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Charge-transfer complex stabilities aud quaternization rate constants of the henzoates of three piperidinols,
quinuclidinol, y-granotoline, and tropine, were compared with their psychotropic activity as characterized by

three different tests.

The availability of the nonbonding electron pair of the hetero-N atom, influenced by

molecular configuration and conformation, was found to correlate directly with the psychopharmacological

activities.

Charge-transtfer (CT) complex formation is one of
the intermolecular forces presumably plaving an im-
portant part in the drug-receptor binding process as
well as in subsequent reactions.  The rapidly growing
interest of the physical chemist in CT phenomena is
reflected lately in some data on compounds of interest
to the medicinal chemist.?

A good opportunity to enter this field presented itself
in the publication of the elegant investigations of Gabel
and Abood.*  They related the psyvchotropie activity
of some bhenzilate esters of heterocyelic amino aleohols
to molecular configuration and the availability of the
nonbonding electron pair of the heterocyelie nitrogen.
The authors, however, refrained from a quantitative
determination of nucleophilicities, because of the semi-
guantitative nature of the pharmacological assays.

While this may be reasonable, we nevertheless deemed
it worthwhile to examine exactly the nucleophilieity of
the same series of compounds. Two methods seemed
to be the obvious choice: CT complex formation and
kinetic study of quaternization rates. Since both
methods gave o good and exact indication of the “avail-
ability”” of the nonbonding electron pair, they seemed to
offer an opportunity to cheek the validity of Guabel
and  Abood’s interesting hypothesis.  The scparate
comparison of CT complex stabilities and quaterniza-
tion rates with known* pharmacological activities
promised also to reveal binding forces. if any, other
than those due to nonbounding electrons (e.g.. = com-
plexes of the aromatie aevl moicty).

Experimental Section

Synthesis.--Quinuclidinol and tropine were obtained com-
mercially.  N-methyl-3-piperidinol,® N-methyl-4-piperidinol,® N-
methyl-y-granatoline,” and 1,2,2,6,6-pentamethyl-4-piperidinol®
were obtained by known methods or their trivial modification.
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The henzoates of the amino aleohols were prepured by heating
them in exces= benzovl chloride nntil the usually exothermic re-
action =tarted. Tt wax moderated by cooling if necessury and
then completed by heating again to 100°. The ester hydrochlo-
rides were isolated by erystallization from EtOH=-12060 or KtOH
alone, and the ester haxe waxs prepared just before use.

Melting points, analy=ex, and spectia of all componnds were
in agreement with literature values or ax expected.

Charge-Transfer Complex Formation.—-A Becknan DI-2A
recording specirophotometer with a time-drive uttachment was
uzed to record ubsorption spectra.  Chloranl  Matheson Cole-
man and Bell) served ax acceptor, a fre<h ~olution being prepared
dailv.  All complexes were formed i & ~olution containing
a 11 molar ratio of donor to aceeptor in the following wayv:
2.6 ml of the donov =olution was placed inte o 1-em quariz
cuvette, the four concentrations used being 0.6, 0.5, 1.0, and
1.2 X 1073 3/, respectively.  To this 0.26 ml of a 0.6, 0.8, 1.0,
and 1.2 X 1072 3 chloranil =olution was added, to keep the time
required for mixing 1o a minimum. The formation of the com-
plex was followed for 200 min at 550 mu at all four concentrations.
[tach concentration wax ran three times and the deviations did
not exceed = (.8, .

The =olvent used throughout the =eries wa= 90, THE mainty
for =olubility reaxons.  To assure reproducibility in this eather
capricious solvent, ~tringent purification procedires were e--
tablished. The THF (Fisher Rcientific Co., certified) was dix-
tilled from LiAll, and the middle fraction was kept ina dark
botidle equipped with a drying tube. To this 107 LO was
added and used within a week.

To ealeulate complex stabilities and complex molar extinetion
coetficient, the Benesi-llildebrand equation® was nsed and the
calculation was done for every minute of the 20-min vun, on an
IBM 1620 computer.  Because the stability constaut changes
with time, we =how the median value from 4 to 20 min, since
the change i most rapid and somewhat erratic i the fivst few
mimites,

Quaternization Rate Measurements.-—An equimolar mixture
of the tertiary base and Mel was prepared from 0.1 1/ stock
~ohitions in 95, dioxane. This was incubated at 25 == 0.5° and
S-ul. samples were withdrawn from the =olution feentrituged to
avoid crvstals in the mierosyringe).  These samples were iu-
jecied immediately into a Microtek 2000-10 gas chromatograph,
The following parameters gave excellent separation of the Mel
from the dioxane and 110 colummn, [ m X 3 mm methyl =ihieon
ritbber RE-300 inlet temperature, 2407 column temperature,
70°0 He flow, 30 ce/min. The disappearance of Mel was fol-
lowed as a funetion of time for 90 min, when even the slowest
reaction was 10-137, completed.  Since the CILT penks are
very sharp, the peak heights rather than areas were compared,
the reading at the time of mixing being considered as 0.05 M,
The deviation of parallel yun=z was =197, The rate con=tants
were caleulated in the usual way for a bimoleenlar second-order
reaction,

Results and Discussion
With chloranil all six compounds used guve o broad
CT band in the 330--350-mg region not shown by cither
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TABLE I
Anti- Complex Quaternization
cholinergic* stability rate constant
No. Benzoate of BDI* EDs, mg/kg K4—2min 1. mole~? K: X 10-% L. mole~! gsec ™!
1 3-Quinuclidinol 16.2 70 4.5 1453
2 N-Methyl-4-piperidinol 15.8 300 23.0 118
3 N-Methy!l-3-piperidinol 11.8 300 20.6 88
4 y-Granatoline 11.6 350 9.9 20
5 Tropine 10.0 350 10.6 64
6 Pentamethyl-4-piperidinol 7.4 100 6.7 9
Saline 5.7

compound alone. This develops fully within 6 to 10
min, after which time the increase in absorbance is
very slow. The only exception was the N-methyl-
benzoyl-y-granatoline, where the complex starts to
disappear slightly after about 15 min and, probably due
to fast secondary reactions, the absorbance decreases.

Other interesting phenomena, some photochemical in
nature, were also observed and will be discussed in a
future paper, since they shed light on the whole redox
reaction of which the CT is only the first step.

Our results are shown in Table I and are compared
to pharmacological data,* most notably to the behav-
ioral disturbance index (BDI). This is a composite of
activity cage, swim maze, and “peak’ test results.
The anticholinergic activity, as given by Gabel and
Abood,* does not seem to be of great significance since
it shows poor correlation with stereochemical considera-
tions, BDI values, and also our own data.

BDI.

Figure 1.—Correlation of behavior disturbance index (BDI)
with complex stability constant (Kav).

Log Ky X 1073,

BDI.

Figure 2,—Correlation of behavioral disturbance index (BDI)
with quaternization rate constant.

The CT complex stability constants show a reason-
able semiquantitative agreement with the BDI, with
two notable exceptions: the value for benzoyloxy-
quinuclidine is the lowest in the series instead of being
the highest, and the y-granatoline ester and benzoyl-
tropine are in a slightly reversed order if compared to
the sequence established on the basis of BDI data.

The reason for the first discrepanecy could be the in-
creased rate of secondary ionic reactions in the rela-
tively polar solvent. We have some indications on the
high rate of these reactions. Since this uses up the
primary CT complex, the apparent stability constant
may seem lower than it really is. This argument is
strengthened by the extremely high quaternization
rate constant (which is in a reasonably good agreement
with literature data).'® The second slight deviation
from the order of activities established by Gabel and
Abood is eorroborated by quaternization rate data in
a rather striking way.

The correlation of CT complex stability constants
and quaternization rates with BDI is shown graphically
in Figures 1 and 2. The deviation from strict linearity
could probably be explained by two factors. First of
all, we compare a very complex biological system (BDI)
with a model chemical reaction, which may be an over-
simplification. Secondly, Gabel and Abood used ben-
zilic acid esters, whereas we used benzoates. However,
we set out to investigate the “availability” of the non-
bonding electron pair on the heteroatom. Since only
the carbonyl part but not the aryl groups of the ester
can interact with the electron pair, as already pointed
out by Gabel and Abood,* the exact nature of the acyl
part may be neglected justifiably in model systems, as
long as any ester carbonyl is present and no adsorption
or receptor fitting is involved (where size, shape, and
hydrophobic interactions may play a role).

It may be concluded that the availability of the non-
bonding electron pair of heterocyclic amino esters,
measured by CT complex formation and quaterniza-
tion rate studies, correlates quite well with established
psychotropic activities, as far as the present series is
concerned. The attractive hypothesis of Gabel and
Abood could therefore be upheld in the light of our
studies in molecular pharmacology.
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