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Stable crystalline 1-Benzyl-4-aza-1-azonia-bicvclo[2.2.2)octane tribromide (BABOT). can be readily
svnthesized from the reaction of the corresponding bromide with HNO; and aqueous KBr. Selective Oxidation
of a variety of dialky1 and alky1 Arv] sulfides to the comesponding sulfoxides in high vield was achieved by this
reagent in solution (CH3CN/H-0) and solvent free conditions. The reaction proceeds under neutral and mild
conditions and can be carried out easily at room temperature with regeneration of BABOT. [n this method
purification of products is straightforward and no over oxidation to sulfone was noted.
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Introduction

Sulfoxides are valuable synthetic intermediates for pro-
duction of a range of chenucally and biologically active
molecules including therapeutic agents such as anti ulcer.
antibacterial and antifungal.'*® Sulfoxides are usually pre-
pared by the direct oxidation of sulfides. This transformation
can be performed with a wide variety of reagents.!” How-
ever. many of these reagents need a careful control of the
reaction conditions such as temperature and quantity of the
reagent in order to avoid the formation of sulfones as side
products.’

Bromine derivatives offer a particularly desirable choice
because they are inexpensive. However. there are disadvant-
ages associated with molecular bromine when traditional
liquid bromine is emploved. To avoid toxic molecular bro-
mine, various stable solid crystalline quaternary amnionium
tribromides have been mtroduced as fn sif sources of
molecular bromine.'*'* Tribromides are more suitable than
the hquid bromine because of their storage. transports. and
maintenance of desired stoichiometry. Also, the low concen-
tration of bronune in the reaction mixture during the oxida-
tion of sulfide make this procedures safer and nunumizes
overoxidation of sulfides resulting in sulfones formation and
undesired reactions of other functional groups, particularly
when preparing biologically relevant sulfoxides.

Preparations of tribromides involve organic ammonium
bromide and molecular bromine in most cases. thus an
indirect use of toxic molecular bromine. Recently organic
ammonium tribromides have been prepared in an environ-
mentally benign way by the reaction of V20s, aqueous H:Ox.
and KBr.'® However this method generates some heavy
metal as toxic waste. In continuation of our research to
develop new reagents for bromination of aromatic com-
pounds.’™' Here we wish to report a new method for the
synthesis of |-benzyl-4-aza-1-azoma-bicyclo[2.2.2|octane

tribromide (BABOT) by using nitric acid and its application
on selective oxidation of sulfide to sulfoxide n solution and
solvent-free conditions.

Results and Discussion

BABOT was readily obtained in almost quantitative yield
by the action of l-benzyl-4-aza-l-azoma-bicyvelo[2.2.2]-
octane bromide on nitric acid in the presence of KBr as in
Scheme 1. The orange crystalling bromine complex BABOT
showed an intense electronic absorbtion at 279 nm typical of
tribromide Bri~.® This reagent is easy handling compound
which can be stored at room temperature for several months
without any decreasing activity.

The oxidation of a variety of sulfide with BABOT
acetonitrile/wvater (3:1) at room temperature with the sub-
strate/BABOT ratioc |:l under natural conditions was
optimized. This reaction gave the corresponding sulfoxide in
good to excellent vields. The generality of this approach has
been demonstrated by a facile and effortless oxidation of a
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Table 1. Oxidation of sulfides to corresponding sulfoxides by
BABOT in CH.CN/HAO at room temperature
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Table 2. Oxidanon of sulfides to correspondng sulfoxides by
BABOT w1 solvent-tree conditions at room temperature
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wide variety of alkyl and aryl sulfide as shown in Table 1
and Scheme 2. No evidence of sulfone formation was noted.

Reactions under solvent-free conditions have received
mcreasing attention in recent vears. The advantage of these
methods over conventional homogenous reactions 1s that
they provide greater selectivity, proceed with enhanced
reaction rates, give cleaner products. and involve simple
manipulation. We examined the possibility of oxidation of
sulfide to sulfoxide with BABOT on hydrated silica gel
under solvent-free conditions. As indicated n Scheme 3 and
Table 2. both alkyl and aryl sulfide selectively converted to
corresponcling sulfoxide in excellent vields. The reaction
was camried out at room temperatre and no evidence of
further oxidation to sulfone was observed. In this reaction.
hydrated silica gel plays two very important roles. (i) The
water present in the hydrated silica gel affects the hyvdrolysis
of intermedliate to the sulfoxide. (ii) Silica gel minimized the
evaluation of hydrogen bromide =

Another advantage of this method is that BABOT can be
regenerated. After extraction of the sulfoxide. the aqueous
layer was washed with water and then treated with a fresh
bath of the aqueous HNO:/KBr mixture to regenerate the
reagent BABOT in quantitative vield (Scheme 4).

In conclusion. our methodology provides an environ-
mentally benign method for the preparation of ammonium
tribromide and its application on selective oxidation of
sulfides to sulfoxides without any over-oxidation to sulfones.
Moreover. the reaction proceeds under neutral and mild
conditions and can be carried out easily at room temperature
with regeneration of BABOT. In addition. in this method
purification of products is straightforward.
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Experimental Section

General. Yields refer to 1solated pure products. The
products were characterized by their spectral (‘H-NMR, IR)
and melting and boiling points. All 'H-NMR spectra were
recorded at 300 MHz in CDCI3 relative to TMS (0.00 ppm).

Preparation of BABOT by oxidation of KBr with
HNO:;. To a stired solution of l-benzyl-4-aza-l-azonia-
bicvelo[2.2.2]octane bromiide (9.056 g. 32 mmol) and
potassium bromide (7.616 g. 64 mmol) in distilled water (30
mL) was added nitric acid solution (63% 16.0 g. 160 mmol)
drop by drop. A vellow-orange precipitate was formed.
Stiring of the resulting mixture was continued for Lh and
then the precipitates were isolated by filtration and washed
with distilled water (3 x 10 mL). The filtered cake was dried
under vacuum and resulted in vellow crystals (10.773 g.
76% vield) which its physical data are consistent with those
reported in the literature.’

Oxidation of methyl phenyl sulfide with BABOT in
CH:;CN/H;O. To a stirred solution of methy] pheny] sulfide
(0.124 g. | mmol) in CH:CN (3 mL) and H:O (1 mL) was
added BABOT (0.443 g, | mmol) at room temperature. The
reaction mixture was left stirming at room temperature and
the progress of the reaction was momnitored by TLC using
Cyclohexane/Ethylacetate (7:3) as eluent. After completion
of the reaction, the reaction mixture was poured into
saturated NaHCO; solution (10 mL) and extracted with ethy]
acetate (3 x 15 mL). The organic laver was separated, dried
over anhvdrous sodium sulfate and concentrated to give
almost pure methy] phenyl sulfoxide in 97% vield which its
physical data are consistent with reported in literature.

Oxidation of methyl phenyl sulfide with BABOT on
hydrated silicael in solvent-free conditions. Dry silica gel
(1 ) was placed in a 100-mL round bottom flask contaming
a magnetic sturing bar. Water (0.5 ¢) was added to the
vigorously sturred silica gel drop by drop. After complete
addition of the water, sturing continued until a free flowing
powder was obtained (5 min).

In a mortar was added methy] phenyl sulfide (0.124 g. 1
mmol). BABOT (0.443 g. 1 mmol) and hydrated silica gel
(1.5 g) at room temperature and the mixmre was grounded
with a pestle. After Completion of the reaction (Monitored
by TLC) the mixture was washed with ether (3 x 20 mL)
and filtered off. The combined organic lavers were dried on
MgSO; and evaporated under vacuum to give almost pure
methy]l phenyl sulfoxide in 95% vield which its physical
data are consistent with reported in liferature.
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Regeneration of BABOT. After the residue was washed
with ether and filtrated. the filtered cake was washed with
water (3 x 20 mL) to dissolve the 1-benzyl-4-aza-1-azonia-
bicyclo[2.2.2]octane bromide. Then, to the combined aque-
ous solution was added KBr (0.238 g, 2 mmol) and then
HNOQOj; solution (0.300 g, 5 mmol) drop wise during 30 min
to obtain BABOT as vellow crystals (0.287 g. 65% vield).
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