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Hypervalent lodine

Electron configration: [Kr]4d'%5s25p°
127 I van der Waals radius: 2.2 A
53 Role in total synthesis: Radical precusor, Metal coupling precusor
Oxidation (hypervalent iodine) ... etc.
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o Hole: Halogen Halogen Interaction

See 241122_LS_Hibiki_Asai_Halogen_Halogen_Interaction
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Two Types of Halogen-Halogen Interaction

See 241122 LS Hibiki_Asai_Halogen Halogen _Interaction. 5
Awwadi, F. F.; Willett, R. D.; Peterson, K. A.; Twamley, B. Chem. Eur. J. 2006, 12, 8952.



Double o-Hole: lodine(lll) (Ph,I* Species) |

2 lone pairs in p, orbital and p, orbital
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Valence electron population:
551.77, 5px1.46, 5py1.13, 5pz1.99
lodine electron configuration: [Kr]4d'95s25p° -11
1. Ikezawa,H.; Takahashi, M.; Takeda, M.; Ito, Y. Bull. Chem. Soc. Jpn. 1993, 66, 1959. 6

2. Landrum, G. A.; Goldberg, N.; Hoffmann, R.; Minyaev, R. M. New. J. Chem. 1998, 22, 883.



Double o-Hole: lodine(lll) (Ph,I* Species) I
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Double o-Hole: lodine(lll) (Ph,I* Species) Il

Double o-Hole of lodonium (lll) Salts
o-hole

Angle of Ph,IX species
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. 22, 883.

Landrum, G. A.; Goldberg, N.; Hoffmann, R.; Minyaev, R. M. New. J. Chem. 1998



Double o-Hole Donor as Lewis Acid

Binding

constants 1.6*10"| 1.5*10% | 8.3 * 104
(M1

Experimental

AG -1.7 -4.4 -6.3
NCI (Non Covalent Interaction)plot
of XB-Donor-C complex Calculated
: red repulsion Q AG 0.0,04 |-1.3,-2.8]-9.1, -6.6
weak interaction (SMD, PCM)

blue strong interaction

Heinen, F.; Engelage, E.; Cramer, C. J.; Huber, S. M. J. Am. Chem. Soc, 2020, 142, 8633. 9



Double o-Hole: Diaryliodonium (lll) Salt

Hirshfeld surfaces:

a method that reveals the
hydrophilic nature of
intermolecular interactions in a
molecular system.

Top 2
! S
Bottom left AuCly

Aliyarova, I. S.; Ivanov, D. M.; Soldatova, N. S.; Novikov, A. S.; Postnikov, P. S.; Yusubov, M. S.; Kukushkin,
V.Y. Cryst. Growth Des. 2021, 21, 1136.



Previous Work: Chiral lodonium (lll) Salts Catalyst

BocHN
NBoc chiral XB catalyst 3 Nu
base
0 + Nu—H > 0
N N
\ \
R R

up to 99%, 99% ee

Activation formation

DFT Calculation: B3LYP-D3/def2-TZVP

Damrath, M.; Scheele, T.; Duvinage, D.; Neudecker, T.; Nachtscheim, B. J. ACS Catalysis 2025, 1, 4221




Bidentate XB (Halogen Bonding) Donor I

2[TfO]
Bidentate XB Donor

2858316 A
-

Angle of C-I- - - -O: 159~160 ° %aﬂ( W
I----O distances: 2.69-2.73 A

(van der Waals radii: 3.50 A) X-ray structural analysis

Heinen, F.; Reinhard, D. L.; Engelage, E.; Huber, S. M. Angew. Chem. Int. Ed. 2021, 60, 5069. 12



Bidentate XB (Halogen Bonding) Donor Il
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Heinen, F.; Reinhard, D. L.; Engelage, E.; Huber, S. M. Angew. Chem. Int. Ed. 2021, 60, 5069. 13



ACDC: Asymmetric Counteranion Directed Catalysis
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See 180630 LS Tsukasa Shimakawa Asymmetric_Brgsted Acid_Catalysis Developed By Benjamin_
List's Group. 1. Mayer, S.; List, B. Angew. Chem. Int. Ed. 2006, 45, 4193. 2. Das, S.; Zhu, C.; Demirb%,
D.; Bill, E.; De, C. K.; List, B. Science 2023, 379, 494.



Previous Work: Asymmetric Reaction by XB & ACDC

ACDC: Asymmetric Couteranion Directed Catalysis

Scheidt’s work?!)

Catalyst A

+ v
H CH,CI,, rt

95%, 22% ee

Me

Catalyst A —Chiral phsphoric acid
95%, 8% ee

Yeung’s work?

(o) Catalyst B
1,3,5-Trimethoxybenzene
®
N—Me -
4 ) toluene, —20 °C
Cl 35%, 44%ee

But....

1. Squitieri, R. A.; Fitzpatrick, K. P.; Jaworski, A. A.; Scheidt, K. A. Chem. Eur. J. 2019, 25, 10069.

2. Chan, Y.-C.; Yeung, Y.-Y. Org. Lett. 2019, 21, 5665.

Ph

OMe
No control experiment was conducted to eliminate the possibility of steric control by
'hiddeni Brensted acid.
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1. Introduction
2. Asymmetric Counteranion-Directed

Halogen Bonding Catalysis
(J. Am. Chem. Soc. 2025, 147, 8107.)
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Catalyst Concept

Previous type

Reinhard, D. L.; Iniutina, A.; Reese, S.; Shaw, T.; Merten, C.; List, B.; Huber, S. M. J. Am. Chem. Soc. 17
2025, 147, 8107.



Optimization |

Catalyst, Additive

toluene, rt
10 equiv 23 h
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XBD-Z

27

X-(R)-1 X-(S)-2 X-(S)-3 X-(S)-4 X-(S)-5
Entry Catalyst (mol%)  Additive(mol%) Yield(%)  ee(%)
0 - - 12 -
1  XBD-BArF,4(10) . 60 -
2 XBD-BArF,4(10) N(nBu),~(R)-1(20) 37 50
3 . N(nBu)s<(R)-1(20) 8 2
4 XBD-BArF,4(10) N(nBu)s,(S)-2 (20) 23 38
X = Counter Cation R 5 XBD-BArF(10) N(nBu)s-(S)-3 (20) 35 52
6 XBD-BArF,4(10) N(nBu),(S)-4 (20) 46 72
7 XBD-BArF,4(10) N(nBu)s(S)-5(20) 69 70

Reinhard, D. L.; Iniutina, A.; Reese, S.; Shaw, T.; Merten, C.; List, B.; Huber, S. M. J. Am. Chem. Soc. 13

2025, 147, 8107.
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ACDC
X = Counter Cation

R

Optimization Il

Catalyst, Additive

» /7

10 equiv

_--------

X

toluene, rt

23 h

Lo X

P“\/

XBD-Z

122

Z= BArF24 or ACDC (Counter Anlon)

X-(R)-1 X-(S)-2 X-(S)-3 X-(S)-4 X-(S)-5
Entry Catalyst (mol%)  Additive (mol%) Yield(%)  ee(%)

0 - - 12 -

6 XBD-BArF,,(10) N(nBu).(S)-4 (20) 46 72
7  XBD-BArF,(10) N(nBu),<(S)-5 (20) 69 70
8 XBD-BArFy(10) N(nBu),(S)-5 (10) 34 4+
9 XBD-BArF,(10)  N(nBu),(S)-5 (30) 54 64
10 XBD-(S)-4 (10) - 94 86
11 XBD-(S)-5 (10) - >95 76

Reinhard, D. L.; Iniutina, A.; Reese, S.; Shaw, T.; Merten, C.; List, B.; Huber, S. M. J. Am. Chem. Soc.

2025, 147, 8107.
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Optimization Il

Catalyst, Additive
e, D)

toluene, rt
10 equiv 23 h

—--------

Ph

[eave®

XBD-Z

122

Z= BArF24 or ACDC (Counter Anlon)

DL,

X = Counter Cation R 14 H-(S)-4 (20)

Reinhard, D. L.; Iniutina, A.; Reese, S.; Shaw, T.; Merten, C.; List, B.; Huber, S. M. J. Am. Chem. Soc. 29

2025, 147, 8107.

X(R)-1 X-(S)-2 X-(S)-3 X-(S)-4 X-(S)-5
Entry Catalyst (mol%) Concentration (mM) Yield(%)  ee(%)

0 - 100 12 -
10 XBD-(S)-4 (10) 50 94 86
11 XBD-(S)-4 (10) 12.5 56 89
12 XBD-(S)-4 (5) 12.5 32 86
13 XBD-(S)-4 (2) 12.5 10 74

50 9 2

Q-------'



Substrate Scope

R. 5 or 10 mol% XBD-(S)-4 R
N""No, * @ > :
toluene, rt
10 equiv 23-67 h NO,
R—i : : o : , OMe
10 mol%, 23 h 5 mol%, 67 h 10 mol%, 23 h 5 mol%, 67 h
56%, 89% ee 91%, 90% ee 75%, 86% ee 95%, 93% ee
MeO MeO OMe OMe
's:. : '{ : "{ : :OMe '5; :
5 mol%, 67 h 5 mol%, 67 h 5 mol%, 67 h 10 mol%, 65 h
96%, 94% ee 86%, 96% ee 66%, 95% ee 8%, 58% ee

Reinhard, D. L.; Iniutina, A.; Reese, S.; Shaw, T.; Merten, C.; List, B.; Huber, S. M. J. Am. Chem. Soc. 21
2025, 147, 8107.



Enantio-Selectivity: My Proposal |

If catalyst concept worked well

Reinhard, D. L.; Iniutina, A.; Reese, S.; Shaw, T.; Merten, C.; List, B.; Huber, S. M. J. Am. Chem. Soc. 22
2025, 147, 8107.



Enantlo-Selectlwty My Proposal /]
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Reinhard, D. L.; Iniutina, A.; Reese, S.; Shaw, T.; Merten, C.; List, B.; Huber, S. M. J. Am. Chem. Soc. 23

2025, 147, 8107.



Application to Synthesis of (=)-fencamfamine

10 mol% XBD-(S)-4 NaOH, Raney Ni
Ph. toluene, rt, 54 h Ph THF, reflux, 2 h
\/\N02 + y / ’
0.76 mmol scale 0.70 mmol scale
(10 equiv) 91%, 89% ee N02
Et3;N, AcCl LiAIH,
Ph CH,CIl,,0°C,2h Ph THF, reflux, 16 h Ph
y y
0.7 mmol scale 0.7 mmol scale
NH, HN \n/ 64% over 3 steps HN ~
o (-)-fencamfemine

Psychoactive drug

Reinhard, D. L.; Iniutina, A.; Reese, S.; Shaw, T.; Merten, C.; List, B.; Huber, S. M. J. Am. Chem. Soc. 24
2025, 147, 8107.



Summary

Highly enantioselective Diels-Alder reaction

XB donor
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Lone-Pair Orbital of Diphenyl lodonium Salt

&0
|

Energy/eV

©
I

-107

-11—

lla1 7b1

-12.34 eV -11.78 eV

Landrum, G. A.; Goldberg, N.; Hoffmann, R.; Minyaev, R. M. New. J. Chem. 1998, 22, 883. 27



Halogen Halide Interaction

©
X2 -- N - - - Metal

r AE
S o
F 2.344 A 179.7 ° -14.28 kcal/mol
no metal C@ 3.093 A 179.8 ° -6.28 kcal/mol
P 33004 175.6 ° -5.22 kcal/mol
Halide intracts with o-hole of halogen.
F@ 2.243 A 180.0 ° —27.99 kcal/mol
@® @ .
Cu C 2.930 A 180.0 ° -16.87 kcal/mol
B@ 3.119 A 180.0 ° -15.12 kcal/mol
b97-1/lanl2dz(pp) (for Cu)
b97-1/aug-cc-pvdz (for others)
Xu, L.; Lv, J.; Sang, P.; Zou, J.-W.; Yu, Q.-S.; Xu, M.-B. Chem. Phys. 2011, 379, 66. 28

Slide 17 page of 241122 LS Asai_Hibiki_Halogen Halogen Interaction



"H NMR & ITC Experiment

/ N\
V2 N
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1H-NMR shift [ppm]

NMR (calc.)
® NMR (obs.)

0 | 2 3 4 3 6 7 8 9 10 11

.................................

7.80 2.76 2

Heinen, F.; Engelage, E.; Cramer, C. J.; Huber, S. M. J. Am. Chem. Soc, 2020, 142, 8633. 29



Synthesis of XB Donor

S m-CPBA 2°OTf
TfOH S
O >/ O > O \ J
CH2C|2, rt @ @
! I 60% I I

NaBArf, 2"BArF,

MeOH S
y

e LIS

35% | I
Wu, B.; Yoshikai, N. Angew. Chem. 2015, 127, 8860. 30

Heinen, F.; Reinhard, D. L.; Engelage, E.; Huber, S. M. Angew. Chem. Int. Ed. 2021, 60, 5069.



DFT Calcucation: Michael Addition

A\ catalyst S
+ —_— Ph
N /\)LPh 50 mM @\/@

\
\ d,-DCM N\ | |

Heinen, F.; Reinhard, D. L.; Engelage, E.; Huber, S. M. Angew. Chem. Int. Ed. 2021, 60, 5069. 31



Proposed Catalytic Cycle: Photoredox ACDC

20233%): ACDC for Photoredox

N

Ph

MeO
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Das, S.; Zhu, C.; Demirbas, D.; Bill, E.; De, C. K.; List, B. Science 2023, 379, 494. 32



Catalyst Synthesis

it
Sa
11>0
OO o) @ r Ar
A, N 0 0
- O 200
MeOH \ /
+ microwave 50 °C, 2 h /N@ @N\
S S
S LI AN
\ /
@ @ Ar Ar

Reinhard, D. L.; Iniutina, A.; Reese, S.; Shaw, T.; Merten, C.; List, B.; Huber, S. M. J. Am. Chem. Soc. 33
2025, 147, 8107.



