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The reaction between tetrabutylammonium bromide and AICI, and MoO,
produced two new ionic bromocomplexes with tetrabutylammonium cat-
ion. One of them is tetrabutylammonium bromotrioxomolybdate (VI),
(C,H) N[MoO Br], TBABM, that is easily synthesized in a nearly quan-
titative yield using a direct reaction of MoO, and tetrabutylammonium
bromide. Another is tetrabutylammonium bromotrichloroaluminate (III),
[(C,H,) ,NJ[AICIL,Br], TBABA, that has been synthesized by reaction of
tetrabutylammonium bromide with AICL salt. These compounds were
charactetized by IR, UV/Visible, "C-NMR and "H-NMR techniques.
The electronic and vibrational spectra of TBABM and TBABA have
© 2007 Trade Science Inc. -INDIA

been measured and studied.
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Tetrabutylammonium
bromotrichloroaluminate
(1)

INTRODUCTION

In recent years there has been a great deal of
interest in the metal oxohalo compounds. This is
because of the important prerequisites for an oxi-
dant to be useful for its mildness, versatility, selec-
tivity and operational simplicity. Considering these,
development of oxidizing agents based upon higher-

valent metal oxo derivatives specially transition met-
als has been the objective of many research labora-
tories and a host of such reagents derived from ruthe-
nium, osmium, iron, manganese, molybdenum, tung-
sten, vanadium and chromium have all proven to be
capable of alcohol oxidation. While halochromates
of type CrO X" (X= F, Cl, Br) having isolated tetra-
hedral anions, have been known for some time and
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are readily accessible by reaction in solution! the
corresponding molybdates and aluminates are not
found in analogous manner. We had prepared and
reported synthesis of a number of [CrO,F]" and
[CrO,Cl] anions with tetraethylammonium counter
ion previously™®?l. We have managed to prepate two
new bromocompounds of molybdenum and alumi-
num that are the analog of the above chromium com-
pounds. Oxohalochromates(VI) have been known for
many years and many methods have been used to
synthesize them!®® but the compounds, bromottioxo-
molybdate (VI) and bromotrichloro aluminate (I1I)
have not been synthesized and reported so far. In
this paper a direct, simple and one-step method has
been used to synthesize these compounds. There
were two primary incentives for selection of (C,H,),
N™ as the counter ion. Firstly, quaternary ions such
as tetrabutylammonium are often used as phase trans-
fer catalysts. Secondly, quaternary ions such as tetra-
butylammonium are used as crystal growing agents.

RESULTS AND DISCUSSION

We had reported the synthesis of a number of
halochromates(VI), with the belief that those re-
agents could be used for the oxidation of organic
substrates. It has been shown that halochromates were
useful new oxidants for organic chemists®'’. Those
compounds showed oxidative properties like as other
previous reported halochromates!™ ™. We now report
the synthesis of the TBABM that is analog of the
above chromium compounds.

The reported methods for their preparation in-
volved non-mild or hard conditions such as high tem-
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peratures or use of acids such as HE. The method
used for the synthesis of TBABM and TBABA does
not involve direct use of HF or reaction of MHF,
(M=NH,, K) with MoO, and AICl,, and is based on
the concept of high reactivity of tetrabutyl ammo-
nium bromide, (C,H,) NBr and its power to bromide
addition to other compounds.

The advantages of the new method are: a) there
is no side product, b) the reaction is quite fast, c)
mild conditions and d) the accompanied color change
that providing visual means for ascertaining the
progress of the reaction.

Tetrabutylammonium bromotrioxochromate
(VI), (C,H,),N][MoO,Bt], TBABM

(C,H,) N[MoO,Br] was prepared by the reaction
of (C,H,) NBr and MoO, in a 1:1 ratio in MeCN
solvent as follows:

(CH,),NB: + MoO, - (C,H,) N[MoO Bi]

In the vibrational spectrum of this compound
the known bands of cation and anion were seen!!>6]
such as v, _ (A)) that was found at 872.16 cm™ that
confirmed with literature data (TABLE 1). There is
an absorption in the compound electronic spectrum
(Figure 1). Electronic spectrum of TBABM shows a
transition in acetonitrile at 228nm(e=336.2 mol.'lit.
cm') that belongs to 'A,—'E (a,—> ) transition. This
transition is expected as in mono substituted molyb-
date ions, because of the position of molybdenum
in the second series of transition metal elements and
making of strong crystalline field complexes.

The expected signals were found in the 'H-NMR
and "C-NMR.

TABLE 1: The frequencies (cm™) and assignment of cation and anion of TBABM

v(cm) Assignment Intensity v(cm) Assignment Intensity
(C4Ho)4sN* 1476 Vig (s)

3473 Veus + Vio (w, br.) 1402 Vie (m)
3380 Vs + Vs (w, bt.) 1921 Vrock (w)
3105 V CH3, aSym.str (sh.) 940 Vig (vs)
3010 V13V CH3,ASym.str (w, br.) 475 Vio (ms)
2955 V14V CH3,ASYM.StL (w, br.) 438 V19 (ms)
2785 V14V CH3ASYM.StL (w, br.) MoOs;Br -

2625 V7+Vis (w) 911 Vas Mo=0 (E) 911
2568 Vi+ Vgt vig (w) 874 V. Mo=0 (A) 874
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Figure 1: UV/Visible spectrum for the (C,H,),N
[MoO,Br] (C=9.4x10", solvent:acetonitrile)

Tetrabutylammonium bromotrichloroaluminate
(I11), [(C,H,) N][AICL,Bt]

(C,H,) N[AICLBr] was prepared by the reaction
of (C,H) NBr and AICL in a 1:1.1 ratio in MeCN
solvent as follows:

(CH,)NBr + AICL, - (C,H,) N[AICI Br]

In the vibrational spectrum of TBABA the cat-
ionic and anionic bands were seent™" such as v,
that was found at 686.4 cm™ that along the literature
data. There are three absorption bands in this com-
pound electronic spectrum (TABLE 2). The expected
signals were found in the '"H-NMR and "C-NMR.

TABLE 2: Transitions specifications of TBABA

A (hm) A (nm) A (nm)
(6, M-lem) (€, M-lem) (6, M-lem)
575 375 305
(458) (478) (485)
EXPERIMENTAL

Material and instruments

Acetonitrile (Fluka, PA.) was distilled several times
from phosphorus pentaoxide before use, thereby reduc-
ing its water content to <4 ppm. Tetrabutylammonium
bromide was bought from Merck. AlCl, and MoO,
(Merck, p.a.) were used without further purification.
Solvents were purified by standard methods. Infra-
red spectra were recorded as KBr disks on a Shimadzu
model 420 spectrophotometet. The UV /Visible mea-
surements were made on an Uvicon model 922 spec-
trometer. 'H and "C-NMR were recorded on a Bruker
AVANCE DRX 500 spectrometer. All the chemical

shifts are quoted in ppm using the high-frequency
positive convention; 'H and PC-NMR spectra were
referenced to external SiMe,. The percent composition
of elements was obtained from the Microanalytical
Laboratories, Department of Chemistry, OIRC, Tehran.

Synthesis of Tetrabutylammonium bromotrioxo-
chromate(VI), [(C H,) N][MoO,Br]

Tetrabutylammonium bromotrioxomolybdate
VD), [(C,H,) N][MoO,Bt] was prepared by dissolv-
ing MoO, (0.31 g, 2.2 mmol) in MeCN and addition
of this solution to a solution of tetrabutylammonium
bromide (0.70 g, 2.2 mmol) in MeCN under stirring
at room temperature until a bright green precipitate
was formed. After 2 hours stirring, the mixture was
filtered, washed with isopropyl alcohol and dried at
room temperature. The tetrabutylammonium salts are
some what hygroscopic, and it better stored under a
layer of hexane, whereas all of the salts are photo-
sensitive and moisture-sensitive, both in solution and
solids. UV /Visible, IR, "TH-NMR and *C-NMR were
all consistent with the TBABM structure. Mp: 111°C.
Anal.Caled for C H, BtMoNO, (%): C, 41.20; H,
7.72; N, 3.00. Found: C, 42.53; H, 8.01; N, 3.12.

Synthesis of Tetrabutylammonium bromotrichloro
aluminate(I1II),[(C H,) N][AICLBr]

To a solution of aluminium trichloride AICL, (0.29
g, 2.2 mmol) in MeCN the solid powder tetrabutyl-
ammonium bromide (0.78 g, 2.42 mmol) was added
under stirring at room temperature until a white solid
precipitate was formed. After 2 hours stirring, the mix-
ture was filtered, washed with 1-butanol, and dried at
room temperature. UV /Visible, IR, "H-NMR and “C-
NMR were all consistent with the TBABA structure.
Anal.Caled for C H, AIBrCIN (%0): C, 42.15; H, 7.90;
N, 3.07. Found: C, 42.94; H, 8.17; N, 3.22.

CONCLUSION

Two tetrabutylammonium bromide salts of AICI,
and MoO, were synthesized simply. (C,H,) N
[MoO,Bt] was prepared by the reaction of (C H,) NBr
and MoO, in a 1:1 ratio in MeCN solvent and (C,H,),
N[AICI,Bt] was prepared by the reaction of (C,H,) NBr
and AICL, in a 1:1.1 ratio in MeCN solvent. Elec-
tronic and vibrational spectra of these two new
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bromocomplexes studied. These compounds were
characterized by IR, UV/Visible, and PC-NMR and
'"H-NMR techniques. Production of these com-
pounds shows the ability of tetrabutylammonium
bromide in bromide addition to transition metal and
main group elements compounds.
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