WO 03/091194 PCT/ EPO3/ 04100 HYPERFORI N DERI VATI VES, THE USE THEREOF AND
FORMULATI ONS CONTAI NI NG THEM FI ELD OF THE | NVENTI ON The present invention
rel at es twohwperbori n and adhyperforin derivatives and tRE€TEPe3/04160 eof in
t he pharmaceutical and/or nutritional field, in particular in the
treatnment of depression and Al zheinmer's disease. 5 TECHNOLOG CAL BACKGROUND
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in the treatment of depressmn and Alzheimer's disease.

5 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 different
and comprise anti-MAO action (Suzuki OR. et al. Planta Med., 272-4, 1984),
10 action on serotonih 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
the lipophilic fraction of Hypericum perforatum flowering tops; said fraction
15 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,
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WO 03/091194 PCT/ EP0O3/ 04100 2 Hyperforin has recently been the object of
nunmerous studies that establish its inportant role as an anti depressant
(Phar macogeysipapsy, 31 Suppl.l, 1-60. 1998). Furt her nor @CTIHP03/64100
recogni zed that the extracts of Hypericum perforatum can be used for the
prophyl axis and treatnment of 5 neurcddegenerative di seases, inter alia

Al zhei mer' s di sease (WD) 9940905, W0057707). In particular, hyperforin and
adhyper f or i Hysdrfarini hhas i reoentyi beewathicowdjest gimprmerPysl 1 digsr dhafescri bed
for this purpose (W9941220). It is known fromliterature that hyperforin

i s poordsyabiishblits impbhiantiside asxar astidepressani (Bhagaacepwiamasy; 3dccor di ng
to WO 97/13489, the hyperforin 10 content in a St. John's Wrt

wat er - Supgid),i ¢-Gxt 1898).f Aurtheamasadyit afst spcegriaad wihats thaysxgrgeis e
further recites that, in order to obtain hyperforjin stable extract
ant i oxiKpperscwhoperfobetup esamtbed wsedgfarnghenpspehikais und drgatment oft
purification and st_orage). t is therefore evident that E‘Rle Bi %B

i nsSabiddurydegendrgtiee f diseasesakiner heior Alghedmess disadypek VEP99#0905,
pharmaceutical fornulations 15 quite difficult. In, orﬁer t'O}hObVi ate to said
dr anbacW,0 QPN ddn marticutaaphapetihain agpadhyperforyysalts yvifhinrgapic

di scl osed in WO 99/41220 and the hydrlg%g- functi onal Iﬁ& ?eri &gﬁ)l ves (WO
99/ 64388tiavist @hmbwnaurhsalis weee Aeseyireefor tgiSeB‘a%&? 9%94eelbver known
(Bystrov et al., Bioorg. Khim 1978) that . 20 .hyperforin.and adhyperforin
can be transltas dmwmtfmmﬂéte&ﬂlf@§b@n@¥?f§f°%ﬁtlétﬂﬂi}rg‘ﬂé E}%Stlp\;gg usbial

oct ahydrohyperforin (1a) and octahydroadhype ri D cai | ytic
reducti @ﬁrmthmendmeccmcaaoaﬁaa?&o%mg? 5’@1@2/ H(tﬁlﬁq}zﬁbél 6%“}/%

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 prepafation of hyperforin pharmaceutical formulations

15 quite difficult. In order to obviate to said drawback, compounds more stable

than hyperforin, such as the salts disclosed in WO 99/41220 and the hydroxy-

functionalized derivatives (WO 99/64388) cited above, have recently been
prepared.

It is moreover known (Bystrov et al., Bioorg. Khim, 1978) that

20 hyperforin and adhyperforin can be transformed into the corresponding

octahydroderivatives, octahydrohyperforin (Ia) and octahydroadhyperforin

(Ib), by catalytic reduction of the isoprene side chains



HOOR O=0(la: R=CH3 Ib: R= CHZCH3) or into the correspondi ng
tetrahydroderivatives, tetrahydrohyperforin (lc) and

t et rahydrwedbgppasforin (1d), by reduction of the keto gromp3/ERD3/04100 | - and
10- positions to hydroxy groups with,etal hydrides. 5 HOo R O = CH (lc:
R=CH Id: R= CHZCH3) DETAILED DI§CLCSURE OF THE I NVENTION It has now
been found that hyperforin and adhyperftqri'n derivatives obtainable by
reduction of all double bonds of the isdprene chains and/or by 10
reduction of the keto groups at the 1- and 10- positions to hydroxy groups
not only have high stability, but al so|possess antidepressant, anxiolytic
and anti- neuro degenerative acti ¥Ptj A prisingly higher than hyperforin
and adhyperforin. Cbject of the pres ention is therefore the use of
hyperforin and WO 03/091194 P i : A~adhyperforin derivatives of
formula (1) Rl

(Ia:R=CH,
Ib: R=CH,CH,)

or into the corresponding tetrahydroderivatives, tetrahydrohyperforin
(Ic) and tetrahydroadhyperforin (Id), by reduction of the keto groups at the 1-

and 10- positions to hydroxy groups with metal hydrides.

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

DETAILED DISCLOSURE OF THE INVENTION
It has now been found that hyperforin and adhyperforin derivatives
obtainable by reduction of all double bonds of the isoprene chains and/or by
10 reduction of the keto groups at the 1- and 10- positions to hydroxy groups not
only have high stability, but also possess antidepressant, anxiolytic and anti-
neurodegenerative activities surprisingly higher than hyperforin and
adhyperforin.

Object of the present invention is therefore the use of hyperforin and



R20 0 10 RR QHO(H CHZRL Rl (lI) in which Ris nethyl or ethyl, R2 is
hydrogen, a pharmaceutically 5 acceptable inorganic or organic base cation
or a strawgtw/oarnobranched C2-C5 acyl residue, and in whi ecT/ERbY/enoatively:
a) Rl is 3-methyl-but-1-yl and oxo gr4oups are present at the 1- and 10-
positions; b) Rl is 3-nethyl-2-buten-1-yl and hydroxy groups are present
at the 1- and 10- positions; 10 ¢) RlL is 3-nethyl-but-1-y1 and hydroxy
groups adkyperferintdeaivatheslof fonmul®(I)posi tions. for the preparation of

medi caments, in particular for the preparation of nedicanents for the
treatnment of depression and Al zheime;'s disease. Preferred conpounds of
formula (1) as defined at a) thdse ip which 15 R2 is hydrogen, in the
foll owi ng defined octahydrohypéris #1a) yand octahydroadhyperforin (Ib):
HOOR O0=0(las R=CH3 Ib: R WO 03/ 091194 PCT/ EPO3/ 04100

in which R is methyl or ethyl, R, is hydrogen, a pharmaceutically
5 acceptable inorganic or organic base cation or a straight or branched C,-Cs
acyl'residue, and in which, alternatively: |
a) R, is 3-methyl-but-1-yl and oxo groups are present at the 1- and 10- positions;
b) Rl‘ is 3-methyl-2-buten-1-yl and hydroxy groups are present at the 1- and 10-
positions;
10 c¢) R; is 3-methyl-but-1-yl and hydroxy groups are present at the 1- and 10-
positions.
for the preparation of medicaments, in particular for the preparation of
medicaments for the treatment of depression and Alzheimer's disease.
Preferred compounds of formula (I) as defined at a) are those in which
15 R, is hydrogen, in the following defined octahydrohyperforin (Ia) and
octahydroadhyperforin (Ib):

(Ta: R = CH,
Tb: R = CH,CH,)



5 Preferred conpounds of forrmula (I) as defined at b) are those in which
R2 is hydrogen (in the follow ng defined tetrahydrohyperforin Ic and
tetrahydrwedbgppasforin 1d), tetrahydrohyperforin (Ic) bei mgTmpes/oqneferred:
HOOR O=CH(lc: R=CH3 51d: R :SCHZCHB) Preferred conpounds of fornula
(I') as defined at c) are those in which R2 is hydrogen (in the follow ng
defi ned dodecahydrohyperforin | e and dodecahydroadhyperforin If),.
dodecahydr ohPpsefefred coripelndof drmuR (Ipras- dadikngd af ?03/ rre-tiepgy owihieh: R =
CH2CH3 Further preferred conpounds of fornula (I% as defipned at a) are
those i R, whi hjidR&ens (int Baeinfolloorvialgy dledingse rtetransidrohymentaran| Ic | andind

oct ahydr oadhyperforin lithiumsalt 1h), octahydrohyperforin |ithium salt
(1g) testratipdioedlypsedforindd)) tfrabaidnohynrrfonyn 1oy baiag mestaeteriad,

PCT/ EPO3/ 04100 6 Li 4ni R (lg: R=CH3 Ih: R =CH2CH3) Further preferred
conpounds of formula (1) as defined at~a@)-are those in

(ic: R=CH,
5 Id: R = CH,CH,)

Preferred compounds of formula (I) as defined at c) are those in which
R2 is hydrogen (in the following defined dodecahydrohyperforin Ie and
dodecahydroadhyperforin If), dodecahydrohyperforin (Ie):

(Tle): R = CH,
(if): R = CH,CH,

10

Further preferred compounds of formula (I) as defined at a) are those in
which R, is lithium (octahydrohyperforin lithium salt Ig and
octahydroadhyperforin lithium salt Ih), octahydrohyperforin lithium salt (1g)

tetrahydrohyperforin (I¢) being most preferred:



which R2 ' is acetyl (acetyloctahydrohyperforin i and 5

acet yl oct ahydr oadhyperforin 11), acetyl octahydrohyperforin (1i)

t et rahydrwbypesfiosin (1 c) being nost preferred: 0 "-k4:: PRI/EROSD41DG : R =
CH3 11: R = CH2CH3) Dodecahydrohyperéorln (le), dodecahydroadhyperforin
(If), acetyloctahydrohyperforin (li)" and acetyl octahydroadhyperforin (I1)
are novel 10 conpounds and are also part of the present invention. The
conpounds of formula (la) and (1b) are.obtained through reduction of the

i soprene side chains by catal ytic hydrogenation, using for exanple

pal | adi um on charcoal or N ckel/Raney. Ahe conpounds of formula (lc) and
(1d) are obtained by reduction of WD 0@8/091194 PCT/ EP03/04100 7 the keto
groups at the 1- and 10- positiuﬁso i /Jnrides sel ected for exanple
from NaBH4, Redal (r), V‘trlde(r) ~THe conpounds of formula (le) and
(If) are obtained by reducing opr ene side chains and then the
keto groups at the 1- and 10- acébrdlng to what descri bed
above. Compounds of fornula (I R2 is an inorganic or organi c base
cation or an acyl residue, can be preppr from conpounds of formula (1) in
which R2 is hydrogen by salification g rification with conventional

(Ig: R=CH,
Ih: R = CH,CH,)

Further preferred compounds of formula (I) as defined at a) are those in

which R, = is acetyl (acetyloctahydrohyperforin Ti and

5 acetyloctahydroadhyperforin 1), acetyloctahydrohyperforin (Ii)
tetrahydrohyperforin (I¢) being most preferred:

(li: R = CH,
I: R = CH,CH,)

Dodecahydrohyperforin (Xe), dodecahydroadhyperforin (If),
acetyloctahydrohyperforin (Ii) and acetyloctahydroadhyperforin (II) are novel
10 compounds and are also part of the present invention.
The compounds of formula (Ia) and (Ib) are obtained through reduction
of the isoprene side chains by catalytic hydrogenation, using for example
palladium on charcoal or Nickel/Raney.

The compounds of formula (Ic) and (Id) are obtained by reduction of



met hods. 10 The process for the preparation of the conpounds of the

I nvention starting fromthe flowering tops of Hypericum perforatum can be
sumari zewo 0a991f1ed | ows: The fl owering tops of Hypericum pecir@ray/mmecan be
extracted with alcohols or aliphatic,ketones, either pure or in a mxture
thereof with water or 15 with gas in supercritical conditions; the
resulting extract is partitioned between n-hexane and aqueous sol utjons of
al i phat ithe Xletolzobsps Fhthenbxamé 10s pogitians withdxrdradesegelgcted dpnaxamaple

met hanol to extract hyperforin_and adhyperforin. The methanolic solution
i s aci diﬂrd)mdNaBlHa;r,lRaréh SV¥itvideR,, 2108kl y basic i on exchange resin, which
sel ectively retains hyperforin and 20 adhyperforin. The resin is ut ed
with acidic rEbdhanoipamdstafefamedle) and E)emerab@dn%bézn%ﬂdrﬁ% H8t then
diluted with water and back-extracted with n-hexape. The_ hexane, sol ution
i s conceheriabpreneosideattaivebodehandheHestorgroups iah ghe orrceid rlfr PsitipRudy f or
derivatization. The residue is taken up in chlorinated solvents and the
sui t bl eaqueading/te whatdesstihadealkas. according to the 25 procedures

reported in the exanples. The conyounds_ of the inventiqn have shogn
ant i depr essantomfploseds ofifersnilodd) & avhishde ihapHBOFZANIH\OTt HFENYHT OB

swimm ng test, evaluating the paraneters: struggling, floatin d.
swi mi ngeatappdiangaeyd nmedued@@@rb%@aenﬁred@r@@/ Wfl?gllnﬁtﬂféiaﬁ@@/“gﬁigb ng

Cervo et al. in Neuropharnmacol ogy, 26, 14969-72, 1987. The conpounds.were

adni ni stwhégh iR, 3sdbyeérogezo byi ﬁ@{@aﬁpﬂeprt gierifisatign wi rI}s%‘lﬁlr‘?c!ila‘éo

m nutes before the test. The results reported in the table bel ow prove

t hat t hemedtrgsounds of the invention are nore active than parent

hypelrof orin. 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

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

15 with gas in supercritical conditions; the resulting extract is partitioned
between n-hexane and aqueous solutions of aliphatic alcohols. The hexane
solution is extracted with alkaline methanol to extract hyperforin and
adhyperforin. The methanolic solution is acidified, then treated with a weakly
basic ion exchange resin, which selectively retains hyperforin and

20 adhyperforin. The resin is eluted with acidic methanol and the eluate is
concentrated to small volume, then diluted with water and back-extracted with
n-hexane. The hexane solution is concentrated to small volume and the
resulting concentrate is ready for derivatization. The residue is taken up in
chlorinated solvents and the suitable reactive is added thereto, according to the

25 procedures reported in the examples.

The (;ompounds of the invention have shown antidepressant effect,

which was evaluated in the rat by the forced swimming test, evaluating the

parameters: struggling, floating and swimming according to what described by



5 Struggling Floating Swinm ng Treatnent ng/Kg (sec.) (sec.) (sec.)
Carrier 7.0 2.4 174.5 15.9 118.5 15.8 OCctahydrohyperforin lithiumsalt
6.25 63. IWb.08/0%Q96 11.3 177.4 14.9 Tetrahydrohyperfori RCO/EPB3/GUON 4.1
68.4 7.6 193.4 13.2 Dodecahydrohypgrforin 6.25 62.13 5.1 55.1 6.2
169.5 10.1 Acetyloctahydrohyperforih 6.25 73.9 5.9 68.4 5.7 171.9 11.4
Hyperforin 6.25 30.4 4.6 60.4 7.3 99.3 10.6 Desipramn 10 148.3 12.6
53.0 9.Cer98.4 al 7irONEheomlenpmcodegnf2 6, Het9icAvElt 1 987 .al s cpmppaaids aratiecul ar | y
active against Alzheiner's disease, due to their ability to increase APPs,
t he sol wdneinistberdnire3 sidses N80 fmidlutéreafier ther prastesty 5 brooreiand(3APRinutes is in
fact known that proteolytic cleavage of Al zheiner Precursor Protein (APP)

i s nedi atedoredbahb fddtbyTHeSresmlds yeepocted: disethei rablei byglew preveatdet! the
production of amyloid peptide Abl-42 (which also plays a central role in

t he appeanammendsfofhenavention ardinsesastiveahdn pagent byperdorigi vi ng raise to
sol ugl e APPs whi ch have no pathogenic activity (Eslr WP., Wlfe MS.,

Sci ence,[ 293, 1449-54, 2001). The efflect of thg conmpounds jof the |nvention
on the rlel ease of APPs 15 produced |bytrageking ot abloating e\ aSWinuning, |t he

cul ture |da@atmedt a neur obl asP&haBgel | (Line (|SH agcor ding to it he
procedurle_described hy Galbete J | (SLB 3 (_&jﬁﬁm 1 3/13*‘%%7 313, 2000.
The results reported in the follow ng l.e sho t €
03/ 09119 qﬁm}' EP03/ 04100 %8& f4 %ig% 1§B flegsg %dlglp
Octahydrohyperforin
lithium salt 6.25 63.1+58 | 59.5+11.3 | 177.4+ 149
Tetrahydrohyperforin 6.25 514+£4.1 684+76 | 193.4+£13.2

Dodecahydrohyperforin 6.25 | 62.13+£5.1 | 551%x62 | 169.5+10.1

Acetyloctahydrohyperforin  6.25 | 73.9+59 | 684+£5.7 |171.9+114

Hyperforin 6.25 | 304+46 | 604+73 | 99.3+10.6

Desipramin 10 [1483+12.6| 53.0+9.2 98.8+79

The compounds of the invention also proved particularly active against
Alzheimer's disease, due to their ability to increase APPs, the soluble,
harmless form of Alzheimer Precursor Protein (APP). It is in fact known that
proteolytic cleavage of Alzheimer Precursor Protein (APP) is mediated both

10 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).

The effect of the compounds of the invention on the release of APPs

15 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



9 conpounds activate a-secretase - nedi ated APP netabolism inducing an

i ncrease in APPs secreted in the culture medium APPs % Controls 100 5 10
M Hyper f owDre329894 10 M Cct ahydr ohyperforin Lithium Salt 1283/EPa804¥ho
Tetrahydrohyperforin 926 10 M Dodec%hydrohyperfori n 879 10 M

Acetyl oct ahydrohyperforin 954 10 The “conpounds of the invention can be
formul ated according to conventional techniques, for exanple according to
what degenipoeeids nactRelte ngt errstaRhar mediatdde sAPBemetatesistan dbvdokng Xan | Ed.
Mack Pub., N Y., US A in the formof soft-gelatin capsules, hard-gelatin
capsul esncreatd it APPsssppatsdtinnthesultprefredablny t he extract of the invention
Is fornmulated in soft 15 gelatin capsules or in controlled-rel ease

fornul ati ons. The dosage ranges from 10 to 100AR®sp¥r unit dose in the
usual fornulations and up to 200 ng in the controlled-rel ease

f or nul atGemeolsi n this case the suggested dose bEdthg 200 ny per dose/daily.
Furt hernore, the conpounds can be adm ni stered through the

cont § ol l1€@duveHgpsefortansder mal route applying t#& fornulation in the
proximal 20 area to the cerebral carotid artery derivations. The dosages of
conpound 0i pM Oloteey drohypéfoiiodsithimmy8altr om 10 tb38H0 ny per dose/daily. The

exanpl es reported hereinbelow illustrate the invention in greater detail.
EXAVPLES O 28 Extrahydrohyperfapar at i on of hyperf or920
10 uM Dodecahydrohyperforin 879
10 uM Acetyloctahydrohyperforin 954
10 The compounds of the invention can be formulated according to

conventional techniques, for example according to what described in
Remington's Pharmaceutical Sciences Handbook, XVII Ed. Mack Pub., N.Y.,
U.S.A, in the form of soft-gelatin capsules, hard-gelatin capsules, tablets,
suppositories; preferably the extract of the invention is formulated in soft-
15 gelatin capsules or in controlled-release formulations. The dosage ranges from
10 to 100 mg per unit dose in the usual formulations and up to 200 mg in the
controlled-release formulations, in this case the suggested dose being 200 mg
per dose/daily. Furthermore, the compounds can be administered through the
controlled-release transdermal route applying the formulation in the proximal
20 area to the cerebral carotid artery derivations. The dosages of compound in
these formulations range from 10 to 100 mg per dose/daily.
The examples reported hereinbelow illustrate the invention in greater
detail.
EXAMPLES

25 Example 1 — Preparation of hyperforin

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



10 kg of flowering tops of Hypericum perforatumand 30 L of nethanol are
extracted in a 50 L extraction plant and the mass is left to stand at room
t enper at WO 0B0911%4 hrs; the extraction is repeated 3 nore PCEEPI3/041e0 t he
conmbi ned WO 03/091194 PCT/ EPO3/ 04100 léo extracts are concentrated under
vacuumto 5 kg and the concentrate is éextracted with 3 x 5 L of hexane.
The wat er - net hanol solution is discarded, while the hexane one is

back- ext extracts avd tonegntakéd madéravaguupkeM)S kgtand eheanraentateors exiyaséed orin
and adhyperforin. 5 This solution is neutralized and filtered through a
weakly bwithc3 Antfed} iofehexansi Thewnatsirmethenel selufioneisadissardggerytila thaind
adhyperforin; the retained product is eluted again with methanol acidified
wi th phobptaoei enends dhackirxtragtachavith abkadi methane deQEbnuntl eghamdien 9hcuum
at 25C, the diluted water and back-extracted with n-hexane until
exhaust i bypesforaf ang pdhyparforin.10 The combi ned organic |ayers are

o ars of ThesewiRuCismsalizeguind Affgied UBPHANT CAPADH PRECoRGRTES a wax
bt ahycr BbeREE RS EIEr S asBs e b 4 pSTEG OB e PR
O, 5 Wb VBl s hERRAT S B Gl p e
o npeSamii RIS s AeY SRCEY JHOLR Mo VBRI Tl due
oS A e SRR TSP L ST
°f ys{éa 1 zatl %ﬂeogorﬁgﬁledcgrtgaﬁfy Pargfcei}sngresgelzédlourized with 0.3% charcoal, then

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

solidification the oil yelds a wax (0.52 kg) containing approx. 90% of

hyperforin.

Example 2 -Preparation of octahydrohyperforin dicyclohexylammonium salt

15 50 g of hyperforin obtained as described 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 solution is concentrated to dryness under vacuum and the residue is
dissolved in n-hexane. The solution is added with a stoichiometric amount of

20 dicyclohexylamine, to obtain a sufficiently selective crystallization of the
corresponding salt.

62 g of octahydrohyperforin dicyclohexylammonium salt are obtained,

having the following spectroscopical characteristics:

'H-NMR (300 MHz CDCL): & 3.03 (2H, m, CH-DCHA), 2.55-2.30,

25 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, CH3-20, CH;-24, CH;-25, CH3-29, CH;,-30, CHs-34, CHa-35),
1.19, 1.12 (6H, d, J = 6.5 Hz, CH,-12, CH;-13), 0.91 (3H, s, CH;-14).



62 g of octahydrohyperforin dicycl ohexyl amoni um salt are obtained, having
the foll owi ng spectroscopi cal characteristics: 1H NVR (300 MHz CDC13): 8

3. 03 (2Hwom3/0OHYDCHA) , 2.55-2.30, 25 2.10-1.76 (20H, m PCHEPDEHHAY(
1.70-1.10 (22H, in, H4, H11l, CH2-5, ;gH2-15, CH2-16, CH2-17, CH2-21,

CHz2- 22, CH2-26, CHz2-27, CH2-31, CHz2- 3% 0.97-0.83 (24H, d, CH3-19,

B B e b el
éégso 3?@%& 30657) 43733534@ 473541 @44§DC 83, 541 %7 &0%33 3. 02%%3% 31&%37 8
23.5, 23294,28.8,2%3,37. 922278il %ﬁ 35 ézz%9 g5723%?}7s @2%@%5{54\%
Eé??éhyd&%]ﬁybér? gﬁlii}fM )/Zoﬁ?%fggw%ﬁ (ﬁop&ﬂ/\fﬁi %c}g?nﬂ (grlé di ssolved in 20

m of THZunder nt| Stll’ t esolutlonls added with Li AIH4 in
strony eExample;3 nPrepagation ogress of the reaction is

noni t or ed yTL el uent o . r/ Et QAc,9: Aft m t th
reaction is P%‘ffg np@éz‘gz %qug %E&b%ﬁotl‘é fngﬁgF e
wei ght) is added to destro

th h
exother nTBEEHEr LS R RGN L RN
ev r at t.o .t d h fil
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Na,S,0,410H,0 supported on Celite (3:1 by weight) is added to destroy

the reactive excess: the reaction is highly exothermic, therefore it should be
cooled with ice. Part of the solvent evaporates due to the developed heat. The
mixture is filtered through Celite and the filtrate is washed three times with 20
15 ml of AcOEt. The solution is placed in a 150 ml round-bottom necked flask
and the solvent is evaporated off completely.
The resulting mixture is purified by column chromatography, using a
200 ml column packed with 100 ml of silica gel and petroleum ether/EtOAc
95:5 as eluent mixture. Eluate fractions of approx. 20 ml are collected and the
20 content is checked by TLC (petroleum ether/EtOAc 9:1). The more abundant
product (1.5 g), crystallized from methanol has the following spectroscopical
properties:
'H-NMR (300 MHz CDCls): & 5.11 (1H, m, H-22), 5.00 (3H, m, H-17,
H-27, H-32), 3.11 (1H, dd, J = 14.0, 7.4 Hz, CH,-26), 2.92 (1H, dd, J = 14.0,
25 7.0 Hz, CH,-26), 2.50-1.35 (12H, m, H-4, H-11, CH;,-5, CH,-15, CH,-16,
CH,-21, CH,-31), 1.80-1.52 (24H, s, CH;-19, CH;-20, CH3-24, CHj3-25,
CH;-29, CH;3-30, CH3-34, CH;-35), 1.19-0.95 (9H, d, CH;-12, CHs-13, CH;-14).
BC-NMR (75 MHz CDCl3): & 200.5, 174.3, 134.1, 132.6, 131.2 130.6,



200 mM colum packed with 100 m of silica gel and petrol eum et her/Et OAc
95:5 as eluent m xture. Eluate fractions of approx. 20 ml are collected and
t he 20 cowDa@nw9i1g4 checked by TLC (petrol eum et her/ Et OAc 9PCY/EPISI@t1nDr €
abundant product (1.5 g), crystal I| 28 from met hanol has the follow ng
spectroscopical properties: 1H NWVR (300 Mz CDC13) 8 5.11 (1H in, H22),
5.00 (3H, in, H17, H27, H32), 3.11 (1H, dd, J = 14.0, 7.4 Hz CH- 26) ,

2.92 (1hps5dl, 1939, 1RN6, 129.5. D1%#, TH2; 6)1, 2950-37.25 3(015H32+& 3134, W11,
CH2- 5, CHZlS CHZlG CHZZl CH2-31), 1.80-1.52 (24H, s, CH3-19, CH3-20,

CH3- 24, 30H8-2R], 26103239, XH3; 28,1, 3141393200@8335)8 1,1171§,d)5£65 (9H, d, CH3-12,
CH3- 13, CH3- 14). 13C NWR (75 VHz CDC13) Hg 174.3, 134, 1, 132.6,
131.2 130. 6, BADMBH91103 [M}Eﬁqgﬂoam@u[wr 5(3), 103 [b+N22 (82)-120. 5,
119.4, 79.2, 73.1, 39.6, 37.2, 30.5, 32.8, 31.3, 30.2, 26.1, 26.0, 25.8,
23.5, 2¥xample 9,- Peephratibd f a8tahydrpad rfori alt103 [ 2MrNa+]
(100), H+] (25), 563 [MrNa+] (12). Exanple 4 - Preparatlo of

oct afydr oadhylgeg fodft oa:tahydmhqueswrm ﬁm&lgh@tyl@mmmwr@ ﬁ?Be@rﬁo? ugpd on

di cycl ohexyl ammoni um salt are eluted on an acidic resin (Dowex 50X8, 300
g) Wit h agORcitic etsime(Dawek. SAXSNB0Q gf wide Gy arlonl; pegthareh b8l Biodi ned,
whi ch are added with 0.8745 g of Li OH nonohydrate dissolved :Q? WaQI?I The
m xt ur e desaleuiphypeeorinoady phésned.o whibk e qcidedlvgtfbfo $7ﬁ1|§1 del®Hhpavi ng
the foll ow ng spectroscopical 10 characteristjcs: 1H-N 280 VHz CDC13):
8 1. 93- moAolpdite idissalvad in watecHThs, mixpyze 115 CMRIEES @4 IYAeSEHP. 21,
CHz2- 22, CH2-26, CH2-27, CH2-31, CH2-32), 1.00- is (24H, d, CH3-19,

CH3- 20, duf@'mz411,@|-113-g5,ofc|l|ghggp cal- havmg the following spectroscopical

10  characteristics:
IH-NMR (300 MHz CDCls): § 1.93-1.00 (22H, m, H-4, H-11, CH,-5,
CH,-15, CH,-16, CH,-17, CHy-21, CH,-22, CH,-26, CHy-27, CH,-31,
CH,-32), 1.00-0.80 (24H, d, CH;-19, CH;-20, CH;-24, CH;-25, CH;-29, CHs-
30, CH;-34, CH;-35), 1.20, 1.06 (6H, d, J = 6.3 Hz, CH3-12, CH;-13), 0.91
15 (3H, s, CHs-14).
BC.NMR (75 MHz CDCls): § 211.4, 191.3, 184.6, 82.7, 61.5, 51.3,
47.7,41.5, 40.5, 38.2,37.9, 37.7, 33.9, 30.5, 29.6, 28.7, 28.3, 28.1, 27.1, 23.3,
23.1,23.0,22.8,22.7, 22.4, 22.0, 14.0.
ESIMS m/z 551 [M+H'] (100), 557 [M+Li*] (40), 1102 [2M+H'] (71),
20 1108 [M+Li'] (75).

Example 5 - Preparation of dodecahydrohyperforin.

1.72 g of dicyclohexylammonium octahydrohyperforinate (M.W.=1716;

2,41 mmol) are dissolved in 20 ml of THF, under magnetic stirring; the

solution is added with a strong excess (3.5 g) of LiAlH; (M.W.= 38; 0.092

25 mol). The progress of the reaction is monitored by TLC (eluent petroleum
ether/EtOAc 9:1). After ten minutes the reaction is completed.

The reactive excess is destroyed as described in example 5. The mixture

is filtered and the residue is thoroughly washed with ethyl acetate. The



30, CH3-34, CH3-35), 1.20, 1.06 (6H, d, J = 6.3 Hz, CH3-12, CH3-13), 0.91
15 (3H, s, CH3-14). 13C-NWR (75 MHz CDC13): 8 211.4, 191.3, 184.6, 82.7,
61.5, 51.8003471194 41.5, 40.5, 38.2, 37.9, 37.7, 33.9, 30PEI/EP93/641028. 7,
28.3, 28.1, 27.1, 23.3, 23.1, 23.0, .8, 22.7, 22.4, 22.0, 14.0. ESI M5
mz 551 [ MtH+] (100), 557 [ MtLi +] (405, 1102 [2M+H+] (71), 20 1108 [ MtLi +]
(75). Exanple 5 - Preparation of dodecahydrohyperforin. 1.72 g of
di cycl ohsyiytianmis névapoosted yddymeper ther teaatien(dvide is didwilve in1l Sl 9f ar e
dissolved in 20 m of THF, under magnetic stirring; the solution is added
wWith a spetoolguexcethsr/ethyd ghheof 3L Attdd thil Wlutisd; i9. glage@simul )1.50Thel
progress of the reaction is nonitored by TLC (el uent petroleum ether/Et QAc
9:1). Af$eparhieny nffunntbsThdergarctploseiis woshgdtlude times nedb (AN sudfiress i s
destroyed as described in exanple 5. The mxture is filtered and the
resi due asidtdmt sulsdelquenty hveidh birite. Sitreyaquametsaplase Thalivrded Ohe1ouganic
PCT/ EPO3/ 04100 13 solution is evaporated to dryness, the reaction crude is
di ssd vedné s dfiedovet NSO odmlioortdnsrated iy ldrpndssr The resmldingheroghictiis on i s
placed in a 150 nl separatory funnel. The organic phase is washed three -
times wiptrifidshy tohimn cirbohatograpbyseyTéng lof silich geli elaitinphtheadesised phase
is discarded, the organic 5 one is dried over Na2SO4 and concentrated to
dryness. cdimponadul twitly ppettobtums epharidthgl bycetatieumPX%hr on®Pogréaph9fon 75
g of silica gel, eluting the desired conpound with petroleum ether/ethyl
acet at e dodacahydgolyypsdrfonindatsatoptiaivkgpdraving nthgr Eoldowing etnecsropicehe
foll ow ng spectroscopical characteristics:

characteristics:

10 EIMS m/z 548 [M]".

Example 6 - Preparation of acetyloctahydrohyperforin.

300 mg of acetylhyperforin (M.W.=578; 0.52 mmol) are dissolved in 3
ml of MeOH in a two-necked round-bottom flask, then the catalyst (5% Pd on
charcoal) is added. The reaction is monitored by TLC (petroleum ether/EtOAc
15 95:5 Rfp=0.43; Rfa=0.52). After four hours the reaction is completed. The
catalyst is filtered off through a layer of Celite, then methanol is evaporated
off.
The reaction product is purified by column chromatography on 30 g of
silica gel, eluting with a petroleum ether/ethyl acetate 9:1 mixture.
20  Crystallization from methanol affords 150 mg of the desired compound having
the following spectroscopical characteristics:

EIMS m/z 586 [M]" .



10 EIMS mz 548 [M+. Exanple 6 - Preparation of acetyl octahydrohyperforin.
300 ng of acetyl hyperforin (MW=578; 0.52 nmmmol) are dissolved in 3 ml of
MeOH i n awbwadsEdeked round-bottom fl ask, then the catal ystPCrE¥IPa100n
charcoal) is added. The reaction is 1 41i tored by TLC (petrol eum et her/ Et OAc
15 95:5 Rfp=0.43; Rfa=0.52). After fo hours the reaction is conpl eted.
The catalyst is filtered off through a |layer of Celite, then nethanol is
evapor at€HAIMS. The reaction product is purified by colum chromatography
on 30 g of silica gel, eluting, with a petroleumether/ethyl acetate 9:1
m xture. 20 Crystallization from nethanol affords 150 ng of the desired
conmpound having the follow ng spectroscopical characteristics: EIMS mz
586 [M 4. WO Hgpadartiasndcrdinpesfoa derivatives af fmulaglder f ori n and
adhyperforin derivatives of formula (1) RIL R20 01 10 RR O(HO(H CH2
R R 5 (1) inwiich Ris nethyl ok, ethyl, R2 is hydrogen, a

phar maceutical |y R,0

in which R is methyl or ethyl, R, is hydrogen, a pharmaceutically
acceptable inorganic or organic base cation or a straight or branched C,-Cs
acyl residue, and in which, alternatively:
a) R; is 3-methyl-but-1-yl and oxo groups are present at the 1- and
10 10- positions;
b) R, is 3-methyl-2-buten-1-yl and hydroxy groups are present at
the 1- and 10- positions;
c) R, is 3-methyl-but-1-yl and hydroxy groups are present at the 1-
and 10- positions;
15 for use as medicaments.
2. Derivatives as claimed in claim 1 for the preparation of medicaments
for use in the treatment of depression and Alzheimer's disease.
3. Derivatives as claimed in claims 1 or 2 in which R; is hydrogen.
4. Derivatives as claimed in claims 1 or 2 in which Ry is lithium, R; is 3-
20 methyl-but-1-yl and oxo groups are present at the 1- and 10- positions.
5. Derivative as claimed in claim 4 in which R is methyl.
6. Derivatives as claimed in claims 1 or 2 in which R is acetyl, Ry is 3-
methyl-but-1-yl and oxo groups are present at the 1- and 10- positions.

7. Derivative as claimed in claim 6 in which R is methyl.



accept abl e i norganic or organic base cation or a straight or branched C2-C5
acyl residue, and in which, alternatively: a) RLis 3 -nmethyl-but-1-yl and
0X0 groupwoOasmpsesent at the 1- and 10 10- positions; bPCREP0304100

3-net hyl - 2-buten-1-yl and hydr oxy grﬁgps are present at the 1- and 10-
positions; c) Rl is 3-nethyl-but-1-yF~and hydroxy groups are present at the
| - and 10- positions; 15 for use as nedi canents. 2. Derivatives as clai ned
in claign 1l fRrcosouidselesatddoftons: nedi canents for use in the treatnent of
depression and Al'zheiner's disease. 3. Derivatives as clained in clains 1
or 2 in whi cibdR@ahgdfotdiegtorin 4. DEe),vat i detecabydteddhyperforin ai mélf, or 2 in
which R2 is |ithium is 3- 20 nethyl-but-1-yl and oxo groups _are present
at the 1- angbetPlochasidrohpperforinidh) vad avetylsctehmdrpdhypesioain{ld)-i n whi ch R
is nethyl. 6. rivatives as clainmed in clains 1 or 2 in which R2 is

acetyl ,9Rl i Bh@mattubichl bompbsitiomncontrming shpsompoymdssainglaith 4-he 1- and
10- positions. 7. Derivative as clained in claim6 in which Ris nethyl. WO
03/ 0391194 PCT/ EPO3/ 04100 15 8. A conpound sel ected from

dodecahydr ohyperforin (le), dodecahydroadhyperforin (If),

acetyl oct ahydrohyperforin (Ih) and acetyl octahydroadhyperforin (li). 9.

Phar maceuti cal conpositions containing the conpounds of claim4. 5



