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Introduction

The recent design and synthesis of a range of new inorganic
polymers based on borazine, B;N3Hg,' has sparked new interest
in the chemistry and properties of this ring compound. Borazine
was originally discovered by Stock? in 1926; however, chemical
studies, as well as practical applications of borazine, continue
to be held back by the absence of efficient, economical synthetic
routes. We report here simple, quick, one-step procedures by
which multigram quantities of borazine may be produced from
inexpensive starting materials using standard laboratory equip-
ment.

Experimental Section

All synthetic manipulations were carried out using standard vacuum
or inert atmosphere techniques as described by Shriver.*

Materials. Sodium borohydride and ammonium sulfate were
purchased from Aldrich and used as received. Tetraglyme was vacuum
distilled from molten sodium shortly before use. Ammonia—borane
was purchased from Callery Chemical Co. and used as received.

Preparation of Borazine from Sodium Borohydride and Am-
monium Sulfate. In a typical reaction, a mixture of 30.7 g (0.81 mol)
of NaBH, and 82.3 g (0.62 mol) of (NH4),SO4 were mixed with 350
mL of tetraglyme in a 2 L, three-neck round-bottomed flask which
was fitted with a thermometer and reflux condenser. The exit of the
reflux condenser was connected to a standard vacuum line* equipped
with four liquid-nitrogen traps. The reaction mixture was gradually
warmed to 135 °C over the course of 1 h and held at this temperature
for an additional hour under a dynamic vacuum that was maintained
at 2—5 Torr by the continuous removal of the evolved hydrogen and
borazine through the vacuum line. Following the reaction, the borazine
that had been retained in the liquid-nitrogen traps was further purified
by a single vacuum fractionation through a —45, —78, and —196 °C
trap-series to give (—78 °C trap) 13.1 g (0.16 mol, 59.9% based on
starting BH4™) of borazine. No other products were detected in the
IR, ''B and 'H NMR,’ or GC/MS spectra of the product, and its vapor
pressure (85 Torr at 0 °C) matched the literature value,® indicating that
the borazine was obtained in excellent purity.

Following the completion of the reaction, analysis of the reaction
mixture by "B NMR showed no discrete boron-containing species
remained in the tetraglyme. In other experiments, these reaction
mixtures were used again for a second preparation and were found to
give slightly increased yields.

In an alternate procedure, similar to that described below for the
pyrolysis of ammonia—borane, an intimate mixture of 21.8 g (0.58 mol)
of NaBH, and 56.2 g (0.43 mol) of (NH4),SO, was dropped into 350
mL of tetraglyme at 135 °C over 1 h and then allowed to react at that
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temperature for an additional 2 h. Fractionation of the material retained
in the liquid-nitrogen traps gave 8.3 g (0.10 mol, 53.8%) of borazine.

Preparation of Borazine from Ammonia—Borane. In a typical
reaction, a 2 L vacuum solid-addition funnel (Chemglass part no. CG-
1723-99) containing 27.4 g (0.89 mol) of ammonia—borane was
connected under a nitrogen flow to a 2 L, three-neck round-bottomed
flask, which was fitted with a thermometer and reflux condenser,
containing 750 mL of tetraglyme. The exit of the reflux condenser
was connected to a standard vacuum line* equipped with four liquid-
nitrogen traps. The tetraglyme was maintained at 140—160 °C and
the ammonia—borane was slowly added over 3 h under a dynamic
vacuum that was kept at 2—5 Torr by the continuous removal of the
evolved hydrogen and borazine through the vacuum line. Following
the reaction, the borazine that had been retained in the liquid-nitrogen
traps was further purified by a single vacuum fractionation through a
—45, —78, and —196 °C trap-series to give (—78 °C trap) 16.0 g (0.20
mol, 67.0% yield) of product. Spectral analysis and vapor pressure
measurements again demonstrated that borazine was obtained in
excellent purity.

Results and Discussion

Borazine was first prepared by Stock? by the thermal
decomposition of the diammoniate of diborane. Borazine has
also been observed as a product in several other reactions,’ but
none of these are convenient for laboratory preparations. One
of the best previous laboratory syntheses of borazine has
involved the preparation of B-trichloroborazine® (eq 1) and its
subsequent reduction by metal borohydrides® (eq 2).

3BCl, + 3NH, — 2,4,6-CLB,N,H, + 6HCl (1)

2,4,6-C1,B,N,H, + 3NaBH, —
H,B,N,H, + 3NaCl + */,B,H, (2)

Even with the recent excellent improvements reported by
Zakharkin,'° this approach has a number of limitations including
relatively small scales, long reaction times, difficult purification,
the use of potentially carcinogenic solvents (i.e. chlorobenzene)
and requires the handling of air-sensitive materials, including
B-trichloroborazine and the diborane that is generated during
the reduction step.

Two larger scale methods for the preparation of borazine have
been achieved, but these methods employ equipment or
procedures not generally feasible in the laboratory. The best
commercial procedure is described in a patent issued to the
Callery Chemical Co. Division of Mine Safety Appliances Co.!!
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Notes

In this process, the batch pyrolysis of ammonia—borane
dissolved in diglyme was found to produce borazine in 69—
71% yields on 0.5—3 g scales. A more elaborate continuous
flow process, involving a heated vertical steel reactor, was then
used to make larger quantities of borazine, but the complicated
design would be difficult to engineer in the laboratory.

The second procedure is based on the original discovery by
Schlesinger'? that the high temperature (300 °C) solid-state
reaction of lithium borohydride and ammonium chloride yields
borazine. Mikheeva and Markina!? optimized these reactions
and found that yields of 38—41% were obtained with a 2:1
excess of ammonium chloride, but the reaction required constant
agitation by an unusual “motorless shaker”. Similarly, Volkov!4
optimized the sodium borohydride and ammonium chloride
reaction at 230 °C to produce borazine in yields of 13—23%,
but again, an unusual apparatus consisting of a steel reactor
and shaker and a metallic nickel trap was required. These solid-
state reactions employ inexpensive starting materials, but have
the disadvantages of complicated apparatus, variable and low
yields, and the formation of side products, such as chloro-
borazine and diborane, which complicate purification and
handling.

As described below, we reinvestigated the production of
borazine from both ammonia—borane and from the boro-
hydride—ammonium salt reaction with the aim of developing
procedures that were both efficient and reliable and could be
readily accomplished with normal laboratory equipment.

With small modifications, the basic Callery batch procedure
can be adapted for laboratory scale preparations, and we have
used the procedure described in the Experimental Section to
prepare 10—20 g of borazine over 3—4 h in 65—70% yields.

140—-160°C,3 h
——
tetraglyme

3H;N-BH, B;N;H, + 6H, 3

In contrast to the procedure described by Callery, we have
found that the slow addition of solid ammonia—borane, rather
than an ammonia—borane solution, allows the reaction to be
run continuously, since there is no increase in solvent volume.
While commercially available, the expense of ammonia—borane
is a limitation to this route. Alternatively, ammonia—borane
can be made through several procedures,!3 but this adds an extra
step to the borazine preparation.

In order to develop a more economical, one-step procedure,
we reinvestigated the borohydride—ammonium salt reactions
to prepare borazine. As discussed above, solid-state NH4Cl/
NaBH; (or LiBH.) reactions have been used to produce
borazine, but due to the complicated apparatus needed to
maintain efficient mixing of the solids, these procedures have
limited utility as a routine laboratory method. Alternatively, if
these reactions could be carried out in solution, then such
specialized equipment might not be necessary. Haworth!6 has
reported that the reaction of sodium borohydride and ammonium
chloride in etheral solvents at 190—230 °C gives borazine in
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35% yields. When we repeated this reaction in tetraglyme
solution, however, we found significant amounts of chloro-
borazine (presumably from the reaction of borazine with
hydrogen chloride), ammonia, and acetylene (resulting from
tetraglyme reduction), necessitating careful, repeated fraction-
ations of the products to give variable yields of 3—40%. As
was proposed for the solid-state reactions,'>~!* the observed side
products suggest at least partial decomposition of NH4Cl1 to NH3
and HCI, which can then react with borazine in solution or
during the subsequent fractionations.

In order to eliminate the production of the chlorinated
products observed in the reactions with NH4Cl, we investigated
the use of other ammonium salts, including (NH4)2SO4,
(NH4)HSO, and (NH4);HPO,4. All of these salts produced
borazine upon reaction with NaBH,, but the best results were
obtained in reactions using finely powdered (NH4);SO4 in a
0.65/1 BH;~/NH4t molar ratio. Using the procedure described
in the Experimental Section, in which the borazine is removed
continuously in vacuo as it is formed, borazine may be produced
in 10—20 g scales, in 58 —60% yields, over 3 h, by the reaction
of NaBH, and (NH4);SO; in tetraglyme solution at 120—140
°C. Shore!’® has previously shown that ammonia—borane is
readily generated upon reaction of LiBH4 with (NH4);SO;4 in
ether at room temperature. Thus, the reaction (eq 4) most likely
involves the initial generation of ammonia—borane, followed
by its pyrolysis to borazine (as in eq 3).!”

120-140°C, 3 h

tetraglyme

2B,N,H, + 3Na,S0, + 18H, (4)

The fact that the reactions of NaBH,4 with (NH4),SO; proceed
at lower temperatures (120—140 °C) than those with NH4Cl
(190—230 °C) also appears to eliminate any solvent reduction
byproducts. Indeed, since borazine is the only volatile product
observed in the reaction, the compound is obtained in excellent
purity even without vacuum fractionation. Thus, the (NH4),-
SOy4/solution procedure is clearly favored over the previous
solid-state syntheses, since only normal laboratory equipment
is required, the product is obtained in excellent purity without
extensive fractionations, and significantly higher yields are
obtained. Likewise, the (NH4);SOu/solution procedure is also
an improvement over the ammonia—borane route owing to the
fact that the starting materials [(NH4);SOs and NaBH,] are
inexpensive relative to ammonia—borane, yet the two procedures
give comparable yields, purities and reaction times.

In conclusion, two excellent laboratory routes to the synthesis
of borazine are now available. Preparations using either
ammonia—borane or sodium borohydride—ammonium sulfate
can both be run either by the continuous addition of the solids
to a hot tetraglyme solution (facilitating larger scale preparations)
or by the gradual warming of the solids in tetraglyme. The
reaction of (NH4),SO4 and NaBHy is particularly attractive due
to the inexpensive starting materials and now enables the
convenient, economical generation of borazine.
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