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Summary — The synthesis and preliminary pharmacological evaluation of the epimeric 2-methyl-6-phenyl-6-carbethoxy-
2-azabicyclo[2.2.2]octanes, representing conformationally restricted isopethidine analogues, are reported.

Résumé — Dérivés de I’aza-2 bicyclo[2.2.2]octane. On décrit la synthése et les résultats d’une étude pharmacologique
préliminaire des épimeres du méthyl-2-phényl-6-carbéthoxy-6-aza-2 bicyclo[2.2.2loctane, analogues de !isopéthidine avec

conformation restreinte.

2-azabicyclo[2.2.2]octanes | isopethidine analogues / structure—activity relationship

Introduction

Phenylsubstituted piperidines were prepared and investigated
in order to elucidate the role of phenyl ring conformation
with respect to their biological activities. To reach this
goal, suitable conformationally restricted 4-phenylpiperidine
analogues [I—4] were synthesized and tested. However,
only a few reports are at present available on 3-phenyl-
piperidines and on conformational requirements for their
pharmacological effects [5, 11].

Thus, in order to explore the structure—activity relation-
ship of 3-phenylpiperidines, our attention was drawn by
the conformationally restricted isopethidine derivatives,
containing the 2-azabicyclo[2.2.2]octane nucleus. Structu-
rally this system may be regarded as a rigid analogue of
the boat conformation of the piperidine in which the 2
and 5 carbon atoms are connected by a bimethylene bridge.
This system is used to give conformational rigidity to a
number of analgesic, muscarinic and local anesthetic agents
[10, 12—14]. Using this rationale, we synthesized and tested
two epimers, namely, 2-methyl-6-exo-phenyl-6-endo-carbe-
thoxy-2-azabicyclo[2.2.2]octane 7 and 2-methyl-6-endo-phe-
nyl-6-exo-carbethoxy-2-azabicyclo[2.2.2]octane 8. First of
all we focused our attention on the analgesic activity which
is typical of phenylpiperidine derivatives even if, at least
as far as epimeric pethidine analogues 2-azabicyclo[2.2.2]-
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heptanes and tropane esters are concerned, studies have
shown that the conformational requirements are of little
importance for the anti-nociceptive potency of pethidine-
like compounds [2, 3]. However, since pilot experiments
demonstrated that our substances as well as the reference
compound isopethidine were devoid of such an effect,
at least under our experimental conditions, we carried
out our study by taking into consideration the anti-acetyl-
choline activity, that some phenylpiperidines, including iso-
pethidine, possess.

Chemistry

The synthesis of the compounds 7 and 8 was carried out as
outlined in Scheme 1. Reduction of N-methylpyridinium
iodide with sodium borohydride in a two-phase system
(n-hexane and aqueous methanol containing sodium hydro-
xide) provided a mixture of N-methyl-1,2-dihydropyridine 1
and N-methyl-1,2,5,6-tetrahydropyridine 2.

Treatment of this mixture with ethyl atropate provided
the two possible diastereoisomers of 2-methyl-6-phenyl-6-
carbethoxy-2-azabicyclo[2.2.2]oct-7-ene (3 and 4) (structure
A) presumably by a polar non-concerted two-step cyclo-
addition mechanism [15]. On the basis of the NMR spectra,
the formation of compounds 5 and 6 (structure B), arising
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Scheme 1.

from a possible Diels—Alder reaction was excluded. Indeed,
NMR analysis (Table I) of compounds 3 and 4 revealed
a double doublet at & 4.24 and & 4.23 ppm respectively
due to the coupling between Hy and the olefinic protons
and a multiplet at 3 2.61 and 8 2.56 ppm respectively due
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3: R = Ph; R” = CO,C,H; 5:R = Ph; R’ = CO,C,H;
4: R = CO,CH,; R” = Ph 6: R = CO,C,H;; R’ = Ph

Table 1. Chemical shifts of 2-azabicyclo[2.2.2]oct-7-enes. *

Compound HD NCH3 Hy HLr H[ HE HEr Hg-Hg:/
3 4.24 225 1.73 3.03 2.61 282 178 6.40
dd s dt dd m dq dd m
4 423 230 170 3.18 256 1.50 3.06 6.35
dd s d¢ dd m dt dd m

* Chemical shifts are given in 8. The centers of multiplet were taken
as values for chemical shifts, CDCl; used as the solvent.

to coupling between H; and H;, Hy,, Hg, Hg and the
olefinic protons. While decoupling of the Hy doublet led
to the collapse of the olefinic protons only, decoupling the
H; multiplet collapsed the Hy , H;., Hg , Hg, and the olefinic
protons. This behavior is in agreement with structure A
but not with structure B.

Further support for structure A is the Jy, u, ~ 2.5 Hz
which is typical for long range proton-—proton coupling
through a * W’ arrangement [16, 17].

It is therefore possible to distinguish Hg. from Hg since
H; only couples with H; . Stereochemical assignment of
the diastereoisomers 3 and 4 was based upon the chemical
shift of the Hy and Hg (geminal protons) (see Table I).

The NMR analysis of other related systems [18, 19]
revealed that the carbonyl group deshields the cis vicinal
proton more, whereas the benzene ring deshields the trans
vicinal proton more. As a consequence, the configurations
of 2-methyl-6-exo-phenyl-6-endo-carbethoxy-2-azabicyclo[2.
2.2]oct-7-ene and 2-methyl-6-endo-phenyl-6-exo-carbethoxy-
2-azabicyclo[2.2.2]oct-7-ene  were assigned to 3 and 4
respectively. ’

In addition, the shift of the carbonyl group in the IR-
spectra of the ester 3 (endo carbonyl) to a lower wavelength
compared to the shift of compound 4 (exo carbonyl)
(Table II) is in agreement with those reported in a related
system by Ibuka and Grunewald [20, 21].

Table II. Characteristics of 2-azabicyclo[2.2.2]oct-7-enes and 2-
azabicyclo[2.2.2]octanes.

Compound bp/mm IR mp

or mp (cm™) HCI

(°C) (°C)
3 90912 1715 ® 121—124 4
4 63—64 2 1740 ® 120—122 ¢
7 80—81 @ 1730 ® 205208 ©
8 118/0.2 1738 ¢ 206—207 ¢
2 Recrystallized from ethanol.
b Nujol.
¢ Liquid film.

4 Recrystallized from ethyl acetate—isopropanol.
¢ Recrystallized from isopropanol.

Compounds 7 and 8 were obtained using two methods:
(1) reduction of the isolated compounds 3 and 4, respectively
(Method A); (2) reduction of the mixture of 3 and 4 and
subsequent chromatographic separation of the epimers
(Method B).



The latter method allowed us to work more quickly, and
eliminated the troublesome separation of 3 and 4 before
reduction. Compounds 3, 4, 7 and 8 were converted into
their hydrochlorides.

Results

In vitro experiments

Both compounds 7 and 8 elicited clear-cut inhibition of
the guinea pig ileal contraction induced by acetylcholine.
The effect was short-lived and was easily abolished by
washing the gut with Krebs solution. Both compounds
were about 4 times more effective than the comparison
substance, isopethidine. The results of these experiments
are summarized in Table III.

Table III. Inhibitory concentrations on acetylcholine stimulated guinea
pig ileum. *

Compound 1Dy,
(ng/ml)
Isopethidine 7.34 + 0.84
7 2.38 4+ 0.14
8 1.89 4+ 0.25

¥ All values, referred to the free bases, are the means + SE.

In vivo experiments :

Acute single dose toxicity. The intraperitoneal injection
of compounds 7 and 8 was immediately followed by exci-
tation, increased motor activity, tremors and gasping.
Deaths always occurred in the first 10 min, with symptoms
of asphyxia. When the animals survived the treatment, all
the above symptoms completely disappeared in about 30 min.
LD;, and confidence limits (95%) of compounds 7 and 8,
as well as those of isopethidine, are reported in Table 1V.

Table IV. Acute toxicity. *

Compound LD, Confidence limits
(mg/kg) 0O5%)

Isopethidine 156.60 166.40—147.30

7 130.80 147.14—116.40

8 143.44 165.60—127.16

* All values are referred to the free bases.

Conclusions

The results of our experiments demonstrated that the
compounds 7 and 8 share practically the same pharmaco-
logical activities and that their potencies relative to the
comparison substance, isopethidine, are almost equal.

In the same dose range, both compounds 7 and 8 elicit
in vitro evident inhibitory effects on guinea pig ileal con-
tractions induced by acetylcholine. Both compounds (which,
as stated above, in a pilot experiment appear to be devoid

of any anti-nociceptive effect) produce, again in the same
dose range, similar toxicological symptoms. Thus, our
results suggest that it is not possible to differentiate between
the conformations of the two epimers on the basis of their
pharmacological and toxicological effects.

Experimental protocols

Chemical synthesis

Boiling points are uncorrected. Melting points were taken on a Biichi
SMP-20 apparatus and are uncorrected. NMR spectra were recorded
on a Varian EM-390, 90 MHz instrument, using TMS as the internal
standard. IR-spectra were obtained with a Perkin—Elmer 297 spectro-
photometer. Mass spectra were determined on a low resolution
Hewlett—Packard 5980 A mass spectrometer. The elemental analyses
were performed by the Microanalytical Laboratory of the Department
of Chemical Sciences of the University of Camerino and were within
+ 0.4% of the calculated values. Chromatographic separations were
performed on silica gel columns (Kieselgel 40, 0.063—0.200 mm,
Merck). Re values were determined with silica gel TLC plates (Kieselgel
60, Fys,, layer thickness 0.25 mm, Merck).

N‘;’Methyl-I,Z-dihydropyridine 1 and N-methyl-1,2,5,6-tetrahydropy-
ridine 2

A solution of 50 g (0.226 mol) of N-methylpyridinium iodide in 14 ml
of water was added rapidly, under nitrogen at 15°C, to a stirred mixture
of 130 ml of 11.24 N NaOH, 130 ml of methanol, 300 ml of
n-hexane and 5.6 g (0.148 mol) of NaBH, . The mixture was stirred
for 6 min, the n-hexane layer was separated and the aqueous phase
was extracted with two 100 ml portions of n#-hexane. The combined
n-hexane extracts were dried over anhydrous sodium sulfate, filtered
and evaporated under reduced pressure to yield a mixture of 1 and 2
(6.48 g) which was not resolved, but their percent ratio was established
by NMR analysis immediately after evaporation of the solvent with
the following results: N-methyl-1,2-dihydropyridine 1 759%;; N-methyl-
1,2,5,6-tetrahydropyridine 2 25%. NMR were virtually identical with
those reported in the literature [25, 26].

2-Methyl-6-exo-phenyl-6-endo-carbethoxy-2-azabicyclo[2.2.2] oct-7-ene 3
and  2-methyl-6-endo-phenyl-6-exo-carbethoxy-2-azabicyclo|2.2.2] oct-7-
ene 4

A solution of 29 g (0.164 mol) of ethyl atropate in 40 ml of n-hexane
was added dropwise under nitrogen atmosphere at room temperature
to 6.4 g of a stirring mixture of 4.8 g (50 mmol) of N-methyl-1,2-
dihydropyridine 1 and 1.6 g (16 mmol), of N-methyl-1,2,5,6-tetrahydro-
pyridine 2 (according to *H NMR analysis) in 500 m! of n-hexane.
Stirring at 20°C was continued for 30 h, the reaction mixture was
filtered, the filtrate was evaporated in vacuo and the residue acidified
(4 N HCI) and washed with diethyl ether. The acidic layer was made
basic (30% NHOH) and extracted several times with diethy! ether.
The combined extracts were washed (brine), dried over anhydrous
sodium sulfate, filtered (silica gel) and concentrated under reduced
pressure to give 8 g (58.4%,) of a crude mixture of the isomers 3 and 4,
which after several fractional crystallizations from ethanol gave the
pure isomers 3 (2.34 g, 7.2%) and 4 (0.8 g, 5.8 %) with identical mole-
cular weights (m/e = 271 from mass spectrum) but different melting
points, NMR (Table I) and IR-spectra (Table II).

2-Methyl-6-exo-phenyl-6-endo-carbethoxy-2-azabicyclo[2.2.2) octane 7
(Method A)

A solution of 1.74 g (6.4 mmol) of 3 in 220 ml of ethanol was hydro-
genated over 0.33 g of 59 palladium-on-charcoal for 5 h at room
temperature and 3.4 atm. The reaction mixture was filtered and the
filtrate evaporated in vacuo to give 1.65 g (94%) of 7 (Table II).

IH NMR in CDCl,: § 7.45—7.0 (m, 5H, aromatic), 3.95 (q, 2H,
~—0CH,CH,), 2.36 (s, 3H, —NCHj,), 1.04 (t, 3H, —OCH,CHj;) ppm.
MS: mfe = 273 (M*).
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2-Methyl-6-endo-phenyl-6-exo-carbethoxy-2-azabicyclo[2.2.2] octane 8
(Method A)

A solution of 3.12 g (11.5 mmol) of 4 in 300 ml of ethanol was hydro-
genated over 0.6 g of 5% palladium-on-charcoal for 5 h at room
temperature and 3.4 atm. The catalyst was filtered off and the solvent
removed irn vacuo. Distillation of the residue afforded 2.8 g (90%)
of pure 8 as a colorless oil (Table II).

H NMR in CDCly: 8 7.5—7.0 (im, 5H, aromatic), 4.0 (q, 2H, —OCH,
CH,), 3.51 (t, 1H, Hp), 2.38 (s, 3H, —NCHj,), 1.05 (t, 3H, —OCH,-
CH,) ppm. MS: mfe = 273 (M¥).

2-Methyl-6-exo-phenyl-6-endo-carbethoxy-2-azabicyclo[2.2.2} octane 7
and 2-methyl-6-endo-phenyl-6-exo-carbethoxy-2-azabicyclo|2.2.2]octane 8
(Method B)

A solution of 1.45 g (5.35 mmol) of the isomers 3 and 4 in 150 ml of
ethanol was hydrogenated over 0.3 g of 5% palladium-on-charcoal
for 5 h at room temperature and 3.4 atm. The catalyst was filtered off,
the solvent removed in vacuo and the residue was chromatographed
on silica gel. Elution with a mixture of ammonium hydroxide/ethanol/
methylene chloride/diethyl ether/petroleum ether (1:10:40:40:100)
yielded 0.89 g (59.3%, Ry = 0.76) of 7 and 0.29 g (209, R; = 0.65)
of 8.

Hydrochlorides of 2-azabicyclo|2.2.2Joct-7-enes 3, 4 and 2-azabicyclo-
[2.2.2)octanes 7, 8

Dry hydrochloric acid was bubbled into a solution of the base in anhy-
drous ethyl ether. The white precipitate was filtered and recrystallized
(Table 1I).

Biological methods

The single-dose toxicity and the in vitro anti-acetylcholine activity
of compounds 7 and 8 (hydrochlorides) were studied.

The single-dose toxicity was determined in male albino mlce of the
Swiss strain (Charles River, Como, Italy), while the anti-acetylcholine
effect was studied on the isolated, acetylcholine-stimulated, guinea
pig ileum.

The drugs were always dlssolved in distilled water, and for in vivo
experiments, they were administered intraperitoneally to 24 h fasted
mice, in a volume of 1 ml/100 g of bw. Isopethidine hydrochloride [22]
was employed as a comparison substance.

In vitro experiments

Terminal pieces of guinea pig ileum (350—450 g) were suspended in
15 ml of aerated Krebs solution, kept at 32°C and washed by overflow.
The Krebs solution was modified according to G. Bertaccini and
P. Zamboni [23]. The movements of the gut were recorded with a
frontal-writing lever with a two-fold magnification. The dose which
reduced the ileal response by 509 to a fixed concentration (5 ng/ml)
of acetylcholine was determined for each substance.

In vivo experiments
Acute single dose toxicity. For each substance, 40 mice, divided into
groups of 10 animals each, were used. The median lethal dose (LDj,)

was determined by evaluating the effect of single intraperitoneal doses,
14 days after the administration of the drugs. The LDg, was estimated
according to the method of Weil [24].
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