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1. Introduction

1) You. et. al. Chem. Eur. J. 2016, 22, 11918.

1-1. Organohalogen compounds
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1-2. Dearomatizative halogenation – general strategies
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2. Halogenation at alkynes or alkenes

1) Fanghänel. et. al. Eur. J. Org. Chem. 2003, 1, 47.
2) Larock. et. al. J. Am. Chem. Soc. 2005, 127, 12230.
3) Li. et. al. Org. Lett. 2008, 10, 1063.;  Synthesis, 2009, 6, 891.;  J. Org. Chem. 2012, 77, 2837. 2
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Initial	findings

72% yield

Condition A : ICl (2 eq.), DCM
Condition B : I2 or Br2 (2 eq.), NaHCO3 (2 eq.), DCM

Condition C : ICl orBr2 (5 eq.), NaOMe (2 eq.), DCM/MeOH (3:4)

Condition A
88% yield

X=I, Condition C
93% yield

X=Br, Condition C
98% yield

Condition B
100% yield
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nucleophile

condition

(2003	Fanghänel)

Nu–

13 examples
up to 98% yield 
up to 2.6:1 dr

General	protocols	(2005	Larock)
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15 examples
up to 100% yield
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32 examples
up to 85% yield

OAc OCH2CF3

21 examples
up to 97% yield 
up to 3.2:1 dr

nucleophile = H2OCF3CH2OHAcOH

Proposed mechanism (nucleophile = H2O)



3. Halogenation at arenes without nucleophilic trapping

1) Toste. et. al. J. Am. Chem. Soc. 2013, 135, 1268.
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Initial findings
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3-1. Fluorination
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3. Halogenation at arenes without nucleophilic trapping

1) Hamashima. et. al. Angew. Chem. Int. Ed. 2020, 59, 14101.
2) Hamashima. et. al. Tetrahedron. 2021, 96, 132355.
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Enantioselective	reactions	of	2-naphthols	(2020	Hamashima)

Y. Hamashima
(1974-)
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36 h
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quant.
89%
81%
78%

93%
–61%
24%
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F Ph

Optimization of catalyst

Substrate scope
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Na2CO3 (1.5 equiv)
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92%, 81% ee1
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21 examples
up to >99% yield
up to 94 % ee

Enantioselective	reactions	of	resorcinols	(2021	Hamashima)
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up to >99% yield
up to 16:1 dr
up to 95 % ee

Proposed mechanism

PTC



3. Halogenation at arenes without nucleophilic trapping

1) You. et. al. Chem. Sci. 2015, 6, 4179.
2) Che. et. al. Asian. J. Org. Chem. 2021, 10, 674.
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3-2. Chlorination
Enantioselective	reactions	of	naphthols	(2015	You)
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Scope of 2-naphthols

Investigation of 1-naphthols

Enantioselective	reactions	of	2-naphthols	(2021	Che)
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3. Halogenation at arenes without nucleophilic trapping

1) Xu. et. al. Adv. Synth. Catal. 2018, 360, 2285.
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3-3. Bromination
Enantioselective	reactions	(2018	Xu)
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3-2. Chlorination
Enantioselective	reactions	of	(hetero)arenols	(Our	lab.)
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a 2 M HCl aq. (3 equiv) was used.

>10 examples
up to 99% yield
up to 96% ee

Ligand



3. Halogenation at arenes without nucleophilic trapping

1) Jouannetaud. et. al. Tetrahedron lett. 1994, 35, 2541.
2) Xiong. et. al. Org. Biomol. Chem. 2022, Advance article
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3-4. Nucleophilic fluorination

Catalytic	reaction	of	phenols	(2022	Xiong)
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4. Halogenation at arenes with nucleophilic trapping

1) Toste. et. al. Science 2011, 334, 1681.
2) Gouverneur. et. al. Angew. Chem. Int. Ed. 2011, 50, 8105.
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4-1. Fluorination of benzothiophene derivatives
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 (2011 Toste)

1a: R = CH2CH2OTBS, X = Cl
PTC condition

2a: R = Me, X = Br

1a: 59% yield, 15:1 d.r., 89% ee
2a: 69% yield, >20:1 d.r., 90% ee

proposed	catalytic	cycle

Supporting a pathway in which both BF4
– are

exchanged for chiral phosphate

4-2. Fluorination of indole derivatives
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A: 90% yield, 86% ee
B: 65% yield, 74% ee

A: 50% yield, 82% ee
B: 70% yield, 70% ee
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ONFSI (1.2 eq.)
(DHQ)2PHAL (20 mol%)

K2CO3 (6 eq.)
acetone, –78 ºC

A: 38% yield, 92% ee
B: 65% yield, 92% ee

NFSI

Stoichometric	&	catalytic	reaction	(2011	Gouverneur)
A:

B:

d.r. >20:1 V. Gouverneur
(1964-)(R= H, alkyl; X= O, NR)

Mes

A: stoichiometric condition, B: catalytic condition



4. Halogenation at arenes with nucleophilic trapping

1) You. et. al. Chem. Commun. 2017, 53, 5531.

9

4-2 Fluorination of indole derivatives
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Stoichometric	&	catalytic	reaction	(2011	Gouverneur)

w/ premix.: 66% ee
w/o premix.: 50% ee
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19F	NMR	experiment
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fully transfer to
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Procedure
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HBF4 accelerate the reaction

The role of PS …
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Correlation between conversion with reaction time

in situ generated from Selectfluor®

neutralize HBF4 generated in situ
inhibit the strong racemic background reaction

(Proton Sponge)



4. Halogenation at arenes with nucleophilic trapping

1) Hamashima. et. al. Org. Lett. 2020, 22, 5656.
2) Ma. et. al. Angew. Chem. Int. Ed. 2013, 52, 12924.
3) You. et. al. Org. Lett. 2014, 16, 2426. 10

4-3. Bromination of indole derivatives
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4-4. Chlorination of indole derivatives
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CF3CH2OH, rt,  <5 min
Ts Ts

 (2013 Ma)

21 examples
up to 100%, 98% ee

 (2014 You)

14 examples
up to 98%, >99% ee
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4-2. Fluorination of indole derivatives
Catalytic	reaction	(2020	Hamashima)
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14 examples
up to 90% yield
up to 97% ee
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Evaluation	of	the	catalyst	loading
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R= OMe:  88%, 94% ee




