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(A) Experimental Section.

Commercially available starting materials, reagents, catalysts, anhydrous and degassed solvents were used without further purification. Flash column
chromatography was performed with Merck Silica gel 60 (230-400 mesh). The solvents for column chromatography were distilled before the use. Thin
layer chromatography was carried out using Merck TLC Silica gel 60 F2s4 and visualized by short-wavelength ultraviolet light or by treatment with potassium
permanganate (KMnQOj) stain. *H, 3C and °F NMR spectra were recorded on a Bruker 400 and 500 MHz at 202C. All *H NMR spectra are reported in parts
per million (ppm) downfield of TMS and were measured relative to the signals for CHCI3 (7.26 ppm) and DMSO (2.50 ppm). All 3C{*H} NMR spectra were
reported in ppm relative to residual CHCl3 (77.00 ppm) or DMSO (39.70 ppm) and were obtained with *H decoupling. Coupling constants, J, are reported
in Hertz (Hz). Gas chromatographic analyses was performed on Gas Chromatograph Mass Spectrometer GCMS-QP2010 Ultra instrument.
Mechanochemical synthesis was performed using the Retsch MM400 mill using the standard kit. Liquid chemicals were dosed using gas tight micro syringes.
Isolation of obtained compounds was achieved by column chromatography on Silica gel. All commercially available compounds were purchased from
appropriate vendors.

A-1. Scope of the starting materials used.
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Scheme 1. Scope of phenols 1 used.
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A-2. Reaction condition screening.



Table S1: Optimization of the mechanochemical reaction conditions.
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OH (1.4 equiv.)
Table S1 22
1b (1 equiv.)
Table S1
Entr. Reaction components Frizrne;;};/t'larn;e/ (Z;flzda
1 [Cp*Ru(Napht)]BF4 (0.1 equiv.), CsF (0.3 equiv.), DABCO (1.2 equiv.), ZrN (4 equiv.). 30Hz/90min/r.t. 12
2 [Cp*Ru(Napht)]BF4 (0.1 equiv.), CsF (0.3 equiv.), DABCO (1.2 equiv.), 1,4-dioxane (0.3 mL), ZrN (4 equiv.). 30Hz/90min/r.t. 43
3 [Cp*Ru(Napht)]BF4 (0.1 equiv.), KF (0.3 equiv.), DABCO (1.2 equiv.), 1,4-dioxane (0.3 mL), ZrN (4 equiv.). 30Hz/90min/r.t. 45
4 [Cp*Ru(Napht)]BF4 (0.1 equiv.), NaF (0.3 equiv.), DABCO (1.2 equiv.), 1,4-dioxane (0.3 mL), ZrN (4 equiv.). 30Hz/90min/r.t. 28
5 [Cp*RuCl2]2 (0.1 equiv.), KF (0.3 equiv.), DABCO (1.2 equiv.), 1,4-dioxane (0.3 mL), ZrN (4 equiv.). 30Hz/90min/r.t. 0
6 [Cp*RuCl]4 (0.1 equiv.), KF (0.3 equiv.), DABCO (1.2 equiv.), 1,4-dioxane (0.3 mL), ZrN (4 equiv.). 30Hz/90min/r.t. 0
7 [(p-cymene)RuCl2]2 (0.1 equiv.), KF (0.3 equiv.), DABCO (1.2 equiv.), 1,4-dioxane (0.3 mL), ZrN (4 equiv.). 30Hz/90min/r.t. 22
8 [(CsHs6)2RuCl2]2 (0.1 equiv.), KF (0.3 equiv.), DABCO (1.2 equiv.), 1,4-dioxane (0.3 mL), ZrN (4 equiv.). 30Hz/90min/r.t. 0
9 [(CeHe)2Ru](BFa)2 (0.1 equiv.), KF (0.3 equiv.), DABCO (1.2 equiv.), 1,4-dioxane (0.3 mL), ZrN (4 equiv.). 30Hz/90min/r.t. 17
10 | [Cp*Ru(MeCN)s](BF4)2 (0.1 equiv.), KF (0.3 equiv.), DABCO (1.2 equiv.), 1,4-dioxane (0.3 mL), ZrN (4 equiv.). 30Hz/90min/r.t. 21
11 | [Cp*Ru(PhCI)]PFe (0.1 equiv.), KF (0.3 equiv.), DABCO (1.2 equiv.), 1,4-dioxane (0.3 mL), ZrN (4 equiv.). 30Hz/90min/r.t. 61
12 | [Cp*Ru(PhCI)]BF4 (0.1 equiv.), KF (0.3 equiv.), DABCO (1.2 equiv.), 1,4-dioxane (0.3 mL), ZrN (4 equiv.). 30Hz/90min/r.t. 81
13 [Cp*Ru(PhCI)]BF4 (0.1 equiv.), NaF (0.3 equiv.), DABCO (1.2 equiv.), 1,4-dioxane (0.3 mL), ZrN (4 equiv.). 30Hz/90min/r.t. 33
14 [Cp*Ru(PhCI)]BF4 (0.1 equiv.), CsF (0.3 equiv.), DABCO (1.2 equiv.), 1,4-dioxane (0.3 mL), ZrN (4 equiv.). 30Hz/90min/r.t. 67
Reactions in solution
15 [Cp*Ru(PhCI)]BF4 (0.1 equiv.), KF (0.3 equiv.), DABCO (1.2 equiv.) ZrN (4 equiv.), toluene, reflux. | —r /24 h 0
16 [Cp*Ru(PhCI)]BF4 (0.1 equiv.), KF (0.3 equiv.), DABCO (1.2 equiv.) ZrN (4 equiv.), benzene, reflux. | - /24 h 0
17 [Cp*Ru(PhCI)]BF4 (0.1 equiv.), KF (0.3 equiv.), DABCO (1.2 equiv.) ZrN (4 equiv.), 1,4-dioxan, reflux. | - /24h 0
18 [Cp*Ru(PhCI)]BF4 (0.1 equiv.), KF (0.3 equiv.), DABCO (1.2 equiv.) ZrN (4 equiv.), xylenes, 130°C. | == /24h 0
19 [Cp*Ru(PhCl)]BF4 (0.1 equiv.), KF (0.3 equiv.), DABCO (1.2 equiv.) ZrN (4 equiv.), neat, 165°C. | /24h 0




Table S2: Optimization of the mechanochemical reaction conditions.
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Table 52 |
Entr. Reaction components Frigume;:é/t':rn;e/ (lz;elzda
1 [Cp*Ru(PhCI)]BF4 (0.1 equiv.), KF (0.3 equiv.), DABCO (1.2 equiv.), 1,4-dioxane (0.3 mL), ZrN (4 equiv.). 30Hz/90min/r.t. 52
2 [Cp*Ru(PhCI)]BF4 (0.1 equiv.), NaF (0.3 equiv.), DABCO (1.2 equiv.), 1,4-dioxane (0.3 mL), ZrN (4 equiv.). 30Hz/90min/r.t. 29
3 [Cp*Ru(PhCI)]BF4 (0.1 equiv.), CsF (0.3 equiv.), DABCO (1.2 equiv.), 1,4-dioxane (0.3 mL), ZrN (4 equiv.). 30Hz/90min/r.t. 78

Reactions in solution
4 [Cp*Ru(PhCI)]BF4 (0.1 equiv.), CsF (0.3 equiv.), DABCO (1.2 equiv.) ZrN (4 equiv.), toluene, reflux. | et /24 h 0
5 [Cp*Ru(PhCI)]BF4 (0.1 equiv.), CsF (0.3 equiv.), DABCO (1.2 equiv.) ZrN (4 equiv.), benzene, reflux. | - /24 h 0
6 [Cp*Ru(PhCI)]BF4 (0.1 equiv.), CsF (0.3 equiv.), DABCO (1.2 equiv.) ZrN (4 equiv.), 1,4-dioxan, reflux. | - /24h 0
7 [Cp*Ru(PhCI)]BF4 (0.1 equiv.), CsF (0.3 equiv.), DABCO (1.2 equiv.) ZrN (4 equiv.), xylenes, 130°C. | = /24h 0
8 [Cp*Ru(PhCI)]BF4 (0.1 equiv.), CsF (0.3 equiv.), DABCO (1.2 equiv.) ZrN (4 equiv.), neat, 165°C. | = /24h 0

Table S3: Optimization of the mechanochemical reaction conditions.
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1 [Cp*Ru(PhCI)]PFs (0.1 equiv.), KF (0.3 equiv.), DABCO (1.2 equiv.), 1,4-dioxane (0.3 mL), ZrN (4 equiv.). 30Hz/90min/r.t. 0
2 [Cp*Ru(PhCI)]BF4 (0.1 equiv.), KF (0.3 equiv.), DABCO (1.2 equiv.), 1,4-dioxane (0.3 mL), ZrN (4 equiv.). 30Hz/90min/r.t. 0
3 [Cp*Ru(PhCl)]BF4 (0.1 equiv.), NaF (0.3 equiv.), DABCO (1.2 equiv.), 1,4-dioxane (0.3 mL), ZrN (4 equiv.). 30Hz/90min/r.t. 0
4 [Cp*Ru(PhCI)]BF4 (0.1 equiv.), CsF (0.3 equiv.), DABCO (1.2 equiv.), 1,4-dioxane (0.3 mL), ZrN (4 equiv.). 30Hz/90min/r.t. 0
5 [Cp*Ru(PhCI)]BF4 (0.1 equiv.), CsF (0.3 equiv.), DABCO (1.2 equiv.), 1.4-dioxane (0.3mL), BaBeO2 (2 equiv.). 30Hz/90min/r.t. 0
6 [Cp*Ru(Napht)]BF4 (0.1 equiv.), KF (0.3 equiv.), DABCO (1.2 equiv.), 1,4-dioxane (0.3 mL), ZrN (4 equiv.). 30Hz/90min/r.t. 0
7 [Cp*Ru(Napht)]BF4 (0.1 equiv.), NaF (0.3 equiv.), DABCO (1.2 equiv.), 1,4-dioxane (0.3 mL), ZrN (4 equiv.). 30Hz/90min/r.t. 0
8 [Cp*Ru(Napht)]BF4 (0.1 equiv.), CsF (0.3 equiv.), DABCO (1.2 equiv.), 1,4-dioxane (0.3 mL), ZrN (4 equiv.). 30Hz/90min/r.t. 0
9 [Cp*Ru(Napht)]BF4 (0.1 equiv.), KF (0.3 equiv.), DABCO (1.2 equiv.), 1,4-dioxane (0.3 mL), HfN (4 equiv.). 30Hz/90min/r.t. 0
10 [Cp*Ru(Napht)]BF4 (0.1 equiv.), KF (0.3 equiv.), DABCO (1.2 equiv.), 1,4-dioxane (0.3 mL), ZrN (4 equiv.), BaBeO: (2 equiv.). 30Hz/90min/r.t. 17
11 [Cp*Ru(Napht)]BF4 (0.1 equiv.), KF (0.3 equiv.), DABCO (1.2 equiv.), 1,4-dioxane (0.3 mL), ZrN (4 equiv.), LiNbOs (2 equiv.). 30Hz/90min/r.t. 29
12 | [Cp*Ru(Napht)]BF4 (0.1 equiv.), KF (0.3 equiv.), DABCO (1.2 equiv.), 1,4-dioxane (0.3 mL), ZrN (4 equiv.), SrTiOs (2 equiv.). 30Hz/90min/r.t. 11
13 [Cp*Ru(Napht)]BF4 (0.1 equiv.), KF (0.3 equiv.), DABCO (1.2 equiv.), 1,4-dioxane (0.3 mL), ZrN (4 equiv.), ZnO (2 equiv.). 30Hz/90min/r.t. Trace
14 [Cp*Ru(Napht)]BF4 (0.1 equiv.), KF (0.3 equiv.), DABCO (1.2 equiv.), 1,4-dioxane (0.3 mL), ZrN (4 equiv.), BaTiOs (2 equiv.). 30Hz/90min/r.t. 90
15 | [Cp*Ru(Napht)]BF4 (0.1 equiv.), KF (0.3 equiv.), DABCO (1.2 equiv.), 1,4-dioxane (0.3 mL), ZrN (2 equiv.), BaTiOs (2 equiv.). 30Hz/120min/r.t. 89
16 | [Cp*Ru(Napht)]BF4 (0.1 equiv.), NaF (0.3 equiv.), DABCO (1.2 equiv.), 1,4-dioxane (0.3 mL), ZrN (2 equiv.), BaTiOs3 (2 equiv.). 30Hz/90min/r.t. 54
17 | [Cp*Ru(Napht)]BF4 (0.1 equiv.), CsF (0.3 equiv.), DABCO (1.2 equiv.), 1,4-dioxane (0.3 mL), ZrN (2 equiv.), BaTiOz (2 equiv.). 30Hz/90min/r.t. 89
Reactions in solution
18 [Cp*Ru(Napht)]BF4 (0.1 equiv.), KF (0.3 equiv.), DABCO (1.2 equiv.), ZrN (2 equiv.), BaTiOs(2 equiv.), toluene, reflux. | - /24 h 0
19 [Cp*Ru(Napht)]BF4 (0.1 equiv.), KF (0.3 equiv.), DABCO (1.2 equiv.), ZrN (2 equiv.), BaTiOs (2 equiv.), benzene, reflux. | - /24 h 0
20 [Cp*Ru(Napht)]BF4 (0.1 equiv.), KF (0.3 equiv.), DABCO (1.2 equiv.), ZrN (2 equiv.), BaTiOs3 (2 equiv.), 1,4-dioxan, reflux. | = - /24h 0
21 [Cp*Ru(Napht)]BF4 (0.1 equiv.), KF (0.3 equiv.), DABCO (1.2 equiv.), ZrN (2 equiv.), BaTiOs3 (2 equiv.), xylenes, 130°C. | = - /24h 0
22 [Cp*Ru(Napht)]BF4 (0.1 equiv.), KF (0.3 equiv.), DABCO (1.2 equiv.), ZrN (2 equiv.), BaTiOs(2 equiv.), neat, 165°C. =~ | - /24h 0

A-3. Reaction procedure with optimised reaction conditions.

General procedure for the synthesis of biaryls 2 starting from phenols 1 and boronic acids 3:

In a glovebox under the constant purge of argon, 5 mL grinding vessel (made of stainless) equipped with two balls (made of stainless, diameter: 5 mm) was
loaded consecutively with the starting phenol 1 (1 mmol, 1 equiv.), catalyst [Cp*Ru(PhCI)]BF4 (43 mg, 0.1 mmol, 0.1 equiv.), an appropriate boronic acid (1.4
mmol, 1.4 equiv.), KF (17 mg, 0.3 mmol, 0.3 equiv.), DABCO (135 mg, 1.2 mmol, 1.2 equiv.), ZrN (420 mg, 4 mmol, 4 equiv.), and 0.3 mL of 1,4-dioxane. The
reaction vessel was properly capped. Finally, the vessel was installed on the mill and subjected to milling at 30Hz for 90 minutes at room temperature. The



content of the vessel was generously treated with distilled water, filtrated and properly dried in vacuum. The resulting crude product was directly subjected to
gradient flash chromatography on silica gel to isolate the desired product 2.
The gram scale synthesis was performed on 10 mmol of the starting phenol 1 in 25 mL grinding vessel using three 10 mm balls.

General procedure for the synthesis of biaryls arenes 2 starting from phenols 1 and aryl trialkoxysilanes 4:

In a glovebox under the constant purge of argon, 5 mL grinding vessel (made of stainless) equipped with two balls (made of stainless, diameter: 5 mm) was
loaded consecutively with the starting phenol 1 (1 mmol, 1 equiv.), catalyst [Cp*Ru(PhCI)]BF4 (43 mg, 0.1 mmol, 0.1 equiv.), an appropriate aryl trialkoxysilanes
(1.4 mmol, 1.4 equiv.), CsF (46 mg, 0.3 mmol, 0.3 equiv.), DABCO (135 mg, 1.2 mmol, 1.2 equiv.), ZrN (420 mg, 4 mmol, 4 equiv.), and 0.3 mL of 1,4-dioxane.
The reaction vessel was properly capped. Finally, the vessel was installed on the mill and subjected to milling at 30Hz for 90 minutes at room temperature. The
content of the vessel was generously treated with distilled water, filtrated and properly dried in vacuum. The resulting crude product was directly subjected to
gradient flash chromatography on silica gel to isolate the desired product 2.

The gram scale synthesis was performed on 10 mmol of the starting phenol 1 in 25 mL grinding vessel using three 10 mm balls.

General procedure for the synthesis of benzophenones 6 starting from phenols 1 and benzoyltrifluoroborates 5:

In a glovebox under the constant purge of argon, 5 mL grinding vessel (made of stainless) equipped with two balls (made of stainless, diameter: 5 mm) was
loaded consecutively with the starting phenol 1 (1 mmol, 1 equiv.), catalyst [Cp*Ru(Napht)]BFs (44 mg, 0.1 mmol, 0.1 equiv.), an appropriate
benzoyltrifluoroborate (1.4 mmol, 1.4 equiv.), KF (17 mg, 0.3 mmol, 0.3 equiv.), DABCO (135 mg, 1.2 mmol, 1.2 equiv.), ZrN (210 mg, 2 mmol, 2 equiv.), BaTiO3
(466 mg, 2 mmol, 2 equiv.) and 0.3 mL of 1,4-dioxane. The reaction vessel was properly capped. Finally, the vessel was installed on the mill and subjected to
milling at 30Hz for 120 minutes at room temperature. The content of the vessel was generously treated with distilled water, filtrated and properly dried in
vacuum. The resulting crude product was directly subjected to gradient flash chromatography on silica gel to isolate the desired product 6.

The gram scale synthesis was performed on 10 mmol of the starting phenol 1 in 25 mL grinding vessel using three 10 mm balls.



(B) Characterization of products.

2-fluoro-1,1'-biphenyl 2a

O F

The title compound was prepared starting from phenol 1b (112 mg, 1 mmol, 1 equiv.), catalyst [Cp*Ru(PhCI)]BF4 (43 mg, 0.1 mmol, 0.1 equiv.), boronic acid 3a
(171 mg, 1.4 mmol, 1.4 equiv.), KF (17 mg, 0.3 mmol, 0.3 equiv.), DABCO (135 mg, 1.2 mmol, 1.2 equiv.), ZrN (420 mg, 4 mmol, 4 equiv.), and 0.3 mL of 1,4-
dioxane. The purification was accomplished by column chromatography on silica gel to provide the desired product 2a (139 mg, 0.81 mmol, 81%).
The gram scale synthesis was performed on 10 mmol of the starting 1b and 2a was prepared in 77% yield (1.32 g, 7.7 mmol).

Alternatively the title compound was prepared starting fromphenol 1b (112 mg, 1 mmol, 1 equiv.), [Cp*Ru(PhCI)]BF4 (43 mg, 0.1 mmol, 0.1 equiv.), potassium
trifluoro(phenyl)borate (256 mg, 1.4 mmol, 1.4 equiv.), KF (17 mg, 0.3 mmol, 0.3 equiv.), DABCO (135 mg, 1.2 mmol, 1.2 equiv.), ZrN (420 mg, 4 mmol, 4 equiv.),
and 0.3 mL of 1,4-dioxane. The purification was accomplished by column chromatography on silica gel to provide the desired product 2a (120 mg,
0.70 mmol, 70%).

Alternatively the title compound was prepared starting from phenol 1b (112 mg, 1 mmol, 1 equiv.), [Cp*Ru(PhCl)]BF4 (43 mg, 0.1 mmol, 0.1 equiv.), aryl
trialkoxysilanes 4a (277 mg, 1.4 mmol, 1.4 equiv.), CsF (46 mg, 0.3 mmol, 0.3 equiv.), DABCO (135 mg, 1.2 mmol, 1.2 equiv.), ZrN (420 mg, 4 mmol, 4 equiv.),
and 0.3 mL of 1,4-dioxane. The purification was accomplished by column chromatography on silica gel to provide the desired product 2a (134 mg,
0.78 mmol, 78%). The gram scale synthesis was performed on 10 mmol of the starting 1b and 2a was prepared in 77% yield (1.32 g, 7.7 mmol).

Alternatively the title compound was prepared starting from phenol 1a (94 mg, 1 mmol, 1 equiv.), [Cp*Ru(PhCl)]BF4 (43 mg, 0.1 mmol, 0.1 equiv.), boronic acid

3b (196 mg, 1.4 mmol, 1.4 equiv.), KF (17 mg, 0.3 mmol, 0.3 equiv.), DABCO (135 mg, 1.2 mmol, 1.2 equiv.), ZrN (420 mg, 4 mmol, 4 equiv.), and 0.3 mL of 1,4-

dioxane. The purification was accomplished by column chromatography on silica gel to provide the desired product 2a (143 mg, 0.83 mmol, 83%).



Alternatively the title compound was prepared starting fromphenol 1a (94 mg, 1 mmol, 1 equiv.), [Cp*Ru(PhCI)]BF4 (43 mg, 0.1 mmol, 0.1 equiv.), potassium
trifluoro(2-fluorophenyl)borate (283 mg, 1.4 mmol, 1.4 equiv.), KF (17 mg, 0.3 mmol, 0.3 equiv.), DABCO (135 mg, 1.2 mmol, 1.2 equiv.), ZrN (420 mg, 4 mmol,
4 equiv.), and 0.3 mL of 1,4-dioxane. The purification was accomplished by column chromatography on silica gel to provide the desired product 2a
(124 mg, 0.72 mmol, 72%).

The title compound was prepared starting from phenol 1a (94 mg, 1 mmol, 1 equiv.), [Cp*Ru(PhCl)]BF4 (43 mg, 0.1 mmol, 0.1 equiv.), aryl trialkoxysilanes 4b
(302 mg, 1.4 mmol, 1.4 equiv.), CsF (46 mg, 0.3 mmol, 0.3 equiv.), DABCO (135 mg, 1.2 mmol, 1.2 equiv.), ZrN (420 mg, 4 mmol, 4 equiv.), and 0.3 mL of 1,4-
dioxane. The purification was accomplished by column chromatography on silica gel to provide the desired product 2a (137 mg, 0.80 mmol, 80%).
White solid, mp 173 - 175 °C. *H NMR (500 MHz, DMSO-ds): & = 7.28 — 7.32 (m, 2H, CHa/), 7.38 — 7.42 (m, 2H, CHa/), 7.46 — 7.49 (m, 2H, CHa/), 7.51 — 7.55 (m,
3H, CHar).

13C{1H} NMR (126 MHz, DMSO-ds): 6= 116.1 (d, Jer= 20.0 Hz), 124.9 (d, Jor= 3.4 Hz), 127.8, 128.2 (d, Jer= 12.7 Hz), 128.6, 128.8 (m), 129.5 (d, Jcr= 9.2 Hz),
130.7 (d, Jer= 3.0 Hz), 135.1, 159.1 (d, Ycr= 252.7 Hz).

MS (GC, 70eV): m/z (%) = 172 (M*, 100), 85 (17).

Anal. calcd. for C12HgF: C, 83.70; H, 5.27. Found: C, 83.76; H, 5.32.

4-propyl-1,1'-biphenyl 2b

Pr l

The title compound was prepared starting from phenol 1c (136 mg, 1 mmol, 1 equiv.), [Cp*Ru(PhCI)]BF4 (43 mg, 0.1 mmol, 0.1 equiv.), boronic acid 3a (171 mg,
1.4 mmol, 1.4 equiv.), KF (17 mg, 0.3 mmol, 0.3 equiv.), DABCO (135 mg, 1.2 mmol, 1.2 equiv.), ZrN (420 mg, 4 mmol, 4 equiv.), and 0.3 mL of 1,4-dioxane. The

purification was accomplished by column chromatography on silica gel to provide the desired product 2b (161 mg, 0.82 mmol, 82%).
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Alternatively the title compound was prepared starting from phenol 1c (136 mg, 1 mmol, 1 equiv.), [Cp*Ru(PhCl)]BF4 (43 mg, 0.1 mmol, 0.1 equiv.), aryl
trialkoxysilanes 4a (277 mg, 1.4 mmol, 1.4 equiv.), CsF (46 mg, 0.3 mmol, 0.3 equiv.), DABCO (135 mg, 1.2 mmol, 1.2 equiv.), ZrN (420 mg, 4 mmol, 4 equiv.),
and 0.3 mL of 1,4-dioxane. The purification was accomplished by column chromatography on silica gel to provide the desired product 2b (168 mg,
0.86 mmol, 86%).

Alternatively the title compound was prepared starting from phenol 1a (94 mg, 1 mmol, 1 equiv.), [Cp*Ru(PhCl)]BF4 (43 mg, 0.1 mmol, 0.1 equiv.), boronic acid
3¢ (230 mg, 1.4 mmol, 1.4 equiv.), KF (17 mg, 0.3 mmol, 0.3 equiv.), DABCO (135 mg, 1.2 mmol, 1.2 equiv.), ZrN (420 mg, 4 mmol, 4 equiv.), and 0.3 mL of 1,4-
dioxane. The purification was accomplished by column chromatography on silica gel to provide the desired product 2b (167 mg, 0.85 mmol, 85%).
The title compound was prepared starting from phenol 1a (94 mg, 1 mmol, 1 equiv.), [Cp*Ru(PhCI)]BF4 (43 mg, 0.1 mmol, 0.1 equiv.), aryl trialkoxysilanes 4c
(336 mg, 1.4 mmol, 1.4 equiv.), CsF (46 mg, 0.3 mmol, 0.3 equiv.), DABCO (135 mg, 1.2 mmol, 1.2 equiv.), ZrN (420 mg, 4 mmol, 4 equiv.), and 0.3 mL of 1,4-
dioxane. The purification was accomplished by column chromatography on silica gel to provide the desired product 2b (167 mg, 0.85 mmol, 85%).
Yellow low melting solid. *H NMR (500 MHz, CDCl3): & = 1.15 (dt, 3H, 3/= 7.3 Hz, 4/= 1.2 Hz, CHs), 1.82 — 1.87 (m, 2H, CH.), 2.79 (t, 2H, 3/= 7.3 Hz, CH,), 7.41 (d,
2H, 3/= 8.0 Hz, CHar), 7.47 — 7.49 (m, 1H, CHar), 7.57 (t, 2H, 3/= 7.7 Hz, CHa:), 7.68 (d, 2H, 3/ = 8.0 Hz, CHar), 7.75 (d, 2H, 3/ = 8.0 Hz, CHa).

13C{*H} NMR (126 MHz, CDCl5): 6= 13.9, 24.5, 37.7, 126.9, 128.7, 128.9, 138.5, 141.7, 141.8.

MS (GC, 70eV): m/z (%) = 196 (M*, 26), 167 (100), 152 (12).

Anal. calcd. for CisHie: C, 91.78; H, 8.22. Found: C, 91.69; H, 8.31.

2-bromo-1,1'-biphenyl 2c

O Br
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The title compound was prepared starting from phenol 1d (173 mg, 1 mmol, 1 equiv.), catalyst [Cp*Ru(PhCI)]BF4 (43 mg, 0.1 mmol, 0.1 equiv.), boronic acid 3a
(171 mg, 1.4 mmol, 1.4 equiv.), KF (17 mg, 0.3 mmol, 0.3 equiv.), DABCO (135 mg, 1.2 mmol, 1.2 equiv.), ZrN (420 mg, 4 mmol, 4 equiv.), and 0.3 mL of 1,4-
dioxane. The purification was accomplished by column chromatography on silica gel to provide the desired product 2c (172 mg, 0.74 mmol, 74%).
Alternatively the title compound was prepared starting from phenol 1a (94 mg, 1 mmol, 1 equiv.), catalyst [Cp*Ru(PhCI)]BF4 (43 mg, 0.1 mmol, 0.1 equiv.),
boronic acid 3d (280 mg, 1.4 mmol, 1.4 equiv.), KF (17 mg, 0.3 mmol, 0.3 equiv.), DABCO (135 mg, 1.2 mmol, 1.2 equiv.), ZrN (420 mg, 4 mmol, 4 equiv.), and
0.3 mL of 1,4-dioxane. The purification was accomplished by column chromatography on silica gel to provide the desired product 2c (182 mg, 0.78
mmol, 78%).

Yellow liquid *H NMR (500 MHz, DMSO-ds): 6 = 7.28 — 7.31 (m, 1H, CHar), 7.35 — 7.40 (m, 4H, CHa/), 7.40 — 7.46 (m, 3H, CHa), 7.72 (d, 1H, 3/= 8.1 Hz, CHa/).
13C{*H} NMR (126 MHz, DMSO-de): 6= 122.3, 128.1, 128.4, 128.6, 129.6, 129.8, 131.9, 133.4, 140.9, 142.3.

MS (GC, 70eV): m/z (%) = 233 (M*, 17), 232 (64), 181 (21), 152 (100).

Anal. calcd. for C12H9Br: C, 61.83; H, 3.89. Found: C, 61.89; H, 3.91.

2-nitro-1,1'-biphenyl 2d

l NO,

The title compound was prepared starting from phenol 1e (139 mg, 1 mmol, 1 equiv.), catalyst [Cp*Ru(PhCI)]BF4 (43 mg, 0.1 mmol, 0.1 equiv.), boronic acid 3a
(171 mg, 1.4 mmol, 1.4 equiv.), KF (17 mg, 0.3 mmol, 0.3 equiv.), DABCO (135 mg, 1.2 mmol, 1.2 equiv.), ZrN (420 mg, 4 mmol, 4 equiv.), and 0.3 mL of 1,4-
dioxane. The purification was accomplished by column chromatography on silica gel to provide the desired product 2d (153 mg, 0.77 mmol, 77%).

Alternatively the title compound was prepared starting from phenol 1e (139 mg, 1 mmol, 1 equiv.), catalyst [Cp*Ru(PhCI)]BF4 (43 mg, 0.1 mmol, 0.1 equiv.),

aryl trialkoxysilanes 4a (277 mg, 1.4 mmol, 1.4 equiv.), CsF (46 mg, 0.3 mmol, 0.3 equiv.), DABCO (135 mg, 1.2 mmol, 1.2 equiv.), ZrN (420 mg, 4 mmol, 4 equiv.),
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and 0.3 mL of 1,4-dioxane. The purification was accomplished by column chromatography on silica gel to provide the desired product 2d (157 mg,
0.79 mmol, 79%).

Alternatively the title compound was prepared starting from phenol 1a (94 mg, 1 mmol, 1 equiv.), catalyst [Cp*Ru(PhCI)]BF4 (43 mg, 0.1 mmol, 0.1 equiv.),
boronic acid 3e (234 mg, 1.4 mmol, 1.4 equiv.), KF (17 mg, 0.3 mmol, 0.3 equiv.), DABCO (135 mg, 1.2 mmol, 1.2 equiv.), ZrN (420 mg, 4 mmol, 4 equiv.), and
0.3 mL of 1,4-dioxane. The purification was accomplished by column chromatography on silica gel to provide the desired product 2d (145 mg, 0.73
mmol, 73%).

Yellow solid, mp 36 - 38 °C. '™H NMR (500 MHz, CDCl3): § = 7.32 — 7.35 (m, 2H, CHa/), 7.41 — 7.51 (m, 5H, CHa/), 7.62 (dt, 1H, 3J= 7.6 Hz, /= 1.2 Hz, CHa), 7.86
(dd, 1H, 3/= 8.1 Hz, *J= 1.4 Hz, CHa).

13C{*H} NMR (126 MHz, CDCl5): 6= 124.0, 127.8, 128.1, 128.2, 128.6, 131.9, 132.5, 136.2, 137.3, 149.2.

MS (GC, 70eV): m/z (%) = 199 (M*, 36), 182 (59), 171 (75), 152 (88), 115 (100).

Anal. calcd. for C12H9oNO2: C, 72.35; H, 4.55; N, 7.03. Found: C, 72.49; H, 4.39; N, 7.11.

4'-methyl-[1,1'-biphenyl]-4-carbonitrile 2e

Me !
l CN

The title compound was prepared starting from phenol 1f (108 mg, 1 mmol, 1 equiv.), catalyst [Cp*Ru(PhCl)]BF4 (43 mg, 0.1 mmol, 0.1 equiv.), boronic acid 3f
(206 mg, 1.4 mmol, 1.4 equiv.), KF (17 mg, 0.3 mmol, 0.3 equiv.), DABCO (135 mg, 1.2 mmol, 1.2 equiv.), ZrN (420 mg, 4 mmol, 4 equiv.), and 0.3 mL of 1,4-
dioxane. The purification was accomplished by column chromatography on silica gel to provide the desired product 2e (160 mg, 0.83 mmol, 83%).
White solid, mp 108 - 110 °C.*H NMR (500 MHz, DMSO-ds): 6 = 2.34 (s, 3H, Me), 7.28 (d, 2H, 3/= 8.2 Hz, CHar), 7.60 (d, 2H, 3/= 8.2 Hz, CHa/), 7.81 (d, 2H, 3/= 8.1
Hz, CHar), 7.86 (d, 2H, 3/= 8.2 Hz, CHa).

13C{*H} NMR (126 MHz, DMSO-ds): 6= 20.7, 109.7, 118.9, 126.8, 127.2, 129.7, 132.7, 135.3, 138.3, 144.5.
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MS (GC, 70eV): m/z (%) = 193 (M*, 100), 165 (24).
Anal. calcd. for C14H11N: C, 87.01; H, 5.74; N, 7.25. Found: C, 87.09; H, 5.63; N, 7.28.

2,4-difluoro-1,1'-biphenyl 2f
F O F
The title compound was prepared starting from phenol 1g (130 mg, 1 mmol, 1 equiv.), catalyst [Cp*Ru(PhCI)]BF4 (43 mg, 0.1 mmol, 0.1 equiv.), boronic acid 3a
(171 mg, 1.4 mmol, 1.4 equiv.), KF (17 mg, 0.3 mmol, 0.3 equiv.), DABCO (135 mg, 1.2 mmol, 1.2 equiv.), ZrN (420 mg, 4 mmol, 4 equiv.), and 0.3 mL of 1,4-
dioxane. The purification was accomplished by column chromatography on silica gel to provide the desired product 2f (160 mg, 0.84 mmol, 84%).
White solid, mp 61 - 63 °C. *H NMR (500 MHz, DMSO-ds): 6 = 7.16 (ddd, 1H, 3/= 8.7 Hz, J= 2.7 Hz,J= 0.8 Hz, CHa(), 7.30 — 7.34 (m, 1H, CHa/), 7.39 (dt, 1H, 3/=
7.1 Hz, J= 2.1 Hz, CHas), 7.44 — 7.57 (m, S5H, CHa).

13C{1H} NMR (126 MHz, DMSO-ds): 6= 104.5 (t, Jer= 26.9 Hz), 111.9 (dd, Jer= 21.1 Hz, Jer= 3.5 Hz), 124.9 (dd, Jer= 13.6 Hz, Jer= 3.1 Hz), 127.9, 128.6, 128.7 (t,
Jer= 2.1 Hz), 131.8 (m), 134.3, 159.1 (dd, Yer= 249.0 Hz, Jer= 12.6 Hz), 161.7 (dd, YUer= 245.5 Hz, Jer= 12.4 Hz).

MS (GC, 70eV): m/z (%) = 190 (M*, 100), 135 (28).

Anal. calcd. for C12HsF2: C, 75.78; H, 4.24. Found: C, 75.86; H, 4.33.

4-propoxy-1,1'-biphenyl 2g
O OPr
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The title compound was prepared starting from phenol 1a (94 mg, 1 mmol, 1 equiv.), catalyst [Cp*Ru(PhCl)]BF4 (43 mg, 0.1 mmol, 0.1 equiv.), boronic acid 3g
(252 mg, 1.4 mmol, 1.4 equiv.), KF (17 mg, 0.3 mmol, 0.3 equiv.), DABCO (135 mg, 1.2 mmol, 1.2 equiv.), ZrN (420 mg, 4 mmol, 4 equiv.), and 0.3 mL of 1,4-
dioxane. The purification was accomplished by column chromatography on silica gel to provide the desired product 2g (184 mg, 0.87 mmol, 87%).
White solid, mp 76 - 77 °C.*™H NMR (500 MHz, DMSO-ds): & = 0.93 (s, 3H, CHs), 1.64 (m, 2H, CHz), 3.00 (m, 2H, CHz), 7.42 — 7.49 (m, 3H, CHa), 7.72 — 7.80 (m,
4H, CHar), 8.02 — 8.03 (m, 2H, CHay).

13C{*H} NMR (126 MHz, DMSO-ds): 6= 13.6, 17.3, 126.9, 127.0, 128.3, 128.6, 129.0, 135.5, 138.9, 144.4, 199.5.

Anal. calcd. for C12H9NO2: C, 72.35; H, 4.55; N, 7.03. Found: C, 72.49; H, 4.39; N, 7.11.

N-phenyl-[1,1"-biphenyl]-4-amine 2h
H
N

Ph” O

The title compound was prepared starting from phenol 1h (185 mg, 1 mmol, 1 equiv.), catalyst [Cp*Ru(PhCI)]BF4 (43 mg, 0.1 mmol, 0.1 equiv.), boronic acid 3a
(171 mg, 1.4 mmol, 1.4 equiv.), KF (17 mg, 0.3 mmol, 0.3 equiv.), DABCO (135 mg, 1.2 mmol, 1.2 equiv.), ZrN (420 mg, 4 mmol, 4 equiv.), and 0.3 mL of 1,4-
dioxane. The purification was accomplished by column chromatography on silica gel to provide the desired product 2h (203 mg, 0.83 mmol, 83%).
Alternatively the title compound was prepared starting from phenol 1h (185 mg, 1 mmol, 1 equiv.), catalyst [Cp*Ru(PhCI)]BF4 (43 mg, 0.1 mmol, 0.1 equiv.),
aryl trialkoxysilanes 4a (277 mg, 1.4 mmol, 1.4 equiv.), CsF (46 mg, 0.3 mmol, 0.3 equiv.), DABCO (135 mg, 1.2 mmol, 1.2 equiv.), ZrN (420 mg, 4 mmol, 4 equiv.),
and 0.3 mL of 1,4-dioxane. The purification was accomplished by column chromatography on silica gel to provide the desired product 2h (196 mg,
0.80 mmol, 80%).

Light Brown solid, mp 113 - 114 °C. *H NMR (500 MHz, CDCl5): 6 = 5.77 (s, 1H, NH), 6.98 (t, 1H, 3J= 7.4 Hz, CHa/), 7.15 (t, 4H, 3J= 7.4 Hz, CHa/), 7.30 — 7.34 (m,
3H, CHar), 7.44 (t, 2H, 3/= 8.2 Hz, CHar), 7.53 (d, 2H, 3/= 8.6 Hz, CHa/), 7.59 (d, 1H, 3/= 7.4 Hz, CHa/).

13¢{*H} NMR (126 MHz, CDCl5): 6= 117.8, 118.1,121.2, 126.5, 126.6, 128.0, 128.7, 129.4, 133.7, 140.8, 142.6, 142.8.
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MS (GC, 70eV): m/z (%) = 245 (M*, 100).
Anal. calcd. for CigH1sN: C, 88.13; H, 6.16; N, 5.71. Found: C, 88.19; H, 6.13; N, 5.68.

2-([1,1'-biphenyl]-4-yl)acetonitrile 2i
)

The title compound was prepared starting from phenol 1i (133 mg, 1 mmol, 1 equiv.), catalyst [Cp*Ru(PhCl)]BF4 (43 mg, 0.1 mmol, 0.1 equiv.), boronic acid 3a
(171 mg, 1.4 mmol, 1.4 equiv.), KF (17 mg, 0.3 mmol, 0.3 equiv.), DABCO (135 mg, 1.2 mmol, 1.2 equiv.), ZrN (420 mg, 4 mmol, 4 equiv.), and 0.3 mL of 1,4-
dioxane. The purification was accomplished by column chromatography on silica gel to provide the desired product 2i (203 mg, 0.87 mmol, 87%).
Alternatively the title compound was prepared starting from phenol 1i (133 mg, 1 mmol, 1 equiv.), [Cp*Ru(PhCl)]BF4 (43 mg, 0.1 mmol, 0.1 equiv.), aryl
trialkoxysilanes 4a (277 mg, 1.4 mmol, 1.4 equiv.), CsF (46 mg, 0.3 mmol, 0.3 equiv.), DABCO (135 mg, 1.2 mmol, 1.2 equiv.), ZrN (420 mg, 4 mmol, 4 equiv.),
and 0.3 mL of 1,4-dioxane. The purification was accomplished by column chromatography on silica gel to provide the desired product 2i (196 mg, 0.83
mmol, 83%).

Pink solid, mp 161 - 162 °C.'H NMR (500 MHz, CDCl3): & = 3.78 (m, 2H, CHz), 7.40 — 7.42 (m, 3H, CHar), 7.46 — 7.50 (m, 2H, CHar), 7.60 — 7.64 (m, 4H, CHa).
13C{*H} NMR (126 MHz, CDCl5): 6= 23.2, 118.0, 127.1, 127.7, 127.9, 128.4, 129.0, 140.2, 141.1.

MS (GC, 70eV): m/z (%) = 193 (M*, 100), 165 (39).

Anal. calcd. for C14H11N: C, 87.01; H, 5.74; N, 7.25. Found: C, 86.95; H, 5.69; N, 7.36.

4'-butyl-[1,1'-biphenyl]-4-carboxylic acid 2j
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HO,C ]

The title compound was prepared starting from phenol 1j (138 mg, 1 mmol, 1 equiv.), catalyst [Cp*Ru(PhCl)]BF4 (43 mg, 0.1 mmol, 0.1 equiv.), boronic acid 3h

CaHo

(249 mg, 1.4 mmol, 1.4 equiv.), KF (17 mg, 0.3 mmol, 0.3 equiv.), DABCO (135 mg, 1.2 mmol, 1.2 equiv.), ZrN (420 mg, 4 mmol, 4 equiv.), and 0.3 mL of 1,4-
dioxane. The purification was accomplished by column chromatography on silica gel to provide the desired product 2j (188 mg, 0.74 mmol, 74%).
Colourless liquid *H NMR (500 MHz, DMSO-de): 6 = 0.91 (t, 3H, 3/= 7.6 Hz, CH3), 1.31 — 1.35 (m, 2H, CH>), 1.56 — 1.60 (m, 2H, CH>), 2.62 (t, 2H, 3/= 8.3 Hz, CH,),
7.31(d, 2H, 3= 7.6 Hz, Har), 7.64 (d, 2H, 3/ = 7.7 Hz, CHar), 7.77 (d, 2H, 3/ = 8.6 Hz, CHar), 8.00 (d, 2H, 3/ = 8.4 Hz, CHa/), 12.94 (s, 1H, OH).

13C{*H} NMR (126 MHz, DMSO-ds): 6= 13.7, 21.7, 33.0, 34.4, 126.5, 126.8, 136.3, 142.6, 144.2, 167.1.

Anal. calcd. for C17H180;: C, 80.28; H, 7.13. Found: C, 80.39; H, 7.16.

5-fluoro-4'-methoxy-[1,1'-biphenyl]-3-carboxylic acid 2k
F

HO,C l O
OMe

The title compound was prepared starting from phenol 1k (156 mg, 1 mmol, 1 equiv.), catalyst [Cp*Ru(PhCl)]BF4 (43 mg, 0.1 mmol, 0.1 equiv.), boronic acid 3i
(213 mg, 1.4 mmol, 1.4 equiv.), KF (17 mg, 0.3 mmol, 0.3 equiv.), DABCO (135 mg, 1.2 mmol, 1.2 equiv.), ZrN (420 mg, 4 mmol, 4 equiv.), and 0.3 mL of 1,4-
dioxane. The purification was accomplished by column chromatography on silica gel to provide the desired product 2k (204 mg, 0.83 mmol, 83%).

Alternatively the title compound was prepared starting from phenol 1k (156 mg, 1 mmol, 1 equiv.), catalyst [Cp*Ru(PhCl)]BF4 (43 mg, 0.1 mmol, 0.1 equiv.),
aryl trialkoxysilanes 4d (319 mg, 1.4 mmol, 1.4 equiv.), CsF (46 mg, 0.3 mmol, 0.3 equiv.), DABCO (135 mg, 1.2 mmol, 1.2 equiv.), ZrN (420 mg, 4 mmol, 4 equiv.),
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and 0.3 mL of 1,4-dioxane. The purification was accomplished by column chromatography on silica gel to provide the desired product 2k (197 mg,
0.80 mmol, 80%).

White liquid. *H NMR (500 MHz, DMSO-ds): & = 3.81 (s, 3H, OMe), 7.04 (d, 2H, /= 8.6 Hz, CHa/), 7.58 (d, 1H, 3/ = 8.6 Hz, CHa:), 7.69 (d, 2H, 3/= 8.6 Hz, CHa/), 7.75
(d, 1H, 3/=10.6 Hz, CHar), 7.99 (s, 1H, CHar), 13.37 (s, 1H, OH).

13¢{1H} NMR (126 MHz, DMSO-ds): 6= 55.2, 113.8 5 (d, Jcr= 22.0 Hz), 114.5, 117.2 (d, Jer= 22.0 Hz), 122.7, 128.1, 130.2, 133.6 (d, Jcr= 7.8 Hz), 142.6 (d, Jcr= 7.8
Hz), 160.0, 162.5 (d, YJcr= 243.9 Hz), 166.2.

Anal. calcd. for C14aH11FO3: C, 68.29; H, 4.50. Found: C, 68.21; H, 4.39.

4'-methyl-[1,1'-biphenyl]-2-carbonitrile 2]

CN O
Me

The title compound was prepared starting from phenol 1l (119 mg, 1 mmol, 1 equiv.), catalyst [Co*Ru(Napht)]BF4 (44 mg, 0.1 mmol, 0.1 equiv.), boronic acid 3j
(190 mg, 1.4 mmol, 1.4 equiv.), KF (17 mg, 0.3 mmol, 0.3 equiv.), DABCO (135 mg, 1.2 mmol, 1.2 equiv.), ZrN (420 mg, 4 mmol, 4 equiv.), and 0.3 mL of 1,4-
dioxane. The purification was accomplished by column chromatography on silica gel to provide the desired product 2l (158 mg, 0.82 mmol, 82%).
Alternatively the title compound was prepared starting from phenol 11 (119 mg, 1 mmol, 1 equiv.), catalyst [Cp*Ru(PhCl)]BF4 (43 mg, 0.1 mmol, 0.1 equiv.), aryl
trialkoxysilanes 4e (297 mg, 1.4 mmol, 1.4 equiv.), CsF (46 mg, 0.3 mmol, 0.3 equiv.), DABCO (135 mg, 1.2 mmol, 1.2 equiv.), ZrN (420 mg, 4 mmol, 4 equiv.),
and 0.3 mL of 1,4-dioxane. The purification was accomplished by column chromatography on silica gel to provide the desired product 21 (162 mg, 0.84
mmol, 84%).

Alternatively the title compound was prepared starting from phenol 1f (108 mg, 1 mmol, 1 equiv.), catalyst [Cp*Ru(PhCI)]BF4 (43 mg, 0.1 mmol, 0.1 equiv.),
boronic acid 3k (206 mg, 1.4 mmol, 1.4 equiv.), KF (17 mg, 0.3 mmol, 0.3 equiv.), DABCO (135 mg, 1.2 mmol, 1.2 equiv.), ZrN (420 mg, 4 mmol, 4 equiv.), and
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0.3 mL of 1,4-dioxane. The purification was accomplished by column chromatography on silica gel to provide the desired product 2l (154 mg, 0.80
mmol, 80%).

Beige solid, mp 50 - 52 °C. *H NMR (500 MHz, CDCls): & = 2.43 (s, 3H, Me), 7.30 (d, 2H, 3/= 8.1 Hz, CHa), 7.42 (t, 1H, 3= 7.4 Hz, CHa/), 7.47 (d, 2H, 3/= 8.1 Hz,
CHar), 7.51 (d, 1H, 3/= 8.1 Hz, CHar), 761 — 7.65 (m, 1H, CHar), 7.75 (d, 1H, 3/= 7.7 Hz, CHa).

13C{*H} NMR (126 MHz, CDCl3): 6=21.2,111.2,118.8, 127.2, 128.6, 129.4, 129.9, 132.7, 133.7, 135.2, 138.6, 145.5.

MS (GC, 70eV): m/z (%) = 193 (M*, 100), 165 (28).

Anal. calcd. for C1aH11N: C, 87.01; H, 5.74; N, 7.25. Found: C, 87.16; H, 5.69; N, 7.15.

(3'-fluoro-[1,1'-biphenyl]-3-yl)methanol 2m
HO

Y

=
The title compound was prepared starting from phenol 1m (124 mg, 1 mmol, 1 equiv.), catalyst [Cp*Ru(PhCI)]BF4 (43 mg, 0.1 mmol, 0.1 equiv.), boronic acid 3l
(196 mg, 1.4 mmol, 1.4 equiv.), KF (17 mg, 0.3 mmol, 0.3 equiv.), DABCO (135 mg, 1.2 mmol, 1.2 equiv.), ZrN (420 mg, 4 mmol, 4 equiv.), and 0.3 mL of 1,4-
dioxane. The purification was accomplished by column chromatography on silica gel to provide the desired product 2m (178 mg, 0.88 mmol, 88%).
The gram scale synthesis was performed on 10 mmol of the starting 1m and 2m was prepared in 78% vyield (1.57 g, 7.8 mmol).

Alternatively the title compound was prepared starting from phenol 1m (124 mg, 1 mmol, 1 equiv.), catalyst [Cp*Ru(PhCl)]BF4 (43 mg, 0.1 mmol, 0.1 equiv.),
aryl trialkoxysilanes 4f (302 mg, 1.4 mmol, 1.4 equiv.), CsF (46 mg, 0.3 mmol, 0.3 equiv.), DABCO (135 mg, 1.2 mmol, 1.2 equiv.), ZrN (420 mg, 4 mmol, 4 equiv.),
and 0.3 mL of 1,4-dioxane. The purification was accomplished by column chromatography on silica gel to provide the desired product 2m (174 mg,
0.86 mmol, 86%).

Brown liquid. *H NMR (500 MHz, CDCls): & = 1.88 (s, 1H, OH), 4.75 (d, 2H, 4/= 4.1 Hz, CH,), 7.02 — 7.07 (m, 3H, CHa), 7.72 — 7.80 (m, 2H, CHa/), 7.28 — 7.31 (m,
1H, CHar), 7.36 — 7.40 (m, 2H, CHar), 7.41 — 7.46 (m, 2H, CHar), 7.50 — 7.51 (m, 1H, CHa/), 7.58 (s, 1H, CHar).
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13C{H} NMR (126 MHz, CDCl3): 8= 65.2, 113.9 (d, Jer= 13.5 Hz), 114.1 (d, Jer = 12.3 Hz), 122.7 (d, Jor= 12.8Hz), 125.7, 126.4, 129.1, 130.1 (d, Jer= 8.1 Hz),
140.2, 141.5, 143.2 (d, Jer= 7.9 Hz), 163.2 (d, Ycr= 246.9 Hz).

MS (GC, 70eV): m/z (%) = 202 (M*, 100), 183 (29), 173 (24), 152 (31) 107 (13).

Anal. calcd. for C13H11NO: C, 77.21; H, 5.48. Found: C, 77.32; H, 5.39.

[1,1'-biphenyl]-4,4'-diyldimethanol 2n
HO O
() o

The title compound was prepared starting from phenol 1n (124 mg, 1 mmol, 1 equiv.), catalyst [Cp*Ru(PhCI)]BF4 (43 mg, 0.1 mmol, 0.1 equiv.), boronic acid 3m
(213 mg, 1.4 mmol, 1.4 equiv.), KF (17 mg, 0.3 mmol, 0.3 equiv.), DABCO (135 mg, 1.2 mmol, 1.2 equiv.), ZrN (420 mg, 4 mmol, 4 equiv.), and 0.3 mL of 1,4-
dioxane. The purification was accomplished by column chromatography on silica gel to provide the desired product 2n (175 mg, 0.82 mmol, 82%).
Yellowish solid, mp 194 - 195 °C.*H NMR (500 MHz, DMSO-ds): 6 = 4.55 (br. s, 4H, 2xCH,), 5.26 (br. s, 2H, 2xOH), 7.40 (d, 4H, 3/=7.9 Hz, CHa/), 7.61 (d, 4H, 3/ =
7.9 Hz, CHay).

13¢{*H} NMR (126 MHz, DMSO-d): 6= 62.7, 126.3, 127.1, 138.5, 141.6.

MS (GC, 70eV): m/z (%) = 214 (M*, 100), 183 (21), 165 (29), 155 (75) 152 (22).

Anal. calcd. for C14H1403: C, 78.48; H, 6.59. Found: C, 78.51; H, 6.63.

4-methoxy-1,1"-biphenyl 20

e
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The title compound was prepared starting from phenol 1o (124 mg, 1 mmol, 1 equiv.), catalyst [Cp*Ru(PhCI)]BF4 (43 mg, 0.1 mmol, 0.1 equiv.), boronic acid 3a
(171 mg, 1.4 mmol, 1.4 equiv.), KF (17 mg, 0.3 mmol, 0.3 equiv.), DABCO (135 mg, 1.2 mmol, 1.2 equiv.), ZrN (420 mg, 4 mmol, 4 equiv.), and 0.3 mL of 1,4-
dioxane. The purification was accomplished by column chromatography on silica gel to provide the desired product 20 (143 mg, 0.78 mmol, 78%).
Alternatively the title compound was prepared starting from phenol 10 (124 mg, 1 mmol, 1 equiv.), catalyst [Cp*Ru(PhCl)]BF4 (43 mg, 0.1 mmol, 0.1 equiv.),
aryl trialkoxysilanes 4a (277 mg, 1.4 mmol, 1.4 equiv.), CsF (46 mg, 0.3 mmol, 0.3 equiv.), DABCO (135 mg, 1.2 mmol, 1.2 equiv.), ZrN (420 mg, 4 mmol, 4 equiv.),
and 0.3 mL of 1,4-dioxane. The purification was accomplished by column chromatography on silica gel to provide the desired product 20 (136 mg,
0.74 mmol, 74%).

Alternatively the title compound was prepared starting from phenol 1a (94 mg, 1 mmol, 1 equiv.), catalyst [Cp*Ru(PhCI)]BF4 (43 mg, 0.1 mmol, 0.1 equiv.),
boronic acid 3i (213 mg, 1.4 mmol, 1.4 equiv.), KF (17 mg, 0.3 mmol, 0.3 equiv.), DABCO (135 mg, 1.2 mmol, 1.2 equiv.), ZrN (420 mg, 4 mmol, 4 equiv.), and
0.3 mL of 1,4-dioxane. The purification was accomplished by column chromatography on silica gel to provide the desired product 20 (140 mg, 0.76
mmol, 76%).

The title compound was prepared starting from phenol 1a (94 mg, 1 mmol, 1 equiv.), catalyst [Cp*Ru(PhCl)]BF4 (43 mg, 0.1 mmol, 0.1 equiv.), aryl trialkoxysilanes
4d (39 mg, 1.4 mmol, 1.4 equiv.), CsF (46 mg, 0.3 mmol, 0.3 equiv.), DABCO (135 mg, 1.2 mmol, 1.2 equiv.), ZrN (420 mg, 4 mmol, 4 equiv.), and 0.3 mL of 1,4-
dioxane. The purification was accomplished by column chromatography on silica gel to provide the desired product 20 (132 mg, 0.72 mmol, 72%).
White solid, mp 88 - 89 °C.*H NMR (500 MHz, CDCls): 6 = 3.88 (s, 3H, OMe), 7.03 (d, 2H, 3J= 8.7 Hz, CHar), 7.36 (dt, 1H, 3/= 7.6 Hz, *J= 1.0 Hz, CHar), 7.47 (t, 2H,
3)=7.7 Hz, CHa/), 7.58 — 7.62 (m, 4H, CHa).

13C{*H} NMR (126 MHz, CDCls): 6= 55.3, 114.2, 126.6, 128.1, 128.7, 133.7, 140.8, 159.1.

MS (GC, 70eV): m/z (%) = 184 (M*, 100), 169 (45), 141 (46), 115 (75).

Anal. calcd. for C13H120: C, 84.75; H, 6.57. Found: C, 84.66; H, 6.68.

1-(4'-bromo-[1,1'-biphenyl]-4-yl)ethan-1-one 2p
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The title compound was prepared starting from phenol 1p (136 mg, 1 mmol, 1 equiv.), catalyst [Cp*Ru(PhCl)]BF4 (43 mg, 0.1 mmol, 0.1 equiv.), boronic acid 3n
(280 mg, 1.4 mmol, 1.4 equiv.), KF (17 mg, 0.3 mmol, 0.3 equiv.), DABCO (135 mg, 1.2 mmol, 1.2 equiv.), ZrN (420 mg, 4 mmol, 4 equiv.), and 0.3 mL of 1,4-
dioxane. The purification was accomplished by column chromatography on silica gel to provide the desired product 2p (220 mg, 0.80 mmol, 80%).
Greenish solid, mp 125 - 126 °C.*H NMR (500 MHz, CDCl5): 6 = 2.63 (s, 3H, Me), 7.48 (dt, 2H, 3/= 8.6 Hz, 4J= 2.0 Hz, CHa,), 7.58 (dt, 2H, 3/= 8.4 Hz, /= 1.8 Hz,
CHar), 7.63 (dt, 2H, 3/= 8.3 Hz, 4/ = 1.6 Hz, CHay), 8.02 (dt, 2H, 3/= 8.3 Hz, /= 1.6 Hz, CHa,).
13C{*H} NMR (126 MHz, CDCl3): 6= 26.6, 122.6, 127.0, 128.8, 129.0, 132.1, 136.1, 138.7, 144.5, 197.5.
MS (GC, 70eV): m/z (%) = 276 (M*, 41), 274 (42), 260 (80), 152 (100).
Anal. calcd. for C12H9NO2: C, 72.35; H, 4.55; N, 7.03. Found: C, 72.49; H, 4.39; N, 7.11.

N-benzyl-[1,1'-biphenyl]-4-carboxamide 2q

o)
Ph—-< :}——4
NH

(

Ph

The title compound was prepared starting from phenol 1q (227 mg, 1 mmol, 1 equiv.), catalyst [Cp*Ru(PhCI)]BF4 (43 mg, 0.1 mmol, 0.1 equiv.), boronic acid 3a
(171 mg, 1.4 mmol, 1.4 equiv.), KF (17 mg, 0.3 mmol, 0.3 equiv.), DABCO (135 mg, 1.2 mmol, 1.2 equiv.), ZrN (420 mg, 4 mmol, 4 equiv.), and 0.3 mL of 1,4-
dioxane. The purification was accomplished by column chromatography on silica gel to provide the desired product 2q (244 mg, 0.85 mmol, 85%).
The gram scale synthesis was performed on 10 mmol of the starting 1q and 2q was prepared in 80% yield (2.30 g, 8.0 mmol).

Alternatively the title compound was prepared starting from phenol 1q (227 mg, 1 mmol, 1 equiv.), catalyst [Cp*Ru(PhCI)]BF4 (43 mg, 0.1 mmol, 0.1 equiv.),
aryl trialkoxysilanes 4a (277 mg, 1.4 mmol, 1.4 equiv.), CsF (46 mg, 0.3 mmol, 0.3 equiv.), DABCO (135 mg, 1.2 mmol, 1.2 equiv.), ZrN (420 mg, 4 mmol, 4 equiv.),
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and 0.3 mL of 1,4-dioxane. The purification was accomplished by column chromatography on silica gel to provide the desired product 2q (241 mg,
0.84 mmol, 84%). The gram scale synthesis was performed on 10 mmol of the starting 1q and 2q was prepared in 81% yield (2.32 g, 8.1 mmol).

White solid, mp 181 - 182 °C.H NMR (500 MHz, DMSO-ds): & = 4.49 (d, 2H, 3/= 6.0 Hz, CHa), 7.19 — 7.22 (m, 1H, CHa), 7.28 — 7.32 (m, 4H, CHa:), 7.35 - 7.38 (m,
1H, CHar), 7.45 (t, 2H, 3J= 7.1 Hz CHa/), 7.69 (d, 2H, 3J= 7.3 Hz CHa), 7.75 (d, 2H, /= 8.6 Hz, CHar), 7.75 (d, 2H, 3/= 8.3 Hz, CHa), 9.11 (t, 1H, 3/= 7.0 Hz, NH).
13C{*H} NMR (126 MHz, DMSO-ds): 6= 42.6, 126.6, 126.7, 126.9, 127.2, 127.9, 128.0, 128.3, 129.0, 133.1, 139.2, 139.7, 142.8.

MS (GC, 70eV): m/z (%) = 287 (M*, 21), 181 (100), 152 (51).

Anal. calcd. for C;0H17NO: C, 83.59; H, 5.96; N, 4.87. Found: C, 83.63; H, 6.03; N, 4.71.

[1,1'-biphenyl]-4-yl(azepan-1-yl)methanone 2r
0]

O

Ph

The title compound was prepared starting from phenol 1r (219 mg, 1 mmol, 1 equiv.), catalyst [Cp*Ru(PhCl)]BF4 (43 mg, 0.1 mmol, 0.1 equiv.), boronic acid 3a
(171 mg, 1.4 mmol, 1.4 equiv.), KF (17 mg, 0.3 mmol, 0.3 equiv.), DABCO (135 mg, 1.2 mmol, 1.2 equiv.), ZrN (420 mg, 4 mmol, 4 equiv.), and 0.3 mL of 1,4-
dioxane. The purification was accomplished by column chromatography on silica gel to provide the desired product 2r (223 mg, 0.80 mmol, 80%).
Yellowish solid, mp 87 - 88 °C. '™H NMR (500 MHz, CDCl3): & = 1.60 — 1.64 (m, 6H, CH,), 1.84 — 1.85 (m, 2H, CH,), 3.42 (t, 2H, 3/= 5.8 Hz, CH>), 3.69 (t, 2H, 3/=5.8
Hz, CHy), 7.35 (t, 1H, 3/= 7.3 Hz, CHar), 7.42 — 7.46 (m, 4H, CHa), 7.60 (t, 4H, 3/= 9.6 Hz CHa/).

13C{H} NMR (126 MHz, CDCl3): 6= 26.3, 27.1,27.7, 29.4, 46.2, 49.6, 126.8, 126.9, 127.0, 127.5, 128.7, 136.0, 140.2, 141.8, 171.3.

MS (GC, 70eV): m/z (%) = 279 (M*, 88), 181 (100), 152 (46).

Anal. calcd. for C19H21NO: C, 81.68; H, 7.58; N, 5.01. Found: C, 81.73; H, 7.59; N, 5.03.

2-([1,1'-biphenyl]-4-ylmethyl)-1H-benzo[d]imidazole 2s
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The title compound was prepared starting from phenol 1s (224 mg, 1 mmol, 1 equiv.), catalyst [Cp*Ru(PhCl)]BF4 (43 mg, 0.1 mmol, 0.1 equiv.), boronic acid 3a
(171 mg, 1.4 mmol, 1.4 equiv.), KF (17 mg, 0.3 mmol, 0.3 equiv.), DABCO (135 mg, 1.2 mmol, 1.2 equiv.), ZrN (420 mg, 4 mmol, 4 equiv.), and 0.3 mL of 1,4-
dioxane. The purification was accomplished by column chromatography on silica gel to provide the desired product 2s (241 mg, 0.85 mmol, 85%).
Alternatively the title compound was prepared starting from phenol 1s (224 mg, 1 mmol, 1 equiv.), catalyst [Cp*Ru(PhCI)]BF4 (43 mg, 0.1 mmol, 0.1 equiv.), aryl
trialkoxysilanes 4a (277 mg, 1.4 mmol, 1.4 equiv.), CsF (46 mg, 0.3 mmol, 0.3 equiv.), DABCO (135 mg, 1.2 mmol, 1.2 equiv.), ZrN (420 mg, 4 mmol, 4 equiv.),
and 0.3 mL of 1,4-dioxane. The purification was accomplished by column chromatography on silica gel to provide the desired product 2s (244 mg,
0.86 mmol, 86%).

White solid, mp 189 - 191 °C. 'H NMR (500 MHz, DMSO-ds): 8 = 4.21 (s, 2H, CH2), 7.11 — 7.13 (m, 2H, CHas), 7.32 (t, 1H, 3/ = 7.3 Hz CHa/), 7.41 — 7.46 (m, 6H,
CHar), 7.60 — 7.64 (m, 4H, CHar), 12.33 (br. s, 1H, NH).

13C{*H} NMR (126 MHz, DMSO-ds): 6= 34.8, 121.3, 126.5, 126.8, 127.4, 129.0, 129.4, 136.9, 138.5, 140.0, 153.5.

MS (GC, 70eV): m/z (%) = 284 (M*, 100), 165 (22), 152 (46).

Anal. calcd. for CxoH16N2: C, 84.48; H, 5.67; N, 9.85. Found: C, 84.31; H, 5.59; N, 10.1.

tert-butyl (R)-(1-([1,1'-biphenyl]-4-yl)-3-hydroxypropan-2-yl)carbamate 2t

Ph
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The title compound was prepared starting from phenol 1t (267 mg, 1 mmol, 1 equiv.), [Cp*Ru(PhCl)]BF4 (43 mg, 0.1 mmol, 0.1 equiv.), boronic acid 3a (171 mg,
1.4 mmol, 1.4 equiv.), KF (17 mg, 0.3 mmol, 0.3 equiv.), DABCO (135 mg, 1.2 mmol, 1.2 equiv.), ZrN (420 mg, 4 mmol, 4 equiv.), and 0.3 mL of 1,4-dioxane. The
purification was accomplished by column chromatography on silica gel to provide the desired product 2t (261 mg, 0.80 mmol, 80%).

Alternatively the title compound was prepared starting from phenol 1t (267 mg, 1 mmol, 1 equiv.), catalyst [Cp*Ru(PhCl)]BF4 (43 mg, 0.1 mmol, 0.1 equiv.), aryl
trialkoxysilanes 4a (277 mg, 1.4 mmol, 1.4 equiv.), CsF (46 mg, 0.3 mmol, 0.3 equiv.), DABCO (135 mg, 1.2 mmol, 1.2 equiv.), ZrN (420 mg, 4 mmol, 4 equiv.),
and 0.3 mL of 1,4-dioxane. The purification was accomplished by column chromatography on silica gel to provide the desired product 2t (268 mg, 0.82
mmol, 82%).

White solid, mp 154 - 156 °C.*H NMR (500 MHz, CDCl3): 6 = 1.44 (s, 9H, tBu), 2.91 — 2.92 (m, 2H, CH,), 3.15 - 3.16 (m, 1H, CH), 3.60 — 3.62 (m, 1H, CH,), 3.69 —
3.71 (m, 1H, CHy), 3.95 (br. s, 1H, NH), 5.01 (br. s, 1H, OH), 7.31 - 7.37 (m, 3H, CHa/), 7.44 (t, 2H, 3/ = 7.8 Hz, CHa/), 7.54 (d, 2H, 3J= 7.8 Hz, CHa/), 7.59 (d, 2H, 3/ =
7.4 Hz, CHay).

13¢{*H} NMR (126 MHz, CDCl5): 6= 28.3, 37.0, 53.6, 63.9, 79.6, 126.9, 127.1, 128.7, 129.7, 137.0, 139.3, 140.8., 156.1.

Anal. calcd. for C2oH25NO3: C, 73.37; H, 7.70; N, 4.28. Found: C, 73.41; H, 7.72; N, 4.21.

4'-((1s,4r)-4-pentylicyclohexyl)-[1,1'-biphenyl]-4-carbonitrile 5u

NC O O IIIIC5H11

The title compound was prepared starting from phenol 1u (246 mg, 1 mmol, 1 equiv.), catalyst [Cp*Ru(PhCl)]BF4 (43 mg, 0.1 mmol, 0.1 equiv.), boronic acid 30
(206 mg, 1.4 mmol, 1.4 equiv.), KF (17 mg, 0.3 mmol, 0.3 equiv.), DABCO (135 mg, 1.2 mmol, 1.2 equiv.), ZrN (420 mg, 4 mmol, 4 equiv.), and 0.3 mL of 1,4-
dioxane. The purification was accomplished by column chromatography on silica gel to provide the desired product 2u (241 mg, 0.76 mmol, 76%).
White solid, mp 95 - 96 °C. *H NMR (500 MHz, CDCl5): 6 = 0.93 (t, 3H, 3J= 7.4 Hz, CHs), 1.05 — 1.14 (m, 2H, Aliph.), 1.23 - 1.38 (m, 9H, Aliph.), 1.46 — 1.55 (m, 2H,
Aliph.), 1.93 (t, 4H, 3/= 12.6 Hz, Aliph.), 2.51 - 2.57 (m, 1H, Aliph.), 7.33 (d, 2H, 3/= 8.5 Hz, CHar), 7.53 (d, 2H, /= 8.5 Hz, CHar), 7.66 — 7.71 (m, 4H, CHa/).
13¢{*H} NMR (126 MHz, CDCl5): = 14.1, 22.7, 26.6, 32.2, 33.5, 34.2, 37.2, 37.3, 44.3, 110.4, 118.9, 127.0, 127.4, 127.5, 132.5, 136.5, 145.5, 148.6.

Anal. calcd. for Ca4H29N: C, 86.96; H, 8.82; N, 4.23. Found: C, 87.03; H, 8.69; N, 4.28.
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2-phenyl-1H-indole 2v
-0

N
The title compound was prepared starting from phenol 1v (133 mg, 1 mmol, 1 equiv.), catalyst [Cp*Ru(PhCI)]BF4 (43 mg, 0.1 mmol, 0.1 equiv.), boronic acid 3a
(171 mg, 1.4 mmol, 1.4 equiv.), KF (17 mg, 0.3 mmol, 0.3 equiv.), DABCO (135 mg, 1.2 mmol, 1.2 equiv.), ZrN (420 mg, 4 mmol, 4 equiv.), and 0.3 mL of 1,4-
dioxane. The purification was accomplished by column chromatography on silica gel to provide the desired product 2v (162 mg, 0.84 mmol, 84%).
Alternatively the title compound was prepared starting from phenol 1v (133 mg, 1 mmol, 1 equiv.), catalyst [Cp*Ru(PhCl)]BF4 (43 mg, 0.1 mmol, 0.1 equiv.),
aryl trialkoxysilanes 4a (277 mg, 1.4 mmol, 1.4 equiv.), CsF (46 mg, 0.3 mmol, 0.3 equiv.), DABCO (135 mg, 1.2 mmol, 1.2 equiv.), ZrN (420 mg, 4 mmol, 4 equiv.),
and 0.3 mL of 1,4-dioxane. The purification was accomplished by column chromatography on silica gel to provide the desired product 2v (154 mg,
0.80 mmol, 80%).
White solid, mp 188 - 189 °C.*H NMR (500 MHz, DMSO-ds): 6 = 6.90 (d, 1H, /= 1.3 Hz, CHa), 7.02 (dt, 1H, 3/=7.9 Hz, #J= 0.9 Hz, CHa), 7.12 (dt, 1H, 3/= 6.9 Hz,
4)=1.3 Hz, CHar), 7.31 (t, 1H, 3/ = 7.3 Hz CHa/), 7.44 — 7.47 (m, 3H, CHa/), 7.54 (d, 1H, 3/= 7.9 Hz, CHa/), 7.88 (dd, 2H, 3/= 7.9 Hz, /= 1.3 Hz, CHas), 11.58 (s, 1H,
NH).
13C{*H} NMR (126 MHz, DMSO-ds): 6= 98.7,111.4, 119.4, 120.1, 121.6, 125.0, 127.4, 128.7, 128.9, 132.3, 137.2, 137.6.
MS (GC, 70eV): m/z (%) = 193 (M*, 100), 165 (25).
Anal. calcd. for C14H11N: C, 87.01; H, 5.74; N, 7.25. Found: C, 87.13; H, 5.79; N, 7.08.

3-([1,1'-biphenyl]-4-carbonyl)-4H-chromen-4-one 2w
(0] 0]

Ly C
O Ph
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The title compound was prepared starting from phenol 1w (266 mg, 1 mmol, 1 equiv.), catalyst [Cp*Ru(PhCl)]BF4 (43 mg, 0.1 mmol, 0.1 equiv.), boronic acid 3a
(171 mg, 1.4 mmol, 1.4 equiv.), KF (17 mg, 0.3 mmol, 0.3 equiv.), DABCO (135 mg, 1.2 mmol, 1.2 equiv.), ZrN (420 mg, 4 mmol, 4 equiv.), and 0.3 mL of 1,4-
dioxane. The purification was accomplished by column chromatography on silica gel to provide the desired product 2w (261 mg, 0.80 mmol, 80%).
Alternatively the title compound was prepared starting from phenol 1w (266 mg, 1 mmol, 1 equiv.), catalyst [Cp*Ru(PhCI)]BF4 (43 mg, 0.1 mmol, 0.1 equiv.),
aryl trialkoxysilanes 4a (277 mg, 1.4 mmol, 1.4 equiv.), CsF (46 mg, 0.3 mmol, 0.3 equiv.), DABCO (135 mg, 1.2 mmol, 1.2 equiv.), ZrN (420 mg, 4 mmol, 4 equiv.),
and 0.3 mL of 1,4-dioxane. The purification was accomplished by column chromatography on silica gel to provide the desired product 2w (244 mg,
0.75 mmol, 75%).

Yellow solid, mp 179 - 181 °C. 'H NMR (500 MHz, CDCl3): 6 = 7.38 — 7.41 (m, 1H, CHa/), 7.45 —7.51 (m, 3H, CHar), 7.55 (d, 1H, 3/= 8.6 Hz, CHa/), 7.62 — 7.64 (m,
2H, CHar), 7.68 (d, 2H, 3/= 8.3 Hz, CHar), 7.74 — 7.77 (m, 1H, CHa/), 7.94 (d, 2H, 3J= 8.1 Hz, CHa/), 8.28 (dd, 1H, 3/= 7.8 Hz, /= 1.6 Hz, CHar), 8.33 (s, 1H, CHar).
13C{H} NMR (126 MHz, CDCl3): 6= 118.3, 125.0, 125.3, 126.1, 126.5, 127.1, 127.3, 128.2, 128.9, 130.2, 134.4, 135.8, 139.9, 146.2, 156.1, 158.6, 174.8, 191.4.
MS (GC, 70eV): m/z (%) = 326 (M*, 91), 298 (100), 181 (25), 152 (79), 121 (33).

Anal. calcd. for C2H1403: C, 80.97; H, 4.32. Found: C, 81.03; H, 4.28.

(E)-1,2-diphenylethen 2x

PA A~

The title compound was prepared starting from phenol 1a (94 mg, 1 mmol, 1 equiv.), catalyst [Cp*Ru(PhCl)]BF4 (43 mg, 0.1 mmol, 0.1 equiv.), boronic acid 3r
(207 mg, 1.4 mmol, 1.4 equiv.), KF (17 mg, 0.3 mmol, 0.3 equiv.), DABCO (135 mg, 1.2 mmol, 1.2 equiv.), ZrN (420 mg, 4 mmol, 4 equiv.), and 0.3 mL of 1,4-
dioxane. The purification was accomplished by column chromatography on silica gel to provide the desired product 2x (92 mg, 0.51 mmol, 51%).
Beige solid, mp 123 - 125 °C.*H NMR (500 MHz, CDCl3): & = 7.16 (s, 2H, CHar), 7.31 (t, 2H, 3J= 7.5 Hz, CHar), 7.41 (t, 4H, 3/= 7.5 Hz, CHa), 7.56 (d, 4H, 3/= 7.5 Hz,
CHar).

13C{*H} NMR (126 MHz, CDCls): 6= 126.5, 127.6, 128.7, 137.3.

Anal. calcd. for C14H12: C, 93.29; H, 6.71. Found: C, 93.19; H, 6.81.
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1,2-diphenylethyne 2y
Ph

=z

Ph

The title compound was prepared starting from phenol 1a (94 mg, 1 mmol, 1 equiv.), [Cp*Ru(PhCI)]BF4 (43 mg, 0.1 mmol, 0.1 equiv.), aryl trialkoxysilanes 4g
(311 mg, 1.4 mmol, 1.4 equiv.), CsF (46 mg, 0.3 mmol, 0.3 equiv.), DABCO (135 mg, 1.2 mmol, 1.2 equiv.), ZrN (420 mg, 4 mmol, 4 equiv.), and 0.3 mL of 1,4-
dioxane. The purification was accomplished by column chromatography on silica gel to provide the desired product 2y (121 mg, 0.68 mmol, 68%).
Yellow solid, mp 60 - 61 °C.*H NMR (500 MHz, CDCl5): 6 = 7.38 — 7.41 (m, 6H, CHar), 7.60 — 7.62 (m, 4H, CHar).

13c{1H} NMR (126 MHz, CDCl3): 6= 123.2, 128.2, 128.3, 131.6.

Anal. calcd. for C14H10: C, 94.34; H, 5.66. Found: C, 94.31; H, 5.69.

1-chloro-4-ethynylbenzene 2z

=

Cl

The title compound was prepared starting from phenol 1lae (128 mg, 1 mmol, 1 equiv.), catalyst [Cp*Ru(PhCl)]BFs (43 mg, 0.1 mmol, 0.1 equiv.), aryl
trialkoxysilanes 4h (204 mg, 1.4 mmol, 1.4 equiv.), CsF (46 mg, 0.3 mmol, 0.3 equiv.), DABCO (135 mg, 1.2 mmol, 1.2 equiv.), ZrN (420 mg, 4 mmol, 4 equiv.),
and 0.3 mL of 1,4-dioxane. The purification was accomplished by column chromatography on silica gel to provide the desired product 2z (84 mg, 0.62
mmol, 62%).

Yellow liquid, mp 60 - 61 °C.*H NMR (500 MHz, CDCl3): 6 = 3.11 (s, 1H, CH), 7.29 — 7.31 (m, 2H, CHar), 7.41 — 7.43 (m, 2H, CHa).

13¢{*H} NMR (126 MHz, CDCls): 6=78.2, 82.5, 120.6, 128.7, 133.3, 134.9.

Anal. calcd. for CgHsCl: C, 70.35; H, 3.69. Found: C, 70.42; H, 3.59.
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(4-fluorophenyl)(phenyl)methanone 6a
(0]

O O F

The title compound was prepared starting from phenol 1a (94 mg, 1 mmol, 1 equiv.), catalyst [Cp*Ru(Napht)]BFs (44 mg, 0.1 mmol, 0.1 equiv.),
benzoyltrifluoroborate 5b (322 mg, 1.4 mmol, 1.4 equiv.), KF (17 mg, 0.3 mmol, 0.3 equiv.), DABCO (135 mg, 1.2 mmol, 1.2 equiv.), ZrN (210 mg, 2 mmol, 2
equiv.), BaTiO3 (466 mg, 2 mmol, 2 equiv.) and 0.3 mL of 1,4-dioxane. The purification was accomplished by column chromatography on silica gel to
provide the desired product 6a (176 mg, 0.88 mmol, 88%). The gram scale synthesis was performed on 10 mmol of the starting 1a and 6a was prepared in
77% yield (1.54 g, 7.7 mmol).

Alternatively the title compound was prepared starting from phenol 1x (112 mg, 1 mmol, 1 equiv.), catalyst [Cp*Ru(Napht)]BF4 (44 mg, 0.1 mmol, 0.1 equiv.),
benzoyltrifluoroborate 5a (297 mg, 1.4 mmol, 1.4 equiv.), KF (17 mg, 0.3 mmol, 0.3 equiv.), DABCO (135 mg, 1.2 mmol, 1.2 equiv.), ZrN (210 mg, 2 mmol, 2
equiv.), BaTiOs3 (466 mg, 2 mmol, 2 equiv.) and 0.3 mL of 1,4-dioxane. The purification was accomplished by column chromatography on silica gel to
provide the desired product 6a (179 mg, 0.89 mmol, 89%).

Beige solid, mp 48 - 50 °C. *™H NMR (500 MHz, CDCls): 6 = 7.16 (tt, 2H, 3J= 8.7 Hz, /= 1.8 Hz, CHa/), 7.49 (t, 2H, 3/= 7.6 Hz, CHa), 7.60 (tt, 1H, 3/=7.4 Hz, /= 1.8
Hz, CHar), 7.76 = 7.80 (m, 2H, CHar), 7.83 — 7.87 (m, 2H, CHar).

13¢{*H} NMR (126 MHz, CDCl3): 6= 115.4 (d, Jcr= 21.7 Hz), 128.4, 129.9, 132.5, 132.7 (d, Jer= 8.7 Hz), 133.8 (d, Jer= 7.8 Hz), 142.6 (d, Jer= 2.3 Hz), 137.5, 165.4
(d, Yecr=258.4 Hz), 195.2.

MS (GC, 70eV): m/z (%) = 200 (M*, 94), 123 (100), 105 (72).

Anal. calcd. for C13H9FO: C, 77.99; H, 4.53. Found: C, 78.05; H, 4.59.

(4-fluorophenyl)(4-methoxyphenyl)methanone 6b
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The title compound was prepared starting from phenol 1o (124 mg, 1 mmol, 1 equiv.), catalyst [Cp*Ru(Napht)]BFs (44 mg, 0.1 mmol, 0.1 equiv.),
benzoyltrifluoroborate 5b (322 mg, 1.4 mmol, 1.4 equiv.), KF (17 mg, 0.3 mmol, 0.3 equiv.), DABCO (135 mg, 1.2 mmol, 1.2 equiv.), ZrN (210 mg, 2 mmol, 2
equiv.), BaTiOs3 (466 mg, 2 mmol, 2 equiv.) and 0.3 mL of 1,4-dioxane. The purification was accomplished by column chromatography on silica gel to
provide the desired product 6a (193 mg, 0.84 mmol, 84%).

White solid, mp 91 - 93 °C. *™H NMR (500 MHz, DMSO-ds): 6 = 3.84 (s, 3H, OMe), 7.05 (d, 2H, 3/ = 8.7 Hz, CHar), 7.34 (t, 2H, 3/= 8.7 Hz, CHa:), 7.72 (dt, 2H, 3/=8.7
Hz, 4/= 1.8 Hz, CHa/), 7.74 — 7.77 (m, 2H, CHa,).

13¢{H} NMR (126 MHz, CDCl3): 8= 55.5, 113.9, 115.4 (d, Jer= 25.1 Hz), 129.3, 132.1, 132.2, 134.3 (d, Jer = 2.3 Hz), 163.0, 164.4 (d, Ycr= 252.5 Hz), 193.0.

MS (GC, 70eV): m/z (%) = 230 (M*, 53), 135 (100), 123 (20).

Anal. calcd. for C14H11FO3: C, 73.03; H, 4.82. Found: C, 73.19; H, 4.91.

(4-fluorophenyl)(4-methoxyphenyl)methanone 6¢
O

T
F

The title compound was prepared starting from phenol 1y (180 mg, 1 mmol, 1 equiv.), catalyst [Cp*Ru(Napht)]BFs (44 mg, 0.1 mmol, 0.1 equiv.),
benzoyltrifluoroborate 5a (297 mg, 1.4 mmol, 1.4 equiv.), KF (17 mg, 0.3 mmol, 0.3 equiv.), DABCO (135 mg, 1.2 mmol, 1.2 equiv.), ZrN (210 mg, 2 mmol, 2
equiv.), BaTiOs3 (466 mg, 2 mmol, 2 equiv.) and 0.3 mL of 1,4-dioxane. The purification was accomplished by column chromatography on silica gel to

provide the desired product 6¢ (212 mg, 0.79 mmol, 79%).
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White solid, mp 46 - 48 °C.'™H NMR (500 MHz, CDCls): & = 7.33 (t, 1H, 3/= 9.1 Hz, CHa/), 7.52 (t, 2H, 3J= 7.6 Hz, CHa/), 7.64 (tt, 1H, 3/= 7.6 Hz, %J= 1.3 Hz, CHa/),
7.76 —7.78 (m, 2H, CHa), 8.01 — 8.05 (m, 1H, CHa), 8.11 (dd, 1H, 3J= 6.7 Hz, /= 1.9 Hz, CHa/).

13C{'H} NMR (126 MHz, CDCl3): =117.1 (d, Jer= 21.6 Hz), 118.8 (dq, 2Jer= 33.4 Hz, Jer= 13.7 Hz), 122.1 (d, Yer=274.1 Hz), 128.7, 129.5 (m), 129.9, 133.1, 133.9
(d, Jer= 3.7 Hz), 135.8 (d, Jer= 9.9 Hz), 136.6, 162.1 (d, Yer=263.9 Hz, Jer= 1.9 Hz), 193.9.

MS (GC, 70eV): m/z (%) = 268 (M*, 56), 191 (55), 163 (36), 105 (100).

Anal. calcd. for C14HsF40: C, 62.69; H, 3.01. Found: C, 62.75; H, 3.19.

phenyl(3,4,5-trifluorophenyl)methanone 6d

The title compound was prepared starting from phenol 1z (148 mg, 1 mmol, 1 equiv.), catalyst [Cp*Ru(Napht)]BFs (44 mg, 0.1 mmol, 0.1 equiv.),
benzoyltrifluoroborate 5a (297 mg, 1.4 mmol, 1.4 equiv.), KF (17 mg, 0.3 mmol, 0.3 equiv.), DABCO (135 mg, 1.2 mmol, 1.2 equiv.), ZrN (210 mg, 2 mmol, 2
equiv.), BaTiOs (466 mg, 2 mmol, 2 equiv.) and 0.3 mL of 1,4-dioxane. The purification was accomplished by column chromatography on silica gel to
provide the desired product 6d (193 mg, 0.82 mmol, 82%). The gram scale synthesis was performed on 10 mmol of the starting 1z and 6d was prepared in
79% vyield (1.86 g, 7.9 mmol).

White solid, mp 78 - 79 °C. ™H NMR (500 MHz, CDCl3): 6 = 7.46 — 7.49 (m, 2H, CHa/), 7.52 (dt, 2H, 3J= 7.8 Hz, *J= 1.5 Hz, CHa/), 7.64 (tt, 1H, 3J=7.4 Hz, 4= 1.3 Hz,
CHar), 7.74 = 7.77 (m, 2H, CHa).

13C{H} NMR (126 MHz, CDCl3): &= 114.5 (dd, Jcr= 16.0 Hz, Jcr= 6.5 Hz), 128.6, 129.8, 134.0 (m), 133.1, 136.2, 142.7 (dt, Ycr= 259.3 Hz, Jer= 15.4 Hz), 151.0 (ddd,
Yer=253.1 Hz, Jer= 10.4 Hz, Jer= 3.2 Hz), 192.9.

MS (GC, 70eV): m/z (%) = 236 (M*, 63), 159 (34), 105 (100).
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Anal. calcd. for C13H7F30: C, 66.11; H, 2.99. Found: C, 66.29; H, 2.81.

(2,5-difluorophenyl)(phenyl)methanone 6e
O

AOAS
F

The title compound was prepared starting from phenol 1aa (130 mg, 1 mmol, 1 equiv.), catalyst [Cp*Ru(Napht)]BFs (44 mg, 0.1 mmol, 0.1 equiv.),
benzoyltrifluoroborate 5a (297 mg, 1.4 mmol, 1.4 equiv.), KF (17 mg, 0.3 mmol, 0.3 equiv.), DABCO (135 mg, 1.2 mmol, 1.2 equiv.), ZrN (210 mg, 2 mmol, 2
equiv.), BaTiOs3 (466 mg, 2 mmol, 2 equiv.) and 0.3 mL of 1,4-dioxane. The purification was accomplished by column chromatography on silica gel to
provide the desired product 6e (174 mg, 0.80 mmol, 80%).

Colourless liquid *H NMR (500 MHz, CDCl3): 6 =7.12 (dt, 1H, 3/= 8.9 Hz, /= 4.1 Hz, CHa(), 7.18 — 7.25 (m, 2H, CHar), 7.47 (t, 2H, 3J= 7.4 Hz, CHa/), 7.60 (dt, 1H, 3/
=7.4 Hz,%J=1.1 Hz, CHar), 7.82 (d, 2H, 3/ = 8.3 Hz, CHar).

1BC{*H} NMR (126 MHz, CDCl3): 6= 116.9 (dd, Jer= 25.0 Hz, Jcr= 3.5 Hz), 117.5 (dd, Jer= 25.1 Hz, Jer= 8.4 Hz), 119.5 (dd, Jer= 24.4 Hz, Jer= 8.4 Hz), 127.9 (dd, Jer
=17.7 Hz, Jcr= 6.4 Hz), 128.5, 129.7, 133.7, 136.7, 155.8 (dd, Ycr= 246.9 Hz, Jor= 1.4 Hz), 158.3 (dd, Yer= 245.0 Hz, Jer= 1.4 Hz), 191.9.

MS (GC, 70eV): m/z (%) = 218 (M*, 64), 141 (33), 113 (26), 105 (100).

Anal. calcd. for C13HsF,0: C, 71.56; H, 3.70. Found: C, 71.69; H, 3.79.

(2,5-dichlorophenyl)(phenyl)methanone 6f

ROA®
Cl
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The title compound was prepared starting from phenol 1ab (163 mg, 1 mmol, 1 equiv.), catalyst [Cp*Ru(Napht)]BFs (44 mg, 0.1 mmol, 0.1 equiv.),
benzoyltrifluoroborate 5a (297 mg, 1.4 mmol, 1.4 equiv.), KF (17 mg, 0.3 mmol, 0.3 equiv.), DABCO (135 mg, 1.2 mmol, 1.2 equiv.), ZrN (210 mg, 2 mmol, 2
equiv.), BaTiOs3 (466 mg, 2 mmol, 2 equiv.) and 0.3 mL of 1,4-dioxane. The purification was accomplished by column chromatography on silica gel to
provide the desired product 6f (226 mg, 0.91 mmol, 91%).

Beige solid, mp 88 - 89 °C. 'H NMR (500 MHz, DMSO-ds): & = 7.56 (t, 2H, /= 7.1 Hz, CHa), 7.64 — 7.67 (m, 3H, CHa/), 7.70 — 7.76 (m, 3H, CHay).

13C{*H} NMR (126 MHz, DMSO-ds): 6= 128.4,128.5, 129.1, 129.7, 131.4, 131.5, 132.2, 134.4, 135.3, 139.7, 193.0.

MS (GC, 70eV): m/z (%) = 250 (M*, 35), 173 (17), 105 (100).

Anal. calcd. for C13HsCl,0: C, 62.18; H, 3.21. Found: C, 62.39; H, 3.13.

phenyl(3-(trifluoromethyl)phenyl)methanone 6g
0]

CF4
The title compound was prepared starting from phenol 1lac (162 mg, 1 mmol, 1 equiv.), catalyst [Cp*Ru(Napht)]BFs (44 mg, 0.1 mmol, 0.1 equiv.),
benzoyltrifluoroborate 5a (297 mg, 1.4 mmol, 1.4 equiv.), KF (17 mg, 0.3 mmol, 0.3 equiv.), DABCO (135 mg, 1.2 mmol, 1.2 equiv.), ZrN (210 mg, 2 mmol, 2
equiv.), BaTiOs (466 mg, 2 mmol, 2 equiv.) and 0.3 mL of 1,4-dioxane. The purification was accomplished by column chromatography on silica gel to
provide the desired product 6g (222 mg, 0.89 mmol, 89%).
White solid, mp 53 - 54 °C.*H NMR (500 MHz, CDCls): 6 = 7.51 (t, 2H, 3/ = 7.4 Hz, CHa/), 7.62 (t, 2H, 3/= 7.4 Hz, CHa), 7.78 — 7.81 (m, 2H, CHa/), 7.84 (dd, 1H, 3/ =
7.8 Hz, /= 0.6 Hz, CHar), 7.97 (d, 1H, 3= 7.7 Hz, CHar), 8.07 (s, 1H, CHar).
13¢{*H} NMR (126 MHz, CDCl3): 6= 125.0 (q, Yer=270.0 Hz), 126.6, 128.5, 128.7, 128.9, 130.0, 131.0 (q, Ycr= 33.0 Hz), 133.0, 136.7, 138.3, 195.1.
Anal. calcd. for C14aHoF30: C, 67.20; H, 3.63. Found: C, 67.39; H, 3.79.
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(3,5-difluorophenyl)(phenyl)methanone 6h
@]

oo

F
The title compound was prepared starting from phenol 1ad (130 mg, 1 mmol, 1 equiv.), catalyst [Cp*Ru(Napht)]BFs (44 mg, 0.1 mmol, 0.1 equiv.),
benzoyltrifluoroborate 5a (297 mg, 1.4 mmol, 1.4 equiv.), KF (17 mg, 0.3 mmol, 0.3 equiv.), DABCO (135 mg, 1.2 mmol, 1.2 equiv.), ZrN (210 mg, 2 mmol, 2
equiv.), BaTiOs (466 mg, 2 mmol, 2 equiv.) and 0.3 mL of 1,4-dioxane. The purification was accomplished by column chromatography on silica gel to
provide the desired product 6h (190 mg, 0.87 mmol, 87%).
Yelowish solid, mp 58 - 59 °C. 'H NMR (500 MHz, CDCl3): & = 7.04 (tt, 1H, 3/ = 8.6 Hz, 4/ = 2.3 Hz, CHar), 7.30 — 7.32 (m, 2H, CHa/), 7.51 (t, 2H, 3/ = 7.8 Hz, CHa/),
7.63 (tt, 1H, 3/= 7.4 Hz, “J= 1.9 Hz, CHa/), 7.78 — 7.80 (m, 2H, CHa).
13C{1H} NMR (126 MHz, CDCl3): 6= 107.7 (t, Ycr = 25.8 Hz), 112.8 (d, Jer= 7.7 Hz), 113.0 (d, Jer = 7.4 Hz), 128.6, 130.0, 133.1, 136.4, 140.6 (d, Jer = 7.8 Hz), 162.7
(dd, Yer=251.3 Hz, 2Jer= 11.4 Hz), 193.9.
MS (GC, 70eV): m/z (%) = 218 (M*, 60), 141 (20), 113 (21), 105 (100).
Anal. calcd. for C13HsF20: C, 71.56; H, 3.70. Found: C, 71.42; H, 3.63.

(3,4-difluorophenyl)(phenyl)methanone 6i

Cr
F
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The title compound was prepared starting from phenol 1a (94 mg, 1 mmol, 1 equiv.), catalyst [Cp*Ru(Napht)]BFs (44 mg, 0.1 mmol, 0.1 equiv.),
benzoyltrifluoroborate 5¢ (347 mg, 1.4 mmol, 1.4 equiv.), KF (17 mg, 0.3 mmol, 0.3 equiv.), DABCO (135 mg, 1.2 mmol, 1.2 equiv.), ZrN (210 mg, 2 mmol, 2
equiv.), BaTiOs3 (466 mg, 2 mmol, 2 equiv.) and 0.3 mL of 1,4-dioxane. The purification was accomplished by column chromatography on silica gel to
provide the desired product 6h (185 mg, 0.85 mmol, 85%).

Yellowish solid, mp 54 - 55 °C. 'H NMR (500 MHz, CDCl3): 6 = 7.22 — 7.28 (m, 1H, CHa), 7.48 (t, 2H, 3J= 7.7 Hz, CHa/), 7.55 — 7.60 (m, 2H, CHa,), 7.64 — 7.69 (m,
1H, CHar), 7.73 — 7.75 (m, 1H, CHay).

13C{1H} NMR (126 MHz, CDCl3): 6= 117.2 (t, Jer= 17.2 Hz), 119.2 (d, Jer = 18.8 Hz), 127.0 (dd, Jer= 7.2 Hz, Jor= 3.8 Hz), 128.5, 129.8, 132.8, 134.4 (m), 136.9, 150.1
(dd, Yer=250.5 Hz, 2Jer= 14.2 Hz), 153.2 (dd, Yer= 257.0 Hz, 2Jer= 11.4 Hz), 194.0.

MS (GC, 70eV): m/z (%) = 218 (M*, 83), 141 (61), 113 (34), 105 (100).

Anal. calcd. for C13HsF20: C, 71.56; H, 3.70. Found: C, 71.69; H, 3.78.
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(D) DFT Study.

1. Computational methodology

DFT calculations are performed to gain insight into the mechanism of Ru-catalyzed activation of free phenols
in a one-step Suzuki Miyaura cross-coupling under mechanochemical conditions. Herein, all the density
functional theory (DFT) calculations are carried out using Gaussian 09 suite of programs.! The geometry
optimizations are simulated at B3LYP functional of DFT without any constraints. B3LYP is computationally
low cost functional, which is frequently employed for the quantum chemical calculations of reaction
mechanisms, and geometric and electronic properties.>™ Additionally, in the domain of catalysis, B3LYP
functional is an accurate and a reliable functional.>® All studied structures are relaxed with Pople-typ basis
set 6-31G(d,p) for lighter atoms (C, O, N, H and B) and Los Almos pseudopotential basis set LanL2DZ for
heavy atoms (Ru and Zr).” Moreover, the structures of intermediates (minima) and transition states (saddle
points) over potential energy surface are confirmed via frequency analysis i.e., the presence of one
imaginary frequency in the Hessian matrix validates a saddle point (transition state), whereas absence of
imaginary (negative) frequencies confirms the minima nature of found intermediate species. Additionally,
transition state is also identified through animation of negative frequency, where the motion of the eigen
vector corresponds to reaction axis.® All the reported energy values are in kcal/mol, while the discussed
bond distances are reported in angstrom (A), for all the studied geometries.

HQ on
B~ Ho, OH
176 2.05
o 138 2 14
:// ;Z,Q:”_
R; 1 57 1 45
Yay
C;’* Ru‘
o Ts , 15.02 \ ‘*’
phot 17 <—>—oH]|”? SOTS N cr
Ru +PhOH H 2 N Int4
cot F N N
° cp © N, =14 B~on
2 Cpx-l BF4 VQ . 4.55 Ren HO
0.00 v/ Int4 ™ o
R \‘*—_2'46 . +H*/ DABCO \‘—_2'21 ) Cox-lll
Intl ™ + PRB(OH, Int5 ™ + Cpx-1
T ) s | -eors
(CPX-1) goﬂ (CPX-1T) | +H*/DABCO 1.49 ‘
L Int 3 \
s -14.53 7
N
-H"/DABCO Int 2
(CPX-11) 2.05 <
1.24 /0 1.32 /O ----- 87/
o o 0 1.49 ® —
<=0 Cj @ dﬁ = O Int 6
H : _— = Ru,
Rl;l " ':E‘(u) R‘; 0] c;{*’ . (CPX-'V)
Cp* p* Cp* N
Cpx-IV BF,
Cpx-lla Cpx-ll Int3

107



Figure S1. Energy profile for Ru-catalyzed formal activation of C—OH bond (free phenols) to biphenyl (Ar-Ar). All the
reported energy values are presented in kcal/mol with reference initial reactant (R) at 0.00 kcal/mol at B3LYP functional
with Pople style basis set 6-31G(d,p) for lighter atoms (C, O, N, H & B) and Los Almos pseudopotential basis set LanL2DZ
for heavy atoms (Ru & Zr). Measured bond lengths are presented in Angstroms (A).
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Final product

Figure S2: Optimized geometries of reactants, intermediates, transitions state and final product along with important
bond lengths.

Table S4: Summary of electronic energy (SCF energy) and Gibbs free energy of optimized reacting

species in Scheme 4.

Optimized Geometry SCF energy (au) Gibbs free energy (au)
CPX-0 (R) -673.91 -673.70
CPX-I (Int1) -595.49 -595.32
CPX-Il (Int 2) -594.87 -594.72
Int3 -1605.42 -1605.31
TS -1605.38 -1605.26
Int4 -1605.40 -1605.29
CPX-lll (Int 5) -1003.16 -1002.89
CPX-IV (Int 6) -751.33 -751.09
Final product -463.32 -463.17
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2. The inner-sphere mechanism analysis.

The inner-sphere mechanism adopted for the activation of C-OH bond (free phenols) to biphenyl (Ar-Ar) is
presented in Figure S3. As per the energy profile, the inner-sphere mechanism for the conversion of free phenols
to biphenyl undergoes three transition states. As presented in Figure S3, the activation barrier for transition
states (TS1) and (TS3) is 29.4 and 23.3 kcal/mol, respectively. These activation barriers are somehow achievable
under mechanochemical conditions. However, TS2 is located for the simultaneous addition of aryl and removal
of OH group and is observed at the barrier height of 58.1 kcal/mol. This step is thermodynamically not feasible
to achieve under mechanochemical conditions. Therefore, outer sphere mechanism of Ru-catalyzed activation
of phenols in a one-step under mechanochemical conditions to biphenyl (Ar-Ar) is considered as more plausible
reaction mechanism.
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Figure S3. Energy profile for Ru-catalyzed formal activation of C—OH bond (free phenols) to biphenyl (Ar-Ar) through
an inner-sphere mechanism. All the reported energy values are presented in kcal/mol with reference initial reactant
(R) at 0.00 kcal/mol at B3LYP functional with Pople style basis set 6-31G(d,p) for lighter atoms (C, O, H, and B) and
LanL2DZ for Ru.
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Cartesian coordinates of reactant, product, transition state, and intermediates
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1.61382000

1.32720100

0.84659500

0.97316700

0.82937200

0.70615200

0.73089800

0.72749700

1.06300800

0.74144400

0.46540900

0.53316900

5.39285600

4.88515000

3.84902900

3.21833900

3.77734400

-2.81181700

-3.11117200

-3.22460800

-3.29033900

-1.26886000

-2.13257600

-1.61820600

-0.51900100

1.84312500

2.02321300

2.80180700

1.54952200

0.10463900

0.02765000

-1.07234700

-1.08132400

1.25569400

1.36637300

0.17944200

-1.99881600

-2.04981600

2.17074600

2.31580800

0.21021700

-1.48762900

-0.39478700

0.37456400

0.18369000

-1.02757000
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1.62016800

3.26004200

4.58343400

3.76076100

0.16015900

1.06057600

0.88508000

1.19795200

2.08158200

-0.28347800

-0.36323100

-1.95973200

-1.84292900

-0.70706500

-1.62664300

-0.98563200

-0.44321700

-0.06199300

-0.43971600

-2.09374600

-1.23787000

-0.31258700

0.40583600

2.77748300

2.46231400

2.81229500

3.28410500

3.28655900

4.79933400

6.20428100

5.31843700

3.48226900

3.32236300

5.15261800

3.46467900

2.88099800

2.48413100

4.18383600

4.65748600

-0.00646800

1.39431500

-1.80061600

-0.79935100

-0.36330100

-1.69693600

-2.29115900

-2.27738600

-0.46456200

0.12295100

-2.21263200

-3.27234000

0.00657300

1.20710700

1.00604400

-0.95481300

-0.34509900

-1.78892300

-2.08966200

-0.16788400

1.19223400

-1.30330300

-2.65047200

1.50304900

2.70760700

2.70854500

1.47917300

0.63601500

0.55874300

0.97017600

1.78870500

1.80278700

-0.57421100

-0.66643900

0.58379500

2.73267900

2.72462700

-1.51279200

-1.61719900

0.60974300

-1.48327300

-0.74899300

0.62542000

-0.54954500

0.76206400
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Ru

1.12438700 -0.50189300 0.05999200

-6.07301600

-5.14982300

-3.84519800

-3.41970300

-4.35427700

-5.66537100

-7.09314600

-5.45102600

-3.13313600

-4.04891800

-6.37081300

-1.26303700

-1.40692000

-0.67803700

-0.64703200

-0.45428100

2.02841000

1.49793800

2.88211800

1.36454500

2.68204600

2.52391100

1.84281600

3.59239800

3.83299200

4.91224000

3.69194300

3.33183400

-0.78224000

-1.82394800

-1.55642900

-0.24271500

0.79055400

0.52430400

-0.98977900

-2.85018400

-2.36727700

1.80779900

1.34643000

2.39370100

2.53748200

3.02466500

3.39291600

4.16839400

2.50904500

3.12647500

3.10164400

2.34226000

-0.16260200

-1.21141400

0.40616000

0.17442100

-2.31203100

-2.28547400

-3.01545000

-2.73959900

-0.68651900

-0.53833500

-0.13152900

0.13527100

-0.01341200

-0.42043200

-1.00174600

-0.73897100

-0.01340200

0.20001900

-0.52615700

0.26926400

-1.10514900

-1.50242700

1.02342800

0.48683000

-1.36185600

-0.62994700

-1.72880900

-2.21830400

-2.97264000

-3.24604800

-3.38765000

-3.49588000

-0.88735200

-1.11115100

-0.06011100

-1.76258900

125



3.87737200

3.39743200

3.74697900

4.95823100

2.74721700

1.85886500

2.69561700

3.63305100

1.31386400

-0.71141000

0.53784500

1.27349300

0.07527800

-1.03761700

-1.36465500

0.90521300

2.19306300

-0.05422600

-2.04124800

-1.63363900

-0.63818000

-1.05484800

-2.64457200

-2.29414600

-0.95017400

-0.55805400

-2.03702500

-0.75000100

2.04146400

2.67304500

1.57155900

2.69918800

-1.35444000

-1.98496400

-1.30572900

-2.67009400

-3.27677800

-2.55680800

-2.03143100

-0.84226600

-3.16501900

-4.29049600

-2.96645300

0.66741800

1.53910800

1.93103600

0.47146300

1.26968500

2.00558000

2.90790200

2.01938000

2.09673000

1.71359500

1.61767500

2.70081600

1.71463100

-0.40998800

-1.62417700

-1.65990500

0.29321000

0.34537800

-0.32139000

-2.49485300

-2.57417100

0.60802100

0.73024400

-0.20118500

1.57135400

1.00741100

-0.31237800

0.55374300

-0.59503700

-0.74986100 -0.37633300 -0.21666200

4.78348800 1.18306300 0.12976400

4.50354000 0.14277300 1.02010500

3.38412000 -0.66827700 0.84545700



H
H

Product

2.47994300

2.77649600

3.89881500

5.65782700

5.16525800

3.18632000

2.09685200

4.08476000

-1.68936800

-2.20485200

-0.68497400

-2.21708500

-3.92779600

-4.72421100

-4.30093900

-3.78583500

-3.12918700

-3.74048200

-3.81635400

-2.50474000

-0.35905200

-0.52569600

-0.71071800

0.72189800

0.58193700

1.42925300

0.39760700

0.89781900

-0.48204800

0.59299100

1.39806500

1.81499000

-0.04049900

-1.45738400

0.80443700

2.20788000

0.17068800

-0.79306100

0.02193300

0.86867600

-0.28916500

0.33682900

-0.67817000

-1.14712500

1.45527100

0.57058600

2.31291400

1.62895400

2.92598500

2.70608700

3.95633900

2.91901300

2.05169100

2.16144200

3.03145100

1.36343100

-0.22962600

-1.10701900

-0.93345700

0.26510800

1.86548500

1.56401600

-1.92565000

-1.63749300

2.98787200

3.05057200

3.39668900

3.66023700

0.73635100

1.16966300

-0.21697900

1.40097100

-1.82956100

-2.03471400

-1.74285800

-2.71268100

-1.19694100

-2.25751600

-1.02187700

-1.02980300

1.71902600

1.03614500

2.18640900

2.50821100
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-0.74285200

-2.85923600

-1.46541600

-1.46558500

-2.85945800

-3.56302500

-3.39642400

-0.92803600

-0.92848400

-3.39666300

-4.64901900

3.56302900

2.85948700

1.46556600

0.74286500

1.46542100

2.85920800

4.64902200

3.39665600

0.92850400

0.92797100

3.39645200

-0.00018200

1.13933000

1.13859400

-1.13868900

-1.13916800

0.00001500

2.02886800

2.02106200

-2.02118300

-2.02846600

0.00026700

0.00008600

-1.13917100

-1.13870400

-0.00011900

1.13860000

1.13930600

0.00035100

-2.02865800

-2.02132100

2.02096100

2.02873800

-0.00008600

-0.39385800

-0.39453200

0.39464100

0.39387000

-0.00022200

-0.71043800

-0.72873400

0.72919500

0.71109200

-0.00004700

0.00000000

-0.39388900

-0.39457400

-0.00010700

0.39459000

0.39393700

0.00010200

-0.71063100

-0.72882200

0.72894700

0.71072400
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