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Development of an efficient asymmetric synthetic method for chiral amines
bearing a fluoroalkyl group

Kawamura, Shintaro
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This research aimed at developing a novel synthetic method for chiral cyclic
amines bearing a fluoroalkyl group through catalytic asymmetric reactions using alkenes as starting
materials. 1 successfully identified a core ligand skeleton for copper catalysts capable of
inducing chirality. Additionally, optimization of the reaction conditions, including the use of
additives, achieved good enantioselectivity. Furthermore, through experimental and theoretical
investigations, a comprehensive evaluation of the structures and reactivities of reactive
intermediates, including fluorinated diacyl peroxides and fluoroalkyl radicals, provided significant

insights for the further precise design of the target asymmetric reaction. | also found that the
ligand influences the reaction mechanism.

DFT



B X C—19, F—19—1 (Gtm)

. WFIEBHAR S R DY

i?ﬂz EECEIKICBITS 7L Fa T )L ST OEENEEEICEML TWD, 74t 7 L
FVEEINS FERE S F OBUKME, TR KO L EEL I B L, EHERBAYGETE 5720 T
HD, 2D KA IRTEES A2 TEKRICL DT AA R T IV LAY OFEENEHE > TN D,
— 07, REFEMELR T L VHEIMME S FEEROK 40%ICE N EELEMEECH D, Thbb,
WEIEMR T I A TERLETH 7040 TV NI REROEI L LTI
5, TIVHOBRRBWC, 7V VBN EAT Ty s b LTHbND, TV
VNI a2 OREHERISEEEDLZE T HEFHREGT DT I VENLRGIERTE D,
Tbb, VAT AXNEEGT LTV VU2 AFTEIUR, %%@7wﬁm7w#wm

SUVEHOGHENAARE L T2 D, FRIT, EESBIEDOHFMITICTI N TIE, /5 F DN ATEME
ICHRL BT B0, o2 v TF A~ — IR EZ D RBFERFENRD NS, L, i
RVE TIENLRIEIRA 22 G S N EE 2R B - T2,

2.@%@5%

AIFZERE TR, SRR AR 7 LA T A AT I VORI AR E ATRICT 5
ﬁﬁ%%%%%?é EEEME Lz, BRMICiE, IEREZS ZNE TICAKH LA DS
CHNLTINAFB T VXIS E R, IAAa T AIAVEEETHT7 VU 0 OftiR
HOREZRET LI Z L E2HEBE L (K1),

le} o o) Cu'/ * iXe]
)]\ JJ\ urea-H,0, )I\ 1) R L R | P
R Y07 YRy — > |R o’jrf > N
NN 1 Re
B7 v REBENKY o N R
Ry = CFs, CoFs, STUNALFEY R ; INFATLENRERT S
[ C3F7 CF2H, CF,CI j REFETV IV
1. XFROBENEAE
3. WD HIE
INFaTAXNVEERTLHT VU D OAKICIE. T VAT I O X 55 FNT

:/7»%D7W%wMﬁE#ﬁﬁf%é(IDOHﬁEi\Y/)//f®$mk7wﬁm7
IR NIEDE AL —2EATH TN TELO MEICENESMER/DL Z ENTED, L L,
TV VBRIEROSARTIEIIMO TH LS . 78 IR LG TERWENH -T2, £ Z T,
HEEE 10 LU RIS RS OB I L > TT VLT R v 07 2 /) 74 7 v F AL
EARBFATEROMNEEZT-, T 703 a T IV LRGN, ZAFa T Lo Ph o
RAERERETDT VNEETCHEITT D, TNV EO IR SN T VU Y URE
RO STARHIE 2 [RIIRF IS T RBIC 3 2 il A BRFE 95 2 & THIOARF G RAE BT 5 2 L #3HHE
L7, BT, K0 72O 2 B L USHI THLHE 7 v R/ YT VA~ FF T R
TINFaT IR T IO TN TIIVF T T I X ARSI I8 1T B Sl o KOs i EE o
2D, B OB AR SO ZFZBL L 0 2HREN T Ot Z2 B+ Ll L,

4. WFIEERH

TULT I VAR LT AT I 7 FY 7 Fda 2 F U KRICEBN T, fil & T
DWFEEERNL T DA V== T E 7oz, MRARBENNETICHE LTI MY 7
A a AFALTETIE, Y 7 aFRREKY) L @B KBNS RPTYU T VLUV
VRERBL, SMBEE T CTIAT RIS SEARZ LD N oada AFAREEAET
LTV RART S [J. Org. Chem. 2017, 82, 125391, f W FE & DFfilifh 2 F N - R
B CTEREN & DB O S ERNL F 2R R U 744 1 A F ARSI L., Efmo
F A ~—Lh AW L7-, O E, SLESERMEOHIEIN v ie72 0+ B 2 S E T 5 2 & 16k
YLz, 51T, FHEEROEN T2/ L, Fx OIRNAIOBRF HIT-o72 8 2 A, $170% D=5



YFFv =l TCHIME 5 X D ROGCEME T 2 E N TE L, L L, [FIRFICAER DI
KFTHRENRE LT, 7B T U~ F XY RBLOT DAV ATEM Ll 7 2
J I NFa T XA, SFFRARER O AMERE VR TIES 508, B R OGRFHIIE

Z O JS AR I EE S B3 2 ZEEE M 0 DB R BRI 2 Lo 7o, £ 2T, 7 v HELY
T U OLFE XY RB LT DA AFEOHER L OSUSHEIC DWW TR R L OEE 5 & /2
A THEMIZHAE L7~ [Adv. Synth. Catal. 2023, 365, 3637, Chem. Rec. 2023, 23,
€202300202] (X 2), 7 v FLV T I NA~ULA XL R, (T 257 v LY T o n-Ur ¥
VR EHEE L, O-O FEA MRV C-C FESITTI WV ) R a A L, EE OSBRI
ST DR RGOS 2 Z EDRBR ST, BTEEMITICE D L, VT VA AF U R
D O-0 FESIXEBM 7 MER L AT ZENTE, 7 v HICL DB FRIEOEMPIEAIREIC
EELTWAZENEHTE, I, DT VAT RY FOSRIZ L > TAELD 7 VAR
TNAXNNTGIHNVIELT RO > TRESKENENTHZEEZHLNZL, VT L
SNF XY ROBCOHREEIC 7 v ERBLIETEELZSINICHIAT S Z LN TE -, F57E
TAREZ LT, FRFHZEWT, FV V7 0 U U7 ¢ OFRHEHMIEEZ R+ 2 LR TE T,

(@)

bgnd strength (AH) NBO analysis
Jj\ O. .R (o] 2R no effic::ent.

R0 Y —2 X — + delocalization o E(2)

) R” "O- 2C0, * (keal/mol)

R AHo-o AHc-c CF, 54.1
CF; +29.2 -52.1 CF,Cl 51.8
CF,H +2958tong 54, weak | o ¢ CFH 484
CFH, +202 90 435 CC CFH, 420
CH; +26.4 -4.1 weakening C-C CH, 35.0
Ph +28.9 +13.7

Topological analysis (ELF, QTAIM)

N / .o FE
0132
covalent bond . y-;;gfz?;gizzss CH, F%LO'/.O\I% F
\ S| el e

0.124 |

V2p (e nm*)

0.12 |

3e repulsion

\ ONE T py \g/ mitigation of the repulsion
lone pair o112

14 1402 1404 1406 1408 141 1.412

charge-shift bond

(depleted electron density) 0-0 bond length (A)
(UMOBcecmpem/cc-pVTZ)

strengthening 0-O

(b)

e CFCF3 y =-3.70x - 8.07
R®=0.935

e
CF;

. )
A
AG* (kcal/mol)

Eromo (eV)
2. 7RI TVIRIVAFIRETZILFILS I AILORIGE

S5, BNL ORI HONW T OB 2R E25Es Z L ichbksh Lz (K3), 7Aoo
Eﬁ%ﬁéﬂﬂiﬂﬁf I, TAFNT DAAFRUEN S DAY ~DEBRBETH S, WE. TIAFL
FZ0iE CullDFE L O—EBEAFBENZ L > TONVRIF A 2T D20, REFHOREEN

HLv, 4, VY OAENFERNDZ L R

Ty 7 VRN OBACH I SFu, CuID o R e
AR DENET TS5 L2 R L [Org. N _l K/\Rf NYRf
Biomol Chem. 2021, 19, 9148], RELJGHFHRD N/Cu\'i —>(N>CUJ"—L
BEHZIB O T TEEARMRLTH D, 4%, & L )R |N N

) ;j#@ﬁb\?%? 27 AFa T AF ALK " = bipyridyl N RK/\

It D B 2 HBLUZER T 7o, ® R

3. BEfUFICLBHEBORAL Y F



Subrata Mukherjee, Shintaro Kawamura, Mikiko Sodeoka 55

Difunctionalization-Type Fluoroalkylations of Alkenes via Intramolecular Carbo- or Heterocycle 2022

Formation

Aldrichimica Acta 17 24
DOl

Shintaro Kawamura, Pablo Barrio, Santos Fustero, Jorge Escorihuela, Jianlin Han, Vadim 365

Soloshonok A., Mikiko Sodeoka

Evolution and Future of Hetero- and Hydro- Trifluoromethylations of Unsaturated C-C Bonds 2023

Advanced Synthesis & Catalysis 398 462
DOl

10.1002/adsc.202201268

Takuma Tagami, Yuma Aoki, Shintaro Kawamura, Mikiko Sodeoka 19

1,2-Bis-perfluoroalkylations of alkenes and alkynes with perfluorocarboxylic anhydrides via the 2021

formation of perfluoroalkylcopper intermediates

Organic & Biomolecular Chemistry 9148 9153
DOl

10.1039/D10B01529J

Yuma Aoki, Shintaro Kawamura, Mikiko Sodeoka 98

Cu-catalyzed Allylic Perfluoroalkylation of Alkenes Using Perfluoro Acid Anhydrides: 2021

Preparation of N-(5,5,5-Trifluoro-2-penten-1-yl)phthalimide

Organic Syntheses 84 96

DOl
10.15227/0rgsyn.098.0084




Tagami Takuma, Mitani Yusuke, Kawamura Shintaro, Sodeoka Mikiko 365

Catalytic Difluoromethylation of Alkenes with Difluoroacetic Anhydride: Reactivity of 2023
Fluorinated Diacyl Peroxides and Radicals

Advanced Synthesis & Catalysis 3637 3647

DOl
10.1002/adsc . 202300337

Shintaro Kawamura, Mikiko Sodeoka 23

Understanding and Controlling Fluorinated Diacyl Peroxides and Fluoroalkyl Radicals in Alkene 2023

Fluoroalkylations

The Chemical Record €202300202
DOl

10.1002/tcr . 202300202

Takuma Tagami, Shintaro Kawamura, Mikiko Sodeoka 2024

Aerobic Photoredox Catalyzed Oxamate Ester Synthesis from Bromodifluoroacetate Esters 2024

European Journal of Organic Chemistry 202400265
DOI

10.1002/ejoc. 202400265

18 2 2

Subrata Mukherjee, Yuma Aoki, Shintaro Kawamura, Mikiko Sodeoka

Synthesis of Polyhalogenated Molecules by a General Cu-Catalyzed Halo-Halofluoroalkylation of Alkenes/Alkynes with
Fluorinated Carboxylic Anhydrides

103

2023




Z-Enamide Synthesis by Stereoselective Radical Fluoroalkylation Reaction

103

2023

38

2022

38

2022

45

2022




45

2022
Z-
121
2022
30 \Y
2022
103 2023

2023




79

2021

1,2-

44

2021

1,2-

37

2021

1,2-Bis-perfluoroalkylations of Alkenes and Alkynes with Perfluorocarboxylic Anhydride

102

2022




Difluoromethylation of Alkenes with Difluoroacetic Anhydride: Structure and Reactivity of Fluorinated Diacyl Peroxides and
Radicals

7th Fluorine Days

2023

Copper-Mediated 1,2-Bis-perfluoroalkylations of Alkenes and Alkynes with Perfluorocarboxylic Anhydrides

7th Fluorine Days

2023

Cu-Catalyzed Difluoromethylation of Alkenes Using Difluoroacetic Anhydride Mediated by Diacyl Peroxide

69

2023

19

2023




Subrata Mukherjee, Shintaro Kawamura, Mikiko Sodeoka

Copper-Ligand-to-Metal Charge Transfer Photocatalysis Involving Halogen-Atom-Transfer in Alkene Difunctionalization

104

2024

Youtube 30 \Y
https://ww.youtube.com/watch?v=F2cNUeHuvMo




