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The first of the tetraarylborates, tetraphenylborate, was introduced into ana-
lyticalchemistryin the years 1949-19511-3. This compound, as the sodium or lithium
salt, was recommended {or the precipitation of potassium, rubidium, cesium, proton-
ated basic nitrogen and quarternary ammonium compounds. It soon became available
commercially and an extensive literature has subsequently developed on its applica-
tions1-¢, The reagent has a limited stability in aqueous solution; this fact prompted
us to look into the possibilities of preparing a similar molecule that would be more
stable. Of the numerous tetraarylborates synthetically possible but hitherto un-
prepared, the sodium tetrakis(p-chlorophenyl)borate was chosen as the first of a
series of molecules in which the substituents on the benzene ring would be varied in
such a way as to modify the inductive and resonance effects of the benzene ring on
the carbon-boron bond.

EXPERIMENTAL

Synthesis of sodinum tetralkis(p-cllorophenyl)borate
Sodium tetrakis(p-chlorophenyl)borate is synthesized by the following sequence
of reactions.

ct & > Br+ Mg _ Ether a1 ) Mgl

4 Cl <f_‘ > MgBr - NaBF, Ether  NaB (&7 Cha + 2 Mgle 4- 2 MgBre

To a 1-1 3-necked flask equipped with a stirrer, water-cooled condenser and a
dropping funnel, add 9.7 g (0.4 mole) of magnesium turnings. Sweep the assembly
with dry nitrogen. Add 250 ml of cther previously dried over sodium to the flask.
Dissolve 76.06 g (0.4 mole) of p-bromochlorobenzence in 100 ml of dry ether and arrange
for dropwise addition into the [lask. Add approximately 10 ml of the p-bromochloro-
benzene solution to the flask and stir the solution. Bring to reflux temperature. The

* Dircct all inquiries to this author,
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reaction generally starts within 20 min. Add the remaining go ml of solution dropwise
over a period of 1 h. Continue the reflux and stirring for an additional hour.

To the cold solution of p-chlorophenyl Grignard reagent, add 11.0 g (0.1 mole)
of sodium borofluoride which has been previously dried at 110° for 1 h. Blanket with
nitrogen; stir and reflux for 2 h while maintaining the blanket of nitrogen. Pour the
contents of the reaction flask into 400 ml of ice-cold saturated sodium chloride solu-
tion. A white precipitate of inorganic material forms in the aquceous layer, Separate
the ether layer with a separatory funnel and extract the aqueous phase 3 times with
50-ml portions of ether. Add these to the previously separated ether layer. The reac-
tion mixture need not be worked up immediately and may be left standing several
days before adding it to the sodium chloride solution. Evaporate the mujor portion of
ether under vacuum at room temperature and the remainder under vacuum at 4o0°.
A yellow viscous liquid remains. Pour this into 300 ml of dry xylene and cool in an
ice bath. The crystals of the mixed salts, sodium-magnesium tetrakis(p-chlorophenyl)-
borate, will separate. The vield is about 25 g.

To prepare the pure sodium salt, pass 3 g of the mixed salt in 100 ml of water
through an ion-exchange column of Dowex 50W-X4, in its sodium form, at a rate of
3-5 ml per min. It is best to prepare the column with 49, sodium hydroxide. Itappears
that the acid residue left on the column after the usual HCI-NaCl cycle decomposes
the borate. Saturate the eluate, which amounts to about 175 ml, with sodium chloride
and extract with three so-ml portions of ether. Combine the extracts and evaporate
under vacuum, Pour the clear viscous liquid into 200 ml of dry xylene. Cool in an ice
bath and collect the resulting crop of cryvstals. Yield: 1.9 g. An analysis of the dried
sodium salt yielded the following results: C 59.139%,, H 3.499%,, C1 29.73%; calculated:
C 60.00%,, H 3.309%,, Cl 29.54Y%,.

Reagent properties of the tetrakis( p-chloroplienyl)borate anion

A 1%, solution of the reagent as the mixed Na--Mg salt was used for qualitative
testing. About 2 ml of the reagent were added to 2 mil of the o.x M test solution. The
following ions gave heavy precipitates: K+, NHg*, Rbr, and Cs+, while Ba?+, Cuzr,
Niz+, Cat+, Cd2+ and Co®+ gave no precipitates.

The reagent was also tested for its ability to precipitate quaternary ammonium
compounds and other compounds containing a basic nitrogen which had been proton-
ated. Precipitates in such cases are of interest for possible quantitative methaods as
well as for qualitative identification purposes. Sodium tetraphenylboron has been
extensively used as a reagent for the preparation of derivatives of compounds of these
types?. The nitrogen-containing compound was dissolved in dilute hydrochloric acid
and a 1Y solution of the reagent was added. The following compounds gave heavy
precipitates: 1-phenyl-ethylamine, N-ethylamine, diethylamine, dibenzylamine,
atropine, hexamethylenetetramine, 1,6-diaminohexane, glycine and tetrabutyl-
ammonium chloride, while pyridine and quinine gave light precipitates. A few of the
precipitates were filtered, cdiied, and analyzed for nitrogen and melting points were
taken on a melting point block. The results are summarized in Table I.

The reagent was then tested for its ability to precipitate the potassium ion
by mixing 2 ml of a 19 solution of the reagent with 2 ml of test solution. For a com-

parison tetraphenylborate was used in a similar series of tests. The results are sum-
marized in Table II.
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TABLE 1
ANALYSIS OF REPRESENTATIVE PRECIPITATES

- e < o e — 7 ¢ 2n & = snre o e r— o A idS # 3+ s rm ek eum et

Muatervial tested M.P.(°) o N

Cualcilated IFound
Henzidine 173176 424 4-43
n-Butylamine 117—-118 2.63 2.52
Brucine 148-1 40 3.29 3.24
Quinine 146--151 3.58 2.79

TABLI 1L

COMPATISON OF SODIUM 'l‘l-:TRAKIS(‘/)-CHI.OROPHl".N\’L)HORI\’I‘M AND SODIUM TETRAPHENYLHORATE
AS A PRECIPITANT FOR POTASSIUM

Heagent Concentration of pulussiuse ion (mgjmi}
2.0 0.2 0.15 Q.10 061 0005  0.002
ey Heavy Heavy Slight T'race None Nonc None
Na*(Cl < Ny 8-

Tmmediale Immediate Immediate Slow

Nat(Z “SuB~ Heavy Heavy Stight Slight Slight Trace Nonu
e Immediate Immediate Immediate Immediate Immediate Slow

TABLYE I

SOLUBILITY OF POTA%SIUM TETRAKIS(P-CHLOROPHENYLIBORATE IN WATER AT 25° AT DIFFERENT
PH VALUES

P of solution Solubility (mole]l)
3.7 6.0 10"
0.7 6.5+ 10-%
6.8 7.5 10~4

The solubility values were obtained by determining the potassium in the super-
natant liquid by flame photometry. These values are shown in Table III.

The reagent solutions of sodium tetrakis(p-chlorophenyl)borate were tested
for stability by observation of the appearance of cloudiness and by checking the
activity of the solution against the potassium ion. It was noted that alcoholic solul
tions of 259, and above by volume remained clear and appeared to be stable for severa-
wecks. Aqueous solutions tested concurrently developed a turbidity after 5 days and
were inactive alter sixteen days,

Anal, Chim, Adcte, 32 (1965) 376-380



STUDIES OF TETRAARYLBORATES. I 379
Sodium tetrakis(p-chlovophenyl)borate as a reagent for potassium

The procedure described by Gloss8 in the determination of potassium by
sodium tetraphenylborate was selected for the study of the precipitation of potassium
with sodium-magnesium tetrakis(p-chlorophenyl)borate. A 29, solution of the reagent
in water was prepared from the sodium tetrakis(p-chlorophenyl)borate. To this was
added 1 g of reagent-grade aluminium hydroxide and the solution filtered and the
filtrate reserved for analytical use.

Duplicate 10.00-ml aliquots of a standard solution of potassium chloride (2
mg/ml) were pipetted into 250-ml beakers and water was added to bring the volume
to 100 ml. They were heated to 70°, and 40 ml of a 29, reagent solution was added
slowly to each beaker. The heavy white precipitate which formed immediately was
allowed to stand for 30 min, and finally cooled in an ice bath for 30 min. The precipi-
tate was filtered through a fine-porosity, sintered-glass crucible. Four 5-ml portions

TABLE 1V

RESULTS OF QUANTITATIVE TESTS USING SODIUM T ;TRAKKS{,#-CHLGROPHi{&Yi‘}SGRe\TE

K taken(mg) K found (mg)
47.0 45.0
47.0 44.9
47.0 44.9
47.0 . 45.1
20.0 19.7
20.0 19.5
20,0 19.0
21.4 21.0
2r.4 21.0

of ice-cold water were used for transferring and washing the precipitate. The precipi-
tate was dried for 30 min at 110°, cooled in a desiccator and weighed. The recovery
of potassium was calculated using the theoretical gravimetric factor 0.07882. The
results are summarized in Table TV,

DISCUSSION

The potassium salt was examined for thermal stability by drying at 110°,
After the initial constant weight was established, no further weight was lost during a
normal drying interval. Constant weight was usually achieved in about 30 min.
Drying for periods of 54 h resulted in losses of less than one part per thousand. The
precipitate appeared somewhat more crystalline in character than potassium tetra-
phenylborate. It flocculated more readily, settled more rapidly and was generally
casier to handle than potassium tetraphenylborate. It should be an excellent reagent
for use in qualitative analysis schemes. The compound has the scrious disadvantage
as a precipitation reagent for potassium of yielding a compound of potassium of
moderate solubility (6.5 - 10-4 mole/l at 25° at pH 6.5).
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As shown in Table I the compound has possibilities as a reagent for the forma-
tion of derivatives of quarternary ammonium and protonated basic nitrogen com-
pounds. A few of the compounds tested yielded precipitates which were not suitable
for derivative purposes. Notable among these were aniline and atropine. Compounds
containing two basic nitrogens formed mono or di salts. Benzidine produced a com-
pound that was difficult to recrystallize; this analyzed as the mono salt. These deriva-
tives were characterized by several phase changes before thefinal melt was achieved.

SUMMARY

Sodium  tetrakis(p-chlorophenyl)borate was synthesized. It formed precipi-
tates with K+, Rbt, Cs*, quarternary ammonium and protonated basic nitrogen
compounds. The potassium salt was more soluble than potassium tetraphenylborate
but flocculated more readily and filtered more easily. The salts formed with nitro-
gen compounds offer possibilities as derivatives suitable for qualitative analysis,

RESUME

Lep-chlorophénylboratedesodium (NaB(< ™y -Cl)a),synthétisé parlesauteurs,
P pheény N \ ]

ct des composés azotés basiques. Le sel de potassium est plus soluble que le tétra-
phénylborate de potassium, mais il flocule plus facilement ct il se filtre plus aisément.

ZUSAMMENEFASSUNG

Es wurde Natriumtetrakis(p-chlorophenyl)borat hergestellt, das mit K+, Rb+,
Cs*+, quaterniirem Ammonium und protonisierten basischen Stickstoffverbindungen
Nicderschliige bildet. Das Kaliumsalz war loslicher als das Kaliumtetraphenylborat,
flockte jedoch leichter aus und liess sich hesser filtricren. Die mit Stickstoffverbin-
dungen gebildeten Salze bicten sich fiir die qualitative Analvse an.
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