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molecule head-groups and counter-ions
are employed.

Ezxperimental. The measurements were made
at 31°C on a Varian A-60 spectrometer, equip-
ped with a Hewlett Packard 202A audio
oscillator and a Hewlett Packard 5512A
electronic counter. The chemicals used in the
reported measurements were of reagent grade
except for cetyl pyridinium chloride which
was of purum grade (m.p. 79 —81°C) obtained
from XKebo AB, Stockholm. The required
magnetic volume susceptibility values were
calculated from the data compiled by Foéx 12,
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Kinetics of the Alkaline Hydrolysis

of 3-Acetoxy-quinuclidine Hydro-
chloride and Methiodide
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t has been observed that esters of the

<+

structure dialkyl-NR(CH,),O0COCH,, V,
n = 2 or 3, are 20—30 and 10 times, re-
spectively, more rapidly hydrolyzed in
alkaline solution when R=H than when
R = alkyl!. The pH-dependence of the
reaction rate can be explained either as
a first order reaction of the amine form
of the ester where the rate determining
step should be the formation of a cyclic
intermediate, I, or a reaction with hydroxyl
ions under catalysis by an intramolecular
hydrogen bond, II. By varying the alkyl
groups it was possible to show that the
latter mechanism is the most likely one 1.
In the present communication the rates
of the alkaline hydrolysis of the hydro-
chloride, III H, and the methiodide,
IIT Me, of 3-acetoxy-quinuclidine, are
reported. In ITI H both intramolecular
hydrogen bonding and the formation of an
intermediate resembling I are impossible
for steric reasons.

3-Quinuclidinol, prepared according to
Sternbach’s and Kaiser’s method 2, was
dissolved in ethanol and neutralized with
HCIL. The solvent was evaporated under
vacuum at room temperature. The solid
residue dissolved when refluxed for 1 h in
acetyl chloride. After a further half hour
the excess of acetyl chloride was evapor-
ated. The residue, recrystallized from
anhydrous ethanol/ligroin 3:7, was IIT H.
(Found: C 52.4; H 7.70. Cale. for
C,H,,CINO, (205.7): C 52.6; H 7.84).

3-Acetoxy-quinuclidine, prepared accord-
ing to the method reported by Grob et al. 2,
was dissolved in acetone and excess methyl
iodide was added. The crystals of IIT Me
formed in 24 h were recrystallized from
anhydrous ethanol/acetone 1:1. M.p. 165°.
Grob et al.? found m.p. 165—166°.

The kinetic experiments were carried
out using a pH-stat and were run in 0.07 M
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KCl0, at 25°C1. The reaction of III Me
was followed until more than 50 9, com-
pletion in runs at pH 10.30 and 10.60.
Pseudo first-order rate constants, /Kobs,
were calculated according to Guggenheim’s
method and compared with kobs for acetyl
choline iodide determined at the same
pH-values. Log kobs for III Me was
0.27 + 0.03 units lower than for acetyl-
choline. Lack of the substance ITI Me made
it impossible to carry out the desirable
measurements of the initial rate at lower
pH. As the pH readings were somewhat
uncertain, the kons-values were not used
for calculation of the second order rate
constant, k,. Instead, log k, —0.10
(k;, in M~ sec!), for III Me was calculated
from the above difference in log kobs and
log k, = 0.17 for acetyl choline iodide in
a solution of ionic strength g = 0.07 1.

The available amount of III H was
sufficient for only one hydrolysis run.
This was carried out as a measurement
of the initial rate of NaOH consumption,
first at pH 9.40 and then at 9.65 and 9.80.
Both III H (pK’,111 = 9.10) and the hydro-
lysis product IV H (pK’,1v = 9.90) exist
in an amine form and an ammonium form.
Only the ammonium form of ITI H amount-
ing to 1/(1 + K’,m/[H+]) of the total
ester concentration was assumed to be
hydrolyzed. Because of the protolytic
equilibria of III H and IV H, one mole of
hydrolyzed ester results not in one but in

1+1/(1+Km/[H+]) - 1/(14+ K’av/[H+])

equivalents of hydrogen ions. After correct-
ing for these effects and the amount of
ester consumed, the following values of
log k, for the reaction between the ammo-
nium form of III H and hydroxyl ions
were obtained: pH, log k,; 9.40, —0.04;
9.65, + 0.16; 9.80, + 0.11. Mean value
log &, 0.08 + 0.12. The calculations
were based on the concentration and not
the activity of the hydroxyl ions?.

The assumption that the amine form of
III H is not responsible for the main part

of the hydrolysis is justified by the fact
that log k, is much higher than for ethyl
acetate, log k, = —0.96. The latter value
may be considered an upper limit for log
k, of the amine form of IIT H 2,

The tertiary ester III H is hydrolyzed
only about 50 per cent faster than the
quaternary ester III Me. This difference
is very small compared with the 20—30
times differences observed for the acyclic
tertiary and quaternary ammonium com-
pounds V. This shows that the catalytic
effect of the ammonium group in V re-
quires that this group must be able to come
close to the carboxylic group.

The values pK’a1 = 9.10 and pK',1iv =
9.90 were determined from curves obtained
by recording pH as a function of the
amount of NaOH added to a solution of
the hydrochlorides of III H and IV H.
The value of pK’,1m1 is almost exactly the
same as for the acyclic compound

Et,NHCH,CH,0COCH,, VI, pK’yvi =
9.09 !, As the pK’,-values of quinuclidine,
10.584, and of Et,NEt, 10.53, are also
almost identical it may be concluded that
the effect of a 2-acetoxy group on pK’, of
tertiary amine is the same in quinuclidine
as in other amines 1.

It was possible to calculate from the
titration curve of III H, allowing for a
small NaOH-consumption due to hydro-
lysis, an equivalent weight of III H which
within a few per cent agreed with the
theoretical value.
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