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Quaternary carbon centers are important skeletons found in natural products and bioactive substances. There are various methods
for the construction of quaternary carbon centers. The direct introduction of a tertiary alkyl group is the most rational and efficient
reaction because it allows the construction of a quaternary carbon center in a single step. The introduction of the tertiary alkyl groups
method is the use of alkyl radicals generated by the one-electron reduction of tertiary o-halocarbonyl compounds. Various other|
tertiary alkyl radical precursors have been reported, but they require time-consuming synthesis of the precursor, the stability of the
precursor, and the generation of stoichiometric amounts of byproduct when the radical is generated. Therefore, we need to develop
the various reactions using stable and user-friendly precursors. Also, in reactions using tertiary alkyl radicals, challenges remain in
the construction of quaternary carbon centers to inert reaction sites and precise synthesis using tert-alkyl radicals.

In our laboratory, a-bromocarbonyl compounds have been used as tertiary alkyl radical precursors, and in this study, we started
lactone synthesis using C(sp®)-O bond cleavage of the ester. Although the reduction potential of the ester is >-2.3 V, making radical
generation difficult, we found that bis-(diarylamino) benzene could be used as a photocatalyst to generate alkyl radicals from ester
(Chapter 1).

It is known that internal olefins are tens to thousands of times less reactive than terminal olefins, and their E/Z control is difficult.
In particular, there have been few studies on stereoselective synthesis toward internal olefins. Therefore, we have studied tertiary
alkylation of E/Z mixed internal olefins, which are difficult to their stereoselective control and low reactivity, using highly reactive
alkyl radicals. In this study, we found that the reaction of tertiary alkyl halogenated esters with a mixture of E/Z-mixed internal
olefins in the presence of an iron catalyst gave stereoselective alkylated products This methodology could therefore be considered
useful for the preparation of diastereomerically pure trisubstituted alkenes bearing a quaternary carbon center(Chapter 2). In addition,
by switching the reaction conditions, we succeeded in producing intramolecular atom transfer radical addition products and
substitution products (Chapter 3). Furthermore, we found that the reaction of tertiary alkyl halogenated amides with E/Z-mixed
internal olefins in the presence of an iron catalyst gives only trans-lactams. Our methodology does not require sterically pure internal
olefins, which are not easily available (Chapter 4). In the previous reports, stereoselectivity of the products was not obtained when
IE~/ Z-mixed internal olefins as raw materials were used, whereas these methods gave stereoselective tertiary alkylated products
despite the use of internal olefins with mixed E/Z isomers.

In Chapter 5 and Chapter 6, we studied the selective functionalization of sterically bulky reaction sites.

It is known that borylation to aromatics (halides) is affected by steric hindrance. While borylation to para- and meta-substituted
aryl-halogenated compounds with small steric hindrance proceeds efficiently, borylation to ortho-substituted aryl-halogenated
compounds is difficult for their steric hindrance. In this study, we found that the ortho-specific borylation of iodoarenes possessing a
carboxamide group with bis(pinacolato)diboron. The reactions only occur at the ortho-position. When a haloarene possessing both

C-I and C-X bonds is employed as a substrate, another C-X bond (not ortho) remains intact during the reaction (no mesolytic

cleavage). The reaction occurs via a visible-light-induced SET process between the Ir catalyst and diboron-coordinated-iodoarene. To
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conduct this reaction successfully, diboron-bridged five-membered ring needs to be generated as a transition state. The

diboron-bridged five-membered ring and benzene ring are perpendicular to each other because of the steric repulsion of the iodine
atom at the ortho-position. Thus, we thought that this borylation proceeds ortho-specific borylation of iodoarenes possessing a|
carboxamide group (Chapter 5).

We found that selective ortho bis-trifluoromethylation of phenol using CFsI under photocatalytic conditions. Although several
conventional trifluoromethylations to the ortho-position of phenol have been reported, mainly homolytic aromatic radical substitution
reactions, mono-trifluoromethylations, and bis-trifluoromethylations tend to be mixed. On the other hand, in this study, we used
inexpensive trifluoroiodomethane as a raw material and found that bis-trifluoromethylation proceeds with high selectivity (Chapter

6).

(Fne 2,000 SRR / 33 800 FEFEEE)
(about 800 words)



RIEHER01455

(X9 5)
FMNRMXBEORRERUBEKRBROBRBEE
b REER AR 2R 2R R
Lo 4 PR IR
¥ & AR EE
Bl E: EF #HB
#EZEB Bl RA R
B FE Uk —Kk
Bl E )X @wmE
RE-BRECHBENIBZ/RTNVRNT P HNERE & STERIRG
s 8 BT VF AR DR
(Tertiary alkyl radical generation with carbon-oxygen bond cleavage and
development of stereoseleqﬁve terfiary al}_:y_l_gtion reactions)

[RCBEORERUBRARBRORZRE]

HNEOHEE: FEHARIIBOTHARE  BRIIEFANARERTH 30, RISHDBRME OB A
NOBENCRBERKIESZ, ZORBICHT T, BBERRA VR PERERARNT
EPRRBE SN TELDY, TORSMEORRTHIET LRI LB O IBAHEOKE REZRT IV
FNEEFTIBATOIRICEIRTCICEHETHS, 22T, FHETIE, ORISHEOBEVHEA L
7 4 AT AEBRREIKIE, @M EITARA ST EEFE v S Aot B R T RIS,
@RERERTHDIT AT N C(sp”) OFAMHEENI RFERRIE, FLTOT = ) —AE~DR
REOLRER R 7 0F v A FUCREORBIZEREZRY | HFLORISHIEROBRBITIRY MAR,
EORR, BFEHE, &, LT, REEIC L0 HI#T 5 2 & OSEEEN KX < RIGERE 2B
~OBRENASCTH - REARBIC L AFR T AR NLERR Y MEEOBRBICRTI L. ohiz
X0, BELEA L7 4 KRR POARTRIEL LTHERA2D FOMELRSRINESR
LieZenb, 4% A TOERRGPEFHEOBRICEISLHFH LTS, 2B, A%
ERHRFORCEB X, 8K X5 7 EBROBERTAF RIS E R 78 L - 52
FoAb s P U TZFa 2 FALR-DB% (Development of Iron-catalyzed stereoselective tertiary
alkylation and photoredox reaction-borylation-lactonization-trifluoromethylation-) | & LT =28, AEH
TORREZRIT | RE-BEBEEMBELEIBERTNZNT O HNAERE L THRIREES
BT N HENALRIEDBRFE (Tertiary alkyl radical generation with carbon-oxygen bond cleavage and development of
stereoselective tertiary alkylation reactions) | IZfEIEE hui-,

AW TIEIN W0 ZOBMBH o7z, BRI} L TRKOL > 2B H o1,

C TN NE AT EERT AFR L TORIGEAROEHEOBIE,

- ERBE2FOAKOERD~OR Y ARIZE LT,

- il & BRMOBTBEIC OV T, HERBROWRS,

WENOERMICK LTHHRFEE» ODEMERE b > TR HEBRAREENE O,




(R 9 &)

UL b X0 ABIFEIIMAINE, Bt At AL bICER, Bt EHFS) oRmtict
FETHL0LHE LT,

mXAAB L OEES, AR TOEM~OIRERENE, BRARIIAKE L,

%48, TELREERIOBERRIITEOLBY Thd, BERX H4B. 2EHT 31

BEERGR L

1) Yusei Nakashima, Junki Matsumoto, Takashi Nishikata, Iron-Catalyzed Stereoconvergent Tertiary
Alkylation of (E)- and (Z)-Mixed Internal Olefins with Functionalized Tertiary Alkyl Halides. ACS Catal.,
2021, 11, 11526-11531.

2) Junki Matsumoto, Yusei Nakashima, Takashi Nishikata, Cu- or Fe-catalyzed Atom-Transfer Radical
Reactions in Cyclizations. Chem. Lett., 2022, 51, 278-280.

3) Yusei Nakashima, Shinya Ishimaru, Takashi Nishikata, Trans-selective cyclizations of
alpha-bromocarboxamides and E/Z-mixed internal olefins catalyzed by a Fe salt. Chem. Commun., 2022,
58, 11977-11980.

4) Yusei Nakashima, Michinori Sumimoto, Takashi Nishikata. Carboxamide-accelerated Chemoselective
Borylation of lodoarenes under Photoirradiation. Synthesis, 2023(DOI: 10.1055/a-2202-2263).

BERX
1) Yusei Nakashima, Goki Hirata, Tom D. Sheppard, and Takashi Nishikata, The Mizoroki-Heck Reaction with
Internal Olefins: Reactivities and stereoselectivities, Asian J. Org. Chem., 2020, 9, 480 —491.




