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"Single-site heterogeneous catalyst" is a new type catalyst having
advantages of both homogeneous and heterogeneous catalysts. Catalyst activation of such the
heterogeneous catalyst is generally required high reaction temperature. By usin% an organosilicon
reducing agent applicable to reduction of various metal complexes, activation of such the
heterogeneous catalysts is accomplished under the mild reaction conditions, resulted in lowering the

thermal energy required for the use of heterogeneous catalysts. Low catalyst activation temperature

enabled us to apply the heterogeneous catalyst system for low-temperature metathesis reactions
using functionalized alkenes. In addition, low-valent species generated by the organosilicon
reducing agent was effective for the cleavage of a N=N bond of azobenzene and catalytic pyrrole
formation with internal alkynes via metal-catalyzed cycloaddition reaction.



¥ X F—-19-2

1. BFZERRAG Y WD 5

FMERE 7 —R, e b NS, RY—RMEX, EEER DT EA LB EL, HEED
FEMZRREEL & & BT, FEERIZB O UM ORGEIC AR R TH D, B REERAED
I, AR T O TR EHT X D &R R0 022 RIFIE AN, AR ONLE « SEAGERME 2 7
ETAREBRERE 725 2 EBHALNIE N, IS OREHT LV EROBFRA K Z—
BT DL OBANSNTE T, —FH, AE—REARGEEOFIEIL, IEESER 7O A
RHECTEVE A B & IR D 2RI A& D DB R 215D U 7= ki S o @ ERE L 2 ol
WCHEL TV D, & DITHT T B — REE MR 2 BATR R I ICEEAICE AT H 2 LT,
P — 72215 A N 2 AT DRI ERAIE CH D T3 v Z A MRS — Rl o B%s
DEGHRICETR I H D,

2. WtoHBY

WA TIE, B REEIRARGE & Y — RAREE D BT OF| R 2 R o R E AR & LT, &
AR —EN T EE D 2 & 2 < BEAHAREICEBEICEHAZ B AL, B—RIEEY A b
EETD [ A NMERE— R 2 BRI AN SHICHEA TV D, RKHFENFE
DEBNT, T I A MERE—R ) OEEEM b Z e L T 508 e LT, [ i)
ICBWTHFZE A D T & T2IATGR TOABIERO Ay FE AN X DT %, EIRF
(ZHLER L7 LSRRI R U, IR COMBEME 2 K83 2 RUch b, FriC, AS HEeH
LRI AR ENE L AL ERIERME LTHEXLZDHTHY | RE)—%fil
BRI COBEGENEZ 5T, RO RRECFEOLBMNAIRE L 70D 2 &b AN — Rl
B AIEMRERSE O ZLOBBRNC b BT 5,

3. Wt Ak

VU A REIHEA 72 5 EEE, b NS, 6 ESBAREZEAN L, Ay ETAlZHWD
PERFE DRI ISIZOWNWT, WA TOET IV & LT REBLIREED & B EE R 2 ARk -
HEFL, 0 2RHE A IER%) 28 L CEBOERmEFREOREEZITH>, £z, vV
B FH L TOEACZ B, SRS CEAHIEIC L 0B L, BTAl L ORISH O, T
EDORIEHDILFEEZ ZNENHA LT 5, —HOBRBIZOWTIEA LV 7 4 VA F BV AR
ST X T B B 2 R T2 LD RUNMBRAE O FH TR K DT A2l oL
A S HEARE— SRR O SOGIBBRE OfMENLIZ T CTHFZE 2 BT 5,

4. WFFEE R

(1) YV AHEBEEY TF OB E A XY ARGE~DIH

A E O FEREOBE TR, SBEEARIET D 2 & 7 < EFe Sl RTRE 78 ST Al
OFHANEETHY . LIETORFHCBW T, v U BEH B LY v 7 27 U8R E v
TR Lzf(b ¥ v 7 AT VRN, Bl E2R~THHT A BLE6 (X 1, ## : Ace. Chem

Res. 2019, 52(3), 769-779) &Kt L. (Kb D SiMes SiMes SiMe;  SiMe,
{LFiR S ) B RiE ICER TS 2 L2 RELTW R R__N__R _N '
%o SBIC, T AEE T CERITEE 21T - 724 I I ]

BT, T v A Z B ARG D ETEM: 7 i & RTNTTR

AT EERML, #ELTWD (ACS Cent. Sci. SiMes SiMes SiMe;

2016, 2(8), 569-576), = C, AFiEE S HIZE R=H,Me R=H,Me
V7T USSR L& 2 A, SEROE: & BERk \
WEIZEY, Y DREITEY 77OV , " SiMes
DR B = LD e, R ) T B AT A SRR

B U Kk LAY A BB EINAT- & 2 A, BITRIGOEITICHE, —2D AV BfL
FNEEEET D ETAMioEY TTURENELD I EERE L, &6, XU T AT UfE
FERIZ, BN TY 77 ORI FOLFEREIX T V7 o A X' 2 ARSIZHR L TR 2 7R
TZENMoT, BLEY 7T UMERE, D ONNCHEE S A FLAMIC L0 AR L E o
DORFEX BRI HBEIZ K DG, U BEREIZIZ6MOETY 77 R HEFS L, W TH
W A FBEME S SED 2 LT, EIZ2E BTGP ET L2 4 liofbFBE T 5 2
EEALMNI LT, RIS, IR OE Y 77 ALFEREIIES IS A L CIRE L, filyniE
BT D EMIEOR, U BEE LICHE—ST LUV TESBICHERT S T LT, RS
MEMERFT A {LFEREOND R R L (X2),

?iMe3
N
o _,0 :[ ]i (6]
\ /, \
OH . . o O\O '}l O/}VIO\O
I Mo complex calcination | [ SiMej; [ |
SiO, Sio, 80 °C SiO,
AR E 11

X 2. U AERE~DETY 7T AEKOMBE &R TR0



(2) FNCIREESE 2 & Tei e b &k

¥J—% « R —ZMBEEONTHOEAITB N TH ., MBSO @RI BT 5 4 Rix., fik
BEOREECITEMER O BNV EARRIRTH O | ITHETIEOWEEE OR B I, BRI
& & O T AT I B A FZE TR R ICIThIL T\ 5, 1 TH, & BRI AL — Rl
DOHEREFZD—>2 & LT, ORI DA 2 4G & Lok x 7e A ORI IG
AEnTnbd, ito T, @RI OEALE BT 5 2 L, o & 5722 mbEREbic o7
MWD ENLEBERIFIENG LD,

FERE R LSS & & W T2 & B IR b O W I B W, IREIR 2 RINIKEERE (70) ~LEX
Wz 52 Lix, HEEDOR LICHERICBWTHEEL D, ZNETICHEERIT> CTELET
HlE UTHERT 2EKT A FLEWN, BFN 172 _EHETT 28858 L, AT A #1b
W E L EORNMMKESE DX

MeReO
IR EIBER L7 & 2 A [RNLIRER (0.3 equiv)
HFOEILIT XY H-O0H % "0, _ H,0 o0
MeySi-0-0-SiMey AVEHIRAGIZ A (0="0.%0) S (oequv) Ol .
Wt s T L ERM L, 22T, CHCl ey’ oo Lo
W5 T DIEPEAL 2 FI I LT 78°Clort  on,
- 4,4'-bipyridyl

GRBEORILIUE~EAL L
LA WE, 1 YRRED ’ - :
TR £ 5 e e B 3. FIRCHHRSE & AT B ERREEIK DRYERIATR
FERABOND LAY LE (R3),

(3) 41X FEBEHEZ MWD B o — LERE

U A RENHEF LA P 2 Ol s & LT, @B —IkFE_EEREAT DI AN
VEERE R L 9B A X U ARORCET A RIS A, VU AFRE EIC LT, & —EFR
THEAEETAHA I NENL T 2B T 28R ROMERG L Ehi L X7z, 1EkiX. &EAE
D OXERN T & L CORENPLTHoT2A I REMLFTHDIN, 2O 5FEIFEDOMICERE
RIS BT DS TLE LTHIATE D Z ERME SN TWnD, £2T, (1) ® (2) &
W o Te R — R ARBLIZ B A AFFEN RN %2, A X NEANL T2 BT 5 @K% 7= 5B
I B A R LT,

H[FEIfFZEE T D Tonks B HIZZNETIZ, 4 2 RERBEEADO—DTHDLA I FT X 8
a2 AW BEFFMEICENT-FSE LT, 7Y R B e T Ax o 28 E LEREIVERY &
LRV E R — L ARKIEE#RE L TnD, —F, bhvbiuiZhE Tz, 5 BemEsER+s A
W T YRR OEFM EES OIS A8 A2 T o C&E Tz, £ 2T, b REEDA
SRR AfS L Lz e
— VAR DR 2 T o T2 & R ££TT£N?) Ar
ANV LEREERTHD . Are. N_ Mealz 117 MOTR RN~ R
Wh&Mh‘ﬁ%@K\4iFﬁA2J% R pYg
iz & LT PhN(SiMes), & FIV> Rz;iw m; iy

LT EINETE R — LN E Hanh
gﬂggégﬁﬁginjiéglﬂ4.N%V?A%ﬁ%%wtﬁu—wé%ﬁm

Ea — LA RSO Bl 2R A R A B S LT A HEY T, i &R, b TN
PhN (SiMes), & A X RJR & LizfiliifED 2 7 U —=2 7% Fhi L7z fE%. 3 VC1; (thf) s 23 b
BB E 2R3 2 E o Tz, EDHIC, NFUTAHAL L TR, A I REZBEICET
% V(ENPh)C13X° V(ENBu)Cly E W o 72 5D F V0 AR LI Z R 2 /AL, —
F. 3, SO NRF T T AEEERONTIOEAICH,. A X R TH D PhN(SiMes) » ZHRMN L 72
WIEASITITEE 2 RS2 N2 b, oD A I REOFENE 0 — ARSI T 5
RIS ME O RBBUZ AR R TH D, S HIT, MBS HEREO HEEL LT, V(=NPh)Cl; 23850 L7t
T YRR EDORIGEEITV, S 51T PMe; ZMiBIENI & LTIMADZ LT, 42 FHEE
OETHNRF VT LEEROBEEC KR L2 (K 5), Z OsROME T, B XS AR I
FoTHHALMNELTEY, B HEGMHIZENTZA I RENFNNF V0 AL B T OTFE
THZ LWL A I R BIT MR- ToiEE LY, ZOME, S6RBETAFVEDK
RN ESCNTHEITT D Z B oT2, A 2 RN 28T 58K, U AREIIESITH
FFCX D200, RERZITIT, bR, 6 IR&RA I RESMADO R & ABLSMERET~ L F5E %
SHITEFAL TS,

PhN=NPh
Ph (0.5 equiv) Ph eh
N . PMe3_ N N
| reduction (2.4 equiv) NV
C|/Y\CI — [V(=NPh)Cll, ——— |\/|e3|3’\‘/\p|\/|e3
Cl Cl

5. BHEMRTHLER (f I F) NFUY LGERDOER &S



5 5 5 0

Keishi Yamamoto, Shinji Tanaka, Hiromu Hosoya, Hayato Tsurugi, Kazushi Mashima, Christophe 101

Coperet

Activation of 02 by Organosilicon Reagents Yields Quantitative Amounts of H202 or (Me3Si)202 2018

for Efficient O- Transfer Reactions

Helvetica Chimica Acta €1800156
DOl

10.1002/hlca.201800156

Kento Kawakita, Evan P. Beaumier, Yuya Kakiuchi, Hayato Tsurugi, lan A. Tonks, Kazushi Mashima 141

Bis(imido)vanadium(V)-Catalyzed [2+2+1] Coupling of Alkynes and Azobenzenes Giving 2019

Multisubstituted Pyrroles

Journal of the American Chemical Society 4194-4198
DOl

10.1021/jacs-8b13390

Keishi Yamamoto, Ka Wing Chan, Victor Mougel, Haruki Nagae, Hayato Tsurugi, Olga V. Safonova, 54

Kazushi Mashima, and Christophe Coperet

Silica-Supported Isolated Molybdenum Di-oxo Species: Formation and Activation with 2018

Organosilicon Agent for Olefin Metathesis

Chem. Commun. 3989-3992
DOl

10.1039/C8CC01876F

Kawakita Kento Kakiuchi Yuya Beaumier Evan P. Tonks lan A. Tsurugi Hayato Mashima Kazushi 58

Synthesis of Pyridylimido Complexes of Tantalum and Niobium by Reductive Cleavage of the N?N 2019

Bond of 2,2' -Azopyridine: Precursors for Early?Late Heterobimetallic Complexes

Inorganic Chemistry

15155 15165

DOl
10.1021/acs. inorgchem.9b02043




Kawakita Kento Parker Bernard F. Kakiuchi Yuya Tsurugi Hayato Mashima Kazushi Arnold 407
John Tonks lan A.
Reactivity of terminal imido complexes of group 4?6 metals: Stoichiometric and catalytic 2020

reactions involving cycloaddition with unsaturated organic molecules

Coordination Chemistry Reviews

213118 213118

DOl
10.1016/j .ccr.2019.213118

BEAUMIER Evan TONKS lan

[2+2+1]-

99

2019

KAWAKITA, Kento; KAKIUCHI, Yuya; BEAUMIER, Evan; TONKS, lan; TSURUGI, Hayato; MASHIMA, Kazushi

Mechanistic Study on Vanadium-catalyzed [2+2+1]-cycloaddition of Alkynes and Azobenzenes

99

2019

Evan Beaumier lan A. Tonks

12,2 -

100

2020




http://www.chem.es.osaka-u.ac.jp/organomet/

Coperet
http://www.coperetgroup.ethz.ch/
Tonks HP

http://tonks.chem.umn.edu/

Professor

(Coperet Christophe)

Inorganic Chemistry

Professor

(Tonks lan)

Department of Chemistry Associate




ETH Zurich

University of Minnesota




