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Our group has found alkylation reactions using a dihydropyridine skeleton
based on the combination of a photocatalyst and an organometallic catalyst. However, their reaction
mechanisms and key transition states are still need to be clarified. Toward this goal, multiple
approaches based on photochemistry and coordination chemistry are required.

In this project, our group applied various methods of photochemistry, coordination chemistry and
theoretical studies to illustrate the key transitioin state. As a result, we found that the single
electron transfer occurs prior to the radical addition step leading anionic reactivity; the
oxidation state of Ni changes I-111 during the catalytic cycle. Based on these knowledge, we also
succeeded in further application of the reaction system toward other organic synthesis.



# X C—19, F-19—1, Z—19, CK—19 (Jtm)

1. WFERHMA YWD R

(1) T, AEERICB T 2HZ2FELE LT, A VP TLREOBEBERRY VY Dskk
e, = o VB A A AR L U CRIAT B AR SIER 2 ED TV D,
eIV E BB S — B RIS L o THE AR L. Fi4EAIL. Bb
BN, EITHOEEZ: E o T E R Lo TREZIEM AT 5, 2o OENEAEDL S
S>TERT 5 Z & T, Wiy TIECTIIREER 5 AR EOS P ER ST D, RIFERESE
b, 2Ok RtRIMEEREZANT, Yt Rebt ) VU oRE-REMEEUIN L TEITT5
raxg sy FY U TROT ILF ARG DOREFEICEKESI LTV 5,

(2) Zo X5 2 dhEfER T, BEREOARBESOS SR SN TWD O D, O RIGEEIZ D
WCTIE AR SR Z N, ZOMNTICIE., P e A BRI E SO T 7 u—F NS E R
7=, WEERRE CThHLIEEZOND, I T, RFFERFZELIT. BOT-HOREELEZVE
Rl 20 RO ROCHERE AT & Z N % JE S LA A S DB R 21T 9

2. OB
(1) ABFZERE TR, bR EAEESBFOmEN O RISRICT 7a—F L, 7T IF ki
B DM EBREZ ST 22 AN ET 5,

3. WO ik

(D) b7 Tk E LT, BFIERORES Stern—Volmer 7’12 v F EMEIIN S FIEICE D,
Fefbiic X D EFRBENRRRIC O W CREMIZR M A2 S D, 2, AEBILTEMTIEL LT K
F-=v I NREEE L OTEERR EERIA LT, TOSEORTFEITH, £, miEE27<
77 —F L LCDFT 351 X 5 EBIRREDFAEZ1T 5,

(2) ZZTELNZMAEZENL T, SLRIFHRAKARSIE~DIEHEZBRGT 5,

4. WFFEARLR
(D JELHIZ, Ye Frb U Uy et ORIGIZOWTEEMRMRAEZE 5720, K115
T A I CHWE UL T ) R B rDT A F RIS DWW T F DR S 21T - 1,

1.

Ph A
cat IN’
NC EtO,C COEt  NaoAc NC ; nole
. | | Bh 1 cat. = ,' Ir"

| = i

oN ” MeCN i E;ET{jN\l

visible light

ZORER, BFINERNS, 7 VD VEEEE IR 1 EORSEZ L ICE BN EET HF
THITLTWAZ &, £7- Stern—Volmer 72 v i, Yk Rt oo &gl o OE
FRBENIIEEEE IITIET V., FEFICREWVWEE CHITL TCWD Z ENHAL N E o7z, Tz,
DFT BHAIZ L T, Y Rr B Y VU DRE-IRERMGUINEM I X OURFE-IRFHRE G4 ERE
WCOWTHBREW I RS 5Nz, £9°, RE-RBESVIBEMICSWTIX, Y krE Y v
YON-HEFNL L EEOFR T NV U ABRKFZ/BAE L TVWDLIENEETHDL EDNoT, —T,
CE R UNLRAELETAXIANTOAONE DT T IR B DT ANT = F D
M DR F-RFEFEGYIBEPEIZ BN T, MWL, FVIN-F N 7Y 7 RITHETT L C
WHEEZTHWER, HEOBEBRIEIL, 2 2O PHARNEELIZE AT, OV 7 /) _P
VDT ANT ZFUINETAFALT I~ —BFBENEIT LT, R, TAFAT =
FUNFHED LT )RR AT B~ A B g ~—TDOBEBIREEZ R BT 5N TH
HZENHLMNE ST (X 2),

X2.

N . NC
RSTRET @ U i & PN
CN CN R

CN

(2) Wiz, Jefitt & = Ao LFfMEER E LT, 7V —nAam S byt Pr ey
Doy aRrRy I TRT LR NALKISIZ O W TS EIT o7 (X 3), Z0FR T, ik
FHIREE G IE, I M A B CHWER LR U L ) REFHE /R L, T vk X
WZiE, = VRO SR ENZ b ote, — . = v iz B VL Cix, @E.
Ni (0)-Ni (IT) CORLBITINDNH J1 &5 2 Hiuie s, Bl@ Ni (11) O REZ Ak, etz s
ZA, Ni(D-Ni (IIT) TOfREY A4 7 VBFGHTHD Z ERbholz,



X3.

o ony) Bu S
ac-Ir(ppy ! —
EtO,C CO.Et NiCly(dtbpy) Ph ! N\Ni/ !
\[::1\ NaOAc \I:::L\/ | BEL
Ph ! <
DMI ; Bu
visible light ' RIS ZRET U Tz

[Ni(11)(dtbpy)Arl]iE

(3) AEDMRZEE 2T, Biziz, Xt L = o itz LECTHW T, 7Aar=1,nm
oA D 7 v 2T TV TG ~E R Uiz, TORER, BT VX LIS Z BT 5
TEMTE, o, HIRENZ &IT, ZORIGHKRTIE, iz X >TT A7 ® E to Z
B LI D I L 2 R B LA o THEBRBNE LN Z ERH LN -7 (K
4),

X4.
Ph
by
EtO,C CO,Et NiCly(atbpy
Ar o . 2 B 2 NaOAc Ar\:/_Ph
I N THF
E-EiA H visible light Z-RIE

5. FRFEELIRLE
Cdessamse) (R 3 )

(1) Kazunari Nakajima, Sunao Nojima, Ken Sakata, Yoshiaki Nishibayashi,
Visible-Light-Mediated Aromatic Substitution Reactions of Cyanoarenes with
4-Alkyl-1, 4-dihydropyridines through Double Carbon-Carbon Bond Cleavage. ChemCatChem
2016, 8, 1028-1032. #FiH

DOI: 10.1002/ccte. 201600037

(2) Kazunari Nakajima, Sunao Nojima, and Yoshiaki Nishibayashi, Nickel- and
Photoredox—Catalyzed Cross—Coupling Reactions of Aryl Halides with
4-Alkyl-1, 4-dihydropyridines as Formal Nucleophilic Alkylation Reagents. Angewandte
Chemie International Edition 2016, 55, 14106-14110. &EHA

DOI: 10.1002/anie. 201606513

(3) Kazunari Nakajima, Xifeng Guo, Yoshiaki Nishibayashi, Cross - Coupling Reactions of
Alkenyl Halides with 4 -Benzyl -1,4- Dihydropyridines Associated with E to Z
Isomerization under Nickel and Photoredox Catalysis. Chemistry — An Asian Journal 2018,
13(23), 3653-3657. AFHA

DOI: 10.1002/asia. 201801542

(F3E)] G 5 1)

(1) Photoredox—Catalyzed Synthetic Utilization of 4-Alkyl-1,4-dihydropyridines as
Alkylation Reagents
O E—pk, BEIE, SEMEE, PEMWRIE

% 63 A e R i), 02-05, FAgHKFERFEF v /3 A 2016 £ 9 A 14-16
H.

(2) Photoredox Catalysis Based on C-C Bond Cleavage of 4-Alkyl-1,4-dihydropyridines
(OKazunari Nakajima, Sunao Nojima, Ken Sakata, Yoshiaki Nishibayashi

[HACFREE 97T FFFE |, 2E3-40, BERARFHEX v o3&, 20174 3 H 16-19 H.
(3) Nickel- and Photoredox—Catalyzed Cross—Coupling Reactions of Vinyl Halides with
4-Alkyl-1, 4-Dihydropyridines
(OXifeng Guo, Kazunari Nakajima, Yoshiaki Nishibayashi

A AT 98 FEFL ), 1H1-05, AARRFH PGS v o/ A, 2018 43 A 20-23
H

(4) =y I VBRLONEFBIMEIC L a5 M=V 4-T A FNL-1,4-VE Frt' ¥
NV B= W A I/ TNl R
OXifeng Guo, W& —Jk, PEARIH

56 65 Mt B L atima ). RISHRTFA HIBH, 2018 429 H 19-21 H

(5) Nickel- and Photoredox—Catalyzed Hydroalkylation Reactions of Alkynes with
4-Alkyl-1, 4-Dihydropyridines
(OXifeng Guo, Kazunari Nakajima, Yoshiaki Nishibayashi




[H A T2 99 FZF4F2 2019), 2H5-51, W RFMAF v 782 201943 A 16-19 H
(XE] Gt 0 )

(PESEIA PEHE)
OmiRde Gt 0 1)
OBfsikEt G 0 1)

(Z DAfth)

R B_N— U

http://park. itc. u—tokyo. ac. jp/nishiba/index. html
6. WFIEALRE

(1) #fF5E sy 3
L

(2) WF5t 17

WFget 1 K4 TEAR 1208

0 —~<5K4 : (NISHIBAYASHI, Yoshiaki)
WRIeH DE K4 - SH i

o —< K4 : (SAKATA, Ken)

KB K DHP5EIE, HFEE O BR L BEICBOWTERT 2 b0 T, ZD7D, WO ERLIIERR DO AEKEFIC
ONTIR, EOEFEFICHESS O TR, ZOMERRICET 2 RERLEMIT. sEFEACRESET,



