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1. EXPERIMENTAL SECTION

1.1. GENERAL REMARKS

Unless otherwise stated, all starting materials and reagents were purchased from commercial
suppliers (Merck KgaA, FluoroChem Ltd., T.C.I. Co. Ltd.) and used without further purification. All
reactions were carried out under air in glass vials (volume: 20 mL; diameter: 2.5 cm; height: 4.0 cm)
and with magnetic stirring (revolution rate: 1200 rpm; bar length: 20 mm; bar diameter: 6 mm), using
an oil bath as heat source. They were monitored by TLC carried out on Kieselgel 60 F254 (Merck)
aluminum sheets, visualizing the products by exposing the plate to UV light (254 or 365 nm) or by
staining it with a KMnOj4 solution. Flash column chromatography was performed using Merck
Kieselgel 60 (230400 mesh) as the stationary phase. Petroleum ether was the 40-70°C boiling
fraction. 'H-NMR spectra were recorded at 400 MHz, and '*C-NMR spectra were recorded at 100.6
MHz, respectively, on a Bruker Avance or Varian Mercury series spectrometer. Chemical shifts (8)
are reported in parts per million (ppm) and are referenced to the residual solvent peak (CDCls, 6 =
7.26 ppm for '"H-NMR and § = 77.0 ppm for *C-NMR). Coupling constants (J) are reported in Hz,
and the following abbreviations have been used to indicate peak multiplicities: s (singlet), d (doublet),
t (triplet), dd (doublet of doublets), q (quintuplet), m (multiplet); multiplets have been indicated as
intervals. In all the > C-NMR spectra of the synthesized boronic esters, the carbon directly attached
to the boron atom was not detected, likely due to quadrupolar relaxation.

General procedure for DES preparation. The appropriate hydrogen bond acceptor and donor
were introduced in predetermined molar ratios (see Table 2, main text) into a 250 mL flask equipped
with a magnetic stir bar and a CaCl, cap. This mixture was left under stirring at 90 °C for two hours.
At the end of the process, after cooling the mixture to room temperature, the formation of a colorless
liquid was observed in all cases, with the exception of the ChCl / Resorcinol 1:1 mixture, which has
slight orange reflections. Prior to use, ChCl was recrystallized from absolute ethanol to remove water
residues. All other DES components were used as received.

Determination of "TH-NMR yields.? After the work-up procedure and evaporation of the solvent,
the internal standard (a. ethylene carbonate: 10 mg — 0.114 mmol, chemical shift (6) = 4.50 ppm for
'H-NMR in CDCls; b. nitromethane: 30 uL — 0.56 mmol, chemical shift () = 4.27 ppm for 'H-NMR
in CDCl3) was added to the reaction crude. The resulting mixtures were analyzed by '"H-NMR and

the reaction yields were calculated according to equation (S1):

. Nproduct Iproduct X Nstandard X Nstandard
Yield (%) = 22roduct o 1 = product X standard X Nstandard -y 0 (S1)
nLRr Istandard X NLR X Nproduct
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where lproduer and Lyandara are the integrals of the product and the NMR standard chosen signals,
respectively, Nproduer and Nzandara are the number of hydrogen atoms (referred to the chosen signals)
for the product and the NMR standard, respectively (in this case Nyundara i €qual to 4 for ethylene
carbonate and 3 for nitromethane); while ngundara and nir are the number of moles of the NMR
standard (0.114 mmol for ethylene carbonate and 0.056 mmol for nitromethane) and the limiting

reagent (usually the bromide), respectively.
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Chart S1. 4 representative example of the determination of 'H-NMR yields. Crude "H-NMR for the
Miyaura borylation of 4-bromo-anisole (la) to 2-(4-methoxyphenyl)-4,4,5,5-tetramethyl-1,3,2-
dioxaborolane (2a) in ChCl/Glu (2:1) (see Table 3 in the main text and Chapter 4.1 in the SI). In the
frame, calculation of the 'H-NMR yield using equation S1.

Calculation of green metrics. E-factors® for the direct arylation reactions were calculated
according to the general equation (S2):

Mass reagents + Mass auxiliaries — Mass product
E-factor =
Mass product

(S2)

In the term “mass auxiliaries” we included the amount of solvents required to quench the reaction,
the mass of aqueous solutions used in the work-up procedures, and also all contributions coming from
the chromatographic purifications (total mass of stationary phases and eluent, including initial dead

volume and eluent used to isolate possible by-products), as this was considered to be more adherent
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to the original spirit and definition of the E-factor.>* However, to estimate the contribution of the sole
reaction protocol to the produced waste, we also carried out the same calculations including in the
term “mass auxiliaries” only the mass of solvents required to quench the reaction. E-factors deriving
from the two different methods of calculation have been explicitly identified in the discussion below
(“incl. purification” vs. “excl. purification”).

Eco-Scale’ for each reaction was calculated by subtracting from the initial value of 100 the penalty
points assigned to each of the following six reaction parameters: 1. Yield; 2. Price of the reagents; 3.
Safety; 4. Technical setup; 5. Temperature/time; 6. Work-up and purification. Penalty points were
calculated according to the table reported in the original publication by Van Aken et al.’ The
following abbreviations were used in the calculation tables (see below) to indicate the hazard profile
of the compounds, as gathered by inspecting the corresponding safety data sheets (SDS): T (toxic),
T+ (extremely toxic), F (highly flammable), N (dangerous for the environment). For homogeneity, in
all calculations, SDSs provided by the same vendor (Merck KgaA) were used. Reagents cost
calculations, both for the reactions reported in this paper and for those of literature references, were
carried out by considering the lowest price (per mol) found in the online catalogues of a selected list
of vendors: Merck KgaA (www.sigmaaldrich.com), FluoroChem Ltd. (www.fluorochem.co.uk),
T.C.I. Co. Ltd. (www.tcichemicals.com), Acros Organics / Fisher Scientific (Www.acros.com).

In general, comparisons with literature values have been made considering previously reported
analogous procedures (e. g. one-pot Miyaura borylation / Suzuki-Miyaura cross-coupling procedures
carried out in VOCs). When this proved not possible, reported protocols for the separated steps have

been considered.
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Chart S2. Structures of the ligands tested during the optimization work.
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Chart §3. DES components used in this study.
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Chart S4. Overlapping of the *H-NMR spectra of the reaction crudes
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1.2. OPTIMIZED GENERAL PROCEDURE FOR THE MIYAURA BORYLATION
PROTOCOL

Pd2dbas, XPhos, potassium acetate (for the exact amounts used in each reaction, see below, §3), and
the proper DES (1 mL) were introduced in a glass vial (volume: 20 mL; diameter: 2.5 cm; height: 4.0
cm) containing a magnetic stirrer (bar length: 20 mm; bar diameter: 6 mm). The reaction mixture was
heated up to 40°C and stirred for 15 minutes (revolution rate: 1200 rpm), then bis(pinacolato)diboron
and the appropriate (pseudo)halide were added. The mixture was heated up to 110°C and kept at this
temperature for the due time under stirring (revolution rate: 1200 rpm), then cooled down to room
temperature. The reaction mixture was diluted with water (1 mL) and AcOEt (1 mL) and kept under
stirring at room temperature for five minutes. A filtration over Celite® (2 g) was performed, then the
filter cake was washed with fresh AcOEt (2 x 5 mL). The organic phase was washed with brine (10
mL) then, after anhydrification over NaxSOs4 (1 g) and filtration, the solvent was removed under

vacuum. The reaction crude was purified by column chromatography or crystallization.
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1.3. PREPARATION PROCEDURES AND CHARACTERIZATION FOR COMPOUNDS 2a-
g, 2i-m, 2p-q, 2s-t

Procedures are reported only for products that have been isolated and purified. For compounds
prepared more than once (see Tables 3-4 in the Main Text), details of reactions conducted under

different conditions are reported and have been identified by different letters.

1.3.1. 2-(4-methoxyphenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (2a)

a. (Table 3, entry 1) Pd2dbaz (9.1 mg, 0.01 mmol, 2.0 mol%), XPhos (9.5 mg, 0.02 mmol, 4.0 mol%),
potassium acetate (98 mg, 1.0 mmol, 2.0 eq.), bis(pinacolato)diboron (152 mg, 0.6 mmol, 1.2 eq.),
4-bromo-anisole (94 mg, 0.5 mmol, 1.0 eq.), ChCl/Gly (1:2). Reaction time: 1h. Purification by
flash column chromatography (SiO2; PE/AcOEt = 20/1) afforded the pure product as a pale yellow
oil (99 mg, 0.43 mmol, 85% yield).

b. (Table 3, entry 4) Pd>dbaz (9.1 mg, 0.01 mmol, 2.0 mol%), XPhos (9.5 mg, 0.02 mmol, 4.0 mol%),
potassium acetate (98 mg, 1.0 mmol, 2.0 eq.), bis(pinacolato)diboron (152 mg, 0.6 mmol, 1.2 eq.),
4-bromo-anisole (94 mg, 0.5 mmol, 1.0 eq.), ChCl/Glu (2:1). Reaction time: 1h. Purification by
flash column chromatography (SiO2; PE/AcOEt = 20/1) afforded the pure product as a pale yellow
oil (90 mg, 0.39 mmol, 77% yield).

c. (Table 3, entry 2) Pd2dbasz (2.3 mg, 2.5 umol, 0.5 mol%), XPhos (2.4 mg, 5.0 umol, 1.0 mol%),
potassium acetate (98 mg, 1.0 mmol, 2.0 eq.), bis(pinacolato)diboron (152 mg, 0.6 mmol, 1.2 eq.),
4-bromo-anisole (94 mg, 0.5 mmol, 1.0 eq.), ChCl/Gly (1:2). Reaction time: 6h. Purification by
flash column chromatography (SiO2; PE/AcOEt = 20/1) afforded the pure product as a pale yellow
oil (87 mg, 0.37 mmol, 74% yield).

d. (Table 3, entry 3) Pd>dbas (97 mg, 0.11 mmol, 2.0 mol%), XPhos (101 mg, 0.22 mmol, 4.0 mol%),
potassium acetate (1.05 g, 10.7 mmol, 2.0 eq.), bis(pinacolato)diboron (1.63 g, 6.4 mmol, 1.2 eq.),
4-bromo-anisole (1.0 g, 5.3 mmol, 1.0 eq.), ChCl/Gly (1:2) (9 mL). Reaction time: 1h. Purification
by flash column chromatography (SiO2; PE/AcOEt = 20/1) afforded the pure product as a pale
yellow oil (1.03 g, 4.4 mmol, 82% yield).

e. (Table 4, entry 1) Pd>dbas (14 mg, 0.015 mmol, 3.0 mol%), XPhos (14 mg, 0.03 mmol, 6.0 mol%),
potassium acetate (98 mg, 1.0 mmol, 2.0 eq.), bis(pinacolato)diboron (152 mg, 0.6 mmol, 1.2 eq.),
4-chloro-anisole (71 mg, 0.5 mmol, 1.0 eq.), ChCl/Gly (1:2). Reaction time: 1h. Purification by
flash column chromatography (SiO2; PE/AcOEt = 20/1) afforded the pure product as a pale yellow
oil (80 mg, 0.34 mmol, 68% yield).
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IH-NMR (400 MHz, CDCls) & (ppm): 7.77 (d, J = 8.8 Hz, 2H), 6.90 (d, J= 8.8 Hz, 2H), 3.82 (s, 3H),
1.34 (s, 12H). BC{'H}-NMR (100.4 MHz, CDCls) & (ppm): 162.3, 136.6, 113.4, 83.6, 55.2, 25.0.

Characterization data correspond to those reported in the literature.®

1.3.2. 4,4,5,5-tetramethyl-2-phenyl-1,3,2-dioxaborolane (2b)

a. (Table 3, entry 5) Pd2dbaz (9.1 mg, 0.01 mmol, 2.0 mol%), XPhos (9.5 mg, 0.02 mmol, 4.0 mol%),
potassium acetate (98 mg, 1.0 mmol, 2.0 eq.), bis(pinacolato)diboron (152 mg, 0.6 mmol, 1.2 eq.),
bromobenzene (79 mg, 0.5 mmol, 1.0 eq.), ChCl/Gly (1:2). Reaction time: lh. Purification by
flash column chromatography (SiO»; PE/AcOEt = 30/1) afforded the pure product as a pale yellow
oil (76 mg, 0.37 mmol, 74% yield).

b. (Table 3, entry 6) Pd2dbas (9.1 mg, 0.01 mmol, 2.0 mol%), XPhos (9.5 mg, 0.02 mmol, 4.0 mol%),
potassium acetate (98 mg, 1.0 mmol, 2.0 eq.), bis(pinacolato)diboron (152 mg, 0.6 mmol, 1.2 eq.),
bromobenzene (79 mg, 0.5 mmol, 1.0 eq.), ChCl/Glu (2:1). Reaction time: 1h. Purification by
flash column chromatography (SiO2; PE/AcOEt = 30/1) afforded the pure product as a pale yellow
oil (49 mg, 0.24 mmol, 48% yield).

c. (Table 4, entry 3) Pd>dbas (9.1 mg, 0.01 mmol, 2.0 mol%), XPhos (9.5 mg, 0.02 mmol, 4.0 mol%),
potassium acetate (98 mg, 1.0 mmol, 2.0 eq.), bis(pinacolato)diboron (152 mg, 0.6 mmol, 1.2 eq.),
iodobenzene (102 mg, 0.5 mmol, 1.0 eq.), ChCl/Gly (1:2). Reaction time: 1h. Purification by flash
column chromatography (SiO2; PE/AcOEt = 30/1) afforded the pure product as a pale yellow oil
(64 mg, 0.32 mmol, 63% yield).

d. (Table 4 entry 2) Pd2dbaz (14 mg, 0.015 mmol, 3.0 mol%), XPhos (14 mg, 0.03 mmol, 6.0 mol%),
potassium acetate (98 mg, 1.0 mmol, 2.0 eq.), bis(pinacolato)diboron (152 mg, 0.6 mmol, 1.2 eq.),
chlorobenzene (56 mg, 0.5 mmol, 1.0 eq.), ChCl/Gly (1:2). Reaction time: 1h. Purification by
flash column chromatography (Si02; PE/AcOEt = 30/1) afforded the pure product as a pale yellow
oil (65 mg, 0.32 mmol, 63% yield).

e. (Table 4, entry 4) Pd>dbas (14 mg, 0.015 mmol, 3.0 mol%), XPhos (14 mg, 0.03 mmol, 6.0 mol%),
potassium acetate (98 mg, 1.0 mmol, 2.0 eq.), bis(pinacolato)diboron (152 mg, 0.6 mmol, 1.2 eq.),
phenyl trifluoromethanesulfonate (113 mg, 0.5 mmol, 1.0 eq.), ChCl/Gly (1:2). Reaction time:
lh. Purification by flash column chromatography (SiO2; PE/AcOEt = 30/1) afforded the pure
product as a pale yellow oil (67 mg, 0.33 mmol, 66% yield).

TH-NMR (400 MHz, CDCl3) & (ppm): 7.80-7.87 (m, 2H), 7.44-7.51 (m, 1H), 7.35-7.42 (m, 2H),

1.37 (s, 12H). BC{'H}-NMR (100.4 MHz, CDCl3) & (ppm): 134.9, 131.4, 127.8, 83.9, 25.0.

Characterization data correspond to those reported in the literature.®
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1.3.3. 4,4,5,5-tetramethyl-2-(o-tolyl)-1,3,2-dioxaborolane (2¢)

a. (Table 3, entry 7) Pd2dbasz (9.1 mg, 0.01 mmol, 2.0 mol%), XPhos (9.5 mg, 0.02 mmol, 4.0 mol%),
potassium acetate (98 mg, 1.0 mmol, 2.0 eq.), bis(pinacolato)diboron (152 mg, 0.6 mmol, 1.2 eq.),
2-bromotoluene (86 mg, 0.5 mmol, 1.0 eq.), ChCl/Gly (1:2). Reaction time: 1h. Purification by
flash column chromatography (SiO»; PE/AcOEt = 20/1) afforded the pure product as a colorless
oil (51 mg, 0.24 mmol, 47% yield).

b. (Table 4, entry 5) Pd>dbaz (14 mg, 0.015 mmol, 3.0 mol%), XPhos (14 mg, 0.03 mmol, 6.0 mol%),
potassium acetate (98 mg, 1.0 mmol, 2.0 eq.), bis(pinacolato)diboron (152 mg, 0.6 mmol, 1.2 eq.),
2-chlorotoluene (63 mg, 0.5 mmol, 1.0 eq.), ChCl/Gly (1:2). Reaction time: 1h. Purification by
flash column chromatography (SiO»; PE/AcOEt = 20/1) afforded the pure product as a colorless
oil (61 mg, 0.28 mmol, 55% yield).

TH-NMR (400 MHz, CDCIl3) 8 (ppm): 7.79 (d, J = 7.3 Hz, 1H), 7.34 (dd, J = 7.3 and 1.5 Hz, 1H),

7.15-7.21 (m, 2H), 2.57 (s, 3H), 1.37 (s, 12H). BC{'H}-NMR (100.4 MHz, CDCl3) & (ppm): 145.0,

136.0, 130.9, 129.9, 124.8, 83.5, 25.0, 22.4. Characterization data correspond to those reported in the

literature.®

1.3.4. 2-(9H-fluoren-2-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (2d)

a. (Table 3, entry 9) Pd2dbaz (9.1 mg, 0.01 mmol, 2.0 mol%), XPhos (9.5 mg, 0.02 mmol, 4.0 mol%),
potassium acetate (98 mg, 1.0 mmol, 2.0 eq.), bis(pinacolato)diboron (152 mg, 0.6 mmol, 1.2 eq.),
2-bromo-9H-fluorene (123 mg, 0.5 mmol, 1.0 eq.), ChCl/Gly (1:2). Reaction time: 1h. Purification
by flash column chromatography (SiO2; PE/AcOEt from 50/1 to 20/1) afforded the pure product
as a white solid (83 mg, 0.34 mmol, 68% yield).

b. (Table 3, entry 10) Pd>dbaz (9.1 mg, 0.01 mmol, 2.0 mol%), XPhos (9.5 mg, 0.02 mmol, 4.0 mol%),
potassium acetate (98 mg, 1.0 mmol, 2.0 eq.), bis(pinacolato)diboron (152 mg, 0.6 mmol, 1.2 eq.),
2-bromo-9H-fluorene (123 mg, 0.5 mmol, 1.0 eq.), ChCl/Glu (2:1). Reaction time: 1h. Purification
by flash column chromatography (SiO2; PE/AcOEt from 50/1 to 20/1) afforded the pure product
as a white solid (91 mg, 0.37 mmol, 73% yield).

TH-NMR (400 MHz, CDCI3) 8 (ppm): 8.01 (s, 1H), 7.76-7.90 (m, 3H), 7.56 (d, /= 7.3 Hz, 1H), 7.39

(t,J=7.3 Hz, 1H), 7.33 (t,J = 7.3 Hz, 1H), 3.91 (s, 2H), 1.38 (s, 12H). BC{'H}-NMR (100.4 MHz,

CDCl) 6 (ppm): 144.7, 144.1, 142.6, 141.7, 133.5, 131.4, 127.4, 126.9, 125.3, 120.5, 119.4, 83.9,

36.9, 25.1. Characterization data correspond to those reported in the literature.’
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1.3.5. 2-(3-methoxyphenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (2¢)

a. (Table 3, entry 11) Pd.dbas (9.1 mg, 0.01 mmol, 2.0 mol%), XPhos (9.5 mg, 0.02 mmol, 4.0 mol%),
potassium acetate (98 mg, 1.0 mmol, 2.0 eq.), bis(pinacolato)diboron (152 mg, 0.6 mmol, 1.2 eq.),
3-bromoanisole (94 mg, 0.5 mmol, 1.0 eq.), ChCl/Gly (1:2). Reaction time: 1h. Purification by
flash column chromatography (SiO2; PE/AcOEt = 20/1) afforded the pure product as a pale yellow
oil (84 mg, 0.36 mmol, 71% yield).

b. (Table 3, entry 12) Pd>dbaz (9.1 mg, 0.01 mmol, 2.0 mol%), XPhos (9.5 mg, 0.02 mmol, 4.0 mol%),
potassium acetate (98 mg, 1.0 mmol, 2.0 eq.), bis(pinacolato)diboron (152 mg, 0.6 mmol, 1.2 eq.),
3-bromoanisole (94 mg, 0.5 mmol, 1.0 eq.), ChCl/Glu (2:1). Reaction time: 1h. Purification by
flash column chromatography (SiO2; PE/AcOEt = 20/1) afforded the pure product as a pale yellow
oil (76 mg, 0.33 mmol, 65% yield).

TH-NMR (400 MHz, CDCl3) 8 (ppm): 7.40-7.44 (m, 1H), 7.27-7.37 (m, 2H), 6.98-7.06 (m, 1H),

3.84 (s, 3H), 1.36 (s, 12H). BC{'H}-NMR (100.4 MHz, CDCl3) & (ppm): 159.2, 129.1, 127.3, 118.9,

118.0, 83.9, 55.3, 25.0. Characterization data correspond to those reported in the literature.®

1.3.6. 2-(4-(methylthio)phenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (2f)

a. (Table 3, entry 13) Pd2dbas (9.1 mg, 0.01 mmol, 2.0 mol%), XPhos (9.5 mg, 0.02 mmol, 4.0 mol%),
potassium acetate (98 mg, 1.0 mmol, 2.0 eq.), bis(pinacolato)diboron (152 mg, 0.6 mmol, 1.2 eq.),
4-bromo-thioanisole (102 mg, 0.5 mmol, 1.0 eq.), ChCl/Gly (1:2). Reaction time: 1h. Purification
by flash column chromatography (SiO2; PE/AcOEt = 20/1) afforded the pure product as a pale
yellow solid (103 mg, 0.41 mmol, 82% yield).

b. (Table 3, entry 14) Pd>dbaz (9.1 mg, 0.01 mmol, 2.0 mol%), XPhos (9.5 mg, 0.02 mmol, 4.0 mol%),
potassium acetate (98 mg, 1.0 mmol, 2.0 eq.), bis(pinacolato)diboron (152 mg, 0.6 mmol, 1.2 eq.),
4-bromo-thioanisole (102 mg, 0.5 mmol, 1.0 eq.), ChCl/Glu (2:1). Reaction time: 1h. Purification
by flash column chromatography (SiO2; PE/AcOEt = 20/1) afforded the pure product as a pale
yellow solid (85 mg, 0.34 mmol, 68% yield).

TH-NMR (400 MHz, CDCl3) & (ppm): 7.71 (d, J=9.2 Hz, 2H), 7.23 (d, J = 9.2 Hz, 2H), 2.49 (s, 3H),

1.34 (s, 12H). BC{'H}-NMR (100.4 MHz, CDCl3) & (ppm): 142.7, 135.2, 125.2, 83.9, 25.0, 15.2.

Characterization data correspond to those reported in the literature.®

1.3.7. 2-(4-(hexyloxy)phenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (2g)

a. (Table 3, entry 15) Pd>dbaz (9.1 mg, 0.01 mmol, 2.0 mol%), XPhos (9.5 mg, 0.02 mmol, 4.0 mol%),
potassium acetate (98 mg, 1.0 mmol, 2.0 eq.), bis(pinacolato)diboron (152 mg, 0.6 mmol, 1.2 eq.),
1-bromo-4-(hexyloxy)benzene (129 mg, 0.5 mmol, 1.0 eq.), ChCl/Gly (1:2). Reaction time: 1h.
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Purification by flash column chromatography (SiO2; PE/AcOEt = 20/1) afforded the pure product
as a pale yellow oil (110 mg, 0.36 mmol, 72% yield).

b. (Table 3, entry 16) Pd>dbas (9.1 mg, 0.01 mmol, 2.0 mol%), XPhos (9.5 mg, 0.02 mmol, 4.0 mol%),
potassium acetate (98 mg, 1.0 mmol, 2.0 eq.), bis(pinacolato)diboron (152 mg, 0.6 mmol, 1.2 eq.),
1-bromo-4-(hexyloxy)benzene (129 mg, 0.5 mmol, 1.0 eq.), ChCl/Glu (2:1). Reaction time: 1h.
Purification by flash column chromatography (SiO2; PE/AcOEt = 20/1) afforded the pure product
as a pale yellow oil (125 mg, 0.41 mmol, 82% yield).

TH-NMR (400 MHz, CDCl3) & (ppm): 7.75 (d, J = 8.8 Hz, 2H), 6.89 (d, J = 8.8 Hz, 2H), 3.98 (t, J =

6.6 Hz, 2H), 1.78 (q, J = 6.8 Hz, 2H), 1.41-1.52 (m, 2H), 1.30-1.39 (m, 16H), 0.87—0.96 (m, 3H).

BC{'H}-NMR (100.4 MHz, CDCl3) & (ppm): 161.9, 136.6, 114.0, 83.6, 67.9, 31.7, 29.3, 25.8, 25.0,

22.7,14.2. Characterization data correspond to those reported in the literature.’

1.3.8. 4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzonitrile (2i)

a. (Table 3, entry 18) Pd>dbaz (9.1 mg, 0.01 mmol, 2.0 mol%), XPhos (9.5 mg, 0.02 mmol, 4.0 mol%),
potassium acetate (98 mg, 1.0 mmol, 2.0 eq.), bis(pinacolato)diboron (152 mg, 0.6 mmol, 1.2 eq.),
4-bromobenzonitrile (91 mg, 0.5 mmol, 1.0 eq.), ChCl/Gly (1:2). Reaction time: 1h. Purification
by flash column chromatography (SiO2; PE/AcOEt = 20/1) afforded the pure product as a yellow
solid (82 mg, 0.36 mmol, 72% yield).

b. (Table 3, entry 20) Pd>dbaz (9.1 mg, 0.01 mmol, 2.0 mol%), XPhos (9.5 mg, 0.02 mmol, 4.0 mol%),
potassium acetate (98 mg, 1.0 mmol, 2.0 eq.), bis(pinacolato)diboron (152 mg, 0.6 mmol, 1.2 eq.),
4-bromobenzonitrile (91 mg, 0.5 mmol, 1.0 eq.), ChCl/Glu (2:1). Reaction time: 1h. Purification
by flash column chromatography (SiO2; PE/AcOEt = 20/1) afforded the pure product as a yellow
solid (95 mg, 0.42 mmol, 83% yield).

c. (Table 3, entry 19) Pd»dbasz (2.3 mg, 2.5 umol, 0.5 mol%), XPhos (2.4 mg, 5.0 pmol, 1.0 mol%),
potassium acetate (98 mg, 1.0 mmol, 2.0 eq.), bis(pinacolato)diboron (152 mg, 0.6 mmol, 1.2 eq.),
4-bromobenzonitrile (91 mg, 0.5 mmol, 1.0 eq.), ChCIl/Gly (1:2). Reaction time: 6h. Purification
by flash column chromatography (SiO2; PE/AcOEt = 20/1) afforded the pure product as a yellow
solid (74 mg, 0.33 mmol, 65% yield).

d. (Table 4, entry 6) Pd2dbaz (9.1 mg, 0.01 mmol, 2.0 mol%), XPhos (9.5 mg, 0.02 mmol, 4.0 mol%),
potassium acetate (98 mg, 1.0 mmol, 2.0 eq.), bis(pinacolato)diboron (152 mg, 0.6 mmol, 1.2 eq.),
4-chlorobenzonitrile (69 mg, 0.5 mmol, 1.0 eq.), ChCl/Gly (1:2). Reaction time: 1h. Purification
by flash column chromatography (SiO2; PE/AcOEt = 20/1) afforded the pure product as a yellow
solid (103 mg, 0.45 mmol, 90% yield).
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IH-NMR (400 MHz, CDCl3) & (ppm): 7.88 (d, J = 8.1 Hz, 2H), 7.63 (d, J = 8.1 Hz, 2H), 1.35 (s,
12H). BC{'H}-NMR (100.4 MHz, CDCl5) & (ppm): 135.2, 131.2, 119.0, 114.7, 84.6, 25.0.

Characterization data correspond to those reported in the literature.®

1.3.9. 4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzaldehyde (2j)

a. (Table 3, entry 21) Pd>dbaz (9.1 mg, 0.01 mmol, 2.0 mol%), XPhos (9.5 mg, 0.02 mmol, 4.0 mol%),
potassium acetate (98 mg, 1.0 mmol, 2.0 eq.), bis(pinacolato)diboron (152 mg, 0.6 mmol, 1.2 eq.),
4-bromobenzaldehyde (93 mg, 0.5 mmol, 1.0 eq.), ChCl/Gly (1:2). Reaction time: 1h. Purification
by flash column chromatography (SiO»; toluene) afforded the product as a white solid (72 mg, 0.31

mmol, 61% yield), contaminated by traces of residual dba coming from the precatalyst.

b. (Table 3, entry 22) Pd>dbaz (9.1 mg, 0.01 mmol, 2.0 mol%), XPhos (9.5 mg, 0.02 mmol, 4.0 mol%),
potassium acetate (98 mg, 1.0 mmol, 2.0 eq.), bis(pinacolato)diboron (152 mg, 0.6 mmol, 1.2 eq.),
4-bromobenzaldehyde (93 mg, 0.5 mmol, 1.0 eq.), ChCl/Glu (2:1). Reaction time: 1h. Purification
by flash column chromatography (SiO2; toluene) afforded the pure product as a white solid (91 mg,
0.39 mmol, 78% yield).

TH-NMR (400 MHz, CDCI3) & (ppm): 10.04 (s, 1H), 7.95 (d, J = 8.3 Hz, 2H), 7.85 (d, J = 8.3 Hz,

2H), 1.35 (s, 12H). BC{!H}-NMR (100.4 MHz, CDCIl3) 8 (ppm): 192.8, 138.2, 135.3, 128.8, 84.4,

25.0. Characterization data correspond to those reported in the literature.

1.3.10. 1-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)ethanone (2k)

a. (Table 3, entry 23) Pd2dbas (9.1 mg, 0.01 mmol, 2.0 mol%), XPhos (9.5 mg, 0.02 mmol, 4.0 mol%),
potassium acetate (98 mg, 1.0 mmol, 2.0 eq.), bis(pinacolato)diboron (152 mg, 0.6 mmol, 1.2 eq.),
1-(4-bromophenyl)ethanone (100 mg, 0.5 mmol, 1.0 eq.), ChCl/Gly (1:2). Reaction time: 1h.
Purification by flash column chromatography (SiO2; PE/AcOEt = 20/1) afforded the pure product
as a pale yellow solid (109 mg, 0.44 mmol, 89% yield).

b. (Table 3, entry 25) Pd>dbaz (9.1 mg, 0.01 mmol, 2.0 mol%), XPhos (9.5 mg, 0.02 mmol, 4.0 mol%),
potassium acetate (98 mg, 1.0 mmol, 2.0 eq.), bis(pinacolato)diboron (152 mg, 0.6 mmol, 1.2 eq.),
1-(4-bromophenyl)ethanone (100 mg, 0.5 mmol, 1.0 eq.), ChCl/Glu (2:1). Reaction time: 1h.
Purification by flash column chromatography (SiO»; PE/AcOEt = 20/1) afforded the pure product
as a pale yellow solid (110 mg, 0.45 mmol, 89% yield).

c. (Table 3, entry 24) Pd2dbas (2.3 mg, 2.5 umol, 0.5 mol%), XPhos (2.4 mg, 5.0 umol, 1.0 mol%),
potassium acetate (98 mg, 1.0 mmol, 2.0 eq.), bis(pinacolato)diboron (152 mg, 0.6 mmol, 1.2 eq.),
1-(4-bromophenyl)ethanone (100 mg, 0.5 mmol, 1.0 eq.), ChCl/Gly (1:2). Reaction time: 6h.
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Purification by flash column chromatography (SiO»; PE/AcOEt = 20/1) afforded the pure product
as a pale yellow solid (94 mg, 0.38 mmol, 76% yield).
TH-NMR (400 MHz, CDCl3) & (ppm): 7.81-7.98 (m, 4H), 2.59 (s, 3H), 1.34 (s, 12H). BC{'H}-NMR
(100.4 MHz, CDCl3) & (ppm): 198.5, 139.1, 135.0, 127.4, 84.3, 26.6, 25.0. Characterization data

correspond to those reported in literature.®

1.3.11. Methyl 4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzoate (21)

a. (Table 3, entry 26) Pd>dbaz (9.1 mg, 0.01 mmol, 2.0 mol%), XPhos (9.5 mg, 0.02 mmol, 4.0 mol%),
potassium acetate (98 mg, 1.0 mmol, 2.0 eq.), bis(pinacolato)diboron (152 mg, 0.6 mmol, 1.2 eq.),
methyl 4-bromobenzoate (108 mg, 0.5 mmol, 1.0 eq.), ChCl/Gly (1:2). Reaction time: 1h.
Purification by flash column chromatography (SiO2; PE/AcOEt = 20/1) afforded the pure product
as a white solid (102 mg, 0.39 mmol, 78% yield).

b. (Table 3, entry 28) Pdzdbas (9.1 mg, 0.01 mmol, 2.0 mol%), XPhos (9.5 mg, 0.02 mmol, 4.0 mol%),
potassium acetate (98 mg, 1.0 mmol, 2.0 eq.), bis(pinacolato)diboron (152 mg, 0.6 mmol, 1.2 eq.),
methyl 4-bromobenzoate (108 mg, 0.5 mmol, 1.0 eq.), ChCl/Glu (2:1). Reaction time: 1h.
Purification by flash column chromatography (SiO2; PE/AcOEt = 20/1) afforded the pure product
as a white solid (118 mg, 0.45 mmol, 90% yield).

c. (Table 3, entry 27) Pd2dbasz (2.3 mg, 2.5 umol, 0.5 mol%), XPhos (2.4 mg, 5.0 pmol, 1.0 mol%),
potassium acetate (98 mg, 1.0 mmol, 2.0 eq.), bis(pinacolato)diboron (152 mg, 0.6 mmol, 1.2 eq.),
methyl 4-bromobenzoate (108 mg, 0.5 mmol, 1.0 eq.), ChCl/Gly (1:2). Reaction time: 6h.
Purification by flash column chromatography (SiO2; PE/AcOEt = 20/1) afforded the pure product
as a white solid (93 mg, 0.36 mmol, 71% yield).

TH-NMR (400 MHz, CDCl3) & (ppm): 8.02 (d, /= 8.1 Hz, 2H), 7.87 (d, J = 8.1 Hz, 2H), 3.92 (s, 3H),

1.35 (s, 12H). BC{'H}-NMR (100.4 MHz, CDCI3) & (ppm): 167.3, 134.8, 132.5, 128.7, 84.3, 52.3,

25.0. Characterization data correspond to those reported in the literature.®

1.3.12. Methyl 6-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2-naphthoate (2m)

a. (Table 3, entry 29) Pd.dbas (9.1 mg, 0.01 mmol, 2.0 mol%), XPhos (9.5 mg, 0.02 mmol, 4.0 mol%),
potassium acetate (98 mg, 1.0 mmol, 2.0 eq.), bis(pinacolato)diboron (152 mg, 0.6 mmol, 1.2 eq.),
methyl 6-bromo-2-naphthoate (133 mg, 0.5 mmol, 1.0 eq.), ChCl/Gly (1:2). Reaction time: 1h.
Crystallization from ethanol (5 mL) afforded the pure product as a pale orange solid (112 mg, 0.36
mmol, 72% yield).

b. (Table 3, entry 31) Pddbas (9.1 mg, 0.01 mmol, 2.0 mol%), XPhos (9.5 mg, 0.02 mmol, 4.0 mol%),
potassium acetate (98 mg, 1.0 mmol, 2.0 eq.), bis(pinacolato)diboron (152 mg, 0.6 mmol, 1.2 eq.),
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methyl 6-bromo-2-naphthoate (133 mg, 0.5 mmol, 1.0 eq.), ChCl/Glu (2:1). Reaction time: 1h.
Purification by flash column chromatography (SiO2; PE/AcOEt = 20/1) afforded the pure product
as a pale orange solid (140 mg, 0.45 mmol, 90% yield).

c. (Table 3, entry 30) Pd2dbas (2.3 mg, 2.5 umol, 0.5 mol%), XPhos (2.4 mg, 5.0 pmol, 1.0 mol%),
potassium acetate (98 mg, 1.0 mmol, 2.0 eq.), bis(pinacolato)diboron (152 mg, 0.6 mmol, 1.2 eq.),
methyl 6-bromo-2-naphthoate (133 mg, 0.5 mmol, 1.0 eq.), ChCl/Gly (1:2). Reaction time: 6h.
Purification by flash column chromatography (SiO»; PE/AcOEt = 20/1) afforded the pure product
as a pale orange solid (97 mg, 0.31 mmol, 62% yield).

TH-NMR (400 MHz, CDCIl3) 8 (ppm): 8.59 (s, 1H), 8.40 (s, 1H), 8.05 (dd, J= 8.6 and 1.5 Hz, 1H),

7.82-8.01 (m, 3H), 3.98 (s, 3H), 1.39 (s, 12H). BC{'H}-NMR (100.4 MHz, CDCl3) & (ppm): 167.3,

136.0, 134.9, 134.2, 131.3, 130.9, 129.0, 128.5, 128.4, 125.3, 84.3, 52.4, 25.0. Characterization data

correspond to those reported in the literature. '

1.3.13. 1,4-bis(4.,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzene (20)

a. (Table 3, entry 33) Pd2dbaz (9.1 mg, 0.01 mmol, 2.0 mol%), XPhos (9.5 mg, 0.02 mmol, 4.0 mol%),
potassium acetate (196 mg, 2.0 mmol, 4.0 eq.), bis(pinacolato)diboron (304 mg, 1.2 mmol, 2.4 eq.),
1,4-dibromobenzene (118 mg, 0.5 mmol, 1.0 eqg.), ChCl/Gly (1:2). Reaction time: 1h.
Crystallization from hexane (5 mL) afforded the pure product as a white solid (109 mg, 0.33 mmol,
65% yield).

b. (Table 3, entry 34) Pd>dbaz (9.1 mg, 0.01 mmol, 2.0 mol%), XPhos (9.5 mg, 0.02 mmol, 4.0 mol%),
potassium acetate (196 mg, 2.0 mmol, 4.0 eq.), bis(pinacolato)diboron (304 mg, 1.2 mmol, 2.4 eq.),
1,4-dibromobenzene (118 mg, 0.5 mmol, 1.0 eq.), ChClI/Glu (2:1). Reaction time: 1h.
Crystallization from hexane (5 mL) afforded the pure product as a white solid (135 mg, 0.41 mmol,
81% yield).

TH-NMR (400 MHz, CDCl3) & (ppm): 7.80 (s, 4H), 1.35 (s, 24H). BC{'H}-NMR (100.4 MHz,

CDCl3) § (ppm): 134.0, 84.0, 25.0. Characterization data correspond to the literature.®

1.3.14. 4,4,5,5-tetramethyl-2-(thiophen-3-yl)-1,3,2-dioxaborolane (2p)

a. (Table 3, entry 35) Pd>dbaz (9.1 mg, 0.01 mmol, 2.0 mol%), XPhos (9.5 mg, 0.02 mmol, 4.0 mol%),
potassium acetate (98 mg, 1.0 mmol, 2.0 eq.), bis(pinacolato)diboron (152 mg, 0.6 mmol, 1.2 eq.),
3-bromothiophene (82 mg, 0.5 mmol, 1.0 eq.), ChCl/Gly (1:2). Reaction time: 1h. Purification by
flash column chromatography (SiO2; PE/AcOEt = 40/1) afforded the pure product as a pale yellow
solid (55 mg, 0.26 mmol, 51% yield).
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b. (Table 3, entry 36) Pd>dbas (9.1 mg, 0.01 mmol, 2.0 mol%), XPhos (9.5 mg, 0.02 mmol, 4.0 mol%),
potassium acetate (98 mg, 1.0 mmol, 2.0 eq.), bis(pinacolato)diboron (152 mg, 0.6 mmol, 1.2 eq.),
3-bromothiophene (82 mg, 0.5 mmol, 1.0 eq.), ChCl/Glu (2:1). Reaction time: 1h. Purification by
flash column chromatography (SiO2; PE/AcOEt = 40/1) afforded the pure product as a pale yellow
solid (67 mg, 0.32 mmol, 63% yield).

'TH-NMR (400 MHz, CDCI3) 8 (ppm): 7.92 (d, J= 2.6 Hz, 1H), 7.41 (d, J= 5.1 Hz, 1H), 7.34 (dd, J

= 5.1 and 2.6 Hz, 1H), 1.34 (s, 12H). BC{'H}-NMR (100.4 MHz, CDCl3) & (ppm): 136.6, 132.2,

125.5, 83.8, 25.0. Characterization data correspond to those reported in the literature.®

1.3.15. 4,4,5,5-tetramethyl-2-(m-tolyl)-1,3,2-dioxaborolane (2r)

(Table 4, entry 7) Pd2dbas (14 mg, 0.015 mmol, 3.0 mol%), XPhos (14 mg, 0.03 mmol, 6.0 mol%),
potassium acetate (98 mg, 1.0 mmol, 2.0 eq.), bis(pinacolato)diboron (152 mg, 0.6 mmol, 1.2 eq.), 3-
chlorotoluene (63 mg, 0.5 mmol, 1.0 eq.), ChCl/Gly (1:2). Reaction time: 1h. Purification by flash
column chromatography (SiO2; PE/AcOEt = 20/1) afforded the pure product as a pale yellow oil (79
mg, 0.36 mmol, 72% yield).

TH-NMR (400 MHz, CDCIl3) & (ppm): 7.66 (s, 1H), 7.64 (t,J= 4.2 Hz, 1H), 7.27-7.33 (m, 2H), 2.38
(s, 3H), 1.37 (s, 12H). BC{'H}-NMR (100.4 MHz, CDCl3) & (ppm): 137.2, 135.5, 132.2, 131.9,
127.8, 83.8, 25.0, 21.4. Characterization data correspond to those reported in the literature.®

1.3.16. 4,4,5,5-tetramethyl-2-(p-tolyl)-1,3,2-dioxaborolane (2s)

(Table 4, entry 8) Pd2dbas (14 mg, 0.015 mmol, 3.0 mol%), XPhos (14 mg, 0.03 mmol, 6.0 mol%),
potassium acetate (98 mg, 1.0 mmol, 2.0 eq.), bis(pinacolato)diboron (152 mg, 0.6 mmol, 1.2 eq.), p-
tolyl trifluoromethanesulfonate (120 mg, 0.5 mmol, 1.0 eq.), ChCl/Gly (1:2). Reaction time: 1h.
Purification by flash column chromatography (SiO2; PE/AcOEt = 20/1) afforded the pure product as
a pale yellow oil (87 mg, 0.40 mmol, 80% yield).

TH-NMR (400 MHz, CDCl3) 6 (ppm): 7.73 (d, J= 7.7 Hz, 2H), 7.20 (d, J= 7.7 Hz, 2H), 2.38 (s, 3H),
1.35 (s, 12H). BC{'H}-NMR (100.4 MHz, CDCIl3) & (ppm): 141.5, 135.0, 128.6, 83.7, 25.0, 21.8.

Characterization data correspond to those reported in the literature.®
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1.4. OPTIMIZED GENERAL PROCEDURE FOR THE ONE-POT MIYAURA
BORYLATION/SUZUKI-MIYAURA PROTOCOL

Pd2dbas (9.1 mg, 0.01 mmol, 2.0 mol%), XPhos (9.5 mg, 0.02 mmol, 4.0 mol%), potassium acetate
(98 mg, 1.0 mmol, 2.0 eqg.), and ChCI/Gly (1:2) (1 mL) were introduced in a glass vial (volume: 20
mL; diameter: 2.5 cm; height: 4.0 cm) containing a magnetic stirrer (bar length: 20 mm; bar diameter:
6 mm). The reaction mixture was heated up to 40°C and stirred for 15 minutes (revolution rate: 1200
rpm), then bis(pinacolato)diboron (152 mg, 0.6 mmol, 1.2 eq.) and the first (hetero)aryl bromide (0.5
mmol, 1.0 eq.) were added. The mixture was heated up to 110°C and kept at this temperature for one
hour under stirring (revolution rate: 1200 rpm), then K>COs (138 mg, 1.0 mmol, 2.0 eq.) and the
second (hetero)aryl bromide (0.75 mmol, 1.5 eq.) were added. After stirring at 80°C (revolution rate:
1200 rpm) for additional 24 hours, the reaction mixture was cooled down to room temperature, diluted
with water (1 mL) and AcOEt (1 mL), and kept under stirring at room temperature for five minutes.
A filtration over Celite® (2 g) was performed, then the filter cake was washed with fresh AcOEt (2 x
5 mL). The organic phase was washed with brine (10 mL) then, after anhydrification over Na>SO4 (1
g) and filtration, the solvent was removed under vacuum. The reaction crude was purified by column

chromatography or crystallization.
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1.5. PREPARATION PROCEDURES, CHARACTERIZATION AND GREEN CHEMISTRY

METRICS CALCULATION FOR COMPOUNDS 6-15, 17, 19

1.5.1. 4'-methoxy-[1,1'-biphenyl]-4-carbonitrile (6)

Prepared from 4-bromoanisole (94 mg, 0.5 mmol) and 4-bromobenzonitrile (137 mg, 0.75 mmol).

Crystallization from ethanol (5 mL) afforded the pure product as a white solid (99 mg, 0.48 mmol,
95% yield).

TH-NMR (400 MHz, CDCl3) § (ppm): 7.69 (d, J = 8.4 Hz, 2H), 7.63 (d, J = 8.4 Hz, 2H), 7.54 (d, J =
8.8 Hz, 2H), 7.01 (d, J = 8.8 Hz, 2H), 3.86 (s, 3H). BC{IH}-NMR (100.4 MHz, CDCl3) & (ppm):
160.3, 145.3, 132.7, 131.6, 128.5, 127.2, 119.2, 114.7, 110.2, 55.5. Characterization data correspond

to those reported in the literature.'!

v’ E-factor (only reaction) =

Mass reagents — Mass product _ 1.828 — 0.099
Mass product 0.099

=17

Mass reagents + Mass auxiliaries — Mass product _ 1.828 + 29.887 — 0.099

v' E-factor (all incl.) = 319
Mass product 0.099
v EcoScale = 100 — sum of individual penalties = 85.5
Parameters Penalty points
1. Yield: 95% 2.5
2. Inexpensive reaction components 0
3. Tris(dibenzylideneacetone)dipalladium(0) (N) 5
4. Common setup 0
5. Heating,>1h 3
6. Cooling to room temperature 0
Adding solvent 0
Simple filtration 0
Liquid-liquid extraction 3
Removal of solvent with bp < 150°C 0
Crystallization and filtration 1
Penalty points total: 14.5
Literature comparison: F. Colobert et al., Org. Lett. 2004, 6, 4419-4422.
v E-factor (only reaction) _ Mass reagents — Mass product _ 15.073 — 0.167 — 89
Mass product 0.167
Reagents Mass (g)
1. 4-Bromoanisole 0.187
2. Palladium acetate 0.022
3. DPEPhos 0.054
4. 1,4-Dioxane (11 mL —d=1.03 g/mL) 11.33
5. Triethylamine (419 pL —d = 0.726 g/mL) 0.304
6. 4,4,5,5-Tetramethyl[1,3,2]dioxaborolane solution 1 M in THF (2.0 mL -
d=0.887 g/mL) 1.774
7. Cesium fluoride 1.22
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8. 4-bromobenzonitrile 0.182

Total mass reagents: 15.073

Mass product: 0.167

v EcoScale = 100 — sum of individual penalties = 10

Parameters Penalty points
1. Yield: 80% 10
2. Palladium acetate 3
4,4,5,5-Tetramethyl[ 1,3,2]dioxaborolane solution 1 M in THF 5
3. Palladium acetate (N) 5
1,4-dioxane (T+, F) 15
Triethylamine (T, F) 10
4,4,5,5-Tetramethyl[ 1,3,2]dioxaborolane solution 1 M in THF (T+, F) 15
Cesium fluoride (T+) 10
4. Common setup 0
Inert gas atmosphere 1
5. Heating,>1h 3
6. Cooling to room temperature 0
Adding solvent 0
Simple filtration 0
Liquid-liquid extraction 3
Removal of solvent with bp < 150 °C 0
Classical chromatography 10
Penalty points total: 90
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1.5.2. 4-(9H-fluoren-2-yl)benzonitrile (7)

Prepared from 2-bromo-9H-fluorene (123 mg, 0.5 mmol) and 4-bromobenzonitrile (137 mg, 0.75

mmol). Crystallization from ethanol (5 mL) afforded the pure product as a yellowish solid (86 mg,

0.32 mmol, 64% yield).

TH-NMR (400 MHz, CDCI3) 6 (ppm): 7.88 (d, J=8.1 Hz, 1H), 7.83 (d, /= 7.4 Hz, 1H), 7.78 (s, 1H),
7.74 (s, 4H), 7.53-7.66 (m, 2H), 7.42 (t, J = 7.4 Hz, 1H), 7.35 (t, J = 7.3 Hz, 1H), 3.98 (s, 3H).
BC{'H}-NMR (100.4 MHz, CDCls) & (ppm): 146.1, 144.3, 143.7, 142.5, 141.0, 137.7, 132.7, 127.8,
127.4,127.1, 126.3, 125.3, 124.0, 120.6, 120.4, 119.2, 110.7, 37.1. Characterization data correspond

to those reported in the literature.'?

. __ Mass reagents — Mass product _ 1.857 — 0.086 _
v' E-factor (only reaction) = Mass product =——oose 21
. __ Mass reagents + Mass auxiliaries — Mass product _ 1.857 + 29.887 — 0.086 __
v' E-factor (all incl.) = Mass product = S ove =368
v' EcoScale = 100 — sum of individual penalties = 70
Parameters Penalty points
1. Yield: 64% 18
2. Inexpensive reaction components 0
3. Tris(dibenzylideneacetone)dipalladium(0) (N) 5
4. Common setup 0
5. Heating,>1h 3
6. Cooling to room temperature 0
Adding solvent 0
Simple filtration 0
Liquid-liquid extraction 3
Removal of solvent with bp < 150°C 0
Crystallization and filtration 1
Penalty points total: 30
Literature comparison: Zhou et al., Catalysis Letters 2018, 148, 26962702
. __ Mass reagents — Mass product _ 0.987 — 0.042
v E-factor (only reaction) = Mass product = oz 23
Reagents Mass (g)
1. 2-Bromofluorene 0.042
2. Palladium acetate 3.82x10°
3. 1-benzyl-3-(4-((1-((2R,3R,4S,5R,6R)-3,4,5-triacetoxy-6-
(acetoxymethyl)tetrahydro-2 H-pyran-2-yl)-1 H-imidazol-3-ium-3-
yl)methyl)benzyl)-1H-imidazol-3-ium chloride 6.84 x 10°°
4. Ethanol (0.5 mL —d=0.789 g/mL) 0.395
5. Water (0.5 mL—-d=1.0 g/mL) 0.500
6. Potassium hydroxide 0.019
7. (4-cyanophenyl)boronic acid 0.031
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Total mass reagents:

0.987

Mass product:

0.042

v EcoScale = 100 — sum of individual penalties = 62.5

Parameters

Penalty points

1.

Yield: 93%

3.5

2.

1-benzyl-3-(4-((1-((2R,3R,4S,5R,6R)-3,4,5-triacetoxy-6-
(acetoxymethyl)tetrahydro-2 H-pyran-2-yl)-1 H-imidazol-3-ium-3-
ylD)methyl)benzyl)-1H-imidazol-3-ium chloride

V)]

. Palladium acetate (N)

Ethanol (F)

Common setup
Inert gas atmosphere

. Heating, <1h

Heating,> 1 h

Cooling to room temperature

Adding solvent

Liquid-liquid extraction

Removal of solvent with bp < 150 °C
Classical chromatography

—_— O WO O|WN I~ O

Penalty points total:

w
N O
(9]
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1.5.3. 4'-(methylthio)-[1,1'-biphenyl]-4-carbonitrile (8)

Prepared from 4-bromothioanisole (102 mg, 0.5 mmol) and 4-bromobenzonitrile (137 mg, 0.75

mmol). Crystallization from ethanol (5 mL) afforded the pure product as a white solid (90 mg, 0.40

mmol, 80% yield).

TH-NMR (400 MHz, CDCl3) 8 (ppm): 7.57-7.82 (m, 4H), 7.51 (d, J= 7.4 Hz, 2H), 7.34 (d,J=7.4
Hz, 2H), 2.53 (s, 3H). BC{'H}-NMR (100.4 MHz, CDCl3) & (ppm): 145.0, 140.0, 135.7, 132.8, 127.6,
127.4,126.8,119.1, 110.8, 15.6. Characterization data correspond to those reported in the literature. '3

. _ Mass reagents + Mass auxiliaries — Mass product _ 1.836 — 0.090 __
v E-factor (only reaction) = Vass product = —0s0 19
. _ Mass reagents + Mass auxiliaries — Mass product _ 1.836 + 29.887 — 0.090 __
v E-factor (all incl.) = Vass product = 90 =351
v EcoScale = 100 — sum of individual penalties = 78
Parameters Penalty points
1. Yield: 80% 10
2. Inexpensive reaction components 0
3. Tris(dibenzylideneacetone)dipalladium(0) (N) 5
4. Common setup 0
5. Heating,>1h 3
6. Cooling to room temperature 0
Adding solvent 0
Simple filtration 0
Liquid-liquid extraction 3
Removal of solvent with bp < 150°C 0
Crystallization and filtration 1
Penalty points total: 22
Literature comparison: 1to et al., Organometallics 2017, 36, 3019-3022
. __ Mass reagents — Mass product _ 5.740 — 0.053
v E-factor (only reaction) = Mass product iy 107
Reagents Mass (g)
1. 4-Bromothioanisole 0.061
2. 1,1,1,3,3,3-hexamethyl-2-(4,4,6-trimethyl-1,3,2-dioxaborinan-2-yl)-2-
(trimethylsilyl)trisilane 0.225
3. Potassium tert-butoxide 0.067
4. Tetrahydrofuran (4.2 mL —d = 0.889 g/mL) 3.734
5. Tetrabutylammonium fluoride 0.157
6. Potassium phosphate 0.191
7. 4-lodobenzonitrile 0.137
8. Tetrakis(triphenylphosphine)palladium(0) 0.035
9. N,N-dimethylformamide (1.2 mL —d =0.944 g/mL) 1.133
Total mass reagents: 5.740
Mass product: 0.053
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v EcoScale = 100 — sum of individual penalties = 12.5

Parameters Penalty points

1. Yield: 79% 10.5

2. Tetrakis(triphenylphosphine)palladium(0) 3
1,1,1,3,3,3-hexamethyl-2-(4,4,6-trimethyl-1,3,2-dioxaborinan-2-yl)-2-
(trimethylsilyl)trisilane 5

3. Tetrahydrofuran (T, F) 10
Potassium zert-butoxide (F) 5
Tetrabutylammonium fluoride, 1M in THF (T+, F) 15
N,N-dimethylformamide (T+, F) 15

4. Common setup 0
Inert gas atmosphere (x 2) 2

5. Room temperature, < 24 h 1
Cooling, < 0°C 5
Heating,> 1 h 3

6. Cooling to room temperature 0
Adding solvent 0
Liquid-liquid extraction 3
Removal of solvent with bp < 150 °C (x 2) 0
Classical chromatography 10

Penalty points total: 87.5
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1.5.4. [1,1'-biphenyl]-4,4'-dicarbonitrile (9)

Prepared from 4-bromobenzonitrile (91 mg, 0.5 mmol) and 4-bromobenzonitrile (137 mg, 0.75

mmol). Crystallization from ethanol (5 mL) afforded the pure product as a white solid (73 mg, 0.36

mmol, 71% yield).

IH-NMR (400 MHz, CDCls) § (ppm): 7.78 (d, J = 8.4 Hz, 4H), 7.69 (d, J = 8.4 Hz, 4H). 3C{'H}-
NMR (100.4 MHz, CDCL) § (ppm): 143.7, 133.0, 128.1, 118.6, 112.7. Characterization data

correspond to those reported in the literature.'*

Mass reagents — Mass product _ 1.825 — 0.073

v E-factor (only reaction) = =24
Mass product 0.073
v _ . _ Mass reagents + Mass auxiliaries — Mass product _ 1.825 + 29.887 — 0.073 _
E-factor (all incl.) Mass product 5073 433
v EcoScale = 100 — sum of individual penalties = 73.5
Parameters Penalty points
1. Yield: 71% 14.5
2. Inexpensive reaction components 0
3. Tris(dibenzylideneacetone)dipalladium(0) (N) 5
4. Common setup 0
5. Heating,>1h 3
6. Cooling to room temperature 0
Adding solvent 0
Simple filtration 0
Liquid-liquid extraction 3
Removal of solvent with bp < 150°C 0
Crystallization and filtration 1
Penalty points total: 26.5
Literature comparison: Briése et al. J. Org. Chem., 2004, 69, 6830-6833
v E-factor (Ol’lly reaction) _ Mass reagents — Mass product _ 6.675 — 0.096 — 69
Mass product 0.096
Reagents Mass (g)
1. 4-Bromobenzonitrile 0.018
2. Bis(pinacolato)diboron 0.013
3. [1,1'-Bis(diphenylphosphino)ferrocene]dichloropalladium(II) 0.003
4. Potassium carbonate 0.041
5. Dimethylsulfoxide (6.0 mL —d =1.10 g/mL) 6.60
Total mass reagents: 6.675
Mass product: 0.096
v EcoScale = 100 — sum of individual penalties = 80
Parameters Penalty points
1. Yield: 94% 3
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Inexpensive reaction components

3. Safe reaction components

4. Common setup
Inert gas atmosphere

5. Heating,>1h

6. Cooling to room temperature
Adding solvent
Liquid-liquid extraction
Removal of solvent with bp < 150 °C
Classical chromatography

— O WO OoO|IWI—OoOIo | o

Penalty points total:
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1.5.5. 4'-acetyl-[1,1'-biphenyl]-4-carbonitrile (10)

Prepared from 1-(4-bromophenyl)ethanone (100 mg, 0.5 mmol) and 4-bromobenzonitrile (137 mg,
0.75 mmol). Crystallization from ethanol (5 mL) afforded the pure product as an off-white solid (93
mg, 0.42 mmol, 84% yield).

TH-NMR (400 MHz, CDCIl3) & (ppm): 8.07 (d, J = 8.0 Hz, 2H), 7.65-7.81 (m, 6H), 2.65 (s, 3H).
BC{'H}-NMR (100.4 MHz, CDCls) & (ppm): 197.6, 144.5, 143.7, 137.1, 132.9, 129.3, 128.1, 127.6,
118.8, 112.1, 26.9. Characterization data correspond to those reported in the literature.'

Mass reagents — Mass product _ 1.834 — 0.093

=19
Mass product 0.093
Mass reagents + Mass auxiliaries — Mass product _ 1.834 + 29.887 — 0.093 __

Mass product 0.093
v" EcoScale = 100 — sum of individual penalties = 80

v E-factor (only reaction) =

v E-factor (all incl.) = 340

Parameters Penalty points
1. Yield: 84%

Inexpensive reaction components

Tris(dibenzylideneacetone)dipalladium(0) (N)

Common setup

Heating,> 1 h

Cooling to room temperature
Adding solvent

Simple filtration

Liquid-liquid extraction

Removal of solvent with bp < 150°C
Crystallization and filtration

Penalty points total:

A I Il el

—, O WO OO|W IO W |O |

N
<

Literature comparison: Knochel et al., Angew. Chem. Int. Ed. 2011, 50, 7290 —7294

Mass reagents — Mass product _ 10.106 — 0.290

v E-factor (only reaction) = Mass product 5290 34
Reagents Mass (g)
1. 4-Bromobenzonitrile 0.364
2. Magnesium 0.078
3. Lithium chloride 0.093
4. 1,2-Dibromoethane 0.004
5. Chlorotrimethylsilane 0.005
6. Tributyl borate 0.230
7. Tetrahydrofuran (4.0 mL —d = 0.889 g/mL) 3.556
8. 1-(4-bromophenyl)ethenone 0.318
9. Palladium chloride 0.044
10. 1,1'-Bis(diphenylphosphino)ferrocene 0.014
11. Cesium carbonate 1.300
12. Ethanol (4.0 mL —d = 0.789 g/mL) 3.156
13. N,N-dimethylformamide (1.0 mL —d =0.944 g/mL) 0.944
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Total mass reagents:

10.106

Mass product: 0.290
v EcoScale = 100 — sum of individual penalties = — 2
Parameters Penalty points
1. Yield: 82% 9
2. Inexpensive reaction components 0
3. Magnesium (F) 5
Tetrahydrofuran (T, F) 10
1,2-dibromoethane (T+, N) 15
Chlorotrimethylsilane (T, F) 10
Palladium chloride (N) 5
Cesium carbonate (T+) 10
Ethanol (F) 5
N,N-dimethylformamide (T+, F) 15
4. Common setup 0
Inert gas atmosphere (x 2) 2
5. Room temperature, < 1 h 0
Heating,> 1 h 3
6. Cooling to room temperature 0
Adding solvent 0
Liquid-liquid extraction 3
Removal of solvent with bp < 150 °C 0
Classical chromatography 10
Penalty points total: 102
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1.5.6. 4-(thiophen-3-yl)benzonitrile (11)

Prepared from 3-bromothiophene (82 mg, 0.5 mmol) and 4-bromobenzonitrile (137 mg, 0.75 mmol).

Crystallization from ethanol (5 mL) afforded the pure product as a brownish solid (51 mg, 0.28 mmol,

55% yield).

TH-NMR (400 MHz, CDCl3) & (ppm): 7.68 (s, 4H), 7.58 (dd, J=2.9 and 1.4 Hz, 1H), 7.45 (dd, J =
5.2 and 2.9 Hz, 1H), 7.40 (dd, J=5.2 and 1.4 Hz, 1H). BC{'H}-NMR (100.4 MHz, CDC]l3) § (ppm):
140.5, 140.2, 132.8, 127.3, 127.0, 126.1, 122.8, 119.1, 110.6. Characterization data correspond to

those reported in the literature.'®

Mass reagents — Mass product _ 1.816 — 0.051

v E-factor (only reaction) = =35
Mass product 0.051
v E-factor (all incl.) _ Mass reagents + Mass auxiliaries — Mass product _ 1.816 + 29.887 — 0.051 — 621
Mass product 0.051
v EcoScale = 100 — sum of individual penalties = 50.5
Parameters Penalty points
1. Yield: 55% 22.5
2. Inexpensive reaction components 0
3. Tris(dibenzylideneacetone)dipalladium(0) (N) 5
3-Bromothiophene (T, F, N) 15
4. Common setup 0
5. Heating,>1h 3
6. Cooling to room temperature 0
Adding solvent 0
Simple filtration 0
Liquid-liquid extraction 3
Removal of solvent with bp < 150°C 0
Crystallization and filtration 1
Penalty points total: 49.5

Literature comparison: Buchwald et al., Angew. Chem. Int. Ed., 2007, 46, 5359 —5363.

v E-factor (only reaction) =

Mass reagents — Mass product _ 3.691 — 0.085

42

Mass product 0.085

Reagents Mass (g)
1. 4-Chlorobenzonitrile 0.083
2. Bis(pinacolato)diboron 0.015
3. Potassium acetate 0.098
4. Tris(dibenzylideneacetone)dipalladium(0) 0.005
5. SPhos 0.016
6. 3-Chlorothiophene 0.059
7. Potassium phosphate 0.340
8. 1,4-Dioxane (2.5 mL —d =1.03 g/mL) 2.575
9. Water (0.5 mL—-d=1.0 g/mL) 0.500

Total mass reagents: 3.691
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Mass product: 0.085
v EcoScale = 100 — sum of individual penalties = 44
Parameters Penalty points
1. Yield: 92% 4
2. Inexpensive reaction components 3
3. Tris(dibenzylideneacetone)dipalladium(0) (N) 5
3-Chlorothiophene (T+, F) 15
1,4-Dioxane (T+, F) 15
4. Common setup 0
Inert gas atmosphere 1
5. Heating,>1h 3
6. Cooling to room temperature 0
Adding solvent 0
Simple filtration 0
Removal of solvent with bp < 150 °C 0
Classical chromatography 10
Penalty points total: 56
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1.5.7. 4,4'-dimethoxy-1,1'-biphenyl (12)

Prepared from 4-bromoanisole (94 mg, 0.5 mmol) and 4-bromoanisole (140 mg, 0.75 mmol).
Crystallization from ethanol (5 mL) afforded the pure product as a yellow solid (76 mg, 0.36 mmol,
71% yield).

TH-NMR (400 MHz, CDCI3) 6 (ppm): 7.49 (d, J = 8.8 Hz, 4H), 6.97 (d, J = 8.8 Hz, 4H), 3.85 (s, 6H).
BC{TH}-NMR (100.4 MHz, CDCl3) 8 (ppm): 158.8, 133.6, 127.9, 114.3, 55.5. Characterization data

correspond to those reported in the literature.!”

Mass reagents — Mass product _ 1.831 —0.076

v E-factor (only reaction) = =23
Mass product 0.076
v _ . _ Mass reagents + Mass auxiliaries — Mass product _ 1.831 + 29.887 — 0.076 _
E-factor (all incl.) Mass product 5076 416
v EcoScale = 100 — sum of individual penalties = 73.5
Parameters Penalty points
1. Yield: 71% 14.5
2. Inexpensive reaction components 0
3. Tris(dibenzylideneacetone)dipalladium(0) (N) 5
4. Common setup 0
5. Heating,>1h 3
6. Cooling to room temperature 0
Adding solvent 0
Simple filtration 0
Liquid-liquid extraction 3
Removal of solvent with bp < 150°C 0
Crystallization and filtration 1
Penalty points total: 26.5
Literature comparisons: 1) Gowda et al., Synlett 2004, 5, 877—879
v E-factor (Ol’lly reaction) _ Mass reagents — Mass product _ 15.049 — 0.514 —28
Mass product 0.514
Reagents Mass (g)
1. 4-lodoanisole 1.170
2. Zinc 0.327
3. Triethylammonium formate 1.472
4. Sodium hydroxide 0.200
5. Methanol (15 mL —d=0.792 g/mL) 11.88
Total mass reagents: 15.049
Mass product: 0.514
v EcoScale = 100 — sum of individual penalties = 61
Parameters Penalty points
1. Yield: 96% 2
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2. Inexpensive reaction components 0
3. Zinc (N) 5
Methanol (T+, F) 15
4. Common setup 0
Inert gas atmosphere 1
5. Heating,>1h 3
6. Cooling to room temperature 0
Simple filtration 0
Removal of solvent with bp < 150 °C 0
Adding solvent 0
Liquid-liquid extraction 3
Removal of solvent with bp < 150°C 0
Classical chromatography 10
Penalty points total: 39
2) Wu et al., Tetrahedron, 2007, 63, 4625-4629
v E-factor (only reaction) _ Mass reagents — Mass product _ 4.216—0.102 — 40
Mass product 0.102
Reagents Mass (g)
1. 4-Bromoanisole 0.187
2. Cyclopalladated ferrocenylimine 0.007
3. Triphenylphosphine 0.003
4. Bis(pinacolato)diboron 0.127
5. Potassium phosphate 1.060
6. N,N-dimethylformamide (3.0 mL —d =0.944 g/mL) 2.832
Total mass reagents: 4.216
Mass product: 0.102
v EcoScale = 100 — sum of individual penalties = 50.5
Parameters Penalty points
1. Yield: 95% 2.5
2. Cyclopalladated ferrocenylimine 5
3. Triphenylphosphine (T+) 10
N,N-dimethylformamide (T+, F) 15
4. Common setup 0
Inert gas atmosphere 1
5. Heating,>1h 3
6. Cooling to room temperature 0
Adding solvent 0
Liquid-liquid extraction 3
Removal of solvent with bp < 150°C 0
Classical chromatography 10
Penalty points total: 49.5

S31




1.5.8. 4-methoxy-4'-methyl-1,1'-biphenyl (13)

Prepared from 4-bromoanisole (94 mg, 0.5 mmol) and 4-bromotoluene (128 mg, 0.75 mmol).

Crystallization from methanol (5 mL) afforded the pure product as a white solid (76 mg, 0.39 mmol,
77% yield).

IH-NMR (400 MHz, CDCl3) § (ppm): 7.55 (d, J= 9.1 Hz, 2H), 7.49 (d, J = 8.4 Hz, 2H), 7.26 (d, J =
8.4 Hz, 2H), 7.00 (d, J=9.1 Hz, 2H), 3.87 (s, 3H), 2.42 (s, 3H). BC{'H}-NMR (100.4 MHz, CDCl;)
& (ppm): 159.1, 138.1, 136.4, 133.9, 129.6, 128.1, 126.7, 114.3, 55.4, 21.2. Characterization data

correspond to those reported in the literature. '8

Mass reagents — Mass product _ 1.819 — 0.076

v’ E-factor (only reaction) = =23
Mass product 0.076
. __ Mass reagents + Mass auxiliaries — Mass product _ 1.819 + 29.902 — 0.076 _
v E-factor (all incl.) = Mass product = Sore =416
v EcoScale = 100 — sum of individual penalties = 76.5
Parameters Penalty points
1. Yield: 77% 11.5
2. Inexpensive reaction components 0
3. Tris(dibenzylideneacetone)dipalladium(0) (N) 5
4. Common setup 0
5. Heating,>1h 3
6. Cooling to room temperature 0
Adding solvent 0
Simple filtration 0
Liquid-liquid extraction 3
Removal of solvent with bp < 150°C 0
Crystallization and filtration 1
Penalty points total: 23.5
Literature comparison: Pucheault et al., Chem. Commun. 2012, 48, 1553—1555
. __ Mass reagents — Mass product _ 5.588 —0.198
v E-factor (only reaction) = Mass product =18 27
Reagents Mass (g)
1. 4-lodoanisole 0.234
2. 4-lodotoluene 0.327
3. 1,3-Bis(diphenylphosphino)propane)palladium(Il) chloride 0.006
4. Potassium iodide 0.002
5. Diisopropylaminoborane 0.226
6. Toluene (4 mL —d=0.867 g/mL) 3.468
7. Cesium carbonate 0.652
8. Ethanol (0.6 mL —d =0.789 g/mL) 0.473
9. Water (0.2 mL —d=1.0 g/mL) 0.200
Total mass reagents: 5.588
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Mass product: 0.198
v EcoScale = 100 — sum of individual penalties = 38
Parameters Penalty points
1. Yield: 100% 0
2. Diisopropylaminoborane 5
3. Potassium iodide (T+) 10
Toluene (T+, F) 15
Ethanol (F) 5
Cesium carbonate (T+) 10
4. Common setup 0
Inert gas atmosphere 1
5. Heating,>1h 3
6. Cooling to room temperature 0
Adding solvent 0
Liquid-liquid extraction 3
Removal of solvent with bp < 150°C 0
Classical chromatography 10
Penalty points total: 62

S33




1.5.9. 4'-methoxy-[1,1'-biphenyl]-4-carbaldehyde (14)

Prepared from 4-bromoanisole (94 mg, 0.5 mmol) and 4-bromobenzaldehyde (139 mg, 0.75 mmol).
Crystallization from ethanol (5 mL) afforded the pure product as a yellow solid (77 mg, 0.37 mmol,
73% yield).

TH-NMR (400 MHz, CDCls) & (ppm): 10.03 (s, 1H), 7.92 (d, J = 8.8 Hz, 2H), 7.71 (d, J = 8.4 Hz,
2H), 7.59 (d, J = 8.8 Hz, 2H), 7.01 (d, J = 8.4 Hz, 2H), 3.87 (s, 3H). BC{'H}-NMR (100.4 MHz,
CDCI) & (ppm): 192.1, 160.2, 146.9, 134.8, 132.2, 130.5, 128.6, 127.2, 114.6, 55.5. Characterization
data correspond to those reported in the literature. '

Mass reagents — Mass product _ 1.830 — 0.077

v E-factor (only reaction) = =23
Mass product 0.077
v E-factor (all inc.) _ Mass reagents + Mass auxiliaries — Mass product _ 1.830 + 29.887 — 0.077 — 411
Mass product 0.077
v EcoScale = 100 — sum of individual penalties = 74.5
Parameters Penalty points
1. Yield: 73% 13.5
2. Inexpensive reaction components 0
3. Tris(dibenzylideneacetone)dipalladium(0) (N) 5
4. Common setup 0
5. Heating,>1h 3
6. Cooling to room temperature 0
Adding solvent 0
Simple filtration 0
Liquid-liquid extraction 3
Removal of solvent with bp < 150°C 0
Crystallization and filtration 1
Penalty points total: 25.5
Literature comparison: Suna et al., Tetrahedron 2005, 6/, 11168-11176
v E-factor (only reaction) _ Mass reagents — Mass product _ 3.765 —0.122 —30
Mass product 0.122
Reagents Mass (g)
1. 4-Bromoanisole 0.505
2. Magnesium 0.054
3. Tetrahydrofuran (3.0 mL —d = 0.889 g/mL) 2.667
4. Dichloro(N,N,N',N'-tetramethylethylenediamine)zinc 0.518
5. Bis(triphenylphosphine)palladium(Il) dichloride 0.021
Total mass reagents: 0.452
Mass product: 0.122
v EcoScale = 100 — sum of individual penalties = 64.5
Parameters Penalty points
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1. Yield: 81% 9.5
2. Dichloro(N,N,N',N'-tetramethylethylenediamine)zinc 3
3. Magnesium (F) 5
Tetrahydrofuran (T, F) 10
4. Unconventional activation technique 2
Inert gas atmosphere 1
5. Heating,<1h 2
6. Adding solvent 0
Simple filtration 0
Liquid-liquid extraction 3
Removal of solvent with bp < 150°C 0
Penalty points total: 35.5
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1.5.10. 4'-methoxy-/N,/N-diphenyl-[1,1'-biphenyl]-4-amine (15)

Prepared from 4-bromoanisole (94 mg, 0.5 mmol) and 4-bromo-N,N-diphenylaniline (243 mg, 0.75
mmol). A purification by flash column chromatography (SiO2 — 12 g, PE:DCM = 8:1 — 240:30 mL)

afforded the pure product as a yellow solid (81 mg, 0.23 mmol, 46% yield).

IH-NMR (400 MHz, CDCl3) § (ppm): 7.50 (d, J = 8.8 Hz, 2H), 7.43 (d, J = 8.8 Hz, 2H), 7.20-7.27
(m, 4H), 7.07-7.17 (m, 6H), 7.02 (t, J= 7.0 Hz, 2H), 6.96 (d, J = 8.8 Hz, 2H), 3.85 (s, 3H). 3C{'H}-
NMR (100.4 MHz, CDCls) § (ppm): 159.0, 147.9, 146.7, 135.1, 133.4, 129.4, 127.8, 127.5, 124.4,

122.9, 114.3, 55.5. Characterization data correspond to those reported in the literature.?

Mass reagents — Mass product _ 1.934 — 0.081

v E-factor (only reaction) = =23
Mass product 0.081
v E-factor (all incl.) _ Mass reagents + Mass auxiliaries — Mass product _ 1.934 + 231.29 — 0.081 — 2878
Mass product 0.081
v" EcoScale = 100 — sum of individual penalties = 51
Parameters Penalty points
1. Yield: 46% 27
2. Inexpensive reaction components 0
3. Tris(dibenzylideneacetone)dipalladium(0) (N) 5
4. Common setup 0
5. Heating,>1h 3
6. Cooling to room temperature 0
Adding solvent 0
Simple filtration 0
Liquid-liquid extraction 3
Removal of solvent with bp < 150°C 0
Classical chromatography 10
Penalty points total: 49
Literature comparison: Liu et al., RSC Adv. 2013, 3, 526531
v E-factor (only reaction) _ Mass reagents — Mass product _ 3.591 - 0.081 —43
Mass product 0.081
Reagents Mass (g)
1. 4-Bromoanisole 0.047
2. (4-(diphenylamino)phenyl)boronic acid 0.108
3. Palladium acetate 2.8x10*
4. Potassium carbonate 0.069
5. Ethanol (3.0 mL —d =0.789 g/mL) 2.367
6. Water (1.0 mL —-d=1.0 g/mL) 1.000
Total mass reagents: 3.591
Mass product: 0.081

v EcoScale = 100 — sum of individual penalties = 73
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Parameters Penalty points
1. Yield: 92% 4
2. Inexpensive reaction components 0
3. Palladium acetate (N) 5
Ethanol (F) 5
4. Common setup 0
5. Room temperature, <1 h 0
6. Cooling to room temperature 0
Adding solvent 0
Liquid-liquid extraction 3
Removal of solvent with bp < 150°C 0
Classical chromatography 10
Penalty points total: 27
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1.5.11. 4,4'-(benzo[c][1,2,5]thiadiazole-4,7-diyl)bis(/V,N-diphenylaniline) (17)

Pd2dbasz (9.1 mg, 0.01 mmol, 2.0 mol%), XPhos (9.5 mg, 0.02 mmol, 4.0 mol%), potassium acetate
(98 mg, 1.0 mmol, 2.0 eqg.), and ChCI/Gly (1:2) (1 mL) were introduced in a glass vial (volume: 20
mL; diameter: 2.5 cm; height: 4.0 cm) containing a magnetic stirrer (bar length: 20 mm; bar diameter:
6 mm). The reaction mixture was heated up to 40°C and stirred for 15 minutes (revolution rate: 1200
rpm), then bis(pinacolato)diboron (152 mg, 0.6 mmol, 1.2 eq.) and 4-bromo-N,N-diphenylaniline
(162 mg, 0.5 mmol, 1.0 eq.) were added. The mixture was heated up to 110°C and kept at this
temperature for 24 hours under stirring (revolution rate: 1200 rpm), then Pd>dbaz (4.6 mg, 0.005
mmol, 1.0 mol%), XPhos (4.7 mg, 0.01 mmol, 2.0 mol%), K-COs3 (173 mg, 1.25 mmol, 2.5 eq.) and
4,7-dibromobenzo[c][1,2,5]thiadiazole (58 mg, 0.20 mmol, 0.4 eq.) were added. After stirring at 80°C
(revolution rate: 1200 rpm) for additional 24 hours, the reaction mixture was cooled down to room
temperature, then diluted with water (1 mL) and dichloromethane (1 mL) and kept under stirring at
room temperature for five minutes. A filtration over Celite® (2 g) was performed, then the filter cake
was washed with fresh dichloromethane (2x5 mL). The organic phase was washed with brine (10
mL) then, after anhydrification over Na>SO4 (1 g) and filtration, the solvent was removed under
vacuum. A purification by flash column chromatography (SiO, — 20 g, PE:DCM = 4:1 — 320:80 mL)
afforded the desired product as a red solid (52 mg, 0.084 mmol, 42% vyield).

TH-NMR (400 MHz, CDCIl3) & (ppm): 7.89 (d, J = 8.8 Hz, 4H), 7.74 (s, 2H), 7.26-7.33 (m, 8H),
7.16-7.24 (m, 12H), 7.07 (t, J = 7.3 Hz, 4H). BC{'H}-NMR (100.4 MHz, CDCl3) & (ppm): 154.3,
148.1, 147.6, 132.3, 131.1, 130.0, 129.5, 127.6, 125.0, 123.4, 123.1. Characterization data correspond

to those reported in the literature.?!

Mass reagents — Mass product _ 1.861 — 0.052

v E-factor (only reaction) = =35
Mass product 0.052
v E-factor (all iIlCl.) _ Mass reagents + Mass auxiliaries — Mass product _ 1.861 +361.40 — 0.052 _ 6985
Mass product 0.052
v EcoScale = 100 — sum of individual penalties = 42
Parameters Penalty points
1. Yield: 42% 29
2. Tris(dibenzylideneacetone)dipalladium(0) 3
3. Tris(dibenzylideneacetone)dipalladium(0) (N) 5
4,7-Dibromobenzo[c][1,2,5]thiadiazole (T) 5
4. Common setup 0
5. Heating,>1h 3
6. Cooling to room temperature 0
Adding solvent 0
Simple filtration 0
Liquid-liquid extraction 3
Removal of solvent with bp < 150°C 0
Classical chromatography 10
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Penalty points total: 58

Literature comparison: Liu et al., New J. Chem., 2021, 45, 19082—19087

v E-factor (only reaction) _ Mass reagents — Mass product _ 56.333 — 1.95 — 128
Mass product 1.95
Reagents Mass (g)
1. 4,7-Dibromobenzol[c][1,2,5]thiadiazole 1.000
2. (4-(diphenylamino)phenyl)boronic acid 2.360
3. Tetrakis(triphenylphosphine)palladium(0) 0.393
4. Potassium carbonate 3.380
5. Water (8.0 mL —-d=1.0 g/mL) 8.000
6. 1,4-Dioxane (40 mL —d =1.03 g/mL) 41.20
Total mass reagents: 56.333
Mass product: 1.95
v EcoScale = 100 — sum of individual penalties = 56.5
Parameters Penalty points
1. Yield: 93% 3.5
2. Tetrakis(triphenylphosphine)palladium(0) 3
3. 4,7-Dibromobenzo[c][1,2,5]thiadiazole (T) 5
1,4-Dioxane (T+, F) 15
4. Common setup 0
Inert gas atmosphere 1
5. Heating,>1h 3
6. Cooling to room temperature 0
Adding solvent 0
Liquid-liquid extraction 3
Removal of solvent with bp < 150°C 0
Classical chromatography 10
Penalty points total: 43.5
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1.5.12. 5-(4-(diphenylamino)phenyl)thiophene-2-carbaldehyde (19)

Pd2dbasz (9.1 mg, 0.01 mmol, 2.0 mol%), XPhos (9.5 mg, 0.02 mmol, 4.0 mol%), potassium acetate
(98 mg, 1.0 mmol, 2.0 eqg.), and ChCI/Gly (1:2) (1 mL) were introduced in a glass vial (volume: 20
mL; diameter: 2.5 cm; height: 4.0 cm) containing a magnetic stirrer (bar length: 20 mm; bar diameter:
6 mm). The reaction mixture was heated up to 40°C and stirred for 15 minutes (revolution rate: 1200
rpm), then bis(pinacolato)diboron (152 mg, 0.6 mmol, 1.2 eq.) and 4-bromo-N,N-diphenylaniline
(162 mg, 0.5 mmol, 1.0 eq.) were added. The mixture was heated up to 110°C and kept at this
temperature for 24 hours under stirring (revolution rate: 1200 rpm), then Pd>dbaz (4.6 mg, 0.005
mmol, 1.0 mol%), XPhos (4.7 mg, 0.01 mmol, 2.0 mol%), K.CO3 (138 mg, 1.25 mmol, 2.0 eqg.) and
5-bromothiophene-2-carbaldehyde (143 mg, 0.75 mmol, 1.5 eq.) were added. After stirring at 80°C
(revolution rate: 1200 rpm) for additional 24 hours, the reaction mixture was cooled down to room
temperature, then diluted with water (1 mL) and ethyl acetate (1 mL) and kept under stirring at room
temperature for five minutes. A filtration over Celite® (2 g) was performed, then the filter cake was
washed with fresh ethyl acetate (2x5 mL). The organic phase was washed with brine (10 mL) then,
after anhydrification over Na,SO4 (1 g) and filtration, the solvent was removed under vacuum. A
purification by flash column chromatography (SiO2 — 18 g, PE:DCM from 3:1 to 1:1 — 200:110 mL)
afforded the desired product as an yellow-green solid (131 mg, 0.37 mmol, 74% yield).

TH-NMR (400 MHz, CDCl3) & (ppm): 9.85 (s, 1H), 7.70 (d, J=4.4 Hz, 1H), 7.52 (d, J= 8.8 Hz, 2H),
7.25-7.34 (m, 5H), 7.03-7.17 (m, 8H). BC{'H}-NMR (100.4 MHz, CDCl3) & (ppm): 182.7, 154.7,
149.3, 147.1, 141.4, 137.8, 129.6, 127.4, 126.3, 125.3, 124.0, 123.0, 122.5. Characterization data

correspond to the literature.?

Mass reagents — Mass product _ 1.911 - 0.131

=14
Mass product 0.131
Mass reagents + Mass auxiliaries — Mass product _ 1.911 + 317.69 — 0.131

Mass product 0.131
v EcoScale = 100 — sum of individual penalties = 66

v E-factor (only reaction) =

=2439

v' E-factor (all incl.) =

Parameters Penalty points
1. Yield: 74% 13

Inexpensive reaction components

Tris(dibenzylideneacetone)dipalladium(0) (N)

Common setup

Heating, > 1 h

Cooling to room temperature
Adding solvent

Simple filtration

Liquid-liquid extraction

Removal of solvent with bp < 150°C
Classical chromatography
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Penalty points total: 34
Literature comparisons: 1) Frére et al., Org. Electron. 2017, 42, 322-328
v E-factor (only reaction) = “055 €091~ Mass product _ 27452 0715 _ 3
Reagents Mass (g)
1. 4-bromo-N,N-diphenylaniline 0.709
2. 2-Formylthiophene 0.500
3. Palladium acetate 0.031
4. Tricyclohexylphosphonium tetrafluoborate 0.104
5. Pivalic acid 0.070
6. Potassium carbonate 0.458
7. Toluene (30 mL —d =0.867 g/mL) 26.01
Total mass reagents: 27.882
Mass product: 0.715
v EcoScale = 100 — sum of individual penalties = 59
Parameters Penalty points
1. Yield: 92% 4
2. Inexpensive reaction components 0
3. Palladium acetate (N) 5
Toluene (T+, F) 15
4. Common setup 0
Inert gas atmosphere 1
5. Heating,>1h 3
6. Cooling to room temperature 0
Adding solvent 0
Liquid-liquid extraction 3
Removal of solvent with bp < 150°C 0
Classical chromatography 10
Penalty points total: 41
2) Martinez-Manez et al., New J. Chem., 2019, 43, 7393-7402
/' E-factor (only reaction) = M0 T€09Ls  Massproduct _ 11150 ~0083 _ 375
Reagents Mass (g)
1. (4-(diphenylamino)phenyl)boronic acid 0.723
2. 5-Bromo-2-thiophenecarboxaldehyde 0.363
3. Tetrakis(triphenylphosphine)palladium(0) 0.066
4. Sodium carbonate 0.424
5. 1,2-Dimethoxyethane (30 mL —d = 0.868 g/mL) 26.04
6. Ethanol (2.0 mL —d =0.789 g/mL) ;-878
7. .

Water (2.0 mL —d=1.0 g/mL)
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Total mass reagents:

31.194

Mass product: 0.083
v EcoScale = 100 — sum of individual penalties = 58
Parameters Penalty points
1. Yield: 96% 2
2. 1,2-Dimethoxyethane 3
3. Ethanol (F) 5
1,2-Dimethoxyethane (T+, F) 15
4. Common setup 0
Inert gas atmosphere 1
5. Heating,>1h 3
6. Cooling to room temperature 0
Adding solvent 0
Liquid-liquid extraction 3
Removal of solvent with bp < 150°C 0
Classical chromatography 10
Penalty points total: 42
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1.6. DES RECYCLING PROCEDURE FOR THE BORYLATION OF 4-BROMO-ANISOLE
1A

Pd2dbas (9.1 mg, 0.01 mmol, 2.0 mol%), XPhos (9.5 mg, 0.02 mmol, 4.0 mol%), potassium acetate
(98 mg, 1.0 mmol, 2.0 eqg.), and ChCI/Gly (1:2) (1 mL) were introduced in a glass vial (volume: 20
mL; diameter: 2.5 cm; height: 4.0 cm) containing a magnetic stirrer (bar length: 20 mm; bar diameter:
6 mm). The reaction mixture was heated up to 40°C and stirred for 15 minutes (revolution rate: 1200
rpm), then bis(pinacolato)diboron (152 mg, 0.6 mmol, 1.2 eq.) and 4-bromo-anisole 1a (94 mg, 0.5
mmol, 1.0 eq.) were added. The mixture was heated up to 110°C and kept at this temperature for one
hour under stirring (revolution rate: 1200 rpm), then cooled down to room temperature. The reaction
mixture was diluted with cyclopentyl methyl ether (CPME, 1 mL) and kept under stirring at room
temperature for five minutes. After separation of the phases, the organic phase was filtered over
Celite® (2 g) and evaporated under reduced pressure, while possible organic residuals in the DES
mixture were removed keeping it under vacuum for three hours. Upon adding new, fresh reagents,
the ChCI/Gly (1:2) mixture was reused for additional runs, up to 3 in total. All the reaction crudes
coming from the three cycles were finally purified by flash chromatography (SiO2; PE/AcOEt =20/1)
to provide a total amount of 305 mg (run #1: 111 mg, 0.48 mmol, 95% yield; run #2: 109 mg, 0.47
mmol, 93% yield; run #3: 85 mg, 0.37 mmol, 73% yield) of the desired product 2a as a pale-yellow

oil.
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2. COPIES OF NMR SPECTRA OF COMPOUNDS 2a-g, 2i-m, 20-p, 2r-s, 6-15,
17,19
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