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B il (ESI-MS) X% 3L 3k NMR(gCOSY .gHMBC .gHSQC) X Hi Ak X Aok X 45 & Wy #b 47 T RIE MWK,

KR R E S FIr RN E (MMO) ; & B e f4

FESEE 0641.4 XERFRIRAG A X EHS :0253 - 4320(2004)01 - 0038 - 03

Synthesis and characterization of a novel high valent dinuclear Fe( Il , Il ) complex of
triphenolate ligand [ N,0; 13~ as a model for methane monooxygenase

LI Hong-yang , SHI Feng, PENG Xiao-jun , SUN Li-cheng, ZHANG Li-zhu, CHEN Xiao-qgiang
(State Key Laboratory of Fine Chemicals, Dalian University of Technology, Dalian 116012, China)

Abstract: A new high valent [Fe,( Il /I ) L( z-OAc), ] PF; complex was prepared, where L was 2,6-Bis( ((2-hydroxy-
5-tert-butyl-benzyl) ( pyridyl-2-methyl ) amino ) methyl )-4-methylphenol , which contained another two phenolate and tert-butyl
functional groups compared to [ Fe,( I , Il ) (bpmp) ( z-OAc), 1+ (BPh,), .In this complex,two pseudo-octahedrally coordinat-
ed Fe ions were bridged by a phenolate group and two bidentate acetate ligands. The stronger and more coordinate bonds be-
tween anionic phenolate groups and Fe ions in higher oxidation state prevented the dissociation of central ions. The additional
tert-butyl groups improved the solubility and electronic cloud density of the ligand.These improvements narrowed the disparity
between the new model and the MMOH . And IR,ESI-MS,NMR (gCOSY, gHMBC, gHSQC) and electrochemistry characterized
the new ligand or complex.

Key words: dinuclear iron complex; methane monooxygenase (MMO) ; phenolate ligand
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), LA 2,6- " {[(2-BF-5-T HE-F)

ESTE . EX AR SESTNERE S EMPFR LTS %5 (HHES :20128005) % By
EEGN:ZEEH(1974-), B, B4, 2FE(1962- ), 8, 88, B2, TENEFBS TAFEMR LS THRE I EHOTRR, BRERA
0411 - 3673467, pengxj @ chem . dlut . edu.cn; PP LR (1962 - ) , 3B, B % , S, FENFEA TS EATBS FLERTR,



2004 F 1 8 £

TFS BiRBNEBRERCE YNGR RIEE

M - 41 -

(MEng—2-FR ) -FE]-F R} 4-PHEB, 5
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LE5RKH
FL % 2 R 3% (ESI-MS) $(#E 7€ HP1100 LC/MSD
EWAE, BB E R T, 1D A 2D i 'HAIC NMR
FE Varian INVOA 400 MHz % 8 {% b I 45 5 %8 &b W% i
JEiiE th HP8453 {2545 ; 21 1 3 3 £ A JASCO
FT/IR 430 S35 4% ; B Ak 22 0 X 78 BAS100W {H K, fif
X L #AT
2% F FLnlk g \NH,PF, #1 Fe(OAc),*9H,0 ) T
Acros, FAR | g B 7= 43 #r 20 R4k 27 23K 5], 95
i T 2 B BR K o
1.2 KEWERTR
1.2.1 2-3E-5-BTE-EXFTEQ)HER
&Y 2 ME RS RBICER[4], B 4-BUT H2R
(31 g,0.21 mol) I A B H B 4% (150 g & 8 8%
FRE B S W5 12 ,0.14 mol) H, IR AW I
PEIE ., A — 20 B S BB 3R (150 mL).
HEEHREHEXIL Y, FIRET R R 95C.
1 h 4 HEim A 2 B B R (22 g,0.73 mol) il B 3£ (80
mL)EKJ‘Z%A% 7] B e b 2 1 R 7 AR Y R B, SR 4
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R R EAE 95°C, Ik )E 9k S AE 95°C T i #
1 h,%iﬂﬁﬁ{ﬁ,%ﬁrﬁﬁn/\ 10% F) BRBR (220 mL) , ¥E
30 ~40°C T HERE 2 h AT KR . 43 WS W KA
(2 x50 mL) 2B, & 3 )5 W78 HLAE 2 31 A 10% 11
HRAR (30 mL) FIZK (30 mL) ¥, BEZETHEMGSHAG
VRS, DL A T e O JE T N & R IR A A B AR R M
28 g(F=HF 76% ), 'H NMR(CDCl;,400 MHz) §:1.32
(s, 9H, t - butyl—ph ), 6.92 (d, J = 8.7 Hz, 1H,
ph—H),7.51(d, J = 2.2 Hz, 1H, ph—H),7.57 (dd,
J=8.7F 2.2 Hz, 1H, ph—H), 10.82 (s, 1H,
phCO—H)

1.2.2 2-[(wm-2-FA)R-Fh]-4-RTH-X
B (4) %96 %,

W 2- 42 B L0 E (1.40 g,13.0 mmol) #1 2(2.4
g,13.6 mmol) F) F BE (15 mL) ¥ W& % IR T #E £F 30
min, 0°CF7E 30 min - #E /I A NaBH,(0.18 g,4.6
mmol) , - FEE T4 RN 4 ho BRIBERTE
B R Y EtOAc/EtOH (95 : 5) 1 Bk Jid Wk 28 5k
BEAE ST 1.9 g PR (P 55% ) , 5K 95~ 97C,
'H NMR (CDCl;,400 MHz) §:1.26(s,9H, ph—butyl ),
3.94 (s, 2H, butyl—ph—CH,N ), 4.00 (s, 2H, py—
CH,N),6.80(d, J = 8.4 Hz,1H,py),6.97(d, J =2.0
Hz,1H,ph),7.19(d, J =2.6 Hz,1H,ph),7.21(t, J =
7.8 Hz, 1H, py),7.24(d, J = 7.8 Hz, 1H, py),7.66
(id,J=7.8 1 1.4 Hz,1H, py),8.58(d, J=4.6 Hz,
2H,py) -

1.2.3 2,6-=(FFH)-4-FEXB(5) &R

G 56 Wa RS RICEIs]. WH B2
g,18.5 mmol) Jl A 3| & A £ FE (30 mL). NaOH (5
mol/L,10 mL) ff) 40 mL FH % (37 % Jit & 4 3 8 /K %
;15 g,0.5 mol) H , ¥ MRAE SOC T B 1 ho WE

7B 273 WEEH G , F HC1(4 mol/L) H 1, 74 3

HECRAEYHZRZEE(3 %20 mL) ¥, &

G WA P& MgS0, T, 98, B EZE T

BREMECREK, CRZEBESRBET S

2.2 g(F=&R T0%), &K 127 ~ 128°C, 'H NMR

(CDCl;,400 MHz) 8:2.20(s,3H, ph—CH;) ,4.52

(s,4H,ph—CH,0H) ,6.93(s,2H,ph—H) ,

@1.2.4 2,6-= (§F & )-4-F KB (6) 8 &
HO _ ﬁ&‘

BEHEAEY 5(2.5 g,14.9 mmol) i) — &,
FBE(12.5 mL) BB N2 &/ & WA (7.0
g,60 mmol) ) “ & H bE (25 mL) W, ZH T
Bidk 24 ho MBHFBHBFIA 25 mL H K, F NaOH
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(1 mol/L) ¥ Wk 2 pH 6, 43WK, /KA — & H 4
(3x25 mL) 28, & 3 )5 WA HLAH A NaCl ¥ ¥ (30
mL) ¥, Na,SO, T4, 13 38 , 98 Ik 78 T ¥ 7 75 35 68 [&]
T OHMAETECHELHBTMH 2.1 g(ZF 68% )
Y5 5579 ~ 80°C,'H NMR ( CDCl,, 400 MHz) 8:2.25(s,
3H,ph—CH;),4.63(s,4H, ph—CH,Cl),7.06(s,2H,
ph—H)
1.2.5 2,6-={[(2-FA-5-RTEFL)(rE-2-
FTHE)-RAE]-FH| 4T EXE(7) 056 M

¥4 & 9 6(0.33 g,1.6 mmol) FlfL 4 ¥ 4(0.89
g,3.3 mmol ) ¥ % 7E P4 S Wk W (10 mL) ', MMA =2
Fe(0.2 mL)fEARRF, ER THIE 1 h, HLR L
iR/ B B (PR AR L 95:5) 4 J& FF 30 48 e Jge A Sl 4b 75 7=
i 0.85 g(FE3R 79% ), MR 152 ~ 153°C, 'H NMR
(CDCl;,400 MHz) 8:1.26(s, 18H, ph—t —butyl ) ,2.20
(s,3H,ph—CH;),3.80(s,4H, p —cresol—CH,N),3.82
(s, 4H, t- butyl—ph—CH,N ), 3.88 (s, 4H,
py—CH,N),6.76(d, J = 8.2 Hz,2H, py) ,6.89(s,2H,
p—cresol),7.00(d, J = 1.9 Hz, 2H, ¢t - butyl—ph),
7.14(dd, J = 8.5 # 1.9 Hz,2H, ¢ —butyl—ph),7.20
(t,J=6.1 Hz,2H,py),7.26(d, J =7.2 Hz,2H, py),
7.64(t,J =7.8 Hz,2H,py),8.60(d, J = 4.7 Hz,2H,
py). *C NMR (CDCl;, 100 MHz) &: 20.61, 31.79,
34.09, 54.96, 57.19, 57.71, 116.16, 121.11, 122.60,
122.61, 123.86, 126.05, 126.89, 127.93, 131.54,
137.22,141.82,148.64,154.04,155.19,157.18, (ES
1-MS):m/z 673.3[M+H]*,695.3[M+ Nal*,
1.2.6 MAZELEH (1) 64K

# NaOH(1 mol/L,0.1 mL) #l Fe(OAc);(H,0)q
(122 mg, 0.31 mmol) M A FI¥EH 7 (100 mg, 0.15
mmol) I Z. BE /7K (TR I 85:15,3 mL) W W, 7
50°CF #E#E 20 min, FIE/EH 1 mL #2FT NH,PFs 7K
BWIMA B LB, 0CTEHIL 2 hffiZEs
DURE . 18, B4 R ¥ I P B, TR UG A8 4 G 1T {4
77 122 mg(78%) o ESI-MS:m/z 899.3[M - PFs]* ,
1.3 Jei e

O - ] WG W R B R R S R 20 LR
2.0x 107 mol/L BV, K FT 1 em 73 TR b, 0
EHT, HC BB WAES B W& 4050 0 3 i 6 A
KBr [E i ¥,
1.4 |UAZFEFEBEMHNE

RAZHRER AP AR (D =3 mm) K
TAEH AR, 4022 R X B A%, dE K # Ag/Ag™ (0.01
mol/Li AgNO; ZEEBOES il . EHAZHE

(99% , 6154l , Acros) , 32+ HL A% I R 7S S Bl Y T 3
2 (TBAPF6, 99.9% , Wi 1L % 4l , Fluka) . Z i T #ll
&, Lh 0.1 mol/L TBAPF, ) Z FE¥ WA iR , B
faR BEN 1 mmol/L, U Bij # /& 4 & 30 min DABR
A, MR P RFRIA

2 HREWE

2.1 IR kg

HEY 1 M S G R TE A 400 ~ 4 000
em™ o MRIEHAFAETR I SRR 7 AR, K EY
1 &8 T 22 958,2 907,2 868 cm ™' (m, ve_y,
F5¥);51 608,1 488 cm™! (m, ve_c, 35 57 ); 1 384,
1362 em™ (w, 8c_y,F5 5 );798,760 cm™ ' (m, Yy,
FHE) ;1 569 em ™ (s, Ua,c=0’¥§%)3l 430 em”~ ! (s,
Ve c—0, R FE) ;845 em™' (s, v, py, PFs); 557 em™"
(m, 8p_y, PFs) ;640,598 em ™' (vp—o—p.)o 1 IF, B
&7 781298 em ™' (m, 8¢_y) M 1111 em™ ' (m, ve_g)
SRR IR A B A/ S Y 1 M E T, R
HEMICBEBRIBE T Fe, iLIEH#HSETEE-
Av =v, c—g — Vs,c—0 = 139 em™ ', W Fe (I, M)
TERBFEE 2 NMREE B X PRI CR X R B G R 5
FLiRN) Av =164 em™')[e,
2.2 UV-Vis UL

AW 1 TEEEHMX A =280 nm AbHR IR Ky I i ks
BHEAK > BAER (LC) ™ HEKT, 345 nm
RAEA BB 5 Fe(ll ) 22 ) B, 7 5 7 W fic 0, ()
RAEN A Fe (11, ) & &9, HF 8K By 5 3=
—Fe (I ) W i % %% (LMCT) F) W Wi I 437 T 320 ~ 400
nm ZJA) ), AT I XA W i v T A U T 3 A Bk
BRIk BE B LMCT, /SECAL Fe LIRS (LF) B4F1AE
W W FE B OB X, 9 A ES (e < 500 Le mol™' -
cm—l)[9]O
2.3 BAeFENR

3 E B R & B (CV) R4y Bk vh 4R 22 1k (DPV)
XHEEY AT T AR (WA 3). M CV T4k
WE TR B 73 7] WA B — X 7] % 0 (AR 5 2, By =
-0.15V,AE, =105 mV) ,[B T Fe, (Il , [ )/Fe, (1T,
Mo 7H—X& (55 1)1 CV AR, /&g
DPV R H| (E,, = - 0.54 V, AE, =120 mV) ,J& T
Fe, (I, 1 )/Fe; (11, 11 )o T Xt T 46 9 09 A AL H
#y , BT W B —Xf v Bl W R AR R (E,, = 1.33
V,AE, =217 mV), B T Fe, (V, V) /Fe, (I, V),

(T#% 4 W)
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B 24% ~28% % E 0.87 g/end’® , THE

SUBAT B L, TSST -25, B2 3% 18 KL UL B 5% i 5
¥ HL, PS40SESASE, H A& H XS Bs sk R &4t
1.2 KBFH*

PA6 F NCH 7E 95 ~ 100°C F & X T4 8 ~ 10 h,
41315 POE IBA , 1R-A R 7E BUEFF o 15 Rl B 1 i
Bio R HIE B RDRHE 95 ~ 100°C T8 KT8 8 ~
10 h, -1 28 A v AR A TR B, LR B
& GB/T1040—1992 M ik ; Bt 10w o 38 JF #%& GB/
T1043—1993 P ; b iU 1) DA T 40 3 THD 96 42 /5 6
Cambridge 250 I # v 7 1 8% L WA FEHA IR,

2 HR5U®

2.1 POE-g-MAH REHEMEEHEEHOFE
SEERIR I

&l 1 & POE-g-MAH ff & 43 8%} PA6/POE-g—
MAH.NCH/POE-g-MAH & & 18} ik 1 oh 58 & 19
S0, W] %1 PA6/POE - g -MAH HI NCH/POE - g -
MAH E & kL vh 5 P B R 2 “S” AL, POE-g -
MAH i & 23 B7E 8% ~ 10% Z 18] &2 & 41kl & 4 e 3
AR, BT MR NS R0k iR R ¥ A] BE A
(BB UAEM L EER K PA6 A E W
POE -g-MAH 7E & Z H i) 538 o

TEME 3 %% 2% A5 AT, PAG/POE — g — MAH FI NCH/
POE-g-MAH W 71 52 & 4 8L i op o 58 BE JL P AH R 5
e M #) % 75 $ 5 , NCH/POE —g—MAH & & # ¥ i

hif 38 B T PA6/POE—-g-MAH, 7] £ & NCH
M R G0 >k 52 1+ i 8 3R TED VR M 4 PA6 (RS T
Gl D TE B B AR B 14 T B % A WA e o e Bk
B, 53 T4 )T 4 P A B X b o R BE WA K

140

TR/
5 23 8 8§ 8

S
=3

5 10 15 20 25
POE-g-MAH JRE ¥ /%

<

1—NCH;2—PA6

K1 POE-g-MAH A& Ext & &# ¥
o 5E

2.2 POE-g-MAH RESNH XN ESHMBI R MEE
=ep A

&l 2 i POE-g-MAH Ji £ 4> %t PA6/POE-g-
MAH.NCH/POE - g - MAH & & #1 %} 5 11 38 BF i &%
i, 7 LAE B 7E POE-g-MAH R &4 %R 5%,
PA6/POE-g-MAH & & #4 6k i 7 ff 358 BF W& & T 4l
PA6, Z J5 B POE-g—MAH £ I35 fin i £k 4 PR IR, iX
A[ fE 2 H1 T POE-g-MAH F1 /) MAH 55 PA6 i) Bk
B3 R, T Ak 2 3 ™) (B B F POE-g—MAH A<
SHEERMK, HEBE R E &M e iR E 2K
POE-g—MAH /¥ 3% hin i & M AR o

(L#E% 2 7/)

.0
]:10|LA
[
[2na

800 0 800 1600
E(RTSCE) /nV

A 0.1 mol/L TBAPF A 3 #5 o f it
(a)BEIRE , 0 =100 mV-s~ "5 (b) () A Bk bR 22 %

B3 TR AR

Xt F 75— R A B D B AL, B AR AR B B A (o =
300 mV-s™!) FE A DPV i, HAE £ E P, 1

1.13 V,

B % STk
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