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lon-associates of 3-quinuclidinyl benzilate (BZ) with thirteen acidic dyes were examined after their
extraction into chloroform. Based on spectrophotometric measurements, the optimum pll of the aqueous
phase was established and the extraction yiclds, distribution ratios, conditional extraction constants and
limits of detection were calculated. Bromocresol green and metanil yellow are suggested as reagents for
the analysis of BZ.

3-Quinuclidinyl benzilate, conventionally denoted BZ (ref.!), is among the most effi-
cacious psychoactive substances in the glycolate group®. Electrochemical®, spectro-
metric* as well as TLCY methods have been used to quantitate BZ. Spectrophotometric
mecthods are based on the formation of characteristically coloured condensation
products or ion pairs with the anions of a suitably choscen dye.
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Reactions of aromatic compounds, with concentrated sulfuric acid give stable red
carbonium ions®. These condense with additional reagents to give characteristically and
markedly coloured compounds. The Marquis reagent’, which is a formaldchyde solu-
tion in sulfuric acid, is usually prepared; this rcagent has been applied to the determi-
nation of six benzilates based on the formation of dark blue solutions®. The blue
reaction product has been found to arise by condensation of two molecules of BZ
linked through a methyne bridge®. Formaldehyde can be replaced with compounds from
which it is formed on the action of sulfuric acid, such as paraformaldchyde, hexa-
mcthylenctetramine!®, the iron acctate complex'"'2) cte. Benzilic acid as well as BZ
forms with 1-naphthol in sulfuric acid a purple-red condensation product exhibiting an

absorption maximum at 558 nm (ref.'Y).
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Protonation of the tertiary heterocyclic nitrogen in 3-quinuclidinyl benzilate
dissolved in an acid solvent enables association of the (3-benziloyloxy)quinuclidinium
cation with the anion of a suitable dye to an ion pair which is extractable into nonpolar
solvents. The ion pair formation has been used as the basis for an cxtraction photo-
metric method of determination of BZ with methyl orange?®.

The aim of the present work was to examine the formation of ion-associates of
3-quinuclidinyl benzilate with some anionic dyes from the groups of azo compounds,
sulfophthalcins, anthraquinones and nitrophenols, using the spectrophotometric techni-
que after extraction with chloroform.

EXPERIMENTAL

Chemicals and Apparatus

3-Quinuclidinyl benzilate (99.5%) was prepared at the Military Repair Shop No. 072 in Zemianské Kosto-
lany, and its purity was checked by titration with perchloric acid in a mixture of glacial acctic acid and
acetic anhydride using crystal violet as the indicator'™. ‘The anionic dyes, viz. alizarin black S (/) (C.L
67430). naphthol blue black (/1) (C.1. 20470), bromopyrogallol red (I11) (5.5-dibromopyrogaliol-
sulfonephthalein), cresol red (IV), Xylidine Ponceau 2R (V) (C.I. 16150). 2.6-dinitrophenol (VI),
bromophenol blue (VII). bromothymol blue (VIII) (3.3-dibromothymolsulfonephthalein). bromoxylenol blue
(IX). thymol blue (X). Orange II (X7) (C.I. 15510). bromocresol green (XIf) (3.3.5.5-tctrabromo-m-
cresolsulfonephthalein) and metanil yellow (XIHT) (C.1. 13065) were products of Merck, Darmstadt. Chlo-
roform after extraction of the ion-associate was shaken twice with water and distilled at 60 °C. Citrate and
borate buffers at pll 1.0 to pll 8.0 in 0.1 pl unit steps were prepared following ref.'S and checked with an
MV 870 pH-meter (Priicitronic Dresden). Spectrophotometric measurements were carried out on a Spekol
Il single-beam spectrophotometer (Carl Zeiss, Jena).

Procedures

To measure the absorption speetrum of the ion-associate and the dependence of the extracted ion pair on
the pH of the reaction medium, 2 ml volumes of bulfer solutions with pll 1.1 to 7.0 in 0.1 pll unit steps
were mixed with 0.1 ml of the dye solution (¢; = § mmol 17') and 0.1 ml of the BZ solution (¢yy, = 0.5
mmol 171, The mixture was extracted for 2 min into 2 ml of chloroform, the aqucous phase was drained,
and the A = fi)) and A = fipll) at A, dependences were measured (‘Table 1),

The A = ficy) dependence where ¢y is the dye concentration in the reaction mixture was established. For
this. 1.8 ml of buffer solution at the optimum pl (pl,,,). 0.01 to 0.1 ml of the dyc solution (¢, = 5 mmol 1"
in 0.01 ml steps, and 0.02 ml of BZ solution (¢, = 0.5 mmol 17!) were mixed, the mixture was extracted
for 2 min with 2 ml of chloroform, and the absorbance of the extract was measured at the A, value. The
composition of the ion-associate was studied by measuring the dependence of absorbance on the mole
fraction of the dye. A = flx;). Volumes of 0.01 to 0.1 ml of the dye solution (in 0.01 ml steps) were
pipetted and diluted to 0.1 ml with BZ solution (¢ = ¢z = 5 mmol I7'), and 2 ml of buffer solution at
pll

was measured at Ao

opt Were added. The whole was extracted with 2 ml of chloroform, and the absorbance of the extract

For the calculation of the molar absorptivities of the ion-associates in conditions of quantitative
extraction of the dye, 0.01 to 0.1 ml of the dye (¢;. = 0.5 mmol I7!) in 0.01 ml steps were pipetted and
diluted to 1 ml with the buffer at pt,,. and I ml of BZ solution (¢ = 10 mmol 17!y in the buffer at PHopt
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was added. The whole was extracted with chloroform for 2 min, and the absorbance of the extract was
measured at A,

The molar absorptivity of the ion-associate of BZ was established by measuring the A = flcgy) depend-
ence. Volumes of 1.8 ml of the buffer at pH,,, 0.1 ml of the dye solution at a concentration corresponding
to the ¢p/cyy ratio (Table 1), and 0 to 0.1 ml of BZ solution (cyy, = 0.5 mmol 171y in 0.01 ml steps were
pipetted into test tubes. The mixtures were extracted for 2 min with chloroform, the aqueous phase was
drained, and the absorbance of the extract was measured at A,

‘The ion-associate distribution ratio D for equal volumes of the aqucous and organic phases (V,q = Vi)
was calculated as

D = R(1L-R) = e¢/e-¢"), (1)
where R is the extraction recovery, € is the molar absorptivity in conditions of quantitative extraction of

the ion-associate. and &' is the molar absorptivity of the ion-associate calculated from the A = flcyy) de-
pendence. The conditional extraction constant of the ion-associate K/, was calculated according to ref.!7 as

Kex = D/{cxa = (A-Ap)/ (€D} . )

where ¢ is the analytical concentration of the dye, x; - is the mole fraction of the dye in the L™ form, A
and A are the absorbances of the ion-associate of the base with the dye and of the blank solution, respecti-

vely. and 1 is the cell thickness.

RESULTS AND DISCUSSION

3-Quinuclidinyl benzilate, which protonates in acid solutions to give (3-benzi-
loyloxy)quinuclidium, combines with anions of the dyes giving risc to ion-associates
which are extractable into chloroform. The A, value was read for them from the
A = f(}) dependence. The effect of solution pH on the ion-associate formation is docu-
mented by Fig. 1. The optimum pH values of citrate buffers for the formation and
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1. 1
Dependence of absorbance in the absorption maximum on pll for ion-associates of 3-quinuclidinyl benzi-
late with dyes. Dye, wavelength (nm): O 1, 520; O 11, 623; B 111. 542: @ IV, 410; D V, 500; © VI, 428,;
® VII, 410; @ VIII, 415; © IX, 412: © X. 415; A XI. 450; (7 XIi. 415; @ XIII, 415; c1. = 250 pmol 17!,
Bz = 25 pmol I~
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extraction of the ion-associates arc given in Table 1. The composition of the ion-asso-
ciates of BZ with the dyes was determined by the continuous variations method by
measuring the A = f(x;) dependence where x; is the mole fraction of the dye. BZ forms
ion-associates with Naphthol Blue Black and with Xylidine Ponceau 2R in the ratio
2 : 1; with the remaining dyes, in the ratio 1 : 1.

The chloroform extracts of the coloured jon-associates of 3-(benziloyloxy)quinucli-
dinium ions with the acidic dyes obeyed the Lambert—Beer law; the correlation coeffi-
cient of the least favourable measurcment was 0.9936. Well suited arc particularly dyes
exhibiting low limits of detection Ly and low limits of determination Ly, high cxtraction
recoveries, and high molar absorptivitics, such as bromocresol green (X/7) or metanil
yellow (XIT).
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