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Cobalt/photoredox cooperative catalysis-enabled cycloisomerization reactions via
sigma-bond activation
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Aiming to overcome the drawback of conventional low-valent cobalt-catalyzed
cyclization reactions and to explore novel reactions, we studied cycloisomerization reactions of 1,
6-diynes using a cobalt/photo-redox cooperative catalyst system. As a result, we found several novel
cyclization reactions that are difficult to achieve with conventional low-valent cobalt catalysts
and group 9 precious metal catalysts such as rhodium and iridium catalysts. In these reactions,
activation of inert o -bonds (C-0, C-C, C-H, etc.) and asymmetric induction were achieved, leading
to the development of intriguing cyclization reactions with extremely high atomic efficiency.



B £ C-19, F-19-1, Z—19 (@)

1. ARFARETDER
RO GHABICIZ, BEEYOEIRSC = 2 + Ok CBRE B X ORFK & 18 o BB #
DR ERE I T %, EBESEAEZ Vv 2 AR F O BRCEMEAC RIS 1T, R 3 /ot
DFEHRIRITAF2o—FICHERTE2H8HRRIGTH 5, FIC e ofafz ici
DWTHETT 5720, [T 100%TH V| thd TEEVIZ DR E I Rz b o, L
LVIBEECTRR Y Y AR EDLT A ZVMBERHH I A TE Y, 2 R LR AN OH Cif#E %
BLTwiz, 72, UM I oG RHwaiEaTchd s L%, Mmoo itaolikiz o X
JCIZRR S T 7z,

2. HROBEM

ANV EREY Y LLFRILEIBEDORETH 508, Kffi/e~~—R X Z ML U -CGRETH
RO T 5, AKJETAlli =30 #5ERIE 1970 400 & NEURI S 7 D B AL RS il & L
THOONTE D ARIEBRTZDIY R GHBNEETH o7, —T7. KiEZR 2z~ & dlifh
75 & DEEREICAHI D> b SOG RN TIRJE Al =2 5w Pl 28 L < 2 FEDRFE I TY
200, KRN iy 27 L TH Y. % O5a, ML L 7 X X fifiic e~
BWdDTH o7z, AMETIE, KL Fy 7 RICK Y a9 offifiz@vlicfilis 2 & <.
3D TR BB SOG 2 EBLL . o f§ G OMEME L 2/ S i IS oFEZ Hig L 7,

3. MRDFAE

FATWIZE L LT, Rovis b ida- v ML oL Fy 7 22 fllaGbE TS 2T AL F v 0
BAL =802 WM& LT 5, KRRt 27 4Clid, 0~3ffioa v PR D 2 &
RIBENTH Y (ECRDMEE Tl 2~ b (DR 27 4 8 IIRARICEZR S, Ll 7AF
Y OBEL =BG 3 S M & RME CHIIAE S ICERI NS o, a Vv /L Fy 72
B DGR IXFHE C F T d o 7z,

A) BEEDINIL ()RR Y AT L

co'l,
£ X -
=
KIS HI 1,6-I4Y

x_ TZ_co-L,

Aa0—)L ek

B) J/NL ML FYO K S AT L

co'l, co’L,
EEY / \ 1,6-914Y
Photo-

pc"” redox PC*

\Qtalyﬂ/s

SEIE

—Ji. A BARRENO 27 B8 TH 2 “REKFEAROBEZHIGEL Tz v A v O

THNEREA IS DBAFE 2 1T - T & 7225,

0Py LR A ) Oy AT & A RIGH

HETL R WIEICH K b L7, Hifba s b PPhy, 5 X OHEERD & SOSHR N TR L 72 KT
fliz S M2 G2 & RPPICERA EL72b DD (RINE L o7, 2D X I BERD T,

a0 R/ L Ry 2 AR EME A RIS 2 2 LT, X YR ZRTEIREE

WeRETE 2

DT RV L E L, HEZFIBL -, 1721k, B F2IZ 0o &3 3 65Etomatich .
HEEHEIC X 2 MO D fRBHIC D W T b BET L 72,



CO,Et conditions yield
CO,Et

o . Ph 5 mol% [Rh(cod),]BF,4, 5 mol% BINAP, 50 °C, 18 h 1%
o conditions
T 0 2.5 mol% [Ir(cod)Cl],, 5 mol% DPPE, 30 °C, 28 h 0%
Ph——=—' g
5 mol% CoCl,, 10 mol% PPhs, 1 equiv. Zn, 50 °C, 1 h 37%
4. AR

BUF, AR R ICO» T~ 5,

TV IA Y DARF2+2+2]BRAUN IS DB FE

BETORA, Fot (448 nm) WSS T, THF A, AR CH 5 4C2IPN (1 mol%).
CoCl; (5 mol%). PPh; (10mol%). BX UMV ZFA T IV (25mol%) ZHWTZ VP4 v
ZRIGEE DS &, DT B CTERMICSICHET L, MR CTHNO =Rk 7 e~ v
VEEDLZEICHKII Lz, 72, ¥ TIAEERT 4 VBT TH B (S)-Segphos % FLfiL 1 i
W3 e, GHEIZETLZd 00, o THWIZF v FAHERECHIYSERT 2 2 L 2l
2T L7z,

o)
2
R 1 mol% 4CzIPN » RO ( O
/—& 5 mol% CoCl, R . PPh
X R3 5 mol% (S)-Segphos R 2
— N PPh,
Y 25 mol% EtzN z
R— THF (0.1M), 30 °C, 1 h /
Blue LED (448 nm) Y (S) Segphos
up to 88% yield, >99:1 er 4CzIPN

IR OfRIHZBIE L, W Doh»Da v tr—VEEEEZFEML /-, 3. LED 7 v 7D ON
LOFF # 152 it 0 B2 235, in-situ FTIR ZHWCRIGZBIFL 72 & 2 A, HtatE
S L TV RO ARG HEITT 2 L BHO o7z, — ., 1 flia A bk TH 2
CoCl(PPhy)s % filliEiIc 72 & 2 5 HENOIERH TicH T G HET T 5 2 & R X
Nize TNHOEBREENLL, a0V /L Py 7 Xk 27 2% v 2 RS ICE W
Tld. CoCl(PPha)s D & 9 7 1ffi 2N v FEAEBTER I N CnaweFEz b, 0~ 3ffio aN
NFEBEDBIREA =R L EFIFE LRI L 2ERL 72,

C-O G Z 1 5 2 — FRIBUV G D FHFE

FREOWHEER T, 1,6-Y A4 =V T AT AT E LTHW S &, 1-F 7 b —AGEEEDER
MicfFonsd 2 L2 RALZ, PHEORE 2L, fifiloc v 1,8 7w ¥ Ui %2 KIG A
ANZALICEVHETLTCBE I 2RI IED, BRI T LI F O ALRARERREL, &Y
WibfERE D B Ak VR A T LTI FRIBR D RICHHET L 72 2> o 7z, FA DRI O, X X1 —
NRBRDIERIC, ARV D a L b ~ofifiziRaL 327 v F o Kol
5T ERRBI N, ARIGTIE, BBIRe =7 L vk 4 Uztkic, 62 EFBRIRRIG
PHEITT 228 T1-F7 P —AFEEIMEFON D528, 67 BTERIRKIEDIE 21 b k4 BRI
IMBIGIC X 2 FHEBRETIR AR VWA L E 27z, METoME, WU ARE &+ 2 2L T,
[2+2] BRI BOG 2 [4+ 2] AL NG 23 Al e L 72 O . T Y — AT L v (WUBREY 7 u 7 & v
PUBRMEZ 27 b v iR e ¥ e 7 T v R kA REB AR5 Z LI L Tz, RROGIE, Hig




By v 7RI EY b C-Oo kit B L LB LAz 5 2 LT, HfERLEA
fLEP~L —BICEBRTEIH LG TD %, $&mi%%®:»w%%ﬁyx%A@u&
EAEHETET, vy LR A ) Oy AR v B &4 CGHEET L R\, o0 Pl L Sl
LEFy 7 2% d 22 2L THID TGERI NG TH Y, ZDF mmMﬁimw

» 1.5 mol% 4CzIPN R® R3k0
a— 5 mol% CoCly(PCys); A
2
Zz R 25 mol% Pyridine o

25 mol% Et;N

:< Blue LED (448 nm) O/'\\ R3

(] 6n-electrocyclization R’ L

z=n

——————> Z = ol

Z%\m O@ A =0

R? R?

up to 92% yield C—O

activation
[e]
i via [2+2] cycloaddition via [4+2] cycloaddition Mes)ko OY R
1

CO,Et R 0

o > coll
z \
OO O .
"y

52%
=
60%

(endo/exo = 5:1)

“C0,Et

58%

L C(sp®)-H #i &Gt L 2 1 5 A X7 — FRIBR{L RS D RS

A zu— LRI ECT, MEFIZRONTHE DD, kit A Xt 2k 3 C-H#f
BOWEEARK Y 22 L BHbLNTWDE, LarL, ZDIE L A LIE Clsp?)-H fEH Dbl
THY., Clsp’)-H #EEoim Ao TRONG, &b, IS0 % v 2 58
LIS Ic B TiE, Clsph)-H FEATEHEL DI 722> 5 720 RIFFETIE, SEH L2 S EFEICHL
B3 %+ — 2L C(sp®)-H fE & DEIRITE AL Z R L. BAF T V) — AT T v &I

ZEICHINL T2, BERRHEIC X, Clspd)-H KA YIb o G LR (3 592> 6.8 keal/mol
THY, BHICETT 2 LBRBRINT, 72, FTIALFR KT X4 ML TR W3 C
& T 87:13 DX F v F AV —tTHIAEZT V—ATAT v EGE LI 72, KRG

fAhr C(sp?)-H S & % £ 5 BULKUG & 1,5-/KFERE B 08B I HET T3 2 1 27 — PRI
WT@D\TJWM@ﬁ*mﬁi@C@ﬁ%%mﬁ#Z@@Wéﬂ%ﬁmﬁ#ﬁK”ﬁﬁf%

%,
1 mol% 4CzIPN ‘O
5 mol% CoClyLigand (0]
25 mol% Et;N P—NEt,
s o]
_— Blue LED (448 nm)
x / . . .
THF (0.1 M), 40 °C, 12 h c-Complex-Assisted Metathesis
chiral ligand (c-CAM)
— +6.8 kcal/mol -

L = PCy,Ph

up to 89% yield
L = chiral ligand up to 67% yield, 87:13 er



8 8 0 1

Yasui Takeshi Yamamoto Yoshihiko Tanabe Shouta Masueda Takuya 55

Concise Synthesis of Functionalized Cyclopentadienyl Rhodium(l111) Complexes via Suzuki-Miyaura 2022

Cross Coupling

Synthesis 1207 1212
DOl

10.1055/a-1983-4777

Yasui Takeshi Yamamoto Yoshihiko 81

Construction of Diverse Polycyclic Structures via Group 9 Metal-Catalyzed Cycloisomerization of 2023

1,6-Diyne Derivatives

Journal of Synthetic Organic Chemistry, Japan 127 138
DOl

10.5059/yukigoseikyokaishi.81.127

Yasui Takeshi Tatsumi Rine Yamamoto Yoshihiko 1

Highly Enantioselective [2+2+2] Cycloaddition of Enediynes Enabled by Cobalt/Organophotoredox 2021

Cooperative Catalysis

ACS Catalysis 9479 9484
DOl

10.1021/acscatal .1c02410

Yasui Takeshi Yamada Keiji Tatsumi Rine Yamamoto Yoshihiko 11

Cobalt/0Organophotoredox Dual-Catalysis-Enabled Cascade Cyclization of 1,6-Diynyl Esters via 2021

Formal 1,8-Acyloxy Migration

ACS Catalysis

11716 11722

Dol
10.1021/acscatal .1c03704




Kikuchi Tomohiro Yasui Takeshi Yamamoto Yoshihiko

13

Cycloaddition of Cyclopropenes with Alkynes via Carbon?Carbon Double Bond Cleavage Enabled by a 2023

Ruthenium Catalyst: Synthesis of Cyclopentadienes and Cycloheptatrienes

ACS Catalysis 9656 9666
DOl

10.1021/acscatal .3c02543

Hirako Naohiro Yasui Takeshi Yamamoto Yoshihiko 14

Rh(<scp>iii</scp>)-catalyzed highly site- and regio-selective alkenyl C?H activation/annulation 2023

of 4-amino-2-quinolones with alkynes <i>via</i> reversible alkyne insertion

Chemical Science

10971 10978

DOl
10.1039/D3SC03987K

Yamada Keiji Koga Nobuaki Yasui Takeshi Yamamoto Yoshihiko 14
Cobalt/0Organophotoredox Dual-Catalysis-Enabled Cyclization of 1,5,10-Enediynes Involving 2024
Metallole-Mediated Remote C(<i>sp</i><sup>3</sup>)?H Bond Activation Leading to Axially Chiral
Aryl Alkenes
ACS Catalysis 2049 2057
DOl

10.1021/acscatal .3c05848
Yasui Takeshi 143

2023
YAKUGAKU ZASSHI 889 895

DOl
10.1248/yakushi .23-00127




25 0

2022
2022
C-H
2022
2022
C-H 3,4 2-
2022
2022
C-H
68

2022




68

2022

C-H 3,4-

68

2022

68

2022

C-H

68

2022




arn 2- C-H
68
2022
Cp*Rh(ITT) C-H 3,4-  2-
103
2023
C-H
103
2023
103

2023




1,6-

68

2022

BINDS

4

2023

[2+2+2]

67

2021

1,6-

67

2021




[2+2+2]

67

2021

1,6-

67

2021

1,8-

1,6-

142

2022

69

2023




Rh (111) C-H 3,4- 2-

69

2023

Cobalt/0Organophotoredox Dual Catalysis-Enabled Cycloisomerization of 1,5,10-Endiynes via C-H Activation

69
2023
C-H 3,4- 2-
52
2023
C(sp3)-H

144

2024




/ 1,6- [2+2+2]

144

2024

HP
http://www.ps.nagoya-u.ac.jp/lab_pages/molecular_design/yamamoto_lab/publication.html




