Synthesis and oxidation reactivity of non-heme
type iron(III) peroxo complexes
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F1E F

B RBEIRIZ K DIEFTEMAL DL FIZ T HEERFED 1 21, 0-0 #it DR & ARk
ORI TH 5. EERIEL, ZD 0-0 FEEDBRKE AL ETHIHIIT> TN D (Figure 1-1).
B 2L, A X & AH ) —)VZER{E 3D methane monooxygenase (MMO; 2Fe) (2R &5
CEERBERIT, BSOS I VBRES TRV R Y EEE LTHRA L TR EL (0-0
FEADOREY), A LSRR liA S VFEIC LY A% &8T5 (Scheme 1)'. Z iU,
REDF DO~V Y EAERBL, 0-0 #EGElAT L0, 4 EFECEBETHS.
ZAvEIFNT, A RGR I(PSID) OFEFEFE AL (OEC, Oxygen Evolution Center; 4MnCa)
T, ~> A7 7 AF 2L DKROBBAIC L0 BBEERESNER S, BESTEEY
H4 (0-0 FEADARL, Scheme 1-2)7. ZHUE, KuoF16H 0-0 fEE%EARKL, MEL
T 5 4 EFMLRETHDS. 2O K57 0-0 FEDHAEE AR ERET 2 2 LI,
R DO R RS TEZ AT 2 AREBR RO N OB R DA R T 5 T2 OIZIER ICHE
HTHD.

ex. Oxidation reaction
Dioxygen Activation

O, binding O-0 bond cleavage
+ e + e + 2e”
0—=0 0—0O0 -0—0~ 202~
-e” —e” —-2e”
O, evolution O-0 bond formation
Water Oxidation

ex. Photosynthesis

Figure 1-1. Dioxygen activation and water oxidation process.



dioxygen binding

Fell  Fe! 0; = Fell Felll
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o0—oO0
MMOH, ¢4
Compound P
2H,0
O0-0 bond cleavage
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Scheme 1-1. Proposed reaction pathway by MMOH via O—O bond cleavage.

H,O
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Ea54-COO 337 dioxygen evolution
O,
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E435-COO |Vm’—\o\ Es35-COO Mn—0
333~ / N-Has7 333 / N—-Hsg7
Eg54~COO E45,~COO

Scheme 1-2. Proposed water oxidation mechanism by OEC via O—O bond formation.



IHETICHAIEL, MMO O~YLA % Y HEEORES L O FRET V&R D i
BRAM) LA V$EIR ([Fey(u-07)(u-OH)(6Me,-BPP),]" (2), [Fea(u-02)(u-0)(6Me,-BPP),] (3))
DA RS HAZ SR i IR BREE R ([Fe(qn)2(02C(0)0)] (4-0,C(0)0), [Fe(6Me-pic),(0.C(0)0)]
(5-0,C(0)0)) (T & B[] 0-0 fEA DBIZL L AT LT D™, KIFFETIE, Zh
B IEANLBUERA) A~V A% VIR D 0-0 FE DERKIC L DA EBILISEEZ R~ Z
ExHME LT, 8 2 ETIE, I E CICEA PEESSETFIMHEEEZH OGN L F
0 X VG AR T D SR~V A Y BEA [Fea(u-02)(u-OH)(6Mer-BPP),]" (2) B8 L O
I X VG AT D B~V A F VY EEA [Fea(u-0,)(u-0)(6Mer-BPP),] (3) Z# HW T,
T BIERNLF DEWVD O-0 #iG DHRIZE 2 D BIZ oW TR~ D, 5 3 ®E T,
O-O FEE AW BRI U AT 2 HEESRAI)E REE A A 2 SR DB LR Z /5T L 7.
EHI, H 4 BT, MRORAHRIETH DS PhP=0 ZEHL, 0-0 Fié DA
DOV X Y EHRDOGRICEE LTz, BLTF, 261220 TikR5,
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FB2E EFOXVEIUVFFVERZEITHISRHUDRLAFVEED
B b RIS &

2.1. il

ERRICIE, BRR T AIGME L L, MbEOGZ il 2 IE~ D SR BFET 5.
BlzIX, AZHRAE ) =N ~EKBALT HAZ E ) AFT 7 —E (MMO: Methane
Monooxygenase) Dt K ¥ 77—+ a2 v R—F > b (MMOH: Methane Monooxygenase
Hydroxylase)! ° b/l =% 7 LY —)~LKBb+ 5 bzt /) X7 —+
(TMO: Toluene Monooxygenase) Pt R ¥ 7 —F a3 R—x >k (TMOH: Toluene
Monooxygenase Hydroxylase)?, F 1 &2Fui TN~ @bT2) RX 7 LAF
R &#7 % —% (RR: Ribonucleotide reductase)’ &N 5TV 5. £ZU4E, 745k R
WAL I AT 2T T b R I A ERE{EE%ESR (cADO: Cyanobacterial Aldehyde
Deformylating Oxygenase) DIFFEHLIA G N E 72> T D

IO ORERESEO EETOIITEEORER S 5. T ORBEROIEE LI, B
VIR EEA A BT 32 S BUfE L7 FEFIC LS BlI7eiE A2 A LT b, MMO, TMO,
RR TlEE AF Do DA I XY —VIHN 2 D, FVE I VBB D WIET AR8T Xl
HODIWVHR A TN 4 OEL LTS, £72, cADO Tl ERAF VDA IFX Y —
JARBES 2 o, X I VEREED IV VR A AN 3 OEMLL TR, EETHD
TIT e RHDWITERT DHNR A AW 2 DDA A U NZHHE LENL L T 5.
ZOXEIT, TNODORERITT I BIKEOBOENNIH 5%, HIAIZ < O VR TR
BN 72BN BRERIC A 975, L LR s, ZOXIICEFIC L EE LR RELZ A
THZHELLT, 2O ORESE CTERT 5-ULAX Y HRIHAD 3 2O E I LS
PEIFECEZR-> TS, RIS, TNHDOBETINE TICREIN TS AT =X L
ZaY.

MMO DOfiES A 7 LClik Fe(LI)IRREDIE LA MMOH 23Ry & Bk L, i%k
(D) ~/vF % Y FfElA (Compound P) 28RS 2. EHIT, ZTOAFHYHED 0-O e
DBHZL L, bis(u-ox0)Fe(IV), BALIEMEFRE (Compound Q) BT HEEZ LN TS . =
DFER AL D C-H faNOKRBRTF L5 &hE, AF ) —n~LKBILT 5 LIBRS
ALTWD. £72 RNR THZAUTHEEBI LA 7 v ERD EFZ 26N TEY, HHFEE L

TEJRFM Fe(lILIV)ff (Compound X) BMEREINTNWDEY ., ZoMMAFus v % 1 B
5



ibL, Fav I P hNEERT 5. —J, TMO TiE AL~V 2%V H R
W7 L—HEBIEFICEUSL, KL LEEX TS, £72, cADO TIEET
TESALIFICEE THLIEHT AT B RBENLT D Z LT, BEE DT & OGN AHE
L0, AT D BRI A X Y PRRSENL LT VT B ROBIVAR = )VERFE L
REEEIZEUS L, hemi-peroxy FEAZ AT H B2 6N TVWDH. ZOMED 0-0 fED
S HITIEM b S, BbAER & UTIRFERD | DB LT vy, Try, 50
(IANAR BN AERT D5 2D K I, L R O~V A X Y HERIE, 0-0
BERAXRLEED CH #HaEiEtHE b 2 b0 0ETFIICT L— A2 KBILT 550,
REBINZT VT e FERIGT b0 E, SRRSO ZRTZ ERDNY 5255, L
MURRR D, BUEZ DX D REERPBRCEUGHEZ ED X D IZHIE L TW D nidbhroTE
5, HEEERBUSREOMIZ BIs Lo/ Vo7 VA Z W T2 BFZE 038 A T i T
5.

FE L TREBRIE SR O PIVACIEM R O IE e F 3, 80 AV ORNIBREN ED L D
(ZERLEOSTEDOHIEICE D > TW D O &M D L TEHERFENNYD 252 5. BIfE, F
L REERRESR O PR ORS SAEIE X IER D70, 1996 EICETABIGEIC L Y 3 FERE
D KR~V A K A O fE I EE Y Suzuki, Que B LY Lippard HiIZ k> TENE
NS SN TW5D (Figure 2-1)' F7-, ~ULA% Y hERTEMAL S TAERT 5 ER
Tl bis(u-oxo)Fe(IILIV)FE [Fey(u-O)y(tpa),]’™ OAEECHIMED Que HIZ L » THE S
Tn5

F72, 2005 FITHMIEZED Zhang HIE, R H VR A A e Fex Y BIUOH
% GG & R RO BRI~V A3 SR ORI 22 5 AR & S SRS REAT I ) L T
WBE ZUE, B R Y BIOA X Y EEET UV A X VAL LTI T
OB TH D (Figure 2-2). 2B AT MR T < AT FLIZL D, ~LbAF Y
FEO qf HUEND Fe(lD)A 4> ®D dn fLiE~D LMCT 2246 Fo X VRO KT X
VX —ITNET D Z &0 D, Fe(lll)f A2 DA ABEVEEL, 244G Fux Y EE2A45
~OLVFAF VEERDFINENZ LR Do TWA, £, 0-0 HfFIREIO =R /L¥—1%, 42
BAX Y EE2HT LNV EHRO FBRERNZ 0D, 0-0 B H I HHDOHRFHN &
TREIND. T O, Mossbaver, #%HLIGHEE) 75 t7E (Nuclear Resonance Vibrational
Spectroscopy, NRVS), JLUEIRENAEHT (Normal Coordinate Analysis, NCA) 72 & DI E 23

ITOTEBY, ZALOIVFFRVERIE, ~LAF Y FICET DS & 0 FroMHEE I
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BT 2mR A%< G TERY

[Fe(Ph-bimp)(CgH5CO0)(0,)1(Cl0,), [Fe205(02,CCH,Ph)(HB(pZ')3),]
Suzuki et al., J. Am. Chem. Soc. 1996, 118, 701-702. Lippard et al., J. Am. Chem. Soc. 1996, 118, 4914—4915.

[Fe204(N-Et-HPTB)(OPPh3),](Cl0,)3 [Feo(u-0)4(5-Et-TPA),](Cl0,4)3
Que et al., Angew. Chem. Int. Ed. Engl. 1996, 35, 618—619. Que et al., J. Am. Chem. Soc. 1999, 121, 5230-5237.

Figure 2-1. Structures of (cis-u-peroxo)diiron(IILIIT) complexes and bis(u-oxo)diiron(I1L,IV)
complex; B (yellow), C (gray), Fe (green), N (blue), O (red), P (pink).



Formation of (u-OH)(u-O,)Fe(lll); and (u-O)(u-O5)Fe(lll), Cores
X-ray crystal structures

/| CHj;
NS
H;C N N/|
N\ N
%0-
(0]

6Me,-BPP
X. Zhang et al., J. Am. Chem. Soc. 2005.
K. Park et al., Angew. Chem. Int. Ed. 2013.
" (o] N <H) B o)
ase
N\F(Ie"'/ \Fc!z"'/o —>H202 Fe'"/ \Fe"' ‘——,,\ Fe'"/ \Fe"'
0/ | \O/ I \N -80 °C \o_o/ H \o_o/
N H N in MeOH
(u-OH)(u-O5)Fe(lll), Core (u-0O)(u-O5)Fe(lll), Core
(u-OH)(u-O)Fe(lll), species
2 3
1
LMCT Energy 644 nm Blue shit o 577 nm
(in MeOH at -80 OC) ngh < > Low
Lewis acidity
O-O stretching 908 cm™! > 847 cm’’

(inMeOH at-80°C)  sirong < > Weak

L4

The strength of O—O bond
Figure 2-2. Ligand and X-ray structures of 2 and 3.

FEANL TSR REEFR I L TIE, 2009 422 T4moHD @ —AZ#EkIIN)~/L A%V HfEK
DiEFHEIE A Groves HIZL WV HESNTVEY. ZOfEMEREN S, 0-0 FEAHEEN 1.5
A, Fe-O NENEI 224, 24A, AN 29° ThHdHEHEIN, ZOHEEEIT HO0
(LLLKIZOH) THDHEEZDLNTWD., 72, ZOVLFF Y EPNFHEO T VX I R
KRG T EKRFBREEDOR Y NT =T B L, REMLTNWDZ ERbhro TS, S
Hak_7z k91, Fx Ik LIATIC, T4moHD OffFHEEICHEET 22446 Fux Y
AT HVA X VRO G BE L, MESWIEIcET o2 ERE 52 TE k.
ZOXEIIT, INGTETASERE WL, 20X D REEE TR O D FREIRO

ERDTODORTF—7120, AARERE G2 TETWS.
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Que HlE, ZJHMUIUEREILF Mes-tpa Z & de [Fe'y(u-OH)a(Mes-tpa)(CH3CN), 1> 514 &
BETFICELVARKRTLIAF Y RBZ S KD XA X VIR
[Fe'5(u-0)(u-02)(Mes-tpa)|*" A& L7=". ZofITNfEd 5L, RNR ORSHREEE L
TREZIN TS bis(u-0x0)Fe(ILIV), FEEZ AR T 5 Z & NHE SN TWD . 7R,
Que HI%X=JERNIF BnBQA % & e [Fe'y(u-OH)(BnBQA)(CH;CN),*" Sk & FeEIC &
D AERT D A Y YUE & S T TSR~V A YV BEIK [Fe'y(u-0)(u-0,)(BnBQA) | »
v hARIZE Y, ST o Fak VG EZ S SN~ VA X YV EERDN AR L, £
DFED IR LV @Al Fe"-O-FeY MR A+ 5 Z & ##MiE LT\ 5 (Figure 2-3)". =
U, (u-oxo)(u-peroxo)fED 7 1 ki AKIZ L D 0-O fEA DOBHEMERE S 41, ribonucleotide
reductase DB o1 7 VHIZIFIET D IR T Fe"-O-Fe'Y HRi{A (intermediate X) D4
FRERM L2 TORFITHD. LLRRE, T LA XY PO iRIE—k
& D WE IR OEERNZAEDT, HE R Z2RBFZEIT T o TR0,

H
o o)
(L)Fe”/ \Fe”(L) [(L)Fe'”/ \Fe'V(L)]
~ N \N H
X ! N
o 8
BnBQA A ey L
o e 0—d

Figure 2-3. Proton assisted O—O bond cleavage reported by Que et al.

T4, Kodera ©Id ZHIFLPUERIN. 1 tpa % 7 /L LZEKE TR E " EALEMNL T 6-hpa
(1,2-bis {2-[bis(2-pyridylmethyl)aminomethyl]pyridin-6-yl}ethane) % HI\ T, —EEELAIILIMEE A
[Fe"2(u-0)(OH,)2(6-hpa)|(ClO4)s %Ak L, EEAKTE & DRIRIC X 0 AT D A4 % V4846
AT D A~V A VSRS, EAREET 0-0 FEG ORI RBR & BAEIT D
Tl E TR ULA R VAL LD TR L7e (Figure 2-4)'%. & 512, 6-hpa L
TOY A RT — 2L ZADNVKRUVBBATICE X ZBEALE N + HBPGE
(1,2-bis[2-(N-2-pyrid-ylmethyl-N-glycinylmethyl)-6-pyridyl]ethane) % F V> 7= — 8% &k (ILI1) §5 (&

[Fe'2(u-0)(OH2)2(BPG,E)|(ClO,)4 1%, EER(L/KTE & DS T (u-0x0)(u-peroxo)Fe(IIl), HIfE A
9



EAERRL, L7 4 VEEDODTRFIALIZEBNTEDOAULAF VELD 0-0 FEG DBz
NEOHEEPEIC B EN D 2 L ARl LY,

oD Gy
s o G

6'hpa H2BPG2E
(0]
I
Fe”'/O\FeIII 1) Et;N Fe”'/O\Fe”I Fe"’/o\FeIV Fe"’/o\FeIV
b, o amo, o—d T 6 o ¢
2 2 2)HxOp -
syn form antiform

Figure 2-4. O—O bond reversible cleavage and reformation of diiron(IIT) peroxo complex reported

by Kodera et al.

INFETHBRARTREL L, ETAHEARTIIE R VBB LA VB2 T D
SIVEF VARG ENDOH H DY, FOWEFNID2. FRIZ, b Rk Y 3EED
BRI~V A VAR X v T 7 X T A X LTHNIED 2 Bl Loy B F7-, Zh
FTINHAINAF VRO FHIEEIZOW TN L N TE R, 2O XD e ik
(I~ A%V $ERCTEAL G2 R T H DIXR STV D, RETIL, SiFE=ECTAHK
Sh, BESHIFMHEENRHO MR >TWDH e Ra X Y AE LA+ 5 ek -~r
73 YV $EA [Fea(6Mer-BPP),(u-OH)(u-02)]" (2) B LA % VHE A9 5 ek ~L
3V GEK [Fey(6Mer-BPP)y(u-0)(u-0,)] (3) & HWT, T HAEERUL - DEW Y 0-0 il
BOBZNC G 2 DB LR, TN EAUVA R SR AN I TR B B LG %
BRETL, Aot LOHERIIMIEICL Y, Zhbo 0-0 #ida OZICET 2 Mm KA,
DL ENTEIZOT, TIZE~D
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22. BWREEE

2.2.1. "EESRAID VAV S5 A DR B M
(1) BREFHIREBICKIG

A= B 53 A

E ey BI04 VEEE AT 5 A~V A VEEIRD, Z OLERNL T D
HEWZ XD EO XD ITEBLEUSTHENR IR 5 DO EFRD Z L iX, ~ULA s VRO 5
HIPEE NG 2 DB MDD FRNY LR HT-0HEETHS. 2 BLO 3 OBEFHIRRILEE
IR D T8, styrene X° PPhy & OGS E et L7z,

(u-hydroxo)(u-peroxo)Fe(Ill), $&1K [Fey(u-OH)(u-0,)(6Me-BPP),]" (2) (~1.0 mM) B L
(u-0x0)(u-peroxo)Fe(Ill), #&5{A [Fes(u-0)(u-02)(6Mer-BPP),] (3) (~1.0 mM) & 1000 & D
styrene (~1.0 M) Z7 & h= kUL, —40°C, ZEREHK FIZBW T, BUSHEOE
Wa )TN T ML TERA A ZBREL, GCMS IZ XD ER a1 To7-. 2
DAYV F VEER L styrene & DG TIE, LAY TH S styrene oxide MIF & A
EAEBLTWRWZ Lnbhrole. iz, HRISORED B ORGSO & i L
TIFEAEEDLL R oT-. LT ->T, 2 BLW 3 & styrene & ORUGNTIT & A EHELT
LTELT, ZHOEHAD styrene (T 58 E FHIBELERITMERNZ &3 Do 7z,

F7z, 2 L 30 H¥ED PPh; (~30mM) &7 & h= kU, 40°C, EBHEFAK T CTK
JREED L, KRIEHFRRLSET LRTFANLRE~EB L. RKIS%ROREE V) 17
WA T BB L TERA A U ZREL GOMS ICEVEET DL, 82% D PhsP=0 234K
LTWbZERbrole., LEENR->T, 2 IRV oxo-transfer I & L THI< Z & 23R mg
STz,

—J5, 3 1% 2 L[AERIZ 30 HED PPhs (~30 mM) & SUG S W 7-84A, MISHEEOM k-
TR OIS, A O HARB o B~ B L2, GC-MS 2 X 2 AR5 D
FER, 32% O PhP=0 BAEK L TND I ENbhoic. LEENR->T, BILERMTH D
Ph;P=0 DULE D, 2 OB 3 L0 H PPhy (ST DHEFHIBRLEEN mWV T & 2SR
EH7= (Scheme 2-1). WKIZ, AR MEIH S 72 PPhs (2xf L CEREFRIFTEZ1T > 7.

11



(A) (1000 equiv)

W

oH B _ > No reaction
N\ o in MeCN at -10 °C
N\\F\e/(HD\Fe/O/
Oﬂ%/\ d \\N (30 equiv)
\,N MG N PPh,
oy \(\ : ~  PhgP=0 (~82%)
in MeCN at —40 °C
[Feo(6Me,-BPP)2(OH)(O2)] (2)
(B) (1000 equiv)
6
\/ HsC / \ .
v CHs = No reaction

in MeCN at —40 °C

07\ ['o—o"\ N (30 equiv)
R PPh,
ELENN PhsP=0 (~32%)

in MeCN at —40 °C
[Feo(6Meo-BPP),(0)(0,)] (3)

Scheme 2-1. The electrophilic reaction of 1000 equiv of styrene and 30 equiv of PPh; with (A) 2
and (B) 3.
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T EE S B 20

HEEL 7= 2 & REBEID PPhy (2 (26 LC 10 H&LLE) OGE, 7 b=k UL,
—40 °C, BHRFHKX T TITo72. 2 OOMRRISITET A7 MV TEBLTZ. ZORE,
PPh; Z&de 2 ORI, 2 OIREICKT 28— REHEANZHE S Z L3 bdr> 7 (Figure
2-5 (A)).

2D 2 & PPhy ORURIE, 2 OHOHMREUGE 2 O~V AF Y B D PPhy ~OfEFH
BEINISOF ARG THD EEZ HD (Scheme 2-2). £ 2T, 2 OHAHEKIED—IK
HEEH A ki, PPhy ~DOBEFEBEIEO _WHEEHE bk LEFRTDE, UFOEERX
BFFHD. [2] & [PPhi] 1E, £HEh 2 & PPhy DIRETHD.

—d[2)/dt = Ja[2] + k[PPhs][2]
:(kl + kz[PPhg,])[Z]

kobs = k1 + kz[PPh3]

—40°C TD kops & PPhy DOIEFEZAL (2.8— 11 mM) IZEMER L otz ZDZ &b,
ZORIE 2 & PPhy O FRIGTHD Z LD, ZOEMOME D ZUREEE
Bk ZELT (=062 M's"). ZOMEMND, ~LAF VA 2 NEH: PPhy &2
fELTnWb B2 615,

H
- O\ i ~ decomposition product
LFe'l Fe''l  in MeCN at-40°C
O0—oO ko

[Feo(6MexBPP)(OH)(O7)]* (2)  pph,
PhsP=0 (~82%)

Scheme 2-2. PPh; oxidation vs. self-decomposition of 2.
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0.6

Kype /107 8™

400 800 1200
Time / sec

Absorbance

04 \

0.2 —

0.0

400 600 800 1000 0 2 4 6 8 10
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Figure 2-5. (A) Electronic spectral change of the reaction of 2 with ~30 equiv of PPhs. [2] = ~0.28
mM, [PPh;] = 8.4 mM. (B) Plot of ks vs. concentrations of PPhs at —40 °C, where an intercept
corresponds to the rate constant k;. Experimental conditions: [2] = ~0.28 mM, [PPhs;] = 2.8 — 11

mM.

Wi, HEEL7 3 1288\ Th 2 LIEBRIZ, 3 & PPhy L ORISEZFET ALY ML THE
B L7=. BOUitE PPhy Zi@fEE 3 1Zx LT 10 ¥ELL L) A TIT-o7=. DR, PPh;
e 3 OOMRIE, 3 ORI T 28— ERNIIHE S 2 L3 hro 72 (Figure 2-6 (A)).
LU G, ZTONIREE (kas=6.11x10"s™") 1%, 3 OACHHEE (kb =584x10"
s LIEFEALHEILTHDZ ENbMoT- (Figure 2-6 (B)). Z DFfEHR/ D, PPhy & DG
1% 2 LIFHEZRY, PPhy OREIKFELRZVSTHDL EEZXDBND. T7hbbH, 312X
% PPhy DOERLEISOHIEBPEE, O-0 FiADHAZELZ L 2R L TkY, AT X
0 AR D Fe(IV)4 % Y H& 3-oxo 7% PPhy 2L CWALEEZHND.
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Figure 2-6. (A) Electronic spectral change of the reaction of 3 with ~30 equiv of PPh;. (B) Plot of
kobs Vs. concentrations of PPhs at —40 °C, where an intercept corresponds to the rate constant k.

Experimental conditions: [3] = ~0.35 mM, [PPh;] =0 — 10.3 mM.

FFRED &5 72 PPhy 1% DM ERRAN 72 BUSHE DB WA Ule 2 &1E, FEFITHEBRER V.
TAVUTZERGEL e Fex Y R AR VTR R Z LA LTnA b, &
FYVREITHARTE Fex VY EOEN o MRV, Fe(llD)A F > OV A ARV
ERaXVEEELETD 2 OFREVEBILND. ZIUTHED, ~ULAF VRO o* #)
EIX Fe(ll)A A > @ dn W & DELVNKEL 2D, o §ud EOBFEENMIT L
AL, 2 OBETHENM EL, PPhy EO TR THRIGHNEIT LI D LB LRD.
—0, 3 IFEEA TV RICEE n HEG5RBIC KV, Fe(llh)A A4 > DV A ABRPERE MK T
L, ~vA 3V ED a*f YUl EOEFEENEMT D720, ~FF VKD 0-0 fiaE 2
Lo bUingnetExohnsd. LEno-T, 3 & PPhy OISOHHEREL 0-0 & D
ARz & A, 0-0 fua3BAK LAENKT 2 &I FedV)4 = V1E 3-oxo 7% PPh; %M1k
LTV EEbDiLD (Scheme 2-3). LK ATIZ L5 PPhy OER{LILEDE WD (2: 82%
vs. 3:32%), 3-oxo0 X 2 LV LBEFIBILENMEWEEZZOND. LI -> T, PPhy &
DI £ D T HIEEREOBIE I, 2, 3-0x0, 3 DIAICE W EE X 55 (Figure 2-7).
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0-0O bond
cleavage

.0 k . PPh
Fell zFe'” — " e |FeV YFeV| —8 g Ph3P=0 (32%)

\O‘)_rol Rate-determining y) g

step
peroxo high-valent
species iron-oxo species
3 3-o0xo0

Scheme 2-3. Possible reaction pathway of the reaction of 3 with PPh;.

0-0 bond
cleavage
H
. k . .
Fell aFe — = [FeV' “FeV Fel” Fell
] Il
\Oﬁ_(‘ol Rate-determining 0] o) \O — O/
step
peroxo species high-valent peroxo species
iron-oxo species
3 3-oxo 2
PPhs PPhs PPhs
Yields of PPh3 oxidation No reaction 32% 82%
Electrophilicity Low == 2 High

Figure 2-7. The correlation of electrophilicity of among 2, 3, and 3-0x0 by the reaction of these

species of with PPhs.
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(2) C-H & 1E ML K s
A= B W 53 A

ATET Tk ~7= X 9 {2, (u-hydroxo)(u-peroxo)Fe(IIl), &4 [Fea(u-OH)(u-0,)(6Mer-BPP),]" (2)
BELO (u-oxo)(u-peroxo)Fe(Ill), $&{A [Fea(u-O)(u-02)(6Mer-BPP),] (3) % PPhy &KL,
oxo-transfer FE L L TIRAHHES. L7 -> T, mEV PPhy DEEEAIRER LT ZA LT
WaEEDbND. RIZ, AR %L X — (BDE (Bond Dissociation Energy)) 7% 88.5 kcal
mol' T&H D toluene & DILIEERFT LTz, L LR S, ZHb ULA S 5 RIX
toluene ZER L2 Z LN TE R0 o7, F72, toluene LY H/N&72 BDE = 78 keal mol '
49 % 9,10-DHA (9,10-dihydroanthracene) & DGz et L7, T b4 % v gE
R1% 9,10-DHA & OUISIZBWTELAERM & 5- 2 2o Tz. LTeh-> T, TabLAd
¥ VKT BDE O/hS W 9,10-DHA OKFIFRF 25| EHh< 2 LT TE RN L3bon
o572, 3 OHCHMRKIEIE, PPhy & OIEORERID 0-0 FEADOMREERT, BFE T
Fe(IV)A % VHf 3-ox0 LKL TWND LB HNHIZHED BT, toluene ° BTG D
EATLH W 9,10-DHA &S LW Z 3o Te.

IZ, BDE =81 kcal mol' %A 9 HEZMED benzyl alcohol & DA fFT L7-. 2 (~1.0
mM) & 1000 %4 & @ benzyl alcohol (~1.0 M) 7 & h= kK U/, —10°C, EEFHKT
ThRIGSHED &, ROSHENR T2 Z ER<BEFENOREA~NESR LT, RISHE O
R LB b Ak 7= E &5 5 &, benzaldehyde N EEAJCAER L TWDH I Lo
7o, LI oT, 2 1FBALMED benzyl alcohol % E &ML T 5 Z &N Tz.

—77, 3(~1.0mM) (Z2OWVWThH, 7 =KV, 30°C, ZFRFEHX T T 1000 Y&
® benzyl alcohol (~1.0 M) &S SH 5D &, SUNEEITE 72 0 R & A~ & iR
L72. GCMS 12X B EEDFER, benzaldehyde N EEANTAER L TWD Z ENboTz.
L7ENoTC, 3 1I2BWTH 2 LIRBRICENIMED benzyl alcohol % EEAVIZER (LT 5 Z &M
Hho 7= (Scheme 2-4).
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[Feo(6Me,-BPP);(OH)(O2)]* (2)

[Feo(6Meo-BPP),(0)(O,)] (3)

Scheme 2-4. Product analysis of the reaction of (A) 2 and (B) 3 with toluene, 9,10-DHA, and 1000

equiv of benzyl alcohol.

(1000 equiv)
CHg

>

in MeCN at —10 °C

(5 equiv)

in MeCN at -10 °C

(1000 equiv)
OH

)

in MeCN at —10 °C

(1000 equiv)
CHj

in MeCN at —30 °C

(5 equiv)

in MeCN at —=30 °C

Y

(1000 equiv)

;

in MeCN at —30 °C
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T EE S B 20

WIZ, BB S L7z benzyl alcohol (Zxf L CHEFRIIMIEEZIT 72, HEEL7Z 2
Z 40 °C D78 b= F U AP TENLIERIREZ, ~A4 7y h&HWT -10 °C IZ
HRLTET B b= MU VITINA T, ZDOEHRIZ, benzyl alcohol D7 & k= K U /LEEHK %N
2T, 2 ORFEBF AT MV TIE L. KIGSIE benzyl alcohol A& (2 (ZxFL
T 100 ¥ ELLE) X TITo72. ZOFER, benzyl alcohol Z&Tr 2 OEIE, 2 OIRE
(X D REERNZHE 5 Z & Ao 72 (Figure 2-8).

0.5 !
E 2
Y 04
1.0 Y 3 %
8 0.3 “
e 4 >
3 &
0.8 é 0.2 5
< 014 -6
(0]
S 0.6
g 0 2 4 6 8400’
3 Time / sec
o) —
2 0.4
0.2 -
0.0 -

T 1
400 500 600 700 800 900 1000
Wavelength / nm

Figure 2-8. Electronic spectral change of the reaction of 2 with ~1000 equiv of benzyl alcohol. [2]

=0.272 mM, [benzyl alcohol] = 0.28 M, / =0.983 cm.

L L722A 5, PPhy & ORIGDEGE & 1T 720, 2 & benzyl alcohol O i E K
kovs 1%, 2 OHCOMRIIGOEETEE kb E1FEAEFRLIZ/R 572, —10 °C TD kops &
benzyl alcohol DIEFEZE(L (0.028 —028 M) Z 710w T 5 &, kops IFIE DWEEITEK ST,
IFE—EDE & 72> 7= (Figure 2-9). Z DI &, ZORIGIE PPhy S, 2 &
benzyl alcohol & D Ay FFUSHHEEEE TldZe <, HEOBRENEE LRV 2 O~
X VD 0-0 A ORANHEEMICE TN Z ENRB IS (Scheme 2-5). ZiLh

DOFERIL, ZDOILDY benzyl alcohol DX VAL DKFIRF %5 ZHhWTEITT D EE
19



2 5bN57-0, PPhy & OBETHRKICED bEZVIZK WEEZ NS, LIEZN-T,
2 IZEBIC Lo THISDHEL G ENEDLLHZ RN b0, 2 OIS 3 L FREEC

0-O A DA EEEERICETeZ Lo T2,

6 —
100 eq. 290 €q. 1000 eq.
o
<
o 4- K 500 eq. '°0€d
&

Self-decomposition

0 —
| | | |

| | |
0.00 0.05 0.10 0.15 0.20 0.25 0.30

[Benzyl alcohol] / M

Figure 2-9. Plot of k. vs. concentrations of benzyl alcohol at —10 °C, where an intercept

corresponds to the rate constant k;. Experimental conditions: [2] = ~0.27 mM, [benzyl alcohol] =

0.028 — 0.28 M.
OH
O-O bond
" cleavage .0
. ki W, . W,
Fel','l L\/Fe'” — Fe:I III:e — S
O‘s—(‘O Rate-determining e) ®) _
step
peroxo high-valent
Species iron-oxo species ~100%
2 2-oxo

Scheme 2-5. Possible reaction pathway of the reaction of 2 with benzyl alcohol.
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o o

Wiz, HEEL7- 3 & benzyl alcohol D% 30 °C, 7k b=k U, EHEEAR
T TIBBR L7z, )SIE benzyl alcohol Z & (3 (Zxf LT 100 ¥ &L ) IIX TITo 72,
ZOFER, benzyl alcohol Z&Te 3 ORI, 3 OEREICK T D WEEANZHED Z &
Ry oT- (Figure 2-10). LALLM D, Z 08— UHE T (kos=7.77 % 10457 1%, 3
DO HESREIGDOEE TR (h=264%x10"s") X0 b/NSEE -7,

-2
8
c -4 5
1.0 - S >
8 '6 3>
Ne) ~
<
0.8 — -8
Q
2 0.6
g 0 2000 4000 6000
3 Time / sec
g 0.4 —
0.2 -

0.0 | | | | | 1
400 500 600 700 800 900 1000
Wavelength / nm

Figure 2-10. Electronic spectral change of the reaction of 3 with ~1000 equiv of benzyl alcohol. [3]

=0.592 mM, [benzyl alcohol] = 0.560 M, /= 1.01 cm.

ZIT, 2 DA LFEIFRIZ, -30°C TO kws & benzyl alcohol DIEFEZEAL (0.056 —1.12
M) 78y b 5L, EBROSEETEE kes 1$HOOMROEEEE b LV b benzyl
alcohol DEEITEITFE L TINS5 Z ¥ bo-oT= (Figure 2-11). 2O Z L%, 3 @ 0-0
fE B OBAZ)G % benzyl alcohol 23PHE L TH Y, Scheme 2-6 O L 5 72t AEMENE 2
5. Scheme 2-6 HENNLEERE, EFRELUEZH TS ZEICLY, 3 &
benzyl alcohol & DISIZEBWTEMEIND kovs (X, HODROEETEE b 25T 1
L7025 (Figure 2-12 (A), #fAMIE 2.4, ERIEIZIR D).
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25—

204 ®
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- _ ( }
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3

1.0 H )

® o
05— °
I I I I I I
0.0 02 0.4 06

0.8 1.0
[Benzyl alcohol] / M

Figure 2-11. Plot of ks vs. concentrations of PPh; at —30 °C, where an intercept corresponds to the

rate constant k;. Experimental conditions: [3] = ~0.56 mM, [Benzyl alcohol] = 0.056 — 1.12 M.

0-O bond OH
cleavage o
O N k1 O N 4
Fet cFell ——— > [FeV FelV| ———>
/ Il Il
\O‘S—(\O Rate-determining 0] o)
step
3 high-valent
+ iron-oxo species
OH 3-oxo
K kot ks
k 2 k2 M~ k2
0 OH p
Fell Fell 3 » decomposition
\ / 1 product
0-0 Z
benzyl alcohol adduct
3-Bn

Scheme 2-6. Possible mechanism of the reaction of 3 with benzyl alcohol
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ZIT, kb IZHCSMBEE, Thbb 3 O 0-0 fEANBEA L E il Fe(V)A4 ¥
3-ox0 WA T HHE TR, kb BELO ks 13 3 & benzyl alcohol & DG F K OV RHE
FEEH, ks 1% 3 & benzyl alcohol DFIINA (3-Bn) Doy ffdE wa#£3. £72, Ku=(ka
+k3)/ ky 1% Michaelis L TH 5.

kobs = kl -

(k1— ks)[benzyl alcohol] (KM: k-2+ kz)

(1
[benzyl alcohol]+ Km M

k>
COREER LMEAELEDE, UTOXNELND.

ket — kovs = (k1- k3)[benzyl alcohol]

[benzyl alcohol] + Km
1 [benzyl alcohol] + Km
ki— ke (ki—k3)[benzyl alcohol]
1 Kv 1

= + -+(2)
ki—kobs (ki—k3) (ki—ks3) [benzyl alcohol]

T 1/[benzyl alcohol], fEHAIZ 1/(ki—kes) & &V, —HH 7' 17 >~ N (Lineweaver-Burk
plot) 2179 &, Bif72EAREMANE S 7= (Figure 2-12, inset). Z DEFROMEE M5
Kuml(ki—k3), YIRS Uki—ks) DS 60, T2 -k BELO Ky 2R L. Z0f
-k =2.60x10"s" BEL Ky=0.186 M "' BNExNZTNELNT. LEen->T, 3 1% 2
(ZH~XT, benzyl alcohol fIhI{A (3-Bn) ZTEK LY <, £EG6NT hk DOIEIX, 3 @
HOfESIGD ki =2.64x107s" LIFEALRILTHDZ LD, 3-Bn OOFIEL 3 LY
HIEFITENZ LD, ZTNHOHBE L TROZENEZ LS. Fe(llhA 4> D
JbA AFEPEEEDS 2 K0 ARV A VBGOSR 3 TiX, KR VA 4oL
3 V HEOfRFE EOEFEENEOTZD, benzyl alcohol & DKFEREAIZL D 3-Bn MK
L% < 725 (Figure 2-13). F£72, ZDO X H7e~UrAF% VL benzyl alcohol & DKFERES
X, ~A R VEOKRAEME o JUEOBETHEE LD S, A FVED 0-0 HE
W< 72 HA5F, 3-Bn @ O-0 FEiEIEUIUC < W (RN EV) L Ebivs (Figure 2-14).

PLEOFERNS, 2 & 3 178 BB benzyl alcohol @ C-H FEATEMALRIGNMZ BV TIX
0-O FEADOBMAEAHEERBICE T Z E RSN, ZNDHEAD B KIS 0-0
B ORREFRBEIE G Z R biroTz.
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Figure 2-12. Plot of k. vs. concentrations of benzyl alcohol at —30 °C, where an intercept
corresponds to the rate constant k. (Inset) Double reciprocal plot of inverse of k1—kqbs Vs. inverse of

concentrations of benzyl alcohol. Experimental conditions: [3] = ~0.6 mM, [benzyl alcohol] = 0 —

1.12 M.
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strong © donor

. donor . donor
H
(0] (o)
Y NP R~ NP

Fell elll FeIII elll\ — FeIII ):elll

—/ o—o N

% H H

v Fe(lll) 14> D o

c—0

WA RBREE DR D S \H

KIFHIRUBEAFPRILAFVED KERHEDHRICED
M LOBEFHEEHIEM C—> RUSATLI—LAMAED
e RLANEECY L

Figure 2-13. The formation of benzyl alcohol adduct by the difference of bridging ligand.

dr Px

X0 X

strong & donor

strong © donor

n donor n donor
o KEREOWAIZED
Fe(Il4A>dD
N £ B
e Fe,,, g\ e,,, VA ZBEAEE DI
AN }: AN
0
o \o—o / N : l
WO :
T c-o Y Fe(INAYAD o SEV 1 MBS
:< H
3 3-Bn ﬂ
RIVAFVED 0-0 EEAHIS

Figure 2-14. The reason that the O—O bond of peroxo moiety of 3-Bn becomes strong by the

formation of hydrogen bonds.
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@ b FeXYBIOARVYEBEET L EZEUDIN A X VKD 0-0 #HE
BFEIZBITHEHINAT A —F —DHEH

ZIVE TOMNMEEIT T D LSO EFRIIIIEN S, 7& = MU dizisir
%2 &L 3 OHOHMKIGE, ~LvAR VD 0-0 FEADBRENEEND EEZLND.
INBHDOHCHRNIE, T7005 0-0 FAMAMIGOEEERE —30°C THEKT D &,
3(k1=2.64%x107s") @ 0-0 #EEMN 2(ki=2.61x10"s") XV H 100 fFEIH G\
Whmole. ZiUL, b Rex YREBOHER 2 10 Fe(ll) A A > D/bA AR MK
WA VIR OREA 3 T, ~UVA X VEORGEAM nf #LED Fe(l)A 4 ~D ¢ B
L0 o EHENMELS D728, ~AAXVED 0-0 FEENFH 2D, UhF B2 b
% (Figure 2-15). ZDZ LiE, BT~ A7 hrofEREL &L TEBY, 3 O
v(0-0) OfE (847 cm ™) 1%, 2(908cm ™) LV HREIEEET 7 hL TV 5.

. donor
V.- N
Fell \/Felu
\o—d¥
weak = donor Ty Fe(ll) 14> ® strong © donor
A R E DR

v

RNUFAFVEEFe(I) 1A EDFEENTELLD

v

RV E VR O2DO RIS M B LD
BFRENEAT S

Figure 2-15. The relationship between the strength of O—O bond of peroxo moiety and bridging

ligand.
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WIZ, O-0 FEEDOHRHADIEME/ T A —F —%RODHT-OIZ, T b=FI AHIZEBT
% 2 BLO 3 0HCHMEIGNIX T2 Eyring plot Z1ER% L7= (Figure 2-16 and Table 2-1).
ZH 5D Eyring plot OfEFIL, 7 F= kUL, 0°C--30°C (for 2) BL 20 °C -
—40 °C (for 3) DHiPH T EAF72EAREIMR % 5 2 7= (Figure 2-16). Z @ Eyring plot & YV K7
EHALRT A =2 —nh, 3 128175 0-0 e ORAEKIGE, EHH b= Z L e —/jic
HIEM b br =8I 2 KO BARTHD Z Enbhro7- (AH =72+ 0.6 kJ mol ™,
AS =-36+2Tmol 'K for2 vs. AH* =69+ 1 kI mol™', AS*=-7.7+43 Tmol 'K for3). %
MAb= 2 =25 8,3 OFMN 2 L0 65 2kImol ' FRE/N SV, Z ORI,
WG T~ AT FANBELITE O-0 (HHEHRE) D = 1)L — L B EIREFATIC L 0 K
Wiz 0-0 FEEDIDOER K OENGEZEZBNLMAE L —FH LTS (voo) = 908
em ', Ko o=23.55for2vs. vo 0y=847 cm ', Ko o=23.25for3). itk b o &' —% b+
HE,3OFN 2 L0 28Tmol KT /NS, 243K IZBWTIE K 6.8 kI mol !
BREAFICENTND Z ERNbnd. LER-T, 3 1255 0-0 #EEOBERINE, 2 ©
HEOLY I b= b r E—Ic RE S FRI@N TN D LB X BILD.

_10 —
-11 —]
-12 —]
c
2 13—
£
-14
-15— @ 2inMeCN
H 2in MeOH
O 3in MeCN
-16 4 O 3in MeOH
| | | | |

1T

Figure 2-16. Eyring plots for the decompositions of 2 (solid mark) and 3 (open mark) in CH;CN

(red circle) and in MeOH (blue square).
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Table 2-1. Thermodynamic parameters” for various peroxodiiron complexes

AH* AS* AG*
Complex Solvent  Ref.
(kImol™”  (Tmol' K™ (kI mol™)

[Fea(6Mer-BPP),(OH)(02)]" (2)  71.6+0.6 3642 82+1.1 CH)CN e
70 + 3 27+11 77+6 MeOH e
[Fes(6Me,-BPP),(0)(0,)] (3) 69+ 1 77+43 71422  CH)CN e
59+2 7747 80 + 4 MeOH e
[Fex(0,)(N-Et-hptb)(0,CPh)** 66.6+33  —40+20 79+88  CH.CL, 1
[Fe(0,)(HPTP)(OBz),]" 103 + 4 59+15 85+ 8 CH,Cl, 2
[Fey(0,)(HPTP)(OBz)(DMSO)]?* 49 +4 ~79+ 12 73+7 CH,ClL, 2
MMOH 114 163 65 H0 1,3

“ Calculated from the Eyring equation, In(ki/ksT) = AS*/R — AH*/RT, where k was the observed rate

and the other variables and constants have the standard meanings. ” Slope of the Eyring plot.

Intercept of the Eyring plot. “at 273 K. ¢ This work.

AR L72 & 912, 3 & benzyl alcohol D)t TlE, benzyl alcohol A% L, O-O
FEEOBRR A LET MmN A DIz, iU, benzyl alcohol DREMEDE X 3BE4R LT
LEDICEbND. ZOZ b, BMEEET T 0-0 a3 < <72 % ReErtEDs
ZZ2HIAH.MeOH H1,-30°C IZHF5 2 BLU 3 OBECOMEKISOME % s 5 &,
30FN 2 EVHE 1.9 5B 72D, CH:CN LiXR ey, 3 OFN 0-0 FEEMREihic
KL RBZENDMNoT (h=194x10"%s" for2 vs. ki =1.04 x 10* s for 3). Z OFEFRIT,
benzyl alcohol 1T 3 @ 0-O FHEDORAANHEINDMERE —ET 5. MeOH HiZHW
T, 2 BEIV 3 OHCHOMBIGIZEIT D Eyring plot Z /R L7-. Z#5® Eyring plot
DOFERIX, MeOH H, 0°C ——40 °C (for 2) L —20 °C ——40 °C (for 3) DO#iH TRAF72
ERRBEIR & 5 % 7= (Figure 2-13). 2@ MeOH H @ Eyring plot £ 0 KD 7=iEMEAL/ 8T A —
2 —nb, 3125K5 0-0 fAOHRARKISE, 2 ObD XY bIEM b= Z LV E—IZIX
HRITH DN, HHEETY bu = KRELS AR TH S Z L BbroTz (AH =70+3k)

mol ™, AS*=-27+ 11 Jmol' K" for 2 vs. AH* =59 + 2 kI mol™', AS*=—77 +7 I mol' K" for 3).
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L7-728-> 7, Eyringplot DFfEFESE, MeOH HTIE 3 N 2 L0 0-0 fEEnYl
MK K R 2R DNY, CHCN H & 3o Z27~d 2 L3 bhroTz.

T, TNEN 2 BLO 3 OBHIZL L BCEREOENEZL~S L, 2 O MeOH
OB CoMEEEIE, CHCN W& B_TR 7 SRRV, —7F, 3 @ MeOH HDO AT
SRERIEIT CHsCN 1 & BN THY 20 FERREEE S, WHEOEWNI L5 A CoBOREIL 3
DIFPRELEI2 D Z LR o7-. 3 1F CH;CN HIZHA~RT MeOH HOFNKE TE
ML= b r BRI ARFNZEN TN D (AHi=69ﬂ: 1kJmol”!, AS*=-7.7+43 Jmol'K"
in CH;CN vs. AH* =59+ 2 kI mol™', AS*=-77+7 Jmol 'K in MeOH). Z AUITWILHEA I £

DFEVICHENTEY, 2 1TEEE OB TRIAR KRS L2V DIkt L, 3 Tid CHsCN
F1D 589 nm 725 MeOH 1O 577nm ~&#) 12nm BESTZRLX—27 95, L
MoT, 312 XV BEENREZITHNEBZ LR, BIHIZE > T 0-0 fEnding
SEahr—LTX5HLEZILN.

FROLIIZ, 3 D 0-0 fEDORANEEIT Y hr E— ICAFNFHNTND Z &
N, 3 O 0-0 FHEDOHKICHT 5BBINEIL, AN THLEEZXADBND. MeOH D
77T =L 415 THY, CHCN OT7 77 % —# 189 LV H K&x<, MeOH &
KREREE N LTEBEFNZ X2 ZEb e T 5 0WRETH 2 L Bbhd. LI ->T,3 1%
MeOH HCIREBEAIC L > TEBREBEZ RESLEM L TND Z ERRIBIND.

3 7% MeOH (X VR4 5 & b DENAIE, ~V A5 Y BG4 % V1, Bhr
T ORGGH VAR VA AT EEBAEET D, BG4 Y RIS 28 RS K & Wi
G, X VIED o EHENMET L Fell)A 4> DA ABRPEEN ER D720, ~vA %Y
EO o WEND Fedl)A 4>~ LMCT FE= XL X —v 7 b9 5L Bbhb
(Figure 2-17,b). —J5, ~V A V IR T 2R DPRE WG S, ~AF VD a* §il
ENZEEN, LMCT IET3xLv¥—r 7 95 L Bbiusd (Figure 2-17, a). Ak L7-
£ 912, MeOH H D 3 OWINAEKRKILZ CH:CN HIZH_R TRV X—v 7 5. L
NoT, 3 O MeOH |2 X DIRBERNE, ~OvA % Y Bl CIsm T 2 BN/ RE VW EE
pihd.
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Fe(lll) 14>®d
A RBREE DR
(a) (b)

m donor oxo and terminal carboxylate site

(0]
\ / \ / /0 I-I\ /R
Fe"' elll 0o—C
/F / \
o Xl 7T donor H. H
':_- “‘.“ v ‘., 0.“ "','
H H NG £ \ N
\C— 0/ Fe"' elll
X NP

R H
peroxo and terminal carboxylate site

UV-vis spectra

Fe(lll) d o
e T —
e N dr
A LU o e
Peroxo m# —— 7"
Interaction with peroxo moiety No interaction Interaction with oxo moiety
blue shift - > red shift
Wavelength

Figure 2-17. Solvent effect by the interaction of methanol with (a) peroxo ligand and terminal

carboxylate site or (b) oxo ligand and terminal carboxylate site.
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2 BEIO 3 IZBWTHELNTZ 0-0 fAHAEOIEH /b= % L —IX, Que X Lippard
iz v #HEShETrvaxd Y RIE2zHAT L VA F YK
[Feo(0,)(N-Et-hptb)(0.CPh)]*" 3 & TY [Fey(0,)(HPTP)(OBz)(DMSO)]* TH L7z 0-0 i
BRKOTERL T Z VB — EHEE SV E & IS KB B & 22 > TV D (Table
2-1; AH* = 67 and 49 kJ mol ™', respectively). L7=73-> T, EEROETAIKICIIT D
PRI~V A F VFEIE, EEHICIEM L v 2L E—RIC 0-0 FEA DBENAERNIZ /2> T

LDEMMARTEND. L LRDS, BEITEZR 2725 MMOH @ compound P 725 O-O
f e DOBARZfE S compound Q ~DZEAKITKET HIEMEAL/ ST A —2 —TiX, HMEflbT
LE—ZII AR TH B M, HHE b=y e E—MickRE <A@ TS (AH =114
kImol', AS*=163Tmol 'K for MMOH). Z DX 912, “KigkFEOTT AL LTH
RENTZ 2 R0 3 DX DA BRI VA ¥ Y EERIC AR T, TSR TR O D
VA VEHRITEM b= e =l XD RSN TNnDH EEZI B, 2% 3IbIC
fa o OIEMHEL 2R T ET VEEAZ G 2fREH L LT, M b= b o B —aICHHRIC 72
D& FRERFIDBENI D L b S.
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(4) REEH 72 RGP

EOANERFTL— Yy FRr LA % VK [Fex(qn)s(u-OH)(u-0,)] (4) TiX, CO, I
X LTV Y BASRIEZRIIC IS U, BEZERD)IE R R A A SRR AR T D 2 & 2V
HENTWEY, ZOHNVRF L— U v F Ut VR 5 Ak U 72 AL BRI B
A A SR OBALRIGMEICB LTI, 3 B|ICTHIT 5. N3Os KF—t v haaT 5 2
BXO 3 ICEALTY, REMEZRTOE L.

F9 CO, FIZBNT 2 BEW3 240 LI2E A, ZHHOIEKIT CO, & DRE
REOSIR OGN o7, LEZR-T, 2 BLO 3 OHAIE, CO, & OIS THEZERII)

W REEA A BE IR A ERR L7722 E B> 72 (Scheme 2-7). F/24MTEE L LTULA
X VISR ORBEMEEZ AR D 72D LI LIEEEH & 415 cyclohexanecarboxaldehyde (CCA)
EDORIRERF LIRS, BLERIIRI SN hoTz. ZNHOREND, LIATHE S
N7z NoOy KF—t v FaEFTH-ULA4F VEEE 4 12T, REMEIRIER IR 2 &
Hinoie.

)
HaC™ N0
o N
O -0
6Me-pic RN |||| \ |||| CO. ~ | o RN |||| o<
p > Fe | . _Fell”_ 2c=0
> 0 |\ /|\ . 0" [\,—0 o” | o
N in DMF N 0] N
RS at—40 °C
_ 0 peroxocarbonato carbonato
N N,O, donor set
O” generation of peroxocarbonato species
an J
= | CHs3
NS
N X RN Iln/o\ ||||/N CO,
o N /FT\ /FT ~o > No Reaction
N O—O in DMF, MeCN, and MeOH
o at—40°C
6Me,-BPP N3O3 donor set

Scheme 2-7. Comparison of the reactivity for CO, between diiron(IIl) peroxo complexes having

N->0O4 and N3;O5 donor set.
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222, EREXR Y BLOAF Y EBEEAE T2 SNV AV #EE OB K S AT =

VN ta o i PR E

ZIETIRARTE 72 L 512, (u-hydroxo)(u-peroxo)Fe(Il), ${A & (u-oxo)(u-peroxo)Fe(I1l),
BEIRIL, PPhy & SUS L PhsP=0 Z4ET %.30 X &ED PPhy & OIS TIEL, 2 OFN 3 &
D HE L OBALERME 5 2 DR E o7 ZORENSL, 2 OFN 3 L0 HHE T
RBLBOSHEIZE N E B2 D, ZiuE, BFANT7 FUZ 0 IR R A K 0K
WRMANZAHABND 2 DJFN Fe(ll)A A2 DA ABEENEWEZ Z B, ~bA S V5

D n* PUEDOE % Fe(l)A ANV EGELTWnba EBbid. LR -T,2 OFR 3
E0H PPhy EBIEFHICKIC LA WEBbND., ERIZ, HERORMEEZITY &, &
HFRIMEE DENE LT, 2 & 3 @ PP iCx T DS A B = R ADE VRS L
ol 2 & PPhy OFUGIE, PPhy DIREICKAT L7 EMBEIFRZ R L, PPhy OREN R
K RDIZONTRUGEE NI 5. —J5, 3 (X PPhy OREIIRAFET, SUSEENH

ORI DEE L E A EED LR oTe. ZORIGA B = A LDEN % Scheme 2-8
(CRT BICR AR T2 K51, 0-0 G OBRRIGEDTEMEA AT A =2 —Z i T 5 L, 2 &

2% LT B RIEE b A v =3 Z N AHY = 72 kI mol ' & AH' = 69 kJ
mol' THV,2 ® 0-0 FEHOFMEYNIZL <,3 ® 0-0 HEHITENIH B2 65,
L7eh3 o> T, 3 1% 0-0 &Nl TR+ Fe(IV)A % VFE 3-oxo0 723 ERL, Z OFEAN
PPh; & B L TWDDIZ% L (Scheme 2-8, B-a), 2 1L O-0 fi&anns kv Hiic
PPh; &L A % VHENKIGLTWD LB X 55 (Scheme 2-8, A-a). 3 @ 0-0 #EA 23
HUAERT D 3-ox0 1X, mIRATMIKEE & D720, Fe DA ABMHEEREmWEEbND.
L2rL7eh3 5, PPhy OFRLIERIE 2 OFMN 3 L b@EmWiERE o7z, LEER-T, Z
NOERDOBIE THIBRLAEIL, 2, 3-0x0, 3 DIATHEWI E2VRBEINDS. DX S ekk
Rins, TMO O~ AF Y PRIZZSERM & LT H,0 5L OH 2HFT52 L
DFEEAEE N D D> TNDER, BHHGEEDKV H0 BN THRET HZ & T, 0-0
feztnic< <L, BEFHRBIMMELEmO TWDAREENREZ b D.

IOV XV EERD C-H fETEMHELISIZE N TIE, &6 6 HENIPED benzyl
alcohol ZEEMICELT 5. L LAan s, HERNRIEZITY &, kL X oI,
WY 0-0 FEADOBREFREERICET Z ENbholz. LER-T, Zhb ok
I MMO TH#ESND L H1Z, ~UbAFVED 0-0 #EENHRT 5 Z & Cali 1

Fe(IV)4 % Y% 4 p% L, benzyl alcohol ® C-H #&715 H JAT25[&ZHENTND
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Z B35 (Scheme 2-8, A-b and B-b). T 72i>%H, ~ULAF VL benzyl alcohol & D )i
EMEREClE 72 <, BTl FeQV)4 % Y f@)3 benzyl alcohol & KJGT AIEMEMCTH D &5
ZHh. L, ~vAF VFED benzyl alcohol DX VAL % KER(LT D HETIDME N
eDlz, g\ 0-0 FaBAEL, mEFM Fe(IV)AF VNS T D & Bbivs.
FriZ, 2 IZF L TIX PPhy & OBBETFHIZRSUSHE Z Y HW\izlZ, 0-0 #iarilnd &
D6 PPhy UG LTWND EEZX BN, BRELORISO LG IIZED, RISAT=X
LDNEIR D W REMES R S T,

F72, 3B LTIE 2 £V Y MeOH X° benzyl alcohol HIZFWT, ~ULA X VENLIC
ST DB ON RN RE N LRI, Z OB X528, Ak L7zX o
(AL A X ENL L R IVR R A A DD KFEREICE Db LB D (Figure
2-18). T DFER, MeOH H Tl CH;CN H & b _XTIEMAL= Y b e =0 K& < RRNZE
X, 00 WA OHAKSICB T 2BBIRENSEMNTH DL Z ENTHREND. 72, benzyl
alcohol & DL TIL 3 @ 0-O FEADOHANHE S, RUSHIEL 2oz, Ziudk, &R
&R T DIFEWIT L D Fe(Il) A A DA AFBPEE DFENZ KL TS &b, 3 1%
O-O G DHAMBEZFEIC L= brE—DHRTa Ly hr—LTE 5 LHPRE
Sn5b.
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(A) Possible reaction pathway of (u-hydroxo)(u-peroxo)diiron(lll) complex (2)

Self-decomposition

decomposition
0-0 ::)ond product
\"
H Cleavage H
o\ k1 O\

Fe”,'z’ ofe! » |FeV “FeV

\ Yok Rate-determining step I I
0=0 O O -atom abstraction
Hydroxo (a) high-valent
iron-oxo species H
k2 < >—§
O

b
(b) ’
Electrophilic H
reaction ~100%
PPhs Q_%Il:: ( 0)

PhsP=0
(~82%)

(B) Possible reaction pathway of (u-oxo)(u-peroxo)diiron(lll) complex (3)

Self-decomposition decomposition

0 0 b d / prOdUCt
- on
cleavage
© k -0 b) H-atom abstraction H
Fel zFe”' 1 > |FeV' NEaV (b) _
\O‘)_(“ Ol Rate-determining step |O| g / < >_ \<O

H
Oxo high-valent ®+ H (~100%)
iron-oxo species @) OH

Electrophilic reaction

PPhs Ph;P=0
(~32%)

Scheme 2-8. Possible reaction mechanism of (A) 2 and (B) 3.

s "O\ -O— 4
H\’ /H o
CZO | HQN
H \ | \
\

Figure 2-18. Interaction of benzyl alcohol with peroxo moiety and terminal carboxylate of 3.
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2.3. i

AR TIE, M TFHBLUOONEFHICEISFY 77274 XN T0HE Rrx V4
BEAT D VLA % VK [Fey(6Mer-BPP)y(u-OH)(u-0,)]" (2) B L A X VARG L /T 5
~ULF XV EEIR [Fey(6Mer-BPP)y(1-0)(u-02)] (3) (2 DWNTC, AMEFIEE & DB 1172 S,
C-H fATEMALEIL, 3 X ORI R BUG e & DRI EOSHE Z 7~ T

PPh; (ZxF 9 DERALESTEIL, ZREENL T n EGMEIC K 0 RESREEZT, 2 OF
N3 RV bEWZ ERDrole. FEEROIIIEL Y, 2 1THEFRIC VLA F YRR
PPh; Z#f8{bT 252 b Y, —F, 31X 0-0 fEAOHAENEERMEICE T, T0
0-O FEANBA LART D &R 7 FeQV)4 % VFE 3-oxo 2% PPhy; ZEA{LLCW\WDHZ &
DR STz, F£72, PPhy OERLIEOE DD, i OIEEROBLE FHIER{LEE
3-o0x0, 3 DJETEWNZ LR Tz.

$72 C-H KA OTEMHELIZR L TIE, OO0 #EHG OBIANBHHEM I EH £ 5 2 & 2SR
i, £D 0-0 FANARLUAERT 2 &l Fe(IV)A ¥ VHE 2-0x0 LT 3-0x0 73
benzyl alcohol DX PIALD C-H FidaiEMHlbT 5 Z &b nolz. EHIT, 2 X 31X
CCA 72 ED CO, T IIVT & NED A NVR=)VIRFE & IIBOSE T, FEE OREMEMRN 2
ROz,

UbED XSz, BEELIEARZETHIKTHD 2 BEO 3 OINBIEE ORISR
DR X OWHEERRAVZRMIEIZ KV, BREBEAL T OBEWIZ IV L TFO Z &3 5 s
Lipol.

(D)2 X 3 OHCHHBORE, 0-0 fAORALEREEICETZ L 2RET 5.

Q) HEMEOEWEEL X VIERAEETD 3 O, 2 XL 0-0 AT G .

(3) 31X 2 LV bEEREZZITEL, BHIZL->T 0-0 figoUihszar hre—n
TELAEMERD 5.

4) 224G Fax Vv EE2HT25 2 1%, Fe(lll) A 4> DA ABMEENE L, BE iR

e e
FEVATCILAY
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2.4. EERIF
CONTENTS:
— AR
- Wy ERAb SR E
s BRA A REDEE
- R A E
- AL S T SNEREE D A 3 B
- 3 & benzyl alcohol D JHIZET 5 PHLE GO HEE X DEH

— R

MeOH (Z&B~ 7 X U ABLOI UFE LK 60 °C TGS, Wl A L.
CH;CN X ffHATIC CaH, TH#zM: - 788 L7=. EtCN (X, HCl T 2 [¥FL, » U7
BT L@, WAKEEET MY U A TRUKSE, CaHy, M2 TS HICHz - 78 L7z,
DRI EET RO b O &2, FERIIAT > Then. BifZ1 6Me-BPP 35 L UMHK
1, 2, BEO 3 IZURTRE SNz FETAKRLE .

WHE ZFE R E
TCER AT IR R e R o AT == IR L Tz

IR DE T A2 ~LiL, Otsuka Electronics optical fiber attachment % {# ] L C Otsuka
Electronics photodiode array spectrometer MCPD-2000 % L < (X MCPD-3700 TilliE L7=.
JASCO Ubest-50 % U T [Cu(en)z](Cl04); (Vinax = 18300 cm ', £ = 62.7 M ' em™) /K&K D
WOEEZRE L, Hikd 5 2 L TR 2RO, MCPD-2000, MCPD-3700 THAEK
DI FE ZRIET HERE, 2030 mL O =17 7 A3, FROQICHTT AT 7 AN
—Z 2 LIAAMIE L., [KIE T COMEDOREIL, KIEMEIEFE EYELA low temperature
pairstirrer PSL-1800 % JH W\ TR SR EIRF N OWKIHLL T2 2 L O IR LT 72, =
B A7 MAHIENE, Shimadzu Multispec-1500 THIE L 7=.

ESI-TOF/MS A-X7 /LI, Micromass LCT spectrometer % L7-. #iE, ZEXHTO
HIZE L HAMILTON GASTIGHT U > ¥z vz, SR FHA T 3 L OMEIR F CoRE:
silica capillary tube (0.0075 mmLD x 0.3750.D.) & W\ T, SRR Z EHRETHLHE LX v

IV —2@BLTALTVFEICEALE. BELSERE (k) 1%, WEER L LT
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{CH3(CH,)3}4sN" (m/z = 242.2848 in positive ion detection) & L < 1% {B(Ce¢Hs)als (m/z =
319.1663 in negative ion detection) % JEHEIZ L CHH L7z,

GC-MS A7 k/L{ZiZ, Shimadzu GCMS-QP2010 plus ZfEH L, 17 A1Z1E fused silica
capillary column (Methyl silicone, 0.32 mm diameter x 25 m, QUADREX corporation) % {H L
7.

HA T VIREDEER

BUICAZERSERZ ERET D720, INRIRICEENLHA T DERZLULTD XS
AT 7=, OGS (1mL F£721% 2mL) (2 KiEFE D 1,10-phenanthroline- 10H,0 (~50 equiv,
6.4 mg, 0.035 mmol) = x CTHEME ST, I ED L(+H)-7 A a/LEVEE (~50 equiv,
6.3 mg, 0.035 mmol) &V EDKEMZ S &, [Fe(phen)s]*" WAL, ISiKITRAaE 2 LT,
pH % 5 FEICL, —HULEE#HLE. T0o#%, AAT7T7A23T 10 mL IZER LIZH#,
BA AT ML EHFIE L, [Fe(phen):]™ @ 510 nm TS 1T 2 E/RIAREE €= 11400
M'em! & LTBIERT O8RS A 2ERE L.

B B B E
(a) H ORI

WHREFHKT T 25mL ZAFAI 75 2232 CHsCN10mL % h 7 A7 7—L, -40°C
T 20 oEmEg, 77 o 7 HEEIT-72.2 HDH WL 3 &R LTz stock solution 7205 1
mL TO~vA 7 rbXy NCRY, =R T I 2a2nz, WEER 0.6 BREICRD E
THA7 ([20r3]=~027—-0.56 mM). 2 [ZxfLTiX 644 nm, 3 (Zxf L CTiL 589 nm (23
T DRI D% ALY MVTEEF L. ZOEE, 30mL =T Z X ok
ML, 0°C ~ —80°C DIHIEAMEZEH L7-.

MeOH HIZEBWT G FRIEROBIETHE AT o 72, ZDOFRIZ, 2 1% L TiX 644nm, 3 I
%L CIE 577 nm (28T 2RI K O 2 B A7 MLV TIBHR L7z,

(b) SABEEH & OIS
EBREHKR T T 25mL —OFAR 75 232 CHsCN10mL 2 kA7 7—1L, 40 °C
T 20 SfmER, 77 HERIToT-. 2 ) LT- stock solution 7225 1 mL §-2

A7y NTERY, ZOF T I 232Nz, WHEDN 0.8 BREIZRDETMAT.
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VEEONMBEE Z CH:CN T 2 mL ICER LR AR BRE ICANT 10 oHmAL,
ZOHNT AT 7 —THROERIZEM LT (2 or 3] = ~0.27 — 0.56 mM). 2 Zxf L Cix
644 nm, 3 (T L TIE 589 nm (28T DWIB KO EF A~ MLV TEILE. £
OEE, 30mL AR T T 22z L, 0°C ~ -80°C OfEIRFE A L.

BILENTABEEORIEB I OEEER
(a) PPh; & DRt

N, T, -40°C THHIL7= CH:CN #J 10 mL 1T 2 DWW 3 2% L (K9 6 mM 72
J£), stock solution ZFHHLL7=. ZDWEND —40°C TH 0.5mL v 7z Xy T
HLL, phen \ZXAEDOFEEEREREZITV, BELZHEH L.

a7 EIZ PPhy & 47.2mg (0.18 mmol) FFE L, N, FIZL72. £ 212 CH;CN 5mL
RT7 A7 7 —L, 10 °C T 10 ZrfmAEE, D stock solution 7»HA) 1 mL %
40 °C TFy 7 amRllo~vA vy FTHRIRLINZA . £0#%, N, FTERLE
(AR 72 IR X, CHsCN K9 6 mL, SofEPU7ZRIREESRMEIE, [2]=~1mM). —-10°C O F
FH 3 RO S BT, oRITEST A LR E TR OB~ 2 b LTz, 0% O
Rix, BRI 2T 5355, —80°C OWMEEIC TRISZ 7 = F 38, =RIZKEL
72t%, S mL ZARAT T A~ L, ILIEVRERNOEOEERICIYA 7 EX Yy
T 05mL Z8ML, 77 LB ETHERE ST VBTV BT A Sem 1T L,
CH;CN # SmL TH T LZWEH LIz, WEEREL LT 20mM @ bibenzyl @ CH;CN %
K (36.4mg % 10mL |Z/EW) & 100ul Mz, i HEHH T 10mL IZERE L7-. GC-MS
IZE O EALAERY & LT PhiP=0 ZRH L7=D T, WHIEREEIZLI D E& L. 3 & PPh
DB NT S, Ny F, —40°C O CTRERIZIT> 72 ([3]=~1 mM).

(b) Benzyl alcohol & D K

N, F, =40 °C THH L7 CHCN £ 10 mL {2 2 #&E2L (89 6 mM FLEE), stock
solution ZFHH L7-. ZDOHEEND —40°C TH 05mL ~A 7 2~y FTEHILL, phen
K DD ERFERZITY, REZREIL L.

N FCTCHiCN4mL #3=2b U 7IZ kT A77—L, -10°C T 10 ZpEmEIE, %k
® stock solution 7°H#) 1 mL % —40 °C TF v 7 Z2HvLTlo~A 7 Xy N THRL

Mz 7. ZDtk, FTORBRENT 10 °C IHHEI L TEBV 7= benzyl alcohol (FE TH Y B
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S7-%%, CH:CN ([ZIRA L, HEMEZ 1mL & L) Z2Mx7/-t%, N, FTERLE (K
H)7e s i Bl E, CH3CN 49 6 mL, FcfSRO7RIRE SR, [2] =~1 mM). —10°C D E FK 3
B R S H . SRBZITRE GH DRREH OB~ B L. otk omirix, 0L
PICKE 2 9 2854, 80 °C OWMEIZ TN E 7 = F STz, FiRIZKE L7214, SmL
BAARAT T Aa~GRL, LIV ERNOE#OEEHIZYA 72Xy N T 05 mL
BERELL, BT LB ET O E T2, YU AT A Tem (2L, CHCN £ 5
mL THT L &G L. NEERE L LT 20 mM @ bromobenzene @ CH3;CN AR (21
uL % 20 mL [Z/EW) % S0 uL Mz, b EHT 10 mL IZEE L. GC-MS 12XV
fefb AR & LT benzyl alcohol Z Rt L7 T, WHEMEMEEIC LD E& L.

FRERRIT benzyl alcohol DIREIZ(KTF L T, benzaldehyde DREENEALT 5 Z L v
S7T=DT, Kt 7= benzyl alcohol DIEFEIZG U THrEfR 2 ERK L 7=,

3 & benzyl alcohol DISIZIBWT S, HREL -30 °C TITH Z L LISMIFERRICIT o 72
([3]1 =~1 mM).
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PPh; (2.79 mM) PPh; (5.59 mM)

[Fe2(OH)(O2)(L)2]" (0.392 mM) [Fe2(OH)(O2)(L)2]" (0.336 mM)
Interval: (Spectra) 240 sec; (Inset) 240 sec Interval: (Spectra) 30 sec; (Inset) 30 sec
Cell length: 1.01 cm Cell length: 1.01 cm
1.0 2 & 1.0 2 e s
< < - "-‘5_:.5‘“:”1 _ X
0.8] 0.8] s e
‘ 0 2000 4000 6000 0 500 100015002000
o ‘ Time / sec ° Time / sec
< <
400 600 800 1000 400 600 800 1000
Wavelength / nm Wavelength / nm
PPh; (8.43 mM) PPh3 (11.2 mM)
[Feo(OH)(O2)(L)2]" (0.293 mM) [Feo(OH)(O2)(L)2]" (0.342 mM)
Interval: (Spectra) 20 sec; (Inset) 20 sec Interval: (Spectra) 10 sec; (Inset) 10 sec
Cell length: 1.01 cm Cell length: 1.01 cm
10 g % 1.0 £ 2
1 S T :
0.8 — 0.8
® 0 400 800 1200 1) 0 200 400 600
€ 06 Time / sec LC) 0.6 - Time / sec
8 8
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8 044 3
< <
0.2 —
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Figure S1. Representative spectral changes for oxidation of PPh; by 2 in CH3CN at —40 °C under
No.
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PPh3 (10.3 mM)
[Fe2(O)(O2)(L)2] (0.370 mM)
Interval: (Spectra) 160 sec; (Inset) 160 sec

Cell length: 1.02 cm

fg 0.40 - ~.' |,
~ 0359%
@© N -3 =
© 030 2
Q -4 >
2 0.25 >
1.0 4 © -5 &
£ 0.20 H
2 015 6
0.8 <
8 0 2000 4000 6000
= 0.6 Time / sec
2
2
o 044
<
0.2
0.0 -

I | | | | | 1
400 500 600 700 800 900 1000
Wavelength / nm

Figure S2. Representative spectral changes for oxidation of PPh; by 3 in CH3CN at —40 °C under

No.

Table S1. Kinetic parameter for the reaction of 2 with PPhs in CH3CN at —40 °C

[PPhs] /mM  [PPhs]/eq.  [PPhs]/mg [2] /mM Kops /s T/°C
2.79 ~10 9.16 0.392 131 x 107 —40
5.59 ~20 18.3 0.336 2.83x10° —40
8.43 ~30 27.5 0.293 5.19x 10°° —40
11.2 ~40 36.6 0.342 6.77 x 107 —40

Table S2. Kinetic parameter for the reaction of 3 with PPhs in CH3CN at —40 °C

[PPhs] /mM  [PPhs]/eq.  [PPhs]/mg [3] /mM Kops /s T/°C
0 0 0 0.491 5.84x 1074 —4()
10.3 ~30 33.8 0.370 6.11 x 107 40
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benzyl alcohol (0.0280 M)
[Fe2(OH)(02)(L)2]" (0.267 mM)
Interval: (Spectra) 180 sec; (Inset) 180 sec

Cell length: 0.983 cm

8 04~} -
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0.1
0.8
® 0 5 10 450’
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benzyl alcohol (0.140 M)
[Fe2(OH)(O2)(L)2]" (0.262 mM)
Interval: (Spectra) 180 sec; (Inset) 180 sec

Cell length: 0.983 cm
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benzyl alcohol (0.0699 M)
[Fe2(OH)(O2)(L)2]" (0.260 mM)
Interval: (Spectra) 180 sec; (Inset) 180 sec
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benzyl alcohol (0.210 M)
[Feo(OH)(O2)(L)2]" (0.272 mM)
Interval: (Spectra) 180 sec; (Inset) 180 sec

Cell length: 0.983 cm
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Figure S3. Representative spectral changes for oxidation of benzyl alcohol by 2 in CH;CN at —10

°C under N,.
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benzyl alcohol (0.280 M)
[Fe2(OH)(02)(L)2]" (0.272 mM)
Interval: (Spectra) 180 sec; (Inset) 180 sec

Cell length: 0.983 cm

Absorbance

400 600 800 1000
Wavelength / nm

Figure S3. (Continued)

Table S3. Kinetic parameter for the reaction of 2 with benzyl alcohol in CH;CN at —10 °C

[BA]/M  [BA]/eq. [BA]/uL [Comp.]/mM Kops /s ! T/°C
0 0 0 0.261 517 x 107" -10
0.0280 ~100 36 0.267 5.03x 107" -10
0.0699 ~250 90 0.260 515%x 107" -10
0.140 ~500 180 0.262 457 x10" -10
0.210 ~750 270 0.272 4.74 x 10 ~10
0.280 ~1000 360 0.272 493 x10* -10
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Figure S4. Representative spectral changes for oxidation of benzyl alcohol by 3 in CH;CN at —30

°C under N,.
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Figure S4. (Continued)
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Table S4. Kinetic parameter for the reaction of 3 with benzyl alcohol in CH3CN at —30 °C (k3 =
3.99 x 107 s, Ky = 0.185)

[BA]/M  [BA]/eq. [BA]/uL [Comp.]/mM kops /s ! T/°C
0 0 0 0.672 2.64x 107 30
0.0560 ~100 72 0.744 2.06x 107 30
0.0840 ~150 108 0.494 1.79 x 107 30
0.140 ~250 180 0.820 1.54x 107 30
0.280 ~500 360 0.437 9.80 x 107* 30
0.420 ~750 540 0.594 8.52x 107 30
0.560 ~1000 720 0.592 7.77 x 1074 30
1.12 ~2000 1440 0.558 5.05x10* -30
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Table S5. Kinetic parameters for decomposition of 2

2 (in CH;CN) 2 (in MeOH) 2 (in DMF)

T/K ki/s™! T/K ki/s™! T/K ki/s™!
243 2.61 x107° 233 581 %107 223 1.75%x107°
249 6.44 x 107 243 1.94 %10 233 1.56x 107"
253 1.05x 107" 253 7.49 x 10

258 2.18x 107" 263 3.50x 10

263 436x 10" 273 120x 107

268 7.84x 107"

273 1.42%107°

Table S6. Kinetic parameters for decomposition of 3

3 (in CH;CN) 3 (in MeOH) 3 (in DMF)
T/K ki/s™! T/K ki/s™! T/K ki/s™!
233 584 x 10" 233 3.15x 107 213 9.43 x 107
238 135%x10° 238 522x107 218 131x10°*
243 2.64 %107 243 1.04x 10" 223 3.53x10°
248 5.55x 107 248 1.79x 10 228 6.20 x 10°*
253 1.08 x 107 253 3.53x10° 233 1.70 x 10
258 6.40 x 107
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3 & benzyl alcohol D XJIHIZEIT 5 HER S DEEXDOEMH

PGS A 2 — 2
0-0 bond *BA = benzyl alcohol
cleavage /O
.0 .
Feld Z\Fe”I L» FeV “FeV i»
Yokl o ] Il
0=0 Rate-dettermlnlng o) 0
step
3 high-valent
+ iron-oxo species
BA 3-oxo
k_2+ k3
k_2 1L k2 KM =
ko
N ks
Fe\”' /Fe'” - BA | ———— > decomposition product
0—-0
benzyl alcohol adduct

I 3 EA R VEE A AT D BRIV A VSR [Fey(6Me,-BPP),(0)(02)] (3),
BA [ZEE TH S benzyl alcohol, 3-BA (% 3 & benzyl alcohol DfIIIA, P 134 %
E
3 DOERET,

_% = k [3]+ K, [3][BA] - k_,[3- BA] (1)

F7-, 3-BA OERGEEET,

M = k2 [3][BA] - (k_2 + ks)[3 - BA] (2)

SIT, 3BAERTHS LT s GeEwrae), BPA o vhzoT,
k2[3][BA] - (k_2 + ks)[3 ‘BA]=0 3)
k2[3][BA] = (k_2 + k3)[3 -BA] 4)

PIROEREE 3] £ T 5 &,
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[3]o=1[3] +[3-B4] )

[3] =[3]o—[3-B4] (6)

X @) @ [3] 12X (6) ZRAT B &,
k, (3], - [3- BA])IBA] = (k , +k,)[3- BA] 7
3-BA] = —eL3LIBA] (8)

k,[BA]+k_, +k,

A (6) © [3] 2R (1) ITRAT D &,

_% - k,([3], - [3- BA]) +k,([3], - [3- BA)[BA] - k_[3- BA]

= k[3], +k,[3],[BA] - (K, + k,[BA]+k_,)[3- BA]
— k[3], + (K,[BAl+ k_, + k,)[3 BA]— (K, + k,[BA]+ k_,)[3* BA]
— k[3], +(k, —k,)[3- BA]

X (8) D [3BA] 2 (9) ITRAT DL,

_dB3l_ k)3
= Kil3lo + (ks — k)[3- BA]
_ _ k,[3],[BA]
_k1[3]o+(k3 k1)(k2[BA]+k_2+k3 (10)
_K[3] + (ks — kK, [BAII3],
U K [BAl+k,+ k,
X (10) Do+ LaR%E kL THD L,
_ﬂ =k [3], + (k; = k)IBAI3], (10)
dt " [BAl+(k,+k,)/k,
_@ = k[3], + (ka - k1)[BA][3]0
d "% [BAI+K,
) ( koot k1)[BA])[310
[BA]+K,,
_ ( ki k3>[BA])[3]O
[BA]+K,,
(772 L, KM=k-2+k3) (11)

2

Lf:i)§of, T%éﬁ@};ﬁiii (kobs) 63:,
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k -k - KoK )BAT (12)
obs 1 [BA]+KM

Z 2T, Km IE Michaelis B & WD (FREEEED). Z DED/NSWIE ETEMEREW. Kn < [S]
TIE, EEITRKRME dB)di= ~k[3] £725. ZOMEIX Vi EFFER, ks 1T ES Ofififi
EMEERT. Ku=[S] ® & XI21E, EHEE Vial2 £ 5.
ZZ2¢, X2 OmNEBEL THEE LD L,
. _(k,—k,)BA]
' [BA+K,
1 [BAI+K,

K-k (k—k,)BA]

1 obs

1 Ky 1,
k—k. (k—k,) [BAl (k—k,)

1 obs

(13)

Z »3UL, Lineweaver-Burk D& 9. 1/[BA] ZREHIC, 1/(ki—kows) ZHEENCE D 71w
FL7=H D% Lineweaver-Burk plot £\ . ZD 71y hOEHE D Ku/(ki—ks), Y5
Vki—ks), XHiliE DR EIND, —1/Ku DENEINRD HILD.
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EIE. ERHBEUDARBAAVEADORIERTH

3.1. iR

ARRITIE, MRy T2 b L, AT EERRRLPUS 2 4~ 2 I~ DT HEL
PRIEFZINSIAFAET D' ] 21F, Naphthalene 1,2-dioxygenase (NDO) 1, Rieske dioxygenase
OHTHE—, FERFRIZEE SNV TWHEER TH U, Naphthalene % cis-¥ A —/ L L T
(1R,2S)-1,2-dihydroxy-1,2-dihydronaphthalene (Z 4 %  (Scheme 3-1) > . £ 7= ,
Taurine/a-ketoglutarate dioxygenase (TauD) %, Taurine (2-amino-1-ethanesulfonic acid) <>fil
ZIVIR D Cl NLD KL & k4% (Scheme 3-2). ZORIGZE®@ LT, N7 T U T
AHERED DAEZF TV D.

naphthalene / &Hl (+)-cis-(1R,25)-dihydroxy-

1,2-dihydronaphthalene

O0—0O
e OO
0—0 H*+ C H* HO OH
\Fe{” \ / Felll

(1R,2S)-dihydroxy-1,2-
dihydronaphthalene

N
o, Q0.
= ‘OH

naphthalene indole

OH
OH, O/:Q
N Oz N \: 2H* N
His™ " Felm0 — His ';Fé'{-uo —> His ;Fe”\-'"'o
7 2 A )
HisN O™ ~Asp P HisN O™ ~Asp HisN O™ ~Asp
e .
side-on peroxo
Fe”(u-S)Fe” Fe”(M-S)Fe'” > Fe||(M_S)Fe|||
A |
+2e”

Ramaswamy, et al., Science, 2003.

Scheme 3-1. Proposed reaction mechanism of naphthalene cis-dihydroxylation catalyzed by NDO.
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(o}
o) >_/—§ | Nhiis 09 . N
o] 4 + taurine 4
) o o OO 10— LO—Fe'—0
o WO | -H,0 Wo |

(o]
+ THZ
N o)
. 4 ~— >3
HSO; 0H27Fe"—0 NH,
0|-|zll 0—o
oL
— F—
SO z-
NH Y OWO |
N
OH o- (o}
NH\/SOS ‘
O o
SO
o~ [ o oo
— FelV— CO,
o’ o ||=e o 0—¢ 00—,
(0] (o]
N \>_/\<\o ||= ﬁN 0 L ’ o ||=4’N 0
FeIV=o aff—— - |e o- o/|e
S=2 Mdssbauer N o N
=% 8(AEg)/ mms':0.31(0.88)
Krebs, et al. Biochemistry 2003.

Scheme 3-2. Proposed reaction mechanism of taurine hydroxylation catalyzed by TauD.

B DOBALRISICBIT 2 EERPRIA L LT, ~LA 3 VT & Al A Y Fi 3 [F]
ESINTWD. BlxlE, NDO TIiE, 2003 IZ Ramaswamy HIZX Y, NDO D)
KTHD (-peroxo)Fe(INFED X MHEEMHT ML S TEY %, £/ TauD ([ZBWV T,
BRIl Fe(IV)A S VY Krebs HIC X 0 3 MBI ST DY b o~
X VRO E R A A VY, BRI EBIT D RONEER SRS TEBY, ZWET
2206 OREERYMER L OB LS Z B ST 5 72O Ok 4 70T 7 W Tl
TW5.

WHFFEE CTlE, 2002 4FIZ Hashimoto HIZX Y, @A E Y Fe(lll)H L% R HAZ SR
R EEA A SR [Fe(qn)a(02C(0)0)] (4-0,C(0)0, Scheme 3-3 (B)) Dl itz 5 L T
WA P T, BB UL A Y A D X KRS SRS AR ISR L7241 T OB T
bbb, EHIT, 4-0,C(0)00 D~ULAF VEMED 0-0 FEAIE, AIAYICEIR L A% =
T2 EH A LTS (Scheme 3-3 (C)'™. Z DX 5 A2y 0-0 A OB L H/AEI,
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(u-1n7:1-peroxo) “AZERAANGEIR & E Rl bis(u-oxo) “AZSRHIMNSEIR & DR BRI X 5 7]

WA, B XY Cu(DEEIR & mE T bis(u-oxo) _EZSRIINEL AR & O a] i 25 CHufsl
HEINTHDN, SEEERTIINO TORETHDL. ZOZ LIZo0TIE, ROETIHELL
WD, 4-0,C(0)00 DAYV AF YV ENL O R[] 72 0-0 FEE OBR & FHAE OB TIX
Scheme 3-3 (C) M X 91T, Fe-peroxo ff (Fe''(0,): 4-0,) & & /F i Fe-oxo Ffi (FeIVZO or
Fe'=0: 4-0x0) DRI RIE SN TS, 2 biE, JEicib~<7 TauD*® = NDO’ 125}
LHEERFREIRTH O, BEERUDEREEA 4 358 4-0,C(0)0 OFR{LSGMEIZIE R 1Bl
BRNEF= D, —J5, KT HCOy & Hy0p OIS HLREGICAER SN DBREEA A4
(peroxocarbonate % L < |% peroxomonocarbonate, HCO4) 1%, AHILA M DEL/ERFLIZ X
SHIH S 5 EEHRSS mCPBA @ X 5 Zgifalig & L CHE SN LM ibA o 1 >Th
D, ZIVE TITE~ 2 BB AW OIS DOIFERIN & 5. Fl 21X, Fix 72 olefin D=
R AR ZEMT I D N-oxidation®, FHEANL T ¢ RIODF A — "D S-oxidation %2
BOTHRETHD Z EARENTVS T2 F7, BREEA 41T X 5 =R ¥ ARSI
Mn X Fe 2 EOBEBERBOBINC LV ZELIIMEESN, S HIZEOERIZY Y FARBO
L9 7 TIERL T ORI L D BT D2 EARENTWEY. 2O R U ARE Ot
FRRE L, BREBA 4 2 ETDaRMEADAERMNRE SN T DR Z oI
IRIZIZFRE STV, ZHIVETIZ, BONOWMRIEA o SRIEARDP GRS N TE
TS, SRR B R LU PEIRRERINCITAFZE S T Zay B et

LED X D702 Lint, HEESH L FRIEE D 52> & 72 o T 2 B EE(TI) i AR B A
I R 4-0,C(0)0 DRRLIISMEZFIND Z LITEE TH 53, 4-0,C(0)0 1T—KA72
AREEEL R T D MEEOIRE NG, TOBLKISMEEHEST 52 &N TERhoT2. £
T, AV B —AF RN FAEZ T, BESUD)EKEEA T oADK AT -T2
FER, qn B F O 0 IS RN F 6Me-pic WS LT, TER=RIARED
AR ER I B ORI 2 R TSR DA AT ) LTe. AR T, FBLC AR L7 R EkI)
MKEEA A IR [Fe(6Me-pic),(0,C(0)0)] (5-0,C(0)0, Scheme 3-3 (A))' DOfE, /Ht:
FHIMEE, VA VEML ORI 0-0 fEA OB L R KX OY PPhs, cyclooctene,
naphthalene, toluene, cyclohexanecarboxaldehyde (CCA) & DAMERELE (2 %3 2 Bl S il
DNTHRD.
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ON 0
_ N _ CHs
o | 0 O.,,,Fe\“« C /ELO O""Fe\\‘“ C
N r o” | ~o—0 HaC™ "N° Y O’/ ~o—0
gn N 6Me-pic N CHs;
"1 /
Y 7
4-0,C(0)0 5-0,C(0)0
(C)
Cco,
O Fe4,+o\(|3¢o _— Fe5l9\(|340 0 Fe3/P\IC¢O—)‘ Loped +/o
2 . 2 _ v 2 2
% © % © o0 ) o
4 or 5-0x0 4 or 5-0,c(0)0 ©©2 4or5.0,

L = qgn (4), L = 6Me-pic (5)

Scheme 3-3. (A) Bidentate ligand 6Me-pic and its peroxocarbonato-iron(IIT) complex 4-0,C(QO)O.
(B) bidentate ligand qn and its peroxocarbonato-iron(IIl) complex 4-0,C(0)O. (C) Reversible
cleavage and reformation of the peroxo O—O bond of 4 or 5-0,C(0)O (left) and an equilibrium

with 4 or 5-0,C(0)0O and 4 or 5-O; (right) under CQOs:.
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32. MREEE
3.2.1. AR AA SR (5-COs) LHEBESRIIDNIERE AV #EE (5-0,C(0)0)
DE B

41X LI, 4-0,C(0)0 1X CO, F, DMF #1 T 4 ¥4 &® DBU &5\ T (n-Buy)(OAc)
DIFAE T T bis(m-hydroxo)Fe(Il), $51K [Fey(qn)s(u-OH),] (4) &#9 10 Y EDBEER{LKE &
DRIGICEV AR LEZ E2®mELE ™. — 0, HESUDIBKERA A vk
[Fe(6Me-pic)»(0,C(0)0)] (5-0.C(0)0) 1X CO, T, —40°C ® CH;CN HCHEZERII)REE
A A B [Fe(6Me-pic)y(CO3)] (5-CO3) & 1 M EDMBERLAKFE & DL THERKT S Z &
NTEDH. ZOZ L, UV-vis BL O ESI-TOF/MS HIEIZ L VIS E 72> 7= (Figure
3-1)'%1

4-0,C(0)0 1%, 7 b= b U MIHT DIEMREEDMED o 1223, BRI AR L 72 8F IR,
T b= RUVCEGICRT D 2 LD ot Eiz, OO DMF H, CO, FTO
B LENEY, 4-0,C(0)0 LIZLA LR THLH2Y, 7 h=hYLH, CO, FTI,
DMF 1k Vb 85 fFLETHDH I Lnbholz.

58



(A) (B)
= 1.2
2.0 4 g 104 [Fe(6Me-pic)2(0C(0)O)I
N ) _
3 s (b) m/z = 404.1
8 06— [Fe(6Me-pic),(Oy)I
& 04— m/z = 360.1
1.5 - 2 v
9 02—
QO
< 0.0 l
8 | | | | 1 1 equiv. H202
= 00 05 10 15 20 . L
5 107 H,0,] /[5-CO :
8 [2 2] [5' 3]
<
(a)
0.5 — [Fe(6Me-pic)>(CO3)] —»
— (b) 5-0,C(0)0 m/z = 388.1
(a) 5-CO,4
- L ]
0.0 T T T T | T T T T T T |
300 400 500 600 700 800 300 320 340 360 380 400 420
Wavelength / nm m/z

Figure 3-1. (A) Electronic spectral change for the stepwise formation of [Fe(6Me-pic),(0.C(O)0)]
(5-02C(0)0) by addition of H,O; to an acetonitrile solution of [Fe(6Me-pic),(COs)]” (5-CO3) at
—40 °C. Inset is the spectroscopic titration at 432 nm for the stepwise formation of 5-0,C(0O)O by
addition of H,O, to an acetonitrile solution of 5-CQO3 at —40 °C. (B) ESI-TOF/MS spectral change
for the stepwise formation of 5-0,C(0)O under the same conditions given in (A). The asterisk

denotes the peak for B(C¢Hs)s anion used as an internal standard.
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3.2.2.5-CO; & 5-0,C(0)0 D X #ifEsntE AT

5-CO; & 5-0,C(0)0 DffEEEIX, 2 DD RN 6Me-pic & REEA A2 (5-COs
2R L Q) HDWITIRREEA A2 (5-0,C(0)0 (ZxF L T) EMBRD8F0LD trans-N,O,
RF—t v haFOB AL /NEA#EEZ 77 (Figure 3-2)%. ~ULAx Vo 0-0 A
HEE (1.457(4) A) 2 &1 5-0,C(000 DHEHENNT A —x2 =" 1%, RlcwEShT
4-0,C(0)0 D/XT A —H—LIFL AL ERILTH-7= (0-0 FEEHEREIL 1.455(5) A, Table
S3-1 and Table S3-2)"°.

Figure 3-2. ORTEP views (50% probability) of complex anions of (A) [Fe(6Me-pic),(COs)]
(5-CO3) and (B) [Fe(6Me-pic),(0.C(0)0)] (5-0.C(0)0).
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3.2.3.5-0,C(0)0 Do KXZHHERBLT 0-0 BEORHHWEALEFA

5-0,C(0)0 D5 FRIMEE 1%, CHsCN 127 5 @ WIRRE 2 R\ ) T 4-0,C(0)0 &
E<HLPLTWD Z ERbhoTz (Figures 3-3 — 3-8)°. Hiffi L7= 5-0,C(0)0 @ CH;CN
VI DEF AT b, 432 nm (e = 1400 M cm™) ([SWBEREEA A > DL %V FED
n* BLED S Fe(Il)A 4> @ dn #LE~D LMCT (2% 8 S 5 WU %Z~d (Figure 3-3
(A)). LIRS L7z qn ZENLF & § D8 REA 4 8K 4-0,C(0)0 © DMF &K D
W AR R e DAL &1L 438 nm (¢ = 1400 M ecm™) TH Y, FEALERLTHS.
5-0,C(0)0 ® EPR A-~X7 Ll 4-0,C(0)0 & [AEEIZ g = 4.3 |2 high-spin Fe(IIN#& K
R s a o By 7 7y 7 v E R LT (Figure 3-4). 5-0,C(0)0 DILIE T < 2~y
Rk, YO EEEfk Kk #E T L 2 5-0,C(0)0, [Fe(6Me-pic)(''°0,C(0)0)]
(5-'"°0,C(0)0) TIix, 885 cm' |Z O-O HiEIREICHRB I NS N FRBHI S
(Figure 3-5 (A)). %72, "0 @E(L/AFETIE 5-""%0,C(0)0), 842 cm™ I 0-O fffEIRE
N RRBHIEN, 43em! R %X —liIc> 7 + L7= (Figure 3-5 (B)). '°0/'*0 @21k
AF#E (1°0/'°0:"°0/%0:"%0/'0 = 1:2:1) TIiL, 860 & 870 cm ' ITHZIZ 2 DD KB
HEh, Zhsix 5-19%0,C(0)0, 5-'90,C(0)0 ([ZfE S5 (Figure 3-5 (C)).

E 51T, 5-0,C(0)0 DBREEA 4 D LA x Y Hi, 4-0,C(0)0 & [FEEIC, A
72 0-0 WG DORKAEBELZRT L 2HIRT v~ AT FLEB X ESFTOF/MS A
7 R K WD D=, BT < 227 h LTI, 5-¥180,C(0)0 (842 cm ™) DXL R
e ofaE & & b IciE L, 5-190,C(0)0 (870 cm™) & 5-'91%0,C(0)0 (860 cm ') 12U /&
END oDy RBRHELL, &5 5-'9%0,C(0)0 (885cm ™) DX R HN D (Figure
3-7). BeREIITIE, 5-191%0,C(0)0 (885 cm™) DAL RDIr & 725, 22T, 20 535D AL
7 hviE, ETildz °0/%0 Esbk#E (°0/'°0: °0/%0:%0/f0 = 1:2:1) TFHHELL 7z A
X7 MV EIFEALERITTHDLZ G, AR O0-0 fid DA & HAERET,
5-13160,C(0)0 (870 cm™) FE & 5-'9130,C(0)0 (860 cm™) FEILFMFIC/ER LTV D Z &3
% (Figure 3-7, 1). & 512, ESI-TOF/MS A2 R T, 5-%180,C(0)0 (m/z 408) 75
5-%1°0,C(0)0 & 5-'"*0,C(0)0 (m/z 406) ZFLH L, 5-'190,C(0)0 (m/z 404) ~ & HFRZE
Wod % = L 2R T (Figure 3-8). BLERZEWLZ L2, 5-¥80,C(0)0 @ ESI-TOE/MS %
N7 R vit, 580,000 O r S L d T B S A 2L A X Y K
[Fe(6Me-pic),("*0.)]” (5-""0,: m/z 364) O V' F N ZR LIz, ZOLAF X VT
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4-0,C(0)0 THHPEN T2, ZofL, 5-%%0, (mz 364) 705 5-%%0 B IO
5-'9180, (m/z 362) Z#&H LT 5-'9°0, (mz 360) ~& BREHT D Z LRS-
(Figure 3-8). ZiLO DRNAADE X, *fInT 5 5-0,C(0)0 DFRINAEDEH D LR T T
bHote P, Lo, ZNHOBMERERIX, LRNZ 4-0,C(0)0 TREI NI A=K
L ERERIZ, CO, BN O FHE B WAHE (Figure 3-3(C)) 2 & AT2 5-0,C(0)0 D ZIRA 7R
0-0 FEADEHA T =X L 250 LTS (Scheme 3-4).

(A) (B)
2500 —
1 (b)  m/z=360.1 [Fe(6Me-pic)o(O,)]
3 m/z = 404 1
2000 — |2 =~ [Fe(6Me-pic),(0,C(0)O)f
< 1500 —
5
- 200 400 600 800 1000
% m/z
< 1000 —
(a)
m/z = 388.1
500 =~ [Fe(6Me-pic)»(COg)
0
300 400 500 600 700 800 200 400 600 800 1000

Wavelength / nm m/z

Figure 3-3. (A) Electronic spectra of isolated samples of (a) [Fe(6Me-pic)»(CO;)] (5-CO3) and (b)
[Fe(6Me-pic)2(0.C(O)0)] (5-0,C(0)0) in acetonitrile at 40 °C. (B) ESI-TOF/MS spectra of
isolated samples of (a) [Fe(6Me-pic),(CO3)]” (5-CO3) and (b) [Fe(6Me-pic)(0.C(O)O)]
(5-02C(0)0) in acetonitrile at —40 °C. The asterisk denotes the peak for B(C¢Hs)s anion used as

an internal standard.
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4.3

«Q
I

50 100 150 200 250 300 350
Magnetic field / mT

Figure 3-4. X-band EPR spectrum of a frozen acetonitrile/toluene (1/1) solution of 5-0,C(O)O at
10 K. Spectral conditions: microwave power = 1.0 mW; microwave frequency = 9.055 GHz;

modulation frequency = 100 kHz; and modulation amplitude = 1.0 mT.

1807160

o

1946

842

507 ‘ 180-180

1566 712

I I I I I I
500 600 700 800 900 1000

Raman shift / cm "

Figure 3-5. Resonance Raman spectra of 5-0,C(0)O prepared from (A) H,'°0,, (B) H,'¥'°0,, and

(C) H,'®0, in acetonitrile at —40 °C measured with a 514.5 nm laser excitation.
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Felll
o
m/z = 364
130, CO,
bubbling bubbling
m/z = 408 |
0.9
FeIII I
N
-0 o—©
3 FeIII
| o]
| m/z=364
i T T T T ] i

350

360

370 380 390

m/z

400 410 420

Figure 3-6. ESI-TOF/MS spectral changes of 5-'¥30,C(0)O by the reaction with CO, in

acetonitrile at 0 °C. The spectral changes occurred instantaneously upon bubbling of *CO, or CO,

gas. The changes are much faster than that of the conversion reactions from 5-"*'*0,C(0)O

through 5-'*'°0,C(0)0 and 5-'"'*0,C(0)0 to 5-'*'°0,C(0)0 (see Figure S8).

in situ

H,18/160, (f)
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Figure 3-7. Raman spectra of 5-'"¥'*0,C(0)O in acetonitrile (a) at —40 °C, (b) warmed to ambient

temperature for 5 min, (c) kept at ambient temperature for 20 min, (d) for 40 min, (e) for 135 min,

and (f) that of 5-0,C(0)O-scrambled prepared from H,'®'°0, in acetonitrile at —40 °C. The

asterisked band is due to decomposition pruduct(s) of 5-0,C(0)O.
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Figure 3-8. ESI-TOF/MS spectral changes of (A) 5-'¥'80, and (B) 5-'*'*0,C(0)O in acetonitrile

at ambient temperature with time, where intensities of main signals are normalized for clarity.

/O\C¢O /0\040 /0\040 /O\C¢O
Fe3<' | — Fe3\+ | + Fedt | — Fe3<' |
O/O O/O O/O O/O
5_18/1802C(o)0 \5_18I1602C(0)O 5_16/1802C(0)9 5_16/1602C(0)o
Y
CO, TCOZ
_ O ()_ 3/O\CI:¢O 3/0
= Fed* l Felt
/-1 C*—
Felt V1 Y0 o
Y © 5.18/16(y
or
CO,
/O C¢O
Fedt | O—~=0 0) CO O—~=0 _18
\\O o Fod* CI: Fe3+/ - Fes* CI: 0= 0
- — \ \ =16
o~ (0} O 0

5-oxo0

Scheme 3-4. Possible conversion pathways from 5-'¥'%0,C(0)O through 5-'"*'°0,C(0)O and
5-19130,C(0)0 to 5-'*'*0,C(0)0. The following reactions to 5-'91%0,C(0)O proceed in the same

way.
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3.2.3.5-0,C(0)0 D8 EF Tkt 5 Ee b K i M

WL7Z L 91T, 5-0,C(0)0 & 5-0, + CO, DRINTITHE RV NIFEET 5. Li=n
27T, 5-0,C(0)0 DIHTIEEIT ST HBALBUSMEIE,  COy, TRET Ny TOMIGIZE
T CH3CN 1, 25°C OELETHAZ. 5-0,C(0)00 DHEFHY, KEH), BLO C-H #
ABEIVEEZ IR D =012, FMITHEE & LT PPhs, cyclooctene, naphthalene, toluene, I3k
' cyclohexanecarboxaldehyde (CCA) % M\ 7z, FR{LAERIL Table 3-1 (/R L7=X 91
GC-MS (2L VELTZ. 5-0,C(0)0 & PPh; & DOJSTIE, ZNFETICWEINTWD
DWW REEA A SRR TR OLND L DT CO, THLHWIE N, TOWTHIZENTSH
5-0,C(0)O (% oxo-transfer K & L T, O=PPh; #4KT D (~95%). 5-0,C(0)0 &
cyclooctene & Dt~ TlX, CO, FTIL cyclooctene oxide (~10%) & cis-1,2-cyclooctanediol
(~10%), M ED 2-cycloocten-1-one (~1%) ZERK L2, —J7, Ny FTIETRFT RE cis-
UA—IVINENTEI ~3% & ~28% ZEfk L, 2-cycloocten-1-one [HENT LAMERL L 720y o
2P ZoRE R, HCO/ EB AR P OB E 3 5 BB #k () i Y IR
[Fe(6Me,-BPP)(CH;C(0)0,)]" ** IC X 2 BN R E IMLUR & X THBHITH 5.
cis-diol (D) / epoxide (E) “Epk#tt (LAt%, D/E kb)) 78 CO, T 1/1 75 Ny Fod 10/1 ~
ERELSZEIEL, cyclooctene FEILDIRIRMEZ TR X AL D cis-TF— W b~EHK 10 5
FlSELHERE T, ZORIT, 5-0,C(000 DEELEEITH £V &< VA3,
cyclooctene (25195 5-0,C(0)0 (ZL& D D/E EIRMEIT CO, DIEEIIKGFET S & &R
3%, BN cis-PA—/U ki NDO (2 XL % naphthalene O cis- ¥ A — WALIZHEHE
ICBHE LEE CTh DD, BEEARIZ L D cis-U A — /LD BIEL Z 4L E TITED 726 L7z
2526 EREZ VY D/E BERVEIL, 6-A FL2-E U D A FLY A BT — L& o P REERLAL
T2 AT HERADFEIRIC L DRI 72 cyclooctene BAIL CTiER I N TWD (£ H D D/E
i ZFh 7.0/1 ([Fe(6Mes-TPA)(CH;CN),17)*, 5.0/1 ([Fe(6Me,-BPMEN)(OTf),])** ¥ X
O 5.5/1 ([Fe(M*MPy-tacn)(OTf),])** T&H %). Que HIZ, high-spin n*-Fe""-OOH T & %\ i
Mt % 0-0 #EANBZ L= HO-Fe'=0 72\ [Fe(6Mes-TPA)(CH3CN),J*" 1 X v filifit
ENTAVLT 42D cis-VA—IALER T EREL TS 2. LER-T, SRIORKIC
BWTH, 550,000 "HAEKLE 50, D7 hfbic k- TELEZEBO
-Fe"-O0H A cis-PA—/MbaE 2+ & 5 IcBbhd. —F, ERFligh4*
(Fe'Y=0 & %5\ % Fe'=0: 5-0x0) & L < 1T 5-0,C(0)0 T RFL R4 45 XL 5 ICE
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bivd. Ny FIZBWT 5-0,C(0)0 (X cis-¥ A — b & EFICHTICH Db 57,
naphthalene |3B&{k L727vo7=. & 51T, o k< MBI =FE~2 (g -peroxo)Fe(IIN)FE {4 &
TR0 EHETICE W T 5-0,C(0)0 1 CCA 1Tk 2 KRB LIS &R K 72 o
7-.

BLLRTEVNZ L1, BUSIREW~ 1000 S EDOKZTRNT 5 &, 5-0,C(0)0 DTRF A
BIRMENZF LM EL (CO, F: DE A 1/1 205 1/85 ~L 2k, N, F: D/E A
10/1 7226 1/1.5 ~&Z2{k) (Table 3-3). Z O#EFIZL, cyclooctene (Zx7 % 5-0,C(0)0 D
EBUSHEIE COy DIRETZT TR, HoO DIREZEZDZ LICL > THIETLZ Ln
TEHZ Lo d. £OME, DIE HIZEIT 5K 83 {FDZE(LA CO, + Hy0 conditions (D/E
=1/8.3) 5 N, conditions (D/E = 10/1) {272 522N T S 7z, =R T Ak 5 2
DKDOEBITS DL ZAHBLNE 2> TWRWA, KOTFEITIEEREOME B %2 5 2
TWDHONE LitZew.

5-0,C(0)0 @ toluene (ZxIT 5 UE B~/ & 2 A, ERITZ L3, 5-0,C(0)0 (%
CO, FHDHWIE Ny FOWTIDOEMAETE toluene (23725 C-H #EG DOIEME(LEEE A L,
benzyl alcohol (~2%), benzaldehyde (~10%), 3 &L TN 1,2-diphenylethane (~2%) Z/ER%d 5 Z
ERbhot. LU 5, cyclooctene &1L 72 V), KISSAIFIL toluene (25§ 5
5-0,C(0)0 DAERMIZH F Y KX 7288 % 5 2 7e/ - 7=, 1,2-diphenylethane DRI,
K#M D benzyl radical 2355 L, coupling dimer Z/ERT % Z & 2RE9 5 .
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Table 3-1. Oxidation yields of the reaction toward external substrates by 5-0,C(0O)O in acetonitrile

at 25 °C
Conditions” Yields of oxidation products / %
(a) PPh; Ph;P=0
CO, 100
N, 100

_(b) cyclooctene cis-diol”  oxide®  l-ome’ D:E®
CO, 9.8 9.5 1.2 1: 1
CO,+ 0, 9.1 132 5.6 1: 15
CO,+H,O¢ 5.8 40 trace 1: 83
N, 28 2.7 trace 10: 1
N, + H,0 ¢ 10 15 trace 1: 15
0, 21 20 2.1 1.1: 1

(o) toluene” PhCHO _PhCH,OH _ _1,2-diphenylethane
CO, 15 1.6 23
CO,+ 0, 24 trace n.d.
CO,+H,0 8 21 10 1.7
N> 6.7 3.4 1.7
N, +H,0¢ 10 4.9 1.6
0, 22 1.3 n.d.

(d) naphthalene’  csdiol/
C02 n.d
Nz n.d

@cca*  Cycdohexene
CO, nd
Nz n.d

"Reaction times are for 40 hours (for CO, conditions or CO, + O, conditions), or for 2 hours (for
N,, O,, CO, + H,0, or N, + H,O conditions). “Yields of oxidation products are based on

5-0,C(0)O (All experiments were run at least in duplicate). °

cis-diol = cis-1,2-cyclooctanediol
“oxide = cyclooctene oxide “1-one = 2-cycloocten-1-one  “D:E = the ratio of cis-diol product to
epoxide product /Addition of 5 mL of dioxygen. SAddition of 1000 equiv. of H,O. "A trace
amount of benzyl cyanide, 3-phenylpropionitrile, and 2-methylbenzyl cyanide were observed. ‘A

trace amount of I-naphthol and 1-naphthylacetonitrile were observed. Jeis-diol =

cis-1,2-naphthalenediol “CCA = cyclohexanecarboxaldehyde n.d. = not detected
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3.3. ¥

ARAFZE T, BB U TR ARME O & OB 7 BLRZ 8k (D) 38 R e A A o g A
5-0,C(0)0 DERUTFEIL, £ DOREEC/HEFHIVEE 258 I ~72. 5-0,C(0)0 D=
VA F YV EALIL, AR OO A DR E FAEER L. EAMAEICHT D
5-0,C(0)0 DAV 2 T~ 7= #E 5, 5-0,C(0)0 (L cyclooctene @ C=C FEA721F Tl
72<, toluene ® C-H FiAbMLT 52 LN TE D Z L3 A 72, cyclooctene (2% LT
1%, 5-0,C(0)0 12 £ DTRFALL cis- VA —MUEDBIRMEZ SUSERMIC LD = hr—
ILVTEDLZENDN-oT,

+ HQO
under CO, g > O

8.3 :1
(:) O HO OH
under Ny [:ijij <gi:[i::i]
1:10

Scheme 3-5. Selective control of cyclooctene oxidation.
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3.4. EERIF

CONTENTS:

- iR

- BEIRO G AL

- WL E

R A REDE =

- R A E

- Al S AVT SIS I D LR Sy i

— R FAZE

PEIRDERUTIE, WD DIRWER Y HilR OB K& O FEZE Wiz, BT A7 ML ORE
SRE DRSOV Z CHCN 13, KLV T B VD TERFS N TR 5 I
BEEE, R L7-bD%Z MW=, PPhs X hexane/EtOAc (v/v, 10:1) % BBHAMIC L, o
YA NHZ7 25 10em (B UER LIS D&M L7z, cis-cyclooctene (X7 /L2 F 17 A
(NAKAMURA #5172, ¢22 mm, £ 70 g) & 100 mL Z#@ UBER L= O2 6 L.
toluene [FFIYEHIFE THEMASHD o pure 7L — RZEZ ATV 7 LEHLE.
cyclohexanecarboxaldehyde [ZfEHATICT VI F T a— T A (05g, 5cem) ([ZHELEHL
To. A DFRIE K AR s 2 VY, RERII T - T Ru,

SEIE DB AR

[Fey(6Me-pic)2(u-OH),]-3H,0 (5-OH)

6-AF Y g (1.50 mg, 10.9 mmol) @ MeOH &% (50 mL) & Fe(ClO4);-nH,0
(2.81 g, 5.4 mmol (n X Fe(ClO4);:9H,0 & L TEHRE L72)) @ MeOH iR (30 mL) % iE&
L, 2OBHKIZK SmL ZMx720b, MILIEB LRSS NEs 2 FLT0E, £ 1.5
mL (d=0.73, 10.8 mmol) Il X 72 & Z A THRECOMRNPILE LIt T2, S HIT NE &R
WTHKI 12mL # FL (A 72 NEt; ORREITH 2.7mL), K HM=EETHRE L. HEA
OMARDPELI, JERL TY=FLz=—7 LT, BRI, 5-OH [$ER, %
KFCHLEERT-D, BiR, ZRF TR L. ZOHKIIAERAEICRETHS. AR
EEAEmT D L, HAORSES.
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Yield: 1.91 g (94 %).

Anal. Found: C, 45.41; H, 4.36; N, 7.59 %.

Calcd for CysH3:FeaN4O13 ([Fea(6Me-pic)s(u-OH),]-3H,0): C, 45.19; H, 4.33; N, 7.53 %.
Maéssbauer: 5=0.45 mms ', AEq=1.00 mms .

IR (KBr, cm™'): 3400 (OH); 1664 (COO); 1603 (C=C); 1357 (CO2).

(Ph4P)[Fe(6Me-pic),(COs)]-H,O-CH;CN (5-CO3)

[Fea(6Me-pic)s(m-OH),]-3H,0 (5-OH) (149 mg, 0.2 mmol) & n-BusNOAc (120 mg, 0.4
mmol) ZMZ, § 60°C OEHE TIET 5 Z 12X Y CH;CN (6 mL) ([ZIEfiR &7 (B4
BORIR). Z OWIKZ=IEIZE L, 0.5M NEt; (70 mL, 0.2 mmol) / CH;CN &#% 0.4 mL %
MMz T=DB, RIAT A ADHRFEIZL D 54T D IR Z BEENERICK 1 4rRR
ZIAATE. A UT-AIRIZ, PhyPBr (251 mg, 0.6mmol) @ CH;CN AR 2 mL Zhiz, V=
FNT—T )b (~12 mL) & RIGTERICEZINZ, —40 °C OWmEEIZ T KET 5 &,
ORI G DT, 5-0,C(0)0 LAERIZ, 5-COs & LITEH OERRFE <A ALk
BT L= d, WikET T — a TRV ERE, “BMLRELZRZAALTTRIRD
CH:CN T4 52 & T, Rfia2 0 R -, PoF Lo —F LTl 5 & AR L5y
RS 2720, IWREZER L, Wikae +0llii S . AR T 2720, CO, Zimlz L
Tevaby7EZHEHL 40°C TRFL.

Anal. Found: C, 63.86; H, 4.51; N, 3.94 %.

Calcd. for, C39H33FeN,O7 5P ((PhsP)[Fe(6Me-pic),(CO3)]-0.5H,0): C, 63.60; H, 4.52; N, 3.80 %.
ESI-MS: (in CH;CN): m/z = 388.1 (I = 100) [M]".

IR (KBr, cm'): 1654 (COO0), 1604 (C=C), 1571 (CO3), 1253 (CO3), 1107 (PPha).

(PhyP)[Fe(6Me-pic),(0,C(0)0)]-3.5H,0 (4-0,C(0)0)
<Method 1>

[Fes(6Me-pic)s(u-OH),]-3H,0 (5-OH) (149 mg, 0.2 mmol) % CH;CN [ZiF T 72728,
n-BusNOAc (120 mg, 0.4 mmol) Z/1 %, ¥ 60 °C OHRTIMEAT HZ LI12L Y CH;CN (6
mL) |2 S (BBEOER). Z OWKAZEIRICRE L, 0.5M NEt (70 mL, 0.2 mmol) /
CH;CN & 04mL #MMx 7206, RIA T A AOFHFEIZL Y RBAET D _FRLIKEZ E#HE
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FOSRIICH) 1 R E ALY GRIED pH RNV XS L 5-0H BNEET 5720
NEt; MMz 52 LI128Y pH DR TEHE, 5-0H OFAEREZHWE). KINERK %
—40°C IZMAIL, 5 HED 30% mE{b/kFE (IR 100 uL) Zi F3 25 & IR B IR % Hr
Y, 40 °C TH 1 BEEARE L7z, Z OSTARRIZ, PhyPBr (251 mg, 0.6mmol) @ CH;CN &
R 2mL Z0z, 40°C \ZHEI LY =F o —T )b (~12mL) % SEIRIZER )M Z,
—40 °C OWHEICHE L=, A%, REOHERERIGELNTZ. 5-0,C(0)0 L IiTFE
B OERRAESE° A AL LTIc 6, WiRET o7 —3a Tl BRE, Bk
RuEMREIANVTZZEIRDO CH;CN THEFT 22 LT, MMz Bz, 5-0,C(0)0 1,
40 °C TEZEEE L%, DEhT o720, BFRE2WME L2V 7EEMEHL
—40°C TfRIFLTZ.
< Method 2>

5-CO; (29.4 mg, 0.020 mmol) @ CH;CN & (10 mL) % —40 °C I[ZHEIL7-. ZDOEK
12 30% 1 kK3 (227 pL, 2.0 mmol) Z AR L7 CH;CN &K (10mL) Mz 5 &, 7R
tBE R L. EORGEKEZ —40°C T 1 R L7, PhyPBr (17 mg, 0.040 mmol) @
CH;CN A8 2mL) #Mz7z. Y=FLxz—TF )b (~12mL) Z¥HL, 40°C T 1 HH
HiEd 2L, REORMmE .
UV-vis: (in CH3CN at —40 °C): Amax (€) = 432 nm (1400 M 'ecm ") in DMF at —40 °C):

Amax (€) = 438 nm (1400 M 'em ™).

ESI-MS: (in CH;CN at —40 °C): m/z = 404.1 [M] (I = 100%), m/z=360.1 [M—CO,] (I = 8%)
Anal. Found: C, 55.46; H, 5.36; N,4.05 %.
Caled. for C4oHus sFeN, 5015 5 (PhyP)[Fe(6Me-pic),(0,C(0)0)]-5.5H,0-0.5CH;CN)):
C, 55.66; H, 5.20; N, 4.06 %.

(Ph4P)[Fe(6Me-pic)2(**'*0,C(0)0)] (5-'¥"*0,C(0)0)

Z ORI, Hy'*0, 2D Z L LISk (PheP)[Fe(6Me-pic)2(02C(0)0)] & [AkEZ2 7EIC &
DRI 7=. Z O85KIL ESI-TOF/MS B R OHE T~ 0 27 FAHIEIZL D CHCN
FIZEBIT D 00 FEAEEMHIIEIEH S iz,

ESI-TOF/MS (acetonitrile at —40 °C): m/z = 408.1 [M] .
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(Ph4P)[Mn(6Me-pic)2(CO3)]-H20-CH3CN (6-CO3)

6- A F /LY R (6Me-picH, 0274 g, 2.0 mmol) ® CH;CN &K (4 mL) %
Mn(OAc)3-2H20 (0.232 g, 1.0 mmol) @ CH3;CN & (4mL) 2z 5 &, FREIZERE LTz,
Z DORRENZIZ (n-BuaN)(OAc) (120 mg, 0.40 mmol) @ CH;CN &R 2 mL) Zh1%x, 60 °C
AT 2 L, 70T —7RIARE 727, ZOWIRE =IRIZRE L, NEt; (28 uL, 0.2 mmol) /
CH;CN &R 04mL ZMMx7=. ZOEKRIZ KT A T A ZADOFHIFEIZ L0 FRAET 5 _@bik$
EBEROSERISK 1 SR &AL &, HERKE o7z, ZDOEHRIZ, PhyPBr (251 mg,
0.6mmol) @ CH;CN &R 2mL %Nz, PT=F /LT —F )b (~12mL) % BSERIRIZER T
%z, —40°C OWHHIZ THAKET 2 &, BEEREAIGONT. ORI R %
BT D728, COp ZiMl- LTz 2L V2L —40°C TIRIELTZ.

Yield: 0.509 g (65%). Anal. Calcd for C40H38.5MnN2509.5P: C, 60.65; H, 4.90; N, 4.42 %. Found: C,
60.43; H, 5.19; N, 4.64 %.

IR (KBr, cm-1): 1637 (COO), 1571 (CO3), 1591 (C=C), 1571 (CO3), 1460 (CO3), 1259 (CO3) 1107
(PPhas).

ESI-TOF/MS (acetonitrile): m/z = 387.0 [M]".

UV-vis [Amax/nm (/M ' cm )] in acetonitrile at —40 °C: 225 nm (¢ = 10000 M ' cm™), 269 nm (& =
3400 M 'em™'), and 310 nm (e = 620 M ' cm ).

WEALFH B E

2 EmEHEMBETDHHSL, BT D.

IR DE T A2 FLiL, Otsuka Electronics optical fiber attachment % {# ] L C Otsuka
Electronics photodiode array spectrometer MCPD-2000 % L < (X MCPD-3700 TilJiE L7=.
JASCO Ubest-50 Z VT [Cu(en):](ClO4): (Vinax = 18300 cm ™', & = 62.7 M ' em™") /KK D
Wt ZRIE L, i35 Z & THREEZRDTZ. MCPD-2000, MCPD-3700 THEAIRIK
DI FE ZRIET HERE, 2030 mL D=7 7 A3\, FRODICHTT AT 7 AN
—ZELIAAMFEH L. KIE T COREDOREIL, KIEMEIER EYELA low temperature
pairstirrer PSL-1800 % W\ TR B EIRM N OWKIHLL T2 2 L O IZR LITo72. =
BEA AT FVIIENE, BEE Multispec-1500, MCPD-2000, 35 &Y MCPD-3700 CHI|E
L7z. 25°C, CO, F IZBITS 5-0,C(0)0 D HHEDORIEDEIE, J. Young S/ 7 fF
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SHERNL (FH) ZHWNT, WEBRBEOZEFRE Z T,

WG 7 < AT MVORIENE, FERESIRY: NE S OMIEE TRIE S THEY
7. 1 m-single polychromator (Model MC-100DG, Ritsu Oyo Kogaku) % IKZE#HE CTH<CL,
CCD detector (LN/CCD-1100-PB, Roper Scientific) % VN THIE L7z, 514.5 nm DJhilL i &
I3 Ar" laser (Model 2017 Spectra Physics) Zfi/H L7z. ¥ 7 LARA » FTOL—HF =T
—I%, 51450m OREKET 30mW THD. BUIREERTHA LI T4 F A v
KNG —40°CIZfRH 1000 cps TrEEEERSEZ. T~ v 7 MIA T X W HEL,
TV T FORBEL tlem! THD.

'H NMR O#JE(F JEOL INM-LA 400 /3 tatZa A L. MIEICI3FBEE LT CDCl
EREH L. MALSUCEALF OFRIEICITIREE L LT D0 V7. WERMEHEIZIEL TMS
(tetramethylsilane) % L < /X DSS (sodium 3-(trimethylsilyl)-1-propanesulfonate) % HV 7-.

EPR A7 MAORER, LRI ST SN 4 B R ek (Bl 53R
OWFFE=E TRIE SETHEWZ. AEIL VT 2EEZ Y {71772 JEOL X-band spectrometer
(JES-REIXE) # W\ T, ~A 7 aEofaf L2 WHRE T TiTo/. EValb—va ok
T &L, AT MIVDOSRREE TV - A R ERKISIRD KO Kb LT-. g &
¥ Mn*"® ~— W —TCHIELT.

X HRAE ol S AR AT

HIEFET 2 BICHE LIZT-0EKT 5. 5-C03, 5-0,C(0)0 B LV 6-CO; Diffidh T
7 —# % Table S3-1 7>% Table S3-2 (T, ¥ FEREFS LN Biso/Beq (FE 4L, Table S3-3
(ZFREH L7z,

BAFTVEEDER
2 BE|IZERHEH LD, AT 5.
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B AR Y E
H 25 8RS

EZHRFHKXEFT 25 mL —AFMT7Z 22272 = )L 10 mL & FT7 AT 57—
L, 40 °C T 20 mfwmAK, 777 EEIT-T2. 5-0.C(0)0 Z{EN> L7 stock
solution 725 ImL THoO~A 7ty NCTEY, —AF 7 222z, WHEED 0.6
FEEEIC/2 D £ T 72, 432 nm ([Z8BI1F D 5-0,C(0)0 DOWIHGK D % B A7 hv
TIEBFLT-.
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(A) Thermal decomposition of 5-0,C(0)O under CO, at 25 °C
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(B) Thermal decomposition of 5-0,C(0)O under N, at 25 °C
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Figure S3-1. (A) Thermal decomposition of 5-0,C(0O)O in acetonitrile at 25 °C under CO;; (A-1)
Electronic spectra of (a) 5-0,C(0)O and (b) its decomposition species. (A-2) ESI-TOF/MS
spectral change showing thermal decomposition of 5-0,C(0)O under the same conditions given in
(A-1). (B) Thermal decomposition of 5-0,C(0O)O in acetonitrile at 25 °C under N; (B-1)
Electronic spectra of (¢) 5-0,C(0)O and (d) its decomposition species. (B-2) ESI-TOF/MS

spectral change showing thermal decomposition of 5-0,C(0)O under the same conditions given in

(B-1).
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6-CO;,

(e) 20 equiv. (H,180,) .0 [Mn!(L,)(180y)]
Mnlt! >:O m/z = 363.0
6-18/180, ~o
A
Iﬁ. 363 | | | | |
M“\‘ - 358 360 362 364 366
" [ ) m/z
(d) 20 equiv. (H,80,) [Mn"(L,)(18O,)]
6-16/1602 m/z =359.0
A
_o 3% 1 T T 1
Mnﬂ‘ —> 358 360 362 364 366
" (o) m/z
10 [ '
(c) 10 equiv. 387
: |1
(b) 1 equiv.
S

(a) 0 equiv. ‘

T 71T —“‘*1
300 350 400 450
m/z

Figure S3-2. ESI-TOF/MS spectral change showing the formation of [Mn(6Me-pic),(02)]” (6-Ox,
m/z = 359) in the reaction of [Mn(6Me-pic),(CO3)] (6-COs, m/z = 387) with 2% H,0, (31 mM)
prepared by dilution of 30% H,O; in acetronitrile at 25 °C: (a) 0 equiv. of H,O; (black), (b) 1 equiv.
of HyO; (red), (c) 10 equiv. of H,O, (blue), (d) 20 equiv. of H,O, (green) and (e) 20 equiv. of
H,'*0, (pink). The asterisk denotes the peak for B(C¢Hs)s anion used as an internal standard. Insets

show isotope the distribution patterns of 6-'¥'°0, and 6-'*'*0,.
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Table S3-1. Crystallographic data for (PhsP)[Fe(6Me-pic),(CO3)]-H,O-CH;CN (5-COs),

(PhyP)[Fe(6Me-pic)y(0,C(0)0)]-4H,0  (5-0,C(0)0), and  (PhsP)[Mn(6Me-pic)»(CO3)]

“H,0-CH;CN (6-CO3)

5-CO3

5-0,C(0)0

6-CO3

Empirical Formula
Formula Weight
Crystal Color

Crystal Size, mm’

C41H37FGN308P
786.55

yellow

0.35 x0.25 x 0.08

C39H40FeN,O P
815.57
orange-red

0.25 x0.16 x 0.04

C41H37MHN308P
785.67
red-brown

0.35x0.10 x 0.03

Crystal System triclinic triclinic triclinic
a, A 10.762(3) 9.428(2) 7.584(3)
b, A 12.720(3) 14.028(3) 15.178(6)
c, A 15.280(4) 16.102(4) 17.283(6)
a, deg 106.184(4) 72.10(2) 108.057(8)
B, deg 107.985(4) 87.53(2) 92.713(7)
7, deg 97.243(4) 71.13(2) 98.236(6)
v, A’ 1858.4(8) 1913.8(8) 1863(1)
Space Group P-1(#2) P-1(#2) P-1(#2)
Z value 2 2 2
Deate, g/em’ 1.406 1.415 1.400
20max, deg 51.0 55.0 55.0
Fooo 818.00 850.00 816.00
w(MoKar), cm ™! 5.07 5.01 4.55
AMoKa), A 0.71073 0.71073 0.71073
Temperature, °C —-150.0 —-150.0 —-150.0
No. of reflections measured:

17620 14568 8289
total
No. of Observations 6775 5526 5463
No. Variables 498 496 487
Residuals: R1“=0.0425 R"=0.048 R"=0.054
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wR2 “=0.1163
Goodness of Fit Indicator 1.05
Maximum peak, ¢ /A~ 0.58
Minimum peak, ¢ /A~ —0.46

Rw” =0.069
1.15

1.46

—0.51

Rw"=0.063
1.09

0.53

—0.48

[V R1 = 3|[Fo| — [Fc|l/Z|Fo| (I > 20(I)). wR2 = [S(W(Fo® — F*)*) Z(w(FoH)H)]" (all data).

w = 1/[0*(Fo)* + (0.0657p)* + 1.2040p] (p = (Fo” + 2Fc*)/3)™" for 5-CO3)

PR = 5||Fo| — [Fc|/ElFo|. Ry = [(EW(|Fo| — |Fcl)/ZwFo)]"?

w = 1/[*(Fo)] = [°c(Fo) + p*Fo* /4] (p = 0.0860 for 5-0,C(0)0, and p = 0.0500 for 6-CO3)
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Table S3-2. Selected bond distances (A) and angles (deg) of (Ph4P)[Fe(6Me-pic)»(CO;3)]-

H,0-CH;CN (5-CO3), (PhyP)[Fe(6Me-pic)»(02C(0)0)]-4H,0 (5-0,C(0)0), and (PhyP)[Mn-

(6Me-pic),(COs)]-H,0-CH5CN (6-CO3)

5-CO3 5-0,C(0)O 6-CO3
Distances (A) Distances (A) Distances (A)
Fel-0O1 2.019(2) Fel-0O1 1.923(3) Mn1-0l1 1.940(3)
Fel—02 1.979(2) Fel-03 1.995(2) Mnl1-03 1.936(3)
Fel—-04 1.970(2) Fel—05 2.001(3) Mnl-05 1.934(3)
Fel-06 2.004(2) Fel—07 1.992(3) Mn1-06 1.921(3)
Fel—-N1 2.156(2) Fel—-N1 2.175(3) Mnl1-N1 2.302(3)
Fel—-N2 2.176(2) Fel—-N2 2.211(3) Mn1-N2 2.301(3)
01-02 1.457(4)

Angles (deg) Angles (deg) Angles (deg)
O1-Fel-02 65.72(6) O1-Fel-03 79.9(1) O1-Mn1-03 102.0(1)
Ol-Fel-O4  9478(6)  Ol-Fel-05  1682(1)  O1-MnI-O5 95.2(1)
O1-Fel-06 156.81(6) O1-Fel-0O7 90.6(1) O1-Mnl1-06 163.3(1)
Ol-Fel-N1  96.88(7)  Ol-Fel-NI  1062(1)  OI1-MnI-N1 77.1(1)
O1-Fel—-N2 101.12(6) Ol1-Fel—-N2 91.5(1) O1-Mnl1—-N2 87.8(1)
02-Fel-04 159.96(6) 03-Fel-05 89.3(1) 03—Mnl1-05 162.7(1)
02-Fel-06 91.39(6) 03-Fel-07 169.1(1) 03—Mnl1—-06 94.6(1)
02-Fel-N1  97.96(7)  O3-Fel-NI  88.95(10) O3-MnI-N1 83.4(1)
02-Fel-N2  99.18(7)  O3-Fel-N2  107.3(1)  O3-MnI-N2 77.1(1)
04-Fel-06 108.32(6) O5-Fel-07 100.5(1) O5—Mnl1-06 68.2(1)
O4-Fel-N1  79.0409)  O5-Fel-NI  782(1)  O5-MnI-N1 99.1(1)
O4-Fel-N2  88.75(7)  O5-Fel-N2  87.1(1)  O5-Mnl-N2  105.3(1)
06-Fe-N1  89.61(7) O7-Fe-N1  88.48(10) O6-Mnl-N1  106.1(1)
06-Fe-N2  78.02(6) 07-Fe-N2 782(1)  06-Mnl-N2 95.1(1)
NI-Fe-N2  159.03(7)  NI-Fe-N2  1580(1)  NI-MnI-N2  152.3(1)
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Fel-O1-C1  90.79(12) Fe-01-02 114.12)  Mnl-05-C15 91.3(2)
Fel-02-C1  92.59(12) 01-02—Cl1 11273)  Mnl-06-C15 91.7(2)
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Table S3-3. Results of '*O-labeling studies for the reaction with cis-cyclooctene by 5-0,C(0)O
in CH3CN at 25 °C

. Oxide-"*0%" cis-Diol-"*0%°
Conditions :
Yields® 'O B0 ivields® '°0'0 '“0"0 0o

5-CO;* |

CO, + H,"*0, 13 98 2 11 98 2 0
N;+ H,"*0; 4 63 37 1 22 19 42 39
5-0,C(0)0

CO, + "*0y° 132 21 79 1 9.1 100 0 0

"Reaction times are for 40 hours (for CO, + H,'®0, conditions or CO, + '*0, conditions), or for 2
hours (for N, + H,'®0, conditions). “Yields of oxidation products are based on 5-0,C(0)O (All
experiments were run at least in duplicate). “Oxide-'*0% = percentage of '"*O-incorporation into
cyclooctene  oxide ‘cis-Diol-"*0% =  percentage of '®O-incorporation  into
cis-1,2-cyclooctanediol; 1500 = ¢is-'°0'%0-diol, 00 = cis-'"°0'®0-diol, and 00 =
cis-"*0"%0-diol “ These experiments were performed by the reaction of 5-CO3 with 1 equiv of

H,'%0,. “Addition of 5 mL of '*O-labeled dioxygen.
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Table S3-4. Oxidation of cyclooctene by the reaction of 5-CQ; and 6-CO;

(~1 mM) with 1 equiv. of H,O in acetonitrile at 25 °C under CO, “

Diol ? Oxide ¢ 1-One ¢ DE®
5-CO; 11 13 trace 1:1.2
6-CO3 nd.” 13 trace -

“Yields of oxidation products are based on 5-CO; and 6-CO; (All
experiments were run at least in duplicate). Reaction time is for 40 hours.
"Diol = cis-1,2-cyclooctanediol “Oxide = cyclooctene oxide “1-One =
2-cycloocten-1-one  ‘D:E = the ratio of cis-diol product to epoxide

product ’n.d. = not detected
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FA4E. 00 BHEDERITLIEREIVZRHKAUDRNILFFVREDE
X

4.1. ik

LBEEARIC LD 0-0 KA DBR L FAL, ARROMBLEESE TR LN DEEHES T DI
PEL (0-0 FEA DR KA TR OGN D KDEBILKIS (0-0 fd OFA) I2BIT5
HERF—RAT v 7 ThD. 2 BRBLIO 3 BTIL, LB R X OB LEESE O
FET T /L & 72 D TEEBRAINE L O HEE LA~ 4% VKD 0-0 FEA DOIEMHAL (B
REAESSTEIZ DWW TR AR T & 7228, AE T, 0-0 fEOHAICK D 2 b 3
BLOHEESAUN)ASV A F VEEEROERICET 2 EICONTRRD. AR IO
(photosystem IT (PS IT)) D3R5 £ 4.0y (Oxygen Evolution Center, OEC) Ti%, H/Lv 7 A
A I EEURMU~ ) TAR—PKEBIELT, 0-0 fiGaAtmkl, BESF21E
DT Z ENmbONTVAL ZOERTIE, Mn(V)AF Y FRER, 0-0 A DARICE
FOIEMERE L ORI TV T, RECT VX —RBEICHEME LT, ARG
HAE LI A ATONTEY, NLYEAMREHET S ETH, @BERICLD
0-O FEEAEMITEZERICHE THSH. ITH, Gao HIE Mn(V)AF Y a2 v — /LK &K
WAL A A2 DOGPIEFEIEEZ R T2 L 2 8E Lz (Scheme 4-1). Z OISRIZE T
% 0-0 #iaDAMIE, Mn(V)AF Y ERG~D KA A A ORI IR A Lk
IHERMBEINTWD. 72, Nam HlE, Gao b EFHELL7Z Mn(V)A4F Y 21— Lk
ERWT, < B or~UrdF VR E 4% Y oo — L RO i 22 B I B L T D
(Scheme 4-2)*.

Oxidant, [O] = +-BuOOH
Base, [OH]™ = n-Bu,NOH NO,

(0] _
= zﬂ—e‘ J[OH]
LS e o ot
—H*

Scheme 4-1. Possible mechanism of oxygen evolution cycle proposed by Gao.
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H,O./base

Mn!V(Cor)

A

+
O O OH~ b ¢ : Mn''(Cor)
=<

0 PhIO

v
Mn'''(Cor) Mn*(Con)

Scheme 4-2. The first example of a reversible conversion between manganese-peroxo and -0xo

corrole complexes via O-O bond cleavage and formation processes.

Cu $&MICEA LTI, Tolman 5 7%, Bk =JERNZF tacn®™ (1,4,7-benzyl-1,4,7-triaza-
cyclononane) % VT, (u-n":1-peroxo) _AZEAINEE AR & O-O FEA BRI L 7= & i
bis(u-0x0) “AEHANEEA & DOIABESHFIC X 2 Al ZE# s LTV 52 (Scheme 4-3).

iF"r
N
( w cul /\o THF cu 0,
fffff i
iPr " ipr
tacniPI’3

Scheme 4-3. Interconvervion between a (m-h”:h>-peroxo)dicopper(I) complex and a high valent

bis(m-oxo)dicopper(Ill) complex.

F 72 Y HFJE = O Hayashi 5 |X, Mes-tpa (bis(6-methyl-2-pyridylmethyl)-(2-pyridyl-
methyl)-amine) % VT, SADSEA L bis(u-oxo) _EZHHIINEE A D FH 4 R L, BRFE5+

AT T B LR TSR LT D0 T, BEFR Sy 10 al i) U TR ot & il
BL7=HDTORTHD (Scheme 4-4). F7=, YHFFEED Mizuno HIE, Mey-tpa DE Y
NAFNFEZEE Y DV FVIICEWRST 52 & C, a[WUE LS T O R EGIE 21T
STW5
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~Me
(FN 02
| M — cu"vo,

N 2lCu' ———— N\, cul
Me N_ ) N_- o 0~
\ P 0o, N,
Me-tpa

Scheme 4-4. Equilibrium between a copper(I) complex and a bis(m-oxo)dicopper(IIl) complex with

Me,-tpa.

Fe $SAICBI LTI, BIOE TR~/ X 91T Hashimoto CAHIZE CHBUZ AR LT- Bk
BRI R ERSEIA ([Fe(qn)2(02C(0)0)], [Fe(6Me-pic),(0,C(0)0)]) 723, &k LA % vk L
LTIEMIOT, AR 0-0 fiaoEEHAZ RTZE2RELTWD®. F, &l
Ray 5%, K Fe(I)#fA L iodosobenzene (iodosylbenezene) & MFIGHIZ LY Fe-superoxo
FENERT D Z &2 LTS (Scheme 4-5)°. & 512, Kodera 51 (u-oxo)(u-peroxo)
CESRIIDEER & (u-oxo)dioxo EZERAV)EEA D O EARREIC IS 1T D AR 0-O &
HORA L FHAZHE L T D (Scheme 4-6)'.

(/ 3 Phi® ) . 7

> ~ Y Q /
[ / \
C o—0

Scheme 4-5. Radical coupling O—O bond formation mediated by a polynuclear Fe(Il) complex

(only two iron centers shown for simplicity) in presence of iodosobenzene (Kundu et al., 2012).
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in the solid state

‘ (o)
£ e T pa
L I I
.. 0—O0 (o) (0]
: ' 2 2 1 ) 2
e velocity?mm s 1)

1 Y
velocity ?mm s 1)

high spin Fe(lIl) high spin Fe(IV)

Scheme 4-6. Transformation of [Fex(u-O)(OH»)2(6-hpa)](ClO4)4 to (u-oxo)(p-peroxo)diiron(II)

complex and (p-oxo)dioxodiiron(IV) complex (Kodera ef al., 2012).

ZDEHIE, 0-0 FEAEDAERRIL (FEFE DT ORESC VA X VDR 13k~ 70E
BeBHEEICEVZERINTWVDN, ZbIE— KRR {LAITH D mCPBA,
iodosobenzene, CAN 72 &% WT, @14 ¥ VEAZ LR S, 0-0 A DEMEIT-
TV, Fx bEICERIZL DI 0-0 FAAEMITET DML IT-> TEen, B
X, ZNHOMOERM LA EZ LB E L2V PhaP=0 &\ T, 0-0 fEAOHEAMG) T
IHZEERMHLE. KAETIE, PP=0 ZH W 0-0 A OHEAEICED
(u-hydroxo)(u-peroxo) _EZ#k(IINEER [Fey(6Mer-BPP),(u-OH)(u-0,)]" 3 & OVBEAZ SR (TNt
e A L $EK [Fe(6Me-pic)(0.C(0)0)] DAERSSIZ DWW TR S,
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42. BREEE
4.2.1. BESMINDREE A A 85K [Fe(6Me-pic),(CO3)|” & PhiP=0 tDRIHIZED 0-0
& B D ARG

3 ECTHRRA K9, HEESADIEREE A 4 > 81K [Fe(6Me-pic)(0.C(0)0)]
(5-0,C(0)0) 1T 0O FEE D AW RBR L FAEEZRT. ZORIBATH 2 BRI K
FiA A 881K [Fe(6Me-pic)(COs)]” (5-CO3) & PhsP=0 & DOINIZ LD 0-O0 FiH DR
WL Z D D0 % UV-vis A7 MLz W TH~7=. 5-CO; & PhsP=0 23k L,
5-0,C(0)0 ERTIIE, 0-0 FEEDERNPIEZ ~7oZ LRt N TED.

CH;CN 1, 25°C, CO, FiZEIiF5 5-CO; & PhP=0 & OKLTIE, 5-0,C(0)0 (Z)F
B SN DHFF 432nm OWIROEEMMA R Hh, Rz 2 L. PhP=0 % 2 4 &R
T 5 &, 5-0,C(0)00 NFELEIZAER L (Figure 4-1), =D AT [V, IR Lk
KFEEDORIETHELNTZANXY FLERILCTHD (Figure 3-1, (a)). = OFERIE, PhsP=0 @
R L& 5-CO3 O 1 DOMHERFIHEAL,0-0 MAPER LTI LEZRBRL TV,

3500 —,

] 1400
1200
1000
] 800 —|
2500 |} 600
400 —

e/M em”

200 —
0

- 2000 —

1
e/M cm
o
N
w

1500 — 3 [PhsP=0] / [FeL,(CO5)]
1000 —

500 —

300 400 500 600 700 800
Wavelength / nm

Figure 4-1. Electronic spectral change for the stepwise formation of [Fe(6Me-pic),(0O.C(O)O)]
(5-02C(0)0) by addition of Ph3P=0 to an acetonitrile solution of [Fe(6Me-pic)»(CO3)] (5-CO3) at
25 °C. Inset is the spectroscopic titration at 432 nm for the stepwise formation of 5-0,C(0)O by

addition of Ph3P=0 to an acetonitrile solution of 5-COj at 25 °C.
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Z %A% ESI-TOF/MS A7 RUVIZ X VBEFT 2 &, 5-CO; IZIRBIND miz =
388.1 D7 F LA, PhP=0 OFINZ LY 5-0,C(0)0 I[ZIFEIND miz=404.1 OV T
FANEEIT D ERNDMNoTZ. LIz -> T, ESI-TOF/MS HIEN S 5-CO; &
PhsP=0 DISIZ LY 5-0,C(0)0 23 EKT HZ LN HvE 72572 (Scheme 4-7).

5-0,C(0)O (m/z = 404.1)

5-0,
(m/z=360.1)
A A
T I T T I 1
400 404 408
m/z

*

1 " 1 1
| | | 1

200 400 600 800 1000

m/z

Figure 4-2. ESI-TOF/MS spectra of the reaction of 5-CO; with 2 equiv of Ph;P=0 in CH3;CN at
25 °C under CO,. The asterisk denotes the peak for B(CsHs)s union used as an internal standard

(m/z=319.1).

2 - 4 1-
) N
O "N cH, ~2 eq. PhyP=0 N CH,
2o in CHLCN 0.\ 0o
Fe =0 — . Fei"
e~ e
o7/ ° at 25 °C 07/ No-0
N CHs under CO N_CHs
O /l 2 (o) ,I
N S
[Fe(6Me-pic)>(CO3)]~ [Fe(6Me-pic),(0O,C(0O)O)]~

Scheme 4-7. The O—O bond formation by the reaction of 5-CQ3 with PhsP=0 in CH3CN at 25 °C
under CO».

92



FoFEk %, COy T, —40 °C TITo7z. 25°C OH & FIERIZ, 432 nm DWW
DB ST, 5-0,C(0)0 Z5EEITEKRT H72DITIE PhP=0 23 2.6 HEM T
Thoto. BT, 5-CO; & PhiP=0 OHIZL Y 5-0.C(0)0 MNARKT HiEFED 2
B =R BEHA LN TIEROD, 5%, PhP=0 % "0 7YV LIZFNAT XY v 7 g%
TFH2 L0k, ERA =R LD EIT> T TETHS.

3500 —

3000 -}

e/M em”

2500 — |\

2000 —

'/
\ T T T T T
0 1 2 3 4
[PhyP=0]/ [FeL,(CO,)]

e/M ' em”

1500 —

1000

500 —

Wavelength / nm

Figure 4-3. Electronic spectral change for the stepwise formation of [Fe(6Me-pic),(0O.C(O)0O)]
(5-02C(0)0) by addition of Ph3P=0 to an acetonitrile solution of [Fe(6Me-pic)»(CO3)] (5-CO3) at
—40 °C. Inset is the spectroscopic titration at 432 nm for the stepwise formation of 5-0,C(0O)O by

addition of Ph3P=0 to an acetonitrile solution of 5-COj3 at —40 °C.
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4.2.2. 0-O #& & LKt D ERINF D at

ZD 0-0 FAERMRSUSD SRR Z DT, T ORISHTE A DRRALAIRATHE
I T Z 2 20REE L 72 (Table 4-1). AIEEL LTI, FAT7 =Y — Otz kv E
B AFIVT 2 =)L AR F TR, cyclooctene DFE(LIZ L VD A% 3 % cyclooctene oxide,
B LW cis-stilbene DFRILIZ XV AT D cis-stilbene oxide 72 & THiFt L7=. Zh 6 DA
BT, AUSEAEAE T CREMOBRER T BEISISZ1T ) /fEERH !, 26 b oaH
bl v Al & LTl &, BxlEgWze b x5 Enrd s, BibAlE LT,
iodosylbenzene, pyridine N-oxide, 335 % mCPBA % &t L7-.

(1) AR

AFNT 2 =)V ANVEF Y FE 5-CO; & DORUSTIE, WEIZHML TH 5-0,C(0)0 D
WA OEAINT R b2 noTz. LT T, 0-0 FaDEMITEZ 720N EbhoTe.
F 72, cyclooctene oxide X° cis-stilbene oxide {ZHVWTH, AT /N T xz=/)LA)LT7 ¢ R L[F
FRICEEDHEST Lo 7z

(2) BRALA

fe it #1T& % iodosylbenzene ° pyridine N-oxide Z ¥sAI L 7=72%, W@EIC Mz TH
5-0,C(0)0 DAERITR BN -T2. —F, mCPBA & OILTIE, 5-CO; @ CH;CN &
KA 5-0,C(0)0 & L Ptz B Len, BEICHMNRZ v Ea~E 2Lz, WIL
AR FIVORIENS B 5-0,C(0)0 1TEK L TV ARNEEX LD, BUEZ OWIL AR
7 FIVDZEAGIZ L K Do THOZRWA, [Fe(6Me-pic),(mCPBA)] $&{A D X 5 2 th ik 4
L TWDAEEMED D 5. LA ED K 512, —fRAI7Z2EE{LAI & 5-COs DI T, 5-0,C(0)0
TR LN EBbhoTz.

WIZ, PhsP=0 O 1 DD 7 = =)LI%E A F)VIITE 2 72 MePh,P=0 ZAl ] LT % [AkE
72 0-0 #EG DOERRISHBETT 2 DO MFELTZ. 5-CO; & MePh,P=O D) TlE, i
FIZMZTH 5-0,C(0)0 DEKITH LNz, BEOEZ A, ZOAKRKIZE L
TIERAREN LD, LU EDERN D, PhsP=0 IR ARKIGETHD Z LRS-,
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Table 4-1. The reaction of 5-CO; with several additive in CH3CN at 25 °C

Entry Additive Results
1 ©\S/CH3 No reaction with the addition of excess amount
1]
(0]
PhS(=0)Me
(0]
2 © No reaction with the addition of excess amount
Cyclooctene Oxide
0]
3 O O No reaction with the addition of excess amount
cis-Stilbene Oxide
I//o
4 © No reaction with the addition of excess amount
lodosylbenzene
O._O.
OH
5 Generation of the intermidiate with the addition of 1 ~ 2 eq.
Cl
mCPBA
| A
6 N/ No reaction with the addition of excess amount
|
(0]
Pyridin N-Oxide
7 P No reaction with the addition of excess amount
i1 ~CH
(Je
MePh,P=0
8 Generation of 1-0,C(0)0 with the addition of 2 equiv.
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4.2.3. ZEESMINEEIR [Fey(6Mer-BPP)y(u-OH)(1-0)]" (1) & PhsP=0 ¢DKIHIZXD
0-0 & DARK IS

AR L7z PhsP=0 (2K 5 O-O & DAEMRSIGH, L Fv T 7274 XSl Kk
(IMEER [Fea(6Me,-BPP),(u-OH)(u-0)](OTH) (1) & DOFULTHEL Z 2 D )vfFt L7=. CH;CN
H1, —40°C, N, FIZHBWT 112 PhyP=0 ZHMNT 2 &, T 640 nm i ORI DY
N2 R 547z (Figure 4-4 (A)). CH;CN H1,40°C,N, FIZEIT5 1 & H0, OGTI,
30 BEDORIM TN T D “EEERAIN) VA% V $5(K [Fey(6Me,-BPP)y(u-OH)(u-02)]" (2)
WAERRT D, LTeoT, ZOFRMETIE PhsP=0 OFEIMICE Y~ % VEHANIEE AL
R L TWenWetEZEx bbb, 2T, 20°C [ZELE EIFAZ L1k, Z ORI
KT DTz, ZOFREER, 1 1% 2 CIRBINDREALET DAY MELERL,
25 BEOWMTANYZ MAOEITA b/ 72> 7= (Figure 4-4 (B)).

(A) (B)
1.4 4 1.4 5
1.2 1.2 1
1.0 1.0
3 8
S 0.8+ S 0.8+
2 2
o o}
o 0.6 - @ 0.6
2 <
0.4 - 0.4 -
0.2 H 0.2 —
0.0 T I T I T I OO —I T I T I T I
400 600 800 1000 400 600 800 1000
Wavelength / nm Wavelength / nm

Figure 4-4. Electronic spectral change for the formation of [Fes(6Me,-BPP),(OH)(02)]" (2) by
addition of 25 equiv of Ph;P=0 to an acetonitrile solution of [Fe,(6Me,-BPP),(O)(OH)]" (1) (A) at

40 °C and (B) at —20 °C.
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L7 - T, BEESRADEEAR & AR IC ZSRAIDEE AR IZB W TEH PhsP=0 ORI L S
0-0 FEGDERMBEZ 2 Z LRI LN LR ST, T O EEIERICBIT 2 2L Hkgk
(IDEEIR & FIERIZ, PhaP=0 IZRFRAZRSIEDTARD 2D, 1 128V T HHE A~ DAL
Wk L0 A 2w LTz, ZORE, BEESAUDEHA L RN 6 ZRML TS 2 O

ERUTHERR S 72 o7, LTed - T, SNSRI N TS, 0-0 fifa DAL
L PhyP=0 IZBIRWIREISTH D Z &N B0 E 72 572 (Scheme 4-8).

1+ \ 1+
NCH3 ~25 eq. PhsP=0 NCH3 \=
H |n CHscN
F O\ — \ |: /O\F
O / / at —20 °C o[ \
\N HsC N under N, N HsC N
I ’
CHs \\
[Fes(6Me,-BPP),(O)(OH)I* [Fes(6Me,-BPP)o(OH)(O)1*

Scheme 4-8. The O—O bond formation by the reaction of 1 with Ph3;P=0 in CH3CN at —20 °C under

No.
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4.3.

ARFZETIL, FOEEHIZ L L LR PhP=0 W\ T, 0-0 & OFERISICE
2 HORZ Bk (D) i R BB A A4 2 85 1K [Fe(6Me-pic),(0,C(0)0)]” (5-0,C(0)0) ¥ L O
(u-hydroxo)(u-peroxo) _EZER(II) /L A V SR [Fea(6Mer-BPP)y(u-OH)(u-02)]" (2) DHAERK
Z R LTz,

F2ZD 0-0 HiEEDERMMUGIE, Ha ORALFIC A VR F 2 R & ORI 2 M
LEGAICITEZ S22 02 E0300 0, PhP=0 (IR ETH D Z ER LN E R
S, BT, PhP=0 @ | DO 7 = =/VF&% A FNVIEITE X T2 MePh,P=0 TILZ DK
JRITEZ B0 2 e D, 20 0-0 G DERITIZTR AT 4 AMLEWM OB AR RN E
BCThHDHI ENRBINT.

BAE, 20 0-0 faa DA T 2 UG A I = A LT HOWTHIARHAZR ALV,

FINART XY TEBRICED, FALNITLHTETHD.

AMFFE TR L7 PhsP=0 (2L 2D O-0 FiaDEMMIGEZE WD Z & T, RO KD 7ok

LAl R OREZED HFF S5 (Scheme 4-9).
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PhgP=0 PPhg

4 7/
R O-O bond formation o K
N "CHs N CHs
0.\ .0 \ 0-¢=0
Fel >C=0 S
N CHs N CHs;
O 3 ) ) R
| Substrate oxidation |
/ /
5-CO, 5-0,C(0)0

Scheme 4-9. Catalytic oxidation system via O—O bond formation of the reaction of 5-CO; with
Ph;P=0; £, is the rate of the formation of active peroxo complex such as 5-0,C(0)O via O—O bond
formation, k, is the rate of substrate oxidation, and k3 is the rate of the oxidation from PPhs to

Ph3P:O .
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4.4. RERH

CONTENTS:
- —ERIER KOS RO AL
- Wy ERAb SR E
- Ph;P=0 | L B EFER

— R RAE B K USEE DA K
2 EBLOW 3 mLIET o720, AT D.

YEALFERE E
2 EBLOW 3 mLIET o720, AT D.

Ph;P=0 T X % %€ £k
(a) (Ph4P)[Fe(6Me-pic)>(CO3)]-H,0-CH3CN (5-CO;3) & PhsP=0 & DKk

ZOEAEIX CO, TIZTITo72. 788 CH;CN 10 mL % = AF 7 F 2 22 A, 25°C
T 20 RE®R, Ny 7 770 REHE LT, (PheP)[Fe(6Me-pic)(CO3)]-H,O-CH;CN
(5-CO3) % 14 mg (19.1 umol) FFEL, AE T F=FVU /L 10 mL [ZEMSEZ. ZIh
5, SmL #ARAT7 T 22|20 =R 7 I 232z, S6IZARM CH;CNSmL &N
Z72. COy & 5 N7 V7L, CO, ZafnSt7=. ZDOEHRIZ, PhsP=0 (0.265g, 9.54
umol) % CH3;CN 5SmL (ZIED L7225 10 ub T 2N 25 E L7=. 432 nm OWRIY
DN Z B A7 FLTHIZE L7-. CH;CN H, —40 °C, CO, FiZBW\W T, EELS
1% 25°C DBHE L FERRIEETHIE L.

(b) [Fea(6Mey-BPP)y(4-0)(u-OH)(OT)- 10H,0 (3d) & PhsP=0 & D

ZOEMEIX Ny, FIZTITo72. 788 CHCN 10 mL % = HAUR 7 F 2 22 A, —40 °C
T 20 iER%, Ny 7T RERIE LT, [Fey(6Mey-BPP),y(u-0)(u-OH)J(OTY)- 10H,0
(3d) % 11.6mg (10.8 umol) FFEL, RE T hr=1F U/ L 10mL ([JEME ST, 2205,
SmL ZAAT7 T AN AR T T 232Nz z. ZOWHKIZ, PhsP=0 (13.1 mg,

46.9 pmol) ZZ&M 7 h=F U/ 5 mL [T LIeAREK D 50 uL 20250 E L
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77. 644 nm OWINDOHEIMAZE A A7 ML THIE L7=. CH;CN 1, —20°C, N, Rz
ThH, BEDINET 40°C OGA & REERREETRIE L.
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