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ABSTRACT

Organic tribromides have become an important group of reagents in recent years because of their versatility and
long shelf life. However, the reagents that have become most popular are the alkyl quaternary ammonium
tribromides. Considering the diverse uses of these reagents and their widespread commercial applications it
becomes important to incorporate newer tribromides into the existing series, and then comparatively assess their
ease of synthesis and reactivity. In an effort to bring focus on the lesser known phosphorus based and pyridinium
based reagents, this paper presents two reagents, viz., ethyltriphenyl phosphonium tribromide (ETPPTB) which is a
phosphorus-based reagent and cetylpyridinium tribromide (CetPyTB), which is a pyridinium-based reagent, with
focus on their methods of synthesis and their efficienciesin bromination and acylation reactions.
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INTRODUCTION

In current times, organic ammonium tribromides laeeoming a small yet important group of reagentofganic
transformations.[1-19] Because of their ease oinfdfon, mildness, environmental benignity and imseen
versatility, these reagents have become quite popaihd a number of reports are available discustieg
importance of these reagents in various types @diric transformations. Citing a few examples, gmgents have
been found to be efficient in bromination reactifh40] acylations,[11-14] sulfide oxidations,[15]1among
others. Considering their versatility, design amyelopment of newer, alternative synthetic protedol organic
ammonium tribromides has assumed a relevance oWits

Organic phosphonium tribromides are the structaralogs of organic ammonium tribromides, with expeély
similar properties.[20-22] However, while organiomonium tribromides have become very popular iemeégears
and a number of reports are available discussiegirtiportance of these reagents in various typeergénic
transformations, unfortunately the phosphoniunrdritides do not seem to have received a similar &fratttention
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as yet. Nevertheless, these reagents merit an drobimvestigation, especially because they ar®ntep to have
milder reactivity than organic ammonium tribromidf&3-25]

This paper reports the results of a comparativdyaisawhich was done on the syntheses of phosphezaissd and
pyridinium based reagent and their reactivity pesfiwith respect to bromination and acetylatiorctieas. The
reagents chosen for this study were two recentiyeldped reagents, cetylpyridinium tribromide (CéiBy [19]
and ethyltriphenyl phosphonium tribromide (ETPPTE].

MATERIALSAND METHODS

All reagents of highest purity were purchased froommercial sources and used without further puaiion.
Reaction progress was monitored by TLC using Mseilika gel 60 F254 (0.25mm) with detection by UViadine.
Chromatography was performed using Merck silica(§6+120) mesh size with freshly distilled solver@®lumns
were typically packed as slurry and equilibratedhvthe appropriate solvent system prior to use.tilglpoints
were recorded on Buchi B-545 melting point apparamnd are uncorrected. IR spectra were record&@imon a
Nicolet Impact 410 spectrophotometer and UV/Vis &gze were recorded in Perkin Elmer Lambda 25
spectrophotometer using acetonitrile as solvent.

Crystal data were collected with a Bruker Smart XAjeCCD diffractometer using graphite monochrontakéoKa
radiation p=71073A°) at 298 K. Cell parameters were retrieveidgi SMART software and refined with SAINT on
all observed reflections. Data reduction was pentat with the SAINT software and corrected for Ldreand
polarization effects. Absorption corrections wepplaed with the program SADABS. The structure wak/ad by
direct methods implemented in SHELX-97 program agfthed by full-matrix least-squares methods on AR.
non-hydrogen atomic positions were located in déffice Fourier maps and refined anisotropically.

Preparation of the Reagents:

Preparation of Ethyl Triphenyl Phosphonium Tribromide (ETPPTB)

An amount of VO5(10 mg, 0.1 mmol) was added to 30%4(9mL, 79.74 mmol) and stirred in a precooled beaker
at 0—4C until V,0s completely dissolved and the solution attainedearcreddish brown color. To this content,
110mL of water were added. Then, a solution of EBP® g, 13 mmol) and potassium bromide (KBr) (3¢5730
mmol) in 100mL of water was added. Later, 40mL bf H,SO, was added in small portions, and the mixture was
stirred for another 3h. ETPPTB precipitated outfias yellow microcrystals, which were filtered umdguction
using Whatman 40 filter paper and dried in a vacdesiccator using self-indicating coarse silica gavas further
recrystallized in ethyl acetate : hexane (99:1% Vield was 92%.

Preparation of Cetyl Pyridinium Tribromide (CetPyTB)

An amount of 0.06 g (0.34 mmol) of vanadium pendexi{\,Os) was added to 5 mL (44.12 mmol) of 30%
hydrogen peroxide (30,) taken in a pre-cooled 250 mL beak&a e should be taken to maintain ice-cold
condition as the reaction between V,Os and H,O, is exothermic). The reaction mixture was stirred at 0— 5°C
temperature in an ice-water bath till all theOy¢ dissolved and the solution became reddish-brownt Was added

a solution of 4.89 g (41.07 mmol) of potassium hider(KBr) and 5.28 g (13.74 mmol) of cetylpyridimiubromide
(CetPyB), dissolved in 35 mL of water. To this, 0 of 1M sulphuric acid (b50;) was added in small portions.
Magnetic stirring was continued for a further pdrif 2h at ice-water temperature. The yellow pradies formed
was isolated by suction filtration using Whatmatiilter paper. (Scheme2) The compound was then dried
vacuum desiccator using anhydrous calcium chlo(@aCL) as desiccant. A deep orange yellow product was
obtained on recrystallisation with acetonitrile €Tyield of the recrystallised product was 6.60 8 38%).

Bromination Reactions

Brominations using Ethyl Triphenyl Phosphonium Tribromide (ETPPTB)

In a typical reaction, the phend,, (Table 1) (282 mg, 3 mmol) was taken in acetdaiff3mL) and ETPPTB (1.59
g, 3 mmol), and dissolved acetonitrile (5 mL) wasled dropwise with constant stirring at room terapge. The
progress of the reaction was monitored by TLC. Aftempletion of the reaction, the mixture was warke to
remove the spent reagent. The crude product thimingll was concentrated and then subjected to colum
chromatography over a pad of silica gel to get @%e product.
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Table 1: Bromination reactions using ETPPTB?

Entry Substrate Time (min Proddict Yield
HO HO
1. \© 20 \©\ 78
Br
HO CHg HO CHj3
2 \©/ 15 :©/ 81
Br
HO HO
3. \©\ 15 :@\ 84
OMe Br OMe
HO HO
v | L s | T |
CN Br CN
HoN HoN
5. :@ 35 j@\ 73
OyN OoN Br
F Br F
6. ©: 25 \©: 76
NH, NH,
HO Me HO. Me
7. \©/ 35 :©/ 58
Br
Me Me
. o |C2D | w
Br
9. @ 20 ©\/\Br 76
Br
Br
10. = 45 65
O Br O

3Reactions were monitored by TLC. PProducts were characterized by IR, *H NMR and ©*C NMR. “Isolated yields are reported.

Brominations using Cetyl Pyridinium Tribromide (CetPyTB)

In a typical reaction, 188 mg (2 mmol) of phenbl Table 2) dissolved in 3 mL acetonitrile was takerai50 mL
round bottomed flask and 2 mmol of CetPyTB, dissdlin 5 mL acetonitrile was added drop-wise withstant
stirring at room temperature. The progress of daetion was monitored by Thin Layer ChromatografifiyC) on
silica gel 60 B, (0.25 mm). After completion of the reaction, theaction mixture was subjected to column
chromatography over a short pad of silica gel fordfthe corresponding produst 73% vyield. The details of
bromination reaction profile have been shown inlg&&h

Acetylation Reactions

Acetylations using Ethyl Triphenyl Phosphonium Tribromide (ETPPTB)

ETPPTB (159 mg, 0.3 mmol) was added to a solutiooctadecyl alcohol (1, Table 3) (810 mg, 3 mmalgcetic
acid (3mL). The reaction mixture was refluxed, ahd progress of the reaction was monitored by TAGer
completion of the reaction, the reaction mixturesyaured into a saturated solution of NaHQGTs mL) and then
extracted with ethyl acetate (2-15mL). The orgdaiyer was separated and dried over anhydroyS®gaand the
crude product was isolated. Further purificatiorsvaghieved by passing the compound through a sbamnn of
silica gel. The product yield was 82%.
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Table 2: Brominations using CetPyTB?

Entry Substrate Time (min Proddict Yield
HO HO
L. \© 25 \©\ 73
Br
NH, NH;
2 Y 2 or 2
Br
Br
SR TRE
OH OH
' < | OO |
Br
H
H Br N
5. [ Py 65 | )—br 63
N Br” N
(@] [e) Br
=
6. O 35 O 75
Br
OH OH
) Tl T

3Reactions were monitored by TLC. "Products were characterized by IR, '"H NMR and *C NMR. ®lsol ated

yields are reported.

Table 3: Acetylationsusing ETPPTB?

Entry Substrate Time (min Product Yield
L /\@/\ OH 15 /ﬁ/\o Ac 82
7 7

OH OAc
2. 15 78
OH OAc
3. 25 75
O,N ON
OH OAc
4. 15 79
Cl Cl
OH OAc
5. 15 80
MeO MeO
OH OAc
OH OAc
HO AcO
9. :2 : 50 :2 : 74
OH OAc
10. HO™ ™~~~ "0OH 10 AcO” " ~— "0OAc 69

3Reactions were monitored by TLC. PProducts were characterized by IR, *H NMR and *C NMR. “Isolated yields are reported.
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Aetylations using Cetyl Pyridinium Tribromide (CetPyTB)

To a solution of 558 mg (3mmol) dodecyl alcohbl Table 4) in 3mL acetic acid, an amount of 163 mgrfimol)
CetPyTB was added. The reaction mixture was refluxed the progress of the reaction monitored by .TAfer
completion of the reaction, the reaction mixturesygaured into a saturated solution of NaHQTbmL) and then
extracted with ethyl acetate (2x15mL). The orgdayer was separated, dried over anhydrousS@aand the crude
product isolated. Further purification was achiebgdpassing the compound through a short colunsilich gel.
The product yield was found to be 78%.

Table 4: Acetylationsusing CetPyTB?

Entry Substrate Time (min Produict Yield
1. /\ﬁ/\ OH 15 /\ﬁ/\ OAC 78
9 9

OH OAc
2. 15 73
OH OAc
3. 15 84
MeO MeO
OH OAc
5. : 2 : 55 : 2 : 65
OH OAc
6 HO~ "~ "OH 15 AcO” ~—— "0OAc 70

3Reactions were monitored by TLC. °Products were characterized by IR, *H NMR and *C NMR. “Isolated yields are reported.
RESULTSAND DISCUSSION

Two new reagents, cetylpyridinium tribromide (CefBy and ethyltriphenylphosphonium tribromide (ETERT
have been prepared by using a similar strategyarhiole oxidation. Accordingly, the strategy is thea preparing
quaternary salts of tribromide wherein, the bullgtianic moiety is either an ammonium (as pyridinjuor

phosphonium unit and the anionic portion is theraimide portion. The reaction proceeds withoutitivelvement
of bromine or HBr and the quaternary bromide saltsed as a source of primary bromide.

The bromide oxidation is conducted under mild ctads and the oxidant used is hydrogen peroxid&)\las
been used as catalyst for activation of hydrogemxiee, however, other similar higher valent tréinsi metal
catalysts which is capable of activating hydrogemogide can also be used. An acidic medium is redquas
promoter for bromide oxidation.

In the reaction, monobromide is converted to tmibice and 1/3 of the bromide is obtained from thatgunary

bromide salt and remaining 2/3 of the bromide imwied from an additional secondary source, wrsdkBr in the
present case. The reaction does not require thefusganic solvent.

H20; M—q 1/3Brg~ + OH "

O]
O
H,O H H" + Br- TRIBROMIDE
2 M\O

Figure 1: M echanism for Tribromide For mation

Ethyl triphenylphosphine tribromide (ETPPTB), malr formula GoH,PBr3;, is a deep orange, solid crystalline
compound that melts at 1%5 It is soluble in polar aprotic solvents suchaastonitrile and dimethylformamide
(DMF) as well as nonpolar aprotic solvents suchchl®roform and dichloromethane (DCM) and is spdying
soluble in polar protic solvents such as ethandl methanol. It is non-hygroscopic, air stable, had a prolonged
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shelf life at room temperature without loss of atgi The crystal structure of the compound reseaimonoclinic
structure with space group P2(1)=n and an independearly symmetric, and linear tribromide ion azd

independent ethyltriphenylphosphonium ion. Thertribide ion has bond lengths of 2.525A° {Mr,) and 2.563A°
(Bri—Brs) and a bond angle of 178.43A° (Fig. 2).[25]

@&
Figure2: ORTEP view of ETPPTB with atom numbering scheme

Cetylpyridinium tribromide (CetPyTB), having moldau formula G;HzgNBr; is a deep orange yellow solid
microcrystalline compound which melts at 662 The existence of Br was ascertained using electronic

spectroscopy. The reagent shows strong absorptigi%84 nm € 15847) which is a characteristic of tribromide
(Figure 3).
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Figure 3: Electronic spectrum of Cetylpyridinium tribromide

The reagent is soluble in water and polar solvédikes acetonitrile, methanol and ethanol. The activemine
content per molecule of cetylpyridinium tribromidas found to be 44.01% as per elemental analystyI B is
hygroscopic in nature and needs be stored in aledecontainers. When stored in sealed sample thialseagent
has a long shelf life. The stability was ascertdibg the determination of bromine contents perialtjcand re-
recording of melting point from time to time.[19]

Bromination chemistry is an important area of regeain organic chemistry because of the signifieamd
bromoorganic compounds.[26-28] To study the vdigatbf the reagents as brominating agents, reprasiee
examples of different types of organic substratesewtaken (Tables 1 and 2). The products were ifahtby
comparison of their melting points, infrared (IRsarption, and NMR spectra with the authentic sasplt was
observed that bromination reactions were quiteldaici both the cases, with ETPPTB having a sligldesover
CetPyTB.

In addition to its efficiency as a brominating ageve wanted to check the efficacy of the new reags a producer
of in-situ HBr for acetylation reactions, a reaitfivwhich is characteristic of tribromides. Acylatis of protic
nucleophiles such as alcohols, amines, and thiel$ngportant in synthetic organic chemistry becatgeresulting
esters, amides, and thioesters serve as importamttidnal components and/or intermediates in syitthe
chemistry.[29-32] Thus, some acylation reactionsenstempted (Tables 3 and 4). The results wereuraging,
revealing that both ETPPTB and CetPyTB can actlggwall as acylating reagent.
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CONCLUSION

As the need to bring in more and more reagents timorealm of newer reagents for organic transftiona
continues, there is an ongoing effort to design dexelop newer reagents. In this context, the tes reagents,
viz, ethyltriphenyl phosphonium tribromide (ETPPTB) aoetylpyridinium tribromide (CetPyTB) have been
synthesized in high yields by easy, environmenta#iyign methods. The compounds have proved toftogeat in
bromination and acetylation reagents, thus proviraj they can be important additions to the existimray of
tribromide reagents.
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