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i i i Several rhodium-catalyzed carbonylation reactions involving indoles,
indolines, pyridones, and benzamides have been developed. Moreover, these reactions have been

expanded to encompass decarbonylative alkylations, arylation, and annulation. Notably, these
reactions proceed under redox-neutral conditions, eliminating the need for additives such as bases.

This study presents a novel synthetic approach for nitrogen-containing aromatic heterocyclic
compounds, including indole carboxylic acids, indoloindolones, isoindoloindolones, phthalimides, and

indoloquinolines.



¥ X C—19,. F—19—-1. Z—19 (58

1. WHERR MU D5

bR n AW, 2 OMIEZ FEEICHKR T 2 22— 7 28R - EENRED» S B L
7 ru= 7 A0S T RLAEYEETH 5, L hE~T aiEiR o XRILEY O
OGS TCOABRRER I NI, 22— 7 Y2 6T 2 FHLAYMOFKRA~NED
2L EPHIFEING, L, ZnFETIiE~T vl n L EW o G % R - fE5E
MICHFZE L 22z ZdUT E4 K iehro Tz,

2. WHEOHM

HEEE I, BEICHIE LY 00-HHEAS 72207 F L YDA R — FBYUIC X 5 ~TF
OJGRERY R )R Y L VFEERO GG E X OB#E T 2 7L ¥ ¥~ D trans AHMIGD
5. BRI HEER o LAY % 52 2 S/ T V¥ ¥ ~D trans (%R E 32 H A
r— PG ZBAF T 2 2 L 2 L4 HIEE LTz, L L, WL DD Fiat 2R 311
BbolzZ &, BXOWZEHET, PFABRBIORMED & TH L WifsR n e o, &w
) HIEHER LoD, EEABHREEZRLAYO C-H Btz 27 7n—F%,
X OBENIOEY)R LW a7 P ELTHEDLZEE LT,

3. WDk

AV F=1L, AV FY) v, EYRFVyE2HEBEWEL L CHY, RBI R TIVLRBEEKY % VR
ZNVRET Y A C-H ANV R UL Z KRG L2, 2ok, SRz
fbztEd 7 ¥, 7V =4k, BALRIGICER & /e,

4. WHERR

SERFEHRERRILEYD C-H EREE(L

(1) AFAZL—ronY o LMEZILAFIAILRZIVE : 4 ¥ F—L2-2 0V X U EFHE
BIERRICH S FET IWEEF—7CTH DB, 2DLHI %I Lo, HlEoE»—ELREEH
HLBEWH LA ¥ F— )L 2- 2V R VIBHRERDOGBIEDORFEICEF L7z, 1(EY Y24
JV)-1H-A ¥ =)L & ZJRIBY T F )V % | 5 mol%D[Rh(cod):]OTE FA1E I, 1,4-2 4 ¥4 > /1,100 °C
TMENL 72 2A, AV F—=L 2 i3 b ¥ AN RINWALEI N EBYDS 95%INE TR 6
Too BIEBPNE BWKE L LY ) —VDARTH Y, BETT) =V A TH D, KRG
2-7xZLEY PV %Lmi ETHD., ZOBHEY AT AL N,

> N—co,Et
N 0O o 5 mol% [Rh(cod),]OTf N
* J 95%
@ Et0” SO~ “OEt 1,4-dioxane, 100 °C C
\

(2)RE=2,4,6-F U XF LR A )N=XFLEZHETILIaXxs HNLRZILL ATEETH 5.
AFHFEICED, o2V, AVFLEZETEHEEYHEZ 2 L3 TE L,

N

A\

(o] (o] 3 mol% [Rhcl(Co)2]2 COQME
N . L 9 mol% KI 879%
0~ ~oMm %
)N © THF, 80 °C N
\ A\

—

o
0,

] N

(3)AYRIYYOZNLAXIAHILRZIME/ FIIME 72, A Vv F—=LZ2 AV P VKA
T, R ZF ) EDRIGEFERDOELE Mo 8 25, 7uﬁlb%/ﬁwﬁ_wmém#
BRSNS S iz, ZIRIBZ AT VDb D ICBIEAY 2 bl gaid, 7o bodiE

1L 72,
©\/,\> o o 5 mol% [RhCI(CO),l,

/%N * Eto)Lo)J\oEt MeCN, 100 °C N

N \\) EtO” “ON \\)

88%

\7/2 ;



(4) 1Y RUYDBRANLKRZIVEZHES PILFILE (Y 2P v2 404 P v a7

0 EAd Vg, EONVRBEKRY), B XD 5 mol%D[RhCICO): DIFE T, 12-¥7nuxy v,
130 °C TRIGEE7EZ A, 4V R v 7B F VLI N EBRD 84%INE TR Tz,
COPAN R NALZRE) Trx iz, 7Y —ULICbEH T 2 ENTE R, I 512, B
K R CTz7 L EF LD ARETH o 72,

@ 5 mol% [RhCI(CO),l, @,\}
)\ + )\ 92%
NG N t DCE, 100 °C Et NG N

) )
(5)AY I LBMERFAT VIUL: 2-(1H-4 ~ F—)L-1-4 VY ZEEF#E% . 3 mol%D[RhCI(CO):]»
B LD 30mol%dD Nal f£7E T, 1,-¥ A F 3 b, 150°C TNEAL 72 & 2 A, 0 F N7 2 ALdiE
fTL. 10H-A ¥ Fa[l2-a]f v F—=1-10-% > % 85%ICKRTE 2 72, RRIJGIE, R —)LIZ b
HAECTH o7, T2 4 v R 2flc X FILERZ S OHEHDEEAE, 73 biz 7otz
277,

@ o o 3 mol% [RhCI(CO),l O M P
N COH + 5 30 mol% Nal N 85%
5: g 1,4-dioxane, 150 °C O

(6) BAIRZIEZEHESDFAT Y —IUL : 2-(1H-A ¥ F—)L-1-7)V R =)V R EFE TR
ROFIEZIT>728 2A, WANVF=ZAZE) 7Y — U LdSET L, 6H-4 Y A ¥ Fa[2,1-q]
4VP—»61V$&MWW@%%nkO

5 mol% [RhCI(nbd
CO,H 25mnc:ol°/£ Nal (ol O > O
N 80%
1,4-dioxane, 170 °C
@ )
(7) EVYR>® 6 fLERMZILAF I AIRZIVE  28-[12-E ) P v]2-4 v & RIEY
~tert-7 F V% 5 mol%D[RhCI(CO)] & £ TN 12 mol% D Nal f#+E . Z7ruXY¥ i 100 °C
TRIBZEZEZ A BV P V2(1H)-F VB 6 BTV a X% > )V = )UAL X 1L £ D3 88%
Ve EIY (N

| 5 mol% [RhCI(CO),l, |
OINj . >L i i )< 12 mol% Nal 07 N Oj< .
@ 0”0 Mo PhCI, 100 °C 0
|

(8) RYZXFERDAIWKRZIUEL : 2- A FIV-N-(F / J V-8A NNV X7 I F D JREY = F
NETNaXxTANVRINVEETEZaP Yy LA L M2 b X AR ki, 714
I FIHEKRE S Z T,

0]

O
O O 10 mol% Rh(acac)(CO), N
N eI o 8%
H | Et0” SO~ “OEt NMP, 130 °C
Na (0] N /

(9) BAIRZIUEZ#ESERIEL : 07 N7 S METH G 2-(1H-A ¥ F—b-1-4 W)EZEFR
. ENLVBEAKIEBE I 4-F 7 F L EL VO AMEEE NRIGE LA, AL ER=
WAL RE ) BALASEFT L, 5,6-2 70 ELA ¥ Fa[1,2-4]% / U VD 15%INE TR oz, Rk
DT, ZREBEWREHOCTRIGZT 28581k, 777 Ly iFEEkntt s nl,

Pr
@ Pr  5mol% [IrCl(cod)], O \
22 mol% P(4-MeCgHy)s N\
CO,H
@ 1,4-dioxane, 150 °C O

Pr 75%




9 9 0 3

Suzuki Hirotsugu Ito Yuki Matsuda Takanori 51

Rhodium-catalyzed C6-Selective Alkoxycarbonylation of Pyridones 2022

Chemistry Letters 775 777
DOl

10.1246/cl.220194

Suzuki Hirotsugu Kondo Sora Yamada Koichiro Matsuda Takanori 29

Diastereo- and Enantioselective Reductive Mannich- type Reaction of o ,(3 - Unsaturated 2023

Carboxylic Acids to Ketimines: A Direct Entry to Unprotected B 2,3,3- Amino Acids

Chemistry - A European Journal 202202575
DOl

10.1002/chem.202202575

Suzuki Hirotsugu Liao Yumeng Kawai Yuya Matsuda Takanori 2021

Rhodium- Catalyzed Additive- Free C-H Ethoxycarbonylation of (Hetero)Arenes with Diethyl 2021

Dicarbonate as a CO Surrogate

European Journal of Organic Chemistry 4938 4942
DOl

10.1002/ejoc.202100956

Suzuki Hirotsugu Yoneoka Kenji Kondo Sora Matsuda Takanori 28

Copper- Catalyzed Enantioselective Reductive Aldol Reaction of a , - Unsaturated Carboxylic 2022

Acids to Alkyl Aryl Ketones: Silanes as Activator and Transient Protecting Group

Chemistry - A European Journal 202104273

DOl
10.1002/chem. 202104273




Suzuki Hirotsugu Sasamori Fumito Matsuda Takanori 24

Rhodium-Catalyzed C(sp2)-H Alkoxycarbonylation/Acylation of Indolines with Anhydrides as a 2022

Carbonyl Source

Organic Letters 1141 1145
DOl

10.1021/acs.orglett.1c04195

Suzuki Hirotsugu Kawai Yuya Takemura Yosuke Matsuda Takanori 20

Rhodium-catalysed decarbonylative C(sp2)-H alkylation of indolines with alkyl carboxylic acids 2022

and carboxylic anhydrides under redox-neutral conditions

Organic and Biomolecular Chemistry 2808 2812
DOl

10.1039/D20B00249C

Suzuki Hirotsugu Matsuda Takanori Takemura Yosuke 34

Rhodium-Catalyzed Intramolecular Acylation of 2-(Indol-1-yl)-benzoic Acids under Redox-Neutral 2023

Conditions

Synlett 1894 1898
DOl

10.1055/a-2088-9106

Suzuki Hirotsugu Kiyobe Seigo Matsuda Takanori 22

Rhodium-catalysed additive-free carbonylation of benzamides with diethyl dicarbonate as a 2024

carbonyl source

Organic and Biomolecular Chemistry 2744 2748

DOl
10.1039/D40B00059E




Suzuki Hirotsugu Ito Yuki Yabe Kentaro Takemura Yosuke Matsuda Takanori 22
Rhodium-catalysed additive-free alkoxycarbonylation of indoles: 2,4,6-trimethylbenzoic acid- 2024

based carbonate anhydrides as a versatile alkoxycarboxyl source

Organic and Biomolecular Chemistry 3209 3214

DOl
10.1039/D40B00205A

10 0 1

anti-Michael

103 (2023)

2023

Hirotsugu Suzuki and Takanori Matsuda

Catalytic Asymmetric Hydroallylation of Acrylates in the Presence of Cu/Pd Synergistic Catalysis

Pacifichem 2021

2021

C2

68

2022




) o-

68

2022

Rh C(sp2)-H

68

2022

Palladium-Catalyzed anti-Michael Addition Reaction of (Hetero)Arenes

69

2023

Copper-Catalyzed Oxindole Synthesis Using o , -Unsaturated Carboxylic Acids

69

2023




Cu/Pd

13 CSJ 2023

2023
a B -

13 CSJ 2023

2023
anti-Michael

13 CSJ 2023

2023
0







