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Abstract

Poly brominated diphenyl ethers (PBDES) are useflamse retarding materials in many
consumer products. Many other PBDEs that are ofdaiftom marine sources show
biological activities like antibacterial, antifurigend antifouling. Most of PBDEs have been
isolated from sponges @ysidea species. This work attempts to synthesize a PBDE, 2-(2’,
4’-Dibromophenoxy) anisole (1), using three st@gge nucleophilic aromatic substitution of
2,4-dinitroflourobenzene  with  methoxy phenol (Gealqa gave 2-(2',4'-

Dinitrophenoxy)anisole (3) which upon reductiortwb% palladium on charcoal gave 2-(2’,
4’-Diaminophenoxy) anisole (2). The diazotisatiaaction of the synthesized amine (2)

using t-butyl nitrite, CuBzrin anhydrous acetonitrile was expected to yielchgoundl. All

the synthesized compounds were purified by colutmoroatography and analyzed Byt
and™® C NMR.




Chapter 1 Introduction

Poly-brominated diphenyl ethers (PBD@E)gure-1) are low cost compounds that can act as
non-reactive flame retardants additives in furmtuplastics, electronic devices, electrical
equipment, textiles and many household product2]1These compounds have also been

found in a variety of environmental matrices, hurbadies and biological samples.

Figure-1: General structure of PBDEs

Traditionally, production of PBDEs started in 1968@sd continues till date. The three
commercial compounds produced are penta-bromodyidtber(penta-BDE), octa-
bromodiphenyl ether(octa-BDE) and deca-bromodiphesther(deca-BDE) [3]. The

formulations of these compounds have differentiappbns.

 Penta-BDE is used in poly urethane resin like fodurniture, mattresses and
automobiles.

* Octa-BDE is used in acrylonitrile butadiene styrg@BS) resin and electronic
devices.

 Deca-BDE is used as flame retardant and in polgag(PS), and high impact
polystyrene (HIPS) [2].

Different PBDE’s due to their similar structure addference in substitution are called
congeners. Mathematically, PBDE’s can have 209 eoegs having general formula of
CioH10-8rkO (x = 1,2,3...., 10). They can differ in positiondanumber of bromine atoms
attached to the structure of diphenyl ether mocBBDE congeners having equal number
of bromine atoms are called as homologs[1, 2]s€rmmpounds are relatively stable but on
exposure to UV radiations they undergo photolytesbdomination[4, 5]. Due to their
insolubility in the water, PBDEs bind to soil, sedint particles and hence their mobility in

soil and water is decreased thereby enhancing aimgedn the atmosphere [1].



Broadly, PBDEs can be divided into two classes @ting to the number of bromine atoms

present in the molecul&igure-2).

4 )

PBDEs

Lower brominated Higher brominate
PBDEs PBDEs

- )

Figure-2: Classification of PBDEs
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Lower Brominated PBDEsThese are the species that have an average d bromine

atoms in the molecule. These molecules bio-accumuitaore efficiently than higher
brominated PBDE.

Higher Brominated PBDESThese species are having an average of 5 to drdibe atoms

per molecule. Penta-bromodiphenyl ether's commekrniature contains 50-60% of penta-

bromo derivative, 24-38% of tetra bromo, 4-8% ef&-bromo and 0-1% of tri-bromides.

PBDEs congeners are also extracted from the natesalirces like marine sponges, plants,
sediments and soil and they have variety of bialgactivities. Such compounds show
antibacterial, antifungal, cytotoxic and enzymehilotion [6] activities. These compounds
also act as anti-tubercular agents [7]. As far atbacterial activity is concerned, these
compounds inhibit both Gram-positive and Gram-nggabacteria. Therefore the synthesis
of such PBDEs at low cost for used in shower prigjutextile, leather products and
agriculture is highly recommended. The antibactegictivities are analysed generally in
terms of MIC (minimal inhibitory concentration) 8€so (Inhibitory concentration ) values.
Antifungal activity is also determined with varyimgpncentrations. These compounds have
inhibitory activity against various enzymes alsathwlCso, which is the efficiency of a
compound to inhibit an enzyme. Present thesis gtiero synthesize a poly brominated
diphenyl ethers namely 2-(2’, 4’'Dibromophenoxy)aites



Chapter 2 Revient literature

Poly-brominated diphenyl ethers (PBDES) are impartaompounds which occur in nature
and synthesized on commercial scale as well. Omueneial scale they are used as flame
retardant, additives in building materials, paitéstiles, furniture, auto-mobiles and in many
electrical gadgets. Besides above applications,tdubeir flame retardant properties, they
are practically used in all types of polymers inlthg polyvinyl chlorides, polycarbonates,

polyester resins, ABS — acrylonitrile butadieneaeaty, polyamides, poly-olefins and rubber.

Due to their use in vast number of materials arstd alon-degradable nature, a number of
literature reports cite these compounds as polisitfi12]. The non-degraded PBDEs have
been found in environment (sewage sludge, sedimamdsindoor air) [8] and biological

samples (human blood serum, urine, breast milkiasdes) [9-12].

P
Br Br Br Br Br Br

i O O i :Br Br (e} Br

Br Br Br Br Br Br Br Br Br
Br Br Br Br

(2,2',4,4' 5-pentabromodiphenyl ether) (2,2',3,4,4'5',6-heptabromodiphenyl ether) decabromodiphenyl ether

Figure-3: Structures of PBDEs congeners

Figure-3 shows the structure of some commercially avail&®BDEs. Their use as flame
retarding material stems from their ability to sde bromine (Bj at high temperature which
interferes with high energy OH and H radicals reéehduring the combustion process. There
are two types of flame retarding materials.

() Reactive FRsare bonded through covalent bond in the polymetriravith certain
additives. Tetra bromo bisphenol A is one suchtaddfFigure-4a).

(i) Additive FRs do not form any kind of covalent bond with the eratl, when mixed with
the polymer. HCBD (Hexa-bromo-cyclododecane) istlagoone example [1ZFigure-4b).
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Figure-4: Structure of TBBPA and HCBD

The use of PBDEs in various applicationsuimsharized infable-1[14]

Table-1: List of Polymers where PBDEs are used

Resin / Polymer

Primary Applications

Ultimate/Absolute Product

Acrylonitrile-butadiene-
styrene(ABS)

Molded parts

Computer coverin
automotive parts, hair dryers

Epoxy

Protective coating,
circuit boards

Ship interiors, electronic part

S

Phenolic polymer

Printed circuit boards

Paper |latda

Paints/lacquers

coatings

Industry and marineuexs]
for protection of containers

Polyamide

Electrical connections
automotive interior
parts

Automotive industry
connectors, transportation

Polyethylene/cross Cross-linked wire cable,Insulating  heating tubes,
linked polyethylene foam tubing, weather | power cables, maringe
protection appliances

Poly-acrylonitrile

Electrical components

Lighting panels, housing ¢

—n

panels electrical appliances
Polybutylene Connectors, Electrical | Stereos, switches, fuses
terephthalate components
Polypropylene Electronic devices, Electro-mechanic parts,
underground junction boxes
Polyethylene Electrical components |  Coils, bobbins, relays, boxes
terephthalate

Polystyrene/high impact
polystyrene

Television cabinets &
back covering, housing

Smoke detectors, housing
electrical appliances, offic
machines,

Rubber

Transportation

Foamed pipes for insulati
conveyor belts

Unsaturated polymers

Circuit boards,

Military/marapplications

Polyurethane

Packing materials

Sound insulatiamjtiure

Polyvinyl chloride

Cable sheets

Floor mats, wired aables

Textiles

Coatings

Military  safety clothing

automotive seating, tents.




Besides commercial production, a rich source of BB nature. Sea and sea organisms
have been reported to synthesize a vast numbeBDBEBR for their use and protection.
Therefore such PBDEs have been found to possesyg malogical activities. Following

paragraphs describe the sources, structure anopimal activity of many PBDEs.
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Figure-5: Structure of naturally occurring PBDE

Figure-5 lists the compounds that were identified from marspongd®ysidea herbacea and
in their associated bacteria, red alg@eré&mium tenuicorne) and brown algaeQladophora
fascicularis) [15][16][17]. Compounds H and | were also isothfeom true’s beaked whale

(Mesoplodon mirus) in North Atlantic. [18].

It has been proposed that production of PBDEs ésr#ésult of symbiotic association of
sponges with various bacterial and algal speciémis,T PBDEs play a vital role in the
chemical protection for the sponge besides predatdibacterial attack [23], [24].




Following table(Table-2) shows some of the PBDESs isolated from marine sg®rajong

with their references.

Table-2: PBDEs and their marine sources.

Compound name Obtained from dference

Br OH
0.
Br :& Br :& Sgr

3,5-dibromo-2-(2',4'-dibromophenoxy) phenol

Br OH
i O
Br Br Br
Br

3,4,5-tribromo-2-(2,4-dibromophenoxy)phenol

Br OH
i o)
Br Br
Bi

r
3,4,5-tribromo-2-(2'-bromophenoxy)phenol

19

20

20

21

OCHj

Br
|
S~ :E Br :E N
Br HO Br

3.5-Dibromo-2-(4.6-dibromo-2-hydroxyphenoxy) anisole

OH
Br 0: f
% [e) Br
Br

3,6,8-tribromodibenzo| b,¢][1,4]dioxin-1-ol

22

Dysidea dendyi




Dysidea herbacea, a marine sponge is known to contain polychloedatmino acid
derivatives and PBDEs. The sponge collected froenstiores of the Air Island (Indonesia,
West Sumatra) [25] is known to possess PBDEs fibnherbacea. The species stays in
association withOscillatoria spongeliae (cyanobacterium). It has been noticed that PBDEs
derivatives besides antibacterial activity inhibie enzymes concerned with the tumour
development and arteriosclerotic plague, to prdweirtpotential as capable therapeutic

agents. [26]

-
Br OH Br OH Br OH
Br Br Br Br Br Br
Br Br
Compound A Compound B Compound C
Br OH Br OCHgj Br OH
©/O Br ©/O Br /©/O Br
Br Br Br Br Br
Br Br Br
Compound D Compound E Compound F
_ J

Figure-6: Structure of PBDESs Isolated fromD. Herbacea

Figure-6 shows six compounds that have been isolated fnenspecies. The compounds A-
F were examined for their antifungal, antibactesiadl toxicity test (i.e. brine shrimp lethality
test). All the compounds as shown figure-6 were antibacterial againg8acillus subtilis
which is a Gram-positive bacterium. However, th&y bt show any inhibition foE. coli
which is a Gram-negative bacterium. The minimumbibry concentrations (MICs) were
comparatively higher for compound A (MIC 0i@gmL) than compound C, D and F.
Compounds B and E were much less active having MilDe 6.2g/mL and 104g/mL
respectively. Compound A showed activity identital that of gentamycin, a standard
antibiotic used againd®. subtilis. These compounds were also showing antifungavigcti
againstC. cucumerinum. The concentration is of 50 and 25nmol of compeu@dind D were

most active against fungus, having effect inhibitr@gion within the diameter of 16 and 8



mm respectively followed by compounds A, B, andThe toxicity of compound A and F

tested against brine shrimp gave and@ 0.96 and 0.94 pg/mL [25].

Besides antibacterial and antifungal activity, PBD&re also known to possess other
therapeutic properties. Ethanol extract of a maspengelLamellodysidea herbacea from
Indonesia, exhibits the inhibitory activity of pemt tyrosine phosphatase 1B (PTP1B), a
targeted enzyme in the treatment of type 2 diabebtus (T2DM);. An excess of PTP1B

is responsible for insulin down-regulation [27-2€4using T2DM.

Vs

OCH3 OCHs OCHg
Compound 1 Compound 2
- J

Figure-7: Structures of Compounds 1 and 2
Compoundsl and2 (Figure-7) purified from above extract have shown inhibitamiPTP1B
enzyme with 1Gy value of 0.85M and 1.7uM respectively. In factompound-1 showed
almost similar effect compared with positive cohtrteanolic acid (1.1uM), which is used
for the treatment of diabetes, cancer and inflamonmaji30] [31]. As far as cytotoxicity is
concerned compound 2 was more active showing nodecampound 1 responsible against

Br OH
f 0. f
Br Br Br

Figure-8: Structure of Compound O

cancer cell lines.

Bio-fouling is a phenomena observed in submergedases where growth of micro-
organism, plants animals occurs under the sea {3@jnpound that inhibit this activity are

called biofouling agents. PBDEs isolated from dartgponges have shown this activity.

9



Compound (O)(Figure-8) [33] shows strongest anti-fouling having MIC =2.0.52:M and
ECsoswere 0.66uM (mussel test), 1.26M (barnacle test), 0.24M (diatom test).

PBDEs were also showing antimicrobial activity. farBysidea granulosa (marine sponge),
two compounds (L and M) were extracted and fidysidea sp., compound N was isolated.
These compounds show effective anti-bacterial sgtiowards various bacteria’s such as
Escherichia coli, salmonella, methicillin sensitive staphylococcus aureustMSSA) and
methicillin resistan®&aphylococcus aureus (MRSA).Minimal inhibitory concentration (MIC)
was checked against various gram positive and gragative bacteria. For gram negative
bacteria the MIC range comes out to be 0.1-16.0Lnagdd 0.1-4.0 mg/L against gram
positive bacteria. Because of the thermal stabidlftpompound they were able to work as anti
MRSA, anti-salmonella and anti-E-Coli for drug diey@nent [34].

(" 1\
Br OH Br OH
Br OH
O 0 % e) Br
Br Br Br Br Br Br Br

Br Br
Compound L Compound M Compound N

& J

Figure 9: Structure of Antibacterial Compounds L, M, N

Four new PBDEs and their derivatives were extractesm the Palauan sponge
Phyllospongia dendyi. Their structures were recognized by using masxtsg data and
nuclear magnetic resonance. They exhibited antrealgal toward$. amphibia, P. micans,

S costatum and B. submaria at concentrations range 0.5-5.0 ppm. and anti-oadgal
activity againstU. conglobata spores with 1G, values between 0.02-0.05 ppm. Among all

compounds [21], compound P shows stronger inhipiotivity.

4 N\

OH OCHj

Br Br

Figure 10: Structure of compound
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Synthetic methodologies for PBDES:

According to the above literature, PBDESs can baiolkt from natural resources besides they

can also be synthesized by various synthetic prgesd Some are described as following:

Mono brominated diphenyl ether was synthesized fdgohenyl ether with reagent benzyl tri
methyl ammonium tribromide (BTMA By in solvent acetic acid (AcOH) and catalyst zinc
chloride (ZnC}) [35], or with reagent N-bromosuccinimide (NBS)the presence of a weak
acid ammonium nitrate (NfNIO3) and acetonitrile (CECN) as a solvent [36], or with bromo
dimethylsulfonium bromide (BDMS) reagent in the gmece of solvent Ci€l,
(dichloromethane) [37], described$theme — 1

(0]
. (LXQQ\'\N\ ©/ \©\
N\p\33 Br
2 P\co\’\"moqr

Vs

98% BDE 3
o o
BDMS (2.1 i
(2.1 equiv) -
CH.CI,

Br

Diphenyl ether 94% BDE 3

©/O\©\

Br

98% BDE 3

Scheme - 1
Brominated diphenyl ether was formed from 2.1 egl@nts of bromine in solvent AcOH in
the presence of catalyst copper carbonate (GuGé&ve 98% yield of BDE-15 [38], or with
bromine (4.1 equivalents) in solvent tetrachlordmee (CCJ) with iron powder gave 91%
yield of BDE-47 [39], and by using excess of broenwith AlBr; yields 90% BDE- 209
(Scheme 2]40].
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Dipheny!| ether

Br, (4.07 equiv)

CCl,, iron powder

98% BDE 15

Br Br
(6]
'
Br Br

91% BDE 47

5
2 (e
4/@f Ce%j Br Br
3
Br (0] Br
Br Br Br Br
Br Br
98% BDE 209
Scheme -2
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Chapter 3 Materials and method

Reagent grade chemicals and solventsethyl acdiatgne, di-methylformamide (DMF),
petroleum ether, DCM and methanol were purchasem 6. D. Fine Chemicals, Mumbai
and Merck. TLC analysis was done on silica coatechimium plates (Aluchrosep Silica Gel)
by observing under UV light in a chamber at 254 @ualumn chromatography was carried
out in glass column using silica gel (mesh 100-28€)stationary phase. All the NMR
analysis was performed using CRGs solvent and terta-methyl silane (TMS) as irdern
standard.

Synthesis
Synthesis was done by known procedure [41]. Bre¢hits are given below:
2-(2',4’-Dinitrophenoxy)-anisole (Compound 3)

Guai acol (0.5g, 4.02 mmol) and 2, 4-dinitrofloueaokzene (0.20mL, 1.61mmol)were taken in
round bottom flask and 6-8 mL DMF was added. Todbleition, KCO; (0.33g, 2.41mmol)
and catalytic amount of 18-crown-6 were added ainckd overnight at room temperature.By
TLC monitoring progress of the reaction was cheokidr completion of reaction, mixture
was diluted with CHCI, (100mL), washed with 1IN NaOH (75mL) and water (10D) till
neutral to litmus paper to finally dry over anhyasd\NaSQO,. Organic solvent was evaporated
and yellow coloured solid compound was obtainectrasle product(1.087g). It was then
purified by chromatography using SiOhexane and ethylacetate(75:25, v/v) as solvent.
Evaporation of organic solvent gave pure yellowids@iroduct (1.039g). Product obtained
was characterised Byl and**C NMR and was in line with the proposed structiFeNMR
(400 MHz,CDC¥): 3.7 (s, 3H), 6.8 (d, J= 9.16 Hz, 1H), 7.0(d, J #6Hz, 1H), 7.2 (t, J =
8.24, 1.36Hz,1H), 7.3(t, J = 7.8, 1.8Hz, 1H), 8.2(t 9.62, 2.76Hz, 1H), 8.8(d, J = 2.76Hz,
1H); °C NMR (CDC}):55.8, 113.2, 117.2, 121.6, 122.0, 122.5, 127284, 141.2, 150.9,
156.4.

2-(2',4’-Diaminophenoxy)-anisole (Compound 2)

Compound 3 obtained above was dissolved in 50 mihamel and5% palladium on charcoal
(0.18g, 1.69mmol) added.Hydrogen gas balloon witkitpve pressure was installed and
reaction stirred for 14-16 hours. Completion ofctean was analysed by TLC monitoring.

After filtration through celite solvent was evap that gave crude product which was

13



diluted with ethylacetate and 20% aqueous HCI (gefution (2x30mL), to obtained salt.
The salt was separated out and neutralized witiNARH (75 mL). After extraction with
solvent it was washed with water (150 mL) till nabtitmus paper and dried with BBO,.
Evaporation of organic solvent gave pure produat #as analysed byH and**C NMR and
compared with expected structuréd NMR (400 MHz,CDCJ):83.4(s, 4H), 3.8(s, 3H),
6.0(dd, J = 8.2, 2.72Hz, 1H), 6.1(d, J = 2.72, B4%9(d, J = 8.27Hz, 1H), 6.73(dd, J = 8.24,
1.48Hz, 1H), 6.78(t, 6.4, 2.28Hz,1H), 6.94(dd, 1G:52, 2.32Hz, 1H), 6.96(dd, J = 7.76,
1.36Hz, 1H);**C NMR (CDC}):55.8, 103.1, 105.6, 112.0, 116.0, 12.8, 121.2.4,2135.6,
139.4, 143.6, 147.3, 149.4.

2-(2’, 4'-Dibromophenoxy)anisole (Compound 1)

In a two necked round bottom flask was added coppamide (0.23g, 1.04 mmol), under
inert conditions and tert-butyl nitrite (0.13g, 9.&mol), and anhydrous acetonitrile (3.5 ml).

The apparatus equipped with reflux condenser whsvedl to heat to 6% and inert

atmosphere maintained. Amine (compound 2) (0.R&ff hmol) obtained above dissolved in
acetonitrile was added drop wise over a period @fn@nutes and evolution of ;Ngas

observed. After the evolution of gas stopped tlaetren mixture was poured in hydrochloric
acid and extracted with organic solvent. Evaporatb the solvent gave crude product that

was optimized for separation by TLC and column oratography performed.

14



Chapter 4 Result drdiscussion

Synthesis of Poly brominated diphenyl ethers (PBDtas generated interest due to its wide
applications like flame retardant materials, ardibaal and antifungal activities. They are
used in the ship interiors, smoke detectors, elagtrdevices and many marine applications.
In order to explore other applications and propsrdifferent attempts have been made. This
work includes an attempt to synthesize a PBDE na#ié?i, 4'-dibromophenoxy) anisole

(1). Scheme — 1 gives the retro synthesis strategynthesize the molecule.

r

Scheme - 3: Retro synthetic strategy to synthesi2e(2’, 4’-dibromophenoxy) anisole

Final compound (1) can be synthesized by brominatib corresponding amine (2). The
amine required for the purpose can be obtained ftomesponding nitro compound by its
reduction. The nitro diphenyl ether can be synttesbiby nucleophilic aromatic substitution

of 2, 4-dinitro flourobenzene by corresponding pien

15
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F HO o
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+
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®) @ 3
Pd/C
Ha
Br OCHj3 NH; OCH,
o o
t- BuNO,
feccccccccccccccccncann
CuBr/ACN
Br H,N
1) )

Scheme -4: Methodology to synthesize PBDE (1)

Initial diphenyl ether (3) was synthesized fromdjinitro flourobenzene (5) and 2-methoxy
phenol (4) by nucleophilic aromatic substitutiorheTreaction was carried out at room
temperature in the presence of mild base, potassannonate, and 18-crown-6 as phase
transfer catalyst. The reaction was monitored usiigC and work up followed by

purification by column chromatography gave pure poond (3). Melting point is 84-8T.

Mass spectroscopy gives peak at 290.0 m/z whiclehreatwith the molecular weight of our
compound (3)*H NMR of compound was in line with its structurevimey three methoxy
protons at 3.7 ppm and seven aromatic protons leetwe8 to 8.7 ppm°C NMR of the
compound also gave five quaternary and seven pyiroarbons in aromatic region. The

carbon corresponding to methoxy group appeare8.8tfgpm.
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Figure 11: GCMS data of compound (3)
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Further reduction of compound — 3 was done usirdydgen gas with catalytic amount of
5% Pd over charcoal to offered amine (2). Methamat used as a solvent in this case.

Amine obtained was filtered over celite and solv@rdporated to afford pure product.
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Figure 15: *H NMR spectra of compound (2) (close view)
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Figure 16: °C NMR data of compound 2

'H NMR of the compound (2) gave a broad signal apoading to four protons of NH
group at 3.4 ppm. The signal due to methoxy grauwpaomatic protons appeared at 3.8ppm
and 6.0 to 6.9 ppm respectivéfC NMR of the compound gave five quaternary and seve
primary carbons in aromatic region and peak appeatr®5.3 ppmcorresponds to the carbon
of methoxy group.

Figure 17: TLC spots of compound 1
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Synthesis of final product (1) was attempted usanggnown procedure [42]. It required
diazotisation of synthesized amine (2) using t-boityite under inert conditions followed by
addition of CuBs in acetonitrile to give corresponding bromo compihuThe reaction was
monitored using TLC which gave multiple spots (Fegul7). Purification of reaction
mixture using hexane ethyl acetate gave three sHoisever, the spot expected to be bromo
product did not match with the proposed structure tb absence of any methoxy signal,

though aromatic protons appeared between 6.5 apgm.
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Figure 18: 'H NMR data of 1st spot of PBDE

Thus, an attempt was made to synthesize 2-(2’jBtochophenoxy) anisole by three steps

that included nucleophilic aromatic substitutioduetions and bromination.
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