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Abstract

Dioxygen activation (O-O bond cleavage) and evolution (O-O bond formation) by non-heme
type transition metal complexes are of current interest due to its importance in biological
system and industrial processes. In this study, we report that oxidation reactivity of
(peroxo)diiron(I11) and (peroxo)iron(I1l) complexes and synthesis of (peroxo)diiron(lll) and
(peroxo)iron(111) complexes via O-O bond formation.

Two types of (u-hydroxo)(p-peroxo)diiron(l11) complex [Fe,(6Me,-BPP),(u-OH)(1-02)]"
(2) and (p-oxo)(u-peroxo)diiron(lll) complex [Fe,(6Me,-BPP),(u-O)(1-0O2)] (3) have
oxidation ability toward PPhs and benzyl alcohol. Kinetic study revealed that the oxidation
reaction proceeds via O—O bond cleavage of peroxo species and the corresponding O-O bond
cleaved diiron(1V)-oxo species is responsible for oxidation of benzyl alcohol. It is noted that
the bridging hydroxide and oxide significantly influence O-O bond cleavage. The rate of
O-0O bond cleavage is significantly accelerated by the deprotonation of the bridging
hydroxide, resulting in a 100-fold change in the rate of O-O bond cleavage.

A mononuclear  peroxocarbonato-iron(lll)  complex [Fe(6Me-pic),(0,C(0O)0O)]”
(5-0,C(0)O) with bidentate ligands (6Me-pic), prepared by the reaction of a
carbonato-iron(l11) complex [Fe(6Me-pic),(CO3)]” (5-CO3) with H,0,, was fully
characterized. 5-O,C(O)O showed a reversible O-O bond cleavage and reformation of the
peroxo group under CO;, at 25 °C. 5-0O,C(O)O0 is capable of not only oxidizing the C=C bond
of cyclooctene but also the C—H bond of toluene. As for cyclooctene, epoxidation is favorable
under CO;, in the presence of H,O, while cis-dihydroxylaton precedes under N, indicating
that the oxidation reactivity of 5-O,C(O)O toward cyclooctene can be tuned by changing the
concentration of CO;, and H;O.

Furthermore, we found that (u-hydroxo)(pu-peroxo)diiron(111) complex
[Fe,(6Me»-BPP),(1-OH)(1-02)]" (2) and mononuclear peroxocarbonato-iron(111) complex
[Fe(6Me-pic),(0,C(0)O)]” (5-0,C(O)O) can be prepared from the reaction of
[Fe2(6Me»-BPP),(U-OH)(1-0)]" (1) and [Fe(6Me-pic),(CO3)]” (5-CO3) with PhzP=0 via
O-0 bond formation.
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EIREEHRIZ L D BFEEMHALOLFICIB T 5 EEARFEO—D1X, 0-0 fEA DA L
EROHIETH D, ARRIE, Z0 0-0 FEDOBHEEREHRIIT>TND. i
ZIE, AZ L EAL )=V T DA X F ) A X F—E (MMO; 2Fe) 1%, —
gk KV RES T2~ A VL U THA L TEMEILL (0-0 #EE DRI,
AR LTzl A VREIZ I D A2 LT D, 2 E 3T, A EGR 1E(PSH)
DOFeFFEE T (OEC; 4MnCa) TIE, ~ > o7 7 A X —I2 X 5 /KDERLIC XL v FeE
TEMREN AR S, BBFESTZ21ED HT (0-0 #EDERK). ZnbD0&FEA 4 1Z
X, 7R BB OA I X, BIVIRVERA AL, I BITITKSyTRE Refk Y
KD WIEAF VY ENENL L TWD. ZHOHIENLBIERZ Xy OfEFRIL, ~ Lk
(BT 4 Vg LIxER0, A 4080 ORMERECSMEFIIZETH Y,
TN EH R ERMEY Y ERIENLZER] (SOSH R L) \2k D, RRRABEEE
WENTWD, Foxid, 20X RBLEND, 237 EMEY Hd MR BN BRBE
RS Z SR E AL F TR L D ML LT, 2o &R~ Ry BEOREE DK
SIS (BRI Z 5 e BENR) OffiE, oY%, WEET L LR D8R
KOBREIT->TET-. ZNETICHLI1E, MMO O-~ULFF Y koG L O
DIFHITT N L 72D T RE(IN LA V85K ([Fea(u-0,)(1-OH)(6Me,-BPP),]" (2),
[Fe2(1-02)(1-0)(6Me,-BPP),] (3)) DA ELCHEZER(I)IE R EESE AR ([Fe(gn)2(CO4)] (5),
[Fe(6Me-pic)2(CO4)] (B)IT & 2 Al O-0 #E A DRI & ARRIZEI L TV 5

ARFZETIE, ZHSFEASNDRELN) LA F VRO SRS 0-0 fanE
FRAZ L BRI~ A% Y SR D SR/t 218 LT 0-0 55 O & AKICEET 5
SEORDLHBAEGBLZEHHMNE Lz, ZETIE, SN~V A% Y SR DmRL
FOGME, =FTIE, Rl O-0 #ha O BHAL & ARk 2 n 3 BBk AR EESE AR DR L
BOsME, ETIE, O0-0 M/ DAERIZ L5281~ A% VEHAD AR, 122\ TEF
NENBR~D.

[82F b FoxYBIUGTFYERELHET L BN~V F X Y 85k DBRLK
JitE]

WHFZEEE D Zhang 5%, [Fe'',(6Mey-BPP),(u-OH)(H-0)]* (1) &bk & DK
JEIZ LD, MMO O~V A Y FIAOREES KOV EFRET LV E 2 D046 e
YV EB IR Y EELTAET DL ZEEA) NV F XY IR
[Fe"'2(6Me2-BPP), (u-OH)(1-02)]" (2) 3 LTt [Fe"';(6Meo-BPP),(1-O)(H-02)] (3) it
PRI B AR & AE RS RITICAR I L TV D, TR BIXE T AT MLRIR T < o
N7 MUIZE Y, 2 1% Fe(lI)A A2 DA fj\

ABEPERENE <, 3 1% 0-O MRS o= "™ Q Lpe-/ e Lpé-\/ S
FNF =R ER ERALNE ST g o—o
W5, THUHEEARIL, ZEMEENL D B3 H L= 6lle, BPP 2 3
% LTehoT, ZHOEARDIMERML Figure 1. Ligand, complexes 2 and 3.



FIZ X DHEDIE WD O-0 f5 G O BHECIR LG TEIS
B2 BRI AL -2, SN EE & OB bERSHE
wARET LTz,

2 BLW 3 OBETFRIRELEL D72, styrene
X PPh; & OGME%E, BRFFAX T, -40°C, 7& b
= MU P THHRTZ. GC-MS (T X B EMn ot o
H, PPhy L ORISTDH, LAY TH S PhsP=0
DR SN, 22T, 2 BEIW 3 & PPhy & DO
FRIORFSE A EHRFPAL T, —40 °C, 7k k=K Ut
TIToT2. 2 BEW 3 OofRIFdE—UOHEANZHE S Z
EMNPNY, 2 L DORIETH LT — R E K
(Kobs) 1%, PPhs DIRFEITIKAE L CTEAAIIZEEINL /2
(Figure 2-a). Z D Z Enb, ~ULAF VR 2 NER:
PPhs 2 FHIZERIL L CTWA Z ¥ boT=. —77,
3 LDORISTHE LT Kops 13 PPhs OB I AFES,
IFT—EDfE%E & 7= (Figure 2-b). Z D Z L, 3 I
&% PPhy OEELE G DESHERE X, 0-0 #EG DA
el LERBRLTEY, ZTRICL Y AERT DHER
(IV)A % VfE 3-0x0 7% PPhy ZH&E FHIIZH{E L T
HiEZOBND., £12, PPhy & ORISEDOELINRIT 3

KX0H 2 oFRENZ ENG, BlETMIT 3-oxo &
DH 2 OEFEREWERDRS.
wIZ,2 BLO 3 O C-HEAMLEEZTRD =0,

toluene <> 9,10-DHA, benzyl alcohol & Dt %, %
FEHXT, 7 b=t U AFTHZ GC-MS 12X
5 AR T DFE R, benzyl alcohol & D i TD I,
Fefb A pi Cdh 5 benzaldehyde 23RSz, £ 2T,

2 & benzyl alcohol & DHEERHHIMTIE 2 EFHRIFIHXT, -

-10 °C, 7B Fh=RUNLHFTITHo7z. ZTORELR, 2 O
R — R EERNCHE D T D00, 1F5I7E Kops
I% benzyl alcohol DR EIAKAFETITIZIE—EDEE
& o 7= (Figure 3-a). T D Z &1k, 2 12L& 5 benzyl
alcohol DEE(LE DALHEERE X, O-O0 G DEZ %
G LERBLTEY, ZRICE 0 ARKT HEIV)
2% Vf# 2-oxo 7% benzyl alcohol O~ PV NALDIKTE
AT 25 EHONTELRSDEIT L TWVD EEF X B
%. —J7, 3 & benzyl alcohol & O3 EFGHIATFE %2 %2
FHRHK T, =30 °C, 7B =NV LHFTITH &, #5

{
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Figure 2. Plots of Kkgps Vs the
concentration of PPhs for the
reaction with 2 (a) and 3 (b) in
CH3CN at —40 °C under Na.
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Figure 3. Plots of koys Vs the
concentration of benzyl alcohol
for the reaction with 2 in
CH3CN at —10 °C under N; (a)
and 3 in CH3CN at -30 °C

under N (b).



BT Kops 1E benzyl alcohol @ 0-0 bond

WEICKELTRE RDZEDR cevage " #°
Pinoi- (Figure 3-b). —oz Lk, Feh afe" > [FT':V \uFeN] ?

A i _
30 00 HanMAREE .0 el 2,
benzyl alcohol 23 L THE Y, BA e
Scheme 1 @ X 5 R CHEHEN S ke 1L s Km_kz:ka
% bis. Scheme 1 1Z7R L2 KUS -
B o8P EERE, ER |:|:e:u'o\’|:em,BA] ka » decomposition product
WREE 2 W TR Z &Iz kb, [ o-o

3 & benzyl alcohol & DI CEs  femeratonofadder

WTBIHIEND Kes (%, O-O #t Scheme 1. Possible mechanism of the reaction of 3
A DOBZL (B S5 RO EE K with benzyl alcohol.

K1) Eir FitDO L ) e A TERIT N TE S,

2.0
(k, - k;)[ Benzyl alcohol] 1.8
Ko =K1 - 1 alcohol o 16
[ Benzyl alcohol ]+ K, 5 14
X124
K :k72+k3 $ 1.0
M k, £ o084
0.6
Z 2T, 3 & benzyl alcohol & DEEEEEE & 0.4
ky, FRBESRE T E ko, BELO 3 & benzyl 6 5 10 15 20
alcohol DfFIMED I3 fiEEEES % ks & LTH 1/1Benzyl alcohol] / M

LTW5. F72 Ky=(kz + ks)/ks IE Michaelis £  Figure 4. Plots of 1/(ki—kops) VS

5T D, T O, Bl 1benzyl alcohol],  the inverse of the concentration of

(I i) 20, Tt S S o e

(Lineweaver-Burk plot) %179 &, BAFZRE#REIFR N, (a) and 3 in CHsCN at -30 °C

NS - (Figure 4). Z O EME O X 2> 5 under Na (b).

Kml/(ki=k3), BIR 05 1/(ki—k3) 23564, & ZH»

5 ks BEON Ky 2FhENEH L. Z0O8ESE, ks OfE (ks = 3.99 x 107 s 13,
3 ODHCHMISTEDLNT ky =264 x10° s LB LF L /ASNWZ L b2 D,
ki >> ks OBEBRBELY LD, T7hbb, ki—kz = kl(calc) LT A ENTE, UL
HOOROBEM kg LI1FEALEELLSeo7=. LA ->T, 3 & benzyl alcohol &
D DOAGHEEE Y 0-0 #5& D& A2 & A TE Y, benzyl alcohol 2L~ T 0-0 #
SORINMESNTVD L EZBND. M EORENS, 2 5L 3 & benzyl
alcohol & DAL DOHERE L, ~LA % VD 0-0 A0 TH Y, Zhiz
Ko THEKT HEFE A F VD C-H fEaziEHbL Tnbs EBZExond. AL
SRFUSIZIRBNTIE, O-0 FiaE DR ZAREMEICEHT Z L RS hi,



Table 1. Thermodynamic parameters® for various peroxodiiron complexes

AHt ASt AGH

Complex (Wmol) (@molke (mor)y oM
[Fea(6Me,-BPP),(OH)(02)]" (2) 71.6 + 0.6 -36+2 82+1.1 MeCN
70+3 27+11 7746 MeOH
[Fe2(6Me-BPP),(0)(0)] (3) 69+l  77+43  71£22  MeCN
59+ 2 7727 80+4  MeOH
MMOH 114 163 65 H,0

2 Calculated from the Eyring equation, In(kh/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.

FROBENS, 2 £ 3 O CHRKIED
WEE, T72bb 0-0 fMAaRAEOEEL, 7
= h=hKUtH, -30°C Cligd5&, 3 O
FFm2 Kb 100 <, 3 oFN 0-0
wAEMNINS W ERboTs (ki = 2.61 X
10 s for 2 vs. ky = 2.64 x 107%™ for 3). £ 7=,
Eyring plot L ¥, 312k % 0-0 #Ea D
BOGIE, 2 OO XY biEtE b= 2 e — | | | | ‘

I BIEH b= hr E—IZ L AR TH 5 e e i o s
ZENbhols (AH = 71.6 + 0.6 kJ mol™, Figure 5. Eyring plots for the
AS* =-36 +2 Jmol™? K™ for 2 vs. AH* =69 +1  decompositions of 2 (solid mark) and 3
kimol™, AS*=-77+43Jmol™ K™ for3). £ (open mark) in CHsCN (circle) and
7=, benzyl alcohol D Ji~TiZ, benzyl alcohol MeOH (square).

A ZER L, 0-0 #ia OB ZLET 5

HM N A BT T2, L OMMIEETH D MeOH HIZIBWTH LR i D E
ZRE L. ZORER, 3 05N 2 X0 bk 1.9 FE< 2, T r=1F UL
TR0, 3 O 0-0 AN KRB Enbhrot (ke = 1.94 x107* 7
for 2 vs. ky =1.04 x 10 st for 3). = D#5 %1%, benzyl alcohol T C 3 @ 0-0 FEA M
ESNDHERLE —%T 5. MeOH FizkiT % H NG Eyring plot 2k Y,
312k% 0-0 #EDRAEMNKNE, 2 Ob DX bIEHEIb= v X L E—HIZITHEFIT
HHN, HH LTy Fr E—MICKRELS R TH S Z L3272 (AH =70 £ 3 kI
mol™, AS*=-27 £11Jmol™ K™ for 2 vs. AH* =59 + 2 kI mol™, AS*=-77 £7Jmol™* K™
for3). ZiUix MeOH |2 X AR RO EZ KL TnWbH X HIZBbns. 37420
L, 2 ITREEC XY 0-0 fEAOEEKEOEEITHE VL L2nolzxt L, 3 1%

In{k/T)

2in MeCN
2in MeOH
3 in MeCN
3 in MeOH

[y K 3




T R= KU HIZEASRT MeOH D0 0-0 fiGOZEE I RIS EET S
ZERbroT. ZHULE AR MCET AWIRKIEE OFEWCLERNLTED,
2 ITRBEOE N TSR ENE(LEZ TSN EE 2B, I E>TL2RVvD
WXL, 3 TVt h=FrU/LHFD 589 nm 225 MeOH 1 577 nm ~&# 12 nm
BESGTRLX—7 b5, LEOZEND, 313 2 XV LIAEDE 0-0 a0
UG szay ha— /L TEHEEZ2LND.

T, BEIXERERS2, MMOH © compound P2rb O-0 fGDOEEED
compound Q ~DOZALIZXH T DIEMAL/ T A —F —1F, TN DET ISR L TR
ML o XV E—BNZIIAFTH D0, IEHELT F 7 E—Iz K& < AFNZAE T
W5 (AH* = 114 kI mol™, AS* =163 J mol™* K™ for MMOH). = ® X 91T, —EgkmEs
THOLND VA F VEERD 0-0 fAARITEEI= Y Fr E—alc K& < B
SINTEY, LV 00 ENEHILENSWET VEEKRE LK T DHEEE LT, IE
ML= b r E—RICARNIR D K O R FRREID MBI b L b s.

FOINEFTL— MY o F UL A S VEHA [Fea(qn)s(u-OH)(U-02)] (4) Tl
CO, TR L TrULA e Y ARG L, ISR 2 HEEER()B R ER A A b
K ([Fe(gn)2(02,C(0)0)]” (6-0,C(0)0) MM T 5 Z ENME SN TWVAS. 2 BLW 3
B L Th, COXRT AT b NEICHT 5 REEMZR~7-2%, REMIZIER IR
ENnoTz.

[E3E HESIN)BRBA 4 SEEOBRLRIGME]

WHFFEERTIE, 2002 4E(Z Hashimoto S22k 1, @& A E L Fe(ll)F DA RFio Bk gk
(B ERR A A 85K [Fe(qn)2(02C(0)0)]” (6-O,C(0)0, Scheme 2-1 (B)) Dbtk
PWELTWAS., ZhiE, HEgk
(M) ~</V % V5RO X BRfE it " , ® ,
TERENTIZ AT L 7= 0]D T OB CTH o&qﬁ om

5. b, 6-0,C(0)0 O~LA HC’QYO O\;: Og=0 ) o‘,hkew_“o\?;o

% VIO 0-0 KA, T ot Slo0 w & S
PR Y P AR 232 & b L U iy

L T\ 5% (Scheme 2-1 (C)). 5-0,6(0)0 5-0,C(0)0

()
6-0,0(0)0 ML % Y AL ] { 0mrs0 P 00 ¥

o)
7 e
E/J 725 0-0 ﬁﬂ:/\@ Eﬁﬁu L ﬁ D (LigFets T O {LpFeSt I }-:“ ('-)z':eS:Crc') ‘T (L)zFGB\CL

5, & 3 &
i C13, Scheme 2-1(C)) J: 5 1 S T
Fe-peroxo f& (Fe''(0,): 6-0,) & &

J§ 7 ffi Fe-oxo & (Fe"V=O or
FeV=0: 6-0x0) DAL TRIE S
TW5, ZHubiE, FE~LNHEEER
EESRIC
BB @ () 8 fK e A A B R

BIFLEZERPEAETHY,

L = 8Me-pic {(5), L = gn (6}

Scheme 2. (A) Bidentate ligand 6Me-pic and its
peroxocarbonato-iron(l1l) complex 6-O,C(O)O.
(B) bidentate ligand gn and its
peroxocarbonato-iron(l1l) complex 6-0,C(O)O.
(C) Reversible cleavage and reformation of the
peroxo O-0 bond of 5 or 6-0,C(O)O (left) and an
equilibrium with 5 or 6-O,C(O)O and 5 or 6-O,
(right) under CO:..



6-0,C(0)0 DELIUGTEIZIETR ICHBR N =D, L L7 b, 6-0,C(0)0 1F—
IRE 72 AR S b T DRI DR S D, ZTOBMLMIGEEZ BT D LN TE 7
Mol Z2ZT, AT E—AFT RN HEZ T, BEEER(N)IEKEEA A S5
DEREAT S T4 R, an B0 0 I RN 6Me-pic ZHWDZ & T, 7
b= N VU V7 EOBFEBS S OB 2 R T8RO GBI P Lz, RETIE,
FHICE R U7 B (N E REE A 7 551K [Fe(6Me-pic)2(0,C(0)0)]” (5-0,C(0)0,
Scheme 2-1 (A)) DHERE, 5 9EFHINMEE, ~ULAF VIO A7 0-0 56 OB
& AR L UMK 2 BERISHEIZ DWW TR RS .

5-0,C(0)0 DT L OV R X, SBlc|mEs Se 6-0,C(0) &iFE AL
WL THotz. £72, ESI-TOFMS B LU T < A7 iz kv, 6-0,C(0) &
[FI#RIZ 5-02C(0)0 (23T b AIfiHY /

72 O-O MG OREL HAEZMB L. A 9) 0 HO, oH
B IR L oREsUE e R O\ e[ )>
L7=FE58, Zo~r4 % VEsRopit O:FE\:'O"g/ 8.3:1
FOGHEIRRNZ &3 Do 7o, FEE AN CH O 0 Ho OH
A < 73, cyclooctene & DS TIE, CO, // Tonder < O
TR Ny F W o SSEHRKDT 5.0,¢(0)0 1:10

IME KD, BARF AL cis-P A=V geheme 3. The reaction of 5-0,C(0)O with
b7 EOBACEOGMEZ HITE TE 2 Z & cyclooctene in CH3CN at 25 °C under CO,
Do T, and N,.

[£4F O-0 MAEERKIEEAWEEB X OIS~ VA% Y 8RO AR ]
FITHIRRT2 L 91T, 0-0 A DER (R FORESL VA F VFEDOAER) 1T,
HARGR I (PSH) (231) DlgFEREAEF L (OCE; 4MnCa) TOKDERLIZ L D EEFHE Sy
TRAZHAETH ETEHELRKINTH S, &EiRE W= /KOBRILIZ L 58FE 1
FAEDOHFIZETIL, —MRHINZHR 1722 {bAITH D mCPBA, iodosobenzene, CAN 7¢ & %
HAWT, SR AIA S Y FEEZ AR S, KOk (0-0 & DHER) 21T T 5.
Fx BEICIHARTZ X 912 0-0 #EGAEMICET AR LT TE R, B RxZ &
IZ, PhsP=0 ZHW\T, O-0 #EEDEMIENEZ D2 &4 ALz, KETIT,
PhsP=0 Z 7= O0-0 #A DARKIC L5 (u-hydroxo)(p-peroxo) — &% &% (111) £ &
[Fe2(6Me2-BPP),(L-OH)(U-02)1" (2) 35 X OF B &% & (1) i@ = s 1 4 > 8% 1k
[Fe(6Me-pic)2(02C(0)0)] (5-0,C(0)0) DAFKIZ OV TIR~5.

7 h=hkVULth, 25°C, CO;, FIZHITH 5-CO; & PhsP=0 & DKIGETIE,
5-0,C(0)0 (ZJF)E I N5 HE RV 432 nm OWRIROBMMA R S, FEGE 2 L7z,
PhsP=0 % 2 YEAINT 5 &, 5-0,C(0)0 N7 L (Figure 4-1), D A~
ML, BB Rl KT E ORI TH LN ANXZ MLV ERILTH L. ZOHE
FlX, PhsP=0 OfEFEE T & 5-CO; D 1 DOMBEIRFHES L, 0-0 fEAIER
L7zZ EZRBE LW, £ 2 OIS LTIl 7-FE 2 OFR{LAIRL Me,S=0 72 £ T



D0 ERHELIZE 25, PhaP=0 (KR
BREINTHDZ EDRRSNT-.

512, PhgP=0 2k % 0-0 fEEDAEMN
oS N S 7 SO (1) IO S 7 N
[Fe2(6Me2-BPP),(1-O)(1-OH)](OTF) (1) & DX
JGTHEZ D Z & &N, BIE, 20 0-0
it 6 D ARSI B S D JOS A A = A KD .
WCHBIERBTH 5%, 5%, RAkT <Y

YT RBUZED, WIBNETOTETHD. Figure 7. Electronic spectral change
for the stepwise formation of
[E5E ®BiE] 5-0,C(0)O by addition of PhsP=0

. . . to an CH3CN solution of 5-COj at
g \ v A0
ABIIEOE R E Y8 LOAF Y RG24 25 °C. Inset is the spectroscopic

T ZEEER(N) v A X Y BRI, PPha=°  titration at 432 nm for the stepwise
benzyl alcohol & D% /R4 Z L 23 7»-  formation of 5-0,C(O)O by addition
7 SRR L Y. T D OBLSD of PhsP=0 t(z an CH3CN solution of
HEEII, ~LA % VD 0-0 fEaoMz o COrABTC

EEATEY, ZAUCK D ART 2 &R FAIA T VD, RISEEETH D Z & AR
I, VAR Y EROBHA-EER AL, 30 °C TiX, b FeX YEUFEO LA
VA 2) L0 LT e AL LTS T VEEBOAL AR VK (3) DA, K
100 {5815 <, ZHERDOEWVIZ LY O-0 fHEDIEMLEHIETE 5 Z L3 bd o
7-.

—J7, BEZER(IN)EREAEE A TIE, FrBllZE Ak L728E R 5-0,C(0)0 &~ /A F Y
ERAL DA 7 O-0 FEADOBIZ L HA%Z R L, cyclooctene (Zxf9 2% TR LApe
cis-3 A VA — /AL DIERMEE COy DIRERKR EDFUSTKMHFIZE Y 2 hr—)1
TEHIEDbhroT.

I, KERMR I OBFRAETLOET VIS E D, 0-0 fEEGOAERKIZE S
FRUN AV A X VEERDOERUIC LB LT, B R&E Z LI, s~ v A% Y
MR 2 L BB BN B R B EK 3 1T, HEHEKTDH D
[Feo(1-0)(u-OH)(6Me,-BPP),]" (1) 3 LT [Fe(6Me-pic),2(CO3)](5-CO3) & PhsP=0 &
DI EVARTDHZ 2R L. 2ok ) Z2nld, 2hEFTHRESINTES
T, A1%, PhsP=0 & &EFRIC K DT R LA R OMENHIRF SN D.

LLED X 51T, AT T, BEEEERI)I X O EER(N) -~ LA %V $E KO LG
PEICBEHT 2t 2B L C, &BA AL bBBEIEHALDOILFOEELRETHD
0-0O #ia OIEMAL & AT 2 KM A2 50 Z LN TE 2.
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WDAEEEERSR. ARXCH T AR EAZROENEER, THR2 TE2A 2R
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