ACUTUM NE AND ACUTUM NE COVPOUNDS, SYNTHESI S AND USE Meni sper mum dauri cum
is a ligneous clinbing plant, nore than ten netres long, which is

wi despread in the North, North-East andijEast of China (Editorial Board,
"National Collective Data of Chinese Traditional and Herbal Medicines",
Peopl es Health Publisher, First Edition (Chinese), 1975, p.105). The dry
rhi zome, designated RRCUOrsMyNm ANE ACUTSMANELCOMBOUMNDSL i onal Chi nese
medicine and is now officially included in_the Chinese Pharnacopoeia as an
anal gesi ¢ and antipyretic (Phar MEIFHESLES &P VBEee of People's Republic of
Chi na, 2000). The active principles present in Menispernmm dauricum are
essentially alkaloids (1 to 2 %of the crude extract). Nunerous al kal oi ds
havi ng mi’spw&nm rdaationesis subpnasis lisibemg plang agaienthian rien m@wsilem@pmhiphiime

apor phi r oapor e nan d . ot hers i sol d .and
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constituent of the rhizome, has been found to be active in the
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Chi nese di cinal Plants", Hong Kong Medical Publisher, First Edition
(English) in 2000, p.480). Acutum ne, a mnor alkaloid constituent of the
rhi zoneg I r Q
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A number of alkaloids have been purified and studied for their pharmacological properties. For
example, dauricine, a major alkaloid constituent of the rhizome, has been found to be active in
the cardiovascular system and has anti-inflammatory properties. It has been used clinically for
treating arrhythmia patients.

15 Dahurisoline, another alkaloid having a bisbenzylisoquinoline structure, has exhibited muscle-
relaxant effects (Liu Chang-Xiao et al, “Modem Research and Application of Chinese
Medicinal Plants”, Hong Kong Medical Publisher, First Edition (English) in 2000, p.480).

Acutumine, a minor alkaloid constituent of the rhizome, was discovered in 1967 and has the
special characteristic of containing a chlorine atom (Tomita, M. et al., Chemical and
20 Pharmaceutical Bulletin, 1971, 19(4), p.770). We have now discovered that acutumine has

mnemocognition-facilitating properties in animal experimental models.

Ageing of the population due to increased life expectancy has brought with it a major increase
in cognitive disorders associated with normal cerebral 'ageing or pathological cerebral ageing
occurring in the course of neurodegenerative diseases 'sucl:i' as, for example, Alzheimer's

25 disease.

The majority of substances used today in treating cognitive disorders associated with ageing act

by facilitating the central cholinergic systems - either directly, as in the case of



in cognitive disorders associated with normal cerebral ageing or

pat hol ogi cal cerebral ageing occurring in the course of neurodegenerative
di seases such as, for exanple, Alzheiner's 25 disease. The majority of
substances used today in treating cognitive disorders associated with
ageing act by facilitating the central cholinergic systens - either

di rect | YeetAShdlthebteras A8bRErs A tREAE YdGRpbiinesidedRfiferg b Rini 9§ $ndfir@tdne or
donepezil )" and cholinergic agonists (nefiracetan), or indirectly, as in

t he cas&dufectipors opi theagesn PI( PEoteapes aagentsr Arfaceleet aprpmaisectaia) edndalcerebral
vasodi | at or vi npocetine). It has been therefore been especially val uable
to syntﬁ%?pgggﬁg&ﬁgmg&gﬁﬁds that are capable of 5 opposing the cognitive
di sor delthadpsatimatdereeeh eg@eially vah@dblrto §nthegisenawngoraemidt khae areiapaisls HES .
The present invention relates, on the one hand, to the use of acutum ne 10
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ot her hgﬁge$£9 the synthesis of new conpounds havi ng especially val uabl e
phar macol ogl cal properties in the sane area. The present invention rel ates
nore specifically to conpounds of fornula (1) : wherein R, &¥d R2 each
represent a hydrogen atom or together form an additional bondm=N\ AR
represents a hydrogen atom or an al koxy group, R4 representss
at om or Tae lpyeheoxinvealikmxsglateal daylheamisdrapl otoytheusap yiaauniborey| -

and/or acutumine compounds in mnemocognitive disorders and, on the other hand, to the
synthesis of new compounds having especially valuable pharmacological properties in the same

arca.

The present invention relates more specifically to compounds of formula (I) :

(D,

wherein
10 e R, and R; each represent a hydrogen atom or together form an additional bond,
e Rjrepresents a hydrogen atom or an alkoxy group,
e R, represents a hydrogen atom or a hydroxy, alkoxy, alkylcarbonyloxy or arylcarbonyl-
OXy group,
e Rsrepresents a hydrogen or halogen atom,
15 e Rgrepresents a hydrogen atom or an alkyl, alkylcarbonyl or aroyl group,
e R;represents an alkoxy group,

e Ry and Ry together form an additional bond,



oxy group, R5 represents a hydrogen or hal ogen atom R6 represents a
hydrogen atom or an al kyl, al kyl carbonyl or aroyl group, R7 represents an
al koxy group, R3 and RO together form an additional bond, 3 5 10 15 20 25
30 or Rg and R13 together form a sul phide bridge and, in that case, Rq and
RIO together forman oxo group and R14 represents a chlorine atom R0

represent Sy AUKGXYoddtHReH Borm RsulphidBbeggOhsd, n MEERYYR PindR K QXetitHr Toka an
R12 represents a hydrogen atom or R, and R12 together forman oxo, oxine

or 0-al kyloxexdrewp grdoRip reprasratsRt hlamee #e@, each represent a hydrogen atom or

Ef))geggﬁaoz.oi ar%g%ﬁ%nt?&r?b’l@bx%“g}oﬂp} he proviso that the conpound of fornula

Spi 1 o (4S,e5SR; ArePAEAXY hFdioRY B NKoRy edbopent en- | - one- 5: 3(2S) - 2- chl or 0- 3aS,
7aS-

((2, 3) - 1- met Ry] ppresaits dhpérpgén Ftodi, net hoxy- 1, 2, 3, 3a, 4, 7a- hexahydr o- 5H-i nden-

5- t - . -
oo T el (48 S LIRNR  toselher TSRS, BF B QAN BHESEIBS) - 2- chil or o- 335, 7

as- e and R;3 and Ry, each represent a hydrogen atom or together form an oxo group,

with the proviso that the compound of formula (I) cannot represent :
- spiro[(4S,5S)-4-hydroxy-3-methoxy-2-cyclopenten-1-one-5:3(2S)-2-chloro-3aS,7aS-
10 ((2,3)-1-methylpyrrolidine)-6,7-dimethoxy-1,2,3,3a,4,7a-hexahydro-5H-inden-5-one]
(acutumine)
- spiro[(4S,5S)-4-acetyl-3-methoxy-2-cyclopenten- 1-one-5:3(2S)-2-chloro-3aS,7aS-
((2,3)-1-methylpyrrolidine)-6,7-dimethoxy-1,2,3,3a,4,7a-hexahydro-5 H-inden-5-one]
- spiro[(48S,5S)-4-acetyl-3-methoxy-2-cyclopenten-1-one-5:3(2S)-2-chloro-3aS,7aS-
15 ((2,3)-1-acetylpyrrolidine)-6,7-dimethoxy-1,2,3,3a,4,7a-hexahydro-5 H-inden-5-one]
- spiro[(4S,5S)-4-(benzoyloxy)-3-methoxy-2-cyclopenten-1-one-5:3(2S)-2-chloro-
3aS,7aS-((2,3)-1-methylpyrrolidine)-6,7-dimethoxy-1,2,3,3a,4,7a-hexahydro-5 H-inden-
5-one]
- spiro[(4S,55)-4-hydroxy-cyclopentan-1-one-5:3(2S)-2-chloro-3aS,7aS-((2,3)-1-
20 methylpyrrolidine)-6,7-dimethoxy-1,2,3,3a,4,7a-hexahydro-5H-inden-5-0l]
- spiro[(48S,55)-4-hydroxy-3-methoxy-2-cyclopenten-1-one-5:3(25)-3aS,7aS-((2,3)-1-
methylpyrrolidine)-6,7-dimethoxy-1,2,3,3a,4,7a-hexahydro-5H-inden-5-one]
- spiro[(4R,5S)-4-hydroxy-3-methoxy-2-cyclopenten-1-one-5:3(2S)-2-chloro-3aS,7aS-
((2,3)-1-methylpyrrolidine)-6,7-dimethoxy-1,2,3,3a,4,7a-hexahydro-5H-inden-5-one]
25 - spiro[(4S,5S)-4-(benzoyloxy)-3-methoxy-2-cyclopenten-1-one-5:3(2S)-2-chloro-
3aS,7aS-((2,3)-1-benzoylpyrrolidine)-6,7-dimethoxy-1,2,3,3a,4,7a-hexahydro-5 H-
inden-5-one]
- spiro{(4S,5S)-4-acetyl-cyclopentan-1-one-5:3(2S)-2-chloro-3aS,7aS-((2,3)-1-
methylpyrrolidine)-6,7-dimethoxy-1,2,3,3a,4,7a-hexahydro-5H-inden-5-one]
30 - spiro[4S,5S)-4-hydroxy-3-methoxy-2-cyclopenten-1-one-5:3(2S)-2-chloro-3aS,7aS-
((2,3)-1H-pyrrolidine)-6,7-dimethoxy-1,2,3,3a,4,7a-hexahydro-5H-inden-5-one]

(acutumidine)



((2,3)-1-net hyl pyrrolidine)-6, 7-di net hoxy-1, 2, 3,3

a, 4, 7a- hexahydr o-5Hi nden-5-one] - Spiro

[(4S, 5S) - 4-acetyl - 3-net hoxy- 2- cycl opent gn-1 - one-5: 3(2S) - 2- chl or o- 3aS, 7aS-

- ((2, 3)-1-acetyl pyrrolidine)-6,7-di net hoxy-1, 2, 3,3

a, 4, 7a- hexahydr o- 5H i nden-5-one] -

gpi r o (4S, 5Skpif[6RIFAYhRNNY-STHBhHEX Y-cdcl6ydt P eohes-3(29NB-chload-28),7:8-chl or o

as, 7aS- (( 2, 3(RCBrgt-ryrpidinor¢ didiaythex y-1 i hdt hdgresahydm-3H-indeng3we%lahy dr o- 5H

-i nden- 5- .- _ .
Spi ol (49, BB SR s s oo E3 55 S Gy W pygldineks 7 o) 4
- get hyl pyr r dlméthewe)-1.8,303a4, e hbahydi- 2H 3ndm, $ode}- hexahydr o- 5H-i nden- 5- ol ]

- iro

[ (458 5S) - 4- h§RIFALER) - methes - HCiQpENtSpEne¥n P-2omHom- S 8P-623)- 78S ( (2, 3) - 1-

nmet hyl pyrr ol ; anyd H- i nden- 5-one] -
spiro[(4R 5s§9§&ﬁhﬁgbigq@“ﬁ%@ﬁ%ﬁiﬁ§§%yggéﬁéﬁ?éﬁ’Fﬁéne- 5gn§$)-2-chloro-3a8,

7aS- ((2, 3)-1-nethyl pyrrolidine)-6,7-di net hoxy-1, 2,3, 3
a, 4, 7a- hexaggdro €F+|n€%8§5 one] -
splro[(4815 ng LpdARoAG Bk y) - 3- met hoxy- 2- cycl opent en- | - one- 5: 3( 2S) - 2-chl oro

"alkyl" means an alkyl groug containing 1 to 6 carbon atoms which may be
3aS 7aS-((2,3)- 1- benzoyl pyrr ol |d|ne) 7-di met hoxy-1, 2, 3, 3a, 4, 7a- hexahydro-

5H0 i nden- 5- one] linear or branched,

ol S A 5 A R 08 RIS B

met hyl pyrrolidine) hox

- spiro[4S, 5S) - 4- hiyidarex prarch®d,hoxy- 2- cycl opent en-

-one-5: 3(2S)-2-chl oro-3aS, 7aS-

((2,3)-1H pyrrol i dREPYE Means AR ERARYY §rosp hezein the,anbmeisiy repreiantsehensl one

] ( acut um dine) 4; naphtl'g'l group,
spi ro[ 4R, 5S) - 4- hydroxy met hoxy- 2- cycl opent en- | - one- 5: 3?28) 2-chl oro-3aSs, 7
ass - "aroyl" means an arylcarbonyl group wherein the aryl moiety represents a

((2,3)-1H pyrrolidine 7~ thoxy 1, 2,3, 3a, 4, 7a- hexahydr o- SH i nden- 5- one
] - spiro[(5S)- 2P hépﬁ hmggggE
| openten-1|-one-S: 3-3aS, 7aS-((2,3)-1Hpyrrolidine)-6,7

to their enantiomers and diastereoisomers, and to addition salts thereof with a pharmaceutically

acceptable acid or base.

Among the pharmaceutically acceptable acids there may be mentioned, without implying any
20 limitation, hydrochloric acid, hydrobromic acid, sulphuric acid, phosphonic acid, acetic acid,
trifluoroacetic acid, lactic acid, pyruvic acid, malonic acid, succinic acid, glutaric acid, fumaric
acid, tartaric acid, maleic acid, citric acid, ascorbic acid, methanesulphonic acid, camphoric

acid, oxalic acid, etc..

Among the pharmaceutically acceptable bases there may be mentioned, without implying any

25 limitation, sodium hydroxide, potassium hydroxide, triethylamine, tert-butylamine etc..

The preferred configuration of compounds of formula (I) according to the invention is that

shown in formula (T') :



di nret hoxy-1, 2,3, 3 a, 4, 7a- hexahydr o- SH-i nden-5-one] 5 -

spi ro[ (5S) - 2- met hoxy- 2- cycl opent en- 1| - one-5: 3- 2-chl oro- 3aS, 7aS- ((2, 3) - 14
pyrrolidine)-6, 7-di met hoxy-1, 2, 3, 3a, 4, 73- hexahydr o- 5H i nden-5-one], it
bei ng understood that 10 15 "al kyl" neans an aIkyI group containing 1 to 6
carbon atonms which nmay be |inear or branched, "al koxy" nmeans an al kyl oxy
group containing 1 to 6 carbon atRgnsgwhi ch nay be Ilinear or branched,
"aryl oxy" means an aryl oxy réin the aryl noiety represents a
phenyl or naphthyl group, "aro

eas an aryl carbonyl group wherein the
aryl noiety represents a phenyllor -napptshyl group, to their enantioners
and di ast ereoi soners, and to dadi tTenSalts thereof with a pharnaceutically
acceptabl e acid or base. .ceutlcall accept abl e acids there
may be nentioned, w thout i I yiAg any |n1ta %O hydrochl oric acid,
hydr obrom ¢ aci d, sul phuric &atid o.ohonlc aci d, acetic aci d,
trilluoroacetic acid, |acti®,a ; 3,C¢ acid, nalonlc acid, succinic
acid, glutaric acid, fumaric Rgcid/\taRtaric aC|d mal ei c aC|d citric
acid, ascorbic acid, nethanesulpﬁonﬂ% acid, canphorlc aci d, oxalic aci d,
etc.. Anong the pharnaceutlcally acceptable bases there may be nenti oned,
mﬁthout inplying any 25 limtation, sodium hydroxide, potassium hydroxide,

triethypaging c&ﬁ%&dn@yBY{}ﬁ%%tﬁh%e caihﬁo&a%?f&ﬁmacawhw@m 24 RS, on the
conpounds of fornula (1) according to the invention is

one hand, and Rg and Ry, on the other hand, together form an additional bond.

The preferred meaning of groups Rs, R;7 and Ry of compounds of formula (I) according to the

5 invention is the methoxy group.
Advantageously, R4 represents a hydroxy, acetyloxy or benzoyloxy group.
Very preferably, Rs represents a chlorine atom.
Rs more especially represents a methyl or ethyl group or a hydrogen atom.

The invention preferably relates to compounds of formula (I) wherein R;; and R, together

10 form an oxo group.
More especially, R;; and R4 each represent a hydrogen atom.
Even more advantageously, the invention relates to compounds of formula (I) which are :

- spiro[(4S,5S)-4-(ethoxycarbonyl)-3-methoxy-2-cyclopenten- 1-one-5:3(2S)-2-chloro-
3aS,7aS-((2,3)-1-methylpyrrolidine)-6,7-dimethoxy-1,2,3,3a,4,7a-hexahydro-5H-inden-5-
15 one]
- spiro[(4S,5S)-4-hydroxy-3-methoxy-2-cyclopenten-1-one-5:3(2S)-2-chloro-3aS,7aS-((2,3)-
1-ethylpyrrolidine)-6,7-dimethoxy-1,2,3,3a,4,7a-hexahydro-5H-inden-5-one]



shown in formula (1) : 5 Preferred conpounds of the invention are conpounds
of formula (1) wherein R1 and R2, on the one hand, and R5 and R9, on the
ot her hand, together form an additional gond. The preferred neani ng of
groups R3, R-7 and R10 of conpounds of formula (lI) according to the 5
i-nvention is the nmethoxy group. Advantageously, R4 represents a hydroxy,

acetyl oxy gfird)@IszsB)logethaiyesPon MEBymehek e altipperttén- nwe&gms;z&hmborl ne
atom R6 nore especially represents a nethyl or et hyI oup or S)Fydrogen

atom The 3#uéat ((8ﬁ)ﬂr@p9@wlm Hedd, T oinkethpryungd éf4 ohgrahydre5-iderei n
R11 and R12 together 10 forman oxo group. Mre especially, R13 and Rio

each represent” a hydrogen atom Even nore advantageously, the invention
rel ates -t OSIﬁmm(Sl,ﬂﬂJSA bydrboy-Bitheth{ty-2wlytloperace 1 one 5:3(2S)-2-chloro-3aS,7aS-((2,3)-
spiro[ (4S, 5S)-4- (et hoxycar bonyl ) - 3- net hox -2-cycl gpent en-1-one-5:3(2S)-2-ch

loro 3 aS, rashypyms e, AgiBethesy-l %%3 ga-hexahygiondfyjndensd-gngoxime]

a, 4, 7a- hex

spiro[ (A:S, %@@hﬁjo%ﬁ@etﬁ%’?ﬁgﬁ@% f(::rilucezrr (l)ﬁgﬁtsgn(z:SL) (z)ﬁ}ell-oro 3? 7318 é(-zc’?f?l or o- 3aS,
7aS- (( 2, 3) methyityimolidine)-617- dhmmbox@ 172 @i et Teohgrallydto-3 H-Bden-5-one]

25?}3?& e Gl S R B3t hosy 2sorispenion d e AR A shlogass; 84992 cn

loro- 3 aS; B@éﬁhﬁﬁﬁr&)mné) 6 deﬂaﬂ@w DA FaOlal teir XX & 4 77 SH-RIcRQAY5-dioRe 3
a, 4, 7a- hexahydr'o- SHi nden- 5-one]

spit of ( 4S, S@)O[@Shﬁdndh9xﬂ2m}@mwfz1@@#53%)@@-8@1&@13@3565(@33) bmeydr o- 3aS,
D R P S b s
spiro[(4S,5S)-4-hydroxy-2-cyclopenten-1-one-5:3(2S)-2-chloro-3aS,7aS-((2,3)-1-
methylpyrrolidine)-6,7-dimethoxy-1,2,3,3a,4,7a-hexahydro-5H-inden-5-0l]
- spiro[(4R,5S)-4-hydroxy-3-methoxy-2-cyclopenten-1-one-5:3(2S)-2,4-dichloro-3aS,7aS-
15 ((2,3)-1-methylpyrrolidine)-7-methoxy-8-thiabicyclo[2.2.1]-1,2,3,3a,4,7a-hexahydro-

5H,6H-indene-5,6-dione].

The enantiomers and diastereoisomers and addition salts with a pharmaceutically acceptable

acid or base of the preferred compounds of the invention form an integral part of the invention.
The invention relates also to a process for the preparation of compounds of formula (I), which

20 process is characterised in that there is used as starting material the compound of formula (II)

(acutumidine) :

(D),




spiro[ (4S, 5S) - 3, 4-di net hoxy- 2-cycl opent en-1 - one-5: 3(2S) - 2-chl or o- 3aS, 7aS- ((
2,3)-1- nethyl pyrrolidine)-6, 7- dinethoxy 1,2,3,3 a,4,7

a- hexahydr o- SHi nden-5 -one]

spiro[ (4R, 5S) - 4- hydr oxy- 3- et hoxy- 2- cyclopenten | -one-5: 3(2S)-2-chl oro-3aS,
7aS-((2, 3)-

1- rrft hyl pywhRhiisbuntgdctél 16-tHé aRIdhwfYsudcsidalyl adetmtthghyids agditabditiendane- 4, 5- di
one] 10 -

spi r of ( 55) alBylstingagsnt o eRfaindpe perapeyndpfdomnuds 04y, spatryprcasasf thss- ((2, 3) - 1-
met hyl - pyéJé&dd#dQS?ﬁﬁmﬁkﬂﬁfﬁthoxy 1,2,3,3 a, 4, 7a- hexahydr o- SH i nden- 5- one]

spiro[ (4S, 5S) - 4- hydr oxy- 2-cycl opent en-| - one- 5: 3(28)-2-chloro-3aS,7aS—((2,3)
-1- nethyl pyrrolidine)-6,7- dlnethﬁxy 1,2,3,3 a,

7a- hexahydr o- 5H i nden-5-o0l] -

spi ro[ (4R, 5S) - 4- hydr oxy- 3- nethox
3as, 7aS- 15

((2,3)-1-met hyl pyrrolidine)-7- -thoxy et hi abi cyclo[ 2.2.1]-1, 2, 3, 3a, 4, 7a- he
xahydro- 5H, 6H i ndene- 5, 6- di g~ The

addition salts with a pharmaceuti
preferred conpounds of the inventj
i nvention. The invention rel at e (NId proces the preparation of
compounds of fornula (1), whic bt'ocess is characterised in that there
is used as starting material the_cempqund of formula (11) (acutuni dine)
OVe which is subjected to tH& actifon off; successively, a denethylating
agent and then an alkylating agept to obtain the conpound of fornula
(I/a), a particular case of the <cé&npounds of fornula (I') : RRio 5 wherein
R 3 and R 1 es up and ed fo

formul a (I‘jvgereWnC[QéFi ‘ﬁ%‘y(’ ac}’re resen%( Xlg(g ﬁl%ugél{ld (g%élo(?}%gn ?Elporrml a

R15CHO (wiie endy E’éiubJTeEﬂaﬂel‘@em%Saoaﬂ’(bnabﬂ(Wco@fpbﬂﬁd dfl’lfoamnﬁdm:leH;D n@dhict&in (RO 5

obtain the conpound of formula (1/b), a
represents an alkyl group) in a reducing medium to obtain the compound of formula (I/b), a

2-cycl openten-1-one-5:3(2S)-2, 4-di chl oro-

acceptable acid or base of the
or m an integf/zll part of the
) or

particular case of the compounds of formula (I) :

10 wherein R'3, R7 and R’y are as defined hereinbefore and R's represents an alkyl group,

which compounds of formula (II), (I/a) or (I/b) are subjected to the action of a compound of
formula (R;6CO),0O (wherein R represents an alkyl or aryl group) to yield the compound

of formula (I/c), a particular case of the compounds of formula (I) :



particul ar case of the conpounds of formula (1) (I1/b), Rlio 10 wherein R 3i
R7 and R 10 are as defined hereinbefore and R 6 represents an al kyl group,
whi ch conpounds of forrmula (I1), (1/a) gr (lI/b) are subjected to the action
of a compound of fornula (R16CO 20 (wherein R16 represents an al kyl or
aryl group) to yield the conpound of fornula (Uc), a particular case of
the conpounds of formula (1) : 8mio wherein R3, R7 and R 10 are as
defined hereinbefore, R6 is as defined for formula (1) and R4 represents
a hydroxy, al kyl carhonyl oxy or ‘Icaﬁgonyloxy group, or which conpounds of
formula (11), (1/a), (I/b) or T8y ‘he subjected to the action of a 5
conpound of formula E-R15 (whe! . epresents an al kyl group and E

a—hal ogen atomor a tosyl group) to
particular case of the conpounds of

R 3, RS, c?nd R 10 are as defined
' %a (1), 10 which may be

ormul a RL70NH2 wherein R17

formula (1) : R 3 Rio (1/d),
herelnbefore and R4 |s as defi

' group to yield the compound of
formula (1/e), a particular casel of tﬁb conpounds of formula (1) : RF- RioO

wherein R';, R; and R'jy are as defined hereinbefore, R¢ is as defined for formula (I) and R4

represents a hydroxy, alkylcarbonyloxy or arylcarbonyloxy group,

or which compounds of formula (II), (I/a), (I/b) or (I/c) may be subjected to the action of a
5 compound of formula E-R;s (wherein R;s represents an alkyl group and E represents a leaving
group such as a halogen atom or a tosyl group) to yield the compound of formula (I/d), a

particular case of the compounds of formula (I) :

({/d),

wherein R's, Rg, Ry and R’} are as defined hereinbefore and Ry is as defined for formula (1),

10 which may be subjected to the action of the compound of formula R;;ONH, wherein R;;
represents a hydrogen atom or an alkyl group to yield the compound of formula (I/e), a

particular case of the compounds of formula (I) :



wherein R 3, R4, R6, R7, R 30 and R' are as defined hereinbefore, or which
conpound of fornula (1/d) may be subjected to the action of SOCl2/ DVF to
obtain the conpounds of fornula (1/f), ¢particular cases of the conpounds
of fornmula (1) : 5 wherein R3, R4, R6, R7 and R 30 are as defined
her ei nbefore, or which conmpound of formula (1/d) may be subjected to the
action of a reducing agent such as ghi AlHA to obtain the conpounds of
formula (1/g), particular cases of tlhe conmpounds of formula (I) : (Ug), 10
Rio 10 wherein R4, R6, R7 and R ig ae as defined hereinbefore and the
synbol -- indicates that the bond ssingle or double, or which
conpound of forrmula (1/d), (lie) (%LQ) may be subjected to the
action of n- Bu3SnH in the presehce~¢f—AI BN to obtain the conpounds of
formula (1/h), particular cases of F§ ® conpounds of formula (1) : (I/h),
wherein R4, R6 and R7 are as defi nee ¢i nbefore angl.RI, R2, R3, R5, RS,
RO, Ro, R |, RI2, RI3 and R14 delinpd for orfmula (1), the
stltutlng the totality of the

conmpounds of f or mul ae (Va) to (I/
= e purified according to a

conpounds of the 10 inventi
conventional separation jec nlque are converted, if desired, into their
addition salts with a phd?naceutlcam; acceptable acid or base and are

separated, where appropriate, into their isomers according to a
convent iyalin REPRL H RN R'L, @GN, AIHR-as defined hereinbefore,

or which compound of formula (I/d) may be subjected to the action of SOCIl,/DMF to obtain

the compounds of formula (I/f), particular cases of the compounds of formula (I) :

wherein R'3, R4, R, R7 and R'y are as defined hereinbefore,

or which compound of formula (I/d) may be subjected to the action of a reducing agent such as
LiAlH4 to obtain the compounds of formula (I/g), particular cases of the compounds of

formula (I) :

Ug),

10



The conpound of fornula (I1) can be obtained by the person skilled in the
art by means of 15 extraction starting fronranispernunrdauricunrrhizone
according to the procedure of Figure 1 11 Meni sperrnurn dauricuin
rhizome cutting extraction with hot ethan evapor ati on under reduced

pressure ethanolic extract secondary products filtration F- i nsol ubl e
port! on Akdn 30, KL ko3 KRR & BinBEtoft ariShB Yy HERCSNL fif lﬁﬁ&@eswhl%
filtration precip al Kal i ne so ution extraction SI X tinmes

aqueousbpﬂﬁﬁﬂy@%gﬁﬂﬂ&nqﬂﬁﬂb&,evaporat|on under reduced pressure addi ti on of
CHC13 to the residue obtained then filtration precipitate washing with
acetone and then chromatography on silica gel

or which compound of formula (I/d), (I/e), (I/f) or (I/g) may be subjected to the action of n-
BusSnH in the presence of AIBN to obtain the compounds of formula (I/h), particular cases of

5 the compounds of formula (I) :

R
" - wh),

wherein Ry, Rg and R are as defined hereinbefore and R;, R;, R3, Rs, Rsg, Ro, Rio, R11, Ri2, Ri3

and Ry4 are as defined for formula (1),

the compounds of formulae (I/a) to (I/h) constituting the totality of the compounds of the
10 invention, which may be purified according to a conventional separation technique, are
converted, if desired, into their addition salts with a pharmaceutically acceptable acid or base
and are separated, where appropriate, into their isomers according to a conventional separation

technique.

The compound of formula (IT) can be obtained by the person skilled in the art by means of
15 extraction starting from Menispermum dauricum rhizome according to the procedure of

Figure 1 :



CHC13: MeCH (10: 1) conpound of formula Il organic phase chromat ography on
silica gel CHC13:MeOH (10:1) Figure 1 : Extraction of the conpound of
formula Il Besides the fact that the coppounds of the present invention are
new, they possess properties of facilitating cognitive processes, mnaking
t-hem of use in the treatnment of cognitive deficiencies associated with
cerebral ageing and with neurodegenerative di seases such as Al zheiner's 5
di sease, Parkinson's di sease, Pick's disease, Korsakoff's disease, and
frontal |obe and subcofetisreadundiemenyitagme1? The invention relates also to
phar maceuti cal conpositions cofpiutsigng as active ingredient at |east one
conpound of fornula (1) together w th one or, npre appropriate, inert,
non-toxi c excipients. The Appki cant has moreover discovered that acutumi ne
and/ or acutum ne conpounds have eRpdMeHRRGIRItPRsshaci | itating properties.
The invention accordingly relavtes also to the use of acutum ne and/or
acutum ne conpounds in talrning phdrmaceutical conpositions for use in

t he treatnment of cognitifg deficienciyes associated with cerebral ageing
and wi t h neur odegenetatdliyextdéts eas eseconsely pagucld zhei ner' s di sease,

Par ki nson' s di sease, Pickfgadhsease, Korsakoff's disease, and frontal |obe
and 10 subcortical denehtias. Mre especially, the invention relates to
the use, in obtaiging pharmaceyti cal conpositions for wuse in the treatnent

of cognitive defidiencies assodiated with cerebral ageing and with
insoluble portion acid solution

l making alkaline to pH 9, using concentrated NH,OH

l filtration

precipitate alkaline solution

l extraction with CHCl,, six times

aqueous phase  organic phase
evaporation under reduced pressure

addition of CHCI, to the residue obtained
l then filtration

' l

precipitate . . organic phase
whiShlng with ﬁcetonqlgnd thfn chromatography on silica gel
chromatography on silica ge . i
CHCI,:MeOH (10:1) CHCl,:MeOH (10:1)

compound of formula II

Figure 1 : Extraction of the compound of formula II

Besides the fact that the compounds of the present invention are new, they possess properties of
facilitating cognitive processes, making them of use in the treatment of cognitive deficiencies
associated with cerebral ageing and with neurodegenerative diseases such as Alzheimer’s
5 disease, Parkinson’s disease, Pick’s disease, Korsakoff’s disease, and frontal lobe and

subcortical dementias.



neur odegener ati ve di seases, of acutum ne and/or acutum ne conpounds such
as, for exanple : -

spi ro[ (4S, 5S) - 4- hydr oxy- 3- met hoxy- 2- cychppent en-1 - one- 5: 3(2S) - 2- chl or o- 3aS,
7aS- 15

((2,3)-1-nethyl pyrrolidine)-6, 7-di net hoxy- 1, 2, 3, 3a, 4, 7a- hexahydr o- SH-i nden-

5-one] TRGH| oAk ]ates also to harmaceut1cal compositions compnsmg as active ingredient at
spiro[ (4S, 5S)-4-acetyl - fl chl opent en-1 -one-5: 3(2S)-2-chl oro-3aSs, 7
as- least one compound of formula() toget er with one or more appropriate, inert, non-toxic

((2,3)-1- geteh¥I pyrrolidine)-6, 7-di net hoxy-1, 2, 3, 3a, 4, 7a- hexahydr o- SH i nden-
5- one] X 1§bln 0[(4S,5 S)-4-acetyl -3 -nethoxy-2-c yc |lopenten- 1 -one- 5:3
(2 S)-2-chloro-3 aS,7 aS 20

((2,3)-1-acetyl pyrrolidine)-6, 7-di met hoxy-1, 2, 3, 3a, 4, 7a- hexahydr o- SHi nden-
5-one] The Applicant has moreover dlscovered that acutumine and/or ‘acutumine compounds have

spi;o[ (ﬁe%%coémﬁlgﬁ—%c% aﬁéé/}m%e%ghoxy 2-cycl openten-1-one-5: 3(2S)- 2 chloro

3aS, 7aS-((2, 3)-1-net hyl pyrrolidine)-6, 7-di met hoxy-1, 2, 3, 3a, 4, 7a- hexahydro-S

den-
(l_tllsnS(;)n The Hv&?%fep ae@%ﬁwbwﬁkﬁm algpnie the Yo acytupping pyl/Qpasuinaing comgpunds ip g

met hyl pyhf9dihgi fidmBoelirié] n@&ﬁwgmolqs 2603, 32 fh fiR- HexARNALe cﬁgﬁlnmel%f{ele%ﬂes -
spiro[ (4S, 5S) - 4- hydr oxy- 3- met'hoxy- 2- cycl openten-1-one-5: 3 3aS, 7aS-((2, 3

)-1- rretalsﬁyok:madr mltihdcenebraks agdingli amdt Wk ynelr@leger@rative, disedses such as Alzheimer’s
ahydr o- ?gl ndep ﬁ é di ck’s seas rsakoff’s digeas onjal lobe an
spirof ( 7 ’;‘/‘a?‘b S5t Rb cel o%%ﬁfl S 7 - OREYS: §]€(§S§r-r§?cﬁ?or 3—§a8,
7afy subcortical dementias.

((2,3)-1-nethyl pyrrolidine)-6, 7-di nmet hoxy-1, 2, 3, 3a, 4, 7a- hexahydr o- SH i nden-
5-one] 13 -

SPI T o[ ( 4fore Shpétidfye AN Atibh reralBR U W/ use; FYSHARMY YHrrhacca? edpiti6nsHdk OF O

3aS, 7aSuf€ dn 3t)1€ 1tréremznty of yoogoitive i dediciedicies disratidiok ywith ZeBb8a, dgeites ot akitldr o-
SH i nden-5- L i P

spi r o[ (Z@F%?ge& %?85?9 Se385%1°8 BENH RS 2l a%“%‘%coénpé‘hlf‘%sr BeB3s ongaples) - 1-
5 net hyl pyrrolidine)-6, 7-di met hoxy-1, 2, 3, 3a, 4, 7a- hexahydr o- SH i nden- 5- one]
- Spiro[4S,595)-4-h drox 3- met_hox

| opent en-1 - Oﬁ@rqj(@% @qum%mgﬁgxy;—&g:_yclopenten-l -one-5:3(2S)-2-chloro-3aS,7aS-

15 ((2,3)-1-methylpyrrolidine)-6,7-dimethoxy-1,2,3,3a,4,7a-hexahydro-5H-inden-5-one]
(acutumine)

- spiro[(4S,55)-4-acetyl-3-methoxy-2-cyclopenten- 1-one-5:3(2S)-2-chloro-3aS,7aS-
((2,3)-1-methylpyrrolidine)-6,7-dimethoxy-1,2,3,3a,4,7a-hexahydro-5 H-inden-5-one]

- spiro[(4S,5S)-4-acetyl-3-methox y-2-cyclopenten-1-one-5:3(2S)-2-chloro-3aS,7aS-

20 ((2,3)-1-acetylpyrrolidine)-6,7-dimethoxy-1,2,3,3a,4,7a-hexahydro-5 H-inden-5-one]

- spiro[(4S,5S)-4-(benzoyloxy)-3-methoxy-2-cyclopenten-1-one-5:3(2S)-2-chloro-
3aS,7aS-((2,3)-1-methylpyrrolidine)-6,7-dimethoxy-1,2,3,3a,4,7a-hexahydro-5 H-inden-
5-one]

- spiro[(4S,5S)-4-hydroxy-cyclopentan-1-one-5:3(2S)-2-chloro-3aS,7aS-((2,3)-1-

25 methylpyrrolidine)-6,7-dimethoxy-1,2,3,3a,4,7a-hexahydro-5H-inden-5-ol]

- spiro[(4S,5S)-4-hydroxy-3-methoxy-2-cyclopenten-1-one-5:3(2S)-3aS,7aS-((2,3)-1-
methylpyrrolidine)-6,7-dimethoxy-1,2,3,3a,4,7a-hexahydro-5 H-inden-5-one]

- spiro[(4R,55)-4-hydroxy-3-methoxy-2-cyclopenten-1-one-5:3(2S)-2-chloro-3aS,7aS-
((2,3)-1-methylpyrrolidine)-6,7-dimethoxy-1,2,3,3a,4,7a-hexahydro-5H-inden-5-one]



((2, 3)-1 Hpyrrolidine)-6,7-dimethoxy- 1,2,3,3 a,4,7

a- hexahydr o-5Hi nden-5 -one] (acutum dine) -

spi ro[ 4R, 59) - 4- hydr oxy- 3- net hoxy- 2- cycl ppent en-| - one-5: 3(2S) - 2-chl oro- 3aS, 7
aS- 10
((2,3)-1Hpyrrolidine)-6, 7-di net hoxy-1, 2, 3, 3a, 4, 7a- hexahydr o- SH i nden- 5- one
1 - - spiro[(4S,58)-4-(benzoyloxy)-3-methoxy-2-cyclopenten-1 -one-5:3(2S)-2-chloro-

spiro[ (5S)- Zf%?[ﬁoiy-)z éye(:rllz%g)r(lpen-rr}e- oor)l(g- 5(::}:’%(:-0 e%,e?as?r(le( 2, 3) -)1H(-: p?/rror ol i di ne)
-6, 7- di met hday,7aS-2(23); Bbenzoypartobsian) o/ aolidethonyd 2,5 3a,4:7ajhexalydre-6/-
[(58)-2-nethq%y-%-g%élopenten-l-one-5:3-2-ch|oro-3aS,7aS—((2,3)-1H—
pyrrolidi ne) “¥°?=aPHet hoxy- 1, 2, 3, 3a, 4, 7a- hexahydr o- 5Hi nden-5-one] . 15 An
advant ageous sgsd|e, 59f-4 labatyl-E)cesHeh@h- 1L 1S 8@ @ -EsrolB8, R -(EEL 8- uni ne i n
obt ai ni ng pharmaceutical conpositions for use in the treatnent of

cogni ti ve defiethydpioreliling dotidanethoxy-1 8.3, net, éhenahsdier W nden-wpndl

neur odegener at.i ve.di ses. r..especial ly intecesidr e fo the

i nvention réf%lfoe[gs’%gi% (’Falhey%ﬁ%xe‘/@%ﬁle%gooxly??fcﬁlé ent) afr ﬂ%%é%fil gc?ar? Cl@é%p%atssl’ﬁsons for
use in the tyea)enbyablidiaght,7iditetoky-¢i263184,49a-ass06idad-8H-iddnhs -38e]cer ebr al
agei ng and w th neurodegenerative di seases, of

spi r o[ (4S, 5SfacatumidisXy - 3- net hoxy- 2- cycl openten- | -one-5: 3

(2S)-2-chl or Q- SR V4 - d 91 38 56T\ ) 7aS-
(292,51, 0 G508 % . k555 R

spior o] (4S, 5SJRB)ddEpytredinethdxdymethoxy-¢ )20 2m4 @a-hix avydrdb53-inden-5-one]

(2S) - 2-chl oro-. S-((.2,3)-1-met hyl - pyrrolidi - - di met haxy-

1, 2,3, 3a, 4, 7%‘F@%%F&@ﬁyﬁﬁ%ﬂgp@%ﬁéﬁn%?- LA DRY O 4SSO 6.7

spi ro[ (4S, 5ShifetRE:8L Y 3B AR Y NAXYahd QYSHORRAL LBnAS _

1- one- 5: 3(2S) - 2-chl'oro- 3a$, 7aS- ((2, 3) - 1- acet yl pyrrol i di ne) - 6, 7- di met hoxy- 1,
2, 3, 3a, 4, 7a= shiexHh§HZ cudhpiynrerclapantest 1 -ope-5:3-2-chloro-3aS,7aS-((2,3)-14-

spiro[ (4S, 5S).-4- zoy| - 3- Bt - ent,e -one-; 5:3 (2

S) - 2- chl or o- éylg%l(‘gg%zf?éﬁ léﬁ\!&‘ig%erf?hﬁ%?%gﬁ( |y§§3 %?‘Q‘}é& ergﬁﬂbxy- 1,2,3,3
a, 4, 7a- hexahydr o- 5H i nden-5-o0ne], of

spi ro[ (4S, 59) - 4- hydr oxy-cyc entan-|-one-5: 3(2S)-2-chl oro-3aS, 7aS:. . .
((125, 3) h MS%WP?SOW%‘?%@{ g‘,ﬁv !fmeﬂ%?fhdﬁ t_ei, tf, %@? gsea,o ,acutumme in obtaining
7a- hexabygdh A Slkch NESRp i s foBBsedh the treatment of coginitive deficiencies associated with

spi ro[ (4S, 5S) - 4- hydr oxy- 3- met hoxy- 2- cycl opent en-1-one-5: 3(2S) -3aS, 7aS-((2, 3
)-1- cerebral ageing and with neurodegenerative diseases.

Another especially interesting aspect of the invention relates to the use, in obtaining
pharmaceutical compositions for use in the treatment of cognitive deficiencies associated with

20 cerebral ageing and with neurodegenerative diseases, of spiro[(4S,5S)-4-hydroxy-3-methoxy-2-
cyclopenten-1-one-5:3(2S)-2-chloro-3aS,7aS-((2,3)-1-methyl-pyrrolidine)-6,7-dimethox y-
1,2,3,3a,4,7a-hexahydro-5H-inden-5-one], of spiro[(4S,5S)-4-acetyl-3-methoxy-2-
cyclopenten-1-one-5:3(2S)-2-chloro-3aS,7aS-((2,3)-1-methyl-pyrrolidine)-6,7-dimethoxy-
1,2,3,3a,4,7a-hexahydro-5H-inden-5-one], of spiro[(4S,5S)-4-acetyl-3-methoxy-2-cyclopenten-

25 1-one-5:3(2S)-2-chloro-3a8S,7aS-((2,3)-1-acetylpyrrolidine)-6,7-dimethoxy-1,2,3,3a,4,7 a-
hexahydro-5H-inden-5-one], of spiro[(4S,5S)-4-(benzoyloxy)-3-methoxy-2-cyclopenten-1-one-
5:3(2S)-2-chloro-3aS,7aS-((2,3)-1-methylpyrrolidine)-6,7-dimethoxy-1,2,3,3a,4,7a-hexahydro-
5H-inden-5-one], of spiro[(48S,55)-4-hydroxy-cyclopentan-1-one-5:3(2S)-2-chloro-3aS,7aS-
((2,3)-1-methylpyrrolidine)-6,7-dimethoxy-1,2,3,3a,4,7a-hexahydro-5H-inden-5-0l],

30 of spiro[(4S,5S)-4-hydroxy-3-methoxy-2-cyclopenten- 1-one-5:3(2S)-3aS,7aS-((2,3)-1-
methylpyrrolidine)-6,7-dimethoxy-1,2,3,3a,4,7a-hexahydro-5H-inden-5-one], of spiro[(4R,5S)-
4-hydroxy-3-methoxy-2-cyclopenten-1-one-5:3(2S)-2-chloro-3aS,7aS-((2,3)-1-



met hyl pyrrolidine)-6, 7-di met hoxy-1, 2, 3, 3a, 4, 7a- hexahydr o- 5H i nden- 5- one] ,

of spiro[ (4R 5S)-

4- hydr oxy- 3- net hoxy- 2-cycl opent en-1 -oneq5: 3(2S)-2-chloro-3aS, 7aS-((2,3)-1
14 et hyl pyrrolidine)

-6, 7-di met hoxy-1, 2, 3, 3a, 4, 7a- hexahydr o- 5H i nden-5-one], of spiro[(4S,5S)-

;1- (1 benz ydiRyy)rratidiBS) X Mide B £)-RENS £8,7h-1eRAryaic3§ 2 hdetr SBhEY Wf3pPe[(8556(-2, 3
benzoy! pytbentayiiinep-BethodyAethippgntend -@1esy 3 @Sra-ciboratdpdreS (P htten- 5- one]

g_)f Zpl roly(d dy?ps))rrozhdme téy'} dﬁ%&ﬂg)&@pk%rga 4, 9§Eex5ah§(ﬁr%§)H—%nd%Hl50&9e] 3as, 7as-((2, 3) -

met hyl p)b'f"sﬂk%[?S‘@S)ﬁ-aZetﬁl-@%ﬂcﬁﬁﬁMnﬂ 811635 3&34,27@1&@@Bym§q(233ﬂnden 5- one] ,
of spiro[4S, dr oxy- 3- net hox cI opent en- -one-5: 3
( 2 53 2 mt@lgmol&n@ﬁ?ﬂget@yxxlﬂ,%i@ 4,81& ]((ﬁ)él)iro 5H—1nden 5- one] of spiro[48,5S)-

S p| : O[ 4 tlﬁ}@?é’wl?, et Fc{@opa ANy o5 P9 ROrs- 988 Fad 8 UH Y- Pl dind

hydr oxy -637-tiidioxy- 22 @M@%hé)@hyﬁromlﬁieﬁ(iﬁ)e] acuinimikme} P, spad4R(55)3)-- 1H- py
ELIC):’ IO([:“( Elggirozgrgém%%gggzhloé lo]f)erzlfeg 1- one-5 %&g] ex(:aqugr%r3%85ﬁsl( d%)rlig:poyrllr%lli’dince):g-

cycl Operastve&mketﬁ&@y Pr3-Babyd ﬁ&aﬁ?&o@ﬁ%ﬁeﬂﬁ 51 SHpRd(GS) 2 HeiRioxy- 1, 2, 3, 3a

, 4, 7a- héxahydr o-5H-1 hdén- 5- one] and
[ ( HB) 2 cyelbpentgn- 2-anp: P ehl e (2, D rid?- 5y13012dm¢)|—@7d4methoxy 1,2,3,3a,4,7a-

on- 5. ondpxitts-S T Sione LiRadrlp (ST il g sl rRatent g s

conpr i si3ag, 7@3—'@(2‘5‘5'—H@-p@froﬁdlnépﬂpmiﬂdthbh?ﬂ@)j 3a,4)TateRdtyded-5 Aindéd-h-oaBp or
nore pharnmaceutically acceptable excipients, 15 for use in the treatnent of
cognitive deficiencies associated with cerebral ageing and with

neur ode rﬁ%ht\f FERRRASERo StC 2}}(1&'1?1?2{%‘3&’[ | B sﬁll' ?nrﬂrf;s)ﬁfg Qhife or a

dlsease |sease ors | seas fro e an
subcort momboui&hﬂwtaod,sm dlumbigattdnewph anmendmeqﬂiannmepmsﬂhyi aaeptalnle axdipnonts, 0

the invention, there ma rrent i 0 re es t hat ar.e
Lo oy 3% b iy TG B o Pkl PO tiRe St ctrils T ak085 Rl
admi ni Shé@bu@g"meltaﬁbé eliRasds sdél@ﬁ@@azhe'im@ﬂ b Ao, PaliRbS’s cﬁﬁiaé’é ICIC3RIFIRES ,
| ozenges, ositories, creams, ointnents, der nal gels, injectable

pr epar athgﬁgoP dipgage|aad §{9§5’é }abierd subcortical dementias.

Among the pharmaceutical compositions according to the invention, there may be mentioned
more especially those that are suitable for oral, parenteral (intravenous or subcutaneous) or
20 nasal administration, tablets or dragées, sublingual tablets, gelatin capsules, lozenges,
suppositories, creams, ointments, dermal gels, injectable preparations, drinkable suspensions

etc..
The useful dosage can be varied according to the nature and severity of the disorder, the
administration route and also the age and weight of the patient. The dosage varies from 0.01 mg

25 to 1 g per day in one or more administrations.

The following Examples illustrate the invention but do not limit it in any way.



etc.. The useful dosage can be varied according to the nature and severity
of the disorder, the admnistration route and al so the age and wei ght of
the patient. The dosage varies from0.0s,ng 25 to | g per day in one or

nore adm ni strations. The follow ng Exanples illustrate the invention but
do not Iinit it in any way. 15 Exanple 1 : Spiro

[(4S,5S ROX¥%G 49)-43 (RS IR AN Ay DY £ hRRRSNyEN 1%&.3(&}%)53 S)-2-
chl oro- =(( 2, %&ﬁ@@%&?hye yﬁ?glldlzg) 6, 7(mﬁz;%%xy 1,2, 3, 3a, 4(2 %-

hexahydr o- 5H— i ndemhbrosial, md(mael&lgpymyrr(&mn@ -6 7-d1methoxy-1 2 3 3a, 4 Ta-

[ (4S, 5S) - 4- hydr oxy- 3-mef hoxy- 2: cycl gpent en-1-one-5: 3(2S)-2-chloro 5

3as, 7as- ((2, 3) - 1- ﬁ'ﬁ?ﬁw{fwﬁw“f%ﬁ‘%@)"l‘gﬁ- di net hoxy- 1, 2, 3, 3a, 4, 7a- hexahydr o-5
H inden-5-one] One gram of the conpound of forrmula (I1) is dissolved in
HCOOH (10 m) and stirred with 10 ml_of form c al dehyde at 40-50C for 4
hours. The reaction mxture is then M@ alkaline using NHAOH until a pH
of 8-9 is obtained. The white precipitate formed is filtered off and is 10
then dried with K2COB to yield the title eeppound. Step B : Spiro

[ (4S, 5S) - 4- (et hoxycar bonyl ) - 3- met hpXy- 2Cycl opent en-1 -one-5: 3(2S) - 2- chl or o-
3aS, 7aS-((2, 3) - 1-net hyl pyrrolidi ne)-6, 7-di nptihoxy-1, 2, 3, 3

a, 4, 7a- hexahydro- 54 i nden- 5- onep” OTe~grapf of the conpound obtained in Step
A is dissolved in CHC13 and DM-. 2 m 15 propanoi ¢ anhydri de are then
added dropwi se and the reaction m xt# stirred overnight. Saturated
NaHCO3 sol ution is then added unti Ng~Qrel S Obt ai ned, and the
reaction

OMe

OMe

Step A :  Spiro[(4S,5S)-4-hydroxy-3-methoxy-2-cyclopenten-1-one-5:3(2S)-2-chloro-
5 3aS,7aS-((2,3)-1-methylpyrrolidine)-6,7-dimethoxy-1,2,3,3a,4,7a-hexahydro-5H-

inden-5-one]

One gram of the compound of formula (II) is dissolved in HCOOH (10 ml) and stirred with

10 ml of formic aldehyde at 40-50°C for 4 hours. The reaction mixture is then made alkaline

using NH,OH until a pH of 8-9 is obtained. The white precipitate formed is filtered off and is
10 then dried with K,CO; to yield the title compound.

Step B :  Spiro[(4S,5S)-4-(ethoxycarbonyl)-3-methoxy-2-cyclopenten-1-one-5:3(2S)-2-chloro-
3aS,7aS-((2,3)-1-methylpyrrolidine)-6,7-dimethoxy-1,2,3,3a,4,7a-hexahydro-5S H-

inden-5-one]

One gram of the compound obtained in Step A is dissolved in CHCl; and DMF. 2 ml of
15 propanoic anhydride are then added dropwise and the reaction mixture is stirred overnight.
Saturated NaHCO; solution is then added until a pH of 8-9 is obtained, and the reaction
mixture is extracted with CHCI;. After evaporating off the solvents, the residue obtained is

chromatographed on silica gel (CHCl3:Me,CO /20:11) to yield the title compound.

Melting point : 156-158°C



m xture is extracted with CHC13. After evaporating off the solvents, the
resi due obtained is chromatographed on silica gel (CHC13: M2CO/ 20:11) to
yield the title conpound. Melting point,, 156-158C 16 El enent al

m croanal ysis : CHN % cal cul ated :58.216. 223. 09 9% ound. 58. 006. 273.03 5
Example 2 : Spiro

[ (4S, 5S) - 4- hydr oxy- 3- net hoxy- 2- cycl opent en-1 - one-5: 3(25) - 2- chl or o-
3aS,7aS-((2,3)-1-eth ylpyrrolidin e)-6, 7-di net hoxy-1, 2, 3, 3a, 4, 7a- hexahydr o-
5H i n déferenorietickddntiysai:l | i grans of the conpound of formula (11) are

di ssolved in HCOOH (0.5 m ) and stirred i th 0.5@1 of acetal dehyde at
40-50C for 6 hours. The reaction m xture'Is then de al kaline 10 using
NHACH until a pH of 98c8cilardabt aismgd and g4 he m xtwyr@ is extracted with
CHC13. The residue obtained after evaporating off the solvent is

chr omat ogr aphed on $vfaupd -gel 6H4C13: 28 2:1) k& yield the title
conpound. Melting point : 156-158C 15 Elenental mcroanalysis : CHN %
cal cul ated :58.326.313.40 % ound :57.986.313.09 20 Exanple 3 : Spiro

[ (4S, 5SEx4n{pé Dox$pablEB)SS)-4hyhbkp3ymethoygl2ayevpenteh- bore-5: R R)52-chloro-
3aS,7aS-((2,3)-1-ethylpyrrolidine)-6,7-dimethoxy-1,2,3,3a,4,7a-hexahydro-
SH-inden-5-one]

Fifty milligrams of the compound of formula (II) are dissolved in HCOOH (0.5 ml) and stirred
with 0.5 ml of acetaldehyde at 40-50°C for 6 hours. The reaction mixture is then made alkaline
10 using NH4;OH until a pH of 8-9 is obtained and the mixture is extracted with CHCls;. The
residue obtained after evaporating off the solvent is chromatographed on silica gel

(CHCl13:Me,CO/2:1) to yield the title compound.

Melting point : 156-158°C

Elemental microanalysis :

15 C H N
% calculated : 58.32 6.31 3.40
% found : 57.98 6.31 3.09

Example 3 : Spiro[(4S,5S)-4-(ethoxycarbonyl)-3-methoxy-2-cyclopenten-1-one-5:3(2S)-2-
chloro-3aS,7aS-((2,3)-1-propanoylpyrrolidine)-6,7-dimethoxy-1,2,3,3a,4,7a-
20 hexahydro-5H-inden-5-one}

One gram of the compound of formula (II) is dissolved in N, N-dimethylaminopyridine and 2 ml
of CHCl;. 2 ml of acetic anhydride are then added dropwise and the reaction mixture is stirred
overnight at ambient temperature. Saturated NaHCO; solution is then added until a pH of 8-9 is
obtained and the reaction mixture is extracted with CHCl;. After evaporating off the solvents,
25 the residue obtained is chromatographed on silica gel (CHCl3:Me,CO / 20:11) to yield the title

compound.



chl oro-3aS, 7aS-((2, 3)-1-p ropanoyl pyrrolidin

e) -6, 7-di net hoxy-1, 2, 3, 3a, 4, 7a- h exahydro-5H i nden-5-onel One gram of the
conmpound of forrmula (I1) is dissolved i ?7 N, N- di met hyl am nopyri di ne and 2 m
of CHC13. 2 ml of acetic anhydride are then added dropw se and the reaction
m xture is stirred overnight at anbient tenperature. Saturated NaHCO3

sol utionyis: 1,800 il a pHof 8-9 is obtained and the reaction

m xture Wl %%t'ggg\c/}\)itstgﬁ@ﬂ-lcm. After evaporating off the solvents, 25 the
resi due obtained is chromat ographed on silica gel (CHC13: Me2CO/ 20:11) to

yield the title conpound. 17 5 Melting point : 166-168C El enent al
i croané@%ﬁ%@’@gﬂﬁg&ﬂéal cul ated :58.126.092.82 % ound :57.556.032. 72
Exanple 4 : C H

N
Spiro[ (4S, 5S) - 4- hydr oxy- 3- met hoxy- 2- cycl opent en-1 -one-5: 3(2S)-2-chloro- 3
as, 7aS- (( 2, 3) - 1- net hyk@yrlatddi-dixde) 6, 7- dt. &t h oxy-42 2, 3, 3 a, 4, 7a- hexahydr o-
5H- 1 nden- 5-one oxi ng] .One gram he co und o jned in Step A of
Exanple 1 is sti rret%’f‘ﬁm%&') m f‘5es'E hanolgafth t '?}g of hydroxyl am ne at
70-80C for 4 hours. Saturated NaHCO3 solution is then added until a pH of

8-9 is obtained and the reaction mxture is extracted with CHC13. After
evapor atfixamplé f :  Spérof@S\idndshydrexy-Bemethexydhtyslopentansl-one-5r3{2d)2-aplwd- on

silica gel (CHC13P'f\l/lg%ggéézl,:??f[-ﬂ'—?me%%fpi&%éﬁiJeB'—%,’f—th&hSWﬁ%}ga,jlﬁa:[hQQal;)Qth& of

a white solid. M
S5H-inden-5-one oxime]

One gram of the compound obtained in Step A of Example 1 is stirred in 15 ml of ethanol with
10 1 g of hydroxylamine at 70-80°C for 4 hours. Saturated NaHCO; solution is then added until a
pH of 8-9 is obtained and the reaction mixture is extracted with CHCl;. After evaporating off
the solvents, the residue obtained is chromatographed on silica gel (CHCl3:Me,CO / 3:1) to

yield the title compound in the form of a white solid.

Melting point : 211-213°C

15 Elemental microanalysis :
C H N
% calculated :  55.27 6.10 6.79
% found : 55.17 5.79 7.46

Example 5 : Spiro[(4S,5S)-3,4-dimethoxy-2-cyclopenten-1-one-5:3(2S)-2-chlore-3aS,7aS-
20 ((2,3)-1-methylpyrrolidine)-6,7-dimethoxy-1,2,3,3a,4,7a-hexahydro-5H-

inden-5-one]

The compound obtained in Step A of Example 1 (200 mg) is dissolved in DMSO and stirred
with 100 mg of NaOH and 1 ml of CH;I at ambient temperature for 20 minutes. The reaction
mixture is then diluted with 5ml of water and then with CHCIl;. After extracting and
25 evaporating off the solvents, the residue obtained is chromatographed on silica gel

(CHCI13:MeOH / 20:1) to yield the title compound in the form of white needles.



: 15 Elenental mcroanalysis CLl1IN % cal cul ated :55.276106. 79 9% ound

: 55.175.797.46 20 Exanple 5 :
Spl ro[ (4S, 5S) - 3, 4-di met hoxy- 2- cycl opent Eﬁp | - one-5: 3(2S)-2-chl oro-3as, 7aS-
((2,3)-1-nethyl pyrrolid ine)-6, 7-di oxy-1, 2, 3, 3a, 4, 7a- hexahyd ro-5H
i nden-5-onel The conpound obtained in St ep A of Exanple 1 (200 ng) is

di ssol v el}m p ﬁgngﬁdgred with 100 ng of NaOH and 1 m of CH3I at
‘i\g g poL 0 mi . . . .

anbi e m nutes. The reaction mxture is then diluted
with 5 m of water and then with CHCl3. After extracting and 25 evaporating
off the solvents, the residue obtained is chromatographed on silica gel
(CI—|C13:I\@€!EF_’7L‘”’ZG’:£IQ%&£%’eId the title conpound in the formof white

needl es. 18 Melting point : 165-267C El engntal mcyoanalysis : C11 N %
calculated : 57.32 6.36 3.40 5 % ound : 57.18 6.38 3.86 Exanple 6 : Spiro

[ (4R, 5S) - 4- hydr oxy- %nmftchlakeyi 2-XA# opent®pé 1- one-54B( 2S) - 2-chl oro- 3

asS, 7aS-((2,3)-1- metlg I;il’0|ldl 56, 7-dj g(?th oxy 3, 3a, 7a-t et rahydr o-
4H,BH i n dene-4, 5- d| The ¢ nd obtaf ned i ep A of Exanple 1 (30
ng) is dissolved in SOC12 and is stirred

Example 6 : Spiro[(4R,5S)-4-hydroxy-3-methoxy-2-cyclopenten-1-one-5:3(2S)-2-chloro-
3aS,7aS-((2,3)-1-methylpyrrolidine)-6,7-dimethoxy-2,3,3a,7a-tetrahydro-
4H,5H-indene-4,5-dione]

The compound obtained in Step A of Example 1 (30 mg) is dissolved in SOCI; and is stirred
10 with DMF (catalyst) at 85°C for 30 minutes. The crude reaction mixture is chromatographed on
silica gel (CHCl5:Et;0 / 10:1) to yield the title compound.

Melting point : 152-154°C

Example 7 : Spiro[(5S)-3-methoxy-2-cyclopenten-1-one-5:3(2S)-2-chloro-3aS,7aS-((2,3)-
1-methylpyrrolidine)-6,7-dimethoxy-1,2,3,3a,4,7a-hexahydro-5H-inden-5-

15 one]

The title compound was isolated by chromatography on silica gel, starting from the ethanolic

extract obtained from Menispermum dauricum rhizome.
Melting point : 174-176°C

Example 8 : Spiro[(4S,5S)-4-hydroxy-2-cyclopenten-1-one-5:3(2S)-2-chloro-3aS,7aS-
20 ((2,3)-1-methylpyrrolidine)-6,7-dimethoxy-1,2,3,3a,4,7a-hexahydro-5H-

inden-5-0l]

The compound obtained in Step A of Example 1 (50 mg) is dissolved in THF (15 ml) and is
stirred with LiAlH4 at ambient temperature for 2 hours. The crude reaction mixture is diluted
with water, extracted with CHCI3 and then chromatographed on silica gel to yield the title

25 compound.



10 with DVF (catalyst) at 85C for 30 m nutes. The crude reaction mxture is
chromat ographed on silica gel (CHC13:Et20 / 10:1) to yield the title
conmpound. Melting point : 152-154C 15 Z%QExanple 7 . Spiro

[ (5S) - 3- met hoxy- 2-cycl opent en-1 -one-5: 3(2S) - 2-chl or o- 3aS, 7aS- ((2, 3) -

1- net hyl pyrrolidine)-6,7-di net hoxy-1, 2, 3,3 a, 4, 7a- hexahydr o- SH i nden- 5-
one] The title conpound was isol ated by chronmat ography on silica gel,
starting fromthe ethanolic extract obtained from Meni spermum dauri cum

r hi zonme Exdeigle g [Spiri](4R,3944-hy 60 ¥yxdmpdtkox/-2-cyclopenten-1-one-5:3(2S)-2,4-di-

Spiro[ (4S, 5S) - 4- hydr oxy- 2-cyc enten-1-one-5- 3( - 2-chl or o- 3aS, 7aS-
(23} 1- et hyl py ETRS S BB G rractiy bR gratresne) et o Huaaimy o 2 B

i nden-5-ol | The cqrpeyngd, 7bh&laRgdrd-SHI R dindls Eafiml e 1 (50 no) is
dissolved in THE (15’ M) and is” stirred wth Li AlH4 at anbi ent tenperature

fpr 2 hours. The crude reaction m xture is_diluted mﬁph wat er extracted
\(l:mo}rg ouCl: _ %fgg%gi{%gg éa%gl{l :%r;%}n%?er 3 Q&%qwgnco%ploluggs &exlamtp?esyé gljlcfj 9)t g‘r% f%}ntnl,de in t%g
Spig of (4RureSbf drehimhe¥attidn REBJuURAKY- 2- cycl opent en-1| - one- 5: 3(29) - 2, 4-di -

chl oro-3aS, 7aS-((2, 3) -1 -nmet hyl pyrrol i di ne)-7-net hoxy-8-thiabicycl o 2. 2. 1] -
1, 2,3, 34, 4, 7a- hexahydr o- 5H, 6H i ndene- 5, 6-di one] The procedure is as in

ExanpleAﬁdgﬁggo&xp2ﬁggﬂggpds (Exanples 6 and 9) are formed in the 5 course

of the i On Sequence).



Melting point : 214-216C 20 PHARMACOLOG CAL STUDY OF COVPOUNDS OF THE
| NVENTI ON EXAMPLE A : Acute toxicity study Acute toxicity was eval uated
after oral administration to groups each,conprising 8 mce (26 + 2 grans).
The ani mal s were observed at regular intervals during the course of the
first 5 day, and daily for the two weeks followi ng treatnment. The LD50
(dose that causes the death of 50 % of the animals) was eval uated and
denonstrated the low toxicity of the conpounds of the invention. EXAVMPLE B
Morri s wat BPHARYEACOF0GHCARSTHODYeOF GOMEBMUNDSOEFST I EINVIINTION t he
conpounds of the present invention have been evaluated using 10 the Mrris
wat er maze test (Morris et al., Nature, 1986, 319, 774-776) in the nouse
and scopol am ne as amesi ¢ agent. Kunming strain mce (18-24g, Shanghali
Experimental Animal Centre) of either sex were used. Mce were placed on
t he wat dEXANALK 80X 20ukOtoxidityartddy t r ai ned to find the platform Follow ng
the period of one day's habituation, each nouse received 3 daily training
sessions for seven days. Mce were trained to a criterion of finding the
pl at f or Mk Wikt Wi SRARARMS afddomi tadntnidr&I0h0foS gffup Hael icBBpaisiAgagl-ide
Once a nouse net the criterion, training was reduced to one daily session
until al(P6 ri2cgramer Theeanimpls sy¢repbsarved aletgiat entoivpls durngdbericouise oif drrefirst o

sub- gr oyps. i I hn disti r
o ot Bp RGO ARRRLe S Mo TR MDD, Mo ot T w08
Scopol arsiong of (lx aniphkly) wias pvaluated andjendradatdd thd lowt tesichigobdtie dogoundd of thee
nunber of errors and the tine for 20 reaching the platformwere recorded.
Dat a wer®V®B{pPlessed as means +/- s.e.m Statistical analysis was perforned
usi ng ANOVA foll owed by Duncan's nultiple-range test. Results denonstrate

t hat conpounds of the present invention were capable of counteracting in

EXAMPLE B : Morris water maze test in the mouse :

The anti-amnesic effects of the compounds of the present invention have been evaluated using
10 the Morris water maze test (Morris er al., Nature, 1986, 319, 774-776) in the mouse and
scopolamine as amnesic agent. Kumming strain mice (18-24g, Shanghai Experimental Animal
Centre) of either sex were used. Mice were placed on the water maze (80x50x20 c¢m) and
trained to find the platform. Following the period of one day's habituation, each mouse received
3 daily training sessions for seven days. Mice were trained to a criterion of finding the platform
15 within 20 seconds and with < 2 errors of entering a dead-end. Once a mouse met the criterion,
training was reduced to one daily session until all mice met the criterion. Trained mice were
randomly assigned to sub-groups. Compounds under study were dissolved in distilled water
and administered by the oral route 40 minutes before behavioural testing. Scopolamine
(5 mg/kg, 1.p.) was injected 30 minutes before the test. The number of errors and the time for
20 reaching the platform were recorded. Data were expressed as means +/- s.e.m. Statistical
analysis was performed using ANOVA followed by Duncan's multiple-range test.
Results demonstrate that compounds of the present invention were capable of counteracting in
a dose-dependent manner (from 20 to 100 mg/kg) scopolamine-induced memory impairments
in the Morris water maze test in the mouse, indicating that such compounds possess anti-
25 amnesic properties.
As example, compound of Example 1, administered at 60 mg/kg p.o. reach the platform within

18 seconds whereas control animals reach it within 43 seconds.



a dose-dependent manner (from 20 to 100 ng/kg) scopol am ne-induced nenory
inmpairnments in the Murris water naze test in the nouse, indicating that
such conpounds possess anti- 25 ammesic,properties. As exanple, conpound of
Exanple 1, admi nistered at 60 ng/ kg p.o. reach the platformwthin 18
seconds whereas control animals reach it within 43 seconds. 21 EXAMPLE C :

Soci al Iitg e kR ), Si : ko y described in 1982 by THOR
and m%ﬁgc'agﬁ%ﬁ@ E‘ 'ﬁgféezwg%ﬁ Jooo- 1006), the soci al
recognition test has subsequently been proposed by various authors
(DANTZER et _al ., .Psychopha , 63- 368 : PER t al. . 5
PsychopHul#Ee 5?5665‘?3/ 119352?2 Bmgg%éﬁg%f)@ﬁa@ i ﬁamﬁ’h g hﬁ%‘gmlgégn?—éll f0-
ef f ect s 1606)NaKe &Qm%e%iti&hqeéteﬁss isibRaa&H1y0 'Beérhei)rgﬁgsea aby 4RLES Siudibrof
the ol factory nmenory of the rat and its natural tendency to forget and

al | ows EWANIZERoN eof ahpmbsyciaphamaclpgy.ecbtfii t i%dn 363-86§oungPEREAgeherl e

ani_ mal , _by.an adul t. rat u I 21 days),.taken at r.ando s pl aced
for s’ BYGPRubenG Loy, 150 2BA 0, v Rd imé et RhePG B g
devi ce, c4MBo@BEThREL B8haddl GPERMART Il dXPre3sioh B tHeSIQ@RIrY infiinde b heOtat afd
the adult rat and neasures its overall duration. The goung rat is then

r enoveditf patwral endgaa to fpeget and alipvegi@lyatop phmedorigatians by fgrogridien ghiyPuRthe
second intraductj.on. t_rat i [ t o] .
orror 2 PdREHE bR, JDSnBe oA Jound AP UEGOMRENIE (RS, 1§ PRl Wr

rat. The nsiaaicalin tieCopi Hausimghmhadultotat. Withtthenid obs e@ideedeaya] theagx@erimsnter

dur ation neasured. The asses nt. criterion is the difference (T2-T1) 15
exifr essBBPErYFSIRT A fe%éflkk}ééi’gﬁ%"éo“rr%fé%?ﬁouﬂti r3fand pasures its operall AURRLgNTRS s

The resybis PRt@INS0read8 Frdhh IAERANE Rar ;J bd (EPREED irf 10wl &3k htdl Qhe

(-45) s'for doses ranging from3 to 30 ng/kg, which shows that the _

conpounsesond inthasluchere Atheadult gatyis grvgatthg coreprivad sederstngirand aaftes 3. hours, is again
brought into the presence (5 minutes) of the young rat. The social recognition behaviour is then
observed again and its duration measured. The assessment criterion is the difference (T,-T}),

15 expressed in seconds, between the "recognition” times of the 2 encounters.

The results obtained show a difference (T,-T;) ranging from (-20)s to (—45)s for doses
ranging from 3 to 30 mg/kg, which shows that the compounds of the invention very greatly
enhance memorisation.

As example, compound of Example 4 shows a difference (T,-T;) ranging of —45 seconds for an

20 administration of 20 mg/kg.

EXAMPLE D: Object recognition in the Wistar rat

The object recognition test in the Wistar rat was initially developed by ENNACEUR and
DELACOUR (Behav. Brain Res., 1988, 31, 47-59). The test is based on the spontaneous
25 exploratory activity of the animal and has the characteristics of episodic memory in humans.
This memory test is sensitive to ageing (SCALI et al., Eur. J. Pharmacol., 1997, 325, 173-180)
and to cholinergic dysfunctions (BARTOLINI ef al., Pharm. Biochem. Behav. 1996, 53(2),
277-283) and is based on the differences in the exploration of 2 objects of fairly similar shape —
one familiar, the other new. Prior to the test, the animals are habituated to the environment (an
30 enclosure without an object). In the course of a first session, the rats are placed (3 minutes) in

the enclosure, in which there are 2 identical objects. The duration of exploration is measured



As exanpl e, compound of Exanple 4 shows a difference (T2-TlI) rangi ng of-45
seconds for an 20 adm nistration of 20 ng/kg. EXAMPLED : Qbj ect
recognition in the Wstar rat The objeci, recognition test in the Wstar rat
was initially devel oped by ENNACEUR and DELACOUR (Behav. Brain Res., 1988,
31, 47-59). The test is based on the spontaneous 25 exploratory activity of
the ani gyl .aRdHA3. §i) FheCBARAE LETAS bdchfid Qbssiil EOMREE Y Noulrd IIEITANSE the B S
menory test 1s sensitive to ageing (SCALI et al., Eur. J. Pharmacol., 1997,
325, 173bjk86)is rgriatetidychabvneygit.cTly dirancrt b espl (BART GLindhsuetd &ir.eacliPhbyem.
BiochenH‘Behav. 1996f.5322%, ) 77-28?&1and is based o thﬁ di f ergﬂce in
the expll8FateainaY coieggpds the dikferencs, [eltd; Gxpregseddn speonds. eV eeadne pxplorafing

ot her nNewesRbt Me dedv bhRct &%t fortthe ARIARbEj e @ hakbhiMabethd Schbh® s&Rivh! gagent
(an 30 enclosure without an object). In the course of a first session, the
ratss ar eopfacaumal3, piaviausk) treated twith ghectangen by than IRviipwe I0hemetesriefore each

i denti cal objecés.tTh? d.ratgoq:of gng@Q%ti n &§.nqﬁ§ red 22“jor.e§ch

obj ect . SFHOPhERIYS B R 8bICK A {1 B8 hecﬁgl T idtiaey maygen, which indicates 4
of the 2hat ¥R 8Bjest infrode@dag®HeYastbddaWortditeg t Anihiids eitad ivath ®fcopBh®d @at ON

is neasured for each object. The assessnent criterion is the difference,
Del ta, d&eilitatss gangmocogptiiogsprefaeniadly emdoraxpe dest phisct, twiiels ipdjgateh ghah e

obj ect . fam.li | i he course of the second session. The
5 contrgﬁggﬁgﬁgéggdﬁgg%¥g%i?%gfggngﬂegﬁth the carrier by the IP route 30
m nutes before each session, explore the famliar object and the new
object in an jdentical manner, which jndicates that the_object introduced
eald i er Tﬁsgesaitéﬁgfaawgaﬂwn% ﬁﬂﬁﬁrwresﬁfiﬁaea%n R 3 ofipoin Opfanging from
faci | itatgs3Remsowidi GhoRketiel eifel RblnpofiR! Qe tHengoRbERGly WtldnBe
indicates that the object introduced earlier has been renenbered. 10 The

r esul t s meptomisaeen. show a di fference, Delta, ranging from5 to 10 s, for

doses r%’égéﬂ&gﬁ{, %mgﬁﬁgﬁcgg?%ﬁﬁfp‘fe% HBLE" BERAYRr BNAkodierf APAMNAR uRfiod BF

i nventi on gre
10 mg/kg.

15 EXAMPLE E : Pharmaceutical composition

Formula for the preparation of 1000 tablets each containing 10 mg of active ingredient:
spiro[(48S,5S)-4-hydroxy-3-methoxy-2-cyclopenten-1-one-5:3(2S)-2-chloro-3aS,7aS-
((2,3)-1-methylpyrrolidine)-6,7-dimethoxy-1,2,3,3a,4,7a-hexahydro-5H-inden-5-one

oXIME] (EXAMPIE 4)....eeeiiiiiiii et 10g
20 hydroXypropylCelluloSe..........cccuiiiiiiiiiieneiee ettt st 2g
WHEAL STATCH....c.eieiiii e 10g
JACKOSE ...t e e b e sasaeanes 100 g
MAZNESIUM STEATALE ......eevieieeiiitiitteierierete ettt esbes e s e ese et e s e e esaeareeteenreesseneans 3g



menori sation. As exanple, conmpound of Exanple 4 shows a Delta of 8 seconds
for an admnistration of 10 ng/kg. 15 EXAMPLE E : Pharnaceuti cal

conposi tion Fornula for the preparation,pf 1000 tabl ets each containing 10
ng of active ingredient: spiro[(4S,5 S§-4-hydroxy-3-nethoxy-2-cyc|openten-
| -one-5:3 (2S)-2-chloro-3aS, 7aS-

((2,3)-1-methyl pyrrolidine)-6, 7-di net hoxy-1, 2, 3, 3a, 4, 7a- hexahydr o- SH i nden-
5-one oxine] (Exanple 4)

................................. S oo . ..., 3 g 23 CLAIMS 1.
Conpounds of fornula (1) : whé&'einy Rl and R2 each represent a hydrogen
atomor together forman addjti onad, R3 represents a hydrogen atom or
an al koxy group, R4 repres%ﬁts». e~098n\§ton109%a hydr oxy, al koxy,

al kyl car bonyl oxy or aryl carbdnyl group,” R5 represents a hydrogen or
hal ogen atom 10 R6 represem hydrogen atom or an al kyl, al kyl carbonyl
or aroyl group, R7 represent$ an gl kbxy group,

wherein
5 e R, and R; each represent a hydrogen atom or together form an additional bond,
e Rjrepresents a hydrogen atom or an alkoxy group,
e R, represents a hydrogen atom or a hydroxy, alkoxy, alkylcarbonyloxy or arylcarbonyl-
OXy group,
e Rsrepresents a hydrogen or halogen atom,
10 e Rgrepresents a hydrogen atom or an alkyl, alkylcarbonyl or aroyl group,
e Ry represents an alkoxy group,
e Rgand Ry together form an additional bond,
or Rg and R;3 together form a sulphide bridge and, in that case, Ry and R, together form an
oxo group and Ry, represents a chlorine atom,
15 e R, represents an alkoxy group,
e Ry represents a hydroxy or alkoxy group,
e Rj, represents a hydrogen atom,
or R;; and R, together form an oxo, oxime or O-alkyl-oxime group,

e and R;3 and R4 each represent a hydrogen atom or together form an oxo group,




R8 and R9 together forman additional bond, or Rg and R13 together forma
sul phi de bridge and, in that case, R9 and R10 together forman oxo group
and R14 represents a chlorine atom 15 ,Rio represents an al koxy group,

R11 represents a hydroxy or al koxy group, R12 represents a hydrogen atom
or R11 and R12 together form an oxo, oxime or O-al kyl-oxinme group, and R13

and Rt eaghn LE8oRhtha &&g&glgg%%%% f&%@ﬁreg;feeman 0x0 group, 24

with the provi of fornu annot represent : -
spiro[ (4S, 5Sﬁpyﬂe[m&jﬁ&ythdmy%mtmxyﬂmannwmlFor@ﬂ%.’)625:}(22@)191@ -Xbl fe- 3aS,

7255), g g 243)7a alhb/‘ﬂ%li rol 'hﬂl 355)65768%‘]%0?@;{;%%14 Tayhagahydsg; §ffinden-5-one]

[ (4S, 58) 4- a é‘ctqumm nmet hoxy- 2- cycl opent en- | - one-5: 3(2S) - 2- chl or o- 3aS, 7aS-
((2,3)-1-net hyI pyrr O{I di ne) - 6, 7-di net hoxy- 1, 2, 3, 3a, 4, 7a- hexahydr o- 5H i nden-
5-ane] - Spispioo[(4S,5S)-4-acetyl-3-methoxy-2-cyclopenten-1-one-5:3(2S)-2-chloro-3aS,7aS-

4S, 5S) - 4- acet.yl 15
(2. 3) 1 acelGr iy oA e RRRmE-h2 3 i byl i el nen.
5- 0ne£ 32 2; I)oIsg@di[(fgss§ﬁ4-aéa9bﬂmyd)@xwyo?popmtéﬂowne?.s @YES)OZQ@lﬁlbﬁﬂE!aS 7aS-
-one- chloro
3aS, 7aS- (( 2, $23-Inecstylp pyeliding)dd. Adjmethax il Ak ek ya-hexahydmaS H-idenheeadly dr o- S

H-i nden-
i 1oL (45, 5SROl PS4 (renzovioxy S methoxy.2-gvclonsuien |-one-S30S) accho- ) )
- et hyl pyr r Gh$ da$€(2; - llnﬂthmt)hmlmme) 07 -8inrahoky7152 B SxatadiicxabydrorsdEindenol |

spiro[ (4S, SSf'%leﬁydroxy 3- met hoxy- 2- cycl opent en-1-one-5: 3(2S)-3aS, 7aS-((2, 3
)-1- 15 - spiro[(4S, SS) 4- hydrox?f| -cyclo entan 1 one—5 ;25) -2- chloro 3aS,7aS-((2,3)-1-

met hyl pyrrolidine)-6,7- oXYy- a- hexahydr o- 5H- i hdén- 5- one]
methylpyrrolldme) -6,7- dlmethoxy-l 2 3 3a 4 7a -hexahydro-5H-inden-5-ol]
- spiro[(4S,5S)-4-hydroxy-3-methoxy-2-cyclopenten-1-one-5:3(2S5)-3aS,7aS-((2,3)-1-
15 methylpyrrolidine)-6,7-dimethoxy-1,2,3,3a,4,7a-hexahydro-5 H-inden-5-one])
- spiro[ (4R, 5S)-4-hydroxy-3-methoxy-2-cyclopenten-1-one-5:3(2S)-2-chloro-3aS,7aS-
((2,3)-1-methylpyrrolidine)-6,7-dimethoxy-1,2,3,3a,4,7a-hexahydro-5 H-inden-5-one]
- spiro[(4S,5S)-4(benzoyloxy)-3-methoxy-2-cyclopenten-1-one-5:3(2S)-2-chloro-
3aS,7aS-((2,3)-1benzoylpyrrolidine)-6,7-dimethoxy-1,2,3,3a,4,7a-hexahydro-5H-inden-
20 5-one]
- spiro[(4S,5S)-4-acetyl-cyclopentan-1-one-5:3(2S)-2-chloro-3aS,7aS-((2,3)-1-
methylpyrrolidine)-6,7-dimethoxy-1,2,3,3a,4,7a-hexahydro-5 H-inden-5-one]
- spiro[48S,5S)-4-hydroxy-3-methoxy-2-cyclopenten-1-one-5:3(25)-2-chloro-3aS,7aS-
((2,3)-1H-pyrrolidine)-6,7-dimethoxy-1,2,3,3a,4,7a-hexahydro-5 H-inden-5-one]
25 (acutumidine)
- spiro[4R,5S)-4-hydroxy-3-methoxy-2-cyclopenten-1-one-5:3(2S)-2-chloro-3aS,7aS-
((2,3)-1H-pyrrolidine)-6,7-dimethoxy-1,2,3,3a,4,7a-hexahydro-5H-inden-5-one]
- spirof (5S)-2-methoxy-2-cyclopenten-1-one-5:3-3aS,7aS-((2,3)-1 H-pyrrolidine)-6,7-
dimethoxy-1,2,3,3a,4,7a-hexahydro-5H-inden-5-one]
30 - spiro[(5S)-2-methoxy-2-cyclopenten-1-one-5:3-2-chloro-3aS,7aS-((2,3)-1H-
pyrrolidine)-6,7-dimethoxy-1,2,3,3a,4,7a-hexahydro-5H-inden-5-one],



spi ro[ (4R, 5S) - 4- hydr oxy- 3- net hoxy- 2- cycl opent en-1 -one-5: 3(2S) - 2- chl or o- 3aS,
7aS-

((2,3)-1-met hyl pyrrol i di ne)- 6, 7- di met hoxy- 1, 2, 3, 3a, 4, 7a- hexahydr o- 5H- i nden-
5-one] -

spi ro[ (4S, o ) - 3- et hoxy- 2- cycl opent en-| -one-5: 3(2S)-2-chl oro-
ARy (g%)n_g%ﬁ&%%th

benzoyl pyrrol i di né)k§l"7mdanseidrhabky! kraip3c@dgiding al- e paduylehmoatShisi wbieh-m&0 be
5-one] - )

spi ro[ (4S, 5S) - 4- adi@eP A ABELNt an- | - one- 5: 3(2S) - 2- chl or o- 3aS, 7aS- ((2, 3) - 1-

Spi yl pyr 1ol i ne)aRofy ARk Ao ol cohidRidiFAY Sl SoPtomdtPnapst -
[ 48, 5S) - 4- hydr oxylidearedriboanch2d,cycl opent en- | - one- 5: 3(2S) - 2- chl or 0- 3aS, 7aS-
(8}13 dfz): éH—HI_ ﬁé;rn—? g["gﬁgcf)gyggm{aég :?Pne&mg%(%-&o]ﬁpzvﬂg’e’rgm%hé hr7y?-npoe1c)a(ty represents a phenyl

spi ro[ 4R, 5S) - 4- hy d¢ QupttiByl @ﬂgxy-z-cyclopenten-l-one-5:3(28)-2-ch|oro-3aS,7
asS- ((2,3)-1 FprrroIiding?- , 7-di met hoxy-1, 2,3, 3 a, 4,7 a-hex
ahydr o- SH i nden- 5-"anegl"] means an arylcarbonyl group wherein the aryl moiety represents a

spiro[ (5S) - 2- met hoxy-2-¢ nten-1-one-5: 3-3aS, 7aS-((2, 3) -1 H pyrrolidine)
-6, 7- dinethoxy-lpﬁ%?é?éé%ﬁgggfﬁégﬁhydro-SH—inden-5-one] 30 - Spiro

[ (5S)-2- met hoxy- 2-cycl opent en-1| -one-5: 3-2-chl oro-3aS, 7aS-((2, 3)-1H
pyrrolidine)-6,7-di nethoxy-1, 2, 3, 3a, 4, 7a- hexahydr o- SH | nden-5-one], 25 5 it
belthg ukedl srasgigmerspnd diagfqroaisomgrs, and; addfigy salty ghegeaf owitthian phaympceysically
carbon gt bicdoBebe inear or branched, - "al koxy" means an al kyl oxy
group containing 1 to 6 carbon atons which nmay be |I|inear or branched, -
"aryl oxy" nmeans an aryl oxy group wherein the aryl noiety represents a
phenyl 2. Compounds of formula (I) according to claim 1, wherein R; and R;, on the one hand, and
Rg and Ry, on the other hand, together form an additional bond, their enantiomers and
diastereoisomers, and addition salts thereof with a pharmaceutically acceptable acid or

15 base.

3. Compounds of formula (I) according to claim 1, wherein the groups Rs, R; and R;¢ each
represent a methoxy group, their enantiomers and diastereoisomers, and addition salts

thereof with a pharmaceutically acceptable acid or base.

4. Compounds of formula (I) according to claim 1, wherein R4 represents a hydroxy,
20 acetyloxy or benzoyloxy group, their enantiomers and diastereoisomers, and addition salts

thereof with a pharmaceutically acceptable acid or base.

5. Compounds of formula (I) according to claim 1, wherein Rs represents a chlorine atom,
their enantiomers and diastereoisomers, and addition salts thereof with a pharmaceutically

acceptable acid or base.

25 6. Compounds of formula (I) according to claim 1, wherein Rg represents a methyl or ethyl
group, their enantiomers and diastereoisomers, and addition salts thereof with a

pharmaceutically acceptable acid or base.



or naphthyl group, - "aroyl" means an aryl carbonyl group wherein the aryl
noi ety represents a phenyl or naphthyl group, 10 their enantioners and

di astereoi soners, and addition salts thg{eof wi th a pharnaceutically
acceptabl e acid or base. 2. Conpounds of formula (I) according to claiml1,
wherein R, and R2, on the one hand, and R8 and R9, on the other hand,

t oget her, f gar ddi & (PNo) . i ng i j i S,
and addi'ti SanearE H b a0R (P RCui 6 B RO R, POl bR AT 2
base. 3. Goepaubttsoredérs faad riidseerddijonaas amdiaddition saltaittrardof wittea @harnideeutipatiyps
R3, R7 and Rio each represent a nethoxy group, their enantioners and

di ast er eoi ¥GRERARIE ALK -ti on salts thereof with a pharnmaceutically
acceptabl e acid or base. 4. Conpounds of formula (lI) according to claim1,
wherein R4 represents a hydroxy, 20 acetyloxy or benzoyl oxy group, their
enant i or8er €ompourdisagtfemadh ) mecadingrid chadilt wdweregia Rt sandt Re rtegdftherifotm an oxo
phar maceutical | y. accept abl e aci r base. 5. Conpounds of formula_.(l

accor di ng #8UR1 AMGH 1?rpa\ﬂﬁ8'in8fsn aﬂg ﬁ’é‘ﬁtte%eé’égﬁfnfrsa E‘ﬁj o?"ﬁﬂ&’natsﬁlrlﬁ t FWBfrW}th a
enant i oner snhARdc kiR PEReHEPIRRER ordask addi ti on salts thereof with a
pharmaceutically acceptable acid or base. 25 6. Conpounds of forrmula (I)
according to claiml, wherein R6 represents a nethyl or ethyl group, their
enantioners and dj astereois S, .8 itjon,salts thereof wi,th a
hanmmedat & eaPy o SR Grafl i A bL Gnas R AL RGT fUt sfepg
accor di ng hyir6¢chi o, thdieeRinfioRers & ¢iaaaiesisambisiand addidb®Rults tHegdof with a

enantioners and diastereoi somers, and addition salts thereof with a
phar naceut pl@ampgputlcally acceptable acid or base.

10
10. Compounds of formula (I) according to claim 1, having the configuration shown by
formula (T') :
@),
their enantiomers and diastereoisomers, and addition salts thereof with a pharmaceutically
15 acceptable acid or base.

11. Compounds of formula(l) according to claim 1, which are spiro[(4S,5S)-4-
(ethoxycarbonyl)-3-methoxy-2-cyclopenten-1-one-5:3(25)-2-chloro-3aS,7aS-((2,3)-1-
methylpyrrolidine)-6,7-dimethoxy-1,2,3,3a,4,7a-hexahydro-5H-inden-5-one],
spirof(4S,55)-4-hydroxy-3-methoxy-2-cyclopenten- 1-one-5:3(2S)-2-chloro-3aS,7aS-((2,3)-

20 1-ethyl-pyrrolidine)-6,7-dimethoxy-1,2,3,3a,4,7a-hexahydro-5 H-inden-5-one],

spiro[(4S,5S)-4-(ethoxycarbonyl)-3-methoxy-2-cyclopenten-1-one-5:3(2S)-2-chloro-



acceptabl e acid or base. 8. Conpounds of formula (1) according to claim1,
wherein R11 and R 2 together forman oxo 5 group, their enantioners and

di astereoi soners, and addition salts.thgfeof with a pharmaceutically
acceptabl e acid or base. 9. Conpounds of formula (lI) according to claim1,
wherein R13 and R14 each represent a hydrogen atom their enantioners and
di ast er eoi %8“% it r

acceptable§§g? gz%gqéﬂgﬂ%kb ggﬁ%%ﬁﬁggﬁgp‘?gﬁgﬂ gaﬁhﬁlggg%%%§§8}#§e% | ai m
1, having $-loacl epitdgis, 28)iohydiopyw3- rbythoi;oizmyblapQMn 1-dnbey:3(28 pdrhicvoer s and

di ast er eoi d ad tion.sa t of t h ce t | 1 15
aLceptablgiﬁgf 6?%8 Agget i@b“@B%ﬁ %&ép 6?&%4&3?ﬁ? g@ &%ﬁéﬁaﬁdéTéin1l,
whi ch are spi %Q[Il(l%s;$§§2)f(4s 58)-3,4-dimethoxy-2-cyclopenten-1-one-5: 3(2S) -2-chloro-3aS,7aS-
(et hoxycar bonyl) hoxy- 2- cycl opent én- I~ one- 5: 3(2S) - 2- chl or o- 3aS, 7aS- (( 2
3)5— 1- et (3Bpyrmethyigyrelidibe)76,didmethoxy-1 12,33 84.3a-hexahydro-5H-inden-5- one]
, 7a- hexah one
i T of (45, SR bR aTRGR 2 eye BRI S-SR 25 by 295 IR 4P as,

7as-((2, 3) l%géthylpyrrohdm _} -6,7-dimethoxy-2,3 3a 7a-tutrahydro 4H,5H-indene-4,5-dione],
1-ethyl -pyrrolidine)- di met hoxy- 1, 7a- hexahydr o- SH i nden- 5- one] ,

spi ro[ (4S, %)o{(aﬁSQétrh@ikgtsamdﬁg@pyntsn rlrexnﬁo%@gﬂ@) 8;;6@1%@@?\%?\81(0@})& gef(yps) - 2- ch
| oro 27

3aS, 7aS ( (BB AmsBOr o g b ey dord ey 2109 s PHRlES 29) e xany dr
0- o+ i ndenhydreon2lyslppeméd-4-dnb-5: 3(2S) 2 chloro-3aS,7aS-((2, 3) l-methylpyrrohdme) 6,7-

S) - 4- hydr oxy- 3- netho§§92 cyclo ten | - one- 5; 3(28)

3aS, 7aS- ((2Msfhorynlet fﬁy7rar12ﬂx? %?f%lnﬁe%rﬁr%l HBBE‘}[(‘!LR észg4élydroxy 3-methoxy-

a, 4, 7a- hexabydpQenpdd- | BAER: 25 PP8-LRH18B!3aS, 7aS-((2,3)-1-methylpyrrol
spiro[(4S,SS¥ §&2 di meth okﬁ-zpcyc opentéh-léoﬁé % 303 ¥p5“86?€?o73as 7aS 5

((2, 3) - 1- neethpky-8-thiabicyclo[2.2. 1]-1,2,3,3a,4,7a-hexahydro-5H, 6H 1ndene 5,6-dione], their
pyrrolidi ner)ant6 0n71er(§' r‘r%t r(]i(a)i}/on s’aﬁs ﬁ]'ereo’f Wit?] ql%)ﬁggl%u{lcalgl_gclcgp sble gc-:ig rc])?l)hse.

15 12. Process for the preparation of compounds of formula (I) according to claim 1, characterised

in that there is used as starting material the compound of formula (II) :

(W),

OMe

which is subjected to the action of, successively, a demethylating agent and then an
20 alkylating agent to obtain the compound of formula (I/a), a particular case of the

compounds of formula (I) :



spi ro[ (4R, 5S) - 4- hydr oxy- 3- net hoxy- 2- cycl opent en-1 - one-5: 3(2S) - 2- chl or o- 3aS,
7aS-((2,3)- 1-nethyl pyrrolidine)-6,7-di methoxy-2,3,3 a, 7a-tetrahydro-4H, 5
H-i ndene-4, 5-dione], spiro[(SS)-3-nethoxy-2- cyclopenten 1

-one-5: 3(2S) - 2- chloro 3aS, 7aS-((2, 3)-1-net hyl -

pyrrolidine)-6, 7-di met hoxy-1, 2, 3, 3a, 4, 7a- hexahydr o- 5H-i nden- 5- one] ,

spiro[ (4S,55) -4 10 R'

hydr oxy- 2- cycl opent en-| - one- 5: 3(2;5 2-chl oro-3as, 7aS- ((2, 3) - 1- et hyl pyrr ol
dine)-6,7- dinmethoxy- 1,2,3,3 a 4\/a- hgﬁahydro SH-i nden-5-0l],

spiro[ (4R, 5S) - 4- hydr oxy- 3- et hoxy-

2-cycl opent en- 1- one-5: 3(2S) - 2, ‘-dICh|O 6! 3as,

7asS-((2,3)-1- nethylpyrrolidine)-
met hoxy- 8-t hi abi cycl o[ 2. 2. 1] -1, 2,

, 7a- hexahydr o- 5H, 6H-i ndene- 5, 6- di one
], their enantioners, and addi t j ts thereof iy h a pharmaceutically
acceptabl e acid or base. 15 12. ' r the preparatlon of conpounds of
formula (1) according to claim aracterised in that there is used as
starting material the conpo .:’ vy a (I1) : Ove which is subjected to
the action of, successively, a defethyldting agent and then an 20

al kyl ati ng agent to obtain the co--ound of fornula (l1/a), a particular case
of the conpounds of formula (1) : “28 Rio wherein R 3 and R 10 each

represent @'He@lnkl@ﬁﬁnd; RQY Bac%'?@px%gen't fin a&ogﬁgtdﬂ?qna‘i R i & d88nad (dr)formyiki l(}éd h may
be subjected to the action a conpound of 5

ornula R15CHO émhereln
r epr esenthiclamay kg |suiesisg) t0| theaacrt@auéﬁ Ageamndunch efofasmuls Ri covhserinRiof

uner oi n s enis ol R Bee T3k RleahiE i BIRBY I ool B¥ b 0B B 00

al ky| gmpattieular case of the compounds of forrnula (I) :

(I/b),

wherein R';, R;7 and R’} are as defined hereinbefore and R's represents an alkyl group,

which compounds of formula (II), (I/a) or (I/b) may be subjected to the action of a
compound of formula (R;6CO),0O (wherein R represents an alkyl or aryl group) to yield

10 the compound of formula (I/c), a particular case of the compounds of formula (I) :



whi ch conmpounds of fornmula (11), (1/a) or (1/b) may be subjected to the
action of a conpound of fornula (RL6CO) 20 (wherein Ri b represents an al kyl
or aryl group) to yield 10 the conpoung, of formula (I/c), a particular
case of the conpounds of forrmula (1) : 29 Ri0 wherein R3, R7 and R 10 are
as defined hereinbefore, R6 is as defined for formula (1) and R 4
represents a hydroxy, alkylcarbomyl oxy or aryl carbonyl oxy group, or which
conmpounds of formula (11), (Fa), (I/b) or (tic) may be subjected to the
action of a 5 conpound of fornutt 15 (wherein R15 represents an al kyl
group and E represents a IeaV|ng g;* 4such as a hal ogen atomor a tosyl
(1/d) a particular case of the
wherein R 3i R6, R7 and R 10 are as
ned for fornmula (1), 10 which may be

conmpounds of formula (1) R 3)"
defined hereinbefore and R4 is as
subj ected to the action of the ce d of formul@,RL7ONH2 wherein R17
represents a hydrogen atom or '“grsgp to yiel'd the conpound of
formula (lie), a particular ca t he conpounds of forrmula (I) : 30 5 R
wherein R 3, R4, R6, R7, R 18~ re as defined hereinbefore, or which
conmpound of forrmula (I/d) may be [subjected to the action of SOC12/DVF to
obtain the conpounds of fornula;(l/f) particul ar cases of the conpounds
of formula (I)

wherein R'3, R; and R'jy are as defined hereinbefore, R¢ is as defined for formula (I) and R’y

represents a hydroxy, alkylcarbonyloxy or arylcarbonyloxy group,

or which compounds of formula (II), (I/a), (I’b) or (I/c) may be subjected to the action of a
5 compound of formula E-R;s (wherein R,s represents an alkyl group and E represents a leaving
group such as a halogen atom or a tosyl group) to yield the compound of formula (I/d), a

particular case of the compounds of formula (I) :

(I/d),

wherein R';, R¢, R7 and R'j¢ are as defined hereinbefore and Ry is as defined for formula (1),

10 which may be subjected to the action of the compound of formula R;;ONH, wherein R
represents a hydrogen atom or an alkyl group to yield the compound of formula (Ie), a

particular case of the compounds of formula (I) :



Rio wherein R3, R4, R6, R7 and R, () are as defined hereinbefore, or

whi ch conmpound of fornula (I/d) may be subjected to the action of a
reduci ng agent such as LiAJH4 to obtaig, the conpounds of fornula (1/9),
particul ar cases of the compounds of formula (1) : (I/g), 10 R' 31
wherein R4, R6, R7 and R 10 are as defined herei nbefore and the synbol

----- indicates that the bond maybe'single or double, or which conmpound of
formula (1/d), (1/e), (1/f) or (T/g) my be subjected to the action of n-
Bu3SnH in the presence of AIBN to _obtain _the conpounds of formula (I/h),
particul ar cases of 5 the conpounds offernula (1) : (1/h), wherein R4, R6
and R7 are as defined hereinbefope and “lR2, R3, R5, R8, R9, R70, Rl ,
R12, R13 and Rl14 are as defi ned fory la (1), the conmpounds of formnul ae
(I/a) to (I/h) constituting the tota of the conmpounds of the 10

i nvention, which may be purified acex gtoa conw&g}ional Separation
techni que, are converted, if desi ; 'iNthagr addition salts with a
pharmaceutically acceptable acid and are separated, where
appropriate, into their isqgg; g, t 0 a conventional separation
techni que. 13. Pharnaceuﬁbcal conposi tions’ conprising at | east one conpound
of fornmula (1) according fo 15 anygene of clains Ito | | or an addition
salt thereof with a pharnmaceutical iy ‘acceptabl e acid

wherein R'3, R4, R, R7, R'jp and R7 are as defined hereinbefore,

or which compound of formula (I/d) may be subjected to the action of SOCl,/DMF to obtain

the compounds of formula (I/f), particular cases of the compounds of formula () :

@D,

wherein R'3, R4, Rg, Ry and R'yg are as defined hereinbefore,
or which compound of formula (I/d) may be subjected to the action of a reducing agent such as

LiAlH4 to obtain the compounds of formula (I/g), particular cases of the compounds of

formula (I) :

Ig),

10



or base, in conmbination with one or nore pharmaceutically acceptable
exci pients. 14. Pharnmaceutical conpositions according to claim 13 for use
in the manufacture of mnedicanents for the treatnent of deficiencies of
menory associated with cerebral ageing and with neurodegenerative diseases
such as Al zheinmer's di sease, Parkinson's disease, 20 Pick's disease,
Kor sakoffpefeifiRSERS &R, AHRT | £8t3ldeFRRELGRRbSIRE M ihe By mBENMENL ii@fcatelthdBthe Use
of acutum ne and/ or acutum ne conpounds in obtaining pharmaceuti cal
conposi tbohmayibetsergliedr dawble, he treat ment of deficiencies of nenory
associated wth cerebral ageing and w th neurodegenerative di seases such
as Al zheimer's disease, Parkinson's disease, Pick's disease, Korsakoff's
di seaseor et Eb&ind SPRrAAM $URO@E),i (@@ od@rBHhiyabe sibjdded s the aE6AIHINAG
to claim15, of acutum ne in obtaining pharmaceutical conpositions
i nt ende®ubdnH ti ghet presenge af AéBNdefqbéan@%a wlmﬂmﬁfe%foyma@igg)maw%rtcﬁses of
cerebrakm%ggiqﬁi QdfﬁMAhﬂ(ggurodegenerative di seases such as Al zheiner's
diééase, AR TNEON S Gi’Sédse, Pick's disease, Korsakoff's disease, and
frontal |obe and subcortical denentias. 17. Use, according to claim15, of
acutum ne conpounds in obtaiging phaReaceutical 10 conpositions intended
for the treatnent of deficiericies ry associated with cerebral ageing
and with neurodegenerative di sepses SuchH as Al zhei ner's di sease,
Par ki nson's di sease, Pick's disease, Korsakoff's di sease, and frontal | obe
and subcortical denmentias. 18 Usey ording to claim15, of
spi ro[ (4S, 5S) - 4- hydr oxy- 3- net hoxy- } openten-|l-one- 5:3 (2 S)-2-chloro-3
aS,?aS—((Z,S)-l-nethyIpyrro?#s' )6, /< d %ﬁethoxy-laﬂn,S,S a, 4, 7a 15
hexahydr o- 5H-i nden-5-one] (Rig 6f ~Rg
spiro[ (4S, 5S)-4-acetyl - 3- net hox
cycl opent en- 1-one-5: 3(2S) -”3
di met hoxy- 1, 2, 3, 3a, 4, 7a- hexaRy/dg 0-
spiro[ (4S, 59) - 4- acet yl - 3- net hoxy-2- °
eycl opent en-1| -one-5: 3(2S)-2-chl oro-3aS, 7aS-((2, 3)-1-acetyl pyrrolidine)-6, 7-
di nmet hoxy-

wherein R4, Rg and Ry are as defined hereinbefore and R, R;, R3, Rs, Rg, Ro, Rig, Ry1, Ri2, Ry3

"KaS-((2,3)-1-nmethyl pyrrolidine)-6,7-
i nden- 5-one], of

and R4 are as defined for formula (I),

the compounds of formulae (I/a) to (I/h) constituting the totality of the compounds of the
10 invention, which may be purified according to a conventional separation technique, are
converted, if desired, into their addition salts with a pharmaceutically acceptable acid or base
and are separated, where appropriate, into their isomers according to a conventional separation

technique.

13. Pharmaceutical compositions comprising at least one compound of formula (I) according to
15 any one of claims 1 to 11 or an addition salt thereof with a pharmaceutically acceptable acid

or base, in combination with one or more pharmaceutically acceptable excipients.

14. Pharmaceutical compositions according to claim 13 for use in the manufacture of
medicaments for the treatment of deficiencies of memory associated with cerebral ageing
and with neurodegenerative diseases such as Alzheimer’s disease, Parkinson’s disease,

20 Pick’s disease, Korsakoff’s disease, and frontal lobe and subcortical dementias.



1,2,3,3 a, 4, 7a- hexahydr o- SH i nden-5-one], of spiro[(4S,5
S) - 4- (benzoyl oxy) - 3- net hoxy-2 20
cycl opent en- 1- one-5: 3(2S) - 2-chl oro- 3aS, 7aS- ((2, 3) - 1- et hyl pyrrol i di ne)-6, 7-
di et hoxy- 1, 2, 3, 3a, 4, 7a- hexahydr o- SH i nden- 5-one], of
spiro[ (4S, 5S) - 4- hydr oxy-cycl opentan-1| -one- 5:3

(29)-2- qblQE@oﬁ@&tdﬁ&e(a{na/o%)ac&mﬂm&y&,rﬂwmﬂh i€l bb@imfy phadmaBéhiRAY cobnposions
a, 4, 7a- hexahydro- SHi nden-5-0

|
spi r o[ (4S, B8ndad rﬁ@rdﬂlgmatznmtorﬁ@il@ﬁmzn@y% Pbpemoen agsopigked with cerebral ageing and
o ) el SR kiR it A UL R M Rinee d aflofe! BN dlsdsc, pictes

a, 4, 7a- hexa

of spi r o[ (ARs&S, Korb@TOxXiisSasbRinkidiont-lehecindpabi@ticdl dementiis3( 2S) - 2-
chIoro-3aS,7aS—((2,3)-1-nethyIpyrrolidine)-6,7-dinethoxy-1,2,3,3a,4,7a-hexa
hydr o- 5H i nden-5-one], of spiro[(4S, 5 S)-4(benzoyl oxy)-3

t hox 3 . e
chior o, 35 FASPRBTAE T umbIB, 1 1R g bt ahagyecpuice pmposiions
a, 4, 7a- hexml’eyldéd)fdﬁl-ﬂleItfed&ﬂibriﬁ-otﬁmle]iclendies of memory assoc1ated with cerebral ageing and
splro[(4S 5%% 4- acetyl cycl opent an-]| - one- gz chgoro 3aS, 7/aS 3 '
((2,3)- RYIOFgBnsTatiyF hseages Augh B8 mers élssasg arkInpgn 5 de

SH-i nden- 5dlsé%@@]Kor9£koff s disease, and frontal lobe and subcortical dementlas
spi ro[ 4S, 55) - 4-’hydr oxy- 3- met hoxy- 2- cycl opent en-1 - one-5: 3(2S) - 2-chl or 0- 3aS, 7

as-((2,3) 33

g‘;g{[‘mz.i ﬁl%negc 81;d1ng tgeglgpr% yl% of dcu&l’mlhg a(forr]nep)g)%pl dr 8 Sb%fn?rgge pharmacelltlcal

S gi or o[ 4R, SG%hﬁbshMﬂﬁ entyndddIret thexiealin@y of dpfediéRies| of @MEndry 6sdO)atelt with @E1@bRAAS, 7

((2, 3) - 1H- 3820 rRdi Wih neurpdagapstatiyg ydigeasesysuch as Adzheimany dliseasgt Paligpens one
of koff’s dj d frontal 1

spir oL( 59) LS Rt oy TSy Opan encl aneh: BoA Lo R BT AT S i di ne)

-6,7 5 di methoxy- 1,2, 3, 3a, 4, 7a- hexahydro-5Hinden-5 -one], or ofspiro

5S) - 2- ten- .| .
L(59) 24 00 B IRETYS ¢ binlcys 551 Avayva-melip e asigpentn-l-one
1, 2,3, 3a, &: i@smawmrﬁsﬁdst(oﬂgm%ambyﬂraldg@m NiigetRhar MBoelitd, zal

e

conp05|t|ons i ntended for the treatnent of i ci enci es of menory

as¥oci at ediwpRyiresrEindan-Sazel fgubrmingh of Sﬁé‘iﬁ(ﬁ@eﬁ%rﬂe?@fﬂ@@ﬂ@é&@es such as
i Zhel Ter RohBefleRa i BRI hNART0% 1, ARARES)- Phfdhh i Hifig o KAlaAaL. o
1,2,3,3a,4,7a-hexahydro-5H-inden-5-one], of spiro[(4S,5S)-4-acetyl-3-methoxy-2-
cyclopenten-1-one-5:3(2S)-2-chloro-3aS,7aS-((2,3)-1-acetylpyrrolidine)-6,7-dimethox y-
1,2,3,3a,4,7a-hexahydro-5H-inden-5-one], of spiro[(48S,5S)-4-(benzoyloxy)-3-methoxy-2-
20 cyclopenten-1-one-5:3(2S)-2-chloro-3aS,7aS-((2,3)-1-methylpyrrolidine)-6,7-dimethox y-
1,2,3,3a,4,7a-hexahydro-5H-inden-5-one], of spiro[(4S,5S)-4-hydroxy-cyclopentan-1-one-
5:3(2S)-2-chloro-3aS,7aS-((2,3)-1-methylpyrrolidine)-6,7-dimethoxy-1,2,3,3a,4,7a-
hexahydro-5H-inden-5-ol], of spiro[(4S,5S)-4-hydroxy-3-methoxy-2-cyclopenten-1-one-
5:3(2S)-3a8S,7aS-((2,3)-1-methylpyrrolidine)-6,7-dimethoxy-1,2,3,3a,4,7a-hexahydro-5 H-
25 inden-5-one], of spiro[(4R,5S)-4-hydroxy-3-methoxy-2-cyclopenten-1-one-5:3(2S)-2-
chloro-3aS,7aS-((2,3)-1-methylpyrrolidine)-6,7-dimethoxy-1,2,3,3a,4,7a-hexahydro-5 H-
inden-5-one], of spiro[(4S,5S)-4(benzoyloxy)-3-methoxy-2-cyclopenten-1-one-5:3(2S)-2-
chloro-3aS,7aS-((2,3)-1benzoylpyrrolidine)-6,7-dimethoxy-1,2,3,3a,4,7a-hexahydro-5H-
inden-5-one), of spiro[(4S,5S)-4-acetyl-cyclopentan-1-one-5:3(2S)-2-chloro-3aS,7aS-
30 ((2,3)-1-methylpyrrolidine)-6,7-dimethoxy-1,2,3,3a,4,7a-hexahydro-5 H-inden-5-one], of
spiro[48,55)-4-hydroxy-3-methoxy-2-cyclopenten-1-one-5:3(2S)-2-chloro-3aS,7aS-((2,3)-



subcortical denmentias. 19. Pharmaceutical conpositions conprising acutum ne
or an acutum ne conpound, in conbination with one or nore pharmaceutically
accept abl e excipients, for use in the j{yeatnent of deficiencies of nenory
associated with cerebral ageing and with 15 neurodegenerative di seases such
as Al zhei mer's disease, Parkinson's disease, Pick's disease, Korsakoff's

di sease, afg ffBNERL)-6IRENRNxSUDEIBE UCALh ARG J5BSinden-5-one] (acutumidine),
of spiro[4R,5S)-4-hydroxy-3-methoxy-2-cyclopenten-1-one-5:3(2S)-2-chloro-3aS,7aS-
((2,3)-1H-pyrrolidine)-6,7-dimethoxy-1,2,3,3a,4,7a-hexahydro-5H-inden-5-one], of
spiro[(5S)-2-methoxy-2-cyclopenten-1-one-5:3-3aS,7aS-((2,3)- 1 H-pyrrolidine)-6,7-

5 dimethoxy-1,2,3,3a,4,7a-hexahydro-5H-inden-5-one], or of spiro {(5S)-2-methoxy-2-
cyclopenten-1-one-5:3-2-chloro-3aS,7aS-((2,3)-1 H-pyrrolidine)-6,7-dimethoxy-
1,2,3,3a,4,7a-hexahydro-5 H-inden-5-one]

in obtaining pharmaceutical compositions intended for the treatment of deficiencies of memory
associated with cerebral ageing and with neurodegenerative diseases such as Alzheimer’s
10 disease, Parkinson’s disease, Pick’s disease, Korsakoff’s disease, and frontal lobe and

subcortical dementias.

19. Pharmaceutical compositions comprising acutumine or an acutumine compound, in
combination with one or more pharmaceutically acceptable excipients, for use in the
treatment of deficiencies of memory associated with cerebral ageing and with

15 neurodegenerative diseases such as Alzheimer’s disease, Parkinson’s disease, Pick’s

disease, Korsakoft™s disease, and frontal lobe and subcortical dementias.



