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1. General information

Unless stated otherwise, all reagents and solvents were obtained commercially and used as received,
and all reactions were carried out under normal atmospheric conditions using conventional laboratory
glassware. Reactions were heated using standard laboratory heating (PEG) bath. Cold baths (-78 °C)
were sustained by a dry ice/acetone mixture. Thin-layer chromatography (TLC) analysis was
performed using Merck TLC plates (TLC Silica gel 60, F,s54, aluminium sheets) and visualized using
ultraviolet light (A = 254 or 350 nm) and/or with developed using KMnO, or vanillin solutions.
Purification by column chromatography was performed using silica gel 60 H (particle size 0.063-0.100
mm) or aluminium oxide 60 (particle size 0.063-0.200 mm, active basic).

Mass spectrometry: high-resolution accurate-mass mass spectra were run on either a Thermo Fisher
Scientific QExactive Orbitrap (EI-GC-MS at 70 eV), Thermo Fisher Scientific Orbitrap Elite (ESI or
APCI), or Bruker ultrafeXtreme Il (MALDI with colloidal graphite matrix).

1H, 13C and °F NMR spectra were recorded at 25 °C using a Varian Agilent MR400-DD2 400 MHz
spectrometer (*H 400 MHz, 3C 101 MHz, *°F 376 MHz) or Bruker Avance 500 MHz spectrometer (*H
500 MHz, 13C 125 MHz) spectrometers. *H and 3C NMR chemical shifts are reported in ppm. 'H NMR
shifts were referenced indirectly to tetramethylsilane via residual solvent signals (7.26 ppm for CDCl;;
7.16 ppm for CgDg, 2.50 ppm for (CD3),SO, 1.94 ppm for CD;CN). 3C NMR shifts were referenced to
the solvent peak (77.2 ppm for CDCl;, 128.1 ppm for C¢Dg, 39.5 ppm for (CD;),SO, 118.3 ppm for
CD;CN). °F chemical shifts were calibrated to an external standard (CFCl; at 0.00 ppm). Multiplicities
are reported as: s = singlet, d = doublet, t = triplet, g = quartet, m = multiplet. Non-product signals in
the recorded NMR spectra were identified with the help of the reported chemical shifts of the
common NMR impurities. All NMR spectra were processed with MestReNova software (v12.0.2).
Automatic baseline correction and autophase correction were routinely applied to the spectra and
zero-filling was sometimes used to increase clarity of the obtained spectra.

Reactions involving manual grinding were carried out using an agate mortar and pestle. Reactions
involving automated ball milling were carried out using an InSolido Technologies IST636 mixer mill.
Reaction vessels and ball bearings were purchased from InSolido Technologies or Form-Tech Scientific.
The average mass of stainless steel (SS) balls (¢ = 15 mm) used in the milling reactions was: 13.62 g
(mean weight of 4 balls; range between 13.50 g to 13.67 g). Following milling, the reaction vessels
were opened and internal temperature of the milling vessel was measured using a GM320 handheld
infra-red thermometer.

Scanning Electron Microscopy (SEM) and Energy Dispersive Spectroscopy (EDS) measurements were
conducted at the Myfab Uppsala facility, Angstrom Laboratories, Uppsala University, using a Zeiss
Merlin LEO 1550 high-resolution scanning electron microscope equipped with an Oxford Instruments
Aztec EDS and EBSD (Electron Backscatter Diffraction) system. Prior to imaging, samples were coated
with Au/Pd using Physical Vapour Deposition (PVD).
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Differential scanning calorimetry (DSC) for pure substrates and mixtures was performed on a DSC
Q2000 system using a heat programme from 25°C to 125°C (heating rate: 5°C mint). Sample size: see
spectra. The samples of pure substrates were ground in a mortar for 5 min, then weighed into a DSC
sample container. Rh-containing species were omitted from the mixtures to prevent reactions taking
place during heating and data acquisition.

2. Origins of substrates

Known organic substrates and starting materials.
Organoboronates
The boronates MeBF;K,! MeB(dan),? MeB(aam)? and MeB(pin)* were prepared according to their

respective literature procedures.

Substrates for Schemes 1-2
Substrates 1a-d,! 1e-f,> 1g-i,* 1j,° 1k,® 1I,” 1m-n, 4a-d,* 4e® and 4f-h! were synthesized according to
previously published procedures.

Substrates for Scheme 3
Etoxazole (7b) and Levamisole (7e) were purchased commercially and used as received. Oxaprozin
methyl ester (7a),%° was synthesized according to published literature procedures.

Papaverine (7c) was purchased as the corresponding hydrochloric acid salt, and was washed prior to
use according to the following procedure: Papaverine.HCl (1.00-3.00 g) was suspended in EtOAc (80
mL) in an extraction funnel. Saturated NaHCO;,,) (70 mL) was added and the mixture was shaken
vigorously until the solid dissolved. The aqueous layer was removed, and the organic fraction further
washed with saturated NaHCO;3,) (70 mL), H,O (70 mL) and brine (70 mL), dried (Na,SO,), filtered and
concentrated under reduced pressure to give the parent compound 7c in quantitative yield as a
colourless solid.

Methyl 2-(6-methyl-2-(p-tolyl)imidazo[1,2-a]pyridin-3-yl)acetate (7d):

/CFN Me Prepared according to a modified literature procedure.’® In a three-
Me” XN 7 necked round bottom flask, [6-methyl-2-(4-methyl-phenyl)-imidazo[1,2-
o a]pyrimidine-3-yl]-acetic acid (2.0 g, 7.13 mmol) was dissolved in MeOH

OMe 7d (14 mL). To the mixture was dropwise added concentrated sulphuric acid

(0.5 mL). The mixture was heated to reflux and left for 3 h. After cooling to r.t., the mixture was placed
on ice for 1 h to precipitate the salt of the desired product. The solid was collected by filtration and
washed with a small amount of ice-cold EtOH. The solid was collected and suspended in water (40 mL)
and the pH of the suspension was adjusted to pH 8 by addition of Na,CO3 (10% in H,0). The crude
product was extracted with EtOAc, dried (Na,SO,), filtered and concentrated under reduced pressure.
The crude product was recrystalised from EtOH to give analytically pure 7e as a colourless solid (1.07
g, 50%). *H NMR (400 MHz, CDCl3) & 7.88 (s, 1H), 7.72-7.68 (m, 3H), 7.30 (d, J = 8.6 Hz, 2H), 7.15 (d, J =
9.3 Hz, 1H), 4.04 (s, 2H), 3.78 (s, 3H), 2.41 (s, 3H), 2.39 (s, 3H). 3C NMR (101 MHz, CDCl;) & 169.9,
138.2, 129.6, 128.5, 121.5, 116.6, 112.4, 77.3, 52.8, 30.6, 21.4, 18.6. HRMS (ESI) m/z calculated for
CigH1gN,0, [M]* 294.1368, found 294.1362.
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3. Origins of transition metal salts & organometallic complexes

Purchased and synthesised salts
The salts RhCl;-H,0, [RhCl(cod)],, [RhCI(C,H,4)],, Ag,CO;, AgOAc, Ag,0, Cu(OAc),, Cu(TFA),, CuBr, Cul,

CuO, Cu,0, CuCl,:2H,0, Fe,0; and MnO, were purchased from commercial suppliers and used as
obtained. [Cp*RhCl,],!* and [Ru(benzene)Cl,],*? were synthesized according to literature procedures.

Formation of rhodacycle 3a under ‘grind-and-heat’ conditions
We previously demonstrated the high-yielding syntheses of rhodacycles via C—H activation under

automated ball milling conditions, including that of 3a.! Table S1 shows variations in ‘grind-and-heat’
conditions used to generate rhodacycle 3a.

General procedure

In an agate mortar were combined 1a (0.1 mmol, 1.0 equiv.), [Cp*RhCl,], (0.05 mmol, 1.0 equiv. of
Rh) and additives (see Table S1). The mixture was ground manually with a pestle for 5 min and
transferred into a 10 mL microwave vial, which was then placed into a pre-heated oil bath at the
indicated temperature for 30 min. The mixture was cooled to r.t. and a small sample was analysed by
1H NMR spectroscopy to determine reaction progress. For entries 4.1-4.3, samples were analysed in
between incremental increases in temperature with a 1 h duration at each temperature. Conversion
to 3a was determined spectroscopically by comparison to published literature data.

co*@ctlz (0.5 equiv) O N \%

additives, (equiv)

N \ {tt N \

<) & - o <)
grinding then
(5 min, rt)

no solvent, no stirring

heating 3a
(temp, time)

1a

Table S1: Variation of conditions tested for the formation of 3a

entry | Carbonate (equiv.) Additive Temp. (°C) time (min) Conversion (%)
(equiv.)
1 - - 40 30 0
2 K,CO; (1.0) - 40 30 0
3 K,CO; (1.0) - 70 60 20
4.1 K,COs (1.0) B(OH); (1.0) 40 30 5
4.2 K,COs (1.0) B(OH); (1.0) 60 60 16
4.3 K,COs (1.0) B(OH); (1.0) 70 60 25
5 Ag,CO; (1.0) - 40 30 0
6 Ag,CO; (1.0) B(OH); (1.0) 40 30 2
7 Ag,CO; (1.0) - 70 30 22
8 Ag,CO; (1.0) - 70 120 28
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4. Optimisation of C—H methylation of 1a

General procedure for Tables S2-S5
To an agate mortar were added 1a (58.6 mg, 0.3 mmol, 1.0 equiv.), catalyst precursor, methyl source

and oxidant (see Tables S1-54 for species and amounts). The resulting mixture was ground manually
for 5 min with a pestle, then transferred into a 10 mL microwave vial which was subsequently placed
into an oil bath preheated to the indicated temperature. The reaction mixture was heated for the
indicated time without magnetic stirring, cooled to r.t., washed out of the vial with a small amount of
EtOAc and filtered through a tightly packed Celite plug. The plug was flushed with EtOAc (100 mL) and
to the combined filtrates was added 1,3,5-trimethoxybenzene as a stock solution (1.0 mL; 0.1 M in
DCM) and the mixture was concentrated under reduced pressure. The yield was determined by 'H
NMR spectroscopy.

Table S2: Screening of oxidants
(Co*@)crlz (5.0 moi%)

A Me-B(OH), (2.0 equiv.)
m—H oxidant (equiv.)

N7 \ ~ {t
<) g
1a grinding then  heating 2a
(5 min, rt) (40 °C, 30 min)

no solvent, no stirring

Z /E
=
o

2/
Y

Entry Oxidant Loading (equiv.) Spectroscopic yield (%)?

1 Ag,CO; 1.5 79

Ag,CO; 1.2 81
3 AgOAc 3.0 6
4 Ag,0 1.5 70
5 AgF 3.0 30
6 Cu(OAc),® 1.5 0
7 Cu(TFA),® 1.5 0
8 CuBr 1.5 0
9 Cul 1.5 0
10 CuO 1.5 0
11 Cu,0 1.5 0
12 CuCl,:2H,0 1.5 0
13 Fe,03 1.5 0
14 MnO, 3.0 0

2 Yields determined by 'H NMR spectroscopy using 1,3,5-trimethoxybenzene as an internal standard.  The
reaction was maintained in an oil bath for 120 min.
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Table S3: Optimization of reaction temp., heating time, catalyst & oxidant

C-

)e

N

H

(o' @)ctl; (toading)
Me-B(OH), (2.0 equiv.)
Ag,CO3 (equiv.)

Z/E
=
@

N

{t

\
N
T

& ) - &)
1a grinding then  heating 2a
(5 min, rt) (temp, time)
" ho solvent, no stiring
Entry | Ag,CO; (equiv.) | t (min) | Catalyst loading (mol%) | Temp. (°C) Spectroscopic yield (%)?

1 1.5 120 5.0 50 85
2 1.5 120 5.0 40 80
3 1.5 60 5.0 40 82
4 1.5 30 5.0 40 74
5 1.5 15 5.0 40 57
6 15 5 5.0 40 18
7 1.2 30 5.0 40 76
8 1.5 30 5.0 30 78
9 1.5 30 5.0 25 0
10 1.2 30 3.5 50 76
11 1.2 30 3.0 50 77
12 1.2 30 3.0 40 18
13 1.2 30 2.5 60 63
14 1.2 30 2.5 55 70
15 1.2 30 2.5 50 76
16 1.2 30 2.5 40 24

2 Determined by 'H NMR spectroscopy using 1,3,5-trimethoxybenzene as an internal standard.

Table S4: Variation of catalyst precursors

catalyst precuror (loading)
Me-B(OH), (2.0 equiv.)
Ag,CO3 (1.2 equiv.)

- {t

~ +
1a grinding then  heating 2a
(5 min, rt) (40 °C, 30 min)
" no solvent, no stirring
entry Catalyst precursor (mol%) Spectroscopic yield (%)?
1 [Cp*RhCl5], (5 mol%) 81
2 RhCl;-H,0 (10 mol%) 0
3 [RhCl(cod)], [5 mol%) 0
4 [RhCI(C,H4)5]5 (5 mol%) 0
5 [Ru(benzene)Cl,], (5 mol%) 0

2Yijelds determined by 'H NMR spectroscopy using 1,3,5-trimethoxybenzene as an internal standard.
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Table S5: Variation of organoboronate methyl source

co'@crlz (5 mo%)

methyl source (2.0 equiv.)

Ag,CO;3 (1.2 equiv.)

N \! S
<)

\

{t

*

7

grinding then  heati
1a Gmin i) (60 °§,a:;r(1)gmin) 2
" nosolvent, no stirring
- \
= OH HN O Y . 0 /N/\;o
e—B Me-B B Me~-B, Me—B-o’
OH HN O me” o No o
Me-B(OH), Me-B(dan) Me-BF;3;K Me-B(pin) Me-B(mida)
entry Methyl source Additive (equiv.) Spectroscopic yield (%)?
1 MeB(OH), - 75
2 MeB(dan) - 0
3 MeB(dan) CsF (2.0) 0
4 MeBF;K - 66
5 MeB(aam) - 0
6 MeB(pin) - 0
7 MeB(pin) CsF (2.0) 2
8 MeB(mida) - 0

2Yields determined by 'H NMR spectroscopy using 1,3,5-trimethoxybenzene as an internal standard.

Effects of reagent addition, combination and grinding

Conditions I (Figure 1)
To an agate mortar were added 1a (58.6 mg, 0.3 mmol, 1.0 equiv.), [Cp*RhCl,], (9.3 mg, 0.015 mmol,

5.0 mol%), MeB(OH), (35.9 mg, 0.60 mmol, 2.0 equiv.) and Ag,CO; (99.3 mg, 0.36 mmol, 1.2 equiv).
The resulting mixture was ground manually for 5 min with a pestle, then subjected to the general

workup procedure (see below). No conversion to 2a was observed.

Conditions Il (Figure 1)
To an 10 mL microwave vial were added 1a (58.6 mg, 0.3 mmol, 1.0 equiv.), [Cp*RhCl,], (9.3 mg, 0.015
mmol, 5.0 mol%), MeB(OH), (35.9 mg, 0.60 mmol, 2.0 equiv.) and Ag,C0O; (99.3 mg, 0.36 mmol, 1.2
equiv). The resulting mixture was gently mixed with a spatula and the microwave vial placed in an oil

bath preheated to 40 °C for 30 min. The crude mixture was then subjected to the general workup

procedure (see below). No conversion to 2a was observed.
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Conditions lll (Figure 1)

1a (58.6 mg, 0.3 mmol, 1.0 equiv.), [Cp*RhCl,], (9.27 mg, 0.015 mmol, 5.0 mol%), MeB(OH), (35.9 mg,
0.60 mmol, 2.0 equiv.) and Ag,C0O; (99.3 mg, 0.36 mmol, 1.2 equiv.) were each ground separately in
an agate mortar, then added into a 10 mL microwave vial. The resulting mixture was gently mixed with
a spatula and the microwave vial placed in an oil bath preheated to 40 °C for 30 min. The crude mixture
was then subjected to the general workup procedure (see below). No conversion to 2a was observed.

General workup procedure for Conditions I-lll above: The crude reaction mixture was washed out of
the reaction vessel (mortar or microwave vial) with a small amount of EtOAc and filtered through a
tightly packed Celite plug. The plug was flushed with EtOAc (100 mL) and to the combined filtrates
was added 1,3,5-trimethoxybenzene as a stock solution (1.0 mL; 0.1 M in DCM) and the mixture was
concentrated under reduced pressure. The yield was determined by *H NMR spectroscopy.

Conditions IV (Figure 1): See General Procedure for Scheme 1 (page S10).
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5. Procedures for catalytic C—H methylation

General procedure for Scheme 1
To an agate mortar were added 1 (0.30 mmol, 1.0 equiv.), [Cp*RhCl,], (9.3 mg, 0.015 mmol, 5.0 mol%),

MeB(OH), (36 mg, 0.60 mmol, 2.0 equiv.) and Ag,CO; (99.3 mg, 0.36 mmol, 1.2 equiv). The resulting
mixture was ground manually for 5 min with a pestle, then transferred into a 10 mL microwave vial,?
which was subsequently placed into an oil bath pre-heated to temperature indicated in Scheme 1. The
reaction mixture was heated for 0.5 h without magnetic stirring, cooled to r.t., washed out of the vial
with a small amount of EtOAc and filtered through a tightly packed Celite plug. The plug was flushed
with EtOAc (100 mL) and to the combined filtrates was added 1,3,5-trimethoxybenzene as a stock
solution (1.0 mL; 0.1 M in DCM) and the mixture was concentrated under reduced pressure. The
spectroscopic yield was determined by 'H NMR spectroscopy. Analytically pure compounds were
obtained, and isolated yields were determined after column chromatography (eluting in petroleum
ether/EtOAc gradients), as indicated. Deviations from this procedure for individual entries are
indicated in the footnotes to Scheme 1.

Scale-up reactions
Larger scale synthesis of compounds 2a and 2g

2a: As per the general procedure described above except that 1 g (5.1 mmol) of 1-pyrimidylindole (1a)
was used with the amounts of other reagents scaled accordingly: [Cp*RhCl,], (0,16 g, 0.255 mmol, 5.0
mol%), MeB(OH), (0.61 g, 10.2 mmol mmol, 2.0 equiv.) and Ag,CO; (1.69 g, 6.12 mmol, 1.2 equiv).
2g: As per the general procedure described above except that 1 g (3.6 mmol) of 5-Bromo-1-(2-
pyrimidyl)-1H-indole was used with the amounts of other reagents scaled accordingly: [Cp*RhCl,],
(0,11 g, 0.18 mmol, 5.0 mol%), MeB(OH), (0.44 g, 7.3 mmol mmol, 2.0 equiv.) and Ag,CO; (1.21 g, 4.4
mmol, 1.2 equiv).

Both 2a and 2g: EtOAc (300 mL) was used to flush the Celite plug. Both 2a and 2g were purified by
flash column chromatography eluting with 4:1 petroleum ether/EtOAc.

General procedure for Scheme 2

To an agate mortar were added 4 (0.30 mmol, 1.0 equiv.), [Cp*RhCl,], (9.3 mg, 0.015 mmol, 5.0 mol%),
AgSbFg (21 mg, 0.06 mmol, 20 mol%) MeBF;K (219 mg, 1.80 mmol, 6.0 equiv.) and Ag,CO; (207 mg,
0.75 mmol, 2.5 equiv.). The resulting mixture was ground manually for 5 min with a pestle, then
transferred into a 10 mL microwave vial,® which was subsequently placed into an oil bath preheated
to 60 °C. The reaction mixture was heated for 2 h without magnetic stirring, cooled to r.t., washed out
of the vial with a small amount of EtOAc and filtered through a tightly packed Celite plug. The plug
was flushed with EtOAc (100 mL) and to the combined filtrates was added 1,3,5-trimethoxybenzene
as a stock solution (1.0 mL; 0.1 M in DCM) and the mixture was concentrated under reduced pressure.
The spectroscopic yield was determined by *H NMR spectroscopy. Analytically pure compounds 5 (as
indicated) were obtained and isolated yields were determined after column chromatography
(EtOAc/pentane 1:20-10). Variations from these conditions for individual entries are indicated in the
footnotes to Scheme 2.
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General procedures for Scheme 3

“Grind-and-heat” (G&H) conditions

To an agate mortar were added 7 (0.30 mmol, 1.0 equiv.), [Cp*RhCl,], (9.3 mg, 0.015 mmol, 5.0 mol%),
AgSbFg (21 mg, 0.06 mmol, 20 mol%), MeBF;K (109.7 mg, 0.90 mmol, 3.0 equiv.) and Ag,CO; (207 mg,
0.75 mmol, 2.5 equiv.). The resulting mixture was ground manually for 5 min with a pestle, then
transferred into a 10 mL microwave vial,® which was subsequently placed into an oil bath preheated
to 60 °C. The reaction mixture was heated under air for 120 min without magnetic stirring, then cooled
to r.t., washed out of the vial with a small amount of EtOAc and filtered through a tightly packed Celite
plug. The plug was flushed with EtOAc (100 mL) and to the combined filtrates was added 1,3,5-
trimethoxybenzene as a stock solution (1.0 mL; 0.1 M in DCM). The mixture was concentrated under
reduced pressure. Spectroscopic yields were determined by 'H NMR spectroscopy with reference to
1,3,5-trimethoxybenzene signals. Compound 8 was isolated chromatographically (see below for
details). Variations from these general conditions are specified in Table S6 below.

Table S6: “Grind-and-heat” conditions for Scheme 3 substrates

Subst. | Prod. | Catalyst (mol%) | MeBF;K | AgSbFs; | Ag,CO; | Grinding | Heating Yield (%)?
(equiv.) | (mol%) | (equiv.) | (min) (T/°C, t/min)

7a 8a [Cp*RhCly], (10) | 2.5 40 2.5 5 70, 30 47, 31°b

7b 8b [Cp*RhCly], (5) 3.0 20 2.5 5 60, 120 24

7b 8b 3a (10) 3.0 20 2.5 5 60, 120 18

7c 8c [Cp*RhCl,], (5) 3.0 20 2.5 5 60, 120 0

7d 8d [Cp*RhCl,], (5) 3.0 20 2.5 5 50, 120 0

7e 8e [Cp*RhCl,], (5) 3.0 20 2.5 5 70, 30 0

apetermined by 'H NMR spectroscopy using 1,3,5-trimethoxybenzene as an internal standard. ® Isolated yield.

Ball milling conditions
Ball milling reactions for substrates 7a-c are described in our previous publication.?

General ball milling procedure for 7d-e:

A Teflon milling vessel (14 mL internal volume) was charged with 7 (0.3 mmol), [Cp*RhCl,], (9.3 mg,
0.015 mmol, 5.0 mol%), AgSbFg (21mg, 0.06 mmol, 20 mol%), MeBF;K (110 mg, 0.90 mmol, 3.0 equiv.)
and Ag,C0O3 (207 mg, 0.75 mmol, 2.5 equiv.) and one stainless steel ball (15 mm diameter). The vessel
was mounted into the holding station of a mixer mill and milling was conducted at 36 Hz for 60 min.
The crude reaction mixture was washed out with EtOAc or MeOH, then filtered through a thin layer
of Celite (3 cm) eluting with EtOAc. Analytically pure products were obtained according to previously
published details. Variations from these general conditions are specified in Table S7 below.

@ NB: Reactions conducted in microwave vials larger than 10 mL capacity gave lower yields for ‘grind-and-heat’ owing,
presumably, to reduced contact between the reaction mixture and the heated glass surface.
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Table S7: Ball milling conditions for Scheme 3 substrates

Subst. | Prod. | Catalyst (mol%) | MeBFs;K | AgSbFs | Ag,CO; | Frequency | Milling time Isolated
(equiv.) | (mol%) | (equiv.) | (Hz) (min) yield (%)

7a 8a [Cp*RhCL,], (10) | 2.5 40 2.5 36 30 75

7b 8b [Cp*RhCl,];, (5) 3.0 20 2.5 36 60 72

7c 8c [Cp*RhCl,]; (5) 3.0 20 2.5 36 120 78

7d 8d [Cp*RhCl,]; (5) 3.0 20 2.5 36 60 64

7f 8f [Cp*RhCl,]; (5) 3.0 20 2.5 36 60 0
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6. New methylated compounds

Methyl 2-(2-(2,4-dimethylphenyl)-6-methylimidazo[1,2-a]pyridin-3-yl)acetate (8d):

Me Prepared according to the ball milling conditions described on page S11.

N me After work-up, the crude mixture was purified by flash silica gel

Me” XN { chromatography (EtOAc/pentane 1:20). Isolated as a colourless solid (0.039
(o) g, 0.192 mmol, 64%) *H NMR (400 MHz, CDCl3) 6 7.77 (s, 1H), 7.53 (d, J =

OMe  &d 9.2 Hz, 1H), 7.21 (d, J = 7.6 Hz, 1H), 7.11 (s, 1H), 7.07 - 7.03 (m, 2H), 3.81 (s,
2H), 3.68 (s, 3H), 2.36 (s, 6H), 2.25 (s, 3H). 3C NMR (101 MHz, CDCl5) § 170.1, 145.3, 143.9, 137.9,
137.7, 131.2, 130.6, 127.3, 126.2, 121.9, 121.3, 117.1, 113.6, 77.3, 52.4, 30.0, 21.3, 20.0, 18.5. HRMS
(ESI) m/z calculated for CigH,0N,0, [M]* 308.1525, found 308.1521.
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7. Experiments pertaining to homocoupling of MeB(OH),

Effect of reagent combinations

Low-yielding reactions from our optimisation studies led us to investigate the combination of reagents
responsible for oxidative homocoupling of MeB(OH), to form ethane (Table S5). Consumption of
MeB(OH), was observed only when both Ag,CO; and [Cp*RhCl,], were included in the reaction
mixture.

General procedure

The appropriate reagents (as indicated in Table S8) were added to an agate mortar, ground manually
with a pestle (5 min) and transferred to a 10 mL microwave vial, which was submerged into an oil bath
pre-heated to 70 °C for 120 min. The resulting crude reaction mixture was then washed out of the
microwave vial and filtered through a short Celite plug. The plug was washed with EtOAc (100 mL) and
the combined filtrates were concentrated under reduced pressure and analysed by *H and/or 1'B NMR
spectroscopy, as indicated below.

Table S8: Effect of reagent combinations on oxidative homocoupling of MeB(OH)s.

Entry | Reagents combined Observations / outcome

1 Ag,CO; (0.15 mmol) No visual change

2 Ag,CO0; (0.15 mmol) + [Cp*RhCl,], (0.005 mmol) No visual change, 'H NMR
unchanged

3 Ag,CO; (0.15 mmol) + Me-B(OH), (0.2 mmol) + | Reaction residue looks black

[Cp*RhCl,], (0.005 mmol) and rocky. No Me-B(OH),

remains in 'H and !B NMR
spectra.

4 Me-B(OH), (0.2 mmol) + [Cp*RhCl,], (0.005 mmol) No visual change, H and B
NMR unchanged

5 Me-B(OH), (0.2 mmol) No visual change, H and B
NMR unchanged

6 Me-B(OH), (0.2 mmol) + Ag,C0O; (0.15 mmol) No change in 'H and 1B NMR

Demonstration of ethane evolution
To an agate mortar were added MeB(OH), (119.7 mg, 2.0 mmol), Ag,CO; (413.6 mg, 1.5 mmol) and

[Cp*RhCl,], (30.9 mg, 0.05 mmol). The mixture was ground manually with a pestle for 5 min and
transferred to a 10 mL microwave vial. The vial was capped with a rubber septum. The septum was
pierced with one end of a stainless steel canula, and the other end was inserted below solvent level
into a NMR tube containing CsDg (1.0 mL). The microwave vial was lowered into an oil bath pre-heated
to 70 °C, which led to rapid gas evolution evident by vigorous bubbling of the NMR tube solvent. After
1 min, the canula was removed and the NMR tube capped. A 'H NMR spectrum was immediately
recorded, confirming the presence of ethane in the sample: 5 = 0.80 ppm (s). Ethane evolution was
observed for experiments involving MeB(OH), conducted above 40 °C.
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8. E-Factor calculations

Calculation for solvent-free reaction to make 2a
Based on 81% vyield of 1a (Scheme 1).

Reaction component  Mw (g/mol) mol mass (g) product (g) waste (g) comment

Indole-pym (1a) 195,1 1,0 195,1 37,1 0,19 mol of unproductive 1a
[Cp*RhCI2]2 618,1 0,05 30,9 30,9

MeB(OH)2 59,9 2,0 119,8 d 107,7 All except 0,81 mol of -CH3
Ag2C03 275,8 1,5 413,7 413,7

Activated "H" 1,0 0,81 0,81 0,81

Product 2a 209,1 0,81 169,4 169,4

Total 169,4 590,1

E-factor 3,48

Calculation for solution-based reaction to make 2a
Based on 83% yield of 1a in 1,2-dichloroethane (from Synthesis 2017, 49, 127-134).

Reaction component Mw (g/mol) mol mass (g) product (g} waste (g) comment

Indole-pym (1a) 195,1 1,0 195,1 37,1

[RuCl2(p-cymene)]2 612,4 0,1 30,6 30,6

MeBF3K 121,9 2,0 243,9 i 231,4 All except 0,83 mol of -CH3
AgF 126,9 2,0 253,8 253,8

AgSbF6 343,6 0,2 68,7 68,7

Activated "H" 1,0 0,83 0,83 0,83

1,2-DCE solvent 2490 2490 2000 mL/mol 1a (1,245 g/mL)
Product 2a 209,1 0,83 173,6 173,6

Total 173,6 311255

E-factor 17,93

Calculation for solvent-free reaction to make 5a
Based on 78% yield of 5a (Scheme 2a).

Reaction component Mw (g/mol) mol mass (g) product (g} waste (g) comment

Phenoxypyridine (4a) 171,2 1,0 171,2 37,7 0,22 mol of unproductive 4a
[Cp*RhCI2]2 618,1 0,05 30,9 30,9

MeBF3K 121,9 6,0 7316 r 708,2 All except 1,56 mol of -CH3
Ag2C03 275,8 2,5 689,5 689,5

AgSbFe6 343,6 0,2 68,7 68,7

Activated "H" 1,0 1,56 1,56 1,56

Product 2a 191,3 0,78 149,2 149,2

Total 149,2 1536,6

E-factor 10,30

Calculation for solution-based reaction to make 2a
Based on 78% vyield of 5a in 1,2-dichloroethane (from Angew. Chem. Int. Ed. 2021, 60, 6660-6666).

Reaction component Mw (g/mol) mol mass (g) product (g) waste (g) comment

Phenoxypyridine (4a) 171,2 1,0 171,2 101,0 0,59 mol unproductive 4a
[Cp*RhCI2]2 618,1 0,05 30,9 30,9

MeBF3K 1219 6,0 731,6 r 708,2 All except 0,82 mol of -CH3
Ag2C03 275,8 2,5 689,5 689,5

AgShFe 343,6 0,2 68,7 68,7

Activated "H" 1,0 0,82 0,82 0,82

1,2-DCE solvent & 18675,0 18675 15000 mL of 1,2-DCE (1,245 g/mL)
Product 5a 191,3 0,41 78,2 78,2 Based on 0,47*87% yield

Total 78,2 20274,2

E-factor 259,19

S15



9. SEM micrographs and EDS spectra for experiments in Figure 2

Experiments for Figure 2: Samples 1-3

SEM analysis: Comparison of conditions for indole C-H methylation

mH [Cp*@Clz]z (5.0 mol%)
'B\N . (Me-B(OH), Ag,COs (1.2 equiv.)
4 ; > SEM analysis
N\J (2.0 equiv) Conditions (see below)
1a (0.3 mmol)
Sample 1
g {t
@ then > then >
Conditions A Conditions B Conditions C
gentle mixing by pestle & mortar grinding heating, 40 °C, 30 min
spatula (Figure 2A) 5 min (Figure 2B) (Figure 2C)
Sample 2 Sample 3
{t °
@ ten > o) o
Conditions D Conditions E
gentle mixing by ball milling: steel vessel
spatula then heating, SS ball, 36 Hz, 30 min
40 °C, 30 min (Figure 2D) (Figure 2E)

Sample 1: Micrographs and Spectra for Conditions A:

EHT = 1.00kV

WD = 64 mm Mag= 5.00KX Time :13:46:32

Figure S1: Scanning electron micrograph of Sample 1, Conditions A.
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Figure S2: EDS elemental distribution maps for Sample 1, Conditions A: Ag, O, Rh, Cl and layered.
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Figure S3: EDS Elemental spectrum for Sample 1, Conditions A (combined).
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Figure S4: Scanning electron micrograph of a particle chosen from Sample 1, Conditions A: Selected regions for
EDS analysis (see spectra below).

. Spectrum 1

Weight % 40
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Figure S5: EDS Elemental spectrum for Sample 1, Conditions A (particle in Figure S4, Spectrum 1).
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Figure S7: EDS Elemental spectrum for Sample 1, Conditions A (particle in Figure S4, Spectrum 3).
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B Spectrum 4
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Figure S9: EDS Elemental spectrum for Sample 1, Conditions A (particle in Figure S4, Spectrum 5).
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Figure S10: EDS Elemental spectrum for Sample 1, Conditions A (particle in Figure S4, Spectrum 6).
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Sample 1: Micrographs and Spectra for Conditions B:

2pm EHT = 1.00 kV Signal A = InLens Date :16 Apr 2021
— 9 8116 Apr ZEISS

1 WD = 4.6 mm Mag= 6.00KX Time :15:36:36

Figure S12: EDS elemental distribution maps for Sample 1, Conditions A: Ag, O, Rh, Cl and B.
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Figure S13: Layered EDS elemental distribution maps for Sample 1, Conditions B: Selected regions for EDS

analysis (see spectra below).

Figure S14: EDS Elemental spectrum for Sample 1, Conditions B (combined).
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Figure S15: EDS Elemental spectrum for Sample 1, Conditions B (particle in Figure S11, Spectrum 7).
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Figure S16: EDS Elemental spectrum for Sample 1, Conditions B (particle in Figure S11, Spectrum 8).
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Figure S17: EDS Elemental spectrum for Sample 1, Conditions B (particle in Figure S11, Spectrum 9).
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Sample 1: Micrographs and Spectra for Conditions C:

EHT = 1,00 kv Signal A = InLens Date :17 Aug 2021 f— 00 Signal A = InLens B g 2021 —
WD = 4.1mm Mag= 4000 KX Time :10:07:34 WD=4.1mm Mag= 30.00 KX Time :10:37:24

Figure S18: Scanning electron micrograph of Sample 1, Conditions C: including regions selected for EDS analysis
(see spectra below).
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Figure S19: EDS Elemental spectrum for Sample 1, Conditions C (particle in Figure S18, Spectrum 10).
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Figure S20: EDS Elemental spectrum for Sample 1, Conditions C (particle in Figure S18, Spectrum 11).

S27



W spectrum 12

Weight % 100

Powered by Tru-Q&

L MM&hmﬁ.mm MJL.“..H......... NRORE BT

Figure S21: EDS Elemental spectrum for Sample 1, Conditions C (partlcle in Figure S18, Spectrum 12)
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Figure S22: EDS Elemental spectrum for Sample 1, Conditions C (partlcle in Figure S18, Spectrum 13)
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B spectrum 14
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Figure S23: EDS Elemental spectrum for Sample 1, Conditions C (particle in Figure S18, Spectrum 14).
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Figure S24: EDS Elemental spectrum for Sample 1, Conditions C (particle in Figure S18, Spectrum 15).
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Sample 2: Micrographs and Spectra for Conditions D:

( EHT = 5.00 kv Signal A = InLens Date :17 Aug 2021 ZEISS . EHT= 100KV Signal A = InLens Date :17 Aug 2021 -zm“
I WD = 4.3 mm Mag= 1040K X Time :11:10:24 T 1 WD=44mm Mag= 470KX Time :11:01:40

50pm
S A i

Figure S25: Scanning electron micrograph of Sample 2, Conditions D: including regions selected for EDS analysis
(see spectra below).
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Figure S26: EDS Elemental spectrum for Sample 2, Conditions D (particle in Figure S25, Spectrum 20).
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Figure S27: EDS Elemental spectrum for Sample 2, Conditions D (particle in Figure S25, Spectrum 21).
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Figure S28: EDS Elemental spectrum for Sample 2, Conditions D (particle in Figure S25, Spectrum 22).
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Figure S29: EDS Elemental spectrum for Sample 2, Conditions D (particle in Figure S25, Spectrum 24).
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Figure S31: EDS Elemental spectrum for Sample 2, Conditions D (particle in Figure S25, Spectrum 26).
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Figure S32: EDS Elemental spectrum for Sample 2, Conditions D (particle in Figure S25, Spectrum 27).
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Sample 3: Micrographs and Spectra for Conditions E:

WD = 5.8 mm Mag= 3.00KX Time :11:53:47

EHT= 1.00kV Signal A = HE-SEZ Date :24 Aug 2021 w ‘

Signal A = HE-SE2 Date :24 Aug 2021 |
WD = 59mm Mag= 130KX Time :11:58:01 |

Electron Image 4

Figure S33: Scanning electron micrograph of Sample 3, Conditions E: including regions selected for EDS analysis
(see spectra below).

S35



B spectrum 11

O | I
c |
[
B Il
I
Weight % 50

Powered by Tru-Q&

P

Figure S34: EDS Elemental spectrum for Sample 3, Conditions E (particle in Figure S33, Spectrum 11).
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Figure S35: EDS Elemental spectrum for Sample 3, Conditions E (particle in Figure S33, Spectrum 12).
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Experiments for Figure 3: Samples 4-5

SEM analysis: Comparison of conditions for C—-H methylation of Zolpidem analogue

. H [CP*@Clzlz (5.0 mol%) Sample 4 Sample 5

Z = Y i ttt

< Nt Me Me-BF;K (3.0 equiv.) then |:> ...

Me AgSbFg (20 mol%) " "
o > SEM analysis Conditions F Conditions G
Ag,CO3 (2.5 equiv.) pestle & monar grinding (5 min), ball milling: Teflon vessel (14 mL)

OMe Conditions (see below) fgziegurlza;?)g 50 °C, 30 min g:SiglLarIL(;g)mm), 36 Hz, 60 min

7d (0.3 mmol)

Sample 4: Micrographs and Spectra for Conditions F:

EHT = 1.00 kv Signal A = HE-SE2 Date 17 Aug 2021 ZEISS| n EHT = 5.00kV Signal A = HE-SE2 Date :17 Aug 2021
WD = 41 mm Mag= 8.00KX Time :11:28:18 ! WD = 42mm Mag= 122KX Time :11:42:25

’ Spectrum 44
= ™

{
|

f 100pm !
M )

Figure S36: Scanning electron micrographs of Sample 4, Conditions F: including regions selected for EDS analysis
(see spectra below).

Elemental analysis shows even distribution of C, O, Ag, N, B and Cl in the sample, demonstrating that

this substrate does not react under ‘grind-and-heat’ conditions despite good homogenization of the
material.
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Figure S38: EDS Elemental spectrum for Sample 4, Conditions F (particle in Figure S36, Spectrum 43).
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Figure S39: EDS Elemental spectrum for Sample 4, Conditions F (particle in Figure S36, Spectrum 44).
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Sample 5: Micrographs and Spectra for Conditions G:

EHT = 1.00 kv Signal A = HE-SE2 Date :24 Aug 2021

Signal A = HE-SE2 Date :24 Aug 2021

WD = 58 mm Mag= S500KX Time :11:26:63 WD = 5.8mm Mag= 137X Time :11:16:54

Figure S40: Scanning electron micrographs of Sample 5, Conditions G: including regions selected for EDS analysis

(see spectra below).

The sample appears homogeneous and all of the reaction material appears to be incorporated into
Teflon fibres. Elemental analysis shows C, O, Ag, Cl, B, N evenly dispersed through the sample.
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Figure S42: EDS Elemental spectrum for Sample 5, Conditions G (particle in Figure S40, Spectrum 2).
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Figure S44: EDS Elemental spectrum for Sample 5, Conditions G (particle in Figure S40, Spectrum 4).
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10. Differential Scanning Calorimetry (DSC) thermograms

_— .
Imethylboronic acid
methylboronic acid, 5,4000 mg

2
Wgr-1

Integral

normalized
Peak
Left bl Limit
Right bl Limit
Heating Rate

4809,33 mJ
909,14 Jg~1
83,41°C
64,94 °C
125,00°C
5,00 *Cmin*-1

Baseline Type integ. honiz.

10 20 24 28 30 32 min

\lmethylboronic acid \ / \
methylboronic acid, 5,4000 mg [ [
5 |
WgA-1min?-1 i

32 min

STAR® SW 16.30

10 28 30

Lab METTLER

Figure S45: DSC thermogram of methylboronic acid.

exo
mwW
0,2
0.4
06 leBF 3K, 23.08.2021 20:53:14
s leBF 3K, 4,9000 mg
-0,8
-1,0
1,2
15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 920 95 100 105 110 115 120 125 °C
e e ool FP Fige AL I AP s PO Sl b P s SRR e P e e L v
0 1 2 3 4 5 6 7 8 9 10 " 12 13 14 15 16 17 18 19 20 ral 22 23 24 25 26 min
mWminA-1
0,8
0,6-]
0,4
0,24
0,04
\MeBF3K
-, 215Mel . 4.9000 mg 30 35 40 45 50 55 60 65 70 5 80 85 90 95 100 105 110 115 120 125 °c
e P e T O OO o PO VTN SOOI LSOOt T 2 N0 O Y T T O W OV OOV e VO 2 VO L OO O e (O
0 1 2 3 4 5 6 7 8 9 10 1" 12 13 14 15 16 17 18 19 20 2 22 23 24 25 26 min
Lab: METTLER STAR' SW 16.30

Figure S46: DSC thermogram of potassium trifluoro(methyl)borate.
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LgZCOS‘ 23.08.2021 20:22:01
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Figure S47: DSC thermogram of the mixture of potassium silver (I) carbonate.
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Integral 110,14 mJd
normalized -31,47 Jg*-1

Peak 66,64 °C N
Left bl Limit 29,99°C
Right bl Limit 94,98 °C N

Heating Rate 5,00 °Cmin™-1 ) f
Easele e, Roef N7 N Integral AT md
SEOR YT ) I normalized 20,33 Jg*4
indole pym1, 3,5000 mg ey i Peak 12454°C
I Left bl Limit 99,98 °C
ng'f 1 e Rightbl Limit  12500°C
Z | : T ———t ez Heating Rate 5,00 °CminA-1
* WUIHUMWWW ““Uul :[ I Baseline Type integ. horiz.
20 30 40 50 60 70 80 90 100 110 120 125 °c
Lo L T I A e R SRR RIE
2 0 2 ) [ 8 10 12 14 16 18 20 26 28 30 32 34 min
Ia)
[
[
| ]
[
02 ( |
| WgA-tminA-1
| \lindole pym1 AN r {
indole pym1, 3,5000 mg 7 A / '\
/ Y, \
—— y = — |
% |
\
20 30 40 50 60 70 80 90 100 110 120 125 i
2 0 2 4 6 8 10 12 14 16 18 20 26 28 30 32 34 min
Lab: METTLER

Figure S48: DSC thermogram of 1-(pyrimidin-2-yl)-1H-indole (1a).

A Me-B(OH), (2.0 equiv.)
N Ag,CO3 (1.5 equiv.)

STAR® SW 16.30

Indole-pym, 28.09.2021 12:20:08
Indole-pym, 6,3000 mg

Integral -258,66 mJ Integral 247,99 mJ
5| normalized 41,06 Jg*-1 normalized  -39,36 Jg#-1
mw | Peak 67,03°C Peak 8333°C
Left Limit 35,90 °C Left Limit 78,67 °C
RightLimit 77,01 °C RightLimit 88,57 °C
Left Area 79,61 % LeftArea 45,98 %
Right Area 20,39 % RightArea 54,02 %
| PartialArea 100,00 % PartialArea  100,00%

120 125 °c

\Indole:

5
% -pym
i) Indole-pym, 6,3000mg E—

21 22 23 24 2‘5 26 mil nI

2 2 23 24 25 26 min

Lab: METTLER

STAR® SW 16.30

Figure S49: DSC thermogram of the mixture of 1-(pyrimidin-2-yl)-1H-indole (1a) and other reaction

components corresponding to the conditions in Scheme 1.
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Integral -552,52mJ enoxy-pyridine, 5,3000 m
Endset 4440°C oL P .
Left Limit 3497 °C
Right Limit 4748°C
10 Left bl Limit 34,97°C
mwW Right bl Limit 47,48°C

Baseline Type line
ResultMode Sample Temp

25 3 35 40 45 50 55 60 65 70 75 80 8 90 95

phenoxy-pyridine, 20.04.2021 14:35:15
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R T L S T S R —
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rﬂ\
/A
[
f §
|
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S
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N\ [
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.\\ f
e
\/
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v ' v T T T
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Lab METTLER

Figure S50: DSC thermogram of 2-phenoxypyridine (4a).

2’ \

Me-BF;K (6.0 equiv.)
Ag,CO; (2.5 equiv.)
Ag,SbFg (20 mol%)

STAR® SW 16.30

- -
exo 5 min
mW_ Phenoxy-pyridine, 28.09.2021 13:53:46
| Phenoxy-pyridine, 7,
Integral -241,34 mJ
-2 Left Limit 8,39 min
{ Right Limit 19,14 min
4. Left bl Limit 8,39 min
Right bl Limit 19,14 min
1 Baseline Type line
-6
20 30 40 50 60 70 80 90 100 110 120 125 °C
i 0 2 4 6 8 10 12 14 16 18 20 22 24 min
mWminA-1
2_
_ \Phenoxy-pyridine
0'—F’h'enoxy-pyridine, 7,1000 mg
24
4 ' ' . . . ' .
0 2 4 6 8 10 12 14 16 18 20 22 24 min

Figure S51: DSC thermogram of the mixture of 2-phenoxypyridine (4a) and other reaction components

corresponding to the conditions in Scheme 2.
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!Oxaprozin1 ’

Dxapmz':n.hﬂ)lﬁ mg = i
Integral -392,98 mJ

normalized 81,87 Jg*-1
Peak 6055°C

Left bl Limit 3499°C \
Right bl Limit 8499°C (o]
Heating Rate 5,00 °Cmin*-1 o

y) [o]

Wgh-1 Baseline Type line ]

65 70 75 80 8 9 95 100 105 110 115 120
N S T N S R R T R S L S—

8 9 0 M 12 13 14 15 16 17 18 19 20 21 22 23 2

2 | uOxaprozint
WgA-1min*-1 [Oxaprozini, 4,8000mg

0 1 2 3 4 5 6 7 8 9 0 11 12 13 14 15 16 17 18 19 20 24 22 23 24 25 26 271 28 2‘9 min
STAR® SW 16.30

Lab METTLER

Figure S52: DSC thermogram of methyl 3-(4,5-diphenyloxazol-2-yl)propanoate (7a).
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[Nletoxazole
etoxazole, 6,6000 mg
Integral 565,73 mJ
nomalized 85,72 JgA-1 |
Peak 101,46 °C F
W2 LeftblLimit ~ 79.98°C |
Wg*-1 Right bl Limit 114,97 °C I ,N
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Figure S53: DSC thermogram of Etoxazole (7b).
Me-BF;K (3.0 equiv.)
E Ag,CO3 (2.5 equiv.)
AgSbFg (20 mol%)
>
4 .
o s
o <~
F
ex 5 min
SUTZUZTTZS T
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e e
f
N e wm i e -
——
Integral -167,18 mJ
2| nomalized 2696 Jg*1
mw | Left Limit 81.21°C
Right Limit 108,27 °C  Glass Transition
Left bl Limit 81,21°C  Onset 40,46 °C
Right bl Limit 108,27°C  Midpoint ISO 43,68 °C
Baseline Type line Left Limit 30,60 °C
Left Area 7550%  Right Limit 7238°C
Right Area 2450%  HeatingRate 5,00 °Cmin”-1
Partial Area 100,00% Result Mode Sample Temp
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v ey h ? gy e e h ey
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Figure S54: DSC thermogram of the mixture of Etoxazole (7b) and other reaction components corresponding
to the reaction in Scheme 3.

S48



v_
Integral 91,10 mJ il -
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Figure S55: DSC thermogram of methyl 2-(6-methyl-2-(p-tolyl)imidazo[1,2-a]pyridin-3-yl)acetate
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Figure S56: DSC thermogram of the mixture of methyl 2-(6-methyl-2-(p-tolyl)imidazo[1,2-alpyridin-3-yl)acetate
reaction mixture (7d) and other reaction components corresponding to the reaction in Scheme 3.
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Figure S57: DSC thermogram of Levamisole (7e).
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Figure S58: DSC thermogram of the mixture of Levamisole (7e) and other reaction components corresponding

to the reaction in Scheme 3.

S50



11. Copies of NMR spectra

7d: 'H NMR (400 MHz, CDCl,)
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7d: 3C NMR (101 MHz, CDCly)
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8d: 'H NMR (400 MHz, CDCl,)
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8d: 13C NMR (101 MHz, cD&lJ* —
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