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as the popular choice for contraception. Advances in contraception research have only
offered a few more choices, all to women, who have historically born the brunt of the
responsibility, cost, and health-risk (in particular, risks of cardiovascular disease and certain
types of cancer associated with long-term use of hormonal-based contraceptives) of
contraception. The condom, invented in the 16th century, is the only significant form of
contraception available to men (other than "withdrawal" and vasectomy). The only real
innovative improvement that has occurred with the condom came with the vulcanization of

rubber in the 19th century.!

As pharmaceutical companies develop compounds for sexual dysfunction (e.g.,

! From New Scientist, 20 April 1994, Vol 142 No 1923.
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have been used successfully in clinical studies. However, the anabolic properties of these

steroids may give rise to undesirable side effects.

% Drug Store News, Nov 29, 1999 v21 il9 p29.
3 58% of all married women in the world of reproductive age use some sort of contraceptive method (The
Population Division of the United Nations Department of Economic and Social Affairs 2000).
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"spermatogenesis” is defined to cover the entire process of formation and maturation

(differentiation) of sperm and an "antispermatogenic compound" is one which disrupts any
part of this process.

A summary of Sertoli cell functions is as follows: (a) support and nutrition to the
seminiferous epithelium, (b) release of late spermatids into the tubule lumen, () formation of

a morphological and physiologic blood testes barrier, (d) phagocytosis of degenerating germ

4 NICHD, Contraception and Reproductive Health Branch: Report to the NACHHD Council September 1999.
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3,678,057; 3,462,443, 3,408,353, 3,497,517; 3,574,686,
3, B8 s0fi8sand a3;a9i@fy, Fadenopyridine compounds as racemic mixtures is

known and described, for example, in U.S. Pat. Nos. 2,470,108; 2,470,109; 2,546,652,
3,627,773; 3,678,057; 3,462,443; 3,408,353; 3,497,517; 3,574,686; 3,678,058 and 3,991,066.
These indenopyridine compounds have a variety of uses including use as serotonin
antagonists exhibiting antiphlogistic and analgesic properties, hematoblast aggregation
inhibitors, sedatives, and neuroleptic compounds as well as ulcer-protective, hypotensive and

anorexigenic compounds.
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compBEifiehd fR%se MM AOopidaFetbMENTnEhbAtionpitictigésy, one
obj ect of the present invention is to provide an
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affect |ibido, has high potency and activity, and has
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A further object of the present invention is to provide a composition which acts as a
spermicide, killing motile sperm, thus being effective as a contraceptive agent for external

application.

It is a further object of the present invention to provide a composition which acts as an

antifungal composition.

These and other of the objects of the present invention have been achieved by the
discovery of the hexahydroindenopyridine compounds of the present invention and the

discovery that these compounds are highly potent, interrupt spermatogenesis and act as a
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FIG. 3 shows an enantioselective synthesis of precursor compounds to the compounds

of the invention.

FIG. 4 shows a synthetic scheme for iodinating the precursor compounds prepared as
shovm in FIGS. 2 and 3 and the conversion of the iodo compounds to additional compounds

within the scope of the invention.



structure I (a) shown below, preferably having the
structure shown in I(b) below R4 R4 8 9\ ~-R1 8 9 H

WORW4/069249a 1 NR2 7\ 1 N6 9b 2 6 9b H 2 5prdr/BSH0O4800206
. - 43 HRS RS 1h) R 3 (1la) 0"3 ~( wherein the
hydrogen atons. at ¢ Lons 4 de
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are cIs to one another; Formula
s&wxmeﬂ@msMnmmbdowomhﬁmﬂ@Yhywagﬂﬁﬁ@@?W@hﬂEEWUaﬂ@B@dow
reversed so that hydrogens at positions 4a and 5 are
trans, hydrogens at 4a and 9b are trans to one
anot@g%; or all three hydrogens can beg4cis to one
anothey; or wherein the dashed |ine beween 4a and 5
i ndi caf\e at the conpound
s compound

CHQCNB
car boxyl
under

or a group which can be c
physi ol ogi cal conditiong>tb a ca
C acid ter (COO? vvhere?\rs

CONH2, CONHR, : : , , and

hal ogen; and R4 is hydrogen, hal ogen, R3Si or COR are

not only anti spermatogeni c and have activities as nuch

as about 40 times the oral 7 WD 2004/ 066934

PCT/ US2004/ 000206 anti-spernmat ogenic activity of the

best known conpounds as reported in previous US Patent
wherein the hydrogen atoms at positions 4a, 5 and 9b have the relative

stereochemistry shown (hydrogens at positions 4a and 5 are trans, hydrogens at 4a and 9b are
cis to one another; Formula I(b)); or the relative stereochemistry at position 9b can be
reversed so that hydrogens at positions 4a and 5 are trans, hydrogens at 4a and 9D are trans to

one another; or all three hydrogens can be cis to one another; or

wherein the dashed line between 4a and 5 indicates that the compound may also be
the 4a,5-dehydro compound, thus having a double bond between carbons 4a and 5 and where
R!is hydrogen or straight-chain or branched Cy. alkyl, preferably Ci.3 alkyl, or C3-Cy
cycloalkyl ; R? is hydrogen, straight-chain or branched Ci.¢ alkyl, preferably Ci.; alkyl; R’
and R’ are independently hydrogen, halogen, SO3H, straight-chain or branched C). alkyl,
CH,OH, CH,OMe, straight chain or branched C.¢ alkoxy, carboxyl (COOH) or a group
which can be converted under mammalian physiological conditions to a carboxyl group,
carboxylic acid ester (COOR where R is Cy.1palkyl, Cs.10 aryl, C7.10 aralkyl), hydroxymethyl
ester (CH, OC(O)--R where R is as defined above), CONH,, CONHR, CONR,,
CH,0OCONHR, CN, CH=NHNHCONH,, and halogen; and R* is hydrogen, halogen, R3Si or

COR are not only antispermatogenic and have activities as much as about 40 times the oral
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nd, nore pref gra ly, after eJacuIatlon The

agmﬁconpounds of the present invention have the relative

stereochem stry shown in structure (1). This

i nyention inclu p>

( &z@&gnﬂ? rgt/exé Bf i zﬂl? %%Ht 1%8%{’[1;&1%@ kerﬁlacnﬂ{l-sgglgﬁd%& EH; gglates to

the ab‘ilﬁtytt@ eisfupt GigBroddction ©f sfgpen tle testeg Whilerthe temmeé spermlcide” or
Pharmaceutical |y .acceptable salts he conpounds

“spermipidabgredatesotti @biliiy)to sHometinpeEn @ ?reﬁlalff PEPIURLYR ffisly more

t yention. Pharnaceutically acceptable
prefer‘s%wéﬂ?rneﬁcm i but not are limted to salts of a

.basic functi onal group (such as but not limted to an
affiheeompoupds ofithdpresemd imyanfien kavie dlse riptiye gtgreochemistry shown in

s OB s 0085 B RO RRA By ol

pure) l%s?‘%\}eﬁ as ‘éﬂf? hhfét‘il?és o 1d® forrishforexahplad facaﬁiodnsmh as
acet at e, | ate, nml eate, furrarate tartrate,

succinate, citrate, |lactate, nethanesul fonate, p-
tol uenesul fonate, pal nbate, salicylate and stearate;

Orphﬂléc%ﬁﬁéal%@@tgdlg %lférb‘fttﬁeo ogo@lﬁ@éjﬁav‘i\ﬁ fruch®E @) shown above

I ONS SsucC or salts
are aled irdfuded ivditin fhnmmvemmml Pgnmmpemcaﬂy atdeptablersli$ ineludenbut not are

lumte;d(r)qqgsg]lgqtjgfha? %?{@ggtll d grfolﬁg up as i’)\dﬁ’l 3?#5}1@ tgﬁjggl G gtoup) with
1norgtcu‘fi§:r 9@9'@ di &s“r&ﬁ%cﬂ[ﬂ?ﬁ@' W@rbl@&i@le sﬁ%ﬂﬁid F)hl@sﬁbhateldlpﬁos hate

era trai ght-chai n al Kyl | SO-a
hydr@Jrom}dEI amdlnlﬂyate ogsaits of thignﬁmn%rougwﬁ%an OFZgH: such as

aceta:tpfg}?@oef\{ IF%% ﬁ%té t yr%eg%%c ye c1?r3{ét Yactatéf ﬁ%ﬂpﬁgglﬂfonate p-

tolueﬁé’s‘ﬁ'lf@ﬁﬁé)ﬂalmﬁ@cétsaﬁ&yﬂﬁt@ el bﬁéara%l ot §a1’eto|f yih ac18wU’$lhctiomhgroup with
is also pref erably a _straight-chain or 2{
metagms,. pucansasdb@tcmt vt d0) M K. deserrsalivel Basidic Shcftond group with

Subst i t yen i t
he aglrmc%nﬁlémﬂo hg" géﬁ‘g of aH §1d eiﬁlg%t?(oﬂapglto gﬁgf (ggéi{el% tfoeng%ﬁ? 4 nsf(But no
hmltbd/ﬂf) @mﬁﬁ@tabﬁhet{a@r&u&t&d arfmmmdm (0@1510) car boxyl (COOH),
carboxylic acid ester (COOR where Ris C1_10 al kyl,

i v BBl el SO0 R AT B o
grou@%sz et doo%%mﬂ?aso%rwgﬁﬁ%ﬁ@ﬁm&tyl n-pentyl, iso-pentyl, n-

hexyl, iso-hexyl, cyclopropyl, cyclopentyl, cyclohexyl. Most preferably, R! is ethyl.

Substituent R? is also preferably a straight-chain or iso-alkyl group as described for R

described above.

Substituent R® is preferably in the para or 4 position of the ring and is preferably a
group selected from hydroxymethyl (CH; OH), formyl (CHO), carboxyl (COOH), carboxylic
acid ester (COOR where R is Cj.jpalkyl, Cs.10 aryl, Cr.10 aralkyl), and hydroxymethyl ester
(CH, OC(0O)--R where R is as defined above), CONHp, CONHR,: CONR;,, CH,OCONHR,



CN, CH=NHNHCONH2, and hal ogen. Substituent R4 is
preferably halogen including I, Br, C and F. The
w@odoente9acti vity of these conpounds is surpriBCTgS20041@00206
halogen may be a radioactive isotope, for exanple 123
1211 QO her radioactive isotopes, such
CN, C&E‘N%N z=e@%‘1h3%9geprm um (3 H or 18 F, |Oor
radi oacti ve isotopes of brom ne and chlorine, nmay be

s dhsdintdnt RY if RbfekdWly HﬁH gén inCInei gddBf-; Lol &) The potepestivity of
in the above conpounds. npound 1 is a racem

these mmpmmés isTueprésings dihe nhélogﬁn @@m‘?é @ﬁédlqaqﬂé’e 4906045 fqai egpgple

125 ,131 1 18
L oy IR ad T BOGRS R R TR, RS ol (1 8E o

radloa{éﬁﬂ@ netopksibEbroAlifiecdrdadhi orirley miah @e lsebsaﬂtutwcbfor the usual

stereochem stry can be defined by the cis-trans
(nonrpcipagtiveriseiopes iBfthe #OVRFIRBYEK!Sat oms bonded to the

carbon system at positions 4a, 5 and 9b of the

tidd fﬁéﬁluh& 11 QQac%r‘:fﬁé SiRtuteCRRd felche SF 86BN ©8hown in FIG. 1,

assi gnnents.  om ng the Cahn-1ngol d-Prel og
compnmtbhdﬂadahychplndhmmftlérr@@ biesntheseragymmg tiiragRitesy W bishsaw kg defined

wing g3 reenls A PSS SRR AP b PR e
cis-trils r@fa{léﬁﬂ?sr&kmb ehratdméborided e the[cadhod-sgjtpyrat qiba:iﬁons 4a, 5
ound has a hydgr ophobi ¢ et hyI subst it uent
and 95qﬁ|ttm:yllcy@mmg sysism, éaagiedp sigreaashemisat assigamenizstq Afpriing the
t o)
CahnZ[ggc?]@ l{’lrylog glf)}neisiag ﬁglp 1&?1’8% H&ﬁnﬁgﬁs %@%ﬁg&f&%ﬁﬁ)‘oﬁnd lis
(4aRSXSRWHRBGYethyl-2 Bl,e 4a;5)9b-BexakydrOt hmethyt- ﬁf(élrmaftbylah@m’h)-dkl
dext r or of at ory when neasured under the conditions
indengbkgrcilmaidinen Cook et al., 1995), which is an

effect ive antispernmatogenic drug in mce.

[ RESMNRIrGSHobi¢ rhé/thﬁfsuﬁﬁthﬁént GaAROSHpHeny] gfouphi s

serle so resi‘des essentially exclusively in one
correspindaey tmssbstmuent m steosure €d sbpivi abgve. The aitisgermptogenic activity

of coggareggﬁcai ﬁgs?cgeﬁ eﬁ%\u% ?xismelﬁrgﬁl tﬂg g %ﬁéra(éh(?) otpﬁi Lallrotation is

dexn%ﬁﬁ%ﬁy Whsh &Eaﬁ@@ﬁufdemetcon@iﬁomddsa@md in@doka@sal., 1995), which is
| éd in stereochem stry. On the other hand

an efﬁfwtllvc amirRPrIpAtogRNiq (g IpMigh M&?Rﬁ%‘&?ﬁ%@% actigiy gf gtg‘gh‘fompounds
of th}(sn%rel{:] thon, 50 reg dgs Entlaﬁg%%‘ﬁl%%’%ﬁlgf' bfie o;‘é‘ﬁéahlsgﬁfef‘ THd m@ifhred optical

elr relative activities
rotat{BRYof tieksk E@ﬂhpoﬁhﬁ Isqvesviet, Gmajiaﬂe atheect)or ¢), detpencbogrpn @mﬁlbstltutlon

of the present invention have been found
ot e e bl 35 RSP AA eg  fereochemisy
On tﬂé &gl 3l 4@ ahﬁfutngﬁ Rbh&fied FTARBESMpokiiEs ¥LILY pR&kat invention are not

grou groups which can be netabolized
stewus]ﬁerﬁcgmthﬂioﬂaﬁ) apdl < iiwintgs eciivecalthopgh ey relgtige activities may
car boxyl group may be present at any position,
diffesr ef erably the para-position, of the 5- phenyl ri ng of
t he conpounds of the invention with retention of
The spermicidal effects of the compounds of the present invention have been found in

1231
b

the antispermatogenic isomers and are believed to be present also in the other isomers.

The very polar carboxyl group or groups which can be metabolized under mammalian
physiological conditions to a carboxyl group may be present at any position, preferably the
para-position, of the 5-phenyl ring of the compounds of the invention with retention of

spermicidal and/or antifungal activity. For example, compounds in which the para-position is



sperm ci dal and/or antifungal activity. For exanple,

conpounds in which the para-positionis 9 WO
wWQo@4060098034 PCT/ US2004/ 000206 substituted wi 1’¢TT/US2004/000206

hydroxynethyl (CH2OH), fornyl (CHO, carboxyl

subst m&ﬁft;%@g@%@o@@%@m@% R @@%@S

methog(gcearlpd'n C I-}:ﬁ [gﬁﬁllpé Eetéﬁ%ﬁéni B&Rityl ThdsBRom gounds exhlblt

raps 5-phenyl ring. By "netabolized
activitynidspitertherprekerme opbyslap Isdgsltltmht mchel P@fﬂtﬂ@émon of thealyphenyl ring.
a-functional group R3 which is converted to a

carl ho %qbggé%y vgg%g@al W%gmoggg Jb\%ﬁﬁfoﬁg'cfs%&ngéfuﬂcﬁonal

group 3t/ ISPETsTBah P&eddi 16 aldaftRdiiEgtoup Svhele &icomgound having structure D) is
dm ni stration may be by any conventional neans
adminigereé fo & Hemganagmpliior wéich aukspespatogenig tigptment 1s desired.

e t
Admlmr%{ aO?rlu 1{31%%?@%’7‘ Ian}ﬁ &fvg tﬂt:{(%%?ﬁﬁg%sc%%g&a%dﬁgﬁ?ﬁ% »but not limited to, oral,
111terpaﬁmfedlﬁﬂlhtra¥’ene$im sebcnzmeoay intrasiseulen, orhatation daicaglend skin

avai | abl e for erm ci dal d/ tif
penctiaian st SAme A GHE- RS (Y Ct AP ot P Thisidal gpglor antfungal
treatn?e%%v Qllroﬁg %thoct) Qleadﬂ{lﬁiéﬁatﬁﬁl I Thefof MrBiox VI theQirOWPR? %o a carboxyl

eter ned by nonitoring netabolites of the

groupa. mmum deﬂeamnng by tmamtloung n(eta)bohten of Hie gonpeynd havipg stresture (1)

in theggm;g%lp lerr?ri?ﬁ gFl?} e a%oﬁﬁe% iy d b%gngdérg%rggdjum S%E‘cgwentlonal analysis

methGREGEK ABhsyspbdidmet Sheayaireghpliyhy GET), etd.C.
Preferably, at |east 50% nore preferably at |east 80%
and even nore preferably 90% 5% or 100% of

f Uheferabhalt @aﬁé@@,msorsp@fﬁebla@a sa5iehyp Bodie el ypreferably 90%,
95% ?;hf’db% HPﬂﬂ&cn G g@g}g Rata{eqﬂetgﬂoﬁéas 1O REEBbxyl &b lPHR

ry in or taln sper ni ci dal
admiRis@4tion tb Winginameel, githopgr thises nofrmaeeqsenyaemr@@éo gbtain spermicidal

conver.sion can b det I
andlog AENEGAHG P Bl o ABPOGFHE SARprEs cobPEsubed v
quanffrlt%{l%l}/ %ﬁal?ﬂﬁg Btodf or d‘r'ﬁ’l@ QN Flett6 deteARRO HiiR 14108 hmonht @f
unctiona oup R3 relative to compounds in which
uncofrested eempomtdseqon’@mmg)ﬁmctlmaé axapp Ryrislapve 9 ermpaedyin Wthh R’
has btgi[,]ﬂe ?é}?{g]'\’i {oloagcga%%)%(yi régqtng Qg ﬁlenc%'i'l%*%m?gpa\ﬁ%l sisfethods noted

compound erve
abovéf ter a single oral dose of 30 ng/ kg to rats,
drastically reducing the wei ghts of the-testes within

t2 3”5}[1]9 @gﬁgg}&%%ﬁa@gvn oo qeqigsltqu]l& RN 8%% e&fg{efa?issi@gle oral dose of
30 m%ﬂ(%ta[% 'ral%l adr%l%ﬁcalw3 fe@u@iﬂg R JEBHEG |o? HeadsteswARinali 10 Il')’&generafuve

ear To be Cytologically normal.
chang.maa]lieSsehhaﬁ'emumpﬂmbd afle cttaclg'ed sSmpeatrﬁthed@n@pyqq@@C OccaSIOHaHY
Serto] i ceI | _assocj.ate

formmgsmgytlg@? leated, gﬁaggu%qs %@b?‘?}‘éggﬁ?{?ﬁr tt(hgeéﬁg 6) ?%%? Eg@ﬁﬁeﬁ

appehisiBit-compound 1 targets spermatids or the Sertoli cell associated with these

spermatids because histologic changes are observed in these spermatids first.

Compound 1 causes some lethargy and sedation in mice at an oral dose of 30 mg/kg
and extreme lethargy at the same dose given subcutaneously. Lethargy and sedation are
obviously undesirable side effects in contraceptive agents. In contrast to the lethargy and

sedation observed with compound 1, the compounds of the present invention produce

10



Compound 1 causes sone | ethargy and sedation in mce
at an oral dose of 30 ng/kg and extrene |ethargy at
w0 b@4®eave4 dose gi ven subcut aneously. Let hargy BOmMUS2004/000206
sedation are obviously undesirable side effects in
.. contraceptive agents. In contrast to the |ethargy and
minimgd dpthargh observed with compound 1, the conpounds of
the present invention produce 10 WD 2004/ 066934
PCT/ US2004/ 000206 mini mal | ethargy. The conpounds of
the present invention allow one to separate the @ .
afthe fcemppimdsyof dast proseny inventinn alleav enedtatsprasatg dlhq autifgrtility activity

bserved wi.t. onpaund.,1. T u : :
e
therefdfd) @fedtive Wt ftilityelrurd e Sihietkhs ub@estibd st effetts 9f dadation and

and |et har% are markedly di mnished. The conpounds
lethargy aeypatkedlysimbnshidr e tested in mice for their effects

on spermatogenesis three days after a single ora

dose by the procedure described in Cook et al (1995)
bel ow. Conpounds active in this test have been shown
alBhe compoendsnifithd mvtitidnt were ¢estaddnmaise faCdhgivefiferss awer e

speriAREnEN WA 0 ARG HMGROR Ao dioe b P o SRR i Eofi etal

(1999) B3iok. (RnfRNhALACtVE HRNHRS Hhie BEcrCHBRANS t0fbetahg-fertility
i'nvention.” At 72 h after dosing, animals were killed

companads he testes were excised, trimed of fat, and
wei ghed. One testis was exam ned histologically and
rated for spermatogenic potential using the
Sper mat ogeni ¢ Index (J. M Witsett, P. F. Noden, J.

Chesihiyoumidsl whre ddreenkdidrantispbrmiepemd actiatyttiyl dosinganal@ mice on day
.(1984), which is sem quantitative estinmate of the
1 with gt RSBOEF OB ey 1 @t S SEPTE (B ERTpgund of the

inverRi%ﬁeﬂt op 'aﬁéﬁ A0 ERhaAPRER AN hd RStes SRRY FRBIsegafilfined of
cells inthe semniferous tubules. A scale of 1 to 6

fat, ahé weigbdd iDRd eSS wasseapiimgl histelogiveHyrand satest fos speAmatogeRig

assessnent_, was based. an L gh f-the, test
poe 3D o RS e Sl 8 RS By o A
LaMBﬁ,rJTRe?fodt. h&tie hanag7i(rodagsiigsh isveiegtifuantittivarstimate of the sperm

sper mat ogeni ¢ i ndex (SI) relative to a contro
produeging abititynf thetegtes Rbe indaiinbased am hisiplogienl gpecargige of e

i ndenoepyridine. |n . : I ;
serBRARENLI T % e TR St T2 0 et Bl b in
norm@l Elus. RBedond mEdebythent and biRzdics thy deipheof thekdstesan

8-10do-7-nethyl -4'-carboxy or 4'-carbonet hoxy

substituent pattern, an oral dose of 2 nol/kg (1

ng/ kg) of the racemate resulted in a 57-67% decr ease

| nTi1&s 1 and 2 show pertinent biological results in terms of the change in testes
weight (TW) and spermatogenic index (SI) relative to a control containing only the
administration vehicle, but no indenopyridine. In Tables 1 and 2, R? and R? refer to

structures Ib, where R® is in the para position; R! is ethyl; R* is methyl; and R’ is hydrogen.

With an 8-iodo-7-methyl-4'-carboxy or 4’-carbomethoxy substituent pattern, an oral
dose of 2 umol/kg (1 mg/kg) of the racemate resulted in a 57-67% decrease in the
spermatogenic index and was at least as effective as a 79 pmol/kg (30 mg/kg) dose of the

corresponding analog without the 8-iodo substituent. In the case of the 8-bromo or 8-chloro

11



sper mat ogeni ¢ i ndex and was at | east as effective as a

79 nol / kg (30 ng/kg) dose of the correspondi ng anal og
wowahoe3s he 8-i odo substituent. In the case OPCT/H82004/000206

8-brono or 8-chloro 11 WO 2004/ 066934

PCT/ US2004/ 000206 | ogs, the | owest dos
analogF, the oeyesgse 368 (6 SR HRE]) ki OBl S8 o) WBLALto et as etfoctive s
/ h f
i
the a¢tive (kod) sren(ibmen)f the 8ﬂbdceﬁenetbjl -4 -h:erbomethoxy analog w1th the active

et T, D SE0M I, SO PRS2 e
compotA®kEhAk (B QAPEéjoﬂ g}@at&cerffe‘ef at m@m Eehou/ﬁg g@y @nd meng/agpas the

or greater effect at 0.6

lattermgmpg)m@st 3%and 15anmelkad ﬁw@d ﬁ@ n@g/k@)s buﬁal auapmxmagelyf@ -fold
Th
lncreﬁsr‘?clpéléég‘gf?oﬁ%l i %g%‘F en C@H%é)‘é%a gﬁ@é{% g e g;ﬂ 0% "8genat i on

of the 8-position. 12 WD 2004/ 066934 PCT/ US2004/ 000206
TABLE 1 THE ANTI SPERVATOGENI C EFFECT OF RACEM C

| NDENOPYRI DI NE COVPOUNDS | N ADULT MALE SW SS M CEa
Dose TW SIC Conpd R3 R4 (ng/ kg) change (% change
(%) 1 Me H30 19% -55% 2 CO2H H 10 2% -24% 2
C2H H 30 -7%-52% 18 CO2Me | 1 -16%-57% 18 CO2Me
| 3 -27% -69% 18 CO2Me | 10 -36% -749% 17 CO2H |
1-18%-67% 17 CO2H I 3 -9%-66% 17 CO2H | 10
-329% -769% 19 CO2H Br 3 -8%-69% 19 CO2H Br 10
-28% -71%

12



19 CO2H Br 30 -39% -72% 20 CO2H O 1 -16%-55% 20

CR2H A 3 -23%-66% 20 CO2H O 10 -22%-72% a
wWalmes9ad e cal cul ated fromthe means (n = 5) BST/US2004/000206

[100(testcontrol)/control]. Only the highest dose is

shown for cog&iﬁnqs that were inactive. A single dose

of indenopyF' e “or vehicle was given to mce by

gavage at 10 nl/kg. Vehicle was 90% wat er, 7% Tween20,

and 3% ethanol . Necrop was conducted on day 3,
BEgi ANTAG PERYNT OFENTC %ét sifg RAYEMESt es wei ght [ %

%g@%%gggggﬁh¥§#f%@§%%§ﬁ%%8%%6f[%%¥ 26, é?swg ) my] c

SpeEmstiageniMidiridex [ % change from vehicle control of

5.8 +/- 0.2(S.E.)] *Si gnl fi cantl pdi fferegtI from

vehi cle control; Dunnett' ROsSnetdl 1 ed T ¢

QRq Stai sti cal r&nal yeh§/ Mes Qeshes l(replcb)angéewaw

data before conversion to % change. TABLE 2 THE

EFFECT OF 8-1 QDI NATI ON ON THE ANTI SPERMATOGENI C
FFECT O, CHI RAL | NOPYR| DI NE jgga\pr N ADULT
LE sw &8 M CEa }!(\ZIOI\/P @1 | S THE RACEDSI\/?A\%TTE;

COVPOUNDE@BH AND H8 ARE THE LEVEROTATORY2(4E)* | SOVERS)

TW sic Dose Change char}%e

2 CO.H H

-7% -52%*
18 CO;Me I 1 ~-16% -57%%*
18 COzMe I 3 -27%* -69%*
18 COyMe I 10 -36%* ~-74%*
17 COzH I 1 -18% -67%*
17 COzH I 3 -9% -66%*
17 - COH I 10 -32%* f76%*
19 CO,H Br 3 -83 ~69%*
19 COzH Br 10  -28%%  -71%*
19 COzH Br 30 -39%* -72%*
20 COzH Cl 1 -16% -55%*
20 COH Cl 3 -23% -66%*
20 CO.H cl 10 -22% -72%*
a2 yalues are calculated from the means (n = 5) as

[100 (testcontrol) /control].

Oonly the highest dose is shown for compounds that were
inactive.

A single dose of indenopyridine or vehicle was given to
mice by gavage at 10 ml/kg.

Q

Vehicle was 90% water, 7% Tween20, and 3% ethanol.
Necropsy was conducted on day 3, beginning about 72 h
postdosing.

b Testes weight [$ change from vehicle control of 217.8
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Compd R3 R4 (nmg/kg) ( o) (o) 1 Me H 30d -24% -610*
3(1) Co2Me H1 8% 3% 3(1) CO2Me H 3 -12%-2% 3(I)
W@OBMB6dd340e - 13% - 33% 3(1) CO2Me H 30 - 30% PeBUY£004/000206
18(1) Co2me I 0.3 -110* -34% 18(1) CO2Me | 1 -210%*
-660* 18(1) Me | 3 -27% -71% 18(1) CO2Me | 10e
+/= 45 OoheE 9 B lles were cal cul ated from the neans (n =
5) 8%ehHAR oghn8 et a0l [2C AMaiRle] -f rns ivied i 1dDSEIOfrol of
i ndenopyri dine or vehicle was given to mce by gavage
5.8 at/-1@ M (% - Necr opsy was conducted on Day 3,

begi.nni .ng. 72 4 . '

P 004 D006 Dot Hasi g VERY €T o veg” 156 FeRR33°EE 'S
onetidived €F .tdsTesbes wedfHht (% change from vehicle

contro] of 227.5 _+/: 8.6 . . _Spermat ogeni ¢c_I nde %

BN 1R b e 65 Lorits ol Do fohed o °fE3) Favndeta Btrore
confe s okt g@isgn&yﬁéﬁ(?@; ly different fromvehicle control;

Dunnett's onetailed T test, p < 0.05. Statistical

anal ysis was perfornmed on the raw data before

conversion to % change. The sperm cidal activity of

t he conpounds of the present invention is

significantTyBLE 2

THE EFFECT OF 8-IODINATION ON THE ANTISPERMATOGENIC
EFFECT OF CHIRAL INDENOPYRIDINE COMPOQUNDS IN ADULT
MALE SWISS MICE?® (COMPOUND 1 IS THE RACEMATE; COMPOUNDS 3
AND 18 ARE THE LEVOROTATORY (1) ISOMERS)
TWw® SIS

Dose Change change

Compd R’ R (mg/kg) (%) (%)

1 Me H 30¢ -24%% -61%*
3(1) COzMe H 1 8% 3%
3(1) COzMe H 3 -12% -2%
3(1) COzMe H 10° -13% -33%*
3(1) COzMe H 30 -30%* -64%*
18(1) COzMe I 0.3 ~11%* -34%%*
18(1) COzMe T 1 -21%* -66%*
18(1) COzMe I 3 -27%* -71%*
18 (1) COzMe I 10° -31%* -T72%*
a8 vValues were calculated from the means (n = 5) as [100

(testcontrol/control].
A single dose of indenopyridine or vehicle was given to
mice by gavage at 10 ml/kg.

Necropsy was conducted on Day 3, beginning about 72 h
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present wwth only a single application of conposition
to ejaculate, with the conposition having a
wa@oeogeasat i on of only 3 Msignificantly di m nPGhURZN04/000206
notility, with notility dropping to zero after
ppl.i cation of conposition of the present conpounds
pOSt%é\?i - concentration of only 100 M The spermi ci dal
CopAYlld Qoo heyduresenty ivamenti on can  have any
concentration sufficient to decrease notility of the
spefRAEBZonCLEhE ((BvehanpasftPicivenicls cqpdgol of 227.5
+/- TR ation, preferably a concentration of from 1-500
I\%l' nmore ~ preferably from 3-300 M nost preferably from
10- 2p6rkktSpentdicclddexad®i vhiaygwas rotetvehiiaied doptirded of
met hod 23escri bed bel ow. Method for Determ ning Direct
5.7 ti/redt- 4t an Agent on Sperm Motility The direct effect
ofd gn—agent on spermnotility was determ ned by using
the following protocols. Basically, spermare
obt ai med either fromthe cauda epidi dym S, as in the

fs : agul i '
an ar%omfl Cl g}gla}agclilg%feeéas i nﬁ{(ﬁg %e ifitia fiete’s
onetmitlidd tly wfstt he spehmi s determ ned manual ly or by

using a Ham|ton Thorn I VOS sperm analy Thes erm
ar AT 1EPt e Constam PVl (e ofe g5ty date before
Com;ggéjlt&g {9 @ geNsdstent concentration of 10 x 106/
, and added to about 3 ml of buffer or nedia. The

rmtl lity is determned again at this point and any
change is recorded. Different concentrations of the

nt { t M s s
p > e p 5P 1[%1 g%af aﬁiﬁ/ﬁg og[h%cggl 3 @%dog{rﬁéé ?Ihetsgh? N gﬁ&% is stl%néﬁcantly
preseSfWih baResindle applfdano@ ofcdmpositimdo faeulatd, lithttle écsnposition

deternm ned. The results are recor ded.15 WD. 2004#066&

having@monssaErn 9600 3 1Y signaficnnily dipimishingmpiikitys yith mqtity
logf

dropﬂé{fgtosfe%’ %ﬁer a% Iéé%%bﬂo rt; %ﬁlg%nﬁ%{b ?fl ﬂﬂ@%}%/é%éhée@ﬁrelﬁ)galds_?{%gmg

conceatiom vLody kl@ﬁtpMu TBe @drmmdﬁg kompositien efihe prermmttlaventlon can

peri od. erm _congentration [ oxi
have B ORI RO RO (AP PR A R PR B (e e
1nsufﬁ’bf’eﬁt t@%ﬁﬁ@ﬁn@?egﬁ&%@ pEéTel’faB@CJ’b&ﬁér&raﬁél@ﬁ ©€ RofrAl 500 )M, Eﬁkﬁre
Rat St udi es: (Us Sperm fromthe Cauda

prefeaﬁsdfrdwﬁ 300 My nxewt me&@kblmffrozmbo 201 e lYb pyparan idal japtiviyssas
dete buf det%é g}%@lo@d ngﬂbe b]e 0.5 ug/ul; 0.5 ug/mM =

a\éd as foIIovvs 1 uM= 1 ul
st ock + 949 ul HBSS buffer+ BSA + 50 ul of the diluted

s pelethod for Determining Direct Effect of an Agent on Sperm Motility

The direct effect of an agent on sperm motility was determined by using the following
protocols. Basically, sperm are obtained either from the cauda epididymis, as in the case of
the rat, or ejaculated sperm collected using an artificial vagina, as in the rabbit. The initial
motility of the sperm is determined manually or by using a Hamilton Thorn IVOS sperm
analyzer. The sperm are then kept at a constant temperature of 34°C, diluted to a consistent
concentration of 10 x 106/ ml, and added to about 3 ml of buffer or media. The motility is
determined again at this point and any change is recorded. Different concentrations of the
agent to be tested are then added to the sperm preparation. The sperm samples are then held

at the same temperature for one hour and the motility is determined. The results are recorded
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3 uM= 3 ul stock + 947 ul HBSS buffer + BSA + 50 ul
of the diluted sperm 10 uM = 10 ul stock + 940 ul
W(b-lmwmﬁzf er + BSA + 50 ul of the diluted sperpCT/88200000206
30 ul stock + 920 ul HBSS buffer + BSA + 50 ul of

the diluted sperm 100 uM = 100 ul stock + 850 ul HBSS
as theergeat ofimpidlg spengpin the §3mplge di | ut ed sperm 300 uM =

300 ul stock + 650 ul HBSS buffer + BSA + 50 ul of the

d 'ljrb’ttoga SPBERmMH306h M Birt QGG det oBdPAKert & pétm (Moﬁlﬁ?

dituted spermSperm Mot i1Tity was determ ned after

hour. For the Rabbit Studies: (Using Ejacul ated Sperrr)

A GemgMl'st ock of the indenopyridine in M199 nedia with

BSA (2.5 ng in 5 =0.5 wug/ul; 0.5 ug/nml= |uM was

01 RSB0 e %99%3?%@’%5@&%%%4 siimebilpeff doctt 10
concehtratibrrwas bié apiiromlmatelﬁ 43 xul0® Ml qRotepthic aamplemBShave Had to be

ul of the diluted sper 16 WD 20Q4/ 066934

dilutedcyith fsliey Ar oengsaole re tH]WO&%?nHP“%‘% ock + 940 ul M 199
media with BSA + 50 ul of the diluted sperm 30 uM =
30F&Jth§k<a€§t Hie22Q7sH eh%%rdfﬁ%eacaudtam hisp0 ul of
the dil ut edusi)ef((r%{s fo%ﬁ uM =100 ul st o&%ﬁ&y%g ul M 199

media with BSA -+ 50 ul of the diluted sperm 300 uM =
300 lunMstterkiof themdenapykidingdn i Ssbwifer i (3 mgin 0 5.5 ug/ul;

d ul stock + 50 ul of
0.5 ug)ﬁr@—dhl\m\évgsé%gr %%%g%%leﬁo%f?ﬂ%soms determ ned after
1 hour. Slides were nade to determ ne norphol ogy

c hangies 1 ahstoelosi9d9 whE BSSdexdfer-b B Sde t-eiOmil oé theadiluteliespetm
The results of spermcidal tests are shown in Table 3

SR ST T L N T

Ej aculate Initial Mtility Mtility (%9 E acul ate

Vol ik Comaefbddat Damul BB S8 thubier MBSW €350 ull BY (hvldiluted sperm
106) Neat Sanple 0.7 + plug 132 78.8 76.8 Control

30 uM = 30 ul stock + 920 ul HBSS buffer + BSA + 50 ul of the diluted sperm

100 uM = 100 ul stock + 850 ul HBSS buffer + BSA + 50 ul of the diluted sperm
300 uM = 300 ul stock + 650 ul HBSS buffer + BSA + 50 ul of the diluted sperm
1000 uM = 1000 ul stock + 50 ul of the diluted sperm

Sperm Motility was determined after 1 hour.

For the Rabbit Studies: (Using Ejaculated Sperm)

A 1 mM stock of the indenopyridine in M-199 media with BSA (2.5mgin35=10.5
ug/ul; 0.5 ug/ml = 1uM) was prepared and added as follows:

1 uM = 1 ul stock + 949 ul M-199 media with BSA + 50 ul of the diluted sperm

3 uM = 3 ul stock + 947 ul M-199 media with BSA + 50 ul of the diluted sperm
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(Neat diluted 78.5 76.6 1:10) + 1 M0O73L 73.0 + 3 M
073L 68.4 + 10 M 0O73L 67.6 +30pMD73L 61.9

Woe-100ps@38L 15.2 + 300 p. MO73L 0 + 1000 M OFGL/US2004/000206
thl|lty not progressive - twtching ** Sperm appeared

to di si nt t head [ .
+ S0ub1 sdoghaoneraMaRE M8 ete et bt B Yityigs sperm
2004/ 066934 PCT/ US2004/ 000206 Table 4. Rat Cauda

SR LI Mabi koxk Muiohl - 1694nedat wil B¥IANHE@ %1 oG08 dileled 8perm
M Progressive notility + 1M 073L Progressive

notility-equal to control + 3 MQ73L Progressiv
MO0 uM ¥ 160 s stpeihe &S0 uLbl- MOmsdiang B8 el Ayl the diluted sperm
nmotility - twitching + 30 MO73L Sane as for 10 M+

280 NM)ZS 50&%9&“—1 856 UL @%ledﬁ%ﬂh"]gé)( 10§ 0 41N the dlluted sperm

npounds 0 resent I nvention can be obtai ned
any concentration sufficient to reduce the fungal
| @08l uvb=a00@uldtodkns 66 fil of thetiluted sparge f ungal
infrecti on, and is preferably obtained at

p%rerrrl]tn{o?'thlt}p \Qfgs getermlnga a erqqiow ore pr ef erably at

Slides were made to determine morphology changes and eosin was added to

determine cell death.

The results of spermicidal tests are shown in Table 3 (rabbit ejaculate) and Table 4

(rat cauda sperm) below.

Table 3. Rabbit Sperm Motility

Ejaculate Ejaculate Initial Motility Motility (%)
Ejaculate Volume Concentration (%) at 60 Minutes
iD (ml) (x 10%)
Neat Sample 0.7 + plug 132 78.8 76.8
Control ‘
(Neat diluted 78.5 76.6
1:10)
+1uM
073L 73.0
+ 3 pM
073L 68.4
+ 10 pM 073L
67.6
+ 30 pM 073L
61.9
+ 100 puM 073L
16.2*
+ 300 uM 073L .
+ 1000 pM 073L -

*  Motility not progressive - twitching
*# Sperm appeared to be "disintegrating”- sperm heads contain many vacuoles and membranes are not always

intact
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concentrations of from20-300 M nost preferably from
20-200 M Antifungal susceptibility testing was
w@eoooseved f ol | owi ng the NCCLS gui deli nes w tPCTURIING/000206
nodi fications. Briefly, a suspension of Candida
al bi cans cells was prepared from pure cultures grown
Tablea\mrtlrhghtSpm Meﬁmy rralt extract (Yl\/p agar at 350C.
T a YM agar
l'ine. The

cetts—we ) exi ng and
Contr¢i® vdkl || density of pltogess{v@ﬁbthﬁy ng suspenslion was

determ med using a spectrophotoneter. The [cell density
+1 m$7a|dj yst ed bsrograskilietrhaifty-e@fuadto8obtrdal i ne juntil the
transm titance matched that of a 0.5 MFarlfand standard

when neasured at a wavel ength of 530 nm al i quot of

+ 3 hMi0E3lsugpensi on Pggsesaive mody dimingey i n RPM - MOPS to
Vi eld alworking suspension. A siml ensi on of

ilflus f atus sSpo s .obt ai ned| by usi ng
+10 Q@g tored iﬁo Sis'ﬁe @&f@@?ﬁ% These spor es
were—di-Huted—+1+—06-—85%sal+nre—to—rateh—the—McFarl and

0 ré transmtta uspensi on was then
+30ﬂhﬁgﬁg di luted 1: 58&%ea%@kﬁ) S to produce the

wotktngmocut o SuSpensT on. 18 WO 20047066934

+10ﬁg}}|’/&§_2€04/ 000206 Dilupkgp series of the fest
conmpounds were made in RPM - MOPS cont ai ni ng 2% DMSO.

An aliquot of each dilTution was added in duplicate to
the wells of a sterile 96-well, flat bottom
mcrotiter f)l ate. Then, an ali uot of either the C

al Biedungicidal 3ctiyify Ig@ﬂ@, cgﬁlp@}mq t qurepqﬁmralgpggn gaﬁ)ol?eeobtamed at
any cgﬁg’e%g ﬁ(})ﬁ) glfﬁ@lreﬁt tlgqgﬁge i ﬁﬁgﬂ 1R bo 4 R/el"Jlngdtﬁ@ilenﬁ’t‘al cdfi® fungal

es viere then |ncu ated at
infredfongindli9 prfblﬂ’aBly(Ifbtam@iJh&bnmmiraﬁm o fromh ﬂ)+5@9né\/1 more preferably at

i nocul at ed S re obser d usi he .unai ded eye
concgrgyatigag ‘é@fﬁ’?fﬁgpr%ﬁ l-@ne Bl "’¥ tzgg%pto l@\?gncent ration
(MO, the concentration for V\,hl ch there was no

Obi%ﬁlﬁﬁﬁbﬁsﬁééﬁ%hlty &sﬁh@Wa@berf&ﬁkﬁ ol \dini @e WEE LIsBgledelines

for fum gatus plates after 48 hours. For al
with mmmmwﬁcertioas Beizfly s weplemmngqf Swidgralbipensills was prepared from

th |
o B R B B SO st
coloﬂlwé%ﬁ&h@%d/ﬁom@ Yl\/mgta@plate\ﬁﬁldagiaﬁfeﬁbatc% nfl of 0@5@tstline. The

. al bicans or potato dextrose. a ate for A

cellsone gepersied el SepAres o1 Sorisiaes G ILE bR ook £e Teeke

suspihsion v% Uiy q]ls{r%reaggj) ?ﬁ?{g BhG&dThe célﬁli&iéit?tm?as bBRisted by
ercen surviva or spores in I nocula

addlﬂic&i &ft0.83% tsaliehentid trebtemsmittGbtmatched Het wba RiSngcFatodistadard

whers\gég e a;) gﬁwf@&?ﬁg@?ﬁ 2 | %}1&?& of ShIS gl?sﬁag:gstiono\%as( M %d 1:1000
in RPMI-MOPS to yield a working suspension. A similar suspension of Aspergillus
fumigatus spores was obtained by using spores stored at 40C in 0.85% saline. These spores
were diluted in 0.85% saline to match the McFarland standard transmittance. This
suspension was then further diluted 1:50 in RPMI-MOPS to produce the working inoculum

suspension.
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test conmpound with a percent survival of |ess than 2

% The results of fungicide tests are shown in Tabl es
wd2@4bedosw. 19 WO 2004/ 066934 PCT/ US2004/ 000206T/USABLEH0206

4 FUNG CI DAL ACTIVITY AGAINST C. ALBICANS C. al bicans

19 h d L f.or, i vel. .
bibiuion seesee? IGDG- SOMESHET R oG jorfingi 4o
DMSQ)B%{ %%18139@%%3 %ﬁlhﬁon %@Za&éé'ﬂn N ARES tRSGEIINF sterile 96-well,

_ ) 100 Cdal G dal Static 4587-0731 100 Ci dal
flat b@iatakniGotiter plats SThadsan aiuotpicitherthel. athigens cell spspepsign or the

N/ A 45 87-0561 200 Cid dal
ETY X R
platest&@'théﬁ ifahbaRidadti3s 0C TABlE 16 hEhNGK GlcibatiodCTHe\C . BYbicans inoculated

GAINST A. FUM GATUS = A. funzigatus (48_ hour ?

plates were observed using the unaided eye for determination of m1n1ma inhibitory
concentration (MIC), the concentration for which there was no observable growth. A similar
determination was made for the A. fumigatus plates after 48 hours. For all dilutions that
exhibited no growth of the test organism, the minimal fungicidal concentration (MFC) was
determined by streaking 100 pl of medium from a representative well onto a YM agar plate
for growth of C. albicans or potato dextrose agar plate for A. fumigatus. The numbers of
colony forming units (CFU) were counted and these values used to calculate the percent
survival of cells or spores in inocula relative to the number of CFUs in the working inoculum

suspension. The minimum fungicidal concentration (MFC) was the lowest concentration of

test compound with a percent survival of less than 2 %.

The results of fungicide tests are shown in Tables 4-6 below.
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Compound Lowest CFU for
4587-006 N A 4587-029 100 Cidal Ci dal C dal 4587-055
wWOLm4AER3+ 054 NV A 4587-054d N A 4537-073d 100PCi/tst004/000206
4537-0731 100 G dal Cidal G dal 4587-040
dal 4587-074 N A 4587-0561 100

G dal

G dal

05,0 8,0

G dal

Ci dal

MFC [Active] 300 200 100

. 4587- 060 200 not tested G dal
FUNG@ZEQ%%I\@”@@A@ENS’I@A%%'NS 4587-065 N A 4587-057 N A
587-004 100 C i

Ci dal

Cidal 20 WO 2004/ 066934

PCT/US20044 Qg6 NOTES FOR TABLES 4-5 MFC = mi ni mum

fungi fi dal ggmpegntrati on | CFU=cpl ony form ng units
Compdundlal FEO@% kil [ ed Static= well |ooked cl.ear, but <98%

killed *col onCEgfongre too| cl ose|together to get a good

count| LikelyMFRat it was close to being fungicidal.
- Not e { Hetive] hep® appedfed | P%e $one ki nd of
4587-0p6 eci psdoat e | Btaihe 073d apd 1 wells. Perhaps the PPT
4587-02‘2‘L3D2%@| '_t ,r]eCidslporaﬁaticNo ot her | conpounds showed this
4587-055 '+ [380-— ©| Static
4587-054 N/A
4587-054d N/A
4587-073d 100 Cidal Cidal Static
4587-0731 100 Cidal Cidal Cidal
4587-040 100 Cidal Cidal Cidal
4587-074 N/A
4587-0561 200 Cidal Cidal
4587-060 N/A
4587-037 300 Cidal
4587-065 N/A
4587-057 N/A
4587-064 100 Cidal Cidal Static

TABLE 5
FUNGICIDAL ACTIVITY AGAINST A. FUMIGATUS
A. fumigatus (48 hours)
Compound Lowest
CFU for
MFC

_ [Active] | 300 200 100
4587-006 N/A
4587-029 100 Cidal Cidal Cidal
4587-055 N/A
4587-054 N/A
4587-054d | N/A
4587-073d | 100 Cidal Cidal Cidal
4587-0731 100 Cidal Cidal Cidal
4587-040 100 Cidal Cidal Cidal
4587-074 N/A
4587-0561 100 Cidal Cidal Cidal
4587-060 200 not tested Cidal
4587-037 200 Static* Cidal
4587-065 N/A
4587-057 N/A
4587-064 100 Cidal Cidal Cidal
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COVMPARI SON OF MOST FUNG CI DALLY ACTIVES C. al bicans

A. fuinigatus Lowest Lowest Lowest Lowest Conpound
wWOL@4M6633M C MFC 4587-002d 50 fungi static 50 BOT/US2004/000206

4587-0021 75 100 50 75 4587-003 50 75 25 25

NOTE§L§(§F7T Ig]% >100 N A 100 100 4587-061 50 75 25 25

0.10 4587-064 100 100 50 75
CFU_ggE?‘. g8 65K RYo 100 AVP B 0.5 2 Kot aconazol e 32
Cidal= Z9'0west concentration (ug/ M) that appears to
Static=aY ‘fooﬁéa cBROME: BogodMHifed = cblOMMR Siere GBI thdethbd t6 Bet b B@kl cduind. Likely that it
was cl3eto98%0 Rigiéike cells in the well. Fungistatic =
conpound with an M C, but <98%of cells killed Bold =
conmpound active only in A fum gatus Concetratjon for
Note tigiere appeprato @, Simﬂ%;‘ 9f Prs@pifgie insfhe ‘?713?@1‘1 I'yellsRerhaps the PPT "trapped” the
spores NP S hEorRPST eI Mis IS 1/ 5 what was report ed.
Nevert hel ess, these concetrations are gross estinates.
The various conpounds used in the tests in the above
t abl es @pgrghown bel ow. 21 WO 2004/ 066934
COMﬁQféd?@@ﬁ%S@@Qﬁ@ﬁ:IDANDEAEHVBb DI NE ANALOGS H N HCI N
~ H RTI-4587-29 RTI-4587-02(d) "

C. albicans A. fumigatus

Lowest | Lowest Lowest Lowest
Compound MIC MEFC MIC MFC
4587-002d 50 fungistatic 50 50
4587-0021 75 100 50 75
4587-003 50 75 25 25
4587-056d* >100 N/A 100 100
4587-061 50 75 25 25
4587-062* 20 20 10 10
4587-064 100 100 50 75
4587-082 >100 N/A 100 100
AMP B 0.5
Ketaconazole | 32 8

MIC = lowest concentration (ug/mL) that appears to have no growth
MFC = lowest concentration that kills >= 98% of the cells in the well.
Fungistatic = compound with an MIC, but <98% of cells killed

Bold = compound active only in A. fumigatus

Concetration for 062; assume 0.1 mg in 50 uL so final assay concentrations will be 1/5 what was reported.

Nevertheless, these concetrations are gross estimates.

The various compounds used in the tests in the above tables are shown below:
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N HO RTI-4587-73(1) RTI-4587-80 H COOve Br N HCO |
~ RTI-4587-74'" Ip COOHHNHA ~Si -~

WORI1044860834+ 75 © COOH H N HO  Br % RTI - 4587- 78CT/USDO0600206
24 WD 2004/ 066934 PCT/ US2004/ 000206 CH3 H2C CH3 C\W
-HG NHC y'J! HH3C H3C He, H H3 CH3
RTI - 4587- 002 RTI -4587-003 (Rel ative ster eoconsem st ey]

RTI-4587-002
(Rs]atli?gls-;srg;c-:gg;is ) (Relative stereochemistry}
CH Cro
/e /
HC z
\N+,—H cr

HsC Ay
H =
.
CH,
R T 587,006 RIL 4557062
{Relative ster achemistry) (Relative s‘hareoc hemistr)

Precursors for the compounds of the invention can be prepared by the method
disclosed in U.S. Pat. No. 5,319,084 using modifications of the method disclosed in U.S. Pat.
No. 3,678,057. These patents are incorporated herein by reference in their entirety. The R}
substituents are introduced into the molecule by using an appropriate Grignard reagent or
phenyl lithium reagent. The mixtures of enantiomers produced by this process are resolved
into pure enantiomers by salt formation followed by selective crystallization or
chromatography. For example, resolution of compound 1 can be effected by salt formation
with S(+) and R(-)-2,2'-(1,1'-binaphthyl)phosphoric acid and resolution of compound 3 can
be effected by salt formation with R- and S-mandelic acid as described in C. E. Cook et al, J.
Med. Chem., 38:753 (1995). Optical purity is established by high pressure liquid
chromatography (HPLC) on a CHIRACEL-OD column.

Compounds of this invention may be prepared beginning with carboxylic acid 2 or

one of its esters (for example, 3). Compounds such as 2 and 3 are prepared as described in

U.S. Pat. No. 5,319,084. Alternatively, they may be made by the process shown in FIG. 2,
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(Rel ative stereochemst /j CH3 10H3 F~c HEC ~N+-H

ad' N+-Hor H3C H3C HCH3 0 CH3 RTI-4587-006
WORT004460834 082 RTI - 4587-006 (Rel ative st er eochroi/BE82084/)00206

(Rel ative stereochem str Precursors for the conpounds

WhCI%;%%p%béﬁXﬁ%a t3lﬁ%glh%a y%?qg%rn%glae%ﬁgarg%)@ftlg%cﬁés?e? ?4) is hydrolyzed to
carboggl% %dl%? \LV%QE i9fheh BeatPBLIAdhhPIdhesRE th Bidll &eid Raloride 6.

These patents are incorpoOrated herein
Treatimgnt effthis enmpoumd whbiAlChsith.F estq}nzesTuhe cBpowietthe wisyelic ketone 7.

Reactgcégetldﬁ ong, w@? p@ﬁm?%éeggsgggﬁt%g Ipﬁertfr( gf@hgﬁ%@{]}nahde or p-halogen-

substft@Rd ghényl I Ihﬁu@(mb%rﬁép}ehyﬁnanltIn)qaﬁmteﬁra@ﬁ le@SlfﬁolkXy V\Ihithupon
process are resol ved Into Fur e enanti| oners b
T

treatnfient et aotniatkalsilene dotgragmles tri-Ges alkykdilang suchas %e‘fbylsﬂane and

h )
T T e S T
alcohB( S&Ta]it %Jrcf(eﬂa%bly hilgh fbaﬂigﬂghsdch pk nstmlm?ol o yelddramadphenyl compound
resol ution _of conpoun
10 hot et HEoR IR ORDURIRY SCANRPT 6 G PEP RA T PBR 4
l1thlo&?r{:yi gﬁﬁgiﬁfroﬂaxﬁhgle‘lmth %’é{i @leﬁ‘oonﬁf%uﬂé 3l %gl%é)i?lla’uon (CO,)

esta ed by hi'gh pressure
usmgdhro@\nn'em@nmhylds tiRb@yyliracal Z:HVIFM(Elay @E)esiglnﬁqtd]by COIlVentlonal

unds .of this invention e
meangy yay KRB RbS et SFogmly Ry with p Rl BERER R B 3
exanpl e, 3). Conpounds such as 2 and 3 are prepared as
described in U 'S Pat. No. 5,319,084. Alternatively,
t HBlye synthebie npteda@bbye Mg bp psilees te mamAds an magfioselectiyg synthesis
WD 2004/ 066934 CT/ USZ / r
of thg RSP 3L S ORPBaATHS opypienf g el v
activ@eh#hti®aiedy of(thg pteSerhyld\reﬁhylz g¢dstHoovn iaFIGOXYTHUS, an:N dsuBstltuted
which is then treated with_thionyl chloride to yield

1.2,54cierabyrrepyrifine4-carhoxyligmd (97 exammie.cghpoipmueizd 1 its acid
chlor qndscﬂglaﬁe%ée/cghcé&ﬁﬁ id Pseedg? gﬂg&{g q\/R\ﬁ'(fF{ZQﬁ)ﬁc&ﬁfﬁM&ﬂshﬁam or 1S(-)-

1on O
2, 1(]9 -Cﬁﬁ:phgl@ﬁll-teﬁhl O&hert tHeadsybtivengtioyhmabare £ €3)ris tradtediwitbran aryl
magne_smm gglcpe it undergoes 1,4-addition with high diastereofacial selectivity to introduce

sed t? synthesize the

an aryl group at the 3-position in high enantiomeric excess. Crystallization yields pure
enantiomer 14. The amide function is hydrolyzed and the chiral adjuvant may then be
recovered. The carboxylic acid is then converted to tricyclic ketone 7 as described above.
This compound can be converted to essentially enantiomerically pure 2 and 3 by treatment
with bromopheny] lithium and subsequent steps as shown in FIG. 2. Alternatively, chiral
ketone 7 may be converted to an enantiomerically enriched 2 and 3 by the procedure
described for synthesis of racemates in U.S. Pat. No. 5,319,084. The degree of enrichment is
dependent upon catalyst and temperature in the reduction of the enantiomeric
tetrahydroindeno pyridine analogous to intermediate 5. See FIG. 3 of U.S. Pat. No.
5,319,084. Thus, there was 73% enantiomeric excess (ee) at 23°C. with PACl, /NaBH4 /3 atm
H,, but complete racemization at 55°C.; whereas with Pt/c/H; the ee at 60°C. was comparable
to that at 23°C. (67% and 70%, respectively).

Either carboxylic acid 2 or its esters, such as methylester 3, may be iodinated to yield
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substituted phenyl |ithium (4-bronmophenyl Iithium
forns tertiary al cohol 8, which upon treatnent with a
wo pooalokepBsi | ane, for exanple a tri-Cl_6 al kyl BCT/@sm04/000206
such as tri et hyl si |l ane and BF3 is reduced to conpound
s then ref| uxed WI base

the 8-iceeyenpIgEah ok BHERCUSH Vuodipy Brt AEIPIRE o gyits an
ox1d1%ld\clf8rﬁig%éf E)éllﬂg:t @0Q! 4 Poryé)glg%l@ FQRRONEFY Wik BBRUN o] &ﬁﬁdlne in the

esli re ste hem stry. Conversi on of
presetrecafopdrenyd mgd@wpdst o lagh yueldﬂoéphdﬂ ybmgbmﬁol 8. fIe ester and acid are

1ntercggycgﬁ§ & |bgts£ g\'@é%lﬁg] q}l%[s ‘6%2 und @ﬁﬁg ar)}I Féllt}aar the racemates

or ené‘rﬁ‘fopf%é’ﬂnh‘j baabddl. dne MHyCdI‘sd"iﬁ;)é ab@dl@@dtﬁ!éhidt@ié dfiodine, such as > 1,
conventi onal neans well known in the art, for exan‘pl e

121 or ad to pieldw radicalabgled amlkaﬁfaw ot 13 <§M91%1P<Pm@§tné1§ arp uspfi fo
deterne'lﬁ‘g ﬁ’%g%?ag %t?oql a%% O?’Qéétlol?le Oflfﬁ?%h g?ltllﬁlS %.58% eelfsed as

i've syn hesls I've enanti onmers
imag@f agOwtp eitliksendsia vdmile repiodhctiveydisdréersbe used to
synthesize the active enantioners of the present
invention as shown in FIG 3. Thus, an N-substituted

1, "ﬁleﬁfa@o E%§5’lﬂ))ﬂg "Q fticgla.gsethQX‘}l@H(p 1y |1'7°m§‘§f bé c&ﬂv‘%ﬁed to the

I's convert toits acid ori de and
bromt) had k;hlbtcecommqmdm hyl formatioe df & metad palapEthe acid, for example, the

it oy AR S B e yragpt s st

as htlglﬁﬁl) or! ésubﬁtﬁﬁfe@%é@ﬁltvﬁt}@ﬁlﬁﬂ teagdMIARE Iab IRAAL. KR clidn of the 8-metal
undergoes 1,4-addition with hi glh di ast er eof aci al

interrmedigtetwithi 2 halpgen sourcasdueleas haxaghlgtocthapepr he-dipremocthylene leads to

the o pating S Poil G aFNEE, RIS RO RERTS o shopm ig 1G4 The

correfs%{ﬂﬂ 1igOMudrs com@o@ldézanl bapﬂ:ptul&ﬂ byhredoting g vzl 1nrta151ned1ate with
en be recovered. The carboxylic a ﬁy is then
chloretsimeshylgdenedo fome e cpEeInonding 8ﬂﬂ§?§@§§ 1 comRowKland then reacting

this c-gﬁg)%uﬁ&’ :ig% 1{\3@3 Sgﬁgt‘égﬁ'gﬁ aﬁ%@g&@of%ﬁe 2Rt @l dek DehM1o etal, 1993,

nt1oner y treat ment  wi t
Tetrdhedrnpdey19-8138i um and subsequent steps as shown in

FIG 2. Alternatively, chiral ketone 7 may be
converted to an enantionerically enriched 2 and 3 by

thén%f&?%%%aﬁ@rad%%ﬁvé gr%ﬂfemnlm g &% cb E&m% fon

degree of enrichnent
ambéqa ewd‘em the pseme@hnmmsdlamw‘dﬁh e msm qentainipg amelectrophilic halogen
.on _of .t he enantlo

I R R L ——

of codhpounfal 7 oM by Sub3dfitid84 radibatsive ﬁsh)&b’pe ofiaadif3Rb the synthesis of the

enanti oneric excess (ee) at 23C. with PdCl2 / I\IaBHg)g ?E
compauwds Apscribed awﬁpmwﬂr@@éqdﬁozlm%ﬁ ofthegmysntion gy gobtained,

Ldedy #bob
L L
metafGiuch s palladiusn eslblemsqm Starhom$4 emdlbgd resy be m3de, fayespenple, by
di
usin;p%-ﬁlf‘ @%tglgg g%u%@gzlmgude in step gzog ﬂe%gg %esm of compound 2 as shown in FIG.
2. Other methods for isotopic labeling of the compounds commonly used in the art of

radiochemical synthesis may also be applied.

The compounds of the present invention are useful as male antifertility drugs for
controlling fertility in mammals, including humans. In addition to their potential use in

family planning, the compounds of the invention are also useful to control fertility in
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the 8-iodo anal ogs 17 or 18 by reaction wth iodine

under oxidizing conditions or wwth an oxidized form
woboodione (FI G 4). For exanple, reaction of BCWMIBE1004/000206

about 1 nol of iodine in the presence of nmercuric

oxi de | eads_in high._yiel odo conpo 18, T
domegtig, yildordorpd Plan&lsg Wit g mm#qsm%n%&gﬁﬁ%&wmgﬁe For
exam?ﬁefﬂe%ﬁhtr&mb la‘ﬁ%hé 1s‘%[§¥96‘lehﬂntsaﬁle%éas oEtHe"(.%lte"cer%ateS Oral

acemates or e tioners be used. One may al so
admlmsteatwnrca‘dhe)aunpmmds sbthe ;peesexﬁt ineghition to smmaébreréﬁlglammals such

D TR R e
substh&%k'r&ﬁkb Qébr@d\ﬂ:tﬁb "c@pdéfty 20thtORrgt ahiiRSEincREP 3aRES satllas mice,

e used %% g agents for diagnosis of male
rats, premeat@tg@,tqt%aw@ba fad 2ogqtResWinrl dotsspst fekninisgration of the

e
comn G R0 S9S%e 25, bl M SRSt
reproﬂﬁdtﬂin 1ﬁabéc1@fwlﬁ1blebétmmi', oxfef}fopﬁlawml e, the sodiumsalt,
and then by formation of an 8-netal internedi ate where
the metal is a netal such as lithiumor a substituted

f‘l'co‘PﬁI%ﬁ rﬁ%‘t}"‘eﬁ & ﬁerélfﬁcl}t::rrﬁﬁl?1 tre@itihg thBe B&L%V@fcapamty or

g met al |nterne late Wt al ogen source such
fertllﬁﬁ ofrém acdvhimeloetabain #he tengthmfdnfertdtm &t zhijlnehen bedats stich that with

t.he correspondi ng 8- subst I h
S e TPy B of TRt S0 $RE eSS UL Sisheng
compouH@ & BRTRAHEEA 16 ?&f&ﬁl Qélﬂ%ﬁ@ﬁi s, HRAGPEINEES the invention

8-netal internedia orotrlmethyIsHaneto
may feptase sh@c@bvasgstpmons ragnw |of matensperilizatipn. CWhpoperébraves such

steril Z’ﬁg?lﬁ é %?cgélg@ﬂgl E?]i g!avgdéi nls%%%l\#l%tsr @]@?&Ie?% gglul ality
(two behdoad) &A1 ses v%r@th%%gés?a&e subfieicABty redicaitine f}ﬁdh@&ﬁrtuwg ability of
anal ogs of the various subject conpounds. b

the maynpg| (spermatogenis gndery tog leuelal Hilfﬁfté»tﬁél‘chaat%ﬁw cpppgunds of the
1nverl{tﬁ>§ I a%c}rﬁf?ﬂt&ls&' b ARodh 864 f&%hbﬁ%tﬁ of 3{11%%ﬁfﬁc1éhtt MeRice the

oactive 1sotope or, as po out earlier,
spermiseurtian afialet whivh is adi sudfidienteo sapaddygs. of : conpounds 17
or 18 by substituting a radioactive isotope of iodine

in the synthesis of the conpounds described above.

Tridd b RRehEdineaBaNthe Absd Hahé BYBPSURIHIRY inféntion will
obtai ned, for exanple, by reduction of the 8-iodo

natumﬂmw@nyrctbpendm@ on thet Spl¢tﬁg agmpamrai qnz}@lgy@j the meds @f administration

and tgegqngggofﬁﬁfpr@éty%géeadd k—lﬁ@egé& 1|s dc QD¥ resgglg %%%ngﬁr&d in animals at

oral &1@@@ fi6eh 4RGD0.02 8 Sl €0 inth/isd, @@ef'elgbly@fbotlh@ 1$yrﬁg/ﬂtg5bloay efeight per
ound 2 as shown in FIG . O her nethod

day. F9plRegst eniress i dagly dpse aveow ﬁﬁ@hmlaéod%ﬁﬂqmy be égmifﬁstered asa
smgltg %%fl ?lél (} d%%%mr A 8608 s%,g% ulﬁi%sggoﬂfa?ﬁlﬁ OBt @l 1S 90 of the compound

nmpoun rese I nventi o
of thel pedserht iagenntivh e%ah acﬂlﬁrrnstémﬁgya singlg acﬂivrr enanoen bh@ nngy generally
adxnlgm%réqflla] slétgﬁ Ik E(i)sgtmg}g‘igﬁ?qqacp Cllmusgegrﬂl ahrlé{cr:rean%% corln?)oglgdj I% cllesuectl or
necessary, the compounds of the invention may be administered together with solid or liquid
carriers or diluents or in slow-release form. Formulation of these pharmaceuticals forms is
well known in the art and any conventional method of preparing solid, liquid and slow-
release formulations may be used with the compounds of the present invention. The
compounds of the invention may also be administered by means of conventional implants or

skin patches which are well known in the art.
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famly planning, the conpounds of the invention are

al so useful to control fertility in 27 WO 2004/ 066934
wEROMoE2804/ 000206 domestic, wild or feral anP@BEIUS2004/000206

where | et hal neasures are not practical or desirable.

For exanple, the control of deer populations is a

problemin sone areas of the United States. O al

agqil b3 gﬁﬂﬁdsq{f 16 inbg&fcio(ﬁr a%d hﬁlﬁﬁn BSARREStion in males, either

i nvention to season eedl ng ani mal s such ‘as deer
by revwysiblydrieckifg dygithatdgéresid oc omeisnigicpl Bﬂaahmtmnhtﬁhﬁ thdtenpse,

N R MCTEE A AR M-

of sulrg&q’%ﬂ%ﬁpﬁl@ eBififtieR of pbRhfial siicBdffdc® dedSectdhf- , as
as feral goats, sw ne, horses, etc.

Adm nistration of the conpounds of this invention to

ive z0o FQui i ..
i B e S R
domesE® REID Kdrhing o6 fahinhdl$ For cxamphs Chehmnq}oﬁlndSma? dain the control of
r educi ng the reproduct| ve capacity reil

reprogiyggiondnrae animaly. $Gld asferak ﬁ@ml afm ?ﬁ‘-‘éF qsp ttcg/il}t%alg{labﬁaﬁon for
examhié%%f ap %@Enaﬁ g&guﬁtlﬂgg v&l?éﬁ st Ef the h%al@@@l@éy FBfexample

exte I'ty so as
wild mestangd skl fgralbegst ey be@npmﬂtwé)ycﬁelechveiy IbEWlBg tthhmut wsing lethal

performsterilization; thu he conpounds af t.he
mear Sy RSO TH RGP LiEG ABPE e 058 G0L T BEgggss, only
femlfg}t mal e sterilization. Wen performng such

sterilization, the conpounds of the invention are
adm ni stered in a si ngle dose or a pl urallty (two or

%%féﬁ? e ggéora\é{' tﬁ%ﬁ g&i@%ﬁ%{s of ?1#] 1nv?c1r{t1%ﬂtaré Q?eful to study

testictRP ﬁ[ﬂéﬁbﬂ@ﬁ@dﬁghmﬁt&hchl@r alfen@lonpA dinddistidtidni dfhe dimgiounds in
is, the compounds of the invention are adm ni stered
the dpsagesnciedabavedinssrte testcnlaifiishe-of time sufficient to
reduce the spermcount to a |level which is not
sufficient to reproduce. For the above-nentioned uses,
t hia thisis mt!}fspetrimeto(gemiqumqﬁrtdﬂs thh d@ighndegrdei afichenbd, stereo- and

enanislos i) of s HORRTEE (GHHEA MGt TR Gk bRt s on
libid® fméh@{;c% fh'a{ thky a@elﬁfehﬁ:@ing Iﬁ@ﬂ’@avs%émﬁé MdceSAClLAILY i @8 lﬂéshgf

t al ne in aninmal s " at oral doses from about O.
Treatneng bbightisler tnsjiSIfgﬂ.ctlpmseWéh aquomq derfyative of thegpn@goou@@wfollowed

ey o By b5 bR el P BB s

one t51l6@keLarriabntifithe StRE6n 6f the feselh whdig@ rﬂd@:ﬁ@g@leuﬂb thvolved in the
cont ai ni ng about 0.1-10 of the conpound  of th

antispetenseagenioraFeRt. {1 T BmUSEA9 AFISEIGHTIGERATS i MRoriE paytituent of

the te&@g;&%rﬁgt%n mﬁgﬁcgr@%ﬁ}] I%g@ gdr iﬁ'lnéﬂﬁfef’ﬁﬂ eémffe?l g rll‘%p ﬁ%lx lo?{he ability of
otheld&e)mlfoaddﬂ(rsucm&:mm wf tHehﬁn@nimmpMad@&br thhee frona entnbomtorial
librarrireas% to ?nh?lgmhglb?rtlcl%ge gf tﬁlg ?aecﬁct)labelgg éo%go%lh%ag lieald Itg eve% more selective
and potent antispermatogenic compounds. Furthermore, by administering a small dose (too
small to have a clinical effect on fertility) of the radiolabeled compound to an animal or
human subject and then measuring the amount of radioactivity in the testis or specific areas of
the testis, one can show whether an existing problem of infertility is related to the lack of this

macromolecule. The radioactivity can be measured in a living animal or human by techniques

such as PET and SPECT which are well known in the art of imaging of biological tissues.
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carriers or diluents or in slowrelease form
Fornmul ati on of these pharmaceuticals fornms is well
whp@moedosd t he art and any conventional nethod BET/US2004/000206

preparing solid, liquid and sl ow release formnulations

may be used with the conpounds of the present

i nvention. The conpounds of the invention may al so be

a

. %Hﬁ%bﬁlﬁp%&lg(g Y Ialgﬁ ﬁ%ﬁ&ﬁt@ﬁl‘éﬁ%ﬁ&?ﬁd i;ok gﬁ’ig?ﬂt%afﬁ B@ﬂboses. Thus for
exmnﬁre@mo@ﬁmad smwstzsznmb@@mg@m kirpven qesmbieiuiecssagtple pieblood,

nt | ma ont r acept:io
R B B ES SRR i,
plasnRFIED B theh B lektridéd @th ah Brdafiie Johtehesindithe extract subjected to

adm ni stration propriately | arge doses realize
analytipad heght mfogm@ncwmgﬁlyﬁwwgfmm im%aﬁféléom%tpg@ehigéﬂ er with or

w1tho\%|ggoeﬁ§4te%$o %%jférfvgh@eagdcg s fﬁ 1{? rg's‘re‘?l Mehdiferfdd %F H% #das of the

[ e’invention are a
chrorﬂﬂsﬁliabhlb Ipeﬁlﬁ&s@c&liﬁtécbbwth fl7 mep L0 dnd tomparison tol teesed w@iios of known

wld, feral o s Fo th d
amouisoiHid 4P J0BPISHRT o e Gpe cOMiRA B 976 6 O CHRR A
conce??[t%lﬂoﬁe?lﬁ i la SQH bz bRR)E lﬁirhéjaﬁtlé%h@%cﬁﬁ’semf@ﬁ@close structural

tation, exan'p eer, or ani mal ?0 u ati ons
resemiﬁmmh bsw@ngmand 2Paihe phhscmbmrcal pl@@@ﬂtl@gy thedwo sgmppids will

nmust angs .and f r al ed
be sicl PRy oD RECHE AL L AR hieR e AR BB,
as shooting or poisoning. Aninel behavior is not
affected in this process, only fertility. When R4 is
a Fardiso am sResmicidesthe eamepouBipRfithe aresentinientiny &a P%ﬂrepared mna

e

prep&8dRSHE Bsown metiivds dSscggermictdall c@bmsal(hisra;dﬂ; take the form of gels,
testicular tissue. Inthelr nti-s {mato eni c
foamg,jgWes £1eams, QIRENGHY Falyey Fe W@H@% cardets pEcgised tgyprepare the
comﬁﬁﬁﬂ)tnk o"i’ﬁ{;( ﬁfé%éﬁf' M?ldﬁl%ﬂ@%ﬁﬁ@ﬂ@% BeO@gliNR erdd éane orin
genheral effe such as on i bi
comblmitlcmamls ohdart mbnd:gﬁrmrenetm&srcrf@bnmewwm Saclsmdlﬂ]i)@agm sponge

cro | ecule.i.n th eat t of testi
or copga S0 RPPOHED G IF SPHVER BEl DobarpU gy Bople Bhgondom
1mm€(9%8”1ﬁﬁﬁ tb ﬁéel @Y‘@tﬁl bePrepRkEEId MohOWith el Pasdd orf doydd (or even
t echni (Lues well known in the art of radiochem stry
diaplgngin} dthough mqst fieplregma ars formmitints uen ang ater %ﬁne%betmén uses).
testis and the nmacronol ecul e i nvolved in'the
anti spermat ogeni c effect. This nay be used to detect
angor wkenk bffndeide ho tdrapdsittoanstthé presdnt diventitue cdrelsd prepared in

di sruption of which can lead to a t f tidit
any gfipble ffon@&wdml@é%at&n tpre 38R I Hep 6@6@ ! e%ﬁ%%f&ﬁagmmﬂon
mch{d% o CO &rl]ﬂl&gl.slo 0&10§e|1?st&1%[br0€@for%ﬁ@%ﬁéﬁﬁgﬁco%pdsﬁféﬁﬁ as well as

I nat or
liquid mixtures. It is also p0831ble for the fungicidal and spermicidal properties to be used in

combination using one of the common forms of administration.

Other features of the present invention will become apparent in the course of the
following descriptions of exemplary embodiments which are given for illustration of the

invention and are not intended to be limiting thereof.

EXAMPLES
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l'ibraries) to inhibit the binding of the radiol abel ed

conpound can |lead to even nore selective and potent
wa@raddp@s4at ogeni ¢ conmpounds. Furthernore, by PCT/US2004/000206

adm nistering a small dose (too snall to have a

clinical effect on fertility) of the radiol abel ed

conpound to an animal or hunman subject and then

Exmﬁﬁﬁgguring the amount of radioactivity in. the testis
r specific areas of the testis, one can show whet her
an existing problemof infertility is related to the

SytisS S Pl sk oBRS  SFRi b 25 e 5 Saavie g "
carbok{libngt 1 REAd@idf], 2PEpYridiae elydaschlomele] known in the art

of i maging of Dbiological tissues. 29 WO 2004/ 066934
PCT/ US2004/ 000206 The conpounds are al so useful as

' f ar. i £.00 .-
o ARG 8 i ! (B0 18 RRSERea DYy Boicrinae
(500 gL@BL htoj()l. The aﬁs:afqowzs mﬂgbd:d_)%eﬁlﬂy opbmgi‘g s:r;ﬁmprm;@yﬁﬁfmmo g)
an ani na or man osea.w co ou . S .
was @ﬁe%p%lemssﬂ%ﬁwbeve gqlationsundsy Cﬁ@ﬁ%&éjbé r/gg?re@g%@ﬂon of
; S oneras
NaBﬁPw?{/ %@éﬁeﬁl;ﬂg ﬁﬁ?ﬁn@@gs {hRedex tdas Eenﬁ?qé?itﬁ& cﬁ)@rﬁlgllqt. Most of the

aha performance |iquid chronatography, or
methtuw] ges evipooated ogpterdmy etheir thees addetl o the solutioh@uod ether layer was

sepuBg s BIEHIONOF OB S e SOp 1FE EAehPb Al BGP AP e ol
cave @S2N6WRK M Mot 78%) a1 ABCand. spmpar i son to the area
rati os of known anounts of 17 and 20 subjected to the

sane conditions enable one to deterni ne the

copcentration of i nHth .
OB b el b5 NS SABYSuph (RRE oL R i
IM prelimeapnekfina bebn@Qe irt étRerf69S hid Qd tembLatl-1@ACOp Arfter bsingbtirred for 3
the two conpounds will Dbe simlar for extra tioqL
h, the reaetiopaixigeoYRS PRHICAITRSIO aiePus NEN §4selutieR (GURAnL). The aqueous
L A A
browharilrd hisaril wakndisdodtadah i1 8%h aqBoonsdACl GH8ImIsyradrextracted with ether.

The fReRGoRC! s TR BRI cor BRI ERRIESt e et Rt e me
corrdsPéiBiRy arfiRbicid (1988Byield RIh)Y Shichl (82BH wa8 itk étEWE polyphosphoric

~salves, etc. Conventional carriers are used to prepare
acid {19 g)codpiised vigarusiyee LH0°6s a3 I gderpastignmixture was cooled and
ositions, can be 1 ni I We -
s0% B ARl S ROWFRH vBR a8 PRERETIR e Relfon pas xtractd with

etheiC BRAFREEAN dfQRe dSUDIA, 8O, Pethrdpfer gava 2-8hghPanethyl- condom
he conposition can be applied dlrectgf t
1

T o the .
2,3 Adtecaipha.g {P-adphamlexadiy dioo Hdapdenp bhwsalnyt - Spmegs apsilfdeo g
yaels | i . .
57y APUIRELERRC A0SR A WG AANGN Q0000 uing o
gradimuat of [dk@HiseHERd0-5PE: CHAMMRAODSTHEADEEHSY .5 (bh, sud@), 7.3 (2H,

m, B8 e R i 3 G L SRS R, X 3 LS L7 5RE2.2 (31, m), 1.9-1.7
(3H, m), 1.1 (3H, t, Me); HRMS (M+): Calcd. for Cys Hio NO: m/z 229.1467. Found: m/z
229.1466.

To a mechanically stirred solution of para-bromobenzoic acid (1.6 g, 8.0 mmol) in
tetrahydrofuran (THF) (15 mL) at -78°C. was added n-butyllithium (16.2 mmol, 6 mL of a

2.5M solution in hexane) dropwise over a 45 min period. After the mixture was stirred for an
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any suitable formfor admnistration to the area in
need thereof. The forns of adm nistration include,
wohoai4as@3not linmted to, those |isted above foPCT/US2004/000206

sperm cidal conpositions, as well as i qui d m Xt ures.
It is also pos le for fun C|dal m Gl
additigpgple? Ri B8 b b ReroaiCh he £oMIMAES AT Diopn AL (5 mL)

dropviSEBRE of 0 i (RbioB Al @ﬁﬁf g%ds%ntlﬁelﬂ%r ) géhtéir-?@Cfohé Bfxture was

present I nvention wl cone apparent in the course
pourendfmitohee cdld1MOHCH g75dm£() ancbextmgedomﬂegtémp@anyes 30 mL) The acidic

di t f | | ust
aqueqt oAt PG Sl 7 Rt AR ameaeps 408 SpRrieig Sk Bgyeed
pressmra’ffgﬁ BEIMOTRR QA1 0RY Bdri s i/ Ba0 441088 28fomdt¥@aphyton silica
Synt hesi s of (4aRS, 5SR 96RS

with Qg@{dm}ap elntm@pf]w-ZQ%g\/IgOHangJ s lgBs Fiejdpd @-gthylyl-methyl-2,3,4,9b-

tetra}\@faor I or ! )égpl‘gepglé T—gﬁ{ggrécg[& é&@béﬁ&igg &ﬁﬂjﬁglﬁfnﬁ% as a yellow solid
(1.1 grB8hgNehp. ( mmizsma\thHaq QBT )05 BEMYAH, tsB. T Hz), 2 5e(3H, bs), 2.25-
I
242 G3Bemr 31502 Boll R o o0t MR, 948 50 (Uamngcles Ho @H, m),
t I I
e e e
J=8.4nHx), 8126 (@Hsd,Sl=8rdr ). HIRM&QMH) E€ajpdr XtWirfer CazdinNght:.m/z 333.1729.

Fo &%&Zg}d@% met hanol was evaporated, water and ether

to the solution and ether |ayer was
separated. Evaporation of dry ether (Na2 SO4) | ayer
gave an oil. Distillation of this red oil

yeTo awplstompf the abog, congsgnd K)?p7 Y1803 O%tnn@lbmﬁ%harrpir(@atel (40 mL
ofa (I SEuEATG e G B i BEELIoH el R0ttt

conc@ithdd H@DQ Ordrops). Afteithe ﬁﬁxtuilé)@aé shakér e a Peir Iagpe&hﬂuls uader a
for 3 , the reaction mxture was_ poured into 10%

hydr%gﬁ@eeémgsnhﬁw (@6 Dot on Qe ASth fuyas HIEe LRI e gt

concé%&t&fﬂ%rg feed o ﬂr@ssﬁ&h §hhe r%‘dﬁfﬁ%rs@flﬁ Qs %sp%ﬂ@edqﬁ)ébédﬂ"i’tg ethanol,

ayer gave a I"ow"shbrown oi | his oil
ﬁlteMﬂndmﬁs@éme,dmd mhelﬂ%amqwmmcéﬁate(cﬁﬁfdenmﬁueﬂ&pressure to yield

RS S LT 5ol FineBlet e S SRS S Fe b ap BT Rt
1nde( f Qe-%wﬂhﬂ&lﬁ%dhﬁ)rﬁfél UHQ\m@k (950 ¥itey, ot:]ﬁcg%m 4/\(fBlH?|ﬁ 7 2 Hz)

Wwas m Xed oric aci

1. 5051t60r (rlébl )i H8h-Gul¥) (ﬁ%m)iléé(ﬁﬂm) B2Gr2.49H&H; @;c% VQJ'E 90 (3H m)

o | ut
2903 e aficrs rh B3 207 BT IR R Wg 05 am,
bs), WIO l(uHed ey 5 @ﬁp%"’ $IH QD Jﬂ’f’ 5tEhe, TIBY, (LNA2, JSO4) He), BOO (21, d,
J=8.0 H).;, \ée(M+)ect:a13/d MW e ) 11,0 NO, : m/z 335.18853. Found: miz 335.1887.

To a solution of potassium hydroxide (15 g) in n-butanol (60 mL) was added the
above compound (2.99 g, 8.0 mmol) in one portion. After being refluxed for 20 h, the dark
brown mixture was cooled to 0°C. and acidified to pH=1 with 18% HCI. The solvent was
removed in vacuo to afford a yellow solid. This solid was taken up in CHCls, filtered through
Celite, and the filtrate was concentrated in vacuo to afford crude (4aRS,5SR,9bRS) 2-ethyl-7-
methyl-2,3,4,4a,5,9b-hexahydro-5-(p-carboxyphenyl)-1H-indeno[2,2 —c]pyridine
hydrochloride as an off-white solid. This solid was purified via flash column chromatography

using 10% MeOH--CHCI; and yielded 1.23 g (41%) of the title compound as a white solid.
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2,3, 4, 4a. al pha., 5, 9b. al pha. - hexahydr o- 1H-i ndeno[ 1, 2-c]
pyr idin-5-one as an oil (22.6 g, 87%. An analytica

WG 200ploesodas obt ai ned by passing through a smal PCT/OB20031000206
of Si02 using a gradient of MeOH in CHC13 (0-5%: 1 H

o B o R ot 5B T 1 80,
bd, J=(131'"',7 H)§) 2h (%%b %\/I% 42, b%lttgdﬂi)) f3o(§-39cr1%H7 mg (3ht3. thH o)l 3(84o (11,

m), 422(9Hldﬁ]71 HEp l6rﬁj(1Hnbz) 72702 (486m), B @Ph@cﬁ%ﬁﬁ &) |JRMS (M)

Caleq N £ SIS PR A8 AIRBGTES) £1:9Ro( 1.6 o, 8.0

added n- butylllthlun1(16 2 mol, 6 nL of a 2. 5M
solution in hexane) dropwi se over a 45 mn peri

Afhral. Caled. ipsnds WHNOs 1128264 G, 6P. 38nH31 1%2@)6&/%@8@3@ 69.72;

gg%po4/000206 additional 1.5 h, the tricyclic
H,7. %ﬁ%ne (1.1 g, 5.1 mmvl) was added as a solution in
THE (5 nL) dropwi se over a 30 mn period and stirring
was _continued for 2.5 h at -78C. The m xture was
Examgdeifed into ice cold IMHO (75 nL) and extracted with
ether (2.times.30 nL). The acidic aqueous |ayer was
stirred for 15 h at roomtenperature and concentrated

(4aR 8,58 BrObR&) Ackettly]- prestleydi2es , ¢ 8 a4 9%belet aly ds ol St -caTtringetheyiptenyl)- 1 H-
rified via ash col uim chromat ography on silica
indengfi 2~ Pé?@&?éﬁ’fh%tfhlﬁ‘ d8n of 10-20% MeOH in CHC13 and
yi el ded 2-ethyl -7-nmethyl -2, 3, 4, 9b-

t et rahydr o- 5- ( p- carboxyphqul) 1FL|ndenoé1 2- C]Fyrld
e hyasduhowef e cabonylicddid rle 1(3:68, §,693@mp]) ig methpnol (50

o B SO TR ag 5, SAITES gl i fork. e

resulﬁn@ dolotiéh wadhlloWed t3 sfaﬁd&l B%ffl@d:ﬂatomlt 5°€. 5ir-63. }&ﬂhr(rigl-i?vhwh time the
4.17-4. 30 52 (1H

prod n?z lhad hygunﬁo ggys(aih.ﬁe Qut a§ fu;e gvh].’qg )need-}es,4 ghy(eg) |qiog§ Werg oétakped and

o B e o, FBACA it WLgC o

CDCH)I it 1 (FH,af J=HEHa) dvie( 18D bpalsid. 213791:86:2.00 (3L, mypl)l-3.2 (1H, m)

22 (%25%%1{(5‘@2&5{7%@@50{ ?\@éﬁ@( P58, ﬁgfﬁl 5% S0 GRS 04,

11, 6@%&%”5-5@(@1’-{ 1 3. é%ﬁ{dé)ap@(mﬁduem bm&)mx(m &sWers0 (1H, d, J=7.5
en on a Parr aratus under a ro
Hz), di2nfdEhdel¥ . HB), ﬁsﬁ& , 56 Hepi8. 01@Had 2y s filtered
through Celite and concentrated under reduced
pressure. The resulting solid was suspended in

Analagiet Uoe Cof MRAITINO, 1 H4iH, (Ce (g J 01715t BUgR6 Q6| 3.69, Faund: CNED.67; H, 7.36;
filtrate was concentrated under reduced pressure to

N,39Pel d (4aRS, 5RS, 9bRS)
2-ethyl -7-nmet hyl -2, 3, 4, 4a, 5, 9b- hexahydr o- 5- ( p- car boxyp
henyl )-1 H

Example 3

Synthesis of (4aRS,5SR,9bRS)-2-Ethyl-2,3,4,4a,5,9b-hexahydro-8-iodo-7-methyl-5-(4-carbo
methoxyphenyl)-1H-indeno[1,2-c]pyridine Hydrochloride (18) and its (1)-enantiomer ((1)-18)

To a stirring solution of (4aRS,5SR,9bRS)-2-ethyl-2,3,4,4a,5,9b-hexahydro-7-methyl-
5-(4-carbomethoxy phenyl)-1H-indeno[1,2-c]pyridine (341 mg, 0.88 mmol) in glacial acetic
acid (2 mL) was added 62% HCI1O4 (1 mL) followed by HgO (205 mg, 0.95 mmol). The
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i ndeno[ 1,2 -c]pyridine hydrochloride. 1 H NWR (250

MHzZ, CDC13): 51.4 (3H, t, 7.2 Hz), 1.50-1.60 (1H, m,
wQa2@3/0&980 (1H, m, 2.20 (3H Ss), 2.20-2.40 (1PCT/IE2004/000206

2.70-2.90 (3H, 2.90-3 15(2H m, 350365(1H

, 3.90-4.10 (1H,
mlxtu?%}zqas b%%f}y so;zm@&ﬁd(q; aneé] to gﬁcht g%%o%elﬁ]%éo]g’ij_l% % solyh§n gf iodine

(235 %%9%%&% éﬁm’_%agw?ﬁ;c &glgl)'ﬁ mﬁ) Q}gs Q&’déd (ﬁlo%v%rée‘%éé} 15Zhin and the

resultirpunikturetvwas 38hed 88 6omEempestirel bvemlght Tihe tozangictred mixture was

o e 1) R R 8 05 o o

with &h&QB OB 1‘892 Efel djess ci:o‘i&[es@@th@r eﬁﬁ@tsdif’dr&‘ corabia¥M Waskédr e
was cooled to OC. and acidified H=1 with 18% HCL.

succeF¥ieely ovithemateni@d mi)eanshhainei(30 vdc)udrl Mg3Quw ofiliergdjandw

Thi s .so st f
concetnﬁrra%‘g dﬁ vagug, t to agflord tm{a c%d% i%felrélbtlége {)inl 835% ?’n(% C’gl})%% I g{?&gl was
transfoagedint@tiRFHOr gitaksinges % 4RGN ERhEh RGN aﬂmﬁdeydnd%ecrystalhzed from
4, 4a, 5, 9b- hexahydr o- 5-

thyl - 2 b 15.-1

BO AU SV IR RS GROHO: gy BB ofcbas ALNMIR G A @DC, s
free b%%r)l §1. tlér g@rlg 5?1{317 ?g&ﬁg.e%g@m%w@akﬁgﬁé B, 9, 2.48 (3H, q,
J—7.29H£ 4+1n)0/¢z 80f(1 Hhid), 297 €1 ddh Gahid8 258 Az, 4le(1§blm)d3 93131\1@ 4.19
(BB RE0RSH USEORAA00200 P 290 65 o o,

HRMézbalch ?m(clzgk{éa@@ I @co%sﬁoddﬁ’)f to%h@ﬁé@t&sg‘f)m/zzﬂﬁ 180§ Found: m/z
475. 1(01)m Anat) Calgd.Xog @IziH:d CHM)sz;Hz@ G, {104; b4 N, @69 Pound: C,

EYTEE AERN N S e

startlﬂgﬁlom ﬁ}ikqd% p £016(62L18$REICEOINC2 1/ 2H2 O C, 69.37; H,
8. Found: C, 69.72; H, 7.15; N, 3.55.
Exanpl e 2 (4aRS, 5SR, 9bRS)
Exa 1g;lhyl 7-methyl -2, 3, 4, 4a, 5, 9b- hexahydr o- 5- ( p- car borret
oxyphenyl)-1H |ndenol [ 1,2-c]pyridine Hydrochl oride
To a solution of the carboxylic acid of Exanple 1 (3.6

B TS HBTEAREL 50 A PP e

_@_ bR all owed to stand
xyph@ﬁﬁb ft Pralag)é% g?‘?)él}l’rgtlﬁ%}l @IlfogltrﬂbGQeE@Zuri ng which tine

the product had begun to crystallize out as fine

O s T PGP A AL AP BB S TS ptens
1)- lI—f ﬁid@h(b E%ja]pyrldlh% B'&@oélﬂ5ﬁdé\/?§fo m@@%)lmrélgﬂ) éﬂggﬁlﬂof heetic acid was
addeQ 6;|mZQ ofa(l 11Hn1>mlre of acetic acid and perchlof1c acid. HgO (1. 3§ mmolwwas added
and the reaction mixture was stirred at room temperature until the HgO dissolved. A solution
of I, (427 mg, 1.68 mmol) in 4 mL of acetic acid and 6 mL of CH; Cl; was added dropwise to
the reaction mixture by addition funnel. The reaction mixture was stirred overnight at room
temperature and then filtered through celite. The red solid was washed with water and CH,
Cl,. The combined biphasic filtrate was separated by separatory funnel. The organic phase
was washed with saturated sodium bisulfite solution, dried over sodium sulfate (anhydrous),
filtered and concentrated to give 234 mg of yellow brown solid, converted to the

hydrochloride in the usual Way. "HNMR (250 MHz, CDCl;/CD; OH) §1.28 (3H, t, J=7.2
Hz), 2.0-2.1 (1H, m), 2.3 (3H, s), 2.56 (2H, m), 3.04 (3H, m), 3.24 (1H, m), 3.46 (2H, m),
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2.2 (3H, s), 2 2H, q, J=7.2 Hz), 2.5-2.6 (1H m,
2.7-2.8 (1H, m, 9 (1H, dd, J=5.94, 11.64 Hz),

wWR2®4866934 1H, in), 3.9 (3H, s), 4.2 (1H, d, J=RO1/0S140}/000206
6.7 1Hbs 7.0 1HdJ75Hz 7.2 (1H, d,

B AL R T (RN E e

Hz). I—YRI@I@ Cah'cd %r@% HEPNOY 1 %c@rregﬁ)n@ﬁ}g tblthe/fréSbaseNm/3 469.0852. Found:

Exanpl e 3 Synthesis o
nﬂz46haﬁ§'SSR 9bRS) 2- Et hyl -2, 3, 4, 4a, 5, 9b- hexahydr o- 8-i odo
-7-met hyl -5-(4-carbo nethoxyphenyl)- 1 Hindeno |
1,2-c]pyridine Hydrochloride (18) and its
Ekan%ﬁgsenantioner ((1)-18) To a stirring solution of
4aRS, 5SR, 9bRS) - 2- et hyl - 2, 3, 4, 4a, 5, 9b- hexahydr o- 7- net h
yl 5-(4- carbonethoxy phenyl ) - 1H i ndeno[ 1, 2- c] pyri di ne

symofd43 a0 BLBEkEL 388 08545 SRERL 5.1
carb dxytyhenylFNEl-BReMdD] 2088704668 B dRCHIOHSE (T%)/ 000206

m xture was briefly sonicated in order to effect a
honogenous solution. A solution of iodine (235 ngy,

0 (2%55 §SRIobRISHL2GE R L@-kod%c’ﬁﬁeﬁiﬂ-@ﬂ 443 bBlhexWRriradd@ctarbox

dropwi’se over 15 n and the resultlng m xture was
ylpheﬂyll)ﬂﬂsdd@rto[lr deipyratimeenalronhéorisled 200 migs 0.49R araelige disaelved in 20

S I nt.0 wat Q0
e 1 S R S0 o Qs 5 s
hydri¥é {408 1h@ineta oXl). /Ehelthikturd s edfRaed f6ral Dahetsn ebbled to -78°C.
extracts were conbi ned, washed successively

Tert—ﬂzatwarthwosmt)onem& 3plnbl Mo panyaneq? SAH MO B ¢ 5hdded stowly. Aftr
o s IR 2R L 1 )
added. TR ShiQTUFE tak Bfiged #16781C. f(&ainbthHBB(hgmB ehdvieh avaohed to room

temp%%%&%%/;b?ﬁq[loglgﬁlpgg agl s %éd{cg ed nf_lggg] dfes so 1&5)&1 t)ecarfe acidic.
The rgﬁxyyg(vég gxﬁqa%%@?ﬁ%thﬁ&ie d‘}ﬂ@rfdeb@ﬁ@ )netﬁ%fleréfbh(o'ﬁde (sb],utlon was
washsd with. béihe (aﬁ&l,drlqd ovez‘r:Mg&OHzT he-en)de moda@t mg-pulbﬁgd wgh dlash column

chro atfgrapgyj_ ﬁlhc@ mf }_cgfgridg a?g rrte% 10§) 1_) %%gt%?x%iaﬁ% gﬁg compound:
30 m 1870/% yiéza m% 71%9 G058 NMR((ZSD MHZJ5803CHEOL), §1.25 3H, t,
for C23 H26 correspondi n

1=7.0 Ton 162481 dr3 5470, 1008, IHaHntn) T % (L SHORH A1 .5 Hz),

2.5 2,%(@96@ L2 ﬁ(ﬁ%&)%%"i%{%%ﬁ% 3, gl\llﬁgmgdib 114?105 H)

6.71 @IH'SP@ ENEIH,idpFes.0 Hz)) 7. 433(1Hlya§s, m@mbsu P80 Hi).&1S: 413 (M). Anal.

fashion _startin
(Can B GG 11@{2@;@31;111@1@%% 168 55 %260/ Bund ¢ 5477, 1552, N
2.57. HRMS Calcd for Ca, Haos NO, Br (corresponding to the free base): m/z 413.0990.
Found: m/z 413.0994,

Example 6

Synthesis of (4aRS,5SR,9bRS)-2-Ethyl-8-Chloro-7-Methyl-2,3,4, 4a, 5,9b-Hexahydro-5-(4-
carboxylphenyl)-1H-Indeno[ 1,2-c]pyridine Hydrochloride (20)

(4aRS8,5 SR,9bRS)-2-Ethyl-8-iodo-7-methyl-2,3,4,4a,5,9b-hexahydro-5-(4-carbox
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Synt hesis of (4aRS,5
SR, 9bRS) - 2- Et hyl - 2, 3, 4, 4a, 5, 9b- hexahydr o- 8-i odo- 7- net h

W@ keoBagA3car bo xyphenyl)-1H i ndeno[ 1, 2- c] pyr i BETI®S2004/000206
Hydrochl oride (17) To (4aRS,5

ylphe%lggﬁglg%jg%% }E‘?hxj@ndﬁg thjd%‘E@fr J)%&gﬁ)( mg 8& IH@oTSE\}sty Alssolvﬁeﬁ in 25
mL ﬁﬁdmij T ﬂﬁ/ﬂﬂ@ 5@0 HHS s&utﬂﬁvmldéd 6O n?gfi@du&fl hpd:edd (%O% in

acid was added nmL 1:1 m xture acetitc ac
mmem‘h dllp dihe mhigtire was redluxe@ for(llh 38l ﬂmbqolwh‘ep 484s éf ertaB\@tylhthlum

SOlut’tﬁ)Ht p19?trq1dLél }_E%{nmxlt%eﬁﬁn@mﬁ& }Sg\ltnlgog ‘(Y?? %c%ied g?ov? ﬁ%cricﬁtlon the
mixtdre &34 BARED at 7894 Tbr 20 mac & §dtutasl &f h%ﬂQch@orﬁéth@ﬁe @'423 £:19.4 mmol)

was added dropwi se to the reaction m xture
in 2 mydiHY was addedeThe mirduseayaststiad i WS- éomﬂaﬁrﬁprr@@ and then

wam%eﬁft{)) S(J)(%H nﬁsetrgtﬁfgpﬁ‘y I—Gig(%g {)lllf% g%@g\gs tagcﬁ&l dtt) tﬁ% ﬁfh%jon until the

solutﬁ)lﬁd)eaﬁe 3&1‘%& THé’lﬁmCIOmea's?Bsth’actp& agthandthylenatidomds The methylene
separate Th '

chloridR ORI R B b8 R e] QUF MO e g P R Prosbi L

puri FRUSFitS QLU W) c],ﬁl'ﬂll élﬁroﬁla{c%'ﬂ%ﬂ‘lg‘gﬁﬁ‘éﬁl)ylene chfohﬂé @fd #chanol, 10:1) to

concentrate ive brown solid,
afford threviitte @angonnt 60 miay3%6 yieldr EEMR) (Eﬂﬁ)d\/lbgu &k QN@PCh) |41.35 (GH,

t 1=h00sF el 65 ¢fi )l £ R §) 2355 (Bl 057 b3 abp. 3.20-

3.50 E@c}%@s%%)ﬁ%% 2% ém)?442€5 ((I?IHd ﬁ@lo H% 6/\81) 211@43'%%@9%4{ d, J=7.5 Hz),

7.32 63H, 57, 818 (%&Hl Ja? 5H=. IZISH§70 (M) ?s.naé ](szlz},z)s 0:£18): Calgulaged C

65503550 Tk DN E7E SR oS3 PG CRABEERIERTC

(corrEspaRRing t@tll%yﬁ’éé’lﬁfse)swi 369.1495. Found: m/z 369.1494,
(4aRsS, 5SR, 9bRS) - 2- Et hyl - 8- Br ono- 7- Met hyl - 2, 3, 4, 4a, 5, 9b
- Hexahydro-5- (4- carb

lbphenyl ) - 1H-1 ndeno[ 1, 2-c] pyri di ne Hydrochl ori de
Exa“?ﬁi%f (4aRs, 5

SR, 9bRS) - 2- Etl i yl - 8-i odo- 7- net hyl - 2, 3, 4, 4a, 5, 9b- hexahy

ol AR A i B L o

(7) THE and 0.4 nlL hexanet hyl phosphoram de. To this
sol uti on was added 50 ng sodium hydride (60%in
mneral oil). The m xture was refluxed for 1 h and

hER AL 55 oS AR

descABécBﬁl UKhRatad@i $,809,084for mmematcgowahyl esterr)aﬂomt 1 6-57g8ﬁ' methyl 1-
for 20 mn. 1, 2- Di br onoet hyl ene added,

ethylri Re5f-tetiphxdrepynidiperaghoxylpicyas @FS%YFétlﬁérL SPRAEAI Yo T ang
extrefc%%irbv%@ tg%dgb? ﬁ@?%enfo%%ﬁzi 2 ﬁg/ %Q? ggllgg)n ﬁrffo‘fn RE bfhthesis.

utiron u e SO ecane
The aqiedi€solution was then refluxed for 48 hr and then concentrated under reduced

pressure with added acetonitrile (azeotrope) to give crude 1-ethyl-1,2,5,6-
tetrahydropyridinecarboxylic acid hydrochloride (283 g), which was dried thoroughly at
100°C. under high vacuum. As this material is very hygroscopic, it was stored under nitrogen.
Thionyl chloride (150 mL) was added cautiously to neat 7 (45 g, 159 mmol) at 5°C. After the
addition, the ice bath was removed; and the resulting homogeneous solution was stirred at
room temperature for 4 h. Excess SOCl, was removed in vacuo to give a dark, thick, pasty

mass. To this material was added 1,2-dichloroethane (250 mL) and 30 mL of solvent was
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The m xture was extracted with nmethyl ene chloride. The
nmet hyl ene chl oride solution was washed with brine and
waleioedeqser MygS04. The crude product was puri f PETUS20D$1000206

flash colum chromatography (silica; methylene

remoXsehip D in Cater ooy e sk ST gttt miure s added
AlClgwﬁg( %@O}_"n% 139%?%'325 W% mgﬂ-;igrﬁ)d( Fh ‘rcTe;mpera]cm% \?as%}ltrolled by
means$ df a Rakb bithkt cd. 253 ]Mt& thiz addltltﬁl &Qd%ls(rgd-}brqwn, splufio® w@s

stlrreé at}_%i_ﬁn_% C5 ?c)rrlzajl%o gxﬁ#}hﬁlg_%purgé 1nt9 a %iéliegl Epn 1‘mn\]g_(§1 66(&& )of crushed

ice anZl ﬁﬁnﬁ%‘f‘coﬁ@ ’HC,VI BB AgdidoudlayetRashakified td/BH ofL3. 12Myith 30% NaOH
H25 O2 Br C1IN 1 8H20): Cal cul ated C 54.68,
(ca. 35[) 51122vylth\p®lmg in Epingovatersptly The p:psgltgrg migture vy expgiest with

cooliff it ook LA SRROA5BRY Vi e 63400

and tRYdHnieBdBethér layers were washed successively with water and brlne dried
(4aRS, 5SR, 9bRS) - 2- Et hyl - 8- Chl or o- 7- Met hyl - 2, 3, 4, 4ad
(MgSf,)@ﬁil;qgg@aﬁ%gqpcgnt(ated under reduced pressure to give an orange-red oil. This oil

was a?%ﬂ%ﬁ?}ﬁ n%%@éelro%ﬂﬂmlﬁ A35dPWE b iRG Hhdb QeI Ard 8859%) of

ketonSR, £RG)eh? y&ldw kel B, indthdN VIRnrbhertieidBnticallavith authentic material.
5, 9b- hexahydr o- 5- (4-carbox 35 WD 2004/ 066934
PCT/ US2004/ 000206 yl phenyl) -1 H i ndeno[ 1, 2-c] pyri di ne

Exmﬂn%ggochl oride (250 ng, 0.5 mml) was dissolved in 25
THE and 0.5 nL HMWPA. To this solution was added 60
ng sodi um hydride (60%in mneral oil). The mxture

SyntieER O BT L RS o D0t chy

carbdiﬁé%ﬁ&%heﬁlylpéf 3m,mi 3 9msxam§idﬁﬁhcreh@w Slwc]ﬁrtcbﬂie arfdg(4aRS, 5SR, 9bRS)

dition the was stirred at -78C. 20
-2- Ethylsi’nimﬁtﬂil}drﬁ @fcﬂﬁ’é@é@@hﬁ&ﬂbéﬁﬂaﬂ?é ?tzh@@llgdr01@630ﬁn%95 pyrjdi

2 mL THE was added. The m xture was stirred at -78C.

for another 30 min. and then warned to room

t eFRetiameteare B86cHped actd) or (Ipbaeil dnwaticd doteton at thérgodium D line
solution until the, _solution becane. a

I di The .
in thir oLy G RS CERPPUES BB TR b OB (8t negggsarily have the
Samé(?ogg%{e%%ﬁg hlighi de sol ution was washed with brine and
rre

over SO4. The crude product was purified with
fI ash col um chr omat ogr aphy (nethyl ene chloride and

ooy k¢ B R iiob it e AR WemfE) Thy1-1.2.5.6-

tetra%ydr%pﬁldgﬁecﬁ%bx 111te7(51§|-w8§reﬁil1kkd i25 OZnB of { 3H1 1501 for 4 h. The
75 (2H 9)280315 2H, 20- 3,50 (4H,,
mlxtn@e W, c@@c@trp(pd(tg ryneps usingapplie heeg ang afg‘equﬁ)of ngroggn to give a

1H
i, L o R e By
salt 0 12; Gap.epb3CeteC). Anal. Caled. for CgHyy CINO,: C, 50.14; H, 7.36; N, 7.31.
Found: C, 50.23; H, 7.36; N, 7.28.

(1)-Enoyl Sultam ((1)-13) derived from 1S(-)-(2,10)camphorsultam). To the
hydrochloride of 12 (1.3 g, 6.79 mmol) was added thionyl chloride (15 mL), and the resulting
mixture was heated to reflux for 2 h. Excess SOCl, was removed in vacuo, and the residue
was triturated with 10 mL of dry tolueng: and concentrated in vacuo. The trituration process

was repeated two more times to give a yellow, powdery solid. In a separate vessel, n-
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65.50, H 6.20, N 3.45; Found C 65.65, H 6.73, N 3.509.
HRMS Cal cd for C22 H24 NO2 O (corresponding to the

wo e@a/ob@ase) : m z 369.1495. Found: mnfz 369. 1494pCEXS2004/6€00206
7 Synt hesi s of (4aRS, 9bRS)-2- Et hyl -

2,3,4,4
butylhtbwén ( & 9%@2{%@% ? M sohli’hdnnl%%exade) was accidd)dy drogxlmnse tda

lr =3 I | 0
o L T S .

additibhghanplghn golodegtshyitloagv@ rb)roﬁghb’m DEBL tgm@praﬁgg ﬁgd styrred for an

A I e e —
the afinbcRl hedridedFrdthloride at S9N \Afted Itlidlidyiindneﬂm diram mixtae was

byproduct fromits synthesis. _The aqueous, sol ution
allowpgtp edmemtorrepinemperrbire @l firreddfar | hbnlkeoedionsegpenched by the

addm%gd tlrn(;%g eLd)GI\eflgéCp QSP oriy! gﬂﬁtﬁ ﬂf#?ﬁg(i ﬁP@c{cﬁg 'td 5 blfwn, tarry residue.

ve crua
The réﬁdﬁ@@&ﬁp@@&dnedlbeﬁmlmﬂwy bhhd Wamr dinklyhh’ Cthbﬂ leyérareas(wBBed once

.. Whi ch d
more Ui PHET ABS Eihes 41ak BR eb Py h BB Shese HGGag0) and
separﬁ%g ’@% fgél}?s:%lgcs @fh@gﬁg}er% Whi 'oﬁﬂleedC(‘l" |2% ugen Qe)%tdlhiatmifrom

c to he t 5C
absolafettOH. Athe pasthlict (D3] twae obtameﬂémbawéjgng &mgbc aguegus layer with

conc,tlgﬁﬁéillatp&}g?%gggﬁous ol 5 %&‘é‘%?, tslthzé, éo“afng%g% q-%&\%l;% of the

residb O\ apord@biKof thBedks 12paS This diRE$.9 gl6F Gl)hISamhﬁe itlakk needles
was added 1 2- dlchloroethane 250 and 30

L
m.p.s@0%enfolna s B8 U004 HEAS0 33 NDER idsssigalavitobs eletlp%de (see below).
n I [
Anal SR TG4 6 S ) S Gl g g g 06 789

397 mol) in portions over a 45 mn period. The
e s b b0 PEAL TR S . o
was %r%héﬁa %m"‘@é hyglfo'c{}ﬁ)ﬁée 8f ardrio e 17 @'5 %r’szlhloﬂhhuﬁtmldt TrepH)-2,10-

red into a er containing ca. g of crushed
camphoesudtanh (36.4rg, 70# romob) .in ki@tocedive stgilardahat dgssribegh for the antipode

(50 R0 EORPP AT AR 184 a1 Bt P25 B e hicke

stravﬂwbwdqea&?e%s)ef&p,s%&wmW\(ct:ln .0, cﬁm)anINMRn(zso MMZI €DCl;): 51.00
The reés tln?{szt ure was tracted with ether

(3H, B 1x1'm<o@1 61171 Bl 2R Hoto] Ades @Ehen), Lyl $5Hemy 22-2.4 (1H,

o S5 DT TTE) ED L, S0 4910 7.5
(1ELRE 95346 917} @14\16(1&1nn9161l@5€6 (18], BalTHakodof Cini N O S: C,
61. 33)|I§ ilﬁm e%ﬂu?%%gpg@%%el%{é};hr §3§9pﬁ;? t9§k %%gste} gf%rm of this
ma,tetllfa gﬁg‘f&%’“ﬁég@ﬁg% h&w. fééﬁt Gt hr YR REPLHRTE 18 Sank B8R theLCIncentration

mat er |
durmg the purification step.

1,4-Adduct(1)-14 derived from (1)-13. To a solution of enoyl sultam (1)-13 (5.6 g, 16.0
mmol) in toluene (200 mL) at -78°C. was added p-tolylmagnesium bromide (33.6 mmol, 33.6
mL of a 1.0M solution in ether) over 10 min. After being stirred an additional 30 min at -
78°C., the reaction mixture was placed in a freezer (-10°C.) overnight and then warmed to
+5°C. for two additional hours. The mixture was quenched by adding it to saturated NH4 Cl
(200 mL). After extraction of the aqueous layer with ether (400 mL), the ether layer was
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Exanpl e 8 Synthesis of Enantionmers of (4aRS, 5SR
9bRS) - 2- Et hyl - 7- et hyl - 5- (4-
weanposmshoxyphenyl ) - 2, 3, 4, 4a, 5, 9b- hexahydr oi NRETOF04/000206
, 2-c] pyridine and (4aRS, SSR 9bRS)

e S TS P03 BB RIS o e 80
cone. q\esmH H— %) Erachéd with efh@S@k 200 AP, @dlthd &thad lapsts alere washed
he so line in the solvent given. Conpounds

with brsm dged ﬂ\ég‘é@ﬁeﬁ&crgd 29K qopecnitiated UBeTSHuGed PaessHeitp give an
orange é{)ﬁc)l/ H]? gk ffg? s%li)a% % gc g&@h?&f}%@%r %—r}% ?nr?e(ca 40 L of an

apprdrd}&ﬁﬁt@@ﬂlj@ mlﬂiﬁred Rv&bbc}tivte)lly) Xléiehlf—B 641g 2 5ec61-1d crop gave another 1.24 g.
tetrahydropyridin t 11 fl d

Totelf. 68 (40%) B! Poor 1. ﬁéyﬁ%}éer'b&&%% e o NP A REprisms):
[a]DZIOzéiW@EiSM L@H@ggﬂr}@k\rm APk . 5 irra@am@ﬁ g)l E)'SQQ?H s),

cryst al he sol

1.13 (3é{‘,ltybt7dl6l H[Z)eﬁ 2f)f103‘ﬁ (IQHJﬂl)ahéOQaiﬁe(lj;Bne b6841. th(ell—l—@) 1.70-1.85

o 9485 Rl T8 (g PO p A PR, 2.5

2.62 (51@{ 29, 2'68 27723ng M), 2. samiaa TED@BA, Wt H@)ns(l(zl()lﬂ 13>10.8 Hz),

derived from canphorsult

3.24-B28r(6dhingr3. 3 (141, d1)2=§410 Bizy 3.3 (8L, dniffl)‘ln&ﬁé) ééée%l@ (1H, m), 3.67-
71 R a5t 4 DAGA T

O3 S:i @) 6783481, SABENG BSOr Baindu €, 6Wa8; My 8. 1uMateedd.wi th 10 nl
of dry toluene and concentrat ed in vacuo. The
trituration process was repeated two nore times to

S el S R (R b e B o TR B
adduen@®H14 @-8b gll S6f5 rmmd!)5n MEO(AtmI) was nddweite radyeshlysprephdedisolution
orv RIS o ) 4 SRt A S EETRORDE b encns

mixt@dGdstvibrohsMe st &Pdt a g%ﬁh@féf@&%ls% BTG e Wageablkd tdca,
room t enperature and stirred for an additional 45

+5°Cryiagidifidsleto pdl=tt Wish corfic. E1¢11t m thﬁ bk ofdhe Y He camnpomenisewere

rem%fyéj B%%lﬂg%Hg??s kg er t&? I SEI%;O?’I et o?ngpcfgleg%léj?ﬁé? ltl‘?er éugﬁlce of the

mixtiileX{iledt Was mn@hlis@&\ﬁﬂa v Wﬁ{&r bmhr(wmm4$?®9 r’meuemaamg solid was
stirred for 18 h. The reaction was quenched by f
thorqughlytdrisd L@fierskgg]@ vaguagn. ihg crydemaaterial ogﬂ_ inegyips cyclized to ketone (d)-

7in & Hﬁﬁxg&tsﬁﬁﬁﬁ% lreQ:eK?& fh%tegﬂbgteg 568%)&1%12% ﬂlg%r%@ shidkige ancir ﬁl%n AlICl; in

ue was partitione ween wat er ,
1,2- dldftﬂombfhane Imwleme id ghefdreerimee ketomee(d)M7tds ammleWhICH' h@ldlﬁed

et her er wa hed wi.th dil HC
uporapding s Vegigh. Aok BbRE SR e A e Tgsd from
the ndRSstQPInArAG 9o Gt phySicallRs) (6 BEY ¥stsadel(frg@biseNc£ 1 DIUHCL.sub.3);
[0]p2 =+71.9° (HCl salt, c=1.1, CHCL).

Enantiomerically pure Olefin(d)-15 derived from ketone (d)-7. This material was
obtained from ketone (d)-7 (1.12 g, 4.89 mmol) in a manner similar to the racemic procedure

(see U.S. Pat. No. 5,319,084). The yield was 850 mg (47%). [a]p'® =+21.2° (c=1.24, CHCly).

The synthesis of (1)-2-Ethyl-7-Methyl-2,3 .4 4a,5,9b-Hexahydro-5-(4-bromophenyl)-5-

Hydroxy-1 H-Indeno[1,2-c]pyridine. To a vigorously stirred solution of 4-bromoiodobenzene
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absolute EtOH. The product [(1)-13] was obtained by
basi fying the acidic aqueous |layer with conc. NH4 OH

WO 000plleb24 extraction with ether and recrystal PCZEE20041000206
fron1n hexane of the residue from evaporation of the

(1358 BEp A, R s SR fion 11,
2.5 l\ﬁ'ﬂ%ﬁﬁane MQHnNUB Ve SIbivha A fdr tHe adﬂﬁlo@n tﬂemﬁﬁmﬁm st1rred at -78°C.
bel o Anal . Calcd. for C8 H28N2

for 1(Bmg1\l\lbhp<| solptign bemﬁﬁpﬂo@ angclawly. 4 sobm@e of @) 27%,8}9;1 7-methy1-

12 3,&%)(: %@b?%éxfﬁy&’oﬁ% +]pg%‘im- o 3(8%g§h\g§gp L THF was

added. The myigtuoe vhothed etlnéd atrd7 8. diaii Zdh Iﬂle(@oﬁng baﬂidwa]s remol9d and the

and 1R-( | t
mlmge B Butnshed S T piagtic qlet st iiedd r%’%ﬂ?uﬁ%l&@hase
&ﬁ&e@%ﬁ%ethﬂet@@eﬁlb!ﬁ@e Ghe @é&nr&ﬂﬁse@@vere 8mbfred, washed with
recrystallized from hexane as th straw col or ed

brinelapdfltied syer Nig$ @2 Eveparation efthe eolvem@;ffeydedlthﬂcmﬂ@p(%@m which

was r%ﬁawgésn rg%tb%l%ﬁ}e E.;I%EIEQFS Qo}srodliceéﬁezrﬁ %gppo%d](l 6%)5,", 80%).
m.p., 36962% ot H NBIR 55654162 HEDG,‘13) CEH7001(3HZ),J—2 3@{@, 7 70&*00 (2H,

), 2?1%@ SRk 2EGH, Su 30842 QA3 s 36 57 0 kB 70 55 (1L,

m), 743 00 iR, 300 Py R 6 g 97 17 g s fobhan m

J=11 Iy 148 (dhel, ﬂererHn)‘ M$i 386 (WBI 230 @00%r fodist=d e 52 ek @B, G1HCls).

Anl G BB P e Girns B F6:00 S e20 Fodics 6591, H 621, N 3.64.

1, 4- Adduct (1)-14 derived from(1)-13. To a solution of
enoyl sultarn (1)-13 (5.6 g, 16.0 mml) in toluene
( 20 Sptheats of 78Q(])-vemntiauidreof HaSR) IR IS 2ukrthisl- Givlerhyl-

2.3 43 ety ertep Lo e o U8 sugion of 0

10- 2-%Ehy'l 748&hy1-2,B 8, 4£996-heth§iiset 3L(£bMasophkaAPd-Hyidrex y-1H-indeno[1,2-
fréeezer (- 10C, ) overni ght and then warnmed to +5C. for

c]pymdme éadig ildmarmolh end $00 Mhctrigihylsilpee iRt 0qulk seatiowsmethylene
chlor sgctoooerc]lttg f '??Fe nglﬁgrgl'l}lgﬁpg§%sr \Qf%msol?Lh dhto/ﬁflé %1.6[10[%501' 10 min.
The ddh@‘l@b Bslutibrajeficd@oray em%%ﬁ&&%%rmed to room temperature and
10g ;ﬁ%ésgg}zlgwf/oggg é\(c)ag aé‘%ext r@@wm%t v %Mdggﬁrzé% 5@&5’ R>ba§q1was se)parated
and tﬁg ?&ueon 3 t%gg'v&ag 'é'f&gx%ted &ith Er?e?ﬁﬁgle"i‘;hwhcﬁt Tﬁ‘é m(%m’é pR&%s were

ether layers were washed rine,
comtined; vagiSE@h brifié hndedmmﬂ, ovan¥gSéhc g $ch@¢1 was deaporated to give the
redyced pressure to give an orange solid (7.12 g).
mﬂd%ﬂ?@”@olld was recrystallized from ether-hexane (ca.
40 nmL of an approximately 1:2 m xture, respect|vely)
Yi el d=3.64 g. A second crop gave another 1.24

To”ﬂ@ﬁa eryd 6 grogueieosas disselysd 41 é@n& n-bytangl. Pe@emmhafém@ (9 g) was
a,ddeg mmtture(i\wals rebfed Y5 l.ce?ll Q"Qth i 1lu§ém’fgfte1 being refluxed for 20 h, the

mixture was cooled to room temperature and poured into ice. The mixture was extracted with
methylene chloride. The methylene chloride solution was washed with brine and dried over
MgSOy. The solvent was evaporated and the crude product was partitioned between diethyl
ether and 18% hydrochloric acid solution. Layers were separated and the aqueous solution
was washed one more time with diethyl ether. The aqueous solution was cooled to 0°C. and

basified with 50% sodium hydroxide solution to pH>14. The mixture was extracted with
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[a] D21=26. 2 (c=1.14, CHC13); 1 H NWR (500 MHZ, CDCL13);
80.44 (3H, s), 0.82 (3H, s), 1.13 (3H, t, J=7.16 Hz),
wazmm)am:w (2H, m), 1.40-1.55 (1H, n), 1.62- 1.BET/($1604/000206
1.70-1.85 (3H, m, 1.95-2.05 (1H, m), 2.05-2.10

meth)ée%ezch?gﬁ_(ileztmee 1 St Tl%? %g@% Ef)l{lﬁ,? W%b g\%sleefll_}mﬂa}%)me and5 <?rled over
MgSO EQafdtatich %ﬂh%‘%dl_l'verﬁ aﬁ%rc(leg |Tlsc1)e (%_1‘&13.10] pﬂa@ggt ?}?)I—?h wak: }Kﬁ‘rf%d 2fth flash

co 1@0&@31@113 Gsilicagel. G, Gl grd MeGH, (00:3)to gyve ti;e g@e Qcmapound

- 10?% rZJgC§%(9 Sg%fé&(&ve?&%g §{e%§ Tge]hgcgrgc}ﬁl r@g%aét @%a%%deg%ltﬁgmual

mannéiounpl: 240°C.§de@Bupask). SHIGMRN256 MRZ, Enam); SATEX (38R }7.25), 1.6-

1.8 084 s S5 G 2572 Aok S 2gb A st lar (IH. 290310
d f

(18, M%ﬁj 34?@51& ggﬁ% d IﬂWSVH%’mPQV( %b@b'm(@f {n) 7.44

(2H, drH€9:Odiz)l MSnQMéMer[aWcﬁﬁic msgm@Hmah@@rHuﬂrych

catcnfi] EFA R 1 B Beha! Eond's bE960H 475 th “conc. "ho

and the bulk of the volatile conponents were renoved
by directing a noderately stron % current of nitrogen

gddesvathesinof finBnawtionadr of KaR SriSRRALRSMA-Etyl-2,3vidn, 5, 9b-

hexaﬁlﬁeﬁn[)g 23 E}?eg}éﬁrl @-%ﬁ&ﬂxﬁ{eﬁﬁ} Oug%d@ﬁ@:{&eaggﬂ%l T—ﬂrﬁrchchlonde [(D-2].

A solvtdarliefM00The (@;ETU denstpoL(l)- 8 cap@inddd Swab TﬁRmsZ@cdﬂédOto -78°C. To
imlar to racem c mat

d
this S@Q@gg gﬁé@ ed&%@hlﬂ? ﬁﬂhlem DR Qi inerntaaeds S meOD The
solutlgyn %vag 's&?éc?ﬁto%‘}@ 6 30 x{ﬁirrc' kﬁ)ln%f& é %gs \gasotgubfbfeﬂqm%atg@ solution
1 C solidified

ket one as an ol upon standi ng
for 1(bmer thrgigh. a néeplor Thomixgiretwassstined ef +78PC was | @ uroré mdhites and

v B G b S 5L v
hydrdehifetic aufd. The nliRdird 38 cxtradted uﬁfHQhetﬁgﬂehe Cl@lUlgldé- THeliekBylene

Enantionerically pure Aefin derived from

chloride selioq s Washue withvbtieg ong drm@vebM@lQaeHh@r dryingksegsne was

ﬁltere(ddeznél rlhhéc 3061:1‘%% as CO%%frrI mec{}o§1vegthg%n]@ éc!hg:h é,aod%xﬂﬁ fu:inﬁnato graphy

(silicy géil @Hy\@tg a&ﬁQ/Iﬁ@H( 10: %o 1{13bDh craddlpraduct affordidd 7CHKEL@N % yield)
The synthesi s o

(2. ST EBNGTI RAMERD. 2, 3, 4, 4a, 5, 9b- Hexahydr o-5- (4- brom
ophenyl ) -5- Hydroxy-1 H-Indeno[l 2-c]pyridine. To a
vigorously stirred solution of 4-bronoi odobenzene 39
WS y2dR4is 06 6234)-PaTitidaz 0446R0 F8R, IHRSI-BEthyl-28,H4ay518b)

in 160 T d n bu | jthium .
hexatlyic{ ety o CHrRomeo YR g LA B ey brochloride
[(d)-33! RubMitioALE 8- 25 g}iﬂl 1t mgrinethmu sk u&me@ td/mo@ ticé- ﬁ&%ne)

at -78C. for he sol uti on becane yel | ow and
Excesﬂtbi@ayl_ chporids] wias q@lde@fAchj)th@a@W the m@ﬂmMas warmed 10 room

temperature and stirred overnight. Excess thionyl chloride and the solvent were blown away

with nitrogen and the residue was dried under vacuum. The crude product was analyzed with
HPLC (Sumichiral, QA-4900, 4mm x 25 cm; Solvents: 53.8% 1,2-dichloroethane, 44%
hexane, 2.2% ethanol, and 0.1% TFA; Flow Rate: 0.8 mL/min; A=254 nm), which showed
>97% ee of (d)-3.

Synthesis of the (d)-Enantiomer of (4aRS,5SR,9bRS)-2Ethyl-2,3,4,4a,5,9b-

41



1, 2, 3, 4, 4a, 5, 9b- hexahydr oi ndeno[ 1, 2-c] pyri di n-5-one (8
g, 34.9 MY in 40 nL THE was added. The m xture was

wWo b@n/oedss4 red at -78C. for 2 h. The cooling bartr/em04/000206
renoved and the m xture was quenched with water. The

organi ¢ phase was separated and the )
hexahysito. Aenadhy ot (%cmwﬁ@wé Y i-BopeRd 2THE 13%1}%% hiegide 1@)-2]
[ ro-7-methyl-5-
and of BT SHEBLORE: oHBARE SRS PIEM 12?90%%3%%%@%% Y
(4- ca@;ﬁ{aﬁt}mgy phm}dp1ijaetenoﬁnw@}?jdhnezléyﬁrbcldmlmt(liya]e”ﬁl@ese two
chloride to produce the.title co un
comppype maycls BTGIZE0Y SIAFaR L S0 B (Ehst dyoctipefggve and
ntH¥kis of tﬂe'ir Eneﬁﬁlo(nlei'i Their
carryi&-%'du&fhg gﬁlggeﬂgteﬂf@eps doohfe lﬁe@%r(tl?éjby7 tihis < e g
propetiics 127 Bech BEvipUsly dewpbeck %s%zno@@t al,H. Mgy, Cherng38:754-763
1H m, 6.84 (1H, s), 7.17 (2H, q, J=7.5 Hz), 7.31
(199921, d, J=11 Hz). 7.43 (2H, d, J=11 Hz). NB. 386 (M,
230 (100% . [a]D =-11.5 (c=1.03, CHC13) Anal . (C22
H24 OBrN): Cal culated C, 65.28, g N 3.62; Found
C @viausly.mugiepaus mpdifigationy ped wrﬁlﬁ%P thsﬁ’f@csﬁ%t ihvention are
t / e scope
possibey R B e 1 R R el e the o
of thd épp%nﬁédmmmii e 1ﬁﬂe)nt10AnSa@'I betprasiiced othgywise than as specifically
2-ethyl-7-nmethyl -2, 3, 4, 4a, 5, 9b- hexahydr o- 5- (4- brono
descrg}wéﬁyrgm5 hydrox y-1 Hindeno [ 1,2- c]pyridine (4, 5
g, 13 mmol) and 100 niL trlethylsilane in 300 nL
anhydrous net hyl ene chl oride was cooled to -78C.
Trifluoroborane gas was bubbled to the solution for 10
mn. The colorless solution turned to orange. The
m xture was warnmed to roomtenperature and 10 g
pot assi um car bonate was added, followed by water. The
organi ¢ phase was separated and the aqueous phase was
extracted with nmethyl ene chloride. The organi c phases
were conbined, washed wth brine and dried over
MySO4. The sol vent was evaporated to give the crude
product. The crude product was dissolved in 40 nL
n- but anol . Pot assi um hydroxide (9 g) was added. The
m xture was heated to reflux with stirring. After
being refluxed for 20 h, the mxture was cooled to
roomtenperature and poured into ice. The m xture was
extracted wth nethylene chloride. The nethyl ene
chloride solution was washed with brine and dried over
MySO4. The sol vent was evaporated and the crude
product was partitioned between diethyl ether and 18%
hydrochl oric acid solution. Layers were separated and
t he aqueous solution was washed one nore tine with
di ethyl ether. The aqueous sol ution was cooled to OC.
and basified with 50% sodi um hydr oxi de solution to
pH>14. The m xture was extracted with 40
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WO 2004/ 066934 PCT/ US2004/ 000206 met hyl ene chl ori de
three tinmes. The organic solution was washed with
wheinee@nd dried over MSO4. Evaporation of tPET/US2004/000206

sol vent afforded the crude product, which was purified

with flash colum chromatography (silica gel, CH2 Cl12
Claims,q MeOH, 100:3) to give the titie conpound (1)- 10,

3.2 g, 67%yield (over two steps). The hydrochl oride

salt was made in the usual nmanner. mp. 240C

(dlecdrrpotiaegl forkiHngnpt{le si@ErivkpzoCOOMBYising:1. 12 (3H, t,

2 -1 sz?ltiﬁlngmpeﬁ?atg@%%ﬁ%g gé)m%(ﬁs?t% \55% %n})éj}ﬁ}wl rriﬂ, composition

2. 90cmp: ﬂsmé&ldomg‘l)un(ﬁoﬁﬁnﬁulé'i% g:1H m, 4.12 (1H d,

J=10. 25 Hz) (1H, s) 0-7.30 (4H, m), 7.44

(2H, d, J=9.0 Hz). Ms: 370 (M. [a]D =-7.8 (c=0. 83,

MeOH) . I. (021 H24 Br N HC1): Cal cul ated C 62.00, H

5SR, 9bRS) ' I-2 3,4,4a,5,9

hexahydr g ar bo henyl )-1H

i NndRNo drgdhloride [(1)-2]. A

sol ution @ 27 innpl) of (1)-10 conpound in

5 nL THE p -78C3) To this solution was

The solution was stirred at
Car bon di oxi de gas was bubbled into
10 mn through a needle. The m xture
for 10 nore mnutes and warned
THE was evaporated and the
d with(¥8% hydrochloric acid. The
m xture was exiyy ‘ed with nethylene chloride. The
nmet hyl ene chl oriRfe sol uti on was washed with brine and
dried over MgSH. The drying reagent was filtered and
t he so] s concentrated t i ve the crud )
or BRI R G e POVt Cay DG G - Guoycloaliyl
an 2 oduct af f orded
q{ I\i@gé&l O}gé)?l gtrilghtlch]a)n &jbrhﬁ}ﬁle&(}ﬂgﬁk I, (co1. 24, MeOH) .
Sy R hlad RS apd eetchem(icgengcra}yt, gen, SOsH, stralght—chaln or branched Cy.¢

&5}?15??@8?1 ﬂf@v {atg}%ﬂé? 4adh56d%,b 1.6 alkoxy, carboxyl (COOH), a

XYB&ﬁBétér) gréip Wmt‘hﬂ!éh fbe 301@\}&‘@&‘:& Iuddéi&nahﬁﬂﬁﬁﬂhlbqusicﬂi@wal conditions to
[(d)-3]. A solution of ( met hano

Wad Cubord Erewp, D&@GXE( i%@%@%@fdﬁgor{?“’@ﬁl@&és ¢ rioghyl, Co-10 aryl, Cri0
ch e [

Lu%ﬁé % h@&%ﬁﬁg@ be ggﬁe ‘d“cgoz ﬂv‘z R it géédéglﬁé?l%%el) CONH,,
ExceB\ﬁ{Rmﬁhmza €HL©COM{EJ®INI @H-NMNE&@ONM end Ihalmgen and
a W th nitrogen resi due was dried under
vagu&ﬁﬁydif‘?'g@ncli“ﬂ@%enp]&@@ s anal yzed with HPLC
(Sum chiral, QA-4900, 4mm x 25 cm Sol vents: 53.8%
1, 2-di chl or oet hane, 44% hexane, 2.2% ethanol, and
0.1% TFA, Flow Rate: 0.8 nL/mn; ?=254 nn), which
showed

pentane, 1.35 mMmo
-78C. for 30 mn.
the sol ution
was stirred @
to roomt

resi due was
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>97% ee of (d)-3. Synthesis of the (d)-Enantioner of
(4aRS, 5SR, 9bRS) - 2Et hyl - 2, 3, 4, 4a, 5, 9b- 41 WO
wQo@/0688034 PCT/ US2004/ 000206 PCT/US2004/000206
hexahydr o- 7- net hyl - 5- (4- car boxyphenyl
) sl g;?}g[é#gé{agl]g% e the bompontid s a contpound of forfafs I(b):
(4aRS, 5SR, 9bRS) - 2- Et hyl - 2, 3, 4, 4a, 5, 9b- hexahydro- 7-met h
yl -5- (4-carbonet hoxy phenyl)-1Hindeno[ 1, 2-c] pyri di ne
Hydrochl oride [(1)-3]. These two conpounds may be
synt hegi4zed by starting with enoyl sultam (d)-13
descri bed above and carrying out the subsequent steps
above us® synthesis of the it enantioners.
Thei r ' Have been pméviously descri bed. See
A38: 753-763 (1995).
ations and variations of
possible in [ight of the
efore to be understood
2 gt the appended clains, the
i nvention may” be practiced otherw se than as
specifically described herein 42 WO 2004/ 066934
PCT/ US2004/ Cainms 1. A nmethod for killing
conprising: - contacting a

motil e SﬁéL\\D
spernatozo§§§i/ i/hi ng conpds) tion with a spermcida
Cc
R

conpositio ising a compound of fornula I(a): R4
2 89 sR 12N6 9 54~3 5 R (la) R3
wherein Rl is hﬁdrogen or straight-chain or branched
Cl 6 al kyl or C3-C8 cycl oal kyl ;
3. The method of claim 1, wherein R! is a member selected from the group consisting
of hydrogen, methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, n-pentyl, iso-pentyl, n-
hexyl, iso-hexyl, cyclopropyl, cyclopentyl, and cyclohexyl.;

R? is a member selected from the group consisting of hydrogen, methyl, ethyl, n-

propyl, iso-propyl, n-butyl, iso-butyl, n-pentyl, iso-pentyl, n-hexyl and iso-hexyl;

R? is at the 4 position and is a member selected from the group consisting of
hydrogen, SO;H, straight-chain or branched Ci.¢alkyl, CHOH, CH,OMe, straight chain or
branched C.¢ alkoxy, carboxyl (COOH), a non-ester group which can be converted under
mammalian physiological conditions to a carboxyl group, hydroxymethyl (CH, OH), formyl
(CHO), carboxyl (COOH), carboxylic acid ester (COOR where R is Cy.1p alkyl, Ce-1 aryl, or
C.10 aralkyl), hydroxymethyl ester (CH; OC(O)--R where R is as defined above), CONH,
CONHR, CONR,, CH,OCONHR, CN, CH=NHNHCONH,, and halogen;

R’ is hydrogen; and

R* is a member selected from the group consisting of hydrogen and halogen.

4. The method of claim 3, wherein R' is methyl, ethyl, n-propyl or iso-propyl;
R? is methyl, ethyl, n-propyl or iso-propyl; '
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R2 is hydrogen, straight-chain or branched Cl1-6 al kyl;
R3 and R5 are each, independently, hydrogen, SO3H,
W@ tooaiogds4 chai n or branched C1_6 al kyl, CH2OPCTZHRIOM)00206
straight chain or branched Cl1_6 al koxy, carboxyl
(COOH) , non roup . Whi C be converted
LIah R O bR i EORET RS to n
carboxylic acid ester (COOR where Ris
?quﬁ%#ﬁ%%p&%%_lo aryl, Cr_io aralkyl),

Ririokalogdrhyl ester (CH2 OC(O)--R where Ris as
deflned above), CONH2, CONHR, CONR2, CH2OCONHR, CN,
CH=NHNHCONH2, and hal ogen; and R4 is hydrogen,
hal ogen, spBSicidal cdaifdsitibh déﬁpﬁ@ﬂlg/ #@PR3Mve spermicidal dose of a
PCT/U82084/000206 . The neth of claiml1, wherein
t he eonpowd®! ﬁ@nal%Hﬁbound of formula I(b): R4 2 g 9
HRL R7\ 92 2N6 9o H 54a3 HRS5/ ~ (Ib) \ 3
R 3. The nethod of claim1l1l, wherein RL is a nenber
sel ectegy¥romthe group consisting of hydrogen,
met hyl, “ethyl, n-propyl, iso-propyl, n-butyl,

i so- butyl oentyl i so-pentyl, n- hexyl, iso-hexyl,
cycloprop 8 ) Iopentyl and q@clohenyl ; R is a
ron1t'-ls Qup consi sting of hydrogen,

nmetthyl , 1;py|, b§o- propyl, n-butyl,
i so- butyl tyI' i so-pentyl, n- hexyl and
i so- hexyl ; IS g§4% e 4 pgsition and is a nenber

sel ect ed fron1th-f
strai ght-chain or

gf oup~egnsi sting of hydrogen, SO3H,
branched C1_6 al kyl, CH2OH, CH20MWe,
straight chain of branched Cl_6 alkoxy, car boxyl
(COOH), a non-ester group which can be converted under
nannallanRén SIO|0; cal conditions to a carboxyl

gr oup, hydrqiz\ifh (CH2 6&3 for nyl

wherein R! is hydrogen or straight-chain or branched Ci.¢ alkyl or C3-Cg cycloalkyl;
R? is hydrogen, straight-chain or branched Ci.¢ alkyl;
R and R’ are each, independently, hydrogen, SOsH, straight-chain or branched Ci.¢
alkyl, CH,OH, CH,OMe, straight chain or branched C.¢ alkoxy, carboxyl (COOH), a
non-ester group which can be converted under mammalian physiological conditions to
“a carboxyl group, carboxylic acid ester (COOR where R is Cy.10 alkyl, Ce-10 aryl, Cr-10
aralkyl), hydroxymethyl ester (CH, OC(O)--R where R is as defined above), CONH,,
CONHR, CONR,, CH;OCONHR, CN, CH=NHNHCONH,, and halogen; and
R* is hydrogen, halogen, R3Si or COR,

and a suitable carrier.
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(CHO), carboxyl (COCH), carboxylic acid ester (COOR
where Ris Cl-lo alkyl, C6_ 10 aryl, or Cr/-lo

wa@ae@kkydod4 hydroxynet hyl ester (CH2 OC(O) --R WheT/@S1R04/800206
as defined above), CONH2, CONHR CONR2, CH2000NHR,

O, AENNRE s el ogens B LI Pl

hygdiee@atah %e@b&iﬂ&fhsmuﬂ% ofl P&s, ']ﬁl}]%()&e%s %ﬁhénoi‘;ntments and
wherein Rl is nethyl, , n-propyl or iso-propyl;

Rxalves.met hyI et hyl, n- propyl or iso-propyl; 44 WD

2 066934 / U82004/ O -
V\hogr RPHIGE de(fm%oscf 15 ove F‘%er%néhr %%ﬂéoﬁéc}é& %Ound of

| sfoRahlag@): 5. A spermcidal conposition conprising an
effective sperm cidal dose of a conmpound of fornula
l(a): RA g9\ R R 79a 2N 6 9b 5 4~ 4 R5 (la) R3
wherein R1 is hydrogﬁﬁ or straight-chain or branched
Cl1_6 al kyl or C3-C8 cycloal kyl; R2 is hydrogen,
straight-chain or branshed Cl 6 al kyl; R3 and R5 are
each, independently, H, stralgkt chai n or
br anched Cl1_6 bkyl ht chain or

branched Cl1-6 afkoxy, \¢ar bo non- est er
group whi ch can be conydrte j mepralli an
physi ol ogi cal conditions to @ OX) [r oup,
carboxylic acid ester (COOR wse N-Cl-1 0 al kyl,

C6-io aryl, C7-lo aralky&iﬁwhydroxynethyl ester (C}E
OC(O--R where Ris as defined above), CONH2, CONHR
CONR2, CH2OCONHR, CN, CH= H2, and hal ogen; and

RSR\ 3/ .

R

8. The method of claim 5, wherein R' is a member selected from the group consisting
of hydrogen, methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, n-pentyl, iso-pentyl, n-
hexyl, iso-hexyl, cyclopropyl, cyclopentyl, and cyclohexyl.;

R? is a member selected from the group consisting of hydrogen, methyl, ethyl, n-

propyl, iso-propyl, n-butyl, iso-butyl, n-pentyl, iso-pentyl, n-hexyl and iso-hexyl;

R3 is at the 4 position and is a member selected from the group consisting of
hydrogen, SO3H, straight-chain or branched C. alkyl, CH,OH, CH,OMe, straight chain or
branched C;. alkoxy, carboxyl (COOH), a non-ester group which can be converted under
mammalian physiological conditions to a carboxyl group, hydroxymethyl (CH, OH), formyl
(CHO), carboxyl (COOH), carboxylic acid ester (COOR where R is Cy.jp alkyl, Ce.1o aryl, or
C7.10 aralkyl), hydroxymethyl ester (CH, OC(O)--R where R is as defined above), CONH,,
CONHR, CONR;,, CH,OCONHR, CN, CH=NHNHCONH,, and halogen;

R’ is hydrogen; and

R* is a member selected from the group consisting of hydrogen and halogen.
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R4 is hydrogen, halogen, R3Si or COR and a suitable
carrier. 45 WD 2004/ 066934 PCT/ US2004/ 000206 6. The
wapernbeBdal conposition of claimb5, wherein tP€T/US2004/000206

conposition is in a form selected fromthe group
consisting of gels, jellys, creans, foans, ointnents,

and salves. 7. The sperm cidal conposition of claim

S) =Y, thR! - T sfub@propyl;

oy HEA S AR X 3 BRI ol b goro
RB™is fnethyl, etiyB rRprodyl aitiso-peplibd of clai m 5, wherein Rl

i S 3a sel d fromthe gr.oup_consisting of
h}ﬁﬂ%@&gﬁﬁﬁy&@r Rere }Spq’so%f ?&)'f‘bsocxepr opyl ,

NRYS§ Mydropsi@akyt yl , n-pentyl, iso-pentyl, n- hexyl,
isqihexyl, cycl opropyl, cyclopentyl, and cycl ohexyl .;
RRiighaloggmber sel ected fromthe group consisting of
hydrogen, nethyl, ethyl, n- propyl, iso-propyl,
n-butyl, iso-butyl, n-pentyl, iso-pentyl, n-hexyl and
| 90: hexpekmidRBillysreatedichairdeeptise ddvice antbristnga menber

sel ected fromthe group consistin f .. .hydrogen, SQ3H,
st r P AecENaPPPTBNCifHLaHaYBHolc Cmpieg of FestEes Halcy o e,
strai ght chain or branched Cl-6 al koxy, carboxyl
(COOH), a non-ester group which can be converted under
manmal i an physi ol ogi cal conditions to a carboxyl

group, hydroxymethyl (CH2 OH), fornyl (CHO, carboxyl
(COH), Rarboxylic acid ester (COOR where Ris Cl1-10

al kyl , ryl, or C7-10 aral kyl), hydroxynet hyl
ester ( --R where Ris lgs defi ned above),

R™~—_
q
X-nj (1a)

wherein R is hydrogen or straight-chain or branched Ci.¢-alkyl or C3-Cg cycloalkyl;
R? is hydrogen, straight-chain or branched Ci.¢ alkyl;
R? and R’ are each, independently, hydrogen, SOsH, straight-chain or branched Ci.6
alkyl, CH,OH, CH,OMEe, straight chain or branched Cy. alkoxy, carboxyl (COOH), a
non-ester group which can be converted under mammalian physiological conditions to
a carboxyl group, carboxylic acid ester (COOR where R is Cy.joalkyl, Ce.10 aryl, Cy.10
aralkyl), hydroxymethyl ester (CH, OC(O)--R where R is as defined above), CONH,,
CONHR, CONR,, CH,OCONHR, CN, CH=NHNHCONH,, and halogen; and
R* is hydrogen, halogen, R3Si or COR,

and a carrier; and

a contraceptive barrier device.
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CONHR, CONR2, CH2OCONHR, CN, CH=NHNHCONH2, and

hal ogen; R5 is hydrogen; and R4 is a nenber selected
wo e@ni06dee4 gr oup consi sting of hydrogen and hal BOEDNS2004@10206

WD 2004/ 066934 PCT/ US2004/ 000206 9. The net hod of

claim8, wherein RL is nethyl, ethyl, n-propyl or

i so-propyl; R2 is nethyl, ethyl, n-propyl or

[ - - ‘gggﬁ [

ot R g b A AL O Tice W Bin Ty S die,
Ampmoniuﬂ:isdaaddmpwnéafﬁn‘nmtmﬂ(b)acept i ve device
conprising: an effective spermcidal anount of a
compound of forrmula I(a): R4 9 RL R27 9a 1 2ND 6
9b 5 4~ 4 R5 (la) 3 wherein Rl is hydrogen or
straight-chain or brapched Cl-6 al kyl or C3-C8
cycloal kyl; R2 is hRdrogen, straight-chain or
branched Cl1.6 al kyl; R3 and R5 are each,
i ndependent |y, hydroge RH, syr ai ght - chajn or
branched Cl1-6 allcyl DN str Bht chai n
or branched Cl1- ﬁz XY, Ao N a non- est er

group which can be conyegrted undée hi an
physi ol ogi cal conditio B oxyl ~group,
carboxylic acid ester (COOR ' 1 10 al kyl,

C6-10 aryl, C7-10 aral kyl)ue
oC(O--R where Ris as de |nepl above), CONH2, CONHR,

CONR2, CH2OCONHR, CN, CH=NH H2, and hal ogen; and
R4 i s hydrogen, hal ogelgs [ COR, and a carrier;
and K/\/ (Ib)

r3

12. The spermicidally treated contraceptive device of claim 10, wherein Rlisa
member selected from the group consisting of hydrogen, methyl, ethyl, n-propyl, iso-propyl,
n-butyl, iso-butyl, n-pentyl, iso-pentyl, n-hexyl, iso-hexyl, cyclopropyl, cyclopentyl and
cyclohexyl;

R? is a member selected from the group consisting of hydrogen, methyl, ethyl, n-

propyl, iso-propyl, n-butyl, iso-butyl, n-pentyl, iso-pentyl, n-hexyl and iso-hexyl;

R3 is at the 4 position and is a member selected from the group consisting of
hydrogen, hydroxymethyl (CH, OH), formyl (CHO), carboxyl (COOH), carboxylic acid ester
(COOR where R is Cy.jpalkyl, Cs.10 aryl, or Cq.1g aralkyl), hydroxymethyl ester (CH, OC(O)-
-R where R is as defined above), CONH,, CONHR, CONR;, CH,OCONHR, CN,
CH=NHNHCONH,, and halogen;

R’ is hydrogen; and

R* is a member selected from the group consisting of hydrogen and halogen.
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a contraceptive barrier device. 47 WO 2004/ 066934

PCT/ US2004/ 000206 11. The spermcidally treated
waenneept i ve devi ce of claim10, wherein thePCT/US2004/000206

conpound is a conpound of fornul a I(b) R4 2 g 9\ H

2N 6

Tﬁé g B@ ﬁl?ﬁr@fua%l Nrftaé@aioaaa%e@ﬁf/? Q%‘@fﬁ ?%ﬁl&ﬁ% e@e&’rm R methy,
cly Myl I; o is a nenber selected fromthe
grglgp (]:-%ﬁg%l?ll%g&o lhydrogen nmet hyl , ethyl, n-propyl,
Rgazpmleﬂyl,,ethyﬂ; hpropy], oriiseptepyyl , n- pentyl, iso-pentyl,
n- Rex o- he cycl apt opy 9 Qpentyl and

%%'88/(;)?{ Oﬁg'ééb& mgﬁlsskgsldgglpg%clf rv%m t%e group
cq:{-is,gﬁdrs%rpﬁn@ydr ogen, nethyl, ethyl, n- propyl,

propy n-butyl, iso-butyl, n-pentyl, iso-pentyl,
ane& 10m I So- hexyl R3 is at the 4 position and is
a rrerrber sel ected fromthe group consi sting of
hydr ogen, hydroxymethyl (CH2 OH), fornyl (CHO),
car boxyl (COOH), carboxylic acid ester (COOR where R

Ihiéfii%;ﬁ?arggﬁd@bfog?a]f%t;é%@%ve eﬁcg\,ﬁ : 8% kﬂ), w}éegem said

b fhier W% GNR: sGRBRfroHROBNBRoning of
Cﬁhm 1an _hal %aen; E{% IS hygrogen; gngnm I}gso
a disphioemss ebrecaceptiverspongdsend condonsonsi st i ng of

hydrogen and hal ogen. 48 WD 2004/ 066934
PCT/ US2004/ 000206

15. A method for killing fungi, comprising:
administering to a subject in need of antifungal treatment, a composition

comprising an antifungally effective amount of a compound of formula I(a):

wherein R' is hydrogen or straight-chain or branched Ci.6 alkyl or C3-Cs cycloalkyl;
R? is hydrogen, straight-chain or branched Ci.¢ alkyl;

R3 and R’ are each, independently, hydrogen, SOsH, straight-chain or branched Ci.
alkyl, CH,OH, CH,OMe, straight chain or branched Cj.¢ alkoxy, carboxyl (COOH), a

non-ester group which can be converted under mammalian physiological conditions to
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13. The spermicidally treated contraceptive device of
claim 12, wherein RL is nethyl, ethyl, n-propyl or

WO s@4060py1 ; R2 is methyl, ethyl, n-propyl or PCT/US2004/000206
i so-propyl; R3 is 4-COCH or 4-COOR, where Ris as
defi ned above

d R4 hal
TR e PR 2 B SO I AT B K oaBCe 0 vl Crag
C LA ByaitRORSILY) SACES WCACRAVKYE RIBES Uefindleith 09, CONIL,

er SeleCted fromthe group consistin

dCAPRHEGRONR. FLOCENVHRcCSpGHTREINHG ot R T —

tsh II d t t
AR dpuktee oRl B S GOR a1 oamont, &

conpgsi dnl RBeptaMl&PAkiet.Ng an antifungal ly effective
amount of a compound of formula I(a): R4 8 9 R R27

9a 1 2N 6 9b 44 4 R 5 R3 wherein Rl is hydrogen or

stra sy

C)}%I gﬂgﬁn@b@d (gzo%mpaﬁgﬁfggeg%%&%@l g%(l& 1s0icoﬁrrﬁno%d of formula I(b):
branched C1_6 alkyl; R3 and R5 are each,:

i ndependent| vy, hydrogen, SOB8H, straight-chain or

branched C1_6 al kyl, CH2OH, CH2Owe, straight chain or
branched Cl1_6 al koxyg 4carboxyl (COOH), a non-ester

group whi ch can be co verted under manmal i an

physi ol ogi cal conditi oys 49 2004/0669

PCT/ US2004/ 000206 a Cy carbo c acid

ester (COOR whejp2 aryl Cr-io
aral kyl ), hydrogy -R where Ris
as defi ned above), CH2 OCONHR

\EE=T
CN, CH=ENHNHCONH2, and hal oge 3 R4 i $ hydrogen,
hal ogen, R3Si or COR, . g

RK/ 3/ | (Ib)

17. The method of claim 15, wherein R is a member selected from the group
consisting of hydrogen, methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, n-pentyl, iso-
pentyl, n-hexyl, iso-hexyl, cyclopropyl, cyclopentyl and cyclohexyl;

R? is a member selected from the group consisting of hydrogen, methyl, ethyl, n-

propyl, iso-propyl, n-butyl, iso-butyl, n-pentyl, iso-pentyl, n-hexyl and iso-hexyl;

R® is at the 4 position and is a member selected from the group consisting of
hydrogen, hydroxymethyl (CH, OH), formyl (CHO), carboxyl (COOH), carboxylic acid ester
(COOR where R is Cy_jpalkyl, Cs.10 aryl, or Cy.1o aralkyl), hydroxymethyl ester (CHz OC(O)-
-R where R is as defined above), CONH,, CONHR, CONR;, CH;OCONHR, CN,
CH=NHNHCONHj;, and halogen;
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and an acceptable carrier. 16. The nmethod of claim 15,

wherein the conpound is a conpound of fornula I(b):
WR4002/06@330\ HR R 7 9a 1 ~N~ 6 9b 5 4a """ BCBUSHOR®0206

(Ib) 3 R 17. The nmethod of claim 15, wherein Rl is a

menber selected fromthe group consisting of

hydiopekosstet®/| , ethyl, n-propyl, iso-propyl,

n-butyl, iso-butyl, n-pentyl, iso- pentyl, n-hexyl,

| RO1NL %8 bef YT OR RPN Ithe E26GH QORMtINL ARG DEEh OftENAlbgenR2

Is a menber selected fromthe group consisting of

hydr ogen, nethyl, ethyl, n- propyl, iso-propyl,

- ., i.SOr |, N- s : - l: .2 .
8- Wl reret i 1 WREF L i AEPE BN n oK eyt
ﬁ@izﬁh@ﬂlyg,ﬁﬂlml{%p_rao@%%@tm?pf@brﬁti ng ;)f hygr oglen,( -

r oxyme , for . carbox :
ci??bwﬁ@@%i%c@%whe{ec%@gngg? ROGYS: C1- 1)6 al kyl ,
i C7-10 aral kyl), hydroxynethyl ester
%?gégkg%%#gL?égmhere Ris gs)defyned gbove{, CONH2,
COYHRhalogR2, CH2OCONHR, CN, CH NHNHCONH2, and

hal ogen; 50 WO 2004/ 066934 PCT/ US2004/ 000206 R is
hydrogen; and R4 is a nmenber selected fromthe group

consigt iThg hdY S QLM ARFhedh 948 Bdmidisterlfieisrmbpiosl of
claim1l7, wherein RL is nethyl, ethyl, n-propyl or

i So- pr opglininistRRicns met hyl , et hyl, n-propyl or
i so-propyl; R3 is 4-COOH or 4-COOR, where Ris as
defi ned above; R5 is hydrogen; and
20. The method of claim 15, wherein said administering step is administration to

a subject internally.

21. A contraceptive method, comprising:
orally administering to a subject, a composition comprising an effective

spermicidal amount of a first compound of formula I(a):

wherein R' is hydrogen or straight-chain or branched Ci.¢ alkyl or C3-Cg cycloalkyl;
R? is hydrogen, straight-chain or branched Ci.¢ alkyl;
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R4 is hal ogen. 19. The nethod of claim 15, wherein

said admnistering is a topical admnistration. 20.
wab@4oedobod of claim 15, wherein said adm ni st BCT/N§2004/000206

step is adnmnistration to a subject internally 21. A

T e A R L T
, ?ﬁ’t}f“%@gjl SATONIL, abight L br GATRRY &flkcfx?r &Bﬂbéky(l (C())OH) a

3nudested groﬁii Whﬂ:hl’Dﬁdee genverredsinder rgamm@h@n nhmolQﬁlaai@ﬁé@ImOﬂS to

L Rt o 5 AL on i B Q9881 o, o
: Q%ﬁépﬁﬁﬁ?%x?@ﬁlyﬁé’s@é}ftb@g@ﬁ@@ ~R3wie RRB a@lﬂﬁirﬁaacahove) CONH,,
I ndepen

dently, dr ogen strai t cha| n_or
bmmﬂadcomﬁ, hly ?\1 helpgen: ad

b |
&% Q%ﬁ? gﬁlﬂg%‘é n({fz(;(?ﬁbl under mangI i ggn ester

|O hySinQi ?ﬂhﬁ%ol%gim}ytacomaﬁle carfiegandoxyl group,
carboxylic acid ester wher e, is Cl 1o al 1}/] .
6 1epnéwgrﬁnt ugy by epid é\ﬂaP%ﬁf)a sPepRiFigalnBpaisd cudiagsPEdsvice

O --% R is as defined above), CONH2, CONHR,

HR, CN, CH NHNHCONH2, and hal ogen; and

R4 | mlhmcm@espenﬁiaidagmnoumsa scnon@@a;npbnndaof ormula I(a):
phar macol ogi cal |y acceptable carrier; and concurrent
use by said subject of a spermicidally treated
contraceptive device conprising:

wherein R' is hydrogen or straight-chain or branched Cy.¢ alkyl or C3-Cg cycloalkyl;
R? is hydrogen, straight-chain or branched Cy.¢ alkyl;

R? and R° are each, independently, hydrogen, SO;H, straight-chain or branched Ci4
alkyl, CH,OH, CH,OMe, straight chain or branched C.¢ alkoxy, carboxyl (COOH), a
non-ester group which can be converted under mammalian physiological conditions to
a carboxyl group, carboxylic acid ester (COOR where R is Cy.yo alkyl, Ce.10 aryl, Cr.10
aralkyl), hydroxymethyl ester (CH, OC(O)--R where R is as defined above), CONH,,
CONHR, CONR,, CH,OCONHR, CN, CH—NHNHCONHz, and halogen; and

R*is hydrogen, halogen, R3Si or COR
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an effective spermcidal anmount of a second conpound

of formulal(a): R4 /8 9 R R279a 2N 6 9 5 4'| 4
weR2®406@34 3 wherein RL i s hydrogen or strai ghPeT/igaion4/000206

or branched Cl1-6 al kyl or C3-C8 cycloallcyl; R2 is

hy dr%g stral ht-chain or branched Cl1_6 al kyl; R3

and QF%‘T’QQ@H i ndependent |y, hydrogen, SOBH,
st r ai,@Bhtr&ddplive Bdrribr @Rsdeed CL_6 al kyl, CH2OH, CH2OM,
strai ght chain or branched Cl.6 alkoxy, carboxyl
( eredn sm@ﬁrmp@pomdo@fpfomuléﬁ(aémd prid seneneé epmgound of
under, nditions to a
car bg%lﬂ ag may %%%5%?5? &ester (COOR where R is
Cl.10 al kyl, 06 10 aryl C7-10 aral kyl),
hydr oxynet hyI est er OC(O --R where Ris as
de?3-nEe @E@Oépf cl@mﬁé Wh%mﬁip@ fiygerppound) b@%&ﬂﬁw@ﬂuﬂd of
Ci—#: and hal ogen; and R4 is hydrogen,

ogen, | or COR 52 WD 2004/ 066934
PCT/ U82004/ 000206 and a carrier; and a contraceptive
barrier device; wherein said first conpound of fornula
I (a) and said second conpound of fornula I(a) may be
the same or differentg? 22. The nmethod of claim 21,
wherein the first conpound is a first conpound of
formula I (b):

. R / (Ib)

23. The method of claim 21, wherein in said first compound of formula I(a), Rlisa
member selected from the group consisting of hydrogen, methyl, ethyl, n-propyl, iso-propyl,
n-butyl, iso-butyl, n-pentyl, iso-pentyl, n-hexyl, iso-hexyl, cyclopropyl, cyclopentyl, and
cyclohexyl;

R? is a member selected from the group consisting of hydrogen, methyl, ethyl, n-

propyl, iso-propyl, n-butyl, iso-butyl, n-pentyl, iso-pentyl, n-hexyl and iso-hexyl;

R3 is at the 4 position and is a member selected from the group consisting of
hydrogen, hydroxymethyl (CH, OH), formyl (CHO), carboxyl (COOH), carboxylic acid ester
(COOR where R is Cy.1 alkyl, Ce.19 aryl, or Cs.1g aralkyl), hydroxymethyl ester (CH, OC(O)-
-R where R is as defined above), CONH,, CONHR, CONR,, CH,OCONHR, CN,
CH=NHNHCONH,, and halogen; |
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6 9o 54a--' 3. 4 HR5/ te "\ (Ib) \3 R 23.
The nmethod of claim21, wherein in said first conpound
wobokoseysd a 1 (a), RL is a nenber sel ected froPCT/Ki82004/000206
group consisting of hydrogen, nmethyl, ethyl, n-propyl,
I SOs pr opy n-butyl, iso-butyl, n-pentyl, iso-pentyl,

n- %%&ﬁw K@@%fﬁgxyl cyclopropyl, cycl opentyl, and
cycl ohexyl; R2 is a nenber selected fromthe group

c Omgis%tm&ﬁbé}fseliéyt@ﬂ $@8ihe PRSP donsielitly bf hydtrogdhQRy halogen.
i so-propyl, n-butyl, iso-butyl, n-pentyl, iso-pentyl,
n- hexyl and I So- hexyl R3 is at the 4 position and is

hy%? ngi tﬁ'?% ?)%)glglnnfé? m’ﬁ%%ﬁgﬁ %i? ﬁ%gﬁ@ﬁ%o’rmula I(a), R! is

C&h@%.vbt pylcariswpppil; acid ester (COOR where R
is £l 10 al k C6_1Q aryl, or Cr_lo aralkyl),

hyRT 5oty Ihsthyle 8trsPDYl CRBOBEPRY: -R where R is as

RN £ O waat N B st Boosn

P(]I?isl?@ﬁﬂ;@éﬁ%ﬂ% R5 i's hydrogen; and R4 is a nenber
se] ,gct eij fromthe group consisting of hydrogen and

haRobdllog8%. The nethod of claim 23, wherein in said
first conpound of formula I(a), RLis nethyl, ethyl,
n-propyl or iso-propyl; RZis nethyl, ethyl, n-propyl
or iso-propyl; R3is4cw—|or4cw? where R is as

de% mla”lqe 1%%81\(/)3 'of cﬁlm 2% W glrélon Al co%?rgce%@ivé BatiRh 89GEe is a member

selected from the group consisting of diaphragms, contraceptive sponges and

condoms.

26. The method of claim 21, wherein the second compound is a second compound of

formula I(b):

. R 3/ (Ib)

27. The method of claim 21, wherein in said second compound of formula I(a), R'is

a member selected from the group consisting of hydrogen, methyl, ethyl, n-propyl, iso-
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25. The nethod of claim 21, wherein said contraceptive
barrier device is a nenber selected fromthe group

wa@engioed9Bsg of di aphragnms, contraceptive sSpongeST/aRINN4/000206
condons. 26. The nethod of claim 21, wherein the

econd. conpound is a second c ound .of . formula |(b):
Prophgn-DBivh 18 DYy RA-PeRiH 18 DEI DB Jo-1. EYYIPR DYy Eopentyl,
and cYP®h&Bhod of claim 21, wherein in said second

compound of forrmula I(a), RL is a nmenber selected

fromthe group consisting of hydrogen, nethyl, ethyl,

n-Btig pynembes selsaedionntie RoBmoasiFE eidppoegenomethyl, ethyl, n-

r I - 418020 - | .59 .
propf}: §B36yinst ikl ise SR e, 1 PEOHA, a3 Pl oy

cycl ohexyl; R2 is a nenber selected fromthe group

cORSisait thegt misitioncdnd den memdehydlectet fayh, thegropp opydisting of

hydrggepe Ry roRe P Ce R0 et SO SR o OF ablig acid ester
(co%m’@ﬁk@%hsg églﬁaﬂ{tﬁ Cl%ﬁ%}l@%ﬁﬁ%kﬂﬁd% | ester (CH, OC(O)-

ydr oxymet ,
-R where Forsyls defdROHbovela CONXH, IGONMARAICON Ry CHe HRetd, R
» = | kyl 10 aryl, or C7_1o aralkyl),
CH_@H%Q@M%#d&’SEFH’(Q—Q OC(O- -Rwhere Ris as
defi ned above), CONH2, CONHR, CONR2, CH2OCONHR, CN,

CHRNIWYaRNER; andnd hal ogen;  R5 is hydrogen; and R4 is
a nmenber selected fromthe group consisting of

WhEY B TaF S SR dB TS JHBBLARISOH1S BF PSS Holgecps
nmet hyl , ethyl, n-propyl or iso-propyl;
28. The method of claim 27, wherein in said second compound of formula I(a), R} is
methyl, ethyl, n-propyl or iso-propyl;
R? is methyl, ethyl, n-propyl or iso-propyl; ‘
R? is 4-COOH or 4-COOR, where R is as defined above;
R’ is hydrogen; and
R* is halogen.

29. The method of claim 21, wherein said first compound of formula I(a) and said

second compound of formula I(a) are the same.

30. The method of claim 21, wherein said first compound of formula I(a) and said

second compound of formula I(a) are different.

31. The method of claim 22, wherein said first compound of formula I(a) and said

second compound of formula I(a) are the same.

32. The method of claim 22, wherein said first compound of formula I(a) and said

second compound of formula I(a) are different.
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R2 is methyl, ethyl, n-propyl or iso-propyl; R3is
4-000H or 4-COOR, where R is as defined above; R5 is

wohyanog®ss and R4 is hal ogen. 29. The met hod oPCT/IU&2003/000206
21, wherein said first conpound of forrmula I(a) and

EIRERC L A TN R
d d of
c SOyl SEMRIL(0) s fand, second comound o

22 wherein said first conpound of formula I (a) and

3RS ARTROLTE s PR by DGy an i

C%MH%Q bukP6MbtBulaliey) afsdlffe@ing second compound of
formula I (a) are different. 55 WO 2004/ 066934

PCT/ us2004/ 000206 33. The nethod of claim 23, wherein

%ﬁ{ﬁg%}ﬂ&f %I"Ep c Fidz‘f) E’V CP%I:;EAI gs(tggnégﬁgcﬁgffa ﬁl%qgég And said

0fse@dn@£h1¥>3un&\bﬁfo@ﬂnﬁla$1@d)d1réﬂhesameon'pound of formul a
| (a) and said second conpound of fornula I(a) are
different. 35. The nethod of claim 24, wherein said

Figes tTh%gE@g?éq]gf (951 r&f}ge?elﬁ cAd fﬁ‘ﬁ@oﬁ@bgnd §e®eRdla I(a) and said

conmpoun or mu a) are the sane. . The net hod
ofsecdmlidmii)@und\/oﬁfoemmlasléa)caré dltfﬁten(c,orrpound of formul a
I (a) and said second conpound of fornula I(a) are
different. 37. The nethod of claim 25, wherein said

figs tTIféQH&Hb’([‘ 8f Qﬁlrﬂ 95 MMedeih @il fasitofPotnd sLR@MAla I(2) and said
compound of formuia I(a) are the sanme. 3 S. The nethod

of secoral congBundhé fasmulask)cre thesemeonpound of fornul a
I (a) and said second conpound of fornula I(a) are
different. 39. The nethod of claim 26, wherein said

f i TS tTIRONDRLA Of ethinh 05 Mhaeih(sa fasctoagiotnd s fiomala I(a) and said
compound of faormula I(a) are .t he sane. 40. The net hod
of seeond A Undies familakpere ffretonpound of fornul a

I (a) and said second conpound of fornula I(a) are
different.

39. The method of claim 26, wherein said first compound of formula I(a) and said

second compound of formula I(a) are the same.

40. The method of claim 26, wherein said first compound of formula I(a) and said

second compound of formula I(a) are different.

41. The method of claim 27, wherein said first compound of formula I(a) and said

second compound of formula I(a) are the same.

42. The method of claim 27, wherein said first compound of formula I(a) and said

second compound of formula I(a) are different.

43. The method of claim 28, wherein said first compound of formula I(a) and said

second compound of formula I(a) are the same.

44. The method of claim 28, wherein said first compound of formula I(a) and said
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41. The nethod of claim 27, wherein said first
conpound of formula |I(a) and said second conpound of

wo coonob@34 (a) are the sane. 42. The net hod of BCHUR2084000206
wherein said first conpound of formula I (a) and said

second conpound. of formula | are different. 43. The
mEeIesd CBFPEP"‘&F%@B‘P“]\%&S@FTAIéfg‘i)Gat'fi rst conpound of
formula I (a) and said second conpound of fornula I (a)
are the sanme. 44. The nethod of claim 28, wherein said
first conpound of fornmula I(a) and said 56 WO

2004/ 066934 PCT/ US2004/ 000206 second conpound of
formula I (a) are different. 57
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