WO 03/091193 PCT/ EP03/ 03923 HYPERFORI N HALOGENATED DERI VATI VES, THE USE
THEREOF AND FORMULATI ONS CONTAI NI NG THEM FI ELD OF THE | NVENTI ON The
present iwoeawdum rel ates to hyperforin and adhyperforin Poalrpg®oseed
derivatives and the use thereof in the pharnmaceutical and/or nutritional
field, in particular in the treatnent of depression and Al zheiner's 5

di seas WQEWWW@WWEREWIVM of Hify RISE QHEREO® at um
contain of Classes oOf structurally different substances that act

di rect | Xngh PORNIEALATTONSEONEAININGETHEM System The nechani sns of
action onpounds are ITTerent and conprise anti-MAO action
(Suzuki OR et al. Planta Med., 272- 4, 1984), action on serotonin rel ease
and re-uptake (Miller W E. et al Pharmacopsychiatry, 30, 102-107, 1997)
and bengpgi 3y % TS HE KSVENTION (Coot J. M Pharnmacopsychiatry 30,108-112,
1997). Hyperforin, a floroglucin derivative, is one of the nain conponents
of 15 the |TREPNIdekent I abtdTbOf ré’fm@riwnhy?éﬁbrm uahdl awdyipsgforops; said
fraction also contains adhyperforin, a hyperforin higher honol ogue,

al t houghaliogch@tear degiagieRtr aid ofe (TeclahsRiofr i1C.the Jpharthacemicap yncdionat ry,
31, 2-6, 1998). OOH 10 R OO hyperforin: R = CH3 adhyperforin: R =
CH2CH, ViR THEN, GRRparyitula! B0MEOGeNGTHPOBABBARSion and Alzheimer's

5 disease.
TECHNOLOGICAL BACKGROUND
Flowering tops of Hypericum perforatum contain a number of classes
of structurally different substances that act directly or indirectly on the
central nervous system. The mechanisms of action of these compounds are
10  different and comprise anti-MAO action (Suzuki OR. et al. Planta Med., 272-
4, 1984), action on serotonin release and re-uptake (Muller W. E. et al
Pharmacopsychiatry, 30, 102-107, 1997) and benzodiazepine-like activity
(Coot J.M. Pharmacopsychiatry 30,108-112, 1997). |
Hyperforin, a floroglucin derivative, is one of the main components of
15  the lipophilic fraction of Hypericum perforatum flowering tops; said fraction
also contains adhyperforin, a hyperforin higher homologue, although in lower

concentration (Erdelmeier C.A.J., Pharmacopsychiatry, 31, 2-6, 1998).

hyperforin: R = CH,
adhyperforin: R = CH,CH,

CONFIRMATION COPY



2 Hyperforin has recently been the object of numerous studies that
establish its inportant role as an antidepressant (Pharnacopsychiatry, 31
Suppl . 1, WOBB/09m9IN8). Furthernore, it is recogni zed that Prlaa/EPrs/oWCE S of
Hyperi cum perforatum can be used for 4 he prophylaxis and treatnment of 5
neur odegener ati ve di seases, inter alia Al zheiner's disease (W) 9940905,

V00057707).. 0o Btk Haa! o VRRY, ek (RO EGY R ik rowal buded Mhhmor gani ¢

cations or a nium salts were “described for this purpose (W9941220). It

'S knowu g litd Ghfditd Rele BY DA f&itideprSssaer (Bhatiriablopsy chikity, sual

extraction and storage conditions; according to 97/ 13489, the hyperforin
10 cont 1 3.80: | SEhErmBEET itakis GeebpRizdt tast thel taradis eafly after
L1, 45 SO0 e iMpEoier el atets

a few we further recites that, in order to obtain

hyper f o, Bost-ahl ©erforlli@nt San abé I helddant $hé yiExipr £8& Nirestutdnigof he
whol e m]g:ygeﬁ%ﬁ%e terracti on, al|¢1)uri fication and storage). It is therefore

evi Céentnélﬂ%liegéﬁeﬂaiﬁ% idnsdaabs | iikderobliahAnghdiendrs mikeset (WQO9@80a5] on of

hyperforin pharnmaceutical fornulations 15 quite difficult. In order to
obvi at ewt9088770 .Wﬁcu@ﬁﬂﬂwﬁm{fpaﬁd%@gﬂfmm@ahymﬁ énorganseich as
the salts discl o’ysb(rad in WO 99/41220 and the hydroxy- functionalized

der i vat } ¥gend M1 2% 641388 kakb brdteahavbeddye thisprirpbye PREDIIHIZIH ed. WO

03/ 091193 PCT/ EP03/03923 3 It is noreover known (Bystrov et al., Bioorg.
Khim 1978) pthatkndvRekder iiteranideatiby Rgpédbiin isgpodidy tstabisfiarthedisuat o t he

correspondi ng octahydroderivatives, (lla and IIb) by catalytic reduction
of the E£QREEHE apddforadtatordition®, Bec®din®to WO 97/13489, the hyperforin
10  content in a St. John's Wort water-alcoholic extract falls already after a few
weeks. WO 97/13489 further recites that, in order to obtain hyperforin stable
extracts, antioxidants should be present during the whole work up (extraction,
purification and storage). It is therefore evident that the high instability of
hyperforin makes the preparation of hyperforin pharmaceutical formulations
15  quite difficult. In order to obviate to said drawback, compounds more stable
than hyperforin, sﬁch as the salts disclosed in WO 99/41220 and the hydroxy-
functionalized derivatives (WO 99/64388) cited above, have recently been

prepared.



(I'tTa: R=CH3 5 Ilb: R =CH2CH3) or into the correspondi ng
tetrahydroderivatives (11c and Ild), by reduction of the keto groups at
the 1- armObBro9pesxitions to hydroxy groups HO O R o = OHPCIrIEPN3/63923 CH3
I1d: R = CH2CH3) DETAI LED DI SCLOSURE GF THE | NVENTION 10 It has now been
found that the conpounds obtained by introducing a halogen at the

8- posi ti on oflthjppendogover &doypner(Bystrovoretr eycBiaorgdeKihvat, i Y238) tthet eof
possess anti depressant, anxiolytic and anti-neurodegenerative activities
sur pri silmgperfdnighendt hdhypgiferihorcan ded tadbfgerddrinto fife WOrf3p0adid3
PCT/ EPO3/ 03923 4 The present invention specifically relates to conpounds
of for muetahydroderRatived, (fla alIH)by cRalytic @¢d)cti@rdpRthe Rloprehe whdkr ei n X
is a halogen atom R is nethyl or ethyl and, alternatively: a) Rl is
3-nmet hylelaibut en- | -yl and oxo groups are present at the 1-

‘ (TTa: R = CH,
5 Ilb: R = CH,CH,)

or into the corresponding tetrahydroderivatives (IIc and IId), by

reduction of the keto groups at the 1- and 10- positions to hydroxy groups

(Ilc: R=CH,
IId: R = CH,CH,)

DETAILED DISCLOSURE OF THE INVENTION

10 It has now been found that the compounds obtained by introducing a
halogen at the 8-position of hyperforin, adhyperforin or reduction derivatives
thereof possess antidepressant, anxiolytic and anti-neurodegenerative

activities surprisingly higher than hyperforin and adhyperforin.

15



5 and 10- positions; b) RL is 3-nethyl-but-1-yl and oxo groups are present
at the 1- and 10- positions; c¢) RL is 3-nethyl-2-buten-I|-yl and hydroxy
groups arwomsesams at the 1- and 10- positions; 10 d) R1PC3/EP03/03923

3-net hyl -but-1-yl and hydroxy groups & e present at the 1- and 10-
positions; and the pharmaceutically acceptable salts or esters thereof. The
t er m " hal ogerflhdpresent mreersidd spedifiealdy related tgeompeluads ed fhrmnia €I ori ne,
brom ne and i odi ne, nore preferabl)y rahl ori ne and brom ne, nost 15
preferably chlorine. Mreover, forthe p?r poses of the present disclosure,
"oct ahydro” neans hyperforin or~sdmypgrforin derivatives in which RL is
3-net hyl -but-1-yl and oxo groups 3

"tetrahydro” means hyperforin ai”adhype :
3-net hyl - 2- but en- 1-yl and hydr oxy zgtio 's-oaire present at the 1 and 10

posi tions; "dodecahydro" nmeans hyp 4 'BH8|& adhyperforin derivatives in
which RL is 3-nethyl-but-1 -yl and dk oxy?2gfroups are present at the 1 and
10 positions. Preferred conmpounds aacording to the invention are the
conpounds of WO 03/091193 PCT/ EP03/ 03923 5 formula (1) in which: Xis a
chlorine or bromne atom R is nmethyl or ethyl, R is

3- met hyl - 2- butRéreln W 190 ha0¥EerJiORPSR 35 endth§P 8RbtIRf 4ME altedfishidy: Posi tions
(in the follow ng defined as® 8-chl’orohyperforin lIa, 8-chi oroad%’yperforl n

I'b, 8-bromohyper f ®j &5 BomefrltNBRAANY PAN 41 bRol Eoupsare present at the 1-

5 and 10- positions;
b) R, 1s 3-methyl-but-1-yl and oxo groups are present at the 1- and
10- positions;
c) R; is 3-methyl-2-buten-1-yl and hydroxy groups are present at
the 1- and 10- positions;
10 d) R, 1s 3-methyl-but-1-yl and hydroxy groups are present at the 1-
and 10- positions;

and the pharmaceutically acceptable salts or esters thereof.

The term “halogen” herein means fluorine or a halogen selected from
chlorine, bromine and iodine, more preferably chlorine and bromine, most

15 preferably chlorine.

Moreover, for the purposes of the present disclosure, "octahydro"
means hyperforin or adhyperforin derivatives in which R; is
3-methyl-but-1-yl and oxo groups are present at the 1 and 10 positions;
"tetrahydro" means hyperforin or adhyperforin derivatives in which R, is

20 3-methyl-2-buten-1-yl and hydroxy groups are present at the 1 and 10
positions; "dodecahydro" means hyperforin or adhyperforin derivatives in
which R; is 3-methyl-but-1-yl and hydroxy groups are present at the 1 and 10
positions,

Preferred compounds according to the invention are the compounds of



O(la: X=Cl, R=CH3 Ib: X=d, R=CHRCH3 =Rlc. X=Br, R=CH Y
= 0OIld: X=Br, R=CHCH3) Furthernore, preferred conpounds of fornula

) are twogg/onhnesein: X is a chlorine or brom ne atom RCTrEPI®03IN: or
hyl, Rl is 3-methyl-but-1-yl and oXo groups are present at the 1 and 10
positions (in the follow ng defined 10 as: 8-chl orooctahydrohyperforin |e,
8- chl or docmaky dFoad kyldehf & isna ldhloriBe mrdmomeinehytdnmhiR psretliyl digethyl,

8- br onooct ahydr oadhyperforin Ih) X o O(le: X=Cl, R=CH3 If. X =Cl, R =
CH2CH3 R lig. XBuctR@HR-b@ted-1+yl dnd &xQ @oupCHEHPreRartt atc dharl yamat dffer r ed
are 8-chl orohyperforin (1a) and 15 8-chl orooct ahydrohyperforin (le).
Conpoung®sfiofior niina (thg arfellpwépar edefinedeaatsi ng8ohlerdhyrienforimdh¥per f orin
or atetra-, octa-, dodecahydro derivative thereof with a suitable WO

03/ 091183 cRorbERgpaFoLa I Shtmyehypémgriagkn8-bmmebd adlaperfouin Hd)

N- chkor osucci ni m de or N- bronosuccini mde. Tetrahydroderivatives (lIla) and
(I'l'b) as nentioned above are qQbtained by reduction of the keto groups with
hydri des, selected for exanpl el rom 5 NaBH4, Redal (r), Vitride(r), LiAlH4.
COct ahydroderivatives (1lc) and 11d) as above nmentioned are obtained by
reduction of the isoprene siXd chains by catal ytic hydrogenation, using for

0
0
(1
et

(Ia: X=Cl,R=CH,

Ib: X =CI, R = CH,CH,
R Ie.X=Br,R=CH,

Id: X = Br, R = CH,CH,)

Furthermore, preferred compounds of formula (I) are those wherein: X
is a chlorine or bromine atom, R is methyl or ethyl, R, is 3-methyl-but-1-yl
and oxo groups are present at the 1 and 10 positions (in the following defined

10 as: 8-chlorooctahydrohyperforin Ie, 8-chlorooctahydroadhyperforin If,
8-bromooctahydrohyperforin Ig, 8-bromooctahydroadhyperforin Ih)

(Ie: X=Cl,R=CH,

If: X=Cl, R=CH,CH,
Ig. X =Br,R =CH,

Ih: X =Br, R=CH,CH,)

Particularly  preferred are 8-chlorohyperforin (Ia) and
15  8-chlorooctahydrohyperforin (Ie).
Compounds of formula (I) are prepared by reacting hyperforin,

adhyperforin or a tetra-, octa-, dodecahydro derivative thereof with a suitable



exanpl e pal |l adi um on charcoal or N ckel/Raney. Dodecahydroderivatives
(dodecahydr ohyperforin Ile and 10 dodecahydroadhyperforin I1f) HO/ R O
(He: R = wB33091193 R = CHZCH3) are obtai ned fromthe octahpdroresdivsati ves by
treatnment with hydrides as indicated6above. Dodecai droderivatives (I1le)
and (11f) are novel compounds and are also 15 part of the present

i nvent i dalogémtirgcesgetitor prefepptdpar avitbn o -cdhiherosoogimimdde of ot he N-
invention starting fromthe flowering tops of Hypericuin perforatum can be
sumar i bedmassctolitmde. The flowering tops of Hypericum perforatum can be
extracted with 20 alcohols or aliphatic ketones, either pure or in a

m xture ther ditratistdrodetizatives (Mia) angad by asupentiohed ehbove ardiabitaimed t he
resulting extract is partitioned WO 03/091193 PCT/ EP03/ 03923 7 between

n- hexandyaneduefieouy ol letoggonps avithhayduded, cetlotted fureehemaple freml uti on
is extracted with al kaline nmethanol to extract hyperforin and

adhyper NaBH,, Riedal®; Natiedd®, Bohlli.on is acidified, then treated with a
weakly basic_ion exchange resin, which selectively retains hyperforin and
5 adhyper f or iQctalmdrodarivativese{Ikeeandi (ke dibovesnrationcd mae tabdaimiedat e i s
concentrated to small volune, then diluted with water and extracted wth n-
hexane. byheedvetioneot thaisoprens sidsneing Ryeeptaly tinay drogsnatenaginghior
resulting caoncentrate is ready_ for_derjvatization. The residue is taken up
i n chl orcxagRlg padladyam: en gharcork os iNickel/Rangscti ve is added thereto,

according to th
g Dogecahydroderivatives (dodecahydrohyperforin IIe and

10 dodecahydroadhyperforin IIf)

(Ie: R = CH,
IIf: R = CH,CH,)

are obtained from the octahydroderivatives by treatment with hydrides
as indicated above.

Dodecaidroderivatives (Ile) and (IIf) are novel compounds and are also

15  part of the present invention.

The process for the preparation of the compounds of the invention
starting from the flowering tops of Hypericum perforatum can be summarized
as follows:

The flowering tops of Hypericum perforatum can be extracted with

20 alcohols or aliphatic ketones, either pure or in a mixture thereof with water or

with gas in supercritical conditions; the resulting extract is partitioned



10 procedures reported in the exanples. The present invention further
relates to the use of derivatives of formula (1) and the pharmaceutically
accept ablwogalota9dr esters thereof for the preparation offCrapozesyents for
the therapy of depression, and Al zheiffer's disease. 15 Conpounds of
formula (1), in particular 8-chloro and 8-bronmo hyperforin and 8-chloro

and 8- bbetweat hrhexds iand bqveoshewluticwst oflepiphatianslcehbbct Thd thexane
anti depressant effect of the compounds of the invention was evaluated in

t he rat sbputidie fsorexedicsad nmwithg dlksline ensdthdolngot betrpat ampterfsrin  26d
struggling, floating and swi mm ng according to what described by Cervo et
al . in bdhypeiferiimdieomythaliclddlaton2s ab9difiedT ikew trepbeddthnve vecakly

adm nistered in 3 doses: 30 mnutes after the pre-test, 5 hours and 30

m nut es baberf ofcn t bechasde Téwiny eswllichs rsepamtivedy i wetaies t dtyperfoelmwapdove
that the conpounds of the invention are nore active than parent )

hype$ f omidhypaffoyid. 0Bhe a8 iIPCEIERD 3w 1R928idi8 metimnwtnandrghkge®ateggl i ng
Floating Sm nming (sec.) (sec.) (sec.) Carrier 7.0 2.4 174.5 15.9 118.5
15.8 Chbacefiypeeds tr small t@RmME, theh. Sila@diwith Wat@land exir®gted with n-

Chl or ooct ahydrohyperforin 6.25 57.3 6.2 63.4 9.2 165.6 12.5 Hyperforin
6. 25 30héxane 6THO héxaile 30BRid islGoenDaséptammalllvolvas: and 1he gepdtiog 9. 2
98.8 7.9 The conpounds of the invention also proved particularly active
agai nst coAbehiateers wadiy sfoasteriviizationt Adier resbdus isytakeni we e gbborimpied t he
soluble, harmess formof Al zheiner Precursor Protein (APP). It is in fact
known tlsatvents and the suitable reactive is added thereto, according to the

10  procedures reported in the examples.

The present invention further relates to the use of derivatives of
formula (I) and the pharmaceutically acceptable salts or esters thereof for the
preparation of medicaments for the therapy of depression, and Alzheimer's
disease.

15 Compounds of formula (I), in particular 8-chloro and 8-bromo
hyperforin and 8-chloro and 8-bromo adhyperforin, have shown
antidepressant effect.

The antidepressant effect of the compounds of the invention was
evaluated in the rat by the forced swimming test, evaluating the parameters:

20 struggling, floating and swimming according to what described by Cervo et
al. in Neuropharmacology, 26, 14969-72, 1987. The compounds were
administered in 3 doses: 30 minutes after the pre-test, 5 hours and 30 minutes
before the test. The results reported in the table below prove that the
compounds of the invention are more active than parent hyperforin.

25



5 proteolytic cleavage of Al zheiner Precursor Protein (APP) is nedi ated
both by (3- and y-secretase, inducing an increased production of anyloid
pepti de wblosd211pmwhi ch al so plays a central role in the appeampane®2df

Al zheiner's disease), and a-secretas&, giving raise to soluble APPs which
have no pathogenic activity (Eslr WP., Wlfe MS., Science, 293, 1449-54,
2001). 10 The effect of the conpounds of the invention on the rel ease of
APPs produced—bya-secretase was vg{;uate L t&g Ctu Tur iumof] a
neur obl i‘j@ﬁﬁﬁeﬁ?” line (SH %ﬂ?ﬁgac FUB&YREo |t HEOB W(gedurgév%%'“gbled by
Galbete J.L. et al. in BiochentJ.® 348, d8¢c.313, 20005¢¥He resul®&Cheported in
t he fol %w.n tabl e show that the te:s_‘tr,z%lli 212 C()ﬁ?ﬂaéggt:!eggtg%gsﬁcret ase

- nmedi atd Hrli P_nmetabolism inducin néreas t he
cul t ur eOngeohVipeAditkn % Contrgls25100 46.9 £59Hype72drir6.296182.0 401N

he | B oORCR BB REI diZRccr o HG: 008 W bbrs 1133| BET(EPbR 08023 o

Convent%&]’@r eghni ques, for exaspl eﬁ.%o;_Qi@ tng(l)_\gggtlglfs?rgié)%dm.kgl

Reni ngtlod=“s” Phar raceutical—Sci-ences Boek—rvH Mack—Pub——N-Y.
U. S. A, |Desipranfiar m of soft-gel dt0 n |ca$83I£d2.Ghar 83 get&.2n| c@PpSut &9
tabl et s, sSuppositories; preferably the extract of the itnvention is

f or mul at ed i Theafampowedsadf the apsaritem alsoi provedtpasticulartehetive against
fornul ati ons. The dosage ranges from 10 to 100 ng per unit dose in the
usual f dghéianértmsliscadeypdue 20Ghely abilityhéo cimwreadel PPl dbsesoluble,
fornmulations, in this case the suggested dose being 200 ng per dose/daily.
Fur t her harm]esshfermoop AlrkisinoamPieeuashn Picteiar APP). It is in fact known that
5 proteolytic cleavage of Alzheimer Precursor Protein (APP) is mediated both
by B- and y-secretase, inducing an increased production of amyloid peptide
Ab1-42 (which also plays a central role in the appearance of Alzheimer's
disease), and o-secretase, giving raise to soluble APPs which have no
pathogenic activity (Eslr W.P., Wolfe M.S., Science, 293,1449-54, 2001).

10 The effect of the compounds of the invention on the release of APPs
produced by o-secretase was evaluated in the culture medium of a
neuroblastoma cell line (SH-SY5Y) according to the procedure described by
Galbete J.L. et al. in Biochem J. 348,307-313,2000.

The results reported in the following table show that the tested

15 compounds activate a-secretase — mediated APP metabolism, inducing an

increase in APPs secreted in the culture medium:

APPs %
Controls 100
10 pM Hyperforin 296
20 10 uM Chlorohyperforin 627
10 uM Chlorooctahydrohyperforin 855

The compounds of the invention can be formulated according to



t hrough the controll ed-rel ease transdermal route applying the fornulation
in 10 the proxinal area to the cerebral carotid artery derivations. The
dosages oWoO osospesnd in these formul ati ons range from 10 POTEPO3/MY2per
dose/daily. The exanpl es reported her®inbelowillustrate the invention in
greater detail. EXAMPLES 15 Exanple 1 - Preparation of chl O(lggi/perfori n.
10 kg ofofyaiRinand téctpdqaés, ber eganploeadardinmatanwhad deséribed htmol  are
extracted in a 50 L extraction plant and the nass is left to stand at room
t enper aRgffinf@m'SPhaamatbeticitSciehtenHandbepkaXadI EdoMadki Fel., NAen t he
conbi ned extracts are concentrated under vacuumto 5 kg and the concentrate
20 is ewtgact ad thet ford dofSséftofelatihexsseales] Heardr gelatin tapmrles,stabletsact ed
with nethanolic KOH until exhaustion of hyperforin and adhyperforin. This
sol uti ogyposiutasalirefetabhd the ldxraed dthtleughventivmis Yobawilated Ambeefti t e
resin, which selectively retains hyperforin and adhyperforin; the retained
prodiict geltiel ehpsilagaomn ini tontretlbdneleaaei flirmudtinns h Tieosiosage crangpsl; 25
the net ﬁanol ic eluate is concentrated under vacuum at 25C, the diluted

wat er  fifoin Hacio 80 rag tped wiit dose Haxhaaisual formwlediomnsi and op toyped Magi n. The
conbi ned organic |ayers are decolourized with 0.3%charcoal, then_ dried
over Na2S@He andtrobtiederd eateefornoulations) ithéhisvweaseGhensieggassedidose W9iE8/ 091193
PCT/ EP03/ 03923 10 After solidification the oil yields a wax (0.52 kQ)

cont ai n20§ apppex.d&@daily. Fpptheivrore, thiheonepownds icant hreadmpnistered [ of
CH2C 2 and added with 0.14 kg of N-chlorosuccini m de, under strong

stirri nghrotigh thel cantoolled-rekefase tivansdgnual seutesapplyses kbearfor PO R ¢ rj ng
at room tenperature, checking the di sappearance of hyperfori(f by TL? usi ng
sil1@a de¢ prosinesl ared to hhﬁh@ﬁm’ﬁerﬁbtcﬁwtli@éteéhd@matlons- The dosages o

compound in these formulations range from 10 to 100 mg per dose/daily.

The examples reported hereinbelow illustrate the invention in greater
detail.
EXAMPLES

15 Example 1 - Preparation of chlorohyperforin.

10 kg of flowering tops of Hypericum perforatum and 30 L of methanol
are extracted in a 50 L extraction plant and the mass is left to stand at room
temperature for 3 hrs; the extraction is repeated 3 more times, then the
combined extracts are concentrated under vacuum to 5 kg and the concentrate

20 is extracted with 3 x 5 L of n-hexane. The organic layer is extracted with
methanolic KOH until exhaustion of hyperforin and adhyperforin.

This solution is neutralized and filtered through a weakly basic
Amberlite resin, which selectively retains hyperforin and adhyperforin; the
retained product is eluted again with methanol acidified with phosphoric acid,;

25  the methanolic eluate is concentrated under vacuum at 25°C, the diluted water
and back-extracted with n-hexane until exhaustion of hyperforin.

The combined organic layers are decolourized with 0.3% charcoal, then

dried over Na,SO, and concentrated to an oil below 40°C under vacuum.



m xture as eluent (Rf hyperforin 0.20; chlorohyperforin 0.80). After
conpletion of the reaction, 3 L of water are added; the organic |ayer is
washed wiwb oBla282:03, then dried over Na2SO4. The sol vent PETAPapava ed of f,
10 the residue is chromatographed onilica gel eluting with a

n- hexane/ ethyl acetate 98:2 m xture. The fractions containing the

chl or odeyfteraddlidti fizmeionctbhreceiityiatdsda sepaf@®bt2ilyg) ¢hematingayimbri 89%0048 kg of
product which, after «crystallization from petroleumether, has the

fol | ow hgpeffenincal - physi cal and spectroscopical characteristics: [a]D + 16
(c =0.5 %42012); 15 IR vmax (KBr) 1722, 1713, 1446, 1377, 1230. 1064, 831
cml; 1H NYRe(2Q0dwis €aksBup fn 310 (off CHOL, addisdded wihh)0.14 kgofm H
5'), 2.80 (m H11), 1.18 (d, J = 7Hz, H12), 1.02 (d, J =7 Hz, H 13),

1. 06 (sN-chickéjucdndthide,munderlSirongd stisriog The sdlfition & Ot (ton sthnd 0y, 1. 66
(br s, H- 19), 1.60 (br s, H- 20), 2.05 (m H- 21), 1.65 (m H 21'),
4. 765 ( mthide-1&R)rs vhdef s2@rihg, atHoonRddmpdrafire; sheeking2tie, dBapgedranceiof 26) ,
4.96 (m H- 27), 1.63 (br s, H- 29), 1.69 (br s, H- 30), 2.60 (m H -
31), 5. hypeddrin) by3TH,C MsirBP)silida g6l (pdatesl and3d) n-lkg@nkidthyly Beatate ODC13): S
207.6, 205.4, 198.7, 195.9, 139.2, 135.0, 134.1, 131.8, 124.5, 121.8,
118.9, hiiGtwre 86 leluent 2(RE5hypesorin @207, chiprohypesfosm 50.89). 5AL®L. 6,
31.5, 28.2, 26.4, 26.1, 26.0, 25.9, 25.5, 22.2, 20.6, 18.6, )

18. 2, 18 chnfpletion 300 theStewstiohz $93,0f59mt¢nvang dddedyothe3gyganig e@yen 165

[ 2MrNa+] (32, 28). The same chromat ographi c separation also affords,

t oget herwashetl with Mo $€)-0thawdricd eeT/ RS o3brssabens it exppetsied 016549 kg
of chl or oadhyperforin having the follow ng chem cal -physical and

spetdr odbopesiduecisachrerspiagrapked 'on- KiVRa( gob elningyith) a2 whexane/gthyd (44,
in, H18, H23, H28 H 33), 2,23, 3.09 (2-H, dd, J=_13.4, 8.4 Hz,

CH2- 32) acgtab® 931 myxtgep- Jihe fractions containing the chloroderivative are

concentrated separately, thereby obtaining 0.48 kg of product which, after
crystallization from petroleum ether, has the following chemical-physical and
spectroscopical characteristics: [a]p + 16 (¢ = 0.5 CH,Cl,);
15 IR v (KBr) 1722, 1713, 1446, 1377, 1230. 1064, 831 cm™;
'TH-NMR (300 MHz CDCl,): 1.41 (m, H-4), 2.16 (m, H-5), 1.70 (m, H-
5", 2.80 (m, H-11), 1.18 (d, J = 7Hz, H-12), 1.02 (d, J = 7 Hz, H-13), 1.06 (s,
H-14), 2.01 (m, H-15), 1.06 (m, H - 15"), 5.03 (m H - 17), 1.66 (br s, H - 19),
1.60 (br s, H - 20), 2.05 (m, H - 21), 1.65 (m, H- 21"), 4.76 (m, H -22), 1.66
20 (s, H-24), 1.52 (s, H - 25), 3.18 (s, H -26), 4.96 (m, H - 27), 1.63 (br s, H -
29), 1.69 (br s, H - 30), 2.60 (m, H - 31), 5.17 (dd, J 13.6, H -32), 1.66 (s, H -
35).
3C-NMR (75 MHz CDCl,): & 207.6, 205.4, 198.7, 195.9, 139.2, 135.0,
134.1, 131.8, 124.5, 121.8, 118.9, 116.8, 85.1, 67.2, 65.1, 56.2, 45.7, 40.1,
25 38.5, 37.5, 31.6, 31.5, 28.2, 26.4, 26.1, 26.0, 25.9, 25.5, 22.2, 20.6, 18.6,
18.2, 18.1,17.9, 13.9.
ESIMS m/z 593, 595 [M+Na*] (100. 38), 1163, 1165 [2M+Na'] (32, 28).

The same chromatographic separation also affords, together with the



5 2.80-1.42 (10H, in, H4, H11, CH2-5, CH2-16, CH2-17, CH2-22), 1.82-1.55
(27H, s, CH3-20, CH3-21, CH3-25, CH3-26, CH3-29, CH3-30. CH3-31, CH3-35,
CH3-36), wo2Y0¢Bb d, J = 6.6 Hz, CH3- 14) 0.87 (3H, d, JPETAEPE3 /63?23
CH3-13), 1.07 (3H, s, CH3-15). 13C-N I\/h (75 MHz CDC13): S 206.9, 205.4,
198.7, 196.7, 139.2, 135.0. 10 134.1, 131.9, 124.5, 121.8, 118.9, 116. 8 :
85.1, 6mbRyessomp@mdz, 045t kgisof7 chlamaghyperiorirgthaing1ils; fedlosyvings. 2,
26.4, 26.1, 26.0, 25.9, 25.5, 18.6, 18.2, 18.1,18.0. 16.8,13.9,11.6. ESIM
m z 607 chepdcpivphesical a0d speatrosaopical ahayaciepiohings] (21, 20). Exanple 2 -
Preparation qf oct ah dro%ﬁerforl n di cycl ohexyl ammoni um 15 salt 50 g of
hyperforin obHaNMR écQQ) ACPE 1yt 5 28p4}r7t5eéH nmEﬁrthL &-23, H*@gd&sol ved
in 500 m of eth acetate in the presence of 5% pal | adi um on

char coal33ng- %%/ﬂgdl?evﬁ&tféd a0 S0 4 Bz dioddss 20 (BH an, CHhndTnat al yst
is filtered off, the hetero-acetic solutjion is concentrated to 20 dryness
undef vac8dmh-4Ad 10hE PosicheHr Kl nC&boﬁ,vgéierGn%éﬁeCHm%Z)sol B2rbAS i s
added with a stoichionetric anmount of dicyclohexylan ne, thereb obt ai ni ng
Surfici 6aTHy Sel GEL40 whktahl (GHr2sn 6Hx¥o doMoehokindOsattl-8B g of

oct ahydr ohyperforin dicycl ghexyl anmmonium salt are obt | ned havi ng t he

fol | ow sﬁéet@%s‘c i dadl :PIHFQE:EIGT i0s6 itts: CHs-174), (MR (3 - 5
3.03 (2 2.10-1.76 (20H, CH2-DCHA ,
1. 70- g %{qdﬁm 11(}3&4{‘%48 )CHZ 5, CHe- 15, (CHZ 1|6,n CH2- 17, 0342-21,

G620, Oo. 34C-RMRAGS @'ﬂ%z %é?cuﬁ*égﬁé@a%@?éfcﬁp%%@éﬁ@£39.%'ﬁé%éo.so,
Sﬁgﬁéli 11%21_?1,3?51.91, 11294.5, 1%.§,6H8.9; 1163 ?'855.1?679:'36_51&; 5%'.423,’4%5’.)7; 45(.)7,91 (3H,
452, 37.5, 31.6, 31.5, 28.5, 28.2, 26.4, 26.1, 26.0. 25.9, 25.5, 18.6, 18.2,

18.1, 18.0. 16.8, 13.9, 11.6.
ESIMS m/z 607, 609 [M+Na*] (100, 34), 1191, 1193 [2M+Na*] (21, 20).

Example 2 - Preparation of octahvdrohyperforin dicyclohexylammonium

15 salt
50 g of hyperforin obtained according to what reported in Example 1
are dissolved in 500 ml of ethyl acetate in the presence of 2 g of 5%
palladium on charcoal and hydrogenated until complete hydrogen absorption.
The catalyst is filtered off, the hetero-acetic solution is concentrated to

20 dryness under vacuum and the residue is dissolved in n-hexane. The solution
is added with a stoichiometric amount of dicyclohexylamine, thereby
obtaining sufficiently selective crystallization of the corresponding salt.

62 g of octahydrohyperforin dicyclohexylammonium salt are obtained,
having the following spectroscopical characteristics:

25 '"H-NMR (300 MHz CDCL): & 3.03 (2H, m, CH-DCHA), 2.55-2.30.
2.10-1.76 (20H, m, CH,-DCHA), 1.70-1.10 (22H, m, H-4, H-11, CH,-5,
CH,-15, CH,-16, CH,-17, CH,-21, CH,-22, CH,-26, CH,-27, CH,-31,
CH,-32), 0.97-0.83 (24H, d, CH;-19, CH,-20, CH;-24, CH,-25, CH;-29,



13C-NMR (75 MHz CDC13): 8 213.1, 211.1, 186.3, 183.6, 119.0, 82.5, 60.8,
53.5, 47.5, 44.2, 41.3, 41.0, 40.9, 38.2, 38.1, 37.8, 33.8, 31.0, 30.7, 5
30.0, 29.wp 0289893 28.3, 27.9, 27.1, 25.4, 25.1, 24.9, 23.PCTAP0R03928. 1,
22.9, 22.8, 22.7, 22.5, 13.7. ESIMS A2z 567 [ M+Na+] (100), 1111 [2M+Na+]
(91). Exanple 3 - Preparation of chlorooctahydrohyperforin A solution of
10 g ofCHi 05| OHgx34,a@TRr8 I 1ot ahyidr (hipek, flori aat Bz, iGH§A 25 Cls- 199t hyl ene
chloride is added with 1.89 g of N-chlorosuccinimde 10 and the m xture is
| eft urglen (3H,rs, iGHd,fld). 30 min. The organic phase is added with 60 m of
wat er, washed with a Na2S203 saturated solution, then dried over Na2SO4,
after concernff€aNMR (75 MHreSPGlhe & 838 dylils1puBbil,eBDh, 418i0,i &h5, gel
colum, eluting the desired conpound with an ethyl acetate/hexane 95:5
mi xut ur@).8THS .5 e4dl5, Ag.%,r4k8| dis0ar0.BvApa:, ad®d, 39 .8r pAeks31d,0-din the
15 desired conpound as white powder which, after recrystallization from
met 5anc3(.0yi2d.ds 28.8728.3f2 28| A7l d@bi4alfve Wadi 2g.8ha3thl 23vli. ng2.9,
spectroscopi cal characteristics: 1H NWR 300 Mz CDClS%: 6_3.04-1.04 (22H,
in, H 4228 22,7,0GR55]13. CESIMS a5 6] 1710621 bll. (2’| (Blp- 26,
CH2-27, CH2-31, 20 CH2-32), 1.05-0.83 (24H, d, CH3-19, CH3-20, CH3-24,
CH3- 25, Egamle.3 cRieparatipn- cfzchlorgogmhydrohyperfoxin 6H, d, J = 6.6 Hz,
CH3-12, CH3-13), 1-03 (3H s, CH3-14). 13C NMWR (75 Mz 13) . 8 207.6,
205.1, 199.3A d¢ist®n of.19, gs dicychahstylssmeoniyen potawy drohypeniormate 33 1,
37.8, 34.8, 33.5, 31.3, 30.7, 29.0. 25 28.8, 28.2, 27, (i) 24.8, ,23.0. 22.9,
22.8, 2 §0 mbof methylenozhloridy is addad vithd).R8 gm0t Nehlomsgcemiruds ( 100.
38), 1179, 1181 [2MrNa+] (62, 48). W) 03/091193 PCT/ EPQ3/ 83923 é&ﬁ%xanpl e
4 -10Pr eprad 4he onixdaral i tefhnpdenriipdng dor 30 minp Theprgants phasee iy ni um
oct ahydr ohyperforinate (MW . ) )

with 60 ml of water, washéd with a Na,S,0; saturated solution, then dried

over Na,SO,; after concentration to dryness the residue is purified on a silica
gel column, eluting the desired compound with an ethyl acetate/hexane 95:5
mixuture. The resulting fractions are evaporated to dryness to obtain the
15 desired compound as white powder which, after recrystallization from
methanol, yields 627 g of chloro derivative having the following
spectroscopical characteristics:
'H-NMR (300 MHz CDCly): & 3.04-1.04 (22H, m, H-4, H-11, CH,-5,
CH,-15, CH,-16, CH,-17, CH,-21, CH,-22, CH,-26, CH,-27, CH,-31,
20 CH,-32), 1.05-0.83 (24H, d, CH,-19, CH,-20, CH;-24, CH;-25, CH;-29,
CH,-30, CH,-34, CH,-35), 1.19, 1.03 (6H, d, J = 6.6 Hz, CH;-12, CH;-13),
1-03 (3H, s, CH;-14).
BC-NMR (75 MHz CDCl,): 8 207.6, 205.1, 199.3, 195.8, 84.9, 68.7,
64.5, 56.8, 46.1, 43.3, 40.2, 39.9, 38.1, 37.8, 34.8, 33.5, 31.3, 30.7, 29.0.
25 28.8,28.2,27.0.24.8,23.0.22.9,22.8,22.7,22.5,22.4,22.1, 20.6, 14.2.
ESIMS m/z 601, 603 [M-+Na'] (100. 38), 1179, 1181 [2M+Na'] (62, 48).



716; 2,41 mmol) are dissolved in 20 m of THE under magnetic stirring; the
solution is added with a strong excess (3.5 g) of LiIAIH4 (0.092 nol). The 5
progress wh olegipraction is nonitored by TLC (el uent petr @cCampozoises / Et OAC
9:1 Rip=0O 6; Rfa=0.6; Rfc=0.52; RfdiB.18). After ten minutes the reaction
is conpleted. The reactive excess is destroyed according to what described
in  exapphmple /b Prepaiatibhoft dedédabrydrokypreforint i | t ered and the residue
is 10 thoroughly washed with ethyl acetate. The solution is evaporated to
dryness, thej7eagt igh dicydehésyldigaonived ootab§dnohygferfetinatee (MY het / et hy!
ethyl 3:1 and the solution is placed in a 150 nl separatory funnel. The
or gani c7 phageli mmuhsheddisbsleedtin®s mi off THF suderrnegaetid stimingutbequent | y
with brine. The aqueous phase is renoved, the organic one is dried over
Na2SO4 ggldtibh fondédsd raitkda tserotpyersass (thé gesllLiAdgl pt®882t mod).plike i ed by
colum chronatography on 75 g of silica gel, eluting the desired conpound
Wi ths  ppidgabsyarehbaciaidy lis asatitsreddsy TLO.(elupnéfpedralevahytheslitbbhe orin
are obtained, having the follow ng physical -physical and spectroscopical
char act erl Rifpe6.6;RIEMS; Rfe=642; [Rid+0. V). osftentcromirursabe3restos is 14
CLAIMS 1. Conpounds of formula (1) x RLO$ O 10 RIL RQHAQH CHRL
completed.

The reactive excess is destroyed according to what described in
example 3. The semisolid reaction mixture is filtered and the residue 1is
10  thoroughly washed with ethyl acetate. The solution is evaporated to dryness,
the reaction crude is dissolved in 15 ml of petroleum ether/ethyl ethyl 3:1 and
the solution is placed in a 150 ml separatory funnel. The organic phase 18
washed three times with 2N sulfuric acid and subsequently with brine. The
aqueous phase is removed, the organic one is dried over Na,SO, and
15 concentrated to dryness. The resulting product is purified by column
chromatography on 75 g of silica gel, eluting the desired compound with
petroleum ether/ethyl acetate 99:1. 0.9 g of dodecahydrohyperforin are
obtained, having the following physical-physical and spectroscopical
characteristics:

20 EIMS m/z 548 [M]".



RL (I 5 wherein Xis a halogen atom R is nethyl or ethyl and,

alternatively: a) RL is 3-nethyl-2-buten-1-yl and oxo groups are present at

the |- amobBro9pesitions; b) RL is 3-methyl-but-1-yl and ®Xo/EPoe39e3 ar e

present at the 1- and 10- positions;140 ¢) Rl is 3-nethyl-2-buten-1-yl and

hydr oxy groups are present at the 1- and 10- positions; d) Rl is

3- met hydL.Autvig- yI and hydroxy groups are present at the |- and 10-

positions; and the pharmaceutically acceptable salts or esters thereof. 15

2. Conpounds as clained in claiml1l wherein Xis chlorine or bromne. 3.

Conmpounds as claimed in claim1 wherein X is chlorine. 4. A conpound

sel ected fragomposhlioodfypauto(@n (1a), 8-chloroadhyperforin (1b),

8- bronohyperforin (lc), 8-bronmpadhyperforin (1d) WO 03/091193

PCT/ EP03/ 03923 15 X OOR Y00 la: X = R=CH3 Ib: X=d, R=

CH2CH3 Ic. X =Br, R=CH3 Id:i>% 2~

8- chl or ooct ahydr ohyperforin (le), | @oqct ahydr oadhyperforin (1),
—

R1

5 wherein X is a halogen atom, R is methyl or ethyl and, alternatively:
a) R, is 3-methyl-2-buten-1-yl and oxo groups are present at the 1-
and 10- positions;
b) R, is 3-methyl-but-1-yl and oxo groups are present at the 1- and 10-
positions;
10 ¢) R, is 3-methyl-2-buten-1-yl and hydroxy groups are present at the
1- and 10- positions;
d) R; is 3-methyl-but-1-yl and hydroxy groups are present at the 1-
and 10- positions;

and the pharmaceutically acceptable salts or esters thereof.

15 2. Compounds as claimed in claim 1 wherein X is chlorine or bromine.
3. Compounds as claimed in claim 1 wherein X is chlorine.
4. A compound selected from:

8-chlorohyperforin (Ia), 8-chloroadhyperforin (Ib), 8-bromohyperforin
(Ic), 8-bromoadhyperforin (Id) ‘



8- br onoboct ahydr ohyperforin (l1g), 8-bronpoctahydroadhyperforin (Ih) X Oo0o R
O(le: X=d, R=CHBIf. X=C, R=CHCH3 1g. X=Br, R=CH3 |h: X =
Br, R = CMAGBI8Y11%3 5. Conpounds according to any one of cl ®CFEPL3/d39%2Dr use
as nedi canent. 6. The use of the coffounds of any one of clains 1-4 for
the preparation of nedicanents for t herapy of depression, and

Al zhei mer' s di sease. 7. Pharmaceutical] conpositions containing a conpound

of any one of clains 1-4 in mxture with suitable excipients or carriers.
10

(Ta: X=CIl,R=CH,

Ib: X =Cl, R = CH,CH,
Ic. X=Br,R=CH,

1d: X =Br, R =CH,CH,)

8-chlorooctahydrohyperforin (Ie), 8-chlorooctahydroadhyperforin (If),
8-bromooctahydrohyperforin (Ig), 8-bromooctahydroadhyperforin (Ih)

(Ie: X=Cl,R=CH,

If: X = Cl, R = CH,CH,
Ig. X =Br, R=CH,

Th: X = Br, R = CH,CH,)

5 5. Compounds according to any one of claims 1-4 for use as medicament.
6. The use of the compounds of any one of claims 1-4 for the preparation
of medicaments for the therapy of depression, and Alzheimer's disease.

7. Pharmaceutical compositions containing a compound of any one of
claims 1-4 in mixture with suitable excipients or carriers.

10



