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1. General procedures

All manipulations were carried out using Schlenk techniques, or in a Vigor glovebox
equipped with a -35 °C freezer and a cold well, under an atmosphere of dry argon with the
0O, and H,O0 levels <0.5 ppm. Solvents were dried by sodium metal and sodium/potassium
alloy, then distilled under vacuum. All solvents were stored in the glovebox over potassium
mirrors except for ethers, which were stored over activated 4 A molecular sieves. The
deuterated solvents (dg-benzene) was distilled from sodium/potassium alloy or activated 4
A molecular sieves, degassed by three freeze-pump-thaw cycles and stored under argon. 2-
Li [1], 2-Na [2], 2-K [3], 4-Li [4], 4-Na [2d] and 5-K [5] are prepared according to the
literature protocols. All other chemicals were purchased from Merck, Alfa Aesar and
Strem, and dried under dynamic vacuum for 12 hours and stored in the glovebox prior to
use.

'H and "Li NMR spectra were recorded on a Bruker 300 Avance III spectrometer operating
at 300.13 and 116.64 MHz respectively. Chemical shifts are quoted in ppm and are relative
to SiMey4 ('H) or external 0.1M LiCl in D,0O ("Li). Due to poor solubility of the crystallised
products and to ensure consistency, NMR spectra shown are taken from the in situ NMR
scale reactions, except for the 3C NMR of the monomeric complexes. The complexes 3-
Li/Na/K crystallise out from the NMR scale reaction in short time and can not be re-
dissolved, hence their *C NMR spectra are not avilable. Due to poor solubility of the
aggregate complexes in C¢Dg meaningful '*C NMR spectra were unable to be collected for
these complexes.
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2. Synthesis and Characterisation of Complexes 3-Li/Na/K & 6-Li/Na

Synthesis of 3-Li (LiCH,SiMe; + 9-acetylanthracene)

NMR scale reaction

LiCH,SiMe; (0.0028 g, 0.03 mmol) was dissolved in C¢Dg (0.5 ml). The solution was
added to 9-acetylanthracene (0.0066 g, 0.03 mmol) in a one-portion manner. The
resulting pale yellow solution was transferred to a J Young NMR tube. NMR was ran 15
minutes after mixing which showed complete reaction to the enolate. Yellow crystals
suitable for SCXRD resulted in the NMR tube.

Scale-up:

LiCH,SiMe; (0.0942 g, 1 mmol) was dissolved in benzene (1 ml). The solution was
added to a solution of 9-acetylanthracene (0.2203 g, 1 mmol) in benzene (1 ml), in a one-
portion manner and mixed using a pipette. Complete dissolving resulted to form a yellow
solution and after 30 seconds a yellow crystalline solid precipitated out. The mixture was
left at room temperature for 1 hour before the mother liquor was removed and the
resulting pale yellow solid was dried in vacuo (0.2191 g, 97 % yield).

'"H NMR (dg-benzene, 25 °C, 300 MHz): 6 (ppm) 8.05 (s, 1H), 7.83 — 7.66 (m, 4H), 7.22
—7.11 (signals overlapping with C¢Dg signal, m, 2H), 7.04 — 6.92 (m, 2H), 3.64 (d, J =
1.0 Hz, 1H), 3.26 (d, ] = 1.0 Hz, 1H).

Li NMR (d¢-benzene, 25 °C, 117 MHz): 8 (ppm) 0.50
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Figure S1: '"H NMR spectrum of an NMR scale reaction between LiCH,SiMes; and 9-
acetylanthracene to form 3-Li and SiMe, in C¢Dg at 298 K.
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Figure S2: 'Li NMR spectrum of an NMR scale reaction between LiCH,SiMe; and 9-
acetylanthracene to form 3-Li and SiMe, in C¢Dg at 298 K.
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Figure S3: UV/Vis spectrum of 3-Li. The data was collected on a 0.5 mM benzene
solution at 298 K.
Synthesis of 6-Li ([Li(CH,SiMe;)(MegTren)] + 9-acetylanthracene)

NMR scale reaction:
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[Li(CH,SiMe;)(MegTren)] (0.0097 g, 0.03 mmol) was dissolved in C¢Dg (0.5 ml). The
solution was added to 9-acetylanthracene (0.0066 g, 0.03 mmol) in a one-portion manner.
The resulting orange solution was transferred to a J Young NMR tube. NMR was ran 15
minutes after mixing which showed complete reaction to the enolate.

Scale-up:

[LiCH,SiMe3)(MegTren)] (0.1623 g, 0.5 mmol) was dissolved in benzene (1 ml). The
solution was added to a solution of 9-acetylanthracene (0.1101 g, 0.5 mmol) in benzene
(1 ml), in a one-portion manner. The resulting orange solution was left at room
temperature for 15 minutes, before the volatiles were removed in vacuo. An orange solid
resulted. The solid was dissolved in a mixture of hexane (4 ml) and toluene (7 ml). The
resulting solution was filtered and placed in a -35 °C freezer. Orange crystals suitable for
SCXRD resulted overnight. The mother liquor was removed and the crystals were dried
in vacuo (0.1826 g, 80 % yield).

'"H NMR (dg-benzene, 25 °C, 300 MHz): & (ppm) 9.35 (d, J = 8.8 Hz, 2H), 8.17 (s, 1H),
7.94 —7.84 (m, 2H), 7.49 — 7.27 (m, 4H), 4.75 (d, T = 2.0 Hz, 1H), 4.27 (d, J = 2.0 Hz,
1H), 1.88 (s, br, 18H), 1.77 (s, br, 12H)

13C NMR: (dg-benzene, 25 °C, 75 MHz): 6 (ppm) 132.6 (quaternary ArC), 130.0, 127.7,
124.5, 122.8 (ArCH), 79.4 (=CH,), 56.5 (MegTren-CH,), 50.4 (MegTren-CH>), 45.0
(MegTren-CH3).

"Li NMR (dg¢-benzene, 25 °C, 117 MHz):  (ppm) 0.28
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Figure S4: 'H NMR spectrum of an NMR scale reaction between Li(CH,SiMes)(MegTren)
and 9-acetylanthracene to form 6-Li and SiMe, in C¢Dg at 298 K.
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Figure S5: 'Li NMR spectrum of an NMR scale reaction between Li(CH,SiMes)(MegTren)
and 9-acetylanthracene to form 6-Li and SiMe, in C¢Dg at 298 K.
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Figure S6: 'H NMR spectrum of isolated 6-Li in C¢Dg at 298 K. Signals labelled # =
toluene from crystallisation.
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Figure S7: "Li NMR spectrum of isolated 6-Li in C4Dg at 298 K.
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Figure S8: HSQC spectrum of isolated 6-Li. X-axis = 'H NMR spectrum. Y-axis = 13C
NMR spectrum. Red spots = CH or CH; groups. Blue spots = CH,.
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Figure S9: UV/Vis spectrum of 6-Li. The data was collected on a 0.25 mM benzene
solution at 298 K.

Synthesis of 3-Na (NaCH,SiMe; + 9-acetylanthracene)
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NMR scale reaction

9-Acetylanthracene (0.0066 g, 0.03 mmol) was dissolved in C¢Dg (0.5 ml). The solution
was added to NaCH,SiMej; (0.0033 g, 0.03 mmol) (almost insoluble in benzene at room
temperature) in a one-portion manner. The resulting yellow solution was transferred to a J
Young NMR tube. NMR was ran 30 minutes after mixing which showed complete
reaction to the enolate. Yellow crystals suitable for SCXRD resulted in the NMR tube.

Scale-up:

9-Acetylanthracene (0.2203 g, 1 mmol) was dissolved in benzene (1 ml). The solution
was added to a suspension of NaCH,SiMe; (0.1102 g, 1 mmol) in benzene (1 ml), in a
one-portion manner and mixed using a pipette. Complete dissolving resulted to form a
yellow solution and after 30 seconds a yellow crystalline solid precipitated out. The
mixture was left at room temperature for 1 hour before the mother liquor was removed
and the resulting pale yellow crystalline solid was dried in vacuo (0.1767 g, 73 % yield).

"H NMR (dg-benzene, 25 °C, 300 MHz): 6 (ppm) 8.49 — 7.84 (m, 3H), 7.79 — 7.59 (m, br,
2H), 7.30 — 7.01 (m, br, overlapping with C¢Dg¢, 4H), 4.03 — 3.49 (m, br, 2H).
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Figure S10: '"H NMR spectrum of an NMR scale reaction between NaCH,SiMe; and 9-
acetylanthracene to form 3-Na and SiMe,4 in C¢Dg at 298 K.

Synthesis of 6-Na ([Na(CH,SiMe;)(MegTren)| + 9-acetylanthracene)
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NMR scale reaction:

[Na(CH,SiMe;)(MegTren)] (0.0102 g, 0.03 mmol) was dissolved in C¢Dg (0.5 ml). The
solution was added to 9-acetylanthracene (0.0066 g, 0.03 mmol) in a one-portion manner.
The resulting red solution was transferred to a J Young NMR tube. NMR was ran 30
minutes after mixing which showed complete reaction to the enolate.

Scale-up:

[Na(CH,SiMes)(MegTren)] (0.1703 g, 0.5 mmol) was dissolved in benzene (1 ml). The
solution was added to a solution of 9-acetylanthracene (0.1101 g, 0.5 mmol) in benzene
(1 ml), in a one-portion manner. The resulting red solution was left at room temperature
for 15 minutes, before the volatiles were removed in vacuo. A red solid resulted. The
solid was dissolved in toluene (2 ml). The resulting solution was filtered and placed in a -
35 °C freezer. Red crystals suitable for SCXRD resulted overnight. The mother liquor
was removed and the crystals dried in vacuo (0.1218 g =52 % yield).

'H NMR (dg-benzene, 25 °C, 300 MHz): 6 (ppm) 9.00 (s, br, 2H), 8.07 (s, 1H), 7.81 (d, J
= 8.2 Hz, 2H), 7.29 (m, 4H), 4.44 (s, br, 1H), 4.05 (s, br, 1H), 2.06 (m, br, 6H), 1.94 (m,
br, 6H), 1.89 (s, 18H).

BC NMR: (dg-benzene, 25 °C, 75 MHz): & (ppm) 132.1 (quaternary ArC), 128.6, 128.0,
124.5 (ArCH), 80.7 (=CH,), 80.4 (=CH,), 57.2 (Me¢Tren-CH,), 51.7 (MesTren-CH,),
45.0 (MegTren-CH3).
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Figure S11: "H NMR spectrum of an NMR scale reaction between
Na(CH,SiMe3)(MegTren) and 9-acetylanthracene to form 6-Na and SiMe, in C4Dg at 298
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Figure S12: '"H NMR spectrum of isolated 6-Na in C¢Dg at 298 K.
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Figure S13: HSQC spectrum of 6-Na. X-axis = 'H NMR spectrum. Y-axis = 3C NMR
spectrum. Red spots = CH or CHj; groups. Blue spots = CH,.
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Figure S14: UV/Vis spectrum of 6-Na. The data was collected on a 0.25 mM benzene
solution at 298 K.

Synthesis of 3-K (KCH,SiMe; + 9-acetylanthracene)
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NMR scale reaction

9-Acetylanthracene (0.0066 g, 0.03 mmol) was dissolved in C¢Dg (0.5 ml). The solution
was added to KCH,SiMej; (0.0038 g, 0.03 mmol) in a one-portion manner. The resulting
yellow solution was transferred to a J Young NMR tube. NMR was ran 30 minutes after
mixing which showed complete reaction to the enolate.

Scale-up:

9-Acetylanthracene (0.1101 g, 0.5 mmol) was dissolved in benzene (2 ml). The solution
was added to a KCH,SiMe; (0.1102 g, 1 mmol) in a one-portion manner and mixed using
a pipette. Complete dissolving resulted to form a yellow solution and after 1 minute, a
yellow crystalline solid precipitated out. The mixture was left at room temperature for 15
minutes before the mother liquor was removed and the resulting pale yellow crystalline
solid was dried in vacuo (0.1371 g, 86 % yield).

The solid was dissolved in a mixture of toluene (2 ml), benzene (1 ml) and n-hexane (0.5
ml) and the resulting solution was filtered and placed in a -35 °C freezer. Crystals
suitable for SCXRD resulted after 4 weeks.

"H NMR (dg-benzene, 25 °C, 300 MHz): & (ppm) 8.27 (d, J = 8.8 Hz, 2H), 8.19 (s, 1H),
7.91 (d, J=8.5Hz, 2H), 7.35 (t, ] = 7.5 Hz, 2H), 7.19 — 7.10 (signals overlapping with
CeDg signal, m, 2H), 3.77 (s, 1H), 3.68 (s, 1H).
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Figure S15: 'H NMR spectrum of an NMR scale reaction between KCH,SiMe; and 9-
acetylanthracene to form 3-K and SiMe, in C¢Dg at 298 K.
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Reaction between [K(CH,Ph)(Me¢Tren)] and 9-acetylanthracene
9-Acetylanthracene (0.0066 g, 0.03 mmol) was dissolved in C4Dg (0.5 ml). The solution
was added to [K(CH,Ph)(MegTren)] (0.0108 g, 0.03 mmol) in a one-portion manner. The
resulting yellow solution was transferred to a J Young NMR tube. NMR was ran 30
minutes after mixing which showed the same product as in the above reaction and
uncoordinated MegTren ligand.
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3. Single-Crystal X-Ray Crystallographic Data

Table S1. The crystallographic date for 3-Li, 3-Na, 3-K

Complex 3-Li 3-Na 3-K
Empirical formula CiosH73LisOg CyH7NaO Cie4.0H1253K505
Formula weight 1513.34 320.35 2548.01
Temperature/K 150.0(2) 150.0(2) 150.0(2)
Crystal system monoclinic triclinic orthorhombic
Space group Cc P-1 Pbca
a/A 19.4816(5) 12.3035(3) 20.2465(4)
b/A 16.7761(4) 13.3928(3) 24.7118(4)
c/A 25.2397(6) 17.4184(4) 28.6260(5)
a/° 90 81.860(2) 90
pre 96.189(2) 85.940(2) 90
v/° 90 63.004(2) 90
Volume/A3 8200.9(3) 2531.60(11) 14322.4(4)
Z 4 6 4
Pealc/cm’? 1.226 1.261 1.182
wmm-! 0.567 0.814 2.584
F(000) 3168 1008 5325
Crystal size/mm3 0.1 x0.08 x 0.05 0.23 x0.11 x 0.03 0.16 x 0.1 x 0.04
Radiation CuKa (A=1.54184) | CuKa (A =1.54184) | CuKa (A =1.54184)
20 range for data 6.97 to 156.856 5.126 to 157.434 6.176 to 154.318
collection/®

Index ranges

-24<h<21,-20<
k<19,-32<1<29

-15<h<13,-16<
k<17,-21<1<21

-11<h<25,-29<
k<29,-36<1<34

Reflections collected 40731 29892 72419
Independent reflections 13627 [Rin; = 10031 [Riyc = 14282 [Riy =
0.0302, Rigma = 0.0256, Rgigma = 0.0269, Rigma =
0.0294] 0.0274] 0.0220]
Data/restraints/parameter 13627/2/1082 10031/0/650 14282/1246/821
s
Goodness-of-fit on F? 1.055 1.071 1.039
Final R indexes [[>=2c R, =0.0466, wR, = | R;=0.0424, wR, = | R; =0.0555, wR, =
(D] 0.1286 0.1149 0.1630
Final R indexes [all data] | R; =0.0523, wR, = | R;=0.0508, wR, = | R;=0.0645, wR, =
0.1366 0.1204 0.1697
Largest diff. peak/hole / e 0.37/-0.20 0.51/-0.40 0.49/-0.85
A3
Table S2. The crystallographic date for 6-Li and 6-Na
| Complex 6-Li 6-Na
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Empirical formula Cs3HooLi,NgO, CysH4 1 NyNaO
Formula weight 1005.3 472.64
Temperature/K 150.0(2) 150.0(2)
Crystal system monoclinic monoclinic

Space group P2i/n P2,/c
a/A 12.4692(2) 11.3331(5)
b/A 17.6687(4) 12.8913(5)
c/A 13.5637(2) 19.8712(9)
a/° 90 90
/e 95.153(2) 103.504(4)
v/° 90 90

Volume/A3 2976.20(9) 2822.9(2)

Z 2 4
Pealcg/cm’? 1.122 1.112
wmm-! 0.519 0.663
F(000) 1092 1024

Crystal size/mm?

0.22 x 0.16 x 0.11

0.22 x 0.15 x0.12

Radiation

CuKa (A = 1.54184)

CuKa (A = 1.54184)

20 range for data
collection/®

8.238 to 156.632

8.024 to 157.564

Index ranges

-15<h<11,-21<k<18,-17

-14<h<14,-5<k<16,-25<

<I<16 1<24
Reflections collected 23333 19536
Independent reflections 5969 [Rin = 0.0275, Ryigma = 5608 [Rin = 0.0330, Ryigma =
0.0264] 0.0323]
Data/restraints/parameters 5969/408/378 5608/0/313
Goodness-of-fit on F? 1.05 1.043

Final R indexes [[>=2c (I)]

R; =0.0402, wR, =0.1042

R;=0.0650, wR, =0.1740

Final R indexes [all data]

R; =0.0502, wR, =0.1107

R; =0.0777, wR, = 0.1829

Largest diff. peak/hole / e
A3

0.20/-0.14

0.39/-0.20

Crystal structure data was collected on a XtalLAB Synergy, Single source at home/near,
HyPix-Arc 100 diffractometer equipped with an fine-focus sealed X-ray tube (A cuky =
1.54184 A) and an Oxford Cryosystems CryostreamPlus open-flow N, cooling device.
Cell refinement, data collection and data reduction were undertaken via software
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CrysAlisPro 1.171.42.73a (Rigaku OD, 2022). Intensities were corrected for absorption
using CrysAlisPro 1.171.42.73a (Rigaku Oxford Diffraction, 2022) Analytical numeric
absorption correction using a multifaceted crystal model based on expressions derived by
R.C. Clark & J.S. Reid. (Clark, R. C. & Reid, J. S. (1995). Acta Cryst. A51, 887-897)
Empirical absorption correction using spherical harmonics, implemented in SCALE3
ABSPACK scaling algorithm.

Using Olex2 (Dolomanov, 2009), the structure was solved using SHELXT 2018/2
(Sheldrick, 2018) and refined by SHELXL 2019/1 (Sheldrick, 2015).

Dolomanov, O.V., Bourhis, L.J., Gildea, R.J, Howard, J.A.K. & Puschmann, H. (2009), J.
Appl. Cryst. 42, 339-341.

Sheldrick, G.M. (2008). Acta Cryst. A64, 112-122.

Sheldrick, G.M. (2015). Acta Cryst. A71, 3-8.

Notes on crystallographic data:

3-Na — The structure forms layers of clusters coplanar with the crystallographic (001)
plane. The space between layers is occupied by benzene molecules.

3-K - It appears that there are both benzene and toluene molecules occupying the same
positions throughout the crystal manifesting as disorder. One such site has been modelled
as substitutionally disordered. The occupancy of the methyl group of the toluene was
allowed to refine independently of the atomic displacement parameters and fixed before
anisotropy was introduced into the model. The asymmetric unit also contains a solvent-
accessible void in which there appear to be multiple orientations of both toluene and
benzene. An unambiguous model for these solvent molecules in this site could not be
achieved and hence the associated electron density was treated using the Olex2 solvent
mask routine.

6-Li — The asymmetric unit contains a half a molecule of toluene modelled as disordered
over a centre of symmetry. Accordingly, the solvent molecule was modelled in a negative
part with an occupancy constrained to be a half. The atomic displacement parameters of
all partially- occupied non-hydrogen atoms were restrained using the SIMU card.
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4. Computational Details

General

Geometry optimization and vibrational frequency calculations of both 6-Li and 6-Na were
completed using the hybrid DFT functional B3LYP [6] [7] along with a 6-31+G* basis set for all
atoms. The effects of solvent benzene molecules were accounted for through the use of the
integral equation formulation of the polarizable continuum model (IEFPCM) as implemented in
Gaussian 16. Optimized structures were confirmed to be minima through evaluation of the
vibrational frequencies which presented as 3N-6 real numbers for both 6-Li and 6-Na. Geometry

optimization, vibrational frequency, natural bond orbital analysis [8] and relaxed potential energy
surface scan calculations were all completed using the Gaussian 16 package [9]. A comparison
between the experimental and optimized bond lengths for both 6-Li and 6-Na are shown in Table

S3.
Table S3: Experimental and calculated bond lengths of 6-Li and 6-Na alongside their percentage
change.
M-0/A 0-C./A C,—Co/ A C,—C./ A
6-Licxp) 1.827(2) 1.2836(13) 1.3389(18) 1.5148(14)
6-Li(carc) 1.821 1.302 1.366 1.522
%change -0.33 1.43 2.02 0.48
6-Nacxp) 2.1324(18) 1.279(3) 1.343(3) 1.521(3)
6-Na (caic) 2.143 1.304 1.365 1.520
%change 0.500 1.95 1.64 -0.07
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