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General Experimental

Glovebox solvents were dried using an Innovative Technologies Solvent Purification System.
The dried solvents were stored under N, atmosphere over 3 A molecular sieves in the
glovebox. Deuterated solvents for NMR spectroscopy were purchased from Cambridge
Isotope Laboratories and dried by stirring for three days over CaH,, distilled prior to use, and
stored in the glovebox over 3 A molecular sieves. 4-NO,-CgH,-I(OAc), and 4-NO,-C¢H4-1(OTFA),
were synthesised by following literature procedure.! All other reagents were purchased from
Sigma Aldrich and used as received. Glassware was dried in an oven at 120 °C overnight and
transferred to the glovebox port or Schlenk line where it was subjected to three vacuum
cycles over 30 minutes prior to use. NMR spectra for all experiments were recorded using

Ascend 400 MHz spectrometer.

X-ray Crystallography Details

Single crystals were selected under n-paratone oil, mounted on nylon loops and placed into a
cold stream (172 K) of N, on a Rigaku SuperNova CCD diffractometer using Cu Ka radiation.

Structure solution and refinement were performed using the SHELXTL suite of software.
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Experimental Procedures

Synthesis of 4-NO,-CgH;-1(OACc)(OTf)

To a solution of 4-NO,-CgHs-1(OAc), (135 mg, 0.368 mmol) in CH,Cl, (2 mL) was added TMS-
OTf (75 mg, 0.337 mmol) which was stirred for 5 minutes at room temperature. This solution
was then treated with hexanes (10 mL) to precipitate a white solid which was filtered and
washed with hexanes (3 x 5 mL). Volatiles were then removed in vacuo to receive 4-NO,-CgH,-

I(OACc)(OTf) as a white crystalline solid (160 mg, 95% yield).

H NMR (400 MHz, CDCl3) 6 (ppm): 8.44 (m, 4H,), 2.24 (s, 3H).

13C{'H} NMR (126 MHz, CDCl5) & (ppm): 150.6, 137.3, 126.8, 125.9, 18.2.

19F NMR (376 MHz, CDCls) & (ppm): -77.13.

Synthesis of 4-NO,-CgH;-1(OTFA)(OTf)

To a solution of 4-NO,-CgH,4-1(OTFA), (208 mg, 0.438 mmol) in CH,Cl, (2 mL) was added TMS-
OTf (150 mg, 0.674 mmol) which was stirred for 5 minutes at room temperature. This solution
was then treated with hexanes (10 mL) to precipitate a pale-yellow solid which was filtered
and washed with hexanes (3 x 5 mL). Volatiles were then removed in vacuo to receive 4-NO,-
CgH4-I(OTFA)(OTf) as a pale-yellow solid (172 mg, 77 % yield). Single crystals suitable for X-ray

crystallography were obtained via vapour diffusion (CHCl;:pentane).

H NMR (400 MHz, CDCl3) 6 (ppm): 8.51 (m, 4H)

1B3C{*H} NMR (126 MHz, CDCl5) 6 (ppm): 150.9, 136.9, 127.4, 119.5 (q, Jr = 319 Hz, SO;CF3),
Carbon environments for trifluoroacetate not observed despite SOs;CF; being clear. A

quaternary carbon is overlapping the broad peak at 127.42 ppm

DEPT-135 NMR (126 MHz, CDCl5) & (ppm): 136.9, 127.4
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1SF NMR (376 MHz, CDCl3) 6 (ppm): -72.14 (OTFA), -76.37(0Tf)

Reaction between Phl(OAc)(OTf) and TMS-Br

To a solution of PhI(OAc), (23.6 mg, 0.0733 mmol) in CDCl;3 (0.5 mL) was added TMS-OTf (18.5
mg, 0.083 mmol) and stirred for 5 minutes to generate Phl(OAc)(OTf) This solution was then
treated with TMS-Br (12.7 mg, 0.0830 mmol) immediately resulting in a colour change from
colourless to orange which rapidly dissipated over the course of 15 minutes. The sample was
taken for in situ 'H NMR analysis to identify 4-bromoiodobenzene and 2-bromoiodobenzene

as the major products.

Reaction between 4-NO,-CgH,-1(OAc)(OTf) and TMS-Br

To a solution of 4-NO,-CgH,4-1(OAc)(OTf) (25 mg, 0.0547 mmol) in CDCl; (0.5 mL) was added
TMS-Br (8.5 mg, 0.055 mmol) immediately resulting in a colour change from colourless to
orange. The solution was stirred for 5 minutes at room temperature. The sample was then

taken for in situ *H and °F NMR analysis.

General Procedure for bromination reactions using 4-NO,-CgH,;-1(OTFA)(OTf) (General
Procedure A)

In a typical bromination reaction, 4-NO,-CgH;-I(OTFA)(OTf) was generated in situ under
glovebox conditions from 4-NO,-C¢H,4-I(OTFA), (30 mg, 0.0631 mmol) and TMS-OTf (15.4 mg,
0.07 mmol) in CDCl3 (0.5 mL). This solution was then charged into an NMR tube with aryl
substrate (0.0631 mmol, 1.0 eq.). The NMR tube was then removed from the glovebox and
charged with Br; (3.4 uL, 0.0631 mmol) under a positive nitrogen stream, capped and inverted
to reach homogeneity. The resulting solution was then immediately taken for H NMR

analysis.
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General Procedure for bromination reactions using 4-NO,-CgH;-1(OTFA), and catalytic HOTf
with aryl substrates (General procedure B)

In a typical bromination reaction, an NMR tube was charged with 4-NO,-CgH,4-I(OTFA), (30
mg, 0.0631 mmol) and aryl substrate (0.0631 mmol, 1.0 eq.) in CDCl;3 (0.5 mL) under glovebox
conditions. The NMR tube was removed from the glovebox and charged with Br, (3.4 uL,
0.0631 mmol) and 1 pL of HOTf (~0.15 eq) under a positive nitrogen stream, capped and
inverted to reach homogeneity. The resulting solution was then immediately taken for *H

NMR analysis.

General Procedure for bromination reactions using 4-NO,-CgH,;-1(OTFA), and catalytic TMS-
OTf with aryl substrates (General procedure C)

In a typical bromination reaction, an NMR tube was charged with 4-NO,-CgH,4-I(OTFA), (30
mg, 0.0631 mmol), TMS-OTf (2 mg, 0.009 mmol) and aryl substrate (0.0631 mmol, 1.0 eq.) in
CDCl; (0.5 mL) under glovebox conditions. The NMR tube was removed from the glovebox
and charged with Br;, (3.4 pL, 0.0631 mmol) under a positive nitrogen stream, capped and
inverted to reach homogeneity. The resulting solution was then immediately taken for H

NMR analysis.

General Procedure for bromination reactions using 4-NO,-CgH;-1(OTFA), and catalytic HOTf
with 2 equivalents of aryl substrate (General procedure D)

In a typical bromination reaction, a small vial was charged with 4-NO,-CgH4-I1(OTFA), (60 mg,
0.126 mmol) and aryl substrate (0.252 mmol, 2.0 eq.) in CDCl; (0.5 mL) under glovebox
conditions. The vial was then removed from the glovebox and charged with Br,(6.42 uL, 0.126
mmol) and 2.5 pL of HOTf (~0.2 eq) under a positive nitrogen stream. The reaction was stirred

for an appropriate amount of time prior to being taken for 'H NMR analysis.
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General procedure for bromination of 2 equivalents aryl substrate via 4-NO,-CgH4-I(OTFA),
and catalytic HOTf at low temperature (General procedure E)

4-NO,-CgH,4-1(OTFA), (30 mg, 0.063 mmol) and two equivalents (0.126 mmol) of aryl substrate
were combined in a solution of CDCl; (0.5 mL). The vessel was briefly purged with dry N,,
capped, and cooled to -45 °C. Br;, (3.4 uL, 0.066 mmol) and HOTf (1.2 uL, 0.014 mmol, 0.20
eq) were added, and the solution was allowed to warm to room temperature over 2.5 h while

stirring, before transfer to an NMR tube where further reaction progress was tracked.

General procedure for bromination of 3 equivalents aryl substrate via 4-NO,-CsH,-1(OTFA),
and catalytic HOTf (General procedure F)

4-NO,-CgH,4-1(OTFA), (30 mg, 0.063 mmol) and three equivalents (0.190 mmol) of aryl
substrate were combined in a solution of CDCl; (0.5 mL). Br; (3.4 uL, 0.066 mmol) and HOTf
(1.2 pL, 0.014 mmol, 0.20 eq) were added, and the solution was agitated for 10 minutes

before transfer to an NMR tube for analysis.

General Procedure for bromination reactions using 4-NO,-CgH,-1(OACc)(OTf) with aryl
substrates

In a typical bromination reaction, an NMR tube was charged with 4-NO,-CgH,4-1(OAc)(OTf) (=25
mg, 0.055 mmol) and aryl substrate (0.060 mmol, 1.1 eq.) in CDCl; (0.5 mL) under glovebox
conditions. The NMR tube was then removed from the glovebox and charged with Br; (2.8 L,
0.055 mmol) under a positive nitrogen stream, capped and inverted several times to reach

homogeneity. The resulting solution was then immediately taken for 1H NMR analysis.
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Reaction between bromobenzene and HBr
To a solution of bromobenzene (6.1 mg, 0.039 mmol) in CDCl; (0.5 mL) was added 48% HBr
(4.4 uL, 0.039 mmol). The solution was stirred for 5 minutes at room temperature. The sample

was then taken for in situ TH NMR analysis.

Reaction between 4-NO,-C¢H,-I(OTFA),, catalytic HOTf and HBr with 2 equivalents of
bromobenzene

In a typical bromination reaction, a small vial was charged with 4-NO,-C¢H,-I(OTFA), (18.6 mg,
0.039 mmol) and bromobenzene (6.1 mg, 0.039 mmol) in CDCl; (0.5 mL). The vial was then
charged with 48% HBr (4.4 uL, 0.039 mmol) and 1 pL of HOTf (~0.2 eq) immediately resulting
in a colour change from colourless to orange. The solution was stirred for 5 minutes at room

temperature prior to being taken for *H and 1°F NMR analysis.

Reaction between Br, with catalytic HOTf and aryl substrate
To a solution of Br;, (2 uL, 0.039 mmol in CDCl; (0.5 mL) ) aryl substrate ( 0.039 mmol) was
added. The vial was then charged with 1 pL of HOTf (~0.2 eq). The solution was stirred for 5

minutes at room temperature. The sample was then taken for in situ 'H NMR analysis.
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NMR Spectra
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Figure S1. 'H NMR (400 MHz, CDCls) of 4-NO,-CgH4-1(OAC)(OTH).
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Figure S2. 13C{tH} NMR (126 MHz, CDCls) of 4-NO,-CgHa-1(OAC)(OTH).
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Figure S3. 1°F NMR (376 MHz, CDCls;) of 4-NO,-CgH,4-1(OACc)(OTH).
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Figure S4. 'H NMR (400 MHz, CDCl5) of 4-NO,-CgH,-1(OTFA)(OTF).
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Figure S5. 19F NMR (376 MHz, CDCls) of 4-NO,-C¢H,-I(OTFA)(OTH).
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Figure S6. 13C{tH} NMR (126 MHz, CDCls) of 4-NO,-CgH,-(OTFA)(OTf).
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Figure S7. 3C{tH} 135DEPT NMR (126 MHz, CDCls) of 4-NO,-CgH,-1(OTFA)(OTH).
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Figure S8. 'H NMR (400 MHz, CDCl5) of Phl(OAc)(OTf) with TMS-Br.
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Figure S9. 'H NMR (400 MHz, CDCls5) of 4-NO,-CgH,4-1(OACc)(OTf) with TMS-Br.
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Figure S10. *H NMR (400 MHz, CDCl3) of TMSOAc with HOTY.
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Figure S11. °F NMR (376 MHz, CDCls) of TMSOAc with HOTT.
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Figure S12. 'H NMR (400 MHz, CDCl3) of 4-NO,-CgH,4-I(OAc)(OTf) + Br, + benzotrifluoride.
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Benzotrifluoride under general procedure A

—8.44
08
07

A: 4-nitroiodobenzene A D: 3,4-dibromobenzotrifluoride
B: 3-bromobenzotrifluoride Br
CF3 E: 2-bromo-4-nitroiodobenzene
0.54 eq
Br 010 €q OZNQI
C: 2,4-dibromobenzotrifluoride Br
Br
CF3 0.52 eq
Br

N
T T T T T T T T T T T l I T T T T

T
87 86 85 84 83 82 81 80 79 78 7.6 73 72 71 7.0 6.9 ppm

2 i s HH W

Figure S13. In situ 'H NMR (500 MHz, CDCls) of benzotrifluoride under general procedure A.
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Benzotrifluoride under general procedure B
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Figure S14. *H NMR (500 MHz, CDCl3) of 4-NO,-CgH,4-I(OTFA), + benzotrifluoride under
general procedure B.
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Bromobenzene under general procedure B
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Figure S15. 'H NMR (400 MHz, CDCl3) of 4-NO,-CgH,-1(OTFA), + bromobenzene under

general procedure B.
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Figure S16. *H NMR (400 MHz, CDCls) of 4-NO,-CgH4-I(OTFA), + Br, + bromobenzene after 8

days.
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Benzotrifluoride under general procedure C
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Figure S17. In situ 'H NMR (500 MHz, CDCl5) of benzotrifluoride under general procedure C.
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Figure S18. In situ 'H NMR (400 MHz, CDCls) of iodobenzene under general procedure D.
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lodobenzene under general procedure E (low temperature)

o~ wn o — ™ ™M w0 —O o >N
o w o w0 ['s] [ag] o NNy =i o
= e e o
A: 4-NO,-CgHy-I(OTFA), | | ‘ | | ‘ | \/ | |
OZNQI 1.00 eq c c
B: o-bromoiodobenzene A
QI 0.22 eq
Br
C: p-bromoiodobenzene
Br@l 1.70 eq
D: Residual iodobenzene
QI 0.27 eq
D D
B B D B B

T T T T T T T T T T T T T T
8 77 76 75 74 73 72 71 70 69 68 67 66 ppm

T T
80 79 7
S |&
- (=1

Figure S19. In situ *H NMR (500 MHz, CDCl;) of iodobenzene under general procedure E (low

temperature). Reaction time = 2.5 h.
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Figure S20. In situ *H NMR (500 MHz, CDCls) of iodobenzene under general procedure F.

Reaction time = 5 min.
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Bromobenzene under general procedure D
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Figure S21. In situ *H NMR (400 MHz, CDCl3) of bromobenzene under general procedure D.
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Figure S22. In situ 'H NMR (500 MHz, CDCl;) of bromobenzene under general procedure E

(low temperature). Reaction time =9 h.
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Bromobenzene under general procedure F
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Figure S23. In situ *H NMR (500 MHz, CDCls) of bromobenzene under general procedure F.

Reaction time = 15 min.
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Figure S24. In situ 'H NMR (400 MHz, CDCl;) of m-dibromobenzene under general procedure
D.
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Figure S25. In situ 'H NMR (400 MHz, CDCls) of o-dichlorobenzene under general procedure
D.
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Figure S26. In situ *H NMR (400 MHz, CDCl;) of benzotrifluoride under general procedure D.
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Figure S27. In situ **F NMR (376 MHz, CDCl3) of benzotrifluoride under general procedure D.
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Figure S28. In situ 'H NMR (500 MHz, CDCl;) of benzotrifluoride under general procedure E

(low temperature). Reaction time = 40 h.
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Benzotrifluoride under general procedure E (low temperature)
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Figure S29. In situ *°F NMR (376 MHz, CDCl;) of benzotrifluoride under general procedure E

(low temperature). Reaction time = 40 h.
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Figure S30. In situ 'H NMR (500 MHz, CDCl;) of benzotrifluoride under general procedure F.
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Nitrobenzene under general procedure D
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Figure S31. In situ 'H NMR (400 MHz, CDCls) of nitrobenzene under general procedure D.
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Figure S32. In situ *H NMR (400 MHz, CDCl;) of o-chloronitrobenzene under general procedure

D.
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Figure S33. TH NMR (400 MHz, CDCl;) of solution containing 4-NO,-C¢H,-1(OTf), and Brs,.
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Figure S34. °F NMR (376 MHz, CDCls) of solution containing 4-NO,-CgH,4-1(OTf), and Br,.
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Bromobenzene and HBr
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Figure S36. 'H NMR (400 MHz, CDCl3) of solution containing 4-NO,-CgH,4-1(OTf),,

bromobenzene, HBr and catalytic HOTT.
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Figure S37. °F NMR (376 MHz, CDCl3) of solution containing 4-NO,-CgH,-1(OTf),,
bromobenzene, HBr and catalytic HOTY.
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Figure S38. 'H NMR (400 MHz, CDCl3) of solution containing bromobenzene and Br, and
catalytic HOTf after 48 hours.

526



Figure S39. 'H NMR (400 MHz, CDCl3) of solution containing benzotrifluoride and Br, and
catalytic HOTf after 20 hours .
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Figure S40. °F NMR (376 MHz, CDCl3) of solution containing benzotrifluoride and Br, and
catalytic HOTf after 20 hours .
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Structural Data

Figure S41. Thermal ellipsoid plot of 4-NO,-CgH4-I1(OTFA)OTf, thermal ellipsoids are drawn at
the 50% probability level. Disorder of the -CF; moiety of the OTFA ligand has been modelled.

Table S1. X-ray crystallographic details

Compound 4-NO,-CgH,-I(OTFA)(OTf)
Empirical Formula CoHyliN,{O5FgS,
FW (g/mol) 511.09
Crystal System Monoclinic
Space Group P(2)1/n
a (A) 9.5843(1)
b (A) 10.5374(2)
c (A) 15.3990(2)
o (deg) 90
8 (deg) 91.246(1)
y (deg) 90
Vv (A3) 1554.83(4)
Z 4
R1[1>20l] 0.0449
wR2(F?) 0.1275
GOF (S) 1.096

528



Reference NMR values

>:o

PhI(OAc)(OTf) (Compared with previously reported literature

CH
values)? ’

1H NMR (400 MHz, CDCl3) & (ppm): 8.25 (d, 2H, J = 8.4 Hz), 7.76

(0]

o
N
pz4
o—-—0

(t, 1H,J = 7.6 Hz), 7.63 (t, 2H, J = 7.6 Hz), 2.21 (s, 3H) \Q/CFS
g
(o]
4-NO,-CgH;-I(OTFA), (Compared with previously reported )J\
literature values)?! o o,
1H NMR (400 MHz, CDCl5) & (ppm): 8.47-8.37 (m, 4H) OZNOi
O\[(Cﬁ

(0]

4-NO,-CgH;-1(OACc), (Compared with previously reported literature
values)?

1H NMR (400 MHz, CDCl3) & (ppm): 8.32 (d, 2H, J=9.3 Hz), 8.28 (d, o
2H, J= 9.3 Hz), 2.03 (s, 6H)

)Ok
T
4-nitroiodobenzene (Commercial sample)

1H NMR (400 MHz, CDCl3) & (ppm): 7.97-7.89 (m, 4H) OaN

e 9

2-bromo-4-nitroiodobenzene .

(Compared with previously reported literature values)*

O.N

1H NMR (500 MHz, CDCl3) & (ppm): 8.44 (d, 1H, J;= 2.5 Hz), 8.07 (d,
1H, J,= 8.7 Hz), 7.83 (dd, 1H, J;= 8.7 Hz, J,= 2.5 Hz)

<

3-bromonitrobenzene (Commercial sample)

1H NMR (400 MHz, CDCl3) & (ppm): 8.38 (t, 1H, J= 2.0 Hz), 8.20-8.16
(m, 1H), 7.86-7.83 (m, 1H), 7.45 (t, 1H, J= 8.2 Hz) on

QL
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4-Bromoiodobenzene

(Compared with previously reported literature values)®

Br

1H NMR (400 MHz, CDCl5) & (ppm): 7.54 (d, 2H, J= 8.6 Hz), 7.23 (d, 2H, J=
8.6 Hz)

.

2-Bromoiodobenzene
(Compared with previously reported literature values)®

1H NMR (400 MHz, CDCl3) & (ppm): 7.86 (dd, 1H, J;= 7.9Hz, J,= 1.5 Hz), 7.62
(dd, 1H, J;= 8.0 Hz, J,= 1.5 Hz), 7.20 (td, 1H, J;= 7.9 Hz, J,= 1.7 Hz), 6.70 (td,
1H, J; = 7.6 Hz, J,= 1.5 Hz),

Q,

p-Dibromobenzene (Commercial sample)

o]
=
o]
=

1H NMR (400 MHz, CDCl3) & (ppm): 7.36 (s, 4H)

o-Dibromobenzene: Commercial sample

1H NMR (400 MHz, CDCl3) & (ppm): 7.64-7.61 (m, 2H), 7.19-7.15 (m, 2H)

% @
=
@
=

1,2,4-tribromobenzene
(Compared with previously reported literature values)®’

1H NMR (400 MHz, CDCl3) & (ppm): 7.77 (d, 1H, J= 2.3 Hz), 7.47 (d, 1H,J= &
8.6 Hz), 7.29 (dd, 1H, J 1= 8.6 Hz, Jo= 2.3Hz)

)
=
o]
=

1,2,4,5-tetrabromobenzene

(Compared with previously reported literature values)®8 Br

[oe)
=

1H NMR (400 MHz, CDCl3) & (ppm): 7.85 (s, 2H)

1-bromo-3,4-dichlorobenzene
(Compared with previously reported literature values)®?

1H NMR (400 MHz, CDCl5) & (ppm): 7.59 (d, 1H, J = 2.0 Hz), 7.31 (d, 1H, J= 2.0
Hz), 7.30 (s, 1H)
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1,2-dibromo-3,4-dichlorobenzene
(Compared with previously reported literature values)®®

H NMR (400 MHz, CDCl3) 6 (ppm): 7.69 (s, 2H)

3-bromobenzotrifluoride

3

(Compared with previously reported literature values)®?

1H NMR (400 MHz, CDCl5) & (ppm): 7.77 (s, 1H), 7.68 (d, 1H, J = 8.0 Hz), 7.56
(d, 1H, J = 7.8 Hz), 7.36 (t, 1H, J = 8.0 Hz) B

A,

19F NMR (376 MHz, CDCl5) 6 (ppm): -62.9

2,5-dibromobenzotrifluoride (Commercial sample) o

1H NMR (500 MHz, CDCls) & (ppm): 7.81 (d, 1H, J = 2.2 Hz), 7.57 (d, 1H, J;

=8.4 Hz), 7.51 (dd, 1H, J; =8.5 Hz, J, = 2.2 Hz) & B
1SE NMR (376 MHz, CDCl5) & (ppm): -63.1

3-bromobenzonitrile (Commercial sample)

CN
1H NMR (400 MHz, CDCl3) & (ppm): 7.80 (t, 1H, J = 1.5 Hz), 7.78-7.74 (m, 1H),
7.64-7.59 (m, 1H), 7.39 (t, 1H, J = 7.8 Hz) Br

2,5-dibromobenzonitrile CN
(Compared with previously reported literature values)’

Br Br
1H NMR (400 MHz, CDCl5) & (ppm): 7.78 (d, 1H, J = 2.1 Hz), 7.61-7.56 (m, 2H) ( f

2-chloro-5-bromonitrobenzene

(Compared with previously reported literature values)® cl
1H NMR (500 MHz, CDCl3) & (ppm): 8.01 (d, 1H, J = 2.3 Hz), 7.63 (m, 2H dd,
1H, J, = 8.6 Hz, J, = 2.3 Hz), 7.43 (d, 1H, J = 8.6 H2) Br

2-chloro-3-bromonitrobenzene

(Compared with previously reported literature values)® Br ol

IH NMR (500 MHz, CDCls) & (ppm): 7.87 (dd, 1H, J; = 8.1 Hz, J, = 1.5 Hz), 7.73
(dd, ™H, J; = 8.1 Hz, J, = 1.5 Hz), 7.31 (t, 1H, J = 8.1 Hz)
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3,4-dibromobenzotrifluoride (Compared with previously reported CFs
spectra)l?

1H NMR (500 MHz, CDCls): 7.87 (d, J = 2.0 Hz, 1H), 7.75 (d, J = 8.3 Hz, 1H), &
7.42 (dd, J = 8.3, 2.0 Hz, 1H)

Br
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