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Despite the availability of alternative methods for drying tetrahydrofuran (THF), the use of the still apparatus, wherein a THF

solution containing Na-bezophenone ketyl is heated to reflux, remains widespread. We herein propose a set of procedures to solve

the problems usually faced in applying this drying technique. Moreover, a discussion is made on the chemical knowledge underlying
such procedures. Safety and economy issues concerned with the operation of the THF still apparatus are also discussed.
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The demand for dry and O,-free organic solvents is an integral
part of the experimental work in Chemistry. In the case of more
volatile solvents, this is classically achieved by use of the still appa-
ratus. This closed vertical distillation system (Figure 1) consists of
a round-bottom flask containing a scavenging agent, a collector in
the middle, a condenser, and a pressure relief system at the top. The
solvent mixture is brought to reflux by using a heating mantle. In
the case of ethereal solvents (THF, Et,0), the drying/deoxygenation
agent is the Na°-benzophenone combination.'
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Figure 1. The still apparatus Heating mantle (A), collector (B),; condenser (C)

When the solvent is essentially dry and free of O,, the Na-
benzophenone ketyl species, 2 (Scheme 1), a radical anion, is formed
and for that the solvent mixture turns blue (high concentration of that
species). This reactive species is an effective O,-scavenging agent.
A study by Mallinkrodt (now Mallinkrodt-Baker)? established that
still apparatus running on this condition affords deoxygenated THF
with H,O content in the ppm range (~10ppm).
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Scheme 1. The formation of Na-benzophenone ketyl species

More recently, an alternative procedure for drying solvents has
been proposed by Grubbs and collaborators.** By this, high-quality
solvents are pressurized through activated alumina (A-2) column to
remove H,O, peroxides and oxidation inhibitors (e.g., BHT). For
hydrocarbons, a second in-line column containing a copper catalyst
(Q-5) is used to scavenge O,. In the case of CH,Cl,, THF, Et,0, etc.,
as these materials are not compatible with this catalyst, a second
column of alumina (Optional) can replace it. In order to provide O,-
free solvents, a thorough deoxygenation should thus precede their
loading into this filtration system. To the best of our knowledge, this
distillation-free system has been commercialized by two companies,
at least, in Europe and the U.S.A..

Studies have argued that, although this apparatus is more ex-
pensive to put in place, the initial high cost is reversed over time.’
It is suggested that the classical still apparatus has a higher cost of
operation than this newer one. Overall, safety issues seemingly favor
the column-filtration system.®” In fact, for laboratories with large
demand of purified solvents, the pressurized-column system should
be considered, at least for the bulk of their solvent consuming.

However, it should be recognized that part of the cost of running
the stills have to do with traditional misguided practices such as
permanent (24/7) reflux of flammable solvent mixtures containing
pyrophoric agents (Na° in the case of THF), as well as continuous
supply of H,O for refrigeration.” Most of the reported accidents invol-
ving still apparatuses may have to do with problems in the attendance
of the drying process. These problems presumably raise the intrinsic
hazards of the procedure. We have concluded that the 24/7 reflux is
not necessary whatsoever. Thus, a daily 20-min stirring of the THF
sample, after a careful purge with Ar (vide infra for details), suffices
to maintain this solvent in good conditions for use. The water circu-
lation required to condense the solvent under reflux may be effected
by a closed loop system, run by means of a small pump (e.g., small
aquarium pump). In fact, modern chemistry buildings, whose design
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takes environmental concerns into account, already incorporate a
closed loop water circulation line. Such practices altogether make
the operation of THF stills safer and more economical. Furthermore,
they also demand less attendance due to the enhanced safety.

Our experience and of many others has shown that, even the
continuous supply of dry N, (through a line), may be substituted by
use of a balloon (with Ar, preferentially), provided that proper care
is taken (vide general recommendations).

Being a procedure that provides very dry deoxygenated THF,
through a single process, affording instantaneous indication of its
purity, remains the greatest advantage of the use of benzophenone-
Na ketyl. Naturally, the still apparatus for THF drying poses hazard
as hot vapors of a highly flammable solvent are formed during its
operation, which also relies on use of pyrophoric agent. A res-
ponsible program for awareness of good practices with constant
overseeing (and enforcement) by experienced chemists should
necessarily be put in place.

Difficulties in making the drying process with the Na-benzophe-
none ketyl work promptly are common. After a first drying attempt
fails, re-distillation of THF is often tried. Sometimes, the THF
mixture does not turn blue after heating for days over large amounts
of Na°® and with several additions of benzophenone. Drying THF
by means of the Na-benzophenone ketyl procedures appears to be
more troublesome than other ethereal solvents (Et,0, dioxane) with
regard to its readiness.

Our observations on the use of THF stills led us to figure out
that if few factors are taken into account and properly combined,
this drying process becomes much more consistent and expeditious.
A discussion on this optimized protocol follows.

For the purification process to work, it is not necessary to employ
high-quality THF,>® with very low content of water or other impuri-
ties (e.g. HPLC grade). In any case, we submit THF, high-quality or
not (ACS grade or PA grade in Brazil), to a pretreatment stage (See
procedure). Reflux over NaOH or KOH for 2h may substitute the
phase consisting of storage over the same reagent. The employment
of such pretreatment step eventually speeds up the whole drying pro-
cess because it prevents the need of distillation after a failed attempt
of direct drying with Na°. Excess of impurities formed by action of
Na° likely prevents the formation of benzophenone’s ketyl species.

It is noteworthy that peroxides are known to rapidly decompose
in the presence of bases.*!° This process, an elimination reaction,
depends on the presence of a hydrogen atom at the o-carbon atom
(Scheme 2), which is certainly the case of the impurities originated
from THF. We presume that, under the pretreatment conditions, this
degradation process mediated by hydroxide takes place in a more con-
trolled fashion as peroxides undergo this reaction while in solution.
That may prevent the risk of explosion due to peroxide concentration
during the distillation.?
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Scheme 2. Base-catalyzed degradation of peroxides

We have not experienced a single incident at this stage, even
when 4-year old solvent (Closed bottles) was treated as described
here. Care nonetheless has been taken not to distill THF to dryness.
Old partially-used THF bottles should not be employed (Discharge
is advised) provided that a specific pretreatment for elimination of
peroxides is carried out. In any case, it is recommended to test for
peroxides whenever older bottles of this solvent are used.®

Quim. Nova

After these preliminary steps, the actual drying of THF starts by
stirring a mixture of Na® and THF under inert atmosphere. During this
time, the surface of Na° is periodically cleaned to remove deposited
hydroxide and oxide, what renders unnecessary the addition of ex-
cessive amounts of Na°. This is commonly deemed to be unavoidable
to complete the drying process. The indicator, benzophenone, is only
added after such condition is met. We have found that the Na-benzo-
phenone ketyl indicator system works better when a combination of
use of Na° with active surface, judicious removal of air (preferentially
by Ar) and, stirring is applied. The use of stirring only facilitates blue
color formation if the THF-Na mixture containing the indicator has
been freed of air. This explains why, by the proposed procedure,
stirring is only started after this condition is secured. Actually, this is
explained by the fact that the ketyl species is thought to be a strong
O, scavenger. The Na-benzophenone ketyl indicator system is set off
at room temperature (Figure 1S, supplementary information). In fact,
in our daily work, we only heat the THF still if the solvent turns blue
at room temperature. Resorting to reflux,' instead of the procedure
proposed here, usually leads to a much delayed response from the
indicator. This procedure also substantially cuts down the amount
of Na° required for drying. Whenever the blue color fades away, one
should first clean Na° surface, before adding a controlled amount of
indicator. Use of additional Na°may be necessary after continued use.

As this protocol works so well, we suppose that it is possible to
employ smaller amounts of Na°. The recommendations just given
should be successively followed up before attempting to set off the
indicator system.

The study by the Mallinkrodt company mentioned before* showed
that THF stills, set up as proposed originally, provide THF containing
up to 150 ppm of benzene. The Na-benzophenone ketyl mixture was
also analyzed and it was shown to contain different compounds, for-
med after disproportionation of this reactive species (Figure 2). Their
formation clearly stems from the formation of phenyl radicals, which
also lead to formation of benzene. For the most part, the presence
of benzene in very low concentrations is not a problem. Most of the
applications of THF as solvent in the literature have employed still
apparatuses in its purification.
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Figure 2. Substances formed after disproportionation of the Na-benzophenone
ketyl species

For practical reasons, the still apparatus with the THF flask is
only assembled after the solvent is found dry by the benzophenone
indicator. An inert internal atmosphere is also secured before heating
to reflux is started. Although it is not usually necessary to stir the
THF flask before heating, we preventively do so. At last, recommen-
dations are made to keep THF ready for use (vide experimental).
As mentioned before, these render unnecessary 24/7 reflux of the
THF-Na mixture.

We have found that this procedure also works with Et,O. Thus,
it is reasonable to anticipate that it may be successfully applied to
other ethereal solvents such as, dioxane, DME, etc..
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In conclusion, a straightforward and very consistent procedure for
THF drying employing the still apparatus has been reported. The forma-
tion of benzophenone ketyl species occur quite fast at room temperature.
Our experience indicates that, for the Na-benzophenone ketyl indicator
system to work properly, a combination of factors are important. In
fact, the procedure proposed here makes the use of large amounts of
Na° and benzophenone unnecessary. It is also time-saving as it avoids
unfruitful attempts. As discussed above, the classical still apparatus
remains useful because it provides THF free of O, and with very low
level of H,O, by a very practical procedure. And this is achieved in a
single operation with instantaneous assessment of quality (blue color).

MATERIALS
THF was purchased from Tedia, Merck, Vetec.
General recommendations

Operation of THF stills (including the recommended purges with
Ar) and the drying protocol should be carried out in venting hoods.
When THF is under reflux, this apparatus should be under supervision
by a trained person. Special attention should be paid to the pressure
relief (especially, as the temperature is rising) and H,O circulation.
In case balloons replace the N, line, it is recommended the use of two
balloons in order to ensure that a pressure relief is actually in place. Ar
in the balloons is periodically replaced by new Ar to avoid potential
diffusion of air into them. Awareness of the risks involved and steps
to be taken in case of accidents should be part of the training program.
Na° should be carefully quenched before disposal and clean-up of
the THF flask. We usually recycle the bulk of the remaining Na° by
collecting the large pieces and adding them to hexane. These pieces
may have their surface cleaned as described below. The recycled Na°
is only employed for THF drying.

Pre-drying of THF

NaOH or KOH (30-35 g; powder, preferentially) was added to a
1L-round bottom flask containing about 900 mL of THF (CAUTION:
THF containing high concentration of peroxides may detonate in
presence of such bases).® This mixture in a closed flask was allowed
to stand for 48 h. Then, the solvent was distilled slowly under dry
Ar to another round bottom flask. Care was taken to leave about 35
mL of THF in the flask containing the residue.

Drying of THF

Thin pieces (~15 x 15 x 2 mm)"! of Na° (~7.0 g), with clean sur-
face, were added to THF (800-850 mL) in a 1 L-round bottom flask,
containing a magnetic bar. The flask was fastened (rubber septum),
connected to a system for pressure release (e.g., a balloon or oil
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bubble) and the mixture was stirred. The metal surface was cleaned
periodically by gently pressing metal pieces down with a thick glass
stick (CAUTION: The flask bottom should be checked for the pre-
sence of cracks before and after this). Stirring continued for 12-24 h.
Apparently, evolution of H, from metal surface had stopped then. If
the amount of remaining Na° is considered not sufficient, additional
pieces should be added. Na° surface is cleaned once more. Benzo-
phenone (1.5 g) was added and the flask was flushed with Ar twice,
preferentially by a fast flow of gas into the open flask, which was
swiftly closed. Then, stirring was promoted. Usually, the color change
occurs immediately. In case color change is not observed, additional
indicator should be added. Finally, the THF flask was assembled into
the still apparatus, which was thoroughly flushed with Ar (See above).
The THF mixture is brought to reflux by means of a heating mantle
for the solvent to distill. In order to keep the solvent dry (blue color),
one should stir it for 15-20 min every day, after the system has been
purged again with Ar. Thorough flushing with Ar is necessary every
time the system is charged with either Na° or indicator and before
stirring the THF-Na° mixture.

SUPPLEMENTARY MATERIAL.

Auvailable free of charge at http://quimicanova.sbq.org.br as pdf file.
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