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AbstractÐMethylation of the carbon atom C1 of compound 1, a potent and not selective muscarinic antagonist, was carried out.
The resulting diastereomers were separated and the corresponding racemate further resolved to give four enantiomers, which were
tested both as hydrogen oxalate and methiodide salts. The pharmacological results obtained at M1, M2 and M3 muscarinic receptor
subtypes, show that methylation at C1, depending on the stereochemistry, increases antagonist potency, having thus the same e�ect
of nitrogen quaternization. These results may well lead to the development of new potent antimuscarinic drugs lacking a cationic
head. # 2001 Elsevier Science Ltd. All rights reserved.

Introduction

Compound 1 is a potent muscarinic antagonist1ÿ3 lacking
in signi®cant selectivity.4 In preceding papers, we reported
on some derivatives of this ligand obtained by structure
modi®cation carried out in position 25ÿ8 and on the
nitrogen atom.9 Here, as a continuation of our research
program, we report on the e�ect of methylation of the
carbon atom (C1) alpha to the nitrogen atom.

Chemistry

The synthesis of the compounds used in this study is
reported in Scheme 1. Permanganic oxidation of 4 gave
the diol 5 as a diastereomeric mixture which was sepa-
rated by ¯ash chromatography. Each separated diastereo-
mer was then reacted with benzophenone to give the
1,3-dioxolanes 6 and 7 which were aminated with
HN(CH3)2 in a steel bomb at 100 �C to give the diaster-
eomers 2 and 3.10 Enantiomeric separations were con-

veniently achieved by treatment of tertiary amines with
d-(+)- and l-(ÿ)-di-O,O0-p-toluyl-tartaric acid (DTTA),
in the case of (�)-2, and l-(+)- and d-(ÿ)-tartaric acid
(TA), in the case of (�)-3, followed by fractional crys-
tallization of the diastereomeric salts from ethanol until
the melting points and the optical rotations remained
constant.11 Treatment of the salts with 10% NaOH gave
the enantiomerically pure free amines. All the tertiary
amines, both as a racemate and as pure enantiomer, were
transformed into the oxalate or methiodide salts upon
treatment with (COOH)2 and CH3I, respectively.

12

The absolute con®gurations were established by means of
X-ray crystallography,13 for one enantioner, as methio-
dide salt, for each couple. Crystals suitable for X-ray dif-
fraction were grown from 2-propanol solutions. The unit
cell of 2(1S,4R) contains two crystallographically inde-
pendent cations, depicted, along with the atom number-
ing scheme, in Figure 1, and two iodide anions. Both
cations display unambiguous S and R absolute con®g-
urations at their two chiral centers, C4 and C18, respec-
tively. In both cases, the H atoms bonded to chiral
carbons are in anti orientation. The two cations di�er
mainly in the puckering of dioxolane rings and in the
orientation of the phenyl groups with respect to the
cycles.
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The unit cell of 3(1S,4S) is built of one crystal-
lographically independent cation, presented in Figure 2,
and one iodide anion. The results of the X-ray analysis
allowed to assign unambiguous S and S absolute con-
®gurations to C4 and C18 chiral centers (see Fig. 2)
present in the cation. The H atoms bonded to chiral
carbons display gauche conformation, and the pucker-
ing of the dioxolane ring is characterized by torsion
angles ranging from ÿ42.8(4) to 35.7(4).

In both cases, all bond distances and angles are in the
expected ranges and no short van der Waals distances
are present in the crystal packing.

Results and Discussion

All the newly-synthesized compounds were tested on
three di�erent preparations namely rabbit vas deferens,
guinea-pig heart and ileum for M1, M2, and M3 anti-
muscarinic activity, respectively, following the proce-
dures already described.4ÿ9,14ÿ16 The results, expressed
in terms of pKb,17 are reported in Table 1. Compounds
2 and 3 behave as competitive antagonists, causing a
parallel shift to the right of the agonist dose±response
curves (not shown). As already reported, compound 1 is
10-fold more active as methiodide than as hydrogen

oxalate salt, at all the three receptor subtypes. Intro-
duction of a methyl group at C1 generates two diastereo-
mers, (�)-2 and (�)-3, which as hydrogen oxalate
salts show a signi®cant diastereoselectivity, (�)-3 being
the more potent of the two. However, the diastereo-
selectivity is lost when the compounds are tested as
methiodides. This is the result of a di�erent e�ect of
quaternization of the two diastereomers: in fact while
quaternization of (�)-2 causes an approximately 10-fold
increase of activity, quaternization of (�)-3 does not
have any signi®cant e�ect at M1 and M2 subtypes and
only a small e�ect at M3 subtype.

Resolution of the racemates (�)-2 and (�)-3 a�orded
two couples of enantiomers, (+)-2(1R,4S)/(ÿ)-2(1S,4R)
and (ÿ)-3(1R,4R)/(+)-3(1S,4S) which, in the same way

Scheme 1. (a) KMnO4 1 M, ÿ20 �C!rt; (b) benzophenone, PTSA,
re¯ux; (c) HN(CH3)2, 100

�C; (d) (COOH)2, anhyd (C2H5)2O, rt; (e)
CH3I, anhyd (C2H5)2O, rt; (f) d-(+)-DTTA; (g) l-(ÿ)-DTTA; (h) l-
(+)-TA; (i) d-(ÿ)-TA; (j) NaOH 10%.

Figure 1. X-ray structure of (ÿ)-2(1S,4R).

Figure 2. X-ray structure of (+)-3(1S,4S).
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as the diastereomers, were tested as hydrogen oxalate and
methiodide salts. Considering ®rst the oxalate salts, it can
be seen that the couple of enantiomers that displays the
highest eudismic ratio (Eu) is the (ÿ)-3(1R,4R)/(+)-3
(1S,4S), the eutomer being the enantiomer (+)-
3(1S,4S). The other couple (+)-2(1R,4S)/(ÿ)-2(1S,4R)
displays much lower Eu values with the eutomer being
the enantiomer (ÿ)-2(1S,4R). Within the methiodide
series, both Eu values are decreased but, surprisingly,
for the couple (ÿ)-3(1R,4R)/(+)-3(1S,4S) a reversal of
enantioselectivity is observed with the eutomer being the
enantiomer (ÿ)-3(1R,4R). For the other couple (+)-
2(1R,4S), (ÿ)-2(1S,4R), only at M1 is a reversal of
enantioselectivity seen. This, again, is the result of a
di�erent e�ect of quaternization that causes an increase
of a�nity by the enantiomers (+)-2(1R,4S), (ÿ)-2(1S,4R)
and (ÿ)-3(1R,4R) while a decrease is observed by the
enantiomer (+)-2(1S,4S).

In conclusion, the present investigation shows that a
methyl group appropriately oriented on C1 of compound
1 increases antimuscarinic activity at three receptor sub-
types, up to the same level of quaternization. Quaterniza-
tion of the corresponding derivative decreases activity,
indicating that spatial orientation of the methyl group,
which contributes to enhance a�nity, negatively a�ects
the binding of the cationic head. These results may well
lead to the development of new antimuscarinic drugs
lacking the cationic head which often represents a limi-
tation in drug therapy.
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