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Development of higth efficient and highly selective photocatalytic oxidation
systems based on ruthenium complexes and porphyrins

Kojima, Takahiko
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We prepared and characterized Ru(1V)-oxo complexes to reveal their
characteristics and reactivity in oxidation reactions of organic substrates. The reactions were revealed
to proceed in a unique entropy-controlled mechanism involving adduct formation between Ru(1V)-oxo
complexes and substrates. Based on the reactivity, we established highly efficient and highly selective
photocatalytic oxidation systems of organic substrates in acidic water. On the other hand, a unique
photocatalytic hydrogen evolution system has been developed using a Ru(ll) complex having a 1 -expanded
heteroaromatic ligand that acts as a reactive site. On the other hand, a Sc(l11)-bound
Pd(I1)-porphyrin-flavin dyad was synthesized to achieve formation of a charge-separated state surviving
for 0.11 s. In addition, photoinduced electron transfer was achieved from metal complexes to a
diprotonated from of a new water-soluble saddle-distorted porphyrin.



# XL C—19, F—-19, z—19 (@)

1. WFERHMA YW O R

AWFZe a2z L7~ 201140 3 A 11 H. R
AARKELENEAEL, #IEBICXAWEL T T
72 HEREEE BB OBRIC LD 2’
KELED T, BARITERT G720 R e
LTWre, ZORGHEDOT RILF—fEHICE
HLTWAEAHDOHARIZBWT, {bAKRE K
OBEBRBHI A LT = 2 L X — KR S &
RIEAN - BB L X —~D T HF
A L7 M, BMBROEZWEERED 1O

Thd, REBERxLF—L L TEATANEIL,

7V = TRER, BRUBICEE D E e x
NE—ThD, BIE, KOXmE2H M, (0F
KR AE &, MELHAE EIRETD
B, — VX —EHRm L4 Bigd
FEDS, BRI TR R P RS T
W5,

HAAR TOY= VX —FIHIL, ARk
RoNs oV F—2bFr L F—(C
BT 57 v AEET D, ZONERIRE
BT, 7an 74 28K Thd ANy
AT ONEIZL DX B EOMTE
FEEMTHEREE TR T 5, OB
WREDANRY Y VRT Z D NVHFF D
Wit H T, ~v Ho—FFV I T3R8 —%T
o bR E B EI(PCEDIC L W BRIk iE M
e LTo@mBEFMi~ T —FF VK
AR L., KEBL L CiEES T2 4EKT 5
EHIZETFEHE TS,

ZORLEREAE TS E LT, A7 40U v
AW EMOBERNERZ B ENT
XN, FOBILKIGEFE~DICHITHRE SN
TV, Fi2, TNOOXEFBEIISIC
BT, A7 4V rBLOEOLEEERIT
EREGRLE L THBREL T 5,

2. WMHEOHM
WERBEHFE LT, VT =0 L%
fiklt & 4 2 HHAL BW ORI « mEIR A
el R OEEE Bigd, 2 2Tl X
g7 e N EE BT LD Ry
T = h=AF VEEROERNBHEE 2D, R
WFZeClE. 2N E CICHFREREZENIT- Tx
2o VT = AAD-B U DT S RO T
1 kU HEEBEIPCED) KSIZ X DT
=0 L(AV)-A ¥ VRO LR & Z O RIS
BT B RFIE A LI, eERENE L, KE
Festlil, RN T2 REETZRIRE T DR
{LARBER 2T 5, S BT, BT DG
RO 5% D il 2258 U T e e b RO
B DALESRIE, REERRM, BreslisiR
PEAE BT 5, AAFIECTHI%E X5 il %
EBEOA AL FICAHZ 72 FiEE LTSN L,
T R VX — BRI To Y x X
—DOFHFIAEARELE T 5,

3. WOk

(1) BALABRL & SEIRA R
(2)$RDXyZ7 7 2 ) E—1 3 :NMR,
ESI-MS, ESR, 3057 < > KON A7 K

NORPE, BERALFREIC L 5L E)
DR, X B s & AT 12 & DA IRE
DFT FtHIC L o cifbiEDR I L A
AR BE D FEAM,

(3) #&FE Ru(Ill)-7 7 78K &2 fihift & 45,
IREEWR 1 C O A B FEE O A ER b KOG &
e A & O 72 e R R RO O B %
(4) FHALVT 2V MEMDOERRE., £
O ORF Y HEFHNAE . X RS S & MR AT
WEaFry o772 ) ¥—2a 2707,
(5) RANT 4 U ACEMOIE T BEVRHE
% W, B8 K DNETEWIN A~ 7 R VHIGE .,
EERACFHEIC L VST Lz,

4. WFFEARR

(1) Ru(ID-7 7 7 §E1A& D PCET f{kic X %
Ru(IV)-A % VKAt *xv 772V ¥
—va v

~
\ N | N
Ru!l

N
X Sweon
=

—
'S

Yo i Y opH: N
AN N NV N
Ru!l RulV
v Ve
= =
2 5
_ 2+ ~ P 2+
LN ol [ \ooml |
N ‘ NG /N\\/ PN
Ru! Rulv
\ |
\NZNXN/ SN NN
| Y N | l V% N |
3 6

1. Ru(h)—7 7 7#&5KQ1 - 3)& Ru(IV)-A
XV SEIR4 - 6) DX,

Z i E TIT ., tris(2-pyridylmethyl)amine
(TPA) K T  6-carboxylato-pyridyl)methyl-bis-
(2-pyridylmethyl)amine (6-COO -TPA) % fic {if.
+ & 4+ %5 Rull)- 7 7 T K
[Ru'(TPA)(H,0),]*" (1) K& O [Ru"(6-COO -
TPA)H,0)]" (2) (K1) %, KEW®H T
(NH,),[Ce"(NOs)s] (CAN) % &k #l & L T
PCET b3 2% &, £ Eiv, S=1 D 6 ffir
J\TH R 112 & 5 [Ru'Y(O)(TPA)Y(H,0)* (4)
L S=0 OTERMOETWMEERECH D
[RuY(0)(6-COO-TPA)YH,O)]" 5)& Ak T 5
ZEEWRELTWD (K1), RIFFE T,
-, 5 BN - TdH D NN-bis(2-
pyridylmethyl)-N-bis(2-pyridyl)methylamine
(N4Py) %= Bz & 95 Ru(ll)-7 7 7 $& 1K,



[Ru"(N4Py)(HO)|*" )&z & ik L7z, £7-.
K 3 % CAN TibT 52 Lickb,
[Ru"(O)(N4Py)(HO)*" (6)% #37= (B 1),

NMR, ESI-MS K OIS T <~ A7 L
MEK;@\%ms@%viﬁ&Ufwya
Y EATo Tz, SR 61, &$m0¢f® H
NMR A7 R JUIZBWT, B EEIZ
¥ — 7'(’\?'JL71/7%/1/%/TL S=0 0)2
BURBIZHD I ENDbhroTm, T2,
ESI-MS x«"y R ILIZEBW T, mlz =242.56 |
[RuV(O)N4PY) P IR S Hp e —2 7 T A
2 — 2B L H,"®0 TR LT 60 1ok
W miz = 243.56 ~D RIS 7~ 28I L
72o HBET < 27 FLIZBWT, Ru=0
FEAICHET D T~ L BLELAS 801 cm ™ (Z B
iz,

DFT st EORER., KBHEET DK %@ﬁ
ZHEROFIE L, §S=0 OREEN S=1 DIREE
ﬁbfﬁikéhé:kﬁ%éh\7mmﬁ
AZERRED RuV=0 $ERDAERKIT, KA
FICBITDRRRBDTHDL Z ERbr-o
7.

(2) Ru(IV)-F =% Y $EARIZ K 5 B KT iR
TOHILE Y OIS

FR I AR 8B D Ru(IV)-A % V51K
4-6 ZHWT-HHIELE, EIZT Vva—VEHD
BV ROCHERE IZ DWW T, R E R 217 -
t@%@F%,&m®% YR P TE K (Kops 8 )

FEERE IR LT Ei 2R L2720,
ﬁl%%mf%ﬁ%ﬁoto

kobs = kK[Sub]/(1 + K[Sub]) &t

ARG OB & LT, B{LAITH D
Ru(IV)-A % VA L E L O TT7 ¥ 7 b
RN 2 TWA I ENREINz, 20
T E T MERRIZOWT, BRABIHED m A~
FINAuA YT asR ) — v (hfip)E AV
WEFEBOMER, KEERTPIZHLBEDLL T, 8
K4 K6 & hfip & ORNZKERA DR S
NTWNDZ ERREINT,

7&7%%%@%“%%5k@\f5/M
RN 1-F X ) — )L OBLE GBI 5
ATl R %Téﬁﬁ%%% ., 1D
K M YORERFIEICIE SN T T2 T, 2D

W X VHAKEDE WA Z — L OBEEIT.

A K ) =)D RBKFIAS) DN ER & 72 D DI %t
L. Z0BKMED 1-7 a3 —LOBEAIL,
73 Y EIK & DIKFER G T (AR S K] &
RoTWAHZ ENbholz, T7hbb, AH
OWZIZK > TT X7 NERKOBRE) J) 3%
(kT2 EnNHALNERSTZ,

12, CH;0H (H,0 1), CH;0D (DO ),
&UC&OD@@#H%%E&LTWVT\%
4 )= NWBALROSIC BT S, K10k (sHIT
B9 2 WG RN AR R 2B L 7=, =D
FER. C-HFEA oUW 2 R B R 103 F
AU, O-H f5A O U@ e 1 TR B I & E
WZ ERHBNE ST,

FEEWACRIG D 1 YOR B EE k ORERLFE
P (Eyring plot) 7> & | &ML/ N T A — & IR E
L. COBBIREBIZET2B3E 41T o7,

ZOfER, EHALT s b e B —(ASH A 237
kl/mol (6 12 & B A% /7 —/Llg{b) ~ —143
kI/mol (412X b 2-7wva,N)—)Llg{k) &7
V. CH;CN H1 Ru(IV)-A % Vg {kiz X 5 [A
OIS DB TN THER & E L 7
ST, ZOZ &%, KERT TOHERK 4~
6 |2 X D IEBRCSOS X, BIE# COKERE
BT EFE - T, Mied Tl < ok S 7=
BIREEAEZ AT DI ENbIoT,
PLEDFER2 S, Ru(lV)-4 % VK4 — 6
WL DT va— A bIbn, 21277k
a7 7 A VIS THEITT 5 &R L
776

H
2% R

H ‘

Hu'VOH \(

R : The Adduct in the
\( Pre-equilibrium Process

Kel
C”) H : The Transition State

: Hydrogen-Abstratcted
H Complex

X2. KEEKFTD4 -6
B AV ST i O T S R s

ZxkAs7nva—v

S BT, 4 IZE DML W T, Yl
Sh?d CH EAEOKEMEET 2L X —
(BDEcy) & ZE Ol 72 C-H #6565 E TRk
b S vtz — WG B E H o & kb (log(kin)) D
B9{% % | Bell-Evans-Polanyi D=\ 2 CTHEHT L 7=,
log(k/n) = —aAH°/RT+C (K. 2)

AH® = BDEC H of substrate — BI)EO-H of oxidant
ZORER, K2Daffiix 0.08 &7, HED
C-HEEDOBREIZL O R W R NSIBET
HDHZENHLMME ol THUE, AR
B TR Y BRI R T IV 22 (o
~05)EIRELSELRSTND, ZOFRERND
m%ﬁ$fﬁméﬂé%%m1/bmﬁﬁ
(ASHEEDOEBIREEIZ BT, BB D C-H
AT ikhkﬁfﬁ# %m&m#@ﬁ
T 52 EDIRB I FL, Atk EEHEE 7o T R
(LS O FEBIZ @ 724 172 5K o B LR

N T,

(3) EZhE - BN 7 YRR Al 8 SOUG R
DG

[Ru"(bpy)s]*" (bpy = 2,2’-bipyridine) % Y1 ik
il m&ammm”%ﬁ ZREL LT, 8
&1 - 3 kit & 4 %, Britton-Robinson
RER(pH 1.8) BT 2 AL &M D Y fih
BEARRL OGS 21T - 72 (K 3), ZDO5METIC
BRI L > T, #k1 -3 13,
FnZEh, MLIEEECTH DMK 4 — 6 1ITE
X5, 4-methylbenzyl alcohol MMl
2 BRSO EFIHFEIL, 035 (1), 033
(). X 0031 3)ThH -7 (B KIHE: 0.50), F
7o, AM1.5 DRSS T CL iR EE % 0.5




uM & L 721§, 4-methylbenzyl alcohol @ &1L,
fib I SO oD b B[R THA ) e % (TOF) 1%, 1 T

1% 13,800 ™' (3.8 s1).2 TIE 11,500 h ! (3.3 s7)).

3 TIX 10,500 h!' 29 sHERESH, DT
R AL AR SR DOREELIT R L T2,

hv

VAR

2{[Ru'(bpy)s?+}* 2[Ru''(bpy)s?*

RulV=0 Sub
HZOX
[Ru(bpy)s]** Ru'l-OH, Prooy
decomposition

X 3. $81K 1 — 3 Ak Ru"-OH,) & T % Yk
Ll

2[CoMCI(NH3)5]2*

2[CO/CI(NH)s]*
¥

(4) Ru(l)-t Fwu % VEERIC X 5 HERE b
Fits » ROSERED A A~ F 7

5 JFE % L — b EAL T 2,6-bis{1,1-bis(2-
pyridyl)ethyl}pyridine (PY5Me,) = A T 5
Ru(ID-7 7 7 #81K, [Ru"(PY5SMe,)(H0)I" (7)
EAER L. kR OVERALFRE 2 £
2k, 20X 772V EB—va&iTo
Too SR 7 1%, KB T1E BRI,
Ru(II)-OH 5RO AL S D Z &b o
7= (M4),

PER 81X, KR CTE Fuf/ VHHQ
T A AL EUERAS)ERLT D Z L b
ST, B Nax 7 VOB % 3 i
WZHREAT 5 &L RBR O Ru(IV)-A4 % g KIC
X BT v a— VLG & Rk, BE—UGR

R\ OHZI\ —|2+ 7a OHI\ —|2+
o LN ot M| N
'Ru"'\N Oxidation N/RliIII\N S
N =
I

2N | Yy ———> &
= N = ‘Z—T =
ca I -
X
= Product Substrate

7 8

B 4. $EIR T OFRIKIC K 585K 8 DA,

FETERODS G PR FE TR L CRafnZEh &2 8 L,
T NERERBET DI ENRBEI N,
Eniz, K1 EANTHLND —REEEK
k2B D HEEmRFEMAEIRIT, EE O
{LIETTEMIC L > T, Blllah b &
Dbholz, EEOBLETEN &K 8 @
LB TEBMNNOEFBEO NI A BT
74— A(-AGy, eV)ER L, 5 THNETBE
BN D Marcus & HWTHRIT 21T o 72,
ZDOFER, —~AGy > 0.5eV OFE TIX, BB
O HFEI| =KL F—08A=131eV, EFHH
B~ FU v 7 ZAEHE P=0.0011cm ' &RES
Nz, —J5. -AG.<0.5eV OFEIL TIE, 1L
A E-AGy IBTFENR R 5T, —-AGy~0.5eV
B OCHAE N LT 5 Z E RIS I
otz (K5), T78bb, EBFBEHO RN A
By ST — ARSI K EE B
FHHADEE TR, FIAM T 7%
—ANRKEREEIEBE, 7o b B
FET/PTEE THETTHZ Lo T,

2
ET/PT
H,Q(OMe)
g H,QCl
o
k]
HAT
H2QF, _‘_____/:§ ________________
_______ H,QCl,
0 1
° 0.5 2
—AGet /eV

X 5. FCHEEEEOE Ao EFBEHO
KA L 77— 2 EIENE,

(5) EFmbEmoBREa I 2 Pd(ID)
ANVT 4V —TTE 2BIEDEREZ
DHHFAFIT A

PAIDARNVT 4 U VEEED A VLI T = =
NEENLTCTZ7 I 2B AN LIRS
donor-acceptor dyad (9)% Ak L 7=, Dyad 9 @
Xy I 2 ) B—3 g 03, KRS NFHIH
. ERALTFE, RS, KO, X #riE
RIS AT IC K o TIT o 72, = ORI %
X 6 I1ZR7,

PhCN F1 TOESALFHE DG F. Dyad 9
DAL BAL(Eo) 3 +1.03 V (vs SCE), #—
B ILEN (Eeq)?3-0.77 V TH DB ENRII
oo FTo, WINANRT VR OFRIEAT B
MUNEIZE Y 9 OfhE—EE L O =%
HO TR )LF =L, T, 2.13eV &
W 1.62eV LIRE ST,

9 DT TEUVEMET N TH D 10-N-
decyl-isoalloxazine (DecFl) ® PhCN & % I
Sc(OTf); (OTf = CFSO) & I+ % &,
DecFl IZZ RN 2 B¥p T Sc™ A A v MM s &

6. PAM)RLT 4 V=TT FAT v
R 43 D i A 18

THIENDbhoTz, TOZLEEEZ T,
9 @ PhCN IEWRIZ Sc(OTH:; M L7z & = A,
250D S F U FES LT AL AE(9-2Sc)
TlE, Ex M+1.02V TIEE A EZL LRV D
W% Uy Ereg 134021V ETEBMS 7 R LT
W, 92ST DR IE T EN D EN D |
9-2Sc> DB 4y BERFE D = F L X —1T 0.81
eV L AL b7,



PhCN HTD 9 OIEERIN AT hLHIE
EiTol= L 2 A PAID)A A > O EJF - hFIC
L DD TRWNERM A~ 10" s Yotk Pd-
RNT 4 U EAL OIS —EIEMNAER L, £
DOWFEHREIT 1.1 x10's ' Th o7, Zhioxt
L. Sc(OTf); fF7E . PhCN 1T 9 DifhjE
AR bV ERELIZE A, MO TER
i D E ATy BERIE(CS) 2 A L. £ DAl
0.11s (kes=9.1s ) ThH o712, ZD9DCSIK
FED ESR A7 M ERIELTZEZ A, =5
HREOY 7T AREH S, 2OV 7 v
NS REER D % 510 G ERE L.
RAPEFRIEREIZ38 A & AL b, =
M. X 6 OfEsEE ) b HEE S D M &
BW—3aR LI, T7bb, 9-2S¢’ 1%, 0.11
s DFmzE BT 5 = EHIAEMN BEREZ AR
THZERHALNITIRS T,

(6) RFATZ = VBA T4 U VS EA
4% Ru'terpy $&A DA AL

HZ KA OE =R LT, U7
g h b RTFH T 2= A RALT 4V v
(H,DPP*Z A4 % 2 FEH D Ru(ll)-terpy S{A

(terpy = 2,2°:6°,2”-terpyridine) & &% L 72, £7°,

7 2 F#EA % LT HDPP* & Ru'terpy % i
FELTSERE AR LTz,

H,DPP #3712 Cu" A A o 23 iEA L 7= BB
BEIR 10-Cu (LA TF L IR IR S B T7-%4.
TEEER A N 2 IR T 30 IR EZ 1T - 72,
FOt#. 7 by /~FH o mnbHEfEnE21T
5 T LT, 10-3C1 Z U 54% TR, LY
@ MALDI-TOF-MS |28\ T, m/z = 1793.37
&1[103C1—3CI]+ (CalCd. for [C118H82N100C1RU]+2
1793.55) D> 7 F AN ESN-Z L ko,
10-3Cl DR Z MR LT-, £7-. CD;CN 1T
'THNMR 2227 hLEHIELTZE Z 5, 5810.62
ppm {27 2 READON-HO T 1 b Dy 7
LN S T, & 51T HDPPP AT & Ru(ll)
SEIRERNAL D > T T ENENBN Sz
ZEMbH, 10:3C1 DA EFHER L,

10-3C1 @ PhCN F{Z 35T D WU K ONFE i A
A7 MV EJIE L, HDPP? EL o il — &
HR O —BEHEOT R LX —HEN 2, Th
ZH, 1.66 V141 eV ERE LT, £,
PhCN H1CT? 10-3C1 2B % ESALFHE D
& 5. H,DPP*" D FENAL)3-0.44 V(vs SCE).
Ru"™ DBALAH0.89 V L IRE S NT-, T DFE
E 5| 1003C1 TER SN D EBENRED
TR F—UENE 133 eV ERTE LTz,

7= A M ROT 2 P EERI AR |k
JVRIE DFE R A5, 10-3C1 ¢ PACN F1TO ¥
BAF 27 ZAEFALMC LTz, R Fbn s
H,DPP*' ~ DN HFHEEFBENC LV AT 5
- BENRE(HDPP R DAL, 7.1 ns
ERE ST,

—7J7. HsDPP*" & Ru'terpy % C-C f& T
Pl L7 dyad 431 11:3C1 /R L7z,
PhCN 1T, 113Cl ORI K ONFEHE A~ 7 |~
JUIIGE 24T\, HyDPPY 37 oD fihiEe — B 7E M

WE=FEEHO = 3L X —HE & | FHF,

1.65 ¥ 141 eV ERE L7z, £72, PhCN H
TO 11-3C1 [ZBT 2 BRALFRE 21TV,
H,DPP*""" D &7 4-0.42 V(vs SCE), Ru"™ »
WALE+0.79 V ERE LT, ZTORERLY .
11-:3C1 THAKT H2EFBENRED = %L X
—YE(L A, 121 eV EIRE LT,

PhCN HZEIT D 11:3C1 D7 = I FF(Aex
=390/500 nm) & NF / F(Aex = 520/500 nm )i
PEWUR A A7 S VR E N He S < 3 3 11 i
PHZE D, 113CL DN F A F I 7 A&H L
IZL7=, 11-3C1 /%, H,DPP*EBAZ A b &
N C—EIAGEIREE & 72 > 2% . Ru(ID)gl{k
B & — EIE LR REIC & 5 H,DPP* ERAL
DO FNEFBENEITL., £ 10 ns DLk
BNEHFMOEBETFBIARELZTERT L &
DHLMMNE o7, F1-. HDPPH AL D =
BEIHEFHEIRAEIL, BB & HAICETT
% . HyDPP*'EBALD — BIEAHER R EE D B DI
2872 & . Ru(IDSEARERALO MLCT —HHHJih
ERENS DO THNZRIAX—BEIC K-
THER L, 22 us OFm CTHRIERIE LRI
THZ LN hoT,

(7) H,DPP*" & Ru"TPA $fi{k L DKFERHES
R 5y 1 DIERL & #8038 - B )

e (1) TE & L7z, Ru'TPA $8kic &
VOVEZBTRAMLE 4BV P IRy
1% (4-PyCOOH) & K FEfE AL & L THEAL,
H,DPP & OEEMEHEKISIC LY | KFEREEHE
4y (HyDPP),{[Ru"CI(TPA)(4-PyCOO0)]}(X),
A&k Lz, 7T iz W
[Ru"'CI(TPA)(4-PyCO0)]CIO; (Ru-py-COOH"-
(ClOy )&t & L CHWZHE D H,DPP O
v b oAbZEE) 2 iR L7, acetone-dg T2 30
T, H,DPP (2%t L T Ru-py-COOH'(CIO,) %
AN L. '"H NMR i & 21T » 7= 5 %,
Ru-py-COOH" D & H T & 5 Ru-py-COO
HkD 'HNMR & 7 Fuid, A7 4 U B
DERFEFNFN L DN R DT 2R
RIS 7 L. Ru-py-COO 7% H,DPP*
ERILT 4V B ET R TAERKER
B EERLTCNDZ ERNRBIn, £
72, Job’s plot IZ K DT &2 AT o728 2 A,
[H,DPP]: [Ru-py-COOH'] = 1:2 THEKIZ=E L
H,DPP & Ru-py-COOH' 7} 1:2 DL TREL
TWAHZ EREZR SN, £ LT, BILAA
7 SAVEABIZE T D 738 nm ORI X
v, FEIZESWTESEERERD D &
K=16x10"M? & & LTz,

T T, RINE O AT RV
. BRALFEIE 21TV, HDPPY O —HIH
bR KRB D = R L ¥ — WAL & 1.66 eV, 1:2 #
D1 12 OB FBENRIED = 3L X — L] %
1.09 eV ERE LTz,

SIHIT, TEMAHATD 12 D7 =L D
WPERI AT S VHIE (Aex = 500 nm) & 4T
W, TONEAFT I AEZHLMNI LT, K
FHESRES T 12 2B 5 E FBEkED
Fmik, 172ps TH o7z,




5. TR ILE
(WFZERFRAE . WFFEr A S ONEEERFE# (1

EN )
UdEssam ) (Bt 29 1)
1. “Redox Non-Innocent Behavior of

Tris(2-Pyridylmethyl)amine Bound to a Lewis
Acidic Rh(II) TIon Induced by C-H
Deprotonation”, H. Kotani, T. Sugiyama, T.
Ishizuka, Y. Shiota, K. Yoshizawa, T. Kojima,

J. Am. Chem. Soc., 137(35), 11222-11225 (2015),
DOI: 10.1021/jacs.5b06237, (A7 A

2. “Formation and Characterization of a Reactive
Chromium(V)-Oxo Complex: A Mechanistic
Insight into Hydrogen-Atom Transfer Reactions”,
H. Kotani, S. Kaida, T. Ishizuka, M. Sakaguchi,
T. Ogura, Y. Shiota, K. Yoshizawa, T. Kojima,
Chem. Sci., 6(2), 945-955 (2015), DOI:
10.1039/C4SC02285H, (£ H)

3. “Reactivity of a Ru(Ill)-hydroxo complex in
substrate oxidations in water”, S. Ohzu, T.
Ishizuka, H. Kotani, T. Kojima, Chem. Commun.,
50(95), 15018-15021 (2014), DOI:
10.1039/C4CC07488B , (FHiH)

4. “Binding of Scandium Ions to
Metalloporphyrin—Flavin Complexes for Long-
Lived Charge Separation”, T. Kojima, R.
Kobayashi, T. Ishizuka, S. Yamakawa, H. Kotani,
T. Nakanishi, K. Ohkubo, Y. Shiota, K.
Yoshizawa, and S. Fukuzumi, Chem.—Eur. J.

20(47), 15518-15532 (2014). DOI:
10.1002/chem.201403960, (7t A)
5. “Hydrogen atom abstraction reactions

independent of C-H bond dissociation energies of
organic substrates in water: Significance of
oxidant-substrate adduct formation”, T. Ishizuka,
S. Ohzu, H. Kotani, Y. Shiota, K. Yoshizawa, T.
Kojima, Chem. Sci. 5(4), 1429-1436 (2014),
DOI: 10.1039/C3SC53002G , (&)

6. “Photocatalytic Oxidation of Organic
Compounds in Water by Using Ruthenium(II)-
Pyridylamine Complexes as Catalysts with High
Efficiency and Selectivity”, S. Ohzu, T. Ishizuka,
Y. Hirai, S. Fukuzumi, T. Kojima, Chem.—Eur. J.
19(5), 1563-1567 (2013), DOI:
10.1002/chem.201203430, (&7 H)

7. “Mechanistic insights into catalytic oxidations
of organic compounds by ruthenium(IV)-oxo
complexes with pyridylamine ligands”, S. Ohzu,
T. Ishizuka, Y. Hirai, H. Jiang, M. Sakaguchi, T.
Ogura, S. Fukuzumi, and T. Kejima, Chem. Sci.
3(12), 3421-3431 (2012), DOI:
10.1039/C2SC21195E, (&7 A)

(FR¥FK] (B 143 1F)
1. (Invited) “Mechanistic Insight into Oxidation
Reactions of Organic Substrates by Metal-Oxo
and -Hydroxo Complexes: Switching the
Reaction Mechanism”, T. Kojima, [UPAC-2015,
(45th  World Chemistry Congress), BEXCO,
Busan, Korea; 2015.8.11 (2015.8.9-8.14)

2. (Invited) “Mechanistic Insight into Oxidations
of Organic Substrates by Ruthenium(IV)-Oxo

Complexes in Aqueous Media”, Takahiko
Kojima, 41% International Conference on

Coordination Chemistry (ICCC-41), Suntec
Singapore Convention & Exhibition Centre,
Suntec, Singapore, 2014.7.22(2014.7.21-25)

3. (Invited) “Reactivity of Ruthenium(IV)-Oxo
Complexes: Mechanistic Insights into Oxidation
Reactions of Organic Substrates and Application
to Photocatalytic Oxidations”, Takahiko Kojima,
ICBIC 16, The Alpexpo center of Grenoble
(France, Grenoble); 2013.7.24

4. (Invited) “Metal-Assisted Formation of an
Extremely Long-Lived Charge-Separated State
in a Porphyrin-Flavin Dyad”, T. Kojima, 223"
ECS Meeting, The Sheraton Centre Toronto
Hotel (Canada, Toronto); 2013.5.14

5. (Invited) “Reactivity of Ruthenium(IV)-Oxo
Complexes”, Takahiko Kojima, The 6th Asian
Inorganic Chemistry Conference, Hong Kong,
China; 2012.11.6 (2012.11.5-11.8)

6. (Invited) “Molecular and Supramolecular
Architectures Based on  Saddle-Distorted
Porphyrins and their Functionalities”, Takahiko
Kojima, International Conference on Emerging
Advanced Nanomaterials, Mercure Hotel
Brisbane, Brisbane, Australia; 2012.10.23
(2012.10.22-10.25)

(E) GF21F)
1. “Nanostructures and Electron-Transfer
Functions of Nonplanar Porphyrins” S. Fukuzumi,
T. Kojima, Organic Nanomaterials, T. Torres
and G. Bottari, Eds.; John Wiley & Sons: New
Jersey, USA, 2013: pp131-147. (&#i4)

(Z D)
R D= U
http://www.chem.tsukuba.ac.jp/kojima/Site/Site/
Home.html
6. WFIEHARE
(D) wrFe
/N (KOJIMA, Takahiko)

B R « BEEWME R - Bk

WFEHE T 20264012

(3) TSR

%% (ISHIZUKA, Tomoya)
B KT - BOERWE R - GEAT
WHZE& 25 © 20435522

/INABLBA (KOTANI, Hiroaki)
B KT - BOERWE R - BhE
ot 5 - 10610743

@ % — (FUKUZUMI, Shunichi)
LIRS« BLLSRER - FR RS
WFoeE T 5« 40144430



