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Androstane and Pregnane Series for Allosterijc.f;ModuIation of GABA Receptor

'I'he present mvenuon 1s' ; drrected to_ methods, composrtrons, and

ex tabxluy viathe gamma -aminobutyric

“acid A (GABAA) receptor-chlorrde ronophore complex (GRC) Specrﬁeally, the
N ..__present mventron is dlrected to methods composmons, and compounds for
__:modulatmg bram excrtabrhty through bmdmg to the neurosterord receptor site on

10 | the GRC.

'_ Bram excrtabthty rs deﬁned as the level of arousal of an ammal, a

.contmuum that ranges from coma to convulsrons, and is regulated by various
neuron'ansmrtters In general, neurotransrmtters are responsrble for regulatxng the

_ conductance of i tons across neuronal membranes Atrest, the neuronal membrane

- possesses a poten al (or_membrane voltage) of approxrmately -80 mV, the eell

mtenor bemg negatrve vhth respect to the cell extenor 'l'he potentral (voltage)

s the result of ron (K+ Na cr, orgamc amons) balance across the neuronal
) sermpermeable membrane __Netrrotransmt are'stored m presynapuc vesicles

-actron potennals ‘When released

. into the synaptr_ C eﬁ,._an excrtatory ehemrcal transrmtter ‘such as acetylcholine
- _wrll cause membrane“ epolanzatron (ehange of -_ . tenttal from -80 mV to -50

mV). Thrs eﬁ'ect is medrated by postsynapnc mcoumc receptors which are

. stunulated by acetylchohne to__mcrease_membrane permeabrlrty to Na* ions. The

reduced membrane potentral"sanatﬂ_ _neuronal excrtabrlrty in the form of a
postsynapttc actron potennal | -

InthecaseoftheGRC_theeff

'bratnzexcr'_-j' -_.rhty is mediatéd by

GABA, a neurouansmrtter GABA _has profound:mﬂuence on ‘overall brain

excitability because, up to 40% of the lne.urons in. the brarnutrhze GABA as a
neurotransmttter GABA regulates the excttabrlrty of mdmdual neurons by
.- regulating the conductance of chlonde rons across the neuronal memhrane
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GABA interacts with. its recognition site on the GRC to facilitate the flow of
chloride fons down an electrochemical gradient.of the GRC into the cell. An
intracellular mcreas#ehmﬁthe levels of this anion causes hyperpolarization of the
transmembrane potentral rendermg the neuron less susceptible to excitatory
mputs (1 e., reduced neuron excrtabrlrty) In other words the hrgher the chloride

‘ion concentrahon in the neuron, the lower the bram excltabrlxty (the level of

.arousal)

It i is well-documented that the GRC is responsrble for the mediation of

| anxiety, seizure actrvrty, and sedatron Thus, GABA and drugs that act like

GABA or facrlrtate the effects of GABA (e - the therapeutrcally useful
barbrturates and benzodlazepmes (BZs) such as Vahum) produce their
therapeuncally useful effects by mteractrng with specific regulatory sites on the
GRC.

It has also been observed that a series of steroxd metabolites interact with
the GRC to alter bram excrtabrlrty (Majewska, M D. et al., Science 232:1004-
1007 (1986), Harnson, N.L et al, J Pharmacol Exp Ther. 241:346-353
Q 987)) Pnor to the present mventlon, the therapeutrc usefulness of these steroid
metabolrtu was not recogmzed by workers in the ﬁeld due to an incomplete
understandmg of the potency and slte of actron. Apphcants' invention relates in
part to a pharmaceutlcal apphcatron of the knowledge gained from a tnore
developed understandmg of the potency and szte of action of certain steroid
compounds '

The ovarian hormone progesterone and its metabolites have been
demonstrated to have profound effects on brain excitability (Backstrom, T.etdl,
Acta Obstet. Gynecal Scand. Suppl. 130:19-24 (1985), Pfaff, D.W. and McEwen,
BS. Sczence 219 808-814 (1983), Gyermek etal,J. Med. Chem. 11:117 (1968);
and Lambert, J et al., Trends Pharmacol. 8:224-227 (1987)) The levels of
progesterone and its metabohtes vary with the phases of the menstrual cycle. It
hasbeenweudocumentedthatpmgestemneandxtsmetabohmdecreasepnorto
the onset of menses The: monthly recurrence of cerlam physical symptoms prior
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- to'the onset of menses has also been well. documented. ‘These symptoms, which

* -~ ’have become associated with: premensn'ual syndrome (PMS) include stress,
*.*sanxiety, and migraine -headaches:(Dalton, K., Premenstrual Syndrome and
s+ Progesterone Therapy, 2nd edition, Ghicago-:f.:-iéhicago yearbook, 1984). Patients
. with PMS have:a monthly recurrence of symptoms that are present in premenses
¢~ .gnd absentin postmienses. |

“In a'similar fashion, a reductlon in progesterone has also been temporally

correlated with an ‘increase ‘in’ seizure frequency -in-female epileptics (i.e.,

. =+ catamenial -epilepsy; -Laidlaw, -J ,"Catamemal epilepsy," Lancet, 1235-1237

(1956)). A more direct-correlation has beenobservedwrth a reduction in
progesterone metabolites (Rosciszewska et aI, J. Neurol. Neurosurg. Psych.
49:47-51 (1986)).. In addition, for patients with primary generalized petit mal
epilepsy, the temporal incidence of seizures has been corrélated with the

.. .« incidence of the symptoms of premenstrual syndrome (Backstrom, T. ef al., J.
. .. -has been found to be effective in treating pattentsmth epileptic spells correlated
- With their menstrual cycles (Aird, R.B. and Gordan, G J Amer Med. Soc. .
- 145:715-719 (1951))

Psychosom. Obstet. Gynaecal. 2:8-20 (1983)).- The steroid deoxycorticosterone

o -_.(PND) Immediately aﬁer blﬂh, progesterone levels decrease dramanea'liy
5. -] eading to the onset of PND .The, symptoms of PND range from nnld depression
- .to psychosis requmng hospitahzauon, PND 1s_assoexated vmh severe anxiety and_
- - irritability. PND-assocxated depression is no :

amenable to ueannent by classxc
antidepressants and women expenencmg PNDl show an mcreased incidence of
PMS (Dalton, K. 1984) - _. :
-.:Collectively, these observauons nnply a cruc:al role for progesterone and
deoxycorticosterone and more specifically then' metabohtes in the homeostatrc )

o, - regulation of bram excitablhty, which is. mamfested as an increase in seizure
. iae.o-activity or symptoms assoc:ated wrth catamemal epllepsy PMS .and PND. The
3000 i

correlation between reduced levels of progesterone and the symptoms associated
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with PMS, PND, and catamenial epilepsy (Backstrom et al., 1983; Dalton, K.,

~ 1984) has promp_ted the use of progesterone in their treatment (Mattson et al., in

Advances in epileptology: ' XVth Epilepsy International Symposium, Raven Press,
New York, 279-282, 1984, and Dalton, K., 1984). However, progesterone is not
consistently effective in the treatment of the aforementioned syndromes. For
example, no dose-response relationship exists for progesterone in the treatment
of PMS (Maddoc_ks,i et 'al.;, Obstet. Gynecol. 154:573-581 (1986); Dennerstein,

‘et al., British Medical Journal, 290:16-17 (1986)).

The publications and references referred to above and hereafter in this

specification are incorporated herein by reference.
Summary of the Invention
 The present invention is directed to methods, compositions, and

compounds for modulating brain excitability. More particularly, the invention
relates to the use of 3a-hydroxylated steroid derivatives, acting at a newly

' identified site on the GR complex, fo modulate brain excitability in a manner that

will alleviate stress, anxiety, insomnia, mood disorders (such as depression) that

‘are amenable to GR-active agents, and seizure activity. Compositions and

compounds effective for such treatment are within the scope of the invention,

Thecompomdsusedmandfomngpartofthe invention are modulators
ofthe exmtabmtyofthecen&alnervoussystemasmedlatedbythexrabﬂxtyto
regulate chlondq ion cha.nnels associated with the GABA receptor complex.

| Applicants' expenments have established that the compounds used in and of the

invention have antlconvulsant and anxiolytic activity similar to the actions of
knownamnolytlcagents suchastheBZs butactatad:sunctmte on the GR
complex.

The relationship of endogenous metabolites of progesterone to processes
associated with reproduction (estrus cycle and pregnancy) is well established
(Marker, R.E, Kamm, O., and McGrew,R.V., "Isolation of epi-pregnanol-3-one-
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)] from human pregnancy urme," J Am. Chem. Soc."59:616-618 (1937)). Prior
o the present mventlon, however, it was fot recogmzed how to treat disorders by
" modulating bram excltabthty through ‘the use of progesterone  metabolites.

" ‘Therefore, this mventlon is directed to methods composmons, and compounds
" to treat dlsorders by modulatmg brain excltabﬂxty using the’compounds of this
' invention.” Representatxve dlsordexs treated in the present invention are epilepsy,
anxiety;’ pre-menstrual syndrome (PMS), post-natal depression (PND), mood .
" - disorders (such as depressmn) ‘that are amenable to GR-active agents, and
T "msomma. The oompounds of thie ifivention ca also be used to induce anesthesia.

-'-zjé:aizggpe;se;wan'o‘f:he Pieféiréd-Eihﬁb&iiﬂéﬁts

The compounds of and used inthei mventlon are denvatlves of various 3a-

.'hydroxylated-ptegnan-ZO-ones, | 3u-21-pregnanedxol-20-ones 3c-20-
: a-hydroxylated-androstanes, and ester, ether, sulfonate, -
__:‘sulfate, phosphonate.____"hosphate, ox1me (':
: | denotes a denvatxve of a known direct acung drug, wluch denvatwe has enhanced

" delivery characteristics and therapeutic value 85 compared to the drug, and is
o transformed mtotheaeuvedmgbyanenzymaucorchemlcal process; seeNotan i

o), and thiazolidine denvatxves

thereof, wh1ch denvauves are  referred to as srodrugs. The expresslon "prodmg

R.E Theory and Praetlce of Prodrug Kmettcs, Methods in Enzymology,
112.309-323 (1985), Bodor N "Novel Approaches m Prodrug Desxgn, Drugs
of the Future, 6(3) 165-182 (1981), and Bundgaard, H, "Des1gn of Prodrugs
Bioreversible-Derivatives for Various Func'a ._Groups and Chemical Entities,”

in Design ofProdﬁzgs(H. Bundgaard, ed. ), Elsev1
be noted that some of the synthetic derivatives fo orming part of the present
invention may not be true prodrugs because,' in’ addition to the above
characteristics, they also possess intrinsic aetmty However, for purposes of this
application they?wxn be referred to as prodrugs

PCT/0S95/15210

. New York (1985). Itshould -~
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Our studies (Gee, K.W. et al., European Journal of Pharmacology, |
136:419-423 (1987)) have demonstrated that the 3a-hydroxylated steroids used
in the invention are orders of magnitude more potent than others have reported
(Majewska, M.D. et al. (1986) and Harrison, N.L. et al. (1987)) as modulators of
the GR complex. Majewska et al. and Harrison ef al. teach that the 3a-
hydroxylated-5-reduced steroids are only capable of much lower levels of
effectiveness. Our m viiro nnd in vivo experimental data demonstrate that the

high potency of these steroids allows them to be therapeutically useful in the

modulation of brain excitability via the GR complex. The most potent steroids

useful in the present invenﬁon include derivatives of major metabolites of
progesterone and deoxycorticosterone. These steroids can be specifically used
to modulate brain exoitability in stress, anxiety, insomnia, mood disorders (such
as depression) that are amenable to GR-active agents, and seizure disordersina
therapeutically bene_ﬁcinl manner Furthermore, we have demonstrated that these
steroids interact at a umque site on the GR comnlex v_vhich is distinct from other
known sites of interaction (ie. barbiturate, BZ, and GABA) where
therapeutxcally beneﬁcxal eﬁ'ects on stress, anxlety, sleep, mood disorders and
seizure disorders have been prevxously elicited (Gee, K.W and Yamamura, H.I,,
in In Central Nervous System Disorders, pages 123-147 D.C. Horvell, ed., 1985;
Lloyd, K.G. and Morselh, PL.in P.sychopharmacology The Third Generation
of Progress, pages 183-195 HY. Meltzer ed., Raven Press, N.Y., 1987). These
compounds are desirable for thelr duration, potency and oral activity (along with
other forms of adxmmstranon) - | |

The steroid denvanves of this mvennon are those havmg one of the

following structural formu_las
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" " The present invention-also includes’ phiarmaceutically acceptable esters
and salts of the compounds of Formiulas 1-6;including acid addition salts. It is
believed that the 3a-hydroxylmaya1so :be: masked- as‘a- pharmaceutically

* " aceptable estér due to'the fact that the ester will be cleaved off as the prodrug is
“converted todrugform * Phese are referred to herein as cleavable esters.

‘Definitions

* ¢ In accordance with the present invention and as used herein, the following

' " “terms are defined with the following meaning, unless explicitly stated otherwise.

The term "alkyl" refers to saturated aliphatic groups including straight

7 chain;’ branchedchﬂma and cyclic groups, all of which may be optionally
“ 7. substititéd. - Suitable alkyl groups include methyl ethyl, and the like, and may
' ‘be optionally substxtuted. ' L L

The term alkenyl“referstounsaturatedgtéﬁpswhichcontai_natleastone

7 -+ carbon-carbon double:bond:and ‘includes: straight:chain, branched chain, and

cyclic groups, all of which niay be optionally substituted. .
""The "term”"alkyn" kynyl" refers to-unsaturated hydrocarbon groups which

** " contain at' 1éast one carbon-carbon triple bond and includes straight chain,
and ‘eyclic’ groups- all -of .which-may.‘coiitain additienal : -

1msamratmn. When present at the 3P-position,: the. alkynyl: groups may be

- subsututed witha halg_:genated or'unhalogenated C, radical, a C,-C, saturated or
' ‘unsaturated, halogenated or unhalogenated straight chain radical, a C;-C, cyclic

(cycloalkyl) radical, or C,-C, aromatic radical or a 4, 5, or 6-membered C- or N-

attachedheterocychcrad:cal containing 1, 2 or 3 heteroatoms selected from the
‘groupconsxsﬂngofoxygen,mtmgen,andsulﬁn iexcluding heterocyclic radicals

with two or more ad]acent O or Satoms: Preferred alkynyl .groups have two to

""" four carbon atoms.

Theterm"alkoxy refers to the ether-ORwheremR:salkyl
5 The term.” aryloxy ‘refers to the ethér -OR wherein R is aryl.
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The term "aryl" refers to aromatic groups which have at least one ring

“having a conjugated pi electron system and includes éarbocyclic aryl and biaryl,

both of which may be optionally substlmted.

The term "carbocychc aryl" refers to groups wherein the ring atoms on the
aromatic ring are carbon atoms. Carbo_cyc_hc aryl groups include phenyl and
naphthy! groups optionally substituted. Substituted phenyl has preferably one to
three substituents, such being advantageously, lower alkyl, amino, hydroxy, lower
alkoxy, halogen, lower acyl, and nitro. |

The term “aralkyl" refers to an alkyl group substituted with an aryl group.
Suitable aralkyl groups include benzyl, and the like, and may be optionally
substituted. _ -

The term ° dlalkylammo" refers to -NRR" where R and R" are
independently lower alkyl groups or together form the rest of a morpholino
group. Suitable dialkylamino groups include dimethyl amino, diethylamino, and

-morpholino.

The term "acyl" refers to the alkanoyl group -C(O)R where R is alkyl,
alkenyl, alkynyl, aryl, or aralkyl. - _

The term "optionally substituted” or "substituted” refers to groups
substituted by one to threesubstltuents,mdependently selected from lower alkyl,

" aryl, alkenyl, alkynyl, alkoxy, amino, thio, halo, haloalkyl, trihaloalkyl, acyl,
nitro, hydroxy, and keto.

" The term "lower" referredto herein in connection with organic radicals
of one to four carbon atoms. Suchgroupsmaybesuaightchain,branchedchain,

or cyclic. _ _ .
The term pharmaceutmlly acceptable esters or salts" refers to ester or

salts of Formuilas. 1-6 derived from the combmat_lon of a compound of this

invention and-an organic or inorganic acid. -
Examples of substituents which can be used in the compounds of Formula
~ R is hydrogen, or lower alkyl, lower alkenyl, or lower alkynyl;
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" where R s’ cyano

S 'azrdoalkyl cy anoalkyl or monohalomethyl;

" hydroxy” gmup,
S methyleneacety group,
group, 3 ""'B@'-hydmmmpmwl) ‘group; a fp-suecmyloxyacetyl group, a

B-hydroxyacetyl sodlum suecmate _grow

PCT/US95/15210

< RyisE methylene, B-hydroxymeﬂayl or ﬂ-cyano, and physiologically

- “acceptable 3-esters, 20-esters and 3,20-dlesters thereof
" with the pmwso‘that_ when R, is B-cyario, then Ri xs not hydrogen.

_.the method claims, R, may be cyano when R'is hydrogen.

A preferred group ‘of compounds of Formula 1 are compounds where R

S hydrogen e

Another group of preferred compounds are: compounds of Formula 1

3 preferred compounds of Formula 1 include but are not

limited "“to: 3a-ﬁydroxy-l7-methylene-5 ,_-androstane, 3a-hydroxy-17p-

Examples of substrtuents which can be used in the compounds of Formula

2 are:

* Ris hydrogen, ‘halo, or lower alkoxy;
Ry 1s*‘alkenyl, ‘alkynyl; alkoxyalkyl, h

oalkoxyalkyl, trifluoromethyl,

Rz is hydrogen, a keto group, oran’ lla-dra]kylammo group;
C R is'n eyl grow, 8 kel of n fryory el g, o
_jjl) sroup, 2 B-hydroxyacetyl-17p-

ﬁ-'.rnethoxymethylacetylﬁgroup, & B-(ethoxy)-methyl-2'-
a B(1’ -hydroxyethyl) group, a B-(1’-hydroxypropyl)

| tyl gri up;'a B-haloacetyl group, e.g. a -
chloroacetyl group a_.ﬂ—ethynyl group or : Elﬂ-ethyl group' which, together with
the 17-carbon atom_to whxch tlus ethyl gmup awachcd and an oxygen atom,

formsal7(20)epoxygroup,and.
' physrologrcally acoeptable 3<esters, 20-esters, 21-esters, 3,20—dxesters and
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- with the provisos that when R, is 11&-N,N-dialkylamino, R is not hydrogen.

A preferred group of compounds are compounds of Formula 2 where R

" is hydrogen, or lower alkoxy. More preferred are compounds where R is

hydrogen. , :

Another preferred group of compounds are compounds of Formula 2
where R, is lower alkenyl, lower alkynyl, trifluoromethyl, alkoxymethyl, and
monohalomethyl. More preferred are compounds where R, is C,-C, alkenyl, C,-
C, alkynyl or trifluoromethyl. Especially preferred are compounds where R, is

. ethynyl or trifluoromethyl.

An additional group of preferred compounds are compounds of Formula
2 where R; is acetyl, hydroxyalkyl, hydroxyacetyl, .or their esters with
physiologically acceptable acids. More preferred are compounds where R, is
acetyl or p-succinyloxyacetyl. Especially preferred are compounds where R; is
acetyl. '

Examples of preferred compounds _includé,. but are not limited to 3a-
hydroxy-17p-ethynyl-5a-androstane; _3B-ethenyls3a-hydroxy-5[$-pregnan-20-
one, 3a-hydroxy-3p-(2'-propenyl)-5p-pregnan-20-one, 3p-ethenyl-3a-hydroxy-

- Sa-pregnan-20-one; 3[5-(ch_lorbethynyl)43a.-hydroxy.-S_B-ptegnan-ZO-one, 3p-

ethynyl-3e-hydroxy-5B-pregnan-20-one,3a-hydroxy-3p-ethynyl-5Se-pregnan-20-
one, 3¢,200-dihydroxy-3p-ethynyl-Sa-pregnane, 3u,21-dihydroxy-3p-ethyiyi-
5p-pregnan-20-one,  3p-(3'-bromo-1-propynyl)-3e-hydroxy-5p-pregnan-20-
one, 3¢,21-dihydroxy-3p-ethynyl-5p-pregnan-20-one, 21-acetate, 3B-ethynyl-3e-
hydroxy-5p-pregoan-11,20-dione, 3,21-dihydroxy-3p-ethynyl-5p-pregnan-20-
one 21-hemisuccinate, 3,20e-dihydroxy-3p-ethynyl-5p-pregnane, 3c,20p-
dihydroxy-3beethynyl-5[3-pregnpne, _Qa,ZOB-c_i_ihydroxy-W-ethynyl-Sa-
pregnane, 3o-hydroxy-3p-(2'-propynyl)-5a-pregnan-20-one, 3p-ethynyl-3a-
hydroxy-21-methoxy-5f-pregnan-20-one;. ..3¢-hydroxy-35-chioromethyl-5a-
pregnan-20-one, 3¢-hydroxj-3B—ﬂuorom_e__thyl_-_Su—pregnan-ZO-one, 3p-
bromomethyl-3a-hydroxy-5e.-pregnan-20-one, Bcggpydroxy-ii B-iodomethyl-5¢.-
pregnan-zo-dne; 3a-hydroxy-3p-trifluoromethyl-Se-pregnan-20-one,  3a-
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-+ . hydroxy-3 ﬁ-trlﬂuoromethyl-sB-pregnan-20-one, ., 3@,21-dihydroxy-3f-

. »trifluoromethyl-5B-pregnan-20-one, . 21-acetate 3a,21-dihydroxy—3B
e tnﬂuoromethyl-SB—pregnan-ZO—one, 3a-hydroxy-3(3-mﬂuoromethyl-5l3-pregnan
- 11,20-dione, 3u,2l-dxhydroxy-BB—mﬂuoromethyl-SB-pregnan-ZO-one, 21-

hemisuccinate, sodium salt, 3a—hydroxy-3|5-&1ﬂuoromethyl—5§-pregnan -17(20)-

-, €De; 3a,20u-d:hydroxy-2l-ethyl-5a—pregnane, 3u,20u-dxhydroxy-21-methyl—5a-

pregnane,3u,20a-dxhydroxy—25-mopropoxy—5a—pregnane,3a,20a-d:hydroxy-25

fo ethoxy-Sa-pregnan » 3a-20u-dxhydroxy-2[5—n-propoxy—5a—pregnane, 3,200~
.. 2., dihydroxy-3B-methyl-5a-pregnane, . . -3a,20¢-dihydroxy-3p-ethynyl-5a-
0 fattial
dlmethyISﬂ-pregnane3«20a-dedr0xy3ﬁ21-dlmethy15“pregnme 3e,20-
;dihydroxy-wrs!ﬁynﬁvm-pxegm% : ___;;3¢@Qﬂrdih¥dr°xy-3p-ethynyl-5li-

pregnane, 3w,20p-dihydroxy-3B-methyl-5B-pregnane, 3e.20-dihydroxy-3p,20-

.- - preguane, 30;20B~dihydroxy-3B-methyl-Se-pregnane, 30,20B-dihydroxy-3p-

20

30

;. Jare: .

; ethynyl-Sa-pregnane, 3a-hydroxy-3p-methoxymethyl-Se-pregnan-20-one, 3p-

(ethoxymethyl)-3a-hydroxy-S-pregnan-20-one, 3B-(1'-hexynyl)-3e-hydroxy-

| -SB-.-pr.egnan-ZO-.qne-.'--..:;:_-;_,-3.Brazi@methylrsa?lgiétéxyziaspr._qggan-zo-one, 3a-

hydroxy-3|3-(2’,2‘,2'-triﬂuoroethoxyxhethylilSu-pregnan-ZO-gpgg, 3a-hydroxy-

 + .. 3@-propoxymethyl-5e-pregnan-20-one,. ... -'3'l5-cyanomethyl-3a-hydroxy-5a-
. Pregnan-2-one,. 3[3-(3-methylbm-2-en-l-ynyl)-3 a-hydroxy-5p-pregnan-20-one,

3p-(1’ heptynyl)—3u-hydroxy—5|3—pregnan—20—one, Bﬁ-cyclopropylethynylﬁu-

s ;.\;:hydroxy-Sﬂ-pregnan-ZO-one, 3p-(1 -octynyl)—3a-hydroxy-5§-pregnan—20-one,

B-cyclopropylethynyl-3u-hydroxy-sp-pregnan-ZO-one, .. and 3pB-

- eyclopropylethynyl-3e-hydroxy-Se-p regnan-20-one

Examples of substituents which canbeused in ﬂ_:.e' c_ompounds of Formula

Ris hydrogen or lower alkyl, lower alkenyl or lower alkynyl;

Ry is-a B-acetyl- of a P-hydroxy acetyl group, a B-
trifluoroacetyl group,aﬁ-(hydroxyacetyl) gmup.aﬁ-hydroxyaeetyl-m-hydmxy
group, a f-methioxymethylacetyl group, a B-(ethwty)-meﬂlyl-Z' -methyleneacetyl
group, a B-(1'-hydroxyethyl) group, a B—(lf—hydroxypropyl) group, a B-(2'-
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- hydroxyisopropyl) group, a P-succinyloxyacetyl group, a B-hydroxyacetyl
| sodium succinate group, a B-acetoxyacetyl group, a p-sulfoxyacetyl group, a p-

methylacetyl group, a B-chloroacety! group, a B-ethynyl group, or a B-ethyl group

~ which, together with the 17-carbon atom to which this ethyl group is attached and

an oxygen atom, forms a 17(20) epoxy group; ‘and

, physmlogwolly acceptable 3-esters, 20-esters, 21-esters, 3,20-diesters, and
3,21-diesters thereof '
with the provisos that said compound is not 3a-hydroxy-5e-preg-9(11)-en-20-

~  one, 3e,21-dihydroxy-5e-preg-9(11)-en-20-one, or 21-acetoxy-3a-hydroxy-5Se-

preg-9(11)-en-20-one or their ester derivatives.
A preferred group of compounds are compounds of Formula 3 where R
is hydrogen or alkynyl. More preferred are compounds where R is hydrogen.
An additionial group of preferred compounds are compounds of Formula
3 where R, is acetyl, hydroxyalkyl, hydroxyacetyl, or their esters with
physiologically acceptable acids. -More preferred are compounds where R, is

“acetyl.or B-succmyloxyacetyl Especlally preferred are compounds where R, is
“acetyl.

Examples of preferred compounds include, but are not limited to 3a-
hydroxy-3p-u'iﬂu0romethyl-5[i-pregn-9(‘ll)~en-20-one; and 3a-hydroxy-3p-

| methyl-5¢-pregn-9-en-20-one.

Examples ‘of substituents which can be used in the oompounds of Formula
4 are:

R is hydrogen, lower alkyl, lower alkenyl, or lower alkyny};

R, is defined as for formula 3; and - :

physiologically acceptable 3-esters, 20-esters, 21-esters, 3,20-diesters, and
3,21-diesters thereof; ' '
with the prowso that said compound is not 3¢-hydroxy—59-pregn—1 1-en-20-one
or its 3-ester derivatives.
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- A preferred group of compounds are ‘compounds of Formula 4 where R

.18 hydrogen, tnﬂuoromethyl or lower alkynyl More preferred are compounds
-, .where R is hydrogen.

- An addmonal group of preferred compounds are compounds of Formula

4 where R,, 1s acetyl hydroxyalkyl, hydroxyacetyl :or_ their esters with
_physrologxcally aceeptable acids.. More preferred are, compounds where R, is
. acetyl or B-succmyloxyacetyl Espeerally preferred are compounds where R, is

Examples of preferred compounds mclude, but are not limited to 3a-

v - hydroxy-3 B—tnﬂuoromethyl-s B-pregn-1 l-ene-20-one, -3¢,20B-dihydroxy-5B-
... pregn-11-ene; 3u—hydroxy-3ﬁ-methyl-5a-pregn-ll-en-20-one, and 3c,20B-
- -~dihydroxy-5§ B-pregn-l 1-ene, 3[3-ethynyl-3u—hydroxy—5[l—pregn—l 1-ene-20-one.

Examples of substituents which can be used inthe oompounds of Formula

R is hydrogen, or lower alkyl lower alkenyl, or lower alkynyl

R, is B-formyl -methylene, B-hydroxymethyl methoxymethylene, or B-
cyano,and T
physrologrcally acoeptable 3-esters, 20-esters and 3 20-dxsesters thereof.

. Examples of preferred compounds mclude, but are. not limited to 3a-
3a—hydroxy-l7(20)(Z)—

. mtheeompounds of Formula

Ris hydrogen or lower alky, lower alkeayl, or lower alkynyl;

R,rsasdeﬁnedforformulaB and__ |

- physiologically acceptable: '

3,21-d1estersthereof o , . e

: A prefen'ed group. of compounds .are con pounds of Formula 6 where R

is lower alkenyl lower alkynyl..or tnﬂuoromethyl M_ore preferred are
compounds where R is lower alkynyl and tnﬂuoromethyl -
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An additional group of preferred compounds are compounds of Formula
6 where R, is acetyl, hydroxyalkyl, hydroxyacetyl, or their esters with
physiologically acceptable acids. More preferred are compounds where R, is
acetyl or B—succmyloxyacetyl ESpecxally preferred are compounds where R, is
acetyl.

Further preferred compounds are COmpounds of Formulae 1-6 which are
esters of hydroxyl groups at positions 3.and/or 20. Preferred esters are those
described by their corresponding acids: acetic, propionic, maleic, fumaric,
ascorbic, pimelic, succinic, glutaric, bismethylene-salicylic, methanesulfonic,
ethane-di-sulfonic, oxalic, tartaric, salicylic, citric, gluconic, itaconic, glycolic,
p-aminobenzoic,  aspartic, | glutamic, gamma-amino-butyric,  &~(2-
hydroxyemylammo)-propmmc, glycine and other a-amino acids, phosphonc,
sulfuric, glucuronic, and 1-methyl-1 4-d1hydromeot1mc

Another more preferred group of compounds comprises those compounds
of Formulae 1 through 6 where the 3B substituent is ethynyl or trifluoromethy};
and attached to the 17-position of the steroid is one of B-acetyl, B-(1'-
hydroxyethyl), or 17(20)(Z)-ene. '

 Examples of preferred compounds include, but are not limited to 3a-
hydro -3B-methyl-5ﬂ 19-norpregn-17(20)(Z)-ene,  3a-hydroxy-19-nor-Se-

 pregnan-cis-17(20)(Z)-ene, 3a-hydroxy-58-19-norpregn-17(20)(Z)ene, -3a-

hydroxy-3f-methyl-5a-19-norpregn-17(20)(Z)etie, 3p-ethynyl-3¢-hydroxy-5p-
19-norpregn-17(20)(Z)-ene, and 3e-hydroxy-3p-trifluoromethyl-5p-19-norpregn-
17(20)(Z)-ene. |

Also preferred are the followmg compounds 3a-hydroxy-3§8-
mﬂuoromethyl-l9-nor-5[3-pregnan-20-one, 3a-hydroxy-3p-trifluoromethyl-19-
nor-5a-pregnan-20-one, 3¢-hydroxy-3ﬂ-mﬂuoromethyl—5[3—19-norpregn-
17(20XZ)-ene, 30,21-dihydroxy-3p-trifluoromethyl-19-nor-5p-pregnan-20-one,
and  3,21-dihydroxy-3p-trifluoromethyl-19-nor-5p-pregnan-20-one  21-
hemisuccinate and its sodium salt. |
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- 'Also preferred are the following compounds::3¢,20a-dihydroxy-19-nor-

- So-pregnan e;"?3d;hyd'roxy'-3ﬂihiﬂuofomé@yl-.lQ%nof-SB;prégnan' -20-one; 3o
. hydroxy-3p-methyl-5e-19-norpregnan-20-one; 3p-ethynyl-3a-hydroxy-19-nor-

5B-pregnan—20-one, 3ﬂ-ethynyl-3u-hydroxy—5[5-l9-noxpregn-l 7(20)(Z)-ene, 30~

" hydroxy-3p-methyl-5B-19-norpregn-1 7(20)(Z)—ene 3e-hydroxy-3p-methyl-SB-
" 19-norpregn=-17(20)(Z)-ene, - 3a,21-dzhydroxy-3[‘l-mﬂuoromethyl-l 9-nor-54-

pregnan-20-one 21-hemisuccinate and its sodium salt.

The most preferred compounds of thie;ptes_éht-'invéntibn are:
3a-hydroxy-3B-(3'-methyl-but-3'-en-1-ynyl)-5p-pregnan-20-one;
3u-hydroxy-3P-(3'-methyl-but-3‘-en-1'-ynyl)-5a-pregnan-20-one;

3ﬁ-(cyclopropyl)ethynylaa-hydroxy-sB-pregnan—ZO-one,

- 3¢,200-diiydroxy-3p-ethynyl-5e-pregnane; -

3a,21-dthydroxy-BB-ethenyl-Sa-pregnan-ZQ-gne,-.and Lot e
3«,21-dihydroxy-3B-fluoromethyl-5a-pregnan-20-one; or

physiologically acceptable 3-esters, 20-esters, 21-esters, 3,20-diesters, or
3,21-diesters thereof. |

- Also especlally preferred are the followmg esters within the scope ofthe

present invention: i -

G --.3u,21-dxhydtoxy-3 B-tnﬂuoromethyl-l9-nor-5ﬁ-pregnan-20-one, 21-
- hemisuccinate, sodium salt; ... e
3u,20a-dxhydroxy-21-methy1-5a-pregnane, bi  Hemisuccinate;
- <.3u,21-dxhydroxy-3l5‘eth°nyl'5¢'l’re8mn'2°‘°n°: 21_‘.h°mls“°°mat°
o 3a,2l-dxhydroxy-3l3-methyl-5a-pregnan-2°-°ne. -acetate;.

3a 21-dxhydroxy-3 B—mﬂuoromethyl-SB-pregnan-ZO-one, ) 21 . hemifumarate

s'-:f3u,2l-dxhydroxy-BB-mﬂuoromethyl-Sﬂ-pregmn-ZO-one, methyl 2l-suocmate
-305,21-dxhydroxy—Bﬁ-mﬂuoromethyl-Sﬁ-pregnan-ZO-one, 21-propionate;
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- bis (3.,21-dihydroxy-3f-trifluoromethyl-58-pregnan-20-one) 21-hemisuccinate;

bis (3e,21-dihydroxy-3 B—eﬂlynyl-SB-pregnan-ZO-qhe) 21-hemisuccinate; and
N-(3a-hydr6xy-3B‘-methyl-Sa-pregnan-ZO-deine)ethanolamine.

The following synthetic methods and examples are directed to the
preparation of compounds forming part of and used in the present invention.

Synthetic Methods

The compounds according to the invention may be prepared by any
convenient method, e.g. using conventional techniques such as are described in
"Steroid Reactions" Djerassi, published in 1963 by Holden-Day, Inc., San
Francisco or "Organic Reactions in Steroid Chemistry", Fried and Edwards,
published in 1972 by Van Nostrand-Reinhold Co., New York.

The compounds of the invention may be prepared by any suitable
technique known in the art or henceforth developed.

General Methods

20-Hydroxy pregnanes were prepared by the reduction of 20-Kefo

pregnanes with conventional reducing agents.

21-Hemisuccinates were prepared from pregnan-20-one derivatives which
were first brominated with molecular bromine to obtain the corresponding 21-
bromo pregnanes. The bromo compounds were then reacted with various dioic
acids, such as succinic acid, in the presence of an amine to yield 21-hydroxy
esters. The resulting esters from the dioic acids were then converted to their
sodium salts by conventional means.

The esters may be formed using reactions well known in the art between
the hydroxyl grbup on the compounds discussed above with an organic acid, acid
halide, acid anhydride, or ester, wherein the organic acids are, for example, acetic,
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propionic, maleic, fumaric, ascorbic, pimelic, . succlmc, glutaric,

" bismethylenesalicylic, methanesulfonic, :=Qt})f_a!!§-§!f$u1f‘?mc, oxalic, tartaric,

salicylic, citric, gluconic, itaconic, glycohcp-ammobenzow, aspartic, glutamic,
y-amino-butyric, &-(2-hydroxyethylamino)-propionic, glycine and other a-amino
acids, phosphoric, sulfuric, glucuronic, and l f_x_ll:_lgjthYI_-_l;,‘!-di_hydronicotinic.

3[3-.5'::1);'1&_:4ents'=

. Halomethyl . .-

+: The: 3B-monohalomethyl compounds of thxs invention may be prepared

1 by treatment of a 3-spiro-2'oxirane steroid with a source of halide ions in an inert
‘solvent, such as tetramethylammonium halide in toluene, and preferably a proton

source, such as acetic acid.

Saturated or unsaturated alkyl e e
“-Other 3-substituted: steroids. may. be prepared by the addition of an

~i +-organometallic reagent to a. 3-ketosteroid .i m which other reactive functional
- groups maybeprotectedasn essary

'l‘hus, 3-alkynyl compounds may be

prepared by the use of an lithium acetyhde in inert solvents or with a reagent
prepared in situ from 1,2-dibromoethyl§pe and butyl lithium as-the
orgahometallic reagent. Likewise, componmds":'{of Formula I in which R is alkenyl

++ group may be prepared the reaction of a 3-ketostetold with a vinyl organometallic
e =reagentsuchasvmylmagnesmmbrom1de Compoundsmwhchﬂleunsatmanon
- is removed for the’ sxte of reaction'such as allyl magnesmm bromide may also be
.+ used to give compounds containing a 3-alkenyl group. Similarly, the use of an
- alkyl Grignard such as methy! maguesium fodide willlead 1o 3-alkyl compounds
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Trifldorom‘ethyl '
- The-trifluoromethy! group may be prepared by reaction of a 3-ketosteroid
with trimethyltrifluoromethylsilane catalyzed by fluoride jon.

2]-Oxygenated compounds

Lead tetraacetate oxidation of ZI-methyl

Various compounds of this type may be prepared by a reaction sequence
in whicha pregnan-20-one is oxidized with lead tetraacetate to give a 21-acetoxy
derivative, hydrolysis of the acetate to give a 21-aicohol, and acylation with an
appropriate carboxylic acid derivative, such as an anhydride or acid chloride or
other reagent capable of replacing the hydrogen of the hydroxyl group, such as
methanesuifonyl cﬁloride.

Pregnan-17-enes

These may be formed by the reaction of a 17-ketosteroid with a Wittig
reagent such = as ‘the ‘ylide derived from treatment of
n-propyltnphenylphosphomum bromide with a strong base such as potassium #-

butoxide.

3,20-Diols
A-pregnan-3,20-diol may be formed by addition of a boron hydride such

as diborane to the double bond of a pregnan-1 7-ene followed by oxidation of the

thus formed orgéhbb’orane- with, for example, alkaline hydrogen peroxide, to give

the 20-0l. Alternatively, pregnan-3,20-diols may be formed by the reduction of
a.20-one group to 4 20-ol group. Suitable reagents are hydride reagents such as
sodium borohydride or dissolving metals such as sodium in n-propanol and the
like.
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- b. . SB-Pregnan-3 za.dwne, 20-k¢tal

- ‘Florisil'and eluted with CH;Cl;: The fractions con
' * - ‘combined and ‘evaporated. ‘The ¢crude’ product was ‘then crystallized from a
20 Tali

* thermometer; and & dropping funnel ‘was cha
*(cis/trans mixture; 98%, Aldrich; 0.164 1nL; 2mmol mw = 186, d = 2.246). Dry

" THF (15 L) was added and the solution" was cooled to ~78°C in a dry ice-

" “acetone bath. n-BuLi (2.5M in THF, 1.6 1L, 4 mimol) was added dropwise over
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Examples. .. -

Eeorelt

Example 1

AT 3a_Hydrm.5p.pregnan-20-aue, 20-ketal

“A'mixture of 3a—hydroxy-5 ﬁ-ptegnan-ZO-one ( l 0.8 g, 34 mmol), ethylene

" "glycol (45 mL), and triethyl orthoformate (30 mL) was stirred at r for 5 min. p-

“Toluenesulfonic acid (200 mg) was then added and the stlrnng was continued at

rt for 1.5 br. ‘The resultmg thick paste was poured into a sat. NaHCO, solution

- *(250 mL) The precipitated solid’ was collected by ﬁluanon, washed thoroughly

" with cold water and dried. This semi-dried product was d:ssolved in CH,Cl, (350

' mL) and dried over anhyd. K,CO,. ‘I'he soluuon ofthe ketal was then filtered and
: 't:usedassuchforthenextstep o

' The above solution of 3a-hydroxy-5[3—pregnan—20-one, 20-ketal in CH,Clz
was stirred with N-methylmorphohne-N-oxxde (8.8 g, 75 mmol), and powdered
4A molecular s1eves 8 g) under N, for 15 min. Tetrapropylammonium
pezrmhenate(400mg)wasthenaddedandﬂ1eshmngwas continued at r.t. for 2
hr: 'I'heresulnngdarkgreenmxxtm'emspassedthroughashortcolumnof
ntaining the product (TLC) were

mixture ofEtOAc Hx (1 l) to yleld thetxtle" ;pound (10 3 g) as long rods.

" & ' Preparation of the lithium reagerit fmml,z-dtbromoelh wethylene

wnth 4:N; ‘gas bubbler, a
ed with- 1,2-dibromoethylene
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a period of 10 min. The mixture was stirred at this temperature for 1 hr and the
resulting reagent was used immediately for the next step.

d 3p-Ethynyt-sa-hyM5p-preguan-zo-one

The above solution of the reagent in THF, which was maintained at
-78°C, was treated dropwise with a solution of 5B-pregnan-3,20~dione, 20-ketal
(180 mg, 0.5 mmol) in THF (15 mL). The temperature was maintained below -

| 70°C during the addition. The stlmng was continued at this temperature for 15

10

15

20

min (100% conversmn as detected by TLC). The cooling bath was removed and
the resulting solutlon was quenched with 2N HCl (pH 6). The solvent was
removedandthemdue was dxssolvedmacetone (10 mL). After adding 2N HCI
4 mL) the soluuon was stm'ed at ambxent temperature for 0.5 h. The mixture
was neuuahzed with dil. NaHCO3 solution. The preclpltated solid (158 mg, 93%)
was collected by filtration, washed with water, and dried. The crude product is
then punﬁed by crystallization from EtOAc or from a mixture of acetone-hexane
to yield the t1tle oompound mp 196-197°C TLC—R, 0.45 (hexane:acetone 7:3).

Example 2

Disodium 30,20B-dihydroxy-SB-pregnane, bis(hemisuccinate)

A suspension of 3¢,20p-dihydroxy-5p-pregnane (Steraloids; 250 mg, 0.78
mmol) in 5 mL of dry pyridine was treated with succinic anhydride (200 mg, 2.0
mmol). The mixture was heated at 100°C for a total of 10 h. An additional 6
mmol of succinic anhydride was added in three portions as the reaction was

heated. The dark mixture was concentrated (0.05 mmHg, 30°C) to remove the

solvent and then heated at 90°C. (0.05 mmkHg) to remove excess succinic
anhydride. The residue was recrystallized from ether/hexanes giving a solid that
consisted mainly of succinic _acid;; ‘The mother liquor was concentrated and

~ subjected to column chrdmatography (flash silica gel, eluted with 95/5/0.1

CH,Cl,/MeOH)HOAc) giving a white solid which was recrystallized from
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“'. ether/hexané.  The’ bxs(hemlsuecmate), mp 81-90°C was carried on to the

= brs(sodmm salt)

“The" brs(hemlsuecmate) (100 ‘mg, 0 192 mmol) was dissolved in a

“minimum volume of methansl: A solution of NaHCO, (2 eq, 33 mg, 0.393
‘mmol) in ‘0. 6 mL of water was ‘added dropwrse “After 3h, the solution was
concentrated in vacuo to give a‘white sohd. :

mple3 KIALIREL

3a~-Hydroxy-3p-trifluoromethyl-Sa-pregnan-20-one and 3p-Hydroxy-
3a~trifluoromethyl-So-pregnan-20-one

pressure to grve a wlnte crystallme (foamy) ‘solid,” ‘which was ﬂash-

o chromatographed employmg CH,Cl, as eluant.

Evaporanon of early ﬁaenons ﬁnmshed 3¢-hydroxy—3 B—inﬂuoromethyl-

-“To solution of '5a—pregnari43,20-dione'20-ethyleneketal (356 mg, 0.987
" mmol) mdry 'l'HF & mL) was added 0. SM F;CS:(CH,), (in THF; 2.5 mL, 1.25
i'mmol) The resulung colorless soluuon was cooled to 0°C, and n-Bu,NFxH,0
- (few crystals) was ‘added. Coolmg bath was removed. Evolution of a gas
(Me,SrF) was observed, a.nd the reaction solutron turned yellow The mixture
" was stxrred at room temperature for 30: mm. TLE (3 1 hexane/aeetone) showed
R eomplete eonsumptron of the slanmg matenal ‘thé riew spot moved almost with
- Solvent-front. Subsequently, INHCI(~3 mL) was added, and the resulting two-
. “Ephasemrxun'ewassurredatroomtemperatme overnight. TLC (3:1
hexane/aeetone) nowd:splayedasmgle spoththanR,of--O 5. On other hand,
‘when CH,CI, was used, there were two close spots, the top one being for the
| :mmor produet. “Ether and water were added. The aqueous layer was back-
| 'Iextraetedmthether 'l'heeombmedorgameswerewashedmthsaturated
| NaHCO, and bnne, dned (MgS0,); filtered, and evaporated under reduced
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Further elution of the column gave 3B-hydroxy-3a-trifluoromethyl-5e-
pregnan-20-one (200 mg), which on the basis of ’F NMR and GC-MS also
contained 1.5% minor product (i.e., 3a—hyd_roxy-3ﬁ;u-iﬂuoromethyl-Sa-pregnan-
20-one). In order to remove this impurity, recrystallization in hot 60:40
hexane/ethyl acetate was attempted; no crystals were formed. Finally, highly
pure 3B—hydro:ﬁy-Bwt:_iﬂuoromethyl—Sa—pregnah—ZO—one (145 mg) could be
obtained by sﬁbjecting the above 97.5:1.5 mixture to another flash
chromatography with CH,Cl,, mp 181-3°C.

_ Ex_ample 4

3B-Hydroxy-3a-ethenyl-5p pregnan-zo-one and 3a-Hydroxy-3[i-ethenyl-5p-
pregnan-zo-oue :

~ A solution of 5B-pregnan-3, 20-dxone, 20-ketal (1.18g, 3.3 mmol) in dry

THF (ZOmL)wasufcat_edthhvmylmagggsmm bromldq (_leTHF 3.7 mmol,

3.7 mL) at-70°. After stirring the mixture at this temp. for 5 min and then at rt
for 2.5 b, it was quenched with sat. NH,CI solution (10 mL). The solvent was
removed and the residue was e:macted with _EtOAc. The organic layer was,
washed with water, dil. NaHCO, soln., water, and brine. After drying over
anhyd. MgSO.thesoltmonwasﬁlteredandevaporatedto yield the crudeproduct
(12 g). This crude product was then dissolved in acetone (20 mL). After adding
IN HCI (10 mL) the solution was stirred at rt for 15 h. The solvents were
removed and the residue was extracted w1th CH,Cl, The organic layer was
washed with water, dxl.NaHCO, soln. water and brine. Aﬁerdrymgover
anhyd. MgSO,thesoluuonwasﬁlteredandevapomtedto yield the crude product
(890 mg). This crude product was then dissolved ina small amount of CH,Cl,
and poured on a column of sxhca gel. On elution with toluene:acetone mixture
(94:6) gave 3u-cthenyl-3p-hydroxy-5p-pregnan-20-one (126 mg) as a first
fraction. Further elution with the same solvent mixture yielded 3-ethenyl-3a-
hydroxy-5B-pregnan-20-one (189 mg), mp. 113-116°.
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~ i Example Sy

3u-Hydroxy-5 a-androstan-17-one -
“To a° solutxon of 3B-hydroxy-5u-androstan-l7-one (6g) and diethyl

L "“azodxcarboxylate (5 04 g) inTHF (50 iiL) was added trifluoroacetic acid (3.3 g)

" and the mxxture became yellow. Then triphenylphosphinie (7.6'g) was added.
o 'The reactxon tumed 0 colorless and heat was: ‘given off. Sodium benzoate was
* ‘addedafter 5 mm and then water (100 mL) ‘was added. The mixture was

extracted with methylene chloride (3x80 mL) and orgaiics was dried over
magnesmm sulfate The solvent was removed in vacuo and the crude product
was hydrolymd w1th potassxum hydroxide ¢! 0%, 10 mL) in methanol (150 mL)

for 1 h.' Most of the ‘miethanol ‘was then removed in‘vacuo and the remaining

" * material was partltxoned between methylene chioride and ammonium chloride.

- Theproduct(47g, '_s%)waspunﬁed by chromatography (CH,CI, acetone=9:1).

S 3a-Hydroxy-21-methyI-5a-pregn-I7(20)(Z)-¢ne

o " reagént produoed from propyliriphenylphosphiuin  bromide -(13.3 g) and
.. potassmm t-butox1 de (3 9 g) ih THF (20 mL) The reaction was refluxed for 12

-5u-androstan 17-one (2 g, 6:9:mmol) was-added to Wittig

h and cooled to 25 °C “Then a solutlon of ammomum chloride (60 mL) was
added and the orgamc layer was separated: by separatory funnel. The agueous
layer was extracted wnh mel:hylene chlonde (2x50 'mL). The organic solution

s dned over potassmm catbonate and the solvent temoved invacuo. The crude
. ':"pro duct was ﬁ ed by chromatograph}' (aeetone methylene chloride: hexane

N =127t produoeeo-.fs4 g ofproduct (39%) 't was mixture of Z and E isomers

(z E=13 1)
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c 3a-t-ButyIdlmethylsdoxy-21 -methyl-5a-pregn-17(20)(Z)-ene

The mixtuse of 5a-3a-hydroxy-21-methylpregn-17(20)(Z)-ene (0.84 g,
2.66 mmol), TBDMSCI (1.2 g, 8.0 mmol) and imidazole (0.91 g, 13.3 mmol) in
methylene chloride (10 mL) and DMF (30 mL) was stirred for 12 h and then
ammonium chloride was added It was then extracted with methylene chloride
(3x40 mL) and washed with brine (50 mL). The organic solution was dried over
potassium carbo:__xate- and thén-solvent remoyed ;and it was found that there was
still some DMF. It was then redissolved in ether and washed with brine (2x50
mL) and then dried over potassmm carbonate. Chromatography with hexane

resulted 1.14 g of the pure product (100%).

d  3o-t-Butyldimethylsiloxy-20a-hpdroxy-21-methyl-Sa-pregnane
Toasolutionof3 a_-t-butyldimethylsiléxy-ﬂ-methyl—Sa-pregn—l7(20)(Z)-
ene (1.14 g, 2.66 mmol) in THF (30 mL) was added diborane THF complex (1M
solution in THF, 5.3 mL) dropwise at 0°C. The reaction was allowed to warm
t0 25°C for 1 h. Then a solution of sodium hydroxide (20%, 10 mL) was added
very slowly at 0°C followed by an addition of hydrogen peroxide (30%, 10 mL).

-Aqueous ammonium chlonde then was added and THF layer was separated by

separatory funnel. The aqueous layer was extracted wi_th ei_:her (2x40 mL). The
organic solution was dried over potasslum carbonate and the solvent removed-in
vacuo. The pure product was obtained by column chromatography (0.52 g, 44%).

e 3e,200-Dikydroxy-21-methyl-Sa-pregnane

A solution prepared by mixing HF (48%, 5 mL) and CH,CN (30 mL) was
addedtoa flask containing 3e-r-butyldimethylsiloxy-20a-hydroxy-21-methyl-a-
pregnane (0.51 g) and a white precipitate appeared. The reaction was stirred for
1 h and then filtered. The white solid was washed with ether for three times and
it gave satisfactory analytical results (0.3 g, 79%), m.p. 227-231°C. |
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3u,21-Dzhydraxy-3ﬂ-mﬂuoromethyI-SB-19-nmpregnan-20-one
To a solution of 3a-hydroxy-3ﬂ-mﬂuoromethyl-5[3 19-noxpregnan—20-
one (300 mg, 0.87 mmol) in toluene (15 mL) was added MeOH (1 mL) and

- BFOEL (1.4 mL ‘11.3 'mmiol): . The resultmg mlxture was cooled to 0°C and

Pb(OAc). (0.54 & 1 21 mmol) was added The reactxon was warmed to 25 °C

“ " Siith stirring for 45 min and then NaHCO, solution (sat., 30 ml) was added, and

i i:thennxmrewasstlrredfor 1 h It\’iraspoll!’edmm*‘s"l’a"at°‘3’f“nnel containing

“ water (50 mL) and extracted thh ether (3x40" mL) The ethereal solution was

' obtained by removal of solvent was dissolved in MeOH (25 L) and K,CO;

solutxon (sat. 8 mL) was added The reacuon was surred for 5 h and then the

" reaction mixture was pouredinto a separatory funnel ”m“g S0 mL of water.

s ;j;lt was then " =ted mth c1-12c12 (3:50 mL) The oombmed extracts were dried

“over K2C03 and the crude matenal obtamed was punﬁed by chromatography to

gwe the product (160 mg) along with Zl-methoxy by-product (40 mg). The

product was mer mﬁed byrecrystalhzau 1 from 10% acetone in hexane to
o ;‘gwe 88 mg of the pure product (28%) as 5‘”‘“‘" “ha’ in‘p 140']42°C

washed with bnne (50 mL) and then dned over K2CO, The crude product

Examp le 7
3B-Ethynyt-sa,zoa-dzhydmy-sp-pngnaneand3p-zzhynyz-3u,zop-dzhym'
Sﬁ-pregnane

- “Tod soluuon ofsp.emynyl-sa-hydro -prégnan-20-one (031 g, 0.91

mmol) in me'l:hanol (20 mL) was added‘sodl m bo; hydnde (200 mg, 5.3 mmol)
_ de (50 mL) solution was

ith CH,Cl, (3330 mL). A

1-223°C. The minor product,
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3p-ethynyl-3,20a-dihydroxy-5p-pregnane was further purified by another
chromatography (25-30% ethyl acetate in hexane, 16 mg, 5%): m.p., 187-188°C.

Example 8

3a,21-Dihydroxy-3f-eth ynyl-5l3-pregnan-20—one and 3 a-H ydroxy-3 B-ethynyl-
21-methoxy-5 B-pregnan-zo-one

To a solutxon of 3a 21-d1hydroxy-3p-ethynyl-5B—pregnan-zo-one 21-

.aoetate (725 mg, 1. 81 mmol) in 45 mLofmethanolatO’Cwasaddedanaqueous

10% K,CO; solutlon 3. 75 mL). After stm'mg for 30 min at rt, the mixture was
recooled to 0°C and a 2N aqueous HOAc solutlon (1.8 mL) was added. The
reaction was added to an EtOAc/water mlxture The aqueous layer was extracted
twice with EtOAc and the pooled orgamc layers were extmcted with a brine
solution, dned (Na,SO4) and concenuated Purification by ﬂash chromatography
(20 cm of sﬂxca gelina 4 cm dia. column, eluted with 2 liters of 20%

. acetone/hexane) gave 582 mg (90%) of the dml as a whxte solid, mp 155.5-

157°C.

In larger scale preparations of the 3a,21-diol,' a less polar impurity was
isolated, mp 176-178.5°C and found to be 3u-hydroxy-3p-ethynyl-21-methoxy-
5B-pregnan-20-one, probably formed as a by-prodixct in the preparation of the21-
acetate.

Example 9

3p-Ethenyl-3a-kydroxy-5a-pregnan-20-one and 3o-Ethenyl-3p-hydroxy-5o.-
pregnau-20-one

A solution of Sa—pregnan—3 ,20-d10ne, 20-ketal (720 mg, 2 mmol) in dry
THF (20 mL) was treated with vmyl magnesmm bromide (lM in THF, 4 mmol,
4 mL) at -78°. After stirring themlxtureatthlstemp for 5 h, it was quenched
with 2N HCl solution’ (2 mL). The solvent was removed and the residue was then



' WO '96/16076

10

150 e

op

25

PCT/US95/15210

-29-

dissolved in ace_tou__e__..'(25_-.ﬁml_.);; -After adding 2N HCI (10 mL) the solution was
stirred at rt for 15 h. The solvents were removed and the residue was extracted
with CH,Cl,.. The orgamc layer was. washed w1th ‘water, dil. NaHCO soln.,

.. .., water, and bnne Aﬁer drying over. anhyd MgSO. the soluuon was filtered and
... - evaporated, to yxeld the crude product ag.. Tlus crude product was then
- dissolvedina small amount of CH,CI,, and poured ona column of sﬂxca gel. On
- ..., elution with toluene acetone. mxxturc (95 :5). gave 3I3-ethenyl-3a-hydroxy-5a-
=+ . pregnan-20-one (250 mg) as a first fractlon, m.p 163-165 ° Further elution with
... the same solvent mixture. yielded 3u—ethenyl-3B-hydroxy—Sa—pregnan-ZO—one

3o’z-Hydroxy-3B—i’riﬂuoronwthy[—SB-’I%norpregnan'-Mwne L

+ To -a: solutlon of - 3a-hydroxy-3|3-mﬂuoromethyl-5a-l9-norpregn-

=5 17(20)(Z)-ene (2 6 g7.3 mmol)-in THF (80 ml), was added diborane THF
complex (M solutlon in THF 22:mL) dropwise at.25°C. . The reaction was:
""" :complete in'1 h and ‘then a solution of sodium hydroxide (20%, 50 mL) was
4 added very slowly 2
30 mL). -Water
" furnel.” The aqueots
. “The organic" solutxou ‘was .dried over potassmm carbonate and the solvent
~ removed in vacuo, A quick-column (hex: acetone=l 1). resulted 1.8 g product

0°C followed by an addltlon of hydrogen peroxide (30%,
_was added and THF layer ‘was separated by separatory
layer was extracted w1th methylene: chlonde (2x40 mL).

which was subjected to PCC oxidation (PC 1g, 9.6 mmol; sodmm acetate,

0.8 g, 9.6 mmol). The pure product (700° mg, 26%) was purified by column
chromatography using ethy] acetate and hexane (15:85) as eluent; m.p. 151.5-
153.0°C. '
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Example 11

e 3(R)-Spiro-2"-oxirane-So-17B-hydroxyandrostane

A mixture of trimethylsulfoxonium iodide (6.82 g, 31 mmol) and

potassium t-butdkide (3.5 g, 31 mmol) in THF (30 mL) was heated to reflux for
1.5 h and then cooled to 25°C. 17B-Hydroxy-Se-androstan-3-one (3 g, 103
mmol) was then added and the reaction was stirred at 25°C for 2 h. Water was
then added and the mixture was extracted with ether (3x80 mL). The extract was
dried over potassxum carbonate and the removal of the solvent resulted in 3 g of
fairly pure product (crude yield, 96%) which was used for the next step.

b. 3[3-Methyl—3&hydro:ty5@ndrostan-] 7-one

Toa solutibn of 3(R)-spiro-2’-oxirane-5c.-17B-hydroxyandrostane (3g,
9.9 mmol) in THF (50 mL) under Ar was added lithium aluminum hydride (LAH,
1 M solution in THF, 10 ml) and the mixture was heated to reflux for 5 min and
then cooled to 25°C. Ammonium chloride solution (aq., sat., 70 mL) was added
and the mixture was then extracted with CH,Cl, (3x70 mL). The organic solution
was dried over potassium carbonate and then 4-methylmorpholin-N-oxide (2.9 g,

25 mmol) and ground molecular sieves (44, 10 g) were added. The mixture was

then stirred for 20 min and tetrapropylammonium perruthenate (200 mg) was
added. The reaction was compleie in 1.5 h and the reaction mixture was filtered
through Florisil which was rinsed with mixture of CH,Cl, and ether (1:2). The

 resulted material was purified by chromatography (30% EtoAc in hexane) to

produce the product (2.5 g, 83%).

|
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| c. . 35;2131Dihiéthyl'-'3ualzydmxj:ssd-"-'p"regh‘-i7(20)mléne

"To -a‘ W'tug reagent * prepared:- by ‘stirring the. mixture of n-

cn propylmphenylphosphomum bromide (2: 55 g, ‘6.6 ‘mmol) and- potassium ¢-
- butoxide (0.75 g, 6 6 mmol) in THF (20 mL) for 30 nin was added 3B-methyl-

3a—hydmxy-5a—androstan 17-one (0.5g, 1 65 mmol) and-the mixture was heated

 to reflux for 18. h "The reaction was then quenched with ammonium chloride

solution and extracted ‘with CH,CI, The pure product (420 mg, 77%) was
obtained by chromg_tography (20% EtOAc in hexane).

3a,20a-D¢lzydmxy3B,21-d:methyl-5¢-pregnane i
. Toa solunon of 3[3,21-dlmethyl-3a-hydroxy-5a-pregn-l7(20)(Z)-ene

(0 42 g,1.27. mmol) in THF (30 mL) was added diborane THF complex (IM |
- -..:solution in TI-IF 2 6 mL) dropwise at 0°C. The reaction was allowed to warm
S 10:25%C for 2 h Then a solution.of sodium hydroxlde (2N, 10 mL) was added
. .very slowly at. 0°C followed by an addition of hydrogen peroxide (30%, 10 mL).
" The reaction wassurred at25°Cfor 1 h.. Aqueous ammonium chloride then was

added and THF la was separated by separatory ﬁmnel. The aqueous layer was

.+ ;extracted wrth CH,CI, (2x40 mL). .. The orgamc solution was dried over
. « potassium carbonate' ‘and the solvent removed in vacuo. - The product was
.-+ : obtained by. oolumn chromatography. (0.17 g, 38%) It was further purified by
20

recrystalhzauonto result in 110.mg product: m.p ,200-203°C.

3«,21-D1hydrqu-3ﬁ-trgﬂuoromethyl-j'ﬂ-pregnan-zo-one

A solution:of 3a,21-dihydro -BB-tnﬂ | romethyl-SB—pregnan-ZO—one,
21-acetate (1.36g, 3.06 mmol) in MeOH. (75mL) was cooled to 0°C. A solution
of K,CO; (10% aquéous, 6.45mL, 4.67mmol) was then added dropwise. After
stirring for 1.5 hours ‘af 0°C, a solution of acetrc acrd (2N aqueous, 2.5mL, 5.0
mmol)wasaddeddropmseandthemnmuewasallowedtowannto room temp.
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EtOAc, CH,Cl, and water (100mL each) were added and thoroughly mixed. The
organic phase was isolated, washed with aqueous Nq_HCO, and NaCl solutions,
dried over MgSO, and evaporated in vacuo. The residue was purified by flash

- column chromatography (hexane/EtOAc 3:1) to yield a white solid (973 mg,

79%), mp. 148-150°C.
Example 13

Sodium 3u,21-dikydroxy-3B-ethynyl-5p-pregnan-20-one 21-hemisuccinate
A solution of 3e,21-dihydroxy-3p-ethynyl-5p-pregnan-20-one (535 mg,
1.49 mmol) in 2 mL of dry pyridine was treated at 0°C with solid succinic
anhydride (1.2 eq; 180 mg, 1.80 mmol). After warming to rt, the reaction was
allowed to stir for 48 h. Removal of the solvent in vacuo and trituration of the
residue with hexane (2 x 10 mL) gave a gummy solid which was dissolved as
much as possible in CH,Cl, and added to 13 em of flash silica in a 2 cm dia.
column. Elution with a gradient from 5% acétone/CH,Cl, to 100% acetone gave
667 mg of the desired acid. I
" To remove pyridinium salts, the acid was dissolved in EtOAc and
extracted with anice-cold 0.01 N aqueous HCI solution (30 mL). The organic
layer was dried with Na,SO, and concentrated. The residue, 633 mg, mp62-
68°C, was'diss'olvo;d-in methanol and an aqueous solution of 116 mg (0.253

' mmol) of NaHCO; was added. After stirring for 3.5 h, the solvent was removed

under reduced pressure and the residue was triturated with an ether/hexane
mixture. The light yellow solid obtained, weight 616 mg, was soluble in water
at> 20 mg/ml..
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. Exampleld .. . .

. ;3B-Fluoromethyl-3a-hydroxy-Su-pregnan-Zo-ane

A mrxture of n-Bu.NF‘xH,O (7.873. g)and benzene (50 mL) was refluxed

L wrth a Dean-Stark trap overmght. ‘The. mncture whrch was not.a clear solution,
- wasthen eoncentrated (normal pressure) to ~10 mL and allowed to cool to room

_'A- solutxon of 3(R)-5a-pregnan-3-sprro—2'oxuane-20-one

_ethyleneketal (2 55 g, 6 81. mmo)) in dry benzene (15 mL + 5 mL for the rinse)

. wasadded, usmg a double-ended needle, to, the above concentrated solution. The
jresultmg solutron was concentrated, using a short-path distillation apparatus, to

| ~10 mL and re___ﬂ_yrced for 15 min. Since 1__t_ ‘was very difficult to spot the

concentrated reaction solution on the TLC plate, dry benzene (5 mL) was added.
TLC (100:1 CH2Cl,Iacetone or 3:1 hexanelacetone) showed some unreacted
starting matenal'

"'srdes two new less-polar spots The reaction mixture was

e agam eoneenu'ated and then reﬂuxed for 30 mrn, TLC (aﬁer drlutmg the mixture
15 with benzene) now showed almost eomplete consumptron of the starting epoxide.

-:As before, the’ rmxture ‘was concentrated an 'ﬂuxed for a while. It must be

. noted here: that thzs reaction takes place only when the: mixture is highly
. -concentrated.: After the -mixture had come to room temperature (giving a light-
- yellow solid); ether and water were added. Srnoe all the solid did not dlsso'Ive,
:CH,Cl, was added. The aqueous:layer’ was baek exu-acted with CH,Cl,. The
. combined organ.rc'ext.mets were washed with water (x2), dried (N&,SO,), filtered,
.. . and evaporated _under_redueed pressure to provrde a-white solid (3.33 g) whose

'H NMR showed : t'.to be a 4:1 mixture of 3|3-ﬂuoromethyl-3 a-hydroxy-50.-
pregnan-20-one edryleneketal and 3u—ﬂuoro-3 B-hydroxymethyl—Sa-pregnan-ZO-
one ethylene ketal. ': .

In order to hydrolyze the ketal, acetone (1'00 'mL), water (5 mL), and p-
TsOH'H,0 (143 mg, 0,752 mmol) were added to the above solid. The pH was
adjusted by addmg m HC! until slightly acrdxc The mixture was heated with a
m order to get a clear solunon, which was stirred at room

heat gun for a whrle
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temperature for 2 h. The mixture became turbid, so CH,Cl, was added to obtain
a clear solution. TLC indicated completion of the reaction. The solvent was
removed under reduced pressure, giving a white solid to which were added

. CH,ClL, and water. The aqueous layer was back-extracted with CH Gl ., The

combined organics were washed with saturated NaHCO,, dried (MgSO,), filtered,
and evaporated under reduced pressure to furnish a white crystalline solid (2.5 g)
whose 'H NMR showed it to be a 4:1 mixture of 3a-fluoromethyl-3¢-hydroxy-
Sa-pregnan-20-one and 3a-flucro-3p-hydroxymethyl-5e-pregnan-20-one. Flash
column chromatography of this mixture with CH,Cl, as eluent provided the

- desired 3-fluoromethyl-3a-hydroxy-5e-pregnan-20-one (1.41 g, 59%), mp 201-

203°C.

Example 15

3[3-Ethynyl-3u,20a-d¢hydm.w—5a—pregnane and 3B-etltynyl-3a,205-d1hydro.\y-
Sa-pregnane

To a solution of 3B-ethynyl-3a-hydroxy-5«-pregnan-20-one (0.32 g, 0.94
mmol) in methanol (20 mL) was added sodium borohydride (200 mg, 5.3 mmol)
and it was stirred at 25°C for 1 h. Ammonium chloride (50 mL) solution was
then added and the mixture was extracted with CH,Cl, (3x30 =iL),
Chromatography (EtOAc:Hex=3:7) resulted in 3B-ethynyl-3¢,20B-dihydroxy-5a-
pregnane (192 mg, 60%) as major product: m.p., 195.5-197.5°C; and 3B-ethynyl-
3u,20a-d1hydroxy-5a-pregnane as the minor product (19 mg, 6%): m.p., 210-
215°C (decomp.).
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Examplel6 e

e 3a,20u-D¢hydrmv-_21-methyI-5a-pregnane bis hemisuccinate -

- Toa dry ﬂask containing 3a,20a-dthydroxy-2l -methyl-5a-pregnane (350

- .mg,. 1:05 mmol) was added pyndme (anhydrous, 5-mL) and then succinic
.- ...anhydride: (l g, 10__ ntmol) was added. The ‘mixture was heated in a oil bath at
- 100°C for 20 h and then cooled to 25°C. It was mixed with HCl solution (IN,
»-70 mLYy and_extracted with EtOAc (3x40. mL) and extracts were dried over

Na,SO,. The product (0.54 g) was obtained by chromatography (7% MeOH and
0.3% HOAc m"CHz.Clz) and was further punﬁed by recrystallization from EtOAc
to yield 334 mg_f of the product (60%), m.p. 159-162.5°C.

g fExqmple' -17 L

R 3,3-Ethylenedwxy—5]3—pregn—l 7(20)m-ene

5B-3-Ethylened10xy-androstan-l7-one (6 £) was'added to Wittig reagent

.= produced- from ethylmphenylphosphomum ‘bromide (15 g) and potassium #-

butoxide (4. 5;__g) 1_n THF (15-mL).” The reaction was refluxed for 2'h' and cooled
er ylene chloride (80 mL) and a solution of ammonium chloride
(60 mL) was added and the organic layer’ was separated by separatory funnel.

.+ ‘The. aqueous layer was extracted: with: methylene chloride (2x50 mL). The
- organic solutxon was' dried over ‘potassium: carbonate and the solvent removed in
© -vacuo. Most;of thefphosphoromde was removed by washing with hexane. The -

nct (6 &) was dissolved in acetone (100 mL), and hydrochloric acid
' )fobtmned ‘by a basic work-up
followed by methylene chloride extraction wz punﬁed by chromatography to
produce 4.5 g ¢ of product (83%). The pure steremsomer was obtained by repeated |
recxystalhzatxon from hexane.
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b. 3a-Hydroxy-3p-trifluoromethyl-5p-pregn-17(20)(Z)-ene

~ To a solution of 5[5-pregn-l7(20)(Z)—en—3-oné (950 mg, 3.17 mmol) in
THF (15 mL) was added trifluoromethyltrimethylsilane (0.5 M solution in THF,
9.5 mL) at 0°C. - The solution turned to brown gradually and the reaction was
finished in 30 min. --Water-.(30 mL) was added and organic layer collected. The
aqueous layer was extracted with ether (3x50 mL) and organic solution was dried
over potassium carbonate. The pure product (680 mg, 58%) was isolated by
column chromatography using ethyl acetate and hexane (1:9) as eluent.

Example 18

a 3o-~Hydroxy-5B-pregn-11-en-20-one

To a solution of 5P-pregn-11-en-3,20-dione (Sigma, 1.5 g, 4.77 mmol) in
THF (40 mL) was added lithium tri-f-butoxyaluminum hydride (1 M in THF, 5.7
mmol) at -78°C slowly fori15 min. The reaction was allowed to warm to 25°C
for 12 h. The mixture was partitioned between ammonium chloride and ether and
the crude material thus obtained was purified by column chromatography (10-
20% acetone in hexane, 1.3 g product, 86%).

b.  3u-Hydroxy-5p-20,20-ethylenedioxypregn-11l-ene

To a mixture of 3&-hydroxy-5p-pregn-11-en-20-one (1.3g), ethylene
glycol (8 mL) and trimethylorthoformate (20 mL) was added p-toluenesulfonic
acid (0.1 g) and the reaction was stirred for 1 h.- A normal workup (sodium
bicarbonate and ether) followed by the removal of solvent resulted in the crude
product which was purified by chromatography (acetone:Hex-1:4, 1.2 g, 81%).
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- elesc "

20

) _..__xnmol) in 35 mL of toluene was treated wnh

PCT/US95/15210

-37-

- 5[5-20 20—Etltylenedwxy-5ﬁ-pregn-ll-en-3-one

A mixture of 3a—hydroxy—20,20-ethylenedxoxy-5B-pregn-l 1-ene (1.2 g),

o sodmm acetate. (0 53 -g).and PCC (1.4 g) was stirred at 25°C for.1 h and then
N iﬁltered through Flonsxl eluting with methylene chlonde and ether (1:2). The pure

product was obtam__ed by column ehromatograplly__ (acetone:hexane=1:9, 0.71 g, .

60%).

d 3u-Hydrng:-3B-tnﬂuoromethyl-sﬁ-pregn-l1-en-20-one
To a solutlon of SB-ZO-ethylenedxoxypregn-l l-en-3-one (710 mg, 1.98

. mmol) in 'I'HF (15 mL) was added mﬂuoromethylmmethylsdane (0 5 M solution
. i THF 6 mL) and then tetrabutylammomum ﬂuonde (20 mg) at 0°C. The

ple19 e

3¢,21-Dihydraxy-3[3—ethynyi5[i¢égnan—20~one 2]-acetate

A suspenston of 3B-ethynyl-3a-hydroxy‘5[i-pregnan—20—one (l .00g,2.92
h 2l of methanol. The resulting _
solution was cooled in an ice/water bathand at BF_-,;Et,O (Aldrich; 5.8 mL, ;
5.02 g, 35.4 mmol) was added. Sohdleadtetraaeelnte(Aldnch, 1.96 g, 4.42
mmol) was added in a few poruons A hght pmp sol_":fon formed uutxally and

o '3 handthenreeooledto 0°c The eold reaction was__addedtoaxmxme of 52mL
. ;ofa sat.. NaHCO, solunon, water and crushed ee.. The multmg mixture was
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extracted with EtOAc (2 x 75 mL). The combined organic layers were extracted
with a sat. NaCl solution, dried (Na,SO,) and concentrated. The crude product
was purified by 'column chromatogrsphy' (25 cm of ﬂash silica gel ina$5 dia.
column eluted thh 3 liters of 20% acetone/hexane) affordmg 749 mg (64%) of
the acetate, mp 196-198°C. B

Example 20

3a,21 -Dthydroxy-3[3-tr ﬂuoromethyl-5ﬁ-pregnan—20-ane, 21-acetate

‘Under an anhydrous argon atmosphere, 3a—hydroxy-3 B-trifluoromethyl-
SB-pregnan-ZO-one (1.94 g, 5.02 mmol) was dlssolved in toluene (86 mL) and
MeOH (5.2 mL). Boron trifluoride etherate (104 mL, 84.3 mmol) was added via
syringe. Leadteuaaeetate(Z 89 g, 6.51 mmol)msthenadded. The mixture was
stirred for 70 mm, poured into water and extracted three times with CH,Cl,. The
organic phases were eombmed, washed with aqueous NaHCO3 and NaCl
solutions, dried over MgSO, and evapormd in vacuo to give a pale yellow solid

(218 g). This solid was purified by flash column chromatography

(CH,C1,/EtOAc 150:1 and hexane/BtOAc 4:1) to give a white solid (1.54g; 69%).
mp. 167-168.5°C.

Example 21

3u-Hydroxy-3|3-hzﬂuoromethyl—5[i-pregnan—20—one
Reference: Krishnamurti, R.; Bellew D R; Smyanakash,G K.J Org
Chem. 1991 56 984, '
To soluuon of 53—pregnan-3,20-dmne 20-ethyleneketal (60 mg, 0.166

_'mmol)mdryrm'(smL)wasaddedOSMF,c&(CH,),(mnm 0.5mL, 025

mmol). The resultmg colorless solution was cooled to 0°C, and n-Bu,NF-xH,0
(fewcrystals)wasadded. Coohngbalhwasremoved,andﬂlemlxmrewas
allowed to warm to room tempemture. Unlike the same reaction involving So-
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- N -:__mﬂuoromethylatron had now completely dlsappeared, and there were two new,
| N less-polar spots the lower one bemg the ma_;or product. The mxxmre was then .
P dllutedthhetherandwater Theaqueous layerwas separatedande)m'actedthh
o o . cther. The combxned organic layers were washed w1th sanuated NaHCO, and
15,

20 .

L wlnte crystalli
S _:.;;:;presenceoft\woeptmersmaramofss 15 Separatronofthesetwoep:merswas?
.. ... achieved by ﬂash chromatography wrth 15 l hexane/acetone

: __pregnan-20-one. |
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“ e pregnan=3; 20-dtone 20-ethyleneketal, the above reactxon mixture: did not turn
o v ryellow, and also there 'Was no gas generatmn. TLC (3:1 hexane/acetone) did not
- --show any product formatlon. Subsequently, ( 0 SM F3CSi(CH;), (in THF; 0.5 mL,
520 0.25 mmol). was added . Theresulting xmxture was stirred at room temperature

for few minutes. TLC displayed a new spot that had an R, close to 1, but there
was still some unreacted starting material .p_.resent. Therefore, more 0.5M
F,CSi(CH,); (mTHF, 0.5 mL, 0.25 mmol) was added. The mixture was again
stirred at room temperature for a while. No unreacted starting ketone. IN HCI
(~3 mL) was added, and the resultmg two-phase mxxture was stm'ed at room

‘temperature ovemxght. . .The spot that was fonned as a result of

bnne, dned (MgSO.), ﬁltered, and evaporated under reduced pressure togivea-
ine (foamy) solid. ‘H and "F NMR of thxs solid revealed the

Evaporatxon of the early fracnons gave the mmor 1somer, whxch was not
med to be 3[3-hydroxy-3a-tnﬂuoromethyl-’jp

. Further eluuon of the column gave 3u-hy -3 ll-mﬂuoromeﬁlyl-ﬂ}«

. pregnan-zo-one (50 mg)

_: 3u_Hyd,m.3Wamm¢kyI-5p-19-mmregn-1 7(20)(Z)-m

Toasoluuon of 5p-1 9-noxpregn-l7(20)(Z)-en-3-one (823 mg, 2.38 mmol)

-~ in.THF (30 mL) was added mﬂuoromethyltnmethylsdane Os M solution in

THF, 8.6 mL) at 0°C The solution turned to brown gradually and the reacnon
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was completed in 30 min. Water (30 mL) was added and the organic layer
collected. The aqueous layer was extracted with ether (3x50 mL) and the organic
solution was dried over potassium carbonate. The pure product (800 mg, 78%)
was isolated by column Chfomatography using ethyl acetate and hexane (1:9) as

eluent.

Example 23

| 3&,21-Hj)drbxy—3ﬁ-méthﬂ-Sa—prégnan—Zﬂine, 2]-acetate

A solution of 3a-hydroxy-3p-methyl-Sa-pregnan-20-one (3.00 g, 9.02
mmol) in dry toluene (110 mL) and methanol (6 mL) was cooled in an dry-
ice/acetone bath to -75°C. 'Neat BF;-Et,0 (Aldrich; 18 mL, 146 mmol) was

" added via syringe, followed by solid lead tetraacetate (4.39 g, 9.90 mmol) added

in portions. No 'reaétib_h was apparent at -75°C and the reaction was allowed to
warm to -10°C over 4 h. The reaction was allowed to warm to 0°C over an

additional 90 min. By HPLC, starting material is the major species present.

 After an hour at 0°C, tlie reaction was recooled to -15°C and an additional 1.94

g of lead tetraacetate was added, and the reacuonwasallowedto warm to 0°C.
After 30 min, HPLC (scattenng detector) gave  uncorrected ratio of product and
starting material of 10:1, and after an additional 45 min, the reaction was cooled
to -10°C and added to an ice-cold mixture of 100 mL of EtOAc, 165 mL of a sat.
NaHCO, solutlon amd crushed ice. The aqueous layer was separated and washed
with EtOAc (2 x 150 mL). The pooled organic layers were then washed twice
each with water and a sat. NaCl solution. After drying over Na,SO,, the solvent
was removed and the residue was recrystallized from EtOAc, affording 1g of
acetate contaminated with starting material. The mother liquor was concentrated
in vacuo and triturated with two 100 mL portions of hexane. The residue from
the hexane washes was combined with. the recrystallized material and

recrystallized a second time. The resulting solid was contaminated with 2.8 %
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of starting material (by HPLC). A third recrystallization gave 1.087 g (31%
yield) of the acetate which contained <2% of Starting material. '

30,21-Dikydroxy-5P-preginan-20-one 21-Disodium phosphate
' To a solution of 21-bromo-3a-hydroxy-5B-pregnan-20-one (1.0 g, 2.5

** mimmol) in'10 sl THF at RT was added dibenzyl hydrogen phosphate (2.1 g, 7.5
" mmol) and tx:lethylarmne (1.085'mL., 7*8'mﬁxbl")“wit1i“sﬁzﬁng ‘The reaction was
' then heated to reﬂux for 2.5 h and then cooled to RT. Dichloroiethane (25 mL)
e 'wasﬂxenaddedandthe solutxontransferredtoaseparatofy funnel, washed with
- 1N HC), sat. aq NaHCOg, dried with MgSO;; and concenitrated i m vacuo to give
U the d,benzylphosphate asa crude oil (943 mg) ‘The oil was dxssolved in EtOH
~ (50 mL) and d few drops of sulfuric acid were added. The flask was charged with
* 400 mg of 5% Pd/C_;ﬁtld the stirred solution Was then subjected to 1 atm. of H,
** gas'at RT ‘until the reaction was conipléte.. The catalyst was-removed via

‘to a residug. ‘This résidue was dissolved

mL of MeOH was added and' upon s1ttmg at 0°C: for 1 hsolid i morgamc
phosphate was ﬁltered off. The solution’ was eoncenu:ated in'vacuo and the

residue was washed wuth hot toluene (~50 mL) and then dissolved in 2 minimum
volume of MeOH.. To this. solution acetone was slowly added until a solid ‘-
precipitated. The mxxture was centrifuged, the solvent decanted off and the wet
solid transferred to'a vml and dried-under vacuum;:to yield the title compound as
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Example 25

3a,21-Dikydroxy-3p-methyl-Sa-pregnan-20-one 21-Disodium phosphate

To a solution of 21-bromo-3a-hydroxy-3p-methyl-5a-pregnan-20-one
(1.0 g, 2.43 mmol) in 10 mL THF at RT was added dibenzyl hydrogen phosphate
(2.1 g, 7.3 mmol) and triethylamine (1.085 mI., 7.53 mmol) with stirring. The
reaction was then heated to reflux for 4.5 h and then cooled to RT.
Dic_‘.hloromethané (25 mL) was then added and the solution transferred to a
s_eparatdry funnel, washed with IN HCI, sat. ag. NaHCO,, dried with MgSO, and
concentrated in vacuo to give the dibenzylphosphate as a crude oil (1.205 g). The
dibenzylphosphate (790 mg, 1.3 mmol) was dissolved in 2 : 1 EtOH : THF (30
mL) with a few drops of sulfuric acid, charged with 5% Pd/C (180 mg, 20% by

‘weight) and subjected to 50 psi of H, at rt until the reaction was complete by

TLC. The catalyst was removed by filtration and i_he filtrate was concentrated.
The residue was dissolved in 4 : 1 MEOH : water (10 mL) and titrated to pH 11
with IM NaOH. The solution was treated with acetone until a readily filterable
solid precipitated after which the mixture was cooled to 0°C and filtered to
isolate a crude solid 260 mg. The solid was diﬁsolved in 20 mL water forming
a cloudy solution that was filtered and then concentrated to give 220 mg of the
title compound as a white solid.

Example 26

a.  20,20-Ethylenedioxy-5o-pregnan-3-one :

The title compound was prepared in about 90% overall yield starting from
3p-hydroxy-5a-pregnan-20-one, using the method described for the 5B
compound.
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b, 3B-Ethynyt-3a-hyd:ma—5m—pregnan—20—one, 20-ketal and 3o-Ethynyl-
B-hydrawSa-pregnan—Zﬂ-one, 20-kelal

| A250mLthreeneckﬂaskeqmppedthhagas mlet,athermometerand

o _:-a condenserwas charged thh htlnum acetyhde-EDA complex (2 75 EA 90%, 27.5

| ', -mmol) Dry benzenc (60 m...) was added and acetylene gas was bubbled through

L themlxtureatamodexaterate 'Ihenmmn'ewasthenheatedtoSO-SS"Cmanoﬂ
| _bath and treated m parts w1th 5u—pregnan-3,20-drone, 20-ketal (9 g 25 mmol).
-The sttrnng was contmued at th1s temp for 5 h and then atrt for another 17 h.

| The resultlng suspensmnwas cooled to 10°C and was u'eated wrth sat. NaCl soln.

(5 mL) The solvent was removed and the resldue was taken up in water. The

.. ater msoluble product was collected by filtration, washed with water, and dried

'under vacuum. This crude product was then, recrystalllzed from EtOAc to yield
---:3a-ethynyl-3l3—hydroxy—5u-pregnan-20-one, 20-kctal (3 :35g). .The mother liq.

- was.-evaporated to".dryness "and the: .residue was | purified - by :column

o ichromatography-dyetf:silica;gel.; Elution with a ffqluene:acetone mixture (92:8)

gave the unreactedstartmgketone( 1.3g). followed by 3B-ethynyl-3a-hydroxy-

* . Sa-pregnan-20-one; 20-ketal (1.3 g)'as‘asecond"ﬁ;action Further elution with the
~.;. Same: solventrmxture yxclded the more. polar 3a—ethynyl-3[i-hydroxy-5a-pregnan
.. - 20-one, 20-ketal (270 mg). -

3B-Ethynyl-3u-hydroxy-Su-pregnan—ZMue
B-Ethynyl-Bu-hydroxy-Su-pregnan—ZO-one, 20—ketal (550.mg) was
dissolved in a mixture of acetone (20 mL) and 2N HCl (10 mL) and the mixture
was stirred at 1t for 15 h. The. solvents were. removed and the residue was
extracted with CH;Cl,. The organic layer was washed with water, dil. NaHCO,

., soln., water; and brine, Aﬁer drying over anhyd. MgSO. the solutlon was filtered
.and evaporated to yreld the crude product (414 m Thxs crude product was then
. .dissolved in a- small amount of CH,Cl, and poured on a column of sxhca gel.
. ... Elution with. toluene acetone mxxture (92:8) gave the txtle compound (280 mg),
S-mp. 175-177°C
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d. 3&Ethjmyl-3§-ndroaxjh5m-pregnau-20-ou
A solution of 3¢-ethynyl-3|3-hydmxy-5a-pregnan-20—one, 20-ketal (2.15

' g) in CHCI, (45 mL) was cooled to -20° and treated with acetic anhydride (20

mL). Fuming nitric acid (4 mL) was then added and the mixture was stired at
thistemp for 45 min. Aﬁerwarmmg to -5°, theyellow sdlutionwaSpoured into
a mixture of 2N NaOH (70 mL) and water (150 mL) to yield the resultant
soluuon of pH 3-4. It was then extracted thh CHCI,, washed with water, sat.
NaHCO, soluuon, brine, dried (MgSO,) and evaporated to yield the title
compoundasavxscousmatenal G g),wlnchwasusedassuch forthenextstep

e 3B-Ethynyl-.?a—hydroxy-Su-pregnan-20-one and 3¢-Ethynyl-3|3-
hydroxy-5a-pregnan-20-one :

The crude product (3 g)ﬁomabovestepwastakenmamxxtureof’l‘[—ﬂ-‘
and water (30 mL, 1: 1) and AgNO, (516 mg) was added. After stirring at rt for
15 h the solvents were removed and the residue was extracted with CH,Cl,. The
organic layer was washed with water, dil. NaHCO, soln., water, and brine, After
drying over anhyd. MgSO, the solution was filtered and evaporated to yield the
crude product (2 g). This crude product was then dissolved in a small amount of
CH,Cl, and poured on a column of silica gel. Elution with a toluene:acetone
mixture (93:7) gave 3f-ethynyl-3a-hydroxy-5e-pregnan-20-one (550 mg) as a
first fraction. Further elution with the same solvent mixture yielded the more

polar 3a-ethynyl-3B-hydroxy-5«-pregnan-20-one (460 mg).

Example 27

| 3u,21-Dihydroxy-3B-trgﬂuoiomethyI-Sﬁ-pregnan—Zﬂ-one, 21-hemisuccinate

Under an anhydrous argon atmosphere, 3e,21-dihydroxy-3p-
trifluoromethyl-5p-pregnan-20-one (920 mg, 2.29 mmol), succinic anhydride
457 mg, 4.57 mmol) and dimethylaminopyridine (14 mg) were dissolved in
anhydrous pyridine. After stirring for 16 hours, more dimethylaminopyridine (7



='W 96/16076

15

' removed. Heptane was added and remc.wed===
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..  g) was added-Aﬁerstlrnngfor 3 hours more, the solvent was removed in
i VACUO:: Resxdualpyndmewas removed by evaporatlon from a toluene solution.
" The fesidue‘was purified by flash colums chromatography: (CH,Cl/MeOH;

gradient 100:1 m—-‘éﬁf_):;) to yield & white semi-solid residue (1.1 g):’ This slightly
impure solid was dissolved in CH,Cl,, washed with water (3 x 50 mL) and dried
over MgSO,. The solvent was removed in vacuo to yield a white solid (883 mg,
77%). | '

._.___3a,21-Dzhydroxy-3ﬂ-try‘luoromethyI-Sﬁ-pregnan-Zo-one, 21-hemisuccinate,
. sodmm salt

10 L ""F:."'.- IR
" hemisuccinate ( (859 mg, 1.71 mmol) was dissolved in MeOH (35 mL). NaHCO,

3a,21-D1hydroxy-3 B-mﬂuoromethyl-sB-pregnan-zo-one, 21-

(143 mg, 1.70 mmol) in water (10 mL) was then added dropwise. More MeOH ..
(10 mL) was added. Aﬁer stu'nng for 2.5 hours, the solvent was evaporated -
Toluene was added and evaporated in vacuo. The residue was rubbed with
ether/hexane and then thh hexane to glve a wlnte sohd MeOH was added and

' vacuo. The residue was rubbed

20 ci br

between ethylacetate anud:water (25 mL each), and the orgame layer was washed
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with sat. ag. NaCl, dried with MgSO, and concentrated in vacuo to give a crude
solid. Flash chromatography on 6 in. of silica gel in a 2 cm column collecting 10
mL fractions eluting with 95 : 5 Toluene : Acetone resulted in 142 mg (65.6%)
of the title compound. MP 147-50°C. -

Example 29

3P-Trifluoromethyl-3o-hydroxy-5e-19-norpregnan-20-one

This compound was obtained along as a by-product in the preparation
of 3a—hydroxy-3[3-mﬂuoromethyl-55- 9-norpregnan-20-one (see, Example 10).
It is isolated from the appropnate chromatograph:c ﬁactlons m.p., 178-179°C.

Examplé 30

3B-(1 -Hepzynyl)-3a-lzydra;y-Sﬂ-pregnan—Zﬂ-one

A solution ofl-heptyne (0.327 mL, 2.5 mmol) in dry THF (15 mL) was
treated with n-BuLi (2.5M in THF, 2.5 mmol, 1 mL) at -78°C. After stirring the
mixture at this temperature for 1 hr, a solution of 5B-pregnan-3,20-dione cyclic

20-(1,2-ethanediyl ecetal) (360 mg, 1 mmol) in dry THF (15 mL) was added and .

the mixture was stirred at -78°C for 1 hr. It was then quenched with 2N HCI
solution (1 mL). The solvent was removed and the reeidue was then dissolved in
acetone (10mL). Aﬁeraddmg 2N HCI (10 mL) the solutron was stirred at rt for

- 1 hr. Saturated NaHCO, soin. was added to neuh'ahze the acid. The solvents

were removed and the residue was extracted with EtOAc. The organic layer was
washed with water, dil. NaHCO, soln. water, and brine. After drying over
anhyd. MgSO, the solution was ﬁltered and evaporated to yreld the crude product
(400 mg). This crude product was then dxssolved ina small amount of CH,Cl,
and poured ona column of silica gel. Elution with toluene acetone mixture (93:7)
gave 3B-(1-heptynyl)-3-hydroxy-3 B-pregnan-zo-one (260 mg) as a colorless
solid; mp 121-123°C. . |
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Ananalogous method was used to prepare:- 3B-(1-hexynyl)-3ac-hydroxy-

S SB-pregnan-ZO-one 3[3-(1-octynyl)-3a-hydroxy-5l3-pregnan—20-one, 3p-

cyclopropylethynyl—3a-hydroxy-5B-pregnan-ZO—one, “3p-(3-methylbut-2-en-1-
G ynyl)-3u-hydroxy-5 B-pregnan-zo-one, “and _3ﬁ-(3,3-dxmethylbutynyl)—3 o-
* . hydro -sB-pregnan-zo-one e

| "':?é'"3B:’(,jiclbﬁibpyléghyhﬂésdéhyd}béjﬁfp:ﬁrég@n;?bibhé‘ T

a 3B—(5-ChIoro-I-pengmyl)-3a-lzydrm-5]3-pregnan—20—onecychc
20-(1,2-ethanedzyl acetal) .

- A:solution of5-chloropentyne ©.5 mL, 438 mmol) in dry THF (15 mL)

mixture was- quenched with NH,Cl ; solution (3 mL) ‘The solvent was removed

.-+ - and the residue was extracted with EtOAc. The ‘organic layer-was washed with
= -Water, dil. NaHCO, soln. ‘water, and brine. A.ﬁer drymg over anhyd. MgSO,the

o - -wastreated with: n-BuLl (2.5M in THF, 3 mmol
. the mixture at -78°C for 0.5 hr,-a; solution . of 3_:' S-chloro-1-pentynyl)-3a-
: -hydroxy-SB-pregnan-20-one cyclic 20—(1,2-ethaned1yl acetal) (100 mg, 0.22

- ; -:solution was ﬁltered and evaporated to.yield. the crude product (660-mg). This
., - crude product was: used as such for the nextstep

3B-C):cloprapylethynyl-.?a-hydroxy-SB-pregnan-ZMue
A solution of dusopropylamme ©4 mL 3 mmol) in dry THF (15 mL)
12 mL) at -60°. After stirring

mmol) in THF (15 mL) was added. The coolmg bath.was removed and the
mixture was stxrred at rt for 0.5 hr. It was then quenched with NH,Cl solution (3
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mL). The solvent was removed and the residue was then dissolved in acetone (40
mL). After adding IN HCI (4 mL) the solution was stirred at r.t. for 15 min. Sat.
NaHCO, soln. was added to neutralize the acid. The solvents were removed and
the residue was extracted with EtOAc. The organic layer was washed with water,
dil. NaHCO, soln., water, and brine. After drying over anhyd. MgSO ghe
solution was filtered and evaporated to yield the crude product (120 mg). This
crude product was then dissolved in a small amount of CH,Cl, and poured on a
column of silica gel. Elution with toluene:acetone - mixture (95:5) gave
3B_-(cyclopmpylethynyl)-3a-hydroxy-SB—pregnan-ZO-,_one (55 mg) as a colorless

 solid; mp 123-138°C; TLC R, (hexane:acetone 7:3) 0.29

It will be obvious to one skilled in the art that the above described
compounds may be present as mixtures of diastereomers which may be separated
into individual diastereomers. Resolution of the diastereomers may be
conveniently accomplished by gas or liquid chromatography or isolation from
natural sources. Uﬁl&ssbth’e’rwise spectﬁedherem, reference in the specification
and claims to the compounds of the invention, as discussed above, is intended to
include all isomers, whether separated or mixtures thereof.

Where isomers are separated, the desired pharmacological activity will
often predominate in one of the diastéreomers. - As disclosed herein, thése
compounds display a high degree of stereospecificity. In particular, those
compounds having the greatest affinity for the GABA receptor complex are those
with 3B-substituted-3a-hydroxypregnane steroid skeletons.

The compounds of and used in the'inveniion, that being the nontoxic,
pharmaceutically acceptable, natural and synthetic, direct acting and "prodrug"
forms of progesterone, deoxycorticosterone, and androstane metabolites, have
hitherto unknown activity in the brain at the GABA, receptor complex. The
present invention takes advantage of the dlscovery of this previously unknown

mechanism and activity.
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* The- pharmaeeuucal compositions of thxs mvenuon ‘are’ prepared in

" “conventional’ dosage umt forms by mcorporaung__ an ‘active compound of the

c o f'mvenuonoramxxuxre ofsuchoompounds mthanontomcpharmaeetmw carrier

> n v gdccording to acoepwd procedures ina nontoxxc amount sufficient to produce the
-desired pharmacodynamc activity in'a subject, ammal or human. Preferably, the

3 icomposmon contams"the act:ve ingredient: ‘m " '{acnve, but fontoxic amount,

¢ * This quantity depends on the specific bmlogwal actmty desired and the condition
it of the: patient. - Desxrable objects' of the composmons ‘and- methods of this
“'invention are in the treatment of stress, amuety, PMS 'PND, and seizires such as

those caused by epxlepsy to ameliorate or prevent the attacks of anxiety, muscle

" tension, and" depress:on common Wwith patlents suﬁ‘enng from these central
‘" nervous system abnormalmes. 'An additional desu'able object of the composition
~"gnd ‘methods is to. treat ‘insorhnia: and’ produce hypriotic activity. Another
- desirable object of the compounds an methods is to mduce anesthesxa, particularly -
-'bymtravenousadmnustrauon. ST s e

" The pharmaceuucal carrier employed may be, for example, either a solid,

4 liguid; or-time: release (see &g Remmgtons Pharmaceuucal Sciences, 14th
“2 Edition; 1970). Representauve solid carriers are lactose, terra alba, sucrose, talc,
“gelatin; agar, pectm, acacla, maghesium stearate steanc acid; mxcrocrystalﬁﬂe -
" cellulose; polymer hydrogels and the like. TYP‘”‘ liquid carriers are propylene
v glyeoly glycofurol aqueous solutions of cyelodextnns, syrup; peanut oil, and
+ " olive oil and the llke | ulslons Similarly, the eamer_or diluent may include any
240 time-delay matenal well known fo°the art, such as'.glycerol monostearate or
~ glycerol disteardte alone or with wax; m:crocapsules, nncrospheres, liposomes, -

and/or hydrogels - R
' A wide vanety of pharmaceutical forms can be employed.: Thus, when
“using: a solid carner"tthe preparation can be plam mxlled micronized, in oil,

1 tableted; plced in a'hara'gelaun or entenc-coated capsule ‘in micronized powder

‘or pellet form, or- m the form ofa troche or lozenge 'l'he ‘compounds of and used



10

15

20

25

30

. fourfold (Rosciszewska
- symptomsmvolvesmalntammg the patient at a higher level of progesterone
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. inthe mvennonmay also be administered in the form of suppositories for rectal
. administration. Cbinpounds may be mixed in material such as cocoa butter and
-._polyethylene glyools or other suitable non-untanng material which is solid in

but liquid at the rectal temperature When using a liquid
arati on can be in the form.of a:liquid, such as an ampule, or as an

agqueous or nonaqueous lnqmd.-suspen_s;oga;. - Liquid dosage forms also need

- pharmaceutlcallyaoceptable preservatives.and the like. In addition, because of

the low doses that-ﬁillberequiredasbaseﬂ-‘-outhedatadisclosedherein,parental

_ admmxstratxon, nasal -spray, sublingual and buccal administration, and timed

release - skin patehes are also suitable: pharmaceutlcal forms for topical

| ad_mmxstratton.

_ -The method of producm amnolyuc, antneonvulsant, mood altering (such
as. ann-depressant) -or hypnotic activity, in accordance with this invention,
comprises admmlstenng toa subject in need of such activity a compound of the

- invention;- usually prepared in a composmon .as described above with a

pharmaceutical camer, in a nontoxic amount sufficient to produce said activity.
During menses, the levels of excreted metabolites vary approximately
et al., 1986). . Therefore, therapy for controlling

metabolites than ngrmal in the premenstrual state of PMS patients. Plasma levels

~of active. and major metabolites are monitored during pre-menses and post-

" menses. of the. pattent. The amount of the compounds of the invention

: -adrmmsteted, either singly or as mixtures thereof are thus calculated to reach a

- level which will exert GABA-receptor activity equal or higher than the level of
x .'progeeterone metabohtes in the normal subject during the premenses state.

The route of administration may be any route that effectwely transports
the active. compound to the GABA, receptors that are to be stimulated.

 Administration may be carried out paresiterally, enterally, rectally, intravaginally,
~ intradermally, int;#h;uscularly, sublingually, or nasally; the oral, intramuscular

‘and dermal routes are preferred. For example, one dose in a skin patch may
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©_-.-Tecognition | sxte Mol Pharmacol 233
;"Benzodlazepme annconvulsant action:; gamma- -aminobutyric -acid-dependent
.modulation:: of 'the chlonde .ionophore," .
i 123:1130-1137,1984  Wood, et al., "In vitr characterization of benzodiazepine
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a period of up to one week.

... - However,. the parenteral route is preferred f smus epxlepncus

- The in v o“-and in vivo. expenmen _data -show -that. the- naturally-

. -occurring. metaboh' es :of progesterone/deoxyoothoosterone and their derivatives
- -mteraet with. hxgh afﬁmty -at.a. novel:and- speclﬁc recognition site.on the GR
e _.complex to. facxlnate the conductance of chlonde ions across neuronal membranes
... sensitive to. GABA (Gee etal, 1987; Hamson o -'_L-

1987).

... therapeutic: value '_the treatment of stress anxnety, ‘and: seizure .disorders
.. {Squires, RF.; et al. "[S]t- Butylblcyclop. horothionate binds with high -
-+, -affinity to brani-specxﬁc sites coupled to a gamma anunobutync acid-A and ion

51983 ‘Lawrence; L.J., et al,

chem:. - . Biophys.. Res. Comm.,

antagomsts .inverse . agomsts and. -agonist/antagonists,”

- Pharmacol, - Exp Ther 7 231 572-576,: (1984)) .. We : performed: several
* experiments to etennme the nature of the: modulanon of [S]TBPS as affected
by the compounds of the invention. We found that these compounds interact with

t overlap with the barbiturate, the
X own sntes _Furthermore, these

t the GR complex, with stringent
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The procedures for performing this assay are fully discussed in: (1) Gee,
et al., 1987.; and (2) Gee, K.W,, L.J. Lawrence, and H.1. Yamamura, Molecular
Pharmacology, 30:218 (1986). These procedures were performed as follows:

Brains from male Sprague-Dawley rats were removed immediately
following sacrifice and the cerebral cortices dissected over ice. A P, homogenate
was prepared as previously described (Gee ef al., 1986). Briefly, the cortices
were gently homogenized in 0.32 M sucrose followed by centrifugation at 1000
x g for 10 minutes. The supernatant was collected and centrifuged at 9000 x g for
20 minutes. The resultant P, peilet was suspended as a 10% (original wet
welght/volume) suspens;on in 50 mM Na/K phosphate buffer (pH 7.4) 200 mM

“NaCl to form the homogenate.

One ‘hundred microliter (mD) ahquots of the P, homogenate 0.5
milligrams (mg) protein) were incubated with 2 nanomolar (nM) [**S]TBPS (70-
110 curies/millimole;, New England Nuclear, Boéton, MA) in the presence or
absence of the naturally occurring steroids or their synthetic derivatives to be
tested. The tested compounds were dissolved in dimethylsulfoxide (Baker Chem.
Co., Phillipsbury, NJ) and added to the incubation mixture in 5 uL aliquots. The
incubation mixture was brought to a final volume of 1 mL with buffer. Non-

specific binding was defined as binding in the presence of 2 mM TBPS. The

effect and specificity of GABA (Sigma Chem. Co., St. Louis, MO) was evaluated
by performing all assays in the presence of GABA plus (+)bicuculline (Sigma
Chem. Co.). Incubations maintained at 25°C for 90 minutes (steady state
conditions) were terminated by rapid filtration through glass fiber filters (No. 32,
Schleicher and Schuell, Keene, NH). Filter-bound radioactivity was quantitated
by liquid scintillation spectrophotometry. Kinetic data and compound/[**S]TBPS

dose-response curves were analyzed by nonlinear regression using a

- computerized iterative procedure to obtain rate constants and IC,, (concentration

of compound at which half-maximal inhibition of basal *SJTBPS binding

occurs) values.
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Theexpenmentaldataobtamedforthxsassayarealsopubhshedm(}ee

etal. 1987. 'Ihedatad:scussedmthxsreferenceareshownandd&scnbedeCT
. ... published. application nq.-.;__WQ9.3[0373__2_,.=;pl__1__bl_1_,shed on-04 March 1993. In
. contrast, the steroid binding site identified by this work is distinct from the
.. -GABA/bicuculline site. The shiftin dose-response curves induced by bicuculline
. Whenthe inhibition of [*S]TBPS binding is. caused by. alphaxalone‘ is not paralle].
- This indicates that.the GABA and steroid sites. do not overlap. ..

nt wexe performedto demonstrate that steroxds

o GABA receptor The assay was pu'formed in: aecordance w:th ‘the procedures -
. outlined above., The resulting kinetic data show that the dissociation of [**S]

TBPS binding initiated by saturating concentration of 3¢-hydroxy-5e-pregnan-
20-one is potentiated by 100 uM Na pentobarb:tal This effect is an indication
that 30-OH-5a-pregnan-20-one (steroid) and pgntobarbiml (barbiturate) bind to
independent sites. '

The third set of experiments examined the interactions between 3a-
hydroxy-Se-pregnan-20-one and Na pentobarbital in the potentiation of (H)
flunitrazepam (FLU) biﬂding. These experiments further support the claim that
steroids do not share common site of action with benzodiazepines and
barbiturates. In this series of experiments, the eﬁ‘ect of varying concentrations
of 3a-hydroxy-5e-pregnan-20-one on (CH) FLU binding in the presence or
absence of a maximally stimulating concenu'anon of Na pentobarbital. Since Na
pentobarbital has greater maximum efficacy than that of 3a-hydroxy-5¢-pregnan-
20-one in potentiating CH)FLU binding, 3a-hyd;9_:;y-5a—pregnan—20—one should
ultimately antagonize the effect of Na pentobarbltal if the two interact
competitively on the same site. This is not what ‘was observed. Thus, the data
further support our conclusion that certain sterods including the compounds of -
and used in the invention interact with a novel site distinct from the barbiturate

or BZ regulatory site on the GR complex. Because of this independent site of
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action, it is anticipated that these steroid compounds will have therapeutic profiles
different from those of barbiturates and BZs. |
Various compounds were ‘screened to determine their potential as
modulators of [S]TBPS binding in vitro. These assays were performed in
accordance with the above discussed procedures. Based on these assays, we have
established the structure-activity requirements for their specific interaction at the
 GR complex and their rank order potency and efficacy. Table provides ICy, and
maximum inhibition of several compounds, including examples of those claimed
in the application. ICs, is defined as concentration of compounds to inhibit 50%
of control [**S]TBPS binding. It is an indication of a compound's in vitro
potency. Maximum inhibition is an indication of a compound's in vitro efficacy.
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Table 1 R

3B-cyclopropylethynyl—3¢-hydroxy-5$-pregmn—20-one

94

3a-hydroxy-3&(3'-meﬂ1yl-but—3 ‘-en-1 '-ynyl)-SB-
pregnan-20-one

91

94

: 3a-hydroxy-3b-methy|-sp-19-nor-pregnan-2o-one C .
3 3u,20a-dxhydroxy-21-ethyl—5u—pregnane I

13

3B~(cyclopropyl)ethynyl-3u-hydroxy—5B-pregnan-zo-one 3

97

'3a,20¢-d1hydroxy-2l-methyl-5a-pregnane o

28

' '3a-hydroxy-5a-pregnan-20-one

95

98

g 3B—ethynyl-3u-hydroxy-56—pregnan-20—one

101

93

| 3B~eﬂlynyl-3a-hydroxy l%nor-sp.pmg!m_z(,_o"e T .i"". —
_BNS'-chloropentyn- Yl)'3¢-hydroxy-sp-preg,m.20.

one

98

' '3B-ethenyl-3a-hydroxy-53-pregnan-20-one i

46"

100

" 5

91

3a~hydroxy-3(i—ethynyl-5a-pregnan-20-one |

62 -

97

- 3a-hydroxy-3[5—methyl-5a-pregnan-20-one :

Bis (3a,2Ld:hydroxy-ss-emynyl-sp-pregnan-zo-one)il- 1
'hemnsuccmate 1

6,

56

3¢,21-dlhydroxy-5a-pregnan-20-one 21-acetate

oF_.

3a,21-dxhydroxy—5a—pregnan-20-one (Sa-n-mod)

100

7.

100

.3¢-Hydroxy-35-mﬂuomethyl-l9-nor-5|3-pregnan-20—one _ -
..3u-hydroxy-2l-methyl-SB—pregnan-zo-one '

100

' -Pregmm-20-one Nk L
3u-hydroxy-3|3,21-dlmeﬁlyl-5¢.pregn P

3u-hydmxy-3p.(3'-m _:"-yl-but-s'-en-l'.ynyl)-su-':

95

85

SR ') R

30

3m-hydroxy-3b-meth "l-Sa-l9-nor-preg an-20-one §

46

N-(3a-hydroxy—3p-methyl-Sa-pregnan-zo-
ylldme)ethanolamme SR e R

93

~ 3

88

' 3B-ethenyl-3u—hydroxy-Sa—pregnan-ZO-one O
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30:,21-dxhydroxy—3|5-tnﬂuoromethyl-5B pregnan-20-one,
21-acetate '

IC,, Tvax
3a,21-d1hydroxy-5¢-pregnan-20-one 21-hemisuccinate, 117 91
3a,21-dnhydroxy-56-pregnan-20—one 21-acetate - 119 49
3a,20¢-dnhydroxy-3b-methyl-5a—pregnane 166 52
3u,20-d1hydroxy-20-methyl—5a-pregnane - 176. 40
3a,2 1-d1hydroxy-3 [.'o-ethynyl-s B-pregnan-ZO-one 21 179 82
hemisuccinate :
Bis (3¢,2l-dxhydroxy-3p—mﬂuoromeﬂayl-sb-pregnan-Zo- 1 189 23
one) 2l-hem|succmate
3a-hydroxy-3B-ﬂuoromethyl—Sa-pregnan-zo-one 200 77
3u,20a—dnhydroxy—3|3—ethynyl—5a-pregnane - 202 56
3a-hydroxy-3 B—tnﬂuoromethyl-s B-pregn-l l-en-20-one 203 99
3a,21-d|hydroxy-3 B—meﬂnyl-Sa—pregnan-ZO—one 21- 211 104

-| Hemisuccinate, sodium salt :
3a-hydroxy-3p-mﬂuoromethyl-sp-pregnan-zo-one 211 98
3a,2l-dlhydroxy-BB-ethynyl-SB-pregnan-zo-one 216 104
3u,21-d|hydroxy-3 B-methyl-Sa-pregnan-Zo-one 21- 241 92
hemisuccinate .
3a-hydroxy-3 ﬁ-methyl-s ao;ii'egnal I-en-20-one 242 76
3a-hydroxy-3B-mﬂuoromethyl-sa-pregnan-20-one 244 44
3a,2l-dnhydroxy-3B—tr1ﬂuoromethyl- 9-nor-5$-pregnan- 246. 100
20-one T
3a,2 l-d:hydroxy-Su-pregnan-ZO—one 21-hem1succmate, 251 92
| sodium salt , . '

3u-hydroxy-3|3-mﬂuoromethyl—l9-nor-5¢-pregnan-20-one ' . 251 40
3a,21-dihydroxy-3 B-ethynyl-SB-pregnan-ZO—one, 21- 251 101
acetate
3a,2l-dihydroxy-3B—methylf-Shz-preﬁgnan-zo-one _ 258 96
3a,21-dihydroxy-3B-methyl-5a-pregnan-20-one 21- 284 93
acetate o _
3a,21-dnhydroxy-3ﬁ-ethenyl—Sa-pregnan—ZO—one _ 288 101
3a,2l-dnhydroxy-3B-tnﬂuoromethyl-sB-pregnan-ZO-one 354 102

370 88
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ICso

_ _j3a,2l-dxhydroxy-3ﬂ-ethenyl-Sa-preymn—ZO-one 21- o _

C 3T

89

v ""3a,205-dﬂ:ydroxy-3p-meﬂxyl-sa-pregnm ST

105

| "3a,20a-dxhydroxy-3ﬂ,2l-dnmethyl-Sa-pregnan; g L

507

48

3a,21-dlhydroxy-3 B-mﬂuoromethyl-w-nor-SB-pregnan-

20-one, 2l-hemnsuccmate, sodmm salt

530 7

101

30,2 l-dxhydroxy-3 B—ethynyl-Sﬂ-pregnan—ZD-one 21
hemsuccmate sodnum salt’

102

- 3(!,21-d1hydroxy-3B-mﬂuoromethyl-SB-pregmn-zo-one e
~}-21 hemifumarate sodlum salt. - L

102

ey .:3¢,20u-dxhydroxy-3l3-ethynyl-5li-pregnane

.= 5587

98

-30,21<dihydro -3B-ﬂnoromethyl-5¢-pregnan-20-one

592

101

---3a,21-dnhydroxy-3 B-mﬂuoromeﬂlyl-SB-pregnan-ZO-one, N

21-hemisuccinate -

648

101

. '.3l!,20l?o-t.hhydmxy.3l;_,ethy"yl.sB_pl_egume r———

77

' '3a,21-dxhydroxy-3p-mﬂuommeth ! SB-preznan-20-°n=,\'.._f

2 l-hemnsuccmate, sodmm salt

2

99

3a,20|3-d1hydroxy-3B-ethynyl-Sa-pregnane

774

107

3a,2 l-d:hydroxy—B B—mﬂuoromethyl-s b—pregnan-zo-one
methyl 21-succmate _

480

86

3a-hydroxy-3[3-methyl-21,21,21-Tnﬂuoromethyl-5a- e

pregnan-20-one _ L

915

101

| 3a,20B-d1hydroxy-3B—methyl—5a-pregnane

* -igng

99

) 3a-hydroxy-3ﬁ-meﬂ1yl-5a-pregn 6-en-2

N 955 KT

100

' 3a-hydroxy-3B—methyl-Sa-pregnane_l‘l"Zo_dlone i

| o5

100

21-bromo-3a—hydroxy-BIS—mﬂuoromethyl—Sﬂ-p gnan-20-

one..... .

1530

102

| estradiol . .

_>1000

I*

progesterone .

_>1000

I*

corticosterone ..., .

> 1000

]*

> moo_ |

I*

* = [nactive.
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As can be seen from Table 1, compounds of and used in the invention
have low IC,,, which is the concentration necessary to achieve 50% maximal
inhibition of [*S]TBPS bmdmg, while compounds stich as sex steroids (estradiol
and progesterone), glucocortxcolds (corncosterone) and cholesterol having a high

| IC;, are essentlally inactive. Thus, itis anuclpated that honnonal steroids and

cholesterol per se will not have any therapeunc value for the indications described
herein. In order to distinguish this unique class of steroids from hormonal
steroids, they are now termed neuroactive steroids. However, sex steroids such
as progesterone can be metabolized in thebodyto steroids similar to 3ec-hydroxy-
5u—p_regnan:-20-o§1e_._ Thus, progestéro_ne can be considered as a prodrug. The
TBPS data correlates well with data on *Cl ion uptake-potentiated by various 3a-
hydroxylated steroids described in Purdy R.H., et al., J. Med. Chem 33:1572-
1581 (1990), incorporated kierein by reference and these data also correlate well
with electrophysiological data obtained by measuring steroid's activity to
potentiate GABA-induced current in oocyte injected with human GABA
receptors. This mdlcates that thé TBPS aSsay is an approximate measurement of
steroids ability to allosterically modulate CI' channel activity.

Compounds with Partial Activity

 In as much as the desired therapeutic activity should be available to the

patient with the least undesifa'l'ale: side effects, a notable aspect of this invention

involves the discovery of agomsts with partial activity in those oompounds with
a 5u—pregnan-3a,20a-hydroxyl 5[3-pregnan-3a,206-hydroxyl group or the
derivatives and prodrugs of these compounds. In addition, a subset of
neuroactive steroids other than these two groups also show partial efficacy in
TBPS assay (Table 1). For the patients who desire amelioration of anxiety or
convulsions, hypnosis is undesired. For the patients who desire amelioration of '

inSomnia, anestheﬁc is undesired. The compounds and activities described as
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agonists with partxal activity expected to the desired effect with minimal
undesired eﬁ"ect. : o e
In addmon, the abxhty of these compounds to potenttate GABA-medtated

o enhancent of Cl current was limited as compared to that of 3a-hydroxy-Sa-
:___,_pregnan-zo-one m Xenopas oocyte. mjected wrth human GABA,, receptor genes.

When Xenopus oocyte. expressron system was used to test the limit

- efﬁcacy property of some neuroactive sterords, the following procedure was
e performed Xenopus lacvxs -oocytes (stage: Vl) whrch had been “defolhculated"

- - using the collagenase drgestlon method [3] hrs @ 18-23°C 2:mg ml"! collagenase

. . 'A'inBarth's salme thh Ca¥ salts. omxtted) were injected with cRNA transcripts
.., Of human GABA,.h receptor subunit complex al Bl and y1. The major GABA,
. .Teceptor complex is. .comprised . of aﬂ‘y subumts ~ Injected. oocytes were

individually mamtamcd in 96-well plates (200 uL per well of normal Barth's

. .solution supplemented thh Jpenicillin 50 IU ml" Stt'eptomycm 50 mg m!*! and
.- gentomycin ] 100 mg ml ') forup to-9 days. at 19-20°C .Agonist-induced currents
i WETE recorded from Xenopus oocytes. voltage clamped ata holding potential of
o oo=60.mY, usmg an Axoclamp 2 A (Axon Instruments) voltage clamp amplifier in
- thetwin electrode voltage clamp mode. The voltage-sensmg and cuxrent-passmg

microelectrodes were filled with 3M KCI, and resistances of 1-3 M ohams when
measured in the _standard extracellular sahne The oocytes were continuously
superfused thh TC g Ringer (120 mM NaCl 23mM KC}; 1.0 mM CaCl,; S mM
HEPES pH 7;4 at the rate of 5-7 ml mm“ at room temperature (17-21°C).
Al drugs were applted via the. perfusxon system Steroids (10 M) were

: .,-u;-prepared as. concentrated stock soluttons erther m DMSO or ethanol and then
-diluted in the nger solutxon at the approprrated conoentratton The final DMSO

- and ethanol- concentratxon ‘was-0. 2% v/v, a concentratton whxch had no effect

- upon GABA evoked responses Stock soluttons of all other drugs were made in
Ringer solutxon Membrane current responses were low-pass ﬁltered at 100 Hz

o e oo ., and recorded onto magneuc tape using an FM tape recorder (Racal Store 4DS) for
30
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Benefits over Progesterone

The correlations between reduced levels of progesterone and the
symptoms associated with PMS, PND, and catamenial epilepsy (Backstrom, ef
al., 1983; Dalton, K., 1984) led to the usé of progesterone in their treatment
(Mattson, ef al., 1984; and Dalton, 1984). However, progesterone is not
cOns_istétl_ﬂy effective in the treatment of the aforementioned syndromes. For
example, no dose-response relationship exists for progestérone in the treatment
of PMS (Maddocks, ef al., 1987). These results are predictable when considered
in light of the results of our i vitro studies which demonstrate that progesterone
has very low potency at the GR complex, as seen in Table 1, compared to certain

. metabohtes of progesterone.

The beneficial effect of progesterone is probably related to the variable
conversion of progésteronie to the active progesterone metabolites. The use of
specific progesterone meétabolites in ‘the treatment of the aforementioned
syndromes is clearly superior to the use of progesterone based upon the high
potency and efficacy of the metabolites and their derivatives (See Gee, et al.,
1987, and Table 1 above).

No Hormonal Side Effects

It has also been demonstrated that neuroactive steroids lack hormonal side
effects by the lack of affinity fof‘thé progesterone and other hormonal steroid
receptors. The data were obtained by performing assays in accordance with the
procedures described in Gee, et al. 1988 previously to determine the effect of
prbgesterone metabolites and their derivatives and the progestin R5020 on the
binding of [PHJR5020 to the progesterone receptor in rat uterus (Gee et al. 1988).

3H-progestetone (0.15 nM) was incubated with the rat uterus cytosol in
the presence of the test compounds. The specific bindings were determined after
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- i inciibation and compared to the control mcubatron without the compounds The

results are expressed as percent inhibition of bmdmg If the compounds bind to

e progesterone receptor viith high affinity, a:100% inhibition of binding would
il ESfl:ve expected at the concentratron tested. Neuroacttve steroids exhrbrt less than
10% rnhrbmon mdrcatmg that they are mactr___, _ as progestemc agents

Vanous hormonal actlvmcs of representatrve neuroactrve steroids were

. further studxed through testing their potentxal estrogemc, mmeralocomcord and
= glucocortrcord actlvmes 'I'hese acuvmes were analyzed by monrtonng the ability
~ of the compounds to inhibit hmdrng of the sterord hormones to their respective

hormone recept: 'rs. The results of these" expenments are reported in PCT

ion W093/03732, pubhshed on 04 March 1993, and are fully

The results of these >xperi ____ents clearly show that neuroactrve steroidsdo -

"' not have a strong-aﬁimty for any ‘of the above steroid receptors Thus, they will
- not have pnedrcted hormonal srde-effects whrch would result from such steroid
receptor bmdmgs :

Antl'c"""""""“Acuwty

Expenments werc also performed to determme the physrologrcal

. relevance of neuroacuve sterord and GABA receptor mteracuons by assessmg the
. abxhty of the compounds of and-_ _ ed'm the mvenuon to prevcnt metraml induced

Mrce were mjecte' _' th“vanous doses of the test

. ammals Th abrhty of several compounds of and used in the mventron to protect

- micef from conwlsron is. shown in. Tabl 2.
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Table 2: Antimetrazol Activity of Neuroactive Steroids in Mice

Route

3a,21-Dihydroxy-5p-pregnan-20-one 21-acetate

hpbcd

© Name Vehicle | Dose %
. _ mg/kg | Protected
3B-Cyclopropylethynyl—3a-hydmxy-sli-pregnan-zo- 1P 50% 10 875
one - - -hpbed
3a-Hydroxy-3p-(3"-methyl-but-3' -1'-yny1).-sp.- P 50% 10 100
|_pregnan-20-one | hpbed _
3a-Hydroxy-5¢-pregnan-20-one P | 50% | 10 100
. _ . hpbed -
3e-Hydroxy-3p-methyi-5p-pregnan-20-one IP | micro 10 70
L ' | .soln.
3p-Ethynyl-3e-hydroxy-5p-pregnan-20-one IP 50% 10 100
' ' ' hpbed
3B-Ethynyl-3a-hydroxy-19-nor-5p-pregnan-20-one P | 50% 10 875
hpbed
3|3-(l-Hexynyl)-3u-hydroxy-sp-pregnan-zo-one - IP | 50% 10 375
' . hpbed
35-Bthenyl-3u-hydroxy-5[5-pregnan-20-one P 50% 10 875
‘| hpbed
3e-Hydroxy-3p-ethynyl-5a-pregnan-20-one IP | 50% | 10 87.5
hpbed
3a-Hydroxy-3p-methyl-5a-pregnan-20-one IP 50% 10 100
. hpbed .
Bis (3a,2l-dlhydroxy-3B-ethynyl-sﬁ-pregnan-zo-one) IP 50% 10 375
21-hemisuccinate - hpbed |
3u,21-D1hydroxy-5u-pregnan-20-one 21-acetate IP 50% 10 50
' : hpbed
3«,21-Dihydroxy-5a-pregnan-20-one (5e-THDOC) P | 50% | 10 87.5
: .1 | hpbed
3a-Hydroxy-3p-triflucromethyl-19-nor-5p-pregnan-20- | 1P 50% 10 100
one . . , ST wpbea
3B-Ethynyl-3e-hydroxy-58-pregn-11-en-20-one P | 50% 10 75
' ’ hpbed
u-Hydroxy-3B—(3'-inethyl-but-3' -1-ynyl)-Se- P | 50% 10 87.5
| pregnan-20-one . hpbed |
3e-Hydroxy-3B-methy}-5a-19-nor-pregnari-20-one P micro 10 375
' - : ' soin.
3a,20a(S)-Dihydroxy-5e-pregnane P miﬁo 10 30
soln.
3p-Ethenyl-3a-hydroxy-5a-pregnan-20-one P | 50% 10 100
hpbcd
P | 50% 10 25
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- '3“’203'D'hvdf°x¥-3ﬁ-mthyl-5¢-presnane 'f,_fll"_'_;'.," micro |. 100 | 60
soln. f_
3a,21-Dﬂ1ydroxy-3l3-ethynyl-5|3-pregnan—20-one 21 P _. water | 10 - 50
hemisuccinate - - -
| Bis (3¢,2l-dlhydroxy-3l!-mﬂuoromeﬂ1yl-5p-pregnan P | . 50% | 10 25

~}| 20-one) 21-hemisuccinate :° _ hpbed
3¢-Hydroxy—3B-ﬂuoromethyl—Su—pregnan-ZO—one _Ii’:-ﬁ- 1.50% | .10 143

o 2 o) - -] hpbed -
3u.2l-Dihydroxy-BB-meﬂtyl—Sc-pregnan—ZO-one 21- o I 4 micro |- 10 11.11
Hemisuccinate, sodium salt . ' soln. :

3u-Hydroxy-Bb—mﬂuoromethyl-sb-pregnando-one |l ow 50% 10 62.5

N . hpbed

; "'3u,21-Dihydroxy-3|3-ethynyl-sp-pregm-zo-one Sl | s0% 10 18.8
_3¢,2l-Dihydroxy-3B-methyl-Su-ptegnan-zo-one 21- | P | water 10 37.5
: --.3u-Hydroxy-3B-mﬂuoromeﬂ:yl-sc-pregnan-zo-one b P | 50% |10 62.5

_ hpbed |
"3¢,2l-Dihydroxy-BB-u'lﬂuoromethyl-l9-nor-SB- IR L ose% ) 10 118.8
---5_pregnan-20-one L Aoy b -} -hpbed |

3¢,21-D1hydmxy-5u-pregnan—20-one21- ... | 1P | water | 60 100
hemisuccinate, sodium salt -~ S B | ‘

--3u-Hydroxy-3B-mﬂuoromeﬁ1yl-l9-nor-5u-pregnan- b IR 50% 10 25

20-one iR Do hpbed |
' 31:,21-Dihydroxy-3b-eﬂlynyl-5|3-pregnm-20-one,21-' ] ] s0% | 10 62.5
acetate ... e . o - §.hpbed | .

o 3u,21-Dlhydroxy-BB—methyl-Su-pregnan-ZO-one R 4 50% | 10 87.5
| ] | hpbed |
~1:3a,2 l-thydroxy—?aB-methyl—Sa—pregnan‘-:zOeone 21 IP. micro- | 10 10

acetate L : _ _ soln. .
'3u,21-Dnhydroxy-3B—mﬂuoromeﬁnyl-sﬁ-pngnan-m-3-‘- P | so% | 10 50
Jone - ... . = B | hpbed

\ 3a,zl-Dmymxy-sp-mﬂuommethyx-sp-pregnan-zo- | P | 50% | 10 62.5
" | one, 21-acetate: . - . ) i} -hpbed ' §°

SR ¢ 3u-l-lydroxy-3|3-mﬂuoromethyl—5ﬂ-l9-nor-pregn- ._{__3 -IP .. 50% |- 10 25

17(Zyene o _ hpbed
'3u,20-D1hydroxy-3B 20-dunethy!-50-pregnane b 1P| micro |10 222

1. T TN Y
3u,20a-mhydmxy-3[s 21-dlmethyl-5a-pregnane 1P | dmso | 10 0
3a,21-thydroxy-SB-tnﬂuoromeﬂ1yl- 9-nor-Sp- SR | water 7] 10 50
-prcgnan-zo-one,21-hem1succmate, sodium salt : '_ - S IR B :
3u,2l-Dnhydroxy-Bli-ethynyl~sb-pregnan-20-one 21 ] P | water | 10 50
hemisuccinate sodium salt’ B : o
3a,21-Dihydroxy—3ﬂ—mﬂuoromethyl-sﬁ-pregnan -20- IP water 10 50
one 21 hemxfumarate sodmm salt :
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3¢,21-Dihydroxy-3b-ﬂuoromethyl-5¢-pregnan 20-one IP | 50% 10 25
hpbed |
3«,21-D|hydroxy-3b-mﬂnommethyl-5§-pregnan 20- IP:]| water | 10 - 50
1 one, 21-hemisuccinate _ i
3¢,20§-Dihydroxy—3l5-ethynyl-5l3-pregnme o ‘P 50% 10 25
_ - hpbed :
3u,2!-Dihydroxy-3B-mﬂuoromethyl-SB-pregnan 20- | P | water 10 62.5
one, 21-hemisuccinate, sodium salt | _
3¢,20B-Dr‘hydroxy-3ﬂ-ethynyl—5¢-pregnane P | 50% 10 37.5

hpbed |
- The abrhty of neuroactive sterords to protect animals against other
chemrcal convulsants was further demonstrated for 3e-hydroxy-5e-pregnan-20-
one, 3e,21-dihydroxy-5a-pregnan-20-one and 3a-hydroxy-3 B-methyl-s B-
pregnan-20-one The anticonvulsant tests are similar to that described above.
The following chemxcal convulsants are: metrazol (85 _m_g/l_cg), (+)bicuculline (2.7
meg/kg); picrotoxin (3.15 mg/kg); strychnine (1.25 mg/kg); or vehicle (0.9%
saline). Immedxately after the i mjeetxon of convulsant or vehicle, the mice were
observed for a penod of 30 to 45 minutes. The number of animals with tonic
. and/or clonic oonvulsrons was recorded. Inthe maxrmal eleetroshock test, SO mA
of current at 60 Hz was delrvered through corneal electrodes for 200 msec to
induce tomc seizure. The ability of compounds to ‘abolish the tonic component
was defined as the endpomt. General CNS depression potenttal was determmed
by a rotorod test 10 minutes after the injection of compounds where the number
of mice staying on a rotating (6 rpm) rod for 1 minute in one of the three trials
was determined. The EDy, (the dose at which the half-maxrmal effect occurs)
was determmed for each screen and are presented in Table 3, mﬁ'a The results
demonstrate that neuroactive steroids, in comparison to other clinically useful
anti-convulsants, are highly effective with profiles similar to that of the BZ
clonazepam. These observations demonstrate the therap_eutic utility of these
compounds as modulators of brain excitability, Which_ is in-correspondence with

their high affinity interaction with the GR"'complerc in vitro.
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Table 3. Anticonvulsant Activity of Exemplified Neuroactive
Stermds and Selected Known Anticonviulsants in Mice

5¢-THDOC® - 1229 |267 |81 178  |s6.  |>300

{2462 |>100- {63 619 [354  |>100
methyl-Sa-pl_'egn - 1

- 1o18a |93 | 0009 | 00086 |0043 |NP

“ | Phenobarbital® .-
Phenytoin*  les |10 [N NP Inp o |
Progabide*** |~ 75 f30 |30 - [15s |75
Valproate* | 426 |21 149 360 |37 | 203

“The abbreviations are RR (Rotorod); MES (maximal electroshock); MTZ
 (metrazol); BIC (bncucullme), PICRO (pxcrotoxm), STR (strychnme), NP (no
protectnon)

® Dlssolved in 20% hydroxypropyl-ﬂ-cyclodextrm in water The route of
admmxstratnon for stcronds and convulsants-was i.p. and s.c., respectively.

1+ Antnconvulsant data are from Swmyard & Woodhead, General principles:

Antiepileptic Drugs, D.M. Woodbury, JK. Penry and C. E PlpPenger eds.
p- 111, (Raven Press, New York), 1982 -

'y Vehncle contamed 0.32% hydroxypropylmethyl cellulose ard 4% TWEEN 80

: 1cal convulsants in the progablde studles were administered i.v., all
\ t al., Gamma-aminobutyric acid (GABA) receptor stimulation.
L Neurophannacologlcal profiles of progabide (SL 76002) and SL 75102, with
emphasis on their anticonvulsant spectra; Journal of Pharmacology and
Experimental Therape_u__uqs 220: 660-671 (1982).
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Anxiolytic Effects

The following experiments demonstrate that the progesterone metabolites,
30¢-OH-5e-pregnan-20-one and 3w-OH-5B-pregnan-20-one are effective
anxiolytics in four ammal models of human anxiety that measure the behavioral

 efffects of anxiolytic compounds. It is to be understood that these two compounds

describe the invention by way of illustration. Data on their synthetic derivatives
in these measurements also is presented in Tables 4-6. The four animal models
used to measure the behavmral effects of anxrolync compounds are: 1) light/dark
transition test; 2) elevated plus-maze, 3) Geller-Selﬁer conflict test and 4) Vogel
test. - .

a) . Light/dark Transition Test

The light/dark transition test (Crawley and Goodwin, Pharmacol.
Biochem. Behav. 13:67-70 1980) is besed on the observation that rodents

'naturally tend to explore novel environments, but open, brightly lit arenas are

aversive to the rodents and mlnbxt exploratory behavior (Christmas and Maxwell,
Neurophar_'mac_o__l. 9:17-29 1970; Flle, J Ne_u_ros_cz. Meth. 2:219-238 1980). A

variety of clinically established anxiolytics including diazepam, clonazepam and

pentobarbital have been shown to increase the number of transitions betweerrthe
light box and the dark box, whereas nonanxiolytic drugs do not demonstrate this
behavioral effect (Crawley et al., Neuropharmacol. 23:531-537 (1984)).

Male N.I.H. Swiss-Webster mice (Harlan, Harlan, Indianapolis, IN)
weighing 15-20 g were housed four per cage in polyethylene cages with sawdust
bedding. The colony room was en\iiroxthlentally controlled (22°C) with a 12 hr
light/dark cycle (0600-1 800 hr) Food and water were available ad libitum,
except during testmg The expenments were run from 0700-1500 hr and groups
were counterbala_nced for time of day effects. Mice were only administered drug

or vehicle once.-



. WO'96/16076 T PCT/US95/15210

The method used was a modrﬁcatron of methods prevrously described

(Wieland et al., Br ‘Res. 565: 263-268 (1991)) ‘The apparatus included two 2-

~ . compartment automated test, chambers (Model RXYZCM16, Omnitech

. ‘Electromcs, Columbus OH) The open compartment was connected to the

5 | | -encloscd compartment viaa 7 5 x 7 5 cm passageway The open compartment

S was brightly lit using a 200 W mcandescent light bulb. The experimental room

" was kept dark. _';-'_'""termpnons of the infrared beams in either chamber were

) :automatrcally recorded by bemg lmked to a computer through a Digiscan

" Analyzer (Omnitech Electronics) and the d wasanalyzed using the Integrated
10 Lab Animal Monitoring System (Ommtech Electronics). o

. NIH wass-Webster mice were admmrstered vehicle or test drug

xntrapentoneally (IP), 10 mm latcr they were placed in the center of the lit

) ;compartment. The number of tansruons betweenthe htanddark chambers, total

o t'aeuvrty in the lit chamber and the __e spent m the ht charnber were measured

15 dunnga lOmmtest nod._ |

- Admrmstratronof3a©H—5u—pregnan-20—oneand3u-0H-SB-pregnan 20-

| l_i_.__one mthe hght/darktransrttontest produced

~_ relation to the mumber of transitions b between the dark box and the light box.

o :_\ ) iPost-hoc compansons showed that the number of the crossmg for doses for both

20 ’ . _. 3a-0H-5a—pregnan-20-one_and_ 3a—0H~5l3-pregnan-20—one were significantly

gmﬁeant dose-response curve in

o compared to control groups (Dunnett's : test There were no significant
25 . drfferences between the two compounds atan dose tested | |




WO 96/16076 | PCT/US95/15210

10

15

20

25

-68-
b)  Elevated Plus-Maze

Thetheoretrcalbasrs fortheelevatedplus-mazetesttssrmﬂartothatof
the hght/dark transmon test. As descnbed by Pellow et aI J. Neurosci, Meth.
14:149-167 (1 985), the elevated plus-maze apparatus is desrgned to utilize the
mice's natural aversxon to open spaces. The apparatus consists of two open-arms
and two enclosed-arms. The elevated plus-maze test allows for two measures of
anxrety, the number of entries into the open-arms and the time spent on the open-
anns,bothexpressedasaperoentageofthetotalnumberofentresandume spent
in/on both the open-arms and enclosed-

Male N.L H. Swiss-Webster mice (Harlan, lndlanapohs, IN) weighing 15-
20 g were housed four per cage in polyethylene cages with sawdust beddmg The
colony room was envrronmentally controlled (22°C) witha 12 hr light/dark cycle
(0600-1800 hr). Food and water were avarlable ad Izbztum except during testing.
The experiments were run from 0700-1500 hr and groups were counterbalanced
for time of day effects Mrce were only adnumstered drug or vehicle once.

The method used was prevrously descnbed (Lister, Psychopharmacol
92:180-1 85 (1987)) The apparatus included two open arms perpendicular to two
enclosed arms elevated 50 cm from the floor. Each arm was 50 cm long and the
walls of the enclosed arms were 40 cm tall. The maze was made completely-of
black plexrglass Incandescent 200 W lrght bulbs were above each of the open
arms-to produce a strong contrast between the_open arms and the enclosed arms.

Ten .minutes aﬁer an injection, the N.LH. Swiss-Webster mice were
placed in the center of the plus-maze facing an open arm. During the 5 min test
period, the number of entries onto the open arms and the enclosed arms, and the
time spent in the open arms and enclosed arms were measured. All four paws had
to be within an arm for the dependent variable to be measured. Therefore, the
time spent in the center of the maze is not counted, so the total time spent in the

open arms and the enclosed arms may not equal 5 min.
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_mcorporated herem by reference ”;Table 4-_5fshows the summary of anxlolytxc

actlvmes of compounds of and nsed in the mventlon using the elevated plus-
under the same condmons descnbed above '

‘|- ‘Vehicle -
|.mg/kg

%
Control

3a-Hydroxy-5u-pregnan-20—one ’

3u-Hydroxy-3ﬂ-(3'—methyl-but-3’-en- '-ynyl)-SB-
| -pregl pregnan-zo-one .

. hpbed . |

10

155

-~ .} “hpbed

- 20

143.7

1 -50%:

186.6

). hpbed | .

10

172

10

151

3u-Hydroxy-3_myhiléégfpsgnm-zoeme..._ __

110

213
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3¢-Hydroxy-3b-methyl-5¢-pregnan 20-one P 50% s 165.6
_ hpbed
3a,2 l-Dihydroxy-Sa-pregn_an-zo_.-one 2l-acetate IP 50% 10 133
: hpbed
3a-Hydroxy-3p-trifluoromethyl-19-nor-Sp-pregnan-20- IP | 50% 10 173.8.
| one , hpbed
3-Ethynyl-3a-hydroxy-5p-pregn-11-en-20-one TP 50% 10 233
' : _ hpbcd
u-Hydroxy-3B-(3'-methyl-but-3'-en~ -ynyl)-5a- - IP 50% 10 141
| pregnan-20-one K ' | "hpbed
3p-Ethenyl-3e-hydroxy-5a-pregnan-20-one Ip 50% 5 154.3
- . ' hpbed -
3¢;20a-1)ihydmxy-3p;me'thy145¢=pre’gme' "IV | micro 10 174.5
. soln.
3a,21-Dihydroxy-3 B—ethynyl-sli-pregnan-zo-one 21 IP 50% 10 164.2
hemisuccinate ' hpbed
Bis (3¢,2l-d:hydroxy-BIS-mﬂuoromeﬂiyl-SB-pregnan- IP 50% 10 92
20-one) 21-hemisuccinate hpbed
3¢-Hydroxy-3B—ﬂuoromethyl-Sa-pregnan-zo-oue P 50% 20 150.7
_ _ hpbed .
3a-Hydroxy-3B—mﬂuoromethyl—SB—pregnan—ZO-one _ P 50% 20 197.6
3(:,2l-Dihydroxy-3|}-.qthynyl§b—pregnan—20-one : AP 50% 10 162
hpbed
3,21-Dihydroxy-3p-trifiuoromethyl-19-nor-5p- - 1P 50% 10 140
|_pregnan-20-one hpbed
3a-Hydroxy-3B-tnﬂuoromethyl-l9-nor-5¢-pregnan-20- IP 50% 10 161
one - - {- hpbed
3¢,21-thydroxy-3b-eﬂ1ynyl-5|3-pregnan—20—one, 21- IP 50% 10 159
acetate hpbed
3¢,2l-l_)_nhydroxy-3p-triﬂuoromethyl-Sﬂ-pregnanQO-one P 50% 10 237
|- . | hpbed
3p-Eﬂ:yny|-3¢-hydfbxy:-sa-pr'em-11,20-dion.e' P | S0% | S 2359
hpbed
3u,2l-Dlhydroxy-3b-mﬂnoromethyl-5B-pregnan-zo- ]’ 50% 5 143.3
one, 21-acetate ' hpbed.-
'3a-Hydroxy-3B—mﬂuoromemyl-sﬂ-pregnan-l l,20-dxone IP | 50% 10 112
_ hpbed
3a,20a-D.hydroxy-3p,z-1-dnnethy1-s¢-pregnane i dmso | 10 73
3m,21-D1hydroxy—3B-mﬂuoromethyl-l9-nor-SB- P water 20 161.1
pregnan-ZO-one, 21-hemisuccinate, sodium salt
3¢,2_l-Dnhydtoxy-3ﬂs_¢_thynyl-5_B-pr_egpan-ZO—png._21 PO water 10 159
hemisuccinate sodium salt
3¢,21-Dihydroxy-3p-triflucromethyl-5p-pregnan-20-one | [P water 50% | . 126
21 hemifumarate sodium sait . hpbed
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B -.3«,21-Dihydroxy-3ﬂ-ﬂuoromethyl-5a—pregnan-20—one “ape] o so% |10 109
o | | hpbed

_ 3a,20b-thydmxy-3p-ethynyl-SD-pregnane 1P dmso 10 | 178
':3&.,2l-Dlhydroxy-BB-mﬂuoromethyl-sp-pregnan-ZO- P Cwater ] 20 | 1728

one, 21-hermsuccu|ate, sodmm salt

" to maintain bodyi

’ 0700-1900

| _ of 3a—0H-5 a—pregnan-20~one
rats by the conﬂrct test of Geller d Selfter (1960). In tlus 63-mm test, hungry

Thrs ammal model of human anxxety utllxzes a condmoned state of

“ " contlict in rats to ascertmn the anxtolyuc propertles Of drugs Rats are

| :condmoned to: bar press for posmve remforcement under two schedules of

e behavror (Geller and Serfter, Psychopharmacologta 1 482-492 (1960)) The first

o second component rs a ﬁxed ratlo schedule thh each bar press resulting in a

'mcludes bar' pressmg under a vanable ratio schedule wrthout pumshment The

- ;_ posmve remforcement and a pumshment The pumshed component produces a

state of confhct thhm the ammal 'l'he unpumshed component allows for the

o observauonofanyresponsedepressanteﬂ'ectsadmgmaypossess Ananxrolytm
| 'response would mcrease the pumshed respondmg wrthout affecting the
o unpumshed respondmg o ' |

Male albmo Sprague-Dawley rats (Charles Rwer Labs, thmngton, MA)

o werglnng 250-300 g were used for conﬂtct expenments and were kept on a
:restncted dret of Punna Lab Chow food pellets with water avarlable at all times

1ght at 85% of "thexr free-feedmg young adult levels. Rats
were housed mdwrdually under '12-hour hght-dark cycle wrth lrghts on from

The antt-anxlety (pumshment-lessenmg) and response depressant effects

3a-0H-5a-pregnan-20-one were measured in

_ | remforcement schedule consxsts of pumshmem and nonpumshment components,
) -_ alternatxng approxrmately every 15 rmn Rats were trained in test chambers
- '(Coulbourn mstruments) with a lever mounted in one wall a small dipper that
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delivered the 0.1-mL milk reward (1 part Eagle condensed : milk 2 parts water),
and a metal grid floor through which the foot-shock - punishment was
administered. A DEC PDP 11/73 minicomputer runming SKED (State Systems)
wasusedforprogmnmingandrecording'"" .

Rates initially learned to respond ona contmuousremforcement schedule
and progressed rapidly to 30-sec, 1-min, and 2-min variable interval 4'2))

_schedu.les On the connnuous remforcernent schedule, rats received milk reward

followmg every lever press on the VI schedules, mrlk rewards were available at
mﬁ'equent and vanable rntervals eventually atan average of once every 2 min.

Four 3 -min "conﬂlct" penods were then mtroduced on the unpunished VI

baseline; the ﬁrst started aﬁer 3 min ofVI performance and the others were
alternated between l2-m1n penods of VI respondmg During conflict periods,
whrch were srgnalled by the presentatlon of a light and a tone, the continuous
remforcement schedule was agam in force and each lever press delivered both a
milk reward and a brief (0 25 msec) foot-shock pumshment. Shock intensity-was
0.2mA mmally, and was mcreased dally in rncrements of 0.02 mA in order to
gradually suppress lever pressmg to 5 responses or less per conﬂrct?enod This
training took 4-6 weeks, aﬁer which stable low rates of response were observed
dunng conﬂrct penods and stable hrgh rates in the nonpunishment penods Drug-

antianxiety actxvrty, whrle decreases in the rate of unpumshed responses were -

taken as an index of response depressron or sedatlon
The effects of 3 a—OH-Sa-pregnan—20-one and 3a-OH-5p-pregnan-20-one

in the conflict test are summanzed herem Both compounds produced large ™

mcreases in the rate of punished responses, suggestmg that beth would be active
as antianxiety agents The peak effect of 3a-0H-5|3-pregnan-20—one was
observed at 2 mg/kg and that of 3u-0H-5a-pregnan—20-one at 4.4 mg/kg
followmg subcutaneous admrmstratron. (For statrstlcal analysis and because of

the small number of tests at each dose, all tests with. each compound were -

combined for comparison agarnst vehicle control tests, using a t-test for related
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measures: for 3aedH-Sa-pregnan-20-one,p < 0.02; for 3¢-OH-5B-pregnan-20-

~__one,p<0. 008)

Table 5 shows the summary of amuolyhc activities of compounds of and

Compounds

Vehlcle

used in the mvenuon usmg Geller-Sexﬂaer test under the expenmental conditions

Geller/
Seifter
(% of
control)

3a-Hydroxy-5 B-pregnan-ZO-one |

50%
hpbcd

860.5

1 3“‘HY§FQ¥Y'§¢4P@W4°'9!!€....__:._

50%

» hphcd.

471.8

3B-Bthynyl-3 u—hydroxy-SB-
pregnan-20-one -

sc

hpbed

. 50%

751.1

- 3a-Hydroxy-3___'-:' ethynyl-Su—

. Tso% | 8

830.2

3a-Hydroxy—3 B-methyl-Sa-
pregnan-zo-one

1384.6 “

3a-Hydroxy-3 B-tuﬂuoromethyl—
19-nor-5 B—pregnan-ZO-one

hpbed

1073.1

3p-Ethenyl-3 a-hydroxy-Su-
_ pregnan-20-one ..

50%

: - hpbed - |

1092.3--

_ 3u-Hydroxy-3|3-ﬂuoromethyl-

0% ..
mpbed |

1005 “

5a—pregnan-20-one :

5p-pregn-1 l-en-20-one

3u-Hydroxy-3B-mﬂuoromethyl':' 1

| - ~hpbed .| -

hpbcd

. 50% .-

3a,2l-D1hydroxy—3I3—

'tnfluoromethyl-SB-pregnan-ZO-

one.

50%

5083
663.2
9824

SB— 1 9-norpregn -17(20)-ene

3a-Hydroxy-3 B—tﬂﬂuoromethy_l:;.;_: a5 |

1130.3
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Prodrug

_3a,21-D.hyaroxy-3p- [ s« | s0% | 8 | 3828
mﬂuoromethyl-sp-pregnan 20- hpbed |
one, 21-acetate - R

3e,21-Dihydroxy-3p-cthynyl-5p- | po | water 16 1350.0
pregnan-20-one
21-hemnsuccmate

3,21-Dihydroxy-3p- po | water | 8 840.0
trifluoromethyl-58-pregnan-20-. '
one 21-hemisuccinate, sodium
salt

| 3@,21-Dihydroxy-38- - po | water 8 2493.4
trifluoromethyl-5p-19-nor- :
pregnan-20-one 21-
hemisuccinate, sodium salt
3a-Hydroxy-3p-methyl-5a-
pregnane-20-spiro-2'-(1'3- hpbed
thxazohdme-4‘-carboxyhc acid) - s

d) Vogel Test

The Vogel test is based on the development of a conflict between a highly
motivated behavior and an aversion. For this t&st, the strong motivation is thirst.
The animal is water depnved for 12-16 hrs to produce the motivation to drink.
During the training penod the ammals are exposed to the testing environment so
they become accustomed to the drinking spout and minimize the fear of a novel

- environment. Fonowing training, the animals are allowed access to water for 2

hrs. During this time, the animals will drink and eat their normal amount of water

" and food, compensating for the deprivation time.  However, this schedule still

produces a strong motivation to drink during the testing period.
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N Havmg been depnved of water for twelve to sixteen hours, an animal is

placed in a test cage where it is allowed to. dnnk freely for five minutes. This
penod isused to habxtuate the animal to the envrronment and the dnnkmg spout.
___l_Followmg the trammg penod, animals have access. to water and food in their -
S home cage for 2 his: Food is ava.tlable atall tunes Twenty-four hours later, drug

1s admmxstered to: the animal mu'acerebroventncularly
+-Afteran mdxcated delay started ﬁom the time of mjectlon the animal is

again placed in the test cage for ten mmutcs A computer counts each time the

animal licks, and aﬁer cvery twentreth hck admxmstcrs a. xmld electnc stimulus

-across the tonguc and/orfeet. The elecmcal stxmulus consists of a0.6 mA current
.-witha duranon of 100 msec.. Thxs procedure produces a state of conﬂxct for the
.animal that is reduced by the admrmstratnon of clmxcally used anxrolytxc agents
- (les Valmm) For dose-response curvcs, separate groups of ammals are injected

thh mcreasrng doses of test drug and are tested ata predetemrmed time.
" Dataof some representauve compounds usmg these measurements are

summanzed m Table 6
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Table 6 Anxiolytic Activity in Vogel Test in Rats

Compouilds' |

(% of control)

pregnane

3,20-Dihydroxy-28- gCD | 1oug 169.0
‘ wopmgoxy-Sa—pregnane _ S '
3a,20-D1hydmxy-__20-met_hyl-5¢—_ - lew. gCD | 20ug 179.0

| Sa-pregnane '

3u,20a-D1hydroxy-2 l-methyl-

: 3u,20u(S)-Dlhydroxy-5¢-

pregnane

i.c.v." 1

" 10ug

3a-Hydroxy-5a-pregnan-20—one

3a,20a-D1hydroxy-SB-pregnane icv. | g 10 ug 283.3
2]3-F1uoro-3¢,20a-dlhydroxy-5a- Cjcv. | gCD | 20ug 264.9
pregnane o B )
3a,20a-Dihydroxy-21-ethyl-Sa- | icv. | gCD | 20ug 225.3
pregnane

20 ug 267.3

3@,208-Dihydroxy-5-pregnane

Prodrugs

administration of the compounds. (Table 7).

Anti-convulsant and anxiolytic activities of prodrugs of the basic
compounds 3a-hydroxy-5«-pregnan-20-one and 3a,21-dihydroxy-5e-pregnan-
20-one and their derivatives were assessed as using the same procedures
described above. Percent protection by several prodrugs of 3a-hydroxy-5e-
pregnan-20-one against metrazol-induced seizures was plotted against time after

Several additional prodrugs were also tested and results are shown in
Table 8. Modification of the basic compounds 3e-hydroxy-5e-pregnan-20-one |
and 3¢,21-dihydroxy-Se-pregnan-20-one at the 3o and 21 hydroxyls with various

esters maintains their biological activity and in some cases such modification
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..., . increased 1 the. ume of protection. provided by the compound. Thus, the
_ _.__-'___‘__compounds of thxs xnvm’aon can be modified to provide anti-convulsant and

of protection.

Table 7 Antl-Metrazol Actmty of Prodrug Esters of 3a-
Hydroxy-Sa—pregnane-ZO-one (3u-(RCOO)-5a-
S pregnan-20-one)

53
25
Ethyl  '. 75 _
Propy! . 75 - "
Butyl i 33
2Propyl . | 75
4Heptyl . 16 (4 hour)
Cyclobutyl o 17
| Pheny! o 33
H 4-Chlorophenyl. 50 "

4-Methoxyphenyl 17 ..
3-Pyridyl " 50(20 hour)
3-(1-Methyl-1,4-dihydropyridinyl) : 63 (20 hour)

_ In contrast to benzodxazepmes, neuroactxve steroids can also induce
anesthesia. Their ablhty to induce anesthesia i 1s  thought to be due to their ability
to open the chlonde__lon channel in the absencg pf GABA, which is a property not
possessed by benz‘d_diazepines. Thetefore, n_;?;osteroids can act directly in the
absence of GABA, at the receptor, and also "indirectly”, in the presence of
GABA. This "indirect" action is called “modulating" the receptor. Lambert, et
al., Trends Pharmacology Science 8: 224-227 (1987).
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" The compounds of and used in the invention can also be used for
anesthetic indications at high doses. However, the preferred route of
.administration to indice anesthesia is intravenous (i.v.) administration. In
animals, a drigs anesthetic properties is measured by the drug’s ability to produce

5 - aloss-of-righting reflex. The loss-of-righting reflex is defined as the inability of
an animal to right itself within 30 seconds when placed on its back. Mice were
administered drug i.v. in the lateral tail vein. -Following administration, mice
were, placed on their backs and observed for loss-of-righting reflex. Ilustrative
results are presented in Table 8.
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Table 8. An.eé_thetic Activity of Neuroactlve Steroids in Mice

Compoﬁnds _- | Route - ..Velncle

3e21Dibydroxy-3p- | v, |.20% | 10 [ 100
ethynyl-SB-pregnan-ZO—one ' | cremophor B

3-(Chloroethynyly3a- | v | n 1 20°] 100
hydroxy-5p-pregnan-20-one | . - T

3p-Ethynyl-3c-hydroxy-5B- | -~ iv..' | 1;0%;"ﬁpu¢d:,....;._ 30 | 100
pregnan-20-one i

3a-Hydroxy-3p-methylSa- | v .mlcromzmgw “Ts0 | 100

Presn-lﬁ-en-20-one S BEEEEREEEE £ solnhon

3u-Hydroxy-5a-pregn-9-en— v | mncromzmg' 1ol 100

3u—Hydrox}'-l7(20)(Z)- v mlcromzmg_: 5 I
methoxymethylene-19-nor- | solstion | |
Sa-androstane i

3u-Hydroxy-3B-methyl-5ﬁ- v :mxcromzmg .25 100
_pregnan-zo-one L _ solutlon

'2B-Ethoxy-3a-hydroxy-5a. w 20% s ] 100

2B—Fluord-3¢-ﬁ?dfd§cy—5¢f—?"“ civ | mlcromzmgif CUs L 100 '
pregnan-zo-one S T solunon A :

3u-Hydroxy-3B-methyl—21- xv - mxcromzmg_ )
methoxymethyl-Sa-pregnan R ""solutxon 1
20-one . .. oo b

. While the preferred embodxments___have “en _descnbed and lllustrated
thereto w1thout departing

l; .to'be imderstood that the

from the scope: of the mventlon Accordmgly

present invention has been descnbed by way i lustratlon and not hmxtatlon
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What Is Claimed Is:

1. = A compound selected from the group consisting of:
3a-hydroxy-3p-(3 ’-methyl-b’ut43 '-en-1’-ynyl)-5B-pregnan-20-one;

3e-hydroxy-3p-(3 ’-methyl-but-3 '-en-1'-ynyl)-5a-pregnan-20-one;

3a-hydroxy-3 B—mﬂuoromethyl-Sa-pregnan-20-one,
3u—hydroxy-3 B—mﬂuoromethyl-s B-pregn-l l-en-20-one,
3a,21-dlhydroxy-33-tnﬂuoromethyl- 9-nor-5[i-pregna.n-20-one,
3B-(cyclopropyl)ethynyl—3a-hydroxy-SB—pregnan-zo-one,
3¢,200-dihydroxy-3p-ethynyl-Se-pregnane; o
3u,21-d1hydroxy-3 B-ethenyl-Su—pregnan—ZO—one, and
3a,21-dihydroxy-3 B-ﬂuoromethyl-Su-pregnan-ZO-one, or

a physiologically at_:cepmble 3-ester, 20-ester, 21-ester, 3,20-diester,
or 3,21-diester thereof. '-

2. A compound selected from the group consisting of:
3e,21-dihydroxy-3 B-inﬂuoromethyl-l 9-nor-5 B—pregnan-zo-one, 21-
hemisuccinate, sodmm salt, :
3a,20a-dxhydroxy-2l-methyl—5u—pregnanc, bis hemxsuccmate
3a,21-dihydroxy-3p-ethenyl-5a-pregnan-20-one, 21-hemisuccinate;
3a,Zl-dlhydroxy-Bli-methyl-Sa-pregnan-ZO-one 21 -acetate;
3u,21-d:hydroxy-3p-mﬂuoromethyl-5|3-pregnan-20-one, 21 hemxfumarate
sodium salt; _
3e,21-dihydroxy-3 B-txiﬂnbi'omethyl-sp-pregn'an-zo-one, methy! 21-succinate;
3a,21-dihydroxj-3 B-trifluoromethyl-SB-pregnan-20-one, 21-propionate;
bis (31,21-dihydroxy-3p-trifluoromethyl-5p-pregnan-20-one) 21-
hemisuccinate; . |
bis (3e,21-dihydroxy-3 B-eﬂxynyl-Sﬁ-pregnan—ZO—one) 21-hemisuccinate; and
N-(3e-hydroxy-3B-methyl-5a-pregnan-20-ylidine)ethanolamine.
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e I The compound of claim 1, ‘which is 3a-hydtoxy-3 p-(3 '-methyl-

: but—3 -en-1 '-ynyl)-SB—pregnan—ZO-one

4, The compound of claim 1, which is 3a-hydroxy-3ﬁ-

.mﬂuoromethyl-Sa-pregnan-zo-one

5. Th_e cqr_npound-of claim 1, whfchr is"-3a'-hydroxy-'3 B-
uiﬂuoromethylfs B-pregn-11-en-20-one.

6. The compound of claim 1, which is 3&,21-dihydroxy-3p-
triﬂuoromethy!—l9-nor-5 B-pregnan-ZO-one, 21-hemisuccinate, sodium salt.

i The compound of claim 1, which is 3a,21-dxhydroxy-3ﬂ-

tnﬂuoromethyl-l9-nor-5 B-pregnan-20-one. .

.. .- 8. - . The compound ofclannl ‘whichis -

= _.-3B-(cyclopropyl)ethynyl-3u-hydroxy-SB—pregnan-ZO-one

9. A pharmaceutical composition, comprising an effective
amount of a compound of any one of claims 1 through 8; and a
pharmaceutically acceptable carrier or diluent.

10. A ﬁxethod of treatment of stress or anxiety in an animal
subject, comprising administering to said animal subject an effective amount

of a compound of any one of claims 1 through 9.

11. A method of alleviating seizure activity in an animal subject,

comprising administering to said animal subject an effective amount of a

compound of any one of claims 1 through 8.
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12. A method of reducing or alleviating insomnia in an animal
subject, comprising administering to said animal subject an effective amount
of a compound of any one of claims 1 through 8.

13. A method of treatment of mood disorders in an animal
5 subject, comprising administering to said animal subject an effective amount
of a compound of any one of claims 1 through 8.

" 14.  The method of claim 13 wherein said mood disorder is

depression.

15. A method of treatment of PMS or PND in an animal subject,
10 comprising administering to said animal subject an effective amount of a
compound of any one of claims 1 through 8.

16. A method of inducing anesthesia in an animal subject,
comprising adxmmstenng to said animal subject an effective amount of a

compound of any one of claims 1 through 8.



