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Highly efficient aerobic epoxidation of cyclic olefinsin mild conditions by
a novel binuclear manganese(l1) complex containing N-(4-
nitrophenyl)picolinamide ligand

Mojtaba Bagherzadéh, Alireza Ghanbarpour, and Hamid Reza Kha¥asi

Abstract

A novel binuclear Mn(ll) complex based orpara-nitro substituted amidic ligandN¢(4-nitrophenyl)picolinamide) has
been synthesized and characterized by x-ray clggtalphy. This complex shows a high degree of cmiva and
epoxide selectivity in Mukaiyama aerobic epoxidatioreactions of cyclic olefins in mild conditions.

1-Introduction

Catalytic epoxidation reactions based on transitioatal dimeric manganese(”) Comp|ex based on para_nitro
complexes have played an important role in orgapithesis supstituted amidic ligand has been synthesized and
and chemical industries since these reactions mayide characterized by x-ray crystallography to evalitsteatalytic
epoxides as intermediates to generate useful claésit,2]. activity, in Mukaiyama epoxidation reactions, innguarison
Among catalytic epoxidation reactions, those whechploy 1o its peers.

dioxygen as an oxidant have attracted great atterdue to

such advantages as having green nature and beifEkperimental:

inexpensive [3a]. However, using dioxygen, as aidan, 2.1. Catalyst preparation

usually has some disadvantages such as the loatis#leof As shown in scheme 1, compleX) (can easily be prepared
products, the slow rate of reactions and productibrby- from the direct reaction oN-(4-nitrophenyl)picolinamide
products owing to overreacting [3]. Hence, to addrthese molecule (HL) and MnGl 4H,0 in acetonitrile in 60C in a

problems some co-reagents are used. Aldehydesraefo convection tube (detailed procedure provided irpsuiing
these co-reagent which may be utilized in the reast

referred to as Mukaiyama-Yamada epoxidation [4T%lese
reactions proceed through formation of acylperoagicals _ Petine —@—
that preferentially react with double bonds of wigfto elicit iphensphuspine

epoxides. The role of metal catalyst, in thesetieas, is not
obvious completely; nevertheless, it has been prakat the

metal catalyst can affect the initiation and thee raf /N oo H
reactions, as well as the selectivity of epoxideimgt allylic =~ 20 l»(' 1/
oxidation products [6,7]. Manganese complexes based “‘“;3“'(‘“'“ Nl Loa” cI)H\N
amidic ligands previously were used as efficiertalgats in )
these typical reactions [8-10]. Furthermore, over past two oz~ Complex 1

decades, there has been such a great interestutly st

manganese redox enzymes, especially those whiablvislv Scheme 1. Synthetic procedure of the amidic ligand and demf.
binuclear active sites [13]. Because of the pararmou

importance of manganese(ll) complexes based on iamidiformation file). HL can be synthesized by usinige t
ligands that can be used as model catalysts [1B8H]the synthetic route we reported earlier and as it fehishown in
efficiency of them in Mukaiyama epoxidations, hexeew Scheme 1 [14].



2.2. Catalyst characterization

The suitable single crystal of complex 1 ' also prepared
through using the convection tube meth@ge supportin
information file). The xray diffraction measureme was
made on a STOE IPDIS- diffractometer with graphit
monochromated Méa radiation. Suitable single crystal w
mounted on a glass fibend used for data collection. C
constants and an orientation matrix for data ctibacwere
obtained by leassquares refinement of diffraction data. T
structural data and refinement fthis compound is provide
in Table S1.

3- Results and discussion

3.1. Crystal packing analysis

X-ray crystallographic data showhat this compoun
crystalized in ariclinic system and the space group of
Table S1 The crystal structure shows twoanganese(ll)
centres with the distance of 3.642 A whiale @onnected t
each othewia two chloride bridged ions. Each Mangan
centre has distorted octahedral geometry contairting
oxygen atoms from two molecules of water, two beidl
chloride ions, one chloride ion, one nitrogen ané oxyger
atom from N-(4-nitrophenyl)picolinamide ligand, Figure

The bond distances and the angles of the coordmagigion
has been provided in Table S2.The asymmetric unthis
compound involves one manganese atom, two chlavite a
water molecule, a-(4-nitropheryl)picolinamide molecule
all of which are located in the coordination regiof
manganese, and an acetonitrile molecule which xisits
crystal packing (2'=0.5), Figure 1.

Moreover, in the crystal packing, alofgaxis, interaction:
such asTyings1. .. Trings2 (With the centroid to centroid distan
of 3.870), in cooperation with other we interactions,
generates a zigzdike strand, each of which connects to
neighbour through bifurcated hydrogen bonds praViogthe
nitro substituent and a hydrogen atom of

Figure 1. The ORTEP diagram of compound Ellipsoids at 50%
probability level. Hydrogen atoms have been omitted clarity.
Symmetry codei; 1+x,-1+y,z

Figure 2. Representation of a zigzdige strand which is made t
Tings1.--Tring#z @nd other weak interactic. The Nitro substituents
hydrogen bonds with phenyl ring of adjacent molecid connec
each strand to another oriéhe manganese (ll) has been showr
purple, in Ball and Stick form. Acetonitr solvent molecules have
been illustrated by pink colour, in Ball and Stielpresentatio

Figure 3. Trifurcated hydrogen bonds with three donors and
acceptor. The manganese (Il) has been shown byepumpball anc
stick form.

the phenyl ring of adjacent molecules (-H2...02, C2-
H2...03, sym. code:1+x, y, 1+z, Table S. In addition, the
water molecule coordinated to the metal centre foam

hydrogen bond with acetonitrile molecule and traga the
crystal packing of complex (O4-H4B...N4, sym. code:-x,

2-y, zZ, Table S3), Figure 2. There are also trifurci
hydrogen bonds (C1R12....CI1, Ni-H2A...Cl1, C4-
H4...CI1, sym. code: 1-x, 3-y, 2- Table S3) giving a 2-

sheet in the represented direction, Figu

3.2. Evaluation of catalyst

Based on our previous work in Mukaiyama epoxida
reactions [8] and noticing other reported resu-12], this
binuclear complex was designed and examined inbae
epoxidation reactions with isolyualdehyde as a -reductant
and differentsubstrates. As illustrated irable 1, complex 1
shows a significant conversion to product with tiighest
selectivity towards epoxide products. There is aegal
consensus that cyclohexene is the best substratealaate
the selectivity for epoxide vsus allylic products since th
substrate is very sensitived the mechanis proceeding
towards anallylic pathway, which can affect the re of
epoxide to allylic productddence, this substrate was used
optimizing and studying the different corions of catalytic
reaction, Table 1. All oflte reactionwere monitored by gas
chromatograph (Agilent Technologies 6890N Instruin
equipped with a capillarncolumn 19019 -413 HP-5, 5%
phenyl methyl siloxane, capillary 60.0 m xium x1.00pm,
and a flame ionization detector).



Our results show that when reactions are catalizgechetal
catalyst, the highest conversion and highest seigctare
achieved, Table 1 (entryl-4). In comparison teeotsimilar

Table 1. Using 1 as a catalyst in the aerobic epoxidation of
cyclohexen&

amidic Mn(ll) complexes, catalydtis superior, according to enr —thy — Catalys Aldehyde — Converson  Epoxide TOF
its higher conversion and selectivity at room terapge. For Y09 o) ) Hleavy 06) (i)
example, in our previous work [8], when a binucldgm(i) L1 /25 1-76"12 176 80% >99% 6.7
complex based on N-((pyridin-2-yl)methyl)pyrazine-2- 2 ggg i';g:ié 1;2 ggg/g/ zggé’ g'g
carboxamide ligand as a catalyst, isobutyraldefasle co- i 1/25 352x1G  1.76 950¢ ° 5 ’
i . . () >99% 3.9
reagent, and DMF as a solvent, by the same stomgtioc 5 1,9 1 76x16 176 69% >85% 5.7
amounts as this paper and in its optimum conditicaiter 1 g  1/35 1.76x13 = 1.76 85% >99% 71
hour, the conversion of 24% was obtained in°6) in the 7 1/25 1.76x13  0.88 63% 95% 5.2
aerobic epoxidation of cyclohexene. Furthermoreanother 8 6/25 - 1.76 55% 75% -
similar work performed by Qi et al [10], when a monclear 9 6/25 1.76x16 - 10% 10% 0.1
complex of Mn(ll) based on N-(4-methyl phenyl)10 6/25 6.40x13 1.76 40% 70% 0.2
picolinamide ligand as a catalyst, isobutyraldehydea co- (MnCl,)
reagent, and 1,2-dichlroethane as a solvent welizedt 11 6/25 640x10 176 58% 7% 0.8
59.6% of conversion and 9_2.2%.of epoxide sele_gti‘in'rt I(ifng?ld)
room temperature were obtained in optimum condstiand 125 6/25 1.76x18 1.76 1% 10% 0

the reaction completed after 13 hours. However,piexrt is
able to catalyse the aerobic epoxidation of cyctehe, with
isobutyraldehyde as a co-reagent, and 1,2-dicllevet as a
solvent, with conversion percentage of 80% in
temperature, and epoxide selectivity of >99%. Fanmrtiore,
the reaction approximately completes over 3 hodithough
the mechanism of metal complexes
epoxidation reactions have not been understooctigtiy,
by comparing the catalytic activity of catalyktwith other
similar Mn(ll) complexes based on amidic ligandss ifound
that the efficiency of these reactions can varyhwihe
electronic effect of ligands and coordination regaf metal
catalysts.

3.3. Optimization results of Catalytic system

To gain insight into the effect of other factorstbe catalytic
system, the effects of isobutyraldehyde concenimatatalyst
amount, temperature effects, and radical scavengme
investigated, Table 1.

By doubling the amount of catalyst, the conversimreases
from 80% to 95%, over 1 hour, entries1,4. Moreowenen
the reaction is carried out without adding any lgata the
conversion and selectivity decreases significantigtry 8.
Hence, it shows that the existence of metal cataiyay
enhance conversion and epoxide selectivity. Theselts are
consistent with the results of Wentzel and Mizuhaleabout

a: Substrates (0.88 mmol), the catalyst (1.76x1Gmol),
isobutyraldehyde (1.76 mmol), and purg (@ atm) in 2 mL of 1,2-

FO00Hichlroethane as a solvent. Gas chromatographyrdietation based

on chlorobenzene as an internal standard. The bygroduct is 2-
cyclohexen-1-one (from GC analysis). b: using 841 mmol of

in  Mukaiyan#6 -ditert-butyl-4-methylphenol as a radical trapping commbun

In addition, decreasing the temperature from roont’tC
results in decreasing conversion (69%) and incngasi
temperature to 35C leads to increasing conversion (85%).
Therefore, it can be concluded that this catalgiistem is
sensitive towards reaction temperature and thessdtseare in
agreement with free radical chain mechanism [15kjr
further examining this catalytic system, the aetobi
epoxidation four cyclic substrates have been stidiable2.
The results show a high amount of conversion toxieleo
products; however, the more conversion percentagebken
obtained for cyclohexene and its derivative (1-rykth
cyclohexne), which seems that catalyss more efficient for
cyclohexenes in comparison to other cyclic olefins.

4-Conclusion

In conclusion, a dimeric manganese(ll) complex Hase
on N-(4-nitrophenyl) picolinamide ligand has been
prepared and characterized by x-ray crystallograpimg

the role of metal catalysts in Mukaiyama epoxidaticsighificant catalytic activities of this complex vee

reactions [6]. Furthermore, this type of reactian, reported
earlier [6b,15], is sensitive to the amount of isiybaldehyde.
For instance, when isobutyraldehyde’s amount isiced to
half of its initial concentration, the conversiogeduces from
80% to 63% and if the reaction is performed withadtling
isobotyraldehyde, the conversion reduces signifigan 10%
after 6 hours, entry 9. Furthermore,
isobutyraldehyde leads to decreased selectivityefooxide

products. Moreover, using radical scavenger supparfact

that the reaction proceeds through radical mechamisice

adding 2,6-di-tert-butyl-4-methylphenol, as a ratlic
scavenger, the conversion decreases greatly, &2try

removing)r

obtained in aerobic Mukaiyama epoxidation of cyclic
olefins under mild conditions. To the best of our
knowledge, this amidic Mn(ll) complex has a superio
selectivity and conversion to epoxide products in
comparison to other similar Mn(ll) complexes based
amide ligands and especially can be a suitableidatel
aerobic epoxidation of cyclohexene in room
temperature. These results may highlight the rdie o
metal catalyst to elicit higher conversion in Mufaina
epoxidation reactions.
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The condition of reaction is: Substrate (0.88 mmoBtalyst
(1.76x10° mmol), isobutyraldehyde (1.76 mmol), and pure (?11
(1 atm) in 2 mL of 1,2-dichlroethane as a solvéntroom

temperature. Gas chromatography determination based
chlorobenzene as an internal standard. The mairobypt is 2-
cyclohexen-1-one (from GC analysis)
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Experimental details for synthesized compounds (CCD
No. 1008240), full crystallographic data, selecteaind
distances and bond angles and hydrogen bonding
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