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Experimental Part

Instruments

'H NMR and BC NMR spectra were obtained on a Bruker Avance 111 400 (400 MHz) or an
Agilent 600 MHz DD2 nuclear magnetic resonance (NMR) spectrometer. UV-vis absorption
spectra were recorded on a Shimadzu UV-2600 spectrophotometer. Oxidation and reduction
potentials of the compounds were determined by cyclic voltammetry (CV) experiments on a
computer controlled potentiostat “Autolab type 11I” at a scan rate of 100 mVs™. A platinum
working electrode, Ag/AgNOs (0.1 M in anhydrous acetonitrile), and a platinum wire were used
as the working electrode, reference electrode and counter electrode, respectively, in a nitrogen-
saturated tetrabutylammonium hexafluorophosphate (BusNPFg) solution (0.1 M in anhydrous
acetonitrile). Electrospray ionization high resolution mass spectrometry was carried out with
Bruker microTOF Il instrument operating in positive (capillary voltage of 4500 V) and negative
(capillary voltage of 3200 V) ion modes. Quantum calculations were performed using Gaussian
16 program package and Multiwfn visualization software, on B3LYP/6-311++g(d,p) level of
theory. MALDI-TOF mass-spectra were recorded using a Shimadzu Biotech Axima Confidence
spectrometer in positive ions mode using trihydroxyacetophenone as a matrix.

Perovskite solar cells (PSC) were made in the following way. A hole-transport layer of
poly(bis(4-phenyl)(4'-methylphenyl)amine) (PTA) was deposited on thoroughly cleaned glass

substrates with an electrically conductive ITO layer using spin-coating, and then dried at 110°C.
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After drying, a light-absorbing MAPDI3 perovskite layer was applied over the PTA by a two-step
method with toluene as an anti-solvent to initiate crystallization of the perovskite layer. After
treatment with toluene, the MAPDI3 layer was dried at 55°C for 15 minutes, then slowly heated
to 80°C, and kept at this temperature for 5 minutes. After cooling, a layer of NFA-1 or NFA-2
was applied at the surface of the perovskite layer by spin-coating, followed by a hole-blocking
layer deposition by thermal evaporation in high vacuum (6x10° mbar). At the final stage,
thermal deposition of electrode materials, Mg (5 nm) and Al (100 nm), was carried out.

Synthesis of the compounds
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Scheme S1 Synthetic pathway to the compound M1.
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Scheme S2 Synthetic pathway to the compound M2.
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Scheme S3 Synthetic pathway to the acceptor PDI derivatives NFA-1 and NFA-2.

1,2-Dibromo-4,5-dimethylbenzene (1).

6 - :
Br Br
1

Bromine (40.5 ml, 121.9 g, 0.763 mol) was added dropwise to a mixture of o-xylene (46 ml,
40.48 g, 0.381 mol) and iodine (0.503 g, 2 mmol) for 4 h at 0°C and with good stirring. Then the
mixture was left overnight at room temperature. Then the mixture was dissolved in CH2Cl> (150
ml) and washed with 2 M NaOH solution (2x100 ml). The organic phase was separated, the
water phase was extracted with CH2Cl> (2x100 ml). The combined organics were washed with
water (300 ml), dried with MgSOg, then the solvent was evaporated. The oily residue was
dissolved in boiling MeOH (250-300 ml) and cooled to —15°C. White product was filtrated,
washed with cold MeOH and dried. The title compound was obtained as white solid with the
yield of 81 g (80.5%). *H NMR (400 MHz, CDCls) § 7.37 (s, 2H), 2.18 (s, 6H). 13C NMR (101
MHz, CDCls) 6 137.78, 134.33, 131.07, 121.23, 19.23.
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4,5-Dibromophthalic acid (1°).

Me Me HOOC COOH
Q KMnO,
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A suspension of 1,2-dibromo-4,5-dimethylbenzene 1 (13 g, 49.25 mmol) and KMnO4 (31.12 g,
197 mmol) in water (300 ml) was refluxed for 6 h. After cooling the excess of permanganate was
inactivated by addition of ethanol (25 ml) and then solid KOH (15 g) was added. The warm
suspension was filtered and excess of hydrochloric acid (12M) was slowly added, and the
mixture was cooled to 0°C. The precipitate was filtered and dried. The title compound (12.8 g,
80%) was obtained as a white powder. 'H NMR (400 MHz, DMSO-ds) & 8.16 (s, 2H), 3.45 (br.s,
3H, COOH + traces of H20 in DMSO-ds). $3C NMR (101 MHz, DMSO-dg) § 166.72, 135.13,
134.47, 127.05.

4,5-Dibromophthaloyl dichloride (2).

HOOC COOH CloCc COCI
(cocl),
_ -
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To a suspension of 4,5-dibromophthalic acid 1" (3 g, 9.26 mmol) in dry CH2Cl> (120 ml), oxalyl
chloride (4 ml, 5.88 g, 46.31 mmol) and dry DMF (0.04 ml) were added at 0°C with stirring. The
mixture was warmed to 25°C during 30 min and then refluxed for 24 h. After cooling the
solvents were removed in vacuum and the residue was used in the next stage without further

purification.

2,5-Bis(2-ethylhexyl)thiophene.

Br CoHs C4Hg  C4Hg
s CaHo CoHs s CoHs
) — \J

nBuLi, tmeda
This compound was prepared according to the literature method [Synthesis, 2018, 51, 859] from
thiophene (13.50 g, 160.45 mmol), Bu"Li (1.6 M, 250 ml, 401 mmol), TMEDA (37.29 g, 321
mmol) and 2-ethylhexyl bromide (77.47 g, 401 mmol) in dry THF (1000 ml) with the yield of 25
g (50%). 'H NMR (400 MHz, CDCl3) & 6.55 (s, 1H), 2.70 (d, J = 6.7 Hz, 2H), 1.55 (m, 1H), 1.46
—1.22 (m, 8H), 0.89 (t, J = 7.3 Hz, 6H).
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6,7-Dibromo-1,3-bis(2-ethylhexyl)naphtho[2,3-c]thiophene-4,9-dione (3).
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The 4,5-dibromophthaloyl dichloride 2 (from the previous stage) was dissolved in dry CH.Cl;
(150 ml), and 2,5-bis(2-ethylhexyl)thiophene (2.86 g, 9.26 mmol) was added to the solution. The
mixture was cooled to 0°C, and AICIs (6.17 g, 46.28 mmol) was added by small portions with
good stirring. After the addition was completed, the mixture was stirred at 0°C for additional 30
min and then 24 h at 25°C. Then this was poured onto ice (100 g), the organic phase was
separated and the water layer was extracted with CH2Cl> (1x120 ml). The combined organic
phase was dried with MgSOg, filtrated and evaporated to dryness. The residue was purified on
SiO2 column using gradient mixture of hexane/CH.Cl, (100:0 to 85:15) as an eluent. After
evaporating and drying the title compound was obtained as yellowish oil (2.2 g, 40%). *H NMR
(400 MHz, CDClzs) & 8.44 (s, 2H), 3.29 (ddd, J = 12.1, 8.3, 2.3 Hz, 4H), 1.87 — 1.69 (m, 2H),
1.54-1.17 (m, 16H), 1.09-0.73 (m, 12H). °C NMR (126 MHz, CDCl3) & 178.92, 155.77,
134.70, 132.65, 131.42, 131.17, 41.09, 34.06, 32.75, 28.77, 26.01, 23.15, 14.22, 10.82.

Tributyl(4-dodecylthiophen-2-yl)stannane (6).

Br C12Has CyoH
C12H25MgBr 1. LDA 121725
N\ — =\ I 7\
S NiCl,(dppp) S 2.CI-SnBus BusSn™ g
4 5 6

1-st stage: 3-Dodecylthiophene (5). To a suspension of Mg (12.62 g, 0.519 mmol) in dry THF
(100 ml), a small portion of C12H25Br (3 ml) was added to initiate the reaction. After several
minutes the dropwise addition of a solution of C12H2sBr (86.3 g, 346.26 mmol) in dry THF (600
ml) was started. After completion of the addition, the reaction mixture was refluxed for 4 h, then
cooled and left at room temperature overnight. Then the Grignard solution was transferred to a
dropping funnel via teflon tubing and added slowly for 2 h to a cooled (0°C) solution of 3-
bromothiophene (4, 56.46 g, 346.3 mmol) and NiClx(dppp) (1.88 g, 3.36 mmol) in dry THF (500
ml) with good stirring. After completion of the addition, the mixture was refluxed overnight.
After cooling, water (200 ml) was added, the organic phase was separated and evaporated. The
residue was dissolved in petroleum ether (300 ml), washed with 1 M HCI (1x300 ml), dried with
MgSQy, filtrated and evaporated. The residue was distilled in vacuum, the title compound was
collected at 185-192°C (1 Torr). The yield is 75 g (86%). *H NMR (400 MHz, CDCls) § 7.32 —
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7.21 (m, 1H), 6.97 (m, 2H), 2.67 (t, J = 7.7 Hz, 2H), 1.74 — 1.57 (m, 2H), 1.33 (m, 18H), 0.93 (t,
J=6.6 Hz, 3H).

2-nd stage: Tributyl(4-dodecylthiophen-2-yl)stannane (6).

To a 3-necked flask (500 ml) charged with dry THF (200 ml) and Pr',NH (23 ml, 16.67 g, 165
mmol), a Bu"Li solution (97 ml, 154.5 mmol, 1.6 M in hexanes) was added dropwise at -80°C
with stirring. After completion of the addition, the cooling bath was removed and the reaction
was warmed to -10°C during 30 min. Then it was cooled to -80°C again.

Another 3-necked flask (1000 ml) was charged with dry THF (600 ml) and 3-dodecylthiophene
(5, 26 g, 103 mmol) and cooled to -80°C. Then to this mixture the previously prepared cold
solution of LDA was quickly added from the first flask via teflon tubing with septa with good
stirring. After the addition of LDA was completed, the resulting mixture was warmed to 0°C
during 1 h, then cooled to -80°C again, and a solution of CISnBus (53.64 g, 164.8 mmol) in dry
THF (50 ml) was added dropwise. The cooling was removed, and the mixture was stirred at
room temperature overnight. Then water (350 ml) was added, the organic phase was separated
and evaporated. The residue was dissolved in petroleum ether (300 ml), washed with water
(1x300 ml), dried with MgSOa, filtrated and evaporated. The residue was distilled in vacuum,
the title compound was collected at 260-290°C (1 Torr). The yield is 49 g (90.5%). *H NMR
(500 MHz, CDCls) 6 7.26 — 7.18 (m, 1H), 7.08 — 6.93 (m, 1H), 2.74 — 2.62 (m, 2H), 1.78 — 1.49
(m, 8H), 1.47 — 1.22 (m, 28H), 1.22 — 1.01 (m, 6H), 1.01 — 0.85 (m, 12H). **C NMR (126 MHz,
CDCls) 6 144.47, 136.98, 136.89, 136.79, 136.27, 125.55, 125.50, 125.46, 31.96, 30.75, 30.01,
29.73, 29.72, 29.69, 29.66, 29.54, 29.51, 29.40, 29.13, 29.07, 29.03, 28.99, 28.90, 27.88, 27.52,
27.36, 27.28, 27.06, 27.05, 26.88, 22.73, 17.53, 14.15, 13.69, 13.63, 12.18, 12.12, 10.89, 10.85,
10.76, 9.41, 9.35.

6,7-Bis(4-dodecylthiophen-2-yl)-1,3-bis(2-ethylhexyl)naphtho[2,3-c]thiophene-4,9-dione (7).

Ci2Hzs CiaHzs
7

A solution of compound 3 (2.2 g, 3.69 mmol) and compound 6 (5g, 9.22 mmol) in dry toluene
(100 ml) was purged with argon for 45 min. Then Pd(PPhs)s (213 mg, 0.1844 mmol) was added,

and the purging with argon was continued for additional 20 min. The solution was refluxed for
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24 h. After cooling the solvent was removed in vacuum, and the residue was purified on SiO>
column using gradient mixture of hexane/CH2Cl, (100:0 to 90:10) as an eluent. After
evaporation of the eluate, the title compound was obtained as yellow oil (3.36 g, 97%). 'H NMR
(500 MHz, CDClz3) 8 8.25 (s, 2H), 6.94 (d, J = 1.4 Hz, 2H), 6.90 (d, J = 1.4 Hz, 2H), 3.34 (ddd, J
=9.3,7.2, 2.6 Hz, 4H), 2.55 (m, J = 7.6 Hz, 4H), 1.90 — 1.76 (m, 2H), 1.57 (m, 4H), 1.50 — 1.18
(m, 57H), 1.04 — 0.91 (m, 18H). *C NMR (126 MHz, CDCls) § 180.47, 154.76, 143.62, 140.70,
139.02, 133.83, 131.84, 129.78, 129.72, 122.27, 41.11, 34.05, 32.74, 32.08, 30.67, 30.56, 29.87,
29.82, 29.78, 29.64, 29.53, 29.40, 28.79, 26.02, 23.18, 22.84, 14.27, 14.24, 10.84

6,7-Bis(5-bromo-4-dodecylthiophen-2-yl)-1,3-bis(2-ethylhexyl)naphtho[2,3-c]thiophene-4,9-
dione (8).

Ci2Hzs CqoHas C12Has CqaHas
7 8

Compound 7 (3.36 g, 3.58 mmol) was dissolved in a mixture of CH2Cl, (75 ml) and AcOH (25
ml), and the solution was cooled to 0°C. Then NBS (1.40 g, 7.88 mmol) was added by small
portions for 20 min, the cooling bath was removed, and the mixture was stirred at 25°C for 24 h.
Then the reaction mixture was poured onto ice, neutralized with NaHCO3 and extracted with
CH:ClI2 (2x100 ml). The combined organic phase was washed with water (1x250 ml), dried with
MgSOQO4 and evaporated. The residue was purified on SiO2 column using gradient mixture of
hexane/CH>Cl, (100:0 to 90:10) as an eluent. The title compound was obtained as yellow oil
(solidified at RT within 10 — 15 h) with the yield of 2.8 g (71%). *H NMR (500 MHz, CDCl3) §
8.28 (s, 2H), 6.81 (s, 2H), 3.33 (ddd, J = 9.4, 7.2, 2.7 Hz, 4H), 2.60-2.50 (t, J = 6.9 Hz, 4H),
1.90-1.75 (m, 2H), 1.65-1.50 (m, 4H), 1.49-1.18 (m, 54H), 1.04-0.81 (m, 18H). 3C NMR (126
MHz, CDCIs) 6 180.12, 155.10, 142.63, 140.03, 137.86, 134.14, 131.70, 129.58, 111.62, 41.13,
34.07, 32.75, 32.09, 29.89, 29.87, 29.86, 29.82, 29.74, 29.60, 29.53, 29.31, 28.79, 26.02, 23.17,
22.85, 14.27, 14.24, 10.84.
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2,5-Dibromo-3,4-didodecyl-9,11-bis(2-ethylhexyl)anthra[1,2-b:4,3-b*:6,7-c""]trithiophene-
8,12-dione (M1).

Ci2Has Cq2Ho2s Ci2Has CqzHa2s
8 M1

To a solution of compound 8 (500 mg, 0.4556 mmol) in a mixture of CH>Cl, (60 ml) and
MeNOz (15 ml), anhydrous FeClsz (370 mg, 2.28 mmol) was added in one portion, then the
mixture was refluxed for 5 h. After that another portion of FeClz (370 mg, 2.28 mmol) was
added, and refluxing was continued for additional 5 h. After cooling water (50 ml) was added,
the organic phase was separated, and water phase was extracted with CH>Cl> (2x70 ml). The
combined organic layers were washed with H.O (1x250 ml), dried with MgSO4 and evaporated.
The residue was purified on SiO2 column using gradient mixture of hexane/CHCl, (100:0 to
90:10) as an eluent. After evaporation the title compound M1 was obtained as yellow oil
(solidified on standing) with the yield of 300 mg (60%). *H NMR (500 MHz, CDCls) § 8.79 (s,
2H), 3.35 (m, 4H), 3.15 (t, J = 7.9 Hz, 4H), 1.84 (m, 2H), 1.63 — 1.52 (m, 4H), 1.50 — 1.12 (m,
30H), 1.00 — 0.84 (m, 18H). 3C NMR (126 MHz, CDCls) & 180.04, 154.90, 139.28, 138.69,
133.17, 132.33, 132.09, 128.08, 124.10, 116.09, 41.05, 34.20, 32.75, 32.06, 31.28, 29.80, 29.78,
29.72, 29.63, 29.50, 29.44, 29.23, 28.78, 26.03, 23.22, 22.83, 14.26, 10.85. HRMS:
CeoHssBr202S3, m/z: 1095.4224 (M*). Calcd. 1095.4216. Anal. Calcd for CeoHgsBr.02Ss: C,
65.79%; H, 7.91%; S, 8.78%. Found: C, 66.01%; H, 7.74%; S, 8.46%.

3,4-Dibromo-1-propyl-1H-pyrrole-2,5-dione (9).
CsHy
0-_O__o 1 CsHsNH, &
.., O (o}
r -~ ;{
I’9 r

To a cooled (0...+5°C) solution of propylamine (50 ml, 0.589 mol) in abs. THF (150 ml), was
added dropwise a solution of maleic anhydride (55 g, 0.561 mol) in abs. THF (300 ml). After the
addition was completed, the cooling bath was removed and the mixture was stirred at RT for 1 h.
Solid potassium acetate (55 g, 0.561 mol) was added with good stirring and then propionic
anhydride (130 ml) was added dropwise, and the yellow solution was stirred at RT overnight.
The mixture was evaporated to dryness in vacuum at heating (60-80°C), then CHCI3 (400 ml)
and H20 (400 ml) were added to the residue, and solid NaHCO3 was added by small portions
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until the neutralization was completed. The organic phase was separated, washed with water,
dried with MgSO4 and evaporated. The dark brown residue (60 g) was dissolved in AcOH (250
ml) and to this solution potassium acetate (112 g, 1.143 mol) was added. Then bromine (45 ml,
0.873 mol) was added dropwise with good stirring at room temperature (cooling bath is
necessary). After completion of the addition the reaction mixture was heated at 80°C overnight.
After cooling the mixture was poured into 1 L of water/ice mixture and stirred. The product was
filtered, washed with water and dried. The yield is 66 g (40%) of light yellow solid. *H NMR
(500 MHz, CDCls) § 3.57 (t, 2H, J = 7.96 Hz), 1.63 (m, 2H), 0.91 (t, J = 7.4 Hz, 2H). 3C NMR
(126 MHz, CeDs) 6 164.13, 129.44, 41.50, 21.92, 11.27.

3,4-Bis(4-dodecylthiophen-2-yl)-1-propyl-1H-pyrrole-2,5-dione (9")

CsHy
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3,4-Dibromo-1-propyl-1H-pyrrole-2,5-dione  (9) (6.65 g, 22.39 mmol) and tributyl(4-
dodecylthiophen-2-yl)stannane (6, 29.2 g, 53.75 mmol) were dissolved in dry toluene (300 ml)
and the solution was purged with Ar. Then Pd(PPhs)s (259 mg, 0.224 mmol) was added, and the
mixture was refluxed overnight. After cooling, reaction mixture was evaporated to dryness, the
residue was purified by column chromatography on SiO> using hexane/CH>Cl> = 100:30 mixture
as eluent. After evaporation of the eluate the residue was dissolved in hexane and cooled. After
filtration the title product was obtained with 10.7 g (75%) yield. *H NMR (600 MHz, CDCls) §
7.69 (d, J = 1.2 Hz, 2H), 7.15 (d, J = 0.8 Hz, 2H), 3.61 — 3.56 (t, J = 7.4 Hz, 2H), 2.62 — 2.57 (t,
J =7.66 Hz, 4H), 1.72 — 1.64 (m, 2H), 1.60 (m, 5H), 1.37 — 1.20 (m, 39H), 0.94 (t, J = 7.4 Hz,
3H), 0.88 (t, J = 7.0 Hz, 6H). 13C NMR (151 MHz, CDCls) § 170.61, 143.99, 132.57, 129.69,
127.21, 126.08, 40.27, 32.07, 30.69, 30.37, 29.84, 29.80, 29.76, 29.61, 29.51, 29.40, 22.84,
21.99, 14.27, 11.48.

3,4-Bis(5-bromo-4-dodecylthiophen-2-yl)-1-propyl-1H-pyrrole-2,5-dione (10).
CaHy GaHy
‘ N
Oﬁijo NBS Ojjo
S— s = S S
%X // Br/\P ZBr

CioHps  CioHos CioHzs  CioHos

9 10
To a cooled solution of 3,4-bis(4-dodecylthiophen-2-yl)-1-propyl-1H-pyrrole-2,5-dione (9°)
(4.278 g, 6.68 mmol) in dry DCM (70 ml) and AcOH (35 ml), NBS (2.62 g,14.70 mmol) was
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added by small portions at 0°C. Then the cooling bath was removed, and the mixture was stirred
at RT overnight. Then the mixture was washed with water three times, neutralized with
NaHCOs3, dried with MgSOs and evaporated. The residue was purified by column
chromatography on SiO2, with hexane/DCM = 4:1 mixture as an eluent. The title compound was
obtained as red solid with 5.0 g (94%) yield. *H NMR (400 MHz, CDCls) & 7.59 (s, 2H), 3.56 (t,
J=7.2Hz, 2H), 2.56 (t, J = 7.6 Hz, 4H), 1.76 — 1.49 (m, 6H), 1.45 — 1.16 (m, 38H), 0.94 (t, J =
7.4 Hz, 3H), 0.88 (t, J = 6.6 Hz, 6H). 3C NMR (101 MHz, CDCls) § 170.17, 143.01, 132.26,
129.58, 125.97, 116.73, 40.38, 32.07, 29.89, 29.82, 29.80, 29.72, 29.57, 29.51, 29.33, 22.84,
21.94, 14.27, 11.46.

2,5-Dibromo-3,4-didodecyl-8-propyl-7H-dithieno[2,3-e:3",2"-g]isoindole-7,9(8H)-dione
(M2).

o N0 uv oMo
— 460 nm
S S E—— S S
Br—\ ~Br Br—x _——Br
CioHgs  CyoHas Ci2H25 C12Has
10 M2

A solution of bis(5-bromo-4-dodecylthiophen-2-yl)-1-propyl-1H-pyrrole-2,5-dione (10, 500 mg,
0.6267 mmol) and molecular iodine (80 mg, 0.315 mmol) in dry toluene (100 ml) was irradiated
with UV light (465 nm) for 6 h with continuous purging with air through the solution. The
reaction was controlled by TLC. After the completion of the process, the solvent was removed in
vacuum, the residue was purified by column chromatography on SiO, with hexane/DCM = 4:1
mixture as an eluent. The title compound was obtained after evaporation of light-yellow band
with the yield of 298 mg (60%). *H NMR (600 MHz, CDCls) § 3.68 (t, J = 7.2 Hz, 2H), 3.21 (t, J
= 7.54 Hz, 4H), 1.79 — 1.71 (m, 2H), 1.56 — 1.45 (m, 4H), 1.26 (m, 38H), 0.98 (t, J = 7.4 Hz,
3H), 0.88 (t, J = 7.0 Hz, 6H). *C NMR (151 MHz, CDCls) § 168.20, 137.64, 137.32, 132.60,
122.06, 121.68, 40.05, 32.06, 31.04, 29.77, 29.69, 29.59, 29.47, 29.42, 29.08, 22.83, 22.18,
14.26, 11.49. Anal. Calcd for C3oHs7BraNO2Sz: C, 58.86%; H, 7.22%; N, 1.76%; S, 8.06%.
Found: C, 59.34%; H, 7.34%; N, 1.76%; S, 7.85%. HRMS: CzgHs2BroNO2S2Na, m/z: 818.2044
(M+Na)*. Calcd. 818.2072.
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3,4-Didodecyl-9,11-bis(2-ethylhexyl)-2,5-diethynylanthra[1,2-b:4,3-b":6,7-c""]trithiophene-
8,12-dione (11).

==—Si(CH3);

PACI,(PPh,),
PPhy/Cul/NEt,

S
CyaHas5 CyoHos

M1 = - 11

A solution of 2,5-dibromo-3,4-didodecyl-9,11-bis(2-ethylhexyl)anthra[1,2-b:4,3-b":6,7-c"]-
trithiophene-8,12-dione (M1) (2.27 g, 2.07 mmol) and trimethylsilylacetylene (1.48 ml, 10.36
mmol) in abs. THF (30 ml) and abs. NEts (30 ml) was purged with argon for 20 min, then Cul
(197 mg, 0.623 mmol), PPhs (163 mg, 0.623 mmol) and PdCI>(PPhs). (145 mg, 0.207 mmol)
were added in sequence, and the mixture was refluxed for 20 h. After cooling, the solvents were
evaporated, the residue was dissolved in hexane and passed through SiO2 pad (5 cm), the SiO;
was washed with hexane and then with hexane/CH.Cl. = 5:1 for several times. The eluate was
evaporated and the title product was obtained with 2.33 g (99%) yield, and was used in the next
stage without further purification. *H NMR (500 MHz, CDCls) & 8.95 (s, 1H), 3.47 — 3.20 (m,
4H), 1.86 (m, 1H), 1.70 — 1.56 (m, 2H), 1.52 — 1.20 (m, 30H), 0.98 (t, J = 7.4 Hz, 3H), 0.93 (t, J
= 7.1 Hz, 3H), 0.89 (t, J = 7.0 Hz, 3H).23C NMR (126 MHz, CDCls) & 180.07, 154.71, 145.80,
138.49, 133.72, 132.45, 132.01, 129.25, 124.34, 121.63, 105.17, 98.05, 40.94, 34.04, 32.64,
31.93, 31.16, 29.90, 29.68, 29.66, 29.61, 29.60, 29.36, 29.29, 29.18, 28.66, 25.92, 23.08, 22.69,
14.12, 10.73, -0.09, -0.50.

To a solution of bis-TMS intermediate (2.39 g, 2.11 mmol) in 100 ml of dry THF, was added a
solution of KF (1.23 g, 21.12 mmol) in 15 ml of MeOH, and this was stirred for 3 h at RT. After
the reaction was completed, the solution was evaporated to dryness, the residue was dissolved in
CHClI, (150 ml), washed with water (150 ml), dried with MgSO4 and evaporated. The solid
residue was suspended in cold hexane, filtrated and dried. The yield of title compound is of 1.78
g (85.5%). *H NMR (500 MHz, CDCls) & 8.90 (s, 1H), 3.73 (s, 1H), 3.47 — 3.23 (m, 4H), 1.91 —
1.79 (m, 1H), 1.65 — 1.53 (m, 2H), 1.50 — 1.09 (m, 28H), 0.95 (t, J = 7.4 Hz, 3H), 0.90 (t, J = 7.1
Hz, 3H), 0.85 (t, J = 7.0 Hz, 3H). 3C NMR (126 MHz, CDCls) & 180.11, 154.97, 146.30,
138.88, 133.65, 132.68, 132.10, 129.32, 124.46, 120.53, 86.97, 77.52, 77.41, 77.16, 76.91,
41.06, 34.20, 32.75, 32.06, 31.33, 30.00, 29.80, 29.78, 29.72, 29.63, 29.49, 29.41, 29.25, 28.78,
26.04, 23.21, 22.83, 14.26, 10.85. Anal. Calcd for CesHgsO2S3: C, 77.99; H, 9.00; S, 9.76. Found:
C, 77.92; H, 8.98; S, 9.75. %. HRMS: Ce4Hg302S3, m/z: 985.6005 (M™). Calcd. 985.6019.
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3,4-Didodecyl-2,5-diethynyl-8-propyl-7H-dithieno[2,3-e:3",2"-g]isoindole-7,9(8H)-dione

C3H; CsHy
N N
(@] (0] S . (0]
1. ==Si(CHa)s KE
_
s s PdCIy(PPhs), MeOH/THF S
B Y Z g  PPhy/Cul/NEt, N = x
Ci2Ha5 CqzHas Ci2Ha5 CyoHas
M2 12

A solution of 2,5-dibromo-3,4-didodecyl-8-propyl-7H-dithieno[2,3-e:3',2'-g]isoindole-7,9(8H)-
dione (M2) (2.84 g, 3.57 mmol) and trimethylsilylacetylene (2.55 ml, 17.84 mmol) in abs. THF
(40 ml) and abs. NEts (40 ml) was purged with argon for 20 min, then Cul (227 mg, 0.714
mmol), PPhs (187 mg, 0.714 mmol) and PdCI>(PPhs)> (250 mg, 0.357 mmol) were added in
sequence, and the mixture was refluxed for 20 h. After cooling, the solvents were evaporated, the
residue was dissolved in hexane and passed through SiO2 pad (5 cm), the SiO> was washed with
hexane and then with hexane/CH.Cl, = 5:1 for several times. The eluate was evaporated, and the
title product was obtained with 2.89 g (99%) vyield, and was used in the next stage without
further purification. *H NMR (500 MHz, CDCl3) § 3.72 - 3.69 (t, J = 7.7 Hz, 2H), 3.36 — 3.32 (t,
J = 7.7 Hz, 4H), 1.82 — 1.72 (m, 2H), 1.59 (m, 4H), 1.38 — 1.18 (m, 37H), 1.00 (t, J = 7.4 Hz,
3H), 0.89 (t, J = 7.0 Hz, 6H), 0.37 — 0.33 (m, 18H). *C NMR (126 MHz, CDCls) & 168.19,
144.06, 138.34, 132.02, 126.48, 122.95, 107.29, 97.94, 39.85, 31.92, 30.87, 29.92, 29.66, 29.65,
29.59, 29.35, 29.28, 29.04, 22.69, 22.08, 14.12, 11.37, -0.20.

To a solution of bis-TMS intermediate (3.00 g, 3.61 mmol) in dry THF (220 ml), was added a
solution of KF (2.1 g, 36.13 mmol) in MeOH (20 ml), and the solution was stirred for 3 h ad RT.
After the reaction was completed, the solution was evaporated to dryness, the residue was
dissolved in CHxCl> (150 ml), washed with water (150 ml), dried with MgSO4 and evaporated.
The solid residue was suspended in cold hexane, filtrated and dried. The yield of title compound
is of 2.00 g (80.6%). *H NMR (500 MHz, CDCls) & 3.81 (s, 2H), 3.69 (t, J = 7.39 Hz, 2H), 3.34
(t, J=7.46 Hz, 4H), 1.79 — 1.69 (m, 2H), 1.52 (m, 4H), 1.32 — 1.16 (m, 38H), 0.97 (t, J = 7.4 Hz,
3H), 0.86 (t, J = 7.0 Hz, 6H). *C NMR (126 MHz, CDCls) § 168.25, 144.68, 138.38, 132.26,
125.46, 123.29, 88.73, 77.44, 40.03, 32.05, 31.04, 30.00, 29.77, 29.76, 29.70, 29.60, 29.48,
29.41, 29.11, 22.83, 22.19, 14.26, 11.50. Anal. Calcd for Cs3HsoNO-S2: C, 75.28; H, 8.67; N,
2.04; S, 9.35. Found: C, 75.30; H, 8.66; N, 2.16; S, 9.24. HRMS: C3HsoNO-S>, m/z: 686.4060
(M™). Calcd. 686.4060.
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5,5'-((3,4-Didodecyl-9,11-bis(2-ethylhexyl)-8,12-dioxo-8,12-dihydroanthra[1,2-b:4,3-b*:6,7-c""]-
trithiophene-2,5-diyl)bis(ethyne-2,1-diyl))bis(N,N*-di(2-octyldodecyl)perylene-3,4,9,10-
tetracarboxybisimide) (NFA-1).

CioHai
O N (o)
PdCI,(PPh3),
OO PPh4/CUl/NEt,
‘ - -
NS e
S
Ci2Has C1aHas 07 'N" "0
1 13 CgHiz CgHq7 CgH17
CioHz1 CioHa1 NFA-1 CioHz1

A solution of 3,4-didodecyl-9,11-bis(2-ethylhexyl)-2,5-diethynylanthra[1,2-b:4,3-b":6,7-c"]-
trithiophene-8,12-dione (11) (1 g, 1.01 mmol) and 1-bromo-N,N'-bis(2-octyldodecyl)perylene-
3,4,9,10-tetracarboxybisimide (13) (2.61 g, 2.54 mmol) in a mixture of dry THF (100 ml) and
NEts (40 ml) was purged with argon for 20 min, then Cul (55 mg, 0.284 mmol), PPhs (75 mg,
0.284 mmol) and PdCl2(PPhs). (100 mg, 0.142 mmol) were added in sequence, and the solution
was refluxed for 20 h. After cooling the reaction mixture was evaporated, and the residue was
purified by column chromatography on SiO2 using CH2Cl,/EtOAc = 100:5 as an eluent. The
yield is 1.85 g (63.1 %) . *H NMR (500 MHz, CDClIs) & 10.10 (br.s, 1H), 8.18 — 9.08 (br.m, 7H),
4.18 (s, 2H), 4.08 (s, 2H), 3.47 (br.s, 4H), 0.47 — 2.22 (m, 121 H). 3C NMR (151 MHz, CDCls)
5 163.61, 163.30, 162.96, 162.26, 154.74, 140.49, 137.76, 134.06, 133.59, 133.37, 131.53,
130.66, 128.80, 128.11, 126.79, 126.12, 123.88, 123.68, 123.44, 122.90, 122.79, 121.96, 120.87,
119.20, 101.66, 96.40, 44.93, 40.96, 36.84, 36.71, 34.26, 32.71, 32.06, 31.94, 31.88, 30.31,
30.28, 30.12, 30.05, 29.98, 29.87, 29.81, 29.78, 29.64, 29.52, 28.80, 26.76, 26.71, 26.07, 23.29,
22.81, 22.77, 14.32, 14.23, 14.14, 10.94. MALDI-TOF: C192H265N4010S3, m/z: 2885.57 [M+H]".
Calcd. 2884.96; C192H264NaN4O10S3, m/z: 2907.66 [M+Na]*. Calcd. 2906.94. Anal. Calcd for
C192H264N4010S3: C, 79.95; H, 9.23; N, 1.94; S, 3.33. Found: C, 79.85; H, 9.53; N, 1.91; S, 3.71.
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Alternative one-pot method for preparation of NFA-1.

CBH17

CioHay
(0] N (0]

O KF
* PdCl,(PPhg),
Br. -
O PPh3

Cul

0" N" O NEt3
CSH17
13 K( REG 200
CWOHZ’I

CSH17 CSH17
CigHar NFA-1 CigHar

To a solution of bis-TMS intermediate (1.13 g, 1.00 mmol) in a solvent mixture of THF (30 ml) /
NEts (10 ml) 1-bromo-N,N'-bis(2-octyldodecyl)perylene-3,4,9,10-tetracarboxybisimide 13, 2.62
g, 2.54 mmol) was added, then the solution was purged with argon for 20 min. Then Cul (11.4
mg, 0.06 mmol), PPhz (15.7 mg, 0.06 mmol), (PPh3z).PdCl> (21 mg, 0.03 mmol), 1.13 ml PEG
200MW and H>0 (0.51 ml) were added in sequence. The purging with argon was continued for
additional 15 min, then KF (232 mg, 4 mmo:s) was added, and the mixture was refluxed for 20
h. The conversion was controlled by TLC (CHCIs). After the reaction was completed, the
mixture was evaporated and the residue was purified by column chromatography on SiO2 using
CHCI2/EtOACc = 100:5 as an eluent. The yield is 1.54 g (53.4 %). The spectroscopic data were

identical with the sample prepared by conventional two-stage method (see above).

5,5'-((3,4-Didodecyl-7,9-dioxo-8-propyl-8,9-dihydro-7H-dithieno[2,3-e:3",2'-g]isoindole-2,5-
diyl)bis(ethyne-2,1-diyl))bis(N,N’-di(2-octyldodecyl)perylene-3,4,9,10-
tetracarboxybisimide) (NFA-2).

CgH17

CioHai
(0] N o]

o-_N_o PdCI,(PPhj),
+ PPh3/Cul/NEt,
P ——

S
N
Ci2Has CyoHas

12 07 N"o
CgHy7 CgHy7 CgH17
13 CioHas CioHas NFA-2 CioHas

A solution of 3,4-didodecyl-2,5-diethynyl-8-propyl-7H-dithieno[2,3-e:3',2"-g]isoindole-7,9(8H)-
dione (12, 0.68 g, 0.991 mmol) and 1-bromo-N,N'-bis(2-octyldodecyl)perylene-3,4,9,10-
tetracarboxybisimide (13, 2.55 g, 2.48 mmol) in a mixture of dry THF (100 ml) and NEtz (40 ml)
was purged with argon for 20 min, then Cul (55 mg, 0.284 mmol), PPhs (75 mg, 0.284 mmol)
and PdCI2(PPhs). (100 mg, 0.142 mmol) were added in sequence, and the solution was refluxed
for 20 h. After cooling, the reaction mixture was evaporated, and the residue was purified by

column chromatography on SiO2 using CH2CIl2/EtOAc = 100:5 as an eluent. The yield is 1.94 g
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(75.8 %). *H NMR (600 MHz, CDCls) & 10.03 (d, J = 7.6 Hz, 1H), 8.68 (d, J = 7.6 Hz, 1H), 8.63
(s, 1H), 8.57 (d, J = 7.7 Hz, 1H), 8.49 (d, J = 7.5 Hz, 1H), 8.39 — 8.33 (m, 2H), 4.16 (d, J =5.5
Hz, 2H), 4.07 (d, J = 4.9 Hz, 2H), 3.93 (s, 1H), 3.51 (s, 2H), 2.07 — 1.92 (m, 5H), 1.62 (s, 2H),
1.50 — 1.03 (m, 96H), 0.85 (m, 12H), 0.75 (t, J = 7.2 Hz, 3H). *C NMR (151 MHz, CDCls) &
167.58, 163.55, 163.13, 162.85, 162.31, 145.50, 138.14, 137.63, 134.07, 133.55, 133.47, 133.35,
133.18, 131.18, 130.70, 128.84, 128.24, 126.95, 126.86, 126.15, 125.82, 123.89, 123.63, 123.52,
123.35, 122.90, 122.78, 122.18, 118.82, 103.33, 94.20, 44.90, 40.46, 36.82, 36.72, 32.07, 31.93,
31.54, 30.30, 30.28, 30.06, 29.99, 29.95, 29.88, 29.83, 29.78, 29.63, 29.53, 26.74, 26.71, 22.83,
22.82, 22.79, 22.24, 14.25, 14.24, 14.17, 11.70. MALDI-TOF: C171H236N5010S3, m/z: 2584.75
[M+H]". Calcd. 2584.76; Ci71H23sNaNsO10Ss, m/z: 2607.77 [M+Na]". Calcd. 2607.74;
C171H235sKN5010S3, m/z: 2624.79 [M+K]*. Calcd. 2622.72. Anal. Calcd for C171H235sN5010S2: C,
79.46; H, 9.16; N, 2.71; S, 2.48. Found: C, 79.56; H, 9.29; N, 2.66; S, 2.68.

Alternative one-pot method for preparation of NFA-2.

CgHy7

C'\OH21

CsHy 0«_N__O
o. N 0o KF
o
S S +
- P Br PdCI,(PPhy),
Z N -
< N ()
Me;Si CioHas CooHas ~ “SiMes PPh3
Cul
o N o
13 K(cw” NEt3 CgHyr CaHiz
CigHa PEG 200 C1oH21 NFA-2 CioHa

To a solution of bis-TMS intermediate (0.81 g, 0.975 mmol) in a solvent mixture of THF (30 ml)
/ NEtz (10 ml) 1-bromo-N,N'-bis(2-octyldodecyl)perylene-3,4,9,10-tetracarboxybisimide (13,
2.55 ¢, 2.48 mmol) was added, then the solution was purged with argon for 20 min. Then Cul
(11.2 mg, 0.058 mmol), PPh3 (15.3 mg, 0.058 mmol), (PPhs)2PdCl2 (20 mg, 0.029 mmol), 0.85
ml PEG 200MW and 0.4 ml H2O were added in sequence. The purging with argon was
continued for additional 15 min, then KF (226 mg, 3.9 mmol) was added and the reaction
mixture was refluxed for 20 h. The conversion was controlled by TLC (CHCIs3). After the
reaction was completed, the mixture was evaporated and the residue was purified by column
chromatography on SiO using CH>CIl,/EtOAc = 100:5 as an eluent. The yield is 1.48 g (58.7 %).
The spectroscopic data were identical with the sample prepared by conventional two-stage
method (see above).
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Mass-spectra characterization
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Figure S1 — Experimental and simulated high resolution mass spectrum of compound M1.
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Figure S2 — Experimental and simulated high resolution mass spectrum of compound M2.
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Figure S3 — MALDI mass spectrum of compound NFA-1.
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Figure S4 — MALDI mass spectrum of compound NFA-2.
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Optical and electronic properties of acceptor molecules NFA-1, NFA-2
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Figure S5 — UV spectra of novel non-fullerene acceptors NFA-1 and NFA-2 in DCM.
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Theoretical calculations

Theoretical calculations for M1
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Figure S6 — Front and side views, HOMO/LUMO distributions, and PDOS curves for M1
molecule.

Atomic coordinates for optimized structure M1:

Standard orientation:

Center Atomic Atomic Coordinates (Angstroms)
Number Number Type X Y Z
1 6 0 -5.059974 0.712070 -0.121476
2 6 0 -5.059973 -0.712073 0.121479
3 6 0 -6.325276 -1.251701 0.212637
4 16 0 -7.511894 -0.000003 0.000002
5 6 0 -6.325277 1.251697 -0.212633
6 6 0 -6.755962 -2.663918 0.453469
7 6 0 -6.755965 2.663913 -0.453465
8 6 0 -3.815153 1.479082 -0.254059
9 6 0 -2.545901 0.701570 -0.119648
10 6 0 -2.545900 -0.701571 0.119646
11 6 0 -3.815151 -1.479084 0.2540061
12 8 0 -3.799293 -2.690192 0.463858
13 8 0 -3.799296 2.690190 -0.463858
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Theoretical calculations for M2
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Figure S7 — Front and side views, HOMO/LUMO distributions, and PDOS curves for M2
molecule.

Atomic coordinates for optimized structure M2:

Standard orientation:

Center Atomic Atomic Coordinates (Angstroms)
Number Number Type X Y Z
1 6 0 0.682589 2.002270 -0.100236
2 6 0 -0.685009 2.001431 0.100073
3 6 0 -1.144073 3.412192 0.171143
4 7 0 -0.002419 4.199700 -0.000476
5 6 0 1.142787 3.412805 -0.171706
6 6 0 1.383459 0.803395 -0.150222
7 6 0 0.720580 -0.451698 -0.009085
8 6 0 -0.719870 -0.452594 0.009125
9 6 0 -1.384193 0.801733 0.150208
10 8 0 2.269889 3.830531 -0.3415098
11 8 0 -2.269500 3.835893 0.341287
12 6 0 -0.013155 5.655209 0.000751
13 6 0 -1.683141 -1.535265 -0.146832
14 6 0 -2.9576006 -1.071326 0.023106
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Theoretical calculations for NFA-1
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Figure S8 — Front and side views, HOMO/LUMO distributions, and PDOS curves for NFA-1
molecule.

Atomic coordinates for optimized structure NFA-1:

Standard orientation:

Center Atomic Atomic Coordinates (Angstroms)
Number Number Type X Y Z
1 6 0 0.715152 7.730107 -0.102302
2 6 0 -0.715097 7.730112 0.102229
3 6 0 -1.256948 8.995545 0.178883
4 16 0 0.000054 10.182036 0.000095
5 6 0 1.257020 8.995536 -0.178892
6 6 0 1.485383 6.485959 -0.214550
7 6 0 0.704020 5.215786 -0.100813
8 6 0 -0.703994 5.215791 0.100667
9 6 0 -1.485353 6.485969 0.214368
10 6 0 1.378943 4.012043 -0.191091
11 6 0 0.707250 2.779027 -0.092606
12 6 0 -0.707233 2.779032 0.092514
13 6 0 -1.378922 4.012053 0.190970
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E(RB3LYP) = -5239.76167879 A.U.; nuclear repulsion energy  15861.1218142017
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Theoretical calculations for NFA-2
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Figure S9 — Front and side views, HOMO/LUMO distributions, and PDOS curves for NFA-2
molecule.

Atomic coordinates for optimized structure NFA-2:

Standard orientation:

Center Atomic Atomic Coordinates (Angstroms)
Number Number Type X Y Z
1 7 0 0.707254 -6.914269 0.706816
2 6 0 1.680931 -5.908802 0.700508
3 6 0 0.956491 -4.642151 0.418668
4 6 0 -0.387017 -4.932909 0.276461
5 6 0 -0.566158 -6.397238 0.455697
6 6 0 1.416700 -3.341790 0.246429
7 6 0 0.522944 -2.272132 -0.070648
8 6 0 -0.897714 -2.548698 -0.038819
9 6 0 -1.307626 -3.914685 0.056979
10 8 0 -1.589757 -7.048403 0.401956
11 8 0 2.868490 -6.071866 0.8910064
12 6 0 0.977840 -8.325505 0.940138
13 6 0 -2.047274 -1.672190 -0.019104
14 6 0 -3.239027 -2.376602 -0.033832
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NMR characterization
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Figure S10 — 'H and *C NMR spectra of 1,2-Dibromo-4,5-dimethylbenzene (1) in CDCls.
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Figure S26 — 'H and *C NMR spectra of non-fullerene acceptor NFA-2 in CDCls.
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