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Hypervalentiodine is a highly useful reagent in synthetic organic chemistry. These reagents are
synthesized by the reaction of iodoarene precursor with stoichiometric amounts of oxidants;
thus their large-scale use is associated with safety and environmental impact concerns. In this
context, the electrochemical synthesis of hypervalent iodine gains significant attention as a
sustainable methodology. Especially, if hypervalent iodine is electrochemically generated in
the presence of a reactant, the desired transformation can be achieved with a catalytic amount
of'iodoarene precursor. This electrochemical mediator system enables safe, cost-efficient and
wasteless reactions.

The use of hypervalent iodine as an electrochemical mediator has been reported previously,
but the number is still limited. In addition, no quantitative kinetic analysis of catalytic reactions
has ever been performed. We hypothesized that the following two issues are responsible for this
situation: (i) the high oxidation potential of iodoarenes makes their selective oxidation difficult,
and (ii) the instability of the radical cation.

In this study, we designed and synthesized a novel n-extended iodoarene, 9-iodo-10-mesityl-
anthracene, and developed it as an efficient electrochemical mediator. The extended 7 system
of'the mediator realized stabilization of the radical cation intermediate, as well as lowering the
oxidation potential. Electrochemical oxidations of various N-Boc-2-aminobiphenyl analogs
were performed, and successfully gave the cyclized product in high yield in the presence of
abase. Kinetic analysis of the electrocatalytic process based on Foot-of-the-Wave analysis
(FOWA) was also investigated.
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Figure 2-1  Hypervalent iodine electrocatalysis
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Figure 2 The concept of this study.
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Figure 3 (a) CVs of 5 mM 1 (black), 4-iodoanisole (red), and iodobenzene (blue) in 0.1 M LITFO/MeCN+CH,Cl, (6:4 in vol) at a
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Figure4 CVs of 1 (gray), 1 with 2a (blue), and 1 with 2a
and BuyPy (black) recorded in 0.1 M LiTfO/
MeCN+CH,Cl, (6:4 in vol) at a scan rate of 0.1V s
(1: 1 mM, 2a: 20 mM, Bu,Py: 8 mM).

Table 1 Optimization of electrocatalytic Intramolecular C-N

coupling reaction using 1

— CPE@1.2 V vs. Ag/AgNO;
QF mol™’!

O 1 mM of 1, 4 mM of Base .i [Nj.i
NH 0.1 M LiTfO / MeCN+CH,Cl, (6/4) \
| T°C PG
PG Undivided cell, Pt(+)-Pt(=)
2a-d (5 mM) 3a-d
0.05 mmol

ntry ase 0 mol 1€
E PG* B T/oC” Q/Fmol'* Yield

1 Ac (2a) ‘BwPy 25 2 23 (3a)
2 Ac (2a) 2,6-Lutidine 25 2 25 (3a)
3 Ac(2a) Pyridine 25 2 0 (3a)

4 Ac (2a) ‘BwPy 50 2 30 (3a)
5 Ac(2a) ‘BuPy 50 4 40 (3a)
6 Ac(22) ‘BuPy 50 s 52 (3a)

“Protecting group of amine, "Reaction temperature, “Charge
passed, “Determined by 'H NMR (Benzaldehyde is used as the
internal standard).
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Table 2 Optimization of electrocatalytic Intramolecular C-N

coupling reaction using 1
:N:
1
PG

4|, CPE@1.2V vs. Ag/AGNO;
QF mol™!

1 mM of 1, 4 mM of Base
0.1 M LiTfO / MeCN+CH,Cl, (6/4)
T°C

PG Undivided cell, Pt(+)-Pt(-)

2a-d (5 mM) 3a-d
0.05 mmol
Entry PGa Base T/oC" Q/F mol'® Yield’
6 Ac (2a) ‘BuPy 50 5 52 (3a)
7 CFsCO (2b) ‘BwPy 50 5 0 (3b)
8 Moc (2¢)  ‘BwPy 50 5 60 (3¢)
9 Boc (2d) ‘BwPy 50 5 82 (3d)

“Protecting group of amine, "Reaction temperature, ‘Charge
passed, “Determined by 'H NMR (Benzaldehyde is used as the
internal standard).
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Table 3 Control experiments. Yields were determined TH NMR

5F mol™!

O _||_| CPE@1.2 V vs. Ag/AgNO;
O 1 mM of 1, 4 mM of Bu,Py li [ jl
N
NH ) I

0.1 M LiTfO / MeCN+CHCl, (6/4,

Boc 50 °C, Undivided cell, Pt(+)-Pt(-) Boc
2d (5 mM) 3d
Entry Variation from the Standard condition Yield of 3d
R 82%
No catalyst (1), 0.75 F/mol 5%
No catalyst (1), CCE (4 mA), 2 F/mol 18%
No catalyst (1), CCE (4 mA) 21%

NN R W N =

1 (0.25 mM[5mol%])

9,10-dimethylanthracene (1 mM) instead of catalyst (1), 2 F/mol 5%
No electrolysis, Add Ets0OSbCls (Chemical oxidation) n.d.

53%
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Figure 6 Kinetic studies of electrocatalytic reaction. (a)
Background corrected CVs of 1 mM 1 (gray line), 1
mM 1 with 20 mM 2d and 4 mM Bu,Py (black line)
in 0.1 M LiTfO/MeCN+CH,Cl, (6:4 in vol) at a scan
rate of 0.1 V s7'. (b) FOWA of 1 mM 1 with 20 mM
2d and 4 mM Bu,Py.

Do | CPE@1.2V vs. Ag/AGNO; R =R
5F mol™ N / \
> N\ /

R 4 mM of 1,16 mM of Bu,Py N
NH 0.1 M LiTfO / MeCN+CH,ClI, (6/4) |
! 50 °C Boc
Boc » 3
Undivided cell, Pt(+)-Pt(-)
2 (20 mM)
0.2 mmol Standard condition

3d-1, 68%(52%) 3d-2 X = Cl, 68% (65%)

3d-3 X = Br, 96% (76%)

3d-4 X = Cl, 33% (10%)
3d-5 X = Br, 34% (21%)

3d-6, trace

3d-7, trace 3d-8, 23%

3d-9, 29% 3d-10, trace

MeOOC,

3d-11, 71%(70%)

3d-12, 82%(70%)

3d-13, 25%(12%)

Figure 5 Substrate scope with N-Boc-aminobiphenyl derivatives. Yields were determined by 'H NMR. Isolated yields are in

parentheses.
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