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1. Computational Details
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Figure S1. In vacuo optimized geometries (B3LYP/6-31G*) of the organic dyes prepared in this study (continues on

the next page).
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Figure S1 (continued). In vacuo optimized geometries (B3LYP/6-31G*) of the organic dyes prepared in this study.
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Figure S2. Spatial distribution of DFT orbitals (B3LYP/6-31G*) of the compounds prepared in this study (continues on the
next page).
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Figure S2 (continued). Spatial distribution of DFT orbitals (B3LYP/6-31G*) of the compounds prepared in this study.
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Table S1. Computed B3LYP/6-31G* orbital energies (gas-phase)

Structure HOMO-1 HOMO LUMO LUMO+1 A(H-L)
BBla -5.6826820 -5.0546290 -2.8741314 -2.3034958 2.1804976
BB1b -5.5452614 -4.7860466 -2.8246056 -2.2613172 1.9614410
BB2a’ -5.6111144 -4.8856425 -2.8033802 -2.2346494 2.0822622
BB2a -5.6160126 -4.8889079 -2.8066457 -2.2370985 2.0822622
BB2b -5.4505636 -4.6480817 -2.7522217 -2.1886612 1.8958600
BB2c -5.4595436 -4.6635926 -2.7530380 -2.1894775 1.9105545
BB2d -5.4209025 -4.6048146 -2.7364387 -2.1745109 1.8683759
BB2e -5.4889325 -4.7710800 -2.7753519 -2.2074374 1.9957281
BB3a -5.3033467 -4.7702636 -2.7094988 -2.2874407 2.0607648
BB3e -5.2004853 -4.6774707 -2.6822868 -2.2634942 1.9951838

Table S2. Computed B3LYP/6-31G* orbital energies (ethanol)

Structure HOMO-1 HOMO LUMO LUMO+1 A(H-L)
BBla -5.7028188 -5.0508193 -2.9168543 -2.3709816 2.1339650
BB1b -5.6160126 -4.8238712 -2.9103234 -2.3647228 1.9135478
BB2a’ -5.6780559 -4.9528561 -2.9027040 -2.3538380 2.0501521
BB2a -5.6796886 -4.9525840 -2.9032483 -2.3568313 2.0493357
BB2b -5.5599558 -4.7503988 -2.8942683 -2.3481235 1.8561305
BB2c -5.5713849 -4.7713521 -2.8945404 -2.3486677 1.8768116
BB2d -5.5553298 -4.7414189 -2.8934520 -2.3473071 1.8479669
BB2e -5.6219992 -4.9286374 -2.9062416 -2.3579198 2.0223958
BB3a -5.4233516 -4.8924455 -2.8735872 -2.4732987 2.0188583
BB3e -5.3803566 -4.8761183 -2.8760363 -2.4732987 2.0000820
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Table S3. Computed B3LYP/6-31G* orbital energies (dichloromethane)

Structure HOMO-1 HOMO LUMO LUMO+1 A(H-L)
BBla -5.6954716 -5.0434721 -2.9100513 -2.3633622 2.1334208
BB1b -5.6040393 -4.8124422 -2.9007992 -2.3546544 1.9116430
BB2a’ -5.6644499 -4.9368010 -2.8899144 -2.3424090 2.0468866
BB2a -5.6663548 -4.9370732 -2.8907308 -2.3432253 2.0463424
BB2b -5.5422680 -4.7308062 -2.8784854 -2.3315242 1.8523208
BB2c -5.5536971 -4.7520316 -2.8787575 -2.3317963 1.8732741
BB2d -5.5357372 -4.7191050 -2.8768526 -2.3298914 1.8422524
BB2e -5.6024066 -4.9044188 -2.8912750 -2.3421368 2.0131438
BB3a -5.4045753 -4.8714922 -2.8545388 -2.4520733 2.0169534
BB3e -5.3553216 -4.8472736 -2.8520897 -2.4493521 1.9951838
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Table S4. TD-DFT (S: CAM-B3LYP/6-311G(d.p) and #: MPW1K/6-311G(d.p)) computed absorption maxima
(A®max), excitation energies (Eexc) and oscillator strenghts (f) for the first excited state of the dyes prepared in
this study.

Cmpd. Solvent A’max (Nnm) Eexc (eV) f H_)-[:a:jlti_o): (%)
$ # $ # $ # $ #

EtOH 461.88 493.05 2.6843 2.5147 1.3720 1.2544 47; 38 68; 23

BBl DCM 464.13 495.65 2.6714 2.5015 1.3768 1.2617 47; 38 68; 24
EtOH 470.56 511.03 2.6348 2.4261 1.3641 1.1388 42; 42 70; 22

Bo1b DCM 473.14 514.09 2.6205 2.4117 1.3675 1.1464 43; 42 70; 22
, EtOH 484.69 520.64 2.5580 2.3814 1.4364 1.3243 60; 25 78; 14
BBz DCM 487.22 523.78 2.5447 2.3671 1.4430 1.3321 60; 25 78; 14
EtOH 484.96 521.06 2.5566 2.3794 1.4368 1.3246 60; 25 78; 14

BBz DCM 487.46 524.18 2.5435 2.3653 1.4436 1.3324 60; 25 78; 14
EtOH 497.17 542.17 2.4938 2.2868 1.4322 1.2546 56; 29 77;14

BB2b DCM 500.10 545.85 2.4792 2.2714 1.4371 1.2618 56; 28 77; 15
EtOH 495.78 539.67 2.5008 2.2974 1.4434 1.2730 56; 28 77; 15

. DCM 498.61 543.21 2.4866 2.2824 1.4478 1.2798 56; 28 77; 15
EtOH 498.04 543.39 2.4894 2.2817 1.4428 1.2638 56; 28 78; 14

B82d DCM 501.10 547.31 2.4742 2.2653 1.4462 1.2692 56; 28 78; 14
EtOH 485.66 521.89 2.5529 2.3757 1.5241 1.3976 55; 29 74; 17

BB2e DCM 488.33 525.38 2.5390 2.3599 1.5263 1.3990 55; 29 74; 17
EtOH 523.71 557.48 2.3674 2.2240 1.6606 1.6366 62;21 75; 14

. DCM 525.78 560.01 2.3581 2.2139 1.6698 1.6477 62;21 75; 14
EtOH 523.90 557.52 2.3666 2.2239 1.7326 1.7076 57; 26 71;17

BB3e DCM 526.03 560.22 2.3570 2.2131 1.7385 1.7143 56; 26 71;17
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2. Synthetic Procedures

2.1. General Synthetic Remarks

All reactions carried out under an inert nitrogen atmosphere were performed in flame- or oven dried
glassware, using Schlenk techniques. Tetrahydrofuran (THF) was purified by distillation over metallic sodium
in the presence of benzophenone as an indicator, while aniline was distilled over KOH under reduced (approx.
5-102 atm) pressure. Toluene, dichloromethane, N,N-dimethylformamide (N,N-DMF), diethylether and
acetonitrile were dried on a resin exchange Solvent Purification System (/Innovative Technology) and stored
under nitrogen over 4 A molecular sieves. Degassing of solvents was carried out using the “freeze-pump-
thaw” method. Compounds 4,5,24 and 25 were prepared according to published procedures.™™! All other
chemicals employed were commercially available and were used as received. Petroleum ether was the 40-
60 °C boiling fraction. TLC analyses were carried out using aluminum-supported silica gel plates containing a
fluorescent indicator, and detection was carried out by exposure to UV light (A = 254 and 365 nm) and/or
treatment with permanganate or p-anisaldehyde solutions followed by heating. Flash column
chromatography was performed using Merck Kieselgel 60 (300-400 mesh) as the stationary phase. *H-NMR
spectra were recorded at 200, 300 or 400 MHz, and *C-NMR spectra were recorded at 100.6 MHz, with
Bruker Avance or Varian Mercury series instruments. Chemical shifts are referenced to the residual solvent
peak (CDCls, 6 = 7.26 ppm for *H-NMR and & = 77.0 ppm for *C-NMR; THF-ds, 6 = 1.72 and 3.58 ppm for *H-
NMR and & = 67.21 and 25.31 ppm for 3C-NMR). Coupling constants (J) are expressed in Hz, while the
abbreviations used to identify peaks are: s (singlet), d (doublet), dd (doublet of doublets), t (triplet), td (triplet
of doublets), and m (multiplet). Multiplets are indicated as chemical shift intervals. ESI-MS spectra were
obtained by direct injection of the sample solution, with a Thermo Scientific LCQFLEET instrument and are

reported in the form m/z.

2.2. Synthesis of the building blocks

Pd(PPhs), (4 mol%)
HysC 3l
Q Rt KoCO; (2.0 eq.) Q s

N@—sz + /ﬂ N QI
Q Br—~g TOITHF/H,0

2 75°C, 16 h Hy1Co
67-70%

R 21,R=H, X =0H R 17,R=H

24, R =0CH,, X = §° 18, R = OCH,
é~o

Scheme S1. Synthesis of the intermediates 17,18.

Synthesis of compound 17: 2-Bromo-3-hexylthiophene (34, 90 mg, 0.36 mmol, 1.0 eq.) and 4-
(diphenylamino)benzeneboronic acid (21, 104 mg, 0.36 mmol, 1.0 eq.) were dissolved in a degassed mixture
of toluene/THF/H,0 (8:3:1 v/v) (6 mL). Then, Pd(PPhs)4 (17 mg, 0.015 mmol, 0.04 eq.) was added and, finally,
K2COs (50 mg, 0.36 mmol, 1.0 eq.). The reaction mixture was stirred at 75°C for 16 h, then it was quenched
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with water and extracted with Et,0 (3 x 30 mL). The combined organic layers were washed with water (3 x
30 mL) and dried over Na,SO.. After removal of the solvent under reduced pressure, the residue was purified
by flash column chromatography (SiO», n-hexane/CH,Cl, 6:1 to 2:1) to yield product 17 (100 mg, 0.24 mmol,
67% vield) as a colorless oil. H-NMR (CDCls, 200 MHz): & = 7.30-7.45 (m, 6 H), 7.00-7.27 (m, 10 H), 2.73 (t, J
= 8.1 Hz, 2 H), 1.60-1.78 (m, 2 H), 1.27-1.45 (m, 6 H), 0.95 (t, J = 6.6 Hz, 3H) ppm. ESI-MS: m/z = 411.4 [M]*".

The analytical data were in agreement with those reported in the literature.®!

Synthesis of compound 18: 2-Bromo-3-hexylthiophene (34, 12 mg, 0.046 mmol, 1.0 eq.) and compound
24" (20 mg, 0.046 mmol, 1.0 eq.) were dissolved in a degassed mixture of toluene/THF/H,0 (8:3:1 v/v) (3
mL). Then, Pd(PPhs)s (2 mg, 0.0015 mmol, 0.04 eq.) was added and, finally, K2COs (13 mg, 0.092 mmol, 2.0
eq.). The reaction mixture was stirred at 75°C for 16h, was quenched with water and then extracted with
Et,0 (3 x 10 mL). The combined organic layers were washed with water (3 x 10 mL) and dried over Na,SO,.
After removal of the solvent under reduced pressure, the residue was purified by flash column
chromatography (SiO,, petroleum ether/CH,Cl, 10:1 to 4:1) to yield product 18 (15 mg, 0.032 mmol, 70%
yield) as a colorless oil. TH-NMR (CDCls, 200 MHz): § = 7.19-7.25 (m, 2 H), 7.01-7.18 (m, 5 H), 6.81-6.97 (m, 7
H), 3.81 (s, 6 H), 2.64 (t, J = 7.9 Hz, 2 H), 1.54-1.65 (m, 2 H), 1.24-1.35 (m, 6 H), 0.87 (t, / = 7.0 Hz, 3H) ppm.
13C-NMR (CDCls, 100 MHz): & = 156.1, 148.1, 141.0, 138.1, 130.0, 129.6, 126.9, 122.9, 120.6, 120.1, 114.9,
55.6,31.8,31.2, 29.3, 28.8, 22.8, 14.3 ppm. ESI-MS: m/z = 471.6 [M]*".

Pd,(dba);* CHCl; (5 mol%)

L ST S ST L S SN ¢ L o
2
NH ? Br ﬁ

37

5 tBuONa (4.0 eq.) Ph,P PPh,
toluene, 110°C, 3 h Xantphos
| Pd,(dba). CHCI; (5 mol%)
\©\ dppf (10 mol%)
Br | tBuONa (6.0 eq.)
(1.0eq.) toluene, 110°C, 16 h

78%
\60/\/)\,0 O\\L/\O% 0\ /o 25%
N (o} o) =4 o} 0.
LA NG Al
Pd(dppf),Cl, (10 mol%) N

8 AcOK (3.0 eq.)
o®6 N,N-DMF, 80°C, 24 h
ﬁ_{\ 63%

25 38

35 36

Scheme S2. Synthesis of intermediate 25.

Synthesis of compound 37: In a Schlenk tube, Pd,(dba)s - CHCI3 (21 mg, 0.02 mmol, 0.05 eq.) and Xantphos
(24 mg, 0.04 mmol, 0.1 eq.) were dissolved in degassed, dry toluene (5 mL). After 10 minutes, compound
36! (119 mg, 0.41 mmol, 1.0 eq.) was added to the solution and the latter was stirred for further 10 minutes.
Finally, compound 35 (87 mg, 0.41 mmol, 1.0 eq.) and tBuONa (161 mg, 1.64 mmol, 4.0 eq.) were added.
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The reaction mixture was stirred for 3 h under reflux, then it was poured in H,0 (5 mL) and extracted with
EtOAc (3 x 20 mL). The combined organic layers were washed with water (3 x 20 mL) and dried over Na;SO,,
and the solvent was removed under reduced pressure. The residue was purified by flash column
chromatography (SiO,, petroleum ether/EtOAc 3:1 to 1:2) to yield product 37 (130 mg, 0.32 mmol, 78% vyield)
as a colorless oil. *H-NMR (CDCls, 200 MHz): 6 = 6.85-6.95 (m, 4 H), 6-78-6.84 (m, 4 H), 4.08 (t, J = 4.3 Hz, 4
H), 3.82 (t,/=4.3 Hz, 4 H), 3.70 (dt, J= 4.3, 1.9 Hz, 4 H), 3.57 (dt, J = 4.3, 1.9 Hz, 4 H), 3.38 (s, 6 H) ppm. 13C-
NMR (CDCls;, 100 MHz ): 6 = 153.4, 137.9, 119.5, 115.6, 72.0, 70.8, 69.9, 68.0, 59.1 ppm ESI-MS: m/z = 428.3
[M+Na]*.

Synthesis of compound 38: Pd,(dba);:CHCl; (12 mg, 0.012 mmol, 0.05 eq.) and 1,1'-
bis(diphenylphosphino)ferrocene (13 mg, 0.024 mmol, 0.1 eq.) were added to dry, degassed toluene (2 mL)
and the resulting solution was stirred for 15 minutes. This mixture was then added to a Schlenk tube
containing compound 37 (57 mg, 0.24 mmol, 1.0 eq.) and 1-bromo-4-iodobenzene (67 mg, 0.24 mmol, 1.0
eq.) dissolved in toluene (3 mL). Finally, tBuONa (139 mg, 1.4 mmol, 6.0 eq.) was added to the reaction
mixture and the solution was stirred for 16 h under reflux condition. The reaction mixture was poured into
10 mL of brine solution and the organic phase was extracted with EtOAc (3 x 30 mL). The organic layers were
then collected, dried over Na,SO, and concentrated under reduced pressure. The residue was purified by
flash column chromatography (SiO,, petroleum ether/EtOAc 2:1 to 1:2) to yield product 38 (33 mg, 0.06
mmol, 25% yield) as a pale-yellow oil. *H-NMR (CDCls, 200 MHz): § =7.23 (d, J=8.9 Hz, 2 H),6.99 (d, J=8.9
Hz, 4 H),6.82 (d,/=8.9 Hz, 4 H), 6.78 (d, J=8.9 Hz, 2 H), 4.11 (t, /= 4.7 Hz, 4 H), 3.85 (t, J = 4.7 Hz, 4 H), 3.72
(dt, J=4.8,1.9 Hz, 4 H), 3.58 (dt, J = 4.8, 1.9 Hz, 4 H), 3.39 (s, 6 H) ppm. ESI-MS: m/z = 582.2 [M+Na]**. The

analytical data were in agreement with those reported in the literature."’

Synthesis of compound 25: In a Schlenk tube, compound 38 (33 mg, 0.06 mmol, 1.0 eq.) and [Pd(dppf)Cl.]
(5 mg, 0.006 mmol, 0.1 eq.) were dissolved in dry N,N-DMF (10 mL) under an inert atmosphere. Then,
bis(pinacolato)diboron (22 mg, 0.09 mmol, 1.5 eq.) was added to the solution followed by AcOK (17 mg, 0.18
mmol, 3.0 eq.). The resulting mixture was heated to 80°C for 24h. After cooling to room temperature, the
reaction mixture was washed with brine (3 x 20 mL) and extracted with EtOAc (3 x 20 mL). The combined
organic layers were dried over Na,SO, and concentrated under vacuum to yield compound 25 (23 mg, 0.038
mmol, 63% yield) as a pale-yellow oil, which was used as such in the following reaction. *H-NMR (CDCls, 200
MHz): 6 = 7.59 (d, J = 8.4 Hz, 2 H), 6.97-7.08 (m, 4 H), 6.78-6.90 (m, 6 H), 4.12 (t, J = 4.7 Hz, 4 H), 3.85 (t, J =
4.7 Hz, 4 H), 3.69-3.76 (m, 4 H), 3.54-3.62 (m, 4 H), 3.39 (s, 6 H), 1.31 (s, 12 H) ppm. ESI-MS: m/z = 481.3
[M-CgH1,BO,]*".
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27 42

Scheme S3. Synthesis of intermediate 27.

Synthesis of compound 41: In a Schlenk tube, compound 40™% (107 mg, 0.27 mmol, 1.0 eq.) and XPhos
Pd G2 (13 mg, 0.008 mmol, 0.03 eq.) were dissolved in dry, degassed THF (5 mL). Then, compound 39! (230
mg, 0.53 mmol, 2.0 eq.) was added to the solution and the latter was stirred for 10 minutes. Finally,a 0.5 M
solution of K3PO4 in H,0 (2.16 mL, 1.08 mmol, 4.0 eq.) was added and the solution was stirred for 16 h under
reflux. The reaction mixture was extracted with EtOAc (3 x 20 mL) and washed with water (3 x 20 mL). The
combined organic layers were dried over Na,;SO, and the solvent removed under reduced pressure. The
residue was purified by flash column chromatography (SiO,, CH,Cl,/EtOAc 2:1 to pure EtOAc) to yield product
41 (118 mg, 0.14 mmol, 50% vyield) as a yellow oil. *H-NMR (CDCls, 200 MHz): § = 7.51 (d, J = 8.8 Hz, 4 H),
7.23-7.35 (m, 6H), 7.17 (d, J = 8.8 Hz, 4H), 7.01-7.11 (m, 2H), 6.58-6.66 (m, 3 H), 4.15-4.27 (m, 8 H), 3.75-3.97
(m, 12 H), 3.61-3.73 (m, 8 H), 3.50-3.58 (m, 4 H), 3.46 (s, 6 H), 3.38 (s, 6 H) ppm. ESI-MS: m/z = 869.8 [M]*".

Synthesis of compound 27: Compound 41 (118 mg, 0.14 mmol, 1.0 eq.) was dissolved in dry CHxCl, (5 mL)
and the resulting solution was cooled to 0°C. Then, a solution of N-bromosuccinimide (24 mg, 0.14 mmol, 1.0
eq.) in CH,Cl; (5 mL) was added dropwise and the resulting solution was shielded from light and allowed to
reach room temperature under stirring during 16 h. The reaction mixture was extracted with EtOAc (3 x 20
mL) and washed with water (3 x 20 mL). The combined organic layers were dried over Na,SO4 and the solvent

was removed under reduced pressure to yield crude product 42 (138 mg, 0.14 mmol, 99% vyield), which was
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used for the following step without further purification. *H-NMR (CDCls, 200 MHz): & = 7.40-7.52 (m, 4 H),
7.19-7.37 (m, 6 H), 7.09 (d, J = 8.8 Hz, 4 H), 7.02 (d, J = 8.8 Hz, 4 H), 6.57-6.65 (m, 2 H), 4.13-4.30 (m, 8 H),
3.75-3.98 (m, 12 H), 3.60-3.72 (m, 8 H), 3.50-3.58 (m, 4 H), 3.40 (s, 6 H), 3.31 (s, 6 H) ppm. ESI-MS: m/z =
947.8 [M]*".

In a Schlenk tube, compound 42 (160 mg, 0.17 mmol, 1.0 eq.) and [Pd(dppf)Cl,] (14 mg, 0.017 mmol, 0.1
eq.) were dissolved in dry N,N-DMF (10 mL) under an inert atmosphere. Then, bis(pinacolato)diboron (64 mg,
0.25 mmol, 1.5 eq.) was added to the solution, followed by AcOK (50 mg, 0.51 mmol, 3.0 eq.). The reaction
mixture was heated to 80°C for 16 h. After cooling to room temperature, the mixture was washed with brine
(3 x 20 mL) and extracted with EtOAc (3 x 20 mL). The combined organic layers were dried over Na,SO,4 and
concentrated under vacuum to yield boronic ester 27 (136 mg, 0.15 mmol, 88% yield) as brownish oil, which
was used as such in the following reaction. *H-NMR (CDCls, 200 MHz): § = 7.46 (d, J = 8.4 Hz, 4 H), 7.20-7.35
(m, 3H), 6.99-7.15 (m, 6H), 6.54-6.59 (m, 2 H), 4.08-4.21 (m, 8 H), 3.77-3.91 (m, 8 H), 3.70-3.76 (m, 4 H), 3.55-
3.67 (m, 8 H), 3.45-3.52 (m, 4 H), 3.40 (s, 6 H), 3.32 (s, 6 H), 1.26 (s, 12 H) ppm. ESI-MS: m/z = 995.0 [M]*,
869.2 [M-CsH1,BO,]*".

2.3. Assembly of the dyes scaffolds and synthesis of the final compounds (for the corresponding schemes,

see main text)

Synthesis of compound 3: In a Schlenk tube wunder inert atmosphere, 4,7-
dibromobenzo[c][1,2,5]thiadiazole (1, 400 mg, 1.36 mmol, 1.0 eq.) was dissolved in a degassed solution of
Pd(OAc); (12 mg, 0.05 mmol, 0.04 eq.) and S-Phos (30 mg, 0.068 mmol, 0.05 eq.) in 1,4-dioxane/H,0 [5:1 v/v]
(20 mL). Then, 4-formylbenzeneboronic acid (2, 204 mg, 1.26 mmol, 0.9 eq.) was added to the solution.
Finally, KsPO4 (2.0 g, 12.24 mmol, 9.0 eq.) was added, and the resulting mixture was stirred for 16 h at room
temperature. The reaction mixture was extracted with CH>Cl, (3 x 30 mL) and washed with water (3 x 30 mL).
The combined organic layers were dried over Na,SO, and the solvent removed under reduced pressure. The
residue was purified by flash column chromatography (SiO,, petroleum ether/CH,Cl, 1:1 to 1:3) to yield
product 3 (190 mg, 0.60 mmol, 48% yield) as a pale-yellow oil. *H-NMR (CDCls, 200 MHz): § = 10.17 (s, 1 H),
8.07-8.19(m, 4 H),8.04 (d,/=7.6 Hz, 1 H), 7.72 (d, J= 7.6 Hz, 1 H) ppm. The analytical data were in agreement

with those reported in the literature.*?

Synthesis of compound 8: In a Schlenk tube, n-Buli (1.6 M solution in hexanes, 0.25 mL, 0.40 mmol, 1.2
eq.) was added at —78°C to a solution of compound 4 (100 mg, 0.34 mmol, 1.0 eq.) in dry THF (5 mL) under
an inert atmosphere of nitrogen. After 1 h, tributyltin chloride (130 mg, 0.40 mmol, 1.2 eq.) was added
dropwise to the solution and the resulting mixture was allowed to reach room temperature in 16 h. The
reaction mixture was quenched with water and then was extracted with petroleum ether (3 x 10 mL). The

evaporation of the solvent gave product 6 as a colorless oil, which was directly used for the next step.
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Pd,(dba)s- CHCl; (35 mg, 0.034 mmol, 0.04 eq.) and P(o-tol); (21 mg, 0.068 mmol, 0.08 eq.) were dissolved
in dry, degassed toluene (20 mL) and the resulting solution was stirred for 30 minutes. This mixture was then
tranferred to a Schlenk tube containing 4,7-dibromobenzo[c][1,2,5]thiadiazole (1, 250 mg, 0.85 mmol, 1.0
eq.) dissolved in toluene (20 mL) and stirred for further 30 minutes. Finally, compound 6 (500 mg, 0.85 mmol,
1.0 eq.) was added to the reaction mixture and the solution was stirred for 16 h under reflux. The reaction
mixture was cooled to room temperature and the solvent was removed under reduced pressure to yield the
crude product. The residue was purified by flash column chromatography (SiO,, petroleum ether/CH,Cl, 6:1
to 2:1) to yield product 8 (250 mg, 0.49 mmol, 58% yield) as an orange oil. *H-NMR (CDCls, 400 MHz): § = 8.10
(d,J=7.8Hz, 1H),7.82(d,J=7.8 Hz, 1 H), 6.66 (s, 1 H), 4.02 (s, 2 H), 3.94 (s, 2 H), 1.17-1.46 (m, 16 H), 0.80-
0.93 (m, 6 H) ppm. 3C-NMR (CDCI3, 100 MHz): & = 153.6, 152.2, 149.9, 148.4, 132.6, 127.5, 126.1, 116.4,
111.5,107.1, 77.8, 77.6, 43.9, 32.8, 32.1, 29.8, 22.7, 14.2 ppm. ESI-MS: m/z = 508.1 [M]*".

Synthesis of compound 9: In a Schlenk tube, n-Buli (1.6 M solution in hexanes, 0.31 mL, 0.50 mmol, 1.2
eq.) was added at -78°C to a solution of compound 5 (100 mg, 0.42 mmol, 1.0 eq.) in dry THF (5 mL) under
an inert atmosphere of nitrogen. After 1 h, tributyltin chloride (163 mg, 0.50 mmol, 1.2 eq.) was added
dropwise to the previous solution and the mixture was allowed to reach room temperature in 16 h. The
reaction mixture was quenched with water and then it was extracted with petroleum ether (3 x 10 mL). The
evaporation of the solvent gave product 7 as a colorless oil, which was directly used for the next step.

Pd;(dba)s- CHCl3 (22 mg, 0.021 mmol, 0.05 eq.) and P(o-tol); (13 mg, 0.042 mmol, 0.1 eq.) were dissolved
in dry, degassed toluene (10 mL) and the resulting solution was stirred for 30 minutes. This reaction mixture
was then transferred to a Schlenk tube containing 4,7-dibromobenzo(c][1,2,5]thiadiazole (1, 124 mg, 0.41
mmol, 1.0 eq.) dissolved in toluene (10 mL) and stirred for further 30 minutes. Finally, compound 7 (223 mg,
0.42 mmol, 1.0 eq) was added to the reaction mixture and the resulting solution was stirred for 16 h under
reflux conditions. The reaction mixture was cooled to room temperature and the solvent was removed under
reduced pressure to yield to the crude product. The residue was purified by flash column chromatography
(SiO,, petroleum ether/CH,Cl, 6:1 to 2:1) to yield product 9 (83 mg, 0.18 mmol, 43% yield) as a pale orange
oil. '"H-NMR (CDCls, 200 MHz): 6 = 8.09 (d, J = 8.1 Hz, 1 H), 7.83 (d, J= 8.1 Hz, 1 H), 6.73 (s, 1 H), 4.32 (dd, J =
12.1, 3.7 Hz, 1 H), 4.24 (dd, J = 11.9, 3.8 Hz, 1 H), 4.03 (dd, / = 12.1, 6.6 Hz, 1 H), 3.94 (dd, J = 11.9, 6.8 Hz, 1
H), 2.20-2.38 (m, 1 H), 1.20-1.55 (m, 10 H), 0.74-1.03 (m, 3 H) ppm. ESI-MS: m/z = 452.0 [M]*".

Synthesis of compound 10: In a Schlenk tube, compound 8 (250 mg, 0.49 mmol, 1.0 eq.) was dissolved in
a degassed mixture of 1,4-dioxane and H,0 (5:1 v/v, 25 mL). Then, Pd(OAc), (4 mg, 0.020 mmol, 0.04 eq.) and
S-Phos (10 mg, 0.025 mmol, 0.05 eq.) were added to the reaction mixture, followed by 4-
formylbenzeneboronic acid (2, 81 mg, 0.54 mmol, 1.1 eq.). Finally, K3sPO,4 (936 mg, 4.41 mmol, 9.0 eq.) was
added to the solution and the latter was stirred for 16 h at room temperature. The reaction mixture was

extracted with CHxCl, (3 x 30 mL) and washed with water (3 x 30 mL). The combined organic layers were
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dried over Na;SO4 and the solvent removed under reduced pressure. The residue was purified by flash
column chromatography (SiO,, petroleum ether/CH,Cl, 2:1 to 1:1) to yield product 10 (226 mg, 0.42 mmol,
86% yield) as a yellow oil. *H-NMR (CDCls;, 400 MHz): 6 = 10.08 (s, 1 H), 8.36 (d, /= 7.6 Hz, 1 H), 8.13 (d, J =
8.4 Hz, 2 H), 8.01 (d, J = 8.4 Hz, 2 H), 7.80 (d, J = 7.6 Hz, 1 H), 6.69 (s, 1 H), 4.06 (s, 2 H), 3.96 (s, 2 H), 1.23-1.47
(m, 16 H), 0.85-0.92 (m, 6 H) ppm. 3C-NMR (CDCls, 100 MHz): & = 192.0, 153.4, 153.0, 149.9, 148.5, 143.4,
135.6, 130.3, 130.0, 129.7, 129.2, 127.1, 126.7, 116.9, 107.2, 77.8, 77.6, 43.8, 32.7, 32.0, 29.8, 22.7, 14.2
ppm. ESI-MS: m/z = 535.8 [M+H]*".

Synthesis of compound 11: In a Schlenk tube, compound 9 (83 mg, 0.18 mmol, 1.0 eq.) was dissolved in
a degassed mixture of 1,4-dioxane and H,O (5:1 v/v, 10 mL). Then, Pd(OAc); (2 mg, 0.0072 mmol, 0.04 eq.)
and S-Phos (4 mg, 0.009 mmol, 0.05 eq.) were added, followed by 4-formylbenzeneboronic acid (2, 30 mg,
0.20 mmol, 1.1 eq.). Finally, KsPO4 (344 mg, 1.62 mmol, 9.0 eq.) was added to the solution and the latter was
stirred for 16 h at room temperature. The reaction mixture was extracted with CH,Cl, (3 x 20 mL) and washed
with water (3 x 20 mL). The combined organic layers were dried over Na,SO, and the solvent removed under
reduced pressure. The residue was purified by flash column chromatography (SiO,, petroleum ether/CH,Cl,
2:1 to 1:1) to yield product 11 (75 mg, 0.16 mmol, 87% yield) as a yellow oil. *H-NMR (CDCls;, 400 MHz): § =
10.08 (s, 1 H), 8.33 (d, /= 7.8 Hz, 1 H), 8.12 (d, /= 8.2 Hz, 2 H), 8.01 (d, J=8.2 Hz, 2 H), 7.78 (d, /= 7.8 Hz, 1
H), 6.73 (s, 1 H), 4.35 (dd, J = 11.9, 3.7 Hz, 1 H), 4.25 (dd, J = 11.7, 3.9 Hz, 1 H), 4.06 (dd, J = 11.9, 6.8 Hz, 1 H),
3.96 (dd, J = 11.9, 6.8 Hz, 1 H), 2.23-2.33 (m, 1 H), 1.20-1.55 (m, 10 H), 0.80-0.98 (m, 3 H) ppm. 3C-NMR
(CDCls, 100 MHz): 6 =191.9, 153.4, 153.1, 150.3, 148.8, 143.4, 135.7, 130.4, 129.8, 129.2, 128.1, 127.2, 126.7,
117.6,107.9, 74.7, 74.6, 42.4, 31.8, 29.5, 28.3, 27.1, 22.7, 14.2 ppm. ESI-MS: m/z = 478.1 [M]*".

Synthesis of compound 12: In a round bottom flask, compound 10 (226 mg, 0.42 mmol, 1.0 eq.) was
dissolved in CHCl; (15 mL) and the resulting mixture was cooled to 0°C. Then, a solution of N-
bromosuccinimide (90 mg, 0.51 mmol, 1.2 eq.) in CHCIs (5 mL) was added dropwise, and the resulting solution
was allowed to reach room temperature in 16 h, shielded from light with aluminum foil. The reaction mixture
was extracted with CH,Cl; (3 x 20 mL) and washed with water (3 x 20 mL). The combined organic layers were
dried over Na,SO4 and the solvent removed under reduced pressure. The crude product 12 (257 mg, 0.42
mmol, 99% yield), obtained as a pale-yellow oil, was pure enough to be used in the following step without
further purification. *H-NMR (CDCls, 400 MHz): 6 = 10.08 (s, 1 H), 8.36 (d, /= 7.6 Hz, 1 H), 8.12 (d, J = 8.4 Hz,
2 H),8.01(d,J=8.4Hz,2H),7.77 (d,J = 7.6 Hz, 1 H), 4.06 (s, 2 H), 4.02 (s, 2 H), 1.20-1.47 (m, 16 H), 0.85-0.92
(m, 6 H) ppm. 3C-NMR (CDCls, 100 MHz): § = 192.0, 153.2, 152.7, 147.8, 147.7, 143.2, 135.7, 130.3, 130.0,
129.7,129.2,126.7,125.9, 116.7,97.0, 96.6, 77.92, 77.89, 43.9, 32.7,31.9, 29.8, 22.7, 14.2 ppm. ESI-MS: m/z
=612.2 [M]*".

Synthesis of compound 13: Compound 11 (75 mg, 0.16 mmol, 1.0 eq.) was dissolved in a mixture of CHCl;

(5 mL) and CH3COOH gl. (1 mL), and the resulting mixture was cooled to 0°C. Then a solution of N-
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bromosuccinimide (34 mg, 0.19 mmol, 1.2 eq.) in CHCI3 (5 mL) was added dropwise and the solution was
allowed to reach room temperature in 16 h, shielded from light with aluminum foil. The reaction mixture was
extracted with CHxCl; (3 x 20 mL) and washed with water (3 x 20 mL). The combined organic layers were
dried over Na,SO,4 and the solvent removed under reduced pressure. Crude product 13 (88 mg, 0.16 mmol,
99% yield), obtained as a pale-yellow oil, was pure enough to be used in the following step without further
purification. 'H-NMR (CDCls, 400 MHz): & = 10.08 (s, 1 H), 8.35 (d, J = 7.8 Hz, 1 H), 8.11 (d, J = 8.2 Hz, 2 H),
8.01(d, J=8.2 Hz, 2 H), 7.77 (d, J = 7.8 Hz, 1 H), 4.29-4.40 (m, 2 H), 4.00-4.12 (m, 2 H), 2.27-2.34 (m, 1 H),
1.20-1.54 (m, 10 H), 0.80-0.92 (m, 3 H) ppm. 3C-NMR (CDCls, 100 MHz): & = 192.0, 153.3, 152.7, 148.1, 147.7,
143.2, 135.7, 130.5, 130.0, 129.7, 129.2, 126.9, 125.8, 117.3, 110.6, 97.7, 74.8, 74.7, 42.2, 31.8, 29.5, 28.3,
27.022.7, 14.2 ppm. ESI-MS: m/z = 556.1 [M]*".

Synthesis of compound 14: In a Schlenk tube, Pdx(dba)s;* CHCIl; (35 mg, 0.034 mmol, 0.1 eq.) and P(o-tol);
(21 mg, 0.068 mmol, 0.2 eq.) were added to dry, degassed toluene (20 mL) and the resulting solution was
stirred for 30 minutes. The reaction mixture was then transferred to a Schlenk tube containing 4,7-
dibromobenzo[c][1,2,5]thiadiazole (1, 100 mg, 0.34 mmol, 1.0 eq.) dissolved in toluene (20 mL), and the
resulting solution was stirred for further 30 minutes. Finally, compound 6 (400 mg, 0.68 mmol, 2.0 eq.) was
added to the reaction mixture and the resulting solution was stirred for 16 h under reflux conditions. The
reaction mixture was cooled to room temperature and the solvent was removed under reduced pressure to
yield to the crude product. The residue was purified by flash column chromatography (SiO,, petroleum
ether/CHCl, 6:1 to 2:1) to yield product 14 (160 mg, 0.22 mmol, 65% yield) as a dark orange oil. *H-NMR
(CDCls, 400 MHz): 6 =8.29 (s, 2 H), 6.64 (s, 2 H), 4.05 (s, 4 H), 3.96 (s, 4 H), 1.17-1.74 (m, 32 H), 0.76-1.03 (m,
12 H) ppm. 3C-NMR (CDCls, 100 MHz): & = 152.8, 150.0, 148.1, 127.7, 124.4, 117.6, 106.4, 77.9, 77.7, 43.9,
32.8,32.1,29.8,22.7, 14.3 ppm. ESI-MS: m/z = 724.3 [M]*".

Synthesis of compound 16: In a round bottom flask, compound 14 (270 mg, 0.37 mmol, 1.0 eq.) was
dissolved in CHCI3 (15 mL) and the solution was cooled to 0°C. Then, a solution of N-bromosuccinimide (166
mg, 0.93 mmol, 2.5 eq.) in CHCl; (5 mL) was added dropwise and the resulting solution was allowed to reach
room temperature in 16 h, shielded from light with aluminum foil. The reaction mixture was extracted with
CH,Cl; (3 x 20 mL) and washed with water (3 x 20 mL). The combined organic layers were dried over Na,SO4
and the solvent removed under reduced pressure to give crude product 15 (320 mg, 0.36 mmol, 98% vyield),
which was used in the following reaction without further purification. *H-NMR (CDCls, 200 MHz): § = 8.29 (s,
2 H),4.06 (s, 4 H),4.02 (s, 4 H), 1.20-1.74 (m, 32 H), 0.85-1.10 (m, 12 H) ppm. ESI-MS: m/z = 882.3 [M]*".

In a Schlenk tube, crude compound 15 (150 mg, 0.17 mmol, 1.0 eq.) was dissolved in a degassed mixture
of THF and H,0 (5:1 v/v, 25 mL). Then, Pd(OAc), (3 mg, 0.013 mmol, 0.08 eq.) and S-Phos (7 mg, 0.017 mmaol,
0.1 eq.) were added, followed by 4-formylbenzeneboronic acid (2, 26 mg, 0.17 mmol, 1.0 eq.). Finally, KsPO4

(325 mg, 1.53 mmol, 9.0 eq.) was added to the solution and the latter was stirred for 16 h at room
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temperature. The reaction mixture was extracted with CH,Cl; (3 x 30 mL) and washed with water (3 x 30 mL).
The combined organic layers were dried over Na,SO, and the solvent removed under reduced pressure. The
residue was purified by flash column chromatography (SiO,, petroleum ether/CH,Cl, 3:1 to 1:1) to yield
product 16 (53 mg, 0.058 mmol, 34% yield) as an intense yellow oil. *H-NMR (CDCls, 400 MHz): & = 10.00 (s,
1H),8.39(d,/=7.8Hz, 1 H), 8.34(d, J=7.8 Hz, 1 H), 8.00 (d, J = 8.2 Hz, 2 H), 7.89 (d, J = 8.2 Hz, 2 H), 4.14 (s,
2 H), 4.12 (s, 2 H), 4.08 (s, 2 H), 4.03 (s, 2 H), 1.23-1.47 (m, 32 H), 0.85-0.92 (m, 12 H) ppm. 3C-NMR (CDCls,
100 MHz): & = 191.6, 162.4, 152.4, 148.8, 147.8, 140.5, 134.4, 130.1, 127.9, 127.5, 126.7, 124.1, 117.6, 117.1,
77.9,77.7,43.9, 43.8,32.7,32.6,32.2, 31.9, 29.7, 22.6, 22.5, 14.1 ppm. ESI-MS: m/z = 906.3 [M]*".

Synthesis of compound 19: In a Schlenk tube under an inert atmosphere of nitrogen, n-Buli (1.6 M
solution in hexanes, 0.034 mL, 0.053 mmol, 1.1 eq.) was added at —78°C to a solution of compound 17 (20
mg, 0.049 mmol, 1.0 eq.) in dry THF (3 mL). After 1 h, tributyltin chloride (16 mg, 0.049 mmol, 1.0 eq.) was
added dropwise to the previous solution and the mixture was allowed to reach room temperature in 16 h.
The reaction mixture was quenched with water and then it was extracted with petroleum ether (3 x 30 mL).
Evaporation of the solvent gave the corresponding tributylstannane as a colorless oil, which was used for the
next step without further purification.

In a Schlenk tube, Pdx(dba)s;* CHCl; (6 mg, 0.003 mmol, 0.1 eq.) and P(o-tol)s (2 mg, 0.006 mmol, 0.2 eq.)
were added to dry degassed toluene (1 mL) and the resulting solution was stirred for 15 minutes. The mixture
was then transferred to a Schlenk tube containing compound 3 (10 mg, 0.031 mmol, 1.0 eq) dissolved in
toluene (2 mL). Finally, the freshly prepared tributylstannane (20 mg, 0.031 mmol, 1.0 eq.) was added to the
reaction mixture and the solution was stirred for 24 h under reflux conditions. The reaction mixture was
poured into an aqueous 1 M HCl solution (10 mL) and the organic phase was extracted with Et,0 (3 x 30 mL),
dried over Na,;SO4 and concentrated under reduced pressure. The residue was purified by flash column
chromatography (SiO,, petroleum ether/EtOAc 20:1 to 10:1) to yield product 19 (20 mg, 0.03 mmol, 99%
yield) as a red solid. *H-NMR (CDCls;, 400 MHz): 6§ =10.11 (s, 1 H), 8.17 (d, J = 8.2 Hz, 2 H), 8.07 (d, J = 8.2 Hz,
2H),7.94(d,J=7.3Hz, 1H),7.81(d,J=7.3 Hz, 1 H), 7.38-7.43 (m, 4 H), 7.25-7.34 (m, 2 H), 7.04-7.18 (m, 9
H), 2.77 (t, J = 7.9 Hz, 2H), 1.68-1.78 (m, 2 H), 1.25-1.45 (m, 6 H), 0.85-0.93 (m, 3 H) ppm. *C-NMR (CDCl3,
100 MHz): 6 = 189.1, 147.6, 143.5, 135.0, 130.74, 130.65, 130.1, 130.0, 129.9, 129.5, 129.1, 128.6, 128.1,
125.61, 125.58, 125.0, 124.9, 123.4, 123.1, 31.8, 31.2, 29.4, 29.1, 22.8, 14.3 ppm. ESI-MS: m/z = 649.5 [M]*".

Synthesis of compound 20: In a Schlenk tube under an inert atmosphere of nitrogen, n-Buli (1.6 M
solution in hexanes, 0.022 mL, 0.035 mmol, 1.1 eq.) was added at —78°C to a solution of compound 18 (15
mg, 0.032 mmol, 1.0 eq.) in dry THF (3 mL). After 1 h, tributyltin chloride (10 mg, 0.032 mmol, 1.0 eq.) was
added dropwise to the previous solution and the mixture was allowed to reach room temperature in 16 h.
The reaction mixture was quenched with water and then it was extracted with petroleum ether (3 x 10 mL).
Evaporation of the solvent gave product the corresponding tributylstannane as a colorless oil, which was

used for the next step without further purification.
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In a Schlenk tube, Pdx(dba)s- CHCl; (6 mg, 0.003 mmol, 0.1 eq.) and P(o-tol)s (2 mg, 0.006 mmol, 0.2 eq.)
were added to dry degassed toluene (1 mL) and the resulting solution was stirred for 15 minutes. The mixture
was then transferred to a Schlenk tube containing compound 3 (10 mg, 0.031 mmol, 1.0 eq.) dissolved in
toluene (2 mL). Finally, the freshly prepared tributylstannane (20 mg, 0.031 mmol, 1.0 eq.) was added to the
reaction mixture and the solution was stirred for 24 h under reflux conditions. The reaction mixture was
poured into an aqueous 1 M HCl solution (10 mL) and the organic phase was extracted with Et20 (3 x 30 mL),
dried over Na;SO4 and concentrated under reduced pressure. The residue was purified by flash column
chromatography (SiO,, petroleum ether/EtOAc 20:1 to 10:1) to yield product 20 (20 mg, 0.03 mmol, 99%
yield) as a red solid. *H-NMR (CDCls, 400 MHz): 6 = 10.10 (s, 1 H), 8.16 (d, J = 8.2 Hz, 2 H), 8.06 (d, J = 8.6 Hz,
1 H), 8.03 (s, 1 H), 8.00 (d, J = 8.6 Hz, 1 H), 7.80 (d, J = 8.2 Hz, 2 H), 7.25-7.35 (m, 2 H), 7.05-7.15 (m, 5 H), 6.90-
6.97 (m, 2 H), 6.80-6.88 (m, 4 H), 3.81 (s, 6 H), 2.70-2.78 (m, 2 H), 1.65-1.75 (m, 2 H), 1.20-1.40 (m, 6 H), 0.82-
0.90 (m, 3 H) ppm. C-NMR (CDCls, 100 MHz): 6 = 192.0, 153.9, 152.8, 143.4, 135.8, 130.1, 129.8, 129.1,
124.9,114.8, 55.6, 31.9, 31.8, 29.8, 29.4, 22.8, 14.3 ppm. ESI-MS: m/z = 709.6 [M]*".

General procedure for the attachment of the donor group catalyzed by Pd(OAc)./S-Phos

In a Schlenk tube, the appropriate bromide (1.0 eq.) was dissolved in a degassed mixture of toluene and
THF (8:3 v/v, 10 mL/0.1 mmol of substrate). Then, Pd(OAc), (0.04 eq.) and S-Phos (0.05 eq.) were added,
followed by 4-(diphenylamino)benzeneboronic acid (21, 1.1-1.2 eq.). Finally, a solution of K3PO,4 (6.0 eq.) in
H>0 (1 mL/mmol) was added to the reaction mixture, and the latter was stirred for 16 h at room temperature.
The reaction mixture was extracted with CH,Cl; (3 x 25 mL/mmol) and washed with water (3 x 25 mL/mmol).
The combined organic layers were dried over Na,SO. and the solvent removed under reduced pressure. The

residue was purified by flash column chromatography to yield the desired product in pure form.

Synthesis of compound 22: prepared according to the general procedure, starting from compound 12 (80
mg, 0.13 mmol, 1.0 eq.) and 4-(diphenylamino)benzeneboronic acid (21, 42 mg, 0.14 mmol, 1.1 eq.).
Purification by flash column chromatography (SiO,, petroleum ether/CHCl, 2:1 to 1:2) yielded product 22
(80 mg, 0.10 mmol, 79% yield) as a red oil. *H-NMR (CDCls, 400 MHz): & = 10.06 (s, 1 H), 8.40 (d, /= 7.6 Hz, 1
H), 8.12 (d, J= 8.4 Hz, 2 H), 7.99 (d, J = 8.4 Hz, 2 H), 7.78 (d, J = 7.6 Hz, 1 H), 7.68 (d, J = 8.6 Hz, 2 H), 7.20-7.25
(m, 4 H), 6.97-7.12 (m, 8 H), 4.09 (s, 2 H), 4.02 (s, 2 H), 1.20-1.40 (m, 16 H), 0.84-0.93 (m, 6 H) ppm. 3C-NMR
(CDCls, 100 MHz): 6 =192.0, 153.5, 153.0, 149.5, 147.6, 147.0, 145.6, 143.5, 135.6, 130.1, 129.8, 129.7, 129.4,
127.7,127.1,126.7, 124.7, 124 .3, 123.4,123.2,113.9, 110.6, 110.1, 108.6, 77.7, 43.9, 32.8, 32.2, 29.8, 29.5,
22.7,14.2 ppm. ESI-MS: m/z = 777.5 [M]*".

Synthesis of compound 23: prepared according to the general procedure, starting from compound 13 (47
mg, 0.084 mmol, 1.0 eq) and 4-(diphenylamino)benzeneboronic acid (21, 26 mg, 0.093 mmol, 1.2 eq).
Purification by flash column chromatography (SiO,, petroleum ether/CHCl, 2:1 to 1:2) yielded product 23
(47 mg, 0.064 mmol, 78% yield) as a red oil. *H-NMR (CDCls, 400 MHz): 6 = 10.10 (s, 1 H), 8.44 (d, J = 7.8 Hz,
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1H),8.17(d,J=8.2Hz,2H),8.04(d, J=8.2Hz,2H),7.83(d,/=7.8 Hz, 1 H), 7.71 (d, J = 9.0 Hz, 2 H), 7.24-
7.31 (m, 4 H), 7.00-7.16 (m, 8 H), 4.44 (dd, J = 11.7, 3.9 Hz, 1 H), 4.37 (dd, J = 11.7, 3.9 Hz, 1 H), 4.14 (dd, J =
12.1,7.2 Hz, 1 H), 4.06 (dd, J = 12.1, 7.2 Hz, 1 H), 2.32-2.40 (m, 1 H), 1.25-1.60 (m, 10 H), 0.85-0.95 (m, 3 H)
ppm. 3C-NMR (CDCI3, 100 MHz): 6 = 192.1, 153.5, 153.1, 149.7, 147.6, 147.1, 145.8, 143.6, 135.7, 130.1,
129.8,129.4,127.8,127.1, 126.9, 126.7, 124.9, 124.7,123.2, 114.5, 110.6, 110.1, 74.6, 74.5, 42.3, 31.9, 29.6,
28.5,27.1,22.8, 14.3 ppm. ESI-MS: m/z = 721.2 [M]*".

Synthesis of compound 32: prepared according to the general procedure, starting from compound 16 (11
mg, 0.012 mmol, 1.0 eq.) and 4-(diphenylamino)benzeneboronic acid (21, 4 mg, 0.013 mmol, 1.1 eq).
Purification by flash column chromatography (SiO,, petroleum ether/CH,Cl, 2:1 to 1:2) yielded product 32
(10 mg, 0.01 mmol, 79%). *H-NMR (CDCl3, 400 MHz): & = 9.99 (s, 1 H), 8.37-8.44 (m, 2 H), 8.01 (d, J = 8.4 Hz,
2H),7.89(d,/=8.4Hz,2H),7.70 (d, J=9.0 Hz, 2 H), 7.24-7.30 (m, 4 H), 7.00-7.17 (m, 8 H), 4.14 (s, 2 H), 4.08-
4.13 (m, 4 H), 4.06 (s, 2 H), 1.25-1.45 (m, 32 H), 0.82-0.96 (m, 12 H) ppm. *C-NMR (CDCI3, 100 MHz): 6 =
191.8, 153.5, 152.7, 147.6, 147.0, 145.7, 143.9, 139.6, 134.4, 130.2, 129.4, 128.2,127.7, 127.3,127.2, 126.8,
124.8,124.7,123.7, 123.5, 123.2, 121.0, 117.8, 114.4, 110.7, 106.0, 79.6, 77.8, 43.9, 33.6, 32.8, 32.3, 32.2,
32.1,29.9, 29.8, 22.8, 14.2 ppm. ESI-MS: m/z = 1072.6 [M+H]*".

General procedure for the attachment of the donor group catalyzed by X-Phos Pd G2

In a Schlenk tube, the appropriate bromide (1.0 eqg.) and XPhos Pd G2 (0.05 eq.) were dissolved in
degassed THF (7.5 mL/0.1 mmol of substrate). Then, the necessary boronic ester (1.2 eq.) was added to the
solution and stirring was continued for 10 minutes. Finally, a 0.5 M solution of KsPO4 in H,0 (2 mL/ mmol, 4.0
eq.) was added to the reaction mixture, and the solution was stirred for 16 h under reflux. The reaction
mixture was extracted with CH2CI2 (3 x) and washed with water (3 x). The combined organic layers were
dried over Na,SO. and the solvent removed under reduced pressure. The residue was purified by flash
column chromatography to afford the desired product in pure form.

Synthesis of compound 28: Prepared according to the general procedure, starting from compound 12 (39
mg, 0.064 mmol, 1.0 eq.) and boronic ester 24 (33 mg, 0.077 mmol, 1.2 eq.). Purification by flash column
chromatography (SiO,, petroleum ether/CH,Cl; 2:1 to 1:2) gave product 28 (30 mg, 0.036, mmol, 56% yield)
as a red oil. 'H-NMR (CDCls, 400 MHz): 6 = 10.10 (s, 1 H), 8.16 (d, J = 7.4 Hz, 2 H), 8.03 (d, J = 8.2 Hz, 2 H), 7.99
(d, J=8.2 Hz, 1 H), 7.80 (d, J = 7.8 Hz, 2 H), 7.55-7.70 (m, 4H), 6.75-6.95 (m, 6 H), 4.12 (s, 2 H), 4.04 (s, 2 H),
3.60-3.90 (m, 6 H), 1.25-1.48 (m, 16 H), 0.85-0.92 (m, 6 H) ppm. *C-NMR (CDCls, 100 MHz): § = 192.0, 145.7,
136.1, 135.7, 133.7, 131.9, 130.5, 130.1, 129.81, 129.76, 128.2, 126.9, 121.1, 114.9, 77.7, 68.1, 55.6, 43.9,
32.8,32.2,29.8,22.7,14.2 ppm. ESI-MS: m/z = 837.3[M]*".

Synthesis of compound 29: Prepared according to the general procedure, starting from compound 12 (27
mg, 0.044 mmol, 1.0 eq) and boronic ester 25 (30 mg, 0.053 mmol, 1.2 eq.). Purification by flash column
chromatography (SiO,, petroleum ether/CH,Cl, 4:1 to 1:2) gave product 29 (25 mg, 0.026 mmol, 58% yield)

as a dark red oil. 'H-NMR (CDCls, 400 MHz): 6 = 10.10 (s, 1 H), 8.10-8.25 (m, 2 H), 7.97-8.09 (m, 2 H), 7.45 (d,
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J=8.1Hz, 2 H), 6.85-7.15 (m, 12 H), 4.08-4.22 (m, 4 H), 3.80-3.92 (m, 4 H), 3.68-3.78 (m, 4 H), 3.58-3.66 (m,
4 H),3.39 (s, 6 H), 1.44-1.56 (m, 4H), 1.20-1.42 (m, 12 H), 0.91 (t, J = 6.8 Hz, 6 H) ppm. *C-NMR (CDCls, 100
MHz): & = 192.0, 158.0, 154.4, 153.1, 145.9, 140.2, 135.70, 135.66, 133.7, 130.1, 129.8, 127.8, 120.5, 120.0,
115.0, 77.4, 72.1, 70.9, 70.0, 67.8, 59.2, 43.9, 32.8, 32.2, 29.8, 22.7, 14.2 ppm. ESI-MS: m/z = 1013.3 [M]*".

Synthesis of compound 30: Prepared according to the general procedure, starting from compound 12 (27
mg, 0.044 mmol, 1.0 eq.) and boronic ester 26 (30 mg, 0.053 mmol, 1.2 eq.). Purification by flash column
chromatography (SiO,, petroleum ether/CH,Cl, 4:1 to 1:2) gave product 30 (25 mg, 0.026 mmol, 58% yield)
as a red oil. 'H-NMR (CDCls, 400 MHz): & = 10.09 (s, 1 H), 8.42 (d, J = 7.8 Hz, 1 H), 8.16 (d, J = 8.6 Hz, 2 H), 8.03
(d,J=8.6Hz, 2 H),7.82(d,J=7.8 Hz, 1 H), 7.63 (d, J = 8.6 Hz, 2 H), 7.07 (d, J = 9.0 Hz, 4 H), 6.93 (d, / = 8.6 Hz,
2 H), 6.83(d,J=9.0 Hz, 4 H), 4.12 (s, 2 H), 4.03 (s, 2 H), 3.93 (t, J = 6.6 Hz, 4 H), 1.73-1.82 (m, 4 H), 1.40-1.60
(m, 8 H), 1.26-1.38 (m, 20 H), 0.91 (t, J = 6.6 Hz, 12 H) ppm. **C-NMR (CDCl3, 100 MHz): § = 192.0, 155.7,
153.5, 153.1, 149.6, 148.1, 145.2, 143.6, 140.6, 135.6, 130.1, 129.8, 129.7, 129.4, 127.6, 126.9, 126.5, 124.9,
120.1, 115.4, 115.3, 113.3, 108.6, 77.7, 68.4, 43.9, 32.8, 32.2, 31.8, 29.5, 25.9, 22.7, 20.9, 17.6, 14.8, 14.2
ppm. ESI-MS: m/z =977.6 [M]*".

Synthesis of compound 31: Prepared according to the general procedure, starting from compound 12 (30
mg, 0.05 mmol, 1.0 eq.) and boronic ester 27 (50 mg, 0.06 mmol, 1.2 eq.). Purification by flash column
chromatography (SiO,, petroleum ether/EtOAc 1:1 to pure EtOAc) gave product 31 (53 mg, 0.042 mmol, 85%
yield) as a dark purple solid. 'H-NMR (CDCls, 400 MHz): & = 10.08 (s, 1 H), 8.45 (d, J = 7.8 Hz, 1 H), 8.17 (d, J =
8.2 Hz, 2 H),8.02 (d, J=8.2 Hz, 2 H), 7.83 (d, J = 7.8 Hz, 1 H), 7.73 (d, J = 8.6 Hz, 2 H), 7.49 (d, J = 8.6 Hz, 4 H),
7.44 (d, J = 8.6 Hz, 2 H), 7.22-7.29 (m, 2 H), 7.15-7.20 (m, 2 H), 7.11 (d, J = 8.2 Hz, 2 H), 6.54-6.63 (m, 4 H),
4.10-4.20 (m, 12 H), 3.78-3.90 (m, 8 H), 3.70-3.76 (m, 4 H), 3.56-3.67 (m, 8 H), 3.46-3.52 (m, 4 H), 3.40 (s, 6
H), 3.33 (s, 3 H), 3.31 (s, 3H), 1.24-1.43 (m, 16 H), 0.91 (t, J = 6.6 Hz, 6 H) ppm. *C-NMR (CHCl;, 100 MHz): &
=191.9,159.2, 156.6, 153.5, 153.0, 149.5, 148.0, 147.1, 146.2, 145.7,145.5, 143.5, 135.6, 133.1, 132.6, 131.0,
130.3, 130.0, 129.7, 129.2, 127.7, 126.7, 124.3, 124.0, 123.5, 123.3, 122.6, 113.8, 106.1, 101.0, 77.7, 72.09,
72.05, 72.0, 70.91, 70.88, 70.8, 69.8, 69.7, 68.3, 67.6, 59.2, 59.1, 43.9, 32.7, 32.2, 29.7, 22.6, 14.2 ppm. ESI-
MS: m/z = 1401.6 [M]*".

Synthesis of compound 33: Prepared according to the general procedure, starting from compound 16 (53
mg, 0.058 mmol, 1.0 eq.) and boronic ester 27 (59 mg, 0.07 mmol, 1.2 eq.). Purification by flash column
chromatography (SiO,, CH,Cl,/EtOAc 1:1 to EtOAc/MeOH 20:1) gave product 33 (85 mg, 0.050 mmol, 86%
yield) as a dark purple solid. *H-NMR (CDCls, 200 MHz): 6 = 10.04 (s, 1 H), 8.48 (s, 2 H), 8.07 (d, J = 8.4 Hz, 2
H), 7.94 (d, J=8.0 Hz, 2 H), 7.80 (d, J = 8.4 Hz, 2 H), 7.45-7.60 (m, 4 H), 7.06-7.43 (m, 8 H), 6.60-6.70 (m, 4 H),
4.10-4.30 (m, 12 H), 3.84-3.98 (m, 10 H), 3.75-3.83 (m, 4 H), 3.61-3.76 (m, 10 H), 3.50-3.61 (m, 4 H), 3.47 (s,
6 H), 3.41 (s, 3H) 3.39 (s, 3 H), 1.35-1.69 (m, 32 H), 0.92-1.00 (m, 12 H) ppm. *C-NMR (CHCls;, 50 MHz): § =
191.6, 159.3, 156.7, 152.7, 148.7, 147.9, 147.2, 147.0, 146.2, 145.8, 145.7, 139.5, 134.4, 133.3, 133.1, 132.7,
132.1, 131.0, 130.4, 130.1, 129.2, 127.6, 126.7, 125.2, 124.3,124.0, 123.8, 123.6, 123.4, 114.6, 106.2, 101.1,
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72.1,70.9,70.8,69.9,69.7,68.4,68.3,67.7,59.1,43.9,32.8,32.3,29.7, 22.6, 14.1 ppm. ESI-MS: m/z = 1696.2
[(M]™.

General procedure for the Knoevenagel condensation of aldehydes 19,20,22,23,28-33 with cyanoacetic
acid

The appropriate aldehyde (1.0 eq.) and cyanoacetic acid (5.0 eq.) were dissolved in a mixture of CHCl3 (2
mL) and CHsCN (3 mL). Piperidine (0.01-0.06 eq.) was then added and the resulting mixture was heated to
70°C for 3-4 h. After cooling the reaction mixture, all volatiles were removed under vacuum. The crude
product was purified by flash column chromatography. The collected fraction was washed with aq. HCI 1 M
(2 x 10 mL), dried over Na,SO,4 and concentrated under vacuum to yield the pure cyanoacrylic dye.

Synthesis of compound BB1a: Prepared from aldehyde 19 (20 mg, 0.030 mmol, 1.0 eq.), cyanoacetic acid
(13 mg, 0.150 mmol, 5.0 eq.) and a catalytic amount of piperidine (0.005 mL, 0.37 umol, 0.01 eq.). Purification
by flash column chromatography (SiO,, CH,Cl,/MeOH 10:1) followed by acidification as described above
provided dye BB1a (21 mg, 0.030 mmol, 99% yield) as deep red solid. *H-NMR (THF-dg, 400 MHz): § = 8.33 (s,
1H),8.30(d,J=8.5Hz, 2 H),819-8.23 (m, 3 H), 8.05(d,J=7.6Hz, 1 H),7.98(d,J=7.6 Hz, 1 H),7.42(d, J =
8.8 Hz, 2 H), 7.27 (dd, /= 8.5, 7.3 Hz, 4 H), 7.06-7.17 (m, 6 H), 7.04 (t, J = 7.3 Hz, 2 H), 2.78 (t, /= 7.9 Hz, 2 H),
1.25-1.45 (m, 8 H), 0.85-0.93 (m, 3 H) ppm. *C-NMR (THF-ds, 100 MHz): 6 = 163.6, 154.5, 153.7, 153.4, 148.4,
142.2,141.0, 139.9, 137.2,132.4,131.7, 130.9, 130.4, 130.3, 130.0, 129.6, 128.8, 128.2, 125.4, 124.0, 123.5,
116.2,111.3, 104.6, 32.5, 31.7, 30.5, 30.0, 23.4, 14.3. ppm. ESI-MS: m/z = 714.9 [M-H]™".

Synthesis of compound BB1b: Prepared from aldehyde 20 (10 mg, 0.014 mmol, 1.0 eq.), cyanoacetic acid
(6 mg, 0.070 mmol, 5.0 eq.) and a catalytic amount of piperidine (0.004 mL, 0.28 umol, 0.02 eq.). Purification
by flash column chromatography (SiO,, EtOAc/MeOH 5:1) followed by acidification as described above
provided dye BB1b (11 mg, 0.014 mmol, 99% yield) as deep red solid. *H-NMR (THF-dgs, 400 MHz): § = 8.33 (s,
1H),8.30(d,J=8.5Hz, 2 H),819-8.24 (m, 3 H), 8.04 (d, J=7.6 Hz, 1 H),7.98 (d, J=7.6 Hz, 1 H), 7.32 (d, J =
8.8 Hz, 2 H),7.09 (d, J=8.8 Hz, 4 H), 6.93 (d, J = 8.8 Hz, 2 H), 6.88 (d, J=9.0 Hz, 4 H), 3.77 (s, 6 H), 2.76 (t, J =
7.9 Hz, 2 H), 1.68-1.75 (m, 2 H), 1.25-1.35 (m, 6 H), 0.85-0.93 (m, 3 H) ppm. *C-NMR (THF-ds, 100 MHz): & =
157.4,154.5, 153.8, 153.5, 149.4, 142.3, 141.5, 141.2, 139.5, 136.8, 132.3, 131.7, 130.8, 130.3, 130.2, 129.6,
128.3,127.7,126.5,125.3,120.0, 115.4, 111.3, 109.3, 104.5, 55.4, 32.5, 31.8, 30.5, 30.0, 23.4, 14.3 ppm. ESI-
MS: m/z =776.6 [M]*".

Synthesis of compound BB2a’: Prepared from aldehyde 22 (80 mg, 0.10 mmol, 1.0 eq.), cyanoacetic acid
(44 mg, 0.50 mmol, 5.0 eq.) and a catalytic amount of piperidine (0.01 mL, 0.94 umol, 0.01 eq.). Purification
by flash column chromatography (SiO,;, CH,Cl,/MeOH 10:1) followed by acidification as described above
provided dye BB2a’ (80 mg, 0.095 mmol, 95% yield) as deep red solid. *H-NMR (THF-dg, 400 MHz): 6 = 8.51
(d,J=7.8Hz,1H),831(s,1H),8.28(d,/=8.4Hz,2H),8.19(d,J=8.4Hz,2H),7.95(d,/=7.8 Hz, 1 H), 7.72
(d, J=9.0 Hz, 2 H), 7.23-7.29 (m, 4 H), 6.97-7.14 (m, 8 H), 4.44 (dd, J = 12.1, 2.7 Hz, 1 H), 4.35 (dd, J = 12.1,
2.7 Hz, 1 H), 4.14 (dd, /= 12.1, 6.6 Hz, 1 H), 4.05 (dd, J = 12.1, 6.6 Hz, 1 H), 2.29-2.37 (m, 1 H), 1.22-1.60 (m,

S21



10 H), 0.80-0.92 (m, 3 H) ppm. *C-NMR (THF-ds, 100 MHz): 6 = 163.6, 154.1, 153.7, 150.8, 148.4, 147.8, 146.8,
142.4,132.2,131.7,130.2, 130.0, 129.7, 128.2, 127.3,127.1,125.4, 125.2, 123.9, 123.7, 116.2, 115.4, 104.3,
75.0,74.9,43.0, 32.6, 30.3, 29.0, 27.7, 23.4, 14.3 ppm. ESI-MS: m/z = 788.3 [M]*".

Synthesis of compound BB2a: Prepared from aldehyde 23 (80 mg, 0.10 mmol, 1.0 eq.), cyanoacetic acid
(44 mg, 0.50 mmol, 5.0 eq.) and a catalytic amount of piperidine (0.01 mL, 0.94 umol, 0.01 eq.). Purification
by flash column chromatography (SiO,, CH,Cl,/MeOH 10:1) followed by acidification as described above
provided dye BB2a (80 mg, 0.095 mmol, 95% yield) as deep red solid. *H-NMR (THF-ds, 400 MHz): § = 8.50
(d,J=7.8Hz, 1H),8.31(s, 1 H),8.28(d, J=8.2 Hz, 2 H), 8.19 (d, /= 8.2 Hz, 2 H), 7.95 (d, / = 7.4 Hz, 1 H), 7.71
(d,J=7.4Hz, 2 H), 7.22-7.30 (m, 4 H), 6.98-7.14 (m, 8 H), 4.16 (s, 2 H), 4.07 (s, 2 H), 1.25-1.47 (m, 16 H), 0.93
(t, J = 6.6 Hz, 6 H) ppm. 3C-NMR (THF-ds, 100 MHz): 6 = 163.6, 154.1, 153.74, 153.67, 150.4, 148.4, 147.7,
146.4,142.4,133.8,132.1, 131.7, 130.2, 129.9, 129.7,128.1, 127.3, 127.0, 125.2, 124.8, 123.9, 123.7, 121.8,
116.2,114.8,104.3,78.1,71.1,44.3, 33.5,32.8, 31.8, 27.7, 26.6, 23.3, 14.3 ppm. ESI-MS: m/z = 844.3 [M]*".

Synthesis of compound BB2b: Prepared from aldehyde 28 (30 mg, 0.036 mmol, 1.0 eq.), cyanoacetic acid
(15 mg, 0.18 mmol, 5.0 eq.) and a catalytic amount of piperidine (0.005 mL, 0.37 umol, 0.01 eq.). Purification
by flash column chromatography (SiO,, CH,Cl,/MeOH 10:1) followed by acidification as described above
provided dye BB2b (26 mg, 0.034 mmol, 95%yield) as deep red solid. *H-NMR (THF-ds, 400 MHz): = 8.52 (d,
J=78Hz,1H),8.33(s,1H),8.29(d,/=8.2Hz,2H),8.20(d,J=8.2Hz,2 H),7.97 (d,/=7.8 Hz, 1 H), 7.63 (d,
J=9.0Hz, 2 H),7.07 (d, J=8.6 Hz, 4 H), 6.89 (d, J = 8.9 Hz, 4 H), 6.86 (d, J = 8.9 Hz, 2 H), 4.17 (s, 2 H), 4.06 (s,
2 H), 3.77 (s, 6 H), 1.50-1.58 (m, 4 H), 1.25-1.45 (m, 12 H), 0.87-0.96 (m, 6 H) ppm. 3C-NMR (THF-ds, 100
MHz): & = 157.2, 154.1, 153.7, 150.5, 148.9, 146.0, 142.3, 141.3, 132.3, 131.6, 130.2, 129.9, 129.7, 128.0,
127.3,126.9,126.0, 125.7,125.5, 120.6, 115.3, 114.3,99.4, 78.2, 55.4, 44.3, 32.9, 32.8, 30.4, 23.3, 14.2 ppm.
ESI-MS: m/z = 904.4 [M]*".

Synthesis of compound BB2c: Prepared from aldehyde 29 (30 mg, 0.03 mmol, 1.0 eq.), cyanoacetic acid
(13 mg, 0.15 mmol, 5.0 eq.) and a catalytic amount of piperidine (0.01 mL, 0.94 umol, 0.03 eq.). Purification
by flash column chromatography (SiO,, CH,Cl,/MeOH 10:1) followed by acidification as described above
provided dye BB2c (11 mg, 0.01 mmol, 34% yield) as dark red solid. *"H-NMR (THF-ds, 400 MHz): 6 = 8.50-8.54
(m, 1 H), 8.28-8.33 (m, 3 H), 8.20 (d, /= 8.6 Hz, 2 H), 7.97 (d, J = 7.4 Hz, 1 H), 7.60-7.66 (m, 2 H), 6.97-7.09 (m,
4 H), 6.84-8.91 (m, 6 H), 4.16 (s, 2 H), 4.04-4.12 (m, 6 H), 3.78 (t, J = 5.1 Hz, 4 H), 3.63 (t, J = 5.5 Hz, 4 H), 3.49
(t, J=5.5Hz, 4 H), 3.30 (s, 6 H), 1.50-1.58 (m, 4 H), 1.27-1.44 (m, 12 H), 0.84-0.96 (m, 6 H) ppm. *C-NMR
(THF-ds, 100 MHz): & = 163.6, 156.5, 154.1, 153.8, 153.7, 150.5, 148.8, 146.0, 142.5, 142.4, 132.1, 131.7,
130.2,129.8,128.0, 127.5,127.3, 126.8, 126.0, 125.5, 120.7, 116.2, 116.0, 104.2, 78.2,78.1, 72.8, 71.4, 70.4,
68.5, 58.8, 44.3, 33.5, 32.8, 30.4, 23.3, 14.3 ppm. ESI-MS: m/z = 1080.4 [M]*".

Synthesis of compound BB2d: Prepared from aldehyde 30 (25 mg, 0.026 mmol, 1.0 eq.), cyanoacetic acid
(15 mg, 0.13 mmol, 5.0 eq.) and a catalytic amount of piperidine (0.01 mL, 0.94 umol, 0.04 eq.). Purification
by flash column chromatography (SiO,, CH,Cl,/MeOH 10:1) followed by acidification as described above
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provided dye BB2d (24 mg, 0.023 mmol, 88% vyield) as dark red solid. *H-NMR (THF-ds, 400 MHz): 6 = 8.50-
8.55 (m, 1 H), 8.28-8.33 (m, 3 H), 8.21 (d, J = 8.6 Hz, 2 H), 7.99 (d, J = 7.8 Hz, 1 H), 7.61-7.67 (m, 2 H), 6.99-
7.09 (m, 4 H), 6.82-6.89 (m, 6 H), 4.16 (s, 2 H), 4.06 (s, 2 H), 3.91-3.99 (m, 4 H), 1.70-1.82 (m, 4 H), 1.45-1.60
(m, 8 H), 1.26-1.44 (m, 20 H), 0.85-0.98 (m, 12 H) ppm. 3C-NMR (THF-ds, 100 MHz): & = 163.6, 156.7, 154.1,
153.8, 150.6, 148.8, 146.0, 142.5, 141.2, 132.1, 131.7, 130.2, 129.8, 128.0, 127.4, 126.9, 125.7, 125.5, 120.5,
116.2,115.8,114.3,104.3,78.2, 78.1, 68.6, 44.3, 34.1, 33.5, 32.8, 32.4, 30.4, 30.1, 26.6, 23.4, 23.3, 14.2 ppm.
ESI-MS: m/z = 1043.4 [M-H]™".

Synthesis of compound BB2e: Prepared from aldehyde 31 (53 mg, 0.042 mmol, 1.0 eq.), cyanoacetic acid
(18 mg, 0.21 mmol, 5.0 eq.) and a catalytic amount of piperidine (0.01 mL, 0.94 umol, 0.02 eq.). Purification
by flash column chromatography (SiO,, CH.Cl,/MeOH 5:1) followed by acidification as described above
provided dye BB2e (38 mg, 0.026 mmol, 62% yield) as deep purple solid. *H-NMR (THF-ds, 400 MHz): 6 = 8.56
(d, J=7.8 Hz, 1 H), 8.28-8.35 (m, 4 H), 8.22 (d, /= 8.4 Hz, 2 H), 8.00 (d, /= 7.8 Hz, 1 H), 7.75 (d, J = 9.0 Hz, 2
H), 7.54 (d, J = 8.6 Hz, 4 H), 7.26 (d, J = 8.6 Hz, 2 H), 7.13-7.19 (m, 6 H), 6.67 (d, J = 2.3 Hz, 2 H), 6.58 (dd, J =
8.6, 2.3 Hz, 2 H), 4.08-4.21 (m, 10 H), 3.74-3.83 (m, 8 H), 3.57-3.65 (m, 4 H), 3.55-3.58 (m, 6 H), 3.46-3.52 (m,
4 H), 3.41-3.46 (m, 4 H), 3.31 (s, 6 H), 3.24 (s, 6 H), 1.50-1.58 (m, 4 H), 1.20-1.42 (m, 12 H), 0.92 (t, J/ = 7.0 Hg,
6 H) ppm. 3C-NMR (THF-ds, 100 MHz): 6 = 165.4, 163.6, 160.3, 157.7, 154.1, 153.8, 153.7, 150.5, 148.0, 146.4,
142.4,134.4,132.2, 131.7, 131.2, 130.9, 130.2, 130.0, 128.1, 127.7, 127.4, 127.0, 125.1, 124.5, 123.7, 116.2,
114.7, 106.6, 104.3, 101.2, 78.2, 78.1, 72.83, 72.79, 71.44, 71.35, 70.4, 70.2, 68.9, 68.3, 58.83, 58.78, 44 .4,
33.5,32.8, 30.4, 23.3, 14.3 ppm. ESI-MS: m/z = 1468.8 [M]*".

Synthesis of compound BB3a: Prepared from aldehyde 32 (16 mg, 0.015 mmol, 1.0 eq.), cyanoacetic acid
(6 mg, 0.075 mmol, 5.0 eq.) and a catalytic amount of piperidine (0.01 mL, 0.94 umol, 0.06 eq.). Purification
by flash column chromatography (SiO,, CH,Cl,/MeOH 10:1) followed by acidification as described above
provided dye BB3a (10 mg, 0.0088 mmol, 59% yield) as deep purple solid. *H-NMR (THF-ds, 400 MHz): & =
8.49-8.57 (m, 2 H), 8.24 (s, 1 H), 8.11 (d, J = 7.6 Hz, 2 H), 8.04 (d, J = 7.6 Hz, 2 H), 7.72 (d, J = 7.4 Hz, 2 H), 7.26
(t,J=7.4,Hz,4H),7.11 (d, J = 8.2 Hz, 4 H), 6.99-7.08 (m, 4 H), 4.16-4.23 (m, 6 H), 4.09 (s, 2 H), 1.53-1.63 (m,
8 H), 1.27-1.45 (m, 24 H), 0.85-0.97 (m, 12 H) ppm. **C-NMR (THF-ds, 100 MHz): 6 =170.1, 153.2, 148.4, 147.8,
146.5,132.0, 131.0, 130.4, 129.9, 128.6, 128.1, 127.5,127.0, 125.7, 125.2, 124.3, 124.0, 123.7, 121.9, 118.5,
104.8, 78.3,68.2, 68.0, 55.2,54.7,44.4,41.3,34.1, 33.6, 32.8, 31.0, 30.5, 23.8, 23.3, 14.8, 14.2 ppm. ESI-MS:
m/z = 1138.5 [M]*".

Synthesis of compound BB3e: Prepared from aldehyde 33 (85 mg, 0.05 mmol, 1.0 eq.), cyanoacetic acid
(21 mg, 0.25 mmol, 5.0 eq.) and a catalytic amount of piperidine (0.01 mL, 0.94 umol, 0.02 eq.). Purification
by flash column chromatography (SiO,, CH,Cl,/MeOH 10:1) followed by acidification as described above
provided dye BB3e (38 mg, 0.022 mmol, 43% yield) as deep purple solid. *H-NMR (THF-ds, 400 MHz): & = 8.49-
8.56 (m, 2 H), 8.23 (s, 1 H), 8.10(d, /= 8.6 Hz, 2 H), 8.03 (d, /= 8.6 Hz, 2 H), 7.74 (d, J = 9.0 Hz, 2 H), 7.54 (d, J
=9.0 Hz, 4 H), 7.26 (d, J = 8.6 Hz, 2 H), 7.13-7.19 (m, 6 H), 6.67 (d, J = 2.3 Hz, 2 H), 6.58 (dd, / = 8.6, 2.3 Hz, 2
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H), 4.07- 4.23 (m, 16 H), 3.74-3.83 (m, 8 H), 3.61-3.68 (m, 4 H), 3.54-3.61 (m, 4 H), 3.47-3.53 (m, 4 H), 3.42-
3.47 (m, 4 H), 3.31 (s, 6 H), 3.24 (s, 6 H), 1.50-1.64 (m, 8 H), 1.24-1.48 (m, 24H), 0.88-0.97 (m, 12 H) ppm. 13C-
NMR (THF-ds, 100 MHz): 6 = 165.4, 163.8, 160.3, 157.7, 153.6, 153.2, 150.2, 149.7, 148.9, 147.9, 146.4, 138.8,
134.3,132.0,131.2, 130.9, 130.2, 128.1, 127.9, 127.0, 125.4, 124.5,123.7, 121.8, 118.5, 116.4, 115.1, 114.5,
106.6, 103.1, 101.2, 78.4, 78.1, 72.82, 72.78, 71.4, 71.3, 70.4, 70.2, 68.9, 68.3, 58.82, 58.78, 44.3, 33.5, 32.8,
32.7,30.4, 24.0, 23.3, 14.3 ppm. ESI-MS: m/z = 1762.8 [M]*".
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3. Additional characterization of compounds BB1a,b, BB2a’, BB2a-e, BB3a,e

3.1. Tauc Plots of the new dyes
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Figure S3. Tauc plots for all new sensitizers derived from the UV-Vis spectra recorded in CH:Cl> solution.
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3.2. ATR-IR analysis of dye BB1la
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Figure S4. ATR-IR analysis of pristine dye BBl1a and BB1a/TiO./Pt assembly. (a) full spectrum in the 4000-1000 cm™
range; (b) zoom of the 2000-1000 cm™ range.
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3.3. Cyclic voltammetry of the new dyes
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Figure S5. Cyclic voltammetry plots for all new sensitizers recorded in CHzCl; solution.
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3.4. Frontier orbital energies of the new dyes

Energy (eV) vs. vacuum
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Figure S6. Plot of the frontier orbital energies of the new dyes, as determined by spectroscopic and electrochemical experiments, against the standard redox potentials of the

SEDs used in this study and the conduction band energy of TiOx.
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3.5. Contact angle measurements

- M

Figure S7. Photographs of the contact angle measurements for the dyes of the series BB2a-e.
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4. Photocatalytic Experiments

4.1. Details of the photocatalytic reactor

SPECTRAL IRRADIANCE

- v | — T T | T T Y T
400 600 800 1000 1200 1400 1600 1800
WAVELENGTH (nm)

Figure S8. Spectral output of the solar simulator equipped with a Xe 150W lamp (black) compared with the standard
AM1.5G spectrum (blue).
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Figure S9. (Top) schematic representation of the reactivity line used for testing the photocatalytic activity of the

catalysts under simulated sunlight irradiation; (bottom) particular of the photoreactor (adapted with permission from
ref. 13 (© 2013, John Wiley and Sons).
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4.2. Hydrogen production with different loading of dye BB3e on P25/Pt
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Figure S10. Hydrogen production of BB3e-sensitized P25/Pt catalysts with different dye loadings in combination with

ascorbic acid as SED under irradiation with visible light (A > 420 nm).

Table S5. Comparison of the photocatalytic performances of BB3e-sensitized P25/Pt catalysts in H»

production with different dye loadings, in combination with ascorbic acid as SED under irradiation with visible

light (A > 420 nm).
Dye loading | Overall H, production | Overall H production
TONE® LFEO3 (%) LFE15 (%)
(umol/e) (umol/m?)? (umol/g)’ %) %)
10.0 177.5 9586 1917 0.122 0.177
5.0 124.6 6728 2691 0.100 0.114
2.5 92.9 5017 4013 0.071 0.089

2 Overall H2 amount produced after 15 h of irradiation per surface area of catalyst; ® Overall H. amount produced after
15 h of irradiation per unit mass of catalyst;  TON = (2 x H, total amount after 15 h of irradiation)/(dye loading). ¢ Light-
to-fuel efficiency after 3h and 15 h, respectively (for details of LFE calculation, see Experimental Section).
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4.3. DRS analysis of the BB3e@TiO,(P25)/Pt photocatalyst
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Figure S11. UV-Vis diffuse reflectance spectra of the BB3e@P25/Pt photocatalyst before (solid line) and after (dashed

line) the 72-h-long hydrogen evolution experiment.
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5. Copies of the NMR Spectra

68 0— e

A eSS ———-

wzs A/

MZI j
wt/

m:/
8L7— S

om.m\

MI8se—

IH-NMR spectrum of BBla

2024
02
902+
6021
FA92
T2y
9221
122
€2
T2\
€02
6L

66L

v0'8

908

T —

0z's -
2 w%
628~ i =St

1e8
€8

A

FSLY

909

Feoz

Fare

- 8T Y1 —
SE€T
meLve
JNE6'PT
= JWET'SZ
JIEEST
N ES ST
8662
Sy 0€
7813
Ly2E

2299
Fa 416699
MTZ'29
Mep L9
159°29

T
45
1 (ppm)

5.0

09401
2T
vN.m:;
Fa vs €21
96'€217
la&14s |
618211
mw.wﬁ;
95621
000€T+
TE 0T
£ 0€T
vm.oﬂ,W
SOTET~S
9gze1/
8T LET~
68 6T~
L6°0V17;
zz et
SE8YT~
£V EST
99 €ST
St HST

6.0

6.5

7.0

75

8.0

¥9 €91 —

13C-NMR spectrum of BBla

80

11 (ppm)
S34




vLe
wm.NV

wn.m\.

MI8SE—

'H-NMR spectrum of BB1b

LLE— S—

Fats
=109

E8ET

802

Fv99

v
00'¢
M/ﬁm.v

=002

kmm.o
H\S.o
sSTE
Y12
26°0

25 20 15 1.0 0.5

3.0

35

4.0

a5
1 (ppm)

75 70 6.5 6.0 65 5.0

8.0

85

13C-NMR spectrum of BB1b

8T YT —

9€'€e
JNEL YT
e e
JPET ST
Jegesz
Jnesse
NQdmx
9 0€
8L'1€E
0s'ze

Iy ' SS—

12299
416699
TTL9
eV L9
s9L9

97 40T
Y€ 60T
mm‘::f
LE'STT
£0°0214
43 mﬁ;
mvoﬁé
69°£211
:.wﬁ;
65621
9T 0ETH
ZE 0Tt
18 0ETAf
89 TET-E
e T
9L°9ET~
TS6ET~
LT THI~
Ly :;\
zeTwt
TP 6vT~_
9v €ST
Sz MEV
6vvs1/
ov'LST/

T T
145 140

150

155

40 36 30

45

130 126 120 15 10 106 100 95 90 8 8 75 70 65 60 65
1 (ppm)

1385

160

S35



060
16 0~
mmd\.
621
mmAM
SP1—
Nm.ﬁ*
am.ﬁ\
IEL'T

TE'Z
mm.NV

mmvN\.

MI8seE—

20t
S«W
S0b-%
B.v\w
rARE
[AR2 w
ST+

91 '+
€€
3X2
9¢ v
9¢ v
vt
v v
St
mvi

'H-NMR spectrum of BB2a’
S
=

ST A

s

o= J// e

RS R R b

20T
90T
SOT
80T

SE'8
9€'Y

€07
0T
807
66T
0T
001

4.0

1 (ppm)

5.0

55

6.5

70

8.0

13C-NMR spectrum of BB2a’

9Z'¥T
mm,m/
YEL YT
I €642
JPET'ST
JNEEST
JNES'ST
69227
8.2\
82 OM\
95°2¢

Y0'Er—

Y2299
3416699
mrezLe
JWIEY L9
15929

68 ¥L
voAmnv.

2€ 50T
6€ 2}
229114
b2 €2
88 €21
815211
vamN:ﬁ
$0°2214
0€ 2214
L1821+
19621+
26621~
12061/
19 HS\
9T Z€1
SE vl
wu.oiﬂ
120v1
Loy
92°0ST—
€LEST—
gowst/

e

£€9°€9T—

T
10




160
mm.o/

¥6°0

62T~
g1 =

MzZLT—

Y18S€E—

'H-NMR spectrum of BB2a

L0v~
1)

I

602

807

v '8

¢ # #f f/

4 i

(434

20
80T
11¢

L0°g

00T

Ll b

3 9Z'vT

L1262

WNELYZ

° €6 'PZ

JPRET'SZ

JIEE'se

eSSz

992

0Lz

v81E

] 9,°2¢

£5°€E
€€ b~
16'St—

1
S SaNe——

2299
m mmomw
M1z'2L9
ey E\
JP59°29 \
g 80°1Z
60'82—

45

1 (ppm)

5.0

82701+
¥ YITy

HN,w_”:(

55

18121
be €2
£8€T1
€821
81'521+

S‘omjﬁ
82°£211
v1'82T
89621
26'621+
6T°0£T

6.0

6.5

80 75 70

85

13C-NMR spectrum of BB2a
T

LML

.

"9(;?9"‘)
537

T
110

T
120

T
140




10—

160
€60\
60/
621~
P
o1/,
s
ST
951
et

mgses/
L8~
90~
LT~

589
189
88°9
069
S0z
202\
292
v9'L
962
862
618
128
82’8
0£'8-L
geg/
15°8
€58

'H-NMR spectrum of BB2b

[f

;1)

A -

L

A 597
M 902
g W S0z

l

91'¢
(484
91 ¥

161

00T
20¢
10°¢
SO1
00T

Yyl —

Lzee
Eumn.vm/
Mee ¢~/

JUTET ST
ge mNN

JPES ST
v 0€
wndm\
26'2¢

g PE b —
2r's5—

L2199
M mm.wm/

Tz

M

:_:
E ey S\
015929

< L1'8L—

1 (ppm)

45

5.0

6€ 66—

55

62bT1
0€°STT
85021
[TRT4:
12521
16521
8921
ve Lzt
96221
69621
S.mﬁW
8T 0€T
29°1¢T
82 2€1
PETHT~_
0£ ZTHT—
20°9%T~
98°8PT~_
Sp0ST—
ZLEST~
st/
122517

80 75 70 6.5 6.0

85

13C-NMR spectrum of BB2b

=

T T T T T T T
140 138 130 125 120 15 110

145

150

"B(:Dm)
S38

105

185



0€'E
8v'E
6V '€
0S'€

M18se

'H-NMR spectrum of BB2¢

29t
£9°¢
¥9'€
LLE
8¢
6L°€
S0t
9Ty

89
689
S0ZL

¥9'L
96'L
86 £
618
618
128
628
628
€8
4%}
4%}

N
A

o

==

id 11l

s/

i

s/

2

F sve
Ts.ww

F 26

0€9
0L ¥
Y9y
8t

159
8¢

vk T

229
S6 €]

¥6'1

€0
vTe
1S°€
98 0;

20

25

30

40

45

1 (ppm)

5.0

6.0

6.5

13C-NMR spectrum of BB2¢c

STYT—

hm,mN
E«mm wmz/,
JUE6 T
JNIET ST
JpEese
JIES'SZ
144 Om\
L TAr43
bSEE

EEVr—

64'85—
W i299
Y166 mm%

nre Lo

EX'L9
15929
0589

0r 0L

£2'701
10 m:/
0Z'91T
29°021
6b'52T
86'52T
#8921
82221
9b 221
96221
82621
S.oEV
04'1ET
FAR431
TP TPT
mv.NEW
z0'9vT
€8 E:W
L7 0T~
T£€ST
mh.mBW
Z.vﬂ\
2b'9ST

2RIl —

80

11 {ppm)
S39




NELT

081

165 €—

€6'€

mm,mW

96 '€
/.

90t
91 .v\

89~
989/
voL—

€9°L
¥9'L

06 £

86 'L
oovw/
0z'8

'H-NMR spectrum of BB2d

I//

P 7

=¥ »

B Byl o

9SS
06 €]

681

00T
002
8T €
€01

15

20

25

30

35

4.0

45

5.0

5.5

6.0

65

70

7.5

80

1 (ppm)

0Z¥1—

Lz'ee

SE'ET
neLve
U1 €6 +7

JRIET'ST
zese
yzssz
9592
[4113
vy 0€
0¥ Z€
SLZE
S EE
80 ¥€
{344

JYITZ 49

13C-NMR spectrum of BB2d

IEYL9
P S9°L9
4589
L0'8L
L1°8L

YLL99
166 ww/

62 v0T
STYIL
28 STT
0Z 91T
€502t
€9°821
¥L°S2T
98921
S€L21
$6/21
82621

oN.on
0L T1ET-F
: Nmﬁ\y

—

T2TrT
Sy THT—
£0°9VT~_
£8'8bT~_
95°0ST~
SLUEST~_
82104
2951/

€9 €9T—

T T T T T T T T
150 145 140 136 130 125 120 186

166

160

35



16 0
mm.o/.
mm,o\

LET

ST
nmAV

meL ﬂ/

N85S

'H-NMR spectrum of BB2e

v2'Ey
1€°€
a3
S
9v '€
6v €1
05 €
1S°€-

65°€ 1
19°¢1
€9e
¥9'€+
59

84
e
6L'€
08'€
18°€
0T ¢
Iy
494
61 ¥

95°'9
L5°9
659
659

/////f/f I/

p

29

Eetrzt
€Ty

o

aay

B e I e e

€€
9€7

699
0sZ
(4R
L4
01T
817
ET €]
00T

15

20

25

1 (ppm)

50

55

6.5

85

13C-NMR spectrum of BB2e

8T'T
sZvL
Lzee
meLve
6T
JNET'ST
JEE'Se
messe
b 0g
Lz
bs€e
SE b
mZJ

¥

——

£8'85
322991
34166991
ITZ L9
ey 294
14159°29
62891
S.wo;
12021
2r'0L4
SETLy

———

R

[ZAA\
612U~
€8 QV
11'8L
:.mNN
¥2 10T,
L2404
£9°90T+
0L YT
029114
€24°€2T
vS el
zrset
00221
6€ ZJW

2L Lzt
018214
96621
zzoeTy|
6 0ETf
ETTIETAE
TLTET~E
91'2€17,
6EVET

T dal

om.e;/
mm.NEM
SP0ST
2L €St

mwmﬂW
ZTbST

29 Rﬁw
wmvoﬁ\
N@vmﬁ\

Tv'S91




680
mmvoV.

*m.o.\‘

/

BT~
ST

g
191T—
JRELT

OCHZ9 ¢—

gse—

60t

81 .¢W

61v
J

2y

ZIDHD1IS'S—

00'Z
20¢L
v0'L
90,
012
1L
STL
924
8¢L
4L
€LL

1H-NMR spectrum of BB3a

//

/s

/1

I

Feroe
L

88v1

08 €
S6 €]
80Y)

Ty

68T
10¢
00T

it ]

- 61

vzt
e
- 8z'€z
6L°€2
JNEL YT

o :E:
JNETS?
JNEE'ST
N ES'ST
T3
960€
282
95°€€
90'vE
2T
SEbY
mw.«mﬂ
12'sS
mzL 8/

20

25

30

416699

35

JNIEY L9
JW159°29
¥6'L9
9189
L28L

4.0

1 (ppm)

5.0

9L v0T—

Sy8TT
16121

et

$6'€2T

82 'v21

o€ b2t

91°521
89521
vo' 2zt f
8y 221
01821/
09821
16621
vt 0ET
160614
66'TET
8y 9y
1221y
g1
zzest)

6.5

sl

S

600LT—

13C-NMR spectrum of BB3a

1 (ppm)
542

T T T T T
140 130 120 10 100

T
150

T
170




260

¥6 ,o/
74

S6°0

8E'T

PST
Nm.ﬁ/

gLt

1H-NMR spectrum of BB3e

amvmg

LS9
LS9
659
659
99:9:
£99
STZ
STZL
V2 57 4
\

Is

B f./

Ve

FL0'sT

Foeog
E

by

"l S A A

[

€26

Y1
(434

9¢€ /|
(4 5
88 ¥
002
89T
0S'T
¥6 0!

6ET

20

25

3.0

45

5.0

55

6.0

65

70

85

1 (ppm)

9Z'v1
82'€C
002
mezLve
U126 v
mezrsz
JY12€ ST

Mzssz

008~
€22€
6r2e

12 mm\

PE VY —

8L'8S

2885
w299
116699
miz'L9
mev'z9
15929

62'39-}

T6 998

120z
oL

VETL

€12

8L2L

[£E7]

€182

9€'8L

b2 10T
90°€0T4
£9°90T+
81T
0T STTY
6€ 9111
15911+
6121
78248
15214
€521
66921
8€ 221
$8°221+
90'821+
T20€T

3

£6'0ET+

Z€°091

13C-NMR spectrum of BB3e

\

ETIET—F
0L —Mﬁ\
00 ~m~\
PEPET

28 wMﬁ‘\.
LE wz./
S8 nz./

£6'85T—
172 mZ\
ST0ST
s1 mﬂ\
z9°€s1
99 S_\

8L°€91
ka4 mf\

T
110

T
120




(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

6. References
A. Dessi, M. Calamante, A. Mordini, M. Peruzzini, A. Sinicropi, R. Basosi, F. F. De Biani, M. Taddei, D.
Colonna, A. Di Carlo, G. Reginato, L. Zani, Chem. Commun. 2014, 50, 13952—-13955.
A. Dessi, M. Calamante, A. Mordini, M. Peruzzini, A. Sinicropi, R. Basosi, F. Fabrizi De Biani, M. Taddei, D.
Colonna, A. Di Carlo, G. Reginato, L. Zani, RSC Adv. 2015, 5, 32657-32668.
C. B. Nielsen, T. Bjgrnholm, Macromolecules 2005, 38, 10379-10387.
L. Chen, B. Zhang, Y. Cheng, Z. Xie, L. Wang, X. Jing, F. Wang, Adv. Funct. Mater. 2010, 20, 3143-3153.
B. Matravolgyi, T. Hergert, A. Thurner, B. Varga, N. Sangiorgi, R. Bendoni, L. Zani, G. Reginato, M.
Calamante, A. Sinicropi, A. Sanson, F. Faigl, A. Mordini, European J. Org. Chem. 2017, 2017, 1843-1854.
W. Li, C. Du, F. Li, Y. Zhou, M. Fahlman, Z. Bo, F. Zhang, Chem. Mater. 2009, 21, 5327-5334.
0. Yamazaki, H. Togo, G. Nogami, M. Yokoyama, Bull. Chem. Soc. Jpn. 1997, 70, 2519-2523.
M. Stein, S. J. Middendorp, V. Carta, E. Pejo, D. E. Raines, S. A. Forman, E. Sigel, D. Trauner, Angew. Chem.
Int. Ed. 2012, 51, 10500-10504.
H. Choi, J. Han, M.-S. Kang, K. Song, J. Ko, Bull. Kor. Chem. Soc. 2014, 35, 1433-1439.

[10] L. Shi, C. He, D. Zhu, Q. He, Y. Li, Y. Chen, Y. Sun, Y. Fu, D. Wen, H. Cao, J. Cheng, J. Mater. Chem. 2012,

22,11629-11635.

[11] V. Leandri, H. Ellis, E. Gabrielsson, L. Sun, G. Boschloo, A. Hagfeldt, Phys. Chem. Chem. Phys. 2014, 16,

19964-19971.

[12] C.-F. Du, L. Jiang, L. Sun, N.-Y. Huang, W.-Q. Deng, RSC Adv. 2015, 5, 37574-37580.

[13] G. Carraro, C. Maccato, A. Gasparotto, T. Montini, S. Turner, O. |. Lebedev, V. Gombac, G. Adami, G. Van

Tendeloo, D. Barreca, P. Fornasiero, Adv. Funct. Mater. 2014, 24, 372-378.

S44



