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Chapter V 

 

Abstract 

A novel non-heme complex containing the (µ-oxo)bis(µ-carboxylato) motif has been 

synthesized containing the tetradentate ligand, N,N-dimethyl-N,N-bis(2-pyridyl 

methyl)ethane-1,2-diamine (iso-bpmen)). The diiron(III) complex has been 

characterized by ESI-MS and elemental Analysis. The molecular structure of the 

complex (1) has been determined by Single Crystal X-ray diffraction method. Each 

iron(III) atom in 1 is found to coordinate three nitrogen atoms of the ligand, one 

oxygen atom of the µ-oxo bridge and two oxygen atoms the µ-acetato bridges. The 

complex features a bent Fe2O core (Fe—O—Fe bond angle of 115.4°) and exhibits a 

rather short Fe...Fe separation (3.056 Å).  The catalytic property of this complex has 

been examined for the oxygenation of alkanes and alkenes at room temperature with 

mild and environmentally benign hydrogen peroxide as the terminal oxidant. 

Excellent selectivity in case of alkane oxidation is observed with A/K ratio of 5-8 at 

room temperature. In case of alkene oxidation, cis-diols are obtained as the major 

product along with epoxides as the minor product. 
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V.1. Introduction 

Methane, a primary component of natural gas, is regarded as a promising substitute 

for petroleum-based fuels [1]. But due to its gaseous form, storage and 

transportation of methane possesses serious safety hazards associated with its 

flammability and greenhouse nature. One possible solution to overcome these 

problems is to convert methane into liquid methanol, which is much easier to store 

and transport [2]. Given the chemical properties of methanol and the abundance of 

natural gases, development of efficient synthetic routes for direct conversion of 

methane to methanol can provide an elegant way for efficient utilization of natural 

gas. However, since complete oxidation of methane to CO2 and H2O is highly 

favoured (ΔH = -877 kJmol-1) over its partial oxidation to methanol (ΔH = -200 

kJmol-1), methane-to-methanol transformation on a commercial scale still remains a 

dream [3]. Nature, however, has evolved an enzyme called methane monooxygenase 

(MMO) to carry out the oxidation of strong C-H bonds of methane (BDE = 104 kcal 

mol-1) to form methanol under ambient conditions [4]. Two types of MMOs have 

been identified so far: a membrane-bound copper-containing particulate MMO 

(pMMO) and an iron-containing soluble MMO (sMMO) [4e]. Little is known about 

the structure and catalytic cycle of pMMO. In contrast, the active site structure of 

sMMO has been unambiguously characterized as a carboxylate bridged diiron unit 

(Fig V.1) [4d]. Very recently, the key oxidizing species in the catalytic cycle of of 

sMMO (the so called ‘compound Q’) has been established as a diamond-core bis-µ-

oxo FeIVFeIV cluster by Banerjee et al. [5]. The catalytic cycle of methane 

monooxygenase has been shown in Fig V.2 [6].   

 

Fig V.1 Active site structure of sMMO in its reduced form. 
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Fig V.2 Currently accepted mechanism of methane oxidation by sMMO.   

 

The fascinating reactivity pattern of the diiron enzyme sMMO has inspired chemists 

to develop synthetic and functional mimics in order to catalyze selective 

hydroxylation of strong C-H bonds [7-10]. Some representative chemical models are 

shown in Scheme V.1. 

 

 

Scheme V.1 Representative structural models for the enzyme methane 
monooxygenase. 

 

Several non-heme diiron cores based on structurally rigid bridging dicarboxylates 

have been examined as models of sMMOH [7]. In some cases, the diiron(II) 

complexes have shown to form a stable peroxo intermediate upon exposure to 

dioxygen. But unfortunately, the diiron-peroxo intermediate exhibited poor 
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oxidative reactivity possibly owing to the geometric restriction imposed by the 

doubly bridging carboxylates [8-9, 10 b, c]. In the pursuit of efficient models of 

sMMO, a number of diiron(III) complexes containing doubly bridging carboxylates 

as well as  an oxo-bridge have been explored [10, 11]. A triply bridged 

trispyrazolylborate-based diiron(III) complex has shown to be effective in catalytic 

hydroxylation of strong C-H bonds using molecular oxygen and an electron source 

[12]. Recently, alkane hydroxylation catalyzed by a group of (µ-oxo)bis(µ-

carboxylato)diiron(III) complexes with m-chloroperbenzoic acid (m-CPBA)  has 

been reported in literature (Scheme V.2)  [13]. In this case, tridentate 3N ligands 

with either an iso-butyl or a benzyl side chain on the central amine are used as the 

ligand frameworks. Each iron atom of the diiron (III) complexes has been found to 

coordinate one oxygen atom of the µ-oxo bridge, two oxygen atoms of the µ-

benzoato bridges and three N atoms of the ligands. Although the diiron(III) 

complexes emerge as close synthetic analogues of the active site of sMMO, their 

reactivity towards dioxygen or H2O2 has not been explored. 

 

 

Scheme V.2 (Left) Tridentate 3N ligands and the triply-bridged diiron(III) 
complexes [13]; (Right) structure of the ligand iso-bpmen. 
 

In the present chapter, we report the isolation and characterisation of another novel 

(µ-oxo)bis(µ-carboxylato) diiron(III) complex derived from the tetradenate ligand 

framework iso-bpmen (Scheme V.2, iso-bpmen = N,N-bis(2-pyridylmethyl)-N′,N′-

dimethylethane-1,2-diamine). The ligand differs from the tridentate N3 ligands used 

previously as it contains a N′,N′-dimethylethane fragment attached to the amine-N. 

Synthesis and structure of diiron(III) complex of iso-bpmen have been described. 
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Moreover, the catalytic reactivity of the complex towards oxidation of hydrocarbons 

with ‘mild’ hydrogen peroxide at room temperature has been evaluated.  

V.2.Results and discussion   

V.2.1. Synthesis and characterization of the ligand and the diiron(III) complex 

The tripodal ligand, N,N-bis(2-pyridylmethyl)-N′,N′-dimethylethane-1,2-diamine 

(iso-bpmen) was achieved by reductive amination of pyridine carboxaldehyde using 

sodium triacetoxyborohydride as the reducing agent following an already reported 

procedure (Scheme V.3) [14]. The ligand was obtained as a pale yellow oil in high 

yield (more than 90%) and was characterized by 1H NMR. The 1H NMR spectrum 

of the ligand in CDCl3 (Fig V.3) exhibits the expected signals between 0-10 ppm. 
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Scheme V.3 Synthesis of iso-bpmen ligand [14] 

 

Fig V.3 1H NMR spectra of the ligand iso-bpmen; Inset: Expanded aromatic region. 
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The µ-oxo bridged diiron complex of the ligand iso-bpmen was synthesized by 

reacting equimolar amount of ligand and Fe(ClO4)3.10H2O in presence of sodium 

acetate in methanol-water (3:1, v/v) mixture. The air stable complex (1) was 

precipitated as green powder and was characterized by various spectroscopic 

techniques as well as single crystal X-ray diffraction study. The electronic spectrum 

of complex 1 in acetonitrile at 298K is shown in Fig V.4. Complex 1 displays 

several peaks in the region from 300 -700 nm indicating a µ-oxo diiron motif in 

solution. In particular, a fairly broad absorption near 675 nm along with three 

features between 400-500 nm and a shoulder near 515 nm are characteristic 

transitions associated with the oxo/carboxylato-bridged    diiron complexes reported 

earlier [15]. An intense absorption at 250 nm is believed to be associated with 

pyridyl �- �* transition and the second feature around 300-400 nm is assignable to 

the transitions arise from ligand to metal charge transfer transition, which are 

independent of the Fe-O-Fe angles [16].   

 

Fig V.4 Electronic spectrum of complex 1(1.0 mM) in acetonitrile. 

ESI-MS spectrum of complex 1 in acetonitrile exhibits a peak at m/z=393, which 

can be assigned to the species [FeIII
2(iso-bpmen)2(O)(OAc)2]2+. On the basis of these 

characterization data, complex 1 is formulated as [FeIII 2(iso-
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bpmen)2(O)(OAc)2](ClO4)2. This has been further confirmed by the molecular 

structure determination of complex 1 by single-crystal X-ray diffraction. 

V.2.2. Description of the structure of complex 1  

The molecular structure of complex 1 has been determined by single-crystal X-ray 

diffraction study. Single crystals suitable of X-ray diffraction studies are obtained by 

vapour diffusion of diethyl ether into an acetonitrile solution of complex 1 and 

excess sodium perchlorate. Presence of NaClO4 has been found to be crucial to 

obtain single crystal suitable for X-ray diffraction study. The structure of the 

complex together with atom numbering scheme are shown in Fig V.5. The 

crystallographic parameters and selected bond lengths and angles are listed in Table 

V.1 and Table V.2 respectively. Each iron(III) atom of complex 1 is in a distorted 

octahedral environment comprising of the oxygen atom of the µ-oxo bridge, two 

oxygen atoms one each from the µ-acetato bridges and three N-atoms of the facially 

coordinated ligand (Fig V.5). Interestingly, the –(CH2)-NMe2 fragments of the 

ligands are tilted away from the metal centres preventing the formation of coordinate 

bonds between the N atom of -NMe2 fragment and the metal ion. 

 

Fig V.5 ORTEP diagram of complex 1 showing 50% probability thermal ellipsoids 
and the labelling scheme for selected atoms. The atoms with the asterisks (*) are 
symmetry generated. Hydrogen atoms and the counter anions are removed for 
clarity.    
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Table V.1 Crystal data and structure of refinement for diiron(III) complex (1). 

Empirical Formula C36 H50 Cl3 Fe2 N8 Na O16 
Formula weight 1091.88 
Temperature 293(2) K 
Wavelength (Å) 0.71073 
Crystal System, Space group Orthorhombic, Pmma 
Unit cell dimensions a = 16.634(6) Å       α = 90° 

b = 15.771(5) Å       β = 90° 
c = 10.800(3) Å       γ = 90° 

Volume 2833.0(16) 
Z, Calculated density (Mg/m3) 2,  1.280 
Absorption coefficient 0.724 
F(000) 1128 
Crystal size 0.22 x 0.18 x 0.09 mm 
Theta range for data collection 2.59 to 25.00° 
Limiting indices -19<=h<=19, -18<=k<=18, -10<=l<=12 
Reflections collected / unique 11298 / 2297 [R(int) = 0.0686] 
Data / restraints / parameters 2297 / 4 / 163 
Goodness-of-fit on F2 1.040 
Final R indices [I>2sigma(I)] R1 = 0.0924, wR2 = 0.2325 
R indices (all data) R1 = 0.1173, wR2 = 0.2603 
Largest diff. peak and hole 1.167 and -0.717 e.A-3 
 

The tertiary amine nitrogen atoms are weakly coordinated to iron(III) compared to 

the pyridine nitrogen atoms as evident from the larger Fe—Nammine bond length 

(2.299(6) Å) than the Fe—Npyridine  bonds (2.150(5) Å) (Table V.2). The Fe—O oxo 

distances (Fe1—O1, 1.808 Å) fall within the range of 1.73—1.82 Å as reported 

earlier for related oxo-bridged diiron(III) complexes [13]. The observed Fe—O—Fe 

bond angle (115.4°) in complex 1 is slightly lower than those reported for the 

analogous complexes of the type [Fe2(O)(OBz)2(L)2]2+, where L is N-alkyl or N-

benzyl substituted bis(2-pyridylmethyl)amine and Bz is the bridging benzoate [13]. 

As a consequence of the contracted Fe—O—Fe angle, complex 1 exhibits a short 

Fe...Fe separation of 3.056 Å. The crystal data parameters are, therefore, strikingly 

similar to those of [Fe2(O)(OBz)2(L)2]2+. Therefore, replacement of the tridentate 

ligands (L) with a tetradentate ligand (iso-bpmen) has been found to generate 

diiron(III) complex having similar (µ-oxo)(µ-carboxylato)2 structural motif. 
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Table V.2 Selected bond lengths (Å) and bond angles (°) for complex 1. 

Bond lengths /Å 
Fe(1)-O(1) 1.808(4) Fe(1)-N(1)* 2.150(5) 
Fe(1)-O(2) 2.005(4) Fe(1)-N(1) 2.150(5) 
Fe(1)-O(2)* 2.005(4) Fe(1)-N(2) 2.299(6) 
Bond angles (°) 
Fe(1)-O(1)-Fe(1)* 115.4(4) O(1)-Fe(1)-N(1) 96.60(18) 
O(1)-Fe(1)-O(2) 99.89(16) O(2)-Fe(1)-N(1) 88.93(17) 
O(1)-Fe(1)-O(2)* 99.89(16) N(1)-Fe(1)-N(2) 77.12(16) 
O(2)*-Fe(1)-O(2) 94.7(2) C(11)-O(2)-Fe(1) 130.3(4) 
 

The crystal packing diagram of the diiron(III) complex 1 is presented in Figure V.6. 

The crystal packing is found to be stabilized by intermolecular C-H···O and C-H··· 

π interactions. 

 

Fig V.6 Packing arrangement in 1 
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V.2.3. Catalytic Reactivity of the complex (1) with hydrogen peroxide 

V.2.3.1. Hydroxylation of alkanes 

It is often argued that nonheme oxo-bridged diiron(III) complexes exhibit sluggish 

catalytic reactivity presumably because of the higher thermodynamic stability of the 

diiron(III) core [17]. However, a number of metalloenzymes containing the µ-oxo 

diiron cores have been shown to perform challenging C-H and C-C activation at 

ambient reaction condition. In fact, several synthetic diiron complexes have emerged 

as potent oxidation catalysts [18]. Therefore, catalytic reactivity of the diiron(III) 

complex (1) has been evaluated in alkane hydroxylation reactions with hydrogen 

peroxide as the terminal oxidant at room temperature. In a typical catalytic reaction, 

hydrogen peroxide solution (10.0 mM) was added to an acetonitrile solution 

containing the catalyst (1.0 mM) and excess substrate (1000 mM). The hydrogen 

peroxide solution was added at a rate of 0.8 mL/h via a syringe pump 30 min to 

minimize disproportionation of the oxidant. Reactions have been performed under 

both aerobic and anerobic conditions to examine the role of O2 in the present 

oxidizing systems. The results of alkane hydroxylation by 1/H2O2 are compiled in 

Table V.3.   

Table V.3 Hydroxylation of alkanes by 1/H2O2 at room temperaturea. 

Entry Substrate Yield (%)b 
% of Product Yield (TON) 

Remarksc 
1-ol 1-one 

1 Cyclohexane 60 50 (5.0) 10 (1.0) A/K = 5 
2 Cyclooctane 84 74 (7.4) 10 (1.0) A/K = 7.4 
   1-ol 2-ol 2-one  

3. Adamantane 54 48 (4.8) 
04 
(0.4) 

02 
(0.2) 

3o/2o =24 
a 10 mM (10 equiv. w.r.t. substrate) of H2O2 was delivered by a syringe pump over 
30 min at a rate of 0.8 mL/h; b

 Yield is expressed with respect to the initial 
concentration of the oxidant; c A/K= TON of alcohol/ketone and 3o/2o = 3 x [(TON 
adamant-1-ol)/( TON adamant-2-ol + TON adamant-2-one)].   
 

Under the experimental condition employed, cyclohexane was converted to a 

mixture of cyclohexanol (TON=5.0) and cyclohexanone (TON= 1.0). Essentially the 

same product distribution was obtained when the reaction was carried out under an 

argon atmosphere, which clearly excluded the possibility of the involvement of 

oxygen during catalytic turnovers. When cyclooctane was used as the substrate, the 



- 104 - 

 

 

present catalytic system exhibits significantly higher selectivity towards alcohols, as 

evident from an alcohol-to-ketone (A/K) ratio of 7.4. Overall yield of the oxygenates 

reached 84.0% based on oxidant.        

We also investigated the oxidation of adamantane catalyzed by 1/H2O2 under 

identical reaction condition. Adamantane is an important mechanistic probe in 

deciding the radical character in catalytic reactions [19, 20]. If C3 is defined as the 

total of the products oxidized at the tertiary positions and C2 similarly for the 

secondary positions, the ratio of C3/C2 would be 0.33 assuming all hydrogens as 

equally reactive. Generally, in radical reaction the tertiary position is expected to be 

more reactive as may be evidenced by the facts that alkoxide radical reactions gives 

C3/C2 values of 6.67 [21], whereas Gif-type reactions [22, 23] seem to prefer 

oxidizing secondary positions of adamantane giving C3/C2 ratios at around 0.9. 

Significantly higher values of 3°/2° ratio (10-48) during the oxidation of adamantane 

generally indicate the involvement of metal-based oxidants [24]. For example, in 

reactions catalyzed by cytochrome P-450 mimics with iodosylarenes, 3º/2º values 

greater than 20 have been obtained [12]. In the present case, adamantane has been 

found to get converted mainly to 1-adamantanol (48%) along with trace amounts of 

products derived from the oxidation of secondary C-H bonds (Entry 3, Table V.3). 

The normalized C3/C2 ratio is estimated to be 24.0, which excludes the possibility 

of OH• radical mediated oxidations and indicates the involvement of high-valent 

oxo-metal transients as the active oxidant.    

V.2.3.2 Oxidation of olefins       

The reactivity of the triply-bridged diiron(III) complex of iso-bpmen (1) towards 

olefins with H2O2 has also been explored. The catalytic reactions are performed in 

acetonitrile with H2O2 using cis-cyclooctene as the model substrate. In presence of 

excess substrate and 10 equiv. H2O2, oxidation of cis-cyclooctene yields the 

corresponding epoxides and cis-diols with diol to epoxide ratio (D/E) of 1.5. 

Interestingly, 79% conversion of H2O2 into oxidised products was observed 

providing a turnover number of 7.9 in cyclooctene oxidation. In presence of 100 

equiv. H2O2 w.r.t the catalyst 1, 36 catalytic turnovers are observed during the 

oxidation of cis-cyclooctene. This lower yield at higher H2O2 is most likely due to 
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non-productive processes such as the decomposition of H2O2 or catalyst 

deactivation. However, the D/E ratio is found to be unaltered. 

 

Table V.4 Oxidation of olefins [Fe(iso-BPMEN)2(µ-oxo)bis(µ-carboxylato)] (1) and 

H2O2 at room temperaturea. 

Entry Substrate Diol (%) Epoxide (%) TON D/E 
1. Cis-cyclooctene 47 32 7.9 1.47 

2 1-octene 43 15 5.8 2.87 
3 Styrenec 53 10 6.3 5.3 
4 Tert-butylacrylate 26 5 3.1 5.2 
5 Dimethyl fumarate 16 5 2.1 3.2 
6 Methyl cinnamate 14 5 1.9 2.8 
7 Acrylonitrile 14 2 1.6 7 

a10 mM (10 equiv. w.r.t. substrate) of H2O2 was delivered by a syringe pump over 
30 min at a rate of 0.8 mL/h; bYield is expressed with respect to oxidant; cPhCHO 
(12% based on H2O2) has also been obtained as a product 
 

The substrate scope of the present oxidizing system has also been evaluated. In the 

case of 1-octene as the substrate, the percentage conversion of H2O2 into products 

decreased to 58% but the D/E ratio increased to 2.87. The diol-to-epoxide ratio in 

case of the oxidation of styrene by the present catalytic system has been found to be 

5.3. However, in case of electron deficient olefins such as tert-butyl acerylate and 

dimethyl fumarate, 1/H2O2 system exhibits much lesser reactivity (Entry 4 and 5, 

Table V.4). Only modest conversions (less than 35% based on oxidant 

concentration) with D/E ratios of 3.0-5.0 have been obtained. In case of aromatic 

enones such as methyl cinnamate, 1/H2O2 system has been found to afford only 14% 

of the corresponding cis-diol product. The catalytic results clearly show that catalyst 

1 is more reactive towards electron-rich olefins and suggest the involvement of 

electrophilic metal-based oxidant as the key intermediate [25].       

A vast majority of the nonheme iron catalysts reported so far requires excess 

substrate concentration for their reactivity [26]. Therefore, attempts have been made 

to study the efficacy of 1/H2O2 under substrate limiting condition. The reactions are 

carried out in neat acetonitrile using 1.0 mM catalyst 1 and 0.020 M substrate. 

Hydrogen peroxide (1.5 equiv. w.r.t. the substrate) is added via a syringe pump over 

30 min. Under this reaction condition, oxidation of cis-cyclooctene afforded 14% 
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epoxide and 22% cis-diol. In case of 1-octene, 22% diol and 6% epoxide are 

obtained. Excellent conversion has been obtained in case of the oxidation of styrene. 

In this case, the corresponding cis-diol product is obtained in 50% yield together 

with 15% epoxide and benzaldehyde (6%). The oxidation of electron-deficient 

olefins, expectedly exhibits poor product conversion (Table V.5). 

 

Table V.5 Oxidation of olefins [Fe(iso-bpmen)2(µ-oxo)bis(µ-carboxylato)] (1) and 
H2O2 substrate limiting condition at room temperaturea. 
 

Entry Substrate Diol (%)b Epoxide(%)b D/E 
1 Cyclooctene 22 14 1.57 
2 1-octene 22 6 3.66 
3 Styrenec 50 15 3.33 
4 Tert-butyl acrylate 10 5 2 
5 Dimethyl fumarate 8 3 2.66 
6 Methyl cinnamate 12 4 3 
7 Acylonitrile 10 2 5 

a30 mM (1.5 equiv. w.r.t. substrate) of H2O2 was delivered by a syringe pump over 
30 min at a rate of 0.8 mL/h; bYield is expressed with respect to the substrate;  
c PhCHO (6% based on substrate concentration) is also obtained. 
 

Catalytic olefin oxidation by 1/H2O2 has also been performed in presence of acetic 

acid as an additive and the results are summarized in Table V.6. Presence of acetic 

acid has been found to have significant impact on the catalytic behaviour of   

1/H2O2. In presence of 1.0 equiv. of acid (relative to catalyst 1), a complete change 

in product selectivity during olefin oxidation is observed. Oxidation of cis-

cyclooctene by 1/H2O2/AcOH afforded the corresponding epoxide as the major 

product (28%) with a D/E ratio of 0.67. The epoxide selectivity of the present 

system is further improved in presence of 10 equiv. of AcOH (D/E =0.16).      

     Table V.6 Oxidation of olefins in presence of variable amount of acetic acida. 

Substrate HOAc (equiv) 
Yield (%) 

D/E 
Diol Epoxide 

Cyclooctene 
1 equiv. 17 28 0.6 
10equiv. 5 32 0.16 

1 octene 
1 equiv. 22 18 1.22 
10equiv. 9 24 0.375 

Styrene 
1 equiv. 30 15 2 
10equiv. 15 20 0.75 

a10 mM (10 equiv. w.r.t. substrate) of H2O2 was delivered by a syringe pump over 
30 min at a rate of 0.8 mL/h in presence of 1,10 equiv. of acetic acid(w.r.t catalyst) 
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V.3. Conclusion 

1. In summary, the (µ-oxo)bis(µ-carboxylato) diiron(III) complex [Fe2(µ-O)(µ-

CH3COO)2(iso-bpmen)2](ClO4)2 (1) has been successfully synthesized and 

characterized at room temperature. 

2. Single X-ray crystallography and ESI-MS data confirms the molecular structure 

of this complex. 

3. It is a highly selective catalyst for the oxidation of alkanes with high A/K ratio. 

This high A/K ratio further indicates the involvement of high-valent metal–oxo 

species during catalytic turnover.  

4. It is also effective for the oxidation of olefins with preferential selectivity towards 

the formation of diol. The formation of diol as the major product indicates the 

rupture of the oxo-bridge to generate monoiron species during catalytic turnover. 

The characterization of these intermediates is currently undergoing in our 

laboratory. 
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V.4. Experimental section 

V.4.1. Materials and Physical Methods 

All reagents and chemicals were purchased from sigma Aldrich and were used 

without further purification unless noted otherwise. Pyridine 2-carboxaldehyde, 

N,N-dimethylethylenediamine and Fe(ClO4)3, xH2O were purchased from Sigma 

Aldrich. Acetonitrile (HPLC grade, S.D. Fine Chem. Ltd., India) and Methanol 

(S.D. Fine Chem. Ltd., India) were used as received. The exact active oxygen 

content of H2O2 (30% w/v) was determined iodometrically prior to use. The UV-Vis 

spectra were recorded on an Agilent 8453 Spectrophotometer. Elemental 

Microanalysis (CHN) was done in Vario EL-III elementary analyser. The 1H NMR 

spectra were recorded on a Bruker spectrometer operating at 400 MHz. The product 

analyses were done by Perkin Elmer Clarus-500 GC with FID (Elite-I, Polysiloxane, 

15-meter column). ESI-MS data were collected on a Waters UPLC-TQD triple 

quadrupole mass spectrometer.  

V.4.2. Synthesis of the ligand 

To a stirring mixture of 0.50 mL (4.54 mmol) of N,N-dimethylethane-1,2-diamine 

and 3.75 g (17.7 mmol) of sodium triacetoxyborohydride in DCM (100 mL) was 

added 1.30 mL (13.6 mmol) of pyridine-2-carboxaldehyde, after which stirring was 

continued for a further 18 h. The reaction mixture was quenched with saturated 

aqueous sodium hydrogen carbonate and extracted using ethyl acetate (3x150 mL). 

The organic fractions were combined, dried (MgSO4) and the solvent removed using 

a rotary evaporator. The ligand was obtained as a yellow oil (Yield: 80%). 
1H NMR (400 MHz, CDCl3): d 2.166 (s, 6H), 2.493 (t, 2H), 2.70 (t, 2H), 3.84 (s, 

4H), 7.15 (t, 2H), 7.53 (d, 2H), 7.65 (t, 2H), 8.51 (d, 2H). ESI-MS: m/z 271.2 

[M+H]  +. 

V.4.3. Synthesis of [Fe(iso-bpmen)(O)(CH3COO)2](ClO 4)2: 

To a stirring solution of methanol (3.0 mL) containing iso-bpmen (0.212 g, 0.787 

mmol) was added Fe(ClO4)3, xH2O (1.0 equiv.) and sodium acetate (0.093 g, 0.787 

mmol) dissolved in methanol and water (3:1, v/v). After stirring the reaction mixture 

for 15 min at room temperature, the resulting green precipitate was filtered, washed 

thoroughly with cold methanol and ether and finally air dried (Yield: 0.842 g, 92%).  
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ESI-MS: m/z 393 [Fe(iso-bpmen)O(OAc)2]2+. Anal. Calc. for C36H50O13Cl2Fe2N8: C 

43.88, H 5.11, N 11.4; Found: C 44.1. H 5.36, N 11.59                                                              

V.4.3. Catalytic oxidation of hydrocarbons 

V.4.3.1. Reaction condition for catalysis (oxidant limiting): 

In a typical reaction, 10 equiv of H2O2 (50 mM, diluted from 30% H2O2 solution 

with CH3CN) was delivered by syringe pump under air over a period of 30 min at 

room temperature to a vigorously stirred CH3CN solution containing iron complex 

and 1000 equiv of substrate. The final concentrations were 1.0 mM, 10 mM H2O2, 

and 1.0 M substrate. For adamantane, due to its low solubility the final concentration 

of the substrate is 20 mM. The solution was stirred for an additional 30 min upon 

completion of H2O2 addition, pentafluoroiodobenzene was added as an internal 

standard and the mixture was filtered over a short plug of silica followed by elution 

of ethyl acetate (2.0 mL). Finally the solution was subjected to GC analysis. The 

products were identified by comparison of their GC retention times with those of 

authentic compounds. 

V.4.3.2. Substrate Limiting Reaction Conditions : 

In a typical reaction, H2O2 (diluted from 30% H2O2 solution with CH3CN resulting 

in a 150 mM solution) was delivered by syringe pump at rate 0.8 mL/hr at room 

temperature in air to a vigorously stirred CH3CN solution containing iron complex, 

olefin substrate. The final concentration of catalyst:subsrate:oxidant is 1:20:30. 

Catalytic work-up and quantification of products were done following the procedure 

described above (V.4.3.1).  

V.4.4. Crystallographic data collection and structure refinement 

Single crystals of 1 suitable for X-ray diffraction study were immersed in paratone-

N oil and mounted on the tip of a glass fibre. Details about data collection and 

structure refinements have already been discussed in the Experimental Section of 

Chapter II.   
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