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Gfambb cakx 9. F- 

Binuckar oxo- 01 hydroxtidged non-hemc ferric centers, have been identified in methane 

monooxygenase and ritxmuckoti& rrduccltse. what they catalyze 8 varkty of oxidation reactions.* Both 

systems can utilii mxicks for enzymatic activity, suggesting that Fe-OOH(R) oc F+O complexes are 

reactive intmnediater2 The ability of model complexes of this cUegory of irwr center to catalyze the oxidation 

of saturated hy dRXa&ms has been ally recently recogniE4I.~ Tin? most active catalysts umtained two 

bipyridine. ligands per iron and an exchangeable coordination site, requimd for the binding of the oxidant to the 

iron centa and its acti~atiou.~ Howeves, such an cnvimnment greatly differs f&n that of the natuml diiron 

sites, when? iron coordination sphae is dominated by oxygen atoms.s We thus found cmcial to explore the 

cataytic~ofthemodelcomplwreswith~tochangesintheooordinationen~tofthe 

metal ions. In this mpcx& we compare eight difi&nt p-ox0 bridged difenic complaeJ, with citha Nq@ or 

N204mvironmentr,andonempn~analosintennsaftheirabilityhocatalyzecyc~ oxidation by 

tert-butyl hyQopaoxi& (TBHP, Tabk 1).6 All f&ic complexes have been pqxued by allowing the amrct 
equivalent number of bi&ntate nitrogen ligand to mact with faric perchlaa~ in MeOH or CH3CN. in the 

presence of a bylate salt when neukd (self-assembly method). 1~ NMR, W-visible and Raman 

resonance spcctrosoopies as well as elemental analysis were in full agreement with the proposed shuctures 

(Tabk 1)‘~~. Some of the complexes had heen pmiously ~hamcterizd.6~~ Mn compkx was pqared 

accordingtorcfamce9b.Notnixed-valencei~couldbe~byEPRspechPscopy. 

Atambienttempaanucandpressmtundaanaqgonatmosphae, 3.5 pmoka c3llalyst TeSted with 0.49 

mmoks TBHP and 3.85 mmoks cyclohexane in 4.5 ml acetbaitrile. At time ir&ervals, the reaction mixture was 

analyzed by GC, in the m of aa internal standard. Cyclohwrand and cyclohexanolre were the major 

reaction products with a ketone to alcohd ratio of about 1:l. which was not significantly dependent on the 

nature of the iron ligands (data not shown). Also, minor ~mountl of tert-butyl cycloharyl peroxide were 

detected (about 10% of total pmduct). No oxidation of cyclohexane took place in the absence of the catalyst. 
Running the reaction under dynamic argon atmosphere did not afkct the pxoduct yklds, suggesting that oz. 
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Table 1. Oxidation of Cyclohuane by TBHP Catalysed by u-oxo Dinwclear Fe- Or Mn Complexes. 

N/O catalysts 

L2 F? ‘* 
0, 

FeL2 
OHI OH2 

ligands 5% yield= V# 
(reaction time) 1 wlJn Zndrun 

1 bipy 42 (7 min) 17 2 

2 biw 

3 Me-bipy 

38 (2 h) 2 0.4 

53 (IO min) 8 0.6 

4 Wm 42 (24 h) 0.1 0.0 I 

OH, 
LAAO~ 

OH1 
i&L 5 bipy 37 (10h) 0.15 0.02 

6 CoZMebipy 40 (24 h) ato 0.0 1 

N20~~ 7 bipy 35 (20 h) 0.10 0.0 1 

po N. 

0-y .I ,O\ 

NT 

&_O 8 HQ 0 0 0 

L 
N 

N20d 

Off, OH2 

I_;;n/OL AL 

My 40 (30 min) 2 2 

Q Yields of ~yclobo~nol + cyclobexan~~e bad 00 SW@ TBHP. TIM ma&m time is the tim mwJed to coosume all the pm~x~de. 
It is exprwsed in balm (b) lx mmurm (min). b Vo (t%ai ma) ia tk initul oxidruon rate aad IS uxpcaaxl m mol pruJucr/mol 

crtalyst/ti. At tk reaction tme mdicated III the table. a second aliquot of TBHP is added rod VI-J (second run) is detarmmd. L’ Tbc 
carboxylato bridp am Gwxatm inS.and6.mdMPDPinI. 
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derived from dismutatioo of TBHP, was not involved in the forma&m of the products obsaved4 

Tabk 1 indkates. for all tested catalysta, the total alcohol + hesate yidds, rrx&at time, initial turnover 

numbapaminudeaftaadditi~ofthetint~~ofTBHPand~aftsrasecondadditionofTBHP(atthe 
endofthtrcaction).Thtdi~~thetwoVovaluesis~~oftheinoctivationofthecatalyst 

during multiple hmmvers 

From Table 1, one can make the Mhnving o&avations. Fvsf the bipyridine Jigand provides by far the 

most active catalyst. Complex 1 yields 42 96 oxidation products, based on the limiting TRHP, in a few 

minutes, with the highest tumover number per minute m~xuted so far for a nun hane iron catalyst Complex 2 

is less active showing that the bidentate acetate bridge is less easily d&ociabk from the irxm centa than aqua 

ligandstogeneaateanopensite.The prwmce of a pam methyl group on the bipyridine ligand improved the 
activity of such a (p-oxo)(p-aDeta6o) diferric center (compare 2 and 3). On the other hand an ester substituent 

had a negative effect (compare 5 and 6). Momover, pyridine was a better ligand than imidaxole (compare 2 

and 4). No correlation buween the basicity of the neunal nittogen l&and and the catalytic activity can be raised 
up. The N:O mtio of the iron envimnment has a gmat effect on the efficiency of the catalysts. llte (u-0x0) bis 

(y-carboxylato) diferric compkxea 5 and 7, in which N:O= 2:4, were much kss mudve than 1 and 2, with 

initial turnover numbers per minute about two orders of ma&ude lower and amsequently with much longer 

reactiontimesItshouldbenotedthatanincmased steric hindtana at the carboxylate bridges had a significant 

effect on the catalytic activity (compare 7 with ita bulky dicarboxylatc ligandto to S with acetate bridges). A 

N:O=2:4en . vmmmemt was also achieved in compkx 8 in which the bipyridine was te@ced by the bickntate 

hydroxyquinoline ligand Complex 8 was found to be totally inactive. The shrmg effects of negativelycharged 

oxygen ligands might be taticxlna&d in terms of decreased acidity of the iron center and ekctxostatic 

repulsions which make TBHP more difficult to bind Third, all iron complexes were rapidly inactivated during 

the reaction and lost approximately 90% of theii activity af@ one run, as shown from the slower cyclohexane 

oxidation following a second addition of TBHP. Pour& the dinuclear manganese complex exhibited a 

remarkabk stability and was able to sustain very high turnover numbers. Moreover. it had a rather good 

catalytic efficiency (2 moU mol catalyst/min) much higha than the eg iron analog 5. 

In summary, it is still unclear why natural systems have sekcted carboxylate l@ands rather than histidines 

to make active diferric centers. whether it is related to theii specific function during reductive oxygen 

activation, a reaction not invest&ated here, remains to be established with appapnate mo&l complexes. 

However this study shows that for hydmperoxickdependent alkane oxidations, the overall charge of the 

catalyst is a key factor and consequently, neutral nitrogen ligand should be preM to carboxykto ligands. 

Ontheotherhand,tbepobmtiJllofnonbemedimanganese compkxes as catalysts for alkane oxidation should 

be mote extensively exp1cxed.t * It is now under investigation in our Momtory_ 
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Seklcrredanu&knl~s~qkakzza f&complexes 4, 5.6, 7. For 4 Anal. Calcd fa 

Fe2o(CsN3H7)4(~3cq2)(c104)3.2H2G (C34H35Ck3Fe2N12017): C, 36.99; H, 2.99; N, 

15.23; Cl, 9.63; Fe, 10.01. Found: C, 36.90; H, 3.00, N, 15.20; Cl, 9.61; Fe, 9.65. For 5 Anal. 

Calcd for F&tC1OHsN2)2(CH3C02)2(H2@2(~G4)(PF6) (C24H26C1Fe2N4GllPF6): C. 

34.35; H, 3.10; N, 6.67; Cl, 4.22; Fe, 13.31; P, 3.69. Found: C, 34.10; H, 3.20; N. 6.70; Cl, 

4.70; Fe, 13.07; P, 3.79. For 6 Anal. Cakd for Fe2G(C14N2Hl204)2(CH3CO2)2(H2O)Z(Cl04)2 

(C32H34c12Fe2N4023): C, 37.5; H, 3.31; N, 5.46; Cl, 6.91; Fe, 10.89. Found: C,37.28; H. 

3.51; N, 5.53: Cl, 7.20; Fe, 10.12. For 7 Anal. Cakd for 

FeZqCl0HgNt)2(Cl20gH12)(Cl04)2.5H2G (C32H38CQFe2N4018): C, 39.76; H, 3.92; N, 

5.83: Cl, 8.34: Fe, 11.61. Found: C, 4O.m H. 4.00; N, 5.90: Cl. 7.47; Fe. 11.77. 

Electronic spectrum (in CH3CN): X-. nm (E. M-l.cm-I). For 4: 354 (936O,sh.), 611 (171). For 

5: 454 (773). 485 (681), 693 (101). For6: 315 (19270). 461 (993). 493 (908), 699 (159). For7: 

335 (7452,sh). 464 (792). 493 (774). 699 (129). 

1H NMR (200 MHz, CqjCN): Fa all these complexes, the 1H NMR displays characteristics 

resonancesbetweenOand3Oppm. 
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