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Abstract—Novel derivatives of Tolterodine (1) and Oxybutynin (2) have been designed using conformationally restricted azabicyc-
lics as replacement for open-chain amines. The synthesis and structure—activity relationships are presented.

© 2005 Elsevier Ltd. All rights reserved.

Overactive bladder is one of the most common causes of
bladder control problems. It arises from the uncon-
trolled spontaneous activity of the detrusor muscle dur-
ing bladder filling leading to the symptoms of urinary
urgency and increased frequency of micturition with or
without incontinence. A range of therapeutic options
are available but pharmacotherapy with antimuscarinic
drugs remain the mainstay of treatment for the symp-
toms of overactive bladder. Muscarinic receptors are
widely distributed throughout the body and five distinct
subtypes are known to exist (M;—Ms). The human uri-
nary bladder smooth muscle contains a mixed popula-
tion of M,- and Mj3- muscarinic receptor subtypes.
Although the M,- receptors are the predominant choli-
noreceptors present in the bladder, the smaller popula-
tion of Mj3- receptors appears to be the most
functionally important because they mediate direct con-
traction of the detrusor muscle.! However, since musca-
rinic receptors are widely distributed throughout the
body, an antimuscarinic action in organs other than
the urinary bladder leads to dose-limiting adverse side
effects including dry mouth, constipation, blurred vi-
sion, headache, somnolence and tachycardia.
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The lack of selectivity of Tolterodine (1) and Oxybuty-
nin (2) may be the result of the interaction of different
conformations' of the ligands with different receptor
subtypes, and so subtype selective ligands, which recog-
nize the different localizations and functions of receptor
subtypes may provide the possibility of developing more
ideal drugs. Herein we describe our work on the conform-
ational restriction of the amine part of antimuscarinic
drugs like 1 and 2.

The conformational restriction of acyclic amines may be
achieved by use of cyclic systems. We chose to use bicy-
clic amines such as 3-azabicyclo[3.1.0]hexane, which
were, prior to this disclosure, unknown in the musca-
rinic field. The replacement of the diisopropyl and
diethyl groups of Tolterodine and Oxybutynin, respec-
tively, with such bicyclic amines allowed us to confirm
the beneficial effects of conformational restrictions.

The bicyclic amines (3a-¢) were prepared following
reported procedures> with modifications wherever
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Scheme 1. Synthesis of 3-azabicyclo[3.1.0]hexane derivatives (3a—c).

necessary. Details are shown in Scheme 1. The introduc-
tion of a methyl group at the C-2’ position of azabicy-
clo[3.1.0]hexane was achieved by treating 3-benzyl-3-
azabicyclo[3.1.0]hexane-2,4-dione with methyllithium
followed by LAH reduction and debenzylation to give
3d, (Scheme 2).

The racemic tosylate (4) was prepared by the known
procedure.®> The synthesis of Tolterodine analogues
was achieved by N-alkylation of amine 3(a—d) with tos-
ylate 4 to give the propylamines 5(a—d), which upon de-
benzylation under hydrogenation conditions, gave
compounds 6(a—d) (Scheme 3).

The syntheses of Oxybutynin analogues involved the
condensation of a-hydroxy acid derivatives* with the
corresponding alcohol 7 or amine 9. The alcohol 7 was

H
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Scheme 2. Synthesis of 2-methyl-3-azabicyclo[3.1.0]hexane (3d).
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synthesized by the reaction of 3-azabicyclo[3.1.0]hexane
with 1-chloro-4-hydroxy-2-butyne® whilst the amine 9
was obtained by alkylation of 3-azabicyclo[3.1.0]hexane
with the phthalimido derivative 8° followed by hydrazi-
nolysis (Scheme 4).

Compound 6a, with a free phenolic group, displayed
high affinity and had twofold selectivity for the Mj
receptor over the M, receptor, see Table 1. Compounds
5c¢ and 5d confirmed the need for a free phenolic group.
Compound 6d was separable’ at C-2' to give 6d’
(3RS,2’R*) and 6d”(3RS,2'S*). Compound(s) 6d’
showed the K; value of 79 nM for M; receptors, while
6d” showed about three times better activity, that is,
25 nM. As it mimics one of the isopropyl group of Tol-
terodine at nitrogen, further improvement may be possi-
ble by second stereospecific substitution of methyl at
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Scheme 3. Synthesis of Tolterodine analogues.

3b: R1=Me, R2=R3=H
3c: R1=R2=Me, R3=H
3d : R1=R2=H, R3=Me
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Scheme 4. Synthesis of Oxybutynin analogues.

Table 1. Activities for Tolterodine analogues

R1
OR,
N
H,C R2
R3
‘ 5,R4 =Bn

6,R4=H

Compounds R1 R2 R3 n  Mj M,
K aM)® K (aM)®

Sa H H H 1 >1000 >10,000
5¢ CH; CH; H 1 >10,000 >10,000
5d H H CHj; 1 >1000 >10,000
6a H H H 2 50 105
6b H CH; H 1 118 221
6¢ CH; CH; H 1 >1000 >1000
6d’ H H CH; 1 79 34
6d” H H CH; 1 25 42
Tolterodine (1) NA NA NA 10 7.07 6.91

C-4'. This may result in an understanding of specific
conformation of N,N-diisopropyl groups required in
the receptor cavity for the activity.

In the Oxybutynin series, the esters 10(a—g) were more
potent than the corresponding amides 11(a—d), see Table
2. Effect of substitution on the phenyl rings was checked
with compounds 10d and 10g. The R and S isomers of
10a were synthesized and the R isomer (10e)° found to
be more potent than the S isomer (10f). Compound
10e displayed a selectivity of 3.67-fold for M3 over the
M, receptor.

In summary, this work reveals the hidden potentials in
new framework design. The bicyclic amine used has
shown its capability to replace acyclic amines in Toltero-
dine (1) and Oxybutynin (2) without affecting core SAR.
Newly emerged compounds like 10e have shown poten-
tial as bladder selective (2.6-fold of 2) ligands.'%!!

EDC HCI, NMM % / &

HOBT DMF R

10(a g),Y=0
11(a-d), Y = NH

Table 2. Activities for Oxybutynin analogues

My/ >

R
Cy (0]

10,Y=0

11,Y =NH
Compounds R Cy n Mj; M,

K M) K (aM)*

10a H Cyclopentyl 1 37 65
10b H Cyclohexyl 1 35 72
10c H Phenyl 3 14 31
10d 4-F 4-Fluorophenyl 3 39 40
10e H Cyclopentyl 3 6 22
10f H Cyclopentyl 1 102 224
10g 4-OCH; Cyclopentyl 1 964 1926
11a H Cyclopentyl 1 330 425
11b H Cyclohexyl 1 2605 3582
11c H Phenyl 1 291 639
11d 4-F 4-Fluorophenyl 1 366 736
Oxybutynin (2) NA NA 3 0.95 6.97
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