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Description

The present invention relates to new derivatives of physostigmine, to processes for their production and to novel
pharmaceutical compositions and dosage forms containing them. The invention further relates to the therapeutic use
of the novel physostigmine derivatives of the invention in the treatment of syndromes relates to changes in cerebral
metabolismn in the alderly.

Physostigmine (1) is a well-known alkaloid which has been used as a myotic agent since the beginning of this
century. The substance has now almost completely been abandoned for its original therapeutic use. However over the
last 15 years it has been found that physostigmine's significant anticholinesterase activity makes it particularly valuable
in the treatment of Alzheimer's disease and the severe effects of various forms of senile dementia, since it improves
the cholinergic deficit found in the brain of affected patients.

(1)
CH3NHcoo’

A nurmber of clinical studies (Davis, Am. J. Psychiat., 139, 1421, 1982; Jotkowitz, Ann. Neurol., 14, 890, 1983;
Davis, New Engl. J. Med., 308, 721, 1983) have shown that the intravenous administration of repeated daily doses of
physostigmine produced significant improverments in memory. [t was also found that when the alkaloid is administered
subcutaneously or by mouth, it is degraded rapidly, with the result that treatment must be repeated at short intervals.
Afurther disadvantage of bath the intravenous and subcutaneous routes of administration is that both are uncomfortable
and impractical for use over long periods,

[t is known that physostigmine Is capable of passing through the blood-brain barrler to reach the nuclei where it
exerts its effect. The physostigmine derivatives currently used for this purpose include salts such as those traditionally
described in pharmacopeias for formulating basic alkaloids. These include the salicylate, the sulphate or the nitrate,
though moere lipophilic derivatives of physostigmine, such as the hepty| derivative (IT 047780) or its analogues have
been developed.

Other derivatives include those described in EP-A-0 298 202. This document describes derivatives of physostig-
mine in which the methyl carbamate group is replaced by a C,.,5 alkyl carbamate group and claims organic salts of
such derivatives with organic acids selected from tartaric, malsic and citric acids.

A further class of physostigmine derivatives are described in US 7 166 824, including (-)-N{1)-norphysostigmine,
{(-)-N(1)-alkylphysostigmine and (-)-N(1)-phenylethylphysostigmine.

The compounds of US 7 166 824 are represented by the formula

(11)

wharein
R1=H, H2=CH3
R! = Bz, R2=CH,
R = Bz, R2=0OH

R! = Bz, R%=0CONH-CHjg
R1 = H, H2 =CONH-CH,
R1 = GH,=CH-CH,, R2=CONHCH,q
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R1 = CH2'CH2'Ph, H2=CONHCH3

JP-0-1279830 discloses the use of physostigmine-containing compositions wherein pentaenoic and/or hexaenoic
acids and phosphatidyl choline are included as excipients.

EP-A-0 441 279 describes complexes formed between natural or synthatic phospholipids and bilobalide and their
therapeutic application as anti-inflammatory agents.

A disadvantage of the salts of physostigmine and the derivatives and compositions described hitherto is that they
have an extremely short hali-life and are sliminated from the blood completely within 2 hours. Physostigmine is also
a highly toxic product with a small therapsutic margin, and the doses adminisiered by conventional routes must there-
fore necessarily be low. We have now aitempted to rationalize the use of physostigmine by devising new salts and
also by administering the drug in such a way that it gains a more direct access to the brain for prolonged periods in
non-toxic concentrations. In making this invention, it was surprisingty found that certain lipophilic salts of physostigmine,
which are specifically the subject of the invention, when administered in an appropriate manner, can prolong the mean
lite of the alkaloid, so bringing significant therapeutic advantages.

According to one aspect of the present invention, there are provided salts of physostigmine, or of a pharmacolog-
ically acceptable derivative thereof having anticholinesterase activity, and a phosphatidic acid.

The salts of the invention may be represented by the formula

PS PA (II1}

wherein

PS represents a cation derived from physostigmine, or from a phamacologically acceptable derivative therof hav-
ing anticholinesterase activity,

PA represents a phosphatidic acid or a mixture of different phosphatidic acids, and

x:y is from 2:1 to 1:2.

Preferably the ratio x:y is from 1.2:1 to 1:1.2, most preferably from 1.1:1 to 1:1.1.

In the above formula, PS is preferably physostigmine, but it can also represent a pharmacologically acceptable
derivative of physostigmine, for example one of those described in IT 047780, EP 0 298 202 and US 7 166 824.

The term "phospahatidic acid”" as used herein, represents a compound having the formula

1
CHZ.O.CO.R

CH.0.CO.R% (IV)

0

|

CH2 .0.P-0OH
OH

wherein R, and Ry, which may be the same or different, each represents a Cyq.24 alkyl group, a Cyq.54 alkenyl group,
or a C; .04 alkadieny! group. Said groups respectively may be represented by the formulae CyHay, 1, CpHazq.1 OF CnHona
wherein n is from 10 to 24.

Preferably n is from 15 to 24, most prelerably 15 or 17.

The salts of the invention may be prepared by a process comprising salification of {a) physostigmine, or a phar-
macologically acceptable derivative thereof, with (b) one or more phosphatidic acids, each of said reactants {a) and
(b) being in the free form or in the form of a salt-forming derivative. The salification is preferably carried out in a solvent
for both reactants. Such processes form further aspects of the invention.
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The solvent is preferably selected from halogenated hydrocarbons, ketones, ethers and mixtures thereof.

The invention further provides pharmaceutical compositions comprising a salt of physostigmine, or ol a pharma-
colegically acceptable derivative of physostigmine having anticholinesterase activity, and a phosphatidic acid, prefer-
ably one of the prefarred salts defined above and a pharmceutically acceptable excipient. The compositions are pref-
erably provided as sustained releass pharmaceutical dosage forms capable of releasing the pharmacologically active
ingradient(s) over a period of time.

Such sustained release pharmaceutical dosage forms are preferably adapted to release the pharmaceutically
active ingredient(s) trans-cutaneously, for example by being presented in the form of a cutaneous patch, plaster or
bandage.

As indicated, the products of the present invention, namely new salts of physostigmine or of a pharmacologically
acceplable derivative thereof having anticholinesterase activity, may be obtained by salificalion in protic or non-protic
solvents of the alkaloid in the form of the base or the salt with anions of weak organic acids, with natural or synthetic
phosphatidic acids, having saturated or unsaturated, homogenecus or mixed acy! chains.

The salis that can be derived from natural phosphatidic acids of vegetable crigin are of particular interest. Such
phosphatidic acids can be separated from common plants widely used for food such as soya, peanuts, etc. The salts
may be obtained by reacting a stoichiometric quantity of the alkaloid with a stoichiometric quantity of the chesen phos-
phatidic acid (1M:1M).

Once formed, the salts are highly soluble in non-protic solvents and therefore exhibit pronounced lipophilia. This
is believed to be due to the fact that the mobility of the lipid chains enables them to wind round the more polar nucleus
of the new salts. The transcutaneous and transepidermal absorption of the salts cf the invention is far superior to that
of the salts used hitherto.

Given that drugs for the treatment of senile dementia must act principally in the cerebral cortex, which contains
the basal ganglia that control the body's fundamental neurcnal responses, it would be extremely vaiuable if drugs couid
be sent directly to the brain in a specific way without hepatic by-pass and without their having to act on other crgans
and body systams, thereby producing toxic effects.

[ has besen found that the highly lipophilic salls of alkaloids with an adrenergic or anticholinesterase action (which
constitute one of the subjects of the present invention) enables this specific object to be achieved. When applied in
controlled-release formulations according to the invention at the base of the neck close to the bifurcation of the branches
of the internal carotid and common carotid arteries or below the ear close to the external carotid artery or the anterior
auricular or posterior occipital artery, it has been found to be possible to maintain high levels of the drug in the brain
tor prolonged periods, as is necessary in the ireatment of chronic diseases,

When the salts of phosphatidic acids with physostigmine or with a pharmacologically acceptable derivative thereof
having anticholinestrase according to the invention come into contact with water they form microdispersions of a lipo-
somal typa that interact rapidly with the cell structures or diffuse freely through the tissues where they can easily reach
the lumen of the arteries, whence thay travel to the site of action.

The new salts can be applied to the sites described above in dosages between 0.5 and 50 mg given as one or
more daily doses depending on the individual receptor response. It is clear that if consistent results are to be cbtained
in a chronic degenerative disease there must be a constant supply of the drug to the target organ in quantities sufficient
to produce the required effect. This has been achieved using salts according to the invention,

Controlled-release transcutansous pharmaceutical forms have proved suitable for the administration of the new
salts of the invention since they enable the drug to be directed to the target organ with minimal involvement of the
peripheral organs. Controlled-release plasters have proved particularly effective for this purpose since between 0.5
and 50 mg physostigmine phosphatidate can be incorporated in the reservoir. Liposomal forms of the same salt applied
in the form of lipogels, with or without the presence of conventional phospholipids, have also proved effective. The
plaster form has proved extremely practical for long-term use, as is necessary in treating Alzheimer's disease and
other forms of senile dementia. However, the drug can also be incorporated and administered in other conventional
forms such as tablets, oily solutions, suppositories, etc.

The examples set out below serve 1¢ illustrate the invention without in any way limiting its scope.

Example |: Preparation of physostigmine dipalmitoy! glyceryl phosphatidate

2.75 g physostigmine base are dissolved in 15 ml methylene chloride with stirring, then 6.48 g dipalmitoyl glyceryl
phosphatidic acid are added at ambient temperature. When the reagents have dissolved complstely, the solution in
methylene chloride is evaporatad to dryness under vacuum at a temperature not exceeding 40°C until the solvent has
been completely eliminated. The residue is dispersed in n-hexane at 5°C and filtered.

This yields 9.75 g of a white solid with the following characteristics: m.p. 62.2°C [&]p = 45° (conc = 1% in CHCly);
aP-NMR 2.23 3.15
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Example ll: Preparation of a salt of physostigmine with phosphatidic reagent

2.75 g physostigmine base are dissclved in 15 ml methylene chloride with stirring and 7 g phosphatidic acid derived
from hydrogenated soya and having a natural ratio of fatty acids and a mean molecular weight determined by acid-
base titration of 698, are added. When the reagents have dissolved completely, the solution in methylene chicride is
evaporated to dryness under vacuum at a temperature not exceeding 40°C until the solvent has been completely
eliminated. The residue is dispersed in n-hexane at 5°C and filtered. This yields 9.75 g of a white solid with the following
characteristics: m.p. 55.8°C [a]p = +47.7 (conc = 1% CHCly)
31F.NMR 2.27 3.22

Example lll; Preparation of plasters for transdermal absorption containing the physostigmine salt of
hydrogenated soya phosphatidic acid

The physostigmine salt is incorporated in an adhesive mass that controls the release of the drug and has the
following compaosition: '

physosotigmine phosphatidate 50 mg
lactose 398 mg
saturated triglycerides 22 mg
polyiscbutene 220 mg
hydrogenated colophony 185 mg
polyalkadiens 195 mg

The transdermal plaster is made up of three layers, namely a backing sheet, an adhesive film containing the active
principle built up by applying several coatings, and a cover sheet. The drug is released over a period of 24 htc ensure
continuous administration. '

Claims

1. A salt of physostigmine, or a pharmacolegically acceptable derivative thereot having anticholinesterase activity,
and a phosphatidic acid having the formula

1
CHZ.O.CO.R

CH.O.CO.RZ (1IV)

0

CH‘2 .0.P-0H

OH

wherein R; and R,, which may be the same or different each represents a C, .04 alkyl group, a Cqq.04 alkenyl
group, or a Cyq.04 alkadienyt group.

2. A salt according to Claim 1 having the formula
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PS PA (III)

wherein

PS represents a cation derived from physostigmine or a pharmacoclogically acceptable derivative thereof hav-
ing anticholinesterase activity,

PA represents a phosphatidic acid or a mixture of different phosphatidic acids, and

Xy is from 2:1tc 1:2.

3. A salt according to Claim 2 whersin X'y is from 1.2:1 to 1:1.2, preferably from 1.1:1 to 1:1.1.

4. A salt according to Claim 2 or Claim 3 wherein PS is physostigmine.

5. A salt according to any preceding claim wherein Ry and Ry, which may be the same or different each represents
a Cyg5.04 alky! group, a Cy5.04 alkenyl group, or a Cyg.p4 alkadienyl group.

6. A salt according to Claim 5 wherein R, and R, which may be the same or different each represents a C,g or 47
alkyl group, a Cg or 7 alkenyl group, or a Gy or 47 alkadienyl group.

7. A method for producing a salt as claimed in any preceding claim which comprises reacting physostigmine or a
pharmacologically acceptable salt thereof, with a phosphatidic acid, said reaction being carried out in a solvent
for beth reactants.

8. A method according to Claim 7 wherein the solvent is selected from halogenated hydrocarbons, ketones, ethers
and mixtures thereof.

9. A pharmaceutical composition comprising a salt according to any of Claims 1 to 6 and a pharmaceutically accept-
ahle excipiant.

10. A sustained release pharmaceutical dosage form capable of releasing a pharmacologically active substance over
a period of time, characterised in that the phamaceutically active substance is a salt as claimed in any of Claims
110 6.

11. A sustained release pharmaceutical dosage form as claimed in Claim 10, adapted to release the pharmaceutically
active substance trans-cutaneously.

12. A sustained release pharmaceutical dosage form according to Claim 11 in the form of a cutaneous patch, plaster
or bandage.

13. The use of a salt of physostigmine, or a pharmacologically acceptable derivative according to any of Claims 1 to
6 thereof having anticholinesterase activity, and a phosphatidic acid in the manufacture of a pharmaceutical com-
position for treating senile dementia and Alzheimer's disease.

Patentanspriiche

1. Salz aus Physostigmin oder einem pharmakologisch vertraglichen Derivat davon mit Anticholinesterase-Aktivitat,

und einer Phosphatids&ure mit der Formel
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CH,.0.CO.R

CH.0.CO.R (IV)

C'.-I2 0. Ei’-OH

oH
worin Ry und Ry, die gleich oder unterschiedlich sein kénnen, jewsils einen Cyg.04-Alkylrest, einen Cyq.04-Alkenyl-

rest oder einen C,q.04-Alkadienylrest bedeuten.

Salz nach Anspruch 1 mit der Formel

(I1I)

worin

PS ein von Physostigmin oder einem pharmakologisch vertraglichen Derivat davon abgeleitetes Kation mit
Anticholinesterase-Aldivitit bedeutet,

PA eine Phosphatidsédure oder ein Gemisch unterschiedlicher Phosphatidsauren bedeutet, und

Xy 2:1 bis 1.2 belragt.

Salz nach Anspruch 2, worin Xy 1,2:1 bis 1:1,2, bevorzugt 1,1:1 bis 1:1,1, betragt.
Salz nach Anspruch 2 oder 3, worin PS Physostigmin ist.

Salz nach einem der vorstehenden Anspr(iche, worin R, und R, die gleich oder verschieden sein kénnen, jeweils
einen C, g »4-Alkylrest, einen C,g o4-Alkenyirest oder einen C,g.o4-Alkadienylrest bedeuten.

Salz nach Anspruch &, worin Ry und R,, die gleich odar verschieden sein kénnen, jeweils einen C,5 oder 47-
Alkylrest, einen G, oder {7-Alkenylrest oder einen C,g oder ,7-Alkadienyirest bedeuten.

Verfahren zur Herstellung eines Salzes nach einem der vorstehenden Anspriiche, wobei man Physostigmin oder
ein pharmakologisch vertragliches Salz davon mit einer Phosphatidséure umsetzt, wobei die Reaktion in einem
Lésungsmittel fir beiden Reaktanten durchgefiihrt wird,

Verfahren nach Anspruch 7, webei das Losungsmitiel aus halogenierten Kohlenwasserstoffen, Ketonen, Ethern
und Gemischen davon ausgewahlt wird.

Pharmazeutische Zusammensetzung, umiassend ein Salz nach einem der Anspriiche 1 bis 6, und ein pharma-
zeutisch vertragliches Exzipiens.

Pharmazeutische Dosierungsform mit verzogerter Freisetzung, die eine pharmakclogisch aktive Substanz iber
aine Zeitspanne freisetzen kann, dadurch gekennzelchnet, dai die pharmazeutisch aktive Substanz ein Salz
nach einem der Anspriche 1 bis 6 ist.
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Pharmazeutische Dosierungsform mit verzogerter Freisetzung nach Anspruch 10, die der transkutanen Freiset-
zung der pharmazeutisch aktiven Substanz angepaft ist.

Pharmazeutische Dosierungsform mit verzégerter Freisstzung nach Anspruch 11, in Form eines Hautflacken, eines
Pflasters odar giner Bandage.

Verwendung eines Saizes aus Physostigmin oder einem pharmakologisch vertraglichen Derivat davon nach einem
der Anspriiche 1 bis 6 mit Anticholinesterase-Aktivitdt und Phosphatidsaure zur Herstellung einer pharmazeuti-
schen Zusammensetzung zur Behandiung der senilen Demenz und der Alzheimer-Krankheit.

Revendications

1.

2,

Sel de physostigmine, ou dérivé de celle-ci, pharmaceutiquerment accaptable, ayant une activité anticholinesté-
rase, ot acide phosphatidique de formule :

1
CH2.O.CO.R

cﬂ.o.co.n2 (1IV)

0

CHZ. Q. T—OH

OH

dans laquelle R, et R, qui peuvent &tre identiques ou différents représentent chacun un groupe alkyle G,q.54, UN
groupe alkényle C;g-04, OU UN groupe alkadiényle C,g.24.

Sel selon la revendication 1, ayant la formule ;

PS PA (I1I)

dans laquelle :

- PS représente un cation dérivé de la physostigmine, ou d'un dérivé de celle-ci, phamaceutiquement accep-
table, ayant une activité anti-cholinestérase,

- PAreprésente un acide phosphatidique, ou un mélange de différents acides phosphatidigues. et x/y est com-
pris entre 2/1 ot 1/2.

Sel selon la revendication 2, dans lequel Xy ast compris entre 1,2/1 et 1/1,2, de préférence, entre 1,1/1 et 1/1,1.
Sel selon la revendication 2, ou la revendication 3, dans lequel PS représente physostigmine.

Sel selon I'une gquelconque des revendications précédentes, dans lequel R, et Ry, qui peuvent étre identiques ou
différents. représentent chacun un groupe alkyle C,g 04, Un groupe alkényle G504, Ou un groupe alkadienyle

Ciso4

Sel selon la revendication 5, dans lequel R, et Ry, qui peuvent étre identiques ou différents, représentent chacun
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un groupe alkyle C;s ou 17, un groupe alkényle C,g ou 7, ou un groupe alkadiényte C,g Ot ;7.

Méthode de production d'un sel selon I'une quelconque des revendications précédsntes, qui comprend la réaction
de la physostigmine, ou d'un sel de celle-ci, pharmaceutiquement acceptable, avec un acide phosphatidique, ladite
réaction étant effectude dans un solvant des deux réactants.

Méthode selon la revendication 7, dans laquelle le solvant est choisi parmi les hydrocarbures halogénés, les cé-
tones, les éthers, et les mélanges de ceux-ci.

Composition pharmaceutique comprenant un sel selon I'une quelcongue des revendications 1 & 6, et un excipient
pharmaceutiquement acceptable.

Forme phammaceutique & libération prolongée, capable de libérer une substance pharmacologiquement active
pendant une certaine période de temps, caractérisée en ce que la substance pharmacologiquement aclive est un
sel selon l'une quelconque des revendications 1 & 6.

Forme pharmaceutique a libération prolongée selon la revendication 10, adaptée & la libération de la substance
pharmacclogiquement active par voie transcutanée.

Forme pharmaceutique a libération prolongée selon la revendication 11, sous ia forme d'un timbre, emplatre, ou
bandage cutané.

Utilisation d'un sel de physostigmine, ou d'un dérivé de celle-ci, pharmaceutiquernent acceptable, selon I'une quel-
conque des revendications 1 & 6, ayant une activité anticholinestérase, et d'un acide phosphatidique, dans la
fabrication d'une composition pharmaceutique pour le traitement de la démance sénile, et de la maladie d'Alzhei-
mer.
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