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Synthesis and Reactivity of Mononuclear Organorhodium(l1) Complexes
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In this research, a rhodium complex bearing a novel anionic CNC-type pincer
ligand with pyrrole and N-heterocyclic carbene moieties was newly prepared. Also, cobalt-dinitrogen
complexes bearing PCP-type pincer ligands were newly synthesized. These cobalt complexes worked as

the best catalysts for the formation of silylamine from dinitrogen under ambient reaction
conditions. In addition, iron-dinitrogen complexes supported by the PCP-type pincer ligands were
newly prepared. These iron complexes worked as the best iron catalysts for the formation of ammonia
and hydrazine from dinitrogen under mild reaction conditions. Finally, the first example of the
rhenium-catalyzed nitrogen fixation under mild reaction conditions was achieved by using a
rhenium-dinitrogen complex with PNP-type pincer ligands.



¥ X C—19,. F—19—1, 2—19 (58

1. WHEBHARZS IO 5=

12y AR A AR L 9 D A E RN S AR S TR D | NEMER R — KR
Tl aRRA—IRRE B DRSS Z DL < ORGP IE SN TN D, 2D DRIRIZ
BOTEAEE OO e 20 AORREEUT, ZER 1L T 3MiZIRD Z LMIEEA LT
b2, BV L 2MEERE WIS E LTE, Bilitr U L7 LD 2 in Uy LK
EHWIISPIEEAETH Y | Blgn U0 A 2 MligE 2 O 7o B RS I3 — B D 212
RONTWD, £D7D, @mEO R m 20 b 2 fliff A Al & U TR L7z —ikbE
D WA SUS O BT LIEF ICBIRDEF 2D, L Ll b, ZHETICH
s lem U A 2 iSSR0 % ATBERSA TH 5, A FOEMSISIZIHB W THE
EEZONDT NIV TV —NIEE Do e AR IEE A AT DB A D U0 L 2 fligh
EOWEHI D72 ZDOSHEDIERII AT Th 5, TOIZDRERAKER DT L
2 filig A 2 O T BOSPE D REA DS SO S D BIFEIZ B W TIRIICEHE LW R D,

2. WEDOHB

AW CIX, BEZHEAKE O T A 2SR E AR L, ZORIMMEEZH SN LT
R e~ IS T A Z E 2B ET D, 2R ETOr YT A KE WIS TIE 1
i OSSR Z R T2 Z LN —RITH Y Fin 7 L 2 WSRO KIS 25 H
T HARBFGEIL, MO THBEMEDE WG R TH D, S HITIE, #Ekp o A 11/ 34
DEN TS & 2 WA DT LW EUGE 2 S bt 5 2 L N TE UL, EHh 725y
FEHOE~E IS TED EEZ TS,

3. BRIk

WFFRITAFZER BB RN E BTV, R REEDBIENE L CW AR EE2 F5%9 5
PEMA APz LB L 2RISR 0RAE R EOB &%=, —#EDO LT 1 —
TRy I AEITI 2L 7T 7 =9 7 AW REWSRME T TITo 7z, FHRICAR L
TALEWIIAR & 7200 ek X OGRS i X B S fEATIC L D [RE 21T - 7=,

4. WIERE

4=1 M~TaBIR AR ONC R Y —Rr F A2 AT 5 Y 7 LS ERO AR
Fgo oo A 2 S ROV TlIdE ) 72 AN 2 BT O ERH D &
EZ, BRENL OB AT T, REHIBWTIL, 3 JE TN ZENICENT-E Y
—BL T ERIN L, e — 7 =4 UL E ERICK LEWREAEE R T 5 AT R
BRI NN ZEBANTLHZ L & L, BGOSR, F~T rBRR A L TA IH
YV V=T UENEET DT =4 M ONC BIE Y — BN A RSB T D 2
TR LT, B LT2 ONC L E U —FN 7D U F 7 A E 1 2w B A1V = LRIK
KEDRIST, xIET D NC R E Y —Ef 2 AT 5000 N il VR = ViK%
55 Z ECH LTz, AR LT8R D AR AT hbds K OBEE S, X BRITIC K - T
HTRBCNL 03B s [P SR E 7 Pt & 2 /35 Z & 2B 52 L7z, (Scheme 1,
Jeitschrift fur Anorganische und Allgemeine Chemie, 2021, 647, 1408-1414)

Scheme 1

[RhCICO)l, + [ N—Li=~=0O —
=

Xyl = 2,6-M62C6H3

4-2 PCP B Y —BNi 295 a0 M EKRE W ER 0 70 6 Offy > ) L
7 2 RO DB %

e 0 A2 MSHADSSTEIC DWW TR ZE 5720, [ TH 5 230 MEIKRIC
DWTHREZITo T NP U BT =4 M PCP BRI Y o —FN A2 oo 3L 2




FEEREHHUICEKT D 2 LTI LTc, G LTC 20 hERRER T DY

2 RTUT
VTR UARR O E IR & D D IR SR T OB 2 b & R L B Tt
Wl STTEEOVINANT I VUPERTHZ EERE LT, KA L MERITESRS T
MEDOT VT I UERKIGIZH L TR BIEEO S WAEETH D, (Scheme 2,
Inorganic Chemistry, 2022, 61, 5190-5195)

Scheme 2
e cat. P'Bu,
cat. . —N=
Nz * 6KCg+ 6MesSICI — ——> 2 N(SiMes)s R Co—N=N
r
fam up to 371 equiv PBu,

R = H, Bu, MeO

4-3 PCP AUV L —Pifi -2 H T 2 Bt 2 AW R b O T =7 -
t N7 ¥ U AERRS DBFE

PRITIAI © PCP B & o — L - 2 FFOBRBEIR D IRET 24T o 7o, £ ORER. KIET D8k
1 filids X Ok 0 i D ZEFREERZHRUTELT D Z LI LT, Gk LTz s R R % fil
ML LT, WEDERITALIEICAH] - 70 FVRZ KR TGS E D &, BRI TDE
TERUSDEIT LT VE=T & RI VU DIREWM N RRTEH 400 YE&AK LT, 21
IIRESR DR DOTEME L el LT, b mVMETH S, (Scheme 3, Bulletin of the
Chemical Society of Japan 2022, 95, 683-692)

Scheme 3
cat. ) ©
N, + e + H" ——— NH; + NH,NH, ot —pigy, PfBuz_\
1 atm ~78°C | |
up to 388 equiv in tolal F|e—NEN F|e—NEN
4
N

P'Bu, N///—PfBu2

4-4, PNP MV Y —ENI 2T 5 L= LNEEIKRE H V7 il 22 58 [ 8 SO6 O B

Bis

L =0 LEERE W TR EE IS OB bRE Lo, TORR, B U P B PP
B =B A 2RO L =0 AERMERZHHICERT 5 2 LIk L, G LTC
L= MR L LT, BRI ANS DT F =7 ARG H IR - AR THEITS
L2l LT, SHICHALV =T LEERNERTF DDV YT I AR S
fibg & LTI Z &b R Lic, ZOMRIT L =7 ABEIKIC L DIRMRSUSSEM TIZk

T A OMIERERZBEE IS TH D, (Scheme 4, Angewandte Chemie International
Edition 2021, 60, 13906-13912)

Scheme 4
cat. N
N, + 6e + 6H —— > 2 NH, cat. 1] o
1 atm -78°C  yp to 8 equiv —p | O Y=
< jN—Re/—NEN—Ré—N p
_ cat. . /| /| N
N, + 6 KCg + 6 MezSiCl ——— 2 N(SiMe3); P ¢ N p
1 atm rt /Yy

up to 12 equiv P = PBBu, N



11 10 0 1

Kawakami Ryosuke Kuriyama Shogo Tanaka Hiromasa Konomi Asuka Yoshizawa Kazunari 49

Nishibayashi Yoshiaki

Iridium-catalyzed Formation of Silylamine from Dinitrogen under Ambient Reaction Conditions 2020

Chemistry Letters 794 797
DOl

10.1246/cl.200254

Kuriyama Shogo Zhao Wenhao Nishibayashi Yoshiaki 647

Synthesis and Characterization of Rhodium Complex Bearing Anionic CNC- Type Pincer Ligand with 2021

Pyrrolide and Imidazo[1,5- a]pyridin- 3- ylidene Moieties

Zeitschrift fur anorganische und allgemeine Chemie 1408 1414
DOl

10.1002/zaac.202100065

Kuriyama Shogo Nishibayashi Yoshiaki 83

Development of catalytic nitrogen fixation using transition metal complexes not relevant to 2021

nitrogenases

Tetrahedron

131986 131986

DOl
10.1016/j . tet.2021.131986

Meng Fangiang Kuriyama Shogo Tanaka Hiromasa Egi Akihito Yoshizawa Kazunari Nishibayashi 60
Yoshiaki
Ammonia Formation Catalyzed by a Dinitrogen- Bridged Dirhenium Complex Bearing PNP- Pincer 2021

Ligands under Mild Reaction Conditions

Angewandte Chemie International Edition

13906 13912

DOl
10.1002/anie.202102175




Zhang Yulin Tanabe Yoshiaki Kuriyama Shogo Nishibayashi Yoshiaki

86

Cooperative Photoredox- and Nickel-Catalyzed Alkylative Cyclization Reactions of Alkynes with
4-Alkyl-1,4-dihydropyridines

2021

The Journal of Organic Chemistry

12577 12590

DOl
10.1021/acs.joc.1c01018

Toda Hiroki Kuroki Kaito Kanega Ryoichi Kuriyama Shogo Nakajima Kazunari Himeda Yuichiro 86

Sakata Ken Nishibayashi Yoshiaki

Manganese- Catalyzed Ammonia Oxidation into Dinitrogen under Chemical or Electrochemical 2021

Conditions

ChemPlusChem 1511 1516
DOl

10.1002/cplu.202100349

Liu Shiyao Tanabe Yoshiaki Kuriyama Shogo Sakata Ken Nishibayashi Yoshiaki 27

Ruthenium- and Copper- Catalyzed Propargylic Substitution Reactions of Propargylic Alcohol 2021

Derivatives with Hydrazones

Chemistry A European Journal

15650 15659

DOl
10.1002/chem. 202103287

Itabashi Takayuki Arashiba Kazuya Kuriyama Shogo Nishibayashi Yoshiaki 51
Reactivity of molybdenum-nitride complex bearing pyridine-based PNP-type pincer ligand toward 2022
carbon-centered electrophiles

Dalton Transactions 1946 1954

DOl
10.1039/D1DT03952K




Ashida Yuya Egi Akihito Arashiba Kazuya Tanaka Hiromasa Mitsumoto Taichi Kuriyama Shogo 28
Yoshizawa Kazunari Nishibayashi Yoshiaki
Catalytic Reduction of Dinitrogen into Ammonia and Hydrazine by Using Chromium Complexes 2022
Bearing PCP- Type Pincer Ligands
Chemistry A European Journal -
DOl
10.1002/chem. 202200557
Kuriyama Shogo Kato Takeru Tanaka Hiromasa Konomi Asuka Yoshizawa Kazunari Nishibayashi 95
Yoshiaki
Catalytic Reduction of Dinitrogen to Ammonia and Hydrazine Using lron-Dinitrogen Complexes 2022
Bearing Anionic Benzene-Based PCP-Type Pincer Ligands
Bulletin of the Chemical Society of Japan 683 692
DOl
10.1246/bcsj 20220048
Kuriyama Shogo Wei Shenglan Tanaka Hiromasa Konomi Asuka Yoshizawa Kazunari Nishibayashi 61
Yoshiaki
Synthesis and Reactivity of Cobalt?Dinitrogen Complexes Bearing Anionic PCP-Type Pincer Ligands 2022
toward Catalytic Silylamine Formation from Dinitrogen
Inorganic Chemistry 5190 5195

DOl
10.1021/acs. inorgchem.2c00234

28 0 3

MENG, Fangiang; KURIYAMA, Shogo; TANAKA, Hiromasa; EGI, Akihito; YOSHIZAWA, Kazunari; NISHIBAYASHI, Yoshiaki

Catalytic Ammonia Formation by Dinitrogen Bridged Dirhenium Complex Bearing PNP Pincer Ligands under Mild Reaction

Conditions

70

2020




PCP

101

2021

MENG, Fangiang; KURIYAMA, Shogo; TANAKA, Hiromasa; EGI, Akihito; YOSHIZAWA, Kazunari; NISHIBAYASHI, Yoshiaki

Mechanistic Study on Rhenium-Catalyzed Ammonia Formation from Dinitrogen under Mild Reaction Conditions

101

2021

WEI, Shenglan; KURIYAMA, Shogo; NISHIBAYASHI, Yoshiaki

Synthesis and Reactivity of Cobalt Dinitrogen Complexes Bearing Anionic PCP-type Pincer Ligands toward Nitrogen Fixation

101

2021

DING, Haowei; KURIYAMA, Shogo; SAKATA, Ken; NISHIBAYASHI, Yoshiaki

Ruthenium-Catalyzed Enantioselective Propargylic Reduction of Propargylic Alcohols with Hantzsch Esters

101

2021




ITABASHI, Takayuki; ARASHIBA, Kazuya; KURIYAMA, Shogo; NISHIBAYASHI, Yoshiaki

Development of C-N Bond Formation Reactions from Molybdenum-Nitride Complex with Carbon Centered Electrophiles Directed
toward Formation of Organonitrogen Compounds

101

2021

LIU, Shiyao; TANABE, Yoshiaki; KURIYAMA, Shogo; NISHIBAYASHI, Yoshiaki

Catalytic Cycloaddition Reactions between Propargylic Alcohols Derivatives and Hydrazones

101
2021
PNP
101
2021
, , , , , Roger E. Cramer, W. M. C. Sameera, , , ,
[Mo3S4Fe]
67

2021




PN

67

2021

67

2021

PNP

67

2021

PNP

71

2021




Yulin Zhang, Yoshiaki Tanabe, Shogo Kuriyama, Yoshiaki Nishibayashi

Photoredox- and Nickel-Catalyzed Hydroalkylation of Alkynes with 4-Alkyl-1,4-dihydropyridines: Ligand-Controlled
Regioselectivity

71

2021

Shenglan WEI, Shogo KURIYAMA, Yoshiaki NISHIBAYASHI

Catalytic Nitrogen Fixation Using Cobalt Dinitrogen Complexes Bearing Anionic PCP-Type Pincer Ligands under Mild Reaction
Conditions

71

2021

DFT

15

2021

Fangiang Meng, Shogo Kuriyama, Yoshiaki Nishibayashi

Catalytic nitrogen fixation using rhenium-dinitrogen complex bearing PNP pincer ligands

The International Chemical Congress of Pacific Basin Societies 2021

2021




Yulin Zhang, Yoshiaki Tanabe, Shogo Kuriyama, Yoshiaki Nishibayashi

Cooperative photoredox- and nickel-catalyzed alkylative cyclization reactions of alkynes with 4-alkyl-1,4-dihydropyridines

The International Chemical Congress of Pacific Basin Societies 2021

2021

Taichi Mitsumoto, Yuya Ashida, Kazuya Arashiba, Shogo Kuriyama, Yoshiaki Nishibayashi

Substituent effect at PNP-pincer ligand for catalytic reduction of dinitrogen into ammonia with samarium diiodide as
reductant

The International Chemical Congress of Pacific Basin Societies 2021

2021

PCP C-H

102 2022

2022

Fangiang MENG, Shogo KURIYAMA, Yoshiaki NISHIBAYASHI

Catalytic Nitrogen Fixation by Using Rhenium Complexes

102 2022

2022




AIWEI ZHAO, Hiroki Toda, Shogo KURIYAMA, Yoshiaki NISHIBAYASHI

Development of Cobalt-Catalyzed Ammonia Oxidation under Ambient Reaction Conditions

102 2022
2022

102 2022
2022
Shenglan WEI

PCcP

102 2022
2022

102 2022

2022




102 2022

2022

102 2022
2022

102 2022
2022

http://park.itc.u-tokyo.ac.jp/nishiba/







