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1.0 GENERAL INFORMATION

Unless otherwise stated, reactions were performed in oven-dried glassware fitted with rubber septa under
nitrogen atmosphere and were stirred with Teflon-coated magnetic stirring bars. Reagents used for polymer
synthesis were purchased from Fisher, Acros, Oakwood, Ambeed, Arctom, AK Scientific and Sigma
Aldrich. All air or moisture-sensitive reactions were performed under nitrogen atmosphere using standard
Schlenk techniques. The majority of organomercury(Il) compounds pose no significant risks and typically
do not require any specific precautions beyond those typically followed for potentially unsafe materials in
a modern chemical lab. No toxic alkylmercury compounds were synthesized for this project. Necessary
safety precautions were taken when handling mercuric chloride and any organomercury(Il) compounds
synthesized. Thin layer chromatography was performed using Silicagel 60 F-254 precoated plates (0.25
mm) and visualized by UV irradiation, KMnOjs stain and other stains. Silica gel of particle size 230-400
mesh was used for flash chromatography. Unless otherwise stated, all starting materials and reagents were
used without further purification. '"H and *C NMR spectra were recorded on Varian 400-MR NMR.
Chemical shifts are reported in & (ppm) relative to the residual solvent peak CDCls: 7.25 for 'H; CD>Cly:
5.33 for 'H; and CDCls: 77.36 for *C; Coupling constants (J) are expressed in Hertz (Hz). Splitting patterns
are designated as s(singlet), br(broad signal), d(doublet), t(triplet), dd(doublet of doublets), dt(doublet of
triplets), dq(doublet of quartets), m(multiplet), and q(quartet). High-resolution ESI mass spectra were
recorded on a Water Synapt G2-Si (University of Illinois). UV-vis absorption spectra were recorded on
Agilent Technologies Cary Series 5000 UV-vis-NIR Spectrophotometer. Fluorescence absorption spectra
were recorded on Horiba Scientific Fluoromax-4 Spectrophotometer. Cyclic voltammetry experiments
were done using PGZ402, and data was analyzed by Voltamaster 4. Molecular weight measurements of
polymers were performed by gel permeation chromatography (GPC) on Agilent Technologies 1260

Infinity. The column chromatography of UV active compounds was performed on Biotage Isolera one 3.0.

Cyclic voltammetry experiments were conducted as follows: A three-electrode cell was used, using a

glassy carbon (3 mm) working electrode and a platinum wire counter electrode. Silver/silver ion (0.01 M
AgNO:s, 0.1M TBAPFs solution in MeCN) was used as a reference electrode. For polymers, thin film cyclic
voltammetry was performed using 0.1 M TBAPFs solution in MeCN as supporting electrolyte using a scan
rate of 200 mVs™. Polymer solutions were prepared using 10 mg/mL concentration, and 50 uL volume was
used to make the film. The films were prepared by drop-coating the electrode and dried under vacuum for
1h. Solution cyclic voltammetry of the TIPS azaacene monomers was performed in ca. 1 mM solution in
THF containing 0.1M TBAPF; as supporting electrolyte at a scan rate of 200mV s™. For solution cyclic
voltammetry of HgCl, and Bis-phenylethynylmercury, ca. 1 mM solution in MeCN containing 0.1M
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TBAPF; as supporting electrolyte at a scan rate of 200mV s were performed. All solutions and films were
prepared under a nitrogen atmosphere in a glove box. A blanket of N> was used over the solution during
the experiment. The working electrode was polished with 0.05 um alumina polish prior to each scan. All
reduction potentials are reported with respect to Ei, of the Fe/Fc™ redox couple. The energy level of the

Fc/Fc™ was presumed at -4.8 eV at vacuum. LUMO values were calculated using the formula:

Erymo = _[4'8 - ElFCFC"' + ERed,onset]
>FC,

Where Ereq onser 15 the onset of reduction and E:

1.0 pe+ 18 the half-wave potential of the ferrocene
SFC,

reference. LUMO values are determined from the onset of the second CV trace that is obtained when the

potential was swept towards more negative potentials from the open circuit potential. Bad gap (E,™

) was
calculated using the onset of thin-film UV-Vis absorption spectra (Aonset) using the formula: (E,”") =

1240/ Aonser. HOMOYY was calculated from E, - LUMOY.'’

Anion recognition studies were conducted as follows: Stock solutions of known concentrations of

monomers, polymers (using repeat unit molecular weight for polymers), and anions were prepared in
anhydrous Tetrahydrofuran in the glovebox. Samples with constant concentration (20 pM for polymers and
N4A and 10 pM for all other monomers) were prepared by mixing 10 equivalents of anion solution, polymer
solution, and THF. Any changes in UV-Vis absorbance and fluorescence spectra were recorded with the
addition of 10 equivalents of anions. Tetra-n-butylammonium salts of F and OH were employed for anion

studies.
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2.0 GENERAL REACTION SCHEME FOR THE SYNTHESIS OF N6P-BR

Fj@:"‘o _SnCl, HOI j@: _EtN.soch  F _N_ NaH, Hexanol
o S o
F NH, EtOH 85 °C, 4h DCM, 40 °C, 4h \N/ THF, 75 °C, 12h

F o
™ o2 65% @ o
TIPS
Br Pd(PPhs),Cl,, Cul I
3/)2%12
CGHHO]C[/N\S Br,, CHycOOH  C6H130 /N\S TIPS-acetylene CeH130- N
S ——— N
</ - \, S
CeHis0 N DCM,25°C,12h . o N EN, 89 °C, 12h \;[\N’
4) 81% L s 89% CeH130
@ |
TIPS TIPS
I I TIPS
5,6-Dichloro-2,3-dicyano H
NaBH,, CoCl, 6H,0 CGH13O:(INH2 pyrazine 06H13O:<IN:[NICN
EtOH:THF (3:1), 25°C, 2h  CgHy0” N~ NHp  Dioxane,100°C, 12h o 4y S-S\ ey
650 68% H .
@ I (®)
TIPS TIPS
Br
TIPS Co11a0 NH; TIPS
I CeH130 NH; I
Br (10) H or
DDQ C6H13O:(I I I NaZCO3 CeH130:<IN N.__N OCgH13
T “ : X
o CgH130 DMF, 120 °C, 12h ¢ 1.0 SN N7 N OCgH
25 °C, 5h 39% 6 H 613
60% | || Br
(11)
TIPS TIPS
H
|| H Br
TBAF CGH130:(INININ OCgHs3
NS NS
THF, 0°C 1025 °C, 1h CgH,s0” X N7 N7 N OCgH13
68% I H Br
N6P-Br
H

Note: Compounds 2-5 were prepared by following a modified synthetic protocol from the reported
procedures.®'® The substituted stannyl acetylenes and bis-phenylethynylmercury were synthesized
following the literature.''"?
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Synthesis of 5,6-bis(hexyloxy)-4,7-bis((triisopropylsilyl)ethynyl)benzo[c][1,2,5]thiadiazole (6): An
oven dried round bottom flask was charged with compound 5 (2.00 g, 4.046 mmol, 1.0 eq.), Pd(PPh;3).Cl,
(57 mg, 0.081 mmol, 2 mol%) and Cul (30 mg, 0.162 mmol, 4 mol%) under nitrogen and sealed.
Deoxygenated triethylamine (15 ml) was added under nitrogen followed by triisopropylsilylacetylene (2.7
mL, 12.14 mmol, 3.0 eq.). The brownish solution was set to reflux for 12h. After 12h, solvent was removed
under reduced pressure and the residue was passed through a short pad of celite eluting with
dichloromethane (20 ml). The dichloromethane layer was washed with brine (10 ml), dried over anhydrous
Na,S0; and concentrated under vacuum. The residue was further purified by flash column chromatography
(using 1% EtOAc in hexane) to afford 6 as a yellow solid. (2.5 g, 89% yield). Ry= 0.75 (5% EtOAc in
hexane). "H NMR (400 MHz, CDCl;) § 4.35-4.31 (m, 4H), 1.92 — 1.80 (m, 4H), 1.51-1.44 (m, 4H), 1.36-
1.32 (m, 8H), 1.20 (d, J = 1.1 Hz, 42H), 0.93-0.89 (m, 6H). *C NMR (100 MHz, CDCl5) § 160.69, 154.96,
110.67, 106.60, 101.42, 77.50, 34.39, 33.01, 28.25, 25.26, 21.41, 16.69, 14.10. HRMS (ESI) m/z 697.4615
[M + HJ; calculated for [C40HssN202SSi> + H]™: 697.4618.

Synthesis of 4,5-bis(hexyloxy)-3,6-bis((triisopropylsilyl)ethynyl)benzene-1,2-diamine (7): Sodium
borohydride (54 mg, 1.435 mmol, 10 eq.) and CoCl».6H,O (3 mg, 0.01435 mmol, 0.10 eq.) were added
portion wise into a solution of 6 (100 mg, .1435 mmol, 1.0 eq.) in Ethanol: THF (3:1) at 25 °C. The resulting
black reaction mixture was stirred at room temperature for 2 h. After completion of the reaction, the reaction
mixture was evaporated to dryness, quenched by adding 1 mL of sat. NH4Cl solution and extracted with
diethyl ether (4 mL). The combined organic layers were washed with water and brine successively, dried
over anhydrous sodium sulfate. After removal the solvent under rotary evaporator, the crude product was
purified by column chromatography using 3% EtOAc in hexane as an eluent to afford compound 8 as a
brown liquid (62 mg, 65% yield). R;= 0.35 (5% EtOAc in hexane). '"H NMR (400 MHz, CDCl3) & 3.99 (t,
J=6.9 Hz, 4H), 3.83-3.80 (m, 4H), 1.80-1.72 (m, 4H), 1.45-1.38 (m, 4H), 1.32-1.28 (m, 8H), 1.14 (s, 42H),
0.90-0.87 (m, 6H). *C NMR (100 MHz, CDCl3) § 148.11, 135.56, 109.35, 103.68, 102.85, 76.99, 34.50,
32.98, 28.36, 25.27, 21.40, 16.69, 13.98. HRMS (ESI) m/z 669.5205 [M + H]"; calculated for
[C40H72N20,Si, + H]™: 669.5211.

Synthesis of 7,8-bis(hexyloxy)-6,9-bis((triisopropylsilyl)ethynyl)-5,10-dihydropyrazino|[2,3-
b]quinoxaline-2,3-dicarbonitrile (8): A mixture of 7 (200 mg, 0.298 mmol, 1.0 eq.) and 2,3-dichloro-5,6-
dicyanopyrazine (65 mg, 0.328 mmol, 1.1 eq.) in 1,4-dioxane (8 mL) was refluxed overnight. After cooled
to room temperature, the resulting brownish solution was evaporated to dryness, washed by adding 2 mL

of water, and extracted with ethyl acetate (4 mL). The combined organic layers were dried over
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anhydrous sodium sulfate. After removal the solvent under rotary evaporator, the crude product was
purified by column chromatography using 2% EtOAc in hexane as an eluent to afford compound 8 as a
brown gel (162 mg, 68% yield). R;=0.32 (5% EtOAc in hexane). '"H NMR (400 MHz, CDCl;) & 6.82 (s,
2H), 3.97 (t, J= 6.9 Hz, 4H), 1.75-1.68 (m, 4H), 1.40-1.37 (m, 4H), 1.31-1.28 (m, 8H), 1.12 (d, J=4.7 Hz,
42H), 0.90-0.87 (m, 6H). *C NMR (100 MHz, CDCl;) & 151.55, 147.77, 128.54, 127.59, 116.58, 108.63,
108.60, 98.49, 77.18, 34.34, 32.79, 28.21, 25.20, 21.33, 16.65, 13.81. HRMS (ESI) m/z 795.5144 [M +
HJ; calculated for [C46H70NO,Si> + H]™: 795.5177.

Synthesis of 7,8-bis(hexyloxy)-6,9-bis((triisopropylsilyl)ethynyl)pyrazino[2,3-b]quinoxaline-2,3-
dicarbonitrile (9): A mixture of 8 (250 mg, 0.314 mmol, 1.0 eq.) and 2,3-dichloro-5,6-dicyanoquinone
(DDQ) (85 mg, 0.377 mmol, 1.2 eq.) in anhydrous THF (10 mL) was stirred at room temperature overnight
under N, atmosphere. After 5h, solvent was removed under reduced pressure and the residue was further
purified by flash column chromatography (using 1% EtOAc in hexane) to afford 10 as a dark green solid.
(149 mg, 60% yield). R¢ = 0.30 (5% EtOAc in hexane). '"H NMR (400 MHz, CDCls) & 4.78 (t, J = 6.7 Hz,
4H), 1.94-1.86 (m, 4H), 1.55-1.49 (m, 4H), 1.38-1.34 (m, 8H), 1.23 (d, J = 4.2 Hz, 42H), 0.93-0.90 (m,
6H). *C NMR (100 MHz, CDCl;) 5 164.81, 151.21, 145.23, 135.68, 115.76, 113.93, 111.07, 100.24, 78.09,
34.19, 32.98, 28.11, 25.22, 21.41, 16.63, 14.13. HRMS (ESI) m/z 793.4988 [M + HJ"; calculated for
[C46HesN6O2Si>+H]™: 793.5021.

Synthesis of 3,6-dibromo-4,5-bis(hexyloxy)benzene-1,2-diamine (10):

Br Br
CeH130 /N\s NaBH,, COCI,6H,0  CgHi30 NH,
CeH1a0 N EtOH: THF (2:1) NH,
Br 0°Cto25°C, 2h Cef1130
Br
82%
5 10

Sodium borohydride (229 mg, 6.07 mmol, 10 eq.) and CoCl,.6H,O (14 mg, 0.061 mmol, 0.10 eq.) were
added portion wise into a solution of 5 (300 mg, 0.607 mmol, 1.0 eq.) in Ethanol: THF (2:1) of total 12 mL
at 0 °C. The resulting black reaction mixture was stirred at room temperature for 2 h. After completion of
the reaction, the reaction mixture was evaporated to dryness, quenched by adding 1 mL of sat. NH4Cl
solution and extracted with diethyl ether (4 mL). The combined organic layers were washed with water and
brine successively, dried over anhydrous sodium sulfate. After removal the solvent under rotary evaporator,
the crude product was purified by column chromatography using 10% EtOAc in hexane as an eluent to
afford compound 10 as a brown liquid (232 mg, 82% yield). Ry= 0.45 (20% EtOAc in hexane). '"H NMR
(400 MHz, CDCls) 6 3.93 (t, J = 6.7 Hz, 4H), 3.52 (s, 4H), 1.81 — 1.70 (m, 4H), 1.51 — 1.44 (m, 4H), 1.36
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—1.31 (m, 8H), 0.92 — 0.88 (m, 6H). *C NMR (100 MHz, CDCls) § 145.73, 132.37, 109.30, 76.82, 34.35,
32.81, 28.42, 25.29, 16.70.

Synthesis of 1,4-dibromo-2,3,9,10-tetrakis(hexyloxy)-8,11-bis((triisopropylsilyl)ethynyl)-6,13-
dihydropyrazino[2,3-b:5,6-b'|diquinoxaline (11): A mixture of 9 (1.900 gm, 2.395 mmol, 1 eq.), 10
(synthesized by same protocol for making 7) (2.2 gm, 4.790 mmol, 2.0 eq.), and sodium carbonate (1.5 gm,
14.371 mmol, 6.0 eq.) in N, N-dimethylformamide (20 mL) was heated at 120 °C for 12 h. After completion
of the reaction, the mixture was allowed to cool to room temperature and diluted by water (10 ml). The
resulting solution is treated with dichloromethane (25 mL) for several times. The combined organic layers
was treated with brine successively and dried over anhydrous sodium sulfate. Removing the solvent under
rotary evaporator, the crude product was purified by column chromatography using 1% EtOAc in hexane
as an eluent to afford compound 11 as a yellow orange solid (1.1 g, 39% yield). Ry= 0.80 (1% EtOAc in
hexane). '"H NMR (400 MHz, CDCl3) § 8.38 (s, 2H), 4.17 (t, J = 7.0 Hz, 4H), 4.07 (t, J = 6.7 Hz, 4H), 1.88-
1.81 (m, 8H), 1.53-1.50 (m, 4H), 1.46-1.42 (m, 4H), 1.37-1.32 (m, 16H), 1.18 (s, 42H), 0.93-0.90 (m, 12H).
3C NMR (100 MHz, CDCls) & 157.94, 153.81, 143.11, 141.85, 139.52, 137.21, 117.64, 117.53, 105.65,
102.00, 77.21, 77.14, 34.46, 34.30, 33.02, 32.83, 28.34, 28.26, 25.26, 25.25, 21.47, 16.68, 14.17. HRMS
(ESI) m/z 1203.5508 [M + H]"; calculated for [Cs2HosNeO4Si>Br, + H]": 1203.5477.

Synthesis of 1,4-dibromo-8,11-diethynyl-2,3,9,10-tetrakis(hexyloxy)-6,13-dihydropyrazino [2,3-
b:5,6-b'|diquinoxaline (N6P-Br): In a clean and dry 25 mL round-bottom flask equipped with a stirring
bar, 11 (100 mg, 0.0828 mmol, 1 eq.) was dissolved in anhydrous THF (6 mL) with stirring. A 1(M) solution
of n-BusN" F~ in THF (.182 mL, 0.182 mmol, 2.2 eq.) was added at 0 °C and the mixture was stirred for 1h.
After completion of the reaction, the mixture was diluted by water (3 ml). The resulting solution is treated
with dichloromethane (3 mL) for several times. The combined organic layers was treated with brine
successively and dried over anhydrous sodium sulfate. Removing the solvent under rotary evaporator, the
crude product was purified by column chromatography using 10% EtOAc in hexane as an eluent to afford
compound N6P-Br as a yellow solid (26 mg, 68% yield). R;=0.50 (20% EtOAc in hexane). '"H NMR (400
MHz, CDCls) 6 8.53 (s, 2H), 4.15 (t, J = 6.6 Hz, 4H), 4.06 (t, J = 6.7 Hz, 4H), 3.64 (s, 2H), 1.87-1.77 (s,
8H), 1.53-1.46 (m, 8H), 1.37-1.31 (m, 16H), 0.93-0.89 (m, 12H). *C NMR (100 MHz, CDCl;) § 157.91,
153.93, 142.88, 142.61, 139.29, 137.17, 117.67, 116.64, 90.73, 79.21, 77.48, 77.17, 34.31, 34.29, 32.90,
32.85, 28.35, 28.31, 25.27, 16.69. HRMS (ESI) m/z 891.2800 [M + H]"; calculated for [C44sHs6NsO4Br»
+H]": 891.2808.
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3.0 GENERAL REACTION SCHEME FOR THE SYNTHESIS OF N6P-PH AND N6P-BuU

TIPS TIPS R
|| R———SnMej;
H Br Pd(PhCN),Cl, | | | |
t H
CGH13OI?[N\:[N:[/N OC6H13 BU3P CGH13O |\ N\ N /N |\ OC6H13
APy S e oo UL L XL
CeH130 N~ N7 N OCgH ; N F N =
ors H ors 3-4h CeH130 N” NN OCegH13
Br H
I I I
TIPS TIPS R
H R R =Bu (13), 81%
l l R = Ph (14), 76%
TBAF H
C6H130:<t[N\ N /N \ OC6H13
THF, 0 °C to 25 °C | /:[ :[\ :(I
" CeH1z0” O N NN ZN0CeH 3
H R

N6P-Bu: R = Bu, 62%
N6P-Ph: R = Ph, 69%

Synthesis of 1,4-bis(3,3-dimethylbut-1-yn-1-yl)-2,3,9,10-tetrakis(hexyloxy)-8,11-bis((triiso
propylsilyl)ethynyl)-6,13-dihydropyrazino|2,3-b:5,6-b'|diquinoxaline (13)

Bis(benzonitrile)palladium (II) dichloride (3 mg, 0.0083 mmol, 0.1 equiv.) was placed in an oven dried
round bottom flask inside of a glovebox under nitrogen atmosphere. Anhydrous toluene (3 mL) was added
followed by P(t-Bu); (3 mg, 0.0166 mmol, 0.2 equiv.). Compound 11 (100 mg, 0.083mmol, 1 equiv.) and
trimethyl(tert-butylethynyl)stannane'"'* (131 mg, 0.497 mmol, 6 equiv.) in 1 mL of toluene, were added
and the reaction mixture stirred at reflux for 4 h. After completion of the reaction, the crude reaction mixture
was evaporated, and water added. Then the organic layer separated, and the crude reaction mixture was
extracted with DCM (5 mL). The organic layer was evaporated under reduced pressure and the crude
product was purified by column chromatography using 6% EtOAc in hexane as an eluent to afford
compound 13 as a brown solid (82 mg, 81% yield). R/=0.50 (10% EtOAc in hexane). "H NMR (400 MHz,
CDCl3) 6 7.55 (s, 2H), 4.20-4.13 (m, 8H), 1.88-1.80 (m, 8H), 1.56 - 1.45 (m, 8H), 1.44 (s, 18H), 1.38-1.31
(m, 16H), 1.20 (s, 42H), 0.94-0.89 (m, 12H). *C NMR (100 MHz, CDCl;) § 157.25, 156.92, 142.03,
141.90, 139.94, 139.00, 117.36, 117.09, 112.27, 105.57, 102.31, 77.23, 77.00, 74.75, 34.43, 33.65, 33.08,
33.01, 31.37, 28.46, 28.29, 25.27, 25.25, 21.44, 21.41, 16.69, 16.68, 14.19. HRMS (ESI) m/z 1207.8470
[M + H]"; calculated for [C74H;14NsO4Si, + H]™: 1207.8518.
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Synthesis of 2,3,9,10-tetrakis(hexyloxy)-1,4-bis(phenylethynyl)-8,11-bis((triisopropylsilyl) ethynyl)-
6,13-dihydropyrazino|[2,3-b:5,6-b'|diquinoxaline (14)

Compound 14 was synthesized following the same procedure used for compound 13 from compound 11
with 0.083 mmol of 11 and trimethyl(phenylethynyl)stannane'" '*'*, The compound 14 was obtained as a
brown solid (79 mg, 76% yield). Ry= 0.55 (10% EtOAc in hexane). "H NMR (400 MHz, CDCls) & 7.80 (s,
2H), 7.67-7.64 (m, 4H), 7.42-7.39 (m, 6H), 4.26 (t, J = 6.6 Hz, 4H), 4.18 (t, /= 7.0 Hz, 4H), 1.90-1.80 (m,
8H), 1.58-1.53 (m, 4H), 1.46-1.44 (m, 4H), 1.37-1.31 (m, 16H), 1.21 (s, 42H), 0.93-0.86 (s, 12H). *C NMR
(100 MHz, CDCl3) 6 157.52, 156.96, 142.66, 141.77, 139.96, 139.00, 134.38, 131.24, 130.98, 126.02,
117.25,105.57,103.03, 102.21, 85.63, 77.46, 77.21, 34.44, 34.38, 33.12, 33.01, 28.54, 28.28, 25.25, 21.50,
21.47,21.46, 16.67, 14.16. HRMS (ESI) m/z 1247.7872 [M + H]"; calculated for [C7sH10sN6O4Si> + H]":
1247.7892.

Synthesis of 1,4-bis(3,3-dimethylbut-1-yn-1-yl)-8,11-diethynyl-2,3,9,10-tetrakis(hexyloxy)-6,13-
dihydropyrazino[2,3-b:5,6-b'|diquinoxaline (N6P-Bu):

N6P-Bu was synthesized following the same procedure used for compound N6P-Br from compound 11
(with 0.083 mmol of 13). The compound N6P-Bu was obtained as a brown solid (37 mg, 69% yield). Ry=
0.15 (10% EtOAc in hexane). '"H NMR (400 MHz, CD2Cl,) & 8.32 (s, 2H), 4.17-4.11 (m, 8H), 3.67 (s, 2H),
1.87-1.78 (m, 8H), 1.56 — 1.48 (m, 8H), 1.40 — 1.35 (m, 34H), 0.94 — 0.91 (m, 12H). *C NMR (100 MHz,
CD:Cl) 6 157.86, 156.96, 143.02, 142.04, 139.59, 138.81, 116.98, 116.56, 112.03, 90.28, 79.53, 77.33,
76.95,74.77, 34.42, 34.28, 33.41, 33.06, 32.89, 32.31, 31.21, 28.45, 28.30, 25.26, 16.44. HRMS (ESI) m/z
895.5819 [M + HJ; calculated for [CssH74NsOs + H]": 895.5850.

Synthesis of 1,4-diethynyl-2,3,9,10-tetrakis(hexyloxy)-8,11-bis(phenylethynyl)-6,13-
dihydropyrazino[2,3-b:5,6-b'|diquinoxaline (N6P-Ph)

N6P-Ph was synthesized following the same procedure used for compound N6P-Br from compound 11
(with 0.058 mmol of 14). The compound N6P-Ph was obtained as a brown solid (37 mg, 69% yield). R,=
0.15 (10% EtOAc in hexane). "H NMR (400 MHz, CDCls) § 8.64 (s, 2H), 7.56-7.53 (m, 4H), 7.34-7.26 (s,
6H), 4.24 (t, J= 6.5 Hz, 4H), 4.15 (t, J= 6.6 Hz, 4H), 3.60 (s, 2H), 1.86 - 1.79 (m, 8H), 1.56-1.48 (m, 8H),
1.37-1.30 (m, 16H), 0.92-0.87 (m, 12H). *C NMR (100 MHz, CDCls) § 157.78, 156.91, 142.66, 142.37,
139.52, 139.04, 134.25, 131.16, 130.96, 126.12, 117.25, 116.69, 103.07, 90.43, 85.65, 77.48, 77.45, 34.40,
34.28, 33.14, 32.89, 28.55, 28.32, 25.27, 25.26, 16.68. HRMS (ESI) m/z 935.5197 [M + H]"; calculated
for [CeoHesN6Os + H]: 935.5224.
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4.0 GENERAL REACTION SCHEME FOR THE SYNTHESIS OF N4A

TIPS H
CGH130:K:[N\ N\ CN KF‘AgNO3 CGH‘|3O = | N\ OCH3
CeH30” X N7 N7 e 925 G ”(] ) CeH130 N~ N~ “OCH,
(9) 15%
I I an
TIPS H
TIPS TIPS
| CuCly, DBU |
CgH130 I I CsH130H CSHHOKIN\:[NIO%HB KE, AGNO5
: NN p—
CeH130 st ¢, 1h CeH130 N" N7 oCgH,;  MeOH:THF (3:1)
36% 25°C, 1h
Il Il (18) 36%
TIPS TIPS
H
CGH130:(IN\:[N\:[OC6H13
= —
CeH130” Y N7 N7 0CeH;,
A N4A

Synthesis of 6,9-diethynyl-2,3,7,8-tetrakis(hexyloxy)pyrazino[2,3-b]quinoxaline (17)

To an oven dried 25 mL round bottom flask, compound 9 (100 mg, 0.12 mmol, 1.0 eq.) was added. This
was followed by the addition of KF (29.2 mg, 0.48 mmol, 4.0 eq.) and AgNOs (85.0 mg, 0.48 mmol, 4.0
eq.). 4 mL of Methanol: THF (2:1) was added to dissolve the reaction content and the mixture was left to
stir at room temperature. After 1h, 1(N) HCI was slowly added until the red colored reaction mixture turned
yellow with the precipitation of AgCl. DCM was added to the mixture and the soluble fraction decanted
into a separatory funnel and subjected to a liquid-liquid extraction over water. This was then further purified
by flash column chromatography (15% EtOAc in Hexane) to afford the yellow-orange solid as product (9
mg, 15% yield). R;= 0.5 (30% EtOAc/Hex). '"H NMR (400 MHz, CDCl;) § 4.38 —4.32 (m, 11H), 3.89 (s,
2H), 1.92 — 1.82 (m, 5H), 1.58 — 1.49 (m, 8H), 1.40 — 1.30 (m, 10H), 0.95 — 0.86 (m, 7H).
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Synthesis of 2,3,7,8-tetrakis(hexyloxy)-6,9-bis((triisopropylsilyl)ethynyl)pyrazino[2,3-b]quinoxaline
(18)

An oven dried 50 mL round bottom flask was charged with the compound 9 (1.0 g, 12.61 mmol, 1.0 eq.),
CuCl; (67.8 mg, 0.504 mmol, 40 mol%) in excess hexanol (20 mL). This was followed by the addition of
1.2 ml of DBU, and the reaction was set to reflux for an hour and monitored by TLC. Upon completion, the
reaction mixture was taken in a separatory funnel and subjected to liquid-liquid extraction using DCM (10
mL) and water. The DCM layer was collected and dried over Na,SO4 and subsequently passed over a silica
pad and washed by DCM (500 mL) to remove excess hexanol and was then further purified by gravity
column chromatography (6% EtOAc/Hex), affording the brownish gel-like tetrahexyloxy compound (423
mg, 36% yield). Ry= 0.80 (15% EtOAc in hexane). '"H NMR (400 MHz, CDCl3) § 4.67 (t, J= 6.9 Hz, 4H),
4.40 (t, J= 6.9 Hz, 4H), 1.97 — 1.87 (m, 8H), 1.54 — 1.46 (m, 8H), 1.40 — 1.33 (m, 16H), 1.25 (d, J=2.3
Hz, 42H), 0.93 — 0.89 (m, 12H). *C NMR (100 MHz, CDCl3) § 160.23, 156.52, 144.95, 143.80, 117.45,
107.41, 102.38, 77.42, 71.29, 34.40, 34.12, 33.08, 31.00, 28.28, 28.24, 25.26, 25.24, 21.51, 21.48, 16.67,
16.63, 14.26. HRMS (ESI) m/z 943.6856 [M + H]"; calculated for [CssHosN4OsSi> + H]": 943.6852.

Synthesis of 6,9-diethynyl-2,3,7,8-tetrakis(hexyloxy)pyrazino[2,3-b]quinoxaline (N4A)

To an oven dried 25 mL round bottom flask, compound 18 (50 mg, 0.053 mmol, 1.0 eq.) was added. This
was followed by the addition of KF (12.3 mg, 0.2120, 4.0 eq.) and AgNOs (36.0 mg, 0.2120 mmol, 4.0
eq.). 4 mL of Methanol: THF (3:1) was added to dissolve the reaction content and the mixture was left to
stir at room temperature. After lh, 1(N) HCI was slowly added until the red colored reaction mixture turned
yellow with the precipitation of AgCl. DCM was added to the mixture and the soluble fraction decanted
into a separatory funnel and subjected to a liquid-liquid extraction over water. This was then further purified
by flash column chromatography (15% EtOAc in Hexane) to afford the yellow-orange solid as product (12
mg, 36% yield). R;= 0.6 (30% EtOAc/Hex). '"H NMR (400 MHz, CDCls) & 4.72 (t, J = 6.8 Hz, 4H), 4.34
(t, J= 6.6 Hz, 4H), 3.88 (s, 2H), 1.95 — 1.83 (m, 8H), 1.58 — 1.47 (m, 8H), 1.38 — 1.34 (m, 16H), 0.93 —
0.89 (m, 12H). *C NMR (100 MHz, CDCl3) § 161.06, 157.14, 145.41, 143.14, 117.25, 92.39, 79.12, 77.84,
71.87,34.26,34.07, 32.96, 31.05, 28.29, 28.23, 25.26, 25.18, 16.68, 16.61. HRMS (ESI) m/z 631.4208 [M
+ HJ"; calculated for [C3sHssN4Os+ H]": 631.4223.
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5.0 FAILED ATTEMPT AT OXIDATION

| | N6P-Br

PbO,

DCM, 25 °C, 2h

Mixture of Products

A mixture of N6P-Br (25 mg, 0.028 mmol, 1.0 eq.) and PbO, (10 eq.) in anhydrous DCM (15 mL) was

stirred at room temperature for 2h under N, atmosphere. After 2h, solvent was passed through a short pad

of celite eluting with dichloromethane (20 ml). The dichloromethane layer was washed with brine (10 ml),

dried over anhydrous Na,SOs and concentrated under vacuum. A mixture of products were obtained in each

case and were not isolated.

6.0 ATTEMPTED REACTION CONDITIONS FOR SONOGASHIRA REACTIONS:

TIPS TIPS TMS
| | H Br TMS-Acetylene | | H | |
CeH1soji:[/NIN _N OCgHy43 Cul CeH130 A~ N | N__N | o OCeH13
[ X X T X XX
CgH130 NSNS OCgH13 CgH130 N H N OCgH13
| | Br (Sonogashira Coupling) | | | |
11 24
TIPS TIPS TMS
Table S1: Conditions for Sonogashira coupling
Entry Pd-Source Ligand Solvent Temp. | Time Result
1 Pd(PPhs)4 PPh; PhMe:Et;N (4:1) 100 °C 14h SM isolated
2 Pd[P(‘Bu)s] --- PhMe:Et;N (1:1) 89 °C 14h SM isolated
3 Pd(PPh3).Cl» - Et;N 89 °C 14h | Product not formed
4 Pd(OAc), PPh; THEF: Diisopropylamine(4:1) 65 °C 20h SM isolated

Note: All reactions were performed with 11 (100 mg, 0.083 mmol., 1 eq.), Pd-Source (0.0083 mmol, .1
eq.), Ligand (0.0083 mmol, .1 eq.) and Cul (0.0166 mmol, .2 eq.) in 4 mL of total solvent. (SM is starting

material)
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7.0 SYNTHETIC APPROACHES TOWARDS POLYMERIZATION

H
| | H Br
CGH130 = /N N /N OCBH13
:( I I X > No reaction
N X
Coft130 N ” N Br OCeH1s Conditions
| | N6P-Br
H
Table S2: Conditions for polymerization
Entry Catalyst Additive Solvent Temp | Time | Result
1 Pd(PPh3),Cl,, Cul | 1,4-diiodobenzene (1 | PhMe:Piperidine | 35 °C 24h SM isolated
equiv) (1:1)
2 Pd(PPhs)s, Cul Hydroquinone (2.5 | PhMe:DIPA (4:1) | 60 °C 12h SM isolated
equiv)

Note: All reactions were performed with N6P-Br (10 mg, 0.0103 mmol., 1 eq.), Pd-catalyst (0.05 eq.), Cu-
catalyst (0.2 eq.) and additive in 2 mL of solvent. (SM is starting material)

8.0 SYNTHETIC APPROACHES TOWARDS STILLE POLYMERIZATION
TIPS

TIPS
|| BuSn;—=—==—5n'Bu, || "_|r
CeH130 N NN T OCgH;,  [Pdl Ligand N
6H13 ji):/ I I :©: sH13 < CGH13O:< /NININIEEOCGHH
CeHi30” N N N SN 7 OCeHis Condﬁns CeHi0” N SN N SN N0CH
[ I i
TIPS TIPS n
Table S3: Conditions for Stille polymerization
Entry Pd-Source Ligand Additive | Solvent Temp | Time Result
1 Pd(dba); PPh; --- PhMe 100 °C 96h SM isolated
2 Pd(C¢Hs):Cl, P('‘Bu); --- PhMe 100°C [ 120h SM isolated
3 Pd(PPhs)s --- --- PhMe 110 °C 96h SM isolated
4 Pd(PPh3),.Cl» PPh; Cul DMF 80 °C 19h Insol. ppt. found
5 Pd(PPhs)s --- --- DMF 80 °C 24h SM isolated
6 Pd(‘BusP), --- K3PO4 PhMe 100 °C 48h SM isolated
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Note: All reactions were performed with 11 (25 mg, 0.0207 mmol., 1 eq.), Pd-Source (0.002 mmol, .1 eq.),
Ligand (0.0041 mmol, .2 eq.) and bis(tributylstannyl) butadiyne' (0.0207 mmol, 1 eq.) in 1.5 mL of
solvent. (SM is starting material)

9.0 SYNTHESIS OF ORGANOMETALLIC PYRAZINACENE CONJUGATED POLYMERS

,—|—\
Hg
HgCl | H i
CGHmOII I I :©:OC6H13 g 2 CgH130 o Na NN OCgHq3
CeH130 (3 1: 1) CgH130 ZINTONTN OCgH13
I 25 °C, 1h I H Br
N6P-Br L PN6P-Br

Synthesis of PN6P-Br:

A dry and clean flask was charged with N6P-Br (100 mg, 0.112 mmol, 1.0 eq.), HgCl» (30 mg, 0.112 mmol,
1.0 eq.), and then deoxygenated dichloromethane: methanol (30 mL: 10 mL) was added to the mixture.
After the solids are fully dissolved, deoxygenated triethylamine (10 ml) was added under nitrogen to the
mixture. The mixture was stirred at room temperature for 1h. The suspension was concentrated, precipitated
in methanol (20 mL) and filtered. The solid was further washed with diethyl ether. The crude polymer was
purified by Soxhlet with MeOH for 6 hours and then with diethyl ether for another 2 hours to give PN6P-
Br as a black solid (89 mg, 89% yield) with an of Mn 15 kDa and Mw 37 kDa. '"H NMR (400 MHz, CDCl5)
0 4.12 (brs, 4H), 1.82 (brs, 8H), 1.58 — 1.21 (m, 24H), 0.97 (brs, 12H).

-+
H R Hg R
H | |
CeHmoIt[N\ NN | X OCeH13 HgCl CeH130 o OCsH13
LI weort ) I LK
CoH150 NTONTON OCqHys “H2CtZ e BN o g0 7 0CeH1
| | | | RT, time | |
H R h R
N6P-Ph: R = Ph PN6P-Ph: R = Ph, 90%
N6P-Bu: R = tBU PN6P-Bu: R = tBU, 93%

S14



Synthesis of PN6P-Ph:

PN6P-Ph was synthesized following the same procedure used for synthesis of polymer PN6P-Br with
0.106 mmol of N6P-Ph and the polymerization was run for 30 min. The crude polymer was purified by
Soxhlet with MeOH for 6 hours then with acetonitrile for another 8h. The polymer PN6P-Ph was obtained
as a black solid (90 mg, 90% yield) with an Mn 20 kDa and Mw 36 kDa. "H NMR (400 MHz, CD,Cl,) &
8.62 — 6.73 (m, 10H), 4.55 — 3.95 (m, 8H), 1.84 (s, 8H), 1.74 — 1.20 (m, 24H), 0.92 (s, 12H).

Synthesis of PN6P-Bu:

PN6P-Bu was synthesized following the same procedure used for synthesis of polymer PN6P-Br with
0.103 mmol of N6P-Bu and the polymerization was run for 90 min. The crude polymer was purified by
Soxhlet with MeOH for 6 hours then with acetonitrile for another 8h. The polymer PN6P-Bu was obtained
as a black solid (93 mg, 93% yield) with an Mn 21 kDa and Mw 36 kDa. '"H NMR (400 MHz, CDCl;) §
4.11 (brs, 8H), 1.87 (brs, 8H), 1.61 — 1.10 (m, 42H), 1.00 — 0.81 (m, 12H).

H Hg

CGH13O . N\ N\ OC6H13 HgC|2 CGH13O . N\ N\ OC6H13
T T T XX
CGH13O N N OC6H13 CH2C|2: MeOH: Et3N C6H13O N N OC5H13
(3:1:1)

Il A RT, 10 min Il oNAA

— n

H

Synthesis of PN4A:

PN4A was synthesized following the same procedure used for synthesis of polymer PN6P-Br with 0.158
mmol of N4A and the polymerization was run for 10 min. The crude polymer was purified by Soxhlet with
MeOH for 6 hours then with diethyl ether for another 8h. The polymer PN4A was obtained as a dark brown
solid (94 mg, 94% yield) with an Mn 15 kDa and Mw 37 kDa. '"H NMR (400 MHz, CDCl;) § 5.12 — 3.91
(m, 8H), 2.12 — 1.89 (m, 8H), 1.33 (d, 24H), 0.95 (s, 12H).
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10.0 GEL PERMEATION CHROMATOGRAPHY TRACES OF THE POLYMERS
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11.0 SINGLE CRYSTAL X-RAY DIFFRACTION

Single crystal of compound 11 (N6P-Br TIPS; CCDC 2280176) was mounted under mineral oil on a
Mitegen micromount and immediately placed in a cold nitrogen stream at 100(2) K prior to data 6
collection. Data for compound 11 was collected on a Bruker D8 Quest equipped with a Photon100 CMOS
detector and a Mo ImS source. A series of phi and omega scans were collected using monochromatic Mo
Ka radiation, (A = 0.71073 A), and integrated with the Bruker SAINT'® program. Structure solutions and
refinements were performed using the SHELX suite'” and SHELXLE'®. Further comments on structural
models: CssHoaNsO4Si:Br, (N6P-Br TIPS; CCDC 2280176). A structural model consisting of two of the
target molecules, one water molecule, and two partially occupied ethanol molecules was developed. All of
the triisopropyl silyl groups are disordered over two orientations. The like C-C and Si-C distances were
restrained to be similar (esd 0.01 A). All of the hexyl groups are disordered over two orientations. The
like C-C and O-C distances were restrained to be similar (esd 0.01 A). The water solvent molecule is
disordered over two positions. Both partially occupied ethanol solvent molecules are disordered over two
positions. The like C-C and O-C distances were restrained to be similar (esd 0.01 A). Similar displacement
amplitudes (esd 0.01) were imposed on disordered sites overlapping by less than the sum of van der Waals
radii. The disordered atoms were restrained to behave relatively isotropic. The amine H atoms were located
in the difference map. The N-H distances were restrained to be 0.88 (esd 0.01 A). Remaining H atoms
were included as riding idealized contributors. Methyl, hydroxyl and amine H atom U's were assigned as

1.5 times Ueq of the carrier atom; remaining H atom U's were assigned as 1.2 times carrier Ueq.
q g g q

Table S4: Crystal data and structure refinement for Compound 11.

Identification code B22151 a

Empirical formula C127 H201 Br4 N12 O10 Si4

Formula weight 2500.59

Temperature 100(2) K

Wavelength 0.71073 A

Crystal system Triclinic

Space group P-1

Unit cell dimensions a=18.459(2) A a= 69.636(3)°.
b=19.9313) A b= 88.799(4)°.
c=20.926(3) A g =70.200(3)°.

Volume 6749.5(15) A3

V4 2

Density (calculated) 1.230 Mg/rn3
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12.0 UV-VIS AND FLUORESCENCE SPECTRA
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Figure S6: UV-Vis spectra of TIPS precursors

—
[\

—N4A TIPS (18)

[um—
|

——N6P-Br TIPS (11)

=
o0
1

—N6P-Bu TIPS(13)
——NG6P-Ph TIPS (14)

N
I
1

Normalized P.L. Intensity (a.u.)
= =
[\ (@)

5&Qalvelength (m61(1))0 700

Figure S7: Fluorescence spectra of TIPS precursors
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Figure S9: Fluorescence spectra of polymers in the presence of 10 equivalents of fluoride and hydroxide
anions recorded after 30 mins of anion addition, respectively
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Figure S10: UV-Vis absorbance spectra of monomers in the presence of 10 equivalents of fluoride and
hydroxide anions recorded after 30 mins of anion addition, respectively
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13.0 DFT SIMULATIONS

The molecular geometries were optimized using density functional theory DFT at B3LYP/genecp level for
neutral molecules and UB3LYP/genecp for radical anions, Stuttgart RSC 1997 ECP was used for Hg, and
6-311G** was used for all other atoms. Isovalue surface of HOMO and LUMO were computed using the
same basis set (isovalue was set at 0.02 for all MOs). Mullikan population analysis was conducted using

Population keyword in Gaussian.

. A 2L,
a 3 N S ® b4
. ed? os? 478 " % ‘,*o‘o.a‘c'w:o"‘: 'f‘o:o'o‘o'u:o.".'
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Figure S12: Mulliken population analysis of the Hg dimers
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Figure S17: HOMO and LUMO of radical anions of N6P-Bu dimer
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Figure S21: 'H NMR (400 MHz, CDCl3) of Compound 6

oT'bI~
6991
Wiz~
9T ST~
ST8~
T0 €€~
6EbE"

0S°LL
SE'6L
L96L
66'6L

[Aalte
09°90T~
L90TT~

96'bST—
69°091—

f1 (ppm)

Figure $22: *C NMR (100 MHz, CDCl;) of compound 6

S29



(80
(80
680
680
06'0
Pl
STT
8T'T
67T
0€' 1
1€7
€T
(404
SE'T
8E'T
6E'T
Wi
VT
SY'T
w7
(78
(T
8T
08T

08'€

8€

[4:33
£8'€
L6'E
66'€
00'p:

ST~

/

g+h
/1

/

u Bl
Aw o
o
o

109

A g0
v SO

bh W L8
0 00t

0.0

0.5

25 20

3.0

3.5

4.5

f1 (ppm)
Figure S23: 1H (400 MHz, CDCl3) of Compound 7

90 85 80 75 70 65 60 55 50

9.5

86'ET~
69°9T—
ob 12~
LTS~
9€' 82~
86'ZE~
05" bE—

66'9L
SE6L
L96L
86'6L

8201~
goeor/
SE'601—

95'SET—

Trepi—

10

20

30

40

f1 (ppm)

Figure S24: *C NMR (100 MHz

180 170 160 150 140 130 120 110

190

0

CDCls) of Compound 7

&

S30



80
880
060
(498
£TT
@i
81
67T
0E'T
1T
(4308
(4308
€T
LET
LET
LE'T
8€'T
6E'T
or' T
W
wr
VT
89T
oLt
7wy
£LT
SC1
S6'E
L6'E
86'€

89—

STL—

1

To 135 1% 125 120 11 1l0 105

145 1

f1 (ppm)

~ b9
=90'2h,
= 608
A sz
v bEP

= 90t

00T

6.0 55 5.0 45

6.5

75

8.0

85

9.0

95

f1 (ppm)

Figure S25: '"H NMR (400 MHz, CDCl3) of Compound 8

I8l —
) e
EE'TC~
0T'sT~
18T~
6L TEN.
PEYE—

8T°LL
LEBL /
69'6L W
1008

64'86 —
09°80T
£9°801 v.

85°9TT —

6S°LCT
(o Aad

LULPT—
SS'IST—

f1 (ppm)

Figure S26: *C NMR (100 MHz, CDCl;) of Compound 8

S31



060
60
60
£60

wn
[Z48¢
vr
€T

bE'T
bE'T
SET
9T
LET
8€'T
8€'T
8E'T
W1
6b'T
6b'T
0s'T
157
£S°T
bS'T
§S'T
98T
88T
68T
06'T

w61

b6’ T

U
8L'b
08'b-

wn
(248
(2488
8T
PE'T
PE'T
SET
9T
LET V

8E'T
8¢
8E'T

Wi
6v'1
6’1
0s'1
57
£5°1
SS'T

o
&

5.5

0.0

05

3.0

35

4.0

45

5.0

6.0

9.5 9.0 8.5

10

f1 (ppm)

Figure S27: '"H NMR (400 MHz, CDCl3) of compound 9

ETPI~
£9°91—
Wi~
[44 14N
e~
86'7E~.
6T vE"

60'8L
E£€°6L
S9°6L
L6'6L

2 00T—

LOTTT~
E6ETT~
s

89SET—

ETSHT—
1181~

18'b91—

10

20

50

180 170 160 150 140 130 120 110 100 90 80 70

190

f1 (ppm)

CDCl;) of compound 9

Figure S28: *C NMR (100 MHz,

S32



oov
06'0
260
€T
€1
€61
bE'T
SE'T
9’1
b1
o1
1
8b'1
8y 1
6b 11
6b'1
A
ot
w0
81
61

Nm.m/
6€
mm.mv
S6'€

STL—

o Feog

L

e+f

o0'g
fee
of = v86'E

o -

a - Wﬂo.v

© = F00'%

4.0 3.5 3.0 2.5 2.0 1.5 1.0 05 0.0

50 45
f1 (ppm)

5.5

6.0

85 80 7.5 70 6.5

9.0

Figure S29: 1H NMR (400 MHz, CDCl;) of 10

0L91—
67°5T~
8T~
1826~
SEVET

8'9L
9E'6L
L9 mnw
66'6L

0€°60T—

LETET—

ELSPT—

NH,
NH,

Br
:
;r

180 170 160 150 140 130 120 110 100 90

190

f1 (ppm)

Figure S30: 13C NMR (400 MHz, CDCL;) of 10

S33



880
06'0
160
260
£6'0
81Ty
(2381
3381 ﬁ
bE'T
SET
9€' 1]
€7
T
[
o' T
9T
6b'1
0s'T
151
(231
£5°1
641
181
81
€81
b1
731
981
881
681
SOb
L0h
60'b
STh
Ags
6T'h

STUL—

8E'8—

" 11 (ppm)

K

d+e h+

b+c

={9'C1
+60'Ch
¥ 90'9T
 P0b
A [454
= 90'8

v €0
00t

66'T

75 7.0 6.5 6.0 5.5 5.0 45

8.0

9.0

95

f1 (ppm)
Figure S31: '"H NMR (400 MHz, CDCl;) of compound 11

A4S
mw.ﬁ/
A4 —N/
mN.mN/
wN.mN/
9’8
23874
£8'2€
No.mmV
om.vm\

9 bE

b1 LL
1L
SE'6L
Ly mhw
66'6L

00'Z0T—
S9°S01—

£5°LTT
vw.m—«v

1T LET

Nm.aQM
SIPT—
:.mv«\

I18'EST—
b6 LST—

10

40

170 160 150 140 130 120 110 100 90 80 70

180

f1 (ppm)

Figure $32: *C NMR (100 MHz, CDCls) of Compound 11

S34



981
8T
boE
SO'b
90
80'b
1454
ST
LTy

£5'8—

m =111
T
i- AR )4
K3 3
& A gog
: v b1'8
o 86T
£ “.% el
a - 00t
£ £
=\ (=
=
© ©
F-1 a
Q o
mﬁu&
S
N/ \N
o X o
= T
N/ \N
© <
= = - 26’1
j=}
<
=~

100 95 90 85 80 75 70 65 6.0 55 50 45 40 35 3.0 25 20 15 10 05 00
f1 (ppm)

0.5

H NMR (400 MHz, CDCl3) of compound N6P-Br

Figure S33

69'9T—
st
1€'8
SE'8C
S8'Z¢
om.va.
62'bE
TEPE

LVLL
8p R/

TT6L
bE6L
9964

8664
€L06—

P9OTT~
L9

LV LET
mN.mm—M
T9°ZhT
88'THT

E6'EST—
16'L5T—

R
~
- i 1
8y LL— —
@©
®
€
g
g
& I
1264~ E Rz
veer”
9967
8667 re
F®
N
—
—
Q o
mIAH Hler -
sz \AN =
= ZT
N/ \N —
F = ———r
o ©

180

160 150 140 130 120 110 100 90 80 70 60 50 40 30

170

190

f1 (ppm)

3C NMR (100 MHz, CDCls) of Compound N6P-Br

Figure S34

S35



680
06'0
16'0
26'0
£6'0
v6'0
0Tt
1T
(A0 &
£€°T
PE'T
pET
SET
SET
9’1
LET
8’1
[
SP'T
JA
[A
8y'1
0s°T
15T
(478
(4
£5°T
bS'T
95°1
95°1
08’1
87T
8T
€81
€81
beT
v8T
S8'1
98’1
87
88’1
ETp
STy
9T
LTy
6T'b
0Ty
9L

o+p

ik

8

-
1.35

1.30

1.40

1.45
f1 (ppm)

“1.50

1.55

<

—

d+e

b+c

SSL

2

002t
66'TH
WS.E
L0°81
£€0'8

E 108

F oo

35 30 25 20 1.5 1.0 05 00 -0:

4.0

90 85 80 75 70 65 60 55 50 45
f1 (ppm)

9.5

Figure S35: 'H NMR (400 MHz, CDCls) of Compound 13

€201 —
LS'S0T
L2TT
60°TT

ser

00°6£T
P6'6ET -

06'THT N

£0°THT

T6'9ST
Sc'LsT V.

L

f1 (ppm)

Figure $36: *C NMR (100 MHz, CDCl;s) of Compound 13

S36



98'0
880
680
16'0
160
£6'0
11
1€°T
(43
€T
bE T
SET
9€'T
LET
bo' T
W1
£5°T1
ST
SS°T
95T
851
08’1
[4:
beT
S8'T
81
(87

681

06T

6T
9Ty
8T'v
0Ty
STy
9P
8Tp

6E°L
6E°L
ob'L
e
[Aa
boL
S9¢L
§9°¢
99°L
L9L
08'L

FET'TT
/96T

jHk+Hm

f+g

200’9t
2 60
A or
¥ 20'8

cm * 209
o ¥ 10

-4 F 2wz

25 20 15

3.0

3.5

4.5
f1 (ppm)

Figure S37: '"H NMR (400 MHz, CDCl;) of Compound 14

60 55 5.0

6.5

7.0

90 85 8.0

9.5

9T'bT
991
91z
1T
0512
STSTY
8282
yeac>

10°€E
ree
8E'VE

bhvE

1TLL
9v'LL

vE'6L
S9°6L

16 ﬂ\

£9'G8

17201,
£0°E0T
(ssot”

STLIT—
co9cT
86°0ET
PTTIET
8EPET\.
00°6ET
96'6ET V
LLTHT
99°THT \

96'95T ~,
esest

a 1.II|J o

=

T T T T T T T T
180 170 160 150 140 130 120 110

T
190

f1 (ppm)

Figure $38: 3C NMR (100 MHz, CDCl;) of Compound 14

S37



160
60
£6'0
6’0
6’0
bET
SET
SET
9T
LET
LE T
LET
8€'T
8€'1
o' T
8b'1
6v°T
0s'T
157
157
[A 3
[A 3
bS'T
95T
8T
(1
87
[4:0
€8T
€8T
S81
(81
L9E

19924

£Tp

(284
1454
9Ty
LTy
€S
£€°S
£€°S

€e8—

bE'T
SETL
ST~
o
LETY
€1
8e'1
8e'1
ov'T
8¥ 17
6’1
05°1
157
157
(231
ST
bS'T
95°1

n+o

e+f

==

*0ECT

RE2bE
" ees
v 0€'8

E ooz

F ST'8

ﬁv 00'C

90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20

9.5

f1 (ppm)

Figure S39: 'H NMR (400 MHz, CD,Cl,) of Compound N6P-Bu

by oT —
9z'sT
0€'8C
Sb'8T V
1T1E%
T€cE
68'CE
90°€E
Tp'ee
8TPE
[a 43

8b'SS
SL'SS
£€0°9S
0€'9S

LS'9S
(A5 75N
S6°9L
EELL W
£5'6L

8206 —

€0TIT~
95°9TT
86911~

T8'8€T

65°6ET .V
POTHT 7
COEPT \

96'95T
oSt

f1 (ppm)

Figure S40: *C NMR (100 MHz, CDCls) of Compound N6P-Bu

S38



S80
(80
68'0
060
060
160
60
26'0-
0T
€T
TET
(4%
(43¢
€T
EE°T
e
SET
9’1
LET
Ll
8y'T1
8y'1
0s'T
5T
[A 3¢
[A 3¢
5T
bS'T
95°1
95T
8s'1
L
61
18T
[4: 0%
[4: 0%
8T
(A
S8T
98’1
87
09°€
(294
ST
LT
wy
{244
ST
9L
(494
€L
bEL
£S5°L
bSL
SS°L

95°L
98

*60°C1

Rogge
€19t
60’8
v b8

= €09
= 00t

30 25 2.0 1.5 1.0 05 0.0

3.5

90 85 80 75 70 65 6.0 55 5.0

9.5

1.0

f1 (ppm)

Figure S41: H NMR (400 MHz, CDCl;) of Compound N6P-Ph

89'9T —
9T'sT
LT'ST Mr

Te'8C
S5'8C V

68'CE
PTEE
8T'vE

0b'vE

sy'iL
sy'LL
EE'6L N
S9°6L
16'6L \
sos8’f
£4°06

LO'EOT —

69°9TT~,
s’
er9er

96'0€T N
OT'IET

STHET~
bO'6ET

LETvT \.

99°CHT

16'95T
sList”

180 170 160 150 140 130 120 110

190

f1 (ppm)

Figure S42: *C NMR (100 MHz, CDCls) of Compound N6P-Ph

S39



680
680
06’0
160
160
60
PE'T
SET
9€'T
9E'1
9E'T
8€'1
85T
s
pST
95T
8T
S8
81
81
88’1
68'T
161

68'€ —

PEY
bER

9€'b \
£y

STL—

a+b

60

556
Fsgy

Focy

oot

LLOT
B 6T T

4, 3.5

5.5

4.0
f1 (ppm)

"H NMR (400 MHz, CDCl5) of Compound 17

.5

5.0

Figure S43

680
06'0
06'0
160
60
60
£6'0
£6'0
sTT
sTT
€ET
€ET
bET
SET
9E'T
9T
LET
LET
8€'T
6E'T
6E°T
or'T
W
W1
L
8y’
8K T
6b'T
0s'T
0s'T
[A4
[A 4
bST
S8T
8T
8T
68T
06'T
16T
6T
6T
6T
96'T
L6'T
8€'
or'v
W
S9b
JAR4
69b
9L

m+n

k+l

1.20

{4

f1 (ppm)

']%OI

c+d

a+b

5021
JoT
AT
¥ (08

F or'g

I 96'€
F oot

0.0

0.5

35 30 25 20 1.5

4.0

9.0 85 80 75 70 65 6.0 55 5.0

9.5

1.0

f1 (ppm)

"H NMR (400 MHz, CDCl5) of Compound 18

Figure S44

S40



9Tl
£9°9T
£9°9T

8b'1C
ﬁmémk
yT'ST
mN.mNV.
8T
mm.wmw
00°1E
80°€E
rpe
0b'pE

mm.ﬁN/
hLL

YE'SL
wo,mNW
86'6L

8€'CT0T —
Tv'L0T —

SPLIT—

08'EPT
S6bpT

TS'9ST —
€2°09T—

te

f1 (ppm)

C NMR (100 MHz, CDCl;) of Compound 18

Figure S45

680
060
160
160
60
€60
bET
SET
9T
9T
LET
LET
8€'T
JAa
6b'1
6b'1
[
157
(A%
£5°T
£S°T
bST
§S°T
95°1
JA NS
8§°T1
€8T
s81
87
87
881
681
06T
16T
167
€61
S6'T
88'€
[A34
bEP
9P
0L'Y
Uy
(744
9L

Hm

d+e
o
&
©

+m

a+b

d+e

+80'21
Aeror

Wen
¥ 628

F 91
= S0

= 00t

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15

9.0

f1 (ppm)

"H NMR (400 MHz, CDCls) of Compound N4A

Figure S46

41



1991
wm.w_v
8T'ST
oN.mNV
fxa:74
6782
SO1E
96'2€
LOBE
9T bE

vic\

V6L
bE6L
99°6L
86'6L

6E76—
STLIT—

PTEPT~
TSpT—

b LST—
90' 19T —

L8TL—

v L
reL

b6
996/~
866,/

f1 (ppm)

0" TN

0

X

X

0.
0

130 120 110

140

150

90

100

180 170 160

190

f1 (ppm)

Figure S47: *C NMR (100 MHz, CDCl;) of Compound N4A

160
mm.ow
S6'0

~N.~/

ST
oy 1-

051

06'T
[4n
b6'T
00¢
[4or4
v0'T
60'C
60"t
1992
LTY
8T'p
(404
(434
bEb
SEb-
cv‘v“
SS'b
89t ﬁ
69'b

Wy
wy
bLY
U

///

==
Hg
Il
Il
n
a+b

Ti—

T

4.0

8
©
T T

5.0

T

65 6.0 55

7.0

T

85 80 75

9.0

T

9.5

4.5

0

f1 (ppm)

Figure S$48: "H NMR (400 MHz, CDCls) of PN4A

542



—4.12

—t—
Hg
/_\/\/\0
yinfd b I
n
e+f+gth+itj
k+l
ctd
a+b
'
AR
o o 8 A
= =1 il i
© o & -
T T T T T T T T T T T T T T T T T T
9.5 9.0 85 80 75 7.0 6.5 6.0 55 50 45 4.0 2.0 15 1.0 05 0.0

f1 (ppm)

Figure $49: "H NMR (400 MHz, CDCls) of PN6P-Br

9.5

90 85 80 75

Figure S$50: '"H NMR (400 MHz, CDCls) of PN6P-Bu

S43



TN oM m w ToNoOO®N
N oG e N ReeTMNQ
NN~ P - o R
20N g b NA? e

12,18

L7 1.6 1.514 1.3 12 11 1.0 0.9 0.8 0.7

4

f1 (ppm)
e+f
|
1
\
#ib Ic+d
S — Fii——t T
3 8 3 & 2
2 @ s & S
.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 00 -0

f1 (ppm)

Figure S51: "H NMR (400 MHz, CD,CL,) of PN6P-Ph

s44



16.0 REFERENCES:

1. Huang, F.; Chen, K.-S.; Yip, H.-L.; Hau, S. K.; Acton, O.; Zhang, Y.; Luo, J.; Jen, A. K.-Y., Development of
new conjugated polymers with donor- m-bridge- acceptor side chains for high performance solar cells. J. Am. Chem.
Soc. 2009, 131 (39), 13886-13887.

2. Zheng, F.; Tan, S.-E.; Yanamoto, Y.; Shida, N.; Nishiyama, H.; Inagi, S.; Tomita, |., Preparation of a germole-
containing m-conjugated polymer by the Te—Li exchange reaction of a tellurophene-containing polymer. NPG Asia
Mater. 2020, 12 (1), 41.

3. Nagarjuna, G.; Yurt, S.; Jadhav, K. G.; Venkataraman, D., Impact of pendant 1, 2, 3-triazole on the synthesis
and properties of thiophene-based polymers. Macromol. 2010, 43 (19), 8045-8050.
4, Tan, C.-H.; Gorman, J.; Wadsworth, A.; Holliday, S.; Subramaniyan, S.; Jenekhe, S. A.; Baran, D,;

McCulloch, I.; Durrant, J. R., Barbiturate end-capped non-fullerene acceptors for organic solar cells: tuning acceptor
energetics to suppress geminate recombination losses. Chem comm 2018, 54 (24), 2966-2969.

5. Murugesan, V.; de Bettignies, R.; Mercier, R.; Guillerez, S.; Perrin, L., Synthesis and characterizations of
benzotriazole based donor—acceptor copolymers for organic photovoltaic applications. Synth. Met. 2012, 162 (11-
12), 1037-1045.

6. Yu, C.-Y.; Ko, B.-T.; Ting, C.; Chen, C.-P., Two-dimensional regioregular polythiophenes with conjugated
side chains for use in organic solar cells. Sol. Energy Mater Sol. Cells 2009, 93 (5), 613-620.
7. Kumar, G. A.; Priya, P. G.; Alagar, M., Functional phenylethynylene side arm poly (arylene ethynylene)

conjugated polymers: optical and electrochemical behavior for enrichment of electronic applications. New J Chem
2018, 42 (8), 5767-5773.

8. Karaman, C. Z.; Goker, S.; Hacioglu, S. O.; Haciefendioglu, T.; Yildinm, E.; Toppare, L., Altering electronic
and optical properties of novel benzothiadiazole comprising homopolymers via it bridges. J. Electrochem. Soc. 2021,
168 (3), 036514.

9. Kini, G. P.; Lee, S. K.; Shin, W. S.; Moon, S.-J.; Song, C. E.; Lee, J.-C., Achieving a solar power conversion
efficiency exceeding 9% by modifying the structure of a simple, inexpensive and highly scalable polymer. Mater.
Chem. A 2016, 4 (47), 18585-18597.

10. Ke, C.-S.; Fang, C.-C.; Yan, J.-Y.; Tseng, P.-J.; Pyle, J. R.; Chen, C.-P.; Lin, S.-Y.; Chen, J.; Zhang, X.; Chan,
Y.-H., Molecular engineering and design of semiconducting polymer dots with narrow-band, near-infrared emission
for in vivo biological imaging. ACS Nano 2017, 11 (3), 3166-3177.

11. Reiss, H.; Rominger, F.; Freudenberg, J.; Bunz, U. H., Peralkynylated Tetraazaacene Derivatives. Chem. Eur.
J. 2020, 26 (5), 1013-1016.

12. Johnson, J. R.; McEwen, W., The Identification of Monosubstituted Acetylenes. Derivatives of Diethinyl
Mercury J Am Chem Soc 1926, 48 (2), 469-476.

13. DeCicco, R. C.; Black, A.; Li, L.; Goroff, N. S., An iterative method for the synthesis of symmetric polyynes.
EurJOC 2012, 2012 (25), 4699-4704.

14. Maier, S.; Hippchen, N.; Rominger, F.; Freudenberg, J.; Bunz, U. H., Cyclodimers and Cyclotrimers of 2, 3-
Bisalkynylated Anthracenes, Phenazines and Diazatetracenes. Chem. Eur. J. 2021, 27 (66), 16320-16324.

15. Lee, J.-H.; Curtis, M. D.; Kampf, J. W., Unusual Thermal Polymerization of 1, 4-Bis-5-(4, 4 ‘-dialkyl-2, 2 ‘-
bithiazolyl)-1, 3-butadiynes: Soluble Polymers from Diacetylenes. Macromol 2000, 33 (6), 2136-2144.

16. Li, F.; Meng, F.; Wang, Y.; Zhu, C.; Cheng, Y., Polymer-based fluorescence sensor incorporating thiazole
moiety for direct and visual detection of Hg2+ and Ag+. Tetrahedron 2015, 71 (11), 1700-1704.

17. Sheldrick, G. M., Crystal structure refinement with SHELXL. Acta Cryst. C 2015, 71 (1), 3-8.

18. Hiubschle, C. B.; Sheldrick, G. M.; Dittrich, B., ShelXle: a Qt graphical user interface for SHELXL. J. Appl. Cryst.

2011, 44 (6), 1281-1284.

545



