WO 2008/155534PCT/GB2008/002067 NEUROSTEROID COMPOUNDS FIELD OF THE INVENTION
5 This invention pertains to neurosteroid compounds including spiro neurosteroid analogues without
endocrine ¥idHEBitWith strong anti-apoptotic, neuroprotective and neurBJeRR2p¥PEIIES, and their
use in treating, preventing or ameliorating the symptoms of neuro-degenerative diseases, including,
but not limited to, Alzheimer's 10disease, Parkinson's disease, Huntington's disease, multiple sclerosis

and amyotrophic lateral sclerosis ( tw neration detachment, and for the alleviation of
benign forgetfulness and the memmg% @f’grﬁﬁ%ﬁ entia or in connection with
neurodegenerative diseases. As a non-limiting example, the direct effect of the steroid compounds on
the nervous system is presented. Additional 15 indications of these neurosteroid compounds are the

treatment of neuropathy and in particular peripheral neuropathy caused by genetic abnormalities and
other conditiGNE LA DESTHAD ERSEEPOIDOMErpes AIDS, chemotherapy, brain trauma, or ischemia and
stroke. 20 BACKGROUND OF THE INVENTION The term neurodegeneration is used herein to refer
to the progressive loss of nerve cells, occurring in aging and in neurodegenerative disorders,

comprising bﬁ‘hﬁsﬁm@iﬂhnmieéﬁmﬁdzh@mﬁjﬁe@ﬁrkmﬁpmdé@wbiﬁﬁm@mmo%@idﬁs (ALS),
tonsdrsea e, and |ns roke, head and rnal trauma Nature Rev. Moe,

Multiple Sclerosis and H
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of neurons inaditorete gneaoitie dyaindOhtieperiphesahnepvessraalgsinguaebditatingtsymptoms such

as dememia’symptoms of neuro-degenerative diseases, including, but not limited to, Alzheimer's

10 disease, Parkinson's disease, Huntington's disease, multiple sclerosis and amyotrophic
lateral sclerosis (ALS), retinal degeneration and detachment, and for the alieviatien of
benign forgetfulness and the memory impairment seen in senile dementia or in
connection with neurodegenerative diseases, As a non~ﬁmiting exampie, the direct
-effect of the steroid compounds on the nervous system is presented, Additional

15  indications of these neurosteroid compounds are the treatment of neuropathy and in
particular peripheral neuropathy caused by genetic abnormalities and other conditions
such as diabetes, polio, herpes AIDS, chemotherapy, brain trauma, or ischemia and

stroke.

20
BACKGROUND OF THE INVENTION

The term neurodegeneration is used herein to refer to the progressive loss of
nerve cells, occurring in aging and in heurodegeneraﬁve disorders, comprising but

25  not limited fo Alzheimer’s, Parkinson’s, Amyotrophic Lateral Sclerosis (ALS),
Multiple Sclerosis and Huntington’s disease, and in stroke, head and spinal trauma
{Nature Rev. Mol Cell. Biol, 1, 120 (2000)). Primarily, these discases are
characterized by chronic and progressive loss of neurons in discrete areas of the
brain or the peripheral nerves, causing debilitating symptoms such as dementia,

30 loss of memory, loss of sensory or motor capability, decreased overall quality of
life and well-being, disability, and eventually, premature death. For most

neurodegenerative diseases, currently there is little or no treatment; at best,



30loss of memory, loss of sensory or motor capability, decreased overall quality of life and well-being,
disability, and eventually, premature death. For most neurodegenerative diseases currently there is
little or no Wé’a%ﬁ‘f%?f’%%est WO 2008/155534PCT/GB2008/002067 2 trE&tHeRte ¥ ¥ iptomatic in
nature and do not prevent or slow the progression of disease. The term neuronal cell death by
apoptosis is used herein to refer to the ‘end-point' 56f many human neurological disorders, including
but not limited to Alzheimer's, P%rkln onsa dH @%% ton's diseases, stroke/trauma, mult le and

amyotrophic Igf"eeﬁtgf%ﬁe%%@m FOREL )N ﬁ\rp%ﬁ% e&@ﬁﬂ%ﬂ%ﬁ campal and

cortical neurogis¢sseesponsible for the symptoms of Alzheimer's disease; death of midbrain neurons
that use the neurotransmitter dopamine underlies Parkinson's 10disease; Huntington's disease
involves the death of neurons in the striatum, which control body movements; and death of lower

motor neuron@maﬁﬁe&&a&mr@@tb H@tagai;ﬁ@kisasiﬁsé&l@&tiﬁnaﬂwelﬁéﬁtn 'tﬁ@hem@@imd trauma
i st ol STk o aes. yioh en propailes neoral ool Kes by popiosis oo
15cell loss is alshinhseswad iiitenggeindibeasas ﬁr@l&h}i&@d@giﬁﬁltﬁﬂ@@%ﬁ@ﬁ@ﬁmcnatural
dehycroepian NGRS (OHEAN o IGER g e e oErE BIGSECKSh A8 A teroc Nail
Acad Sc! USAunbeetfi8al ((298)3.iPresiotisible for the symptoms of Alzheimer's disease; death of

midbrain neurons that use the neurotransmitter dopamine underlies Parkinson's

10 disease; Hunfington's disease involves the death of neurons in the striatum, which

coniro] body movements; and death of lower motor neurons manifests as amyotrophic

lateral sclerosis, Additionally, brain ischemia and trauvma induce necrosis of a small

brain area, which then propagates neuronal cell loss by apoptosis to a larger brain

area, due to the neurotoxic material released by the necrotic cells. Apoptotic neuronal

15 cell loss is also observed in the ageing brain, as a physiclogical process.

The term natural neurosteroids is used herein to refer to molecules with the
cholesterol backbone such as dehydroepiandrosterone (DHEA), or allopregnanolone,
which are produced in the brain (Proc Natl Acad Sci US4 95, 4089 (1998)). Previous
20  studies have shown that these endogenous, naturally occurring neurosteroids may
protect neurons against cell apoptosis induced by neurotrophic factor deprivation
{(Proc Natl Acad Sci USA 101, 8209 (2004)). The neuroprotective, antiapoptotic
effects of these neurosteroids occur at very low, nanomolar concentrations (1 nM),
and are mediated by activation of specific membrane receptors and the subsequent .
25  production of anti-apoptotic Bel-2 protéins (FASEB J 26,577 (2006)), Furthermore,
these natural neurosteroids at nanomolar concentrations stimulate the secretion and

production of neuroprotective dopamine (Endocrinology 146, 3309 (2005)).

The adult ceniral nervous system (CNS) is classically known as 2 structure with very
30  limited regenerative capacity. However, several pathological conditions, e.g. ischemia,

epilepsy and trauma, have been shown to upregulate neural stem cell activity in the sub-

ventricular zone and the dentate gyrus, ‘These findings suggest that signals are present

throughout the adult brain, which zﬂlow limited neuronal regeneration to occur. This



20 studies have shown-that these endogenous, naturally occurring neurosteroids may protect neurons
against cell apoptosis induced by neurotrophic factor deprivation (Proc Nail Acad Sci USA 101, 8209
(2004)). THENESpRORctive, antiapoptotic effects of these neurosteroids BES(frBtY&RPI8W, nanomolar
concentrations (1 riM), and are mediated by activation of specific membrane receptors and the
subsequent 25 production of anti-apoptotic Bel-2 proteins (FASEB T20,577 (2006)). Furthermore,
these natural \%?u osteroidG at nanomolar concentrations stimulate the secretion and production of
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is classically kreatieas & Stivaiiiye siithoverhSehlsnitadsaaeneratMreaparibntawe e several
pathological cqnditions, e.g. ischemia, epilepsy, and trau e been shown to upregulate neural
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are present thimughboithe astitbraimouhiskialiowdinntas peurenalireeasRation Iaceu This 3
view on neurodegeneration and the brain's regenerative

E:L;r;)iiri?; i/llr?ggb?ﬁf&fg%% @%ﬁf‘@r Bhdglagrsrs Lpetife pai Breas. Two naturally occurring

neurosteroids (DHEA and allopregnanolone) have recently been shown to induce neurogenesis in

various experiTientalknodefiscReoediatbAcRd &Sebhkian A0kod8: 62004 andhskNurosci 25, 4706

(2005)). The lack oﬁ effective freatment for devastating neurodegenerative diseases has stimulated

great interest RS HEVSTSBMBISTDE i tho Prorl s HhB LR IR Uar S foneAr b g RE)i@Ssive loss
of neural funcionrteagingrtessesigs dMpairment ans deains 10 Thesadsanausiainad neegdior the

development af.new. compounds for .neural cell protection, repair and rescue, targeting neural cell
apoptos:g@ndoé%?ﬁ@%ﬁgp%gwg%éﬁgﬁe ! Tgﬁt‘éﬁ‘éﬁﬁ@%gt@f&% LR B pEsb &l important
neuroprotectiveratcinalrogeniaprepariastierismandinalivponaipermenialaymals. However,
naturally occurriﬂg neurosteroids gre metabalised in humans into estrogens, 15 androgens or

progestins whith SXaH geher AU SHE PSR R EhHoeiHe SRAssSFERP aHet deg -

hormone-depgmdextineaplasias ferdnpieertensogrinalndl b (2000 NxfeHsbmitingithgis. clinical use.
GB 1,079,840,1966) discloses 3/9-hydroxy-17-spirqoxyranyhandrost-5-ene as an 20intermediate in
the synthesis 0 Ocvg?éfh %%%?g?és%f)ﬁacc one & HEB%SQP&@? gg‘?é@%&ﬁ CPIEF YIS GRS PES!90-epoxy
steroids &hd methogsforrtheippriduetionh d&ilg2eeneyt iddimptmansi@sirbrends efdt) and

L7120 e poxy o e A R P DS R 2 BB S, S, 21, 1 (2000, thus

limiting their clinical use.

GB 1,079,840 (1966) discloses 38-hydroxy-17-spirooxyranyl-androst-5-ene as an

20 intermediate in the synthesis of certain steroidal lactone compounds.

US 3,320,242 (1967) discloses 178,20-epoxy steroids and methods for their
“production. 178,20-epoxy-17a-methylandrost-5-en-38-0l (1) and 174,20-epoxy-17a-
methylandrost-4-en-3-one (2) are specificaily claimed. | ‘
25

US 3,300,489 (1967) discloses steroidal C-17 spirolactones and processes and

30  intermediates used in the preparation thereof, Compounds 3 and 4 below are

disclosed as intermediates,



25 US 3,300,489 (1967) discloses steroidal C-17 spirolactones and processes and 30intermediates
used in the preparation thereof. Compounds 3 and 4 below are disclosed as inteonediates. WO
2008/155538P8%/EBFB08/002067 4 34 wherein X is a single C-C bond el fFEHMRHEYroup. 5US
3,413,288 (1968) and US 3,506,652 disclose a process for the production of steroidal C-17
spirolactones using as an intermediate a steroidal epdc)xide compound having the formula

o)

HO
3 4

wherein X is a single C-C bond or a methylene group.

5 US 3,413,288 (1968) and US 3,506,652 disclose a process for the production of
steroidal C-17 spirolactones using as an intermediate a steroidal epoxide compound
having the formula

: .

o

10 wherein Y represents a single bond when W is a hydroxyl group.

US 3,365,475 (1968) discloses a process for the preparation of 17¢-(3’-hydroxy-

propyl)-4-androstene-3£,17-diol which is useful in the preparation of steroidal

17~spirotétrahydrofuzans which possess useful therapeutic properties as aldosterone
15 inhibitors,

US 3,364,238 (1968) discloses 3-0xygenated spiro[androstene-17,1’-cycloprop-2°-
ene] and their 2°,3’-dthydro derivatives of the structural formula

20

wherein R can be hydrogen or a lower alkanoyl radical, R’ and R”’ can be hydrogen

or a lower alkyl radical, and the dotted line indicates the optional presence of a double
bond.



10 wherein Y represents a single bond when W is a hydroxyl group. US 3,365,475 (1968) discloses a
process for the preparation of 17a-(3'-hydroxypropy1)-4-androstene-3fid7,8-diol which is useful in the

preparatiol 8f $¥¥didat4 7-spirotetrahydrofurans which possess useful thdrap&thidY8éfies as
aldosterone 15inhibitors. US 3,364,238 (1968) discloses 3-oxygenated
spiro[androstene-17,1'-cycloprop-2'- ene] and their 283'-dihydro derivatives of the structural formula
wherein R can be hydrogen or a lower alkanoyl radical, R" and R" can be hydrogen or a lower alkyl

radical, and tHéSab#a8. ﬂh&ﬁh%ﬁ@ét’é@@ﬁb%ﬁh@mmmmf@mm@d@m@ﬁ@ro tibat e6xd8 (1977)

describes the certain A % th CL él{}ﬂa _activity.
(3filla,17a)- plré}% r%gt aene 17192' oxrﬂg'rie? Sj1 d?A}f%eSog sed as a chemica ten%edlate 5US
4,054,563 (1971} disdlosés dopedcess darrtheshiateufastiate. of 17-spiro-(2'- oxacyclopentane) steroid
compounds of the general formula RiO S. 10 wherein R1 represents a hydrogen atom or a lower alkyl

group, which contain a double bond in the 5-position and a methyl {coup at the 10-position, or three
double béndstrsthd phsitbl 173 Jahiech(98) s anckesitir demmeantichas aﬂﬂi’t@m&hﬂ%hble bond in the

oxacyclopentane) steroid compounds of the general formula

=]
it

R4 l I

10  wherein R, represents a hydrogen atom or a lower alkyl group, which contain a double
bond in the 5-position and a methyl group at the 10-position, or three double bonds in
the position 1,3 and 5(10), and which can contain an additional double bond in the
9(11)-position. The compounds are said to be useful intermediates for preparing

aldosterone antagonists.

15
WO 98/33506 discloses the use of certain compounds for inhibiting androgen
synthesis, which are said to be useful in ireating prostate cancer and benign prostatic
hypertrophy. 174,208-Aziridinyl-pregn-3-en-3[3-ol is one of the comparison
compounds listed,

20

Helvetz’cé Chimica Acta 34, 756-767 (1951) discloses reaction schemes. according to
which to 200~ and 204- stereoisomers of 17,20-epoxy-17o-allopregnane-3 £,21-diol

diacetate may be formed.

25  In the Journal of Medicinal Chemistry 10{4), 546-551 (1967), the steroidal cyclic
ether of formula 5 below is mentioned as an intermediate in the preparation of

steroidal compounds having antiestrogenic properties.



9(11)-position. The compounds are said to be useful intenuediates for preparing-aldosterone
antagonists. 15 WO 98/33506 discloses the use of certain compounds for inhibiting androgen
synthesis, WHie!P#f&3§afd to be useful in treating prostate cancer and beni§h BrIRUEE RS rtrophy.
17,6,20/1-Aziridinyl-pregn-5-en-3p-01 is one of the comparison compounds listed. 20 Helvetica
Chimica Acta 34, 756-767 (1951) discloses reaction Qchemes according to which to 20a- and 20,6-
stereoisomers of 17,20-epoxy-17a-allopregnane-3)6,21-diol di.acetate may be formed. 25In the
Journal of Medicinal Chemisby 10(4), 546-551 (1967), the sterorgal cyclic ether of formulas below is
mentioned as an intermediate in the preparation of stergidafgcondpounds having antiestrogenic

S ain steroid synthetic pathways in which

Ktrimethylsilypethynyl)spiro[androst-5-ene- gxiran]-3-ol acetate are intermediates.  Tetrahedron
43, 631-641 (1987) describes the prepar%t' mpounds of 10formula 6 and 7 below, as well
as their 5a-H analogues,

5

Tetrahedron 29, 883-889 (1973) discloses certain steroid synthetic pathways in which
5 (38,178)-3"-ethynyl spiro{androst-5-ene-17 2'oxiran]-3-ol acetate and (34,175)-3-
[(trimethylsilyDethynyl]spiro{androst-5-ene-17,2'oxiran]-3-0l acetate are

intermediates.

Tetrahedron 43, 631-641 (1987) describes the preparation of the compounds of

10 formula 6 and 7 below, as well as their 50-H analogues,

AcG

15



67 15 7 SUMMARY OF THE INVENTION In a first aspect, there is provided a composition comprising
at least one compound represented by Formula | () wherein R1= OH; R2- R5 - R6 - R2 -Y -H and R4
= Me; R3 is hydrogen, or when a double bond is present between C5 and C6 of the steroid ring

system, then %We&g%é fﬁ@mne group(-CH2-), an oxygen atom or -NH;

In a first aspect, there is provided a composition comprising at least one compound

represented by Formula I

RS

(0

wherein
R'=0H;R?=R’=R°=R"=Y=H and R* = Me;

R? is hydrogen, or when a double bond is present between C5 and C6 of the steroid

ring system, then R’ is not present;
X is a methylene group(-CHj-), an oxygen atom or -NH;

Ais «(CHy)y— a Cas alkenylene group, or a Co.s alkynylene group, wherein

n is an integer and can take the value of Oor 1 or 2or3 or4 or 5;

Bis ~(CHjy)y~ a Ca.s alkenylene group, or a Cy.s alkynylene group, wherein

y is an integer and can take the valueof 1 or 2 or 3 or4 or 5;

7 can be bonded to any carbon of the spirocyclic substituent at C17 of the steroid
skeleton and is independently optionally substituted C,;.¢ alkyl, an optionally
substituted fused bicyclic ring system, an optionally substituted bridged bicyclic ring
system, an optionally substituted bridged tricyclic ring system, optionally substituted
Co.1palkenyl, optionally substituted Cy.; alkynyl, optionally substituted aryl,
optionally substituted arylalkyl, optionally substituted heteroaryl, optionally
substituted heteroarylalkyl, formyl, carboxy, -NC(O)R® , NC(SR®, -NR*R’,



A is -(CH2)0-, a C2_5 alkenylene group, or a C2.5 alkynylene group, wherein n is an integer and can
take the value of Oor 1 or2or3or4or5; Bis -( 2)y- a C2-5 alkenylene group, or a C2,5 alkynylene
group, wherein y is an integer and can take the véelfie of 1 or 2 or 3 or 4 or 5; Z can be bonded to any
carbon of the spirocyclic substituent at C17 of the steroid skeleton and is independently optionally
substituted @ﬁom@blﬁyb@ﬁ%iéﬁélw\% atiioredusdatisisydliC P sYstemtiamedptionally substituted
bridged blcggg& %g 5@ an optionally substituted bridged tricyclic ring system, optionally
substituted 10 aI eny optionally substituted C2-10 alkynyl, optionally substituted aryl, optionally
substituted arylalkyl, optionally substituted heteroaryl, optionally substituted heteroarylalkyl, folinyl.

010, ommraty e s S B e

spirocyclic substltuent atC17 W |s optionally substituted Ci.10 alkyl, optionally substituted

heterocycloa .9 0@%!3},’1; %; Hm%g b%Dglgx \E%[S%(ﬁ %rﬂman 0 t %}ﬁ %fubstltuted bridged

bicyclic ring systepm an ptlona clic ring sys em op Iy substituted C2.10
alkenyl, optmnWakhylltjuEﬂSMBtectcﬂ)émwddycj@akem@ Saptmaitycgubmaﬂryedﬂ@utp@thtkydgddoptlonally

substituted heterocycloalkynyl, o t I or,optionally: substituted heteroaryl; R8 and
R9 are mde%e% en%t/ygop%gn%n?{u St?[ll% d%gﬁyt%% t?oqr?aﬁfyqsuénﬁtu}’e%}ﬁéterocyclomkyI an

optionally summtedsnmwmdy@moraﬂg:WsmmOmI@mbi‘aﬂyesiﬂwamte’dibﬂdggd bicyclic ring system,
an optionall ubs tute r tric c ri ste u stltut d alkenyl, optionally
. ?Yﬁ ? dt%ﬁ% yl U%??nta[gyéfo% akéé% Spaai §u9

substituted %erocyc? alceny opt na yny opftion Ubstituted
heterocycloatiiymyl} pWMauwémthegmbmume belrstituyéd heteroaryl wherein "optionally
substituted" refers to groups substituted in any possible position by a group selected from lower alkyl
(acyclic and cyclic), aryl (carbocyclic aryl and heteroaryl), alkenyl, alkynyl, alkoxy, halo, haloalkyl,
amino, alkylhgmmbRaia&yidﬂpﬁmdamﬁaycqpimeé]kmbm&aikgﬂél;lfmmyhlk};ttmﬂabhwuhﬁmimtadkanoyI
alkanoyloxy Ikanoylo kanoyl,.alk r X carboxa ido, form boxy, hydroxy,
cyano, azido %IGSOC gfno)ﬂl@dthloéy glr?ga SL%SQQM{O and cyi?(): g ar gre&? gfka %b }anhdo

heteroaryloxybﬂrﬁmﬁlb@@kﬂlﬁibyfﬁakm@y} @dfh Q@a gyttt @hﬂmiﬁ%l%ﬁd@élﬁmyﬂﬂlxz,
OalkynyINXIXZ NH ac% ﬁro 'b%%F&fe‘E 311{80 H EOB IX2li OtE[LCl)t?; 1X2. SO2NX1X2,
CONX1X2 Wﬁérgl e%] 1115(519{? ependze’ﬂﬁy ae%of)éjslﬂpor %\ﬁw “ora enyl or alkynyl, or X1 and
X2 togetherheamprisk gan af ame:tmbwubstnn@mé&mgﬂboyt,@mMytsﬁbmg;&td)ms and optionally
one addltlonal heter aat68( Iec ed fr? %SN or? els X1 an

ing naving RO S RS AOHICARA KL GLRGLE T SN BHOHT RO ower lko or

alkyl-NX, X2: 7b wherein "aryl" refers to C2-C10 aryl groups;
wherein "optionally substituted" refers to groups substimtéﬁ in any possible position
by a group selected from lower alkyl (acyclic and cyclic), aryl (carbocyclic aryl and
heteroaryl}), alkenyl, alkynyl, alkoxy, halo, haloalkyl, aminoe, alkylamino,
dralkylamino, mercapto, alkylthio, alkylsulfinyl, alkyisulfonyl, nitro, alkanoyl,
alkanoyloxy, alkanoyloxyalkanoyl, alkoxyvearboxy, carbalkoxy, carboxamido, formyl,
carboxy, hydroxy, cyano, azido, isocyano, isothiocyano, oxime, keto and cvelic
ketals thereof, alkanoylamido, heteroaryloxy, O-aroyl, OalkylOH, QalkenylOH,
OalkynylOH, OalkyINX, X,, OalkenyINX X5, OalkynyINXX,;, NH-acyl, NH-aroyl,
CF;, COOXs, SO3H, PO3X, X5, OPO; XXo, SONX, X, CONX, X, wherein X and
X, each mdependently denotes H or alkyl or alkenyl or alkynyl, or X; and X, together
comprise part of a heterocyclic ring having about 4 1o about 7 ring atoms and
optionally one additional heteroatom selected from O, N or S, or X; and X, together

comprise part of an imide ring having about 5 to 6 ring atoms and X3 denotes H, alkyl,

alkenyl, alkynyl, hydroxy-lower alky! or alkvl-NX,X,;



wherein "heteroaryl” refers to carbon containing 5:14 membered cyclic unsaturated radicals containing
one, two, three or four O, N or S atoms and havin b6 10 or 14 Jr electrons delocalized in one or more
rings; wherein "heterocycloalkyl" refers to a cyclic hydrocarbon group containing one, two, three or four
0, N or S atomdariedmpihatiensof OCN,a8/bgomss;wherein "heterocycloalkenyl” or "heterocycloalkyny!*
refers to a cyclic unsaturated hydrocarbon group containing at least one carbon-carbon double or triple
bond containing one, two, three or four 0, N or S atoms or combinations of 0, N, S atoms; and the
dotted lines irtheati thatesosiny leebrdowBiemonapayH e pfesanbemd g yshisrmsntentishlly acceptable

ester, salt or agid.addifipn.salt dheresf; @-activsuinaradiert fogethes with,a pharmageutically
acceptable carrier, diluent or adjuvant. 7c In a second aspect, there is provided a compound
represented B} SEBMRAEIBEISH T AR ABFAHFLESE; R2R5 R6Y H and R4 = Me; R3 is hydrogen, or

when a double bond is present between C5 and C6 of the steroid ring system, then R3 is not present;
Xisa methylew eel%gg uﬁe@&cﬁ%&?beﬁﬂygx%qg‘g t%tg Igg/cg]l:c_l}ly'::{r;'ocarbon group containing one, two,

three or four O, N or S atoms or combinations of O, N, S atoms;

wherein "heterocycloalkenyl” or "heterocycloalkynyl" refers to a cyclic unsaturated
hydrocarbon group containing at least one carbon-carbon double or triple bond
containing one, two, three or four O, N or S atoms or combinations of O, N, S atoms;
and the dotted Lines indicate that a single or double bond may be present;

or a pharmaceutically acceptable ester, salt or acid addition salt thereof;

as active ingredient together with a pharmaceutically acceptable carrier, diluent or

adjuvant.



Ais -(CH2)11-, a C2_5 alkenylene group, or a 02.5 alkynylene group, wherein n is an integer and can
take the value of Oorlor 2 or 3 or 4 or 5; B is -(CH2)y-, a C2.5 alkenylene group, or a C2.5 alkynylene
group, wherein y is an integer and can take the valeie of 1 or 2 or 3 or 4 or 5; 7d Z can be bonded to
any carbon of the spirocyclic substituent at CI? of the steroid skeleton and is independently optionally
substituted C1_10 alkyl, an optionally substituted fused bicyclic ring system, an optionally substituted
bridged bicyclig #ifey aydiepctathapiopmitydedisstimiadtidgadarey blichingudy $tedeyoptionally
substituted C2.10 alkenyl, optionally substituted C2.10 alkynyl, optionally substituted aryl, optionally
substituted arylalkyl, optionally substituted heteroaryl, optionally substituted heteroarylalkyl, formyl,
carboxy, -NC(0)R8 , NC(S)R8, -NR8R9, optionally substituted C(0)-W, optionally substituted C(0)0-W,
optionally substituted C(S)O-W; Y and Z can be bonded to tﬁg,sa)qe carbon of the spirocyclic '
substituent at C17 W is optionally substituted %110 alkyl, gptiondlly substituted heterocycloalkyl, an
optionally substituted fused bicyclic ring system, aneptionfly-Substituted bridged bicyclic ring system,

0

e. ‘B

an optionally substituted bridged tricyclic ring s¥45t substituted C740 alkenyl, optionally
substituted heterocycloalcenyl, optiogally sthsftutec lkynyl, optionally substituted
heterocycloalkynyl, optionally substituted aryl, ¢r optioially substituted heteroaryl; R8 and R9 are
independently optionally substituted Ciilualkyl, gptionally substituted heterocycloallcyl, an optionally
substituted fused bicyclic ring systeﬁﬁn optiopaty-substifted bridged bicyclic ring system, an
optionally substituted bridged tricyclicring syst&, optionally substituted C210 alkenyl, optionally
substituted heterocycloakenyl, optionally substitutegh C2-10 allcynyl, optionally substituted
heterocycloalkm;éll, gﬂotionally substituted aryl, or optionally substituted heteroaryl; wherein "optionally
substituted" reférs to groups substituted in any possible position by a group selected from lower alkyl
(acyclic and cyclic), aryl (carbocyclic aryl and heteroaryl), alkenyl, alkynyl, alkoxy, halo, haloalkyl,
amino, alkylarnino,lialkylagring; sngcapgo. glkylthie glkylsulfmyl, alkylsulfonyl, nitro, alkanoyl,
alkanoyloxy, alkanoyloxyalkanoyl, alkoxycarboxy, carbalk’oxy, carboxamido, formyl, carboxy, hydroxy,
cyan, azido, isocyano, isothiocyano, oxime, keto and cyclic ketals thereof, alkanoylamido,
heteroaryloxy, RiasayhQalkyiOih-PalkenyiQbhiaynyi@HwQalk ¥ N2 o QalkenyINXIX2,
OalkynyINXIX2, NH-a%I,éhlgIg?-%oyl, 7e CF3, COOX3, SO3H, PO3XIX2, 0P03 X1X2, SO2NXIX2,
CONXIX2, whéf&h? %ffean écﬁ()lti‘ﬂgﬁeé’ﬁdently denotes H or alkyl or alkenyl or alkynyl, or X1 and
X2 together comprise part of a heterocyclic ring having about 4 to about 7 ring atoms and optionally
one additional r | frgm O I r X1 and X2 together comprise part of an imide
ring having abc%ﬁ%?o% téggﬂﬁggﬁgﬁg gf@&?“}n cli\(!)e)%gf%sglt—?fnaﬂgj, alkenyl, alkynyl, hydroxy-lower alkyl or
alkyl-NXIX2; wherein "aryl" refers to C2-C10 aryl groups; wherein "heteroaryl" refers to carbon
containing 5-1%%en@@g5%d,@)@ﬂ%ﬁf&@t%@ﬁd@@p@'@ﬁ%@!@&@&%&ﬁ%&@ﬁﬁe orfour 0, Nor S

e

atoms and having 6, 10 or 14.iv electrons delocalized in one or more rings;
n 15 an integer and can take the value ofOorl or 2or3 or4 or 5;

B 1s —(CHy)y~, a Co5 alkenylene group, or a C,.s alkynylene group, wherein

y 1s an integer and can take the value of 1 or 2or3 or4 or 5;



wherein "heterocycloalkyl" refers to a cyclic hydrocarbon group containing one, two, three or four O, N
or S atoms or combinations of 0, N, S atoms; whegein "heterocycloalkenyl" or "heterocycloallcynyl!"
refers to a cyclic unsaturated hydrocarbon group containing at least one carbon-carbon double or triple
bond containing one, two, three or four 0, N or S atoms or combinations of 0, N, S atoms; and the

dotted line€ |mc§é£t@<tﬁ@ftﬁbt§|W@Wl@@ﬁl@%%@%@%%@bﬁé@mﬁ @t@haﬂﬁét@ew@amy acceptable

ester, sall of AcidAgAOMgiRIg gut)ﬂgztm@&s@&&?@mt "Rl wherein: 1) R is
hydroxy; R2-R5 - R6 - R7 -"and B= no double bo d IS present between CIl and

C2 of the stéb@ttl’»ﬁ@@@Q@Pﬁ%ﬂ@@bﬁﬁ@ﬂ%@@@@ﬁﬁﬁét&@@éﬁ@%ﬁimcbﬂithehster@d ring system,
so that R3 p o I n c; R2-R5 - R6 -
é ﬁQt%t Eﬁ%?ﬂigmﬁﬁlly Mﬁsﬁ&te&t% &l Sy&b% }%J%Q sand mn]algg@ tgé%l

R7-Y - H =-(Ci-1 and B= -(CEL)y-; n0 dou resent twe C2 of the steroid
ring systenCzamﬁihmlb@tﬁdD@BVe%éﬁtlbétWé‘em@@ﬁnd @ﬁimrﬁﬂésfﬂeb@imasyétem, so that R3 is not

present, R% t}%ﬁM? s%bstgut%d' argglﬁﬁkbﬂ{m%fs%%’u@e yT %é)t"’élz figin X is the 17)3-

position; an R1'= 2)y-; no double bond is

present beﬁn@ﬁﬁm@nﬂimﬂtﬂ@bt@mﬁdklﬁ@"Werﬁ@%(@d Le\HEﬁfﬁdRs phEREL between CS and C6 of
the sterord %ﬂ%ﬁé{ﬁé é@bﬁfhﬂ% t@ q} p5 senki ?%%M&txd é) C%gr?q%nglmxﬁ 2-benzothyazolyl or

2-pyridinyl, 1w er X is i the 17,6-position. Ina t aspect, there is provided the
use of a cmbmm@(bf@(@bﬁitﬂ’é | as defrned above, or a pharmaceutically acceptable ester, salt or acid
addition salt thereof, for the manufacture of a medicament for therapy. In a fourth aspect, there is
‘provided the use of a compound of Formula | as defined below:

Y and Z can be bonded to the same carbon of the spirocyclic substituent at C17

W 1s optiohally substituted C;.1o alkyl, optionally substituted heterocycloalkyl, an
optionally substituted fused bicyclic ring system, an optionally substituted bridged
bicyclic ring systern, an optionally substituted bridged tricyclic ring system,
optionally substituted Cas.;o alkenyl, optionel]y substituted heterocycloakenyl,
optionally substituted C,.1¢ alkynyl, optionally substituted heterocycloalkynyl,

optionally substituted aryl, or optionally substituted heteroaryl;

R® and R’ are independently optionally substituted C;.jpalkyl, optionally substituted
heterocycloalkyl, an optionally substituted fused bicyclic ring system, an optionally
substituted bridged bicyclic ring system, an optionally substituted bridged tricyclic
ring system, optionally substituted Cy.;p alkenyl, optionally substituted
heterocycloakenyl, optionally substituted Cs_1p alkynyl, optionally substituted

heterocycloalkynyl, optionally substituted arvi, or optionally substituted heteroaryl;

wherein "optionally substituted” refers to groups substituted in any possible position
by a group selected from lower alkyl (acyclic and cyclic), aryl (carbocyclic aryl and
heteroaryl), alkenyl, alkyvnyl, alkoxy, halo, haloalkyl, amino, alkyiamino,
dialkylamino, mercapto, alkylthio, alkylsulfinyl, alkyisulfonyi, nitro, alkanoyl,
alkanoyloxy, alkanoyloxyalkanoyl, alkoxycarboxy, carbalkoxy, carboxamido, formyl,
carboxy, hydroxy, cyano, azido, isocyano, isothiecyane, oxime, keto and cyclic
ketals thereof, alkanoylamido, heteroaryloxy, O-aroyl, OalkylOH, OalkenyiOH,
OalkynylOH, OalkyINX,X,, OalkenyINX;X,, OalikynyINX;X;, NH-acyl, NH-aroyl,



79Z Xy A"1 (0wherein = OH; R2- R5 R6 - - Y - and R4 = Me; R2 is hydrogen, or when a double
bond is present between CS and C6 of the steroidﬁ{i’hg system, then R3 is not present; X is a valency
bond, a methylene group (-CH2-) or a heteroatom selected from oxygen, sulfur, or -NH, -S(0), -SO2,
-NR8, -NC(0)R8;,-S0Kie 3€HsBifeXyiaxyP R iE e MOpN8 X2 Gaike by ehergrodpant a C2.5

alkynylene greup, wherein niis an.inteaesand; he value of 0 o1 or.2,0r 3 or 4 or 5; B is
-(CEB),(-, a C22_5aaglkeny%ne gt%?up, ora CZS@I&?%%#@Q g?gﬁﬂp%/%fﬁgr%% ?ﬁ%ﬁt%%eerr and can take
the value of 1°0PPBPoF afgristcrermiivensdrdad rbaryt dadbontdfine ¥pireepdlic substituent at C17

of the steroid skelgton andisindenedentiyti.pptianaly, substituted, Ge, Qnalkyl (AR gationally

substituted fused bicyclic ring system, an optionally substituted bridged blcycllc ring system, an
optionally subSTtRatF BAUGE ARSI We @i optioh 5my aimatithfed: éoncin Bkl optionally

substituted C21téenglkymyhottienaityisuestiniedrandopiiorally substituted arylalkyl, optionally
substituted heteroaryl, optionally substituted heteroarylalkyl, foonyl, carboxy, -NC(0)R8 NC(S)R8,

-NR8R9, optionally substituted C(0)-W, optionally substituted C(0)0-W, optionally substituted
C(S)O-W; 71¥teremridZltaridethbndedanitoegame carbon of the spirocyclic substituent at CI7

wherein "heteroaryl" refers to carbon containing 5-14 membered cyclic unsaturated
radicals containing one, two, three or four O, N or S atoms and having 6, 10 or 14 «

electrons delocalized in one or more rings;

wherein "heterocycloalkyl" refers to a cyclic hydrocarbon group containing one, two,

three or four O, N or S atoms or combinations of O, N, S atoms;

wherein "heterocycloalkenyl" or "heterocycloallkynyl" refers to a cyclic unsaturated
hydrocarbon group containing at least one carbon-carbon double or triple bond

containing one, two, &ree or four O, N or S atoms or combinations of O, N, S atoms;
and the dotted hines indicate that a single or double bond may be present;

or pharmaceutically acceptable ester, salt or acid éddition salt thereof;

but not including compounds of Formula I wherein:

1) R’ is hydroxy; R* =R’ =R°=R’ = Y = H, A= -(CH,),- and B~

~(CHz)y~; no double bond is present between C1 and C2 of the steroid ring system; a
double bond is present between C5 and C6 of the steroid ring system, so that R’ is not
present; R*e Me, X =-CH;-, Z=C;-Cralkyl,n=0and y = 1;

2)R'=0Ac; R*=R’ =R®=R’ =Y = H, A= -(CHy),- and B= -(CHa),-; no double
bond is present between C1 and C2 of the steroid ring system; a double bond is

present between C5 and C6 of the steroid ring system, so that R* is not present; R*=



W is optionally substituted C1_10 alkyl, optionally substituted heterocycloalkyl, an optionally
substituted fused bicyclic ring system, an optionalfif substituted bridged bicyclic ring system, an
optionally substituted bridged tricyclic ring system, optionally substituted C2-10 alkenyl, optionally
substituted hetarogycloalce ngkcptio HaHy -Sildstfuted @R} 10=dlkyhgtcioptionaltheslhstituted
heterocycloalkyny! qpti(anally substituted aryl, or optionally substituted heteroaryl: R8 and R9 are
independentl;}%sp%g?faaﬁly substituted Ci.loalkyl, optionally substituted heterocycloalkyl, an optionally
substituted fuse® bidhelic RirgRysihr, RhoptioHatys(BEtiutenHioged bicyetideitiesystem, an
optionally subgilyied hdged iexale Hacexsteim sRtienally substiwiRdi2rialkenyl, optionally
substituted heterocycloakenyt, optionally substituted C2-10 a ynyf, optionally substjtuted
heterocycloalyeigidistisemly semsttuté hamt O sSpeowsirssh &t S metdrssii: Wherein "optionally
substituted" rq&gg;sjg& @pyp@%i&gﬁ@j&wggipj@ppgym, a goeisetected from lower alkyl

(acyclic and cyclic), aryl (_carbocﬁyclic aryl and heteroaryl), alkenyl, alkynyl, alkoxy, halo, haloalkyl,
amino, alkylarBe iRy ARG ARAEERo, alkylthio, alkylsulfinyl, alkylsulfonyl, nitro, alkanoyl,
alkanoyloxy, alkanoyloxyalkanoyl, alkoxycarboxy, carbalkoxy, carboxamido, formyl, carboxy, hydroxy,
cvano, azido. iseaanaieaieryane. Al Keio AL ayalideiaivoheiel. alanaylamico
heteroaryloxy, 0-aroyl1. OalkylOH, OalkenylOH, OalkynylOH, OalkyINXIX2, OalkenyINXIX2,
OalkynythiX 1 X2 VRiIARIaNcar s T rserithby Rges 519 podsdipprdaixixs IgarnXIX2,
CONXIX2, wheigit4:an X2 ep&hindenandeapily denotes H or alkyl or alkenyl or alkynyl, or X1 and
X2 together comprise part of a heterocyclic ring having about 4 to about 7 ring atoms and optionally
one additional heteroatom selected from 0, N or S. or X1 and X2 together comprise part of an imide
ring having abiouatfbudhGaprg.atemssandvisdénotesdi ; ataphaidolFoatkyiayl phyeliaxy-lower alkyl or
alkyl-NXIX2: 74 erein "heteroaryl" refers to carbon containing 5-14 membered cyclic unsaturated
radicals containing one, two, three or four 0, N or S atoms and having 6, 10 or 14 zr electrons
delocalized in one or more rings; wherein "heterocycloalkyl" refers to a cyclic hydrocarbon group
containing one, two, three or four 0. N or S atoms or combinations of 0, N, S atoms; wherein
"heterocycloalkenyl" or "heterocycloalkynyl" refers to a cyclic unsaturated hydrocarbon group
containing at least one carbon-carbon double or triple bond containing one, two, three or four O, N or S
atoms or combinations of 0, N, S atoms; and the dotted lines indicate that a single or double bond may
be present; or a pharmaceutically acceptable ester, salt or acid addition salt thereof, for the
manufacture of a medicament for preventing or treating a neurodegencrative condition related to
neuronal apoptosis or neuronal injury. In a fifth aspect, there is provided the use of a compound of
Formula | as defined in the fourth aspect, or a phaimaceutically acceptable ester, salt or acid addition
salt thereof, for the manufacture of a medicament for preventing or treating Alzheimer's disease,
Parkinson's disease, Huntington's disease, multiple sclerosis, amyotrophic lateral sclerosis (ALS),
retinal degeneration, retinal detachment, peripheral neuropathy caused by genetic abnormalities,
diabetes, polio, herpes, AIDS, brain trauma, ischemia or stroke, or any other condition resulting in
degeneration and/or apoptosis of neural cells in the central or the peripheral nervous system. In a sixth
aspect, there is provided the use of a compound of Formula | as defined in the fourth aspect, or a
pharmaceutically acceptable ester, salt or acid addition salt thereof in the preparation of a medicament
for use in the control of proliferation, differentiation, migration and regeneration of neural stem cells,
and neural progenitor cells in different organs and tissues including the central nervous system and
peripheral nervous system. In a seventh aspect, there is provided the use of a compound of Formula |
as defined in the fourth aspect, or a pharmaceutically acceptable ester, salt or acid addition salt



7] thereof, in the preparation of a medicament for use in the control of proliferation, differentiation,
migration and regeneration of epithelial, endothelial, mesenchymal, lymphoid, erythroid, and
mononuclear cells. In an eighth aspect, there is piyewded the use of a compound of Formula | as
defined in the fourth aspect, or a pharmaceutically acceptable ester, salt or acid addition salt thereof,
in the preparation of a medicament for use in the prevention, amelioration or treatment of NGF-related
conditions or diseases by binding, activating or inhibiting néwé‘g;lﬁwth factor (NGF) receptors,
including TrkA and p75NTR receptors. Also disclosed arg compeunds of Formula | (1) wherein RI, R2,

R3, R4, Rs, -6, K R7, A, B. X, Y andZ areps-dg&fined in the detailed description below;
and pharmaceutically acceptable esters, salts 2and acid a alts thereof Also disclosed is a
composition comprising at least ong co , a pharmaceutically acceptable ester
salt or acid addition salt thereof, as agtiv idgether with a pharmaceutically acceptable
carrier, diluent or adjuvant. 7k Also djsclosed |s a method of preventing or treating a
neurodegenerative condition relate is or neuronal injury,

wherein
R'=0H; R*=R*=R =R7=Y =H and R* = Me;

R? is hydrogen, or when a double bond is present between C5 and C6 of the steroid

ring system, then R? is not present;

X is a valency bond, amethylene group (-CHy-) or a heteroatom selected from

oxygen, sulfur, or -NH, -S(0), -80,, NR, —NC(O)RB, -N-toluene-4-sulfonyioxy;

Ais ~(CHy)— . a Cas alkenylene group, or a Ca.s alkynylene group, wherein

n is an integer and can take the valueof Oor 1 or 2or3 or4 or 5;

B is ~{CH,)y~ a Co.salkenylene group, or a Ca.s alkynylene group, wherein

y is an integer and can take the valueof Tor 2or3 or4 or 5;

7 can be bonded to any carbon of the spirocyclic substituent at C17 of the steroid
skeleton and isindependently H, optionaily substituted C;.1p alkyl, an optionally
substituted fused bicyclic ring system, an optionally substituted bridged bicyclic ring
system, an optionally substituted bridged tricyclic ring system, optionally substituted
Ca.10 alkenyl, optionally substituted Co.0alkynyl, optionally substituted aryi,
optionally substituted arylalkyl, optionally substituted heteroaryl, optionally
substituted heteroarylalkyl, formyl, carboxy, -NC(O)R® , NC(SR?, -NR*R’,
optionally substituted C(O)-W, optionaily substituted C(O)O-W, optionally
substituted C(S)0O-W;



comprising administering to a patient an effective amount of a compound of Formula I, or a
pharmaceutically acceptable ester, salt or acid ad](iition salt thereof Said condition may, by way of
example- only, be any of Alzheimer's disease, Parkinson's disease, Huntington's disease, multiple
sclerosis, amyotrophic lateral sclerosis (ALS), retinal degeneration, retinal detachment, peripheral
neuropathy caused by genetic abnormalities, diabetes, polio, herpes, AIDS, brain trauma, ischemia
and strokeY 84 BocaisbiorerrirsdcinsEnneotmorhiiinsnisrw PHathvsERIE sl Alceptable ester, salt
or acid addition salt thereof, for use in therapy. Also disclosed is a compound of Formula |, or a
5pharmaceutically acceptable ester, salt or acid addition salt thereof, for use in preventing or treating a

neurodegeWeimWéO@éH\ﬂm&_ﬁﬁ@%@ww@@i}i}@ﬁﬁliabﬁb‘(cﬁéﬁésﬁmé@?@ﬁfﬁpﬂj&‘r‘%ﬁ&éi@%ondition may, for
example, he.any 0 heseialed AbRYE.vciAHBQ distinsed isHhsnuas Qfikaamparng.f Formula l, or a
pharmaceutically acceptable 10ester, salt or acid addition salt thereof, for the manufacture of a
medicamghicﬁ&{ipﬁélw@ﬁﬂﬁgr@rm#@auﬁéubéﬁ%%bfé}fﬁﬁ‘él é’é?&ﬁﬁ_@ﬁﬁ@l%@?lﬂ@) neuronal apoptosis or
neuronal injyey, Said gondition ay, ol Sxamieahe ankelibesedisiedahays,15Also disclosed is the

use of a co poun% of Foimula |, or a pharmaceutically acceptable ester, salt or acid addition salt
thereof, to ewsrtrellprollfeiation (differdnistiontinigratohaiutedJetunsisipakievkal stem cells, and

neural pfO%fﬂHSé@%%@hﬂii&%{;%g)&Q%Ba(ﬁaﬁﬁia%z‘ﬁd{wUHéEQ&Q&Eentfa' nervous system and

peripheral nervous system. 2

R® and R? are independently optionally substituted C1.jalkyl, optionally substituted
heterocycloalkyl, an optionally substituted fused bicyclic ring system, an optionally
substituted bridged bicyclic ring system, an optionally substituted bridged tricyclic
ring system, optionally substituted C;.; alkenyl, optionally substituted
heterocycloakenyl, optionally substituted Cop allkkynyl, optionally substimtedl

heterocycloalkynyl, optionally substituted aryl, or optionally substituted heteroaryl;

wherein "optionally substituted" refers to groups substituted in any possible position
by a group selected from lower alkyl (acyclic and cyclic), aryl (carbocyclic aryl and
heteroaryl), alkenyl, alkynyl, alkoxy, halo, haloalkyl, amino, alkylamino,
dialkylamino, mercapto, alkylthio, alkylsulfinyl, alkylsulfonyl, nitro, alkanoyl,
alkanoyloxy, alkanoyloxyalkanoy!, alkoxycarboxy, carbalkoxy, carboxamido, formyl,
carboxy, hydroxy, cyano, azido, isocyano, isothiocyano, oxime, keto and cyclic
ketals thereof, alkanoylamido, heteroarvioxy, O-aroyl, OalkylOH, OalkenylOH,
OalkynylOH, OalkyINX;X,, OalkeﬁleX{Xg: OalkynyINX;X,, NH-acyl, NH-aroyl,
CF;, COOX;, SOH, POXXo OPO; X Xs, SOINX; Xs, CONX,; X, wherein X; and
X» each independently denotes H or alkyl or alkenyl or alkynyl, or X; and X, together
comprise part of a heterocyclic ring having about 4 to about 7 ring atoms and
optionally one additional heteroatom selected from O, N or S, or X and X; together
comprise part of an imide ring having about 5 to 6 ring atoms and X; denotes H, alkyl,

alkenyl, alkynyl, hydroxy-lower alky! or alkyl-NX;Xy:

wherein "aryl" refers to C,-Ciyg aryl groups;



Also disclosed is the use of a compound of Formula I, or a pharmaceutically acceptable ester, salt or
acid addition salt thereof, for the control of - prolifegation, differentiation, migration and regeneration of
epithelial, endothelial, mesenchymal, lymphoid, erythroid, and mononuclear cells. r)5 Also disclosed is
the use of a compound of Formula I, or a pharmaceutically acceptable ester, salt or acid addition salt

thereof, for birrImy, Aetivating deirkilsihaEP AR R G TakioPENDETSdsa o8BS #HERIBthg TricA and
P7SNTR receptons- 3R MRL008/ARn3B4P G{GB2NSN0R0B4R felatien.of H1e ¢lgments as well as

the process steps, one with respect to each of the others, as set forth and exemplified in the
description elsetitnsdelivelsehbouiieritsiS BRIES DESCRIPTION OF THE DRAWINGS Figure 1 is a
bar chart showing the effect of several steroid compounds on apoptosis of neural-crest derived PC12
cells, in an experimental study using an assay technique. 10 Figure 2 consists of several graphs
showing thendieprndbeiceoos dpalitdsies Grnsurdveteshidiivetb PCIR Eels(AEMBA8aréd by optical

density using.a colqrimelert upen.thecanceniEation Rl sseyeral sigrpid.compounds, in an experimental

study using an assay technique.

“wherein "heterocycloalkenyl" or "heterocycloaliynyl" refers to a cyclic unsaturated
hydrocarbon group containing at least one carbon-carbon double or triple bond
containing one, two, three or four O, N or S atoms or combinations of O, N, § atoms;

and the dotted lines indicate that a single or double bond may be present;

or a pharmaceutically acceptable ester, sait or acid addition salt thereof, for the
manufacture of a medicament for preventing or treating 2 neurodegenerative condition

related to neuronal apoptosis or neuronal injury.

In a fifth aspect, there is provided the use of a compound of Formula I as defined in the
fourth aspect, or a pharmaceutically acceptable ester, salt or acid addition salt thereof,
for the manufacture of a medicament for preventing or treating Alzheimer's disease,
Parkinson's discase, Huﬁtington‘s disease, multiple sclerosis, amyotrophic_.}ateral
sclerosis (ALS), retinal degeneration, retinal detachment, peripheral neuropathy
caused by genetic abnormalities, diabetes, polio, herpes, AIDS, brain trauma,
ischemia or stroke, or any other condition resulting in degeneration and/or apoptosis

of neural cells in the central or the peripheral nervous system.

In a sixth aspect, there is provided the use of a compound of Formula I as defined in
the fourth aspect, or a pharmaceutically acceptable ester, salt or acid addition salt
thereof, i the preparation of a medicament for use in the control of proliferation,
differentiation, migration and regeneration of newral stem celis, and neural progenitor
cells in different organs and tissues including the central nervous system and

peripheral nervous system.

In a seventh aspect, there is provided the use of a compound of Formula I as defined

in the fourth aspect, or a pharmaceutically acceptable ester, salt or acid addition salt



15Figure 3 shows the results of an experimental study utilising a FACS analysis of the effect of several
steroid compounds on apoptosis of neural-crest derived PC12 cells. Figure 4 shows the results of
experimental study of the effect of several steroid compounds on the levels of anti-apoptotic Bc1-2 and
Bcl1-xl proteins in neural-crest 20derived PC12 cells, Figure 5 shows the results of a
concentration-dependent experimental study of the binding of severailéis{iero',c% compounds on the
isolated mem¥aRds BIIEPTPHASHbaRTHRENE EUReI8 BRIPEs éWii F&%8%ults of an
experimental siffebgofathen effect hifnsedoral-atenaich cdmpaheidd enddapéainergichensil-crest derived

PC12 cells. F';r%xurig 7e gsgrlr’%\{é\{agrth% results qf an eﬁgperlmental study of the effect of several 30

compounds oﬁ'rﬁ |rr<1)ary ﬁ%u%?ﬁ%?e%argceenerated from-wild type mice, 10 Figure 8 shows the

results of an experimental study of the effect of a synthetic neurosteroid on progenitor neural cells

solated from mayse. {eial preins cumnareshuith acontrob aioue Srabaahelestligol an

experimental study of the inding, activating or inhibiting caapacity of a synthetic neurosteroid on
nerve growth ¥t ieuramese GetnhEregséally Meveidbdested. drdcorsshrdfiirn drbiwings appears in

Examples 7']{%@@&!@,% BESRMbfEbR 5 GR RN @r Jklm BBENTHEOM, amelioration or

treatment of NGF-related conditions or diseases by binding, activating or inhibiting

nerve growth factor (NGF) receptors, including TrkA and p75NTR receptors,

Also disclosed aré compounds of Formula I

R?' R3

Y

wherein R',R%R?, RS RS, RS, R, A, B, X, Y and Z arec s defined in the detailed
description below, and pharmaceutically acceptable esters, salts and acid addition

' galts thereof.

Also disclosed is a composition comprising at least one
compound of Formula I or a pharmaceutically acceptable ester, salt or acid addition
" salt thereof, as active ingredient together with a pharmaceutically acceptable carrier,

diluent or adjuvant,



The present invention relates to compounds of Fotinula | wherein 20 Rl is hydroxyl, alkoxy,
alkanoyloxy, arninocarbonyloxy or alkoxycarbonyloxy; R2 is hydrogen, optionally substituted alkyl,
optionally substituted alkenyl, optionally substitutél alkoxyalkyl, optionally substituted aminoalkyl,
cyano, optionally substituted cyanoalkyl, optionally substituted thiocyanoalkyl, isothiocyano, optionally
25substituted azidoalkyl, optionally substituted alkanoyloxyalkyl, optionally substituted arylalkyl,
optionally substituted heteroarylalkyl, optionally substituted arylalkenyl, optionally substituted
heteroarylalkéasg, Bystiowdlly solsthitddmsanotionasinElaggbstitegeemtyikypepHioprionaiiy substituted
aryIkyIaIkynyhaggﬁ]‘@ggﬁgQ%Mgg@mqﬁ ’xyalkynyl, optionally substituted heteroaryloxyalkynyl,
optionally substituted oxoalkynyl or a ketal thereof, optionally substituted cyanoalkynyl, optionally
substituted hetenprisytallinyiiopiipmaty.ssimiiviack Hyciouyaliomylo 5oRIRRAA S WesiiMIRt,
alkoxyalkynyl7 0 tioréall sub%it ed amin% Ik[%nyl, optionally substituted acylaminoalkynyl, optionally
substituted mereas ﬁ%ﬁ/’ﬁ:ﬁu ‘@Iﬂl RGBS f@ﬁ%)@%ﬂ@ﬂﬂﬁ&%ﬁ?&éﬁ%%is@é@er or a salt
thereof, or optimdiiyrsuiastitutec:alkyeykoxy@lkyny | bE0RY of Alzheimer's disease, Parkinson's

disease, Huntington's disease, multiple sclerosis, amyotrophic lateral sclerosis (ALS),
retinal degeneration, retinal detachment, peripheral neuropathy caused by genetic

abnormalities, diabetes, polio, herpes, AIDS, brain traume, ischemiz and stroke.



R' isoxygen and R2 is alkyl or alkenyl or alkynyl group bonded to RI to fonu an oxygenated ring which
can be optionally substituted;  R3 is hydrogen, or when a double bond is present between C5 and
C6 of the steroid 15ring system, then R3 is not present; R4 is hydrogen or lower alkyl; Rs is hydrogen,
amino, optionally substituted alkylamino, optionally gubstituted 20dialkylamino, optionally substituted
alkenyl amino, optionally substituted dialkenyl- amino, optionally substituted allcynylamino, optionally

substituted dialkynylamina, amido, thi [finyl, sulfon I ide, : r optionally
substituted a 9(;91,‘)%1??8 éﬁlf‘/ IS4 uéﬁﬂ?@%@%kﬁr% h%%%%ggl%ggtﬂggéag tgl%n%%%%%%/l, optionally
substituted aficghydidajptionél heabstituted alkymgpyoptionally substituted 25aryl, azido, optionally
substituted heteroaryl, oxime =N-0-1e, carboxymethyloxime, carboxyethyloxime, or
carboxypropyloxime; R6 is hydrogen, amino, thio, sulfinyl, sulfonyl, sulfonamido, halogen, hydroxyl,

~ optionally subdsutiselendiag epsapriam,cisstttitdd AIkyl, optionally substituted 30alkenyl, or optionally

substiuted aleypyiod ampo. apienali susiftesalimyamino cptonaly auhiuted

dialkynylamino, amido, thio, sul , sulfonyl, sulfonamido, halogen, hydroxyl, optionally substituted

alkoxy, optipmaﬁwsﬂbstﬁumfﬁh%l}mwwmiwS@ﬁéiﬁﬁté@léﬂ@?ﬁyléﬁvraﬂ%h?Eﬁﬂ@ﬁélﬂi substituted
alkenyl, optionaly s %}M?%ﬁ%ﬁ%biﬁ%%ﬁcﬁ%&ﬂﬁ%e any of those listed above.

Also disclosed is the use of a compound of Formula I, or a pharmaceutically acceptable

10 CSt, salt or acid addition salt thereof, for the

- manufacture of a medicament for preventing or treating a neurodegenerative condition
related to neuronal apoptosis or neuronal injury. Said condition may, for example, be

any of those listed above,

15 Also disclosed is the use of a compound of Formula I, or a
pharmaceutically acceptable ester, salt or acid addition salt thereof, to control
proliferation, differentiation, migration and regeneration of neural stem cells, and
newral progenitor cells in different organs and tissues including the central nervous
system and peripheral nervous system.

20 | |
Also disclosed is the use of a compound of Formula I, or a
pharmaceutically acceptable ester, salt or acid addition salt thereof, for the control of

« proliferation, differentiation, migration and fegeneration of epithelial, endothelial,

mesenchymal, lymphoid, erythroid, and mononuclear cells.

25
Also disclosed is the use of a compound of Formula I, ora
pharmaceutically acceptabic ester, salt or acid addition salt thereof, for binding,
activating or inhibiting nerve growth factor (NGF) receptors, including TrkA and
p75NTR receptors.

30 '

A better understanding of the invention will be obtained from the following detailed

description of the article and the desired features, properties, characteristics, and the



5aryl, azido, optionally substituted heteroaryl, oxime =N-O-R8, carboxymethyloxime,
carboxyethyloxime, or carboxypropyloxime; X is a valency bond, a methylene grou 5-CH2-) ora
heteroaton’ Seletéa itim oxygen, sulfur, or -NH, -S(0), -SO2, -NRS, -NC(%()E@,BN 8/002067
-N-toluene-4-sulfonyloxy; 10 A is -(CH2)c , a C2-5 alkenylene group, or a C2-5 alkynylene group,
wherein n is an integer and can take the value of 0dr1or2or3or4or5; Bis-(CH2)y-,aC2-5
alkenylene group, or a C2.5 alkynylene group, wherein 15y is an integer and can take the value of 1 or

ou )
2 or 3 or 4 or SIHBATTBAIAIEN 4R At NP e SHRScHBR T losiRichiaeeh Pidbthe steroid
skeleton and {sHggepeadentll mhdapianally.aubstitdestGlidOakylarenionatyssRatiuted fused
bicyclic ring system, an optionally substituted bridged bicyclic ring 70system, an optionally substituted
bridged tricyclic ring system, optionally substituted C2_10 alkenyl, optionally substituted C2_10
alkynyl, optionally substituted aryl, optionally substituted arylalkyl, optionally substituted heteroaryl,
optionally substituted heteroarylalkyl, formyl. carboxy, -NC(0)R8 , NC(S)R8, -NR8R9, optionally
substituted C&B{WF ' %ﬁ}@t% @Wmﬁonally 25substituted C(S)O-W; Z can be
bonded to any carbon of the spirocyclic substituent at C17 of the steroid skeleton and is independently
H, optionally sybstituted C1.10 alkyl, an optionally substituted fused bicyclic ring system, an optionally
substituted bn%dé‘&? m&% rrﬁ%ﬁ%éﬁ%ff@&?w BioPiIRy Sifb SRS BRIGEE B AROPIG Sy stem,

optionally substitiéteel-crest derived PC12 cells, in an experimental study using an assay technique.

10 Figure 2 consists of several graphs showing the dependence of apoptosis of neural-
crest dertved PC12 cells (as measured by optical density using a colorimeter) upon the
concentration of several steroid compounds, in an experimental study using an assay

technique.

15  Figure 3 shows the results of an experimental study utilising a FACS analysis of the

effect of several steroid compounds on apoptosis of neural-crest derived PC12 cells.

Figure 4 shows the results of an experimenta] study of the effect of several steroid
compounds on the levels of anti-apoptotic Bel-2 and Bel-x1 proteins in neural-crest

20 derived PC12 cells,

Figure 5 shows the results of a concentration-dependent experimental study of the
binding of several steroid compounds on the isolated membranes of PC12 rat
sympathoadrenal cells.

25
Figure 6 shows the results of an experimental study of the effect of several steroid

compounds on dopaminergic neural-crest derived PC12 cells.

Figure 7 shows the results of an experimental study of the effect of several

30 compounds on primary cortical neurospheres generated from wild type mice.



C2-10 alkenyl, optionally substituted C2.10 alkynyl, optionally substituted aryl, optionally substituted
arylalkyl, %tionallégsgbstituted heteroaryl, optionally substituted heteroarylallcg form(}/l, carboxy,
'NC(0)R8 WHRISRISIRBRI, WO 2008/155534PCT/GB2008/002067 15 0RHMAM Latituted
C(0)-W, optionally substituted C(0)0-W, optionally substituted C(S)O-W; Y and Z can be bonded to the
same carbon of the spirocyclic substituent at C17 5 Wis optionally substituted OIAO alkyl, optionally
substituted heterocycloalkyl, an optionally substituted fused bicyclic ring system, an optionally
substituted brichgBEf Siehenes fhgresdfsmt ﬁh%ﬁﬁﬂﬁwa%ﬁ%ﬁ%@%ﬁﬁﬁfg& Acyaliesiivy system,
optionally subséisuied:6R AOrabenbonsisarlyisylstituies hstarmsyaiaakany, d0aptiaaally substituted
C2-10 alkynyl, optionally substituted heterocycloalkynyl, optionally substituted aryl, or optionally
substituted hetéf ér%’;“ﬁ%land R9 are independently optionally substituted C1_10 alkyl, optionally
substituted heterocycloalkyl, an optionally substituted fused bicyclic ring system, an optionally
15substituted bridged bicyclic ring system, an optionally substituted bridged tricyclic ring system,

optionally’subEtiftited &9 Wsiharesilis S rorampsmsstrl i ol hlb g A5 GHREMlly substituted
C2-10 allcynylnpiienaliy-pubsibtacdhaterocyeloalionys aptienally-swastivied arviegrentienally

substituted heteroaryl; 20and the dotted lines indicate that a single or double bond may be present.
HEK293 cells.

More detailed discussion of the drawings appears in Examples 7-13 below,
10

DETAILED DESCRIPTION OF THE INVENTION

The preéent invention relates to compounds of Formula I
15 |

R2 RB

@

wherein

20 R’ is hydroxyl, alkoxy, alkanoyloxy, aminocarbonyloxy or alkoxycarbonyloxy;

R* is hydrogen, optionally substituted alkyl, optionally substituted alkenyl, optionally
substituted alkoxyalkyl, optionally substituted aminoalkyl, cyano, optionally
substituted cyanoalkyl, optionally substituted thiocyanoalkyl, isothiocyano, optionally
25 substituted azidoalkyl, optionally substituted alkanoyloxyalkyl, optionally substituted
arylalkyl, optionally substituted heteroarylatkyl, optionally substituted arylatkenyl,
optionally substituted heteroarylalkeny!, optionally substituted aryl, optionally



The invention also relates to compositions comprising at least one compound of Formula I, or a
pharmaceutically acceptable ester, salt or acid addition salt thereof, as active ingredient together with
a pharmac¥@i¥¥ &edptable carrier, diluent or 25adjuvant, The compouRE3/&PRYFHIAY and their
pharmaceutically acceptable esters, salts or acid addition salts can be used for treating, preventing or
ameliorating the symptoms of neuro-degenerative dideases, for the alleviation of benign forgetfulness
and the 30 memory impairment seen in senile dementia or in connection with neurodegenerative
diseases, for shbstisatdhentiomyburpierhllueb sttsederatibalrtlbgrahdpiopediyerig taigdptotic neuronal
loss during brain. i ngit' tj%y i gﬁgr(gyﬁ% ﬁmmple only, Alzheimer's
disease, Park%%glrg}g %@éﬁ% e, Ht%%tiﬁﬁg%gn's 1%9§1§§%§%%I Iple’sc gggg’lggmyotrophic lateral
sclerosis (ALSYbsétinfall dageimration arestahivetatoneenaPespheiaiiadarepashyesrlised by genetic

abnormalitieg,0 -ﬁl’%fgg %ﬁ% %t@&‘ifé‘? &n’g‘{lﬂ§k§&?ﬁﬁ@°ﬁgﬂ Hﬁ%ﬁ nﬁ e@ﬁ%‘;ﬁ%‘?&g’ 1bodiments of the

invention wherein in a |l above Xis'am ene group, an oxygen atom or -NH, More preferably,

X is an ofygeppéitorlinwbpisfedrddarbmmddiméenslbf @Fbsﬁ%ﬂimml@mn.q;@ﬂﬂ%@éu above a
double bond igpregenk Q@#ﬁﬁﬁﬂogﬁc?ﬁﬂ Q%Q&ﬁgﬁﬂﬁﬁ@{%@@ﬁ%%ﬁgg%azﬁﬁgﬁé‘ﬁi 10present. Also

preferred are embodiments of the invention wheréin in Formula'| a ; R2-R5-R6-R7 - Y -

H and R4= Meubisbitiné inrdfexrelicans] shisho dniddimiotsies divelstiohamidrencntioasiiula | above RI -
OH; R2- R5 'ﬁ@sﬁ%%eﬁ'aﬁﬁfié&?ﬂ@h%d B=-(CH2)y-; no double bond is

10 or
R'is oxygen and R* is alkyl or alkenyl or alkynyl group bonded to R’ to form an
oxygenated ring which can be optionally substituted,;

R? is hydrogen, or when a double bond is present between CS and C6 of the steroid

15 ring system, then R’ is not present;
R* is hydrogen or lower alkyl;

R’ is hydrogen, amino, optionally substituted alkylamino, optionally substituted
20 dialkylamino, optionally substituted alkenyl amino, optionally substituted dialkenyl-
amino, optionally substituted alkynylamino, optionally substituted dialkynytamino,
amido, thio, suifinyl, sulfonyl, sulfonamido, halogen, hydroxyl, optionally substituted
alkoxy, optionally substituted alkenyloxy, optionally substituted alkynyloxy alkyl,
optionally substituted aikenyl, optionally substituted alkynyl, optionally substituted
25  aryl, azido, optionally substituted heteroaryl, oxime =N-O-R%, carboxymethyloxime,

- carboxyethyloxime, or carboxypropyloxime;

R%is hydrogen, amino, thio, sulfinyl, sxilfonyl, sulfonamido, halogen, hydroxyl,
optionally substituted alkoxy, optionally substituted alkyl, optionally substituted
30 alkenyl, or optionally substituted allcynyl,

R’ is hydrogen, amino, optionally substituted alkylamino, optionally substituted

dialkylamino, optionally substituted alkenyl amino, optionally substituted dialkenyl-



present between Cl and 02 of the steroid ring system; a double bond is present between CS and 06 of
the steroid rlng(}s%?teqmﬁso that R3 is not present; and R4= Me. Yet more preferred are such
compoundgvglhereln N=0 andy =I. 20 Most preferred are embodiments SHRE RGNS Yherein the
compound of Formula | is selected from the followin ﬁ including pharmaceutically acceptable esters,
salts and acid addition salts thereof: 17/3-spiro-[5-androsten-17,2'-oxiran]-3fl-ol;
25(205)-313,21-dihydroxy-1713, O ep y-5-pregnene; (205)-

3,8-hydroxy- 1%?1?8&88899% f a@ﬁwﬁgfﬁﬁg}’éﬁﬁmw'ﬁe& dialkynylamino,

3fi,21-dihydroxydd@, 20ce paperd; mmmesmme;ﬁﬁrmHﬁtbg&ﬂ}?y&wﬁwr&%&m@mﬁ&&@rmula I
above are knoyyn per se th %BOare not 2]%8 uded within the scope of the present invention; 1) Rl = OH,;

R2- R5- R6 - R4O%y. opliona LsuRstiied alkgnaloxse pptgnally %@%@%@ﬁ@%ﬁ@‘b’etween Cl and

C2 of the sterqﬂlm@mmmﬁ)bm@an@ @@em&m@%@z%ﬁ&%@;ﬁsﬁm@ﬁemld ring
system, 550 that R3 |s ot preseﬂg t: R4=Me; X=0,n= = 1;@152% RI is hydroxy or alkoxy; R2- R5 -
R7 =Y

RP - v ’(@?—TF?){E? ﬁé‘%ﬁth{@‘asﬁfﬁ@%ﬁhd’ﬁrﬁ?e% nhEE BB ERthe steroid

ring system; a:arboxyethyloxime, or carboxypropyloxime;

X is a valency bond, a methylene group (-CHa-) or a heteroatom selected from
oxygen, sulfur, or -NH, -8(Q), -SO,, -NR?, —NC(O)RS, -N-foluene-4-sulfonylioxy;

10 '
Ais {(CHz)y- a Cas alkenylene group, or a Ca.5 alkynylene group, wherein

n is an integer and can take the value of or lor 2or3or4 or 5;

Bis ~(CHa)y-, a Cosalkenylene group, or a Co.s alkynylene group, wherein

15 yisaninteger and can take the value of 1 or 2 0r3 or 4 or 5;

Y can be bonded to any carbon of the spiroeyclic substituent at C17 of the steroid
skeleton and is independently H, optionally substituted Cy.1p alkyl, an optionally
substituted fused bicyclic ring system, an optionally substituted bridged bicyclic ring

20 system, an optionally substituted bridged tricyclic ring system, optionally substituied
Ca-10 alkenyl, optionally substituted Cs.;o alkynyl, optionally substituted aryl,
optionally substituted arylalkyl, optionally substituted heteroaryl, optionally
substituted heteroarylalkyl, formyl, carboxy, -NC(O)R® , NC(S)R®, -NR*R?,
optionally substituted C(O)-W, optionally substituted C(O)O-W, or optionally

25 substituted C(S)O-W;

Z can be bonded to any carbon of the spirocyclic substituent at C17 of the steroid
- skeleton and is independently H, optionally substituted Cy.1¢ alkyl, an optionally
substituted fused bicyclic ring system, an optionally substituted bridged bicyclic ring
30 system, an optionally substituted bridged tricyclic ring system, optionally substituted
Cs-10 alkenyl, optionally substituted C. ;o alkynyl, optionally substituted aryl,
optionally substituted arylalkyl, optionally substituted heteroaryl, optionally
substituted heteroarylalkyl, formyl, carboxy, -I\TC(O)R8 , NC(S)RE, -NR*R®,



5double bond is present between G5 and C6 of the steroid ring system, so that R3 is not present; R4=
Me; X =0, n =0 and y = 3; wherein Xis in the IV-position; 3) 3',4',5',6'-tetrahydrospiro
{androst-5Y¥R&WH ) pyranpf-ol, i.e. the compound of Formula | wheF&A/RFZBHIRG= R5= R6=
R7 =Y =Z=H, A=-(CH2),,- and 13= - no double bggld is present between Cl and C2 of the steroid
ring system; a 10double bond is present between C5"and C6 of the steroid ring system, so that 12.3 is
not present; R4- Me; X =0, n = Q and y = 4; wherein X is in the I\V-position; 42, Rl is hydroxy or
alkanoyloxy; RptoRally Rehstitytad I—F@W@I—?ﬂﬁmﬁﬂa %@Sﬁmeﬂoq&m"e%o% iepiBsent between ClI
and C2 of theggifgigtein@gygtew; a double bond is present between C5 and C6 of the steroid ring
system, so that R3 is not 15 present; R4= Me; X = -CH2-, Y and Z are independently H or C1-C7 alkyl,
n=0andy=1; 5) RI- OAc; R2= R5 =R6 =R7 = Z = H, A=-(CH2)0- and B= -(CH2)y-; no double bond

is present betwegn | andeBoafitdasiarishingsysiemiR3grbbyeliissupitriRsent and a double bond
is present between C5 and C6 of the steroid ring system; 20 R4= Me; X =0, Y = 2-pyridyl, n=0and y

=1; 6) 1§'i6,208-aziridiny1-pregn-5-en-313-01, i.e. the compound of Folinula | wherein Rl = OH; R2=
R5= R6= R7= 15 bfit{imaiGHEbAfuid2) ] niandbBiodidy AistResionbia ot isigresent between Cl

and C2 of the steroid ring system, a double bond is present between C5 and C6 of the steroid ring

system, so thaP Rl Stprtilied. fesed bigxalic )ne fypieny anpiepglly substigisd Widesd the
17P-position; v1dydi8 dd@ s #@irs R sk sl SuBRenkdadraxdeanek Jolid igd ,d'y@t-em? compound of
Formula | wherein R] .= OH; R2-R5- R6 - Y - Z - H; R7= OH; A= -(CH2)"- an
‘ optionally substituted Cy 1 alkenyl, optionally substituted heterocycloakenyl,
10 optionally substituted C,.10 alkynyl, optionally substituted heterocycloalkynyl,

optionally substituted arvl, or optionally substituted heteroaryl;

R® and R? are independently optionally substituted C;.10 alkyl, optionally substituted
heterocycloalkyl, an optionally substituted fused bicyclic ring system, an optionally
15 subsi;ituted bridged bicyclic ring system, an optionally substituted bridged tricyclic
ring system, optionally substituted C, ¢ alkenyl, optionally substituted
heterocycloakenyl, optionally substituted C,.jp alkynyl, optionally substituted
heterocycloalkynyl, optionally substituted aryl, or optionally substituted heteroaryl;

20 and the dotted lines indicate that a single or double bond may be present,

The invention also relates to compositions comprising at least one compound of
Formula I, or a pharmaceutically acceptable ester, salt or acid addition salt thereof,
as active ingredient together with a pharmaceutically acceptable camrier, diluent or

25  adjuvant.

The compounds of Formula I and their pharmaceutically acceptable esters, salts or
acid-addition salts can be used for treating, preventing or ameliorating the symptoms .
of neuro-degenerative diseases, for the alleviation of benign forgetfulness and the

30  memory impairment seen in senile dementia or in connection with neurodegenerative
diseases, for the treatment of neuropathy due to several causes and for preventing
apoptotic neuronal loss during brain trauma. Conditions that may be treated include,

by way of example only, Alzheimer's disease, Parkinson's disease, Huntington's



B = -(CH2)y-; no double bond is present between Cl and C2 of the steroid ring system; a double bond
is present between C5 and C6 of the steroid ring system, so 30that 12.3 is not present; R4= Me; X =0,

n = 0 and Y¥© 2SN RI is in the ha- position and Xis in the 17a-positidff TigBa}N8/002067

17,20-epoxy-47a-allopregnane-3p,21-diol diacetate, i.e. the compounds of Foiniula | wherein RI - OAc;
R2-R3-R5-R6-R7-Z=H, A=-(CH2).- and B= -ICCHZ)y-; no double bond is present between Cl

and C2 of the steroid ring system; no double bond is present between C5 and C6 of the steroid ring
system; R4= I@Pé?@%@:ffsl%‘, > sclerppd ARy ophia dejeral ssbrogis /5157, astinad gRgsperation,

spiro[androst-psgng-def2iaxkanhaiphase e sRdu3taildd v} penetic abnormalities, diabetes,
[(trimethylsilyi)ethynyl]spiro[androst-5-ene-17,210xiran]-3-ol acetate, i.e. the compounds of Formula |

wherein R1= OR; RorpergMRgischemiaand BIT9e(CH2).- and B= -(CH2)y-; no double bond is present
between Cl and C2 of the steroid ring 10 system; a double bond is present between C5 and C6 of the

steroid ring system, so that R3 is not present; R4= Me; X =0, Y =-C=CH or -C-=E-SiMe3, n=0and y
=1, Wheré;:n Yietfprgdeane ropuulimenis o€ fre dmppirrie bescinbuioraiad abensdyis they are not known

for use in, or lpassnsiatadwiths dsRases@h 6eDRION SRlAIRFIQUISURORAIIRIY QY igHonal cell death

or the other conditions mentioned herein. Therefore these compounds are not excluded from the other
aspects of the invention (compositions, methods, uses, etc.). The following terms, alone or in

combination, R¢IgfiTeRdIe/RIRABSIHANS of the invention wherein in Formula I above a double
bond is present between C5 and C6 of the steroid ring system, so that R? is not

10 present.

Also preferred are embodiments of the invention wherein in Formula I above R'=
OH; R”*=R’=R®=R"=Y =H and R*= Me.

15  More preferred are embodiments of the invention wherein in Formula I above R =
OH; R?=R’=R°=R"=Y = H, A= -(CHy),- and B= -(CHa),~; no double bond is
present between C1 and C2 of the steroid ring system; a double bond is present
between C5 and C6 of the steroid ring system, so that R is not present; and R* = Me.
Yet more preferred are such compounds whereinn=0and y= 1.

20 |
Most preferred are embodiments of the invention wherein the compound of Formula I
is selected from the following, including pharmaceutically acceptable esters, salts and
acid addition salts thereof’
17f-spiro-[ 5-androsten-17,2"-oxiran]-35-ol;

25  (208)-3B.21-dihydroxy-178,20-epoxy-5-pregnene;

~ (208)- 3B-hydroxy-175,20-epoxy-20-(2-bromocthynyl) -5-androstenc; and
34,21-dihydroxy-17¢,20-epoxy-5-pregnene. '

In as much as the following compounds of Formula I above are known per se, they
30 are notincluded within the scope of the present invention:

DR'=OH; R*=R*=R=R"=Y = Z = H, A= -(CHy),- and B= -(CHz),-; no double

bond is present between C1 and C2 of the steroid ring system; a double bond is



20 The term "alkyl" herein denotes a straight chain or branched chain or cyclic saturated hydrocarbon
group. Preferable are CI-C16 alkyl groups. Unless otherwise specifically limited, an alkyl group may be
unsubstituf@@,%W@%stituted or, if possible, multiply substituted, with sﬁﬁ&ﬁ?@ﬂ%‘i‘ in any
possible position. Unless 25otherwise specifically Iirg' ed, a cyclic alkyl group includes monocyclic,
bicyclic, tricyclic and polycyclic rings, for example adamantyl, norbomyl and related terpenes. The term

S atom or CORSRASH SO NS COIEPE GoRbAPR P ERb AR dryEl e =
tetrahydro-2Hmwwlq&pﬁp@@ﬂaw;aziriqmyl, azeﬁdinyl, .py.rrolidinyl, piperidinyl, tetrahydrothiophenyl,
20081155534P 0 SERSORBO 0T T S Beriited e Sebatbeod SRSt ettty
substituted, wieaypstityentgrovpadistyseassinecpasitiond CTheé termetbidoalkyharsia denotes an
Porein demoreS SR ST ST ERRA R et B TP RS Yoo B b which
contains at legstepe edbamncarkap, goubledaond Unissstbeiiseenagiieaiydimited, an alkenyl
Jroup 3) 3.,4',5",6"-tetrahydrospiro {androst-3-ene-17,2'-(2'H)-pyran}3 f-o}, i.e. the compound
of Formula I wherein R' = OH; R* =R’ =R®=R’ =Y =Z=H, A= (CHp), and B=-
(CHz)y-; no double bond is present between C1 and C2 of the steroid ring system; a
10 double bond is present between C5 and C6 of the steroid ring system, so that R’ is not
present; R*= Me; X = O, n =0 and y = 4; wherein X is in the 17-position;
4) R} is hydroxy or alkanoyloxy; R?=R’=R°=R"=H, A= -(CHy)- and B=
~(CHy),~; no double bond is present between C1 and C2 of the steroid ring system; a
double bond is present between C5 and C6 of the steroid ring system, so that R’ ié not
15 present, R*=Me; X = -CH,-, Y and 7 are independently H or C;-C;alkyl, n =0 and
y=1 :
5)R'=0Ac; R°=R* =R =R =Z = H, A= «(CHy),~ and B= -(CHa)y~; no double
bond is present between C1 and C2 of the steroid ring system; R®=H, oris not
present and a double bond is present between C5 and C6 of the steroid ring systen;
20 Ri=Me; X=0,Y =2-pyridyl, n=0and y=1;
6) 17 ﬂ,ZOﬁ-aziridinyl—pregn-S4611—3 B-ol, i.e. the compound of Formula I wherein R'=
OH; R*=R*=R°=R"=2Z=H; Y = CHs; A= -(CHy),- and B= -(CHz)y~; no double
bond is present between C1 and C2 of the steroid ring system; a double bond is
present between C5 and C6 of the steroid ring system, so that R® is not present; R*=
25 Mel; ¥ =-NH-, n=0 and y = 1, wherein X is in the 17 f-position;
7y (35,11a,17a)-spiro{androst-5-ene-17,2'-oxirane]-3,1 1-diol, i.e. the compound of
Formula I whersin R'= OH; R*=R*=R° =Y =Z = H; R" = OH; A= -(CHy),- and
B = -(CHa)y-; no double bond is present between C1 and C2 of the steroid ring
system; a double bond is present between CS and Cé of the steroid ring system, so
30 that R’ is not present; R*=Me; X=0,n=0and y' = 1; wherein R' is in the 11o-

position and X is in the 17a-position;



10 may be unsubstituted, singly substituted or, if possible, multiply substituted, with substituent groups
in any possiblggposi_tiqn. Preferable are C2-C16 alkenyl groups. Alkenyl is meant to include the allenyl

group, whitP FEE¢EEE84 two consecutive double bonds. 15The term "hete]iaggﬁ%g%éwpéﬂerein

denotes a cyclic unsaturated hydrocarbon group cor}t ining at least one carbon-carbon double bond
containing one, two, three or four 0, N or S atoms or combinations of 0, N, S atoms. Unless otherwise

specifically limj heterocycloalkenyl group may he unsubstituted, singly substityted or, if possible,
multiply subsr:#ﬁg?d, 'ﬁﬁogﬁbﬁ?ﬁ%{ﬁ}agﬂ? efr%é?‘;)]/“ R Ghesisidsn! ?‘F%O(‘é’? “lkynyl", alone or in
combination, Irereinidgndiesia Rfaighh chrin-grbearched shain-gr eyiglia ungatunatedgmup which

contains at le e carhon-carbon triple bond. Unless otherwise specifically. limited, an alkynyl group
may be unsum?é'd n&ﬁ&&i% BNk BREGreC Ittty STHREiITREORE STBEMUBMt 25groups

in any possibléqsitiamdRseiarabiehare e 6 Laddryayhios oupsd e Wrrmai=aloneos in
combination, E)er in d& o&e an gr%ratgéic group which contains at Least one ring with conjugated w
electrons; car OC%aié ﬁf/ 5&%§ Bfé“rﬁl’ﬂﬂﬁivt\jps which may be unsubstituted, singly substituted or,
if possible, mwl}ip})ﬁ,mubetﬁyiqm,sw%{mmug,eéﬁ@mgm&dﬂa@q%mm@h%mt@mFfﬁgf@mble are
C2-Cio aryl groups. Typical aryl groups include phenyl, naphthy, phenanthryl, anthracyl, indenyl,
azulenyl, biphgﬂﬁ?ﬁﬁiﬁﬁ‘%)ﬁ%w&sﬂﬁmpﬁéuﬂ? e rrrtgim-Digcetrdpreddhits aryl groups
substituted bycothes @iy efqupmulie deliiceatbeayglie Rfy referg fo-grdups wherein theng atoms on
the aromatic rin% %re arbon atoms. 5 , o

and B= -%CHQ y=; 10 double bond is present between C1 and C2 of the steroid ring

10 system; a double bond is present between C5 and C6 of the steroid ring system, so
that R* is not present; R*= Me; X = 0,Y =-C=CH or -C=C-SiMes, n=0and y = 1;

wherein X is in the 17 S-position.

Such compounds are known per se, although they are not known for use in, or
15 associated with, diseases or conditions related to neuronal injury or neuronal cell
death or the other conditions mentioned herein. Therefore these compounds are not

excluded from the other aspects of the invention (compositions, methods, uses, etc.).

The following terms, alone or in combiﬁation, are defined herein as follows:

20
The term "alkyl" herein denotes a straight chain or branched chain or cyclic saturated
hydrocarbon group. Preferable are C-Cy¢ alkyl groups. Unless otherwise specifically
limited, an alkyl group may Be unsubstituted, singly substituted or, if possible,
multiply substituted, with substituent groups in any possible poéition. Uniess

25 otherwise specifically limited, a cyclic alkyl group includes monocyclic, bicyclic,

tricyclic and polycyclic rings, for example adamantyl, norbornyl and related terpenes.

The term “heterocycloalkyl” herein denotes a cyclic hydrocarbon group containing
one, two, three or four O, N or S atoms or combinations of O, N, S atoms, &.g.
30 oxiranyl, oxetanyl, tetrahydrofuranyl, tetrahydro-2H-pyranyl, morpholinyl, aziridinyl,
' azetidinyl, pyrrolidinyl, piperidinyl, tetrahydrothiophenyl, tetrahydro-2H —
thiopyranyl. Unless otherwise specifically limited, a heterocycloalkyl group may be



The term "thio" herein denotes -SR.10, where Rl is hydrogen, alkyk; alkenyl, alkynyl, aryl, arylalkyl or
heteroaryl, all of which may be optionally substituted. = The term "sulfinyl" herein denotes -SORI,
where RI i?ﬁ%ﬂ%&éﬁf’%‘lkyl, alkenyl, 10alkynyl, aryl.arylalkyl or heteroaryI,PglF’&%Pﬁg‘r?%%g be
optionally substituted. The term "sulfonyl" herein deq tes --502 RI, where RI is hydrogen, alkyl,
alkenyl, alkynyl, aryl, arylalkyl or heteroaryl, all of which may be optionally substituted. 15The term
"sulfonamido” her%inﬁgletn tes -ISO NtREIu?I , Wherein Rl and RI' are independently hydrogen, alkyl,
alkenyl, alkynyt" &t rﬁ%%ﬂ%}]ﬁg SFORITT, B RO B R S B A e e RS S e rm
"optionally sulstitytett!' oy sedsdbletedltiefers to groups substituted by a 20below described substituent
group in any possible position. Substituent groups for the above moieties useful in the invention are
those groups that do not significantly diminish the biological activity of the inventive compound.
Substituent grathpseinathldomdksld hificdn dyditainishiing biolpoicbbachivityahtbesipyvemive compound
include, f%i exgr’ﬂg)lel,1 lower alkyl (acyclic and cyclic). aryl (carbocyclic aryl and 25heteroaryl), alkenyl,
alkynyl, a oxy,ahagg, ?‘laloalkyl, amino, alkylamino, dialkylamino, mercapto, alkylthio, alkylsulfinyl,
alkylsulfonyl, nitro, alkanoyl, alkanoyloxy, alkanoyloxyalkanoyl, alkoxycarboxy, carbalkoxy,

isothioc %&?ogéme, keto and cyclic

carboxamido, Jﬁ{ |, carhoxy, hydroxy, cyano, azido, isocyanq,
ketals thereof. a%%ﬂalylgr%le et %ﬁ%ﬁ@&%{ f&tfl?’bg ﬁé&%&ﬁ%ﬁ% 5878 dlkynylOH,
OalkyINXI X2, temiledythBi o oPeliymai st Nidraeyh MHreigyt B ES 600X 3; Ba3HnP03X1X2,
0P03 Xj X2,,SQ2NXI X2, CON 7, W, in X1 and X2 each rgi ndently depotes H or alkyl or
alkenyl or alkyAyl Or X1 3%%3@%%9%%%%%%5r(i@%e%ﬁeoslpgcﬁéf; @Eggﬁ’&%né’ﬁégﬁ% aBBYR 4 to about 7
ring atom$ andnay be unsubstituted, singly substituted or, if possible, multiply substituted, with

substituent groups in any possible position. Preferable are Cp-Cy5 alkenyl groups.

Alkenyl is meant to include the allenyl group, which possesses two consecutive

double bonds.

15 Theterm “heterocycloalkex;yl” herein denotes a cyclic unsaturated hydrocarbon
group containing at least one carbon-carbon double bond containing one, two, three or
four O, N or S atoms or combinations of O, N, S atoms. Unless otherwise specifically
limited, a heterocycloalkenyl group may be unsubstituted, singly substituted or, if
possible, multiply substituted, with substituent groups in any possibie position. |

20
The term “alkynyl”, alone or in combination, herein denotes a straight chain or
branched chain or cyclic unsaturated group which contains af least one carbon-carbon
triple bond. Unless otherwise specifically limited, an alkyny! group may be
unsubstituted, singly substituted or, if possible, multiply substituted, with substituent

25 groups in any possibie position. Preferable are Co-Cyp alkynyl groups.

The term “ary}”, alone or in combination, herein denotes an aromatic group which
contains at least one ring with conjugated = electrons, carbocyclic aryl groups, and
biaryl groups which may be unsubstituted, singly substituted or, if possible, multiply

30 substituted, with substituent groups in any possible position. Preferable are Co-Cig
aryl groups. Typical aryl groups include phenyl, naphthyl, phenanthryl, anthracyl,
indenyl, azulenyl, biphenyl, biphenylenyl and fluorenyl groups.



WO 2008/155534PCT/GB2008/002067 19 optionally one additional heteroatom selected from O, N or
S, or X1 and X2 together comprise part of an imide ring having about 5 to 6 ring atoms and X3
denotes 1-1, alkyl, alkenyl, alkynyl, hydroxy-lower alkyl or alkyl-NXI X2, 5The term "lower" is referred
to herein in connection with organic radicals or compgdunds containing one up to and including six
carbon atoms. Such groups may be straight chain, branched chain, or cyclic. The term "heteroaryl"
refers to carbcrheaeaitiirigril 4amenabtreq cycliops nshititated Ovddicatslcyntaining one, two, three or
four 0, N or S atoms and having 6, 10 or 14 iv electrons delocalized in one or more rings, e.g., thienyl,
benzo[b]thienyl, naphtha[2,3- b]thienyl, thianthrenyl, fliryl, pyranyl, isobenzofuranyl, chromenyl,

xanthenyl, pheFiexanthinpiriidspiic ol imidaz olykrpypazohpkepy byt s rhotik oyl U ridaxatipl,
indolizinyl, isoind(gl%clié §H5i8r981!é{| indoyl, indazolyl, purinyl, 4H-quinolizinyl, 15isoquinolyl, quinolyl,

. A0S, . : :
phthazinyl, naﬁ’t?ﬁ/n |n§‘;f, qumazoﬁlnyl, cinnolinyl, pterdinyl, 5aH-carbazoyl, carbozoyl, beta-carbolinyl,

phenanthiidinyl, acrindinyl, oxazolyl, pyrimidinyl, benzimidazolyl, triazolyl, each of which may be

optionally subs[tggt[%d asﬁigcﬁ%elg ggr%\{gg 2 h??%‘r%r%ﬁﬂ1q¥r§§§§%&l‘§%g@%%&ﬂhgfm$EUtically

acceptable esters and salts of the compounds o : g acid addition salts. Those skilled
in the art will recognizéaihst stérgecemnplestbafsviidommpomdstohEdymubatitvsetordingly, the present
invention includes all possible stereocisomers and

The term "sulfinyl” herein denotes ~SOR', where R' is hydrogen, alkyl, alkenyl,
10 alkynyl, arylarylalkyl or heteroaryl, all of which may be optionally substituted.

The term "sulfonyl" herein denotes ~-SO» R'’ where R'? is hydrogen, alkyl, alkenyl,

alkynyl, arvl, arvlalkyl or heteroaryl, all of which may be optionally substituted.

15 The term "sulfonamido" herein denotes —SO; NR'R! 1‘ wherein R and R" are
independently hydrogen, alkyl, alkenyl, alkynyl, aryl, arvialkyl or heteroaryl, all of
which may be optionally substituted.

The term "optionally substituted” or "substituted" refers to groups substituted by a

20 below describ.ed substituent group In any possible position. Substituent groups for the
above moieties useful in the invention are those groups that do not significantly
diminish the biological activity of the inventive compound. Substituent groups that
do not significantly diminish the biological activity of the inventive compound
include, for example, lower alkyl (acyclic and cyclic). aryl (carbocyclic aryl and

25 heteroaryl), alkenyl, alkynyl, alkoxy. halo, haloalkyl, amino, alkylamine,
dialkylamino, mercapto, alkylthio, alkylsulfinyl, alkyisulfonyl, nitro, alkanoyi,
alkanoyloxy, alkanoyloxyalkanoyl, alkoxycarboxy, carbalkoxy, carboxamido, formyl,
carboxy, hydroxy, cyano, azido, isocyano, isothiocyano, oxime, keto and cyclic
ketals thereof, alkanoylamido, heteroaryloxy, O-aroyl, OalkylOH, OalkenylOH,

30 OalkynylOH, OalkyINX;X,, OalkenyINX,Xs, OalkynyINX,X;, NH-acyl, NH-aroyl,
CF;, COOX;, SOsH, POs;X; X, OPO; XX SONX; X,, CONX, X, wherein X and
¥ each independently denotes H or alkyl or alkenyl or alkynyl, or X; and X, together

comprise part of a heterocyclic ring having about 4 to about 7 ring atoms and



25geometric isemers of Formula | as a mixture or as pure diastereomers. When a compound of
Formula | is desired as a single diastereomer, it may be obtained either b;gresolution of the final

Product or'by 4087 Tlcs)ggsp:’é‘cific synthesis from either isomerically pure startin i 5%37 convenient

intermediate. 30Included within the scope of the present invention (compounds, pharmaceutical
compositions, methods, uses,etc.) are the crystalliné forms (e.g. polymorphs), enantiomeric forms and

tautomers of the compounds of Formula | as defined herein of the rmacgutic cceptable
salts or acid SBHRIBHEARS %ﬁé?é?ﬁa{zr";ﬁ?ﬁ%@%gﬁﬁﬁ%?lﬁo{?%I%rl mé’g%@é %lr%ec‘gér%é)&a#%ﬁ

com mercially&n?gﬁ@%ﬁ%péﬁ same aupdsHsingeonfentonat symtireticiZaddontssadmillyto those
skilled in the art. Preferred embodiments o%g inv? tilg ggrein X is an oxygen atom can be
prepared frorAHsE st W@%&'ﬁ%&% gi)%ffé%/ % IPhenylsilyloxy)-21-hydroxy-
5173,20-epoxy-5-pregnene employing a series of synthetic steps in the appropriate order including
but not limited to oxidation, Wittig reactié:]ééeduction, h?vr{jro en tioornhg%irrn%ifcoél@a}ion, halogenation,
carbon-carboREogHRn GoRREIC i ML e TP SRR P Bl PoaR At 3. “Siitable hydroxyl
protective groupspeiiek hiamthi g budyidiphenyisitiaiyy sanchdempioyed hesBxanplastiselow are
illustrative of 10some of the preparative techniques that may suitably be employed. The compounds of
the present irﬁF@%ﬁ%ﬁPB@?oW?ﬂ@g@?\é@Hd%@géﬁpheral nervous system. Desirable objects of the
pharmaceutical compositions and methods of this invention are the treatment and/or prevention of

Dut not Tited 15 RGBT A R U BT O T e erosis
and amyetrophig daterahssleresisd AlS) tietinal flegeneavation ainthsletddtuviagtd pEliphéfat

electrons delocalized in one or morerings, ¢.g., thienyl, benzo[b]thienyl, naphtha[2,3-

blthienyl, thianthrenyl, furyl, pyranyl, isobenzofuranyl, chromenyl, xanthenyl,

phenoxanthinyl, 2H-pyrrolyl, imidazolyl, pyrazolyl, pyridyl, pyrimidinyl, pyridazinyl,

indolizinyl, isoindolyl, 3H-indolyl, indoyl, indazolyl, purinyl, 4H-quinolizinyl, |

15 isoquinolyl, quinolyl, phthazinyl, napthyridinyl, quinazolinyl, cinnolinyl, pterdinyl,
5aH-carbazoyl, carbozoyl, beta-carbolinyl, phenanthridinyl, acrindinyl, oxazolyl,
pyrimidinyl, benzimidazolyll, triazolyl, each of which may be optionally gubstituted as

discussed above.

20  The present invention also includes pharmaceutically acceptable esters and salts of the

compounds of Formula [, including acid addition salts.

Those skilled in the art will recognize that stereocentres exist in compounds of
Formula I Accordingly, the present invention includes all possible stereoisomers and

25  geometric isomers of Formula I as a mixture or as pure diastereomers. ‘When a
compound of Formula I is desired as a single diastercomer, it may be obtained either
by resolution of the final product or by stereospecific synthesis from either

isomerically pure starting material or any convenient intermediate.

30 Included within the scope of the present invention (compounds, pharmaceutical
compositions, methods, uses,etc.) are the crystaltine forms (e.g. polymorphs),
enantiomeric forms and tautomers of the compounds of Formula I as defined herein

and of the pharmaceutically acceptable salts or acid addition salts thereof.



neuropathy caused by genetic abnointaiities, diabetes, polio, herpes, AIDS and chemotherapy, brain
trauma, or ischemia and stroke, or any other condition resulting 20in degeneration and/or apoptosis of

neural cell® A ELERTA or the peripheral nervous system. The term "tredt® DRI as used

herein refers to any treatment of a disorder or disease related to neuronal apoptosis or neuronal injury
in a subject and includes, but 25is not limited to, pre@@nting the disorder or disease from occurring in a

subject who has not yet been diagnosed as having the disorder or disease, inhjbjting the disorder or
disease, for e%ﬁf@%‘?@ggﬁﬁ?ﬁg RIgpERt BF e edSrae PUPmESIl FRREGRG Tiseifisorder or

disease, for examplantausing cegressaniofieg sisqder of0iseass. Eekevingdheeradition caused
by the disease or disorder, fqQr example, stopping the 303.yf£é).t0m3 of the disorder or disease. 21
sublingual, trahGHERAFTRECGR AR R AEBRO A HEATorS 87 VRV RER XA HIE PR

Additionally, campasitinnscefiidreasediaevernDmmayheieipdaias fanparenteialadministration by

injection gr con?’rﬁ}% us infusjon. The composition according to the invention may be formulated as a
S

slow reledse fo ~BRQXE QP ST ATRREH A A F6itS Of SRtisriRsithias BETERTute that
effectively transdertaithel active: aempausthtochia desirediaiefakilde, exartismantiapoptotic effects. Any

person trained in.the art may extend the former description to any other method of administration, not
harming the riﬂ&Sfaﬁ%%}%n%@fﬁ%fﬁwaﬂﬁa%@aﬁsaﬁtea% BR8P e ISR ISACERI bRabared in

conventional desagalwfitfernsdey18cameratiog. aguietive IsamReUBehakine iBvepiomer amixture
the t-butyldiphenylsityloxy, can be employed, The Examples below are illustrative of
10 some of the preparative techniques that may suitably be employed.

The compounds of the present invention act on the CNS and the peripheral nervous
system. Desirable objects of the pharmaceutical compositions and methods of this
invention are the treatment and/or prevention of neurodegenerative diseases or

15 disorders related to neuronal apoptosis or neuronal injury, such as, but not limited to,
Alzheimer's diséase, Paxkinson‘s disease, Huntington's disease, multiple sclerosis and
amyotrophic lateral sclerosis (ALS), retinal degeneration and detachment, peripheral
neuropathy caused by genetic abnormalities, diabetes, polio, herpes, AIDS and
chemotherapy, brain trauma, or ischemia and stroke, or any other condition resulting

20 in degeneration and/or apoptosis of neural cells in the central or the peripheral

nervous system.

The term “ireat” or “treatment” as used herein refers to any treatment of a disorder or
disease related to neuronal apoptosis or neuronal injury in a subject and includes, but
25  isnot limited to, preventing the disorder or disease from occurring in a subject who
has not yet been diagnosed as having the disorder or disease, inhibiting the disorder or
disease, for example arresting the development of the disorder or disease, relieving
the disorder or disease, for example, causing regression of the disorder or disease, or
relieving the condition caused by the disease or disorder, for example, stopping the

30 symptoms of the disorder or disease.

Formulations of the present invention may be administered in standard manner for the

“treatment of the indicated diseases, including but not limited to oral, parenteral,



of such compounds, with nontoxic pharmaceutical carrier according to accepted proceduresina -
nontoxic amount sufficient to produce the desired pharmacodynamic ach'gan a sum}ect animal or
W&ﬁ?g)xm amount

&4

human. PrdferiBR/ 3 tomposition contains the active 15ingredient in an’
which depends on the specific biological activity desj ed and the condition of the patient. The
pharmaceutical carrier employed may be, for exam elther a solid or a liquid. Representative solid

carriers are Iac e, terra aIb ose alc, gelatin, agar, pectin, 20acacia S|um stearate,
stearic acid, rﬁ E afﬁ?fes Srg tﬁ ﬁ?%“ﬂ%@fé‘?g X el ARE™ Pt 851%%3 d carriers are

propylene gly@ammmmsmmmﬁ wﬁp@xﬁm&m&pﬁe@%ﬁmw@nmon and the like
emulsions, Sirgﬂlarl carrier or diu nt may include any time-del materl | well lg;gl)wn to the art,
such as glycet8 @Jr%?eeﬂ?e&g POPYLRIOR Y ARIER Rith SP5ul

25microsphere«snﬂmﬁmneac@mﬂgrt@ﬁwmﬁnbﬁ&h@}c@éeo@haleﬁama@arglew tht=grepatation can be
plain mlllﬁd mlcrofglzed or nanosaeﬁg?ln oil, % ated placed in a(Eé:n elatln or enteric-coated
capsule in midtbh SR PERRERLYT TOHS S AR oA OB & |SouisJRe IS8 itory, 30In
the case of a liguichensriae, dhgverepasatind wahdesiirideierm af a;lmutdatsueh@ﬁamtampule or as an
aqueous or nonaqueaqus liquid su sion mixed with ma eutlc acceptable preservatives and
o ke, wherFIO BOARGEEERE KHEAdHI SARBRP T fiptidn 0 any iher

method of administration, not harming the recipient person‘

10 The pharmaceutical compositions of this invention are prepared in conventional
dosage unit forms by incorporating an active compeund of the invention or a mixture
of such compounds, with nontoxic pharmaceutical carrier according to accepted
procedures in a nontoxic amount sufficient to produce the desired pharmacodynamic '
activity in a subject, animal or human. Preferably, the composition contains the active

15  ingredient in an active, but nontoxic amount which depends on the specific biologicel

activity desired and the condition of the patient.

The pharmaceutical carrier employed may be, for example, €ither a solid or a liquid.
Representative solid carriers are lactose, terra alba, sucrose, tale, gelatin, agar, pectin,

20 acacia, magnesium stearate, stearic acid, microcrystalline cellulose, polymer
hydregels and the like. Typical liguid carriers are propylene glycol, aqueous solutions
of B-cyclodextrins, syrup, peanut oil and olive oil and the like emulsions. Similarly,
the carrier or diluent may include any time-delay maierial well known to the art, such
as glycerol monostearate or glycerol distearate alone or with wax, microcapsules,

25  microspheres, liposomes, and/or hydrogels.

In the case of a solid carrier, the preparation can be plain milled, micronized or
nanosized, in oil, fableted, placed in a hard gelatin or enteric-coated capsule in
micronized powder or pellet form, or in the form of a troche, lozenge, or suppository.

30 Inthe case of a liquid carrier, the preparation can be in the form of a liquid, such as an
ampule, or as an agueous or nonaqueous liquid suspension mixed with

pharmaceutically acceptable preservatives and the like. When low dosages are



2 required, nasal spray, sublingual administration and timed released skin patches are also suitable
pharmaceutical forms for topical administration. Some specific compounds of Formula | are listed
below, the‘gglﬁ?f}éﬁgz’gﬁvhich was 5-performed in accordance with the Ex%%@&%ﬁ%z%“& forth
below. These Examples are provided for a better ungerstanding of the invention, and are not to be
taken as limiting the scope of the invention in any way. 1) 17fl-spiro-[5-androsten-17,2'-oxiranE3fl-ol

"INN-S0") 2) (205)-3(],21-dihydroxy-17/1,20-epoxy-5-pregnene ("BNN-124") 10 205)-

311 hydrony- FHL 0. A0OR20N 0 RO R o oiased s prices are
3,3,21-dihydrakse khaaleqpaxydpqutbghdnent BN N9 8:) Expenisnental Section 15 NMR spectra were
recorded on a Braker AC 300 spectrometer operating at 300 MHz for 1H and 75.43 MHz for 13C. 1H
NMR spectra are reported in units of t5relative to internal CHCI3 at 7.24 ppm. 13C NMR shifts are
expressed in ($oifiscahiftadirapen s G Batntit Ol ppetistbdG AMR B e oA ve I6f prolcnwgise
decoupled. All NMR spectra were recorded in CDC13. Silica gel.plates (Merck F254) were used for
i 20 logor GRS RPOR P FE BRI S A< DEHOE oS RR BN (200,400
mesh). Example prdidparatarbefd Aitiapisofnandtbstendnti itk 330 BStdleea solution of

dehydroepianﬂroséero?lg 500 mg, 1.73 mmol%{)n ag?g/drous DMF (10 mL), trimethylsulfonium iodide
(530 mg, 2.60 :%6‘1% gn £BES Eéﬁvﬁ?&oﬁ. A Ef?’were added at 0 C, and the resulting mixture
was

| 1) 17p-spiro-{5-androsten-17,2’-oxiran]-3f-of ("BNN-50")
2) (205)-3B,21-dihydroxy-174,20-epoxy-5-pregnene ("BNN-124")
' 10 3) (205)- 3f-hydroxy-174,20-epoxy-20-(2-bromoethynyl}-5-androstene
4) 3p,21-dihydrexy-17¢a,20-cpoxy-5-pregnene ("BNN-93')

Experimental Section _

15 NMR spectra were recorded on a Bruker AC 300 spectrometer operating at 300 MHz
for 'H and 75.43 MHz for C. "H NMR spectra are reported in units of & relative to
internal CHCls at 7.24 ppm. °C NMR shifts are expressed in units of d relative to
CDClzat 77.6 p@m . B NMR specira were proton noise decoupled. AII NMR
spectra were recorded in CDCls. Silica gel plates (Merck F254) were used for thin

20 layer chromatography. Chromatographic purification was performed with silica gel
(200-400 mesh).

Example 1

Preparation of 17f-spire-[5-androsten-17,2’-oxiran]-38-ol

235

O~ To asolution of dehydroepiandrosterone (500 mg, 1.73
| mmol) in anhydrous DMF (10 mL), trimethylsulfonium
iodide (530 mg, 2.60 mmol) and t-BuOK (292 mg, 2.60

HO

ol mmol} were added at 0 °C, and the resulting mixture was

stirred at room temperature for 2 hours. Afier completion of the reaction water was
35  added and the resulting mixture was extracted with diethyl ether. The organic layer

was washed with brine, then dried with anhydrous Na; SO, and the solvent was



stirred at room temperature for 2 hours, After cempletion of the reaction water was 35added and the
resulting mixture was extracted with diethyl ether. The organic layer was washed with brine, then dried
with anhydYfS4¥5PSE4 and the solvent was 23 evaporated in vacuo. ThHRGESBARISYrified by
flash column chromatography (elution solvent: petroleum ether 40-60C/acetone 8:2), to obtain the
compound of Example 1 as a white crystalline solid¥ield: 310 mg (59%); m.p. 170-173C; [alc,2 =
-72.80 (C = 0.00125 g/mL, CHC13); IFI NMR (CDCI3) 6: 5.35 (s, 1H, 6-CH), 3.47 - 3.54 (m, 1H, 3a-H),
2.89 (d, 1= 4.88pizatd)y2:66:0d, Tred@8iprvar)rdiroty (ashopiimood@naiagesiyH3), 0.88 (s, 3H,
19-CH3), 13C R (CDC 3)% , : Z 9 83.84, 36.59,
37.23, 39.89, @%@? éﬁpﬁ%ts gffgf}%%ﬁe%, 70?%022%@5’98%1&2%%%M%O%ﬁ%ﬁ%%ﬁgparaﬂon of
(205)-3D, 21-dilxyirpbeyt 1 B2 0te posjabinreghénd k- Vitys- 65930 s -8 117360l To a solution
of dehydroepi osterone (250 mg, 0.87 mmol) in anhydrous t?érﬁg FI ofuran, (7 Lg‘(_}/vas added .
dropwise at - 78 a~soldtih c(ﬂflcng}i%%%%%@ﬂm Grata et IR f\'?yé 'fu%g?‘u, g{% L, 4.35 mmol)

arid the res““@@ﬁ}[’%?-‘”%%é egrAt{00M tempRIaure fey fi2 Nffter spmpletiargofihe reaction

saturated ammonium chloride was added and the resulting mixture was exjtacted with ethyl acetate,

The organic Iy WashflsnadDitn B, Bibr e dihyidiode RE250% Adfhe solvent was
evaporated i”gﬁ‘}&%) The Jasidpe waspurifiedky-fiagh §9lymn chromategranty éelsbion solvent:

cyclohexane /acetone 9:1), to'obtain 17a-vinyl-5-androstene-3P,17,8-diol as a white crystalline solid.
Yield: 200 mg{7486$ %8, 4Leb31 83 4NMRICD 137 856,01 &f . b2 26: 96488 1H), 5.31 (s, 1H,), 5.09
(t, J =10.99 Hz, 2H), 3.47 - 3.51 (m, 1H, 3a-1-1), 1.18 - 2.48 (m, 21H), 0.99 (s, 3H), 0.90 (s, 3H); 13C
-NMR (CDC13) c5: 13.95, 19.38, 20.64,

7 Example 2
Preparation of (205)-3p,21-dihydroxy-17p,20-epoxy-5-pregnene

17¢-Vinyl-5-androstene-34,17f-diol
—OH _A To asolution of dehydroepiandrosterone (250 mg, 0.87

»\\“\\\\

mmol) in anhydrous tetrahydrofuran (7mL) was added
dropwise at —78°C a solution of vinyl magnesium

HO, .
bromide (1M in tetrahydrofuran, 4.35 mL, 4.35 mmol)

N
&

and the resulting mixture was stirred at Toom temperature for 12 h. After completion
of the reaction saturated ammonium chloride was added and the resulting mixture was
extracted with cthyl acetate, The organic layer was washed with brine, then dried
with anhydrous Na;SO4 and thé solvent was evaporated in vacuo. The residue was
purified by flash column chromatography (elution solvent: cyclohexane /acetone 911},
to obtain 170-~vinyl-5-androstene-34,175-diol és a white crystalline solid.

| Yield: 200 mg (74%); m.p. 180-183°C; "H NMR (CDCl) 6: 6.01 (q,] =10.99 Hz;

1H), 5.31 (s, 1H,), 5.09 (t, J = 10.99 Hz, 2H), 3.47 - 3.51 (m, 1H, 3a-H), 1.18 - 2.48
(m, 21H), 0.99 (s, 3H), 0.90 (s, 3H); *C -NMR (CDCl) 8: 13,95, 19.38, 20.64,
23,65, 31.61, 32.09, 32.58, 36.14, 37.24, 42.22, 46.10, 49.95, 50.31, 71.69, 84.18,
111.87, 121.31, 140.82, 143.02.



23.65, 31.61, 32.09, 32.58, 36.14, 37.24, 42.22, 46.10, 49.95, 50.31, 71.69, 84.18, 111.87, 121.31,
140.82, 143.02. WO 2008/155534PCT/GB2008/002067 24

311, 17fl-dithRIF8Y8/1 5T P -e poxy-5-androstene To a solution of 17a-vinyl-'FahdrBa1EHEAE 1 71l-diol
(150 mg, 047 mmol) in anhydrous dichloromethane (5mL), vanadium acetylacetonate (2.5mg,
0.01mmol) and t-butylhydroperoxide 70% (0,14mL, 0 94mmol). were sequentially added at -10C. The
resulting mixture was stirred at aﬁr 12 h. After.completion of the reaction the mixture was diluted
with dichloromutrd &yo% RS WAL EME with H20, saturated Na2S03 and brine and

then was drie al‘id) dﬂ@o&ll%ﬁrdf\ﬂlas&mﬂcﬂaﬁdimntmﬁﬁ 1TReltelsidue was
purified by flagh column ¢ ; t|on ent: than h tate 6:1), to
obtain 3,17/9-Hi _ @ ; @é’f W}ﬂbt arﬁ%ﬁme Soil %)mlg‘ﬁ%?) mg (32%);
m.p. 165-168C; ( B(Qﬂm; CidEEL3Y; AdtyNvbiRb (G C13)n6s, 5.8%r(spdiH), 3.08 (t, J =
4.27 Hz, 1H) P A b e e 6% (G AR o2

were sequentially added at -10°C, The resulting mixture was stirred at 0°C for 12 h.

After completion of the reaction the mixture was diluted with dichloromethane and
the organic layer was extracted with H,O, saturated NapSOs3 and brine and then was
dried with anhydrous Na,S$0O; and the solvent was evaporated in vacuo. The residue
was purified by flash column chromatography (elution sotvent: dichloromethane/
ethyl acetate 6:1), to obtain 34,176-dihydroxy-20,21-epoxy-5-androstene as a white
crystalline solid. Yield: 50 mg (32%); m.p. 165-168°C; [a]) =-53.10° (C=
0.00113 g/mL, CHCls); "H NMR (CDCl) 8: 5.35 (s, 1H), 3.08 (t, / = 4.27 Hz, 1H),
2.87(q, J=3.05 Hz, 1H), 2.76 (d, /= 3.05 Hz, 1H), 1.24 ~ 2.29 (m, 19H), 1.02 (s,
3Hj3), 0.92 (s, 3H); *C NMR (CDCly) 6: 13.91, 19.38, 20.54, 24.04, 31.61, 32.38,
36.01, 36.59, 37.27, 42.22, 43.19, 45.48, 50.11, 51.44, 51.79, 54.83, 56.22, 71.69,
79.68, 121.24, 140.81.

(205)-3,21-dikrydr oxy-l'?ﬁ 20-epoxy-3-pregnene
To a solution of 38,175-dilvydroxy-20,21-epoxy-5-

androstene (40 mg, 0.12 minol) in anhydrous
MeOH (2mL) was added K,CO;3 (41 mg, 0.3 mmol)

e and the resulting mixture was stirred at room

&
H

temperature for 12 hours. After completion of the
reaction the mixture was diluted with ethyl acetate and the organic layer was extracted
with H,0 and brine and then was dried with anhydrous Na,SO4. The solvent was
" evaporated in vacuo and the residue was purified by flash column chromatography
(elution solvent: dichloromethane /ethyl acetate 3:1), to obtain (205)-3p,21-
dihydroxy~17B,20—epoxy~5-androstene as a white crystalline solid. Yield: 32 mg

(80%); [o ] =~70.00° (C = 0.0009g/mL, CHCl;); 'H NMR (CDCl) d: 5.28 (s,
1H), 3.63 (g, J = 4.27 Hz, 1H), 3.40 — 3.49 (m, 2H), 3.12 (q, J = 3.66 Hz), 136 ~ 2.21
(m, 21H), 0.95 (s, 3H), 0.81 (s, 3H).



3H3), 0.92 (s, 3H); 13C NMR (CDC13) 6: 13.91, 19.38, 20.54, 24.04, 31.61, 32.38, 36.01, 36.59,

37.27,42.22, 43.19, 45.48, 50.11, 51.44, 51.79, 54.83, 56.22, 71.69, 79.68, 121.24, 140.81.
WO 2008/155534 PCT/GB2008/602067
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_ Example 3
Preparation of (208)- 3f-hydroxy-17£,20-epoxy-20-(2-bromoethynyl) -5-

androstene

3p-(t-butyldiphenylsilyloxy)-5-androstene-17-one

0 i To a solution of dehydroepiandrosterone (1 g, 3.47
mmol) in dry DMF (20 mL) was added at 0 °C
imidazole (591 mg, 8.981 mmol). The resulting

TBDPSO mixture was stirred for 30 minutes, t-butyl-

diphenylsityl chloride (2.22 mL,8.681 mmol) was

added, and the reaction was stirred overnight at 50 °C. Afier completion of the

H

reaction 20 mL satorated NH4Cl was added, the resulting mixture was stirred for 30
minutes and the solvent was evaporated in vacuo. To the residue was added ethyl
acetate and the organic layer was extracted with H,O and brine and then was dried
with anhydrous Na,SO4. The solvent was evaporated in vacuo and the residue was
recrystallised with EtOH/petroleum ether 40-60 °C. Afier filiration of the solid the
mother liquor was purified by flash column chromatography (elution solvent:
cyclohexane/EtOAc 95:5). Yield: 1282 mg (70%); *H NMR (CDChL) §: 7.80-7.74
(m, 4H), 7.42-7.40 (m, 6H), 5.22 (bs, 1H), 3.62 (bs, 1H), 2.50-0.90 (m, 19H), 1.14 (s,
SH), 1.07 (s 3H), 0.89 (s, 3H).

3f-(t-butyldiphenylsityloxy)-17o-vinyl-5-androstene-17f-ol

OH To a solution of 35-(t-butyldiphenylsityloxy}-5-

st

androstene-17-one (861 mg, 1.635 mmol) in dry
THF (30 mL) was added dropwise at -78 °C a.
[TBDPSO=~— | solution of vinyl magnesium bromide 1M in

i THF (16,35 mL, 16.35 mmol). The mixture was

stirred at -20 °C for two hours and then overnight at room temperature, Saturated
NH;Cl (25 mL) was poured into the reaction vessel, the mixture was stirred for 30
minutes, and the solvent was evaporated in vacuo. The residue was purified by flash
column chromatography (elution solvent: cyclohexane/EtOAc 95:5) to afford 34-(-
butyldiphenylsilyloxy)-17o-vinyl-5-androstene-175-0] in 60% yield.



(20S)-38,21-dihydroxy-11,20-epoxy-5-pregnene To a solution of 3,8,17P-dihydroxy-20,21-epoxy-5-
androstene (40 mg, 0.12 mmol) in anhydrous MeOH (2mL) was added K2COS§%L mg 0.3 mrnol) and
the resultiﬁ‘é &Wis stirred at room temperature for 12 hours. After CBFﬁB ol 6‘?%}?7reaction the
mixture was diluted with ethyl acetate and the organic layer was extracted with H20 and brine and then
was dried with anhydrous Na2S0O4. The solvent wa%ﬁevaporated in vacua and the residue was purified
by flash column chromatography (elution solvent: dichloromethane /ethyl acetate 3:1), to obtain
(205)-3{3,21- M&i&gﬂ?/@;%%leépé?(ylé%ﬁmﬁén’é%%%ﬁ% st Eddolic: 19i8k: 13T hg (80%):;

[cer = -70.00 {6 3 060940k (GHEH3Y Jold. 13) $5.28 (ol 363 (g 4.27 Hz, 1H),
R i e L L O
991(s . 0.88 (s, )

3f-(t-butyldiphenylsilyloxy)-17f-hydroxy-20,21-epoxy-5-androstene

OH To a solution of 3/-(t-butyldiphenylsilyloxy)-
”mv 17a-vinyl-5-androstene-17f-0l (191 mg, 0.345
mmol} in dry dichloromethane (3.7 mL} were
sequentially added at -10 °C VO(acac), (1.95
mg, 0,021 eq.} and t-BuOOH 0.2936 ml. (0.69

mmol, ~2.35 M sol. in 1,2-dichloroethane). The reaction mixture was stirred at 0 °C

TBDPSO

H

overnight, and then was diluted with 15 mL dichloromethane, washed with water,
Na,S05, and brine (1x 10 mL). The organic layers were dried over anhydrous .
NaySOq, and the solvent was evaporated i vacko. The residue was purified by flash
column chromatography (elution solvent: petroleum ether: diethyl ether 95:5) to
afford 34-(t-butyldiphenylsilyloxy)-17f-hydroxy-20,21-epoxy-5-androstene. Yield:
127 mg (65%); 'H NMR (CDCly) 8: 7.73-7.69 (m, 4H), 7.43-7.36 (m, 6H), 5.17-5.15
(m, 1H), 3.59-3.53 (m, 1H), 3.09-3.07 (1, 1H), 2.89-2.87 (m, 1H), 2.76-2.73 (m, 1H),
2.42-2.34 (m, 1H), 2.21-0.84 (m, 18H), 1.09 (s, 9H), 1.04 (s, 3H), 0.93 (s, 3H).

(2{]S)~3}3’-{t-butyidiphenylsilyloxy)-zlmhydroxy-l7'[},2(}-epoxy-5-pregnene.

0 : .
™| Toa solution of 3f-(t-butyldiphenyl silyl
oxy)-17p-hydroxy-20,21-epoxy-5-androstene

TBOPSOm] (51 mg, 0.0894 mmol) in a mixture of dry

H , MeOH:dry THF (1.,5:1.5 mL) was added at

room temperature K,CO3 (31 mg, 0.2235 mmol). The reaction mixture was stirred at

room temperature overnight, and then was diluted with EtOAc (5 mL) and washed
with water and brine. The organic layers were dried over anhydrous Na;SOu, and the
solvent was evaporated in vacuo, The residue was purified by flash column
chromatography (elution solvent: cyclohexane:EtOAc 8:2) to afford (205)- 35-
(t—butyldipﬁenylsﬂy}oxy}z1 -hydroxy-178,20-epoxy-5-androstene in 80% yield.



25 Example 3 Preparation of (20S)- 3/3-hydroxy-1711,20-epoxy-20-(2-bromoethynyl) -5- androstene
311-(t-butyldiphenylsilyloxy)-5-androstene-17-one To a solution of dehydroepiandrosterone (1 g, 3.47
mmol) in dry DMF (20 mL) was added at O C imidazole (591 mg, 8.981 mmol). The resulting mixture
was stirred for 30 minutes, t-butyldiphenylsilyl chloridié (2.22 mL,8.681 mmol) was added, and the
reaction was stirred overnight at 50 C. After completion of the reaction 20 mL saturated N1-14C1 was
added, the res’lHiNg{{RixtDl’HJl\gwsmed? fes 30, wiituted2and Ihens6Nerit. Weas. Evapordtedifitvacua. To

the residue w t iC ct 0 ine and then
was dried wnﬁ@fﬁb L%h I%%%Cge(%? ﬁ_&d} gﬁgh%\i?as ?\% ﬂi@nﬁa?gﬂa%ﬂée ‘rqey Bi;’lv%as
recrystallised witlp GiQHIpgtRolguUN eﬂmrl@ﬂ%@.%ﬁeﬁﬂjtmﬁﬁn lofiiHe, Solid G yoihler ligaor was
purified by flas mn chromatography (elution solvent: cyclohexane/EtOAc 95:5). Yield: 1282 mg
(70%); IR NMR{ 13) 6: 7.80-7.74 (m, 4H), 7.42-7.40 (m, 6H), 5.22 (bs, 1H), 3.62 (bs, 1H),
2.50-0.90 (m, 19H) 1.14 (s, 91-i), 1.07 (s 3H), 0.89 (s, 3H).

3/3-(t-butyldip :?ros /1-ol T lution o

3fi-(t-butyldiph % >{< })Qg]{yfﬂ'd)r%é% 9’%’51 {Tg n%m? r(rgmo éry'/ THF (30 mL) was
added dropwisggibeXSldeRysieiution of vinyl magnesium bromide 1M in THF (16.35 mL, 16.35 mmol)
The mixture was stirred at -20 C for two hours and then overnight at room temperature Saturated
NH4C1 (25 mL) was poured into the reaction vessel, the mixture was stirred for 30 minutes, and the
solvent was evaporated in vacuo. The g §(|du @\ﬁas”[‘ purifidatioy fiéshidolomyldiphemdtogrehy (elution
solvent: cyclohexane/EtOAc 95;5) tqiafgr 1-hvdr O-eno ostene
butyldiphenylsilyloxy)-17a-viy @@ tene-17,8 IS E0% VB0 RN T MR B CI3) (5:
7,67-7.65 (m, 4H), 7.39 6H), 6.00 (dd, J 1088, mmmm&m)nwdﬁz%@meﬁmﬁﬂ 50-3.46
(m, 1H), 2.32-0:&F£x (s, 9H), 0.99 ( 88 H

3/J-(t-butyld|phenylsﬂylgxy -17711- hydroxy -20, 21 T)%_'o%(ﬁy- -an r%%s érﬁ% oCaDseo u%%ﬂci)

3,6-(t-butyldipl eﬁeﬂbaihﬁmﬂ (198 mg, 01348 mmol) i dey
dichloromethane (3.7 ng ere s%g uent aII em ?tr t(f acac&\nl .95 MR 02& e aand

I SETTE 611 TOUT, 0 mixt
t-BuOOH 0.293B' Mt ?d’."@ mmo oroethane e reac on mlxture was stirred

at0C overnigm;itanﬂetthghaﬂm @Jmneﬁ)y\aﬂd ia&shtddmﬁicammemanésmmiﬂai&mater Na2S03, and
brine (Ix 10 mL AYers W rle rQu 04 the.s
evaporated in \gat(‘:lﬁ%ea’rlga 6 ugw s pur %ra ;kﬁ:%f)%@ rllsfchrorfi to%rga{}% lafoltlﬁﬁnsfg%/ent
petroleum ethe]”fgrheﬂ‘lyiyeﬂsem@5 &jdd taif'mm:hhydrous Na,SO4, and the solvent was evaporated in
326-(t-butyldiphenylsi box -178-hydrox 21 5-and 0):NMR
(CDC13) (5: 7.7% ’2/1’ et Z%/ﬁ; 9‘5‘}5 ’b%lifj”’o E %’} %?8&%’}%@!&%@@%«@% 3.09-3.07
(m, 1H), 2.89- Z&ZCGHBX&H)EK%&Z? 13 (o) (2042-2[3@@131&%21215@%&%11899 poY(s, 9H),
1.04 (s, 3H), 0.93 (% 3t} 21 carboxaldehyde. Yield 46.6 mg (98%). "H NMR (CDCl3) é: 9.26

(d, ] =5.49 Hz, 1H), 7.69-7.67 (m, 4H), 7.42-7.34 (m, 6H), 5.14-5.12 {m, 1H), 3.56-

3.51 (m, 1H), 3.33 (d, ] = 4.88 Hz, 1), 2.37-2.29 {m, 1H). 2.18-0.86 (m, 18H), 1.06

(s, 9H), 0.99 (s 3H), 0.91 (s, 3H).

3p-(t-butyldiphenylsilyloxy)-17g-hydroxy-17a-(1,3,3-tribromoallyl}-5S-androstene

o *\/B)j\ag T'o a solution of (20S)-3[3~(t-butyif:ﬁphenyl~
g sityloxy)-174.20-epoxy-5-androstene-21-

’ carboxaldehyde (45 mg, 0.0792 mmol) in dry
dichloromethane (2 mlL) at 0 °C was added
Ph;P (113.8 mg, 0.434 mmol). After stirring
for 10 minutes at 0 °C CBry (70.78 mg, 0.213 mmol) was added. After stirring the

TBOPSO =k
H

reaction mixture for ! hour at 0 °C water (1 mL) was added. The reaction mixture



(20S)-3/3-(t-butyldiphenylsilyloxy)-21-hydroxy-17/3,20-epoxy-5-pregnene To a solution of
3/3-(t-butyldiphenyl sit)," oxy)-17,6-hydroxy-20,21-epoxy-5-androstene (51 mg, 0.0894 mmol) in a
mixture of #Y MEDEAY THF (1,5:1.5 mL) was added at room temperaturE RSB0 0.2235
mmol). The reaction mixture was stirred at room temperature overnight, and then was diluted with
EtOAc (5 mL) and washed with water and brine. The-grganic layers were dried over anhydrous
Na2S04, and the solvent was evaéi}orated in vacuo. The residue was purified by flash column

chromatograpMgEritsicdoribriihjersmsthsies rigAbaoryaviatioR REsHEi@ver anhydrous :
(t-butyldiphenylgilglox el iy eoRetkis3 dena 2-adiRstene %@sﬁﬂf@%ﬁ‘@?ﬂrﬁ%&@% (CDCI3) 6:
7.69-7.65 (M, 41-1), 7.42-7.33 (m, 61-1), 5.13-5.12 (m, 1H), 3.76 (dd. J = 3.66, 12,20°Hz, 1H)
3.58-3.49 (m. SMYII phigipatg s aply (e solyenf; mpdiobezengki@dy, 282)-w 2iferd 30-); 1.99-0.81

(M, 17H), 1.05%(g, RHnhPRilF3H). 018N L16208)3 3 -ribromo-aliyl)-5-androstene.
3,6-(t-butyldipher?f L{n |ox%)3f$%§%?) PriRcitp vl 3 mibromo-s %?ehy%% "To a solution of
é’éﬁgi

> , igfox -5-androstene-21- earboxa
3,61-(t-butyldiph S84 P hy m%@é@kéébﬂ)ﬁ&aﬁél@étéﬁﬁ,@fr]mb?@.@)%@’%moI) in dry
dichloromethanes TBDRSOP1ML) WS added 2t @.@e@ﬁ-ﬂﬁ{@@?@fi?%@ﬁ@%§7§y§ fiig), 0.1782

mmol). The mixture was stirred at room temperature for 1 hour. The reaction mixture was diluted with
diethyl ether (26*AiP)S 2l EEheARits SRR SrEAMPRESNHEFCO3: saturated Na2S203 1:2 (10
mL), saturated NaHCO3 (10 mL), and brine (10 mL) The organic layers were dried over anhydrous
Na2S04, and the solvent was evaporated in vacuo. The residue was purified by flash column

chromatograpfsPiandiGhtdyraddipbastxiare =ldAe bepasyAoid Jodiyomovinyl)-5-
3fi-(t-butyldiphggwisiyiaxy)-1716,20-epoxy5-androstene-21-carboxaldehyde. Yield 46.6 mg (98%). 111
NMR (CDCI3) 6: 9.26 (d, J = 5.49 Hz, 1H), 7.69-7.67 (m, 4H), 7.42-7.34 (m, 6H), 5.14-5.12 (m, 1H),
3.56- 3.51 (in, 1H), 3.33 (d, J = 4.88 Hz, 1H), 2.37-2.29 (m, 1H). 2.18-0.86 (m, 18H), 1.06 (s, 9H), 0.99
(s 3H). 0.91 (8, 3H). 3,8-(t-butyldiphenylsilylcey)-17, 6rRydeanyrdd 8132 3-bilymmaliyl)-5-androstene
Br Y ‘

B silyloxy)-17B-hydroxy-17a-(1,3,3-
tribromo-allyl)-5-androstene (32.8 mg,
0.04136 mmol) in dry THF (1 mL) was
added at 0 °C TBAF (0.08271 mL of IM

sol. in THF, 0.08271 mmol). After stirring for 1 minute at 0 °C at this temperature,

water (2 mL} was added to the reaction, The reaction mixture was extracted with
diethylether and the organic layer was dried over anhydrous Na; SOy, then the solvent
was evaporated in vacuo. The residue was pure enough to be carried further to the
next reaction. Yield: 30 mg (quantitative); 'H NMR (CDCls) 6: 7.69-7.65 (m, 4H),
7.44-7.33 {m, 6H), 6.19 (d, J =6.71 Hz, 1H), 5.14-5.12 (m, 1H}, 3.75 (d, ] =6.71 Hz,
1H), 3.59-3.47 (m, 1H), 2.38-2.29 (m, 1H), 2.16-2.10 (m, 1H), 1.99-1.92 (fh, 1H),
1.79-0.85 (i, 16H), 1.05 (s, 9H), 0.99 (s 3H), 0.85 (5, 3H).

(20S5)- 3f-hydroxy-174,20-epoxy-26-(2-bromoethynyl) -5-androstene
2 To a solution of (205)- 34-(t-butyldiphenyl-

T

Br

silyloxy)-178,20-epoxy-20-(2,2-dibromovinyl)-
5-androstene (30 mg, (.04212 mmol) in dry

" THF (1 mL) at 0 °C was added TBAF 1 M sol.

in THF (0.08424 mI.,0.08424 mmol). The reaction was stirred for 10 hours at room

temperature and water was added. The reaction mixture was extracted with

~ diethylether and the organic was dried over anhydrous Na; SOy, then the solvent was



OH silyloxy)-17,8,20-epoxy-5-androstene-21- Brcarboxaldehyde (45 mg, 0.0792 mmol) in dry
TBDPSO 00dichloromethane (2 mL) at 0 C was added Ph3P (113.8 mg, 0.434 mmol). After stirring for
10 mlnutegvé)[ 6’&36%?3170 78 mg, 0.213 mmol) was added. After stirring fifelreRet %Mjre for 1
hour at 0 C water (1 mL) was added. The reaction Zigture 28 was extracted with dichloromethane and
the organic layer was dried over anhydrous Na2304;then the solvent was evaporated in vacua. The
residue was purified by flash column chromatography (elution solvent: cyclohexane:BtOAe 98:2) to
afford 3,8-(tb R BHRERGKAGK)) % FREAAT PHLY %‘Eeﬁ BrelmuSEe IR SERRE . Yield 32.8 mg

(52%); 111 NMR:{oDéet2n6: Ey@ﬁﬂeﬁﬁlé'm@bﬁib o416 36réra. (B2 3 ﬁéeﬂy‘ﬂﬁ?ZOHZ 1H), 5.11
(bs, 1H), 4.85 037 Hz, %é; ﬁ/(bs 1H), 2.43- osgém 19H), 1.06 (s, 9H), 0.99 (s 3H), 0.95

(s, 3H). (205)~ %’i’ilf(? &?ypfﬁfﬂg '5“517%36% Sg6id- I@é%‘ﬂi%%‘(ﬁﬁyﬁ- MRdrostene To a

solution of 3, 8«BULYdiphemnytsilyleny}£0fkaydiaxy 1y -4t 3531 Hibrorscy @by for Sterlrosiene (32.8 mg,
0.04136 mmog |g§{y Té—él%s(JB{_BL) was added at 0 C TBAF (0.08271 mL of 1M

Example 4
Preparation of 34,21-dihydroxy-17a,20-epoxy-5-pregnene

(3p-Hydroxy-5-androstene-17-ylidene)-acetonitriie

CN

HC

To a solution of t-BuOX (4.14 mmol, 465 mg)
in dry THF (5 mL) at 0 °C was added diethyl cyanomethylphosphonate (2.76 mmol,
0.44 mL) and the reaction was stirred for 1 h. To the above mixture was added
dropwise a solution of DHEA (0.69 mmol, 200 mg) in dry THF (5 mL) and the
mixture was stirred at room temperature until completion of the reaction. The

reaction was quenched by addition of saturated NH,Cl and was extracted with ethyl
acetate, and the organic layer was washed with brine and was dried over anhydrous
NaySOQy, then the solvent was evaporated in vacuio. The residue was purified by flash
column chromatography (elution solvent: petroleum ether:EtOAc 6:4) to afford the
compouﬁd named above. Yield: 175 mg (81.5%). "H NMR (CDCl) d: 5.28 (bs,
1H), 5.06 (s, 0.3H), 4.96 (s, 0.7H), 3.49-3.41 (m, 1H), 2.7-0.9 (m, 19H), 0.99 (s, 3H),
0.91 (s), 0.79 (s, 3H). >C NMR (CDCl) é: 180.9, 179.2, 141.1, 140.9, 120.9, 120.8,
117.4, 116.6,87.9, 87.8, 71.3, 60.4, 55.2, 54.1, 49.9, 46,4, 45.9, 42.1, 37.2, 36.5,
34.5,32.4,31.5,31.4,302, 23.8, 20,8, 20.7, 19.4, 17.7, 16.6.



sol. in THE, 0.08271 zmnol). After stirring for 1 minute at O C at this temperature, water (2 mL) was
added to the reaction. The reaction mixture was extracted with diethylether and the organic layer was
dried over anhydrous Na2S04, then the solvent was evaporated in vacua. The residue was pure
enough to be carried further to the next reaction. Yiekd: 30 mg (quantitative); 111 NMR (CDC13) 6:
7.69-7.65 (rn, 4H), 7.44-7.33 (m, 6H), 6.19 (d, J = 6.71 Hz, 1H), 5.14-5.12 (m, 1H), 3.75 (d, J =6.71
Hz, 1H), 3.59-847Hnd ki) RaB8ieh2@1(m] THEiReh6)-Addalmbelidde 1.99-1.92 (m, 1H), 1.79-0.85 (m,
I6H), 1.05 (s, 9H);76:99-(s-3H);-0:85-(s,-3H). (203)- 3f1-hydroxy-17/1,20-epoxy-20-(2-bromoethynyl)
-5-androstene;To a solution 103)¢

3/3-(t-butyldiphenylsil ] epoxy:20-(2,2-dibromovinyl)- 5-androstene (30 mg, 0.04212
mmol) in dry THE (2 C as‘added TRAP 1 M sol. in THF (0.08424 mL,0.08424 mmol). The
reaction was stirre oom temperature and water was added. The reaction mixture was

extracted with |cigTthyle ard the organic was dried over anhydrous Na2S04, then the solvent was
29 evaporated-invacua:- Theesiduewas puifie? Bi9meh fomiderromaretsEpny (étution solvent:

cyclohexane:Ef0488:)-tonatiord 1208 I Ghudroxyd 4:8.4@hloromethane (15 mL) was added
epoxy-20-(2-bromoethynyl)-5-androstene. Yield: 18 m (quantitative)z; 111 NMR (CDC13) 6: 5.37 (bs,

1H), 3.60-3.46%m 3114 2dotien ph)B4d.d1dd (himGehlorethang,y -oige ol sipfebample 4

Preparation of 3fled & roiiaiexyrds/ 2i20eRORY- 21 80NV&YE" and for 5 hours at room temperature.
(3fl-Hydroxy-5-androstene-17-ylidene)-acetonitrile To a solution of t-BuOK (4 14 mmol, 465 mg) 'n dry

THF (5 mL) at be st gaady biemys atehisiibaseriaaq s reampibion 24N L} and the reaction
was stirred fordrhatoie.abaye TRixBiamam addes diepivise wigobHien.all REEAi(A.69mmol, 200

mg) in dry THF (5 mL) arid the mixture was stirred at room temperature until completion of the

reaction. The rEBBAU AR endRRRithy SRbaHbI oF SERREE] RINAEP ardWaS Bir&eted with ethyl
acetate, and the:Qfeanis fyerivasashed mathiine xagovasidead pygoroRyEmsSANaRRO4, then

the solvent was evaporated. in vacua. The residue was purified by flash column chromatography

(elution solvent- PSR Bher BROARI AR 4ROYE: tRdL8ripdnd Pamed above. Yield: 175 mg

(81.5%). 111 NMRIER &I PIE;Ps28 dloe Wl:A) H06 s, 0.851%) 40961 (g1, 0-4H)98.4FAA1(my-1H), 2.7-0.9
(m, 19H), 0.99 (s, 3H), 0,91 (s 1-1),13C NMR CDCI?L)K_IO: 180.9, 179.2, 141.1, 140.9, 120.9,

,0.79 (s, 3 1 ) )
s 1174 Pl AT G B b S0 GABEAAS 3 e Hnd G v G 3 2% & 374
31.5, 31.4, 30.8.923:83, 208, 809 (h%hdd W98, (3Paad 3078 (s) (all three 6H); BC NMR (CDCl)

0:192.4, 190.7, 180.5, 179.4, 140.9, 124.0, 120.8, 119.3, 71.2, 63.0, 55.6, 53.3, 50.1,
494, 46.9,46.3,42.0,38.6,37.1,36.6,36.5,36.4,34.7,33.5,31.5,31.3,27.7, 243,
23.9,21.3,20.8,19.3, 18.8, 17.8.

17-(2-hydrexy-ethylidene)-S-androstene-3f-ol

CHLOH

HCO

'To a solution of 3f-hydroxy-5-androstene-17-

ylidene)-acetaldehyde (0.24 mmol, 75 mg) in MeOH (2.5 mL) were sequentially
added CeCl3. 71,0 (0.24 mmol, 89 mg) and NaBH, (0.24 mmol, 10 mg). After
completion of the reaction saturated NH4Cl was added until pH 7. The mixture was
diluted with ethy! acetate and the organic layer was extracted with brine and was dried

over anhydrous Na;SQy, then the solvent was evaporated in vacuo. The residue was



(3/7-Hydroxy-5-androstene-17-ylidene)-acetaldehyde To a solution of (3/3-hydroxy-5-androstene-17-
ylidene)-acetonitrile (150 mg. 0.48 mmol) in dry dichloromethane (15 mL) was added at -78C a
solution of PPPAREHEFE3M in dichloromethane, 1.44 mmol) and the reactior ik WA8 X ifred for 30
min at -78 C and for 5 hours at room temperature. The reaction mixture was diluted with
dichloromethane and a solution of Na-K tartrate was’added. The organic layer was extracted with brine
and was dried over anhydrous Na2S04, then the solvent was evaporated in vacuo. The residue was
purified by flagivwdGkshiny Sasbrechsgreghyetodombp (edntoR etrlolenimetid e dites 8c2jaueafford the
compound na g ield: %) NMR 13) 6:619.Q2 (d, 1=8.54 Hz, 0.63H), 9.74
(d, J---- 7.93, glg tl—?)%%%%ﬁgg%%g&%@{gﬁ{g%95%66'\?%%0[@7% (g%éo .21 (m, 1H), 3.44-3.39 (m,
11-1). 2.89- 0.98 (FVR@DEBY 45§ AP s LEN TS (8F (al Bilee361d)3 EIAMNIRY(EBC13) 6:

10,586, 970 Sha SDerED SO ) ol 0, O e O S s e, 17 8,

38,21-dihydroxy- 17¢.,20-epoxy-S-pregnene

To a solution of 17-(2-hydroxy-ethylidene)-5-

androstene-35-0] (0.22 mmol, 70 mg) in dry dichloromethane (2.2 mL) were added
K2CO; (0.26 mmol, 36 mg) and m-chloroperoxybenzoic acid 55% (0.22 mmol, 61 -
mg), and the mixture was stirred at room temperature until completion of the reaction.
The solid was filtered off and the filtrate was evaporated in vacuo and was purified by
flash column chromatography (elution solvent: Petroleurn Ether:ethyl acetate 1:1) to
afford the compound named above in 75% yield.

'H NMR (CDCls) 8: 5.36-5.34 (m, 1H), 3.90-3.53 (m,3H), 3.15-3.11 (m, 1H), 2.4-
0.9 (m, 19H), 0.99 (s, 3H), 0.83 (s, 3H). ‘

Example 5
Preparation of 3f,22-dihydroxy-17f,21-oxetanyl-5-preguene

17a-Aliyl—5-androstene-34,174-diol

o To a solution of 3 f-acetyl-5-androstene-17-
.\\\\\\\——:‘H‘“‘w

one (200 mg, 0.6 mmol) in anhydrous
tetralrydrofuran (4 mL) was added dropwise at

HO 0°C a solution of allyl magnesium bromide

(1.7 M in tetrahydrofuran, 3.52 mL, 6 mmol}

-
F

and the resulting mixture was stirred at room temperature for 12 h, After completion
of the reaction saturated ammonium chloride was added and the resulting mixture was

extracted with ethyl acetate, The organic layer was washed with brine, then dried



17-(2-hydroxy-ethylidene)-5-androstene-3/3-ol To a solution of 3fi-hydroxy-5-androstene-17-
ylidene)-acetaldehyde (0.24 mmol, 75 mg) in MeOli (2 5 mL) were sequentially added CeC13.71120
(0.24 mmotY 8F ¥y ahtt NaBH4 (0.24 mmol, 10 mg). After completion of tRe TEaBHEE/ ¢ krated
NH4C1 was added until pH 7. The mixture was diluted with ethyl acetate and the organic layer was
extracted with brine and was dried over anhydrous N42S04, then the solvent was evaporated in
vacuo. The residue was 31 purified by flash column chromatography (elution solvent: Petroleum

Ether:Acetone8)8rsfoms MNee ROl selisatisasonaperalad 70Mee0 Dby eIk ¥eDCI3) d:

5.36-5.24 (M, RAHd% BRMab12h, bR IR APy Yol DA O cHAb bk sh D5 AL 94 (5) (both
3H), 0.90 (s) and 0.77 (s) both 3H. 311,21-dihydroxy- 17a,20-epoxy-5-pregnene To a solution of
17-(2-hydroxy-@tﬂ;?ﬂd@n@z’}tﬁﬂéﬁﬁfﬁgf’é@%ﬁt‘éﬁt@% mibRigoamg RitgrewERlBroAbithane (2 2 mL)
were added KEGARB (@36 $6 mg) and m-chloroperoxybenzoic acid 55% (0.22 mmol, 61 mg),
and the mixture was stirred at room temperature until completion of the reaction. The solid was filtered
off and the filtrate was evaporated in vacua and was purified by flash column chromatography (elution

solvent: Petrotesiny fFiiayataxkacetaie dok)19.aff@rdstagecompound named above in 75% yield. 111
NMR (CDCI3)8:5.36-5.34 (m_1H) _3.90-3.53 (m,31-1), 3.15-3.11 (m, 1H), 2.4- 0.9 (m, 19H), 0.99 (s,

3H), 0.83 (s, 3H). Example 5 Preparatigjfof 3/3,22-di arisiptiomal 37 coalyhryudipisgRene
17a-Allyl--5-androstene-311,17fi-diglf k" 34,174-diol (190 mg, 0.57 mmol) in

anhydrous dichloromethane (6 mL),

8]

vanadium acetylacetonate (6.6 mg,

0.025 mmol) and -butythydroperoxide
70% (0.74 mL, 1.7 mmol) were
sequentially added at -10°C. The resultiilg mixture was stirred at 0°C for 12 h. After

completion of the reaction the mixture was diluted with dichloromethane and the
organic layer was extracted with H,O, saturated NaySOs and brine and then was dried
with anhydrous Na; SOy after which the solvent was evaporated in vacuo. The residue
was purified by flash column chromatography (elution solvent: dichloromethane/
ethyl acetate 6:1), to obtain 34,178-dihydroxy-20,21-epoxy-5-androstene as a white
crystalline solid. Yield: 69 mg (35%); 'H NMR (CDCl) d: 5.35 (bs, 1H), 3.53 (m,
1H), 3.26 (m, 1H), 2.84-2.97 (m, 1H), 2.52-2.49 (m, 1H), 2.28-1.01 (m, H), 1.02 (s,
3H), 0.90 and 0.89 (s, 3H). |

- 38,22-dihydroxy-178,21-oxetanyl-5-pregnene
0 on | To asolution of 35,174-dihydroxy-21,22-

epoxy-5-androstene (40 mg, 0.12 mmol)}
in anhydrous methylene chloride
(12 ml.) was added p-~TsOH (0.6 mmol,

114 mg) and the resulting mixture was

HO,

&
\\\\
H

stirred at room temperature for 12 hours.
After completion of the reaction the solid was removed by filtration and the filtrate
was evaporated in vacuo. The residue was purified by flash column chromatography

to afford the desired 17-spiro-oxetane derivative.



To a solution of 3,8-acetyl-5-androstene-17- one (200 mg, 6.6 mmol) in anhydrous tetrahydrofuran (4
mL) was added dropwise at OC a solution of allyl magnesium bromide (1.7 M in tetrahydrofuran, 3.52
mL, 6 mmd&YaHEEFd4ulting mixture was stirred at room temperature foP £ 1B EdbAPletion of
the reaction saturated ammonium chloride was added and the resulting mixture was extracted with
ethyl acetate. The organic layer was washed with bfifie, then dried 32 with anhydrous Na2S04 and
the solvent was evaporated in vacua. The residue was purified by flash column chromatography
(elution solvent: cyclohexane/ethyl acetate 85:15), to obtain 17a-allyl-5-androstene-3,6,17,8-diol as a
white crystalline solid. Yield: 190 mg (95%). 31 Zi%nl-ltgigydroxy-Zl,22-epoxy-5-androstene Toa
solution of 17a-allyl-5-androstene3fl,17fi-diol (1@%7”8‘05, ;57 mmol) in anhydrous dichloromethane (6
mL), vanadiug. acetylacet i NG 10l Dty xide 70% (0,74 mL, 17
mmol) were sgaﬁégrféﬁ@ﬁa%m (5?, % ggﬁ%%a%%%éﬁ%ggﬂﬁazxg%%ﬁgtgc for 12 h. After
completion ofsthidersmatiretha Infisetieagids diluted with dichloromethane and the organic layer was
extracted with H20, saturated Na2S03 and brine and then was dried with anhydrous Na2S04 after
which the solvent.was-evaporated-in-vacua—Fhe-residue was,purifi natography
(elution solvent: dichloromethane/ ethy ‘e{\ate 6:1) t%&%?%ggon%g@%y%%ﬁgmgt%%n
3,17,8-dihydroxy-20,21-epoxy-5-andrdsteri® as a white/ erpdtattimectividxiviel (26 m@ @): 1H NMR
(CDC13) (5: 5 26 (m, 1H), 2.84:2.97 : -2 , 1H), 2.28-1.01
(m, H), 1.02 (3, 3H), O. : /422-dihy(¥rl(%<(§ll-)f?,%?%?Sig?(%%a{%y %(%r%e%é]ﬂghe To a solution
of 3fi,17/3-dihydrox ' -androstene (40! migind=t isvifoiiimanHidir6idsmgethylene chloride
(12 mL) was adidag (0 6 mmol, 114 mg) andith ulti Xt i tyoom
temperature for 12:hos | \plm@/moéahe reg ctgjilg e gﬁégé\ﬁalg?gyﬁ%@eﬁdﬁg%?ﬁgﬁon and the
filtrate was ev Irifimohdiy #ashaddhdhah @itomdtdgraphy to afford

the desired 17-spiro-oxetane de.rivative 3 Example 6 Preparation of 17/J-spiro[3/i-hydrexy
-5-androsten-ﬁﬁ%]'t’é‘)%Fﬁiﬁﬁlfﬁ/ﬁ‘éaéﬁéﬁﬁﬁé&%l giégxﬁgr%’r&r or AIR02L. Az c&%%ét% 9

the reaction water was added, the solution was acidified to pH 5 with dilute HCl and

the resulting mixture was exiracted with dichloromethane. The organic layer was
washed with brine, then dried with anhydrous Na,SO, and the solvent was evaporated
in vacuo. The residue was purified by flash column chromatography (elution solvent:

petroleum ether 40°-60°C/acetone 8:2), to obtain the title compound..

Example 7
Use of synthetic spiro neurostereids to protect neural-crest derived PC12 cells

against serum-deprivation induced cell apoptosis

Method

Neural-crest derived PC12 cells were maintained in culture at 5% COz,at 37°C, in
RPMI 1640 medium containing 2mM L-glutamine, 15mM HEPES, 100 units/ml
penicillin, 0.1 mg/ml streptomyein, 10% horse serum, and 5% foetal calf serum,
Serum free medium was supplemented with 1% bovine serum albumin (BSA).
Different steroids, used at various concentrations, were initially diluted in ethanol.
The final concentration of ethanol in each well, including controls was 0.01%.

Conjugate DHEA-BSA was initially diluted in Phosphate Buiffer Saline (PBS).



To a solution of dehydroepiandrosterone7-carboxymethyloxime (20 mg, 0.052 mmol) in anhydrous
DMF (0.5 mli), trimethylsulfonium iodide (32 mg, 0.16mmol) and t-BuOK (18 mg, 0.16 mmol) were
added at O &'ﬁﬁsﬂ@:_’%ésulting mixture was stirred at room temperature f ) PE/ORTEY completion
of the reaction water was added, the solution was acidified to pH 5 with dilute HC1 and the resulting
mixture was extracted with dichloromethane. The o@‘énic layer was washed with brine, then dried with
anhydrous Na2S04 and the saolvent was evaporated in vacuo. The residue was purified by flash

column chronfatygrEpR RS sBicshecpetelsare dosl 2daus mumlsmented WElbbERANe title
compound.. Exaimiigots ggﬁﬁméysg‘m@&a@mf%ﬁera%ms &1@%@&@&%@{%&%9&% PC12
indu -

cells against serum-deprivation ced cell apoptosis Method Neural-crest derived PC12 cells were

maintained in ¥ilftreedtiSeteeionetiedy chn e GAE AR CUh AT g BIsNgi oL gdkamine, 15mM
HEPES, 100 mtﬁmlmezagxaﬁﬂR Qs TGMbHRBREFT SR oRY L PURE LI e AN wfpetad calf serum.

Serum free medium was supplemented with 1% bovine serum albumin (BSA). Different steroids, used

at various corCSHEHRISs, RS 16 ATRF diarsifind deblamonered fivds borneryaneriist&tRanol in each
well, including:saipieisisias Bfepion Canivats RARFABRAWaRIPERINHEE D Bhasrhate Buffer

Saline (PBS). 34 Cells were cultured in the absence of serum for 12 hours, supplemented with DHEA

and various syRERREHRFMTESH SRR s IdipnElsaireasispicHianiibe dlAnrerddanias dvo different
methods: TheAR QP e1gestageRomasis AssovdBiogrigkidcRelfastdlirrelansayagsed to

guantify apoptosis, according to the manufacturer's 5instructions. gé)é)ptosis was quantified following

cell lysis by mEERHHRFh & dge Wrbrsrhtsd iv4 98 St @AROA) s 5t QrEraienc® fiter 620nm) using

a colourffiiter pygkamateselarnreses RyvatachiMisieflisrieasias Chaniily,) YA feerdigyres 1 and 2).
FACS Analysis: FAC%;Q(%Iysis of apoptotic cells was perfoimed according to our protocol (Proc Nat!

Acad Sc! USAYE H(l)tﬁlﬁl}% mﬁf\ﬁ}égu%t softwares (see Figure 3).

‘Culture of Péll’_ cells in the absence of serum resulted in a strong induction of
apoptosis, compared to cell cultures supplemented with serum, as shown with the

15  ApoPercentage 'assa"y (Figure 1). DHEA, non-permeable DHEA-BSA conjugate and
spiro neurosteroids reversed serum deprivation-induced apoptosis by almost 50%,
protecting PC12 cells from apoptosis, with ICsy of 0.15 nM (Figure 2). The synthetic
17-spiro neyrosteroids also showed strong anti-apoptotic, cytoprotective effects with
ICs0 0f 0.088, 4.16 and 68.4 nM for BNN-50, BNN-93 and BNN-124 respectively

20 (Figure 2). The anti-apoptotic effects of synthetic spiro neurosteroids were also
confirmed with FACS analysis (Figure 3).

Exampie §
Study of the neuropretective, anti-apoptotic effects of synthetic spiro

25 neurosteroids by induction of the neuroprotective and anti-apoptotic Bel-2

proteins in neural-crest derived PC12 celis

Method

Neural-crest derived PC12 cells were cultured for 8 hours in the absence of serum, but
30 supplemented with 10 nM of various neurosteroids, At the end of incubation cell

lysates were subjected to electrophoresis through a 12% SDS-polyacrylamide gel.

Then, proteins were fransferred to nitrocellulose membranes, which were processed

according to standard Western blotting procedures. To detect protein levels,



10 perfermed with FACScan (Becton Dickinson, Heidelberg, Geimany) and the results were analysed
with the FACScan and Cell Quest softwares (see Figure 3). Culture of P02 cells in the absence of
serum resd@dftd E#dhg induction of apoptosis, compared to ,cell cultur&§ SEPREREMRT with serum,
as shown with the 15 ApoPercentage assay (Figure 1). DFIEA, non-pem. cable DHEA-BSA conjugate
and spiro neurosteroids reversed serum deprivatior#nduced apoptosis by almost 50%, protecting
PC12 cells from apoptosis, with 1050. of 0.15 nM (Figure 2). The synthetic 17-spiro neurosteroids also
showed strong.antirapspietic;icytoprdtadtivéefioptemwitte [Gbties0Bal-4. {82884 nM for BNN-50,

BNN-93 and BNN-124 respectivgly . 20(F 2),. any e effests; of gyRthetic spiro
neurosteroidsgﬂ%% %@%ﬁmﬁ%&%ﬁi{—%@%aaﬁlgﬁlg?sizé}gﬁ%g?%g%ggmple% Stu%y of the
neuroprotectiechinstegopiotiBeftehis\ofs ittt S, 28nuroated drasy RSO OF AR
neuroprotective and anti-apoptotic Bcl-2 proteins.d -Cres NRATRC 13688, Method
Neural-crest d&fvVEd ﬂgc%%%ov{v%rén%%%fﬁye%%%%érh%%ﬁ%%%Aa%%gncé of serum, but 30
supplementeaiid4)0 FoMooinatireder pectosteroids, frthtobrivest fanptisricininatddwere

subjected to eleggaogh%%sti,g 1hero he%i%g%ﬁe%gfﬁgfly@%yam{%ggogg% pratensawerefransferred

to nitrocellulo$é %ngmrbranes, which were processed according to standard Western blotting
procedures. Tencletagishpotedin exeslsorW 2008/E5586841R CT/GB2008/002067

Results of these experiments are pfésented in Figure 4. Serum deprivation (SF) of

10 PClZ cells resulted in strong suppression of levels of anti-apoptotic Bel-2 and BelxI.
proteins. DHEA and all three synthetic spiro neurosteroids {BNN-50, BNN-93 and
BNN—124) were preventing this effect as early as 12 h to levels comparable to those

of serum supplementation (5).

15 ' Example 9
Study of the neuroprotective, anti-apoptotic effects of synthetic spiro

neurosteroids after binding on DHEA specific membrane receptors

Method

20  PCI12 rat sympathoadrenal cells were cultured in 225cm? flasks and, after washing
twice with PBS, they were detached from the flasks by vigorous shaking. After a
centrifugation at 1500 g, they were homogenized by sonication, in a 30mM Tris-HCl
buffer pH 7.4 at 4°C, containing freshly added protease inhibitors (1 mM PMSF and
1 pug/ml aprotinin). Unbroken cells were removed by centrifugation at 1500 g (10 min

25  at4°C), and membranes were collected by centrifuging at 102,000 g for thr at 4°C,
Membranes were washed once with Tris-HCL, briefi}; acidified at 4°C (for 3 min) with
50mM glycine (pH 5.0), and re-suspended in the same buffer. Protein content was
assayed by the method of Bradford, using reagents from Bio-Rad (Hercules, CA).
Membranes (at a final concentration of 2mg/ml) were incubated with 5nM

30 [PH]DHEA, in the absence (to determine the total binding) or presence of unlabeled
neurosteroids and their synthetic spiro analogs, at concentrations varying from 107 to
10" M and at a final volume of 100 pl, in Tris-HCI buffer (50 mM, pH 7.4).

Following a 30 min incubation in a water bath, at 37°C, membranes were collected on



35 membranes were incubated with the appropriate antibodies: Bc1-2, (Santa Cruz Biotechnology Inc.,
Santa Cruz CA dllgllgon 1:100) Bcl1-xL (Cell Signalling Technology Inc., (Yﬁ 2%,6) ﬁi qon 1:100).
m

A PC- basedqr%{g]éle] naIyS|s program was used to quantify the intensity o eac and age Analysis,

Inc., Ontario, 5Canada). To normalize for protein cggtent, the blots were stripped and stained with
anti-actin antibodies (Chemicon Temecula, CA, dilution 1:400); the concentration of each target

protein was negRaled yacsia arioResy s ghihese upatpan i aseniadin i 4. Serum

deprivation (SF) of 10PC12 cells resulted in strong suppression of levels of anti-apoptotic Bc1-2 and

Bcl-xL protetih @H@%%Saﬁi@%ré@%mﬂ@@sn@%@%%m%@N?Qd?)‘émé RIS EHIBNN-124)
were pfeve“me&wwésgg%&%m&d%% h ?OSL%; ﬁxﬁ@ﬁ%ﬂ@%ﬁ%ﬂhﬁﬁrﬁéﬁ@%@ﬁ?'eme”ta“on

(S). 15Example 9 Study of the neuroprotective, anti-apoptotic effects of synthetic Spiro neurosteroids
after binding 64 DHBA e srerisraRatie@eptors Method 20PC12 rat sympathoadrenal cells were
cultured in 225cm2 flasks and, after washing twice with PBS, they were detached from the flasks by
vigorous shaking. After a centrifugation at 1500 g, they were homogenized by sonication, in a 50mM

Tris-HC1 buffeespls 7ra damicted dntimgy Srednly BEAosanprmbitgs ! BEiREg 1 p.g/ml
aprotinin). Unhroken-aeis et ramousshby wantifigation aivi 50044k Q éuipl deabAfphiaiod

membranes were collected by centrifuging at 102,000 g for Ihr at 4C. )
was obtained at 1 uM (Figure 5), Slgmﬁcant isplacement (approximately 60 % of

specific binding at 1 uM) was documented by synthetic spiro neurosteroids BNN-50,
10 - BNN-93 and BNN-124, with apparent Kp of 0.016, 11.2 and 0.33 nM respectively,
indicating a strong interaction of all three synthetic neurosteroids with membrane

DHEA binding,

Example 10
15 Study of use of synthetic spiro neurosteroids to stimulate the production and

secretion of dopamine from dopaminergic neural crest-derived cells

Method
Dopaminergic neural-crest derived PC12 cells were grown in 6-well plates, coated
20  with poly-L-lysine, at a concentration of 10° cells/well. Cells were incubated with
neurosteroids or the vehicle for several time periods; for the short-term experiments
the incubation time ranged from 5 to 30 minutes and for the long-term from 3 to 48
hours. 1 mL of supernatants were transferred to tubes containing 200 ul 0.1 M HCY
for measurement of dopamine, which was measured by radioimmunoassay (TriCatTM
25  RIA, RE29395, IBL Immuno Biological Lab., Hamburg, Germany) using T asa
tracer, The analytical sensitivity of the method was 30 pg/ml, its intra-assay CV was
9.5%, and its inter-assay CV was 16.7%. The cross reactivity between dopamine and

norepinephrine was <0.013%

30  Tyrosine Hydroxylase (TH) RT-PCR: Total RNA was extracted from dopaminergic
PC12 cells using the Trizol Reagent (Invitrogen Life technologies, CA). One
microgram of total RNA was reverse transcribed by the Thermo-Script RT-PCR

System (Invitrogen) using random hexamers in a total volume of 20 ul. Two



Membranes were washed once with Tris-HC1, briefly acidified at 4C (for 3 min) with 50mM glycine (pH
5.0), and re-suspended in the same buffer. Protein content was assayed by the method of Bradford,
using reag‘é’ﬁ’t & BY-Rad (Hercules, CA). Membranes (at a final concé?ﬁ%ﬁ&ﬁgg?/ﬁ%%ﬁlhl) were
incubated with 5nM 30[3H]DHEA, in the absence (go]determine the total binding) or presence of
unlabeled neurosteroids and their synthetic spiro analogs, at concentrations varying from 1012 to 10.6

M and at a final vqlume 1£#tl, in, Tris-HCI byffer (50 mM, pH 7? ollowing a 30. mm,incubation in
a water bath ™8t r?’r?g ggvég% ‘ggﬁéléfegdaﬁﬁ %%‘?E?Bafﬁ[%]r‘ e{%%@#%% solution at
4C. The filtersiy®re onashredethrBERimeanithJeealfl strise HdlarditedssppplementedMith scintillation
medium (Sig ella 62'65&%? S, C ecr? é‘é unted in a p-scintillation ¢ erg(éD rkin Elmer, Foster
iy, CAY it FEBB Bty T s L R R RAT e HPIRIS A BB BREA
competed foI&] if] R fiE=A fetdiing wrivise atesORC 1 2GR bvaepetfianes iwith Refki @ldd DMAAIMost
complete competitiqn.was ohtained at IM (Figu q%z % if] gJ pl imately 60 %
of speci(éc bin ﬁ]ngnéi[r}iyéﬁ)%}v%rge o ent‘gagﬁy 53[}?1 &l %%l’l%?r@gj %%3%@8@% -50, 10 BNN-93
and BNN-123! @ittselp pades - RUTTGAA GG QAL AM3STAC 12 $petténeb), anditatBiP@®Etrong
interaction of all thre ntlae% roids wi %q:lemég 2 ;EA inding. Example 10 15Study of
use of synth&l%r%pglrc? Q(}é;(b}r&os égég%gs%(;%ééét epro ugﬁg?\p ha S t?ré{ilr?ﬁ of dopamine from
dopaminergi€ASIFALERE ST AMT@A GEIIR Nethoth Dep dmimergic) n€lighmresbtdrvedP012 cells were
grown in 6'W§%8{%§%§3’d oyaﬁgv@Biotech AG (Munich, Germany), After reverse transcription,
10 the cDNA product was amplified by PCR, at 33 cycles. The cycle number (33) was

chosen such that amplification of the products was in the linear range with respect to

the amount of input cDNA. PCR for G3PDH was performed in parallel to assure good

quality of RNA and cDNA. preparations. Each cycle consisted of 60 s at 92 °C for

denaturation, 120 s at 53 °C for anmealing, and 180 s at 72 °C for extension (60 s at

15 98°C, 90 s at 55 °C, and 150 s at 72°C for G3PDH respectively). 10 ul of the
amplified products (368bp for TH and 983bp for G3PDH) were separated on a 2%

agarose gel and visualized by ethidium bromide staining.

Dopaminergic PC12 cells were exposed to DHEA, or to synthetic spiro neurpsteroids

20  BNN-30 and BNN-93 (1077 M) for short periods of time (from 5 to 30 min) and the
concentration of dopamine in culture media was measured using a radioimmunoassay,
as described above, All three steroids tested provoked a fast and statistically
significant stimulation of dopamine secretion, doubling their levels in the culture
media within 10 min (see Figure 6A). We have also tested the effect of steroids for

25  longer periods of time. More specifically, PCI12 cells were incubated wi.fh DHEAS, or
with synthetic spiro neurosteroids BNN-50 and BNN-93 (107 M) for 3 to 48 hours,
and the cqncentration of dopamine in the culture media was measured. Incubation of
PC12 cells with DHEAS or with synthetic neurosteroids resulted in an increase of
dopamine'ievels peaking at 24 h (see Figure 6B). These long-term effects of DHEAS

30  and synﬂxetio neurosteroids suggest that they may also, in addition to their acute
effects on dopamine secretion (Figure 6A), affect the de novo production of dopamine

in dopaminergic neurons. Indeed, all three neurosteroids provoked a strong induction



20with poly-L-lysine, at a concentration of 106 cells/well. Cells were incubated with neurosteroids or

the vehicle for several time periods; for the short-term experiments the incubation time raaned from 5
to 30 minute H§ forte long-Mini from 3 to 48 hours 1 mL of supernatan%gwgpequﬁﬁg?g? ed to tubes
containing 2001.d 0.1 M HCI for measurement of dgpamine, which was measured by

radioimmunoassay (TriCatTm 25 RIA, RE29395, TEL Immuno Biological Lab., Hamburg, Germany)

using 1251 as a tracer. The analytical.sensitivity of method was 30 pg/ml. IS intra-assay CV was
9.5%, and it§fﬁ¥@ﬂ%g\£ﬁf§gglﬁ§&%g’&%}héf% Bath eglneﬁg’p rﬁlgrll\%(leéand norepinephrine
was <0.013%3etyrasinedHigmx@ase (TH) RT-PCR: Total RNA was extracted from dopaminergic
P012 cells using the Trizol Reagent (Invitrogen Life technologies, CA). One microgram of total RNA
was reverse transcribed by the Thermo-Script RT-PCR System (Invitrogen) using random hexarners in
a total volume of 20 nl. Two 37 microliters of tBeaRblprdduct was used as a template, amplified by
PCR using 2 mM MgC12, one strength PCR buffer, 0.2 ml\t/l of.agnse and antisense primers, 0.2 mM

dNTPs and 2\SU5RAN PLOPEIE SR BEISHIRES SEHoREm

Eitet ADD, Foster City, CA) in a final
reaction volume of 50 tl. PCR was perfoinled in a Perkin EImer DNA 5 Thermal Cycler. Primers for TH
were 5'- TCGCCACAGCCCAAGGGCTTCAGAA - 3' (sense), and 5 -CCTCGAAGCGCACAAAATAC-3
(antisense) dHE#8F G3PDH were, 5-TGAAGGTO00AGTCAACGGATTTGGT-3' (sense), and 5'-

CATGTGGGERGAFEAGGT CEAGCRAGY (iisensardligonwiikotidesiwarsrsymiiesided by

MWG-Biotech A unich, Germany). After reverse, transcription. 10 the c roduct was amplified
by PCR, at 3@5@? s‘?“rljﬁer}‘é%%e%ﬁé}é?% v%%‘éeﬁ%lgge}“ﬁ ss%[%ﬁ‘t g?[e ?rr?ﬁﬁi@%%r? of the products was
in the lingar ranescwithieSpect tFGR@MpgintiditapotsRhiAtPCRIb). GRP DK Spspdiformed in

parallel to assuriﬁi%gsglﬁ%m%%t%\lﬁei tﬁn#r}]]cD A é%rgeé{g@g@g%”@ihﬂﬁgﬁlg,ngﬁgsg?gtg&gp sat92C

for denaturattbfi or annéa é?%ha s at ! extension (60 s'at 1598C, 90 s at
55 C, and 15§ aahdREsfanid INDHIesgectivelygori@nitwdichet 107 M. :

Within 24-48 hrs of culture, neurospheres supplemented with BNN-93 and DHEA

15  demonstrated extensive migration of neural cells to the periphery of the neurospheres
compared to the other compounds and the ethanol control (see Figure 7). This effect
appeared to be EGF/ bFGF dependent. By day 6, all neurospheres cultured shoWed
the same extent of migration of neural cells on the coverslip. The extent of migration
of the first days in culiure was mostly normalised as in most conditions cells had

20  migrated out of the sphere to the periphery. The photographs shown (Figure 7) were
obtained on the 6™ day of culture where migration effects are not so dramatic but still
evident, Additionally, progenitor neural cells, isolated from mouse fetal brain, were |
exposed for 24 hours to 100 nM of BNN-93 or to the vehicle {control), BNN-93
stimulated neurogenesis and differentiation of progenitors to neural cells, propagating

25 the formation of neurites (see Figure 8, arrows).

Example 12
Estrogenic properties of synthetic spiro neurosteroids
30  Treatment of postmenopausal syndromes with 17p-estradiol (E2) is associated with a
higher risk of developing breast and/or endometrial cancer (Arch Intern Med. 166,

1027 (2006)). E2 stimulation of the proliferation of cancer cells is driven by estrogen
recepior alpha (BRa) (Mol Endocrinol. 13, 969 (1999)). Since BNN-30, BNN-93 and



amplified products (368bp for TH and 983bp for G3PDH) were separated on a 2% agarose gel and
visualized by ethidium bromide staining. Dopaminergic PC12 cells were exposed to DHEA, or to
synthetic s P2 Atitost oids 20 BNN-50 and BNN-93 (1 M) for short peri@ﬂ&%?ﬂ%%%?ﬁ% to 30 min)
and the concentration of dopamine in culture medi was measured using a radioirnmunoassay, as
described above. All three steroids tested provoked a fast and statistically significant stimulation of

dopamine segtetion..doubling their | in the culture media within 10 min (see,Figure 6A). We have
also tested th%%tﬁe%% ofré%?(%ﬁéﬁ‘g?g\g%% ot %%?%gdglg} I%%_ g%g%nﬁgcé:ﬁggl%,%él &ells were
incubated witthDHEASidhaitR shimfiaticepirty (Euwosiodidd BN iBid-BEperatTam) for 3 to 48
hours, and the concentratian of d lne in the culture media was measured, Incubation of PC12
cells with DHE“% (Ipl}r%vr\)[/h% gg%/rﬁl%gel}%gﬁqé%&%i graélo slsfréls%ﬁ%g%eséﬁ\%l’nc?seea%eemé %pggg&%}hsénl%ve.ls peaking at
24 h (see FighrenBB pdEhesedongprterel effertSuRBIEAE-3Qalis) sydtheticsr{&nibstercidlissaggest that

they may.alsq ddition,to their ac ffects, o aw’ e secretion (Figure.6A), affect the de novo
produCtioSn ofI&?B%%%ﬁe%%ﬁdﬁé%ﬁ?%%%%%r%gér%n%??rqr?dpee ; gﬁ%fﬁ%% a|l‘|gt§)11}(|r‘(Sirsgt ‘r’g]lﬂd@%)%l ed a strong
induction WQ@008A1:55634P ClEAS §2068/002667038: of tupen RNIA i thd vatelimitinggizsime of

dopamine biogynifgsis, t¥£§%§%1%‘%%%%Xﬁﬁ%n(%%%o':gi&%ee%c%c%’%?a[‘s“B%&ﬁé-'i'&b‘ﬁ?@%iﬁ groperties of
synthetic Spiro neurosteroids :

25 and 1-10% of that of E2 (set equal to 100). Similarly, full antagonism of the effect

of E2 {at 0.1 nM) by ICI 182, 780 (at >10 nM ) and non-antagonism (vehicle only)

10 controls served to classify the neurosteroids as full, partial, weak and marginal

antagonists depending on whether their suppression of the effect of E2 was 76-100,

26-75, 10-25 and 1-10% of that of ICI 182, 780. Differences between control and

neurosteroid-treated cells were assessed using one-way ANOVA. Significance was

accepted for values of p<0.035.

15

Methods
To determine neurosteroid effects on the grdwth of MCF-7 human mammary (from
ATCC) and Ishikawa endometrial adenocarcinoma cells (from ECACC), the cells
were cultured at 37°C in Dulbecco’s Mintmal Essential Medivm (DMEM)

20 supplemented with 10% Fetal Bovine Serum (FBS, from Biochrom) in 5% CO; and
subcultured using a trypsin 0.25% - EDTA 0.02% solution, Neuwrosteroid effects on

. the growth of the cells were assessed using MTT [3-(4,5-dimethylthiazol-2-y1)-2,5-

diphenyltetrazolium bromide] and standard methodology (Chem. Biol. 11, 397
(20{)4)). Briefly, celis were plated in 96-well flat-bottomed microplates at a density

25 of 10,000 cells/well, in phenol-red-free medium supplemented with 1% dextran-
coated-charcoal-treated FBS (DCC-FBS). 24 hours later, serial ditutions of test
compounds were added (initial difution in DMSO, further dilutions in culture
medium), fresh media with test compounds added every 48 hours, and after 6 days the
medium was removed and the cells were incubated with 1 mg/ml MTT (from Sigma)

30 in serum-free, phenol-red-free medium for 4 hours. The MTT-formiazan that was
produced was solubilized in isopropano! and measured by monitoring absorbance at
550 nm vs. 690 nm using a Safire plate reader (from Tecan), Cells that received only

medium served as non-agonisin controls, while those treated with ICI 182, 780 (from



Method Primary cortical neurospheres (21d) generated from wild type mice were cultured attached on
PLL and laminin-coated coverslips in serum-free media in the presence or 10absence of EGF and

bFGF (20 MgMat¢ikisedhcentration each) For the screen, the media was sufppfeR#eftd43ith ethanol,

retinoic acid (at-RA), DHEA, or the synthetic Spiro ngyrosteroid BNN-93, at a final concentration of
10-7M. Within 24-48 hrs of culture, neurospheres supplemented with BNN-93 and DHEA 15

demonstratec-glgnpiy pigsatiomPLneNIRLGeLs 1 W ReriBhennOLInS AstasRliRies compared to the

other compounds and the ethanol control (see Figure 7). ct appeared to be EGF/ bFGF
dependent. Byagage8velyneurospheres cultured showed the same extent of migration of neural cells on
the coverslip. The extent of migration of the first days in culture was mostly normalised as in most

conditions celEaf@icpainrgiatsemdeiisissndie indweipamsienylpinppbrepbaisne aibBiR (Figure 7)
were obtainedeisHe,GHh GAY 0L N R WARKEHIGIAUPRARHARS R5C,POLSA AIMBBLGHYhRIHbevident.

Additionally, Progenitor neural cells, isolated from mouse fetal brain, were exposed for 24 hours to 100

nM of BNN-o3&us! wecesmiane dis whenisNCosiatifeanic AB8HRARsicaliRreralitEdon of
progenitors to heui Gels-RraRadain 2Bt frIRlion OFNeHRIRS A Se 9 d-i0kI¢18-BEiWRg Example 12

Estrogenic properties of synthetic spiro neurosteroids 30Treatment of postmenopausal syndromes

with 17P-estraBISIQRBIS ket ptedantity £ highdhGielsmee veB pinphsrekisednitomeAtiBinetrial cancer

(Arch Intern Megy168.r02 ¢ (2000 2 simutafion ef the prelierativnoheanereselads aiven by
estrogen recegtor alpha (ERa ((MQl Endocrinol. 13, 969 (1999)3. Since BNN-50, BNN-93 and
y test compounds (initial ditation in DMSO, further dilutions in culture medium), the

10 cells were cultured for 72 h, they were then washed with PBS and the plates were
- inverted, blotted gently on a paper fowel, placed ét -80°C for at least 15 min, thawed
at room temperature for 5-10 min, and then transferred onto ice. Next, 50 ul ice-cold
solution containing 5 mM p-nitrophenyl phosphate, 0.24 mM MgCl,, and ™
diethanolamine (pH 9.8) were added, the cells were warmed to room temperature
| 15 (time zero), and yellow colored p-nitrophenol was allowed to accumulate with time.

Cells that received only medium served as non-agonism controls, while those treated
with ICI 182, 780 and/or E2 served ag full antagonism and agonism controls,
respectively. The color was monitered every 30 min at 405 nm using the Sqfire plate
reader until positive controls shoWed an absorbgnce {Aq0s) of about 1.2. The estrogen

20 agonist/antagonist character of the spiro neurosteroids in the different test systems is

reported in Table 1.

Table 1: estrogen agonism/antagonism of BNN-50

lEstrogenic response JE2 agonism (at 1uM)[E2 antagonism (at 1 uM).

M

MCF-7 cell growth  fnon-significant non-significant

{ishikawa cell growth Jnon-significant non-significant

Ishikawa AlkP Inon-signiﬁcant marginal

25



39 BNN-124 may form two hydrogen bonds with an 0-0 distance of 10.9-12.5 A and thus may fit the
ERa binding cavity (Chem. Biol. 11, 397 (2004)), it was imperative to examine the estrogen
agonism/attdgéfiteir ptbperties of these neurosteroids using human adenbeEHATA LA from breast
(MCF-7 cells) and uterus (Ishikawa cells) as reportgys. Full estrogen agonism (E2 at >0.1 nM) and
non-agonism (vehicle only) controls served to classity the neurosteroids as super, full, partial, weak
and marginal agonists depending on whether tgeir e%trqgenic efficacy was >100, 76-100, 26-75, 10-
25 and 1-10% of that of E2 (set equal to 100). T full antagonism of the effect of E2 (at 0.1 nM)

by ICI 182, 78that sflthe Mndingl nctivatitegon isidai bitihic ke paty)yldiconttisdsiserved to classify the
neurosteroids as full, partial, weak and marginal.antagonists depending qQn r their suppression
of the effect 8?%3%35%&%@% %.%g"i&?g@ﬁgaﬁiﬁayg%ﬁ?gf gﬁiﬁ? i%g,p/ ! Differences between
control and neurosteroid-treated cells were assessed using one-way ANOVA. Significance was
accepte%l forﬁ/ialrl’le of p<0.05. 15 Methods To determine neurosteroid effects on the growth of MCP-7
human mammgrf/ogrom ATCC) and Ishikawa endometrial adenocarcinoma cells (from ECACC), the

cells were culaicepat RN web ulbedecisiMinintiat EBS&htialf Middiuand PMENVR. 2Q<shipplemiented with
10% Fetal Bovine sSerum (PBS, from Biochrom%h' % and subcultured usi rypsin 0.25% -
EDTA 00250 SR BB P R T BT S B e B oaing MTT
[3-(4,5-dimetb§ltiaZohR:ic)a215 ediphsinytétecral G brooeige] awistgiendard enkthedlalogy (Chem. Biol
11, 397 (20 g Briefly,cells were plated i - etg flat-bottamed microplates.at.a density 250f 10,000
collsrell, in BT e e e A s 55 RS R s DA o Pt PBS
(DCC-HBS). éntndupstiaterf $éfidledfutionsoftesbgompalibdsonere acdded: @hitiddildtidhih DMSO,

further dilutions.in cultur lum), fresh media with test compaounds, ad dﬁ%ﬁ%ﬁ hours, and after
6 days the I‘T?é%l?r #aigrégpn%%g(g%l%gceﬁ%? gé? ?r(?&rgg?%so\}vrfﬁ%% t%sgC;?n rgrﬁ igma) 30 in
serum-free, ghiepotregkdtaamndditmoken 4diisurer THenWET-For neazafu gatibwals] pASdg Cedimias

Saire pate 1o O S I e contros.
while those tidatettavith 1&rd 82si¥800tfeorwith (T Tiodis), amBy Eddffod Sitfitdfecrvei awifbl|
antagorllgsm %q'rﬁ\qoéﬂ%ﬂlg %9'6}]&?&’ ?&g{[lgﬂ%nded in the same buffer, Protein content was
assayed by the method of Bradford, using reagents from Bio-Rad (Hercules, CA).
Membranes (at a final concentration of 2 mg/ml) were incubated with S nM
[BH}DHEA, in the absence (to determine the total binding) or presence of unlabelled
BNN-124 at concentrations varying from 1072 to 10°° M and at & final volume of 100
20 plin Tris-HCI buffer (50 mM, pH 7.4). Following 30 nun incubation in a water bath
af 37°C, membranes were collected on GF/B filters, prewet in 0.5% PEI solution at
4°C. The filters were washed three times with ice-cold Tris-HCI, dried and counted
in a B-scintillation coﬁnter (Perkin Elmer, Foster City, CA) with 60% efficiency for
tritrum.
25
The results are depicted in Figure 9, Unlabelled BNN-124 competed for ["H]DHEA
binding on isolated membranes from HEK293 TrkA cells, expressing TrkA NGF
receptors. The affinity of this binding was Kpy: 0.29 nM, i.e. similar to that of NGF.
Similarly, unlabelled BNN-124 competed for ["HJDHEA binding on isolated
30 membranes from HEK293 p75NTR celis expressing p75SNTR NGF receptors, The
affinity of this binding was Kp: 1.0 nM, i.e. similar to that of NGF. No binding was
shown in HEK293 cells transfected with the vector empty of TrkA ¢DNA or non-

transfected cells. Furthermore, membrane staining of HEK293 cells transfected with



To detemine neurosteroid effects on E2 induction of the alkaline phosphatase activity of Ishikawa cells
- a very sensitive means of detecting E2 agonists/antagonists among 5 natural and commodity

chemicals‘(‘fﬂa’?ﬁ?ﬁ’ Med472, 488 (2006)) - cells were cultured and subcultuF&d’SEHEEARY above.

Cells were then plated in 96-well flat-bottomed micrggulture plates at a density of 12,000 cells per well
in phenol-red-free medium supplemented with 5% DCC-FBS. 24 hours later fresh medium was added

followed by 1481 4 %i;gﬁg (il sintion o BMSQ. urther dilviionsincultermedivwel the 10cells

were culture were then washed with PBS and the plates were inverted, blotted gently

on a paper tovesiglkiced hessfadiseaindinstelbsirng Piadias anddBir R ARSI mm, and
then transferred OP%}%& SW&%@W(}&;&%@ containing 5 mM p-nitrophenyl phosphate, 0.24
anola

mM MgC12, and let mine (pH 9.8) were added, the cells were warmed to room temperature
15(time zero), and yellow colored p-nitrophenoi was allowed to accumulate with time. Cells that

recelved anly.megm seryee s AET-AGSRISm AN MPISesEIRRIRA A OLAER, 780 andior

E2 served as antagonism and agonisrn controls, respectivgl};g. The color was manjtored, every 30
I

mm at 405 nraupsieenéedatith blaedrehanrisiin poseveredinriL SR P LN Absth i ta435) of
about 1.2. The qgfianei A aaspslianianonisichay arlet alpRosaiionmsiasieroisipshe different test
| .

systems is reporte able 1: estrogen agonistn/antagonism_of BNN-50 Estrogenic
response E2 agbuieigatidesd) Then proteins were transferred to nitrocellulose membranes,

which were processed according to standard Western blotting procedures, To detect

10 protein levels, membranes were incubated with the appropriate antibodies: Bel-2
(Santa Cruz Biotechnology Inc., Santa Cruz, CA, dilution 1 :100), phosphorylated
ERK1/2 (Cell Signalling Technology Inc., Beverly, MA, dilution 1:100}. To
normalize for protein content, the blots were stripped and stained with anti-actin or
anti-total ERK 1/2 antibodies (Chemicon, Temecula, CA, dilution 1:400).

15

| The behaviour of BNN-124 mimicked that of NGF in inducing the anti-apoptotic
Bcl-2 protein and the phosphorylation of ERK1/2 kinase in serum deprived PC12
cells. Indeed, 10 nM of BNN-124 produced the same effect on both Bel-2 and '
ERK 1/2 with 20 ng/m] of NGF (Figure 9). Bcl-2 activation by NGF rescues neurons

20  from apoptosis, an effect which is mediated by the activation through phosphorylation
of BRK1/2 kinase signalling.



E2 antagonism (at 1 uM) MCF-7 cell growth non-significant non-significant Ishikawa cell growth
non-significant non-significant Ishikawa AIKP nongsignificant marginal 41 Example 13 Study of the
binding, activating or inhibiting capacity of synthetic spironeurosteroids on nerve growth factor
receptors Trick and p75N1It

CLAIMS:
1. A composition comprising at least one compound represented by Formula
NE'e
B
(@
wherein

R'=0OH;R?=R*=R°®=R’ =Y =H and R*=Me;

R? is hydrogen, or when a double bond is present between C3 and C6 of the steroid

ring system, then R’ is not present;
X is a methylene group(-CH;-). an oxygen atom or -NH;

Ais ~{CHj)y~ a Cas alkenylene group, or a Cys alkynylene group, wherein

n is an integer and can take the value of Oor 1 or 2or3 ordor 3;

Bis —(CHa)y~ a Ca.salkenylene group, or a Cy.s alkynyiene group, wherein

y is an integer and can take the valueof 1 or 2or3 or4 or 3;

7 can be bonded to any carbon of the spirocyclic substituent at C17 of the steroid
skeleton and is independently optionally substituted C;.ipalkyl, an optionally
substituted fused bicyclic ring system, an optionally substituted bridged bicyclic ring
system, an optionally substituted bridged tricyclic ring system. optionally substituted
Co.10 alkenyl, optionally substituted C,.10 alkynyl, optionally substituted aryl,
optionally substituted arylalkyl, optionally substituted heteroaryl, optionally
substituted heteroarylalkyl, formyl, carboxy, -NC(O)R® , NC($)R?, -NR*R’,



5 Method HEK293 cells were transfected with the cDNAs of TrkA and p75NTR, the high and low
affinity receptors for nerve growth factor (NGF) (Apn Rev Biochem 72:604, 2003). Transfectants
expressing the two NGF receptor subtypes were cultured in flasks and, after washing twice with PBS,
they were detached frOm the flasks. After a 10centrifugation at 1500 g, they were homogenized by
sonication ciptiaBOyivbTiisteiC C S pppicaatimbediiamhihgiesily apdetabiotease inhibitors (1
mM PMSFSgggiﬁlpe%/r%gﬁﬁgwlin). Unbroken (_:ells_ were removed by centrifugation at 1500 g (10 min at
4C), and membranes were collected by centrifuging at 102,000 g for 1hr at 4C. Membranes were
washed once with Tris-HC1, briefly acidified at 4C (for 3 min) with 1550 mM glycine (pH 5.0), and

re-suspendegi e aans nller S fpteinonienh s asyed i tis methpdat Bradford, using

reagents from ad (Hercules, CA). Membranes (at a final ‘concentration of 2 mg/ml) were
incubated with 5 nM [3H]DHEA, in the absence (to determine the total binding) or presence of

uniabelled NN; aén%hrg&ﬂ%?gg@%oe;;ﬁ%wo AEhP42HRHAE MeangLat R dingl, vgiume of 100 20ji,

in Tris-HC1 buffer (50 rm ollowing 30 mm incubation.in a water bath at 37C, membranes
were collectedoonl s ErBiteies! preatdiydisvir EYSonutishoptigualivhapekssldvadgrtshed three times

with ice-co c}@ﬁé‘?%s?&ﬁ%,aé}goﬁ%%ﬁ@i&ﬂsﬁﬁi&@@ﬂllﬁé&’kﬁé’w 11@95(%%'#&5@% Foster City, CA)
with 60% efficiency for tritium. 25 The results are depicted in Figure 9. Unlabelled BNN-124 competed
for [3H]DHEWI binadiingubrtisseated- malkfimdnertivoml HER YT T bAGeREcoRbEassiIng TrkA NGF

receptors. The affinity, gtdnis-hinding was KB: 0.A0 AN SiiAE bl GIINGE, Similarly, unlabelled
BNN-124 cof:;rt]_getef(g“lJ for [31-]6.:]Dl-ﬁ':1%\ bind|‘n°g 8n isolgi\élg 301 membranes from]}ﬁlEEIlCZQB p75NTR cells
expressingop7oNa IR subTteed ptots omprtaHiy suPshigtshdIfgTRAFIKD: 1.0 nM, i.e. similar to that of
NOR No binding was shown in HEK293 cells transfected with the vector empty of TricA cDNA or

nontransfected cells. Furthermore, membrane staining of HEK293 cells transfected with
R® and R’ are independently optionally substituted C,.jpalkyl, optionally substituted

heterocycloalkyl, an optionally substituted fused bicyclic ring system, an optionally
substituted bridged bicyclic ring system, an optionally substituted bridged tricychic
ring system, optionally substituted Co.i alkenyl, optionally substituted
heterocycloakenyl, optionally substituted C,.jg alkynyl, optionally substituted

heterocycloalkynyl, optionally substituted aryl, or optionally substituted heteroaryl;

wherein "optionally substituted" refers to groups substituted in any possible position
by a group selected from lower alkyl (acyclic and cyclic), aryl (carbocyclic aryl and
heteroaryl), alkenyl, alkynyl, alkoxy, halo, haloalkyl, amino, alkylamino,
dialkylamino, mercapto, alkylthio, alkylsulfinyl, alkylsulfonyl, nitro, alkanoyl,
alkanoyloxy, alkanoyloxyalkanoyl, alkoxycarboxy, carbalkoxy, carboxamido, formyl,
carboxy, hydroxy, cyano, azido, isocyano, isothiocyane, oxime, keto and cyclic
ketals thereof, alkanoylamido, heteroaryloxy, O-aroyl, OalkylOH, OalkenylOH,
OalkynylOH, OalkyINX;X;, OalkenyINX;X,, OalkynyINXX,, NH-acyl, NH-aroyl,
CF3, COOX3, SOzH, PO;X; X, OPO5 X Xz SONX 1 X,, CONX, X, wherein X and
X5 each independently denotes H or alkyl or alkenyl! or alkynyl, or X; and X; together
comprise part of a heterocyclic ring having about 4 to about 7 ring atoms and
optionally one additional heteroatom selected from O, N or S, or X; and X; together
comprise part of an imide ring having about 5 to 6 ring atoms and X3 denotes H, alkyl,

alkenyl, alkynyl, hydroxy-lower alkyl or alkyl-NX;X5;



WO 20081155534PCT/G82008/002067 42 the TrkA cDNA was shown with membrane impermeable
DHEA-BSA-Fluorescein conjugate. These finding%Sindicate a strong binding and interaction of
synthetic spironeurosteroids with membrane NGF receptors. 5 Neural-crest derived PC12 cells were
cultured for 8 hpstEsninathe alisgnee otsesMeBubsupplemented with 10 nM of synthetic neurosteroids
of 20 ng/ml of NGF. At the end of incubation cell lysates were subjected to electrophoresis through a
12% SDSpolyacrylamide gel. Then proteins were transferred to nitrocellulose membranes, which were
processed acetxgeny iestangdrcidie stemtblotiingpiog ddiresniierdétactit dpratemdévels, membranes
were incubat ' ropria ihbodies: anta Cruz Biote logy,Inc., Santa Cruz,
CA, dilution 1%%%%pgﬁgg%%%%?ﬁa%eg%gg%%) %e‘i]f%%}%ﬁ@%r%%ﬁ%o?é&}* r%.?%%%ﬁl? MA, dilution
1:100). To nofilsatizesiorlprdiatd Eoment HEhiBEs: were stripped and stained with anti-actin or anti-total
ERK1/2 antibodies (Chemicon, Temecula, CA, dilution 1:400). 15 The behaviour of BNN-124
mimicked that of NGF in inducing the anti-apoptotic Bc1-2 protein and the phosphorylation of ERK1/2
kinase in seru"?ﬁ?ﬁ%‘ﬁri%@r%‘ilﬁagg TRAE &Y FECHRAS B RPADE Mo AoRia e a5 &% ffect on both
Bcl-2 and ERKZé2nitnr20 Ng/ndl abNEdr (bgiratB)e BdD2Madivatan by NGF rescues neurons 20 from
apoptosis, an effect which is mediated by the activation through phosphorylation of ERK1/2 kinase

signalling. 43 CLAIMS:
wherein "heterocycloalkenyl" or "heterocycloalkynyl" refers to a cyclic unsaturated

hydrocarbon group containing at least one carbon-carbon double or triple bond
containing one, two, three or four O, N or S atoms or combinations of O, N, S atoms;
and the dotted hines indicate that a single or double bond may be present;

or a pharmaceutically acceptable ester, salt or acid addition salt thereof;

as active ingredient together with a pharmaceutically acceptable carrier, diluent or

adjuvant.

2, A composition according to claim 1 wherein X is an oxygen atom.

3. A composition according to claim 1 wherein X is methylene group.

4. A composition according to claim 1 wherein X is -NH.

5. A composition according to any preceding claim wherein a double bond is

present between C5 and C6 of the steroid ring system, so that R’ is not present.

6. A composition according to any one of claims 1 to 4 wherein R' = OH; R*=
R°=Ré=R'=YV= H, A= -(CHy)y-, B= -(CHz),~; no double bond is present between
C1 and C2 of the steroid ring system; a double bond is present between C5 and C6 of

the steroid ring system, so that R? is not present; R*= Me; n =0 and v=1



1.A composition comprising at least one compourl}% represented by Formula | wherein Ri = OH; R2 R5
R6 R7 Y H and R4= Me; R3 is hydrogen, or whena double bond is present between C5 and C6 of the
steroid ring system, then 123 is not present: X is a methylene group(-CH2-), an oxygen atom or NH; A
is -(0-12)11-, & C2-5ralkemanengreuplios @ G2malkynytenegoupowheseimisianiinteger and can
take the value gf Q ar.1 or or4orh: Bis-(CH2),.- a C7,5 alkenylene group, or.a C2_5
akynylons st Koo ot S S e R R S DR RS, 7 oo e
bonded to anpadrsidiiof sabisspiroeficlic substituent at C17 of the steroid skeleton and is independently
optionally subgsitifiets 61. i) alkyl,. ppomptignallysspbstityted fused bicyclic ring system, an optionally
substituted bridged bicyclic ring System, an optionally substituted bridged tricyclic ring system,
optionally sub@t&&é@“@@f@yﬁ‘%@@hewﬁﬁa%@'Q%%ﬁ?ﬁt@%b’@?_’i’@ﬂ&l&ﬂ?ﬁ?l, optionally substituted aryl,
optionally subgtititeshadybalaizopiiepatly syhstitited heteroaryl, optionally substituted heteroarylalkyl,
folinyl, carboxy, -NC(0)R8 NC(S)R8, -NR8R6, 44 optionally substituted C(0)-W, optionally substituted
C(0)0-W, optionally substituted C(S)O-W; Y and Z can be bonded to the same carbon of the
spirocyclic suBst tuefittar@duwiVesresptirdljyFsubstitdtedo®i_to alkyl, optionally substituted
heterocycloalkyl, an optionally substituted fused bicyclic ring system. an optionally substituted bridged
bicyclic ring system, an optionally substituted bridged tricyclic ring system, optionally substituted
C2_10 alkenyl, optionally substituted heterocycloakenyl, optionally substituted C2_10 alkynyl,
optionally substituted heterocycloalkynyl, optionally substitdg,d(@yl, or optionally substituted
heteroaryl, 5

=

R =8

M

wherein
R'=OH;R*=R’=R =R =Y =Hand R*= Me;

R’ is hydrogen, or when a double bond is present between C5 and C6 of the steroid

ring system, then R’ is not present;
X 1s a methylene group(-CHy-), an oxygen atom or -NH;

Ais —(CHz)y— a Cosalkenylene group, or a Co.s alkynylene group, wherein

n is an integer and can take the value of O or 1 or 2 or3 or4 or 5;

B is «(CHz),— a Ca.; alkenylene group, or a Cos alkynylene group, wherein

y is an integer and can take the value of 1 or 2Zor3 ord or 5;



R8 and R8are independently optionally substituted Cmoalkyl, optionally substituted heterocycloalkyl,
an optionally substituted fused bicyclic ring system; an optionally substituted bridged bicyclic ring
system, an optionally substituted bridged tricyclic ring system, optionally substituted C240 alkenyl,
optionally substituted heterocycloakenyl, optionally substituted C2_10 alkynyl, optionally substituted
heterocycldabiamiyt, laptiedatlyasuleativuted dnylsrapiitinalyp sithsiituted] Hettdearwrouerein "optionally
substituted”.refers to groups substityted in a ossible ition by .a group selected from lower alkyl
st a&y S(lc%%ﬁ%&(/?g |(%:i Pﬁ%’rﬁl n%g 8?83%%?;@#%&@%&&‘8&? Xy, halo, haloalkyl,

. a & 1 ail
(acyclic and Cyclic),

amino, alkydamiitatedidiiopthhivyolimengaptocallatbioicatiiisulbinplnakwsafehylc pitio ralkanoyi,
alkanoyloxy, alkanoyloxyalkanoyl, alkoxycarboxy, carbalkoxy, carboxamido, formyl, carboxy, hydroxy,
Cyano, maiot B e R SR e By o,
hetcroaryloky. Qairey, @atiolel K, soiatkenydQH., Qétkyey Tt b dikyld(X2d @slkenyINXIX2,
OalkynyINX X2, Nll-acyl, NH-aroyl, CF3, COO SO3H, P IX2. QPO,.XIX2, SO2XXIX2,
CONXlXZ,O\R/ﬁ%?%h X gtrll%ft)e(?i élgycl% %ﬁgeo etlrﬁ)cﬁlg)i%’ys %%?1]6 & j%?r&olﬁa}r ’oorpgﬁ %%ﬂ or alkynyl, or X1 and
X2 togetherudoifistpantoat ddiketeroeydic cintdagvingCaboRt 4XCaiit 7NRigatoms and optionally
one additional. heteroa selected fram 0, N orf, or Xl an ﬁ% ether comprise part of an imide
ring havingo<313l§1(:c))tl}fi gytc% S:?r%% oéniag r%m%p ¢ %rﬁaol & 'fi?é é‘i%ﬁ%a (5%% alkyOrR%f)ﬁ?/{c%oxy-lower alkyl or
alkyl-NXI X&;bdswherein yarW: refers to C2-C10 aryl groups; wherein "heteroaryl” refers to carbon
containing 5-14 membered cyclic unsaturated radicals containing one, two, three or four 0, N or S
atoms and having 6, 10 or 14 7r electrons delocalized in one or more rings; wherein "heterocycloalky!"
refers to a ¢&yehd Hydsadarbondgrbup lcostain inghone fivko stireeyolifoubgjidear 8 Glidins or combinations
of 0, N, S atoms; wherein "heterocycloalkenyl" or "heterocycloalkynyl" refers to a cyclic unsaturated
hydrocarbon group containing at least one carbon-carbon double or triple bond containing one, two,
three or fouW0s NpvoSaditombwiteothBinatitns, obOphylS atbrispadd¢redotiedingsdndicate that a

single or double bhgnd e present; or a pharmaceutically acc tabli)e ester, salt or,acid addition salt
theroo, as QLT o R itk & A At ey Lo e L P or acjvan:

2. A compdsitiohiacog dingio claimtibrubiersihsKtisanboxgge nratprtic 3ind gemepgsition according to
claim | wherein Xis methylene,group..4. A.composition ac rgin to claim | wherein Xis -NH. 5. A
compositior(l}pa%:%%alﬁdﬁlnséﬁfg Iagﬁty?%%f Cié%}néegngllaf)n%% %llrt'll iﬁugs@ﬁc?a e%ject)% Clgcp?%geen 1(?)etween C5 and C6
of the steroightiimgBystérstjtsteth@t-R3lignpt prewantly substituted heterocycloatkynyl,

optionally substituted aryl, or optionally substituted heteroaryl;

R* and R” are independently optionally substituted C,_jpalkyl, optionally substituted
heterocycloalkyl, an optionally substituted fused bicyclic ring system, an optionally
substituted bridged bicyclic ring system, an optionally substituted bridged tricyelic
ring system, optionally substituted C;.1 alkenyl, optionally substituted
heterocycloakenyl, optionally substituted C,.j alkynyl, optionally substituted

heterocycloalkynyl, optionally substituted aryl, or optionally substituted heteroaryl;

wherein "optionally substituted" refers to groups substituted in any possible position
by a group selected from lower alkyl (acyclic and cyclic), aryl (carbocyclic aryl and
heteroaryl), alkenyl, alkynyl, alkoxy, halo, haloalkyl, amino, alkylémine,
dialkylamino, mercapto, alkylthio, alkylsulfinyl, alkyisulfonyl, nitro, alkanoyl,
alkanoyloxy, alkanoyloxyalkanoyl, alkoxycarboxy, carbalkoxy, carboxamido, formyl,
carboxy, hydroxy, eyano, azido, isocyano, isothiocyano, oxime, keto and cyclic
ketals thereof, alkanoylamido, heteroaryloxy, G-aroyl, OalkylOH, OalkenylOH,
OalkynylOH, OalkyINX;X;, OalkenyINX,; X, OalkynyINX,X,, NH-acyl, NH-aroyl,



6. A composition according to any one of claims | to 4 wherein R1=0H; R2=R5=R6 =R7 =Y =H,
A.=-(CH2)1,-, B= -(CH2)y-; no double bond is pré@ent between C | and C2 of the steroid ring system;
a double bond is present between C5 and C6 of the steroid ring system, so that R3 is not present; R4=

Me; n = 0 andoF s COdK,/ S BMPOSHOWBROc N B Gt ckaimn, Jowheleln the-campaimd of Formula |is
selected from_the following, jncludjng pharmaceuytically acceptable esters, salts and acid addition salts
thoreor. (200878 D PAROB AP0 B HGRE AL, or G nd 5 ogether |
(205)-3/3-hydeompise, 6320 Epbxy:26« Bebianioetny ayb)it 8-ardrosténey 3toms and

P21 dinydr ot ROsRR NI PANGR:f - ACRMBGHIG faniesesd BahorpulaLelow () -
wherein = OH; R2= R5 = R6 = R7 = Y = H and R4= Me; R3 is hydrogen, or when a double bond is

present betw&ER S LRI CORDFHHS stetdrt TagRyEte i orias 1ams W brésenes Kiglynethylene
group(-CH2-) a g @XYaRm At Nk & S leyi- A€ 25 alkenylene group, or a C7.5 alkynylene

group, wherein n is an integer and can take the value of 0 or 1 or 2 or 3 or 4 or 5;

wherein "aryl” refers to Cy-Cyg aryl groups;

wherein "heteroaryl” refers to carbon containing 5-14 membered cyclic unsaturated
radicals containing one, two, three or four O, N or S atoms and having 6, 10 or 14 »

electrons delocalized in one or more rings;

wherein "heterocycloalkyl” refers to a cyclic hydrocarbon group containing one, two,

three or four O, N or S atoms or combinations of O, N, S atoms;

wherein "heterocycloalkenyl" or "heterocycloalkynyl” refers to a cyclic unsaturated
hydrocarbon group containing at least one carbon-carbon double or triple bond

containing one, two, three or four O, N or S atoms or combinations of O, N, S atoms;
and the dotted lines indicate that a single or double bond may be present;

or pharmaceutically acceptable ester, salt or acid addition salt thereof;

but not including compounds of Formula I wherein:

1) R'is hydroxy; R?=R’=R®*=R" =Y =H, A= -(CH),- and B=

-(CHs),-; no double bond is present between C1 and C2 of the steroid ring system; a
double bond is present between C5 and C6 of the steroid ring system, so that R? is not
present; R*=Me; X =-CHo-, Z = C,-C; alkyb, n=0andy= 1;

2)R'=0Ac¢; R*=R*=R*=R" =Y = H, A= -(CHa),- and B= -(CH,)y~: no double
bond is present between C1 and C2 of the steroid ring system; a double bond is

present between C5 and C6 of the steroid ring system, so that R? is not present; R* =



B is -(CH2)y-, a C2-5 alkenylene group, or a C2_5 alkynylene group, wherein y is an integer and can
take the value of 1 or 2 or 3 or 4 or 5; 47 Z can b&%bonded to any carbon of the spirocyclic substituent
at C17 of the steroid skeleton and is independently optionally substituted C1_10 alkyl, an optionally
substituted fused kieyolig ing-systemcan sptivnally suhsttuted-hridged bicylic (g system, an
optionally substituted bridged tricyclic ring system, optionally substituted C240 alkenyl, optionally
substituted CPES'&%IAYI, optionally substituted aryl, optionally substituted arylalkyl, optionally
substituted hetgRoargisopHonally-sribstitlited hatercandaikyl, /aaBy -@bpone- MR8 NC(S)RS,
-NR8R9, optignally substituted Cgo%-w lonally substituted C(0)0-W, opti n?ll‘lry substituted
C(S)0-W; Y ;%r? %{%ﬁrﬁsﬁg %’S%Wee olt?whe8 ;tgrﬁqﬁé%é%‘%’f’ﬂ%es %%’rfgc‘g‘/\c%é‘%s?ﬁt%ﬂ &nt at C17 W is
optionally substagtsdetearadid/hndptiontily substitited setercoybiodlkyd mnoptondl=substituted fused
bicyclic ring sygtem.-as grﬂ@%ﬂyﬁgﬁ%tﬂ&ﬁ%ﬁ{ﬂ&?g; %M&J}ﬁiﬁﬂ%ﬁ){ﬂ%@g optionally substituted
bridged tricyclic ring system, optionally substituted C2_10 alkenyl, optionally”substituted
heterocycloakBREBptiranes PSXELC2 10 alkynyl, optionally substituted hetcrocycloalkynyl,
optionally substituted aryl, or optionally substituted heteroaryl; R8 and R9 are independently optionally
substituted Ci_ walkyl, optionally substituted heterocycloalkyl, an optionally substituted fused bicyclic
ring system, an optiohal RS UBEE I BrifyEarBity T HR G Sy St A tIRally substituted bridged
tricyclic ring system, optionally substituted Cnu alkenyl, optionally substituted heterocycloakenyl,
optionally substitute 4 gllhy l._optignally subs ituted}#eteroc cloalkynyl, optionally substituted
aryl, or optiong?l'y su%s%%% lae%%e\ér%lgr%ﬁq\?vﬁlerg% %Pﬁ)ctzi%lﬁa )}Ssaugls%{lg%%q %é%e?s to groups substituted in
any possible position by a group selected from lower alkyl (acyclic and cyclic), aryl (carbocyclic aryl
and heteroaryj), alkenybn3lkyRyhalains Bairihalealkyl,aminggglkylamino, dialkylamino, mercapto,
alkylthio, alkylsulfinyl, alkylsulfonyl, nitro, alkanoyl, alkanoyloxy, alkanoyloxyalkanoyl, alkoxycarboxy,
carbalkoxy, carboxamido, formyl, carboxy, hydroxy, cyano, azido, isocyano, isothiocyano, oxime, keto

and cyclic ketéls theteafnatkadeylandide (heteraaryianint-anoyl1 QabiyiOHisikesyd@H, OalkynylOH,
OalkyINXI X2, QalkenyINX| INXIX2, NH-acyl, NH-aroyl. ;48 CF3, COOX3, SO3H,
PO3XIX), OPO%’r ?ﬁ@%dgéef&léﬁ%@é%& S)%éo% 3fgesl?§¥ rand gaé P é%sglﬁ%iently denotes H or

alkyl or alkenyl or alkynyl, or X1 and X2 together comprise part of a heterocyclic ring having about 4 to

about 7 ring afgms q]gog@@gﬂgg}gcgﬂg[%?giéWJl&t@gﬁ@g&&ﬂe&}ggefﬁqmQgﬁ.q{zg,lgr X1 and X2
together comprise payt of an imide n%‘g aving about 5 to 6 ring atoms and X3 denotes H, alkyl,

alkenyl, alkyny®hidPoxyXIGubr skt Beardrnteay-witetentehondrisrarestat egveen@lyl groups:
wherein "hetere(l'ofafersdocatbpeyeenipinioghf bénmeIpheracheychisunsaigiesed irdicals containing
one, .two, thr.es<-%§oori ur Oggfl\{ecl)rrk%a&log@ a{‘gol‘ar‘é'réﬁhﬁf{@ﬁ%lé!l} %Il%ctrng Qe_locallzed in one or more
rings; wherein "heterocycloalKyl™ refers to'a Gychic ydrocarbon grotip’ containing one, two, three or four
0, N or S atoms or combinations of 0, N, S atoms;

14. A compound according to claim 6 selected from one of the following,
including pharmaceutically acceptable esters, salts and acid addition salts thereof:
(208)-36,21-dihydroxy-17f,20-epoxy-5-pregnene;
(205)-3f-hydroxy-174,20-epoxy-20~(2-bromoethynyl) -5-androstene;
3f.21-dihydroxy-17a,20-epoxy-S-pregnene.

15.  Use of a compound of Formula I as defined in any one of claims 1to 7, ora
pharmaceutically acceptable ester, salt or acid addition salt thereof, for the

manufacture of a medicament for therapy.

16.  Use of a compound of Formula 1 as defined below:



wherein "heterocycloalkenyl" or "heterocycloalkynyl" refers to a cyclic unsaturated hydrocarbon group
containing at least one carbon-carbon double or ¢gjple bond containing one, two, three or four 0, N or S
atoms or combinations of 0, N, S atoms; and the dotted lines indicate that a single or double bond may
be present; or pharmaceutically acceptable ester, salt or acid addition salt thereof; but not including
compounds of Formula | wherein: 1) R1 is hydroxy; R2-R5 - R6 - R7 - Y H, A= -(CH2)"- and B=

no double bond is present between Cl and C2 of the steroid ring system; a double bond is present
between C5 and C6 of the sterord rlng system SO that R3 |3\>10t\/resent R4= Me; X =-CH2-,Z =

: , A= -(CH2)0- and B= - (CH2)y- no
double bond is present between Cl and C2 of the steroid stem a double bond is present

present R4=Me; X =0, Z = 2- qum@nyl C yazolyl or 2-pyridinyl, n =0 and y = 1; wherein X is
in the 17,6-position. 9. A compound accordrr?g to claim 8 wherein X is a an oxygen atom. 10. A
compound according to claim 8 wherein X is a. mé&thylene group. 11. A compound according to claim 8
wherein X |s NH 12. A compound according to any one of claims 8 to 11 wherein a double bond is
present between bS and C6 of the steroid ring system, so that 123 is not present.

R'=0OH; R*=R’=R*=R"=Y = H and R*= Me;

R? is hydrogen, or when a double bond is present between C35 and C6 of the steroid

ring system, then R’ is not present;

X is a valency bond, a methylene group (-CHa-) or a heteroatom selected from

oxygen, sulfur, or -NH, -S(0}, -80, -NR?, -NC(O)R®, -N-toluene-4-sulfonyloxy;

A is —(CHy)y— a Casalkenylene group, or a Ca.s alkynylene group, wherein

n is an integer and can take the value of O or 1 or 2 or 3 or 4 or 5:

B is —(CHa)y~ a Ca.salkenylene group, or a Cos alkynylene group, wherein

y is an integer and can take the value of 1 or 2or 3 or 4 or 5;

7 can be bonded to any carbon of the spirocyclic substituent at C17 of the steroid
skeleton and is independently H, optionally substituted Cy. ¢ alkyl, an optionally
substituted fased bicyclic ring system, an optionally substituted bridged bicyclic ring
system, an optionally substituted bridged tricyclic ring system, optionally substituted
Cs.10 alkenyl, optionally substituted Cy.1p alkynyl, optionally substituted aryl,
optionally substituted arylalkyl, optionally substituted heteroaryl, optionally
substituted heteroarylalkyl, formyl, carboxy, NC(ORE, NC(SR?, NRP*R?,
optionally substituted C(O)-W, optionally substituted C(O)O-W, optionally
substituted C(S)O-W;



13. A compound according to any one of claims 8 to 11 wherein Rl = OH; R2Z=R5=R6 =R7 =Y =H,
A -(CH2)n-, B= -(CH2)y-; no double bond is presgnt between Cl and C2 of the steroid ring system; a
double bond is present between C5 and C6 of the steroid ring system, so that R3 is not present; R4=
Me;n=0andy =1. 14. A compound according to claim 6 selected from one of the following, including
pharmaceutically acceptable esters, salts and acid addition salts thereof:
(205)-3,8,21-dihydroxy:17.6,20- -5-pregnene; . . .

(2053, 0.y B TR0 LB Bhe Rl 3 e Sp sl gystinent at €17
3,6,21-dihydroxy-17a,20-epoxy-5-pregnene. 15. Use of a compound of Formula | as defined in any
one of claims.1 to 7, or.a pharmaceutically acceptable e .salt {:9 itiop; salt thereof, for the
man ufactulrvgésf %p}hden&h r%gﬁ{l%?reﬁgFéﬁ)?f%?llfﬁ)é%%&%%?%ﬁéﬁegg g?g%%%gé’s efined below: 50
(1) whereindRiiorail; RBstiREx R6ed RityeNe #Hbd sapidiR 4 MejoRB s hwetvyed, widgeen a double bond
is present between.C5 and C6 of the steroid rin er n j t; X is a valency bond,
a methylen%elca]r%?hcpm(l}%F-ﬁ%n&? %nﬁ&é?gg? r%uggfgé%@i?%r%%x?ﬁ%%ﬁl’%r@{fﬁ?@H -S(0), -S0O2, -NR8,
-NC(0)R8, ehtitniabneubssinfiodyloxyalkdsy(©pid)H ] nsaixi Bukdmtaney ghaksnpk a C2_5 alkynylene
group, wherejn n ﬁ, angn{%gler ,)d cap. take the v hl {39{9 L L& rg¥ 4,0r 2B is -(CH21y- , a
C2-5 alkeny élrﬁ)él% a%solr aeg?: Bl%ﬁfﬁghér?g 1g?g%p>,(?\§v9f1erie}[r1 yis a‘%qln gfgoer érrrl%léan take the value of
1 or 2 or 3 optdboalhy; substituted aryl, or optionally substituted heteroaryl;

R® and R’ are independently optionally substituted Cy_jpalkyl, optionally substituted
heterocycloalkyl, an optionally substituted fused bicyclic ring system, an optionally
substituted bridged bicyclic ring system, an optionally substituted bridged tricyclic
ring system, optionally substituted C,.1p alkenyl, optionally substituted
heterocycloakenyl, optionally substituted Cs,.5p alkynyl, optionally substituted

heterocycloalkynyl, optionally substituted aryl, or optionally substituted heteroaryl;

wherein "optionally substituted" refers to groups substituted in any possible position
by a group selected from lower alkyl (acyclic and cyclic), aryl (carbocyclic aryl and
heteroarvl), alkenyl, alkynyl, alkoxy, halo, haloalkyl, amino, alkylamino,
dialkylamino, mercapto, alkylthio, alkylsulfinyl, alkyisulfonyl, nitro, alkanoyl,
alkanoyloxy, alkanoyloxyalkanoyl, alkoxycarboxy, carbalkoxy, carboxamido, formyl,
carboxy, hydroxy, cyano, azido, isocyano, isothiocyano, oxime, keto and cyclic
ketals thereof, alkanoylamido, heteroaryloxy, O-aroyl, OalkylOH, QalkenylOH,
OalkynylOH, OalkyINX,X;, OalkenyINX;X,, OalkynyINX,X,, NH-acyl, NH-aroyl,
CF;, COOX;5, SO3H, POsX X, OPO; XX, SONX X, CONX; X, wherein X, and
X, each independently denotes H or alkyl or alkenyl or alkynyl, or X and X, together
comprise part of a heterocyclic ring having about 4 to about 7 ring atoms and
optionally one additional heteroatom selected from O, Nor S, or X; and X, together
comprise part of an imide ring having about 5 to 6 ring atoms and X3 denotes H, alkyl,

alkenvl, alkynyl, hydroxy-lower alkyl or alkyl-NX,Xs;

wherein "aryl" refers to C,-Cj aryl groups;



Z can be bonded to any carbon of the spirocyclic substituent at C17 of the steroid skeleton and is
independently H, optionally substituted C140 alky, an optionally substituted fused bicyclic ring system,
an optionally substituted bridged bicyclic ring system, an optionally substituted bridged tricyclic ring
system, optionally substituted C240 alkenyl, optionally substituted C2_10 alkynyl, optionally
substitutedveliytc ptienatwsiibstituiad eaatkyhropitibnaiyl dubstitoded hetéroanghtoptiahally substituted
heteroarylalkyl, formyl, carboxy, -NC(Q)R8 N Sg) 8,~N 9. optianally substituted C(0)-W, optionally
substitutedre%ﬁfé\?\f}%%ﬁbnrga?l%sb\%%’ti uted” %é’)l al\}q %rﬁ;é)r%sfn g%a‘kg{ell%ghéég t[g %ﬁé same carbon
of he spiroeyslicosyldstitusiitet i€ dikcWrimoptiingdly substituted C1.10 alkyl. optionally substituted
heterocycloalkyl, an optionally substituted fused bicyclic ring system, an optionally substituted bridged
bicyclic ring system, an optionally substituted bridged tricyclic ring system, optionally substituted C2.10
alkenyl, optidrally Shlstitutetbhibtdraeyaloakenyklaphpiraliyrbub shitute doG2ididabomylyaptionally
substituted heterocycloalkynyl _optionally substituted a tionally substituted heteroaryl; R8 and
R9 are indé%gﬁcﬂ’é%gxo(%’t%r?élE/ag%jsstﬁﬂfgg%iz ggﬁ%ﬁ&ﬂ%ﬁ%ﬁ@%ﬁ%ﬁituted heterocycloalkyl, an
optionally substituted fused bicyclic ring system, an optionally substituted bridged bicyclic ring system,
an optionally, substituted bridf%e tricyclic ring system..optignally substituted C2.10 alkenyl, optionally
cubatited Wy Hoet Detsnalt, LR L e T kBl
heterocycldaityiykboptipnaty substitged lanyt, core aptiomatiyrsob stittiedoh étede dxyldwherein "optionally
substituted" refers to groups sybstituted ii sible position b ro lected from lower alkyl
(acyclic anﬁgc?yg%ﬁlc]f > ((?‘qf/"a(cafltiéf(]:rfgli(c);ra?%llll1 g@ﬂ@?ﬁ%&? )?1a?lglenrr;t))}f,}é£ﬁy%>9ﬁ§£§, aP?% os,’haloalkyl,
amino, alkyladihoddigikylamimdjaerdaptosiafdylthidpabky lsoutfinyhaticytsatonyl, nitro, alkanoyl,
alkanoyloxy, alkanoyloxyalkanoyl, alkoxycarboxy, carbalkoxy, carboxamido, formyl, carboxy, hydroxy,
cyano, azido, isocyano, isothiocyano, oxime, keto and cyclic ketals thereof, alkanoylamido,

heteroaryloxyz praraylc alball® ktcSativdn i salatkyanyiCidd iOatkad N Xt Dtk éry INXIX 2,
OalkynyINXI1X2.NH-acyl. NH-aroyl, CE3, COOX3.. SO3H, PO3X ' | X2 ] X2, CONXIX2.
wherein X1 R O G I RN ST e AR SRS AT X rogetner
comprise peaiaafladheterooytlipapbgsisavinguatmitidytoyabout 7 ring atoms and optionally one additional
heteroatom selected from 0. N or S. or X, and X2 together comprise part of an imide ring having about
5 to 6 ring atoms and X3 denotes H. alkenyl, alkynyl, hydroxy-lower alkyl or alkyl-NX[X2: 52 wherein
"heteroary!'l Feferslisecaii benropmaihir 6:tdiin & pbiztank dyolidaimsHiuvateghadieatsidenitaining one,
two, three or fou 01915, gioms, and having. &y AL FSIeciiansidsincalized in one or more rings,
wherein heterdjcyc oaﬁ<yll refers 10 a cyclic hydrocarbon group containing one, two, three or four 0. N
or S atoms roedoaminationsofdiing & ateansgwisgieimetetesooycloalkenyt! odishaterocycloalkynyl”
refers to a ¢yclic unsaturated hydrocarbon, group ini east.Qns Q@@ c%g&rﬂ double or triple
bond conta%lr?g ré%%gntsw%s%sr%eyn cl)}‘rﬂ 118%‘} S(%,P %8}58%%%%5%}5}%§$%§aﬂonss({;!s?{)’ N,)S atoms; and the
dotted linesligicatsithatreisigieawhteubledmphd i apbenbsaatised Aypkeretaceutically acceptable
ester, salt of acid addition.sglt thesegt. for the manufacie ol amedicament it preyeting or treating
a neurodegenerative condition refated to Heuronal apoptosis or neuronal injury. 17. Use of a
compound oftEorondliibasaelinedinicimimradppradiiramateitichiyeteptabicistentsalt or acid
a_ddition sal(t)tteereg{,égg_&m%ép&pu%fl_c;st%égﬁlof a medicameqt for prever}ting or treatin_g Alzheimer's _
disease. Parkinson Isease, Huntington's disease, multiple sclerosis, amyotrophic lateral sclerosis
(ALS), retinal degeneration, retinal detachment, peripheral neuropathy caused by genetic
abnormalitié8, diabétes| pohoiherpbs! BoDS Ibrain dedinsdhinisthiamia. or strdkemneeanigditier condition
resulting in (leagnBralon A0 3BPIASIR ! QAR ESES D LpIRLA'IPE MedRbsG nervous

system.
for use in the control of proliferation, differentiation, migration and regeneration of

neural stem cells, and neural progenitor cells in different organs and tissues including

the central nervous system and peripheral nervous system.

19.  Use of a compound of Formula I as defined in claim 16, or a pharmaceutically

acceptable ester, salt or acid addition salt thereof, in the preparation of a medicament



18. Use of a compound of Foiula | as defined in claim 16, or a pharmaceutically acceptable ester, salt
or acid addition salt thereof, in the preparation ofsa medicament for use in the control of proliferation,
differentiation, migration and regeneration of neural stem cells, and neural progenitor cells in different
organs and tissues including the central nervous system and peripheral nervous system. 19. Use of a
compoundfof Eanimriae lcas Wefirfa b fctatinn 6 Gersrpirtionatsgrissiiyadcspeasiatistol salt or acid
addition salt {eseer Juepenaalon oh aimerlisAnent i ind Use dhewcenpLofprolferation,
differentiation, migration and régeneration of épithelial, ehdothelial, mesenchymat, lymphoid, erythroid,
and mononuclear cells. 20.Use of a compound of Formula 1 as defined in claim 16, or a
Pharmaceujipally Beecp(epls SRl St oraf iadUaneah heradie e pIRRAtAMRGATA
medicament for use in the prevention, amelioration or treatment of NGF-related conditions or diseases
by binding zectivatifigesteinbilsiting aié adsligicowsd o (NG H)ergtaptoron d| B dsg i & End p75NTR
FECEPIOrS. oy use in the prevention, amelioration or treatment of NGF-related conditions or
diseases by binding, activating or inhibiting nerve growth factor (NGF) receptors,

including TrkA and p75NTR receptors.



