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Abstract of Thesis

Chiral catalysts bearing a rigid spiro skeleton can create efficient asymmetric environment because the
structural feature of the two perpendicular rings connected through one atom is expected to provide unique
chirality and molecular vigidity. Our group has been investigating the development of chiral spiro compounds
which already solved formidable synthetic challenges as ligands,1? organocatalyst,? and ionic Hquids.* However,
the unaveidable optical resclution during preparation of spiro catalysts limits the development of them in
asymmetric catalysis. From the necessity of efficient synthetic application of chiral spiro catalysts and
enantioselective synthesis of spiro ligand, two projects were conducted: one is exploration of new application of
widely applicable chiral spire ligand #Pr-8PRIX in enantioselective synthesis of heterocyclic compounds (see
project 1); the other is enantioselective desymmetrization of prochiral diol to synthesize optically active
precursor subjecting to synthesis of spiro (isoxazole-isoxazoline) hybrid ligand in its optically puve form (see
project 2).
Project 1: Enantioselective Synthesis of Bieyelic Pyrrolidine Derivatives yiz One-Pot Sequential Organo and

Palladium catalysias,
In addition of diversely developed PA(0)/PA(II) catalysis, PA(ID/PA(IV) catalysis achieving potential for the
unique reactivity of Pd(IV) complex generated in-gitu during the catalytic transformations. My research group

has successfully developed enantioselective PA(IINPA(IV) catalysis by utilizing the unique chiral ligand
FPr-SPRIX, which efficiently produces optically active molecules.? Meanwhile, one-pot methodology is now
recognized as a potent synthetic approach to target compounds. I, therefore envisaged that a combination of the
one-pot strategy and the enantioselective PAIINPA(IV) catalysis would provide a powerful synthetic method of
valuable optically active materials.

The present sequential process consisted of organocatalyzed allylation of propargylamine substrates 1 with allyl
carbonates 2 and Pd{II/Pd(IV}-catalyzed enantioselective oxidative cyclization of the resulting enyne
intermediates 3 using +Pr-SPRIX ligand. After extensive screening of reaction parameters, I eventually achieved
the efficient formation of enantioenriched bicyclic pyrrolidine products 4 (Scheme 1). Thus, the formation of key
intermediate 3 by treatment of 1 with 2 in the presence of Lewis base catalyst and subsequent addition of
Pd—i-Pr-5PRIX catalyst and oxidant afforded 4 in up to 92% yield with 90% ee.
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Scheme 1: One-Pot Sequential Synthesis of Enantioenriched Bicyclic Pyrrolidine Products 4 Based on
Organocatalysis and Pd(II)/Pd{IV)-Catalysis.

Project 2: Enantioselective Syntheasis of Spiro (Tsoxazele-Isoxazoline) Hybrid Ligand.

Within the last decades chiral ligands based on a spire framework have been attracting huge interest in
catalytic asymmetric synthesis due to their peculiar nature. Among the various chiral spiroe ligands reported, so

far, the synthesis of desired spiro compounds in optically pure form is predominant with chiral resolution of




racemates, However, direct enantioselective synthesis of spirocycles as ligands, that could be used for further
synthetic manipulation is still rave.

The synthetic utility of spiro-type chirval ligands 8 possessing isoxazole and isoxazoline rings as the
coordination site have been demonstrated in enantioselective Pd catalysis.}® Hence, the development of efficient
synthetic methods to obtain 8 in optically pure form iz thought to be requisite in asymmetric catalysis.
Previously, my group member disclosed asymmetyric synthesis of 8 with high optical purity from its chiral
precursor 7 which was obtained by enzymatic desymmetrization of prochiral diol 5. As the enzymatic
desymmetrization require one more addition step to preparve of diester precursor 6 from diol 5, this time I
attempted non-enzymatic asymmetric desymmterization, a one-step approach to achieving the chiral precursor 7
for enantioselective synthesis of 8. In this work, Cu-catalyzed enantioselective acylation proceeded into key
intermediate T up to 80% yield with 93% ee (black circled box).
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Scheme 2: Desymmetrization of Prochiral Diol for Enantioselective Synthesis of Spiro (Isoxazole-Isoxazoline)
Hybrid Chiral Ligand. '

References:

(1) For reviews, (. B. Bajracharya, M. A. Axai, P. 8. Koranne, T. Suzuki, S. Takizawa, H. Sasai, Bull. Chem. Soc.
Jpn. 2009, 82, 285.

{2) For recent reports, a) K. Takenaka, Y. I). Dhage, H. Sasai, Chem. Commun. 2018, 49, 11224: b) K. Takenaka,
M. Akita, Y. Tanigaki, S. Takizawa, H. Sasai, Org. Lett. 2011, 13, 3606; ¢} XK. Takenaka, S. Hashimoto, S.
Takizawa, H. Sasai, Adv. Synth. Catal 2011, 353, 1067; &) T. Tsujihara, K. Takenaka, K. Onitsuka, M.
Hatanaka, H. Sasai, J. Am. Chem. Soc. 2009, 151, 3452-3453

{(3) S. Takizawa, K. Kirviyama, K. Ieki, H. Sasai, Chem. Commun, 2011, 47, 9227.

(4) Y. Yoshida, 8. Takizawa, H. Sasai, Tetrahedron’ Asymmetry 2012, 23, 843.

(5) a) P. S. Kovanne, T. Tsujihara, M. A. Arai, G. B Bajracharya, T. Suzuki, K. Onitsuka, H. Sasai, Tetrahedron’
Asymmetry 2007, 18, 919; b) M. Shigenobu, K. Takenaka, H. Sasai, Angew. Chem. Int. Ed. 2015, 54, 9572.




BT
MXBEBEORROBEERUE Y H

X % ( Bijan Mohon Chaki )
() " %

E o T E

H o RE B
ST EAEEYE |
" Bl 5 i@ iy I

ml 7 W W A

Al % e tk
BYBEOERECER

Bijan Mohon Chaki X, A OEREFOFIINRAVLTFTS Y o—1 U FF
= INAT )y REMFOIF o FARRNLTERERFL, Poo—H#E5)
MEAZF S AEZEZ H WS RGN, £AMBETHhsBELZ2FATI BEORE
D, & 9% ee ODAEHETHNYNEBONBZ I LERN LA, £/, A¥OE
AAVFET ) CEAEF (SPRID AW PA(D /PdUIV) iR SICL D, —BIXE
OUDCHEERERNENDOBWEEMETHELIZLEHRDIL TS, ZOREE,
HHEE S ER @ BRMEZEAEDEEHZ one-pot KIEANERBETESZ EbR
UZeo AR, ZBEYEEYESROEDDFINENLF o T avw &L
THFRATHS. LoT, AWMXIHEL (A% O0RUBXELTHLMESL HDE
BB,




