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Androstane and Pregnane. Series for Allosteric Modulation of GABA Receptor 
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presen~ inventio11 is ~cted to methods,. colJlpositions, ~d Compounds for 

.·:~~dulafuig ~;ex~ita~~iy 'thfouib b~~.fodte ~e~~d receptor site on 

theGRC. 
. ' ,; : . . -. ' . . . .. . : ._ . . . ' ' '-~:· :. .·~ ,. : : ~: ; ' . . . 

... .. :·.· 

~mm. exci~l?ility iS dCfined. aS ~ Jeyel . of ~~'of an animal, . a 

'::±~7d~~== 
conductance of ions across neuronal membranes. ·At rest, the~~ membrane 

=~3~tt;:t~=t=~:~ 
. is the. result. of i~n: (K•, Na•, Cl", orPn;c ~<>~)~ &cross the neuronal 

·=~=·~~--= 
. . into the symlptic dleftt. ~.eX'citatoey ~~ ~um:·=sucli as acetylc4oline 

'···· .. =~~i:~=ztJtt=t::;:::: 
··;'. :, 

st;hn~ by ~lclioline to increase 111embtanepenn~ilit1 to Na• ions. The 
..... ,.,.. .. .. ,· ·. . ... : ·····;; .>::~~'· ·_.·. -·-: ·.·,y;~_; ·:.- : .. ..• .... ;·';·· 

red.uced 1Dembrane ,potential Stin:lulates. nellfon.81 ~citabllity .in the form of a 

~~~··· :· ·.· ' .. ·· .•... ·····' ' 

In the case•of'the GRC, the effect,,qifbram excitability is mediated by 
. . '· . ~ ... . . ~ . . :; .· :··:_, .: ~- .. .. . . ' : .. : ;.• ···.. . . ;."; ... ·. . ,) ' 

. GABA, a ne1J1'9~~~ . ?~A,. bas.~ Profoundii~fl~ ~n overall brain . 

. . ~xcitapjlity .J>~use ~-to 40% ·of the :neui'QnsJn. thb br8h1 :Utilii.e GABA as a 

·=~~~t:.:i·t1::= ; . .· "' .. '· : .:· ;_ . ~~- : i :: ; 
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GABA interacts with. its recognition site on the GRC to facilitate the flow of 

chloride ions dqwn .an ~lectrochemical gradient.of the GRC into the cell. An 
. -.. ·.,~~:·~~ ~ 

intracellular incre8Se ·in the levels of this anion causes hyperp<>larimtion of the 

transmembrane patential, rendering the neuron less susceptible to excitatory 
; . 

S inputs (i.e., redUCf:(f neuron excitability). In other words, the higher the chloride 

ion concentration in the neuron, the lower the brain excitability (the level of 

arousal). 

It is well-do~ented that the GRC is responsible for the mediation of 

anxiety, seizure activity, and sedation. Thus, GABA and drugs that act like 

10 GABA or facilitate the effects of GABA (e.g., tlit" therapeutically useful 
: .. :- . ·. . . . .. ,, ·. . . .. . . : . . . . ~ . . ·. 

barbiturates and benzodiaz.epines. (BZs) such as Valium) produce their 

therapeutically 1J!1eful effects by interacting with specific regulatory sites on the 

GRC. 

It has also been observed that a series of steroid metabolites interact with 

15 the GRC to alter brain excftability (Majewska, M.D. et al., Science 232:1004-

1007 (1986); Halrison, NL. et al, J. Pharmacol. &p. Ther. 241:346-353 
. . 

(1987)). Prior to the present invention, the therapeutic usefulness of these steroid 

metabolites ~ not ~gni~ by· workers in the field.Clue. to an incomplete 

understanding of the~ and site of action. ApplicaDts' invention relates in 

20 part to a pharmaceutical application of the knowledge gained from a m'Ore 

developed und~g. of the potency and site of action of certain steroid 

compounds. 

The 
0

ovarian hormone progesterone and its metabolites ·have been 

demonstrated to have profound dtects on brain excitability (Backstrom, T. et al., 
. . 

25 ActtiObstet ~col Scand.SuppL 1J0:19-24(1985);PfaftD.W.andMcEwen, 
.-·· ·.·., .. , 

B.S.,Science 219:808-814 (1983); Gyenneket al.,J. Med Chem. 11:117 (1968); 
. . . 

and LaDlbert, J. et al., Trends P~col. 8:224-227 (1987)). The levels of 

progesterone and its metabolites vary with the phases of the menstrual cycle. It 

~been well dOcumented that progesterone and its metabolites decrease prior to 

30 the onset of menses. The monthly recurrence of certain physical symptoms prior 

·. 

• 
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· ·· .. ·· '·. · · to the .. oliset ofmcmses has·$<>~ weUdQCipnen~<Th~ sy!llptoms, which 

· ·· .have,. become assQCiated with:p~~~ .~drqm.c:.·~M~) :include stress, 

·· .. ; : .: , :"&nxiety;:and migraine ·heac:lacbes:·(Dilton,::~,,.Preme1JS~al: Syndrome and 

· '; ·' 'Progesterone·Thlirapy, 2nd eclition,.Chicago:·:qhicago.y~k, 1984). Patients 

S< ' · :With PMS have a·mOilthly recWrence of sympt<)ins tbJt are present in premenses 

· · · · :and absent:in postnienses. . .; > .. ~ · " . . . , " 

· ·· '/ · · .·. ·. · <In a:siniilar fashfon, a r¢duction in progesten>ne has ~so ·been. temporally 

correlated with ail.'increase :in• seizure freqµeilcy j~ ... felJUl).e ·epileptics (i.e., 

·· ·· . : · ·catam'enial .. epileps}'; ·Laidlaw •. J.-;··"Catamenial epilepsy,'~ Lancet, 1235-1237 

10 (1956)). A more direct .. cop-elation has .be#i' Qbserved with a reduction in 

progesterone metabolites (R.osciszewska et al, J. Neural. Neurosurg. Psyck 

49:47-51 (1986))• In a.ddi.tio~.;f~r patient~rWith.primaly generalized petit mal 

epilepsy, the temporal incidence of s~ haS been correlated with the 

. ;;: •: i_JlCidence <>f tile sympto~,.c:>f pre,m~ s:Yndrom~ @ackstrom, T. et al., J. 
·. . ., ·:""·· .. . •.. ·-.. .,. . : . ';'.. ·,· : : ._; ... ·:· . ·.· 

15 . ·· . . .. Psyc~()~ Qb~tet~ <lynaecql.:2:S-20 (l9~~)k The ~id dr.c>J9'corticosterone 
. . . ' . :· . . . . . , ... ~ ,. . . : . . ,., ·. . ~ i. ' ' .·.: . : . ; . . .• ; .. · . . ' 

20 

25 

'. .•. has~ foUJld,tQ.be etfective in .. ~.patienlS.with epileptic spells comlated 
·. . . .. . •. . . . . ·. . . . . . :· : ... : .. . .. . . . . ..· . . :· i .- . ·: : . . ' . : : . . . ,. ~ : .. •' .- ' : 

··· ... \Vi$~~.~ cycl~ .. (Aird,.R.B.·~ Gordall, G.,.J..4m.er.. Med Soc .. 
. • . .. . '": ·.· .. ··-. ·-··''······ ,. .. . ,-;, ,, .... ·::·.: :'•, ' :· _,.: ·. ',.,_ .. ,:.· . ' ' 

. !4.$:715~7~9 (1:?~~:))~,. ' ' ·; •' ' 

A~-1sore1-edto.lowpro~nel~is~depression 

'{PljD). •. ·J1PJD~iate1;· ~'.'~~-~~~he ·1;~,,~~ 'd.ramatica1ly 

, : " , ;.·:J~ingtq~ o~·<>f P.ND~ .Jhe.~ptcmis 9f PND ~from.mild depression 
.. \• . . .·. . : ' .. ' :: . =~ .. : . .. . . . . . ~ . . . .... : •. . . _. 1 ... :: : .. : ~ . . . : 

:.to:psyc4o~ ~~-~i~im!!o~ ~.is.~ '!ith ~ere anxiety an4 ... 
irritability. ~~-dep~iQ~ is not:~emible tQ ~t by classic 

. ' ; . ' I . • : . ' ' >. .• ; • . . _. • •. • • . . ' • ~ . . . . . . : ' ' '· ' .'· . • ' 

antide~ssants and women experieqcing PNri .Show.an inc~ incidence of 
.. ,,. . .. . . . . . '· .: . .. .. .·· . ·:· : : : : -: ' . .: .·.: ': .;. ; . . . ··,~ .·., .... ·. .·. ·. '!: ... : . -: . : . ;·;_· .· .. : ':·.'.:.' :·::·<·.:·: ·.:. : :':. _: ' 

PMS (Dalton, J(.,J~84). ... . .. . " . · . .···:·_ .. , . 

. ,,.CQp~"V«'ly, :f.llese o~o~ ~lY; 8! ~ial ~le,f.or pn1g~ and 

deoxycortico~ne: and more specifically ~~:~lites iJi. ~_ho~eostatic 

._ • . · .-~ti~n of~ excit11bility, whi~ is __ Jm,lillf~ !8 1111. ~e in seizure 

· · · ·· .. _"activity o~symp~ms·~ wi~~~~ epµ~,_}>~S~anci PND. The 
.. , ' .. 

30. >•. > :. . . ... · < ccme1ado~ ·~. tc:!4uced ~ls of prQgeaterOne.~ the ~ptoms associated 
. . . .. . -~. : ,: .. 
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with PMS, PND, and catamenial epilepsy (Backstrom et al., 1983; Dalton, K., 

1984) has prompted 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 Dal~ K.; 1984). However, progesterone is not 

5 consistently effect;ive· in the treatment of the aforementioned syndromes. For 

example, no dose-response relationship exists for progesterone in the treatment 

of PMS (Maddocks; et al;, Obstet. Gynecol.154:513-581 (1986); Dennerstein, 

et al., British MedicalJownal, 290:16-11 (1986)). 

The publications and references refen'Cd to above and hereafter in this 

10 specification are incorporated h~ 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 3cz-hydioxylated steroid derivatives, acting at a newly 

15 identified site on the GR complex, to 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 fur such treatinentate within the scope of the inventiOii:" 

The ccm;ipounds used· in and forming part of the invention are modulators 

20 of the excitability of the central nervoUS ·system as mediated by their ability to 

regulate chlorid~ ·ion channels associated with the GABA receptor complex. 

Applicants' experiplents have eStablished that the compounds~ in and of the 

invention have anticonvulsant and anxiolytic activity similar to the actions of 

known anxiolytic agents such as the BZs, but_ act at a distinct site on the GR 

25 complex. 

The telationsbip of eDdogenous metabolites of progesterone to processes 

associated with.reproduction (estrus cycle and pregnancy) is well established 

(Marker, R.E., Kamm, 0., and McGreW, R. V., •Isolation ofepi-pregnanol-3-one-

.• 
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··' · .. · · '20 fiom human~lirine,11 ~.A.iii. Chem.· soc::59:6l6-61s (1937)). Prior 

' : .. ': :: : .. to;ihe present'imtentiCJD,.;hbWever~ :jt was riot reco- hdw to treat disorders by 

. : . "·· . . modUlatmg ~~ :~pit8bilitf 'tbrou8h 'the· USl' of progesterone: metabolites. 

; '· Therefore, .this' ill~entibtt is directed tO methdds, Cs;mpositio~· .. and c0mpounds 

s ··· to treafdisoid~··bYmdeiulating,brlin·excitabiliey.usiiig·thecompoufids ofthis 

·· ... mventio~: Rep~t&tive disOmers treated m the Present fuvenuon'are epilepsy, 

anxiety; prC-me~ Syndrom~ (PMS), ·poSt~natal depression ·cPND), mood 

· dis0rders '(siiC:;h, aJ··_deplession)tbaf are amenable. to GR-active agents, and 

. ·msomma. th~ ~wds'of thC mvention"can al$0'be uSed tcrmduce anesthesia. 
. '. . . ~ ~ . . . .. : . : -.. : . . : 

10 ·. · · '. ,.. Deiail'!d Description of the Preferred Einlioitments 

. 15 

20 

. . . . . .... · .. ~. .· 

~. ~ : 
' ; ; ; . .. ~ : .,., ... ··' ' .. ' :" .... '.. . . The compoundS of and uSect m. the hivention are derivanves of various 3cx-

:: . ... hydroxYlat~d-pregnaD.02<k>nes; ' .i 3~~21~Pfc,~iol~20.:0ne8; Jcx-20-. .-... 
. . . j;re~edioi~;: and ·l~.ohydroXylated~amtrOstSnes, and ester, eth~r, sulfonate, 

. ;,.<, ·' ,: .. 

. . sulfate, phospqon&te,: phosPbate, oXime. (itnin9)• ·and thiazolidine derivatives 
.••• < ,, : • • tii~f:-~cli 4eri~ are reterl'ed ~'~.-~' The e>tpfession i'prodrug" 

: :- ; . ~·.: .. 

· .. ··:.: 

denotes.~ derl~ve of:akmwn direct~ (hµg,:~ch ~tive has enhanced 
. I ; 

: : -~elivery ~cs.~. ~~'=-,iai~~2',.~m~ to the, drug, ~1.s .. 
~ mtotheactive drug by an~c:or~c:al process; see Notari, 

· .. , .. ~ : 

R.E., "TheOry··and Practice of Pmdnia ~cs," lieihods '·tn Enzymology, 

I j 2:309-323 (1985); BodOi'~NL "N~v~i·Jo\~eS m prt;~ De~git, It Drugs 

of the Future,. 6Cl)it~S~182 (1981); aiid -~~~: '.H;, "Design of Prodrugs: 

Bioreversib~DerivatiVel for vaiious Fun~ODal.<fu>ups 8nd Chemical Entities," 

in Design of Prodiuks ~ Bundgaafd, ed:): ~er, ~~,Y~rk-(1985). It should 
. . ... :··.:.:.::. 

be noted that smne of ·~e synthetic derivaij'V~~: _f(lJ:ming part of the present 
25 invention may·.:~- be true prodrugs'· b~. iri · addition to the above 

characteristics, they~:P,ssess intrinsic activity~ However, for purposes of this 

application they ~iii~ referred to as prodrup.=: · 
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Our studies (Gee, K. W. et al., European Journal of Pharmacology, 

136:419-423 (1987)) have demonstrated that the 3ci-hydroxylated steroids used 

in the invention are orders of magnitude more potent than others have reported 

(Majewska, M.D. e.!Jd. (1986) and Harrison, N.L. et al. (1987)) as modulators of 

5 the GR compl~ ·. Majewska et al. and Hmison et al. teach that the 3ci­

hydroxylated-S-reciqced steroids are only (:apable of much lower levels of 

effectiveness. 01'1' in viiro and 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 

10. useful in the present inventi:on include derivatives of major metabolites of 

prog~ and depxycorticosterone. These ~ids can be specifically used 

to modulate brain excitability in stress, anxiety, insomnia, mood disorders (such 

as depression) that are amenable to GR-active agents, and seim.ie disorders in a 

therapeutically be~eficial manner. Furthermore, we have demonstrated that these 

15 steroids interact at a unique site on the GR complex which is distinct from other 

known sites of interaction (i.e., barbi~ BZ, and GABA) where 

therapeutically ben"ficial effects on stress, anxiety, sleep, mood disorders and 

seizure disorders have been previously elicited (Gee, K. W. and Y amamura, H.l., 

inln Central N~us System Disorders, pages 123-147, D.C. Horvell, ed., 1985; 

20 Lloyd, K.O. and ~mselli, P.L., in Psychopharmacology: The Third GeneraiiOn 

of Progress; pages 183-195, H. Y. Melmr, ed., Raven Press, N.Y., 1987). These 

compounds are desirable for their duration, potency and oral activity (along with 

other forms of administration). 

The steroid derivatives of this invention are those having one of the 

25 following structural formulas: 

' 

f 
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Forlllllla I 

•, .. 

Formula2 

·' . ~ : 

21 

s FonnulaJ 
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Forlllllla 4 

f 

Formula S 

S Fonnula6 
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·::.• ·;' The 'present invention> also' includeS ph&rmaeeutically 'acceptable esters 

and: salts'. of the c0m:}iound5 of Foi'niulas t-6rmclud~:aeid addition Salts. It is 

believed that the 3~-hydroxyl·'.may ::8lso; be~.· inBskeci·· as·• a ··pharmaceutically 

, ·.· · · · · acceptable esterdiieio the fact that the ester will tie· cleaved off as the prodrug is 
s i .· .. 

··converted t<> drugform .. • 'Fhese ate referred to'herein as-cleavable esters. 

: ... "\: ~.· ·. 

. -~ .' ... :·: 

·. ·,, . ~: . ,: 

. ; lil acconhl.1'1¢e With:the presentinvention:.m:id:as used herein, the following 

· .··.•.· , ... '•tenris are defined "1j.th:the•following meaning, unless:~licitly stated'otherwise. '··· •· 

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

10 ' ; •. c~· branehed . C,mdh, and cyclic groups, an ; of which may be optionally 

··s1ibmtiited. ··. Swf.able'alkyl groups include methyl; ethyl, and the like, and may 

15 

20 

25 

'.'. ·:'·. ·be .optionally subSiithted. 
The term "81kenyl" refers to unsaturated gtoups which contajn at least one 

.: . ; •... : catbon~n dogble-·bond'=8nd inclUdes straightchain;branched chain, and 

cyclic groups, all of which may be optiorially subStituted .. · ·: · 

·· •· • ·The ·temi ·~8ll{ynyl" · refetS ··to :unsaturated hydrocarbon groups which 

... eontam' af least C>#e ':c&rbOn<arbon triple bond and includes straight chain, 

. bnmchect · ~-·and:·eyclic< gi'oUpS all •of ·which-may.·· coiitain additieiial 

unsaturation. When present at the 3P-positio~:. the· alkynyl groups may be 

· ·· ·· SUbstitutec:lWith·a balogenatec:l'or• U11balogenated Cr radical, a Ci-~ saturated or 

~ balogen&ted orubhalogenated straight chain radical, a C;-~ cyclic 

(cycloalkyl) radical; or C~ aromatic tadical or a 4, S, or 6-mem~ C- or N­

. · 8ttaChed beteroeyCJlc radic&l eontammg l, 2:or 3 heteroatoms selected from the 

., . group consisting· of Oxygen, nitrogen. ·anc1·Slilfur,.~cluding beterocyclic radi~ 

with two or more adjacent 0 'or S 'atc>ID& ·· Pre~ alkynyl:groups have two to 

· · ' ·' · · · · f6m :carbOD: atc:miS.' · : -' ·· ·· · ·. 

The term "illkoxy" refers to the ether -OR wherein R is alkyl. , 
·' ; 
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The term "aryl" refers to aroDULtic groups which have at least one ring 

having a conjugated pi electron sy~ and includes carbocyclic aryl and biaryl, 

both of which maY be optionally substituted. 

The term "carbocyclic aryl'' refers to groups wherein the ring atoms on the 

5 aromatic ring are carbon atoms. Carboq;clic aryl groups include phenyl and 

naphthyl 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. 

10 Suitable aralkyl groups include benzyl, and the like, and may be optionally 

subStituted. 

The term "dialkylamino". refers to .-NRR." where R and R" are 

independently lower alkyl groups or togethef form the rest of a morpholino 

group. Suitable dialkylamino groups include dimethyl amino, diethylamino, and 

15 morpholino. 

The term "acyl" refers to the allcanoyl group -C(O)R where R is alkyl, 

alkenyl, alkynyl, .aryl, or aJalkyl. 

The term "optionally S11bstituted" or "substituted" refers to groups 

substituted by one to three su~ independeJrtly sel~ from lower alkyl, 

20 aryl, alkenyl, alkynyl, alkoxy, amino, thio, halo, baloalkyl, tribaloalkyl, ac;i, 

nitro, hydroxy, and keto. 

The term "loWer" refem:d to herein in coimection with organic radicals 

of one to four carbon atoms. Such groups may be straight chain, branched chain, 

or cyclic. 

25 The term "pharmaceutieldJy acceptable esters or salts" refers to ester or 

30 

·salts of·FonnUlas. l-6 derived from the combination of a com.pound of this 

invention and·an organic or inorganic acid. . · 

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

1 are: 

R is hydrogen, or lower.alkyl, lower ~yl, or lower alkynyl; 
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R{ is .methyl~lie; ·· P~hydtbxymetliyl~ .~r P-cyano; :.and physiologically 

· ·· ... <acceptable 3~1'S~ 2Q.;esters, and 3·a04fi~ tli~f; . · .. 

· · · ·· with ··the.'provi~ ~'.~hen Rt" is p-cyano;tl,ieh Ilis'not hydiogen ... 
Howev(,r;in.ilie method claims, R1 nUi:V be cyano WheliRis hydrogen. 

5 · '·. < A ~terred P>u1»of compounds·or~~Miwa t are compounds where R. 
..... ,;·,,._._. 

· · · , ·is hydrogen~ : .· ..... : . · · ·· · ·· · · · ·· ·:.. ·.·· "" 

·· · ., Arioth~;:g?oup.'"c>f preferred eompo~cls are compounds of Formula 1 

· whereRfis'cy~~.::·: · . ·. · . · · · .· 

Exampl.,s.of:preferred compouridsofForriiU1a·1 include but are not 
. . ·'· .. .. . . . . :~ ';::::·: .. 

10 ., .. · ' ···· limited ··to::·.· .. 3u-hy(lroxy.;17.;.methylene.;.S~-8ndfoSt&ne; 3u-hydroxy-17P-: 

· hydroxymethyl"'.Su~Clrostaiie; or:Ju-hydre>Xy;i1(20)(Z)-methoxyriiethylene-Su-
:.·.,:.·-.:· .. :·· 

·· ·. ' : · ari.droStarie~ · • .. : '·\·' .... 
'· 

· · .. ·; ·EXmriples ofsiibstitUemsWhich can-~·-~ in theeomp<>iJnds of Formula 

2are: ' ~ ·· .. : . . . 

15 

· " · ·." · · · · R iis :&tkenyt ~u~-·y1 · · alkoxy· · .·· .. n ..... •r. hlloatko1iv""1....,·l· tritluoromethyl I ...... ·. . .U&AJ'U: l.f Ul.A.:f ', . ·. ~~-:T' ' 

.. ·.-: 

. ' ···R~ ·'iS ~~~~~a ketC> &fouP' ·0r anl~fX'"dialkYlamino·group; 
· •· .. · · R3· is.:ap~l· ·grOup; 1l'·~·of. • p.;.bydroxy• ·acetyl group, a 

20 · •·· ·· · ·· · · p~t?ifluo~i :~liP~···a::.p4hJ~i).' ~UJ>, ·a·:p.hydroxyacetyl-~': 
·.· ... :·hydroxy' In>~~-. a.: p~~edioxymethylaCetyr·'&rc,up~·:.a- P-(etboxy)-methyl-2'-

25 

30 

. · · '· · ·· methylen~(~~' il' ~(H~hymoxyetliylf group, a· IJ-(<t ' .. bydroxypropyl) 

· ~up, -.,.a:· P~'~hydr(,"-Yisopropyl) ·';PouPL:-~ .·.·. P-su®inyloxyacetyl group, a 

.. =~~~~,:~~::; 
ehloroacetYt·~, ;:~yuyl .groiip; ~t a:i~yl:group:Wbi~·together with 

. :-·:· .. 

the 17-carbOn ~ ~ ·:wJiiCh· tim ethyl.gm#)>~ attJIChed and an oxygen atom, 

forms a 11(20),:eJ>OXY;~up; and : · .·· : ... 
:· .·':. physibto!icall)'~1e3~2~.21-estms;3,20-diesters, and 

3,21-diesters~f;_.: •. >_; •. ; .•. ;,.. .,;'. ..••.. 

.· .. : . : .... 
. ... ·~ 
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with the provisos that when R2 is l lu-N,N-dialkylamino, R is not hydrogen. 

A pref~ group of compounds are compc;>unds of Fonnula 2 where R 

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

hydrogen. 

Another preferred group· of compounds are compounds of Formula 2 

where R1 is lower alkenyl, lower alkynyl, trifluoromethyl, alkoxyinethyl, and 

monobalometbyL More preferred are compounds where R1 is ~-C4 alkenyl, ~­

C4 alkynyl or trifluorometbyl. Especially preferred are compounds where R1 is 

ethynyl or tritlW>rQmethyl •. 

10 An additional group of preferred compounds are compounds of Fonnula 

2 where R, is ~l, hydroxyalkyl, hydroxyacetyl, or their esters with 

physiologically acceptable acids. More preferred are compounds where R3 is 

acetyl or IJ-succinyloxyacetyl. Especially preferred are compoUn.ds where R3 is 

acetyl. 

15 Examples of preferred compounds include,. but are not limited to 3u-

hydroxy-17(J-ethynyl-5u-androstane; . J(J-ethenyl~Ju-hydroxy-Sfl-pregnan-20-

one, 3a-hydroxy-3p-(2' -propenyl)-SP.,pregnan-20-one, 3P-ethenyl-3a-hydroxy-

5a-pregnan-20-one; JP-{chloroethynyl)-Ju.hydroxy-S(J-pregnan-20-one, 3P­

ethynyl-3u.hydro~-sp-pregnan-20-one,3~ydroxy-Jp-ethynyl-5u-pregnan-20-

20 one, 3a,20u-dibydroxy-3p..ethynyl-5u.pregnane, 3a,21-dihydroxy-Jp-ethyiiyi-

5P-pregnan-20-one, 3P-{3'-bromo-1-propynyl)-3u-hydroxy-5p~pregnan-20-

one,3a,21-dihydl'Qxy-3p-ethynyl-5fl-pregnan-20-one,21-acetate, 31i-ethynyl-3a­

hydroxy-SP.,pregoan-11,20-dione, 3a,21-clihydroxy-3(J-ethynyl-5P-pregnan-20-

one 21-hemisuccinate, Ja,20a-dihydroxy-3(J-ethynyl-5P-pregnane, Ja,20(3-

25 dihydroxy-3(J-ethynyl-5P-preP.Ule, 3a~Op-dihydroxy-Jp-ethynyl-5a­

pregnane, 3a-hydroxy-3(J-(2'-propynyl)-5a-~gnail-20-one, 3(J-ethynyl-3u­

hydroxy-21-methQxy-5(J-pregnan•20-one; .. 3u-hydroxy-3p-chloromethyl-5a­

pregnan-20-one, Ju-hydroxy-JP-fluoromethyl-Su-pregnan-20-one, 3P­

bromomethyl-3u-hydroxy-5u-pregnan7'20-one, Ju"".bydroxy-J(J-iodomethyl-Su-

30 pregnan-20-one; Ju-hydroxy-J(J-tritluorometbyl-Su-pregnan-20-one, Ju-
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. . , .: . hydroxy..,3~-trif1uoroD).etq.yl..,S(3~pregD8IJ...,20..,one, ... .- .· ... 3~,2}-dihydroxy-31J-
. . . ··. . . .: . .. . .. 

'. ::- .=··::· · .·ttifluo~meth,yl-SP-PfCgnan-~()..qp~, ,: · .7h~~': ,_ .. ~u,:2l~ydroxy-3(3-
... ·~ 

·,< ...... ·. . -. · trifluoromethyl•SP.pregmu;i..,2<>-p11e, 3a;-ll.ydroxy-~p .. trifluor9Jllethyl-SP-pregnan-- . . · .. ' .. . .. ,, •. . . · ..... · ... ·· .. ··:·· . . .. , . 

... .... · .... ··. ···: _11~0-di()ne, : 3u,21~y<frc>xy..,3(3-~uoro1JiethyJ-SP .. Pre~-20-one, 21-

5 hemisuccinate, soc$i~ salt, 3~-llydroxy-3p .. ~Uor<>-~ethyl. .. s.P-pregnan-11c20)-

10 

. , < '>,:. ~; 3a:~Ou~yclroxy-21~~yl•Su-pre~ 3cz.,2~~ydroxy-21-methyl~5u­
pregnane,3u,20u-dihydroxy-2(3-isopropoxy-Sa:..pregnane,3u,20u-dihydroxy-2(3-

ethqxy•Sa; .. pregnane, ·. ~a; ... ~o,~yd@xy .. 2p-n .. prgpoxy:-5u-pregnane, 3u,20u-.... . . ,. . .. :,·· .. ·: 

··· . ·. , · ciihye;iroxy-3(3-met11yl-,~.a; .. prepane, .. '. :_3u~2Qu-dill.yciroxy..,3p-ethynyl-Su-
, ·' . . . . · .... ·.·· ' .. . .. 

pregnane, 3u,20f3-4ihydrpxy-3(3-111ethyl-SP~i)i-egm,nu; 3~<>-.dihydroxy-3(3,20,-

···. . . , . ; •. ... · dhnethYJ·S~pregnan~, .3a:,20uifihydroxy-3P,21-dilnetliyl-Su-pregnane, 3u,20u-
·· · . ··.-. .. . . . 

::..:-. • .dUiYdroxy•3P"'.ethYBYJ .. SP.-p.,egnan~, . . .~u~QP-4ihydro~-3p.ethynyl-5P-

·.: ·-'· ... :·pregnane, 3a;lO~~Ydro~·3P..,m~yl~S,~~e,.}~,20(ktihydroxy-3p-

. :; · ·.•· ·· .. ; ethynyl-Su .. p.,egiume, .3u-h)"df9ixy ... 3P-metl;l9:xym~Yl .. Su-pregnan-20-one, 3(3-

15 . ··· · (etbox.ymethyl}-3~..,hy~xy ... su-pregnan-,20,-0Dc:, 3_fH1 ';b.exynyJ)-3u-hydro~­

. sp .. pregnan-20-one, ·. ·: .::3P-azi4<>111ethyl-3a; .. hydroxy-Sa;-:-pregnan-20-one, 3u-
.. : . . . ... · .. . .. ,· .. ··: ' .. , . . ... , ' 

hydroxy-31J-(2' ,2' ,2' -trifluoroethoxymethyl~Su-pregnan-20-9~~' Ju-hydroxy­

.. -·• · .. JP-propoxymethyl..,~cz .. p~-2~. .. :.~P~y~1nethyl-3a:-hydroxy-5u­

··· :. •··. · · · · ·. · · .. pregnan-2~, 3P-(3 .. 1nethyl1-.. 2".'CD-1 .. ~l)-3u-:ltYdroxy"'.Sp..,pregnan-20-one, 

20 3P-{l '-heptynyl~3ui.hydroxy-SIJ-pJ;e8D811".'~~e, .. 3(\-cyclopl'()pylethynyl~-

25. ;,· 

·;·:.·- .. 

30 

' . ·. ·. .. . •. 

- '· .... ·:!·hydrpxy-SP..,pre~72(H)ne; 3P-O '.~ctyn~l)-3~hy~~-sp-pregnan-20-one, 
JP-cyclopropyl~th~nyl-Ju-hydroxy-Sp-~~giwi-20-one, .·. .. and 3P-

, · cyC?lopropylethynyl-3~-hydroxy".'?~-prepan-2~. . .· .. · 

Exaniplesof sllbsQ~;wl:lldi~~~-ill tlie c:ompounds ofFormula 

,,;.:· .. 
.. · . .-.··· "!: . '·' '.,;:'.. 

R is hydrogen or lower alkyl, lowe(~yl or lo~ alkynyl; 

·. · Rr is :a D-aC:etYI:group, a ke~.·C>f;·:p.hy~xr ~I group, a P­

trifluoroacetyl grouj>, a p-(hydroxyacetyl) gn)~~·a.~~y~l-17a:-hydroxy 
·. . , ~ . . . ·.. . . .. . ·' . . 

.. ·'. . 
group, a P-meth~ylacetyl group, a P{~)-methyl-2'-methyl~l 

group, a P-(1 '-hyclrC>xyethyl) group, a P-(l';;.hydroxypropyl) group, a P-<2'-

--- -

'1 
! 



W0"11'876 PCl"/US95/15210 

-14-

hydroxyisopropyl) group, a P-succinyloxyacetyl group, a P-hydroxyacetyl 

sodium succinate group, a P-acetoxyacetyl group, a P-sulfoxyacetyl group, a P­

metby1acetyl group, a P-chloroacetyl group, a IJ-etb.ynyl group, or a (}-ethyl group 

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

S an oxygen atom, fomiS a 17(20) epoxy group; and 

physiologically acceptable 3-esters, 20-esters, 21-esters, 3,20-diesters, and 

3,21-diesters thereof; · 

with the provisos that said compound is not 3cx-hydroxy-5cx-preg-9(1 l )-en-20-

one, 3«,21-dihydroxy-Scx-preg-9(11 }-en-20-0ne, or 21-acetoxy-3cx-hydroxy-5cx-

lo . preg-9(11 )-en.;20-one or their ester derivati\fes. 

A preferred gioup of compounds are eompoilnds ofFonnula 3 where R 

is hydrogen or alkynyl. More pref med are· compounds where R is hydrogen. 

An additional group ofprefe11ed·compounds are compoWids of Formula 

3 where R1 is acetyl, · hydroxyalkyl, hydroxyacetyl, or their esters with 

15 physiologically acceptable acids. More preferred are compounds where R1 is 

· acetylor p-succinyloxyacetyl. Especially· preferred are compounds where R1 is 

acetyl 

Examples of prefemd compounds include, but are not limited to 3cx­

hydroxy-3p-trifluoromethyl-5f5-pregn-9{11)-en-20-one; and 3cx-hydroxy-3p-

20 methyl-Scz-pregn.;.!Mn-20-one. 

4are: 

Examples·of substituents which can be used in the compounds of Formula 

R is hydrogen, lower alkyl, lower alkenyl, or lower allc.ynyl; 

R1 is defined as for formula 3; and 

25 physiologically acceptable 3-esters, 20-esters, 21-esters, 3,20-diesters, and 

3,21-diesters thereof; 

with the proviso that.Said compound is not 3«-hydroxy-sp-pregn-11-en-20-one 

or its 3-ester derivatives. 
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:=.: ·,: ./\c,preferred. group, ~f C?OIDPO~d,$ areeompqun<;ls of Fonnula 4 where R 
.. . . .. .. .. .... -: ·.: .... :· ... 

:: '.· < .. · -.i~ hydrogeJl; tritluorometJiyl,,or lpvver allcYnyl._. More pr,~ferre4 are compounds 
' . . .. · ·' . . . . . . . . . . . . ... '.. ·"' . . . .. . ... ·. ~ ; .. .. ,; .:::: . 

:, :. ,_.. <~~}tishydro~ . . ... < . ;."·(;:.: .. ··.·. 

5 

. : ~ :. 

··' ·.' 

.,10 .;., 

, .·. :.-·.·.:An a4ditiona1 groµp_ of preferre4 com.J)O\in~.are comp9unds of Formula 
. . '. . . : . : . -.. ; .. ·· .. : . .. :.. . ~ .: . ... ; . . -~- :·. 

4 where R., iS acetyl, hydroxyalkyl, hy~xyacetyl, .. or .. ~eir esters with 
. . . .. . . . ~ 

·· _,ph~iologiC!lly ~Pta~~~:~i.~~- t.(ore.~ ~ .. compounds where R1 is 
· .. · ..... 

· acetylqr (3-SJJc:Cinyloxyacetyl. ijspecW,ly ptefei'recl .are. _compounds where R1 is . . . ' .. .•. . . . . .. . ·. . ~ .. . : . . ·. ., .... · .. : . .. . : .. · .: . -: ·.. . 

AIC~J.- ; .· .. 
. .. .. .:•: ·.; :·:::. 

~~pies .ofp_ref~ ,.c::ompc>uncis include,. p'Qt are. not limited to 3u-
··.· . ·. ·. ·. • . . ~ . . :-r-- <. ···.' .... : . . .. .... . '·, .... · 

· · c:: hy<k,o.:x.y-3jJ-trifluorom.ethyl-5(}.-pregn-t l-CriC-20-one;. . 3_u,2()P-dihydroxy~Sf3-
. . . . .. . .··. .. . . .. . . . .... :· ...... · ·. -:.:. '- .. ·. 

·.-· ... , .. : . 

. .. · . ,pregn-lJ ~e; 3«-hyc:lrQxy-3JJ-metbyl'."?~J)l'.e~:l .~:~-fQ:-pnc; and 3a;,20P­

... ·. cijhydr<>xy~sp~pregn-11-ene, 31}-ethynyl-3.hydroxy-S.IJ-pregn-11-ene-20-one. . . . . . . . . . .. .. (·· .... : .. . . 

Exallipies of sul>stituents which can & used ~~e.c:ompoiinds of Formula . . . . . . ·. . . .. · ·... : . . . .. • ~ 

·,.: _:· .. c: .. .": :··. 

·;ts . ·. ,, .. ·R:is b.ydlogCll; Qr•~ alkyl, lower Blkenyl, ~ lower.alkynyl; 
. . .. · : . . . . . . - - . . . .. . .. ; ' -:.: . . . ; ·~·· .. :· : .· 

...... 

cyano;and 
·. ·.- / .. :.: .. 

·---: _;; ..... ·· ... . '" physiologically~le 3~ 2().esters,,~d 3,20-disesters thereof. 
·. . ·:· .. ·. . , .... •· .. , . ..• . . : .... ··· ··.::·.; .... 

. ... . . 

... Examples: ~f:pref~ ~pounds incluci~ .. :1>~ ,~_._not limited to 3u-

.20 .. ·. ::'·hy~~l7P;fo~yJ-~~1:~~~randrQ~· . __ :;and· ... ,:. ~~~hycJroxy-17(20){Z)­
. m~xyme.tb)'l~~«z.-.l9~~~~e~ / . ·. ·.. .. , <' 

· ... , .· ,. ~iesof substituents Which can.be~in·the compounds ofFormula 
•• • • • • • •••• ~ • • > • • • • • •• i . • . • . :.. . .~ ... ,: : . :·• :· .• : : . : : ; ~- : :: .· . ·.-::-: • ": : : ... :;: .. · . .... ;:_ ;. $:·.: . . . . . ::. 

6are: 
. := ..• • ··.·.:!.. 

.·;"·.·· l 
; ,:.-·. ·R ~ hy4rog~.()1' ,~ower('1kY,l, l~ alkeD,yl, qr.lower alkynyl; 

-.:·;._,:. 

. 2S. · R is 'as defined for foJ:IJ\ula 3· and ··' ..1 . .:.-·· . . . ;-•·. . . . . ..... · .... · ... ,. .. ··; .. · .. :,:·, · .•.. ,.. .. ··, i. •-.:-.·. .. .. ··: ·.· ., . . 

·physiologi~y,~le3~2~~fl.~ 3,20-diesters, and 

3;21-diesters f.li~f. . " . . . '.• ;; ' . 
· . ·· .'. A~ferred ~up 0,f.c;ompounds • cQJftpo~ of ~ormula 6 where R 

. ·. ;· ·.·· . . . . . . . . ... · .... • ·': .:_:-. ,.' ., ·•: :· 

is lower alkeliyl, · lower allcyJ;J.yl. .. or .. tritlu0romethyl. More preferred are 

30 compounds wt1ete .R is lower-~i'~d-~~oroD1~;i.':· ... 



WO '6116076 PCI/1JS95/15210 

-16-

An additional group of preferred compounds are compounds of Fonnula 

6 where R1 is · acetyl~ hydroxyalkyl, hydroxyacetyl, or their esters with 

physiologically acceptable acids. More preferred are compounds where R1 is 

acetyl or P-succinyloxyacetyl. Especially preferred are compounds where R1 is 

5 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, 

10 etharie-di"-sulfonic, oxalic, tartaric, salicylic, citric, gluconic, itaconic, glycolic, 

p-aminobenzoic, aspartic, glutamic, gamma-amino-butyric, cx-(2-

hydroxyethylamino )-propionic, glycine and other ex-amino acids, phosphoric, 

sulfuric, glucuronic, and 1-methyl-1~4-dihydronicOtinic. 

Another more preferred group of compounds comprises those compounds 

15 of Formulae I through 6 where the 3P substituent is ethynyl or trifluoromethyl; 

and attached to· the 17-position of the steroid is one of f}-acetyl, f}-(1 '­

hydroxyethyl), or 17(20)(Z)-ene. 

Examples of preferred compounds include, but are not limited to 3«-

hydroxy-3P-methyl-SP• l 9-norprcgn-l 7(20)(Z)-ene, 3«-hydroxy-19-nor-5«-

20 pregnan-cis-l 7(20)(Z)-ene, 3cx-hydroxj-5fJ-l 9-norpregn-17(20)(Z)ene, '"91z­

hydroxy-3fj-methyl-Scx-l 9-norpregn-l 7(20)(Z)ene, 3p.ethynyl-3cx-hydroxy-Sp-

19-norpregri-17(20)(Z)-ene,and3Cl-bydroXy-3fJ-trifluoromethyl-SP.. l 9-norpregn­

l 7(20)(Z)-ene. 

Also preferred are the follOWing compounds: 3cx-hydroxy-3p-

25 trifluoromethyl-19-nor~s~-pregnan-20-one, 3«-hydroxy-3P-trifluoromethyl-19-

nor-Scx-pregnan-20-one, 3cx-bydroxy-3f3-trifluoromethyl-5P-19-norpregn­

l 7(20)(Z)-ene, 3cz,21-dihydroxy-3P.,trifluoromethyl-19-nor-SP-pregnan-20-one, 

and 3cx,21-dihydroxy-3P-tritluoromethyl-19-nor-SP..pregnan-20-one 21-

hemisuccinate and its sodium salt 
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' .. : . . .·: ~: . . . ._-Also-preferred are:the folloWing-co#ipo~ds:-: ·•3a,20a-dihydroxy-l 9-nor-

· : -5cx~pregmme;" 3cx~hydroxy.;.3p.;;trifluoronieihyl-l ~~nor-SP..pregnan-20-one; 3a-
. . · .. :··. . 

hydr0x.)'•3P.;mettiyl.;;sa-t9.;;notpregnan-2~DC,;3P""Cthyriyl;..3cz-hydroxy-19-nor-

5fl-pregnan-20-one, 3f}-etbynyl-3a-hydroxy.;$p.. I 9-norpregn-17(20)(Z)-ene, 3a-

. S :· hydroxy-3P-metl1yl~SP-19-nmprep.l 7(20)(f}-ene; :3a.;.hydroxy-3f}-methyl-5P-

-·- - ·' _: · l9-notpregn4:7(20)(Z}Ge, .. 3a,21-dihydr0xy"-3P:trifluorornethyl-19-nor-SP-

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

The most preferred compounds of the:present invention are: 

3a-hydroxy-3(}•(3 '-methyl-but-3 '-en-I' -ynyl)-Sp-pregnan-20-one; 

lO ·· '. ·: · ---- .: 3ci.;;hydrox}'-3·p~3';;.methyl-but:..3'~n-I';..yriyl}.-5(1-ptegnan-20-one; 

--. · · •- '3a-hydroxy.;;3p-trifludtomethyl~5a-pregnan-20-Qrie; -· -· ·· ·-· 
.:<;,, .. ; • · Ja.;hydroJ(y-3p-trifluoroniethyl•Sp-pregn-U -Cn.;20-one; : · . . 

·. • ---- --< ·3ua 1 ~ihydroX)'-3P~trifl1ioromethyI-19 .. nor.:.5p..pregnan-20-one; 

3(3-(cyclopi'Opyl)eth)'nyl-3a-hydroxy-Sp-piegnari~20-one; 

15'' - ·. · · 3u~Ou-dihy~xy.;;3p-et1t)rny1.;;sa.;.ptegnane; ·-<··,:.- • 

3a,21-dihydro~-3p.;;etheilyI.;.Sa-pregnan-2Q.;one;·.and .. , · ... · . 
. . t 

3a,21-dihydroxy-3(}-fluoromethyl-Sa-pre~-20-one; or 

physiolop:ally--acceptable-3-esters, 20-esteis, 2l""Csters, 3,20-diesters, or 

3,21-diesters theroo£ 

20:·· .... - · . ·.·Also cspeclaliyprefeued n the foll~~ esters. \Vithin the scope ofthe 
... ·., .. , :· ........ ·. . ... ·· .. ·.:::., .. ·· ..... ,. ·. 

present invention: ·. · - ,,.. ··· 

· · · · -· ·-· ;_: .. • . .,J·u;2l-dihydroxy·3P-tritluoro1Jl~#t;l~l9-hof~Sp,.~re;u·20-~ne, 21-

-- .. · ~sodiumsalt;, ,_ ..... - -
. . . 

-- __ 3a,20a-dihydroxy,.21-methyl'."So;-~pne;·l)~-h~;,· _.-, 

25-.< -·. · -- · '. ,Jcz,21-dihydroXy-~~enyl-Sa-~gJJa.11-2~~-~T~stlcc~te; 
·--·3a,21-dihydroxy·l~methyl-5a-p~72~~-7I~-;~- . - ----. · .. ·.:::-- .·: 

3a,21-dihydroxy-3P-trifluoro1Jl~Y·~SP-Fe~ .. 2Q-one, _ 21 ..... hemifumarate 
. • • . :. ·.: :'• . , .. • ···'· .·c. 

·sodium salt; ' .-._.· .. · ··: :·.-·, 
· ... : . . ; ,. . .. . .. 

-, ·- .. --- --•.. 3.a,21-dihydroxy,.3~trifluol'C)IJlethy•-s~pregDan-20~ne, -~rt 21-succinate; 
• • • < .. : • • •• ; ., • : • • : • • • • •• • • • • • ·~ 

30" .. · ~ : · ..... ·3a,2l-dihydroxy-3p;.;trifluorom~thyl-~P-prejrulll,.2.~~ 217pro.pionate; 
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bis (3~1-dihydroxy.,3Ji-tritluoromethyl-5f3-pregnan-20-one) 21-hemisuccinate; 

bis (3u,2 l-dihydroxy-3p-ethynyl-5f3-pregnan-2~ne) 21-hemisuccinate; and 

N-(3u-hydroxy-3p:.methyi-Su-pregnan-20-ylidine)ethanolamine. 

The following synthetic methods and examples are directed to the 

5 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 

l 0 Francisco or "Orpnic Reactions in Steroid Chemistry", Fried and Edwards, 

published in 1912 by Van Nostrand-Reinhold Co., New York. 

15 

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-lCeiO 

pregnanes with conventional reducing agents. 

21-HemisuCciDates were prepared frompregmm.-20-one derivatives which 

were first brominated with molecular bromine to obtain the corresponding 21-

bromo pregnimeS. The bromo compounds-were then reacted with various dioic 

20 acids, such·u 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 group on the compounds disCUssed above with an organic acid, acid 

25 halide, acid anhydride, 0r ester, wherein the organic acids are, for example, acetic, 
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propionic, maleic, fumaric, ascorbic, . p~lic, . '· .. succ:µllc, glutaric, 

, · · · ·. · ,. ·· bismethylenesalicylic, _.m¢thanesµlfo~c, . ethane;.di-sulfonic, oxalic, tartaric, 
. . ; . . . . '. ,· .. · ... , ~-' . . .. . ' 

salicylic, citric,: gltieonic, itaconi~ glycol~<:; P.anililgb~i~ aspartic, glutamic, 
.··.,.·· .. 

y-amino-bufyric, -~-(2-hydroxyethylamino)-propioni~ glycine and other u-amino 

5 acids, phosphoric, sulfuric, glucuronic~~.l"'.1Dethyl~l,4-di1tydronicotinic. 

3P-Substituents ·.•;"; 

: . . ~,.: .: . 

.. ,.· Halomethyl .. ,. · • . . · .. ·. ': :·. 
.. ·.[ .. 

=.:· ,·_._ ..... -

··:·:··.· · · ·-· ·· ·:; The.J~in.onohalomethyl compounds o(~~ iJiv~tl()ll ~y be prepared 

< by treatmen_t ofa 3~spiro-2 'o.xkane steroid \Vith:a :Sc>urce o(~de ions in an inert 

·· · ·solvent; ~as:~ylamm~~_;halide intol~:~ preferably a proton 

-~ '·~ .. 

10 ;. 

source, such as acetic acid. : .:·:·.: . ·-: .. 

Saturated or unsaturated alkyl . . . : .,, __ ... 

-:~> . ·, .. · ·· Other··3-substituted·ste1'Qi9s.· .. may.be:~pi:epared.by the addition of an 

·. ·.: organometallic. ~ent to ~ 3-ketostert>id :in wlµ~ other. ~ve functional 

15 · . -_. -.:'. ' .groups may be. protected -as -n~st;~ .. "'J:lius, ·~"'.~Yl .. ~~pounds may be 
. . . ·. ··· ... , .. ·.· ... ·. . ·, 

prepared by the use of an lithium acetylide in inert solv~ :O'f: \\'ith a reagent 

prepared in situ from 1,2-dibromoethyl~e and butyl lithium as -lhe 

organometallic reagent Likewise, compounds' of Form.$ I in whi~ R is alkenyl 
.:' ... . . 

·. • •. · ··• '·· -··,· group may beprepai:ed the reaction ()fa ~~~~cl~th• vinyl organometallic 

20 ·-···reagent such'as·vlliyl maBllc=sium l?rmnide •. ,Gc>JDP>~ in~~ the unsaturation 

! .... 

· ·· ·· is rem()ved for the'site of reactimi::~ ~ ~yfnuapc:siUJJ:l broini<ie may also be 
.. · ,: 

( · ·. · ' used- to give compounds·<:on·njngJ~ 3.~~enyt'~up~_ S~ly? the use of an 

· alkylOrignard sucli:as metltyl11188Q¢~J~~ ~ lem rp .3.~l compounds. 
. .· . .·· · .. '·· ...... · ... ' .. ·.· 

··: .. : ;' 

.. . : . . .::. . . . ~ . . . 
,. ·.'' : .... · .. · 
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Trifluorolll4thyl· 

Th&-trifluotomethyl group may be prepared.by reaction of a 3-ketosteroid 

with trimethyltrifluoromethylsilane catalyzed by fluoride ion. 

21-0xygenawl compounds 

5 Lead tetraacetate oxidation of 21-methyl 

Various compounds of this type may be prepared by a reaction sequence 

in which a pregnan-20-one is oxidi7.ed with lead tetraacetate to give a 21-acetoxy 

derivative, hydrolysis of the acetate to give a 21-alcohol, and acylation with an 

appropriate carboxylic acid deriVative, such as an anhydride ·or acid chloride or 

10 other reagent capable of replacing the hydrogen of the hydroxyl group, such as 

methanesulfonyl chloride. 

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 

15 n-propyltriphenylphosphonium bromide with a strong base such as potassium t­

bUtoxide. 

3,20-Diols 

Apregnan-3,20-diol may be formed by addition_ of a bOron hydride such 

as diborane to the double bond of a pregnan-17-ene followed by oxidation of the 

20 thus formed orgaD<>borane with; fw example, alkaline hydrogen peroxide, to give 

the 20-oL Alternatively, pregnan-3,20-diols may be formed by the reduction of 

a 20-one group to a. 20-ol group. Suitable reagents are hydride reagents such as 

sodium borohydride or dissolving metals such as sodium in n-propanol and the 

lib. 
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·· .. ;<": .·· .. · ·" ·· ·Examples< · .. ··. ·., ·<" 
.. ·· -~·~ . 

Example I 
·.· .:··•, .· 

... ,· .'· :"",.:. ~- .. • . = ; · a,·\ · · · 3~iryd,axy..~1'e6~a;,:.2o;o1ie; 2iJ-1c~la1 · · ·· 

'10. 

15 

.· ··· · · A~ of3cx-hydr()Xf~5f3~piegnah-2~he (10.8 g,34 mmol), ethylene 
' ' ... · . ; glyCcii °( 45 ·mt)~· and triCthyi orthof~murte (30.mL}~ ~a ~t rt for 5 min. p-

.. f 

.. TolueneSulfomc acid (lOO ing).W&S"then· adcl&f"and th~; stinfus·:~ continued at 
· .··. rt ro1h .5 lit~.: The resultirtg·1tiJ~1c p~e wa5·~~e<I into a ~CNaHC03 solution 

· (250 lnL>. Th~·l>recipiiaied S()lici Wiss co11~ tiY rutt&ti~n, wisbed thorou$hfy 
· · · · wttli cold '\\tater Ind drieci. nili; seriu.:ctn~ ~ucfwas·di~1Veci in ca2c12 (350 

,. . . . ·JDL) arid dried ·over anhyd. K2C03 •. The Solution ;of the ketafwa! µten filtered and 

•: .. ·: 

::·;'.·,;:: · .. :·, 

'· ;. : - ;'. : : .... ;_ .. ,: 

.A sJt,Prigll~~4,2o-dio~e~ "2fi .. tcetai .: .. ·: . .. ·. .. 
··· · ·< : The atiove:soluti~ ot:i~-hycko;t}~spLJ;re8naii-2~ri~ 20~ketal in ca2c12 

was stirred with N-methylmorpholine-N-oxide (8.8 g, 75 mmol), and powdered 
~· ·r_ 

4A molecular sie\res (ss"·l)·Under N2 for 15 min. Tetrapropylammonium 

penuthenate (400 ~was then added and~ sprring was continued at r.t. for 2 
ht~ ·~The resUltilig dark·gteeif:mmure·wa!·~···thtt>uglt' a•·•Short column of 

.· ·C:Ombined mid evapmated: i'The crude ,pr&ilJCt ~:then:· crystalli7.ed from a 
'20 ; · < · · · • · lnixtute of EtO:Ac:Hx· (l: 1) to yieid·the ·ud~ ~p()und (10~3 g) as long rods. 

. ·- .. : _i··: . . -·:.. ~: : i. :.~ .:;, :·.< ;. :' .. · ·. . . . . •'•. : : ~-

c. P~eparatiOn of th~ lltlti1att'nagelit/rDiil. !",uibrollitiethylene 
A 100.·mt ··tmee··nec:k':f18sk; eq~~·::wlth lf-N{gas bubbler, a 

. thermometer;.· 8nd a: dioppirig fimnel·wu ::~'With· l,2~bromoethylene 
· · (Cisltrins ~~98%;:Aidri~·o.164 mL; 2 tr1Dloi; mw~· 1s6, ·d = 2.246). i>11' 

2S · . THF' (15 mL) \vu· added':and ·the solution•~·-~led :to ;.7g•c in a dry ice-

. · ··acetone ·bat!L h~BuLf(2SM in mF~ L6 mt, 4 mfuo1) \Wis:adcled dropwise over 
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a period of 10 min. The mixture was sti1Ted at this temperature for 1 hr and the 

resulting reagent was used immediately for the next step. 

d. JJj-Ethynyl-Ja.-hydroxy-S~regnan-20-one 

The above· solution of the reagent in TIIF, which was maintained at 

S -18 °c, was treated dropwise with a solution of 5JJ-pregnan-3,20-dione, 20-ketal 

(180 mg, 0.5 mmol) in 1HF (15 mL) •. Th" temperature was maintained below -

70°C dming the addition. The stining. was.C9ntinued at this temperature for 15 

min (100% con:version as detected by TI.C). The cooling bath was removed and 

the resulting solution was quenched with 2N HCI (pH 6). The solvent was 

10 removed and~ residue was dissolved in acetone (10 mL). After adding 2N HCI 

(4 m.L) the so•ution was stin'ed at ambi.mt temperature for·o.s h. The mixture 

was neutrali7.ed with dil. NaHC03 solution. The precipitated solid (158 mg, 93%) 

was collected by filtration, washed with water, and dried. The crude product is 

then purified by crystalli7.ation from EtOAc or from a mixture of acetone-hexane 

15 to yield the title compound; mp 196-197°C, TI.C-R,0.45 (hexane:acetone 7:3). 

Example2 

D~odium Ja.,20P-dihydroq-~pregnane, /Jis(hemisuccinate) 

A suspmion of3cz,20p.dibydroxy-5J3-piegnane(Steraloids; 250 mg, 0.78 

mmol) in S mL of dry pyridine was treated with succinic anhydride (200 mg, 2.0 

20 mmol). The mixture was heated at 100°C for a total of io 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 mmHg) to remove excess succinic 

anhydride •. The residue was~ from etherlhexanes giving a solid that 

25 consisted maillJ.y of succinic acid~ :The mother. liquor was concentrated and 

subjected to column chromatography . (flash silica· gel, eluted with 95/5/0.1 

CH2Cl:zfMeOH/HOAc) giving a white solid which was recrystallized from 

f 



------------------------------------------'-__;,_,;.=--.;;_;:::::::____ 

PCI'/US95/15210 

-23-

-. ; --; ' : -ether/heXane. _- The'i bis(hemisuccinate ); mp 81~90 °C was carried on to the 

.·:j:·:·: . .'· ..... 

10--. 

{ . ~ : .. : .. 

- biS(sodimn salt). · - , ---
.·=. _ .... 

- 'The·bis{heiriisueclnate)-(lOO:mg,-0.192 mmol) was· dissolved in a 

:minimwu volume·ofmeth3noL ·1A-solUtion of:NaHC03 (2 -eq, 33 mg, 0.393 

·mDiol) m ·o.6 lnL- of Wa1ef ·was added m:opWlse~ : Aftet-3Ji; the solution was 

concenttaied in vacuo tc)' give a: white Sc>Ii4- : -__ ! ' 

~ ' '..': ; . ; . 
·~.. ,• 

EXiimple-3-- -· -· 

3a.-Hytlroxy-3{krijluoromet/1yl-Sa.-pregnan-20-one and 3P-Hydroxy-
3a.-trijluoromethyl-Sa.-pregnan-20-one -

--' -, '>-- To s0lution of'5u-pre.gnan:.;3,20~fone 2kthyl~ (356 mg; 0.987 

-mmol) in dry 1llF (5 mL) was added O.SM F.3CSi(CH;}3 (in 1HF; 2.5 mL, l.25 
:-~ ' 

-~ol). The:ic:Sultl11g c<>l<>tiess ~Iution was co0lecho 0°C, and n-Bu..NF•xH20 

{few crystals) Wai acided. Codling bath \ws removed. Evolution of a gas 

· (Me,SiF) ~· obB-ved, and the reaction ~bitlon tUmed yellow. The mixture 

is · w&S-stkeci ~t fuom'temPetature for 30 ·min.· fi.c c3:1 hexane/acetone) showed 

. ___ , ,- ~mplete'consUiilption of~ stamng matetjal;the neW'Spot moved almost with 

- ~lvent-froiit. ;s~m&iy,° IN HCI (-3 mL) \Vas added, arid the resulting two~ 
·-... 

· phase mixtufe -- ·was - stlited--- m:· room ~Peratme overiiight n.c @.tl 

~acCto~)ilo~~,-~Iayed a'.'~gl~ spc)twith an R;bf-0.5. On other hand, 

20· -;- -_, - - wheii CH
2
Cl

2 
'was:~ ·there-~: iWc) ~lo~ spots, the 'top· one being for the 

: . ~ .. ~ :.' .:: 

25 

... •:'.· .. 

- ·- millor ~uet 'Bihei-:~ ~,-"~etl~~- the'iqUeom layer was back­

~- with 'ether~' ;.The- ~binecf organicfWeie Wished with saturated 

: NaHco, ~ ~ driect (Mggo .. 5~ 'til~ -~ evapOrated under reduced 

pressufe to '.~~ a·:White ''cryStamne·~-(~oamy) ·s0n~-- 'Which was flash­

-- --- ChromatO~~ employing"'CHict:~ ei~-
B~rilli~ ofe8riy fraclibns_~-'3u-hy~~3P-1ritluorom~yl-

-su..~~-20-c,~ c1cf~>~ --- -
. ··.·. ' : .=··· . . ·'·.. . . '·:._;, '·'·'·: ;; 
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F~ elution of the column gave 3[l-hydroxy-3cx-trifluoromethyl-5cx­

pregnan-20-one (200 mg), which on the basis ~f 19F NMR and GC-MS also 

contained 1.5% minor product (i.e., 3cz-hydroxy-3()-tritluoromethyl-5cx-pregnan-

20-one). In order to remove this impurity, recrystallization in hot 60:40 

S hexane/ethyi ~ate was attempted; no crystals ~ formed. Finally, highly 

pure 3()-hydroxy-3ci-trifluoromethyl-5cx-pregnan-20-one (145 mg) could be 

obtained by subjecting the above 97.5:1.5 mixture to another flash 

chromatography with CH2Cl2, mp 181-3 °C. 

Example4 

10 3p-Hydroxy-Jcwthenyl-~ pregnan-20-one and 3ci-Hydroxy-3fkthenyl-SP­
pregnan-20-one 

· A solution of sp-pregnan-3,20-dione, 20-ketal (1.18g, 3.3 mmol) in dry 

.1HF (20 mL) was treated with vinyl magr:wmum bromide (lM in 1HF, 3.7 mmol, 

3. 7 mL) at -70°. After stirring the mixture .at this temp. for 5 min and then at rt 

15 for 2.5 h, it was quenched with sat NH.Cl solution. (10 mL). The solvent was 

removed and. *1ie residue was extracted. with EtOAc. The organic layer was, 

washed with.~' dil. NaHC03 soln., water, and brine. After drying ov~ 

anhyd. MgS04 the solution was filtered and evaporated to yield the cmde procJuct 
, 

(1.2 g). This cmde product was~ dissolved in acetone (20 mL). After adding 

20 IN HCl (10 mL) the solution_~ stirred at rt for 15 h. The solvents were 

removed and the residue was extracted. with CH2Cl2• The organic layer was 

washed with water, dil. NaHC03 soln., water, and brine. After drying over 

anhyd MgS04 the soluti~ was filtered and evapomted to yield the cmde product 

(890 mg). This crude :product was then dissolved in a small amount of CH2Cl2 

25 and poured on a column of siliea gel On elution with toluene:acetone mixture 

(94:6) gave 3ci-ethenyl-3P~hydroxy-5P-prepan-20-one (1~6 mg) as a first 

fraction. Further elution with the same solvent mixture yielded 3p..ethenyl-3cx­

hydroxy-S()-pregnan-20-one (189 mg), m.p. 113-116°. 

f 
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·' .. ··. ; : ·,. '· 
. ·.-._ 

: ·. ·' . - : ·'.. ::. . . . ';. ; ~ ·., : 

: .. ·· .. ;.;:: '· ;. ·: 

·-.·., :·· ;:.·:·: .. · :;_.·... :: ,, ...... · . 
. . , ..... 

·a.': ···•· Ja.-Hyd~SiWulilrastan-17;.;0ne: · · 

· ··· ·· ··To ·a~·S()1~~b.· of' 3P-hymox}':su-andr0stan-17~e '(6g) and diethyl 

· ai.odicarboX)rla~ (s:04 g) in'THF (SO mL) W8$ added trifluoroacetic acid (3.3 g) 

5 . : . ' 'and the im~:.1'e~e yelfow. Then tnphenylphosphilie (7~6 'g) was added. 

' The ~ori tuinc=dto coloi-less and heat was givell off. Sodium benzoate was 

.· .· ·added--atter=s -~:and then water·(lOO mL)was added. The mixture was 

10 

,·:: 

. ·; . ~ 

extracted with m~tbylene chloride (3x80 riili)'alid orgames• was dried over 
. . . 

magnesium sulfilte· The solvent was removed in vacuo and the crude product 

· • .. ·.· · · \Vas' hydi-01Y2:ec1 with pc)t&SsiUin hydi"OXide(to%~: u>· mL) in methanol c1so mL) 

for l h.: :Most~f.tbtdnethanofwas then reb:i~ved tn·vaeuo and the rema;mng 

,, niaterlal ~l'F~pned betWeen ·methyleil~ chloride and ·ammonium chloride. 

'The producf(4~7 g,,78%) was purified by chrOmatogmphy (CH2Cl2: acetone=9: 1). 
·: .. ·.·: ; .... :· ...... 

·. '· -

·1s _,.., · · ·· ···3~Hy~~y;s£z~alldroStasi-1.'7-one(2g,'6i9mmol)was•added to Wittig 

20 

·. · realent -~~:from i>roJ>YltrlpbenylpljQsphium bromide ·(13.3 g) and 

·' · · potBSsiuht i-t>~cie~·(3~9 g)m THF (20•mL). ThC'reaction was: refluxed foi12 

hand coolCdtp lS~t~' .Then,a>soIUtion''·olairunommn chloride (60 mL) Wis 

added and the org_anic layer was separated;~ separatory funnel. The aqueous 

layer was ~Withmethylene.chlOri~·(hsOmL). The organic solution 

',·="===·==::== 
· ==1:i:7) to·~ &s4 g'of p?Oduct (39-A)·. )t'W&s·mixture of·Z and E isomers 

' (Z:E==l3:l)~ ·: ... , . ,, ' : ' : 

/ 
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G. Ja.-t-Butyldimethylsiloxy-21-methyl-Sa.-pr._egn-17(20)(Z)-ene 
·.~:-~~~:-:.~, ..... ~~~-;.. .-

The mi~ ~of 5a.-3a.-hydroxy-21-methylpregn-l 7(20)(Z)-ene (0.84 g, 

2.66 mmol), 1BDMSC1(1.2g,8.0 mmol) and imidazole (0.91 g, 13.3 mmol) in 

methylene chloride (10 mL) and DMF (30 mL). was stirred for 12 hand then . . 
S ammonium ~ori~ was ~ed. It was then extracted with methylene chloride 

(3x40 mL) and washed with brine (SO mL). The organic solution was dried over 

potassium carbonate and then solvent removed and it was found that there was 

still some DMF. It was then redissolved in ether and washed with brine (2xSO 

mL) and then dried over po•um carbonate. C~piatography with hexane 

10 resulted 1.14 g of the pure product (1 OOOAt). 

d. 3a.-t-Butyldimethylsilox.y-20a.-Jiydroxy-21-methyl-Sa.-pregnane 

Toasolulionof3cw-butyldimethylsiloxy-21-methyl-5a.-pregn-17(20)(Z)­

ene (1.14 g, 2.66mmol)in1HF (30 mL) was added diborane 1HF complex (IM 

solution in THF, 5.3 mL) dropwise at 0°C. The reaction was allowed to warm 

15 to 25 °C for 1 h. Then a solution of sodium hydroxide (200At, 10 mL) was added 

very slowly at 0°C followed by an addition ofhydrogon peroxide (30%, 10 mL). 

·Aqueous ammonium chloride then was added and 1HF layer was separated by 

separatory funnel. The aqueous layer was extracted with ether (2x40 mL). The 

organic solution :was dried over potasshm carbonate and the solvent remov'4.in 

20 vacuo. The pure product was obtained by column chromatography (0.52 g, 44%). 

e. 3a.,20a.-Dih~21-methyl-Sa.-preg11ane 

A solution prepared by mixing HF (48%, 5 mL) and CH3CN (30 mL) was 

added to aflaslc(X)Jltaining 3a.-t-butyldimethylslloxy-20•hydroxy-21-methyl-5a.­

pregoane (0.51 g) and a white precipitate appeared. The reaction was stirred for 

25 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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.···_, · . . :· 

3a.,2I~Dihy~3Ji-trijluoromMhyl;..sp-19~norpregnan-20-one 

To a soluti~h of 3-u.;liydtoxy-Jfj-trifl~oroinethyl-5(}-19-norpregnan-20-
one (300 mg, 0.87 mmol) in toluene (15 mL) was added MeOH (1 mL) and 

s: , · . . · BF3 'OE~ (l .4 ID):.,, :i l.3 mmol)~ . The reswtin.8 mixtunfwas cooled to 0°c and 
Pb(OAc)4 (O.s4·g, 1.21 mmol) ~ ~d~: .. The:~tion ~warmed to 2s 0c 

15 

20 

25 
'··· ; .. ~: . 

. ·.. . . . . . . 

.... '· '-Wi~ .$mrlns fot.45 ~ anci ili~ '.Niffco~ s~iµtf ~11 (sat, '30 mI> was added, and 
"'.· . ·.. .. ; , ; . . .,. 

. .. the Inixture was ~for l h .. >It \VU paured fuio isq,aratocy funnel contafuing 

;:. :' ..•. ~ter (SO mL) 8¢ ~-:'.Witheib~-(3x4o._nlL).'' The ethe~ solution was 

•: ~hed With briil~·(so mifarid·th~ dned:~~er.K2C03~·-·'fh~ crude product 

. ~bwnCd by ~oval ·of solv~{~· d~~iv~ fu 'MebH (ls iDL) and K2CO~ . . . ' 

' "' solution (sat, 8 ~f)'was'added. ;·Th~ ~cti#11 was ~rred fo~ sh and then the 

.. · · reacnon ~~·:pom-ed into a.~iory·ftmn~l ~ntaining SO mL of water • 

. ·····-It was ~~-~th CH
2
Cl

2 
(3x30.mL)~,Th~'~hmextracts were dried 

.. :()~~ K2C03 and~ ~e ~at~btiunecl ~piirfued by ~inatography to 

give the product (160 mg) along with 21-IQ.ethoxy by-produ~t (40 mg). The • .: ,_. ·.· .. :"··.. .·.,1 . 

·' ploduct was furlherpritlned bf teery8'inziti~~ itoai l'o%'acetone in hexane to 
' ' ··give 88 mg.of the'~ -~duct:ClS~ffiS·~ ~ie'Srill~ ~P~ i40~142°C. 

: . . ' ' ; : '· 1' :' • • '. . . ·, : ; : • . . .• : : ; :~ ;1 ~ ; .• : . 

Example 7 

·::; 

3P-Ethynyl-3a.,iWJ,~regnanea11f!3P-Ethynyl-3u,20P-tJih~ Sfj-pregnane · · · · · 

. · · -···To8'.s<>1utionof3~l~~iz .. b)tdroxj.,s~pregnan-20-oile(0.31 g, o.91 

mmol) in methanol (20 mL) wm;_ ~,~wiil,o~ydri~ (200 tlig, 5.3 mmol) 
; ·. ~ .. · .. ·· ' . ,.·~· '' ' .· . . .. ;: . .. . .. , . . •. 

~1~~:;r=~==; 
i>1'ePn~ (200~g/65%) 8s ttaaj~Jmxtuct. ~P~:221'~223°C~ The minor product, 
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3P-ethynyl-3£Z,20£Z-dihydroxy-Sp-pregnane was further purified by another 

chromatography (25-30% ethyl acetate in hexane, 16 mg, 5%): m.p., 187-188°C. 

Example8 

3a.,21-Dihydroxy-3p..ethynyl-JP-pregnan-20-one and 3•Hydroxy-3P-ethynyl-
5 2l~methoxy-Sp-pregnan-20-one 

·To a solution of 3£Z,21-dihydroxy-3p-ethynyl-5JJ-pregnan-20-one 21-

acetate (725 mg, 1.81 mmol) in 45 mL of methanol at 0°C was added an aqueous 

10% K2C03 solution (3.75 mL). After stirring for 30 min at rt, the mixture was 

recooled to 0°C and a 2N aqueous HOAc solution (1.8 mL) was added. The 

10 reaction was adcied to an EtOAc/water mixture. The aqueous layer was extracted 

twice with ~tOA,c and the pooled organic layers were extracted with a brine 

solution, dried (N82S04) and concentrated. Purification by flash.chromatography 

(20 cm of silica gel in a 4 cm dia. column, eluted with 2 liters of 200.4 

acetone/hexane) gave 582 mg (90%) of the diol as a whiw solid, mp 155.5-

15 157°C. 

20 

In larger scale preparations of the 3£Z,21-diol, a less polar impurity was 

isolated, mp l 76-178.5°C and found to be 3£Z-hydroxy-3P-ethynyl-21-methoxy-
. . 

sp-pregnan-20-one, probably fmmed as a by-product in the preparation of ~-il­

acetate. 

Example9 

3P-Ethayl-3a.-lty~Sa.-pregnan-21J..one and 3•Ethenyl-3P-/iydroxy-S• 

pregnan-20-one 

A ~lution of 5£Z.;pregnan-3,20-dione, 20-ketal (720 mg, 2 mmol) in dry 

THF (20 mL) ~treated with vinyl magnesium bromide (IM in 1HF, 4 mmol, 

25 4 mL) at-78°. ¥ter stirring the mixture at this temp. for 5 b, it was quenched 

with 2N HCl soJution (2 mi..). The solvent was removed and the residue was then 
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dissolved in acetone(25 ll,1L).: After adding 2N HCl (10 mL) the solution was 

stirred at rt for 15 h. The solvents were removed and the residue was extracted 

with CH2<:1.2'.::The organi~ laYFwas,~h.~c:r.w;..91 water, dil. NaHCO fOln., 
. ·· .. · .. ·.. . ....... ·.- . ''······ :.·: :: .. , : ·:•.: .. : .-:· 

... ., . . ,,, . waterr.~ ~--After~ QVF ~ci MgS04 ~ solu.tion was filtered and 
. . .· .. ' . .. . .. . . . "' . . .. . . . .... : : ... ·. .-~· 

S.,: . .., :-; . evapo~~- to yield the crude.prodlld.(1 g):.·> 'JJii~ crude._p~,d~t was then 
. . ·. ':.- : . .. . . . .: ~ ': • . . ' : •. ·. • •. ··: .•. : .· . .. ;. : .l : • ' •• _.., 

dissply~.in •.small a.mot1Pt e>f:CH2Ch, and J>Q~ ~n.~ colUIJUl of ~ilica gel. On 
. ·. .· . . :. . ·. . . ·~ ' . . . .. '· . ' .. : •.. . . . .. . . . . ' : . 

.") .... :. 

elution with tolilene:~tone.xnixture.(95:5) gave 3~-ethenyl-3cx-hydroxy-5cx-

pregnan-~Q-pne (150 ~g) as a.~ ·~on, ~p.:.:l6~·-i6s ~-.· f~er .elution with 
. . . . . ... · ·. ·: . • ":. . ;. . .• · ... · ·. ' ·. . . · ... ' ..• . . .. •. : . ,. . . . .• . ·. J ... ! . ." '. : : . : >: . ·.~.-.: . , .... · 

• ~ ~e SQlyent ~-,yi~lded 3~~e11Y.~ .. 3~ .. J:iydroxy~5cx-pregnan-20-one 
. . ·· .. ·.. .. ·-:.= : .. ·. •"'·"'"'··· .. · ·;:: .·.:·:,;,:·:·:-: -:. .·.":. . :-: .. -

10 , .HSQ~g). .., ~> . ..·.. .. , . . ...•. 

. : .. .-. :' .;· :::~·:. ~- ., .. _., .... 
·'. : .. · .. :,· :;.-;. 

·: ·· . 3a.•Hydroxy-3~Vf,uoromethyl·5~19-nol'J1.~gnan•2~P..~ .. 

To · a·· .S<>lution of.:: 3a.~hydroxy-3p.;tiifluofO~e.~yl.,~a.-l 9-norpregn­

, ·_:. ,_.,. ,_.· ... . . · l 7(20)(Z}'ene {2~6 g~ 7.3.· mmol)Jn·THF.' :(S~:::JDl); wu, .a44ed d~borane THF 

15· <;"' · · · eomplex (lM ~l~Ori- in ·THF, 22•mLl dropwjse. at.75 O.C. .1:4e l'C&Ction ~ ·. 

· ' · · · · <complete in l h. ~-·then a.solution ~fsodi~:·hYdroxi4.e (~()%, 50 mL) was 

..... · ' . added very slowJy ~t0°C :(ollowed by aQ. addition ofhyt;lr9~ ~xide (30%, 

30 mL). ,;wai;, ~;was·added,and THF)a~er ~~--by separatoiy 

•- .--:.:;.· ·· :. ftimleL> Theaq~~'.:Jayetwas extracted Witl1.methyl~~:.chl<>Jj~ (2x40 mL). 
. .. . . . . ~ . 

20 · ·The ~c:·1oi4n911.was dried· over pan.sSi~ 98fix>~ ~the solvent_ 

· :removed in --~~···A quick· column ~:~l;ll ~ted._ 1 .• 8 g product 
:1 .·.; • •. . . • 

which was subjected to PCC oxidation (PC¢~'24 ·g; 9~~ ~l;.sodium acetate, 

0.8 g, 9.6 mmol) .. The pure product (?OO·mg, 26%) was purified by column 
:=·: 

chromatography usin~ ethyl acetate and hexane(l5:85) as eluent; m.p. 151.5-

25 153.0°C. 
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Examplell 

a. · 3(R)-Spiro-2'~ane-sa.-17JJ-hydroxyandrostane 

A miXture of trimethylsulfoxomum iodide (6.82 g, 31 mmol) and 

potassium t-butoxide (3.5 g, 31 mmol) in THF (30 mL) ~ heated to reflux for 

S 1.5 hand then·eooled to 25°C. 17P-Hydroxy-Sa.-androstan-3-one (3 g, 10.3 

mmol) was then ~ded and the leaction was Stirred at 25°C for 2 h. Water was 

then added and the mixture was extracted with ether (3x80 mL). The extract was 

10 

dried over potassium carbonate and the removal of the solvent resulted in 3 g of f 
fairly pure product (crude yield, 96%) which was used for the next step. 

b. 3P-Methyl-3il.-hydrox:y-Sa.-androstan-l 7-one 

To a solution of 3(R)-spiro-2'-oxirane-Scx-17P-hydroxyandrostane (3g, 

9.9 mmol) in THF (SO mL) under Ar was added lithium aluminum hydride (LAH, 

1 ·M solution in T.HF, 10 ml) and the mixture was heated to reflux for S min and 

then cooled to 2s~c. ·Ammonium chloride solution (aq., sat., 70 mL) was added 

15 · and the mixture was then extracted with CH2Cl2 (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 (4A, 10 g) were added. The mixture w8s 
then stirred for 20 min and tetrapropylammonium perruthenate (200 mg) ·was 
added. The readiol'.1 was complete in LS hand the reaction mixture was filtered 

20 through Florisil which was rinsed with mixture of CH2Cl2 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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=···. 

·... :· 

. To a' \V!ttig reagent · prepm:ed\· by,· Stirring-:.- tire. mixture of n-

. <•. ··· · cpropylttiphenylphosphonium-·bromide (2~55.-g,·.:6.6 mmol) and-·potassium t­

butoxide (0.75 g, '6~6 minolJ ui"THF ·(20 IiiL)'Jor~o .min was added 31}-methyl-
.··, .. ,. 

S 3u-hydroxy-5u-anclt0stan-I 7-one (0.5 g, 1.65 ~ol)and·themiXttire.\vas heated . . . 

to reflux for 18 b.:.. The reaction was then qu~ched with ammonium chloride 
. ~· _; 

solution and extm,cted 'wii1l·:CH2Cl2• The p~ product (420 mg, 77%) was 

obtained by chrom~tography (20% EtOAc in h~xane). 

·. : . ..... ·.•·· .. '· ' . . . ·" ;; • : : ' . i' . . ~ .... • .. 

· · I/. ... '.: .:· .J~Oa,-])_Utydr~3-P,Zl~yl-5a.-preg'Y'n~.- .. 

10 · · ·: To··a ·SC>lutlOli of 3P,2l~~~yl-3u~hYdro:Jo/~5u~~p-1;7(20)(Z)-ene 
· · · . · .. J0..42 g,· 1.27:nun0l)·m J'HF'.::0() iµL),:was ~ di~e J'HF ~mplex {IM 

.. <solution in THF, 2~6 m.Ll drgpwise ~t0°C. 'fhe reac:tion ~allowed to warm 

. to;2S ~.C fot 2 h. · neri a se>lqtion. of so.dium hycir.oxici~ {2. N,_.1.0 ml) was added 

.. veiy·slowly at 0°t f~llo~.by ~ ~tion_()f'~~C1:1 ~de (30%, 10 mL) . 
. :; . ···:... . . 

15 .·. :: · /Ille ~on was StUte4 at 25~CJor 1 b. Aqueatis·aminonium ch1oride then was 
' .· ... ·.·. . . . · .. · ... · . . ... ... .. . .. 

added and THF.~~ separated by ~ry ~L Tue &qllC()US layer was 

. ·.• :extracted·'.with C~2Gl2 (2x40 _JllL) .. :,JJ1e .drganic ~lutio~· was dried over 

· ·.· .. : ~-potassium -~Bate.:•d ··#le 59i~ ,rem~vr.d· in .Jacuo, • . •. -~-- product was 
·. : obtaine4 by.~1uh-m:ch,to~sr.pltY· (Q.l"kg,, 38%)~, It was -.~er,purifie&-by 

• "; .. ·. ·.. . • • ·•·. . '. , . . >. • ·~ ·'" .. • 

·. :, ;· 
\. ·. ~. . . ~ .: .... · ~ ,, .. :· . . ... :·:: .. _,.,: : .. ··· .. ; 

. . . . · · · .. Example·li · .· .· >· 
... :· .. 

:··;·:.,_.· ~'", ':;..::: . ·~· ~. ~··,, ~-/~ ·... . . : . . . . . . ~ . . . . :: . 
. ··,,·· ;: .:'.''\. ·. :· >. . 

..... , .. ,_ ... ·.: .::,·: 

A solution of 3u,21-dihydroxy•3P-trifl'U()~~yl-5P-pregnan-20-one, 
; ....... , 

21-acetate (l.36g, ~:06 mmol) hi MeOH (7SmL) ~cooled to 0°C. A solution 

25 of K2C03 (1 OOA a,qti.eous, 6.45mL, 4.67mmol)~then added dropwise. After 

stirring for 1.S h(>~ -'1( 0°C, a solution of acetlc ~acid {2N aqueous, 2.SmL, 5.0 

mmol) was added:~P'Wise and the mixture ~:ijlowed to warm. to room temp. 
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EtOAc, CH2Cl2 and water (1 OOmL each) were added ,and thoroughly mixed. The 

organic phase was isolated, washed with aqueous NaHC03 and NaCl solutions, 

dried over MgS04 and evaporated in vacuo. The residue was p~ed by flash 

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

5 79%)9 mp. 148-lSO'C. 

Example13 · 

Sodium Ja.,21-dihydroxy-Jp..ethynyl-S(i-pregnan-20-one 21-hemisuccinate 

A.s0lution of3a.,21-dihydroxy-3P-ethynyI.;.sp-pregnan-20-one (535 mg, 

1.49 mmol) in 2 mL of dry pyridine was treated at 0°C with solid succinic 

10 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 lO mL) gave a gummy solid which was dissolved as 

much as possible·in CH2Cl2 and added to 13· em oftlash silica in a 2 cm dia. 

column. Elution with a gradient from 5% acetone/CH2Cl2 to 1000/0 acetone gave 

15 667 mg of the desired acid. · 

To remove pyridhlium salts, the acid was dissolved in EtOAc and 

extracted with an ice-cold 0.01 N aqueous HCI solution (30 mL). The organic 

layer was dried with NaiS04 and concentrated. The residue, 633 mg, mp ..... 62-

680C, was dissolved· in methanol and a1i aqueous solution of 116 mg (0.253 

20 mmol) ofNaHC03 was added. After stirring for 3.S 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 s0luble in water 

at> 20 mg/mL. 
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Examnle14 .. ·.· . 
. . ,.: -~ . ;_· . ·· .. ~'· ... ,::·'r"··,_._,_.,:,_ .· .. · . 

·., ',: . , ····:; j ·. 

.. , .... :, . JA-;Fluo,ro1'11!thyl~Jtt.rhYdrox.y-~~p~gn191-20-o11e , .. · 

. .· .J\.~ cit~~au..NF"xH20 (7.87~ g)'•arid benzeIJ.e (50 mL) was refluxed 

.. : ·. ·: . with a Dean-Stark:ttap .. ovemight ·The .. ~, which~ nota clear solution, 

5 . . . .. was.th~~~~4~·(nol11laj_p~)to"";l~JJiL and allowed to cool to room 

10 

ten.ipc:pi~~::, .. A ~ol .. ution of 3(R)-S,u-~gnan.:.3':"spir()-2'oxirane-20-one 

.. ~Aiy~eneJ,cet.11.d.ss;g,.~.81.mmol)~.dry ~e os mL.+:5.mL.fortherinse) 

was added, ~:~·ciotibl~nded needle, to. the ~V'~ -~~cen!rated.solution. The 
' . '· . ... . :· .. i(: . . . . . . . . . '••. . . . 

. . resultiJig ~ol\1tlon. Was c,<>n~ntrate;d, us4Jg a ;$bort-p•th.c:li,stil1Jtion apparatus, to 
. . .. . ···.·, · ... ·' .. ',.. . .. 

-10 mL and ~fl1JXed for 1 S min. Since )t was very dlffi<iult to spot the 

concentrated ~on: solution on the TLC plate, dry benzene (S mL) was added. 

TLC (100:1 ca2bi:1a,~ne.or ~:1 hexane/~ne) showed some umeacted 
·.' . . . ·~ ·. : . . ~ .· ' .. , .. 

starting materia},i~~ides two new less-pol~ ·spots. The reaction mixture was 

, ··.· .~.concentrated and ~eJ1.~tJ~ for 3Q min; TLC (a{ter 4i1uting the mixture 
• - • •• ' • • • • •••• :~ • • < ·.,, ~ •• • • • • • ' ~ • • • • • •• 

1 S ~th benzene)-110\§~~wed aimost complete (X,i#umption of the starting epoxide . 
.. ..... ' 

20.-

-. . ' As before,· the mfume .was concentrated and.~fluxed for a while. It must be 
:. __ ,.::.·: 

'!'Oted ·here'. (hat° th# "reaction takes place. o1ily when the '.mixture is highly 

.concentr.Qted · ~ th.e:mixture bad come~ ioom. temperature (giving a light­

. ; .··. yellow·'solid)~· ether an4· water were added. : s~ •all the.solid did not dissoi\ie, 

· ,_CH2Cl2 ·was0~ :. Jbe aqueous:layer;~ ~-eXtrac;ted .with CH2Cl2• The 

combined·orgarilc·~ were ~witb'.watef :(x2); dried (N~O,), filtemt 

~d evaporate6 ~~ ~uced pressure~ ~de. a White solid (3.33 g) whose 
. •'· .. , .. . . --.· 

1H NMR showed:-it :~be a 4:1 mixture of.3P~tlu~methyl.;;3'cz~hydroxy-Su­
pregnan-20-o~:ethyleneketal and 3u-fluom--~P-ttydroxymethyl-5u-pregnan-20-

25 one ethylene ketal. .··. ·.. . . 

1n order'irihydrolyze the ketal, acetdnec1oo·mL), water cs mL), andp-
. . . . . 

TsOH"~O (143. IJlg, 0. 752 mmol) were ~'.~o the above solid. The pH was 

adjusted by ~i11g ~ l,ic1 until slightly acidicS'lbe mixture was heated with a 

heat gun for a•~le U1 order to get a clear s<>tiition, which was stirred at room 
; :: . 
. ,:: : 

·: . . , :. 
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temperature for 2 h. The mixtme became turbid, so CH2Cl2 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 

CH2Cl2 and water. The aqueous layer was back-extracted with CH ~I .2 The 

S combined organics were washed with satUrated NaHC03, dried (MgSO.J, filtered, 

and evaporated under reduced pressure to furllish a white" crystalline solid (2.5 g) 

whose 1H NMR showed it to be a 4:1 mixture of 3cx-fluoromethyl-3cx-hydroxy-

5cx-pregnan-20-one and 3cx-fluoro-3(3-hydroxymethyl-5cx-pregnan-2<kme. Flash 

column chromatography of this mixture with CH2Cl2 as eluent provided the . 
10 desired 3(3-fluoromethyl-3ex-hydroxy-5cx-pregnan-20-one (1.41 g, 59%), mp 201-

2030C. 

Example JS 

3fl-Ethynyl-3a.,20a.-dihydroxy-Srt.-pregnane and JP-etJiynyl-3a.,20JW/ihydroxy­
Scz-pregnane 

15 To a solution of 31J-ethynyl-3cx-hydroxy-5cx-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°Cfor 1 h. Ammonium chloride (SO mL) solution was 
then added and ·the mixture was extracted with CH2Cl2 (3x30 dr). 

Chromatogmphy(Et0Ac:Hex=3:7)resultedm3f3-ethynyl-3cz,20(J-dihydroxy-5a-

20 pregnane (192mg, 60%)asmajorproduct: in.p., 195.5-197.5°C; and 3(3-ethynyl-

3cx,20cx-dihydroxy-5cx-pregnane as the minor product (19 mg, 6%): m.p., 210-

2150C (decOmp.). 
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, ;' . , .'.· ._ •• -••..• : · ·= •• :>Example"16 · ·· 

.·.:··· ,. ·,, .. . ;· ... · 
·. . . . · ... 

,· • .. Ja.,20a.:-Diltyd~21-met/fjl-5arpregnalie/JiShemisuccinaN · 
·· ·. ·· · '· To a ~fla~ containing 3cx,20ci&ydr0xy-2t-methyl;;.Scz-J>regnane (350 

· : , mg,. LOS ·imriol)<Was, added· pynmn~' (anhydrom~" S ·mL)'ana ·then succmlc . .. . . . . 

s . . .... · .anhydrideJl,g, t().'~ol)Was added. ·The miXtuie was heated m a oil bath at 
... ~-

, : lOO~C·for20h:~d,thett·Co<>lecHo 2S°C. ·If~ mixed withHCISe>lution (IN, 

,. · ... 70 mL} and .. ~c:ted with EtOAc .(3x40.'inL)'and· extracts were dried over 

N~S04• Th~.~d~t (0.54 g) was obtained, by chromatography (7% MeOH and 

0.3% HOAc izi.Clii¢1J and was further purified by recrystallimtion from EtOAc 

10 to yield 334 m.8-~fthe product (60%), m.p. 159 .. 162.5°C. 

.. . . Example 17 ··: .. :.. 
... ::· ,_··~ < :-: 

. .. ~ '.' 

, .. == • • .• •.. ·.. =5P•3-Bthylenemoxy~l7~ (6 g) was: added to Wittig reagent 

• . .· _.? pro.duced, trol!i ethrl~phenylphosphonium'.brOmide '(15 g) and 'potassium t-

15 butoxide (4.5 g) iil 1:HF (15 ,JDL).: The reaCtion wu·refluXed for z:h and cooled 

to 25°C. Therihlethylene chloride (80 mL) and a solution of ammonium chloride 

(60 mL) wasadck~cf~:tbe organic layer-~~ted by separatory funnel. 

The·. aq~ul hlyer · ~-::eXtracteci: With· metb)'lene. chlOride (2xSO mL). The 

20: ... . · =·c:j[:=..z:::::::=n: ... 
·obtained prod~ (~ .. gjwas dissolved ·in ~:(•oo lnL), and hydrochloric acid 

.(2 N,° 1 o mLf~• <The crude:ptoduct(S.5 · g}'obtained by a basic work-up 

followed by m.lene chloride extraction ·~·purified by chromatography to 

produce 4.5 g ofprOduCt. (83%). The pure ~~mer was obtained by repeated 
·' .. 

25 recrystaJlintion frOm hexane . 
. ·.· :·::·; 

·: .. · . 
. . ·· 

· .. •' 
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b. 3a.-Hydroxy-3Ji-trlfluoromdlyl-JP-pregn-l 7(20)(Z)-ene 

· To a solution of 5P,-pregn-17(20)(Z)-en-3-one (950 mg, 3.17 mmol) in 

1HF (15 mL) was added tritluoromethyltrimethylSilane (0.5 M solution in THF, 

9.5 mL) at 0°C. The solUtion turned to brown gradually ·and the reaction was 

S finished in 30 min. Water (30 mL).was added and organic layer collected. nie 

aqueous layer was extracted with ether (3x50 mL) and organic solution was dried 

over p_otassi~ carbonate. The pure product (680 mg, 58%) was isolated by 

column chromatogl'.aphy using ethyl acetate and hexane (1:9) as eluent 

10 

Examplel8 

a. Ja.-Hydroxy-SP-Jlrtgn-Jl-en-20-one 

To a solution ofSP-pregn-11-en-3,20-dione (Sigma, 1.5 g, 4.77 mmol) in 

THF (40 mL) was added lithium tri-t-butoxyaluminum hydride (1 Min THF, 5.7 

mmol) at-78°C slowly for .15 min. The reaction was allowed to warm to 25 °C 

for 12 h. The mixture was partitioned between ammonium chloride and ether and 

15 the crude material thus obt&ined was purified by column chromatography (10-

200/o acetone in heDDe, 1.3 g prOduct, 86%). 

b. 3a.-Hydroxy-JP-20i20-ethy~pregn-ll-ene 

To a mbd:me of 3U-hydroxy-SP-pregn-1 l-en-20-one (1.3g), ethylene 

glycol (8 mL) and trimethylorthoformate (20 mL)was-added p-toluenesulfonic 

20 acid (0.1 g) and the reaction was $tined for 1 h.· A normal workup (sodium 

bicarbonate and ether) foll<)Wed 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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· .. ·., . . SJ$-20~20-Ethyl~edioxy-5(}-pregn-11-en,-3~,ie . .. • .. . . .. '·..... . : . ·•. . \. . ··. -.. . . .__ .... ~ . . . . -. : - . ·.- .: . 

·A JDixture of3u-hydi'o~-2Q;20:-ethyl~e<fio~y ... ~(3-pr,egn .. U-ene (1.2 g), . . . ...... · .. · ... ·· .. ··· .. ····· ·-· ....... " . .... . 

~sodium.acetate-.(0~53.g).and PCC (1.4 g)was.stirred at.2S~C for.1.h and then 
'·'··_. <'• : - .•. :• ·· .. : .... ·.··.- ·,·• .. : •. : ••. · .. ···-.:· • • •·· •· . ·•• · •. , . • : ·.· : : ..• . • : •• -··. 

. .. . .. . \ ,filtered ~ughFlorisil eluting with 111ethyl~·dlloride .811dether (1 :2). The pure .. - . - ~ . - . . .·. . . . . - .. . . - . . . . ..... ' .. - . . . . .. ... . . . .. 

5 product was obtain,~ by column chromatograp~y(aceto~:ll,eJC8!1~l:9, 0.71 g, :. 

600Aa). 

: < -~ . .' ..• 

d. Ju-Hydroxy-JP-trflluoromethyl-5(}-pregn-ll-en-20-one 

10 

'(o a so•uti()n of 5P-20-ethylenedioxypl'Cgn-11-eri-3-9ne. (710 mg, 1.98 

:::t~1t~~::~~ ': . -. '.. , .. 

solution turned to liown gradually and~ reacti~ was .complded in l h. Water .. . . . '~--·: ·· .. :.:. ·.·.€· :::,_' <-~::: .. :: :·_. ... · ... ;:- ~~,::' '.. . ''. _.:. ,;.·. · .. ·'.·_·.:·>:·· -":\·;~,-'·:·:·. '·-'"- - .. :~ ~ ;,:_ :··'.~.; . :· .. 

.. ,, .. _. ... (~O~)~.ad~·~-~c:~yer,~11~ The.~layerW115extracted 
with~ (3x40 ~).and organic solution was clried over potassium carbonate. 

~ .~ pn><l~ obtahied by~o~ tlle .;~~~'. ~ hy~lY= by HCl (2 · ... : .. :: ... _,· : .... : '·::.·.·:. : < : .. ;::~·-:~,-.:··.· . ; '."·.:. ··, .·;· ::··,.·'· ,::>·:·.:-'":::·.: ·. ~-:::.·~~ 

15 . N,. 5 mL) in ~ne (40 mL) .. The pure product (554 mg, 73%) was then isolated ~- : :: ... ·,:,-·' . ':_ ·-· :; . . .., -.~ -:~ . . l,. ·.:·· . ·: ;1:· .. ~ ..... ·• .. -: ·· .• :·· ... ,;._;· : .:. ' ·. ·:>=··. :·:· : . :- ·.·; ~;, .. ·. . .. .. .. 
. by col1lDJ.ll. clJrcn,natogiaphy using;~yl acetate,~ h~e (i. :5) as eluent. m.p., · ... · 

. . ·. : . ·. \ -.. :- : :" . . .: : ' ,. . . . . '. . :· :·- -::;. ·.~. ,. .. ;· ··::~ ·. :· . . : . ~ ., 

_.16~.1(?2.5°C. 
.. :;,: ~: ·· .. · .. ·· :. : . 

· .. \. ·. ~ ~ :, : 

Exiltnple 19 

Ja.,21-Dihydroxy-JfMthynyl-$p-pregnan-20-0ne 21-acetate 

A ~e>n.of3P-ethYl.lyl-3u-hydroxy~S~piegnan-20-Qne (1.00 g, 2.92 

~°:l) _in l~ lll~·.Of<~~u:~:;· ~~;~~~.rt.Tl. ~f:~t' The resulting 

20 

solution was cooled. in an icCJwater bath.211ld: D.eaf BF3-E~Q (Aldrich; 5.8 mL, 

5.02 g, 3S.4.1DJD9l) WU. ~cfed. . Solid l~ ~~' (Afttrlch; 1.96 g, 4.42 . . . -· .... ~ ~-· . . .. :·: .. . . . . . ) . . . . . ; ; : ::;, ...... •' ~ ; . : ":. . .··. . . ' . : . '.· . .. : 

mmol) was, ~.in·a;few poJ:Dons~ .A ngJit purpl~:1olut;i~ funned initially and 

25 . . . . . .... became light ~~stirrhlg ~~aio~c. ·~~~ stinedat rt for 
••• •. :;·· ••• •• : •• •• '·· > -,·:: •::·· ··''. '.· ·: 

3 hand then recooledto 0°C •. lbe. C<>1d rc:actio~~ 'adcied to a mixtUre of 52 mL 
. . •. ··•. ,· .' .- .·:: : ; .• : ; • = .. ":." ·, • .. :'·. ·~ . ·.. . : : :.: • ,· :. • . • . •• -: • ":,: ·. - ;: .. 

,9f.~ sat: ~~G03 k>luti.011, ~~ -~ ~ i~. The resu}ting ~was 

. : :· 

. . ' ' . .- .· ' : ~-: . : . : . . ' .· : ·' 
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extracted with EtOAc (2 x 75 mL). The combined organic layers were extracted 

with a sat. NaCl solution, dried (N~S04) and conceQ.trated. The crude product 

was purified by column chromatography (25 cm of flash silica gel in a 5 dia. 

column eluted with 3 liters of 20% acetone/hexane) affording 749 mg (64%) of 

5 the acetate, mp 19~198°C. 

10 

Example20 

3a.,21-DihydroXy-3Jkrflluoromethyl-5P-pregnali.;.20-one, 21-acetate 

Under an anhydrous argon atmosphere, 3a.-hydroxy-3P-trifluoromethyl-

5Jj-pregnan-20-0ne (1.94 g, 5.02 mmol) was dissolved in toluene (86 mL} and 

MeOH (5.2 mL). Boron trifluoride etheratC (10.4 ml, 84.3 mmol) was added via 

syringe. Lead tetraacetate (2.89 g, 6.51 mmol) Was then added. The mixture was 

sti1Ted for 70 miD, poUred into w8ter and extnlCted three times with CH2Cl2• The 

organic phases were combined, washed With aqueous NaHC03 and NaCl 
. . . . 

solutions, dried over MgS04 8nd eVaPorated in vacilo to give a pale yellow solid 

15 . (2.18 g}. This solid was purified by flash column chromatography 

(CH2CltBtOAc 150: 1 and hexane/BtOAc 4: 1) to give a white solid (l.54g; 690A). 

mp. 167-168.5°C. 

Example21 

3a.-Hydroxy-3P-trf/luoromethyl-5P-/1~~20-one 

20 Reference: Krislmamurti, R.; Bellew, D.R.; Smya Prakash, G. K. J. Org. 

Chem. 1991, 56, 984. 

To solution of sp.pregDan-3,20-dione 20-ethyleneketal (60 mg, 0.166 

mmol) in dry~ (3 ml) was added o.SM F3CSi(c.11,), (m lHF; 0.5 mL, 0.25 

mmol). The resulting colorless solution~ co01ed to 0°C, and n-Bu..NF-xH20 
. . 

25 (few crystals) was added. Cooling bath was removed, and the mixture was 

allowed to warm to room temperature. Unlike the same reaction involving Sa.-

f 
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·· · ··. · · · . . pregnan-3~20-dionc: 20~thyleneket,al, the above f'AACtiOP: ~ture. did not tum 

·' ·yellow, and~·:~.w;!SnQ.g8$generation..'fL<::(3:l h~e/acetone) did not 

. .. . . · <.showany product fotmation. Sµb~~tly, 0~51\'1 F3CSi(CH3), (i,n mF; 0.5 mL, 
',··'\ 

. . . . ... '. Q.25 nunollWllS &dde4· .1be.rt;sultjng mixture was stirJ.J=d .. ~t rpom- temperature 

5 for few minutes.· TLC displayed a new spot-~ had an R, clo~ .tc;> 1, but there 

Was still some uDreacted starting material present. Therefore, more O.SM 

F3CSi(CH3)3 (in.Tlil'.'; 0.5 ~' 9~5 mmol) was added. The mixture was again 

stirred at room. ten,lJ>eia:ture for a while. No tlltieacted starting ketone. IN HCl 

(-3 mL) wa$ added,.and tile resul~g two'."pliase m~ wa.s stirred at room 
. ' .·. .. ·: . .. ····~· ··: "·'· ~--. ~ ·:. ·- -~·,· -~ . ··: .. · ... . . ': ,:"·'· •:"':··: . ··... . ~:~·.' 

10 .. ' ..... '~==~~~/!~~.ro;~,~=~~ 
. . . -. ,. :: 

. . . . ~ .· 

15, _ 
:,._ .... 

.. . l~~po~ spq~; the lower one Qeing the ~jbrp~duct !he~ was then ... . ' .. ~ . . .. . . ~ . .. . : . . . . . 

. ·. diluted witlt eihef·.lml ~- ~ ~~µs layer:was~ 81id~ with 
.- , - . . ·- · ...... : "; ···' - . ; .·•. . ..... ·' .. : .··. : .. _: .. · •.. : 

-~~Cf~:: .. 'I'll~.COJl1b~ o~c, laY.~ w~. WaSh~. ~th·~~ NaHC03 and 

btjpe, 9ned ~gSOJ, fil~. ~<i ~rated un4en·~(fuceci p~ure to give a· -· . . ·. . . . . . . ·.:'.: .. . . . ..... : . -,·, •: . 

white ~- (fo•y) $0li4~ .. 1H anci 1tf ·NMR,. of this solid revealed the 
...... •·' :: .,: '. .:: .;. . ; . . .. . : .: : :· . '; . . . -~ ·:· . .· ~ : ·: . . '. ... . 

·. : ~~~ 9f two epim~ iµ ~ rati<> of 85:J5. SCparatioJl of~ t\\10 epimCIS was .. 

· -~~;r4b~ .. ~c~·~~Y ~th'1s:l·~e(~ce;~ ... · · ·. · . 
• • • ••• > :: ••• • •,.;.-:., 

· ......... : .. , .· ... E.vapcmltiofiof.~ emiY fi:actioD$ p~:the minor isomer~ ymich was not 

20 ~.;~d--~ ·~~ .. ~ .. be. 3(l2~~xy~l«-~uo~methyI-3f3-
F,e~2~. .:-:•" . ., 

'··.·· .. ·. .f~ ellltion ot'tb.e eol~ gave 3•hy~xy~3P-~uorcmiethyl-5(}-
. . ·. ' .. \ ': '·. . .: ~. . . . . . . ·' . . ' . . . - ::- . .--: . . - . . . . : ·'·: . ; : . -· . . 

. ···:·-. . pre~ .. 20;<>~~ (SO•mg) •. · . ... . , . ,··:,_ ·:_.-··;. -· 

: ·:::·-· .. . . · .. 

:.- .· ·,,.._; .- ~.... :: . ... . - ·;,.. : : . ' . ·.·. ;_ ~ _;_:_. . . ~,; ....... . 

25. ·· 3a.-H~Ji-tr#P11~~111ethyl-S(i-l~orprep':c~'7(20),(Z)~ .· ... 

·. ··: :Toa,soluticmo~5~l9"'norp~l7(20XZ)-en.,3~(~23 mg,288 mmol) 
·. . ... ..... . . . , 

··· in,mf.(30 mL)•~·.added tritl~rom~yl~y~~.c~.s ... ~ solution in 

THF, 8.6 mL) at o~q. The solution turned to brown gradually and the reaction 
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Example23 

3'1.,21-Hydroxy-3P-methyl-Sa.-pregnan-2kne, 21.;acetate 

A solution of 3a.-hydtoxy-3P-methyl-5a..;.pregnan-20-one (3.00 g, 9.02 
. . . 

mmol) in dry toluene (110 mL) and metbailo1 (6 mL) was cooled in an dry.;. 

ice/acetone bath to ~75°C. ·Neat BF3-E~O (Aldrich; 18 mL, 146 mmol) was 

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

in portions. No reaction was apparent at_ 75·0 c and the reaction was allowed to 

warm to -10°C over4 h. The reaction was allowed to w8rm to 0°C over an 

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

15 After an hour at 0°C, the reaction was recoolC:d to -15°C and an additional 1.94 

g· of lead tetraacetate w8s added, and the reaction was allowed to warm to 0°C. 

After 30 min, HPLC (sCatteriiig 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 ofEtOAc, 165 mL of a sat 

20 NaHCO, solutiol1and crushed icC. The aqUe'ous 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 N~SO,, the solvent 

was removed and the residue was recrystallized from EtOAc, affording lg of 

acetate contaminated with starting lnaterial. The mother liquor was concentrated 

25 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 materm.J (by HPLC)~ A third recrystalliz.ation gave 1.087 g {31 % 

yield) of the ace~~ which contained <2% of Starting material. 

~ -: . ·. : : .. 
. .· 

.··.= ... , .. •' Example 24 , · · -: 
. .. . ·: : ~ ... · . . .: ' : ; . :. . .... · :. ~-- .... '' - j : :" '· ···: 

3u,21-Dihyilrilxy-5~pregnan-2fF;one·21~Disodiun. phosphate 

s To a'so1Utionof21Lbrotri~3u~hydrilxy~S~'."Pregn8n-20~ne (l.O g, 2.5 

10 
·. ;,. 

· ·nunol) iii 10 mt tHF ai RT :was·aaded'diberlzylbydfogeri poosphate (2.1 8, 1.55 
. ... ' .. 

niliiol}aiidtriethyl~e (1.085'mL, 728 mmol)withStirring~ Th~ffeaction was 

· · th~ hClited fo'retl,'1,c for 2.5h alid therftooled .. to R.T~ · Dichloidmethane (25 mL) 

W. then added and the s0lution 'transf~ ·to a separatoty funnel~ Washed with 

'· . -·.: lN HCI, sal aq.-NaJ-ICOj, dried With MgSO~ -~ concentratdd ~n vacuo to give 

. tlie>dibenzylpbogplja~ as a em~ oil (943 mg).· The oil was dis8olved in EtOH 

. .. · .. (SO mL) Inda few ctro~ of sulfuric·acid were added .. :The flask: was-charged with 

: 400 mg :of 5% Pd/C.ilid the stltted solution was then subj~ to l atm. of H2 
... -~. 

-~- gas··at RT: until ~e-.reaction 'W&s:·complete.'-·TJie catalyst·W&S removed via 

15 . filttati~ and t11C>8o1Ution conCeiitrated'to a·tesidue. 'This'residue waS dissolved 

· · iri 4 : 1 ·MeoH : ~(20 DIL)'·amtitl&tedto p!J u with 2NNaOH~ Another 50 

mi of M~H ~.::~ddecLartd'upori 'sitting·,1.0°C'fotl h s0lid· inorganic 

phosphate was ·tµ~ off. The sol~on Was ~trateci'in: vaeuo and. the 
"'· ··. 

residue was washed ~th hot toluene (-50 mL)mUhen dissolved in a minimum 

20 volume of MeOK To thiS-, Sdlutibn acetone:.~ •. slowly added until a solid·· 

precipitated. The ·mixture was centrifuged, the ~!Yc;nt decanted off and the wet 

solid transferred to a~ and driechmder v~toy:i.ehhJ1e title compound as 
.. ,.:. 

a 'hydrOscopic: solid~ , :. · · . ' ~ . . : .. 
. ~: . . . '. ;.,; . 

. ''''····. ::.': =.~ -~>··· '..; .. · . . ··.;' 

·.··:: 
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Example25 

3a.,21-Dihydroxy-3Jl-methyl-Sa.-pregnan-20-one 21-Disodium phosphate 

To a solution of 21-bromo-3a.-hydroxy-3P-methyl-Sa.-pregnan-20-one 

(1.0 g, 2.43 mmol) in 10 mL THF at RT was added dibenzyl hydrogen phosphate 

5 (2.1 g, 7.3 mmol) and triethylamine (1.085 mL, 7.53 mmol) with stirring. The 

reaction was the~ heated to reflux for 4.5 h and then cooled to RT. 

Dichloromethane (25 mL) was then added and the solution transferred to a 

separatory funnel, washed with IN HCl, sat aq. NaHC03, dried with MgS04 and f 
concentrated in vacuo to give the dibenzylphosphate as a crude oil (1.205 g). The 

10 dibenzylphosphate (790 mg, 1.3 mmol) was dissolved in 2 : 1 EtOH : THF (30 

mL) with a few clrc)ps of sulfuric acid, charged with 5% Pd/C (180 mg, 20% by 

.weight) and subjected to SO psi ofH2. at rt until the reaction was complete by 

TLC. The catalyst was removed by filtration and the filtrate was concentrated. 

The residue was ~lved in 4 : l MEOH: water (10 mL) and titrated to pH 11 

15 with IM NaOH. The sol~on .was treateci with acetone until a readily filterable 

solid .precipitated ~ which the mixture was .cooled to 0°C and filtered to 

isolate a crude solid 260 nig. The solid was dissolved in 20 mL water forming 

a cloudy solution ~twas filtered and then concentrated to give 220 mg of the 

title compound as a white solid. 

20 Example26 

a. 20,20-Etllylenedioxy-Sa.-pregnan-3-one 

The tide compound was prepared in about 900A overall yield starting from 

3P-hydroxy-Su-pregnan-20-one, using the method described for the sp 
compound. 
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b. 3JJ-EthynyJ..Ja.-h~5a.-pregnan~2_ff.on11, :2(};kaal.and Ja.-ethynyl­
.Jp-~y~Sa.-p~•in.~~2~•11,, ~fHcdal\ •· . . . 
A 250 mL~ neck~ eqliipped. with a gas inlet, 4 therm.o~eter and 

. ::;;~::~~~~~~:=. 
. :. ' ~ . : 

the mixture at a m~derate rate. Tue mixture was then heated to 50-55°C in ii .·.: .... :·.··· .. :.: ... ·•, ·.'.'·· "·· .. :.· .. ·.···> < .. · .. · .... ·· ·, .... ·. · .... ano 
bath and. treated in: parts ~th S~-p~gnan-3,20-clipne, 2~ketal (9 g, 25 mmol). 

Th~ ,~~~~ntin~ at'.~is ~mp ... f~r s h:and·th~at rt ~~r another 17 h. 
• .. . . :,;. . . ~ f : .. • • • :.· .• :·:·.:-.". \.- .' : : . • ... '·i : : : : :' .: ;. . ; . : .'. -: . . .. .. . • 

The resuJtipg suspeDsion was cooled toJ 0°C ~d was ~ed ~th• NaCl soln. 

(S mL). Th~ ~~lyenf was reD1~~ed :~d the residu~ ~.up in water. The 

~insoluble prodUct was collected by filtratim.i, washed \Vith water, and dried ·. . . :. . : ' ·.. . ... :.. . • ' . . : > .. · ,,_.,. . . ; : :.. : .;': ~ .. . . . . ·.. . •. _·; :: ·:· '· ::. < : ; .: 

· under vacuum. This Crude prod~ctwas·thell·R~~ fro~ EtOAc to yield 

· · · ··· 3u-etbynyl~3~hy~x:y~Sm..pregnan .. 2()-Qne, 2~ (3~35 g) .. The mother liq. 

was, ·evaporate(r to .dryness :·anc:1 the•,:residue was. purified· by :column 

15 .• · ~matography·ov"". silica.gel.; Elution with ~ t(lluene:acetone miXture (92:8) 

· ·· · ·· gave the unreact¢d Starting ketone(l.3 g): foll~ :by 3~ynyl-3u-hydroxy­

. · .~· ~u .. pregnan-2()-c;n~ 2~~{1.3 g}as·a secomUraction~- Further· elution with the 

. · ·: .. samesolventJDixtureyieldedthemotepolar3u~yl·3P-hydroxy-Su-pregnan-

. 20-0ne; 20-ketal (27.9 ing)., ~. · · · , ,. .. . , · 

·. ··=·,:···.;··.:: ·.: ·. ·:··;· 

20 ·~ .·, · .. ':3P-Ethynyi~3u-hy~5tli-pregnali•2IJ-one · · · •... : • , "' 
. ·. . . ;: . 

3P-Ethyny1.;.3.u-hydroxy~s~'.i'~pap.~20-on:~ 2~~ (550 .. mg) was 

dissolved in a mixture. of acetone (20 m:t,.) and~ HCl (10 mL) and the mixture 
·., 

was stirred at rt for 15 b. The.: ~C>-lVents w~ :,rCnioved ·and the residue was 

extracted with CH2Cl2• The organic 1$yer was ~ed: with water, dil. NaHC03 

25 .. soln.,water~ and brine .. Af\er.~ overanhyd. ·MgS04Jhe~lution 'WB,S. filtered . .. . .· . . .. . ,. - . . ·' ~ .. '· ::·... . .... : , . __ ,.,, " ..... L,°' .• ,, .; · ... :. ·: · .. :··:· :· . ,· .•.... ,' , =·. . _, •. : 

and.evapo~ to yield:the ~de .pl'Qdu.~t(414 ~g)/ T,his CtL1d~. product was then . .. ... ,., ; .. : . "' . . . : .::=· '~ .· . . .· .... ···'·. ,. : ' ·;· . . . : . . . 

dissolved in a SD.lall·.~<>unt ofGH2c1i an9.pom-ed ~~ a .col~ .. of silica gel. • . . • . •·• • . • ;< • • -. • • • ' : • • . . . • • • . ; ~ ,, ·' • • : ' • . • . • 

. . . .. Eluti9n with tol~e:acetone.mixture (92:8). gave th,~ .. tiUe. co~poµnd (280 mg), 
,. '. ,., .... '·· ....... ' ··' .. ·.·. ·. ::· ... :· ''· ; .... : . ·.:. · ... ·. ·.·: : .·: .. ' .. ·· · .. •' . 

. >1J1P175-177°C.~ :' · ·· ·· .,, .:· ............. ·'. ... . .. . .. . .... ., 
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d. Ja.-Ethynyl-3~itroozy-5"'11,.nan-21J..one 

A solution of 3u~l-3P.,hyclr0xy-5iz-pregnan~20-o~ 20-ketal (2.15 
. . 

g) in CHC13 (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 stirred at 

5 this temp. for 45 min. After warming to -5°, the yellow solution was poured into 

a mixture of 2N NaOH (70 lnL) and water (150 mL) to yield the resultant 

solution of pH 3-4. It was then extracted with CHCl3, washed with water, sat 

NaHC03 solution, brine, dried (MgS04) and evaporated to yield the title 
. . 

~pound as a viscous material (3 g), which was used as such for the .next step. 

10 e. 3P-Ethynyl-3a.-hydroxy-Sa.-pregnan-20-one and Ja.-Ethynyl-JP­
hydroxy-Sa.-pregnan-20-one 

The crude product (3· g) from above step was taken in a mixture of 111F 

and water (30 mL,-1: 1) and AgN03 (516 mg) Wis added. After stining at rt for 

15 h the solvents were removed and the residue was extracted with CH2Cl2• The 

15 organic layer was washed 0witlt Water, dil. NaHC03 soln., water, and brine. After 

drying over anhyd. MgS04 the solution was filtered and evaporated to yield the 

crude product (2 g). This crude product was then dissolved in a small amount of 

CH2Cl2 and poured on a column of silica gel. Elution with a toluene:acetone 

mixture (93:7) gave 3P-ethynyl-3m-hydroxy-Su-pregnan-20-one (550 mg)~ a 

20 first fraction. Further elution with the· same solvent mixture yielded the more 

polar 3u-ethynyl-3P-hydroxy-5a.-pregnan-20-one ( 460 mg). 

Example27 

Ja.,21-Dihydroxy-J(krifluo~omethyl-SJi-pregnan-20-one, 21-hemisuccinate 

Under an anhydrous argon· atmosphere, 3a.,21-dihydroxy-3p-

25 trifluoromethyl-5P-pregnan•20-one (920 ing, · 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 
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'>'mg) was addect A:.lb;r stiriing for __ 3- hOurs more, _the Solvent waS -removed in 

-- - '.;. --- vacuo~>'Residu81 wdine was--removed; by evaporation'. frOm' a tOliiene solution. 
'···::·:." . .. •' . . : 

-- -- •;The, residue::wmfPurified by: flash eolmmf Chroinatography-(CH~CltMeOH; 

gradient 100:1 to-so:,l)toyieldawhite:semi~lidtesidue cti- g)~-- This slightly 

5 impure solid was ~lved in CH2Cl21 washed With water (3 x 50 mL) and dried 

over MgS04• Thcfsolvem wasremoVed in vacuo to yield a white solid (883 mg, 

77%). 

.. . . . ( ~ :'."' .. 

__ ,. l~hJ)ihyd~~~rom4iyl~SP-Ptnt1t11'~~9-Qne, _ 21-hemlsaccinate, 
- sodium salt --- --- - - --

..... , .. ::.: .. · ·' .... 

10 -- - - --- 3u,2i-Dihycltoxy~3p-trifl~~romethyl-5P-Pregnan-2o~one, 21-

15 

·: ," 

20 

25 

hemiSuccinate:(B59.~g, 1.11 ~oi)was~lve~iu1\vleoH'(3;~). NaHC03 

(143 mg, 1.70 JDD10l) h>: water (10 ~)was then added dropwise. More MeOH 

(10 mL) was ad~ A.ftm.-Stirrllig:for 2.5 hours, the solvent was evaporated. -- -- -

Toluene was added- and evaporated in vacuo. The residue was rubbed with 

ether/hexane amt~ #ith lieX&ne to ~~ a\\rhltiSolid. ·MeOH ~added and 

-removed.· Heptane~ ad~~ remove(f~k vtieuo. Th~ residue was rubbed 

-- wiili h~xan~ ~cl-,~~ i;, ~~fulo tc,- si~~ k ~hi~ sdlld cs1s mg,' 98%). · 
'··;.',, :_: ·_.:. 

. .~ . ~· > 
EXainpl~ 2a· - -

_._ ..... ;··· . :':·· .. :.<·:·:··:;·· 

--- _, - ·3p_Ethynyl-3~hy~sp..pril~~ll~~2.~ne 
. . '··. · .. · .. -<··. . . ' . . ... ' -- . ".. ... ." . ', .· .. ' .. ;·'· .. . - '. . . 

··.·~··nJ0Z~~~~,~4!.~1'.t7:f.~4m= 
··=~~~~~~~3~~:: ···.· 

added vi~ cannula'o\ret: 10 ~ BJ;ld the reaction'sµrrecf at ~90°C for ~other 30 

min~~ which 3 µlL ~rsat. aq~'NH..c1 ~'~ea:~ci ihe mbtfure ~to RT. 

----The :s~l~ent·l~et~:·~d~~ect undei-vacu~ tb"'-s IDL--~d then partitioned 

b~~-ethy~ a#d'~cis ~ ~)~;iuia th~ ~timric l~y~~ was washed 
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with sat. aq. NaCl, dried with-MgS04 and concentrated in vacuo to give a crude 

solid Flash cbromatography 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-S0°C. 

Example29 

3P-'J:rlfluoromethyl-3a.-hydroxy-Sa.-19-norpregnan-20-one 

This compound was obtained along as a by-product in the preparation 

of 3u-hydroxy-3P-trifluoromethyl-5P-19-norpregnan-20-one (see, Example 10). 

It is isolated from the appropriate chromatognlphic fractions: m.p., 178-l 79°C. 

Example JO 

3fJ-(1-Heptynyl)-3a.-hydroxy-SP-JJregnan-2f>.:one 

A solution ()f 1-heptyne (0.327 mL, 2.5 mmol) in dry THF (15 mL) was 

treated with n-BuLi (2.5M in 1HF, 2.5 mmol, 1 ml) at -78°C. After stirring the 

mixture at this temperature for 1 hr, a solution of 5P-pregnan-3,20-dione cyclic 

15 ·20-(1,2-ethanediyl acetal) (360 nig, 1 mmol) in dry THF (15 mi.) was added ~d. 

the mixture was stirred at -78°C for I hr. It was then quenched with 2N HCI 

solution (1 mL). The solvent was removed and the residue was then dissolved in 

acetone (10 mL). After adding 2N HCI (lO mL) the solution was stirred at rt for 

1 hr. Saturated NaHC03 solo. was added to neutralize the acid. The solvents 

20 were removed and the residue was extracted with EtOAc. The organic layer was 

washed with water, dil. NaHC03 soln., water, and brine. After drying over 

anhyd. MgS04 the solution was filtered and evaporated to yield the crude product 

( 400 mg). This crude product was then dissolved i~ a small amount of CH2Cl2 

and poured on a column of silica gel. Elution with tc)luene:acetone mixture (93 :7) 

25 gave 3(}-(1-heptynyl)-Ju-hydroxy-3(}-pregnan-20-one (260 mg) as a colorless 

solid; mp 121-123°C. 
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~· , .··. · .. ,:-." . :- .-Ananalog01Js.methodwasusedto·prepare: 3P{l•hexynyl)-3u-hydroxy­
.:. •:.:· : .... , .•. sp-ptegnan-20-one, ·:· · 3P-Cl~yJ)-3u~hyclJ:OX)'.;.sp-pregiUm-2<k>ne, 3P­
i, · ·' ··· ·.· ·. cyclopropyleth)'nyl~3ei-hydroxy-5p..pregnan•2~. <3(){3-methylbut-2-en-l-

. ynyl)-lu-hydrox)'~~P•pregnaiJ.~20-one;. ind . 3.fi{3;3-dimethylbutynyl)-3u-
5 ·. · -.. hydr0xy-Sp..prepa11.;.20-one. . ... ·•· · 

15 

: •.' ,· 

.~... . 

. . . . ~ . · .. · .. :.:'.:: 

. .. ' 
··:· .. ; ., . 

·· Example31> ·., • ., ·· · , · · · 
. . < ··. 

. , ·:;·· .. 
: ... ···. ... 

a. JP..(5;.cJiloro-l-pentynyl)-3a.-hydroxy-5p..pregnan-20-onecydic 
.· : .... 2.~(l,z.ethan"'1Ylacetal).. · . 

· ·- .A_;~olµti()n of5~oropentymr(Q.?· ~ 4~8:11~mol) 41 ~ .•. THF (15 mL) . . :·.,' . . . 

. , .. ~,treat~ withn~BULi (2.4.Min THF.:4.8 ~ol; ~.m.L)at .. 6()". After stining ·., ... · ·,. 

,tll~ ~,at~78oCfoJ' O.~ .. hr, a S()lutio:11.pf:5P..~-3,20-dione, cyclic > • ~. •• • •• • • • • • • 

... :7~1,2~ylaceta1l(S~~&:l.$(j.~l) inTH.F (15.mL)~added and 
. . ,, the~.·~ ~:at .. 7s~c. f~ 1 l:lr. Tlte cooling bath was remoy~ and the 

mixture was··q~ed \¥ith ?m.CtS()l~on (3 ..n,). l'he\' solveni vvas removed ... ·::_-.-.=·.. . 

·. · ... amd.1;1ie J'~sidllewas. e~ wiUJ,ptOAc. 'ne_or~~ l~y~.was washed with 
· ·. -. ·, .. . ·water,: dil .. NaHC03 SC)~, WD;", --' l>rine•After clryiJlg,_oYer ~yd. ~gSO,..."the 

,solutio.n was filtered anc1:eYBporate4 t<),yield the erud~.;prod'&lc;tJ§~Q ~g). This . . ·. ,: ... ~ . .•·. ·. ., . ., ' . . ., . . . .. . . . . . 

. • ... ,~ prod~ was Uled:as such Jo~: the. _,next step~ . , . . . . . , 

'. ·. ;: ...... :--:. .· ......... ;_ . '. y •.:: _..,· .. : .. :: ... .. 

20 •. ·b. :: ... :: ? J~yclopropylethy1Jyl-3•hy~SJ}jlrep."!'~2f&!J1,1e . 

,A,: solution of 4iisoJ>l'C)pylan:liJ1-~ (OA mi., j ~oO ~ 4rY .W {I 5 mL) 
. '... · -.was:treated with-n•B~i.(2~5M ~ Tl:W'.,:3 ~~i~,'i.2 nlL) ,at_ ;69°~·~ stirring 

the ,mixture at ~ 78°C ·for.().~, hrca:: s01µtion ,of.Jf,J-'(~~li,J.o~J-pentynyl)-3a:-
;· .. · :· .: .. · . 

. : ·hY!lroxy-5f3-pre~0:20"'.0ne .cyclic 20-(1,2-etl)~c,tfiyJ, ~ce~) (1()0 mg, 0.22 
25 mmol) in IBF (15-~) was·added. The coolfug·batli.-~:~oyeti and the 

. . ... 

mixture was stirred ~(rt for 0.5 hr. It was then qiienched with NH.Cl solution (3 
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mL). The solvent was removed and the md.due was then diaolved in acetone (40 

mL). After adding lNHCI (4mL)the solution was stirred atr.t. for 15 min. Sat. 

NaHCO, soln. was~ to neu1rali7.e the acid. The solvents were removed and 

the residue was extracted with EtOAc. The organic layer was washed with water, 

S dil. NaHC03 soln., water, and brine. After drying over anhyd. MgSO 4the 

solution was filtered and evaporated to yield the crude product (120 mg). This 

erode product was then dissolved in a small amount of CH2Cl2 and poured on a 

colmpn of silica gel. Elution with toluene:acetone · mixture (95 :5) gave 

3~-(cyclopropylethypyl)-3cz-hydroxy-Sp-pregruqi-2~ne (SS mg) as a colorless 

10 . 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 niay be separated 

into individual di&stereomers. Resolution of the diastereomers may be 

conveniently accomplished· by gas or liquid cliromatography or isolation from 

15 natural sources. Unless otherwise specified herein, reference in the specification 

and claims to the· coml>ounds of the inVention, al diScussed above, is intended to 

include all isomers, whether separated or mixtures thereo£ 

Where isomers are separated, the desired pharmacological activity will 

often predominate in one of the diastereomers. As disclosed herein, theSe 

20 compounds display a high degree of.stereospecificity. In particular, those 

compounds having the greatest affinity for the GABA receptor complex are those 

with 3~-substituted-3u-hydroxypregnane steroid skeletons. 

The eompoundS of and used in the invention, that being the nontoxic, 

pharmaceutically acceptable, natural and syntheti~ direct acting and "prodrug" 

25 fonns of progesterone, deoxycorticosterone, arid· androstane metabolites, have 

hitherto unknown activity in the brain at the GABAA receptor complex. The 

present invention· takes advantage of the discovery of this previously unknown 

mechanism and activity. 
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·· ·· ·.·· .. ··'' · ... ·· ,. · The:'p~liticaI c0mposltions:or..fhis·m.vention 'are'·prepared in 
· · < •· 'conventionarcl0$age · uDit fol'IDS·bf ·mcolJ)c>;a,tiDg an aetiw compound of the ·:·.·.····. . .. . ·: 

. . .. , ., :invention or zum~ of sueb cbbi~~ ~tli,atlc,!itoxic'phaDmiceuticaI carrier 

. · > ::-.: ' ·.. : , · 8ccording to accepted Pro=ure8·Ui a nontoxi~ &lnount Sufficient to produce the 
S< ·"-desired·pbarmacodh.81lJic•actiVity·m·asubj~-~;Jl1 ... othmnan. Preferably, tlie· 

_:~:,: 

". '"' · : of thcr patient : ne~te objectif or the ~IJl~uons and, mettiocts or this 
.· .·::-·' 

10 •:.. ·: < ··invention :are·in thetr~ltment ofstte§, -amd~~ _P.Ms~·PND, and Seizures such 8S .. 

those caused by epilepsy to ameliorate or l'""'entthe attaclcs of anxiety, muscle 
··· · · · tension, ana··:aePressiOJi .. common With patients suffering ·from these central 

... ·, .• ··.:: nervous· system abllo~aiitieS."' Anadditionat ~le object of the composition 
.···:::-·· 

' ... :· ··an.d ':inethodS :1s ~. treat ·msottnna· and' prod~ .hypnotic aetiVity. Another 
15.. ::· .... · ... desirable objeet of ~e cpmpounds an· method$ is to illduce anesthesia, particularly ' ,. . ... ' . 

·--. ··· .. :by'ihtrilvenou8~tion.: ·· · · · :c:· 

J. ··: .. ·· . . .· ... :. ·. • . .. :•The p~tfCal cattier employedma}; be, .for example, either a solid, 

·.· .:· · liquid; or·timecrelease.(see;e~g~ Remington's.Pfuumaceutieal·Sciences, 14th 
·. · ·· :' ·:· · ·--Edition; 1970). · ~entative· s0lid earrleiS ~Jacto~ term alba, sucrose, talc, 

20 : .. . · .. : ... •gelatin;;., pCCthi, acaeia; ~sium ~,·Steine acid,'DiierocrystaJrlile. . 
,_. .·· :~ cellulose, polymer.hy<tfu~eis and' the like~: T~icail liClwd catriers are p~pylene 

glycol~ glyeofurol, ·aq~m s<>lutions of cycl~~: Synip; -peanut oil, and 
. '· · :. ,··.: oliVC;.oil 8nd'the·~·;~i()JJS. Siinilarly, the·~eror diluent may-include any 

. '> ::·: : iime•defay materi.i ~ell' mown to' the' art,: ~ch· alS_;&lyc'erol monostearate or 
25 · · glyceroldistearate 2tl~rie :or with' WaX; microcllpsutes, microspheres, liposomes, • · 

and/or hymogets. ··• 
,; ... ··, 

::·:·-". 

. .·. . .. 

·' ·iising 'a solid cmri~,.·th~ preparation Call bC:: pJaha. milled microniZed, in oil, 
.... : '• . ·tabl~ p18cCd m_a ~ getatin·or'.enteri~·Cllj>suie 'in·miCronized powder 

30 · · · · · · · .. ·or pelletforin, or in.the form ofa'troche·or:Iozeiige. Jbcrcompowids.of and used , 
... , 

.. :.:.-;_:·.: .. 
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.. in the ~~on r;gJ.)J also be administerecl jrl-t4e form of suppositories for rectal 

adminimaqcm. ~pounds may be DiixedJn:.material such as cocoa butter and 

pol~iene gl~t. or other suitable.D,9n~~-g material which is solid in 

room te11:1pera~fhmtt liq~d at the ~--;~· When using a liquid 

S carrier~ the ~on: can be in the fomu:~f"•:Jiqujd, such as an ampule, or as an 

,alQueous _.or nq~~us liquid-~o~:' 14.qµid dosage forms also need 

J?~~9ally -~-eptable preservatives,~.-~ like. In addition, because of 

the lqw clQses ~:wm be required as basec;l~ ~-data disclosed herein, parental 

~on, rtl'~ spray, sub~ ~- buC4=al administration, and timed 

10 
.. . .· ,/' 

l'el~ · skin ~ are also suitabl~ ·. p~cal forms for topical 

~n.·:···~> 

~.metl~~$;t9f producing anxio~ llllf.iconvulsant, mood altering (such 

as anti-dc:.pres~)?.~ hypnotic activity,. in_ .~ce with' this invention, 
. .· .-- : . . . . . . . 

co~ ~g to a subject in ~.of such activity a compound of the 

15 inven~on,-·-~l¥J>rqmed in .a COIDp()§ition- .. as described. above with a 

pharmaceutical ~er, in a nontoxic amo'IJ!ltsuff.ic:ient to produce said activity. 

During-~ the levels of~ m.etabolites.vary approximately 

.fourfold :(R.o~~ et al, 1986) .. Therefore, therapy for controlling 

. symptoJllS · invol~~ ·-.m.aintaining the- pat.,lent .at a lligher level of progesterone 

20 ~lit<:s tban~al in thepremenstr~l~ of PMS patients. Plasma leVels 

of active-•.and n.mjgr_ metabolites are 111oni~ during pre-menses and post­

menses. of the. ~t. The amount of·--~- ~mpounds of the invention 

. -~ ei~·singly or as mixtures tliefeof ilre thus calculated to reach a 
··:···. . 

level whi~ will ~¢.ti _GABA-receptor ~vity eq\Jal or higher than the level of 

25 · progeste1:p~e m~lites in the normalsubject.dutjng the premenses state. 

The route of administration may be any route that effectively transports 

the activ~ . compQtUid. to the GABAA r,ecept9rs that are to be stimulated. 

· -Administtation ~y,be carried out ~y, el'.l~Y, rectally, intravaginally, 

· intradennally, inu,:elnuscularly, sublingwd,l.y, ~ m.sa}ly; the oral, intramuscular 

30 and dermal rouies are preferred. For example, o~e dose in a skin patch may 

f 
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. . 

. . · ; ; ... ~ly_,llie_:J1c~ve ~~- t<>.; .~:PatietJ,t(or 11,_ peri~~ of up to one week. 

. '.,/ , Ho~Cl',J:he pareri~:l'Qµte i$'preferred:f~r·· epilepticus. · 

:.'· ;." .· ··.·· 
'·' 

··r .. ." 

.· .. ·· 

-~· -. '. .. . ·:: .. -._ . ' - . . .·····.:· .: > :.· .. 
·.: 1:: ... · 

. : . · in~ct. ~#1. high ~ty :at. a ,novel· an<i··sP~ifi.c. recognition site_: on the GR 
· .... ·,: 

.· . , ~mplex to,.~the.con4uctanceofchlori~ ions across neuronal ·membranes 

. , ·· .~itiyet.p.(]~A{~eta]., 19$7-; Harri~~~tal., l987). 

To thos~·~lled in the art, it is·~o~;~tthe modulation of [35S]t­

.... · .. Jlu1ylblcyclophc>~rothio~ CP'S]mPSY~i~~ is.a measure of the potency 
. ' . . . ·~. .. . . . . 

~ . . ·.:' 

... · : .. and efliau:y .of druiS:acung· at the GR compteX,\vhi~ll drugs may be of potential 
. - . ··. .· . :: ·,.· .. , .. ;···· . 

. ·=~~~:~~=~== 
... · .... · .. ··:aflinity·to l)rain~ffic ... sitesc;ouplecl·to·a.~g~rriaalmuiobµtyric acid-A and ion 

.·.recognition ;si~~· :ijo4 .]'hannacoL, ·23:~~6~;, 1983;· ·4wrence; L.J., et al, 

. "Benzodiazepiil~ alliic:Qnwlsant action:.: ... g~-atninobut;yric .. acid-dependent 

;.: ... 

modulation;.:of .. the·>cbloride. ionQphQre,'c':•::Pioclle'111 ·Piophys .. Res. Comm., 

.J2J:l 13~l t-l'i;i~~fWopd. et_ql.,;~1n·w1ro.~~µon, of·b~diazePine 
·: .... ' 

··,=-,.7e:S:/r:m ..•. :.--= 
.. experiments .to~d,etemiine th¢.~ Qf th~ IA~~()il of{3;5S]'@l':S as affected 

· ·. :bY, the compouJid# of~.invention. We foµ,D,d,thit'.~cQ1DP9• interact with 

a novel site on~ cu(eomplex which doe. .i16t ~~~~lJp, With~~ barbiturate, the 
.. ·,·;.,.·:· :·.·· .· .. ·' .. . : ;"·>.···'·.· . . 

·. benzodiazepine · of anY other preyipusly )cri6-Wn :·si~. --~~~o~, these 

25 compoundSha~·~8't-Potency and em*kat th;4R coJIJp~ex, with stringent 

strucruml tequite1nefitS: for such activity. · . ; ·•· '." > · ... ·~ 
,_:.,;·· 

··,·:, ·." 
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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 HJ. Yamamura, Molecular 

Pharmacology, 30:218 (1986). These procedures were performed as follows: 

Brains from male Sprague-Dawley rats were removed immediately 

S following sacrifice and the cerebral cortices dissected over ice. A P 2 homogenate 

was prepared as previously descn"bed (Gee et al, 1986). Briefly, the cortices 

were gently hom.ogenim:l in 0.32M sucrose folloWed by. centrifugation at 1000 

x g for 1 O minutes. Tue·supematant was collected and centrifuged at 9000 x g for 

20 minutes. The resultant P2 •pellet was suspended as a 100/0 (original wet 

10 weight/volume) suspension in SO mM Na/K phosphate buffer (pH 7.4) 200 mM 

NaCl to form the homogenate. 

One hundred microliter (ml) aliquots of the P2 homogenate (0.5 

milligrams (mg) protein) were incubated with 2 nanomolar (nM) P5S]TBPS (70-

110 curies/millimole;~ New England Nuclear, Boston, MA) in the presence or 

15 absence of the naturally occurring steroids or their synthetic derivatives to be 

tested. The tested compounds were dissolved in dimethylsulfoxide (Balcer Chem. 

Co., Phillipsbury~ NJ) and added to the incubation mixture in S µL 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 of2 mM TBPS. The 

20 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 8t 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 

25 by liquid scintillation specttophotometry. Kinetic data and compoundl["S]TBPS 

dose-response curves were analyzed by nonlinear regression using a 

computerized iterative procedure to ·obtain rate constants and IC50 (concentration 

of compound at which half-maximal inhibition of basal P5S]TBPS binding 

occurs) values. 
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- -- -. __ ::. .' -- : ~ ~~_ cl,at&_obtained.for@assaY.are also publi$hec:l in Gee 

et al., 1987. The data di$cu.ssec:l in~ re.ce.are shown and described in PCT 

-- __ - P;UbJished, appli~on nq.: :W()93/0373~-Pllb~ed on:04- March 1993. In 

__ -p~n~ the-__ steroi4: binding -site jclentified by this_:wQrk :is-distinct from the 

5 ,. _ -.GABA/bicuculljne si~. The-$i1Un:do•~-curves inducec:l by bicuculline-• 

-. , -~the inJlj_bition ofFSJTBPS binding is:~ed.by_alphaxalone is not parallel. 

10 

Jbis incU~~ tha,tthe QABA,_~-~~roid- ~ites:d()-not overlap. __ : _--- -

_, - - ,A_ ~d ~~tof ~weJeJ>ed°()nnedto demonstrate that steroids, . . . . .· :" . 

___ barbitµr;ites:~d ~~~es.do:n()r_share .. cospmon.binding site on the 

GA13A -~eptqr. -_-Tile .&SSllY-was ~O.~~ci:in ~r<;lance With -the procedures 

_ ~utU~ed above. ___ The. ~ul.ting kinetic; data show tm.t tbe di$sociation of r's] 
TBPS binding initiated by saturating co~centrafion of 3u-hydroxy-Su-pregnan-

20-one is potentiated by 100 µM Na pentoba!'bital. This effect' is an indication 

that 3u-OH-Su-pregnan-20-one (steroid) and ~tobarbital {barbiturate) bind to 

15 independent ~tes. 

The third set of experiments examined the interactions between 3u­

hydroxy-Su-pregnan-20-one and Na pentobarbltal in the potentiation of (3H) 

flunitrazepam (FLU) binding. These experiments further support the claim that 

steroids do not share common site of action with benzodiazepines and 

20 barbiturates. In this series of experiments, th~ -~ffect of varying concentratiODs 

of 3u-hydroxy-Su-pregnan-20-one on (3H) ftlJ binding in the presenee or 

absence of a maximally stimulating concentmtion- ofNa pentobarbital. Since Na 
·::"-:: 

pentobarbital has greater maximum efficacy tbaJi~t of3«-hydroxy-5u-pregnan-

20-one in potentiating (3H)FLU binding, 3u-hydl'ox:y-Su-pregnan-20-one should 

25 ultimately antagonize the effect of Na peri~barbital if the two interact 

competitively on the same site. This is not ~twas observed. Thus, the data 

further support our conclusion that certain ster9l(is including the compounds of -

and used in the invention interact with a novel~~ distinct from- the barbiturate 

or BZ regulatory site on the GR complex. Be~ 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 Bis. 

Vari~us compounds were ·screened to determine their potential as 

modlllators of ["S]1BPS binding in vitro. These assays were performed in 

S accordance with the above~ procedures. BaSed on these assays, we have 

established the structurHctivity requirements for their specific interaction at the 

GR complex and their rank order poteilCy and efficacy. Table I provides ICso and 

maximum inhibition of seveml compounds, including examples of those claimed 
.. 

~the application. IC;o is defined as concentration of compounds to inhibit 50% f 
10 of control ["S]TBPS binding. It is an indication of a compotind's in vitro 

potency. Maximlim inluoition is an indication ·of a compound's in vitro efficacy. 
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' .. -': 

'·· '. • .'. .< .. ,-------.. - •• -... ---------.--------~---
.• .•.· .. •. :·.':.. ..... . _.i ..• :·:. ·i··=. ._;.·f··· .. 

3cz.;~yc4'oxy-3P-0~~~0thyl-but•3'-en-l'.;yilyl~SP-' · · · · 
pregnan-20-ono " " . " "" "" : . . 

s .. ···· 3~hydro~-3P-methyi~s~t9~nor~P?e8D&n~2kn~ · · '· 

3«,20a-dnly~~2l~yl-Su-~~~ .. · 

10 . 

· · one 

15 

20 

3u-hydroxy-3JS-0. •-ltle,tb:v1-but•3'-en~li~YnYl)-Su-.. ·'' 
25 pregnan-20-one. · .::·· . . :-.. · ....... . 

30 
N-(3u-liyciro~-JP..methyl-sa.;pre~~-2~ :; , · ... · .··. · · · 
ylidine)ethanolamine . . ··•·· < · · · ·· · · 

3tkthenyl-3~-hvdrox~.;;5u-t>relnian~2o.;one: ...... -·· ·· ·· · ·., .. 

•' IC50 

· ... ·:22 

·24: 

26"" 
···. 

-.27.··' 

.32 

-3s'·~ 

'37 

" 37 
:· ~ 

39· 

44 
·-.. -·, .... 

44 

46: 

53 

62 

68 

,':;t 
75 

76 

76 

78 " 

88" 
'· 

. " 89·· 

::-. 91 
,•" 

99 
·." 

tOl· 

113· 
" . ... 

IMAX 

94 

91 

94 

13 

97 

28 

9S 

98 

101 

93 
... 

98 

100 

91 

97 

56 

9g-..:.. 

100 

100 

100 

95 

85 

80 

46 

93 

88 



WOH/16076 PCT/US9S/15210 

-56-

IC50 IMAX 

3.a,21-dihydroxy-Su-pregnan-20-one 21-hemisuccinate, 117 91 

3a,21-dihydroxy-Sp..prep&'1-20-one 21-acetate 119 49 

3a,20cz-dihydro1'f-3P.methyl-5u-pregnane 166 52 

3a,20-dihydroxy-20-methyl•Su-pregnane 176 40 . 
s Ja,21-dihydroxy.:.Jp.ethynyl-SP..pregnan-20-one 21 179 82 

hemisuccinate · 

Bis (3u,21-dihy~-3P-trifluoromethyl-SP-pregnan-20-
oneJ 21-hemisuecinate 

189 23 

3a:-hydroxy-3P-tluoromethyl-Sa-pregnan-20-one 200 77 

10 3a:,20a-dihydroxy-3p.ethynyl-5a-pregnane 202 56 
.. 

3a:-hydroxy-3IJ-trifiuoromethyl-SP-Pregn-1 l-en-20-one· 203 99 

3a:,21-dihydroxy~JP,.methyJ;.5cz-pregnan-20-one21~ 211 104 
Hemisuccinate, sodium salt 

:.-, 

3a:-hydroxy-3P.trit'iiioromethyl-SP..pregnan-20-one· 211 98 

15 3a:,2 l-dihydrox_Y-3P,.ethynyl-SP..pregnan-20-one 216 104 

3a:,2l-dihydroxy-3P-methyl-Sa-pregnan-20-one 21- 241 92 
hemisuccinate 

3a-hydroxy-3P,.methyl-Su-pregn• 11-en-20~ne 242 76 

3a-hydroxy-3(J-trifluoromethyl-5u-pregnan-20-one 244 44 

20 3a,2 l-dihydroxy-3fS-trifluoromethyl-19:-nor-SP.pregnan- 246 IO<! 
20-one --· 

3u,21-dihydroxy-5u-pregnan-20-one 21;.hemisuccinate, 251 92 
sodium salt 

., 

311-hydroxy-3P-tritluoromethyl-l 9-nor-5u-prepan-2C>-one 251 40 
'•'· .. 

25 3a,2 l-dihydroxy-3(J-ethynyl-SP-pregnan-20-one, 21- 251 IOI 
acetate 

3a,21-dihydroxy-3(J-methyl;.5u-pregnan-20-one 258 96 

3a,21-dihydroxy-3P,.methyl-5a-pregnan-20-one 21- 284 93 
acetate 

30 Ju,2 I-dihydroxy-3P,.ethenyl-5cx-pregnan-20-one 288 101 

3a,21-dihydroxy-3(J-trifluoromethyl-5P..pregnan-20-one 354 102 

3a,21-dihydroxy-3P,.trifluoromethyl-5P-pregnan-2G--o~e, 370 88 
21 ~acetate · · 
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.. ::,.:_.·, 

. 3a:,21-dihydroxy~3jj;.etllenyl-5u-pregnan-20-o~e:21-. : . • 377 . 
heinimecmate · ·· . .. · · ,.:.c:: • · ·' ·.. · •.• ·· ,. · · · · · .·. · · '· ·. 

s ;. 3a:,2t:.<filiydro]ty~3~trlfluoromethyl'"l9~nor'"S~pregnan~ · · 
2CH>ne, 21 .. bemisUcc~ sodium.: salt , , , . . . . . . __ ... 

530 
: ·. =~. • . ' 

3a:,2J-dihydJ't?xy.,~~ynyh5.p..prepan-2~e 21 , 54~ .... hemisuccinate 'sodium salf ' . .. ' '• ,·. .. .. ' . ' ,, . " 

. ' ,, 3«,21~Ciili~cir\lx;,,.3p..trif1~0r01Ji~y1~s~~~,.2~~rt~·' , · 's46·· .. 
10 . . . . -2lhenlifumarateSodiuln salt:· .. , •.:· :· <· .. . . .... 

' . 

· · .. ·' ... 3a:,2Qci .. dihy~x)r-3~yny1.;;5p..pregnan• .· < . ',·557 

·.:-.·\ · .... 

i ... :·.· .. · · · ··· ~a:,21-dihy~1tY'"lP.,influoro~~yl.,SP.,~gn~~20-one, . , . 648 

IMAX 

89 

105 

48 

101 

102 

102 

98 

101 

101 
21-hemisuccinatcC' · · · ·· · · ·· 

··<- 1-----. ............ -..,;,-------------------1-----+----I 
3a:,lOP,.dih;ch,,xy;.3p..~)'lly1-5~;regnane .:; ; ·· · · ·· · < 688 15 

20 

30 ... 

Ja:,21-dihydroxy'"JP..t.:ifluoronieih}rJ;.S~pre~art-20-Q~e~ 
21-heftlisucc~e, .. ·$0(li:~ms&lt, --.'.: ;·:~. ~-- _:; ··;··~ ~:.;·:· .:;,,._,· .~:···. 

712 

3a:,21-dihydroxy-3P,.tnfluoromethyl-SP..pregnan-20-one 480 
methyl 21-succinate 

3a:-hydroxy-3P..methyl-21,21,21-Tritl~oromethyl~Sa:­
pregnan-20-one · · · 

estradiol .. , . 

progest~rone 

corticc;>sterone 

cb9le~erol 

• = Inactive. 

. . .. : ·~ 

: .. ::::·; ·.:· 

.... ~- ,: , ·: . 

:.: ,'. 

:. ": .· .': ·. .~ ~ .... ·' ·'. : : : . . . : : .. 

··:::• 
''• ,=::. 

915 

''924 

955 
:~· ; . 

958 

1530 

. > \000 

> 1000 
' ' 

> 1000 

> 1000 

77 

99 

107 

86 

101 

99 

100 

100 

102 

I* 

I* 

I* 

I* 

'. J 
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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 500/0 maximal 

inhibition of ["S]1BPS binding, while compouDds sllch as sex steroids (estradiol 

and progesterone), glucocorticoids ( corticosterone) and cholesterol having a high 

S · IC50 are essentially inactive. Thus, it is anticipated that hormonal steroids and 

cholesterol per se will not have any therapeutic valµe for the indications described 

herein. In order to distinguish·thiS·· unique class of steroids from hormonal 

~ids, they are now termed neuroactive steroids. Ho'Wever, sex steroids such 

as progesterone can be metaboli7.eci in the bodyto steroids.similar to 3cz-hydroxy-

l O Scz-pregnan•20-one. Thus, progesterone can-be· considered as a prodrug. The 

1BPS data correlates well with~ on 36Cl ion uptake-potentiated by various 3cz­

hydroxylated stel'Qjds described in Purdy R.H., efa/., J. Med Chem 33:1572-

1581 (1990), incorporated herein by reference and these_ data also correlate well 

with electrophysiological data obtained by measuring steroid's activity to 

15 potentiate GABA-induced · current in· oocyte injected with human GABA 

receptors. This indicates that the TBPS assay is an approximate measurement of 

steroids ability to allosterically modulate c1· channel activity. 

Compounds with Partial Activity 

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

20 patient with the least undesirable side effects, a notable aspect of this invention 

involves the discovery of agonists with partial activity in those compounds with 

a 5cz-pregnan-3cz,20cz-hydroxyl, sp-pre~-3cz,2~p-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 

25 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, anesthetic is undesired. The compounds and activities described as 
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agonists with ·:PaJtial activity expected to.'tbe desired effect with minimal 

undesired effec¢.·' 

In addido~the ability of these comp0- to potentiate GABA-mediated 

·.. .. . . . , .·~C:.~ent of Cl~~~ ·was limi~ ~ ccnn~ to~ !lf3cz-hydroxy-5cz-

5 . , , . pregDBJ172~~ Jh'~Xellop"ilS:o~:i~jC,=CtecfWith hun,tan ,QAJ3~~ receptor g~es . 
. ; '·.·: ·;" 

:' .. ~~ Xeri<>p~' ()OC)'te: e~~~D System, ~ ~ to test the limit 
~' ·-.' ~,.. . .. 

. .·, ~· . , ,_ ~fli~cy prpperty ·of S,C?1Jle n~uroactive . steroids, the, foll()wing procedme was 

: .: . · ~9~c:ct ; f{en~~ ~~s. p~cyt~~ (stage~VI) will~·~ Qeeii .i~folliculated" 
··. ~ ~-r.<>llageri&se 4i$estif?n ~~ [3)ilj@J8-~3.~C.2:1D8:~~1 collagenase 

1.0,,. . ·~· in:~~·s saline with: car salts,~~tted)~ inj~~th c~A transcripts 

... , .... : , .· .. · ~(hn~39 . .QAB~i~ceptor ~unii ~~plex ~l'Pl and ,YJ .• , .Tue ~jor GABAA 

... receptor ~pleX ·is c:Q1DJ>l'ised: , ()f J1i}y sUbunits. .lnj~. oocytes . were 

~~ivi~ually ipaint;Jne~ in ~~~ll ~i~~··(200 µI.. ·~ ~ll. ()f normal Barth's 

15 •·. 

.. solu~q1,1 s11pplemente4 ~91-~cillin.S()rtJml·J,strq)~mycin 50 mg m1·1 and 

8entc:»II1Y~in 100 Dig:·ml~1) for u~ to·9 days.ail9•20°c~ .AgQ~-incluced currents 

20 

. . . .... ···.. :• ' .· - .· •' .. ·.. . . .. '· .. ·.: ·. . . .. . ·.: 

.... · -.. :-'!ere rec()rdedfi1>ill·Xenopus Qocytes.y9ltaP·cWnpecl at a ~ol~g potential of 

, ..: , :.· ~6Q.mY, ~ an~lamp2 J\ (~~ Ins1rim~ts):~olta~e~}a,nlp amplifier in 

'.: .. , ',· 

~e, ~ el~cte voi~e clamp IDAAe· 'Ih,'\to1tag~sensing llilP ~t-passing 
microelectrod~~·:filled ~tll 3~ ~ci,,&tid'~istance~ of 1-:l M ohams when 

. _·::· : . ; . .. •: .,._ .. ·.·.··· . . 

measured in the' standard extracellular safule.. The oocytes were continuously 
. . ' . . ~- ."''.: ~ . . . . . ·, 

superfused Widi~$·Ringer (120 mM ~~~l; lmM_I(.ql; J ._O :.~CaCl2; S mM 

HEPES pH7:i!J):atthe rate ofS-7 ml min"1 ~t~1Dtemperature (17-21°C). 

; . ·••.::. • .,;~<lruis \\1~.11ppli~ .via fJie.~cfu ·sySten,1~ ... ~~ids (10·2 M) were 

.• -... prepar~(i.-~ c6n~~ted ~to<;k $Qluti9~ ei~ m PttiSO or ~~ol and then 

. dilµted in fAA~g~.s~lµtio~ at~a~~cb~o~'. ~~final DMSO 

· and ethanotctincentration:was·0.2%.v/,;, a c:Ofuiehiration which had no effect 

.· · u~on oAB~ eVoked-~nses. StQC~·~~luti~ns oi~1::0~~ ·~gs were made in 
... ·.·· .. :. ' ... •'· ,. , .. , .· ··,, . . , .. ··· . '.·· ·.·· : 

-Ringer ~oh1tio~. · Me~brane current i:espQ~e~ -lo']V-pass filtered at 100 Hz 

. .. . , ,; and rc:corcieci on~~ rfuigrietictape ~ing llll·.FM tape·~~~ (RacalStore 4DS) ~()r 
3.0 , . , subseqllell~-an~ysis. · .. . •' . ~ . . '• . ' .; ·. -,·:-:.··. 
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Beneflls over Progesterone 

The correlation.S· between reduced levels of progesterone and the 

symptoms associated with PMS, PND, and catamenial epilepsy (Backstrom, et 

al., 1983; Daito~ K., 1984) led to the use· of progesterone in their treatment 

S (Mattson, et al., 1984; and Daito~ 1984). However, progesterone is not 

co~tly effective in .thC treatment of the aforementioned syndromes. For 
. . . 

example, no dose-response relationship exists for progesterone in the treatment 

of PMS (Maddocb, et al., 1987)." These results are predictable when considered 

in light of the resillts of our in vitro studies which demonstrate that progesterone 

10 has very low potencY at.the GR complex, as seen in Table 1, compared to certain 

_ metabolites of progesterone. 

The.·beneficial effect of progesterone is probably related to the variable 

conversion of progesterone to the active progesterone metabolites. The use of 

specific progesterone metabolites in ·the treatment of the aforementioned 

15 syndromes is clearly Superior to the use of progesterone based upon the high 

potency and efficacy of the metabolites 8nd their derivatives (See Gee, et al., 

1987, and Table 1 above). 

No Hormonal Side Effects 

It has also been demonStrated thatneuroactive steroids lack hormonal side 

20 effects by the lack of affinity for· the 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 

progesterone metabolites and their derivatives and the progestin RS020 on the 

binding of pH]RS020 to the progesterone receptor in rat uterus (Gee el al. 1988). 

25 3H-progestetone (0~15 nM) was incubated with the rat uterus cytosol in 

the presence of the test compounds. The specific bindings were detennined after 
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,, . J .. . .<- •' >:: i:ricUbatio~ ~ eo~J,ared tO the C:Ontrol~or(Witb~Ut the compounds. The 

results are~ as percent inhibition of:bimling. If the compounds bind to 

- .· ~ prog~Ile ~r With high ammfyi a 100%' Uihlbiiion of bhlding would 

'; .· .;: ·'be expected' ~1: the concentration tested. N~\lfO~ve -steroids exhibit less than 

s 10% inhi~itjonhuu~tiJ1g ~-~er~ i~Ye as ·p~~e~c ~gents. 

10 

,• . . y arious hormonal activitieS of iepresentati~e lie\ii:9active steroids were 

· · · · further- stiidi~d dlrottgh testmg thek P<>tentilll estrogeni~,_tn~n:iocorticoid and 

·· · -· -glucocmtlcoid ~.rities. These "1Ctiyities ~--&IJalyzed by monitoring the ability 
. . . •'• . .. :·~:· . . . ·, .. . '· . . . . . . ·.: .... 

____ _ of~ ~I?J>Otilids t<> i!111ib~t_ bi?<li.n.1t9f ~ steroid honl10?CS to their respective 

. hormone rc:~p~. The resiiltS: ·of th~. eXpenmentS. are ·reported in PCT 

-. publlmed ap}>li~on W09J/0313_2;:pJ1bUstled on 04 t.{arcii 1993, ~dare fully 

·· __ incoiPo~~d~y'iererence herein; ·.. _ : .. >- _ _ 

. · · Thei·eSults "f ~~~ts cl~ly sho\V ~- nC1Jf.08ctive steroids do 

..• not hive a~~ 8.:fiinity for arty oftlle'a~~~:sterOid' recepfurs. Thus, they will 

15 . not have predi~cl ho~~~ sid~~ffects wbi¢h ;,ould reslllt frOm such steroid 

:·_ .. te~Ptc>~- b~~ingj.? · " :·: .. . _ -· -- -_ _ , . 
. . ;., .. ··.··.':.- .··:;, ···.· ... , .. 

· Anti~~nvuli1pftActiviiy" ·- · ": '· ' ··· · 
... ···.··: .... : 

•.: 
~ . ·. 

·,·>. ·-..: 

. ... ">.;·· ' 

.L 

EXperiments ·were also· perfc;>nned · to determin~ the physiological 
' , . •' .. · , .... ' .. ···.· . 

. .. relevance of ileuroactive steroid and GABAreeeptQr int~Qll$ by assessing the 

2o . ability °'f;th~·eo~~urids ~flliiciilSCCi iii the, iJl~~C>hto.preVent m~l induced 

- ' conwlSioiiiJ:fu ittlce. Mice; were •injectec('Witti :'various doses of the test 

··=.:t~:.:::~it7:7::::::~ 
me-I wu d~~ned by,~b~ehiirtg ·each 1.1)9ti5¢' for a period of 30 minutes. 

••• ' • -:•,.: • • • ! ,... • •••• ·:· •• • •• 

25 In control nlic~~ metrazol {85 ing/kg)'Will hiCi~c~ •convulsion in 95% of the 

... animal.s.··-·ni~abili~ofseveralc()ril~~ds of~d·-~_-in the;~veiition to protect 

-- · ·mice ftOtn co~~sion.is-shown in.Tabl~·2 .. 
_, ... .· .. 

·:.·.- .. !. . . .. . ... 

. ·:,_ 
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Table 2: Antimetrazol Activity of Neuroactive Steroids in Mice 

Name Route Vehicle Dose % 
mg/kg Protected 

3P-Cyclopropylethynyl-3u-hydroxy-5P,.pregnan-2o;_ IP 50% 10 87.5 
one hpbcd 

3u-Hydroxy·3P-(3'·m~yl-but-3'-en-l'·ynyl)-SP- IP SO% 10 100 
pregnan-20-one hpbcd 

3u-Hydroxy-su-pregiJan-20-one JP SO% 10 100 
hubcd 

3u-Hydroxy-3P-methyi~sp.pregnan-20-0ne IP micro 10 70 
. soln. 

3P-Ethynyl-3u-hydroxy-5P-pregnan-20-one JP .~0% 10 100 f 
hpbcd 

3P-Ethynyl-3u-bydroxy-l 9-nor-SP..pregnan-20-one IP SO% 10 81.S 
bpbcd 

3P-{l-Hexynyl)-3u-hydroxy-Sp.pregnan-20-one IP 50% 10 37.5 
,. hpbcd 

3P-Ethenyl-3u-bydroxy-5P-J>regnan-20-one IP 50% 10 87.5 
hobcd ' 

3cz-Hydroxy-3p.ethynyi.;su-pregnan-20-one IP 50% 10 87.5 
hpbcd 

3cz-Hydroxy-3P,.methyl-5u-pregnan-20-one IP 50% 10 100 
hpbcd 

Bis (3u,21-dihydroxy-3P-ethynyl-5P-pregnan-20-0ne) IP 500.4 10 31.S 
21-hemisuccinate hpbcd 

3 iz,21-Dihydroxy-5iz-pregnan-20-0ne 21-ac:etate iP 50% 10 so 
hpbcd 

3cz,21-Dihydroxy-5u-pregnan-20-0ne {5a-THDOC) IP 50% 10 87.5 
. bpbcd 

.3cz-Hydroxy-3P-tritluorometbyl-19-nor-5P-pregnan-20- IP 50% 10 JOO 
one hpbcd" 

3P-Ethynyl-3u~hydroxy-5P,.pregn-11-en-2G-one IP 50% 10 75 
hobcd 

Jiz-Hydroxy-JP-{3'-methyl-but-3•-en- l '-ynyl)-Su- .· IP 50% 10 87.5 
pregnan-20-one hpbcd 

3iz-Hydroxy-3P-methyl-5cz-l 9-nor-pregnmi-20-one IP micro 10 37.5 
so Jn. 

3ci,20a(S)-Dihydroxy-Siz-pregnane IP micro 10 30 
soln. 

3P-Ethenyl-3u-hydroxy-5cz-pregnan-20-one IP 50% 10 100 
hpbcd 

3cz,21-Dihydroxy-5P.,pregnan-20-0ne 21-acetate IP 50% 10 25 
ho bed 
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.... :,'·. ;·· 

3cz,21-Dihydroxy-3p.ethynyl-sl'-Pregn&l\-2o-Qne,~1. , ·.· 
hemisUccimite. · > · · · · 

:Sil (3cx.2~~ill)'droxy-3p..irifiuoromediri~~P-PR,8n.n-·· · 
20-one) 21-heniisuccin&te · · · 

, micro 
. solR. 

IP water · 

.IP .50% 
hp bed 

.. : IP:··· .. 50% 
hpbcd 

PCl'/US95/15210 

100 ·• 60 

. 10 so 

JO 25 

.10 14.3 

3cz,21-DihydroxY.;.3p.;niet,1iyl-Su-pregn~~2~ne2l-' ' " IP 
Hemisuc;c;ina~~· SOdium:s8ft . · · · 

micro 
soln. 

10 11.11 

.. ::· .. ·' .' 

~cz~l-Dihydroxy:3~pi~yl-Scz-p~gsugi-2Q1>ne 21'." .. 
Hemisuccinite · .·... ->.. · · · ·· · · · · · · · .·· ·'· · : : .. · · · ··. 

··.3a-Hydroxi-3.(ftlifluo?oJiiethyl-Srl-pregnan-2<k>ne · 
. ,·.;· ... 

· 3a.21-om)rdr<>xy-3P-trifluoromed.11-i 9-n~r~sp.; · · · ·· 
· · · , pregnan-20-0ne · ·. ··. ··· · · .··· ·· 

3u,21-DihydroXf-Scz.:prePan"'.20-0rie 21· · 
heniisUcciilite; sodium salt. · .'. "-· · · · · · 

· · 3u .. Hydroxy-3p..tritluoroinethyl• l 9•nor-Sei.:pregnan- · · · 
20-one .. >_::>:,.:.·,. ·· .· /.· 

3u,21-Dibydro~)''."3P.eth}'DYl~SpLprePan~lckme~·21~ '. 
acetate ·--;. .. . . .. . . .. 

··· 3u,21-Dutydri»cy-3pLmethyl-Su.:i)reiDan•2o-oile21-: · 
,.cetate ·· · · ·· · ' ·· · · 

: .. · .. :_.·:. :r·· .. .· .. ,,:,· 

Ju,21.-Dibycin)xy-3pLtritluorc)Jlietbyl-5pL~8nan-2Q-' · · 
one, 21.:ac:etate . . . .. ; . '. .: .. ·.. . •. . :· .... ' .. · .. ; 

· · · .• .. . .·. . 3u-Hydro~.:3p..trifluoromethyl•SP.l9-nor~pregq-

... 

17(Z)-ene ···=: /, ··: ·,·~ · ·._, ::=: 

. . ;: .. :··' · .. , . .. 

Ju.40a-DihyctrOxy-Jp,21 o.dimetltyl-5u-p~gliane: 
lu.41-Dit.ydroxy.;.JJ},;trifiu~inetJiyl: 19-~~r~sP. · · 

. pregnan-20-one, 21-hemisucCim\te,sodh.ini:salt · 

. :· 

3u,21-Dihydtoxy;.3fkJhYnY\·,P:p~gnan~2~one 21 . 
hemisuccinate sodium salt· · · · · · · · · · 

3u,21-Dihydfu,xy-3~tririuoromethyl·SP..pregnin-20:.. 
one 21 hemifUmarate sodium salt 

. IP . 

IP 

.. iP 

IP 

IP. 

IP 

IP 

50% 
hpbcd 

50% 
; hpbect 

water 

. 50%· 
hpbcd 

50% 
hpbcd ' 

water 

'.50% 
hpbcd 

. 500AI . 

hpb¢ .. 

S0%1 
hp bed 

10 

10 

10 

10 

10 

60 

10 

'iO 

10 

IP. micro .10 
soln. 

IP' SO%. 10 
ho bed 

. IP 50% 10 
·.; hpbcd. 

-IP .. SO.%· -· 10 
hpbcd 

IP micro iO 
: soln . 

IP dmso 10 

·"1p watt;..:,. 10 

IP water 10 

IP water 10 

62.S 

18.8 

37.5 

62.S 

118.8 

100 

25 

62.S 

87.5 

10 

so 

62.5 

. 2S 

22.2 

0 

so 

so 

50 
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3a.,21-Dibydroxy-3J'-fluorometbyl-Su-pregnan-20-one 1P 50% 10 25 
hpbcd 

3a.,21-Dihydtoxy-3J'-1ritluoromethyl-SP.,pregnan·20- IP : water 10 so 
one, 21-hemisuccinate 

3a.,20IJ-Dibydroxy·3~yl-SIJ-Pregilalle 1P 50% 10 2S 
. hpbcd 

3a.,21-Dihydroxy-3P.iri6uorometb~l-SP.pregnan-2();. .· IP water JO 62.S 
one, 21-heminccinate, sOdium salt. 
3cz,20P.Dihydroxy-3fHth}tnyl-Sa-pregnane · IP .SO% 10 37.S 

hnbcd 

The ability of neui'oactive steroids to protect . animals against other 

chemical con~ts was further demonstrated for 3u-hydroxy-5cx-pregnan-20- t . 
one, 3cx,21-dihydroxy-5«-pregnan-20-one and 3cx-hydroxy-3P-methyl-SP­

pregnan-20-one. The anticonvulsant tests are similar to that described above." 

S The following chemical conwlsants are: metrazol (85 mg/kg); (+)bicuculline (2. 7 

mg/kg); picrotoxin (3.15 niglkg); strychnine (1.25 mg/kg); or vehicle (0.90/o 

saline). Immediately after the injection of conWlsant or vehicle, the mice were 

observed for a period of 30 to 45 minutes. The number of animals with tonic 

. and/or clonic conwlsions was recorded. In the maximal electroshock test, SO mA 

10 of current at 60 Hz was delivered through corneal electrodes for 200 msec to 

induce tonic seizure. The ability of compoWids to· abolish the tonic component 

was defined as the endpoint General CNS depression potential was determ!!_~ 

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 

15 was determined. The ED50 (the dose at which.the half-nWtimal effect occurs) 

was determined for each screen and are presented in Table 3, infra. The results 

demonstrate that neuroactive steroids, in comparison to other clinically useful 

anti-conwlsants, are highly effective with profiles similar to that. of the BZ 

clonazepam. These observations demonstrate the therapeutic utility of these 

20 compounds as modulators of brain excitability, which is in correspondence with 

their high affinity interaction with the GR complex in vitro. 
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Table 3. Anti~onv1dsant Activity of E.x"inpQfied Neuroactive 
Steroids .antfSelected Known AntlconvnlSa*itj in Mice 

'· .. :·.: .. 
. ·,·, 

·. · .. ·. ·· .compound.:·. .····RR MES MTZ BIC · .. ~ICllQ STR 

30 . 28.6 4.9 ; 12-.3 - .. :· . 10.2 

· .. , · sa .. nmoc<~> . ·· ... ··. ·22.9 26. 7 .8.J ·17~8 . ; ~-~ 

>300 

>300 

>100 61.9 3S~4 ;'Ja;-hydroxy-3~ ' . .. '246;2 :>100·· .·. 63 
methyl-Su-pregnan~ ·· . 

· - · :-2o·one<ii> · ·. ·· . . . . · < ' 

··~. : ;·. 

.. ·,: . 

. •:c1onazepain• - 0~009 0.0086 0~043-,_. NP 

' Phenobatbitai• .· •··• ··· 69 · 22 13 38 28' ; . 95 

Phenytoin• 65 10 NP NP NP. •• 
Progabide• .. ·75 .. 

30 30 105 75 

Valproate• 426 272 149 360 387 293 

The abbrevia:ti~ns an.: RR (R.Otorod);•MES (maximal electroshock); MTZ 
(ipetrazol); BIC (bieuculline); PICRO (picrotoxin); STR (strychnine); NP (no · protection> · · · ·· · ··· · ..... ' ' ·. · · "· ·· · · · · 

<•> Dissol:\'ed In: 20% hydroxypropyl~p..cycioctextrin in 'water: . The route of 
adntinistrati~ fc>r stc:foids'andeorivtilSanuwas i.p. and·s.c., respectively. 

· ~ Antlc~nwl~tda~ are.from Swiny*ro & W~odhead, General ·principles: 
- . ·. • · experimenfal detecti(>n, quantification and eval.\Ult~on of anticonvulsants. in 

Antiepileptic Drugs, D.M. Woodbury, J.K. Peiity, and C.E. Pippenger, eds. 
p. 11 t~ {Rav'aiPress, NeW York), 1982~ 

·' ·.:.·:· ... :· 

. (II) Veh:l~l~:~o~~ned o52~{hy~xy}j.:C,pylartetbyl cellulose add 4% TWEEN 80 
'in.saline. " - ·.. ·· ,. . , .; .... '· ~.: .·' 

•• :M~111t..n:P~tection .. 6f 50% ··at s~1o0 till!k&. " . ·.·· 

. ••* The chemi~J~o~~lsmits in, ih~ piOgabide studies ~re &dminiSiered i.v ., all 
data frOnF\Vmms ei ai., GaDima•aminobptyric ac:id ((JAB.A) ~ptqr stimulation. 
I. Neurop~fogical profiles of progabide (SL 76002) arid St. 75102, with 
emphasis tin tfieiranticO:nvulsant s~·'iolliitaiof Plitirmacology and 
Experime~tt1l Therapeutics 22(): 6(>~671 .. 0?82). 

", . .. : < .>> ... : . 
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Anxiolytic Effects 

The following experiments ~onstrate that the progesterone metabolites, 

3u-OH-5u-pregnan-20-one and 3u-OH-Sp-pregnan-20-one are effective 

anxiolytics in fom animal models of human anxiety that measure the behavioral 

S effects 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 fom animal models 

used to measure the behavioral effects of anxiolytic compounds are: 1) light/dark 

transition test; 2) elevated plus-maze; 3) Geller-Seifter conflict test and 4) Vogel 

10 test. 

a) Light/dark Transition Tat 

The light/dark transition test· (Crawley and Goodwin, Pharmacol. 

Biochem. Behav. 13:61-10 1980) is based on the observation that rodents 

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

15 aversive to the rodents and inhibit exploratory behavior (Christmas and Maxwell, 

Neuropharmacol. 9:17-29 1970; File, J. Neurosci. Meth 2:219-238 1980). A 

variety of clinically established anxiolytics including diazepam, clonazepam and 

pentobarbital have been shown to increase the nUm.ber of transitions betweeiithe 

light box and the dark box, whereas nonanxiolytic drugs do not demonstrate this 

20 behavioral effect (Crawley et al., Neuropharmacol. 23:531-531 (1984)). 

Male N.l.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 \Vas environmentally controlled (22 °C) with a 12 hr 

light/dark cycle (0600-lSOO hr). Food and water were available ad libitum, 

25 except during testing~ The experimentS were nm from 0700-1500 hr and groups 

were counterbalanced for time of day effects. Mice were only administered drug 

or vehicle once.· 
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The meth()(J. used was a modific:ation of.1Deth()ds pmviously descn"bed 

(Wieland et al., sf.·Res. 565:263-26S:(t 99l)):: ··ifu,····~ irlcluded two 2-

. compartment automated test . ~hers . (Model; RXYZCM16, Omnitech 
·· ... · ;-_·:·;_::~· .":'· ··; ··;[ ;_:·. :· .. ·.· .. ·. ,. :··· ··':':::. ·_._:,>;: ·-~ ~· ': ;:·:. :'. .. ~~-:--··,: ,, 

E.Jectronics, COl1imbu8, OH). . lhe open q<>m~ent was connected to the 

5 . ·• ~~clos~d ~Pat'tlDent vi~~ 7 ~S ~ 1.s ;~ID.~~;~·· .'The OP= compartment 

.. .. , , .. , ;·b~~tly liiu$mg·;~ ~o,o ~ ~~d~~~t.light ~b. TheeJq>erlmental room 

was kept dark. • .In~oIJS of the infrared ~ in either chamber were 
:·:.~ . ·:. .· . : .. '.<·.~.-:·: ... ·~·--· :'.. : i: .· ,:_· .. · ... ·. :, , '(·~:-- '. . . . "\ .. 

•. ·:i.:· ..... ·· .. 

automatically .~fd.ed by. being linlced to·. a computer through a Digiscan 

· ~na:~~·c~tecli ~1~ni~>'~;.'. ~~;~ \¥8S:anaJ~~. ~~the Integrated 

.. Lab Animal Monitc>rlng Sy~~ (OmniteehEl.ectronics). 
.. ' . .• .. .· . '· .. ·... . . ·. ~; :' : . : : : ; ... . ' : . . . : ,· . .' . 

N.I.H. SWiss~ Webster mi~ }Vere admilristered vehicle or test dmg 

in~perlton~y .. {Ip), l~ .~n l~~tiiey ~ .pl~d in the center of the lit 
. : ·.:.,:: ·';·.· :..: .' .. : :·. ,':, . ' . : . : _..: .. ! i ·, _: ·.: ·(: ,; .. ·< -":.;: · ... ', ::. : . ;''·:'. . : . ·'.: ~ ·.·.; . .- .. :· : .. ": 

10 ' 

, CQmp@l'bnent the D.uml>Cr of~tions ~the lit and daik chambers, total 
. -~~~-'· . ::·: ·,.: . . . ·· .. '·.: :. .·. ,. : ... : .'· . .-··.··.·; ;,: .. ;_:··.:.. :'.~.;·: .;._·;.: . .- : : .... · .. --... ,·. 

' activity in the.lifchmnb~r and the'tiin,~ speiit in the lit chaniber were measured 
15 .. ;· , : ' .. d~ga 10.~te~ })e~od. >. . <, , . :· · . ... . 

. · · ... , A~o~of3cz-0~-5~~~~~~20-0neancl3cz~OH-S)J-pregnan-20-
. one~ the ll~~.~ti~~~ ~ aisigllifi;td~~-resl'onse curve in 

.. , ', . . . :,·: , rel~tl~n,to th~ ntnriber of~~<>~ ~. ~~: ~~ :1'9x ~d the light box. 
Post-hoc ~IJlpariS<>~ showed.tliat the nUmbef of the crossµig for doses for both 

20 -·. . ·.3~~01i~Scz-;grlan2~o-o~e ~ a~bi-l-sp~J>regrlan~2~-0~~>~ significantly 

.. · .. , m=1~n~~11:-;:r~~)m--OH-S~~ 
20-one produced $igiilii~t <P.'S Q.~'I)·iJiereaseS'lli activity at 10 & 20 mg/kg as 
. . . . . "{ . .. ~ . . : . .· . . : . . .. ; ; . ' . : .. ~.. . : . "'· . . . . . ; . ·:: . . ·. ~ 

c~mp~d to. ~~l gro~ps Q?~s J-test)~ · Ther.e were no significant 

25 diff~~,s be~Cii ~~;~o co~J>C>,~ds 't ~y:p°'s~ ~~· .... 
·'·": .:_-··.·: 

.;.· .. :.·: 

.... . .. ~. : . ,_,,. .. .. ·:., 

. . , :, ' . ... . ... .:·•:.: .· {·· ·:°' 

.. ,.·; 

);·,.:·:. 

. ·.· .; 

··.,·.::_.· .... 
' ' 

. ... ' ... · ·.· ;·. v.·.: .. 

.. : ' ~- . :· .. _; 

· ... : ::,: ·. 

;,;::-

·· .. ·,. 
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b) Elevated Plus-Mau 

The theoretical basis for the elevated plu&.11187.e test is similar to that of 

the light/dark trarisition teSt. As described by Pellow et al., J. Neu~osci. Meth 

14:149-167 (1985), the elevated plus-11187.e apparatus is designed to utili7.e the 
. . 

S mice's natma1 avCrsion to open sPaces· The apparatus consists of two open-arms 

10 

and two enclosCd-arms. The elevated pl~maze test allows for two measures of 

anxiety, the number of entries into the oi>en-arms and the thiie spent on the open­

arms, both expiessed as· a percentage of the total number of entries and time spent 

inion both the open-arms and enclosed-lrms~ 

.Male NJ.ff. ·swiss-Websternlice (Harian,, Imianapolis, IN) weighing 15-

20 g were housed' four per cage in polyethylene cages with sawdust bedding. The 

colony room was environmentally controlled (22°C) with a 12 hi light/dark cycle 

(0600-1800 hr). Food and water were available ad libitum, except during testing. 

The experiments were nm from 0700-1500 ·hr and groups.were counterbalanced 

1 s for time of day effects .. Mice were only adininistefed drug or vehicle once. 

The method used was previously described (Lister, Psychopharmacol. 

92: 180-185 (1987)). 1be apparatus included two open arms perpendicular to two 

enclosed arms elevated ·so cm from the floor. E8ch arm was 50 cm long and the 

walls of the enclosed arms were 40 cm tall. The maze was made completelY-Of 

20 black plexiglass. Incandescent 200 W light bulbs were ·above each of the open 
. .· . 

arms-to produce a strong contrast between the open arms and the enclosed arms. 

Ten minutes after an injection, the N.I.H. Swiss-Webster mice were 

placed in the center of the plus-ma7.e facing an open arm. During the 5 min test 

period, the number of entries onto the open arms and the enclosed arms, and the 

25 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 anns may not equal S min. 

f 
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... '" : Both 3cz~OH;.scz-pre~-Z~~ ~ 3u;.{)~-sp.;.pregnan~2()-one, in the 

'e1evate4 plus-~aie·test, dc:JD~~te,~~~ i>l"O~o~o~--~f~~es ·into the 

: ~p~~ .:·~~ ~-d.o~~ ·• ::.~~~Ji~S~~J#~~~~2~~~ ·-~~-d~~ : significant 

; increase in ·eDtries at ·20 mglkg.(p·< '0~05); Whereas· 3u-OH•SP;.pregnan-20-one 
' . · ... · · .. ' . 

- . pr~d~ed $i~l~c:ll!lt ~s·hi,.¢!ltri,~)u .S:mglkg. (p,~ ·o.os)~: 1.s hig/kg (p s 

. . _ . :.0.01)~ and 1o;in8/kg (p, .s.0.01) .. ···.·· . 
~ .. . . . 

·' In ad4itle>h, 3_u-OH~5u~p?e8z]at1~2~D¢ attd 'J~~of.I~s'Ji~Pregnan-20-one 
:produced ~d~t in~<hi thetjtt1e.speni hi the open•mns. 3u-OH-

. ·· ·scz;~gr,~~2~~~,produced Si~i~#if:~sjri ti~~ spent o~ ~open-arms 
at 10 'mg/kg (p s:QiOl), whereal 3.0H-SP.,pregnan-20-one produced significant 

~ ~:time:sP,Cnt ~ the:·o.Peii~~ '~ -1.s·~~~ -~ !; o.on and 10 mg/kg 
(p,S0.01). ; ·;;.,;.: /,;·· ./··' 

., .. ' '; 
. 

, .. ·:;:: ~e ~~JS of ~~~.:~~tj~-~:;i:eP<>i;ed.fu.: PC'.f published 

applieation · W()93/()3732, ... pu~lished ... on ::04 March .. t 993, .and are fully 

incorporated .. hCreiii _by ~f~~ 'table··~···sh~~·th~' ~ of anxiolytic 
.. . ..... ·. . ·::.· · ....... ,. ·. ' -··' ... : . ,. 

activities of eoDlpOllnds of and~ hi tllC' inVmition \Jsing the elevated plus-maze 

;·· 

.·,.; .::. :: 

:}· .·.::.·',.· .· .•· .. :.· .. ,,,. ·: .... _ ... ; . ; .. 

,,·; 

·· 'Name>' :-· : · · ·~~ '· ·veJiicle .· 0ose % 
· .. · · ...... ,, .............. · . >•. . .. · . . mglkg Control 

· .. 20 3cz;.Hy~y-3~3• .. mC:diyl•but-3'.;en~:l;-ynyl}:S~:<•: · · ':1p·. ' ·. SOOA,-·.:- .. · 10 155 

25 

.. pregnmj.;2Ck>ne · = ·. · .. ·. · . · • hpbc;d 

3a-Hy~f~~-5~J>ie~im~20-0n~ : . . ••·. ·. ·-'. 
· .. ···, .... 

.... : ·.·'.', .. •' ';:;·.:· ... :·":: .. . ·.,:., .. •; .-::· .. : 

3a-Hydroxy-3P-etJiyi,yJ-5u .. pregnan-2Q-Qne .. .. . : 

: 'IP · .. , s0% 
:''hpbcd: 

· 'IP' ' S00.4 ' 
hpbcd. 

. 20 

· .. : ,"IP·:. 50% . _ JO 
...... , · hobcd 

143.7 

186.6 

172 

213 
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3a-Hydroxy-3P-metbyl-Sa-pregnan-20-0ne 

3a,21-Dihydroxy-5a-pregnan-20-0ne 21-acetate 

3a-Hydroxy-3P-trifluorometbyl-19-nor-5P-pregnan-20-
one 

3P-Etbynyl-3a•hydroxy;.Sp.pregta-l 1~-20-one 

3a-Hydroxy-3P-(3'-methyl-but-3'-en-l '-ynyl)-5a­
pregnan-20-one 

3P,.Etbenyl-3a-hydroxy-5a-pregnan-2Q-one 

3a,20a-Dihydroxy-3~11letbyl~5a.:.~e 

3u,21-Dihydroxy-3IJ-ethynyl-5P-pregnan-20-one 21 
hemisuccinate · ·· · : 

Bis (3a,2 l-dihydroxy-3P-trifluoromethyl-5P-pregnan-
20-one) 21-hemisuccinate 

3a-Hydroxy-3P-fluoro!Dethyl-5~prepan-20-0ne 

3a-Hydroxy-3P,.tritluorometbyl-5P-pregnan-2<k>ne 

3a,2l-Dihydroxy-3P-trifluoromethyl~19-nor;.5P­
pregnan-20-one 

3a-Hydroxy-3P-trifluoromethyl-19-nor-5a-pregnan-20-
one 

IP 

IP 

IP 

IP 

IP 

IP 

•IV 

IP 

JP 

IP 

JP 

.JP 

IP 

IP 

3u,2 l-Dihydroxy-3P-ethynyl-5P-pregnan-20-one, 21- IP 
acetate 

3u,21-Pihydroxy-3P-trifluorometbyl-5P,:pregnan-2()-one IP 

3a,21-Dihydroxy-3P.trifluoromethyl-5P-pregnan-20- IP 
one, 21-acetate · · · 

3u-Hyc:lfoxy-3P-trlfluorometiiyl-5P-presnan~ 11,20.:dione IP 

3a,20a-Dihydroxy-3p,i1-dunetliy•-5a-preg.iane 
3u,21-Dihydroxy-3(}:-trifluoromethyl-l 9-nor-5P­
pregnan-20-one, 21-hemisuccin.atc;, Sodium Salt· 
3u,21-Dihydroxy-3~ynyl-5P-pregnan-20-one 21 
hemisuccinate sodium salt 

IP 
IP 

PO 

3a,21-Dihydroxy-3P-trifluoromethyl-5P-pregnan-20-one IP 
21 hemifumarate sodium salt . 

50% 
hobcd 

50% 
hpbcd 

50% 
hpbcd 

500At 
hpbcd 

50% 
·hpbcd 

50% 
hpbcd 

miero 
soln. 

50% 
hpbcd 

50% 
hpbcd 

50% 
hpbcd 

50% 
hpbcd 

50% 
hpbcd 

50% 
hp bed 

50% 
hpbcd 

500Ai 
hpbcd 

50% 
hpbcd 

50% 
hpbcd 

50% 
hPbcd· 

500At 
hpbcd 

dmso 

water 

water 

PCl'/US95/15210 

5 165.6 

10 133 

10 173.8· 

10 233 

10 141 

5 154.3 

10 174.5 

10 164.2 

10 92 

20 150.7 

20 197.6 

10 162 

10 140 

10 161 

10 159 

10 237 

5 235.9 

5 143.3 

10 112 

10 73 

20 161.l 

10 159 

water 500Ai . 126 
ho bed 

f 
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' fp• -50%{·-·. 10 109 
hp bed 

_ 3a;,20b-Dihy~J,,.:edi1nyt-Sp;.pregslane IP dmso 10 178 

-" · · '. -3~~i-Dihycfrc>xY;.3~ttjtlu~:Y1-s~Pn=-20-' 
one. 21-hemisu-=-..._ :Sodium salt , .. _ .- ,. . 

·.IP .. -::. '•water 20 172.8 

····s 

10 

. . _. . ; ~· < ; 

is · 

20 

25 
:: ... 
·-; . 

"~) · · ·. deile~,ijtU Conflict Test 
,-~-· .=~ < .... 

. . . ~ 

·' :::- -: · ... Tins :Bllinu~l· model of.human''~ety utiliZes--~':~~ditioned state of 

.- -. -·oonruet in rats tO -s_erwn the amaolYdc pro~~{ of cinlgs. Rats are 

-conditionCd to<~· - -for positive ?einf~~ement ~der ~o schedules of 

- --~~~;(~er llfl4sCift~, P~hop~ol~"i;a J:48l~92 (i960)). The first 
: . : . . . . . 

. ' ' - -incl~d~s bar pre~iilg under~ ~able ratio-:sch~dUle \vitho~t ~sbment. The 

-second coml>onent i~ -a fuced ~ti~ -~~e with each b~ -~s8 resulting in a 
. . " '·:' .. ~ .. -~ (: ' . . ' : 

positive rehlforcc;ltient and a ptllllsmneni. The punished component produces a 

state of ~nflict~dun the ~~: :The 'uni>unished com~nent allows for the 

- ! obServati~~ ~f~ respo~ d~~t effects a drug_maY ~- An anxiol~c 
- response -wow~ -ill_crea9e tlie ··punished responding Without affecting the 

- ~punished fesPonding~_· .• . . . . - - , -~ 

. - Male albi#o S~~~oaWley ratS (Charl~s River ta~\Vilmingto~ MA) 
., . .·;.·,_:· •.••. :;· '"'. • .•• :.> ·' • :: •. 

. -· weighing 250~300 g were' ~eel for 'co~ct experiment$ and were kept on a 
.. '. ;.·.'··." ' 

resbiCteci cli~ ofJyrliia :L~-·cho~ fo~d pellets with ~ter available at all times 

==-=:zi~:.:s~=~== ';"· :;··:-.:·.·:·.:.-;··:.-···_·:.;;·~~-: ... :~··- ···<.-:·~: ..... =,··:: 

0700-1900. 

'--The ~µ~arixietY cP~i~hin~nt:l~g) ancl ~~rise'"deJ,ressant effects 

of Jci-oH~s~-pre~~:2~1l~'~d-3u~oH-Sci-pn;~-2o:.Ohe ~~measured in 
l'ats b~ the c~J t~st ~ioeu~:~c1-s~ifter0·960). ·-hi this-'63-Diln test, hungry 

ra~ perform 'a~~l~~~pre~~ ~~iis~ t()- obtain ·a sweetened.,milk reward. The 
. .. ' . . . ·. . . . 

~inforceme~t ~~eduie' consi~ bf puirlshment-~ nonptlmsblnent components, 

-alternating, ~ppr<>~~~t~l; ~~ · 15:-min. Rats were tr8fued iii 'test chambers 

: cc~Uib~~-1~~~~)-with a 1~~~~, ~~Uriied iii one ~ta ~al1 dipper tliat 
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delivered the 0.1-mL milk:reward (1 parfEagle con~ensed: milk 2 parts water}, 

and a metal grid floor through which the foot.;,sbock punishment was 

adminiStered. A DEC PDf t ln3 minicompUtetJ;Wming SKED {State Systems) 

was used for programming and recording~ --- _ 

5 Rates initially lea.med to respond on a continuous-reinforcement schedule 

and progressed rapidly to 30-sec, -1-min, and 2-min variable interval (VI) 

schedules. On the continuous reinforcemenf schedule, rats received milk rewanr 
: : . . . 

following every lever press; on the VI schedules, milk rewards were available at 

infrequent and v~ble intervals, eventually at an average of once e\iery 2 min. 

10 Four 3-min "coD;fiict" periods were then infrOduced on the unpunished VI ---- f 
baseline; the first started after 3 min of VI performance and the others were 

alternated between 12-min periods ofVI responding. During conflict p-eriods, 

which were signalled by the presentation of a light and a ton~ the continuous 

reinforcement schedule was again in force and each lever press-delivered both a 

15 milk reward and a brief(0.25 msec) foot.;shockpunishment Shockintensiiy-was 

0.2 mA initially, and.was increased daily in in~ents of 0.02 mA in order to 
. ; . . 

gradually suppress lever pressing-to 5 respo~ or less per conflict-period. This 

training took 4-6 weeks, ~which stable low rates of response were observed 

during conflict periods and stable high rates in the nonjfuhlshment periods. Drug-

20 induced increases in the rate of punished responses were taken as-an index of 

antianxiety activity, while decreases in the rate of unpunished responses were --

taken as an index of respollSe depression or sedation. 

The effects of3ti-OH-Scz-pregnaD-20-one and Jcz-OH-Sp-pregnan-20-one 

in the conflict test are summarized herein~ - Both compounds produced large --

25 increases in the rate of punished responses, suggesting that beth would be active 

as antianxiety agents. The peak effect of 3cz-OH-5P-pregnan-20;;one was 

observed at 2 mg/kg and. that of 3cz-OH-5cz-pregnan-20-one at 4.4 mg/kg 

following subcutaneous administration. (For statistical analysis and because of 

the small number of tests at each dose, &I tests with. each compound were _ 
: . . . 

30 combined for comparison against vehicle control tests, using a t-test for related 
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measures: for 3tx,~<?H-Su-pregnan-20-one, p < 0.02; for 3u-OH-S(i-pregnan-20-

. one, p < 0.008)~ · 
. _._, ...... ·.·.· · .. · :. 

Table S ·~ws the SUDlJD8IY of anxiolytic activities of comJ>ounds of and 

. uscqjn th~ inveD.~t>ft using Geller-Seifter test under the experim~tal conditions 
.~ . . . . ~. 

.. . ··,.·.·::.:.: · ..... , ... ·••·• . .-.· .. ·. . .. !"".'·· ... :' ...... ·:· 

,'· 

··· · . .... desCribect 'abC>ve. ·.·· .. 

10 

15 .,,,' •,·' 

20 

25 

30 

···· Table,5.o.' AnXiolytic;Acti~ity in. .. Gelle~/$~ifj,t in Rats 
. . . ' . . .. :.;- .. . . ' :·;.; ,~, . ; .. : . . ·. : . 

. ........ ;::):' ·'. 

·- .. ' .. ; 

.. Dc>se 
... Compaunds ... - ,, . .. ··Route. Vehicl~ · (ntglkg) 

3a-HydrQxy-sP:p~gnan-20:.0n~ 

Ja-Hydrdxy-S~~p~gnan-20-on~ .·.: - .· '···· ··"'·· .. : ... ,,...... ·.··.·····.· 
'· ., 

·.·.' 

3P-Ethynyl-3a:.hydroxy-sp. 
pregnan-20-oge·• '• 

SC SO%· 
. '···.•·.·· ,. 'hpbc(f' 

SC SO% ., ' ...... ·.,, ,' ,' µpbCci: 

SC '·50%' 
hp bed 

· · · · 3a-Hydroxy•JP~etbynyl-Su­
pregilan-20-0rie ; · . 

.L.• . SC . SO% 
•hpbcd 

3a-Hydroxy·3~M,~yl-Sa­
pregnan-20-Qne .: < · · 

' 
8 

3a-Hydroxy-3(i7trifluoromethyl- sc 500/0 .. 4 
19-nor-5P-pre~·20-one hpbcd 

3P-Ethenyl-3~~hydroxy-Su- · po 50% 12 
pregnan-20-one · . . , ···'. . . hpbc;d · 

3a~Hydroxy-:3'p-ti~orom,ethyl-. •·. . >:_, ~ 50% 8 
" · · Sa-prego8n~2~n' · · .... · ' ' · ·· ' · · hpbccf .· .~ . . 

•. 

3a~Hy~xy-3P~trifl~~~m~yl~ . ''~{ " ., . so% : 4· .·· 
· · - SP.,pregn-11~~~20;.one ;.: : ,.. · , hpbcd. :-: ... 

-·3a~Hydi'oxy.:3~ti-ifluoromethyt-·'~:, ·:; .. $c ' 500/o ,: ' . 4: ·.·· 
5P-pregnan-20-.e>lle · · . '. •. . _ hpbcd 
3~21-Dihycin>~y~lp: . , -· ·; ~c . · .. -· 50% ·. ··. i(t 
trifluot0inetll)'1.:s~pregiwl-20>··· · , ··· hpbcd' ,. ··· · 

, one , . ·.; J: ., .. ·. ., 

3a-.}iyciroxy-3p-ri-ifl~oromethyl;;., .. sc ... 
sp-19-norpregn.;17c20)..ene -····' - .... ·'-·-'' 

50%, ·;· .. 
'"hpbcd , .. 

16 

Geller/ 
Seifter 
(%of 

control) 

860.5 

471.8 

751.1 

830.2 

1384.6 

1073.1 

1092$..:.. 

1005 

508.3 

663.2 

982.4 

1130.3 
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Geller/ 
· Seifter 

Dose (%of 
Prod rags Route Vehicle (mg/kg) control) 

3a,21-Dihydroxy-31J- SC SO% 8 882.8 
· trifluoromethyl-SP.preg.lan-20- hpbcd 
one, 21-acetate 

3rx,21-Dihydroxy-3IJ-ethynyl-SP- po water 16 13SO.O 
pregnan-20-one 
21-hemisuccinate 

3u,21-Dihydroxy.-3P,. po water 8 840.0 
tritluoromethyl-SP-pregnan-20-
one 21-hemisuccinate, sodium 
salt 

3cz,2 t-Dihydroxy-3P- po water 8 2493.4 
trifluoromethyl-5P-l 9•nor-
pregnan-20-one 21-
hemisuccina~, sodium salt 

3cz-Hydroxy-3IJ-methyl-Su- SC SO% 16 900.0 
pregnane-20-spir0-2'-(1'3'- hpbcd 
thiazolidine-4'-carboxylic acid) 

d) Vogel Test 

The Vogel test is based on the development of a conflict between a highly 

motivated behavior and an aversion. For this teSt, the strong motivation is thirst. 

The animal is water deprived for 12-16 hrS to produce the motivation to drink. 
. . 

During the training period the animals are exposed to the testing environment so 

they become accustomed to the drinking spout 'and minimiz.e the fear of a novel 

25 environment. Following 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. 

f 
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.,J!a~ be.en dCJ?lil'eCI, of ~.fo~~ve to:~~ hours, an animal is 

placed in a test.ciig~ wh~ it is allowed to .. ~ freely for five minutes. This 

... ,., period is used to ~ituate the.animalto.the envirorlment and the drinking spout 

FolloWing the·.~ periQd, animals have.~c:s~ to water and; food in their 

··· •home:,~ ~or2 hrs~ FOCJ<i:~.a~ie at ll(ti~es. ::I~ty~four ~um later, drug 

is atilµini~.tO ihe .. a~i1naJ µi~)>roventtjeµlarly. · . · ·; · 

. . After an.indicated •delay started :&oiJl' the time of injection the animal is 
; . .. ' .. . 

·ag~n placed m ih~·test cage for ten minutes. A computer ccnmts each time the 

aniirial ticks~ and:·after evezy ~Cth uCk:'8citnhJi~ a:~ld ~lectric stimulus 

10 . ~ro~ the ton~e~~or feet Tiie:el~caistirliu1u%$ cpnsists ~f a0.6 mA current 

,. with a durati~· oflQO msec •. This procedure produces a State of conflict for the 

. animal that·b ~ucc:d by the ~on <?fciimcailyUsed ~.~lytic agents 

.. (i.e., Valium). For.dose-iCsPorise ~eS, ~~·~ups of animal~ are injected 

with hi~g d()~es of test'~ and are ~~'at~ pfedetemiked time. . . . . . : . . . . . . 

ts ... P• of' some ·repres~tative compq~cJs ~~ $e~· m~asurements ~ ·. 
·. . ; ·.:· ... ;,· ... : I,· ·:' : . : '· : ·. ·'. ... . .... 

sµmµiatized in Table. 6. 

.: .::··, ·'·'· :·; 

.;·,·.·· : ..... 
_ . ..,.· 

' .. :_._; ... 

·/ 

·'' ~-
........ ·•., .. ;-.. ; 

. . ... -·,.·:-.- ;.· ..... r··· .... . -· ; .. · ......... . 

.. . : ~ ' 
. . ... ' ·. . . . ;. .. ·:.: :· .. ·~·:.= :: 

. "·· .· 
• . ·.• ~ . ·1 

· .... 

' - ·. . . ~ '. . . ): : ·i ; : . . ;·, ·: .. ' . ;,· 
·. ,_. -~ 

·;. <.: ·: :'. :. ; 

::;·';:·.'.' . . ·:· · .. : .. . :· <. _..·;.'.';. 
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Table 6 Anxiolytic Activity in Vogel Test in Rats 

Dose Vogel 
Compounds Route Vehicle (inglkg) (% of control) 

3u,20u-Dihydfoxy-2P- i.c.v. g-CD lOug 169.0 
isopropoxy-Su-~gnane 

s 311,20-Dihydroxy-20-~yl-Su- i.c.v. g-CD· 20ug 179.0 
pregnane 

.. .. . •·. 

3u,20u-Dihydroxy-2 l-metbyl- i.c.v. g-CD lOug 157.9 
. . . 

Sci-pregnane 

3u,20u(S)-Dihydi'oxy-Su- i.c.v~ . b-CD IOug 193.0 
10 pregnane 

3cz-Hydroxy-Scz-pregnan-2Q-one i.~.v. . b-C]) tOug 431.1 

3u,20u-Dihydroxy-SIJ-pregitane i.c.v. g-CD lOug 283.3 

2P.,Fluoro-3u,20Cl-dihydroxy-Su- i.c.v. g-CD 20ug 264.9 
pregnane 

15 3u,20u"-Dihydroxy-21 .. ethyl-Sci- i.c.v. g-CD 20ug 225.8 
pregnane 

3u,20P-Dihydroxy-SP,.pregnane i.c.v. g-CD 20ug 267.3 

Pro drugs 

Anti-convulsant and anxiolytic activities of prodrugs of the basic 

20 compounds 3cx-hydroxy-5u-pregnan-20-one and 3u,21-dihydroxy-5u-pregnan-

20-one and their derivatives were assessed as using the same procedures 

described above. Percent protection by several prodrugs of 3cx-hydroxy-5cx­

pregnan-20-one against metrazol-induced seizures was plotted against time after 

administration of the compounds. (Table 7). 

25 Several additional prodrugs were also tested and results are shown in 

Table 8. Modification of the basic compounds 3u-hydroxy-5cx-pregnan-20-one 

and 3a.,21-dihydroxy-5u-pregnan-20-one at the 3u and 21 hydroxyls with various 

esters maintains their biological activity and in some cases such modification 
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.:cop;ip9:un~ o~;tbis Invention ~ ,l>eqnodified ;to ~yide .BJlti-:eonwlsant and .. - .. . .. ·; '· . .· ., ... '- . ... .• ... . ....... ,. ., -·. .. 

:. ·:.· ( ~(l~ytic acti~tiesover a ~~·o.f~e,. ~tlJ.:~·~ of protectioD. 

.. : '·' .. 
.·.'···· 

. :. . . ··. ' : . .: . . . ~·~· . . . 

... : . · ... : 'ra~l~··'" .Anti-~e~C)I ActiVity..of:Pro4rug ·Esters of 3cx­
· ... Hyt1r.oi)'-Scx-p.-~g11an~2~~~.te.(3cx~OiC00)-5u-

... · · · · · ·· ··· ... ·· · · ··. · j11"egnan-20~011ef" · ·· ··· · · .. ·. 
") ;.· 

' . . . ~ ; 
• : ••• , .•.. := ... ' .. : . . . .:· . . ~ : ·: .. .. •. ".' . 

'. .. 
" p tecti 60 . ' g/kg 1 h '. · .• ro .·· 011 m r, 

R JP 

Methyl 25 

Ethyl 75 

Propyl 75 . 

Butyl 33 

2-Propyl 15 

4-Heptyl 16(4 hour) 

Cyclobutyl 17 

Phenyl 33 

4-Chlorophenyl. so 
4-Methoxyphenyl · · 17 -· 
3-Pyridyl ' .. SO (20 hour) 

,. 

3-(1-Methyl-t;44fihydtopyridinyl) 63 (20 hour) 

20 In contrast to benzodiazepines, neuiOactive steroids can also induce 

anesthesia. Theif ability to induce anesthesia~ thought to be due to their ability 

to open the chloride ion channel in the ab~ :~f GABA, which is a property not 
: ·~ 

possessed by benzocliazepines. Therefore, neprosteroids can act directly in the 

absence of GABA, at the receptor, and als_o· "indirectly", in the presence of 

25 GABA. this "indirect" action is called "modulating" the receptor. Lambert, et 

al., Trends Pha;:m~cology 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 j,referred route of 

·administration tO iiiduce anesthesia· ·iS intravenous (i.v.) administration. In 

animals, a drUg's anesthetic properties is measured by the drug's ability to produce 

5 a loss-of-righting reflex. The loss-of:.righting reflex is defined as the inability of 

an animal to right itself within 30 seeonds When.placed on its back. Mice were 

administered drug i.v. in the lateral tail vein. ·Following administration, mice 

were.placed on th~ir backs and observed for loss-of-righting reflex. Illustrative 

results are presented in Table 8. 
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Table 8. Anesthetic Activity of N~u..Oacti~e Steroids in Mice 
'· -·,.·. 

··,., . ._ ... · .. · :,- ·' . 

.. ) : :.; _,·: .... 

Compounds.·. 

Loss-of­. •' · ··· .. '· · · ·· »°*. >: ·Rigbtiag 

. . :Qoate V~d' \ < · .. (111glkg) . ;;Reflex 

3cz,21-Dihydro~;.3,s- . . . . .. ,. ._iv .... , . ··~ooA.., . 
ethynyl-SP,.pregnan~20-0ne · . · :~tenfophor 

10 .. 

3P-CChlo~thynyi)-.3U- ..... 
hydroxy.;sp.pre8nan~20-one 

3()-Ethynyl-3aiohydl'Qxy-SfS-
pregnan-20-one. · 

3a-Hydroxy-3P-methyl-Sa­
pregn-16-en-2~ne · •: 

· iv · 
.:.:. . ' 

··. iv,.· 

. ;· ~icnntiZhtg ·. . .. .-;: -

20 
}"5olution ' · 

· .. .-,·.· 

IO% h bed . ., ·. ·30.·_ .. · .. ·· ·, 0 p .. 

~· ,_ .. 

so iv . ·;icro~~g 
· ;, · c::' sollati.on:· ·· · · · .,, 

.·· .. .-; .. 

100 

100 

100 

100 

3a-Hydroxy-St&•prep.;9-en• iv.. · · mi~nag· 
, , solutio!l . . 

·io ' · · · .. •. 100 
20-one. · · 

3a-Hydroxy-17{20)(Z)­
methoxymethyJene-l 9-nor­
Scz-androstane · 

3a-Hydroxy-lP..ni"thyl-SP­
pregnan-20-one · · · 

2ji-Ethoxy~J~~hydtoxy-Su- .. 
pregnan-20-one 

2P-Fluor0-3ci-Ji)'di0xy-S•• ··· 
pregrupi-2Q-one .. · ... . . . · 

3a-Hydroxy-:3P..me~yl-21-
methoxymethyl~Scz;.preglian- · 
.20-on~ . . · · .: ,. · :. · .. ' · 

iv ml~~ni~~g. , .· . .. S 
solutioll ' · 

. : iv:··.. : . niicronizin.g . . 2.s 
solution 

.. ·.· ~--; ' . . .: .": .. : : . 

200/o s 
crem~phor . . .. . : . , .• : ' 

iv 

•iv . · 

. :.·· . .-: ... , .. _;._·;_'·-·: .:· .. 

. . ~: · .. 

. . ·· .. :'.-~. ·. ·: .'; .. 

75 

100 

·: :.. . . · .. ~ ~ 

100 

100 

25 ., ; . . . While ~~ ~4 eµib()diJQ.e.nts_ ~~e'"i;e~ ~¢ped. and illustrated, 
',.. ' ............. ··, .. ·····.·.·: ........ ·· .,, .... · ... ·. . . . 

. yarious substitlrtiol1$;~d m(,difications may;be - th~t9 .without departing 

fro~· ·-~~,-~cop~·:~f ;~'ill;~~~~~: .. ~cc~;;gly~··K f~ :t~ -~'::~d~~ood that the 

present- inventio;· has~ d~s~rl~~d b~ ~y·:ofiUus~tlon, ~d ,not limitation. 
°'."_.:-_ ; . . • . • : :: : .... ~.: '· r .; .•. ' • .' ·· ..• 

: . : -~ · .. ; ·:i> .· ... 
··:.i .: 

: . ·: .. ·.' . . -.·; ..-..~_:: ; .. ·. \ 
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What Is Claimed.ls: 

1. A cc>mpound selected from the group consisting of: 

3u-hydrox:y.;;.3P-(3 '-metbyl-but.;,3 '-en-1 '-ynyl)-SIJ-pregnan-20-one; 

· 3cz-hydroxy~3P-{3':.metbyl-but.;J '-en-1 '-ynyl)-Su-pregrian-20-one; 

S 3u-hydroxy-3(}-trifluorometbyl-Su-pre~-20-one; 

3u-hydroxy-3f}-trifllioroiriethyl-SP-}lfegn-11-en-20-one; 
. . . . . 

3u,21-dihydroxy-3P•triflu,~f.omethyl-19-nor-SIJ•pregnan-20-one; 

3~cyclopropyl)etbynyl-3u-hydroxy-SIJ-pregnan-20-one; 

3u,20u-dihydroxy-3p-etbynyl-Su-pregnane; 

10 3u,21-dihydroxy.:.~p-etbenyl-5u-pregnan-20-one; and 

3u,21-dihydroxy-31J-fluorqmethyl-5u-pregnan-20-one; or 
. . 

a physiologically acceptable 3-ester, 20-ester, 21-ester, 3 ,20-diester, 

or 3 ,21-diester thereof. · 

2. A compound selected :from the group consisting of: 

15 3u,21-dihydroxy-3f}-trifl1JC?romethyl-19-nor-5P-pregnan-20-one, 21-

hemisuccinate, sodium salt; 

3u,20u-dihydroxy-2l-methyl-5u-pregnane, bis hemisuccinate; 

3u,21-dihydroxy,;,31J-ethenyl-5u-pregnan-20-one, 21-hemisuccinate; 

3u,21-dihydroxy-3P-metbyl-5u-pregnan-20-one 21-acetate; 

20 3u,21-dihydroxy-3P-tritl-,ioromethyl-5P-pregnan-20-one, 21 hemifumarate 

sodium salt; 

3u,21-dihydrox:y-3P-trifluoromethyl-SP-pregnan-20-one, methyl 21-succinate; 

3u,21-dihydroxy-3(}-trifluoromethyl.;.5P-pregnan-20-one, 21-propionate; 

bis (3u,21-dihydroxy-3P~tritluoromethyl-SP-pregrian-20-one) 21-

25 hemisuccinate; . 

bis (3u,21-dihydroxy-3p-ethynyl-SIJ-pregnan-20-one) 21-hemisuccinate; and 

N-(3u-hydroxy-3P-methyl-5cx-pregnan-2~-ylidine)ethanolamine. 
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.:. __ ·,., , .· : '.:<l• ·; Thecompoundofclaim i,.:wbichis3u-hydroxy-3fJ-(3'-metbyl-

but-3 '~"".l~".'ynyl)-SP~pregnan;.~CM>ne.. .,,.. . , · 

./.' 

4. The compound of claim 1, which is 3u-hydroxy-31J-

.. '···. tri:.fh~e>l'C)methyl-Su-pregnan-20-one. 

·. < ·:.: .. ; .·.,·.·:. '.\• ..... . ·: ,···-. ·. 
•. 

'···' 

s s. 
trifluoromethyl.;sp-pregn-1 l-en-20-one. 

6. The compound of claim 1, which is 3u,21-dlhydro*f-3P-

1rifluoromethyl-19-nor-Sp-pregnan-20-o~ 21-hemisuccinate, sodium salt . 

. ; ~: '. -~ : ' ' . : 

· · ·:7.- ;>The compound,ofclaim l, which.is·3~1'-dihydroxy-3p-

10 trifluoromethyl• 19-nor•SP..pregnan-20-one ... 

, ·· · ...• · 8. . Th~ compound ofclaim:'l~:which:is .·· · 

. ;3.P:( cyclopropyl)~ynyl•3u-hydroX)',.SP!o~gnan•2<k>ne •. · ; '. ·' . , 

-~-' 

9. A pharmaceutical composition, comprising an effective 

amount of a compound of any one of claims 1 through 8; and a 

15 pharmaceutically ~cceptable carrier or diluent. 

10. A Method of treatment of stress or anxiety in an animal 

subject, comprising administering to said animal subject an effective amount 

of a compound ofany one of claims 1 through 9. 

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

20 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 ofmood·disorders in an animal 

S 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 Diethod·of·inducing anesthesia in an animal subject, 

comprising administering to said animal subject an effective amount of a 

compound of any one of claims 1 through 8. 


