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Abstract: Tetrapropylammonium tribromide (TPATB) has been synthesized by a new
environmentally benign protocol and its behavior as brominating reagent under solvent-free
conditions studied. The reagent shows efficiency as a solvent-free brominating agent in both hot-
air oven at elevated temperature as well as in microwave reactor, thus proving it to be a note-
worthy addition to the existing organic tribromide reagents.
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Introduction

Growing environmental concern has made solvent-free chemical synthesis very important.
Again, in current times, quaternary ammonium tribromides (QATBs) are becoming a small
yet important group of reagents for organic transformations. Because of their ease of
formation, mildness, environmental benignity and immense versatility, these reagents have
become quite popular and a number of reports are available discussing the importance of
these reagents in various types of organic transformations', such as bromination reactions'°,
acylations'' ', sulfide oxidations'>'® among others. Because of this versatility, even existing
QATBs need to be further explored and therefore, development of improved synthetic
protocols for already existing quaternary ammonium tribromides has also got an importance
of its own™?’. As case in point, tetrapropylammonium tribromide (TPATB) had been earlier
reported but only scanty information with regard to this reagent could be obtained, revealing
earlier methods of preparation of TPATB using carbonyl bromide” under N, and also
bromine”.

Considering that TPATB is the sister reagent of the very versatile tetrabutylammonium
tribromide (TBATB), it is expected that the reagent will have the potential to show efficacy
for a number of reactions and accordingly, an alternative, environmentally benign method of
synthesis was designed, involving hydrogen peroxide - sodium carbonate oxidant system.
Thereafter, an assessment on the efficacy of this compound as a brominating agent under
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solvent-free reaction conditions was carried out using a hot air oven and a microwave
reactor. This paper reports the details of the synthetic protocol of tetrapropylammonium
tribromide (TPATB) and results of bromination reactions with TPATB under solvent-free
reaction conditions.

Experimental

All reagents of highest purity were purchased from commercial sources and used without
further purification. Melting points were determined in open capillaries and are uncorrected.
UV/Visible spectra were recorded in Perkin Elmer Lambda 25 spectrophotometer using
acetonitrile as solvent. Crystal data were collected with a Bruker Smart Apex-II CCD
diffractometer using graphite monochromated MoKa radiation (1 = 0.71073A°) at 298 K.
The completion of organic reactions was monitored by TLC.

Synthesis of tetrapropylammonium tribromide (TPATB)

0.057 g (0.53 mmol) Sodium carbonate Na,CO; was added to 50% H,0, (10 mL;
175.95 mmol) and the mixture was stirred at room temperature for about 5 minutes until
Na,CO; completely dissolved and the solution attained a clear colourless solution. To this
was added a solution of 5 g (18.796 mmol) tetrapropyl ammonium bromide, TPAB,
(CsH7)4NBr and 3.7 g (31.90 mmol) potassium bromide (KBr), both dissolved in 50 mL of
water. To the resultant reaction mixture, 50 mL of 2 M H,SO,4 was added in small portions,
upon which the precipitate appeared immediately. The mixture was allowed to be stirred for
further 1 h whereby a bright yellow coloured compound precipitated out completely. The
compound was filtered under suction using Whatman-40 filter paper and dried in vacuum
desiccator using self-indicating coarse silica gel. It was further recrystallized in acetonitrile,
isolated by suction filtration and dried in vacuo. The yield of the isolated compound was
7.286 g (91%) and melting point was 123-125 °C.

Solvent-free brominations in hot air oven using TPATB

In a typical reaction, 2 mmol of the chosen substrate and TPATB (2 mmol) were taken in the
ratio 1:1 on a petridish. The reaction mixture was mixed thoroughly. The petridish
containing the reaction mixture was then placed in a hot air oven maintaining a pre-
controlled temperature of 60+5 °C. The progress of the reaction was monitored through thin
layer chromatographic technique. When TLC detected no further change in reaction profile,
the reaction mixture was diluted with 30 mL ethyl acetate and filtered through a small pad of
silica gel to remove the spent reagent. The crude product thus obtained was subjected to
column chromatography by using ethyl-acetate — hexane solvent system (volume ratio
varied for different substrate) to afford the pure products which are presented in Table 1.
The products were identified by comparison of their IR and NMR spectra with those of
authentic samples.

Microwave-induced solvent-free brominations using TPATB

A homogeneous mixture of substrate and reagent in 1:1 ratio was taken in a 50 mL round
bottomed flask. The reaction mixture was mixed thoroughly. The neck of the flask was
covered with a small funnel to prevent the spreading of reaction mixture, and then placed
inside a microwave monomode reactor (Synthewave 402® Prolabo). The reactor was
switched on with a controlled power P-40 with corresponding temperature of 90 °C. The
progress of reaction was monitored as usual by thin layer chromatography on silica gel Fps4
by using ethylacetate-hexane solvent system (volume ratio varied for different substrates)
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and the procedure was led to completion in the same manner as for the reactions conducted
in the hot air oven, and the products obtained are presented in Table 1. The products were
identified by comparison of their IR and NMR spectra with those of authentic samples.

Table 1. Solvent-free bromination reactions on organic substrates using TPATB
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Results and Discussion

Tetrapropylammonium tribromide, (C;H;);NBr;, TPATB was isolated as a bright yellow
compound and recrystallization from acetonitrile gave orange-yellow crystals with
melting point of 123-125 °C (lit.124-126 °C)*. Crystal data of the compound were
collected with a Bruker Smart Apex-II CCD diffractometer using graphite monochromated
MoKa radiation (1= 0.71073A°) at 298 K, revealing an independent tetrapropylammonium
ion and an independent, nearly symmetric and linear tribromide ion having Br1-Br2 bond
length of 2.5317 and Br2-Br3 bond length of 2.5141 and Brl-Br2-Br3 bond angle of
179.55 (Figure 1) having unit cell parameters a 7.8166(5), b 8.9127(5) and ¢ 13.1623(7)
[CCDC 942201] .

B2
/ (b)

Br2

Figure 1. (a) ORTEP view of TPATB with atom numbering scheme; (b) TPATB crystals

Bromination of organic substrates is of significant interest due to the increasing
commercial importance of bromo-organics in the synthesis of a large number of natural
products as well as in the manufacture of pharmaceuticals, agrochemicals and other
specialty chemicals. Bromo-organics are also key intermediates in the preparation of
organometallic reagents and play vital roles in transition metal coupling reactions.
Bromoorganics can also be used as potent antitumor, antibacterial, antifungal, antineoplastic,
antiviral and antioxidizing agents. Acknowledging the importance of bromoorganic
compounds®** and the on-going search for environmentally benign brominating reagents
which work well under solvent-free conditions, an attempt was made to study the efficacy of
tetrapropylammonium tribromide (TPATB) in alternative reaction conditions avoiding the
use of solvents. Accordingly, the reaction systems thus selected were hot air oven and
microwave reactor.

Since the alternative reaction conditions required higher temperature, it was considered
essential to first do a thermogravimetric analysis of the compound. Thermo gravimetric
analysis of tetrapropylammonium tribromide (TPATB) revealed that the compound is stable
even up to ca. 200 °C, which implies that the reagent can be used in solvent-free reactions
within 200 °C, without any decomposition of the reagent. Thermogravimetric (TG)
experiments were conducted on a Perkin Elmer STA -6000 (Simultaneous Thermal
Analyser) 521A7091405 instrument. Experiments were done using silica crucibles. Pure N,
gas was used as the flow gas Figure 2.

Solvent-free bromination reactions were possible using tetrapropylammonium
tribromide (TPATB) as reagent, both at elevated temperature in a hot-air oven as well as
under microwave conditions (Table 1).
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Figure 2. Thermogram of TPATB

Table 1 reveals that with aromatic amino compounds such as aniline, 4-nitroaniline and
acetanilide (entries 1 to 3), regioselectivity was maintained and monobrominated products
were formed in moderate to high yields. 2-Fluoro aniline also afforded the corresponding
bromo-product (4a) in both reaction conditions. Solvent-free bromination reactions were
also performed on phenol and some of its derivatives (entries 5-11). In case of cresol,
probably the higher o0,p-directing power of the OH substituent led to regioselective
formation of only monobromo product. A naphthol, which is a fused ring phenolic
compound (entry 7) afforded the expected bromo-products in good yields, while a
deactivated compound (entry 10) also yielded to bromination, giving the product in
moderate yield. For multiple bonded systems (entries 12-14) the corresponding trans-
products were obtained in moderate to high yields.

Conclusion

We reports a very green and inexpensive method of preparation of tetrapropylammonium
trtibromide using hydrogen peroxide-sodium carbonate solution. Also reports green
protocols for instantaneous, facile and regiospecific bromination of different classes of
organic compounds under solvent-free reaction conditions. According to the results
obtained, the reactions were facile in both microwave reactor as well as hot-air oven and
identical products were formed in both reaction conditions, however, comparing between the
two methodologies, it was clearly obvious that reactions in microwave reactor are superior
in terms of time and product yield.
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