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General Information

Unless otherwise indicated, all reactions were carried out in 10 mL microwave vials using
reagents obtained from commercial sources and used without further purification. KsPO4 was
kept in a vacuum oven at 200 °C for 24 h prior to use and stored in a glove box. All other
starting materials and solvents were purchased from Acros, Aldrich, Alfa Aesar, Fluorochem,
Apollo Scientific and Manchester Organics, and used without further purification unless
otherwise stated. 2-(allyloxy)-4-methoxybenzoic acid (1A) was synthesised according to a
reported procedure.’ Column chromatography was performed on silica gel (40-63 pm) or on
a Biotage Isolera Four purification system using pre-packed silica cartridges. AgNO;
impregnated silica gel was prepared by absorbing a solution of AgNO3 in MeCN (10% wt of
AgNOs; to silica) on silica. The MeCN was removed under reduced pressure on a rotary
evaporator and the silica was further dried under vacuum overnight. Thin layer
chromatography (TLC) was carried out on pre-coated silica gel F254 plates with visualization
under UV light or using an aqueous basic KMnO, solution. Melting points were obtained
using a Stuart SMP11 apparatus and are uncorrected. IR spectra were recorded using a
Thermo Scientific Nicolet iS5 FTIR machine, relevant bands are quoted in cm™. High
resolution mass spectra were performed by the School of Chemistry Mass Spectrometry
Service (University of Manchester) employing a Thermo Finnigan MAT95XP or Thermo
Exactive Plus EMR spectrometer. *H NMR, *F NMR and **C NMR spectra were recorded at
400 or 500 MHz on Bruker machines. *H NMR are referenced to the residual solvent peak at
7.26 ppm (CDCl3) and quoted in ppm to 2 decimal places with coupling constants (J) to the
nearest 0.1 Hz. *C NMR spectra, recorded at 101 MHz or 126 MHz, are referenced to the
solvent peak at 77.16 ppm (CDCI3) and quoted in ppm to 1 decimal place with coupling
constants (J) to the nearest 0.1 Hz. *°F NMR spectra were recorded at 376 or 471 MHz in
CDCI; and quoted in ppm to 2 decimal places and with coupling constants (J) to the nearest
0.1 Hz.
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General Procedure A for the Decarboxylative Bromination of Aromatic Acids

A flame-dried 10 mL microwave vial was charged with a given amount of Bu4NBr3, capped and
flushed with N2. The vial was transferred to a glove box, then benzoic acid (0.50 mmol, 1.0
equiv), K3PO4 (106.1 mg, 0.50 mmol, 1.0 equiv) and MeCN (2.5 mL, 0.2 M) were added. The
vial was capped, transferred out of the glove box and stirred at the given temperature for the
given time. On completion of the reaction, the mixture was cooled to room temperature then 15%
aqg. Na2S203 (10.0 mL) and sat. Na2CO3 (10.0 mL) were added. The organic phase was collected
by washing with CH2Cl2 (3 x 15.0 mL), dried with MgSO4 and concentrated in vacuo The
mixture was dissolved in pentane/EtOAc (5.0 mL, 98:2) and filtered through a short plug of celite
with further washings of pentane/EtOAc (3 x 10.0 mL, 98:2) Removal of the solvent in vacuo
gave the desired product.

General Procedure B for the Decarboxylative Bromination of Aromatic Acids

A flame-dried 10 mL microwave vial was charged with a given amount of Bu4NBr3, capped and
flushed with N2. The vial was transferred to a glove box, then benzoic acid (0.50 mmol, 1.0
equiv), K3PO4 (106.1 mg, 0.50 mmol, 1.0 equiv) and MeCN (2.5 mL, 0.2 M) were added. The
vial was capped, transferred out of the glove box and stirred at the given temperature for the
given time. On completion of the reaction, the mixture was cooled to room temperature then 15%
aq. Na2S203 (10.0 mL) and sat. Na2CO3 (10.0 mL) were added. The organic phase was collected
by washing with pentane/EtOAc (3 x 15.0 mL, 95:5) and dried with MgSO4. Removal of the
solvent in vacuogave the desired product.

Note on the use of glove box: while the reactions in the scope table were prepared in a glove box,
this is not required, and similar yields are obtained when the reactions are set up without using
any inert atmosphere. See page S21, for a large scale preparation of 2e which was carried out
under air.
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Experimental details, Spectroscopic data and Analytical data

OMe 2-bromoanisole (2a)
Br The general procedure A was applied with BusNBr; (241.1 mg, 0.50 mmol, 1.0
equiv) and 2-methoxybenzoic acid (76.1 mg, 0.50 mmol, 1.0 equiv) at 100 °C for
4 h. The general work-up procedure gave the desired product as a colourless oil
(84.2 mg, 90%) as a >150:1 mixture with 2,4-dibromoanisole.

Spectroscopic data matched those previously reported.?

'H NMR (500 MHz, CDCls) & 7.54 (d, J = 7.8 Hz, 1H), 7.28 (app t, J = 7.9 Hz, 1H), 6.91 (d,
J=8.2 Hz, 1H), 6.84 (app t, J = 7.6 Hz, 1H), 3.90 (s, 3H); *C NMR (126 MHz, CDCls) &
156.0, 133.5, 128.6, 121.9, 112.1, 111.8, 56.3.

Br 4-bromoanisole (2b)

/©/ The general procedure A was applied with BusNBr; (482.2 mg, 1.00 mmol,
MeO 2.0 equiv) and 4-methoxybenzoic acid (76.1 mg, 0.50 mmol, 1.0 equiv) at
100 °C for 6 h. The general work-up procedure gave the desired product as a colourless oil
(91.6 mg, 98%).

Spectroscopic data matched those previously reported.®

'H NMR (500 MHz, CDCl3) & 7.38 (d, J = 8.0 Hz, 2H), 6.79 (d, J = 8.0 Hz, 2H), 3.78 (s,
3H); *C NMR (126 MHz, CDCls) & 158.8, 132.4, 115.9, 112.9, 55.6.

OMe 1-bromo-2,4-dimethoxybenzene (2d)
gr The general procedure A was applied with BusNBrs (241.1 mg, 0.50 mmol,
: 1.0 equiv) and 2,4-dimethoxybenzoic acid (91.1 mg, 0.50 mmol, 1.0 equiv)
MeO for 16 h at 23 °C. The general work-up procedure gave the desired product
as a colourless oil (102.0 mg, 94%) as a >45:1 mixture with 1,5-dibromo-2,4-
dimethoxybenzene.

Spectroscopic data matched those previously reported.*

'H NMR (500 MHz, CDCls) & 7.41 (d, J = 8.5 Hz, 1H), 6.49 (d, J = 2.1 Hz, 1H), 6.39 (dd, J
= 8.5, 2.1 Hz, 1H), 3.87 (s, 3H), 3.80 (s, 3H); *C NMR (126 MHz, CDCls) & 160.4, 156.7,
133.3, 106.0, 102.6, 100.1, 56.3, 55.7.

OMe 2-bromo-1,3-dimethoxybenzene (2e)
Br

OMe
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The general procedure A was applied with BusNBr3; (241.1 mg, 0.5 mmol, 1.0 equiv) and 2,6-
dimethoxybenzoic acid (91.1 mg, 0.50 mmol, 1.0 equiv) at 100 °C for 16 h. The general
work-up procedure gave the desired product as a colourless solid (96.6 mg, 89%)

Spectroscopic data matched those previously reported.’

'H NMR (500 MHz, CDCl3) § 7.23 (t, J = 8.4 Hz, 1H), 6.58 (d, J = 8.4 Hz, 2H), 3.90 (s, 6H);
3¢ NMR (101 MHz, CDCl3) & 157.3, 128.4, 104.8, 101.1, 56.6.

OMe 1-bromo-2-methoxy-4-methylbenzene (2f)
Br  The general procedure A was applied with Bus;NBr; (241.1 mg, 0.5 mmol,
1.0 equiv) and 2-methoxy-4-methylbenzoic acid (83.1 mg, 0.50 mmol, 1.0
equiv) at 100 °C for 16 h. The general work-up procedure gave the desired
product as a colourless oil (85.5 mg, 85%)

Me

Spectroscopic data matched those previously reported.®

'H NMR (500 MHz, CDCls) § 7.39 (d, J = 8.0 Hz, 1H), 6.72 (s, 1H), 6.66 (d, J = 8.0 Hz, 1H),
3.88 (s, 3H), 2.32 (s, 3H); *C NMR (126 MHz, CDCl3) § 155.7, 138.9, 133.0, 122.7, 113.1,
108.4, 56.2, 21.6.

Me 1-bromo-4-methoxy-2-methylbenzene (29)
Br The general procedure A was applied with BusNBr; (241.1 mg, 0.5 mmol,
/©/ 1.0 equiv) and 4-methoxy-2-methylbenzoic acid (83.1 mg, 0.50 mmol, 1.0
MeO equiv) for 16 h. The general work-up procedure gave the desired product as
a colourless oil (98.5 mg, 98%).

Spectroscopic data matched those previously reported.’

'H NMR (500 MHz, CDCl3) § 7.40 (d, J = 8.7 Hz, 1H), 6.79 (s, 1H), 6.62 (d, J = 8.7 Hz, 1H),
3.78 (s, 3H), 2.37 (s, 3H); °C NMR (126 MHz, CDCl5) 5 158.9, 138.9, 132.9, 116.6, 115.5,
113.0, 55.5, 23.3.

The general procedure A was applied with BusNBr; (241.1 mg, 0.5 mmol,
MeO 1.0 equiv) and 3-methyl-4-methoxy benzoic acid (83.1 mg, 0.50 mmol, 1.0
equiv) at 100 °C for 16 h. The general work-up procedure was followed gave the desired
product as a colourless solid (77.4 mg, 77%)

MeD/Br 4-bromo-1-methoxy-2-methylbenzene (2h)

Spectroscopic data matched those previously reported.’
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'H NMR (500 MHz, CDCls) § 7.28 — 7.26 (m, 2H), 6.70 (d, J = 8.2 Hz, 1H), 3.82 (s, 3H),
2.20 (s, 3H). *C NMR (126 MHz, CDCly) § 157.0, 133.3, 129.5, 129.1, 112.5, 111.6, 55.6,
16.2.

Me 2-bromo-1,3,5-trimethylbenzene (2i)
Br  The general procedure B was applied with BusNBr; (482.2 mg, 1.0 mmol,
2.0 equiv) and 2,4,6-trimethylbenzoic acid (82.1 mg, 0.50 mmol, 1.0 equiv)
Me  at 50 °C for 16 h. The general work-up procedure gave the desired product
as a colourless oil (93.6 mg, 94%).

Me

Spectroscopic data matched those previously reported.®

'H NMR (500 MHz, CDCls) & 6.90 (s, 2H), 2.38 (s, 6H), 2.24 (s, 3H); *C NMR (126 MHz,
CDCl3) 6 138.0, 136.4, 129.2, 124.3, 23.9, 20.8.

Br 1-bromo-24-dimethylbenzene (2j)

/@ The general procedure B was applied with BusNBr; (482.2 mg, 1.0 mmol,
Me Me 2.0 equiv) and 2,4-dimethylbenzoic acid (75.1 mg, 0.50 mmol, 1.0 equiv) at
100 °C for 16 h. The general work-up procedure was followed then the mixture was purified
by column chromatography (Hexane 100%). Removal of the solvent in vacuo gave the
desired product as a yellow oil (74.0 mg, 80%) as a >100:1 mixture with 1,5-dibromo-2,4-
dimethylbenzene.

Spectroscopic data matched those previously reported.’

'H NMR (400 MHz, CDCl3) & 7.39 (d, J = 8.1 Hz, 1H), 7.05 (s, 1H), 6.86 (d, J = 8.1 Hz, 1H),
2.36 (s, 3H), 2.27 (s, 3H); **C NMR (126 MHz, CDCls) 6 137.4, 137.0, 132.0, 131.7, 128.1,
121.5, 22.8, 20.8.

Me 2-bromo-1,3-dimethylbenzene (2k)
Br The general procedure B was applied with Bus;NBrs3 (482.2 mg, 1.0 mmol, 2.0
equiv) and 2,6-dimethylbenzoic acid (75.1 mg, 0.50 mmol, 1.0 equiv) at 100 °C
Me  for 16 h. The general work-up procedure gave the desired product as a yellow oil
(79.6 mg, 86%) as a 50:1 mixture with 1,3-dibromo-2,4-dimethylbenzene.

Spectroscopic data matched those previously reported.™

'H NMR (500 MHz, CDCl3) & 7.14 — 7.01 (m, 3H), 2.42 (s, 6H); °C NMR (126 MHz,
CDCl3) 5 138.4, 128.3, 127.8, 126.7, 24.0.
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Me 1-bromo-2-methylbenzene (21)

gr The general procedure B was applied with BusNBr; (723.3 mg, 1.5 mmol, 3.0
©/ equiv) and 2-methylbenzoic acid (68.1 mg, 0.50 mmol, 1.0 equiv) at 100 °C for
16 h. On completion of the reaction, the mixture was cooled to room temperature
then 15% ag. Na,S,03 (10.0 mL) and sat. Na,CO3 (10.0 mL) were added. The organic phase
was collected by washing with Chloroform (3 x 15.0 mL), dried with MgSO, and
concentrated in vacuo The product was then purified by column chromatography (Hexane
100%). Removal of the solvent in vacuogave the desired product as a colourless oil (45.3
mg, 53%). Due to the volatility of 1-bromo-2-methylbenzene (2I), this product could not be

isolated with a yield comparable to the *H NMR yield (78%).

Spectroscopic data matched those previously reported.™

'H NMR (500 MHz, CDCls) & 7.54 (d, J = 7.7 Hz, 1H), 7.29 — 7.17 (m, 2H), 7.06 (app t, J =
7.4 Hz, 1H), 2.42 (s, 3H); *C NMR (126 MHz, CDCl3) § 138.0, 132.5, 131.0, 127.5, 127.4,
125.1, 23.1.

Br  1-bromonaphthalene and 1,4-dibromonaphthalene (2m and 2m”)
The general procedure B was applied with Bus;NBr; (723.3 mg, 1.5 mmol, 3.0
OO equiv) and 1-naphthoic acid (86.1 mg, 0.50 mmol, 1.0 equiv) at 100 °C for 16 h.
The general work-up procedure gave the desired product as a yellow oil (59.2
Br  mg, 57%) as a 14:1 mixture with 1,8-dibromonaphthalene. The mixture was
purified by column chromatography (Hexane 100%). Removal of the solvent in
OO vacuo gave 1-bromonaphthalene as a yellow oil (55.9 mg, 54%) and 1,8-
By dibromonaphthalene as a white solid (4.3 mg, 3%).

Spectroscopic data matched those previously reported.*?

1-bromonaphthalene (2m)

'H NMR (500 MHz, CDCls)  8.25 (d, J = 8.5 Hz, 1H), 7.83 (app dd, J = 11.8, 8.2 Hz, 2H),
7.79 (d,J=7.4 Hz, 1H), 7.60 (app t, J = 7.6 Hz, 1H), 7.54 (app t, J = 7.5 Hz, 1H), 7.33 (app
t, J = 7.8 Hz, 1H); **C NMR (126 MHz, CDCl3) & 134.8, 132.1, 130.1, 128.5, 128.1, 127.5,
127.3, 126.9, 126.3, 123.0.

1,8-dibromonaphthalene (2m’)

'H NMR (400 MHz, CDCls) 5 8.28 — 8.25 (m, 2H), 7.69 — 7.62 (m, 4H); *C NMR (126
MHz, CDCls) 5 133.1, 130.2, 128.3, 127.9, 122.7.
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Br 1-bromo-2-methylnaphthalene and 1,4-dibromo-2-methylnaphthalene

Me (2n and 2n’)
OO The general procedure B was applied with BusNBr; (723.3 mg, 1.5 mmol,
3.0 equiv) and 2-methyl-1-naphthoic acid (93.1 mg, 0.50 mmol, 1.0 equiv)

Br at 120 °C for 16 h. The general work-up procedure gave the desired product

Me as a yellow oil (74.1 mg, 67%) as a 22:1 mixture with 1,4-dibromo-2-

OO methylnaphthalene. The mixture was purified by column chromatography

(Hexane 100 %). Removal of the solvent in vacuogave the desired product

as a colourless oil (70.8 mg, 64%) and 1,4-dibromo-2-methylnaphthalene as
a white solid (3.0 mg, 2%).

Br

Spectroscopic data matched those previously reported.™

1-bromo-2-methylnaphthalene (2n)

'H NMR (500 MHz, CDCl3 8 8.31 (d, J = 8.6 Hz, 1H), 7.80 (d, J = 8.1 Hz, 1H), 7.72 (d, J =
8.3 Hz, 1H), 7.58 (app t, J = 7.7 Hz, 1H), 7.47 (app t, J = 7.5 Hz, 1H), 7.36 (d, J = 8.3 Hz,
1H), 2.64 (s, 3H); *C NMR (126 MHz, CDCls) & 136.1, 133.1, 132.7, 128.8, 128.1, 127.4,
127.4,127.1, 125.8, 124.2, 24.3.

1,4-dibromo-2-methylnaphthalene (2n’)

'H NMR (400 MHz, CDCl3) & 8.25 (d, J = 8.0 Hz, 1H), 8.13 (d, J = 8.0 Hz, 1H), 7.63 (s, 1H),
7.53 (app p, J = 7.2 Hz, 2H), 2.54 (s, 3H); *C NMR (101 MHz, CDCl3) & 136.1, 133.1,
132.7,128.8,128.1, 127.4, 127.4,127.1, 125.8, 124.2, 24.3.

OMe 1-bromo-4-fluoro-2-methoxybenzene (20)
Br The general procedure A was applied with BusNBr; (241.1 mg, 0.5 mmol, 1.0
equiv) and 4-fluoro-2-methoxybenzoic acid (85.1 mg, 0.50 mmol, 1.0 equiv)
F at 100 °C for 16 h. The general work-up procedure gave the desired product as
a colourless oil (76.9 mg, 75%).

Spectroscopic data matched those previously reported.**

'H NMR (500 MHz, CDCls) & 7.40 (dd, J = 8.7, 6.2 Hz, 1H), 6.58 (dd, J = 10.4, 2.7 Hz, 1H),
6.51 (app td, J = 8.3, 2.7 Hz, 1H), 3.81 (s, 3H). *C NMR (126 MHz, CDCl3) 5 163.0 (d, J =
246.2 Hz), 157.0 (d, J = 10.0 Hz), 133.7 (d, J = 9.6 Hz), 108.5 (d, J = 22.5 Hz), 106.0 (d, J =
3.6 Hz), 100.6 (d, J = 26.9 Hz), 56.5; °F NMR (471 MHz, CDCI) & -111.76 (ddd, J = 10.5,
7.9, 6.2 Hz).

OMe 1-bromo-4-chloro-2-methoxybenzene (2p)
Br  The general procedure A was applied with BusNBr3 (241.1 mg, 0.5 mmol,

1.0 equiv) and 4-chloro-2-methoxybenzoic acid (93.3 mg, 0.50 mmol, 1.0
Cl
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equiv) at 100 °C for 16 h. The general work-up procedure gave the desired product as a
colourless oil (91.9 mg, 83%)

Spectroscopic data matched those previously reported.™

IH NMR (500 MHz, CDCly) & 7.45 (d, J = 8.4 Hz, 1H), 6.88 (d, J = 2.2 Hz, 1H), 6.84 (dd, J
= 8.4, 2.1 Hz, 1H), 3.89 (s, 3H); *C NMR (126 MHz, CDCly) & 156.6, 134.2, 133.9, 121.9,
112.8, 109.9, 56.6.

OMe 1,4-dibromo-2-methoxybenzene (2q)
Br  The general procedure A was applied with BusNBr; (241.1 mg, 0.5 mmol,
1.0 equiv) and 4-bromo-2-methoxybenzoic acid (115.5 mg, 0.50 mmol, 1.0
equiv) at 100 °C for 16 h. The general work-up procedure gave the desired
product as a colourless solid (95.7 mg, 72%).

Br

Spectroscopic data matched those previously reported.*

'H NMR (400 MHz, CDCl3)  7.38 (d, J = 8.3 Hz, 1H), 7.01 (d, J = 2.0 Hz, 1H), 6.97 (dd, J
= 8.3, 2.1 Hz, 1H), 3.89 (s, 3H); *C NMR (101 MHz, CDCl3) § 156.6, 134.2, 124.9, 121.7,
115.5, 110.6, 56.6.

OMe 1-bromo-4-iodo-2-methoxybenzene (2r)

Br The general procedure A was applied with BusNBr; (241.1 mg, 0.5 mmol, 1.0
equiv) and 4-iodo-2-methoxybenzoic acid (139.0 mg, 0.50 mmol, 1.0 equiv) at
|

100 °C for 16 h. The general work-up procedure gave the desired product as a
colourless solid (132.9 mg, 85%).

Spectroscopic data matched those previously reported.*’

'H NMR (500 MHz, CDCls) 6 7.24 (d, J = 8.0 Hz, 1H), 7.19 — 7.13 (m, 2H), 3.88 (s, 3H); *C
NMR (126 MHz, CDCls) § 156.6, 134.7, 131.1, 121.4, 112.0, 92.6, 56.6.

F Br 2-bromo-4-fluoro-1-methoxybenzene (2s)
\Q The general procedure B was applied with BusNBr; (482.2 mg, 1.0 mmol,
OMe 2.0 equiv) and 5-fluoro-2-methoxybenzoic acid (85.1 mg, 0.50 mmol, 1.0

equiv) at 100 °C for 16 h. The general work-up procedure gave the desired product as a
yellow oil (85.1 mg, 83%).

Spectroscopic data matched those previously reported.*®

S10



'H NMR (500 MHz, CDCl3) & 7.30 (dd, J = 7.8, 3.0 Hz, 1H), 6.99 (ddd, J = 8.4, 7.9, 3.0 Hz,
1H), 6.83 (dd, J = 9.1, 4.7 Hz, 1H), 3.86 (s, 3H); *C NMR (126 MHz, CDCl3) & 156.7 (d, J =
242.6 Hz), 152.7 (d, J = 2.6 Hz), 120.6 (d, J = 25.8 Hz), 114.8 (d, J = 22.5 Hz), 112.4 (d, J =
8.4 Hz), 111.8 (d, J = 9.8 Hz), 56.9; *F NMR (471 MHz, CDCls) § -122.12 — -122.20 (m).

The general procedure B was applied with BusNBr3 (482.2 mg, 1.0 mmol,

OMe 2.0 equiv) and 5-chloro-2-methoxybenzoic acid (93.3 mg, 0.50 mmol, 1.0

equiv) at 100 °C for 16 h. The general work-up procedure gave the desired product as a
yellow oil (96.3 mg, 87%).

CI\@Br 2-bromo-4-chloro-1-methoxybenzene (2t)

Spectroscopic data matched those previously reported.™

'H NMR (500 MHz, CDCls) § 7.53 (d, J = 2.4 Hz, 1H), 7.23 (dd, J = 8.8, 2.4 Hz, 1H), 6.81
(d, J = 8.8 Hz, 1H), 3.87 (s, 3H); °C NMR (126 MHz, CDCls) & 154.8, 132.9, 128.4, 126.0,
112.6, 112.1, 56.6.

Br Br  2,4-dibromo-1-methoxybenzene (2u)
\@ The general procedure B was applied with BusNBr; (482.2 mg, 1.0 mmol,
OMe 2.0 equiv) and 5-bromo-2-methoxybenzoic acid (115.5 mg, 0.50 mmol,

1.0 equiv) at 100 °C for 16 h. The general work-up gave the desired product as a red oil
(117.0 mg, 88%).

Spectroscopic data matched those previously reported.®

'H NMR (500 MHz, CDCls) 8'H NMR (400 MHz, CDCl; & 7.66 (d, J = 2.4 Hz, 1H), 7.37
(dd, J=8.8, 2.4 Hz, 1H), 6.76 (d, J = 8.8 Hz, 1H), 3.87 (s, 3H); *C NMR (101 MHz, CDCl5)
§155.2,135.5, 131.2, 113.1, 112.9, 112.6, 56.4.

F 1-bromo-2-fluoro-4-methoxybenzene (2v)

Br The general procedure B was applied with BusNBr; (482.2 mg, 1.0 mmol,
2.0 equiv) and 2-fluoro-4-methoxybenzoic acid (85.1 mg, 0.50 mmol, 1.0
MeO

equiv) at 100 °C for 16 h. The general work-up procedure gave the desired
product as a yellow oil (92.3 mg, 90%).

Spectroscopic data matched those previously reported.?
'H NMR (500 MHz, CDCl3) *H NMR (500 MHz, CDCl3) & 7.49 — 7.36 (m, 1H), 6.69 (dd, J

= 10.4, 2.8 Hz, 1H), 6.61 (ddd, J = 8.9, 2.8, 0.9 Hz, 1H), 3.78 (s, 3H): 5 3C NMR (126 MHz,
CDCls) § 160.5 (d, J = 27.2 Hz), 159.5 (d, J = 209.3 Hz), 133.4 (d, J = 1.9 Hz), 111.5 (d, J =
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3.1 Hz), 103.0 (d, J = 25.6 Hz), 99.4 (d, J = 21.2 Hz), 55.9.; *°F NMR (471 MHz, CDCl3) 5 -
104.78 — -106.51 (m).

Cl 1-bromo-2-chloro-4-methoxybenzene (2w)
Br The general procedure A was applied with BusNBr3 (482.2 mg, 1.0 mmol,
2.0 equiv) and 2-chloro-4-methoxybenzoic acid (93.3 mg, 0.50 mmol, 1.0
MeO equiv) at 100 °C for 16 h. The general work-up procedure gave the desired
product as a yellow oil (105.2 mg, 95%)

Spectroscopic data matched those previously reported.?

'H NMR (500 MHz, CDCls) § 7.47 (d, J = 8.9 Hz, 1H), 7.01 (d, J = 2.9 Hz, 1H), 6.70 (dd, J
= 8.9, 2.9 Hz, 1H), 3.78 (s, 3H); °C NMR (126 MHz, CDCl3) § 159.5, 135.0, 134.0, 115.9,
114.6, 113.0, 55.8.

Br 1,2-dibromo-4-methoxybenzene (2x)
Br The general procedure A was applied with BusNBr3 (482.2 mg, 1.0 mmol,
/©/ 2.0 equiv) and 2-bromo-4-methoxybenzoic acid (115.5 mg, 0.50 mmol, 1.0
MeO equiv) at 100 °C for 16 h. The general work-up procedure gave the desired
product as a yellow oil (130.3 mg, 98%).

Spectroscopic data matched those previously reported.?

'H NMR (500 MHz, CDCls) & 7.48 (d, J = 8.9 Hz, 1H), 7.17 (d, J = 2.6 Hz, 1H), 6.74 (dd, J
= 8.8, 2.6 Hz, 1H), 3.78 (s, 3H): °C NMR (126 MHz, CDCl3) § 159.3, 133.9, 125.1, 119.1,
115.4, 115.3, 55.9.

CF, 1-bromo-4-methoxy-2-(trifluoromethyl)benzene (2y)
Br The general procedure A was applied with BusNBr; (482.2 mg, 1.0 mmol,
/©/ 2.0 equiv) and 2-(trifluoromethyl)-4-methoxybenzoic acid (110.1 mg, 0.50
MeO mmol, 1.0 equiv) at 100 °C for 16 h. The general work-up procedure gave
the desired product as a yellow oil (122.4 mg, 96%).

'H NMR (500 MHz, CDCl5 & 7.58 (d, J = 8.8 Hz, 1H), 7.22 (d, J = 2.9 Hz, 1H), 6.92 (dd, J =
8.8, 2.9 Hz, 1H), 3.83 (s, 3H); *C NMR (126 MHz, CDCl5) § 158.8, 135.9, 131.0 (q, J = 31.4
Hz), 122.8 (q, J = 273.5 Hz), 118.5, 114.0 (g, J = 5.6 Hz), 110.0, 55.9; **F NMR (376 MHz,
CDCl3) § —62.90; IR (ATR) 3012, 2942, 2840, 1331, 1259, 1130, 1036, 882; HRMS (EI) m/z
calcd. CgHeBrF3: 253.9549; found [M]* 253.9549.
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F 2-bromo-1,3-difluorobenzene (2ad)

Br  The general procedure A was applied with BusNBr3z (964.4 mg, 2.00 mmol, 4.0
equiv), 2,6-difluorobenzoic acid (79.1 mg, 0.50 mmol, 1.0 equiv) at 100 °C for 20
F h. Then 15% aq. Na;S,03 (2.0 mL), CDCl3 (1.0 mL) and fluorobenzene (46.9 pL,
0.50 mmol, 1.0 equiv) were added. An aliquot (200 pL) of the organic layer was passed
through a plug of MgSO, directly into an NMR tube and diluted with CDCl; (400 pL) for
quantitative *°F NMR analysis to yield the crude product (99%). Due to the volatility of 2-
bromo-1,3-difluorobenzene 2ad, this product could not be isolated with a yield comparable to the

F NMR yield.

Spectroscopic data matched those previously reported.?

Quantitative *>F NMR (CDCls)
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F 3-bromo-1,2,4,5-tetrafluorobenzene (2ae)

F Br  The general procedure A was applied with Bu;NBr; (385.7 mg, 0.8 mmol, 4.0
equiv) 2,3,5,6-tetrafluorobenzoic acid (38.9 mg, 0.20 mmol, 1.0 equiv) at 100

F'°C for 16 h. Then 15% aq. Na,S;03 (2.0 mL), CDClz (1.0 mL) and 1,4-

F difluorobenzene (6.3 pL, 0.08 mmol, 0.4 equiv) were added. An aliquot (200

ML) of the organic layer was passed through a plug of MgSO, directly into an NMR tube and
diluted with CDCl; (400 L) for quantitative **F NMR analysis to yield the crude product
(71%) as a mixture with 1,4-dibromo-2,3,5,6-tetrafluorobenzene (4%). Due to the volatility of
3-bromo-1,2,4,5-tetrafluorobenzene 2ae, this product could not be isolated with a vyield

comparable to the *°F NMR yield.
Spectroscopic data matched those previously reported.?

Quantitative *>F NMR (CDCls)
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F
F Br

F F

1-bromo-2,3,4,5,6-pentafluorobenzene (2af)

The general procedure A was applied with BusNBr3 (385.7 mg, 0.8 mmol, 4.0
equiv) 2,3,4,5,6-pentafluorobenzoic acid (42.4 mg, 0.20 mmol, 1.0 equiv) at
100 °C for 16 h. Then 15% ag. Na,S,03 (2.0 mL), CDCl; (1.0 mL) and 1,4-
difluorobenzene (6.3 pL, 0.08 mmol, 0.4 equiv) were added. An aliquot (200

ML) of the organic layer was passed through a plug of MgSO, directly into an NMR tube and
diluted with CDCl; (400 L) for quantitative **F NMR analysis to yield the crude product
(84%). Due to the volatility of 1-bromo-2,3,4,5,6-pentafluorobenzene 2af, this product could not
be isolated with a yield comparable to the *°F NMR yield.

Spectroscopic data matched those previously reported.?

Quantitative *°F NMR (CDCl5)
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Br 3-bromo-1-tosyl-1H-indole (4a)
©\/\g The general procedure A was applied with BusNBr3 (241.1 mg, 0.50 mmol, 1.0
N, €quiv) and 1-tosyl-1H-indole-3-carboxylic acid (157.7 mg, 0.50 mmol, 1.0
Ts equiv) at 100 °C for 2 h. The general work-up procedure gave the desired
product as a white solid (155.8 mg, 89%).

Spectroscopic data matched those previously reported.?

'H NMR (500 MHz, CDCl3) & 8.00 (d, J = 8.3 Hz, 1H), 7.77 (app d, J = 8.4 Hz, 2H), 7.62 (s,
1H), 7.49 (d, J = 7.9 Hz, 1H), 7.39 - 7.36 (m, 1H), 7.33 - 7.29 (m, 1H), 7.24 (app d, J = 8.0
Hz, 2H), 2.35 (s, 3H); *C NMR (126 MHz, CDCls) & 145.5, 135.0, 134.4, 130.2, 129.9,
127.1,125.9, 124.9, 124.0, 120.2, 113.7, 99.7, 21.7.

Ve 2-bromo-3-methylbenzo[b]thiophene (4b)
The general procedure A was applied with BusNBr; (482.2 mg, 1.0 mmol, 2.0
©f\$78r equiv) and 3-methylbenzo[b]thiophene-2-carboxylic acid (96.1 mg, 0.50
S mmol, 1.0 equiv) at 100 °C for 16 h. The general work-up procedure was
gave the desired product as a yellow oil (102.2 mg, 90%)

Spectroscopic data matched those previously reported.’

'H NMR (500 MHz, CDCls) § 7.72 (d, J = 7.6 Hz, 1H), 7.64 (d, J = 7.6 Hz, 1H), 7.36 (app
td, J=7.6, 1.2 Hz, 1H), 7.32 (app td, J = 7.6, 1.2 Hz, 1H), 2.38 (s, 3H); *C NMR (126 MHz,
CDCls) & 139.8, 139.1, 131.9, 124.7, 124.6, 121.9, 121.8, 112.6, 13.3.

Br 3-bromobenzo[b]thiophene (4c)
©j\g The general procedure B was applied with BusNBr3 (482.2 mg, 1.0 mmol, 2.0
5 equiv) and benzo[b]thiophene-3-carboxylic acid (89.1 mg, 0.50 mmol, 1.0
equiv) at 100 °C for 16 h. The general work-up procedure was followed then
the mixture was purified by column chromatography (Hexane 100 %). Removal of the
solvent in vacuogave the desired product as a colourless oil (95.9 mg, 90%) as a >100:1
mixture with 2,3-dibromobenzo[b]thiophene.

Spectroscopic data matched those previously reported.?
'H NMR (400 MHz, CDCls) § 7.90 — 7.80 (m, 2H), 7.48 (app t, J = 7.5 Hz, 1H), 7.45 (s, 1H),

7.42 (app t, J = 7.5 Hz, 1H); C NMR (126 MHz, CDCls) § 138.7, 137.6, 125.4, 125.2,
123.6, 123.2, 122.9, 107.8.
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Me 2-bromo-3-methylbenzofuran (4d)
. The general procedure B was applied with BusNBr; (482.2 mg, 1.0 mmol,
o 2.0 equiv) and 3-methylbenzofuran-2-carboxylic acid (88.1 mg, 0.50 mmol,
1.0 equiv) at 100 °C for 16 h. The general work-up procedure gave the
desired product as a yellow oil (102.4 mg, 97%).

Spectroscopic data matched those previously reported.’

'H NMR (500 MHz, CDCls) & 7.47 — 7.38 (m, 2H), 7.30 — 7.16 (m, 2H), 2.20 (s, 3H); **C
NMR (126 MHz, CDCl3) § 155.2, 129.5, 126.4, 124.3, 123.1, 118.8, 115.3, 111.0, 8.9.

4e%)
The general procedure B was applied with BusNBr; (241.1 mg, 0.5 mmol,
@Br 1.0 equiv) and benzo[b]thiophene-2-carboxylic acid (89.1 mg, 0.50 mmol,
% 1.0 equiv) at 100 °C for 16 h. The general work-up procedure gave the
Br desired product as a colourless oil (89.2 mg, 70%) as a (1:1) mixture with
2,3-dibromobenzo[b]thiophene. The mixture was then purified by column chromatography
with 10% AgNOs-impregnated silica (hexane/EtOAc, 95:5). Removal of the solvent in vacuo
gave the desired product as a colourless solid (28.8 mg, 27%). A sample of 2,3-
dibromobenzo[b]thiophene was also isolated for characterisation.

s 2-bromobenzo[b]thiophene and 2,3-dibromobenzo[b]thiophene (4e +
/>—Br

Spectroscopic data matched those previously reported.?’

2-bromobenzo[b]thiophene (4e)
'H NMR (400 MHz, CDCls) § 7.77 — 7.66 (m, 2H), 7.39 — 7.29 (m, 3H); *C NMR (101
MHz, CDCl3) 6 141.0, 139.6, 126.7, 124.9, 124.6, 122.8, 121.7, 115.5.

2,3-dibromobenzo[b]thiophene (4¢”)

'"H NMR (400 MHz, CDCl3) 6 7.75 (d, J = 7.6 Hz, 1H), 7.72 (d, J = 7.6 Hz, 1H), 7.43 (td, J =
7.6, 1.3 Hz, 1H), 7.38 (td, J = 7.6, 1.4 Hz, 1H); *C NMR (101 MHz, CDCl3) & 139.0, 137.7,
125.8,125.7, 123.5, 122.0, 114.4, 111.9.

2-bromobenzofuran and 2,3-dibromobenzofuran (4f and 4f”)

o
mBr The general procedure B was applied with BusNBr; (241.1 mg, 0.5 mmol,
1.0 equiv) and benzofuran-2-carboxylic acid (81.1 mg, 0.50 mmol, 1.0

0 equiv) at 100 °C for 6 h The general work-up procedure gave the desired
wBr product as a colourless oil (58.1 mg, 55%) as a 4.5:1 mixture with 2,3-
dibromobenzofuran. Then the mixture was purified by column
chromatography with 10% AgNOs-impregnated silica (hexane/EtOAc,

95:5). Removal of the solvent in vacuogave the desired product as a colourless oil (44.3 mg,
45%). A sample of 2,3-dibromobenzofuran was also isolated for characterisation.

Br
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Spectroscopic data matched those previously reported.?”*®

2-bromobenzofuran (4f)

'H NMR (400 MHz, CDCls) § 7.52 (dd, J = 6.9, 2.1 Hz, 1H), 7.47 (d, J = 7.9 Hz, 1H), 7.26
(app pd, J = 7.2, 1.3 Hz, 2H), 6.74 (s, 1H); *C NMR (101 MHz, CDCls) & 155.9, 128.8,
128.3, 124.4, 123.5, 120.2, 111.0, 108.4.

2,3-dibromobenzofuran (4f)

'H NMR (500 MHz, CDCl3) & 7.48 (d, J = 7.9 Hz, 1H), 7.45 (d, J = 7.9 Hz, 1H), 7.36 — 7.29
(m, 2H); *C NMR (126 MHz, CDCls) & 154.9, 128.7, 128.3, 125.6, 124.2, 119.5, 111.4,
100.1.

Dﬂ& 2,5-dibromothiophene (49)

S The general procedure B was applied with BusNBr3 (482.2 mg, 1.0 mmol, 2.0
equiv) and 5-bromothiophene-2-carboxylic acid (103.5 mg, 0.50 mmol, 1.0

equiv) at 100 °C for 16 h. The general work-up procedure gave the desired product as a

yellow solid (111.3 mg, 92%).

Br

Spectroscopic data matched those previously reported.?

'H NMR (500 MHz, CDCls) & 6.84 (s, 2H); **C NMR (126 MHz, CDCls) & 130.5, 111.7.

Br 2-bromo-5-(p-tolyl)furan (4h)
0\ The general procedure B was applied with BusNBr; (241.1 mg, 0.5
S mmol, 1.0 equiv) and 5-bromothiophene-2-carboxylic acid (101.1 mg,
0.50 mmol, 1.0 equiv) at 50 °C for 16 h. The general work-up procedure
Me gave the desired product as a yellow solid (105.5 mg, 89%).

'H NMR (500 MHz, CDCl3) § 7.52 (d, J = 8.0 Hz, 2H), 7.19 (d, J = 8.0 Hz, 2H), 6.55 (d, J =
3.3 Hz, 1H), 6.37 (d, J = 3.3 Hz, 1H), 2.37 (s, 3H); *C NMR (126 MHz, CDCl3) § 156.3,
137.8, 129.5, 127.4, 123.6, 121.0, 113.4, 106.7, 21.4; IR (ATR) 3021, 2911, 2853, 1513,
1479, 1197, 924, 781; HRMS (APCI) m/z calcd. CiH1OBr: 236.9910; found [M+H]*
236.9907.

gr 4-bromo-1-methyl-1H-pyrazole (4i)
The general procedure A was applied with BusNBr; (241.1 mg, 0.50 mmol, 1.0
N/Qg equiv) and 1-methyl-1H-pyrazole-4-carboxylic acid (63.1 mg, 0.50 mmol, 1.0
Me equiv) at 100 °C for 16 h. The general work-up procedure gave the desired product
as a colourless oil (64.4 mg, 80%).
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Spectroscopic data matched those previously reported.®

'H NMR (500 MHz, CDClg) & 7.43 (s, 1H), 7.37 (s, 1H), 3.89 (s, 3H); *C NMR (126 MHz,
CDCl3) § 139.9, 130.1, 93.1, 39.6.

Me 5-bromo-4-methylthiazole (4j)
The general procedure A was applied with BusNBr; (482.2 mg, 1.0 mmol, 2.0
“\s Br equiv) and 4-methylthiazole-5-carboxylic acid (71.5 mg, 0.50 mmol, 1.0 equiv)
at 50 °C for 16 h. The general work-up procedure gave the desired product as a
yellow oil (80.1 mg, 90%).

Spectroscopic data matched those previously reported.™

'H NMR (500 MHz, CDCl3) & 8.68 (s, 1H), 2.44 (s, 3H); *C NMR (126 MHz, CDCl3) &
152.6, 152.4, 105.0, 15.7.

Br 3-bromo-2-methoxypyridine (4k)
@ The general procedure A was applied with BusNBr3 (482.2 mg, 1.00 mmol, 2.0
N SoMme €quiv), 2-methoxynicotinic acid (76.6 mg, 0.50 mmol, 1.0 equiv) at 100 °C for
16 h. The general work-up procedure was followed then the mixture was
dissolved in pentane/EtOAc (5.0 mL, 98:2) and filtered through a short plug of silica with
further washings of pentane/EtOAc (4 x 10.0 mL, 98:2). Removal of the solvent in vacuo
gave the desired product as a colourless oil (82.7 mg, 88%).

Spectroscopic data matched those previously reported.®

'H NMR (500 MHz, CDCls) & 8.10 (dd, J = 4.9, 1.7 Hz, 1H), 7.79 (dd, J = 7.6, 1.7 Hz, 1H),
6.77 (dd, J = 7.6, 4.9 Hz, 1H), 4.01 (s, 3H); **C NMR (126 MHz, CDCls) & 160.2, 145.6,
141.7,117.9, 107.2, 54.5.

o} 3-bromo-4H-chromen-4-one (41)
Br The general procedure B was applied with BusNBr; (482.2 mg, 1.0 mmol,
| 2.0 equiv) and chromone-3-carboxylic acid (95.1 mg, 0.50 mmol, 1.0 equiv)
O at 100 °C for 16 h. The general work-up gave the desired product as a
yellow solid (93.4 mg, 83%)

Spectroscopic data matched those previously reported.®

'H NMR (400 MHz, CDCl3) & 8.27 (dd, J = 8.0, 1.6 Hz, 1H), 8.24 (s, 1H), 7.72 (ddd, J = 8.6,
7.2, 1.7 Hz, 1H), 7.52 — 7.40 (m, 2H); *C NMR (101 MHz CDCl3) § 172.4, 156.2, 153.9,
134.3,126.6, 126.0, 123.2, 118.2, 110.8.
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X Br (E)-1-(2-bromovinyl)-4-methylbenzene (4m)
/©/\/ The general procedure B was applied with BusNBr; (241.1 mg, 0.5
Me mmol, 1.0 equiv) and (E)-3-(p-tolyl)acrylic acid (81.1 mg, 0.50 mmol,

1.0 equiv) at 50 °C for 3.5 h. The general work-up gave the desired product as a colourless oil
(83.8 mg, 85%) as a 3.5:1 mixture with (Z2)-1-(2-bromovinyl)-4-methylbenzene.

Spectroscopic data matched those previously reported.*

'H NMR (500 MHz, CDCls) § 7.20 (d, J = 7.6 Hz, 2H), 7.14 (d, J = 7.8 Hz, 2H), 7.08 (d, J =
14.0 Hz, 1H), 6.71 (d, J = 14.0 Hz, 1H), 2.34 (s, 3H); °C NMR (126 MHz, CDCls) § 138.4,
137.2, 133.3, 129.6, 126.3, 105.6, 21.4.

o7 2-(allyloxy)-1-bromo-4-methoxybenzene (2A)
gr  The general procedure B was applied with BusNBr3 (241.1 mg, 1.0 mmol,
/©/ 1.0 equiv), 2-(allyloxy)-4-methoxybenzoic acid (104.1 mg, 0.50 mmol,
MeO 1.0 equiv) at 50 °C for 30 min. The general work-up procedure was
followed then the mixture was purified by column chromatography (Hexane 100%). Removal
of the solvent in vacuogave the desired product as a colourless oil (73.0 mg, 60%).

'H NMR (400 MHz, CDCl3) & 7.41 (d, J = 8.7 Hz, 1H), 6.48 (d, J = 2.7 Hz, 1H), 6.40 (dd, J
= 8.7, 2.7 Hz, 1H), 6.06 (ddt, J = 17.2, 10.5, 5.0 Hz, 1H), 5.49 (dd, J = 17.2, 1.5 Hz, 1H),
5.31 (dd, J = 10.5, 1.5 Hz, 1H), 4.58 (d, J = 5.0 Hz, 2H), 3.78 (s, 3H); *C NMR (101 MHz,
CDCl3) & 159.8, 155.4, 133.0, 132.3, 117.6, 106.1, 102.8, 101.2, 69.5, 55.4; IR (ATR) 3021,
2936, 1731, 1580, 1442, 1305, 1202, 1168, 1023, 628; HRMS (EI) m/zcalcd. C1oH1,0,Br:
241.9937; found [M]" 241.9937.
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Procedure for Multi-Gram Scale Synthesis of 2-Bromo-1,3-dimethoxybenzene (2e)

On the benchtop a 1 L pear-shaped flask was charged with 2,6-dimethoxybenzoic acid (5.01
g, 27.5 mmol, 1.0 equiv), anhydrous K3PO, (5.84 g, 27.5 mmol, 1.0 equiv), BusNBr; (13.26
g, 27.5 mmol, 1.0 equiv) and MeCN (137.5 mL, 0.2 M). The mixture was stirred at room
temperature (~18 °C) for 16 h. After this time H,O (400 mL) was added and the reaction
triturated with Na,S,03 (30.0 g). The mixture was transferred to a 1 L separating funnel and
sat. Na,COg3 (ag, 100 mL) and pentane (250 mL) were added. The organic layer was collected
and the aqueous layer was further washed with pentane (3 x 100 mL). The organic fractions
were dried with MgSO, (30.0 g) and concentrated in vacuoto yield the desired product as a
white solid (5.49 g, 92%).
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Computed reaction path

All quantum chemical calculations were performed with the Gaussian 09 d.01program
package. *> Geometries were optimized using DFT with the B3LYP functional and the 6-
31+G(d) basis set in gas phase without symmetry constraints. Solvent correction for
acetonitrile according to the SMD model and dispersion correction according to the DFT-D3
scheme with BJ dampening were applied as single point energies at the B3LYP/6-311+G(d)
level. The stationary points were characterised as minima (no negative frequencies) or
transition states (one negative frequency > 30 cm™) through frequency analysis. To verify
that the located transition states connected the desired minima, the reaction paths were
followed in both directions through IRC calculations.

9 o
9 09 3.
3 s
") Q‘ “z‘")
oo 20 - > e
-9 S 2
29 20 . -
> S RETETR
9 9 J) ~ 19.2 \\\
10.5
IO IL, 1.0 OMe
\ Br
ome® o oMeQ \ +CO,
o) 0 OMe
Br ——
OMe OMe 2e + CO,

-49.9

Scheme S1. Proposed reaction mechanism. TS-I: rotation transition state, TS-II:
decarboxylative bromination transition state.
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Scheme S2. Energy along the path from 11 (-19) to TS-11 (0) and then to 2e (20).
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Scheme S3. RMS (root mean square) of the gradient along the path from 11 (-19.3) to TS-11
(0) and then to 2e (20). Representative structures along the path are shown.
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Determination of *C-KIEs at natural abundance

The intermolecular competitive **C-KIEs were measured as previously reported, according to
the following formulas. ***’

_ 1T 9

| T[@ "OR/R]

JKIE -1 IR/Ry AF
OF p "Ol1 p "ORR,

KIE

AKIEf = AF

) % -1 1p & YRR,
hR/R, RRy 1 T p &R/,

AKIER Y R/R,

AKIE AKIEg AKIER
F: starting material conversion

R/Ro: proportion of the minor isotopic component in recovered material compared to the
original starting material, is the ratio between the area of the peaks of the starting material
and the area of the area of the peaks of the starting material recovered after the reaction.

AKIEEg: uncertainty related to the measurement of the conversion
AKIEg: uncertainty related to the quantitative *C NMR.

Experimental procedure

A 150 mL round-bottom flask equipped with a magnetic stirring bar was charged with
BusNBr; (7.715 g, 16 mmol, 1.0 equiv), 2,6-dimethoxybenzoic acid (2.915 g, 16 mmol, 1.0
equiv), anhydrous K3PO, (3.396 g, 16 mmol, 1.0 equiv) and acetonitrile (80.0 mL, 0.2 M).
The flask was sealed with a septum, equipped with a balloon, placed in an oil bath pre-heated
at 30 °C and stirred for 70 minutes. After this time the reaction was quenched with 10% aqg.
Na,S,03 (8.0 mL), acidified with trifluoroacetic acid (6.2 mL, 80 mmol, 16 equiv) and dried
over Na,SO,4. The mixture was filtered through cotton in a 200 mL volumetric flask with
acetonitrile. Six 1 mL aliquots were taken, 1 mL of a 0.08 M solution of 4-nitrotoluene in
CD3CN was added as internal standard and the samples were analysed by 1H-NMR to
determine the conversion. To ensure complete relaxation the T1 was measured for each
mixture. Spectra were recorded at 500 MHz using 40 s delays between calibrated n/2 pulses,
6.5 s acquisition time and 16 scans. A small amount of 2,6-dimethoxy-3-bromobenzoic acid
(< 6%) was detected by NMR and was not considered in determining the conversion due to
the small amount and its influence on only one of the two carbons used. The remaining crude
was evaporated to dryness and the unreacted starting material was recovered by column
chromathography on silica gel (hexane/Et,O/THF, 7:1:2 with 2% AcOH). The fractions that
contained no impurities (as judged by GC-MS analysis) were reunited and concentrated under
reduced pressure. Pentane was added to the residual solution, the obtained solid was filtered,
washed with pentane and dried in vacuo
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Quantitative °*C NMR

The NMR samples were prepared using 2,6-dimethoxybenzoic acid (89 mg) in 0.5 mL of
(CD3),SO. To ensure complete relaxation the T1 was measured for each sample. The *C
spectra were recorded at 125.81 MHz using inverse gated decoupling, 64 s delays between
calibrated /2 pulses, 1.4 s acquisition time and 32 scans collecting 32768 points, the FID
was then zero-filled to 128K. Six spectra were recorded for each sample, a zeroth order
baseline correction was generally applied, but in no case a first or higher correction was
tested. Integrations were numerically determined using a constant region for each peak
corresponding to a multiple of the peak widths at half height (+ 5wi,) and referred to the area
of the peak of C-4 and C-6, which was assigned a value of 2000.

C fidl fid2 fid3 fid4 fid5 fid6 AV SD
Cl | 1038.90 1047.23 1043.72 1044.16 1046.78 1054.00 | 1045.80 | 5.00
C2 | 1025.09 103350 1036.58 1034.52 1035.82 1034.88 | 1033.40 | 4.21
C3 | 2051.09 2055.62 2059.13 2061.75 2056.55 2059.13 | 2057.21 | 3.70
C4 | 2000.00 2000.00 2000.00 2000.00 2000.00 2000.00 | 2000.00 | 0.00
C5 | 984.29 991.35 984.87 992.92 985.29 988.54 987.88 | 3.65

Table S1. ®C NMR integrations of 2,6-dimethoxybenzoic acid starting material (AV=
average, SD= standard deviation).

Experiment 1

1 2 3 4 5 6 AV SD

7532 7496 75.61 75.60 74.92 76.17 7543 0.47

Table S2. Conversion in experiment 1 (AV= average, SD= standard deviation).

C fidl fid2 fid3 fid4 fid5 fid6 AV SD
Cl | 1064.96 106254 1067.76 1062.89 1067.70 1069.18 | 1065.84 | 2.78
C2 | 107249 107246 1075.28 1065.36 1077.87 1077.40 | 1073.48 | 4.60
C3 | 2046.35 204194 204225 204246 2049.65 2054.81 | 2046.24 | 5.17
C4 | 2000.00 2000.00 2000.00 2000.00 2000.00 2000.00 | 2000.00 | 0.00
C5 | 986.48 989.65 983.33 985.20 991.99 998.66 989.22 | 5.58

Table S3. *C NMR integrations of 2,6-dimethoxybenzoic acid starting material recovered
from experiment 1 (AV= average, SD= standard deviation).
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C KIE AKIE R/RO A(R/RO) AKIEF AKIEgr
C1|1.014 0.004 |1.019 0.006 <0.001 0.004
C2|1.028 0.004|1.039 0.006 <0.001 0.004
C3|0.996 0.002 |0.995 0.003 <0.001 0.002
C4 | 1.000 0.000 | 1.000 0.000 0.000 0.000
C5|1.001 0.005|1.001 0.007 <0.001 0.005

Table S4. Determination of *C NMR KIEs for experiment 1.

Experiment 2

1

2

3

4

5

6 AV SD

64.38 64.38 64.85 65.04 65.00 65.05 64.78 0.32

OMe O

4

3 "OMe

Table S5. Conversion in experiment 2 (AV= average, SD= standard deviation).

C fidl fid2 fid3 fid4 fid5 fid6 AV SD
Cl | 1052.18 1059.46 1055.75 1061.47 1052.31 1049.33 | 1055.08 | 4.68
C2 | 1058.66 1067.16 1057.56 1057.63 1060.38 1057.48 | 1059.81 | 3.77
C3 | 2036.93 2039.78 2039.08 2043.07 2045.11 2038.88 | 2040.48 | 3.02
C4 | 2000.00 2000.00 2000.00 2000.00 2000.00 2000.00 | 2000.00 | 0.00
C5 | 982.96 985.00 988.62 984.13 984.19 982.41 984.55 | 2.20

Table S6. *C NMR integrations of 2,6-dimethoxybenzoic acid starting material recovered
from experiment 2 (AV= average, SD= standard deviation).

C KIE AKIE R/RO A(R/RO) AKIEr AKIER
C1]1.009 0.006]1.009 0007 <0.001 0.006
C2|1.025 0.005|1.026 0006 <0.001 0.005
C3/0.992 0.002]0.992 0002 <0.001 0.002
C4|1.000 0.000|1.000 0.00  0.000 0.000
C5|0.997 0.004|0.997 0.004 <0.001 0.004

Table S7. Determination of *C NMR KIEs for experiment 2.
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Calculated **C isotope effects for the proposed pathway

Kinetic isotope effects (KIEs) and equilibrium isotope effects (EIEs) were calculated
according to the Bigelesein equation at 303.15 K using ISOEFF98. Frequencies were
obtained at the B3LYP/6-31+G(d) level in gas phase,*® the scaling factor of 0.9614 was
applied.®® The tunnelling correction on KIE-I was evaluated under equal conditions using
Pyquiver according to Bell’s infinite-parabola model.

OMe© hypobromlte oMme© ome 9 OMe
. formation rotation decarboxylatlon Br
+ CO,
EIE 1 EIE 11 B KIE I
OMe OMe OMe
le 2e + CO,
overall process T
KIE-II

Scheme S4. EIEs and KIEs associated with the proposed pathway.

C EIE-* EIE-I* KIE-I*|KIE-II*| Exp-1° Exp-2°

C1] 0999 1.000 1.013 | 1.013 | 1.014(4) 1.009(6) ove ©
C2| 00992 0998 1.033 | 1.023 |1.028(4) 1.025(5) I,
C3| 00995 1.001 1.002 | 0.997 |0.996(2) 0.992(2) L,
C4| 00998 1.000 1.001 | 1.000 | 1.000*  1.000* ‘
C5|0.997 1.000 1.004 | 1.001 |1.001(5) 0.997(4)

Table S8. Comparison of computed and experimental isotope effects. * Computed isotope
effects, without approximation to the third decimal EIE-IXEIE-11XKIE-I = KIE-II. °
Experimental values, for further information vide supra.

C KIE-IP|KIE-I®| A

Cl] 1.013 | 1.014 |0.001
C2| 1.033 | 1.036 |0.003
C3| 1.002 | 1.002 | 0.000
C4| 1.001 | 1.001 |0.000
C5| 1.004 | 1.004 |0.000

Table S9. Evaluation of tunnelling. ® KIE-1 uncorrected values obtained with Pyquiver. "KIE-
| values corrected for tunnelling. ° KIE-I; — KIE-I.
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Coordinates and energies for the computed structures
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J, ﬂJ/) 3 -

-2.65052400
-3.15639100
-3.55225100
-1.81332600
-1.30689800
-0.89072000

3.15341000
-2.99328200
-3.88234100
-4.59373500

0.52807500

0.91648700

1.31283500
-0.68780100
-1.42455900

0.23874200
-1.07756800
-0.33735200
-1.30193800
-2.17420300
-1.54472900
-2.95877500
-2.62913300

QO

. e

‘ J

Pl A 4
-2.25215500
-2.84517300
-3.13542700

I (minimum)

No imaginary frequencies
E =-3220.95463851 a.u.
G =-3220.828139 a.u.

Solvent correction = -0.020197 a.u.
Dispersion correction = -0.044230 a.u.

1.65085500
-0.73600900
0.59819000
-1.02551500
1.35715600
0.02006000
-0.24119000
2.67489500
-1.52839900
0.82400100
-0.28484900
-0.64765700
-0.06921800
3.66997300
3.91886700
4.21362800
3.94401800
2.29102600
-2.27922000
-3.39669000
-4.27568600
-3.37685600
-3.43130700

-0.24191300
-0.29988000
-0.40379300
-0.02121400
0.02883200
0.15051300
-0.25988300
-0.32667000
-0.43585900
-0.61747900
0.53197900
1.61180500
-0.56217900
0.17213800
0.94609100
0.36155400
-0.81609200
0.22241300
0.09178000
-0.03775300
0.10724500
0.72877900
-1.03568700

TS-I (transition state)

1 imaginary frequency = -72.30 cm-1

E =-3220.93685027 a.u.
G =-3220.810152 a.u.

Solvent correction = -0.020266 a.u.
Dispersion correction = -0.045357 a.u.

1.72200000
-0.64326400
0.68998000

-0.56279100
-0.58845500
-0.87943500
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-1.62349100
-1.03694400
-0.71417700

2.63207900
-2.50804000
-3.55939700
-4.07959000

0.55629300
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-0.36571600
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0.51148800
-0.49524300
-0.09786000
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-2.27271900

-0.95198300
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-0.32592000
2.74574600

-1.41956100
0.93224300

-0.24921200
0.20119000

-1.20830900
3.71142200
4.03757800
4.24185400
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-2.20415000
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0.35504700
-0.64276000
-0.80691600
-0.83427800
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1.06505000
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-0.89222100
0.40154300
0.39793000
0.10236800
0.47080200
0.61897200
-0.97799300

Il (minimum)

No imaginary frequencies

E =-3220.95096065 a.u.

G =-3220.823738 a.u.

Solvent correction = -0.020542 a.u.
Dispersion correction = -0.046729 a.u.
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-2.33970700
-2.34132700
-2.91798100
-1.14309900
-1.14148100
-0.53566400

2.19331400
-2.81505600
-2.81789600
-3.84715300
0.58972600

0.45473900

1.88997700
-1.03707600
-2.02157800
-0.34437600
-1.12143100

1.22091000
-1.21779500
0.00195700
-1.21286300
1.21432500
0.00031300
-0.00135700
2.15107400
-2.14730300
0.00260300
-0.00048700
-0.00042200
-0.00128800
3.60830200
3.71408300
4.33154000
3.78151100

-0.68274100
-0.68284900
-1.03959500
0.04327700
0.04337600
0.39941000
-0.90088800
-0.96972100
-0.96993000
-1.60335700
1.38845800
2.58498000
0.94804600
0.17616200
0.64851700
0.60853800
-0.90402900
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-0.47358500
-0.47668200
-1.04188000
-0.35016500
-2.02653600
-1.12643200

2.32944300
-2.32890100
-3.60699300
-4.33117500
-3.71147100
-3.78005300

0.44860400
0.44841600
0.17591200
0.60828600
0.64823300
-0.90428800

TS-11 (transition state)

1 imaginary frequency = -366.75 cm-1
E =-3220.89764236 a.u.

G =-3220.773339 a.u.

Solvent correction = -0.039540 a.u.
Dispersion correction = -0.049100 a.u.
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0.00000900
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0.00000400
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0.00002200
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-1.26574400
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2.48941400
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0.11796900
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-0.48271300
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0.53898700
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2e (minimum)

No imaginary frequencies

E =-3032.437746 a.u.

G =-3032.317164 a.u.

Solvent correction = -0.015101 a.u.
Dispersion correction = -0.038091 a.u.
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0.00006400
1.22000000
-1.21981600
1.21657600
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0.00035200
-2.14640300
0.00034100
-2.34641200
-3.61271700
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-0.03033100
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-0.09526600
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0.00000100
0.00000000
0.00000000
0.00000000
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0.00000000
0.00000000
0.00000000
-0.00000100
-0.89731900
-0.00000100
0.89731800
0.00000000
0.00000000
0.00000000
-0.00000100
0.89738300
-0.00000100
-0.89738600

CO; (minimum)

No imaginary frequencies
E =-188.590392621 a.u.
G =-188.599542 a.u.

Solvent correction = —0.000505 a.u.
Dispersion correction = —0.001642 a.u.

01

C 0.00000000 0.00000000 0.00000000
@) 0.00000000 0.00000000 1.16935600
) 0.00000000 0.00000000 -1.16935600
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le” (minimum)

No imaginary frequencies
E =-649.3289882 a.u.
G =-649.202517 a.u.
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2.59626000
2.59699000
3.28905800
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1.19113800
0.46029600
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1.71914100
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0.00000000
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-2.07315800
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-4.19723200

-0.31226600
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0.00008100
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-1.10214000
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-1.13658800
-0.11410600
-1.83997800
-0.60345200
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1.83977500
1.13663800
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NMR Spectra

2-bromoanisole (2a)
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4-bromoanisole (2b)

'H NMR (CDCly)
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1-bromo-2,4-dimethoxybenzene (2d)

'H NMR (CDCly)
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2-bromo-1,3-dimethoxybenzene (2e)

'H NMR (CDCls)
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1-bromo-2-methoxy

'H NMR (CDCls)

-4-methylbenzene (2f)
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1-bromo-4-methoxy-2-methylbenzene (2g)

'H NMR (CDCls)
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4-bromo-1-methoxy-2-methylbenzene (2h)

'H NMR (CDCls)
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2-bromo-1,3,5-trimethylbenzene (2i)

'H NMR (CDCls)
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1-bromo-2,4-dimethylbenzene (2j)
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H NMR (CDCl5)
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2-bromo-1,3-dimethylbenzene (2k)

'H NMR (CDCls)
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1-bromo-2-methylbenzene (21)

'H NMR (CDCls)
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1-bromonaphthalene (2m)

'H NMR (CDCly)

Br

0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 0.5
ppm
==l
] | i
T T T T T T T T T T T T T T T T T T T T T T
pbo 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

ppm

S44




1,4-dibromonaphthalene (2m’)

'H NMR (CDCls)
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1-bromo-2-methylnaphthalene (2n)

'H NMR (CDCls)
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1,3-dibromo-2-methylnaphthalene (2n’)

'H NMR (CDCls)
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1-bromo-4-fluoro-2-methoxybenzene (20)

'H NMR (CDCls)
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YF NMR (CDCl5)

T T T T T T T T T T T T T T T T T T T T
10 0 -10 -20 -30 -40 -50 -60 -70 -80 -90  -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210
ppm

S49



1-bromo-4-chloro-2-methoxybenzene (2p)

'H NMR (CDCls)
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1,4-dibromo-2-methoxybenzene (2q)

'H NMR (CDCly)
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1-bromo-4-iodo-2-methoxybenzene (2r)

'H NMR (CDCls)
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2-bromo-4-fluoro-1-methoxybenzene (2s)

'H NMR (CDCls)
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YF NMR (CDCl5)
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2-bromo-4-chloro-1-methoxybenzene (2t)

'H NMR (CDCls)
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2,4-dibromo-1-methoxybenzene (2u)

'H NMR (CDCls)
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1-bromo-2-fluoro-4-methoxybenzene (2v)

'H NMR (CDCly)
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YF NMR (CDCl5)
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1-bromo-2-chloro-4-methoxybenzene (2w)

'H NMR (CDCls)
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1,2-dibromo-4-methoxybenzene (2x)

'H NMR (CDCls)
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1-bromo-4-methoxy-2-(trifluoromethyl)benzene (2y)

'H NMR (CDCls)
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YF NMR (CDCl5)
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3-bromo-1-tosyl-1H-indole (4a)
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2-bromo-3-methylbenzo[b]thiophene (4b)

'H NMR (CDCls)
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3-bromobenzo[b]thiophene (4c)

'H NMR (CDCls)
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2-bromo-3-methylbenzofuran (4d)

'H NMR (CDCls)
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2-bromobenzo[b]thiophene (4e)

'H NMR (CDCls)
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2,3-dibromobenzo[b]thiophene (4e”)

'H NMR (CDCls)
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2-bromobenzofuran (4f)

'H NMR (CDCls)

3C NMR (CDCl5)
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2,3-dibromobenzofuran (41)

'H NMR (CDCly)
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2,5-dibromothiophene (49)

'H NMR (CDCls)
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2-bromo-5-(p-tolyl)furan (4h)

'H NMR (CDCls)
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4-bromo-1-methyl-1H-pyrazole (4i)

'H NMR (CDCly)
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5-bromo-4-methylthiazole (4j)

'H NMR (CDCls)
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3-bromo-2-methoxypyridine (4k)

'H NMR (CDCly)
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3-bromo-4H-chromen-4-one (4l)

'H NMR (CDCls)
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(E)-1-(2-bromovinyl)-4-methylbenzene (4m)

'H NMR (CDCly)
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2-(allyloxy)-1-bromo-4-methoxybenzene (2A)

'H NMR (CDCls)
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