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Synthetic procedures and compound data

Synthesis of 2,2'-(Chloromethylene)bis(1,3,5-trichlorobenzene):

Cl
Cl

cl Cl
CHCl3, 1 eq.
cl Cl 80°C cl cl ¢l (@]

A 75 mL high-pressure reactor is charged with 1,3,5-trichlorobenzene (5.000 g, 27.56 mmol, 1 eq.), anhydrous
chloroform (2.21 mL, 27.56 mmol, 1 eq.) and anhydrous aluminum chloride (3.674 g, 27.56 mmol, 1 eq.). The
mixture is stirred for 2.5 h at 80 °C. After cooling to room temperature, the reaction mixture is poured into 1 M
hydrochloric acid (200 mL) and extracted with dichloromethane. After evaporation of the solvent the crude product
is washed with cold dichloromethane to give the 2,2'-(chloromethylene)bis(1,3,5-trichlorobenzene) (5.200 g,
12.69 mmol, 92 %). The spectroscopic data is in accordance with that reported earlier.!

Synthesis of 2,2'-(Chloromethylene)bis(1,3,5-tribromobenzene):

Cl

Br Br
CHCI3, 5 eq.
Br Br 60 °C Br Br Br Br

A 75 mL high-pressure reactor is charged with 1,3,5-trichlorobenzene (3.000 g, 9.53 mmol, 1 eq.) and dry
chloroform (3.82 mL, 47.65 mmol, 5 eq.) and anhydrous aluminum chloride (0.381 g, 2.86 mmol, 0.3 eq.) is added.
The resulting mixture is stirred for 17 h at 60 °C. The mixture is poured into 1 M hydrochloric acid (200 mL) and
extracted with dichloromethane. 2,2'-(chloromethylene)bis(1,3,5-tribromobenzene) (1.090 g, 1.61 mmol, 33 %) is
obtained from the crude product after purification by silica gel column chromatography using hexane as eluent.
The spectroscopic data is in accordance with literature.?

Synthesis of 2,2'-((2,4,6-Tribromophenyl)methylene)bis(1,3,5-trichlorobenzene) (HBr;ClgM):

Cl
Br

cl cl
+ — = CI
O O . et
cl cl ¢l cl Br Br 120 °C O

Cl

In a high-pressure reactor are added 2,2'-(chloromethylene)bis(1,3,5-trichlorobenzene) (500 mg, 1.22 mmol, 1 eq.),
1,3,5-tribromobenzene (769 mg, 2.44 mmol, 2 eq.) and anhydrous aluminum chloride (179 mg, 1.34 mmol,
1.1 eq.). The mixture is heated to 120 °C for 1.5 h. After cooling to room temperature, 1 M hydrochloric acid
(50 mL) is added and the mixture is extracted with dichloromethane. The crude product is purified by silica gel
column chromatography using hexane as eluent followed by ishing with cold dichloromethane. HBr;CIgM (390 mg,
0.56 mmol, 46 %) is obtained as a colorless solid. "H-NMR (400 MHz, CDCl;): J [ppm] = 7.74 (d,J = 2.1 Hz,
1 H), 7.65(d,J=2.1Hz, 1 H), 7.37 (d,J=2.2 Hz, 1 H), 7.36 (d, /J=2.2 Hz, 1 H), 7.24 (d, J=2.2 Hz, 1 H), 7.22
(d, J=2.2Hz, 1 H), 6.60 (s, 1 H). 3C-NMR (101 MHz, CDCl,): 6 [ppm] = 138.68 (s), 138.12 (s), 137.60 (s),
137.56 (s), 137.03 (s), 136.78 (s), 135.36 (s), 134.14 (s), 134.05 (s), 133.99 (s), 130.20 (s), 128.68 (s), 128.52 (s),
128.06 (s), 126.88 (s), 121.70 (s), 54.29 (s).
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Synthesis of 2,2'-((2,4,6-Trichlorophenyl)methylene)bis(1,3,5-tribromobenzene) (HBrsCl;M):

Cl
Cl

Br Br
+ _—
O 10 AICly
Br Br Br Br Cl cl 60°C

Br

A high pressure vessel is charged with 2,2'-(chloromethylene)bis(1,3,5-tribromobenzene) (0.400 g, 0.59 mmol,
1 eq.), 1,3,5-tricholorobenzene (1.074 g, 5.92 mmol, 10eq.) and anhydrous aluminum chloride (0.078 g,
0.65 mmol, 1.1 eq.). The mixture is stirred for 20 h at 60 °C, then poured into 1 M hydrochloric acid (100 mL) and
extracted with dichloromethane. Unreacted reagent is separated by sublimation (1 mbar, 220 °C) to yield HBrsCl;M
(0.260 g 0.32 mmol, 54 %) as a colorless solid. '"H-NMR (400 MHz, CDCl5): ¢ [ppm] = 7.75 (d, J= 2.1 Hz, 1 H),
7.74 (d,J=2.1 Hz, 1 H), 7.65 (d, /J=2.1 Hz, 1 H), 7.64 (d,/J=2.1 Hz, 1 H), 7.37 (d,/J=2.2 Hz, 1 H), 7.22 (d, J =
2.2 Hz, 1 H), 6.52 (s, 1 H). BC-NMR (101 MHz, CDCl;): ¢ [ppm] = 138.80 (s), 137.96 (s), 137.08 (s), 136.84 (s),

136.73 (s), 135.48 (s), 135.33 (s), 134.21 (s), 134.08 (s), 130.24 (s), 128.62 (s), 182.39 (s), 127.76 (s), 126.99 (s),
121.87 (s), 121.72 (s), 58.42 (s).

Synthesis of 2,2'-((2,6-dibromo-4-(phenylethynyl)phenyl)methylene)bis(1,3,5-trichlorobenzene):

Pd(PPhgz),
PPhs
Cul

HBr;CIgM (100 mg, 0.145 mmol, 1 eq) and phenylacetylene (45 mg, 0.436 mmol, 3 eq) are dissolved in anhydrous
THF (9 mL) and triethylamine (3 mL). The solution is bubbled with argon. Pd(PPh;), (15 mg, 0.015 mmol, 0.1 eq),
PPh; (8 mg, 0.029 mmol, 0.2 eq) and copper(I) iodide (3 mg, 0.015 mmol, 0.1 eq) are added. The solution is stirred
under argon atmosphere for 24 h at 50 °C in the dark. The solvent is removed and the crude product is purified by
column chromatography (DCM: hexane = 1:5). The product is obtained as a yellow solid (62.9 mg, 61.01 %). H-
NMR (400 MHz, CDCL;): 6 [ppm] =7.75 (d, J= 1.77 Hz, 1H), 7.66 (d, J = 1.76 Hz, 1H), 7.56-7.47 (m, 3H), 7.39-

7.32 (m, 6H), 7.25 (d, J=2.27 Hz, 1H), 7.23 (d, J = 2.27 Hz, 1H), 6.68 (s, 1H). HRMS (MALDI) (m/z): 707.74
[M]".



Synthesis of 2,2'-((2,4,6-trichlorophenyl)methylene)bis(1,3-dibromo-5-(phenylethynyl)benzene):

O Pd(PPh)s
% + Br Cl L»
NEt,
O O THE Br Br
Br Br ClI cl 50°C

A mixture of HBrsCI3M (60 mg, 0.073 mmol, 1 eq) and phenylacetylene (45 mg, 0.438 mmol, 6 eq) is dissolved in
triethylamine (4.5 mL) and anhydrous THF (12 mL). The solution is degassed with argon and the catalysts
Pd(PPh;), (15 mg, 0.015 mmol, 0.2 eq), PPh; (8 mg, 0.029 mmol, 0.4 eq) and copper(l) iodide (3 mg, 0.015 mmol,
0.2 eq) are added. The reaction mixture is stirred under argon atmosphere for 24 h at 50 °C under exclusion of light.
The crude product is purified by column chromatography (DCM: petroleum ether = 1:9). The product is obtained
as a pale yellow product (21.6 mg, 34.23 %). 'H-NMR (400 MHz, CDCl,): 6 [ppm] = 7.77 (d, J=1.76 Hz, 1H),
7.75 (d, J=1.78 Hz, 1H), 7.67 (d, J=1.77 Hz, 1H), 7.65 (d, J=1.79 Hz, 1H), 7.54-7.47 (m, 4H), 7.40-7.31 (m,
7H), 7.24 (d, J=2.22 Hz, 1H), 6.66 (s, 1H). HRMS (MALDI) (m/z): 863.71 [M]".

Synthesis of 2-(4-(bis(2,4,6-trichlorophenyl)methyl)-3,5-dibromophenyl)pyrimidine:

PdCly(Ph3),
DMF

110 °C

Cl

To a solution of 2-(tributylstannyl)pyrimidine (0.08 mL, 0.25 mmol, 1.2 eq.) in 3 mL dry DMF are added
HBr;ClgM (145 mg, 0.21 mmol, 1 eq.) and bis(triphenylphosphine)palladium(Il) chloride (15 mg, 0.02 mmol,
0.1 eq.) under nitrogen atmosphere. The solution is stirred for 18 h at 110 °C. The solvent is removed and the crude
product is purified by silica gel column chromatography (petroleum ether:DCM =5:1). 2-(4-(bis(2,4,6-
trichlorophenyl)methyl)-3,5-dibromophenyl)pyrimidine (50 mg, 0.07 mmol, 31 %) is obtained as a colorless solid.
TH-NMR (400 MHz, CDCl;): 6 [ppm] = 8.81 (d,J=4.9 Hz, 2 H), 8.68 (d, /= 1.8 Hz, 1 H), 8.59 (d, /= 1.8 Hz,
1 H), 7.38 — 7.36 (m, 2 H), 7.30 — 7.15 (m, 3 H), 6.74 (s, 1 H). 3C-NMR (101 MHz, CDCls,): ¢ [ppm] = 162.00
(s), 157.52 (s), 139.68 (s), 138.78 (s), 138.34 (s), 137.72 (s), 134.47 (s), 134.41 (s), 134.21 (s), 134.00 (s), 133.89
(s), 130.18 (s), 130.15 (s), 128.66 (s), 128.48 (s), 128.18 (s), 126.78 (s), 120.06 (s), 54.29 (s). HRMS (MALDI):
m/z = 686.7361 [M+H]".



Synthesis of 2,7-bis(4-(bis(2,4,6-trichlorophenyl)methyl)-3,5-dibromophenyl)-9,9-dioctyl-9H-fluorene

K3POy4
Pd(Ph3)4
Toluene/EtOH/H,O

90°C

A mixture of 2,2'-(9,9-dioctyl-9H-fluorene-2,7-diyl)bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolane) (50 mg,
0.078 mmol, 1.1 eq) and HBr;CIgM (97 mg, 0.141 mmol, 2 eq) is dissolved in ethanol (0.5 mL)/ toluene (1.5 mL)
and an aqueous solution of potassium phosphate (2M, 0.9 mL) is added. The mixture is degassed with argon. Then
Pd(PPh3), (8 mg, 0.008 mmol, 0.11 eq) is added under argon atmosphere and the reaction mixture is stirred at 50 °C
in the dark for 46 h. After cooling to room temperature, the reaction is quenched with 5 % hydrochloric acid and
extracted with dichloromethane. The combined organic phases are washed with water and brine and dried over
sodium sulfate. The solvent is removed under vacuum and the crude product is purified by column chromatography
(DCM:hexane = 1:8). The bromine atoms of the product are partly substituted with hydrogens and the mixture
thereof could not be completely separated. Only the product with no bromine atoms left could be obtained as a pure
compound in form of a white solid (40.6 mg). 'H-NMR (500 MHz, C,D,Cl,, 70°C): 6 [ppm] =7.78 (d,J= 7.8 Hz,
2H), 7.67-7.58 (m, 10H), 7.40 (s, 8H), 7.19-7.08 (br, 4H), 6.60 (s, 2H), 2.10-2.00 (m, 4H), 1.24-1.01 (m, 24H), 0.8
(t, J=7.11 Hz, 6H). HRMS (MALDI) (m/z): 1288.07 [M-4Br+4H]". The remaining mixture of product is also
obtained as a white solid (33.2 mg). HRMS (MALDI) (m/z): 1445.89 [M-2Br+2H]*, 1365.99 [M-3Br+3H]",
1288.07 [M-4Br+4H]*

Synthesis of (9,9-Dioctyl-9H-fluorene-2,7-diyl)bis(ethyne-2,1-diyl)bis(trimethylsilane):

PdCI,(PPhs),
Cul

| , .
Si diisopropylamine
Br . Br * ~
Q O // toluene

75°C

The compound is prepared according to a modified version of a literature known protocol.? A flask is charged with
2,7-dibromo-9,9-dioctyl-9H-fluorene (548 mg, 1 mmol, 1 eq), PdCI,(PPh;), (23.9 mg, 0.034 mmol, 0.03 eq) and
Cul (3 mg, 0.014 mmol, 0.01 eq). Anhydrous toluene (10 mL) is added, and the reaction mixture is degassed with
argon. Diisopropylamine (3.5 mL) is also degassed with argon and added to the falsk. In a separate vial
trimethylsilyl acetylene (304 pL, 2.2 mmol, 2.2 eq) is dissolved in diisopropylamine (1.1 mL) and degassed with
argon before being added to the reaction mixture. The resulting reaction mixture is stirred at 75°C for 21 h. After
cooling to room temperature, the reaction mixture is filtered over celite. The filtrate is concentrated under reduced
pressure and purified by column chromatography (petroleum ether). The product is obtained as a yellow solid
(248 mg, 44%). "TH-NMR (400 MHz, CDCl): 6 [ppm] = 7.59 (d, J = 7.8 Hz, 2H), 7.45 (dd, J= 7.8, 1.4 Hz, 2H),
7.42 (d, J= 1.4 Hz, 2H), 2.07 — 1.85 (m, 4H), 1.25 — 0.99 (m, 24H), 0.83 (t, J= 7.1 Hz, 6H), 0.29 (s, 18H).



Synthesis of 2,7-diethynyl-9,9-dioctyl-9H-fluorene:

MeOH/DCM
K,CO4

RT = QO =

The compound is prepared according to a modified version of a literature known protocol.?> (9,9-Dioctyl-9H-
fluorene-2,7-diyl)bis(ethyne-2,1-diyl)bis(trimethylsilane) (120 mg, 0.206 mmol, 1 eq) is dissolved in methanol
(5§ mL) and DCM (5 mL). K,CO; (11.4 mg, 0.082 mmol, 0.4 eq) is added and the reaction mixture is degassed with
argon and stirred at room temperature for7 h. The mixture is filtered, and the filtrate is concentrated under reduced
pressure to yield the desired product as a brown solid (81 mg, 90%). 'H-NMR (400 MHz, CDCl;): J [ppm] = 7.63
(dd, J=7.8,0.7 Hz,2 H), 7.48 (dd, J= 7.8, 1.4 Hz, 2 H), 7.45 (d, J= 1.3 Hz, 2 H), 3.15 (s, 2 H), 1.99 — 1.88 (m, 4
H), 1.30 - 0.97 (m, 24 H), 0.82 (t, /= 7.1 Hz, 6 H).

Polymerization by Sonogashira coupling:

PPhs
Pd(PPhs),
Cul

NEt,

THF
50°C

2,7-diethynyl-9,9-dioctyl-9H-fluorene (28 mg, 0.064 mmol, 1.1 eq) and HBrsCl;M (80 mg, 0.097 mmol, 1 eq) are
dissolved in anhydrous THF (6 mL) and triethylamine (4 mL) and the solution is bubbled with argon. Pd(PPh;),
(13 mg, 0.012 mmol, 0.2 eq), PPh; (6 mg, 0.024 mmol, 0.4 eq) and Cul (2 mg, 0.012 mmol, 0.2 eq) are added. The
reaction mixture is stirred under exclusion of light at 50°C for 48 h. The polymers are end-capped by addition of
bromobenzene (3 pL, 0.03 mmol, 0.5 eq) and phenylacetylene (3 pL, 0.03 mmol, 0.5 eq), each stirring for 2 h at
50 °C. After cooling to room temperature, the mixture is filtrated over celite. The solvent is removed under reduced
pressure and the remaining solid is dissolved in DCM. An aqueous solution of KCN (3 mg) is added to the solution
and the mixture is stirred for 30 min at room temperature. The mixture is subsequently extracted three times with
dichloromethane and the combined organic phases are washed with water and brine, dried over sodium sulfate and
concentrated under reduced pressure. For purification, the obtained brownish oil is dissolved in dichloromethane
and precipitated in methanol. The solid is washed with methanol and dried, delivering the product as a yellow solid
(51 mg, 76 %). 'H-NMR (400 MHz, CDCl;): 6 [ppm] = 7.83-7.74 (broad m, 2 H), 7.73-7.63 (broad m, 4 H), 7.54-
7.47 (broad m, 4 H), 7.4-7.33 (broad m, 2 H), 6.67 (s, 1H), 1.97 (broad s, 4 H), 1.17-0.99 (broad m, 20 H), 0.85-
0.77 (broad m, 6 H), 0.59 (broad s, 4 H). GPC: M, = 9955 g/mol, M,, = 16695 g/mol, PDI=1.7.



Polymerization by Stille coupling:

Pd(Phs)4
Toluene

_— o
h—  110°C ////(

HBr;ClgM (60 mg, 0.07 mmol, 1.0eq.), (4,8-bis((2-ethylhexyl)oxy)benzo[1,2-b:4,5-b"|dithiophene-2,6-
diyl)bis(trimethylstannane) (56 mg, 0.07 mmol, 1.0 eq.) and Tetrakis(triphenylphosphine)palladium(0) (8 mg,
0.01 mmol, 0.1 eq.) are dissolved in 1 mL dry Toluene under nitrogen atmosphere and the solution is stirred for
36 h at 110 °C. After cooling to room temperature the reaction mixture is poured into methanol and the precipitate
is washed with methanol and acetone. "TH-NMR (400 MHz, CDCl;): § [ppm] = 8.23-7.36 (broad m, 8 H), 6.75
(broad s, 1 H), 4.23 (broad s, 1 H), 2.02—1.57 (broad m, 10 H), 1.50-0.73 (broad m, 18 H). GPC: M, = 8400 g/mol,
M,, = 16500 g/mol, PDI = 2.0.

LY

—On

Cl

Polymerization by Suzuki coupling:

Br

H,O/Toluene/
Br % + CO\B ' B,O/j Dioxane
oo OO e
Br Br CI Cl

Pd(dba)s
P(o-tolyl)3
K3POy4

Br Br

9,9-Dioctylfluorene-2,7-diboronic acid bis(1,3-propanediol) ester (54 mg, 0.097 mmol, 1 eq), HBrsCl;M (80 mg,
0.097 mmol, 1 eq), Tris(dibenzylideneacetone)dipalladium(0) (3 mg, 0.003mmol, 0.03 eq) and Tris(o-
tolyl)phosphine (4 mg, 0.012 mmol, 0.12 eq) are dissolved in toluene (2.5 mL) and dioxane (9 mL). The solution
is purged with argon. Potassium phosphate (141 mg, 0.195 mmol, 2 eq) is dissolved in water (2 mL) and added.
The reaction mixture is stirred at 80 °C under argon atmosphere for 46 h. The polymers are end-capped by addition
of bromobenzene (6 mg, 0.049mmol, 0.5 eq) and phenyl boronic acid (8 mg, 0.049 mmol, 0.5 eq) dissolved in
toluene (0.5 mL), each stirring for 2h at 80 °C. After cooling to room temperature, the reaction mixture is filtered
and the filtrate is extracted with dichloromethane. The combined organic phases are washed with water and brine
and subsequently dried over sodium sulfate. The solvent is removed under reduced pressure. For purification, the
remaining solid is dissolved in toluene and precipitated in methanol. The solid is centrifuged and the supernatant is
disposed. This procedure is repeated for three times. The product is obtained as a white-brown solid (46.2 mg,
45 %)."H-NMR (400 MHz, CDCl;): 6 [ppm] = 8.02-6.88 (broad m, 12 H), 6.66 (s, 1H), 2.22-1.78 (broad m, 4 H),
1.24-0.93 (broad m, 20 H), 0.88-0.52 (broad m, 10 H). GPC: M, = 5386 g/mol, M,, = 14078 g/mol, PDI = 2.6.



General procedure to synthesize radicals from H compounds

The H compound (1 eq) is dissolved in as little dry THF as possible and purged with argon. Then
tetrabutylammonium hydroxide in methanol (1M, 2 eq) is added, which caused an immediate color change. The
solution is stirred for 3-5 h under argon atmosphere and in the dark at room temperature. p-chloranil (5 eq) is added
subsequently and the solution is stirred for another hour. After the reaction is finished, the solvent is removed under
reduced pressure.

2,2'-((2,6-Dichloro-4-fluorophenyl)methylene)bis(1,3,5-trichloro-benzene) radical (TBr;ClsM)

The crude product is purified by column chromatography using hexane as eluent. The product is obtained as a red
solid. HRMS (MALDI): m/z = 686.6096 [M]". IR: see Figure S1b.

2,2'((2,4,6-Trichlorophenyl)methylene)bis(1,3,5-tribromobenzene) radical (TBrsCl;M)

TBAH
THF
p-Chloranil

RT

Br Br Br

TBrsCI3M is synthesized by the general procedure while for the deprotonation step the reaction mixture is warmed
to 60 °C due to solubility reasons. After column chromatography using hexane as eluent, the product is obtained as
a deep red solid. HRMS (MALDI): m/z = 820.4563 [M]". IR: see Figure Slc.

2,2'-((2,6-dibromo-4-(phenylethynyl)phenyl)methylene)bis(1,3,5-trichlorobenzene) radical

TBAH
THF
p-Chloranil

RT

The crude product is purified by column chromatography (DCM:hexane = 1:5). The product is obtained as a green
solid. HRMS (MALDI) (m/z): 706.73 [M]". IR: see Figure Sle.



2,2'-((2,4,6-trichlorophenyl)methylene)bis(1,3-dibromo-5-(phenylethynyl)benzene)

TBAH
THF
p-Chloranil

RT

The crude product is purified by column chromatography (DCM:hexane = 1:9). The product is obtained as a green
solid. HRMS (MALDI) (m/z): 862.70 [M]. IR: see Figure S1f.

2-(4-(bis(2,4,6-trichlorophenyl)methyl)-3,5-dibromophenyl)pyrimidine radical

TBAH
THF
p-Chloranil

RT

Cl Cl cCl I Cl

Deprotonation step is performed at 60 °C due to solubility reasons. After chromatographic purification

(petroleum ether:DCM = 1:1) the product is obtained as a red solid. HRMS (MALDI): m/z = 684.7211 [M]*. IR:
see Figure Slg.

2,7-bis(4-(bis(2,4,6-trichlorophenyl)methyl)-3,5-dibromophenyl)-9,9-dioctyl-9H-fluorene radical

TBAH
THF
p-Chloranil

—_— >

RT

The crude product is purified by column chromatography (DCM:hexane = 1:3). The product is obtained as a green

solid. HRMS (MALDI) (m/z): 144591 [M-2Br+2H]", 1366.00 [M-3Br+3H]", 1288.10 [M-4Br+4H]". IR: see
Figure S1h.



Sonogashira-polymer radical

THF
TBAH
p-Chloranil
_—

RT

The crude product is dispersed in acetone. The dark dispersion is centrifuged for 5 minutes at 3900 rpm and the
supernatant is disposed. The procedure is repeated for 3 times. After drying, the product is obtained as a dark brown
powder. IR: see Figure S1i. MALDI-TOF: see Figure S2.

Stille-polymer radical

TBAH
THF
p-Chloranil

RT

The crude product is dispersed in acetone. The dispersion is centrifuged for 5 minutes at 3900 rpm and the
supernatant is disposed. The procedure is repeated for 3 times. After drying, the product is obtained as a yellow
powder. IR: see Figure S1j.

Suzuki-polymer radical

THF
TBAH
p-Chloranil
_—

RT

The crude product is dispersed in acetone. The dark dispersion is centrifuged for 5 minutes at 3900 rpm and the
supernatant is disposed. The procedure is repeated for 3 times. After drying, the product is obtained as a dark green
powder. IR: see Figure S1k.



NMR spectra of newly synthesized compounds
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IR spectra of synthesized radicals
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Figure S1: IR spectra of all synthesized open shell molecules with corresponding chemical structure.
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MALDI-TOF spectrum of Sonogashira-polymer radical
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Figure S2: MALDI-TOF spectrum of Sonogashira-polymer radical using DCTB as matrix. The fragmentation
pattern shows that the repetition unit of the polymer has a molecular weight of 1098.5 g/mol. This is in accordance
with the chemical structure that we proposed for our radical, which is also shown in the figure.
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DFT calculations of mixed halide radicals
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Figure S3: Frontier molecular orbitals and energy diagrams for the electronic ground state of TTM (left), TBrsCl;M

(middle) and TTBrM (right) radicals obtained by DFT calculations using U-B3LYP/6-31+G(d).

Table S1: Energies £ and oscillator strengths f of the vertical D;—D, transitions of the TTXM radicals.

Compound TTM TBr;ClsM TBrsCl:M TTBrM
E(D;—Dy) [eV] 222 2.14 1.96 1.84
f(D1—Dy) 0.026 0.028 0.025 0.022

Table S2: Cartesian coordinates of the TTXM radicals in their optimizes ground (D) and first excited state (D)
geometry, calculated by (TD-)DFT (U-B3LYP(6-31+G(d))).

Coordinates (D) [A]

Coordinates (D;) [A]

X Y V4 X Y Z
TTM C -0.493807 -3.686538 0.907287  -0.868932 -3.604616 0.866117
C -0.598194 -2.298615 0.898040  -0.847914 -2.226599 0.880274
C 0.123628 -1.469136 -0.000151  -0.002178 -1.419639 0.000239
C 0.973915 -2.166420 -0.898260 0.840951 -2.229129 -0.879998
C 1.102893 -3.552280 -0.907381 0.857430 -3.607219 -0.866296
C 0.362156 -4.304116 -0.000010  -0.006914 -4.301927 -0.000224
Cl 0.508841 -6.047189 0.000110  -0.009831 -6.038094 -0.000514
Cl -1.620513 -1.609426 2.145841  -1.842867 -1.433479 2.068188
Cl 1.866856 -1.316200 -2.146027 1.838652 -1.438849 -2.067480
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0.000019 0.000087 -0.000142 0.000104 0.029470 0.000276
1.210578 0.841755 -0.000070 1.264350 0.753069 0.004552
-1.334198 0.627551 -0.000089  -1.261968 0.756966 -0.004263
2.289924 0.631173 0.897974 2.366584 0.359173 0.824001
3.439723 1.415510 0.907273 3.604812 0.989872 0.838219
3.546502 2.465769 0.000177 3.787526 2.111650 0.034450
2.524919 2.731584 -0.907011 2.756213 2.570554 -0.787488
1.389195 1.926989 -0.897948 1.540815 1.896908 -0.802781
-2.363054 0.239865 -0.898378  -2.365129 0.366499 -0.824013
-3.627806 0.820928 -0.907516  -3.601371 1.001084 -0.838613
-3.908761 1.838125 0.000041  -3.780835 2.123396 -0.034856
-2.946083 2.270561 0.907529  -2.748381 2.579057 0.787420
-1.691824 1.667184 0.898271 -1.535094 1.901601 0.803042
Cl 4.982734 3.464302 0.000314 5.323376 2.950915 0.047225
Cl 0.206281 2.275533 -2.145496 0.369639 2.469960 -1.978118
Cl 2.204303 -0.599126 2.145430 2.164666 -0.981947 1.939028
Cl -5.491731 2.582462 0.000129  -5.314074 2.967436 -0.048104
Cl -2.072763 -0.958182 -2.146385  -2.167089 -0.975309 -1.938932
Cl -0.583901 2.207854 2.146185  -0.362472 2.470945 1.978749
H -1.056766 -4.269801 1.626146  -1.514972 -4.146510 1.547248
H 1.755446 -4.033343 -1.626150 1.501715 -4.151020 -1.547567
H 4.226399 1.219426 1.626000 4.395252 0.634594 1.488779
H 2.615202 3.537400 -1.625609 2.909770 3.423926 -1.437668
H

H

oNoNoNONONONONONONONONON!

-4.370568 0.496405 -1.626451  -4.392723 0.648295 -1.489419
-3.169889 3.049573 1.626504  -2.899467 3.432889 1.437573

TTM-Br;Cl, C 1.570831 3.423386 1.338948 1.450076 3.492551 1.250052
C 2.628659 3.730724 0.488325 2.581087 3.773725 0.489302
C 3.017911 2.846792 -0.514395 3.060583 2.846053 -0.437158
C 2.327967 1.647879 -0.661049 2.402197 1.632704 -0.595203
C 1.240975 1.267363 0.170145 1.252277 1.255502 0.160552
C 0.899440 2.216456 1.170194 0.835173 2.257109 1.089595
C 0.513929 0.000021 0.000041 0.536193 -0.000000 0.000028
C -0.961529 0.000048 0.000031  -0.913680 -0.000024 0.000015
C 1.240926 -1.267336 -0.170096 1.252317 -1.255482 -0.160522
C 2.327837 -1.648007 0.661145 2.402228 -1.632677 0.595247
C 3.017695 -2.846961 0.514435 3.060654 -2.846002 0.437175
C 2.628454 -3.730776 -0.488393 2.581208 -3.773650 -0.489332
C 1.570710 -3.423286 -1.339063 1.450211 -3.492478 -1.250103
C 0.899394 -2.216323 -1.170251 0.835266 -2.257060 -1.089612
Cl -0.346004 1.877293 2358160  -0.517566 1919138 2.158567
Cl 2.812908 0.658726 -2.025674 2.990219 0.610766 -1.895227
Cl 3.486037 5.242284 0.686565 3.402181 5.307986 0.684254
Cl 2.812714 -0.659081 2.025957 2.990186 -0.610774 1.895329
Cl -0.345939 -1.876970 -2.358278  -0.517455 -1.919086 -2.158609
Cl 3.485725 -5.242389 -0.686690 3.402348 -5.307882 -0.684323
C -1.724560 0.870059 -0.816570  -1.718407 0.929360 -0.783674
C -3.114755 0.888210 -0.820987  -3.095939 0.945676 -0.771735
C -3.801062 0.000047 0.000025  -3.790296 -0.000042 -0.000031
C -3.114758 -0.888117 0.821037  -3.095940 -0.945749 0.771698
C -1.724564 -0.869964 0.816622  -1.718410 -0.929417 0.783680
Br -0.893149 2.042628 -2.068034  -0.858428 2.125510 -1.968833
Br -0.893133 -2.042635 2.067980  -0.858464 -2.125539 1.968896
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Transient photoluminescence profile of mixed halide radicals

/I

t [ns]

Figure S4: Normalized transient photoluminescence spectra of degassed DCM solutions of TTM (e),
TTBr;CIgM (@), TBrsCl;M (@) and TTBrM (e).
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Optical characterization of coupling products
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Figure S5: (a)-(e) Normalized absorption (dotted lines) and PL (straight lines) spectra of newly formed radicals
(=) and their corresponding precursors (==). The photoluminescence spectra of the radicals are obtained by

excitation into the absorption signal assumably deriving from the HDMO->SOMO transition.
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Electron paramagnetic resonance (EPR) spectra of coupling products

a b
1.0} \ g= 2.0032 ; 10t | g= 2.0036
| |
05} ‘ 05 '
/ /
00— - T i
Sé l y = 'P | /
05 }—(}-—-{} “ 05} ojj—];-. l“
| ,\o |
A0k \ 4 -1.0} /
3450 3500 3550 3600 3450 3500 3550 3600
B..IG] B,y [C]
c - d
10} A 1.0 \
‘l g= 2.0040 [ g= 2.0039
05} 0.5
/ | |
f oo} — § 00 =
S l S |
05} | 5+ o< Ao I
Joo | ! Soz50d
| |f
10} A0k 0
3450 3500 3550 3600 3450 3500 3550 3600
B, [G] B.«[G)
e f
1.0 f g=2.0039 1 10F i g= 2.0042
I “ |
05} [ 05} /|
/ | / |
i 0.0 —_— | — . E 0.0 g’ > —
S : s = /
o) .‘ 2 /
Py W sy ) ‘ 1
05| O || o5t 2 »—:ﬁm |
. |
-0} v ] A0} |
3450 3500 3550 3600 3450 3500 3550 3600
B.«[G] B,y [G]
101 / g= 2.0036 1
05} /| :
i oof — | —
= X | |
\,{ R |
05F o “‘% | 1
-1.0F v -
3450 3500 3550 3600
B[G]

Figure S6: Normalized EPR spectra of coupling products measured in toluene with corresponding g-factors.



Overview of all cross-coupling reactions

Table S3: Performed cross-coupling reactions to test the reactivity of the mixed-halide triphenylmethyl motives
including reaction conditions. A check (+) indicates that the respective reaction has worked, while a cross (x)
implies that no conversion is achieved under the given conditions.

Reactant1  Reactant 2 Coup!mg Catalyst Base Solvent Tempe- Reailctlon
reaction rature time
Pd(PPh;)4[10
. mol%]/ PPh; NEt; o
HBr;Clg ©\\\ Sonogashira [20 mol%]/ Cul  [150 eq] THF 50°C 24h v
[10 mol%]
Pd(PPh;)4[20
. mol%]/ PPh; NEt; o
HBrCl; ©\ Sonogashira [40 mol%]/ Cul  [300 eq] THF 50 °C 24 h \/
[20 mol%)]
o S TR
= _ oL Y 3 3 °
HBrCls =YIy= pol};rir(l)erlrlze [40 mol%]/ Cul  [450 eq] THF 50 °C 24 h \/
[20 mol%)]
\7/N
N
Sn NN . PdClz(PPh3)2 °
HBrCly 07 Stille (10 mol-%4] DMF 110 °C 18h &/
Y
IS .
° Stille
. . Pd(PPhs), o
HBrCl; K{ 0, polymerlze— [10 mol-%] Toluene 110 °C 36h \f
$n tion
o S . Pd(PPh3)4 K5PO,
A B Tol ° -
HBriCly  Lo¢7veh  Suzuki M0mol%]  [26cd] Et%eﬁf/ 90°C  248h (V)
HQO abstr]z;ion
. sz(dba)3
Q P Suzuki o
HBrCl, 0% polymeriza- L MOl KsPOs  roluene/  80°C T )
. P(o-Tolyl)s [2 eq]
tion [12 mol%] EtOH/ o
° HQO abstraction
g [I;S(OAl;)i/
mol7o NEt; o
HBr;Cl, é Heck P(o-Toly), 0l o] DMF 100 °C 24h )¢
[50 mol%)]
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NEt;
(2 eq]
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(2 eq]

NEt;
(2 eq]

NEt;
(2 eq]

KHCO;
(2 eq]

LiO'Bu
(2 eq]
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[1.63 eq]
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IR spectroscopy of Stille-type radical polymer
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Figure S7: IR spectra of Stille-polymer before (==) and after (=) conversion to the radical.
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Increasing radical conversion efficiency for the polymeric materials

Standard reaction conditions for the radical conversion of the precursor molecules include stirring of the H-
compound with 2 equivalents of tetrabutylammonium hydroxide (TBAH) at room temperature and the subsequent
addition of 5 equivalents of p-chloranil. However, these conditions only deliver very low yields for the radical
conversion of the polymeric materials. By increasing the reaction temperature to 60°C and the base concentration
to 3 equivalents, the radical transformation could be performed with higher yields. The ratio of transformed radicals
is measured by EPR spectroscopy. Spin density is determined based on concentration dependent calibration with
DPPH.

Table S4: Conversion of the polymers to the corresponding radicals depending on the reaction conditions.

Sonogashira Polymer Stille Polymer Suzuki Polymer!

Ratio of transformed radicals
(room temperature, 2 eq TBAH, 3% 2% 25 %
5 eq p-chloranil)

Ratio of transformed radicals
(60°C, 3 eq TBAH, 5 eq p- 41 % 22 % 28 %
chloranil)

! The value of the Suzuki Polymer could not be determined accurately, since the number of bromine atoms present at the trityl moiety is
unknown. Depending on the degree of bromine-hydrogen substitution the value could be up to 6 % lower.
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