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ABSTRACT

Crosslinked polyacrylamide was prepared from aamjitde and N,N- methylenbisacrylamide by free radical
polymerization. Crosslinked Poly (N-bromoacrylamidéPNBA) was synthesized by the bromination of
polyacrylamide with KBr/Oxone in aqueous conditioitie capacity of PNBA measured by iodometric and
gravimetric methods was 5.6 mmol per gram. PNBA bBsomine-containing polymer supported reagent foasd
efficient and well organized for the synthesisigh yielding bromohydrins, bromoethers and broneates in
presence of nucleophilic solvents (MeOH, EtOH,r®R, AcOH and a mixture of J—acetone) at 40°C. The spent
polymeric reagent could be regenerated and reuseddveral times without appreciable loss in edfidy. PNBA
reagent offers several advantages including, ldngifdife, high efficiency ,regioselectivity, elmation of hazards
related to bromine containing compounds, and reggian.
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INTRODUCTION

The vicinal functionalization of alkenes is an impmt process in synthetic organic chemistry anderse
methodologies are described in the literature.[1]

The electrophilic bromination of alkenes via a bominm ion in present of nucleophilic solvent is gveseful
technique to prepare vicinal difunctionalized comnpas regioselectively.[2] Vicinal halohydrins, hetfbers, and
haloesters are versatile synthetic intermediataspiovide access to an array of functional grd@ps.

Sources of electrophilic halogen species (haloniums) are of enormous interest from both mechanastid green
synthesis points of vieM:-Haloimides are useful reagents for the halogenatiborganiccompounds;Halogen in
these compounds has a greater electrophilic clesrtatn in % and fewer corrosive and toxic. They are also ¢asy
manipulate and produce the corresponding imiddsygeoducts, which are less toxic and corrosiventHX (X =
Cl, Br, 1), generated when elementary halogen edu$4]in the literature, some compound such as NBJ]
NBSac, [6,7] TBCA, [8] andN-bromoacetamide, [9] Bromamine-T[DON-dibromobenzene sulphonamide, [11]
have been reported for transformation of alkenesdioal 1,2-bromoethers, bromoesters and bromahgdr
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These reactions suffer from several disadvantagels as the use of stoichiometric amounts of coreo®, / N-
haloimide or the formation of great amounts of aigaand inorganic wastes. [12] So heterogeneidtislo-
compounds can be improved these problems

In synthesis and applications of various polymsepecies ofN-halo compounds have been reported. [13] However
there are a limited number of reports on polymersopolymers containinty-haloamide. [14]With our knowledge,
there is no systematic work in the literature oae thilization of Poly N-bromoacrylamide) as a cohalogenating
reagent, and we now communicate our results inattda. Therefore, we wish to introduce the synshafspoly(N-
bromoacrylamide) with different crosslinking degsiand its applications in synthesis of high yietdin
bromohydrins, bromoethers and bromoacetates irepecesof nucleophilic solvents (MeOH, EtOHPrOH, AcOH

and a mixture of BD—acetone) .

MATERIALS AND METHODS

All chemicals were supplied by either Merck or Fdul he progress of the reactions was followed WIR, using
silica gel SILG-UV 254 plates. Silica gel 60 wagddgor column chromatography. The identities ofducts were
determined by comparison of their physical and spedata with those reported in the literature-IRTspectra
were recorded on a Shimadzu DR-8001 spectromefdR Mpectra were recorded on a Brucker Avance DPX
250MHz instrument.

Procedure for preparation of poly (N-bromoacrylamide)

Crosslinked polyacrylamides (PNBA) using variougcpatage ofN,N-methylenebisacrylamide (2%, 3%, 5%,
10%,15% and 20%) were synthesized. The sample 58iiHN,N-methylene bisacrylamide was good enough for
handling and further reaction. Thus, acrylamider @69 mol) , potassium persulphate(0.4 gr,0.00186, and
N,N-methylenebisacrylamide (0.56gr, 0.0036mol) wessdlived in EtOH (10ml), heated for 6h at 66@@nd then
cooled, and the white polymer was filtered and wedshith excess volume of EtOH to give the crosdihkolymer

in almost quantitative yield. To a stirred suspensf polyacrylamide (5 gr), NaOH (70 mmol,2.8 dipCO; (105
mmo, 11.13gr) and KBr (75 mmol, 12.5gr ) in@®(180 mL) cooled in an ice bath was added dropwiselution of
Oxone® (75 mmol,46.05gr) in 4@ (150 mL). Solid precipitate was found during thddition of the oxidant
solution, forming a dense suspension, which wasestifor 24 h. The product was isolated by filbati washed
with cold HO and dried in an air oven at 60 °C to afford & &fgpoly (N-bromoacrylamide) as orange granules
(Yield 83%). The capacity of polymer was 5.6 mmet gram determined by iodometrically.

General Procedure for reaction of Alkene with PNBAand Nucleophilic Solvent

To a stirred solution of the alkene (1 mmol) in & nucleophililic solvent (MeOH, EtOH, PrOH,,B/Aceton(4:1)
or AcOH) was added PNBA (2.5 mmol, 0.5 gr) at 40ACsmall portions. After completion of the reactio
polyacrylamide was filtered off and GEl, (10 mL) was added .The aqueous phase was washiedCWCl, (2
x10 mL) and the combined organic layer was drieer @nhyd NgSO,. After evaporation of the solvent on a rotary
evaporator, the product was collected. Furtherfigation has been archived with column chromatolgyapVe can
regenerate polymer by filtrations after completibe reaction and bromination of polyacrylamide byo@e /KBr
and reused it again.

RESULTS AND DISCUSSION

Cross-linked polyacrylamide was prepared from amyle monomer antl,N-methylene bisacrylamide (AC) by
free radical polymerizationt?' ** The IR spectra of PNBA showed those charactedaatieaks of polyacrylamide
with the intensity of the broad band in the reg&i©0-3500 cri decreasing considerably. The capacity of PNBA
was determined iodometrically and gravimetricalybe 5.6 mmol of bromine per gram of the polymethvéi%
crosslinking withN,N- methylene bisacrylamide. This polymeric reagert wlatained as an orange powder and was
stable and did not lose bromine under laboratonditeons and could be stored for a long time. Idesrto develop

a new method of preparation of bromohydrins, braimers and bromoacetates, we applied PNBA as safiBe’

in the presence of oxygenated nucleophiles.

The reaction of PNBA with alkenes in presence dflenphilic solvents (MeOH;PrOH, AcOH and a mixture of
H,O—acetone, 1:5) led to the correspond- -ifjgbromoethersB-bromoacetates anfi-bromohydrins, in high
regioselectivity and good yields (73—98%).(Scheme 1
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R, Rs ROH RRQ R
_ N N
R, PNBA, 56 C R, Br

R1=Ph,alkyl R=H,Me,Pr, Ac
Ro=H, Me
Ra=alkyl, phenyl, H

Schemel.

In this study styreneg-methylstyrene, stilbene, allyl benzene and indemmewused as substrates and methanol,
isopropanol, acetic acid and water,Q4+acetone, 1:4) as nucleophilic solvents.Theseltseave summarized in
Table 1.

The reactions were carried out stirring togethemtinof the alkene with 3 mmol of PNBA in nucleopbisolvent
at 40° C and after workup, the corresponding proeeere obtained in moderate to excellent yieldse phoducts
were characterized by spectroscopic methods.

After work up, polyacrylamide was filtered off aride corresponding products were obtained in moedei@at
excellent yields.

Bromination of styrene and allylbanzene with PN@Able 1) in the presence of acetic acid , al®ligleOH and
i-PrOH) and water resulted on the respecfiiromoacetateg-bromoethers and bromohydrins in good yields and
high regioselectivity, also forming products frorarts-addition following the Markownikoff's rule .

Also, thispolymerare very gorgeous from Green Clsémipoint of view, once they are easily handleabk solids
and efficient source of electrophilic bromonium sofBr") that can brominated organic compounds withoungaisi
Br,.

The regioselectivity was extremely high forming gwots fromtrans-addition following the Markownikoff's law
and no regioisomers were detected by the analypimatedures used (FTIR, GC ma3d, NMR and**C NMR
spectroscopy).

Table 1: Preparation of-bromohydrine,-bromoethers and p—bromoacetates of Alkenes with PNBA and Water, Atshols or Acetic

Acid
Entry Alkene Solvent Product Time Yield
OMe
1 ©/\ MeOH ©)\/ Br 1h 95
OFr
2 ©/\ PrOH ©)\/ Br 3h 70
OAcC
X
3 ACOH ©)\/ Br 5h 65
OH
X
4 ©/\ H.0 ©)\/ Br 2h 70
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H3C  ome

MeOH ©)Q Br 5h 80
H3C OAcC

PrOH ©)</ Br 8h 70
HsC  oac

AcOH ©)§/ Br 10h 80

H,0 ©)Q Br 3h 75

S5

0
9 O \ O MeOH 2h 60
O OMe
3o
10 O \ O H,0 : 10h 80
(T
MeC
11 MeOH _<:© 1h 60
Br
VY
12 MeOH Br 2h 80
OMe
W
13 PrOH Br 3h 60
OPr
W
14 ACOH Br 3h 65
OAc

a) Isolated yield based on alkene
b) All product characterized and compared and by FETH NMR, CNMR and GC mass with known compound
¢) Trans product

As it seen, no diol arising from Prévost-Woodwagdation, was detected on the crude reaction mixture

A proposed mechanism goes through formation ofambnium ion intermediate from PNBA followed by ring
opening promoted by the nucleophilic solvent. Agmsed pathway is shown in Scheme 2.
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* +
*
R, m Y Ry Br Ry

— —_—

R R3 Br—NH o R1 R3

Rl,Rz,Rg,R4: Alkyl phenyl H

XOH Ry Ry
g Br’7\ é‘OX
X=R, H,Ac Ri  Rs

Scheme 2: Proposed mechanism for reaction of alkeméth nucleophilic solvent with PNBA

In resonance terms the bromonium ion created fromerse is in equilibrium with a carbocation form ialn is
stabilized by conjugation.

The exhausted polymeric catalyst from different exkpents was combined, washed with chloroform ariddd

overnight in a vacuum oven. It was rebrominatedhwitone/KBr and reused again.
OMe

©/\ MeOH Br
—_—
PNBA

Table 2: Recycling of PNBA after regeneration

Run Time Conversion (%)
1st regeneration| 1h 100
2nd regeneratior 1h 90
3rd regeneration|  100min 86
4rd regeneration 2h | 80
CONCLUSION

In conclusion, the reaction of alkenes with PNBAaisimple method to prepapebromohydrins 3-bromoethers,
and p-bromoacetates from alkenes. The reaction conditame mild, the work up process is very simple ted
method is easier than the usual routes employesyrithesize these compounds from alkenes. Furthetntioe
PNBA as heterogeneous polymeric reagent is stalideand of easy handling, and the by-product faseh
reactions is polyacrylamide that can be filtrategemerate and reused. These reactionsare no neggedctl
techniques and conditions. Due to environmentableros involvedin the manipulation of hazardous,dcand
corrosivehalogens as well as the not readily abkglaalternativereagents used in such transformatounr
methodbecomes very useful and consistent with gresmistry principles.
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