) in C¢Ds (0.5 mL) with C¢He (0.2 mL) and
AlBr3 (91 mg, 0.34 mmol) in n-hexane (0.5 mL; Figure S43) or b) slow evaporation of a filtered solution
of 2:(AlBr3); in C¢Ds and n-hexane (Figure S43).

Note: Since 2:(AlIBrs); is poorly soluble in non-polar solvents and not stable in polar solvents, an NMR
spectroscopic analysis was not possible (Figure S15). The bulk purity of 2:(AlBrs3), was therefore proven
by X-ray powder diffraction (Figure S50).
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1.8 Synthesis of (2):

z .
Al
Br'm;?rj@ 1 equiv bipy /1\
P —FFF—FF > 05
1 B
Al "N
Br\\ \Br
(2)
2-(AIBr,) 2

Inside an argon-filled glovebox, a Schlenk tube was charged with 2:(AlBrs), (100 mg, 111 umol), CsHs
(2.5mL), and 2,2'-bipyridine (bipy; 17 mg, 109 umol) at room temperature inside an argon-filled
glovebox, whereupon a yellow solid precipitated. The reaction mixture was sonicated for 2 h at 70 °C.
The suspension was filtered through a 0.45 um PTFE syringe filter. The remaining solution was freeze-
dried to afford (2), as a colorless powder. Yield of (2),: 34 mg (93 umol, 84 %).

Single crystals of (2), suitable for X-ray diffraction were grown in an argon-filled glovebox by slow
evaporation of a solution of (2), in CsHs and n-hexane (Figure S44).

'H NMR (500.2 MHz, C¢Dg): 6 = 8.49—-8.45 (m, 4H; H-1), 6.82—6.79 (m, 4H; H-2).
13C{*H} NMR (125.8 MHz, CsD¢): 6 = 153.3 (br; C-6), 148.3 (C-1), 132.3 (C-2).

Al NMR (130.3 MHz, CsD¢): 6 = n.o.

1.9 Synthesis of 2:(OEt,)

b

FT’ar

Al exc. EtZO ~ /1\
0.5

Al CGHS

|

Br 2 EtZO Br

(2), 2:(OEt),

Inside an argon-filled glovebox, a round-bottom flask was charged at room temperature with (2);
(10 mg, 14 umol), CsHs (0.5 mL), and Et;0 (0.1 mL, 1 mmol). The reaction mixture was stirred for 5 min
at room temperature inside the glovebox. All volatiles were removed from the reaction mixture under
reduced pressure to obtain 2:(OEty); as a colorless solid (Figure S18). The obtained product was
crystallized through gas-phase diffusion of n-hexane into a C¢He solution (0.5 mL) of 2:(OEt,).. Colorless
crystals of 2-(OEt;), were isolated (Figure S46). Yield of 2-(OEt;)2: 4 mg (8 umol, 28 %).

H NMR (600.2 MHz, CsDe): & = 8.15-8.12 (m, 4H; H-1), 7.46-7.43 (m, 4H; H-2), 3.45 (q, *Juu = 7.0 Hz,
8H; H-a), 0.53 (t, *Jun = 7.0 Hz, 12H; H-b).

13C{'H} NMR (150.9 MHz, C¢Ds): 6 = 157.9* (br; C-6), 136.9 (C-1), 127.9** (C-2), 68.2 (C-a), 13.2 (C-b).
*) This signal was only detected in the *H-*C-HMBC NMR experiment. **) This signal was only detected
in the *H-13C-HMBC NMR experiment, because it overlaps with the signal of CDs.

Z7A1 NMR (130.3 MHz, CsDs): 6 = n.o.
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1.10 Synthesis of 2:(thf);

Elir

Al 2.1 equw THF I /1\
0.5

Afl CSHG

Br 2 thf ’

2)2 2:(thf),

Inside an argon-filled glovebox, a round-bottom flask was charged at room temperature with (2);
(10 mg, 14 umol), Ce¢He (0.5 mL), and THF (4.7 pL, 57 umol). The reaction mixture was stirred for 5 min
at room temperature inside the glovebox. All volatiles were removed from the reaction mixture under
reduced pressure. The colorless residue was dissolved in C¢Ds (0.5mL). NMR spectroscopic
investigation revealed the formation of 2:(thf), (Figures $21, S22).

Single crystals of 2:(thf), suitable for X-ray diffraction were grown in an argon-filled glovebox through
gas-phase diffusion of n-hexane into a THF-ds solution of the yellow precipitate obtained during the
synthesis of (2), (Figure S47).

'H NMR (500.2 MHz, C¢Dg): 6 = 8.21-8.17 (m, 4H; H-1), 7.50-7.47 (m, 4H; H-2), 3.55-3.52 (m, 8H*; H-
a), 1.00-0.97 (m, 8H*; H-b). *) For reasons that are not yet understood, the measured integral values
are approximately twice as high as theoretically expected (this situation doesn't change when the
sample is stored under a dynamic vacuum for extended periods of time). Additionally, the reaction
exhibits lower selectivity compared to that furnishing 2:(OEt,), (cf. paragraph 1.9 above). We have
included 2:(thf), in this study with the sole purpose to compare its solid-state structure with that of
2'(0Et2)2.

13C{*H} NMR (125.8 MHz, C¢D¢): & = 157.7 (br; C-6), 137.0 (C-1), 127.9** (C-2), 71.2 (C-a), 25.0 (C-b).
**) This signal was only detected in the H-*C-HMBC NMR experiment, because it overlaps with the
signal of C¢De.

27A1 NMR (130.3 MHz, CsDg): 6 = n.o.
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1.11 Synthesis of 2:(py):
o

Br Br N=4
| \ ’
Nees IE- NSy
5 _— |
AII CGHG \Al\J\)
Br 2 py Br
(2)2 2:(py)2

Inside an argon-filled glovebox, an NMR tube was charged at room temperature with (2), (10 mg,
14 umol), CeHe (0.5 mL), and pyridine (py; 4.6 uL, 57 umol), whereupon 2:(py), precipitated as an off-
white solid. The clear, yellow supernatant was removed via syringe. The remaining solid was washed
with n-hexane (3 x 0.3 mL) and dried in vacuo to obtain 2:(py). as an off-white solid. Yield of 2:(py)a:
14 mg (27 umol, quantitative).

Single crystals of 2:(py). x CsHe suitable for X-ray diffraction were grown in an argon-filled glovebox by
layering a solution of 2:(AlBrs); (10 mg, 11 umol) in CsHe (0.5 mL) with C¢Hg (0.2 mL) and py (0.1 mL,
1 mmol) in n-hexane (0.5 mL) (Figure S48). Note: The same unit cell was found when py was added to
(2)2, in which case crystals also formed.

'H NMR (500.2 MHz, THF-ds): § = 8.63-8.61 (m, 4H; H-a), 7.89-7.86 (m, 2H; H-c), 7.74—7.71 (m, 4H; H-
1), 7.45-7.42 (m, 4H; H-b), 7.16—7.12 (m, 4H; H-2).

13C{*H} NMR (125.8 MHz, THF-ds): § = 158.6 (br; C-6), 149.7 (C-a), 139.4 (C-c), 136.8 (C-1), 127.2 (C-2),
125.4 (C-b).

Al NMR (130.3 MHz, THF-ds): 6 = n.o.

1.12 Synthesis of [nBusN][3]

Br
Al’ Br _lnBU4N
i Br
Br,/ Br/‘ 2 . [B N]B AI/
I-:j@ equiv [nBuyNIBr N
©1/i| CeH > 2 @E B
HE 66 Al
1 B I\
Al Br Br Br
BI'\\ Br
2-(AIBr3), [nBuyN][3]

A Schlenk tube was charged with 2:(AlBrs); (374 mg, 416 umol), CsHs (3 mL), and [nBusN]Br (268 mg,
832 umol). The suspension was sonicated at 70 °C for 1.5 h until no more solids were visible. The
biphasic mixture obtained was placed in the fridge (4 °C, 1 h), whereupon [nBusN][3] precipitated as a
colorless solid. The supernatant was removed and the solid was washed with n-hexane (2 x 1 mL) to
obtain [nBusN][3] as a colorless solid. Yield of [nBusN][3]: 635 mg (822 umol, quantitative).

Single crystals of [nBusN][3] suitable for X-ray diffraction were grown in an argon-filled glovebox
through gas-phase diffusion of n-hexane into a C¢Ds solution of [nBusN][3] (Figure S49).

Note: Since [nBusN][3] is poorly soluble in non-polar solvents and not stable in polar solvents, an NMR
spectroscopic analysis was not possible.

HRMS (MALDI): m/z calculated for [CsH4AlLBrs]: 524.5866 [M]~; found: 524.5883.

EA (%): Calculated for C;3Ha0AlBrsN [772.05]: C 34.23, H5.22, N 1.81; found: C 32.99, H 5.23, N 1.88.
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1.12.1 Reactivity of [nBuaN][3] toward Me3SiCl

Br Br_|nBu4N |
@:AI\B 2 equiv Me,SiCl @S'Mes
] .
/
Al CeDs SiMe;
Br Br
[nBu,N][3] 1,2-(Me;Si);CoHa

Inside a nitrogen-filled glovebox, MesSiCl (3.3 uL, 26 pumol) was added to [nBusN][3] (10 mg, 13 umol)
in CsDs (0.5 mL). The NMR tube was flame-sealed at —196 °C under vacuum and stored for 1 d at room
temperature. NMR spectra were recorded (Figures S25, S26, S27).

The observed *H, *3C, and 2°Si NMR shift values were consistent with the values of an authentic sample
of 1,2-(MesSi),CeH4, synthesized via a modified published protocol (cf. paragraph 1.13 below).

1.12.2 Reactivity of [nBusN][3] toward BBr;

Br Br_|nBu4N Br
\

Al neat BBr, B

/Br —_—

Al B

I\ |
Br Br Br

[nBuyN][3] DBA-Br,

Inside a nitrogen-filled glovebox, an NMR tube was filled with [nBusN][3] (50 mg, 65 umol). BBr;
(0.5 mL) was added. The NMR tube was flame-sealed at —196 °C under vacuum and stored at room
temperature for 1 d. The NMR tube was opened in the glovebox and the reaction mixture was filtered
through a 0.45 um PTFE syringe filter. Impurities were removed from the remaining crude product by
sublimation (80 °C, 1073 Torr, 2 h), yielding DBA-Br; as a pale yellow solid (Figures S28, S29, S30).

The H, 3C, and !*B NMR shift values measured for this sample are consistent with the literature data.*®
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1.13 Modified synthesis of 1,2-bis(trimethylsilyl)benzene
Br Mg, Me;SiCl SiMe;
<j[Br THF @SiM%
1,2-Br,CqH, 1,2-(Me;3Si),CeHy

1,2-(MesSi),CsHs was prepared according to a published protocol with slight modifications.>’

Mg turnings (4.0 g, 0.17 mmol) were placed in a Schlenk flask equipped with a dropping funnel and
heated under vacuum with a Bunsen burner while stirring. After cooling to room temperature, the Mg
turnings were covered with THF (60 mL) and MesSiCl (70 mL, 0.55 mol). A solution of 1,2-
dibromobenzene (5.0 mL, 42 mmol) in toluene (20 mL) was added dropwise at 0 °C. The reaction
mixture was stirred for 3 d, during which time it was allowed to warm to room temperature. The
reaction mixture was carefully added to a mixture of a saturated aqueous solution of NaHCO; (200 mL)
and n-hexane (100 mL). Two phases formed, which were separated by using a separation funnel. The
aqueous phase was extracted with n-hexane (3 x 40 mL), the combined organic phases were dried over
MgS0., and filtered. All volatiles were removed from the filtrate under reduced pressure. 1,2-
(Me3Si),CeHs was isolated as a colorless liquid by fractional distillation using a Vigreux column
(50-55 °C; 1072 Torr). Yield of 1,2-(Me3Si),CeHa: 7.2 g (32 mmol, 76 %).

'H NMR (500.2 MHz, C¢Dg): 6 = 7.70-7.66 (m, 2H; H-Ar), 7.22—7.19 (m, 2H; H-Ar), 0.35 (s, 18H; H-Me).
13C{*H} NMR (125.8 MHz, CsD¢): 6 = 146.0 (C-Ar), 135.7 (C-Ar), 128.2 (C-Ar), 2.1 (C-Me).
296i{'"H} NMR (99.4 MHz, CsD¢): 6 = 3.9 (s).

The H, 3C, and 2°Si NMR shift values measured for this sample are consistent with the literature data.*®
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2 Plots of NMR spectra
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Figure S1: 1H NMR spectrum of (1), (500.2 MHz, C¢Ds).
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THF-ds), and d) 1:(thf), + 2 equiv pyz (400.3 MHz, THF-dg). The intensities of the signals in the aliphatic vs. the aromatic region
are not to scale. Note: For the sake of clarity, we refer to Al-bonded thf-ds ligands as "thf".
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Figure S30: 1B NMR spectrum (128.4 MHz, CsDs) of the product DBA-Br,, obtained via the reaction of [nBusN][3] with exc.
BBr3.
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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.%°°1 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.>!*

CIF files containing the crystallographic information are deposited with the Cambridge Crystallographic
Data Centre under the deposition codes CSD2385628-2385640 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 S1-S7.
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Table S1: Selected crystallographic data for (1), and 1-(thf),.

(1) 1-(thf),
Chemical formula CagHasAls C22H30Al20;
M: 472.42 380.42
e e Triclinic, P1 Monoclinic, P21/n
space group
Temperature (K) 173 173
a, b, c(A) 9.7750(3), 16.6702(6), 9.9086(5), 13.8047(6),
25.7105(8) 16.1315(7)
a, B,y(°) 107.247(3), 93.692(3), 98.988(3) 90, 95.104(4), 90
v (A3) 3924.7(2) 2197.80(18)
V4 6 4
F(000) 1488 816
Dy (Mg m~3) 1.199 1.150
Radiation type Mo Ka Mo Ka
g (mm™) 0.19 0.14
Crystal shape Elongated prism Plate
Color Colorless Colorless
Crystal size (mm) 0.42 x0.11 x 0.08 0.22x0.21 x 0.06
Absorption correction Multi-scan Multi-scan
Timiny Tmax 0.765, 1.000 0.831, 1.000
No. of measured,
independent and observed 53408, 16650, 13432 16944, 4161, 3073
[/ > 20(/)] reflections
Rint 0.065 0.048
Omax (°) 26.7 25.7
Range of h, k, | h=-12-12,k=-21->21, h=-12-12, k=-16->16,
[=-31->32 /=-19-19
RIF?* > 20(F?)], wR(F?), S 0.042,0.114,1.03 0.056, 0.161, 1.04
No. of reflections 16650 4161
No. of parameters 877 277
Apmax, Dpmin (e A7) 0.45, -0.24 0.30, -0.26

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 S2: Selected crystallographic data for 1-(py)2 x CeHg and [K(thf)1.5]2[1-(u-pz)],-

1-(py)2 x CeHe

[K(thf)15]2[1-(u-pz)]2

Chemical formula Ca4H24AlN; x CeHe CaeHssAliKN403
M, 472.52 450.54
C?;S::é ngj:' Triclinic, P1 Triclinic, P1
Temperature (K) 173 173
2 10.9074(12), 12.1287(12),
a, b, c(A) 9.0697(3), 9.2595(4), 9.8024(4) (20%)97(2) (12)
o B, v () 112'1150(;@;:?;))52 Bl 1 90.030(9), 91.767(9), 109.036(9)
Vv (A% 689.09(5) 2512.0(5)
V4 1 4
F(000) 250 363
Dy (Mg m™3) 1.139 2.238
Radiation type Mo Ka Mo Ka
g (mm™) 0.13 0.30
Crystal shape Block Block
Color Colorless Colorless
Crystal size (mm) 0.29x0.28 x 0.26 0.25x0.15x 0.15
Absorption correction Multi-scan Multi-scan
Timiny Tmax 0.848, 1.000 0.171, 1.000
No. of measured,
independent and observed 15378, 3239, 3123 9521, 9521, 4260
[/ > 20(/)] reflections
Rint 0.031 0.204
Omax (°) 27.9 25.7
Range of h, k, | h=-11->11, k=-12->12, h=-13->13, k=-14->14,
[=-12->12 |=-24-24
RIF?* > 20(F?)], wR(F?), S 0.039, 0.106, 1.07 0.106, 0.394, 1.11
No. of reflections 3239 9521
No. of parameters 154 537
Apmax, Dpmin (e A7) 0.30, -0.27 0.61, —0.74

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).

S33




Table S3: Selected crystallographic data for 1-(pyz)(thf) and DAA-R,-(AIBrR;), (R = Me or Br).

1-(pyz)(thf)

DAA-R(AIBrRz)2 (R = Me or Br)

Chemical formula

(Al2C22H22N4)0.333(Al2C22H26N20)o 667

C13.90H13.69Al4Brs.10

M: 391.10 776.11
e e Monoclinic, P21/n Triclinic, P1
space group
Temperature (K) 100 173
a, b, c(A) 9'8764?[21.2)6;812%3)894(3)' 8.1909(9), 8.1869(9), 9.8777(10)
a, B,y (°) 90, 104.960(2), 90 109'1719(;1‘?1)641‘?126;)57(9)'
v (A3 2110.06(7) 575.79(12)
V4 4 1
F(000) 827 363
Dy (Mg m™3) 1.231 2.238
Radiation type Mo Ka Mo Ka
g (mm™) 0.15 10.78
Crystal shape Plate Plate
Color Yellow Colorless
Crystal size (mm) 0.32x0.25x0.13 0.16 x0.13 x 0.06
Absorption correction Multi-scan Multi-scan
Timiny Tmax 0.628, 1.000 0.219, 0.241
No. of measured,
independent and observed 49565, 4841, 4455 5874, 2804, 2211
[/ > 20(/)] reflections
Rint 0.055 0.060
Omax (°) 27.5 28.3
Range of h, k, | h=-12-12, k=-18->18, h=-10-10, k=-10->10,
/=-19->19 /=-13-513
RIF?* > 20(F?)], wR(F?), S 0.063, 0.158, 1.10 0.047,0.108, 1.03
No. of reflections 4841 2804
No. of parameters 265 114
Apmax, Dpmin (e A73) 0.57,-0.41 0.92, —0.84

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 a-2:(AlBr3), and -2-(AlBr3),.

o-2:(AlBrs), B-2:(AlBr3),
Chemical formula C12HsAl4Brs C12HsAl4Brs
M: 899.38 899.38
Crystal system, T C e =
EER [ Triclinic, P1 Triclinic, P1
Temperature (K) 173 173
a, b, ¢ (A) 8'5242(5‘%212%(078)40(6)' 8.0710(5), 8.2992(6), 9.8658(7)
@B,y () 80.500(4), 80.878(4), 65.121(5) 108'9011(§;_)é;g(16)51°(6)'
V(A% 1149.72(11) 578.23(8)
V4 2 1
F(000) 824 412
Dy (Mg m™3) 2.598 2.583
Radiation type Mo Ka Mo Ka
§(mm™) 14.10 14.02
Crystal shape Block Plate
Color Colorless Colorless
Crystal size (mm) 0.26 x0.23x 0.23 0.14 x 0.09 x 0.04
Absorption correction Multi-scan Multi-scan
Timiny Tmax 0.032, 0.051 0.145, 0.167
No. of measured,
independent and observed 16804, 4533, 4003 6330, 2534, 2281
[/ > 20(/)] reflections
Rint 0.106 0.042
Omax (°) 26.0 27.1
Range of h, k, | h=-10->10, k=-12->12, h =-10-9, k=-10->10,
/=-18->18 [=-12-512
RIF?* > 20(F?)], wR(F?), S 0.059, 0.155, 1.09 0.033, 0.087, 1.07
No. of reflections 4533 2534
No. of parameters 218 109
Apmax, Dpmin (e A7) 1.64,-1.57 0.79, —0.84

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 S5: Selected crystallographic data for (2); and 2-(OEt,),.

(2)2 2'(0Et2)2
Chemical formula C4H16Al4Brg Co0H28Al,Br,0,
M, 731.93 514.20

Crystal system,
space group

Monoclinic, P2/n

Monoclinic, C2/c

Temperature (K)

173

90

10.1518(8), 9.9203(6),

a, b, c(A) 12.7992(10) 19.694(3), 7.0404(6), 19.080(4)
a,Bv(°) 90, 100.072(7), 90 90, 120.073(18), 90
v (A% 1269.14(16) 2289.4(7)
V4 2 4
F(000) 704 1040
D, (Mg m™) 1.915 1.492
Radiation type Mo Ka Mo Ka
i (mm™) 6.49 3.63
Crystal shape Prism Prism
Color Colorless Colorless

Crystal size (mm)

0.22 x0.07 x 0.06

0.21x0.11x 0.08

Absorption correction

Multi-scan

Multi-scan

Tmin/ Tmax

0.307, 1.000

0.253, 1.000

No. of measured,
independent and observed
[/ > 20(/)] reflections

7388, 2682, 2361

6600, 2323, 1690

Rint 0.063 0.044
Omax (°) 26.8 26.4
Range of h, k, | h=-12-12,k=-12->12, h=-24-523, k=-7-8,
/=-13-16 |=-23-523
RIF? > 20(F%)], wR(F?), S 0.036, 0.090, 1.11 0.044, 0.098, 1.03

No. of reflections 2682 2323
No. of parameters 146 121

Apmax, Dpmin (e A7) 0.71,-0.43 1.59, -0.61

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 2-(thf), and 2-(py). x CeHe.

2:(thf), 2:(py)2x CeHe
Chemical formula Ca0H24Al5Br,0, C22H18Al2BraN2 x CeHs
M: 510.17 602.27
C?;S::é ngj:' Monoclinic, P21/n Triclinic, P1
Temperature (K) 100 173
a, b, c(A) 9'584?6‘%)7'61532‘(767)79(5)' 9.0374(7), 9.3213(6), 9.7274(9)
a,Bv(°) 90, 106.151(4), 90 110'301752_);“1‘2?6';186(8)'
Vv (R3) 2126.54(15) 691.18(10)
Z 4 1
F(000) 1024 302
Dy (Mg m™3) 1.593 1.447
Radiation type Mo Ka Mo Ka
i (mm™) 3.91 3.01
Crystal shape Plate Block
Color Colorless Colorless
Crystal size (mm) 0.27x0.16 x 0.10 0.29x0.28 x 0.26
Absorption correction Multi-scan Multi-scan
Tt Ve 0.535, 1.000 0.658, 1.000

No. of measured,
independent and observed

31664, 4322, 3674

12141, 2719, 2310

[/ > 20(/)] reflections
Rint 0.062 0.053
Omax (°) 26.4 26.0
Range of h, k, | h=-11->11, k=-17->17, h=-11->11, k=-11->11,
/=-20-20 1=-12->12
RIF? > 20(F%)], wR(F?), S 0.033, 0.065, 1.11 0.037,0.068, 1.16

No. of reflections 4322 2719
No. of parameters 235 181

Apmax, Dpmin (e A7) 0.50, —0.34 0.43,-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 S7: Selected crystallographic data for [nBusN][3].

[nBuaN][3]
Chemical formula C22H40AlLBrsN
M; 772.06

Crystal system,
space group

Monoclinic, P2,

Temperature (K) 173
L 1o AT
o, B,y (°) 90, 108.989(4), 90

v (A3 1568.06 (11)
Z 2
F(000) 760
Dy (Mg m™) 1.635
Radiation type Mo Ka
i (mm™?) 6.47
Crystal shape Plate
Color Colorless
Crystal size (mm) 0.28 x 0.14 x 0.08
Absorption correction Multi-scan
Tmin, Tmax 0.142, 1.000

No. of measured,
independent and observed
[/ > 20(/)] reflections

15380, 6903, 5835

Rint 0.056
Omax (°) 27.1
Range of h, k, | h= —12:1_21,3k;1—321921,
RIF? > 20(F%)], wR(F?), S 0.042, 0.097, 1.01
No. of reflections 6903
No. of parameters 275
Apmax, Dpmin (e A7) 0.62, -0.54

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 in the triclinic space group P1 (No. 2) with three crystallographically unique
molecules in general positions (Figure S34).

Figure S34: Molecular structures of the three unique molecules of (1), in the solid state. Atomic displacement ellipsoids are
drawn at the 50 % probability level.

Figure S35: Overlay of the three crystallographically unique molecules (1)>2-(1),€ in the unit cell. H atoms omitted for clarity.
C: grey, Al: turquoise.
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Figure S36: Overlay of (1), (turquoise) and [(CsH4)-Mg(thf)14 (pink); the thf ligands are represented by their O atoms. H atoms
omitted for clarity.

b) Lt

Figure S37: Overlay of (1), (turquoise) with a) DGA-Me; (orange) and b) DGA-Et; (orange). H atoms omitted for clarity.
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3.2 Single-crystal X-ray structure analysis of 1:(thf),

Compound 1:(thf), crystallizes in the monoclinic space group P2:/n (No. 14) with two
crystallographically unique molecules at the inversion centers (Figure S38). The thf ligands are
disordered over three positions with the relative weights of 43:36:21 %. The corresponding carbon
atoms were refined by the isotropic approximation.

Figure S38: Molecular structures of the two unique molecules of 1:(thf),in the solid state. Atomic displacement ellipsoids
are drawn at the 50 % probability level. The disordered positions of the isotropically refined carbon atoms are depicted as
spheres.

3.3  Single-crystal X-ray structure analysis of 1-(py)2 x CcHs

The solvate 1-(py). crystallizes with one C¢Hs molecule in the triclinic space group P1 (No. 2) (Figure
$39). Both molecules are located at inversion centers.

Figure S39: Molecular structure of 1:(py), x CsHe in the solid state. Atomic displacement ellipsoids are drawn at the 50 %
probability level. The solvent molecule (CgHs) is omitted for clarity.
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3.4 Single-crystal X-ray structure analysis of [K(thf)15]2[1-(u-pz)]2

The ionic 1D-polymeric structure [K(thf)1s]2[1:(u-pz)]2 crystallizes as a thf solvate in the triclinic space
group P1 (No. 2) (Figure S40a). Each K™ cation binds to the phenyl rings of two neighboring anions
through weak K*---t(Ar) interactions. The coordination spheres of K1* and K2* are completed by one
and two thf ligands, respectively. The polymer chains are therefore generated via contact-ion pair
formation (Figure S40b).

a)

b)

Figure S40: a) Molecular structure of [K(thf)15]2[1:(u-pz)]2 in the solid state. Atomic displacement ellipsoids are drawn at the
50 % probability level. b) Solid-state structure of [K(thf)1s]2[1:(u-pz)]> with K*---1t(Ar) interactions explicitly shown.
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3.5 Single-crystal X-ray structure analysis of 1:(pyz)(thf)

Compound 1-(pyz)(thf) crystallizes in the monoclinic space group P2:/n (No. 14) (Figure S41a). All
carries exclusively one pyz molecule; the ligand positions at Al2 are statistically occupied by pyz (33 %)
and thf, which is itself disordered over two positions (67 % in total) (Figure S41b). Therefore, the
composition of the crystal can be formulated as (Al,C22H22Na)o333(Al2C22H26N20)0667. During the
refinement, various SADI constraints were applied to the C-C distances in the disordered thf
molecules.

a)

Figure S41: a) Molecular structure of 1:(pyz)(thf) in the solid state. Atomic displacement ellipsoids are drawn at the 50 %
probability level. b) Disorder of the coordinated ligands at Al2.
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3.6  Single-crystal X-ray structure analysis of DAA-R;:(AIBrRz)2 (R = Me or Br)

Compound DAA-R-(AIBrR,); (R = Me or Br) crystallizes in the triclinic space group P1 (No. 2) with one
crystallographically unique molecule at the inversion center (Figure S42). Me and Br are present with
different proportions at positions C1B, Br3, and Br4. The position C1B is occupied by Me (73.4(3) %)
and Br (26.6(3) %). The Br3 position is almost pure Br with only 4.4(3) % Me. The Br4 position is also
predominantly brominated, with a Br/Me ratio of 83.0(3)/17.0(3) %. As a result, molecules with a
different number of Me and Br groups coexist in the crystal.

Figure S42: Molecular structure of DAA-R,-(AIBrR;), (R = Me or Br) in the solid state. Atomic displacement ellipsoids are drawn
at the 50 % probability level. The mixed sorted positions are displayed as two-colored sectors that are proportional to the
corresponding location occupancy factors.
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3.7 Single-crystal X-ray structure analyses of two polymorphous modifications of
2'(A|Br3)z

Compound 2:(AlIBrs3), crystallizes in two polymorphous modifications. The relatively denser a form
crystallizes in the triclinic space group P1 (No. 2) with two crystallographically unique molecules at the
inversion centers (Figure S43a). The B form also crystallizes in the triclinic space group P1 (No. 2), but
with one unique molecule at the inversion center (Figure S43b).

Analysis of the crystal packing of the polymorphous modifications of 2:(AlBrs), shows significant
differences: The molecules in the a-modification form a distorted face-centered cubic (f.c.c) packing
(Figure S43c), while the molecular packing in the B form follows a distorted body-centered cubic (b.c.c.)
motif (Figure S43d). However, the distances between the molecular centers are similar (a:
8.51--10.08 A; B: 8.07---11.43 A).

a)

-%f\)arm

b)
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Figure S43: Molecular structure of a) the two unique molecules of a-2:(AIBr3), and b) the one unique molecule of f-2:(AlBrs),.
Atomic displacement ellipsoids are drawn at the 50 % probability level. Crystal packing in c) a-2:(AlBrs3), and d) B-2:(AlBrs),.
Ph rings are omitted for clarity.

546



3.8 Single-crystal X-ray structure analysis of (2)

Compound (2), crystallizes in the monoclinic space group P2/n (No. 13) with one crystallographically
unique molecule at the two-fold axis, resulting in C; symmetry (Figure S44).

—

Figure S44: Molecular structure of (2), in the solid state. Atomic displacement ellipsoids are drawn at the 50 % probability
level.

a) 90°

? > > o

Figure S45: Comparison of the "belts'" of the (Al,C4), fragment of a) (1), and b) (2),. H atoms omitted for clarity. C: black, Br:
brown, Al: turquoise.
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3.9 Single-crystal X-ray structure analysis of 2:(OEt;);

Compound 2:(OEty), crystallizes in the monoclinic space group C2/c (No. 15) with one
crystallographically unique molecule at the inversion center (Figure S46). The crystal appeared to be a
pseudo-merohedral twin. The twinning matrix (-1 00 /010 /1 0 1 2) was calculated using the
algorithm®2 as: T= A x B x A%, where matrix A= (0-10/-100/ -1 0 —2) corresponds to the
transformation of the mC unit cell into the pseudo-oF unit cell, and matrixB=(100/010/00 -1)
corresponds to twinning by inversion along the c axis in the pseudo-oF setting. After applying the TWIN
instruction, the R values dropped significantly, despite the relatively low weight of 3.26 % of the second
twin domain.

Figure S46: Molecular structure of 2:(OEt,), in the solid state. Atomic displacement ellipsoids are drawn at the 50 %
probability level.

3.10 Single-crystal X-ray structure analysis of 2:(thf),

Compound 2:(thf), crystallizes in the monoclinic space group P2:/n (No. 14) with two
crystallographically unique molecules at the inversion centers (Figure S47).

Figure S47: Molecular structures of the two unique molecules of 2:(thf), in the solid state. Atomic displacement ellipsoids are
drawn at the 50 % probability level.
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3.11 Single-crystal X-ray structure analysis of 2:(py). x CsHe

The solvate 2-(py). crystallizes with one C¢Hg molecule in the triclinic space group P1 (No. 2) (Figure
S48). Both molecules are located at inversion centers. The C¢He¢ molecule is disordered over two
positions with almost equal weights.

Figure S48: Molecular structure of 2:(py), x CsHe in the solid state. Atomic displacement ellipsoids are drawn at the 50 %
probability level. The solvent molecule (CgHg) is omitted for clarity.

3.12 Single-crystal X-ray structure analysis of [nBusN][3]

The ionic compound [nBusN][3] crystallizes in the chiral polar monoclinic space group P2: (No. 4); the
cation and anion are both in general positions (Figure S49). The crystal packing is chiral, and the Flack
parameter, which has been refined to a value statistically equal to zero, shows that the crystal is
homochiral.

L Y
=5 Br3

Figure S49: Molecular structure of [nBusN][3] in the solid state. Atomic displacement ellipsoids are drawn at the 50 %
probability level.
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q X-ray powder diffraction

To determine the phase purity of the bulk material 2:(AlBrs),, X-ray powder diffraction was performed
at room temperature and the measured diffractogram was compared with the simulated diffractogram
from the single-crystal measurement. Data were collected in Debye-Scherrer geometry on a STOE
STADI-P transmission diffractometer equipped with a curved Ge(111) monochromator and a Dectris
Mythen 1K detector (PSD) and processed with the STOE Winx™" software.>* CuKa; radiation (A =
1.5406 A) was used. The sample was placed in capillary mark tube made from borosilicate glass no. 50
(@ =1 mm) and sealed under an Ar atmosphere. The capillary was mounted on the diffractometer and
rotated during the measurement. The 26 range was 2—70°, moving the detector in steps of 0.5° (26)
with an exposure time of 20 s/step.

4.1 X-ray powder diffractometry on 2-(AlBrs):
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Figure S50: The recorded X-ray powder diffraction pattern (blue) and the predicted pattern based on the single-crystal X-ray
diffraction data (black) of a-2:(AlBrs),.
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5 Computational details

All DFT calculations were performed using Gaussian 16, Revision B.01.5** IBO calculations were carried
out with /BOview. Graphical representations of molecular geometries were produced with the
CYLview20 software.*

Geometry optimizations and Hessian calculations were performed at the wB97XD%!¢/def2-TZVPp317518
level of theory including implicit solvation by the solvent model based on density (SMD;
solvent = CgHs, € = 2.2706).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(C¢He)/wB97XD/def2-QZVPP*!8 level. All free energy values were calculated for
ambient temperature (298 K) and included a concentration correction®*° accounting for the change in
standard states going from gas phase to condensed phase. Bond orders were estimated using the
Mayer bond order (MBO)**! and Wiberg bond index (WBI)*>?> methods. These were obtained with
Multiwfn 3.8.5%% For investigating the bonding situation of selected systems, additional calculations
based on the intrinsic bond orbital (IBO)*** were performed.
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5.1 Rearrangement processes in the dimer (2);

The observed transition states for the conformational changes in (2); are quite small (AG*=2.1and 3.0
kcal mol™; Scheme S1) and in the range as observed for C—C rotations in e.g. alkanes.>?® Thus, these
rearrangements seem to occur rapidly, which explains that only an averaged and thus symmetric
structure is observed in the NMR spectra (in contrast to its solid state structure; cf. Figure S44). A
monomer-dimer equilibrium seems unlikely since the dissociation [(2), — 2 2] is endothermic with AG
= 28.0 kcal mol™.

Br

! | r -
‘ | | A

Scheme S1: Computed mechanism for the rearrangement in (2), (H atoms omitted for clarity) with the corresponding
schematic representations. The curved arrows indicate that the respective structures are rotated about the vertical axis by
180 ° or 90 °, respectively, for better visualization. Notes: a) Dimer (2), is a chiral molecule; the transition from left to right
generates the mirror image (= the other enantiomer). b) Although an energy difference of 0.9 kcal mol™ is at the limit of
computational accuracy, we note in passing that the lower energy of TS1 compared to TS2 corresponds with the differences
in the computed WBI/MBO values of the respective bonds that are broken in the process (Figure $53).
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5.2 Characterization of the bonding situation in (2):

The observed dimer formation in the case of (2); raises the question of how to classify the interactions
between the two DAA-Br, monomers M and M'. In our corresponding quantum-chemical calculations,
no symmetry constraints were applied, although (2), has C; symmetry in the solid state: Four short
distances are present between Al atoms of one DAA-Br, monomer and ipso-C atoms of the other
monomer (calculated distances: 2.120, 2.120, 2.250, 2.251 A). As a result, (2), has a cage structure,
with six-membered rings serving as the base and top, and one four-membered, two five-membered,
and one six-membered ring(s) constituting the belt (Figure S51). These ring sizes will serve as a guide
in the following discussion of dimer interactions. To this end, we performed IBO calculations and
computed the underlying WBIs and MBOs.

four-membered five-membered six-membered five-membered
ring ring (1) ring ring (2)

Figure S51: The vertical lines represent the shortest monomer:--monomer distances in (2),; the different rings constituting
the 'belt' of the dimer are also shown.

four-membered four-membered

Ring Ring
C16=1.295; Al4 =0.417; Al28 = 0.217; C16=1.070; C15=0.327;C17 =0.281;
other =0.071 Al28 =0.166; C21 = 0.085; Al4 = 0.051; other = 0.020

five-membered five-membered
ring (1) ring (1)
C6 =1.322; Al4 = 0.528; Al27 = 0.070; C6 =1.040; C5 =0.315; C7 =0.279; Al27 = 0.227;
other 0.080 C11=0.083; Al4 =0.032; other = 0.024

Figure S52: Characteristic intrinsic bond orbitals (IBOs) contributing to the two different kinds of interactions between the
two DAA-Br, monomers within the four-membered ring (top) and within a five-membered ring (bottom). The numerical values
listed are the total contributions related to the fraction of electrons of the doubly occupied IBO that are assigned to each
individual atom.

To simplify the analysis of intermonomer interactions in (2),, we will treat each bridging C atom (C,) as
sp? hybridized, disregarding any potential contributions from Wheland-type®*® electronic structures
with sp*-hybridized C, atoms. In this framework, an Al atom of monomer M can interact with monomer

S53



M' either via the unhybridized p, orbital of Cy, (Al---1t(Ar) interaction) or via the Al-C, o bond (two-
electron—three-center (2e3c) bond). Among the four M:--M' interactions in (2),, two are pairwise
identical (assuming an idealized C;-symmetric dimer, as observed in the crystal lattice of (2),). The two
remaining distinct types of interactions are shown in Figure S52. Both interactions involve
contributions from Al---m(Ar) and 2e3c interactions, though two different extents: the interaction
within the four-membered ring (Figure S52, top) exhibits a higher degree of 2e3c bonding (cf. Al28 =
0.217 vs. 0.166), while the interaction within the five-membered ring (Figure S52, bottom) is primarily
of the Al---mt(Ar) type (cf. total contribution to the IBO of Al27 =0.070 vs. 0.227).

-

four-membered five-membered
ring ring (1)
Figure S53: Wiberg bond indices (WBIs; red) and Mayer bond orders (MBOs; blue) of selected interactions between both
DAA-Br, monomers. Left: WBIs and MBOs computed for the four-membered ring. Right: WBIs and MBOs computed for the
five-membered ring. Level of theory: SMD(CeHs)/wB97XD/def2-TZVPP//SMD(CsHs)/wB97XD/def2-TZVPP.

WBIs/MBOs of selected M---M' interactions in (2), are shown in Figure S53. Higher WBIs/MBOs indicate
stronger bonds. First, we find that the intramonomer Al-Cy, bonds are stronger than the intermonomer
interactions. Second, the intermonomer (mainly) 2e3c-type bond within the four-membered ring tends

to be stronger than the (mainly) Al---t(Ar)-type bond within the five-membered ring (compare also the
different energies of TS1 und TS2 in Scheme S1).
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5.3 Computed structures and free energies

(2) TS1
Ga9g = —12191.256303 Hartree Ga9g = —12191.252957 Hartree

(2)2-Int TS2
Gy93 =—12191.256129 Hartree Gyog =—12191.251533 Hartree

2 TS3

Ga93 = —6095.605875 Hartree Gyos =—12191.252852 Hartree
(1%, (1),

G953 =—12191.261830 Hartree Gay9s = —2053.446186 Hartree
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(zMe)2
Ga9g = —2053.438377 Hartree
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