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ABSTRACT

A mild, eficient and highly chemo- and regioselective method for the
bromination of electron rich aromatic molecules has been devel oped by
electrophilic substitution of Br*, which was generated in situ from Br,, or
KBr using 1,4-bis (triphenylphosphonium) butane peroxodisulfate
(BTPPBPDS) as the oxidant. Free aromatic amines remained unaffected
© 2012 Trade Sciencelnc. - INDIA

under the reaction conditions.

INTRODUCTION

Thebromination of aromatic substrateshasreceived
agreat ded of interest inrecent yearsowing tothecom-
mercial importance of brominated compoundsin the
synthesisof natural products, and inthemanufacture of
pharmaceuti calsand agrochemicals. A variety of bro-
minating reagents are available, and recent reports
describetheuse of NBS-sulfonic-acid-functionaized
silical?, NBS/AIL,O,¥, NBS/BF-H, 0, NBS-
NH,OAc, NBS-TEAB®, NBS- Pd(OAc),”,
NBS-DMF (or THF)®, K Br-benzyltriphenyl- phos-
phonium peroxymonosulfate’® or peroxodisulfate?, 1-
benzyl-4-aza-1-azoniabicyclo[2.2.2] octane
tribromide™, Br, (for lithiated hal oarenes)™, a2:1
bromide/bromated reagent asasource of HOBr™, N-
methylpyrrolidin-2-one hydrotribromide-H,0,*4,
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[Bmim]Br ™, hexamethylene- tetramine-Br ¥, Br/
SO,Cl./zeolite™™, 1,2-dipyridiniumdi-tribromide-
ethand*®, alkylpyridinium tribromide™, IBX amide
resin-TEAB!?9, poly(4-vinyl pyridine)-supported bro-
mate'2Y, tribromoi socyanuric acid??, bromodichlo-
roi socyanuric acid?®, polymer-supported organotin
reagents®!, NH,VO,-H,O,-HBr'*), CuBr >, etc.
However, many of the reported methods are associ-
ated with one or more of thefollowing drawbacks: (i)
low yield, (ii) long reactiontime, (iii) harsh reaction con-
ditions, (iv) theuseof toxic, corrosiveor expensive, (V)
theuse of largeamount of catalyst.

RESULTSAND DISCUSSION

In continuationwith the search for smplenon-haz-
ardous methodsfor thetransformationsin organic syn-
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thesisusing hal ogenating agents?29, hereinwe, inthis
article, are reporting the use of 1,4-bis
(triphenyl phosphonium) butane peroxodisulfate as a
efticient and highly chemo- and regioselective method for
the bromination of & ectron rich aromatic moleculeshas
been deve oped by dectrophilic substitutionof Brt, which
wasgenerated insitufrom Br, or KBr. (Scheme 1)
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BTPPBPDSwasan easly prepared reagent, which
was used recently for the bromination of aromatic com-
pounds. Thebromination of aromatic compoundswith
thisreagent wasinvestigated in CH,CN under reflux
conditions. Thisreagent waseasily prepared in atwo
step reaction. Thus treatment of two moles of
triphenyl phosphinewith 1 mol of 1,4-dibromo butane
at 64 °C afforded, after Gltration and puritication and
ion exchanges with K_S,O,, 1,4-bis(triphenyl
phosphonium)butane peroxodisulfatein (57-96%) yield
(Scheme2).

To gain some preliminary information onthissyn-
theticdly useful reection, we studied theintiuence of dif-
ferent factors. solvent, molar ratio and temperature on
thereection kinetics. Thus, theeffect of varioussolvents
suchasCHCl,, CH,CI., CCl, and CH_,CN onthereac-
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tionrateand yidd wereinvestigated. Theexperimenta
results showed that acetonitrilewasthebest choicefor
our procedure. Also our observationsrevea ed that the
molar ratio of 1.0:1.0:1.0for aromatic substrate, bro-
mineand oxidant, wasthemogt effective, givingashort
reactiontimesand clean products. (TABLE 1)

TABLE 1: Theeffect of amount of 1,4-bis (triphenylpho-
sphonium) butaneper oxodisulfateand varioussolvent on the
reaction of bromination of p-methoxy benzeneunder reflux

Time Yield®
(min) (%)

aromatic substrate/

Entry oxidant /Br, or KBr Solvent

1 1.0:0.51.0 CHCl; 90 53

1.0:1.0:1.0 CHCl; 60 68

3 1.0:1.5:1.0 CHCl; 60 68

4 1.0:0.5:1.0 CH.Cl, 90 45

5 1.0:1.0:1.0 CH.Cl, 70 59

6 1.0:1.5:1.0 CHCl; 70 62

7 1.0.0.5:1.0 CHsCN 60 75

8 1.0:1.0:1.0 CHsCN 20 92

9 1.0:1.5:1.0 CH5CN 30 93

10 1.0:0.5:1.0 CCl, 120 38
11 1.0:1.0:1.0 CCl, 90 45
12 1.0:1.5:1.0 CCl, 90 46

aYields refer to the pureisolated products.

After optimizing these conditionsus ng p-methoxy
benzene as amodel, various e ectron-rich aromatic
compoundswere brominated with bromineand KBr in
thepresenceof 1,4-bis(triphenyl phosphonium) butane
peroxodisulfatein CH,CN under reflux conditiontogive
brominated productswith high regioselectivity. There-
sultsaresummarizedin TABLE 2.

According totheresultsshowninthe TABLE 2,
the bromination of the substratestook placewith high
regiosd ectivity and only mono-bromination wasfound
to occur. When a methoxy or an amine group was
present onthearomatic ring (entries 1-9), bromination
proceeded with high para-sel ectivity while ortho- bro-
mination occurred when the para-position was bl ocked
with asubstituent other than ahydroxyl group. How-
ever, with the phenolic compounds (entries 10-16) the
ortho-bromo compoundswere the major products.

In conclusion, we have devel oped avery ssmple,
mild and regiosd ectivemethod for nuclear bromination
of activated aromatic compounds using the 1,4-bis
(triphenylphosphonium) butane peroxodisulfate
(BTPPBPDS) reagent systemwith Br, or KBr as oxi-
dant whichisreadily available, inexpensive and non-
toxic.
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TABLE 2: Bromination of somearomatic compoundswith Br,and KBr in thepresenceof 1,4-bis(triphenylphosphonium)
butane per oxodisulfate

Reagent
M.p., °C
Entry Substrate Product Br, KBr (.L |t )
Time (min) Yield® (%) Time (min) Yield® (%)
Lig
1 MeO MeO Br 20 97 35 92 (Lig)#d

15 0 22 0 ---

OMe MeO OMe 6.7
\©: 28 92 35 N (25260
Br
OMe OMe 67-69
Q 31 89 40 87 o701

Eo w N
<
D

N

é

I

)

Z:

@

Me Br Me
MeQ
MeQ
56-58
5 oo >D e MO OMe 35 90 48 8 (54550
Br
MeO Br 61-62
6 Meo—©—8r <:2 30 89 39 0 5163
Br
7 MeZN—© MeZN—©—Br 25 95 33 0 (52% %-45;[21821]
Br
OMe oM 53-55
e _
OMe
OMe
75-78
9 OO 31 92 40 87 (78_81)[18a]
Br
OH OH
Cl Cl Br 85.87
10 15 84 27 89 (85-86)(1%
Cl Cl
OH
oH co0 COOH 60-62
H -
11 @/ 25 86 35 8  (58.6)
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Reagent o
Entry Substrate Product Br, KBr M(.If)i.t’ )C
Time (min) Yield® (%) Time (min) Yield® (%)
O2N OH 110-112
12 OZN—Q—OH <:2 41 92 52 0 (111115
Br
Br
OoN OH 06-98
13 Q OZNQOH 45 93 55 89 (97-99)1%
Cl
Cl
o Br
H
OH 79-81
- ? ® % 0 (7ssyi
OH OH
Br
91-93
15 15 90 30 91 (90-92)1%
Cl Cl

EXPERIMENTAL

All productswere characterized by comparison of
their physical data, IR, *H NMR and *C NMR spectra
with authentic samplesd®?, The IR spectrawerere-
corded on SP-HOO FT-IR spectrometer. 'H NMR and
13C NMR spectra were taken on a 500 MHz P-VV-
COM spectrometer. 1,4-Bis(triphenyl pho-sphonium)-
2-butene Peroxodisulfatewas prepared and other chemi-
calswere purchased from the Merck chemical com-
pany Darmstedt, Germany. Thepurity determination of
the productsand reaction monitoring wereaccomplished
by TLC on polygram SILG/UV 254 plates.

Preparation of 1,4-bis(triphenylphosphonium) bu-
tanedibromide(1)

To asolution of 1,4-dibromobutane (0.215 g, 1
mmol) in CH,OH (10mL) ina50 mL round-bottomed
tiask equipped with a magnetic stirrer and a rettux con-
denser was added triphenyl phosphine (2 mmol). The
reaction mixturewasrefiuxed for 3 h. The solution was
cooled toroom temperatureand then diethyl ether was
added drop wise until an oily product was separated.
The ether wasremoved by decantation and methanol
(20 mL) wasadded. Stirring the methanol solutionfor
20 min afforded awhite precipitatewhich wastltered,

@Wu'c CHEMISTRY —

washed with methanol and then driedwith yield (90%).

Preparation of 1,4-big(triphenylphosphonium)bu-
tane per oxodisulfate (2)

1,4-Big(triphenyl phosphonium)butanedibromide
(0.74 g, 1 mmol) was mixed with H,O (20 ml), the
mixture was completely stirred to obtain aclear solu-
tion. Then, chloroform (2—3 ml) was added and the
organic and aqueous phaseswere separated. Theague-
ousphasewasiiltered. In other sections K,S,O, (0.037
g, 0.137 mmol) and H,O (10 ml) were added and com-
pletely stirred to obtain aclear solution. Thissolution
was added to the agueous phase (obtained in previous
section) with stirring for 1 h to obtain awhite powder,
this powder waswashed with H,O (4x10 ml) and then
was dried in a desiccator. 1,4-Bis(triphenyl
phosphonium)butane Peroxodisulfate (BTPPBPDYS)
wasobtained in 85%yield. m.p. 130-132°C (Scheme
1).C, H,S,O,P,** IR (KBr): cm™ 3053, 2985, 1681,
1585, 1472, 1437, 1100, 750, 724, 689, 556. 'H NMR
(500 MHz, CDCl,): 6 2.2-2.3(t, 2H, CH,-), 3.6-3.8
(m, 2H, CH,-P), 7.25-7.85(m, 15H, H_ ). ®*CNMR
(125MHz, CDCl,): ¢ 23, 27, 115, 137, 142.

General procedurefor bromination of aromatic
compounds

To asolution of aromatic compound (1 mmoal) in
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CH,CN (5mL) ina50 mL round-bottomed Giask with
a magnetic stirrer was added 1,4-
bi (tri phenyl phosphoni um)butane peroxodisulfate (1
mmol) and bromine (1 mmol) or potassium bromide (1
mmol, 0.12gr).

Thereactionmixturewasstirred magneticaly a am-
bient temperature under reflux for theappropriatetime
indicatedinTABLE 1 & 2.

Progress of the reaction was monitored by TLC
(Eluent: carbon tetrachloride/diethyl ether, 4: 2, and
carbontetrachl oride/n-hexane, 8: 2) or GC (capillary
column). Thereaction mixturewas cooled toroomtem-
peratureandfiltered. Theexcessbrominewasremoved
fromthefiltrate by dropwise addition of sodiumthio-
sulfatesolution (1IM).

Then dichloromethane (5 mL) wasadded, and the
solution wastransferred to aseparatory funnd. Theor-
ganiclayer was separated and dried over magnesium
sulfate or calcium chloride. Evaporation of the solvent
followed by recrystallization or column chromatogra-
phy onsilicagel of the crude product gavethe corre-
sponding brominated compoundsin good to excellent
yields(TABLE 2).

The products were characterized on the basis of
their physical and spectra analysisand by direct com-
parison with literature data*s=9,
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