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Highly Selective and Catalytic Oxygenations
of C-H and C=C Bonds by a Mononuclear

Nonheme High-Spin
Species™*

[ron(IIT)-Alkylperoxo

Ivy Ghosh,? Sridhar Banerjee,® Satadal Paul,” Teresa Corona,® and Tapan Kanti Paine *

Dedicated to Professor Phalguni Chauduri on His 75 Birthday

The reactivity of a mononuclear high-spin iron(l11)-alkylperoxo
intermediate [Fe"'(t-BuLY"3)(OOCm)(OH2)]?*(2), generated from
[Fe''(t-BuLVra)(H20)(OTH)](OTf) (1) (t-BuLVr®a= 1,1'-(((pyridin-2-
ylmethyl)azanediyl)bis(ethane-2,1-diyl))bis(3-(tert-butyl)urea), OTf
= trifluromethanesulfonate) with cumyl hydroperoxide (CmOOH),
toward the C-H and C=C bonds of hydrocarbons is reported.
Intermediate 2 oxygenates the strong C-H bonds of aliphatic
substrates with high chemo- and stereo-slectivity in the presence of
2,6-lutidine. While 2 itself is a sluggish oxidant, 2,6-lutidine assists
the heterolytic O-O bond cleavage of the metal-bound alkylperoxo
giving rise to a reactive metal-based oxidant. The role of urea
groups on the supporting ligand and of the base in directing the
selective and catalytic oxygenation of hydrocarbon substrates by 2
are presented.

Dioxygen-activating heme and nonheme iron enzymes involve
iron-oxygen species such as iron(l11)-superoxide, iron(l11)-peroxide,
iron(11/111)-hydro/alkylperoxo and iron(I\VV/V)-oxo as active oxidants
depending upon  enzymatic  functions.'1  The iron-
hydro/alkylperoxo (Fe-OOR(H)) species, proposed as key
intermediates in several enzymatic reactions,® € have attracted
considerable attention in synthetic biomimetic chemistry. A number
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of nonheme iron(lI1)-alkylperoxo intermediates have been prepared
and characterized over the last couple of decades.* ™ The
bioinspired studies provided useful information about the electronic
and structural features of these intermediates and their use in the
generation of high-valent iron-oxo species.[> 4 8 10-14 While the
heterolytic O-O bond cleavage of a dioxygen-derived Fe-OOR(H)
intermediate forms a high-valent iron-oxo species in enzymatic
systems,? & the O-O/Fe-O bonds of synthetic Fe(I11)-OOR(H) are
often cleaved homolytically.[*4-161 Among other factors, spin states
of the metal centre have been reported to play important roles in
modulating the strength of Fe—O and O-O bonds, and their cleavage
in nonheme Fe(l11)-OOR species.[? 171 In the Fe-O bond homolysis,
a high-spin iron(111)-OOR would produce peroxyl radical, which
often leads to uncontrolled oxidation of substrates in alkylperoxide-
dependent catalytic oxidations by iron complexes.['8] Recent reports
indicated that different strategies such as use of protic/Lewis acid, or
use of secondary coordination interactions could direct the
heterolytic O-O cleavage of iron-OOR (R = H, acyl) species.[*%-?2
Direct formation of iron(IV)-oxo species from iron(ll) precursor
complexes and hydrogen peroxide have been reported without
generation of iron(l11)-hydroperoxo intermediates.['s: 19 23, 241 A
putative iron(11)-OOR(H), generated in situ upon one-electron
reduction of the iron(lll)-intermediate, has been proposed to
undergo heterolytic O-O bond cleavage resulting in the formation of
the corresponding iron(IV)-oxo species.['*: 51 Applying all these
strategies, selectivity in iron-catalyzed oxidations was achieved
using hydrogen peroxide or acylperoxides. In some cases, highly
reactive metastable iron-oxo oxidants were trapped and
characterized. On the contrary, nonheme Fe(l11)-OOR species have
been reported as sluggish oxidant in oxygenation reactions(*®! and
tuning their stability[?81 and controlling the O-O bond heterolysis is
less explored.[?: 271 Therefore, selective and catalytic oxygenation
particularly of strong C-H bonds using alkylperoxides remains a
challenge in bioinspired catalysis.

In that direction, we have investigated the catalytic activity of an
iron(ll)-triflate  complex, [Fe'(t-BuLY"®)(H20)(OTH)](OTf) (1)
supported by a tetradentate ligand (t-BuLYr® = 1,1'-(((pyridin-2-
ylmethyl)azanediyl)bis(ethane-2,1-diyl))bis(3-(tert-butyl)urea), OTf
= trifluromethanesulfonate) (Scheme 1) containing two urea groups
toward different substrates using cumyl hydroperoxide. As a result
of our investigation, we report herein the reactivity of a high-spin

1
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iron(I11)-cumylperoxo, [Fe"'(t-BuLY*)(O0Cm)(OH2)]?>* (2) in
chemo- and stereoselective oxygenation of aliphatic C-H and olefin
C=C bonds under stoichiometric and catalytic conditions in the
presence and absence of 2,6-lutidine. The stability of the iron(lll)-
cumyl peroxo intermediate on the urea-group bearing ligand and its
reactivity in the presence of a general base in comparison to that of a
related iron complex, [Fe'(Mes-benpa)(OTf)2] (3)18 (Mes-benpa =
N*-(2-(dimethylamino)ethyl)-N2,N2-dimethyl-N*-(pyridin-2-
ylmethyl)ethane-1,2-diamine), with the supporting ligand devoid of
urea groups are presented in this work.

Bu'\ j\ NH  OTf |

NH Fe'(OTf),.CH.CN (o)
—— R — >' X | /OHZ H

N
CH,CN, 4h
Bu \NH \"\/ I \
N S ~ N \.-/NH
HN‘ ~
-BuL o [Fe"(t-BuL"")(H,0)(OTfH}(OTf)

Scheme 1 Synthesis of [Fe'(t-BuLV®)(H20)(OTf)]* (1).

The tetradentate t-BuLY™ ligand was prepared following the
procedure reported in literature.?®) The iron(ll) complex [Fe'(t-
BuLY3)(H0)(OTf)](OTf) (1) was isolated as a light brown solid
from the reaction of equimolar amounts of Fe(OTf)2:2MeCN and t-
BuLY* in acetonitrile (Scheme 1 and Experimental Section,
Supporting Information, SI). The ESI-mass spectrum (positive ion
mode in acetonitrile) of compound 1 displays an ion peak at m/z =
597.2 with the isotope distribution pattern calculated for [Fe(t-
BuLVra)(OTf)]* (Figure S1, Sl). Paramagnetically shifted proton
resonances in the region between -10 ppm and 70 ppm (Figure S2,
Sl), typical of high-spin iron centre, are observed in *H NMR
spectrum of 1 in CD3CN at 298 K. The °F NMR spectrum of the
complex in CD3CN, displays a sharp resonance at -81 ppm, whereas
a relatively broad signal appears at -47 ppm in CDCls (Figures S3
and S4, Sl). The NMR features clearly suggest that acetonitrile
replaces the coordinated triflate and a slow exchange takes place
between triflate and acetonitrile.?8] In contrast, a fast exchange
between the coordinated and the free triflate takes place in the non-
coordinating solvent, CHCls. Although the spectral and analytical
data unambiguously support the composition of complex 1, attempts
to isolate X-ray quality single crystals for structural characterization
failed. Therefore, the structure of a ternary iron(ll) complex [Fe(t-
BuLY3)(DBHD)](OTf)2 (4) (DBHD = N*,N2-di-tert-butylhydrazine-
1,2-dicarboxamide)®! was relied (Experimental section and Table
S1, Sl) to gain information about the binding mode of the ligand, t-
BuLVrea, The structure of the dication 4 reveals that the t-BuLYre
ligand binds to the iron centre through one pyridine nitrogen (Fel-
N1 at 2.166 A), one amine nitrogen (at 2.313 A) and two oxygen
donors of the urea groups (at an average Fe-Ourea distance of 2.05 A)
(Figure S5 and Table S2, Sl). The co-ligand (DBHD) binds in a
bidentate fashion through one hydrazine nitrogen and one amide
oxygen resulting in a distorted octahedral coordination geometry at
the metal centre. DFT calculations predict that the metal-ligand
bond  distances in  six-coordinate  complex  [Fe'(t-
BuLYr8)(H20)(OTH)](OTS) (1) with the N20O2-bound ligand closely
match to those of 4 further supporting the high-spin nature of 1
(Table S3 and S4, and Figure S6, Sl). The higher stability of N20O2
coordinated complex can be attributed to the shorter M-O
(equatorial) bonds compared to the metal-N(equatorial) distances in
the Ns coordinated form. It is to mention here that the doubly
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deprotonated form of the t-BuLYr ligand has been reported to
coordinate in N4 binding mode stabilizing the low-spin (S = 0)
iron(11) complex.?®! The six-coordinate high-spin species was
further confirmed by the zero-field 5’Fe Mdssbauer spectrum of the
1 in acetonitrile at 17 K displaying the isomer shift () and
quadrupole splitting (AEq) values of 1.28 mms™ and 3.40 mms,
respectively (Figure S7, Sl). Since the coordinated triflate in 1
undergoes slow exchange with acetonitrile, AEq for the six-
coordinate complex [Fe'(t-BuLYr8)(CH3CN)(H20)](0Tf)2 (1a) with
N202-bound ligand was also calculated. The calculated value (3.34
mms1) of 1a closely matches with the experimental value (Table S5,
SI) and also with the calculated value (3.39 mms™?) for 1.

(a) 2.0 I 0.8
1) 0.6 %m
| A0.4 748.3
1.54 [
\ 0.2
0.05 150 3oo 450
A 1.0-
§
0.5
o'o 1 L] vivl vl = 1 T
300 400 500 600 700 800
A (nm)
(b) 2.0+ 0.5
04
1.5 A
' 0.3 570 nm
0.2
A 1.04 0 1500 3000 4500
t(s)
0.5
0.0 T T T T T
400 500 600 700 800
A (nm)

Figure 1 (a) Formation of 2 upon treatment of 1 (0.5 mM) with CmOOH in
acetonitrile at —20°C. Inset: time trace for the band at 570 nm and the isotope
distribution pattern of the ion peak at m/z 748.3. (b) Decay of 2 at 10°C in the
presence of 2,6-lutidine (1 equiv) along with the time trace (inset).

Complex 1 wupon treatment with cumyl hydroperoxide
(CmOOH) (10 equiv) in acetonitrile at -20°C produces a deep blue
species showing an absorption band at 570 nm (Figure 1a). The
spectral feature, originates from the peroxide to iron(lll) charge-
transfer transition, bears resemblance to other reported iron(ll1)-
alkylperoxide species.[?!] The ESI-mass spectrum of the intermediate
species displays ion peaks at m/z 748.3 and 614.2 with the isotope
distribution patterns attributable to [P6FeM(t-
BuLYre2)(O0Cm)(OTH]* and [*®Fe'"(t-BuLVre3)(OH)(OTH)]*
respectively (Figure 1la, Inset and Figure S8, Sl). The latter peak
likely arises from the decomposition of the intermediate species

2
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under the mass sepctroscopic conditions. The composition of the ion
peak was further supported by the mass spectrum of the intermediate
generated from the 57Fe-enriched sample of 1 (Figure S9, Sl). The
X-band EPR spectrum of the intermediate on a frozen sample at 4 K
exhibits a strong signal at g = 4.25 along with a less intense signals
at g = 9.20, 4.80 and 3.87 (Figure S10, Sl). The broadness of the
resonance signals suggests the presence of two S = 5/2 iron(lll)
species with different rhombicities (E/D = 0.33 and 0.22,
respectively). The 5’Fe Mdssbauer spectrum of the frozen sample of
the intermediate in acetonitrile collected in zero field at 17 K
displays three quadrupole doublets with two Fe(Ill) species of 1:1
ratio along with the precursor Fe(ll) complex (33%) (Figure 2).
Both the iron(lIl) species, generated upon treatment of 1 with
CmOOH, coexist and represent 67% of the total intermediate.
Considering that amount of intermediate, the extinction coefficient
of the intermediate is estimated to be 2200 M-tcm, a value close to
the reported high-spin iron(l11)-alkylperoxide intermediates. To gain
insights into the two probable co-existing iron(lll) specie, as
indicated by EPR and Mdssbauer data, different variants (five-
coordinate vs six-coordinate, and H>O/MeCN/OH- as the sixth
ligand for six-coordinate species) of the iron(111)-OOCm species
and also the iron(I11)-OH decomposition product (as observed in the
mass spectrum) were investigated by DFT optimization (Table S5,
SI). Among those, the six-coordinate iron(111)-OOCm species with
an equatorial water ligand for both N20O2 and Nas-coodinated ligand
(Tables S6 and S7, and Figure S11, SI) produce spectral features
similar to those observed experimentally (Figure S12, SlI). While
both the six-coordinate iron(l11)-OOCm species are energetically
close, the one with N202-coordinated ligand should be more stable
due to stronger bonding through equatorial oxygen donors of urea
groups compared to that in Ns-coordinated ligand. However, the
energy difference between the two species diminishes due to the
presence of hydrogen bonding interactions in the iron(l11)-OOCm
species with Na-coordinated ligand. Additionally, the calculated
quadrupole splitting AEq value of 1.53 mms™* of the six-coordinate
iron(111)-O0Cm species with N20z-bound ligand is quite close to
the experimental one (1.77 mms™) (Table S5, SlI). Although no other
form of the iron(111)-OOCm species could theoretically produce the
other AEq value (0.69 mms™), the experimental results support the
co-existence of a structurally and energetically similar to the [Fe'"(t-
BuLY3)(O0Cm)(H20)]?* (2), which may include its linkage isomer
and/or deprotonated state.

Absorption (%)

S
7]

Velocity (mm s}

Figure 2 The zero-field Méssbauer spectrum of 2 (>’Fe enriched in acetonitrile)
recorded at 17 K. The solid lines represent fits of the experimental spectrum
(dots )with Lorentzian quadrupole doublet, the major component (34%, deep
blue line, AEq = 1.77 mm st and & = 0.51 mm s'*) and (33%, green line, AEq =
0.69 mm s and & = 0.43 mm s) corresponds to intermediate species (2), the
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minor component (33%, orange line, AEq = 3.41 mm s and & = 1.26 mm s?)
corresponds to unreacted iron(Il) complex.

The intermediate 2 is quite stable at -20°C, but decays at 10°C
following a pseudo-first order kinetics with the ty2 of 23 min (Figure
S13, Sl). The fact that neither the [Fe''(Mes-benpa)(OTf)2] (3)
complex nor the iron(11) complex of the deprotonated t-BuLYre form
any intermediate species from CmOOH under similar experimental
conditions. However, the iron(I1) complex [Fe'(t-BuLPY2Urea)(OTf),]
(5) (t-BuLPv2Yrea = 1-(2-(bis(pyridin-3-ylmethyl)amino)ethyl)-3-tert-
butylurea) of a monourea analogue of t-BuLY® ligand
(Experimental Section, SI) forms a similar iron(I11)-CmOOH
intermediate (Figure S14, Sl) but is less stable (t2 = 2 min at 10°C)
compared to 2 highlighting the role played by the supporting ligand
in the formation and stabilization of the intermediate.[®

9,10-Dihydroanthracene

0.04 »
& Triphenylmethane
0.6+
;n
o124
2
-1.84
2 2,3-Dimethylbutane
’ Cyclohexane

T Y T

80 85 90 95 100
C-H BDE (kcal mol™)

Figure 3 Plot of log k2' versus C-H bond dissociation energies of different
substrates in the reaction with 2. k2' is obtained by dividing the second-order
rate constant by the number of abstractable C-H bonds in a substrate.

Since CmOOH is known as a useful mechanistic probe to
differentiate between homolytic and heterolytic O-O bond cleavage
pathway,[?> 311 the product analysis after decay of 2 reveals the
formation of a mixture of cumyl alcohol and acetophenone in a 5:1
ratio. Thus, the O-O bond cleavage operates in both homolytic and
heterolytic fashion. Interestingly, the decay of 2 follows a clear
isosbestic point with the ty2 value of 3 min upon addition of one
equiv of 2,6-lutidine (Figure 1b). The increased decay rate and the
formation of cumyl alcohol as the exclusive product suggest the O-
O bond heterolysis of 2 mediated by 2,6-lutidine. The decay kinetics
of 2 in the presence of aliphatic substrates (20-400 equiv) follow
pseudo-first order and the observed rate constants depend linearly
on the substrate concentration (Figures S15 and S16, Sl). The
second order rate constant (k2) at 283 K thus obtained for a series of
substrates having C-H bond dissociation energies (BDE’s) ranging
78-99.3 kcal/mol® were used to understand the hydrogen atom
transfer (HAT) reactivity. The corrected ko' values based on the
number of abstractable C-H bonds exhibit good linear correlation
between log k2' and C-H bond dissociation energy (C-H BDE) of
substrates (Figure 3). This linear correlation suggests that the
substrate oxidation by the oxidant generated in the system takes
place via the rate-determining HAT pathway. Similar correlation has
been established for HAT reaction by high-valent iron-oxo
complexes. 3]

The second order rate constants for separate reactions of 2 with
toluene and toluene-ds in the presence of 2,6-lutidine at 283 K afford
a primary kinetic isotope effect (KIE) value of 13.3 (Figure S16, SI).
The KIE value in cyclohexane oxidation is found to be 7.2, further
supporting the C-H bond abstraction by a metal-based oxidant being

3
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the rate-limiting step.3*l The KIE values obtained in toluene and
cyclohexane oxidation in the absence of 2,6-lutidine are 5.7 and 1.6,
respectively (Figure S16, SI). These results are in line with the
observed heterolytic O-O cleavage with 2,6-lutidine, whereas both
homolytic and heterolytic pathways are operational without 2,6-
lutidine. Furthermore, the solvent KIE value of 1.4, determined by
the ratio of decay rate of 2 in the presence of 2,6-lutidine in CH3CN
and CDsCN, support the involvement of 2,6-lutidine in involving a
proton to facilitate the heterolytic O-O bond cleavage and in the
formation of a high-valent metal-based oxidant. While no such
intermediate species was detected in the decay process, the in situ
generated species was intercepted using aliphatic substrates
(Scheme S1, Sl). The reaction of complex 1 with cyclohexane with
CmOOH (10 equiv) and 2,6-lutidine (1 equiv) reveals the formation
of cyclohexanol (TON 1.1) and cyclohexanone (2%) with an alcohol
to ketone ratio (A/K) of 55 (Figure S17, SlI). Increasing the
equivalent of base and the reaction time beyond 1 h does not change
the product profile. In the absence of 2,6-lutidine, however, low
selectivity with the A/K ratio of 5 is observed for cyclohexane
oxidation. The oxidant is found to oxidize adamantane with a C3/C2
normalized selectivity of 16.5 using 2,6-lutidine, which is reduced to
5.9 without the base (Figure S18, SlI). Methylcyclohexane is
oxygenated to form the 3° alcohol selectively. A lighter alkane, 3-
methyl pentane affords the corresponding alcohol in 27% yield. In
the absence of lutidine, radical species generated in the decay of 2
via homolytic O-O cleavage pathway gives rise to non-selective
oxidation of substrates (Scheme S1, SI).

Considering the selective oxygenation of tertiary C-H bonds by
the active oxidant, the stereoselectivity in the hydroxylation was
tested with a number of substrates (Scheme 2). cis-1,2-
Dimethylcyclohexane affords the corresponding tertiary alcohol
product in 96% vyield with 96% retention of configuration (RC)
(Figure S19, SI). Similarly, trans-1,2-dimethylcyclohexane displays
92% RC selectivity (Figure S19, SI). In the absence of 2,6-lutidine,
only 12% of tertiary alcohol was obtained with less selectivity (71%
RC) for cis-1,2-dimethylcyclohexane. In the cases of cis-decalin and
trans-decalin, the yields of tertiary alcohol products increase in the
presence of 2,6-lutidine exhibiting RC selectivity of 94% and 88%,
respectively (Scheme 2 and Figure S20, Sl). Thus, addition of 2,6-
lutidine not only increases the reactivity of the oxidant but also
improves the RC selectivity. The observed RC selectivity is
consistent with that reported in H202 and peracetic acid-dependent
oxidation by nonheme iron(l I) complexes using protlc acids.[??

G7% RC = 04% 2% |2%) e |1 b) N (2%)
113% RC = 67%]
(o OO SN
I o
TN RC = 32% QE%RC = 36% IN
(IS RE = M%) ”, f?-|f-&uL' I'F U'O")N)TVI (12%.RC = 71%) ) ‘|
e

* 10 oquiv PAC|CH |, OOH
&1 oquiv 2 S-Lutidtae
E

1/\!, Q’

o
sl

b T

.r.\. %)

dOdOCb‘Cb

% l((. Ba%
(B%RC = &5%)

J\lJ“ 0\ %)

Scheme 2 Stereoselective oxygenation of aliphatic C-H bonds of different
substrates by complex 1 with CmOOH (10 equiv). The values in the brackets
indicate the yields in the absence of 2,6-lutidine. %RC = 100 X (cis-
trans)/(cis+trans) in case of cis-isomer or 100 X (trans-cis)/(cis+trans) in case of
trans-isomer.
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The active oxidant generated from 2 is also capable of
performing oxygen atom transfer reaction (OAT) to alkenes. While,
the alkenes such as cyclohexene, styrene, cyclooctene and 1-octene
afford non-selective product without 2,6-lutidine, the corresponding
epoxides are obtained as major products with 2,6-lutidine (Scheme
S2, SI). Notably, cis-2-heptene forms the corresponding cis-epoxide
(TON 1.1) as the sole product in the presence of base (Figure S21,
SI). The oxidant, therefore, performs stereoselective OAT reaction
to alkenes. Of note, complex [Fe''(Mes-benpa)(OTf)2] (3) displays
non-selective oxidation of the aforementioned substrates under
similar experimental conditions (Scheme S3, Sl). The oxidations
with 3 primarily proceed via radical pathway as evident from the
inhibition of product formation in the presence of radical scavengers.
However, the radical scavenger does not change the yield of
substrate-derived products in the oxidation with 2 (Table S8, SI).
Furthermore, the iron(ll) complex of the double deprotonated form
of the t-BuLVr ligand does not show oxygenation of the substrates
with CmOOH. It is important to mention that the high-spin iron(l11)-
OO0Cm species, Fe'"'(6-Mes-TPA)(OOCm)]?* in combination with
2.6-lutidine does not perform selective oxygenation under similar
experimental conditions. All these results implicate the role played
by the urea groups and lutidine in controlling the heterolytic O-O
bond cleavage and subsequent reactivity by metal-based oxidant
from 2.

Considering the high yield of oxygenated products in the
reaction of 1 with substrates and 2,6-lutidine, the catalytic potential
of the complex was investigated (Figures S22 and S23, SI).
Increasing the amount of CmOOH from 10 to 50 equiv increases the
TON of cyclohexanol from 1.1 to 16 (Figure S24, Sl). In addition,
the TON for cyclohexanol increases to 21 by increasing the amount
of cyclohexane from 100 to 500 equiv (Figure S25, SlI). The yield of
cyclohexanol further increases to a TON of 37 upon adding 250
equiv of CmOOH and 1 equiv of 2,6-lutidine in every hour (Figure
S26, SI). However, with excess CmOOH, overoxidation of
cyclohexanol to cyclohexanone takes place. These results under the
optimized conditions reveal that the complex can perform selective
and catalytic HAT and OAT reactions with moderate TONs (Table
1).

Table 1 Catalytic oxygenation of substrates by complex 1 using CmOOH as the
oxidant.

Substrate Product TON?
(500 equiv)
1-Octene 2-Hexyloxirane 42+0.7
Cyclooctene 9-Oxabicyclo[6.1.0lnonane 26+0.4
Styrene 2-Phenyloxirane 9+0.1
Benzaldehyde 5+0.2
Cyclohexene Cyclohexene oxide 25+0.8
2-Cyclohexen-1-ol 45+0.2
cis-2-Heptene cis-2-Butyl-3-methyl oxirane 7+0.4
Toluene Benzyl alcohol 9+04
Benzaldehyde 0.5+0.02
Cyclohexane Cyclohexanol 21+0.5
Cyclohexanone 0.3+0.01
Methyl cyclohexane 1-Methyl cyclohexanol 21+0.6
2-Methyl cyclohexanol 0.2+0.01
3-Methyl pentane 3-Methyl pentanol 0.8+0.02
cis-1,2-Dimethyl cyclohexane cis-1,2- 3+0.1
Dimethylcyclohexanol B
trans-1,2-Dimethyl trans-1,2- 25+0.1
cyclohexane Dimethylcyclohexanol
cis-Decalin cis-4-Decalol 13+0.3
trans-Decalin trans-4-Decalol 9+0.2

Experimental conditions: 0.01 mmol complex 1, 50 equiv of PhC(CHs)2O0H
and 1 equiv of 2,6-lutidine in acetonitrile at 253 K. Reaction time: 1 h at 283 K
after generation of intermediate. Turnover number (TON) = mol of product/mol
of catalyst.
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The selective oxidations of substrates are performed by a metal-
based oxidant from [Fe''!(t-BuLY)(O0OCm)(OH2)]?** mediated by a
general base. The NH groups of urea and nitrogen of 2,6-lutidine are
known to form H-bonds.?3 The H-bonded pyridine base
subsequently takes up a proton from the iron-coordinated urea group.
The conjugate acid thus formed facilitates the heterolytic O-O bond
cleavage through hydrogen bonding interaction® with the distal
oxygen of the peroxide unit (Scheme S4, Sl) resulting in the
generation of a putative iron(V)-oxo oxidant, which performs
substrate oxidation. In the absence of the base, the minor pathway
involving spontaneous deprotonation of the urea group likely forms
the active oxidant displaying oxidations but with low selectivity.
However, further mechanistic studies are required to gain
information about the active oxidant involved in the reaction
pathway.

In summary, the isolation and characterization of an iron(ll)
complex of a tetradentate ligand containing urea groups is reported.
The ligand stabilizes the corresponding high-spin iron(l11)-
cumylperoxo species, which decays upon addition of 2,6-lutidine
undergoes heterolytic O-O bond cleavage resulting in the generation
of a putative high-valent metal-oxo intermediate. The metal-based
oxidant is able to oxygenate the strong C-H bonds of alkanes with
high chemo- and stereo-selectivity. The high A/K ratio (55) and KIE
value (7.2) in cyclohexane oxidation strongly support the C-H bond
abstraction by the active oxidant being the rate-limiting step.
Moreover, the complex displays catalytic HAT and OAT reactions
with high selectivity. The results presented here shows the
importance of urea group on ligand backbone and of a general base
in directing the course of reactivity of otherwise sluggish iron(l11)-
alkylperoxo oxidant. Further experimental and computational
studies in elucidating the mechanism of the reaction are presently
being carried out in our laboratory.
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alkylperoxo intermediate supported by a ligand bearing urea groups exhibits
selective and catalytic OAT and HAT reactions in the presence of a general base
promoter. The urea groups on the ligand backbone plays pivotal role in driving the
selectivity and catalytic activity.
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