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This invention relates to the preparation of substan 
tially pure quaternary ammonium borohydrides of the 
group having a total number of carbon atoms from 5 to 
15 inclusive in the organic substituent to the nitrogen 
atom, Such as tetraethylammonium borohydride, tetra 
propylammonium borohydride, benzyltrimethylammo 
nium borohydride, triethylmethylammonium borohydride, 
ethylpyridinium borohydride, and methylisoquinolinium 
borohydride. More particularly, the invention relates to 
the preparation of such borohydrides by the reaction of 
a Water soluble quaternary ammonium salt, such as the 
chloride or bromide, corresponding to the desired quater 
nary ammonium borohydride with an alkali metal boro 
hydride, Such as sodium borohydride or potassium boro 
hydride in an aqueous medium. 

In our copending application Serial No. 254,395, filed 
January 28, 1963, we have described the preparation of 
quaternary ammonium borohydrides of the above men 
tioned group by reacting a quaternary ammonium hy 
droXide with sodium or potassium borohydride in water 
to form an aqueous solution of the quaternary ammonium 
borohydride and the alkali metal hydroxide. The reaction 
is illustrated by the equation: 

It had been discovered that aqueous solutions of such 
quaternary ammonium borohydrides and an alkali metal 
hydroxide in certain concentrations, when permitted to 
Settle, separate in two immiscible layers, the upper layer 
of which is essentially an aqueous solution of the quater 
nary ammonium borohydride and the lower layer is 
essentially, an aqueous solution of the alkali metal hy 
droxide. Consequently, in order to recover substantially 
pure quaterary ammonium borohydride from the reac 
tion mixture of the reaction illustrated by Equation 1 
above, the amount of water in the reaction mixture was 
adjusted to produce a liquor having a concentration such 
that, when permitted to settle, it separated in two im 
miscible layers the upper layer of which was essentially 
an aqueous solution of the quaternary ammonium boro 
hydride and the lower layer was essentially an aqueous 
solution of the alkali metal hydroxide. 

It obviously would be advantageous if a water soluble 
quaternary ammonium salt, such as tetraethylammonium 
chloride, could be reacted in aqueous solution with an 
alkali metal borohydride to form the quaternary am 
monium borohydride and recover the latter in good yield 
and high purity. The intended reaction is illustrated by 
the equation: 

The present invention is based in part upon our dis 
covery that aqueous solutions of an alkali metal boro 
hydride and quaternary ammonium salts of the group 
having a total number of carbon atoms from 5 to 15 in 
clusive in the organic substituent to the nitrogen and their 
reaction products in certain concentrations containing cer 
tain amounts of an alkali metal hydroxide, when per 
mitted to settle, separate in two immiscible layers. 

During our investigations we attempted to prepare a 
quaternary ammonium borohydride by reacting a quater 
nary ammonium halide with an alkali metal borohydride 
in an aqueous solution containing an alkali metal hydroX 
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ide, the quaternary ammonium halide, alkali metal boro 
hydride, alkali metal hydroxide and water used being in 
amounts contemplated to provide a separation of the 
aqueous reaction liquor in two immiscible layers. The 
results were unsatisfactory since when the reaction liquor 
was permitted to settle to form two separate liquid layers, 
the upper layer contained substantial amounts of the 
quaternary ammonium halide and the alkali metal hydrox 
ide. However, it was observed that the lower layer con 
tained a substantial amount of the alkali metal halide 
formed as a by-product of the reaction. 
As a result of the above observation, it was conceived 

that the reaction might be caused to proceed to completion 
by a plurality of reaction steps in each of which the 
quaternary ammonium halide is partially reacted with 
the alkali metal borohydride by intimately contacting an 
aqueous solution of the quaternary ammonium halide 
with an immiscible aqueous solution of an alkali metal 
hydroxide containing the alkali metal borohydride. Sub 
sequent investigations proved that the reaction could be 
caused to proceed substantially to completion in this 
manner. The over-all reaction is illustrated by the 
equation: 
NaBH4- - (C2H5)4NCI.--NaOH-> 

(C2H5)4NBHA-I-NaCl--NaOH (3) 
In accordance with one practice of the invention, an 

aqueous solution of a quaternary ammonium salt, such 
as the chloride, is placed in a separatory funnel together 
with an immiscible aqueous solution of an alkali metal 
hydroxide containing an amount of an alkali metal boro 
hydride stoichiometrically equivalent to the quaternary 
ammonium halide. The mixture is agitated thoroughly 
and then allowed to set and separate in two separate layers. 
The bottom layer is withdrawn and another portion of 
the aqueous solution of alkali metal hydroxide and alkali 
metal borohydride added, followed by agitation and 
settling. This procedure is repeated until the aqueous solu 
tion of the quaternary ammonium halide has been con 
tacted about five times with the aqueous solution of the 
alkali metal hydroxide containing an amount of alkali 
metal borohydride stoichiometrically equivalent to the 
quaternary ammonium halide. The final top layer is sub 
stantially free of hydroxide and halide ions and is essen 

5 tially am aqueous solution of the quaternary ammonium 
borohydride. 
The aqueous solution of the quaternary ammonium salt 

is more conveniently subjected to a plurality of reaction 
steps with the aqueous solution of the alkali metal boro 
hydride and the alkali metal hydroxide as a continuous 
operation. This may be accomplished in any conventional 
continuous liquid-liquid extractor. Thus, the aqueous solu 
tion of the quaternary ammonium salt and the immiscibie 
aqueous solution of alkali metal hydroxide and alkali 
metal borohydride are caused to flow countercurrent to one 
another continuously in a given path, an aqueous solu 
tion of the quaternary ammonium borohydride being 
removed continuously from one end of the path of 
countercurrent filow and an aqueous solution of alkali 
metal hydroxide and the alkali metal salt formed as a 
by-product of the reaction being removed continuously 
from the other end of the path. The York-Scheibel 
type extractor is well suited for this operation. This 
extractor provides a mixer-settler system in which all 
the mixers and settlers are incorporated into a single verti 
cal cylindrical column. Each stage consists of a me 
chanically agitated mixing section separated from the 
next stage by a packed settling section or porous wire 
cylinder. 
The invention will be more fully understood from the 

following description in conjunction with the accompany 
ing drawing in which: 
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borohydride and sodium hydroxide a total of five times 
as described in Example 1. The final upper product layer 
was essentially free of hydroxide and bromide and con 
tained 2.09 percent of active hydrogen. 

Example 3 
A batch, countercurrent reaction of tetraethylammo 

nium bromide and sodium borohydride was carried out in 
the following manner: A feed solution containing 37.5% 
tetraethylammonium bromide in water was contacted in 
a five-stage batch, countercurrent manner with a stabilized 
Water solution of sodium borohydride which contained 
11.8% sodium borohydride and 38.5% sodium hydroxide. 
212.2 grams of the quaternary ammonium bromide solu 
tion and 128.4 grams of the sodium borohydride solution 
were used in each stage. The apparatus consisted of five 
glass separatory funnels used as mixers and settlers. After 
Sufficient cycles had been carried out to ensure equilibri 
um, the upper layer which had contacted five successive 
lower layers in a countercurrent manner was isolated and 
found to contain tetraethylammonium borohydride in 
good yield and purity. The lower layer which had con 
tacted five successive upper layers in a countercurrent 
manner was also isolated and found to consist essentially 
of an aqueous caustic solution in which the by-product 
sodium bromide was dissolved. 

Example 4 
The operations of Example 3 were repeated using a 

liquid–liquid laboratory York-Scheibel extraction column 
to carry out the countercurrent reaction. The aqueous 
tetraethylammonium bromide solution was fed into the 
bottom of the column and the stabilized water solution 
of sodium borohydride was fed near the top of the col 
umn. Mixing and settling of the counterflowing liquid 
phases was effected by alternate stirring and settling as 
carried out in a York-Scheibel-type extractor. A light 
phase was taken off the top of the column and found to 
consist of a concentrated aqueous solution of tetraethyl 
ammonium borohydride in good yield and purity. A 
heavy phase was taken off the bottom of the column and 
found to consist of an aqueous solution of sodium hydrox 
ide and sodium bromide with a very small amount of un 
reacted sodium borohydride. 

Example 5 
An aqueous solution of tetrapropylammonnium borate 

was mixed with an aqueous solution of potassium boro 
hydride and potassium fluoride. The solutions contained 
1 mole of tetrapropylammonium borate, 1 mole of potas 
sium borohydride, and 3 moles of potassium fluoride. 
When the reaction mixture was allowed to stand, it sepa 
rated into two liquid layers. The upper layer was sepa 
rated and dried at 60° C. in a vacuum oven. The dry, 
crystalline product was tetrapropylammonium borohy 
dride of a high state of purity. 
We claim: 
1. In a method for preparing a quaternary ammonium 

borohydride selected from the group consisting of tetra 
ethylammonium borohydride, tetrapropylammonium bo 
rohydride, benzyltrimethylammonium borohydride, tri 
ethylmethylammonium borohydride, ethylpyridinium bo 
rohydride, and methylisoquinolinium borohydride where 
in the quaternary ammonium borohydride is formed by 
the reaction in an aqueous medium of a water-soluble 
quaternary ammonium salt corresponding to the quater 
nary ammonium borohydride with a substantially equi 
molar amount of an alkali metal borohydride selected 
from the group consisting of sodium borohydride and 
potassium borohydride, the improvement which comprises 
conducting said reaction in the presence of a compound 
which is substantially inert under the conditions of said 
reaction and which is selected from the group consist 
ing of sodium hydroxide, potassium hydroxide, potassium 
fluoride, potassium carbonate, potassium tartrate, potas 
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6 
sium Sulfate, Sodium carbonate, sodium sulfate, and potas 
sium citrate, and adjusting the amount of water in the 
reaction mixture such that two immiscible layers are 
formed, one of which is essentially an aqueous solution of 
the quaternary ammonium borohydride and the other is 
essentially an aqueous solution of said compound and a 
salt corresponding to said quaternary ammonium salt. 

2. The method as claimed by claim 4 wherein said 
Selected quaternary ammonium salt is a tetraethylam 
monium salt. 

3. The method as claimed by claim F, wherein said se 
lected quaternary ammonium salt is a benzyltrimethyl 
ammonium salt. 

4. The method as claimed by claim 1 wherein said se 
lected quaternary ammonium salt is a tetrapropylam 
monium salt. 

5. As a composition of matter an aqueous liquor con 
sisting of a quaternary ammonium borohydride selected 
from the group consisting of tetraethylammonium boro 
hydride, tetrapropylammonium borohydride, benzyltri 
methylammonium borohydride, triethylmethylammonium 
borohydride, ethylpyridinium borohydride, and methyl 
isoquinolinium borohydride, a compound selected from 
the group consisting of sodium hydroxide, potassium hy 
droxide, potassium fluoride, potassium carbonate, potas 
sium tartrate, potassium sulfate, sodium carbonate, sodi 
um Sulfate, and potassium citrate, and a salt selected 
from the group consisting of sodium and potassium salts 
and having two immiscible layers, one of which is essen 
tially an aqueous solution of the quaternary ammonium 
borohydride and the other is essentially an aqueous solu 
tion of said compound and said salt. 

6. A composition as claimed by claim 5 wherein the 
quaternary ammonium salt is a tetraethylammonium salt. 

7. A composition as claimed by claim 5 wherein the 
quaternary ammonium salt is a tetrapropylammonium 
salt. 

8. A composition as claimed by claim 5 wherein the 
quaternary ammonium salt is a benzyltrimethylammonium 
salt. 

9. In a method for causing sodium borohydride to react 
with tetraethylammonium chloride to form tetraethylam 
monium borohydride in the presence of sodium hydroxide, 
the steps which comprise selecting a point within the 
enclosed area of FIGURE 1, forming a first solution by 
dissolving the amounts of sodium hydroxide and sodium 
borohydride represented by said point in a portion of the 
amount of water represented by said point, forming a 
second solution by dissolving an amount of tetraethyl 
ammonium chloride represented by said point in the re 
maining portion of the amount of water represented by 
said point, causing said first solution and said second solu 
tion to flow countercurrent to one another in a given path 
at room temperature thereby causing the tetraethylam 
monium chloride and sodium borohydride to react pro 
gressively whereby said first solution substantially free 
of sodium borohydride and containing sodium chloride 
and substantially all of said sodium hydroxide in solu 
tion therein is removed from one end of said path and 
said second solution substantially free of tetraethylam 
monium chloride and containing tetraethylammonium bo 
rohydride in solution therein is removed from the op 
posite end of said path. 

10. In a method for causing sodium borohydride to 
react with tetraethylammonium bromide to form tetra 
ethylammonium borohydride in the presence of sodium 
hydroxide, the steps which comprise selecting a point 
within the enclosed area of FIGURE 2, forming a first 
solution by dissolving the amounts of sodium hydroxide 
and sodium borohydride represented by said point in a 
portion of the amount of water represented by said point, 
forming a second solution by dissolving an amount of 
tetraethylammonium bromide represented by said point 
in the remaining portion of the amount of water repre 
sented by said point, causing said first solution and said 
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second solution to flow countercurrent to one another in 
a given path at room temperature thereby causing the 
tetraethylammonium bromide and sodium borohydride to 
react progressively whereby said first solution substantially 
free of sodium borohydride and containing sodium bro 
mide and substantially all of said sodium hydroxide in 
solution therein is removed from one end of said path 
and said second solution substantially free of tetraethyl 

88 
ammonium bromide and containing tetraethylammonium 
borohydride in solution therein is removed from the op 
posite end of said path. 
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