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AbstractÐTwo subseries of nonquaternized (5a±10a) and quaternized derivatives (5b±10b) related to oxotremorine and oxo-
tremorine-M were synthesized and tested. The agonist potency at the muscarinic receptor subtypes of the new compounds was
estimated in three classical in vitro functional assays: Ml rabbit vas deferens, M2 guinea pig left atrium and M3 guinea pig ileum. In
addition, the occurrence of central muscarinic e�ects was evaluated as tremorigenic activity after intraperitoneal administration in
mice. In in vitro tests a nonselective muscarinic activity was exhibited by all the derivatives with potencies values that, in some
instances, surpassed those of the reference compounds (i.e. 8b). Functional selectivity was evidenced only for the oxotremorine-like
derivative 9a, which behaved as a mixed M3-agonist/Ml-antagonist (pD2=5.85; pA2=4.76, respectively). In in vivo tests non-
quaternary compounds were able to evoke central muscarinic e�ects, with a potency order parallel to that observed in vitro. # 1999
Elsevier Science Ltd. All rights reserved.

Introduction

The muscarinic receptor population represents a class of
cholinergic receptors abundant in the parasympathetic
and in the central nervous systems, where they mediate
both excitatory and inhibitory e�ects.1 At present, the
muscarinic receptor pharmacological classi®cation dis-
tinguishes among M1, M2, M3, and M4 subtypes. A ®fth
subtype, termed m5, has been predicted by molecular
cloning studies, even though its physiological role is at
present missing.2 The characterization of these multiple
muscarinic receptors came from the availability of
ligands, primarily antagonists, able to selectively inter-
act with one of the subtypes.3±6 In the last decade a
number of potent and selective muscarinic antagonists
has been successfully designed.7±11 However, current
interest is also addressed to the research of agonists,
since the development of new highly potent and subtype-
selective muscarinic receptor agonists could provide

both improved experimental tools and novel therapeutic
agents, useful, for example, in the treatment of pain and
Alzheimer's disease.12,13

In the course of previous studies on the structure±activ-
ity relationships of muscarinic ligands structurally rela-
ted to natural muscarine 1,14±18 we synthesized the
highly e�ective agonist azamuscarone 2 (Fig. 1), which
proved to be as potent as the parent compound at gui-
nea pig, atrial and ileal muscarinic sites.14,15 More
recently, we prepared derivatives 5a, 6a, and 6b (Fig. 1)
by incorporating the isoxazolidin-3-one moiety of 2 into
the skeleton of the potent yet nonselective muscarinic
agonists oxotremorine (3) and oxotremorine-M (4).19

Compounds 5a, 6a,b displayed di�erent binding a�-
nities at brain and heart muscarinic subtypes.19

Based on these preliminary results, a larger set of oxo-
tremorine/oxotremorine-M-like derivatives has been
designed by modifying further both the nature of
the heterocyclic ring and the attachment point of the
acetylenic side chain. Accordingly, in addition to the
isoxazolidin-3-one derivatives 5a,b±6a,b, we prepared
and tested the regioisomeric �2-isoxazolinyl-ethers
7a,b±8a,b and the related isoxazolyl-ethers 9a,b±10a,b
(Fig. 1).
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This paper deals with the synthesis of derivatives 5a,b±
10a,b and the evaluation of their pharmacological pro-
®le by classical in vitro functional assays, in order to
estimate their agonist potency at muscarinic Ml, M2,
and M3 receptor subtypes. In addition, we investigated
the ability of the compounds under study to produce
tremor in mice after ip administration. Such a symptom
can be taken as a measure of the activity of the com-
pounds at central muscarinic receptors.20

Chemistry

Target compounds were synthesized along the reaction
sequences reported in Schemes 1 and 2. Isoxazolidin-3-
one 13 was conveniently prepared by converting
known 3-nitro-�2-isoxazoline 1121 into the corresponding

3-benzyloxy derivative 12, followed by catalytic hydro-
genolysis (Scheme 1). Electrophilic addition of 1,4-
dichloro-2-butyne to 13, carried out in re¯uxing acetone
in the presence of K2CO3, produced a 4:1 mixture of
regioisomers 14 and 15a (Scheme 1). The N- and O-
alkynyl derivatives 14 and 15a were easily separated by
column chromatography (42% overall yield). Their
structure was assigned by taking into account the dif-
ference between the 1H NMR chemical shift value of the
CH2 protons attached to the heteroatom in the side
chain (4.34 d for 14 and 4.82 d for 15a).22 The high
regioselectivity of the alkylation step hampered the
application of this reaction sequence to the preparation
of the �2-isoxazoline derivatives 7a,b and 8a,b. Alter-
natively, by re¯uxing 11, 2-butyne-1,4-diol and sodium
hydride in THF, primary alcohol 15b was isolated in
51% yield. Such an intermediate was then transformed

Figure 1.

Scheme 1. (a) C6H5CH2OLi/DMSO; (b) H2±Pd/C, 5%; (c) 1,4-dichloro-2-butyne, K2CO3/acetone; (d) 2-butyne-1,4-diol, NaH/THF; (e) MsCl,
NEt3/CH2Cl2.
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into the corresponding mesylate 15c by a standard pro-
cedure (Scheme 1). The preparation of intermediate
isoxazolyl-ether 17 (Scheme 1) was achieved through the
reaction of 3-hydroxyisoxazole 1623 with 1,4-dichloro-2-
butyne, according to the procedure previously applied
to 13.

The desired ®nal compounds were synthesized by treat-
ment of the suitable intermediate (14, 15c or 17) with a
DMF (or methanol) solution of pyrrolidine (dimethyl-
amine) at room temperature (Scheme 2). 1-Pyrrolidi-
noalkynyl (5a, 7a, 9a) or dimethylaminoalkynyl (6a, 8a,
10a) derivatives were then converted into the corres-
ponding oxalates, or quaternized with iodomethane to
yield the trimethylammonium salts 5b±10b.

Results and Discussion

The pharmacological evaluation of the agonist potency
and selectivity of compounds 5±10 towards Ml, M2, and
M3 muscarinic receptors was performed in vitro on
three suitable preparations. Rabbit electrically-stimu-
lated vas deferens, guinea pig electrically-driven left
atrium and guinea pig ileum were used, respectively,
since in each preparation the functional response is pri-
marily due to the activation of a single receptor popu-
lation subtype.24±26 Oxotremorine and oxotremorine-M

were adopted as reference compounds and the results on
the ®rst functionally selective muscarinic agonist McN-
A-343 were also taken into account. Further experi-
ments were performed in vivo on mice to evaluate the
ability of the new muscarinic agonists to produce cen-
tral cholinergic e�ects, through the detection of their
tremorigenic activity after peripheral administration.

The conventional muscarinic agonists oxotremorine and
oxotremorine-M, the prototype molecules of the two
subseries of compounds assayed (5a,b, 7a,b, 9a,b and
6a,b, 8a,b, 10a,b, respectively), exhibited a good potency
in stimulating vas deferens (M1), atrial (M2) and ileal
(M3) receptors, although with a low selectivity (Table
1). Within the oxotremorine-like derivatives 5a,b, 7a,b,
9a,b, the only isosteric replacement of the methylene
group in the pyrrolidin-2-one ring with oxygen gave a
compound (5a) with a M3 potency superimposable to
that of the prototype compound, along with a slightly
higher ileum/vas deferens selectivity. On the contrary,
the corresponding trimethylammonium derivative 5b
showed an overall decrease in agonist potency at all the
muscarinic receptor subtypes.

In the same subset of compounds, on passing from iso-
xazolidin-3-ones (5a,b) to �2-isoxazoline (7a,b) and iso-
xazole (9a,b) derivatives, di�erent pharmacological
pro®les emerged. Between �2-isoxazoline derivatives 7a
and 7b, only 7b showed an increased potency when
compared to the corresponding regioisomer 5b, whereas
lower or comparable potency was observed when the
results of the isoxazole congeners 9a and 9b were taken
into account. Interestingly enough, 9a and 9b were able
to discriminate the muscarinic receptor subtypes.
Methiodide 9b showed a M1/M2 potency ratio of about
30, whereas the non quaternized analogue 9a exhibited
di�erent e�cacy at Ml, M2, and M3 muscarinic
receptors. This latter compound was in fact able to
fully induce M3-mediated ileal contractions (pD2=
5.85�0.05), while showing only a partial M2-related
inhibition of the inotropism in electrically-driven left
atrium (pD2=6.31�0.01, a=0.5) (Fig. 2). As expected
for a partial agonist, in this preparation 9a antagonized
oxotremorine concentration±response curves (pKB=
5.22�0.21).

Finally, in electrically-stimulated vas deferens, 9a, up to
0.1mM, did not produce any Ml-dependent inhibition
of twitch response but, on the contrary, it acted as a
competitive antagonist in inhibiting McN-A-343
induced responses (pA2=4.76�0.9, Fig. 3). The pro®le
of this oxotremorine-like agonist clearly di�ered from
that of oxotremorine, since 9a was a mixed muscarinic
agonist/antagonist. It behaved as a full M3 agonist, a
partial agonist at M2 receptors and a competitive
antagonist at M1 receptors (intrinsic activity equal to 1,
0.5 and 0, respectively). Based on these results, such a
compound can be classi®ed as a functionally selective
M3 agonist, according to the criteria postulated for
McN-A-343.27

As far as the oxotremorine-M-like derivatives 6a,b,
8a,b, 10a,b are taken into account, isoxazolidin-3-one

Scheme 2. (a) Pyrrolidine, DMF; (b) NMe2, DMF; (c) C2H2O4, ether;
(d) CH3I, ether.
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trimethylammonium derivative 6b showed a pharmaco-
logical pro®le quite superimposable to that of the parent
compound, whereas a drop in the agonist potency was
found for the corresponding non quaternized analogue
6a. The data obtained for 6b con®rm its full potent
muscarinic agonism, as already anticipated by radio-
ligand binding assays.19 Conversely, the predicted
relevant M2/M1 selectivity19 has not been corroborated
by the present functional results.

The introduction of the �2-isoxazolinyl-ether moiety
gave either compound 8a, which was almost equiactive,
or the related methiodide 8b, which was signi®cantly
more potent than the reference agonist. In particular,

8b proved to be the most potent, albeit non selective,
muscarinic agonist in the present study, since its
potency (pD2 from 9.78 to 10.1) was about 25- to 150-
fold higher than that estimated for oxotremorine-M. A
parallel trend was observed by considering the results
on the related isoxazole derivatives, since 10a was about
100-fold less potent than the corresponding trimethy-
lammonium salt 10b, which retained (or increased) the
potency values found for oxotremorine-M.

On the whole, the introduction of a cationic trimethyl-
ammonium head brought about a remarkable increase
of in vitro agonist potency at muscarinic receptors.

Table 1. In vitro potencies (pD2 values) of oxotremorine (Oxo), oxotremorine-M (Oxo-M) and 5a,b±10a,b at muscarinic receptor subtypes and in

vivo tremorigenic activity in mice (ED50 values) (data for the muscarinic agoinst McN-A-343 are also included)a

Compd Electrically-stimulated
rabbit vas deferens (M1-receptor)

Electrically-driven
guinea pig left atrium (M2-receptor)

Guinea pig ileum
(M3-receptor)

Tremor ED50

(mg mgÿ1 ip)

Oxo 7.72�0.20 8.41�0.06 7.98�0.09 0.58
5a 7.31�0.11 7.73�0.10 7.98�0.12 2.73
5b 6.27�0.02 6.95�0.07 6.89�0.09 >4.0
7a 6.76�0.16 7.00�0.07 7.41�0.03 1.58
7b 8.99�0.01 8.30�0.03 8.80�0.03 >4.0
9a 4.76�0.09b 6.31�0.01c 5.85�0.05 >30.0
9b 5.68�0.07 7.20�0.07 7.01�0.07 >4.0

Oxo-M 7.85�0.08 7.94�0.03 8.40�0.03 >4.0d

6a 6.82�0.17 6.62�0.07 8.01�0.07 3.68
6b 8.16�0.12 8.36�0.05 8.63�0.09 >4.0d

8a 7.77�0.17 7.94�0.09 8.23�0.06 0.26
8b 9.87�0.07 10.1�0.13 9.78�0.10 >0.1d

10a 6.47�0.11 6.66�0.06 6.37�0.08 13.74
10b 8.47�0.08 8.54�0.03 8.34�0.11 >4.0d

McN-A-343 6.45�0.09 Inactive 5.48�0.03e >20.0

a Mean values �SEM are given for each parameter.
b pA2 value versus McN-A-343 response.
c Intrinsic activity (a) is equal to 0.5 (otherwise a=1).
d Lethal e�ects were observed.
e The value was taken from ref 33, where the conventional M3-blockers unsurmountably antagonized McN-A-343 response.

Figure 2. Concentration±response curves of 9a on (RVD) rabbit vas
deferens twitch responses, (GPA) electrically-driven guinea pig left
atrium inotropism and (GPI) guinea pig ileum resting tone. Lack of
M1 agonism (*), M2 partial agonism (&) and M3 full agonism (~)
are expressed as percentage of the maximum response to oxotremorine
in the di�erent preparations. Each point is the mean of ®ve experi-
ments and vertical lines indicate SEM.

Figure 3. Concentration±response curves to McN-A-343 in elec-
trically-stimulated rabbit vas deferens, in the absence (^) and pre-
sence of 10 mM (~), 30mM (&) and 100mM (*) 9a. Points are means
with SEM (n=3). Inset: Schild plot for the antagonism of McN-A-
343-induced inhibitory e�ects by 9a. Points are individual observa-
tions; the slope of the regression line (1.15�0.16) is not signi®cantly
di�erent from unity (P>0.05).
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The sole exception is represented by the pair 5a/5b, 5b
being less active than the non quaternized counterpart
5a, which is actually the closest structural analogue of
oxotremorine within the compounds under study. All
the methiodides were devoid of subtype selectivity
except 9b, which displayed a certain ability to dis-
criminate the M2 receptor subtype.

In in vivo studies on central muscarinic activity, oxo-
tremorine-M as well as all the trimethylammonium
agonists 5b±10b failed, as expected, to produce tremor
when given up to 4mgkgÿ1 ip in mice, although they
produced peripheral cholinergic e�ects (Table 1). In
detail, following the administration of oxotremorine-M
and dimethylamino methiodides 6b, 8b, and 10b, lethal
e�ects were observed, probably due to cardiovascular
and respiratory e�ects caused by peripheral muscarinic
receptors overstimulation. On the other hand, pyrroli-
dino methiodides 5b, 7b, and 9b evoked only para-
sympathomimetic responses, such as salivation (data
not reported). The non quaternized compounds 5a, 6a,
7a, 8a, and 10a caused a cholinergic-mediated tremor,
exhibiting a potency order, in the stimulation of central
muscarinic receptors, similar to that observed in iso-
lated tissue preparations.

The low muscarinic potency detected for 9a in in vitro
tests was consistent with in vivo experiments, where it
failed to induce both central (tremor) and peripheral
(salivation) e�ects, even when administered up to high
doses (30mg kgÿ1 ip). No salivation was produced also
by high doses of the non-tremorigenic muscarinic ago-
nist McN-A-343, which shared with 9a a poor M3

activity at guinea pig ileum subtype.

Conclusion

The overall data of the present investigation evidenced
that the new oxotremorine/oxotremorine-M-like analo-
gues retained variable muscarinic agonist activity with
respect to the parent agonists. The most interesting
results, in terms of potency or selectivity, were achieved
when the pyrrolidin-2-one ring was replaced either by
the �2-isoxazoline or the isoxazole moieties, with a
concomitant shift of the acetylenic side chain. The ®rst
modi®cation produced trimethylammonium derivative
8b, which showed an unusual high potency in stimulat-
ing muscarinic receptors. This compound can be inclu-
ded in the group of highly powerful muscarinic agonists,
potentially useful as a new experimental tool. On the
other hand, the introduction of the isoxazole nucleus
(i.e. a heteroaromatic ring) gave rise to 9a and 9b that,
quite peculiarly, discriminated muscarinic receptor sub-
types. While 9b preferentially activated M2 atrial recep-
tors, the formal oxotremorine analogue 9a behaved as a
functionally selective M3 muscarinic agonist, and may
represent a reference compound for the design of new
muscarinic agonists with enhanced selectivity, addressed
towards M3 receptors. Indeed, the availability of selec-
tive M3 muscarinic agonists may be advantageous in the
therapy of atonic conditions of the gastrointestinal/
urogenital tract.28

Experimental

Material and methods

1H NMR spectra were recorded with a Bruker AC-E
200 (200mHz) spectrometer in CDCl3 solutions (unless
otherwise indicated); chemical shifts (d) are expressed in
ppm and coupling constants (J) in Hertz. TLC analyses
were performed on commercial silica gel 60 F254 alumi-
num sheets; spots were further evidenced by spraying
with a dilute alkaline potassium permanganate solution.
Melting points were determined with a BuÈ chi Mod.B
540 apparatus and are uncorrected. Liquid compounds
were characterized by the oven temperature for Kugel-
rohr distillations. Microanalyses (C, H, N) of new
compounds agreed with the theoretical value �0.4%.
3-Nitro-�2-isoxazoline 11 and 3-hydroxyisoxazole 16
were prepared according to published procedures.21,23

Oxotremorine sesquifumarate and oxotremorine-M
were purchased from Sigma.

Synthesis of 2-(4-chloro-2-butynyl)-isoxazolidin-3-one 14.
A. To a solution of 63mL (65.77 g, 0.608mol) of benzyl
alcohol in DMSO (300mL) were added dropwise 59mL
of butyllithium 1.6 M in hexane at 0�C under stirring.
To the resulting suspension, maintained under stirring
for additional 30min, a solution of 1121 (4.80 g,
41.30mmol) in DMSO (20mL) was added at room
temperature. After stirring overnight, the reaction mix-
ture was poured into 400mL ice-water, then extracted
with 5�100mL portions of ether. The pooled organic
extracts were dried over anhydrous sodium sulphate
and concentrated at reduced pressure. The crude reac-
tion mixture was ®rst distilled at 100�C/10mm Hg, then
submitted to silica gel column chromatography (eluant:
20% ethyl acetate/petroleum ether) to yield 4.46 g
(61%) of the desired benzyl ether.

3-Benzyloxy-�2-isoxazoline 12: light-yellow liquid, bp
120±125�C/0.5mm Hg; Rf 0.31 (15% ethyl acetate/cy-
clohexane); 1H NMR 3.01 (t, 2, H-4, J=9.5), 4.43 (t, 2,
H-5, J=9.5), 5.16 (s, 2, CH2Ph), 7.39 (bs, 5, arom.).

B. A solution of 4.20 g (23.73mmol) of 12 in 50mL
MeOH was hydrogenated at atmospheric pressure over
5% Pd/C (450mg). After absorption of one equivalent
of hydrogen, the catalyst was removed by suction ®l-
tration over Celite and the solvent was evaporated
under vacuum to give a crystalline residue of 13 (1.98 g,
96% yield). Isoxazolidin-3-one 13: mp 71±71.5�C (col-
orless prisms from 50% ethyl acetate/petroleum ether);
Rf 0.16 (50% ethyl acetate/cyclohexane); 1H NMR 2.76
(t, 2, H-4, J=8.2), 4.42 (t, 2, H-5, J=8.2), 9.21 (bs, 1,
NH, exchanges with D2O).

C. To a solution of 13 (1.80 g, 20.69mmol) in acetone
(20mL) was added potassium carbonate (5.72 g,
41.38mmol). The suspension was heated at re¯ux for
1 h, then cooled at room temperature. 1,4-Dichloro-2-
butyne (12.13mL, 0.124mol) was hence added and,
after re¯uxing for 24 h, the crude reaction mixture was
poured into water (100mL) and extracted with dichloro-
methane (3�50mL). After the usual work up, the dark
brown residue was chromatographed on silica gel
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(eluant: 40% ethyl acetate/petroleum ether) to give
regioisomers 14 (1.22 g, 34% yield) and 15a (0.280 g,
7.8% yield).

2-(4-Chloro-2-butynyl)-isoxazolidin-3-one 14: mp 73.5±
74.5�C (pale-yellow prisms from 10% ethyl acetate/pet-
roleum ether); Rf 0.19 (30% ethyl acetate/cyclohexane);
1H NMR 2.78 (t, 2, H-4, J=8.1), 4.14 (t, 2, CH2Cl,
J=1.8), 4.34 (t, 2, CH2N, J=1.8), 4.38 (t, 2, H-5,
J=8.1). Anal. C7H8ClNO2 (C, H, N).

3-(4-Chloro-2-butynyl)oxy-�2-isoxazoline 15a: colorless
liquid, bp 115±120�C/0.5mm Hg; Rf 0.61 (30% ethyl
acetate/cyclohexane); 1H NMR 3.0 (t, 2, H-4, J=9.6),
4.18 (t, 2, CH2Cl, J=1.8), 4.43 (t, 2, H-5, J=9.6), 4.82
(t, 2, OÿCH2ÿC�, J=1.8). Anal. C7H8ClNO2 (C, H, N).

Synthesis of 3-(4-hydroxy-2-butynyl)oxy-�2-isoxazoline
mesylate 15c. A. To a stirred solution of 2-butyne-1,4-
diol (11.13 g, 0.129mol) in THF (120mL) was added
portionwise sodium hydride (3.57 g, 0.149mol) under an
inert atmosphere. After stirring for 30min at room
temperature, a solution of 11 (5.0 g, 43.10mmol) in
THF (40mL) was added dropwise, and the reaction
mixture was heated at re¯ux for 24 h. After careful
addition of water (70mL), the crude reaction was con-
centrated at reduced pressure and extracted with ethyl
acetate (6�50mL). After the usual work up, the residue
was submitted to column chromatography (eluant: 50%
petroleum ether/ethyl acetate) to a�ord 3.39 g (51%) of
the desired unsaturated primary alcohol.

3-(4-Hydroxy-2-butynyl)oxy-�2-isoxazoline 15b: color-
less liquid, bp 180±185�C/0.5mm Hg, Rf 0.35 (40% cy-
clohexane/ethyl acetate); 1H NMR 1.68 (bs, 1, OH),
3.01 (t, 2, H-4, J=9.5), 4.34 (t, 2, CH2OH, J=1.8), 4.42
(t, 2, H-5, J=9.5), 4.80 (t, 2, OÿCH2ÿC�, J=1.8).
Anal. C7H9NO3 (C, H, N).

B. To a solution of 15b (3.23 g, 20.97mmol) and tri-
ethylamine (4.35mL, 31.20mmol) in dichloromethane
(80mL) a solution of methanesulfonyl chloride
(2.42mL, 31.20mmol) in dichloromethane (20mL) was
added dropwise at 0�C. After stirring for 5 h at room
temperature, 1 N HCl (50mL) was added, the phases
were separated and the aqueous layer was extracted
with dichloromethane (3�30mL). After the usual work
up, the residue was column chromatographed (eluant:
50% petroleum ether/ethyl acetate) to give 3.65 g (75%)
of ester 15c.

3-(4-Hydroxy-2-butynyl)oxy-�2-isoxazoline mesylate 15c:
mp 49±50�C (colorless prisms from 30% ethyl acetate/
petroleum ether); Rf 0.43 (40% cyclohexane/ethyl ace-
tate); 1H NMR 3.01 (t, 2, H-4, J=9.4), 3.17 (s, 3, CH3),
4.43 (t, 2, H-5, J=9.4), 4.83 (bs, 2, OÿCH2ÿC�), 4.94
(bs, 2, CH2OSO2). Anal. C8H11NO5S (C, H, N).

Synthesis of 3-(4-chloro-2-butynyl)oxyisoxazole 17. The
title compound was prepared in 36% yield from 16,23

following the procedure described above for the
synthesis of 14 and increasing the overall re¯uxing time
to 48 h.

3-(4-Chloro-2-butynyl)oxyisoxazole 17: colorless liquid,
bp 125±130�C/0.5mm Hg; Rf 0.32 (10% ethyl acetate/
cyclohexane); 1H NMR 4.20 (s, 2, CH2Cl), 4.94 (s, 2,
OCH2C�), 6.01 (d, 1, H-4, J=1.8), 8.16 (d, 1, H-5,
J=1.8). Anal. C7H6ClNO2 (C, H, N).

General procedure for the synthesis of derivatives 5a,b
and 10a,b. The following protocol is representative.

A. A stirred solution of 14 (1.0 g, 5.76mmol) in DMF
(20mL) was reacted at room temperature with pyrroli-
dine (952 mL, 11.52mmol). After completion of the
conversion (about 3 h), the crude reaction mixture was
distilled at 50�C/0.5mmHg and the residue, acidi®ed by
addition of 30mL 2 N HCl, was treated with ether
(3�10mL). The residual aqueous phase was made
alkaline by portionwise addition of solid K2CO3 and
extracted with dichloromethane (4�20mL).The pooled
organic extracts were dried over anhydrous sodium
sulphate, the solvent was evaporated under vacuum and
the oily residue was puri®ed by silica gel column
chromatography (eluant: 2±5% methanol/dichloro-
methane) to a�ord 0.616 g (51% yield) of the desired
tertiary amine.

2-[4-(1-Pyrrolidino)-2-butynyl]-isoxazolidin-3-one 5a:
colorless oil, bp 140±145�C/0.5mm Hg; Rf 0.39 (10%
methanol/chloroform); 1H NMR 1.80 (m, 4), 2.60 (m,
4), 2.77 (t, 2, H-4, J=8.1), 3.42 (t, 2, NCH2ÿC�,
J=1.9), 4.31 (t, 2, �CÿCH2NÿO, J=1.9), 4.36 (t, 2, H-
5, J=8.1).

B. To a solution of 5a (0.370 g, 1.78mmol) in MeOH
(5mL) was added a solution of anhydrous oxalic acid
(0.320 g, 3.56mmol) in ether (20mL). The correspond-
ing sesquioxalate precipitated quantitatively on stand-
ing. 5a �1.5 C2H2O4: mp 123±124�C (colorless prisms
from 2-propanol). Anal. C14H19N2O8 (C, H, N).

C. An ethereal solution of 5a was treated with a ®vefold
excess of methyl iodide at room temperature. The cor-
responding trimethylammonium derivative precipitated
quantitatively as a thick colorless oil, which did not
crystallize in di�erent solvent mixtures.

2-[4-(1-Pyrrolidino)-2-butynyl]-isoxazolidin-3-one meth-
iodide 5b: 1H NMR 2.32 (m, 4), 2.82 (t, 2, H-4, J=8.0),
3.46 (s, 3, NMe), 3.86 (m, 2), 4.02 (m, 2), 4.37 (t, 2,
�CÿCH2NÿO, J=1.9), 4.41 (t, 2, H-5, J=8.0), 4.82 (t, 2,
MeNCH2ÿC�, J=1.9). Anal. C12H19IN2O2 (C, H, N).

Dimethylamino derivative 6a was synthesized through
reaction of 14 with dimethylamine, with a procedure
similar to that applied for the preparation of 5a.
The desired compound was obtained in 65% yield
after column chromatography (eluant: 5% methanol/
dichloromethane).

2-[4-(Dimethylamino)-2-butynyl]-isoxazolidin-3-one 6a:
colorless liquid, bp 130±135�C/0.5mm Hg; Rf 0.40 (10%
methanol/chloroform); 1H NMR 2.38 (s, 6, NMe2), 2.78
(t, 2, H-4, J=8.1), 3.37 (t, 2, CH2NMe2, J=1.9), 4.33 (t,
2, C�CH2NÿO, J=1.9), 4.38 (t, 2, H-5, J=8.1).
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6a�C2H2O4: mp 130.5±131.5�C (colorless prisms from
2-propanol). Anal. C11H16N2O6 (C, H, N). 2-[4-(Di-
methylamino)-2-butynyl]-isoxazolidin-3-one methiodide
6b: mp 182.5±183.5�C, dec. (colorless prisms from 2-
propanol); 1H NMR (DMSO-d6) 2.81 (t, 2, H-4,
J=8.0), 3.15 (s, 9, NMe3), 4.37 (t, 2, H-5, J=8.0), 4.42
(bs, 2, C�CH2NÿO), 4.49 (bs, 2, CH2NMe3). Anal.
C10H17IN2O2 (C, H, N).

Compound 7a was prepared according to the procedure
described for 5a, by using mesylate 15c as the substrate
and methanol (instead of DMF) as the solvent. In this
instance the reaction time was increased to 24 h. Ter-
tiary base 7a was obtained as a pure compound in 64%
yield, after solvent extraction and distillation at reduced
pressure.

3-[4-(1-Pyrrolidino)-2-butynyl]oxy-�2-isoxazoline 7a:
pale-yellow liquid, bp 150±155�C/0.5mm Hg; Rf 0.45
(10% methanol/chloroform); 1H NMR 1.81 (m, 4), 2.62
(m, 4), 3.0 (t, 2, H-4, J=9.5), 3.48 (t, 2, NCH2C�,
J=1.9), 4.41 (t, 2, H-5, J=9.5), 4.80 (t, 2, OCH2 C�,
J=1.9).

7a�C2H2O4: mp 118.5±119.5�C (colorless prisms from
2-propanol). Anal. C13H18N2O6 (C, H, N).

3-[4-(1-Pyrrolidino)-2-butynyl]oxy-�2-isoxazoline meth-
iodide 7b: mp 101±102�C (colorless powder from 2-
propanol). 1H NMR 2.34 (m, 4), 3.02 (t, 2, H-4, J=9.5),
3.46 (s, 3, NMe), 3.87 (m, 2), 4.07 (m, 2), 4.45 (t, 2, H-5,
J=9.5), 4.83 (bs, 2, OCH2C�) 4.94 (bs, 2, CH3NCH2).
Anal. C12H19IN2O2 (C, H, N).

Dimethylamino derivative 8a was synthesized through
reaction of 15c with a methanol solution of dimethyl-
amine. The desired tertiary base was obtained in 69%
after the extraction procedure, followed by distillation
at reduced pressure.

3-[4-(Dimethylamino)-2-butynyl]oxy-�2-isoxazoline 8a:
colorless liquid, bp 125±130�C/0.5mm Hg; Rf 0.49
(10% methanol/chloroform); 1H NMR 2.32 (s, 6,
NMe2), 3.01 (t, 2, H-4, J=9.7), 3.37 (t, 2, CH2NMe2,
J=2.2), 4.42 (t, 2, H-5, J=9.7), 4.81 (t, 2, OCH2C�,
J=2.2).

8a�C2H2O4: mp 132.5±133.5�C (colorless prisms from
2-propanol). Anal. C11H16N2O6 (C, H, N). 3-[4-(Di-
methylamino)-2-butynyl]oxy-�2-isoxazoline methiodide
8b: mp 211.5±212.5�C, dec. (colorless prisms from 2-
propanol); 1H NMR (DMSO-d6) 3.07 (t, 2, H-4,
J=9.8), 3.17 (s, 9, NMe3), 4.37 (t, 2, H-5, J=9.8), 4.49
(bs, 2, OCH2C�), 4.99 (bs, 2, CH2NMe3). Anal. C10H17

IN2O2 (C, H, N).

Isoxazole 9a was prepared, similarly to �2-isoxazoline
7a, by reacting intermediate 17 with a methanol solution
of pyrrolidine at room temperature. The desired pyrro-
lidino derivative was obtained in 82% after column
chromatography of the extracted reaction mixture
(eluant: 5% methanol/dichloromethane), followed by
distillation under vacuum.

3-[4-(1-Pyrrolidino)-2-butynyl]oxyisoxazole 9a: colorless
liquid, bp 135±140�C/0.5mm Hg; Rf 0.48 (10% metha-
nol/chloroform); 1H NMR 1.80 (m, 4), 2.61 (m, 4), 3.48
(t, 2, �CCH2N, J=2.1), 4.92 (t, 2, OCH2C�, J=2.1),
6.01 (d, 1, H-4, J=1.9), 8.15 (d, 1, H-5, J=1.9).

9a�C2H2O4: mp 79.5±80.5�C (colorless prisms from
10% methanol/petroleum ether). Anal. C13H16N2O6 (C,
H, N).

3-[4-(1-Pyrrolidino)-2-butynyl]oxyisoxazole methiodide
9b: mp 92±93.5�C (colorless powder from 20% acetone/
ethyl acetate); 1H NMR 2.32 (m, 4), 3.44 (s, 3, NMe),
3.87 (m, 2), 4.03 (m, 2), 4.89 (bs, 2, OCH2C�), 4.98 (bs,
2, �CCH2N), 6.03 (d, 1, H-4, J=1.9), 8.19 (d, 1, H-5,
J=1.9). Anal. C12H17IN2O2 (C, H, N).

Tertiary base 10a was prepared from 17 by addition of a
DMF solution of a twofold excess of dimethylamine at
room temperature. After distillation at 50�C/0.5mm Hg
followed by acid/alkali extraction, the residue was
chromatographed (eluant: 10% methanol/dichloro-
methane) to give 10a in 78% yield.

3-[4-(Dimethylamino)-2-butynyl]oxyisoxazole 10a: col-
orless liquid, bp 115±120�C/0.5mm Hg, Rf 0.47 (10%
methanol/chloroform); 1H NMR 2.31 (s, 6, NMe2), 3.33
(t, 2, CH2NMe2, J=2.0), 4.97 (t, 2, OCH2C�, J=2.0),
6.01 (d, 1, H-4, J=1.9), 8.17 (d, 1, H-5, J=1.9).

10a�C2H2O4: mp 124.5±125.5�C (colorless prisms from
10% methanol/petroleum ether). Anal. C11H14N2O6 (C,
H, N).

3-[4-(Dimethylamino)-2-butynyl]oxyisoxazole methio-
dide 10b: mp 150±151�C, dec. (colorless prisms from
10% methanol/petroleum ether); 1H NMR (DMSO-d6)
3.13 (s, 9, NMe3), 4.48 (bs, 2, OCH2C�), 5.14 (bs, 2,
CH2NMe3), 6.48 (d, 1, H-4, J=2.0), 8.78 (d, 1, H-5,
J=2.0). Anal. C10H15IN2O2 (C, H, N).

Pharmacology

Male albino guinea pigs (250±350 g), rabbits (3±3.5 kg)
and mice (25±35 g) (Morini S. Polo Italy) were used.
The tissues for in vitro experiments were dissected from
guinea pigs and rabbits starved 24 h before the experi-
ments and euthanized by CO2 inhalation.

In vitro experiments

Rabbit vas deferens. According to Eltze,24 the two pro-
static portions of the organs (1.5 cm) were carefully
removed and dissected free of the connective tissue. The
preparations were set up in 10mL organ baths contain-
ing the modi®ed Krebs bu�er solution (mM composi-
tion: NaCl 134, KCl 3.4, CaCl2 2.8, KH2PO4 1.3,
NaHCO3 16, MgSO4 0.6, glucose 7.7) maintained at
31�C and aerated with 95% O2±5% CO2. The tissues
were preloaded with 0.75 g and were left to equilibrate
for 30min before starting the electrical ®eld stimulation
(0.05Hz, 0.5ms, supramaximal voltage 40 V; LACE
ElettronicaMod. ES3, Ospedaletto PI-Italy). Neurogenic
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contractions were measured isometrically (Basile Mod.
7080 Italy) and recorded on a two-channel recorder
(Basile Mod.7070). Throughout the experiments 1 mM
yohimbine was added to the bu�er solution to block
a2-adrenoceptors.

Guinea pig left atrium. Heart was rapidly dissected and
right and left atria were separated out. As described by
Eglen et al.,25 left atrium was suspended under 0.5 g
tension in a 20mL organ bath and modi®ed Krebs±
Henseleit bu�er solution (mM composition: NaCl
118.9, KCl 4.6, CaCl2 2.5, KH2PO4 1.2, NaHCO3 25,
MgSO4.7H2O 1.2, glucose 11.1) gassed with carbogen
(95% O2±5% CO2) at 32

�C, served as bath ¯uid. The
tissue was electrically-paced by rectangular submaximal
impulses (2Hz, 5ms, 5 V) by using platinum electrodes.
After a 30min stabilization period, inotropic responses
were measured as changes in isometric tension.

Guinea pig ileum. Segments of the terminal portion of
the ileum (2 cm in length) were transferred into a 10mL
organ bath ®lled with Krebs±Henseleit solution (com-
position see above) gassed with carbogen at 37�C and
loaded with a tension of 1 g. The preparation was
allowed to equilibrate for 30min before inducing iso-
metric contractile responses.

Protocols. In all the experiments complete concentra-
tion±response curves to the compounds under study
were obtained in a cumulative fashion by increasing the
concentration of the agonists by 0.3 log units (in the
range from 0.03 nM to 100 mM) following the method
described by Van Rossum.29 Oxotremorine and oxo-
tremorine-M were used as reference drugs and McN-A-
343 as a conventional M1 agonist. Derivative 9a was
also investigated as antagonist against oxotremorine in
guinea pig atria and McN-A-343 in rabbit vas deferens
(in the range 10±100 mM).

The apparent potency of the agonists was expressed
as their pD2 value (ÿlog of the molar concentration
which gives 50% of the maximum response) calculated
by linear regression using the least squares method.
Intrinsic activity (a) was determined by comparing the
maximum response to the reference drugs with that to
the test compounds. In the antagonism studies, the
pKB values were calculated as indicated by Furchgott30

and pA2 values were obtained by Schild analysis.31

All the data are presented as means �SEM (n=8)
and signi®cant di�erences were assessed by use of Stu-
dent's t test, with a value of P<0.05 being considered
signi®cant.

In vivo experiments. All the experiments were performed
between 9 and 12 a.m. and the drugs, dissolved in saline,
were given intraperitoneally at di�erent doses to groups
of eight mice in a volume of 1mL/100 g body weight.
The animals had access to food and water ad libitum
before the experiment. Following drugs or saline
administration, tremor was scored as present or not
present during a period of 10min. ED50 values (i.e. the
doses required to produce tremor in 50% of the ani-
mals) were calculated by means of probit analysis.32
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