PHENYL CARBANMATE The present invention relates to -a novel phenyl carbamat
with anticholinesterase activity. Mre particularly the invention relates %
to the (S)-Nethyl- 3-[ 1- dlnethylanlno)ethyW} N- net hyl - phenyl - car bamat e of
formula | [err] in free base or acid addition salt form As can be segtl
fromthis formula, in free base formthe sign of rotation of t nd
of formula | is (-). However in acid addition salt formit may g{?%?

(-). For instance the sign of rotation of the hydrogen tartrate is (+). %he
present invention covers the free base formas well as the acid addltlon
salt forns, independently of their sign of rotation. -2- The racemc

m xture ()-N-ethyl-3-[(1-dinethyl am no)ethyl]- N-nethyl-phenyl-carbamte in
formof its hydrochloride is known fromthe European patent application
193,926 where it is identified as [err] HO. According to this disclosure
the racemate in free base formis obtained by am dati on of

[err]-m hydroxyphenyl et hyl di met hyl am ne with a correspondi ng car banoyl

hal ogeni de. The resulting conpound and its pharmacol ogi cal ly acceptable
acid addition salts, which can
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in free base or acid addition salt form.

As can be seen from this formula, in free base form the sign of
rotation of the compound of formula I is (-). However in acid
addition salt form it may be (+) or (-). For instance the sign of
rotation of the hydrogen tartrate is (+). The present invention
covers the free base form as well as the acid addition salt

forms, independently of their sign of rotation.



be prepared fromthe free base in known nmanner, are disclosed as
.acetyl chol i,nesterase inhibitorsin the central nervous system It has now
surprisingly been found that the (-)-enantionmer of fornula | and its

phar macol ogi cal | y acceptable acid addition salts, hereinafter referred to
as ‘conpous according to the invention, exhibit a particularly marked and
sel ective inhibition of the acetylcholinesterase. These findings are
unexpected, particularly since it is not believed that the

di al kyl am noal kyl s} | D V0LSD SRR 2LNS _hhe 0pt i cal active .centre,
is mainly responsi'grgeﬁagrgmtﬂglgguer? f‘g ﬁ?#\ stérggeglgnr’\ t?'B':‘l e SEPIL ity of
t he phenyl - car banaietethyherhegiprarhanatec bn diong ob ithdhidroentardde Havknnayer

been specifically di&fltagetlidopeddPatédehpplic@eid’ao8!#R RS TRY; e
prepared fromthe r,gce te, by _separ@;iltlon of the enantioners in accordance
with known met hodsidentgiiedasqRey BOlo -p-toluyl - tartaric acid. The acid
addition salts may be prepared fromthe free base in known manner. These
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and are ther.efore abtfimed by amidation of e-m-hydroxyphenylethyldimethylamine with
a corresponding carbamoyl halogenide. The fesulting compound and
its pharmacologically acceptable acid addition salts, which can
be prepared from the free base in known manner, are disclosed as

acetylcholinesterase inhibitors in the central nervous system.

It has now surprisingly been found that the (-)-enantiomer of
formula I and its pharmacologically acceptable acid addition
salts, hereinafter referred to as compounds according to the
invention, exhibit a particularly marked and selective inhibition
of the acetylcholinesterase.

These findings are unexpected, particularly since it is not
believed that the dialkylaminoalkyl side chain, which contains
the optically active centre, is mainly responsible for the
acetylcholinesterase inhibiting activity of the phenyl
carbamates. | |

The compounds according to the invention have never been
specifically disclosed in the literature. The free base may be
- prepared from the racemate by separation of the enantiomers in
'accordance with known methods, e.g. using di-0,0’-p-toluyl-
tartaric acid. The acid addition salts may be prepared from the
free base in known manner. These include e.g. the hydrogen

tartrate.



as- pharmaceuticals. They reach the central nervous systemrapidly after
S.C., i.p. or p.o. admnistration in rats.” They exert a brain

regi on-sel ective inhibition of acetylcholinesterase activity, hippocamnpal
and cortical enzyne being nore inhibited than acetyl cholinesterase -
originating fromstriatum and pons/- nedulla. Furthernore they have a | ong
duration of action. The following results, for exanple, illustrate the
pharma- col ogi cal profile of the conpounds according to the invention as

conpared to t CUmbSSRRN | nd A is.the
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The folloving results, for example, illustrate theé pharma-
cological profile of the compounds according to the invention as
compared to the corresponding isomers and racemates. Compound A
is the compound of formula I in form of-its:hydrogen tartrate.
Compound B is the-opticai isomer of said salt. C designates the
racemic mixture of the compound of formula I and its optical
isomer, in form of the hydrochloride. ' -

In vitro assays

Electrically evoked 3H—acety1eholine release from rat hippocampal

slices

Electrically evoked 3H-acety1choline (3H-ACh) release from rat

hippocampal slices is a functional in vitro model to investigate . ;_)
presynaptic muscarinic autoreceptor agonists and antagonists.

This model can also be used as an indirect Method to evaluate

drugs which inhibit acetylcholinésterase (AChE). Inhibition of

AChE activity leads to the accumulation of endogenous ACh which

then interacts with presynaptic muscarinic autoreceptors and

inhibits further release of 3g-ach.



. .
-4- Rat hi;ppocanpal slices (Wstar strain, 180 - 200 g) are prepared by
chopping into cross sections whol e*hi ppocanpal slices at a distance of 0.3
mmwith a Mcllwain tissue chopper. Hi ppocanpal slices obtained from3 rats
are incubated for 30 mn. at [err] 3-in 6 ply Krebs-Ringer containing 0.1
uG H-chowi.ne and transferred into the superfusion chanber and superfused
W th Kreb's mediumcontaining 10 [err] hemicholinium3 at a rate of 1.2
m/mn. at [err]. Collectioin-of 5 min. fractions of the superfusate begins

after 60 mn. of superfusion. .Twp, peri.pds of el ectr.i.cal i nul ation (2
rect angul ar -pul se?‘ag %’spé’é’f-’a"l’f?ln‘%?“%snb?f.s)sta’érsetr&bw 180 ar érg)?(?rﬁi‘ﬁep%’é‘?‘;r_‘]z
and after 125 mi n.by[ ehofgping ISupecfossi sertidestvholddtippoasnpal eslideecdt38 i n.
bef S2 and t kM Khe. i . i ' 45 .0 :
efore S2 and are diLeafil ot .5 fm SHRETS YR 1geg}wneum<4rdge}. %g},{e‘ag@%li ]

superfusion. At the e the experinents th Ices_are solu
conc. formc aci d S3iges obtainpdcéramedt rats are dngibatedi fon B8 miupert ?3af € and

the sol ubilized slinc@sml Ribbd-REnget LbRMiinEn@ RN e36enagdaiRe fahact i onal rate
of tritiumoutflow pe | ectrically evoked tritiumoutflow.is

rmn, E _ .
cal cul ated by subti*aBtfesedrintacthe SPRsyfust oy chambar apd (SUBRE BWET 'Bkbf r om
the total tritiumKrebfs medil icogtdinéng \i® pH rhemdthalliadtm-icat sStravelloft i on and
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superfusate begins after 60 min. of superfusion. Two periods of
electrical stimulation (2 Hz rectangular pulses 2 msec, 10 ma,
2 min.) are applied after 70 min. (Sl) and after 125 min. (52) of
superfusion. Test substances are added 30 min. before S2 and are
present in the superfusion medium until 145 min. of superfusion.
At the end of the experiments the slices are solubilized in conc.
formic acid and tritium content is determined in the superfusate
and the solubilized slices. Tritium outflow is expressed as the
fractional rate of tritium outflow per min. Electrically evoked
tritium outflow is calculated by subtraction of the extrapolated
basal tritium outflow from the total tritium outflow during the
twvo min. of electrical stimulation and the followving 13 min. and
is expressed as percent of the tritium content at the beginning
of the sample collection. Drug effects on stimulation evoked
tritium outflov are expressed as the ratips 52/51. All experi-
g_J B ments are run in dublicates using a programmable 12 channel
superfusion system. For the calculation a computer program is

used.

In thisltest compound A inhibits electrically evoked 3H—ACh
release from hippocampal slices by approximately 40 X (100 uM)
vhile racemate C (100 uM) inhibits by approximately 25 X%. The
inhibitory effects of compound A and racemate C can be
antagonized by atropine. These results are compatible with an

AChE-inhibiting activity. Compound B is inactive in this model.



of 'the sanple collection. Drug effects on stinulation evoked tritium
outflow are expressed as the ratios [err] "All' experi- nents are run in
dublicates using a progranmabl e 12 channel superfusion system For the-

cal cul ation a conputer programis used- 8 Jn this test conpound A i-nhibits
electrically evoked H ACh rel ease from hi ppocanpal slices by appro)&e/rrat ely”
40 % (100 [err]) while racemate C (100 [err]) inhibits by approxinmately 25
%. The i nhi bitory effects of conmpound A and racemate C can be antagoni zed
by atropi ne. Jshl e, bR biLing.activity.
Compound B s AAg1fRbleFhge PR ibh 1ol el I bEN b
inhibition in different rat brain regions AChE preparations of di fferent

rat brain regi Qg ptéPakB¥ions! HP i FESBSTANBraid i@k idHs 266k 1438 GhilpPoel i S
test and the [err] (inhib |tor%hconcentrat igns in [err] 3‘ are determ ned. The

enzyme prepar at3"BHS a&‘rdesb?’étﬁ Brectred th this Y?ﬂﬁ prd dhe1¥q4i nut es before
t he deter m nat (inhibiteayA€dtcencid tiohy llnSumE&S'Hr@éieaﬁdedl THe leAzgmee net hod

d bed by El| AhB.hB 82, .70, 1959).. Rat brai
deserL e B SRR G s AT BB 2P B o

before the determ1nat10n.

The AChE activity is measured according to the method described
by Ellman (Arch. Biochem. Biophys. 82, 70, 1959). Rat brain
tissue is homogenized in cold phosphate buffer pH 7.3 (0.25 mM)

containing 0.1 % of Triton X-100. After centrifugation aliquots \‘J
of the clear supernatant is used as enzyme source. The enzyme is
preincubated with different concentrations of the inhibitor.
After different times, substrate (acetylthiocholinjodide 0.5 mM)
is added and the remaining activity determined.
The results are given in the following table 1:
TABLE 1
. ICSO' Cortex ' Hippocémpus Striatum
- ' "/

Compound A 2.8 _ 3.7 3.0

Compound B 16.1 ' 14.5 13.8

Racemate € 3.2 3.9 3.2

As can be seen from this table the AChE inhibition with
compound A is slightly superior than that with racemate C,

whereas compound B is significantly less active.



containing 0.1 %of Triton X-100. After centrifugation aliquots of the
clear supernatant is used as enzynme source. -The enzyne is preincubated with
di fferent concentrations of the inhibitor. After different tinmes, substrate
(acetyl throcholinjodide 0.5 mV) is added angl 4+ he remaining activity

determ neM The results are given in the following table 1. TABLE 1 [err]
Cort ex H ppocanpus Striatum Conpound. A 2.8

3.7 3.0 Conpound B 16. 1 .+ 14.5

13. 8 Racemate C s Chihi : : e seen
fromthis table t%%Esléﬁﬁeg%@ﬁ?ﬁsﬁ%ﬂ#}rﬁﬁ%ﬁ#ﬁgkgigéSﬁ-é%Eg%p}éEi or
than that with raES#%9P8 C, whereas conpound B is significantly |ess active.
-6- Acetylcholinesterase i.nhibition ex vivo in different rat brain regions

30 mi nut ft i.ni st ' f. different f A, the AChE
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obt ai ned after ad
are 7 umol/kg p.o. in striatum, 4 umol/kg p.o. in hippocampus and

2 umol/kg p.o. in cortex. The IC50 obtained after administration
of the racemate C are for all examined regions about 2 - 3 times
higher. Six hours after administration of compound A

. (10 umol/kg p.o.) the AChE in striatum is still inhibited by

— _ 16 %, whereas at the same time the activities in cortex and
hippocampus are inhibited by 39 X and 44 % respectively.

In vivo assays

Influence on dopamine metabolism

Male OFA rats (150 - 200 g) were used both for acute and sub-
chronic experiments. The animals are maintainéd under 12 hour
periods of light and dark. The animals are sacrificed always
between 11.00 and 13.00 h. The brains are excised immediately,
dissected on ice according to the method of GLOWINSKI and

U : IVERSEN, J. Neurochem. 13, 655 (1966), frozen on dry ice and the
tissue samples stored at - 80 ° C until analysis.

Dopamine and its metabolites DOPAC (3,4-dihydroxyphenylacetic
" acid) and HVA (homovanillic acid) are determined in brain tissue
extracts which are obtained by homogenisation of the stored brain
tissue samples in 0.1 N HC1l containing 0.05 mM ascorbic acid and
. subsequent centrifugation. Striatal and cortical tissues are
used.



of the racemate C are for all exam ned regions about 2 - 3 tinmes higher.
"SI x hours after adm nistration of conpound A (10 [err]/kg p.o0.) the AChE in
striatumis still inhibited by 16 % whereas at the sane tinme the
activities in cortex and hi ppocanpus ar-<7i-hhibited by 39 % and 44 %.
respectively. In vivo assays Influence on dopam ne met abol i sm Mal eXNFA rat §
(150 - 200 g) were used both for acute and sub- chronic experinents. The
animal s are nai ntai ned under 12 hour periods of light and dark. The aninals

are sacrificedpgl %x&ﬂ%&w&lﬂ%&%&&&%@ pe-pigrﬂdahgﬁu kuRxCi sed
I medi atel y, dissected on ice accordi to the nmethod of G NSKI and
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DOPAC (3,4-dih hen ti.c ac II|c d) are
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-7- The determ nati on of Ites'is perforned usin
adding known amounts of deuterated monoam1nes and their

respective metabolites as internal standards.

Dopamine metabolism in striatum is increased following the
administration of compounds A and B and racemate C (This property

is a consequence of the acetylcholine accumulation provoked by \'J
said compounds). However compouhd A is more active than

compound B and racemate C in enhancing the striatal dopamine

metabolite concentration.

Muscarinic and nicotinic effects on brain glucose utilisation

Changes in the functional -activity of the CNS are associated with
*altered deoxyglucose (DOG) utilisation in the brain which can be
visualised simultaneously in several brain regions using the
autoradiographic method of Sokoloff et al., J. Neurochem. 28, 897
(1977). The administration of cholinergic drugs either direct
(muscarinic agonists) or indirecf {accumulation of acetylcholine) ;_J
induces in this model a characteristic "fingerprint" pattern by

modifying the regional glucose metabolism.

Male Wistar rats (150 - 200 g) are used. Drugs are administered
at various doses and by different routes (i.v., p.o., i.p.) to
animals. [14C]-2-deoxyglucose (125 uC/kg) is injected 45 min.
before the animals are sacrificed. The brains are immediately
excised, frozen at - 80 ° C and subsequently cut in slices with a

thickness of 20 um. The optical densities of the radiographic



t he gas chrondtography/ mass fragnent ography (GCMS) technique as descri bed
by- KAROUM et al., J. Neurochem 25, 653 (1975) and CATABEN et al., Science
178, 166 (1972) or the fluoronetric nmethod as described by WALDMEI ER and
MAI TRE, Anal yt. Biochem 51, 474 (1973). Fog the GCM5S nethod, tissue
extracts Wfe prepared by addi ng known anounts of deuterated nonoani nes and
their respective netabolites as internal standards. Dopam ne netabolismin
striatumis |ncreased follownng t he adn1n|strat|on of conpounds A and B and
racemate C (This erty is a cqonse ce of th Ichollne

accumul ation prov sb %QF?%S&%&HE‘%“E Fﬂ)\ﬁe% 8t Sqkeladh etactive
t han conpound B a#ll racemate C in enhancing the strlatal dopam ne

nmet abolite concentration. Muscarinic and nicotinic effects on brain glucose
utilisation Changes in the functional activity-of the CNS are associ at ed
with altered deokftgiruposeappldcptinn bf seompowndsnAtdnd Bréd.5 wlgkgran be

bt or ad ogr apht ¢ SELtdhe CrpRCTEl OB YT GBI EbE e pratn | o))
The admi ni strat i ofe&iong ane pksegived -drTl}gseféPFhé’rf genRound (Anisceetenpetengoni st s)

or indirect (accuphdmich®d of ca@eﬁ:yd cnh&hnr:\g) tnendui:ﬁ%v 30 mhﬁcémd@he dost
characteristic "fin rprlnt patt

n n gl ucose
met abol i sm Mal e WESr chagges (af§0 “50%“ 33 a‘fléuﬁ é"(fg 898 &’é* admi ni st er ed
at various doses ancérbyenhrhleﬂmﬂamusoanésal@o in the.lateral phabernuiaamiaiebs.
[ 14C] - 2- deoxygl ucose (125 [err]/kg) is injected 45 mn.

o Acetylcholine levels in different rat brain regions

The effects of compounds A and B and racemate C as AChE
inhibitors in vivo is determined by measuring the levels of ACh
in different regions of rat brain at various times after drug
administration. ' '

OFA rats (200 - 230 g) are used. The animals are killed by
microwvave irradiation focused on the head (6 kV operating power
2450 Mhz exposure 1.7 sec., Pueschner Mikrowellen-Energietechnik,
Bremen). The brains are removed dissected according to Glowinski
and Iversen (1966) and stored at - 70 ° C until analysis. The
" brain parts are hoﬁogenized in 0.1 M perchloric acid containing
\w internal deuterated standards of ACh-d4 and”Ch(choline)—da. After
centrifugation, endogenous ACh and Ch together with their
deuterated variants are extracted with dipicrylamine
(2,2',4,4',6,6'-hexanitrodiphenylamine) in dichlormethane as ion
pairs. The Ch moities are derivatized with propionyl chloride and
the resulting mixture of ACh and propyl choline derivatives are
demethylated with sodiumbenzenethiolate and analyzed by mass-
fragmentography according to Jenden et al. Anal. Biochem. , 55,
438 - 448, (1973).



before the animals are sacrificed. The brains are inmediately excised,
frozen at - [err] and subsequently cut in slices wth a thickness of 20
[err]. The optical densities of the radiographic | mages are neasured
according to a nodification of Sokol off %t al. After p.o. applicatjon of
conmpounds A and B (7.5 [err]/kg) significant changes in DOG utili s¥ionin
various rat brain regions are observed. The effect of conpound Ais nore
potent than that of conpound B during the initial 30 m nut es The nost

mar ked change gl figlle OHEﬂchtiJi‘xe Y'ﬁjﬁho]}'/‘f&'ﬁ’rbs 20k alEs aehe :é@ﬂ”a'

t hal anus and sOo Int eral habenul a nucl eus. Acety cho ne levels in
different rat tb’la&%?f‘sr éBiTdatute e94textandohipRacaBRifs The M“B]aﬁé §dcemate C

as AChE i nhi bifisOnéhietediablut 83(11@1@! & 6@ o1 r&mwataentm héMQth of ACh in
di fferent reglons of . rat brg_ vari pus tlrresggter dru dmi nistration.

OFA rats (200 during the ngxt & hoyrs- oH ¢8F tex, pad \hippocamp s r&Pave
irradi ati on f deveksl ave $tidlheigeifGeaniphdghér ag pdivaes bmparddz texposure 1.7

sec. Pueschnecr é(lrogﬁg %@f@%r%e gg%@yegenér ?gggge i;l_éﬁn Fgéu s are renoved

di ssect ed according 5 oW nski “an ver or ed at - [err]
until anal ysi scomppundppais spmltfscan@mwﬂgenﬂmdthaf @nduaedpby chl ori c acid

contai ni ng racemate C, and the influence of racemate C is significantly
veaker than that induced by compound A.

Furthermore the compounds according to the invention are indi-
cated to be wvell tolerated and orally active, and they have a
long duration of action, e.g. in the above and other standard

tests.

The compounds according to the invention are. therefore useful for
the treatment of senile dementia, Alzheimer’s disease,
Huntington’s chorea, tardive dyskingsias, hyperkinesia, mania,
acute confusion disorders, den's syndrome and Friedrich’s

ataxia.

An indicated daily dosage is in the :ange-froh about 0.1 to about
25 mg, e.g. about 0.1 to about 5 mg of a compound according to
the invention, together with solid or liquid carrier or diluents. ] ;_)

In accordance with the foregoing, the present invention also
provides a ¢compound according to the invention, for use as a
pharmaceutical, e.g. for ihe treatment of senile dementia,
Alzheimer’s disease, Huntington's chorea, tardive dyskinesias,
hyperkinesia, mania, acute confusion disorders, Down;s syndrome

and Friedrich’s ataxia.



internal deutérated standards of ACh-d4 and Ch(choline)-[err] After
centrifugation, endogenous ACh ‘and“ Ch together with their deuterated
wariants are extracted with di pi cryl am ne

(2,2',4,4,6,6 - hexani trodi phenyl am ne) in gychl ormethane as ion pairs. The
Chr rmi ti éﬁ/ are derivatized with propionyl chloride and the resulting

m xture .of ACh and propyl choline derivatives are denethylated with

sodi unbenzenet hi ol ate and anal yzed by mass- fragnent ography according to
Jenden et al. 4 3 e

appl i cation of 2ah1e E k%ﬁéﬁn&meﬁi nc%gﬁg%eé ga(pjfgv%:aeeﬁ a ph %F'%érblésustrlﬁgist riatum
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oral application ?ﬁ%cggﬁdnnﬁﬁhd'ﬁ' MSE r@xe“?ﬁﬁrnéceuﬂcﬁ@%ﬁrlép dt0&{ fenand
hi ppocanpus the ACh levels are still si gnl i cant | her at hour s

conpared to cont r¥Hcd cqpRosdfiens @alérbé aﬁlféﬁéﬁdﬁht‘”“wl%ﬂ (MBRREF -of
compound B is significantly weaker than that induced by racemate C, and the
i nfluence of racepmat significe ntI aker han that induc b
compound A Furt i e e A SHRRE aten Fa TRy U Eners MOBRETS AR i
cated to be well amd _énademteemd:eotmﬂa;ieactl ve, and they have a long duration
of action, e.g. in the above and ot her standard



tests. The conpounds according to the invention are therefore useful for
the treatnent of senile denentia, Alzheiner's 'disease, Huntington's chorea;
tardi ve dyski nesi as, hyperkinesia, mania, acute confusion disorders, Down's"
syndrone and Friedrich's ataxia. An indipated daily dosage is in the range_
fromabout 0.1 to about 25 ng, e.g. about 0.1 to about 5 ng of a cé#pound
according to the invention, together with solid or liquid carrier or
diluents. In accordance with the foregoing, the present invention also

provi des a co ccordi ng to.the d.nyention .for use .as a
phar maceut i ca%@%r{ Ll et LAy NG e Bt L JVAS mer's
di sease, Huntington's chpheayl-¢axbdmate dyski nesi as,: hyperki nesia, nania,

acut e confusion disorders, Down's syndronme and .Fri-edrich's ataxia. -10-
The present invention furthernore provides a pharnaceutical conposition
conprising a chifheuekl (adcbreghnly3-b(1ddmethydaninm ethy HsBore vl orhepyih at

| eas]E 0[19 pgarémﬁﬂitéﬁhd Cﬁlbr_g 5. Qi)-@iLUfn”'LpEﬁsml | yEO¥aeatid iaeﬁd {iﬁ)ﬂobe

manuf actured in conventigna neg nthe fo eX : e

t enper at ur es a\‘@rﬁﬁ%@rrfee&{].séﬁlg%; "E?']ee ilhﬁ-a é’éé‘%ﬁu?&d’r gg .etﬁam{}'

wvater (2 : 1). The salt precipitated after cooling is filtered

and recrystallised 3 times from methanol/water (2 : 1). The
(S)-enantiomer is released by partitioning between 1 N NaOH and
ether. [a]go =~ 32.1 ° (¢ = 5 in ethanol).

The hydrogén tartrate of the title compound (from ethanol) melts
at 123 - 125 °. [«)20 = + 4.7 © (¢ = 5 in ethanol).



EXAMPLE 1:. (S)-N-ethyl-3-[(1- dlrrethylamno)ethyl] N- et hyl -
phenyl - carbamate 130 g of
(I -di nethyl am no) et hyl | - N- et hyl - phenyl - carbamate and 210 g

()-Nethyl-3-]
of (+)-di=0,0"-
heating i¥ 1.3

1). The (9)-
title corrpound

et hanol ).
trans- der nal

base or pharmaceutically acceptable acid addition salt form The conpound

-p-toluoyl tartaric acid mobd- hydrate are dissolved whi

| e

liter of nethanol/- water (2 : 1). The salt precipitated
after cooling is filtered and recrystallised 3 tinmes from nethanol / wat er

enantioner is released by partitioning between 1 N NaOH and

éther [err] = Thd2p Eeséﬂi fh&%nk@oﬁ“ﬂﬁ?Fﬁﬂﬁhorgwﬂ%o@¥33§09§¥]s&@Eéﬁfﬂ:Qréﬁs the

fromet hanol) nelts at 123 - . lerr]="+ (c. =5

2rmad ARRddstion; of She; H}?nﬂr"caﬁ@?mee°5rﬁ9\’ilﬂﬂ% Itv hé“ freeenic

in

el 62iphamadevtDeallfeydeptabAGBL{ E aQli fiOn"WAR: lform N free

of formula | and its pharmaceutically acceptable acid addition salts

i ncl ude for exdr eomporundbef/ EoemilianZdamio i po (phelrofacelt i ddy naseeptisald si ngl y

been found t hataéi'&ea&é)ﬂ%h' n&ﬂg {n%rlnh'é afoL: example the above defined

compound A.

It has now surprisingly been found that the compound of formula I
in free base or pharmaceutically acceptable acid addition salt
form, hereinafter referred to as compounds for administration
according to the invention, exhibit unexpectedly good skin

penetration when administered percutaneously.

The penetration through the skin of the compounds for admini-
stration according to the invention may be observed in standard

in vitro or in vivo tests.

One in vitro test is the well known diffusion test which may be
effected according to the principles set out in GB 2098865 A and
by T.J. Franz in J. Invest. Dermatol. (1975) 64, 194 - 195.
Solutions containing the active agent in unlabelled or radio-
actively labelled form are abplied to one side of isolated pieces
of intact human skin or hairless rat skin about 2 cm? in area.
The other side of the skin is in contact with physiological
saline. The amount of active agent in the saline is measured in
conventional manner, e.g. by HPLC or spectrophotometric

techniques, or by determining the radioactivity.

In this test using rat skin the following penetration rates, for

example, have been found:

(2



I n-free base or pharmaceutically acceptable acid addi.tion salt form
hereinafter referred to as conpounds for admnistration according to the

i nvention, exhibit unexpectedly good skin penetration when adm ni stered
per cut aneously The penetration througfs the skin of the conpounds .&3

adm ni- stration according to the invention nmay be observed in standard in
vitro or in vivo tests. One in vitro test is the well known diffusion test
whi ch nmay be effected accordi ng to the principles set out in GB 2098865 A

and by T.J. aPermatol . (1975 + 18% % 195. Solutions
cont ai ni ng t%eggédtélf\ggg%gflgﬂy n unI abel | ed or glsgé-uact | veI y labelled form

are applied to one side of isolated pieces of intact human skin or hairless

rat skin abQpp Zu.{dew]fdﬁuﬂqameeosm goimie 98.6 e gkim is in contact
wi th physi ol ogi cal saline. The amount of active agent in the saline is

nmeasured in conventional manner, e.g. by HPLC or spectrophotonetric
techni ques, Mareberd@t s Beay folind readt omhwéﬁml Admhhss:atteaﬁ dfSithg rat

skin the follow ng, penetratio fes, for,.ex een found; - 13-
Above defin&® 88‘(‘?8’5 ﬁ Edmmsqra? on h°°°rdi“gg‘gpéﬁf e fm'léme”a “GSFrp%und of
fornula | irlohgekastdsg dndr const3Bt OinhibBridndsf acetylcholinesterase

activity as indicated in standard tests, with a slow onset of

action, which is particularly advantageous with respect to the

tolerability of these compounds.

For example the acetylcholinesterase inhibition in different rat
brain regions ex vivo has been measured after transdermal
administration of the compounds for administration according to
the invention, and compared to the inhibition obtained after

administration via different routes.

The compounds are dissolved in or diluted with n-heptane to a
concentration of 1 or 3 mg/20 ul. Male rats (OFA strain,

ca. 250 g) are shaved in the neck region and the solution is

applied with a micropipette on the skin. The application place is
immediately covered using a thin plastic film and a plaster. The

animal has no access to the plaster. Various times after the )
administration the animals are killed by decapitation and the v/
remaining AChE activity is measured.

Transdermal administration of the above defined compound A, for
example, induces a long-lasting, dose-dependent inhibition of
AChE activity. In contrast to the rapid onset of the effect after
either oral or subcutaneous application (max. 15 and 30 min.
respectively), the AChE inhibition occurs slowly after this
application route (max. > 2 hours) without affecting the brain

region selective AChE inhibition.



Moreover it hds been found that transdermal admi nistration of the conpounds
for administration according to the invention induces a |ong-I|asti ng and
constant inhibition of acetyl cholinesterase activi ty as indicated in
standard.tests, with a slow onset of actipp~ which is particularly

advant ageels W|th respect to the tolerability of these conpounds. For
exanpl e the acetyl cholinesterase inhibition in different rat brain regions
ex vivo has been neasured after transdernal adm ni stration of the conpounds
for adm nistra N, v t

[ ohi byt on” oby AnErPAARE U shanl 15 M B8HicdEng AAHENPHELy | ol ours
conpounds are dif§ep|transdermel applicetion t thenAthbhrarivity s sédtkentrati on of

1 or 3 ny/20 [%albi\@demaéeatégﬂnatsémahem reégidng) Aher ShaVEhd @uwe neck
regi on and the soI ution_is applied with a mcropl pette on the skin. The

application pl &r811% apphied souPeuNd A dasyne, Sffgct ophthe gnzyme) cvheneasand a
pl aster. The aniffel fheSsie. appPbication tondy Pdhasémdyme Vi itheshdairfess after the

adm ni stration the, S e kil.led by decapitation and the renaining
AChE activity i38 %%2‘&% F‘é‘ﬁ% fmal adninistration of the above defi ned

conpound A, for exanple, induces a |long-Ilasting, dose-dependent inhibition
of AChE activity. In contrast to the rapid onset of the effect after either
oral or subcutaneous application (nmax. 15 and 30 min. respectively), the
AChE inhibition occurs slowy after this application route (max. > 2 hours)
wi thout affecting the brain

\/{



region sel ective AChE inhibition. -14- The results are shown in the
followng table 2. Twenty four hours after' transdermal application; the
AChE activity is still inhibited in central and peripheral regions. After
the sane tine, orally applied conpound A pgs no effect on the enzy.({‘a,
whereas after the s.c. application only the enzyme in the heart is™
significantly inhibited. - 15- _

[err] -16- Thys 1h anof her aspect |the presem |i nventteh®pjovi des a
pharma- ceutical [conposjt]on fop gystlem ¢ trangder mal atim g $tration
conprising the cqnmpound8of formulg L lin freg hase or pharga; |ceutically
acceptable acid ddditiag palt feren~iln assosicaki ¢n W t hea ghar maceut i cal

carrier or diluent spitable for sysfdnc s~ ~ o\ ©
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transdernmal administration. In yet a furthet aspect the present invention
previ des the use of the conpound of formula l* in free base or
pharmaceutically acceptable acid addition sal't formas active agent in the
manu- facture of a pharmaceutical conpos+tliéoa suitable for systemc
transderrmgt administration. The active agents may be admi nistered in any
conventional liquid or solid transdermal pharmaceutical conposition, e.g.
as described in Remi ngton's Pharnmaceutical Sciences 16th Edition Mack;

Sucker, Fuchs amgusSRinesfdthePhaspae Cutid ﬁf&ﬂeﬂmkp&l %:&ﬁde'ég#_tsh%ma-
Springer and in GB 2098865 A, or 3212053 the contents of ich are
i ncor por at ed hefEYHBy sompasition fen fystemis: transdernad pduinisgrationi n t he

form ?)f ahvi scodempyigingl, thei edt_s:ﬁpanhd of iﬁfﬂﬂaLﬁ&Qr fhdd lb_agle 5t phacmaFor

exanpl e the active .agent s ers t hrouyghout. a_solid reseryvaoi,r or

matri x nade of ﬁe‘bglcggiy §°§8P# So?“a%e?‘,ié’et;lgg so"f‘tlﬁyfﬁ'd‘phf‘? i2SSPARHER as
descri bed i n Euwbtteanphatmaceutizalli caxtriien diodilifent2@fi tabhe fact systeafjent may
be i ncorporat ed t%&ﬂe?ﬁ%%ﬁ?ini@%?ﬂ@og tions for transdermal

admi ni stration nay contain fromabout 1 to about 20 X by weight of active
agent of fornmula | in free base or pharmaceutically acceptable acid

addition salt f@hnget a fukrkher aspect the present invention provides the use of
the compound of formula I in free base or pharmaceutically
acceptable acid addition salt form as active agent in the manu-
facture of a phérmaceutical composition suitable for systemic
% transdermal a&ministration.

The active agents may be administered in any conventional liquid
or solid transdermal pharmaceutical composition, e.g. as
described in Remington’s Pharmaceutical Sciences 16th Edition
Mack; Sucker, Fuchs and Spieser, Pharmazeutische Technologie

1st Edition, Springer and in GB 2098865 A or DOS 3212053 the
contents of which are incorporated herein by reference.

Conveniently the composition is in the form of a viscous liquid,
ointment or solid reservoir or matrix. For example the active
agent is dispersed throughout a solid reservoir or matrix made of

U a gel or a solid polymer, e.g. a hydrophilic polymer as described
'in European Patent Application No. 155,229.

The active agent may be incorporated in a plaster.
The compositions for transdermal administration may contain from

about 1 to about 20 ¥ by weight of active agent of formula I in
free base or pharmaceutically acceptable acid addition salt form.



. . [}
The pharnmaceutical conpositions for transdernmal adm nistration may be used
for the sanme indications as for oral or intravenous adninistration., The i
amount of pharmaceutically active agent to be adm nistered will . '
i ndividual |y depend on the drug rel ease.gharacteristics of the s -
pharmaceutical conpositions, the drug penetration rate observed in"&._.t’j vitro
and in vivo tests, the potency of active agent, the size of the skin

contact area, the part of the body to which the unit is stuck, and the
duration of actjon.required. The ampunt of_ active.agent and,area,of the

phar naceut i cal tl'bSn‘b‘&?ﬂ??%%‘&?]c.°°ﬁﬁ?/s"§é°'asetf8f"ﬁ%@ﬁd%‘a‘aioﬁlﬁéﬂratmn

bi oavai | abi | i t yay clgt sisednfpar tivg shine ipddcatibpy alssfof oxel iore intsvesowd t er

adm ni stration [ ve | [1G3! ; 0S54 J-i,. O

according to tﬁgﬂf'ﬁl{\/}gﬁtg%dr{htgﬁ?%lgg%r%psogiﬂgggng E%I (y)%adﬁ?e?/éﬁs%o@%ét P‘\’/ebeagent

observed after admipisseredwidl cinddeidmatinidepend iopnths dgug redeprautical |y

ef fective dose hritRrPSeidstof GheOsidrahtdutachl \OnpeiRiond; RO drdg daily
dose of a drug for orgla?adm ni st rat choi gquantity

qQn, .th ge of aswtablt(lgP
of drug to be PPREBFRISAGR pterobseryetdfethail tEYAD8sin iViKe dESFdith§ to t he
invention w | pdegsdyd oBpadtiveeagena) neheokizecdt cthier sipiay tovracef aidag &led i ve
agent, i ncludi g,%ri NG & éséopga?é wﬁﬁiﬁ“t e {dl§ i’é—'%‘éﬁ@k’,o‘;n{i”ﬁ% WG o5k be
absor bed t hrou he skin om the malriX in~question Tor a givéen area of
appl i cati on andctiom rgnvised: i The ameintt n_é acitige fagenwandhaneaco€ otheosi tion i s
to be applied. pﬁEH&ac_eﬁtﬂéélgc%;Sd%i@isz ghbc [ ina§tbdAd bertfihes by BYutiqEUi re a
relatively | ow quantltz,i.n t he ' . .
bioavailability tests comparing the blood levels of active agents
after administration of the active'agenf in a pharmaceutical
composition according to the invention to intact skin and blood
levels of active agent observed after oral or intravenous
administration qf a therapeutically effective dose of the pharma-

cologically active agent.

Given the daily dose of a drugifor.oral administration, the
choice of a suitable quantity of drug_to'be'inﬁorpéfated in a
transdermal composition accordihg to the invention will depend
upon the pharmacokinetic properties of the active agent,
including the first pass effect; the amount of drug which can be
absorbed through the skin from the matrix in question for a given
area of application and in a given time; and the time for which . ;u)
the composition is to be applied. Thus, a drug with a high first
pass effect may require a relatively low quantity in the
transdermal composition when compared with the oral daily dose,
since the first pass effect will be avoided. On the other hand,
generally a maximum of only approximately 50 X of the drug in the

matrix is released through the skin in a 3 day period.



‘transder mal conpositjon when conpared with the oral dail y dose, since the

fi.rst pass effect will be avoided.  On the other hand, generally a maxi num
1of onl.y approximately 50 % of the drug in the matrix is rel eased through
the skin/in a 3 day period. - 18 - The -ph&rtraceuti cal conpositions of

t He i nvel¢li on in general have for exanple an effective contact area of drug
reservoir on the skin of fromabout 1 to about 50 square centinetres,
preferably about 2 to 20 square centinmetres, and:are intended to be appl i ed

for from1l - 7 dapse pﬁﬁﬂﬁ&@ﬁbidéllcomp%sﬁiﬁﬁﬁls @mneundemmylﬁqrenexmhee be
adm ni stered at a_dose o qnce e\{lery

three days. The &5 Sﬁf’PPgleeﬁ'éﬂ%FS"HWeug?‘}‘afg rteﬁe %%éﬁtﬁ%ﬁwmr on ghe

EXAMPLE 2: Preparsitinonf ofroa abanstierorabowtosfosjubreceooinetirns npraferably

hyd hi | | [ fof .
% &)Oﬁiyhr'ogh:ofl Z”EE Qoﬁrp&s'zb fgr‘&%?ﬂ?‘%ﬁ YUl intéhada P&%Q%Bbgéé%

for from 1 - days, preferably 1 - 3 days.

Compound A may for example be administered at a dose of 10 mg in

a patch of ca. 10 cmz, once every three days.

The following example illustrates the invention.



Norr swel | abl e acryl ate polyner, e.g. Durotack 280 - 2416** 44 % .

Pl asticizer, e.g. Brij 97*** ' ' 6 %* : g
Regi stered Trade Mark, available from Rohm Darnstadt, W GCermany ** : .
Regi stered Trade Mark, available from- D@ £t National Chem e Zutphen, ¥ i
Net herl ands ***: Registered Trade Mark, available fromAtlas Chem& W  °
Germany The conponents are added to acetone or ethanol or another
appropriate volatile organic solvent and m xed to give a viscous mass. The

MBSS 1S SPreggaiiel 9P el -
m crons) usi ng—a-conve v tkness 0.2
nm when wet. The film i@ roon1tenperature over 4 to 6

hours. The aluminiumfoil is then cut up into patches about 10 sq cmin

ar ea. -20- CLAIMS 1. A process for the production of the

(S) - N- et hy| - Somposidion npt hy| ani no) et hyl | - N net hyl - phenyl - car bamat e of
formula | [err] in free base or acid addition salt form which includes the

step of sepa&algll)orlgdt Ff.%rmu a mersg. E:En?p@u;url]e correspondi ng 20 %
Hydrophilic polymer, e.g. Eudragit E 100% 30 %
Non svellable acrylate polymer, e.g. Durotack 280 - 2416%* 44 %

Plasticizer, e.g. Brij 97%%x 6 %

* : Registered Trade Mark, available from R6hm, Darmstadt,
V. Germény

*% 3 Registered Trade Mark, available from Delft National Chemie
Zutphen, Netherlands-

***: Registered Trade Mark, available from Atlas Chenmie,
V. Germany

The components are added to acetone or ethanol or another

appropriate volatile organic solvent and mixed to give a viscous

mass. The-mass is spread on top of an aluminised polyester foil

(thickness 23 microns) using a conventional apparatus, to produce

a film of thickness 0.2 mm vhen wet. The film is allowed to dry

at room temperature over 4 to 6 hours. The aluminium foil is then

cut up into patches about 10 sq cm in area. W,



racemate and recovering .the resultant conpound of formula | in free base or

‘aci d addit-i on salt form 2. A process for the production of the conpound
of formula | in free base or acid addition salt form substantially as
hqrelanfore described with reference to 420 exanple. 3. A conpound of

formula *in free base or acid addition salt form as defined in claiml.

4, A conmpound of claim3 which is the hydrogen tartrate of the
(S)-N-ethyl-3-[(1-di nmethyl am no) et hyl ] - N-net hyl - phenyl - carbamate. 5. A
conpound of claim3 or drimmgoharmaceutically acceptable formfor use as a
phar maceutical . 6. Acompound of claim3 or 4 in pharmaceutically
acceptable formfor use in the treatnment of senile denentia. -21- 7. A

tcorrp;)undt of f cIAIaI E.S o phodedsPhat TR Grodeet lon as%et@l-ﬁ-é@z&mi-qru%ﬁ in the
reatnent o zZnel ner ound of .claim
phar maceutical |y accdt g’bﬁ@?@?ﬁ?ﬁ’r'%%‘é‘fﬂn&\?y Fearbamate 8? '!p-?fﬁ'f‘?'?lgtt on's

chorea, tardive dyskinesias, hyperkinesia, mania, acute confusion

di sorders, Down's syndrome or Friedrich's ataX|a 9. A pharmaceuti cal
conposition conprising a conpound accordln%,/ 2 -CH 3
CH3
(-) e I
CH-N
N
_ CH3
W, : o CH3

~in free base or acid addition salt form, which includes the
step of separating the enantiomers from the corresponding
racemate and recovering the resultant compound of formula I
in free base or acid addition salt form.

2. A process for the proddction of the compound of formula I in
free base or acid addition salt form, substantially as
hereinbefore described with reference to the example.

3. A ;ompound of formula I in freé base or acid addition salt
U form, as defined in claim 1. '

4. A compound of claim 3 which is the hydrogen tartrate of the
(S)-N-ethyl-3- [(1-dimethylam1no)ethy1l—N—methyl-phenyl-

carbamate.

5. A compound of claim 3 or 4 in pharmaceutically acceptable
form for use as a pharmaceutical.

6. A compound of claim 3 Qr'4 in pharmaceutically acceptable

form for use in the treatment of senile dementia.

I

‘) O O 1



to claim3 or 4 in pharmaceutically acéeptable form in association with a

pharmaceutical carrier or diluent. 10. A pharnaceutical conposition for s

system c transdernmal . adm ni stration, conprising the compound of formula-l,
in free base or pharnmaceutically acceptgble acid addition salt form™ &s

defifded in claim1l, in association wth a pharmaceutical carrier or’ ¥l uent *
suitable for system c transdernmal adm nistration. 11. A pharnaceuti cal
conposition according to claim10 wherein the conpound of formula |I is the

S)-N-et hyl -3- - di.- h ' hyl4. - - |- te i
hydr ogen Lar {7 at & il st Wada)s Sk 4n PhiTh ATy AckalaRip o "
defined in clai miprinEdr use Has shertnentmentc ofitAlzheimeris diseaste aci d

addition salt formas active agent in the manufacture of a pharma- ceuti cal

conposition suitable for system c transdernal application.
8. A compound of claim 3 or 4 in pharmaceutically acceptable

form for use in the treatment of Huntington’s chorea,
tardive dyskinesias, hyperkinesia, mania, acute confusion
disorders, Down’s syndrome or Friedrich’s ataxia.

9. A pharmaceutical composition comprising a compound according
to claim 3 or 4 in pharmaceutically acceptable form, in

association with a pharmaceutical carrier or diluent.

10. A pharmaceutical composition for systemic transdermal
administratibn, comprising the compound of formula I, in
free base or pharmaceutically acceptable acid addition salt
form, as defined in claim 1, in association vith a
pharmaceutical carrier or diluent suitable for systemic
transdermal administration.

—A-pharmaceutieal-composition-according—to—elaim- 10 wherein-
the compound of formula I is fhg_(ﬁ)—ﬂ-efhiI:i:fZI:E;-_
methylamiqgl:gthyl%=N=ﬁ§YE§i:Lhenyl-carbamate in free base
vr=harmaceutically-acceptable—scidaddition-satt—forn.

11. A pharmaceutical composition according to.claim 10 wherein
the compound of formula I is the (S)-N-ethyl-3-[(1-di-
methylamino)-ethyl]-N-methyl-phenyl-carbamate in hydrogen
tartrate form.

12. The use of fhe compound of formula I as defined in claim 1
in free base or pharmaceuticélly acceptable aciﬂ addition
salt form as active agent in the hanufacture of a pharma-
ceut%cal composition suitable for systemic transdermal

application.
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