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R3 R2

R4 Rla 6
R

R5 lc:H—_cH2—cI~12—N/\R7
Ar

FormuleVI

dans laquelle R2 3 R7 et Ar son! tels que définis dans la revendication 1, et R‘a est carboxyl ou alkoxy, la
conversion de R‘a en hydroxy, on

f) dans un composé de Formule VII

2
R}, Rb

R1

R6

kg /c1~1.c:H2—cH2-N/\R7
Ar .

Fon:nuleVII

dans Iaquefle R‘, R5, R7 et Ar sont tels que définis dans la revendication 1. et un des éléments Rzb é R5b est

alkyléne et Ies autres sont tels que définis dans la revendication 1 pour R2 2‘: R5, la réduction de I'alky|éne en
alkyle, hydroxyalkyle ou dihydroxyalkyle, on

g) dans un composé de Formule I tel que défini dans la revendication 1, la conversion d'un ou plusieurs des
groupes R‘ :31 R5 en un autre groupe ou en d'autres groupes R‘ 2‘: R5, ou

h) Ia réaction d'un composé de Fonnule VIII
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R3 R2

R4 R1
R6

R5 CH-CH2-— CH2-N< R7
¢x ~

‘CH2

Formulc VIII

dans laquelle R‘ a R7 sont Iels que définis dans Ia revendication 1. et X est oxygéne
ou soufre, avec un composé de Fonnule IX

pour former un composé de Forrnule Ia

R3 R2

R4

CH3N=C : formule IX

R1

R6

R5 CH-CH2—CH2-N<R7
x

\=

Formule Ia

dans laquelle R1 é R7 et X sont tels que définis ci—dessus. ou

I) la réaction d'un composé de Formule VIII défini ci—dessus. dans Iequel X est oxygéne, avec un composé de
Fonnule X

OH

 NI-I2

pour former un composé de Formule lb

For-mule X
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R3 R2

R“ RI
R6

R5 (bu-1- CH2—CH2-N/\R7

dans laquelle R‘ :21 R7 sont tels qué définis dans la revendication 1, ou

j) Ia conversion d'un composé de Formule XI

dans laquelle R‘ a R7 sont tels que définis dans la revendication 1, en un composé de Formule XII

R3 R2

6

R5 / RCH— CH 2-CH2_N 7

dans laquelle R‘ a R7 sont tels que définis dans la revendication 1, ou

k) Ia conversion d'_un composé de Formule XIII
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R3 R2

R4 R1
. R6

R5 cii—c:H2—cH2_N(R.,
Hzbf \ X

Formule XIII

dans Iaquelle R‘ é R7 sont tels que définis dans la revendication 1, et X est oxygene ou soufre, en un composé
de Fonnule XIV

Fonnule XIV

dans Iaquelle R‘ é R7 et X sont tels que définis ci-dessus. et R3 et R9 sont indépendamment hydrogéne ou alkyl, et

(i) si nécessaire, la séparation des groupes de protection des éléments hydroxy dans les composés obtenus.
(ii) si désiré, Ia conversion des bases de Formula I obtenues en leurs sels avec des acides physiologiquement
acceptables, ou vice versa, et/ou
(iii) si désiré, ia séparation d'un mélange obtenu d'isoméres optiques en énantioméres individuels.
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Description

[0001] The present invention relates to novel derivatives of 3,3-diphenylpropylamines, methods for their preparation,
pharmaceutical compositions containing the novel compounds, and the use of the compounds for preparing drugs.
[0002] In man, normal urinary bladder contractions are mediated mainly through cholinergic muscarinic receptor
stimulation. There is reason to believe that muscarinic receptors mediate not only normal bladder contractions, but

also the main part of the contractions in the overactive bladder resulting in symptoms such as urinary frequency, urgency

and urge incontinence. For this reason, antimuscarinic drugs have been proposed for the treatment of bladder over-
activity.

[0003]- Among the antimuscarinic drugs available on the market. oxybutynin is currently regarded as the gold standard
for pharmacological treatment of urge incontinence and other symptoms related to bladder overactivity. The effective-
ness of oxybutynin has been demonstrated in several clinical studies, but the clinical usefulness of oxybutynin is limited
due to antimuscarinic side effects. Dryness of the mouth is the most common experienced side effect which may be

severe enough to result in poor compliance or discontinuation of treatment (Andersson, K.-E., 1988, Current concepts
in the treatment of disorders of micturition, Drugs 35, 477-494; Kelleher et al. 1994).

[0004] Tolterodine is a new, potent and competitive, muscarinic receptor antagonist intended for the treatment of
urinary urge incontinence and detrusor hyperactivity. Preclinical pharmacological data show that tolterodine exhibits a
favourable tissue selectivity in vivo for the urinary bladder over the effect on the salivation (Nilvebrant et al., 1997,
Tolterodine - a new bladder-selective antimuscarinic agent, Eur. J. Pharmacol. 327 (1997), 195-207), whereas oxybu-

tynin exhibits the reversed selectivity. Tolterodine is equipotent to oxybutynin at urinary bladder muscarinic receptors
and the favourable tissue selectivity of tolterodine demonstrated in the preclinical studies has been confirmed in clinical
studies. Thus a good clinical efficacy has been combined with a very low number of incidences of dry mouth and
antimuscarinic side effects.

[0005] A major metabolite of tolterodine, the 5-hydroxymethyl derivative is also a potent muscarinic receptor antag-
onist and the pharmacological in vitro and in vivo profiles of this metabolite are almost identical to those of tolterodine

(Nilvebrant et al., 1997, Eur. J. Pharmacol. 327 (1997), 195-207). Combined phannacological and phannacokinetic
data indicate that it is most likely that the metabolite gives a major contribution to the clinical effect in most patients.

[0006] WO 94111337 proposes the active metabolite of tolterodine as a new dmg for urge incontinence. Administration
of the active metabolite directly to patients has the advantage compared to tolterodine that only one active principle

(compound) has to be handled by the patient which normally should result in a lower variation in efficacy and side
effects between patients and lower risk of interaction with other dmgs.

[0007] However, the introduction of an additional hydroxy group in the tolterodine results in an increased hydrophilic
property of the new compounds (3,3-diphenylpropylamines) compared to the parent compounds which normally results
in a lower absorption/bioavailability, leading to pre-systemic side effects or interactions due to non-absorbed antimus-
carinic drug. in a method to circumvent this disadvantage, different prodrugs of the metabolite have been synthesized
and tested for their antimuscarinic activity, potential absorption through biological membranes and enzymatic cleavage.

[0008] it is an object of the present invention to provide novel derivatives of 3,3-diphenylpropylamines. It is a further
object of the present invention to provide new- derivatives of 3.3-diphenylpropylamines which will be more useful as
prodrugs for treatment of urinary incontinence and other spasmogenic conditions that are caused by muscarinic mech-
anisms while avoiding the disadvantage of a too low absorption through biological membranes of the drugs or an
unfavourable metabolism.

[0009] A further object of the invention is to provide novel prodrugs of antimuscarinic agencs with superior pharma-
cokinetic properties compared to present drugs as oxybutynin and tolterodine, methods for preparing thereof, phar-
maceutical compositions containing them, a method of using said compounds and compositions for the treatment of
urinary incontinence, gastrointestinal hyperactivity (irritable bowel syndrome) and other smooth muscle contractile
conditions. ‘

[0010] According to the present invention, novel 3,3-diphenylpropylamines are provided, which are represented by
the general formulae l and VII‘
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Formula VIl'

wherein R and R’ are independently selected from

a) hydrogen, C1-C6 alkyl, C3-C16 cycloalkyl, substituted or unsubstituted benzyl, allyl or carbohydrate; or

b) formyl, C1-C6 alkylcarbonyl, cycloalkylcarbonyl, substituted or unsubstituted arylcarbonyl, preferably benzoyl; or

c) C1-C6 alkoxycarbonyl, substituted or unsubstituted aryloxycarbonyl, benzoylacyl, benzoylglycyl, a substituted
or unsubstituted amino acid residue; or

d)

R‘
\

RF’
N-CG

wherein R4 and R5 independently represent hydrogen. C1-C6 alkyl, substituted or unsubstituted aryl, preferably
substituted or unsubstituted phenyl, benzyl or phenoxyalkyl wherein the alkyl residue has 1 to 4 carbon atoms and

wherein R4 and R5 may form .a ring together with the amine nitrogen; or

e)

R‘
R

117/
Na-502'

wherein R5 and R7 independently represent C1-C6 alkyl, substituted or unstubstituted aryl, preferably substituted
or unsubstituted phenyl. benzyl or phenoxyalkyl wherein the alkyl residue has 1 to 6 carbon atoms; or

0 an ester moiety of inorganic acids,

g) -SiRaR1,Rc, wherein Ra, R1,, R6 are independently selected from C1-C1 alkyl or aryl, preferably phenyl,
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with the proviso that R’ is not hydrogen. methyl or benzyl if R is hydrogen. R is not ethyl if R‘ is hydrogen,
X represents a tertiary amino group of formula la

/5!‘
....N\\R'

Furmulala

wherein R3 and R9 represent non-aromatic hydrocarbyl groups, which may be the same or different and which together
contain at least three carbon atoms. and wherein R9 and R9 may form a ring together with the amine nitrogen,

Y and Z independently represent a single bond between the (CH2),, group and the carbonyl group, O, S or NH,
A represents hydrogen (‘H) or deuterium (ZH),
n is 0 to 12
and

their salts with physiologically acceptable acids. their free bases and. when the compounds can be in the form of optical
isomers, the racemic mixture and the individual enantiomers.

[0011] The aforementioned compounds can form salts with physiologically acceptable organic and inorganic acids.
Furthennore, the aforementioned compounds comprise the free bases as well as the salts thereof. Examples of such
acid addition salts include the hydrochloride and hydrobromide.

[0012] When the novel compounds are in the form of optical isomers. the invention comprises the racemic mixture
as well as the individual isomers as such.

[0013] Preferably each of R9 and R9 independently signifies a saturated hydrocarbyl group. especially saturated
aliphatic hydrocarbyl groups such as C1 _8-alkyl. especially C1_6-alkyl, or adamantyl, R3 and R9 together comprising at

- least three, preferably at least four carbon atoms.

[0014] According to another embodiment of the invention, at least one of R3 and R9 comprises a branched carbon
chain.

[0015] Presently preferred tertiary amino groups X in formula I include the following groups a) to h):

CH(CI-I ) c1-:
a) ‘--N< 3 2 b) -—-N< 3

CH<‘-‘Kala C(CH3):3

H r: ca

/CH3 a 3
<2) --N\ d) --N-

C(CH3)gCH2CH3

Bgc CH3
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Hgc ca, (‘:1-13
cl --II? f) —-N"

H30

g) __ C’ 11) ._..i ..

Group a) is particularly preferred.
[0016] The aforementioned tertiary amino groups X are described in WO 94/11337 and the compounds according
to the present invention can be obtained by using the corresponding starting compounds.
[0017] in the compounds according to the present invention. the term "alkyI" preferably represents a straight-chain
or branched-chain hydrocarbon group having 1 to 6 carbon atoms. Such hydrocarbon groups may be selected from
methyl, ethyl, propyl, isopropyl, butyl, isobutyl, pentyl and hexyl. The term "cycloalkyl' denotes a cyclic hydrocarbon
group having 3 to 10 carbon atoms which may be substituted conveniently.

[0018] The term ‘substituted or unsubstituted benzyl‘ denotes a benyl group -CH2-CSH5 which is optionally substi-
tuted by one or more substituents on the phenyl ring. Suitable substituents are selected from alkyl, alkoxy, halogen
and nitro. Suitable halogen atoms are fluorine. chlorine and iodine atoms. Preferred substituted benzyl groups are

4-methylbenzyl, 2-methylbenzyl, 4-methoxybenzyl. 2-methoxybenzyl, 4-nitrobenzyl. 2-nitrobenzyl, 4—ch|orobenzy| and
2-chlorobenzyl.

[0019] In the compounds according to the present invention the term "C1-C6 alkylcarbonyl‘ denotes a group R-C
(=0)- wherein R is an alkyl group as defined hereinbefore. Preferred C1-C5 alkylcarbonyl groups are selected from
acetyl. propionyl, isobutyryl, butyryl, valeroyl and pivaloyl. Thegterm "cycloalkylcarbonyl" denotes a group R-C(=O)-
wherein R is a cyclic hydrocarbon group as defined hereinbefore. The same counts to the selected carbonyl groups.

[0020] The term ‘aryl’ denotes an aromatic hydrocarbon group such as phenyl- (C5H5-), naphthyl- (C10H7-) and
anthryl- (C14H9—).'Preferred aryl groups according to the present invention are phenyl and naphthyl with phenyl being
particularly preferred.

[0021] The term "benzoyl' denotes an acyl group of the formula -CO-C6H5 wherein the phenyl ring may have one
or more substituents.

[0022] Preferred substituents of the aryl group and in particular of the phenyl group are selected from alkyl, alkoxy,
halogen and nitro. As substituted benzoyl groups 4-methylbenzoyl, 2-methylbenzoyl, 4—methoxybenzoyl, 2-methoxy-
benzoyl, 4-chlorobenzoyl, 2-chlorobenzoyl, 4-nitrobenzoyl and 2-nitrobenzoyl may be mentioned.

[0023] The term ‘C1-C5 alkoxycarbonyl" refers to a group ROC(=O)-wherein R is an alkyl group as defined herein-
before. Preferred C1-C5 alkoxycarbonyl groups are selected from CH3OC(=O)-, CZH5-OC(=O)-, C3H7OC(=0)- and

(CH3)3COC(=O)- and alicyclic alkyloxycarbonyl._
[0024] The term ‘amino acid residue‘ denotes the residue of a naturally occurring or synthetic amino acid. Particularly
preferred amino acid residues are selected from the group consisting of glycyl; valyl, leucyl, isoleucyl, phenylalanyl,
prolyl, seryl, threonyl, methionyl, hydroxyprolyl.
[0025] The amino acid residue may be substituted by a suitable group and as substituted amino acid residues.
benzoylglycyl and N—acetylglycyl may be mentioned.
[0026] The term "carbohydrate" denotes the residue of a polyhydroxy aldehyde or polyhydroxy ketone of the formula

C,,H2nO,, or Cn(H2O)n and corresponding carbohydrate groups are, for example, described in Aspinal. The Polysac-
charides. New York: Academic Press 1982. 1983. A preferred carbohydrate group in the compounds according to the

present invention is a glucuronosyl group, in particular a 1|}-D-glucuronosyl group.
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[0027] The term ‘LG’ as used herein denotes a leaving group selected from halogenides, carboxylates and imida-
zolides.

[0028] The term 'Bn" as used herein denotes a benzyl group.

[0029] Suitable ester moieties of inorganic acids may be derived from inorganic acids such as sulfuric acid and
phosphoric acid.

[0030] Preferred compounds according to the present invention are:

A) Phenolic monoesters represented by the general formulae ii and II‘

 
wherein R‘ represents hydrogen. C1-C5 alkyl or phenyl.

Particularly preferred phenolic monoesters are listed below:

(t)-formic acid 2—(3-diisopropylamino-1-phenylpropyl)-4—hydroxymethylphenyI ester,
(i)-acetic acid 2—(3-diisopropylamino-1-phenylpropyl)-4-hydroxymethylphenyl ester,
(:)-propionic acid 2—(3-diisopropylamino-1-phenylpropyl)—4-hydroxymethylphenyl ester,

(i)-n—butyric acid 2-(3-diisopropylamino—1-phenylpropyl)-4-hydroxymethylphenyl ester,
(i)-isobutyric acid 2—(3-diisopropylamino-1-phenylpropyl)-4-hydroxymethylphenyl ester,
R-(+)-isobutyric acid 2—(3-diisopropylamino-1-phenylpropyl)-4-hydroxymethylphenyl ester.
(;i:)-2,2-dimethylpropionic acid 2-(3-diisopropy|amino-1-phenylpropyl)-4-hydroxymethylphenyl ester,
(i)~2-acetamidoacetic acid 2—(3-diisopropylamino-1-phenylpropyl)-4-hydroxymethylphenyl ester,
(i)-cyclopentanecarboxylic acid 2—(3-diisopropylamino-1-phenylpropyl)-4-hydroxymethylphenyl ester,
(t)-cyclohexanecarboxylic acid 2—(3-diisopropylamino-1-phenylpropyl)-4-hydroxymethylphenyl ester,
(i)-benzoic acid 2—(3-diisopropylamino-1-phenylpropyl)—4-hydroxymethylphenyl ester,
R-(+)-benzoic acid 2—(3-diisopropylamino-1-phenylpropyl)-4-hydroxymethylphenyl ester,
(-L)-4-methylbenzoic acid 2—(3-diisopropylamino-1-phenylpropyl)-4-hydroxymethylphenyl ester,
(i)—2-methylbenzoic acid 2—(3-diisopropylamino-1-phenylpropyl)-4-hydroxymethylphenyl ester,
(i)-2-acetoxybenzoic acid 2—(3-diisopropylamino-1-phenylpropyl)-4-hydroxymethylphenyl ester,
(1)-1-naphthoic acid 2—(3-diisopropylamino-1-phenylpropyl)-4-hydroxymethylphenyl ester.
(i)—2-naphthoic acid 2—(3-diisopropylamino-1-phenylpropyl)-4-hydroxymethylphenyl ester,
(i)-4—chlorobenzoic acid 2—(3-diisopropylamino-1-phenylpropyl)-4-hydroxymethylphenyl ester,
(zt)-4-methoxybenzoic acid 2—(3-diisopropylamino-1-phenylpropyl)-4-hydroxymethylphenyl ester,
(i)—2-methoxybenzoic acid 2-(3-diisopropylamino-1-phenylpropyl)—4-hydroxymethylphenyl ester,
(i)-4-nitrobenzoic acid 2-(3-diisopropylamino-1-phenylpropyl)-4-hydroxymethylphenyl ester,
(J_r)—2-nitrobenzoic acid 2—(3-diisopropylamino-1-phenylpropyl)-4-hydroxymethylphenyl ester,
(1)-malonic acid bis-[2-(3-diisopropylamino-1-phenylpropyl)—4-hydroxymethyl-phenyl] ester,
(i)-succinic acid bis-[2—(3-diisopropylamino-1-phenylpropyl)-4-hydroxymethyl-phenyllester,
(i)-pentanedioic acid bis- [2- (3~diisopropylamino-1-phenylpropyl)-4-hydroxymethyl-pheny|]ester,
(i)-hexanedioic acid bis-[2-(3—diisopropylamino-1-phenylpropyl)-4-hydroxymethyl-phenyllester.

8) identical diesters represented by the general formula III

6
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wherein R‘ is as defined above.

Particularly preferred identical diesters are listed below:

(:l:)-formic acid 2-(3-diisopropylamino-1-phenylpropyl)-4-forrnyloxymethylphenyl ester,
(1)-acetic acid 4-acetoxy-3-(3-diisopropylamino-1-phenylpropyl)~benzyl ester,
(t)-propionic acid 2-(3-diisopropylamino-1-phenylpropyl)-4-propionyloxymethylphenyl ester.
(t)-n-butyric acid 4-n-butyryloxymethyl-2-(3-diisopropylamino-1-phenylpropyl)-phenyl ester,
(t)-isobutync acid 2-(3-diisopropylamino-1-phenylpropyl)-4-isobutyryloxymethylphenyl ester,

' (;l:)—2,2-dimethylpropionic acid 3-(3-diisopropylamino-1-phenylpropyl)-4-(2.2-dimethyl-propionyloxy)-benzyl
ester,

(1)-benzoic acid 4-benzoyloxymethyl-2-(3-diisopropy|amino-1-phenylpropyl)—phenyl ester,
R-(+)-benzoic acid 4-benzoyloxymethyl-2-(3—diisopropylamino-1-phenylpropyl)-phenyl ester,
(i)-pent-4-enoic acid 2-(3-diisopropylamino-1-phenylpropyl)—4-(pent-4-enoyloxymethyl)-phenyl ester,
cyclic oct-4-ene-1.8-dioate of Intermediate B,
cyclic octane-1.8-dioate of lnterrnediate B.
poly-co-DL-Iactides of lnterrnediate B.

0) Mixed diesters represented by the general formula IV

R2 O

 
Fan-nu: iv

e

wherein R‘ is as defined above
and

R2 represents hydrogen, C,-C6 alkyl or phenyl
with the proviso that R‘ and R2 are not identical.

Particularly preferred mixed diesters are listed below:

(1)-acetic acid-5-(3-diisopropylamino-1-phenylpropyl)-4-formyloxymethylphenyl ester,-
(at)-benzoic acid 2-(3-diisopropylamino-1-phenylpropyl)—4-formyloxymethylphenyl ester,
(i)—benzoic acid 2-(3-diisopropylamino-1~phenylpropyl)-4-acetoxymethylphenyl ester,
R-(+)-benzoic acid 2-(3-diisopropylamino-1-phenylpropyl)-4-acetoxymethylphenyl ester,

(1)-isobutyric acid 4-acetoxymethy|-2—(3-diisopropylamino-1-phenylpropyl)-phenyl ester,
R-(+)-isobutyric acid 4-acetoxymethyl-2-(3-diisopropylamino-1-phenylpropyl)—phenyl ester,
(i:)—2.2-dimethylpropionic acid 4-acetoxy-3-‘(3-diisopropylamino-1-phenylpropyl)—benzyl ester,
(i)-2.2-dimethylpropionic acid 4-acetoxymethyl-2-(3-diisopropylamino-1-phenylpropyl)-phenyl ester,
(i)-benzoic acid 4-benzyloxy-3-(3-diisopropylamino-1-phenylpropyl)-benzyl ester.
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D) Benzylic monoesters represented by the general formula V

wherein R1 is as defined above.

Farrmda V

Particularly preferred benzylic monoesters are listed below:

(i)-formic acid 3-(3-diisopropylamino-1-phenylpropyl)-4-hydroxybenzyl ester,
(t)-acetic acid 3-(3-diisopropylamino-1-phenylpropyl)-4-hydroxybenzyl ester,
(zt)-propionic acid 3-(3-diisopropylamino-1-pheny|propyl)—4-hydroxybenzyl ester,
(:l:)-butyric acid 3-(3-diisopropylamino-1-phenylpropyl)-4-hydroxybenzyl ester,
(i:)-isobutyn'c acid 3-(3-diisopropylamino-1-phenylpropyl)-4-hydroxybenzyl ester.
(i)-2.2-dimethylpropionic acid 3-(3-diisopropylamino-1-phenylpropyl)-4-hydroxybenzyl ester,
(4.-)-benzoic acid 3- (3-diisopropylamino-1-phenylpropyl)—4-hydroxybenzyl ester.

E) Ethers and silyl ethers represented by the general formula VI ~

 
Fan-mla Vi

wherein at least one of R10 and R“ is selected from C1-C6 alkyl, benzyl or -SAiRaRbRc asvdefined above and the
other one of R10 and R“ may additionally represent hydrogen, C1-C5 alkylcarbonyl or benzoyl.

Particularly preferred ethers and silyl ethers are listed below:

(i)-2—(3—diisopropylamino-1-phenylpropyl)-4-methoxymethylphenol,
(i)—2—(3-diisopropylamino-1-phenylpropyl)-4—ethoxymethylphenol.
(+) -2-(3-diisopropylamino-1-phenylpropyl)-4~propoxymethylphenoI.
(t) -2- (3-diisopropylamino-1 -phenylpropyl)-4-isopropoxymethylphenol,
(i)-2-(3-diisopropylamino-1-phenylpropyl)-4-butoxymethylphenol,
(1)-acetic acid 2-(3-diisopropylamino-1-phenylpropyl)-4-melhoxymethylphenyl ester,

' (t)-acetic acid 2-(3-diisopropylamino-1-phenylpropyl)-4-ethoxymethylphenyl ester.
(1)-2-(3-diisopropylamino-1-phenylpropyl)-4-trirnethylsilanyloxymethylphenol, ‘
(1)-diisopropy|-[3-phenyl-3-(2-trimethylsilanyloxy-5-trimethylsilanyloxymethylphenyl)-propyl]-amine,
(1)-[3-(3-diisopropylamino-1-phenylpropyl)-4-trimethylsilanyloxyphenyl]-methanol.

(:t)-diisopropyl—[3~(5-methoxymethyl-2-trimethylsilanyloxyphenyl)-3-phenylpropylamine.
(zt)-diisopropyl-[3-(5-ethoxymethyl-2-trimethylsilanyloxyphenyt)-3-phenylpropylamine,
(;t)-[4-(terl.—butyI-dimethylsilanyloxy)-3-(3-diisopropylamino-1-phenylpropyl)~phenyl]-methanol,
(t)-acetic acid 4-(tert. -butyl—dimethylsilanyloxy)-3—(3-diisopropylamino-1-phenylpropyl)-benzyl ester,
(zt)-4-(tert.-butyl-dimethylsilanyloxy)-3-(3-diisopropylamino-1-phenylpropyl)—phenol.

(1)-acetic acid 4-(tert.—butyl-dimethylsiIanyloxy)-2-(3-diisopropylamino-1-phenylpropyl)-phenyl ester.
(i)-{3—[2-(tert.-butyi—dimethylsilanyloxy)-5-(tert.-butyl—dimethylsilanyloxymethyl)—pheny|]-3-pheny|propy|}—di-
isopropylamine,

Patent Owner, UCB Pharma GmbH — Exhibit 2011 - 0512



Patent Owner, UCB Pharma GmbH – Exhibit 2011 - 0513

10

15

20

25

30

35

40

45

50

55

EP 1 077 912 B1

(zt)-[4—(tert.-butyl-diphenylsilanyloxy)-3-(3-diisopropylamino-1-phenyIpropy|)—phenyl]-methanol,
(i)—acetic acid 4-(tert.-b‘utyI—diphenylsilanyloxymethyl)-2-(3-diisopropylamino-1-phenylpropyl)-phenyl ester,
(1-)-4-(tert.-butyl-diphenylsilanyloxymethyl)-2-(3-diisopropylamino—1-phenylpropyl )-phenol.
(t)-{3-[2-(ten.-butyl-diphenylsilanyloxy)-5-(tert.-butyl-diphenylsilanyloxymethyl)-phenyl]-2-phenylpropyl}-di-
isopropylamine,
(i)-acetic acid 4-benzy|oxy—3-(3-diisopropylamino-1-phenylpropyl)-benzyl ester,
(1)-benzoic acid 4-benzyloxy—3-(3-diisopropylamino-1-phenylpropy|)¢benzy| ester,
(i)-isobutyric acid 4-benzyloxy-3-(3-diisopropylamino-1-phenylpropyl)-benzyl ester,

(iz)-2-(3-diisopropylamino—1-phenylpropyl)-4-(1B-D—gIucuronosyIoxymethyI)-phenol.

F) Carbonates and carbamates represented by the general formulae VII and VIII

 
0 Z

‘T

.0 Y‘ 
F-‘lonmja VII @

wherein Y, Z and n are as defined above and wherein R12 and R‘3 represent a C1-C6 alkoxycarbonyl group or

Fomiula-VIII

wherein R4 and R5 are as defined above. V
Particularly preferred carbonates and carbamates are listed below:

(t)-N-ethylcarbamic acid 2-(3-diisopropylamino-1-phenylpropyl)—4-hydroxymethylphenyl ester,

(i)-N.N—dimethyIcarbamic acid 2-(3-diisopropylamino-1-phenylpropyl)—4-hydroxymethylphenyl ester.
(w_*)~N,N-diethylcarbamic acid 2-(3-diisopropylamino-1-phenylpropyi)-4~hydroxymethy|phenyl ester,

(t)-N-phenylcarbarnic acid 2-(3-diisopropylamino-1-phenylpropyl)-4-hydroxymethylphenyl ester.
(1-)-[2-(3-DiisopropyIamino-1-phenylpropyl)-4-hydroxymethyl-phenoxycarbonylaminolacetic acid ethyl ester
hydrochloride,

(1)-N-ethylcarbamic acid 3-(3-diisopropyiamino-1-phenylpropyl)-4-N-ethylcarbamoyloxybenzyl ester,
(j:)—N.N-dimethylcarbamic acid 3-(3-diisopropylamino-1-phenylpropyl)-4-N,N-dimethylcarbamoyloxybenzyl
ester,

(1)-N,N-diethylcarbamic acid 3-(3»diisopropy|amino-1—pheny|propy|)—4-N,N-diethylcarbamoyloxybenzyl ester.
(t)-N-phenylcarbamic acid 3-(3-diisopropylamino-1-phenylpropyl)—4-N-phenylcarbamoyloxybenzyl ester,
(t)-{4- [2- (3-diisopropylamino-1-phenylpropyl)-4-hydroxymethylphenoxycarbonylaminol-butyl}-carbamic ac-
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id 2-(3-diisopropylamino-1-phenylpropyl)-4-hydroxymethylphenyl ester,
(i)-carbonic acid 2-(3-diisopropylamino-1-phenylpropyl )-4-hydroxymethylphenyl ester ethyl ester.
(zt)-carbonic acid 2-(3-diisopropylamino-1-phenylpropyl)-4-hydroxymethylphenyl ester phenyl ester.
(:)-carbonic acid 2-(3-diisopropylamino-1-phenylpropyl)—4-ethoxycarbonyloxymethylphenyl ester ethyl ester.
(:l:)-carbonic acid 2-(3-diisopropylamino-1-phenylpropyl)-4~phenoxycaibonyloxymethylphenyl ester phenyl es-
ter.

G) 3.3-Diphenylpropylamines selected from

(i) compounds of the formulae IX and IX‘

 
at

/\

Formula lX'

wherein o and p are the same or different and represent the number of methylene units ( CH2 } and may range
from 0 to 6,

(ii) (t)-Benzoic acid 2-(3-diisopropylamino-1-phenylpropyl)—4-sulphooxymethyl-phenyl ester

(iii) Poly-co-DL-lactides of 2-(3-diisopropylaminophenylpropyl)-4-hydroxymethyl-phenol

(iv) (:l:)-,2-(3-Diisopropylamino-1-phenylpropy|)—4-(15-D-glucuronosyloxymethyl)-phenol having the formula

 
and

their salts with physiologically acceptable acids. their free bases and. when the compounds can be in the form
of optical isomers. the racemic mixture and the individual enantiomers.

[0031] The present invention, moreover, relates to processes for the preparation of the aforementioned compounds.
In particular, according to the present invention, the following processes are provided:

[0032] A process for the production of phenolic monoesters represented by the general fonnula ll

10
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HO / N '

A A \|/
’ l
\/

Fcmuiall

as defined above, which comprises treatment of a compound of the formula

with an equivalent of an acylating agent selected from

0
ll

R‘-C—Lo

wherein LG represents a leaving group selected from halogenide, carboxylate and imidazolide and R‘ is as defined
above. in an inert solvent in the presence of a condensating agent.
[0033] Preferably, the acylating agent is selected from

O O O

1 U ‘ u u
R -C—Hal or R‘-c—o-C-R‘,

wherein Hal represents a halogen atom, preferably a chlorine. atom, and R‘ is as defined above.
[0034] A process for the production of phenolic monoesters represented by the general formula II’

11
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0 (ca, :3

 
Fcmua II‘

as defined above, which comprises treatment of two equivalents of a compound of the formula

with an acylating agent selected from

H0 /

A A

0 O O O
H II ll - ._U

Hal—C- (CI-I3),-C-Hal or C- (CH,)n'C

wherein Hal represents a halogen atom. preferably a chlorine atom.

[0035] Hence. in these processes. an lntennediate B having the formula

"Y

   
is treated with an-equivalent of an acylating agent (e.g. an acyl halogenite or acyl anhydride) in an inert solvent and in

the presence of a condensating agent (e.g. amine) to provide phenolic monoesters of formula II or formula II‘ (wherein
n is 0-12), respectively, if polyfunctional acylating agents (e.g. acid halides, preferably acid chlorides of dicarboxylic
acids) are used.

12
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[0036] The lntennediate B as used in the processes for the production of the 3,3-diphenylpropylamines according
to the present invention can be in the form of a racemic mixture or of optically active compounds in accordance with
the fonnulae shown below:

  
Intermediate RS lnfeflnediafe R‘(+) intermediate S-(-)

[0037] Alternatively, structures of formula II or II' may be obtained by regioselective deprotection of a protected ben-
zylic hydroxy group (chemically or enzymaticallyz T. W. Greene. P. G. M. Wuts. ‘Protective Groups in Organic Chem-
istry", 2nd Ed., J. Wily & Sons. New York 1991).
[0038] The identical diesters represented by the general fonnula Ill

 
with at least two equivalents of the acylating agent R‘-C(=O)-LG as defined above.

[0039] Thus, the aforementioned di-acyl compounds are readily accessible if an at least two-molar excess of an
acylating agent is used in the above-mentioned conversion of lnterrnediate B or. more general, on treatment of com-
pounds of formula I with acylating agents in the presence of suitable catalysts. In the above process, the following
Intermediate A

13
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wherein R‘ denotes a benzyl group can be used instead of Intennediate B. The lntennediate A can be used in the form
of a racemic mixture or of optically active compounds (similar to lnterrnediate B).

[0040] Benzylic monoesters represented by the general formula V

 
at room temperature and under anhydrous conditions with activated esters in the presence of enzymes selected from
lipases or esterases.

[0041] Hence, this process relates to the preparation of phenols with para acyloxymethyl substituents (cf. formula
V). These compounds can be prepared in several chemical steps from intermediates such as formula I. where R

_represents hydrogen and R’ is hydrogen or any suitable protective group-which can be removed by known methods
(T. W. Greene, P.G.M. Wuts, ‘Protective Groups in Organicchemistry‘, 2nd Ed.. J. Wily & Sons, New York 1991) in
the presence of the newly introduced substituent R‘CO. It was found. however, that the benzylic substituent R‘CO can
be introduced more conveniently and in only one step if lnterrnediate B is treated at room temperature and under

anhydrous conditions with activated esters (e.g. vinyl acylates. isopropenyl acylates) in the presence of enzymes such
as lipases or esterases.

[0042] The mixed diesters represented by the general formula IV

14
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Formula IV

wherein R‘ and R2 are as defined above can be prepared by a process which comprises acylation of the above-
mentioned benzylic monoester represented by the general formula V '

 
F-'cm'tulaV

wherein R‘ is as defined above or of a phenolic monoester represented by the general fonnula II

as defined hereinbefore.

 

R1

YO

Y

 
Fomlula II

[0043] In general. mixed diesters of formula IV can be obtained by acylation of compounds of the general formula I
wherein R and R‘ are different substituents selected from the group consisting of hydrogen, acyl residues or protecting
groups that are cleavable under the acylation reaction conditions.
[0044] Ethers represented by the general formula VI

 
Formula VI

as defined hereinbefore wherein R" is hydrogen can be prepared by a process which comprises reacting a compound
of the formula

15
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with an alcohol R10-OH in the presence of an esterification catalyst.

[0045] A further process for the preparation of ethers represented by the general formula VI

 
Furmutavl

wherein R1° and R" are as defined hereinbefore. comprises acid or base treatment of free benzylic alcohols selected
from

and

and

 
16
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Formula VII

wherein R12 is hydrogen and R‘3 represents a C1-C5 alkoxycarbonyl group or

wherein R4 and R5 are as defined above
or of benzylic acylates selected from

R‘\
N-C0-

R5

1 7
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Forrmla lll Fafmh [V

 
Formuiav

wherein R‘ and R2 are as defined hereinbefore in the presence of suitable hydroxy reagents.

[0046] Finally, ethers of formula VI can be prepared by a process which comprises treating a compound of the formula

5‘O

W Y
Rm/O ’ X NA A 7/I

’ l\

wherein R10 is as defined above with an alkylating agent selected from alkyl halogenides, alkyl sulphates and alkyl
triflates. said alkyl group having 1 to 6 carbon atoms.

[0047] In summary, regioselective modification of the benzylic hydroxy groups is achieved either by acid or base
treatment of benzylic acylates in the presence of suitable hydroxy reagents (e.g. alcohols) or by catalytic ether formation
as described in the literature for other benzylic substrates (J.M. Sea. A. Llobera, A. Garcia—Raso, A. Costa. P.M. Deya;

J. Org. Chem. 53: 4263-4273 [1988]). Both free benzylic alcohols such as Intermediates A and B or compounds of
fonnulas II or VI (in which R‘° is hydrogen) or formula VII (in which R‘? is hydrogen) as well as benzylic acylates such
as fonnulae III. IV. V may serve as starting materials for the preparation of benzylic ethers (B. Loubinoux, J. Miazim-
bakana, P. Gerardin; Tetrahedron Lett. 30: 1939-1942 [1989]).

[0048] Likewise the phenolic hydroxy groups are readily transformed into phenyl ethers (R" = alkyl) using alkylating
agents such as e.g. alkyl halogenides, alkyl sulphates, alkyl triflates or employing Mitsunobu type reaction conditions
(Synthesis 1981. 1-28). Similarly. both phenolic and alcoholic monosilyl ethers are obtained by regioselective silylation
or by desilylation of bis-silyl ethers of Intermediate B as described for other compounds in the literature (J. Paladino,
C. Guyard. C. Thurieau, J.-L. Fauchere, Helv. Chim. Acta 76: 2465-2472 [1993]; Y. Kawazoe, M. Nomura, Y. Kondo,
K. Kohda, Tetrahedron Lett. 26: 4307-4310 [1987]).

[0049] Carbonates and carbamates represented by the general formulae VII and VIII

18
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as defined hereinbefore can be prepared by a process which comprises reacting a compound selected from the group
consisting of

19
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Fuzuudavl

wherein R‘ is defined as above, n is O to 12, Bn is benzyl. one of R‘° or R" is hydrogen and the other one is as defined
above with activated carbonyl compounds or carbonyl precursor reagents selected from haloforrnates, ketenes, acti-
vated esters, mixed anhydrides of organic or inorganic acids, isocyanates and isothiocyanates.
[0050] The coupling reactions can be carried out in inert solvents over periods of several hours at temperatures from
-10°C to the refluxing temperature of the solvent or reagent used to provide compounds of the general formula VII

where R‘? represents hydrogen, alkyl, aliphatic oraromatic acyl, or carbamoyl, and R13 represents -C(=0)-Y-R3, where-
in Y and R3 represent 0, S, NH and alkyl or aryl. respectively. Polyfunctional reagents give the corresponding deriva-
tives. For example, diisocyanates or di-carbonylchlorides provide compounds of formula Vlll where X. Y have the
meaning of O, S, or NH and n is zero to twelve.
[0051] The invention. moreover, relates to pharmaceutical compositions comprising one or more of the aforemen-
tioned 3,3-diphenylpropylamines. in other words. the compounds according to the present invention can be used as
pharrnaceutically active substances, especially as antimuscarinic agents.
[0052] They can be used for preparingpharmaceutical formulations containing at least one of said compounds. ~
[0053] The compounds according to the present invention in the form of free bases or salts with physiologically

acceptable acids, can be brought into suitable galenic forms. such as compositions for oral use, for injection or for
nasal spray administration, in accordance with accepted pharrnceutical procedures. Such pharmaceutical compositions
according to the invention comprise an effective amount of the compounds of claims 1 to 15 in association with com-
patible pharrnaceutically acceptable carrier materials, or diluents, as is well known in the art. The carriers may be any
inert material, organic or inorganic, suitable for enteral, percutaneous or parenteral administration, such as water. -

gelatine, gum arabicum. lactose, microcrystalline cellulose starch. sodium starch glycolate, calcium hydrogen phos-
phate, magnesium stearate. talcum and colloidal silicon dioxide. Such compositions may also contain other pharma-
ceutically active agents, and conventional additives, such as stabilizers, wetting agents. emulsifiers, flavouring agents
and bufiers.

[0054] The composition according to the invention can eg. be made up in solid or liquid form for oral administration,
such as tablets, capsules, powders, syrups and elixirs in the form of sterile solutions, suspensions or emulsions for
parenteral administration.

[0055] The compounds according to the invention may be used in a patch formulation. The compounds can be
administered transdennally with a reduced incidence of side effects and improved individual compliance.
[0056] The compounds and compositions can, as mentioned above, be used for the treatment of urinary incontinence
and other spasmogenic conditions that are caused by muscarinic mechanisms. The dosage of the specific compound
will vary depending on its potency, the mode of administration, the age and weight of the patient and the severity of
the condition to be treated. The daily dosage may, for example, range from about 0.01 mg to about 5 mg. adminstered
singly or multiply in doses e.g. from about 0.05 mg to about 50 g each.
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[0057] The invention will be further illustrated by the following non—limiting examples and pharmacological tests.

I. Experimental

1. General

[0058] All compounds were fully characterized by ‘H and 13C NMR spectroscopy (Bruker DPX 200). The chemical
shifts reported for “C NMR spectra (50 MHz, ppm values given) refer to the solvents CDCI3 (77.10 ppm), dideuterio
dichloromethane (CDZCIZ, 53.8 ppm), CD3OD (49.00 ppm) or hexadeuterio dimethylsulphoxide (DMSO-d6. 39.70 ppm),
respectively. ‘H NMR data (200 MHz, ppm) refer to internal tetramethylsilane).
[0059] Thin-layer chromatography (tlc, R, values reported) was conducted on precoated 5x10 cm E. Merck silica gel
plates (60F254), spots were visualized by fluorescence quenching or spaying with alkaline potassium permanganate
solution.

Solvent systems: (1), ethyl acetate/n-hexane (30/70, v/v-%) ; (2), toluene/acetone/methanol/acetic acid (70I5/20/5, vl
v-%); (3), n-hexane/acetone/diethylamine (70/20/10, vlv-%); (4), n-hexane/acetoneltriethylamine (70/20/10, v/v-%);

(5), ethyl acetate/n-hexane/2-propanolltriethylamine (60/40/20/1, vlv-%); (6), ethyl acetate/triethylamine (90/10, v/v-
%); (7), cyclohexane/acetone/acetic acid (80/20/0.5. v/v-%).

Optical rotations were measured at 589.3 nm and room temperature on a Perkin Elmer Polarimeter Type 241.
Melting points (mp) reported are uncorrected and were determined on a Mettler FP 1 instrument.
IR spectra were taken from a Perkin-Elmer FTIR spectrometer Series 1610, resolution 4 cm”.
Gas chromatography-mass spectrometry (GC-MS): spectra (mlz values and relative abundance (%) reported) were
recorded on a Finnigan TSQ 700 triple mass spectrometer in the positive (P-Cl) or negative (N—Cl) chemical ionization -
mode using methane or ammonia as reactant gas. Hydroxylic compounds were analyzed as their trimethylsilyl ether
derivatives. Combined liquid chromatography-mass spectrometry (LC—MS) :
Waters lntegrety System, Therrnabeam Mass Detector (El, 70 eV), mlz values and relative abundance reported.

2. Synthesis of Intennediates A and B

3-Phenylacrylic acid 4-bromophenyl ester

[0060] An ice-cooled solution of 4-bromophenol (69.2 g) and cinnamoyl chloride (66.8 g) in dichloromethane (150
ml) was treated with triethylamine (40.6 g). After stirring for 18 hrs at room temperature the mixture was washed with
water (250 ml), 1 M aqueous HCl. and dried over anhydrous sodium sulphate. Evaporation in vacuum left solid 3-phe-

nylacrylic acid 4—bromophenyI ester (1 21 .0 g, 99.8% yield), m.p. 113.3°C. tlc: (1) 0.83. NMR (CDCI3) : 116.85, 118.87,
123.49, 128.38, 129.06, 130.90, 132.49, 134.02, 147.07, 149.84, 165.06.

(i)-6-Bromo-4-phenylchroman-2-one

[0061] A portion of the ester (60.0 g) was dissolved in a mixture of acetic acid (60 ml) and concentrated sulphuric
acid (18 ml) and refluxed for 2 hrs. After cooling, the reaction mixture was poured into ice water and the product was
isolated by extraction with echylacetate. Evaporation of the solvent and recrystallization of the residue from boiling
ethanol (150 ml) yielded 26.3 g (43.8% yield) of pure, crystalline (ic)-6-bromo-4-phenylchroman-2-one, m.p. 117.8°C,

tlc: (1) 0.67. NMR (CDCI3) 2 36.56, 40.51, 117.29, 118.87, 127.47, 127.89. 128.33, 129.32, 131.07, 131.79, 139.42, I
150.76, 166.84.

(t)-3-(2-Benzyloxy-5-bromophenyl)-3-phenylpropionic acid methyl ester

[0062] A suspension consisting of (:l;)-6-bromo—4-phenylchroman-2-one (85.0 g), anhydrous potassium carbonate
(46.7 g), sodium iodide (20.5 g) and benzyl chloride (40.6 g) in methanol (350 ml) and acetone (350 ml) was refluxed
for 3 hrs. After evaporation of the solvents the residue was extracted with diethyl ether (2 x 300 ml) and the extract

was washed with water (2 x 200 ml) and aqueous sodium carbonate..Drying (Na2SO4) and rotoevaporation left 121.8
g (102.1 % crude yield) of (1)-3-(2-benzyloxy-5-bromophenyi)-3-phenyipropionic acid methyl ester as a light yellow oil,

tlc: (1)0.77; NMR (CDCI3) 139.22, 40.53,51.63,70.16,113.10,113.77,126.46,126.92,127.88,128.08.128.34,128.45.
130.31. 130.55, 134.41, 136.44, 142.37, 154.94.172.08.

(:l;)-3-(2-Benzyloxy-5-bromophenyl)-3-phenylpropionic acid

[0063] A solution of (i)-3-(2—benzyloxy-5-bromophenyl)-3-phenyl-propionic acid methyl ester (0,391 g, 0,92 mmol)
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in ethanol (5 ml) was treated at 50°C with excess aqueous sodium hydroxide solution until the milky emulsion became

clear. The reaction mixture was then acidified (pH 3), evaporated and extracted with dichloromethane. The organic
extract was evaporated and the remaining oil was redissolved in a minimum of boiling ethanol. The precipitation formed

after 18 hrs at 4°C was filtered off and dried in vacuo to yield 0.27 g (71.4%) of (i)-3-(2-Benzyloxy)-5-bromophenyI)-
3-phenylpropionic acid, colourless crystals, m.p. 124.9°C; tlc: (1) 0.15 (starting material methyl ester 0.75); NMR
(CDCI3) : 39.15, 40.26, 70.25,113.21,113.90,126.62,127.27,127.98.128.17,128.47.128.54,130.46.130.68,134.34,
136.45. 142.16, 154.95, 177.65. LC-MS: 412/410 (14/11%, M‘), 394/392 (15/13%), 321/319 (17/22%), 304/302
(17/21%), 259 (24%), 194 (22%), 178 (21%), 167 (65%), 152 (49%), 92 (100%). IR (KBr): 3434, 3030, 1708, 1485,

1452, 1403, 1289, 1243, 1126, 1018, 804, 735, 698, 649. Calculated for C22H,9BrO3 (mol-wgt. 411.30): C 64.25%, H
4.66%, Br 19.43%, 0 11.67%; found: C 63.72%, H 4.70%, Br 19.75%, 0 11.80%. . 4

[0064] Alternatively, the crude reaction mixture from the above described synthesis of (t) -3-(2-benzy/oxy-
5-bromopheny/)-3-phenylpropionic acid methyl ester was evaporated, redissolved in warm ethanol, and treated with

excess aqueous potassium hydroxide solution. Acidification to pH 3 (conc. hydrochloric acid) and cooling to 4°C re-
sulted in the formation of a solid, which was filtered off after 18 hrs. washed repeatedly with water and dried to yield
(i)-3-(2—benzy/oxy-5-bromophenyl)-3-phenylpropionic acid in 82% yield.

a) Resolution of 3-(2-benzyloxy-5-bromophenyl)-3-phenylpropionic acid

R-(-)-3-(2-Benzyloxy-5-bromophenyl)-3-phenylpropionic acid

[0065] Warm solutions of (1)-3-(2—benzyloxy-5-bromopheny/)-3-phenyl-pmpionic acid (815.6 g, 1.85 mol) and 1S,
2R-(+)-ephedrine hemihydrate (232.1 g, 1.85 mol) in 2000 ml and 700 ml, respectively, of absolute ethanol were com-
bined and then allowed to cool to 0°C. The precipitate formed was collected, washed with cold ethanol and dried in

vacuum to give 553.2 g of the ephedrinium salt of the title compound (m.p. 153°C. e.e. 65% as determined by NMR
and HPLC). The salt was recrystallized twice from boiling ethanol to give R—(-)-3-(2- benzyloxy-5-bnomopheny/)-3-phe-
nylpropionic acid 1S,2R-(+)-ephedrinium salt in 75% yield, colourless crystalls, m.p. 158.6°C, e.e. 97.6% (HPLC). NMR
(CDCI3): 9.53, 30.90. 41.54, 42.83, 61.45, 70.15, 70.42, 113.05, 113.68, 125.89, 126.03, 127.33, 127.85, 128.19,
128.28, 128.45. 129.86, 130.70, 135.91, 136.65, 140.40, 144.09, 155.20, 178.94.

[0066] 1.2 g (2.0 mmol) of the ephedrinium salt were dissolved in a mixture of acetone (5 ml) and ethanol (10 ml).
After treatment with water (0.4 ml) and cone. (37%) aqueous hydrochloric acid (0.34 ml), the solution was evaporated
in vacuum, and the residue was redissolved in 1M aqueous hydrochloric acid (2 ml) and dichloromethane (10 ml). The
organic phase was separated, washed twice with water (2 ml), and evaporated to dryness to give R-(-)-3-(2-Benzy/oxy-
5—bromophenyI)-3-phenylpropionic acidas a colourless oil which slowly solidified (0.4 g, 98% yield), m.p. 105.6°C (from

ethyl acetate/n-heptane); tlc: (7) 0.21; [(11020 = -21.1 (c = 1.0, ethanol), e.e. 99.9% (HPLC). NMR: identical with the
racemic acid.

S-(+)-3-(2-Benzyloxy-5-bromophenyl) -3-phenylpropionic acid

[0067] The combined mother liquids from the above resolution and recrystallizations were treated under stirring and
cooling (18°C) with excess conc. aqueous hydrochloric acid. The precipitate (ephedrinium hydrochloride) was filtered
off, and the filtrate was evaporated to dryness. The residue was re-dissolved in dichloromethane (1.5 litre) and then

washed with several portions of 1 M aqueous hydrochloric acid followed by water. After drying (Na2SO4). filtration, and
evaporation 479 g of crude S-(+)-3-(2-benzyloxy~5-bromophenyl)—3-phenylpropionic acid were obtained as a yellow
viscous oil. The pure S-(+) enantiomeric acid was converted into the 1R,2S-(-)-ephedrine salt as described above for

the R-(-) acid. Two recrystallizations from boiling ethanol provided colourless crystals of S-(+)-3-(2-benzyIoxy-
5-bromopheny/)-3-pheny/pmpionic acid 1R,2S-(-)-ephedrinium salt in 83% yield, m.p. 158.7°C, e.e. 97.8% (HPLC).

NMR (CDCI3) : 9.47, 30.85, 41.54, 42.92, 61.48, 70.13, 70.30, 113.04, 113.66, 125.89, 126.01, 127.32, 127.84, 128.18,
128.44, 129.83, 130.68, 135.94, 136.63, 140.44, 144.13, 155.19, 178.94.

[0068] S- (+)-3- (2-Benzyloxy-5-bromophenyl)-3-phenylpropionic acid was obtained in quantitative yield from this

ephedrinium salt by the method described above for the R-(-) acid, tlc: (7) 0.20, e.e. (NMR) > 99%, mp 105.5°C; [ot]D2°
= +22.6 (c = 1.0, ethanol); NMR: identical with the racemic acid..
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b) Enantioselective Synthesis of R-(-)- and S-(+)-3-(2-benzyloxy-5-bromophenyl)-3-phenylpropionic acid

[0069]

' on ‘"3" OBn 0 0
R H Bnr -——u / OH ——-—c- / N8 CH0 3' - Br ' R

0 o h
R = H .

R = 8n (benzyl) ..

 
2-Benzyloxy-5-bromobenzaldehyde

[0070] To a solution of 0.1 mol of 5-bromo-2-benzaldehyde in THF (150 ml) was added 0.1 mol of K2003 and 0.11
mol of benzyl bromide. The mixture was refluxed for 2 hrs and water (500 ml) was added. After addition of ethyl acetate
(400 ml) and stirring the organic layer was washed with water, dried (sodium sulphate) and evaporated to dryness.
The resulting slightly yellow solid of pure (tic) 2-benzyloxy-5-bromobenzaldehyde was used as such in the next step.

3-(2-Benzyloxy-5-bromophenyl)-acrylic acid

[0071] A mixture of 2-benzyloxy-5-bromobenzaldehyde (0.10 mol), malonic acid (15.0 g). and piperidine (2.0 ml) in
150 ml of pyridine was first heated at 90°C for 90 min and subsequently refluxed for 0.5 hrs. After cooling to room
temperature, the reaction was poured on a mixture of ice (1 kg) and concentrated aqueous hydrochloric acid (250 ml).
The solid material that precipitated after stirring for 2 hrs. was collected by suction and recrystallized from a minimum
of boiling methanol.

3-[3-(2-Benzyloxy-5-bromophenyl)-acryloyl]-(4R)-4-phenyloxazolidin-2-one

[0072] Pivaloylchloride (7 g) was added dropwise at -30°C to a stirred solution of 3-(2-benzyloxy-5-bromophenyl)-
acrylic acid (50.0 mmol) and triethylamine (15.0 ml) in 200 ml of tetrahydrofuran. After an additional hour the temper-
ature was lowered to -50°C and (R)-2-phenyloxazolidin-2-one (9.0 g) and lithium chloride (2.5 g) were added in one
portion. The cooling bath was then removed and stirring was continued over 18 hrs. The reaction was diluted with

water and 3-[3-(2-benzyloxy-5-bromophenyl)-acryloyl]—(4R)~4-phenyloxazolidin-2-one was isolated by extraction with
elhylacetate.

3- [3-(2-Benzyloxy-5-bromophenyl)-(38)-3-phenylpropionyl]-(4R)-4-phenyloxazolidin-2-one

[0073] To a precooled (-30°C) mixture ofcopper-(l) chloride (21 .0 g) and dimethylsulfide (45 ml) in dry tetrahydrofuran
(150 ml) was added dropwise an ethereal solution of phenylmagnesiumbromide (0.3 mol). The mixture was stirred 20

min at the same temperature and then cooled to —40°C. A solution of 3- [3- (2-Benzyloxy-5-bromophenyl)-acryloyl]
-(4R)-4-phenyloxazolidin-2-one (50.0 mmol) in dry tetrahydrofuran (150 ml) was added during 10 min. The cooling
bath was removed and stirring was continued for 18 hrs. The mixture was quenched with half-saturated aqueous
ammonium chloride solution and the product was isolated by extraction with ethyl acetate.
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S-(+)-3-(2-Benzyloxy-5-bromophenyl)-3-phenylpropionic acid

[0074] A solution of the above described 3-[3-(2-benzyloxy-5-bromophenyl) - (3S)-3-phenylpropionyl]-(4R)—4-phe-
nyloxazolidin-2-one in tetrahydrofuran (300 ml) and water (100 ml) was cooled to 0°C and then treated with 30%
aqueous hydrogen peroxide (20 ml) followed by solid lithium hydroxide (4.3 g). Water was added after 2 hrs and the
chiral auxiliary was removed by extraction with ethyl acetate. The aqueous phase was acidified with aqueous hydro-
chloric acid (10%) and crude S-(+)-3-(2-benzyloxy-5-bromophenyl)«3-phenylpropionic acid was extracted with tert.-
butyl-methylether.
[0075] HPLC analysis (Chiralpak AD, mobile phase hexane/2—propanol/trifluoro acetic acid [92:8:0.1. vol/vol-%); flow
1.0 ml/min. detection 285 nm) indicated an enantiomeric ratio 93:7 (retention times 14.8 min and 11.5 min, respectively).
The e.e. of 86% of the S—(+) enantiomer can be improved to >98.5% by recrystallization of the diastereomeric salts

using "nitromix" (Angew. Chem. Int. Ed. Engl. 1998, Vol. 37, p. 2349) or (1 R,2S)-(-)-ephedrine hemihydrate as described
above. The S-(+)—3—(2-benzyloxy—5-bromophenyl)-3-phenylpropionic acid was isolated after acidification of aqueous

solutions of the diastereomeric salts. It fonns colourless crystals which gave an optical rotation of [(11,322 = +21.6 (c =
0.5, MeOH).

[0076] R-(-)-3-(2-Benzyloxy-5-bromophenyl) -3-phenylpropionic acid Conjugate organocuprate addition of phe-
nylmagnesiumbromide to-3-13-(2-benzyloxy-5-bromophenyl)-acryIoyI]-(48)-4-phenoyloxazolidin-2-one as described
above for the S-(+)enantiomer gave crystalline R-(-)-3-(2—benzylcxy-5-bromophenyl)-3-phenylpropionic acid in an e.e.

of 99.6% after two recrystallizations, [(11022 = -21.7 (c = 0.5, MeOH).

c) Synthesis of the R- and S- Enantiomers of Intermediate B

(i) Phenylpropanol Route

[0077]

Br

   
(:l:)-3-(2-Benzyloxy-5-bromophenyl)-3-phenylpropan-1-ol

[0078] A solution of the methyl(i)-propionate (121.0 g) in 350 ml of dry tetrahydrofuran was slowly added under an
atmosphere of nitrogen to a suspension of lithium aluminiumhydride (7.9 g) in tetrahydrofuran (350 ml). After stirring
at room temperature for 18 hrs, 20% aqueous HCl was added dropwise and the product was isolated by repeated
extraction with diethyl ether. The combined extracts were gradually washed with hydrochloric acid, sodium hydroxide

solution, distilled water, and then dried (Na2SO4) to give a light yellow viscous oil (108.8 g, 96.3% yield) after evaporation
which gradually crystallized. m.p. 73.8°C, tlc: (1) 0.47. (i)-3-(2-benzyloxy-5-bromophenyl)-3—phenyIpropan-1-ol. NMR

(CDCl3) : 37.52, 39.52, 60.84. 70.54, 113.54, 113.83, 126.29.127.30, 127.51, 129.99, 128.24, 128.38,129.99, 130.88,
135.69, 136.40, 143.53, 155.12.

[0079] The same product was obtained after reduction of (i)-3-(2-benzyloxy-5-bromophenyl)-3—phenylpropionic acid
with lithium aluminium hydride in tetrahydrofuran (30 min, 25°C), 31% yield.

(1)-Toluene-4-sulphonic acid 3-(2-benzyloxy-5-bromophenyl)-3-phenylpropyl ester

[0080] A cooled (5°C) solution of (zt)-3-(2-benzyloxy-5—bromophenyl)-3-phenylpropan-1 -ol (108.0 g) in dichlorometh-
ane (300 ml) was treated with pyridine (79.4 ml) and then p-toluenesulphonyl chloride (60.6 g) in dichloromethane (200
ml). After 18 hrs. at room temperature the solvent was removed in vacuum and the residue was extracted with diethyl
ether. The extract was washed with hydrochloric acid, water, and dried over anhydrous sodium sulphate to give (i)-

toluene-4-sulphonic acid 3-(2-benzyloxy-5-bmmophenyl)-3—phenyIpropyI ester as a light yellow oil after concentration

under reduced pressure (140.3 g, 93.6% yield), tlc: (1) 0.66. NMR (CDCl3) : 21.67, 33.67, 39.69, 68.58, 70.28, 113.21 ,
113.76. 126.47, 127.84, 128.10, 128.25, 128.41 , 128.51, 129.81, 130.26, 130.42, 132.91 , 134.39, 136.41, 142.16,
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155.07.

(i)-[3-(2-Benzyloxy-5-bromophenyl)-3-phenylpropyl]-diisopropylamine

[0081] A solution of the (t)-toluenesulphonate ((:)—toluene-4—sulphonic acid 3-(2-benzyloxy-5-bromophenyl)-3-phe-
. nylpropyl ester, 139.3 g) in acetonitrile (230 ml) and N,N-diisopropylamine (256 g) was refluxed for 97 hrs. The reaction

mixture was then evaporated to dryness and the residue thus formed was partitioned between diethyl ether (500 ml)

and aqueous sodium hydroxide (2 M, 240 ml). The organic phase was washed twice with water (250 ml) and then
extracted with 1 M sulphuric acid. The aqueous phase was adjusted to about pH 12-13 and reextracted with ether (500

ml). The organic phase was washed with water, dried (Na2SO4) and evaporated to provide (i)-[3-(2-benzyloxy-
5-bromophenyl)-3-phenylpropyfl-diisopropylamine as a brown and viscous syrup (94.5 g. 77.9% yield), tlc: (2) 0.49.

NMR (CDCI3): 20.65, 20.70, 36.70, 41.58, 43.78, 48.77, 70.24, 113.52, 126.02, 127.96, 128.20, 128.36. 129.82.
130.69, 136.34, 136.76, 144.20, 155.15.

(ii) Phenylpropionamide Route

[0082]

 
S-(+)-3-(2-Benzyloxy-5-bromophenyl) -3-phenylpropionyl chloride

[0083] Thionylchloride (4.5 g, 2.8 mi, 37.8 mmol) and some drops of dimethylformamide were added to a solution
of S-(+)-3-(2-benzyloxy-5-bromophenyl )-3-phenylpropionic acid (10.3 g, 25 mmol) in ethyl acetate (60 ml). The mixture
was refluxed until tlc control indicated complete consumption of the starting material (2 hrs). Evaporation in vacuum

gave the acid chloride as a light yellow liquid in almost quantitative yield (10.7 9). Conversion of an aliquot to the methyl

ester showed a single spot in tlc (Rf 0.54, solvent system (7)).

S-(+)-N,N-Diisopropyl-3-(2-benzyloxy-5-bromophenyl)-3-phenylpropionamide

[0084] A solution of S-(+)-3-(2-benzyloxy-5-bromophenyl)-3-phenylpropionyl chloride (9.6 g, 22.3 mmol) in ethyl ac-
etate (40 ml) was added dropwise to a stirred and cooled (3°C) solution of diisopropylamine (6.4 g, 49.0 mmol) in 60
ml of ethyl acetate. The reaction was stirred for 18 hrs at room temperature and then washed with water, aqueous

hydrochloric acid (1 M) and half saturated brine. The organic phase was dried (sodium sulphate) and evaporated to
dryness..The colourless oily residue (10.7 g, 97% yield) of S-(+)-N,N—diisopropyl-3-(2-benzyloxy-5-bromophenyl)-

3~phenylpropionamide showed a single spot on tlc: (R, 0.70 (4)). NMR (CDCI3): 18.42, 20.46, 20.63. 20.98, 39.51,
41.44, 45.76, 48.63. 70.00, 112.84, 113.64, 126.10, 126.45, 127.34, 127.78, 128.20, 128.36. 129.93, 130.59. 135.18,
136.52. 143.52, 155.17, 169.61.

(i)-N,N-DiisopropyI-3- (2-benzyloxy-5-bromophenyl)-3-phenylpropionamide

[0085] The amide was prepared from diisopropylamine and the racemic acid chloride as described above for the
S-(+) enantiomer. The viscous colourless oil was dissolved in ethanol and the solution stored at -30°C. From this
solution colourless crystals were obtained, m.p. 101 .8°C.

(1)-[3-(2-Benzyloxy-5-bromophenyl)-3-phenylpropyl]-diisopropylamine

[0086] To a stirred solution of (i)-N,N—diisopropyl-3-(2-benzyloxy-5-bromophenyl)-3-phenylpropionamide (11.8 g) in
40 ml of dry tetrahydrofuran was added 1 M lithium aluminium hydride/tecrahydrofuran (36 ml). The reaction was
refluxed for 4 hrs and then quenched with the dropwise addition of water. After removal of the precipitate the solvent

25

Patent Owner, UCB Pharma GmbH — Exhibit 2011 - 0529



Patent Owner, UCB Pharma GmbH – Exhibit 2011 - 0530

10

15

20

.25

30

35

40

45

50

55

EP 1 077 912 B1

was evaporated and the oily residue dissolved in diluted sulphuric acid. The aqueous phase was washed several times

with diethyl ether, adjusted to pH 10-12 (aqueous NaOH), and extracted with diethyl ether. The extract was dried

(sodium sulphate), filtered and evaporated to dryness in vacuum to leave 8.1 g (76.7%). of the title compound as a
viscous coloufless oil, tlc: (4) 0.86. The NMR spectrum corresponds to the product, obtained from the tosylate precursor

(see above).

S-(+)-[3- (2-Benzyloxy-5-bromophenyl)-3-phenylpropyl] -diisopropylamine

[0087] Repetition of the reaction sequence by using S-(+)-3-(2-benzyloxy-5-bromophenyl)-3-phenylpropionic acid
as the starting material gave S-(+)-[3-(2-Benzyloxy-5-bromophenyl)-3-phenylpropyl]-diisopropylamine as a viscous

colourless oil, [or]D22 = +18.5 (c = 10.0, ethanol), e.e. of a representative batch 99.4%

R-(-)-[3-(2-Benzyloxy-5-bromophenyl)-3-phenylpropyl]-diisopropylamine

[0088] Repetition of the reaction sequence by using R-(-)-3-(2-benzyloxy-5-bromophenyl)-3-phenylpropionic acid as
the starting material gave R-(-)-[3-(2-Benzyloxy-5—bromophenyl)-3«phenylpropyl]-diisopropylamine as a viscous col-

ourless oil, [a]D22 = -17.3 (c = 10.0, ethanol). e.e. of a representative batch 98.3%.
[0089] The optical purities were determined by chiral HPLC using Chiralpak OD columns.

(:l:)-4-Benzyloxy-3-(3-diisopropylamino-1-phenylpropyl)-benzoic acid hydrochloride

[0090] An ethereal Grignard solution, prepared from the above (i)-amine (22.8 g), ethyl bromide (17.4 g) and mag-
nesium (6.1 g) under an atmosphere of nitrogen was diluted with dry tetrahydrofuran (200 ml) and then cooled to -60°C.
Powdered solid carbon dioxide (ca. 50 g) was then added in small portions and the green reaction mixture was warmed
to room temperature. After the addition of an aqueous solution of ammonium chloride (200 ml, 10%) and adjustment
of the aqueous phase to pH 0.95, a white solid was recovered by filtration to provide (i)-4-benzyIoxy-3-(3—diisopro-

pyIamino-1-phenylpropyl)-benzoic ac_id hydrochloride (14.7 g, 64.3% yield), m.p. 140°C (dec.), tlc: (2) 0.33. NMR
(CD300) : 17.07, 18.77, 33.55, 43.27, 56.50, 71.50, 112.89, 124.10, 127.94, 129.07, 129.25, 129.34, 129.59, 129.66,
130.18, 131.60, 132.78, 137.60, 143.30, 161.11, 169.70.

(:l:) - [4-Benzyloxy-3-(3-diisopropylamino-1-phenylpropyl)-phenyl]-methanol

Intermediate A (n = 1)

[0091] The (t)-hydrochloride was converted into its methyl ester (MeOH, trace sulphuric acid, 6h reflux) and the free

oily base thus obtained (28 g; tlc (2): R, 0.46) was dissolved in dry diethyl ether (230 ml). This solution was slowly (2h)
dropped under a nitrogen atmosphere to a suspension of lithium aluminium hydride (1.8 g) in ether (140 ml). After
stirring for 18 hrs, the reaction was quenched by the addition of water (4.7 ml). The organic phase was dried over

anhydrous sodium sulphate, filtered and evaporated to dryness to provide (i)-[4-benzyIoxy-3-(3-diisopropyIamino-
1-phenylpropyv-phenyfl-methanol (26 g, 98.9% yield), as an oil which gradually crystallized, m.p. 86.4°C; tlc: (2) 0.32.

NMR (CDCI3) : 20.53, 20.61, 36.87, 41 .65, 44.14, 48.82, 65.12, 70.09, 111.80, 125.77, 125.97, 126.94, 127.55, 128.08,
128.37,128.44, 133.27, 134.05, 134.27, 137.21,144.84.

O—Bn ‘T
Y

 

 
H0 intermediate A
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(:l:)-[4-Benzyloxy-3-(3-diisopropylamino-1-phenylpropyl)-phenyl] - [C2H]methanol

Intermediate dz-A (n = 2)

[0092] Repetition of the above described reduction of the methylester of (i)-4—benzyIoxy-3-(3-diisopropyIamino-
1-phenylpropyl)-benzoic acid by the use of lithium aluminium deuteride gave (i)-[4-benzyloxy-3-(3-diisopropylamino-

1-phenylpropyl)-phenyl]-[C2H]methanol, colourless amorphous solid in 77% yield; tlc: (2) 0.33. NMR (CDCI3) : 20.46,
20.55, 36.77, 41.62, 44.09,'48.77, multiplett centred at 64.96, 70.05, 111.76, 125.72, 127.34, 128.03,128.32, 128.38,
133.15, 133.99, 137.17, 144.80, 155.52.

(zt)-2-(3-Diisopropylamino-1-phenylpropyl)-4-hydroxymethylphenol

Intermediate B (n = 1)

[0093] A solution of intermediate A (9.1 g) in methanol (100 ml) was hydrogenated over Raneynickei (4.5 g) under
ambient conditions. After 5 hrs thin layer chromatography indicated complete hydrogenolysis. The catalyst was filtered
off and the solution evaporated to dryness to leave an oil (6.95 g, 96.5% yield) which gradually solidified, (i)-2—(3-di- -
isopropylamino-1-phenylpropyl)-4-hydroxymethylphenol, m.p. 50°C, tlc: (2) 0.15. NMR (CDCI3): 19.42, 19.83, 33.22,
39.62, 42.27, 48.27, 65.19, 118.32, 126.23. 126.55, 127.47, 128.33, 132.50, 144.47, 155.38.

Hydrochloride: colourless crystalls, m.p. 187-190°C (with decomposition)

0.24 T
Y

 

 
4 H0 lntennediate B

S-(-)-2-(3-Diisopropylamino-1-phenylpropyl)-4-hydroxymethylphenol

[0094] Hydrogenolysis of S-(-)-[4-benzyIoxy-3- (3-diisopropyIamino-1-phenyIpropyD-phenyfl-methanol (prepared
from S- (+)-3-(2-benzyloxy-5-bromophenyl)-3-phenylpropionic acid as.described for the racemic series) gave the title

compound in 85% yield, ooloudess solid; m.p. 2 50°C, [(11022 = -19.8 (c = 1.0, ethanol); NMR (CDCI3) : 19.58, 19.96,
33.30, 39.52, 42.10, 48.00, 65.40, 118.58, 126.31, 126.57, 127.16, 127.54, 128.57, 132.63, 132.83, 144.55, 155.52.

S-(+) hydrochloride: colourless, non-hygroscopic solid, m.p. 186.4°C (dec.); [o:]D22 = +6.6 (c = 0.5, water). NMR (DMSO-
d6): 16.58, 18.17, 31.62, 41.37, 45.90, 54.02, 63.07, 115.18, 126.05, 126.37, 128.03.128.45, 129.04.133.12, 143.88,
153.77.

R-(+)-2-(3-Diisopropylamino-1 -phenylpropyl)-4-hydroxymethylphenol

[0095] Hydrogenolysis of R-(+)-[4-benzyIoxy-3-(3-diisopropylamino-1-phenylpropyl)-phenyfl-methanol (prepared
from R-(-)-3-(2-benzyloxy-5-bromophenyl)-3-phenylpropionic acid as described for the racemic series) gave the title

compound in 87% yield, colourless solid; m.p. 2 50°C, [a]D22 = +21.3 (c = 1.0, ethanol).

R—(-) hydrochloride: colourless, non-hygroscopic solid, m.p. 179.8°C (dec.); [o:]D22 i -7.2 (c = 0.5. water) ; NMR (DMSO-
d6): 16.59, 18.19, 31.64, 41.38, 45.92, 54.07, 63.08-, 115.19, 126.07, 126.39, 128.04.128.46, 129.05, 133.13, 143.89,
153.79. '

S-(+)-mandelate: m.p. 139.7°C, [(11021 = +38.3 (c = 1.0, ethanol)
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(:l:)-2-(3-Diisopropylamino-1Qphenylpropyl)-4-hydroxy-FH2]methyl-phenol

lntermediate dz-B (n = 2)

[0096] A stirred suspension of lithium aluminium deuteride (0.1 g. 2.38 mmol) in 5 ml of dry diethyl ether was treated
during 30 min at room temperature under an atmosphere of dry nitrogen with a solution of (t)-4-benzyloxy-3-(3-diiso-
propylamino-1-phenylpropyl)-benzoic acid methyl ester (1 .0 g, 2.17 mmol) in dry diethyl ether (5 ml). After an additional
stirring at room temperature for 18 hrs the reaction was quenched by the dropwise addition of 0.17 ml of 2H2O. The
resultant precipitation was filtered off. washed with small portions of ether, and the combined organic phases were
evaporated to dryness in vacuum to leave

(-.t)-[4-benzyloxy-3-(3-diisopropylamino-1-phenylpropyl)-phenyl] - [ZH-zlmethanol
as slightly yellow, viscous oil which gradually crystallized, m.p. 84.1°C; tlc: (2) 0.33 (starting material 0.46), 0.725 g.

77.2% yield. NMR (CDCI3) : 20.46, 20.55. 36.77,41.62. 44.09. 48.77, multiplett centred at 64.30, 70.05, 111.76, 125.72.
125.94, 126.92, 127.34. 127.71, 128.03. 128.32. 128.38, 133.15, 133.99, 137.17, 144.30. 155.52.

[0097] A solution of the above (1)-[4-benzyloxy-3-(3-diisopropylamino-1-phenylpropyl)-phenyl]-FH2]methanol'
(0.129 g, 0.29 mmol) in a suspension of methanol (5 ml) and wet Raney-Nickel (0.1-0.2 g) was stirred at room tem-
perature under an atmosphere of deuterium gas (ZH2). After 1 hr tlc indicated complete disappearance of the starting
material. The mixture was filtered, evaporated and the residue was redissolved in diethyl ether (5 ml). The solution
was washed with water (2 x 5 ml), dried over sodium sulphate, filtered and evaporated to dryness to leave a pale yellow

oil, 76.3 mg, in 74.6% yield, which gradually solidified to give a colourless solid of a m.p. range of 46-49°C. Tlc: (4)

0.57 (starting material 0.77). NMR (CDCI3) : 19.57, 19.94.33.313, 39.56, 42.18. 48.07, 48.43, multiplett centred at 64.61,
118.47, 126.29, 126.58. 127.55. 127.94. 128.38, 132.53. 144.53, 155.37. GC-MS (P-Cl, ammonia, TMS derivative):
488.43 (100%), 489.56 (70%). 490.56 (31%), 491.57 (8%).

"H" “H

0 A ' lntermediate dz-B

n = 2, deuterium
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(1)-2-(3-Diisopropylamino-1-phenylpropyl)—4-hydroxy—FH2] methyl-phenol

lntennediate dz'—B

(iii) Heck-Cuprate-Route to lnterrnediate B

[0098]

1 ‘W’2._.___:.§'.

Mao,c Br '/\"»"‘“°”v0

OH

HO Q NU-Pf): <———:—j. 
Intermediate B

N,N-Diisopropyl-acrylamide

[0099] A solution of acroyl chloride (42.2 g, 40.6 ml, 0.467 mol) in 125 ml of dichloromethane was slowly added to
a cooled (O-5°C) solution of N,N-diisopropylamine in dichloromethane (500 ml). After2 hrs the precipitated ammonium
salt was filtered off and the filtrate was washed with~1M hydrochloric acid (3 x 100 ml). dried (sodium sulphate), and

evaporated to dryness. N,N-diisopropyl-acrylamide was obtained as a slight yellow liquid in 48% yield and ca. 99%
purity. NMR (CDCI3) : 20.54, 21.25. 45.66, 48.10, 125.62, 130.70, 166.17.

(E)-N,N-Diisopropyl-3-(2-methoxy-5-methoxycarbonylphenyl)-acrylamide

((E)-3-(2-Diisopropylcarbamoyl-vinyl)-4-methoxybenzoic acid methyl ester)

[0100] The reaction was carried out under an atmosphere of dry and oxygen-free nitrogen gas. All solvents and
reagents were dried before use.
A stirred suspension consisting of N.N-dimethylglycine (6.0 mmol), anhydrous sodium acetate (40 mmol), methyl 3-bro-

mo-4-methoxybenzoate (20 mmol. 4.90 g), N,N-diisopropylacrylamide (24 mmol, 3.72 g), bis-(benzonitrile)—palladium-II
chloride (1.5 mol%). and 20 ml of N-methyl-2-pyrrolidinone was heated at 130°C until no starting material could be
detected by tic (starting material methyl 3-bromo-4-methoxybenzoate: Rf 0.73; N,N-diisopropylacrylamide: R, 0.46;

solvent system (1 )). After cooling to room temperature 50 ml of an aqueous 2N HCI solution was added. The reaction
was diluted with dichloromethane (50 ml) and the precipitated grey palladium metal was filtered off. The organic phase
was washed with five portions (50 ml each) of 2N aqueous hydrochloric acid, dried (MgSO4) and evaporated to dryness.
The remaining off-white solid was recrystallized from ethyl acetate/n-hexane to give 4.40 g (E)-N,N-diisopropyl-

3-(2—methoxy-5-methoxycarbonylphenyl)-acrylamide in 69% yield, m.p. 139-140°C, tlc: (1) R, 0.40. NMR (CDZCIZ):
21.22, 22.10, 46.39, 48.87, 52.59, 56.61 , 111.42, 123.39.123.78.125.54.130.32,132.53, 135.07. MS (EI. DI, 105°C):

319 (M", 22), 304 (6%), 276 (8%). 219 (100%), 187 (18%). 160 (7%).
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(i)-N,N-Diisopropyl-3-(2-methoxy-5-methoxycarbonylphenyl)-3-phenylpropionamide

((j:)-3-(2-Diisopropylcarbamoyl-1-phenylethyl)-4-methoxybenzoic acid methyl ester)

[0101] The reaction was carried out under an atmosphere of dry and oxygen-free nitrogen gas. All solvents and
reagents were dried before use.

A dark green solution of lithium diphenylcuprate was prepared by addition of phenyllithium solution (12 ml, 24 mmol,

cyclohexane/diethyl ether) to a cooled (0°C) and stirred suspension of copper-l bromide dimethylsulphide adduct (2.71
g, 13 mmol) in diethyl ether (40 ml). This solution was cooled to -78°C and then subsequently solutions were added
of trimethylchlorosilane (1.5 ml, 12 mmol) in diethyl ether (5 ml) followed by the above cinnamide (3.19 g, 10.0 mmol,
(E)-N,N-diisopropyl—3-(2-methoxy-5-methoxycarbonylphenyl)-acrylamide) in 10 ml of tetrahydrofuran. The reaction
was stirred for one hour at -78°C, warmed to room temperature and then quenched by the addition of 150 ml of a

saturated aqueous solution of ammonium chloride. After 90 min the organic phase was washed with two portions (100
ml) of half saturated aqueous sodium chloride, dried (MgSO4) and evaporated to dryness. The yellow oily residue was
dissolved in a minimum of ethyl acetate and purified by column chromatography on silica gel (mobile phase (1)). Evap-
oration of the combined fractions of the title compound gave

(t)-N,N-diisopropyl-3-(2-methoxy-5-methoxycarbonylphenyl)-3-phenylpropionamide
as a viscous slightly yellow syrup (1.8 g, 44% yield). NMR (CDZCIZ): 19.45, 19.56, 19.74, 38.86, 44.87, 47.92, 50.80,
54.76, 109.41, 121.32, 125.53, 128.10, 128.43.128.78, 132.03, 143.20, 159.95, 165.95, 168.87. MS (EI, Dl, 105°C):

397 (M"-, 41%), 366 (5%), 322 (2%). 269 (3%), 255 (14%), 237 (7%), 165 (5%). 128 (12%), 91 (43%), 58 (100%).

(:l:)-2-(3-Diisopropylamino-1 -phenylpropyl)-4-hydroxymethylphenol

[0102] A solution of (i)—N,N-diisopropyl-3-(2-methoxy-5-methoxycarbonylphenyl)-3-phenylpropionamide (0.79 g,
2.0 mmol) in 20 ml of tetrahydrofuran was cooled to 5°C and then treated with 2.5 ml of 1M LiAlH4/THF. After stirring
at room temperature for 18 hrs. finely powdered aluminium chloride (0.3 g) was added and stirring was continued for
additional 4 hrs. The reaction was quenched at 5°C by the dropwise addition of water followed by aqueous sodium

hydroxide solution. The mixture was diluted with diethyl ether (150 ml) and the organic phase was washed with half
saturated brine, dried (sodium sulphate), and evaporated to dryness to give the title compound as a solid off-white
foam. Tlc (2) 0.16, m.p. 48-51°C. A portion of the material was converted into the hydrochloride (ethereal hydrochloric
acid), m.p. 186-189°C (dec.). '

Hydrogenolytic Deoxygenation of S-(-)-2-(3-Diisopropylamino-1-phenylpropyl)-4-hydroxymethylphenol

[0103] A mixture of S-(-)-2-(3-Diisopropylamino-1-phenylpropyl)-4-hydroxymethylphenol (683 mg, 2.0 mmol, [a]D22
= -19.8 (c = 1.0, ethanol)), platinium-on-carbon catalyst (120 mg) and acetic acid (1.0 ml) was diluted with ethyl acetate

(50 ml) and then hydrogenated at room temperature under atpressure of 4 bar hydrogen gas for 5 hrs. The catalyst
was filtered off and the filtrate was evaporated to leave an oil. The residue was redissolved in dichloromethane (25 ml)
and the solution was washed with aqueous sodium hydrogencarbonate solution. The organic phase was concentrated

to dryness and the oily residue taken up in ethanol (7 ml). Addition of D-(-)-tartaric acid (300 mg) and storage of the
clear solution at -25°C gave colourless crystals (310 mg) of

S-(-)-2-(3-diisopropylamino-1-phenylpropyl)-4-methylphenol D-(-) hydrogentartrate
in 33% yield, tlc: (4): 0.66 (starting material 0.31), [oz]D22 = -26.7 (c = 1.0, methanol). NMR (CD300) : 17.98, 18.37,
20.69, 33.68, 43.12, 56.33, 74.17, 116.31, 127.51, 129.11. 129.50, 129.70, 129.89. 130.41, 144.57, 153.67, 176.88.

[0104] A portion of the tartrate was treated with aqueous sodium hydrogencarbonate solution and the free base was
isolated in quantitative yield as a colourless oil by extraction with ethyl acetate and evaporation of the extract. [G.]D22
= -26.3 (c = 1.0. methanol)

[0105] Preferred intennediates in the processes for the preparation of the 3,3-diphenylpropylamines according to
the present invention are:

(1)-3-(2-Benzyloxy-5-bromophenyl)-3-phenylpropanoic acid and its salts,
R-(-)—(2-Benzyloxy-5-bromophenyl)-3-phenylpropanoic acid and its salts,
S-(+) - (2-Benzyloxy-5-bromophenyl)-3-phenylpropanoic acid and its salts,
(i)-2-(3-Diisopropylamino-1~phenylpropyl)-4-hydroxy-[C2H2]methyl-phenol,
S-(-)-2-(3-Diisopropylamino-1-phenylpropyl)-4-hydroxy-[C2H2]methyI-phenol,
R-(+)-2-(3-Diisopropylamino-1-phenylpropyl)-4-hydroxy-[C2H2]methyl-phenol and their salts.
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3. Examples

a) Phenolic monoesters

aa) General procedure

Esters of carboxylic Acids

[0106] A stirred solution of (i)-2-(3-diisopropylamino-1-phenylpropyl)-4-hydroxymethylphenol (intermediate B, 1.71
g, 5.01 mmol) and acid chloride (5.00 mmol carboxylic acid monochloride for compounds of fonnula II, 2.50 mmol for
compounds of formula II‘) in 60 ml of dichloromethane was cooled to 0°C and then triethylamine (0.502 g, 4.96 mmol
for compounds of formula II, 1.05 g, 9.92 mmol for compounds of formula ll‘), dissolved in 10 ml of dichloromethane,
was added dropwise during 5-10 min. Stirring was continued for 18 hrs at room temperature,and then the mixture was
washed’ successively with water (25 ml), aqueous sodium hydrogen carbonate (5%. 25 ml), and water (25 ml). The

organic phase was then dried (sodium sulphate) and evaporated under reduced pressure and at low temperature. The
oily residues thus formed were finally exposed to high vacuum (2-4 hrs.) to remove traces of residual solvents.
The esters of formula II or ll’ were obtained as colourless to light yellow solids or viscous syrups in purities between

90% and 99% (tlc. HPLC, NMR).

Esters of N-Acylamino Acids

Phenolic Monoesters

[0107] To a solution of the respective amino acid (2.0 mmol) in 0.7 ml to 5 ml of N,N-dimethylforrnamide and 0.5 ml
of triethylamine was added at 5°C in one portion methyl chlorofomiate (2.0 mmol. 288 mg). After stirring for 2 hrs. at
the same temperature the cooling bath was removed and a solution of lntennediate B (2.0 mmol, 682 mg) in 5 ml of
dichloromethane and triethylamine (0.5 ml) was added. The reaction was allowed to stir for 2-8 hrs and then diluted
with diethyl ether (70 ml). Solid precipitates were filtered offand the mixture was washed with aqueous sodium hydrogen
sulphate solution (5%) and water. After drying (sodium sulphate), filtration and evaporation in vacuum the residue was
purified by flash chromatography on silica gel (eluent: solvent system (4)). N-acylamino acid esters were obtained as
viscous oils or waxy solids in yields between 24% and 73%.

bb) Salt formation (Example hydrochloride)

[0108] A cooled (0°C) solution of 4.94 mmol amino base in 30 ml of dry.'diethyl ether was treated under an atmosphere
of nitrogen with 4.70 mmol (monoamines of fonnula ll) or 9.4 mmol (diamines of formula II‘) ethereal (1 M) hydrochloric
acid. The oily precipitation was washed repeatedly with dry ether andthen evaporated in high vacuum. The residual
product solidificated in most cases as an amorphous foam. The highly hygroscopic solids show a widemelting range
above 100°C (with decomposition).

[0109] The following compounds were prepared according to the method described above and their analytical data
are listed below:

(i)-Acetic acid 2-(3-d/'isopropy/amino-1-phenylpropyl)-4 hydroxymethylphenyl ester, tlc: R, 0.47 (4), NMR (CDCI3) :

20.36, 20.68, 20.97, 36.59, 42.35. 43.83. 48.76, 64.58, 122.69, 125.61, 126.22, 126.71, 127.96, 128.34, 136.82.
138.97, 143.73, 147.77. 169.24; GC-MS/P-Cl (ammonia, trimethylsilyl derivative): 456.8 (100%), 398.4 (4%)

(;t)-Propionic acid 2-(3-diisopropyIamino-1-phenylpmpyl)-4-hydroxymethylphenyl ester, tlc: R, 0.52 (4); NMR

(CDCI3) : 20.44, 20.64, 27.67, 36.67, 42.21, 43.87, 48.78, 64.70, 122.71, 125.62, 126.52, 126.78, 127.97, 128.53.
136.86, 138.82, 143.82, 147.86, 172.68; GC-MS/P-Cl (ammonia, trimethylsilyl derivative): 470.38 (100%), 398.4

(4%)

(i)-n-Butyric acid 2-(3-diisopnopylamino-1-phenylpropyl)-4-hydmxymethylphenyl ester, tic: R, 0.43 (4); NMR

(CDCI3): 13.77, 18.40, 20.43, 20.51, 20.59, 36.15, 36.82, 42.16, 43.90, 48.83. 49.20, 64.58, 122.66, 125.98.
126.17, 126.74, 127.33, 127.94. 128.33, 136.79, 138.91, 143.82, 171.88; GC-MSIN-Cl (methane. trimethylsilyl

derivative): 482.3 (20%),412.3 (100%), 340:1 (33%), 298.1 (89%), 234.7 (15%) ; GC-MS/P-Cl (methane, trimeth-

ylsilyl derivative): 484.5 (100%). 468.4 (62%), 394.3 (22%); GC-MS/P-Cl (ammonia, trimethylsilyl derivative):
484.4 (100%), 398.4 (3%)

31

Patent Owner, UCB Pharma GmbH — Exhibit 2011 - 0535



Patent Owner, UCB Pharma GmbH – Exhibit 2011 - 0536

10

15

20

25

30'

35

45

50

55

EP 1 077 912 B1

(1)-Isobutyric acid 2-(3-diisopropylamino-1-phenylpmpyl)-4-hydroxymethyiphenyl ester. "C1 R1 0-43 (4): NMR

(CDC|3): 18.99. 19.11, 20.54, 34.21, 36.88, 41.84, 43.91, 48.78, 64.61, 122.54, 125.57, 126.14. 126.81, 127.94,
128.34, 136.84, 133.84, 143.89, 147.85, 175.36

R-(+)-Isobutyric acid 2-(3-diisopropyIamino—1-phenylpropyl)-4-hydroxymethylphenyl ester »

Tlc: R, 0.38 (4), starting material: 0.26; colourless oil (yield 95%); NMR (CDCI3) : 19.02, 19.14, 19.96, 20.61, 34.26,
36.92, 41.87, 43.90, 48.80, 64.84, 122.63, 122.63, 125.64, 126.19, 126.92, 127.98, 128.39. 136.96. 138.76,
143.93, 147.97, 175.39.

Hydrochloride: colourless hygroscopic solid; [oL]D2° = +5.5 (c = 1.0, chloroform); NMR (CDCI3) 2 17.03, 17.53, 18.30,
18.52, 18.95, 19.12, 31.23, 34.10, 41.'69,"45.40, 54.22, 54.47, 64.00, 122.32, 126.62, 126.81, 127.40, 128.06,
128.70, 133.88, 140.64, 142.25, 147.81, 175.89. -

(zt)-2,2-Dimethylpropionic acid 2-(3-diisopropyIamino-1-phenylpropyl)-4-hydnoxymethylphenyl ester, tlc: R, 0.49
(1) ; NMR (CDCI3) I 20.46, 20.66, 26.53, 27.34, 37.12, 39.21, 41.46, 43.98, 48.81, 64.65, 122.42, 125.58, 126.16, _
126.92, 128.37, 134.27, 136.92, 138.82, 143.97, 148.02, 176.97; GC—MS/F’-Cl (ammonia, trimelhylsilyl derivative):
498.8 (100%), 482.5 (10%), 398.4 (4%)

(i)-2-Acetamidoacetic acid 2-(3-diisopropyIamino—1-phenylpmpyl)-4-hydroxymethylphenyl ester
((i)-2-[Diisopropylamino)-1-phenylpropyl]-4-(hydroxymethyl)phenyl 2-(acetylamino)acetate)v

NMR (CD3OD) : 20.33, 20.61, 22.17, 30.54, 42.39, 48.62, 51.04, 64.88, 117.99, 124.73, 125.51, 127.01, 127.75, _
129.31, 131.63, 137.33, 146.67, 147.43, 171.47. 173.82 -

(1)-Cyc/opentanecarboxylic acid 2-(3-diisopmpylamino-1-phenylpropyl)-4-hydroxymethylphenyl ester

Tlc: R, 0.66 (4), starting material Intermediate B (0.50), colourless oil, yield: 82%. NMR (CDCI3): 20.42, 25.87,
30.25, 36.57, 41.89, 43.97. 47.15, 49.02, 64.63, 122.56, 125.60, 126.16, 126.81, 127.60, 127.94, 128.35, 128.77,
136.74, 138.88, 143.85, 147.92, 175.05.

(i)-Cyclohexanecarboxylic acid 2-(3-diisopropylamino-1-phenylpmpyv-4-hydmxymethylphenyl ester

Tlc: R, 0.67 (4), starting material Intermediate B (0.50), colourless oil, yield: 93%. NMR (CDCI3) : 20.27, 25.40,
25.74, 29.03, 29.16. 36.29. 41.82, 43.31, 44.08, 49.36. 64.62, 122.56, 125.68, 126.22, 126.92, 127.92, 128.38,
136.65. 139.00, 143.72, 147.86, 174.40. .

(i)-Benzoic acid 2-(3-diisopropylamino-1-phenylpropyl)-4-hydroxymethylphenyl ester

' Tlc: Rf0.31 (4); colourless syrup (99% yield, purity > 95%) ;gradually crystallized upon refrigeration; NMR (CDCI3) :
20.41, 20.51, 36.65, 42.42, 43.85, 48.79, 64.70. 122.79, 125.74, 126.17, 126.83, 128.13, 128.28, 128.58, 129.48,
130.25, 133.62, 137.21, 139.10. 143.67, 148.00, 154.99. ’

R-(+)-Benzoic acid 2-(3-diisopropylamino-1-phenylpropyl-)-4-hydroxymethylphenyl ester
tlc R, 0.30 (4) ; colourless syrup
Hydrochloride: colourless amorphous solid; [a]D2° = +14.9 (c = 1.0, chloroform) ;

NMR (CDCI3): 17.06, 17.53, 18.25, 18.61, 31.23. 42.19, 45.49, 54.26. 54.53, 64.09, 122.55, 126.77, 127.13,
127.58, 128.10, 128.50, 128.72, 128.78, 129.02, 130.17, 133.96, 134.27, 140.81; 142.13, 147.91, 165.40.

(:l:)-4-Methylbenzoic acid 2-(3-diisopropyIamino-1-phenyIpnopyD-4-hydnoxymethylphenyl ester
Tlc: R,0.30 (4). starting material lnterrnediate B: 0.24 ; yield: quantitative, viscous light yellow oil; NMR (CDCI3) :
20.32, 20.50, 21.78, 36.13, 42.35, 43.98, 49.29, 64.66, 122.79, 125.81, 126.19, 126.70, 127.04, 128.30, 129.32.
129.76, 130.29, 136.94, 139.20, 143.61, 144.46, 148.04, 165.07.

LC-MS: 459 (M*~, 3.5%), 444 (17%), 223 (2.5%), 195 (2%), 119 (48%), 114 (100%).

(i)-2-Methylbenzoic acid 2-(3-diisopropyIamino-1-phenylpropyl)-4-hydroxymethylphenyl ester
viscous colourless oil, tlc: (4) 0.64 (starting material R,0.51), yield 84%. NMR (CDCI3) : 20.44, 20.53, 21.86, 22.01 ,
36.74,42.36, 43.87, 48.81.6476,122.93,123.11,125.71,126.12,126.88,128.10.128.48,130.76,131.26,131.70,
132.03, 132.79, 137.28, 139.00, 141 ,73, 143.72, 148.04, 165.25. LC-MS: 459 (M*-, 21%), 444 (100%), 326 (1 %),

223 (10%), 213 (6%). 195 (9%), 165 (14%), 115 (94%), 91 (99%).

(1)-2-Acetoxybenzoic acid 2-(3—diisopropyIamino-1-phenylpropyl)-4-hydroxymethylphenyl ester
colourless syrup, tlc: (4) 0.47 (starting material R, 0.51), yield 82%. NMR (CDCI3): 20.39, 20.57, 20.96, 36.92,
42.29, 43.88, 48.87, 64.64, 122.39, 122.64, 124.05, 125.80, 126.11, 126.75, 128.09, 128.32, 132.23,‘134.66.
137.27, 139.32.143.64, 147.63, 151.37.162.72, 169.73. LC-MS: 503 (M*-, 7%), 488 (59%), 446 (6%), 326 (22%).

32

Patent Owner, UCB Pharma GmbH — Exhibit 2011 - 0536



Patent Owner, UCB Pharma GmbH – Exhibit 2011 - 0537

10

15

20

25'

30

35

40

45

50

55

EP 1 077 912 B1

223 (9%). 213 (9%). 195 (9%). 163 (14%). 121 (100%). 114 (33%)..

(i)-1-Naphthoic acid 2-(3-diisopropylamino-1-phenylpropyl)-4-hydroxymethylphenyl ester

colourless viscous oil, tlc: (4) 0.57 (starting material R, 0.51 ), yield 82%. NMR (CDCI3) 220.46. 20.58, 36.82, 42.46,
43.89, 48.76, 64.81, 122.98, 124.51 . 125.64, 125.79, 125.98. 126.15, 126.44, 126.94, 128.12, 128.36, 128.65,

131.37, 131.82, 133.98, 134.45. 137.44, 139.08, 143.73, 148.13. 165.49. LC-MS: 495 (M*, 8%). 480 (100%), 213

(7%). 165 (8%). 155 (95%). 127 (100%), 114 (90%).

(1)-2-Naphthoic acid 2-(3-diisopropyIamino-1-phenylpropyl)-4-hydroxymethylphenyl ester

colourless slightly yellow viscous oil, tlc: (4) 0.57 (starting material R,0.51 ), yield 71%. NMR (CDCI3) :20.47, 20.59.
36.71 , 42.59, 43.85, 48.81 . 64.82, 122.89, 126.89, 127.89. 128.19, 128.41. 128.68, 129.50, 132.03, 132.55.

135.37.137.22, 139.08. 143.83, 148.20, 165.14. LC-MS: 495 (M*, 7%). 480 (98%), 223 (8%), 213 (6%). 195 (6%).
165 (8%), 155 (96%), 127 (100%), 114 (81%).

(i)-4-Chlorobenzoic acid 2-(3-diisopropyIamino-1-phenylpropyl)-4-hydroxymethylphenyl ester

Tlc: R, 0.54 (4), starting material Intermediate B: 0.44; yield: quantitative. viscous light yellow oil; NMR (CDCI3) :
20.34, 20.50. 36.41. 42.51, 43.84, 48.93. 64.66, 122.72, 125.82, 126.88, 127.27.128.06, 128.56, 128.96. 131.60,

133.80, 136.95, 139.30, 140.16, 143.60, 147.87, 164.10. LC-MS: 479 (M" 1.5%), 464 (10%), 223 (2%), 195 (2%),
165 (1.5%), 139 (25%), 114 (100%).

(t)—4-Methoxybenzoic acid 2-(3-diisopropylamino-1-phenylpropyl)-4-hydroxymethylphenyl ester
Tlc: R, 0.47 (4), starting material Intermediate B: 0.42; yield: 89%, viscous light yellow oil; NMR (CDCI3) : 20.31,
20.47, 36.43. 42.39, 43.90, 48.97. 55.53, 64.71, 121.79, 122.86, 125.72, 126.14, 126.79, 128.11, 128.27, 131.27,

131.77. 132.36, 132.84, 137.15, 139.01, 143.74, 148.08, 163.92, 164.71. LC-MS: 475 (M*, 3.5%), 460 (20%), 223
(2%), 195 (2%), 135 (48%). 114 (100%).

(zt)-2-Methoxybenzoic acid 2—(3-diisopropyiamino-1-phenylpmpyl)-4-hydroxymethylphenyl ester

Tlc: R, 0.40 (4), starting material lntennediate B: 0.42; yield: 98%, viscous light yellow oil; NMR (CDCI3) : 20.29,
20.42. 36.50, 41.92, 44.02. 49.09, 55.95, 64.72, 119.10, 120.20, 122.86, 125.64. 126.10, 126.82, 128.06, 128.30,

132.38, 134.32, 137.11, 139.01 . 143.87, 148.00, 159.82. 164.40. LC-MS: 475 (M*-. 3.5%), 460 (18%), 223 (1 %).
195 (1%), 135 (49%), 114 (100%).

(j:)-4-Nitrobenzoic acid 2-(3—diisopropyIamino-1-phenylpropyl)-4-hydroxymethylphenyl ester

Tlc: R, 0.44 (4), starting material lntennediate B: 0.42; yield: 78%, viscous yellow oil which slowly solidified; m.p.
123.6°C; NMR (CDCI3) : 20.47. 20.62, 36.52, 42.66, 43.70, 48.75, 64.69, 122.61, 123.72, 125.91, 126.33. 127.04.
128.02, 128.37. 131.32. 134.86, 136.83, 139.55, 143.56. 147.75, 150.93, 163.04. LC-MS: 490 (M“-, 1.5%), 475
(15%), 327 (0.8%). 223 (3%), 195 (3%). 150 (15%), 114 (100%).

(:l:)—2-Nitrobenzoic acid 2-(3-diisopropylamino-1-phenylpropyl)-4—hydroxymethyIphenyI ester

Tlc: R, 0.32 (4). starting material lntennediate B: 0.42; yield: 92%. viscous yellow oil which slowly solidified; NMR
(CDCI3) : 20.39, 20.50. 36.74. 42.14, 43.89, 48.71, 48.92. 64.59, 122.15, 123.95, 124.18, 125.89, 126.25, 127.23,
127.99, 128.39, 129.95. 132.95, 133.08. 136.72, 139.62. 143.64, 147.63, 148.15, 163.90. LC-MS: 490 (M*, 1%),
475 (11%). 327 (2.5%), 223 (2.5%). 195 (3%). 165 (3%), 150 (7%), 114 (100%).

(1)-N-Acetylglycine 2-(3-diisopropyIamino-1-phenylpropyl)-4-hydroxymethylphenyl ester/(i)-2-Acetamidoacetic
acid 2-(3-diisopropylamino-1-phenylpropyl)-4-hydroxymethylphenyl ester ((i:)—2-[Diisopropytamino-1-phenylpro—
pyl]-4—(hydroxymethyl)-phenyl 2-(acetylamino)acetate)

NMR (CD300) : 20.33. 20.61, 22.17, 30.54. 42.39, 48.62, 51.04, 64.88, 117.99, 124.73, 125.51, 127.01, 127.75,
129.31. 131.63, 137.33, 146.67, 147.43.171.47, 173.82.

(i)-Malonic acid bis-[2-(3-diisopropylamino-1—phenyIpropyI)—4—hydroxymethy/Ph9"YU9S!en 1102 R4 0-33 (4): NMR

(CDCI3) 2 20.52. 20.62, 20.69, 36.95. 41.84, 42.82, 43.89, 48.23, 64.83, 123.37, 127.36, 127.97, 128.42, 128.38,
129.06, 131.55, 137.50, 138.90, 148.23. 148.32. 160.54

(1-)-Succinic acid bis-[2-(3-diisopropyIamino-1-phenylpropyl)-4-hydroxymethylphenyljesten tlc: R, 0.40 (4); NMR

(CDCI3) : 20.54, 20.63, 20.73, 30.69. 36.91, 41.80, 43.92, 48.20, 64.81, 122.60, 127.41, 127.93, 128.39, 129.31.
131.80, 136.73. 138.92.143.82, 148.17, 168.01
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(:t)-Pentanedioic acid bis-[2-(3-diisopropyIamino-1-phenylpmpyl)-4-hydroxymethylphenyflesten tlcz R, 0.43; NMR

(CDCI3): 20.47, 20.60, 32.87, 36.93, 41.82, 43.90, 48.22, 64.81 , 64.83, 122.85, 127.39, 127.99, 128.35, 129.31,
131.84, 136.98, 138.94, 143.80, 147.40. 169.05

(:t)—Hexanedioic acid bis-[2-(3-diisopropy/amino-1-phenylpmpyl)-4-hydroxymethylphenyflester, tlc: Rf 0.43; NMR

(CDCI3) : 20.64, 23.40, 34.37, 36.95, 41.84, 43.88, 48.25, 64.87, 122.88, 127.34, 127.97, 128.39, 129.33, 131.80.
136.99, 138.94, 143.82, 147.65, 168.72

b) Identical diesters

.[0110] (i)-Identical diesters (formula Ill) were prepared and worked up as described above with the exception that
2.4 mmol of both triechylamine and acyl chloride (R‘-COCI) were used. The physical properties were similar to the
bases and salts described above.

Diesters of N-acylaminoacids were prepared as described for phenolic monoesters with the exception that an additional
molar equivalent of acylating agent (mixed acid anhydride) was used.

[0111] In particular, the following compounds were prepared and their analytical data are given below:

(i)-Formic acid 2-(3-diisopropylamino-1-phenylpropy0-4-formyloxymethylphenyl ester, tlc: R, 0.65 (4). This diester
was prepared from mixed formic acetic anhydride and intermediate B as described for other substrates previously
(F. Reber, A. Lardon, T. Reichstein, Helv. Chim. Acta 37: 45-58 [1954])

(i:)—Acetic acid 4-acetoxy-3-(3-diisopropyIamino-1-phenylpropyl)-benzyl ester, tlc: R, 0.76 (4); GC-MS/P-CI
(ammonia): 426.3 (100%), 368.3 (22%); GC-MS/P-CI (methane, trimethylsilyl derivative): 426.4 (64%), 410.3
(16%), 366.3 (100%); hydrochloride, NMR (DMSOd5) - 16.50, 16.76, 18.05, 20.94, 21.04, 27.02, 31.39, 41.28.
45.26, 53.80, 65.21, 123.39, 126.84, 127.61, 127.85, 128.70, 134.41, 135.49, 142.68, 148.20, 169.32, 170.42

(t)-Propionic acid 2-(3-diisopIopyIamino-1-phenylpmpyl)-4-propionyloxymethyiphenyl ester, tlc : R, 0.82 (4) ; NMR

(CDCI3) : 20.53, 20.73, 21.14, 27.66, 36.73, 42.10, 43.68, 48.65, 65.75, 122.65, 126.10, 127.01, 127.70, 128.34,
128.78, 133.73, 136.81, 143.76, 148.45, 172.45, 174.21; GC-MS/P-CI (ammonia): 454.8 (100%), 438.5 (9%),
382.4 (27%)

(i)-n-Butyric acid 4-n-butyryIoxymethyI-2-(3-diisopropyIamino-1-phenylpropyl)-phenyl ester, tlc: R, 0.86 (4); NMR

(CDCI3) : 13.70,13.76,18.44, 20.53, 20.69, 21.13, 36.14, 36.76, 37.09, 42.08, 43.73, 48.71, 65.64, 122.81 , 125.97,
126.97, 127.92, 128.35, 128.77, 133.78, 136.99, 143.76, 148.41, 171.68, 173.40; GC-MS/P-CI (ammonia) : 482.8

(100%), 396.4 (67%)

(t)-Isobutyn'c acid 2-(3-diisopropyIamino-1-phenylpmpyb-4—isobutyryIoxymethylphenyI ester, tlc: R, 0.83 (4), NMR

(CDCI3): 18.97, 19.10, 20.64, 20.67, 34.01, 34.23, 36.98, 41.72, 43.70, 48.65, 65.61, 122.50, 126.18, 126.73,
127.92, 128.13, 128.36, 133.90, 137.01, 143.85, 148.41, 175.17, 176.81; GC-MS/N-Cl (methane): 480.3 (15%);
GC-MS/P-CI (methane): 482.5 (63%), 466.4 (18%), 394.3 (100%)

(i)-2,2—DimethyIpropionic acid 3-(3-diisoprcpylamino-1-phenylpropyl)-4-(2,2-dimethylpropionyloxy)-benzyl ester,

Tlc: R, 0.96 (4) ;NMR (CDCI3) : 20.44, 20.75, 27.09, 27.24, 37.18, 38.68, 39.15, 41 .25,43.66, 48.20, 65.50, 122.36.
126.32, 127.22, 127.48.127.83,128.29,133.99, 136.98,- 143.87, 148.37, 176.70, 178.10; GC-MS/P-CI (methane):

510.5 (76%), 494.5 (21%), 408.4 (100%)

(t)-Benzoic acid 4—benzoyloxymethyI-2-(3-diisopropyIamino-1-phenyIpropyI)-pheny/ ester, tlc: R‘ 0.80 (4) ; NMR

(CDCI3): 20.62, 36.95, 41.72, 43.89, 48.23, 66.76, 122.22, 125.33, 127.36, 127.62, 127.89, 127.89, 127.97,
128.38, 129.49, 130.52, 130.64, 131.15, 131.22, 131.98, 136.38, 137.66, 143.82, 148.95, 164.77, 166.60

(+)-Benzoic acid 4-benzoyloxymethyl-2-(3-diisopmpyIamino-1- phenylpropyl)—phenyl ester

Hydrochloride: colourless solid; tic: (4) 0.70, [a]D2° = +24.2 (c = 1.0, chloroform). NMR (DMSO-d5) : 16.52, 17.99,

18.06, 26.99, 31.32, 53.94, 65.98, 123.58, 127.65, 127.98, 128.62, 128.90, 129.02, 129.45, 129.71, 130.10,
133.64, 134.32, 134.55, 135.60, 142.52, 148.37, 164.53, 165.76.

c) Mixed diesters

[0112] Mixed diesters (formula IV) were prepared by acylation of the respective benzylic or phenolic monoesters.
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Working up and physical properties corresponded to the bases and salts described above.

[0113] In particular, the following compounds were prepared and their analytical data are given below:

(:l:)-Acetic acid 2-(3-diisopropyIamino-1-phenylpmpyv-4 formyloxymethylphenyl ester, tlc: R, 0.76 (4); NMR

(CDCI3) : 20.62, 20.91. 33.25, 42.20, 42.28,48.23, 70.70, 122.96.127.36, 127.97, 128.38, 128.73, 132.02, 135.41 ,
137.11,143.81,149.35, 161.34,168.95

(i)-Benzoic acid 2—(3-diisopropyIamino-1-phenylpropyb-4-formyloxymethyiphenyl ester, tlc: R, 0.74 (4); NMR

(CDCI3): 20.60, 36.93, 41.72, 43.89, 48.23, 70.71, 122.50, 125.33. 127.30. 127.89, 127.97, 128.36, 129.57,
130.65, 131.13, 132.05, 135.41, 136.66, 143.80, 149.15, 161.35, 164.78

(:l:)-Benzoic acid 2-(3-diisopropylamino-1-phenylpmpyl)-4-acetoxymethylphenyl ester
Viscous colourless oil, tlc: R, 0.70 (4); NMR (CDCI3) : identical with R-(+) enantiomer, see below.

R-(+)-Benzoic acid 2—(3-diisopropyIamino-1—phenyIpropyI)-4- acetoxymethylphenyl ester
tlc: R, 0.70 (4)
Hydrochloride: colourless non-hygroscopic solid [or]D2° = +27.1 (c = 1.0, chloroform). NMR (CDCI3)-: 17.14, 18.53,
21.04, 31.51, 42.25, 46.27, 54.74, 65.58,123.18,127.07,127.55,127.61,127.99,128.80,130.22,134.14,134.81.
135.27, 141.44, 148.54, 165.19, 170.81.

(i)-isobutyric acid 4-acetoxymethyI-2-(3-diisopropyIamino-1-phenylpmpyl)-phenyl ester, tlc: R, 0.77 (4); NMR

(CDCI3): 18.99, 19.12, 20.65, 21.05, 34.24, 37.02, 41.79, 43.79, 48.72, 65.98, 122.75, 126.76, 127.14, 127.94,
128.29, 128.84, 133.55, 137.04, 143.84, 148.56, 170.84, 175.18

(+)-lsobutyric acid 4-acetoxymethyI-2-(3-diisopropylamino-1-phenylpropyl)-phenyl ester
colourless oil

Hydrochloride: colourless hygroscopic solid; [(11020 = +14.6 (c = 1.0, chloroform); NMR (CDCI3): 16.89, 17.04,
18.31, 18.54, 18.92, 19.06. 20.95, 31.49, 34.07, 41.64, 46.17, 54.55, 65.49, 122.91, 126.93, 127.48, 127.83,
128.74, 134.50, 134.88, 141.61, 148.44, 170.67, 175.63.

(1)-2,2-Dimethylpropionic acid 4-acetoxy-3-(3-diisopropyIamino-1—phenylpropyI)-benzyl ester, tlc: R, 0.80 (4);

NMR (CDCI3): 20.63, 20.93, 27.19, 33.25, 37.49, 42.21, 42.25, 48.22, 67.37, 123.18, 127.36, 127.84, 128.39,
131.16, 137.34, 143.84, 148.29, 168.93, 178.40

(t)-2,2-Dimethylpropionic acid 4-acetoxymethyl-2-(3-diisopropyIamino-1-phenylpropyu-phenyl ester, tlc: R, 0.81

(4) ; NMR (CDCI3) : 20.60, 20.79, 27.09, 36.93, 37.35, 41.85, 42.29, 48.25, 65.91, 122.36, 127.37, 127.99, 128.39,
129.38, 132.69, 136.00, 136.85, 143.80, 170.45, 176.60

d) Benzylic monoesters

[0114] A mixture consisting of lnterrnediate B (80 mg, 0.23 mmol), vinyl ester (0.4 ml), tert.-butyl methylether (18
ml), and lipase enzyme (1.0 g) was gently shaken at room temperature. Benzylic forrnate, acetate, and n-butyrate were
prepared from the corresponding vinyl ester donors using SAM I lipase (Amano Phannaceutical Co.). Benzoylation
was achieved with vinyl benzoate in the presence of Lipozym IM 20 (Novo Nordisk), whereas pivalates and isobutyrates
were obtained from the corresponding vinyl esters under catalysis of Novozym SP 435 (Novo Nordisk). Tlc analysis
indicated after 2 - 24 hrs complete disappearence of the starting material (R, = 0.45 (3)). The mixture was filtered and

then evaporated under high vacuum (< 40°C) to give the carboxylic acid (R‘-COZH) salts of the respective benzylic
monoesters as colourless to light yellow oils.

[0115] In particular, the following compounds were prepared and their analytical data are given below:

< (1)-Formic acid 3—(3-diisopropyIamino-1-phenylpropyv-4 hydroxybenzyl ester, tlc: R, 0.25 (2); NMR (CDCI3) : 19.43,
33.24, 39.61, 42.25, 48.21, 68.44, 118.09, 127.34, 127.66, 128.31, 128.39, 133.97, 144.47, 156.63, 161.32

(1)-Acetic acid 3-(3-diisopropyIamino-1-phenylpropyl)-4—hydroxybenzyl ester, tlc: Rf 0.26 (2); NMR (CDCI3):
19.45, 20.96, 33.26, 39.63, 42.27, 48.23, 63.59, 118.00, 127.36, 128.33, 128.48, 128.53, 129.13, 131.59, 133.88,
144.49, 155.74, 170.44

(i)-Propionic acid 3-(3—diisopropyIamino-1-phenyIpropyI)—4-hydroxybenzyl ester, tlc: Rf 0.45 (2) ; NMR (CDCI3) :
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19.02, 19.43, 27.58, 33.20, 39.61, 42.25, 48.21, 64.08.418.30, 125.30, 127.03, 127.39, 128.31, 130.12, 134.22,
144.51. 155.64. 173.22

(i)-Butyric acid 3-(3-diisopropyIamino-1-phenylpropyi)-4-hydroxybenzyl ester, tlc: Rf 0.54 (2); NMR (CDCI3):
13.58, 18.40, 19.45, 33.29, 35.88, 39.65, 42.23, 48.25, 63.96, 118.32, 124.55, 126.20, 127.35, 128.32, 129.91.
134.22. 144.50. 155.60. 169.05

(i)-Isobutyric acid 3-(3-diisopropyIamino-1-phenylpropyl)-4-hydmxybenzyl ester, tlcf R, 0.56 (4) ; NMR (CDCI3) :
19.09, 19.45, 33.28, 33.59, 39.65, 42.29, 48.25, 64.63, 118.35, 125.35, 127.03, 127.38, 128.35, 128.49, 129.79,
134.22, 144.52, 155.65. 175.48 -

(i)-2, 2-Dimethylpropionic acid 3-(3-diisopropyIamino-1-phenylpropyl)-4-hydroxybenzyi ester, tlc: R, 0.61 (4) ; N MR

(CDCI3) : 19.41, 27.15. 33.24, 37.46, 39.61, 42.25, 48.21, 65.10, 118.30, 125.32,127.00,127.34,128.31, 129.42,
134.18, 144.47, 155.61.178.39 '

V(i)-Benzoic acid 3-(3-diisopropyIamino-1-phenylpropyl)-4-hydroxybenzyl ester, tlc: Rf 0.77 (4); NMR (CDCI3):
18.01, 19.40, 33.24, 39.60, 42.40, 48.20, 66.93, 117.13, 127.18, 127.81, 128.33, 129.98, 130.17, 132.96. 133.58,
142.33, 156.95, 166.60

e) Ethers and silyl ethers

[0116] A mixture of Intermediate B (3.4 g, 10 mmol), methanesulphonic acid (2 ml, 31 mmol), and alcohol R10-OH
(50-150 ml) was stirred at room temperature until no starting material was detectable (2-24 hrs). After evaporation to
dryness (< 35°C) the residue was redissolved in aqueous sodium hydrogen carbonate solution (100-200 ml, 5%, w/v)
and the solution was extracted with ethyl acetate (75 ml). The organic phase was separated, dried (Na2SO4), filtered

and evaporated to give bases of formula VI (R“ = H) as colourless to light yellow oils.
[0117] Mixed ester ether derivatives, e.g. of lnterrnediate A, were prepared by benzylic acylation of phenolic ethers,
such as lntennediate A, according to the procedure described for examples of the structure of fonnula |\/. A

Hydrochloridesz

,[0118] Molar equivalents of bases of formula VI (R11 = H) , dissolved in tert.-butyl methylether, and ethereal hydro-
chloric acid were combined at room temperature. Oily precipitates were separated and dried in vacuum, crystalline

hydrochlorides were isolated and recrystallized from acetonitrile or acetone to give colourless crystalline material.
[0119] ln particular, the following compounds were prepared and their analytical data are given below:

(4.-)-2-(3-Diisopropylamino-1-phenylpropyl)-4-methoxymethyl phenol, tlc: R, 0.61 (4); GC-MS/P-Cl (methane, tri-
methylsilyl derivative): 428.4 (100%), 412.3 (49%), 396.3 (52%); hydrochloride: amorphous hygroscopic colourless

solid; m.p. 161°C; NMR (CD3OD) : 17.39/18.75 (broad signals), 33.79, 43.13, 56.47, 58.00, 75.59.116.19, 120.79,‘
127.62, 129.04, 129.14, 12.9.42, 129.55, 130.43, 144.32, 155.85

(t)-2-(3-DiisopropyIamino-1—phenylpropyl)-4-ethoxymethyiphenol, llc: R, 0.72 (4); GC-MS/P-Cl (ammonia, trimeth:-
ylsilyl derivative): 444.8 (100%), 398.4 (6%);

hydrochloride: colourless non-hygroscopic crystals, m.p. 158-161°C, NMR (CD300) : 15.43, 17.12, 18.82, 33.80,
56.49, 66.49, 73.62, 116.19, 127.63, 128.99, 129.13, 129.36, 129.55, 130.58, 130.75, 144.32, 155.77

(;l:)-2-(3-Diisopropylamino-1-phenylpropyl)-4-pmpoxymethylphenol, NMR (CDCI3): 18.62, 19.44, 23.10, 33.24,
39‘.61,42.26, 48.22, 71.87, 73.94, 117.78.124.95, 127.35, 127.57,128.32,128.47, 133.66,134.23,144.48, 155.25

(:)-2—(3-DiisopropyIamino-1-phenylpropyl)-4-isopropoxymethylphenol, NMR (CDCI3) : 19.44, 22.32, 33.27, 39.65,_
42.29, 48.25, 69.28, 72.10, 117.90, 127.38, 128.03, 128.41, 131.10, 133.76, 134.37. 144.51, 154.65.

Hydrochloride: colourless crystals, m.p. 140.4°C, tlc (4) 0.61. LC-MS: 383 (6%, [M-HCl]*~), 368 (11%), 324 (1%).
223 (6%), 195 (3%), 165 (2%), 155 (5%), 114 (100%). NMR (DMSO—d5): 16.57, 18.09.18.19,22.29, 31.58, 41.25,
45.87. 53.97, 69.26, 69.92, 115.28, 126.34, 127.08, 127.25, 127.96, 128.45, 129.07, 129.70, 132.31, 143.88,
154.22.

(i)-2-(3-Diisopropylamino-1-phenylpropyl)-4-butoxymethylphenol, NMR (CDCI3): 13.75, 19.44, 19.75, 32.24,
33.28, 39.60, 42.20, 48.20, 72.45, 117.87, 125.50, 127.29, 128.39, 133.70, 134.30, 144.47, 155.36

36

Patent Owner, UCB Pharma GmbH — Exhibit 2011 - 0540



Patent Owner, UCB Pharma GmbH – Exhibit 2011 - 0541

10

15

20

25

30

35

40

45

50

55

EP 1 077‘ 912 B1

(i)-Acetic acid 2-(3—DiisopropyIamino-1-phenylpropyl)-4-methoxymethylphenyl ester, NMR (CDCI3) : 19.99, 20.62,
20.90, 33.33, 42.30, 48.21, 58.41, 75.94, 122.92, 127.37, 127.95, 128.35 131.85, 136.99, 138.81 . 143.88, 147.88,
168.95

(t)-Acetic acid 2-(3-DiisopropyIamino-1-phenylpropyl)-4-eihoxymethylphenyl ester, NMR (CDCI3): 15.49, 19.94,
20.95, 33.23, 42.25, 48.25, 65.70. 73.73, 122.63.127.46, 127.95.128.36, 131.65,136.79,139.71,143.80, 147.66,
168.99

(t)-2-(3-DiisopropyIamino-1-phenylpropyl)-4-trimethylsilanyloxymethylphenol, NMR (CDCI3) : 0.10, 19.40, 19.43,
33.25, 39.65, 42.25, 48.20, 64.93,117.90,124.90, 126.60.127.35, 128.35.128.48, 133.80..137.15,144.49,155.28

(1)-Diisopropyl-[3-phenyl-3-(2-trimethylsilanyloxy-5-trimethylsilanyloxymethylphenyl)-propyflamine, NMR
(CDCI3): 0.10, 0.29, 19.40, 19.53, 33.28, 41.19, 42.27, 48.25, 66.40, 121.37, 127.36, 128.25, 128.50, 136.42,

‘ 144.10.154.98 ~.

(i)-[3-(3-DiisopmpyIamino-1-phenyIpropy0-4-trimethylsilanyloxyphenyflmethanol. NMR (CDCI3) : 0.29, 0.33,
19.40, 19.53, 33.27, 41.16, 42.27, 48.23, 65.22, 118.04, 124.99, 126.52. 127.30, 128.25, 134.16, 136.80, 144.14,
155.06 ~

(zt)-Diisopropyl-[3-(5-methoxymethyl-2-trimethylsilanyloxyphenyl)-3-phenylpropy/Jamine, NMR (CDCI3): 0.28,
0.32, 19.39, 19.43, 33.28, 41.22, 42.33, 48.19, 58.40, 75.95, 117.68. 124.92, 126.60, 127.35, 128.25, 128.55.
134.00. 136.47, 144.16, 155.09

(i)-DiisopropyI-[3-{5-ethoxymethyl-2-trimethylsilanyloxypheny0-3-phenylpropyflamine, NMR (CDCI3) : 0.28, 0.31,
15.50, 19.42, 19.58, 33.29, 41.17, 42.25, 48.20, 65.70, 72.48, 117.50, 124.75, 126.39, 127.39. 128.25, 128.50,
134.99, 136.28, 144.19. 154.28

(t)-[4-(tert.-ButyI-dimethyIsilanyloxy)-3-(3-diisopropyIamino-1-phenylpmpyl)-phenyflmethanol, R, 0.65 (3)

(i)-Acetic acid 4-(tert.-butyl-dimethylsilanyloxy)-3-(3-diisopropylamino-1-phenylpropyl)-benzyl ester, NMR
(CDCI3) : -4.92, -5.00,19.40. 19.49. 20.40, 20.83, 23.49, 33.25, 41 .22, 42.25, 48.25, 72.55, 81.55, 121.24, 124.88,
127.40, 128.26, 128.44, 128.48, 133.37, 135.74, 144.11, 155.20 -

(i)-4-(ted.-Butyl-dimethylsilanyloxymethyI)-2-(3-diisopropyIamino-1-pheny/propyl)-phenol, tlcz R, 0.70 (3);
GC-MS/N-CI (methane, trimethylsilyl derivative): 526.5 (59%), 454.3 (100%), 412.2 (14%), 340.1 (42%): GC-MS/

P-CI (methane, trimethylsilyt derivative): 528.6 (100%), 512.5 (85%), 470.43 (10%). 396.3 (31%)

(-.t:)-Acetic ‘acid 4-(tert.-butyl-dimethylsilanyloxy)-2-(3—diisopropyIamino-1-phenylpropyl)-phenyl -ester, NMR

(CDCI3): -4.77, -4.88. 19.15, 20.65, 20.93, 24.77, 33.25, 42.20, 48.20, 67.90, 122.79, 125.15, 127.44, 127.90.
128.41, 136.99, 140.55, 143.85, 147.86, 168.95

(d:) - {3-[2-(tert.-Butyl-dimethyIsilanyloxy)-5-(tert.-butyI—dimethylsilanyloxymethyl)-phenyfl-3—phenyIpropy0—diiso-

propylamine, tic: R, 0.94 (3) ; GC-MS/N-CI (methane): 568.6 (62%). 454.3 (100%). 438.2 (10%), 340.2A(58%),
324.8 (16%), 234.7 (78%); GC-MS/P-CI (methane): 570.6 (70%), 554.5 (52%), 512.5 (18%), 438.4 (24%)

(i)-Acetic acid 4-benzyIoxy—3—(3-diisopropyIamino-1-phenylpmpyl)-benzyl ester, tic: R, 0.56 (5); GC-MS/P-Cl (am-
monia): 474.4 (100%), 416.4 (54%); NMR (CDCI3) : 20.44. 20.56, 21.07, 36.73, 41.53, 44.01 , 48.79, 66.43, 70.00,
111.61 , 125.75, 127.34, 127.55, 127.76, 127.90, 128.03. 128.27, 128.39, 133.98, 136.98, 144.63. 156.05, 170.94

(i)-Benzoic acid 4-benzyIoxy-3-(3-diisopropyIamino-1-phenylpropyl)-benzyl ester, tlcz R, 0.87 (4); NMR (CDCI3) :
20.54, 20.60, 36.80, 41.51, 43.95, 48.67, 66.83, 70.04, 111.66, 125.76, 127.35, 127.45, 127.78, 128.06, 128.27,
128.30,128.42, 128.85, 129.66, 130.55. 132.86, 134.05, 137.03, 144.75. 156.08, 166.46; GC-MS/P-Cl (ammonia):
536.5 (100%). 416.4 (42%)

(i)-lsobutyric acid 4-benzyloxy-3-(3-diisopropylamino-1-phenylpropyl)-benzyl ester, tlc: R,0.77 (4 ); NMR (CDCI3) :
19.01. 20.62, 20.65, 34.04, 36.85. 41.54. 43.97, 48.71, 66.15, 70.06, 111.62, 125.79, 125.96, 126.97. 127.24.
127.55, 127.81, 128.08, 128.34, 128.45, 134.05, 137.10. 144.79, 156.00, 177.01; GC-MS/P-CI (ammonia): 502.4
(100%), 416.4 (49%)
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f)~Carbamates and carbonates

Mono N-substituted carbamates

[0120] A solution of 4.0 mmol of lntennediate B, benzylic ether (fonnula VI, R“ = H) or monoester of formula II in
dichloromethane 20 ml) was treated at room temperature for 16 hrs with isocyanate (4.8 mmol) or diisocyanate (2.2
mmol). After washing with 10 ml aqueous sodium hydrogen carbonate (5%, wlv), drying (Na2SO4) and evaporation
oily residues or colourless solids of the free bases were obtained.

N-disubstituted carbamates

[0121] N,N-dialkyl-carbamoylchloride (4.4 mmol) was dissolved in dichloromethane and dropped into a cooled (0°C)
and stirred mixture consisting of lntennediate B (4.0 mmol), dichloromethane (30 ml) and triethylamine (7.0 mmol. 0.71
mg, 1 ml). Stirring was continued for 6 hrs. The mixture was then washed with 5 portions (10 ml) of aqueous sodium
hydrogen carbonate, dried (sodium sulphate), filtered and evaporated to give the carbamates as colourless oils or
solids.

[0122] Bis-carbamates were prepared in like manner using Intermediate B and excess isocyanate (4.8 mmol) and
toluene as solvent at 65°C over 18 hrs.

carbonates were prepared and worked-up according to the methods described for the preparation of compounds of
fonnulae II to IV. Alkyl chloroformates were used as acylation reagents.

Hydrochlorides:

[0123] The oils or solids were redissolved in tetrahydrofuran (10 ml). Addition of ethereal hydrochloric acid and evap-
oration to dryness in high vacuum gave crystalline or amorphous carbamate hydrochlorides.

[0124] In particular, the following compounds were prepared and their analytical data are given below:

(:l:)-N-Ethylcarbamic acid 2-(3-diisopropylamino-1—phenyI propyl)-4-hydroxymethylphenyl ester, tlc: R, 0.38 (4) ;
G0-MSIP-Cl (ammonia, trimethylsilyl derivative) : 486.8 (100%), 413.4 (5%), 398.4 (6%); hydrochloride: m.p. 64°C

(with decomposition); NMR (DMSO-d6): 15.16, 16.68. 18.05, 18.13, 25.33, 31.26, 35.46, 53.94, 62.65, 67.22,
123.04, 125.70, 126.72, 127.86, 128.67, 135.42. 136.02, 140.07, 142.98, 147.53, 154.52

(i)~N,N-Dimethylcarbamic acid 2-(3—diisopropylamino-1-phenylpropyl)-4-hydroxymethylphenyl ester

NMR (CDCI3): 20.34, 20.66, 30.51, 36.33, 36.77, 42.00, 48.28, 50.21, 65.65, 119.83, 123.44, 125.19, 126.60,
127.38, 127.54, 129.31, 136.62, 143.33, 150.99, 155.67.

(jz)-N,N-Diethylcarbamic acid 2-(3-diisopropy|amino—1-phenylpropyl)-4-hydroxymethylphenyl ester

NMR (CDCI3) : 20.54, 20.66, 30.49, 35.61, 42.42.418.31, 50.20, 65.56, 119.43. 123.40, 125.33, 126.66, 126.99,
127.05, 136.30, 143.27, 149.13, 154.97

(i)-N-Phenylcarbamic acid 2-(3-diisopropyIamino-1-phenylpropyl)-4-hydroxymethylphenyl ester; NMR (CDCI3):
20.52, 20.61, 36.91, 39.44, 42.25, 48.22, 62.66, 118.36, 119.46, 123.50, 125.32, 127.11, 127.99, 130.15, 132.63,
139.65, 141.33, 145.16, 152.21, 156.00

(:l:)-[2-(3-DiisopnopyIamino-1-phenylpropyl)-4-hydroxymethylphenoxycarbonylaminojacetic acid ethyl ester hydro-

chloride Tlc: R, 0.14 (4); m.p. colourless crystals (from acetone, 21% yield); NMR (CDCI3) : 16.76, 16.86, 18.45.
20.96, 31.37, 42.20, 46.13, 54.56, 65.50, 123.10. 126.98, 127.66, 128.72,130.14,134.05, 134.72,135.22, 141.37,
148.47. 165.12, 170.71

(1)-N-Ethylcarbamic acid 3-(3-diisopropylamino-1-phenylpropyl)-4-N-ethylcarbamoyloxybenzyl ester, tlc: R, 0.36

(3) ;NMR (CDCI3) : 15.00, 19.23, 19.40, 33.26, 36.00, 39.62, 42.35, 48.12, 65.95.118.30, 125.45, 127.08, 128.33.
130.37, 134.24, 144.44, 155.44, 157.74

(1)-N,N-Dimethylcarbamic acid 3-(3-diisopropyIamino-1-phenylpropyo-4-N,N-dimethylcarbamoyloxybenzyi ester

NMR (CDCI3) :20.59, 20.66, 30.59, 35.96, 36.40, 36.74, 35.98, 42.03, 48.26, 50.09, 67.09, 119.04,123.23, 123.49.
125.01, 126.67, 127.72, 129.33, 133.65, 143.43, 150.99. 155.63.

(:l:)-N,N-Diethylcarbamic acid 3-(3-diisopropylamino-1-phenylpropyl) -4-N,N-diethylcarbamoyloxybenzyl ester
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NMR(CDC|3):13.31, 13.64, 13.89, 20.33, 20.71 . 31.57, 37.97, 41.55. 42.37, 48.46, 51.00,67.23,120.00, 123.39,
124.82, 126.31 , 126.95. 127.33, 150.36, 157.18, 158.97.

(i)-{4-[2-(3-DiisopropyIamino-1-phenyIpropyI)—4-hydroxymethyl-phenoxycarbonylamino]-buty0-carbamic acid

2-(3-diisopropylamino-1-phenylpropy/)-4-hydroxymethylphenyl ester (formula VII‘, X = Y = NH, n = 4) tie: Rf 0.60
(6) ; dihydrochloride m.p. 142.5-145.6°C

(i)-Carbonic acid 2-(3-diisopropylamino-1-phenyIpropy0-4-hydmxymethylphenyl ester ethyl ester, Rf 0.67 (4)

(i)-Carbonic acid 2-(3-diisopropylamino-1-phenylpropyl)-4-ethoxycarbonyloxymethylphenyl ester ethyl ester, R,
0.87 (4)

g) Intramolecular cyclic diesters via Ring Closing Metathesis (RCM)

[0125]

0

4  
l- o__4“:'*”  

N(i—Pr), (I-Pr);

Example:

(1)-Pent-4-enoic acid 2-(3-diisopropylamino-1-phenylpropyl)-4-(pent-4-enoyloxymethyl)-phenyl ester (x = y = 2)

[0126] A cooled (4°C) mixture of pent-4-enoic acid, isobutyl chloroforrnate, and triethylamine (each 5.84 mmol) in
10 ml of dichloromethane was stirred 5 hrs under an atmosphere of dry nitrogen gas. The cooling bath was then
removed and both triethylamine (1.46 mmol) and 2-(3-diisopropylamino-1-phenylpropyl)-4-hydroxymethylphenol (1 .46
mmol) were added in one portion. After 18 hrs the mixture was diluted with dichloromethane (30 ml), washed several
times with water and finally aqueous 5% sodium hydrogen carbonate solution. After drying (sodium sulphate), filtration
and evaporation the oily residue was re-dissolved in a-small volume of a solvent mixture consisting of ethyl acetatel
heptane/triethylamine (65/30/5, vol.-%) and applied on a silica gel flash chromatography column. Elution of the column

with the same solvent mixture, collection of the appropriate fractions, and evaporation of the combined fractions gave
(1)-pent-4-enoic acid 2-(3-diisopropylamino-1-phenylpropyl)-4-(pent-4-enoyloxy methyl)-phenyl esteras a pale yellow
syrupy oil (50% yield), tlc: (4) 0.75. NMR (CDCI3) : 18.95, 20.77, 27.75, 23.87, 33.58, 36.83, 42.13, 43.72, 48.71, 65.85,
70.55, 115.47, 115.99, 122.45, 126.26, 127.08, 127.96, 128.11, 128.83, 133.73, 136.38, 136.79, 137.04, 143.77,
148.46, 171.11, 172.78.

Intramolecular cyclic diesters of 1,a>-dioic acids and Intermediate B

Example

Intramolecular cyclic diester of octane-1,8-dioic acid and 2-(3 -diisopropylamino-1-phenylpropyu-4-hydroxymethyl-
phenol

[0127] Grubbs catalyst (benzylideneebis-(tricyclohexylphosphine)-dichloromthenium, 16 mg, 0.002 mmol, 2 mol-%)
was added to a solution of. (i)-pent—4-enoic acid 2-(3-diisopropylamino-1-phenylpropyl)-4-(pent-4-enoyloxymethyl)-
phenyl ester (483 mg, 0.96 mmol) in dichloromethane (150 ml) and the mixture was refluxed for 96 hrs. under an
atmosphere of nitrogen gas, after which all of the starting material was consumed as indicated by tlc. The mixture was
filtered through a short pad of basic alumina, and the solvent was removed in vacuum. Flash chromatography (solvent
system (4)) afforded the intermediate intramolecular cyclic diester of oct-4-ene-1 ,8-dioic acid and 2-(3-diisopropylami-
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no)-1-(phenylpropyl)-4-hydroxymethyl-phenol (324 mg) as a colourless syrup (tlc: (4) R, 0.68) in 71% yield, mixture of
two geometrical isomers.

NMR (CDCI3, major isomer): 19.24, 20.61, 23.11, 25.62. 30.55, 33.53, 35.02, 42.41, 48.29, 50.20. 65.30, 114.46,
124.33, 125.58, 127.15, 128.70, 129.29, 131.10, 132.46, 139.54, 146.76, 147.98, 173.76, 174.39.

[0128] A portion of this material (140 mg) was dissolved in ethyl acetate (10 ml) and hydrogenated at room temper-
ature in the presence of palladium-on carbon catalyst to afford the intramolecular cyclic diester ofoctane-1,8-dio_ic acid
and 2-(3-diisopropylamino-1-phenylpropyl)-4-hydroxymethyl-phenol in essentially quantitative yield, 139 mg, colour-
less oil, tlc: (4) 0.71.

NMR (CDCI3): 19.36, 20.73, 24.84, 25.28. 28.90. 29.70, 30.57, 33.72, 34.37, 42.39, 48.26, 50.20, 65.26, 114.45,
124.37, 127.11, 128.67, 129.29, 131.18, 132.45, 139.52.146.77, 147.69, 173.90, 174.15.

Poly-co-DL-Lactides of Intermediate B

[0129] All reagents were dried over P205 in vacuum (< 1 mbar) and at room temperature. The reactions were carried
out at room temperature in an atmosphere of dry, oxygen-free nitrogen.

Low Molecular Weight Copolymer

[0130] A 15% solution of n-butyllithium (0.36 ml) was injected through a rubber septum into a stirred solution of
2-(3-diisopropylamino-phenylpropyl)-4-hydroxymethyl-phenol (100 mg, lntennediate B) and DL-dilactide (1.5 g) in 1.5
ml of dry toluene. The polymerization was allowed to proceed for 4 days at room temperature. Distilled water (10 ml)
was then added in order to tenninate the polymerization. The organic phase was separated and slowly dropped into

200 ml of methanol. The precipitated colourless oil was treated with water (100 ml) and then dried in high vacuum for
48 hrs.

The copolymer was obtained in 72.7% yield. NMR analysis (see below) indicated an average molecular weight range

of M" 2000-4000 and a weight content of Intermediate 3 of about 8.4% (NMR). 'l1c analysis showed the absence of
monomeric Intermediate B. Gel permeation chromatography (GPC) analysis showed a Mw of 1108 and a Mn of 702.

High Molecular Weight Coglymer

[0131] The high molecular weight copolymer was prepared as described above with the exception that 3.0 g of DL-
dilactide was used. Precipitation by methanol gave a fiuffy white solid which was carefully washed with water and then

dried as desribed to give the copolymer in 81% yield. NMR analysis (see below) indicated an average molecular weight

range of M" 4000-8000 and a weight content of Intermediate B of about 2.0%. Tlc analysis showed the absence of
monomeric intermediate B. Gel permeation chromatography (GPC) showed a Mw of 9347 and a Mn of 6981 . Differential
scanning calorimetry (DSC) provided a T9 of 42.5°C. '

NMR Analysis

[0132] The ‘H NMR resonance signals of the poly-lactyl chain were clearly separated from the copolymeric part of
lntennediate B (solvent CDCI3):

CH3 resonances of the poly-lactyl chain: 1.30-1.60 ppm
CH resonances of the poly-lactyl chain: 5.10-5.30 ppm

CH resonances of the connecting lactyl units with the two hydroxy groups of Intermediate B: 4.8-5.0 ppm and
5.5-5.7 ppm.

Polymer bound lnterrnediate B: 1.06-1.11 (CH3). 2.20-2.30

(CHZCHZ), 2.40-2.80 (Ngz), 3.30-3.50 (N§_l_i), 4.45-4.55

(§fiCH2), 4.70-4.80 (Q12-OCO-lactyl), 6.70-7.30 (aryl gfl).
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h) Inorganic ester

Example:

(i)-Benzoic acid 2-(3-diisopropylamino-1-phenylpropyl)-4-sulphooxymethyl-phenyl ester

Hydrochloride

[0133] To a stirred solution of chlorosulphonic acid (116 mg, 1.0'mmol) in 5 ml of dry.diethyl ether was slowly added
at 0°C a solution of (:t)—benzoic acid 2-(3-diisopropylamino-1-phenylpropyl)—4-hydroxymethylphenyl ester (445.6 mg,
1.0 mmol) in 3 ml of dry diethyl ether. The gel formed immediately during the addition was stirred at room temperature
until it became a crystalline consistency (ca. 1 hr). The precipitate was washed several times with diethyl ether and
then dried in vacuum to give 0.52 g (46% yield) colourless crystals, m.p. 63-65°C. NMR (CDCI3) : 16.85, 17.03, 18.32,
18.49, 32.01, 42.29, 46.23, 55.23, 55.50, 69.24, 122.52, 126.94, 127.15, 129.04, 129.76, 130.25, 133.89, 134.93,
136.85, 141.87, 147.80, 165.19.

i) Benzylic 1-O-B-D-glucuronide of 2-(3-diisopropylamino-1-phenylpropyl) -4-hydroxymethylphenol

((t)-2-(3-Diisopropylamino-1-phenylpropyl)-4-(1B-D-glucuronosyloxymethyl)-phenol)

[0134] K

0.. Y

."\]/
 

 

[0135] A solution of methyl 2,3,4-triacetyl-1-0:-D-glucuronosylbromide (2.07 g, 4.64 mmol) in 24 ml of dry toluene
was cooled to -25°C under an atmosphere of nitrogen and then treated with a solution of (1)-benzoic acid 2-(3-diiso-

propylamino-1-phenylpropyl)-4-hydroxymethylphenyl ester in 7 ml of toluene. To this mixture was added dropwise with
stirring and under protection from light a solution of silver triflate in 14 ml of toluene (immediate formation of a white
precipitate). The cooling bath was removed after 15 min and pyridine (0.38 ml) was added. The mixture was diluted
with ethyl acetate (200 ml), filtered and the clear yellow filtrate was washed sequentially with aqueous solutions of
sodium thiosulphate (5%), sodium hydrogen carbonate (5%), and sodium chloride (20%). The solution was dried with
solid sodium sulphate, treated with charcoal, filtered and evaporated to dryness. The waxy residue was re-dissolved
in a small volume of a solvent mixture consisting of ethyl acetate/heptane/triethylamine (65/30/5, vol.-%) and applied

on a silica gel flash chromatography column. Elution of the column with the same solvent mixture, collection of the
appropriate fractions, and evaporation of the combined fractions gave ft)-benzoic acid 2-(3-diisopropyIamino-1-phe-

nyIpropyl)—4-(2,3,4-triacetyI-1[3-D-g/ucuronosyloxymethyl)-phenyl ester, colourless syrup. tlc (4) 0.70 (starting amine:
0.31, bromo glycosidez 0.23), yield 14%.

NMR (CDCI3, mixture of diastereomers): 20.41 , 20.50, 20.60, 20.65, 20.84, 36.49, 42.44, 43.65, 48.73, 52.91, 69.46,
70.43, 71.12, 72.11, 72.60, 73.99, 99.19, 122.91, 126.23, 126.38, 126.54, 127.60. 127.92, 128.06, 128.09. 128.31.

128.59, 129.38. 130.22. 133.67, 134.31, 137.41, 143.52, 148.46, 164.82, 167.26, 169.21, 169.39, 170.07. '

[0136] A portion (350 mg) of the above described material was dissolved and hydrolyzed in a solvent mixture con-
sisting of tetrahydrofuran/methanol/aqueous potassium hydroxide (excess, 12 hrs, 22°C). The mixture was evaporated,
re-dissolved in 5 ml of water and the pH was adjusted to 8.3. This solution was applied to a chromatography column
charged with prewashed XAD 2 resin (50 g). The column was washed with water (ca. 250 ml) and then eluted with
methanol. Collection of the appropriate methanol fractions, and evaporation of the combined fractions in vacuum gave
111 mg of
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(t)-2-(3-diisopropyIamino-1-phenylpropyl)-4-(1B-D-glucuronosyloxymethyl)-phenol, sodium salt,
amorphous colourless solid, m.p. 5 110—124°C (dec.), tlc (4) 0.12. NMR (CD300, major isomer): 19.43, 19:67, 33.26,
39.63. 42.27, 48.23, 69.76, 73.55, 74.70, 75.95, 78.03,107.64,117.95,125.51.127.36,128.33,133.83,134.77,144.49,
155.36, 176.76.

II. lncubations of different compounds of the invention with human liver 8 9-fraction

a) Incubation of unlabelled substrates

[0137] - A pooled human liver S 9-preparation was used to show the in-vitro metabolism of different compounds of
the invention and to prove the generation of the active metabolite by enzymatic process.

[0138] The pooled human liver S 9-preparation was delivered by Gentest, Wobum, MA, USA.
[0139] In a routine assay, 25 [LL of pooled human liver S9 (20 mg protein/mL, H961, Gentest, Wobum, MA, USA)
was incubated for 2 hrs at 37°C with 40 uM substrate in a 0.01 M potassium phosphate buffer in the presence of

NADPH (1 mM). The reaction was quenched by the addition of concentrated perchloric acid and precipitating protein
was removed by centrifugation. The supernatant was adjusted to pH 3 with concentrated potassium phosphate solution,
centrifuged, and injected into the HPLC for analysis of the respective products.
[0140] The analysis of the non-deuterated compounds was performed by a routine High Pressure Liquid Chroma-
tography (HPLC) method with UV-detection.

[0141] The incubation results expressed in (%) of theoretical turnover are presented in Fig. 1.

[0142] They ranged from 96 to 63.2%. The formation of the active metabolite is dependent on the substituents both
at the benzylic and phenolic side of the respective compounds.

Explanation:

[0143] The prodrugs introduced in the assay show the following chemical structure:

chemical structure X-/-Y

AcO-l-OAc acetate

HO-/-OBut hydroxy and _r1-butyrate
HO—/-OiBut hydroxy and iso-butyrate

iButO-/-OiBut iso-butyrate

ButO~/-OBut Q-butyrate

PropO-I-OProp proprionate

HO—/-OProp hydroxy and proprionate

HO-/-0Ac hydroxy and acetate
B20-I-OBz benzoate and benzoate

ACO-/-OiBut - acetate and isobutyrate
AcO-/-OBz acetate and benzoate

  
 
 
 
 
 
 

 
 
 

 
 
 

 
 

 
 
 

 

 
 
 
 
 
 
 
 

 
 

b) Incubation of labelled substrates

[0144] The metabolic degradation of the unlabelled hydroxy metabolite (i.e. Intermediate 8) and the deuteriated

hydroxy—metabolite (Intermediate d2B) were compared in vitro. Used were the respective enantiomers and the race-
mates.

[0145] The hydroxy metabolite and the deuteriated hydroxy—metabolite expressed significant differences in the rate
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to produce the corresponding carboxylic acid.

[0146] The measurement was performed with an incubation time of 3 hrs at 37.0°C in a concentration of 40 pM. The
formation of the carboxylic acid from the deuteriated hydroxy-metabolite showed a significantly decreased velocity of
10%.

[0147] These in-vitro experiments indicate a reduced metabolic turnover of the deuteriated compound in vitro. which
may result in higher plasma levels.

c) Receptor binding study

[0148] WO 94/11337 discloses that the active metabolite has high affinity to muscarinic receptors in the guinea-pig
bladder. Different compounds of the present invention were tested in a well established standardized assay. measuring
the binding of [3H]-methylscopolamine to recombinant human M3 receptors. BSR-M3H cells transfected with a plasmid
encoding the human muscarinic M3 receptor were used to prepare membranes in modified Tris-HCI pH 7.4 buffer using
standard techniques. An aliquot of the membrane preparation was incubated with PH]-methylscopolamine in the pres-
ence or absence of different concentrations of several compounds of the invention for 60 minutes at 25°C. Nonspecific

binding was estimated in the presence of 1 uM atropine. Membranes were filtered and washed three times and the
filters were counted to determine the amount of PH]-methylsoopolamine specifically bound. The following table shows -

the lC50 values of several compounds of the invention in the M3 receptor binding assay.

1

<->H°-/-0“ 1

Efi
AcO-/-OiBut

[0149] These data clearly showed that derivatization at the phenolic hydroxyl moiety results in an about 20 times
less potent binding. If both functionalities are derivatized, the binding is even more dramatically reduced. Furthermore,
it is demonstrated that the enantiomers of the active metabolite exhibit a marked difference in the binding characteristics
to human M3 receptors.

[0150] The compounds were tested for their anticholinergic activity in a standard tissue assay, the guinea-pig ileum.
A segment of ileum was obtained from Duncan Hartley guinea-pigs which were sacrified by cervical dislocation. The
tissue was placed under 1 g tension in a 10 ml bath containing Krebs’ solution (pH 7.4, 32°C) and the concentration-
dependent ability of different compounds to reduce the methacholine-induced (0.6 uM) concractile response was re-
corded. The lC5o values for the different substances were calculated and examples are presented in the following table.

 

  
  

 

  

   
  

  
 

Anticholinergic activity in guinea-pig ileum in vitro

lC50 [nM]

 
Prodrug

(+) HO-/-OH

(-) HO-/-OH

(+) HO-/-OiBut

(+) HO-/-O82

(+) BzO-/-OBz

(+) AcO-/-OiBut

 
 
 
  

[0151] These data confirm the results obtained in the receptor binding assays and demonstrate that the anticholin-
ergic activity of the compounds decreases with increased derivatization.
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d) Biological membranes

[0152] Different compounds of the invention were tested for their ability to penetrate the human skin (200 pm thick)
in the "Flow through cell" at 32°C according to Tiemessen et al. (Acta Pharm. Technol. 1998; 34299-101). Phosphate
buffer (pH 6.2) was used as the acceptor medium. Samples were drawn at different time points and analysed by
RP-HPLC with UV detection (220 nm). Permeation profiles were plotted and mean flux rates of different substances
were calculated by linear regression analysis. The data obtained for different compounds of the invention are summa-
rized in thefollowing table. '

Penetration through human skin

HO-/-OH

Flux rate

[pg/cm2l24hrs]

iButO-I-0iBut

PropO-/-OProp

[0153] Disubsticution of the hydroxy group of H0-/-OH leads to a 2 20-fold increase in skin permeation in relation to
the parent HO-/-OH. Suprisingly monosubstitution of the penolic hydroxy group resulted in even higher 50-fold pene-
tration rate through human skin.

[01 54] Taken together. these biological data clearly demonstrate that the compounds of the invention have a reduced
affinity to bind to human muscarinic M3 receptors. They exhibit an increased penetration through biological membranes,
e.g. the human skin, and they are rapidly transfonned to the active metabolite, once they have entered the systemic
circulation as shown by the in vitro metabolism by the human liver S9 preparation.

[0155] Thus. the antimuscarinic prodrugs according to this invention showed a profile that defines excellent prodrugs.

 H0-'-018"‘

Claims

1. 3,3-Diphenylpropylamines of the general formulae I and VII‘:

 
wherein R and R‘ are independently selected from
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a) hydrogen, C1-C6 alkyl, C3-C11, cycloalkyl, substituted or unsubstituted benzyl, allyl or carbohydrate; or

b) forrnyi, C1-C6 alkylcarbonyl, cycloalkylcarbonyl, substituted or unsubstituted arylcarbonyl, preferably ben-
zoyl; or

c) C1-C6 alkoxycarbonyl, substituted or unsubstituted aryloxycarbonyl, benzoylacyl, benzoylglycyl, a substi-
tuted or unsubstituted amino acid residue; or

Cl)

wherein R4 and R5 independently represent hydrogen, C1-C5 alkyl, substituted or unsubstituted aryl. preferably
substituted or unsubstituted phenyl. benzyl or phenoxyalkyl wherein the alkyl residue has 1 to 4 carbon atoms
and wherein R4 and R5 may form a ring together with the amine nitrogen; or

9)

K

127/
N-$Or

wherein R5 and R7 independently represent C1-C5 alkyl, substituted or unsubstituted aryl. preferably substi-
tuted or unsubstituted phenyi, benzyl or phenoxyalkyl wherein the alkyl residue has 1 to 6 carbon atoms; or

f) an ester moiety of inorganic acids,

g) -SiRaR1,Rc, wherein Ra, R1,. R6 are independently selected from C1-C4 alkyl or aryl. preferably phenyl,

with the proviso that R‘ is not hydrogen, methyl or benzyl if R is hydrogen, R is not ethyl if R’ is hydrogen,
X represents a tertiary amino group of formula la

/R’

31?,
—N

Fcmiuiala

wherein R5 and R9 represent non-aromatic hydrocarbyl groups, which may be the same or different and which

together contain at least three carbon atoms, and wherein R3 and R9 may form a ring together with the amine
nitrogen,

Y and Z independently represent a single bond between the (CH2),, group and the carbonyl group, O, S or NH,
.A represents hydrogen (‘H) or deuterium (ZH),
nis0to12
and

their salts with physiologically acceptable acids, their free bases and, when the compounds can be in the form of
optical isomers, the racemic mixture and the individual enantiomers.
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2. 3,3-Diphenylpropylamines as claimed in claim 1, wherein X is

___N/CH{CHa}a
\CH(CB'sla

3. 3,3-Diphenylpropylamines as claimed in claim 2 selected from phenolic monoesters represented by the general
fonnulae ll and II’

 
"wherein R‘ represents hydrogen, C1-C6 alkyl or p_henyl.

4. 3,3-Diphenylpropylamines as claimed in claim 3 selected from:

(:)-formic acid 2-(3-diisopropylamino-1-phenylpropyl)~4-hydroxymethylphenyl ester,
(i)-acetic acid 2-(3-diisopropylamino-1-phenylpropyl)—4-hydroxymethylphenyl ester,
(i)-propionic acid 2-(3-diisopropylamino-1-phenylpropyl)4-hydroxymethylphenyl ester,
(i)-n-butyric acid 2-(3-diisopropylamino-1-phenylpropyl)-4-hydroxymethylphenyl ester,
(i)-isobutyric acid 2-(3-diisopropylamino-1-phenylpropyl)—4-hydroxymethylphenyl ester,
R-(+)-isobutyric acid 2-(3»diisopropylamino-1-phenylpropyl)—4-hydroxymethylphenyl ester,
(i)—2,2-dimethylpropionic. acid 2-(3-diisopropylamino-1-phenylpropyl)—4-hydroxymethylphenyl ester.
(1)-2-acetamidoacetic acid 2-(3-diisopropylamino-1-phenylpropyl)4—hydroxymethylphenyl ester,
(1)-cyclopentanecarboxylic acid 2-(3-diisopronylamino-1-phenylpropyl)—4-hydroxymethylphenyl ester,
(i)-cyclohexanecarboxylic acid 2~(3-diisopropylamino-1-phenylpropyl)-4-hydroxymethylphenyl ester,
(i)-benzoic acid 2-(3-diisopropylamino-1-phenylpropyl)-4-hydroxymethylphenyl ester,
R-(+)-benzoic acid 2-(3-diisopropylamino-1-phenylpropyl)~4-hydroxymethylphenyl ester,
(i)-4-methylbenzoic acid 2-(3-diisopropylamino-1-phenylpropyl)-4-hydroxymethylphenyl ester,
(:l:)-2-methylbenzoic acid 2-(3-diisopropylamino-1-phenylpropyl)-4-hydroxymethylphenyl ester,
(iv)-2-acetoxybenzoic acid 2-(3-diisopropylamino«1-phenylpropyl)-4-hydroxymethylphenyl ester,
(1-)-1-naphthoic acid 2-(3-diisopropylamino-1-phenylpropyl)—4-hydroxymethylphenyl ester,
(i)-2-naphthoic acid 2-(3-diisopropylamino-1-phenylpropyl)~4-hydroxymethylphenyl ester,
(i)-4-chlorobenzoic acid 2-(3-diisopropylamino-1-phenylpropyl)-4-hydroxymethylphenyl ester,

(1)-4-methoxybenzoic acid 2-(3-diisopropylamino-1-phenylpropyl)—4-hydroxymethylphenyl ester,
(1)-2-methoxybenzoic acid 2-(3-diisopropylamino-1-phenylpropyl)—4-hydroxymethylphenyl ester,
(1)-4—nitrobenzoic acid 2-(3-diisopropylamino-1-phenyIpropyI)-4-hydroxymethylphenyl ester,
(i)-2—nitrobenzoic acid 2-(3-diisopropylamino-1-phenylpropyl)-4-hydroxymethylphenyl ester,
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(1)-malonic acid bis-[2-(3-diisopropylamino-1-phenylpropyl)-4-hydroxymethyl-phenyl]ester.
(1)-succinic acid bis-[2-(3-diisopropylamino-1-phenylpropyl)-4-hydroxymethyl-phenyl] ester.

(4.-)-pentanedioic acid bis-[2—(3-diisopropylamino-1-phenylpropyl)-4-hydroxymethyl-phenyllester,
(-_t:)-hexanedioic acid bis-[2-(3-diisopropylamino-1-phenylpropyl)-4-hydroxymethyl—phenyl]ester.

5. 3.3—Diphenylpropylamines as claimed in claim 2 selected from identical diesters represented by the general formula
III '

TY
  

 
wherein R‘ is defined as in claim 3.

6. 3,3-Diphenylpropylamines as claimed in claim 5 selected from:

(:)-formic acid 2—(3-diisopropylamino-1-phenytpropyl)-4-formyloxymethylphenyl ester,
(:l:)—acetic acid 4-acetoxy-3-(3-diisopropylamino-1-phenylpropyl)-benzyl ester,
(i)-propionic acid 2-(3-diisopropylamino-1-phenylpropyl)-4-propionyloxymethylphenyl ester,
(j:)—n-butyric acid 4-n-butyryloxymethyt-2-(3-diisoprcpylamino-1-phenylpropyl)-phenyl ester,
(i-Hsobutyric acid 2-(3-diisopropylamino-1-phenylpropyl)—4-isobutyryloxymethylphenyl ester,
(i)-2,2-dimethylpropionic acid 3-(3—diisopropylamino-1-phenylpropyl)—4-(2,2-dimethyl-propionyloxy)—benzyl
ester.

(:l:)-benzoic acid 4-benzoyloxymethyl-2—(3-diisopropylamino-1-phenylpropyl)-phenyl ester.
R-(+)-benzoic acid 4-benzoyloxymethyl-2-(3rdiisopropylamino-1-phenylpropyl)-phenyl ester,

poly-co-DL-Iactides of Intermediate 8, said lntennediate B having the formula

 
wherein A is as defined in claim 1.

7. 3.3-Diphenylpropylamines as claimed in claim 2 selected from mixed diesters represented by the general formula IV
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wherein R1 is defined as in claim 3
and

R2 represents hydrogen. C1-C6 alkyl or phenyl

Famiualll

with the proviso that R‘ and R2 are not identical.

8. 3.3—Diphenylpropylamines as claimed in claim 7 selected from:

(1)-acetic acid 2-(3-diisopropylamino-1-phenylpropyl)-4-formyloxymethylphenyl ester.
(1)-benzoic acid 2-(3-diisopropylamino-1-phenylpropyl)-4-forrnyloxymethylphenyl ester,‘
(i)-benzoic acid 2-(3-diisopropylamino-1-phenylpropyl)-4-acetoxymethylphenyl ester,
R-(+)-benzoic acid 2-(3-diisopropylamino-1-phenylpropyl)—4-acetoxymethylphenyl ester.
(:l:)-isobutyric acid 4-acetoxymethyl—2—(3-diisopropylamino-1-phenylpropyl)-phenyl ester.
R-(+)-isobutyric acid 4-acetoxymethyl-2-(3-diisopropylamino-1—phenylpropyl)—phenyl ester,
(:l:)-2.2—dimethylpropionic acid 4-acetoxy-3-(3-diisopropylamino-1-phenylpropyl)-benzyl ester,
(i)-2,2-dimethylpropionic acid 4—acetoxymethyl-2-(3-diisopropy|amino-1-phenylpropyl)-phenyl ester.
(zt)-benzoic acid 4-benzyloxy—3-(3-diisopropylamino-1-phenylpropyl)—benzyl ester.

9. 3,3-Diphenylpropylamines as claimed in claim
formula V

 
wherein R1 is defined as in claim 3.

10. 3,3-Diphenylpropylamines as claimed in claim

2 selected from benzylic monoesters represented by the general

9 selected from:

(i)—formic acid 3-(3-diisopropylamino-1-phenylpropyl)-4-hydroxybenzyl ester,
(:)-acetic acid 3-(3-diisopropylamino-1-phenylpropyl)-4-hydroxybenzyl ester.
(i)-propionic acid 3-(3-diisopropylamino-1-phenylpropyl)-4-hydroxybenzyl ester.
(1-)-butyric acid 3-(3-diisopropylamino-1-phenylpropyl)-4-hydroxybenzyl ester,
(1)-isobutyric acid 3-(3—diisopropylamino-1-phenylpropyl)—4-hydroxybenzyl ester.
(:l:)-2.2-dimethylpropionic acid 3-(3-diisopropylamino-1-phenylpropyl)-4-hydroxybenzyl ester.
(t)-benzoic acid 3-(3-diisopropylamino-1-phenylpropyl)4-hydroxybenzyl ester.

11. 3.3-Diphenylpropylamines as claimed in claim
fonnula VI

2 selected from ethers and silyl ethers represented by the general
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Funauta V!

wherein at least one of R‘° and R“ is selected from C1-C6 alkyl, benzyl or -SiRaRbRc as defined in claim 1 and
the other one of R‘° and R“ may additionally represent hydrogen, C,-C5 alkylcarbonyl or benzoyl.

12. 3,3-Diphenylpropylamines as claimed in claim 11 selected from:

(t)-2-(3-diisopropylamino—1-phenylpropyl)—4-methoxymethylphenol,
(1)-2-(3-diisopropylamino-1-phenylpropyl)—4-ethoxymethylphenol,
(i)-2-(3-diisopropylamino-1-phenylpropyl)-4-propoxymethylphenol.
(i)-2-(3-diisopropylamino-11-phenylpropyl)-4-isopropoxymethylphenol,
(1)-2-(3-diisopropylamino-1-phenylpropyl)-4-butoxymethylphenol.
(1)-acetic acid 2-(3-diisopropylamino-1-phenylpropyl)-4-methoxymethylphenyl ester,
(:)—acetic acid 2-(3-diisopropylamino-1-phenylpropyl)—4—et.hoxymethylphenyl ester,
(i)-2-(3-diisopropylamino-1-phenylpropyl)-4-trimethylsilanyloxymethylphenol,
(i)-diisopropyl-[3-phenyl-3-(2-trimethylsilanyloxy-5-trimethylsilanyloxymethylphenyl)—propyl]-amine,
(i) - [3-(3-diisopropylamino-1-phenylpropyl)-4—tnmethy|silanyloxyphenyl]-methanol,
(i)-diisopropyl—[3-(5-methoxymethyl-2—trimethylsilanyloxyphenyl)-3—pheny|propylamine,
(i)-diisopropyl-[3-(5-ethoxymethy|—2-trimethylsilanyloxyphenyl)-3-phenylpropylamine,
(i)-[4-(tert-butyl—dimethylsilanyloxy)-3-(3-diisopropylamino-1-phenylpropyl)-phenyI]-methanol,
(1)-acetic acid 4-(tert.-butyl-dimethylsilanyloxy)-3-(3-diisopropylamino-1-phenylpropyl)-benzyl ester,
(1)-4-(tert.-butyl-dimethylsilanyloxy)-3-(3-diisopropylamino-1-phenylpropyl)-phenol,
(:l:)-acetic acid 4-(tert.-butyl-dimethylsilanyloxy)-2-(3-diisopropylamino-1-phenylpropyl)-phenyl ester,
(i)-{3-[2—(tert.-butyl-dimethylsilanyloxy)-5-(tert.-butyl-dimethylsilanyloxymethyl)—phenyl]-3—phenylpropyl}-di-
isopropylamine,

(1)-[4-(tert.-butyl—diphenylsilanyloxy)-3-(3-diisopropylamino-1-phenylpropyl)-pheny1]-methanol.
(i)-acetic acid 4-(tert.—butyl—diphenylsi|anyloxymethyl)-2-(3-diisopropylamino-1-phenylpropyl)-phenyl ester,
(:t)-4-(terl.-butyl-diphenylsilanyloxymethyl)-2-(3-diisopropylamino-1-phenylpropyl)-phenol,
(i)-(3-[2-(tert.-butyl-diphenylsilanyloxy)-5-(tert.-butyl-diphenylsilanyloxymethyl)-phenyl]-2-phenylpropyl}—di-
isopropylamine,

(1)-acetic acid 4-benzyloxy-3-(3—diisopropylamino-1-phenylpropy|)—benzy| ester,
(1)-benzoic acid 4-benzyloxy-3-(3—diisopropylamino-1-phenylpropyl)-benzyl ester.
(i)-isobutyric acid 4-benzyloxy-3-(3-diisopropylamino-1-phenylpropyl)-benzyl ester,

(i)-2-(3-diisopropylamino-1-phenylpropyl)-4-(1B-D-glucuronosyloxymethyl)-phenol.

13. 3,3-Diphenylpropylamines as claimed in claim 2 selected from carbonates and carbamates represented by the
general formulae VII and VIII
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wherein R4 and R5 are as defined in claim 1.

14. 3,3-Diphenylpropylamines as claimed in claim 13 selected from:
35

(:l:)-N-ethylcarbamic acid 2-(3-diisopropylamino-1-phenylpropyl)-4-hydroxymethylphenyl ester,
(it)-N.N—dimethylcarbamic acid 2-(3-diisopropylamino-1-phenylpropyl)-4-hydroxymethylphenyl ester
(t)-N,N-diethylcarbamic acid 2- (3-diisopropylamino-1-phenylpropyl)-4-hydroxymethylphenyl ester
(t)—N-phenylcarbamic acid 2-(3-diisopropylamino-1-phenylpropyl)-4-hydroxymethylphenyl ester,

40 (t) - [2-(3-Diisopropylamino-1-phenylpropyl)-4-hydroxymethylphenoxycarbonylamino]acetic acid ethyl ester
hydrochloride,

(zt)-N-ethylcarbamic acid 3- (3—diisopropylamino-1-phenylpropyl)—4-N-ethylcarbamoyloxybenzyl ester.
(1)-N,N—dimethylcarbamic acid 3-(3-diisopropy|amino—1-phenylpropyl)-4—N.N-dimethylcarbamoyloxybenzyl
ester.

45 (1)-N,N-diethylcarbamic acid 3-(3-diisopropylamino-1-phenyIpropyl)—4-N,N-diethylcarbamoyloxybenzyl ester,
(:l:)-N-phenylcarbamic acid 3-(3-diisopropylamino~1-phenylpropyl)-4-N-phenylcarbamoyloxybenzyl ester,
(i)-{4-[2-(3-diisopropylamino-1-phenylpropyl)-4-hydroxymethylphenoxycarbonylamino]-butyl)-carbamic acid
2-(3-diisopropylamino-1-phenylpropyl)—4-hydroxymethylphenyl ester,
(ir)-carbonic acid 2-(3-diisopropylamino-1-phenylpropyl)-4-hydroxymethylphenyl ester ethyl ester,

50 (i)-carbonic acid 2-(3-diisopropylamino-1-phenylpropyl)-4-hydroxymethylphenyl ester phenyl ester,
(:)-carbonic acid 2—(3-diisopropylamino-1-phenylpropyl) -4-ethoxycarbonyloxymethylphenyl ester ethyl ester.
(i)—carbonic acid 2-(3-diisopropylamino-1 -phenylpropyl)-4-phenoxycarbonyloxymethylphenyl ester phenyl es-
ter.

55 15. 3,3-Diphenylpropylamines selected from

(i) compounds of the formulae IX and IX’
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Fauna IX‘

wherein x and y are the same or difierent and represent the number of methylene units ( CH2 ) and may range
from 0 to 6.

(ii) (i)-Benzoic acid 2-(3-diisopropylamino—1-phenylpropyl)-4-sulphooxymethyl-phenyl ester

(iii) Poly-co-DL-lactides of 2-(3-diisopropylamino-phenylpropyl)-4-hydroxymethyl-phenol

(iv) (t)—2-(3-Diisopropylamino-1-phenylpropyl)—4—(1B-D-glucuronosyloxymethyl)-phenol having the fonnula

 
(v) (i)-pent-4-enoic acid 2-(3—diisopropylamino—1-phenylpropyl)-4-(pent-4-enoyloxymethyl)-phenyl ester,

(vi) cyclic oct—4-ene-1,8—dioate of intermediate B,

(vii) cyclic octane—1,8-dioate of lntennediate B,

said Intermediate B having the formula

 
wherein A is as defined in claim 1
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and

their salts with physiologically acceptable acids, their free bases and, when the compounds can be in-the form of
optical isomers, the racemic mixture and the individual enantiomers.

16. A process for the production of phenolic monoesters represented by the general formula II

 
with an equivalent of an acylating agent selected from

0
ll

12‘-c-Le

wherein LG represents a leaving group selected from halogenide, carboxylate and imidazolide and R‘ is as defined
in claim 3, in an inert solvent in the presence of a oondensating agent.

17. A process for the production of phenolic monoesters represented by the general formula II‘
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with an acylating agent selected from

o O ' o o
n H II , ,1:

' Eal—C- (C3,),-c-Hal or c- (c3.,),,-c

wherein Hal represents a halogen atom.

18. A process for the production of identical diesters represented by the general formula III

 
Faaxulam

as defined in claim 5, which comprises treatment of a compound of the formula
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with at least two equivalents of the acylating agent as defined in claim 16.

19. A process for the preparation of benzylic monoesters represented by the general formula V

 
as defined in claim 9, which comprises treatment of a compound of the formula

"Y

at room temperature and under anhydrous conditions with activated esters in the presence of enzymes selected
from lipases or esterases.

20. A process for the preparation of mixed diesters represented by the general fonnula IV

 
as defined in claim 7, which comprises acylation of a benzylic monoester represented by the general formula V
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Fumulav

as defined in claim 9 or of a phenolic monoester represented by the formula II as defined in claim 3.

21. A process for the production of ethers represented by the general fon"nula VI

 
Funuulavl

as defined in claim 11 wherein R" is hydrogen which comprises reacting a compound of the formula

 
with an alcohol R10-OH in the presence of an esterification catalyst.

22. A process for the preparation of ethers represented by the general formula VI

 
Fauuultw

wherein R1° and R3‘ are as defined in claim 11 , which comprises acid or base treatment of free benzylic alcohols
selected from
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and

and

OI’

wherein R‘° is hydrogen and R" is as defined in claim 11 or
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wherein R4 and R5 are as defined in claim 1 or of benzylic acylates selected from

 
Fuumlnv

wherein R‘ and R2 are as defined in claim 7 in the presence of suitable hydroxy reagents.

23. A process for the preparation of ethers of formula VI as defined in claim 11, which comprises treating a compound
of the formula
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Intermediate A

with an alkylating agent selected from alkyi halogenides, alkyl sulphates and alkyl triflates. said alkyl group having
1 to 6 carbon atoms.

24. A process for the preparation of carbonates and carbarnates represented by the general fonnulae VII and VIII
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25.

26.

' 27.

28.

wherein R‘ is defined as in claim 3, n is 0 to 12, Bn is benzyl, one of R‘° or R“ is hydrogen and the other one is
as defined in claim 11 with activated carbonyl compounds or carbonyl precursor reagents selected from halofor-

mates, ketenes, activated esters, mixed anhydrides of organic or inorganic acids. isocyanates and isothiocyanates.

3,3-Diphenylpropylamines as claimed in claims 1 to 15 for use as pharmaceutically active substances. especially
as antimuscarinic agents.

A pharmaceutical composition comprising a 3,3—diphenylpropylamine as claimed in claim 1 to 15 and a compatible
pharmaceutical carrier.

A pharmaceutical‘ composition as claimed in claim 26 which is a patch fonnulation.

Use of a 3.3-diphenylpropylamine as claimed in claims 1 to 15 for preparing an antimuscarinic drug.

Patentanspriiche

1. 3,3-Diphenylpropylamine der allgemeinen Formeln I und VII‘
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Formal I Formel VII‘

worin R und R‘ unabhfingig ausgewéhlt sind aus

a) Wasserstoff.» C1-C6-Alkyl, C3-C10-Cycloalkyl, substituiertem oder unsubstituiertem Benzyl, Ally! oder Koh-
lenhydrat; oder

b) Formyl, C1-C6-Alkylcarbonyl, Cycloalkylcarbonyl, substituiertem oder unsubstituiertem Arylcarbonyl. bevor-
zugt Benzoyl; oder

c) C1-C5-Alkoxycarbonyl. substituiertem oder unsubstituiertem Aryloxycarbonyl, Benzoylacyl. Benzoylglycyl.
substituierten oder unsubstituierten Aminosiiureresten; oder

®

\-nt-co-
a=./

worin R4 und R5 unabhéngig Wasserstoff. C1-C6-Alkyl, substituiertes oder unsubstituiertes Aryl. bevorzugt
substituienes oder unsubstituiertes Phenyl, Benzyl oder Phenoxyalkyl, worin der Alkylrest 1 bis 4 Koh|en-
stoffatome enthéilt. bedeuten und worin R4 und R5 zusammen mit dem Aminstickstoff einen Ring bilden kénnen;
oder

e)
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R“

\‘N—soz-
R7/

worin R5 und R7 unabhéingig Ci-C5-Alkyi, substituiertes oder unsubstituiertes Aryl, bevorzugt substituiertes
oder unsubstituienes Phenyl, Benzyl oder Phenoxyalkyl, worin der Alkylrest 1 bis 6 Kohlenstoffatome enthélt,
bedeuten; oder

f) einer Estergruppierung von anorganischen Séuren,

g) -SiRaRbRc. worin Ra, Rb. RC unabhéngig ausgewéhlt sind aus C1-C4-Alkyloder Aryl, bevorzugt Phenyl.

mit der Maflgabe. dass R‘ nicht Wasserstoff, Methyl oder Benzyl bedeutet. wenn R Wasserstoff bedeutet. R nicht
Ethyl bedeutet, wenn R‘ Wasserstofi bedeutet,
X eine tertiéire Aminogruppe der Fennel la

R9 Formel Ia

worin R3 und R9 nicht-aromatische Hydrocarbylgruppen. die gleich oder unterschiedlich sein kénnen, bedeuten
und die zusammen rnindestensdrei Kohlenstoffatome enthalten und worin R3 und R9 zusammen mit dem Amin-

stickstoff einen Ring bilden kfinnen. bedeutet,

Y und Z unabhéngig eine Einfachbindung zwischen der (CH2)n-Gruppe und der Carbonylgruppe, O, S oder NH
bedeuten.

A Wasserstoff (‘H) oder Deuterium (ZH) bedeutet.
n 0 bis 12 bedeutet
-und

ihre Salze mit physiologisch annehmbaren Séuren, ihre freien Basen und wenn die Verbindungen in Fonn optischer
lsomeren voriiegen, die racemischen Gemische und die individuellen Enantiomeren.

3,3-Diphenylpropyiamine nach Anspruch 1. worin X.

__N_/CH(CHa3n
‘czccash A

bedeutel.

3. 3,3-Diphenylpropylamine nach Anspruch 2, ausgewéihlt aus Phenolmonoestern, dargestellt durch die allgemeinen
Forrneln ll und II‘
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Formel II Formel II-

worin R‘ Wasserstoff, C1-C5-Alkyl oder Phenyl bedeutet.

4. 3.3-Diphenylpropylamine wie in Anspruch 3 beansprucht. ausgewéhlt aus:

(4.-)-Ameisenséiure-2-(3-diisopropylamino-1-phenylpropyl)-4—hydroxymethylphenylester,
(i)-Essigséure-2-(3-diisopropylamino-1-phenylpropyl)—4-hydroxymethylphenylester.
(i)-Propionséure-2-(3-diisopropylamino-1-phenylpropyl)-4-hydroxymethylphenylester,
(i)-n-Butterséure-2—(3~diisopropyIamino-1-phenylpropyl)-4-hydroxymethylphenytester,
(1)-Isobutterséure-2-(3-diisopropylamino-1-phenylpropyI)—4-hydroxymethylphenylester,
R-(+)-Isobutterséure-2-(3-diisopropylamino-1-phenylpropyl)-4-hydroxymethylphenylester,
(i)-2,2-Dimethylpropionséiure-2-(3-diisopropylamino-1-phenylpropyl)-4-hydroxymethylphenylester,
(1)-2-Acetamidoessigséure-2-(3-diisopropy|amino-1-phenylpropyl)-4-hydroxymethylphenylester,
(t)-Cyclopentancarbonséure-2-(3-diisopropylamino-1-phenylpropyl)—4-hydroxymethylphenylesteri
(i)-Cyclohexancarbonséure-2-(3—diisopropylamino-1-phenylpropyl)—4-hydroxymethylphenylester,
(t)-Benzoeséure-2—(3-diisopropylamino-1-phenylpropyl )-4-hydroxymethylphenylester,
R-(+)-Benzoeséiure-2-(3-diisopropylamino-1-phenylpropyl)-4-hydroxymethylphenylester.
(:)~4-Methylbenzoeséure-2-(3-diisopropylamino-1-phenylpropyl)-4-hydroxymethylphenylester,
(i)—2-Methylbenzoeséure-2-(3—diisopropylamino-1-phenylpropyl)—4-hydroxymethylphenylester.
(i)—2-Acetoxybenzoeséure-2-(3-diisopropylamino-1-phenylpropyl)-4-hydroxymethylphenylester.
(1)-1-Naphthoesfiure-2-(3-diisopropylamino-1-phenylpropyl)-4-hydroxymethylphenylester,
(1-)-2-Naphthoeséiure-2-(3-diisopropylamino-1-phenylpropyi)—4-hydroxymethyiphenylester,
(«_*)—4-Chlorbenzoeséure-2—(3-diisopropylamino—1-phenylpropyl)-4-hydroxymethylphenylester,
(:t)—4-Methoxybenzoeséure-2—(3-diisopropylamino-1-phenylpropyl)-4-hydroxymethylphenylester,
(t)-2—Methoxybenzoeséure—2—(3-diisopropylamino-1-phenylpropyl)—4-hydroxymethylphenylester.

(1)-4-Nitrobenzoeséure-2-(3—diisopropylamino-1—phenyIpropyI)—4—hydroxymethy|phenylester,
(i)-2-Nitrobenzoeséure-2-(3-diisopropylamino-1-phenylpropyl)—4-hydroxymethylphenylester,
(i;)-Malonséure-bis- [2-(3-diisopropylamino-1-phenylpropyl)—4-hydroxymethylphenyllester,
(i)-Bemsteinséure-bis- [2-(3-diisopropylamino-1-phenylpropyl)—4-hydroxymethylphenyflester,
(t)~Pentandionsfiure-bis-[2-(3-diisopropylamino-1-phenylpropyl)-4-hydroxymethy|phenyI]ester.
(1-)-Hexandionséiure-bis- [2-(3-diisopropylamino-1-phenyIpropyl)—4-hydroxymethylphenyI]ester.

5. 3,3-Diphenylpropylamine nach Anspruch 2, ausgewéhlt aus identischen Diestem, dargestellt durch die allgemeine
Forrnel HI
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Formel III

worin R‘ die in Anspruch 3 gegebene Definition besitzt.

6. 3,3-Diphenylpropylamine nach Anspruch 5. ausgewéhlt aus:

(t)-Ameisensaure-2-(3—diisopropylamino-1-phenylpropyl)—4-formyloxymethylphenylester,
(:t:)-Essigséure~4-acetoxy-3-(3-diisopropy|amino-1 -pheny|propy1)benzy|ester.
(i)-Propionséure-2-(3-diisopropylamino-1-phenylpropyl )—4-propionyloxymethylphenylester,
(t)-n-Butterséure—4—n-butyryloxymethyl-2-(3-diispprbpylamino-1-phenyipropynphenyiester,
(1)-Isobutterséure—2-(3-diisopropylamino-1-phenylpropyl)-4-isobutyryloxymethylphenylester,
(i)-2,2-Dimethylpropionséure-3-(3-diisopropylamino-1-phenylpropyl)—4-(2.2-dimethy|propionyloxy)benzyIe-
ster,

(:1-_)-Benzoeséure-4-benzoyloxymethyl-2-(3—diisopropylamino-1-phenylpropynphenyiester,
R-(+)-Henzoeséiure-4-benzoyloxymethyi-2-(3-diisopropylamino-1-phenylpropyl)phenylester,

Po|y~co-DL-Lactiden des Zwischenprodukts B, wobei das Zwischenprodukt B die.FormeI

 
besitzt, worin A die in Anspruch 1 gegebene Definition besitzt.

7. 3,3-Diphenylpropylamine nach Anspruch 2, ausgewéihlt aus gemischten Diestem, dargestellt durch die aligemeine
Fonnel IV

Formel IV
 

worin R‘ die in Anspruch 3 gegebene Definition besitzt
und

R2 Wasserstoff, C1-C6-Alkyl oder Phenyl bedeutet,
mit der MaBgabe. dass R‘ und R2 nicht identisch sind.
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8. 3.3-Diphenylpropylamine nach Anspruch 7, ausgewéhlt aus:

(i)—Essigs.’a'ure-2-(3—diisopropylamino-1-phenyipropyl)—4-formyloxymethylphenylester.
(i)-Benzoeséiure-2-(3-diisopropy|amino-1-phenylpropyl)-4-fonnyloxymethylphenylesten
(t)-Benzoeséure-2-(3-diisopropylamino-1-phenylpropyl)—4-acetoxymethylphenylester,
R-(+)-Benzoeséiure-2-(3-diisopropylamino-1-phenylpropyl)-4-acetoxymethylphenylester,

(i)-lsobutterséure-4-acetoxymethyl-2-(3-diisopropy|amino-1-phenylpropy|)phenylester.
R¥(+)-Isobutterséure-4-acetoxymethy|-2-(3-diisopropylamino-1-phenylpropyl)pheny|ester.

(i)-2.2-Dimethyipropionséiure-4-acetoxy-3~(3-diisopropy|amino-1-phenylpropyl)benzylester,
(i)-2,2-dimethylpropionséure-4-ace1oxymethy|—2-(3-diisopropy|amino-1 -phenylpropyl)pheny|ester,
(t)-Benzoesfiure-4-benzyloxy-3—(3-diisopropylamino-1-phenylpropy|)benzylester.

9. 3,3-Diphenylpropylamine nach Anspruch 2, ausgewéhlt aus Benzylséuremonoestern, dargestellt durc_h die auge-
meine Formel V

 
Formel V

worin R1 die in Anspruch 3 gegebene Definition besitzt.

10. 3,3-Diphenylprppylamine nach Anspmch 9, ausgewéihlt aus:

(i)—Ameisenséiure—3-(3-diisopropylamino-1-phenylpropyl)-4-hydroxybenzylester.
(i)-Essigséure-3-(3—diisopropylamino-1-phenylpropyl)—4-hydroxybenzylester,
(t)-Propionséiure-3-(3-diisopropylamino-1-phenylpropyiH-hydroxybenzylester,
(t )-Butterséure-3-(3—diisopropylamino-1 -phenylpropyl)-4-hydroxybenzylester,
(i)-Isobutterséure-3-(3-diisopropylamino-1-phenylpropyl)-4—hydroxybenzy|ester,
(t)-2,2-Dimethylpropionséure-3-(3-diisopropylamino-1 -phenylpropyl)~4-hydroxybenzyleste r,
(i)-Benzoesfiure-3-(3-diisopropylamino-1-phenylpropyl )-4-hyroxybenzylester.

11. 3.3-Diphenylpropylamine nach Anspruch 2, ausgewéhlt aus Ethern und Silylethem. dargestellt durch die al|ge-
meine Formel VI

 
Formel VI

w_orin mindestens einer von R10 und R" ausgewéhlt ist aus C,-C5-Alkyj, Benzyl oder -'SiRaRbRc, wie in Anspruch
1 definierl. und der andere von R10 und R" zuséitzlich Wasserstoff, C1-C6—AIkylcarbonyl oder Benzoyl bedeuten
kann.

12. 3,3-Diphenylpropylamine nach Anspruch 11 . ausgewéihlt aus:
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(i)-2-(3-Diisopropylamino-1-phenylpropyl)-4-methoxymethylphenol,
(i:)-_2-(3-Diisopropy|amino-1-phenylpropyl)-4-ethoxymethylphenol.
(i)-2-(3-Diisopropylamino-1-phenylpropyl )-4-propoxymethylphenol,
(:t)-2-(3-Diisopropylamino-1-phenylpropyl)—4-isopropoxymethylphenol.

5 (i)-2-(3-Diisopropylamino-1—pheny|propyI)-4—butoxymethylpheno|,
(i)-Essigséure—2-(3-diisopropy|amino—1-phenylpropyl)-4~methoxymethylphenylester,
(:t)-Essigséiure-2-(3-diisopropylamino-1-phenylpropyl)-4-ethoxymethylphenylester,
(1)-2-(3-Diisopropylamino—1 -phenylpropyl )-4-trimethylsilanyloxymethylphenol,
(zt)-DiisopropyI-[3-phenyl-3-(2-trimethylsilanyloxy-5-trimethylsilanyloxymethylphenyl)propyl]amin,

10 ' (1)-[3-(3-Diisopropylamino-1-phenylpropyl)—4-trimethylsilanyloxyphenyllmethanol.
(t)-Diisopropyi-[3-(5-methoxymethyl-2—trimethylsilanyloxypheny|)-3-phenyllpropylamin,
(-L)-Diisopropy|-[3-(5-ethoxymethyl-2~trimethylsilanyloxyphenyl)—3-phenyllpropylamin.
(1)-[4-(tert.-Butyldimethylsilany|oxy)~3-(3-diisopropylamino-1-phenylpropy|)phenyI]methanol.
(3:)-Essigséure-4-(tert.-butyldimethylsi|anyloxy)—3-(3-diisopropylamino-1-phenylpropyl)benzy|ester,

15 (t)-4-(tert.-Butyldimethylsilanyloxy)-3-(3-diisopropylamino-1-pheny|propyI)phenoI,
(i)-Essigséure-4-(tert.-butyldimethylsiIanyIoxy)-2-(3-diisopropy|amino-1-phenylpropyl)phenylester,
(i)~{3-[2-(tert.-Butyldimethylsilanyloxy)-5-(tert.-butyldimethylsilanyloxymethyl)phenyl]-3—pheny|propyl}diiso-
propylamin.

(;t)-[4-(tert.-Butyldiphenylsilanyloxy)-3—(3-diisopropylamino-1-phenylpropyl)phenyl]methanol.
20 (t)-Essigs§ure—4-(tert.-butyldiphenylsilanyloxymethyl)-2-(3-diisopropylamino-1-phenylpropyl)pheny|ester,

(:t)4—4-(tert.-Butyldiphenylsilanyloxymelhyl)-2—(3-diisopropylamino-1-phenylpropy|)pheno|.
(i)-{3-[2—(ter1.-Butyldiphenylsilanyloxy)-5-(tert.-butyldiphenylsi|any|oxyme1hy|)phenyI]-2-phenylpropy|}diiso-
propylamin.

(i)~Essigséure-4-benzyloxy-3-(3-diisopropylamino-1-phenylpropyl)benzylester,
25 (i:)-Benzoeséure-4-benzy|oxy—3-(3-diisopropylamino-1-phenylpropy|)benzy|ester,

(;t)-Isobutterséure-4-benzy|oxy-3-(3—diisopropylamino-1-phenylpropy|)benzylester.
(:1:)-2-(3-Diisopropylamino-1-phenylpropyl)-4-(1fl—D—glucuronosy|oxymethyI)pheno|.

13. 3,3-Diphenylpropylamine nach Anspruch 2, ausgewéhlt aus Carbonaten und Carbamaten, darges1e|lt durch die
30 allgemeinen Formeln _Vl| und Vlll

35

40

45  
Formel VI I Formel VI I In

55 worin Y, Z und n die in Anspruch 1 gegebenen Bedeutungen besitzen und worin R12 und R‘3 eine C,-C6-Alkoxy-
carbonylgruppe oder
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bedeuten. worin R4 und R5 die in Anspruch 1 gegebenen Bedeutungen besitzen.

14. 3,3~Dipheny|propylamine nach Anspruch 13. ausgewéihll aus:

(1: )-N-Ethylcarbarninséure—2-(3—diisopropylamino~1 -phenylpropyl)-4-hydroxymethylphenylester,
(1)-N . N-Dimethylcarbaminséure-2-(3-diisopropylamino-1 —phenylpropyl)—4—hydroxymethylphenylester.
(i)-N,N-Diethylcarbaminséiure-2-(3-diisopropyiamino-1-phenylpropyl)-4-hydroxymethylphenylester.
(t)-N-Phenylcarbaminséure-2~(3-diisopropylamino-1-phenylpropyl )-4-hydroxymethylphenylester.
(i)-[2-(3-DiisopropyIamino-1-phenylpropyl)-4-hydroxymethylphenoxycarbonylamino]essigséureethylesterhy
drochlorid,

(i)-N-Ethylcarbaminséure-3—(3-diisopropylamino-1-phenylpropyl)-4-N-ethylcarbamoyloxybenzylester,
(1:)~N.N-Dimethylcarbaminséiure-3—(3-diisopropylamino-1—phenylpropyl)—4—N,N-dimethylcarbamoyloxybenzy-
Iester,

(i)-N .N-Diethylk:arbaminséiure~3—(3-diisopropylamino-1 —pheny|propy|)—4-N,N-diethylcarbainoyloxybenzyle-
stem.

(i)-N-Phenylcarbaminséure-3-(3-diisopropylamino-1—phenyIpropyl)~4—N-phenylcarbamoyloxybenzylester,
(t)—{4-[2-(3-Diisopropylamino-1-phenylpropyl)—4-hydroxymethylphenoxycarbonylamino]bu1yl}carbaminséiu-
re-2-(3-diisopropylamino-1-phenylpropyl)-4-hydroxymethylphenylester,
(12)-Carbonséiure«2-(3-diisopropylamino—1-phenylpropyl)-4-hydroxymethylphenylesterethylester,
(zt)-Carbonséure-2-(3-diisopropylamino-1-phenylpropyl)-4-hydroxymethylphenylesterphenylester,
(1)-Carbonséure-2-(3-diisopropylamino-1-phenylpropyl)-4~ethoxycarbonyloxymethylphenylesterethylesten
(dz)-Carbonséure-2-(3-diisopropylamino-1-phenylpropyl)-4-phenoxycarbonyloxymethylphenylesterpheny|e-
ster.

15. 3,3-Diphenylpropylamine. ausgewéihlt aus

(i) Verbindungen der Formeln IX und IX‘

  
*Forme1 IX Formel Ix‘

worin x und y gleich oder unterschiedlich sind und die Zahl der Methyleneinheiten { CH2 ) bedeuten und
im Bereich von 0 bis 6 liegen kénnen,

(ii) (i) -Benzoes'a'ure-2- (3-diisopropylamino-1-pheny|propy|)-4-sulphooxymethylphenylester.

(iii) Poly-co-DL-Lactiden von 2- (3-Diisopropylaminophenylpropyl)-4-hydroxymethylphenol,
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(iv) (:t)—2-(3-Diisopropylamino-1-phenylpropyl)-4-(1[5-Dglucuronosyloxymethyl)pheno| der Formel

 
(v) (zt)-Pent-4-ensfiure-2-(3—diisopropyIamino-1-phenylpropyl)—4-(pent—4-enoyloxymethynphenylester,

(vi) cyclischem Oct-4~en-1,8-dioat des Zwischenprodukts 8,

(vii) cyclischem Octan-1.8-dioat des Zwischenprodukts B.

wobei das Zwischenprodukt B die Fonnel

 
besitzt. worin A die in Anspruch 1 gegebene Definition besitzt

' und

ihre Salze mit physiologisch annehmbaren Séuren, ihre freien Basen und. wenn die Verbindungen in Form opti-
scher lsomeren vodiegen. das racemische Gemisoh und die individuellen Enantiomeren.

16. Verfahren zur Herstellung von Phenolmonoestern, dargestellt durch die allgemeine Formel II

 
Formel II

wie in Anspruch 3 definiert, umfassend die Behandlung einer Verbindung der Fonnel
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mit einem Aquivalent eines Acyliemngsmittels, ausgewéhlt aus

o

u

2‘—c-LG

worin LG eine Austrittsgruppe, ausgewéhlt aus Halogenid, Carboxylat und lmidazolid, bedeutet und R‘ die in
Anspruch 3 gegebenen Definitionen besitzt, in einem inerten Lésungsmittel in Anwesenheit eines Kondensations-
mittels.

17. Verfahren zur Herstellung von Phenolmonoéstem, dargeslellt durch die allgemeine Fonnel II’

 
Forme1~ -II- '-

 
mit einem Acylierfingsmittel, ausgewéhlt aus
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0 o . o o
3 E I II _ _Jl

na_1-c-(cs.).—c-Hal :°der C-(C323,;-C
L..o_._l

worin Hal ein Halogenatom bedeutet.

18. Verfahren zur Herstellung identischer Diester. dargestellt durch die allgemeine Fonnel lll

Formel III
 

 
mit mindestens zwei Aquivalenten des Acylierungsmittels wie in Anspruch 16 definiert.

19. Verfahren zur Herstellung von Benzylséuremonoestem, dargestellt durch die allgemeine Formel V

Formel V 
wie in Anspmch 9 definierl, umfassend die Behandlung einer Verbindung der Fonnel

“Y

bei Raumtemperatur und unter wasserfreien Bedingungen mit aktivierten Estern in Anwesenheit von Enzymen,
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ausgewéihlt aus Lipasen oder Esterasen.

20. Verfahren zur Herstellung gemischter Diester, dargestellt durch die allgemeine Formel IV

Formel Iv 
wie in Anspruch 7 definiert, umfassend die Acylierung eines Benzylsauremonoesters, dargestellt durch die allge-
meine Forrnel V

Formel V 
wie in Anspmch 9 definiert, oder eines Phenolmonoesters, dargestellt durch die Fonnel ll, wie in -Anspruch 3
definiert.

21. Verfahren zur Herstellung von Ethem. dargestellt durch die allgemeine Forrnel VI

R11

flu-

  

 
Formel VI

wie in Anspmch .11 definiert, won'n R" Wasserstofi bedeutet, umfassend die Umsetzung einer Verbindung der
Formel

 
mit einem Alkohol R‘°-OH in Anwesenheit eines Veresterungskatalysators.
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22. Verfahren zur Herstellung von Ethem. dargestellt durch die allgemeine Formel VI

 
Formel VI

worin R10 und R" die in Anspmch 11 gegebenen Definitionen besitzen. umfassend die Séiure- oder Basenbe—
handlung von freien Benzylalkoholen, ausgewéihlt aus

und

und

oder

 

 

 
‘Formel II
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Formel VI

worin R‘° Wasserstoff bedeutet und R" die in Anspruch 11 gegebene Bedeutung besitzt. oder

 
Formel VII

worin R‘2 Wasserstoff bedeutet und R13 eine C1-C5-Alkoxycarbonylgmppe bedeutet, oder

“K ‘ .

R‘/

worin R4 und R5 die in Anspruch 1 gegebene Bedeutung besitzen. oder von benzylischen Acylaten, ausgewéihlt aus

 
Formal III ‘Formal Iv
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Formel V

worin R‘ und R2 die in Anspruch 7 gegebene Bedeutung besitzen. in Anwesenheit geeigneter Hydroxyreagentien.

23. Verfahren zur Herstellung von Ethem der Formel VI. wie in Anspruch 11 definiert, umfassend die Behandlung einer
Verbindung der Formel

 
mit einem Alkylierungsmittel, ausgewéhlt aus Alkylhalogeniden, Alkylsulphaten und Alkyltriflaten, wobei die Al-
kylgruppe 1 bis'6 Kohlenstofiatome enthélt.

24. Verfahren zurHerstellung von Carbonaten und Carbamaten, dargestelltdurch die allgemeinen Formeln VII und VIII

  
Formel VII Formel VIII

wie in Anspruch 13 definiert, umfassend die Umsetzung einer Verbindung, ausgewéhlt aus der Gruppe bestehend
aus
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5 25.

26.

27.

28.

Formal II '

  
Formel V Formel VI

worin R‘ wie in Anspruch 3 definiert ist, n 0 bis 12 bedeutel, Bn Benzyl bedeutet. einer der Substituenten R10 oder
R“ Wasserstoff bedeutet und der andere die in Anspruch 11 gegebene Definition besitzt, mit aktivierten Carbo-
nyiverbindungen oder Carbonyl-Vorstufereagentien, ausgewéhlt aus Haloforrniaten, Ketenen, aktivierten Estem,
gemischten Anhydriden von organischen oder anorganischen Séuren. lsocyanaten und Isothiocyanaten.

3.3-Diphenylpropylamine nach den Anspriichen 1 bis 15 ffir die Verwendung als phannazeutisch aktive Substan-
zen, insbesondere als antimuskarinische Mittel.

Phannazeutisohe Zubereitung, umfassend ein 3.3-Diphenylpropylamin. wie in einem der Anspriiche 1 bis 15 de-
finierl, und einen pharmazeutisch vertréglichen Tréger.

Pharmazeutische Zubereitung nach Anspruch 26, die eine Pléi1tchen- bzw. Pflaster-Zubereitqng ist.

Vem/endung von 3,3-Diphenylpropylamin nach einem der Ansprtiche 1 bis 15 zur Herstellung eines antimuskari-
nischen Arzneimittels.
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Revendications

1. 3.3-Diphénylpropylamines de formules générales I et VII‘:

10

15

20
 

25 dans Iesquelles R et R‘ sont indépendamment choisis a partir

a) d'un atome d'hydrogéne, d'un groupement alkyle C1-C6, d'un groupement cycloalkyle C9-C10, d'un benzyle
substitué ou non substitué, d'un groupement aIIyle ou d'un carbohydrate ; ou

b) d'un groupement formyle, d'un groupement alkylcarbonyle C1-C6. d'un cycloalkylcarbonyle, d'un ary|carbo-
30 nyle substitué ou non substitué, de préférence le benzoyle ; ou

c) d' un groupement alkoxycarbonyle C,—C6, d'un aryloxycarbonyle substitué ou non substitué, d'un benzoy-
Iacyle, d'un benzoylglycyle, d'un résidu d'aminoacide substitué ou non substitué; ou
d)

35

40 R‘.

dans lequel R4 et R5

représentent indépendamment un atome d'hydrogéne, un groupement alkyle C,-C5. un groupement
aryle substitué ou non substitué, de préférence un phényle substitué ou non substitué, un groupement benzyle

45 ou un phénoxyalkyle dans lequel Ie résidu alkyle a 1 a 4 atomes de carbone et dans lequel R4 et R5 peuvent
former un cycle ainsi que |'azote de l'amine ; ou
9)

50 RI

as/’ I
55

dans lequel R5 et R7

représentent indépendamment un groupement alkyle C1-C6, un groupement aryle substitué ou non subs-
titué, de préférence un phényle substitué ou non substitué, un groupement benzyle ou un phénoxyalkyle dans
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Iequel Ie résidu alkyle a 1 a 6 atomes de carbone ; ou

f) un groupement ester d'acides inorganiques,

g) -SiRaRbRc dans Iequel Ra, Rb, RC sont indépendamment choisis panni un groupement alkyle C1-C4 ou
aryie, de préférence un groupement phényle,

a condition que R‘ ne soil ni un atome d'hydrogéne, ni un groupement méthyle ou benzyle si R est un atome
d'hydrogéne. R n'est pas un groupement éthyle si R‘ est un atome d‘hydrogene,

X représente un groupement amine tertiaire de fonnule la

_.,../"' '
\a-

Fauuhfa

dans Iequel R3 et R9 représentent des groupements d'hydrocarbyIes non-aromatiques, qui peuvent étre
identiques ou différents et qui contiennent en méme temps au moins trois atomes de carbone. et dans Iesquels
R3 et R9 peuvent former un cycle ainsi que |'azote de famine.

Y et Z représentent indépendamment une liaison simple entre le groupement (CH2),, et Ie groupement car-
bonyle, O, S ou NH, -

A représente un atome d'hydrogéne (‘H) ou de deutérium (ZH),
n est compris entre O et 12
et

leurs sels avec des acides physiologiquement aoceptables. leurs bases libres et, quand Ies composes peu-
vent étre sous forme d'isoméres optiques, le mélange racémique et Ies énantiomeres uniques.

3,3-Diphénylpropylamines comme revendiquées dans la revendication 1, dans lesquelies X est

___N,cz(cr:a).
\CE(=Ea}a

3,3-Diphénylpropylamines oomme revendiquées dans la revendication 2 choisies parmi Ies monoesters phenoli-
ques représentés par Ies forrnules générales ll et ll’
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dans lesquelles R1 représénte un atome d'hydrogéne, un alkyle C1-C6 ou un phényle.

4. 3.3-Diphénylpropylamines comme revendiquées dans la revendication 3 choisies panni:

l'ester de (i)-2-(3-diisopropylamino-1-phénylpropyl)-4-hydroxyméthylphényle de l'acide formique,
l'ester de (i)-2-(3-diisopropylamino-1—phénylpropyi)-4-hydroxyméthylphényle de l'acide acétique,
l'ester de (1)-2-(3-diisopropylamino-1-phénylpropyl)-4-hydroxyméthylphényle de l'acide propionique,
l'ester de (1)-2-(3-diisopropylamino-1-phény|propyI)~4-hydroxyméthylphényle de l'acide butyrique,
l'ester de (i)-2-(3—diisopropyIamino-1-phénylpropyl)—4-hydroxyméthylphényle de l'acide isobutyrique,
l'ester de R-(+)-2-(3—diisopropy|amino-1-phénylpropyl)-4-hydroxyrhéthylphényle de l'acide isobutyrique,
l'ester de (1)-2-(3-diisopropylamino-1-phénylpropyl)-4-hydroxyméthylphényle de l'acide 2,2—diméthylpropioni-que,

l'ester de (1)-2~(3-diisopropylamino-1 -phénylpropyl)-4-hydroxyméthylphényle de l'acide 2-acétamidoacéti-Q‘-19.

l'ester de (+) -2- (3-diisopropylamino-1-phénylpropyl)-4-hydroxyméthylphényle de l'acide cyclopentanecar-
boxyli-que,

l'ester de (1)-2-(3-diisopropylamino-1-phénylpropyl)-4-hydroxyméthylphényle de l'acide cyclohexanecarboxy-
li—que,

l'ester de (i)-2-(3-diisopropylamino-1—phényIpropyl)—4-hydroxyméthylphényle de l'acide benzo'I'que,
l'ester de R-(+)-2-(3-diisoproplamiho-1—phénylpropy|)-4-hydroxyméthylphényle de l'acide benzo'I'que,
l'ester de (:t)-2-(3-diisopropyiamino-1-phénylpropy!) -4-hydroxyméthylphényle de l'acide 4-méthylbenzoique.
l'ester de (i)—2-(3—diisopropyIamino-1-phénylpropyl)-4-hydroxyméthylphényle de l'acide 2-méthylbenzoique.
l'ester de (i)-2-(3-diisopropylamino-1-phénylpropyl)-4-hydroxyméthylphényle de l'acide 2-acétoxybenzoique,
l'ester de (i)—2-(3-diisopropylamino-1-phénylpropyl)-4—hydroxyméthylphényle de l'acide 1-naphtoique,
l'ester de (i)—2-(3-diisopropylamino-1-phénylpropyt)-4-hydroxyméthylphényle de l'acide 2—naphto'|'que.
l'ester de (1)-2-(3-diisopropyiamino-1-phénylpropyl)-4—hydroxyméthylphény|e de l'acide 4-chlorobenzo'I'que,
l'ester de (i)-2-(3—diisopropy|amino-1-phénylpropyl)-4—hydroxyméthylphényle de l'acide 4-méthoxybenzo‘I'-que, ' -

l'ester de (zt)-2-(3~diisopropylamino-1-phénylpropyl)—4-hydroxyméthylphényle de l'acide 2-méthoxybenzoilQUE‘.

l'ester de (t)-2-(3-diisopropylamino-1-phénylpropyl) -4-hydroxyméthylphényle de l'acide 4-nitrobenzo'I'que,
l'ester de (i)-2-(3-diisopropylamino-1-phénylpropyl)-4-hydroxyméthylphényle de l'acide 2-nitrobenzo'I'que,
l'ester de (i)-bis-[2-(3—diisopropylamino-1-phényl-propyl)~4-hydroxyméthylphényle de l'acide malonique,
l'ester de (i-)-bis-[2-(3-diisopropylamino-1-phényl—propyl)—4-hydroxyméthylphényle de l'acide succinique,
l'ester de (i)-bis-[2-(3-diisopropylamino—1-phényl-propyl)-4-hydroxyméthylphényle de l'acide pentandique,
l'ester de (i)-bis-[2-(3-diisopropylamino-1-phényl-propyi)—4-hydroxyméthylphényle de l'acide hexadiofque.

5. 3,3-Diphénylpropylamines comme revendiquées dans la revendication 2 choisies parmi les diesters identiques é
ceux représentés par Ia forrnule générale Ill

 
dans laquelle R1 est défini selon la revendication 3

6. 3,3—DiphényIpropyIamines comme revendiquées dans la revendication 5 choisies parmi:

l'ester de (:)-2-(3ediisopropylamino-1-phénylpropyl)-4-formyloxyméthylphényle de l'acide forrnique,
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I'ester de (:I:)—4-acétoxy-3-(3-diisopropylamino-1-phénylpropyl)-benzyle de l'acide acétique,
I'ester de (i)—2-(3-diisopropyiamino-1-phénylpropyl)-4-propionyloxyméthylphényle de l'acide propionique,
l'ester de (1)4-n-butyryloxyméthyI-2-(3-diisopropy|—amino-1-phénylpropyl)-phényle de l’acide n-butyrique,
I'ester de (i)—2-(3—diisopropylamino-1-phénylpropyl)-4-isobutyryloxyméthylphényle de l'acide isobutyrique.

5 I'ester de (i)—3-(3-diisopropylamino-1-phénylpropyl)-4-(2,2-diméthylpropionyloxy)-benzyle de l'acide 2.2-di-
méthylpropionique,

I'ester de (:t)—4-benzoyloxyméthyl-2-(3-diisopropyl-amino-1-phénylpropyl)-4—(2,2-diméthyIpropionyloxy)-phé-
nyle de l'acide benzoique,

I'ester de R-(+)-4-benzoyloxyméthyl-2-(3-diisopropyl-amino-1-phénylpropyl)-4-(2.2-diméthylpropiony|oxy)-
10 phényle de l'acide benzo'I‘que,

les poly-co—DL-lactides de l'intermédiaire B, ledit intermédiaire B ayant la forrnule

15

 
20

dans Iaquelle A est défini selon la revendication 1

25 7. 3,3-Diphénylpropylamines comme revendiquées dans la revendication 2 choisies parmi des diesters mixtes re-
présentées par la formule générale IV

30

35  
Fannuu

40 dans Iaquelle R‘ est défini selon la revendication 3
et

R2 représente un atome d'hydrogéne, un groupement alkyle C‘-C5 ou un phényle
é condition que R‘ et R2 ne soient pas identiques

45 8. 3.3-Diphénylpropylamines comme revendiquées dans la revendication 7 choisies parmi

I'ester de (1)-2-(3-diisopropylamino-1-phénylpropyl)-4-fonnyloxyméthylphényle de l'acide acétique,
I'ester de (i)—2-(3-diisopropylamino-1-phénylpropyl)-4-formyloxyméthylphényle de l'acide benzoique.
I'ester de (1)-2—(3-diisopropylamino-1-phénylpropyl)-4-acétoxyméthylphényle de l'acide benzo'I'que,

50 I‘-ester de R-(+)«2-(3-diisopropylamino-1-phénylpropyl)-4-acétoxyméthylphényle de l'acide benzo'n‘que,
I'ester de (i)-4-acétoxyméthyl-2-(3-diisopropylamino-1-phényl-propyl)-phényle de l'acide isobutyrique.
I'ester de R-(+)—4-acétoxyméthyl-2-(3-diisopropylamino-1-phényl-propyl)-phényle de l'acide isobutyrique,
I'ester de (i)—4-acétoxy-3-(3-diisopropylamino—1-phényl propyl)-benzyle de l'acide 2,2-diméthylpropionique,
I'ester de (zt)-4-acétoxy-3-(3-diisopropylamino-1-phényl propyl)—phényle de l'acide 2,2-diméthylpropionique,

55 I'ester de (1)-4-benzyloxy-3-(3-diisopropylamino-1-phénylpropyl)-benzyle de l'acide benzdique.

9. 3.3-Diphénylpropylamines comme revendiquées dans la revendication 2 choisies panni des monoesters benzyli-
ques représentés par la fonnule générale V
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10

dans laquelle R‘ est défini selon la revendication 3

10. 3,3—Diphénylpropy|amines comme revendiquées dans la revendication 9 choisies panni

15 l'ester de (zt)-3-(3-diisopropylamino-1-phénylpropyl)-4-hydroxybenzyle de l'acide formique
l'ester de (1)-3-(3—diisopropyIamino-1-phénylpropyl)-4-hydroxybenzyle de l'acide acétique
l'ester de (t)-3-(3—diisopropylamino-1-phénylpropyl)-4-hydroxybenzyle de l'acide propionique
l'ester de (t)-3-(3-diisopropylamino-1-phénylpropyl)—4-hydroxybenzyle de l'acide butyrique
l'ester de (i)-3-(3-diisopropyiamino-1-phénylpropyl)-4-hydroxybenzyle de l'acide isobutyrique

V20 l'ester de (i)-3-(3-diisopropylamino-1-phénylpropyl)-4-hydroxybenzyle de l'acide 2,2-diméthyipropionique
l'ester de (:t)-3- (3-diisoprdpylamino-1-phénylpropyl)-4-hydroxybenzyle de l'acide benzo’I'que

11. 3,3-Diphénylpropylamines comme revendiquées dans la revendication 2 choisies parmi des éthers et des éthers
silyiés représentées par la formule générale VI25 -

30

35
 

mum

dans laquelle au moins un des substituants R‘° ou R“ est choisi parmi un groupement alkyle C1-C6, un
benzyle ou -SiRaRbRc selon la revendication 1 et |'autre substituant R‘° ou R" peut en plus représenter un atome

40 d'hydrogéne, un groupement alkyl carbonyle C1-C5 ou un benzoyle.

12. 3,3-Diphénylbropylamines comme revendiquées dans la revendication 11 choisies parmi

le (i)—2-(3-diisopropylamino-1-phénylpropyl)-4-méthoxy-méthyl phénol,
45 le (t)-2-(3-diisopropylamino~1-phénylpropyl)-4-éthoxyrméthyl phénol,

Ie (dz)-2-(3-diisopropylamino-1~phénylpropy|)—4-propoxy-méthyl phénol,
le (i)—2-(3-diisopropylamino-1-phénylpropyl)-4-isoprop-oxyméthyl phénol,
le (1)-2-(3-diisopropylamino-1 -phénylpropyl)-4~butoxy-méthyl phénol,
l'ester de (1)-2-(3-diisopropylamino-1-phénylpropyl)-4-méthoxyméthylphényle de l'acide acétique,

50 l'ester de (zt)-2-(3-diisopropylamino-1-phénylpropyl)-4-éthoxyméthylphényle de l'acide acétique,
le (tn-(3—diisopropylamino-1—phényIpropyI)-4-tri-méthylsilanyloxyméthyl phénol, -
la (t)—diisopropyI-[3-phényl-3-(2-triméthylsilanyloxy-5-tri-mélhylsilanyloxyméthyl)—propyl]-amine,
le (i)-[3—(3-diisopropylamino-1-phénylpropyl)-4-tri-méthylsilanyloxyphényl]-méthanol,
la (i)—diisopropyl-[3-(5-méthoxyméthyl-2-triméthyl-silanyloxyphényi)]-3-phénylpropyl-amine,

55 la (t)—diisopropyl-[3-(5-éthoxyméthyl-2-trirnéthyl sil-anyloxyphényl)]-3—phénylpropy|-amine.
le (i)-[4-(ten.-butyl-diméthylsilanyloxy)-3-(3-diiso-propylamino-1-phénylpropyi)-phényl]-méthanol,
l'ester de (t)-4-(tert.-butyl-diméthylsilanyloxy)-3-(3-diisopropylamino-1-phénylpropyl)-benzyle de l'acide acé-
tique.
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Ie (i)-4-(tert.-butyl-diméthylsilanyloxy)-3—(3-diiso-prdpyIamino-1-phénylpropyl)-phénol,
l'ester de (1)-4-(sert.-butyl-diméthyIsiIanyIoxy)-2-(3—diisopropylamino-1-phénylpropyl)-phényle de l'acide acé-
tique,

Ia (t)—{3-[2—(ter1.-butyl-diméthylsiIanyloxy)-5-(tert.-butyl-diméthylsilanyloxyl)-phényll-3-phényl propyl} di-iso-
propylamine, A .

Ie (i)-[4-(tert.—bu1y1-diméthylsilanyloxy)-3-(3-diiso-propylamino-1-phénylpropyl)-phényl]-méthanol,
l'ester de (i)-4-(tert.-butyl-diphéthylsilanyloxyméthyl)-2—(3-diisopropylamino-1-phénylpropyl)-phényle de l'aci-
de acétique,

Ie (i)-4-(tert.-butyl-diphéthylsilanyloxyméthyl)-2-(3-diiso propylamino-1-phénylpropyl)-phénol,
la (1-)-(3-[2-(ten.-butyl-diméthylsilanyloxy)-5-(tert. -butyl—diphéthylsilanyloxyméthyl)-phény|]-2-phényl-propyl}
diisopropylamine,

.l'ester de (i)-4-benzyloxy-3-(3-diisopropylamino-1-phénylpropyl)-benzyle de l'acide acétique,
l'ester de (1)-4—benzyIoxy-3-(3-diisopropylamino—1-phénylpropyl)-benzyle de l'acide benzoique.
l'ester de (i)~4-benzyloxy-3-(3-diisopropylamino—1-phényl—propyl)-benzyle de l'acide isobutyrique,
le (:I:)-2-(3-diisopropylamino-1-phényl-propyl)-4-(1B-D-gIucuronosyloxyméthyl)-phénol.

13. 3,3-Diphénylpropylamines comme revendiquées dans la revendication 2 choisies parrni des carbonates et des
catbamates représentés par Ies fonnules générales VII et VIII

 
Fainnxavg

dans Iesquelles Y, 2 et n sont définis selon Ia revendication 1 et dans Iesquelles R12 et R‘3 représentent un
groupement alcoxycarbonyle C1-C5 ou

R‘‘)

dans Iesquelles R4 et R5 sont définis selon Ia revendication 1

14. 3,3-Diphénylpropylamines comme revendiquées dans la revendication 13 choisies parmi:

l'ester de (:I:)-2-(3-diisopropylamino-1-phénylpropyl)—4-hydroxyméthylphényle de l'acide N-éthylcarbamique,
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l'ester de (zt)-2-(3-diisopropylamino-1-phénylpropyl)-4-hydroxyméthylphényle de l'acide N,N-diméthy|carba-
mique,

l'ester de (i)-2-(3-diisopropylamino-1-phénylpropyl)-4-hydroxyméthylphényle de l'acide N,N-diéthy|carbami-que,

l'esterde (i)-2-(3-diisopropylamino-1-phénylpropyl)-4-hydroxyméthylphényle de l'acide N-phénylcarbamique,
l'ester de (i)—[2-(3-diisopropylamino-1-phénylpropyl)—4-hydroxyméthylphénoxycarbonylamino] éthyle du chlo-
rhydrate de l'acide acétique.

l'ester de (t)-3—(3-diisopropylamino—1-phénylpropyl) -4-N-éthylcarbamoyloxybenzyle de l'acide N,éthy|carba-
mique,

l'ester de (dz)-3-(3-diisopropylamino-1-phénylpropyl)-4-N.N-di-méthylcarbamoyloxybenzyle de l'acide N,N-di-
méthylcarbamique,

l'ester de (1)-3—(3—diisopropy|amino-1-phénylpropyl) -4-N. N-diéthylcarbamoyloxybenzyle de l'acide N,N-dié-
thylcarbamique,

l'ester de (i)-3-(3-diisopropylamino-1-phénylpropyl) -4-N-phénylcarbamoyloxybenzyle de l'acide N-phény|-
carbamique.

l'ester de (1)-2-(3-diisopropylamino-1-phénylpropyl)—4-hydroxyméthylphényle de l'acide (4—[2-(3-diisopropyl

amino-1-phénylpropyl)-4—hydroxyméthyl phénoxycarbonyl-amino]-butyl} carbamique, ‘
le diester de (1)-2-(3-diisopropylamino-1-phénylpropyl)-4-hydroxyméthylphényle et d'éthyle de l’acide carbo-
nique,

le diester de (1)-2-(3-diisopropylamino—1-phénylpropyl)-4-hydroxy-méthylphényle et de phényle de l'acide car-
bonique.

le diester de (i)-2-(3-diisopropylamino-1-phénylpropyl) -4-éthoxy-carbonyloxyméthylphényle et d'éthyle de
l'acide carbonique.

- le diester de (ic)-2-(3—diisopropylamino-1-phénylpropyl)—4-éthoxy-carbonyloxyméthylphényle et de phényle de
l'acide carbonique,

15. 3,3-Diphénylpropylamines choisies panni :

(i) les oomposés de fonnules IX et IX‘

  
r¢a¢.- or _ I f-Fon'suuIx‘..'

dans lesquelles x et y sont identiques ou différents et représentent le nombre d'unités méthylénes -(CH2)-
et peuvent étre compris entre 0 e16, _

(ii) l'ester de (t)-2-(3-diisopropylamino-1-phénylpropyl)-4-éthoxysulphooxyméthylphényle de l'acide benzo'I'-
QU6,

(iii) les poly-co-DL-lactides-2—(3-diisopropyl amino-1-phénylpropyl)—4-hydroxyméthyl-phénol,
(iv) le (1:)-2-(3—diisopropy|amino-1-phénylpropyl)-4-(1B-D-gIucurongsyloxyméthyl)-phénol ayant la forrnule
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(v) l'ester de (i)—2-(3—diisopropy|amino-1-phénylpropyl) -4- (pent-4-enoyloxyméthyl) -phényle de l'acide pent-
4-énoique,

(vi) le 1,8-dioate d'oct—4-éne cyclique de rintermédiaire B.
(vii) Ie 1,8-dioate d'octane cyclique de i'intermédiaire B

ledit intermédiaire B ayant la fonnule

 
dans laquelle A est selon la revendication 1
et '

leurs sels avec des acides physiologiquement acceptables, leurs bases Iibres et. quand les composés peu-
vent étre sous forme d'isoméres op1iques,_le mélange racémique et les énantioméres uniques.

16. Procédé pour la production de monoesters phénoliques représentés par la fonnule générale ll

 
selon la revendication 3. qui comprend Ie traitement d'un composé de formule
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avec un équivalent d'un agent acyclique choisi parrni

0

ll

3"-C.-1:5

dans lequel LG représente un groupe partant choisi parrni les halogénures, lés carboxylates et les imidazoles
et R‘ est selon la revendication 3. dans un solvant inerte en présence d'un agent de condensation.

17. Procédé pour la production de monoesters phénoliques représentés par la fonnule générale ll’
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avec un agent d'acylation choisi parmi

O 5 O o

33-7-'*'-''' (C8,).-c~za1 at 0- (CH3) 3-‘:
l_..o.._J

dans Ieque|.Hal représente un atome d'halogéne

18. Procédé pour la production de diesters identiques représentés ‘par la formule générale Ill

 
Ffllltflll

selon Ia revendication 5, qui comprend le traitement d'un oomposé de fonnule

 
avec au moins deux équivalents d'un agent d'acy|ation selon Ia revendication 16.

19. Procédé pour-la préparation de monoesters benzyliques représentés par la formule générale V

 
.l-’ani£nv

selon la revendication 9. qui comprend Ie traitement d'un compose de forrnule
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é température ambiante et dans des conditions anhydres avec des esters activés en présence d'enzymes

choisies parmi Ies lipases et les ostérases. ‘

20. Prooédé pour la préparation de diesters mixtes représentés par la formule générale IV

 
zcaufialil

selon la revendication 7, qui comprend |'acylation d'un monoester benzylique représenté par la formule gé-
nérale V

 
Famh-V

selon la revendication 9 ou par un monoester phénolique représenté par la formule ll selon Ia revendication 3

21. Procédé de production d'éthers représentés par la formule générale VI
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selon la revendication 11 dans laquelle R“ est un atome d'hydrogéne qui oomprend Ia ré-action d'un composé
de formule

 
avec un alcool R‘°-OH en présence d'un catalyseur d'estérification.

22. Procédé pour la préparation d'éthers représentés par la formule générale VI

 
l‘-'auIIhVI-

dans laquelle R‘° el R" sont selon la revendication 11.qui comprend un traitement acide ou basique d'alcools
benzyliques Iibres choisis panni

et

et
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Yo
‘I’

30

Fcuhfl

OU

 
_Fuan.lh1fl

dans lesquelles R‘° est un atome d'hydrogéne et R“ est selon Ia revendication 11 ou

 
dans Iaquelle R12 estun atome d'hydrogéne et R13 représente un groupement alcoxycarbonyle ou

A‘\
Rs/,.N-CG

dans lequel R4 et R5 sont selon la revendication 1 ou des acylates benzyliques choisis parmi
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' Fuuunv

dans lesqueIs_R‘ et R2 sont selon Ia revendication 7 en présence de réactifs hydroxylés adéquats

23. Procédé pour la préparation d'éthers de formule VI selon la revendication 11. qui comprend le traitement d'un
composé de fonnule

avec un agent d'a|ky|ation choisi parmi les halogénures d'alkyIe, les sulfates d'a|ky_le et les Iriflates d'alkyle,
Iedit groupe alkyle ayant1 a 6 atomes de carbone.

24. Procédé pour la préparation de carbonates et de carbamates représentés par les fonnules générales VII et VIII
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selon Ia revendication 13, qui comprend Ia réaction d'un composé choisi panni le groupe constitué de

  
Intermédiaire A Iritermédiaire B

 
Famunw

dans lequel R‘ est selon la revendication 3, n est oompris entre 0 et 12, Bn est un groupement benzyle, l'un
des substituants R10 et R" est un atome d'hydrogéne et l'autre est selon la revendication 11' avec des composes‘
carbonylés activés ou des réactifs précurseurs de carbonyles choisis parmi les halogénoforrnates, les céténes,

les esters activés, les anhydrides mixtes d'acides organiques ou inorganiques, les isocyanates et les isothiocya-nates.

3,3-Diphénylpropylamines comme revendiquées dans les revendications 1 a 15.choisies pour un usage en tant
que substances actives pharmaceutiques. surtouten tant qu'agents antimuscariniques.

Compositions phatmaceutiques comprenant une 3,3-diphénylpropylamine comme revendiquée dans les revendi-
cations 1 a 15 et un support pharmaceutique compatible

Composition pharmaceutique comme revendiquée dans la revendication 26 qui est une formulation en pastille.

Utilisation d'une 3,3-diphénylpropylamine comme revendiquée dans les revendications 1 a 15 pour préparer un
médicament antimuscarinique. '
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Description

[0001] The present invention relates to pharmaceutical controlled release beads comprising a drug, to a formulation
containing said controlled release beads. and to a method of preparing said beads.

[0002] A common type of controlled release beads comprises an inert core, such as a sugar sphere, coated with an
inner drug-containing layer and an outer membrane layer controlling drug release from the inner layer.

[0003] An example of such controlled release beads is described in US—A-5,783,215 where each bead comprises
(i) a core unit of a soluble or insoluble inert material, (ii) a first layer on the core unit comprising an active ingredient
dispersed in a hydrophilic polymer, (iii) an optional second layer of hydrophilic polymer covering the first layer. and (iv)
an outermost membrane layer effective for controlled release of the active ingredient.

[0004] In the above and similar controlled release beads it is not uncommon to apply a 'sealcoat' in the form of a
small amount (e.g. 1-3%) of a water-soluble polymer, such as hydroxypropylmethyl cellulose (HPMC) or po|yvinylpyr-

rolidone (PVP), between the inert core and the layer containing the active ingredient. The purpose thereof is generally
to isolate the drug from the core surface in the event that a drug-core chemical interaction is possible, and/or to smooth
the surface of the inert core such that the surface area is more consistent from lot to lot to thereby improve the coating

quality when the drug layer and the controlled release membrane layers are applied.
[0005] WO96l01621 refers to controlled release beads, optionally layered with a first inner layer of hydrophilic pol-
ymer, further layered with an active substance being optionally layered with an outer membrane for controlled release.
[0006] W096/29992 discloses a controlled release diltiazem formulation comprising inert cores layered with the
active substance and further layered with a polymeric coating material.

[0007] EP 0061 217 A2 describes an Ibuprofen containing sustained release pharmaceutical composition comprising
spheroids consisting of a core and a layer of active principle applied on the core and an outer coating of active excipient
forming the sustained release membrane.

[0008] According to the present invention. it has now surprisingly been found that by applying a relatively thick layer
of a water-insoluble polymer to the inert core as a sealcoat. several advantages may be obtained in addition to those
mentioned above.

[0009] Firstly, in case of a soluble core like one of sugar, for example, the amount of time that the solution within the
bead would be saturated with respect to drug may be maximized. Thus, by preventing the soluble core from being a

reservoir for drug dissolution, the relative time that a saturated solution would remain within the bead during the release
~ period can be increased considerably. This means that a substantially longer zero order drug release phase (the phase

when the drug release rate is essentially constant) will be obtained (and less in the undesirable declining release rate
phase). In other words, generally, the use of a thick sealcoat layer will permit the dmg release profile to be altered in
a predictable fashion, in particular for drugs with a moderate to high water solubility. Also, without drug migrating into
the sealcoat, all dmg will get released.

[001 0] Secondly, the potential influence of the core material on drug release, in particular osmotic pressure or swelling
of the core material which could potentially cause internal pressure and film rupture, may be minimized.

[001 1] Thirdly. the substantial initial lag phase (no or very low amount of drug release early) that is generally observed
with the prior art controlled release beads. especially for slower release formulations where the water influx is slower,
may be substantially reduced or eliminated relatively independently of the steady state release rate.
[0012] Therefore, in a first aspect, the present invention provides a controlled release bead comprising:

(i) a core unit of a substantially water-soluble or water-swellable inert material having;
(ii) a first layer on the core unit of a substantially water-insoluble polymer;
(iii) a second layer covering the first layer and containing an active ingredient; and

(iv) a third layer on the second layer of polymer effective for controlled release of the active ingredient,

wherein said first layer is adapted to control water penetration into the core.

[0013] The term ‘control water penetration into the core‘ as used above means that the water influx to the core
should be retarded in a controlled manner to such an extent that the drug release profile will be altered in a predictable
fashion. Thus, while in many cases it may be preferred that the water penetration into the core is substantially or
completely eliminated, a certain, controlled influx of water to the core may be acceptable in other cases.

[0014] The above-mentioned first layer of water-insoluble material may also serve to provide mechanical integrity to
the core.

[0015] Optionally. the above-mentioned third, or controlled release layer is coated with one or more additional layers
of water-soluble or insoluble polymer, e.g. a non-thermoplastic soluble polymer to decrease tackiness of the beads for
subsequent processing, such as curing and filling into capsules. or a secondary functional coating. such as an enteric
coating that delays the onset of drug release. Optionally, such an additional layer may contain drug for immediate
release. '
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[0016] Usually, the first layer (ii) above constitutes more than 2% (wlw) of the final bead composition, preferably
more than 3% (wlw), e.g. from 3% to 80% (wlw). ‘

[0017] The amount of the second layer (ii) above usually constitutes from 0.05 to 60 % (wlw), preferably from 0.1 to
30 % (wlw) of the final bead composition.

[0018] The amount of the third layer (iv) above usuallyconstitutes from 1 to 50 % (wlw). preferably from 2 to 25 %
(wlw) of the final bead composition.

[0019] The core unit typically has a size in the range of from 0.05 to 2 mm.
[0020] In a second aspect, the present invention provides a multiple unit formulation comprising said controlled re-
lease beads, such as a capsule or a tablet. '

[0021] The cores are preferably of a water-soluble or swellable material. and may be any such material that is con-
ventionally used as cores or any other phannaceutically acceptable water-soluble or water-swellable material made
into beads or pellets. Especially, the beads are spheres of sucrose/starch (Sugar Spheres NF), sucrose crystals, or
extruded and dried spheres typically comprised of excipients such as microcrystalline cellulose and lactose.

[0022] The substantially water-insoluble material in the first, or sealcoat layer is generally a ‘GI insoluble‘ or "GI
partially insoluble" film forming polymer (latex or dissolved in a solvent). As examples may be mentioned ethyl cellulose,
cellulose acetate, cellulose acetate butyrate, polymethacrylates such as ethyl acrylate/methyl methacrylate copolymer

(Eudragit NE-30-D) and ammonio methacrylate copolymer types A and B (Eudragit RL30D and RS30D), and silicone
elastomers. Usually. a plasticizer is used together with the polymer. Exemplary plasticizers include: dibutylsebacale,

propylene glycol, triethylcitrate, tributylcitrate, castor oil. acetylated monoglycerides, acetyl triethylcitrate, acetyl butyl-
citrate, diethyl phthalate, dibutyl phthalate, triacetin. fractionated coconut oil (medium-chain triglycerides).
[0023] The second layer containing the active ingredient may be comprised of the active ingredient (dmg) with or
without a polymer as a binder. The binder, when used, is usually hydrophilic but may be water-soluble or water-insoluble.
Exemplary polymers to be used in the second layer containing the active drug are hydrophilic polymers such as poly-
vinylpyrrolidone (PVP). polyalkylene glycol such as polyethylene glycol, gelatine. polyvinyl alcohol, starch and deriv-
atives thereof. cellulose derivatives, such as hydroxypropylmethyl cellulose (HPMC), hydroxypropyl cellulose. car-

boxymethyl cellulose, methyl cellulose, ethyl cellulose. hydroxyethyl cellulose, carboxyethyl cellulose, carboxymethyl-
hydroxyethyl cellulose, acrylic acid polymers, polymethacrylates, or any other pharmaceutically acceptable polymer.
[0024] A wide variety of therapeutically active agents may be used in conjuction with the present invention. While
the therapeutic agent usually is a low or medium dose drug. also high—dose drugs may be contemplated for use in the
present invention. The therapeutic agent is preferably a soluble or moderately water-soluble drug (e.g. having a solu-
bility corresponding to from less than 1 to about 30 ml of water per gram of solute at a temperature between 15 °C and
25 °C).

[0025] The ratio of dmg to hydrophilic polymer in the second layer is usually in the range of from 1:1 00 to 100:1 (wlw).
[0026] Suitable polymers for use in the third layer, or membrane, for controlling the drug release may be selected
from water-insoluble polymers or polymers with pH—dependent solubility, such as, for example, ethyl cellulose, hydrox-

ypropylmethyl cellulose phthalate, cellulose acetate phthalate, cellulose acetate trimellitate, polymethacrylates, or mix-
tures thereof, optionally combined with plasticizers. such as those mentioned above. Optionally. the controlled release

layer comprises, in addition to the polymers above, another substance(s) with different solubility characteristics, to
adjust the permeability, and thereby the release rate, of the controlled release layer. Exemplary polymers that may be
used as a modifier together with, for example, ethyl cellulose include: HPMC, hydroxyethyl cellulose, hydroxypropyl- ‘
cellulose, methylcellulose, carboxymethylcellulose, polyethylene glycol, polyvinylpyrrolidone (PVP). polyvinyl alcohol,
polymers with pH-dependent solubility, such as cellulose acetate phthalate or ammonio methacrylate copolymer and
methacrylic acid copolymer. or mixtures thereof. Additives such as sucrose, lactose and phannaceutical grade sur-
factants may also be included in the controlled release layer, if desired.

[0027] In a third aspect, the present invention provides a method for producing the controlled release beads and
formulation, respectively. This method comprises the following steps:

a) providing a core unit of a substantially water-soluble or water-swellable material;
b) applying a first layer of a substantially water-insoluble polymer to said core;

c) applying onto said first layer. a second layer comprising an active ingredient and optionally a polymer binder; and
d) applying onto said second layer. a third polymer layer effective for controlled release of the active ingredient;

wherein the amount of material in said first layer is selected to provide a layer thickness that permits control of
water penetration into the core.

[0028] Optionally. the method comprises the further step of applying one or more additional polymer layers to the
core as has been mentioned above. '

[0029] The preparation of the multiple unit formulation comprises the additional step of transfonning the prepared
beads into a pharmaceutical formulation, such as by filling a predetermined amount of the heads into a capsule, or
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compressing the beads into tablets.

[0030] The layering orcoating operations are preferably perfonned by spraying a solution or dispersion of the re-
spective layer materials onto the core. preferably in a fluid bed coating apparatus.

[0031] After the final coating step, the beads are optionally "cured", usually in a fluid bed system or in a tray dryer
system. by heating to a temperature of about 30-80°C, for 30 to 180 minutes, for example. Suitably, the beads are
then cooled below about 35°C before stopping the process.

[0032] The pharmaceutical formulation of the invention may be administered orally.
[0033] An exemplary class of compounds which may be used as active ingredients in the present invention comprises

- the 3,3-diphenylpropylamines disclosed in US-A-5,382,600, US-A-5.559.269 and US-A-5,686,464 and having the gen-
eral formula: *

OR1

CH-CH2-Cl-l2-X

3 R4‘

wherein R1 signifies hydrogen or methyl; R2, R3 and R4 independently signify hydrogen, methyl, methoxy, hydroxy,
hydroxymethyl, carbamoyl, sulphamoyl or halogen; and X represents a tertiary amino group -NR5,R6, wherein R5 and

R6 signify non-aromatic hydrocarbyl groups, which may be the same or different, especially CH;-alkyl or adamantyl,
and which together contain at least three, preferably at least four carbon atoms, and each of which may carry a hydroxy

substituent, and wherein R5 and R6 may fonn a ring together with the amine nitrogen, preferably a non-aromatic ring
having no heteroatom other than the amine nitrogen, their salts with physiologically acceptable acids and, when the
compounds can be in the form of optical isomers. the racemic mixture and the individual enantiomers. An exemplary
specific compound is tolterodine, i.e. (R)-N,N-diisopropyl-3-(2-hydroxy-5-methylphenyl)-3-phenylpropanamine, as well
as the corresponding (S)-enantiomer, the racemate and the active 5-hydroxymethyl metabolites, prodrug toms and
pharmaceutically acceptable salts thereof.

[0034] Useful analogues to the above compounds are disclosed in WO 98143942.
[0035] The above as well as the latter compounds have anti-cholinergic activity and may be used for treating, inter
alia, urinary disorders including overactive urinary bladder. The overactive bladder‘ condition gives rise to urinary fre-
quency, urgency and/or urge incontinence. Overactive bladder disorders also include nocturia, i.e. awakening at night
to urinate. While overactive bladder is often associated with detrusor muscle instability. disorders of bladder function

may also be due to neuropathy of the central nervous system (detrusor hyperreflexia) including spinal cord and brain
lesions. such as multiple sclerosis and stroke. Overactive bladder symptoms may also result from. for example, male
bladder outlet obstruction (usually due to prostatic hypertrophy), interstitial cystitis, local edema and irritation clue to
focal bladder cancer, radiation cystitis due to radiotherapy to the pelvis, and cystitis. The compounds also have spas-

molytic activity and may be useful for treating gastrointestinal disorders, including gastrointestinal hyperactivity.
[0036] Specifically, the beads and multiple unit fonnulation, respectively. according to the present invention have
proved to be very suitable for administering the above-mentioned drug tolterodine, the chemical name of which is (R)
-N,N-diisopropyl-3-(2-hydroxy-5-methylphenyl)-3-phenylpropanamine. and would likewise be suitable for its related
compounds, i.e. the major, active metabolite of tolterodine, i.e. (R)-N,N-diisopropyl-3-(2-hydroxy-5-hydroxymethylphe-
nyl)-3-phenylpropanamine; the corresponding (S)-enantiomer to tolterodine. i.e. (S)-N.N-diisopropyl-3-(2-hydroxy-
5-methylphenyl)-3-phenylpropanamine; the 5-hydroxymethyl metabolite of the (S)-enantiomer, i.e. (S)-N,N-diisopropyI-
3-(2-hydroxy-5-hydroxymethylphenyl)-3—phenylpropanamine; as well as the corresponding racemate to tolterodine, i.
e. (R,S)-N,N-diisopropyl-3-(2-hydroxy-5-methylphenyl)-3-phenylpropanamine; and prodmg forms and pharmacologi-
cally acceptable salts thereof. -

_[0037] Tolterodine is marketed for the treatment of unstable or overactive urinary bladder with symptoms including
urge incontinence, urgency and urinary frequency. The 5-hydroxymethyl metabolite of tolterodine mentioned above
contributes significantly to the therapeutic effect of tolterodine. A salient feature of tolterodine is that it has considerably
less side-effects than the previously conventionally used drug, oxybutynin, especially regarding the propensity to cause
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dry mouth.

[0038] When tolterodine is the active ingredient in the controlled release bead, the fraction of active ingredient that
is released in vitro is preferably not more than 30% after 1 hour, from 40 to 85% after 3 hours, and not less than 80%
after 7 hours.

[0039] Administration of the controlled release formulation according to the present invention permits a well controlled
release of tolterodine, and thereby a substantially constant serum level of active moiety or moieties to be maintained
in the patient for at least 24 hours.

[0040] By the term "active moiety or moities" is meant. in the case of tolterodine and its related compounds, the sum
of free or unbound (i.e. not protein bound) concentrations of (i) tolterodine and active metabolite thereof, when toltero-

dine (or prodmg form) is administered; or (ii) tolterodine and active metabolite thereof and/or (S)-enantiomerto toltero-
dine and active metabolite thereof. when the corresponding racemate (or prodrug form) is administered; or (iii) active
metabolite, when the (R)-5-hydroxymethyl metabolite of tolterodine (or prodrug form) is administered; or (iv) (S)-enan-
tiomer to tolterodine and active metabolite thereof, when the (S)—enantiomer (or prodrug) is administered; or (v) active
(S)-metabolite, when the (S)-5-hydroxymethyl metabolite is administered.

[0041] The teml ‘substantially constant“ with respect to the serum level of active moiety or moieties means that the
serum profile after administration of the controlled release formulation does essentially not exhibit any peak values.
This may also be expressed mathematically by reference to the 'fluctuation index‘ (Fl) for the serum concentration of
(unbound) active moiety (or sum of active moities when relevant), where the fluctuation index Fl is calculated as

Fl = (Cmax - Cmin)/AUC‘:/I

wherein Cmax and Cmin are the maximum and minimum concentrations, respectively, of active moiety, AUC-r is the
area under the serum concentration profile (concentration vs time curve), and 1 is the length of the dosage interval
during the time 1. The controlled release formulation according to the present invention readily permits a mean fluctu-

ation index (for 3 being at least 30) that is not higher than about 2.0, more preferably not higher than about 1.5, par-
ticularly not higher than about 1.0, for example not higher than about 0.8.

[0042] For tolterodine and its 5~hydroxymethyl metabolite, the 24-hour exposure. expressed as AUC unbound active

moiety (tolterodine plus metabolite) is usually in the range of from about 5 to about 150 nM'h. preferably from about
10 to about 120 nM"h. depending on the dosage needed by the particular patient. The indicated limits are based upon
calculation of the unbound concentrations of active moiety assuming a fraction unbound of 3.7% for tolterodine and

36% for the 5-hydroxymethyl metabolite (Nilvebrant, L., et aI., Life Sciences. Vol. 60, Nos. 13/14 (1997) 1129-1136).

[0043] Correspondingly, for tolterodine and its 5-hydroxymethyl metabolite, the average unbound (blood) semm or
plasma levels of active moiety (tolerodine plus metabolite) are usually in the range of about 0.2 to about 6.3 nM,
preferably in the range of about 0.4 to about 5.0 nM.

[0044] Tolterodine, its corresponding (S)-enantiomer and racemate and the preparation thereof are described in e.

g. the above-mentioned US-A-5,382,600. For a description of the active (R)-5-hydroxymethyl metabolite of tolterodine
(as well as the (S)-5-hydroxymethyl metabolite), it may be referred to the above-mentioned US-A-5,559,269. The (S)-
enantiomer, its non-cholinergic spasmolytic activity and use in the treatment of urinary and gastrointestinal disorders
are described in WO 98/03067. .

[0045] The invention will now be described in more detail by the following nonlimiting Examples. Reference will be
made to the accompanying drawings, wherein:

Fig. 1 is a diagram showing the fraction of released drug versus time for tolterodine beads according to Example
1 below with different sealcoat thicknesses; and

Fig. 2 is a diagram showing the fraction of released drug versus time for tolterodine beads according to Example

1 below with 14 % (wlw) and 0 % (wlw) seal coat, respectively. The polymer composition in the third layer of the
beads with 0 % sealcoat has been adjusted in order to produce approximately similar initial drug release as from
beads with 14 % sealcoat.

EXAMPLE 1

[0046] An exemplary bead containing tolterodine L-tartrate as active ingredient has the following structure:

Core: Starch-containing sugar sphere of about 0.8 mm diameter (commercially available); comprises 73 %
wlw of the final bead; purpose: coating substrate;

First layer: Surelease® "sealcoat" (Surelease® is an aqueous film-coating dispersion, about 25% solids, con-
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sisting primarily of ethylcellulose plasticized with fractionated coconut oil, and manufactured by Color-
con, Inc, USA); comprises about 12 % w/w of the final bead; purpose: to provide more consistent
core surface; during drug release phase maximize time that drug is saturated inside bead and mini-
mize osmotic effects; control drug release rate together with the third layer;

Tolterodine L-tartrate/hydroxypropylmethylcellulose (HPMC); comprises about 3 % w/w of the final
bead; ratio of To|terodine:HPMC is 5:1;

purpose: drug supply;

Second layer:

Surelease®lHPMC; comprises about 12 % w/w of the final bead; ratio of Surelease®HPMC is 6:1;
purpose: drug release rate control;

Third layer:

[0047] Beads with a three-layer coating having the above characteristics were prepared as follows:
[0048] 1200 g of sugar spheres. 20-25 mesh. were charged into a Wurster fluid bed and sequentially coated at a
nominal product temperature of 36 to 40°C with the following three coating liquids:

- (1) a Surelease® sealooating liquid prepared by mixing 788 g of Surelease® with 563 g of purified water;

- (2) a dmg-containing solution prepared by-first dissolving 35.0 g of tolterodine L-tartrate in 2190 g of purified water.
and then mixing the solution with 6.6 g of hydroxypropylmethyl cellulose (HPMC) 5 cP; and

- (3) a sustained release coating liquid prepared by mixing 29 g of HPMC 5 cP with 375 9 of purified water, and then
mixing with 695 g of Surelease®.

[0049] After tray drying for 3 hours at 70°C, the coated spheres were filled into size #4 or size #3 hard gelatin capsules
to obtain 2 mg and 4 mg tolterodine L-tartrate capsules. respectively, of the composition:

—2 m9°aPs"'e 4 "'9 °avs"'e
Tolterodine L-tartrate

sugar spheres, 20-25 mesh
Surelease®

HPMC 5cP 
[0050] Optionally, a fourth layer may be applied to the bead before drying by Wurster coating.

Fourth layer : HPMC; comprises about 1 % w/w of the final bead; purpose: decrease tackiness of beads for subse-
quent processing (curing and capsule filling).

[0051] In the case of the above described bead, such a fourth layer may be applied with a coating solution prepared
by dissolving 16.4 g of HPMC in 234 g of water.

Study of effect of sealcoat thiclmess

[0052] The effect of the sealcoat thickness on drug release was tested as follows.
[0053] Four lots of 20-25 mesh beads were prepared that contained (i) a Surelease® sealcoat layer at 0, 2, 10 or
14% level, (ii) an HPMCldmg (tolterodine L-tartrate) layer at 4% level (drug:HPMC ratio =5:4), (iii) a Surelease®/HPMC
layer at 10% level (Surelease®:HPMC ratio = 6:1 ratio), and (iv) a final HPMC layer at 1%. These were prepared
essentially as described above and cured 1 hr at 70 °C.

[0054] Note that the coating level for layer (i) is expressed relative to the sum of the core plus sealcoat while coating
levels for layers (ii-iv) are expressed relative to the final coated bead weight.

[0055] A fifth lot of beads was also manufactured identical to the 0% sealcoat lot described above except that the
third coating layer was modified (increase in the Surelease®: HPMC layer from a 6:1 to a 11:1) such that the initial
drug release rate was similar to the 14% sealcoat formulation described above.
[0056] The in vitro drug release at 37°C in phosphate buffer pH 6:8 with addition of 0.22M potassium chloride was
measured. The USP dissolution test apparatus 1 was used. The results are shown in the diagrams in Fig. 1 and_2. As
shown in Fig. 1, as the sealcoat layer gets thicker, the dmg release rate both decreases and becomes more zero-order.
[0057] Fig. 2 shows the comparison of the 0% sealcoat formulation (11 :1 Surelease®: HPMC) to the 14% sealcoat
(6:1 the Surelease®: HPMC). It can be seen that, after a slight lag period observed by the 0% sealooated beads, the
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initial drug release rates are similar. However. after approximately 15-20% of the drug is released, the release rate
from beads with 0 % sealcoat beads falls while release rate from the 14% sealcoat remains extremely zero order.

Indeed, for the 0 % sealcoat beads the release rate between 45-60% is only approximately half of the initial (first 20 A
%) release rate. Comparatively, for the 14% sealcoat lot. the release rate between 45-60% range is identical to the
rate over the first 20%.

[0058] In an analogous mannerto the procedure described in Example 1 above, other exemplary bead formulations

containing tolterodine L-tartrate as the active ingredient were prepared as described in Examples 2 and 3 below.

EXAMPLE 2

[0059] 400 g of sugar spheres (20-25 mesh, Edward Mendell Co, USA) were charged into a top-spray fluid bed
coater (Nica, Sweden) and coated with Surelease® and thereafter cured in a drying cabinet at 70°C for 5 hours.
[0060] A solution of tolterodine-L-tartrate and hydroxypropyl cellulose (HPC) in water was sprayed onto the coated
cores.

[0061] The spheres obtained were then coated with a mixture of ethylcellulose, hydroxypropylcellulose and triethyl-
citrate (plasticizer). The coating materials were dissolved in a mixture of dichlonnethane and ethanol.
[0062] The resulting beads had the following composition expressed as % (w/w):

Sugar spheres
Surelease®

Tolterodine L-tartrate

HPC

Ethylcellulose

Triethyl citrate
 

[0063] The obtained spheres showed extended release of tolterodine L-tartrate over at least 10 hours. The release
rate was essentially constant.

EXAMPLE 3

[0064] 4800 g of sugar spheres (18-20 mesh, Mendell, USA) were coated in a Wurster fluid bed with Surelease® to
a theoretical weight gain of 10 % and thereafter cured in a drying cabinet at 60°C for 6 hours.

[0065] A solution of tolterodine L-tartrate and hydroxypropylmethyl cellulose (HPMC) in water was sprayed onto 1200
g of the cured sphere cores.
[0066] 1000 g of the obtained spheres were then coated by spraying with an aqueous dispersion of a cross-linked
latex of hydroxyl-end blocked polydimethylsiloxan (PDMS, Dow Corning; USA) and colloidal silica (Dow Coming, USA)
to a theoretical weight gain of 15%.
[0067] The resulting beads had the following composition expressed as % (w/w):

Sugar spheres
Surelease®

Tolterodine L-tartrate

HPMC

PDMS

Colloidal silica
 

[0068] The obtained spheres showed extended release of tolterodine L-tartrate over at least 11 hours. The release
rate was nearly constant.

Claims

1. A controlled release bead comprising:

(i) a core unit of a substantially water-soluble or water-swellable inert material;
(ii) a first layer on the core unit of a substantially water-insoluble polymer,
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(iii) a second layer covering the first layer and containing an active ingredient; and

(iv) a third layer of polymer on the second layer effective for controlled release of the active ingredient,

wherein said first layer is adapted to control water penetration into the core.

The bead according to claim 1, wherein the amount of polymer in said first layer is sufficient to substantially retard
water penetration into the core.

The bead according to claim 1 or 2, wherein the thickness of said first layer is sufficient to affect the drug release
rate from the bead.

The bead according to claim 1, 2 or 3, wherein the amount of the first layer constitutes more than 2% (wlw),
preferably more than 3% (wlw) of the final bead composition.

The bead according to any one of claims 1 to 4, wherein the amount of said second layer usually constitutes from
0.05 to 60 % (wlw), preferably from 0.1 to 30 % (wlw) of the final bead composition.

The bead according to any one of claims 1 to 5, wherein the amount of said third layer usually constitutes from 1
to 50 % (wlw), preferably from 2 to 25 % (wlw) of the final bead composition.

The bead according to any one of claims 1 to 6, wherein said third polymer layer is coated with a fourth layer of a
water-soluble polymer or an additional functional coating.

The bead according to any one of claims 1 to 7, wherein said active ingredient is selected from compounds having
the general formula:

on,

CH-Cl-l2-CH2-X

3 R4

wherein R1 signifies hydrogen or methyl; R2, R3 and R4 independently signify hydrogen, methyl, methoxy, hydroxy,

hydroxymethyl. carbamoyl, sulphamoyl or halogen; and X represents a tertiary amino group -NR5.R6, wherein R5
and R5 signify non-aromatic hydrocarbyl groups, which may be the same or different, especially C15-alkyl or ad-
amantyl, and which together contain at least three, preferably at least four carbon atoms, and each of which may

carry a hydroxy substituent, and wherein R5 and R6 may form a ring together with the amine nitrogen, preferably
a non-aromatic ring having no heteroatom other than the amine nitrogen, their salts with physiologically acceptable

acids and, when the compounds can be in the form of optical isomers, the racemic mixture and the individualenantiomers.

The head according to claim 8. wherein said active ingredient is selected fromtolterodine, the 5-hydroxymethyl
metabolite of tolterodine, the (S)-enantiomer of tolterodine, the 5-hydroxymethyl metabolite of the (S)-enantiomer
of tolterodine, the racemate of tolterodine, and prodrug fonns and pharmacologically acceptable salts thereof.

The bead according to claim 9, wherein said active ingredient is tolterodine or a pharrnacologically acceptable salt
thereof.

The bead according to claim 10, wherein the fraction of active ingredient that is released in vitro is not more than
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30% after 1 hour, from 40 to 85% after 3 hours, and not less than 80% after 7 hours.

The head according to any one of claims 1 to 11, wherein the polymer material of said first layer comprises ethyl
cellulose.

The bead according to any one of claims 1 to 12, wherein said second layer comprises hydroxypropylmethyl cel-
lulose as binder. ,

The bead according to any one of claims 1 to 13, wherein the polymer material of said third layer comprises a
combination of hydroxypropylmethyl cellulose and ethyl cellulose.

The bead according to any one of claims 1 to 14, wherein the core unit has a size of 0.05 to 2 mm.

A multiple unit formulation comprising a controlled release bead according to any one of claims 1 to 15.

The multiple unit formulation according to claim 16 which is a capsule.

A method of producing a controlled release bead, which method comprises the stepslofz

a) providing a core unit of a substantially water—soluble or water-swellable material;

b) applying a first layer of a substantially water-insoluble polymer to said core;

c) applying onto said first layer, a second layer comprising an active ingredient and optionally a polymer binder;
and

d) applying onto said second layer, a third polymer layer effective for controlled release of the active ingredient;

wherein the amount of material in said first is selected to provide a layer thickness that permits control of
water penetration into the core.

Use of therapeutically effective amount of beads according to any one of claims 8 to 15 for the preparation of a
medicament for treating overactive bladder.

Use according to claim 19, wherein the active ingredient is tolterodine or a pharrnacologically acceptable salt
thereof. ‘

Use of therapeutically effective amount of beads according to any one of claims 8 to 15 for the preparation of a
medicament for treating nocturia.

Use according to claim 21, wherein the active ingredient is tolterodine or a pharmacol-ogically acceptable salt
thereof.

Use of therapeutically effective amount of beads according to any one of claims 8 to 15 for the preparation of a
medicament for treating gastrointestinal disorders.

Patentansprfiche

1.

2.

Perle mit gesteuerter Freisetzung, umfassend

i. eine Kemeinheit aus einem im wesentlichen wasser-loslichen oder in Wasser quellbaren inerten Material;
ii. eine erste Schicht aus einem im wesentlichen wasser-unléslichen Polymer auf der Kemeinheit;
iii. eine zweite Schicht, die die erste Schicht bedeckt und einen Wirkstoff enthalt, und

iv. eine dritte Schicht aus Polymer auf der zweiten Schicht, die wirksam ist zur gesteuerten Freisetzung des
Wirkstoffs,

wobei die erste Schicht geeignet ist, das Eindringen von Wasser in den Kern zu steuem.

Perle nach Anspruch 1, wobei die Menge an Polymer in der ersten Schicht ausreichend ist, um das Eindringen
von Wasser in den Kern wesentlich zu verzogem.

Patent Owner, UCB Pharma GmbH — Exhibit 2011 - 0603



Patent Owner, UCB Pharma GmbH – Exhibit 2011 - 0604

10

20

25

30

35

40

45

50

55

9.

10.

11.

12.

13.

14.

EP 1 128 819 B1

Perle nach Anspruch 1 oder 2, wobei die Dicke der ersten Schicht ausreichend ist, um die Freisetzungsgeschwin-
digkeil des Arzneimittels aus der Perle zu beeinflussen.

Perle nach Anspruch 1, 2 oder 3, wobei die Menge der ersten Schicht mehr als 2 Gew.%. vorzugsweise mehr als
3 Gew.%. der gesamten Perlenzusammenselzung ausmacht.

Perle nach einem der Anspriiche 1 bis 4, wobei die Menge der zweiten Schicht fiblicherweise 0,05 bis 60 Gew.%.
vorzugsweise 0,1 bis 30 Gew.%, der gesamten Perlenzusammensetzung ausmachl.

Perle nach einem der Ansprflche 1 bis 5, wobei die Menge der dritten Schicht fiblicherweise 1 bis 50 Gew.%,
vorzugsweise 2 bis 25 Gew.%. der gesamten Perlen-Zusammensetzung ausmacht

Perle nach einem der Ansprflche 1 bis 6, wobei die dritte Polymerschicht mit einer vierten Schicht aus einem
wasser-léslichen Polymer oder einem zusétzlichen funktionellen Uberzug iiberzogen ist.

Perle nach einem der Ansprfiche 1 bis 7, wobei der Wirkstoff ausgewélhlt ist aus Verbindungen der allgemeinen
Forrnel

on,

cl-I-CH,-CH,-x. .

33 R4

wobei R, Wasserstofr oder Methyl bedeutet, R2, R3 und R4 unabhangig Wasserstoff, Methyl. Methoy, Hydroxy,

Hydroxymethyl. Carbamoyl, Sulfamoyl oder Halogen bedeuten und X eine teniélre Aminogruppe -NR5R5 bedeutet,
wobei R5 und R6 nichtaromatische Kohlenwasserstoff-Gruppen. die gleich oder verschieden sein kénnen, insbe-

sondere C1-C5-Alkyl oder Adamantyl, bedeuten und die zusammen mindestens 3, vorzugsweise mindestens 4

Kohlenstoffatome enthalten, und von denen jede einen Hydroxy-Substituenten enthalten kann, und wobei R5 und
R6 zusammen mit dem Amin-Stickstoff einen Ring, vorzugsweise einen nicht-aromatischen Ring, der kein Hete-
roatom aufler dem Amin—Siickstoff enthfilt, bilden kc”>nnen, ihre Salze mit physiologisch annehmbaren Sauren und, .
wenn die Verbindungen in Form von optischen Isomeren vorliegen kénnen. dem razemischen Gemisch und den
einzelnen Enatiomeren.

Perle nach Anspruch 8, wobei der Wirkstoff ausgewélhlt ist aus Tolterodin, dem 5-Hydroxymethyl-Metaboliten von
Tolterodin, dem (S)-Enantiomer von Tolterodin, dem 5-Hydroxymethyl-Metaboliten des (S)-Enantiomers von Tol-
terodin, dem Razemat von Tolterodin, und Vor-Arzneimittelformen und pharrnakologisch annehmbaren Salzen
davon.

Perle nach Anspruch 9. wobei der Wirkstoff Tolterodin oder ein pharmakologisch annehmbares Salz davon ist.

Perle nach Anspruch 10, wobei der Anteil an Wirkstoff. der in vitro freigesetzt wird, nach 1 Stunde nicht mehr als
30%, nach 3 Stunden 40 bis 85% und nach 7 Stunden nicht weniger als 80% betrégl.

Perle nach einem der Ansprilche 1 bis 11, wobei das Polymer-Material der ersten Schicht Ethylcellulose umfal3t.

Per1e nach einem der Anspriiche 1 bis 12, wobei die zweite Schicht Hydroxypropylmethyl-celulose als Bindemittel
umfalst.

Perle nach einem der Anspriiche 1 bis 13, wobei das Polymer-Material der dritten Schichl eine Kombination von
Hydroxypropylmethyl-celulose und Ethylcellulose umfal3l.

10
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Perle nach einem der Ansprfiche 1 bis 14. wobei die Kemeinheit eine Gr6l'5e von 0.05 bis 2 mm hat.

Zubereitung mit mehreren Einheiten, umfassend eine Perle mit gesteuerter Freisetzung nach einem derAnspn‘.iche
1 bis 15.

Zubereitung mit mehreren Einheilen nach Anspruch 16. die eine Kapsel ist.

Verfahren zur Herstellung einer Perle mit gesteuerter Freisetzung, wobei das Verfahren die folgenden Stufen um-
fal3t:

a) Bereitstellen einer Kemeinheit aus einem im wesentlichen wasser-léslichen oder in Wasser quellbaren
Material; ' »

b) Aufbringen einer ersten Schicht aus einem im wesentlichen wasser-unldslichen _Polymer auf den Kern;

c) Aufbringen einer zweiten Schicht, umfassend einen Wirkstoff und gegebenenfalls ein Polymer-Bindemittel.
auf die erste Schicht und

d) Aufbringen einer dritten Polymer-Schicht. die wirksam ist zur gesteuerten Freisetzung des Wirkstoffs, auf
die zweile Schicht,

wobei die Menge an Material in der ersten (Schicht) so ausgewahlt wird, dal3 eine Schichtdicke entsteht, die es
erméglicht, das Eindringen von Wasser in den Kern zu steuem.

Verwendung einer therapeutisch wirksamen Menge an Perlen nach einem der Anspriiche 8 bis 15 zur Herstellung
eines Arzneimittels zur Behandlung einer Clberaktiven Blase. ”

Verwendung nach Anspruch 19. wobei der Wirkstoff Tolterodin oder ein phannakologisch annehmbares Salz davon
ist.

Verwendung einer wirksamen Menge an Perlen nach einem der Ansprfiche 8 bis 15 zur Herstellung eines Arznei-
mittels zur Behandlung von Nocturie.

Verwendung nach Anspruch 21 . wobei derwirkstofi Tolterodin oder ein pharrnakologisch annehmbares Salz davon
ist.

Verwendung einer therapeutisch wirksamen Menge an Perlen nach einem der Ansprflche 8 bis 15 zur Herstellung
eines Arzneimittels zur Behandlung von gastrointestinalen Stérungen.

Revendications

1. Perle a liberation oontrolée comprenanl:

(i) une unite noyau en un matériau inerte sensiblement hydrosoluble ou expansible dans I'eau:
(ii) une premiere couche sur l'unité noyau en un polymere sensiblement insoluble dans l'eau;

(iii) une deuxieme couche couvrant Ia premiere couche et oontenant un principe actif; et
(iv) une troisieme couche de polymere sur la deuxiéme couche efficace pour une liberation contrfilée du prin-
cipe aclif.

dans laquelle ladite premiere couche est adaptée pour oontréler la pénétration de l'eau dans le noyau.

Perle selon la revendication 1. dans laquelle Ia quantité de polymere dans ladite premiere couche est suffisante
pour retarder sensiblement la pénétration de l'eau dans le noyau.

Perle selon la revendication 1 cu 2, dans laquelle I'épaisseur de ladite premiere couche est suffisante pour affecter
le taux de liberation d'une substance médicamenteuse a partir de la perle. ’

Perle selon la revendication 1. 2 ou 3, dans laquelle Ia quantité de la premiere couche représente plus de 2% (ml
m), de préférence plus de 3% (mlm) de la composition finale de la perle.

11
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Perle selon l'une quelconque des revendications 1 a 4, dans laquelle la quantité de ladite deuxiéme couche re-

présente en régle générale de 0.05 a 60 % (mlm), de préférence de 0.1 a 30 % (mlm) de la composition finale de
la perle.

Perle selon l'une quelconque des revendications 1 a 5, dans laquelle la quantité de ladite troisiéme couche repré-
sente en régle générale de 1 a 50 % (mlm). de préférence de 2 a 25 % (mlm) de la composition finale de la perle.

Perle selon l'une quelconque des revendications 1 a 6. dans laquelle ladite troisiéme couche de polymére est
revétue d'une quatriéme couche d'un polymére hydrosoluble ou d'un revétement fonctionnel additionnel.

Perle selon l'une quelconque des revendications 1 a 7, dans laquelle leditprincipe actif est choisi parmi des oom-
posés ayant la forrnule générale suivante :

dans laquelle R, représente l'hydrogéne ou Ie méthyle ; R2, R3 et R4 sont de fagon indépendante I'hydrogene,
méthyle. métoxy, hydroxy. hydroxyméthyle, carbamoyl, sulphamoyl ou halogéne; et X représente un groupe amino
tertiaire - NR5,R6, dans lequel R5 et R6 sont des groupes hydrocarbyles non aromatiques, pouvant étre identlques
ou différents, en padiculier un Cm -alkyle ou adamantyl, et contenant ensemble au moins trois, de préférence au

moins quatre atomes de carbone, chacun d'entre eux pouvant porter un substituant hydroxy. et dans lequel R5 et
R5 peuvent former un cycle conjointement avec l'azote de I'amine, de préférence un cycle non-aromatique n'ayant
pas d'autre hétéroatome que l'azote de I'amine, leurs sels avec des acides physiologiquement acceptables et,
lorsque les composés peuvent étre sous la fonne d'isoméres optiques, le mélange racémique et les énantioméres
individuels.

Perle selon la revendication 8, dans laquelle ledit principe actif est choisi parmi la toltérodine, le métabolite 5-hy-
droxyméthyle de la toltérodine, Ie (S)—énantiomere de la toltérodine. le métabolite 5-hydroxyméthyle du (S)-énan-
tlomere de la toltérodine. Ie racémique de la toltérodine, ainsi que des fonnes de pro-médicaments et leurs sels
pharmaceutiquement acceptables.

Perle selon Ia revendication 9. dans laquelle ledit principe actif est la toltérodine ou un sel phannaceutiquement
acceptable de celle-ci. -

Perle selon la revendication 10, dans laquelle Ia fraction du principe actif qui est Iibérée in vitro ne dépasse pas
30 % aprés une heure, est de 40 3 85 % apres trois heures. et n'est pas en-deca de 80 % aprés sept heures.

Perle selon l'une quelconque des revendications 1 a 11, dans laquelle le matériau polymére de Iadite premiere
couche comprend l'éthylcelIulose.

Perle selon l'une quelconque des revendications 1 a 12, dans laquelle ladite deuxiéme couche comprend I'hy-
droxypropylméthylcellulose en tant que Iiant.

Perle selon l'une quelconque des revendications 1 a 13, dans laquelle Ie matériau polymére de ladite trolsiéme
couche comprend une combinaison d'hydroxypropylméthyloellulose et d'éthylcelIulose.

Perle selon l'une quelconque des revendications 1 a 14, dans laquelle l'unité noyau a une taille de 0.05 mm a 2 mm.

Formulation é unités multiples comprenant une perle 3 libération contrblée selon l'une queloonque des revendi-cations 1 a 15.

12
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Formulation a unites multiples selon la revendication 16 sous forme d'une capsule.

Procédé de préparation d'une perle a libération controlée, Iedit procédé comprenant les étapes suivantes :

a) foumir une unité noyau en un matériau sensiblement hydrosoluble ou expansible dans l'eau ;

b) appliquer une premiere couche d'un polymere sensiblement insoluble dans l'eau sur Iedit noyau;
c) appliquer sur Iadite premiere couche une deuxieme couche oomprenant un principe actif et éventuellement
un liant polymére ; et

d) appliquer sur Iadite deuxieme couche une troisiéme couche polymere efficace pour une libération contrélée
du principe actif ;

dans lequel la quantité de matériau dans Iadite premiere couche est choisie de faqon a foumir une épaisseur de
couche perrriettant de controler Ia pénétration de l'eau dans le noyau.

Utilisation d'une quantité thérapeutiquement efficace de perles selon I'une quelconque des revendications 8 a 15
pour la préparation d'un medicament destiné au traitement de l'hyperactivité de la vessie.

Utilisation selon Ia revendication 19, dans Iequel le principe actif est la toltérodine ou un sel pharmaceutiquement
acceptable de celle-ci.

Utilisation d'une quantité thérapeutiquement efficace de perles selon I'une quelconque des revendications 8 a 15
pour la préparation d'un médicament destiné au traitement de la nocturie.

Utilisation selon la revendication 21 . dans Iaquelle le principe aclif est la toltérodine ou un sel phannaceutiquement
acceptable de celle-ci.

Utilisation d'une quantité therapeutiquement efficace de pertes selon I'une quelconque des revendications 8 a 15
pour la préparation d'un medicament destiné an traitement des troubles gastro-intestinaux.

13
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' . PROVISIONAL SPECIFICATION

Improvements in and relating to the Preparation of Substituted‘

Allylamines and Propylamines

We, Tun Wmnconm FOYNDATION

IJMITED, of 183—l93,_ _Euston Road,
London, N.W.1, (a British Company),
and DONALD WALLACE Anamsox, a British

5 subject, ' of the Company’s address, do
hereby declare the nature of this inven-
tion to be as follows:—

This invention relates to a process for

the preparation of new substituted _al'lyl-
10 amines and their conversion to sulmtituted

propylamines which have valuable thera-
peutic properties.

The object of our invention is to make
possible the manufacture of certain novel

15 substituted allylamines which arenseful
' as starting materials for other production

compounds.
A further object of our invention is to

provide an improved process for the pro-_
20 duction of certain substituted propyl-

amines which have valuable therapeutic
properties, such process being more simple
and convenient than the processes for pro-
ducing such substituted propylamines

25 hitherto known.
According to the process of our inven-

tion we make N-disubstituted—'ry-disub-
stituted ollylamines of the formula

R1 R5

'n;°"'§2"”§«'=""<a6

30 by the removal of the elements of water
from the corresponding N-disubstituted-

' 7-y-dieubstituted-7-hydroxy propylamines
of the formula

s" ',r.R,I".f;,.E,,,\:
_ In each of the general formulae just given

I?‘ ' R‘ and R‘ are elther identical or difierent
and may be aryl, aralkyl or hydro-

-rr\
1.

 

aromatic groups, which may be sub-
stituted by alkyl, alkoxy or other groups
which are not aitected by mild reduction 40
conditions; R‘ is hydrogen or alkyl;-IR,‘
is hydrogen, alkylor aryl (optionally sub-
stituted as above); R‘ and R‘ are identical
or different and are alkyl or. aryl, or
——NR‘R“ may denote the piperidino- or 45
morpholino- groups. ,

According to a £tu'ther feature of our
invention, we convert the new‘_substituted
allylamines, described above, into. "N-(IL

substituted-yy-disubstituted propy1_a-min§:_s $9 ’
of the formula

,_,2)‘E3' £:"\#_6 ‘ ‘ "1".
(wherein R‘, R’, R”, R‘, R5 and .R’ have
the same meaning as above) by reduction, ,
under mild conditions. __ ‘55

The dehydration of other ,tertiary
alcohols is a Well-known process and may
be carried out by a varietyof agents. . In
the present case, it has been found! sa.tis- -_
factory to- dissolve. the substituted amino'60
tertiary alcohol or a salt thereof (for
example the hydrochloride) in a mixture
of acetic acid and concentrated aqueous
hydrochloric acid and reflux the solution
for a period of 15 minutes to 1 hour.- The .65
solution is then evaporated to dryness
under reduced pressure, the residue dis-
solved in water, excess of an alkali such
as concentrated ammonia added, and the
liberated base separated by extraction 70
with an organic solvent such as ether. .
The base may be recovered by evaporation
of the solvent and purified by distillation.
under reduced -pressure, or alternatively-,
if the base is a. solid, by recrystallisation 75
from a solvent (e.g. pertrolenm ether). -

Alternatively in some examples the
base may be converted into a salt, particu-
larly the hydrochloride, treating the
dried solution of the base in a solvent (for go

___\__\_““‘

Best Available
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10

15

4 can?‘

example other) with _
chloride, when the hydrochloride separ-

ates and may be recrystallised, if neces-
sary, from a solvent. - - . .

The manufacture of the N-disubstituted
7y-disubstituted-y-hydroxy proplyammos‘
used as starting materials is described ‘in
the specification of our co-pending appli- _
cation for Letters Patent No. 36258/46
(Serial No. 624,118) of even date here-
with. Examples of such starting mate-
rials are yy-diphenyl-y-hydroxy-n-piper-
idinopropane and -yy-diphenyl-7-hydroxp
a-dimethylaminopropane.

The conditions emploved in the reduc-
tion may be varied. The reduction may
be carried out either on the free base in

solution in ethyl alcohol or other solvent
or on the hydrochloride of the base. dis-

20 solved in water or in ethyl alcohol or other

30

p

35 Criibmie, 1942, volume 4, page 229). The

solvent, using hydrogen at atmospheric
pressure or at higher p_ress1u'e, in the pre-
sence of a. hydrogenation catalyst. as for

example platinum black or palladised
charcoal.

The manufacture by a. different process
of some of the N - substituted - -yy - di-
substituted propylamines which may be
made by the process of our invention has
already been described, for example vy-
diphenyl - a - diethylamino - propane
(Eisleb, Berichte, 1941, volume 74B,
page 1433) and w-diphenyl-a—Diperidino-

pane (Schaumann, Metiizin untl.

inds have been claimed to be

highly active spasmolytic agents and ‘to
be useful in the treatment of. asthma.

The "invention is illustrated by the fol-

(‘01Il]')0\

 

hydrogen.

 

_ acetic acid was refluxed -for 30 minutes.
The solutionkas then evaporated to- dry- .
Hess under reduced pressure and the resi-
dual solid dissolved in water and the free
base liberated by addition of-' excess 50
nmm0nia._ solution and separated "by '
extraction with ether. The ethersolution .-
was dried, the ether evaporated and the
residual oil distilled under red»uced"-pres-
sure, when the product, ‘)7 - diphenyl-cw 55

piperidino-fly-propyllene, was collectedas a colourless 'quid, boiling point
138°C. at 0.1 mm. pressure.

Dry hydrogen chloride was passed
through a solution of 10 parts of the base 60
in 20 parts chloroform until acid to congo
red and dry ether was added until crystal-
lisation commenced. After standing for
several hours the precipitate of .7)’-
diphen l — a- -v piperidiuo - y ,- propylene 65
hydroc oride was filtered oii and recrys-
tallised from a mixture of chlorofonn and

acetone, It had melting point 209-
2l0°C. '

A solution of 5 parts of the hydro- 70
chloride in 50 parts ethyl alcohol was
shaken at room temperature (17°C.) with
0.1 parts. of platinum oxide (prepared
according to the directions given in
O nic ‘Syntheses, 1932, Collective, 75
"V0 tune 1, page 452) in -an atmosphere of
hydrogen. When the theoretical amount .
of hydrogen had been absorbed (after
aproximately 3 hours) the catalyst Was
1‘é1noved_,by.’filtration and the alcohol 80
evaporated under reduced pressure. The

‘solid residue was recrystallised from a.-1
mixture of alcohol and acetone when

77' —' diphenyl - a — piperidinopropane
40 lowing example, in which quantities are hydrochloride was obtained ‘as crystals, 85

given in parts by weight. _
A solution of 15 parts )7 - diphenyl-'y-

hydroxy - n - piperidinopropane hydro-
chloride in 30 parts concentrated aqueous

45.hydrochloric acid and 100 parts glacial

melting point 2l5—2l7 ° C. _

Dated this 7th day of‘ llecember, 1946. ‘
G. H. FRAZER, ,.

Chartered Patent Agent.

' COMPLETE SPECIFICATION

Improvements in and relating to the Preparation-of Substituted
' Allylamines and Propylamines '

.We, Tim W1«:r.1§coirs Foum>A-rrou
Lnnrnn, of 183—193, Euston Road,

' London, N.W.1, (_a British Company),
-9?) and DONALD WALLACE Anmson. a British

subject, of the Company’s address, do
hereby_ declare _the nature of this inven-
tion and in what manner the same is to

be performed, to be particularly described
95 and ascertained in and by the following

statement :-—- l _ -

.This invention relates to a process for
the preparation of new substituted allyl-
‘amines and their conversion to substituted

Patent Owner, UCB Pharma GmbH — Exhibit 2011 - 0611

'propylaIn.ines which have valuable thera- 100
peutic properties. ’

The object of our invention is to make
possible the manufacture of certain novel
substituted allylamines which have valu-
able therapeutic activity and are also use- 105
ful as starting materials for the produc-
tion of other therapeutically valua'ble'
compounds. '

A further object of our-invention is to '
provide an improved process for the pro- 110
duction ._of certain substituted propyl-
amines which have valuable therapeutic

‘es’: Available Copy
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properties, such process‘ being more
simple and convenient than the processes
for producing such substituted propyl-
amines hitherto known.

5 _ ,Accoi°din to the process of our inven-
tion we in ‘e N - disubstituted — -,7 - di-
substituted allylamines of the formula

-1‘

51

Rz\c== c - mafia
“ la ls

or salts thereof by the removal of the
.10 elements of water (by known methods for

the conversion of tertiary alcohols into
olefinic compounds by dehydration) from
the correspondincr N-disubstituted-yy-di-
substituted - 7 - hydroxypropylaniines of

V15 the formula»

1

R\fex ‘ljfiif‘

or salts thereof. In each of the general
formulae just given R‘ and R’ are aryl,
aralkyl or cycloalkyl groups, which may

20 be substituted by alkyl, alkoxy or other
groups which are not affected by mild re-
duction conditions; R‘ and R’ may be
identical, provided that both are not
aralkyl groups; R’ is hydrogen or alk l;

25 R‘ is hydrogen. alliyl or aryl (optionally
substituted as above); R5 and R‘ are iden-
tical ‘or different and are alkyl or aryl, or
——NR‘R‘ may denote the piperidino-,
pyrmlidino- or morpholino- groups.

30 According to a. further feature of our
invention, we convert the new substituted
allylamines, described above, or their
salts, into N. - disubstituted - yy - disubsti-
tuted propylamines of the formula.

/3535. ,:\/°"'§§"§2""\,,6

(wherein R‘, R’, R“, R‘, R‘ and R‘ have
the same meaning as above) by reduction
under mild conditions. .

As a matter of Scientific accuracy it
:40 may be mentioned that when R’ or R’ is

an aralkyl or cycloalkyl group 01' When
both R‘ and R‘ are c cloalkyl grou is, the
ally'lamine_ formed the dehy ation
step’ is sometimes an isomer of the allyl-

745 amine whose general formula is given
above, the isomer differing from that of
the said general formula only in the posi-
tion of the double bond and the hydrogen
atom. Or the product may :1 mlxture

60 of such isomers. Both these isomers and

mixtures thereof are to be regarded as

lying within the scope of our invention,
the general formula for these allylamines

. being read with the position of the double
bond and hydrogen atom optional. Both 55
the isomers, of course, yield identical N-
(lisubstituted - w - disubstituted propyl-
aniines on reduction.

The dehydration of other tertiary
alcohols is a well-known process and may -60
be carried out by a variety of agents. In
the present case it has been found satis-
factory to dissolve the substituted amino
tertia. alcohol or a salt thereof (for,
examp e the hydrochloride) in a mixture 65
of acetic acid and concentrated a ueous

hydrochloric acid and reflux the so ution
for a. period of 15 minutes to 1 hour. The
solution is then evaporated to dryness
under reduced pressure, the residue dis- 70
solved in water, excess of an alkali such
as concentrated ammonia added, and the
liberated base separated by extraction
with an organic solvent such as other.
The base may be recovered by evaporation 75
of the solvent and purified by distillation
under reduced pressure, or alternatively,
if the base is a solid, by recrystallisation:
from a solvent wherein it is soluble (for
example, petroleum ether). 80

Alternatively in some examples the
base may be converted into its hydro-
chloride, by treating the dried solution of
the base in a non-aqueous solvent (for
example ether) with hydrogen 85
chloride, when the hydroch oride separ-
ates and may he recrystallised, if neces-
sary, from a solvent. .

The manufacture of the N - disubsti- -

tuted — yy - disubstitut-ed - 7 - hydroxy 90
propylamines used as starting materials is
described in the Specification of our co-
pending Application for Letters Patent,
No. 36258I46 (Serial No. 624,118) of
even date herewith. Examples of such 95
starting materials are yy - diphenyl — 1- _ .
hydroxy - a - piperidinopropane and vy-
diphenyl - -y - hydroxy - a - dim_ethyl-
aminopropane.

The conditions employed in the reduc- 100
tion may be varied. The reduction may
be carried: out either on the free base in
solution in ethyl alcohol or other solvent
or on the hydrochloride of the base dis-
solved in water or in ethyl alcohol or 105
other solvent, using‘ hydrogen at atmos-
pheric pressure or at higher pressure, in
the presence of a hydrogenation catalyst,
as for example platinum black or palla-
dised charcoal. 110

The manufacture by a diiiereiit
process of some of the N substi-
tuted - 77 - disubstituted propyl-
amines which may be made by the
recess of our invention has already 115
een described, for example yy - diphenyl-
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55 of hydrogen has been absorbed

 
"mdiethyla-mincprcpgine (Eisleb, Befichté,
1941, volume 7423,‘ 1433) and -yy-di-

1;lienyl-a-piperidinopropane (Schamnann,
-Iedizin. -u.nd'C'hem‘ie'_‘, '-1942,- volume -4,

‘ *5 -page .229). ‘The compounds have been
claimed to be liig‘-lily active spasmolytic
‘agents and to-be'usefu‘l in the treatment of
asthma. By researclfimil experiment we
have confirmed the-‘correctness of this

’ 10 claim and have also”dembnstr‘ated that the
allylalminesprepared in accordance with -
this'- invention likewise have valuable
miti-spasmodic, anaesthetic and bronchu-
dilating activity. - V

‘15 ‘ The invention is illustrated by the
following examples :—

‘ EXAMPILE 1.

, 3 - ‘T - Piperidino - 1:1 .- diphenyl-

‘2'0 pro an - 1 - ol hydrochloride (15 grams)is

‘aqueous hydrochloric acid (30 cubic cen-
timetres) and glacial acetic acid (100

_ _ c.‘c.s) and the solution boiled under reflux
" -for 30 minutes. The solution is then

25 "evaporated to dryness under reduced pres-
sure, the residual solid dissolved in water
and the free baseliberated by addition of
excess ammonia solution and separated by

' extraction with ether. The ether solution

30 is dried over anhydrous sodium sulphate,
"the ether evaporated, and the residual oil
distilled under reduced pressure, 3 - N-

. _ piperidino - 1 :1 ~ diphenylprop - 1 - ene
‘ __ being collected as a colonrles liquid, boil-
3D ing point 138°C. at 0.1 millimetres pres-sure. .

Dry, hydrogen chloride is passed
through a solution of the base (10 g.) in
chloroform (20 c.c.s) until acid to congo

-10 red‘, and anhydrous other is added. until
‘crys'tal,]i'sntion comme1ices-_ After stand-
ing for several hours, the precipitate of
3 - N - piperidino - 1:1 - diphenylprop-

' 1 - ene h drochloride is filtered ofi. After
45 recrystal isation from a mixture of chloro-

‘form and acetone, the salt has. melting
point 209——-210’C. ' A ' ‘ .

The hydrochloride (-3_ g.) is ethanol
(50 c'.c.s) is shaken at room temperature

50 "with platinum oxide (0.1 g.,_ "prepared
according to the directions 'ven in
Or nic Syntheses, 1932, ollective
V0 111118 1, p. 4;52).in an atmosphere of

hydrogen. W'hen,the theoretical an(io;1nta ter

approximately 3 hours), the catalyst is
removed by filtration and the ethanol

. eyaporated under reduced pressure. The
crystalline residue is recrystallised -from

C

60 -0. mixture of ethanol and acetone, when

3 - N - piperidino _- 1 : 1 - diphenylpropane
hydrochloride is obtained, melting point

.- 21-5-2-17°C. The l5a£_;e,- liberated from
‘ the hydrochloride _treatmei_it "with

Patent Owner, UCB Pharma GmbH — Exhibit 2011 - 0613

issolved in a. mixture of concentrated.

‘Zqugous all':ali,'has melting point‘ 40-'4 65 1
Exumnn 2. . ‘ '-

3 — Dimethylamino - 1:1 - ¢liphenyl-
‘propan - 1 - 01 (6.0 g.) is dissolved in" con-
’cen’trated hydrochloric ‘acid (18 c.-c'.s)v and 70_
glacialacetic acid (60 c.c.s) and the solu-
tion boiled under reflux for 20 minutes.

The product is then worked up as des-
cribed in Example 1, when 3 - dimethyl-
amino - 1 :1 - diphenylprop - 1 L ene is 75‘ .
obtained as a. colourless oil, boiling point
l92——3°C./l_8 mins. The hydrochloride , -
prepared therefrom has melting point , f
16_8—170°C. (recrystallised from a mix-
ture of ethanol and acetone). 80._

3-Dimethylamino - 1 ; 1 - diphenylprop-
1 - ene (5.0 g.) is dissolved in ethanol (20
c.c.s.), 3%. palladisetl charcoal (1.5 g.)
added and the mixture shaken in an
atmosphere of hydrogen until no fiuther 85
absorption occurs. The catalyst is filtered
off, the alcohol removed from the filtrate

by evaporation, and the residual oil frac-
tionally distilled under reduced pressiu-e.
3 - Dimethylamino-1:1—diphenylpropane
distils at 1S3_—-185°C./ 16 mins., and
crystallises on standing, melting point
44——45°C. (recrystallised from‘ light pet-
roleum).

90

EXALIILE 3. V 95

3—Diethylamino - 1 :‘1 - diphenylpropan—
1- - ol hydrochloride is dehydrated by the
method described in Example 1. 3-Di-.
ethylamino - 1 :1 - diphenylprop - 1 - ene
is obtained as a colourless oil, becoming 100
-pnleo yellow on . standing,‘ boiling point
111 C. /0.05 mine. The hydrochloride
prepared therefrom has 'meltii_ig__ point
l46—l47°C. recrystallised "fi"'om an-
hydrous_ acetone). ' .

3 .~ Diethylamino - 1: 1 - diphenylprop-
1 - ene hydrochloride (6.0 g.) in ethanol
(15 c.c.s) to ‘which 3% pal-ladised char-
coa_-l_ (2.0 g.) is added is shaken in’ an atmo-
sphere of_ hydrogen until the calculated llll ’
volume is absorbed (approximately 1
hour)._ After removal of the catalyst by _
filtraiaon, ether added to the filtrate "
until crystallisation of the 3-diethyl-
amino - 1:1 - diphenylpropane

chlondetc w. gfhe saIl)1:;h‘a§‘fi'efl:-mgpoin . .,an__ ‘rec .-
lised from acetone "“"may ryat

, - - ’ExAm'-i.s 4.
3 - N - P

pan -_ 1 - 9 is dehydrated‘ by the method
descnbed in Example 2. The product, 3-
N-pyrrolidino - 1:1 - diphenylprop - 1-
ene is obtained as a_colonrless oil, boiling
point].-25°C./0.02 in'_ins., from ivhich the 125
hydrochloride; melting point 165-167°C.
(recrystallised from a mixture of ethanol
and ethyl acetate) is obtained.

The hydrochloride, jxyhen hydrogenated

Best Available Copy

105 '-

1}Yd,ro- 1155‘ .'

lidino - 1 :1 - dipheiiylpi-o- '
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by the method described in Example 3,
-yields 3-N-pyrrolidino - 1:1 - diphenyl—

- propane hydrochloride of melting point
l35—136°U. (recrystallised from a. mix-

5 ture of ethanol and ethyl acetate); the
base obtained from the hydrochloride by
treatment with aqueous alkali, has boil-
ing. point 125°C. I 0.02 mms. '

' ~ - EXAMPLE 5.
10 3—N.-Morpholino - 1:1 - diphenylpro-

pan — 1 - ol (6 g.) is dissolved in concen-
trated hydrochloric-acid (18 c.c.s) and
glacial acetic acid (60 c.c.s) and the solu-
tion boiled under reflux for 1 hour. The

15 solution is then evaporated to dryness
under reduced pressure, the residue dis-
solved in water and basified by addition of
excess aqueous ammonia. The oil which
separates crystallises on standing, and is

20 removed by filtration and is washed with
water. After crystallisation from ethanol,
the product 3-N—morpholino - 1 :1-di-
phenylprop-1-ene has melting point 70-

5;. 7210.; the hydrochloride prepared there-
g5 from has melting point 2~18—219°C.

(recrystallised from ethanol).
-V .The hydrogenation of the hydro-

platinumchloride, carried out using
,';; oxide catalyst asdescribed in Example 1
30 yields 3-N-morpholino - 1:1 - d.iphenyl-

propane hydrochloride, melting. point
2ll8—209°C. (recrystallised from a mix-
ture of ethanol and ethyl acetate). i

. 23'; EXAMPLE 6.
35 Dehydration of 3-dimethylamino - 1 :1-

diphcnylbutan — 1 — ol hydrochloride in a.
similar manner. to that described in

» Example 1 yields 3-dimethylamino - 1 :1-
_-j diphenylbut — 1 - ene, boiling point 194—
40 196°C. /19 mins., hydrochloride, melting‘

p_oint l6U—161°C. (recrystallised from
ethyl acetate). Hydrogenation is eifected
by shaking a solution of the hydro-
chloride (4.0 g.) in ethanol (20 c._<_:-.s) with

4:5 3%‘ palladised charcoal (2.0 g.) in. an
atmosphere of hydrogen. When hydrogen
absorption has ceased, the catalyst is
removed by filtration and the filtrate
evaporated to dryness. The‘ residue is dis-

0 solved in water, basified with ueous
ammonia and the oil separated by c orc-
form. After drying and evaporating the
chloroform, the product, 3 - dimethyl-
amino - 1 : 1 - diphenylbutane is distilled

55 under reduced pressure, when it is
obtained as a colourless o1l, boiling point

176°C./12 mms. The hydrochloride ob-
tained therefrom has melting point

A 157—158°C.

50 Exaurm-1 7.

3-Diethylamino - 1:1 - di - 31- tolyl-
ropan - 1 - ol hydrochloride is de ydrated

1) the method described in Example 1,

w en 3 - diethylamino - 1 : 1 - di - f—tolyl-
35 prop - 1 - one is obtained as a co ourless

624,11; 

fioint . 12o—123°o./0.04 ms.).

(5
 

liquid, boiling point 146——l50°0L['O.3'
mms. pressure. The hydrochloride‘ pre-

ared from the base has melting point
l79—180°C. (recrystallised from -an-
hydrous acetone). 70 ‘

Hydrogenation of the hydrochloride by
the method described in Example 3

yields 3 - diethylamino - 1 :1 - di - p-tolyl- ‘~~
propane hydrochloride, melting point
136-13-8°C. (recrystallised from ethyl 75
acetate). _ V

Exams 8. ' -

3-Diethylamino - 1 - cyclohexyl -- 1 ;
phenylpropan - 1 - ol hydrochloride is
dehydrated as described in Example-1, to so
give an unsaturated amine of boiling-
point 123—125°C./0.3 mms. pressure,
from which’ the hydrochloride, melting
point 157—160"C. (recrystallised from
eth l acetate) is obtained. 85

he hydrochloride when subjected to ‘
hydrogenation by the method described in
Example 6, is converted into 3-diethyl-
amino - 1 - cyclohexyl - 1 - phenylpropane
(boiling point 19o—192°o. /18 ms; pres- 99
sure). The h drochlorideprepared there- '
from has me ting point .125-—126°C. (‘re-
crystallised from ethyl acetate).

Exsmmn 9. -

Dehydration of 3 - diethylamincr - 1- 95
benzyl - 1 - phenylpropan - 1 - ol hydro- ' -
chloride by the method described in
Example 1 yields an unsaturated amine,
which is obtained as e colourles oil on dis-

tillation nnder reduced pressure (boil.-l'1iI111g'100e

ydrochloride obtained from the amine
has melting point 157-159°C. after
several recrystallisations from 9, mixture
of ethanol and ethyl acetate.. 1_0_5

Hydrogenation of the unsaturated -.'-
amine by the method described in
Etample 2 yields 3 - diethylamino -_l-
benzyl - 1 - phenylpropane, boiling point
1l2——1l4°C./ 0.02 mms. pressure, from 110
which the hydrochloride, melting point :-
95——,-97°C. (recrystallised from ethyl’ ace-
tate) is obtained. .

Having now particularly described and
ascertained the nature of our said in~ven- 115
tion a.nd:in what manner the same is to

be performed, we declare that what we
claim is z—— -

1. A process for the production of N-
disubstituted - yr - disubstituted allyl-
amines of the formula.

.._/*552:46
and -salts thereof comprising the removal
of the elements of water (by lmown
methods for the conversion of tertiary

120

125

Rest AVQi! 

Patent Owner, UCB Pharma GmbH — Exhibit 2011 - 0614



Patent Owner, UCB Pharma GmbH – Exhibit 2011 - 0615

3
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.'alcoh'n1s- into olefinic ‘compounds _by tion of‘ the base in a. non-aqueous solvent
d_ehydrati_on)~ from the corres.ponding-N- with dry hydrogen chloride, thereby pre~

Jlisuhstituted — -yy -. disubstituted — 7- oipitating the ‘base in the-~£or1n-of its .
hydroxy propylamines of the formula hydrochloride -and .separat.1ng- the letter 45

(ii: _ :3 tram thesolntion.. .- : - ;§.
."- -- - — . . 6. The process iclaimedzuirreclaim 1 '- -

  

~ ll . ‘-:' R-1: OH. ' 5- - - wherein the substituted. 9.-llylamines pre-
5 t‘-','£'-I-". -. \L._ _ _ mi ~- pared in‘ accordance therewithare: con-_. E f 5 ... - verted into.N—di.substitute'd ~ W- disubsti- 50

.33: _ ‘ _ _ _ , ~ » R4; _ tuted propylamines of the: formula" ’

in which the formulae B3 and R’-‘-are ary-1, ' ' R1 ' ‘
aralkyl or cycloaa 1 firou , which may \
be substituted by a..hy , oxy or_ other 39/ | 5

‘ Groups which are not aflfected by mild re— R . .
10 ~duci:ion' conditions; R‘. and B.‘ may be .

identical, provided that both are not (xx-he;-ein‘R1, B“, R‘, R‘, R5 and B.‘ have
aralkyl groups ;- B.’ is hydrogen or_a 1; the same meaning ,_as above) by reduction -

. It‘ is hydrogen, alkyl or aryl (optiona y under mild cunditions. - A » .. 55
’ substituted as above); R‘ and R‘ are iden- - 7. The process claimed in claim 13

may

cH- ca: :24 N<:6'

_ —l5 tical-Ur difierent and are alkylor aryl, or wherein the reduction? is car1'ied‘.out' upon
—.-ZQIII-SB.‘ may denote thepiperidrno-, pyr- the base or its hydrochloride dissolved-‘in
rohdinc: or.morpholino~.grbups. water, ethyhalcohol "or other solvent-by .

€_Eh=e process claimed in claim 1. the action at hydrogen in the presence of 50 '-
"'-"5'- .\_v.he'rein- the. substituted amino tertiary 3 hydrogenation -catalyst. - -‘ '
20 alcohol or a. salt thereof is. dissolved in‘ a 8. The process claimed} in claim- 7

mixture of acetic acid and concentrated wherein the reduction is carried out at
aqueous hydrochloric acid and the solu» atmospheric pressure and the -hydrogen-a~
tion refluxed for a. period of 15- minutes to tion catalyst is platilrum black or palla-« 55

'~. one hem’. ‘ dised charcoal. " 5
25 . 3. The process in-claim’ 1 or 9. The process -of preparing N-disubsti-.

claim 2 wherein after dehydration of the tuted .— -yy -‘- disubstituted 9.1-lylamines and
tertiary alcohol the solution contained in N - disubstituted 7/ry - disubstituted-prm -
the pmduct is evaporated to dryness under pylamines of the general formulae herein- 70

— 3 reduced pressure, the residue is dissolved before given. substantially as hereinhefore C L;
30 .in water, excess of an alkali such as 0011- described in any oi the Examples-. herein-

cen.-trated‘ ammonia is added, and the before given: - -' - 1
-liberated base is -separated by extraction 10. N --disultituted - yy — disubstituted
—Wi.th- fan organic solvent such as ether. allylamines and-‘ N =-' disubstituted _--w- 75

‘ 4- The PTOCBSS '3-131'-Tllefl in claim - 3 ‘disubstitutedl propylamines -having the
35 wherein the liberated base is "recovered by general formulae hereinhefore given when;

evaporation of the solvent and distillation; ~ p_repar-ed by the process claimed in ‘any
under reduced pressure or if the base is preceding c1a,im.. - -
solid h recrystallisation from a solvent. - ,, ._ ,5 _ ._ - _

5. T e process _ claimed in claim 3 _ .Da1;ed this.3rd day of December, 1947.
40 wherein the base is converted. into— its V G.‘-H. FRAZER,

hydrochloride by treating the. dried solu- . Chartered-Patent Agent.
 _ " -

_ Leamington Spa: ‘Printed for His Maiesty’s Stationery Ofice, by the .Courie_r Press,-.—1949j. - .- ‘
Q;-' Pliblisbod- at The Patent -Gflice, 25','Southampton Buildings, London,.'W.C.2, from which ,_ A‘,

copies, price. 28. 0d. each (inland) 2s. 1d. (abroad) may ‘he obtained.‘ _ '

. ~

‘t test Avdildbl§COPl’pl’l
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PROVISIONAL SPECIFICATION I

Improvements in and relating to the Preparation of Quaternary

Ammonium Salts of Substituted Propanolamines, Allylarnines

and Propylamines

We, ~ THE VV.—ELLconE FOUNDATION
Iamrrnn, of 1S3—,193, Euston Road,
London, N.W'.l, a British Company, and
DONALD “7AL!.ACE A.I)AMSON, a British

,5 subject, of the Company's address, do
hereby declare the nature of this inven-
tion to be as follows:-—

This invention relates to a process for
the preparation of new derivatives of sub-

10 stituted -y-hydroxypropylamines, substi-
stituted allylamines and substituted pro-
pylamines, and has for its object the pre-
paration of certain novel and useful com-
pounds, naniely quaternary ammonium

15 salts derived from -ry-disubstituted-y-
hydroxypropylamines, -yy-disuhstituted-
allylamines and -yy-disubst-ituted propyl-
amines. No claim is made herein to the

aforesaid compounds from which the
20 novel quaternary ammonium salts to

which our invention relates are derived.

According to our invention we prepare
N .- trisubstituted - 77 - disubstituted - 7-
hydroxypropylammonium salts, N-tri-

25 substituted - 77 — disubstituted - allyl-
ammonium salts and N-trisul)stitute(l-'y7-
Idisubstituted-propylammonium salts of
the general formula :-—

R4
+ rR5

-TH-(I)-N{R7 if
as we

“l\
Ra/‘I’

on R3

(I)

80

R1 R4 R8
\cn - on c h 9 ‘i
2/ - - - — R xR 10

is 3:5 \“

‘( III)

wherein R‘ and R‘ may be either
identical or different and denote aryl,
aralkyl or cycloalkyl radicals, optionally
substituted, for example, by alkyl or 35
alkoxy roups,

R‘ enotes hydrogen or an alkyl
radical

' R‘ denotes hydrogen or an alkyl radical’
R5 denotes hydrogen or an alkyl, aryl or
aralkyl radical

R‘ and R’ may be either identical or
difierent and denote alkyl, alkenyl, cyclo-
alkyl, aryl or aralkyl groups, or —NR‘R’
may denote the pyrrolidino-, morpholino-
or piperidino-group, optionally substi-
tuted by one or more alkyl groups,

R‘ denotes an alkyl or aralhyl radical, ~
R’ and R“ may be either identical or

dilferent and denote alkyl, cycloalkyl, 60
aryl or aralkyl radicals, or—NR”R‘° may
denote the pyrrolidino-, mnrpholino-,_ or
piperidino-group, optionally substituted‘
by one or more alkyl groups, '

X is an acid radical such as chloride, 55
bromide, iodide or met-hosulphate radical.

In accordance with our invention,

these quaternary salts are made by treat-
ing an alliyl or nralkyl halide or other
reactive acid salt R‘X with a tertiary 60

amine of the general formula

40

46

R4 -
R1 - I /R6

R‘-;l:-l:H-I-N\R7.
ca 123 R5

’ (IV)
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627, 139'

as
R1 I R6

.q.3>c -cl:-(I:-N<R7
' R3 25- '

(V7

R4
.R1 I n9

2.\cn - c" - c - N/
R/ I \Rl(.

R‘’ R5

(VI)

(wherein R‘, R’, R“, R‘, R‘_, R“, R’, R"
and B." have the same meaning as above)or ’l7lC£’ rersa-.

The quaternisation, in accordance with
our invention, iuay be eifected in a sol-
vent (such as anhydrous acetone, ethyl‘
alcohol. dioxan) at room temperature or
at the boiling point of the solvent or at
intermediate temperatures. Preferably
an excess of the quaternising agent is
employed. The solvent and the quantity
used is preferably so selected that the
quaternary salt crystallises from the
reaction mixture on cooling. In cases
when this cannot conveniently be done,
a liquid in which the quaternary salt is
insoluble (such as ether) is added gradu-
ally to the reaction product imtil crystal-
lisation I.-oiumences.

The N-disubstituted-yy-(lisubstituted-

7 - hydroxyprofiylainines of generalformula (IV) (a ore) may be prepared by
bringing about a. Grig_nard reaction ‘be-
tween the appropriate /3-tertiaryammw
propionic acid alkyl ester and an appro-
priate organo-iiiagnesium halide and sub-
sequently hyclrolysing the oI'ga!10mag-
uesium compound so produced, or_ alter-
natively they may be made’ by bringing
about a. Grignard reaction between the
appropriate /3-tertiaryaininoethyl aryl
ketone and an appropriate organomag-

nesiuni halide. and subsequently hydro-
lysing the organoma nesuuii conipoun_d'
so produced. The N- isubstituted-y'y-di-
substituted - allylamines of general
formula. (V) (above) are prepared by re-
moval of the elements of water from the
corresponding -y-liydroxy-propylammes of
general formula (IIV (above)-. The N-
disubstituted - W - dis'u1zstitute<1-propy1-
amines of general formula (VI) (above)
are prepared by reduction of the corres-
ponding allylamines of general formula
(V) (above). '

The new quaternary salts to which this
invention relates are crystalline com-

50 pounds, soluble in water. They are useful
as therapeutic agents.
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The following examples illustrate the
invention:

Ex.-iiumia 1.

A solution of the ethyl ester of I3- 55
piperidinopropionic acid (37 parts by
weight) in dry other is added gradually
to an ether solution of the Grignard re-
agent made from bromobenzene (110
parts) and magnesium (17 parts), stirred 60
and cooled in a bath kept. at 0° C. After
-stirrmg in the cold for 1 hour. the re-
action’ mixture is heated under reflux for
2 ho1u's and is then cooled to 0° C. and.
stirred into crushed ice. Concentrated 55

hydrochloric acid is t.hen'gradually addezl
to the stirred mixture which is cooled to

0° C.. until acid to congo red. After
standing‘ for 1 hour at 0°C.‘, the salt
which separates is filtered off and _washed 70
with ether.‘ The salt is suspended in
cli_loroforin and the suspension shaken
with excess of concentrated ammonia-

solution and the chloroform layer separ-
ated, washed with water and dried. The 75

chloroform is evaporated, leaving 1:]-
diphenyl-3-piperidinopropanol as a solid
residue, which after recrystallisation
from benzene or light petroleum, forms
crystals which melt at 120—121° C. (un-
corrected). _

1- : 1-Diphenyl-3-piperidinopropanol (1
part) is dissolved in anhydrous ‘acetone
(10 parts), methyl iodide (1 part)" added
and the mixture boiled under reflux for

1'-5! minutes. 011 cooling N-methyl-3-‘
liydroxy - 3:3 - dipheny1propy1piperidi-
mum iodide crystallises out andafter re-
crystallisation from alcohol has'melting
point 214-215” C. (uncorrected).

80

85

.90

EXAIEPLE 2. . *

1 :1-Diphenyl - 3. - dimet_hyla-inin'opio-
panol.is prepared from theethyl ester of
B - dmiethyla-minopropionic ' acid (29 ’
parts) and the Grignard reagent made 95
from bromobenzene (110 parts) and mag-
nesium (17 parts) by a method essentially _
similar to that described in Example 1
(above) for the ‘preparation of.l:1-di-
phenyl-3-piperidinopropanol. ].:1 - Di-
pheiiyl - 3 - dimethylamiiiopropanol has
melting point 167° C. (uncorrected) after
recrystallisation from benzene or light
petroleum.

1:1-Diphenyl - 3 - di.niethylaminopro-
panel (4 parts) is dissolved in boiling
ethyl alcohol (80 parts) and ethyl iodide
(:3 parts) added and .the mixture. boiled
under reflux for 2 hours. On cooling N-
dimethyl-N-ethyI-3-liydroxy‘ - 3:3 - di-
pheuylpropylammonium iodide ‘crystal-
lises out and melts at 200-—-201° C. with

decomposition (uncorrected) after re-
crystallisation from ethyl alcohol.

100

105

110
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- ' ~ Exanrnn 3.

‘I-:1-Diphenyl - 3 - di1uet-hylaminopro-
panel (2 parts) is dissolved in boiling
ethyl alcohol (40 parts) and benzyl

5 chloride (3 parts) added, and the mixture
boiled under reflux for 2 hours. The mix-
ture is cooled, ether (50 parts) is gradu-
ally added, and the crystals of N-di-
methyl-N-benzyl - 3 - hydroxy - 3 :3 - di-

1() phenylpropylammonium chloride filtered
off and recrystallised from ethyl alcohol;
melting point 251‘° C. (uncorrected) with
decomposition.

_ Exzurrmz 4.

15 1:1 - Diphenyl - 3 - diethylaminopro-
_panol is prepared from the ethyl ester of
‘[3-diethylaminopropionic. acid (35 parts‘)
and the Grignard reagent made from
bromobenzene (110 parts) and magnesium

20 (17 parts) by :1 method essentially similar
to that described in Example 1 (above)
for the preparation of 1:l—diphenyl-3-
piperidinopropanol. 1 : 1-Diphenyl-3-di-

ethylaminopropanol, purified by distilla-
25 tion under reduced pressure (boiling

point 154" C I 0.2 mm.) or by recrystalli-
sation from light petroleum has melting
point 53° C. (uncorrected).

1 :1 - Diphenyl - 3 - diethy1a1ninopro-
30 panel (1 part) is dissolved in anhydrous

acetone (2 parts), methyl iodide (1 part)
in anhydrous acetone (2 parts) added and
the mixture allowed to stand for 2 hours.

N - Methyl-N-diethyl-3-hydroxy-3 :3-di-
35 phenylpropylammonium iodide, which

crystallises out, is recrystallised from
methyl alcohol and has melting point

198-199’ C. (uncorrected). ‘
EXAMPLE 5-

40 A solution of 1 : 1-dipheny1-3-piper-
idinopropanol (3 parts) (prepared as de-
scribed in Example 1) in concentrated
aqueous hydrochloric acid (6 parts) and
glacial acetic acid (20 parts) is boiled

45 under reflux for 30 minutes. The solution
is then evaporated to dryness under
reduced pressure and the residual solid is
dissolved in water and the free base liber-
ated by addition of excess ammonia solu-

50 tion ‘and separated by extraction with
ether. The ethereal solution is dried, the
ether evaporated and the residual oil dis-
tilled under reduced pressure, when the
product, 1 :1-diphenyl-3-piperidino-1 :2-

55 propene is collected as a colourless liquid,
boiling point 138'’ C / 0.1 mm. pressure.

'1 :1 - Diphenyl-3-piperidino-1 :2—'pro-
pene (1 part) is dissolved in anhydrous
acetone (3 parts) and a solution of methyl

60 iodide (1 part) in acetone (1 part) is’
added, when heat is developed. After
standing for several hours, the crystals
of N - methyl-3:3-diphenyl-allylpiper-
idinium iodide which separates are re-

65 moved by filtration and recrystallised

from ethyl alcohol, melting point 189-
l90° C. (uncorrected) with decomposi-
tion.

’ EXAMPLE 6.

1 :1-Diphenyl-3-piperidino - 1 :2 - pro- 70
pene is converted to the hydrochloride by
passing dry hydrogen chloride into a.
chloroform solution until acid to congo
red and adding ether until crystallisation
commences. The hydrochloride is then 75
removed by filtration and recrystallised
from a. mixture of chloroform and
acetone, melting point 30*9—‘.’-10° C. (un-
corrected).

1:1-Diphenyl-3-piperidino - 1:2 - pro- 80
pene hydrochloride (1 part) in ethyl
alcohol (10 parts) is shaken at room tem-
perature with platinum oxide (0.02
parts) (prepared according to the direc-
tions given in Organic Syntheses, 1-932, 85
Collective Vol. I, p. 4-52) in an atmo-
sphere of hydrogen. VVhen the theo-
retical amount of hydrogen has been
absorbed (after approximately 3 hours),
the catalyst is removed by filtration and 90
the alcohol is removed by evaporation
under reduced pressure. The residue is
recrystallised from :1 mixture of alcohol
and acetone, when 1 :1 - diphenyl-3-
piperidinopropane hydrochloric is 95
obtained as crystals; melting point 215--
217” C. (uncorrected). The free base is
obtained by suspending the hydrochloride
in Water, adding excess aqueous ammonia
and extracting with ether. The ethereal 100
extract, after drying and evaporation of
ether, yields crystalsof .1:1-(liphenyl-3-
piperidinopropane; melting point 39-
40“ C. (uncorrected). '

1 :1-Diphenyl-‘3-piperidinopropane (1 105
part) is dissolved in anhydrous acetone (2
parts) and methyl iodide (1 part) in
anhydrous acetone (1 part) is added-
After standing for ‘2 hours the crystals of

' N - methyl - 3:3 - diphenylpropylpiper- 110
idinium iodide are filtered 0E and recry-
stallised from ethyl alcohol; melting
point 175-176’ C‘. (uncorrected) with
decomposition.

EXAMPLE 7. ' 115
1 :1 — Diphenyl-3-diallylaminopropanol

is prepared from the ethyl ester of ,B-d1-
allylaminopropionic acid (39 parts) and
the Grignard reagent made from bromo-
benzene (110 parts) and magnesium (17 120
parts‘) by a method essentially similar to
that described in Example 1 (above) -for
the preparation of 1 :1-diphenyl-3-piper
idinopropanol. 1-:1 - Diphenyl-3-’d_ialI l-
aminopropanol has boiling point 1'-:)=_—- 125
159° 010.4 mm. and melting point 29-
‘2»’7° C. (uncorrected) after recrystallisa-
tion from light petroleum (boiling point
4(F60° C). _

1:1 - Diphenyl - 3 - diallyla1mnopro- 130
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panol (3 parts) is dissolved in anhydrous
acetone (-5 parts) and methyl iodide (‘3
parts) added to the solution. The fine
needles of N - methyl - N - dially1-3-

5 hydroxy - 3:3 — dipheny1propylammo-
nium iodide which quickly separate, are
recrystallised from aqueous ethyl alco-
hol; melting point 196-—197° C. with de-
composition (uncorrected).

10 EXAMPLE 8.
1 :1 - Diphenyl - 3 — diallylamino-1:2.

propene is prepared from l-:l-dipl1enyl-
3-diallylaminopropanol by dehydration
by a method essentially similar to that

15 described in Example 5 for the prepara-
tion of 1 : 1-diplienyl-3-piperidinola21’-
propene. 1 : I-Diphenyl-3-diallylamino-
1:2-propene is obtained as a colourless

-oil, boiling point 134:’ C[O.2 mm. by
distillation under reduced pressure. ‘ 20

1 : 1- - Diphenyl - 3 - diallylamino-1 :2;
-propane (2 parts) is dissolved in anhy-
drous acetone (3 parts), methyl iodide (3
parts) added and the mixture heated
undefreflux for 1 hour. After cooling 25
and standing for 24 hours, the crystals of
N. - methyl-N-diallyl-3 :3-diphenylallyl-
‘ammonium iodide are separated by filtra-
tion and recrystallised from ethyl alco-

hol; melting point 149—151° C. (un- 30
corrected) with decomposition.

Dated this 28th day of May, 1947.
_ THE

VVELLCOME FOUNDATION LTD.,
A. N. Fannnn,

Secretary.

COMPLETE SPFiCIFICATION

Improvements in and relating to the Preparation of Quaternary

Ammonium Salts of Substituted Propanolamines, Allylarnines

and Propylamines '

“~'e. Tm: W'nr.I.com=.' FOUNDATION
IJUIITED, of 183-193, Euston Road,
London, N.\V.1, a British Company, and

35 DONALD \\'ALLAc1-: AnA1IsoN, a. British‘
subject, of the Company’s address, do
hereby declare the nature of this inven-
tion and in what manner the same is to
be performed, to be particularly described

40 and ascertained in and by the following
statement:—— _

This invention relates to a process for
the preparation of new derivatives of
substituted 7-hydroxypropylamines, sub-

45 stituted allylamines and substituted
propylamines, andhas for its object the
preparation of certain novel and useful‘
eoinpounds, namely quaternary ammo-
nium salts derived from yy-disubstitute<1—

50 7-hydn_oxy.propyla.mines, -yy-disubstituted
allylamines and yy-disubstituted propyl-
amines. No claim is made herein to the

aforesaid compounds from which the
novel quaternary ammonium. salts to

55 which our invention relates are derived.‘
According to our invention we prepare

N - trisubstituted - yy - disubstituted-ye
hydroxypropylammonium salts and N-
trisuhstitued - 'yy - disubstituted—propyl-

60 ammonium salts of the general for-
mula.:—— .

34
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R1\ I +/R6. _
g/0*‘-‘(I2-C-HKR7 x

3 R3 {,5 38 '

(II)

4 a
1 R R

[boa - cu - cl: - §/—’ia9 1‘:
R/ I M310

3 115

um" . __ ,

wherein }t‘.and “R” iriaydbe either id_enti- 65
cal.er' different and denote aryl,-aralkyl’
or oyclnalkyl radicals, optionally substi-
tuted, for example, by alkyl or alkoxy
groups. '

R“ denotes hydrogen or an alkyl 70
radical‘ ‘ -

R‘ denotes hydrogen or an alkyl
radical

R‘ denotes hydrogen or an alkyl, aryl
or aralkyl radical ' 75

‘Rt and B.’ may be either" identical on
different and denote alkyl, alkenyl, cyclo-
alliyl, aryl or aralkyl groups, or ——NR‘R7
may denote the pyrrolidino-, Inorpholino—
or pipendlno-group,‘ optionally substi- 30
tuted by one or more alkyl groups,

R‘ denotes an alkyl or aralkyl radical
R‘’ and R” may be either identical or

dilferent and denote alkyl, cgjcloalkyl,"
aryl or aralkyl radicals, or T-NR"R‘° 85



Patent Owner, UCB Pharma GmbH – Exhibit 2011 - 0620

e27,139 5

may denote the pyrrolidino-, morpho-
lino-, or piperidino-group, optionally

suléstituted by one or more alkyl groups,an

5 X is an acid radical such as chloride,
bromide, iodide or methosulphate radical.

In accordance with our invention, these
quaternary salts are made by treating an
alkyl or aralkyl halide or other‘ reactive

10 acid salt R’X with a. tertiary amine of
the general formula.

R41

R930 - cs - cl: - I-I/R6
Rwcin 1i3 i5 \R7

(IV)

R4 6

Rl\c=c-(I:-11/R-2. '7

3/ Ilia £5 \a

(V)

01'

r -' R4 -
-R1 I R9

15 a\cn-ca-c-N<1
n/ £3 as R °

(VI)

(wherein R", R”, It“, It‘, R‘, R‘, R’, R‘
and R“ have the same meaning as above)
or vice 1:91-sa-.

The quaternisation, in accordance with
20 our invention may be effected in a. solvent

(such as anhydrous acetone, ethyl alco-
hol, dioxan) at room temperature cr at
the boiling point of the solvent or at in-
termediate temperatures. Preferably an

25 excess of the quaternising agent is em-
ployed. The solvent and the quantity
used is preferably so selected that the
quaternary salt crysta-llises from the re-
action mixture on cooling. In cases:

30 when this cannot conveniently be done,
a liquid in which the quaternary salt 15

insoluble (such as ether! is added gradu-ally to the reaction pro uct until cry stal-
lisation commences.

35 The N-disubstituted-yy-disubst-ituted--y-
hydroxypropylamines of genera.l fonnula
(IV) (above) may be prepared by bring-
ing about a, Grignard reaction between
the appropriate 3 - tertiaryam:'mopro- .

40 pionic acid alkyl ester and an appropriate
organo-magnesium halide and subse-

._. .:..v ..._.___.f——-—

quently hydrolysing the orga.uo-ma.gne-
sium compound so produced, or alterna-
tively they may be made by bringing

about 9,. Grignard reaction between the 45
appropriate -fli-tertiaryaminoethyl aryl’
ketone and an ap ropriate organoma.g-
nesiunr halide, an subsequently hydro-
lysing the orga-niomagnesium compound
so produced. The l.\T-(li$11l)Stlt11l2ed.-'y'y- 50
disubstituted-allylamines of general for-
mula. (V (above) are prepared by removal:
of the e ements of water from the corres-

ponding -y - hydroxy - propylamines of
general formula. (IV) (above). The N- 55
disubstituted - w - disubstituted - propy1- .

amines of general formula (VI) (above)are prepared by reduction 0 the corres-
ponding allylamines of general formula.
(V) (above). 60

The new quaternary salts to which this
invention relates are crystalline com-
pounds, soluble in water. They are use-
ful as therapeutic agents havzng anti-
spasmodic and broncho-dilating action. 65

The following examples illustrate the
iuvention:—

Exsrrrnr; I.

A solution of the ethyl ester of ,3-
lpiperidino-propionic acid '37 grams) in 70
d ether is added gradua y to an ether
so ution of the Grignard reavent made
from bromobenzene (110, cu ic centi-.
metres) and magnesium (17 grams),
stirred and cooled in a. bath kept at 0° 0. 75
After stirring in the cold for 1 hour, the
reaction mixture is heated under reflux '
for 3 hours and is then cooled to 0'' C.
and stirred into crushed ice. Concen-

trated hydrochloric acid is then gradu- B0
ally added to the stirred mixture, cooled
to 0° C., until acid to congo red. After
standing for 1_hour at 0° C. the salt
which separates is filtered off and Washed
with ether. The salt is suspended in 85
chloroform and the suspension shaken -
with excess of concentrated ammonia
solution and the chloroform layer separ-
ated, washed with water and dried. The
chloroform is evaporated, leaving 3-N- 90
piperidino-1:1-diphenylpropan-1-ol as a
solid residue, which after recrystallisa-
tion from benzene or light petroleum,
forms crystals which melt at 120-
121’ C. 95

3 - N - Piperidino - 1 :l.- - diphenylpro-
pan-1-ol (1 gram) is dissolved in anhy-
drous acetone (10 cubic centimetres),
methyl iodide (1 gram) added and the
mixture boiled under reflux for 15! 100
minutes. On cooling N - methyl - 3-
hydroxy-3:3\-dilphenyl - propylpiperidi-
nium iodide crystallises out and after re-
crystallisation from alcohol has melting
point 214-215“ C. ' ~ 105
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Exinsern 2.

A solution, of 3; piperidino - l :1-
diphenylpropan-1-ol (3 grams) (prepared
as described in Example 1) in concen-
trated aqueous hydrochloric acid (6 cubic
centinietres) and glacial acetic acid (20
cubic cent-imetres) is boiled under reflux
for 30 minutes. The solution is then

evaporated to dryness under reduceu‘:
pressure and the residual solid is dis-
solved in water and the free base liber-
ated by addition of excess ammonia solu-
tion and separated by extraction with
ether. The ethereal solution is dried, the

- ether evaporated and the residual oil dis-
tilled under reduced pressure, when the
product, 3-N-piperidino-1: 1-diphenyl-
prop-1-ene. is collected as a colourless

liquid, boiling point 133° C. /at 0.1 mm.
20 pressure.

25_

30

40

45

so

60

65

3 - N-Piperidiuo-1:1-dipheny1prop-1-
ene (1 gram) is dissolved in anhydrous
acetone (3 cubic centimetres) and a solu-
tion of methyl iodide (1 gram) in acetone
(1 cubic centimetre) is added, when heat
is developed. After standing for several
hours, the crystals of ~N-methyl-3 :3-di-
phenylprop - ‘3 - enylpiperidinium iodide
which sep-.1r:xte'are removed by filtration
and recrystallised from ethyl alcohol,
melting point 189'-190“ C'., with decom-

_ position.
Ex.u1rI.1s: 3.‘

3 - N - Piperidino-]<:1-(li1)henvlpr0p-l-
ene is converted to the hydrochloride by
passing dry hydrogen chloride into a:
chloroform solution until acid to congo
red‘ and adding ether until crystallisation

coniniences. The hydrochloride is then re-
moved by filtration and recrystallised
from a mixture of chloroform and

-.11.-etone, melting point 209—210° C.
3-N-Piperidino - 1 :1 - diphenylprop-L

ene hydrochloride (1 grain) in ethyl alco-
hol (10 cubic centimetres) is shaken at
room temperature with platinum oxide
(0.02 grams) (prepared according to the
directions given in Organic Syntheses,
1932, Collective Vol. 1, p. 472) in an
atmosphere of hydrogen. lVhen the
theoretical amount of hydrogen has been
absorbed (after approximately 3 hours),
the catalyst. is removed by filtration and
the alcohol is _removed by evaporation
under reduced pressure. The residue is
recrystallised from it mixture of alcohol
and acetone when 3-N-piperidino-1:L
rliphenylpropane hydrochloride is ob-
tained as crystals, melting point 21-5-
217’ C. The free base is obtained by sus-
pending the hydrochloride in water,
adding excess aqueous ammonia and ex-
tracting with ether. The ethereal extract,
after drying and evaporation of ether,
yields crystals of 3-N-piperidixio-l:L

Patent Owner, UCB Pharma GmbH — Exhibit 2011 - 0621

  

dizpliénylproprane, melting point 40-41‘ . _

3 - N - Piperidino - 1 :1 - diphenylpro-
pane (1 gram) is dissolved in anhydrous
acetone (2 cubic centimetres) and methyl 70
iodide (1 gram) in anhydrous acetone (1
cubic centimetre) is added. After stand-
ing for 2 hours the crystals of N-methyl-
3:3-diphenylpropyl iperidinium - iodide
are filtered of? ant recrystallised from
ethyl alcohol; melting point 17=3—].76°
C., with decomposition.

75

EXAMPLE 4.

3-Dimethylamino - 1 :1 - diphenylpro-
pan-1-ol is prepared from the ethyl ester
of B-dimethylaminopropionic acid (‘29
grams) and the Grignard reagent made
from bromobenzene (110 grams and mag-
nesitun (17 grams) by :1 met od essen-
tially similar to that described in EX-
‘ainple 1 (above) for the preparation of 3-
N - piperidino-1 :1-diphen lpropan-1-ol
3 - Dimethylamino-1:1-diphenylpropam
1-ol has melting point 166° C. after re-
crystallisation from benzene or light 90
petroleum. -

3-Dimethylamino - 1:1 - d.iphenylpro-
pan-1-ol (.4 ams) is dissolved in boili
ethyl alcoho (80 cubic centimetres) am.

ethyl iodide (-5- granisfs) added and the mix- 95ture boiled under re ux for 2 hours. On
cooling N-dimethyl-N-ethyl—3-hydro -
3:3 - diphenylpropylammonium iodi e
crystallises out and melts at 200-201"

C., with decomposition, after recrysta1- 100
lisation from ethyl alchohol.

Ex.u.r'r'>L1a 5.

N - Dimet-hyl — N - propyl-3-hydroxy—
3:3 - diphenylpropylammoniuin bromide
si_mi'larly is prepared by boiling 3- 105
dlmethylamino - 1 :1 - diphenylpropram
1-01 with I-bromo-propane in ethanolic
solution for 5 hours'(i1nder reflux). The
product melts with decomposition at
231-933“ C.

’ ExAm»L1a 6.

‘N - Dimethyl-N-butyl-3-hvdroxy-3:3-
diphenylpropylammonium romide is '
prepared from-' 3 - dimet-hylamino-1»:L
diphenylpropan-1-ol and 1-bromohutaue 115
in a similar manner to that described in

Example 5. It has melting point 233-
235‘ C. (with decomposition).
. EXAMPLE 7.

3-Dimethylamino - 1:1 - (lip-henylpro-120
pan-1-ol (2 grams) is dissolved in- boiling
ethyl alcohol (40 cubic centimetres) and
benzyl chlonde (3 ms) added, and the
mixture boiled un er reflux for 2 hours.
The mixture is cooled, ether (50. cubic, 125
centimetres) is gradually added ‘and the
crystals of N - dimethyl - N - benzyl—3-
hydroxy - 3:3 - diphenylpropylammm
nium chloride filtered oi? and recrystal-

80

110
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lised from ethyl alcohol; melting point Methyl-—N-die-thyl - 3 - hydroxy - 3:3-
‘2-">1° (‘., with decomposition. diphenylpropylammonium iodide, which

EX.\lIPIJ~: 8. crystallises out, is recrystallised from
3-Dimethylamino - 1:1 - diphenylpro- methyl alcohol and has melting point

5 pan-l-ol (6.0 grains) is dissolved in «-on- 198-199” C. 70
centrated hydrochloric acid (18 cubic EXAM1’LE 11.
centimetres) and glacial acetic acid (00 3 - Diethylamino-1:1-diphenylpropalb
cubic centimetres) and the solution boiled 1-ol hydrochloride is dehydrated by the
under reflux for 20 minutes. The product method described in Example ‘3. 3-

10 is then W-0I‘l~Ze(l up as described in Ex— Diethylaimino-1 :1-diphenylprop.-1-ene is 75)
ample 2, when 3-dimethyla.1nino-1:l- obtained as a colourless oil, becoming
diphenylprop-l-ene is obtained ‘as a. pale yellow on standing, boiling point
colourless oil, boiling point l0L’.——3° 110° 0.05 mm. The hydrochloride
C. I 18 mm. prepared therefrom has melting pointI'he methiodide (_'.\’ -tri1nethyl— 3:3- 146-147‘ C. (recrystallised from anhy- 80
cliphenylprop—2-enylainmonium iodide is drous acetone). .prepared by the method described in ‘x- The tertiary amine (3.0 grams) is dis-
ample 2. It melts with decomposition at solved in acetone (5.0 cubic centimetres)

' L-03—205° C‘-., after recrystallisation from and methyl iodide (3.0 grams) in acetone
'20 ethanol. (2 cubic centimetres) gradually added 8:")

EXAMPLE 9. with cooling. The crystalline precipitate
3 - Dimethylamino-1 :1-diphenylprop- of N—met-hyl-N-diethyl - 3:3 - diphenyl-

,1-ene (5.0 grams) is dissolved in ethanol prop-2-enylamnionium iodide is removed
(20 cubic centimetres , 3% palladised and recrystallised from methanol. It}25 charcoal (1.5 grams) a dad and the nnx- has a melting point of 18-5——186° C. 90
ture shaken in an atmosphere of hydrogen _ EXAMPLE 1?.
until no further absorption occurs. The 3-Diethylamino - 1 :1 — dipl1enylprop-
catalyst is filtered ofi, the alcohol re- 1-ene hydrochloride (6.0 grams) inmoved from the filtration by e nporation, ethanol (15 cubic centimetres) to which

30 and the residual oil fraetionally distilled 3% palladised charcoal (2.0 grams) is 95
under reduced pressure. 3—Dimethyl- added is shaken in an atmosphere of
amino - 1 :1. - diphenylpropane distils at hvdmgen until the calculated volume is
183-185" 0.416 mm., and crystallises on absorbed (after approximately 1 hour)._ standing, me ting point 44-4-5° C. (re- After removal of the catalyst by filtra-35 crystallised from light petroleum). tion, ether is added to the filtrate until 1003-Dimethylamino - 1:1 - diphenylpro- crystallisation of the 3-diethylammo-
pane (1.0 gram) is dissolved in acetone (3 1 :1-diphenylpropane hydrochloride com—cubic centimetres) and methyl iodide (1.0 mences. The salt has melting point
gram) added. Heat is developed and 14-5.-5° C. and may be recrystallised from

-10 crystals of N-trimethyl ‘2.:3-dipl1enylpr0- acetone. The free base (obtained as as 105
pylammonium iodide separate. The crys- colourless liquid) is converted to thetale are filtered off and recrystallised quaternary methiodide (N -methyl -N-
‘from a mixture of methanol and ethyl diethyl - 3:3 - diphenylpropylanimonium

15

acetate; melting point 179—180° C. iodide) of melting point 169-—163° C‘.
45 - - EXAMPLE 10. (recrystallised from aqueous ethanol) by 110

3 - Diethyl-amino-1:l-diphenylpropan- the method described in Example 2.
1-01 is prepared from the ethyl ester of EXAMPLE 13.
B-diethylaminopropionic acid (35 grams) Ethyl B - di—rv-propylaminopropionate
and the Grignard reagent made from (prepared as described by 'W',eisel, Taylor,

5()'hromobenzene (110 grams) and magne— Mosher and W'hitmore, Journal of the 115
sium (17 grams) by a method essentially America-n Chem-ical Society, 1945,
similar to that described in Example 17 Volume 67, page 1071) (40.2 grams) 111:
(above) for the preparation of 3-N-1riperi- anhydrous ether (50 cubic centimetres)(lino - 1:1 - liphenylpropan - 1 - ol. 3- treated with the Grignard reagent made

55 Diethylaniino - 1 :1 - diphenylpropam from bromobenzene ((110 grams) and mag- 120'
1-01. -purified by distillation under re- nesium (17 grams) under the conditions
duced pressure (boiling point 154° C I 0.? described in Example 1, yields 3-di-né
mm.) or by recrystallisation from light propylamino - 1 :1 - diphenylpropan-1-ol
petroleum, has melting point C. which is purified by fractional distilla-3 - Diethylamino-1:1-diphenylpropam tion under reduced pressure (boiling 125
1-01 (1 grain) is dissolved in anhydrous point 153-1-54?’ C. at 0.1 mm.) and by
acetone (2 cubic centimetres), methyl recrystallisation from light petroleum; -
iodide (1 gram) in anhydrous acetone (2 the base has melting point 5-2.5——-58.5~° 0.
cubic centimetres) added, and the mi.\’- The methiodide (N-methyl-N-dipropyb

'65 ‘tare allowed to stand for 2 hours. N- 3:3-diphenyl - 3 - hydroxypropylammm 130
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nium iodide) prepared therefrom by the
method described in Example 2 has melt-
ing point 181——l83° C., after recrystal-
lisation from aqueous ethanol.

EX.-i.l£PI.E 14.

Ethyl B—N-phenyl-N—methy1ami1iopro-
pionate (41.4 grams) in ether (100 cubic
centimetres), treated with the Grignard
reagent prepared from bromobenzene
(110 gmnls‘) and magnesium (17 grams)
in ether (200 cubic centimetres) in a simi-
lar manner to that described in Example
1, yields 3-N-plienyl-N methylamino-
l :1-diplienylpropan-1-ol, melting point
97° C. (recrystallised from ethanol). The
ethyl ,8-X-Jphenyl - N - methylaminopro-
-pionate used as starting material is pre-
pared by a method essentially similar to
that described by Elderfield, Gensler,

20 Bembry, Kremer, Brody, Hageman and

25

30

85

40

45

50 propylaminop-ropionate

60

Head, Journal of the .~;lme-rica-n. Clwmicafl
Society, 1946, Volume 68, page 1259, for.
the preparation of ,B~arylaminopropionicesters.

A mixture of ethyl ' acrylate (40g.),
inethylaniline (42.8 grams) and acetic
acid (10 grams) is boiled under reflux for
12 hours, cooled, and taken up in an
equal volume of ether. The ethereal
solution is then washed with water, then
with aqueous sodium bicarbonate solu-
tion and finally with water. The ethereal
solution is then dried xvitliypnhydrous
sodium sulphate, the ether evaporated,
and the residual oil fractionally distilled
under reduced_ pressure. The required
ester is collected at 93—100° C /_0.0-5 mm.

3—N—Phenyl - N - methylamino - 1:1-
diphenylpropan-1-ol (2.0 grains) is dis.
solved in ethanol (-3.0 c.c.), methyl.‘
iodide (2.0 grams) added and the mix-
ture allowed to stand for 24 hotus. The

N-(limethyl-N-phenyl - 3 :3 - diphenyl-3-
hydroxypropylammonium iodide which
separates melts with decomposition at
176° C., after recrystallisation from
aqueous ethanol. '

EXAMPLE 15. _
Ethyl - fl - N‘ - methyl-N-13-phenylism

(49.8 grams) in
is added‘ether (100 cubic centimetres)

dropwise to an ethereal solution of the’
Grignard reagent prepared from bromo-
benzene (110 grams-) and magnesium (17
grams) and the mixture boiled under re-
flux for 2 hours. The_cooled mixture is

then poured on to crushed ice (100 grams)and acidified to congo red by the gradua
addition of hydrochloric acid (concen-
trated). A gum, which ra idly solidifies,
is precipitated, separate by filtration
and washed with ether. The solid is

then suspended in water (100 cubic
centimetres) and chloroform (100 cubic

66 centimetres) excess aqueous ammonia
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added with shaking, and the chloroform
layer separated and dried over anhydrous
sodium sulphate. Dry hydrogen chloride
is then passed into the filtered chloro- _
form solution until acid to congo red and 70 _
other added to the point of crystallisa-
tion. 3-N-Methyl-N-2‘-phenyl-],‘—metl1yl-
ethylamino - 1:1 - diphenylpropan-1-01
hydrochloride separates and has melting .
point 207——2.08° C. after recrystallisation 75
from aqueous ethanol; the base, liberated
from the hydrochloride by addition of
aqueous alkali, is a viscous oil. .

The ethyl-B»-N-methyl-N-§-phenyl‘£.so-
propylminopropionate used as starting 80
material is prepared by allowing a mix-*;_
ture of ethyl acrylate (40 gr-a.I_ns) and }?r- '-
phenylisopropylaminopropionate used as
starting material is prepared by allowi
a. mixture of ethyl acrylate (40 grams 85
and )3-phenylisopropylmethylamine (60
grams) to stand for 48 hours, theii.boil-
mg under reflux for 4 hours and subse-
quently fractionally distilling the pro-
duct under reduced pressure (boiling
point 165—.l66° C./12

The methiodide of the base is prepared
by mixing with methyl iodide in acetone
solution as described in Example 2. The

plroduct melts with decomposition at 226° 95

90

EXALEPLE 16.

Ethyl ,8-N-pyrolidinopropionate when
treated with the Grig-nard reagent pre-
pared from bromobenzene by the same
method as that described in Example 1
yields 3'-N-pyrrolidino-1 : 1-dip-henyl-pro-
pan-1-ol melting point 171—172'' C. (re-
crystallised from ethyl acetate).

The ethyl ‘B1-N-pyn-olidinopropionate
is prepared by mixing pyrrolidine (21!
grains) with ethyl acrylate (30 grams)
and allowing to stand at room tempera-
ture for several days. The product -is dis-
tilled under re(l_1:_ic_ed_-p_re_:§sui:e,-' the re-
quired-ester~-being’ collecterfat 108-110“
C./23 mm.

3 - N - Pyrrolidino~1:1-diphe*ny1pro-
pan-1-ol (2.0 grams) is dissolved in chloro-
form (25 cubic centimetres), methyl 115
iodide (2.0 grams) added, and the mix-
ture allowed to stand for 24 hours. The

crystals of N-methyl-3:3-diphenyl-3-
hydroxypropylpyrrolidinium iodide which
separate are recrystallised from 120
methanol; melting point 910° C.

_ EXAMPLE 17.

Ethyl B-N-morpholinopropionate. (pre-
pared as described by Weisel, Taylor,
Masher and Whitrnore, Journal of- the 125
American C'7Le-micaxl Society, 1945,
Volume 67, page 1071,) when treated;
with the Grignard reagent prepared from
broniobenzene by’ the same method as
that described in Example 1 yields 3-N- 180

100

105

110
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morpholino-1:1-dihpenylpropan - 1 7 01
melting point 106' C. (recrystallised
from light petroleum). _

The corresponding methiodide. is pre-
5 pared by the method described in

Example 1; it melts with decomposition
at 203-204? C.

EXAMPLE 18. -
3 - Diallylamino-1:1-zliphenylpropaib

,3-tlli.lllyl-

alninopropionate (39 grains) and the
Grignard reagent made from bromoben-
zene (110 grains) and magnesium (17
grams) by 11 method essentially similar

15 to that described in Example 1- for the
preparation of 3-N-piperidino-1:1-db
phenyl-propan-1-ol. The product has
boiling point 157--1‘-5v9°'C.[ 0.4 min. after
recrystallisation from light petroleum.

20 3 - Diallylamino-1:1~diphenylpropan-
1-01 (3 grams) is dissolved in anhydrous
acetone (5 cubic centimetres) and meth-
iodide (2 grams) added to" the solution.
The fine needles of N-inethyl-N-dia-llyl-

25 3 :3 - diphenyl-3-hydro; ropyl - ammo-
nium iodide which quic y separate are

recrystallised ,from _ aqueous methyl
alcohol; melting point 196—197‘' C.,
with decomposition.

30 EXAMPLE I9._
3 - Dia'llylamino-1:1-dipheiiylprop-L

ene is prepared from 3-diallylamino-1 :1-
diphenylpropnn-1-ol by dehydration by a.
method essentially similar to that de-

35 scribed in Example 2 for the prepara-
tion of 3-piperidino-,1:lrd1Ph911Y1'P1j°P-1-
ene. The product is a colourless oil, of
boiling point 134° 0.] 0.2 mm.

3 - Diallylamino-1.:1-dipheilylprop-L
40 ene (2 grains) is dissolved in anhydrous

acetone (3 cubic centimetres), methyl
iodide (2 grams) added and the mixture
heated under reflux for 1 hour. After
cooling and standing for hours, the

45 crystals of N-methyl-1‘{-dia.1l_yl-'3 :3-<li-

phenylprop-2-enylaiunionium iodide _areseparated y filtration and recrystallisecli
from ethanol, melting point 149—15l
C. with decomposition.

50 EXAM1’LE.20.
Ethyl Li-climethylammobutyrate (pr_e-

ared as described by Bi-eckpot, Bulletin
ociete Clumique de Belgique 1933.

volume 32, page 412) when treated with
55 the Grignard reagent prepared from

bromobenzene by the same method as
that described in Example 1 yields 3-di-
methylainino - 1:_1-diphenyl~brutan-1-ol
melting point 12-}—l26° C. (recrystal-

60 lised from aqueous ethanol). The tertiary
amine (2.0 grams) is dissolved in warm
acetone (10 cubic centimetres), methyl
iodide (2.0 grams) added and the mixture
boiled under reflux for 1-5 minutes. _On

55 gggllllg and standing, the corresponding

._9

morpholino-1:1-diphenylpropan - 1 - 01-
A ing point 251° C. after recrystallisation

from aqueous ethanol.
EXAJVEPLE 21 .

Dehydration of 3-dimethylamino-_1:1- 70
diphenylbutan-1-ol hydrochloride in a
similar manner to that described in

Example 2 yields 3-dimethylamino-1:1:
diphenylbut-1-ene, boiling point -194.-
196’ C./19 m.in., (hydrochloride, melting 75
point 160—16l° C.)

The methiodide prepared -therefi-om by
the method described in Exa.inple,2 melts‘
with decomposition at 210——2’»1.2° C: after
recrystallisation from aqueous ethanol. 80

Exsnrnr. 22. -
Hydrogenation of 3-dimethyla.m_ino-

1 :1-diphenylbut-1-ene hydrochloride (4.0.
‘ grains) is eflected by shaking in ethanol

(20 cubic centimetres) with 3_%_ pa.lla- 85

dised charcoal $0 grams) in an atmo-sphere of hy gen. When hydrogen
absorption has ceased, the catalyst is re-
moved by filtration and the filtrate
evaporated to dryness. The residue is dis- 90
solved in water, basified with aqueous
ammonia and the oil separated by
chloroform. -After drying and eva-
porating the chloroform, the product,
3-dimethylamino-1:1-diphenylbutaiie is 95

distilled‘ under reduced-pressure, when it
is obtained as a colourless oil, boiling
point 176° 0.]12 mm. .

The methiodide prepared therefrom by
the method described in Example 2 has 100
melting point 204—205° 0. after recry-
stallisation from ethanol.

EXAMZPLE 23. -

Ethyl ,8 - diethylaminopropionate. (26
grams) in anhydrous ether (50 c.e.) is 105
added dropwise to an ether solution of the
Grignard reagent made from p-bromo-
toluene (90 grams) and magnesium (12.8
grams), stirred and cooled in a bath-kept
at 0° C. After stirring in the cold for 1- 110
hour and boiling under reflux for 2 hours,
the reaction mixture is worked up as de-
scribed in Example 1. The 3-diethyl-
amino-1 : 1-di - p - tolylpropan - 1 - ol_ so
obtained is purified by fractional disfilla- 115
tion under reduced pressure (boiling point
160-162’ C./0.5 mm.) and may be re-
crystallised from a small volume of light
petroleum, melting point 56-58" G‘.

The niethiodide prepared therefrom 120
(method described in Example 2) has
melting point l88——189° 0. (may be re-
crystallised from aqueous ethanol).

Exmrm 24. .

3 - Diethylamino-I :1-di-p-tolylpropan- 12.5
1-01 hydrochloride is dehydrated by the
method described in Example 2, when 3-
diethylamino-1 :1—di-p-tolylprop-1-ene is
obtained as a colourless liquid, boiling
point 146—150° C.j_0.3 giiin.'p_ressure,, 180

.._:___...:_?_..:
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.’.I.‘he tertiary base‘ (1.5 grams) in
methanol (3 cubic centimetres) is __mixed
with methyl iodide (1.5 grams) when
heat is developed. After standing for

5 several hours, anhydrous ether is added
dropwise with stirring until precipita-
tion of the methiodide is complete. N-
Methyl-N-diethyl-3 : 3-di-p-tolylprop - 2-
enyl-ammonium iodide‘ melts with decom-
position at 141-14-3° C. after recrystal-
lisation from a mixture of ethyl acetate
and ethanol. H _ _ y

3 - Diethylamino-1:1-di-p-tolylprop-L
ene hydrochloride (melting point 179-
180“ 0.; which was obtained from the

base described in‘ Example 24) when
hydrogenated by the method described in
E_xa-mple 3, yields 3-diethylan1ino—1:_l-

20 d1-p-tolylpropane hydrochloride, melting
po1nt.l.36——,1.38° C. (recrystallised from

15

methyl aceta.te).from which the base is _
obtained as an 011. .

The methiodide prepared from‘ the .
tertiary amine, as described in Example .25 2, has melting point l69—,—l70° C. after
recrystallisation from ethanol. _

Exsnnem-:26. _ . "" "

/3-Diethylaminopropiophenone hydro-
30 chloride (prepared as described by Blicke

and Burckhalter, Journal of the A.mcri- .
can Chemical Society, 1942 Volume 64, .
page 4-51) (43.3 g1:an_1s) is added in small
P01't10!1S to the Gngnard reagent pre-
pared from benzyl chloride (76 grams)

.and-- magnesium (14.6 grams) in ether
(100 cubic centimetres), stirred and
cooled to 0° _C. The reaction and Work-

35

ing up of the product is then carried out _
40 as described in Example ‘ 1. .4:-Diethyl-

amino-1 :2-diphenylbutan-2-ol is obtained
as crystals, melting oint 54—‘55° C. (re-
crystallised from lig t petroleum).

The methiodide prepared‘ therefrom by
'45 the method described in Example 2, has .

melting point _197——198‘’ 0. after recry-
stallisation from _methanol.

EXAMPLE 27.

B-Diethylaminopropionphenone hydro-
_ 50 chloride (48.3 grams) is added in small

portions to the Grignard reagent prepared
from cyclohexyl bromide (98 grams) and
magnesium (14.6 grams) in 100 c.c ether
stirred and cooled to 0° C. After boiling
under reflux for 12 hours the product is
worked up by a similar method to that
described in Example l_. 3-Diethylamino-
1-cyclohexy1-1-phenylpropan-1-ol is puri-
fied by distillation under reduced pres-

go sure (boiling point 15§E13o° 0.]
' mm.) and by recrystallisation from hght

petroleum (melting point 50.5——'-52° 0.).-
‘ The tertiary base (1.0 gram) is dis-
solved in acetone (3 cubic centimetres)

' 55 and.meth_yl .i.o,d.i.de .(l-0 g1'9=m)_a.d_d.9d_-

55
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A_fter standingfor several hours, crystal-
hsation of the product is completed by
gradual addition_of anhydrous ether N- ‘*

. Methyl - N 1- dietli l - 32- cyolohexyl -3-
xypropylammonium ‘phenyl — 3 - hy

iodide has melting point 160-162“ C.
after recrystallisation from ethyl acetate
and ethanol... i" "

Having now particularly described and
ascertained the nature of our said inven-
tion, and in what manner the “same is to
be performed, we declare that {vhat we
claim is:—- - _ , ,

1. A process for the preparation of N-
trisubstituted-yy-disubstituted - 7 - hydr--_
oxypropylammonium salts,‘ N-trisubstb
tuted - ~/y - disubstituted-allylammoniuni

salts and. N-trisubstituted-ry-disubsth
tuted-propylammonium
general formula :-

. R4

salts of the

R1 + “R6

>H“-$-“<R: 1?
R? on R3 R5 - 3

(_Il.

R4 -5R1 . R

’>c=(f-,..'c":-§<s7 :2, 9 3 _

(II)}

13 ' R4 ; ‘R8’
‘ \c1r'-‘cu - c - R —''R9' ii‘

39/ A3 A5 . R319

"(:11)"

wherein R‘ and B.’ may be either identi-
cal or diiierent and denote aryl, aralkyl
or'c-ycloalkyl radicals, optionally substi-
tuted, for example, -by alkyl or alkoxy
groups, . . . < ' ' '

R“ denotes hydrogenor an alkyl radical,
R‘ denotes h drogen or an alkyl radical
R‘ denotes ydrogen or an alkyl, aryl

or aralkyl radical. '
R” and B’ may be either identical or

different and denote alkyl, alkenyl, cyclo-
clkyl, aryl or amlkyl groups, or'—NR‘R'
may denote the pyrrolidino-, niorpholino,
or piperidino-group, optionally. substi-
tuted by one or more alkyl groups.

we

75-

so

85.

90

95

100

It‘ denotes an allcyl or arallryl radical, -
R’ and R“ may be either identical or

difi’erent and denote allryl, aycloalkyl,
arylpor arolykyl radicals, or —-—NR"R“

_ma.v d_eI39t9. €11}? pyfiolidinot, morp_1§~6- .

105
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lino-, or piperidino-group, optionally
substituted by one or more alkyl groups,
and X is an acid radical such as chloride,
bromide, iodide or methosulphate radical,
comprising treating an alkyl or aralkyl
halide or other reactive acid salt R‘X

with a tertiary amine of the general
'_ formula

4 .

;,1 if /Ra
‘c - cs - c - II
g I \R7Ia I I3 .on R R5

.”‘,’l.

R4 6

R:\c=c-(I:-N/R,
3/ '5 \Ras R.

(V)

.. R4
R1 .. I ' R9

jz‘c -Cii-G-N<1
3/ _I I a °. R3 R5

(V1)

15

(wherein R‘, R’, R‘, R‘, B‘, R‘ R’, R’
and R“ have the same meaning as above)
or vice versa.

2. The process claimed in claim 1- in
which an excess of the reactive acid salt

RFX is present during the reaction.

11 

3. The process claimed in claim 1 in
which a. solvent for both reactants is pre-
sent during the reaction and the reaction 20_
is carried out at room temperature or at
the boiling point of the solvent or at some
intermediate temperature.

4. The process claimed in claim 3 in .
which the solvent is so selected and is 25
present in such quantity that the desired
quaternary salt crystallizes from the re-
action mixture on coolin the latter.

5. The process claime in claim 3 in.
which a liquid in which the reaction .pro- 30
duct is insoluble is added gradually to
the reaction mixture after the reaction

has been completed, until crystallization
of the reaction product occurs.

6. The process claimed in claim. 3 in 35
which the solvent employed is anhydrous
acetone, ethyl alcohol or dioxan.

7. A process for reparing compounds
having the general ormnlae I, II or III
iven in claim 1, substa.ntn'ally as herein- 40
efore described.

8. A process for preparing a chem-ica.l'
compound having a formula within the
scope of the general formulae I, II or III
given in claim 1, substantially as de-
scribed in any one of the Examples here-
inbefore given.

9. A chemical compound when pre-
pared by the process claimed in any pre-
ceding claim.

Dated this 7th Igigflgr May, 1943.
WVELLCOME FOUNDATION LTD.,

A. N. Fsnnnn,
Secretary.

45

50
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TRANSDERHAL ADMINISTRATION OE OXYBUTYNIN

FIELD OF THE INVENTION

This invention relates the efficacious and safe, controlled

transdermal administration of oxybutynin and related compounds for

5 - the treatment of neurogenic bladder disorders.

 

BACKGROUND OF THE INVENTION

Neurogenic bladder disease is a disorder involving loss of

control of urination. The major symptoms of this disease are urinary

frequency, urinary retention or incontinence. There are two types of
IO lesions that cause a neurogenic bladder. The first, upper motoneuron

lesion, leads to hypertonia and hyperreflexia of the bladder, a

spastic condition, giving rise to symptoms of urinary frequency and

. _ incontinence. The second lesion, a lower motoneuron lesion, involves
hypotonia and hyporeflexia of the bladder. The major symptoms in

15 this condition are urinary retention, since the voiding reflex has

been lost, and incontinence, which occurs when the bladder "leaks",

being full to overflowing. '

The majority of neurogenic bladder patients have the spastic or

hypertonic bladder. The clinician usually attempts to convert the

20 - condition of hyperreflexia and hypertonia to hypotonia, thereby

treating the primary problem of incontinence. when the condition has

been converted to hypotonia, it can be managed by intermittent

catheterization. -However, there is a significant population of

patients who cannot be converted completely from the hypertonic to

25 the hypotonic condition, and who still find they have to urinate

every hour or are incontinent. For these patients, treatment with an

anticholinergic drug is necessary. The drug-of choice is oxybutynin

(4-diethylamino-Z-butynylphenylcyclohexylglycolate). I
The use of oxybutynin chloride, as approved by the FDA in the

so United States, is described in the 1992 Physician's Desk Reference,

‘ pages 1332 through 1333 with reference to the drug Ditropan@

manufactured by Marion Merrell Dow. oxybutynin is normally

administered to human beings orally at relatively high doses (5 mg
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tablets taken two to four times a day). Oxybutynin has been

incorporated into tablets, capsules, granules or pills containing

1-5 mg, preferably 5 mg, of oxybutynin chloride, syrups containing

1-5 mg, preferably 5 mg, of oxybutynin chloride per 5 ml and

transdermal compositions (creams or ointments) containing 1-I0 weight

percent ("wt %F) oxybutynin chloride. See, BE 902605.

In U.S. Patent No. 4,747,845, oxybutynin was listed as an agent

that could be incorporated into a transdermal synthetic resin matrix

system for extended duration drug release, but oxybutynin was not

used in the device.» In U.S. Patent No. 4,928,686 oxybutynin was
given as a pharmacologically active agent suitable for transdermal

delivery, but as with the above reference, oxybutynin was not

incorporated into the device. V

Oxybutynin has been incorporated into a device having a water

impermeable barrier layer, a reservoir containing oxybutynin in

contact with the inner surface of the barrier layer and a removable

- protector layer in contact with the other surface of the reservoir.

The reservoir is a.polyurethane fiber mat impregnated with an aqueous

solution containing 25 mg/ml of oxybutynin. The device was.placed on

_ a 20 pm thick polybutadiene film. The non~device carrying surface

was in contact with 0.05 M isotonic phosphate buffer solution. The

in vitro release rate measured was approximately 12 mg over 24 hours

through a 49-cm2 area or 10’pg/cu?/hr. (U.S. Patent No. 4,784,857 and
EP 0 250 125).

In Pharm Res, “Development of Transdermal Delivery Systems of

Oxybutynin: In-Vivo Bioavailability", P. Keshary et aI., (NY)8
(10 Supp) 1991, p. S205 three types of transdermal delivery systems,

using matrix-diffusion controlled and membrane-permeation controlled
_technologies were discussed.« The in vitra permeation rate of about

9, I2 and 12 pg/cmi/hr and in vitro release rates (sink condition) of

about 1160, 402 and 57.2 pg/cm?/hr were obtained from Silastic

monolithic, acrylic pressure sensitive adhesive matrix_and reservoir

type delivery systems, respectively., In humans, steady state plasma

concentrations of about 1.86 ng/ml were obtained after 6 hours of A
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application of-a single 20 co? patch of the acrylic pressure

sensitive adhesive matrix type.

The transdermal route of administration for drugs and other

biologically active agents ("agents") has been proposed for a wide

variety of systemically acting and locally acting agents on either a

rate-controlled or non rate-controlled basis and is described in

numerous technical publications and patents, such as U.S. Patents

3,598,122; 3,598,123; 3,731,683; 3,797,494; 4,031,894; 4,201,211;

4,286,592; 4,314,557; 4,379,454; 4,435,180; 4,588,580; 4,645,502;

4,704,282; 4,788,062: 4,816,258; 4,908,027; 4,943,435; and

5,004,610. The disclosures of the above patents are incorporated

herein by reference. 4

Just as certain drugs can irritate, sensitize or be otherwise

toxic, so can permeation enhancers. The use of permeation enhancers

for transdermal administration is described in numerous technical

publications and patents, such as U.S. Patents Nos. 4,940,586;

4,863,738; ,4,820,720; 4,746,515; 4,568,343; 4,405,616;

4,379,454; 4,343,798; 4,335,115; 4,299,826; 4,130,667;

4,130,643; 4,046,886; British Patent No. 1,001,949 and Idson,

Percutaneous Absorption, J. Phar. Sci., Vol. 64, No. 66, June 1975,

pp. 901-924.

Permeation enhancers that are not normally toxic at the-

concentrations employed in cosmetic or medical compositions may

exhibit toxic effects at the higher concentrations required to

produce adequate permeation enhancement. No “universal” permeation

enhancer-has been identified. Instead, the behavior of permeation

enhancers is highly idiosyncratic; a permeation enhancer effective

for one drug may not be effective with other drugs, including closely

related drugs.

Often. a permeation enhancer will exacerbate irritation and

sensitization problems by allowing high transdermal permeation rates

of the drug or permeation enhancer or permitting otherwise

impermeable components of the transdermal device to enter the skin.

Many potential'permeation enhancers interact adversely with other

components of transdermal devices. One major problem is that many

Patent Owner, UCB Pharma GmbH — Exhibit 2011 - 0632



Patent Owner, UCB Pharma GmbH – Exhibit 2011 - 0633

W0 93/23025 I ' - « PC!‘/US93/04518

4

potential permeation enhancers are not compatible with medically
acceptable contact adhesives. Enhancers may improve the transdermal

permeation rate adequately, but not adequately reduce the lag time.
The use of a permeation enhancer in any transdermal drug ’

delivery device necessarily complicates the design and development of
the device. Permeation enhancers.cause compatibility problems ‘

throughout the-delivery system. Instead of having to characterize

the properties of the reservoir compositions, adhesives, and release-
controlling materials with respect to just the drug, these materials
must now have the_proper characteristics with respect to both the.
drug and the permeation enhancer. Typically, drugs and permeation
enhancers have very different physical and chemical properties, and,

in most cases, the properties of mixtures of the drug with the _
permeation enhancer are unknown. For_example, permeation enhancers
can cause, among other problems, cohesive failure of adhesives and

‘can partition through other components in the system.

"As used herein, the term-"oxybutynin" is used to designate

oxybutynin, acid addition salts of oxybutynin and the related
compounds thereof. The preferred active agent according to the

present invention is oxybutynin itself. oxybutynin is a base capable
of forming acid addition salts with organic and mineral acids, for.
example, with.hydrochloric acid to form oxybutynin chloride.

‘ Preferably, the device of this invention contains oxybutynin as the_

free base. '

As used herein, the term "transdermal" delivery or application

refers to the delivery or application of oxybutynin by passage

through skin, mucosa and/or other body surfaces by topical
application. b .

As used herein, the term “therapeutically effective“ amount or

rate refers to the amount or rate of oxybutynin needed to effect the
desired therapeutic result.. ' '

As used_herein, the term "monoesters" refers to those

monoesters having from 10 to 20 carbon atoms.

Patent Owner, UCB Pharma GmbH — Exhibit 2011 - 0633



Patent Owner, UCB Pharma GmbH – Exhibit 2011 - 0634

WO 93/23025 PCTIUS93/04518

As used herein, the term "glycerol monooleate" refers to

glycerol monooleate itself or a mixture of monoglycerides wherein

glycerol monooleate is present in the greatest amount.

As used herein, the term "glycerol monolaurate“ refers to

5 glycerol monolaurate itself or a mixture of monoglycerides wherein

glycerol monolaurate is present in the greatest amount.

As used herein, the term "glycerol monolinoleate" refers to

glycerol monolinoleate itself or a mixture of monoglycerides wherein

glycerol monolinoleate is present in the greatest amount.

10 The above sumarizes the primary characteristics recognized to

date that affect suitability of oxybutynin and a permeation enhancer

for transdermal administration. There are undoubtedly others, some

' of which have not yet been recognized. In order for oxybutynin and a

permeation enhancer to be suitable for transdermal administration

m they must possess the right combination of all of these

characteristics, a combination which is quite rare and unpredictable.

SUMMARY OF THE INVENTION

According to the present invention, it has been discovered that

oxybutynin may be safely and efficaciously administered

20 transdermally, together with a suitable permeation enhancer,

preferably a monoglyceride or mixture of monoglycerides of fatty

acids with a total monoester content of at least 51%. The invention

includes a transdermal drug delivery device containing sufficient

amounts of permeation enhancer and of oxybutynin, in combination, to

25 provide systemic administration of oxybutynin through the skin for a

predetermined.period of time for the oxybutynin to provide an

effective therapeutic result. '

The invention is also directed to a method for the transdermal

administration of a therapeutically effective amount of oxybutynin

so together with a skin permeation-enhancing amount of a suitable

permeation enhancer.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 isea cross-section through a schematic perspective View

of one embodiment of transdermal therapeutic devices according to

this invention. b

FIG. 2 is a cross-section through another embodiment of a

transdermal therapeutic device according.to this invention.

FIG. 3 is a crdss-section through another embodiment of a

transdermal therapeutic device according to this.invention.

FIG- 4 is'a crossesection through yet another embodiment of a

vtransdermal therapeutic device according to this invention.
FIG. 5 shows the oxybutynin permeation-rate through the

epidermis at 35'C with various permeation enhancers.

DETAILED-DESCRIPTION OF lHE INVENTION
AND PREFERRED EMBODIMENTS

According to the present invention, it has been found that

oxybutynin may be administered to the human body in a therapeutically

effective amount via the transdermal route when it is co—administered '

with a suitable permeation enhancer. Therapeutic blood levels from

asaut 0.5 ng/ml to about 3.0 ng/ml can be obtained from

administration rates in the range of 0.08 mg/hr to 0.5 mg/hr.

Representative skin permeation rates of oxybutynin through living

human skin are in the range of about 12 pg/cmi/hr_to about

40 pg/en?/hr, depending on the permeation enhancer. Therapeutic

blood levels can be achieved within approximately 1-5 hours, and peak

blood concentrations are achieved at about 3 hours when the system is

worn for 24 hours. -The range of desired and achievable system ..
permeation rates of oxybutynin, arriving through the skin from a

limited area, is 1-20 mg over a period-of 24 hours. The system

application is easily adapted for shorter.or longer duration

treatments, but generally 24 hours is the nominal duration‘for

treatment. ‘ - ' '

Typical transdermal delivery devices are described in U.S.

patent numbers 3,598,122; 3,598,123; 4,286,592; 4,314,557; 4,379,454;

4,559,222; 4,573,995; and 4,849,226. for example. All of‘ these are

incorporated herein by reference. The co-administration of.
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oxybutynin and a permeation enhancer as disclosed herein can be

accomplished by using transdermal devices of these kinds.

Because of the wide variation in skin permeability from

individual and from site to site on the same body, it may be

preferable that oxybutynin.and the permeation enhancer be
administered from a rate-controlled transdermal delivery device.

Rate control can be obtained either through a rate-controlling

membrane or adhesive or through the other means disclosed in the

patents noted above.

A certain amount of oxybutynin will bind to the skin. and it is.

accordingly preferred that the skin-contacting layer of the device

include this amount of the agent.as a loading dose.

Examples of suitable transdermal delivery devices are

illustrated in FIGS. 1, 2 and 3. In the drawings, the same reference

numbers are used throughout the different figures to designate the
same or similar components. The figures are not drawn to scale.

‘In FIG. 1, transdermal delivery device 10 comprises a

reservoir 12 containing both oxybutynin and a suitable permeation

enhancer. Reservoir 12 is preferably in the form of a matrix

containing oxybutynin.and enhancer dispersed therein. Reservoir 12

is sandwiched between a backing layer 14, which is permeable to water

vapor, and an in—line contact adhesive layer 16. Preferably, the

backing is a spun-laced polyester, such as Sontara®, a nylon

reinforced polyurethane, such as NRU-100—C Flexcon® or a

multilaminate film layer, such as EVA/EVA/polyvinyldienefluoride

/EVA/EVA film layer Saranex® Type 52. The-device 10 adheres to the

surface of the skin 18 by means of the adhesive layer 16. The

adhesive layer 16 may optionally contain enhancer and/or oxybutynin.

A strippable release liner (not shown in FIG. 1) is normally provided

along the exposed surface of adhesive layer 16 and is removed prior

to application of device 10 to the skin 18. Optionally, a rate-

controlling membrane (not shown) may be present between the

reservoir 12 and the adhesive layer 16.

Alternatively, as shown in FIG. 2, transdermal therapeutic

device 20 may-be attached to the skin or mucosa of a patient by means
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of an adhesive overlay 22. Device 20 is comprised of a oxybutynin-

and permeation enhancer-containing reservoir 12 which is preferably

in the form=of a matrix containing oxybutynin and the enhancer

dispersed therein. A backing layer 14, which is impermeable to

oxybutynin, the permeation enhancer and water vapor, is provided

adjacent one surface of reservoir 12. Adhesive overlay 22 maintains

the device on the skin and_may be fabricated together with, or

provided separately from, the remaining elements of the device. with
certain formulations, the adhesive overlay 22 may be preferable to

the in—line-contact.adhesive IE as shown in FIG. 1. This is true,
for example, where the oxybutynin/enhancer reservoir contains a

material which adversely affects the adhesive properties of the in-

line contact adhesive layer 16. Backing layer 14 is preferably
slightly larger than reservoir 12, and in this manner prevents the

materials in reservoir 12 from adversely interacting with the

adhesive in overlay 22. Optionally, a rate-controlling membrane (not

shown in FIG. 2) may be provided on the skin-proximal side of

reservoir 12. A strippable release liner Z4 is also provided with

device 20 and is removed just prior to application of device 20 to

the skin; . V

In FIG. 3, transdermal delivery device 30 comprises a

oxybutynin and permeation enhancer containing reservoir (“oxybutynin

reservoir") 12 substantially as described'with respect to FIG. I. '
Permeation enhancer reservoir ("enhancer reservoir") 25 comprises

permeation enhancer dispersed throughout and is-substantially free of

any undissolved oxybutynin. Enhancer reservoir 26 is preferably made

from substantially the same matrix as is used to form oxybutynin
reservoir 12. A rate-controlling membrane 28-for controlling the

release rate of the permeation enhancer from enhancer reservoir 26 to

oxybutynin reservoir 12 is placed between the two reservoirs. A

rate-controlling membrane (not shown in FIG. 3) for controlling the

-release rate of the enhancer from oxybutynin reservoir 12 to the skin

may also optionally be utilized and would be present between adhesive

layer 16 and reservoir 12. l .'

Patent Owner, UCB Pharma GmbH — Exhibit 2011 - 0637



Patent Owner, UCB Pharma GmbH – Exhibit 2011 - 0638

WO 93/23025 PCT/US93/04518

The rate-controlling membrane may be fabricated from permeable,

semipermeable or microporous materials which are known in the art to

control the rate of agents into and out of delivery devices and

having a permeability to the permeation enhancer lower than that of

5 oxybutynin reservoir 12. Suitable materials include, but are not

limited to, polyethylene, polyvinyl acetate-and ethylene vinyl

acetate copolymers. ‘

Superimposed over the permeation enhancer reservoir 26 of

device 30 is a backing 14_that is permeable to water vapor. On the

10 skin-proximal side of reservoir 12 are an adhesive layer 16 and a

strippable liner 24 which would be removed prior to application of
the device 30 to the skin.

In the embodiments of F165. 1, 2 and 3, the carrier or matrix

material of the reservoirs has sufficient viscosity to maintain its

15 shape without oozing or flowing. If, however, the matrix or carrier

is a low viscosity flowable material such as a liquid or a gel, the

composition can be fully enclosed in a pouch or pocket, as known to

the art from U.S. Pat. No. 4,379,454 (noted above), for example, and

as illustrated in FIG. 4..

20 Device 40 shown in FIG. 4 comprises a backing member 14 which

serves as a protective cover for the device, imparts structural

support, and substantially keeps components in device 40 from

escaping the device. Device 40 also includes reservoir 12 which

contains the oxybutynin and permeation enhancer and bears on its

25 surface distant from backing member 14 a rate-controlling membrane 28

for controlling the release of oxybutynin and/or permeation-enhancer

from device 40. The outer edges of backing member 14 overlay the

edges of reservoir 12 and are joined along the perimeter with the

outer edges of the rate-controlling membrane 28 in a fluid—tight

This sealed reservoir may be effected by pressure,

fusion, adhesion, an adhesive applied to the edges, or other methods

known in the art. In this manner, reservoir 12 is contained wholly

between backing member 14 and rate~controlling membrane 28. On the

skin—proximal side of rate-controlling membrane 28 are an adhesive

so arrangement.
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layer 16 and a strippable liner 24 which would be removed prior to

application of the device 40 to the skin.

In an alternative embodiment of device 40 of FIG. 4.

reservoir 12 contains the permeation enhancer only and is

substantially free of oxybutynin. The oxybutynin and an additional

amount of permeation enhancer are present in adhesive layer 16 which

Ill

acts as a separate reservoir.

The oxybutynin and the Permeation enhancer can be

co-extensively administered to human skin or mucosa by direct

:0 application to the skin or mucosa in the form of an ointment, gel,
cream or lotion. for example, but are preferably administered from a

skin patch or other known transdermal delivery device which contains

a saturated or unsaturated formulation of oxybutynin and the

enhancer. I

The formulation may be aqueous or non-aqueous based. -The

- formulation should be designed to deliver the oxybutynin and the

permeation enhancer at the necessary release rates; Aqueous

formulations typically comprise water or water/ethanol and about

1-2 wt % of a gelling agent, an example being a hydrophilic polymer

:0 such as hydroxyethylcellulose or hydroxypropylcellulose. Typical

on U!

non-aqueous gels are comprised.of silicone fluid or mineral oil.

Mineral oil-based gels also typically contain 1-2 wt %-of a gelling

agent such as colloidal silicon dioxide. The suitability of a

particular gel depends upon the compatibility of its constituents
Is) In with both the oxybutynin and the permeation enhancer and any other

components in the formulation. _ '
The reservoir matrix.should be compatible with oxybutynin, the

permeation enhancer and any carrier therefor. The term "matrix" as
used herein refers to a well-mixed composite of ingredients fixed

so into shape. when using an agueous-based formulation, the reservoir , ,

matrix is preferably a hydrophilic polymer, e.g., a hydrogel. when

using a non~aqueous-based formulation, the reservoir matrix is ,

preferably composed of a hydrophobic polymer. Suitable polymeric

matrices are well known in‘the transdermal drug delivery art, and
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examples are listed in the above-named patents previously

incorporated herein by reference.

A typical laminated system would comprise a polymeric membrane

and/or matrix such as ethylene vinyl acetate (EVA) copolymers, such '
as those described in U.S. Pat. No. 4,144,317, preferably having a

vinyl acetate (VA) content in the range of from about_9% up to about

60% and more preferably about 28% to about 60% VA.

Polyisobutylene/oil polymers containing from 4-25% high molecular

weight polyisobutylene and 20-81% low molecular weight "

polyisobutylene with the balance being an oil such as mineral oil or

polybutynes may also be used as the matrix material.

The aforementioned patents describe a wide variety of materials

which can be used for fabricating the various layers or components of

the transdermal oxybutynin delivery devices according to this

invention. This invention therefore contemplates the use of

materials other than those specifically disclosed herein, including

those which may hereafter become known to the art to be capable of

performing the necessary functions.

The amount of oxybutynin present in the therapeutic device and

required to achieve an effective therapeutic result depends on many

factors, such as the minimum necessary dosage of oxybutynin for the

particular indication being treated; the solubility and permeability

of the matrix, of the adhesive layer and of the rate-controlling

membrane, if present; and the period of time for which the device

will be fixed to the skin. The minimum amount of oxybutynin is

determined by the requirement that sufficient quantities of

oxybutynin must be present in the device to maintain the desired rate

of release over the given period of application. The maximum amount

for safety purposes is determined by the requirement that the

quantity of oxybutynin present cannot exceed a rate of release that
reaches toxic levels. The oral lethal dose discovered for rats is

1220 mg/kg.

when a constant oxybutynin delivery rate is desired, the

oxybutynin is normally present in the matrix or carrier at a

concentration in excess of saturation, the amount of excess being a
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function of the desired length of the oxybutynin delivery period of

the system. The oxybutynin-may, however, be present at a level below

saturation without departing from this invention as long as

oxybutynin is continuously administered to the same skin or mucosa

site in an amount and for a.period of time sufficient to provide the

desired therapeutip rate and delivery profile of oxybutynin delivery.
The permeation enhancer is dispersed through the matrix or

carrier, preferably at a concentration sufficient to provide

permeation-enhancing amounts of enhancer in the reservoir throughout

the anticipated administration period. where there is an additional,

separate permeation enhancer matrix layer as well, as in FIGS, 3

and 4, the permeation enhancer normally is present in the separate

reservoir in excess of saturation. '

The-preferred permeation enhancers of the present invention are

‘ a monoglyceride or a mixture of monoglycerides of fatty acids with a

total monoester content of at least 51%. Fatty acids may be

saturated or unsaturated and straight or chained, and include, for

example, lauric acid, myristic acid, stearic acid, oleic acid,

linoleic acid_and palmitic acid. Monoglycerides are generally

available as a mixture of monoglycerides, with the mixture deriving

its name from the monoglyceride present in the greatest amount.
Monoglyceride permeation enhancers include, for example, glycerol

monooleate, glycerol monolaurate and glycerol monolinoleate. In a

more preferred embodiment, the permeation enhancer is glycerol
monooleate. ' _

In addition to oxybutynin and a suitable permeation enhancer, '.

which are essential to the invention, the matrix or carrier may also

contain dyes, pigments, inert fillers, excipients and other

conventional components of pharmaceutical products or transdermal

' 'devices known to the art,

In the present invention, oxybutynin is delivered at a

therapeutically effective rate (that is, a rate that provides a

desired therapeutic effect) and the permeation enhancer is delivered

at a permeationeenhancing rate (that is, a rate that provides
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increased permeability of the application site to the oxybutynin) for

a predetermined time period and in the required delivery pattern.

A preferred embodiment of the present invention comprises a

method of treating any disorder in which it is therapeutic to

administer a therapeutically effective amount of one or more of the

compounds of the present invention to a patient suffering from such
disorder. ’

Another preferred embodiment of the present invention comprises

a method of treating neurogenic bladder disorders, e.g., urinary

frequency or incontinence. To be useful in treating a neurogenic

bladder disorder. oxybutynin should be present in plasma at levels

above about 0.5 ng/ml, preferably at levels above about 1.0 ng/ml and

most preferably at levels of about 2.0 ng/ml. To achieve this

result, oxybutynin is delivered at a therapeutic rate of at least

about 40-200 pg per hour, but typically of at least 80 pg/hr, and

more typically at about 80-160 ug/hr, for the treatment period,

usually about 24 hours to 7 days.

The administration rate through the skin should be sufficient

to minimiie the size of the device. The size of the device of this

invention can vary from less than 1 cm: to greater than 200 cmz. A
typical device, however, will have a size within the range of

' 5-50 cmf. The delivery device containing the oxybutynin and a
permeation enhancer is placed on a user such that the device is

delivering oxybutynin in a therapeutically effective amount to the

user to treat a neurogenic bladder disorder. _

-The length of time of oxybutynin presence and the total amount
of oxybutynin in the plasma can be changed following the teachings of

this invention to provide different treatment regimens. Thus, they

can be controlled by the amount of time during which exogenous

oxybutynin is delivered transdermally to an individual or animal.

The devices of this invention can be designed to effectively

deliver oxybutynin for an extended time period of from several hours

up to 7 days or longer. Seven days is generally the maximum time

limit for application of a single device because the adverse affect

of occlusion of a skin site increases with time and the normal cycle
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of sloughing and replacement of the skin_cells occurs in about

7 days. The transdermal therapeutic devices of the present invention

are prepared in a manner_known in the art, such as by those
procedures, for example. described in the transdermal device patents

listed previously herein. Having thus generally described the
invention. the following specific examples describe preferred

embodiments thereof. ' V

DETAlLED DESCBIPTIOQ OF EXAMPLES
The devices for Example I were prepared as follows:

A- Formulation without a Permeation Enhancer

A formulation containing 30 wt % oxybutynin base in a matrix of

EVA 40 (U;S.I. Ehemicals. Illinois) was prepared by dissolving the
oxybutynin base and EVA 40 in methylene chloride. The solution was

poured onto a sheet of_fluorocarbon diacrylate ("FCD")/polyester

release liner to dry. The dried material was pressed to 5 mil (a.

0.1 mm) thickness between two sheets of FCD/polyester release liner
at 7S‘C. The resulting film was laminated to a flexible cloth _

backing (spun laced polyester, 1:3 oz/ydz), and 2.0 cm; discs were
cut from the laminate.

v 8. "Formulations with Permeation Enhancers

Formulations containing oxybutynin base at 30 wt %, and various

permeation enhancers glycerol monolaurate, glycerol monooleate, and

glycerol monolinoleate) at 25 wt % in a matrix of EVA 40 were _

prepared by dissolving the-oxybutynin base, permeation enhancer and
EVA 40 in methylene chloride., The same procedure as described above

was then used to make the device.

The glycerol monooleate (GMO) used was Myyerol®‘18-99K glycerol
‘monooleate (Eastman Kodak Chemicals), which has a glycerol monooleate

content of 61% and a total monoester content of 93%, the glycerol

monolinoleate (GMLO) used was Myverol® 18-92K glycerol monolinoleate,
which has a glycerol monolinoleate content of 68% and a minimum total

monoester content of 90%, and the glycerol monolaurate (GML) used was

Grindtek@ ML 90 glycerol monolaurate, which has a glycerol
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monolaurate content of 90% and a minimum total monoester content _

of 90%.

C. Device with In-line Adhesive

Each of the oxybutynin matrix/cloth backing laminates were

divided in half, and one half of each was laminated to 3M acylate

transfer adhesive MSP 32589 (1.6 mil, an acrylate adhesive with Z-5%

acid functionality). Before testing, each final laminate was

equilibrated for at least 5 days to allow the enhancer and oxybutynin

to partition into the contact adhesive. The edges of the devices
m with in-line adhesive were masked with polyester tape so that the

oxybutynin reservoir edges were not exposed to the epidermis or

solutions when they were tested.

The devices for Examples 2. 4 and 5 are prepared as follows:

LII

A. Formulation containing GMO

15 A formulation containing 27 wt % oxybutynin base and 27 wt %

GMO (Myverol® 18-99K glycerol monooleate) in a matrix of EVA 40 was

prepared using a Brabender Mixer and a 50 cc mixing bowl. The EVA 40

was added to the mixing bowl and mixed until pellets were no longer

visible. The oxybutynin base was slowly added to the mixing bowl.

2o Mixing was continued for an additional 10 minutes after addition was

complete. GMO was heated to 40'C and added very slowly to the mixing

bowl. Addition time was approximately 45 minutes. The bowl was then

closed and mixing continued for at least 20 minutes before removing

"the completed oxybutynin mix from the bowl. .

25 . The oxybutynin mix was calendared to 5 mil thickness between

release liners (FCD/polyester). Five one-foot sections of the

oxybutynin film were heat laminated to Medpar® backing (medium

density polyethylene layer/aluminum polyester layer/EVA layer).

Three of the oxybutynin film/backing laminates were laminated to 3M

so acrylate transfer adhesive MSP 1006 P.
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EXAMPLE 1

The in vitro transdermal oxybutynin permeation rates through

the epidermis of two human skin donors from devices described above

were determined. For each device tested, the release liner was

removed and the oxybutynin4releasing surface was placed against the

stratum corneum~side of a disc of human epidermis which had been
blotted dry.just prior to use. The excess epidermis was wrapped
around the device so that none of the device edge was exposed to the

receptor solution. The device covered with epidermis was attached to.
the flat side of the Teflon@ holder of a release rate rod using nylon

mesh and metal string; The rods were reciprocated in a fixed-volume

of receptor solution.0.05 M phosphate buffer, pH_6.5. The entire"
receptor solution was changed at each sampling time. The temperature

of the receptor solution in the water bath was maintained at 35'C.
Results are summarized in the following table:

TABLE‘l 

Average Transdermal
Oxybutynin (Base)
Permeation Rate“Permeation Enhancer

' ggzcmzghr for 0-96 hrs 

with adhesive ‘None (control) ' 1.21
GML -_ . 3.74
Myvero1®.18-99K 3.09
Myverol®'18-92K 2.40

without adhesive None Control 1.13
' GML 4.24

Myverol® 18-99K 3.59
Myverol® 18-92K 2.47

EXAMPLE 2

The in vitro transdermal oxybutynin permeation rates through

the epidermis of five human skin donors from devices described above
were determined as described in Example 1. The control formulation

contained 30 wt % oxybutynin base (no permeation enhancer) in an EVA
40 matrix. No inoline adhesive was present. The other formulation
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contained 28 wt % oxybutynin base and 28 wt % Myverol® 18-99K

glycerol monooleate in an EVA 40 matrix. There was a 3M acrylate in-

line adhesive present. This same device was used in the in vivo

testing described in Examples 3 and 4. The results are summarized in

5 the following table:

TABLE 2

_ Control Without with Permeation
Skin Donor Permeation nhancer Enhancer

ggzcm hr gg[cm2[hr

no 1 4.7 15.4
2 3.1 ' 6.8
3 2.6 9.4
4 2.5 4.7
5 2.6 5.4

15 EXAMPLE 3

This experiment was carried out using standard glass diffusion

cells which consist of a donor compartment with a 4 ml capacity, and

a receptor compartment with a 22 ml capacity. A circular piece of

epidermis was placed in each diffusion cell (permeation area =

20 1.13 cmz) in a horizontal position between a lower capped receptor

compartment and an upper capped donor compartment. The receptor

compartment has both a venting tube (uncapped) and a sampling port

(capped). "The stratum corneum side of the epidermis faced the donor

compartment. An 0—ring was positioned between the epidermis and the

25 donor compartment, and a clamp held the compartments together. The

receptor solution, 22 ml of 0.05 M phosphate buffer solution, pH 6.5,

was added to each receptor compartment. The cells were placed in a

temperature controlled water bath shaker at 35°C and allowed to come

to temperature before the donor solution was added.

so A total of five donor solutions were tested, and the donor

volume was 0.2 ml in each case. ‘The donor solutions tested were

oxybutynin saturated in 0.05 M phosphate buffer solution, pH 6.5,

oxybutynin saturated in mineral oil, oxybutynin saturated in a

solution of 30% ethanol in phosphate buffer, oxybutynin saturated in

as a solution of 10.6% Myverol 18-99K glycerol monooleate in mineral
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oil, and oxybutynin saturated in a solution of 10.6% glycerol
monolaurate in mineral oil. All donor solutions were at pH 6.5.

At each time interval, the receptor solution was removed from

the test cell and replaced with an equal volume of fresh receptor

solution previously equilibrated at 35'C. The receptor solutions for ’
each time interval were then assayed for oxybutynin, by HPLC (Zorbax

Rx-C8, 15 cm x 4.5 mm ID, 5 pm, 30% acetonitrile/water, 0.06%

dimethyloctylamine, 0.03%.H3P0‘; 220 nm, 1.0 ml/min), to calculate

the permeation rate of oxybutynin through epidermis from the donor

solution. _' _ ’ A , '
As can be seen in Figure 5, glycerol monolaurate and glycerol

monolinoleate increased the permeation rate of oxybutynin, whereas

ethanol showed the same permeation rate as the-donor solution

' containing no permeation enhancer.

EXAMPLE 4

The in.vivo plasma levels of oxybutynin were measured for two

body sites. A 10 cm: device was worn on the penis for 10% hours and
two I0 ch? devices were worn on the inner thigh for 24 hours. A.‘

control sample was drawn before applying the systems. The device

worn on the penis produced a plasma oxybutynin level of 2.0 ng/mL

within d hours, and the levels varied between 1.4 and 2.1 ng/mL
during the iollowing'6% hours of wearing. The systems worn on the
inner thigh produced a-plasma oxybutynin concentration of 0.9 ng/mL

after I2 hours of wearing, and after 24 hours of wearing the level

had reached 1.1 ng/mL. .
The in vivo plasma oxybutynin concentration were also measured

in two additional subjects who each wore two 10 ch? systems on_the

inner thigh- One subject achieved a plasma oxybutynin concentration

of 2.0 ng/mL after 9 hours, and the plasma level was 1.7 ng/mL after

24 hours of wearing. The other subject achieved a plasma level of

0.7 ng/mL after 12 hours, and the plasma level was 0.8 ng/mL after 24
hours. '
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EXAMPLE 5

The residual oxybutynin in devices which had been worn by

subjects was measured and compared to the oxybutynin content of

devices which had not been worn. The results are summarized in the

.5. following table:
TABL 3

Measured Drug Loss

Subject # Site Jm 

1 inner thigh 5.8
an 2 inner thigh 8.6

3 chest 6.7
4 abdomen 7.2

5 penis . 19.2

Having thus generally described the present invention and

5 described certain specific embodiments thereof including the

embodiments that the applicants consider the best mode of practicing

their invention, it will be readily apparent that various

modifications to.the invention may be made by workers skilled in the

art without departing from the scope of this invention which is

23 limited only by the following claims.
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mun rs CLAIMED is:

1. A device for the transdermal administration, at a

therapeutically effective rate, of oxybutynin, which device
comprises:

5 (a) a reservoir comprising a therapeutically effective
amount of oxybutynin and a skin permeation-
enhancing amount of a permeation enhancer:

(b) fa backing on the skin-distal surface of the

» reservoir; and
:3 _ (c) means for maintaining the reservoir in oiybutynin-

and permeation enhancer—transmitting relation with
the skin.

2.‘ _ A device according to Claim 1 wherein the permeation
enhancer is a monoglyceride or a mixture of monoglycerides of a fatty

15 acids with a total monoesters content of at least 51%. '

3. A device according to Claim 2 wherein the permeation

enhancer is glycerol monooleate, glycerol monolaurate or glycerol
monolinoleate. '

4; A device according to Claim I wherein the oxybutynin is

:0 administered through the skin atea rate of at least 0.08 mg/hour for
a predetermined period of time. ‘

5. A device according to Claim 1 wherein the oxybutynin is

administered through the skin at a permeation rate of at least

12 pg/cm?/hr for a predetermined period of time.

25 6. A device according to Claim 1 wherein the backing is

permeable to water vapor.

7. A device according to Claim 1 wherein the permeation

enhancer is glycerol monooleate and the reservoir further comprises.a
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matrix containing ethylene vinyl acetate copolymer having from about

9% to 60% vinyl acetate. '

8. A device according to Claim 6 wherein the means for

maintaining the reservoir in relation with the skin comprises an in-
line adhesive layer on the skin—proximal surface of the reservoir.ll!

9. A device for the transdermal administration, at a

therapeutically effective rate, of oxybutynin, which device

comprises:

(a) a first reservoir comprising a therapeutically

1: effective amount of oxybutynin and a skin

permeation¥enhancing amount of a permeation

enhancer;

(b) a second reservoir comprising an excess of the

permeation enhancer and substantially free of

15 oxybutynin; '

(c) a rate-controlling membrane between the first

reservoir and the second reservoir;

(d) a backing on the skin-distal surface of the second
reservoir; and

20 (e) - means for maintaining the first and second

‘ reservoirs in oxybutynin- and permeation enhancer-

transmitting relation with the skin.

10. A device according to Claim 9 wherein the oxybutynin is

administered through the skin at a rate of at least 0.08 mg/hour for

2s a predetermined period of time.

11. A device according to Claim 9 wherein the oxybutynin is
administered through the skin at a permeation rate of at least

12 ug/cmz/hr for a predetermined period of time.

12. A device according to Claim 9 wherein the backing is

so permeable to water vapor.
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13. A device according to Claim 9 wherein the means for

maintaining the reservoirs in relation with the skin comprises an in-

line adhesive layer on the skin-proximal surface of the first
reservoir. '

14. A.device according to Claim 9 wherein the first reservoir
V also is an adhesive layer which functions as the means for

maintaining the reservoirs in relation with the skin.

15. A device according to Claim 9 wherein the permeation

enhancer is a monoglyceride or mixture of monoglycerides of fatty
acids with a total monoesters content of at least 51%.

16.. A device according to Claim 15 wherein the permeation

enhancer is glycerol monooleate, glycerol monolaurate or glycerol

monolinoleate.

17. A method for the transdermal administration of

oxybutynin, which method comprises:
(a) administering oxybutynin at a therapeutically

effective rate to an area of skin; and

(b) simultaneously administering a permeation enhancer

to the area of skin atva rate which is sufficient
' to substantially increase the permeability of the

area to the oxybutynin. '

18. A method according to Claim 17 wherein the permeation
‘enhancer is'a monoglyceride or mixture of.monoglycerides of fatty

acids with a total monoesters content of at least 51%-

‘ 19. ‘A method according to Claim 18 wherein the permeation

enhancer is glycerol monooleate, glycerol monolaurate or glycerol

monolinoleate. ' A ‘
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20. A method according to claim 17 wherein the oxybutynin is

administered through the skin at a rate of at least 0.08 mg/hour for

a predetermined period of time.

21. A method according to Claim 17 wherein the okybutynin is

administered through the skin at a permeation rate of at least
12 pg/cm?/hr for a predetermined period of time.

22. A method according to Claim 17 wherein the backing is
permeable to water vapor.

23. A method for treating neurogenic bladder disorders, the

method comprising the step of placing a oxybutynin transdermal

delivery device onto the skin of a person, the oxybutynin transdermal

delivery device comprising:

(a)- a reservoir comprising oxybutynin in an amount
sufficient to provide treatment of symptoms of a

neurogenic bladder for a predetermined period of

time and a permeation enhancer in a skin’

permeation-enhancing amount;

' (b) a backing on the skin-distal surface of the

reservoir; and’

(c) means for maintaining the reservoir in oxybutynin-

and_permeation enhancer-transmitting relation with
the skin.

24. A method according to Claim 23 wherein the permeation

enhancer is a monoglyceride or mixture of monoglycerides of fatty

acids with a total monoesters content of at least 51%.

25. A method according to Claim 24 wherein the permeation

enhancer is glycerol monooleate, glycerol monolaurate or glycerol
monolinoleate.
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26.. ‘A method according to Claim 23 wherein the oxybutynin is

administered through the skin at a rate of at least 0.08 mg/hour for

the predetermined-period of time;

27. A method according to Claim 23 wherein the oxybutynin is

administered through the skin at a permeation rate of at least

12 pg/cu?/hr for a predetermined period of time.

28. ' A method according to Claim 23 wherein the backing is 7'
permeable to water vapor..

29. A method according to Claim 23 wherein the permeation
enhancer is glycerol monooleate and the reservoir further.comprises a

matrix comprising ethylene vinyl acetate copolymer having from about

9% to 50% vinyl acetate. '

30. A method according to Claim 29-wherein the means for

maintaining the reservoir in relation with the skin comprises an in-

line adhesive layer on the skin-proximal surface of the reservoir.

31. A method for treating neurogenic bladder disorders, the

method comprising the step of placing a oxybutynin transdermal

delivery device onto the skin of a person, the oxybutynin transdermal

delivery device comprising:

(a) a first reservoir comprising oxybutynin in an

amount sufficient to provide treatment of symptoms

of a neurogenic bladder for a predetermined period

of time and a permeation enhancer in a skin '

permeation-enhancing amount;

’(b) a second reservoir comprising an excess of the

permeation enhancer and substantially free of

oxybutynin;

(c) a rate—controlling membrane between the first

reservoir and the second reservoir;
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(d)- a backing on the skin-distal surface of the second

reservoir; and

(c) means for maintaining the first and second

reservoirs in oxybutynin- and permeation enhancer-

s transmitting relation with the skin.

32. A method according to Claim 31 wherein the oxybutynin is

administered through the.skin at.a rate of at least 0.08 mg/hour for

a predetermined period of time.

33. A method according to Claim 31 wherein oxybutynin is

:0 administered through the skin at a permeation rate of at least

12 ug/cm?/hr for a predetermined period of time.

34. A method according to Claim 31 wherein the backing is

permeable to water vapor.

35. A method according to Claim 31 wherein the means for

m maintaining the reservoirs in relation with the skin comprises an in-

line adhesive layer on the skin-proximal surface of the first

reservoir.

36; A method according_to Claim-31 wherein the first

reservoir also is an adhesive layer which functions as the means for

20 maintaining the reservoirs in relation with the skin.

4 37. A method according to Claim 31 wherein the permeation

-enhancer is a monoglyceride or mixture of monoglycerides of fatty

acids with a total monoesters content of at least 51%.

38. A device according to Claim 37 wherein the permeation

25 enhancer is glycerol monooleate, glycerol monolaurate or glycerol
monolinoleate.
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Controlled release oral delivery system containing
oxybutynin.

The present invention relates to controlled or extended
release delivery systems for the treatment of disorders

responsive to the action of an antispasmodically active

agents, especially for the treatment of.a neurogenic
bladder, a method of preparation of the delivery systems

as well as method of using them.

_Oxybutynin and its salts, in particular the hydrochloride
(hereinafter oxybutynin) is a musculotropic antispasmodic
drug with moderate anticholinergic, systemic analgesic
and local anaesthetic action. Its relaxant effect on

smooth muscle is based on antagonism of a process distal

to the neuromuscular junction (papaverine-like effect)

and on anticholinergic action on the blockage of muscari-

ne-type receptors. Oxybutynin chloride has been in clini-
cal use for twenty years and it is indicated for the re-

lief of symptoms associated with voiding in patients with
an uninhibited neurogenic and reflex neurogenic bladder.

It is also used to suppress gastric acid secretion, to
relieve post~transurethral vesical pain and spasm in the

gastrointestinal tract, to control detrusor dysfunction
and to facilitate catheterization of the urinary bladder
in myelomeningocele patients. The drug is effective when
given orally. .

Chemically, oxybutynin hydrochloride (DL-racemic form of

4-diethylamino-2-butynyl-phenyl-cyclohexylglycolate’hy-

drochloride) is a tertiary amine. It is rapidly absorbed

from the gastrointestinal tract following oral admini-
stration and its pharmacological action starts within one

hour. The duration of action of the drug is three to six
hours.

It has been established that after the administration of

oxybutynin hydrochloride (5 mg dose tablet), the maximum
concentration of unmetabolized oxybutynin in plasma was
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reached within 1 h, and the elimination half-life was

about 2.5 h. Due to the relatively rapid-elimination of

the active agent from the blood, conventional treatment

with oxybutynin has comprised administering oxybutynin in

a dose of 5'mg (calculated as the hydrochloride) twice

or three times daily, the recommended maximal dose of

oxybutynin being 20 mg per day.

In conventional treatment, the administration of oxybuty-

nin is accompanied by a high initial peak concentration

in the blood with associated side effects. Furthermore,

the frequent need to administer the drug in order to

maintain or restore the necessary concentration of active

agent in the blood is cumbersome and consequently has a

tendency to reduce patient compliance.

Consequently, there is a need for an oxybutynin prepara-

tion with a sustained action. Especially there is a need

for a preparation which allows for a reduction of the

peak initial drug concentration in the blood and which

provides for an even and substantially extended effect.

Such a preparation would readily allow for a once-a-day

treatment with a single oral dose.

According to the invention the afore mentioned aim has

been reached by combining oxybutynin or a pharmaceutical-

ly acceptable salt thereof, with an excipient allowing

the controlled and extended, even release of the active

agent over a period of time exceeding 24 hours while sis

multaneously reducing the initial peak concentrations of

active agent in the blood of the patient.

Thus the invention provides a controlled release oral

delivery system for the treatment of disorders responsive

to the action of an antispasmodically active agent, comp-

‘rising

- a therapeutically effective amount of oxybutynin,
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or a pharmaceutically acceptable salt thereof,

- a controlled release excipient comprising

- about 20 to 60 % by weight of a hydrophilic

material comprising a heteropolysaccharide and a homopo-

lysaccharide, in a ratio of about 1:3 to 3:1,

- a cationic crosslinking agent for the said

hydrophilic material, in an amount of about 1 to 20 % by

weight,

- about 20 - 79 % by weight of an inert filler,

the ratio of oxybutynin to hydrophilic material being

from about 1:2 to 1:25.

The excipient used in the composition according to the

invention thus comprises as one component a hydrophilic

material or gelling system comprising on the hand a hete-

ropolysaccharide, and on the other hand a homopolysaccha—

ride which is capable of crosslinking the heteropolysac-

charide in an aqueous fluid, such as in a gastric fluid,

the ratio between the two types of saccharides being from
about 3:1 to 1:3.

The heteropolysaccharide is a water soluble saccharide

containing two or more kinds of sugar units, and it has

excellent swelling properties. According to a preferred

embodiment it comprises a xanthan gum, or a derivative

thereof. such derivatives are deacylated xanthan gum, the

carboxymethyl ether and propylene glycol ester.

In the preferred embodiment, the homopolysaccharide comp-
rises one or more galactomannans, and especially ga1acto—

mannas with a higher ratio of mannose to galactose, e.g.

locust bean gum. other polysaccharides are e.g. guar gum

and hydroxypropyl guar gun.

The ratio between heteropolysaccharide and homopolysacha-

ride is preferably approximately 1:1.
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In addition the excipient contains an inert filler or

diluent, which suitably is a monosaccharide, disaccharide

or polyhydric alcohol, such as sucrose, dextrose, lacto-

se, fructose, xylitol, sorbitol, and microcrystalline

cellulose, or mixtures thereof.

The excipient used in the composition according to the
invention contains in addition a cationic crosslinking

agent which is capable of crosslinking the hydrophilic

material, when this is exposed to gastrointestinal

fluids, thus strengthening the gel structure and preven-

ting an initial burst of the drug when exposed to a ga-

strointestinal environment. The amount of cationic cross-

linking is at the most about 20 % by weight, such as from

bout 1 to 20, especially about 5 to 15 % by weight.

The cationic crosslinking agent can be a mono- or multi-

valent salt, preferably an inorganic salt such as

alkali and/or alkaline earth metal salt, such as sodium,

potassium, litium, calcium, magnesium chloride, bromide,

sulfate, borate, citrate, acetate, lactate, carbonate,

bicarbonate. The cationic crosslinking agent is prefera-

bly divalent, such as in calcium sulfate, or it is sodium.
chloride.

Controlled release excipients containing a combination of

hetero- and homopolysaccharides as defined above with

inert diluents, have been described in the US patents

4,994,276, 5,128,143, and 4,135,757.

In a preferred embodiment the excipient contains about 25

to 50, especially about 25 to 35 % by weight of the hyd-

rophilic material or gelling system, about 5 to 15 % by

weight of cationic crosslinking agents, and about 35 to

70, especially about 50 to 70 % by weight of inert di-
luent.
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The ratio of oxybutynin (calculated as its hydrochloride)

to hydrophilic material is preferably about 1:5 to 1:15.

A suitable amount of oxybutynin in-a single dose, such as

in a tablet, is about 5 to 20 mg, especially about 10 mg.

A suitable daily dose of opxybutynin is from about 0.05

to 0.25 mg/kg body weight, especially appr. 0.12 mg/kg

body weight.

The drug delivery system according to the invention can

be made by first dry blending the ingredients for the

excipient, and then granulating the mixture in the pre-

sence of small amount of fluid, such as water. The ob-

tained granulate is therafter combined with the active

‘ingredient for example by simple dry-blending, or by

using wet granulation techniques, using e.g. water as the

granulating fluid.

According to an embodiment of the invention, a suitable

lubricant, known per se, can be added to the excipient

and drug components to be combined. The choice of lubri-

cants is well known in the art, and magnesium, calcium

and sodium stearate may be mentioned. A suitable amount

of lubricant is appr. 0,5 to 3 % by weight.

The drug-excipient mixture prepared may be_compressed to

tablets according to conventional tablet formation tech-

niques. The blend may also be used as pellets, as a gra-

nulate or powder, or filled in capsules. The dosage for-

med obtained may be coated using any suitable coating

system. such coating systems and coating techniques are
well known in the art.

According to the invention it is possible to add to the
composition further agents and additives, e.g. hydropho-

bic agents for regulating the hydration of the product,

"for example by including polymeric cellulose derivatives,

such as alkyl celluloses, polymeric acrylic and methacry-
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lic acid derivatives, waxes, oils etc. usually in amounts

amounting to about 1 to 20 % by weight. Such an addition
replaces part of the inert diluent. The hydrophobic
agents are as such well known in the art, and a number of

them are commercially available. It is also possible to

add release rate.decreasing substances to the mixture of

drug and excipient, for example microcrystalline cellulo-

se in an amount of about 1 to 10 % by weight.

The present invention also concerns a method for treating

a subject of a condition responsive to the action of an

antispasmodically active agent, such as voiding resulting

from uninhibited or reflex neurogenic bladder, gastric

acid secretion, vesical pain, gastrointestinal tract

spasm and detruson dysfunction, especially of neurogenic

bladder, the method comprising administering to the sub-

ject for oral ingestion a delivery system, especially a

tablet, according to the invention as defined above.

The invention also concerns a method of maintaining, in a

human subject, a therapeutically sufficient blood level

concentration of oxybutynin or of an active metabolite

thereof, such as N-desethyl oxybutynin. for an extended

period of time, the method comprising administering oral-

ly to the said subject a controlled release delivery sys-

tem according to the invention, as defined above, espe-

cially a tablet containing 5 to 20 mg of oxybutynin. Pre-

ferably a therapeutically sufficient blood level concent-

ration is maintained for at least about 24 hours after

administration of a single dose of oxybutynin, such as a

single dose of about 0.05 mg/kg to 0.25 mg/kg, especially

about 0.12 mg/kg'body weight, of oxybutynin or a salt

thereof, e.g. the hydrochloride. The administration of a

daily single dose of a 10 mg controlled release oxybuty-

nin tablet gave blood level concentrations of oxybutynin

of at least about 0.5 ng/ml, such as 0.5 to 2.0 ng/ml for

a period of at least about 24 hours, the value following
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the peak value being in the area of about 0.5 to 1.0

ng/ml, as is evident from the test report.

The following examples illustrate the invention, however,

without limiting the scope thereof. Parts and percentages

are by weight, unless otherwise stated.

Exam les - 2:

In Examples 1-2, controlled release excipients in accor-
dance with the present invention were first prepared, the

oxybutynin being added subsequently, and the final mixtu-
re then being tableted.

The excipient was prepared by dry blending the requisite
amounts of xanthan gum, locust bean gum, calcium sulfate,
and dextrose in a high speed mixer/granulater for 2 minu-
tes. While running choppers/impellers, the requisite

amount of water was added to the dry blended mixture, and

granulated for another 2 minutes. The granulation was
then dried in a fluid bed dryer to a LOD (loss on drying)

of less than about 10% by weight (e.g. 4-7% LOD). The

granulation was then milled using 20 mesh screens. The
ingredients of the granulations of Examples 1-2 are set
forth in Table 1 below:

TABQE 1

Preparation of sustaiggg-release excipient

_C_o.mp_o_n_n_et &_:__Ex_-_.1. 3_-_e:._2.
1. Xanthan Gum 25 25

2. Locust Bean Gum 25 25

3. Dextrose 40 30

4. Calcium sulfate 10 20

5. Water ' 10* 10*

*Removed during processing.
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Next, the excipient prepared as detailed above was dry

blended with the desired amount of oxybutynin RC1 in a V-

blender for 10 minutes. A suitable tableting lubricant

(Pruv®, sodium stearyl fumarate, NF, commercially availa-

ble from the Edward Mendell Co., Inc) was added, and the

mixture was blended for another 5 minutes. This final

mixture was compressed into tablets. The ingredients of

the tablets of Examples 1-2 are set forth in Table 2 be-

low:

IAfiLE_2

Tablet £omu1at;4gg - gxamplgg 1-2

 3_:_E.x..__1. §;2;.._-2

1. Excipient 93.8 93.8

2. Oxybutynin Hcl 4.7 4.7

3. sodium stearyl fumarate 1.5 1.5

Tablet weight (mg) 213.2 213.2

Hardness (Kp) 3.3 1.4

Examples 3-4:

In Examples 3-4, a controlled release excipient was pre-

pared in accordance with the procedures set forth for

Examples 1-2. The ingredients of the sustained release

matrix of Examples 3-4 are set forth in Table 3 below:

I&ELB_3

Qemnenent * E - 3 i_:_ExL_i

1. Xanthan Gum 15 15

2. Locust bean Gum 15 15

3. Dextrose ‘ 60 60

4. Calcium Sulfate 10 10

5. Water 10* 10*

*Revomed during prosessing.
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Thereafter, oxybutynin tablets were prepared in accordan-

ce with the procedure set forth in Examples 1-2. The in-

gredients of the tablets of Examples 3-4 are set forth in
Table 4 below:

5

2ABL§ 4

__p___n._Comone t %_-_§c..; 34325.-_5.

1. Excipient 95.7 93.0

10 2. Oxybutynin RC1 2.9 5.6

3. sodium stearyl fumarate 1.4 1.4

Tablet weight (mg) 348.3 179.3

Hardness (Kp) 10.4 3.3

15

In Example 3, the drug:ge1 ratio is about 1:10. In

Example 4, the drug:gel ratio is about 1:5. By "gel" it
is meant the combined weight of xanthan gum and locust

bean gum.

20
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TEST REPORT

A bioeguivalence study was carried out to assess the bio-

availability of oxybutynin from a delivery system accor-

5 _ ding to the invention, using as a reference system an

ordinary 5 mg oxybutynin chloride containing tablet, af-

ter a single peroral dose of 10 mg of oxybutynin chlori-
de.

10 The study was performed as a balanced, randomized, three-

period cross-over study on 24 healthy volunteers.

gharmgcokinetics

15 From serum concentrations of oxybutynin and its

metabolite N-desethyl oxybutynin the following

pharmacckinetic parameters were calculated:

— AUCM using the linear trapezoidal rule (t was the

20 last detectable concentration).

- can and tn“ were used as measured

The individual and mean serum time-concentration curves

for both oxybutynin and its metabolite N-desethyl oxybu-

25 tynin were provided.

The pharmacokinetic parameters were calculated and curves

created using the siphar program.

30 Fourteen (14) blood samples (16 ml each) were taken du-

ring each study period according to the following schedu-

le: 0 (pre-drug), 0.25 (15 min), 0.5 (30 min), 0.75 (45

min), 1.0, 1.5, 2.0, 3.0, 4.0, 6.0, 8.0, 10.0, 12.0'and

24.0 hours following drug administration. A total of 420

35 ml blood was taken over the three study phases, exclusive

of pre- and post—clinical blood work (30 ml).
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All urine excreted during 24 h after administration of

the drug was collected as follows: one sample was taken

before administration (blank sample); thereafter, samples

in fractions of four hours up to 12.0 h after administra-

tion (0.0-4.0 h, 4.0-8.0 h and 8.0-12.0 h), and in a

fraction of twelve hours up-to 24.0 h (12.0-24.0 h).

Urine fractions were measured by volume, and aliquots of

2-3 ml separated into duplicate polypropylene tubes, fro-

zen immediately and stored at —20°C for later examinati-

on.

Evaluations

The data from this study was analyzed by comparing the

pharmacokinetic parameters calculated for the

controlled release tablet (test preparation) to those for

the ordinary tablet (reference preparation).

Analytical methodg

Analysis of oxybutynin and its metabolite N-desethyl oxy-

butynin in serum were carried out by a capillary gas

chromatographic method using mass selective detector. The

quantification limit of the method was 0.2 ng/ml for un-

changed oxybutynin and 2.5 ng/ml for the metabolite. The

method is linear from 0.2 ng/ml to 30 ng/ml for oxy-

butynin and from 2.5 to 150 ng/ml for N-desethyl oxy-

butynin,.respectively.

Results

There were no statistically significant differences in

the extent of oxybutynin in serum after administration of

the controlled release tablet (Md AUCM= 17.02 ng/ml*h)

compared to that after intake of two 5 mg ordinary tab-

lets (the reference preparation, Md AUcM= 15.86 ng/ml*h).
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The peak serum concentration of oxybutynin after the test
controlled release tablet (Md Cm,

ver significantly lower and it was reached significantly

later (Md t,n= 1.5 h) than those after administration of

5 the reference tablets (Md C,“ 6.86 ng/ml, Md t = 0.75

2.13 ng/ml) was howe-

h). This is also shown in the appended Figures 1 and 2.

In these Figures, Fig. 1 shows the mean serum concentra-

tion of oxybutynin as a function of time after adminis-

tartion of a 10 mg controlled release tablet of the in-

10 vention, and 2 * 5 mg conventional tablets. Fig. 2 shows‘

the serum concentration of the metabolite, N-desethyl

oxybutynin after the said administration.

The clinical importance of the extended release pattern

15 of the controlled release tablet was demonstrated by sta-

tistically significantly less anticholinergic side-ef-

fects compared to the conventional tablet. Furthermore,

the high and persistent levels of the active metabolite

of oxybutynin for the whole 24 h study period reflects

20 the extended release characteristics of the 10 mg cont-

rolled release tablet.

In summary, . -

1. The controlled release tablet of the invention gave a

25 reliable pharmacokinetic profile of an extended release

formulation covering the 24-hour study period.

2. There were no statistically significant differences in
the AUC of oxybutynin in serum after administration of

30 the test controlled release tablet compared to that after
intake of two 5 mg ordinary tablets.

3. The controlled release tablet can be considered a suc-

cessful and clinically bioequivalent formulation when

35 lower peak concentrations of oxybutynin in serum are de-
sirable to diminish anticholinergic side-effects of oxy-

butynin.
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Claims:

1. A controlled release oral delivery system for the

treatment of disorders responsive to the action of an

5 antispasmodically active agent, comprising

- a therapeutically effective amount of oxybutynin,

or a pharmaceutically acceptable salt thereof,

7 a controlled release excipient comprising

- about 20 to 60 % by weight of a hydrophilic

10 material comprising a heteropolysaccharide and a homopo—

lysaccharide, in a ratio of about 1:3 to 3:1,

' - a cationic crosslinking agent for the said

hydrophilic material, in an amount of about 1 to 20 % by

weight,

15 - about 20 - 79 % by weight of an inert filler,

the ratio of oxybutynin to hydrophilic material being

from about 1:2 to 1:25.

2. The delivery system according to claim 1, wherein the

20 the ratio of oxybutynin to hydrophilic material is about

1:5 to 1:15.

3. The delivery system according to claim 1 wherein the

oxybutynin is in the form of its hydrochloride salt.

25

4. The delivery system according to claim 3 in the form

of a tablet containing from 5 to 20 mg of oxybutynin

hydrochloride.

30 5. The delivery system according to claim 3 in the form

of a tablet containing about 10 mg of oxybutynin hyd-

rochloride.

6. A method of making a controlled release oral delivery

35 system for the treatment of disorders responsive to the

action of an antispasmodically active agent, comprising

providing a controlled release excipient by combining
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- about 15 to 60 % by weight of a hydrophilic mate-

rial comprising a heteropolysaccharide and a homopolysac—

charide, in a ratio of about 1:3 to 3:1, with

— a cationic crosslinking agent for the said hyd-

5 rophilic material, in an amount of about 1 to 20 % by

weight, and with

- about 20 - 79 % by weight of an inert filler,

combining said obtained controlled release excipient with

oxybutynin, or a pharmaceutically acceptable salt thereof

10 in an amount as to provide a ratio of oxybutynin to hyd-

rophilic material from about 1:2 to 1:25, and, optionally.
using pharmaceutically acceptable adjuvants, forming the

obtained mixture into a solid dosage form.

15. 7. The method according to claim 6, wherein oxybutinin is

used as its hydrochloride salt, the ratio of oxybutynin

to hydrophilic material being about 1:5 to 1:15}

8. The method according to claim 7 wherein the mixture is

20 compressed into tablets each containing from 5 to 20 mg,

advantageously about 10 mg of oxybutynin hydrochloride.

9. Use of oxybutynin or its pharmaceutically_acceptable

salt for the preparation of an oral drug delivery system

25 according to claim 1, providing extended and even relea-

se of the active agent over a period of time of at least

24 hours, for the treatment of disorders responsive to

the effect of an antispasmodically active agent.

30 10. Use oxybutynin or its salt according to claim 9 for

the preparation of a drug delivery system for the treat-

ment of a neurogenic bladder.

11. A method for treating a subject for relief of a con-

35 ' dition responsive to the action of an antispasmodically

active agent, the method comprising administering to the

subject for oral ingestion a delivery system comprising:
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- a pharmaceutically effective amount of oxybutynin,

or a pharmaceutically acceptable salt thereof,

- a controlled release excipient comprising

- about 20 to 60 % by weight of a hydrophilic

5 material comprising a heteropolysaccharide and a homopo-

lysaccharide, in a ratio of about 1:3 to 3:1,

- a cationic crosslinking agent for the said

hydrophilic material, in an amount of about 1 to 20 % by

weight,

10 - about 20 - 79 % by weight of an inert filler,

the ratio of oxybutynin to hydrophilic material being

from about 1:2 to about 1:25.

12. The method according to claim 11 wherein the condi-

l5 tion to be treated is selected from the group consisting

of voiding resulting from uninhibited or reflex neuro-

genic bladder, gastric acid secretion, vesical pain, ga-

strointestinal tract spasm and detruson dysfunction.

20 13. The method according to claim 12, wherein the condi-

tion to be treated is neurogenic bladder.

14. The method according to claim 11, wherein the delive-.

ry system is a tablet containing from about 5 to 20 mg of

25 oxybutynin hydrochloride.

15. The method according to claim 11 wherein oxybutynin

hydrochloride is adminstered once-a-day in a single dose

containing about 0.05 mg/kg to 0.25 mg/kg, especially

30 about 0.12 mg/kg body weight of oxybutynin hydrochloride.

16. A method for maintaining a therapeutically suffi-

ciently high blood level concentration of oxybutynin or

of an active metabolite thereof, in a human subject, for

35 an extended period of time, the method comprising ad-

‘ministering orally to the subject a delivery system

comprising:
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- a pharmaceutically effective amount of oxybutynin,

or a pharmaceutically acceptable salt thereof,

- a controlled release excipient comprising

- about 20 to 60 % by weight of a hydrophilic

5 material comprising a heteropolysaccharide and a homopo-

lysaccharide, in a ratio of about 1:3 to 3:1,

- a cationic crosslinking agent for the said

hydrophilic material, in an amount of about 1 to 20 % by

weight,

16 - about 20 - 79 % by weight of an inert filler,

the ratio of oxybutynin to hydrophilic material being

from about 1:2 to about 1:25.

17. The method according to claim 16 wherein the extended

15 period of time is at least about 24 hours.

18. The method according to claim 16 or 17 wherein oxybu-

tynin hydrochloride ia administered once-a-day in a sin-

gle dose containing about 0.05 mg/kg to 0.25 mg/kg, espe-

20 cially about 0.12 mg/kg body weight of oxybutynin hyd-

rochloride.
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(57) Abstract

The S-isomer of a compound

represented by formula (I) and
pharmaceutically acceptable salts ' CH
thereof is_ disclosed as being useful I 3
for treating urinary disorders, . ' __
including urinary incontinence. and /CH CH3
gastrointestinal disorders. including \

gastrointestinal hyperactivity. (EH _CH3
CH3

S(-)-tolterodine
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S(-)-TOLTERODINE IN THE TREATMENT OF URINARY AND

GASTROINTESTINAL DISORDERS

FIELD OF THE INVENTION.

This invention relates to a compound named S(—)—tolterodine and

having the formula: -

 H3C on

\‘H
C.‘‘ I

CH2-CH2-N‘

C|H-CH3
CH3

S(-)-tolterodine

Specifically, the invention relates to processes for preparing S-

tolterodine. to a method for treating urinary disorders, including urinary

incontinence and a method for treating gastrointestinal disorders,

including gastrointestinal hyperactivity, using the compound S-

tolterodine and to pharmaceutical compositions containing S-tolterodine.

The generic name TOLTERODINE (CAS-124937-S1-l; INN) refers to

the R—enantiomer of the drug. In this document. the racemate and the

optically active isomers of the compound are referred to as RS-

tolterodine (or RS-TOL), S-tolterodine (or S-TOL), and R-tolterodine (or R-

TOL).

 

R-tolterodine has been shown to reduce bladder pressure in cats

and is presently undergoing clinical testing for inhibitory activity in

patients suffering from detrusor overactivity (urinary incontinence). R-

TOL exerts a spasmolytic effect on bladder smooth muscle by inhibiting

the action of acetylcholine.on smooth muscle. R-TO_L is selective for

muscarinic receptors over nicotinic receptors and as a result, no blocking
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effects are observed at skeletal neuromuscular junctions. Like all other
antimuscarinic compounds, R-TOL causes dry mouth, blurry vision,
tachycardia and possibly also memory impairment.

R-TOL relaxes urinary bladder smooth muscle and in animals with

conditions characterized by increased bladder contractions, cystometric
studies have demonstrated that R-TOL has beneficial effects. R-TOL may
therefore be useful in the treatment and‘ prevention of incontinency and
frequent voluntary urination in patients. The efficacy of R-TOL in the
bladder has been attributed to its antimuscarinic effects on the detrusor

muscle. Because of its antimuscarinic activity. mydriasis (dilated pupils),
xerostomia (dry mouth). tachycardia (fast heart beats) and impaired
normal urinary voiding, which mechanisms all involve muscarinic

cholinergic receptors. are obvious and reported side effects for R-TOI.
(Ekstrom et al., J. Urol. 1995, Suppl.4:V 394A and Stahl et al. 1995.

Neurourol Urodyn.j_A: 647-655).

iPharmacological studies of the individual enantiomers of

tolterodinc have now been‘ performed and have suggested that the R-TOL’
indeed is the efficacious enantiomer on muscarinic receptors. Thus, it was
concluded that the eholinergic antagonism of racemic tolterodinc (RS-
TOL) could be attributed mainly to the activity of R—TOL. The rank order
of potency of racemic tolterodinc and its enantiomers for antimuscarinic

activity is: R-TOL was greater or equal to RS—TOL, which was much

greater than S-TOL, with S-TOL being approximately one or more orders
of magnitude less potent than R-TOL.

SUMMARY OF Tflf, INVENTION

lt'has now unexpectedly been found that S-TOL has outstanding
non-cholinergic spasmolytic activities, while being practically devoid of
anticholinergic activity. It has furthermore unexpectedly been found that
S-TOL provides weak sedative effects. S-TOL therefore will offer

superior treatment for urinary disorders, including urinary incontinence»
and for gastrointestinal disorders, ‘including gastrointestinal

hyperactivity, while being devoid of the anticholinergic side effects that
reside in R~TOL.
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While the optically pure R-TOL provides medical treatment in

patients with urinary incontinence that arises from one single cause,

namely muscarinic hyperactivity, it was found that the optically pure S-

TOL provides spasmolytic activity against urinary and intestinal spasms

that arise from various mechanisms. S-TOL is particularly useful in

patients where urinary incontinence is caused by non~cholinergic
mechanisms or in patients, where antimuscarinic side effects are not

acceptable (for example in the elderly, where antimuscarinic side effects
have unacceptable effects on memory). Non-cholinergic spasmogenic

mechanisms include but are not limited to scars (i.e. from childberth or

surgical interventions) causing detrusor pacemaker activity, release of

thromboxane, release of platelet activating factor and other non-

muscarinic spasmogens.

Chemically. S-TOL is S(-)-2-[ct[2-(diisopropylamino)ethyl] benzyl]-

p-cresol.

The active compound of this invention is S-TOL. The synthetic

preparation is described in European Pat. Appl. EP 325571 A], the

disclosures of which are hereby incorporated by reference.

Alternatively. S-TOL can be prepared by stereoselective synthesis,

using (other) chiral templates.

Alternatively, S-TOL can be obtained by the resolution of RS-TOI.

using conventional means such as fractional crystallization of diastereome-
ric salts with chiral acids. Other standard methods of resolution known to

those skilled in the art, include, but are not limited to. crystallization and

chromatography on a chiral substrate and can also be used.

The magnitude of a prophylactic or therapeutic dose of S-TOL -in the '

acute or chronic management of disease will vary.with the severity and
nature of the condition to be treated and the route of administration. The

dose and the frequency of the dosing will also vary according to the age,

body weight and response of the individual patient. In general, the total

daily dose range for S-TOL for the conditions described herein is from

about 0.5 mg to about 100 mg in single or divided doses, preferably in

divided doses. In managing the patient, the therapy should be initiated

at a lower dose, perhaps at about 0.5 mg to about 25 mg, and may be

increased up to about 200 mg depending on the patient's global response.
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It is further recommended that patients over 65 years and those with
impaired renal or hepatic function initially receive low doses and that

they be titrated based on individual response(s) and plasma drug
level(s). It may be necessary to use dosages outside these ranges in some ‘
cases, as will be apparent to those skilled in the art. Further. it is noted

that the clinician or treating physician will know how and when to '

interrupt, adjust, or terminate therapy in conjunction with individual
patient response. The terms "a therapeutically effective amount" and "an
amount sufficient to treat the disorder but insufficient to cause adverse

effects" are encompassed by the above-described dosage amounts and
dose frequency schedule.

Any suitable route, of administration may be employed for
providing the patient with an effective dosage of S-TOL. For example.
oral. sublingual, parental (i.e. subcutaneous, intramuscular, intravenous,

etc.), transdermal. vaginal. aerosol and like forms of administration may
be employed. Additionally, the drug may be administered directly into
the bladder, as described for oxybutynin by Massad et al. L1. U191, 148.
595-597 (l992)] or rectally directly into the gastrointestinal canal as
known in the art. Dosage forms include tablets, troches, dispersions,
suspensions, solutions, capsules, suppositories, microencapsulated
systems, slowrelease and controlled release systems, transdermal
delivery systems, and the like.

The pharmaceutical compositions of the present invention comprise
of S-TOL as the active ingredient. or a pharmaceutically acceptable salt
thereof, and may also contain a pharmaceutically acceptable carrier, and
optionally, other therapeutic ingredients.

The terms "pharmaceutically acceptable salts" _or "a pharmaceuti-
cally acceptable salt thereof" refer to salts prepared from pharmaceuti-
cally acceptable non-toxic acids.’ Suitable pharmaceutically acceptable
acid addition salts for the compound of the present invention include
acetic, benzenesulfonic (besylate), benzoic, camphorsulfonic. citric,
ethanesulfonic, fumaric, gluconic, glutamic, hydrobromic, hydrochloric,
isethionic, lactic, maleic, malic. mandelic, methanesulfonic, mucic, nitric,
pamoic, pathothenic, phosphoric, p-toluenesulfonic, succinic. sulfuric,

tartaric, and the like. The hydrochloride is particularly preferred.
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The compositions of the present invention include suspensions.

solutions. elixirs or solid dosage forms. Carriers such as starches. sugars,

and microerystalline cellulose, diluents, granulating agents, lubricants,‘

binders, disintegrating agents, and the like are suitable in the case of oral

solid preparations (such as powders, capsules, and tablets), and oral solid

preparations are preferred over the oral liquid preparations.

Because of their ease of administration, tablets and capsules»

represent the more advantageous oral dosage unit forms. in which case

solid pharmaceutical carriers are employed. If desired, tablets may be

coated by standard aqueous or nonaqueous techniques.

In addition to the common dosage forms set out above, the

compounds of the present invention may also be administered by

controlled release means and delivery devices such as those described in

U.S. Patent Nos.: 3.845,770; 3,916,899; 3,536,809; 3.598.l23;- and

4,008,719, and PCT application W092/20377, the disclosures of which are

hereby incorporated by reference.

Pharmaceutical compositions of the present invention suitable for

oral administration may be presented as discrete unit dosage forms such

as capsules, cachets, suppositories, or tablets, each containing a

predetermined amount of the active ingredient, as a powder or granules,

or as a solution or a suspension in an aqueous liquid, a non-aqueous

liquid, an oil-in-water emulsion. or a water-in-oil liquid emulsion. Such

compositions may be prepared by any of the methods of pharmacy. but

all methods include the step of bringing into association the active

"ingredient with the carrier which constitutes one or more necessary _

ingredients. In general, the compositions are prepared by uniformly and

intimately admixing the active ingredient with liquid carriers or finely

divided solid carriers or both, and then, if necessary, shaping the product

into the desired presentation, just as is known for the racemic mixture.

For example, a tablet may be prepared by compression or molding,

optionally. with one or more accessory ingredients. Compressed tablets

may be prepared by compressing in a suitable machine the active

ingredient in a free—flowing form such as powder or granules. optionally

mixed with a binder, lubricant, inert diluent, surface active agent or

dispersing agent. Molded tablets may be made by molding, in a suitable

machine, a mixture of the powdered compound moistened with an inert
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liquid diluent. All of the foregoing techniques are well know to persons
of skill in the pharmaceutical art. Each tablet may contain from about 0.5
mg to about 25 mg of the active ingredient.

EXAMPLE§

E I 1.

ORAL LJNIT DOSAQE FQRMULATION

 

 

Tablets:

Ingredients per tablet per batch of
10,000 tablets

S—TOL 5 mg 50 g

Microcrystalline cellulose 30 mg’ 300 g

Lactose 70 mg 700 g

Calcium stearate 2 mg 20 g

FD&C Blue #1 Lake 0.03 mg . 300 mg
 

The S-TOL is blended with lactose and cellulose until a uniform blend is

formed. The lake is added and further blended. Finally, the calcium
stearate is blended in, and the resulting mixture is compressed into
tablets using a 9/32 inch (7 mm) shallow concave punch. Tablets of
other strengths may be prepared by altering the ration of active

ingredient to the excipients or to the final weight of the tablet.
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E.xamt2ls:_2.

Pharmacological Studies of S-TOL, RS-T01." or R-TOL

1. Ligand Binding Studies: Muscarinic Receptors.

The cxperimants are carried out on membranes prepared from SF9

cells infected with baculovirus to express human recombinant muscarinic

receptor subtypes. After incubation with the test article and the proper

radioligand and washing. bound radioactivity is determined with a liquid

scintillation counter. using a commercial scintillation cocktail. The specific

radioligand binding to each receptor is defined as the difference between

total binding and nonspecific binding determined in the presence of an

excess of unlabelled ligand. IC50 values (concentrations required to inhibit

59% of specific binding) are determined by non linear regression analysis

of the competition curves. These parameters are obtained by curve

fitting using Sigmaplotm software.

2. Functional Characterization of Antimuscarinic/Antispasmodic Activity.

Bladder and intestinal smooth muscle strips. Experiments

are performed using methods similar to those described by Kachur et al.

1988 and Noronha—Blob and Kachur," 1991. Strips of tissue (approxi-

mately 10 mm long and 1.5 mm wide) are removed from the body of the

urinary bladder of male Hartley guinea pigs weighing 400-600 g.

Preparations of the longitudinal smooth muscle of the colon of guinea pigs

are prepared as known in the art (Acta Physiol Scand Q5: 15-27, 1965).

The tissues are suspended in an oxygenated buffer of the following

composition, in mM: NaCl. 133; KCl, 4.7; CaCl,, 2.5; MgSO., 0.6; NaH2PO,,,

1.3; NaHCO_,, 16.3; and glucose, 7.7, or of a similar composition. They are
maintained at 37.5 C. Contractions are recorded with isometric trans-

ducers (Model FT-10) on. an ink-writing polygraph.

In each experiment up to seven strips are removed from a single

animal, suspended in tissue‘ chambers and allowed to equilibrate with the

bathing solution for one hour before proceeding with the experiment.
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Contractions induced by carbachol. One series of experiments
focuses on the anticholinergic actions of S-TOL. ‘RS—TOL or R-TOL. In
these experiments, in order‘ to assess the viability of each tissue and to
serve as a frame of reference, contractions of each strip of tissue are
recorded initially in response to exposure to tissue medium in which the
NaCl was replaced by KC] to yield a concentration of 137.7 mM KCl in the -
medium. This is followed by return to the standard medium, and then by
exposures to progressively in creasing concentrations of carbachol, with
separate" exposures to each concentration only until the peak response
has been recorded. Then, leaving one strip untreated and/or one strip
exposed to the test solution to serve as control tissue(s). the remaining
strips each are exposed for one hour to one concentration of an
antagonist. Finally. the responses to increasing concentrations of
carbachol followed by exposure to 137.7 mM KCL are recorded a second
time.

Contractions induced by higpotassium concentration. A
second series of experiments focuses on the spasmolytic action of the
substances being studied against high concentrations of K‘. Contractions
in response to sequentially increasing the concentration of potassium in
the medium are recorded.

Contractions induced by other spasmogens. A third series of
experiments focuses on spasmolytic activities against other spasmogens.
The contractions are recorded in response to sequentially increasing the
concentration of such spasmogens in the medium.

Data analysis. To determine whether antagonists decrease the peak
response to agonists, the peak tension developed by each strip during the
second set of determinations is expressed as a percent of the peak
tension developed during the first concentration-effect determination.
Then, for each antagonist the resultant data are analyzed for treatment—.
related differences by one—way analysis of variance (ANOVA). Since only
one concentration of antagonist- is studied in each strip of bladder, 21
modified procedure is used to estimate the‘ pA2 and slope of the Schild
regression. First, the concentrations of agonist producing a half-maximal
response (the ECSO) is estimated for each strip from the second set of

concentratiomeffect data. The EC5o is obtained from linear regression
lines fit to the logarithm of the concentration of drug and the responses
bracketing the half maximum level of response. For each drug-treated
strip, a "concentration ratio" (CR) is calculated as the ratio of the ECso of ’
the treated tissue divided by the EC50 of the untreated tissue. For each
experiment where two or more strips are exposed to the same chemical
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but at different concentrations, the logarithm of this ratio minus one [i.e..
log (CR-1)] is plotted against the logarithm of the concentration of

antagonist to which the strip had been exposed to produce "Schild plots".
A regression analysis relating log(CR~l) to the logarithm of the

concentration of the antagonist is employed to estimate the pA2 and the
slope of the regression line. Finally, experiments are grouped by
chemical and the mean i S.E.M. of the pA2 and slope are calculated.

Since S-TOL exhibits significantly decreased anticholinergic side
effects as compared with the corresponding R-isomer and racemate,

administration of S-tolterodine will allow avoidance of parasympathec
cardiovascular side effects (i.e. tachycardia etc.) and other

parasympathetic side effects (i.e. dry mouth, blurry vision, inhibition of

normal urinary voiding mechanisms etc.), and the avoidance of memory
loss that arise from the anticholinergic action of R—TOL. It is now
therefore concluded that S—TOL is an effective medicament for the

treatment of urinary voiding disorders, including urinary incontinence,
and for the treatment of gastrointestinal disorders. including
gastrointestinal hyperactivity in humans with greatly reduced side

effects over the corresponding racemate or the pure R-enantiomer.

PatentiOwner, UCB Pharma GmbH — Exhibit 2011 - 0697



Patent Owner, UCB Pharma GmbH – Exhibit 2011 - 0698

W0 98/03067 PCT/US97/12155

CLAIMS.

1. S(-)-2—[ot -[2-(diisopropylamino)ethyl]benzyl]-p-cresol. having the
formula:

 
and pharmaceutically acceptable salts thereof.

2. A method for treating urinary voiding disorders . including
incontinence, which comprises administering to a mammal in need of
such treatment a therapeutically effective amount of S(-)-2-[ot~[2-
(diisopropylamino)ethyl]benzyl]—p-cresol and pharmaceutically
acceptable salts thereof. substantially free of its R enantiomer.

3. A method for treating gastrointestinal disorders. including gastro-
intestinal hyperactivity, which comprises administering to a mammal in
need of such treatment a therapeutically effective amount of S(-)-?.
[2-(diisopropylamino) ethyl]benzyl]-p~cresol and pharmaceutically
_acceptable salts thereof, substantially free of its R enantiomer.

_[a..

4. The method for treating urinary voiding disorders , including
incontinence, while reducing concomitant liability of adverse effects
associated with racemic tolterodine or the R-enantiomer of tolterodine,
which comprises administering to a mammal in need of such treatment a
therapeutically effective amount of S(-)-2—[ot-[2-
(diisopropylamino)ethyl]benzyl]-p-cresol or a pharmaceutically
acceptable salts thereof. substantially free of its R enantiomer.

10
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3. The method for treating gastrointestinal disorders, including

gastrointestinal hyperactivity, while reducing concomitant liability- of
adverse effects associatediwith racemic tolterodine or the R-enantiomer

of tolterodine, whichcomprises administering to a mammal in need of

such treatment a therapeutically effective amount of S(-)-2-[ot-[2-

(diisopropylamino)ethyl]benzyl]-p-cresol or a pharmaceutically

acceptable salts thereof, substantially free of its R enantiomer.

6. The method of claim 4 wherein S(-)-2-[ct-[2-(diisopropylamino)

ethyl]benzyl]-p-cresol or‘ a pharmaceutically acceptable salt thereof is

administered by inhalation or by parenteral, transdermal, rectal,

sublingual or oral administration.

7. The method of claim 5 wherein S(-)-2~[ot-'[.’2-(diisopropylamino)

ethyl]benzyl]-p-cresol or a pharmaceutically acceptable salt thereof is

administered by inhalation or by parenteral, transdermal. rectal,

sublingual or oral administration.

8. The method of claim 4 wherein the amount of_ S(-)-2-[a-[2-

(diisopropylamino)ethyl]benzyl]—p-cresol or a pharmaceutically

acceptable salt thereof is administered from about 0.5 mg to about 200

mg per day.

9. The method of claim 5 wherein the amount of S(-)-2-[ot-[2-

(diisopropylamino)ethyl]benzyl]-p-cresol or a pharmaceutically

acceptable salt thereof is administered from about 0.5 mg to about 200

mg per day.

10. The method according to claim 4 wherein S(-)-2-[ot-[2-(diisopro-

pylamino)ethyl]benzyl]-p-cresol. or a pharmaceutically acceptable salt

thereof, is administered orally.

11. The method according to claim 5 wherein S(-)-2-[ot—[2-(diisopro-

pylamino)ethyl]benzyl]-p-cresol. or a pharmaceutically acceptable salt

thereof._. is administered orally.

12. The method according to claim A4 wherein S(-)-2-[a-[2-(diisopro-
pylamino)ethyl]benzyl]-p-cresol, or a pharmaceutically acceptable salt
thereof, is administered orally in an extended release formulation.

l.1
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13. The method according to claim 5 wherein S(-)-2-[ot-[2-(diisopro-
pylamino)ethyl]benzyl]-p-cresol; or a pharmaceutically acceptable salt
thereof, is administered orally in an extended release formulation.

14. The method according to claim 4 wherein S(—)-2-[a-[2-(diisopro-
pylamino) ethyllbenzyl]-p-cresol. or a pharmaceutically acceptable salt
thereof, is administered transdermally.

15. The method according to claim 5 wherein S(-)-2-[ot-[2-(diisopro-
pylamino) ethyl]benzyl)-p-cresol, or a pharmaceutically acceptable salt
thereof, is administered transdermally.

12
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THERAPEUTIC FORMULATION FOR ADMINISTERING TOLTERODINE WITH CONTROLLED RELEASE

The present invention relates to an improved method of

treating unstable or overactive urinary bladder as well as

a formulation therefor.

A substantial part (5—10%) of the adult population

suffers from urinary incontinence, and the prevalence,

particularly of so—called urge incontinence, increases with

age. The symptoms of an unstable or overactive bladder

comprise urge incontinence, urgency and urinary frequency.

It is assumed that unstable or overactive bladder is caused

by uncontrolled contractions of the bundles of smooth

muscle fibres forming the muscular coat of the urinary

bladder (the detrusor muscle) during the filling phase of

the bladder. These contractions are mainly controlled by

cholinergic muscarinic receptors, and the pharmacological

treatment of unstable or overactive bladder has been based

on muscarinic receptor antagonists. The drug of choice has

.for a long time been oxybutynin.

Oxybutynin, which chemically is the DL—racemic form of

4—diethy1amino—2—butynyl-phenylcyclohexylglycolate, is

given orally,-usually as a tablet or syrup. Oxybutynin,

usually administered as the chloride salt, is metabolized

to an active metabolite, N~desethyl-oxybutynin. The drug is

rapidly absorbed from the gastrointestinal tract following

administration and has a duration of from three to six

hours. While the effectiveness of oxybutynin has been well

documented, its usefulness is limited by classical

antimuscarinic side—effects, particularly dry mouth, which

often leads to discontinuation of treatment.

WO 96/12477 discloses a controlled release delivery

system for oxybutynin, which delivery system is said not

only to be of convenience to the patient by reducing the

administration to a once daily regimen, but also to reduce

adverse side—effects by limiting the initial peak

concentrations of oxybutynin and active metabolite in the

blood of the patient.
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The alleged relief of side—effects by reducing or

eliminating peak concentrations through administration of

the controlled release delivery system is, however,

contradicted by a later published clinical report, Nilsson,

C. G., et al., Neurourology and Urodynamics 16 (1997) 533-

542, which describes clinical tests performed with the

controlled release delivery system disclosed in WO 96/12477

a 10 mg controlledabove. In the clinical tests reported,

release oxybutynin tablet was compared with the

administration of a conventional (immediate release) 5 mg

tablet given twice daily to urge incontinent patients.

While high peak levels of the drug obviously were

eliminated with the controlled release oxybutynin tablet,

no difference in side-effects between the controlled

release tablet and the conventional tablet was observed.

The advantage of the controlled release tablet thus resided

merely in enhancing treatment compliance by its once-a-day

dosage rather than also reducing side—effects as stated in

WO 96/12477.

Recently, an improved muscarinic receptor antagonist,

tolterodine, (R)—N,N—diisopropyl—3-(2—hydroxy-S-_

methylphenyl)s3—phenylpropanamine, has been marketed for

the treatment of urge incontinence and other symptoms of

unstable or overactive urinary bladder. Both tolterodine

and its major, active metabolite, the 5-hydroxymethyl

derivative of tolterodine, which significantly contributes

to the therapeutic effect, have considerably less side-

effects than oxybutynin, especially regarding the

propensity to cause dry mouth. While tolterodine is

equipotent with oxybutynin in the bladder, its affinity for

muscarinic receptors of the salivary gland is eight times.

lower than that of oxybutynin; see, for example,

Nilvebrant, L., et al., European Journal of Pharmacology

327 (1997) 195-207. The selective effect of tolterodine in

humans is described in Stahl, M. M. s., et al.,

Neurourology and Urodynamics 14 (1995) 647-655, and Bryne,

International Journal of Clinical Pharmacology and_

Vol. 35, No. 7 (1995) 287-295.

N.,

Therapeutics,
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The currently marketed administration form of

tolterodine is filmcoated tablets containing 1 mg or 2 mg

of tolterodine L-tartrate for immediate release in the

gastrointestinal tract, the recommended dosage usually

being 2 mg twice a day. While, as mentioned, the side-

effects, such as dry mouth, are much lower than for

oxybutynin, they still exist, especially at higher dosages.

According to the present invention it has now

surprisingly been found that, contrary to the case of

oxybutynin, the substantial elimination of peak serum

levels of tolterodine and its active metabolite through

controlled release of tolterodine for an extended period of

time, such as through a once-daily administration form,

while maintaining the desired effect on the bladder, indeed

gives a significant reduction of the (already low) side-

effects, particularly dry mouth, compared with those

obtained for the same total dosage of immediate release

tablets over the same period. In other words, eliminating

the peak serum levels of the active moiety affects the

adverse effects, and particularly dry mouth, more than the

desired effect on the detrusor activity, simultaneously as

the flattening of the serum concentration does not lead to

loss of activity or increased incidence of urinary

retention or other safety concerns. Thus, in addition to

the convenience advantage of controlled release

administration, one may either (i) for a given total dosage

of tolterodine, reduce the side-effects, such as dry mouth,

or (ii) for a given level of acceptable side-effects,

increase the dosage of tolterodine to obtain an increased

effect on the bladder, if desired.

In one aspect, the present invention therefore

provides a method of treating unstable or overactive

urinary bladder, which method comprises administering to a

(mammal) patient in need of such treatment tolterodine or a

tolterodine—related compound, or a pharmaceutically

acceptable salt thereof, through a controlled release

formulation that administers tolterodine or said

tolterodine—related compound, or salt thereof, at a
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controlled rate for at least 24 hours. It is preferred that

the dosage form formulation is capable of maintaining a

substantially constant serum level of the active moiety or

moieties for said at least 24 hours.

Overactive urinary bladder encompasses detrusor

instability, detrusor hyperreflexia, urge incontinence,

urgency and urinary frequency.

As mentioned above, the chemical name of tolterodine

is (R)—N,N—diisopropyl—3-(2-hydroxy—5-methylphenyl)-3-

phenylpropanamine. The term "tolterodine—related compound"

is meant to encompass the major, active metabolite of

tolterodine, i.e. (R)-N,N—diisopropyl-3-(2—hydroxy—S—

hydroxymethylphenyl)—3—phenylpropanamine; the corresponding

(S)—enantiomer to tolterodine, i.e. (S)-N,N—diisopropyl-3-

(2-hydroxy-S-methylphenyl)-3-phenylpropanamine; the 5-

hydroxymethyl metabolite of the (S)—enantiomer, (S)-

N,N-diisopropyl—3-(2—hydroxy—5-hydroxymethylphenyl)-3-

phenylpropanamine; as well as the corresponding racemate to

tolterodine, i.e. (R,S)-N,N—diisopropyl—3—(2-hydroxy-5-

methylphenyl)-3-phenylpropanamine; and prodrug forms

i.e.

thereof.

By the term "active moiety or moities" is meant the

sum of free or unbound (i.e. not protein bound)

concentrations of (i) tolterodine and active metabolite

thereof, when tolterodine (or prodrug form) is

administered; or (ii) tolterodine and active metabolite

thereof and/or (S)-enantiomer to tolterodine and active

metabolite thereof, when the corresponding racemate (or

prodrug form) is administered; or (iii) active metabolite,

when the (R)—5—hydroxymethyl metabolite of tolterodine (or

prodrug form) is administered; or (iv) (S)-enantiomer to

tolterodine and active metabolite thereof, when the (S)-

enantiomer (or prodrug) is administered; or (v) active (S)~

metabolite, when the (S)-5-hydroxymethyl metabolite is

administered.

The term "substantially constant" with respect to the

serum level of active moiety or moieties means that the

release profile of the controlled release formulation
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should essentially not exhibit any peak values. This may,

more sophistically, also be expressed by reference to the

”flucuation index" (FI) for the serum concentration of

(unbound) active moiety (or sum of active moities when

relevant), where the fluctuation index PI is calculated as

PI = (Cmax — Cmin)/AUCI/I

wherein Cmax and Cmin are the maximum and minimum

concentrations, respectively, of active moiety, AUCT is the

area under the serum concentration profile (concentration

vs time curve) for dosage interval I, and I is the length

of the dosage interval. Thus, according to the present

invention, the controlled release formulation should

provide a mean fluctuation index (for n being at least 30)

that is usually not higher than about 2.0, more preferably

not higher than about 1.5, particularly not higher than

about 1.0, for example not higher than about 0.8.

For tolterodine and its 5-hydroxymethyl metabolite,

the 24-hour exposure, expressed as AUC unbound active

moiety (tolterodine plus metabolite) is usually in the

range of from-about 5 to about 150 nM*h, preferably from

about 10 to about 120 nM*h, depending on the dosage needed

by the particular patient. The indicated limits are based

upon calculation of the unbound concentrations of active

moiety assuming a fraction unbound of 3.7% for tolterodine

and 36% for the S—hydroxymethy1 metabolite (Nilvebrant, L.,

et al., Vol. 60, 13/14 (1997) 1129-

1136).

Correspondingly, for tolterodine and its 5-

Life Sciences, Nos.

hydroxymethyl metabolite, the average (blood) serum or

plasma levels are usually in the range of about 0.2 to

about 6.3 nM, preferably in the range of about 0.4 to about
5.0 nM.

Tolterodine, its corresponding (S)—enantiomer and

racemate and the preparation thereof are described in e.g.

WO 89/06644. For a description of the active (R)-S—

hydroxymethyl metabolite of tolterodine (as well as the
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(S)-5-hydroxymethyl metabolite), it may be referred to WO

94/11337. The

of urinary and gastrointestinal disorders is described in

WO 98/03067.

In another aspect,

(S)—enantiomer and its use in the treatment

the present invention provides a

pharmaceutical formulation containing tolterodine or a

tolterodine-related compound, or a pharmaceutically

acceptable salt thereof, which formulation when

administered to a patient provides controlled release of

tolterodine or said tolterodine—related compound, or salt

thereof, for at least 24 hours, preferably such that a

substantially constant serum level of the active moiety or

moieties is maintained for said at least 24 hours.

-Still another aspect of the present invention provides

the use of tolterodine or a tolterodine-related compound,

or a pharmaceutically acceptable salt thereof, for the

manufacture of a therapeutical formulation for treating

unstable or overactive urinary bladder, which formulation

provides a controlled release of tolterodine or said

tolterodine-related compound, or salt thereof at a

controlled rate for at least 24 hours, preferably such that

a substantially constant serum level of the active moiety

or moieties is maintained for said at least 24 hours.

The controlled release formulation is preferably an

oral delivery system or a transdermal preparation, such as

a transdermal patch, but also other controlled release

forms may, of course, be contemplated, such as buccal

tablets,

formulations for intramuscular administration.

rectal suppositories, subcutaneous implants,

An exemplary type of oral controlled release

formulation, a specific embodiment of which is described in

Example 1 below, is a multi-unit formulation comprising

controlled—release beads. Each bead comprises (i) a core

unit of a water-soluble, water-swellable or water-insoluble

inert material (having a size of about 0.05 to 2 about 2

mm), such as e.g. a sucrose sphere; (ii) a first layer on

the core of a substantially water-insoluble (often

hydrophilic) polymer (this layer may be omitted in the case
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of an insoluble core, such as e.g. of silicon dioxide),
(iii) a second layer of a water-soluble polymer having an

active ingredient dissolved or dispersed therein, and (iv)

a third polymer layer effective for controlled release of

the active ingredient (e.g. a water-insoluble polymer in

combination with a water-soluble polymer).

In the case of an oral controlled release formulation

for once-daily administration, the dosage of tolterodine

(or tolterodine related compound) is, for example, 4 mg or

6 mg.

A transdermal patch for tolterodine or tolterodine-

related compound is described in our co-pending

international application "Transdermally administered

tolterodine as antimuscarinic agent for the treatment of

overactive bladder" (based on Swedish patent application

no. 9802864-0, filed on 27 August 1998), the full

disclosure of which is incorporated by reference herein.

Illustrative patch formulations are described in Example 2
below.

With the guidance of the disclosure herein, the

skilled person may either adapt controlled release

administration forms, such as tablets, capsules, patches

etc, known in the art, to obtain the objectives of the

present invention, or design modified or new controlled

release administration forms.

The invention is illustrated by the following

Examples, without, however, limiting the scope of the

invention in any way. Percentages are by weight, unless

otherwise stated. Reference will be made to the

accompnaying drawings, in which:

Figure 1 is a diagram showing the variation of serum

concentration (nmol/L) of (unbound) active moiety with time

(hours) during 24 hours when administering a predetermined

total dosage of tolterodine (4 mg) through (i) an immediate

release tablet (2 mg) twice daily as in the prior art, and

(ii) a controlled release capsule (4 mg) once daily in

accordance with the present invention;
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Figure 2 is a diagram showing the variation of the

basal salivation (g/min) with time (hours) during 4 hours

after administration of (i) a 4 mg tolterodine controlled

release capsule in accordance with the present invention,

(ii) a prior art tolterodine immediate release tablet, and

(iii) placebo; and

Figure 3 is is a bar chart diagram showing patients‘

individual estimates of experienced dry mouth side effect

(no dry mouth, mild, moderate, severe) after administration

of tolterodine through (i) a conventional 2 mg immediate

release tablet, (ii) controlled release capsules of 4, 6

and 8 mg, respectively, according to the present invention,

and (iii) placebo.

EXAMPLE 1

TOLTERODINE ORAL CR CAPSULE AND IR TABLET

Preparation of tolterodine CR capsules 2 mg and 4'mg

A controlled release (CR) capsule containing non-

pareil beads coated by (i) an ethylcellulose layer, (ii) a

tolterodine/HPMC layer,

ethylcellulose/HPMC layer was prepared as follows:

and (iii) a sustained release

1200 g of (starch-containing) sugar spheres, 20-25

mesh, were charged into a Wurster fluid bed and

sequentially coated with the following three coating

solutions:

- (1) a Surelease® sealcoating solution prepared by mixing

788 g of Surelease® with 563 g of purified water

(Surelease® is an aqueous filmcoating dispersion, about

25% solids, consisting primarily of ethylcellulose

plasticized with fractionated coconut oil; manufactured by

PA, U.S.A. );

- (2) a suspension prepared by first dissolving 35.0 g of

Colorcon, Inc., West Point,

tolterodine L—tartrate in 2190 g of purified water, and

then mixing the solution with 6.6 g of Hypromellose, 5cP

(hydroxypropylmethyl cellulose (HPMC)); and
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— (3) a sustained release coating solution prepared by

mixing 29 g of Hypromellose, 5 cP, with 375 g of purified

water, and then mixing with 695 g of Sure1ease®.

After drying, the coated spheres were filled into hard

gelatin capsule shells (size 3, white/white) to obtain 2 mg

respectively, of the composition ‘

169-207 mg/capsule):

and 4 mg capsules,

(filling mass for 2 mg capsule,

. g .

Tolterodine L—tartrate 2.0 mg 4.0 mg

sugar spheres, 20-25 mesh 69 mg 137 mg

Surelease® 21 mg 42 mg

Hypromellose, 5cP 2.0 mg 4.1 mg

Tolterodine L-tartrate IR tablets 2 mg

Commercially available tolterodine L-tartate 2 mg

tablets for immediate release (IR) (Detrusitol®, Pharmacia

& Upjohn AB, Sweden) were used. The tablets had the

following composition:

Core

Tolterodine L=tartrate 2.0 mg

cellulose, microcrystalline $3.4 mg

calcium hydrogen phosphate dihydrate 18.0 mg

sodium starch glycollate 6.0 mg

magnesium stearate 0.4 mg

colloidal anhydrous silica 0.2 mg

Coating

Methylhydroxypropyl cellulose 1.5 mg

cellulose, microcrystalline 0.3 mg

stearic acid 0.6 mg

titanum dioxide E 171 0.6 mg
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PHARMACODYNAMIC AND PHARMACOKINETIC STUDIES

A clinical trial was performed in patients with

overactive bladder to determine the pharmacodynamic and

pharmacokinetic effects of different daily doses of (i) the

above described tolterodine controlled release capsule

compared with (ii) the above

(below

and (iii) a placebo capsule

(below referred to as TOD),

described tolterodine immediate release tablet

referred to as TIR),

(containing sugar spheres only). The trial was performed as

a double—blind, double dummy, cross-over trial in 60

patients for three one week periods and six treatments (2,

4, 6 and 8 mg TOD once daily, 2 mg TIR twice daily, and

placebo). All patients were randomised to three out of six

treatments, meaning that 30 patients were subjected to each

of the treatments. Pharmacodynamic and pharmacokinetic

measurements were performed on day seven in each treatment

period. The determinations included measurements of (i)

serum concentrations of tolterodine and its main 5-

hydroxymethyl metabolite (below called 5—HM) over time,

(ii) salivation (dry mouth), and (iii) residual urine

volumes.

Serum concentrations of tolterodine and main metabolite

Blood samples were drawn immediately before dosing and

after 0.5, 1, 2, 3, 6, 9, 12, 24 and 25 hours, and the free

(unbound) serum concentrations of tolterodine and its 5-HM

metabolite were measured by gas chromatography/mass

spectrometry. The unbound concentrations were calculated

assuming a fraction unbound of 3.7% for tolterodine and of

36% for 5-HM as obtained from protein binding studies on

human serum (Nilvebrant, L., et al.,

60, Nos. 13/14 (1997) 1129-1136). Figure 1 shows the

obtained variation with time of the sum of the unbound

Life Sciences, Vol.

concentrations of tolterodine and 5—HM (which sum is

referred to as "active moiety") for, on the one hand, the

administration of a 4 mg TOD capsule once daily, and, on

the other hand, the administration of a 2 mg TIR tablet
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twice daily (i.e. equivalent 24-hour doses of capsule and

tablet). As shown in the Figure, the peaks obtained with

the TIR tablet are eliminated with the TOD capsule, the

latter thus providing a substantially constant serum

concentration of active moiety during the 24 hours

illustrated.

The difference in fluctuation of the serum

concentrations between TIR tablet and TOD capsule may also

be demonstrated by calculation of the "fluctuation index".

(Cmax -The fluctuation index, FI, is calculated as PI =

Cmin)/AUCI/I, where I is the length of the dosage interval

and AUCT is the area under the serum concentration profile

the mean calculated

fluctuation index for the active moiety was 2.40 (95% CI

1.95-2.63) for the TIR tablet (based on n=28), and 0.68

(95% CI 0.59-0.78)

during a dosage interval. Thus,

for the TOD capsule.

salivation (dry mouth)

salivation was measured using dental cotton rolls

applied in the mouth for 3 x 2 minutes. Measurements were

performed before breakfast and thereafter after each blood

sample on day seven in each treatment period. Based on all

measurements after dosing, the mean salivation during 12

hours was calculated. The basal salivation at steady state

was measured after treatment with (i) 4 mg TOD capsule,

(ii) 2 mg TIR tablet, and (iii) placebo. The results are

presented in Figure 2. As can be seen in the Figure, the

salivation is substantially constant during the period

shown for the TOD capsule, whereas a considerable reduction

in salivation (i.e. drier mouth) is obtained with the TIR

tablet.

While Fig. 2 shows the total salivation as measured,

the degree of salivation, or dry mouth, was also

determined, based on the patient's estimate of experienced

intensity of the phenomenon. The results for 2 mg TIR

tablet b.i.d., 6 mg TOD capsule and 8 mg

are presented in bar chart form in Figure 3.

4 mg TOD capsule,

TOD capsule,

Patent Owner, UCB Pharma GmbH — Exhibit 2011 - 0714



Patent Owner, UCB Pharma GmbH – Exhibit 2011 - 0715

10

15

20

25

30

35

wo 00/12069 1 2
PCT/SE99/01463

The four bars for each dosage represent, from left to right

in the figure, no dry mouth, mild, moderate, and severe,

respectively.

As apparent from Fig. 2, the dry mouth intensity for

the TIR 2 mg b.i.d. tablet is clearly higher than that of

the TOD 4 mg capsule, TOD

8 mg, is required to match the adverse dry mouth effects of

the TIR 2 mg b.i.d. tablet.

The results from the salivation determinations thus

and about twice that dosage, i.e.

show that flattening of the concentration peaks of the

"active moiety" (i.e. tolterodine plus S-HM) leads to a

substantial reduction of the undesired dry mouth effect.

Residual urine volume

Residual volume is the volume of urine left in the

bladder immediately after voiding. Measuring residual

volume offers a method of assessing the effect of

In fact, it offersantimuscarinic treatment on the bladder.

a measure of efficacy (change in residual volume) as well

as safety (urinary retention, i.e. inability to pass

urine). Efficacy may thus be measured as the mean residual

volume per unit of time, and safety as any case where the

residual urine exceeds a fixed level. The mean residual

volume per micturition was measured by a non-invasive

(ultrasonic) method for placebo, TIR tablet 2 mg b.i.d.,

and for capsules TOD 2 mg, TOD 4 mg, TOD 6 mg, and TOD 8

mg.

The results are presented in Tables 1 and 2 below.

Table 1 shows the mean residual volume per micturition, and

Table 2 shows the maximum residual volume during 12 hours.

The results presented clearly demonstrate that the TOD

capsule dosages are as efficacious as the corresponding TIR

b.i.d dosages, and also that the TOD dose may be increased

up to 8 mg daily and still be safe with regard to urinary
retention.
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Table 1

Mean Residual Volume per micturition (ml)

Placebo TIR TOD

2mg 2mg
b.i.d

Elf59

95% confidence 45 to 26 to 51 to 60 tointerval 46 79 55 66 78

—_——
Estimated -22
difference vs.
IR

to 1

Table 2

TOD TOD

4mg 
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10 Maximum Residual Volume during 12 hours

b.i.d

(ml)

316

The results from the clinical trial described above

15 demonstrate that a flatter serum concentration of active

moiety (tolterodine plus 5-HM) not only does not lead to a

 

 
 

 

   
  

O-360II 

loss of efficacy or to untoward side-effects, primarily

urinary retention, but, importantly, also provides for a

reduced dry mouth effect (unaffected or less reduced

20 salivation).

EXAMPLE 2

25 TOLTERODINE TRANSDERMAL PATCH FORMULATION

Tolterodine-releasing patches were prepared as

follows:
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3 [3 _. _ 1] . J

5 g of tolterodine base were dissolved in 11 g of

ethanol and added to 20 g of Durotak 387-2287 (National

5 Starch & Chemical, U.S.A.). The drug gel was coated onto a

backing membrane (Scotchpak 1012; 3M Corp., U.S.A.) by

using a coating equipment (RK Print Coat Instr. Ltd, Type

KCC 202 control coater). The wet layer thickness was 400

pm. The laminate was dried for 20 min. at RT and then for

10 30 min. at 40°C. A polyester release liner (S 2016; Rexam

Release) was laminated onto the dried drug gel. The sheet

was cut into patches and stored at 2-8°C until use (packed

in Barex pouches). The concentration of tolterodine base in

the patches was 2,5 mg/cm’.

15 System 2 (m11]ti—]aminar.e. acrylate)

5 g of tolterodine base were dissolved in 10 ml of

ethanol. A mix of 6,4 g of Eudragit RL 100 (Rohm GmbH

Chemische Fabrik, Germany) and 6,4 of ethanol and a mix of

2,6 g of Polyvidone 90 (BASF, Germany) and 10,2 g of

20 ethanol were added to the solution of tolterodine base in

ethanol. Finally, 4 g of propylene glycol were added. The

drug gel was coated onto a backing membrane (Scotchpak
1109; 3M Corp., U.S.A.) by using the coating equipment

above. The wet layer thickness was 400 pm. The laminate was

25 then dried at 40°C for 2 hours. An adhesive layer

consisting of Plastoid E35H was coated onto a polyester

film (S 2016; Rexam Release) and dried at 80°C for 10 min.

The two layers were thereafter laminated. The sheet was cut

into patches and stored at 2-8°C until use (packed in Barex

30 pouches). The concentration of tolterodine base in the

patches was 2,0 mg/cm’.

3 3 K I ._J . _] 3 J I

1 g of tolterodine base was mixed with Tween 80

(Merck) by heating to 60 - 70°C. 1,8 g of triethylacetate

35 and 1,3 g of dem. water was added to the mix. The final mix

was then added to 25 g of Eudragit RL 30 D (Réhm GmbH

Chemische Fabrik, Germany). Finally, 180 mg of 1 N NaOH
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were added. The drug gel was coated onto a backing membrane

(Scotchpak 1109; 3M Corp., U.S.A.) by using the coating

equipment. The wet layer thickness was 400 pm. The laminate

was dried at 40°C for 2 hours. An adhesive layer consisting

5 of Plastoid E35H was coated onto a polyester film (S 2016;

Rexam Release) and dried at 80°C for 10 min. The two layers

were thereafter laminated. The sheet was cut into patches

and stored at 2—8°C until use (packed in Barex pouches).

The concentration of tolterodine base in the patches was

10 0,5 mg/cm’.
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CLAIMS

1. A method of treating unstable or overactive urinary

bladder, wherein the method comprises administering to a

patient in need of such treatment tolterodine or a

tolterodine—related compound, or a pharmaceutically

acceptable salt thereof, in a pharmaceutically effective

amount thereof through a controlled release formulation

that administers tolterodine or said to1terodine—re1ated

at a controlled rate for atcompound, or salt thereof,

least 24 hours.

2. The method according to claim 1, wherein the

formulation is capable of maintaining a substantially

constant serum level of the active moiety or moieties for

said at least 24 hours.

3.

controlled release formulation provides a mean fluctuation

The method according to claim 2, wherein the

index of said serum level of active moiety or moieties that

is not higher than about 2.0, preferably not higher than

about 1.0, said flutuation index, PI, being defined as FI =

(Cmax - Cmin)/AUCI/1, wherein Cmax and Cmin are the maximum

and minimum concentrations, respectively, of active moiety

or moieties, AUC1 is the area under the serum concentration

profile, and 1 is the length of the dosage interval.

4. wherein

tolterodine, its 5-hydroxymethyl metabolite or the racemate

The method according to claim 1, 2 or 3,

corresponding to tolterodine is administered, and the

24-hour serum profile, expressed as the AUC of unbound

tolterodine and 5—hydroxymethyl metabolite, is from about 5

to about 150 nM*h, preferably from about 10 nM*h to about
120 nM*h .

5. The method according to claim 1, 2 or 3, wherein

tolterodine, its 5—hydroxymethyl metabolite or the racemate

corresponding to tolterodine is administered, and the serum

Patent Owner, UCB Pharma GmbH — Exhibit 2011 - 0719



Patent Owner, UCB Pharma GmbH – Exhibit 2011 - 0720

10

15

20

25

30

35

. wo 00/12069 1 .,
PCT/SE99/0l463

level of unbound tolterodine and S-hydroxymethyl metabolite

is in the range of about 0.2 to about 6.3 nM, preferably in

the range of about 0.4 to about 5.0 nM,

6. The method according to any one of claims 1 to 5,

wherein the controlled release formulation is a capsule or

tablet for oral administration once daily.

7. The method according to any one of claims 1 to 5,

wherein the controlled release formulation is a transdermal

preparation, preferably a transdermal patch.

8. The method according to any one of claims 1 to 7,

wherein tolterodine is administered.

9. A pharmaceutical formulation containing tolterodine or

a tolterodine-related compound, or a pharmaceutically

acceptable salt thereof, which formulation when

administered to a patient provides controlled release of

tolterodine or said tolterodine-related compound, or salt

thereof, for at least 24 hours, preferably such that a

substantially‘constant serum level of the active moiety or
moieties is maintained for said at least 24 hours.

10. The formulation according to claim 9, which provides a

mean fluctuation index of said serum level of active moiety

or moieties that is not higher than about 2.0, preferably

not higher than about 1.0, said flutuation index, FI, being

defined as PI = (Cmax — Cmin)/AUCr/r, wherein Cmax and Cmin

are the maximum and minimum concentrations, respectively,

of active moiety or moieties, AUCT is the area under the

serum concentration profile, and T is the length of the

dosage interval.

11. The formulation according to claim 9 or 10, wherein

tolterodine, its 5-hydroxymethyl metabolite or the racemate

corresponding to tolterodine is administered, and the

24-hour serum profile, expressed as the AUC of unbound
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tolterodine and 5-hydroxymethyl metabolite, is from about 5

to about 150 nM*h, preferably from about 10 nM*h to about

120 nM*h .

12. The formulation according to claim 9 or 10, wherein

tolterodine, its S-hydroxymethyl metabolite or the racemate

corresponding to tolterodine is administered, and the serum

level of unbound tolterodine and S—hydroxymethyl metabolite

is in the range of about 0.2 to about 6.3 nM, preferably in

the range of about 0.4 to about 5.0 nM.

13. The formulation according to any one of claims 9 to

12, which is a capsule or tablet for oral administration

once daily.

14. The formulation according to any one of claims 1 to

12, which is a transdermal preparation, preferably a

transdermal patch.

15. The formulation according to any one of claims 9 to

14, which provides controlled release of tolterodine.

16. Use of tolterodine or a to1terodine—related compound,

or a pharmaceutically acceptable salt thereof, for the

manufacture of a therapeutical formulation for treating

unstable or overactive urinary bladder, which formulation

provides controlled release of tolterodine or said

tolterodine-related compound, or salt thereof, for at least

24 hours, preferably such that a substantially constant

serum level of the active moiety or moieties is maintained

for said at least 24 hours.

17. The use according to claim 16, wherein a formulation

according to any one of claims 10 to 15 is manufactured.

18. A method for providing a continuous plasma

concentration of tolterodine—re1ated active moiety in a

patient, wherein the method comprises administering a
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dosage form formulation comprising tolterodine or a

to1terodine—re1ated compound, or a pharmaceutically

acceptable salt thereof, that is administered over at least

24 hours to the patient at a controlled and sustained rate

to provide the desired plasma active moiety concentration.

19. The method according to claim 18, wherein the dosage

form formulation is administered orally.
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[received by the International Bureau on 10 February 2000 (10.02.00);

original claims 1-19 replaced by new claims 1-17 (3 pages)]

1. A method of treating unstable or overactive urinary

bladder, wherein the method comprises administering to a

patient in need of such treatment tolterodine or a

tolterodine-related compound, or a pharmaceutically

acceptable salt thereof, in a pharmaceutically effective

amount thereof through a controlled release formulation

capable of maintaining a substantially constant serum

level of the active moiety or moieties for at least 24

hours.

2. The method according to claim 1, wherein the

controlled release formulation provides a mean

fluctuation index of said serum level of active moiety or

moieties that is not higher than about 2.0, preferably

not higher than about 1.0, said flutuation index, PI,

being defined as FI = (Cmax - Cmin)/AUCI/1, wherein Cmax

and Cmin are the maximum and minimum concentrations,

respectively, of active moiety or moieties, AUCI is the

area under the serum concentration profile, and I is the

length of the dosage interval.

3. The method according to claim 1 or 2, wherein

tolterodine, its 5-hydroxymethyl metabolite or the

racemate corresponding to tolterodine is administered,

and the 24fihour serum profile, expressed as the AUC of
unbound tolterodine and 54hydroxymethyl metabolite, is

from about 5 to about 150 nM*h, preferably from about 10

nM*h to about 120 nM*h.

4. The method according to claim 1, 2 or 3, wherein

tolterodine, its 5—hydroxymethyl metabolite or the

racemate corresponding to tolterodine is administered,

and the serum level of unbound tolterodine and 5-

hydroxymethyl metabolite is in the range of about 0.2 to

about 6.3 nM, preferably in the range of about 0.4 to

about 5.0 nM.

AMENDED SHEET (ARTICLE 19)
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5. The method according to any one of claims 1 to 4,

wherein the controlled release formulation is a capsule

or tablet for oral administration once daily.

6. The method according to any one of claims 1 to 4,

wherein the controlled release formulation is a

transdermal preparation, preferably a transdermal patch.

7. The method according to any one of claims 1 to 6,

wherein tolterodine is administered.

8. The method according to any one of claims 1 to 6,

wherein urinary incontinence is treated.

9. A pharmaceutical formulation containing tolterodine

or a tolterodine—related compound, or a pharmaceutically

acceptable salt thereof, which formulation when

administered to a patient provides controlled release of

tolterodine or said tolterodine-related compound, or salt

thereof, such that a substantially constant serum level

of the active moiety or moieties is maintained for at

least 24 hours.

10. The formulation according to claim 9, which provides

a mean fluctuation index of said serum level of active

moiety or moieties that is not higher than about 2.0,

preferably not higher than about 1.0, said flutuation

index, FI, being defined as FI = (Cmax — Cmin)/AUCI/n

wherein Cmax and Cmin are the maximum and minimum

concentrations, respectively, of active moiety or

moieties, AUCT is the area under the serum concentration

profile, and t is the length of the dosage interval.

11. The formulation according to claim 9 or 10, wherein

tolterodine, its 5—hydroxymethyl metabolite or the

racemate corresponding to tolterodine is administered,

and the 24-hour serum profile, expressed as the AUC of

AMENDED SHEET (ARTICLE 19)
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unbound tolterodine and 5-hydroxymethyl metabolite, is

from about 5 to about 150 nM*h, preferably from about 10

nM*h to about 120 nM*h.

12. The formulation according to claim 9 or 10, wherein

tolterodine, its 5-hydroxymethyl metabolite or the

racemate corresponding to tolterodine is administered,

and the serum level of unbound tolterodine and 5-

hydroxymethyl metabolite is in the range of about 0.2 to

about 6.3 nM, preferably in the range of about 0.4 to

about 5.0 nM.

13. The formulation according to any one of claims 9 to

12, which is a capsule or tablet for oral administration

‘once daily.

14. The formulation according to any one of claims 1 to

12, which is a transdermal preparation, preferably a

transdermal patch.

15. The formulation according to any one of claims 9 to

14, which provides controlled release of tolterodine.

16. Use of tolterodine or a tolterodine—related

compound, or a pharmaceutically acceptable salt thereof,

for the manufacture of a therapeutical formulation for

treating unstable or overactive urinary bladder, which

formulation provides controlled release of tolterodine or

said tolterodine-related compound, or salt thereof, such

that a substantially constant serum level of the active

moiety or moieties is maintained for at least 24 hours.

17. The use according to claim 16, wherein a formulation

according to any one of claims 10 to 15 is manufactured.

AMENDED SHEET (ARTICLE 19)
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The present invention relates to pharmaceutical controlled release beads

comprising a drug, to a formulation containing said controlled release beads, and to a

method of preparing said beads. ‘

A common type of controlled release beads comprises an inert core, such as a

sugar sphere, coated with an inner drug-containing layer and an outer membrane layer

controlling drug release from the inner layer.

An example of such controlled release beads is described in US-A-5,783,215

where each bead comprises (i) a core unit of a soluble or insoluble inert material, (ii) a

first layer on the core unit comprising an active ingredient dispersed in a hydrophilic

polymer, (iii) an optional second layer of hydrophilic polymer covering the first layer,

and (iv) an outermost membrane layer effective for controlled release of the active

ingredient.

In the above and similar controlled release beads it is not uncommon to apply a

"sealcoat" in the form of a small amount (e.g.‘ 13%) of a water-soluble polymer, such as

hydroxypropylmethyl cellulose (HPMC) or polyvinylpyrrolidone (PVP), between the

inert core and the layer containing the active ingredient. The purpose thereof is generally

to isolate the drug from the core surface in the event that a drug-core chemical

interaction is possible, and/or to smooth the surface of the inert core such that the

surface area is more consistent from lot to lot to thereby improve the coating quality

when the drug layer and the controlled release membrane layers are applied.

According to the present invention, it has now surprisingly been found that by

applying a relatively thick layer of a water-insoluble polymer to the inert core as a

sealcoat, several advantages may be obtained in addition to those mentioned above.

Firstly, in case of a soluble core like one of sugar, for example, the amount of

time that the solution within the bead would be saturated with respect to drug may be

maximized. Thus, by preventing the soluble core from-being a reservoir for drug

dissolution, the relative time that a saturated solution would remain within the bead

during the release period can be increased considerably. This means that a substantially

longer zero order drug release phase (the phase when the drug release rate is essentially
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constant) will be obtained (and less in the undesirable declining release rate phase). In

other words, generally, the use of a thick sealcoat layer will permit the drug release

profile to be altered in a predictable fashion, in particular for drugs with a moderate to

high water solubility. Also, without drug migrating into the sealcoat, all drug will get

released. I

Secondly, the potential influence of the core material on drug release, in

particular osmotic pressure or swelling of the core material which could potentially

cause internal pressure and film rupture, may be minimized.

Thirdly, the substantial initial lag phase (no or very low amount of drug release

early) that is generally observed with the prior art controlled release beads, especially for

slower release formulations where the water influx is slower, may be substantially

reduced or eliminated relatively independently of the steady state release rate.

Therefore, in a first aspect, the present invention provides a controlled release

bead comprising:

(i) a core unit of a substantially water-soluble or water—swellable inert material

having;

(ii) a first layer on the core unit of a substantially water-insoluble polymer;

(iii) a second layer covering the first layer and containing an active ingredient;

and

(iv) a third layer on the second layer ofpolymer effective for controlled release

of the active ingredient,

wherein said first layer is adapted to control water penetration into the core.

The term "control water penetration into the core" as used above means that the

water influx to the core should be retarded in a controlled manner to such an extent that

the drug release profile will be altered in a predictable fashion. Thus, while in many

cases it may be preferred that the water penetration into the core is substantially or

completely eliminated, a certain, controlled influx of water to the core may be

acceptable in other cases.

The above-mentioned first layer of water-insoluble material may also serve to

provide mechanical integrity to the core.

Optionally, the above-mentioned third, or controlled release layer is coated with

one or more additional layers of water-soluble or insoluble polymer, e. g. a non-
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thermoplastic soluble polymer to decrease tackiness of the beads for subsequent

processing, such as curing and filling into capsules, or a secondary functional coating,

such as an enteric coating that delays the onset of drug release. Optionally, such an

additional layer may contain drug for immediate release.

Usually, the first layer (ii) above constitutes more than about 2% (w/w) of the

final bead composition, preferably more than about 3% (w/w), e.g. from about 3% to

about 80% (w/w).

The amount of the second layer (ii) above usually constitutes from about 0.05 to

about 60 % (w/w), preferably from about 0.1 to about 30 % (w/w) of the final bead

composition. .

The amount of the third layer (iv) above usually constitutes from about 1 to

about 50 % (w/w), preferably from about 2 to about 25 % (w/w) of the final bead

composition.

The core unit typically has a size in the range of from about 0.05 to about 2 mm.

In a second aspect, the present invention provides a multiple unit formulation

comprising said controlled release beads, such as a capsule or a tablet.

The cores are preferably of a water-soluble or swellable material, and may be any

such material that is conventionally used as cores or any other pharmaceutically

acceptable water-soluble or water—swellable material made into beads or pellets.

Especially, the beads are spheres of sucrose/starch (Sugar Spheres NF), sucrose crystals,

or extruded and dried spheres typically comprised of excipients such as microcrystalline

cellulose and lactose.

The substantially water-insoluble material in the first, or sealcoat layer is

generally a "GI insoluble" or "GI partially insoluble" film forming polymer (latex or

dissolved in a solvent). As examples may be mentioned ethyl cellulose, cellulose

acetate, cellulose acetate butyrate, polymethacrylates such as ethyl acrylate/methyl

methacrylate copolymer (Eudragit NE-30-D) and ammonio methacrylate copolymer

types A and B (Eudragit RL30D and RS3OD), and silicone elastomers. Usually, a

plasticizer is used together with the polymer. Exemplary plasticizers include:

dibutylsebacate, propylene glycol, triethylcitrate, tributylcitrate, castor oil, acetylated

monoglycerides, acetyl triethylcitrate, acetyl butylcitrate, diethyl phthalate, dibutyl

phthalate, triacetin, fractionated coconut oil (medium-chain triglycerides).
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The second layer containing the active ingredient may be comprised of the active

ingredient (drug) with or without a polymer as a binder. The binder, when used, is

usually hydrophilic but may be water-soluble or water-insoluble. Exemplary polymers to

be used in the second layer containing the active drug are hydrophilic polymers such as

polyvinylpyrrolidone (PVP), polyalkylene glycol such as polyethylene glycol, gelatine,

polyvinyl alcohol, starch and derivatives thereof, cellulose derivatives, such as

hydroxypropylmethyl cellulose (HPMC), hydroxypropyl cellulose, carboxymethyl

cellulose, methyl cellulose, ethyl cellulose, hydroxyethyl cellulose, carboxyethyl

cellulose, carboxymethylhydroxyethyl cellulose, acrylic acid polymers,

polymethacrylates, or any other pharmaceutically acceptable polymer.

A wide variety of therapeutically active agents may be used in conjuction with

the present invention. While the therapeutic agent usually is a low or medium dose drug,

also high-"dose drugs may be contemplated for use in the present invention. The

therapeutic agent is preferably a soluble or moderately water-soluble drug (e.g. having a

solubility corresponding to from less than 1 to about 30 ml of water per gram of solute

at a temperature between 15 °C and 25 °C).

The ratio of drug to hydrophilic polymer in the second layer is usually in the

range of from 1:100 to 100:] (w/w).

Suitable polymers for use in the third layer, or membrane, for controlling the

drug release may be selected from water-insoluble polymers or polymers with pH-

dependent solubility, such as, for example, ethyl cellulose, hydroxypropylmethyl

cellulose phthalate, cellulose acetate phthalate, cellulose acetate trimellitate,

polymethacrylates, or mixtures thereof, optionally combined with plasticizers, such as

those mentioned above. Optionally, the controlled release layer comprises, in addition to

the polymers above, another substance(s) with difierent solubility characteristics, to

adjust the permeability, and thereby the release rate, of the controlled release layer.

Exemplary polymers that may be used as a modifier together with, for example, ethyl

cellulose include: HPMC, hydroxyethyl cellulose, hydroxypropyl cellulose,

methylcellulose, carboxymethylcellulose, polyethylene glycol, polyvinylpyrrolidone

(PVP), polyvinyl alcohol, polymers with pH-dependent solubility, such as cellulose

acetate phthalate or ammonio methacrylate copolymer and methacrylic acid copolymer,
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or mixtures thereof. Additives such as sucrose, lactose and pharmaceutical grade

surfactants may also be included in the controlled release layer, if desired.

In a third aspect, the present invention provides a method for producing the

controlled release beads and formulation, respectively. This method comprises the

following steps:

a) providing a core unit of a substantially water-soluble or water-swellable

material;

1)) applying a first layer of a substantially water-insoluble polymer to said core;

c) applying onto said first layer, a second layer comprising an active ingredient

and optionally a polymer binder, and

d) applying onto said second layer, a third polymer layer effective for controlled

release of the active ingredient;

wherein the amount of material in said first layer is selected to provide a layer

thickness that permits control ofwater penetration into the core.

Optionally, the method comprises the further step of applying one or more

additional polymer layers to the core as has been mentioned above.

The preparation of the multiple unit formulation comprises the additional step of

transforming the prepared beads into a pharmaceutical formulation, such as by filling a

predetermined amount of the beads into a capsule, or compressing the heads into tablets.

The layering or coating operations are preferably performed by spraying a

solution or dispersion of the respective layer materials onto the core, preferably in a

fluid bed coating apparatus.

After the final coating step, the beads are optionally ”cured", usually in a fluid

bed system or in a tray dryer system, by heating to a temperature of about 30-80°C, for

30 to 180 minutes, for example. Suitably, the beads are then cooled below about 35°C

before stopping the process.

The pharmaceutical formulation of the invention may be administered orally.

An exemplary class of compounds which may be used as active ingredients in

the present invention comprises the 3,3-diphenylpropylamines disclosed in US-A-

5,382,600, US—A-5,559,269 and US-A-5,686,464 (the entire diclosures of which are

incorporated by reference herein) and having the general formula:
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OR1

CH-CH2-CH2-X

wherein R1 signifies hydrogen or methyl; R2, R3 and R4 independently signify

hydrogen, methyl, methoxy, hydroxy, hydroxymethyl, carbarnoyl, sulphamoyl or

halogen; and X represents a tertiary amino group -NR5,R5, wherein R5 and R5 signify

non-aromatic hydrocarbyl groups, which may be the same or different, especially

C1_6-alkyl or adamantyl, and which together contain at least three, preferably at least

four carbon atoms, and each of which may carry a hydroxy substituent, and wherein R5

and R6 may form a ring together with the amine nitrogen, preferably a non-aromatic

ring having no heteroatom other than the amine nitrogen, their salts with physiologically

acceptable acids and, when the compounds can be in the form of optical isomers, the

racemic mixture and the individual enantiomers. An exemplary specific compound is

tolterodine, i.e. (R)-N,N-diisopropyl-3-(2—hydroxy-5-methylphenyl)-3-

phenylpropanarnine, as well as the corresponding (S)-enantiomer, the racemate and the

active S—hydroxymethyl metabolites, prodrug forms and pharmaceutically acceptable

salts thereof. i

Useful analogues to the above compounds are disclosed in WO 98/43942 (the

fiill diclosure ofwhich is incorporated by reference herein).

The above as well as the latter compounds have anti-cholinergic activity and may

be used for treating, inter alia, urinary disorders including overactive urinary bladder.

The overactive bladder condition gives rise to urinary frequency, urgency and/or urge

incontinence. Overactive bladder disorders also include nocturia, i.e. awakening at night

to urinate. While overactive bladder is ofien associated with detrusor muscle instability,

disorders of bladder function may also be due to neuropathy of the central nervous

system (detrusor hyperreflexia) including spinal cord and brain lesions, such as multiple

sclerosis and stroke. Overactive bladder symptoms may also result from, for example,

male bladder outlet obstruction (usually due to prostatic hypertrophy), interstitial
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cystitis, local edema and irritation due to focal bladder cancer, radiation cystitis due to

radiotherapy to the pelvis, and cystitis. The compounds also have spasmolytic activity

and may be useful for treating gastrointestinal disorders, including gastrointestinal

hyperactivity.

Specifically, the beads and multiple unit formulation, respectively, according to

the present invention have proved to be very suitable for administering the above-

mentioned drug tolterodine, the chemical name of which is (R)-N,N-diisopropyl~3-(2-

hydroxy-5-methylphenyl)-3-phenylpropanamine, and would likewise be suitable for its

related compounds, i.e. the major, active metabolite of tolterodine, i.e. (R)¥N,N-

diisopropyl-3-(2—hydroxy-5—hydroxymethylphenyl)—3-phenylpropanamine; the

corresponding (S)-enantiomer to tolterodine, i.e. (S)-N,N-diisopropyl—3-(2-hydroxy-5-

methylphenyl)-3-phenylpropanamine; the 5—hydroxymethyl metabolite of the (S)-

enantiomer, i.e. (S)-N,N-diisopropyl-3-(2-hydroxy-5-hydroxymethylphenyl)-3-

phenylpropanamine; as well as the corresponding racemate to tolterodine, i.e. (R,S)-

N,N-diisopropyl-3—(2-hydroxy-5-methylphenyl)-3-phenylpropanarnine; and prodrug

forms and pharmacologically acceptable salts thereof.

Tolterodine is marketed for the treatment ofunstable or overactive urinary

bladder with symptoms including urge incontinence, urgency and urinary frequency.

The 5-hydroxymethyl metabolite of tolterodine mentioned above contributes

significantly to the therapeutic effect of tolterodine. A salient feature of tolterodine is

that it has considerably less side—effects than the previously conventionally used drug,

oxybutynin, especially regarding the propensity to cause dry mouth.

When tolterodine is the active ingredient in the controlled release bead, the

fraction of active ingredient that is released in vitro is preferably not more than about

30% after 1 hour, from about 40 to about 85% after 3 hours, and not less than about

80% after 7 hours.

Administration of the controlled release formulation according to the present

invention permits a well controlled release of tolterodine, and thereby a substantially

constant serum level of active moiety or moieties to be maintained in the patient for at

least 24 hours.

By the term "active moiety or moities" is meant, in the case of tolterodine and its

related compounds, the sum of free or unbound (i.e. not protein bound) concentrations
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of (i) tolterodine and active metabolite thereof, when tolterodine (or prodrug form) is

administered; or (ii) tolterodine and active metabolite thereof and/or (S)-enantiomer to

tolterodine and active metabolite thereof, when the corresponding racemate (or prodrug

form) is administered; or (iii) active metabolite, when the (R)—5-hydroxymethyl

metabolite of tolterodine (or prodrug form) is administered; or (iv) (S)-enantiomer to

tolterodine and active metabolite thereof, when the (S)—enantiomer (or prodrug) is

administered; or (v) active (S)-metabolite, when the (S)-5-hydroxymethyl metabolite is

administered.

The term "substantially constant" with respect to the serum level of active moiety

or moieties means that the serum profile after administration of the controlled release

formulation does essentially not exhibit any peak values. This may also be expressed

mathematically by reference to the "fluctuation index" (Fl) for the serum concentration

of (unbound) active moiety (or sum of active moities when relevant), where the

fluctuation index F1 is calculated as

Fl = (Cmax - Cmin)/AUCI/I

wherein Cmax and Crnin are the maximum and minimum concentrations, respectively,

of active moiety, AUCT is the area under the semm concentration profile (concentration

vs time curve), and t is the length of the dosage interval during the time 1:. The

controlled release formulation according to the present invention readily permits a mean

fluctuation index (for Q being at least 30) that is not higher than about 2.0, more

preferably not higher than about 1.5, particularly not higher than about 1.0, for example

not higher than about 0.8.

For tolterodine and its 5-hydroxymethyl metabolite, the 24-hour exposure,

expressed as AUC unbound active moiety (tolterodine plus metabolite) is usually in the

range of from about 5 to about 150 nM*h, preferably from about 10 to about 120 nM*h,

depending on the dosage needed by the particular patient. The indicated limits are based

upon calculation of the unbound concentrations of active moiety assuming a fraction
unbound of 3.7% for tolterodine and 36% for the 5-hydroxymethyl metabolite

(Nilvebrant, L., et al., Life Sciences, Vol. 60, Nos. 13714 (1997) 1129-1136).

Correspondingly, for tolterodine and its 5-hydroxymethyl metabolite, the average

unbound (blood) serum or plasma levels of active moiety (tolerodine plus metabolite)
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are usually in the range of about 0.2 to about 6.3 nM, preferably in the range of about

0.4 to about 5.0 nM.

Tolterodine, its corresponding (S)-enantiomer and racemate and the preparation

thereof are described in e.g. the above-mentioned US-A-5,3 82,600. For a description of

the active (R)-5-hydroxymethyl metabolite of tolterodine (as well as the (S)-5-

hydroxymethyl metabolite), it may be referred to the above-mentioned US—A—5,S59,269.

The (S)-enantiomer, its non—cholinergic spasmolytic activity and use in the treatment of

urinary and gastrointestinal disorders are described in W0 98/03067.

The invention will now be described in more detail by the following non-

limiting Examples. Reference will be made to the accompanying drawings, wherein:

Fig. 1 is a diagram showing the fraction of released drug versus time for

tolterodine beads according to Example 1 below with different sealcoat thicknesses; and

Fig. 2 is a diagram showing the fraction of released drug versus time for

tolterodine beads according to Example 1 below with 14 % (w/w) and 0 % (w/w) seal

coat, respectively. The polymer composition in the third layer of the beads with O %

sealcoat has been adjusted in order to produce approximately similar initial drug release

as from beads with 14 % sealcoat.

EXAMPLE 1

An exemplary bead containing tolterodine L-tartrate as active ingredient has the

following structure:

Core: Starch-containing sugar sphere of about 0.8 mm diameter

(commercially available); comprises 73 % w/w of the final bead;

purpose: coating substrate;

First layer: Surelease® ”sealcoat” (Surelease® is an aqueous film-coating

dispersion, about 25% solids, consisting primarily of

ethylcellulose plasticized with fractionated coconut oil, and

manufactured by Colorcon, Inc, USA); comprises about 12 %

w/w of the final bead;
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purpose: to provide more consistent core surface; during drug

release phase maximize time that drug is saturated inside bead

and minimize osmotic effects; control drug release rate together

with the third layer;

Second layer: Tolterodine L-tanrate/hydroxypropylmethylcellulose (HPMC);

comprises about 3 % w/w of the final bead; ratio of

Tolterodine:HPMC is 5:1;

purpose: drug supply;

Surelease®/HPMC; comprises about 12 w/w of the final

bead; ratio. of Surelease®:HPMC is 6:1;

Third layer:

purpose: drug release rate control;

Beads with a three—layer coating having the above characteristics were prepared

as follows:

1200 g of sugar spheres, 20-25 mesh, were charged into a Wurster fluid bed and

sequentially coated at a nominal product temperature of 36 to 40°C with the following

three coating liquids:

- (1) a Surelease® sealcoating liquid prepared by mixing 788 g of Surelease® with 563

g of purified water;

- (2) a drug—containing solution prepared by first dissolving 35.0 g of tolterodine L-

tartrate in 2190 g ofpurified water, and then mixing the solution with 6.6 g of

hydroxypropylmethyl cellulose (HPMC) 5 cP; and

- (3) a sustained release coating liquid prepared by mixing 29 g of HPMC 5 cP with 375

g of purified water, and then mixing with 695 g of Surelease®.

After tray drying for 3 hours at 70°C, the coated spheres were filled into size #4

or size #3 hard gelatin capsules to obtain 2 mg and 4 mg tolterodine L-tartrate capsules,

respectively, of the composition:
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2 mg capsule 4 mg capsule

Tolterodine L-tartrate 2.0 mg 4.0 mg

sugar spheres, 20-25 mesh 68.6 mg 137.2 mg

Surelease® 21.2 mg 42.4 mg

HPMC 5cP 2.0 mg 4.0 mg

Optionally, a fourth layer may be applied to the bead before drying by Wurster

coating.

Fourth layer : HPMC; comprises about 1 % w/w of the final bead;

purpose: decrease tackiness of beads for subsequent processing

(curing and capsule filling).

In the case of the above described bead, such a fourth layer may be applied with

a coating solution prepared by dissolving 16.4 g of HPMC in 234 g ofwater.

Study of effect of sealcoat thickness

The effect of the sealcoat thickness on drug release was tested as follows.

Four lots of 20-25 mesh beads were prepared that contained (i) a Surelease®

sealcoat layer at 0, 2, 10 or 14% level, (ii) an HPMC/drug (tolterodine L-tartrate) layer

at 4% level (drug:I-IPMC ratio =5:4), (iii) a Surelease®/HPMC layer at 10% level

(Surelease®:HPMC ratio = 6:1 ratio), and (iv) a final HPMC layer at 1%. These were

prepared essentially as described above and cured 1 hr at 70 °C.

Note that the coating level for layer (i) is expressed relative to the sum of the

core plus sealcoat while coating levels for layers (ii-iv) are expressed relative to the final

coated bead weight.

A fifih lot of beads was also manufactured identical to the 0% sealcoat lot

described above except that the third coating layer was modified (increase in the

Surelease®: HPMC layer from a 6:1 to a 11:1) such that the initial drug release rate was

similar to the 14% sealcoat formulation described above.
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The in vitro drug release at 37°C in phosphate buffer pH 6.8 with addition of

0.22M potassium chloride was measured. The USP dissolution test apparatus l was

used. The results are shown in the diagrams in Fig. 1 and 2. As shown in Fig. I, as the

sealcoat layer gets thicker, the drug release rate both decreases and becomes more zero-

order.

Fig. 2 shows the comparison of the 0% sealcoat formulation (1 1 :1 Surelease®:

HFMC) to the 14% sealcoat (621 the Surelease®: HPMC). It can be seen that, after a

slight lag period observed by the 0% sealcoated beads, the initial drug release rates are

similar. However, after approximately 15-20% of the drug is released, the release rate

from beads with 0 % sealcoat beads falls while release rate from the l4% sealcoat

remains extremely zero order. Indeed, for the O % sealcoat beads the release rate

between 45-60% is only approximately half of the initial (first 20 %) release rate.

Comparatively, for the 14% sealcoat lot, the release rate between 45-60% range is

identical to the rate over the first 20%.

In an analogous manner to the procedure described in Example 1 above, other

exemplary bead formulations containing tolterodine L-tartrate as the active ingredient

were prepared as described in Examples 2 and 3 below.

EXAMPLE 2

400 g of sugar spheres (20-25 mesh, Edward Mendell Co, USA) were charged

into a top—spray fluid bed coater (Nica, Sweden) and coated with Sure1ease® and

thereafier cured in a drying cabinet at 70°C for 5 hours. A
A solution of tolterodine-L-tartrate and hydroxypropyl cellulose (HPC) in water

was sprayed onto the coated cores.

The spheres obtained were then coated with a mixture of ethylcellulose,

hydroxypropylcellulose and triethylcitrate (plasticizer). The coating materials were

dissolved in a mixture of dichlormethane and ethanol.
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The resulting beads had the following composition expressed as % (w/w):

Sugar spheres 75.7

Surelease® 1 3

Tolterodine L—tartrate 4.9

HPC ‘ 1.5

Ethylcellulose 4.3 ’

Triethyl citrate 0.6

The obtained spheres showed extended release of tolterodine L-tartrate over at

least 10 hours. The release rate was essentially constant.

EXAMPLE 3

4800 g of sugar spheres (18-20 mesh, Mendell, USA)'were coated in a Wurster

fluid bed with Sure1ease® to a theoretical weight gain of 10 % and thereafier cured in a

drying cabinet at 60°C for 6 hours.

A solution of tolterodine L-tartrate and hydroxypropylmethyl cellulose (I-IPMC)

in water was sprayed onto 1200 g of the cured sphere cores.

1000 g of the obtained spheres were then coated by spraying with an aqueous

dispersion of a cross-linked latex of hydroxyl-end blocked polydimethylsiloxan (PDMS,

Dow Corning; USA) and colloidal silica (Dow Corning, USA) to a theoretical weight

gain of 15 %.

The resulting beads had the following composition expressed as % (w/w):

Sugar spheres 76

Surelease® 7.8

Tolterodine L-tartrate 2.8

HPMC 0.4

PDMS 8.7

Colloidal silica 4.3

The obtained spheres showed extended release of tolterodine L-tartrate over at

least 11 hours. The release rate was nearly constant.
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While the invention has been described above with reference to specific

embodiments thereof, it is not restricted thereto in any way whatsoever. On the contrary,

as will be understood by those skilled in the art, various changes, modifications,

substitutions and omissions can be made without departing from the basic concept of the

invention as defined in the claims which follow.
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CLAIMS

1. A controlled release bead comprising:

(i) a core unit of a substantially water-soluble or water-swellable inert material;

(ii) a first layer on the core unit of a substantially water—insoluble polymer;

(iii) a second layer covering the first layer and containing an active ingredient;

and

(iv) a third layer ofpolymer on the second layer effective for controlled release

of the active ingredient,

wherein said first layer is adapted to control water penetration into the core.

2. The bead according to claim 1, wherein the amount of polymer in said first layer

is sufficient to substantially retard water penetration into the core.

3. The bead according to claim 1 or 2, wherein the thickness of said first layer is

sufficient to affect the drug release rate from the bead.

4. The bead according to claim I, 2 or 3, wherein the amount of the first layer

constitutes more than 2% (w/w), preferably more than 3% (w/w) of the final bead

composition.

5. The bead according to any one of claims 1 to 4, wherein the amount of said

second layer usually constitutes from about 0.05 to about 60 % (w/w), preferably from

about 0.1 to about 30 % (w/w) of the final bead composition.

6. The head according to any one of claims 1 to 5, wherein the amount of said third

layer usually constitutes from about 1 to about 50 % (w/w), preferably from about 2 to

about 25 % (w/w) of the final bead composition.

7. The bead according to any one of claims 1 to 6, wherein said third polymer layer

is coated with a fourth layer of a water-soluble polymer or an additional functional

coating.
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8. The bead according to any one of claims 1 to 7, wherein said active ingredient is

selected from compounds having the general formula:

wherein R1 signifies hydrogen or methyl; R2, R3 and R4 independently signify

hydrogen, methyl, methoxy, hydroxy, hydroxymethyl, carbamoyl, sulphamoyl or

halogen; and X represents a tertiary amino group —NR5,R6, wherein R5 and R5 signify

non-aromatic hydrocarbyl groups, which may be the same or different, especially

C1-6—all<yl orpadamantyl, and which together contain at least three, preferably at least

four carbon atoms, and each of which may carry a hydroxy substituent, and wherein R5

and R6 may form a ring together with the amine nitrogen, preferably a non-aromatic

ring having no heteroatom other than the amine nitrogen, their salts with physiologically

acceptable acids and, when the compounds can be in the form of optical isomers, the

racemic mixture and the individual enantiomers.

9. The bead according to claim 8, wherein said active ingredient is selected from

tolterodine, the 5-hydroxymethyl metabolite of tolterodine, the (S)-enantiomer of

tolterodine, the 5—hydroxymethyl metabolite of the (S)-enantiomer of tolterodine, the

racemate of tolterodine, and prodrug forms and pharrnacologically acceptable salts

thereof.

10. The bead according to claim 9, wherein said active ingredient is tolterodine or a

pharmacologically acceptable salt thereof.

1 1. The bead according to claim 10, wherein the fraction of active ingredient that is

released in vitro is not more than about 30% after 1 hour, from about 40 to about 85%

after 3 hours, and not less than about 80% after 7 hours.
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12. The bead according to any one of claims I to 11, wherein the polymer material

of said first layer comprises ethyl cellulose.

5 13. The bead according to any one of claims 1 to 12, wherein said second layer

comprises hydroxypropylmethyl cellulose as binder.

14. The bead according to any one of claims l to 13, wherein the polymer material

of said third layer comprises a combination of hydroxypropylmethyl cellulose and ethyl

1 0 cellulose.

15. The bead according to any one of claims 1 to 14, wherein the core unit has a size

of about 0.05 to about 2 mm.

15 16. A multiple unit formulation comprising a controlled release bead according to

any one of claims 1 to 15.

17. The multiple unit formulation according to claim 16 which is a capsule.

2 0 18. A method of producing a controlled release bead, which method comprises the

steps of:

a) providing a core unit of asubstantially water-soluble or water-swellable

materia;

b) applying a first layer of a substantially water—insoluble polymer to said core;

2 5 c) applying onto said first layer, a second layer comprising an active ingredient

and optionally a polymer binder; and

d) applying onto said second layer, a third polymer layer effective for controlled

release of the active ingredient;

wherein the amount of material in said first is selected to provide a layer

3 0 thickness that permits control of water penetration into. the core.
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19. A method for treating overactive bladder, which comprises administering a

therapeutically effective amount of beads according to any one of claims 8 to 15.

20. The method according to claim 19, wherein the active ingredient is tolterodine or

a pharmacologically acceptable salt thereof.

21. A method for treating nocturia, which comprises administering a therapeutically

effective amount of beads according to any one of claims 8 to 15.

22. The method according to claim 21, wherein the active ingredient is tolterodine or

a pharmacologically acceptable salt thereof.

23. A method for treating gastrointestinal disorders, which comprises administering

a therapeutically effective amount of beads according to any one of claims 8 to 15.
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Pharmaceutical formulation containing tolterodine and its use.

The present invention relates to a pharmaceutical formulation for administering

tolterodine or a tolterodine-related compound, and to the medical use of such a

formulation.

A substantial part (5-10%) of the adult population suffers from overactive or

unstable urinary bladder, often also referred to as urinary incontinence. The symptoms

of an unstable or overactive bladder comprise urge incontinence, urgency and urinary

frequency. The prevalence of overactive bladder, particularly of so-called urge

incontinence, increases with age. It is assumed that unstable or overactive bladder is

caused by uncontrolled contractions of the bundles of smooth muscle fibres forming the

muscular coat of the urinary bladder (the detrusor muscle) during the filling phase of the

bladder. These contractions are mainly controlled by cholinergic muscarinic receptors,

and the pharmacological treatment ofunstable or overactive bladder has been based on

muscarinic receptor antagonists. The drug of choice has for a long time been

oxybutynin.

Recently, however, an improved muscarinic receptor antagonist, tolterodine, (R)-

N,N-diisopropyl-3 -(2-hydroxy-5-methylphenyl)-3-phenylpropanamine, has been

marketed for the treatment of urge incontinence and other symptoms of unstable or

overactive urinary bladder. Both tolterodine and its major, active metabolite, the 5-

hydroxymethyl derivative of tolterodine, which significantly contributes to the

therapeutic effect, have considerably less side-effects than oxybutynin, especially

regarding the propensity to cause dry mouth. While tolterodine is equipotent with

oxybutynin in the bladder, its affinity for muscarinic receptors of the salivary gland is

eight times lower than that of oxybutynin; see, for example, Nilvebrant, L., et al.,

European Journal of Pharmacology 327 (1997) 195-207. The selective effect of

tolterodine in humans is described in Stahl, M. M. S., et al., Neurourology and

Urodynamics 14 (1995) 647-655, and Bryne, N., International Journal of Clinical

Pharmacology and Therapeutics, Vol. 35, No. 7 (1995) 287-295.

The currently marketed administration form of tolterodine is filmcoated tablets

containing 1 mg or 2 mg of tolterodine L-tartrate for immediate release in the

gastrointestinal tract, the recommended dosage usually being 2 mg twice a day. While,
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as mentioned, the side-effects, such as dry mouth, are much lower than for oxybutynin,

they still exist, especially at higher dosages.

Our co—pending international application PCT/SE99/01463 relates to the

administration of tolterodine and tolterodine-related compounds through a controlled

release formulation and is based on the finding that, contrary to the case of oxybutynin,

the substantial elimination of peak serum levels of tolterodine and its active metabolite

through controlled release of tolterodine for an extended period of time, such as through

a once-daily administration form, while maintaining the desired efl"ect on the bladder,

indeed gives a significant reduction of the (already low) side-effects, particularly dry

mouth, compared with those obtained for the same total dosage of immediate release

tablets over the same period. In other words, eliminating the peak serum levels of the

active moiety affects the adverse effects, and particularly dry mouth, more than the

desired effect on the detrusor activity, simultaneously as the flattening of the serum

concentration does not lead to loss ofactivity or increased incidence of urinary retention

or other safety concerns. Thus, in addition to the convenience advantage of controlled

release administration, one may either (i) for a given total dosage of tolterodine, reduce

the side—effects, such as dry mouth, or (ii) for a given level of acceptable side-effects,

increase the dosage of tolterodine to obtain an increased effect on the bladder, ifdesired.

Our above-mentioned PCT/SE99./01463 discloses treatment of overactive

bladder by the administration of a controlled release formulation that delivers

tolterodine, a tolterodine~related compound, or a pharmacologically acceptable salt

thereofsuch that a substantially constant serum level of the active moiety or moieties is

maintained for at least 24 hours.

The present invention is based on the unexpected observation that a substantially

constant semm level of the active moiety or moieties for 24 hours may be obtained

through oral administration of a controlled release pharmaceutical formulation that

releases the major content of active compound in less than about 18 hours, and more

particularly that the formulation has an in vitro release of not less than about 80 % after

18 hours at the conditions specified below.

In one aspect, the present invention therefore provides a pharmaceutical

formulation containing tolterodine or a tolterodine-related compound, or a

pharmacologically acceptable salt thereof, as active ingredient, in which the fomtulation
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exhibits a controlled in vitro release of the active ingredient in phosphate buffer at pH

6.8 of not less than about 80 % after 18 hours, and after oral administration to a patient

is capable of maintaininga substantially constant serum level of the active moiety or

moieties for 24 hours.

A second aspect of the invention relates to the use of the pharmaceutical

formulation for treating a disorder or disease selected from overactive bladder

(including i.a. urinary incontinence and nocturia) and gastrointestinal disorders.

A third aspect of the invention relates to the use of tolterodine or a tolterodine-

related compound, or a pharmacologically acceptable salt thereof, for the preparation of

the pharmaceutical formulation of the above first aspect of the invention.

Preferably, the fraction of tolterodine, tolterodine-related compound or salt

thereof that is released is not less than about 80 % after 15 hours, especially not less

than about 80 % afier 12 hours.

On the other hand, the fraction of tolterodine, tolterodine-related compound or

salt thereof that is released in vitro after 1 hour is preferably not more than about 50 %,

especially not more than about 30%.

The fraction of tolterodine, tolterodine-related compound or salt thereof that is

released in vitro afier three hours is preferably from about 30 to 95 %, especially from

about 40 to about 85 %.

It may be preferred that after 7 hours, the fraction of tolterodine, tolterodine-

related compound or salt thereof that is released in vitro is not less than about 50 %,

especially not less than about 80 %.

In an exemplary in vitro release profile for the pharrnacutical formulation, the

fraction of tolterodine, tolterodine-related compound or salt thereof that is released in

vitro is less than about 50 % afier 1 hour, from about 30 to about 95 % after 3 hours,

and more than about 50 % after 7 hours.

The in vitro release measurement conditions referred to above are those for a

drug release test that utilizes the United States Pharmacopea (USP) Apparatus 1

(rotating basket) at 100 rpm with 900 ml of deareated phosphate buffer at pH 6.8 and

37°C, where the phosphate buffer solution is prepared as described on pages 2049-2050

in USP 23. The phosphate buffer nominally contains 0.05 M phosphate.
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By the term "active moiety or moities" it is meant, in the case of tolterodine and

its related compounds, the sum of free or unbound (i.e. not protein bound)

concentrations of (i) tolterodine and active metabolite thereof, when tolterodine (or

prodrug form) is administered; or (ii) tolterodine and active metabolite thereof and/or

(S)-enantiomer to tolterodine and active metabolite thereof, when the corresponding

racemate (or prodrug fonn) is administered; or (iii) active metabolite, when the (R)-5-

hydroxymethyl metabolite of tolterodine (or prodmg form) is administered; or (iv) (S)-

enantiomer to tolterodine and active metabolite thereof, when the (S)-enantiomer (or

prodrug) is administered; or (v) active (S)-metabolite, when the (S)-5-hydroxymethyl

metabolite is administered.

The term "substantially constant" with respect to the serum level of active moiety

or moieties means that the serum profile after administration of the controlled release

formulation does essentially not exhibit any substantial peak values. This may also be

expressed mathematically by reference to the "fluctuation index" (FI) for the serum

concentration of (unbound) active moiety (or sum of active moities when relevant),

where the fluctuation index F1 is calculated as

FI = (Cmax - Cmin)/AUC:/1

wherein Cmax and Cmin are the maximum and minimum concentrations, respectively,

of active moiety, AUCI is the area under the serum concentration profile (concentration

vs time curve), and 1' is the length of the dosage interval during the time t. The

controlled release formulation according to the present invention readily permits a mean

fluctuation index (for l’_l being at least 30) that is not higher than about 2.0, more

preferably not higher than about 1.5, particularly not higher than about 1.0, for example

not higher than about 0.8.

For tolterodine and its 5-hydroxymethyl metabolite, the 24-hour exposure,

expressed as AUC unbound active moiety (tolterodine plus metabolite) is usually in the

range of from about 5 to about 150 nM*h, preferably from about l0 to about 120 nM*h,

depending on the dosage needed by the particular patient. The indicated limits are based

upon calculation of the unbound concentrations ofactive moiety assuming a fraction

unbound of 3.7% for tolterodine and 36% for the 5-hydroxymethyl metabolite

(Nilvebrant, L., et al., Life Sciences, Vol. 60, Nos. 13/14 (1997) 1129-1136).
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Correspondingly, for tolterodine and its 5-hydroxymethyl metabolite, the average

unbound (blood) serum or plasma levels of active moiety (tolerodine plus metabolite)

are usually in the range of about 0.2 to about 6.3 nM, preferably in the range of about

0.4 to about 5.0 nM.

The formulation of the present invention is not restricted to any particular type of

formulation. Thus, various types of controlled or sustained release type formulations

may be used for embodying the present invention, such as, for example, osmotic tablets,

gel matrix tablets, coated beads, etc.

A common type of controlled release formulation that may be used for the

purposes of the present invention comprises an inert core, such as a sugar sphere, coated

with an inner drug-containing layer and an outer membrane layer controlling drug

release from the inner layer. A "sealcoat" may be provided between the inert core and

the layer containing the active ingredient. When the core is of a water-soluble or water-

swellable inert material, the sealcoat is preferably in the form of a relatively thick layer

of a water-insoluble polymer. Such a controlled release bead may thus comprise:

(i) a core unit of a substantially water-soluble or water-swellable inert material;

(ii) a first layer on the core unit ofa substantially water-insoluble polymer;

(iii) a second layer covering the fust layer and containing an active ingredient;

and

(iv) a third layer on the second layer of polymer effective for controlled release

of the active ingredient,

wherein the first layer is adapted to control water penetration into the core.

The term "control water penetration into the core" as used above means that the

water influx to the core should be retarded in a controlled manner to such an extent that

the dmg release profile will be altered in a predictable fashion. Thus, while in many

cases it may be preferred that the water penetration into the core is substantially or

completely eliminated, a certain, controlled influx of water to the core may be

acceptable in other cases.

The above-mentioned first layer of water—insoluble material may also serve to

provide mechanical integrity to the core.

Optionally, the above-mentioned third, or controlled release layer is coated with

one or more additional layers of water-soluble or insoluble polymer, e.g. a non-
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thermoplastic soluble polymer to decrease tackiness of the beads for subsequent

processing, such as curing and filling into capsules, or a secondary functional coating,

such as an enteric coating that delays the onset of drug release. Optionally, such an

additional layer may contain drug for immediate release.

Usually, the first layer (ii) above constitutes more than about 2% (w/w) of the

final bead composition, preferably more than about 3% (w/w), e.g. from about 3% to

about 80% (w/w).

The amount of the second layer (ii) above usually constitutes from about 0.05 to

about 60 % (w/w), preferably from about 0.1 to about 30 % (w/w) of the final bead

composition.

The amount of the third layer (iv) above usually constitutes from about 1 to

about 50 % (wlw), preferably from about 2 to about 25 % (w/w) of the final bead

composition.

The core unit typically has a size in the range of from about 0.05 to about 2 mm.

The controlled release beads may be provided in a multiple unit formulation,

such as a capsule or a tablet.

The cores are preferably of a water—soluble or swellable material, and may be any

such material that is conventionally used as cores or any other pharmaceutically

acceptable water—soluble or water-swellable material made into beads or pellets. The

cores may be spheres ofmaterials such as sucrose/starch (Sugar Spheres NF), sucrose

crystals, or extruded and dried spheres typically comprised of excipients such as

microcrystalline cellulose and lactose.

The substantially water-insoluble material in the first, or sealcoat layer is

generally a "GI insoluble" or "GI partially insoluble" film forming polymer (dispersed or

dissolved in a solvent). As examples may be mentioned ethyl cellulose, cellulose

acetate, cellulose acetate butyrate, polymethacrylates such as ethyl acrylate/methyl

methacrylate copolymer (Eudragit NE-30-D) and ammonio methacrylate copolymer

types A and B (Eudragit RL3OD and RS30D), and silicone elastomers. Usually, a

plasticizer is used together with the polymer. Exemplary plasticizers include:

dibutylsebacate, propylene glycol, triethylcitrate, tributylcitrate, castor oil, acetylated

monoglycerides, acetyl triethylcitrate, acetyl butylcitrate, diethyl phthalate, dibutyl

phthalate, triacetin, fractionated coconut oil (medium—chain triglycerides).
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The second layer containing the active ingredient may be comprised of the active

ingredient (drug) with or without a polymer as a binder. The binder, when used, is

usually hydrophilic but may be water-soluble or water-insoluble. Exemplary polymers to

be used in the second layer containing the active drug are hydrophilic polymers such as

polyvinylpyrrolidone (PVP), polyalkylene glycol such as polyethylene glycol, gelatine,

polyvinyl alcohol, starch and derivatives thereof, cellulose derivatives, such as

hydroxypropylmethyl cellulose (HPMC), hydroxypropyl cellulose, carboxymethyl

cellulose, methyl cellulose, ethyl cellulose, hydroxyethyl cellulose, carboxyethyl

cellulose, carboxymethylhydroxyethyl cellulose, acrylic acid polymers,

polymethacrylates, or any other pharmaceutically acceptable polymer.

The ratio of drug to hydrophilic polymer in the second layer is usually in the

range of from l:l00 to 100:! (w/w).

Suitable polymers for use in the third layer, or membrane, for controlling the

drug release may be selected from water—insoluble polymers or polymers with pH-

dependent solubility, such as, for example, ethyl cellulose, hydroxypropylmethyl

cellulose phthalate, cellulose acetate phthalate, cellulose acetate trimellitate,

polymethacrylates, or mixtures thereof, optionally combined with plasticizers, such as

those mentioned above. Optionally, the controlled release layer comprises, in addition to

the polymers above, another substance(s) with different solubility characteristics, to

adjust the permeability, and thereby the release rate, of the controlled release layer.

Exemplary polymers that may be used as a modifier together with, for example, ethyl

cellulose include: HPMC, hydroxyethyl cellulose, hydroxypropyl cellulose,

methylcellulose, carboxymethylcellulose, polyethylene glycol, polyvinylpyrrolidone

(PVP), polyvinyl alcohol, polymers with pH-dependent solubility, such as cellulose

acetate phthalate or ammonio methacrylate copolymer and methacrylicacid copolymer,

or mixtures thereof. Additives such as sucrose, lactose and pharmaceutical grade

surfactants may also be included in the controlled release layer, if desired.

The above controlled release beads and formulation, respectively may be

produced by a method comprising the following steps:

a) providing a core unit of a substantially water-soluble or water-swellable

material;

b) applying a first layer of a substantially water-insoluble polymer to said core;
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c) applying onto said first layer, a second layer comprising an active ingredient

and optionally a polymer binder; and

d) applying onto said second layer, a third polymer layer effective for controlled

release of the active ingredient;

wherein the amount of material in said first layer is selected to provide a layer

thickness that permits control of water penetration into the core.

Optionally, one or more additional polymer layers are applied to the core as has

been mentioned above.

The preparation of the multiple unit formulation comprises the additional step of

transforming the prepared heads into a pharmaceutical formulation, such as by filling a

predetermined amount of the beads into a capsule, or compressing the beads into tablets.

The layering or coating operations are preferably performed by spraying a

solution or dispersion of the respective layer materials onto the core, preferably in a

fluid bed coating apparatus.

Afler the final coating step, the beads are optionally ”cured”, usually in a fluid

bed system or in a tray dryer system, by heating to a temperature of about 30-80°C, for

30 to 180 minutes, for example. Suitably, the beads are then cooled below about 35°C

before stopping the process.

As mentioned above, the pharmaceutical formulation according to the present

invention may be used for treating, inter alia, urinary disorders including overactive

urinary bladder. The overactive bladder condition gives rise to urinary frequency,

urgency and/or urge incontinence. Overactive bladder disorders also include nocturia,

i.e. awakening at night to urinate. While overactive bladder is ofien associated with

detrusor muscle instability, disorders of bladder function may also be due to neuropathy

of the central nervous system (detrusor hyperreflexia) including spinal cord and brain

lesions, such as multiple sclerosis and stroke. Overactive bladder symptoms may also

result from, for example, male bladder outlet obstruction (usually due to prostatic

hypertrophy), interstitial cystitis, local edema and irritation due to focal bladder cancer,

radiation cystitis due to radiotherapy to the pelvis, and cystitis. The formulation may

also be useful for treating gastrointestinal disorders, including gastrointestinal

hyperactivity.
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The phannaceutical formulation according to the present invention has proved to

be very suitable for administering the above-mentioned drug tolterodine, the chemical

name of which is (R)-N,N-diisopropyl~3-(2-hydroxy-5—methyIphenyl)-3-

phenylpropanamine, and would likewise be suitable for its related compounds, i.e. the

major, active metabolite of tolterodine, i.e. (R)-N,N-diisopropyl-3-(2-hydroxy-5-

hydroxymethylphenyl)—3—phenylpropanamine; the corresponding (S)-enantiomer to

tolterodine, i.e. (S)-N,N-diisopropyl-3-(2-hydroxy—5—methylphenyl)-3-

phenylpropanamine; the 5-hydroxymethyl metabolite of the (S)-enantiomer, i.e. (S)-

N,N-diisopropyl-3-(2-hydroxy-5-hydroxymethylphenyl)-3-phenylpropanamine; as well

as the corresponding racemate to tolterodine, i.e. (R,S)-N,N-diisopropyl-3-(2-hydroxy-

5-methylphenyl)-3-phenylpropanamine; and prodrug forms and pharmacologically

acceptable salts thereof.

Tolterodine is marketed for the treatment of unstable or overactive urinary

bladder with symptoms including urinary incontinence (urge incontinence), urgency and

urinary frequency. The 5-hydroxymethyl metabolite of tolterodine mentioned above

contributes significantly to the therapeutic effect of tolterodine.

Tolterodine, its corresponding (S)—enantiomer and racemate and the preparation

thereofare described in e.g. the above-mentioned US-A-5,382,600. For a description of

the active (R)-5-hydroxymethyl metabolite of tolterodine (as well as the (S)-S~

hydroxymethyl metabolite), it may be referred to the above-mentioned US-A-5,559,269.

The (S)-enantiomer, its non-cholinergic spasmolytic activity and use in the treatment of

urinary and gastrointestinal disorders are described in WO 98/03067.

The invention will now be described in more detail by the following non-

limiting Examples. Reference will be made to the accompanying drawings, wherein:

Fig. 1 is a diagram showing the fraction of tolterodine L-tartrate released in vitro

versus time for 2 and 4 mg controlled release capsules according to the Example below;

and

Fig. 2 is a diagram showing the variation of serum concentration (nmol/L) of

(unbound) active moiety with time (hours) during 24 hours when administering a

predetermined total dosage of tolterodine (4 mg) through a prolonged release (PR)

capsule (4 mg) according to the Example below once daily. The corresponding variation

with a prior an immediate release (IR) tablet (2 mg) twice daily is also shown.
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EXAMPLE

Preparation of controlled release beads and capsules

An exemplary bead formulation containing tolterodine L-tartrate as active

ingredient has the following structure:

Core: Starch—containing sugar sphere of about 0.8 mm diameter

(commercially available); comprises 73 % w/w of the final bead;

purpose: coating substrate;

First layer: Surelease® ”sealcoat” (SureIease® is an aqueous film-coating

dispersion, about 25% solids, consisting primarily of

ethylcellulose plasticized with fractionated coconut oil, and

manufactured by Colorcon, Inc, USA); comprises about 12 %

w/w of the final bead;

purpose: to provide more consistent core surface; during drug

release phase maximize time that drug is saturated inside bead

and minimize osmotic effects; control drug release rate together

with the third layer;

Second layer: Tolterodine L-tartrate/hydroxypropylmethylcellulose (HPMC);

comprises about 3 % w/w of the final bead; ratio of

Tolterodine:HPMC is 5:1;

purpose: drug supply;

Third layer: Surelease®/HPMC; comprises about 12 % w/w of the final

bead; ratio of SureIease®:HPMC is 6:1;

purpose: drug release rate control;
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Beads with a three—layer coating having the above characteristics were prepared

as follows:

1200 g of sugar spheres, 20-25 mesh, were charged into a Wurster fluid bed and

sequentially coated at a nominal product temperature of 36 to 40°C with the following

three coating liquids:

- (1) a Surelease® sealcoating liquid prepared by mixing 788 g of Surelease® with 563

g of purified water;

- (2) a drug—containing solution prepared by first dissolving 35.0 g of tolterodine L-

tartrate in 2190 g ofpurified water, and then mixing the solution with 6.6 g of

hydroxypropylmethyl cellulose (HPMC) 5 cP; and

- (3) a sustained release coating liquid prepared by mixing 29 g of HPMC 5 cP with 375

g of purified water, and then mixing with 695 g of Surelease®.

Afier tray drying for 3 hours at 70°C, the coated spheres were filled into size #4

or size #3 hard gelatin capsules to obtain 2 mg and 4 mg tolterodine L-tartrate capsules,

respectively, of the composition:

2 mg capsule 4 mg capsule

Tolterodine L-tartrate 2.0 mg 4.0 mg

sugar spheres, 20-25 mesh 68.6 mg 137.2 mg

Surelease® 21.2 mg 42.4 mg

HPMC 5cP 2.0 mg 4.0 mg

Optionally, a fourth layer may be applied to the bead before drying by Wurster

coating.

Fourth layer : HPMC; comprises about 1 % w/w of the final bead;

purpose: decrease tackiness of beads for subsequent processing

(curing and capsule filling).

In the case of the above described bead, such a fourth layer may be applied with

a coating solution prepared by dissolving 16.4 g of HPMC in 234 g of water.
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Drug in vitro release study

A drug-release test which utilizes the USP Apparatus l (rotating basket) at 100

rpm with 1000 mL of deaerated phosphate buffer prepared at pH 6.8, was used to study

the in vitro release at 37°C of the two three-layered beads—containing 2 and 4 mg

capsules prepared above. The buffer was identical to that used for the Buffer Stage

testing of Delayed-release dosage forms described in USP 23 General Chapter 724, and

nominally contains 0.05 M phosphate and 0.075 M chloride. The results are shown in

Fig. 1. As can be seen therein, about 90 % of the tolterodine tartrate had been released

from both capsules afier 12 hours.

Pharmacokinetic study - Determination of serum concentrations of tolterodine and

main metabolite

A clinical trial was performed in patients with overactive bladder to determine

the pharmacokinetic effects of a (i) a once daily dose of a 4 mg tolterodine controlled

release capsule (below referred to as TOD) as described above, and (ii) two doses daily

of a tolterodine immediate release tablet (below referred to as TIR), described below. 30

patients were subjected to each of the treatments. The measurements were performed on

day seven in each treatment period and included measurements of serum concentrations

of tolterodine and its main 5-hydnoxymethyl metabolite (below called 5—HM) over time.

Blood samples were drawn immediately before dosing and after 0.5, 1, 2, 3, 6, 9,

12, 24 and 25 hours, and the free (unbound) serum concentrations of tolterodine and its

5-l-IM metabolite were measured by gas chromatography/mass spectrometry. The

unbound concentrations were calculated assuming a fraction unbound of 3.7% for

tolterodine and of 36% for 5-HM as obtained from protein binding studies on human

serum (Nilvebrant, L., et al., Life Sciences, Vol. 60, Nos. 13/14 (1997) 1129-1136).

Figure 2 shows the obtained variation with time of the sum of the unbound

concentrations of tolterodine and 5-HM (which sum is referred to as "active moiety")

for, on the one hand, the administration of a 4 mg TOD capsule once daily (PR capsule

in Fig. 2), and, on the other hand, the administration of a 2 mg TIR tablet twice daily

(i.e. equivalent 24-hour doses of capsule and tablet). As shown in the Figure, the peaks

obtained with the TIR tablet are eliminated with the TOD capsule, the latter thus
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providing a substantially constant serum concentration of active moiety during the 24

hours illustrated.

The difference in fluctuation of the serum concentrations between TIR tablet and

TOD capsule may also be demonstrated by calculation of the "fluctuation index". The

fluctuation index, PI, is calculated as FI = (Cmax - Cmin)/AUCI/1, where T is the length

of the dosage interval and AUCT is the area under the serum concentration profile

during a dosage interval. Thus, the mean calculated fluctuation index for the active

moiety was 2.29 (95% CI 1.95-2.63) for the TIR tablet (based on n=28), and 0.68 (95%

CI 0.59-0.78) for the TOD capsule.

While the invention has been described above with reference to specific

embodiments thereof, it is not restricted thereto in any way whatsoever. On the contrary,

as will be understood by those skilled in the art, various changes, modifications,

substitutions and omissions can be made without departing from the basic concept of the

invention as defined in the claims which follow. Thus, for example, other sustained

release formulations may be used.
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CLAIMS

A pharmaceutical formulation containing tolterodine or a tolterodine—related

compound, or a pharmacologically acceptable salt thereof, as active ingredient,

which formulation exhibits a controlled in vitro release of the active ingredient

in phosphate buffer at pH 6.8 of not less than about 80 % after 18 hours, and

afier oral administration to a patient is capable of maintaining a substantially

constant serum level of the active moiety or moieties for 24 hours.

The formulation according to claim 1, wherein the fraction of tolterodine,

tolterodine-related compound or salt thereof that is released in vitro is not less

than about 80 % after 15 hours.

The formulation according to claim 1, wherein the fraction of tolterodine,

tolterodine-related compound or salt thereof that is released in vitro is not less

than about 80 % after 12 hours.

The formulation according to claim I, 2 or 3, wherein the fraction of tolterodine,

tolterodine-related compound or salt thereof that is released in vitro is less than

about 50 % after 1 hour.

The formulation according to claim 4, wherein the fraction of tolterodine,

tolterodine-related compound or salt thereof that is released in vitro is less than

about 30 % after 1 hour.

The formulation according to claim any one of the preceding claims, wherein the

fraction of tolterodine, tolterodine-related compound or salt thereof that is

released in vitro is from about 30 to about 95 % after 3 hours.

The formulation according to any one of the preceding claims, wherein the

fraction of tolterodine, tolterodine—related compound or salt thereof that is

released in vitro is from about 40 to about 85 % after 3 hours.
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8. The formulation according to any one of the preceding claims, wherein the

fraction of tolterodine, tolterodine-related compound or salt thereof that is

released in vitro is more than about 50 % after 7 hours.

9. The formulation according to any one of the preceding claims, wherein the

fraction of tolterodine, tolterodine-related compound or salt thereof that is

released in vitro is more than about 80 % after 7 hours.

1 0 10. The formulation according to claim I, wherein the fraction of tolterodine,

tolterodine-related compound or salt thereof that is released in vitro is not more

than about 50 % after 1 hour, from about 30 to about 95 % after 3 hours, and not

less than about 50 % after 7 hours.

15 l 1. The formulation according to any one of the preceding claims, wherein the in

vitro release is measured by a drug release test which utilizes the United States

Pharmacopea (USP) Apparatus 1 (rotating basket) at 100 rpm with 900 ml of

deareated phosphate buffer at pH 6.8 and 37 °C, where the phosphate buffer

solution is prepared as described on pages 2049-2050 of USP 23, and nominally

2 0 contains 0.05 M phosphate.

12. The formulation according to any one of the preceding claims, wherein the

controlled release formulation provides a mean fluctuation index of said serum

level of active moiety or moieties that is not higher than about 2.0, preferably not

25 higher than about 1.0, said flutuation index, Fl, being defined as FI = (Cmax -

Cmin)/AUCt/1:, wherein Cmax and Cmin are the maximum and minimum

concentrations, respectively, of active moiety or moieties, AUCt is the area

under the serum concentration profile, and T is the length of the dosage interval.

30 13. The formulation according to any one of the preceding claims, which comprises

tolterodine, its 5-hydroxymethyl metabolite or the racemate corresponding to

tolterodine, or a salt thereof.
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14. The formulation according to any one of the preceding claims, which comprises

tolterodine, or a salt thereof.

5 15. The fonnulation according to claim 14 or 15, wherein the 24-hour serum profile,

expressed as the AUC of unbound tolterodine and 5-hydroxymethyl metabolite,

is from about 5 to about 150 nM*h, preferably from about 10 nM*h to about 120

nM*h.

10 16. The formulation according to claim 14 or 15, wherein and the serum level of

unbound tolterodine and 5-hydroxymethyl metabolite is in the range of about 0.2

to about 6.3 nM, preferably in the range of about 0.4 to about 5.0 nM,

15 17. A method for treating overactive bladder, which comprises administering a

therapeutically effective amount of a pharmaceutical fonnulation according to

any one of claims 1 to 16.

18. A method for treating urinary incontinence, which comprises administering a

20 therapeutically effective amount of a pharmaceutical formulation according to

any one of claims 1 to 16.

19. A method for treating nocturia, which comprises administering a therapeutically

effective amount of a pharmaceutical formulation according to any one of claims

25 H016.

20. A method for treating gastrointestinal disorders, which comprises administering

a therapeutically effective amount of a pharmaceutical formulation according to

any one of claims 1 to 16.

30

21. Use of tolterodine or a tolterodine—related compound, or a pharmaceutically

acceptable salt thereof, for the manufacture of a therapeutical formulation for
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treating a disorder selected from overactive urinary bladder, including urinary
incontinence, nocturia and gastrointestinal disorders, which formulation exhibits

a controlled in vitro release of tolterodine, a tolterodine-related compound or

pharmacologically acceptable salt thereof, in phosphate buffer at pH 6.8 of not

5 less than about 80 % after 18 hours, and after oral administration to a patient is

capable of maintaining a substantially constant semm level of the active moiety
or moieties for 24 hours.

22. A method for orally administering tolterodine or a tolterodine-related compound,
10 or a phannacologically acceptable salt thereof, to a patient to maintain a

substantially constant serum level of the active moiety or moieties for 24 hours,

which method comprises administering a pharmaceutical formulation containing
tolterodine, a tolterodine-related compound or a salt thereof, which formulation

exhibits a controlled in vitro release in phosphate buffer at pH 6.8 of tolterodine,
15 tolterodine-related compound or salt thereofof not less than about 80 % after 18

hours.
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QUATERNARY AMMONIUM COMPOUNDS AND THEIR USE AS ANTIMUSCARINIC AGENTS

This application claims the benefit of US

Provisional Patent Application No. 60/348 930, filed 26

October 2001, US Provisional Patent Application No.

50/361,979, filed 6 March 2oo2,‘and US Provisional Patent

5 Application No. 60/391. 521, filed 25 June 2002, and the

entire disclosures of which are herein incorporated by
reference.

Technical Field

10 The present invention concerns a novel class of

quaternary ammonium compounds, pharmaceutical

compositions containing the same, the compounds for use

as medicaments, and use of the compounds for the

manufacture of specific medicaments. The present

15 invention also concerns a method of treatment involving

administration of the compounds.

The novel compounds are useful as antimuecarinic _

agents. In particular, the novel compounds are useful for

the treatment of asthma, a group of breathing disorders

20 termed Chronic Obstructive Pulmonary Disease (COPD),

allergic rhinitis, and rhinorrhea due to the common cold.

Background of the Invention

’ US Patent 5,382,600 discloses (substituted) 3,3-

25 diphenylpropylamines useful for treating urinary

incontinence. In particular, it discloses 2—[(1R)—3—

(diisopropylamino)-1-phsnylpropyl)—4—methylphenol, also

known as N,N-diisopropyl—3—(2—hydroxy—5-methylphenyl)-3-

phenylpropylamine, with the generic name of tolterodine,

30 as being useful to treat urinary incontinence.

Tolterodine is the compound of Eianple 22 of US 5,382,600.
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It is preferred that tolterodine is prepared by the

processes of International Publication W098/29402 (US

5,922,914).

H Postlind et al, Drug Metabolism and Disposition,
26(4): 289-293

muscarinic receptor antagonist. It is presently being

(1998) discloses that tolterodine is a

sold in a number of different countries_for treatment of

urinary incontinence under the name Detrol®, marketed by

Pharmacia. When tolterodine is used to treat.nrinary

incontinence it is administered perorally as a tablet.

The major, active metabolite of tolterodine is the 5-

hydroxymethyl derivative of tolterodine. _ I

‘US Patent 5,559,269 and H Postlind et al, Drug

Metabolism and Disposition, 26(4): 289-293 (1998)

disclose hydroxytolterodine. US Patent 5,559,269’

discloses this compound as being useful to treat urinary
81: 169-172 (1997)

discloses that hydroxytolterodine has antimuscarinic

incontinence. Pharmacol. Toxicol.,

activity.

The international patent application W098/43942

discloses therapeutically active diarylpropylamines,

which have favorable anticholinergic properties, and

which can be used for the treatment of disorders related

to urinary incontinence.

W0 02/34245 discloses the use of tolterodine for

treating asthma, COPD, and allergic rhinitis.

The currently marketed administration form of _

tolterodine is film—coated tablets containing 1 mg or 2

mg of tolterodine L-tartrate, or extended release '
capsules containing 2 mg or 4 mg of tolterodine L-

tartrate for release in the gastrointestinal tract.

Consumers constantly require alternative delivery forms

with favorable efficacy and/or which simplify the

treatment, thus improving their quality of life.

Atropine methonitrate and ipratropium are quaternary

ammonium derivatives of atropine. Ipratropium bromide is
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used by inhalation to produce bronohodilation.

Ipratropium is 8-isopropylnoratropine methobromide and is
disclosed in US Patent 3,505,337.

Yono M et a1, European Journal of Pharmacology

5 (1999) 368:223-230, is concerned with the pharmacological

effects of tolterodine, an antimuscarinic drug, in

isolated human urinary bladder smooth muscle.

Ruffmann R at al, The Journal of International

Medical.Research (1998) 16:317-33Q, reviews use of

10 flavoxate hydrochloride or alternative compounds, such as

terodiline hydrochloride and emefironium bromide, in the

treatment of urge incontinence.

Stewart BHvet al, The Journal of Urology (1976)

l15:S58-S59 discloses therapy of mild to moderate stress

15 urinary incontinence with a combination of

phenylpropanolamine hydrochloride, chlorpheniramine

maleate, and isopropamide iodide in a sustained release

capsule.

W0 95/10269 and W0 95/10270 disclose the use of R-

20 and S—terodiline, respectively, as drugs for treating

conditions related to the compounds"activities as

anticholinergic agents.

Despite the above advances in the art, it is

desirable to develop novel pharmaceutical compounds that

25 further improve the quality of life for a large number of

individuals.

Summary of the Invention

For these and other purposes, it is an object of the

30 present invention to provide highly efficient

pharmaceutical compounds for treatment of asthma.

It is also an object of the present invention to

‘provide highly efficient pharmaceutical compounds for

treatment of Chronic Obstructive Pulmonary Disease

35 (COPD).
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It is a further object of the present invention to

provide highly efficient pharmaceutical compounds for

treatment of allergic rhinitis.

It is an object of the present invention to provide

5 highly efficient pharmaceutical compounds for treatment

' of rhinorrhea due to the common cold.

It is also an object of the present invention to

provide pharmaceutically effective 3,3-

diphenylpropylamine derivatives having an_increased
10 residence time in lung upon pulmonary administration.

It is an object of the present invention to provide

a novel class of 3,3~dipheny1propylamine derivatives

having favorafile properties.

For these and other objects that will be evident

15 from the following disclosure, the present invention

provides a quaternary ammonium compound of the formula

 

and any stereoisomers thereof, wherein

20 -‘- R1,Ih and R3 independently represent C1-C5 alkyl,

optionally substituted with phenyl or hydroxyl, or both,

and wherein any two of R1, R2 and R3 may form a ring

together with the quaternary ammonium nitrogen;

R4 represents

25 —H,

‘CH3, or

-CO—R4_1 wherein R44 represents

- (C1‘C-A a1kyl),

-(C1-C4 alkoxy), or
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—NRh;RL3, wherein Rb; and Rh;

independently represent -H or —(C,-C. alkyl), and

R5, R5 and R7 independently represent

-H,

—OCH3 ,

—OI-I,

-‘CONH2 ,

‘302NH2;

-F, -Cl, —Br, —I,

-CF3, or .

-(C1-C4 alkyl), optionally substituted with one

or two '

-OH .

—(C1-C. alkoxy),

—COOH , or

—CO—O-(C1-C3 alkyl), and

X’ represents an anion of a pharmaceutically

acceptable acid.

In an embodiment of the compound according to the

the carbon stereocenter is (R). In anotherinvention.

embodiment of the compound according to the invention,

the carbon stereocenter is (S). In yet another

embodiment, the compound according to the invention is a

mixture of stereoisomers.

In a preferred embodiment of the compound according

to the invention, at least one of R1, R2 and R3 represents

C1rC3 alkyl. In a more preferred embodiment, at least one,

preferably at least two, of R1, R2 and R3 represents _

isopropyl. In another more preferred embodiment, at least

one of R1, R2 and R3 represents methyl. In yet another

more preferred embodiment, at least one of R1, R2 and R3

represents ethyl. _

In one preferred embodiment of the compound

according to the invention, R1 and R; jointly form a ring

together with the quaternary ammonium nitrogen. In a more
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preferred embodiment, said ring comprises from 4 to 6
carbon atoms.

In a preferred embodiment_of the compound according

—CH3, or ‘CO-Rqq,

wherein Rn; represents C1-C4 alkyl. In a more preferred
embodiment,

to the invention, R4 represents -H,

R4 represents ~H.

In a preferred embodiment of the compound according

to the invention, R5 represents —H, —Cl,

-CHZOH, more preferably -CH3.

—Br, -CH3, or

In a preferred embodiment of the compound according
to the invention, at least one, mdre preferably both, of
R5 and R, represents -H. .

In a preferred embodiment of the compound according

to the invention, X‘ is selected from the group

consisting of the anions of the following acids:

tartaric, hydrochloric, hydrobromic, hydroiodic,

sulfuric, phosphoric, nitric, citric, methanesulfonic,

CH3—(CHfln—COOH where n is 0 thru 4, HOOC~(CH;)n—COOH

where n is 1 thru 4, HOOC—CH=CH-COOH, and benzoic.

more preferred embodiment, X‘ is selected from the group

In a

consisting of iodide, bromide, and chloride. In an even

more preferred embodiment, X‘ represents iodide. In

another even more preferred embodiment, X‘ represents

chloride. In yet another even more preferred embodiment,

‘X’ represents bromide.

More specifically, preferred embodiments of the

compound according to the invention include the title

compounds of the examples. Particularly preferred

embodiments are selected from the group consisting of

(3R)-3-(2—hydroxy-S~methylphenyl)-N,N—

diisopropy1—N-methyl-3—pheny1propan—1-aminium.iodide,

(3R)-3-(2—hydroxy—5—methylpheny1)—N,N-

diisopropyl—N-methyl—3—phenylpropan—l-aminium bromide,
and

(BR)-3-(2—hydroxy—5—methylphenyl)-N,N—

diisopropyl—N—methyl—3-phenylpropan-l—aminium chloride.
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Moreover, the present invention provides a

pharmaceutical composition comprising a therapeutically

effective amount of a quaternary ammonium compound

according to the invention, and a suitable pharmaceutical

carrier therefor.

The present invention also provides a quaternary

ammonium compound according to the invention for use as a
"medicament.

The present invention provides use of a quaternary

ammonium compound according to the invention for the
manufacture of a medicament for treating asthma, chronic

obstructive pulmonary disease (COPD), allergic rhinitis,

rhinorrhea due to the common cold, or urinary disorder.

Finally, the present invention provides a method of

treating asthma, chronic obstructive pulmonary disease

(COPD), allergic rhinitis, rhinorrhea due to the common

cold,

comprising administering to said mammal, in need of such

or urinary disorder in a mammal, including man,

a treatment, a therapeutically effective amount of a

quaternary ammonium compound according to the invention.

Brief Description of the Drawings

Figures 1-3 are diagrams showing average enhanced

pause (lung resistance) as a function of time-upon

~inhalation of quaternary ammonium salts according to the

invention in Balb/c mice.

Figure 4 is a diagram showing the effects of

inhalation of tolterodine and a compound according to the

invention, respectively, on the average enhanced pause

(lung resistance) as a function of time in Balb/c mice.

Figure 5 is a diagram showing the effects of

inhalation of a compound according to the invention and

ipratropium bromide, respectively, on the average

as a function of time inenhanced pause (lung resistance)

Balb/c mice.’
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Figure 6 is a diagram showing the plasma

’ concentration (pg/ml) of a compound according to the

invention with time (hours) following aerosol

administration of various amounts in Balb/c mice.

Figure 7 is a diagram showing the plasma

concentration (ng/ml) of tolterodine with time (hours)

following aerosol administration of various amounts in
mice.

Description of the Invention

In describing the preferred embodiment. certain
terminology will be'utilized for the sake of clarity.

Such terminology is intended to encompass the recited

embodiments, as well as all technical equivalents that

operate in a similar manner for a similar purpose to

achieve a similar result. To the extent that any

pharmaceutically active compound is disclosed or claimed,

it is expressly intended to include all active ’

and,metabolites produced in vivo, is expressly intended

to include all enantiomers, isomers or tautomers where

the compound is capable of being present in its

enantiomeric, isomeric or tautomeric form.

The compounds of the invention can be prepared by

one skilled in the art just by knowing the chemical

structure of the compound to be prepared. The invention

is the compounds themselves, not the process chemistry to

make them. The chemistry is known to those skilled in the

art.

Accordingly, the compounds of the present invention

are quaternary ammonium compounds and are prepared by

means, well known to those skilled in the art, for

preparing quaternary ammonium compounds from tertiary

amines, using the tertiary amines of US Patent 5,382,600

and other known compounds as starting materials. The

general term "quaternary ammonium compound“ relates to
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any compound that can be regarded as derived from

ammonium hydroxide or an ammonium salt by replacement of

all four hydrogen atoms of the NH(¥ion by organic groups.

The specific compounds are for nomenclature reasons

5 (see e.g. Chemical Abstracts) named as "aminium"

compounds, but it is possible to use the term "ammonium"

in the names. For example, (3R)-3—(2~hydroxy-S-

methylphenyl)—N,N—diisopropyl—N—methy1—3—phenylpropan-1-

.aminium bromide can also be_named as an ammonium

10 compound: (3R)-[3-(2-hydroxy—S—methylphenyl)-3-

phenylpropyl]diisopropylmethylammonium bromide.

More specifically, the invention concerns quaternary

ammonium compounds of the formula:

1 5 ’

R0 R7

and any stereoisomers thereof, wherein R4-R7 and X’ are as

follows. ‘

R1, R2 and R3 independently represent C1-C5 alkyl,

20 optionally substituted with phenyl or hydroxyl, or both,

and any two of R1, R2 and R3 may form a ring together with

the quaternary ammonium nitrogen.

R4 represents -H, -CH3, or —CO—R44, wherein R44

represents —(C1—C4 alkyl), -(C1-C4 alkoxy). or ‘NRmqR4q,

25 wherein R44 and Rh; independently represent —H or -(C1—C.

alkyl).

R5, R5 and R7 independently represent —H, -OCH3, -OH,

~CONH; (carbamoyl), -sonnu (sulphamoyl), LP, -Cl, -Br,

—I, -CF3, or -(C1—C. alkyl), optionally substituted with
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one or two -on, -(C1-C4 alkoxy) , -coon, or -co-o—‘(c1-C3

alkyl), and X‘ represents an anion of a pharmaceutically

acceptable acid.

By way of example, a tertiary amine according to US

Patent 5, 382 , 600,

solvent. The tertiary amine is allowed to react with an

or its salt, is dissolved in a suitable

organic substrate, e.g. an organic halide.

The substrate contains a C1-C5 alkyl, preferably a
C1-C3 alkyl, optionally substituted with phenyl, and a
leaving group. The identity of the leaving group is not

critical, but it is preferred that the leaving group is a

halide, such as iodide or bromide. Thus, exemplary

ethyl

iodide, propyl iodide, benzyl bromide or benzyl iodide.

substrates include methyl iodide, methyl bromide,

The resulting reaction product is a quaternary

ammonium compound, which is readily crystallized in

suitable solvents, known to those skilled in the art. The

crystals thus produced are quaternary ammonium salts.

Their identity is confirmed by standard methods, such as

melting point determination, nuclear magnetic resonance

(NMR) analysis and mass spectrometry.

The quaternary ammonium compounds of the invention

the carbon in

to which two

have at least one stereocenter, i.e.

position 3 (C3 in the formula below),

(substituted) aryl groups are attached. Optionally; there

may be a second stereocenter (when R1, R; and R3 all are

different),

nitrogen atom. See the general formula:

the positively charged quaternary ammonium

R1

Ar1 H l R
\\L/£k\m/NE‘:

l jf R3
AF2
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wherein Ar; and Ar; denote (substituted) aryl groups, R1,

R2, R3 and X‘ are as above, C; and C3 denote

individual carbon atoms in the propylammonium backbone.

Accordingly,

and C1,

stereoisomers (enantiomers and/or

diastereomers) are produced. All stereoisomers have

useful activity. Therefore, the invention includes use of

each stereoisomer separately, as well as mixtures

thereof. Specifically, the stereoisomers in which the C3

carbon stereocenter is in the (R) form-have useful

activity. Moreover, the stereoisomers in which the C;

carbon stereocenter is in the (S) form have useful
activity. A mixture of stereoisomers, comprising the

stereoisomers in which the C3 carbon stereocenter is in

the (R) form and the stereoisomers in which the C3 carbon

stereocenter is in the (5) form, also has useful

activity.

The quaternary ammonium compounds of the invention

are preferably administered as salts with a

pharmaceutically acceptable acid. Where R4 is —H, the

which have a

phenoxide anion to balance the positive charge on the

compounds can be isolated as internal salts,

quaternized nitrogen. The preferred pharmaceutically

acceptable salts include salts of the following acids:

tartaric, hydrochloric, hydrobromic, hydroiodic,

sulfuric, phosphoric, nitric, citric, methanesulfonic,

CH3— (CH2)n-COOH where n is 0 thru 4, H0OC—(CH-2),-.-COOH where

n is 1 thru 4, HOOC-CH=CH-COOH, For other.

acceptable salts, see Int. J, Pharm., 33, 201-217 (1986).

Particularly preferred salts are chloride, iodide and

and benzoic.

bromide salts, especially bromide salts and iodide salts.

Accordingly, X“ represents an anion of a

pharmaceutically acceptable acid. Preferably, X‘ is

selected from the following anions: tartrate, chloride,

sulfate, phosphate(s), nitrate, citrate,

carboxylates with from two to six

bromide, iodide,

methanesulfonate,
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carbon atoms, dicarboxylates with from two to six carbon

atoms, maleate, fumarate, and benzoate. It is preferred

that X‘ represents chloride, iodide or bromide, more

preferred iodide or bromide.

The substituents R1. R1, R1 may be the same or

different. They are selected from the group comprising

C1-C5 alkyls, preferably C1-C5 alkyls, straight or

branched, optionally substituted with phenyl or hydroxyl,

10 or both. Thus, R1, R2, R3 independently represent methyl,
ethyl, propyl, isopropyl, butyl, isobutyl, pentyl,

isopentyl, hexyl, or isohexyl, optionally substituted

with phenyl or hydroxyl, or both.

‘It is preferred that at least one of the

15 substituents R1, R2, R1 represents a C1-C3 alkyl, straight

or branched, i.e. methyl, ethyl, propyl, or isopropyl. It

is particularly preferred that one of the substituents

R1, R2, R3 represents methyl or ethyl, preferably methyl.

It is also preferred that at least one, more preferred

20 two, of the substituents R1, R1, R1 represent(s)

isopropyl. It is especially preferred that R1 and R1 each

represent isopropyl, and R3 represents methyl or ethyl,

preferably methyl. The substituents R1, R2, and R1

together contain at least 3 carbon atoms. It is preferred

25 that the substituents R1, R2, and R3 together contain at

least 4 carbon atoms, more preferred at least 5 carbon

.atoms, even more preferred at least 6 carbon atoms.

According to another aspect of the invention, any.

two of R1, R2, and R3 may jointly form a ring structure

30 ‘together with the positively charged nitrogen. It is

preferred that the resulting ring structure comprises

from four to six carbon atoms.

The substituent R. is attached via an oxygen atom to

35 its aryl ring. The -OR. group is attached to the carbon

atom in position _2 in the ring, with respect to the
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propylammonium group. The substituent Ru may represent

hydrogen, methyl or acyl (-C0-Rbl), wherein acyl includes

any one of the following: alkylcarbonyl, straight or

branched, having from two to five carbon atoms,

alkoxycarbonyl, straight or branched, having from two to

five carbon atoms, and amide, optionally mono- or

independently disubstituted with alkyl, straight or
branched, having from one to four carbon-atom(s).

Accordingly, the substituent_RL4 represents any one of

the following: C1-C4 alkyl, straight or branched, C1—C.
alkoxy, straight or branched, and —NR44R44, wherein Rb;

.and Rug may be the same or different and represent —H or

-(C1-C4 alkyl), straight or branched. Thus, the

substituent R4 may represent any one of the following:

hydrogen, methyl or acyl, wherein the acyl group may be

acetyl (ethanoyl), propanoyl, butanoyl, isobutanoyl,

pentanoyl, isopentanoyl, methoxycarbonyl, ethoxycarbonyl,

isopropoxycarbonyl, butoxycarbonyl,

isobutoxycarbonyl, carbamoyl, N-methylcarbamoyl, N-

ethylcarbamoyl, N—propylcarbamoyl, N—butylcarbamoyl, or

an N,N—dialkylcarbamoyl, wherein the alkyl groups,
straight or branched, are the same or different and have

from 1 to 4 carbon atoms each. Examples of N,N-

dialkylcarbamoyls in this position include N,N-

dimethylcarbamoyl, N,N—diethylcarbamoyl, N,N—

dipropyloarbamoyl, as well as N,N—diisobutylcarbamoyl,

and N—propyl-N—butylcarbamoyl. It is preferred that F;

represents hydrogen, since such compounds can be isolated

as internal salts, which_have a phenoxide anion to

balance the positive charge on the quaternized nitrogen.

It is also preferred that R. represents alkylcarbonyl,

straight or branched, having from two to five carbon

atoms, e.g. acetyl (ethanoyl), propanoyl, butanoyl,

isobutanoyl, pentanoyl, or isopentanoyl. Moreover, it is

preferred that R. represents methyl.
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The substituent R5 may be connected to any,

‘ otherwise not substituted, carbon atom in its aryl ring.

In other words, R5 is not connected to any of the carbon

atoms to which the -OR4 group or the (substituted)

phenylpropanammonium group is connected, but R5 may be

connected to any one of the remaining four carbon atoms

in its aryl ring.

R5 may represent any one of the following: hydrogen,
methoxy, hydroxyl, carbamoyl,;sulphamoyl,-halogen-

(fluorine, chlorine, bromine, iodine), trifluoromethyl or
an alkyl group, straight or branched, having from one to

four carbon atoms. Optionally, this alkyl group may be

mono— or independently disubstituted with hydroxyl, with

an alkoxy group, straight or branched, having from one to

four carbon atoms, with carboxyl, or with alkoxycarbonyl

(—CO—O~(Cy%h a1kyl)), straight or branched, having from

one to four carbon atoms. It is preferred that R5.

represents any one of the following: hydrogen, bromine,

chlorine, methyl or hydroxymethyl. It is particularly

preferred that R5 represents methyl. If R5 does not

represent hydrogen, it is preferred that R5 is situated

opposite the -OR4 group, i.e. at the carbon atom in

position 5 in the ring, with respect to the

propylammonium group.

The substituents R5 and R, are connected to the same

aryl ring, which is different from the aryl ring to which

the substituents R4 and Rs are connected. R5 and R5 may be

the same or different. R5 and R7 may independently

represent any one of the following: hydrogen, methoxy,

hydroxyl, carbamoyl, sulphamoyl, halogen (fluorine,

chlorine, bromine, iodine), trifluoromethyl or an alkyl

group, straight or branched, having from one to four

carbon atoms. Optionally, this alkyl group may be mono-

or independently disubstituted with hydroxyl, with an

alkoxy group, straight or branched, having from one to

four carbon atoms, with carboxyl, or with alkoxycarbonyl
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(-C0-0-(C1-C3 a1kyl)), straight or branched, having from
one to four carbon atoms.

It is preferred that at least one, preferably both,

of R5 and R7 represents hydrogen. When one, but not both,

0f Re and R7 represents hydrogen, it is preferred that the

other (R7 or R5, respectively) is attached to the carbon

atom in position 2'in the ring, with respect to the
propylammonium group. when neither R5 nor R7 represent

hydrogen, it is preferred that one is attached to the

carbon atom in position 2 and the other to any one of the

carbon atoms in positions 3, 4, or 5, respectively, in

the ring, with respect to the propylammonium group.

The novel class of compounds according to the

present invention are antimuscarinic agents.

"Antimuscarinic agents" refer to muscarinic receptor

antagonists. Examples of known antimuscarinic agents

include tolterodine, hydroxytolterodine, 2-

(diisopropylamino)ethyl-1-phenylcyclopentanecarboxylate,

trospium, darifenacin, 'propiverine, oxybutynin,

temiverine, ipratropium, and tiotropium.

Propiverine is 1-methyl-4—piperidyl .a1pha.,.a1pha.-

diphenyl~.alpha.-(n—propoxy)acetate and is disclosed in

East German Patent 106,643 and in CA8 82-1558418 (1975).

Oxybutynin is 4-(diethylam1no)—2—

butynylalphaphenylcyclohexaneglycolate and is disclosed

in UK Patent 940,540. Trospium is 3a1pha-

hydroxyepiroElalphaa,5a1phaH—nortropane—

6,1'pyrro1idinium]chloride benzilate and is disclosed in

Us Patent 3,480,623. Darifenacin is 3-

1—{2-(2,3—dihydro-5-

ben2ofurany1)ethylJ—alpha,alpha-dipheny1—, and is

Pyrrolidineacetamide,

disclosed in Us Patent 5,096,890. Temiverine is

.alpha. cyclohexyl-.alpha.—hydroxy-,

4-(diethylamino)—l,1—dimethyl-2—butynyl ester and is

disclosed in Us Patent 5,036,098.

benzeneacetic acid,

Ipratropium is 8-
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isopropylnoratropine methobromide and is disclosed in US

Patent 3,505,337. Tiotropium is (1~a1pha,2-beta,4—beta,5-

alpha,7—beta)-7-[(hydroxydi—(2~thieny1)acetyl)oxy]—9,9—

dimethyl—3—oxa-9—azoniatricyclo[3 3.1.02,4]nonane and is

.disclosed in EP 418,716.

The compounds of the invention have anti-cholinergic

properties. Thus. they are useful for the treatment of

acetylcholineumediated disorders. in particular, they are
useful for treating asthma, chronic obstructive pulmonary

disease (COPD), allergic rhinitis, and rhinorrhea due to

the common cold. \

"Asthma" refers to a chronic lung disease causing

bronchoconstriction (narrowing of the airways) due to

inflammation (swelling) and tightening of the muscles

around the airways. The inflammation also causes an

increase in mucus production, which causes coughing that

may continue for extended periods. Asthma is

characterized by recurrent episodes of breathlessness,

and chest tightness, termedwheezing, coughing,

exacerbations. The severity of exacerbations can range

from mild to life threatening. The exacerbations can be a

result of exposure to e.g. respiratory infections, dust,

mold,

and air pollutants.

"COPD" refers to Chronic Obstructive Pulmonary

pollen, cold air, exercise, stress, tobacco smoke,

Disease, primarily associated with past and present

cigarette smoking. It involves airflow obstruction,

mainly associated with emphysema and chronic bronchitis.

Emphysema causes irreversible lung damage by weakening

and breaking the air sacs within the lungs. Chronic

Bronchitis is an inflammatory disease, which increases

mucus in the airways and bacterial infections in the

bronchial tubes,resulting in obstructed airflow.

"Allergic rhinitis" refers to acute rhinitis or

nasal rhinitis, including hay fever. It is caused by
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allergens such as pollen or dust. It may produce

sneezing, and itchiness in the

throat,

congestion, runny nose,

nose, eyes, and ears.

"Rhihorrhea due to the common cold" refers to watery

discharge from the nose in association with a virus

infection, such as the common cold. The rhinorrhea may be

caused by rhinitis due to a virus infection (such as the
common cold).

"Urinary disorders" and symptoms thereof include

some or all of the following: urgency, frequency,
incontinence, urine leakage, enuresis, dysuria,

hesitancy, and difficulty of emptying bladder. In

particular, urinary disorders include urinary

incontinence, caused by e.g. unstable or overactive

urinary bladder.

Overactive urinary bladder encompasses variants of

urinary disorders, including overactive detrusor

(detrusor instability, detrusor hyperreflexia) and

sensory urgency, as well as symptoms of detrusor

overactivity, e.g. urge incontinence, urgency, urinary

frequency, and LUTS (Lower Urinary Tract Symptoms),

including obstructive urinary symptoms, such as slow

urination, dribbling at the end of urination, inability

to urinate and/or the need to strain to urinate at an

‘acceptable rate, or irritating symptoms such as

dry overactive bladder, and/or urgency).

which give rise

frequency,

other conditions are also included,

to urinary frequency, urgency and/or urge incontinencei

Overactive bladder disorders also include nocturia and

While overactive bladder is often

disorders of

mixed incontinence.

associated with detrusor muscle instability,

bladder function may also be due to neuropathy of the

central nervous system (detrusor hyperreflexia),

including spinal cord and brain lesions, such as multiple

sclerosis and stroke. overactive bladder symptoms may

also result from, for example, male bladder outlet
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obstruction_(usually due to prostatic hypertrophy),

interstitial cystitis, local edema and irritation due to

focal bladder cancer, radiation cystitis due to

radiotherapy to the pelvis, and cystitis.

The compounds of the present invention are used to

treat mammals, including man and horse. It is preferred

that the mammal is a human.

The compounds according to the invention, in the
form of free base or salts with pharmaceutically

acceptable acids, or solutions thereof, can be brought

into suitable dosage forms, such as compositions for

administration through the oral, rectal, transdermal,

parenteral, nasal, or pulmonary route in accordance with
the

accepted pharmaceutical procedures. In particular,

compositions may be administered via inhalation or

insufflation. Such pharmaceutical compositions according

to the invention comprise the compounds according to the

invention in association with compatible pharmaceutically

acceptable carrier materials, or diluents, as is well

known in the art. The carriers may be any inert material,
suchorganic or inorganic, suitable for administration,

as: water, gelatin, gum arabicum, lactose,

microcrystalline cellulose, starch, sodium starch

glycolate, calcium hydrogen phosphate, magnesium

and the

like. such compositions may also contain other

stearate, talcum, colloidal silicon dioxide,

pharmaceutically active agents, and conventional

additives such as stabilizers, wetting agents,

emulsifiers, flavoring agents, buffers, binders,

disintegrants, lubricants, glidants, antiadherents,

propellants, and the like.

The novel compounds according to the present

invention can be administered in any suitable way. The

compounds according to the invention can be made up in
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solid or liquid form, such as tablets, capsules, powders,

syrups, elixirs and the like, aerosols, sterile

solutions, suspensions or emulsions, and the like. They

are advantageously administered via inhalation or

5 insufflation. when the administration form is inhalation

or insufflation, the compounds are preferably in the form

of either an aerosol or a powder. .

The term "effective amount" refers to a

10 therapeutically effective amount_for treating asthma,
chronic obstructive pulmonary disease (COPD), allergic

rhinitis, rhinorrhea due to the common cold, or urinary

disorder. The terms "therapy" and "therapeutically"

encompass all kinds of treatments, including prophylaxis.

15 In particular, "therapeutically effective" means that it

is effective for anti-cholinergic treatment. _

The dosage of the specific compound according to the

invention will vary depending on its potency, the mode of

administration, the age and weight of the patient and the

20 severity of the condition to be treated.

Doses administrated by inhaler, such as a dry powder

inhaler (DPI) or a metered—dose inhaler (MDI), are

preferably given as one or two puffs, preferably

comprising the total daily dose. For a human subject, it

25 is preferred that the dosage is in the range of from 1

microgram (1 #9) to one milligram (1 mg).

g Doses administrated by nebulizer solution are

generally higher than_doses administrated by inhaler. For

a human subject, it is preferred that the total dosage

30 given by nebulizer solution is in the range of from 1

microgram (1 pg) to ten milligrams (10 mg). .

Thus, a clinically effective amount of the compounds

according to the invention is from about 1 pg to about 10

mg. It is preferred that the effective amount is from

35 about 1 pg to about 1 mg, preferably from about 0.01 mg

to about 1 mg.
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The compounds of the invention can be administered

from one to four times daily. It is preferable to

administer the compounds once or twice daily, more

preferable once daily. “

The dosage form for inhalation can be an aerosol.

The minimum amount of an aerosol delivery is about 0.2 ml

and the maximum aerosol delivery is about 5 ml. The

concentration of the compounds according_to the invention

10 may vary as long as the total amount of spray delivered
is within the about 0L2 to about 5 ml amount and it

delivers an effective amount. It is well known to those

skilled in the art that if the concentration is higher,

one gives a smaller dose to deliver the same effective

15 amount.

The non—active ingredient or carrier can be just

(sterile) water with the pH adjusted to where the active

pharmaceutical agent is very soluble. It is preferred

that the pH be at or near 7. Alternatively and

20 preferably, the non—active carrier agent should be

physiological saline with the pH adjusted appropriately.

Aerosols for inhalation of various pharmaceutical agents

are well known to those skilled in the art, including

many aerosols for treating asthma.

25

Alternatively, the dosage form for inhalation can be

a -powder. Powders for inhalation of various

pharmaceutical agents are well known to those skilled in

_ the art, including many powders for treating asthma. When

30 the dosage form is a powder, the compounds according to

the invention can be administered in pure form or diluted

with an inert carrier. when an inert carrier is used, the

compounds according to the invention are compounded such

that the total amount of powder delivered delivers an

35 "effective amount" of the compounds according to the

invention. The actual concentration of the active
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compound may vary. If the concentration is lower, then

more powder must be delivered; if the concentration is

higher, less total material must be delivered to provide’

an effective amount of the active compound according to

the invention.

For treatment of rhinitis, in particular rhinitis~

due to the common cold, the compounds according to the

invention can advantageously be administered in

combination with steroids, cromoglycates, and
decongestants (alpha agonists). Such combination

therapies are useful in the treatment of rhinorrhea due

to the common cold.

The invention will be further illustrated by the

following non—limiting examples and pharmacological
tests.

Tolterodine refers to 2-[(1R)—3—(diisopropy1amino)-1-

phenylpropyl]—4—methylphenol, also known as N,N-

diisopropyl—3—(2—hydroxy—5-methylphenyl)-3-

phenylpropylamine, a compound of the formula:

"20 CH3

rr“ VH
N CH

H3C Y 3
CH3

(R)-stereolsomer

Hydroxytolterodine refers to 2—[(lR)-3-

(diisopropylamino)-1-phenylpropyl]-4-

(hydroxymethyl)phenol, a compound of the formula:
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Pharmaceutically acceptable refers to those

properties and/or substances which.are acceptable to the

patient from a pharmacological/toxicological point of
view and to the manufacturing pharmaceutical chemist from

a physical/chemical point of view regarding composition,

formulation, stability, patient acceptance and

-.bioavailability.

Examples

Without further elaboration,

skilled in the art can, using the preceding description,

practice the present invention to its fullest extent. The

following detailed examples describe how to prepare the

various compounds and/or perform the various processes of

the invention and are to be construed as merely

illustrative, and not limitations of the preceding
Those skilled in the

it is believed that one

disclosure in any way whatsoever.

art will promptly recognize appropriate variations from

the procedures both as to reactants and as to reaction

conditions and techniques.

All temperatures are in degrees Celsius..

Ether refers to diethyl ether.

Physiological saline refers to an 0.9% aqueous

sodium chloride solution.

When solvent pairs are used, the ratios of solvents

used are volume/volume (V/V).
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When the solubility of a solid in a solvent is used

the ratio of the solid to the solvent is weight/volume

(wt/v) . T

5 EXAMPLE 1 Tolterodine Free Base ,

’ Tolterodine tartrate (2.1 g) is mixed with water (45

H ml) and toluene (2.5 ml). Sodium carbonate (300 mg) is

added to the slurry. Sodium hydroxide (2.0 N, 1.5 ml) is

added. The mixture is extracted three times-with toluene

10 (3 ml), saving the organic phase..Anhydrous potassium

carbonate is added to the organic phase dissolve the

tolterodine tartate, giving the title compound in

solution. ‘

15 EXAMPLE 2 (3R)—3-(2—Hydroxy-S-methylphenyl)-N,N-

diisopropyl—N—methyl—3—phenylpropan-1—aminium iodideOH

To tolterodine free base (from Example 1, 0.5 M, 2.5

ml) in toluene is added methyl iodide (1 ml).

20 Acetonitrile (5 ml) is added to the mixture and stirred

over night at 20—25°C. The solvent is removed by blowing

dry nitrogen. Acetone (1 ml) and hexane (2 ml) are added

and the mixture is filtered at 20—2S°C to give the title

compound. Anal Calcd for CnH“INO: C, 59.10; H, 7.33; N,

25 3.00. Found: C, 59.00; H, 7.44; N, 3.00. The identity of

the compound has been further verified and characterised

by NMR analysis, mass spectrometry, and melting point

determination.

30
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EXAMPLE -3 (312) -3 — (2 -Hydroxy-45 —methylphenyl) —N, N-

diieopropyl-N—methyl~3—pheny1propan—1—aminium bromide

_ OH _

0 ~

A sealed mixture ofi methyl bromide (100 g) and 2—[(lR)-3-_

5 (diisopropylamino)—1-phenylpfopyl]§4~methylpheno1 (14 g)
in acetone (100 ml) is stirred at 20-25°C for 4 days. The

mixture is cooled to -10°C and the precipitate is

filtered off and washed with ether and dried to give the

title compound, mp 189—191°C (dec). Anal Calod for

10 C23H3.,BrNO: C, 65.71; H, 8.15; Br, 19.00; N, 3.33. Found:

C, 65.61; 1-1, 3.34; Br, 19.12; N, 3.32. cal» (c=1, MeOH)

+25°c. ‘H NMR [(CD;)2SO] 8 1.25, 2.18,.2.48, 2.81, 3.05,

3.39, 4.22, 6.70, 6.83, 7.03, 7.19, 7.33, and 9.3.

15 EXAMPLE 4 (3R)—N—Ethy1—3-(2—hydroxy-5-methylphenyl)-

N,N-diisopropy1—3—phenylpropan—1-aminium iodide
OH

H W//\ "

NY

Following the general procedure of Example 2 and making

non critical variations, but starting with ethyl iodide,

-20 the title compound is obtained.
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EXAMPLE 5 (3R)-3-<2-HYQroxy-5—methy1phenyl)—N,N-

diisopropyl-3-phenyl—N—propy1propan—1—aminium iodide

2 EH Y/\/ r
N\‘/

Following the general procedure of Example 2 and making

5 non criticel variations, but statting with propyl iodide,
the title compound is~obtained. '

EXAMPLE 6 . (3R)-N—Benzy1—3-(2~hydroxy-S-

methylphenyl)—N;N~diisopropy1-3—phenylpropan—1—aminium

10 iodide SH Y F
O go

0
Following the general procedure of Example 2 and making

non critical variations, but starting with benzyl iodide,

the title compound is obtained.

15

EXAMPLE 7 (312) —N- (tert-Eutyl) ~3— (2-hydroxy-5-

methylphenyl)—N,N—dimethyl-3—phenylpropan—1-aminium

bfomide

. OH \\+/’~ ///‘\¢/N*\

O
20 Following the general procedure of Example 2 and making

non critical variations, but starting with methyl bromide
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and 2-{(1R)-3-[cert-butyl(methyl)amino]-1—phenylpropy1}—

4—methylpheno1, the title compound is obtained.

EXAMPLE 8 (3R) ‘-3- [2—Hydro.xy—5-

S (hydroxymethy1)phenyl]—N,N—diisopropyl-N-methy1—3-

phenylpropan-1-aminium iodide
on

N*\|/
 

 
Following the general procedure of Example 2 and making

non critical variations, but starting with 2-[(1R)-3-

10 (diisopropylamino)-1—phenylpropyl]—4—

(hydroxymethy1)phenol, the title compofind is obtained.
Anal Calcd for C231-I34INOg: C, 57.14: H, 7.09; N, 2.90.

Found: C, 56.33; H, 7.33; N, 2.76. HRMS Calcd 356.2589.

Pound: 356.2588. ‘H mm [(CD3)2SO] 5 1:25, 2.43, 2.81,

15 3.05, 3.88, 4.25, 4.35, 4.94, 6.75} 5.98, 7.20, 7.33, and

9.5.

EXAMPLE 9 (3R)—3—(2—Hydroxyphenyl)-N,N-diisopropyl-

N-methyl-3-phenylpropan—1-aminium bromide

0 3“ Yx
NY

20 |
Following the general procedure of Example 3 and making

non critical variations but starting with 2-[(1R)—3—

(diisopropylamino)-1~ppenylpropyl]pheno1, the title

compound is obtained.

25

Patent Owner, UCB Pharma GmbH — Exhibit 2011 - 0811



Patent Owner, UCB Pharma GmbH – Exhibit 2011 - 0812

W0 03/035599

U!

10

15

20

PCT/US02/34529

27

EXAMPLE 10 ( 3s ) — 3? (2 -hydroxyphenyl) -N, N-diisoprop)/1-

N-methyl-3—phenylpropan-l—aminium bromide

 
Following the general procedure of Example 3 and making

non critical variations, but starting with 2~[(1S)—3-
(diisopropylamino)-1—phenylpropyl]phenol, the title

compound is obtained.

EXAMPLE 11 (3R)-3-(5-Chloro-2-hydroxyphenyl)—N,N-

diisopropyl-N-methyl—3—phenylpropan-l—aminium bromide

OH Yg H ‘ N*/ B'-
d’ ‘T/’

Following the general procedure of Example i and making
non critical variations, but starting with 4-chloro-2-

[(1R)-3-(diisopropylamino)-1—phenylpropyl]phenol, the

title compound 18 obtained.

EXAMPLE 12 (312) — 3 — (5 —Bromo—2 —hydroxy'phenyl) —N, N-

diisopropyl—N—methyl~3-phenylpropan-1-aminium bromide

OH Y H No/ Br-
Br Y

Following the general procedure of Example 3 and

making non critical variations, but starting with 4-
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bromo-2—[(1R)—3—(diiaopropy1amino)-1—phenylpropy1]pheno1,

' the title compound is obtained.

EXAMPLE 13 (3R)-3-[2-(Acetyloxy)~5—methylphenyl]-N,N-

diisopropyl-N—methyl—3-phenylpropan-1-aminium iodide

° we .l
“T”  

 

(A) 2~[(lR)~3-(diisopropylamino)-1—pheny1propyl]—4—
methylphenyl acetate ~

A solution of 2~[(1R)-3-(diisopropy1amino)—l—

phenylpropyll—4—methylpheno1

(20 ml)

acetyl chloride is evaporated,

(0.9 g) in acetylchloride

is stirred at room temperature for 18 h. The

ether is added, and the

precipitate of 2~(1R)—3-(diisopropy1amino)—1—

phenylpropyl]—4—methylphenyl acetate hydrochloride is

filtered off; mp 126~130°C. Anal Calcd for C2Jh3NO;*HCl:

C, 71.35; H, 8.48; Cl, 6.78; N, 3.47. Found: C, 71.02; H,

8.30; Cl, 8.64; N, 3.43. {can (c=1, MeOH) -1-11°.’

The hydrochloride salt is partitioned between ether
and saturated sodium bicarbonate solution. The ether

phase is separated and evaporated to obtain the free base

of compound (A). '

(B) (3R)-3-[2-(acetyloxy)-5-methylphenyl]-N,N—

diisopropyl-N—methyl-3-phenylpropan—1-aminium.iodide

Follouing the general procedure of Example 2 and

making non critical variations, but starting with (A): 2-

[(lR)-3-(diisopropylamino)—1~phenylpropyl]-4-methylphenyl

acetate, the title compound (B) is obtained.
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EXAMPLE 14 (312) ‘-3 — £2 - (Isobutyi-yloxy) - 5 emethylphenyl] -

N,N—diisopropyl-N—methy1-3—phenylpropan-1—aminium iodide

OH-

aw“./,__
t/ y

\le

.Following the general procedure of Example 2 and making
5 non critical variations, but starting with 2-[(1R)—3#

(diisopropylamino)~1-phenylpropyl]—4—methy1phenyl 2-

hethylpropanoate, the title compound is obtained.

EXAMPLE 15 (3R)-3-(4-Fluorophenyl)-3—(2-hydroxy—5—

10 methylphenyl)-N,N-diisopropyl-N-methy1propan-1—aminium

bromide
OH

HW//-

iiln NlT,/ Br

F

Following the general procedure of Example 3 and making

non critical variations, but starting with 2-[(1R)—3—

15 (diisopropylamino)~1-(4-fluoropheny1)propy1]-4-

methylphenol, the title Compound is obtained.
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EXAMPLE 16 (3R)—3—[2—Hyd;oxy—S—

(trifluoromethyl)pheny1]—N,N—diisopropyl-N-methy1-3-

phenylpropan—l~aminium bromide
OH

o~
F3C \,/

5 Following the general procedure of Example 3 and making
non critical variations, but starting with 2-[(lR)~3—

(diisopropylamino)—1—pheny1propyl]-4-

(trifluoromethyl)phenol, the title compound is obtained.

10 EXAMPLE 17 (3R)-3-[2—(Isobutyryloxy)-5-

hydroxymethylphenyl]—N,N—diisopropyl-N—methyl-3-

phenylpropan-1—aminium bromide

:>><Y

O
(3R)—3—[2—hydroxy-5-(hydroxymethyl)pheny1]-N,N-

15 diisopropyl-N-methyl-3-phenylpropan—1-aminium bromide is

acylated with isobutyryl bromide to give the title

compound.
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EXAMPLE 19 (33) -3—{2— (Acetyloxy) .5-

I(acetyloxy)methyllphenyl}—N,N—diisopropyl-N—methy1-3-

phenylpropan—1—aminium bromide

0?’
3 H Y/ Br‘

or “Y
S (3R)—3—[2—hydroxy-5-(hydroxymethyl)phenyl]—N,N—

diisopropyl-N—methy1-3—phenylpropan—1—aminium bromide is

acylated with acetyl bromide, to give the title compound.

EXAMPLE 19 2-{(1R)-3-[Diisopropy1(methy1)ammonio}-1-

10 phenylpropyl}-4-methylbenzenolate

O.

H Y/
NY

(3R)-3-(2—Hydroxy~5—methy1phenyl)-N,N-diisopropyl—N—

methyl—3-phenylpropan-1—aminium bromide from Example 2 is

15 passed through an ion exchange column so as to remove the

bromide ion and generate the title compound.

Reacting the above compound with an equivalent

amount of an acid, such as methanesulfonic acid,

hydrochloric acid, acetic acid, or succinic acid,

20 ‘generates other salts of the title compound.
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EXAMPLE 20 (3R)-N,N-Diisopropyl—3—(2—methoxy~5-

methylphenyl)-N—methyl—3-pheny1propan—1-aminium iodide

"Y  
Following the general proceaure of Example 2 and making

5 non critical variations, but startino with (3R)—N,N—

diisopropyl—3-(2—methoxy-S-methylphenyl)-3—phenylpropan-

1-amine, the title compound is obtained; mp 211 °C (dec).

Anal Calcd for C;4H35INO: C, 59.87; H, 7.54; N, 2.91.

Found: C, 59.78; H, 7.56; N, 2.99. [Odo (C -- 1, MeOI-I)

10 +13°. ’

EXAMPLE 21 (3R)—3—[2—(Butyryloxy)-5~methy1phenyl]-

N,N—diisopropy1-N—methyl'3-phenylpropan-1-aminium iodide

0),‘/“
0

~ Y/ r
NY

15 (A) 2-[(1R)-3-(diisopropylamino)-1-phenylpropyl]-4-

methylphenyl butyrate

A solution of 2—[(1R)~3—(diisopropylamino)—1-

phenylpropyl]-4-methylphenol (1.0 g) in butyryl chloride

(5 ml) is heated under reflux for 90 min. Ether is added,

20 and the precipitate of 2—[(1R)—3—(diisopropy1amino)—1—

phenylpropyl]—4—methylphenyl butyrate hydrochloride is

filtered off; mp 116-119 °C. Anal Calcd for Cz¢h,NO2~HCl:

c, 72.2.8; H, 8.86; (:1, 8.21; N, 3.24. Found: c, 72.25; H,

3.71; Cl, 8.17; N,’ 3.25. [(3:10 (c = 1, MeoH) +2o°.
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The hydrochloride salt is partitioned between ether

' and saturated sodium bicarbonate solution. The ether

phase is separated and evaporated to obtain the free base

of the title compound (A).

(B) (3R)-3—[2-(butyryloxy)—5—methy1phenyl]—N,N—

diisopropyl-N-methyl—3—pheny1propan-l—aminium iodide

Following the general procedure of Example 2 and

__ making non critical variations, but starting with (A): 2~

10 [(1R)—3—(diisopropylamino)-1-phenylpropyll—4—methylpheny1
butyrate, the title cowpound is obtained; mp 175 °C
(dec) . Anal Calcd for C;-;H.oINO;: c, 60.33;_I-I, 7.50; N,

2.61. Foufid: C, 50.37; H, 7.52; N, 2.58.

15 EXAMPLE 22 (312) -3- (2-I-1ydroxy—5~methylphenyl) -N,N-

diieopropy1—N-methyl-3-phenylpropan—1~aminium iodideOH

NV

(3R)—3—[2-(butyryloxy)-S—methylphenyl]-N,N—diisopropyl-N-

methyl—3—phenylpropan-1~aminium iodide (from Example 22)

20 was hydrolysed with methanol, resulting in the title

O-(I

compound.
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EXAMPLE 23 (312) -3- (2 —Hydro:cy—s—mechy1pheny1) ~N,N-

diisopropyl-N-methyl-3—phenylpropan—1-aminium chlorideOH

v
C

A solution of (3R)-3-(2—hydroxy—5=methylpheny1)—N,N-

diisopropyl—N—methyl-3—pheny1propen-1—aminium bromide

(4.2 g, 0.01 mol) in water (50 ml) is neutralized by

addition of 1 eqfiivalent of 2 N sodium hydroxide solution

(5.0 ml). The solvent is evaporated, and the residual oil

is chromatographed to separate 2—{(1R)—3-

[diisopropy1(methy1)ammonia]-1—pheny1propyl}—4~

methylbenzenolate from the sodium bromide. The product is
reconstituted in acetone, and a solution of hydrogen

chloride in ethyl acetate is added to give a precipitate

of the title compound.

EXAMPLE 24 S—Hydroxy—N— E (312) -3- (2~hydroxy—5—_

methylphenyl)-3—phenylpropyl]-N-isopropyl—N—methylpentan—
.1—aminium iodide OH
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Following the general procedure of Example 2 and making

non critical variations, but starting with 2—[(lR)—3-[(5~

hydroxypentyl)(isopropyl)amino]—1—pheny1propyl)-4-

'methy1phenol, the title compound is obtained.

EXAMPLE 25 (3R)-3-(2-Hydroxy—4-methylphenyl)—N,N-

diisopropyl—N—methyl~3—pheny1propan—1-aminium iodide

 
Following the general procedure of Example 2 and making

10 non critical variations, but starting with 2-[(1R)—3-

(diisopropylamino)-1-phenylpropyl]-5-methylphenol, the

title compound is obtained.

EXAMPLE 26 3,3-bis(2-Hydroxy—5—methy1phenyl)—N,N-

15 diisopropyl—N—methylpropan-1-aminium iodide
OH

“Y
Following the general procedure of Example 2 and making

non critical variations, but starting with 2-[3-

(diisopropylamino)—l-(2—hydroxy~5—methylphenyl)propyl]-4-

20 methylphenol, the title compound is obtained.
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EXAMPLE 27 (3R)—3—[S-(Aminocarbonyl)-2-

" hydroxyphenyl]-N,N-diisopropy1—N—methyl—3-phenylpropan—1-

aminium iodide ‘

OH

H \‘/
O N./ I l-

NH2 Y

5 Following the general firocedure of Example 2 and making

non critical variations, but starting with 3~[(1R)-3-

(diisopropylamino)—l—phenylpropyl]-4-hydroxybenzamide,

the title compound is obtained.

10 EXAMPLE 28 3,3—bis(2-Methoxyphenyl)~N)N—diisopropy1-

N—methylpropan—l—aminium iodide

 
 

° 1/..-
Y 

Following the general procedure of Example 2 and making

15 non critical variations, but starting with N,N-

diisopropyl—3,3-bis(2—methoxyphenyl)propan—l-amine, the

title compound is obtained.
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EXAMPLE 29 Large scale production of (3R)~3-(2-
hydroxy-5-methylphenyl)-N,N-diisopropyl-N-methy1—3_

phenylpropan—1—aminium iodide '

OH

O H YN

cooH
OH

HO

C005

1/ '0
Y

1) NaOH.

2) Mel, aoalono
3"

o

A S 1 erlenmyer flask was charged with 250 g (526

tolterodine tartrate, water (2000 ml). and

methylene chloride (2000 ml). A solution of 84 g of 50%

NaOH diluted with 200 ml of water was added, and the I

mixture was stirred for 1 hour. The pH was kept in the

 

mmol )

range of 8-9. Both of the two resulting phases are clear
and colorless.

The phases were separated, and the aqueous phase was

washed with methylene chloride (1000 ml). The combined

organic phases were concentrated on the rotovap (60°C
bath). The weight of the residue was determined. The

residue was dissolved in acetone (1000 ml), and 263 ml

(2.84 mol) methyl iodide was added, all in one portion.

The mixture was stirred at room temperature overnight.

The resulting slurry was filtered, washed with

acetone (250 ml) and dried in the vacuum oven at 50°C

overnight.

This provided 230 g of the desired product, (3R)~3-

(2—hydroxy—S-methylphenyl)~N,N-diisopropyl—N—methyl—3—'
phenylpropan-1-aminium iodide.
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EXAMPLE 30 Cyclic amine intermediates

The following general reductive amination procedure

was employed:
- . OH

0 OH ,R Pd/C, H2 (50psi) Q
* HN*R MeOH. 50°C NR

- 0 ma

wherein Ph represents a phenyl group, and R represents an

 

U}

alkyl group according to the following Table I.

Briefly, palladium on activated carbon (1.76 g, 5%

by weight, Aldrich 20,568-0) was charged to a

hydrogenation vessel under nitrogen, followed by a MeOH

lo (20 mL) solution of a racemic lactol (6—methyl—4-phenyl-

2-chromanol, see formula above) (4 g, 16.64 mmol) and a

secondary amine (42 mmol, 2.5 equiv). The vessel was

filled with hydrogen (50 psi), and the reaction mixture

was stirred vigorously at 50°C overnight. The

15 heterogeneous reaction mixture was filtered through

celite. The resulting methanolic solution was

concentrated under vacuum.

Pure cyclic amines according to the following table

I were obtained after trituration Wlth hexanes.
20

 
 

 
 

Table I Intermediate com-ounde

~ (%)K
ylpropy1)phenol4-methyl~2 — (1 —phenyl-3 -pyrrolidin—1-
ylpropyl)phenol4—met:hyl-2- (l—pheny1-3—piperidin-1-

(CH9) 5 2- (3—azepan—1~yl-1—phenylpropyl) -4- 

Characterization of 4-mechyl-2-(l—phenyl-3-

 
   

pyrrolidin—1-ylpropyl)phenol:

Patent Owner, UCB Pharma GmbH — Exhibit 2011 - 0823



Patent Owner, UCB Pharma GmbH – Exhibit 2011 - 0824

W0 03/035599 PCT/US02/34529

39

‘H NMR (CDCI3): 5 1.90 (m, 4H), 2.09 (s, 4H), 2.25-2.45

(m, 2H), 2.57 (m, 2H), 2.63-2.78 (m, 3H), 4.55 (dd, 1H,

J=12 Hz,-J=3 Hz), 6.47 (s, 1H), 6.85 (s, 2H), 7.19-7.26

(m, 2H), 7.30 (m, 3H), 11.23 (s, lH).

5 13c NMR (CDC13): 5 19.8, 26.0, 33.5, 39.9, 53.5, 54.3,

' 125.8, 127.3, 128.1, 128.4, 128.7, 131.2145.0, 153.0.

_ESI mass spectrum: 296 [M+l‘], 297 [M+2fl.

Characterization of 4—methyl-2~(1—phenyl-3-

piperidin—1—y1propyl)phenol:”

10 ‘H NMR (CDCl;): 8 1.52-1.53 (6. 2H), 1.62-1.81 (m, 4H),

1.98 (t, 1H, J=10 Hz), 2.09 (s, 3H), 2.26-2.60 (m, 6H),

4.46 (dd, 1H, J=13 Hz, J=3 Hz), 6.47 (s, 1H), 6.85 (d,

2H, J=O.9 Hz), 7.19-7.24 (m, 2H), 7.30-7.35 (m, 3H),

11.24 (s, 1H).

15 13c NMR (CDCI3): 5 20.9, 24.4, 25.4, 31.3, 38;4, 53.8,

54.7, 61.0, 102.2, 117.9, 126.3, 128.1, 128.4, 128.6,

129.3, 129.4, 131.4, 145.2, 154.3.

ESI mass spectrum: 310 [M+1*], 311 [M+2W

Characterization of 2-(3-azepan-1-y1—1—

20 phenylpropyl)-4-mechylphenol;

‘H.NMR (CDCI3): 5 1.60-1.65 (m, 4H). 1.65-1.85 (m, 4H),

1.95-2.10 (m, 4H), 2.30-2.67 (m, 6H), 2.70-2.80 (m, 2H).

“C NMR (CDC13): 5 19.6, 26.6, 26.7, 32.0, 40.7, 55.1,

55.7, 115.9, 125.8, 127.3, 128.0, 128.1 128.5, 128.7,

25 131.4, 145.1, 153.0, 145.2, 152.8.

ESI mass spectrum: 324 [M+1*], 325 [M+2*].

EXAMPLE 31 1-[3-(2-Hydroxy-S-methylphenyl)-3-

phenylpropyll-1-methylpyrrolidinium iodide

C)?!

I (9

_. .'.;~g1
\ /
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Methyl iodide (10 equivalents) was added to a

' solution of the free base 4—methy1—2—(1-phenyl-3-

pyrrolidin-1—ylpropyl)phenol of Example 30 (0.3 g, 1.02

mmol) in acetone (4 mL). The reaction mixture is stirred

5 overnight at room temperature. The solution is

concentrated to initiate the precipitation of the

resulting quaternary ammonium salt. The white precipitate

is filtered, washed with diethyl ether and dried under

-.vaouum to give a quaternized salt.

10 white crystals were obtained fith a yield of 79%.
The resulting compound was characterized;
1H NMR (MeOH-dfl:.5 2.05-2.18 (m, 4H), 2.20 (8, 3H), 2.46-

2.62 (m, fifl), 3.03 (s, 3H), 3.14-3.40 (m, 2H), 3.40-

3.62(m, 4H), 4.40 (t, 1H, J=7.3 Hz), 6.68 (d, 1H, J=8HZ),

15 6.85 (d, 1H, J=8 Hz), 6.98 (d, 1H, J=1.5 Hz), 7.16-7.23

(m, 1H), 7.30 (t, 2H, J=7 HZ), 7.37-7.42 (m, 2H).

“C NMR (MeOH—d.;): 8 19.3, 21.5, 23.2, 41.5, 46.8, 63.6,

,64.5, ll5.2, 126.5, 127.9, 128.0, 128.4, 128.5, 128.9,

129.2, 143.4, 152.5.

20 Elemental analysis, CnHuINO: Found(%): C 57.64, H 6.43,

I 23.77, N 3.23, 0 3.88; Theory(%): =1; C 57.67, H 6.45, I

29.02, N 3.20, O 3.66.

ESI mass spectrum for CnHnNO+: 310.2.

25 ‘EXAMPLE 32 1—E:t:hy1-1-[3-(2—hydroxy-5—methy1pheny1)‘-3-

phenylpropyl]pyrrolidinium iodide

OH\
@

O :9
Ethyl iodide (10 equivalents) was added to a

solution of the free base 4—methy1—2—(l4pheny1-3-

30 pyrrolidin-1~ylpropyl)phenol of Example 30 (0-3 9, 1-02

mmol) in acetone (4 mL). The reaction mixture is stirred
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overnight at room temperature. The solution is

concentrated to initiate the precipitation of the

resulting quaternary ammonium salt. The white precipitate

is filtered, washed with diethyl ether and dried under

vacuum to give a quaternized salt.

White crystals were obtained with a yield of 81%.

The resulting compound was characterized:

in NMR (MeOH-dg): 5 1.24 (t, 3H, J='7 Hz), 2.0-2.19 (m,

4H), 2.20. (5, 31-1), 2.40-2.63_(m, 2H>.~ ‘3.oa—3--.25 (m, 2H),

3.35-3.60 (m, 61-1), 4.30 (t, 11-1, .:r=."/.5 Hz), 6.70 (d, 1H,

J=8 Hz), 6.85 (d, 1H, J=8 Hz), 7.0 (d, 1H, J=1.4 Hz),

7.16-7.23 (m, 1H), 7.30 (t, 2H, J=7 Hz), 7.37-7.42 (m,

2H). . ‘ .

“C NMR (Meol-I-d4): 5 3.0, 19.5, 21.5, 23.0, 41.9, 84.7,

58.0, 64.5, 117.8, 126.4, 127.9, 128.1, 128.4, 128.7,

128.9, 129.2, 143.6, 152.8.

Elemental analysis, C231-I3°INO: Found(%): C 50.17, H 6.65,

I 27.79_, N 3.10, o 3.62; Theory(9s): C 53.54, H 6.70, I
28.11, N 3.10, O 3.54.

ESI mass spectrum for CuHuNOH 324.2.

EXAMPLE 33 1- [3 — (2-Hydroxy—S-methylphenyl) ~3-

phenylpropyl]—1—methylpiperidinium iodide
OH

.9

‘e
I

Methyl iodide (3.42 g, 1.5 mL, 0.024 mol) was added

to a solution of the free base 4-methyl—2—(1-phenyl—3—

piperidin—1-ylpropyl)phenol of Example 30 (0.3 g, 0.97

mmol) in a mixture of acetonitrile (6 mL) and acetone (2

mL). The reaction mixture was stirred overnight at room

temperature. The solution was concentrated to initiate
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precipitation of the resulting quaternary ammonium salt,

The white precipitate was filtered out, washed with

chloroform and diethyl ether and dried under vacuum to

giVe 0-397 9 (90%) of the title compound.

Characterization of the obtained compound:

11-1 NMR (MeOH-d4): _6 1.57-1.34 (m, 4H), 2.19 (s, 3H), 2.46-
2.64 (m, 2H), 3.06 (s, 3H), 3.14—3.4 (m, 6H), 4.39 (t,

1H, J=7.3Hz), 6.68 (d, 1H, J=a Hz), 6.85 (dd, 1H, J=8 Hz,

7.0 ((1, 11-1, J=1.5‘I-I2)-7 7.18 (t, 1H, J=BHz),

7.29 (t, 1H, J=7.4 Hz), 7.37-7.4 gm, SH).
“C NMR Meoa-dn; 5 19.5, 19.7, 19.8, 20.7, 26.7, 41.5,

50.9, 61.2, 114.0, 115.1, 125.3, 127.9, 123.0, 123.4,

128.5, 128.9, 129.2, 143.4, 152.4.

EXAMPLE 34 1—[3~(2—Hydroxy-5-methylphenyl)-3-

phenylpropyl]-1—methylazepanium iodide

OH
\s.9

«<2
Methyl iodide (10 equivalents) was added to a

‘ solution of the free base 2-(3—azepan—1-yl-1-

phenylpropyl)—4—methylphenol of Example 30 (0.3 g, 1.02

in CH2Cl2 (2 mL).

overnight at room temperature.

mmol) The reaction mixture was stirred

The solution was

concentrated to initiate precipitation of the resulting

quaternary ammonium salt. The white precipitate was

filtered out, washed with diethyl ether and dried under

vacuum to give a quaternized salt.

White crystals were obtained with a yield of 77%.

The resulting compound was characterized: _

1H NMR (MeOI—I—d.,): 5 1.6-2.0 (m, 8H), 2.01. (5, 3H), 2.40?

2.70 (m, 2H),), 3.10 (s, 3H), 3.15-3.60 (m, 6H), 4.38 (t,
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1H, J=7 Hz), 6.68 (d, 1H, J=8Hz), 6.88 (d, 1H, J=8 Hz),

7.05 (s, 1H), 7.18-7.24 (m, 1H), 7.25-7.40 (m, SH).

“C NMR (MeoH—dn: 5 20.8, 22.4, 27.5, 41.6, 50.2; 59.2,
63.8, 64.5, 64.8, 117.5, 126.3, 127.95, 123.03, 123.4,

5 128.6, 128.9, 129.2, 143.4, 152.5.

ESI mass spectrum for CuHnNOH 338.2.

The usefulness of theqcompodnds according to the

10 invention is further illustrated by the following
examples.

EXAMPLE I Binding data

15 Muscarinic receptor subtype M1-M5 binding assays were

carried out. Briefly, [3]H~methylscopolamine was allowed
to bind to membranes from various recombinant mammalian

cell lines, each with an over-expression of a particular

receptor subtype. An equilibrium radioligand displacement

20 assay was performed using the title compound of example

2, (3R)-3-(2-Hydroxy-5-methylphenyl)—N,N—diisopropy1-N-

methyl—3-phenylpropan-1—aminium iodide (a quaternary

ammonium compound according to the invention), and for

comparison the following anticholinerigic agents:

25 tolterodine, hydroxycolterodine, ipratropium, and

atropine. The resulting K1-values, displayed in Table II.

are averages of duplicate samples at each dose in an 11-

point dose—response curve, using half-log intervals.

30
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Table II K3 values (nM) V _
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Thus, the title compound of example 2, (3R)-3—(2-

hydroxy-S—me€hy1phenyl)-N,N-diisopropyl-N-methyl—3~

5 phenylpropan—1-aminium iodide, according to the invention

has high afifinity and little or no selectivity for any of

the muscarinic receptor M1—M5 subtypes. Obtained K1'va1ues

for (3R)-3-(2—Hydroxy-5—methy1pheny1)—N,N-diisopropyl-N-

methyl—3—phenylpropan-1-aminium iodide are in the same

10 range as K; values for tolterodine, hydroxytolterodine,

  

ipratropium, and atropine.

EXAMPLE II Bronchodilatory effect of inhaled

quaternary ammonium salts in Balb/c mice

15 Female BALB/c mice, weight range 19-22 g, were

obtained from Charles River Laboratories (Kingston, NC).

They received food and water ad libitum. All procedures

in these studies were in compliance with the Animal

welfare Act Regulation, 9CFR Parts 1 and 2, Publication

20 (NIH) 85-23, 1985.
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Compounds for aerosol administration were prepared

~ in sterile Dulbecco's Phosphate Buffered saline.

Mice were placed in a carousel-style, nose only,

exposure chamber and allowed to inhale aerosols for five

minutes, using an ICN SPAG—2 nebulizer.

generates a mean aerosol particle size of 1.3 microns at

a rate of approximately 0.25 ml/minute.

Ten minutes, 4 hours, 8 hours, 24

48 hours later, the mice were.moved to whole body

Bronchoconstriction was induced

This nebulizer

hours, 36 hours or

plethysmograph chambers.

in mice by administration of an 60 mg/ml methacholine

(MC) aerosol into the plethysmograph chambers for 5

minutes. The mice were allowed to inhale an aerosol

containing 80 mg/ml methacholine following inhalation

treatment with vehicle, or 80 mg/ml methacholine

following inhalation treatment with 0.072, 0.144, or 1.44

mg/ml of the title compound of example 2, i.e. (3R)-3—(2—

hydroxy:5—methy1pheny1)—N,N—diisopropyl-N—methyl—3-

phenylpropan~1-aminium iodide, or 80 mg/ml methacholine

following inhalation treatment with 1.24 mg/ml

ipratropium bromide. The average enhanced pause (lung
resistance) was determined. In order to determine the

baseline, saline aerosol (without methacholine) was also

separately administered to the mice. ,

The results are shown in fig 1 (1.44 mg/ml of the

title compound of example 2 and 1.24 mg/ml ipratropium

bromide), fiig 2 (0.144 mg/ml of the title compound of

example 2), and fig 3 (0.072 mg/ml of the title compound

of example 2). '

Increasing doses of the title compound of example 2

produce increasing durations of action. In fig 1,

inhalation of aerosols generated from a solution

containing 1.44 mg/ml of the title compound of example 2

produced a complete block of methacholine—induced

bronchoconstriction through 36 hours following

administration. Ipratopium bromide (1.24 mg/ml) did not
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display an equally sustained action. Inhalation of

aerosols generated from solutions containing 0.144 mg/ml

(fig 2) or 0.072'mg/ml (fig 3), respectively, of the

title compound of example 2 prevented methacholine—

5 induced bronchoconstriction through 24 or 8 hours,

respectively, following administration.

EXAMPLE III Bronchodilatory effect of inhaled

quaternary ammonium salts in Balb/c mice

10 Female BALB/c mice were obtained and fed as in

example II. Compounds were prepared and administered to

the mice (aerosol) as in example II.

Ten minutes, 30 minutes, 1 hour, 2 hours or 4 hours

later, the mice were placed in plethysmograph chambers,

15 and bronchoconstriction was induced in the mice by

administration of an 80 mg/ml methacholine aerosol. The

mice were allowed to inhale an aerosol containing 80

mg/ml methacholine following inhalation with vehicle, or

80 mg/ml methacholine following inhalation treatment with

20 1.46 mg/ml tolterodine, or 80 mg/ml methacholine

following inhalation treatment with 1.44 mg/ml of the

title compound of example 2, i.e. (3R)—3—(2—hydroxy—5-

methylphenyl)—N,N-diisopropyl—N—methyl-3-phenylpropan—1—
aminium iodide. " '

25~ The results are shown in fig 4. It is obvious from

fig 4 that the title compound of example 2 has a

pronounced effect on lung resistance. In addition, the

bronchodilatory effects of the title compound of example

2 exhibit a prolonged duration. '
30

EXAMPLE IV Bronchodilatory effect of inhaled

quaternary ammonium salts in Balb/C mice

Female BALB/c mice were obtained and fed as in

example II. Compounds were prepared and administered to

35 the mice (aerosol) as in example II.
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Ten minutes, 2 hours, 4 hours, 8 hours or 24 hours

later, the mice were placed in plethysmograph chambers,

and bronchoconstriction was induced in the mice by

administration of an 80 mg/ml methacholine aerosol. The

5 mice were allowed to inhale an aerosol containing 80

mg/ml methacholine following inhalation with vehicle, or

'80 mg/ml methacholine following inhalation with 1.44

mg/ml of the title compound of example 2, i.e. (3R)—3—(2—

hydroxy—5-methylphenyl)-N,N~diisopropyl—N-methyl=3#

10 phenylpropan—1-aminium iodide, or 80 mg/ml methacholine4

following inhalation with 1.24 mg/ml ipratropium bromide.

The results are shown in fig 5. It can be concluded‘

that the bronchodilatory effects of the title compound of

example 2 have a longer duration when compared to

15 ipratropium bromide.

EXAMPLE V Pharmacokinetics of inhaled quaternary

ammonium salts in Balb/c mice “

Blood samples were taken from the mice in example II

20 via cardiac puncture under isoflurane anesthesia at 2.5

minutes, 10 minutes, 30 minutes, 2 hours, 4 hours, 8

hours, or 12 hours after aerosol drug treatment.

The samples were collected in tubes containing EDTA

and centrifuged at 12000 x g for four minutes. Plasma was

removed and stored at -70 "C until assay.

Plasma samples were extracted via a liquid/liquid

extraction technique. Plasma levels of the title Qompound

of example 2 were determined by ESI—LC/MS/MS using a PE

SCIEX API 4000 mass spectrometer in positive ion mode.

30 Chromatographically, the analyte and the internal

standard were resolved on a Phenomenex Phenyljflexyl

(\.‘ U1

column using an isocratic elution. The limit of

quantitation was 24 pg/ml.

Plasma concentrations of_the title compound of
35 example 2 following aerosol exposure (inhalation) are

summarized in table III and fig 6.
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Table III

Plasma concentration i std dev (pg/ml)

following inhalation of various conc.

0.072 mg/ml

136 t as

Plasma-concentration

0.144 mg/ml

264 i 21

162 i 11

1.44 mg/ml

1120 ‘J: 42

4 55 t 7 3

.' 40:3

The doses given to the lungs were proportional to

 
the concentrations appearing in the plasma. Importantly,

the systemic (plasma) exposure was very low, which

indicates that the title compound of example 2 resides

for a prolonged time in the lung. This correlates well
with its long duration of action.

EXAMPLE VI (comparative) Pharmacokinetics of inhaled

tolterodine in Balb/c mice

Female BALB/c mice were obtained and fed as in

example 11. Tolterodine L—tartrate for aerosol

‘administration was prepared in sterile phosphate buffer

solution at concentrations of 0.1, 0.5, and 1.0 mg/ml,

and administered to the mice (aerosol) as in example II.

Blood samples were collected at 2.5 minutes, 15

minutes, 1 hour or 2 hours after aerosol drug

treatment. Blood samples were prepared as in example VI.

Samples were analyzed using a PE SCIEX API 3000 mass

30 minutes,

spectrometer. Chromatographically, the analyte and the

internal standard were resolved on a Zorbax ACE Phenyl

column using a gradient elution. The limit of

quantitation was loopg/mL.a
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Figure 7 shows plasma concentrations of tolterodine

following inhalation of hebulized solutions at 0.1, 0.5,

or 1.0 mg/ml. Plasma levels for the 0.1 mg/ml

concentration were at or below detection limits. Clearly,

S tolterodine is rapidly absorbed into the circulation. The

plasma level of tolterodine is approximately one order of

magnitude higher than the corresponding level of the the

title compound of example 2 (example V, fig 6).

This demonstrates that while tolterodine is rapidly

lo spread systemically, the comnounds according to the
invention have an increased duration of action, with

implications locally (i.e. for treating asthma, chronic

obstructive pulmonary disease (COPD), allergic rhinitis,
or rhinorrhea due to the common cold).

15

EXAMPLE VII Binding data

Muscarinic receptor subtype M;—M5 binding aS53Y5 were

performed. Ki values were determined for the title

compounds of examples 3. B, and 31-34 (all quaternary

20 ammonium compounds according to the invention). The

resulting Ki‘va1ues are displayed in Table IV.

Table IV R; values (nM)

Title compound of Example no -

E3
 Receptor  
 

  

 

 J . I . . d

Jun

Thus, the title compounds of Example nos 3, 8, and

25 31-34 according to the invention have high affinity and

little or no selectivity for any of the muscarinic

receptor M;—M5 subtypes.
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EXAMPLE VIII Bronchodilatory effect of inhaled

quaternary ammonium salts in Balb/c mice

Bronchoconstriction was induced in BALB/c mice by

administration of methacholine. The title compounds of

5 Examples 3, 8, and 31-34 (all quaternary ammonium

compounds according to the invention) were administered

to the mice via inhalation of 1 mg/mL (free base

equivalents (FBE)) of each compound. The resulting

‘inhibition of methacho1ine—induced bronchoconstriction
10 was determined at 10 min as well as 24 h and 48 h, or 36

h, after dosing. The results are displayed in the

following Table V.

of example no

(1 mg/mL FEE) 
15

EXAMPLE A

A 65 year old female with a history of chronic COPD

with FEV1 of 1.5 liters is treated with (3R)—3-(2-

hydroxy—5—methylpheny1)—N,N-diisopropyl-N-methyl-3-

20 phenylpropan—1—aminium iodide in an aerosol formulation,

1 mg every 12 hr continuously for dyspnea. After two

weeks of therapy, dyspnea tolerance is improved.

EXAMPLE B

25 A 50 year old male with a history of chronic COPD

with FEVL/FVC of 60% is treated with (3R)—3~(2-hydroxy—S-
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methylphenyl)—N,N-diisopropyl-N-methyl~3~phenylpropan-1-

aminium bromide in an aerosol formulation, 2 mg every 8

hr continuously for dyspnea. After a week of treatment,

the FEV1/FVC ratio improves to about 65%.

EXAMPLE C

A 25 year old female with a history of asthma with a

morning peak flow of less than 2 1/sec is treated with

(3R)-3-(2-hydroxy—5~methy1phenyl}-N,N—diisopropyl—N—

10 methyl-3—phenylpropan—l—aminium iodide powder, 0.1 mg

every 8 hr continuously. Treatment improves the peak flow

to 4-5 l/sec.

EXAMPLE D

15 A 35 year old male with a history of severe asthma

with a morning peak flow of 5 1/sec is treated with (SR)-

3-(2—hydroxy—5—methylpheny1)—N,N—diisopropy1—N-methyl-3-

pheny1propan~1-aminium bromide powder, 6 mg once a day

continuously. After a week of treatment, the peak flow

20 improves to 9 1/sec.

EXAMPLE E

A 45 year old female with a history of severe asthma

with a morning peak_flow of less than 3 1/sec is treated

25 with (3R)-3-(2~hydroxy—5—methy1pheny1)-N,N—diisopropyl—N—

methyl-3-phenylpropan—1-aminium iodide in an aerosol

formulation, 2 mg three times daily continuously. After a

week of treatment the peak flow improves to 6 1/sec.
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CLAIMS

1. A quaternary ammonium compound of the formula

0R4

 

and any stereoisomers thereof, wherein

R4, R2 and R3 independently represent C1-C5 alkyl,

optionally substituted with phenyl orhydroxyl, or both,

and wherein any two of R1, R, and R; may form a ring

10 together with the quaternary ammonium nitrogen;

R4 represents

-H’

-CH3, or

_ —Co—R¢4,wherein Rn; represents

15 —(C1-C4 alkyl),

-(C;7C4 alkoxy), or
‘NR+4R4q, wherein R“; and RP;

independently represent -H or -(C1-C4 alkyl);

R5, R5 and R7 independently represent

20 . -H,

-OCH;,

—OH.

~CONI-I2,

-SO2NH2,

25 -F, -Cl, —Br, -1,

-CE‘;, or

-(C1-C4 alkyl), optionally substituted with one
or two

—OI-I.
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-(C1-C4 alkoxy),

—COOH,‘or

-CO—O~(C;-C3 alkyl); and

X’ represents an anion of a pharmaceutically

acceptable acid.

2. A quaternary ammonium compound according to claim

1, wherein the carbon stereocenter is (R).
3. A quaternary ammonium compound according to claim

1, wherein the carbon stereocenter is (S).

4. A quaternary ammonium compound according to claim

1, which is a mixture of stereoisomers.

5. A quaternary ammonium compound according to claim

1, wherein at least one of R1,

alkyl.

6. A quaternary ammonium compound according to claim

R2 and R3 represents C1-C3

5, wherein at least one of R4, R2 and R3 represents

isopropyl.

7. A quaternary ammonium compound according to claim

6, wherein at least two of R1, R2 and R3 represents

isopropyl. '

8. A quaternary ammonium compound according to claim

5, wherein at least one of R1, R2 and R3 represents

methyl .

9. A quaternary ammonium compound according to claim

5, wherein at least one of R1, R2 and R3 represents ethyl.

10. A quaternary ammonium compound according to

claim 1, wherein R4 and R2 jointly form a ring together

with the quaternary ammonium nitrogen.

11. A quaternary ammonium compound according to

claim 10, wherein said ring comprises from 4 to 6 carbon
atoms.

12. A quaternary ammonium compound according to

claim 1, wherein R4 represents —H, —CH3, or —CO-Rnl,

wherein Rn; represents C1-C4 alkyl.

13. A quaternary ammonium compound according to

claim 12, wherein R. represents ~H.
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14. A quaternary ammonium compound according to

claim 1, wherein R5 represents —H, —Cl,

—CH2OH .

15. A quaternary ammonium compound according to

‘BI, -CH3, or

claim 14, wherein R5 represents -CH3.

16. A quaternary ammonium compound according to

claim 1, wherein at least one of R5 and R7 represents -H.

17. A quaternary ammonium compound according to

claim 1, wherein both R5 and R7 represent -H.

18. A quaternary ammonium compound according to

claim 1, wherein X‘ is'selected from the group consisting

of the anions of the following-acids: tartaric,

hydrochloric, hydrobrcmic, hydroiodic, sulfuric,

phosphoric, nitric, citric, methanesulfonic, CH3-(CHQn-

coon where n is 0 thru 4, Hooc-(cH2).,—cooH where n is’ 1

thru 4, Hooc-cH=cH—cooH, and benzoic.

19. A quaternary ammonium compound according to

claim 18, wherein X‘ is selected from the group

consisting of iodide, bromide, and chloride.

20. A quaternary ammonium compound according to

claim 19, wherein X" represents iodide.

21. A quaternary ammonium compound according to

claim 19, wherein X" represents chloride.

22. A quaternary ammonium compound according to

claim 19, wherein X‘ represents bromide.

23. A quaternary ammonium compound according to

claim 1, which-is selected from the group consisting of

(3R)-3-(2-hydroxy—5-methylphenyl)-N,N-

diisopropyl—N—methyl-3-phenylpropan—1-aminium iodide.

(3R)-3-(2—hydroxy-5—methy1phenyl)—N,N-

diisopropy1-N—methyl-3—pheny1propan—1-aminium bromide,

(3R)-N~ethyl—3—(2—hydroxy-5—methylpheny1)-N,N—

diieopropyl~3—phenylpropan-1-aminium iodide,

(3R) -3- (2—hydroxy-Ermethylphenyl) ~N,N-

diisopropyl—3—phenyl-N-propy1propan—1-aminium iodide,
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(3R)-N—benzyl—3—(2—hydroxy—S-methylphenyl)4N,N-

diisopropy1—3—phenylpropan-1—aminium iodide,

(3R)-N~(tert-butyl)-3—(2—hydroxy—5-

methylphenyl)~N,N—dimethyl-3-phenylpropan—1-aminium

S bromide,

(3R)-3-[2~hydroxy-5-(hydroxymethyl)phenyl]-N,N-

diisopropyl-N-methyl—3-phenylpropan-1—aminium iodide,

(3R)—3—(2—hydroxyphenyI)-N,N-diisopropyl-N-

methyl—3—phenylpropan~1~aminium bromide,’

10 (35)-3-(2—hydroxyphenyl)}N,N—di1sopropyl-N-
methyl-3—phenylpropan-1—aminium bfomide. '

(3R)-3-(5-chloro-2—hydroxypheny1)-N,N—

diisopropy1—N-methy1—3-pheny1propan—l-aminium bromide,

' (3R)-3-(5-bromo-2—hydroxyphenyl)—N,N-

15 diisopropyl—N—methyl-3—phenylpropan—l—aminium bromide,

‘ (3R)—3—[2-(acetyloxy)~S—methy1pheny1]—N,N-

diisopropyl~N-methyl-3-pheny1propan—1-aminium iodide,

(SR)-3-[2-(isobutyryloxy)-5—methylphenyl]-N,N-

diisopfopyl—N—methy1—3—phenylpropan—1—aminium iodide,

20 (3R)-3-(4-fluorophenyl)-3—(2-hydroxy—5—

methylphenyl)—N,N-diisopropyl—N—methy1propan-1—aminium

bromide,

(3R)-3—[2-hydroxy—5—(trifluoromethyl)pheny1]-

N,N-diisopropyl-N-methy1—3—pheny1propan—1-aminium

25 bromide,

(3R)-3—[2-(isobutyry1oxy)-S-

hydroxymethylphenyll-N,N—diisopropyl~N—methy1-3-

phenylpropan—1-aminium‘bromide,

(3R)—3—{2—(acety1oxy)—S— _

30 [(acetyloxy)methy1]pheny1}~N,N—diisopropyl-N-methyl-3-

pheny1propan~1—aminium bromide,

2—((IR)-3-[diisopropyl(methy1)ammonio]-1-

phenylpropyl}—4—methylbenzeno1ate,

(3R)-N,N-diisopropy1-3-(2-methoxy—5~

35 methylphenyl)—N—methy1-3-pheny1propan—l—aminium iodide,‘
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(3R)-3—[2-(butyryloxy)-5—methylphenyl]-N,N—

diisopropyl-N—methyl—3—pheny1propan-1—aminium iodide,

(3R)~3-(2-hydroxy-5—methylpheny1)—N,N—

diisopropyl—N—methyl—3-phenylpropan-1-aminium chloride,

5 S-hydroxy—N-[(3R)~3~(2-hydroxy—5-methylphenyl)-

3'PhenYlpr0pyl]-N-isopropyl—N-methylpentan-l-aminium

iodide,

(3R)-3-(2-hydroxy—4—methylpheny1)—N,N—

diisopropyl-N—methyl—3-phenylpropan-1—aminium iodide,
_10 3,3—bis(2—hydroxy—5-methylphenyl)-N,N-

diisopropyl—N~methy1propan—1-aminium iodide,

(3R)-3-[S—(aminocarbonyl)-2—hydroxyphenyl]~N,N—

diisopropyl-N—methy1-3—phenylpropan—l—aminium iodide, ‘
3,3—bis(2-methoxyphenyl)—N,N-diisopropyl-N-

15 methylpropan—1—aminium iodide,

1-[3-(2—hydroxy—5—methylpheny1)-3-

phenylpropyl]-1-methylpyrrolidinium iodide,

1-ethy1—1-[3-(2—hydroxy—5—methy1phenyl)-3-

phenylfiropyl]pyrrolidinium iodide,

20 1-[3-(2—hydroxy—5-methylphenyl)-3-

phenylpropyl]—1—methy1piperidinium iodide, and

1-[3-(2-hydroxy-5—methylphenyl)-3-

phenylpropyll-1—methy1azepanium iodide.

24. A quaternary ammonium compound according to

25 claim 23, which-is selected from the group consisting of

. (BR)-3—(2—hydroxy—5-methylphenyl)~N,N—
diisoprofiy1—N-methyl-3-phenylpropan—1—aminium iodide,

(3R)—3-(2-hydroxy—5-methylphenyl)-N,N-

diisopropy1—N—methy1—3—phenylpropan—1—aminium bromide,
30 and

(3R)-3-(2-hydroxy-5—methylphenyl)—N,N-

diisopropyl—N—methy1-3—phenylpropan—1-aminiumuchloiide.

25. A pharmaceutical composition comprising a

therapeutically effective amount of a quaternary ammonium

35 Compound according to any one of claims 1-24, and a

suitable pharmaceutical carrier therefor.
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26. A quaternary ammonium compound according to any

one of claims 1-24 for use as a medicament.

27. Use of a quaternary ammonium compound according

to any one of claims 1~24 for the manufacture of a

medicament for treating asthma.

28. Use of a quaternary ammonium compound according

to any one of claims 1-24 for the manufacture of a

medicament for treating chronic obstructive pulmonary

disease (COPD). —

29. Use of a quaternary ammonium compound according

to any one of Claims 1-24 for the manufacture of a
medicament for treating rhinorrhea due to the common

cold. ‘

30. Use of a quaternary ammonium compound according

to any one of claims 1-24 for the manufacture of a

medicament for treating allergic rhinitis.

31. A method of treating asthma in a mammal,

including man, comprising administering to said mammal,

in need of such a treatment, a therapeutically effective

amount of a quaternary ammonium compound according to any

one of claims 1-24.

32. A method of treating chronic obstructive

pulmonary disease (COPD) in a mammal, including man,

comprising administering to said mammal, in need of such

a treatment, a therapeutically effective amount of a

quaternary ammonium compound according to any one of
claims 1-24.

33. A method of treating allergic rhinitis in a

mammal, including man, comprising administering to said

mammal, in need of such a treatment, a therapeutically

effective amount of a quaternary ammonium compound

according to any one of claims 1-24.

34. A method of treating rhinorrhea due to the

common cold in a mammal, including man, comprising

administering to said mammal, in need of such a

treatment, a therapeutically effective amount of a
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quaternary ammonium compourid according to any one of
claims 1-24.
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