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depende a equence-specific transcription factors. Menbers of this
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factors (Jonat et al., Cell 62: 1189-1204 (1990), Schuele et al., Cell 62:

1217-1226 (1990), and Yang-Yen et _al., Cell 62: 1205-1215 20 (1990)). The
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(Evans, 1988, supra). |In addition to these conventi onal nuclear hornone
receptors, tsuehgugmncer, and foyplREmacenticdl temaositiomrecontdfinipgstei ersnpiduads. have no
known |igands, ternmed orphan nuclear hornone receptors (Mangel sdorf et
al., Cell 83: 835-839 (1995), O Malley et al., MI. Endocrinol. 10: 1293
(1996), Enmark et al., Ml. Eng i d ofiffre TheSRic307 (1996) and G guere,
Endocrin. Rev. 20, 689-725 (1 . | nucl ear hornone
receptors are gebckht yortmoansaepiova@NHR’s) cortstimtea &sgaapepfanilygefiligandnd can
ei t her P% ?Tgeacti ve regressors or transcriptionally inert in the absence of
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i gand. dentand Spquease-sReCKISHERISCTIEINR Joctars. Membrgy obthgs family
t 0! € Oorphan rete " e
bt Us01 1085 ehds (rRGhpdh e BRRRNErdloh ' spIFRC bindich WRCHI rrpst,, o,

or repr essogenes (Beas, brfohwie 200E80895H093R)) ©r irkiepllpida plotei®pidiein under the
control of ubiquitous |igands that have
interactions with other transcription factors (Jonat et al., Cell 62: 1189-1204 (1990),

Schuele et al., Cell 62: 1217-1226 (1990), and Yang-Yen et al., Cell 62: 1205-1215

20  (1990)). The nuclear hormone receptor super-family (also known in the art as the
“steroid/thyroid hormone receptor super-family”) includes receptors for a variety of
hydrophobic ligands, including cortisol, aldosterone, estrogen, progesterone,
testosterone, vitamine D3, thyroid hormone and retinoic acid (Bvans, 1988, supra).
In addition to these conventional nuclear hormone receptors, the super-family

25  contains a number of proteins that have no known ligands, termed orphan nuclear
hormone receptors (Mangelsdorf et al., Cell 83: 835-839 (1995), O’Malley et al., Mol.
Endocrinol. 10: 1293 (1996), Enmark et al., Mol. Endocrinol. 10, 1293-1307 (1996)
and Giguere, Endocrin. Rev. 20, 689-725 (1999)). The conventional nuclear hormone
receptors are generally transactivators in the presence of ligand, and can either be

30 active repressors or transcriptionally inert in the absence of ligand. Some of the

orphan receptors behave as if they are transcriptionally inert in the absence of ligand.
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not been identified, or do not need to bind |ligand to exert these
activities. 5 1In common with other transcription factors, the nuclear
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al ., Steroids 64, 310-319 (1999)). Although the overall protein sequence
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for each i scaenow ettudturahareangenmeniningicetive afcﬁmgence Boangl asesital acdetypé, t he
steroid based |igands utilized by nenbers of the SB-NHR s 30 include
cortisor a@‘@o%‘?%?@ﬁ’é hometaeydespecish b@éﬁ@%kﬂ@nnmg&@@ﬂe%blném

di hydr ot eSt@‘ﬁéﬁ{}@n Specificity of a particular steroid based |igand for
one SB- NHR 02/ 00653 PCT/ US01/ 19663 versus another is obtained by
differential subghé éteoidbindinguincleheh@imnotateporsq SBENBIR s)adokiphist ¥ stb-ndi ng to
a particular SB-NHR,  coupled wth high |level specificity for_ that
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stronger sequence homology to one another, particularly in the ligand binding domain
20 (LBD), than to the other members of the NHR super-family (Evans, 1988, supra) and
they all utilize steroid based ligands. Some examples of this sub-family of NHR’s are
the androgen receptor (AR), the estrogen receptor (ER), the progesterone receptor
(PR), the glucocorticoid receptor (GR), the mineralocorticoid receptor (MR), the
aldosterone receptor (ALDR) and the steroid and xenobiotic receptor (SXR) (Evans et
25  al., WO 99/35246). Based on the strong sequence homology in the LBD, several
orphan receptors may also be members of the SB-NHR sub-family.
Consistent with the high sequence homology found in the LBD for each of the
SB-NHR’s, the natural ligands for each is derived from a common steroid core.
Examples of some of the steroid based ligands utilized by members of the SB-NHR’s
30 include cortisol, aldosterone, estrogen, progesterone, testosterone and

dihydrotestosterone. Specificity of a particular steroid based ligand for one SB-NHR



steroid core (e.g., Waller et al., Toxicol. Appl. Pharmacol. 137, 219-227
(1996) and 5 Mekenyan et al., Environs Sci. Technol. 31, 3702-3711 (1997),
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agents like it are referred to as “partial-agonist” or part1a1—antagomst”. In addition to

20  synthetically derived non-endogenous ligands, non-endogenous ligands for NHR’s
can be obtained from food sources (Regal et al., Proc. Soc. Exp. Biol. Med. 223, 372-
378 (2000) and Hempstock et al., J. Med. Food 2, 267-269 (1999)). The flavanoid
phytoestrogens are an example of an unnatural ligand for SB-NHR’s that are readily
obtained from a food source such as soy (Quella et al., J. Clin. Oncol. 18, 1068-1074

25  (2000) and Banz et al., J. Med. Food 2, 271-273 (1999)). The ability to modulate the
transcriptional activity of individual NHR by the addition of a small molecule ligand,
makes them ideal targets for the development of pharmaceutical agents for a variety
of disease states.

As mentioned above, non-natural ligands can be synthetically engineered to
30  serve as modulators of the function of NHR’s. In the case of SB-NHRs, engineering

of an unnatural ligand can include the identification of a core structure which mimics



377-382 (1995), Brzozowski, et al., Nature 389, 753-758 (1997), Shiau et
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conprise a core which serves as a sterol mm cC, are

nmodul at or s withisélectfwitydbi ome mbembreveasid anoihe. g additibeaduch hesdBaiIohe68Pt Or S,
as well as other NHR as described follow ng. 20 Summary of the Invention
The present P§ FORIRYELIe hiyn pgends With@goristariantagpmplastvlly &9t a praticudar i ng
formula | a f ., j are especial ly. eful as
odul at or s SR il S8Laclibh (oS HPAUBLER RS SBPEG it " TN 2 A
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and t hroughout the specification, the synbols have the | I owm ng nmeani ngs
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group 1's nbno- oOr
modulators of steroid NHR in J. Med. Chem., 41, 623 (1999); WO 9749709; US
5696133; US 5696130; US 5696127; US 5693647; US 5693646; US 5688810; US
15 5688808 and WO 9619458, all incorporated herein by reference.
The compounds of the present invention comprise a core which serves as a

steroid mimic, and are useful as modulators of the function of steroid binding nuclear

hormone receptors, as well as other NHR as described following.

20 Summary of the Invention

The present invention provides fused cyclic compounds of the following
formula I and salts thereof, which compounds are especially useful as modulators of

nuclear hormone receptor function:
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5 polycyclic, and which is optionally substituted at one or

bstituted het | tituted. he c] q,
Subst | L ut e PR Bt Bl B et oBu b s b e

nore positions,
preferably with hydrogen, alkyl or substituted al kyl, al kenyl or

substi t utved 02/alekenyl , al kynyl or substituted al kynyl, hal pCT@gel/®ad3kyl or
substituted cycloalkyl cycl oal kenyl or substituted cycl oal kenyl, aryl o

aryl al kyI or
etér ocycl oal ky

N1 RS S meﬁl%ﬁé%?%k’”@f@“ BN R e Pronlehgen e O

(R)(R" )P mdepnndeﬂys)eqm)Po Eis C=Z2, CR/R' (e.g., CHR7),

or P=0OCR 2 15 Z, or NR6; Z2 is O S, NH or

substituted cychealkely witMsiasickemy &rsu&ﬁlaﬁ&d EH&SIP‘HI 1&%11&?%&

heterocyclo or substituted heterocyclo or aryl ofr su i tut

r

S, P=0OR,

NR6; A, is CR
or N, A2 i s@Fk?B‘P pqqur]p@ergg;aolo ﬁe‘ gwiherearyl) goyrcrirre Said reupns mo@o-3r J' | s a

ropeo, CpooRe, ST W%%lsw%m%ﬁgﬁﬁgﬁw%%@@mﬁ? or

is (CRR')n and aikmyl,oalmswnes@strtuut@l algnyh deycldﬁkyVorsu@ﬁhRZd CR R7'

CR$=CR8', CR/R'

cycl oal kyl or

substituted cycl %fﬂ(f@]fyl Wﬁ%ﬂ%ﬂf?"%@tﬁ@l 6%‘%1?5@?%’& ar}f],;RflsB‘aﬂt@?@ﬁl}’ ;

het erocycl o or s aryl; Qi
H, al kyl or substu?ﬁtb%%&g?i‘gﬁ?ﬂ%%f oot S%M{‘Ylgﬁtsgic’}&ﬁ’}‘]ﬁ H{?’?a(}kclycloal Kyl
or 30 Hlubsti t ut kderoyydloakydr suleyititedhdteoyycledkHUOBE RfOCed, RYc+oal kenyl

WO 02/ 00653 PCT/ U§01/ 19663 het eroc cl oal kyl or substitut ed
het erocycl oal kyl £ %TS;AI%}M‘@FRSIQ =Q, LH@@Rslﬁr,ylitEd R/OCH) RYOWNHor

bstituted al k I tituted |
?\gt ZrloalrJer) gr Zﬁés%vgiﬁ[ ~C$1%f§g:)% cﬁu%%(l%a gN% (e}?t&%ﬁgdg)ﬁe&er oar yl),
halo, CN, R OC-W% ?EW)W R', nitro, ROCH2, RO NHa 5

C=0CSR , SC2R or
Eis C=Z,, CR'R (e.g., CHR'), SO,, P=OR? or P=OOR?;

15  Z,is O, S, NH, or NR%
Z,is O, S, NH, or NR®
A,;is CR” or N;
A,is CR or N;

Y is J-F-J” where J is (CR'R”)n and n = 0-3, J’ is a bond or O, S, S=0, SO,, NH,

20 NR, C=0, 0C=0, NR'C=0, CR'R”, C=CRR?, R’P=0, OPOOR?, OPO,,
080,, C=N, NHNH, NHNR®, NR°NH, N=N, cycloalkyl or substitated
cycloalkyl, cycloalkenyl or substituted cycloalkenyl, heterocyclo or

substituted heterocyclo or aryl or substituted aryl, and J” is (CR’R”)n and n =

0-3, where Y is not a bond;

25 Wis CR'R"—CR'R”, CR*=CR¥, CR’R"—C=0, NR*—CR'R”, N=CR?, N=N, NR°—

NR®, cycloalkyl or substituted cycloalkyl, cycloalkenyl or substituted

cycloalkenyl, heterocyclo or substituted heterocyclo, or aryl or substituted

aryl;

Q is H, alkyl or substituted alkyl, alkenyl or substituted alkenyl, cycloalkyl or

30 substituted cycloalkyl, cycloalkenyl or substituted cycloalkenyl,

aryl, and J"

S
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Mis a bond, 0, CRR' or NR1IO, and M is a bond or NR O, with the proviso
that at |east one of Mor M nust be a bond; L is a bond, (CR R ')n, NH,
NR5 or NVaRR/OO)6H3 where n = 0-3; R and R ' are each i ndependgsei19g63H, al kyl
or substituted al kyl, cycloal kyl or 10 substituted cycloalkyl cycl oal kenyl

Cyc oal kyl 8l kyl T SRR, o AR SLPEIF o R U S IS0 L
substituted CyC'a%ﬂélk?Pﬂk@hﬂ’én sub&itele@ aMGhpakiy br éﬁbstlﬁlbéasérylt H&t%cyclo

het er ocycl oal kyl ,” aryl or substituted ary aryl al or substituted
aryl al kyl; 15 Ree.gs haﬂemrylb)pr m]vls&ttlﬁdddteEdocazlckwe,g ,csyb$tﬁaﬂe&yxbtemar3d);ﬂnsla,t ut ed

cycl oal k I cycl oal ken sub tuted cycl oal kenyl, heterocyclo or
sﬁbsu tu%/ed h)e/t EMR k‘&d’ro RYEQR Rﬁlﬂfaf@ HOéR7BﬁH§trp¥1&iQféH@c®oéHk,yl al kyl ,

cycl oal kenyl al k)@_ mi t uﬁg s, cycl oal kenyl al kyl , heterocycl oal kyl or
substituted het eroc P or substituted aryI aryl al kyl or

substitute abe | kyl or
substi t ut eg\dq“fitfﬂd(cy(ﬁ}@ﬁl st ?Pgﬁ‘ggr}(\:@{cfw '? o&,sgl*t%agl enyl or
substituted cﬁeésoaﬂlé(efMorMehﬂusﬂﬁa/a:b@d or substituted het erocycl o,

cycl oal kyl al kyl or substituted cycloalkylalkyl cycloalkenylalkyl or
subst i t ut ed- yadiondl (CRIR i, RNH, Nbeméﬁﬁﬁﬁym’halwmﬁmmro Fubstituted
heterocycloalémé aryI or substituted aryl, arylalkyl or substituted 25
aryl al kyl apdndsaendentiyd, Al ob sabstitried alkilo gycleplkd st i t ut ed

iyl 3% unet i o1 ﬁém{i yRoatkfl Yo B SRR D S Bt btk ' ° ™
cycl oal kenyl ororsummt&whadr&yabo@cmmyhamﬁ% SHIREMALO R0k RSkl t ut ed
het erocycl o, cycl oal kyl al kyl or substituted cycloal kylal kyl,

cycl oal kenyl al kwd@ﬂlkgmﬂglkw ot sstiotedyeytloalkrasriglicnl, keterochdoaliploarc] oal kyl or
substituted heter 53.P US01/.19663
substituted aryl® 8 g%ﬁ{%{ocgfﬁ’gﬁ‘%taf%?f E‘H’vg@?‘{a € 1 S o

S020R , or soergryf kyl R5 is al kyl or substituted al kyI cycl oal kyl or
substltuted cycloalkyl cycl oal kenyl or substituted cycloalkenyl

het er odPc| R’ds akkybet SIUbsmtatbdra&sé;wclp@Ikod oBsubytituted| dygloalkivl lcydpalkeryd bir t ut ed

et er ooyl oal kylBHTER e Pd By st SR PR defogRlo, - 7
cycloalkylalkyl or substituted cycloalkylalkyl, cycloalkenylalkyl or substituted
cycloalkenylalkyl, heterocycloalkyl or substituted heterocycloalkyl, aryl or
substituted aryl, arylalkyl or substituted arylalkyl;

20 R®and R? are each independently H, alkyl or substituted alkyl, cycloalkyl or
substituted cycloalkyl, cycloalkenyl or substituted cycloalkenyl, heterocyclo
or substituted heterocyclo, cycloalkylalkyl or substituted cycloalkylalkyl,
cycloalkenylalkyl or substituted cycloalkenylalkyl, heterocycloalkyl or
substituted heterocycloalkyl, aryl or substituted aryl, arylalkyl or substituted '

25 arylalkyl, halo, CN, hydroxylamine, hydroxamide, alkoxy or substituted
alkoxy, amino, NR'R?, thiol, alkylthio or substituted alkylthio;

R*is H, alkyl or substituted alkyl, cycloalkyl or substituted cycloalkyl, cycloalkenyl
or substituted cycloalkenyl, heterocyclo or substituted heterocyclo,
dycloalkylalkyl or substituted cycloalkylalkyl, cycloalkenylalkyl or substituted

30 cycloalkenylalkyl, heterocycloalkyl or substituted heterocycloalkyl, aryl or



substituted aryl, arylalkyl or substituted arylalkyl, R CO R NHC=0O
SR, SXROR, or SO2NR R'; R6 is al kyl or substituted al kyl, cycl oal kyl
or substiwabsabesycl oal kyl , cycl oal kenyl or 10 substit ut eBCTYso10@bd3eNny| |
het er ocycl o or substituted heterocyclo cycl oal kyl al kyl or substituted

cycl oal kyl al kyl clo &n substi tu al kyl ,
hgt er ocy%:ll oal Ky|su§¥f %VM@’E SHosEL q%c?é}'lﬁbﬁy? %?:WH g%ﬁg]:ﬁgtl tﬁt ed
aryl, aryl al kyl aryl al kyl, CN, , RC=0 R NHC=Q
SR, S2OR , o@%@gr@%@%@g{lm and R7' are each |ndependently H, al kyl
or substituteg Ay subBite@iaydIkA! cyeldaidyl brdudetitueddagiridalkyt s tioalkknyl opr

substituted cycl 6al kyl, cycl oalkenyl or substituted cycloal kenyl,
het er ocycl o or wbsttmtadtoa’dloh&emylohqicrboycl@WSlfoaﬂlﬂutdddld@DCB@iO substi t ut ed

et e eyt oal kyl seioadiaialriaregeriueErSHRak Fro STy @t%%tttq uted

ﬁ%lr oxf/llr glmalngyl rowglﬁw%gﬁﬁcwam rgﬁ t(g\ﬁeté&ydcﬁiﬂgn aI kyI thio

or substituted aé,dbyﬁmtudmrleaMylla'r bstutd AEHA!, E’((ER),,RIH(ER:‘—O JRR R
R R'"NC=O, C=OSR, SO2R, S020R, or SO2NR R'; R8 and RS are each
i ndependent |y H, S@i@(&t 00805NB§1‘| tuted al kyl, alkenyl or substi tut ed 25

al kenyl or, subs ted. cycl oal bstltuted
cycl oal kenyﬁs PBE'S)FP&“%* al b@f‘tkt%‘ﬂ'é&r ﬁ‘@%%ﬁ‘ij/‘@fc 2 @c‘%&&a i or
substi t4t ed cycl gdjpé d

cycl oaITQanyI al kyfwsﬁ d%}g%/ocﬁ&ﬁ*’lkﬁét&g?y%ﬁlg{sﬁﬁltsgf%d he%ﬂg%%&cicl oal kyl, aryl
or substituted acydloalkﬂaﬂcbrbéﬂ@ybstﬂuted uhdbalkyinkyl, ayyloalkeyylalkyl d:rrsubsthmled, CN,
OR , am no, NHR4, NRZRS, 30 NOR

| kyl t hi Q or supstitu hi o,
C=0SR , R 0OC=0 WM@@ZNH@:@@RC}F?? of &S &j g‘—‘ tl%fgﬁ!%afy 3R R', or

aozgl::\yk;\yl or-Zubsfl?ot%ﬁﬁlq‘%?é?Egﬂ%Wr g‘%@%}wsu st 1Ut ed kenyF dﬁgrggﬁigfly

or substituted cyaigalylso Ry(glgg@!RRQﬂ)do RR'RUbstituted cycloal kenyl,
het erocycl o or substituted heterocyclo cycloalkylalkyl or substltuted

cycl oal | aRkyhd RE urd @eh ketepemlektty Ho aikslinsdubstitiveed aﬂk}d,yaikmzl kesupbtatnded| |
het er ocycl oal kyl or substituted heterocycl oal kyl, or ubstltuted

aryl, arylal kyl @akesylpsydlealid@r sukptitted ¢yclaeieyl.csy Cl(@:’@enylF@fé’:‘
cycloalkenyl, heterocyclo or substituted heterocyclo, cycloalkylalkyl or

substituted cycloalkylalkyl, cycloalkenylalkyl or substituted
cycloalkenylalkyl, heterocycloalkyl or substituted heterocycloalkyl, aryl or

20 substituted aryl, arylalkyl or substituted arylalkyl, halo, CN, OR', nitro,
hydroxylamine, hydroxylamide, amino, NHR*, NR’R’, NOR', thiol, alkylthio
or substituted alkylthio, R'C=0, R'OC=0, R'NHC=0, SO,R’, SOR/,
PO,R'RY, R'R''NC=0, C=OSR!, SO,R!, SO,0R, or SO,NR'R";

R®and RY are each independently H, alkyl or substituted alkyl, alkenyl or substituted

25 alkenyl, cycloalkyl or substituted cycloalkyl, cycloalkenyl or substituted
cycloalkenyl, heterocyclo or substituted heterocyclo, cycloalkylalkyl or
substituted cycloalkyalkyl, cycloalkenylalkyl or substituted cycloalkenylalkyl,
heterocycloalkyl or substituted heterocycloalkyl, aryl or substituted aryl,
arylalkyl or substituted arylalkyl, nitro, halo, CN, OR!, amino, NHR*, NR’R?,

30 NOR!, alkylthio or substituted alkylthio, C=OSR!, R'OC=0, R'C=0,
R'NHC=0, R'R''NC=0, SO,0R’, S=OR!, SO,R!, PO,R'R", or SO,NR'R";
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R OC=O R NHC=O, SO2R, SO2CR, or S2NR R '; and R10 is H, alkyl or
substituted al kyl, cycloal kyl or substituted cycloal kyl, cycloal kenyl or
substi t utved opysbdal kenyl , heterocycl o or substituted het ePOTYS016196680
cycl oal kyl al kyl or substituted cycl oal kyl al kyl, cycl oal kenyl al kyl or

het or ocycl obl fR %'e%eag%w% e e i MGt

aryl al kyl, CN, % Bslilerid SoalRe¥fRor stfbfied or
SO2NR R '. 15 The c@ri:b unéls o?r?orsrrul a Iyaand sglyts t héreof, conprising a

core which can seiodkensl, ale&lrcmyolocbrrsubntmlteahetemuydh @oloaﬁ:tylaﬂe;qmr e the

presence of a steroid-t cycl gpent anoper hydr ophenant hr ene anal og)
structure), are @tut@ifcy@bzaﬂfyﬁ%kyl W%ﬂ@(}’éﬁ‘ﬁu I‘é‘Fﬁﬁl M are both a

bond, Z.is O, ,

4- chl or Sphenyi Q‘Fy%e"ﬁiﬁyqy%}\ﬁ’ hﬁ‘%&‘@%}%@é&{ 3 W&&erﬁb’%l%ltj&@% (i)
G L- is not phengibswhfed éfe«r(],l w%%umlmtw&yﬁﬂzyl @NJOW, IOR'; RM2=0, (iii)
G L- is not phenyl, 4-met oxypheny , 4-chl orophenyl or  certain

(optionally subst@G%@dRéNHqu,SQZES)S%ORy,Ior S@ZNRbRI eadg. , benzyl), when W
and Y are -CH2 ; is, not_ 4-chlor opheg%’f:l L bené}é
and Y are pRe n@f]eﬁ]éiyl QBquﬁféWdEIKBQ eyeloalkyl ghenbsiitutadeysloplkyh cyelnykeny |s O

i “and v oo elpulsd Selipiiain, BabrolIE Ny WAFRAGaoORRET U 0S, o 1o

met hyl ,q{Vis - G"E@Tbalﬁﬂ@lk\ﬂ bssubShidted cyddelkelakkyil ScyCloalkenylalgtl dd substétutedt h a
bond, Z, is 0, QI A, and A2 are CH, Wis 30 -CHCH and Y is -CH2 or

-CH2- CH2-, G L- pxsclmii(elpﬁ@lhyll, hetgnedyclealiyd ay zromissd peoderlidess] Oher ¢ E

| SCon Mand, M oBGRgl Iof M & sk B o SRR R0y, 700 W S
C- CH3; d 161 1 5 Furth
Descri p?inon(lo:‘)t#ﬂé?ﬁ@»érﬁlﬁoﬁc#g)ggg)q]@?g%g ?r%gbzlgglgr?l ons 31[ tZ;ms used in

the present specification. The initial definition provided for a group or

termherein applies to that group or term thraoughout the present
speci fi &ation | n&b9|06@@PP§dS&%f%n‘%%F andysalty thsrends Compstse %?ﬂrég@w erw se

i ndi cat ed. serve as a steroid mimic (and which do not require the presence of a steroid-type (e.g.,

cyclopentanoperhydrophenanthrene analog) structure), are novel except that:
where E is C=0, M and M’ are both a bond, Z, is O, Q is H and A, and A, are CH: i)
G-L- is not phenyl, 4-chlorophenyl or benzyl when W is -CH=CH- and Y is
20 -CH,-CH,-; (ii) G-L- is not phenyl when W is -CH=CH- or -CH,~-CH,- and Y
is ~CH,~; (iii) G-L- is not phenyl, 4-methoxyphenyl, 4-chlorophenyl, or
certain (optionally substituted aryl)—(C,-C3)-a1kyl- groups (e.g., benzyl), when
W and Y are -CH,-CH,-; and (iv) G-L- is not 4-chlorophenyl or benzyl when
W and Y are phenylene;
25  where E is C=0, M and M’ are both abond, Z, is O, and A, and A, are CH: (i) G-L- is
not benzyl when Q is —-CO,CH,, W is ~-CH=CH- and Y is -CH,- or —CH,CH,~;
and (ii) G-L- is not phenyl when Q is methyl, W is -CH=CH- and Y is

-CH,~;
where E is C=S, M and M’ are both abond, Z, is O, Q is H, A, and A, are CH, W is
30 -CH=CH- and Y is ~CH,- or —CH,-CH,-, G-L- is not phenyl; and



10 The ternms "alkyl" and "al k" refers to a straight or branched chain

al kane (hydrocarbon) radical containing from1l to 12 carbon atons,

pr ef er ablwoO 2208585 carbon atons. Exenplary such groups i neCT@sowm®66sy| ,

et hyl, propyl, isopropyl, n-butyl, t- butyl, isobutyl, pentyl, hexyl,

| sohexyl, hepiryE.is €~0, 8 aid MY lapetitly b boad ! Zjlis 02 (RisH, Ytrsi—mﬂzi-’(ylﬂpemdyw nonyl ,
decyl, undecyl dodecyl and the |like. "Substituted alkyl" 15 refers to an

al kyl group subsls FEHEEH- WFtGHﬂﬁHmiG Foisaod dtsblqrephanyk(l) ‘ﬁh@”f Aral e aret o 4

substituents, l.a of at t a enpl ary substituents
i ncl ude but are ?@%[3’ ‘ﬂl) ePfP '18(?pr%¥ 2t1§1§ ?ﬁxl owi ng’ groups: hal o

(e.g., a single halo substituent or rrultlple hal o substitutents form ng,
in the latter case, groups such as a perfluoroal kyl group or an al kyl
group béaring C 3 or CF3) Fmitkm@escmlphphtdflthghﬁ@ntmnlr oxy, carboxy (i.e.,

-COOH), al koxycar bon I al kyl car honyl oxy, am_no bamoyl or
substituted car bbb OWér&%%ﬁ nitigns of (3RS ‘Eﬁ?flé‘ﬂthgéﬁrﬁﬁﬁta?@m%%t@é‘ alé}e

neter ocycr it SenBbf pAGETOPLROM bhlfh AR Lol  Hallrghp Phlemt Y
-S=Caryl, b@ﬁ tﬁé ?ﬁ‘e}é@it@pemﬁeiﬁ@h chﬁfflﬂhally &(d@)p%rthﬁ’hﬁditﬁéxygb@, unless

-NHS(0) 2- aryl -NHS(0) 2- heterocycl e, 25 -NHS(0) 2NH aryl,
-NHS(O)ZNI—I-CPtb@I@rISﬁt: jcated- P(0) 2-aryl, -P(0)2-heterocycle, -NHP(O)2 aryl,

| APPLOM et o o0 o MR M (L BN LS ane 0271
- NHC=0- het e{lﬂ@bﬂéhﬂmn ) fedidet @n¥dining Benfl RE12 EAGYE h@®ms; Mﬂ% Blcarbon
- NHC=ONH- het érocycl e, -0OC=00 ar yF - OC=00 het er ocy cle, -OC=ONH ar yl, 30

- OC=ONH- het @&pmsy ExempmMCgrwp} lincluddaehol, I@dfb’ém@}bd,l ISOPTOR)ﬂQHbN@ﬂ M

w0 ?&?2&%&%&3@5@4 %}%m{ PP SkorE. A b BbypPist St 3842 eyt ) °
- N S ¢ 2-
149101 Gty bk SR BB . AP 2 2

N( al kyl98P( O)e.fedbitmxm ald{gzygbep submmtddy\k'ﬁh ang br meiy(sabitithdnth erefemblycl w4

-N(al kyl ) C=0G -N(al k Oht N :

- NE gl kgl g C—@B‘Q%F%@P@r %fc??‘bfla ailal &E’ﬁ’@eﬁ %%yﬁxgﬁﬁ&&ﬂ%wwtﬁ ’%i‘ldgi’(%ycl e,
o EYL)y%%?2?%%%F‘é@“‘%@%?%g?“%%ﬁf')?@gﬁ%ﬁ?m ka2, Sl At

NHS( O) 2N( al kus)ituent @rmaliplechalo SWbEY to)eAbY falkirg) mathy latter case, groups such as a

NHP( O) 2N( al kyl ) - het le, - NHC=ON(al kyl )
- NHE:=)O\I( g?k?%/ AERAL %@? a0 pl} gEpop %eﬁ(wla ok (,ZiF))a alkgxy, alkylthio,

20  hydroxy, carboxy (i.e., -COOH), alkoxycarbonyl, alkylcarbonyloxy, amino (i.e., -

NH), carbamoy! or substituted carbomoyl, carbamate or substituted carbamate, urea
or substituted urea, amidinyl or substituted amidinyl, thiol (-SH), aryl, heterocycle,
cycloalkyl, heterocycloalkyl, -S-aryl, -S-heterocycle, -S=0-aryl, -S=0O-heterocycle,
-3(0),-aryl, -S(0),-heterocycle, -NHS(O),-aryl, -NHS(O),-heterocycle,

25  -NHS(O),NH-aryl, -NHS(O),NH-heterocycle, -P(0),-aryl, -P(O),-heterocycle,
-NHP(0),-aryl, -NHP(O),-heterocycle, -NHP(O),NH-aryl, -NHP(O),NH-heterocycle,
-O-aryl, -O-heterocycle, -NH-aryl, -NH-heterocycle, -NHC=0-aryl,
-NHC=0O-heterocycle, -OC=0-aryl, -OC=0O-heterocycle, -NHC=ONH-aryl,
-NHC=0ONH-heterocycle, -OC=00-aryl, -OC=00-heterocycle, -OC=ONH-aryl,

30 -OC=ONBH-heterocycle, -NHC=00-aryl, -NHC=00-heterocycle, -C=ONH-aryl,
-C=ONH-heterocycle, -C=00-aryl, -C=00-heterocycle, -N(alkyl)S(O),-aryl,
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10 - N(al kyl') S(O 2N( al kyl ) - heterocycl e, -N(al kyl)P(O 2N(al kyl)-aryl,

-N(al kyl ) P(O 2N(al kyl ) - het erocycl e, -N(al kyl ) C=ON(al kyl)-aryl, and

- N(al kyl m&>aMimbkyl ) - het erocycl e, as well as by OR13 wher BCRUS0/®6esef | ned
below in Schene XV. In the aforenmenti oned exenpl ary substitutents, groups

such as * arN(élﬂ@%@?)}ﬂ@ﬁeﬁfc?@l&%&lk??@((}))QNPIS&S/I\,/ maﬂaﬁ?]sxm);maieteyo kstituted.

15 The term"” refefs to a Strai'ght or branched chai n hydrocarbon
radi cal  coMN(alkg)R@)-ao) -N(alkyDP(Q)ahbeocgtiensN(algl)B(O)¥Hsirylone
car bon-car bon_doub

| bond. Ex | h i | yd h |
oy T S e Rle AT B oy e B ol NEARIDHRERS Subst it ut ed wi t h

one or nore SHiAL , N ab| 4 '__@g{)ﬁ_ at any avail abl e
poi nt of at'I\g(‘é@(*@%_b@%&gﬁ%ﬁ%@ﬁgﬁzéﬁe&égﬁ{% I?(ﬁgﬁ?@ge. u'?jrye%’re not 20 limted
to, alky oNERIHCEONIEHerIdeytle M%Nkalﬁﬁ&-hﬂ@,se)cgimﬁ@ﬂcyﬂ)elﬁtéﬁdyc&éqove as
exenpl ary al kyl "Substituents. The term " al ynyl" refers to a straight or
br anched chﬂéIW@FMMHNKdHYh@FOQ:bﬁ@@DWMgCprKiﬂEy]t)@1’}.’112- carbon atons

e e R e L e s L
substi t ut edI zﬁg@f Ng%@?—aﬂ,rﬁHﬁ N*(atl}éﬁ%éterdépglggmt@%ON(élEyI?ar%)‘l',b5t i tuents,

at any ava of " attachnent” ~ Exenp substituents i nclude, but

are not | i mXEG=00](alkgl)kigtcrauryckyi$taikylSE0), M dkyl)-and, wel | as t hose groups
reci ted above as_exenpl ar | kyl substjtuents. The term "cycl oal kyl "
refers th a-N@My;/)Sé@ﬂﬁ&ﬂék}’é&ﬁety%qcvéehﬁﬁﬁ%ﬁfﬁﬁ%eﬁw@pm{ao co%t ai ni né from 1
to 4 rings ) rir m L ups include
cycl opropyl %g‘i@ﬂ%@%ﬁwﬁf‘%@?tgg"g%% , aﬁghexﬁﬁl?[{ygtégﬁ’ %{éﬁbgti tuted -10 WO
02/ 00653 PCIN{8681)C-a06@1kyd)yisdi@atycte, as medleis HytOR A whyel Riaisddiingd belpw in

substituted with one or nore substituents, preferably 1 to 4 substituents,
at any avai Pabimes X¥i dn ths afeementiorast exemplary sehsiitutenih roups SHelsas 1feYllde, but

are not limt 0, Nity 0, .C I . ituted alkyl, as well as
t hose gr oupgnffglle&?rgﬁ'c; oc\?gt%%&g%gﬁgFg’ﬂﬁmgﬂﬁ]ﬁép&Z%gi tuents, and as
previousdy 5 nentinefgsh @skeRyETeferLd Adtidight ubbiahéhedrthsinibydidearbdairadicdli on for
G Exenplary substituents also include spiro-attached or fused cyclic

subst i t uent senteinfreciramidio 13 erboalakany mndat leshend athosd g8 daabkedpid:  The
er oreloabkeRy S s R B AR g el o,
groups alkenyl group substituted with one or more substituents, preferably 1 to 4 substituents,
at any available point of attachment. Exemplary substituents include, but are not
20  limited to, alkyl or substituted alkyl, as well as those groups recited above as
exemplary alkyl substituents.
The term “alkynyl” refers to a straight or branched chain hydrocarbon radical
containing from 2 to 12 carbon atoms and at least one carbon to carbon triple bond.
Exemplary such groups include ethynyl. “Substituted alkynyl” refers to an alkynyl
25  group substituted with one or more substituents, preferably 1 to 4 substituents, at any
available point of attachment. Exemplary substituents include, but are not limited to,
alkyl or substituted alkyl, as well as those groups recited above as exemplary alkyl
substituents.
The term “cycloalky]” refers to a fully saturated cyclic hydrocarbon group
30  containing from 1 to 4 rings and 3 to 8 carbons per ring. Exemplary such groups

include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, etc. “Substituted
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10 i nclude cycl obutenyl, cyclopentenyl, cyclohexenyl, etc. "Substituted
cycl oal kenyl" refers to a cycl oal kenyl group substituted wth one nore
substituamoe2/ogseferably 1 to 4 substituents, at any avaPCwUR@/peé3nt of
attachnment. Exenplary substituents include but are not limted to nitro,

cyano, al kydyclalisUbgtdrs ttt £elyotd kit grasp stbhtitured willos® @mietBSubsti@gdntsed above
as exenplary al kyl substituents, and as previously nmentioned as 15

preferred amgferablipdie ﬂ@@bﬁﬁ@fmﬁ, atremycrpilatile peint efatiacimente Bxemplars ubst i t uent s
also includ a d or fused, cyclic substituents,. es |1y

Cyol oal kyl  BPsUS IREaOT TR STl afig MkgE aybstisfed Sl 1 o
refer to a

| nikage (-0 oy o o B Ry S i Aoty

"subst i tut entlemlidmtd)a'é poafertaidrgl substiteenta irkthk idbfinition é6ra@. Eremplunbsti t ut ed

al kyl group descrj bed above bonded through an oxygen or sul fur |inkage,
respect i vel%'}1 SlfPﬁ’é"W@Pﬁ’i‘“ udaspipraiasorfusedcyplic subshiyenisiesrecigioup bonded

t hrough a roug O QBB teﬁ%y&gélg&éﬁl kyl car bonyl " refers to an al kyI

group bonde a car oup. The term "al kyl car bonyl oxy"
refers to an al kyhegiiouydlodlk ﬁmﬂadaf)ml@ g nsa@itated ¥ 9@ Hydfdcadon The
ternms "arylal kyl", "substitute | al k ‘cycl oal kyl al kyl'," "substituted
cycl oal kyl agieyb containjng bt kengﬂ %ﬂdk%/w 8 carbmmer ting.eBxeyplenasuch myoups ky |

Al P TR R e R S S
group, SUbSPéf&l’é'&@Q cicﬂoalkengyi- gro“?s@l?s’tﬁ@t@é%ﬂﬁggewééﬁ{%ﬁ%mst prr&EMy 1 to

cycl oal kyl, cycl oal kenyl or "heterocycl o and/or the alkyl group ere
i ndi cat ed aé stisstibsents, et angy. availdbde painhof a‘taylhxhertteﬂiemmptaoy s;;hstltuentsandm ic

hydr ocar bon, gr oups whj ch have 1 to 5 aronatic rin ecj al | rmnocycllc
or bicycli c e pet 1§BE?A]Q§I‘Eﬁ§HWO b REsRpstfed %kﬁa%‘f'%g gups

contai ni Ng $MRe@ELSRI. RERPIRL HicilNISIALIL Y6l b re@fzvﬁslgmérﬁ'ﬁnﬁd amatic rings
of the aryl group may be joined at a sing e pm%t e. ., biphenyl), or
fused (¥ g. prefmmnlrmryﬁ;dubstnhanamtthe daﬁlmtlamﬂ)rtGIeEkérkpi)uy substitaents aised aryl "
refers to an gr ou substi uted b one or nore substltuents

pref erably ?@%%épgaﬁgﬁ?%@ﬁ@ syclig ﬁ&vmts Gepeciplly cyploatie! onsubstippiedy
substituent g Qfl de but are not limted to, nitro, cycloal kyl 10 or
substltuted cy [kyl cycl oal kenyl or substituted cycl oal kenyl, cyano,

al kyl - The terms ”alkoxy” or alkylthio” refer to an alkyl group as described above

bonded through an oxygen linkage (-O-) or a sulfur linkage (-S-), respectively. The
20  terms “substituted alkoxy” or “substituted alkylthio” refer to a substituted alkyl group
as described above bonded through an oxygen or sulfur linkage, respectively.

The term "alkoxycarbonyl" refers to an alkoxy group bonded through a
carbonyl group.

The term "alkylcarbonyl" refers to an alkyl group bonded through a carbonyl

25  group. The term “alkylcarbonyloxy” refers to an alkylcarbonyl group bonded through
an oxygen linkage.

The terms “arylalkyl”, “substituted arylalkyl,” “cycloalkylalkyl,” “substituted
cycloalkylalkyl,” "cycloalkenylalkyl", "substituted cycloalkenylalkyl",
“heterocycloalkyl” and “substituted heterocycloalkyl” refer to aryl, cycloalkyl,

30  cycloalkenyl and heterocyclo groups bonded through an alkyl group, substituted on
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S(Om (m0, 1 or 2), alkyl or substituted alkyl, as well as those groups
recited above as exenplary al kyl substituents and as previously nentioned
as prefewed2erwyd substituents in the definition for G BREURIIANVYG63

substituents al so include fused cyclic substituents, such as heterocyclo

or cycl oal keheydzryl oyclealkgl cyaldaitleryd behetesocyclo and/dbthe ytkyd ghduprytiere gr oups.
" Carbanmoyl " refers to the group - CONH which is bonded on one end to the

remai nder ofindigaedien ‘subitdutsdd on the other to hydrogen or an organl c noiety

<(31IS E;C/ Ihc g? boﬁly Ikyl h&%‘el?erhf a:glade fﬁsll;tg)tcl’yf @? éﬁd%ﬁ{cﬁliée&%b%gér%éﬁg{@‘ ?’s to
the group - G fbmbkit ri e&pebﬁuﬁqn&wa?&ii: ShideBc 8Rfipt Sudh JHeRR Mﬁﬁény%r the

nol ecul e and on the ofher to hydrogen or an organic noi ety (such as those
| i st ed aBovelphthyk Sdhereabataming twher grosgromblit ﬁnEs (mycm.em:), |thc dvomdiéel on

one end to the r er of the nolecule and on he ot her to ydr ogen or
an organic P?Tk%saﬁgﬁgr%‘ép PP & I9E %W%%%?B?mt i PRy, Péf”é?‘g(et% t he
group - ( S te,"
Ysubstit ut eEﬁ pNEY pherHIREA HhE Eh O ped SRS 1 BN

carbamat e, wubgitated bgmhelbmﬂor@smﬁmeﬁe slefeedbilp et Ababseituchtsbi iy pone ofor e of
t he hydrogen groups are replaced b{ an organlc noi ety (such as those

| i sted aboveittachpenty EP‘?@Plaﬁeﬁlé}SBWB Séncluciﬁe etreéeyeq lilfélfecbm mwef:ml@ailyjch 0"
refer t OlOf u'clﬁ’subﬁ‘%&t? g}%%iaﬂl(ﬁr g‘géalke% 4 &rbstltu ed(: ¢ Pgﬁ&ﬁ}g% ano 4-11%%1' udi ng

aromatic (i.e Vi 8 groups

nmermber ed mMOrCOYSH (he0, 7 ok 2 Lﬂkylraﬁbﬁfsﬁﬂltéﬁ AN hwell 8 thdk g@ugﬁremémo@e

tricyclic ring systens g |ch have at | east one heteroatomin at -12 WO
02/ 00653 Pmswset]}pm%e yl SUbszcstuemﬁend;a& previously mentnned asi prgferredgryl Each ri ng

of the heterogycli r ant ai n| ter om or
het er oat ons Sé’%f\’/ ng%lg’ftg?)ﬁf 1?85@ PZSFFEP g Wue%f%m%g 1%‘%1‘&‘?6(1}?" étﬁyﬂ}?
atoms, wher eggbRaudits, AL 1RAtosW1S b cMaﬁ{e‘ﬂ% BPBuLIBM QP dt@B& Y or bE

oxi di zed and the nitrogen heteroatons may optionally be quaterni zed. (The

term5 "Pet mmamenﬂngrquga?ers to a heteroaryl group bearing a quaternary
nitrogen atom and, us sitiye char Th e lic group y be
attached to the ré&mg ar‘f‘&%‘& erstt%ghen%f’%g(ﬁg?\% V‘gﬂ& g’PE&%‘ﬁ DRI Mon at om
of the ring QatddegoShe hﬁﬁ%cufe(ﬁ{ﬂ%ﬂh)é otﬁzpﬁpl%é)geﬁ &ﬁﬁgﬂ&ﬁbe?g(swpés

i ncl ude azetidinyl, pyrrolidinyl, pyrrolyl, “pyrazol oxet an

pyrazolinyl, alkyh siémmiuj;dd alkyh aigy, (shbs‘at)txhtpd auyl, dm@odqyd]enylkylcapb@nyﬂ kydrotdl

oxazolidinl, S zol.i i soxa t hi azol yl, thiadi azol vl
t hi azol i di xqudI sugst%uted mnt%/ogen) Qé(argam te” refers to t eéroup —0-CO-NH- vsyhlch is

20  bonded on one end to the remainder of the molecule and on the other to hydrogen or
an organic moiety (such as those listed above). “Urea” refers to the group -NH-CO-
NH- which is bonded on one end to the remainder of the molecule and on the other to
hydrogen or an organic moiety (such as those listed above). “Amidinyl” refers to the
group —C(=NH)(NH,). “Substituted carbamoyl,” “substituted carbamate,”

25 “substituted urea” and “substituted amidinyl” refer to carbamoyl, carbamate, urea or
amidiny] groups as described above in which one more of the hydrogen groups are
replaced by an organic moiety (such as those listed above).

The terms “heterocycle”, heterocyclic” and “heterocyclo” refer to fully
saturated, or partially or fully unsaturated, including aromatic (i.e., “heteroaryl”)

30  cyclic groups (for example, 4 to 7 membered monocyclic, 7 to 11 membered bicyclic,

or 10 to 16 membered tricyclic ring systems) which have at least one heteroatom in at
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i sot hi azolyl, isothiazolidinyl, furyl, tetrahydrofuryl, thienyl,

oxadi azol yl, piperidinyl, piperazinyl, 2-oxopiperazinyl, 2-oxopiperidinyl,
2- oxopyr mod odoasyd , 2- oxoazepi nyl, azepinyl, hexahydrodi ap€epusyl/19663

4-pi peridonyl, pyridyl, pyrazinyl, pyrimdinyl, pyridazinyl, triazinyl,
triazolyl, tekf@a&aton eit@hfo%ht‘aﬁi{lﬁ@ﬁhgnﬁlhah 1R phak heitoc &% éﬂ&hﬁ@&ﬁﬂﬁﬂtg‘ nyl,
thlannrphollnyl sul f oxi de, thianorpholinyl sulfone, g di oxol ane

t et r ahydr o- aileteloat@nmaythavedylz 3 a)mé he’reeodtmmeselme;hﬁbmrmtrbgméms; oxygen

het | d dal benzot hi azol y
pensonasol y OSBRI, Whge et emAnd R BompT AR sHhy |
tetrahydr of $a@uidiRll Mt lhe 1'[1)1%% ﬂé%éﬂo% sm@%ﬁfcﬁh@fﬂ@%&&m&%ﬁ X'Ee"%ﬂ?’ X

i ndol i zi nyl, benzofuryl, of urazany coumar
benzopyr &iny [“heteforrydiviyefer€s anhetabanyy Eroup bea# a/dluatmalrth@ Ia@bﬂl and
furopyridinyl (such as furo[2, 3-c]pyridinyl, furo[3 - b] pyri d| nyl] or
furo[ 2, 3- bR MSﬁwe)chat&eath%h@@'pW;groupdnmy @t@ﬂmncétcntlm mgthaifidarofi as
3, 4- dlhydro naz I|n | tri.azin t et r ahydr.oqui nol i nyl
and the 1 ke Bl BRPRLBYoh of GRE S aF FE it et a0l 11
benzi dol yl , e icl”HeQ%b & G lisWebtidi AR il phbspy! and
the like. Subst??ut ed rhet é?ggoglgge sub;tlﬁitau ed hétgr%(gwxg 2}’
"subst i tut edxetarylepyeyalinyl, l(mciazhlyb,sﬂ@zbhmsdt imidazohidirgl,axaxdlyl) refer to
heteroc rocyclic or . heterocyclo bstltu dW|th one or
nor e su t| tﬁf«%{l ny 1@‘?’@?%]?3@9 lio’ta&"l&'f %rﬁﬁ%ﬁ’t”é’ Ylgthiazglj @\‘/]al | abl e poi nt
of attachmeny thEitﬁ t Chtgls, u d to,
cycl oal kyl or0 slubs %%E%%Z%gsﬁ‘f% t&rdglgg{ oa ’eﬂﬁg?ﬂbéxa?a%s ’tplijérghﬁﬁ
cycl oal kenylp,ipaneizum}d, 2-oxopipéraginyl, 2- <ﬁ))p1pe15(dmp], 2alxopyrr8o@nyl, 2- oy(olﬁkepng/,l 1 or
2), alkyl or -13 VE gﬁﬁ% 853 PCT/ US01/ 19663 substituted al kyl, as well as
t hose gr oup?z?ﬂé’&yl FaBFGOL1a3P R efrpIPSFigonyligprt mezilftﬂad?wgnld@dli as

previ ously ] d o] S t he
definition 13%? g?ﬁ&qrhg%t%e?[ %Qo%ﬁﬁt;ﬁ%o?lﬁéﬁ%ﬁgﬁ&%&ﬁe}?ms th h rlt et raval ent
posi ti vdby chiamggsholibyhittismgehokiyd mifm&udhlﬂmorﬂ}@hnﬂ)@méh@ 1,3-0RxpRAE L1 vel y
charged nit rogen in_a tetraal kyl amoni um group ( ., tetramet hyl amroni um

N- et hy| pyr i3 ittty drorhé- dl(ﬁ@éhlmleangl thehky qmnlwdvewotln hptemcwdm gdups
anmoni um spg él&ée é)ﬁo]gf ’1sotulid hﬁgrlzotm&%[y? l:xrg(p I u(?igl &engoxagigx ldl nium, the

p05|t|velycar e ro en am ne

N- et hyl - moru@mﬂtmeﬁyu\hmuammﬁqumlﬁ@t %t%&d@lsoqﬁﬂﬂhhﬂ?w@@&h&h Mgl y 10
charged nitrogen_in an N am no-anmoni um grou am nopyr’i di ni uny.
benzimidazolyl, benzopyranyl, indolizinyl, enzofuryl benzofurazanyl chromonyl,

20  coumarinyl, benzopyranyl, cinnolinyl, quinoxalinyl, indazolyl, pyrrolopyridyl,
furopyridinyl (such as furo[2,3-c]pyridinyl, furo[3,2-b]pyridinyl] or furo[2,3-
blpyridinyl), dihydroisoindolyl, dihydroquinazolinyl (such as 3,4-dihydro-4-oxo-
quinazolinyl), triazinylazepinyl, tetrahydroquinolinyl and the like. Exemplary
tricyclic heterocyclic groups include carbazolyl, benzidolyl, phenanthrolinyl,

25  acridinyl, phenanthridinyl, xanthenyl and the like.

“Substituted heterocycle,” “substituted heterocyclic,” and “substituted
heterocyclo” (such as “substituted heteroaryl”) refer to heterocycle, heterocyclic or
heterocyclo groups substituted with one or more substituents, preferably 1 to 4
substituents, at any available point of attachment. Exemplary substituents include,

30  but are not limited to, cycloalkyl or substituted cycloalkyl, cycloalkenyl or substituted
cycloalkenyl, nitro, oxo (i.e., = O), cyano, alkyl-S(0),- (m = 0, 1 or 2), alkyl or
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The terns "hal ogen” or "halo" refer to chlorine, bromne, fluorine or
i odine. The terns "hydroxyl am ne" and "hydroxylam de" refer to the groups
OH NH  amdo @#wadss CO-, respectively. Wien a functional groR@TUSOY®663ed
"protected", this neans that the group is in_ 15 nodified formto mtigate,
especi al | y prustiviriealkylnaewell esithope sroupareciterheboye as peemplpetadletled site.

Sui tabl e protectin roups f.or .t he t hods d ounds descriped. herein
ol ude. w SHoTeRR Aok e RRAC R Bedoim BRBRIIS MR o ich as
G eene, T. Wfstosforg Protective Goups in Organic Synthesis, Wley, NY.
(1991). When a termsuch as "(CRRn" is used, it denotes an opti-onally
substituted 20 Fh&ywWmchaatermxy sttroggn’ beforetn tehrevalows positigelychsrged which it
is bondﬁg, the | ength, O{ﬂd'Whi ch chaifz is defined by the range described for
the tern?n. DAFPSEY &ioP! Behiding, far gxgmp m@os}t‘r‘(ﬁﬁ’ el NYHREERABAt 0 t hree (CRR)

ori mary and ‘CRpRoARR b (44 SRTREy b b i NER B SRR, I o o,
to zero (n pofllivélehargedpitebgex irbpdtddaicdRaimdrlien speriéy @@nrihrtalt ached 25

to (CRR). Unless otherw se indicated, any heteroatomw th unsatisfied
val ences i s hyéogmmeaiure, Nhvdrapyddogan), sheopesitivghf ¢hergedmitregendn pmine Nhe

| . D in th finiti f W(e.g.,
NRoS CRIR * ) AR e R I e B SV SBr aBrioeie Mot PRmRT perdr et % he
ol ecul 60( & arged AitWR07/ Q0K RETAHIRAISED (coAN MR FARRm). 2+ O

-Al - CR7R7' - NR9-A2- for the aforenentioned group within the definition of
W. Carboxyl at e dhedermsehelogen'oord halet) atfenvtelchlorings byething, AuprinddBGedinthe

conpounds of formula I formsalts which are also. within the sco this
S hvent; o, Ret abe s SYERS g by o Tamed et HubSareirs OBt ood
to include  eRi-RREEd-Ores@ddiseil,Nereof, unless otherw se indicated. The
term"salt(s)", as enpl oye hefein, denotes acidic and/or basic salts
formed wi th inor §éhnerca Aimdtional @raygnt cermed Hproterted” phsaseans tha dai grogmis imhen a
conpound_of forpgula | contains both a basic iety,.. such as but not

i m tedqﬁo anif{}%ddf% tBFmi“&?faa‘fz'SBF‘éleaW&C e, agfeed Hsledeartiont# ths but 10 not
limted to Yl 1€, A6 : i ts' med and
are includ (ﬁ&?\n&?{ﬁﬂét eI?af% ge&ﬁ]oﬁgfgﬁé %rg%lﬁ as ghuelslg%ﬁéldesrsﬁdn@ Og}ryr?a%gﬁ%al |y
accept abl e (beretn includenwitheutdimipitipa] thbsgdesatibed insmadird id-adocks) dush ag e

preferred, although other salts are al so i
Greene, T. W. et al., Protective Groups in Organic Synthesis, Wiley, N.Y. (1991).

When a term such as "(CRR)n" is used, it denotes an optionally substituted
20  alkyl chain existing between the two fragments to which it is bonded, the length of
which chain is defined by the range described for the term n. An example of this is
n=0-3, implying from zero to three (CRR) units existing between the two fragments,
which are attached to the primary and terminal (CRR) units. In the situation where
the term n is set to zero (n = 0) then a bond exists between the two fragments attached
25 to (CRR).
Unless otherwise indicated, any heteroatom with unsatisfied valences is

assumed to have hydrogen atoms sufficient to satisfy the valences.

Divalent groups, such as those in the definition of W (e.g., NR*-CR'R"),

may be bonded in either direction to the remainder of the molecule (e.g,
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useful, e.g., in isolation or purification steps which may be enpl oyed
during preparation. Salts of the conpounds of the forrmula I may be forned,
for exanpv@p2/mgsi5 reacting a conpound | with an anount oPCHETSe/1¥s63base,
such as an equival ent anount, in a nediumsuch as one in which the salt

preci pitates, oGpbl 7agueou: _r@][gi AePal | i L ' . The
conpounds of‘?‘lﬁg}fin@fgﬂl {/\ihioéh [con z;fly n%g &s?%{etgf%?%eé{ %/I?{gﬁs%@gﬁa ég%w%&?thﬁ%t
limted to an amne or a pyridine or imdazole ring, may formsalts with a
variety of thedefafiijenio€ Wand i norganic acids. Exenplary acid addition salts

include acetates (such as those formed with acetic acid or trihal oacetic
aci d, for exanpl@arbbxylhtemmicaaets © awdigdliyely ablirged goupaCQinat es, ascor bat es,

aspartates, benzoates, benzenesul fonates, bisu|fates, . porates, butyrates,
citrates, canphof?t S¥uPRuMSRE ogmUIao@f%?lts whic ab%ﬁﬁoawgﬁmdﬁﬁ $0Re 8 tfhls
di gl ucongat e; e S [ | f ] .
gl ucohegata anlglg rgi;b% g?léfgfeéb{z)%ﬁgas%ohﬂg?gg&8Eglr?‘if§%1§? gglfeﬁﬁglg? g%gtg? %g) mﬁlgggnoat es,

hydr ochl or i g#@gendeytd cally theriof @BleshiyieniigsindRated nyTte G tsARRYES ud éaplayed
(e.g., 2- hydroxyethanesul fonates), |actates, naleates, nethanesu]fonates,
napht hal enebaping geidigand/or hesisteelinfosmed withonensariy angios etgepigtasisls

nitrates, oxal.tes, ti nates er sul f ) enyl propionates (.e.g.,
3- phenyl pr o?ﬂ ol?'?ﬁ?sesl)u, a%gﬁb"élp@?‘éé Fglgﬁmﬁdc‘ﬁiﬁ %%?IQEFQ/&F%P ggfh ap 381&11641‘5?33,
sal i cyl at esgychug bhabtafnit&itolAlyeRlidedt GhidsolehRPar LAdIE thoiety Such@s®af 00653
PCT/ US01/ 19663 w th sulfuric acid), sulfonates (such as those nentioned

her ei n) 10 t andtrlanies] to a ¢arboydin atidszwittetiomEsmbf saltal)aBasbe formed abyeat es,
undecanoat es, . and the like. The conpounds of fornula .l i ch cgnt.ain an
aci di ¢ i ,_e’cng‘f%ua“iggé"ﬂ&’b‘bfh_‘eﬁ%n Ts,a:ﬁﬁsﬁ? ggus_teg?‘ﬁre@ar P?e&‘tlﬁ?}ry@‘}“ﬁﬁ&q? k)‘rem salts
Wth a varl ﬁ&i/-t&ficé Pr98BloEiANY b ABBRY s ate gﬁ?&&d, ERTRh 3k BARiafe A8 L S

i ncl ude ammoni um tal "salt ch as sodirum |i1thium and

pot assi um sadefsl, e.gl, kalsotutionar phrifiettiah stepb tvhichuniy bsemployedidurargd rmagnesi um
salts, salts with organic_ bases (faor anpl e, organi c, am nes) suc S
benzat hi nes preaﬁr@yen-ogé&wféhﬁ AEPOYRAY Ph e ¢ o hedonich ?%,er&ampg, by

bi s( dehygr oahi enedimp p 1 : -D 10
gl ycam %;‘25, ?Et% g@é%&gﬁﬁﬁes, gﬁgﬁ %F%t%%%ka%%égﬁ%;& s%ﬁgwa%g{%%’l ne,

|l ysi ne and it dmellivkesudBassione i whizhehe eiipradipitaies @riaupaqueys bedippat er ni zed
wi th agents such as | ower alkyl halides (e.g. nmethyl, ethyl, propyl, and
butyl chl or fellesveddryolypplitizaiol ~ i odi des), dial kyl sulfates (e.g. dinethyl,

diethyl, dibutyl Th %gm%ioﬁﬁysl of Tl BRhich! BRin a basic moiety, such as but not

limited to an amine or a pyridine or imidazole ring, may form salts with a variety of

20  organic and inorganic acids. Exemplary acid addition salts include acetates (such as
those formed with acetic acid or trihaloacetic acid, for example, trifluoroacetic acid),
adipates, alginates, ascorbates, aspartates, benzoates, benzenesulfonates, bisulfates,
borates, butyrates, citrates, camphorates, camphorsulfonates,
cyclopentanepropionates, digluconates, dodecylsulfates, ethanesulfonates, fumarates,

25  glucoheptanoates, glycerophosphates, hemisulfates, heptanoates, hexanoates,
hydrochlorides, hydrobromides, hydroiodides, hydroxyethanesulfonates (e.g., 2-
hydroxyethanesulfonates), lactates, maleates, methanesulfonates,
naphthalenesulfonates (e.g., 2-naphthalenesulfonates), nicotinates, nitrates, oxalates,
pectinates, persulfates, phenylpropionates (€.g., 3-phenylpropionates), phosphat:es,

30 picrates, pivalates, propionates, salicylates, succinates, sulfates (such as those formed
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chain halides (e.g. decyl, lauryl, nyristyl and stearyl chlorides, brom des
and iodides), 15 aral kyl halides (e.g. benzyl and phenethyl brom des), and
ot hers. WwRponewss and sol vates of the conmpounds of the i np€MUS@IN9a63e al so
contenpl ated herein. The term "prodrug"” as enpl oyed herein denotes a
conpound  whith Byl fupeacidy] sulfbrdites dichns tiwsa nsmbiofed hereiny] eraes chemi cal
conversion by netabolic or chem cal processes to yield a conpound of the
formul a |, BHoGyaRaies, telneneswliensios sueh axposatendmde®apateas, end Bfe likée conpounds

f f la | i d f | tes.. Co d f the f la I,
ond salts t her cofhe papbBind St FRnEra YHR B 8min RS B oL o as. an
ani de or i niiﬂfi’te@"tch%irboﬂrlica%wﬂfha%ﬁ%iﬁ@ﬁﬁ ith ,awaﬁet?ro%org%@ﬁtamm &ficherein

as part of the present invention. st ereoi sonefrs of e present

conpound® ( bases.eKzemplary bdsasaltwvrichide maymorfGmesaits talkaliendtal saBysaektagi ¢ car bons
on vari ous s(gitisti q%ents) incl_udigg enar_ltiomﬁfipc fornms_and di astereoneric
forms, are SYHIEnkihiimeandPeRsSHIM Faltss alkalinggarthetal salts syqha caloiumyand dual

st er eoi sone . . ' | . . e be

Subst ant | ar T ERrui SpiEE FREADRE ottt BEsds D ke Bunt B BXPIRRES Ty e
optical i sobeizathieet] digycobpslintihedhodiabathingy (folfiedWith ENadmi xed, for

exanpl e, as racemates or with all 30 other, or other selected,

st er eoi somebis(delydrogbictydlethydenedieming), NipethyleBeghecaminesnNimethyllly have the S
or Rco igu; ati%;é ’3_ af . ned b% Lhe I.g’rPAC 1974, Recommendations. <16 WO
02/ 00653 PCHYOES aPECS FRLTANS H) SRR A0S SULE B LY SR 98 c al

net hods, suefeig®. Haic @ﬁ@g@&ntqiﬁih%g%w@%,iayocrevqsia@h&ite’@«mtﬂ Reen®CR@h @51 ON or
crystallization of diastereoneric derivatives or separation by chiral

col um chr olewwesgilap hylidesi{e.gi meihyl, dthad, popyil cadd hugdwblosides brdypidendidai ned from

convent | onaroditieh ol rlies e £ dmetsyL il aliolfasd Blarma s E9y 1aRe
optically a%ﬁéiﬂﬁali@e%i(g.gf 8 E\rﬁf#nggigeho?a@d étleﬁ?f EHtideR! Brofr@dis iagg [qhiaanal

i somers of the conpounds of 'the pr I nvention are contenplated, “either
i n adm % ur eratiryl ihaligesr(e. gobergybatdgmenethyybromides), androthélse defi niti on of

conpounds of the_present jnyenti enbraces both cis . (Z) apd trans (E) 10
al kene i soners, gg"‘ﬁ)@gq ar&&"!‘f%“&%@‘?%“@%ﬁ&%HB’@E%‘I‘TP@{;Hydrocar bon or
het er ocycl chlgcbx(i}%ﬁatedTﬁgréiﬂg %HEQ@Q%;@E?* dd &R}%el%) éﬁer&gg&p&e@&é@wﬁh' tuents

t her eof may osen to provi e nol es and compounds.
which, upon administration to a subject, undergoes chemical conversion by metabolic

or chemical processes to yield a compound of the formula I, or a salt and/or solvate
20  thereof. Solvates of the compounds of formula I include, for example, hydrates.
Compounds of the formula I, and salts thereof, may exist in their tautomeric
form (for example, as an amide or imino ether). All such tautomeric forms are
contemplated herein as part of the present invention.
All stereoisomers of the present compounds (for example, those which may
25  exist due to asymmetric carbons on various substituents), including enantiomeric
forms and diastereomeric forms, are contemplated within the scope of this invention.
Individual stereoisomers of the compounds of the invention may, for example, be
substantially free of other isomers (e.g., as a pure or substantially pure optical isomer
having a specified activity), or may be admixed, for example, as racemates or with all
30  other, or other selected, stereoisomers. The chiral centers of the present invention

may have the S or R configuration as defined by the IUPAC 1974 Recommendations.
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15 Met hods of Preparation The conmpounds of the present invention may be

prepared by nmethods such as those illustrated in the follow ng Schenes Ito
XV. Sol vewo 82/0t663per at ures, pressures, and ot her reacti oORPCTORU/HENS Mmay
readily be selected by one of ordinary skill in the art. Starting

mat eri al s arldhegeenreicdomps gandeacsoltpddyghysiealdnttiody, spdradfdpgxamseofl 20
ordi nary Skid:filg{'i n .t he gﬁt .orugrepar ed by nethods illustrated in Figures 1
to 3. ConmbilfRefigralarysializtiog, separstion peciysillspiien phdiasiercpmenadeatvatinesir

conpounds, f [ J rpedi-at es.. pesses L oups suitable
fo;rp t hese tesg aﬁ?{g&l}g@h@éﬁé '[11121 %ﬁ%&#ﬁdgﬁio‘rrﬁ%m%éﬁﬁlé 0 ticagré“t‘)ﬂ%ﬁ%c%hech may
be enpl oyed dbmitéEfrpmeahearptinges Bf ant QTROWESHOE, ihaadiag%(ﬁﬁf&ht &i:ﬂ}{&ﬂiﬁﬂ on.

Tetrahedron, 27, 3119 (1971); Tetrahedron, 30, 25 297 1974):" Tet Fahedr on.
Let, 31, 226Fenyanspynt mgthody, quch@sefor ex@sple3gdifofmaitd) with BubpticallpestiveSoc.
Jpn., 67, 3 4), Bull ...Chem Soc. Jpn., 65, 61 (1992); European

Pat ent (EP)%&%%ﬂg,yc{Xs@thgf’%nt No. 4,397,857: Pons et al., Eur. J.

O g. Chem, 853- 880 chdARMionSEHALRTY thél 1624 1661
(1993); and Gernman Pat%%t 10( DE) Docunent OI@OHQS%%%&QS%%%"B% 653

PCT/ US01/ 196®8temailited aithemintadmbittnecbriin pttecorpubsainially pesd oieatrthen, such as

those cited jn this "Mthod f Preparation"” as well as other sections
herein, are ‘13?%88%&9@30]&%6%@%Fhedgresqnémé/fi@memlpragwéoﬁh e@a(Zraatdyrans(Eh

dor o, e A TS i KOOSR S RIS,
Base NY N, @Gngsl Z2 Il L -GIV Z2 Z2 =S, 0, NH NR6 As illustrated in

Scheme |, conpounds of formula | can be obtained from

azabi cycl o- 3- et hyleavghew) thgspedifigations direuns and subssitwentsdhéreof hay be degent es of
formula 5 I r_exanple, fromthe synthetic approaches
descri bed in!)gg(ﬁﬁéé)%ﬁ@%q%g%t%gaﬂép%t?p%gggﬁl (1992), Tetrahedron Let. 31,
2603 (1990), Chem Comrun. 597 (1999), Tetrahedron Lett. 38, 4021, (1997),
Tetrahe%on Lett. 40, 7929 (1999&4,

ethods of Preparation

The compounds of the present invention may be prepared by methods such as
those illustrated in the following Schemes I to XV. Solvents, temperatures, pressures,
and other reaction conditions may readily be selected by one of ordinary skill in the
art. Starting materials are commercially available or readily prepared by one of

20  ordinary skill in the art or prepared by methods illustrated in F igures 1 to 3.
Combinatorial techniques may be employed in the preparation of compounds, for
example, where the intermediates possess groups suitable for these techniques. See
the following for alternative methods which may be employed in the preparation of
compounds of the present invention: Tetrahedron, 27,3119 (1971); Tetrahedron, 30,

25 2977 (1974); Tetrahedron. Let, 31, 2631 (1969); J. Org. Chem., 35, 3097 (1970);
Bull. Chem. Soc. Jpn., 67,3082 (1994); Bull. Chem. Soc. Jpn., 65, 61 (1992);
European Patent (EP) No. 406119; U.S. Patent No. 4,397,857; Pons et al., Eur. J.

Org. Chem., 853-859 (1998); Kucharczyk et al., J. Med. Chem., 1654-1661 (1993);
and German Patent (DE) Document No. 3227055.
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Synlett. 1, 29 (1991), J Chem Soc., Chem Comun. 1601 (1988), J. Og.
Chem 31, 1059 (1966), Synthesis 10, 925 (1990), Tetrahedron Lett. 40,
8447 (19900 p2/u¥6s5Pat ent 10 No. 4775668 and EP No. 266576 ardrak@/meder ences

therein, by one of ordinary skill in the art (incorporated herein by
reference in theilil ditinests ¢jted intha @ebiskhipediGeiondSieias tha¥e elted & tBfs a
conpound of fornmula I, individual antipodes can be synthesized, for

exanpl e, i n"MebedsiahRipavetion msordbay atbersseetignshietein, mre neorporated kiweinbont s.
Exenpl ary t hods f.or. preparin onpounds of the formnul.a Il are described
further bel %ﬂeﬂcellgt%lb%}t’é Y1 SPgh é‘?%@éﬁ@ﬂ?t %‘1{}“ tth\ﬂi? PHOZAL nt er nedi ate of

formula Z2=C=N-L-G vyields an internediate of fornula IIl. The
i nternedi ates of fornula Z2=C=N-L-G can be obtained, for exanple, from

commerci ally avail abl e i socyanat es, thioisocyanates and carbodiim des or
can be readily prepared by one skilled in the art. An internediate of 20

formula I'll can be heated with or wthout the presence of a base, such as
DBU or triethylamne, to yield a conpound of formula IV, which is conmpound
of formula | where M and Mare each a bond and E is C=Z2. The i ndi vi dual

optical isomers of a conpound of Forrmula IV (al so known as anti podes) can
be obtai ned, for exanple, by wuse of the correspondi ng individual antipodes
of a conmpound of formula Il or by 25 separation of the racem c m xture by
standard techni ques. The individual a or (3 (endo or exo) isoners of a
compound of fornmula IV can be obtained, for exanple, by separation of a
resulting mxture by standard techni ques. -19 WO 02/ 00653 PCT/ US01/ 19663
Schene Il Yz i\ QZ1 Y\ QZ1 ~E W A2 W A2 N WIA20.~C C A N

H2N LAs ~Al Al-N HEC E-NH OVl L-GII YV Base E C=22, S, P=0RZz,
P=00R2 W | AZ z
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1 NNG VII 5 Scheme Il describes a nethod for preparing conpounds of
formula | wherein an internediate of fornula Il is treated with a phosgene
i ke reageav2/efes3 fornmula C-E-C in the presence of a baskCTASel9Y%ss NaHCO31
to yield an internediate of forrmula V. The phosgene |ike internediates of
formula Cl-E-C can be obtained fronsesmelci ally avail able sources or can
readily be prepared by one skilled in the 10 art. Phosgene equival ents
such as carbonyl ¢i i m dazoles may alterp ly be enpl oyedt i n th| s st ep,
and el sewhere in \‘sh 1Schemas _as ,%p\ppbpgxﬁef\l n pl ace ,of pYeps . The

i nt er medi at e ofW¢3? M & DR gact fae Wi th Of\Af?l Ia H2N-L G
I n the presence of Na base, such as diisoprgpyl am Meseor triethyNgqnPne, with
or without a coupl | ng reagent, such as F{\go give an intepnedi ate of
formula VI. 15 Thd amine internediates of! fornula H2N-L- dYcan be obt ai ned
fromcomercially avail able sources=g0 8anrf eadi |y be prepared by one
skilled in the art. The internediate of fornmula VI can be converted to a
conpound of formul &WIVSthIH Pwslmmp%mdwﬁ%wlatlr?énbwbaﬂwéftsaﬁna base,

such as DBU 3M| ?}% nd of
formul a | vmagébéé ar giyclaﬁ%hn% ggﬂ% gif%%]gilw %@E‘ngﬁ? PC@@%Z or
P=0OOR2. Fhe 1i agh v ﬁapéxe@ﬁbﬂ $adgse, dror theyRRRHE 6adh@§ &RscAbd in Ban be
obt ai ned, for exanple use of the correspon i ndi vi dual anti podes of

a conpound d?heﬂbﬁmllfaﬂlﬁ s6rl (599%)03%47@1!40’()@?1@# 311(36 2CO0E Cheinx Carrenvipy
tandard t di d

Formura i T AT e i 4,00 997, R et 4B B0 g

m xture by s}ﬁe%tm@gwbﬂ)e&mwe%s@a, ChOmVEL A4, 0503 (%&Qﬁélﬁwg.lé&% 3ySchene
1111 AQzI I\ Y 1'G'W Q71 W 2 NaOH W.A2 HNV W A2°-[. "AL’N ~
~Al, OH 2 41 0591(1(9661»;| SiitBesip L0, A2 5H1920), Kgremtedytrn Lett #0, 8447 (1999), US Patent

10 No. 4775668 and EP No. 266576 and the references therein, by one of ordinary skill

in the art (incorporated herein by reference in their entirety). In addition to a racemic
mixture of a compound of formula II, individual antipodes can be synthesized, for
example, in accordance with procedures set forth in the above documents. Exemplary
methods for preparing compounds of the formula II are described further below in

15  Figures 1to 3.

Treatment of II with an intermediate of formula Z,=C=N-L-G, yields an
intermediate of formula II1. The intermediates of formula Z,=C=N-L-G can be
obtained, for example, from commercially available isocyanates, thioisocyanates and
carbodiimides or can be readily prepared by one skilled in the art. An intermediate of

20  formula III can be heated with or without the presence of a base, such as DBU or
triethylamine, to yield a compound of formula IV, which is compound of formula I
where M’ and M are each a bond and E is C=Z,. The individual optical isomers of a
compound of Formula IV (also known as antipodes) can be obtained, for example, by
use of the corresponding individual antipodes of a compound of formula II or by

25  separation of the racemic mixture by standard techniques. The individual o or 8
(endo or exo) isomers of a compound of formula IV can be obtained, for example, by

separation of a resulting mixture by standard techniques.
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Y\Q E = C2Z2, s, P=OR2, P=OOR2 W | A2 Z1 ' SCI N.EMNML~-G VII 5
Schene |11 describes a nethod for preparing conpounds of formula | wherein
an i nt er vedoaowsdf formula Il is saponified to an acid of PEDURUI/@G6H3] | | by
treatment with a base, such as sodi um hydroxi de. The acid can then by
coupled to an amne of formula HZN-L-G via a variety of coupling reagents,
for exanple, as 10 described in The Practice of Peptide Synthesis,
Springer-Verlag, 2nd Ed., Bodanszy, Svhkinedl 1993 (i ncorporated herein by
reference inits entirety), to yield an amde internediate of fornmula I X
The internediate of fornmula I X can be heated, with or wthout the presence
of a base such as triethylamne, witha ph gsgene | i ke reagent, of formul a

C-E-d, to yiel an:qnpound of formul WhIChIS ag}g ond of 15
formula | wherg,_ ar g, €ag ha%sﬁan BN §,Ce22 oON.or  P=00W
The i ndi vi dual mLNpod%/\of—a*cowp’Uu f or mul @ Vvrt™can Be obtained, for

exanpl e, by use of the corresponding |n(§| @i dual anti podes BTN*h corrpound of
formula Il or by separation of the raceme m xture py tanq,’,lr Gt echni ques.
The individual a or R isonmers of ac oynd OWVM can be

obt ai ned, for exaguy:g, s %pwqg_ bROMW A2 1 tig mixture by standard
techni ques. -21 WO 0%/0 653 PCI/ USO1/t 66 ﬁcheme IV SYZI WY A2 ZI NC,

N,LGWI; z 4 ~f o~\ QWIAz Q Za Do. 1 O A N WSCD }-NH Base
YN, L~G U X NCN L -G XI NCN5 As shown i n Scherre IV, a route to conpounds
of for rrué al inwvh ISgl?eme hsdescnbes a method for preparing compounds of formula I
wherein an intermediate of formula II is treated with a phosgene like reagent of
formula Cl-E-Cl in the presence of a base, such as NaHCO,, to yield an intermediate
of formula V. The phosgene like intermediates of formula C1-E-Cl can be obtained
from commercially available sources or can readily be prepared by one skilled in the
10  art. Phosgene equivalents such as carbonyldiimidazoles may alternatively be
employed in this step, and elsewhere in these Schemes as appropriate, in place of Cl-
E-Cl. The intermediate of formula V can be reacted with an amine of formula H,N-L-
G in the presence of a base, such as diisopropylamine or triethylamine, with or
without a coupling reagent, such as DMAP, to give an intermediate of formula V1.
15  The amine intermediates of formula H,N-L-G can be obtained from commercially
available sources or can readily be prepared by one skilled in the art. The

intermediate of formula VI can be converted to a compound of formula VII by
heating with or without the presence of a base, such as DBU or triethylamine. A
compound of formula VII is a compound of formula I where M and M’ are each a
20  bond and E is C=Z,, SO,, P=OR? or P=OOR®. The individual antipodes of a
compound of formula VII can be obtained, for example, by use of the corresponding
individual antipodes of a compound of formula IT or by separation of the racemic
mixture by standard techniques. The individual o or B isomers of a compound of
formula VII can be obtained, for example, by separation of a resulting mixture by

25  standard techniques.
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C=Z2 and Z2 = N-CN, involves treatnment of an internediate of fornmula II
with a substituted cyano-thiourea of formula NC-NH C(S)-NHL-G in the

pr esence vod 0200698t er sol ubl e coupling reagent (WSCD), sSuchCEES01/19663

1- (3-di net hyl am nopr opyl ) - 3- et hyl carbodii m de hydrochl ori de, as descri bed
in Tetrahedron. Let. 30, 7313 (1989) 10 (incorporated herein by reference
inits entirety), to yield an internediate of fornula X The substituted
cyano-t hi oureas of formula NC NH C( Spelme IHG can be obtained from
commercially avail abl e sources or can readily be prepared by one skilled
inthe art. An internediate of formula X can be heated with or wthout the
presence of a base, such as DBU, to we conpound of fyornul,a X, which
is a 15 conpoqu\AoP ormJIa I vvhere lpmlon tocE bei \;ng N-CN M and
M are each a ‘pn fieni ndi¥Pdugl ofteNaLcogpbuhdof Nf”b‘FdTu| a X
can be obt ai ned, Hor exanpl e, by use oﬁ t he cocwuelmpondl ng i ndi'Vi dual

anti podes of a corrpound of formul a gr by sep&dedt i on of ot he racemc

m xture by standard techni ques. The |n(¥| vidual a or (3 is rs of a
conmpound of formula Xl can be obtained, for xarrlepar ation of a
resulting m xture by st andaer teghnl quws\‘\z Z\\D @065 PCT/ USO1/ 19663
Scheme V W A27-F a5 PIORS PIQORT —qT P-R-NNL GBase NYN~~G X1 Zz2 1V

z2 5 As illustrated in Schene V, a corrpoundEo “iformula X, which is a
conmpound of formula I in which Q=H, can ke converted to a corrpound of
formul a where Qis equal to substituents as defined herein other than H,

by treatfrent with a base such as LDA and an al kyl halide such as nethyl

i odi de, preferabl YSben?eﬁQhE{é’cﬁbes§Hﬁsﬂloﬂ%xt fé oM Al &f forflaT -
tenperatures (e.g., -78C) to yield a conpoun 10fo V, which is' a
conpound of Wﬁl@renuammtemmérate Mfoanuial!/l srsepanfied o dnoarvid afhﬁdnnﬂal\éllngzz The

exarp o. - by FHUBBIViha Pe FOTHORNHG PHAPDLB B 36 FOMeES DHFoMIEbiBIn of
formia xi1 a&'ine@fféx?xﬂﬁé?ltl‘xf%‘@%atah%né%‘b? biiplHztkalicitcDYor L ARARI AL { eChn! ques.

The individual a or donmers of a ¢ a h be obt ai ned,
f or exah@l edescribed in The Practice of Peptide Synthe51s, Springer-Verlag, 2™ Ed., Bodanszy,

Miklos, 1993 (incorporated herein by reference in its entirety), to yield an amide
intermediate of formula IX. The intermediate of formula IX can be heated, with or
without the presence of a base such as triethylamine, with a phosgene like reagent of
formula CI-E-Cl, to yield a compound of formula VII, which is a compound of

15  formula I where M and M’ are each a bond and E is C=Z,, SO,, P=OR? or P=OOR®.
The individual antipodes of a compound of formula VII can be obtained, for example

2

by use of the corresponding individual antipodes of a compound of formula IT or by

separation of the racemic mixture by standard techniques. The individual o or B
isomers of a compound of formula VII can be obtained, for example, by separation of

20  aresulting mixture by standard techniques.
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15 by use of the corresponding individual endo or exo isoners of a conpound
of fornmula X I or by separation of a resulting m xture by standard

t echni quewo otaspdunds of the forrmula XI1 may be obt ai nedPCT/oR01Eas3pl €, by
enpl oyi ng the procedure of Schene | wherein Q=H -23 WD 02/ 00653

PCT/ US01/ 19663 Schene VI P p OH\ \Scheme¥v> & --,0H Mdified Merrifield
Resin Z1 },rZ1 1QY IAQ~QZ1 SCH ~\p ~J- A2 W 2 1. BOC2OW A2 LOH
N/ Al\ WA1, NA - NBoc, H2 1IN NaCH BOG 11 XIIl XIV TFA Y I\ Q Z1QY
Z1 Y WAa NZ E A ~p-A Zz~-E-.CNO-A2 NGG ~~ N1 WHN-AL\W Zt u 2

IV Z2 XVI XV £2=S, O NH, NR6 /@ shown K\nQS eme VI, corrpouyquQof formul a |
can be synthesilze@ oy 5 neang of" acsotit pext route. ﬁg\ﬁs Zit he above
synt hetic rolte 0 o:——ﬁe——&yﬁbhe@'rrs of conbinatosi al™iybrari es of
conpounds of forfula | via, Y8F°exanple, Y-snandar Baee ocedur es)//(')\'f“L/aGutorrat ed
solid phase syntpesis. Treatment of axconpourgl of fornmulayl INwith a
protecting agent such as di-tertbutyl carBbnate, followed by hYdrolysis of
the ester group by treatnent. with a base, such as sodi um hydroxi de, 10
yields an internediate of forrmula XIl1I. The internediate of fornmula X II
can be 5attached tAs shosal indScheppdVi a raiecto casnpaundsiof foraulvdin ivhickl Bisr esi n,

by treatnent with a coupling reagent SL%Ch_aS 2, 5-di %PI orP-ﬁenghog/I chl ori de
in the pr eeToangiZ, ﬁny(aNﬂ@vo ves tréatment of an intermediate of formu W1

substituted cyano-thiourea of formula NC-NH-C(S)-NH-L-G, in the presence of a
water soluble coupling reagent (WSCD), such as 1-(3-dimethylaminopropyl)-3-
ethylcarbodiimide hydrochloride, as described in Tetrahedron. Let. 30, 7313 (1989)

10  (incorporated herein by reference in its entirety), to yield an intermediate of formula
X. The substituted cyano-thioureas of formula NC-NH-C(S)-NH-L-G can be
obtained from commercially available sources or can readily be prepared by one
skilled in the art. An intermediate of formula X can be heated with or without the
presence of a base, such as DBU, to yield a compound of formula XTI, which is a

15  compound of formula I where, in addition to E being C=N-CN, M and M' are each a
bond. The individual antipodes of a compound of formula XT can be obtained, for
example, by use of the corresponding individual antipodes of a compound of formula
II or by separation of the racemic mixture by standard techniques. The individual o
or B isomers of a compound of formula XI can be obtained, for example, by

20  separation of a resulting mixture by standard techniques.

-22 -



and DMF, to yield a solid support internediate of formula XlV. Renoval of
the protecting group can be achieved by treatnent with an acid, such as
trifluoroe@er/mwsis acid in DMF with sonication, to yield BCTOSpOMYNE Of
formula XV, which can be reacted with an internediate of fornula Z2
C=N-L-G to yield an internedi ate of Sdhepgwa XVl. The final product, 1V,
can be fornmed and liberated fromthe solid support by heating the
intermediate of formula XVI with or without a base, such as DBU. A
conpound of forrmula Nis conpound of forrmula I Where M and M are 20 each
a bond and E is C=Z2. The\ ndjvi dual anti podes oj\a gonpound of formula IV

can be obtained, for ex f §1 use of, the corwgsy i“ng i ndi vi dual
anti podes of a -24 WO 0210865  PET/ oHndGof formula Il or
by separation of the racenic)m Xfure byt andard technirques. The

indi vidual a or (3 isomerguofz a conpound of formuvaZ V can be obtained,
for exanple, by separation of a resulting mxture by standard techni ques.
-25 WD 02/ 00653 PCT/ USO1/ 19663 Schenme VII Z1 71 Z1 1 | QI\ QHO QG 1A
W A2 05 1. BOC2OAMIIAMRM ifisclmbly, BOGioWa ditordhe NIt DG 2. 117 X1 1|
XIVTEA Y O0Z O'AZEHNLAGL A2 C/BE\NCl (p ~p z 4A2 HG L~N..EI
Al- W Cl ~Ei NcgmhpanndbiXorvixViih whichl Q=E\candeonWried@o AZompoendAdrmaad,

P=0R2, P:CIR% . . .
where Q is equal to substituents as defined herein other than H, by treatment with a

N

base such as LDA and an alkyl halide such as methyl iodide, preferably in a solvent
such as tetrahydrofuran at low temperatures (e.g., -78°C) to yield a compound of

10  formula IV, which is'a compound of formula I where M’ and M are each a bond and
E is C=Z,. The individual antipodes of a compound of formula IV can be obtained,
for example, by use of the corresponding individual antipodes of a compound of
formula XTI or by separation of the racemic mixture by standard techniques. The
individual o or B isomers of a compound of formula IV can be obtained, for example,

15 by use of the corresponding individual endo or exo isomers of a compound of formula
XII or by separation of a resulting mixture by standard techniques. Compounds of
the formula XII may be obtained, for example, by employing the procedure of

Scheme I wherein Q=H.
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Al N E- N L--1 G VII Schene VII shows an alternate approach to the
synthesis of conpounds of 5 fornmula | on solid support. As described for
Schenme ViwOanoieéns er redi ate of fornmula XV can readily be BgMIk@siogasd. The
internediate of forrmula XV can be treated, with or w thout the presence of
a base such as triethyl ami ne or NaHScBamei¥lh a phosgene |ike reagent of
formula A-E-d, to yield an_internediate of formila 1. The.internedi ate

of formula XVI1 can be react@L@)QO m neqof fornmuld H2ZN-L-Gin 10 the
presence of a base, such as| dii :m>®\9‘?H i t hout a coupling

reagent, such as 4-di net hyl amRaedptdtitede, to give anli nternedi ate of

formula XVIIlI. The final p | | iberated fromthe
solid support by heating the internmediate of formula XVlL]|I W|t2hcn)|¥ wi t hout
a base, such asﬁu A conpound of orgnga VII @\O%OBO mul a |
where M andw £ach d. bot® andwE|4 >@£§?\g, The

i ndi vi dual arftispodes of ) &%gﬁnd o ormJ a VIl can be ob?%ﬁ ned for
exanmpl e, by use of the cdrrespondi ng i ndbwi dual anti podes of a conpound of
formula Il or by separation of the ra#lenic mixture by standard X¥e T‘ﬁques.
The individual a or (3 isoners of a conpound of formula VIl can be

obt ai ned, for exanple, by separation of a resulting m xture by sta dard

t echni ques. -26 0z/ 00653 PCT/ USQ1/ 196 GQ YSchene VI | I Y Q Zl \z: G Y Q
Z1 Y W . AZ~ O-WCI “W A2 A2 0-- A222@:=A||- 5

E-Cl V E— NH VI 25{/ GG “A TV 0O QZ1 AH A‘\’w h2PCX]\IH—

Base WI 2 ql'N N 0~‘-—A1NHEC-2?L/ ,POCRZE—NAEH

XXIII L XXIl GL G%w

Z,=S, 0, NH, NRG

As shown in Scheme VI, compounds of formula I can be synthesized by
5  means of a solid support route. As such, the above synthetic route allows for the
synthesis of combinatorial libraries of compounds of formula 1 via, for example,
standard procedures of automated solid phase synthesis. Treatment of a compound of
formula I with a protecting agent such as di-fertbutylcarbonate, followed by
hydrolysis of the ester group by treatment with a base, such as sodium hydroxide,
10  yields an intermediate of formula XIXI. The intermediate of formula XTII can be
attached to a solid support, such as a modified Merrifield resin, by treatment with a
coupling reagent such as 2,6-dichloro-benzoyl chloride in the presence of pyridine .
and DMF, to yield a solid support intermediate of formula XIV. Removal of the
protecting group can be achieved by treatment with an acid, such as trifluoroacetic
15  acid in DMF with sonication, to yield a compound of formula XV, which can be
reacted with an intermediate of formula Z,=C=N-L-G, to yield an intermediate of
formula XVI. The final product, IV, can be formed and liberated from the solid
support by heating the intermediate of formula XVI with or without a base, such as
DBU. A compound of formula IV is a compound of formula I where M' and M are
20  each abond and E is C=Z,. The individual antipodes of a compound of formula TV

can be obtained, for example, by use of the corresponding individual antipodes of a
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As described in Schenme I, an internediate of forrmula VI can be readily
synt hesi zed. As shown in Schene VIII, treatnent of an internedi ate of
formul a WO ombaeh3 a substituted O di phenyl phosphi nyl hydr oxpCaEBoI£19663 f or mul a
Ph2POONH R10, and potassium hydri de as described in Synthesis, 7, 592
(1982) and cbeigoahédf tormiudt IT,or b9 séfhratioh/of thd 8f8hid dditireibyaemdardat ed herei n
by reference in their entirety), yields an internediate of formula XXII.
The i nt er medétatiguesf The individusi or [k ssomizes diatamaponind lof faymuld Focantbea base,
such as triethyl amne, t i eld a, conpound,.of formyla 1), . whichis a
conpound of(ﬁ?@%ﬁﬁ {P%r q’anPg‘F’ éy pFRagatip r?oF,eS‘ﬂ/fmg @NR'%W&%%}%EI 4 techmigues. gop
P=CR2 or P=00OR2. The individual antipodes of a conpound of fornula XXII
can 15 be obtained, for exanple, by use of the correspondi ng individual

anti podes of a conmpound of formula Il or by separation of the racemc
m xture by standard techniques. The individual a or (3 isomers of a
conpound of fornmula XXIIl can be obtained, for exanple, by separation of a

resulting m xture by standard techniques. -27 WO 02/ 00653 PCT/ US01/ 19663
Schenme I X 4~A2 Z1 OZ1 KHY RZ1 G WA "OH H2N-LS W A2N L. 1.
Ph2POONH R1I0 WA2 Al NHA N NBOC Coupling , BOC 2. H' \ 1,H NHR10
X1111 Agent XXIV XXV Q Z1 W | A2, // Gd- E-A AL'N/ ~NEN RL XXV
5 As described in Schenme VI, an internediate of fornmula XlIl can be readily
synt hesi zed. As shown in Schenme I X, the acid internediate of formula Xl II
can be coupled to an am ne of fornmula H2ZN-L-G via use of a variety of
coupling reagents, as described in Schene Ill, to yield an am de
intermediate of formula XXIV. Treatnent of the internediate of formula
XXI'V with potassium hydride and a substituted 0 10

di phenyl phosphi nyl hydr oxyl am ne of fornula Ph2POONH- R10, as described in
Schene VIII, followed by renoval of the BOC protecting group by treatnent
with an acid, such as trifluoroacetic acid, yields an internediate of
formul a XXV. The
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internediate of fornmula XXV can be treated with a phosgene |ike reagent of
formula d-E-C, to yield an internediate which can be heated with or

wi t hout av@amensssuch as 15 triethylamne, to yield a conppOongsalio6a mul a
XXVI, which is a conpound of formula | where M is a bond, Mis NR1O and E
is C=Z22, SO2, P=OWor P=00R2. The iSulemiedwHl anti podes of a conpound of
formul a XXVI can be obtained, for exanple, by use of the corresponding

i ndi vidual antipodges of a conpound of forgula X Il or by separg@gtadn of the
racemc m xt gk\p Cb! %dzef standar% echni uek\ﬁ.;i\'/r%g indi!:uﬂ“ ao snmer s of
a conpound B'f\Af f é\X&ZI'_eéﬁ_b.e g&gﬁ edpnf or_exanpl e, by sepgrawign of
a resulting nmixfure by staandrsah t echni®ues. -28 WO 02/ 00653 PeI7 UR01/ 19663
Scheme X W- | A2 Q Z10H H2N- LAG W A2 %ék}og 1) TMs-C. WI A2 Q1L A, d
Al, PU(NN G~A, YN G Coupling H MGOs( ) 1 HI X1111 BOC Agen FA/ BOC
2) HO/EtOHH Y XXVIlI Q.Z, A2-Li /| \ CISESCI A _NNLEOGXXVIII 5

As described in Schene I X, an internediatg on formul a XXV can beY readily

synt hesi zed /2As~shgWa | n Schene X, eat fen® Jof an jmt er pedi at efofa ¥ or mul a
XXI'V with aosu' |e¢d&ﬂh&%§7§ \ ymﬁ_deﬁm@ﬁofﬁe;ub
TMS-C  fol | guef| bw“MpO%(DVF) 2 as desggibed-4-rwd. Org. Chem, 54,8852
(1989) and J.Kr¢E° Chem, 59, 8065 (19@4) (both incorporated herein by
reference in their eMWrety), and 10 for dePfotection of a BOC grup, such

as ethanol saturated with Agas, re§ults in the generation of a

hydr oxyl am de i nternedi ate of mul a \XXVbI .. The intermediate of fornula
XXVI| can be treated with a phosgenevtifk genk =aEzf so,npHor?,Gkodr2Cl , to
yield a conpound of formula XXVIII, W0 ks @ conpound of formula I where
Mis 0O, M is a bond, and E is C=Z2, SOX P£OR2 or P=00R2. The i ndi vi dual
anti podes of 15 a conmpound of fornula XXWI Il can be obtained, for exanple,

by use of the correspondi ng individual antipodes of a conpound of formula

XIT1 or by separat $&8itme VII shows an alternate approach to the synthesis of compounds of

5  formulaI on solid support. As described for Scheme VI, an intermediate of formula
XYV can readily be synthesized. The intermediate of formula XV can be treated, with
or without the presence of a base such as triethylamine or NaHCO,, with a phosgene
like reagent of formula CI-E-Cl, to yield an intermediate of formula XVII. The
intermediate of formula XVII can be reacted with an amine of formula H,N-L-G in

10  the presence of a base, such as diisopropylamine, with or without a coupling reagent,
such as 4-dimethylamino pyridine, to give an intermediate of formula XVIIL. The
final product VII can be formed and liberated from the solid support by heating the
intermediate of formula XVIII with or without a base, such as DBU. A compound of
formula VII is a compound of formula I where M and M’ are each a bond and E is

15 C=Z,, SO,, P=OR’ or P=OOR’. The individual antipodes of a compound of formula
V1I can be obtained, for example, by use of the corresponding individual antipodes of

a compound of formula II or by separation of the racemic mixture by standard

techniques. The individual o or 3 isomers of a compound of formula VII can be

obtained, for example, by separation of a resulting mixture by standard techniques.
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of the racemc mxture by standard techniques. The individual a or (3

isonmers of a conpound of forrmula XXVII1 can be obtained, for exanple, by
separ at i omoot/0ms3 resul ting m xture by standard techni quesPCROSI1206630

02/ 00653 PCT/ USO01/ 19663 Schenme XI Y Z, Il _ 1Y WIA2 1 Oer I\ QZI NH2
CEC --N, ,,0 1 HWAZ4A0~ AWLA2 ZI - - - - LEN--->1_ N GG

E-NH Base "EN, G XXXIl VI L -GVII E = C=Z2, SO, P=0R2, P=00R2 As shown in
Scheme X, treatnment of an internediS¢henwfVHbr nula H2N-L-G 5 with a
phosgene |ike reagent of fornula Cl-E-Cl as described in Qopi. Briefs 17,
235 (1985), results in an internediate of fornula XXXII. The internediate
of formul a WII can be reacted wth anintermedlate of faqrmul Il to

yield an inter daz ‘e of fogmula VI descri bed i neSchenyg Rl
i nt er medi at e Wgfl® Fa_ Vi ClcanClrean\A\A o/hnven{zred/to atsy ﬁﬁé‘ereﬁxate of

formula VI, whigh is a conmpound of fo‘i‘\rrula | where 10 Mand‘NM are each a
bond and E is C=22, 'scp, P=OR2 or P=OORZC The individual antEFpoed of a
conmpound of forrrula VI1 can be obtained, for exanple, e of t‘h@

correspondi ng i ndi Y\A d@%& ant i podes of CQ ound of HIbd S0 or
separation of tHs, C M Xt Wats byN\st‘* d~ echni ques The i nd| VI dual a
or (3 isomers of a ¥ onmpb&nd-ef—formul & c.an be Eﬁﬁﬁmﬁ@dP—QRﬁr%@Q&’rrpl e,
by use of the corr)g(ﬁp'i) ing 15 i Adi vi IEemd'ES“Br exo i somers of a conpound
of formula Il or by separation of a resultlnggmxture by standard

techni ques. -30 WD 02/00653 PCT/ US01/ 19663 Schene XIl I\ QzZy I\ QzZy GY
Qzy WeSA2 NaOH W . A2~ HONV W A2

As described in Scheme I, an intermediate of formula VI can be readily
synthesized. As shown in Scheme VIII, treatment of an intermediate of formula VI
with a substituted O-diphenylphosphinylhydroxylamine of formula Ph,POONH-R",
and potassium hydride as described in Synthesis, 7, 592 (1982) and Tetrahedron Let.,
10 29, 1777 (1988) (both incorporated herein by reference in their entirety), yields an
intermediate of formula XXII. The intermediate of formula XXII can be heated with
or without a base, such as triethylamine, to yield a compound of formula XXIII,
which is a compound of formula I where M is a bond, M’ is NR' and E is C=Z,, SO,,
P=OR’ or P=OOR’. The individual antipodes of a compound of formula XXIII can
15 be obtained, for example, by use of the corresponding individual antipodes of a

compound of formula II or by separation of the racemic mixture by standard

techniques. The individual o or B isomers of a compound of formula XXIII can be

obtained, for example, by separation of a resulting mixture by standard techniques.
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Al- A- OHAy, G HHCoupling HH Il Agent VII1 IX QY W-I\ 2y I\ Q2Zy

1O A/ Z base W-- A2 L 71 ~A\AYy +H GRH H>RN\L/G'~H XXXV R7
XXXI'I'l 5waodewssi bed in Schene 11, a conpound of fornul BCT/XS@iznv663eadi | y
be made by the process described. As illustrated in Scheme Xl I, treatnent

of a conpound of fornmula I X, with arscgkﬂ,@hxde reagent of fornula R7CHO
whi ch can be obtained fromconmmercial sources or readily synthesized by
one skilled in the art, vyields an inine internediate of formula XXXl II.

Treatment of the i ntermediate of 10 formula XXXI'l'l, with a base such as
DBU, results i \an hpound of for aq [V, whi c;m s a carrpougd

formula | Wnéff’e uM @ﬁe ach/v X?&Rmn\d E brgpodidide \Jt \g#/@ vudual
anti podes of a ém;rpoun Y be—obtairert, | e,
use of the corresp#¥idi ng ¢ dlnvl dual abod podes %ot a corrpound NeRtul a II

or by separatioiWof the ra Mic mi % e by standard techm)@fues. The 15

i ndividual a or Risonmers of a conpound of, formula XXXV c be obtai ned by
separation of a resulting m xture by stanqgr dat Bchni ques<e-31 WD 02/ 00653
PCT/ US01/ 19663 Schenme Xl I1 A2 Z1 Y i Q & n@'y Nickel W, Al
VAI-NVN, G NG ZZ Z2=S HH Iv XXXV As descri“bedNTLn Scherme | a conpound of

formula IV, where ZZ S, can Rm XXvi

5 As described in Scheme VI, an intermediate of formula XIII can be readily
synthesized. As shown in Scheme IX, the acid intermediate of formula XIII can be
coupled to an amine of formula H,N-L-G via use of a variety of coupling reagents, as
described in Scheme II1, to yield an amide intermediate of formula XXIV. Treatment
of the intermediate of formula XXIV with potassium hydride and a substituted O-

10  diphenylphosphinylhydroxylamine of formula Ph,POONH-R', as described in
Scheme VIII, followed by removal of the BOC protecting group by treatment with an
acid, such as trifluoroacetic acid, yields an intermediate of formula XXV. The
intermediate of formula XXV can be treated with a phosgene like reagent of formula
CI-E-Cl, to yield an intermediate which can be heated with or without a base, such as

15 triethylamine, to yield a compound of formula XXVI, which is a compound of
formula I where M’ is a bond, M is NR'®and E is C=Z,, SO,, P=OR? or P=OOR?. The
individual antipodes of a compound of formula XX VI can be obtained, for example,
by use of the corresponding individual antipodes of a compound of formula XIII or
by separation of the racemic mixture by standard techniques. The individual o or B

20  isomers of a compound of formula XXVI can be obtained, for example, by separation

of a resulting mixture by standard techniques.

-28 -



readily be made by the process described. As illustrated in Schene X I1,
treatnent of 5 a conmpound of fornula IV, where Z2=S, with an agent capable
of reductw@et/goesel i mi nating sul fur, such as Raney ni ckel , PgT/@keis19663conpound
of formula XXXV, which is a conmpound of formula I, where Mand M are each
a bond and E is CH2. The individual Qiehpogdes of a conpound of fornula
XXXV can be obtained, for exanple, by use of the correspondi ng individual

anti podes of a conpound of fornmula 10 Il or by separation of the racenmc
m xture by stanQard techni ques. The individual a or (3 isoners of a
conpound of fornula can bg obtalned By separation of Ya rasulting

m xture by st ar ghni ges’. - 3% 0,(1@531)IP,§3'_&J80M-]‘>9 Scheme X1V

Y Y G\ QI MWA2 0~ NagH W 2 SHVHNIV SV ARlodlome),1- NHH G AB-NH A H
Coupling it Agent 8801 X ARAD X2 1 WobA2 ‘0 “NRF' R N G<

R7 R7' XXXVl 5 Mthene X1V descri bes®® ngt hod ngéE:;;ZLLHg X¥Wpounds of
£

formula | wherein an internediate of fopulkazil (where Z, is 0) is

saponified to an acid of fornula VIl Iw’ék t meneW £h afbase, such as
sodi um hydroxi de. The acid can then by cdlpl é'd’L\go an amine of formla
H2N-L-G via a variety of coupling reagents, or e%u'ﬂal e, as described in
The Practice of Peptide Synthesis, Springer-Verlag, 2na Ed., 10 Bodanszy,
M Kkl os, %993 (i ncorporated herein bi/Xref'erence, inits entirety), to yield
an As described 1n Scheme IX, an intermediate of formula XXIV c¢an be
readily synthesized. As shown in Scheme X, treatment of an intermediate of formula
XXIV with agents suitable for forming a hydroxylamide moiety, such as TMS-Cl
followed by MoOy(DMF), as described in J. Org. Chem., 54, 5852 (1989) and J. Org.
Chem., 59, 8065 (1994) (both incorporated herein by reference in their entirety), and
10  for deprotection of a BOC group, such as ethanol saturated with HCI gas, results in
the generation of a hydroxylamide intermediate of formula XXVII. The intermediate
of formula XXVII can be treated with a phosgene like reagent of formula CI-E-Cl, to
yield a compound of formula XXVIII, which is a compound of formula I where M is
O, M' is a bond, and E is C=Z,, SO,, P=OR” or P=OOR?. The individual antipodes of
15 acompound of formula XXVIII can be obtained, for example, by use of the
corresponding individual antipodes of a compound of formula XIII or by separation
of the racemic mixture by standard techniques. The individual o or B isomers of a

compound of formula XXVIII can be obtained, for example, by separation of a

resulting mixture by standard techniques.
20
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amde internediate of fornmula I X. The internediate of fornula | X can be
treated with a reagent of formula RR'-C X1X2 (where X and X2 are

i ndependavobyods3 Br, C, or |, or X and X2 are taken toperT/sel/mbe3ng W th
the carbon to which they are attached to formC=0, to yield a conpound of
formula XXXVI, which is a corrpoundvégéltg O)%ﬁrrrula | where Z, is O, Mand M
are bonds and Eis CR R'" (such as R7 and R7' is H C, -, alkyl
or C, 4hal oal kyl and the other is R g‘,zO)" When the intermediate of formula

RR'-CX1X2 is a ketone (X anol,\,_ﬂﬁ&’2 takntQ ether with tke attached
carbon to form C=Q, ami neg of f of il a° Apg _lcondensed \MA tRese
i nt er medi atfeNHearﬂon;ﬂ’,cor{p@unﬂs, f of exany) \A1_|N H’ﬂreséeng Q SOdI um

hydroxi de ¢ n water at a gerrpEerature bet ween 0C g 25C ussaig t he “g-N
procedures described by D, A Johnson et. al. g. Chem 31, 897 (1966)
and Uozunmi et. al., Tetr&®dron Letters, 42 4(Yl7 4L1(5’(2001) (Sé'é Schene
XI'l above for when the inter ek etz sof, Pf-QRzmﬂOaRR7R' -C-X1X2 is an

al dehyde). Wien the internediate of formula R7TR7" -C- X1X2 is a dihalide
(X1 and X2 are hal ogens), the 25 condensation can be conducted, for
exanple, in the pk %ﬁg@mnoﬁchamgagetrwmn@tazfuangntpﬁ@edlatsgf ooy B653C

PCT/ US@1/ 2
Prefer (r‘%ed ]\gﬁh p h((gfn éﬁé} lﬁ? rea%uqtg%qg?nﬁ;a%]@%lﬁ 5?021%§€H§/P2 B %ﬁ‘ﬁ‘fg 1t?o?%sacet ate
and et hyl (hogsmeisulisal appedaeiatdorronhas XAV TROItrRRERE dMeimde al kal i

salts of carbonate, such as potassium sodiumand lithium and hydride
bases sucmmmwwqd with anfxigrmediate of formaia 1150 yisld emingerinadiatedd et her s

h di th f d di h t hyl
Soetate: it L destahdRr S hebs TG An Ao SR E fogmier T e gy 1« he
cyclizati afynoériaBRAYRLEniath OF ?ﬂﬁrﬁlla! ‘%IIaWﬂldﬁ iRa’ coﬁg&ﬁ@o%ﬂnﬂﬁ‘i%ﬁﬁ% at room

tenperature, the reaction is preferably pertorned heat1 ng above room

t enperid@t urid.and it egdsa baldaidytiz - 0S®L PeRS o@TP=‘UUmiU1rae RdRidudt- X' X2 can
be prepared by known 10 nethods and nmany are commercially avail able. For

exanmpl e, SEEPREGSEH 2 cympAavéﬁE@amu@‘QHm benbigineds fpr egamapledby, usgoiithew | ey:
comver si or B R Pl S D R o Ty e e e

conversion O
anal ogous @ &Q&?@mﬁy&&&% A%@éélﬂﬁ Phe rﬁxﬁééal B M6 Q) 40,

WO 9910313, WO 0910312 ar?) TP 46016080 and the 1b refer encelgs t%%er ein. The
i ndi vi dual comp:dundbf fmnmﬁrﬁlbdandaem&)tqnmdnﬂvr@kaxﬁp]re;my aseOfM corfeapaalikgrown as

anti podes). can,  be optai ne for use of the correspondin
P 1%6 )1n81v1dua endo or exo?somers 0 acompound o¥ formula IT or by separatlonpof a J

p.

resulting mixture by standard techniques.
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i ndi vi dual antipodes of a conmpound of fornmula Il or by separation of the
racemc mxture by standard techniques. The individual a or Risoners of a
conpound vod 02/6@63rul a XXXVI can be isolated fromthe resul PCVgSow/ebasr e, for
exanpl e, by standard 20 techniques. -34 WO 02/ 00653 PCT/ US01/ 19663 Schene
XVYQ WAZGW A2~ a [-N\g~_N GdiemieXTNIN, L~ XXXVII R7 R' R7 Ot G
XXXVI'll  R7= R-, COOR, CONRLR', CI, F, Br, I, CN, OR, RIC=O SO20R1, or
SO2NR R' As shown in Schene XV, conpounds of forrmula |I where Z, is 0, Mand
5 M are bonds gnd E is CRR can be repared by transform ng t he

i m dazol i nones a{f af pr mul a XXVI | \esd of for I’T'H| a lol i s

hydr ol yzed, fd\r\ o tWFOHSOdI\Nﬁ\ deHZNnLa sof Aémf/ggeh\Gas

nmet hanol or et hahg at about 0C 1o 50C n cohNespUndl ng
carboxylic acid he acid can be converF{ ed to th@gentcorrespondl ng ester
(R7' = COOR) or anl q,e (R'=CONR R ') ofV orrrula XXXVI 1T by treatment with
t hi onyl chloride or\\ oxgl yl chloride to Zihe acid c ride foll owed by

treatment with thelé i ate talse:ohod, - Qf_a HNR R ',
respectively. Tr et t_Ofg fhe acid chhg i dei wia pr oduces t he
unsubstituted am de, /CO\IHZa whi ch ca?)—lae dehydrat ed such as by

conventi onal nethods to fxoxwmthe nitril & WgeeaeN. 15 Alternatively,
esterification of the carboxlic acid can be achieved by reacting the acid
with an appropriate alkyl halide in the presence of a base such as

o o 7 corbonat Ay el ANE Ul it Larmgh e [0
COX' ). Themads biethefprocssp deseebedON illus’(rﬂ'ed i SERRXIT) tretMBntad 30 be Obt ai ned

compound of formula IX, with an aldehyde reagent of formula R’7CHO, which can be

obtained from commercial sources or readily synthesized by one skilled in the art,

yields an imine intermediate of formula XXXIII; Treatment of the intermediate of

10  formula XXXTII, with a base such as DBU, results in a compound of formula

XXXIV, which is a compound of formula I where M and M’ are each a bond and E is

CHR'. The individual antipodes of a compound of formula XXXIV can be obtained,

for example, by use of the corresponding individual antipodes of a compound of

formula II or by separation of the racemic mixture by standard techniques. The

15  individual a or B isomers of a compound of formula XXXIV can be obtained by

separation of a resulting mixture by standard techniques.
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20 by 1, 3-di cycl ohexyl carbodii m de (DCC) coupling between the carboxylic
acid and the appropriate amne HNR R'. The DCC coupling procedure is
descri beavdy2/0mBszlanszky, M and Bodanszky, A; in Practi cePof/URepbese
Synthesis, Vol. 21; Springer-Verlag, New York: (1984). Reduction of the
carboxylic acid or ester with a redumkﬁgyﬁg@nt such as 25 al um num hydri de
in solvent such as tetrahydrofuran for exarrp at 0C to 80C .produces the
correspondi ng al cohol, a\conpound of fornula vvherel n R' CH20OH.
-35 WO 02/ 00653 PCT/ US@;LY&%@%% Tr gahdydkelof t with an R13-halide
(where R13 is al kyl (e. 4, Cl-C6 subé\h u edGaI kyl ; al kenyl

(e.g., C -C6 alkenyl) or sujp@tvt%t ed aI kenyl cycl (e.q.

C3- CchcI oal kyl) or substi tat eq cycl o 2k ; heter&c%lm{,kyl or

substituted heterocycl oal kyl ; aryl or substituted aryl % §3E substituted
by alkyl and 5 adddsofiaid isSolséme Uenbmppumbokfonnylely, wherehssi ¢ait ed

het erocycl o

e ion a2
base SUEN, 45 AL SRR DAY e S b gy s

acetonitril; conpod wherein R7 CH20R13.

10 O her eh%ﬁﬁﬁﬂgfslﬁ‘lﬂu@ REcIAESER @y Rickel, 3idldbh eompmmdtdﬁéor@maqu«f‘éup of the
conmpounds of for a XXXVI1 using functional group transformations, such as

t hose knownwliyh dnma&kpddnd@ffommﬂml,amhere Ms@nd/lm az/eades Bomomd K51 Ho 663
Scheme XVI Z1 T zl g}?g OB IA d L % bqb%e(f\’for Ei N Al
\E---N e)én%ﬁ’l@‘ahéll‘f € Ia‘EPé%@r“i“S T I’ncor porati ng

addi ti onal example, by use of the corresponding individual antipodes of a compound of formula

10  TI or by separation of the racemic mixture by standard techniques. The individual o
or B isomers of a compound of formula XXXV can be obtained by separation of a

resulting mixture by standard techniques.
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substitution onto a conpound of forrmula I. As illustrated in Schene XVlI, a
conpound of fornmula XXXI X, which can be prepared in accordance wth the
above Sohenweisszan be i ncubated in the presence of a suiP@blUsOEN&sNE OF
m croorganism resulting in the formati on of a hydroxyl ated anal og of
formula XL. Such a process 10 can beSe¢hepled¥EW to yiel d regiospecific as
wel | as enantiospecific incorporation of a hydroxyl group into a nolecul e
of formula XXXI X by a specific mcroorganismor by a series of different
m croor gani sms. Such _m croor gani sns can, for exanple, be, bacterial, yeast
or fungal in nat{yre? and can be obtai ngd &rppm di striut or shsuehy as ATCC or
i dentified forV{sé imghis médiod swuch? ¥y Metifieds kn@gi™? ~skil'l ed
in 15 the art. iound XL 1s a conpolng of f OT@Hlpmg! TWher'aNHy its as

descri bed above :f}nd A, and A2 are preferably CRagen87 WO 02/ 00653

PCT/ USO1/ 19663 Scheme XVI1 Z1 Y ZI' Y YWILNM AZ GL\NM OH E/A -~O
Mcrobe MiNAl ~~-NE OH XLI XLII 5 Sch&re XVI| describeS anot her approach
to incorporating additional substitutigfaantfooa c ount of fornmula I. As
illustrated in Scheme XVI1, a conpound f-\f of mul & XLl , emfibgh can be
prepared in accordance with the above Sch;a,hg&r@an be incubated in the
presence of a suitable enzynme or m croor 8ni &M resul ti ng in the formation
of a diol analog of fornula XLII. Such fﬂ"ocess can be 10 enployed to
yield regiospecific as well as enantiospecific transformation of a
conpound_of fornmula XLI to.a 1-2 diol of fornmula XLII by a specific

mi croor g&ni sm or bychenaeXi¥desnribgs p pegthost forprepaingeompawids ofjfonmula I

m cr oor gani > . i al ~» yeast .or, fungal, in nature
and can be 3\@?&@&%&1@%@@5@%%@? g% ‘%fsféurg ?1 6%SO)A’% ¢ 0_61319?%18 _r"f‘fl?“ﬂde for use
in this metiathwaVilas teestmi@i hadsa Bdsekarnas kedianeyaloxides Aecid @ndhdn
Compound XLII1 is a conmpound of fornula | where Y is as described above and

Al and A2 ab¥ cpred ol gmigrof fyeuls Hehddt-Givi e metiesy ohtaplipg oedgdats, fohe
met hods  of %%th&%,s as described in The Practice of Peptide Synthesis, Springer-Verlag, 2™ Ed.,

10 Bodanszy, Miklos, 1993 (incorporated herein by reference in its entirety), to yield an
amide intermediate of formula IX. The intermediate of formula IX can be treated
with a reagent of formula R'R”-C-X"'X?> (where X' and X* are independently F, Br, Cl,
or I, or X' and X are taken together along with the carbon to which they are attached
to form C=0), to yield a compound of formula XXXVI, which is a compound of

15  formula I where Z, is O, M and M' are bonds and E is CR'R” (such as where one of
R’ and R is H, C,alkyl or C,_haloalkyl and the other is R'OC=0).

When the intermediate of formula R’R”-C-X'X? is a ketone (X' and X? are
taken together with the attached carbon to form C=0), amines of formula IX can be
condensed with these intermediate carbonyl compounds, for example, in the presence

20  of sodium hydroxide in water at a temperature between 0°C and 25°C using the
procedures described by D. A. Johnson et. al., J. Org. Chem. 31, 897 (1966) and
Uozumi et. al., Tetrahedron Letters, 42 407-410 (2001). (See Scheme XII above for
when the intermediate of formula R’R”-C-X'X? is an aldehyde). When the
intermediate of formula R'R”-C-X'X? is a dihalide (X! and X? are halogens), the

25  condensation can be conducted, for example, in the presence of a base by heating the
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XVl and XVI1. Thus, in one enbodi nent, the present invention provides a
nmet hod for 20 preparation of a conpound of the follow ng forrmula XL, or
salt themeob2/00653L M GN A2 OH ZJA'1 E NXL -38 WO 02/ 006BGT/BSIi/19&631/ 19663
where the synbols are as defined herein, conprising the steps of contacting

a conpound gfixfuReof 1K ARVRTY @Xl?@ h@aﬁ(@éh&olﬂﬁt Befelrell Qﬁ{aﬁﬁés %i%t)rnYulaG- M Q
A, E NXXXIX 5 where the synbols are as defined above; an enzyme or

m croor gani RﬁRbﬁprtﬁr@%thglib@hwﬂhﬁﬂ)ab&@te%dreﬁMbﬁirﬁdMﬂﬁfro&éé‘téﬂe conpound
XXXI X to formsaid conpound XL, and effecting said hydroxylation. 10 In

anot her pre’ﬁéﬁmebs efstableehases inplude alkel salts oficerhonatn, e ge@ssumpt Eod ]1:05{
t . d foll faormula, XLl salt thereo

PN G o e R TR i e g heh e o e T ARG her ei

conpri simg %&%ﬁg BRI cRPObRR Gﬂatﬁ’yl%ﬁ{éﬁqylﬁ%yﬂfofﬁﬂﬁ ah@ WO Sstefl by @ XL,

or salt thereof
as ethyl acetate; amides such as dimethylformamide; and acetonitrile. Although the

cyclization of compounds of formula IX and R’R”-C-X'X? can proceed at room
temperature, the reaction is preferably performed by heating above room temperature.
Dihalides, aldehydes and ketones of formula R'R7-C-X'X? can be prepared by known

10  methods and many are commercially available. For example, see March, J. ddvanced
Organic Chemistry; 3" ed., John Wiley: New York, 1985. Other synthetic routes
which can be employed for the conversion of compounds of formula IX to
compounds of formula XXXVI are analogoué to those found in WO-9414817, US-
5,643,855, WO-0107440, WO-9910313, WO-9910312 and JP-46016990 and the

15 references therein. The individual optical isomers of a compound of formula XXXVI
(also known as antipodes) can be obtained, for example, by use of the corresponding
individual antipodes of a compound of formula II or by separation of the racemic
mixture by standard techniques. The individual o or B isomers of a compound of

formula XXXVI can be isolated from the resulting mixture, for example, by standard
20  techniques.
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20 ZT Y L~ ME4 GNA2 AENO XLI -39 W 02/00653 PCT/US01/ 19663 where
the synbols are as defined above; wth an enzyne or m croorgani sm capabl e
of cat al ywdngoteh® openi ng of the epoxide ring of conpounBCRUBO®6630r mt he
di ol of said conmpound XLII, and effecting said ring opening and di ol
formation. 5 All stereo configurati divheme XYie unspecified chiral centers of
the conpounds of the formulae XXXI X, XL, XLI, and XLIl are contenplated in
the nethods of the present invention, either alone (that is, substantially
free of other stereoisongrs) or in admxture wth other stereoisoneric
forms. Conversion of one ﬁAsoﬁeb sel ectively (gik\g. ,ahydroxylation of the
exo isoner preferentialiS :t ydr oxyl ati on of Wt\ﬁ'ﬁ2 0 10 isoner) when

contacting an isoneric m'oxf‘l 8. L& a—preferred enbBdiment of the invention.
Conversion to one isow Hﬁ’lgg@tl vely (e.g., hydroxylation on the exo face
"exo isomer" preferentiallgetto the endo face "endo I sofRfVil or

regi osel ective opening of grangepest deoNrIR", 6F FeRMlcK, ele of two possible

regi oi somers of a trans diol) riGogsoprEb@0,edrEMDOdi ment of the invention.
Hydroxyl ati on of an achiral internediate to 15 forma single optical isomer
of the hydroxyl at efs prayvduin Schems| XV, conpposnds @ﬁ@nn@l@ﬂomqm%t is§d, Mpad

i i qn. lLut i . ' ' i di. .b I i
nyclr oxy i | BhasgPndnmd §é TR Gha e arEb GraR R pPhe e EbBighee i o one
of the two RRSSiLkLVAR! ThAkstdSATBRsulh OBPN 8 hpirehyerd oo exhgé Faat of the

invention. The term"resolution” as used herein Jgnot es partial, as well

as, prefer abddium G9aRixaictn ad01veatalchtak erethahbkortethiaimg] dteboynefd to SPCtess"” or
"enzymatic method”, as used herein, denote a process or method of the

present i nv_emv;i'cl@ﬁh@ﬂ?ﬂ@yﬂwgn&ﬁarbﬂ?zx}iﬁea@~ Thei astbeandariognertefe theer m
Y9 Oy o Ot 26882 B A IS g Rt by oup

10  treatment with thionyl chloride or oxalyl chloride to form the acid chloride followed

by treatment with the appropriate alcohol R'-OH or amine H-NR'R", respectively.

Treatment of the acid chion'de with ammonia produces the unsubstituted
amide, R"= CONH,, which can be dehydrated such as by conventional methods to
form the nitrile, R” = CN.

15 Alternatively, esterification of the carboxlic acid can be achieved by
reacting the acid with an appropriate alkyl halide in the presence of a base such as
potassium carbonate in an inert solvent such as dimethylformamide, for example, at
about 0°C to 60°C to give the ester of formula XXXVIII (R” = COOR).

The amide of compound XXXVIII (R” = CONR'R"), can also be obtained

20 by 1,3-dicyclohexylcarbodiimide (DCC) coupling between the carboxylic acid and the
appropriate amine H-NR'R". The DCC coupling procedure is described by
Bodanszky, M. and Bodanszky, A; in Practice of Peptide Synthesis, Vol. 21;
Springer-Verlag, New York: (1984).

Reduction of the carboxylic acid or ester with a reducing agent such as

25  aluminum hydride in solvent such as tetrahydrofuran, for example, at 0°C to 80°C

produces the corresponding alcohol, a compound of formula XXXV wherein R"=

CH,OH.
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25 achi eved, for exanple, by contact with nol ecul ar oxygen according to the
nmet hods of the present invention. Diol formation can be achieved, for
exanpl e, g opawsact with water according to the nmethods PETAURE/Pr@sent
i nvention. Use of "an enzyme or mcroorganism in the present nethods

i ncl udes use of tWhre@fmeé@betheascold] ithan R *-BAIME (RheRITY IEaIRY1 (BkCORT,gani sm
30 The enzyne or m croorgani smenployed in the present invention can be

any enzyne 8Kyhrorsubstitiedd akylk alkanylde.gf, Gy« allsenyl) @r stlestitutzd atikenyd; conver si ons
descri bed herei he mat i m ¢r obi al terjals, regard| ess of
origin or pﬁ¥<§?’f@k¥ I‘&ﬁn%@@ﬁ?ﬁ;‘?%&‘)’i Wi’?‘iﬁ@teﬁrcé( °§ﬁ<¥13 efsrogyisighvl pzed on a

<yl
support sucg\ﬁgﬁmipéﬁ}gl@f' d I B HEBTEMsti i$SnE or
enzynes suitable for uéé |r?u%}ﬁ’e %e}islélﬁ%htg{fd%%éﬁgi’on Sél#‘%é?gﬂe(?fei%}ded by
screeni fy f addititre sidstitwedtspdieterddyglo drasubstitaten heterddycloqeyt, aeterdgylarcandi dat e
m croorgani smor enzynme with a startin gpound XXXI' X or XLI or salt

co
t hereof , an&ubsBiitedchesespuah spethas hsterparybabstitrsy Allgyloodpdditionat. or - 40 WO

02/ 00653 P . 663  XL|| |t f Th .may, f l e,
be. i the r oTERGr St the iichedlt SRk sHAEK TRas e PRl i Blineltoe s oF ¢
m croor gani séteent Ghdtshiakeoaltife, pfodht@Uotpdindedf fSrmul XX VEMNHSEIRROLT gi Nn.

Exenpl ary mi croorgani sns i nclude those within the genera: Streptonyces 5
or Anycol at 688OR” Particul arly preferred nicroorgani sms are those wthin
the spegies Strep es griseus, especiall trepto es griseus ATCC
10137, g¢1d Anycol abﬁ%?‘s yPstisRtonsiaze Ao %@aﬁ}?%@nlﬁ%‘%fﬁ&m@ﬁ%, ATCC
35165, ATCC ALtV 4348 630, and
especially c%% &ﬂ§§291. %he tergﬁﬁg%&C' dgnﬂgggg%@%@?ﬁmﬁégggééﬁggthe ,
accessi on nthvseknofn bhend gkikedini theart Type Cul ture Col | ection, 10801

Uni versity Blvd., Manassas Virginia 20110-2209, the depository for the
organismreferred to. It should be understood that nutants of these
organi sns are al so contenplated by the present invention, for use in the
nmet hods descri bed herein, such as those nodified by the use of chem cal,
physi cal (for exanple, X-rays) or biological nmeans (for exanple, by

nol ecul ar bi ol ogy 15 techniques). Preferred enzynes include those derived
from m croorgani sns, particularly those m croorgani sns descri bed above.
Enzynmes may be isol ated, for exanple, by extraction and purification

met hods such as by methods known to those of ordinary
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skill in the art. An enzyne may, for exanple, be used inits free state or
in 20 imobilized form One enbodinent of the invention is that where an
enzynme | woadewsbed onto a suitable carrier, e.g., di at onRCPUSS/®ad3t h
(porous Celite Hyflo Supercel), mcroporous pol ypropyl ene (Enka Accurel (r)
pol ypr opyl ene powder), or a noni onSchegmd XNdri c adsorbent such as
Anberlite(r) XAD-2 (polystyrene) or XAD-7 (polyacrylate) from Rohm and
Haas Co. \Wen enpl oyed to i mmobilize an enzyne, a 25 carrier nmay control
the enzyne particle size and prevent aggregation of the enzyme particles
when used in an organic soldgnt. |mmobilization can,be gccpnplished, for
exanpl e, by pregipitam a@X\aqueous sol uti o/n'-ei the enz wth ggld

acetone int p ence Ke Celite HyflBo Supegrcel f 0 vacuum
drying, or in the gase of nonjyoni micieed yneri ¢ gdsor bent a, i ngubati ng
enzyme sol utions wwnh adsgr on a—36—haker, Feqovi g~ excess sol ution
and dryi ng enzyme- adsgrb@t resins under vacuum \V#ile it is desirable to
use the | east amount of enzynme possible, the amobunt of enzyne required

w || vary dependi ng ugggmxt he specific activity of thg enzyne used.

Hydr oxyl ati on as descri bed above can occur in vivo. For exanple, liver

enzyne can selectively, relative to the endo i soner, hydroxylate the exo

i somer a 35 cogpoun t he, present invention, ok t he

met hods bf the pr ei@ﬁ‘i“eid"ﬂgiﬂ?ﬁcgh&omo eagplfrﬂ%&ﬂf%d%or*)&\e}{eh?g %‘#ﬁédélggrral

hydr oxyl asegpaiftulin §H8! CoRhRSd b formRNZY NBs fiRkirsial 8 SeHetne XV, 2O 02/ 00653

PCT/ US01/ 19663 These processes may al so be carried out using m crobial

cel | s cont acompegnd of Ermuie XX gviithecaaliel preparedincerendgnas withethe beé si ons.

When using a mcroorganis erformthe conversion, these praocedures are
iep Farale

t
conveni ent | ycheries; @8 b§dRe tegg’él re%eﬁﬁe%% FOFREC O IPEPHE e er i al to
the desir edrersaﬁ%ﬁ@@e%ﬁh #{{Hn.o?awgﬁfﬁgﬁé‘daﬁmw‘f@ﬂﬁu@m.e@m@yﬁseesg he cells
n e i ntact h

may be used | ormo t cells or dried cells such as
| yophi | 1z edcarstiar etypldyédetd yaeld hegidspdeifieds selllas enantiaspecifihimcrporatioh of neat ed

cell material_ such as ruptured cells or I tracts. Cell ext.ract
i mobi | i zed x| grewy info Mo lﬁ%ﬁf?m}ulﬁmgi}F‘éﬁ%"lﬁ%mﬂg%ﬁgﬁl}}é‘& Oé_iP'l i er
my al S0 b, SR PBfred el geenlgsyngsgrseufcmuox@ RELIAGHCHR BARILHE 1S al so

cont enpl at ed oSt ce e any cel .'g. Escherichia coli,
modi fi ed t obsaEHa) yeadt @euggadin gamesnd can bedlpninsd fiom distibotornmck aenzymes
capabl e of catal ysis as described herein. V\he{)e one Or nore mcr ol?erdg%ni sns

are enpl oyedTGGer idaofied for usmsinitbiggnethod such as by methods known fo one ski
15 the art. Compound XL is a compound of formula I where Y is as described above

and A, and A, are preferably CR.
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of the present invention maybe carried out subsequent to the fernmentation
of the mcroorganism (two-stage fernentati on and conversion), or
concurremoy2/odess ewi th, 15 that is, in the latter case, DbPCTNUSEI19663
fermentati on and conversion (single-stage fernentation and conversion).

G ow h of the m croorgani snms can be sthbhRewedIlby one of ordinary skill in
the art by the use of an appropriate nedium Appropriate nmedia for grow ng
m croor gani sms i ncl ude those which provide nutrients necessary for the
grow h of the 20 mcrobial cells. A typical mediumfor Qrowth i ncl udes
necessary carbon sources, ni%yogen sources, and elemeptdY(e.g. in trace
amounts) . | nducersigay &% ladded. The tetm "inducer® i as uggd herein,
i ncl udes any congoundNenhandi/nd2formation of the desingd & tic
activity within the milcr obi Ac@ CQdiesn sour cgs can /I Agl ude sugars such
as mal tose, | actose, Efl\uco -2 uct ose, dl ycerb»lE rbit®l, sucrose,
starch, mannitol, propyl®ne glycol, and the |ike; Torganic acbds such as
sodi um acetate, sodi um c'drate, and the like; and al cohols such as

et hanol, propanol and the like. Nitrogen sources caf nclude N-Z anine A
corn steep liquor, soy bean neal, beef extracts, yeast extracts, nolasses,
baker's yeast, tryptone, nutrisoy, 30 peptone, yeastam n, am no acids such
as sodi um gl ut amat Scheme dall|desaibes angithgnappioaelatosincerponating additioniadt e and t he

li ke. Trace €] nts can includ nesi.um . S cal ¢i cobal t,
i ckel . i r oftoSRH e Rg pEPgua offoRarEd. Nillinheb Sehgna kit added i n
trace or, RbRIPBEAPYForRURAXE], Wild cdnRGRePIRHR R cordancERGitBdBRe Ml oyed
can include nore than one carbon or nitrogen source or other nutrient.

Pref erred nméghemés cagboutchbited intie pegermews aseiditde enzyal MEBROOSHEER

PCT/ USO1/ 19663, .. The i.tati.on and. aeration. of 1} eactjon mxture affects
t he anount 5?8%%§ﬁﬁgmagglp 8??18@?%‘&??31%{1@%9%&{%%‘F%&é’%%ce%ﬁféﬁie .
conduct qg, Teﬁ{rpég%sgrm&?eld&égiosﬁeah@aﬂvéﬁ% sﬂt;ahgugfe%iﬁ%rtrarn@fo i o fNks during

growm h of mc ani'snms. ~ I ncubation o reaction nediumis preferably
at a tenper apmpeutkofifemula Xhbub a4-hdidl eblonhulaXLITHye speaifici on ti me can be
appropriately, varied dependi ng pon the anmount  of enzyne used and its
speci fic actMgraoygantsm ef PYHA ser drfgaie%émcroorgamsms. Such microorganisms can,

for example, be bacterial, yeast or fungal in nature and can be obtained from

—

distributors such as ATCC or identified for use in this method such as by methods
15 known to one skilled in the art. Compound XLII is a compound of formula I where
Y is as described above and A, and A, are preferably CR’.
The present invention also provides the methods of Schemes
XVI and XVII.

Thus, in one embodiment, the present invention provides a method for
20  preparation of a compound of the following formula X1, or salt thereof:

Ziy
Ml
L all
G‘/ ~n~ /A2 OH
| A
M 1jf
\E/N/
XL
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reduced by increasing the reaction tenperature and/ or increasing the anount
of enzyne added to the reaction solution. It is also preferred to enpl oy
an aqueowsObt/opssdl as the reaction nedium 10 al t hough anrPoT/@ae/®edsi qui d,
or a miscible or inmscible (biphasic) organic/aqueous liquid mxture, may
al so be emplo Th mount .o zynme or m croorgani sm enployed rel ative
to the star‘f’h%‘@%f?afty@? C aIFéséét%@gq@ R0 al |l ow catal ysis of the enzymatic
conver si onscodiprisiey fhe efpRbf comnesfihp artompotine of theffoliowing fangadnkXXiKase of a
bi phasi ¢ sol t systemmay be any 15 organic solvent inmscible in water,
such as tolsﬁ1 (():%]{C| ohexane, xylene, trichlorotrifluoroethane and the

| i ke. The agqueous phase is convenientl r, preferably deionized
wat er, or a suitable aqueous buffer Q Aspecially a phosphate
buffer solution. The bi phasi cg%l veilN' syste eferably conprises between
about 10 to 90 percent by volunme of jorganic ase and between about 90 to
10 20 percent by volune of aqueous ase, preferably contains at
or about 20 percent by volune of organ-e-Nhase and at or about 80 percent
by vol une of the aqueous phase. An exenplary enbodi nent of such processes
starts with preparation of an aqueous X;&?)yti on of the enzyne(s) or

m crobes. to be used. For exanple, the preferred 25 enzyne(s) or m crobes
can be added to a suitable amount of an aqueous sol vent, such as phosphate
buffer or tWheﬂeitkesyrﬂlbblsareiastdaﬁmedaﬂ)opeef erably adjusted to and nmi ntai ned

or ccent 1 niaEr Sheng oA, s&%a%g%%ﬁﬁ%hﬁ faf%i%“g s, *@*ﬁ”’%ﬂmﬁ%ﬁif nods

such as ext eeeRud, XXZXdp darm saigd easppousd ek candiezigetingsaiddireil %m

chr omat ogr aphy. Ocher conpounds of the fornula I, such as conpounds where M
|sCRR' or corrpou ere ne of i s ot erthana ond apnd E is
B be  roadit “?@rya? B%m&ﬁt heRSERY YRR OR BrRvifeRa methods o

exarrpl e, byfdrqirépmdalonajfal amgmmand of mlacﬁ‘sldaovdiagcfomméﬂm er salt tBéree#3 WO
02/ 00653 PCT/US01/19663 Exenplary nmethods for the preparation of conpounds

of the formula Il (enployed in the above Sgherres) are illustrated in the
followng Figures 1 to 3. \
G/L\T/ Q/Az OH
A
M 1
\E/N/
OH
XL

156 where the symbols are as defined herein,
comprising the steps of contacting a compound of the following formula XLI, or salt
thereof:

20



-44 WD 02/ 00653 PCT/ US01/ 19663 Figure 1. Qis not H YY /Y\ 0 ag NH C \
HZl1 1. Protection QZ~ A!/Al + EtO __ WIA2 WIA2 /~ WH Toluene A -NH
2. Q)(, vBasroo&S3 NH Q A Z, 3. Deprotection Il Il As shownrCTMSH/9663e 1, an
et hyl gl yoxylate derivative can be treated with 5 saturated aq. NH4Cl1 and

the appropriate diene of for a A to give the conpound of fornula II,
where Q = I—Wﬁl?ﬁéﬁe%}mé f L as Bdifle@zﬂ?oﬁ% enhanced by the addition of netal

salts, suchwith ahhzyiné ot mftré@gartiytchpstide ofieatdly2ing thei dpening offeicpoeriel f onat e,
' can be ael smretE TR ot heRalb e Bmont 30 B e i th a
protecti on gngopenifg sndcdiobormatB@C, fol | owed by treatment with reactive
i 2, O gl 0 0 BRSSO AL A 0 1
definition eofthefeamnues¥XPH&dXbaXlileand Xhllapecoptenppied mbthemagibods ofilath as
LDA, or a coyRbiteveadsRleisr diSnd i, )éuﬂiéﬂzﬁi’é{&llﬁlﬁe@ BEoMKS dtbRbishRefsNBr A T
foll owed by deprotection of the BOC group with an acid such as saturated
ethanol i ¢~ SSmpEITe Wilkkotgs sisepmgicennesRmisyas ol mgjsraerselegtivdyay o
Q-Bu O O - Bug., MydroxyBideob8it, thé &fd emEBSefetertially 36 hydrbyylatioréF thediol 20
E.?.g C ?E?(%I )2 'bSOTB o én@?&[chgé aft isdmePd Riixtuls E/al_fnzrgfelsreglémgd(%%e%t of thgc € H D
invention. Conversion to one isomer selectively (e.g., hydroxylation on the exo face
“exo isomer” preferentially to the endo face “endo isomer” or regioselective opening
of an epoxide to form only one of two possible regioisomers of a trans diol) is a
preferred embodiment of the invention. Hydroxylation of an achiral intermediate to
15 form a single optical isomer of the hydroxylated product is also a preferred
embodiment of the invention. Resolution of a recemic mixture of an intermediate by
selective hydroxylation, or epoxide ring opening and diol formation, to generate one
of the two possible optical isomers is also a preferred embodiment of the invention.
The term “resolution” as used herein denotes partial, as well as, preferably, complete
20  resolution.
The terms "enzymatic process" or "enzymatic method", as used herein,
denote a process or method of the present invention employing an enzyme or
microorganism. The term "hydroxylation", as used herein, denotes the addition of a
hydroxyl group to a methylene group as described above. Hydroxylation can be
25  achieved, for example, by contact with molecular oxygen according to the methods of
the present invention. Diol formation can be achieved, for example, by contact with
water according to the methods of the present invention. Use of "an enzyme or
microorganism" in the present methods includes use of two or more, as well as a
single, enzyme or microorganism.
30 The enzyme or microorganism employed in the present invention can be
any enzyme or microorganism capable of catalyzing the enzymatic conversions
described herein. The enyzmatic or microbial materials, regardless of origin or purity,
can be employed in the free state or immobilized on a support such as by physical
adsorption or entrapment. Microorganisms or enzymes suitable for use in the present
35  invention can be selected by screening for the desired activity, for example, by
contacting a candidate microorganism or enzyme with a starting compound XXXIX
or XLI or salt thereof, and noting conversion to the corresponding compound X1 or
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-78 GO CPh"ANH Ot-Bu N 0O-Bu 25;0)yP(O-CN, THF, E Boca H~ N N CN

Mnig's Base, DCE Ph N 10 N G 100C ~-N MOTs h F -Ols NaOwe Boca H O Pd/C
Boca HO wWObB/0MNSOD H2 NO HIlla H -_Ph Q X, Base Boc, 0 BpCNUS1/MG Pd/ C N
QNNO-J '"--Ph H2 Ila HAs shown in Figure 2 (wth preferred conditions

I ndi cated t I n the omercial ly. ava bl.e .c ure

i nt er nedi at giif((rtséttttheﬁ?ﬁ ;@SSP%WYL rﬁ’“ﬁ@ﬁ q?ﬁﬁgﬂ@(oggm Hr %reat ed
with a redumizygreagenﬁxmmscﬂherocsf &HS'BiﬂEncﬂoorgamshﬂ cmslmlicem yexahaobbeellspwhi ch
can then be gﬁ{heﬁg Mgglr otected with-an agent such as TBSOIf, in the

presence of © 6-lutidine), to yield the internedi ate al cohol
C. The secondary aEE@hpliar}UﬁlloifDQrg@m%memededhCiSieerénm ﬂ@lge;lelpr Sreuomprdyy

treat merg V\MJ?;In &l%@gﬁgeﬁ'ﬁméﬁﬁlhy ?I g%%éa mléﬁobr Dfs e Er% ftm?vl\ﬁasﬁﬁmése g..,

pyri di ne), depr ot et ri rrg&y can be
achi eved by trﬁzétaweqﬁtgnﬁiewemm& Hy §trepioueressgissus ATCS tiiai s%n honi ¢ aci d),

to yield i nepbREiRER olchliekudh as KIECCEAYB Y, Imoocelramqtrcﬁtegméﬂetmdl zed,

ZFEQhS‘Ze“f‘ﬁ?é%&”fif@%@@?ﬁ&éfﬁﬁi?%%%ﬁ Sesburat Brogr Rl SaRai S -6 wo

02/ 00653 PCNTU$DA34906 6lhe tertre A EACas hsdddiersih asfeneo drcicakssiohyiumber of the

cyanop hfﬁ; ph %@%ﬁgﬁmﬁ %Iyﬁe &%1%@@%1@‘8@%%%@85 I[ UmUe?s?tlyﬁQ& ManLlﬁg? quu jate Fwth

a base, suc
20110-22009, the dep051tory for the organism referred to. It should be understood that

mutants of these organisms are also contemplated by the present invention, for use in
the methods described herein, such as those modified by the use of chemical, physical
(for example, X-rays) or biological means (for example, by molecular biology

15  techniques).

Preferred enzymes include those derived from microorganisms, particularly
those microorganisms described above. Enzymes may be isolated, for example, by
extraction and purification methods such as by methods known to those of ordinary
skill in the art. An enzyme may, for example, be used in its free state or in

20 immobilized form. One embodiment of the invention is that where an enzyme is
adsorbed onto a suitable carrier, e.g., diatomaceous earth (porous Celite Hyflo
Supercel), microporous polypropylene (Enka Accurel® polypropylene powder), or a
nonionic polymeric adsorbent such as Amberlite® XAD-2 (polystyrene) or XAD-7
(polyacrylate) from Rohm and Haas Co. When employed to immobilize an enzyme, a

25  carrier may control the enzyme particle size and prevent aggregation of the enzyme
particles when used in an organic solvent. Immobilization can be accomplished, for

example, by precipitating an aqueous solution of the enzyme with cold acetone in the
presence of the Celite Hyflo Supercel followed by vacuum drying, or in the case of a
nonionic polymeric adsorbent, incubating enzyme solutions with adsorbent on a

30  shaker, removing excess solution and drying enzyme-adsorbent resins under vacuum.
While it is desirable to use the least amount of enzyme possible, the amount of
enzyme required will vary depending upon the specific activity of the enzyme used.

Hydroxylation as described above can occur in vivo. For example, liver

enzyme can selectively, relative to the endo isomer, hydroxylate the exo isomer of a

35 compound of the present invention. In conducting the methods of the present
invention outside the body, liver microsomal hydroxylase can be employed as the
enzyme for catalysis. ‘
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the bicyclic intermediate G Treatnment of Gwth a base, such as sodi um
nmet hoxi de, converts the nitrile internmediate Gdirectly to the ester

i nt er medivad 62/64653r eat mrent of 5 internediate Hw th an ageP€TUSIVBG@VE t he
benzyl group, such as pall adi um on charcoal wi th hydrogen gas, results in

i ' .. Wh . d .
At ernat vl y, t ho PRI RER SO BF Rt aC phofinelarbit ot riAnne et  ve

i nt er medi at eszywhe fiaimgitha abiliky twwalgz%hcepmMEEMSs WhttreMg@ngcroumgamilsmx is an

el ectrophi | i I n|t|on
of Q asplb é&g &E'e%leearfé‘] 181%1'155% 60&1%%(%%0@% %%1 e, Stch &t%g ﬁ%k
coupl i ng agdkg cells and therstasting ynatesiohto 1@9 deviedgractipemediimhe art, whi ch af ter

treatmens with an mﬁa&nﬁ%ta ﬁlsnﬁeblré@ﬂ %@@h&&ﬂ%?f?@'be%b@irpﬁle%}mof
i nternedi ate of for 2 lGlere vari o I'nt ermedi ates of, Figure

2 can be puripsiayet CF S Sygh 3§|1Y‘? 17691§PF4YC qddﬁ heatpdriedsgellsqgin

exanpl e, be thd fmhy)f@@&tred el Hrkanal ﬁldhms&ulbture‘dccenh@f deEDextraéte P CeR effiracts
converting .15 of _Fi

over o9, iz o ek e ARSHEN® Petaplopyng d Bes gttt O S o

the present cmpleyedi dhe u?dnod‘sgenfamnalbomgpiee:edtolr@niMSI1s>alsngomm[§utmled ?ihaovel as
th di |
G 9122(1'*%" el By Pl %ﬁhgﬁ%?%%@f%%%qﬁ%*%?w‘aﬁ?%%ﬁ&*‘°§f Bpet e

foI | owi ng f PHENPEESPiNg-one BpEWIEENBYNES [qppadle ofisatalysisras desaibpdberein.

t - but oxycar bo n yl;  apHer@ohs ofnofd ﬂﬁYéro&fgaﬁbE% hieteriptslcal ﬂﬁ)é | nzﬁh!ﬁ?dhiéth@ﬂs
bstituted cycl oal kenyl or

TERREEA S TN R G e
het er ocycl oahicydorgamisn evoystagerfersdigatidnting donedrsibm)| sty¢oncadrigyhythe@tvith,
subot L B b B n3HPSHL RS0t MRLSEORYEL D0 0% 00053
RSR&NC=0, Hexmroggtion anflcomverfomCH2, R O, NH21 C=CSR , S02R or NR4R5;
conprising the steRSroQfih of the microorganisms can be achieved by one of ordinary skill in
the art by the use of an appropriate medium. Appropriate media for growing
microorganisms include those which provide nutrients necessary for the growth of the

20  microbial cells. A typical medium for growth includes necessary carbon sources,
nitrogen sources, and elements (e.g. in trace amounts). Inducers may also be added.
The term "inducer", as used herein, includes any compound enhancing formation of
the desired enzymatic activity within the microbial cell.

Carbon sources can include sugars such as maltose, lactose, glucose,

25  fructose, glycerol, sorbitol, sucrose, starch, mannitol, propylene glycol, and the like;
organic acids such as sodium acetate, sodium citrate, and the like; and alcohols such
as ethanol, propanol and the like.

Nitrogen sources can include N-Z amine A, corn steep liquor, soy bean
meal, beef extracts, yeast extracts, molasses, baker’s yeast, tryptone, nutrisoy,

30  peptone, yeastamin, amino acids such as sodium glutamate and the like, sodium
nitrate, ammonium sulfate and the like. '

Trace elements can include magnesium, manganese, calcium, cobalt,
nickel, iron, sodium and potassium salts. Phosphates may also be added in trace or,
preferably, greater than trace amounts.

35 The medium employed can include more than one carbon or nitrogen
source or other nutrient.

Preferred media for growth include aqueous media.
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(i) treating a conmpound of the followng fornula B: 5 O-Bu 0 Y H®R2CO0
bH B with a reducing agent to reduce the carboxylic acid group to
hydr oxymavaygt/oo66ol | owed by protection of said hydroxy torPgr/@bd/@econpound
of the following formula C 10 0 -Bu Prol-O4"( C ~OH where Pro 1 is a
of "t e compound. of ThaeiRiHten 2pd aeRipBor BB ABBRET B OMeGHOPRLIL O o
f or m hydr oxykygeti &biliblgdarinonpeofversibn biess Whinaundgotéd) _rfgpé@n@et, %é Q-Bu HO
Eyc?r E:(§r2ret ﬁ%’a Feti)%b o ﬁ”zrﬁlq gpégﬁéﬁhggaékgg?%@%é%rlpi?é&%‘?#ig%gmgng formul a E:
-48 WD 02/ 00653 PCTAduBatdrl8fih8 reaciofineBionOis mefefabJTat a temperatiire bettvieag E Wi t h
penryLarbne B0 £ty SReAARIGERABAMS cob'¥lubAfbrifter AR fering "
upon the amount of enzyme used and its specific activity. Reaction times may be
reduced by increasing the reaction temperature and/or increasing the amount of
enzyme added to the reaction solution.
It is also preferred to employ an aqueous liquid as the reaction medium,
10  although an organic liquid, or a miscible or immiscible (biphasic) organic/aqueous
liquid mixture, may also be employed. The amount of enzyme or microorganism
employed relative to the starting material is selected to allow catalysis of the
enzymatic conversions of the present invention.
Solvents for the organic phase of a biphasic solvent system may be any
15  organic solvent immiscible in water, such as toluene, cyclohexane, xylene,
trichlorotrifluoroethane and the like. The aqueous phase is conveniently of water,
preferably deionized water, or a suitable aqueous buffer solutioh, especially a
phosphate buffer solution. The biphasic solvent system preferably comprises between
about 10 to 90 percent by volume of organic phase and between about 90 to 10
20  percent by volume of aqueous phase, and most preferably contains at or about 20
percent by volume of organic phase and at or about 80 percent by volume of the
aqueous phase.
An exemplary embodiment of such processes starts with preparation of an
aqueous solution of the enzyme(s) or microbes to be used. For example, the preferred
25  enzyme(s) or microbes can be added to a suitable amount of an aqueous solvent, such
as phosphate buffer or the like. This mixture is preferably adjusted to and maintained
at a desired pH.
The compounds XL and XLII produced by the processes of the present
invention can be isolated and purified, for example, by methods such as extraction,

30  distillation, crystallization, and column chromatography.
Other compounds of the formula I, such as compounds where M is CR'R”

or compounds where one of M or M’ is other than a bond and E is CHR’, can be
readily prepared by one of ordinary skill in the art, for example, by methods

analogous to those described herein.
35

-43 -



\W\ Ph N \-NF OPro2 (iv) treating said conpound of the fornula F with a
base with heating to vyield a conpound of the following fornmula G 10 Bol N
HCN N &oPRhoosfy) treating said conpound of the fornul a PCWUBHL/®@6d3ase t o
convert the nitrile group to nethoxycarbonyl yielding a conpound of the
follow ng formul a EkemplaryBastholts Or thé ?epﬂaﬂiﬂ)nﬂbo&ﬁﬂ)uﬁﬂé of the fEuiulgIIt he
benzyl group of said conpound of the fornmula Hto_ formsaid conpound of

t he fornul a(employedtinthd above Schemnes) kg illssiratedioripo tiloveng Figuresdotoflornul a H i s
contacted with a conpound Q X, where X is a leaving group or Xis an -49 WO
02/ 00653 PCT/ US01/ 19663 el ectrophilic center which can react to forma
group Q prior to said renoval to form conpounds of the fornmula Ila where
Qis other than hydrogen. The nmethod of Figure 2 is especially useful for
the preparation of unnatural amno acids Ila which can be enpl oyed, by

met hods anal ogous to those using 5 conpounds of the fornmula Il, in the
preparation of the present conpounds of fornmula |. -50
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WD 02/ 00653 PCT/ US01/ 19663 Figure 3. 0 O=SI-N=. _OY \ Ethyl
dyoxylate,Ts\ YHONO/\ rt | A2 J PhCH3, A+ A2\WI| WAL, OKMOA N
11 Ts ®&O&oHssy ¢ 0\ QBase Y,\ | | WI A2 0,"~~ H3~POU/WUSA2196¥3\ W\ A2
O\ A-NHHOAC Aa, , -NH Il NT Il Ts As shown in Figure 3 (with
preferred conditions indicated therein), the activated imne internediate
M can be generated by the reactions of an activated 5 sul fonyl isocyanate,
such as p-toluenesul fonyl isocyanate,Fignrdlethyl glyoxylate and heating.

| mMine Mcan undergo cyclization with an appropriate diene |nterrre ate of
formuila Ato give an internediate of formula I1'. Such a cycﬁiﬁ? n can be
enhanced by / e addi t iflon asMHbt a| g\t 4 such Rrgtedsort n b t ed
toYtterbi um A b EtPT*’TfuI\HOfME‘J haflegu afe\,mrlb@d |n ahe

ref erences ciped previously. The tosy‘]’ 10 pr ot emdpkofgtiog I ourfq can be renoved
frominternediate Il1' by a nunber of reagents, such as thosé known to one
skilled in the art ﬁCh as hydrf en bromd

t | d
internediate of foffanewnin Fgye [instht g Qf‘glal@fde%%gﬁ‘lfﬁc%?% eqre@?ﬁvﬂﬁ‘ ?rea’?gd
h
with reagtiye |.nyel g”ﬁﬁ éd %ﬁqﬂfe gE@{gﬁ%létr@ d%?%(gﬁ%}ﬁ{u‘?alxtf)g{{ Qﬁ@@&ﬁ Amli&AVvi ng

group or X 1s an €lectro can reac o ultimately nmake

up the defi firtiubTIpWh&edd =11. Sadcs cyntidatinar dandk enhancelby tieesiditivn off base,
such as LDA, or a cou%!'lng agent _as is readily known by one skilled in the

art, to yi efetal palts, Fchraseat apEingited oy iigrbaun, Glbﬁgﬂup@ggﬂtha@pg{ PaRtEs group
can be re rm\égsdcn{)ec? N thg tdgc&{%g{tgg?ed prg%ogslﬂugg%teﬁnedrlgt@%?ﬁ;rﬁmla II can be
made where Q # H, by protection of the secondary nitrogen with a protection group
10  such as a BOC, followed by treatment with reactive intermediates of formula Q-X,
where X represents a leaving group or X is an electrophilic center which can react to
ultimately make up the definition of Q as described earlier, in the presence of base,
such as LDA, or a coupling agent as is readily known by one skilled in the art,
followed by deprotection of the BOC group with an acid such as saturated ethanolic
15 HCIL
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known to one skilled in the art, such as hydrogen brom de in acetic acid,
to yield an internediate of fornula Il, where Q¥H 20 -51 WD 02/ 00653
PCT/ USO1MO68®65Fr ef erred Conpounds A preferred subgenus pETAUR@/1®6e63pounds
of the present invention includes conpounds of the fornmula | or salts
t hereof wherein one or nore, preferagbyradl., of the follow ng substituents
are as defined below. 5 Gis an aryl (especially, phenyl or naphthyl) or

het erocycl o (e. g &h gteroaryl) group, rec-®ai d group is no @Bu

pol ycycli c, and vﬁj/ 1| %HQQHFQQI%“ yTeshst it ut ed 18¢), py@NRCOr HPr e |posi tions,
preferably StbStHtH-ed—wnit Ne, or nore
hal ogens (e g. @Id@ﬁb&@ 221ut het er oc o0, alkph BIIBO tuted_—with

hydr oxy, allyl t Fetled8dt | yl, alkynylogd, F, Br, 1, Gy, Rupc=0 10
R C=0, R HNC=Q R' =0, HOCR3R3', nitro, R OCHZ R10, NH21 NR4RGcpsSR

S=OR, SO02R , S020R, SO2NR R', (R‘O)(R'O)PO (R‘)(R)PO or | pMmso
(R'")Y(NHR)P=G E is C=Z2, CHR7, S, P=0R2, or P=0OR2; Zl is TBA Q
NR6; 15 Z2 is O, S, or NR6;, A is CR7 (especi aIIy, CH) A2 is 77800C
(especially, CH) Yis J-J'-J" where J is (CRR7") n =10-2¢p_ di-BuS|a

bond or NH_ N C=0, cycl oal kyl (espgci iyotmyéﬂ‘ S’iBy’IIF or c%’cl obu yl )
nyl i

or cycl oal P especi g B cgycl ob te and J"
(CR7TR7' )n a &R; ;e%?é_%si.i_ Wis CRR'- é“?*&)

CR$=CR8' , CRyR™ C-O NR?1GRZR7' , | (especially," cycl offepyl or
cycl obutyl ) or cy®hoql kenyl (espe0| aI I y, cycbqrbut enyl or cycl opent enyl )
25 Qis H C1_6 al Oa\al\l;ﬁ substituted with one or nore hal ogens (e.g.
per f | uoroal kyl ), Qe | substituted with hydroxy, alkenyl (e.g.,

S

allyl), alkynyl, , F, Br, I, arylalkyl (e.g. benzyl) or substituted
arylalkyl, CN, R OC—O R4£&\o, ﬁSI@SNC:O, Phj@CR?Ri,MZ, R O NH2, or
NRARS; N- > N H
o~ H2 N o
H \\Ph IlIa H
Q-X, Base

Boc, 0 Boc
E'AB(‘Q/Z( Pd/C W
N N
H,
) B N ma H

As shown in Figure 2 (with preferred conditions indicated therein), the
5 commercially available chiral (pure D or L) intermediate N-(tert-butoxycarbonyl)-L-
4-hydroxyproline, B, can be treated with a reducing agent, such as BH,#THF, to yield
a primary alcohol, which can then be selectively protected with an agent such as
TBSOTH, in the presence of base (e.g., 2,6-lutidine), to yield the intermediate alcohol
C. The secondary alcohol of C can then be differentially protected by treatment with
10  an agent such as TsCl, in.the presence of a base (e.g., pyridine), followed by

deprotection of the primary alcohol (which can be achieved by treatment with an acid,
such as para-toluenesulphonic acid), to yield intermediate alcohol D. The resulting
alcohol D can be oxidized, such as under standard Swern conditions, to yield the

corresponding aldehyde intermediate E. The aldehyde intermediate E can be directly
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Mis a bond or NR1IO, and M is a bond or NR O, with the proviso that at

| east one of M 30 or M nust be a bond; -52 WO 02/00653 PCT/ US01/ 19663 L
is a bonoyo(01pIes3 )n, NH, or NRS5 where n = 0-1; R and R' BCRUSECI663

i ndependently H, al kyl, perfluoroal kyl, cycloal kyl, heterocycl o,

cycl oal kyl arabd with b'%ﬁiﬁézﬁﬁ%%@ﬁie‘ﬂwl C%ﬁ%phg ot to BRE it ?aké‘}'" R3 and W

cycl oal kyl, heterocycl o, cycloal kylal het €rocy

are each i n'ﬂl@p@mdn of imemﬂedadté(ylwltlmbdsbmbbak Hﬁmngtsybdse,ahklyheatlhg,t}&éld@yC| 0,
et erocycl oal |, CN, al koxy, amno, NR Rz,

cycl oal kyl al
t%l ol , o)r/ hl?ir‘ﬂ“l‘:yﬁﬂe théZIﬂfidéat?-lG af{fﬁa}tmenEWdﬁFh@baseh&Cbra&éqdémm methoxide,

CYoAD! s BRLSREHTLARLIN & oo i ST iegientof
het er ocyx| onltdtitledialR B=(th ala %Qenﬁ@@%be M@l& as palfBdildh @l kyl or

substituted al kyl, cycloal kyl or substituted cycldalkyl, heterocyclo or
subst i t ut edchaseqst withdiydrogey ghe atseith i thy formativntosan intemebdoyebtdroylallay| , 15

heterocycloa bstl ted het roc clo | .. aryl or substituted aryI
aryl al kyl %b%ﬁl{}]%%) RGN y, ‘%ﬁt?y(’ff??‘@l—lﬁ)ﬂ refed SOHOR |

or SO2NR R'jeaB{veaineh R@&I{lj I kyl ,
cycl oal kyl reﬁet\érocﬁzgla%gg(?%gli??gl @5{:} léeg%néé%l:re}élmﬁ@?&;p A{S{ %aan

aryl al kyl , @eptrdphilBr genter vallich GR reaatitd ﬁmmatéasa niukeupxlyd definitéon d1yQl as)xyl am de,
am no, ld\&—{R RéF% L\‘IOR’ t hi ol , aIk lthio, RGO R NHC=O, SQ2OR , or
SC2NR RAessHhedrearlipre inthe Rreseife ha@nﬁucy 33 LA @2 couphingagent %ﬁtléd al kyl ,

cycl oal kyl e cl9 bstlt

het er ocycl o, cySZFH%{"ﬁt"Vt"ﬁg lﬁng%fr?la&sl%é}t’tv?%ﬁ (;%géc%loa f< @figen Suc as

het er ocycl o?é liadiur® bn SHRASbAIL HERE aﬂﬁ{t&h%ys&é Qﬁfo'fﬁﬁhla 1% @h@fétgﬂ@r Thybsti tuted
aryl, arylalkyl or substituted arylalkyl, halo, CN, m no, NHR4,

NR2 R5 NOR' Var&)ﬂsyh@ﬁn@hﬁﬁs eﬂ‘ilgtllletuaad)eanluhﬁled,l'ﬁooﬁxﬁ@@ by ﬁdﬂlﬁﬁ@patﬁﬁzﬂ? or
S2NR R ' ; e eac@él nde ndentl al kenyl ,

cycl oal kyl , Oh%atnefowema € DESEIP ‘F%ES}F ’ﬁéf%%&?&%%ﬂtmeg opyerting
arylal kys, BNo ¥¥With&i isolfidg 1.

'The method of Figure 2 is novel, as are intermediates prepared therein, all
of which form part of the present invention.

Thus, for example, the following method is novel as are the individual steps
and intermediates produced therein (e.g., E, F, G, H, J and IIa): a method for the

20  preparation of a compound of the following formula ITa:

where
25 BOC is t-butoxycarbonyl; and
Q is H, alkyl or substituted alkyl, alkenyl or substituted alkenyl, cycloalkyl or
substituted cycloalkyl, cycloalkenyl or substituted cycloalkenyl,
heterocycloalkyl or substituted heterocycloalkyl, arylalkyl or substituted
arylalkyl, alkynyl or substituted alkynyl, aryl or substituted aryl, heterocyclo
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30 R OCC=0, R NHC=O, SR, S2OR, or SO2NR R '; and -53 WD 02/ 00653

PCT/ US01/ 19663 R10 is H, al kyl, cycloal kyl, heterocycl o, cycloal kyl al kyl
het erocyoVvoatossy aryl, arylalkyl, CN, OH OR, R CO R BCHOSIIRIR3INC=0,
SO020R1, or SM2NR R1'. 5 A nore preferred subgenus of the conpounds of the

i nvention incl Ud@ﬁsu&ﬁﬁ%ﬁ%’ioé%fcléﬁtﬁof@N”R‘@CJ=OoR4@ﬂbtl@‘Rt’Né"— of wherein one
or nore, preferably all, of the- follow ng substituents are aé defi ned

below. Gis an arwcmwhﬁit@mém&H ROy PTH MOS0 RS 28 O, RI 0o MR “RE  mOno-  or
pol ycyclic, and which is optlonafly substituted at one or nore positions
W th hydr og@@ﬁlpmlng:gi%tm%lof 10 allyl or substituted allyl, alkynyl, O, F,

Br, |, CN, RLC=0,..RLHNC=O, RIR? | oal kyl I
prerfluoroal kyl ), Ggtre %33“31 W&E@& Pﬁ@%%fﬁ%’ ‘(‘ﬁﬁ?em "R Uor2, RL0, NR4FS,

or SR; &£is CZ2, CHR or S&; Z, is O S, or NCN, 15 Z2 is O S, or NCN;
A is CR (especially, CH); A2 is CR (especially, CH; Yis J,

cycl opropyl, or cyclobutyl, where J=(CR®R oxgwand n = 1-3; Wis CRR"
-CRR', CRS=CRB', CR R'-C=0O, cyclopropyl, or cyclobutyl; 20 Qis
hydrogen, C,-C4 alkyl, alkynyl, O, ué.c NJlI, ON, R OC=0, R4C=0, R5R6NC=0,
hal oal kyl (especially, perfluoroal kyI ), {C6 hydroxyal kyl, HOCR R

R OCH2, R1O, NH2 or NR4R5; Mis a bond and (MI is abond; Lis a bond
(CRR'"'")n, NH, or NR5, where n = 0-1; 25BR and R' are each |ndependently
H, al kyl, cycl oal kyl, heter ocycl oal kyl, or perfluoroal kyl; R2 is alkyl,
cycl oal kyl, heterocycloal kyl, or perfluoroalkyl; R3 and W are each

i ndependent kyittHh realibiib a A kd Jo 060k ittbox Gic adkd %l%ﬂl td h cﬁbk?'rﬂétﬁ X Yollov@dl NO,
NR R2, thiol, or alky Ig1 -54 WD 02/ 00%3 P Ug01/3196 2
by protection of sa1d hydroxy to yield a compound of the following formula C:

10

Oy _Ot-Bu
Prol-Q Y
N

c ©oH

where Prol is a hydroxyl protecting group;
(ii) protecting the unprotected hydroxyl group of the compound of formula
15  C, followed by deprotection of Prol-O- to form hydroxyl, yielding a compound of the

following formula D:

Oy_Ot-Bu
HO

D 6-Pr02
20  where Pro2 is a protecting group;

(iii) oxidizing the hydroxymethyl group of D, yielding an aldehyde of the

following formula E:
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R4 is H alkyl, cycloal kyl, heterocycloal kyl, RC=0 R NHC=O S020R , or
S2NR R P; R5 is alkyl, cycloal kyl, heterocycloal kyl, R C=O R NHC=0
S20R , wO0B0BNR R'; 5 R and R' are each independently PCT/a@Rkyl19663

aryl al kyl, heteroaryl, perfluoroal kyl, heteroarylalkyl, d, F, Br, I, CN,
OR , am no, NHR4, NRZR5, NOR , thiol, al(lli%lfut hio, R C=0, R NHC=O, S020R1,
or SO2NR R'; and R10 is H, alkyl, cyclo yl', heterocycl oal kyl (especially,
het eroaryl al kyl ), aryl, heteroaryl (s as heteroarylium, arylalkyl, CN,
R C0 R R'NCO 10 SQ20OR, or S@ﬁw‘\@é Anot her nore preferred subgenus
of the conpounds of the invention ingludgs conpounds of the fornmula | or
salts thereof wherein one or nore, preferabdy all, of the foll ow ng
substituents are as defined below. 15 Gis an aryl or heteroaryl group,
where said group is nmono- or polycyclic, and which 1is optionally
substituted at one or nore positions with hydrogen, C-C3 alkyl, allyl or
substituted allyl, alkynyl, d, F, Br, I, CN, RC0 R HNC=0O, hal oal kyl

(especially, perfl e s ber s ' R 10CH2,
R O, NR4R5, or SR ?ﬁgg‘%@hﬁsﬁ &@fgag?%?ge%?@%ﬂﬂéf&lﬂo@BN%;OH?\@’ jibRjgg &
(especi al | y cofaphund d2heé folloRing fepetd Bl |y, CH); 25 Y is J, where J=(CRR ')n
and n = 1-3; Wis CRR'-CRR', CR$=CRS, or CRR'-C=0O Qs hydrogen,
C-c4 alf_kyl , alkynyl, d, F, Br, I, CN, RAC=0, R5R6NC=0, hal oal kyl
(especially, perfluoroalkyl), C -C6 hydrgx ﬁl kl}/l , HOCR R ', R1OCCH2, R O
NH2 or NR4R5; 30 Mis a bond and M | §2 .55 WO 02/ 00653

y
a Bo
PCT/ US01/19663 L is a bond; R ang Ri amg each independently H, alkyl, or

per fl uoroal kyl ; N
F .".'
O-Pro2

(iv) treating said compound of the formula F with a base with heating to

yield a compound of the following formula G:
10

(v) treating said compound of the formula G with a base to convert the
nitrile group to methoxycarbonyl yielding a compound of the following formula H:

15

and (vi) removing the benzyl group of said compound of the formula H to
form said compound of the formula ITa, wherein, optionally, said compound of the

20  formula H is contacted with a compound Q-X, where X is a leaving group or X is an
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R2 is al kyl, or perfluoroal kyl; R3 and R3' are each independently H, alkyl,
perfluoroal kyl, d, F, Br, I, CN, alkoxy, 5 amno, NR R2, thiol, or

al kyl t hi oyoR#o0G683 H, al kyl, R C=O R NHC=O or SO2NR R '; PRBUS&/®@bdy| ,

R C-O0, RNHC=O, or S2NR R'; R and R' are each independently H, alkyl,

aryl al kyl , :dpuon . : , I, CN
CRy, an?no,gﬁﬁgﬁga%é%gg?%%%% , gﬁ%ﬁ%%ﬁng%?%ﬁ&ﬁééékﬁgﬁ%%EhN Oﬁﬁj?%%ﬁé R10 is
H, al kyl, atythpounat ef therfytmulaiiglvelldiy Q, is betice tmahytimigéy.l , CN, R C=0,

RR'NC=O or S2NR R'. A particularly preferred subgenus_of the conpounds
of the invention i hB¢ medwd of Sigspgdsiamscistly verdul for theipienargiongdunsatufidr e of

wherein one_or_nore,..prefer al f. the ubstit ts are.as defined
bel ow. G i s %4 oaar%l/ S Izag\g lé?gi"%ﬂ%?m}?l’%’ﬁ Ibyorpetrkfgéﬁnr? cfg)OHg{r% %8§ee1}881%/cl o] :
(especi a1y chapégrds be BRIARIIE T Gy Bel e AHROfINE Predint bREPSEds of formula
benzot hi ophene, benzot hi azol e, benzothi adi azol e, benzi soxazol e,
benzoxadi azdl e, 20 oxi dobenzot hi ophene, benzofuran or benzopyran) group,
where said group is nmono- or polycyclic, and which is optionally
substituted at one or nore positions, such as 1 to 5 positions (preferably
1 to 2 positions), wth substituents selected fromone or nore of

hydr ogen, NH2, al kyl (especially having 1 to 4 carbons) or substituted

al kyl (especially 25 having 1 to 4 carbons and substituted with hal o, such
as the substituted al kyl group CF3), halo (especially F, d, Br or 1),

het erocycl o (such as tetrazole or oxazole), CN, nitro, SR or R10
(especially where R is alkyl); Eis C=Z2 or CHR (especially where R is
hydrogen); 30 Z, is Oor S; -56 WO 02/ 00653 PCT/US01/ 19663 Z2 is 0, S, or
NR6 (especially where R6 is CN or phenyl); A is CR (especially where R
is hydrogen); A2 is CR (especially where R is hydrogen); Yis (CRR"')n
and n = 1-2 (especially where R and R' are hydrogen);
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5 Wis CRR'-CRR"', CR8=CR8', or NRO-CR R' (especially where R7, R7" , R8
and R' are hydrogen and RO is as defined in this preferred subgenus); Qis
H, al kyl Wespewsal |y having 1 to 4 carbons), al kenyl (espepct/abdyiobavi ng 1
to 4 carbon atons), arylal kyl (especially benzyl) or substituted arylal kyl
(especially substituted benzyl, such Bgub@Bo-substituted benzyl); 10 Mis a
bond or NH (especially a bond), and M is a bond; L is a bond; R and R
are each independefﬁtl)ﬁ._g[)kyl (especially having 1 to 4 carbons) or
substituted al ky?=f§e¥pecially having 1 to 4 carbons and §ubstituted W th
hal 0), heterocycrp (@Mfdlyisatd IPhdazol e or isoxazole) or s iﬁutgz 15

het erocycl o (s as—iﬂim—gggeLe gu jotut q.dA:Q(}h _nﬁf_hy.l.)v\;;\gﬁmgq pecially
phenyl) or substi'tuted"dm (especi Ioh pheiy! substitut@d/witR one or
nore of halo, "nitfo, halo-substigut®d al kyl such as CF3, or,alkyl having 1

to 4 carbons), arylalkyl (especially benzyl or phenethyl r substituted
aryl al kyl (especially substituted benzyl such as hak 0 and/ kBac
ni tro-substituted penzyl); and RO and J9' are eac fdependgntly H, al kyl

(especi al |y havi ngi\lat 084 carbo ,  ahkgn ( eciallylhavifng 1 to 4
carbons), aryl al W;(I\'Az(\ﬁs‘y)e&i/al g, zw#&’{zg/&\%‘;@\ R OC:@,<\75{2 @~ar SO02R
(especially where Bagh R is iHﬂ%‘pen Al y as defined i At i§ preferred
subgenus). 25 In this pé{rti cularly prefer‘Trsea- subgenus, G L- can be, for
exanple, an optionally substituted naphthyl or optionally substjtuted
fused bicyclic het &8889wPiRFigyred pvidh prefearcdgendigpnsindicaiedthersin).ithe ed
benzo- fused o 1 r . . I t he

mol ecul e t hf' gt%aﬁgdﬁgéﬁébfg?lezr%ﬁgﬂgeolﬁf?a%r%e,é% g%gggibgﬁ]%}egﬁgﬁﬁg? %%agvg?%f\jher ein the
het er ocy§! i guifériyd isooyhact, bwrhls pzenenbasfohyliesdyaisfe, exeethi glﬁﬁixﬁa/te and7 WO
02/ 00653 PCT/ US01/.19663 benzoxazol e, benzot hi azol e, benzot hi adi azol e,
benzoxadi az&eding Ipine Mk ¢angpleise, cyflization watysnappsoprigiediene intermediate of

formula A to give an intermediate of formula II>. Such a cyclization can be enhanced

by the addition of metal salts, such as but not limited toYtterbium (I1I)
trifluoromethanesulfonate, as described in the references cited previously. The tosyl

10  protecting group can be removed from intermediate II’ by a number of reagents, such
as those known to one skilled in the art, such as hydrogen bromide in acetic acid, to
yield an intermediate of formula II. The intermediate of formula II’ can be treated
with reactive intermediates of formula Q-X, where X represents a leaving group or X
is an electrophilic center which can react to ultimately make up the definition of Q as

15 described earlier, in the presence of base, such as LDA, or a coupling agent as is
readily known by one skilled in the art, to yield the intermediate of formula T. The
tosyl protecting group can be removed from intermediate T by a number of reagents
known to one skilled in the art, such as hydrogen bromide in acetic acid, to yield an
intermediate of formula IX, where Q=H.

20
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S 0==<COB x uUl2 uwu20ul 0 2\ Ux ) (e.g., 00 N5 OH -58 WO
02/ 00653 PCT/US01/19663 U6 Us 0 00 X O N D where X is halo (especially
Cl), OH vadp/Mesor U3 V4 OU5 (e.g., ON -~ INor N SPET/US01/19663

Preferred Compounds

A preferred subgenus of the compounds of the present invention includes
compounds of the formula I or salts thereof wherein one or more, preferably all, of the
following substituents are as defined below:

5  Gisanaryl (especially, phenyl or naphthyl) or heterocyclo (e.g., heteroaryl) group,
where said group is mono- or polycyclic, and which is optionally substituted at
one or more positions, preferably with hydrogen, C, ¢ alkyl, alkyl substituted
with one or more halogens (e.g., perfluoroalkyl), heterocyclo, alkyl substituted
with hydroxy, allyl or substituted allyl, alkynyl, Cl, F, Br, I, CN, R'OC=0,

10 R'C=0, R'THNC=0, R'R?NC=0, HOCR*R?, nitro, R'OCH,, R'O, NH,,
NR’R’, SR!, S=OR', SO,R!, SO,0R!, SO,NR'R", (R'O)(R"0)P=0,
RHRP=0, or (R")(NHR"P=O0;

E is C=Z,, CHR’, SO,, P=OR?, or P=OOR?;

Z,is O, S, or NR®;

15  Z,is O, S, or NR; |

A, is CR (especially, CH);

A, is CR” (especially, CH);

Y is J-J°-J” where J is (CR’R”)n and n= 0-2, J is a bond or NH, NR¢, C=0,
cycloalkyl (especially, cyclopropy! or cyclobutyl), or cycloalkenyl (especially,

20 cyclobutenyl or cyclopentenyl), and J” is (CR’R”)n and n = 1-2, where Y is
not a bond;

W is CR'R"—CR'R”, CR®CR?, CR'R"—C=0, NR°—CR'R”, cycloalkyl
(especially, cyclopropyl or cyclobutyl) or cycloalkenyl (especially,
cyclobutenyl or cyclopentenyl);

25 QisH, C,,4alkyl, alkyl substituted with one or more halogens (e.g., perfluoroalkyl),
C, alkyl substituted with hydroxy, alkenyl (e.g., allyl), alkynyl, Cl, F, Br, I,
arylalkyl (e.g. benzyl) or substituted arylalkyl, CN, R'OC=0, R*C=0,
R°R°NC=0, HOCR'R”, R'OCH,, R'0, NH,, or NR*R>;

M is a bond or NR', and M’ is a bond or NR, with the proviso that at least one of M

30 or M’ must be a bond;
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Uis O or S (where S can optionally be oxygenated, e.g., to SO; 5 Ul is
CH3 or CF3; each U2 is independently NN, CHor CF;, U3 is N Oor S W and
U5, togetwen2/odesh the atonms to which they are bonded, forpCEHUS@ps@Gnal |y
substituted 5-menbered heterocyclic ring which can be partially 10

unsat uratedo inGn a1d i tains nlito 3 ring heteroatons; each
L aBERETER R N N 12 oy

U6 i s indepénde es optional double bond(s) within

the ring foRmgy Ry ak@e%g‘}?%ﬁaﬁdéﬁg IESP&R] R YorBAIRI LY & IRJIChEBER ids_of

the formula I having t OW n 15 structure,” or” salts't -59 WO

02/ 00653 PCT/ USOtydea&glaligdoreterdtycldakyka |1 U2 where RO and U2 are as

defined above, such as optionaIIY substituted ar Icarbonﬁl or optionally
©r

subst i t ut ed Rari§alkyly pertiveraalkylseyvglogtyl. detgroqyelp, cxdlonlkylel such as nitro.

5 Al so egpeci all%pref gforgﬁ%gare conpounds of the formula |I having the
S

fol | owing structUfe Ot >thereof: (CH2)n QN Owhere 10 nis | or 2
g

0 ot 1 R Y ol A oo RN B ,
~N cycloalkylalkyl, heterocycloalkyl, Cl, F, Br, I, CN, alkoxy, amino, NR'R?,
thiol, or alkylthio;

R*is H, alkyl, cycloalkyl, heterocyclo, cycloalkylalkyl, heterocycloalkyl, R'C=0,

10 R!NHC=0, SO,0R’, or SO,NR'R";

R’ is alkyl, cycloalkyl, heterocyclo, cycloalkylalkyl, heterocycloalkyl, R1C=O?
R'NHC=0, SO,0R’, or SO,NR'R";

R%is alkyl or substituted alkyl, cycloalkyl or substituted cycloalkyl, heterocyclo or
substituted heterocyclo, cycloalkylalkyl or substituted cycloalkylalkyl,

15 heterocycloalkyl or substituted heterocycloalkyl, aryl or substituted aryl,
arylalkyl or substituted arylalkyl, CN, OH, OR’, R'C=0, R'NHC=0, SO,0R’,
or SO,NR'R";

R’ and R” are each independently H, alkyl, perfluoroalkyl, cycloalkyl, heterocyclo,
cycloalkylalkyl, heterocycloalkyl, aryl, arylalkyl, Cl, F, Br, I, CN, OR’, nitro,

20 hydroxylamine, hydroxylamide, amino, NHR?, NR?R®, NOR!, thiol, alkylthio,
R'C=0, RINHC=0, SO,0R/, or SO,NR'R";

Rand RY are each independently H, alkyl or substituted alkyl, cycloalkyl or
substituted cycloalkyl, heterocyclo or substituted heterocyclo, cycloalkylalkyl
or substituted cycloalkyalkyl, heterocycloalkyl or substituted heterocycloalkyl,

25 aryl or substituted aryl, arylalkyl or substituted arylalkyl, halo, CN, OR’,
amino, NHR*, NR?R’, NOR!, alkylthio or substituted alkylthio, R'C=0,
R'NHC=0, SO,0R}, or SO,NR'R";

R’ and R are each independently H, alkyl, alkenyl, cycloalkyl, heterocyclo,
cycloalkylalkyl, heterocycloalkyl, aryl, arylalkyl, CN, OH, OR!, R!C=0,

30 R'0C=0, R'NHC=0, SO,R', SO,0R!, or SO,NR'R; and
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G is CN H F, Br, NO2 or GisCHor N Gdis Sor 20 G is Hor F;
-60 WO 02/ 00653 PCT/US01/19663 9c 0 1la 1b A, . Rd ARNR NNNONHS
R1L or CHWO 02/68683 CH3 ' 111'~~CH3 -4-CH3 Rl a is NO2 CHS FPNOPS@FAA663F or F
N02R1b|501(CHZ)BCHB 6 HBC NCH3 11 5 O-N S N, - or --{ H3 Rlc

F d.R I1d i e and Uti 16 The conpounds
ijfs t hgr pr e%zenll2 H. r‘i‘u%’ﬁiC;Y@}Paﬂﬁ’&&e@?@yphecﬁl@ﬂikﬂé]hbﬂl é%?ﬁ lkyherone

art ! al agoni ot @%aﬁygzw SBTRLRE; RIOGAO-B5Euc20LSOHR. Gharogen
receptor (AR), lg trogen receptor (ER), the progesterone receptor (PR),
t he gl ucocorti col d recept or

5 A more preferred subgenus of the compounds of the invention includes
compounds of the formula I or salts thereof wherein one or more, preferably all, of the
following substituents are as defined below:

G is an aryl or heteroaryl group, where said group is mono- or polycyclic, and which
is optionally substituted at one or more positions with hydrogen, C,-C, alkyl,
10 allyl or substituted allyl, alkynyl, Cl, F, Br, I, CN, R'C=0, R'THNC=0,
R'R®*NC=0, haloalkyl (especially, perfluoroalkyl), C,-C, hydroxyalkyl,
HOCR®R?, nitro, R'OCH,, R'O, NR‘R®, or SR’;
E is C=Z,, CHR' or SO,;
Z,is O, S, or NCN;
15 Z,is 0, S, or NCN;
A, is CR’ (especially, CH);
A, is CR (especially, CH);
Y isJ, cyclopropyl, or cyclobutyl, where J=(CR’R”)n and n = 1-3;
W is CR’R"—CR'R”, CR®:=CR¥, CR’R’—C=0, cyclopropyl, or cyclobutyl;
20  Qishydrogen, C;-C, alkyl, alkynyl, Cl, F, Br, I, CN, R'OC=0, R*C=0, R°R°NC=0,
haloalkyl (especially, perfluoroalkyl), C,~C4 hydroxyalkyl, HOCR'R?,
R'OCH,, R'O, NH, or NR'R’;
M is abond and M’ is a bond;
L is abond, (CR’R”)n, NH, or NR®, where n = 0-1;
25 R'and R are each independently H, alkyl, cycloalkyl, heterocycloalkyl, or
perfluoroalkyl;
R* is alkyl, cycloalkyl, heterocycloalkyl, or perfluoroalkyl;
R? and R* are each independently H, alkyl, perfluoroalkyl, Cl, F, Br, I, CN, alkoxy,
amino, NR'R?, thiol, or alkylthio;
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(GR), the mneralocorticoid receptor (MR), the steroid and xenobiotic
receptor 15 (SXR), other steroid binding NHR, the O phan receptors or other
NHR. Sel ax0 oveesrodul ati on of one such NHR rel ative to ot PeT@Se/ B3N t he
NHR famly is preferred. -61 WD 02/00653 PCT/ US01/19663 " Modul ati on”

i ncl udes, fgr._gx L i , ORI &t LAV u as selective
andr ogen rggé%ﬁb%@ggm@g ﬁ(@é? Fﬂ\?li%{a %18%1?5’%’ 1n{halébpf :Rg\rllﬂ epQ$§)¥%%t’ ggoni st
activity). The rgcgezwkl',conpounds are thus useful. in the treatnent of

NHR- associ ated conditions. A "NHR-associated condition", as used herein,
denot es a &ridalkiyhrydoalkylihseragclowthit R' a0, RANHEC=6Y, 80,08, wodul ati ng t he
function of a NHR in a subject, wherein treatnent conprises prevention
(e.g., prophylati og(t)dl\é&lﬂ?rlmm), partial alleviation or cure of the
conditiaon or, di sarder. Nbdul atian I&r?%koccur | qcal | y, Lr%r exanple, within

certai not i ke l%fafﬁﬁé‘?hsi!l‘é]@%_@?f_ﬁbfr _ W, @ylalied; heteraryh PtiREASYE:  subj ect
bei ng treat ed faisyelmGonil N EheRISt i ONTRE WRTPONPAS, oyt Mo

present invention are-us F’the treatnent’ of & variety of conditions

and disorders i r@kﬁ%gg{@m@ RIREAHISEHR! Oor B BGERUESMEr | bed ol | ow ng:
Conpounds of formul'a I’ can Be applied as agoni sts, partial agonists,

ant agoni st sR' &r Hpalkyl, aycleaikpigheterstyclodikyl{espesiatipdeteroayleikydy aryhr ef er abl y
sel ectively to 15 that receptor, in an array of nedical conditions which
i nvol ve nodul at i katerofryl fruch o3 hegrearylismoprplelkyhtGMal CAb R RcBErBhs of said
conpounds i ncl ude_but, ar limted to: osteoporosis, hot flushes,

vagi nal ryness,ggz%%%&fgogghggr, breast cancer, endonetrial cancer,
cancers expressing the estrogen receptor such as the aforenentioned
cancers and others, contraception, pregnancy term nation, nenopause, 20
amennor eahea, and gyestienmorempbizaed SageaunclSthotohpounds af thedavenbienappl i ed as
agoni sts, partial agonists ant agoni sts or partial, antagonists of_ the

pr ogest er ondchidesearapounds of thedpmiula & pesalts iargot wherein gpe pr@aRR Breferablyan
array of m%h&ghec%ggkglgﬁ%sﬂmgﬁPa{'e%ggﬁ&d@g%@t ion of the progesterone
y. i

receptor pa I"'ons of “sal d compounds include but are not 25

| i mteds o: Gl erstyl eAREEfoaryd ichih, aaeehd goi Rinlbrrg of helypydigesiderinior
receptor, endonetriosis, cachexia, contraception, nmenopause
cycl esynchrony, isemtignalbnenbstiasedras ano premprcpositions gitdydimesaraneyalkyl,

or it on. Ve QUG B, B ERCT P ERTRSURg s 2 1
haloalkyl (especially, perfluoroalkyl), C,-C, hydroxyalkyl, HOCR’R?, nitro,
R'OCH,, R'O, NR‘R’, or SR;
20 EisC=Z,;
Z,is O;
Z,1s O or NCN;
A, is CR” (especially, CH);
A, is CR (especially, CH);
25 Y isJ, where J=(CR'R”)n and n = 1-3;
W is CR'R’—CR'R7, CR*=CR?, or CR'R"—C=0;
Q is hydrogen, C,-C, alkyl, alkynyl, Cl, F, Br, I, CN, R*C=0, R°'R°NC=0, haloalkyl
(especially, perfluoroalkyl), C;-C, hydroxyalkyl, HOCR'R”, R'OCH,, R'O,
NH, or NR‘R?;
30 Misabond and M' is a bond;
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ant agoni sts or partial antagonists of the glucocorticoid receptor,
preferably selectively 30 to that receptor, in an array of nedi cal

condi ti oveOwtipesh3 | nvol ve nodul ati on of the glucocorticoi dPerTS@IG63pat hway.
Appl i cations of said compounds include but are not -62 WO 02/00653

PCT/ US01/ 19663, limted to: inflanmmtory di seases, autoi mmune di seases,
prostate c H§8P9n reast cancer, Al zheiner's disease, psychotic disorders,
drug depende r =] i ARl Ilitus, and as dopam ne
receptor b ocﬁ%ﬁr}g%gg%dﬁgzﬁﬁgbg%dteﬁgf\;ﬂmegg&’adgpagenl?g:al of the treatment of -

dopam ne r RéepdiRyl, bEpirftG@dalltyisor ders. 5 Conpounds of fornula | can be
applied as agonists, partial agonists, antagonists or partial antagonists
of the ni n& ahdBAraré emhdndepemiently H, pilof greafbhgroalkyl, €4tH, Be) Iy CIN atidoay,
receptor, in an array of ~nmedical conditions which involve nodulation of
the m neral ocor BERdVR &cdptobror bRy, Appl i cations of said conpounds

i ncl ude but,,ar t.lhyte . dru i awal syndrone and 10

i nfl amat oK/1 1§jﬁs&§¥]ei{.18%§ngg\mg§8o?lg$m%ﬁ%’I can be applied as agoni sts,
partial ageyi: L AORRIHSEHESAO Kb &dr.ant agoni sts of the al dosterone

receptor, g{raé%l?%ﬁ?@sgrgﬁ?@e?)y&i%@ﬂ%g% ’receptor, in an array of medical

condi tions pibhaR" 41 @éééﬁn&@iehkhe%l&/qn AEy1! &}91;111@»!1,%%@&?109%&1%6@@1@, pat hway.

One application of said compoundS i'ncl'udes but is no 5 1limted to:

congest i ve hear thetebdrylatkyl, GinRdim §CNf ORGramihe, NHBSANRSR.ApPR!, &IC=0,
agoni sts, partial agonists, antagonists or partial antagonists of the
andr ogdf recept dk NEEePoralil )RR etdi vel y to that receptor, in an array of

medi cal condjtiqn i ch. invol ve ul.ation of .the C T or

pat hvay. dl}) ?Sclgt*ﬁ@\’,ﬁa th§“§f‘@r3é0%%&3@@8%’{?@9&?N2ﬁ35%&%Boﬁl%f:ﬁ’t ed to:
hirsutism acne,orsﬁ%ﬂ lﬁea, Al zhei mer' s di sease, androgeni c al opeci a,
hypogonadi sm hyperpilosity, benign prostate hypertrophia, adenomas and
neopl asies of the prostate (such as advanced netastatic prostate cancer),

treatnment of benign or nmalignant tunor cells containing the androgen
recept or such asAipertiqutarkypseferred subgenus of the pempoundk phthe dRventieminchdgeder

VEAM ot esSei R L e ERSR IR e BRR SR o BraGienpt e e ©
di sease, i nfypatimiBhis QR AWahéaBE®y0dul ati ons, nodul ati on of VEGF expression
and the applications therein for use as anti angi ogeni c agents,
ost eopor osi 6, is smppykespeagially dranyt ogpapkihy]) drilsiterocydadeepecially benzo-
endonetri osi s, pPuls%%yhsettgarCoc%l%ralroﬁggdsru%HEds indole, benzothiophene,
benzothiazole, benzothiadiazole, benzisoxazole, benzoxadiazole,
20 oxidobenzothiophene, benzofuran or benzopyran) group, where said
group is mono- or polycyclic, and which is optionally substituted at one
or more positions, such as 1 to 5 positions (preferably 1 to 2 positions),
with substituents selected from one or more of hydrogen, NH,, alkyl
(especially having 1 to 4 carbons) or substituted alkyl (especially
25 having 1 to 4 carbons and substituted with halo, such as the
substituted alkyl group CF;), halo (especially F, Cl, Br or 1), heterocyclo
(such as tetrazole or oxazole), CN, nitro, SR or R'O (especially where
R'is alkyl);
E is C=Z, or CHR’ (especially where R" is hydrogen);
30 Z,isOorsS;
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anorexi a, androgen supplenent for age rel ated decreased testosterone |evels
in men, 30 nmal e nenopause, nal e hornone replacenent, male and fenal e sexual
dysf unct ivedp2/0@szl i nhi biti on of nuscul ar atrophy in anmbul REDUROIPALG3ENT S.
For exanple, pan AR -63 WO 02/00653 PCT/ US01/ 19663 nodulation is

cont enpl at e¢, ;wpt 6 | isreq j ."SARM') bei ng

particul arl gb E)ér,\gf gr’ reggm 3‘35%@(2%%?%%?%5&“(3& lr)rgﬁﬂtlé}g?)( early stage prostate
cancers. CofpisiOf (efpdaalipihete RAis Iwdragph);ed as (preferably, selective)
ant agoni sts of the nutated androaﬁn receptor found in many tunor |ines.
Exanpl es 5PofiS G Hespeaialswheee RhissBydreara)i n representati ve prostate

NNy LG 1877 i Lephys. A ~. 187, 1052
(13505 Y ATert e Al ST GERHHAT S Rl Ui 150 0
C\R22, NE Fong r. g, 45 vl : i catd - of said
corrpounc(zlésﬁi ﬁgllﬂg?&:? n%ﬁgﬁ no R[ETEL?nRt ’e%l'thR 8: Sggg%o?rgag e&h@%ﬁ"&%?ﬁ?ﬁ’ 0 f ﬁle

prostate, breast apdrRearahydregdamrid Rals antefied Ghisopefsifstbsabgdrusiul a |
can be applied as a}goni sts artial agonists, antagonists or partial

ant agoni st s QO Hirdcod (espesiallmhaying hint saibens)edllsenyd fespemiahehaying,l tosk| ect i vel y
to that receptor, i Kravi Qf dig onditions.which involve

nodul ation of t hgﬂgggg{&n@)’aﬁa%%gcgp%?éb l?eé%% PBF“%SEFP&%%W@%& i cations of

sai d conpounds i(espktigiy Bibstifk& hidkyl kwdhtRAalosubbitgfdmRazylpf di sregul ation

of cholesterol 15 honeostasis, attenuation of netabolismof pharmaceutical

agents b cd imabondsarti(esperiallyna hgad), gndopisumbond; t he present

i nventi on) :{\r/tﬂi ch m)(iiiul ates the P450 requlator effects of SXR. Along with
the af or emeft PFGhBRNMNHR, there al so exist a nunber of NHR for which the

activating g gepgt'i i ; %%}g]? =hanagker | ) ot ei ns
20 are cl asg?fl edﬁas?\fﬁﬁlgegdtd 0 S ngélgg&%%ccgaﬁo%%wﬁg %%ﬁgﬁg)l\ﬁ and
are known as t he sUbptiited atkgblespeciabetavig 1 kw4 Capons and spbstitatedewnmst r at e
strong sequence honol g% to ot her NHR, conpounds of fornula | include

those which servdaR). haterosvale (stichr as inaidageletqrdsoxazolaorgubstivie®iR.  Or phan
recept ogg whi ch .

t he scope of for wq?%rd@(glpgé‘[i@g8%%@%@%&%&&%0@%%@8 ,Ou'? ﬂzs\g It |h|s'? ed
in Table 1. Exengkspaciaiiepiaaan ocsuliilitedair)iqespatialpghbyl @usstfutsdi d
Orphan receptors are also listed in Table 1, but are not limted to the
exanpl es t her ei n.witthgne of marg&xfhiaie. yitte phala-substibied alyhewrh aebdptors, form
(M= nonoreric, Dcxlk:yl having 1 to 4 carbons), arylalkyl (especially benzyl or phenethyl)
or substituted arylalkyl (especially substituted benzyl such as halo-
20 and/or nitro-substituted benzyl); and
R® and R® are each independently H, alkyl (especially having 1 to 4 carbons),
alkenyl (especially having 1 to 4 carbons), arylalkyl (especially benzyl),
R'C=0, R'0C=0, R'NHC=0, or SO,R’ (especially where each R’ is
independently as defined in this preferred subgenus).
25
In this particularly preferred subgenus, G-L- can be, for example, an
optionally substituted naphthyl or optionally substituted fused bicyclic heterocyclic
group such as an optionally substituted benzo-fused heterocyclic group (e.g., bonded

to the remainder of the molecule through the benzene portion), especially such group

30  wherein the heterocyclic ring bonded to benzene has 5 members exemplified by
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30 heterodinmeric, H = honodineric), tissue expression and target
therapeutic applications. (CNS=central nervous systen) -64 WO 02/ 00653
PCT/ USO1MO6B®65Recept or Form Ti ssue Expressi on Target ThRPCHpsuUli9663
Application NURRL M D Dopam nergi c Neurons Parkinson's D sease RZRR M

Brai n (Pi t ubtrroxdzold/bsniothiSkwde hehksthiadmrsleRidRaoMdBep ke betimthiBplidtenfoe Cel | s
Arthritis, Cerebellar Ataxia 5 NOR-1 MBrain, Miscle, Heart, CNS

Di sorders, CG%#RRE: Adrenal, Thymus NGFI-B(3 MD Brain CNS Disorders
COUP-Tfa H Brain CNS Disorders COUP-TF J3 H Brain CNS Di sorders 10

COUP- TFyx H Brain CNS Disorders Nur77 H Brain, Thynus, Adrenals CNS

Di sorders Rev-ErbAa H Muscle, Brain (Ubiquitous) Qobesity HNF4a H Liver,
Ki dney, Intestine Diabetes SF-1 M Gonads\_Pituitary Metabolic Di sorders 15
LXRa3 (3 D Kidney (Ubiquitous) Metaboli orders GCNF M H Testes, Ovary
Infertility ERRa,j3 M Placenta, Boneydts ity, Osteoporosis FXR D

Li ver, Kidney Metabolic D sorders HLiver, Ki dney Met abolic Di sorders
20 PXR H Liver, Intestine Metabolic W sgrders The present invention thus
provi des nethods for the treatnent of NHR- associated conditi ons,
conprising the step of adm nistering to a subject in need thereof at |east
one conpound of formula | in an ano 3 fve therefor. OQher 25

t herapeutic agents such as those def | ow may be enployed with the
inventive conpounds in the present K ) for exanple, separately, or
formul ated together as a fixed dose)| In the nethods of the present

i nvention, such other therapeutic agent(s) can be adm nistered prior to,

simul taneously with or followi ng the adm nistration of the conmpound(s) of
the present invention. -65 f::I::::T/)
(o]
T

CHy
s
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N
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U
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WO 02/ 00653 PCT/ USO01/ 19663 The present invention also provides

phar maceuti cal conpositions conprising at | east one of the conpounds of the
formul a wWeapalsb® of treating a NHR associ ated conditi onPCTVUSH/@REGUNt
effective therefor, and a pharnaceutlcally acceptable carrier (vehicle or
di luent). The conp05|t|ons of the preseqt wention can contain other 5

t herapeutic agents as described bel o ] U‘be formul ated, for exanple,
by enploying conventional solid or ‘:I cles or diluents, as well as
pharmaceutical additives of a type ate to the node of deS|red
adm nistration (for exanple, excipients, binders, preservatives,
stabilizers, flavors, etc.) according to techniques such as those well
known in the art of pharnmaceutical formulati n 10 It should be noted that

t he conpounds of the present |nvent|on are, AN hout |imtation as to their
nhe conditions or disorders
di seases or cancers, or

mechani sm of action, useful in trea an
| isted or described herein such as |nf a
other proliferate diseases, and in con®03| '.ns for treating such
conditions or disorders. Such conditions and disorders include, wthout
limtation, any of those described 15 previously, as well as those

descri bed f@{rﬂe@y\p{nghguqé'gpa@aumpmp@mq\]@joﬁmscl e strength and function

(e.qg., in the el derly) reversal or prevention of frailty or age- related
functi onal decllné\@ ') in the elderly (e.g., sarcopenia); treatnent of
catabolic side effe gl ucocorticoi ds; prevention and/or treatnent of
reduced bone nmass, €Wen ity or gromh (e.g., osteoporosis and osteopenia);

treatment of chroni c 20 fatigue syndrone (CFS) chronic mal agi a; treatnent
of acute falagu__ nme a nuscl e I s follow ng el ective surgery
(e.qg., post-surgl habfmlt tmon)——@cc Ne?atlon of wound heal i ng;

accel erating bone_f'r'act ure air (su accel erating the recovery of
hip fracture patients); accelerating healing’f conplicated fractures, e.qg.
di stracti on U 0 epg¢whsiesS canfoptiohsily beptygesdred)leg. a6 ®opnt i on of

post - sur%acal adhesion formation; 25 acceleration of tooth repair or

gr ow h; @rgjfsasensory functl on (e.g., hearing, sight, olefaction
and taste); i sease; treatnment of wasting
secondary to g?gzgﬂﬁ&ggﬁd%E§AQQBﬁ §ICFCIconnectlon wi th chronic obstructive

pul monary  dirsieak© ¢&HPD) , chronlc liver disease, AIDS, weightlessness,
cancer cachexja, bum and trauma recover% chronl c catabolic state (e.g.

comn), eatind @d%r toapther with the atgms Wovb baedsrmimsgtionahor exi a)
and chemt her apy; gs%tu“c%@ tS-me ere&j hé?t”%c%} IYIig wﬂl%ﬁtcanr? Qé pg&ially

10 unsaturated or aromatic and which contains 1 to 3 ring heteroatoms;

each U® is independently CH or N; and
@ denotes optional double bond(s) within the ring formed by U?, U*

and U°,
Especially preferred are compounds of the formula I having the following

15 structure, or salts thereof:

-59 -



t hronbocyt openi a; treatment of growh retardation in connection with
Crohn's disease; treatnent of short bowel syndrone; treatnent of irritable
bowel symdoomenss3treat nent of inflammtory bowel di sease; PCT/@8t®N3 of
Crohn's disease and ulcerative 5 colits; treatnent of conplications
associated with transplantation, treatnent of physiological short stature
i ncl udi ng growt h hornone defici Bnt. ghil dr and short stature associated
with chronic illness; treatnent of egity and growth retardation
associated with obesity; treatnment of "anonexi| _(e.g., associated with
cachexia or aging); treatnent of hypergort i smand Cushing's syndrone;
Paget's di sease; 10 treatnent of osteod® g~,hnduction of pulsatile
growt h hornone rel ease; treatnment of ostgochiondrodyspl asias; treatnent of
depression, nervousness, irritability and Wess; treatnent of reduced
mental energy and | ow self-esteem (e.g., notivation/assertiveness);

i nprovenment of cognitive function (e.g., the treatnent of denentia,

i ncl udi ng Al zhei ger' s di sease.and.short termnenpry .| - treatnment of 15
catabol i sm i e&%ﬁﬁ%‘ﬁpoﬂe\ﬁs gﬁﬁlb WBH%FV%%?REWE@%%“@%@%W }lrc?rgf”gﬁ or
dependency; opEiBﬁéIy’E%BEtit&ﬂ‘ed%?ﬁgiﬁ%r%ﬁ?f, YA P A an( Ry GubsRBSRCHRA Gnitfol h _
val vul ar di séase, "nyocardi al™ i'nfarction, cardi ac hypertrophy or congestive
heart fablure); | owdso espehiabipgroferesisare epmppurals ef thedormglail heving &t ri cul ar
dysfunction oy prevention of reperfusion events; treatnent of adults in
chronic diaﬂ?@?%?gﬁgvgﬁﬁﬂr¥ws Bng of the catabolic state of 20 aging;

attenuation or reversal of protein cq&ﬁgg i c responses follow ng trauma
(e.g., reversal of the catabolic S%ﬁi\ sogpi ated with surgery, congestive
ron

heart failure, cardiac myopathy, bufps, cer, COPD etc.); reducing
cachexia and protein |loss due to ¢ iyy| ness such as cancer or AIDS
treatnment of hyperinsulinem a including esi@i obl astosi s; treatment of

i mmunosuppressed patients; treatnment of wasting in 25 connection with

mul tiple sclerosis or other neurodegenerative disorders; pronotion of
nyelin repair; maintenance of skin thickness; treatnent of netabolic
honeost asi s pgde renal honeostasis (e.g., in the frail elderly);
stinmulati on of osteobl asts, bone renodeling and cartilage growh;
regul at i1®n ofisflow@;i nt ake; treatnment of insulin -67 WO 02/ 00653

PCT/ USO01/ 19663 _.resistance,. including NNDDM in mammal s (e.g., humans);
treat ment of QiHHEUPF 3&?Q§§%§Eance in ?he heart ; inprovenegt gf sl eep qLaIity
and correction of the relative hyposonatotropi smof senescence due to high
increase in REM sl eep and a decrease in REM I atency; treatnent of

hypot herm a; treatnent of congestive heart fa re;

e BN

y o= G

G'is P (G2 O GC\G K e
ab

15  each G*is independently CN, NO,, CF,, Cl, Br, F, OCH,, SCH,, I, CH,, C(O)-CH, or

O\" .
-—Q\/N:

O
G"is CN, H, F, Br, NO, or _Q\j'N;
G®isCHorN;
G%isSor O;
20 G°isHorF;
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5 treatnment of |ipodystrophy (e.g., in patients taking H'V or AIDS

t herapi es such as protease inhibitors); treatnent of nuscul ar atrophy
(e.g., dweovpoghysical inactivity, bed rest or reduced weCTUSoI®as3 Ng
conditions); treatnment of nuscul oskeletal inpairment (e.g., in the

el derly); inprovenent of d he overahl pulmpary function; treatnment of

sl eep disorders; and thetreatmentjof the gat ab19l (e %tate of prol onged 10
critical illness; Area -0 hy, b S neRk sebc _npla@a,or I_p_rogeni C

al opecia, anemi a, hyperpilosify, benign pragtatéMybertrophy? adenomas and
neopl asies of the prostate (e.g., advanced netastatic prostate cancer) and
mal i gnant tunor cells containing the androgen receptor, such as is the

case for breast, brain, skin, ovarian, bladder, |ynphatic, liver and ki dney
cancers; cancers of ‘} ki n, pancreas, endomeMBum lung 15 and col on
ost eosar coma; hyperca i a of” malMi gn&hgys, tic bone disease;

treat ment ofgisper mat ogenesiNg, endonetri osi s an@Hpol ycystic ovary syndrone,
conteracting preecl anpsts, ecl anpsi a—of pregnancy and preterm | abor;

treat ment of prendr eatgent of vaginal dryness; age
rel ated decreased testaogterone |ev in nen, male menopause,

hypogonadi sm mal e hornone 20 repl acenent, male and fenal e sexual
dysfunction (e.g., erectile dysfunction, decreased sex drive, sexual

wel | - bei ng, decreased/4bi do), mal e=and fenal e raception, hair |oss,
Reaven's Syndrone hancf bgpe ¢l e
per f or mance/ strengt h; d the condN ns?; di seas and #mal adi es

col l'ectively referenced to as "Syndronme X' or Metabolic Syndrone as
detailed in Johannsson J. 25 din. Endocrinol. Metab., 82, 727-34 (1997).
The present conpounds have therapeuticngility in the nodulation of immne

cel|l activatj,pn/prolifesqtion, e.g.,_&s conpetifiyve inhibitors of
intercel |l ul 158 we 653 PCT/ 1%?63 d/(rcglce or binding
reactions invol ving CAMsZ (Cel | ul ar N\Adhesi on M i es) Bad s Leukoi nt egrins,

For exanpl e, the present conpo s nodul ate LFA-1CAM 1, and are
particularly useful a A- | CAM ntagoni sts, and in ¢fe treatnment of all
condi ti ons associ afed wilth LFA: AN 1 suckgs, i ngpntl%%;a] di sorders.

«
v,

Preferred 5 utilitiesddl the presght conpotinds Tnclu but are not
limted Yo: inflammtory conditions such as those res ing froma
response of the non-specific i mune system in a nmammal (e.g., adult
respiratory distress syndronme, shock, oxygen toxicity, nmultiple organ

injury syndragp secoiepti cem aF organ injury

’ or

1id;
R'%is —CHg , or .
Use and Utility
10 The compounds of the present invention modulate the function of nuclear

hormone receptors (NHR), and include compounds which are, for example, agonists,
partial agonists, antagonists or partial antagonists of the androgen receptor (AR), the
estrogen receptor (ER), the progesterone receptor (PR), the glucocorticoid receptor
(GR), the mineralocorticoid receptor (MR), the steroid and xenobiotic receptor

15 (SXR), other steroid binding NHR, the Orphan receptors or other NHR. Selective
modulation of one such NHR relative to others within the NHR family is preferred.
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syndronme secondary to trauma, reperfusion injury of tissue due to

cardi opul nonary 10 bypass, nyocardial infarction or use with thronbolysis
agents, aeobyooe§t onmer ul onephritis, vasculitis, reactive aPCHURBII/®663
dermatosis with acute inflammtory conponents, stroke, thermal injury,

henodi al ysi syjoh@HERPNBERIES forlbxGRPRL bMBa60h -F%%z?gorﬁ‘ﬁ%tg}éi lBYa LU&E9E0! 1 LS

and granul ocyte transfusion associafed synd and Itrons resulting

from a respambeganfretépsorsenist agivitghoumiehibytidme(@d. rantagonistadtivity). (e. g. ,
psoriasis, organ/tj 1sjsue transpl an rej[ ection raft vs. host reactions and

aut oi mmune di sease<$D RESSEH;CAE! ARithys ysefal igrthe traatmentof AR tansacistefl ¢ i s,

dermatitis, 10l ‘OS] o ritl s, insulin-dependent
di abet es e |1t§6un§', %Slglhg ggb‘f%%tf ﬁﬁ g%m@%nr yg%@’ve\:éi?le%ﬁng,edg Oete§ %Scrr@g}%gora ohn's
di sease &inddisbrief #hichecadWeitidated b &YAIN@ThE flndAbs o XHFEHPL RBj¢s),. The
present conpounds can be used in 20 treating asthma or as an adjunct to

m ni m ze t oxbereinytrodteientyankiseeprenentiopy(eign prophylaticdesatment), pértielancer s.  The
present co unds can be |l oyed in t.he treatpent of all i seases
currently ?B@%Ytl BT %gtﬁgﬁ%ﬁ%‘?rﬂort‘{\%qrg?fyﬁ?ﬁga%‘b@@h?c% @Bhdc ' may be
enpl oyed f Oéxéﬂﬁe,t\ﬁﬁﬁih%ﬂhinﬁssﬁe@%§ hediell BEmot é}&é&?\;e?i}é ﬂl!é%oﬁa wi th other

I unosuppressive or antiinflamuatory agents. I n accor t he

i nvention, aulgéctbemgdrratedddr suvh afconditiba disoeden. be admi ni stered prior to the
onset of _.inflammt| g\ng%so as to suppress an anticipated inflammuation) or
after the initiati:; e Hipﬁwérﬂ%qniﬁsemw%m%i | 19F Bisrivaetmant e y, the
| MIUNOSUPT 3% of BRAHGI bk Rl ﬁ%ﬁ{dﬂgh% R iAo | RoReaRRa 0T anY

i nfl anmat ory response or synptom (for ex Pe, pri or ?o, at, or shortly
after the tifellowifigian organ or tissue transplant but in advance of any 30

synptons or organ rejection). The prophylactic adm nistration of a conpound
of the formula | [FosRownds offogpyled gan be appliedag Bgenistamartial pgemstat or y

esponse (ol e SR RO g R B R B

of a transplan n or sue, 8und of

the forngl atlat adcepiordh@s aady odfiletizhl doRf#tRANHhiMIn(SVE ModlatibP6f @¥anpl e,
the rejection of a transplanted organ or tissue). The conpounds of the

formul a | c&MresengenepHirPedway. fAmpliastions pf saié cormpeursls decteds e drematei n by any
sui tabl e nmeans,

capsul es, gran ueld]:éC ! 8¢ éa%%?’g& gﬁ%ﬁ’ﬁééﬁ‘ﬁ @‘?ﬁ%ﬁgc@rﬁ%{,eo%eg;ﬁfﬁﬂtsggﬁfeﬁ such as
by subcut arg@sifietrihNéan@Me B&1Ers ekpiebdndihe ekdbgenGbcdptir’sas &/th@l i nj ection or
i nfusion techniques (e.g., as sterile injectabl e agqueous or non-agueous
sol uti ons oraforementioned cancers and others, contraception, pregnancy termination, menopause,
20 amennoreahea, and dysmennoreahea.
Compounds of formula I can be applied as agonists, partial agonists,
antagonists or partial antagonists of the progesterone receptor, preferably selectively
to that receptor, in an array of medical conditions which involve modulation of the
progesterone receptor pathway. Applications of said compounds include but are not
25  limited to: breast cancer, other cancers containing the progesterone receptor,
endometriosis, cachexia, contraception, menopause, cyclesynchrony, meniginoma,
dysmennoreahea, fibroids, pregnancy termination, labor induction and osteoporosis.
Compounds of formula I can be applied as agonists, partial agonists,
antagonists or partial antagonists of the glucocorticoid receptor, preferably selectively

30 to that receptor, in an array of medical conditions which involve modulation of the

glucocorticoid receptor pathway. Applications of said compounds include but are not
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suspensions); nasally, including admnnistration to the nasal nenbranes,
such as by 10 inhal ation spray; topically, such as in the formof a cream
or oi nt mawo p2/ees¥ ectal ly such as in the form of suppositpPeT/@so1/i963dosage
unit formrulations containing non-toxic, pharmaceutically acceptable

vehi cles or jghiddent ﬁﬂaﬁ&t&?%&%es?%ﬁﬁﬁﬁ?e G8dhses] BrostaRXGBrCore AR
admnistered.in a formsuitable for 1medi ate rel ease or extenged

| mmedi at e r edreas Algicimxt’ e ddede) B dasie disordas, dopidependerdey, tdieinadim of
sui tabl e 15 pharnmaceuti cal conpositions conprising the present conpounds,
or, parti cufeiengentDiabeies Mghidus,; andas dongang ecepferblopking Agentser adheryiss ces

such as sub neouMs . mpl ant I snot | y vl resent conpounds can
al so be ad m_g%%% _nesrttéj)ﬁﬂ‘l‘elwge %8?%%0?9‘?1’%?8%‘?% Prgrgeﬁbaé%$‘§§0§%%§‘f or oral

adni ni stgation |nClOéﬂﬁ)oﬁﬁéﬁ@ﬂ‘éhﬁtﬁlM‘é@th@a}%ﬂ%aﬁ%?&nﬁ'st_@,,paﬁml af¥ASm) e,

m crocrystalline cellulose for inparting bulk, alginic acid or 20 sodium
al gi nat e as antagonipie od paiabaysagopisteetililié pandralocerticaid receptosqusietaplyenhancer,
and sweeteners or_flayoring agents such as.those. known.i.n.the art; and

i mredi ate r SPESLELY Wéﬁ?@?%e i@ﬁncaﬁ’f?yé’g FSHGR C?thwgﬂ’d@b{nvﬂlivﬁr ocrystalline
cel lul ose, digRlLi elgle ik ReS U, St /or lactose
and/ or ot her exci Blﬂergr{ts, E?E%%@gl dgie?e tgg?%, @s%ﬁe@?gﬁgﬁ Il uents and

| ubri cants sompoasistihclsée butavemot hintibed tar drug Wiéhd2owal eymiromnd andf formul a |
can al s? be .del i vered _t hrough the oral cavity by sublingual and/or buccal
adni ni stPat i“éﬂ%l.x%‘loﬁééls?aéﬁ?-et s, conpressed tablets or freeze-dried tablets

are exenplary for I Vi oSl k| .L.acl ude

t hose formul ati ng”ﬁoﬂoﬁ@ggﬁffoggﬁ%éﬁc%\an?ﬁﬁ%aﬁisfa é@g%’ip}g% l%glblgtg’i | uent s
such as nanniagohistsloaph@RbantagtRishSeS the dldoktefonelresdpior froferably Sefectivellyded in
such formul ati ons 30 nmay be high nol ecul ar wei gh.t exci pi ents such as

cel l ul oses (BAfiresspioroin apciiaE Ehipedigal copiditicas svhi olvemodulagiepaf #ei ons can

al so include,an, excipient tq aid cosal ..-7 02/ 00653 _RCT/ US01/ 19663
Adhesi on sudhiaeRos B e fnfn” P leaion'shal RiePess B PR A A
cellulogg (AN to: TeHbdsVEREBONuREL hyl cel | ul ose (SCMC), nul ei ¢ anhydri de
copolyner (e.g., Gantrez), and agents to control release such as

pol yacryl i c copol yreempeunds of oambladaian Y8 4pplied dsragenistssparidaliagemists, f | avors,

coloring agents and stabilizers. | so, 5 be added for,.easge of

Fobr1 cati on HE0SE R arE it o Br anomact Seonas areraarS3REYY ha at i on
adm ni strat i{pa} redphdtdm an%a?%'f%ﬁidaﬂc&ﬂ'iﬁd]ﬁ_%ﬁ&?ﬁvsﬁr@ nfblatol of iRy exanpl e,
benzyl al cohol or other suifable preservatives, absorption pronoters to
enhance bi oaandidgabirédeptor pathdapr Appheations of said compounds include but are not

rel ease.

20  limited to: hirsutism, acne, seborrhea, Alzheimer’s disease, androgenic alopecia,
hypogonadism, hyperpilosity, benign prostate hypertrophia, adenomas and neoplasies
of the prostate (such as advanced metastatic prostate cancer), treatment of benign or
malignant tumor cells containing the androgen receptor such as is the case for breast,
brain, skin, ovarian, bladder, lymphatic, liver and kidney cancers, pancreatic cancers

25  modulation of VCAM expression and applications therein for the treatment of heart
disease, inflammation and immune modulations, modulation of VEGF expression and
the applications therein for use as antiangiogenic agents, osteoporosis, suppressing
spermatogenesis, libido, cachexia, endometriosis, polycystic ovary syndrome,
anorexia, androgen supplement for age related decreased testosterone levels in men,

30 male menopause, male hormone replacement, male and female sexual dysfunction,

and inhibition of muscular atrophy in ambulatory patients. For example, pan AR
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solubilizing or dispersing agents such as those known in the art. 10

Exenpl ary conpositions for parenteral adm nistration include injectable

sol uti onwon2/esspensi ons whi ch can contain, for exanple, BOTU&W/®663
non-toxic, parenterally acceptable diluents or solvents, such as nmannitol,

1, 3- but anedinkula¥ioi & gontdBip)ated, witls plodiatedblectife mh@wsu&p@*swﬂlwﬂgﬂe
solutlon or other suitable dlsperS|ng or wetting and suspendi ng agents,

i IncI udi ngdspmlhe]aﬂ}z prajerved, suchchsgbyﬂ:lertned’msent ?ﬁdarl‘}m}tagc pl&t?m :cats:grs ncl ;,ldl ?g

ol ei ¢ aci or osi tion r rectal administration
i ncl ude suppositor &E&RRHF‘%SI‘P efgglﬁﬁéﬁﬁ applisd aéiﬂ'ﬁ%raéﬁ%ée]?ﬁtﬂ‘teébl e
non-irritat EQ?;| I esters
or pol yet hyh@%%&gﬁiggﬁ%tmwgﬁn g&ﬁé@%@ Otuﬁa nar€ lﬁlg?a eélg?

li qui fy &ndbbsucisstahteard thoiéfﬁuﬁ&ﬁltﬁbre@aﬁaﬁ% ;ir@state lnﬁﬁ@eceuhﬁlegi Ewtdh-as20
Exenpl ary cog})om tions for topical adm nistration include a topical carrier

such as Pl ab %@Wﬂﬁ?@ﬂ'@ﬁo@lmoﬁé{sl Adtanil 8 1962 (E98)) Baadb, (FHUEe&S ect i ve

oratnary. skier/Ratifict, | Vigh Rt ol (659 eRB 82 AdusaEy Tl Mt s
adul t humangafiof upms@l@m))l Aﬁpﬂéaaoﬁsf St safX @il Rindd kv bliGare hoPpdteqei ght

of 25 active corrpound per “day, can be adm nistered in a single dose
or in the fm na@ﬁlomlamdmdm@m@lsledpffﬂdqﬂosmse@ﬁa$ cofcenandf endometriabeahcer. nes per

day. It be under st oo the s eC|f| dose .l evel . and frequency of
dosage ?@Ar any par ?f @Enogpg§qjgfagvalgla3gﬁn & 2P} é‘aag?fﬂs%ﬂaﬁlagéﬁgﬁﬂs’upon a
vari ety of aﬁ@‘ié“

enpl oyed, tfﬁg&%en%'?tggg%ﬂgqg ta ﬁ%@%"ﬁ%%ﬁ%ﬁt M%ogfcbﬁggﬁde 1for%ﬁat conpound,

30 the speciselsctivafieto theidygcepeirgintan ageyerf ahedi@hbdditicswiddindolet of the

subj ect, the npde and tinme of adm nistration, rate of excretion, drug
conbi nat i onMQfetion\nd the sfergrd andxenobietigysceptrppibwarcprisgtirnowfeaid

par ti cul ar gg{;@ba o FIERR SR HREGRS eandl SAAURIEACLHABI AN o

nost prefer Ian ecl es suc I'c animals

such as1dog$onma§tss1amﬂteﬁmonbfketabsubnmbha@abﬂrﬁoasﬁgaﬁisaiyeﬂ conditions. As
nentloned above, the conpounds of the present invention can be enployed 5

al one or i nadBWBISFRHGIGH apjagent deppymd @ thapressnt Bveetiond whichnedulpies Biseut i c

agents usef Lﬂ450r€%ﬁ§8r% FSAld of NHR-associ ated conditions, e.g., an
antibiotic or ot armecedt real | y active material. For exarrpl e, the

conpounds of the prgisagivithiveitbreientioNedNHR] MO &do Bkikth number of NHR for

which the activating or deactivating ligands may not be characterized. These proteins

20  are classified as NHR due to strong sequence homology to other NHR, and are known
as the Orphan receptors. Because the Orphan receptors demonstrate strong sequence
homology to other NHR, compounds of formula I include those which serve as
modulators of the function of the Orphan NHR. Orphan receptors which are
modulated by NHR modulators such as compounds within the scope of formula I are

25  exemplified, but not limited to, those listed in Table 1. Exemplary therapeutic
applications of modulators of said Orphan receptors are also listed in Table 1, but are

not limited to the examples therein.
Table 1. Exemplary Orphan nuclear hormone receptors, form (M = monomeric, D =

30  heterodimeric, H = homodimeric), tissue expression and target therapeutic

applications. (CNS=central nervous system)
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growt h pronoting agents, such as, but not limted to, TRH,

diethyl stil besterol, 10 theophylline, enkephalins, E series prostaglandin,
conmpoundwabpzaiessed in U S. Patent No. 3,239, 345, e.g., peranaliveesnd
conmpounds disclosed in U S. Patent No. 4,036,979, e.g., sul benox or

peptides disclosed in U S. Patent No, 4,411,6890. The conpaunds_ of the
i nventi on M&o benﬂﬂ@edﬁﬂl—%mr & i on vxﬁth%ﬂ_ﬂiﬂi&éw ansgh lication

secr et agog ch as R 4 escri i . 15 Patent No.

2411, 890 and bl M ED Gpani i N #Rnd L jé%r%gl?ﬁi?‘%@ﬁap 2 (as

descri bed iRZH® 93/ 04081) , BRI Atuitheyonivediei skiteep Midddeld (Lilly), MK-677

(Merck), CP424391 (Pfizer) and B-HT920, or with grow h hornone rel easing

factor andRORs. anal ols orCegebsitum,RarkinjecCeRd Atthritig|adlpgrlier AsmRt onedi ns

i ncl udi Eg |G=-1 and 1G~2, or with al pha-adrener%i%j‘(; agoni sts, such as

cl oni di Re NOBek ot i ni M 5- HABIBMusslni Beast, suchCNS Rigendersi Geaeer or agent s

whi ch inhibit somatostatin &renilt ﬁhgr%lu ase, such as physostigm ne and

pyridostigmne. A still fu‘tr\ Yer: as€”6f the discl osed conpounds of the

i nvention i§a nbi i i th parat hyroi d heqigy H(1-34) or

bi sphosphonlgggg@guchpg% (I\)/Igr-aiﬁﬂ (al endr onat e).@A st??ﬁdlg urther use of the

conpounds ofQUPETfoNVEHL | ONBiagn | N conbi nati on WelNK Did&rdest r ogen,

testosterone, a selective estrogen receptor nodul ator, such as tanoxifen or

ral oxi f ene, COUPsTHEr Hndr oBenin r ecept or nodul at GN§,Distielersas t hose di scl osed

in Edwards, J. P. et al., Bio. Med. Chem -Let., 9, 1003-1008 (1999) and

Hamann10L. €OURTFw H J. Bein Chem, 42, 210-ONS Disedeys. - 72 WO 02/ 00653

PCT/ US01/ 1966 A furiher yse t he npaunds his invention is in

conbi nat i oglg‘\}\f%gh pro ster}cyﬁ‘?l ’?@’é’%ﬁsogg’&g Ni stg%"rls-’%l\“dﬁs such as

| evonor gestggl. r opypr r et ( The conpounds of the
R&}-Rrilad O e%ﬁpgage%ﬁg (UHIGLRLS) @fﬁ’eg%%

present invention can be 0 ne-or ination with each ot her
and/ or ot herNwagul at ofgs of LReE Keakey) Rit8RAE  €CPphefes OF oOther suitable
t herapeutic agents useful in the treatnent of the aforenentioned disorders
i ncl udi ng: 8intli - di abeM ¢ agemds; Piswitary ost eopor MetaboligBidosderant i - obesity
agents; antL-i nfd/ammt ory agents;_ anti-anxiety agent_s; ~anti - depressants;
anti- HPpertBRGRe aglnt s: Kideey (Bbiguires) agent Metabalic Disorderboti ¢ and
t hr ombol yti @C.g?;ent S; _WHcafggt&co%%,cosi des; chﬂjlfeeiﬁﬁg,r ol /lipid | owering

r p

agents; mneralocorticoid rece_bt or” antagoni sts; spodi est er ase
i nhi bi tors;ERREEI N tyr 0Si PRcitd) Bfel Nhi bitors; thyfrﬁéﬂlity’ Osteoporosis

FXR D Liver, Kidney Metabolic Disorders
CARa H Liver, Kidney Metabolic Disorders
20 PXR H Liver, Intestine Metabolic Disorders

The present invention thus provides methods for the treatment of NHR-
associated conditions, comprising the step of administering to a subject in need
thereof at least one compound of formula I in an amount effective therefor. Other

25  therapeutic agents such as those described below may be employed with the inventive
compounds in the present methods (for example, separately, or formulated together as
a fixed dose). In the methods of the present invention, such other therapeutic agent(s)
can be administered prior to, simultaneously with or following the administration of

the compound(s) of the present invention.
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m nmetics (including thyroid receptor agonists); anabolic agents; HV or
AIDS therapies; therapies useful in the treatnment of Al zheiner's disease
and ot hewaoymicss ve di sorders; therapies useful in the tPEeRURBEINIGESf

sl eepi ng disorders; .anti-proliferative 15 agents; and anti-tunor agents.

Exanpl es of SuUi t &Rk Bre8dHh imvShBBERISS p PRORNE pbi@fackBital Eblﬁ&fé’ﬁidiﬁtcb ?nyﬂngh the

compounds of the present invention'inclu bi guani des formn)
gl ucosi daseat leashbhé vhthe cémpgynds af tdosmila licasablé m@:re{atlng hMHRgtssocmt&d

secretagogues Qr insulin sepsitizers glitinides pagl.i ni de),
sul f ony! ur e§@didonyin angmqpshelieciiye thage m”& @.p&@r%qautbqafl}s ?%?%@P?e carrier

bi guant de/ o il SEFANH! 1AL LONRo Gk or 3 HESHERRAE oo AR QLA ned ones

(e.g., troglitazone zbne an azone agoni st s,

PPAR- gargra  a@edpeaticag dﬁ%@d@b@m&gama aﬁ&laén Rofonhtlated, Hoetam lenlhy bitors,
gl ycogen phosphorylase inhibitors, inhibitors of fatty acid binding protein
(aP2) such smployigccaventiongksolidior ligsid whidles|orddues /as pellgr@hpinasautival ch 6,

2000, 25 gl tide-1 d t. tid IV (DP4
i bi tor s, SEHSRt sl Hhpirig o Ermotb of B6sd ol IR rRRE | 1 (7
conmbi nat i on eyhibndsGind&8, 'B?Qéé%ﬁv@g sfaBﬁlefseﬁﬁJUrs 'efbV)ed%Ed)r@ﬂlg 8GbdhHRues

al endronate, risedronate, PTH, PIH fragment, ral oxifene, calcitonin,

steroi dal osuchoms thdmnmlkiaiomrmgbsareDﬁﬂmmamcairfonmﬂaﬁm 02/ 00653
PCT/ US01/ 19663 agoni sts, RANK |igand antagoni sts, cal ci um sensing receptor

ant agony§ts, TRAP. p ds’h@@d?&e et %&%@8&&1 rics bf f8 esreﬁﬁﬁg%rﬁ%)ngaﬁ? to(a{ S

(SERM), estrogen an Irtors arrpl es Sul eS| ty

agents for l}'iﬁﬁtah@n%@@ﬂh@iﬁdé&ﬂaﬁ%xﬁ Rebhfond ué‘e@nﬁlﬂﬁ%ﬁkﬁlgoinytdﬁh@&ﬁrﬁﬁ%s bpvention
include aP2 inhibitors, such as those disclosed in- U’S. Seri al

09/ 519, 079 fdis’oﬁiéré\'ﬁdt@o@es&m helSPAR dhadTRf AR A BNdiSéSes (B%BcerQQerﬁher
agoni sts, beta 3 adrenergic agonists, such as AJ9677 (Takeda/ Dai ni ppon),

L750355 ( Me peddjferate d1§éﬁ§é§lﬁ4ﬁn(d8ﬁipb§1lt1)m@for&fehtﬁ[g dguchwondigds & dgoderst s as
disclosed in US. Patent Nos. 5,541,204, 5,770,615, 5,491,134, 5,776,983
and 5, 488, 064ich aomﬁti¢nspaédisiorddr33irmhldp, witladut dimittibn,sngof grosadesceibad

(Al'izyme a serotonin (and dopamn % reupt ake inhibitor, such as

sibutra ne,PrQV(b(?}lea#&W@l @9 819se éescabg hlowins wcha&dmm@nar(qaéém@l@n) a
thyroid receptor drug such as a.thyroid rece and as discl osed
n WO 97/ 21559 i g (e.grondby olgeRy: rREFBETSYe S

(KaroBi o), r&d(earﬁn%:@lo%ﬁod’eef ne (;‘A?{%%]I) in the etfder Y (g%.)(% (r)]}%n;iir}] Eedtm%rqteql erm ne,

catabolic side effects of glucocorticoids; prevention and/or treatment of reduced bone
mass, density or growth (e.g., osteoporosis and osteopenia); treatment of chronic

20 fatigue syndrome (CFS); chronic malagia; treatment of acute fatigue syndrome and
muscle loss following elective surgery (e.g., post-surgical rehabilitation); acceleration
of wound healing; accelerating bone fracture repair (such as accelerating the recovery
of hip fracture patients); accelerating healing of complicated fractures, e.g. distfaction
osteogenesis; in joint replacement; prevention of post-surgical adhesion formation;

25  acceleration of tooth repair or growth; maintenance of sensory functilon (e.g., hearing,
sight, olefaction and taste); treatment of periodontal disease; treatment of wasting
secondary to fractures and wasting in connection with chronic obstructive pulmonary
disease (COPD), chronic liver disease, AIDS, weightlessness, cancer cachexia, burmn

and trauma recovery, chronic catabolic state (e.g., coma), eating disorders (e.g.,
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15 phenyl propanol am ne or mazi ndol. Exanples of suitable anti-inflammtory
agents for use in conbination with the conpounds of the present invention
i ncl ude pvedni®ene, dexamet hasone, Enbrel (r), cycl ooxygePabB®@Somiomndgsi t ors
(i.e., COX-1 and/or COX-2 inhibitors such as NSAI Ds, aspirin,

i ndonet haci n, ibuprofen, piroxicam Naproxen(D, Celebrex(r), Vioxx(r)), 20
CTLA4- 1 g agemirskis) adlchembitetpy; bMthehi SRAMHIGRY AU, SefimenlBPH i nhi bi tors,
such as mycophenolate (Cell Cept(r)) integrin antagonists, al pha-4 beta-7

i ntegrin antlag@boSitehenia¢ bitnReheSirowth Flirfatiodris cohddeiod RHBITCHRTER

antagoni sts, ICAM 1, tunor necrosis factor (TNF) antagonists (e.g.,

i nflixi mab, diSREk8sujaimaitadshat Boweisyagninte sestmenndl ibithble bowkligdedrmdae,

cl of azi m ne, CNI -1493, CD4 antagonists (e.g., priliximb), 25 p38

m t ogen- act igaimedt girinflanmatory hewel dikdabe; ttensneny oHCaihn’s disease amd Kiarate: (PTK)
inhibitors, KK inhibitors, and therapies for the treatnment of irritable
bowel syhdr 6plis; traatment of eompligatipns assosiabeil withr tyansplentetien;dreatmers of hose
disclosed in U .S Patent No. 6,184,231 Bl). -74 WO 02/ 00653 PCT/ US01/ 19663
Exanpl e of Bhvsiclpgiealshest siaie cjudipatosvth bprmans deficieniabildzen and shpth t he

conpounds of, the present .inyent.i i ncl ude di azepam | orazepam buspirone,
oxazepam aﬁtég‘ﬁ‘f/?ﬁg?ﬂ?f?‘ii Wétlhpf;ﬁ‘ﬁ’d? gﬂ‘e@ Aepimeat 8?0 ity ayl ok retgdpiaissant s
for use in inpati.on.with the 5 ¢ ounds of the present jnvention

i ncl ude ci tg%)sgglfl {aé?nm% 3¢ ’itﬁg,gn?’éiogg&fmgie'g'sgsts?‘r“ﬁ‘lgflr‘i‘@t, GvachPoxet i ne.
Exanpl es of ,sui - : IV it s, for b compination with
t he corrpouﬁ%lgg}é?l13 %tﬁjgﬁgzr’%h nfc%%@@%@ia%ﬁ%gﬁ@ﬁlg&esy%%r;é %l%ag?’%eﬁé%egsebl ockers,
cal ci um@hapeghenPdQs e § ~ i : ide ml,
ni f edi pi ne, anl g(r:ili pi n{é%%gﬁ}é&lilsohﬁﬁgﬁlggﬁlgﬁﬂé;gg%ltg%@d tgrglégg%ﬁga?ﬁ%ﬁ i azi de,
hydr ochl or obhbagdctendrbdyspRistabazdtiaent df}dﬂﬁr@iéiéﬂjﬁéﬁbﬁéie@k‘? irritability and

bendr of | unet hi azi de, net hyl chl orot hi azi de, trichl oronethiazi dg,

pol yt hi azi detresbetnatrhéra oif deluced meatay enezgypandloivi seliresfrainge.g..chl or t hal i done,
furosem de, nusolimne, bunetanide, triantrenene, amloride,

spi ronol act oéiyvationéassertiveresd; inproyema@o! icogriitive fnstiqre(egs.,, the apitopnt of

zof enopril, fosipopril, enalapril, ceranopril, cilazopril, 15 delapril,
pentopril, @emeas includingjshpimer]si diseaspand short Agrmimemenploss); weatmguimfst s
(e.qg., fLfosartt? , Irbesartan, ,val sartan), ET receptor antagonists (e.g.,
si t axselt anCARHSEHR gAONSCHAN & Ranyjdysiipction qod venigatopgepmdengys .

5,612, 359 aﬁgatr%egt4 0 c%,r6c?121(3 dy%lﬂ%llctigg /(éA.\ Igl, associated with valvular disease, myocardial

infarction, cardiac hypertrophy of congestive heart failure); lowering blood pressure;
protection against ventricular dysfunction or prévention of reperfusion events;
treatment of adults in chronic dialysis; reversal or slowing of the catabolic state of

20  aging; attenuation or reversal of protein catabolic responses following trauma (e.g.,
reversal of the catabolic state associated with surgery, congestive heart failure, cardiac
myopathy, burns, cancer, COPD etc.); reducing cachexia and protein loss due to
chronic illness such as cancer or AIDS; treatment of hyperinsulinemia including
nesidioblastosis; treatment of immunosuppressed patients; treatment of wasting in

25  connection with multiple sclerosis or other neurodegenerative disorders; promotion of
myelin repair; maintenance of skin thickness; treatment of metabolic homeostasis and
renal homeostasis (e.g., in the frail elderly); stimulation of osteoblasts, bone

remodeling and cartilage growth; regulation of food intake; treatment of insulin
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ant agoni st (e.g., conpounds disclosed in WD 00/01389), neutral

endopepti dase (NEP) inhibitors, vasopepsidase inhibitors (dual NEP-ACE

i nhi bi toved 0t/e0663 , onmapatrilat and 20 genopatrilat), andPaOTAREW663

Exanpl es of suitable anti-platelet agents for use in conbination with the
conpounds of the present invention include GPIIb/Illa blockers (e.g.

abci xi mab, r@Rtanté, Badih@ig NIDDW BafimmBR (3.2., AbiagdnirsitfenCofinsuli@l OPI dogr el,
ticlopidine, CS 747) ﬁronboxane receptor antagonists (e.g., ifetroban),
aspirin, angesi3tlncd 1o the hbadp] i@ievennt ¢€sleep, qualifyyanidaanmebiton of théiredativei t hout
aspirin. Exanples of sui tabl e cardiac gl ycosi des for use in conbination
with the chpmsomdptobishhef enesente duettehighdncreaselin®&EMisiyep ahd 8 demehsouabai n.
-75 WO 02/ 00653 PCT/ US01/ 19663 Exanpl es of suitable cholesterol/lipid

| oner'i ng agénREM latenugdréatmenrofihypothenmisy trdatméns O«fompgﬁah\dsh@art foilepr esent

i nvention include HVMG CoA reductase inhibitors ravastatin,

| ovast at9n, tra@tamh@ﬁlquﬁstr@}m(a«gt,am patienfidakiog mé’ ®. AgIDS sqsamhqas or

ni svastatin or nisbastatin) and ZD 4522 (a.k.a uvast atin,

at avast at i nPFPrteaﬁe {nhibitora); figgtment el mpEHaT SRR e(te&jqeﬁﬂip YAl énac?lYlE% at es,
bile acid s est ran ACAT. . .inhi bit nh| bi.t ors xygenase

i nhi bitors, EﬂSE%“trS B‘fedé’lﬁglﬂtﬂﬁa’aﬂgi: ltbqusg/r{’éea %8f%?‘§8§1(§]%%? ester
transfer protei

ni ner al ocor t"irlg?)lfraer%ﬁgpf%fhe e& e&%?)’ﬁfng%"%%%ﬁ%%%s%el ‘n’ergﬁé) morga{fﬁ" é’,—'tﬁ t he
Comounds Dk e o VSR LT ELAGS RSB 0P, |

epl eri none. es of* suit e phospo 1to

conbi nagpon cmlw illAd3s: &éa&m&%@ﬁlr@&nshh %c&" SSRPthed, WBRIeRIR aldpetiddmeRE! | |

i nhi bitors such as cilostazol, and inhibitors such as sildenafil.

Exanpl es of hgpérbabligy, b&ﬁgﬂpﬁbsmmpeﬁsoﬂhgradéﬁ@;nwms@pwes ontheipkditdihe 15

conpounds of the present invention include thyrotropin, polythyroid,

KB- 130015, (apd advannediarctnrmtic pxamy emceal) asditakiphant anatrodells cagaining ther use
in conmbination with the conpounds of the present invention include

t est ost er onendibBeh diceptoy|sech hdie sheerase for besast, brpem skin, @vargponbleddsr,

t heophyl l'ine, anabolic steroids, dehydroepi androsterone, 20 enkephalins,
E-series prd¥mpbaticdlive anddidnegicancess; gangses ofdhedumdangisasieadomaiam; hng, s

P 2 4 ., Z | (
Sﬁf be*%?ﬁ) agt cglo?l ose’tec(i:]sar’comear }rflpoercalgemla ofS mali grga%g;[r, rrl\lke)tastatlc? ggne%zs%as g9

treatment of spermatogenesis, endometriosis and polycystic ovary syndrome;
conteracting preeclampsia, eclampsia of pregnancy and preterm labor; treatment of
premenstrual syndrome; treatment of vaginal dryness; age related decreased
testosterone levels in men, male menopause, hypogonadism, male hormone

20 replacement, male and female sexual dysfunction (e.g., erectile dysfunction,
decreased sex drive, sexual well-being, decreased libido), male and female
contraception, hair loss, Reaven’s Syndrome and the enhancement of bone and
muscle performance/strength; and the conditions, diseases, and maladies collectively -
referenced to as "Syndrome X" or Metabolic Syndrome as detailed iﬁ Johannsson J.

25  Clin. Endocrinol. Metab., 82, 727-34 (1997).

The present compounds have therapeutic utility in the modulation of immune

cell activation/proliferation, e.g., as competitive inhibitors of intercellular
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peptides as disclosed in U S. Pat. No. 4,411,890. Exanples of suitable HV
or AIDS therapies for use in conbination with the conpounds of the present
i nvent i owoOnzbasd®e i ndi navir sul fate, saqui navir, saqui navP€T/USG/1esy| at e,
ritonavir, |amvudine, zidovudine, |am vudine/zidovudi ne comnbi nati ons,

zal ci t abi ng, didanosine, stavuydi ne, and nmegestrol acetate. anpl.es ,of
suitabl e t Rgadfeeeptqrdynding seachons 1BYOINNg (e chl?‘&l?'s‘é 1og¥olegylerliantyv e

di sorders . | ' .0, | t W P8 -76 WO
02/ 00653 pi:%%%% sy o lﬁt‘?‘Sﬁefs%%|°§§%’8§"&&%§%§%ﬁ?@ﬁéaﬁ? U8R

revasti gm ae,paktidlifarly0aeTR a8 EEREICISM 1 atidonisty, Snd ilBE fegt@ehebfsle | nhi bitors,
SK channel bl ockers, Maxi-K blockers, and KCNQ@ bl ockers. Exanpl es of

sui t abl e t hendiipinssissasiated with ddift-1GAMs] sushian gmoiugologéakdiserdenys Braferral

i nvent.ion, incl ude nel atonin

nbi [ M.t h t d f th t t
anal oges  Hiticsct e FEEER SR L BRBuT Rers: YSIdE s mARERSEA, DA
receptor  aid AGMY BES a%ﬁ%ﬁé@sﬁﬁngfﬁoﬁf% fe%?&rﬁe %?’Eﬁe'rfbh%#)béiﬁé Ahin¥iBe &86M S for
t he of the presen

use in conbination wt conpounds I nventi on “i ncl ude
cycl ospor i in Amapmad] (¢.g% etiylt Fspiv@i6ry distcbss Shdagine,ahydi, oxygenaoxikies of suitabl e
anti-tunor agents for use in conbination with the conpounds of the present
i nventi on PALIRIEETE9RENUEASMAromesacandagy 1o sepheipia) BHlple orgaR WY n and

car bopl at i f r . nyent i r din
corbi nat | oW rRe S B88e s to EAGHE BRI RRY bERRR R CBBbRRRRREC
U.S. 51079b9803s, msmaedial ihfarttion Gesbivitatirombeiyists apeety, qut ei n or casin,

am no acids (such as |eucine, branched am no acids and

hydr oxymet Biensielppephsitis, vascylitiss eseptdvesarthyitis adrrmatosis with agate ipfamppfory f ol at e,

C, D and E), mneral e..0. el eni,u nesi zZinc hr.om cal ci um
and_pot assFURORELS piteis atemelEne o a TRAE R nckinl wsBBSRIEla 0™ 50"
addi tion, qespesngsnfocolifs %@é@ﬂ&loéﬁé’&ﬂﬂéf&ﬁ%or@@d%o&@teﬂ§?dirb1ﬂe)0eﬁﬂb! nation

with therapeutic agents used in the treatnent of sexual dysfunction,

i ncl udi ng lsonditions resulting Edm prepPESe Phthelspeaiicimmynshsystensin aeamfial or
| C 351'5wi h an anti resorgtivx&,\tﬁggﬁnt, . orrmngﬁ reﬁl ace nt therapies,
vitam A°D &n&r BYUES'S CERYPHOTHOPIU SRR Sl toRt TRRHEOT A um
suppl ement $ytofRhER lsBadss itthidihg RhghandVRyddtthE) duddidimue ihyRBRIR, N

dermatitis, multiple sclerosis, theumatoid arthritis, insulin-dependent diabetes

mellitus, uveitis, inflammatory bowel disease including Crohn's disease and ulcerative
colitis, and systemic lupus erythematosus). The present compounds can be used in

20 treating asthma or as an adjunct to minimize toxicity with cytokine therapy in the
treatment of cancers. The present compounds can be employed in the treatment of all
diseases currently treatable through steroid therapy. The present compounds may be
employed for the treatment of these and other disorders alone or with other
immunosuppressive or antiinflammatory agents. In accordance with the invention, a

25  compound of the formula I can be administered prior to the onset of inflammation (so
as to suppress an anticipated inflammation) or after the initiation of inflammation.
When provided prophylactically, the immunosupressive compound(s) are preferably
provided in advance of any inflammatory response or symptom (for example, prior to,
at, or shortly after the time of an organ or tissue transplant but in advance of any

30 symptoms or organ rejection). The prophylactic administration of a compound of the

formula I prevents or attenuates any subsequent inflammatory response (such as, for
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25 receptor antagonists, Src SH2 antagonists, vacul ar -H ATPase

i nhibitors, progesterone receptor agonists, ipriflavone, fluoride, RANK
ant agoni W@ p2/69658 and its anal ogues and fragnents, Ti bol oP€T/USINBIGSA
reductase inhibitors, SERMs, p38 inhibitors, prostanoids, 17-beta

hydr oxyst eroi d dehydrogenase inhibitors and Src kinase jnhibitors. -77 WO
02/ 00653 BGETPLSALLABEE 2 Cusplented srgan or lssyss eisantdmiEmtioB9faan be used in

conbi nati on wt | e.confraceptives, such. as _nonox peutic
agent s fo?omﬂ’félﬂgrogglier@ﬁ‘?‘u I‘Wﬁﬁ‘fatesl a9y actug aﬁ’?%oﬂg%%hia?’ fgfn?f}agﬁlést eride
or chenot Hl%rr?jB&%ﬂ&aaQ%gfameﬁ‘b‘f?m%tMﬁe?} LHRH agoni sts. 5 For their
preferred anti cancer or antiangrogenic Use, the conpounds of the present
i nvention can {yge agtpoinsdsef €t foirhiied cal boedministered Gorsinga therused t h ot her

anti- cancer and cytotoxic ag&nts and treatnents useful .i tfhe t reat ment of
cancer5or desctibed hereigl Uyt awasuitetle giegnn duexample, a1l Peh &3R8 ¥HL%5 econd drug

has the sa or different, mechani s f j . t oog,rrpounds
of formul éar{’?‘?ts’@? {SegraRpics ng%\%(ger&gh @%n@%wfdg;g%@g;bag%gergﬁ t %?dglxaisc agents
usef ul i noRERIRES, RiradVehdus! RRaRLEHER] orGarRaeRdsinjdoiot adefdsion are not

limted to: alkylating agents such as nitrogen nustards, alkyl sulfonates,
ni t r osour eschnigathiel gnasterds injesteble aquegehersnonsanviens WHBIOME S such as fol ate

ant agoni sts, purine anal aguyes, and. pyri.m di pe anal ogues.:_ antihiLftics such
as  ant hr ABSREPFIARS; N35p bdﬁ@}l&&*ga F@%VEIPH?O ﬁ‘fc“(ais% cf%l?esaﬂ}ﬁhg% ?&arryci n;
enzy S ' - RILRASE N haTREsY 1 Bleth&ir dirthens befeaalty istdh bi t or s;
5a re éct g@é@%ﬁ%@f%&?@@gﬁgil bi t%)nrs of 17(3- ﬁydroxy steroi d dehydrogenase
type 3; hakithelfoageftspmsitdrieasin dybageondrivindatiens estampgney-ioxit i est r ogens,
andr ogens/ anti androgens, progestins, tei ni zi ng _hor pone-t el easi ng

.and
hor mone armbagpsnestieallyqoeerighle Hehigleserdillents; JPSPIHE ORI By hgent s,
such as ecteinasgl di . Ayl -] LM S extefdegt ubul e 20
stabilizi neéarggfe%hgés:g@ﬁ%ﬁ&argh a&gor@gs,%h?%ré fgﬂgglnng(g%t\égéalg%éi@t ggel (Taxol (r)),
docet axel relcdax Thefi&lists Yele@adr thieided adladsegan banadhiepwsttyi thonesof syitalie as

epot hil ones A-F and their  anal ogs;  pl ant-derived ﬁé%duct S,. Slﬁﬁh'as Vi nca
. o

al kal difds, phaphaesstpdlyompogiipRscomsing 1€ presert cOBPPBASHER RELCHARY B t or s:
prenyl -protein transferase inhibitors.; ] uch as
ey o ShE B RORIFRST Byl 518 LSRR g, .

coor di nat i gy ERTRINEEE THeYeéeRtScogipsPhdidan atsothe adarihioptew liposormaily. ot her agent s

used as anti-cancer and cytotoxic agents such, as . .
Exemplary compositions for oral administration include suspensions which

can contain, for example, microcrystalline cellulose for imparting bulk, alginic acid or
20  sodium alginate as a suspending agent, methylcellulose as a viscosity enhancer, and
sweeteners or flavoring agents such as those known in the art; and immediate release
tablets which can contain, for example, microcrystalline cellulose, dicalcium
phosphate, starch, magnesium stearate and/or lactose and/or other excipients, binders,
extenders, disintegrants, diluents and lubricants such as those known in the art. The
25  compounds of formula I can also be delivered through the oral cavity by sublingual
and/or buccal administration. Molded tablets, compressed tablets or freeze-dried
tablets are exemplary forms which may be used. Exemplary compositions include
those formulating the present compound(s) with fast dissolving diluents such as
mannitol, lactose, sucrose and/or cyclodextrins. Also included in such formulations
30 may be high molecular weight excipients such as celluloses (avicel) or polyethylene

glycols (PEG). Such formulations can also include an excipient to aid mucosal
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bi ol ogi cal response nodifiers, growmh factors; imune nodul ators and

nonocl onal anti bodi es. The conpounds of the invention may al so be used in
conj unct ivomoxdaeh3 radi ation therapy. 30 Representative exRaplUsel/1663t hese

cl asses of anti-cancer and cytotoxic agents include but are not limted to
mechl or et hamdhesioh yadtoastydroxgepromyl ckitlbssER), dedroxy B pYimedy DBk se

PCT/ US01/ 19663 chl oranbucil, nel phal an, ifosfam de, busul fan, carnustin,

| onust i ne, SEMSDi divm sarpext eyl eelluiase BENEC), maleie dwivide conebyivatrr exat e,

t hi oguani ne,_, e t OpuKi_ne flu abi ne entastati.n, cladribin,

cyt ar abi ne, (efg.uggrg%zg@pp ,ag%fg%?rcl.?ﬂlr?l{ WPéa %/8’?‘%‘0%1’8 i I,hc 8%3’?’%685' n,

i dar ubi ci n, CRbBpENIH4). BubAGLR, gianey¥iaVdts ool iR AdeHRMME sabifzes Mdy2dids

saf ramyci ns, quinocarcins, discodernolides, vincristine, vinblastine,

vi nor el B} nebe added foregasevbfsbscation aptiowosi de phosphat e, teni poside,
paclitaxel, tanoxifen, estranustine, estranustine phosphate sodium

flutanm de, buseFEFHRALE eQmRasTHoge ?Orﬁiaéﬁﬁiaame§9r ighglafeaneadmipistyatiansigelude

af l acon, intgif el ' . f [ [ j J nost i m
i b, B st WS B e 2oL B E Wnr el GG Mo ANET

genti t abi neplegevaivdspabisdmitio ptdnedtamito enhamcd bidaoERIbEaR sudbrather anal ogs or
derivatives thereof. Preferred nenber of these classes include, but are not
limited to, sgjubilizingasdispersinggantp sucheasthogs nowm, indlesc@t-ubi ci n, car mi nonyci n,

daunor ufi ci n, am-n rin h e ho .i.n 1.L0 i.n C,

ect ei najfs{?:i din 7215‘ x ?%%’ﬁ%??r??ogﬁglo@ ?trfl(gr %?éf’geriar%%?l ﬁs&rgé?rr f,ncgg-dﬁérf'r}%ci?)@%puri ne,
genti t abi ne soledbmSdrii@snsibhd\EicH @an BOHSRNTIrleRiBleNsudtableROHASAY) | Ot OXi N
derivatives such as etoposi de, etoposide phosphate or teniposide,

mel phal an, huebiezallyi asecptahle diluents oressolventss sunhdis meannitoln d3iuteanediotl wasem, osi ne.
Exanpl es of janticanger and ot her totoxic agents inglude the. foll ow ng:
epot hi Tone B8 AePpEEnaR patms SporrCtian e, feothor Sefionls dispersge or
07719086, WaciBh S 23dBlingVBLR8/R8GA: SVRHORL 38AS: M99 e 6y

99/ 02224, WD 99/02514, WO 59 03848, WD 99/ 07692, WD 9 7890, WD 99/ 28324,
WO 99/ 183653¢idyyindoding 3¢ acd) @ Wremadier. WO 99/ 54319, WO 99/ 65913, WO

99/ 67252, WD 99/ 67253 and WO 00/ 00485; £ lin de endﬁglt ki nase.i n‘g}il,b' tors
as found in WO BIPIATY CPRQSTHANS Jor jeeta BHirafpn mglugg Guppopitoricgghic
prenyl - prot @bl cdRaih! ARSEAhAS S dWBbRINAiFit88nd S edtNs é63988geand WO
98/ 54966; and ggeﬁlts such ﬁla’s turf‘}gge eécr ?%%éd ggﬂg%i é‘gﬁag a%ggsgggi fically
in U S. Pat emithélic gl§edide, 828 drippbyethylene glycols, which are solid at ordinary

temperatures, but liquify and/or dissolve in the rectal cavity to release the drug.
20 Exemplary compositions for topical administration include a topical carrier
such as Plastibase (mineral oil gelled with polyethylene).

The effective amount of a compound of the present invention can be
determined by one of ordinary skill in the art, and includes exemplary dosage amounts
for a adult human of from about 1 to 100 (for example, 15) mg/kg of body weight of

25  active compound per day, which can be administered in a single dose or in the form of
individual divided doses, such as from 1 to 4 times per day. It will be understood that
the specific dose level and frequency of dosage for any particular subject can be
varied and will depend upon a variety of factors including the activity of the specific
compound employed, the metabolic stability and length of action of that compound,

30  the species, age, body weight, general health, sex and diet of the subject, the mode

and time of administration, rate of excretion, drug combination, and severity of the
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conpounds of which U S. Patent can be enployed together with any NHR
nmodul ators (including, but not limted to, those of present invention)
such as AR nwdwbat ors, ER nodul ators, with LHRH nodul at oPE€T/US61/Mb63N
surgical castration, especially in the 30 treatnent of cancer). -79 WO

02/ 00653 PCT/ LUSQ1/ 19663 o Lhati en f the nt_..nventi n al so
be fornul at %ﬁ%‘ﬁ%%ongfﬂﬁnnpi?e%‘?%g?%% gcfﬁree. u“%eﬁlglrnﬁgggtaﬁ 151.11% é’ﬁ?sg p{e#z}%& re

sel ected f ofath@ilfan RAEG bR RS hiitBATUARESSméNic AN SichIk ABgd, DAk and e
associated wth the aforenenti oned conditions. For exanple, the conpounds

of the i nveliké,snbjestyio NHR-assuelatademdnditions.agents to 5 prevent nausea,

hypersensitivity and gastri.c irritation,, such as antienetics, and.,H _and
H2 anti hi st ani ni &8 megdiope ﬁmaaf?lﬂ SOMBOWids Of (REATRISAT INSPIHOR B8 D ciRloyed
compoun o] iS: i .
conbinag?ongﬁbgﬁ§gﬂg%ﬁggﬁgéﬁﬁpﬁg§?%§%?s£§@§h@§t¥n%§%?g?%%%ﬁf%g?gggﬁﬁﬁd/or
W t h cyt ost gi the teaEdeit o NHR-asbclated etiditiond) elg.,as antibibtioof other | i m ted to,
DNA interactive agents, such as cisplatin or doxorubicin; inhibitors of
farnesyl prohaimaceuticaly eetiveanatetigdh as those described in U S. Patent No.
6,011, 029; topoisonerase Il inhibitors, such as etoposide; topoisonerase |

i nhi bitors, suchpgsexdiiie ke MmprRAs 6£ AR présdRibldhiRhakh bk 2bMBindgGAS, Such
as paclitaxel, docetaxel, other taxanes, or epothilones; hornonal agents,

such as t ampxdvitBpirothBiiig sehf! Such¥BiHAS6t lichited BT, Aicthy] StUIBEsLAS],
5-fluorouracil; antinetabolites, such as nethoxtrexate; antiangi ogenic
agent s, 18 uckheaphgifige,akaptatins, Fed édpro&iagkadinaengonhédy ditcdsed iARI.S. ki nase

i nhibitors, such as her2 specific antibodies, Iressa and CDK i nhibitors;

hi st one deXRethyNasy28NBidhictamrasranslyehd ssmEbugBfissinged/s- 8. Patent Noch
conpounds nmay al so be conbined with agents_which supﬁress t he production
of circul at HP6¥8t ot svlbaroxgPkptides disclosrtiimyeniPatent Jp. AA.89dni sts or with
surgical castration. For exanple, known therapies for advanced tastatic
prostate cancer in@W@d@nﬂxﬁﬁégaf SEERHBSER 2591 PeUSeh REIMPARONIHEL ei n t unor

i Seuos vi o EnEiRpaPotesERdtdcanes (eaar PRIHER, duRp E0FRRERen L™ o' ©

product 4n Gl K6k Y186 ohESLAREELANTC B 0afs aRPWD BB SSHRBLE(A"E

(DHT)) followe the a I'on of androgen recep

antagoni st s il 4 W0 B8 osbe KNGS (88T ARHRIST 0Rs i (RIy) sgyer s on

of ~circulating anéllrlogen precursors to T/ the prostat'e tissue). The
conpounds  of(Merck), CP424391 (Pfizer) and B-HT920, or with growth hormone releasing factor

and its analogs or growth hormone and its analogs or somatomedins including IGF-1
and IGF-2, or with alpha-adrenergic agonists, such as clonidine or serotinin 5-HTj,

20  agonists, such as sumatriptan, or agents which inhibit somatostatin or its release, such
as physostigmine and pyridostigmine. A still further use of the disclosed compounds
of the invention is in combination with parathyroid hormone, PTH(1-34) or
bisphosphonates, such as MK-217 (alendronate).

A still further use of the compounds of the invention is in combination with

25  estrogen, testosterone, a selective estrogen receptor modulator, such as tamoxifen or
raloxifene, or other androgen receptor modulators, such as those disclosed in
Edwards, J. P. et al., Bio. Med. Chem. Let., 9, 1003-1008 (1999) and Hamann, L. G. et
al., J. Med. Chem., 42,210-212 (1999).
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the present invention can be enployed as AR antagonists in conplete

abl ation therapy, alone or in conbination with other AR antagonists such as
FI ut am dayo o3@eEnsodex, Ni |l utam de, or Cyproterone acetat BCTUSQ/MWE302/ 00653
PCT/ US01/ 19663 Anot her application of the present conpounds is in
conbi-nation with antibody therapy such as but not |imted to anti body

t herapy agai nst Psarthenysesd e sommgungp pf thisinveniionds inrroathiation wiflt h vacci ne
/ imune nodul ating agents for, th%tr,gat nt of cancer. 5 Compounds of the
present i nv@FRECHRIONS KCq5RI0E ABIESIE f TRA AcSh 8 Hvenqpeesirel-pedraxynregestes®scr i bed
in US. Provisio Ratent Application Serial No. 60/284,438, entitled
"Sel ective Af ?tSré]]g#AF)eceptor Modul ators and Methods for Their

dentifi i on, [ d " filed. i, | : b k E. I i
al (AL or ney DOOREPRRAN G BBl R o e s A g

Appl i cat 5 on CEIZIP;H%%{) 1(11 ﬁ?%%?é}gg t?‘glz g}lr%ré i (ﬁh&%’ﬂ&ﬁ{l%&% l’b}?‘ﬁu IQar'htf)ﬁngﬂé Ilﬁ%%@t&%rg SOI’\M- thin

(i ncl udi ng, erence Specitic co

formul a | OloridhenibhRSGBlph M EEh O her Pt LnSunRRl 6the oBPaLARRLEN Ser ol

No. (unassigned), entit ective Androgen ors and

Met hods for didogders ﬂnﬁﬂlﬁ[h?. fanGatidtific apBsb;Mtiadeko 'éisfa'gérﬁg atlbedfy 2001 by
Mark E. Salvati et al. (Attorney Docket” No. LDO250(NP)), which Patent 15

Appl i cat i on agents;adripfidingtbry agitd) abil-ahelesf ROR; ami-déptessatit;raty (i ncluding,
but not I|imted to, reference to all specific conpounds within formula I
of the pr esédypertdnsiveagens) jantifiisclebagents aindthrbindodpend theonalgdpticagentsen
enpl oyed in conbination with the 20 conpounds of the present invention,
can be #9ed,cardigc glyensisiess, chplestermddipidiloviening agemisliminerbcpriicofiref¥py@i ci ans'
Desk Reference (PDR) or as otherw se determni ned by one  of ordinary skill
in the art. aRRgoRists) Rhaspepiesterasesinbibiforse Proteip dxresing kinassdahibitprs; thyraife
activity of a conpound as a NHR nodul ator. Various conpounds of the
present i nvé?ﬂl?eg‘ﬁ%aﬁgné HFRICdPeRPHI PP Sk a2 Cﬁﬁﬂ‘ﬁ?&?ﬁf O‘ét&[?%i ty
utilizing t r.ansacti.vati gn.ass and standard, bi ndi assays. as
descr i bed OO R oh B Heaubre o pldeler ¢ okl FofSaEEEN ¢ i n
formula | s i Y VA i . (e.qg.,
conpounds of %‘;&a’eﬁgﬁgé%@?s- ﬁkf%g%qn e tPeaﬁﬁédt\()'fngée}Bng mgrcféﬁ aefti p%ﬁ’ﬂergﬁgéj

15 agents; and anti-tumor agents.

Examples of suitable anti-diabetic agents for use in combination with the
compounds of the present invention include biguanides (e.g., metformin), glucosidase
inhibitors (e.g,. acarbose), insulins (including insulin secretagogues or insulin
sensitizers), meglitinides (e.g., repaglinide), sulfonylureas (e.g., glimepiride,

20  glyburide and glipizide), biguanide/glyburide combinations (e.g., Glucovance®),
thiazolidinediones (e.g., troglitazone, rosiglitazone and pioglitazone), PPAR-alpha
agonists, PPAR-gamma agonists, PPAR alpha/gamma dual agonists, SGLT2
inhibitors, glycogen phosphorylase inhibitors, inhibitors of fatty acid binding protein
(aP2) such as those disclosed in U.S. Serial No. 09/519,079 filed March 6, 2000,

25  glucagon-like peptide-1 (GLP-1), and dipeptidyl peptidase IV (DP4) inhibitors.

Examples of suitable anti-osteoporosis agents for use in combination with the

compounds of the present invention include alendronate, risedronate, PTH, PTH

fragment, raloxifene, calcitonin, steroidal or non-steroidal progesterone receptor
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WO 02/ 00653 PCT/ US01/ 19663 Transactivation Assays: AR Specific Assay:
Conmpounds of the present invention were tested in transactivation assays of
5 a trans¥eorewss eporter construct and using the endogenoPET/ARUr OGS
receptor of the host cells. The transactivati on assay provi des a net hod
for identifying functional agonists and partial agonists that mmc, or
ant agoni st sgbrdists, RANKDI gandtahgehitRe taldfmnehiding recBebnaitegonidis) TRA® case,

di hydr ot estosterone (DHT). This assay can be used to predict in vivo
activity asntibidors, sekcivgeshdgeanreceptat modulatord(HBER M restesgenfandaA®l See, e. g.
T. Berger 10 et al., J. Steroid Biochem Mlec. Biol. 773 (1992), the

di scl osur e idfibissch is herein incorporated by reference. For the
transactivation assay a reporter plasmd is introduced by transfection (a
procedure to i ndixempissiof suitaple aiitizobaesityiagentsnasy in gpmbinaiwnreidpet i ve
cells. This reporter plasmd, conprising the cDNA for a reporter protein,

such ?s5 15 cgrpPRRdspf Ahaesens iyRpiaomicids aPBmiitorssHeh & q;le@p discloged dn at e
& o pa o
cement o ( AlBoSerdhe 09/t B BT G 0, EP AR e 4 e R e ARt he
i ptipon-nodul ati i Vi. f.th R. h
surrogat o 190 ARaE el i beRtsk st as Aok OERBReS e by o
gene under L%p%%?{ngfck)ég?p@%m (Ph3e) 3F bihg: ﬁmgg&g% ng%rﬁ%tg%\g %i§s803e% det ect

ant agoni st s; rans I on ‘assay 1S carfri ésence of

constant  aaneshiakieR 95e1he: B als AR hesaTane o GHhal AL, | Nduce a

defined reporter signal.” I'icréasing concentrations of a Suspected

ant agongst iaké indRRIOEAEEN AN GREEBOG AL -962I(ANRYmE)E a Jerotoni\BnRldegatainkPn) . On
t he ot her hand, exposing the transfected cells to increasing ,
concent r at irenstaled inhibitus gact acitagoniits, typitdmdtedokana & Mehrizoa)dsicikbline of t he
25 reporter signal. For this assay, LNCaP and MDA 453 cells were obtained
fromthe ARegémeam),aibgrodlr¢capter Beth ldecd, suoh asRdbkwid teeeptddligandad nmai nt ai ned
in RPM 1640 or DMEM nedi um suppl enented with 10% fetal bovine serum (FBS;
G bco)  roshedesedan WO FHR19E:FAAL5E).CHO W858 (KeenRokand GBITABEPSCt ed by
el ectroporatjon 30 according to the optim zed procedure described by

Hei ser, 130KpEaBighsnd/er an gpogpctic agenty sych@s dyxamyphefinging phentermine,

pSEAP2/ $SA3§%/ Elnhanc r reportet Ilasm' d. The reporter -82 WD 02/00653
PCT/ US& /1 gylpropanolamine or mazindol.

Examples of suitable anti-inflammatory agents for use in combination with the
compounds of the present invention include prednisone, dexamethasone, Enbrel®,
cyclooxygenase inhibitors (i.e., COX-1 and/or COX-2 inhibitors such as NSAIDs,
aspirin, indomethacin, ibuprofen, piroxicam, Naproxen®, Celebrex®, Vioxx®),

20  CTLAA4-Ig agonists/antagonists, CD40 ligand antagonists, IMPDH inhibitors, such as
mycophenolate (CellCept®) integrin antagonists, alpha-4 beta-7 integrin antagonists,
cell adhesion inhibitors, interferon gamma antagonists, ICAM-1, tumor necrosis
factor (TNF) antagonists (e.g., infliximab, OR1384), prostaglandin synthesis
inhibitors, budesonide, clofazimine, CNI-1493, CD4 antagonists (e.g., priliximab),

25  p38 mitogen-activated protein kinase inhibitors, protein tyrosine kinase (PTK)
inhibitors, IKK inhibitors, and therapies for the treatment of irritable bowel syndrome
(e.g., Zelmac® and Maxi-K® openers such as those disclosed in U.S. Patent No.
6,184,231 B1).
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plasm d, was constructed as follows: commercial human pl acental genom c DNA
was used to generate by Pol ynerase Cycle Reaction (PCR) a fragnent

cont ai ni Mo vh@esBgll |l site (position 5284) and the Hi nd | PCT/ERMIE19643
position 5831 of the human prostate specific antigen pronoter (Accession #
U37672), Schuur, et al., J. Biol. Chem, 271 5 (12): 7043-51 (1996). This
fragment was subgimse of siitibldwtiPaiiity ABafd for ubInaidngshdtiopva @es! y
digested with Bglll 'and HindlIl to generate the pSEAP2/PSA540 construct.
Then a fragesngounéass g ptdsentlinagiiontindidd dinppaiphraepsih apiremguence

bet ween positions -5322 and -3873 was anplified by PCR from human

pl acent al getwepain, RNAhydroXhzihe amdoateBgl |1 sites were introduced with the 10
prinmers. The resulting fragnent was subcl oned i nto pSEAP2/ PSA540 di gested
with Xhol and Bfkdmplegefmutableeinti-depresgpateeiontise infrombsEtion/ Mtba0/ Enhancer
construct. LNCaP and MDA 453 cells were collected in nedia containing 10%
char coal® st perppstnds phhe present insentionisglade citatormams, Bretatinpneéagodonee t wo Gene
Pul ser Cuvetts (Bio-Rad) which then received 8 pg of the reporter
construct, &HHaEcetrbpBPR®S- usi ng a Bi 0-Rad 15 Gene Pul ser at 210 volts

d 960 F day. _Fol | ow . . f ! h 1, . d
S R R e R N e
th b bl t r.0l f M di t est.ost DHT;
e 2bsence LA PGB Ik B B DV S s

anti - andr og L. gl &€, QL. Q | ] i n
concentrati g%gk%ﬁ%#%e%giﬁt}%& ggr@g&? %ﬁig_r%ﬁaﬁn%gl Ea%%&gge.’ %"gﬂ%ﬁ%@‘gg wer e
used fofg eaﬁ?b%ﬁé@i)ediuiréﬁ%s DEPOMBEdthishihd! by @Rh VRS RiaRRE! MiABMiagdea Bi omek
2000 | aboratory workstation. After 48 houis, a fraction of the supernatant
was assayed hi@oiEAhiasdd, Beddtofehbllidlte, mBMgERhrothighie, FubldrbristhieRiesnt
Reporter Gene Assay System (Tropix, Inc). Vidbility of the remaining cells
was det er m pebthisiidyy behahiceide, léthatryH6 add triéaysaftin chRthRhderea fifrosemidig| |
Proliferation Assay (MIS Assay, Pronega). Briefly, a mx of a tetrazolium
conmpound ( 3nfuspBmitienbumstanide strientiznerie) aBilpdde; spibenojanteriedxppindrhibifors,2 -

(4-sul fophenyl)-2Htetrazolium _inner salt; MS) and an el ectraon coupling
reagent (p mhittos (e staptaptid, zofgugprib fesingpaidereleptih serappprd, cilarepilonen s
reagent) _is i Qr educed, by, cel]ls into _a. for n that is soluble in tissue
cul tur e)'ﬁedidﬁ nLﬁantgenlp Alnepdh éamlpgﬁélﬁg’aplaﬁﬁé 'laﬁecﬁﬁﬁﬁﬂt%gé’ﬂlsg?éetgeasur ed

directly from 96 || assa a -83 WO, 02/ 00653 PCT/ US01/ 1966 w t hout
Sadi 1 onal | paEay sy et R e o R R P e TS AR by 1 e
and compounds disclosed in U.S. Patent Nos. 5,612,359 and 6,043,265), Dual ET/AII

antagonist (e.g., compounds disclosed in WO 00/01389), neutral endopeptidase (NEP)
inhibitors, vasopepsidase inhibitors (dual NEP-ACE inhibitors) (e.g., omapatrilat and
20  gemopatrilat), and nitrates.

Examples of suitable anti-platelet agents for use in combination with the
compounds of the present invention include GPIIb/IIIa blockers (e.g., abciximab,
eptifibatide, tirofiban), P2Y12 antagonists (e.g., clopidogrel, ticlopidine, CS-747),
thromboxane receptor antagonists (e.g., ifetroban), aspirin, and PDE-III inhibitors

25 (e.g., dipyridamole) with or without aspirin.
Examples of suitable cardiac glycosides for use in combination with the

compounds of the present invention include digitalis and ouabain.
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anount of 490nm absorbance is directly proportional to the nunber of |iving
cells in culture. For each replicate the SEAP reading was nornalized by

t he Abs4¥ovabwsse3 derived fromthe MIS assay. For the ant pgDUR&I196@de, t he
% I nhibition was 5 cal culated as: % Inhibition = 100 x (1- [average control
- average blank / average sanple - average blank ]) 10 Data was plotted and

the concentrat i oBxaipleoopaiitabletchalesterMiBid 186 eARYasdntd 8 usdRY R %Ridn SEAP
was quantified (1C50) For the agonist node % Control was referred as the

ef fect of tWwihtlestoabonadpoiithd presomiaveation thdhite HWIG-TBIA ©lilfRak iRsiesyed with
the natural hornpbne, in this case DHT, 15 and was cal cul ated as: % Contr ol

= 100 x avefeagyepraeasiatio, lovasteting gtoridstatio/ siawestaijie NGO04 Ghka. AMesEEE dl ank
Data was plotted and the concentration of conpound that activates to |evels
50% of 20 RR¥SHYRPE hisbatat8PARd Z3)-462(adom rosivastetsn, gu atavadtatedor ECSQ) . GR
Speci fi céty Assay: The reporter plasmd utilized was conprised of the cDNA
for the % ep¥sisEin))spoyalenesyathatasqmhihsions fibeatest bile adié saRestpants, AIGAT
transactivati %51 asmgﬁﬁgres? on of 25 the reporter SEAP grojt ein was
control |l ed ’6’;‘1 e HERtpopRRsRassiijBitors, fholesterplphForpprmhibitorary LTR)
sequences that .cont ai,ns, three hornone. response el nts (HREs) that can be
regul at ed b?/nadb%’t"ﬁeséf?laeﬁ??rgﬁ“?%@m !r’g;l}’*’%*to%r{&ge&&iz?g‘@ﬁl al ., Cell, 53(3),
371 (1988). This i ra cted into A549 cells,.which expresses
endogenous GR, t](E)PAOn?)@g% %Wsp@gﬁfaﬁ%ﬁ{%’g}g‘é@ r\ﬁé]ltqg(?ﬁlsggs@éys.6%549 cells 30
wer e obt ai ngghntlih ABnlWith AEOLGR ] ect | Rockville, M),
and nmaintai ned1 innRPM 1640 S%%{%%%Hg%%&mﬁvgﬁﬁ%ﬁi}%{%glsf)ggr\lﬁlf%céo ealhﬂm (FBS;

G bco) .10 - &ferifan@2/ 00653 PCT/ US01/ 19663 Determ nation of the GR specific
ant agoni st activity of the conpounds of the present invention was

identical to thaExarsles obadtablerphbiiediistesdie Gitfibifort FANSaH EMihADuASTRY -
except that the DHT was replaced with 5 nM dexanet hasone (Si gma Chem cal s),

a specifi cthagompgundsarf tigRoresamt srventiat inclnde PDENR ikiRbB@E 6idl 45 cAgGRI]
activity of the 5 compounds of the present invention was perfornmed as
descri bed f#d R Vaphititoshssh b siddanefil. assay, wherein one neasures the
activation of tgﬁ CR specific reporter systemby the addition of a test
conpound, in theE5ArRRptel Bitableghyaid rometisa &ruse in combination with the

15 compounds of the present invention include thyrotropin, polythyroid, KB-130015,
and dronedarone.

Examples of suitable anabolic agents for use in combination with the
compounds of the present invention include testosterone, TRH diethylstilbesterol,
estrogens, B-agonists, theophylline, anabolic steroids, dehydroepiandrosterone,

20  enkephalins, E-series prostagladins, retinoic acid and compounds as disclosed in U.S.
Pat. No. 3,239,345, e.g., Zeranol®; U.S. Patent No. 4,036,979, e.8., Sulbenox® or
peptides as disclosed in U.S. Pat. No. 4,411,890.

Examples of suitable HIV or AIDS therapies for use in combination with the
compounds of the present invention include indinavir sulfate, saquinavir, saquinavir

25  mesylate, ritonavir, lamivudine, zidovudine, lamivudine/zidovudine combinations,
zalcitabine, didanosine, stavudine, and megestrol acetate.

Examples of suitable therapies for treatment of Alzheimer’s disease and

cognitive disorders for use in combination with the compounds of the present
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agoni sts ligand. 10 PR Specific Assay: The reporter plasmd utilized was
conprised of the cDNA for the reporter SEAP protein, as described for the
AR speci Wa or/ompasact i vati on assay. Expression of the repP€T/®R01BBAE3 protein
was controlled by the nouse mammary tunor virus long term nal repeat (MMIV
LTR) sequences that contains three 15 hornone response el enents (HRES) that
can be reguhdmidnNclb@S BodePeAl) theRRe, rédtistgmel SHITE, y@smb kedicthRGhEBitbR] 0
T47D, whi ch expresses endogenous PR to obtain a PR specific

transact i vaidtDsecasae)nhibia®) $i¢lchsnekbleclods, VimeddK bicehens mmdA0ENQsan Type
Culture Collection (Rockville, MD), and maintained in DVEM nedi um

suppl enment daloskerd) 10% fetal bovi ne serum (FBS; G bco). Determ nation of the
PR 20 specific antagonist activity of the conpounds of the present

i nvention was i déxampla$ of switabledleraigecior breatnfent of $lecpive diperders ifer use in
transactivati on assay, except that the DHT was replaced with 1 nM

Pr onegat oneonghimtjon witk grecdorinouadsonithe present ienter sckidgapslganisranalogy PR
speci fic agonjst activity of the_conpounds of the present invention was
performed a®ekianin raseptor éﬁtag(}’i’@t%lf?’ﬂt*{gﬁé%ﬁtﬁaﬁé‘fii GnBAMIMDPA ffeepter n one
measures the 25 activation of the PR specific reporter systemby the

addi ti on of A428&!S-conpound, in the absence of a known PR specific

oS L oR, SRS 5L FGSh b B A0, S, P
m er oL er B RaR0PL oLt B ASHR, oy RO ETEOA 5 K0 hud0%

PCT/ USO{d 19883mygsPectively, were incubated at 37C to renpve any
endogenous |1 gand that m ght be conplexed with the receptor in the cells.
After 48 hours, @ikhkiplesaf SdtabledintiGimdnadentd for ub@indRindindtio vitheth&d f or
tritiated di hydrotestosterone, [3H -DHT, or a conpetitive binding assay to
eval uat e t heoapourdswf tie presht Boepuriddudopatitpel, aduamipcip ddbthidbiies wer e
performed. For the saturation analysis, nedia (RPM 1640 or DMVEM - 0. 2%
CA- FBS) contaplaiingnd 8kfboplefin.(i n concentrations ranging from0.1 nMto 16
nM in the abseepfdualadfthe prtsag inventign eaecfucthef beowsed e corhbioatiinwlitihg) of a
500-fol d_nol ar, . excess_ of unl abel ed DHT were added t8 %;he cells. After 4
hours afl®37@autritienal sugplomests sugihas thesedeseribediingUmedild” O’eeéE‘FFlaé]SHBent ration

of [3H]-DHT cORBidaBOR W?ﬁil &Qey%&i!e%r%asin, amino acids (such as leucine, branched
amino acids and hydroxymethylbutyrate), triglycerides, vitamins (e.g., A, B6, B12,

folate, C, D and E), minerals (e.g., selenium, magnesium, zinc, chromium, calcium
and potassium), carnitine, lipoic acid, creatine, and coenzyme Q-10.

20 In addition, compounds of the present invention can be used in combination
with therapeutic agents used in the treatment of sexual dysfunction, including but not
limited to PDES inhibitors, such as sildenafil or IC-351; with an antiresorptive agent,
hormone replacement therapies, vitamin D analogues, calcitonins, elemental calcium
and calcium supplements, cathepsin K inhibitors, MMP inhibitors, vitronectin

25  receptor antagonists, Src SH, antagonists, vacular —H*- ATPase inhibitors,
progesterone receptor agonists, ipriflavone, fluoride, RANK antagonists, PTH and its
analogues and fragments, Tibolone, HMG-CoA reductase inhibitors, SERM’s, p38
inhibitors, prostanoids, 17-beta hydroxysteroid dehydrogenase inhibitors and Src
kinase inhibitors.
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10 the amount of free [3H]-DHT. The remaining nedia was renoved, cells were
washed three tinmes with PBS and harvested onto UniFilter G/ B pl ates
(PackardwoMvemesci nt  (Packard) was added and pl at es couRCERUSIINIEG3

Top- Counter (Packard) to evaluate the anpunt of bound [3H]- DHT For the

saturation anal 5| S, %ﬂ ference between the total bindin the 15

non speci fic bi BVW un g%‘?&?‘@ﬁ%“ﬁ?@% ecusﬁleH?‘ﬁ'ﬁ ingion E} § ¢ binding
eval ugs DHT. See

vas oyl UBRelp SEAUENAL SodRTAS) 3 OB RIIPAR S il Sl

il lustrat ehbsgu;udeas minoxddil andafrgerridedr dhembthéchpgdpic agelss, subh ganigh Assay,

Masson Publishing U S. A, Inc., New York, pp. 45-99, (1981), the

di scl osur eLERHWEWPSts.s her ei n |ncorporat ed by reference. 20 For the
corrpetlélon stu s of the

e d
i nvention ("tesgé r%ﬁg@ﬁ%gge«?aﬁhca%coeﬁggﬁ%t}agg %ﬁ&?ﬁﬁd‘iﬁﬁ(’r’f‘?%ﬁgﬁf’% to 10-5
Mwere addgebsé ihnatieR chiSbe JNRINIsBRE Sidled B1o0pB LR itaRebihAlot At oRMRIE. After
4 hours at 37C, cells were washed, harvested and counted as descri bed
above. Thecmeaanmoqokm‘tagents asd KMmamsuuﬂefubi’n the Hpatiidiit ¢Peanteroonthenl in the

curvo Tor BTTERTe EaMmBL HPRBIc BHERIDF HePbH i Hadie WOIRB U ot
i nhi bi ted ﬁ{%{heﬁﬁs a@tz%utﬂ%ﬁ ﬂlfefptr co% H@su&dfohﬂultapor 24 ?%%gf @%ss%ﬁ”pet' ng

| i gand was quantl ogl t trans val ues
were déder nfmtdcmceaam m@tbmragerfts tMulGh eogbirdtios ofith thelpRbér@botmpolrdds | C50
val ues, wher 30 Kl + / Kd for 3HDHT) -86 WD 02/00653
PCT/ US01/ 1 e bt tﬂféfrn%élm@étt? n@lkﬂéﬁn& égﬁnéio%@hfaﬁ BitTAZER m&gtardscﬂmm ues were

det er mi ned e Ltl o | i gand
needed to rmél uctés?s(,;?gr&h regb%\lgﬁgmﬁﬁ &%%Q é{f ?%0 ?ﬁ?% Pagr VDA 453
and LNCaP weiagosts, lﬁﬁﬁle&nalogﬁés msﬁ;@ﬁﬁlumlaxﬁaloéuéw BRibib @suah & Cel |
Proliferation Assay: Conpounds of the present invention were tested ("test

conpounds” pnigracy plinespblepmy eing pnigmysin, idastnemy e taad @lieamyen; esaymney sughs. For

t hat , A PCa2b cells cel |i.ne derived fromthe netastasi.s of a
el ontBr it Lripfaaai SRR bAoA FaREUISte BhibHoR: St reduetass hibitors

inhibitors of 17B-hydroxy steroid dehydrogenase type 3; hormonal agents such as

glucocorticoids, estrogens/ antiestrogens, androgens/ antiandrogens, progestins, and
luteinizing hormone-releasing hormone antagonists, octreotide acetate; microtubule-
disruptor agents, such as ecteinascidins or their analogs and derivatives; microtubule-

20  stabilizing agents such as taxanes, for example, paclitaxel (Taxol®), docetaxel
(Taxotere®), and their analogs, and epothilones, such as epothilones A-F and their
analogs; plant-derived products, such as vinca alkaloids, epipodophyllotoxins,
taxanes; and topiosomerase inhibitors; prenyl-protein transferase inhibitors; and
miscellaneous agents such as hydroxyurea, procarbazine, mitotane,

25  hexamethylmelamine, platinum coordination complexes such as cisplatin and
carboplatin; and other agents used as anti-cancer and cytotoxic agents such as
biological response modifiers, growth factors; immune modulators and monoclonal
antibodies. The compounds of the invention may also be used in conjunction with
radiation therapy. A

30 Representative examples of these classes of anti-cancer and cytotoxic agents

include but are not limited to mechlorethamine hydrochloride, cyclophosphamide,

-78 -



10 Cancer Res., 3, 2493-500 (1997), were incubated with or without the test
conpounds for 72 hours and the anount of [3H -thym dine incorporated into
DNA was quanr/idesed as a way to assess number of cells anBCT/801e19663e
proliferation. The MDA PCa2b cell I|ine was naintained i n BRFF- HPCL nedi a

Bi ol ogi cal, R h F Ity . & Fagil,t | nc. ith 10%
ths por Ct shogata P ag oSt sk s o Bl L 2D
and i ncubagtf,\e%%(?ztgfﬁggﬁhﬂg gr;(sa%t eiﬂ&ﬁﬁm&kat%tﬂﬁdﬁﬁ&%é,%&ptmao (wi t hout

andr ogens). célls were treated in t he absence (bl ank)
or pr esenc@u@fraBine\jeptdEtatin coladriblin), oytaratiind) fluesturgilypoxomdeciisanpl e) of the
present invention in concentratjons ranging f rolgl 10"10 ta -'M Duplicates
vere usedhydocklatfe sarprrabicmy, dapdieis plgogy sinsheHe TEPBYPR or med on a

Bi onek 2000 20 | aborat . WOJ £i.on. : ] ; in@. 44 uG .
of [ 3H2 ThefHpHsm PA@%Hﬁﬁaﬁﬁgg%aﬁ@dn@&%ﬁ&% ?ﬁ(?:%bgl? I(%If(’;srtlfno’r anot her

24 h fol | owgfhid¥ine Vihdeibticzatiat) etopasiue stdpegidephbsphateplehiposide,0 GF/ B
filters. Mcro-scint PS were added to the filters before counting them on
a Becknan Poglifaxed tamibhifertoebtodnusting owtramysting phosphatessodiim, ditamidgni bi tion =
100 x (1- [average,,,,.s-,, -.,average bl'ak /average sa - average bl a"x])
Data was pl B?fir%]éf”gﬁﬂ’r lide: isHEmAE KAYHeS T gefvaglésr?geoaﬂ%co g‘tPér?errl bited 50% of
the [3H]- LALRE o RGRHIAR! AElLRmBR ARt LAt HUG GREhinbuse

Myobl ast T}%ﬁ%@?ﬁﬁ#gn As’sa%%a 30’T\/\ogﬁf unctional transactivation assays
vere deoel apasteta lassabiortdegbadrhéthasopepgematatine dwdroshlonidetalir¢taminentizt| e
cel | background using a Iucifera,se,report(gtr. The first -87 WD 02/00653
PCT/ US01/ 19eBBecaandapy enplogs adepvativies el 5 cell line, Stable 1 (clone

#72), which stablycoxpresSes Pf fi& élkgs%zs SRR ot ate AN BHRER R0,/ RERERKE] but

requires the transiren ranstection or an enhancer/reporter. This cell

line was desdplash, cheopleRiddxombiin, reasminbayin diimerubidihensisepadn.assay ( ARTA
Stable 2) uses a cell line, Stable 2 (clone #1 3% derived 5 from Stable 1
whi ch st ablmpetbriserate sretheniorin, AROENFR HeedFRATRAR /13, Or PRIUCWYPBLYSr ter . The

PXOR 1 fas Tepbreeh ToeiabapiilE’ bBelfide ST REE ooy iouR o Pl oo
Brown et. %odogﬂﬁlo}éﬁhr&ﬁv&fveﬂs@h%ieﬁﬁiosi@bﬁétb@isideﬁahﬁsplﬁm-t&ﬁ%jde(, 1997). It
was devel oped by random nut agenesi s of an AR/ GR _consgnsus, enhancer
sequence. 6lphalan, vinblastine, vincristine, leurosidine, vindesine and leurosine.
Examples of anticancer and other cytotoxic agents include the following:
epothilone derivatives as found in German Patent No. 4138042.8; WO 97/19086, WO
20  98/22461, WO 98/25929, WO 98/38192, WO 99/01124, WO 99/02224, WO
99/02514, WO 99/03848, WO 99/07692, WO 99/27890, WO 99/28324, WO
99/43653, WO 99/54330, WO 99/54318, WO 99/54319, WO 99/65913, WO
99/67252, WO 99/67253 and WO 00/00485; cyclin dependent kinase inhibitors as
found in WO 99/24416 (see also U.S. Patent No. 6,040,321); and prenyl-protein
25  transferase inhibitors as found in WO 97/30992 and WO 98/54966; and agents such
as those described generically and specifically in U.S. Patent No. 6,011,029 (the
compounds of which U.S. Patent can be employed together with any NHR modulators
(including, but not limited to, those of present invention) such as AR modulators, ER

modulators, with LHRH modulators, or with surgical castration, especially in the

30 treatment of cancer).
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ARTA Stable 1: 1. Stable 1 cells are plated in 96 well format at 6,000

cells/well in high glucose DVEM wi thout phenol red (G bco BRL, Cat. No.:
21063- 0290 owotess ni ng 10% charcoal and dextran treated Fmr/(ls{yl(d%ﬁe Cat .
No.: SH30068.02), 50 nM 15 HEPES Buffer (G bco BRL, Cat. No.: 15630-080),

A0t bi oLt co Ant | mycot T R el e Feser Baventohdo e oHped greo- )
10131- 035) . adininddflerbdwith dtldr elicrapmtit agaitettat avsélecteé forvhdihparticular

pGL3/ 2XDR-1/1 uci ferase using Lipofect AMNE Plus'' Reagent (G bco BRL, Cat.
No.: 10964- BeSylnesson afmirtistpand thyrapies agyosated with thezimrmentions fcerdifenDNA and

50 ng/wel | gal mon . Sper arrie are.diJ ut | [ wel |

Qpt i - MEMem ﬁ% B C"Wnéscﬁﬁ © R 12’4‘15@% Pe o ﬁ%séf“m%ge S vel |
Plus reagen brévén@ﬁq% h}TﬁHrs%nsﬂlfPﬁjf h!ﬂi&%mné PRtRBA es@lcﬁ & anbR¥tiBy hRS Haknd 0OM
tenperature. In a separate vesse /well Li pof ect AM RE reagent i's
di | uted wi t H,antldistemliniCpt i - MEM The 25 DNA m xture is then conbined with

t he Li pof ect AM N mxture and i ncubat for an additio 15 m nutes at .
r oom t enper at ur oA thflae %?aﬁa?nttﬁ@%&. thE CqPBRHEA QY @a ingentionaghoyed

and r _epI aceg‘fb\}s} h%f @901#1?@1' Alorgorqpkgmmlﬁgnﬁi%ﬁ daﬁcer%gl?rg? gs ?cli\ﬁ?or of the

DNA/ Li pof ec ctron mxture e cells are 1ncu 4

hours.- 30 3radfzi’£ﬁ)ntth&ﬁp§ and/bowitinytbstatic hisd/orsyostexicfagans,tsheh agbhtsnand
replaced with 90 g media as in #1 above. -88 WO 02/00653
PCT/ USO19 19étaated4o QTﬁAl iptgEactive pecabp FeRY asaiwplatingg dexpibicst itibiweEd in each

wel | . 5. 24 e St ead oT I4f; Is used

to det ect ac CSY?Q}O?%EE%P%Q&S %S&’t%e rrandl\JéfS egrllgrif%%)lﬁ&‘[rucépﬁfgg% Pr onega,
PasB R MhiHidk, Such ak. et@oaialleeto 0186bSseT hiietsstudhins96 wel |

for mat at 6 00 cells/well in high glucose M wi t hout phenol red (G bco

BRL, Cat. N&PT-BIi 06®RpotRoyn; tehrliaistabHizingagentsh srcb@a paelitex etaxels pther ed FBS
15630- 080) - PR RERT R PPTAE PR GEEP S oS a@i?%%wﬁaymﬁ%%w‘ga 0. 5x
Ant i bi o4 5C- AMibHMKS Aubk as SIRORMAYL; Qi@tﬁﬁéﬂa&blﬂ'es @@%%&B&xﬁ&ﬁﬁe No.
10131- 035) and 800 g/m Hygronyci n (3 (G bco BRL,
antiangiogenic agents, such as angiostatin, ZD6474 ZD6126 and comberstatin A2;
kinase inhibitors, such as her2 specific antibodies, Iressa and CDXK inhibitors; histone
deacetylase inhibitors, such as CI-994 and MS-27-275. Such compounds may also be
combined with agents which suppress the production of circulating testosterone such
20 as LHRH agonists or antagonists or with surgical castration.
For example, known therapies for advanced metastatic prostate cancer include
"complete androgen ablation therapy" wherein tumor growth is inhibited by
controlling the supply of androgen to the prostate tissues via chemical castration
(castration serves to inhibit the production of circulating testosterone (T) and
25  dihydrotestosterone (DHT)) followed by the administration of androgen receptor
(AR) antagonists (which inhibit the function T/DHT derived from the conversion of
circulating androgen precursors to T/DHT by the prostate tissue). The compounds of
the present invention can be employed as AR antagonists in complete ablation

therapy, alone or in combination with other AR antagonists such as Flutamide,

30  Casodex, Nilutamide, or Cyproterone acetate.
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Cat. No.: 10687-010). 2. 48 hours later, the nmedia on the cells is renoved
and replaced with 90 | fresh. 10 |/well of appropriate drug dilution is
pl aced i weavtedrel | . 15 3. 24 hours | ater, the Steady- GloRdT/Usel/fes3ase
Assay Systemis used to detect activity according to the manufacturer's
instructions (Promega, Cat. No.: E2520). See U.S. Patent Application
Serial No. (unagsilgiReg)lication bf fhegréseal donipionads iamcordeinptiBawet apgedys f or

I dentification of Androgen Receptor. NModul ators'’ Bb 8 June?f? .20, 2001 by
Jacek Ost rtloerem sush agbut qondipited dg apiehadytheepy s8ainsy §A\Mﬁlb Pht

lication j.s .incorporated.herel [ ool '
é?gl i fer atPBA‘? Bé%ﬂé‘p‘iﬁ?ﬂ ?’ﬁ‘é’I‘EP’ %%%‘Pe }ée\[’}“ ‘%ﬁ%@ﬁ%‘%ﬂ%ggﬁé@;&? ?‘%%w?ﬁ%f ability
of compounds.Lf the present invention ("test conpounds”) to nodulate the

function of the AR was determned by testing said conpounds in_ a
prolifBration asayoursds nfitht ipeesemtdnvepsion ices bosmployedin dosardspessith e | | ne

derived from the Shionogi _tunor, H raoka et. al.,, Cancer 7,

6560- 6564 Matheds desabadia Usk Pfa‘élﬁ’é’ﬁgfe‘?ﬂte‘ﬁ%ﬂ?i‘gﬁbqﬂ %eﬁ@"ﬁar%(ﬁ?i‘b%ﬁi onogi 1ine
wer e establi.ghed ' L.Sd ViRERids kherggner al  procedur es
originally ngglg(gr?%éﬁ%gﬁ@g%%tﬁgg?tggwofda%ﬁge@ Resegtr ch 25, 1168-1175
(1965) . Friasntifi@tiahdVeigy Hdamksr dledAprisi®nDel by Mark BCSdlvati et 4189 WO 02/ 00653

PCT/ USO1/ 19663 was i sol ated, characterj zed,anda‘)“%ti I{ﬁie&if or the testing of
exanpl e cddgtemreysDodset Na. LRERT0EPSIRY v hisk Bryidenal P pisnorPRliGaHER{S t he test

ds f 72 ddsh : : - Ll 3834 d int
o vl quiare i ecin B0 s b e ity o i KA P BB s

and theref gr sthéiﬁI@rc@Jan)ﬁ{@tvi'iﬂﬂn fothfl @BofiRS pres&if fhvientiGuz ad US. @atenall ., J
Steroid Biochem Ml. Biol. 37, 559-567 (1990). The SCl1 14 cell |ine was

mai nt ai nedApplidEivh Seritld¥ni_ng 1 (wsssigned: ensitled oRelegding Sudrogsn ReB0Ed FCS.

F th | | | at ed. in 96-wel | . | i i nt

medi a and. Mot et Meere Tk pidBpticaln R AR e R o™ e ed

to serum f5ge l()jﬂ)@ﬁh&’ﬁ? $4ram & o (AZoMBY Ihdkkds N¥/ MDOZSOMIR)) Wwhizh Pate BSA] wi t h
e

(ant agoni st no 10 or without (agonist node) 10.8 Mtestosterone and the
test cditpodApgkicaibntifimcppeseit heréinbynefersnce in isomtiesty (iaciuding. Peigtng from

10"10 to 10 5 Dupli cat es, wer.e used for .each sa € ound
di | uti ons g@r‘t@"}ﬂﬁ%ﬁ%’ﬁ%‘a"o 1336%‘58%?@%‘5% VY@B% %ﬂ%‘ﬁ%)i 0%1%—%?65%%{? on. Seventy
two hours hﬁ}eﬁﬁmﬁ; 44uC of [3H]-Thym di ne (Anmershan) was

The above other therapeutic agents, when employed in combination with the
20  compounds of the present invention, can be used, for example, in those amounts
indicated in the Physicians’ Desk Reference (PDR) or as otherwise determined by one
of ordinary skill in the art.
The following assays can be employed in ascertaining the activity of a
compound as a NHR modulator. Various compounds of the present invention were
25  determined to have AR modulator activity utilizing the transactivation assay, and
standard AR binding assays as described following. At the concentration tested,
certain compounds within formula I showed poor or no iz vivo activity in the assay

employed (e.g., compounds of Example 97).
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added per well and incubated for another 2 hr followed by tripsinization,
and 15 harvesting of the cells onto G-F/B filters. Mcro-scint PS were added
to the fiweeraesbefore counting them on a Beckman TopCounPCT/BES01/IbES

ant agoni st node, the % Inhibition was cal culated as: % Inhibition = 100 X

(1 - [aver a%e Sanpl e, - average bl ank /average control - average blank ])
20 Dat a \/\/as_ﬁﬂif’_g%ﬂ&%&ﬁﬂésiconcentrati on of conpound that inhibited 50% of
the [3H - Thym di ne incorporation was quantified (IC50) For the agoni st
node % Contro s referred as the effect of the tested conpound 25
conpared to t@%ﬁ%‘ﬁé‘r”% ect observed with the natural hornmone, in this
case DHT, and MScsﬁa&oSh&h&t&@h@@esé’ﬁ ERREEA were@fedin(tAVS4RBEH GBI of
average bl ank)/ (average control -average bl ank) 30 Data was plotted and

t he condent a atnsdected reportpranonstridiand isihg Hiet endogdvme androgen| 18edptorTHying di ne

i ncor poration uantified (EC50) -90 WO 02/ 00653, PCTLUSO1/ 1966 In

Vitro Assayh?sé\g%isas ragﬁatha@%%ps@prqu@eaﬁglpegtﬂdeég chﬂt.l{eym%%lﬂﬁg‘in ssay is a
cell based J: . v : j: Py genous
o ucocor t1 oyt S RElianbhiSls R inie, b a%ngBhig na HE 500 O RRRRIOR 0

site attachpgmichet 8 thibleadegdidgerogesterdze! (DSIHI Thissay @ndaruseditoRitbllict- 10%
fetal calf serum (charcoal-treated) + Penicillin/Streptonmycin with
0.5ng/ m gefrevive petivitges thera isca gnash arelatien dmhothseriesraf detge Se8sug- TatBerger

201 rat on S0l do e L) B Mot PR R inERRN s REE, Pl
(char coal -t LRakRAdted bPeTErehé£P) 1S added to each well. At this point

ei ther 20 pl assay buffer (control experinents), the conpounds of the
present inventi onFpt thedtansastipationdassdy ¢ tipegen pestnidns iDsdvenddyadded at

[ ti th 0.nM in DVS it
Control) o GORIER (TS IRG g I oRieP AHEN hodbs RRBAYEa for 15

m nut es at 3 i R, SdrhPiiad IBRDNA (16 epdrtet prbed, dithng/ M PMVA.
The pl ates %?%S’S@Sei;lé%lb#%gst ed’?%r@lﬁérs at 37C aftgé wr?i ch 40 pl

| uci f er 45e sedsted atkalineplysphataseg SEAP ccontrobechy pvobtate spetifigiantigand Pidasur ed
by analysis in a |lum noneter as C(()in(Pared to c ntr(%l eé]ge)ri nts treated
Wi th buffer UBFlIEaEYSEEENESS SpRptaining androgen response elements (ARESs). This reporter

plasmid functions as a reporter for the transcription-modulating activity of the AR.

Thus, the reporter acts as a surrogate for the products (nRNA then protein) normally
expressed by a gene under control of the AR and its native hormone. In order to

20  detect antagonists, the transactivation assay is carried out in the presence of constant
concentration of the natural AR hormone (DHT) known to induce a defined reporter
signal. Increasing concentrations of a suspected antagonist will decrease the reporter
signal (e.g., SEAP production). On the other hand, exposing the transfected cells to
increasing concentrations of a suspected agonist will increase the production of the

25  reporter signal. |

For this assay, LNCaP and MDA 453 cells were obtained from the

American Type Culture Collection (Rockville, MD), and maintained in RPMI 1640 or
DMEM medium supplemented with 10% fetal bovine serum (FBS; Gibco)
respectively. The respective cells were transiently transfected by electroporation

30 according to the optimized procedure described by Heiser, 130 Methods Mol. Biol.,
117 (2000), with the pSEAP2/PSA540/Enhancer reporter plasmid. The reporter
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Activity is designated as % inhibition of the reporter system as conpared
to 20 the buffer control with 10 ng/m PMA al one. The control,

dexamet hawonBgo6& a concentration of < 10 Mtypically suppressiemweacti vity
by 65% Test conpounds whi ch denonstrate an inhibition of PMA induction of

50%or gre : ﬂ@gg rakd 0 A HIReH gnmed
active. 25 %&Eﬁ%’gg‘gﬁg |gﬁ? %%@gyt%&ﬁ%%?%glom s?’qjaﬁgétgfs%#(\a& %(E:\?} &gty of
conpounds ofisedhe gieese Bl PolneethiedDyds RARBAI(PORN b $tagmeaScontdinas thegat ed in
an immature nale rat nodel, a standard, recognized test of antiandrogen

activity of Bgllhsitednositiom62%t), and shefdingrlpsilg at positionss8Heqidhepbumar prostate |

Proc. Soc. Expt. Bi.ol. Med. 3, 175 ; C. I a R FE,,Gttes,
“1 nii bi t 1 on G S £o7 BB CS?SS?Pi%é?f%& e 8‘%/%-’?:’8%%’1%‘%7&
castrategl r @ﬁz)bm@fsw@Q%quﬂﬁagméﬂ%rshmbwmo&ﬁe SRAPOARASR) ; and B. J.
Furr et al., “ICl 176,334: A novel non- -91 WO 02/00653 PCT/US01/ 19663

st eroi d, pe(Clohecklpryvieadly digested awith BgltiramgdfitdI[Dio gendmtrthaol ., 113, R7-9
(1987), the _di sc) osur es of whi herein incorporated hy reference. The

h
basi's of thP§Eé§%é)§A5§OtCH%StWé&It%PW§{gﬁ@?@té’émtgﬁ BY 9t IBmMsRESA such as
th t at j i , - e Ui
funct on. s nad bR, bURRE pBSup, 3233l TBTS B ahhficd B SCRTAR T 7
and secr et ohyimbh PRicér@sl gelymidBNSQNA IXHE dnd b BHN sitesolers iittbtuc bWk tiey one

(T), which is the major serum androgen (>95% produced by the Leydig cells
in the 1@st ipsimerrd erhetrpaulidegfraginensfwasisabelpnadip ARZ/BSADSG digetiest Yithe (LH)

and follicle,sti ing hornone (ESH) ... T r is_converted to the
nore active ﬁﬁ?rﬁjfégﬁwgﬁcgg%@s&o 8?1%?6 tbbpﬁé}}?gm}})?ﬁ%%%%ﬁ’mceer f)xr) i"t"g{t e by

5a-r educt asg.NEAM HANDAPGPR Wedé 611ceilih nftdiatcoabdnihg 209% Mardoglt stippddHT i n
the rat prostate, conpared to 40% of that in 65-year-old nen. F. Labrie et

al. din. [FBSediach peld syspaissiont¥ss digzibuteddgtp. twoadyenedtulser RugetissBioRad) maj or
pat hway, since _ in both animls and humans, cast re%igqon | eads to_al nost
conpl et e i nvBlch themreseiver 8 nenidas mparterfpnsEtad norated witig gy Bo-Ra

' t ad | ect ... Th der ..15. I diti th
adr enal 5o G PRGeEr BReun AR EoRLFyptil odp e P Bra SR A 'S Luice
and D. S. Cofdr&Washedfd Bitidhtel 9Gth AbdiReptSidMGE! dhaRtoadripdd fbral kigd | and J.
D. Neill, 1, 1435-1487 (1994). Since the nmale sex organs are the tissues

nost  r esporssivreintthe Aostucaiblank) of prekece (wntrgbef Ao dilyyrotestosterom@HTs used
o determ ne.t e cyandr.pach  JERSNENL. o UL 3oL NGR% ARCERRGY 07920 T
bicalutamide or compounds of the present invention in concentrations ranging from

20  10-10to 10-5 M (sample). Duplicates were used for each sample. The compound
dilutions were performed on a Biomek 2000 laboratory workstation.
After 48 hours, a fraction of the supernatant was assayed for SEAP activity using the
Phospha-Light Chemiluminescent Reporter Gene Assay System (Tropix, Inc).
Viability of the remaining cells was determined using the CellTiter 96 Aqueous Non-

25  Radioactive Cell Proliferation Assay (MTS Assay, Promega). Briefly, a mix of a
tetrazolium compound (3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)- 2-
(4-sulfophenyl)-2H-tetrazolium, inner salt; MTS) and an electron coupling reagent
(phenazine methosulfate; PMS) are added to the cells. MTS (Owen's reagent) is
bioreduced by cells into a formazan that is soluble in tissue culture medium, and

30 therefore its absorbance at 490nm can be measured directly from 96 well assay plates
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20 Male immature rats (19-20 days old Sprague-Dawl ey, Harlan Sprague-
Dawel y) were castrated under netofane ansestesia. Five days after surgery
these cawopa0WBB rats (60-70g, 23-25 day-old) were dosed POT/USOIdRYGS.

Ani mal s were dosed sub-cutaneously (s.c.) Ing/kg with Testosterone

Proprionate (AP). if..arachis ol ehicle and anti-androgen test _ conpounds
( conpounds ﬁlaoﬁ%ddg%téfbsngﬁch%;g}% iﬁ}?)q%tﬂté' 0330%%13 Fiay rpgasyad By dhq p. o. )
i n di ssol vedhmusE®0RRSaHRbH3R% i ; ? 1. Ani mal s
were dosed (v/w) at 0.5 rriBrof gelﬁﬁgfé%%ggtlég%;m?mel g k?e?()&ggjgéi\é\%}ésn al
groups wer e caburtdfdr@ach replic@ertha SEAP ettdidgewas notenliost 8y GeARIapiQaat e (TP)

(3 ng/rat/day, subcutaneous) 30 3. TP plus Casodex (adm nistered p.o. in
PEGTW QD) %&W‘&‘Hﬁﬁh@zm 3358y rtBeeptagogdst mades @ﬁ&hé@nb!@np(m&d. -92 WD

02/ 006535PCT{dsQikg 19663 4. To denpnstrate antagonist activity, a conpound
of the present 1 nvention ("test conpound”) was adm nistered (p.o. in PEGTW
Q@) with TP (s.c. as admnistered in group 2) in a range of doses. 5. To
denonstrat e agoni st activit}/ a conmpound of the present invention ("test 5
conpound") \?Jag’héhﬁpmﬁl@@r@ﬁ alloieeagesontrol + aveRBEBlYnkReiage samplage  of

doses. At tggerggedw%]é]%bhe 3-day treatnent, the animals were sacrificed, and
the wventral prdos wei ghed. To conpare data fromdifferent experinents,
t he sexual organs weights were first standardi zed as ng per 100 g of body
wei ght, and the 10 increase in organ wei ght induced by TP was consi dered as
t he maxilfumDatewaspletted 20D 8de. condsdiatidmodf neduhy tten éntiiitddesoSoiglent or

Fi scher's exact ,te s used for statistical analysis. The gain and | oss
of sexual or“a%d%ﬁ?&ﬁ?ﬁ’&(f%‘@@“ﬁﬁé( mnges of the cell nunber (DNA
content) and cell mass (protein content), depending upon the serum 15
androgen concentration. See Y. Okuda et al., J. Uol., 145, 188-191 (1991),
the di scl osiioethefagehisiciods Yh€omtol waaeefeired & 1 effct oftRs REEE corkp&RAf or e,
measurenent of organ wet wejght is sufficient to indicate the bioactivity
of androge n§°‘5‘ﬁ%¥eggfﬂﬂ’ﬁd%‘?’?“méh?gf§‘%jé Abserved with thaeturd hoapeona inthis ass DHT,

repl acensnt ,nf waX0HENANT androgens increases semninal vesicles (SV) and the
ventral prostate V%'l in a dose dependent nmanner.

% Control = 100 x average sample — average blank/ average control — average blank

Data was plotted and the concentration of compound that activates to levels 50% of

20  the normalized SEAP for the control was quantified (EC,p).

GR Specificity Assay:
The reporter plasmid utilized was comprised of the cDNA for the reporter

SEAP protein, as described for the AR specific transactivation assay. Expression of
25  thereporter SEAP protein was controlled by the mouse mammary tumor virus long

terminal repeat (MMTV LTR) sequences that contains three hormone response

elements (HRES) that can be regulated by both GR and PR see, e. g. G. Chalepakis et

al., Cell, 53(3), 371 (1988). This plasmid was transfected into A549 cells, which

expresses endogenous GR, to obtain a GR specific transactivation assay. A549 cells
30  were obtained from the American Type Culture Collection (Rockville, MD), and

maintained in RPMI 1640 supplemented with 10% fetal bovine serum (FBS; Gibco).’
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20 The maxi mum i ncrease in organ weight was 4 to 5-fold when dosing 3
ng/rat/day of testosterone (T) or 1 ng/rat/day of testosterone propionate
(TP) for WO odensss The EC50 of T and TP were about 1 ng anBCDUS®/19663
respectively. The increase in the weight of the VP and SV al so correl ated

wi th the inpeRatRatitn bite TR bhaciflc afshoRI aaBMGITiRAEInHbundd bMNA GFbsent

adm ni stration of T showed 5-tines higher 25 serum concentrations of T and
DHT at 2 howaventiftwas idesinal toribatdesinitjed dor ha AR speciflvatansadtivation sdsay,eaf t er,

concent r ot | SFEDRALEE RIT Dffes Foneed i Y dexfipabesaae (Slemn SRS ot ent
during the ﬂ%@iff&%ﬁ%ﬁi’s‘f fRGR hBERERMSon gftﬁ@@ﬁ@%pﬁﬂﬁ%gﬁ%lgg ?chvgtS) loflgfal gher

potency than free™T. In this Imuature castrat rat Known AR
ant agonist ¢(dtasmadx pf hrpresdfit iabaniondrdspesoanatiasddatibcdfopthielAR Wi th 0.1 ng
of TP (ED80), inhibiting the testosterone-nediated increase in the weights

of the VP aW#nsa¢ivaiion ageyewhesimpsspeasyss tho asty gowsd theFRspedific pageger
manner. The tagoni st,effegts were sinla en dosi or or,
subcut aneoussﬁ){/é.n{ilg Ao (gf]Ea tf“ﬁé:o‘l%ﬁ\? nci’ ?%ﬁ’egﬁé%w%?ﬁ?&q?‘%aﬂ%’&ﬂﬁ&goni st

activity bya § BSfidng the testosterone-nediated increase in the weights
of VP and SV. 5 Levator Ani & Wet Prostate Wi ght Assay AR Agoni st Assay:
The activity of conmpounds of the present invention as AR agoni sts was

i nvestigated j n ture male rat nodel, a recogni zed test of anabolic
ef f ect s&?n n@gcﬁ% cﬂ?ﬁ%‘t aining effects in sex organs for a given

conpound, as descri begih HRI&Re 985 c&h : pt. Biol.
Ved., 83. 175 (1953); B. i‘%ﬂnﬁre%ser et al, 1o ,\}éft?%]eg&f‘ﬂ?%@g{%g%tgﬁng
anabol i ¢ antkposttaBIBAP praetgmn dsddsorithedfor thie YR spaeificatranisactivatiofasay. Med.

Wwnen' s AssE, 23, 708 (1968); H. _Fukuda et al., "Investigations of the

| evat or ani “HRISEYRN & ﬂl&ﬁ%ﬂﬁéﬁ@ﬁﬁg nEpteingyes coalrglied by ghanesse mammaryken. Nem
14, 84 (19 the G . SM:@[I 1.0 b by
reference. The basi gélggfcﬂe'@ﬁflﬁé%ggié |£2Lﬁlﬁtsﬁgﬁe%§%¢g§%ﬁagﬁ ac;‘1 i on of

andr oget ¢ Agemine responddeltinents@HRESthacan dodegylated by bbthr R @h&PRI JHies and
sexual accessory organs in animals and nman. Androgenic _steroids, such as

t est ost er onglapmid wagtransbecssd ipta T47dh arhich eworosses endggenons PR, tehtiing RRy

mai ntai n nu NBSS. o ' ] S ter trations with
an exogenou§ S g%r ce 8?%[?%?%;!% P%’s?hﬁgaﬁ%%? %%'fm%%% g’rneégafno%f. The
effects of Culwre@sitattian (RédkeflityMD), bitEmbiataih@MaVIEA insdlige! € have been

wel | 20 characterized. M Masuoka et al., "Constant cell population in
normal , tesfénlepgied with 10% fetal bovine serum (FBS; Gibco). Determination of the PR

20  specific antagonist activity of the compounds of the present invention was identical to
that described for the AR specific transactivation assay, except that the DHT was
replaced with 1 nM Promegastone (NEN), a specific agonist for PR. Determination of
the PR specific agonist activity of the compounds of the present invention was
performed as described for the AR transactivation assay, wherein one measures the

25  activation of the PR specific reporter system by the addition of a test compound, in

the absence of a known PR specific agonists ligand.

AR Binding Assay:

For the whole cell binding assay, human LNCaP cells (T877A mutant AR) or
30 MDA 453 (wild type AR) in 96-well microtiter plates containing RPMI 1640 or
DMEM supplemented with 10% charcoal stripped CA-FBS (Cocaleco Biologicals)
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deprived and testosterone stimnmulated | evator ani nuscles” Am J. Anat. 119,

263 (1966); Z. Cori et al., "Testosterone hypertrophy of |evator ani
nmuscl e ofw@azomwated rats. |. Quantitative data" Boll. -SpPCT/UBe1al9663Bi ol .
Sper. 42, 1596 (1966); Z. Cori et al., "Testosterone hypertrophy of

| evat or ani e Bsal ey Ofefeantiiateadt 5o ELeELd ) '

observati onrse'%%ol I .y’ - goc. Itzfl . Biol. rl?E‘SY. Ll% d%gg%o%(s%gngﬁﬁﬁxﬂlg%gpfs et
al ., St eroi danplexedsdith 1i¥A0¢eptoksn deswils.badiead® ours] ditheed ERGiatoinadywls ogens
on rmai ntenance of mal e sexual accessory organs, such as the prostate and

seninal  vel9idetesming the e for wiigted dirotesieterane J DAL pra pompetitive

i nvol ution . atr 0 h restate and seni nal vesi cl.ess...Hhi.s. ef fect
can be rev_e‘?iglgl&%t?ﬁ ag;éﬁ‘elzr%l%tg %eo%llt% é)%ttet?f c4gp %‘W? 6%8%?3%%@2 }H("JIS }Fﬁt he _
| evat or 5ni wkSRkRrRtd FHEhEBAEBrafi6X afdl e ,Sn&ii@fﬁﬁlﬁlﬁGcﬁﬁé&%dEK@ito.Z%SponSI ve
to the effects of androgenic agents, this nodel is used to determne -94

WO 02/ 00653CAdIBYpetaioBg 3 H i PHTdicogentraliope rabgitg frendrlsaVl tofl6aM)iphy i n
the | evator_anj mnuscle and.the sex accessor rgans in i ure castrated
rats. Sexuaﬁl‘Fﬁlb?ﬁi’FE?@tqlgP‘gil 8 Gopsaeeg sk apeclisiadiperet %ﬁﬁ%&m@@m ey,

Har | an) wer f t dar L 8% . wer e
i vi dotl 1t 5 e e pRAbARDHT Al YR IS HERTANe: 4 HBERN S, AR 3T o

fol | owi ng: the t@ahbindinguaddis hiceagh cdeshsiosr {8 PO waadetoyddPo dsBmate
nmg/ rat/day, subcutanegus) 3. TP JBI us Casodex (adm nistered p.o. in PEGTW
QD) , aYechysmeat obfies BHIMEYEnThezempining aredticsassmesehgellsiwer waphed

denonstrat e, i I\l of e.pre t ] ntion
("test comgﬁ%ﬁgg%‘@lﬁ éﬂds}{ er%%d%%%e I'n t%é&tl[&/pl%i ap\ﬁcn]f%dﬁéﬁfrso.sﬁl.m as
adni ni st er e(PacRargy odp addedi and Plat@n@anell ile Top-Countcl CPARERN &S salwitageni st

activity a conpound of the present invention ("test conmpound”) was
admi ni st er eamapred bopgnd["HIDWEGTW QD) in a range of 15 doses. At the end

of the 7-14-day treatnent..the .aninmals.were sacrificed . carbo di oxi de,
and the |evator gﬂ’f_, CSaHhen a\l}%lgflfﬁ’lr%e g‘rf[?r%ﬁt F&eeﬂ%%?ﬁélq%glggar?g&he To

conpar e18lat god-Epubifid bin@in@MNvaPadIRed B8 Hetifid BiRdingY The kpRitic BiHdink &aand sexual
organ weights were first standardi zed as ng per 100pg of body wei ght, and

t he i ncr easeviluatedby Sgatehané prglysis todleterohingythe K ars dpPH T eSeeck.@P.t he maxi mum
i 0
I ncrease ( 1R%d/gaird, Mathematics and statistics of ligand assays: an illustrated guide: In: J.

Langon and J. J. Clapp, eds., Ligand Assay, Masson Publishing U.S.A., Inc., New
York, pp. 45-99, (1981), the disclosure of which is herein incorporated by reference.

20 For the competition studies, media containing 1 nM [*H]-DHT and
compounds of the invention ("test compounds") in concentrations ranging from 107
to 107 M were added to the cells. Two replicates were used for each sample. After 4
hours at 37°C, cells were washed, harvested and counted as described above. The data
was plotted as the amount of [*’H]-DHT (% of control in the absence of test

25  compound) remaining over the range of the dose response curve for a given
compound. The concentration of test compound that inhibited 50% of the amount of
[’H])-DHT bound in the absence of competing ligand was quantified (ICy,) after log-
logit transformation. The K values were determined by application of the Cheng-
Prusoff equation to the IC,, values, where:

30 K& ICs, .

(1 + (H-DHT) / K, for *H-DHT)
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Super -anova (one factor) was used for statistical analysis. The gain and

| oss of sexual organ weight reflect the changes of the cell nunber (DNA
cont ent) vead2/emsb3 nass (protein content), depending upon POBRUSEr196e3
androgen concentration. See Y. Okuda et al., J. Uol., 145, 188-191 (1991),
t he 25 disc : | I Sed] i n: r e rcTherefore,
nmeasur ementAg Ogrreggrﬁé,\fv%?l IarvlveS %‘%@é ?félalsﬂ&r‘] ?%?éiﬁt@g?gre@r%@?gt%g F&g Igfoggcti vity
of andr ogendefmied agtidr@@eshtration afcompdtingllipahdmedded ¢o rdate sfeeidicbaiding by

repl acement of exogenous, androgens increases _|evator ani, semnal vesicles
(V) and prbaibeikes SraekDHETenEM 458 ARGLNCRRGvorR Qi TN 0 28Mbase | n or gan
wei ght was 4 to .5-1fol d when dosing 3 30 ng/rat/day of testosterone (T) or 1
ng/ r at / day BEPEBLEYst er one propi onate (TP) for 3 days. The EC50 of T and
TP werembout 1 ng and 0.03 ny, respectively. The -95 WD 02/00653

PCT/ USO01/ 19663 increase in the weight of the VP and SV also correl ated

wi t h t he | nHuesseProstith €elldtroliferdtiaomdsBT concentrati on. Al t hough

adm ni stration of T sho 5-tines. hi gher seruir:’aé;'oncent ratig T and

S Q
DHT at 2 hours afPBWOY {thGRAGRRIE TjeREeR WRre tRsier ¢ Fest COIB?O“T’é,S'r)]tOHé{‘Feaf ter,
t hese high ; : I ne r.apl . t
concentrat i %ﬁg&% tl%iegi}nllé}ﬂ%%‘#?%&? Ig-gl'i?éregaj g%lltla lcihéz}h &%gﬂ{sa@’v%\%e{ P? f«g??f{/eﬂgloaggﬁlls t ent
during the ligdd@dredSrona e théedtadioos patilenstharailed batiatidd) Nerohekical HiGHher

potency than free T. MDA PCa2b Human Prostate Zenograft Assay: In Vivo
Antituntft TEgueardiesnBr24982000 1R Nnwersripeabated wither witheut dhe tegt dommneradned in

Bal b/ ¢ nu/n e mce... Tunor [ J e . pl ants
n adul el RURETAEn] 4PN TR AR SRR R R DRSPS gy b AR
from donor g3 §Qay T/ BREsNAHHRY 6 84116 408 Bk profifebatithie Khe NEDA POAIbt délTor
efficacy trial, the required nunber of animals needed to detect a

meani ngf ul e penswineined poBREB-ERC medigt(Bialogital RescasdpBagulwrt Fagilitteach was
i 15 i.npl ant t f t (-5 . W.th

0 Gauge ¢ r Bx iy aomenent wRnodps: B0 o8 s bR in o heRe, uor

out si deq he 96%@%‘1@%@&%&‘ Qﬁyﬁ@@a‘c@d‘& 39’34%@@ﬁ§%‘@§gc?1¥ﬁﬂélystﬁm/?@{#ﬁd to

various treatnent and contro gr oups. r eat nent each a was based

on i ndi vi duBMBBRY @ditt@ht andfogeak)e A ficdrinuss, Wercells henkeshtabinlte fsence
treatment related toxicity/mortality. Each group of 20 anjnals vvaé wei ghed

before the (WpRIDArivEprente AfrlerRIAT (¢optro)) Oiﬁ%ﬂ’t tseromparrds Eamplehehiget he | ast
treat nent d%?e%eﬁt%@nﬁoﬁ@ﬁ c&{cglt%t%% ?aﬂgﬂléjﬁ)(%‘l 108 t%hltO'SW ?)'u}%!:a)tes were

used for each sample. The compound dilutions were performed on a Biomek 2000

20  laboratory work station. Seventy two hours later 0.44 uCi. of ’H]-Thymidine
(Amersham) was added per well and incubated for another 24 h followed by
tripsinization, harvesting of the cells onto GF/B filters. Micro-scint PS were added to
the filters before counting them on a Beckman TopCount.

The % Inhibition was calculated as:

25 % Inhibition = 100 x ( 1 — [average ., — AVErage yjy / aVerage g e — aVerage yuql)
Data was plotted and the concentration of compound that inhibited 50% of the [*H]-
Thymidine incorporation was quantified (ICs).

C2C12 Mouse Myoblast Transactivation Assay:

30 Two functional transactivation assays were developed to assess the efficacy of

androgen agonists in a muscle cell background using a luciferase reporter. The first
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provi des a nmeasure of treatnent-related toxicity. Tunor response was
determ ned by neasurenent of tunors with a caliper twce a week, until the
tunors r ewah2/eeps edeterm ned "target” size of 0.5 gm TunPCT/URG/Med3ght s
(mg) were estimated fromthe fornula: Tumor weight = (length x width2) _ 2
Tunor response end-point was expressed in terns of tunor growth inhibition
(% C), deskin@dREA Sthisle i htses ackll Hneli Stable drtoloned7 Yhwhichfstabheexpresaesed t unor s

T) to that _of th trol C). To estimate tumr.cell kill, th
{umor *vol o liansth 1y SROHEEn s OR U 15985 S8 ER TR B U R PR For mul a:  TvDT

= Medi an [ | s) fat.copt: r(?@] ( ]]s96 WO
02/ 00653 W@%&%ﬁ%&%gﬁns %g}llggkﬁalg #EEH{(; a%%i or Qc%ﬁ%srggl?oyﬁgﬁgtr%eu? o reach
hal f the TRE8&bndadly SARAAIStableQ) asdsla deilllinerStableQ) (clone #132), RerinedT)

Statistical evaluations of data were perfornmed using Gehan's generalized
W | coxon frest StableDuwhichgtablyospeesses bofiAR podhHierrghaessyInaipiosk RO uror is a

t | ived, well . differenti.ated i
Sdenocar oi noma 19¢ <haieay epri Sopsfit B T s SRR RS SR Wy and cottey
DS, Cancefj;T56akseRePxDR1T wadpafidd thbe(ahIARspeciAb fespbravlelentét trheVR3327H

subl i ne has been selected for its highly androgen-dependent and
repr oduci bélés, Browh let. iah Tihatawtahefl Biokogics! Chbreisef Di2e 82271823, 938). ¥ind ot her

sublines of this tunor have been vvi,de%%lggf to eval gei%}xe in vivo antitunor
activiti edvesdenslopetlol BHEtE mutiRgenes ¢ ORI IEf ¥ s 0dex

(Mauc? r A., and von Angerer, J. Cancer Res. Cin. 15 Oncol., 119, 669-674
(1993), Furr B.J.A Euro. URL. 18 (suppl. 3), 2-9 (1990), Shain S. A and
Huot RI. J. XRarA seéapdeechem 31, 711-718 (1988)). At the beginning of the

study, the Dunning tunor pieces (about 4 x 4 ng}%arg. t.r. nsPI ant ed
subcut anedusBiableol ealls are plated i S6rarell farmat 26,008 seliiuelbin high glueBse; weeks ol d,

S oS Bl 210 s el e
mR) are rangpatdgdnd BtardntRatcdeBs GIywlpse C&: N0.: SH30068.02), 50 mM
15 HEPES Buffer (Gibco BRL, Cat. No.: 15630-080), 1X MEM Na Pyruvate (Gibco
BRL, Cat. No.: 11360-070), 0.5X Antibiotic-Antimycotic, and 800 pg/ml
Geneticin (Gibco BRL, Cat. No.: 10131-035).
2. 48 hours later, cells are transfected with pGL3/2XDR-1/luciferase using
Lipofect AMINE Plus™ Reagent (Gibco BRL, Cat. No.: 10964-013).

20 Specifically, 5 ng/well pGL3/2XDR-1/luciferase DNA and 50 ng/well Salmon

Sperm DNA (as carrier) are diluted with 5 pl/well Opti-MEMem media (Gibco
BRL, Cat. No.: 31985-070). To this, 0.5 pl/well Plus reagent is added. This
mixture is incubated for 15 minutes at room temperature. In a separate vessel,
0.385 pl/well Lipofect AMINE reagent is diluted with 5 pl/well Opti-MEM. The

25 DNA mixture is then combined with the Lipofect AMINE mixture and incubated
for an additional 15 minutes at room temperature. During this time, the media
from the cells is removed and replaced with 60 pl/well of Opti-MEM. To this is
added 10 pl/well of the DNA/LipofectAMINE transfection mixture. The cells are
incubated for 4 hours.

30 3. The transfection mixture is removed from the cells and replaced with 90 pl Qf

media as in #1 above.
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rats/group) and the treatnents are initiated. One group of the rats are
castrated to serve as the negative control of tunor growh. Animals are
treated dedbyoosss h conmpounds of the current invention, sthROUaERU/P663

anti andr ogens such as Eaci | utam_de qr vehicle (,controlz for an average of
10 to 14 wekkd0 nywell of appyeriide dmecdilntion & Rlacedimeaehygll-cl e of (2.5 ni/kg of

body wei ght I A05% - I 00, . e
car boxymnet hys?' %% g?)]]?rg P%{géﬁ%i@&qwé%@%}l%%gasg §S§a{_}POS | se?lp?\s/%%?a goy(;})elt%cetl lactmfy

t her apeutic eX@&ibtdiﬁ@’éoSthemﬁhﬁcmﬂﬁ*éﬁﬁﬁrﬁdﬁbﬁﬁif%ﬁb@? caf. Nd EBs205.cal ating
doses for each standard or 30 test conmpound (in a range of 300-3 ng/kg).

-97 WD 02/ 00653 PCT/US01/ 19663 Tunors in the vehicle (control) group reach

a size 050150052%01;13502) , Whereas the castrated animal group typically
shows tuhor st Pl Zhe 14 weeks of observation. Aninmals treated

oral Iy wi th 20sp{gcd1s a@f%wﬁ@% A1 Fornldr 4t é‘,gb@@enswﬂ i‘ﬁl Iﬁgh ElRaL! ed to

show a 40% reduction in tunor volumes conpared to contro ter 14 weeks
of treatnent. DMEN withat phenobres (@HecoBREUEC&INoe 2k0§3-030)wentairdng 10%| | per

(Froboz, Switzerl and), . taking perpendjcul ar neasurenents of |ength and
wi dth. Tumor vERaieRAS 2ag ’ﬁ%@%gfﬁﬁf@é%ﬁWlw%-lflﬁésﬁép%éﬁ%)=ﬁ% h x Wdth

X Height = Vo i &t di n o and
control are e@@%@ﬁé@%@u ’iép*'gﬁ(imogﬁgwg?%&@gﬁ%\ﬁgﬁvﬁé?%ﬁgot ai l
non- par a@et r i cBRAQ,, Batieit11860-930), 0K Knabibet-Adtiasicatic 806ighhl Gesdyin The
activity of conpounds of the present invention were investi(g_at ed in a
mature mal e ratGikeRIBRL (at- M- 9131+P3p) and HI9 uymi Hegroawsinh (Gibco BRlet

prostate wei gh ) /ndescri bed above. The above in vivo assays are
recogni zed assgf}tsi‘]?’d?l%gg?,g? ning the anabolic effects in nuscle and

sust ai ni ng ef f #&hsurk Mat&Sthe Ygiansn fiRIcels is%ﬁi@?edoﬁlﬂ&%lﬁ&d with desCfbdpedoin L.
G Hershberger et al., 83 Proc. Soc. Expt. Biol. d., 175 (1953); B. L.

Beyl er et al, niwelhofiapprenriats diugalilutign srdanstliweaghdvallat abol ic  agents in

| ab t i " 3 . . W ‘s, Ass_, . 708 (1968):. H 20
Fukuda &0 ab- 2% #%W&éat%?rgéﬁgg‘?? g’b‘i“%ﬂ@?‘éﬁ%@%ﬁ’?s%% Fse‘gsga %ﬁétﬁ‘f’iabol ic
steroi d assay"”activit§ ab@RAGnEP the YRdhuri@iter Naifrufbnt E98Rkeh NCatdNS ¢ EOS2TES Of

whi ch are herein 1ncorporated by reference. The basis of this assay lies
in the well-defined action of androgenic agents on the maintenance and

growth of MRS lU‘?S .tﬁa%gn'f %%pﬁggio%egéﬁgi No. (unassigned), entitled “Cell Lines and
Cell-Based Assays for Identification of Androgen Receptor Modulators” filed June
20 20,2001 by Jacek Ostrowski et al. (Attorney Docket No. D0177), which Patent

Application is incorporated herein by reference in its entirety.

Proliferation Assays

Murine Breast Cell Proliferation Assay:

25 The ability of compounds of the present invention (“test compounds™) to
modulate the function of the AR was determined by testing said compounds in a
proliferation assay using the androgen responsive murine breast cell line derived from
the Shionogi tumor, Hiraoka et al., Cancer Res., 47, 6560-6564 (1987). Stable AR
dependent clones of the parental Shionogi line were established by passing tumor

30  fragments under the general procedures originally described in Tetuo, et. al., Cancer

Research 25, 1168-1175 (1965). From the above procedure, one stable line, SC114,
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accessory organs in animals and man. 25 The mal e sexual accessory organs,
such as the prostate and sem nal vesicles, play an inportant role in
repr oductwo e2/6msxti on. These gl ands are stinmulated to grper/asd/ @ne

mai ntai ned in size and secretory function by the continued presence of
serum t est oster or serum androgen (>95%

, Whi i h i duced
by the Ley¥t3gs gtg@’gc ) Gtteﬁlég‘{]ﬁ{éj]ts‘}t 1Z§€1.£thh? YrELiRE TPl CATpROUBAS. ﬁ&&yuce‘
| ut i ni zi e . i U

ut el i 21 NGeob RN Rctlidaytin ARG el c%&d\?g‘d#%ﬁfr%w% pmg it

Test osterone IS conver nore acti erone,

(DHT), wi t ifi3Hpéhyptidiat ad@ridyatbd inte HINA &8€ quardificlas Q20006438 eRpbidded 1/ 19663
Adr enal androgens al so contribute about 20% of total DHT in the rat

prostate, aséapHieanmbsr ahorlsand Herefpre the pipdiferatidrarafreas. depcriiedlin Sezwddi. al . 16

Sinee 1 B Sotieng staoud B M Eon AL RsgRs b ke se haBel BhaP ot o
i nvol uti on RiintRdRA VBN BnBARENS 80 MPlestastéRpik ﬁh@§%bﬁ°&'éat€é)ﬁ@$.gi3%§nhot

adrenal ectonmy. Therefore, under normal conditions, the adrena

support si ghé tsseprellgwenstfiated impP®sicH tneictopidesda thévnaiGienhnéemadid afll  S.

Cof fey, "The Physi ol 0g of 'Reproduction” ed. By E. Knobil and J. D. Neill,
1, 1435- 148qubatedayp7 é;/si Qe ¢he fedowingedayetheonegins vas¢hugedite servorfreeni are t he

ti L .. i t ti f .th tjvity, thi del
s used to HetbRIPRET Ka2aeRRE Ny Gpbinhe BuRE A e it medp S "¢
androgqo r egefkRut RAbMBMHE) 1TRIM i&tdstdrSne anfll 1RO JestcbRpblRis B HRAR M At

activity on tissues such as prostate, seninal vesicle and nuscle,
t est ost er origvetitivn is epncestrai®na rangieg from 108Yi0l 1°d. Dowplicatss were used fisynt hesi s.

Test osterone production in th dig cells.of the testis js controlled b
the level  dreRrREblFathngorbppie Aiden rrmeanyl ohp EopoisoaroRevel s
are 15 t hengeh\esiof OfdveRly thd HVird BRr bAYEL; 9{*[{3&121%'11[‘/%@99 gﬂlefsﬂmh?%ﬁs .

blrood s nhibit the

hypot hal m ¢ region. Testosterone levels In rve to
secreti on cdddedBRit welblandsinbdmtpdefor byotheduodolleval by tfpsiditatiod, andt | mat el y t he

I I f ci |.at i t est ost I |s. B [ bl god__| I f LH
as t hey Par PETRLES BTGl ARIDOHAS TWrrs MIcTosselich WerRAdied nibp Test
conpounds" ) efhds of L0106 Al fl6 Y e | evel of agonist 20 or

ant agoni st baeciz?étnfe\?})tt?%/t fﬁésxgiog aclg(;errpoun(}?pgtgu%tﬂe hypot hal ami ¢ axis of this
endocri ne FBorcheanthdiniddacbdsahs %oinhibitibawaSpslagued awel y rats (40-42 days

old, 180-220 g), were dosed orally by gavage (p.o0.) with the test
conpounds i n dissol ved/ suspensi ons

% Inhibition = 100 x ( 1 — [average .. — aVerage y,, / aVerage ... — average you 1)

20
Data was plotted and the concentration of compound that inhibited 50% of the [*H]-
Thymidine incorporation was quantified (ICs).

For the agonist mode % Control was referred as the effect of the tested compound
25  compared to the maximal effect observed with the natural hormone, in this case DHT,
and was calculated as:

% Control = 100 X (aVerage g, — average y,..)/ (average o — aVerage y,.)

30 Data was plotted and the concentration of compouﬁd that inhibited 50% of the [*H]-
Thymidine incorporation was quantified (EC,).
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of 80% PEG 400 and 20% Tween 20 (PEGTW for 14 days. Two control groups,
one 25 intact and one castrated were dose orally only wth the PEGTW

vehi cl e. wobmeleéss were dosed (v/w) at 0.5 m of vehicle /2O0yShiodye3nei ght .
Experimental groups were as follows: 1. Intact vehicle (p.o., PEGTW QD)
2. Control vehicle (p.o., PEGTW @) 30 3. Bicalutam de (Casodex, a

recogni zed anti androgen, as a reference conpound) or a conpound of the
present i nveptypg AL \ | 1 S). -99 WD 02/ 00653
PCT/ US01/ 19663 ?\IASI %je)toemagﬁﬁ%ﬁ%gq%g}l ééld;é‘?u le?@‘éﬁ@%"e Git: nimal s were

sacrificed, and tTe ABnt assay [¥ @stitbased Neiferiseebores asbsy, A8Ad delis
| evat or ani re renoved surgically and weighed. To conpare data from
di ff erent e%\yﬁ% FeRiEd) entegeneidmglugergriceidreceptorrwere stabhimansfeettdas ny

Phe rospaor PR ALE Blua BRnE R 37 Ehe0 e RTErsis e nbolinaes ey i
quantitati vle;iruwﬁeﬁ RKPVNed 09, ¥étal BSif sBH i rg%réagr%egj t (Amer sham Phar maci a

Bi otek), follow ng the manufacturer ctions. e assay i s based on the
conpet i ti on Hgnicilie/Itrepiomyeint with . Sragéek geneticin. Celiskaradilagdahe[ddy5! ] rLH to
an Amer| ex-zli t?eao{&?nti bo%)( suspension. The 10 radi oactivity that renmains
after i ncubdtS'YT WPATSERE S0P '5@&9@6199@5&@“%/%5@@ assay gryrthgonadied i nto

a standard ' [ ' / i . I of , sexual
o gan and | i ok BV pRafioh S APt Shsailtor IR Rt BneRRlieBlr *( o
cont ent l0and! 0% IACSrécdmréqaldreitady o MetiSirep i pRISdNS atRPrwbiNeAt &fs gfﬂnt

androgen congentration, see Y. Okuda et al., J. Uol., 145, 188-191 (1991),

the 15 di scl&8F &V dH agpmy: RUffar (raniioh exprrémeatsattbe deynpaiinstscofdbe présandf or e,

measur enent ; ' NPT f LGl o_indi,cate . the. bioactivity
of androgenéﬁ\gennéﬁggztrggggé\mbgyg Q%Jr@%‘sﬁgf\@ﬂ(ﬂe W%@fﬂ? afié?é at¥aning act i ve
agoni st agervoncentratidre) @r texaiidtiassthe Mdd nM RAODRIERS, pAGiVeESRFolPhrePNE OF
nore of the androgen responsive organs (levator ani, prostate, sem nal

vessi cl e) arfdidgditp eaghevelb The elates are thamppresissibatedffoedt minutds 20

one. or Toor Slop (BRI SRS Bl il a b el FRAG e Detssade,
seni nal vesithé®incaibdtedvor!7 Mavat 3T0Cted Gihik 4f@ Ml Aﬁg&?%‘?é%é SRPSRRE o &it eCt

on LH secretion. CQAR22 Human Prostate Zenograft S
is added to each well. Activity is measured by analysis in a luminometer as

compared to control experiments treated with buffer or dexamethasome.
Activity is designated as % inhibition of the reporter system as compared to
20  the buffer control with 10 ng/ml PMA alone. The contro), dexamethasone, at a
concentration of <10 pM typically suppresses activity by 65%. Test
compounds which demonstrate an inhibition of PMA induction of 50% or

greater at a concentration of test compound of <10 pM are deemed active.

25  Wet Prostate Weight Assay AR Antagonist Assay:

The activity of compounds of the present invention as AR antagonists was
investigated in an immature male rat model, a standard, recognized test of
antiandrogen activity of a given compound, as described in L. G. Hershberger et al.,
Proc. Soc. Expt. Biol. Med., 83, 175 (1953); P. C. Walsh and R. F. Gittes, “Inhibition

30  of extratesticular stimuli to prostate growth in the castrated rat by antiandrogens”,

Endocrinology, 86, 624 (1970); and B. J. Furr et al., “ICI 176,334: A novel non-
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25 In Vivo Antitunor Testing: CWR22 human prostate tunors were maintained
in Bal b/c nu/nu nude mce. Tunors were propagated as subcut aneous

transpl am@o2/onesadul t mal e nude nmice (4-6 weeks ol d) usi npCT/wRBIV19663agnent s
obtai ned fromdonor mce. Tunor passage occurred every 5-6 weeks. For

6
anti t uror eJtérbﬁia?XxFﬁl{ekﬁ el setl&?lvé Zﬂ%ﬁx%l%e urgD {;c?]é?:];‘m@f” @ggﬁp{h% 30

det ect a nean e start C) éri ment and

each was gldd@dlo@r@mﬁuhalma@qfemﬂmoamormdaywmncéragrrent (-50 ng) with a
-100 WO 02/ 00653 PCT/US01/ 19663 13-gauge trocar. Tunors were allowed to

grow to approx. Tigobagofithis agsayreths fenlthsat dele mualamg@ssvwmg@mmau@@l) and

I st.ribut t t ment trol groups.
S emmmant e L an S st bR 3 B R Re  20P
ani mal s sl\'ef?hééé &5@9 b lnﬁulét@(ﬁ t0°grb iRl ARMhainBlifddedl i%h0E Isééfétgg;ﬁlﬁ%ﬁ&y Each
group of animal § was wel ghe orethe Initration of treat W) and

t hen again lﬁpihlecmnmgxeﬂimedeas& of senmtasmatercdms(@) (Witieh is thémagbirkéramence i n body
wei ght (W2-W 1) provi des a mneasure of treatnent-related toxicity. Tunor

response waddggea (i Hdd Pmﬁuﬁ%‘%ﬂ‘é Fendissells inthe testis tpdes theigngrgl ¢ ? t wice a

\‘,Iyﬁﬁtl;r \l/J\2|t ;;L?lw%ﬁwl%\j\e{ﬁ%éﬂé@%ﬁ? gﬂaﬁfarqlg%é cpe Eglg?&r%u r%eﬂ rmé?F\/\Sglbght (I ength

X W dt h2) =Té&stosle+oBé islcdHPESEIto BRI PRI a@ﬁvd\@imeamszaﬁﬁ@@bstdaoﬁee (DETRfwittor
growh inhibition (%9/C), defined as the ratio of median tunor wei ghts of

the treHl edthebﬁoslta;taby§o<éfﬁ)iu¢taset Hatrerat aﬂdnegmmisowlongfomtquab(o@ 20% of gddli mat e
tunmor cell k||| he tunor vol une doubling. tine was fij calagulated with

the for mul aDHRB °r%m%e=tcpﬁ;@a’(eéé?§bo% thatigidooyearq EHtBIr HERt ?-arget

- Medi t t e
50" and, " Log ot InVse 18T g &5 AA0G). HARAGS, bils LORE i paltifn) BGE 512
dat a were partod amdlalssamunﬁehﬁmastratgmrlemlw akbst\tompkanintelation ditaef ol | owi ng

Exanples illustrate emhodinents of the present invention, and are not
i nt ended t oPTosigfe andrfemdnad yesieles withow|cangpmitant adrenalectomy. ‘Therefore, under

15 normal conditions, the adrenals do not support significant growth of prostate tissues.
M. C. Luke and D. S. Coffey, “The Physiology of Reproduction” ed. By E. Knobil
and J. D. Neill, 1, 1435-1487 (1994). Since the male sex organs are the tissues most

responsive to modulation of the androgen activity, this model is used to determine the
androgen dependent growth of the sex accessory organs in immature castrated rats.
20 Male immature rats (19-20 days old Sprague-Dawley, Harlan Sprague-
Dawely) were castrated under metofane ansestesia. Five days after surgery these
castrated rats (60-70g, 23-25 day-old) were dosed for 3 days. Animals were dosed
sub-cutaneously (s.c.) Img/kg with Testosterone Proprionate (TP) in arachis oil
vehicle and anti-androgen test compounds (compounds of the present invention) were
25  dosed orally by gavage (p.o.) in dissolved/suspensions of 80% PEG 400 and 20%
Tween 80 (PEGTW). Animals were dosed (v/w) at 0.5 ml of vehicle /100g body
weight. Experimental groups were as follows:
1. Control vehicle
2. Testosterone Propionate (TP) (3 mg/rat/day, subcutaneous)
30 3. TP plus Casodex (administered p.o. in PEGTW, QD) , a recognized

antiandrogen, as a reference compound.
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25 Abbreviations The follow ng abbreviations are used herein: DBU

=1, 8-di azabi cycl o[ 5. 4. O] undec- 7-ene 4- DVMAP = 4-di net hyl am nopyri di ne 30 ee
= enant i ow@n2/eeexcess DMF = di met hyl formam de - 101 WO PCT/OSGI53663

PCT/ USOL/ 19663 Et = ethyl Et OAc = ethyl acet ate LDA = lithium

di i sopropyl am de, H+nig SEe r S I thyl RT
= retention ti rre4 T&@nggnﬁueoarng%s%&gfé&& QB (;di% og?ilrlé;ﬁes 3 %%Frgﬁd}?LC =
thin layer chronat pgeaRBipodat"] Was adhiriseietYp. SJ 1|n)P|ECplTWAQ¥)) with TP (s.c. as

para-tol uenesulfonic acid 0O = heat t-Bu = tert-butyl Ph = phenyl 15 PhCH3
= toluene Pd/C = patimdsinmdangmm@)amedam&fd@%ﬂs TsCl = tosyl chloride

Cont- but yl di met by 910 et eipboniSeAsti » PEPOGY el BEO dvepivn ity
di carbonpate TEA = LEjehhy!) s R8mBi8elel aford (P8t YA PEGTWIODS fn arah8O8F

tenperature

doses.

At the end of the 3-day treatment, the animals were sacrificed, and the
ventral prostate weighed. To compare data from different experiments, the sexual
organs weights were first standardized as mg per 100 g of body weight, and the

10  increase in organ weight induced by TP was considered as the maximum increase

(100%). ANOVA followed by one-tailed Student or Fischer’s exact test was used
for statistical analysis.
The gain and loss of sexual organ weight reflect the changes of the cell
number (DNA content) and cell mass (protein content), depending upon the serum

15 androgen concentration. See Y. Okuda et al., J. Urol., 145, 188-191 (1991), the
disclosure of which is herein incorporated by reference. Therefore, measurement of
organ wet weight is sufficient to indicate the bioactivity of androgens and androgen
antagonist. In immature castrated rats, replacement of exogenous androgens increases
seminal vesicles (SV) and the ventral prostate (VP) in a dose dependent manner.

20 The maximum increase in organ weight was 4 to 5-fold when dosing 3
mg/rat/day of testosterone (T) or 1 mg/rat/day of testosterone propionate (TP) for 3
days. The EC,, of T and TP were about 1 mg and 0.03 mg, respectively. The
increase in the weight of the VP and SV also correlated with the increase in the serum
T and DHT concentration. Although administration of T showed 5-times higher

25  serum concentrations of T and DHT at 2 hours after subcutaneous injection than that
of TP, thereafter, these high levels declined very rapidly. In contrast, the serum
concentrations of T and DHT in TP-treated animals were fairly consistent during the
24 hours, and therefore, TP showed about 10-30-fold higher potency than free T.

In this immature castrated rat model, a known AR antagonist (Casodex) was

30 also administered simultaneously with 0.1 mg of TP (EDy,), inhibiting the

testosterone-mediated increase in the weights of the VP and SV in a dose dependent
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25 LC = liquid chromat ography EtOH=ethanol DCE = dichl oroethane DWMSO =
di net hyl sul foxi de Ra-N --Raney Ni ckel 30 M5 = nol ecul ar sieves M5(ES) =

El ect r o- Spo ayodebss Spectronetry - 102 WO 02/ 00653 PCT/ UBOT/U$@60863 h =
hours Ac = acetyl DEAD = di et hyl azodicarboxylate DPPA =

o s O, O B e
met hanoi mi d@éﬂ%ém&isﬁifﬁﬂé inQbmemlal A eXiibatdll Akgﬂﬁ &rﬂiﬁ)acﬁvﬁ)‘\b)?su ré§s1§§§3he S

A. endo/ exo-2-[[[3-(Trifluoromethyl)phenyl Jam no] carbonyl J

azabi cycl o[ @st@steidrepnediated éncBeasairiibr weightnief YPenéhpV.ester (1A 0 G ~~N
o"-, i-NH O 10 CF3 2-Azabicyclo[2.2.1.]hept-5-ene-3-carboxylic acid,
ethyl ester (0.253 g, 0.15 mml) was dissolved in toluene and

3-(triflgior paplddy AR KOXN et ﬁ%gt\iw&gl{tqus%}ylAq{ Agonist Assay:

The activity of compounds of the present invention as AR agonists was

investigated in an immature male rat model, a recognized test of anabolic effects in
muscle and sustaining effects in sex organs for a given compound, as described in L.
G. Hershberger et al., Proc. Soc. Expt. Biol. Med., 83, 175 (1953); B. L. Beyler et al,

10  “Methods for evaluating anabolic and catabolic agents in laboratory animals”, J.
Amer. Med. Women's Ass., 23, 708 (1968); H. Fukuda et al., “Investigations of the
levator ani muscle as an anabolic steroid assay”, Nago Dai. Yak. Ken. Nem. 14, 84
(1966) the disclosures of which are herein incorporated by reference.

The basis of this assay liés in the well-defined action of androgenic agents on

15  the maintenance and growth of muscle tissues and sexual accessory organs in animals
and man. Androgenic steroids, such as testosterone (T), have been well characterized
for their ability to maintain muscle mass. Treatment of animals or humans after
castrations with an exogenous source of T results in a reversal of muscular atrophy.
The effects of T on muscular atrophy in the rat levator ani muscle have been well

20  characterized. M. Masuoka et al., “Constant cell population in normal, testosterone
deprived and testosterone stimulated levator ani muscles” Am. J. Anat. 119, 263
(1966); Z. Gori et al., “Testosterone hypertrophy of levator ani muscle of castrated
rats. I. Quantitative data” Boll. —Soc. Ital. Biol. Sper. 42, 1596 (1966); Z. Gori et al.,
“Testosterone hypertrophy of levator ani muscle of castrated rats. II. Electron-

25  microscopic observations” Boll. —Soc. Ital. Biol. Sper. 42, 1600 (1966); A. Boris et
al., Steroids 15, 61 (1970). As described above, the effects of androgens on
maintenance of male sexual accessory organs, such as the prostate and seminal
vesicles, is well described. Castration results in rapid involution and atrophy of the
prostate and seminal vesicles. This effect can be reversed by exogenous addition of

30 androgens. Since both the levator ani muscle and the male sex organs are the tissues

most responsive to the effects of androgenic agents, this model is used to determine
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0.166 mml) was added. The reaction was heated at 70C for 3 h and then
cooled to -20C for 12 h. The conpound 1A precipitated upon cooling, was
filteredvamd2oionsed 15 with cold toluene. Upon drying in pavwsodess7 g of
1A was recovered and taken on into the next step with no further

purificati . .

2, Ba x) -8, o0 By BROIDTA 9 T o arspt i fislenpymbmpscle and the s

met hanoi m dazedsdrytorghmyiniigiacrd caRAtkdRs: Gegnedly(hihreddts [PE0-250 gf 68di at e
Conpound 1A (0.150 Sg mmol ) was di ssolved in toluene (5 nL) and DBU (0.1
nL) was addweeksThé TnsagneidawiamsH e scerascmue patrateddrom thevendoren t he

t ol ' 4. The, . | £ ' : i fied by flash
chr omat ogr agRsoBN- SR Ay I AT s SeIB BT PRASE Wb i Ve
0.76 9 & ZondrMmoidwify.as a white solid. HPLC: 92%at 2.93 min (retention

time) (YMC S5 ODS columm 4.6 x 50 mmeluting with 10-90% aqueous net hanol
over 4 mnutes 11020l O&i€l6653 PCT/ US01/ 19663 contai ning 0.1% TFA, 4

mL/mn, nonitoring at 220 n MS (ES): z 309,09 [MtH]. Exanmple 2 5 (5a,8
a, 8aa) - 8, 8a- Di hydr OTQS-J“{’%@IE’?‘?}WWE@‘IP ﬁry& a{days supcgtancous)

hanoi mi d 1.5 | dinestL. . A F q
ret hanoi i das ol 1 5 3B B Bt By gh fRPoAS, obfY L Rl procedure
endo/ exo- 2- ( Chl or ocatibadiygen, ds azdbiefyct@hpbuddl] hept - 5- ene- 3- car boxyl i ¢

acid, ethyl ester, %ZA) O O To a suspension of NaHCO3 (2.5 g, 30 mmol) in
CH2c12 H " 25C wad- adadgmonsiraghudeganist @othusys 8icompevnd of the presam infpfipn

mol) vt added and RCRRERT aN s praaes sk RRG TR QNI TF difuhate
was then filtered ofdmigiReérddin poYiA aGhizdelot.doddye product was purified by
flash chromat ography on Si02 eluting with 1% - 2% MeOH

5. To demonstrate agonist activity a compound of the present invention (“test

compound”) was administered alone (p.o. in PEGTW, QD) in a range of
16 doses.

At the end of the 7-14-day treatment, the animals were sacrificed by carbon
dioxide, and the levator ani, seminal vesicle and ventral prostate weighed. To
compare data from different experiments, the levator ani muscle and sexual organ
weights were first standardized as mg per 100 g of body weight, and the increase in

20  organ weight induced by TP was considered as the maximum increase (100%).
Super-anova (one factor) was used for statistical analysis.

The gain and loss of sexual organ weight reflect the changes of the cell
number (DNA content) and cell mass (protein content), depending upon the serum
androgen concentration. See Y. Okuda et al., J. Urol., 145, 188-191 (1991), the

25  disclosure of which is herein incorporated by reference. Therefore, measurement of
organ wet weight is sufficient to indicate the bioactivity of androgens and androgen
antagonist. In immature castrated rats, replacement of exogenous androgens increases
levator ani, seminal vesicles (SV) and prostate in a dose dependent manner.

The maximum increase in organ weight was 4 to 5-fold when dosing 3

30  mg/rat/day of testosterone (T) or 1 mg/rat/day of testosterone propionate (TP) for 3
days. The ECy, of T and TP were about 1 mg and 0.03 mg, respectively. The
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in CH2C12 to give 0.367 g of internedi ate Conpound 2A as a yellow oil. 20
B. endo/exo-2-[[[3-(Trifluoronethyl)phenyl]am no] carbonyl]-2-

azabi cycivod 82/@633 hept - 5- ene- 3- carboxyl i c aci d et hyl esterP(PBRO1/H66B05 WO
02/ 00653 PCT/ US01/ 19663 O -NH O/ \ CF3 Internedi ate Conpound 2A (0.100

, 0. | d. ' - N Q7. Q.44 .l
i ssol ved | el iainb elehd G e VIR Pidtco' Bfrelsftbith BoipotediS TR nltBL®
L, 2.1 nMor T thernastrd. AlfitRigh easlidiftfatn\WET Medegd-tgheddehdror 14 h.

The vol atile organics were then renoved and the residue was purified by
fl ash chr onsaragreapésntiatioss ofi T andyeHTedt 2t howes after sulguteouslinfysion than that

nmet hanol / CH, ' 0. 39 f_int di at e, d 2B I |1
iR At A N B S S T e B
et BB AT P P R R e RobRE T e
a, 8aa) - 8, 8a2Dhbyd) andhédefore IRt ﬂmlvsémalbbuﬂ(&m&im ahbenpetarsy tiiaxﬁfreel“B.

pyridine-1,3(2H,511)-dione (3B) O klHY N O A
endo/ exo- 2- [ (1- Napht hal enyl am no) car bonyl ] - 2- azabi cycl o[ 2. 2. 1] hept - 5-

Eg.?.; ?J-Sgil/r ggﬁb‘l&%égilg utmhz%I PI%SSEa%é Zggégra%toAgsay{ NH O - 106 WO 02/00653

In Vivo Antitumor Testing: MDA-PCa-2b human prostate tumors were
10  maintained in Balb/c nu/nu nude mice. Tumors were propagated as subcutaneous
transplants in adult male nude mice (4-6 weeks old) using tumor fragments obtained
from donor mice. Tumor passage occurred every 5-6 weeks.
For antitumor efficacy trial, the required number of animals needed to detect a
meaningful response were pooled at the start of the experiment and each was given a
15  subcutaneous implant of a tumor fragment (~50 mg) with a 13-gauge trocar. Tumors
were allowed to grow to approx. 100-200 mg (tumors outside the range were
excluded) and animals were evenly distributed to various treatment and control
groups. Treatment of each animal was based on individual body weight. Treated
animals were checked daily for treatment related toxicity/mortality. Each group of
20  animals was weighed before the initiation of treatment (Wt1) and then again
following the last treatment dose (Wt2). The difference in body weight (Wt2-Wtl)
provides a measure of treatment-related toxicity.
Tumor response was determined by measurement of tumors with a caliper
twice a week, until the tumors reach a predetermined "target" size 0f 0.5 gm. Tumor
25  weights (mg) were estimated from the formula: Tumor weight = (length x width2) + 2
Tumor response end-point was expressed in terms of tumor growth inhibition
(%T/C), defined as the ratio of median tumor weights of the treated tumors (T) to that
of the control group (C).
To estimate tumor cell kill, the tumor volume doubling time was first
30  calculated with the formula:

TVDT = Median time (days) for control tumors to reach target size —
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1- Napht hyl amine (0.20 g, 1.39 mmpl) was added to a solution of triphosgene
(0.136 g, 0.46 mmol ) in dichloroethane at 25C. The sol ution was heated at
70C for 3vont/eeand then cooled to 25C. Triethyl am ne (0. 5BCHUSOML986 ol )
was then added and the reaction was heated to 70C. After 2h, the reaction

was 5 cooled to 25C arl‘de&amnﬁia:l(dyjzd)(f{)r&o&tr&l ﬂumpgm&e@dmmtﬁamgemz'e% aci d,
ethyl ester (0.209 g, 1.25 mpl) was added. The reaction was stirred at

25C for 14 h. The voll’%ﬂq Ilé’g&?HMCE(Tv@)r‘e(?t%hTNé?@ved in vacuo and the

resulting residu flash c a en_Si e] uting
with (4 11 1) eﬁ%ﬁ@&‘q ﬁﬁ ‘gﬁﬁdeaéa%re P&P‘:‘?Bn”%‘isg’éﬁ é%ﬂ ﬁé ¢ at e
Conpound 3A W$1c@xdhﬁb§te solid. 10 B. (5a,8 .

a, 8aa) - 8, 8a- Di hydro-2-[ 1- napht hal enyl | - 5, 8- et hanoi nmi dazof !, 5-

al pyri di Re- 1, 3(2H, 5H) - di one (3B) Internedi ate Conpound 3A (0.150 g) was

di ssol ved in,tol.uene &5 n} and 15 DBU (0.1 nL) was added. The reaction
was heat ed ‘d then the toluene was renoved in vacuo. The

resul ting residu b n.Si luting
oSl 08 T oSt SR KA AR LR P AP L0
sol i d. HPLC difié&ntintedl &6drogen réép’tbm‘ﬂle aaehoém);mbm?oﬁ%e z&@&aﬁé’g Mgy 6 x S0
nm el uting \Qll{gﬁlo 90% aqueous et hanol over m nut es contalning 0.2%

phosphori c estonWidi acotiyUy\, @nd gotiey P GﬂﬂceWrQﬂS?ep nét, 27392872
[ MeH] +

L Vensy - 3552 TREP7R. THE Ghowth of the RABR7H whlnedes BesLseipries. R it kishly 5. 25

net hanoi ni damﬂrbgén-@bpéhdérhtr%dlré’drghbéib%'@r‘&@vtlﬁ Bintet rhald /A Pherafort?/ WO
02/ 00653 PCT/ US01/ 19663 A.

endo/ exo- 2- 1thisgnpde dﬂdj@i’r@ﬁ@uhymeephéﬂmﬂ tumomud vehbesrowiddly lused to evaluate
azabi cyel of %) DaRbmsr S8fvitod 3¢ SRH¥hdr5085E Lok tuts i atdd 0 N
bacilutamide/Casodex (Maucher A., and von Angerer, J. Cancer Res. Clin.
15 Oncol, 119, 669-674 (1993), Furr B.J.A. Euro. URL. 18 (suppl. 3), 2-9
(1990), Shain S.A. and Huot RI. J. Steriod Biochem. 31, 711-718 (1988)).
At the beginning of the study, the Dunning tumor pieces (about 4 x 4
mm) are transplanted subcutaneously to the flank of mature male
Copenhagen rats (6-7 weeks old, Harlan-Sprague Dawley, Indianapolis, MD).
20  About 6 weeks after the implantation, the animals with tumors of measurable
size (about 80 - 120 mm?) are randomized into treatment groups (8-10
rats/group) and the treatments are initiated. One group of the rats are
castrated to serve as the negative control of tumor growth. Animals are
treated daily with compounds of the current invention, standard
25 antiandrogens such as bacilutamide or vehicle (control) for an average of 10
to 14 weeks. Test compounds are dissolved in a vehicle of (2.5 mi/kg of body
weight) 10% polyethylene glycol and 0.05% Tween-80 in 1% carboxymethyl
cellulose, PEG/CMC, (Sigma, St Louis, MO). Typical therapeutic experiments
would include three groups of three escalating doses for each standard or

30  test compound (in a range of 300-3 mg/kg).
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/y-NH S CF3 5 To a solution of 2-azabicyclo [2.2.

1.] hept -5-ene-3-carboxylic acid, ethyl ester (0.253 g, 1.5 nmol) in

t ol uene WO 02/0d6¥3 was added 3-(trifluoronethyl phenyl)- i soraT/osyiznedie (0. 339
g, 1.66 mol). After 14 h at 25C, the reaction was diluted wth Et QAc and

washed with I N Na 2 0 : ' y.el [ 3

anhydr ous sodi um gt{lﬂ(‘l%]isén éhr?dvr%b%%e aclraﬁggls %gciyg;}?%c? a\;\esgzse"\%ﬁlrs‘iap itggs%@eégth I ca gel
10 chromat ogr@pivhe sidh@ted Al £6bp BhHidally shaddtuaretasie over thexameekofyi el d
188 ng (34% of internediate conmpound 4B. B. (5a,8

(X, ﬁaa) - 2, gol&ptﬁfa’eic'ﬁet.?ahyds tredted Srajlyrwifl 2bmgfkgtdiypicabremide|or flutamids o- 5, 8-
met hanoi m dazo[ 1, 5-a] pyridin-1(5H)-one .(4B) 15 The int di.at d 4A
(150 m. 0 SRR b o B A ity B BOET VTR SOPRTR R STEObBY

.04 tF0n: ;and th
ool ed 15 24 1GRERs o e R A by B Pl T g
resi due wasecaliper (Frolest, Byvithérdaid),ahikiogpependipllyr measBicdientd off lemghand h a 20

gradient of 0 to 20% acetone/ hexane giving pure conpound 4B (67 ng) as a
yel | ow oi | widtp| Eumes volames are measuradin mpat esing e formpda: Length s3VidBEX col um

4.6 x 50 el uti R 0~ 90%ague ver 4 m ntai nin
0.1 % TFA%elgl]?{/_r}F ,mﬁbE}agigv?aﬁélfge?erf%gﬁﬁv)%%ﬁ&%gﬁ? Sigyis @f&%@%ﬁm e
-108 WO 02/ QRf@3e4slhdeRkipl® ABDOVEARRL® féllowed by one tail non-parametric

(5a, 8a, 8aa) - 8, 8a- Di hydro-8a-nmethyl -2-[3-(trifluoromnethyl)phenyll-5, 8-

met hanolOri d&talkdt, t5est] pyri di ne-1, 3(2H,5H)-dione (5) CH3 0 N /N CF3 5 0 Ls

I nt er medi ate Conpound 1B (0.020 g, 0.06 mmol, from Exanple 1) was

di ssol ved in anhydrous THF (2.0 nlL) and cooled to -78C. LDA (2.0 Msoln in

THF, 0.195 FelVeRat PPostSteWhibnedded- After 1 h, Mel (0.008 ni, 0.12 nmol)
was

The activity of compounds of the present invention were investigated in a

mature male rat model, which is a variation of the Levator ani & wet prostate weight

15  assay described above. The above in vivo assays are recognized assays for
determining the anabolic effects in muscle and sustaining effects in sex organs for a
given compound, as described in L. G. Hershberger et al., 83 Proc. Soc. Expt. Biol.
Med., 175 (1953); B. L. Beyler et al, “Methods for evaluating anabolic and catabolic
agents in laboratory animals”, 23 J. Amer. Med. Women's Ass., 708 (1968); H.

20 Fukuda et al., “Investigations of the levator ani muscle as an anabolic steroid assay”,
14 Nago Dai. Yak. Ken. Nem. 84 (1966) the disclosures of which are herein
incorporated by reference. The basis of this assay lies in the well-defined action of
androgenic agents on the maintenance and growth of muscle tissues and sexual
accessory organs in animals and man.

25 The male sexual accessory organs, such as the prostate and seminal
vesicles, play an important role in reproductive function. These glands are stimulated
to grow and are maintained in size and secretory function by the continued presence
of serum testosterone (T), which is the major serum androgen (>95%) produced by
the Leydig cells in the testis under the control of the pituitary luteinizing hormone

30 (LH) and follicle stimulating hormone (FSH). Testosterone is converted to the more

active form, dihydrotestosterone, (DHT), within the prostate by So-reductase.
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10 added and the reaction was slowy warned to 25C. The reaction was then
quenched wth water and extracted with CH2C12 (3 x 10 nL). The conbi ned
or gani ¢ veger/eessvere dried over anhydrous sodi um sul f at e pODUS@IN®esst r at ed
in vacuo to give pure conpound 5 (0.008 g) as a white solid. HPLC. 100% at

fo?ég%mgauééaéﬁaé@ﬁﬁ%&s e ponirzer abentocte et S 82 stimbrtdbnor o aci d.
4 nl/mn, ' ' - - . 6

(50 a. gaa) i G0k oPdidh Bl Yiroldnbn, 1% abaitan bty MY EUE: nbes e

(trifl uor ong1y9) @besly |Howewr isianel aindiaz phthway, afinpoerin Both- aifrBads andie (6) / N

,/ NCF3 s C To a solution of Conpound 4B (0,056 g 0.173 mmpl, Exanple 4)
in THF at hu@svesstratiereleads toralmasteomplgie iyplusien o theprostiteasd semipalrHr,

0.173 . After 52 h M| (0,02 0 npl nd t

react i 2163 wa_¥e§}\7§?sr¥@“f“£ C%‘%C@nb‘{[ﬂ?i a‘yeﬂeaeﬁ-%v\gglgrtc wdé"gf &gggg%)r%%ggﬁﬁie 10%S’xtpgr e
extract ed WhddnfHBERS dufpdit 3nitlehnt grétven SOFBitARIsIGaMI. C. L avei peg.e dried
over anhydrous sodi um su?fate. The crude -109 WO 02/ 00653 PCT/ US01/ 19663

product was Cotfey,FTad Physiblogy fof Rleprductogy’ 2gdhBy &nK8obi2 and It .Ageilki 1,H439%
acetone in _hexanes tqQ giye 0,034 of und 6 as ite solid. HPLC. 90%
at 4.023 m A487(€18?‘§nt511%?? Pﬁﬁleiﬁl\ﬁ%g%a%gg)‘g‘&}’ A age e%ﬁﬂ‘?ﬁ%’?hti ng with i
10- 90% aque t r ] e 20 [ id, 4
w7 i e ront e GG ol den oS s o) SIRIRSRIARAR (BE

(5a, 8c 8@a) a&ivityaflamPa(a)s-tRat(mBoduladk did axiopes ngdeptoe pathivag inmhnBe fids.

met hanoi m dazo[ 1, 5-a] pyridine-1,3(2H, 5H)-digne (7Bi & 7Bii, respectively)
C HN NGOG ci NAleng withjfs mitogenic activity on tissues such as prostate, seminal

vesicle and muscle, testosterone also serves as a negative regulator for its own
biosynthesis. Testosterone production in the Leydig cells of the testis is controlled by
the level of circulating LH released from the pituitary gland. LH levels are

15  themselves controlled by the level of LHRH produced in the hypothalmic region.
Testosterone levels in the blood serve to inhibit the secretion of LHRH and
subsequently reduce levels of LH and ultimately the levels of circulating testosterone
levels. By measuring blood levels of LH as they are effected by compounds of the
present invention (““test compounds”), it is possible to determine the level of agonist

20  or antagonist activity of said compounds at the hypothalamic; axis of this endocrine
cycle.

Matched sets of Harlan Sprague-Dawely rats (40-42 days old, 180-220 g),
were dosed orally by gavage (p.o.) with the test compounds in dissolved/suspensions
of 80% PEG 400 and 20% Tween 20 (PEGTW) for 14 days. Two control groups, one

25  intact and one castrated were dose orally only with the PEGTW vehicle. Animals
were dosed (v/w) at 0.5 ml of vehicle /100g body weight. Experimental groups were
as follows:

1. Intact vehicle (p.o., PEGTW, QD)
2. Control vehicle (p.o., PEGTW, QD)
30 3. Bicalutamide (Casodex, a recognized antiandrogen, as a reference compound) or a

compound of the present invention, p.o. in PEGTW QD. (in a range of doses).
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15 A. endo/exo-2-[[[3, 5-Dichlorophenyl]am no]carbonyl]-2- .

azabi cycl o[ 2. 2. 1] hept - 5-ene- 3-carboxylic acid ethyl ester (7A) 0 -off N
t-NH O WO o0tho6sI To a sol ution of 3,5-dichlorophenyli sorgruatigi9a. 01 g,
16 mol) in toluene 20 (100 nlL) was added

2- azabi cycl : e 3= | J. € [ t h ster. (2.7 g, 16.0
mrglz) i nyt o%&%@n‘iﬁﬁg@r@g %F%gﬁggﬁer#g%%%%%%eifﬁmeN%?t e solid
formed af t emprdstatd) thersensingt Veglcled] fRrthyRyaRe gadvére ré}ﬁé’&‘éd_réh{f%éﬁ?lyrﬁﬁﬂe product .
The reaction was then filtered and rinsed with cold diethyl "ether. The

crude urea Weighgd. {fo commmoedsa foTy difoentiopesments; de veginatejghts Bdregiraf a

. . e i i ied and taken on directly to
m |e t ﬁe )S( 1(:)I Is ? ,g%% dfz?@ égtg%d@% Qé Iglgtfggéyll v(?fg:]i’ghtc,I and exp%'essed as a percentage of the y

, 8(X, ' I dro-5,8- 5
g?haﬁl)c()i ?na((j?zﬂg[gll)fglegf?yereﬁ{é??\%a}% 3 lﬁlHljitgé‘[ -drone (7Bi & 7Bii) Conpound 7A

(0.025 g, 0.070 mmia} lukeisizigrlenmone 6L $pqpatitnively dotemitod wiﬁpﬂlb;/ﬁt ed gdéd
en a

[ .0 ). DBU (0.42 L, 2.96 mol ) was
1"\/5 | |( Sagﬁob? *Iétgﬁlﬁt[ﬁég &ﬂgéé‘éng’é’hm’)ﬂ Ph.almqﬁ‘él Briioialq)»rf'@llm'mghtrem_ag@iac?_ﬁrt 0 25C 10
[ : ' | 0$] 1.t h t hyl en oride, e organics
vere  vashod i TRE R BB R s bl M it S dh et pht o,
Crude NVR  siiedvinding ofi{ XU &] @f anCOMBOSKIN Udah/ 2080 &PSRpID, B, 1N a ratio

of 2:1. respectively. The diastereoners were separated by pr epar at ive
TLC on %@OZI@“BRCPWQY thet romaiag #jar drnsbatiinowithl the sthins andiwubsequdh6washed isConmpound

17Bi as a | id and 1 . 008 of. Co und 17Bi.i as a white solid.
76 - hpLc BT SR SRty CPRE AR ERoHag 1y ?&/%155 QDS col unm 4.6 x 50
mm el uting with 10780 %aﬁ%ﬂqaﬁ_of@%daﬁ&%hn %Y@fevétwe%i@g)%ﬂ%?{h%ﬁgn k2%
phosphoric acid, 4 nL/mn, nonitoring at 220 nm M ; z )
[ MrH] +.  1780f theiqell qumbeoANAZ04@Tt) mnd c¢ll mnex(prateain donter)), depvidiBhusBSieol um
' i - 909 t hanal
4.6 x 50 Mgl 4113t ot ' Bnd 2008 ARG O8RS "D Lo, 145, 188-101 (1991), the
15 disclosure of which in herein incorporated by reference. Therefore, measurement of
organ wet weight is sufficient to indicate the bioactivity of androgens and andro gen
antagonist. In the mature rats assay, active agonist agents will have no effect or will
increase the weight of one or more of the androgen responsive organs (levator ani,
prostate, seminal vessicle) and will have no effect or a suppressive effect on LH
20  secretion. Compounds with antagonist activity will decrease the weight of one or

more of the androgen responsive organs (levator ani, prostate, seminal vesicle) and

will have no effect or a reduced suppressive effect on LH secretion.

CWR22 Human Prostate Zenograft Assay:

25 In Vivo Antitumor Testing: CWR22 human prostate tumors were maintained
in Balb/c nu/nu nude mice. Tumors were propagated as subcutancous transplants in
adult male nude mice (4-6 weeks old) using tumor fragments obtained from donor
mice. Tumor passage occurred every 5-6 weeks.

For antitumor efficacy trial, the required number of animals needed to

30  detect a meaningful response were pooled at the start of the experiment and

each was given a subcutaneous implant of a tumor fragment (~50 mg) with a
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20 over 4 mnutes containing 0.2% phosphoric acid, 4 nL/mn, nonitoring at
220 nm M (ES): mz 311.2 [ MH] +. Exanple 8

Tetrahydmvoo 22/p@s3 t ri f | uor onet hyl ) phenyl ] -5, 8- et hanoi m dazp{1/USe1l9pssr i di ne-
25 1,3(2H,5H)-dione (8B) HO N ~-NCF3 O - 111 V\002/00653

PCT/ USOl/ 19 f I
car bonyl ] - Zﬁﬁ%ﬁeﬁ%ﬁ@n&}]&wér %‘1@ gér%rggﬁlgyécd Cld m%ster (8A) O
A~ - AN QiirorsbHskidthorahgechére excleded) and animals were evenl

2-azabi cycl o[ 2. 2. 2. ] oct ane- 3-carboxylic acid, ethyl ester go ng, 0.27
mol ) in andigtiibobed tovardoes freetrent argsceniad@raups. Treatment of each animal

Stirred ar WESEAEHIN & °°¥3ﬁéop&3ﬁ@§eﬁ%5ﬁﬂea@ame&ﬁ VAR BN SRFIARMPEY by
or epar atg veu L0 ol B8 Bl BathichodB ¥ ar thgg s wbRaRes 10

Tet r ahydr o- BefoBe (tie irfiliatioroofirdathepit ¢Wit1) atd et hgaiai foilaleing[the fastj pyri di ne-
1,3(2H,5H) -di one (8B) 15 To a solution of internmedi ate Conpound 8A (37 ny,
0.1 mol ) i leatmeRiniens(Wi)uthe diffesenes inBedyw@ight HA2WH ) Iproydes amol ) .

fotary ovapBrers SLRREmMEN-ERIE Ml &l “uas purified by preparative TLC
on silica gel el gUiie rabpbnsdias Aetdpiined bypsas@eniant f hors with ey (49%
of Conpound 8B as a white solid. 20 HPLC: 99% at 3.433 min (retention tine)
( YMC S51@DScalipartwice 8 wealQ untii the tumors reach a predetermined "target" size of
0.5 gm. Tumor weights (mg) were estimated from the formula: Tumor weight
= (length x width2) + 2.
Tumor response end-point was expressed in terms of tumor growth
inhibition (%T/C), defined as the ratio of median tumor weights of the treated
15  tumors (T) to that of the control group (C).
To estimate tumor cell kill, the tumor volume doubling time was first
calculated with the formula:
TVDT = Median time (days) for control tumors to reach target size —
Median time (days) for control tumors to reach half the target size
20 And, Log cell kill = (T-C) + (3.32 x TVDT)
Statistical evaluations of data were performed using Gehan's
generalized Wilcoxon test.

The following Examples illustrate embodiments of the present invention,

and are not intended to limit the scope of the claims.

25
Abbreviations
The following abbreviations are used herein:
DBU = 1,8-diazabicyclo[5.4.0Jundec-7-ene
4-DMAP = 4-dimethylaminopyridine
30 ee = enantiomeric excess

DMF = dimethylformamide
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eluting with 10-90% aqueous net hanol over 4 mnutes containing 0.2%
phosphoric acid, 4 nL/mn, nonitoring at 220 nm M (ES): mz 325.2

[ MtH] +. WQ 22006580 02/ 00653 PCT/ US01/ 19663 Exanple 9 (5a, Bal/8a&)19863

(5a, 8a, 8ap - Tetrahydro-2-f3-(trifluoronethyl)nhenyll-5, 8-

met hanoi m dazo[ 1, 5- agfyri di ne-1, 3(2H,5H)-di one (9Fi & 9Fii, respectively)
Solid Support Synthe Sefilite 51 CF30 NYNCF3 'J~- N OO H A
Formati on of Modifie Lo fd 8! sin (9A) HO 10 Modified Merrifield Resin
To a suspensi on of t gotfgﬂjiuﬁa%et%ral oil, 0.353 g, 8.84 mol) in DVF at

0C was slowly added 3qiA=hsioaxdisbpropllamidpr opanol (1.3 g, 8.55 mml), and
then warned to 25C and stirred for 1. h. Merrifield resin (5 g, 0.57 mmol/g)

was 15 washed sequentimig’y Babe h NathiprRiopy iy ™88, DMVF and t hen suspended
in 20 nL of DV To the re iln was added the prefornmed al koxi de over a 5
m nut e %eri od. The ™MNM&TEHEW was then heated at 80C for 13 h. After cool i ng

to 25C, the reaction S re ﬁﬁ&pﬁﬁg and rinsed sequentially wth DV (3x50
m.), hexanes (2x50 nl), nethylene chloride (3x50 nL), nethanol (2x50 ni),
met hyl ene chl ori de (3R®Q=rttifluamdcedticiaeid 20 under vacuumto give a white

resin (4.6 g). Solid phase proton NVR denonstrated incorporation of the
3- (4- hydr oxypheny! ) - TTHF Gigawdydrq r, to formResin 9A. B.

o i s ofdes MR o [ 00 T
10 TMS = trimethylsilyl
pTSA = para-toluenesulfonic acid
A =heat
-Bu = fert-butyl
Ph = phenyl
15 PhCH, = toluene
Pd/C = palladium on activated charcoal
TsCl = tosyl chloride
TBSOTS = tert-butyldimethylsilyl trifluoromethane sulfonate
TBS = tert-butyldimethylsilane
20 Mel = methyl iodide
(BOC),0 = di-tert-butyl dicarbonate
TEA = triethylamine
n-BuLi = n-butyllithium
rt = room temperature
25 LC = liquid chromatography
| EtOH=ethanol
DCE = dichloroethane
DMSO = dimethylsulfoxide
Ra-Ni=Raney Nickel
30 MS = molecular sieves

MS(ES) = Electro-Spray Mass Spectrometry
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N o 2-Azabicyclo[2.2.1.]heptane-3-carboxylic acid, ethyl ester (10.0 g,
59.0 mmol) was dissolved in a mxture of dioxane (120 nL), water (60 nlL)
and 1 N Wwaah@ess nl). (BOC)20 (14.4 g, 218.25 nmol) was poaems@ddess and t he
m xture 5 was stirred at rt for 14 h. The volatile organics were renoved in
vacuo and additional ., water (200 nL) was then added and the m xture was
extracted with CI—|2C1?=(}2°‘¥S 200 ). The aqueous | ayer was then adjusted to
pH = 4-5 with the addition of 5% KHHSOA4. The mixture was then extracted
with CH2C12 (3 x 100" mL). Fhe conbined organic |ayers were concentrated to
gi ve crude internmedi PrAGHEHIkBicabhorym te 10 solid (8.5 g). This

mat eri al was taken on w thout purification. C

endo/ exo- 2- Azabi cyc| &JPP.A0= dithepylphesphogd dridar boxyl i ¢ acid, 2-(1,1-

di rethylethyl) 3-(Modified Merrifield Resin) ester (9C) O N QO -0 15 To
Resin 9A was added DMF (15 nL) followed by shaking for 15 m nutes.

Conmpound 9B (0.275 g, 1.14 mmol) was then added in DVF foll owed by pyridine
(0.152 m., 1.88 nmol). 2,6-Dichlorobenzoyl chloride (0.163 nL, 1.14 mmol)
was added and the reaction was shaken for 1 day. ldentical anounts of
acid, pyridine and chloride were then added followed by shaking for 2
days. The reaction was then 20 filtered and rinsed sequentially with DWVF
(3x20 L), nmethanol (3x20 nmL), nmethylene chloride (6x20 nL) and dried in
vacuo to give Resin 9C as a white powder. D

endo/ exo- 2- Azabi cycl o[ 2. 2. 1. ] hept ane- 3-carboxylic acid, Mddified Merrifield
25 Resin ester (9D) -114 WD 02/00653 PCT/US01/19663 0 N H The Resin 9C (1
g) was suspended in 50% TFA/DMF (30 nL) and sonicated at 60C for 18 h. The
reaction was then filtered and washed wth DWVF
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5 (5x20 nmL), nethanol (2x20 nmL), nethylene chloride (2x20 nmL) and dried
under vacuumto give 0.7 g of Resin 9D as a white powder. E.

endo/ exowWo pEp@s3 Tri f | uor omet hyl ) phenyl ] am no] car bonyl | - PET/US01/19663

azabi cycl o[ 2. 2. 1] hept ane-3-carboxylic acid, Mddified Merrifield Resin
ester, 10 (9E) 0 o N- NH 0O/ / \ CF3 15 The Resin 9D (0.50 g) was
suspended in CH2A 2 (10 nlL) and 3- Examiledr onet hyl phenyl )i socyanate (0.5
m., 1.25 nmol) was_added and the reaction was shaken f h. The resin
was filtered and {ReBanSagiSaiblydrokibfir eavl]-2-83acu0 to give
Resin 9E as a yel |l oy { 8 :

(5(x, 8a, 8a(3) - Tetra 3?1 1_9 15( J?i(ﬁiie H)-djone (1

met hanoi m dazo[ 1, 5-a] pyri di ne-1, 3(2H, 5H) -di one (9Fi & Fi i ) To Resin 9E was
added dry toluene (10 nL) and 0.25 g of activated 4A NMs. DBU (0.25 nL) was
t hen added and the reaction was hegat o 80C for 1.5 h. 25 The reaction
was filtered and rinsed with CH2 the organics were washed once with

1 NHA followed by drying over anm'/q dsum sul fate. The resulting

process yielded 24 ng (26 %yield frgmlpad)ng of Merrifield resin) of a 4
to 1 -5115 WD 02/00653 PCT/ US01/ 19663 xture of Conpounds 9Fi & 9Fli,
respectively. Separation of Conpounds 9Fi & 9Fii was achi eved by
preparative HPLC (0% - 100% aqueous net hanol over 20 mnutes, YMC ODSA
reverse phase emludm-z-ms(-ﬂ)ﬁﬂm)omethyl)phehﬂ]dinﬁiﬁoh:adbonyﬂe#pound 9Fi as a

white solid and Q.019 of . Conpoun s a wh te sol See 5 Example
T and 12 for arliselelf 2 e R Arearbo e g Gy iesley () P

(5a, 8a, 8ap) - Tet r ahydr o- 2- ( 2- napht hal enyl ) -5, 8-
met hanoi m dazo[ 1, 5-a] pyri di ne-1, 3(2H, 5H)-di one (10C & | OCii, respectively)

10 0
MO/\
N

)»NH

(@)
; e,

2-Azabicyclo[2.2.1.]Jhept-5-ene-3-carboxylic acid, ethyl ester (0.253 g, 0.15
mmol) was dissolved in toluene and 3-(trifluoromethylphenyl)isocyanate (0.311 g,
0.166 mmol) was added. The reaction was heated at 70°C for 3 h and then cooled to
—20°C for 12 h. The compound 1A precipitated upon cooling, was filtered and rinsed
15  with cold toluene. Upon drying in vacuo 0.097 g of 1A was recovered and taken on

into the next step with no further purification.

B. (50,8 o,8a0)-8,8a-Dihydro-2-[3-(trifluoromethyl)phenyl]-5,8-
methanoimidazo[1,5-a]pyridine-1,3(2H,5H)-dione (1B)
20
The intermediate Compound 1A (0.150 g, mmol) was dissolved in toluene
(5 mL) and DBU (0.1 mL) was added. The reaction was heated at 80°C for 1.5 h and
then the toluene was removed in vacuo. The resulting residue was purified by flash
chromatography on SiO, eluting with 10% - 30% acetone in hexanes to give 0.76 g of
25  Compound 1B as a white solid. HPLC: 92% at 2.93 min (retention time) (YMC S5

ODS column 4.6 x 50 mm eluting with 10-90% aqueous methanol over 4 minutes
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H NW/N (=1 NN OOHA

endo/ exo- 2- ( Chl or ocar bonyl ) - 2- azabi cycl o[ 2. 2. 1] hept ane- 3-car boxylic acid
Modi fi ed wep2/ddesel d Resin ester (10A) 15 0 N cl O The Re€T/ws@notes. 50 g,
synt hesi zed as descri bed in Exanpl e 9) was suspended in CH2C12 (10 nm.) and

bas ohaken roraze HE RSt RE RSP dg2b iy ABH 2008812 (5% S0

m.). The reﬁq,ImH\}was t hen dri ed in vacuo to give Resin 10A as a yellow
resin. B.

endo/ exo- 2- [ ( 2- Napht hal enyl am no) car bony] - 2- azabi cycl o[ 2. 2. 1] hept ane - 3-
carboxylic acid Mudified Merrifield Resin _ester (10B) - 116 WD 02/00653
PCT/ US01/ 19663 0 N O?7 NH The Resi d&3aowle 8 70 g) was suspended in CH2C12

(15 nL) and 2-napht a ) rUI @spzagde ]# inig s base
. '&r 2’ g shaken at

(0.88 nlj and cat alyA

70C for 20 h. After qﬁ@hlaﬂginhgag&gsg and washed
with CH2C12 (8x20 mi) as a yell ow
solid. C. (5a,8a,8aa) & (AteridatiBapBcedeate fohpdeparatiér ofidBht hal enyl ) - 5, 8-
met hanoi m dazo[ 1, 5- a] pyri di ne-1, 3(2H, 511)-dione (100 & I1OCi) 10

10 A. endo/exo-2-(Chlorocarbonyl)-2-azabicyclo[2.2.1]hept-5-ene-3-carboxylic
acid, ethyl ester, (2A)

Mo/\
o}«c.
To a suspension of NaHCO, (2.5 g, 30 mmol) in CH,Cl, at 25°C was added
15  phosgene (20% solution, 5.9 g, 12 mmol). 2-Azabicyclo[2.2.1.]hept-5-ene-3-
carboxylic acid, ethyl ester (0.5 g, 3.0 mmol) was added and the reaction stirred at
25°C for 2 h. The bicarbonate was then filtered off and rinsed with CH,Cl,. The
product was purified by flash chromatography on SiO, eluting with 1% - 2% MeOH
in CH,Cl, to give 0.367 g of intermediate Compound 2A as a yellow oil.
20
B. endo/exo-2-[[[3-(Trifluoromethyl)phenyl]aminojcarbonyl]-2-
azabicyclo[2.2.1]hept-5-ene-3-carboxylic acid ethyl ester (2B)
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To the Resin |OB ( 0.70 g) was added dry toluene (10 nL) and 0.25 g of
activated 4A Ms. DBU (0.65 niL, 4.0 nmol) was then added and the reaction
was heatved 02/a0680C for 2.0 h. The reaction was filtered apdr/usong®esin t h
CH2C12 and the organics were washed twice with 1 N HC1(30 nL) foll owed by
drying over 15 anhydrous sodium sulfate. The resulting process yielded 13
ng (11 %yield) of a 1.5 to 1 mxtue Compound 10CG and 10G i,
respectively. Separation of the m U wes. achi eved by fl ash

chromat ography on Si02 eluting wt % MeOH in CH2C1l2 to vyield 6 ng of

| OCi as a white solid and 4 ng of Conpowid I1OCii as a white solid. 10G:
HPLC: 99% at 2.94 ninutes (YMC S5 QDS co M, 4.6 X 50 mm 10-90% 20
MeOH H20 gradient,+ 0.1 % TFA;, 4 ni/ mn, »0-oAM detection) M5 (ES): nmiz
293.0 [MtH +. 1 OCii: HPLC 99% at 3.09 mihutes (YMC S5 ODS columm, 4.6 X
50 mm  10- 90% MeChitéikditadompourntd DA 10300 EL0.44 nihdlyrind 3-22@ud@dd det ect i on)

M5 (ES): nliz 2?3._0 [M+I-y . -117 WO 02/ 00653 PCT/ US01/ 19663 Exanple 11
(5a, 8a, 8a( gmethylaniline (0.075 mL, 0.44 mmol) were dissolved in 5.0 ml of toluene. Catalytic

]y ne- TR A dishBe BRI (RIREY Y il V8 e s B < i oo
freshly &ct iwaahesedids I0EC (3 B4 B) Thé vblalileenSank &Sverb 1hahbremo sl

2-azabi cycl o[ 2. 2, 1.%1e§t ane- 3-carboxylic acid, ethyl ester .tg%regsfdug. 96
nml ) in t $lespweicddy Bashidrematog@ply e filivogelrabutmg WithAspyt 1. 6%cyanat e (0. 41

m., 2.96 | ded .an he r.eactian stirred at 25C for 14 h, DBU
(0.42 i, %aﬁ\?ﬁ‘%ﬁ%go g‘t"ﬁgr?ba‘ij%é‘agf“m 2 Wuﬁé%h Rt Rade wow gl 2 n.
The m xture was then cooled to 25C 10 and filtered through celite rinsing
wi th nethyl ene chloride. The organics were taken to dryness and allowed to
stand neat ih t(Ga,Sr@;m&nsm-mgd%-Z%Sthﬁﬂﬁox‘@xﬁbﬂ;ﬁ?ﬂ;engd]L@Ig_ m xture was
purifieﬁoby silica gel chromatography to yield 735 ng (8(5.1 % vyield) of
Conmpount 11 as Bethappimidageld,S-plpycdinsi3H, SM-tong (2Cx et ention time) (YMC

S5 O0S col U f18camBdlW ! tbhA 1 dded a3 ¥ RARCL S i hano! over 4

Example 3
(508 o.8ac1)-8,8a-Dihydroe-2-[1-naphthalenyl]-5.8-methanoimidazo[1.5-
15 alpyridine-1,3(2H,5SH)-dione (3B)

H
o]
ﬁE?L(
N
O

A. endo/exo-Z-[(1-Naphthalenylamino)carbonyl]-2-azabicyclo[2.2.1]hept—5-
ene-3-carboxylic acid ethyl ester (3A)

e
N

O)“NH

20
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15 m nutes containing 0.2% phosphoric acid, 4 nL/mn, nonitoring at 220 nm
M5 (ES): mz 311.1 [MrH}. Exanple 12 (5a, 8a,8aa) &

(5a, 8a, 8a¥@)2/dwet3s ahydro-2-[ 3-(trifluoronet hyl)phen 11-5, 8PCPOS01/19663

met hanoi m dazo[ 1, 5- a] pyri di ne-1, 3(2H, 5H) -di one (121 & 1211, respectively)

@ i sopropy ani ne [0 BOPNEEQ el 10 bl wiridio BapRALERe o [ PT1TE
i n hexanes, tr%h&@énéft().md\fg,t ®46 2Bnal) 1h dicBorCethanei a2 52C. (The 56RItIGN ws Bedtedmol )

was slowy added to the LDA in THF. The -118 WO 02/00653 PCT/ USO01/ 19663
reacti on wad 79PQvps30vmineed then codes it °fel TrietlodammendD 38 nrhet. Femotolon was

Soi 0t i on wad®t e e e PR EAGHRwe pal B0.C o8t P R PRE LB o5 wer e

dried over apiuoa4sc a'iiﬁ@-éx%bﬁ%l%?iﬁ1.Aﬂ'éggsCén\é@ecd?ﬁé)%flﬂc%idf‘@&ypéé'iérf i ed by
preparative TLC on Si02 eluting 5wt 2C12 to give a 1’3 m xture of
Conpound 12{0.2000myd dlfehniol) wés ddied. [The G@dtian waddPedas 28°Oiort Idt Is SThed. 1211:
HPLC. 98% at 2.987 mn (retention time) (YMC S5 ODS colum 4.6 x_50 mm
el uting wi t ¥olatleonganicrwersshapsemaned nowero andiihs seswlingsssidus Wanpprtfiep,
phosphoric ' [ itar] . L. nm. X .1

[MEH +. 10 Eig% %r%a{g§fa£hg‘§>ﬂs$ﬁa% élgﬁng%vltﬁ%g.l n?.lj\@hgrll':a%étatéﬁl&anééjt&

(5a, 8a, 8a[ 3pivk DAY &f itepimkdibrb@nydund GAadyyhbitd scli- 5, 8-

met hano%(gri dazo[ 1, 5-a] pyridin-3-ylidene]amno] (13Bi & 13Bii, respectively)
cl H

B. (50.8 0..8a0)-8.8a-Dihvdro-2-[1-naphthalenyl]-5.8-methanoimidazo[1.5-
alpyridine-1,3(2H,5H)-dione (3B)

Intermediate Compound 3A (0.150 g) was dissolved in toluene (5 mL) and
15  DBU (0.1 mL) was added. The reaction was heated at 80°C for 1.5 h and then the
toluene was removed in vacuo. The resulting residue was purified by flash
chromatography on SiO, eluting with 10% - 30% acetone in hexanes to give 0.76 g of
Compound 3B as a white solid. HPLC: 95% at 3.067 min (retention time) (YMC S5
ODS column 4.6 x 50 mm eluting with 10-90% aqueous methanol over 4 minutes
20  containing 0.2% phosphoric acid, 4 mL/min, monitoring at 220 nm) MS (ES): m/z
291.2 [M+H]".

Example 4
(50,8 0..8a01)-2.3.8.8a-Tetrahydro-2-13-(trifluoromethyl)phenvyl]-3-thioxo-5.8-
25 methanoimidazo[1,5-a]pyridine-1,3(2H,5H)-one (4B)
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4/ OCd / NCB 11 NC N, CNCl Ot-i 15 A

endo/ exo- 2-[ (Cyanoi m no) [ ( 3, 4-di chl or ophenyl ) am no] net hyl ] - 2-

azabi cycived 82/@633 hept ane- 3- carboxylic acid ethyl ester (1B&/USO1/M6MC- ~) NH
N Ocl Cl 2-Azabicyclo[2.2.1.]heptane-3-carboxylic acid, ethyl ester (169
ng, 1.0 20 nmmol, 1 eq) was conbined in dinethylformamde with

N-cyano- N A¢3 eﬁdokéixo-lil—ﬁ[&aﬁl‘naﬁyd)ﬁomd’lhyi)pl&ayﬂﬁx&ﬁnmﬂgl;uoimﬁeﬂnyﬂl-z- 1 eq) and

1-[ 3-(di met hyl amj no) pro i’ - et hqyl car bodi i m_de lydrochl oride (288 ng, 1.5
mmol, 1.5 eq) az‘ﬂ’i’éyﬁf’l&fr Hle\Bé'é'e‘@t -sdexylic agid; thyl est&rfdAdt ure over ni ght .

The reaction was guenched with 1M aqueous citric aci d and extracted with
CH2C12. The conbi ned organic extracts were - 119 WD 02/00653

PCT/ US01/ 19663 dried and concentrated pn vacuo. The crude material was
purified by flash chromatogr aph%j};\}ij\i (;%gel eluting with 30% acetone in
hexanes to provide 192 ng (50. 49 ound 13A as a white sem -solid.
HPLC. 100% at 3.260 m nutes (YMC Conhigcreen ODS-A S5 colum eluting with
10- 90% aqueous net hanol over 5 a 4 n¥'nutle_gradient.) M5 (ES): m z 381.

[ MiH +. B. (5a, 8a, 8aa) & @CF

(5a, 8a, 8ap)-[[2-(3, 4-Di chl orophenyl ) oct dro?l - oxo- 5, 8-

et hanogm dazo[ 1, 'Ei'oae] sfMﬁfic% 5‘329’ aﬁé‘bicgglﬁﬁj 2n Zgh@]ﬂk é ]e-aas-carg‘oxy:? alc)dleﬁtgx ‘(,'leorrpound

13A (180 ny, 0.47 mm I antydr ous th DBU

(72 ng, 0. 4ger.2531, a0 mnldlpinsotuehé wisadee tri@ﬂ@rdh%’ch Kenyl)TLC (SI 02
plate, 1% CH3CH i r131g0-|2C12) zlhowed ngﬁg?%?tl ng matg(l al renal}irl\?ng,}’) while LC

noni t or i ng isateipexamats (.338ak Wb mkmee Adignb4 hat 851G, dhe reastionamastdilutest ar t i ng
with EtOAc and washed with 1IN NaOH (2 x 10 mL). The organic layer was dried

over anhydrous sodium sulfate and the crude material was purified by silica gel
10 chromatography using a gradient of 0 to 20% acetone in hexane to yield 188 mg
(34%) of intermediate compound 4B.

B. (50,8 a,8a0)-2,3,8,8a-Tetrahydro-2-[3-(trifluoromethyl)phenyl]-3-thioxo-5,8-
methanoimidazo[1,5-a]pyridin-1(5H)-one (4B)
15
The intermediate compound 4A (180 mg, 0.5 mmol) was dissolved in

anhydrous toluene (5 mL) and DBU (0.042 mL) was added. The reaction was heated
at 80°C for 1.5 h and then cooled to 25°C. The volatiles were removed in vacuo and
the resulting residue was purified by flash chromatography on SiO, eluting with a

20  gradient of 0 to 20% acetone/hexane giving pure compound 4B (67 mg) as a yellow
oil. HPLC: 66.9% at 2.980 min (retention time) (YMC S5 ODS column 4.6 x 50 mm
eluting with 10-90% aqueous methanol over 4 minutes containing 0.1% TFA, 4

mL/min, monitoring at 220 nm) MS (ES): m/z 343.07 [M+H]".
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material. The reaction was quenched with saturated agueous NH4Cl and
extracted 15 with CH2Cl2. The conbi ned organic extracts were dried and
concent r av@d2/0eesyacuo. The crude material was purified bpCTAU8EI19663

chr omat ography on silica gel eluting with 0.5%CH30OH in CH2Cl12 to provide
two i sonmers. Conpound 13Bi was obtained in 52%yield (82 ng) as white
sem -solid. HPLC. 100% at 3.297 m nBxasple¥MC Conbi screen ODS-A S5 col um

eluting with 10-90% aqueous. rret hanol over a 4 20 nminute gradient.) MS(ES):
335.08 [M]. PeSa)-Bfa-Dihydro-Satmethal2 [ 3-(triflporomethyplenylaS.&s whit e

solid. HPLC. 100% at 3 323. 'nut YMVC Co QDS;.A S5 col um
eluting with 10- 90%u H@@S'm. Qﬁ% i(i]py;r,l,ghn I""’aﬁ’%ﬁ}"—:(h%l?ew. ent.) M (ES):
mz 335.06 [M+' & 337.07 [I\/Hr2|—l] +. -120 WO 02/ 00653 PCT/ US01/ 19663 Exanpl e
14 (5a, 8a, 8aa) - 8a-[ (4- Bronophenyl

met hyl | - 2- (3, 5- Di chl or ophenyl )t et H%hﬁtir@ 5, 8-

nmet hanoi m dazo[ 1, 5-a] pyri di ne- 1, -dione (14) Br BNOYNC CdC 5
Compound 7Bi ( 0.217 g, 0.701 mmol, ﬁt&@d&s described in Exanple 7)

was added to freshly prepared LDA( 22 n- BuLi, 1.402 mol

di i soprhopyl ami ne) in THE at -78C. After dition, the reaction was slowy
warnmed to -20C and kept at that tenperature for 20 mnutes. The m xture
was then cooled to 10 -78C and 4-bronobenzyl bromide (0.175 g, 0.701 mmol)

was added in THF. Inf¢renediataCompoundaiB {((he20 gwmﬂemntdb féen &xdmaiet IYrwazh,
guenched b%ﬁt he addition of saturated aq The sol ution was then

extract ed $ptolvedrip@nbydrous THE (ﬁﬁ)mlah@ddiopkfé t@v@? °C. ahRPd2AM sobrium sul f ate.

The result y r C el uting
uth apc sl eS Bigsiateiyl §Re8 ABE R et 1o wt TO12 8kl phis oo, L
4.160 10 n {ddetiend tmmtm)wa(s\ﬁmdﬁ&v@& €023 Pheredcthd wanthéridgienghaet t h

10- 90% aqueous net hanol over 4 mnutes containing 0.2% phosphoric acid, 4

mL/ mi n, nowithoratargndiexragedmythiBLOESP x 1 mlygTha Compippd-organic layers

were dried over anhydrous sodium sulfate and concentrated in vacuo to give pure
compound 5 (0.008 g) as a white solid. HPLC: 100% at 3.620 min (retention time)
(YMC S5 ODS column 4.6 x 50 mm eluting with 10-90% aqueous methanol over 4

15  minutes containing 0.2% phosphoric acid, 4 mL/min, monitoring at 220 nm) MS

(BS): m/z 323.0 [M+HT'.

Example 6
(50..80.8a00)-2.3.8.8a-Tetrahvdro-8a-methyl-3-thioxo-2~-[3-

20 (trifluoromethylphenyl]-5,8-methanoimidazo|1.,5-a]pyridin-1(5H)-one (6)

/ N7]/N CF4
I
To a solution of Compound 4B (0.056 g, 0.173 mmol, Example 4) in THF
at —78°C was added lithium diisopropylamine (2.0 M soln in THF, 0.173 mL). After

25 2 h, Mel (0.022 mL, 0.35 mmol) was added and the reaction was warmed to 25°C
over 2 h. H,0O was then added and the mixture extracted with CH,CI, (3 x 30 mL).

The combined organic layers were dried over anhydrous sodium sulfate. The crude
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- 121 WO 02/00653 PCT/ US01/ 19663 Exanple 15

(5a, 8a, 8aa) - Hexahydr o- 2- ( 2- napht hal eny) 3-(phen Iimno -5, 8-

met hanoi waazajei3 5- a] pyri di ne-1(5H)-one (15B) 0 N /N | PCNUBIIOs® 5 A
N ( 2- Napht hal enyl ) - 2- azabi cycl o[ 2. 2. 1. ] hept ane- 3- car boxam de (15A) NH NH

10 The internedi ate Conmpound 9B (1.00 g, 4.15 mmvol, as prepared in Exanple
9) was di s8MdpsbWpnPediy Hash shrpmyategraphpon pif), piuting withs1 Y6 gagipye ind

2,6-dichlo ..chlorid 5 .15 hEo,& The m xture
was sti rrielg 16‘%%9(}1/ V%I&ad_r%é_gf%acéﬂ%\péﬁglg%éfmge&oggg%,ﬂeﬁ?ﬁ%%1%3&?rWé.’s added in
CH2C12  f oldetstidn I@Maez&vm 85 GBS dolMAR.4 .50 HmPlutindiWill 13D tdaBesact i on
was diluted with 15 2C12 and washed once with 1IN HZ (40 nlL), once with
sat aq NaH@Ethgnobowdr4 mimutesdoitething/ 2 % ephnsdhaisacky di mivingin) hati¢oridghe cr ude

i nternedi a 1. . 73 I s dissolved in CH2C12 (2.0 nL) and
treated w {Zﬁow%?%?%sﬁwza%é@fﬁ?t er 3h, the reaction was quenched wth
saturated aq. NaHCO3 and extracted with CH2C12 (3 x 30 nlL) and dried over
anhydrous sodium sul fate. The crude reaction was purified by 20 preparative
reverse phase HPLC to give 0.770 g of Conpound 15A as a white solid. B.

(5a, 8a, 8aa) - Hexahydr o- 2- ( 2- napht hal eny) - 3- 5 Ehenyl i mno)-5, 8-
nmet hanoi m dazo[ 1, 5-a] pyri di ne- 1(5H) - ) -122 WD 02/ 00653

PCT/ US01/ 19663 e,inte iate a%r’g) uglql,gﬁA . 05 , .0..188 nmol ) was
di ssol ved in di c@s@%@ﬁ\%@%@’e&@ o J..C‘Wﬂwﬁ%&mﬁ&di chl ori de
(0.0261¢0L, 0.} &8anfmRlhzo[f,sPRiHe G152, s AN iR\ ¢7BL OB, Trepeltivdg) Mo! )

were added and the rteactrom was heated to 90CTn a sealrea tube—After 14

h, the reaction was cooled to 5 roomtenperature and concentrated in vacuo.
The residue was purified by preparative o

H
0
A Q i
0 ‘ g <
Cl H

15 A, endo/exo-2-[[[3, 5-Dichlorophenyljamino]carbonyl]-2-

(47

azabicyclo[2.2.1]hept-5-ene-3-carboxylic acid ethyl ester (7A)

o

Mo/\
u—

s

Ci

To a solution of 3,5-dichlorophenylisocyanate (3.01 g, 16 mmol) in toluene
20 (100 mL) was added 2-azabicyclo[2.2.1.]heptane-3-carboxylic acid, ethyl ester (2.70
g, 16.0 mmol) in toluene and the reaction stirred at 25°C for 14 h. A white solid
formed after 14 h and diethyl ether was added to precipitate more product. The

reaction was then filtered and rinsed with cold diethyl ether. The crude urea
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TLC on Si02 eluting with CH2Cl12/ acetone (9:1) to give 0.063 g of Conpound
15B as a tan oil. HPLC. 93%at 3.590 mn (retention tinme) (YMC S5 ODS

col umm 4.v60 x2/853 mm el uting with 10-90% aqueous net hanol PEBUSE/ 163Ut €S
cont ai ni ng 0.2% phosphoric acid, 4 nmL/mn, nonitoring at 220 nn) M (ES):
mz 368.37 [MrH + 10 Exanple 16 Hexahydro-2-[3-(trifluoromethyl)phenyl ]

- 5, 8- met haribiermetigle, 2.8 1 gof ahitgsplid.neras spBred tyrfdirati®), dhed and@keCs8 15
Compound 4B,.(0.020.9g, 0.062 mmol, as described in Exanple 4) was dissol ved
in absol ut I%F@q%"(té‘gﬁeﬁ ®Pand Ra-Ni (excess) was added. After 3 h at 25C,
the reaction was filtered thru celite rinsing wwth EtOH. The crude materi al
was purified by preparative TLC eluting with 30% acet one i n hexanes,

yi el ding 0.1, ,s&,Sa%)&qgu 25(35-Wiek16rophkhflytetiBhfdrol 98- % at 2. 437 nin
(retention ti % (YMC S5 2%&’03 )co}%srm 4, GOPSOﬂ?m elg(tii ng with 10-90%
aqueous Snet hanoletimneimitiaz [y f-alpyrisine-4;3Q2 B H)-dAoppBs $h@Biir acid, 4 nl/nin,
nonitoring at 220 nm Ms (ES): mz 297.3 [MtH +. - 123 WD 02/ 00653

PCT/ US01/ 19663 Alternative preparation of Conmpound 16: A (5(x, 8a,
8aa) - Hexahydr o- 3-t hy - ¢ p = pyg dazo
[1,5-a] pyridin- 1(93@%%@ %E@?éﬁb&%%%dgw%@@r@a@ & SusensiBi GARGNT)

2- Azabi cyclasfi2ated 4 A MD(0-(B0e) én Blvsnel@Xyhil DBUJD .42y, 2. 86 el @#a250 g,
0.15 mmol)_ was, di ssol ved in toluene and ]

3- (trif1 uorBretdied Seliawad hyshnaking i 805 ©r 2d. Fe migturg wagthemeppled iS5 % ded.
The reggtig ! 3 f CH (4 ) was
added. 15t + cdpBRr L tbEARH oBle Ensiich o ACum AREANER. The ofdliey Wer

di chl or ometwhashed (3thx X FClland tHdhedricdnddien ethyaf @8 BbdiuhayEhe. \tHnge Washed with
brine 10 (50 nmL) and dried over Na2SO4 and then the solvent was renoved in

vacuo. The shewedpmingre ekGempownssBiandiGosepoypd BHsin acatioph2dgt.aphy on Si 02
i % 0 -
eluting w tljgsléegtl/%ely. The diastereomers were separated by preparative TLC on SiO, eluting

with methylene chloride. This gave 0.006 g of Compound 17Bi as a white solid and
15 0.008 g of Compound 17Bii as a white solid. 17Bi: HPLC: 100% at 3.383 min
(retention time) (YMC S5 ODS column 4.6 x 50 mm eluting with 10-90% aqueous
methanol over 4 minutes containing 0.2% phosphoric acid, 4 mL/min, monitoring at
220 nm) MS (ES): m/z 312.1 [M+H]". 17Bii: HPLC: 99% at 3.497 min (retention
time) (YMC S5 ODS column 4.6 x 50 mm eluting with 10-90% aqueous methanol
20  over 4 minutes containing 0.2% phosphoric acid, 4 mL/min, monitoring at 220 nm)

MS (ES): m/z 311.2 [M+H]".

Example 8
Tetrahydro-2-[3-~(trifluoromethyl)phenylj-5,8-ethanoimidazo[1,5-a]pyridine-

25 1,3(2H,5H)-dione (8B)
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30% acetone in hexanes to give 0.378 g of conmpound 16A as a yellow solid.
15 B. Hexahydro-2-[3-trifluoronethyl)phenyl]-5, 8-nethanoi m dazo[ 1, 5-

a] pyri di weo bt/@idy3 one (16b or 16) Compound 16A (0.020 g, OrPOBESeWbY3 was
dissolved in ethanol (2 nL ) and Ra-Ni (0.020 g) was added. After 3 h, the
reaction mxtur €

resul ting rés'i dﬂ"@lﬁﬂ h{,p 'ﬁ&hgpégg'?’g 2}lf\]\[/igllo él??:b% ﬁ%?(&:l?aﬁggggl' ut ?U ng w th 30%
acetone in hexasresrﬁdxyncuadpet&yH@taf(SJa@B as a white solid. HPLC. 99% at
2.437 min (retention tine) (YMC S5 ODS colum 4.6 x 50 mmeluting with

10- 90% aqueous net hanol over 4 mnutés coptaining 0.1 % TFA, 4 nL/m n,
nonitoring at 220 nm M (ES): mz M+H] +. - 124 WD 02/ 00653

PCT/ USO01/ 19663 Exanple 17 [5R-(5 N3aa)9 & [ 5R- (5a, 8a, 8a(3)]

Tetrahydro- 2- (4-ni tro-I-naphthal enes) -, 8-

met hanoi m dazo[ 1, 5-a] pyri di ne- 1, 3( 2H BHNdi one (17i & 1711, respectively) H

~1 GZN/ 1 ONNAN O1: ~7 NO20O 5 R-2-Azabi cycl o[ 2. 2.
1.] hept ane- 3-carboxyl i c acid, ethyl est 169 g, 1.0 mmol) was
di ssolved in toluene (10 nL) with freshl ctic\7ated 4A M5 (0.200 g). To

this was added a solution of 4-nitro-I|-naphthyl isocyanate (0.210 g, 1.0
nmmol ), 10 prepared anal ogously to the procedure described in Exanple 3 step

A) in5 gl of tol q%raesohﬁ{o&leff 213@a’9ycy&1b[sz 7.236dtarRB V@B oS cRL, 8thVedtde, and
DBU (0.224 nL, 1.5 mmol) was added and thé reaction vias heated at 80C for

1.5 h. After(S(Em@l0ﬁ@]mmolbmanlWIdH)uSéducnaiIiOst)WaSIadéaéa- and then poured into
1 N HC1L and rac#

CH2C12 an| cs were dried
over anhydr é IIYﬂI'?hﬁHY i5Peyanag é ﬁéﬁnglﬁ%c‘gﬂa?@nﬂ}%f §IomWas Yt mi xt ur e
was determ Q%dc E)Qe&lfgha ahd %nernaéohgencﬁfatec(pz%%%danﬁgunﬁed by preparative TLC on
silica gel eluting with 30% acetone in hexanes to provide 37 mg (37%) of

10  intermediate Compound 8A.

B. Tetrahydro-2-[3-(trifluoromethyl)phenyl]-5,8-ethanoimidazo{1,5-a]pyridine-
1,3(2H,5H)-dione (8B)

156 To a solution of intermediate Compound 8A (37 mg, 0.1 mmol) in
anhydrous toluene (10 mL) was added DBU (20 pL, 0.11 mmol). The solution was
heated at 80°C for 2 hours. The solvent was removed by rotary evaporation and the
crude material was purified by preparative TLC on silica gel eluting with 30%
acetone in hexanes to provide 16 mg (49%) of Compound 8B as a white solid.

20 HPLC: 99% at 3.433 min (retention time) (YMC S5 ODS column 4.6 x 50 mm
elﬁting with 10-90% aqueous methanol over 4 minutes containing 0.2% phosphoric

acid, 4 mL/min, monitoring at 220 nm) MS (ES): m/z 325.2 [M+H]".
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and 1711, respectively. The reaction m xture was separated by flash
chromat ography on silica gel eluting with CH2Cl12/ acetone (1% acetone) to
gi ve Conwmmm(ﬂﬁi: HPLC. 98% at 2.923 min (retention tineCT/OSMDI&E ODS
colum 4.6 x 50 mmeluting with 10-90% aqueous net hanol over 4 m nutes
cont ai ni ng 0. 2% phosphoric acid, 4 20 nL/m n, nonitoring at 220 nnm) M
(ES): mz 338.1 [ MtH + and Corrpound_L’_I}}B.l_e___HPLC 96% at 2.753 min

(retention tlrre) (YI\/C 85 QDS cI um 4

.
nt

nonitoring a
94% ee by ch .

Exanple 18 (6(x,9 a, 9 aa) Teswhxsdppo&srynzhe(sisrmmoronet hyl )phenyII
-6,9-nmeth ano-2H pyrido[ 1, 2-d][1, 2, 4]triazine-1,4(3H 9all)-dione (18D G-
NN-Q5~-NH5 o CF3 A 3-1113-(Trif| uor onet hyl )phenyII am no]

carbonyl ] -2-azabicycl o[ 2. 2. 1] hept ane- 2-carbgxylic acid 1, 1-di nethyl et hyl

ester (18A) 0 N 101~'- NH Oib- %‘FS 10 Interi I ate Conpound 9B (964 ny, 4

mmol, 1 eq, Exanple 9) lved in 20 of Otetrahydrofuran and

1- et hyl - 2- pyrrol i di none 5//& 1 dded fol | oned by
nmet hyl chl oroformate (309 .t , 1 eq). T re was stirred at
rt for 15 mn. 3- (Trlfluoronﬂthy n|I|ne (499 4 mmol, 1 eq) was then

added, and the reaction was stirred at rt for 72 hi The reactlon was
guenched by 15 addition of water and 0.1 M aqueous citric acid. The m xture
was extracted with CH2Cl2. The conbi ned organic extracts were dried,
concent r at ed i Fornaetiom ofdviddified Merrifield Resin (9A)

10 Modified Merrifield Resin

To a suspension of NaH (60% in mineral oil, 0.353 g, 8.84 mmol) in DMF
at 0°C was slowly added 3-(4-hydroxyphenyl)-1-propanol (1.3 g, 8.55 mmol), and
then warmed to 25°C and stirred for 1 h. Merrifield resin (5 g, 0.57 mmol/g) was

15  washed sequentially with methylene chloride, DMF and then suspended in 20 mL of
DMF. To the resin was added the preformed alkoxide over a 5 minute period. The
reaction was then heated at 80°C for 13 h. After cooling to 25°C, the reaction was
filtered and rinsed sequentially with DMF (3x50 mL), hexanes (2x50 mL), methylene
chloride (3x50 mL), methanol (2x50 mL), methylene chloride (3x50 mL) and dried

20  under vacuum to give a white resin (4.6 g). Solid phase proton NMR demonstrated
incorporation of the 3-(4-hydroxyphenyl)-1-propanol linker, to form Resin 9A.

B. endo/exo-2-Azabicyclo[2.2.1]heptane-2,3-dicarboxylic acid 2-(1,1-
dimethylethyl) ester (9B)
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purified by flash chromat ography on silica gel eluting with 0.3 % net hanol
in CH2C12 to provide 640 ng (41.6% of intermedi ate Conpound 18A. 20 B.
3-[[ 1-[ 3Wanrébdesor onet hyl ) phenyl ] hydr azi no] car bonyl ] -2- PCT/US01/19663

azabi cycl o[ 2. 2. 1] hept ane- 2-carboxylic acid 1, 1-di nethyl ethyl ester (18B) O
N)Oll< NH2 N O CF3 -126 WO 02/00653 PG/ US01/ 19663 Conpound 18A (308

ng, 0.8 mmol, 1 eq) was dissolved in of tetrahydrofuran. Sodium
hydride (60%in oil, 38 ng, 0.96 nmo 2 ed) was added, and the m xture
was stirred at rt for 15 mn. O D pheny hOSphI nyl hydroxyl amne (224 ny,

0.96 mmol, 1.2 eq) was then added, and reaction was stirred at rt for 1
h. 5 LC anal ysis indicated that the startl mat eri al had been consuned.

Water was added, and the reaction was extracted with CH2Cl2. The conbi ned
organi c extracts m@r@zameFBxﬂzadd]héﬁﬁ%‘ﬁr@ﬁ@Péﬂlq a5ids £tud ester PO\, §8-0Conpound

18B as a sem antitativ |eId ool wi t hout
further purm@gfz‘ﬁagﬂms?}@q&'ﬁ%m%@o?g rg[ﬁ)( L(EWC“#/E nmbi screen
DS- A S5 Colem 64hi. pgm@ﬁol(@ﬂ% %@ﬁ@g&uﬁ&wameh%eéd aiﬂ%e igkufd Nut e
gradient.) abi cycl o[ 2. 2. 1] hépt ane- 3- carboxyl i ¢ aci d

1-[3-(trofl wsemed\yﬂﬁ forpinnyTl}dmdatdz p@n(c.i&@)e gehovisd fiHPncu0 ahd @fdition:d

Conmpound 18B (1 0. 34 Mo was dissolved in 5 of C12
Tri f1 uor oac é?‘fqg‘?f:zg@nr’gﬂ@ pal aﬁtl}er\/ﬂéle‘éﬁ%(g%e n%im“‘f Has stactdey %g%@rz 2 égH é
for 1. n Lamnaitshacaliaurd TR EANY BHSL 005§/ HRUIRAHNA 485 The cr ude
material  was concentrate n vacuo n t en on to e next step.
KHSO,. The mixture was then extracted with CH,Cl, (3 x 100 mL). The combined
organic layers were concentrated to give crude intermediate Compound 9B as a white

10 solid (8.5 g). This material was taken on without purification.

C. endo/exo-2-Azabicyclo[2.2.1]heptane-2,3-dicarboxylic acid, 2-(1,1-
dimethylethyl) 3-(Modified Merrifield Resin) ester (9C)

Mo/\@

/=9
Tk

15 To Resin 9A was added DMF (15 mL) followed by shaking for 15 minutes.
Compound 9B (0.275 g, 1.14 mmol) was then added in DMF followed by pyridine
(0.152 mL, 1.88 mmol). 2,6-Dichlorobenzoyl chloride (0.163 mL, 1.14 mmol) was
added and the reaction was shaken for 1 day. Identical amounts of acid, pyridine and
chloride were then added followed by shaking for 2 days. The reaction was then

20 filtered and rinsed sequentially with DMF (3x20 mL), methanol (3x20 mL),
methylene chloride (6x20 mL) and dried in vacuo to give Resin 9C as a white

powder.

D. endo/exo-2-Azabicyclo[2.2.1.]heptane-3-carboxylic acid, Modified Merrifield
25 Resin ester (9D)
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20 D. (6a,9a,9aa)-Tetrahydro-2-[3-(trifluoromethyl)phenyl]-6, 9-nmethano-2H
pyrido [1,2-d] [1,2,4]triazine-1,4(3H 9aH)-di one (18D) Conpound 18C was
di ssol veavod n2/a@53L of CH2Cl1l2, and H nig's base (10 25 epdTWas/@deed to
bring the pHto 10. The m xture was cooled to 10C. Tri phosgene (appr ox.
1.5 eq) was dissolved in CH2C12 and added dropwi se to the reaction mxture.

The reaction was stirred at OC andN\t hep allo to stir at rt overnight. LC
analysis indicated that the start|n i had been consuned. The
m xture was washed with -127 WO 02/ QD653 PCT/ US01/ 19663 saturat ed aqueous

NHAC1 fol | owed by saturated aqueous Nad - The CH2C12 |ayer was dri ed,
concentrated in vacuo and purified by flash chromat ograﬁ)hy on silica gel
eluting with 2% méitedtesin 96 (Clgymssus]imiedaméﬁ%aTFWBlﬁ @flﬂ-é@nd urt her by

Cor . L contgiedsth brash AT b S REN UM BoHBILHVEN oo A S5
col um %' ut s g@ﬁfp%ﬁ%&%&&%@g H?Eﬁ@&ﬁénd%’@&zénﬁ)%ﬂﬂh@d ghaient.) M5

(APCl): 5a, 8a, 8a( x)
(5a, 8a, 8ap)v£u1&ﬁt<£)giwd)rbng({bkinl9ﬂiﬁada@hﬂépmﬁda 10
met hanoi m dazo[ 1, 5 a] pyri di ne-1, 3(2H, 5H) dione (19Bi & 19Bii, respectively)
HHONO NNI N N ONHoH A. 3-Isocyanatoindole (19A) ¢ 15 -CPNH

To a solutign nd 1 eq) in 30 nL
of tetrahy ofgégﬁxvgé[ﬁaoq{} gili) é{k‘;{?"g’%‘*ﬁ%ﬁ%’b‘g’é’é&é&‘mo mmol, 1 eq) and
di phenyl phosphlgipitydéise1 fh &nréts-cﬁbaﬁylmaﬂld Mo@ifjed Mogrificld Resiestars

stirred at rt overnight. Tﬁe m xture was concentrated in vacuo and

purifie by fH#8h 20 chromat ography on silica gel eluting with 25% et hyl
acetate in hexanes to provide a quantitative yield of the internedi ate
azide. The azide was heated at 100C in 60 nL of toluene for 5 h.
Concentration in vacuo gave conpl ete conversion to Conpound

Mo«/@
S

©\CF3

15 The Resin 9D (0.50 g) was suspended in CH,Cl, (10 mL) and 3-
(trifluoromethylphenyl)isocyanate (0.5 mL, 1.25 mmol) was added and the reaction
was shaken for 24 h. The resin was filtered and washed with CH,Cl, (8x20 mL) and

dried in vacuo to give Resin 9E as a yellow solid.

20 F. (50,8a,8a0) & (50.,80.,8apB)-Tetrahydro-2-[3-(trifluoromethyl) phenyl]-5,8-
methanoimidazo[1,5-a]pyridine-1,3(2H,5H)-dione (9Fi & 9Fii)

To Resin 9E was added dry toluene (10 mL) and 0.25 g of activated 4A
MS. DBU (0.25 mL) was then added and the reaction was heated to 80°C for 1.5 h.
25  The reaction was filtered and rinsed with CH,Cl, and the organics were washed once
with 1 N HCI followed by drying over anhydrous sodium sulfate. The resulting
process yielded 24 mg (26 % yield from loading of Merrifield resin) of a4 to 1
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19A which was used directly in the next step. 25 B. (5(x, 8a, 8aa) and
(5a, 8a, 8a(3)-8, 8a-D hydro-2-(1Hindol -3-yl)-5, 8-

met hanoi waazaj6i3 5- a] pyri di ne-1, 3(2H, 5H) - di one (19Bi & 19BCT/US01+/198638 WO
02/ 00653 PCT/ USO1/ 19663 To Conmpound 19A (6.20 mol, 1 eq) in 50 nL of

| Al f ] .
D ant cocmstttent Careasian aF D sprettveRe: Souating of Comepunds T34 & 6. 20

| 1 3, f |
hour 5 .nS?%F‘f‘QV&wﬁ v by BielRve b ict S 009 b sitanaldier 20 BVET L

5 6.20 rmDinmﬁteﬁ@M@@D&Adederwphats@eommg:m)dmm) toayietdd. QﬁS SO for 3 h.
The mxture was cooled, filtered, and purified b flash o to raphy on

silica gel COGIPSPUII@QFM& mwbﬁ(?/&@@eﬁlﬁrﬁboﬁ% ﬂ%%mgun lf)‘}%“\ﬁ?f €79 of
Conpoun Bi sh ta stals. An additional 495 ny (29% of
mat eri a ? %l‘af? 111 dxﬂtlj\ﬁo@c%q‘r ?llo%z 19Bii, respectively. HPLC. 94% at
2.17 mn (retention tine) (YMC 85 ODS 10 colum 4.6 x 50 mMmmeluting with
10- 90% aqueous net hanol over 4 m nutes containing 0.2% phosphoric acid, 4
mL/mn, nonitoring at 220 nm. M5 (ER@mple l§z 279.8 [ M+H] + Exanple 20 15

(5(x, 8a, 8aa) - 2- (Benzofblth| ophene- 3 yl 8, 8a- di_hydro- 5 8- net h%noi m dazof 1, 5-
al pyri di ne- 1, 3( 2H%t8c.8aeh& Godizy8ab)iTarabydxo-R:(2-gaphthalenyl)-5

3- Anmi nobenzot h oh.en.

3- ani no- benZ8} 5 s ZEM@ &:1;({&@1}’ P ecnveIY) 83 mmol ,
1 eq) kg 1-nethyl-2- pyrrol i d| none (8 ) was added pi perazi ne (2 08 g,
24.13 mmol, 5 eq). The reaction was stirred at 130C overnight. |ce was
added, and the mi xture was extracted with gthyl acetate. The organic
extracts were washed tw c thowater, dr and concentrated in vacuo.
The crude material was 25 U/ ed by flash o o raphy on silica gel

eluting with 40% et hyl acet atﬁzf‘l . nes to 00 ng (83% of
Compound 20A as a yellow oil. @C S

o\

A. endo/exo-2-(Chlorocarbonyl)-2-azabicyclo[2.2.1]heptane-3-carboxylic acid
Modified Merrifield Resin ester (mA)
15

O

N

O}\ cl

The Resin 9D (0.50 g, synthesized as described in Example 9) was -
suspended in CH,Cl, (10 mL) and phosgene (20% in toluene, 4.5 g) and NaHCO; (1.5
g) were added. The resin was shaken for 22 h at 22°C and then filtered rinsing with
20 CH,CL(5 x 50 mL). The resin was then dried in vacuo to give Resin 10A as a yellow

resin.

B. endo/exo-2-[(2-Naphthalenylamino)carbony]-2-azabicyclo[2.2.1]heptane -3-
carboxylic acid Modified Merrifield Resin ester (10B)
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WO 02/ 00653 PCT/ US01/ 19663 B.

(5a, 8a, 8aa) - 2- (Benzo[ b] t hi ophene- 3-yl )-8, 8a-di hydro-5, 8

met hanoi waazaj6i3 5- a] pyri di ne-1, 3( 2H, 5H) - di one (20B) ConpPONVdS@0¥643480 ny,
3.22 mol, 1 eq) was added to a m xture of 5 phosgene (20% in toluene, 6.38
g, 12.88 nmmol, 4 eq) and NaHCO3 (2.7 9,532.2 mmol, 10 eq) in CH2C12 (50
m.). The resulting m xture was stirnyed t/r\;tm/@ger N2 for 10 mn, filtered
to remove NaHCO3 and concentrat ed/iln AacQo “w ut heating. To the

resulting isocyanate was added 2-azalyi cyclo[2.2. 1.]hept-5-ene-3-carboxylic

acid, ethyl ester (599 ng, 3.54 , ¥.1 eq) in 25 nL of toluene with 4A
MS. The 10 reaction was stirred at rt n| ght. DBU (0.48 nL, 3.22 mmol, 1
eq) was added and the reaction was warged a 76C for 2 hr. The nixture was
cooled, filtered through celite, and pou into saturated aqueous NHACL

solution. The m xture was extracted wth CH2Cl2. The organic extracts were

concentrated in vadhe Resig 19dv (0702 wag sispesided sredsl 0grmabhgndohnaptithala gel

Compound" 208mHe (T8 D SmbFAEd, TRisRES a0 4R mBahatitic SN on
time) (YMC &%reqa%e&%@mrﬂtx@né“aQSmpeﬁlawodwfo\fwzbm %&e‘%@ofe ﬁ%@%c fit hanol

over 4 mnutes containing 0.2% phosphoric acid, nitoring at
220 nm) B (EH) wamﬁ]zter&éindw[aMBHi]WﬁIQOHgila(}&tZﬁ) rﬁI’L) and dned in vacuo to give

(5a, 8a, 8aa) p) - 1 Benzi soxazol - 3-yl ) t et rahydr o- 58-

et hanoi mi d fﬂpﬂ? %?]a lrogv Oﬁé 1,3(2H, 5H)-dione (21Bi & 21Bii,
respectively) H ~N ; ~N ON—OOHA

endo/ exo-2-[ (1, 2- Ben2| soxazol 3-yl am no) - 2- azabi cycl o] 2. 2. 2] oct ane-3- 25

(c;:v ar b0>|i|yH lic &i q581808aD)&: €50.,84,848)-TLaAhYE 612/ (D6 R (RN YH$),8. 19663 0 N
4 methanoimidazo[1,5-a]pyridine-1,3(2H,5H)-dione (10Ci & 10Cii)

10
To the Resin 10B ( 0.70 g) was added dry toluene (10 mL) and 0.25 g of

activated 4A MS. DBU (0.65 mL, 4.0 mmol) was then added and the reaction was
heated to 80°C for 2.0 h. The reaction was filtered and rinsed with CH,Cl, and the
organics were washed twice with 1 N HCI (30 mL) followed by drying over

15  anhydrous sodium sulfate. The resulting process yielded 13 mg (11 % yield) of a 1.5
to 1 mixture of Compound 10Ci and 10Cii, respectively. Separation of the mixture
was achieved by flash chromatography on SiO, eluting with 1% MeOH in CH,CI, to
yield 6 mg of 10Ci as a white solid and 4 mg of Compound 10Cii as a white solid.
10Ci: HPLC: 99% at 2.94 minutes (YMC S5 ODS column, 4.6 X 50 mm; 10-90%

20 MeOH/H,O gradient,t+ 0.1% TFA; 4 mL/min, 220 nM detection) MS (ES): m/z 293.0
[M+H]". 10Cii: HPLC: 99% at 3.09 minutes (YMC S5 ODS column, 4.6 X 50 mm;
10-90% MeOH/H,O gradient,* 0.1% TFA; 4 mL/min, 220 nM detection) MS (ES):
m/z 293.0 [M-+H]".
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O 1, 2-Benzi soxazol -3-amne (134 ng, 1 mol, 1 eq) was added to phosgene
(20% in toluene, 0.5 nm., 1 muvol, 1 eq) in 5 nL of ethyl acetate at -5C. The
reacti on woazomsd owed to warmto rt and then heated at rePCDXS10M966B0 i n.
The m xture was 5 cooled to rt and 2-azabicycl o[ 2. 2. 1. ] hept ane- 3-car boxylic
acid, ethyl ester (422 ng, 2.5 mol, 2.5 eq) was added. The reaction was
stirred at reflux for 2 h. The m xt Exempletl poured i nto water and extracted
w th CH2Q 2, Theoranl C extracts wer e concentrat ed in vacuo and purlfl ed
by flash chiSgg$ Hupre phepwlhs.8¢ pidp

ng (45.0% of Corrpound 21A i ght sol i 10 B. (5a 8a 8aa) &
(5a, 8a, 8a(3)-2-(1, 2-Benzi soM? —du?lu(gll

nmet hanoi m dazo[ 1, 5-a] pyri di ne-1, 3( 2¢t; 5H)-di one (21Bi & 21Bii)

I nt er redi at e Conpound 21A (140 ng, _B. 42 mol, 1 eq) was dissolved in
toluene with 4A Ms. DBU (65 ng, O. mol’, .1 eq) was added and the reaction
was 15 stirred at 80C for 1 h. The Xy, s quenched w th 5% aqueous
HCI and extracted with CH2C 2. The organ xtracts were dried,
concentrated in vacuo, and purified By ftash chromatography on silica gel
el uti ng wth CH2A 2 to provide 16 ng (13.4% of Conpound 21Bi and 47 ny
(39.5%50f Conpour® msmnsw@mfmm actiyated 44E(1.9 BYaratolRn@ 65 miLh was

bqucous. oA GHREGOR h R Earr RS Bog B SIoh - e L8 wnop i

noni t ori ng j@tolde}, MWRer Y5 nbiES)- (tn@i’uéro%@éhﬂ%pﬁ%%cyg%@ﬁ?&‘ﬁﬂm 2 bBithmofyPLC:

95% at 2.517 mn (retention tine) 6 x 50 nm eluting
wi th 10- 90%asqddelisndntbe eantdon sireed a42&f®tﬁcb1elsl h:thbT(ﬁlélﬁgnD, 296 mlrmﬂ))imxl c

d, 4 n/ 220 E 284. [ Mt
E)ilarrpl es Zﬁmﬁ“gadéiggggli O“ é‘aetﬁ‘i“&ﬁ: nqbsfl‘\)/g%iﬂc é‘é}x?zﬁlé‘?\éfﬁ%t ?CW%ﬁ cation

of theqgro i nary
ki1 10 ¢ AR, tﬁ@%k@%&ﬂﬁgﬁg ks ﬁ%%%%@%@%%‘?‘%ﬁ@ Hrygsaaes

addi ti onal tedrymessadsl abowEd d ﬁaﬁin\mtmmeeaamﬁmg DBUse3$AC ford H. ofheoW Ng
conpounds &% ch, were prepared enantionerically pure are so indicated in

the struct B was @uriHethipy,silisg gelechrqmatpgraphy to yigld 485 mE§8uriés not so
i ndi cat ed \%“él&) 5@@%&&&” l)italg aS¥hite solid. HPLC: 98% at 3.117 min (retention time)

(YMC S5 ODS column 4.6 x 50 mm eluting with 10-90% aqueous methanol over 4

15 minutes containing 0.2% phosphoric acid, 4 mL/min, monitoring at 220 nm) MS

(ES): m/z 311.1 [M-+HJ".

Example 12
(50.80.820) & (50.80t.8aB)-Tetrahydro-2-[3-(trifluoromethyl)phenvl]-5.8-
20 methanoimidazoll, 5-a]pyridine~1 3(2H,5H)-dione (12i & 12ii, respectively)

H
0

N

LDA was prepared by treating diisopropyl amine (0.091 mL, 0.650 mmol)
in THF at —78°C with n-BuLi (1.6 M in hexanes, 0.304 mL). After 20 min,
25  Compound 11 (0.100 g, 0.325 mmol) was slowly added to the LDA in THF. The

\*

T\
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whi ch can readily be separated by one of ordinary skill in the art or
prepared 5 enantionerically pure by the procedures described herein. Table
2 The chmooay/agsaphy techni ques used to determ ne the conpodIw®EE@SNt i on

10 tines of Table 2 are as follows: LC = YMC S5 ODS colum 4.6 x 50 nm

eluting wt - 909 r ' al "/ 20 hori c
acid 4 /e BTG IO ERIANE TRFSHERASINES 50
el uting wité&old30%sMNe el fidhchatEhy the adidiiches setAM A1NiThe sOlulidh Wadtheh i/ min,
monitoring at 220 nm 15 Retention Ex. Conpound Conpound Time Procedure

No. Struct uesraskedevitn GH,@ (% Afpile) angizhe proagigs ggreatiznd ovegaghygdzous3. 093 1/
N Tetrahyd ro;2- -napht hal.enyl )-3- LC N.thi.oxo-5, 8- anqgi.m dazo[1,5- S
) apyri o e gE Dht apag el ivag gl bEPRowaty{ TLERIHD: 858k 1
met hyl ) phenyih (81,88 181 £33mi&tur 6f CoMpbltl 1RY(C8RBLIRLADA lzﬁvz(@.bw gl di n-
1,3(2H,5H) -one o 2" CF3 240 G, (5a, 8a, 8aa) - 8, 8a- Di hydro-2-(2- "3.360 3
/N napht haD&%yhg a Wwhie saidhak2di: HRLCND§%iahD Q&7 afid (rstealipy tiimd) (EMMDS3 /

1,3(2H,5H) -di one - 132 WO 02/00653 _PCT@JSOOU 19663 Retention Ex. Conpound
Conpound Ti MPSQbe@A drbex S\em euiing pyithel (0% agpepus apethanol over 4 minutes

containing 0.2% phosphoric acid, 4 mL/min, monitoring at 220 nm) MS (ES): m/z
311.1 [M+H]".

10
Example 13
50,80.820) & (50.80.,.8aP)-[[2-(3.4-Dichlorophenyl)octahydro-1-0x0-5.8-
methanoimidazo[1,5-a]pyridin-3-ylidene]amino] (13Bi & 13Bii, respectively)
ci
/N
NON c A
net '

N\ =

CN Cl 0 =

H
15

A. endo/exo-2-[(Cyanoimino)[(3,4-dichlorophenyl)amino]methyl]-2-
azabicyclo[2.2.1]heptane-3-carboxylic acid ethyl ester (13A)

0

e

N
o PNH

N

ci
cl
2-Azabicyclo[2.2.1.Theptane-3-carboxylic acid, ethyl ester (169 mg, 1.0

20  mmol, 1 eq) was combined in dimethylformamide with N-cyano-N'-(3,4-
dichlorophenyl)-thiourea (246 mg, 1.0 mmol, 1 eq) and 1-[3-(dimethylamino)propyl]-
3-ethylcarbodiimide hydrochloride (288 mg, 1.5 mmol, 1.5 eq). The mixture was
stirred at ambient temperature overnight. The reaction was quenched with 1M

aqueous citric acid and extracted with CH,Cl,. The combined organic extracts were
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Example 25. k!H O (5a,8a,8aa)-2-(3,5- 3.823 1

Di chl or ophenyl )-8, 8a-di hydro- LC yN d 5, 8-nethanoi mdazo[1,5 0

a] pyri di mee 02/@62H, 5H) - di one Cl trahydro-2-(1-napht hal enyPQF/USIMBE638 26.
2'4.-fl Te 5 ,8-ethanoi mdazo[1,5- LC yN a]pyridine-1,3(2H,5H)-dione O

27. kIHO -2-(4- - 7 . .
napht hal engq?%g%ﬁgg&g‘%eﬁ%%t%f@?@{%Lt/[‘he%g@%éxg}%tc;:n@%‘rgggtnffiggl g?’pf)lﬁl} dine- 0 Br
1, 3(2H, 5H) ‘dﬁk&ﬁﬁogﬁyhyﬁbxﬁ Silficd @éeﬁﬁir%a\@ﬁl)%‘% #ebtoadittiiexades t3.ptdvide 1973 | N~

[3-(trifluoronethyl)phenyl]-5, LC Chiral met hanoi m dazogl, 5-a] pyridine- 0O
H 1, 3(2H, 5EP4%)af€opthoupé 3 A5 agyhitesenlijsoidtHRIHC ok 9 pat B2GAmimutesN  CFs

ot hanoi i OB COmbiRee GHSA’ RGOy JHREyif 1499 usgps methanol over
[ 5R- (5a,s8a, - 2= ' - + 0
phenyl )tsgt rdg%y %%eérag?)errrlgg %%QE@E%/%?S%%% i'dazo[ 1, 5-a] pyri di ne-
1,3(2H 5H)-drone Chiral 0"

B. (50,80,8a0) & (50,80,,8aB)-[[2-(3,4-Dichlorophenyl)octahydro-1-oxo-5,8-
methanoimidazo[1,5-a]pyridin-3-ylidene]amino] (13Bi & 13Bii)

10 Compound 13A (180 mg, 0.47 mmol, 1 eq) was combined in anhydrous

toluene with DBU (72 mg, 0.47mmol, 1 eq). The solution was heated at 60°C for 1 h.
TLC (810, plate, 1% CH,OH in CH,Cl,) showed no starting material remaining,
while LC monitoring indicated a peak with the same retention time as the starting
material. The reaction was quenched with saturated aqueous NH,ClI and extracted
15  with CH,Cl,. The combined organic extracts were dried and concentrated in vacuo.
The crude material was purified by flash chromatography on silica gel eluting with
0.5% CH,OH in CH,C], to provide two isomers. Compound 13Bi was obtained in
52% yield (82 mg) as white semi-solid. HPLC: 100% at 3.297 minutes (YMC
Combiscreen ODS-A S5 column eluting with 10-90% aqueous methanol over a 4
20  minute gradient.) MS(ES): 335.08 [M"™]. Compound 13Bii was obtained in 25%
yield (40 mg) as white solid. HPLC: 100% at 3.323 minutes (YMC Combiscreen

ODS-A S5 column eluting with 10-90% aqueous methanol over a 4 minute gradient.)

MS (ES): m/z 335.06 [M]" & 337.07 [M+2H]".
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H 31. G [5S-(5a,8a,8al13)]-2-(3,5-Dichloro- 4.017 17 O
phenyl)tetrahydro-5, 8-nethano- LC NN f Cl i m dazo[ 1, 5-a] pyridine- Chiral
1, 3(2H, 5Wedi/awses O H - 133 WD 02/ 00653 PCT/ US01/ 19663 MeT/@R1/19N63EX.
Compound Conpound Tinme Procedure No. Structure Nanme M n. of Exanple 32.

[ 5R-(5a, 8a, 8a(3)]-2-(4-Bronp-1- 3. 84% F ri Chi r al
et xarhpled

napht hal enyl )t et rahydro-5, 8- LC zo[ 1,5-a]pyridine- NN

1, 3(2H, 5H) - ¢5088, SaQ)Jsla-l&ﬁBr@ﬂbbﬁénﬂnﬁéthkzﬂ& @ml&@[&khvﬂmeﬁh%msl-
3.807 17 naphthalenyl)tetrahydro-5, 8-

met hanoi mi dazo[ 1, 5- a]mmhadonmdaﬁo[1,534]Z’W15Ene-uB@IIESHB+d®me @a4)

(5(x, 8a, 8aa) - Tet rahydro 2-(4- 2. 8é10 11 nitro-1-napht hal enyl)-5,8- LC N-N
91! ~ net hanoi m dazo[ 1, 5- a] pyri di ne? No 1, 3(2H, 5H)-di one 35. o N2

(5a, 8a, 8a(3)-Tetrahydro-2-(4- 2.98 nitro-1-napht hal enyl)-5,8- LC

sz N\©/CI

Compound 7Bi ( 0.217 g, 0.701 mmol, prepared as described in Example 7)
was added to freshly prepared LDA (1.227 mmol n-BulLi, 1.402 mmol

diisopropylamine) in THF at -78°C. After addition, the reaction was slowly warmed
to -20°C and kept at that temperature for 20 minutes. The mixture was then cooled to
~10  -78°C and 4-bromobenzyl bromide (0.175 g, 0.701 mmol) was added in THF. The
reaction was then warmed to 0°C and after 2h, quenched by the addition of saturated
aq. NH,Cl. The solution was then extracted with CH,Cl, (2 x 30 mL) and dried over
anhydrous sodium sulfate. The resulting material was purified by preparative silica
gel TLC eluting with CH,Cl, to give Compound 14 (0.083 g) as a clear oil. HPLC:
15 98% at 4.160 min (retention time) (YMC S5 ODS cblumn 4.6 x 50 mm eluting with
10-90% aqueous methanol over 4 minutes containing 0.2% phosphoric acid, 4

mL/min, monitoring at 220 nm) MS (ES): m/z 481.1 [M+H]"
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met hanoi m dazo[ 1, 5-a] pyridine- N O 1,3(2H,5H -dione H 36. o

(5a, 8a, 8aa) - Hexahydro- 3-thioxo- 3.360 11 IL N

2-[ 3- (triWwoopewset hyl ) phenyl ]-5,8- LC \/N CF3 PCT/US01/19663
met hanoi m dazo[ 1, 5-a] pyri di ne- 1(5H)-one 37. ::~CF

(5a, 8a, 8a( 3) - Hexahydr o- 3-t hi oxo- 3.

2-[3-(trifluoronethyl)phenyl]-5, 8- ﬁ@a—é@%t hanoi m dazo[ 1, 5-a] pyri di ne- H
S 1(5H)-one 38. S(4BgySRcIAHAuniEXARYSApRtHalenyS-34heAimind)s.s-

napht hal eny) - 3-t hi 0x0-5, 8- LC  net hanolt m dazo[ 1, 5-aJpyridiné- 0 H 1(5H)-one
39. CH o (5a, 8a, 8aa) - TamethapdimidBae[1H-OpFriline-H{(SHBtdnd A3BY 4-nitro-1- LC N

. N. naphthal enyl)-5, 8-nethano- 0 imdazo[1, 5-a] pyridine- 1, 3(2H, 5H)-di one
- 134 WD 02/ 00653 PCT/ US01/ 19663 Retention Ex. Conpound Conpound Ti ne
Procedure No. Structure Name Mn. of ,Exanple 40. VN O

(5a, 8a, 8a(3) -8, 8a-D hydro-2-(4- 2;2%7!]\(50 nitro- 1-naphtha lenyl)-5,8- LC
N O N net hanoi m dazo[ 1, 5-a] pyri di ne=—y

Nave

5
A. N-(2-Naphthalenyl)-2-azabicyclo[2.2.1.]heptane-3-carboxamide (15A)
NH
NH
T D
10 The intermediate Compound 9B (1.00 g, 4.15 mmol, as prepared in

Example 9) was dissolved in CH,Cl, (8.0 mL) and TEA (2.31 mL, 16.6 mmol) and
2,6-dichlorobenzoyl chloride (0.549 mL, 4.15 mmol) were added. The mixture was
stirred for 14 h and 2-aminonaphthal (0.593 g, 4.15 mmol) was added in CH,Cl,
followed by addition of 4-DMAP (0.010 g). After 3h, the reaction was diluted with
15  CH,CI], and washed once with 1N HCI (40 mL), once with sat aq NaHCO, (40 mL)
and dried over anhydrous sodium sulfate. The crude intermediate (1.00 g, 2.73 mmol)
was dissolved in CH,Cl, (2.0 mL) and treated with TFA (2.0 mL) at 20°C. After 3h,
the reaction was quenched with saturated aq. NaHCO,; and extracted with CH,Cl, (3 x
30 mL) and dried over anhydrous sodium sulfate. The crude reaction was purified by

20 preparative reverse phase HPLC to give 0.770 g of Compound 15A as a white solid.

B. (50,80,8a0)-Hexahydro-2-(2-naphthaleny)-3-(phenylimino)-5,8-
methanoimidazo[1,5-a]pyridine-1(5H)-one (15B)
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l,3(2H,5H) -dione 41. i CH2 (5a, 8a, 8aa)-Tetrahydro-8a-(2- 3.390 5
propenyl)-2-[3-(trifluoromethyl)- LC N phenyl]-5, 8-nmethanoi m dazo[1,5- N
al pyri di mee 02/@62H, 5H) -dione 0 F F 42. (5a, 8a 8aa) - Tet r ahpdT/Os®z196@. 490 5
(phenyl nethyl)-2-[3-(trifluoro- LC O nethyl )ph enyl]- 5 8- nmet hano- N

[ (ot ahydr o- 1 oo Be pigmerise §ompoud P85 00 e DTt ity Fotssghsding . 5.
LC yli den ot bhthe Nheén Rhiokid

(5a, 8a, 8a( % g&i( (ﬁ%%h %leg*h }}}IISO%?am%/%{rho%%n;I(gg%?rgr%ygrlgfg - 0xo- LCVB
F 5, 8- net hamolii4BROAR (6.010g) ajdipBUI0N83-mIy wﬁddmnm]l)awem@}id@&a;@rth@ru | e 45.
Ho C (5(x,8a,8aa)-[[2-(3-Chloro-4- 2.833 13 uor ophenyl ) oct ahyd ro-1
-0X0- LOVBré&chprwss Beated tm?ﬂfcrmm@ipcih@ﬁ a\]f@y ﬂﬂchtb ﬂleseaqﬁaon was cooled to

)2” Igggni anlrgqup g%]gq?gl %er %{de q_oecentrated in vaguo e r8e§311 1:1% was ;gumf%H b%rﬁBFﬁ&YJe)
TLC on SiO, eluting with CH,Cl,/acetone (9:1) to give 0.063 g of Compound 15B as
atan oil. HPLC: 93% at 3.590 min (retention time) (YMC S5 ODS column 4.6 x 50
mm eluting with 10-90% aqueous methanol over 4 minutes containing 0.2%
phosphoric acid, 4 mL/min, monitoring at 220 nm) MS (ES): m/z 368.37 [M+H]*
10
Example 16
Hexahydro-Z-[3-(triﬂuoi'omethyl)phenyl] -5,8-methanoimidazo[1,5-a]pyridine-
1(5H)-one (16)

H
e
N\/N\©/CF3

15 Compound 4B (0.020 g, 0.062 mmol, as described in Example 4) was
dissolved in absolute EtOH (2.0 mL) and Ra-Ni (excess) was added. After 3 h at

25°C, the reaction was filtered thru celite rinsing with EtOH. The crude material was
purified by preparative TLC eluting with 30% acetone in hexanes, yielding 0.6 mg of
Compound 16 as a white solid. HPLC: 100 % at 2.437 min (retention time) (YMC S5

20  ODS column 4.6 x 50 mm eluting with 10-90% aqueous methanol over 4 minutes
containing 0.2% phosphoric acid, 4 mL/min, monitoring at 220 nm) MS (ES): m/z
297.3 [M-+H]".
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Nmet hanoi m dazo[ 1, 5-a] pyridine- 0 A 1,3(2H 5H)-dione - 135 WO 02/00653
PCT/ US01/ 19663 Retention Ex. Conpound Conpound Tinme Procedure No.

Struct ur avolameoshd n. of Exanple 47. H 0 (5a, 8a, 8aa) - 2- ( 3- Bul/ws@pivessy| ) -
2.470 11 tetrahydro-5,8- LC JN~(N\ / nethanoi m dazo[ 1, 5-a]pyridine o C
1, 3(2H,5H) -di one 48. VN o cl (5a 8a, 8a(3) 2 (3 2.727 13

Chl orophenyl ) oct ahydr o- 1- & & 2 9139 dazo[ 1, 5- N-\\\

sy din gyl deng) o oot WO B 494 0ok 2R B8 800125

5, 8- et han 3 | N lkindene] - N ami no] carbonitrile 50.
H o cl (Sa&gmag%@{d?af?g% §Wi(§ﬂ§§$ﬁ?ﬁe% Aﬂl or ophenyl ) oct ahydr o- 1- oxo-
LCMS VNN \ / 5, 8-nethanoi m dazo[l,5#\ cl a]pyridin-3-ylidene]- N
anmino]carbonitrile 51. Ho ¢ (5%[%%6@0)V [[2 (3,5- 3.413 13

Di chl or ophenyl ) oct ahydro-1 -oxo Imat hanoi m dazo[ 1,5- N cl

al pyridin-3-ylidene]- N am no]car borWt 0 H
(5(x, 8a,8aa)-2-(3-Chloro-4- 2.863 75

5 2-Azabicyclo[2.2.1.Thept-5-ene-3-carboxylic acid, ethyl ester (0.250 g, 0.15

mmol) was dissolved in toluene and 3-(trifluoromethylphenyl)isothiocyanate (0.334
g, 0.166 mmol) was added. The reaction was stirred at 25 °C for 14 h and then 1IN
NaOH (4 mL) was added. After half hour, the aqueous layer was extracted with
dichloromethane (3 x 25 mL). The combined organic layers were washed with brine
10 (50 mL) and dried over Na,SO, and then the solvent was removed in vacuo. The
resulting residue was purified by flash chromatography on SiO, eluting with 10% -

30% acetone in hexanes to give 0.378 g of compound 16A as a yellow solid.

15 B. Hexahydro-2-[3-trifluoromethyl)phenyl}-5,8-methanoimidazo(1,5-
a]pyridine-1(5H)-one (16b or 16)

Compound 16A (0.020 g, 0.062 mmol) was dissolved in ethanol ( 2 mL )
and Ra-Ni (~0.020 g) was added. After 3 h, the reaction mixture was filtered through
celite, concentrated, and the resulting residue purified by preparative TLC on silica

20 eluting with 30% acetone in hexanes to give 0.8 mg of 16B as a white solid. HPLC:
99% at 2.437 min (retention time) (YMC S5 ODS column 4.6 x 50 mm eluting with
10-90% aqueous methanol over 4 minutes containing 0.1% TFA, 4 mL/min,

monitoring at 220 nm) MS (ES): m/z 297.3 [M+H]".
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fl uor ophenyl )tetrahydro-5,8- LC N nethanoi m dazo[1, 5-a]pyridine F ~
1,3(2H,5H) -dione c¢l 0 53. 0 H (5a,8a,8aR)-2-(3-Chloro-4- 3.007 7 F N

f | uor ophemg bl/0me53 ahydr o-5, 8- LC et hanoi m dazo[ 1, 5- a] pyr PAT/w&e1/1b630
1,3(2H,5H) -dione 54. F F (5a, 8a,8a(3)-Tetrahydro-2-[4- 3.167 7 VNO F
nitro-3-(trifluoronethyl)phenyl]- L%)@Bmg 8- nmet hanoi m dazo[1,5- \ / O-
alpyridine-1,3(2H 5H -dione 0 - 13 653 PCT/ US01/ 19663 Retention
Ex. ConpounpsRe(BmBuSdalli &4SR(S6.80.848)]-Netrably A2 (4-GitkeTendylithalehyl) B&npl e
55. F F (5a, 8a, 8aa)-Tetrahydro-2-[4- 3.047 7 H 0O F

n|tr03(tr|fh oph&rajpyridinens’ @Hs5H)-diome Ahdi il dbzxeppecs

o- a]pyridine-1, 3(2H, 5H) dione O 56 d (5a 8a 8a(3) 2- (3 ChI oro-4- 2.920
7 O F fluorophenyl) -8, 8a-di hydro-5, 8- LC N net hanoi m dazo[ 1, 5-a] pyri di ne-
1,3(2H,5H) -dione O H 57. -~ " 1 0 (5a, 8a, .. -2-(3-Chl oro-4-fl uoro-
2.783 7 | N phenyl) -8, 8a-di hyﬂiro 5, 8 L%

O

JAN,

NO, 0

I\\“

R-2-Azabicyclo[2.2.1.]Theptane-3-carboxylic acid, ethyl ester (0.169 g, 1.0
mmol) was dissolved in toluene (10 mL) with freshly activated 4A MS (0.200 g). To
this was added a solution of 4-nitro-1-naphthyl isocyanate (0.210 g, 1.0 mmol),

10  prepared analogously to the procedure described in Example 3 step A) in 5 ml of
toluene. After 15 h, the reaction was complete by LC, and DBU (0.224 mL, 1.5
mmol) was added and the reaction was heated at 80°C for 1.5 h. After cooling to rt,
the reaction was filtered and then poured into 1 N HCI and extracted with CH,Cl, (2 x
30 mL). The organics were dried over anhydrous sodium sulfate and then

15  concentrated. The crude mixture was determined to be a 1:2 ratio of Compound 17i
and 17ii, respectively. The reaction mixture was separated by flash chromatography
on silica gel eluting with CH,Cl,/acetone (1% acetone) to give Compound 17i: HPLC:
98% at 2.923 min (retention time) (YMC S5 ODS column 4.6 x 50 mm eluting with
10-90% aqueous methanol over 4 minutes containing 0.2% phosphoric acid, 4

20  mL/min, monitoring at 220 nm) MS (ES): m/z 338.1 [M+H]" and Compound 17ii:
HPLC: 96% at 2.753 min (retention time) (YMC S5 ODS column 4.6 x 50 mm
eluting with 10-90% aqueous methanol over 4 minutes containing 0.2% phosphoric
acid, 4 mL/min, monitoring at 220 nm) MS (ES): m/z 338.1 [M+H]" Both were
determined to be 94% ee by chiral HPLC analysis.

25
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y N d nethanoi m dazo[ 1, 5-a] pyridine- O F 1, 3(2H, 5H)-dione 58. O

(5a, 8a, 8a(x)-8,8a-Di hydro-8a- 3.020 20 N nethyl-2-[4-nitro-3- LC \/N1 \
cF3 (tri Waorass: hyl ) phenyl ]-5,8 mnet hanoi m dazo[ 1, 5- a] pyr PAT/&01/19663
1,3(2H,5H) -dione 59. CN (5 a,8a,8a(3) 4- (Qct ahydro-1,3- 3.107 7

di oxo-5, 8- net hanoi m dazo[ 1, 5- LC N djh-2-yl)-2- 0
(trifluoronethyl)benzonitrile H 60z E i it (5a, 8a, 8aa) - 4- (Cct ahydro-1, 3-

R et

tnylr)penzonrtrire K~tH ©6l. o

(5a, 8a,8aa)-4-(1,2,3 p%»rﬁioiiﬁz (ﬁ[ﬁz?@]tﬁiazmkd@mbmbxﬁ)ldﬁnd(mgﬁ 8- LC yN CF3
nmet hanoi m dazo[ 1, 5-a] pyri di n-2 yI')y-2-(t(fTuoronet hyl)benzonitrile 62.
(5a, 8a, 8a(3) - 2- Met hoxy-4- 3. 087 7 CN (octahydro-1, 3-di oxo-5,8- LC ~N O

met hanoi m dazo[ 1, 5-a] pyri di n- 2- napht hal enecarbonitrile 0 H - 137
WD 02/ 00653 PCT/ USO 1/ 19663 ReteZ%gu_(
>—NH

5 Fa
A. 3-[[[3-(Trifluoromethyl)phenyljamino}carbonyl]-2-azabicyclo[2.2.1]heptane-
2-carboxylic acid 1,1-dimethylethyl ester (18A)

Aok

0O
CF3

10 Intermediate Compound 9B (964 mg, 4 mmol, 1 eq, Example 9) was dissolved in
20 mL of tetrahydrofuran and 1-methyl-2-pyrrolidinone (487 pL, 4 mmol, 1 eq) was
added followed by methyl chloroformate (309 pL, 4 mmol, 1 eq). The mixture was
stirred at rt for 15 min. 3-(Trifluoromethyl)aniline (499 pL, 4 mmol, 1 eq) was then
added, and the reaction was stirred at rt for 72 h. The reaction was quenched by

15 addition of water and 0.1 M aqueous citric acid. The mixture was extracted with
CH,CL,. The combined organic extracts were dried, concentrated in vacuo, and
purified by flash chromatography on silica gel eluting with 0.3 % methanol in CH,Cl,
to provide 640 mg (41.6%) of intermediate Compound 18A.

20 B. 3-[[1-[3-(Trifluoromethyl)phenyl]hydrazino]carbonyl]-2-
azabicyclo[2.2.1]heptane-2-carboxylic acid 1,1-dimethylethyl ester (18B)

(o) J<
N/U\O
NH,

N

¢
CF3
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Ex. Compound Conpound Tine Procedure No. Structure Name M n. of Exanple
63. L~~~ H O (5a, 8a, 8aa) - 2- Met hoxy-4- 2.827 7 N (octahydro-1, 3-di oxo-5, 8-
LC N net ve@o2/mic8nzo[ 1, 5- a] pyri di n-2- CN yl) - 1- napht hal eneparsei/vné3 e
64. [5S-(5a, 8(x,8a3)j-Tetrahydro-2- 2.980 17 CCQ 0 \ N

1 3(2H, 5H) - o ons 5 py 18R B e SRR IR R BB a50 17

(4-nitro-1 -

fa@hydraﬁﬁmyl Jod8 -hyt€d &0t dSlb,mSImg,d}’:%)mﬂnoi 182 €lf) wad added,

i 0

] pYridine- 02N O 1, 3(2H, 5H)-di one 66. [5R— 5a, 8a, 8aa) -4-(Cctahydro- 2,920
17 N 1, 3- deekéhesnigture was siyrad atrgfocdismaip. O-iphersfehosplinylbydrosylsiige i di n- 2-
CN yl) - 2- (t

[ 5S-(5a, 8a,

(A4 SO i) 8378 sh Sl 5 s reagtin rps stirreq it o 1 b

(trifluosomeichyralRhanNichted 18 tHehitdrBhg FRtPANRIIDAAZBhshnRaaiwiE whshRded,

10

15

20

25

and the reaction was extracted with CH,Cl,. The combined organic extracts were
dried and concentrated in vacuo to provide Compound 18B as a semi-solid in
quantitative yield. The compound was used without further purification. LC: R.T.=
3.39 min (retention time) (YMC Combiscreen ODS-A S5 column eluting with 10-

90% aqueous methanol over a 4 minute gradient.)

C. 2-Azabicyclo[2.2.1]heptane-3-carboxylic acid 1-[3-(trifluoromethyl)-
phenyllhydrazide (18C)

Compound 18B (136 mg, 0.34 mmol, 1 eq) was dissolved in 5 mL of
CH,Cl,. Trifluoroacetic acid (2 mL) was added, and the mixture was stirred at rt for 1
h. LC analysis showed complete conversion to Compound 18C. The crude material

was concentrated in vacuo and taken on to the next step.

D. (60.,90,9a0)-Tetrahydro-2-[3-(trifluoromethyl)phenylj-6,9-methano-2H-
pyrido[1,2-d}[1,2,4]triazine-1,4(3H,9aH)-dione (18D)

Compound 18C was dissolved in 10 mL of CH,Cl,, and Hiinig's base (10
eq) was added to bring the pH to 10. The mixture was cooled to 10°C. Triphosgene

(approx.. 1.5 eq) was dissolved in CH,Cl, and added dropwise to the reaction mixture.

The reaction was stirred at 0°C and then allowed to stir at rt overnight. LC analysis

indicated that the starting material had been consumed. The mixture was washed with
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O 1,3(2H,5H)-dione 68. O~ /J [5S-(5a, 8a, 8aa)]-Tetrahydro-2- 3.120 17
NJ~\~ [4-nitro-3- LC F2C N Chiral (trifluoronethyl)phenyl]-5,8- 02N\ O
met hanoi walazaj6éi3 5- a] pyri di ne- 1, 3(2H, 5H) -di one 69. CF3 PCT/US01/19663
[5S-(5a, 8a,8a(3)]-4-(Cctahydro- 3.050 17 0 I \ CN 1,3-dioxo-5,8- LCN

et ROl 3220l S bR AL s S Bl P EREE) e?ri%si. 5 g
LC F3C N % Loﬂ@%@zﬁ%fﬂcﬂﬁg %&Pénﬂé Qéhrb‘h?o a@o%@gl\g on sﬂlca

yi)-2-(trifluoronet enzonitri WO 02/ 0 PCT/ US 1/ 19663

Ret enti on BEdutif@owihh2nemedanelunCHOE erﬁﬁaémile;vasl‘;mnﬁﬁﬂ furchen bg pt‘@athBn. O
Exanple 71. CFs [5R-(5a, 8a, 8a(3 - 4- (Qct ahydr o- 3 17, NC /

1, 3- di oxo- 5L€ tQQIOVWIﬁng (14%) o Plﬁﬁﬁ‘éﬂdrﬂ 2&)‘! hghy. Y&ﬁﬁ‘yrsphflniﬂ) Ie&i T0Qpo

)[/!5%% (25((31t I f ltgza%%nrﬁe}é{] (}{%{ gqi}létolgl )}(XM@ q%blic?reen dﬂ\é Qx S5 column eluting with
10-90% aqueous methanol over a 4 minute gradient.) MS (APCI): m/z 326.2 [IM+H]*

Example 19
(50..80..820) & (50..80..8aB)-8.8a-Dihydro-2-(1H-indol-3-yl)-5.8-
10 methanoimidazo[1,5-a]pyridine-1,3(2H,5H)-dione (19Bi & 19Bii, respectively)

o Sy

A. 3-Isocyanatoindole (19A)

NN
N
[ ;
15 ) NH

To a solution of indole-3-carboxylic acid (1 g, 6.20 mmol, 1 eq) in 30 mL
of tetrahydrofuran was added triethylamine (0.86 mL, 6.20 mmol, 1 eq) and

:I:\\‘

diphenylphosphoryl azide (1.3 mL, 6.20 mmol, 1 eq). The reaction was stirred at rt
overnight. The mixture was concentrated in vacuo and purified by flash -

20  chromatography on silica gel eluting with 25% ethyl acetate in hexanes to provide a
quantitative yield of the intermediate azide. The azide was heated at 100°C in 60 mL
of toluene for 5 h. Concentration in vacuo gave complete conversion to Compound

19A which was used directly in the next step.

25 B. (50,80,8ac) and (50,80,8ap)-8,8a-Dihydro-2-(1H-indol-3-yl)-5,8-
methanoimidazo[1,5-a]pyridine-1,3(2H,5H)-dione (19Bi & 19Bii)
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N nitro-3-(trifluoronethyl)phenyl]- LC yN~ ~ ~CF3 5, 8- net hanoi m dazo[ 1, 5-
Chiral p 1 N2 a]pyridine-1,3(211,51)-dione 73. CFs

[ 5R- (5a, 3a0 846@¥3 - Tetrahydro-2- 3.213 17 NC/ | C [4-nitPOF/BSOILIGAIA
(trifluoronethyl)phenyl]-5,8- Chiral nmethanoi m dazo[1, 5-a] pyridine- o H

9 9 Lot RN g AR 6
L o G o BB,

[5S- (54, 8a, @a@)gﬂmmmqréqﬁn16n915}Sft61ueNe[m8ﬂ«.(4AMs uDLGtmﬁlB}Mls)aﬂaenyl] 5 8-
LC Chiral nethanoi m dazo[1, 5-a]pyridine F3CN 0 1, 3(2H, 5H) -di one

(5a, 8a, 8aa) s@e@hhwhm@t@imtthg spging/matgtieltad bepmppnskaicdnPBU ). %’xmlc N N
met hanoi m dazo[l 5-a] p%wl di ne- o_Noz 1, 3(2H,

(5a, 8(x,Baa§-24 el Aleghvas addsd anG@rf?Ctloﬂwsa’VF%F@thgoogf?égH’aﬁ@em dazo[ 1, 5-
LC a] pyri dln?xtarey\ws c]()oled, filtered, and purified by flash chromatography on silica gel

eluting with 50% acetone in hexanes to provide 120 mg (7%) of Compound 19Bi as

yellowish tan crystals. An additional 495 mg (29%) of material was a 4:1 mixture of

19Bi & 19Bii, respectively. HPLC: 94% at 2.17 min (retention time) (YMC S5 ODS

10  column 4.6 x 50 mm eluting with 10-90% aqueous methanol over 4 minutes
containing 0.2% phosphoric acid, 4 mL/min, monitoring at 220 nm). MS (APCI): m/z
279.8 [M+H]"

Example 20
15 (50.80..8a0)-2-(Benzo|blthiophene-3-y1)-8.8a-dihvdro-5.8-methanoimidazo[1.5-
a]pyridine-1,3(2H,5H)-dione (20B)

A. 3-Aminobenzothiophene (20A)

\
S

20 To a solution of 3-amino-benzo[b]thiophene-2-carboxylic acid, methyl
ester (1 g, 4.83 mmol, 1 eq) in 1-methyl-2-pyrrolidinone (8 mL) was added piperazine
(2.08 g, 24.13 mmol, 5 eq). The reaction was stirred at 130°C overnight. Ice was
added, and the mixture was extracted with ethyl acetate. The organic extracts were
washed twice with water, dried, and concentrated in vacuo. The crude material was

25  purified by flash chromatography on silica gel eluting with 40% ethyl acetate in
hexanes to provide 600 mg (83%) of Compound 20A as a yellow oil.
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0 CN napht hal enecarbonitrile -139 WO 02/00653 PCT/ US01/ 19663 Retention
Ex. Conpound Conpound Tine Procedure No. Structure Nane Mn. of Exanple
79. 0 CNwWOay@ms8a(3) - 4- (Cctahydro-1,3- 2.77 17 PCT/US01/19663

di oxo- 5, 8- et hanoi m dazo[1,5- LC .N N a]pyridin-2-yl)-1-

napht hal enecarbonitrile  H 80. 0 (5a, 8a,8a(3)-Tetrahydro-2-(1- 2.73 17 ~,N
napht hal enyB) -@p«é%%%%-&ﬁea@[Nthmﬂga&eo%ﬁséér&%@wréé- HO

1,3(2H,5H) -dio NP . 'trﬁm - 2 (- 58 17 11

napht hal enyl )@%ﬁﬁfﬁu@ Lﬁ%ﬁ@%ﬁ%@%l zoingS@lg %)szr{ﬁ;c?l ne- 0

1, 3(2H,5H) - di one 82. (5a, 8(x, 8aa)-2-(4-Fluoro-1- 2.80 17 1|

napht hal enyl ) tetrahydro-5, 8- LC N net hanoi m dazo[ 1, 5-a] pyridine- o F

1, 3(2H, 5H) - di one @3mp@uE 2B K1Wm8aY.2) mmol AL &) ssadded w gmixigre of

napht halemy ) et Qe e KO, Yo TR RIPH T PRI B 55imd
10 eq) in CH,Cl, (50 mL). The resulting mixture was stirred at rt under N, for 10
min, filtered to remove NaHCO, and concentrated in vacuo without heating. To the
resulting isocyanate was added 2-azabicyclo[2.2.1.]hept-5-ene-3-carboxylic acid, |
ethyl ester (599 mg, 3.54 mmol, 1.1 eq) in 25 mL of toluene with 4A MS. The
10  reaction was stirred at rt overnight. DBU (0.48 mL, 3.22 mmol, 1 eq) was added and

the reaction was warmed at 76°C for 2 hr. The mixture was cooled, filtered through
celite, and poured into saturated aqueous NH,Cl solution. The mixture was extracted
with CH,Cl,. The organic extracts were concentrated in vacuo and purified by flash
chromatography on silica gel eluting with 0.6% methanol in CH,Cl, to provide 480
15 mg (50.4%) of Compound 20B as a light yellow solid. HPLC: 99% at 2.57 min
(retention time) (YMC S5 ODS column 4.6 x 50 mm eluting with 10-90% aqueous
methanol over 4 minutes containing 0.2% phosphoric acid, 4 mL/min, monitoring at

220 nm) MS (ES): m/z 297.1 [M+H]".

20 Example 21
(Ba.8o.8a0) & (Soc.Soc,SaB)-Z-(l,2-Benzisoxazol—3-vl)tetrahvdro-S,S-‘

methanoimidazo[1,5-a]pyridine-1,3(2H, SH)-dione (21Bi & 21Bii, respectively)

(0]

T\v

A. endo/exo-2-[(1,2-Benzisoxazol-3-ylaminoe)-2-azabicyclo[2.2.2]octane-3-

25 carboxylic acid ethyl ester (21A)
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84. OO (5(x,8a,8a(3)-2-(4-Chloro-1- 3.18 17 naphthal enyl)tetrahydro-5, 8-
LC N net hanoi m dazo[ 1, 5-a] pyridine- 0 1,3(2H, 5H)-dione H 85.
(5a, 8a, Baw) 0200643 Chl oro-1- 3.09 17 naphtha | enyl)tetrahpdrsebve® LC N
met hanoi m dazo[ 1, 5-a] pyridine- o/ O 1,3(2H, 5H)-dione 86. k!IHC
(5a, 8a, 8aa) - 8, 8a-Di hydro-2-(1- 2.900 17 gN ps ox
| dobenzo[ b] t hi ophen-3-yl)-5,8- LC Njxethanoi m dazo[ 1, 5-a] pyri dine- O
1,3(2H,5H) -dione 0O 87. kH Q (5a, 8#.18a4)-9-(%,2,3,5,8,8a- 2.57 17 N |
Hexahydr o- 1, 3-di oxo-5, 8- LC yN net hanoj m dazo[ 1, 5-a] pyridin-2- 0 CN
yl)-1-napht hal enecarbonitrile -140 / 00653 PCT/ US01/ 19663 Retention
Ex. Conpound Conpound Ti ne Procedure Noy cture Nane M n. of Exanple
88. H o (b5a, 8a, 8aa)-Tetrahydro-2-[4- 2.52, / N (1Htetrazol -5-yl)-1-
LCVS yN napht hal enyl]-5,8- 0 / N NH met hanoi m dazq[ 1, 5- %](P%/ri di ne- N=N
1, 3( 2H, 5H) - di onel,.2-Bengisoxazol-3-amine (134 mg, 1 mmol, I eq) was added fo phosgene

(20% in toluene, 0.5 mL, 1 mmol, 1 eq) in 5 mL of ethyl acetate at -5°C. The reaction

was allowed to warm to rt and then heated at reflux for 40 min. The mixture was

5  cooled to rt and 2-azabicyclo[2.2.1.]Theptane-3-carboxylic acid, ethyl ester (422 mg,

2.5 mmol, 2.5 eq) was added. The reaction was stirred at reflux for 2 h. The mixture

was poured into water and extracted with CH,Cl,. The organic extracts were

concentrated in vacuo and purified by flash chromatography on silica gel eluting with

CH,Cl, to provide 148 mg (45.0%) of Compound 21A as a light yellow solid.

10
B. (50,80.,8a0) & (50,8a,8aP3)-2-(1,2-Benzisoxazol-3-yDtetrahydro-5,8-
methanoimidazo[1,5-a]pyridine-1,3(2H, 5H)-dione (21Bi & 21Bii)
Intermediate Compound 21A (140 mg, 0.42 mmol, 1 eq) was dissolved in

toluene with 4A MS. DBU (65 mg, 0.42 mmol, 1 eq) was added and the reaction was
15  stirred at 80°C for 1 h. The mixture was quenched with 5% aqueous HCl and
extracted with CH,Cl,. The organic extracts were dried, concentrated in vacuo, and
purified by flash chromatography on silica gel eluting with CH,Cl, to provide 16 mg
(13.4%) of Compound 21Bi and 47 mg (39.5%) of Compound 21Bii. Compound
21Bi: HPLC: 93% at 2.367 min (retention time) (YMC S5 ODS column 4.6 x 50 mm
20  eluting with 10-90% aqueous methanol over 4 minutes containing 0.2% phosphoric
acid, 4 mL/min, monitoring at 220 nm) MS (ES): m/z 284.12 [M+H]". Compound
21Bii: HPLC: 95% at 2.517 min (retention time) (YMC S5 ODS column 4.6 x 50 mm
eluting with 10-90% aqueous methanol over 4 minutes containing 0.2% phosphoric
acid, 4 mL/min, monitoring at 220 nm) MS (ES): m/z 284.13 [M+H]".
25
Examples 22 to 88

Using the procedures described herein or by modification of the procedures

described herein readily available to one of ordinary skill in the art, the following
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WO 02/ 00653 PCT/ US01/ 19663 Exanpl e 89

(1S-exo) -2, 5-Di azabi cycl o] 2. 2. 1] hept ane- 2, 6-di car boxylic acid,

2-(1, 1- diwebhyiess hyl ) 6-nmet hyl ester & PCT/US01/19663
(1S-endo) - 2, 5- Di azabi cycl o[ 2. 2. 1] hept ane- 2, 6-di carboxylic acid,

2-(1, 1-di t . et | 6- net t . 5 BAON-..,0 BQC, Ove N N-*HN
# 0 0 Mheditealfohadied b ot rapleaird TRes Pl RUSTSRE PIFPYBENI ni ng a
compound of w48 F Qe mél%g%réd'& t\r&?ﬁ&ggggm BP%%I?Q ?6 mdisglauh ﬂié%u%@uﬁé’&ﬁ{lﬁfgiegt ein

t he preparation of npounds of see, for exanple, Fig

her ei n). A nomenclature (R) or (S). Those compounds not so indicated were racemic mixtures
(2S-trans)-4-Hydroxy-2-[[[ (1, 1-di met hyl et hyl ) di et hyl si | yl ] oxy] met hyl ] -
1- pyrrol i di WhichragBxeadily beseparated by @perpt prginariillda therarf ygpspagedy or-Bu N

TBSO ) 5 i~ N-. - nyl .- L~4- .oxyproline (10.0 g, 43.3
mol ) wa% dfgagﬁp{,ngag%ﬂfﬁlﬁjé%&ﬁ@ @?‘é‘%@‘aﬁvs t&gsé—&éd o?egﬁr)ie/ THF (1.0 M sol uti on,
86.6 nL) was then added over a 15 min period. The reaction was then warned
to 25C followed by 20 heating to reflux for 16 h. The reaction flask was
then renoved fromthe heat source andlaié&@drous nethanol (35 nL) was added
slowmy. After cooling to 25C, the solvent was renoved in vacuo and the
resulting crude diol internediate was taken on directly. The crude di ol
(1.81 g, 8.34 nmol kh%ﬁro%ﬁﬁ@é%mqe&ﬂliﬁg ¥ It tHE cdmfbunilrdtention
2,6-lutidine (1.46 nm., 12.51 ) was added and the m xture was cooled to
25 -78Cl10t etiimeBof {Thbldi2nae hyfadlolwgd tri f |1 uor o- net hansul fonate (1.92 ni, 8.34
nmol ) was then_added. After 2 the m xture was poured into N HCl (100

31_) , OIext r act&a™ WM& Sﬁ’r@ﬂ%ﬁ"@ﬁ%ﬁ]éﬁl"oﬁq Hen glating 1 1&30%N&quﬂi/§zér0§{§hf ]E:s wer e
TLleer eg\tjle{i %gﬂ%trgége a g%ndcj)?%\ﬁgggpglélr‘lf%\?gdggy% i afsrﬁ&%{?lrr@gréé%gr aphySch)n glt 82

LCMS = YMC S5 ODS column, 4.6 X 50 mm eluting with 10-90% MeOH/H,O over

4 minutes containing 0.1% TFA; 4 mL/min, monitoring at 220 nm

15
Retention
Ex. Compound Compound Time Procedure
No. Structure Name Min. of
" Example
22, M\//o (5¢,80,,8a0)-2,3,8,8a- 3.093 1
/4 N ‘ Tetrahydro-2-(1-naphthalenyl)-3- L.C
?fN O thioxo-5,8-methanoimidazo[1,5-
S a]pyridin-1(5H)-one
23. M{O (50.,80.,8a0)-2-[3,5-Bis(trifluoro- 2.930 1
/ N methyl)phenyl]-8,8a-dihydro-5,8- LC
7// N\©/0F3 methanoimidazo[1,5-a]pyridin-
0 1,3(2H,5H)-one
CF3
24. H o (5¢.,8a,8a0)-8,8a-Dihydro-2-(2- 3.360 3
/4 N naphthalenyl)-5,8-methano- LC
)fN imidazo[1,5-alpyridine-
0 1,3(2H,5H)-dione
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eluting with acetone in chloroform (0-5-10% acetone) to give 1.011 g (37%

for 2-

(2S- t r anayo B2/60663 oxynet hyl
1-pyrrolidinecarboxylic acid,

HOQ ' OTs
anhydr ous
p- Tol uenes
over a 10
for 48 h.
extracted
over anhyd
di ssol ved
pPTSA- H20 (
the m xtur
extracted
dried over
chr omat ogr
to give 2.
oil. C

(2S-trans)}

sul fonyl]o
NO O-Bu
solution o

ntaoar
TTO OT

steps) of the Conpound 89A as a clear oil.
-4-[[ (4- et hyl phenyl ) sul f onyl | oORgTAIS01/19663

1,1-

mediate C}\rrpnnnd g

5 B.

di met hyl et hyl ester

A3 41 g
o410

( 89B)

10.3 muol) was di

OOx-Bu Y
solved i

10 ¢
UES on
TN
he r

SOUT T T

yridine (30.0 nlL) 4
yl chl ogéisouke- 89 0,

e peri agructifae ! askh
esul ti ng solution \

and cooled to OC.
was then
( was thenamﬁaced in
vas poured Tnto 1 N HC1(300

30.9 Egle)

g

M m portion
|Qerijw£a
M Example

Wi25h
 ous
n 15
1.03
e mas

cnrll

nmet h hl ori de
sodpum ate. The
T 5% @VW
nmol ) . 1/ Ong he re
0
poured in sat ur
h inet hyl ene
v-sulfate—The

CH

Iorldé

D%H{éshem%

a{’g’t’?%r??“ﬂﬁgaz@ﬂﬁpl ete
alreiired SEDLES)-NerldCO3
(3 x 50 mL). The c

ude al cohol was nurl

(B.8¢,820k2-@E) and t heg

SR (0 5

orgEas|
r medij.at

as dete
(150 nL
nbi ned

fied hy

c$ were drfi

e |was
foll owed b
rmi ned by
) land

0
| ash

apny
7’1 g

on Si[02 fel gting wit
(71 5)

i thyI)

lyano[ ( pgen

i 1 H ey irentamyl of

aJpyridine-1,3(2H,5H)-dione
am no] net hyl

or B438-

)y f5.8-cthepeinidedil &t e Conpoungdc89B

-4-T[ (4- et hyl phenyl ) -

54 10%Bacet
as a cl ¢

-1- pyrrolidinecarboxylic acid, 1,1- dinetkylethyl ester (89
7Y | N NETFS%Tb - 143 aeggatgé&w@;g,%ngq,,u OSSO B83R63 [ To
[ oxalyl %7&(’\] e. oM na;% hglenyq-sg_'%%fom- 182 m_) inm CH2CL2
7]/N O methanoimidazo[1,5-a)pyridine-
© B | 1:3(2H,5H)-dione
28, /@\ o [5R~(50,80,8ap)}-Tetrahydro-2- 3.117 7
FaC N ,& [3~(trifluoromethyl)phenyl]-5,8- LC
Chiral y N methanoimidazo[1,5-alpyridine-
o= 1,3(2H,5H)-dione
29. o [58-(5a,80.,8ap)]}-Tetrahydro-2- 3.117 7
»\N oF [3-(trifluoromethyl)phenyl]-5,8- LC
\ Chiral methanoimidazo[1,5-a]pyridine-
5 ° 1,3(2H,5H)-dione
30. cl [5R~(50,8c,8af)]-2-(3,5-Dichloro- 4.017 17
/@\ o phenyltetrahydro-5,8-methano- LC
cl N /&N imidazo[1,5-a)pyridine-
/ 1,3(2H,5H)-dione
Chiral ©O =
H
31, Cl [5S-(50,80,8aB)}-2-(3,5-Dichloro- 4.017 17
o /@\ phenyltetrahydro-5,8-methano- LC
d&):: o | imidazo[1,5-alpyridine-
% Chiral 1,3(2H,5H)-dione
H
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(40 nmL) at
nmol ) .

-78C was added anhydrous di net hyl sul foxi de (0.462 niL, 6.51

The m xture was allowed to stand for

15 m n,

after which a solution

of Conpowa 02/@883 (1.61 g, 4.34 mol) in CH2Cl12 (10 nL) waBCHEUSHW/ Weedded.
After an additional 30 5 mn, trlethyl am ne (1 81 ., 13 02 nmmol ) was added
and the reaction was . £ a NS = ed
with HO (25 nml) and dlluted vmth CI—|2C12(100 rrL) The XloHr 6 n
washed sequgntijal ly wh N HO (1 x 10@ompduna Saturat eg-L,ﬁgue()Lﬁoggm—,lng
(50 nmL), ahgb.water (ZSﬁ-uéﬁ}em_) The organi gsmarere drijed mver anhygf ous
sodi um sul fate |and the volatil e ofganics renbved in vdcuo. The |1Bxampledd
al dehyde i nt3er nedi at e £%, 60 g, 4. 34REw©BI.8apRs-(CBrss®@i-ved I3B4THE | ( 251%L) |and
di et hyl cypnophosghon; ( 90KralO. C)ﬁamle@‘)@(}amgb vva~= added fol | oned Ry
benzyl anjne (|1.23 m 1103 mol ). A N eqcti on wag conpl etle,
as observefd by | TLC woec h@ ol at i|I"& 8?°¢i‘é{?ﬁzﬁ[§ \ﬁ)@’f“@'"?ermved in vacuo. The
crude reaction |m xture N i fijdé@\eH-fieneh chr omat qgr aphy on Si 02
eluting with agetone/chboréform (Q-2 15 3% acetone) tq give 1.48 g (70% of
i nternedi afe Cdnpound 89C &5 a whijte solid. Conpound |89C was determined to
be a -1:1 m3gt dr ecg,t.aldl ast BEr S [W(5&\M%aﬁ;§-p@mrbmcopy 3307 17
(1S- endo) - - Cygno- 5- ( phen t hyl) r%p %g{gl .|12. 1} hept ane- 20
2- carboxylic adid, et h ester ? f exo) - 6- Qyano- 5-
(phenyl net hyl ) -2, 5\ditazaki ¢ (2.2"91*18%'&?%%5'21%’:9!’“ oxylic acid, 1,1-
di net hyl et 1y| «Jster (89D P) BOCK HIBOEKGHEMone' CN N H N N N I ntjer medi atle
Conpound 8 48 g, 3.05 mmol) s dissolved in 25 dichl oroetlhane (25 nl)
and diisop o?p‘yl et hil dhi pe (1.45 ni§eSeteosdudote ni xt2848 was hdhted to
100C in a sealed t 3 B h. Theitwalmphithaesylves-e t hgn nenoved i n vacluo
and the resultijng cr ucbeN al eﬂgggmézg)qs% gd;ngsh chr omat|ogr aphy fon
Si02 eluting with ace'roone or of ar ace one),| to yield a - 144 WO
02/ 00653 PCT/ US01/ 19663 nixt Noe of”i( H‘B%ﬁ ate Corrpaund 89D (0 591 g;
6299 and i pteraeti-ate CGn‘pGumNou 3 L /_9 as f s
Structur al ?’ sSignnment® fo moun?a’%ﬁ%ﬁ%’wmg% gL T
»\N nitro-1-naphthalenyi)-5,8- LC
é]&‘& O methanoimidazo[1,5-alpyridine-
Hé 0 1,3(2H,5H)-dione
36. H o (50.,80,8a0.)-Hexahydro-3-thioxo- 3.360 11
N 2-[3-(trifluoromethyl)phenyl]-5,8- LC
7]/ N \©/CF3 methanoimidazo[1,5-a]pyridine-
S 1(5H)-one
37. o (50.,8c.,8ap)-Hexahydro-3-thioxo- 3.443 1"
»\ Q\ 2-[3-(trifluoromethyl)phenyl]-5,8- LC
\ methanoimidazo[1,5-a]pyridine-
ﬁ: S 1(5H)-one
38. s (5a,80.,8aB)-Hexahydro-2-(1- 3.487 11
A\N O naphthaleny)-3-thioxo-5,8- LC
m O methanoimidazo{1,5-alpyridine-
s 0 1(5H)-one
39. CH.? (50.,8a,8a0.)-Tetrahydro-8a- 3.060 6
y O N4/0 methyl-2-(4-nitro-1- LC
N\\< o~ | naphthalenyl)-5,8-methano-
0 O imidazo[1,5-a]pyridine-
1,3(2H,5H)-dione
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89D i

aci d, 2-(&,0]02%5@
Compound 89D (0. 400 g,

were made after

1.28 nmol ) was di ssolved in NaOwe

NOE, CCESY and DEPT NVR experinents.
(1S-endo) - 5- (Phenyl net hyl ) - 2, 5-di azabi cycl o[ 2. 2. 1] hept ane-
heat hyl et hyl ) 6- net hyl

ester (89E)

5 E

2, 6-di carboxylic

BOC, H NQudihisgedi at e
10 (0.5 M 12.8

mL) and heated jTo 60C for 5 h. Thg reaction was cool ed to OCand 3 N
HC1(4.0 nL) was| added slowy. Aftgr 2h at OC the react|i ®etenish poured into
saturated aguedus NaHOZBpoB® nl). |The m XGampeurndas extriact Boew t|hPrEda@e2 (3
x 50 nlL) afe the coniftmeifreor gani ds were dNE®BE over anhydMiys sodixefn
sul fate. The—crude ester wWas plll‘l i >
el uting wi{h%h S 155‘(v%ﬁ'82§)21%/%%'§9f8ﬁé§' tlo ?% 0.]320 %9 ( .92
mrol , 729% |of i peunditd®OEhaptdkalenylcd.&ar oifl . ARC
(1S-exo) - 54{( Phe t\azahéﬂqay&.ln@gz%[@ alyi@iet ane- 2, 6-di carboxy|ic
acid, 2-(1,)1-di R- e 5%@ Hh89F) 20 BON- Odwe N ~~H
I nt er redi atte Co 0.400 g, 1. g mml) was dj ssol ved [in NaOw
(0.5 M 128 M) and heated to 60C for 5 h. The reactilon was caoled to DC
and 3 N HC1 44.D nl) was addedsl oS80, §Rp)- BRtralpBroz8e-(3 C t he3-#¥act|i on as
poured 25 iinto [aturat ed mueaus Nagrépesy 258 timkigrometiyo- rql Xt ure was extracted
wth CH2C12 (3 A\ 53 P g,@g%/nqegg%,dg&o g ) and tjhe conbi hed
organics were dri pqus| sodi um sul "ﬁ LF crude ester was
purified by fla Pl BTG O0G t h chi or of or|nf acet one
(0-2-4% acet one 0.85 nmmol, 66% of nt er medi jat e Conppund
89F as a cljear
(1S-endo) - 2355 ptang=—2-t=ticarboxye 2=t
di et hyl et ryﬁ' A ] éﬁ&,@&,gaa‘fTéfraWd?-o%'a 3.990 5
(phenylmethyl)-2-[3-(trifluoro- LC
methyl)phenyl]-5,8-methano-
imidazo[1,5-a]pyridine-
1,3(2H,5H)-dione
43. [(Octahydro-1-oxo-2-phenyl-5,8- 2.357 13
methanoimidazo[1,5-a]pyridin-3- LC
ylidene)amino]carbonitrile
44. (50,8a.,8aB)-{[2-(3-Chloro-4- 2.830 13
fluorophenyl)octahydro-1-oxo- LCMS
5,8-methanoimidazo[1,5-
alpyridin-3-
ylidene]aminolcarbonitrile
45, (50.,80,8aa)-[{2-(3-Chloro-4- 2.833 13
fluorophenyl)octahydro-1-oxo- LCMS
5,8-methanoimidazo[1,5-
a]pyridin-3-
ylidene]aminoJcarbonitrile
46. [T . (50,,80,,8aB)-2-(3-Chlorophenyl)- 2.910 11
S N tetrahydro-5,8- LC
N\< methanoimidazo[1,5-alpyridine-
fo) cl 1,3(2H,5H)-dione
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BOC H NN HIIO 10 Internediate Conpound 89E (0.280 g, 0.81 mnol) was
di ssolved in absolute EtOH (10.0 nL) and Pd/C (10% Pd, 0.080 g) was added
An at mospligy ®,08éss H2 was introduced via a balloon and thePr 356

stirred at 250for 20 h. The Pd 15 was renobved by flltratlon t hrough celite
followed b |;||o|||u Y volatt+tes—were repoved—in—vacto—to
gi ve Conpound 89G (0. 205 g, 99% as viscous vyellow oi] .rdgpund 89G was
t aken on dijmgct]y W t Bempoundri fication. Munkpopsdl z  25(7. 18infeMtH] ProcdditeC RT
= 1.223 mn 5(_95%) ( YMGBtebtueDS col upm, 4.6 Xaw@ nmm 10t 90Wikvke OH H2Gf
gradient, + 0 TFA, 4 m/min, 220 nMdetection). 20 Example
(1S-exo) -2, 54D| azabi cycl®d[ 2. 2. 1] he afeda)BEAnomPhIXY| | ¢ &6T1, P- (111-
di et hyl et hyl) est 89 telPPCarés 8N OV N ' ; H @5 Internedi hte
Compound 89F (0 y i Ve bsolute EBE OH (10.0
nl) and Pd/|C (1D% Pd ‘\\880 v e oS YE"S”% > of H2 was

i ntroduced {via a bal | oon®and t Ifé r=?st%(12'|"6W‘\/98% stirred at 25C for 20 h. [he
Pd was -1 UZ/UUdeoPL,I/Uhsmll BeBgsapi-gneved by Tittrafpon fhraggh

celite, fol ngrgnf%yﬁoc}égyo%ungs vve{a(ﬁYl% pved in

vacuo to gi I SCous$ 0| | .

U

Conpound 89 Q L SmgieRBitezBLTi fi catli on.  MS{ES) =ni z
257.16 [MH + HPLC RT = 3 mn (9PMIinEYIEe5 ODS colum, 5.%.6 X 50| nm
10- 90% MeOH/ H20| gradi ent, + (v 1 % TFAnindcaohit¥ien. 220 nM| detectipn). Exatple
90

49, (50.,80.,8a0)-[[2~(3- 2727 13
(W @ Chlorophenyl)octahydro-1-oxo- LCMS
5,8-methanoimidazo[1,5- .
N———\\ alpyridin-3-ylidene]-
amino]carbonitrile
Ci (50,80.,8apB)-[[2-(3,5- 3.337 13

Dichlorophenyl)octahydro-1-oxo- LCMS

50.

S

5,8-methancimidazo[1,5-
N—\\\ cl a]pyridin-3-ylidene]-
N amino]carbonitrile

51. H 0 cl (50,8.,8a0)-[[2~(3,5- 3413 13

Dichlorophenyl)octahydro-1i-oxo- LCMS
N
N\<\ 5,8-methanoimidazo[1,5-

N—\\\ ci ajpyridin-3-ylidene}-
N amino]carbonitrile

52. o (50.,80,8a0)-2-(3-Chloro-4- 2.863 7
. N»\’@ fluorophenyltetrahydro-5,8- LC
>/-____: %N methanoimidazo[1,5-a]pyridine-
Cl o) 1,3(2H,5H)-dione
53, o  H (50,80, 8ap)-2-(3-Chloro-4- 3.007 7
- N . fluorophenyl)tetrahydro-5,8- LC
Q YN methanoimidazo[1,5-a]pyridine-
cl o 1,3(2H,5H)-dione
54, F F (50,80,8aB)-Tetrahydro-2-[4- 3.167 7
H 9 F nitro-3-(trifluoromethyl)phenyl]- LCMS
@?’/QN _C;jwf/o 5,8-methanoimidazo[1,5-
N\< o | alpyridine-1,3(2H,5H)-dione
o]

- 136 -



10 [5S-(5a, 8(x,

8aa) 1- 2-

[ 4- Cyano-3-(trifluoronethyl)phenyl]hexahydro-1, 3-di oxo-5, 8-
met hanoi waazaj6i3 5- al pyrazi ne- 7(8H) - carboxyl i c acid, 1, 1-BCTEséyl9ed3hyl

ester, 901). 15
[ 5S- (5a, 8a8a({3)1-2-[4-Orano-3-(trifluoronmethyl)phenyl-hexahydro-1.3-dioxo-
5 8- nethapoi midazo[ 1, 5-a] pyrazi ng- 7(8H) - car boxyl i c aqi ¢ Jma% di met hyl et hyl
ester, /O|EN H L--~~cdmnddubiN CF3 | N I Chgmpogndd N O /| - -ﬁ?}ne 0| @hdHdBeTo a
sol ution of Nd-i|socyanakqctgre(tri fl or onet hyN;m(benzonl triil emnl. O |mMmoby in
tol uene (4|nl) |with activated 4A NB (0.300 g) was added Conpoundegs@le 4. 220
g, 0.856 nmsl)| in tol uene ([ .| (B, 8ogBac)TRtrdhydre-2P6C, DBB.G40. 166 niz, 1.j11
mrol ) 25 was ad Mhide tr,ﬁ[@%@gyn@ﬁen& G fql h.l The
reacti on was th :leg%rﬁs(ure d &l E:g/% ml). The
sol ution was th ?3?*"8?1“6' %zﬁ’ brl de (3 x 30 ml) and the
conbi ned of gani R e e avtidingrie Al Sy aipeem sul fate. The resul tfi ng
crude material was purofl ed by fl ash chromat ography on Si 02 eI uting with
acet one/ ChILuséJf or-m<{0-—2-4-8%acetong)g] (0155
42% I\/B(Ej::'rﬂz 437.09 [MEH +. H = 3.280 nmin (L?O NC 5 ODS
colum, 4.6 X 50 min; ¢0-90 oH/ [HoeroRyealliBSatinydo-58-1 g nL/mn, 1220
nM det ecti on) and '1 e i (O otangmidaz6Prp-alFidineS) | rﬂz - 1147 WO
02/ 00653 PCT/ US01/ ¥ 437.09 [ M dn5 fe RT = 3.133 min (100% (YMJ S5
ODS columm, 4.6 X 50 #£mM 010-90% bO—V H2 gradient,+ Ol 1 % TFA;| 4 niL/ m|n,
220 nM det ection); botth as white foams. 5 Exanple 91 5S-(5(x, |8a,
8aa) | - 4- (Hexsy(dr o- I\ 3+d1 0X0- 5, 8- NMejd)edua)-23dened-Aadercal zyszin- 7
2(3H)-y|)-z-(tnf|£}gﬁe¢9y|)benzonéhg,qﬁ)JS%a_ggHo_gfg_ N-d o
YN\C[CI methanoimidazo[1,5-a]pyridine-
o . 1,3(2H,5H)-dione
58. H o (50,80.,8a0)-8,8a-Dihydro-8a- 3.020 20
N( methyl-2-[4-nitro-3- LC
NN CF3 .
7f \C[ (trifluoromethyl)phenyl]-5,8-
o NO methanoimidazof1,5-a]pyridine-
1,3(2H,5H)-dione
59. o CN (50,80.,8ap)-4-(Octahydro-1,3- 3.107 7
»\N /C[CF dioxo-5,8-methanoimidazo[1,5- LC
é}l‘& : alpyridin-2-yl)-2-
5 o (trifluoromethyl)benzonitrile
60. H o (50.,8a,8a0)-4-(Octahydro-1,3- 3.030 7
LH( dioxo-5,8-methanoimidazo[1,5- LC
NN CF L .
7]/ \C[ 3 a]pyridin-2-yl)-2~(tri-
°© CN fluoromethyl}benzonitrile
61. H o (50,8a,8a01)-4-(1,2,3,5,8,8a- 2.870 20
M Hexahydro-1,3-dioxo-5,8- L.C
NW/N CF4 - .
\©i methanoimidazo[1,5-a]pyridin-2-
o cN yl)-2-(triflucromethyl)benzonitrile
62. (5c.,8u,8aB )-2-Methoxy-4- 3.087 7
o O CN (octahydro-1,3-diox0-5,8~ LC
»\N O P methanoimidazo[1,5-alpyridin-2-
m © yl)-1-naphthalenecarbonitrile
s o
H
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H NrNCF3 | e~
di ssol ved i n anhydrous
m.) was avdezowmss 25C. After

10 0 C'" C(CN The Conpound 90i
nmet hyl ene chloride (3 nmL.) and anhydrous TFA (1.0
t he reacti on was concenpP€BAUSE/19M63vacuo

and the resulting residue was dissolved in 15 nmethyl ene chloride and poured
aer Na LI

1 h,

into satur

(0.115 g,

0. 264 mml ) was

NaHES3—Fhi-s—soel-ution-was fhgn__aﬂram‘ ed wit

net hyl

cu
chloride (3 x 1p nL) and the conbi ped organics dried o anhyprous sodi
sul fate. This gave 0. @3fhpgudd®7% of free gggmmpd 91 a‘ T solid
(ES): mz 33@. 09 [ MrNatbuctddlPLC RT £ 1.477 Maghe( 1009 (] P’°8§‘{“ﬁem
4.6 X 50 10 90%NEO—VH20 gradient,+ 0. 1% TFA;, 4 nmfmin EYampi@
det ection).| 63.148 90653 PCT[ 9804.84)88Bthodpxanpl e} 922.827 7
(1R endo) - 2, 5- D| azli c -R;(: @m% 3%%§§r boxyl i '
2- (1, 1- di ngt hyl et hyl )™ té E‘)d 1 R- ex O%’eﬂ -
cycl o[ 2. 2. 1] hept ane- 2, E,Ue opgfidaze] 5181@'”@"- thylethyl) 6-neth
ester 5 9~)]2 H BCC o : W'N-n@twl@eca?bhwsﬂeexarpl e illustrates
preferred nethod for obtaipbng a canpound of fornmula |la, which conpou
i s useful asegn[intermediale T thesRERR e RhmatsCofPosags
(see, for gxanp Fi gur her ei n [ /& 5,880 ) Tetiahydro-2 2880 1
(2R-ci s) - 4-|Hydr pxy- 1, 2 p i fnepi*irdoRRtialemASi®, 1- ( 1, 1@l net hyl et hy
2- 15 et hyl| ester ( &\N t methanoimidazo[1,5-a]pyridine-
N .
\ Chiral 1,3(2H,5H)-dione
= O
H
65. o M [6S-(50,80,8ac.)]-Tetrahydro-2- 2.850 17
O JoN (4-nitro-1-naphthalenyl)-5,8- LC
O \‘g Chiray | Methanoimidazol1,5-alpyridine-
ON 1,3(2H,5H)-dione
66. M(O [5R-(50.,8a1,8aa)]-4-(Octahydro- 2.920 17
N o 1,3-dioxo-5,8- LC
_ ?]/ \C[ % | methanoimidazo[1,5-ajpyridin-2-
Chiral g
CN yl)-2-(trifluoromethyl)benzonitrile
67. CF3 [65-(50.,80.,8ap)]-Tetrahydro-2- 3.250 17
o /©/ NO2 [4-nitro-3- LC
N )\\ N (triflucromethyl)phenyl}-5,8-
2 5 Chiral methanoimidazo[1,5-a]pyridine-
" 1,3(2H,5H)-dione
68. o M [65-(50,80,8a0)] Tetrahydro-2- 3.120 17
. N [4-nitro-3- LC
* jQ/N\\( Chirai | (trifluoromethyl)phenyl}-5,8-
0,N o methanoimidazo[1,5-a)pyridine-
1,3(2H,5H)-dione
69. CF3 [6S-(50,8c,8aP)]-4-(Octahydro- 3.050 17
0 /@/ N1 1,3-dioxo-5,8- LC
N )\ N methanoimidazo[1,5-alpyridin-2-
X 5 Chiral yl)-2-(trifluoromethyl)benzonitrile
H
70. o H [55-(5c,80:,8aa.)]-4-(Octahydro- 2.940 17
1,3-diox0-5,8- LC

FsC E)ﬂl
:©/ \\g Chiral

NC

methanoimidazo[1,5-a]pyridin-2-
yl)-2-(trifluoromethyl}benzonitrile

o
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t-BuO O Ci s-4-hydroxy-D-proline (10.0 g,

absol ut e

1 h and then the volatiles organics were renoved in vacuo.

131.1 mmol)

was suspended in

EtOH (100 nm.) and anhydrous HO (g) was bubbl ed through the
reacti on wan2vo6a3 20 honopgenous sol ution resulted. This waeT/W&6119643 25C f or

The resulting

HC salt was—tfiturated with diethyl ether and filtered to give the crude
ethyl ester asja white powder. ThQ ethyl ester salt Wa used dlrectly in
t he next reggtijon. Th@o,ﬁlgyu;,d( 12 g) was %ﬁed in dc .ﬁ'ﬂg %r 1 9'%%c to
0C. 10% 25Naq |Na2CO3 dhactdren! -) wWAs t hen a?j’ fol | owdd biin Tk 37 g,
6.29 mmol )|_and then the reaction|was slowy warned to 25tT‘AfteEm$$bh t he
reaction M#Mtyre wasSpoured i nt o |\@R©e, &ﬁmi)]exmatmdred t3oqeet hyT efye
chloride (B x 100N\ 149 WO 02/0065%cfggé9801/19663 ni) he ¢rganics |were
t hen dried| over anhyﬂ!ﬂ S g0 iun1<uif and _concentrlated”in yvacuo to |give
the crude fonpqund 92K ayl ite 65“B@Wm““$ﬁ?§pﬂﬂp"ial was taken on
W t hout fufther| pudhirki c B.| y))-2-(trifluoromethyl)benzonitrile
(2R-trans)t4-[[|(4- thhypphamyl)sulfonyl]oxy] 1, 2- pyrrolidine- dicarboxylic
acid, 1-(1f Iradijmethyl enThyI ) Z2-et h?’T[s &&Iaob]i"ré{?ﬁhydrdﬁ# = 3N7p- BUO O 0Et | The
crude conpaund . 5. 44 ) wﬁ? $§ &ﬂlﬁ n THE (5¢ m.) 1Q and
Ph3P (1.86]g, 1 added. ‘r "TORIEPEPIERET cdol edCto OC  and DEAD
(1.11 ni, V0.8 ded. ~ Afl Sérmeignaifidazoltét hyl  |par at ol ugnesul f orjat e
(1.32 g, 70.8 Mo dded aﬁat]ldilnbhﬂ(ZSIQSHWlbr@n vas sl owly war med [t o
25C. After [ 1, the @paCLlun wars e aeHo piH-H-ed—4y
fl ash chropat ogr aph) dn silica el Lgéﬁ'(saéa?aﬁ)ﬁ&ra Bgﬁoezll N g‘ﬁ‘lﬁl ofof oFm (Q -
2- 3% acetpne) [to gi @ ﬁS g of ‘h’é"od%m red conmpound 92BC asa yel |l ow
oil. HPLC = (3. 373y N( ( YNMBritsbro@B&/eisinypas- 4.6 X 50 mm  10- 90%
MeOH H20 gf adi gnt ¢y 1 4 Medefibfbimices 1@%&@{,@0“ on). Thi s nat er]i al
was taken pn wijt hout fup hEH puri fii %%lsﬁg
(2R-trans) [.2-(Hydroxymet hyl " - 4- [ [ (4 ?%ﬁenyj)sulf nyl ] oxy- 1-
pyrrolidi ned4r hoxyl i cigl, 1,1-di|ft8npha)@98-ShloroPRe))- 2.650 17
2 § o 8,8a-dihydro-5,8- LC
7]/ \©/ methanoimidazo[1,5-a]pyridine-
© 1,3(2H,5H)-dione
75. Tetrahydro-2-(1-naphthalenyl)- 3.060 8
'L@\(O 5,8-ethanoimidazo[1,5~ Lc
NVN ‘ alpyridine-1,3(2H,5H)-dione
Re
76. OM [68-(50.,8a,8a0.)]-Tetrahydro-2- 2.943 7
c e N [3-(trifluoromethyl)phenyl]-5,8- LC
® \©/N\\g Chiral | Methanoimidazol[1,5-alpyridine-
1,3(2H,5H)-dione
77. LEWHL(O (50.,80.,8a0)-8,8a-Dihydro-2-(4- 2.750 7
AN ( ‘ nitro-1-naphthaleny!)-5,8- LC
?]/ O methanoimidazo[1,5-alpyridine-
© No, | 1:3(2H,5H)-dione
78. LH(O (50.,80,8a0)-4-(Octahydro-1,3- 2.63 17
N L ‘ dioxo-5,8-methanoimidazo[1,5- LC
T O alpyridin-2-yl)-1-
° CN naphthalenecarbonitrile
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TsO Z-/-"'"/PH N t-BuoAo 25 The crude conmpound 92B (5.50 g, 13.32 nmol)
was dissolved in THE (150 ml-) and cooled to OC. LiBH4 (2.0 Min THF, 16.7
m., 33. 3wootHhoesms then slowy added and the reacti on waBCEUS@I®G63 0 war m
to 256C slowy. - 150 WO 02/00653 PCT/ US01/ 19663 After 12 h, the m xture
was cool edqto PCand the reactTonywas quenched— W t T water (107mt)y—and|t hen
AcOH (2.0 |nL). |After 15 m n, the solution was poured|iRéentmat | NaHCO3 and
extracted |viixt h| met hyl Gmeoald ori de| (3 x 50Compgundand t he cdimE ned Porcgdu ¢S
were dried Never anhydstiuetursodi um sul f at e. HBE!S 5 gave |t heMigr ude coffpound
92C (3.91 g)—asa-yellow oil, which was taken on—w-thout_purifl .
HPLC RT = [3/®43 min (00% ‘ sﬁﬁ%ﬁg%@ﬁdﬂ?a"yd@ﬂé X|50 4fh 10- 90%
MeOH H20 gr adi jent,+ 0. e TEA, 4 mdioxo-58-m@@dhoimivezofiet e¢t i obg. 1D D.
(2R trans)t 2- [ fyanol tondnylimey! ) agjaalagpiiy! ] -4-[[ (4

met hyl phenlyl ) - sul f onylk yrio hg' pecar (pgl ic agid, 1,1-

di met hyl ethyl eéster (®2D) TsO N NP ae?ecg% N 15 To a sol ution of
oxal yl chlp®bde (2.0 M soiayn CH2CleBo,8ap-T8ahydd-2{1n  CH2@-18 (40 nl)7 at |- 78C
was added fanhydrous gi et quo in6itha@nyB3-thano-6. 51 mrpk) . The m xture
was al |l owed to|st forh 15 , aftigarz%i@ja@f/”dv\f sol utijon of coppound 92C

(1.61 g, 434 rrm)l) added. After|an

addi tional| 30 mi trl%t hyl ami ne ( 1:38.5-dione3. 02 mmol )| was 20 added and t he

Egacﬁﬂi o)n wag;ﬁl Iowl y yenired to Og dese@q’fet?vdrm& t hen :qsaan(r:]hed W thh H20

5 -) anh il ut p CH2EC The m xturg t hen washed

sequential |y with W 104 H thrghQ]ya?turat ed aqueou\év%E HCO3 (50 L),

and water {2 x |50 ml). Thgani 4 dneffiapaimidpzpld g-alpyidine-
© 1,3(2H,5H)-dione

82, H o (5c,80,,8a0)-2-(4-Fluoro-1- 2.80 17
N ‘ naphthalenyl)tetrahydro-5,8- LC
methanoimidazo[1,5-a]pyridine-

YN .
o O 1,3(2H, 5H)-dione
F ) il

83. o F (50.,8a,8ap)-2-(4-Fluoro-1- 2.81 17
»\N O naphthalenyl)tetrahydro-5,8- LCMS
él&l% O methanoimidazo[1,5-a]pyridine-
s 0 1,3(2H, 5H)-dione
84. o a (50.,8c,8ap)-2-(4-Chloro-1- 3.18 17
»\N O naphthalenyl)tetrahydro-5,8- 1C
ﬂ&« O methanoimidazof1,5-a]pyridine-
S 1,3(2H, 5H)-dione

85. H o (50.,80,8a0.)-2-(4-Chloro-1- 3.09 17
LE?L(/ ‘ naphthalenyl)tetrahydro-5,8- LC
methanoimidazof1,5-a]pyridine-

7]/N -
° O ol 1,3(2H, 5H)-dione

86. LH{/O (50,80,8a0)-8,8a-Dihydro-2-(1- 2.900 17
/ N oxidobenzo[b]thiophen-3-yl)-5,8- LC
\]fN \ methanoimidazo[1,5-a]pyridine-
0 s, 1,3(2H,5H)-dione
(0]

87. H o (50,80,8a0)-4-(1,2,3,5,8,8a- 2.57 17
leL( ‘ Hexahydro-1,3-dioxo-5,8- LC
methanoimidazo[1,5-a]pyridin-2-

7]/N - : :
0 O CN yh)-1-naphthalenecarbonitrile
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anhydrous sodium sul fate and the volatile organics renoved in vacuo. The 25
crude al dehyde internediate (1.60 g, 4.34 mvpl) was dissolved in THE (25
m-) and ﬂ;@ﬁzwg&cyanophosphonate (90% 0.95 nlL, 5.64 molp-&as136kdsd

foll owed by benzyl amne (1.23 ni, 11.3 muvol ). After 2 h, the reaction was
conpl ete, as observed by TLC and the volatile organics were renoved in -
151 WD[0270p653 PCT7 USO01/ 1966 vacuo. The crude rpeaction gixture aS

purified by flash chronat ography on 8102 eluting w t‘??t%ltl@t ne/ chl or pf orm
(0- 2- 3%)| &¥et pne) t Gompedl 48 g (70% CPPLPH er nedi ate 'Ciﬁrrp uﬁ’&c‘?’ﬂﬁ s a
white soiNed. Conpo was determ nedat8 be a -1 M&tureé}gﬂple

di ast er eoge+s

8@ Ziscﬁs’qgﬁetragyd[?zmcl of 2. 2: 1 hejpt ar%-

e‘t1 yatragk P92 ) ;[ 1IREMD) - b- Cyano- b-

| ZpRihdidrigeps-ane- 2- car boxylic acid, 1, 1;
di met hyliet hyl ) ' %QO%O[T%]Nr,d,%:, NNC" NJ|i 10 cr} \ |
| nt er medi at e| conpound 92D 1.M48 3. mmol ) was di ssol ved |n
di chl orget hape (25 ni) and cﬁls g?(ﬁw dé°t"ﬁy| amne (1.45 m-)| was added.
The m xture was heated to 1000C in a sealed tube for 18 h. The volatiles
were then renoved in vacuo and the resulting crude material was purified by
15 flash chronmat ography on S102 eluting with acetone/chloroform (0-2-3%
acetone), to yield a mxture of internedi ate compound 92Ei (0.591 g, 62%
and internedi ate conpound 92Eii (0.370 g, 38% as clear oils. Structural
assi gnnents for Conpounds 92E1 and 92Eii were nmade after NOE, COESY and
DEPT NMR experinents. 20

(1R-endq)
2-car bo><y| iC
(phenyl et hy
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F. (1 R-endo)-5-(Phenyl nethyl)-2,5-di azabi cycl o[ 2. 2. 1] hept ane-
2,6-dicarboxylic acid, 2-(1,1-dinethylethyl) 6-nmethyl ester (92F) H BOC -N
/A ** N WO 628@s3N0 02/ 00653 PCT/ US01/ 19663 | nt er nedi at e BOVPSUNII6E32Ei
(0.400 g, 1.28 mol) was dissolved in NaOwe (0.5 M 12.8 nm-) and heated to
60C for 5 h. The reaction was cool ed hgag‘ leaggl 3 NHC (4.0 m-) was added
slowy. After 2 h at 0OC the reaction w&s—gﬁuﬁed into saturated aqueous
NaHCO3 (50 nli). Theom X{ NI€ X . .50 m-) and

t he conbi ned orga were—aHed =<'-’-.'; : ottt st +ate. The crude
ester was p2i(lfidithetyyléthph 6-methrydrsten & € Shendop-2S-DiazabieychofR. il fieptane-

chl or of orm acet one - 2= 101 6W |, 729 of
internedi ate conpou?fgjé‘é‘%%ggygé%} g%rzrkg’} i(ﬁ@fg]y%etﬁ%@ 6%étﬂy92st£57f0

R- ex0) - 5- (Phenyl net hyl ) -2, 5-d i azabi cycl o[ 2. 2.1 ] heptane- 2, 6-di carboxylic
acid, 2-(1,1-dinethylethyl) 6-nmethyl ester (926G o _NBoC MeO N

I nt ermedi ate conpound 92Eii (0.400 g, 1.28 mol) was dissolved in 15 NaOwe
(0.5 M 12.8 nl-) and heated o 60C for 5 hgodhgl reaction was cooled to 0C
and 3 N HCl (4.0 nL) was agg_ slfflowWl y. After 2 ayl 0C the reaction was
poured into saturated aque {HCE™e (50 nl) . m xPUure was extracted
with CH2Cl12 (3 x 50 mL) and t R Gonbined organi cB V\Afe dried over
anhydrous sodium sul fate. The crude ester was purifioed by flash 20

chr omat ography on Si 02 eluting with chl oroform acetone (0-2-4% acetone) to
give 0.290 g (0.85 mmol, 66% of internediate conpound 92G as a clear oil.
H. (1R-endo) - 2, 5Thiszxabpleyibhsiapesa pefesist aprthad Hr dbleminx gempowndiad, 2-

(1, 1-di Jir@t h)ﬁl)%urlg hg, v%ilr&? E:(;}X;lmu%%tig {Jséﬁqﬂzalgi)anzlgteﬁn%e in the preparation of

compounds of formula I (see, for example, Figure 2 herein).

A (28-trans)-4-Hydroxy-2-[[[(1,1-dimethylethyl)dimethylsilyljoxy]methyl]-
1-pyrrolidinecarboxylic acid, 1,1-dimethylethyl ester (89A)
(6]

YOt-Bu

N

TBSO/\Q

15 on

N-(tert-butoxycarbonyl)-L-4-hydroxyproline (10.0 g, 43.3 mmol) was
dissolved in THF and cooled to 0°C. Borane/THF (1.0 M solution, 86.6 mL) was
then added over a 15 min period. The reaction was then warmed to 25°C followed by

20  heating to reflux for 16 h. The reaction flask was then removed from the heat source
and anhydrous methanol (35 mL) was added slowly. After cooling to 25°C, the
solvent was removed in vacuo and the resulting crude diol intermediate was taken on
directly. The crude diol (1.81 g, 8.34 mmol) was dissolved in methylene chloride (50
mL), 2,6-lutidine (1.46 mL, 12.51 mmol) was added and the mixture was cooled to

25  -78°C. tert-Butyl dimethylsilyltrifluoro-methansulfonate (1.92 mL, 8.34 mmol) was
then added. After 2h, the mixture was poured into 1 N HCI (100 mL), extracted with

methylene chloride (2 x 100 mL) and the organics were dried over anhydrous sodium
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/0Y NH -153 WO 02/00653 PCT/ US01/ 19663 I nternedi ate conpound 92F (0. 280
g, 0.81 mmol) was dissolved in absolute EtOH (10.0 inL) and Pd/ C (10% Pd,

0. 080 g) waszemsed. An at nosphere of 5 H2 was i ntroducedr@i/asa/t9ed3l oon and
the reaction was stirred at 25C for 20 h. The Pd was renoved by filtration

th h i fqll . b | NS ith E .o 1h | atil d
i n vacuo-t oUbise IEBAPULIRE AT DenDbiey pust b 0esh LRyBeleRy ol
Co d 9 ' ist hid eREI1aN- = 257.18
Ve o, PP RS In S gk (e LB e 1 B B RTm 10”000
MeOH H20 grstepispof the Comlpound B o4 arddar biln, 220 nM detection). 1.

(1R-exo0) -2, 5-D azabi cycl o[ 2. 2. 1] hept ane- 2, 6-di carboxylic acid, 2-(1,1-
di ret hyl ethyl) 6-nmethyl ester (921) o Boc MeO N 15 H, H Internediate

9 0. 0 I ' ' Et OH (10.0
) and P ( 10asnER 208 A ndn il SiehpHeb T ARER b "
i ntroduced via q%gfﬂomm&aﬂ?&x@ﬁcaemgihmnmﬁymm I éstér @OB35C for 20 h. The
Pd was 20 renoved by filtration throug’h celite, followed by rinsing with

Et OAc. The volatiles were renoved in Vv -Bbo gi ve conmpound 921 (0.2 10 g,
929 as a viscous yellow oil. Conpound 321 can be taken on directly

w thout purification. MS(ES)=nz 257. H+ HPLC RT = 1.293 mn (90%
(YMC S5 ODS columm, 4.6 X 50 mm 108990 OH/ H20 gradient,+ 0.1 % TFA;, 4

m./mn, 220 nM detection). 25 -154 WO 02/ 00853 PCT/ US01/ 19663 Exanpl e 93
15R- (5a, 80 ‘

8aa) 1- 4-[ Cct ahydro-7-[ (1, 1- di net hyl et hoxy) car bonyl ] - 1, 3-di oxo-5, 8-

met hanoi ni dazo[ 1iferglegitteCbipdund $942 (141 gf 10®ment) Wi dissslzahintanhydrotO3i ) 5
[5R-(5a, 8a,, 8a(3)1-4-[ Cct ahydr o- 7-(;2( 1, 1- di met hyl et hoxy) car bonyl | - 1, 3- di oxo-
5, 8- nethanpyndidaBO0ms) ahdgealed to Gy |g-ToluepespHopdeldwada(3.3b20¢hi tri | e

(93i1) mmol) was then added in portions over a 10 minute period. The flask was then placed

in a refrigerator at 4°C for 48 h. The resulting solution was poured into 1 N HCI (300
mL), extracted with methylene chloride (3 x 200 mL) and the organics were dried
over anhydrous sodium sulfate. The crude tosylate intermediate was dissolved in

15 THF (50 mL), to which was added H,O (0.5 mL) followed by pTSA-H,O (1.03
mmol). Once the reaction was complete as determined by TLC, the mixture was
poured into saturated aqueous NaHCO, (150 mL) and extracted with methylene
chloride (3 x 50 mL). The combined organics were dried over sodium sulfate. The
crude alcohol was purified by flash chromatography on SiO, eluting with

20  acetone/chloroform (0-5-10% acetone) to give 2.71 g (71% for 2-steps) of

intermediate Compound 89B as a clear oil.

C. (2S-trans)-2-[Cyano[(phenylmethyl)amino] methyl]-4-[[(4-methylphenyl)-
sulfonyl]oxy]-1-pyrrolidinecarboxylic acid, 1,1-dimethylethyl ester (89C)

I\{ \ OYOt-Bu
N.
>~
d "OTS
25
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/OCN NH "-~ON. NN~CFR3 NI CR3/ 11 -~/\ NO/ OCNO0O4 O 10 To a
sol ution of 4-isocyanato-2-(trifluoronethyl)-benzonitrile (1.0 mml) in
t ol uene WO MADo6Rs t h activated 4A M5 (0. 300 g) was added CeaposodeaH or
921 (0.220 g, 0.856 nmol) (conpounds epinerize to form same product) in

toluene (6 nm). After 10 h at 25C . DBU (0. 166. X

?(r;d t2 gtca: ; ﬁac:) i)o"ﬁo gégluﬁéﬁi)ﬁ@g%ﬂl @io@ef@ro(bﬂ Sl%??n W%H?(éa\?#?gﬁl%l )’%&?%gﬁdgggl ég
0 . '

wth et ny1oBRE S Bad pdhdf Al el bneah IR RAIE OB 4 N o ir ed

over an hytﬂh@ﬁﬁxtﬁ%égﬁlﬁmeh% 8tand Ii6r 588, hiterovigich deolmivenf @bmpasdour i fi ed
by flash chromatography on Si02 eluting with acetone/chl oroform (Q-2-4-8%

ﬁ(F:) EtC ona}r 28%3218.81 g§4.63((1> lrimgull)dh OBi,CLL Q1 0.55.) g/as spygly ReylqdEg)iter gn addigond SO \vyrH) +.
= 3.280 mn (1009 (YMC S5 | urm, 4. - 90%

g/gldl-v I(-l(Z)@Og Tﬁ’él:i t@ﬁfthg’laml’@‘? 1-82 @&'A%AQ%W}?@? W%(S) ﬁ‘%@aﬁ{ﬁ}g‘f )5(63? t?%l{n?}jsas%%w@grrpou nd

(e S5 coR BB O R e B R P e 106 TPy

m/mn, 2 Z@Pngzct%@ﬁﬂJ).O The nhietue as tieh weshakbseguentially 56th WS HOY oeEY

o S A1 gt v
pyr azi ne- 7(8Hy - car boxyl 1.6 61 d kol FRH WAL B¥danRSk&hoved i 9aldod THY | |
10  crude aldehyde intermediate (1.60 g, 4.34 mmol) was dissolved in THF (25 mL) and
diethyl cyanophosphonate (90%, 0.95 mL, 5.64 mmol) was added followed by benzyl
amine (1.23 mL, 11.3 mmol). After 2 h, the reaction was complete, as observed by
TLC and the volatile organics were removed in vacuo. The crude reaction mixture
was purified by flash chromatography on SiO, eluting with acetone/chloroform (0-2-
15 3% acetone) to give 1.48 g (70%) of intermediate Compound 89C as a white solid.
Compound 89C was determined to be a ~1:1 mixture of diastereomers by NMR

spectroscopy.

D. (1S-endo)-6-Cyano-5-(phenylmethyl)-2,5—diazabicyclo[2.2.1]heptane-
20 2-carboxylic acid, 1,1-dimethylethyl ester (89Di); (1S-ex0)-6-Cyano-5-
(phenylmethyl)-2,5-diazabicyclo[2.2.1]heptane—2—carboxylic acid, 1,1-

dimethylethyl ester (89Dii)

BOC, BOC
4 H { CN
v N.
Lﬁﬂy ‘.
“ICN N H

N

Intermediate Compound 89C (1.48 g, 3.05 mmol) was dissolved in
25  dichloroethane (25 mL) and diisopropyl ethylamine (1.45 mL) was added. The
mixture was heated to 100°C in a sealed tube for 18 h. The volatiles were then
removed in vacuo and the resulting crude material was purified by flash

chromatography on SiO, eluting with acetone/chloroform (0-2-3% acetone), to yield a
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N O NO2 Compound 89G (0.220 g, 0.856 nmmmol) was added to a suspensi on of
freshly activated 4A nol ecular sieves (0.300 g) in dry toluene (10.0 niL).
To this mabuemws3 10 was added 4-nitronaphthal -1-i socyanat BCT/OS@1¥66p, 1.0
mmol ). After stirring at 25C for 14 h, DBU (0.166 nL, 1.11 mmol) was added

and the reaction was heate t 80C r, r .h, the reaction, was
cooled to 25@"@%‘3?%%@@?% omﬂ?‘@dlgfﬁ?lliésgj( 5@;2%/&311% iisraedighe Gomneuid s
extracted w ety A I ( grﬁ‘ﬁ'é?] gg{m' r.gani cs
were dried o%ﬂ@ﬁﬁgﬁg%éggé |eh€1&lssi1% atce.al%% cr utefb‘ir:rgtoe |a*1 1 lj\}/aag&
purified by $9Dbishere MaikafiegNaH)COHESS ahd DEPEINNMRgy petiinbntd- 2- 6% acet one in

chloroformto give 0.211 g of conpound 94 as a yellow foam HPLC. 95 % at
3.130 min (retention tine) (YMC S5 ODS colum 4.6 x 50 mm 10-90% aqueous

nmet hanol zov 4 m ai npin . 2% phosphoy i id, 4 nL/mn,
noni t ori r519 e[ff 22811 %_#ﬁ%q?équmﬁ?h ;%5%§jﬁga?&y§£0122§gﬁ9&%%| e 95

[ 5S- (5a, 8a, 8aa) 1-2]eaicayekydicarld) 200111 dindet - Riovhyl ctep

met hanoi m dazol 1, -EJ')_ a] pyraz)?lr?e- 1, S(DQZH 5H) -'(l}?gtr?tgb( 95) HGVg{gE) f 9, Nr NO
02 - 156 WD 02/00653 PCT/ USO1/ 19663 Conpound 94 (0.160 g, 0.37 mmol) was
di ssolved in nethylene chloride (5.0 nL) and TFA (1.5 nL) was added at 25C.
After 1.5 h, the reaction was concEf rgatagd in vacuo and redissolved in

nmet hyl ene chloride. This solution o, thed with sat ag NaHCO3. The
aqueous | ayer was 5 extracted with met Ry effé chloride (3 x 25 nL). The
conbi ned organics were then dried over_Aankydrous sodi um sul fate.
Concentration in vacuo gave 0.115 g onpound 95 as a yellow solid.

HPLC. 93 %at 1.747 mn (retention ti (YMC S5 ODS columm 4.6 x 50 mm

rln?; rgnpt:f) agueous rfr?tteprgg(ﬁgte%/o%po%ng‘i %1?848(9 Q,t ﬁbg%m?w%g@ﬂggﬁ&&ﬂg%a%ﬁgI d. 4

10  (0.5M, 12.8 mL) and heated to 60°C for 5 h. The reaction was cooled to 0°C and 3 N

HCI (4.0 mL) was added slowly. After 2h at 0°C the reaction was poured into
saturated aqueous NaHCO; (50 mL). The mixture was extracted with CH,Cl, (3 x 50
mL) and the combined organics were dried over anhydrous sodium sulfate. The crude
ester was purified by flash chromatography on SiO, eluting with chloroform/acetone
.15 (0-2-4% acetone) to give 0.320 g ( 0.92 mmol, 72%) of intermediate Compound 89E

as a clear oil.

F. (1S-exo0)-5-(Phenylmethyl)-2,5-diazabicyclo[2.2.1]heptane-
2,6-dicarboxylic acid, 2-(1,1-dimethylethyl) 6-methyl ester (89F)
20

Intermediate Compound 89Dii (0.400 g, 1.28 mmol) was dissolved in
NaOMe (0.5 M, 12.8 mL) and heated to 60°C for 5 h. The reaction was cooled to 0°C
and 3 N HCI (4.0 mL) was added slowly. After 2h at 0°C the reaction was poured
25  into saturated aqueous NaHCO, (50 mL). The mixture was extracted with CH,CL, (3
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10 nonitoring at 220 nm. M5 (ES): mz 369.07 [ MtMeOH] +. Exanpl e 96
[ 5S-(5a, 8a,8aa)]-7-[(4-Fl uorophenyl)sul fonylltetrahydro-2-(4-nitro-1
napht hal evw@b/6®58- net hanoi m dazo[ 1, 5- a] pyr azi ne- 1, 3( 2H, 5HreDUSOIE19636) 01S0O
HON X0 NN 9°"N02 F O 15 Compound 94 (0.025 g, 0.074 mmol) was di ssol ved

in pyridine (0.5 pL) _and then 4-f| uoropherR/I sul fonyl chloride (0.028 g,
0. 148 rmol ) Xwiknhyetihe gpmbined grgapicywepsdried gyer Pusrpodingn sdfateekheat ed i n

. Th , if . h ili
Bt ing ¢ e A bR P i e S, SRERAEL SO DY O"08 e
yel I ow sol i @hlorbbokh/2888m&t0-B34907ceting) 1ol moo( 0.85BmdlY8bYs) s CDS col um

4.6 x 50 mm_ 10-90% aqueous net hanol over 4 mnutes containing O0.2%
phosphori ¢ aefednediateriComipound8OF ava clegr @t 220 rinm), MS (ES): mlz 497.2
[ MPH] +. 225 -157 WD 02/ 00653 PCT/ USO1/ 19663 Exanple 97

(5a, 8a, 83a) -2-(7-Fl uoro-3-benzofuranyl)tetrahydro-5, 8-

met hanoi ni dggo[ 1,(55.%11&8)’-1;»,@11??%2&31)@% 2.2 h 'tﬁﬁé‘sz,gségigffil?ag?gf’héia‘i- 1,1-

Fl uor o- 3- benzof uranyl ) t'etrahydro nmet hanoi m pyridie- 5

1, 3(2H, 5H) - di one didétiyl&h9lf Brmethybegpac@PGely) N)rN NN OOF HO A

7- Fl uor o- 2- benzof urancar boxyclic acid (97A) lo F HO O 10 The reagents
3-fluorosalicyl al dehyde (1.000 g, 7.14 mmol) and ethyl brononal onate
(1.900 g, 7.29 mmol ) were reacted accor,ding to the procedure reported by
Tanaka (J. Am Chem Soc. 1951, 731,30(8N7 to yield

R
N

10

Intermediate Compound 89E (0.280 g, 0.81 mmol) was dissolved in

absolute EtOH (10.0 mL) and Pd/C (10% Pd, 0.080 g) was added. An atmosphere of
H, was introduced via a balloon and the reaction was stirred at 25°C for 20 h. The Pd

15  was removed by filtration through celite followed by rinsing with EtOAc. The
volatiles were removed in vacuo to give Compound 89G (0.205 g, 99%) as viscous
yellow oil. Compound 89G was taken on directly without purification. MS(ES)=m/z
257.18 [M+H]". HPLC RT = 1.223 min (95%) (YMC S5 ODS column, 4.6 X 50
mm; 10-90% MeOH/H,0O gradient,+ 0.1% TFA; 4 mL/min, 220 nM detection).

20
H. (1S-ex0)-2,5-Diazabicyclo[2.2.1]heptane-2,6-dicarboxylic acid, 2-(1,1-
dimethylethyl) 6-methyl ester (89H)
BOC, Q
N/ ~oMe
§H
25

Intermediate Compound 89F (0.310 g, 0.89 mmol) was dissolved in absolute
EtOH (10.0 mL) and Pd/C (10% Pd, 0.080 g) was added. An atmosphere of H, was

introduced via a balloon and the reaction was stirred at 25°C for 20 h. The Pd was
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562 ng (44 % of conpound 97A. 15 B. 3-Bronp-7-fl uorobenzofuran (97B) Br
Epo F Conmpound 97A (562 ng, 3.12 nmmol) was subjected to decarboxyl ation
under thava@eomdisss ons descri bed by Tanaka (J. Am Chem  SPCT/US®BD66373,

872), followed by brom nation and debrom nation in 20 accordance with the

(28 % of  cOTOUAPSGRBAen Brossh lis: Sliousd oy arancarBoRsAT ciaiglorc) |-

-158 WD 02/ : : 7 , 0.87

mrol ) was S%&?%%Fg t?Pﬁ”%?ﬁ?ﬁg%@u}%&%ﬁg%%%0;;?%%%#%. ggaccor dance

vC\:n'h th tgéempz (i'gléxo;mnoﬁtstﬂ@o?ﬂad)gﬂ% gan bﬁagﬂp% disecﬂgr\wf iitlﬂmupﬁﬂigdag(?)%l n Bul I . Soc.
im 0 vielde of conpoun . D

7l or o 3. BUVESITRGrEH KoRgHill HELE R rde ooy GOND (YRSs GDSHeorema,

sol ut i ongof und . b 20 | )n 400 E (2, m. s 10 added,

vi a syri%ged'a an "é'nt%-tgg%g@reg?{tﬁlflg? gﬁdﬁm@ngﬁT%’fdn%%%W DPPA (52 1,
0.24 mol ). déRetigHsul ting m xture was stirred for 2 h, at which tinme the
reaction was quenched by the addition of H2O (2 m). The layers were
separated and t he aqueous |ayer was extracted with Et20 (1 x 5 m). The
conbi ned organi c phases were dried over MgSO4 and concentrated 15 under
reduced pressure to | eave a colorles res'iedéﬂa which was purified by flash
chromatg raphy (silica gel, 0to 5 oo EEORE h hexanes) yielding 36 ng (88
% of c ﬁpound 97D. E.

(5a, 8a, 8a( xJ3$(oz8¢i8 e ; . thybplimyllheglpydro-1.3-dioxo-5.8-
met hanoi m dapefliaeimidamo] U5-atpyradbeHA(8H)-eadbordicadida, Bdieth$)etRyl ester,

(90i)

15 [58-(50..80..8aB)]-2-[4-Cyano-3-(trifluoromethyl)phenyllhexahydro-1.3-dioxo-5.8-
methanoimidazo|1,5-a]pyrazine-7(8H)-carboxylic acid, 1,1-dimethylethyl ester,
(90ii)

N . _CFs
r BV
° )
(@]

20 CN

To a solution of 4-isocyanato-2-(trifluoromethyl)-benzonitrile (1.0 mmol) in
toluene (4 mL) with activated 43 MS (0.300 g) was added Compound 89G (0.220 g,
0.856 mmol) in toluene (6 mL). After 10 h at 25°C, DBU (0.166 mL, 1.11 mmol)

25  was added and the reaction was heated at 81°C for 2 h. The reaction was then cooled
to 25°C and poured into 1 N HC1 (50 mL). The solution was then extracted with
methylene chloride (3 x 30 mL) and the combined organics were dried over
anhydrous sodium sulfate. The resulting crude material was purified by flash
chromatography on SiO, eluting with acetone/chloroform (0-2-4-8% acetone) to give

30  Compound 90i (0.155 g, 42%) MS (ES): m/z 437.09 [M-+H]*. HPLC RT = 3.280 min
(100%) (YMC S5 ODS column, 4.6 X 50 mm; 10-90% MeOH/H,O gradient, + 0.1%
TFA; 4 mI/min, 220 nM detection) and Compound 90ii (0.061 g, 16%) MS (ES): m/z
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(7- Fl uor o- 3- benzof uranyl ) t et rahydr o- 5, 8- net hanoi m dazo[ 1, 5-

al pyridine-1,3(2H 5H)-dione (97EF & 97Eii, respectively). A solution of
conmpound VWG 2/¢®63 ny, 0.18 mMmml) in toluene (1.5 m) 25 weeT/hs@r®a3t o 95C
for 2 h. The reaction was cool ed before 50 ng of freshly activated 4 A nol

Si eves (pomder(reog) and .a sol ution of 2 azabicycl o([:Z. 2.
1] hept ane- 3-B4AIMTHE. FELE REF13mintl 00%2 GRYIC 85 LPSeadimn; 46 X 60 uene

(1.5 m) were addeds, W | £ m Xt, NGS i.rr er ni ght -159 WO
027 00653 PoTTty TP ToRyOH A ek e iy a0 58 B2 A et ehbaibea o
85C for 2 h.agsAftierfogael ing the material was filtered through Celite
eluting with CH2CI2 (50 m ), washed with 1 N HC solution (2 x 25 m) and
concentrated under reduced pressure. The remaining residue was purified by
flash chromat ography (silica gel, 20.to 5.5 % hexanes in CH2Cl2) to give 23
ng (44 °/§ of conpound 97Ei together M—ng (36 %9 of conpound 97Eii as
white solids. Conmpound 97Ei: HPLC. 100 %at 2.93 mn (retention tinme) (YMC
S5 ODS col unmbSk(Ser, Bos Bamde(Huxahpdroal ,Bhlid£th-59.8%madiinoinsid sEI[ N3N0 py iy~ 4

m nutes containing 0.2% Qwggi(ﬁiﬂﬁi&io%etﬂﬂ%%ﬂﬁrgggﬂ2 oring at 220 nm,
M5 (ES): miz 301 [ M+H] +. mpoun i . 6at 3.00 mn

(retention tine) (YMC S5 ODS CO“’;TE(;%H\%X 50 mMm el uting with 10-90%

agueous net hanol over 4 mnutes ¢Q f nihg 0. 2% phosphoric acid, 4 ni/mn,
nmonitoring at 220 nm), M5 (ES): 01 [ M+tH] +. The correspondi ng
conmpounds where the 7-fluoro-3-benzof l)l‘l/g *group is replaced with each
of the EBI | om ng groups were al so prepare <

met hyl , 4,5, 6, 7-t et raf | uor o- 3- benzof uranyl, 3- B8Nz of uranyl, 2-benzofuranyl,
and 2-net hyl - 3-benzofuranyl. Exanple 98 20 [5S-(5a, 8(Xx,

8aa) 1- 2-[ 4- Q/ano-,l%- rifluqraonethyl)phenyl | hexahydro-8a- nethyl-1,3-d

i 0x0- 5, 8- met hanoi % RBRAUI 2OK0. Ly, D 26¢anmol wyas digsplyrq in anhydisug,

1, 1-di et hyln@étﬂylleneeccﬁlgﬁde( 8%‘)1L)~:91d a(?lhy@rous~ TﬁAl\Jl.O mL) was added at 25°C. After 1

h, the reaction was concentrated in vacuo and the resulting residue was dissolved in
15 methylene chloride and poured into saturated aq NaHCO,. This solution was then

extracted with methylene chloride (3 x 10 mL) and the combined organics dried over

anhydrous sodium sulfate. This gave 0.089 g (97%) of free Compound 91 as a yellow

solid. MS (ES): m/z 359.09 [M+Na]". HPLC RT = 1.477 min (100%) (YMC S5 ODS

column, 4.6 X 50 mm; 10-90% MeOH/H,O gradient,+ 0.1% TFA; 4 mL/min, 220 nM
20  detection).
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I\ \r NCF3 0 14 C'"C(CN 25 Compound 90i (0.100 g, 0.229 nmol) was added
to freshly prepared LDA (0.048 nlL diisopropyl amne, 0.186 n_, 1.6M BuLi)
in THE (3vOomesat - 78C. After 30 mn, nethyl iodide (0.PCPURLL/19663458
mmol ) was added and the reaction was slowy warned to -20C over | h and

t hen quenched with - 160 WD 02/00653 PCT/ USO01/ 19663 sat aq ammoni um
chloride. The m xture was then extract Example 9%t hyl ene chloride (3 x 30
m). The organics & . anhydr oys SOdI u . and
concentrated in vdcds® Qrazabigyelof?. giliecpctk which was

t ?/K/E n Sgn o\gst hO:Jt Zp(lLl-glirﬁ&g%léfhyl)'ﬁ’-hﬁéchg%s%@zﬁ) &@R%ﬁ)@@bmfabﬂn tine) 5
t
E:ont ai ni ng chgtgﬁjo Olfd: MM&Q—M 4 aq&:wi wm&ﬁﬁ%mﬁ%@fﬁwﬂsgu;?EQi

T o LT

mz 473.92 [ MrNaH +. 10 Exanple 99 5S- ((321) 8a,

8aa) 1- 4- ( Hexahydr o- |, 3- di oxo- 8a- net hyl - 5, 8- net hanoi m dazo

[1, 5-a] pyrazi n-2(3H)-yI )-2-(trifluoronethyl)benzonitrile (99) CH3 0O HN
CF3 NY N/ o CN 15 Conmpound 98 (0.070 g, 0.156 mmol) was dissolved in

nmet hylene chloride (2.0 nmL) and TFA (0.75 m-) was added at 25C. After 30
mn, the reaction was quenchedyw h /8¢ aq aagl then extracted wth
nmet hyI ene chloride (3 x 30 ). then dried over

anhydr ous sodi um sul fate and — The crude material 20
was purified by preparative T acetone in chloroformto
give 0.031 g of conmpound 99 as a white solid. HPLC. 86% at 1.817 mn
(retention tine) (YMC S5 ODS colum 4.6 x 50 mm 10-90% aqueous

10 This example illustrates a preferred method for obtaining a compound

of formula lla, which compound is useful as an intermediate in the preparation

of compounds of formula | (see, for example, Figure 2 herein).

A. (2R-cis)-4-Hydroxy-1,2-pyrrolidinedicarboxylic acid, 1-(1,1-dimethylethyl) 2-
15 ethyl ester (92A)

Ho,
(P
t-BuO/& oFt

(6]
Cis-4-hydroxy-D-proline (10.0 g, 131.1 mmol) was suspended in absolute

EtOH (100 mL) and anhydrous HC1 (g) was bubbled through the reaction until a
20  homogenous solution resulted. This was left at 25°C for 1 h and then the volatiles
organics were removed in vacuo. The resulting HCI salt was triturated with diéthyl
ether and filtered to give the crude ethyl ester as a white powder. The ethyl ester salt
was used directly in the next reaction.
The salt (~12 g) was suspended in acetone and cooled to 0°C. 10%
25 aq Na,CO; (6.0 mL) was then added followed by BOC,O (1.37 g, 6.29 mmol)
and then the reaction was slowly warmed to 25°C. After 12 h, the reaction

mixture was poured into water and extracted with methylene chloride (3 x 100
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met hanol over 4 m nutes containing 0.2% phosphoric acid, 4 nL/mn,
nmonitoring at 220 nm, MS (ES): mz 351.15 [MrH +. 25 - 161 WD 02/ 00653
PCT/ USO1MQ68®65EXanpl e 100 [ 5S- (5a, 8a, 8aaa) 1- 7- Benzoyl - 2P HUSY1Zr96633 -
(trifluoronethyl)phenyl]tetrahydro-5, 8-nmethanoi m dazo[ 1, 5-a] pyrazi ne-
1,3(2H,5H) -dione, (100) O gJ3o NNCF3/ 05 CN Conpound 99 (0.023 g,
0.066 nmol) Mk tineSeganies Warathem digdoveranndaeuy sodiur julfatd anden TEA
(0.018 nm., 0,132 ). and 4-DVAP (cat wer e ad allo by benzoyl

Chi o 1 de ( 0. SSTLORTARY B3GCHAP pverraide st Al A B o Wiaabwier
concent r at edryid ASHS sl tKBADPWthblehrtR¥ paaRatigh! ve TLC on silica
eluting with 7% acetone in chloroformto give 0.021 g of conpound 100 as a
white foam HPLC. 100% at 2.927 mn (retention tinme) (YMC S5 ODS col umm
4.6 x 50_mm_ 10-90% agueous, net hanol qQver 4 mnutes containing 0.2%
phosphor Pc & B-tranﬁ)-ﬁre[ﬁﬁ-'wﬁ"ﬁwlBhpngﬁawfenwlam-1,pasoxlﬁsjldmers m z 455. 10

[ MiH] {. Exa %5--5* . P )

uor obenzoyl @é?rr a (!{rcoﬁael ( j-(ﬁ’?lt ggﬁ%i_hy?et(lﬂﬂfé ethyl ester (32B)

napht hal enyl ) - 5, 8- net hanoi m dazo[ 1, 5f&) pyr azi ne- 1, 3( 2H, 5H) - di one (101) O/
Ho FNNN/ I O20 N

e O
N <OEt
t-BuO&O

The crude compound 92A (1.41 g, 5.44 mmol) was dissolved in THF (50 mL)
10 and PhsP (1.86 g, 70.8 mmol) was added. The mixture was cooled to 0°C
and DEAD (1.11 mL, 70.8 mmol) was added. After 15 min, methyl
paratoluenesulfonate (1.32 g, 70.8 mmol) was then added and the solution
was slowly warmed to 25°C. After 14 h, the reaction was concentrated in
vacuo and purified by flash chromatography on silica eluting with acetone in
15 chloroform (0 — 2- 3% acetone) to give 0.845 g of the desired compound 92B
as a yellow oil. HPLC RT = 3.373 min (95%) (YMC S5 ODS column, 4.6 X 50
mm; 10-90% MeOH/H,O gradient,+ 0.1% TFA; 4 mL/min, 220 nM detection).

This material was taken on without further purification.

20 C. (2R-trans)-2-(Hydroxymethyl)-4-[[(4-methylphenyl)sulfonyl]oxy-1-
pyrrolidinecarboxylic acid, 1,1-dimethyl ester (92C)

25 The crude compound 92B (5.50 g, 13.32 mmol) was dissolved in THF
(150 mL) and cooled to 0°C. LiBH, (2.0 M in THF, 16.7 mL, 33.3 mmol) was

then slowly added and the reaction was allowed to warm to 25°C slowly.
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Compound 95 (0.077 g, 0.228 mmol) was dissolved in nethylene chloride (2.0
m.) and TEA (0.127 nL, 0.912 mmol) and 4-DVAP (0.001 g) were added. The
reacti onwas2/ewsd ed to 0C and 4-fl uorobenzoyl chl ori de (0.PdDUR/19663342
mmol ) was 25 added. The reaction was then slowy warnmed to 25C. After 3 h,

t he reaction_was 162 WO 02/ 00653 PCT/USO1/ 19663 diluted wth nethylene
chlori de (SOL\fFﬁ_rﬂdehéhﬁﬁﬁ'ﬁt%émcgﬂééé%& Gang tﬂ?trﬁa@tﬂ@ﬂ-ﬂas ieached aq

NaHCO3 t hen S rial was
pur 1 ed by ‘BEuaerd fo Mol adtDies! RUOLFRH Ty Aol 8 miMidhg o ae

chl or of or m tppged it sB2RIaBICD, aﬁmuadtea%tramemw@hé @mo'iri@ilel wa 3 100 %
at 5 2.960 mn(retentlontlrre) (YMC S5 ODS colum 4.6 X 90%

aqueous met mﬁbﬂhecﬁ@@nbme%omrégs wﬁeajlrlﬁﬂmeoaa%cﬁmus;ﬂ@dmm saltfa’@ Thisl/ mi n,

nonitori pg a 1 07 102,10
F55—(5a,§ Ecr@%ﬁ%‘Bg h#&[ﬁn@é G e %@h@'ﬁx "ghngi‘é’éas taken on
isoxazolylc gqﬁul t da. LY one
(102A), F58—(5a Sghgggégcrc{m_l?gl‘_@ Igirll-o %@%§prﬁtnﬁ(]g|@gn§ ahygro ?&%n@{l 0X0-
5, 8- met hanoi4B dazo im51 9096 Me@E/HCB Hhadiantbofyi% d'FanlzldmLAﬂm geoaomhenyl
ester (102B) é S- (5a, 8a, 8aa) 1- 2- (4-Cyano-1 15

napht hal enqueit ¢YoMydr o- 7-[ (1- met hyl - 1 H-i mi dazol - 4-yl ) sul fonyl ] -5, 8-
met hanoi m dazo[ 1, 5- a] pyrazi ne-1, 3(2H, 5H) - di one (102C) & [5S- (5a, 8a, 8aa
1- 2- (4- Cyano- 1- napht hal enyl ) - N- (4-f | uor ophenyl ) hexahydr o-

1, 3- di 040- 5,3~ rret(nR:t@amplaqc&&na{(mwymeﬂwlya(rﬂmo]mhwemc[[(if- (102D)

SoI ution Phase Library Synthesis 20 The bel ow procedure is gener al
approach to the dyatmérhenyl-sultamdlerd- 10Pylfr9llﬁlm%arprYIle@Gld,st'i,ﬂm phase

library format. ription of individual conmpounds nmade
via this conbi na?&%&ﬁy%gﬁﬁoéét%r (ggﬁf 25 A series of free am ne
starting materials, analogous to the structur of

[ 5S- (5a, 8a, 8a(x)] - Tetrahydro- 2- (4-mot r o- 1-a| enyl)-5,8

met hanoi m dazo[ 1, 5- a] pyrazi ne-1, 3(2H, - qLohe” (0. 05 mmol, prepared as
described in Exanple 95) were dissol “Kn di chl oromethane (1.5 m-) in a

t-BuO&()

15 To a solution of oxalyl chloride (2.0 M soln in CH,CI, , 2.82 mL) in
CH,Cl, (40 mL) at -78°C was added anhydrous dimethylsulfoxide (0.462 mL,
6.51 mmol). The mixture was allowed to stand for 15 min, after which a
solution of compound 92C (1.61 g, 4.34 mmol) in CH,CI, (10 mL) was slowly
added. After an additional 30 min, triethylamine (1.81 mL, 13.02 mmol) was

20 added and the reaction was slowly warmed to 0°C. The reaction was then
quenched with H,O (25 mL) and diluted with CH,Cl, (100 mL). The mixture
was then washed sequentially with 1 N HCI (1 x 100 mL), saturated aqueous
NaHCO, (50 mL), and water (2 x 50 mL). The organics were dried over
anhydrous sodium suifate and the volatile organics removed in vacuo. The

25 crude aldehyde intermediate (1.60 g, 4.34 mmol) was dissolved in THF (25
mL) and diethyl cyanophosphonate (90%, 0.95 mL, 5.64 mmol) was added
followed by benzyl amine (1.23 mL, 11.3 mmol). After 2 h, the reaction was

complete, as observed by TLC and the volatile organics were removed in
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pol ystyrene tube with a coarse frit. N, N (D isopropyl)am nonet hyl

pol ystyrene 30 (3.49 mmol /g, 60 ng) was then added to each reaction vessel
f ol | owed Vg 02/6m853 addi ti on of the desired acid chloride, iBOTY&NANEG3

chl oroformate or sulfonyl chloride (0.10 mmmol) in 0.5 nL dichl or oet hane by

aut omat ed synt hesi.zer. - 163 . WD O)ﬁ/ 00653 PC}I,’%(#JSO 1%6(%?#? The reaction
vessel s wer e’%H8k dMea¢ruds Eepgiionmixure.yas pafi y}(’a?- MGALIPHIRAI ne
Pol yst - .
ot i on vessD: chitfiy\itn BEstonclonpBRa (-2 K% BRI o FRELASY BRFD) | i 4

from each t ulfénterrnediaté Gathpoura P2Raaredhie Sofid. Sompolwso2Ddvds the resin
was rinsed with dichloromethane (3 x 0.25 nlL). The pretared tubes were
then concentdeieERnaddo sea y1 amixtureref diastergompsdia VIR epreirosaapyC;
(Phenonegex-Prime 5p. C 18 colum 4.6 x 50 mmeluting with 10- 90% aqueous
met hanol "over 4 mnutes containing 0.1 % TFA, 4 nL/mn, nonitoring at 220
nm. 10 A [BS ( {@R&mASRE)(yRrol S-SV BndthpBS-aalaBYdyHiofs 2.2 el ( 5-

i soxazol yl car bonfl(l )-5, Smtﬁanoi r(n&aazo[ 1, gl?a] pyr azi r%’e- ﬁl, 3(2 Efjgllfal) -di one
(102A) OH ~. O2-¢sarboxyli¢ add,d, Cdimethylethyl ester (92Ei); (1R-exo0)-6-Cyano-5-

5S- (5a, 8a, 8aa)] -4; xahy - 1..3-di.oxo- -Jret hanqQi m daz 1, 5-

Ea] py§ azi n- 2( 3H§ ] )fpﬁl‘gnl_}‘?mr‘? bt {'g’gf‘gﬁ@g’é‘?yﬁg’r#{zﬁﬂgé’tfﬁ?‘gﬁrg‘?xyg&(99'41’ bdol) was

di ssolved in di diRiyIEhPPORe{(@2R5i1) in a polystyrene tube with a coarse
frit. N,N 20 (D isopropyl)am nonethyl polystyrene (3.49 nmmol/g, 65 ng) was

then added to each reaction_vedgsegodoll owed by ad itg@(g of isoxazol aci d
chloride (0.025 g, 0.19 m"mlljC Ke tube was shdke A&t 25C for 24 h and
then Tris-(2-Am noet hyl)am ng" styrene HL {(R00- mesh, 3.3 muol /g, 75
ng) was added to the reactgoQ vessel and it s ghaken again for 18 h at
25C. The liquid was drai no a pretared @‘fg m STR tube and the
resin wd® rinsed with dichl’eronet hane (3 x 0. m) .

Intermediate compound 92D (1.48 g, 3.05 mmol) was dissolved in

—

dichloroethane (25 mL) and diisopropyl ethylamine (1.45 mL) was added.
The mixture was heated to 100°C in a sealed tube for 18 h. The volatiles
were then removed in vacuo and the resulting crude material was purified by
15 flash chromatography on SiO, eluting with acetone/chloroform (0-2-3%
acetone), to yield a mixture of intermediate compound 92Ei (0.591 g, 62%)
and intermediate compound 92Eii (0.370 g, 38%) as clear oils. Structural
assignments for Compounds 92Ei and 92Eii were made after NOE, COESY
and DEPT NMR experiments.
20
F. (1R-endo)-5-(Phenylmethyl)-2,5-diazabicyclo[2.2.1]heptane-
2,6-dicarboxylic acid, 2-(1,1-dimethylethyl) 6-methyl ester (92F)

q JBoc

Y

Y
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Concentration in vacuo gave the crude conmpound 102A (0.058 g) as a yellow

solid. No purification was necessary. HPLC. 100% at 2.237 min (retention

time) (YMDBH0068DS colum 4.6 x 50 nm 10-90% aqueous net hanoboiowess 4

m nutes containing - 164 WD 02/00653 PCT/US01/ 19663 0. 2% phosphoric acid,

4 mihnin, i tor t, 22 . : 414 11 [MrH +. B.
[55 ( g:a,nSa,rrgg:a) ]O i ‘Iit-ré?ﬁfaeééﬁ 230?%%‘5%5#%%@%&9@ a1h€§i PB’I‘?{) 3"%] @ﬁ%ﬁl?v%d in

5, 8- met hanoiny i ' i , henyl
AL 133%”5/‘?@8(@5 gn,iﬂg%m@'d?ggﬁs@ 1680514t 5. Aféredtiioh W opheny
S- (5a, 8a, Baapplett toHe3GAnd rAoN HGH(di ®mb.) el ad duhsloivty. daftef 2 b, 4t 0B the

al pyr azi n- 2(3I—%q; | ) - 1- napht hal enecarbonitrile (0.030 a 0.094 mmol) was
di ssol ved i"R@ V8P faired o satusated) aqueonsNabISQe(8A énlt ubEhanmixiuee coar se

frit. N, i i |, )-a1m I -4 | g, 65

then adagd (O aaRetBd W PACEL L s B BhARESobnbiRy BRsheb were BRBa 4

4-f | uor Ophe@vbﬁhhﬁ%@t‘fd@(sr@idmrh%u%%. aThdcARie &aTBF Was Pfifitd DS 14ap shaken at
25C for 24 h and then Tris-(2-Am noet hyl)am ne 15 Pol ystyréene HL (200-400

mesh, 3.3 mebromatopsaplgy onasOg ettdingivaith pllorafaoniametares@ep-4% adeionehis
hak in.f h 25C. liqujd drai ned i t d 2.5
o STR ¢ ape 0370 ¢ (Eba e, ke e meRiatAicom WA fe BicTedal

Concentration in vacuo gave crude conpound 102B (0.053 g) as a yellow
solid. No purification was necessary. HPLC. 93% at 2.987 mn (retention

tine) (YOC & ODEIR&ex)HiHPhenymethgl)25-didzaltityetp]2@ s heptiaearol over 4

m nutes contaiping, 0.2% phosphaorij.c %cid 4 m/mn, nonitoring at 220 nn).
VB (ES): iz 42@_- ar H}ll?u_: actd, 2-(1,1- imethylethyl) 6-methyl ester (92G)

[ 5S- (5a, 8a, 8aa) ] - 2- (4- Cyano- 1- napht hal enyl )tetrahydro-7-[(1 nmethyl -1

H i m dazol - 4-yl ) sul fonyl ] -5, 8- net hanoi m dazo[ 1, 5- 25
a] pyrazi ne-1, 3(2H, 5H) - di one (102C) -16bH 04400653 PCT/ US01/ 19663

MeO \ N
~

T N

0

Intermediate compound 92Eii (0.400 g, 1.28 mmol) was dissolved in
15 NaOMe (0.5 M, 12.8 mL) and heated to 60°C for 5 h. The reaction was
cooled to 0°C and 3 N HCI (4.0 mL) was added slowly. After 2 h at 0°C the
reaction was poured into saturated aqueous NaHCQ, (50 mL). The mixture
was extracted with CH,Cl, (3 x 50 mL) and the combined organics were dried
over anhydrous sodium sulfate. The crude ester was purified by flash
20  chromatography on SiO, eluting with chloroform/acetone (0-2-4% acetone) to

give 0.290 g (0.85 mmol, 66%) of intermediate compound 92G as a clear oil.
H. (1R-endo)-2,5-Diazabicyclo[2.2.1]heptane-2,6-dicarboxylic acid, 2-

(1,1-dimethylethyl) 6-methyl ester (92H)
25

- 1563 -



O HSN O -NNNN9" ON [5

S- (5a, 8a, 8aa) ] - 4- (Hexahydr o- 1, 3-di oxo-5, 8-net hanoi mdazo [ 1,5

a] pyrazi wQ@(Bed5y1) - 1-napht hal enecarbonitrile (0.030 g, BCD®80wmyed3) was
dissolved 5 in dichloronmethane (2.0 nmL.) in a polystyrene tube with a
coarse frit. N,N- (Diisopropyl)am nonethyl polystyrene (3.49 mnol/g, 65
ng) was then added to each reaction vessel followed by addition of

i m dazol esul fonyl chloride (0.034 g, 0.19 mol). The tube was shaken at 25C
for 24 h and then Tniegnédiatdwpmpeindyd2F(0i286 g, PAll ysmyl) evas disoly@Dir 400 nesh,
3.3 mol /g, 75 dded t o, t reaction yessel 10 and it was shaken
again for 1§bwl‘ggﬁé%§(l$ﬁénﬂ)%#§é§0%féi ﬁ@éoig?ﬁ”és defla Ascptmosphere oISTR

t ube andgt hey r.esi: ' j i . o )

Concent rgti g{ﬁvﬁﬁ 1@5%%%%2@} t l\é%%%%gg%)a%%gun Q%ﬁ}g%{%&)é O(S;&g%)OrﬂésT%e % | ow
solid. No pukiréheedd Bnfik@tdonteandaklite folfbfed BPridsiag withGABG AR Ther et ent i on
time) (YMC S5 ODS colum 4.6 x 50 nmm 10-90% aqueous net hanol over 4

m nut es contValatilesgvers ramawsl invaphde evesempound RAH9.305 sftd%)masivisgons 220
nm. M (ES);;,m z..463. 07 +. . D. . . . .

155 (5a, 8a. S2ugt 5 Cm@dut MNES pRen pr et iiiont puriication. MS(ES)=nvz

f 1 uor ophenybyhes aimaiio- kpcit o, b38niRbBH) ey Mic82 ells ssludf, 4.6 X 50

a] pyrazi ne-7(8H) - carboxam de (102D) ~~ OO \ HHNHNNCN 0 9r -166 WO
02/ 006530 PCTHSIEPABAFI8OH]H,0 gradient,+ 0.1% TFA; 4 mL/min, 220 nM detection).

S-(5a, 8a, 8aa) ] - 4- (Hexahydr o- 1, 3- di oxo- 5, 8- net hanoi m dazo[ 1,5

al pyrazi n-2(3H)-yl)-1-napht hal enecarbonitrile (0.030 g, 0.094 mmol) was

di ssol ved  in di ¢[RQxEIBEIBASGaNiRydo32.11hBpAnRD, ¢ aicuEoNGIE UbRA, ¥ii g-a coarse

frit. NN
dimethylethyl) 6-methyl ester (921)
Q BoC
MeO” NV
15 5O

Intermediate compound 92G (0.310 g, 0.89 mmol) was dissolved in absolute

EtOH (10.0 mL) and Pd/C (10% Pd, 0.080 g) was added. An atmosphere of H, was
introduced via a balloon and the reaction was stirred at 25°C for 20 h. The Pd was

20  removed by filtration through celite, followed by rinsing with EtOAc. The volatiles
were removed in vacuo to give compound 921 (0.210 g, 92%) as a viscous yellow oil.
Compound 92I can be taken on directly without purification. MS(ES)=m/z 257.16
[M+H]" HPLC RT = 1.293 min (90%) (YMC S5 ODS column, 4.6 X 50 mm; 10-
90% MeOH/H,0 gradient,+ 0.1% TFA; 4 mL/min, 220 nM detection).

25
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(Dii sopropyl )am noi net hyl polystyrene (3.49 nmol/g, 65 ng) was then added
to each 5 reaction vessel followed by addition of 4-fluorophenylisocyanate
(0.026 gwO0i®esamol ). The tube was shaken at 25C for 24 PCEHUM01/19663

Tris-(2-Am noet hyl )am ne Pol ystyrene HL (200-400 nesh, 3.3 mmol /g, 75 ng)
was added to the reaction vessel and it was shaken again for 18 h at 25C
The liquid was drained into a pr et ar Edample 931 STR t ube and the resin was

rinsed w th BRBL8QERESANFDEFhydrQ-2R1T-dimekRylcRS ORIy B ¥ ALY S- Jave
the crude comD gyl iehil A PRHIMrafiAyH oMby YD ATIAL fA5] N v

necessary. HPLC—IO0Yat 2690 mrm (retenttom trme) ('™ &BS—<olum 4.6
X 50 mm _10- 90% aqueous rret hanoI over 4 m nut es cont a| n| n? 0 2% phosphorl C
acid, 4 o/ e 888 gt 1. Ipdingqt ] ;

Exarrpl e 103 methan01m1dazo[1 3-a]pyrazin-2-yl]-2- (trlﬂuoromethvl)benzomtl ile (9311)

[ 5S-(5a, 8a. 8a(3)] - Tetrahydro-2-(4-nitro-1-naphthal enyl)-7-(phenyl nethyl) -
5, 8- net hanoi m dazo[ 1, 5- a] pyrazi ne-1, 3(2H,5H)-di one (103) Ck H ~~N' ~~O

Nk N/ O N2 20 The TFA salt of the conpound 95 (0.010 g, 0.022 nmol) was
di ssolved in DWW (O. 5% fQIIowed by addition of K2C03 {0,409 g, 0.088

Des
P

mol ) and benzyl bro nm, 0.044 mol). er t he DMF was
renoved i n vacuo an u fe product was puri ] A

chromat ography on sili ca el % 5% ac ne\25\id_chl oroform Thi s
gave 0.008 g of conpound 10 el | ow soli rofon°NMR  showed an

intact hydantoin ring system HPLC: A00% at 2.28m mn (retention tine)
(YMC 851 S colum 4.6 x 50 mm 10-90% aqueous net hanol over 4 m nutes
cont ai ning 0.2% phosphoric acid, 4 nL/mn, nonitoring at 220 nm, M (ES):

mz 461.12 [ MrHeQsbiution ofalsoMarikib H@afudieridisiibd s itrile (1.0 mmol)

in toluene (4 mL) with activated 4A MS (0.300 g) was added Compound 92H
or 921 (0.220 g, 0.856 mmol) (compounds epimerize to form same product) in
toluene (6 mL). After 10 h at 25°C, DBU (0.166 mL, 1.11 mmol) was added

15  and the reaction was heated at 81°C for 2 h. The reaction was then cooled to
25°C and poured into 1 N HCI (50 mL). The solution was then extracted with
methylene chloride (3 x 30 mL) and the combined organics were dried over
anhydrous sodium sulfate. The resulting crude material was purified by flash
chromatography on SiO, eluting with acetone/chloroform (0-2-4-8% acetone)

20 to give Compound 93i (0.155 g, 42%) MS (ES): m/z 437.09 [M+H]'. HPLC
RT = 3.280 min (100%) (YMC S5 ODS column, 4.6 X 50 mm; 10-90%
MeOH/H,0 gradient, + 0.1% TFA; 4 mL/min, 220 nM detection) and
Compound 93ii (0.061 g, 16%) MS (ES): m/z 437.09 [M+H]*. HPLC RT =
3.133 min (100%) (YMC S5 ODS column, 4.6 X 50 mm; 10-90% MeOH/H,O

25 gradient,+ 0.1% TFA; 4 mL/min, 220 nM detection); both as white foams.
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Exanpl es 104 to 199 Additional conpounds of the present invention were
prepared by procedures 5 analogous to those descri bed above. The conpounds
of Exanpive@ 0d@és3 0 199 have the following structure (L i BCHUB@IM®$63 H O X
KN Y N O 10 where G X, the conpound nane, retention tinme, nolecular nass,
and the procedure enployed, are set_forth in Table 3. The chronat ography

t echni ques used to determ ne the cdﬁﬁﬂﬂﬂhﬂkbtentlon times of Table 3 are

as foll ows: LCMB-g _ A . ! 210 90%
MeOH H20 over 4 ° 7 g at 220
nm LCMS* = Mﬁﬁ)l%ﬂ?ﬁ §Qiﬁymzmé-7@8ﬁ) 5&1‘%&& hkﬁ&,”ﬂl%ﬁn@thﬂyﬁ’e;ﬁﬁ%s%a"/ H20

over 2 m nut es contarntng  U. 1% IFA; 4 L/, Mo torrng at 2ZZu1mm

YMC S5 CDS colum 4.6 x 50 mmeluting ()h 10-90% MeOH H20 over 4 mnutes
cont ai nlgg 0. 2% phosphoric acid, 4 nL/mn, nonitoring at 220 nm The

nol ecul mass of the conpounds listed in Table 3 were determ ned by M5
(ES) by the formula mz. 20 Table
Conmpound Mol ecul ar of No G X
3.13 93 [4-Cyano-3- LCI O
di oxo-5, 8- net hanoi m dazo[ 1, 5- a] py,
di met hyl et hyl ester. )I/N

Retention Tine Mn./ Procedure Ex.
104 N O [5R-(5a, 8a, 8aa)] - 2-

ydro-1,3 F3C CN H3C CH3

(8 arboxylic acid, 1,1-

NO,

Compound 89G (0.220 g, 0.856 mmol) was added to a suspension of freshly

activated 4A molecular sieves (0.300 g) in dry toluene (10.0 mL). To this mixture

10 was added 4-nitronaphthal-1-isocyanate (0.214 g, 1.0 mmol). After stirring at 25°C
for 14 h, DBU (0.166 mL, 1.11 mmol) was added and the reaction was heated at 80°C
for 2 h. After 2 h, the reaction was cooled to 25°C and then poured into 1 N HC1 (50
mkL). This solution was extracted with methylene chloride (3 x 30 mL) and the
combined organics were dried over anhydrous sodium sulfate. The crude material

15  was purified by flash chromatography on silica eluting with 0-2-6% acetone in
chloroform to give 0.211 g of compound 94 as a yellow foam. HPLC: 95 % at
3.130 min (retention time) (YMC S5 ODS column 4.6 x 50 mm, 10-90%
aqueous methanol over 4 minutes containing 0.2% phosphoric acid, 4
mL/min, monitoring at 220 nm). MS (ES): m/z 439.19 [M+H]".

20

Example 95
[5S-(50.8a.8aa)]-Tetrahydro-2-(4-nitro-1-naphthalenyl)-5.8
methanoimidazo[1,5-a]pyrazine-1,3(2H,5H)-dione (95)

‘HO
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-168 WD 02/ 00653 PCT/ US01/ 19663 Retention Tinme Mn./ Procedure EXx.
Compound Mol ecular of No G x Nanme Mass Ex. 105 N O [5R-(5a, 8a, 8aa)] -

93, 94 / Werabnsss o- 2- (4-nitro-

di hyl et hyl . 106 NH [5R-(5 , 8 - 1.76 93, 95
Tetr ;hgdﬁ)- 2 ( ?1-5?émBQU'E‘é:g%br@&(ﬂﬁ&gé@ﬁ“%&%ﬁ ‘}'ﬁ%‘?'bﬂﬁadﬁ' methylspe, 5 No2
a] pyrazine- gy

(Hoxanyr o £ KEAGMEREFTFATLS M LR B MAPE) Iafler st e 1

a] pyr azi n- 2(ré&ftion yva2-combeltratetilin vacoe bhylrbbigsaioed i tidth@endhidNde.

[5S-(5a,8a,8aa)]-4-. 2.98

100 7-
CN met hanoi nili&selution was washeé with sat aqg NaHCO,. The aqueous layer was

5

10

15

20

25

extracted with methylene chloride (3 x 25 mL). The combined organics were
then dried over anhydrous sodium sulfate. Concentration in vacuo gave
0.115 g of compound 95 as a yellow solid. HPLC: 93 % at 1.747 min
(retention time) (YMC S5 ODS column 4.6 x 50 mm, 10-90% aqueous
methanol over 4 minutes containing 0.2% phosphoric acid, 4 mL/min,
monitoring at 220 nm). MS (ES): m/z 369.07 [M+MeOH]".

Example 96
[5S-(5¢.8c.8aa)]-7-[(4-Fluorophenyl)sulfonylltetrahydro-2-(4-nitro-1-
naphthalenyl)-5,8-methanoimidazo[1,5-a]pyrazine-1,3(2H,5H)-dione (96)

0
O~ /, H
b
Q N)]/N ‘
e
NO,

Compound 94 (0.025 g, 0.074 mmol) was dissolved in pyridine (0.5 mL)
and then 4-fluorophenylsulfonyl chloride (0.028 g, 0.148 mmol) was added. After 16
h at 25°C, the reaction was concentrated in vacuo. The crude product was purified by
flash chromatography on silica eluting with 5% acetone in chloroform to give 0.029 g
of compound 96 as a yellow solid. HPLC: 99% at 3.107 min (retention time) (YMC
S5 ODS column 4.6 x 50 mm, 10-90% aqueous methanol over 4 minutes containing
0.2% phosphoric acid, 4 mL/min, monitoring at 220 nm), MS (ES): m/z 497.2
[M+H]".
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al] py raz i

n-2 (3 H-yl)-2- (trifluoronmethyl)benzo nitrile. 109 N O

[5S-(5a,8a,8a(x)]-2- 3.12 102B [4-Cyano-3- LC O (trifl uoronethyl)pheny
F3C 1] hewaby2iomwsd, 3- CN di oxo-5, 8 net hanoi m dazo[ 1, 5- a] ppeHDSIEGE38H) -
carboxylic acid, phenylnethyl ester. 110 CH2 [5S-(5a,8a,8aa)]- 2.46 7 H3C
Tetrahydro-2-(2- LC | nethyl-4-nitrophenyl)- 5,8- NO2 nethanoi m dazo[ 1,5

al pyri di ne-
Time Mn.!

N-CH3 [5S- (5a, 8a,

1, 3(2H, 5H) - di one. - 169__&@@2130653 PCT/ USO1/ 19663 Retenti on
Pr oceduse :
2pyp80.Saelwa(/ghluargss-hen 83.- di oxo- 5, 8-

F3C et hanoi m fagplrbithi &JMWya%vﬁaﬁ.(e%zm%m d.&a'é (5950 12enZ0

nitril e.

10

15

20

Fluoro-3-benzofuranyl)tetrahydro-5,8-methanoimidazo[1,5-a]pyridine-
1,3(2H,5H)-dione (97Ei & 97Eii, respectively)

H O

0 o F
r :
0 \o F ﬁ o]

A. 7-Fluoro-2-benzofurancarboxyclic acid (97A)

HO Y
o]

The reagents 3-fluorosalicylaldehyde (1.000 g, 7.14 mmol) and ethyl
bromomalonate (1.900 g, 7.29 mmol) were reacted according to the
procedure reported by Tanaka (J. Am. Chem. Soc. 1951, 73, 872) to yield
562 mg (44 %) of compound 97A.

B. 3-Bromo-7-fluorobenzofuran (97B)

BI‘\EQ
\O .

Compound 97A (562 mg, 3.12 mmol) was subjected to
decarboxylation under the conditions described by Tanaka (J. Am. Chem.
Soc. 1951, 73, 872), followed by bromination and debromination in
accordance with the procedures described by Mochida et al. (EP 355827 A2)
to afforded 186 mg (28 %) of compound 97B.

C. 7-Fluoro-3-benzofurancarboxyclic acid (97C)
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112 N O [5S-(5a, 8a,8aa)]-7- 2.86 98A Benzoyltetrahydro-2- LC\ | /
(4-nitro-1- naphthal enyl)-5,8- NOZ net hanoi m dazo[ 1,5 a] pyrazi ne-
1, 3(2H, 5Wodr/awes 113 N O [5S-(5a, 8a,8aa)]- 3.27 98B Hexmtipasa/26434-nitr o-
LC O 1-naphthal enyl)-1,3- dioxo-5,8 NOZ net hanoi m dazo[ 1, 5-
a] pyrazine-7(8H)- carboxylic acid, phenylnethyl ester. 114 CH2
[6S-(5a,8a,8aa)]- 2.66 7 Tet rahydro- Ot nmet hyl - 4-ni trophenyl) H3C
5,8- NOZ net hanoi m dazo[ 1, 5- a] pyrlg PH, 5H) - di one. 115 N-CH3
[ 5S-(5a,8a,8aa)]- 1.79 Tetrahydro- [
napht hal enyl ) -5, 8- NO2 net hanoi m dazo[ 1, % a] pyri dine- 1, 3( 2H, 5H) - di one.
116 1 158 (5a, 858(?@%1md 978l B%%‘;’rngr 0 87 iRy 8y dUiBjeiddf toMthiafion LC
1- napht hal enyl) propen -5,

followed by carboxylation, in accordance with the procedures described by

Cugnon de Sévricourt et. al., Bull. Soc. Chim. 144 (1977), to yielded 36 mg
5 (23 %) of compound 97C.

D. 7-Fluoro-3-benzofurancarboxylic acid azide (97D)

Té ;::
o) \ .

0

To a solution of compound 97C (36 mg, 0.20 mmol) in THF (2 ml) was
10 added, via syringe at ambient temperature, Et;N (33 pl, 0.24 mmol) and
DPPA (52 pl, 0.24 mmol). The resulting mixture was stirred for 2 h, at which
time the reaction was quenched by the addition of H,O (2 ml). The layers
were separated and the aqueous layer was extracted with Et,0 (1 x 5 ml).
The combined organic phases were dried over MgSO, and concentrated
15 under reduced pressure to leave a colorless residue which was purified by
flash chromatography (silica gel, 0 to 5 % EtOAc in hexanes) yielding 36 mg

(88 %) of compound 97D.

E. (5a.,80,8aa)-2-(7-Fluoro-3-benzofuranyl)tetrahydro-5,8-
20 methanoimidazo[1,5-a]pyridine-1,3(2H,5H)-dione & (5c,8c,8ap)-2-
(7-Fluoro-3-benzofuranyl)tetrahydro-5,8-methanoimidazo[1,5-
a]pyridine-1,3(2H,5H)-dione (97Ei & 97Eii, respectively).

A solution of compound 97D (36 mg, 0.18 mmol) in toluene (1.5 ml)
25 was heated to 95°C for 2 h. The reaction was cooled before 50 mg of freshly
activated 4 A mol sieves (powdered) and a solution of 2-
azabicyclo[2.2.1]heptane-3-carboxylic acid, ethyl ester (32 mg, 0.19 mmol) in

toluene (1.5 ml) were added. The resulting mixture was stirred overnight,
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NO2 net hanoi m dazo[ 1, 5- a] pyrazine- 1,3(2H, 5H)-dione. 117 N
[5S-(5a,8a,8aa)]-4- 2.81 103 |[Hexahydro-1,3- LC dioxo-7 F3C/

(phenyl navdy2)0653 8- CN net hanoi m dazo[ 1, 5- a] pyrazi n-2(BCHUsewi9ea- - 170
WO 02/ 00653 PCT/ USOl/ 19663 Ret ent [ on Time Mn./ Procedure Ex. Conpound
Mol ecul ar of I f1 uor onet hy benzo nitrile. 118 H

3.06 103 [5@6(%%(1 %Ihd?aléﬂ 30|M+P ZOWm@{)raa}ﬁ&/fdﬁaith ritfen2 h. @fter cooling

T 30or 5ty - areitend B ARG niufin O TAN AT AT GomnNB¥ S, ¢
Fi uor opheny Iyt NQGI sollifiéh [2x P5tl) @nd-dohcBnirbte?r uhiest rédﬂé‘éﬂ‘bf&lsgfb") 5,8 F

met hanoi m dazo[ 1, 5- a] pyr azi ne-
The remaining residue was purified by flash chromatography (silica gel, 20 to

5 5 % hexanes in CH,CL,) to give 23 mg (44 %) of compound 97Ei together with
19 mg (36 %) of compound 97Eii as white solids. Compound 97Ei: HPLC:
100 % at 2.93 min (retention time) (YMC S5 ODS column 4.6 x 50 mm eluting
with 10-90% aqueous methanol over 4 minutes containing 0.2% phosphoric
acid, 4 mL/min, monitoring at 220 nm), MS (ES): m/z 301 [M+H]".

10  Compound 97Eii: HPLC: 100 % at 3.00 min (retention time) (YMC S5 ODS
column 4.6 x 50 mm eluting with 10-90% aqueous methanol over 4 minutes
containing 0.2% phosphoric acid, 4 mL/min, monitoring at 220 nm), MS (ES):
m/z 301 [M+H]".

The corresponding compounds where the 7-fluoro-3-benzofuranyl

15 group is replaced with each of the following groups were also prepared: 2-

methyl,4,5,6,7-tetrafluoro-3-benzofuranyl, 3-benzofuranyl, 2-benzofuranyl,

and 2-methyl-3-benzofuranyl.

Example 98
20 [5S-(5¢.,8a, 8an)]-2-[4-Cyano-3-(trifluoromethyl)phenyllhexahydro-8a-

methyl-1,3-dioxo-5,8-methanoimidazo[1,5-a]pyrazine-7(8H)-carboxylic
acid, 1,1-dimethylethyl ester (98)

0
o CH,
9 a4
CN
25 Compound 90i (0.100 g, 0.229 mmol) was added to freshly prepared
LDA (0.048 mL diisopropyl amine, 0.186 mL, 1.6M BulLi) in THF (3.0 mL) at —

78°C. After 30 min, methyl iodide (0.029 mL, 0.458 mmol) was added and

the reaction was slowly warmed to —20°C over 1 h and then quenched with
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1, 3(2H,5H)-di one. 120 N [5R-(5a, 8a,8aa)]-7- 2.82 102A O

Benzoyl tetrahydro-2- LC/ , (4-nitro-1- naphthal enyl)-5,8- NO2

nmet hanoi walazej6i3 5 a] pyrazi ne- 1, 3(2H,5H)-dione. 121 N [BSF(5a/Be38aa)] -
2.98 102C 0~S Tetrahydro 2-(4-nitro- LC 1-naphthal enyl) 7- \

henyl met hyl ) sul f on 1-5,_8 met hanoi m dazo[ 1, al pyrazi ne-
[1( g( 2Hy5H) &%B)ﬁg ammpenigm §§E</>(ﬂ§§ Fhegaigyre \@amhqm%tra@ed with'methylene

Tetrahydro r 1 e lf 5.8
met hanoi m day(‘??'fj%(% Q?B;"ﬁ'zﬁ@%ag%lagwg%d#%égymg é‘gu ! 8aa)]
3.24 102A 'ﬁﬁUrcﬁmcéhﬂa?ec( #r viduoOto dite Olomgfﬁfﬁﬁé eRyde compdand 98 which
phenyl 1- oxopropil ) NO2 8- net hanoi m dazo[ 1, 5- aj pyrazi ne
1, 3( 2H, 5H) - avasnia! en-OmW[thOleLmIlba‘(mSSHPd:ﬁ l9§0%/a1%833 min (retention time)
5 (YMC S5 ODS column 4.6 x 50 mm, 10-90% aqueous methanol over 4
minutes containing 0.2% phosphoric acid, 4 mL/min, monitoring at 220 nm),

MS (ES): m/z 473.12 [M+NaH]".

10 Example 99
[6S-(5a, 8a, 8an)]-4-(Hexahydro-1,3-dioxo-8a-methyl-5,8-methanoimidazo
[1,5-a]pyrazin-2(3H)-yl)-2-(trifluoromethyl)benzonitrile (99)

CH;
N)]/N CFs
X
CN

15 Compound 98 (0.070 g, 0.156 mmol) was dissolved in methylene
chloride (2.0 mL) and TFA (0.75 mL) was added at 25°C. After 30 min, the
reaction was quenched with sat aqg NaHCO, and then extracted with

methylene chloride (3 x 30 mL). The organics were then dried over

anhydrous sodium sulfate and concentrated in vacuo. The crude material
20  was purified by preparative TLC eluting with 25% acetone in chloroform to
give 0.031 g of compound 99 as a white solid. HPLC: 86% at 1.817 min
(retention time) (YMC S5 ODS column 4.6 x 50 mm, 10-90% aqueous
methanol over 4 minutes containing 0.2% phosphoric acid, 4 mL/min,
monitoring at 220 nm), MS (ES): m/z 351.15 [M+H]".
25
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Retention Tine Mn./ Procedure Ex. Conpound Ml ecular of No G X Nane

Mass Ex. 124 CH2 (5a,8a,8aa)-2-(2- 2.80 7 O Benzofuranyl)tetrahy LC

dr o- 5, 8- wonwodsanoi m dazo[ 1,5 a] pyridi ne- 1, 3(2H, 5H) - di onPCT/US@519G32

(5a,8a,8aa)- 2.52 7 Tetrahydro-2-[3- LC nethoxy-4-(4- 0O

oxazol yl ) phenyl ] -5, 8 net hanoi m dazo[1l,5- CH3 / O a]pyridine N _

1, 3(2H,5H) -di one. 126 N O [55-(5a,éﬁEBEBE£QQ- 3.00 94 (4-Cyano-l1- LCO
3

O-CH napht hal enyl ) hexahy =N, 14: | X0- g 83 CN H3C CH3
net hanoi mi dazo[ 1,5 a] pyr & )5 013-1 " i net hyI et hyl
ester. 127 N I8 ; .

met hanoi n da

1 312H 5H)-d|one, (100)

0]

N)]/N CFs
X
5 CN
Compound 99 (0.023 g, 0.066 mmol) was dissolved in methylene

chloride (2.0 mL) and then TEA (0.018 mL, 0.132 mmol) and 4-DMAP (cat)
were added followed by benzoyl chloride (0.011 mL, 0.099 mmol). After 3 h,

10  the reaction was concentrated in vacuo and then purified by preparative TLC
on silica eluting with 7% acetone in chloroform to give 0.021 g of compound
100 as a white foam. HPLC: 100% at 2.927 min (retention time) (YMC S5
ODS column 4.6 x 50 mm, 10-90% aqueous methanol over 4 minutes

containing 0.2% phosphoric acid, 4 mL/min, monitoring at 220 nm), MS (ES):
15  m/z 455.10 [M+H]".

Example 101
[5S-(50.80,8a0)]-7-(4-Fluorobenzoyl)tetrahydro-2-(4-nitro-1-
naphthalenyl)-5,8-methanoimidazo[1,5-a]pyrazine-1,3(2H,5H)-dione (101)

O‘

20 NO,

Compound 95 (0.077 g, 0.228 mmol) was dissolved in methylene chloride
(2.0 mL) and TEA (0.127 mL, 0.912 mmol) and 4-DMAP (0.001 g) were added. The
reaction was cooled to 0°C and 4-fluorobenzoylchloride (0.040 mL, 0.342 mmol) was

25 added. The reaction was then slowly warmed to 25°C. After 3 h, the reaction was
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128 N O [5S-(5a,8a,8aa)]-4- 2.49 102A [Hexahydro-7-(2- LC H3C _

nmet hyl - 1- oxopropyl )- CH3 1, 3-di oxo-5, 8- CN net hanoi m dazo[ 1,5 a] pyrazi
n-2(3 H) wWop2/@eshapht hal enecarbonitri  le. 129 N 0 [ 5S- ( SRCBaAS@ZAHG3- 2- 2. 95
90 (4-Cyano-3- LC O CH3 iodophenyl)hexahydr o-1, 3-di oxo-5,8- CN H3C CH3

met hanoi mdazo 1, 5- a] pyrazine-7( carboxylic acid, 1,1- dinethylethyl
ester. - W@zmﬁa@e P@'PF@S@ mend thire meshddgmcamssizely with INBIEcedur e

130 NH 8a, 8 4-
3458 Tp‘("é?)%&%@%%%ﬁg%@ el GnGticd SUF alBTRn ot Srbli g e 52 821
a] pyrazi n- ZﬁﬁéﬂbﬂéMasénmﬁ@&i 9? Brepantilé T e orﬂé-ﬂlca%lr@'@lﬂﬂ 59, K_hay - 2. 80 7

Tet rahydro- 2 §2 LC 3- benzofuranyl) -
chloroform to give 0. 022 g of compound 101 as a yellow solid. HPLC: 100 % at

S 2.960 min (retention time) (YMC S5 ODS column 4.6 x 50 mm, 10-90% aqueous
methanol over 4 minutes containing 0.2% phosphoric acid, 4 mL/min, monitoring at

220 nm), MS (ES): m/z 461.07 [M+HT".

Example 102
10 [5S-(50,80.,8a0)]-2-(4-Cyano-1-naphthalenyl)tetrahydro-7-(5-
isoxazolylcarbonyl)-5,8-methanoimidazo[1,5-a]pyrazine-1,3(2H,5H)-dione
(102A), [5S-(50.,80.,8a0)]-2-(4-Cyano-1-naphthalenyl)hexahydro-1,3-dioxo-
5,8-methanoimidazo[1,5-a]pyrazine-7(8H)-carboxylic acid, 4~
fluorophenyl ester (102B), [5S-(50.,8a.,8aa)]-2-(4-Cyano-1-
15 naphthalenyl)tetrahydro-7-[(1-methyl-1H-imidazol-4-yl)sulfonyl]-5,8-
methanoimidazo[1,5-a]pyrazine-1,3(2H,5H)-dione (102C) & [5S-

(50.,80,8aa)]-2-(4-Cyano-1-naphthalenyl)-N-(4-fluorophenyl)hexahydro-

1,3-dioxo-5,8-methanoimidazo[1,5-a]pyrazine-7(8H)-carboxamide (102D)

Solution Phase Library Synthesis

20
The below procedure is a general approach to the synthesis of

compounds of formula I in a solution phase library format. A more detailed
description of individual compounds made via this combinatoriai approach
follows.

25 A series of free amine starting materials, analogous to the structure of
[6S-(50.,8a,8an)]-Tetrahydro-2-(4-nitro-1-naphthalenyl)-5,8
methanocimidazo[1,5-a]pyrazine-1,3(2H,5H)-dione (0.05 mmol, prepared as
described in Example 95) were dissolved in dichloromethane (1.5 mL) in a
polystyrene tube with a coarse frit. N,N-(Diisopropyl)aminomethyl polystyrene

30  (3.49 mmol/g, 60 mg) was then added to each reaction vessel followed by the
addition of the desired acid chloride, isocyanate, chloroformate or sulfonyl

chloride (0.10 mmol) in 0.5 mL dichloroethane by automated synthesizer.
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met hanoi m dazo[ 1,5 a] pyridine- 1,3(2H 5H)-dione. 132 H3C CH2

(5a, 8a,8aa)-2-(2,2- 2.87 7 H3 D nethyl -2H 1- benzopyran- 4-

yI )t et r alwa@pope®s8 met hanoi m dazo[ 1, 5- a] pyri di ne- 1, 3(2H, B&yAUddoee3 133 N.
0 [5S-(5a,8a,8aa)]-7- 2.76 98A Acetyltetrahydro-2-(4- LC H3C nitro- 1

-napht hal enyl )- 379.33 5,8- [MH + NO2 nethanoi m dazo[1,5 a]pyrazine-
1, 3( 2H, 5H) - ditsheeactionyessas 1sse shaken a825]F for4 b aI@ZtheﬂTéErrSi@ydro 7-(2- LC

E'igh?ﬁérﬁ'ny et W}%ﬂﬁﬁ%ﬁ)ﬂ%z%&f‘gﬁ'- %%4%5@%5%@1 343 91 T%Ijﬁp BgIMES 135 N
525, 35 Y17 2-?@:?;%&3%9%5% (pecten e el 5%%955“”%“‘%”@‘*&%@
met hanoi m dait liquid fmhpgamtut®was drained into pretared 2.5 ml STR tubes and
5 the resin was rinsed with dichloromethane (3 x 0.25 mL). The pretared tubes
were then concentrated and analyzed by analytical HPLC and LC-MS.
HPLC: (Phenomenex-Prime 5u C-18 column 4.6 x 50 mm eluting with 10-
90% aqueous methanol over 4 minutes containing 0.1% TFA, 4 mL/min,

monitoring at 220 nm).

10
A. [6S-(50,80,8a0)]-2-(4-Cyano-1-naphthalenyl)tetrahydro-7-(5-
isoxazolylcarbonyl)-5,8-methanoimidazo[1,5-a]pyrazine-
1,3(2H,5H)-dione (102A)
iy H
C pbee )
™ ®
15 © CN

[5S-(5a,80a,8aa)]-4-(Hexahydro-1,3-dioxo-5,8-methanoimidazo[1,5-

a|pyrazin-2(3H)-yl)-1-naphthalenecarbonitrile (0.030 g, 0.094 mmol) was dissolved
in dichloromethane (2.0 mL) in a polystyrene tube with a coarse frit. N,N-

20 (Diisopropyl)aminomethyl poljfstyrene (3.49 mmol/g, 65 mg) was then added to each
reaction vessel followed by addition of isoxazolacid chloride (0.025 g, 0.19 mmol).
The tube was shaken at 25°C for 24 h and then Tris-(2-Aminoethyl)amine
Polystyrene HL (200-400 mesh, 3.3 mmol/g, 75 mg) was added to the reaction vessel
and it was shaken again for 18 h at 25°C. The liquid was drained into a pretared 2.5

25 ml STR tube and the resin was rinsed with dichloromethane (3 x 0.25 mL).
Concentration in vacuo gave the crude compound 102A (0.058 g) as a yellow solid.
No purification was necessary. HPLC: 100% at 2.237 min (retention time) (YMC S5

ODS column 4.6 x 50 mm, 10-90% aqueous methanol over 4 minutes containing
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1,3(2H,5H) -dione. -173 WD 02/ 00653 PCT/US01/19663 Retention Tine Mn./
Procedure Ex. Conpound Mol ecular of No G X Nane Mass Ex. 136 N O
[ 5S- (5a, e pBeamp] - 7- 3. 27 102A (4-Chloro-3- LC nitrobenzpgl/Usetoedsydr
522.33 o0-2-(4-nitro-1- [MH + naphthalenyl)-5,8 N2 C 0N[O2S (52, 8a, Baa) ]
met hanoi m dazo[ 1, 5- a] pyrazine- 1,3(2H,5H)-dione. 137 N 5S-(5a, 8a, 8aa) | -
2.4 102A TeQ-?Jézﬂ)}‘HﬁRilo]?‘géS’dsﬁ@L/}%@WH{OymSaFW)--MS &8).137z €4.0
(4-nitro-1 - + N napht hal enyl ) -5, 8- NO2 met hanoi m dazo[ 1,5 a] pyrazi ne-
1,3(2H,5H) -dione.” 138 N O [5S-(5a,8a,8aa)]-7- 3.69 102A (4- LC
But yl benzoyl )tetrahyd 499.45 ro-2-(4-nitro-1- [MH + NO2
napht hal enyl ) -5, 8 net hanoi m dazo[ 1, 5- a] pyrazi ne- 1, 3(2H, 5H)-di one. CH3

B. [5S~(50.,80,8a0)]-2-(4-Cyano-1-naphthalenyl)hexahydro-1,3-dioxo-

5 5,8-methanoimidazo[1,5-a]pyrazine-7(8H)-carboxylic  acid, 4-

fluorophenyl ester (102B)
O
A
e
I
CN

[55-(5a.,80.,8a0)]-4-(Hexahydro-1,3-dioxo-5,8-methanoimidazo[1,5-

10 a]pyrazin-2(3H)-yl)-1-naphthalenecarbonitrile (0.030 g, 0.094 mmol) was dissolved
in dichloromethane (2.0 mL) in a polystyrene tube with a coarse frit. N,N-
(Diisopropyl)aminomethyl polystyrene (3.49 mmol/g, 65 mg) was then added to each
reaction vessel followed by addition of 4-fluorophenylchloroformate (0.033 g, 0.19
mmol). The tube was shaken at 25°C for 24 h and then Tris~(2-Aminoethyl)amine

15 Polystyrene HL (200-400 mesh, 3.3 mmol/g, 75 mg) was added to the reaction vessel
and it was shaken again for 18 h at 25°C. The liquid was drained into a pretared 2.5
ml STR tube and the resin was rinsed with dichloromethane (3 x 0.25 mL).
Concentration in vacuo gave crude compound 102B (0.053 g) as a yellow solid. No
purification was necessary. HPLC: 93% at 2.987 min (retention time) (YMC S5 ODS

20 column 4.6 x 50 mm, 10-90% aqueous methanol over 4 minutes containing 0.2%

phosphoric acid, 4 mL/min, monitoring at 220 nm). MS (ES): m/z 457.07 [M+H]".
C. [5S-(50,8a,8a0)]-2-(4-Cyano-1-naphthalenyl)tetrahydro-7-[(1-

methyl-1H-imidazol-4-yl)sulfonyl]-5,8-methanoimidazo[1,5-
25 a]pyrazine-1,3(2H,5H)-dione (102C)
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139 N _r O[5S (5a,8a, 8aa)]-N 3.30 102D ° (3-Chloro-4- LC NH

f | uor ophenyl ) hexahyd 510.34 ro-2-(4-nitro-1- [MH + O NO2 /

napht hal ew@b3/6s8 F di oxo-5,8- C nethanoi m dazo[ 1, 5- a] ppeuDSeIE96¢38H)
carboxam de. 140 N [5S-(5a,8a,8aa)]- 3.78 102D Tetrahydro-2-(4-nitro- LC
NH 1- napht hal enyl)-7-[4- 526.38 (trifluoromethyl)benzo [MtH + NO2 yl]-5,8
F3C net hanoi m dazo[ 1, 5- a] pyrazi ne- 1(,)\\3(? , 54) - di one. 141 N

[5S-(5a,8a,8aa)]- 3.07 102D 'r- H3C / NH

met hyl et hyl ) - 2- (4- 424.43Tnitr-UNL;a eyl ) H+ N2 CH3 I

, 3-di oxo-5, 8- net hanoi m dazo[1,5- -~ 174 WO PCT/ USO1/ 19663
Retention Tinme Mnn./ Procedure Ex. Conpognd ular of No G X Nane

Mass Ex. a]pyrazine-7(8H)- carboxam de. 142 N 0 Y5S(Ma, 8a, 8aa)]-N 3.00

102D (4- LO

. [58-(5a,8,8a0)1-4-(Hexahydro-1,3-dioxo-5,8-methanoimidazo[ 1,5-
a]pyrazin-2(3H)-yl)-1-naphthalenecarbonitrile (0.030 g, 0.094 mmol) was dissolved

5 indichloromethane (2.0 mL) in a polystyrene tube with a coarse frit. N,N-

(Diisopropyl)aminomethyl polystyrene (3.49 mmol/g, 65 mg) was then added to each

reaction vessel followed by addition of imidazolesulfonylchloride (0.034 g, 0.19
mmol). The tube was shaken at 25°C for 24 h and then Tris-(2-Aminoethyl)amine

Polystyrene HL (200-400 mesh, 3.3 mmol/g, 75 mg) was added to the reaction vessel

10  and it was shaken again for 18 h at 25°C. The liquid was drained into pretared 2.5 ml

STR tube and the resin was rinsed with dichloromethane (3 x 0.25 mL).

Concentration in vacuo gave the crude compound 102C (0.043 g) as a yellow solid.

No purification was necessary. HPLC: 70 % at 1.603 min (retention time) (YMC S5

ODS column 4.6 x 50 mm, 10-90% aqueous methanol over 4 minutes containing

15 0.2% phosphoric acid, 4 mL/min, monitoring at 220 nm). MS (ES): m/z 463.07

[M-+H]".

D. [5S-(5a,8a,8a0)]-2-(4-Cyano-1-naphthalenyl)-N-(4-

fluorophenyl)hexahydro-1,3-dioxo-5,8-methanoimidazo[1,5-

20 a]pyrazine-7(8H)-carboxamide (102D)

0
F\Q\”JLM
%7/ O CN
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NH Fl uor ophenyl ) hexahy 476.37 [ ~- dro-2-(4-nitro-1- [MH +

napht hal enyl )-1,3 NO2 ~J/ di oxo-5,8- F nethanoi m dazo[ 1, 5- a] pyrazi ne-7(8H)
car boxamvde 02/0b88 N [ 5S-(5a, 8a,8aa)]-N 3.43 102D O [ (4-PCTUBM/19663

Fl uor ophenyl ) net hyl ] 490. 39 hexahydro-2-(4-nitro- (MtHL+ NO2

1- napht hal enyl ) -1, 3 di oxo-5, 8- mnet hanoi m dazo[ 1, 5- F a] pyrazi ne-7(8H)
carboxani de. 144 3431888284 B6HphyBodB-d028-5,HaetandimudZzo[Y5nitro- LC O

i L R
5S- (5a, 8( X;8aahlq :
[1- naE)h'f1 hal( )éﬁlglai)%mfr%rﬁe%%%éggﬁn %?@%ﬁ%i?gst%e ?Vﬁui)“e? IEHN%%O%&%t rI;IéIr\lIoi m dazo[ 1,5 F

a] pyr azi ne- tDBypromaydntinybthybsdlgktyréne (Bl4sonophengd megs tvas thed 46dddrid each
[ 5S- (54, ga, 8aa2] - 3.01 102B

.

reaction vessel followed by addition of 4-fluorophenylisocyanate (0.026 g, 0.19
mmol). The tube was shaken at 25°C for 24 h and then Tris-(2-Aminoethyl)amine
Polystyrene HL (200-400 mesh, 3.3 mmol/g, 75 mg) was added to the reaction vessel
and it was shaken again for 18 h at 25°C. The liquid was drained into a pretared 2.5
ml STR tube and the resin was rinsed with dichloromethane (3 x 0.25 mL).

10  Concentration in vacuo gave the crude compound 102D (0.058 g) as a yellow solid.
No purification was necessary. HPLC: 100% at 2.890 min (retention time) (YMC S5
ODS column 4.6 x 50 mm, 10-90% aqueous methanol over 4 minutes containing
0.2% phosphoric acid, 4 mL/min, monitoring at 220 nm). MS (ES): m/z 456.4
[M+H]". |

15

Example 103
[5S-(50.8a,8ap)]-Tetrahydro-2-(4-nitro-1-naphthalenyl)-7-(phenylmethyl)-
5,8-methanoimidazo[1,5-a]pyrazine-1,3(2H,5H)-dione (103)

NO,
20
The TFA salt of the compound 95 (0.010 g, 0.022 mmol) was dissolved in

DMF (0.5 mL) followed by addition of K,CO; (0.009 g, 0.088 mmol) and benzyl
bromide (0.005 mL, 0.044 mmol). After 1 h, the DMF was removed in vacuo and the
crude product was purified by flash chromatography on silica eluting with 5% acetone

25  in chloroform. This gave 0.008 g of compound 103 as a yellow solid. Proton NMR
showed an intact hydantoin ring system. HPLC: 100% at 2.280 min (retention time)
(YMC S5 ODS column 4.6 x 50 mm, 10-90% aqueous methanol over 4 minutes
containing 0.2% phosphoric acid, 4 mL/min, monitoring at 220 nm), MS (ES): m/z
461.12 [M+H+MeOH]".
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Hexahydro-2-(4-nitro- LC O 1-naphthal enyl)-1,3- 518.38 dioxo-5,8- [MH +
NO2 net hanoi m dazo[ 1,5 a] pyrazi ne-7(8H)- carboxylic acid, 4- N2 .
(ni trophavgbdyeeshyl ester. - 175 WD 02/00653 PCT/ US01/ 1P66BS01R@6@Nt | on

Time Mn./ Procedure Ex. Conpound Mol ecular of No G g Nane Mass Ex. 147

NrO [5S-(5a,8a,8aa)]- 3.22 102B / \ Hexahydro-2-(4-nitro- LC O
1- napht hal enyl )-1, 3- 439.43 dioxo-5,8- [MtH} N2 nethanoi m dazo[1,5
a] pyrazi ne-7(8H)- CH3 carboxylic c'lgl b It 1 ter. 148 N, !'~O
[ 5S-(5a, 8a,8aa)]- 2.45 102C o0-~S 1- LC ~N-CH3 nethyl-1

H i ni dazol - 483.39 Nomi 4-yl)sul fonyl]-2-(4- [ MH NOR |
ni t ro- 1- napht hal etditions! gompetinda abihgipaesee] iy ention]vsye aiepared by Brazei®e) - di one.
149 N, 50O [ R0kt HosB ARk bad atbvéS Th2SmpSiiaslot Fx b 20810 199 have

the following structure (L is a bond):

10 where G, X, the compound name, retention time, molecular mass, and the procedure
employed, are set forth in Table 3. The chromatography techniques used to
determine the compound retention times of Table 3 are as follows: LCMS = YMC S5
ODS column, 4.6 X 50 mm eluting with 10-90% MeOH/H,O over 4 minutes
containing 0.1% TFA; 4 mL/min, monitoring at 220 nm. LCMS* = YMC S5 ODS

15 column, 4.6 X 50 mm eluting with 10-90% MeOH/H,0 over 2 minutes containing
0.1% TFA; 4 mL/min, monitoring at 220 nm. LC =YMC S5 ODS column 4.6 x 50
mm eluting with 10-90% MeOH/H,O over 4 minutes containing 0.2% phosphoric
acid, 4 mI/min, monitoring at 220 nm. The molecular mass of the compounds listed

in Table 3 were determined by MS (ES) by the formula m/z.

20 Table 3
Retention
Time
Min./ Procedure
Ex. Compound Molecular of
No G X Name Mass Ex.
104 N__o [5R-(50.,8a.,8a0:)]-2- 3.13 93
\)4 [4-Cyano-3- LC
o) CH (trifluoromethyl)pheny
FyC oH 3 [lhexahydro-1,3-
N H3C 3 dioxo-5,8-
methanoimidazo[1,5-
ajpyrazine-7(8H)-
carboxylic acid, 1,1-
dimethylethyl ester.
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ni trophenyl )sul fonyl]Jte 556.26 \ / trahydro-2-(4-nitro-1 - [MH+ / C1
napht hal enyl )-5,8 NO2 02N net hanoi m dazo[ 1, 5- a] pyrazi ne- 1, 3(2H, 5H) - di one.
150 NN , 000 pB®6fdHa, 8a, 8aa)] - 2.90 102C \ S Tetrahydro- 2- PAF/OBI1663LC
1-napht hal enyl )-7- 483.17 / CF3 [(2,2,2- [MH + N
trifluoroethyl)sulfonyl] -5 8 methanoimdazo[l, 5- alpyrazine-
1, 3(2H, 5H) {di one. 151 N Of [ 5S-(5a, 8a|8aa)]-7- 2.07
Acetyl - 2- (4-cyaho-1- LC H3C napht hal enyl )tetrahyd 35
[MH * CN|net hanoi m dazo[ 1,5 a] pyratzi ne- 1, 3(2H 5H
[ 5S- (5a, 8a, -2- 2.52 [102A (4-Cyano- 1ea napht
H3C CH3 r o+ nmet -1- [N%F%é oxnpropy ‘%

a] pyrazi ne 2H 5HE) - dj 176 [ \\D Q2] 53 D("'

=TT

ro-5, 8-

1 Efray
sl

389. 44
5_
bnt i on

?@f) |

NG
CH,;
H,C CHs

"BR~(50,80. ,8a0)}-
Hexahydro-2-(4-nitro-
1-naphthalenyl)-1,3-

dioxo-5,8-

methanoimidazo[1,5-

a)pyrazine-7(8H)-
carboxylic acid, 1,1-
dimethylethyl ester.

93, 94

106

NH

[5R-(5a,8x,8aw)]-
Tetrahydro-2-(4-nitro-
1-naphthalenyl)-5,8-
methanoimidazo[1,5-
a]pyrazine-
1,3(2H,5H)-dione.

1.76
LC

93, 95

107

CN

NH

[6R-(5¢,80,,8a0.)]-4-
(Hexahydro-1,3-
dioxo-5,8-
methanoimidazo[1,5-
a)pyrazin-2(3H)-yl)-2-
(trifluoromethyl)benzo
nitrile.

3.29
LC

93,91

108

CN

[6S-(50,8c,8aa)]-4-
(7-
Benzoylhexahydro-
1,3-dioxo-5,8-
methanoimidazo[1,5-
a)pyrazin-2(3H)-yl)-2-
(trifluoromethyl)benzo
nitrile.

2.98
LC

100

109

J

Q
O_<E >—
Z

[6S-(50.,80,8aa)]-2-
[4-Cyano-3-
(trifluoromethyl)pheny
[lhexahydro-1,3-
dioxo-5,8-
methanoimidazo[1,5-
a]pyrazine-7(8H)-
carboxylic acid,
phenylmethyl ester.

3.12
LC

102B

110

&
0O

NO

[ 8]

CH,

[5S-(5a,8c,8a0)]-
Tetrahydro-2-(2-
methyl-4-nitrophenyl})-

methanoimidazo[1,5-~
a]pyridine-

1,3(2H,5H)-dione.

2.46
LC
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Time Mn./ Procedure Ex. Conpound Mol ecular of No G x Nane Mass Ex. 153
N [5S-(5a,8a,8a(x)]-2- 3.24 102A O (4-Cyano-l- LC naphthalenyl)-7-]4-
509.40 fMWaorae3s [MH + CN\ (trifluoromethyl)benzo F CPGT/US01/19663

yl Jtetrahydro-5, 8- met hanoi mi dazo[ 1,5 a] pyrazi ne- 1, 3(2H,5H)-dione. 154 N
O [5S5(5a,8a,8aa)]-7- 3.11 102A (4-Chloro-3- 1C [ nitrobenpzoyl)-2-(4-
502. 33 cyano-1t [MtH + [CN naphthal enyl)tetrahyd Cf NO2 ro-p, 8-
met hanoi mi dazo[ [L, 5- a] pyrpzi ne 1, 3(2H, 5H)-dione. 1% SRN‘“@O“
[ 5S-(5a, 8a,/8aa)]-7- 3.58 102A (4- Butyl benzoyl ) - 2-(4- Lt‘i‘“‘cyam-l - 479. 47
napht hal enyl )t efrahyd [MH + CN ro-} 8 net hand i daz% : a]Pb‘S?Fi‘,’éli‘? ne-
1,3(2H 5H){digne. @B 156 N ox[ 58—(‘>a 8a; ‘%&32‘] ePID 0

ass Ex.

111 N-CH, [5S-(50,80,8a0:)]-4- 1.94 99
(Hexahydro-7-methyl- LC
1,3-dioxo-5,8-
F,C : methanoimidazo[1,5-

CN alpyrazin-2(3H)-yl)-2-
(trifluoromethyl)benzo
nitrile.

[6S-(5¢.,80,8a0)]-7- 2.86 98A
Benzoyltetrahydro-2- LC
(4-nitro-1-
naphthalenyl)-5,8-
methanoimidazo[1,5-
alpyrazine-
1,3(2H,5H)-dione.
0 [5S-(50.,80,8a0)]- 3.27 98B
\7; Hexahydro-2-(4-nitro- LC
1-naphthalenyl)-1,3-
dioxo-5,8-
methanoimidazo[1,5-
a]pyrazine-7(8H)-
carboxylic acid,
phenylmethyl ester.
CH, [6S-(50.,80,8ac)]- 2.66 7
Tetrahydro-2-(3- LC
methyl-4-nitrophenyl)-
5,8-
methanoimidazo[1,5-
a]pyridine-
1,3(2H,5H)-dione.
N-CH, [5S-(50,80,8aa)]- 1.79
Tetrahydro-7-methyl- LC
2-(4-nitro-1-
naphthalenyl)-5,8-
methanoimidazo[1,5-
ajpyridine-
1,3(2H,5H)-dione.
[6S-(5a,,8w,8a0)]- 3.11 103
)v Tetrahydro-2-(4-nitro- LC
H N 1-naphthalenyl)-7-(2-
propenyl)-5,8-
methanoimidazo[1,5-
alpyrazine-
1,3(2H,5H)-dione.
[5S-(5¢,8x,8a0.)]-4- 2.81 103
[Hexahydro-1,3- LC
dioxo-7-
{phenylmethyl)-5,8-
methanoimidazo[1,5-
alpyrazin-2(3H)-yl]-2-

112

b5

é

113

bs

8

114

&
A

é

115
103

b5

Z
&

116

bed

Z
A%

117

A
Q
z

!
Z
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(3-Chloro-4- LC HN fluorophenyl)-2-(4- 488.36 cyano-1-

[ M H] +

napht hal enyl ) hexahy 0 dro-1, 3-dioxo-5,8 C F nethanoi m dazo[ 1, 5-

a] pyrazi meo #4/@lds3 car boxam de.

(4- Cyano-1- LC HN naphthal enyl ) hexahy 504. 38 dro-1, 3-di oxo- N[ 4-

CN / \ (triflue

nngwyl )phpn_y ’I] -5 8-

CE3 _nmet hanoi

| dazo[ 1, 5-

CN

157 N O [5S- (5a, 8(x, 8aa) ] - PET/BS@919462D

[ MH +

a) pyr azi ne-
Time Mn./

N [ 5S-(5a, 8a, 8a
napht hal enyl ) he

di oxo-5, 8-

7(8H
Pro

nRE h

car boxanj de.
cedure EXx|
a)]-2- 2.48 O
xahy 404. 4
anoiqﬁdazo

-177

Conmpound

102D

3 dro-N-(1
[1,5-Xg]pyr

02/ 00653 PCT.
| ecul ar of

me

N
(4- Cyano-1- LC HBCy

[ M H + %N CHB
Zi ne-

Uso 1/19
e
| e

olecular
Mass

Ex.

/19663 Ret
h RetsetitB e Mass Ex.

 Ryeyers

bnt i on
158

UJ

(trifluoromethyl)benzo
nitrile.

118

O

Z
&

[bR~(50,801,8ac)}-
Tetrahydro-2-(4-nitro-
1-naphthalenyl)-7-(2-
propenyl)-5,8-
methanoimidazo[1,5-
ajpyrazine-
1,3(2H,5H)-dione.

3.06
LC

103

119

ks

Z
&

[5R-(5¢:,80,8a0.)]-7-
[(4-
Fluorophenyl)sulfonyl
Jtetrahydro-2-(4-nitro-
1-naphthalenyl)-5,8-
methanoimidazo[1,5-
alpyrazine-
1,3(2H,5H)-dione.

3.08
LC

102C

120

ks

Z
@]
Ny

[5R-(50,8c,8a0)]-7-
Benzoyltetrahydro-2-
(4-nitro-1-
naphthalenyl)-5,8-
methanoimidazo[1,5-
alpyrazine-
1,3(2H,5H)-dione.

2.82
LC

102A

121

ks

Z
o
S

o. &

/

[6S-(5¢,8a,8aa)]-
Tetrahydro-2-(4-nitro-
1-naphthalenyl)-7-
[(phenylmethyl)sulfon
yl]-5,8-
methanoimidazo[1,5-
alpyrazine-
1,3(2H,5H)-dione.

2.98
LC

102C

122

s

8

[56S-(50,8c,8aa)]-
Tetrahydro-2-(4-nitro-
1-naphthalenyl)-7-
(phenylacetyl)-5,8-
methanoimidazo[1,5-
alpyrazine-
1,3(2H,5H)-dione.

3.04
LC

102A

123

el

NO,

[6S+(5a,80,8a0)]-
Tetrahydro-2-(4-nitro-
1-naphthalenyl)-7-(3-
phenyl-1-oxopropyl)-

methanoimidazo[1,5-
alpyrazine-
1,3(2H,5H)-dione.

3.24
LC

102A
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car boxam de.
napht hal enyl )-N-[ (4- 470.41
exahydr oMOQ 82/di66x0 5, 8- met hanoi m dazo[ 1, 5-
160 N O [5S-(5a,8a,8aa)]-2- 2.88 102B
496. 36 dro-1,3-dioxo-5, 8-

[ M H] +

CN_net hanoi ni daz

CN
F a] pyr azi ne- F¢CBHpocsd3oxan de.
(4- Cyano-1- LC 0 napht hal enyl ) hexahy
[1,5 a]lpyrazine-7(8H)-

carboxylic
[ 5S- (5a, 8a,
dro-1, 3-di g
car boxylic
[ (4-Chl oro-
CN 02N d 1

aci dj
8aa) |
X0- 5|
o d
3*LC
abBt

8

a

4- N2 (
3.09
[MH +
tyl e
/1 ni

2_
bu
o)

eyt

nitrophenyl
102B

ster.
t rophenyl ) st

(4- Cya
CN net hand
162 N,

rahyd ro-5,

nmet hyl
Ano- | -

ester.

., O[5S (
Il f oryArpponEly
8_

LC O napht Reireiey|
pi m dazo[ 1,5 CH3
5a, 8a
6. 28

161 N O

2o

a]i¥ye az

1 -7

€ [‘C*
ass

159 N O [5S-(5a, 8(x,8aa)]-2- 2.89 102D (4-Cyano-1- LC NH
fl uorophenyl)nethyl]h [ MtH] +

hexahy 417. 39

ne-7
| Pgo_c

8H)

e

yanof1- |
Ex.

D2C S
M H] +

124

7 0

CH,

(5c,8a,8a0.)-2-(2-
Benzofuranyl)tetrahy
dro-5,8-
methanoimidazo[1,5-
alpyridine-
1,3(2H,5H)-dione.

7

125

CH;

o}

CH,

(5c,80,8a0)-
Tetrahydro-2-[3-
methoxy-4-(4-
oxazolylyphenyl}-5,8-
methanocimidazof1,5-
alpyridine-
1,3(2H,5H)-dione.

2.52
LC

126

7
CH,

[58~(50,8c,8a0)]-2-
(4-Cyano-1-
naphthalenyl)hexahy
dro-1,3-dioxo-5,8-
methanoimidazo[1,5-
alpyrazine-7(8H)-
carboxylic acid, 1,1-
dimethylethyl ester.

3.00
LC

94

127

NH

[58-(50,80,8a0)]-4-~
{Hexahydro-1,3-
dioxo-5,8-
methanoimidazo[1,5-
a]pyrazin-2(3H)-yl)-1-
naphthalenecarbonitri
le.

1.65
LC

95

128

Nfo
H,C

[5S-(50,8c,,8aa)]-4-
[Hexahydro-7-{2-
methyi-1-oxopropyl)-
1,3-dioxo-5,8-
methanoimidazo[1,5-
alpyrazin-2(3H)-yi]-1-
naphthalenecarbonitri
le.

2.49
L.C

102A

129

"2 o
z

CN

e
CH,
H,C CH

[5S-(50,80,8a0)]-2-
{4-Cyano-3-
iodophenyl)hexahydr
o-1,3-dioxo-5,8-
methanoimidazo{1,5-
alpyrazine-7(8H)-
carboxylic acid, 1,1-

dimethylethyl ester.

2.95
LC

80
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met hanoi m dazo[ 1, 5- a] pyrazi ne 1, 3(2H, 5H) - di one.
PCT/ USO1/ 19663 Retention Tine Mn./ Procedure

-178 WO 02/ 00653
Ex. Conpound Mol ecul ar of

No G x Navmeommws3 Ex. 163 N, ,,O [5S-(5a, 8a, 8aa)]-2- 2. 72raPD189663
(4-Cyano-1- LC naphthalenyl)tetrahyd 463.31 CF3 ro-7-[(2, 2, 2-
trifluoroethyl)sulfonyl] -5 8- nmethanoimidazo[1 5- a]pyrazine
1,3(2H, 5H)-di on¢. 164 N (0} [5S-(5a, 8(jx, 8aa) | -7- 2.26 102A .
Acetyl - 2-[ 4-cyano-3- LC H3C (trifluorjonet hyl)pheny 37ResptionF3c
|l tetrahydrio-5, 8- [MH + |CN nmet hanoi|ni dazo[|,5 a] pyr aziipe-
1,3(2H, 5H) -dione. 165 N O [5S-(5a, 84, 8?%3 -2- 2.82 [102Mn7 4 (yPapreduze
C (trifluorloigt hyl ) pheny 405.36_ F3C|3 g:‘f“f‘g rahyd%ﬂl—iﬁzi [ MPH
met hyl - 1- oxjepr-opy))- 8- et handi mi ddzol 1, Ame 1ass Ex.
130 NH [55-(50, 80, 8a0)]-4- 1.34 91
(Hexahydro-1,3- LC
dioxo-5,8-
1 methanoimidazo[1,5-
CN alpyrazin-2(3H)-yl)-2-
iodobenzonitrile.
131 CH; CH, (50.,80,8a0:)- 2.80 7
== Tetrahydro-2-(2- LC
o) methyl-3-
benzofurany!)-5,8-
methanoimidazo(1,5-
alpyridine-
1,3(2H,5H)-dione.
132 H gsc CH, (50,80, 8a01)-2-(2,2- 2.87 7
3 N Dimethyl-2H-1-
0 benzopyran-4-
yhtetrahydro-5,8-
methanoimidazol[1,5-
ajpyridine-
1,3(2H,5H)-dione.
133 N_o [5S-(50,8a,8a0)}-7- 2.76 98A
7; Acetyltetrahydro-2-(4- LC
@O H;C nitro-1-naphthalenyl)- 379.33
5,8- [M-HJ*
NO methanoimidazo[1,5-
2 alpyrazine-
1,3(2H,5H)-dione.
134 N_o [55-(50,8a,8a0)]- 3.16 102A
f Tetrahydro-7-(2- LC
Qe H,;C methyl-1-oxopropyl)- 407.36
CH; 2-(4-nitro-1- IM-H]*
NO naphthalenyl)-5,8-
2 methanoimidazo[1,5~
alpyrazine-
1,3(2H,5H)-dione.
135 N__q [5S~(5a.,8¢,8ac)]-7- 38 102A
[4-Fluoro-3- LC
OO (trifluoromethyl)benzo 529.35
yllitetrahydro-2-(4- [M+HT*
NO, ] CF, nitro-1 nasg’)g_thalenyl)
methanoimidazo{1,5-
ajpyrazine-
1,3(2H,5H)-dione,
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a] pyrazi ne 1, 3(2H, 5H) - di one.

N [5S-(5a, 8a, 8aa-2- 3.38 102A 166 O i

[4-Cyano-3- LC (trifluoronethyl)pheny 525.31 F3C I1]-7-[4-fluoro-3-
CN (trifwoopaeshyl ) benzo F CF3 yl]tetrahydro-5, 8- net haneCTUA@ZIOPB, 5-

a] pyrazine 1, 3(2H 5H) - di one.

167 N O (5S-(5a,8a,8aa)]-7- 3.24 102A

(4-Chl oro- 3- E3C nitrobenzoyl)-2-14- 518 30 CN cyano-3- [MH'"
(trifluoronmet hyI ) pheny d | NO2 I )tet rahydr o- 5, 8- net hanoi m dago[ 1, 5-
a] pyrazine{1, 3(2H, 5H) - di ohe. 168 N ¢ [5S-(5a, 8(x, 8aalfqtemion 2| 40 102A
[ 4- Cyano- 31 LC|F3C (trifl lioromet hyl)pheny 430.34 CN K W9 t ef r ahydr ot
(MH- Nis f&gzol yl carbonyl) 5,8- - ;79 WD 021/11%8653 1501 I%ggre
Ret enti on TIJ M n.é Pro edurg{ Ex. n‘pﬁ?@?ﬂ Iecyl Moo Ex.
136 N__o [55-(50.,80,8a0:)]-7- 3.27 102A
(4-Chloro-3- LC
OO nitrobenzoyl)tetrahydr 522.33
0-2-(4-nitro-1- [M+HT*
NO naphthalenyl)-5,8-
2 of NO, methanoimidazo[1,5-
alpyrazine-
1,3(2H,5H)-dione.
137 N_o [5S-(5a.,8a.,8aa)}- 24 102A
Tetrahydro-7-(5- LC
OO — isoxazolylcarbonyl)-2- 434.37
- 0 (4-nitro-1- [M+HT
NO N naphthalenyl)-5,8-
2 methanoimidazo[1,5-
ajpyrazine-
1,3(2H,5H)-dione.
138 N_o [5S-(50,80.,8a0)]-7- 3.69 102A
4- LC
OO Butylbenzoyl)tetrahyd 499.45
ro-2~(4-nitro~1- [M+HT
NO naphthalenyl)-5,8-~
2 methanoimidazo[1,5-
alpyrazine-
1,3(2H,5H)-dione.
CH,
139 [ N__o | 1BS-(50,80.8a0)-N- 3.30 102D
\F (3-Chloro-4- LC
OO NH | fluorophenyl)hexahyd 510.34
Q/ r0-2-(4-nitro-1- [M+H]*
. naphthalenyl)-1,3~
NO, F dioxo-5,8-
Cl methanoimidazo[1,5-
alpyrazine-7(8H)-
carboxamide.
140 N, o [5S-(50,8¢,8aa)1- 3.78 102D
Tetrahydro-2-(4-nitro- LC
OO NH | 1-naphthalenyl)-7-[4- 526.38
Q (trifluoromethyl)benzo [M+H]*
yil-5,8-
NO, F3C methanoimidazo[1,5-
alpyrazine-
1,3(2H,5H)-dione.
141 N__o [55-(50.,80.,8a0,)]- 3.07 102D
Hexahydra-N-(1- LC
OO H,C.__NH methylethyl)-2-(4- 424 43
Y nitro-1-naphthalenyl)- [M+H]*
No CH; 1,3-diox0-5,8-
2 methanoimidazo[1,5-

-174 -
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No G X Nane Mass Ex. nethanoi m dazo[ 1, 5- a]pyrazine- 1, 3(2H, 5H)-di one. 169
O [5S-(5a,8a,8aa)]-7- 3.65 102A i (4-Butyl benzoyl)-2-[4- LC cyano- 3-
495. 42 F3® 02/¢asss f | uor onet hyl ) pheny [MH " CN I]tetrahydPOF/ES@H19663
met hanoi m dazo[ 1,5 a] pyr azine- 1,3(2H,5H)-dione. CH3 170 N
[5S (5(x, 8 ga,H- 24 102D ' (r) (3-Chloro-4- LC Nf/ .mfv phenyl ) 2- [ 4-
508.31 F3( | cyano 3 [MtH + OCN (tirifluoronethyl) rk?ne% | ] hexahydro-1, 3
Cl F di oxot 5, 8- net hanoi ni dazo[ 1, 5- ja] pyrazi ne-7(8 B dmide. 171 N O
[ 5S- (5a, 8a| 8aa)|] -2- 3.34 {102D 14-Cyjano-3- LC HN (t rl f /r onef Q%(I Qulpheny
522. 33 F33§%Fexahydro- 4,3- [MH+ | CN @ oxo- N-[ 4 [ tytfitior|o ofe jgy e) pheny
CF3 Ij-5, 8% ret hanmdn dazjo[ 1, 5Xa] pyr FiZI ne-z‘fme - " Mass Ex.
a)pyrazine-7(8H)-
carboxamide.
142 N__o | [58-(50.80,820)}-N- 3.00 102D
F (4 LC
Oe NH | Fluorophenyl)hexahy 476.37
Q dro-2-(4-nitro-1- IM+HT*
naphthalenyl}-1,3-
NO, F dioxo-5,8-
methanoimidazo[1,5-
alpyrazine-7(8H)-
carboxamide.
143 N, o [65-(50.,80,8ac)]-N- 3.43 102D
¥ [(4- LC
OO NH Fluorophenyl)methyl] 490.39
hexahydro-2-(4-nitro- |  [M+H]"
1-naphthalenyl)-1,3-
NO, dioxo-5,8-
methanoimidazo[1,5-
F alpyrazine-7(8H)-
carboxamide.
144 N [5S-(501,80.,8a0)}- 3.23 102B
\F Hexahydro-2-(4-nitro- LC
OO 0 1-naphthalenyt}-1,3- 536.40
dioxo-5,8- [M+MeQH]*
methanoimidazo[1,5-
NO, ON alpyrazine-7(8H)-
2 carboxylic acid, 4-
nitropheny! ester.
145 N, [55-(50.,80.,8ac)]- 3.21 102B
\f Hexahydro-2-(4-nitro- LC
OO 0O 1-naphthaleny!)-1,3- 477.38
dioxo-5,8- IM+H]"
NO methanoimidazo[1,5-
2 F alpyrazine-7(8H)-
carboxylic acid, 4-
fluorophenyl esier.
146 N_o [5S-(50,80,8a0)} 3.01 "102B
\f Hexahydro-2-(4-nitro- LC
OO 0 1-naphthalenyl)-1,3- 518.38
dioxo-5,8- [M+H]
methanoimidazo[1,5-
NO, ajpyrazine-7(8H)-
carboxylic acid, 4-
NO, (nitrophenyl)methyl
) ester.
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car boxam de.

172 N [5S- (54, 8a, 8aa) |

met hyl et w 2/40633 di oxo- 5, 8- net hanoi m dazo[ 1, 5- a] pyr azi nre7/{8¢)19663

car boxam de.

(trifluoro
Fro-1, 3-d
Ret enti on
Mass Ex.

102D
[ MeH] +

a

CN

T~ 14}

173 N C [5S-(5a, 8a, 8aa)j - 2- 3.02 102D

[ MeH] +

-2- 2.63 102D rD [4-Cyano-3- LC F3C
H3CQ\ / NH (trifluoronethyl)pheny 422.40 CN |]hexahydro-N-(1-

CH3

[ 4- Cyano-3- LC F3C NH

- 176 -

thyl)pheny 472 35 []-N-(4- [MH+ CN =J/ fluorophenyl)hexahyd
ox0-|5, 8- met hdnoi ni dazo[ 1, 5- - 180 WO 02/ b0653 PCT/ US01/ 19663
Time | Mn./ Prdcedure Ex.| Conpound Nblec enfitn \No G g Nare
pyrdzi ne- 7(8H)|- carboxanilde. 174 N [5 - /a,d 8a%kﬂ-2- 3.09
i%gno-S- LC NH (trifluoronetq%g% gny 48 umr lPﬁ% e[(4_
f yorophgpyl) Ethylkh exahydr o- l§l | OXot Vs Ex.
147 N, 0 [58-(50,8¢,8aa)]- 3.22 102B
\f Hexahydro-2-(4-nitro- LC
OO o 1-naphthalenyl)-1,3- 439.43
dioxo-5,8- [M+H]*
NO methanoimidazo[1,5-
2 alpyrazine-7(8H)-
CH, carboxylic acid, butyl
ester.
148 N\S,/O [55~(50,80,8a0)- 245 102C
7 Tetrahydro-7-[(1- LC
OO o Y\N—CH_O, methyl-1H-imidazol- 483.39
N=/ A-yl)sulfonyl]-2-(4- [M+H]*
itro-1-naphthalenyl)-
NO, nitro na5;’)8‘ )
methanoimidazo[1,5-
alpyrazine-
1,3(2H,5H)-dione.
149 N 0 ' [5S-(50,8a.,8a0))-7- 3.43 102C
O/,S [(4-Chloro-3- LC
OO nitrophenyl)sulfonyljte 556.26
trahydro-2-(4-nitro-1- M-HI
Cl naphthalenyi)-5,8-~
NO, O,N methanoimidazo[1,5-
alpyrazine-
1,3(2H,5H)-dione.
150 N_,0 [5S-(50.,80,8a0)} 2.90 102C
oS Tetrahydro-2-(4-nitro- LC
OO 0 1-naphthalenyl)-7- 483.17
CF; [(2,2,2- [M-HJ*
NO, trn‘luoroefft_:\,/él3 )_sulfonyl]
methanoimidazo[1,5-
ajpyrazine-
1,3(2H,5H)-dione.
151 N__o [5S-(50,80,8a0)}-7- 2.07 102A
\74 Acetyl-2-(4-cyano-1i- LC
OO H3C naphthalenyl)tetrahyd 359.35
ro-5,8- [M-HT"
methanoimidazol[1,5-
CN alpyrazine-
1,3(2H,5H)-dione.
152 N, o [58-(501,80,8a01))-2- 2.52 102A
f (4-Cyano-1- LC
OO H,C naphthalenyl)tetrahyd 389.44
CH; ro-7-(2-methyl-1- [M+H]*
oxopropyl)-5,8-
CN methanoimidazo[1,5-
alpyrazine-
1,3(2H,5H)-dione. -




F net hanoi m dazo[ 1,5 a] pyrazi ne-7(8H) -

car boxam de.

175 N O

[5S-(5a,8a,8aa)]-2- 3.19 102B [4-Cyano-3- LC O (trifluoronethyl)pheny

534. 37 MeCorAteexahydro-1, 3-

[ M:MeOH|

+

CN di oxo-5, 8- 02Ne¢0US01/19663

met hanoi m dazo[ 1,5- a] pyrazine-7(8H)- carboxylic acid, 4- nitrophenyl
ester. 176 NO ':Q {5a—8ay-8aa)-2—3--20-102B [ 4-Cyano- '2- LC
(trifl uoroﬂret hy| )pheny 50)7. 38 F3C I ] hexahydro-1, 3- [ CN di oxo-5, 8-
F net hanoi mi dazp[ 1, 5- a] pyrazi ne-7(8H)- carboxylic ac ‘Ef’“% | uor ophenyl
ester. 177 |N O [5S-(5a, 8a} 8aa)]-2- 3,06 102B [4-Cyanos: LC ?»
(trifluoromeghy|)pheny 545.34 F3C | ’Lhexa&é% g s 3- | [ r‘ﬁf“ﬂ‘? pXx0- 5, 8
. . . (1)
met hanoi m cagqg[ 1, 5- @] pyrgazi ne-X7(8H) rpoxylic¢ H‘ﬂﬂgs_‘l Ex.
(ni trophen .153.; H——estef—m7= —
o [56S-(50,80,8a0.)]-2- 3.24 102A
(4-Cyano-1- LC
Oe naphthalenyl)-7-[4- 509.40
fluoro-3- [M+H]*
(trifluoromethyl)benzo
CN ¥ CF3 ylltetrahydro-5,8-
methanoimidazo[1,5-
alpyrazine-
1,3(2H,5H)-dione.
154 N, o [55-(50,80,8aa.)]-7- 3.1 102A
(4-Chloro-3- LC
OO nitrobenzoyl)-2-(4- 502.33
cyano-1- [M+HT*
naphthalenyl)tetrahyd
CN o NO: ro-5,8-
methanoimidazo[1,5-
alpyrazine-
1,3(2H,5H)-dione.
155 N, o [6S-(50,80,8a0.)]-7- 3.58 102A
(4-Butylbenzoyl)-2~(4- LC
OO cyano-1- 479.47
naphthalenyl)tetrahyd [M+H}
CN ro-5,8-
methanoimidazo[1,5-
alpyrazine-
1,3(2H,5H)-dione.
CH,
156 Ne_o [5S-(5a.,8c,8aa)]-N- 3.20 102D
7; {3-Chloro-4- LC
Oe HN fluorophenyl)-2-(4- 488.36
cyano-1- [M-HT*
ON naphthalenyl)hexahy
dro-1,3-dioxo-5,8-
Cl F methanoimidazo[1,5-
alpyrazine-7(8H)-
carboxamide.
157 Neo [6S~(50,80,8a0:)]-2- 3.29 102D
\F (4-Cyano-1- LC
Oe HN naphthalenyl)hexahy 504.38
dro-1,3-dioxo-N-[4- [M-HT*
(trifluoromethyl)pheny
CN 11-5,8-
CF, methanoimidazo[1,5-
alpyrazine-7(8H)-
carboxamide.
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178 N O [5S-(5(x,8a,8aa)]-2- 3.22 102B [4-Cyano-3- LC O
(trifluoronethyl)pheny 469.43 F3C |]hexahydro-1, 3-
met hanoi waazej6iz3 5- CH3 a] pyrazi ne-7(8H) carboxylic acid, PODUS1/1966 er .

-181 WD 02/ 00653 PCT/ US01/ 19663 Retention Time Mn./ Procedure

Ex.

Conpound Mlreettar—ef—No G x—Nane Mass Ex. 179 N,
2.35 102C s |{[4-Qyano-3- LG F3C -CH3 (trifluoronethyl)pheny 481.33 C(
| ]tetrahydr¢-7-[(1- [MrH'| nethyl-1 Hinidazol 4-yl)sRéténtieyl | -5, 8-
met hanoi m dazo[ 1, 5- a] pyrazi ne 1, 3(2H]5H)-di one. 180 NTime O
[5S-(5a, 8a, 8ag) 1| 7- 3.29 102C S [(4-Chloro-3- LC nitroMimhyl ) Breeddgrey
554.25 F3C|2x{4-cyano-3- [MH+ CN(C (tq"J PHRSr onet 1 ny 02
I ]tetrahydr =355 rpthanoini-dazd 1 _5-| a] pyr: e 22ass Ex.
N_o | B55150,80,8a0)2- 2.48 102D
\F (4-Cyano-1- LC
H3C\|/NH naphthalenyl)hexahy 404.43
dro-N-(1- [M-HJ*
N CH; methylethyl)-1,3-
dioxo-5,8-
methanoimidazo[1,5-
alpyrazine-7(8H)-
carboxamide.
159 N_o [5S-(50,8c,,8ac)]-2- 2.89 102D
\F (4-Cyano-1- LC
OO NH naphthalenyl)-N-[(4- 470.41
fluorophenylymethyllh [M+H]*
CN exahydro-1,3-dioxo-
5,8~
methanoimidazo[1,5-
F alpyrazine-7(8H)-
carboxamide.
160 N_o [58~(50.,8a,8a0)]-2- 2.88 102B
\F (4-Cyano-1- LC
@O o naphthalenyl)hexahy 496.36
dro-1,3-dioxo-5,8- [M-HJ*
CN methanoimidazo[1,5-
alpyrazine-7(8H)-
carboxylic acid, 4-
NO, (nitrophenyl)methyl
ester.
161 N_o [5S-(50,80,8a0.)]-2- 3.09 102B
\F (4-Cyano-1- LC
OO o naphthalenyl)hexahy 417.39
H/ dro-1,3-dioxo-5,8- [M-HT*
CN methanoimidazo[1,5-
cH apyrazine-7(8H)-
3 carboxylic acid, butyl
ester.
162 N\S/,O [5S-(50,80.,8a0:)]-7- 3.31 102C
& [(4-Chloro-3- LC
OO nitrophenyl)sulfonyl]- 536.28
2~(4-cyano-1- [M-HJ*
CN ON Cl | naphthalenyl)tetrahyd
ro-5,8~
methanoimidazo[1,5-
alpyrazine-
1,3(2H,5H)-dione.

-178 -

[ MFMeCOH] + CN di oxo- 5, 8-

., O [5S-(54a,8a,8aa)]-2-

]_



1,3(2H,5H) -dione. 181 N-\ ,!O[5S-(5a,8a,8aa)]-2- 4.32 102C -~S

[ 4-Cyano-3- LC O (trifluoronethyl)pheny 481.29 F3C CF3

| ]tetrahwdod02/d065X 2, 2,2- [MH 4" CN trifluoroethyl)sul fonptCT/usé/®e63
nmet hanoi m dazo[ 1, 5- a] pyrazine 1, 3(2H,5H)-dione. 182 N O

[5S-(5a,8a,8aa)]-7-_2 07 102A_ \r Acetyl-2-(4-cyano-3- | C H3C
| odophenyl )tetrahydro 435/24 -5,8- [[MH} CN net hanoi ni dazo[ 1,5
a] pyrazi ne-| 1, 3(2H, 5H)-di pne. 183 N.| [5S-(5a, 8a, 8aa) Retutiep 48 102A Ilo
(4- Cyano- 3-| LC | HsC i odophenyl )tetralydro 463.26 Cl-130M¢_ (o pethyl {1 -
[MH+ CNjoxoptopyl)-5, 8 methanoini dazo‘{[.l 5-?;?] pyragjfial | Procedure
1, 3( 2H, 5H) - d;ﬁne. 184 N O/ [ 5S- (5a, 8a,8aa) TRL o g. 32" 102REHA cyandl 3- |LC
i odophenyl )|-7=[4- 21 fluorga- [N H] - trifuoro srl ber _F CF3
yi ] tetrahydr 8%/ 8 fet hanoi m d&gfé{ 1,5 [5S-{5c,80,8a0)]-2- 2.72 102C
& \) {4-Cyano-1- LC
OO naphthalenyl)tetrahyd 463.31
CF, ro-7-[(2,2,2- IM-H]*
N triﬂuoroetgyé)sulfonyl}
methanoimidazo[1,5-
alpyrazine-
1,3(2H,5H)-dione.
164 N, o [5S-(50,8c,8a0))-7- 2.26 102A
\74 Acetyl-2-[4-cyano-3- LC
RC H;C (triflucromethyl)pheny | 377.32
3 on [itetrahydro-5,8- [M-HJ*
methanoimidazo1,5-
ajpyrazine-
1,3(2H,5H)-dione.
165 N, [55-(50.,80,8a0)-2- 2.82 102A
f [4-Cyano-3- LC
F.C H;C (trifluoromethyl)pheny 405.36
=L CH; Ntetrahydro-7-(2- [M-HT*
methyl-1-oxopropyl)-
5,8- ’
methanoimidazo[1,5-
alpyrazine-
| 1,3(2H,5H)-dione.
166 N_o [5S-(50,8a,8a0.)]-2- 338 102A
[4-Cyano-3- LC
RO (triffluoromethyl)pheny 525.31
3 & [-7-[4-fluoro-3- [M-HY*
(trifiuoromethyi)benzo
g yijtetrahydro-5,8-
methanoimidazo[1,5-
alpyrazine-
1,3(2H,5H)-dione.
167 N, 0 [68-(5¢.,8x,8aw)]-7- 3.24 102A
{4-Chloro-3- LC
A nitrobenzoyl)-2-[4- 518.30
3 e cyano-3- [M-H]*
(triflucromethyl)pheny
o NO& Hetrahydro-5,8-
methanoimidazo(1,5-
alpyrazine-
1,3(2H,5H)-dione.
168 N_o [5S-(5.,80,8a0,)]-2- 2.40 102A
[4-Cyano-3- LC
Ful = (trifluoromethyl)pheny 430.34
oy ~ O tetrahydro-7-(5- [M-HI
N isoxazolylcarbonyl)-
5,8~
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-182 WD 02/ 00653 PCT/ US01/ 19663 Retention Tinme Mn./ Procedure Ex.
Compound Mol ecular of No G X Nanme Mass Ex. a]pyrazine- 1, 3(2H, 5H)-di one.
185 N 0 V@et/amsBa, 8aa)]-7- 3.10 102A (4-Chloro-3- LC niPeDDS0IZYYE3) - 2- (4-
576.18 f cyano-3- [MH+ CN iodophenyl )tetrahydro C NO 2 -5, 8-

nmet hanoi m dazel-1.-5 4 = = 186 N 0
[ 5S- (54, 8a,8aa) | -2- 2.22 102A (4-Cyaﬁo-3- LC iodophenyl)tetrahydro 488.24
,O-7-(5- [MH} CN N isoxazolylcarhonyl) 5, 8- netkaﬁ@ﬁﬂ?ﬂaio[l,S-
a] pyr azi ne |1, 3(PH, 5H) - di ope. 187 N Q [5S-(5a, 8a, 8aa)] -1 3. 5 100A
- -2 - - 13- [ i
((:fr BEJtSyISberizgxl 2-(4- LC|cyano-3- 553. 29C0n|lp%g]9(pheny|M‘-‘ﬁ;éoecmghy F‘&?og"fvﬁ ) +
’ No G X Name Mass Ex.
methanoimidazof1,5-
alpyrazine-
1,3(2H,5H)-dione.
169 N, 0 [5S-(50,80¢.,8an)]-7- 3.65 102A
(4-Butylbenzoyl)-2-[4- LC
FC cyano-3- 49542
3 . (trifluoromethyl)pheny [M-HI*
litetrahydro-5,8-
methanoimidazo[1,5-
alpyrazine-
1,3(2H,5H)-dione.
CH;
170 N, o [6S-(50.,8c1,8aa)]-N- 3.24 102D
/\4 (3-Chloro-4- LC
rC HN fluorophenyl)-2-[4- 508.31
3 N cyano-3- [M+HT
(trifluoromethyl)pheny
{]lhexahydro-1,3-
Cl F dioxo-5,8-
methanoimidazo[1,5-
alpyrazine-7(8H)-
carboxamide.
171 N, o [6S-(5¢.,8¢,8a0.)]-2- 3.34 102D
\7? [4-Cyano-3- LC
RO HN (trifluoromethyl)pheny 522.33
3 . [Thexahydro-1,3- [M-HT
dioxo-N-[4-
(trifluoromethyl)pheny
CF3 l}'5,8“
methanoimidazo[1,5-
alpyrazine-7(8H)-
carboxamide.
172 N, o [5S-(5¢1,8c1,8a0)]-2- 2.63 102D
(4-Cyano-3- LC
G H;C(_NH (trifluoromethyl)pheny 422.40
3 on Ilhexahydro-N-(1- [M+H]*
CH, methylethyl)-1,3-
dioxo-5,8-
methanoimidazo[1,5-
alpyrazine-7(8H)-
carboxamide.
173 N, o [5S-(50.,8u,8ax)-2~ 3.02 102D
\f [4-Cyano-3- LC
FiC NH (trifluoromethyl)pheny 472.35
BN /@ [1-N-(4- IM-H]
fluorophenyl}hexahyd
F ro~-1,3-dioxo-5,8-
methanoimidazo[1,5-
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met hanoi m dazo[ 1, 5- a} pyr azi ne-

[5S-(5a, 8(x, 8aa)]-N- 3.09 102D \r

566. 22 CWQYAMB53-

[ 5S- (5a, 8a, 8aa

[ MeH] +

]1-2- 3.21 102D

i odophenyl ) hexahydr
met hanoi m dazo[ 1, 5- a] pyrazi ne-7(8H)- carboxam de.
(4- Cyano- 3-

1, 3(2H, 5H) - di one.

LC

580. 21 CN
nmet hanoi m|dazo
PCT/ USO1/ 19663
No G X Nane Mg
LC H3C NH iiéd(
0

a-1, B-di oxo- N-

5 EX.
)phené])hex

4-
1, 5- a] pyn
Ret ent i or
19(¢

[ M H +
azi ne- 7( 8H)
Time Mn.
N O[5S (5
ahyer480.3

(trifluoroneth
- car boxam de.
|/ Procedure
a, 8a
1

8aa

Cﬁggmgnethy

O-

EX.
a2- 2.

CH3 188 N O
(3-Chloro-4- LC HN fluorophenyl)-2-(4-
a- 1, 3- di oROF/BS@/13663F

189 N O

02/ 00645

Mo
llckrfocc I_g'g
[ MeH] +

8 CF3
3

| ar of
ano- 3-

alpyrazine-7(8H)-
carboxamide.

174

FyC
CN

N,

o)

[58-(50.,80.,8aa)]-2-
[4-Cyano-3-
(trifluoromethyl)pheny
[I-N-{(4-
fluorophenyl)methyl]h
exahydro-1,3-dioxo-
5,8-
methanoimidazo(1,5-
ajpyrazine-7(8H)-
carboxamide.

3.09
LC
488.38
[M+H]"

102D

175

FaC i:

N,

[6S-(50,80,8aa)]-2-
[4-Cyano-3-
(trifluoromethyl)pheny
[jhexahydro-1,3-
dioxo-5,8-
methanoimidazo[1,5-
aJpyrazine-7(8H)~
carboxylic acid, 4-
nitrophenyl ester.

3.19
LC
534.37
[M+MeOH]*

102B

176

F

N

\OFO
S

=
<

[6S-(5c.,80,8a0)]-2-
[4-Cyano-3-
(trifluoromethyl)pheny
[Jhexahydro-1,3-
dioxo-5,8-
methanoimidazo[1,5-
alpyrazine-7(8H)-
carboxylic acid, 4-
fluorophenyl ester.

3.20
LC
507.38
[M+MeOH]"

102B

177

CN

N,
O
L

[5S-(5a,80,8aa)]-2-
{4-Cyano-3-
(trifluoromethyl)pheny
llhexahydro-1,3-
dioxo-5,8-
methanoimidazo[1,5-
alpyrazine-7(8H)-
carboxylic acid, 4-
(nitrophenyl)methyl
ester.

3.06
LC
546.34
[M+MeOH]"

102B

178

NO,
N,
0
g

CH,

[6S-(5c.,8a,8a0)]-2-
[4-Cyano-3-
(trifluoromethyl)pheny
[lhexahydro-1,3-
dioxo-5,8-
methanoimidazo[1,5-
alpyrazine-7(8H)-
carboxylic acid, butyl
ester.

322
LC
469.43
[M+MeOH]*

1028
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CN CH3 | ,

530. 23 f wonppleenyl ) hexahyd [ M H] +

3-di oxo-5, 8 nethanoi m dazo[ 1, 5- a]pyrazine-7(8H)- carboxam de.
191 N O [5S-(5a,8a,8aa)]-2- 2.90 102D (4-Cyano-3- LC NH iodophenyl)-N(4-

cN ro-1, 3-di oxo-5, 8- PCT/US01/19663

met hanoi m dazo[ 1,5 a] pyrazi ne-7(8H)- carboxam de. 192 NO
[5S-(5a, 8a,8a(x)]=-2- 2 75 102D (4-Cyano-3- 1 C NH iodophenyl)-N[(4- 544.25
fl uorophenyl)methyl]h [MH + CN exahydro-1, 3-di oxoq{ 5, 8-
net hanoi nmi dazo[[l, 5 F a] pyfazi ne-7(8H]- carboxani de. | Rgeptig g
[5S-(5a, 8a,8aa)|-2- 2.99 {102B (4-Cyano-3- LC O i odcpphérﬂw ) hexahydr %$90. 25
CN o- 1, 3-diloxo-[5, 8- [ MtMeOH] + / met hanoi &dazg([ ,5- 102 vy BCFREe ( 8H) -
carboxylic Td, 4- qit rophenyl ester. 1 ° 55 —aap) | -9 3102
102B i | (43%yhano- £ 1000 &dopheny| \rhpg&fdr g% 2@18ss Ex.
179 N\S,,O [55-(50.,8a,8a0)]-2- 2.35 102C
Z [4-Cyano-3- LC
.G 0 ﬁf\N—-cm (trifluoromethyl)pheny 481.33
=L N=/ ftetrahydro-7-[(1- IM+HT
methyl-1H-imidazol~
4-yl)sulfonyll-5,8-
methanoimidazol[1,5-
alpyrazine-
1,3(2H,5H)-dione.
180 N 0 [5S-(50,80.,8a0)]-7- 3.29 102C
O/,S [(4-Chloro-3- LC
o nitrophenyh)sulfonytl- 554.25
3 N 2-[4-cyano-3- [M-H}
o Cl | (trifluoromethyl)pheny
2 {[tetrahydro-5,8-
methanoimidazo[1,5-
alpyrazine-
1,3(2H,5H)-dione.
181 N, 0 [5S-(5a,8c,8a0.)]-2- 4.32 102C
& {4-Cyano-3- LC
B (trifluoromethyl)pheny 481.29
= L CF3 ftetrahydro-7-[(2,2,2- [M-HJ*
trifluoroethyi)sulfonyl]
-5,8-
methanoimidazo[1,5-
ajpyrazine-
1,3(2H,5H)-dione.
182 N_o [5S-(50.,80,8a0)]-7- 207 102A
% Acetyl-2-(4-cyano-3- LC
. H,C iodophenyl)tetrahydro 435.24
L -5,8- [M-HT"
methanoimidazo[1,5-
alpyrazine-
1,3(2H,5H)-dione.
183 N_o [5S~(5a.,80,8a0.)]-2- 2.48 102A
f (4-Cyano-3- LC
H,C jodophenyltetrahydro 463.26
I CH; -7~(2-methyl-1- M-HJ*
N oxopropyl)-5,8-
methanoimidazo[1,5-
alpyrazine-
1,3(2H,5H)~dione.
184 N_o [5S-(50,80,8a0)]-2- 3.32 102A
(4-Cyanc-3- LC
iodophenyl)-7-[4- 583.21
I fluoro-3- [M-H]*
CN (triftuoromethyl)benzo
5 CFs3 yiltetrahydro-5,8-
methanoimidazo[1,5-
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CN o-1, 3-di oxo-5, 8-
carboxylic acid, 4-
Ret ent i ow@omen6sM n. !

[ MEMeOH] +
fl uor ophenyl
Procedure

ester.

met hanoi m dazo[ 1,5 F a] pyrazi ne-7(8H) -
184 WD 02/ 00653 PCT/ US01/ 19663
Ex. Conpound Mol ecul ar oPCT/N80139%63Narme

Mass Ex. 195 N [5S-(5a,8a,8aa)]-2- 2.89 102B \O (4-Cyano-3- LC O
i odophenyl Yhexahydr 572 22 o0-1 _3-dioxo-5 8- [MH+ _ crr nethanoimdazo[1,5
a] pyrazi ne{7(8H)- carboxy]ic acid, (4- NO2 nitrophenyl) net hy ester| 196 N
O[5S (54, 8a,8ap)]-2- 3.04 102B | (4-Cyano-3- LC O |]6 Byl ) hexahydr
493.28 o0-1,3-djoxo-5,8 [MH+ CN pethanoin dazo[1 "pyr i ne- 7( 8H) -
CH3 carboxyljc gcid, buty] ester. 197 N, O [5S- (5( 3 }75“ ““’2 16
102D S (44 %no- 3- LCON- CI—|3 |odo|9heny(f‘¥1 e?rahydr o—%ﬁﬁz
7-[(1-methyl = H [ MeH] + _—
a]pyrazine-
1,3(2H,5H)-dione.
185 N_o [6S-(50,80,8a0)]-7- 3.10 102A
(4-Chloro-3- LC
nitrobenzoyl)-2-(4- 576.18
I cyano-3- [M-HT*
CN jodophenyl)tetrahydro
cl N02 ..5,8_
methanoimidazo[1,5-~
a)pyrazine-
1,3(2H,5H)-dione.
186 N__o [5S-(5,80,8ac)]-2- 2.22 102A
(4-Cyano-3- LC
)ib = iodophenyl)tetrahydro 488.24
I e -7-(5- [M-HT"
N N isoxazolylcarbonyl)-
5,8-
methanoimidazo[1,5-
a]pyrazine-
1,3(2H,5H)-dione.
187 : N__o [5S-(5a.,80,8a00)]-7- 358 102A
(4-Butylbenzoyl)-2-(4- LC
cyano-3- 553.29
I iodophenyl)tetrahydro [M-HJ*
CN 5.8-
methanoimidazo[1,5-
alpyrazine-
1,3(2H,5H)-dione.
CH;4
188 N, [5S-(5a,80,8aa)]-N- 3.09 102D
(3-Chloro-4- LC
. HN fluorophenyl)-2-(4- 566.22
&N cyano-3- [M+HT*
iodophenyl)hexahydr
o-1,3-dioxo-5,8-
Cl F methanoimidazo[1,5-
alpyrazine-7(8H)-
carboxamide.
189 . Ne_o [5S-(50,80,8a0.)]-2- 3.21 102D
\F (4-Cyano-3- LC
I HN iodophenyl)hexahydr 580.21
N 0-1,3-dioxo-N-[4- [M-HJ*
(trifluoromethyl)pheny
I1-5,8-
CF, methanoimidazo[1,5-
ajpyrazine-7(8H)-
. carboxamide.
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I m dazol

1, 3(2H, 5H) - di one.
[ (4- Chl oo 82/006683 ni t r ophenyl ) sul fonyl ] -

ZN O
1, 3( 2H, 5H) -
LC CH3 i od

met hanoi m

PCT/ USO1/ 19

I nvention
The conpou
bond): O

198 N,

3.
612. 15 CN 2- (4- cpanos®@/19pes H| +
i odophenyl )tetrahydro -5, 8- nethanoi m dazo[ 1, 5- a] pyrazi ne

-4 yl)sul fonyl]-5,8- nethanoi m dazo[ 1, 5- a] pyrazi ne
,,O[5S-(5a,8a,8aa)]-7-

13 102D S

dione. 199 N, ,. O[5S (5a,8a,8aa)]-2- 2 11 102D S (4-Cyano- 3-
ophenyl )tetrahydro 471.20 |-7- (nEthy|SU|f[)§%y MH+ CNS5,8
dazo[|l, 5- a] pyrjazi ne- 1, 3(2H, 5H) - di one njgy 02/ 00653

663 | Exanpl es {200 to 217 Additional conmppun@®e€of it he present
per e [prepared by procedures anal ogous to hﬁ@éfde§3?$ 8¢ hbove.
nds“of 5 Exanplies 200 to 217 héygp'ﬁﬂ f ol gﬁ%ﬁg?%truch re (Lis a

NG X~ NE1H g X Name a Ix.

190 N__q | [55+(50,80,8aa)l-2- 2.39 102D

(4-Cyano-3- LC
H;C_-NH iodophenytyhexahydr 480.31
! R o-N-(1-methylethyl)- |  [M+H]*
N CHy 1,3-dioxo-5,8-
methanoimidazol1,5-
alpyrazine-7(8H)-
carboxamide.
191 N__o | [65-(50,8q,8a0)}-2- 2.90 102D
(4-Cyano-3- LC
/© NH iodophenyl)-N-(4- 530.23
I fluorophenyl)hexahyd IM-H}*
N ro-1,3-dioxo-5,8-
F methanoimidazo[1,5-
alpyrazine-7(8H)-
carboxamide.
192 N__q [5S-(50,8a,8a0)]-2- 275 102D
\F (4-Cyano-3- 1LC
@ NH iodophenyl}-N-[(4- 544.25
I fluorophenyl)methyl]h [M-HJ*
N exahydro-1,3-dioxo-
5,8-
methanoimidazo[1,5-
F alpyrazine-7(8H)-
carboxamide.
193 N__| [55-(50,80,8a0)-2- 2.99 102B
\F (4-Cyano-3- L.C
J: ] 0] iodophenyl)hexahydr 590.25
I o-1,3-dioxo-5,8- [(M+MeOH]*
CN methanoimidazo[1,5-
ajpyrazine-7(8H)-
0N carboxylic acid, 4-
nitropheny! ester.
194 N. o [53-(50({80@83&)]-2-— 3.02 102B
\F (4-Cyano-3- LC
0 iodophenyl)hexahydr 565.26
! o-1,3-dioxo-5,8- | [M+MeOHJ*
CN methanoimidazo[1,5-
F alpyrazine-7(8H)-
carboxylic acid, 4-
fluoropheny! ester.
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where G X
procedure

t he conpound nane,
enpl oyed,

retention tinme, nolecular
are set forth in Table 4. The chromat ography

nmass,

and t he

t echni quavouyewsi o 10 determ ne the conpound retention tiPeBUSII/IPad3l € 4 are

as foll ows:

MeOH H20 over

LCMVB =

4 m nutes

cont ai_ni ng Q

n, nonit

YMC S5 ODS colum, 4.6 X 50 mmeluting with 10-90%
1% TEA; 4 /i

oring at 220

nm LCM5* SYMC $5 ODS colum, 4.6 X|50 nmeluting with 10-90% MeOH K20
over 2 mnutes c¢ontaining| 0.1% TFA; |4 ni/mn, noni toPF‘i‘i@"O&t 220 rim| LC =
YMC S5 QDS |col u 4.6 x 50 15 mm el utji ng vvith 10- 90% H2Q over 4
m nut es cont ?:I ning 0. 2% phosphoric acid, /JP ri ndreedweg nm
The ol ecul mass of, t he|conpounds Ilstegomqoﬁn abl ¢ ol det f’?n' ned by
MB (ES) by [tBS formPa {7 Tabfe 4 Retent i€ Time| M Pioc EX.
Conpound Myl &%l G X 1s£585(>‘éoc8oc§ex01 AH|[ 5 %a 8a, 8@@3)]-4-
1.46 91 (Hexahy | C di bxo-5, 8- F {ECrnoi m dai o1, %
a] pyrazi n- 2( 3H) trifQ oron”et"Pﬂ?Pp%éW%ahyﬁr it r| 201 N @)
[ 5R- (5a, 8a,|8aJ) ] Hexahydr o- 2- 5 Hzlipht hal enyl )|- 1, 3-
' XCH3 di oxd-5, 8 H3 e oi ffi n’ Z0) ra2| ne- 7( 8H) -
car boxyl i ¢ |aci d| ot hyl | ds Py 21y 02/ 00653 | PCT/ US01/ 19663
carboxyllc acid,
NO, nitrophenyl)methyl
ester.
196 N, o [6S-(5a.,80,8a0)]-2- 3.04 102B
\]g (4-Cyano-3- LC
&) iodophenyl)hexahydr 493.28
0-1,3-dioxo-5,8- [M-HT*
methanoimidazo[1,5-
CH alpyrazine-7(8H)-
3 carboxylic acid, butyl
ester.
197 N, ,, [5S-(50.,80,8a0.)]-2- 2.16 102D
// (4-Cyano-3- LC
I \]/\N—CH3 iodophenyljtetrahydro 539.22
&N -7-[(1-methyl-1H- [M+HT*
imidazol-4-
yl)sulfonyl]-5,8-
methanoimidazo[1,5-
alpyrazine-
1,3(2H,5H)-dione.
198 N, .0 [6S-(50,80,8a0)]-7~ 3.13 102D
/@ O/,S [(4-Chloro-3- LC
L nitrophenyl)sulfonyl]- 612.15
& Q 2-(4-cyano-3- [M-HT*
Cl | iodophenyl)tetrahydro
O,N -5.8-
methanoimidazo[1,5~
alpyrazine-
1,3(2H,5H)-dione.
199 N O [6S-(5¢.,80,8a0)]-2- 2.1 102D
O/’S\CH (4-Cyano-3- LC
I 3 iodophenyl)tetrahydro | 471.20
-7-(methylsulfonyl)- [M-H]*
CN 58
methanoimidazo[1,5-
alpyrazine-
1,3(2H,5H)-dione.
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Retention Tine Mn./ Procedure Ex. Conpound Ml ecular of No G X Nane
Mass Ex. 202 N O [5S-(5a,8a,8a(3)]-2- 3.28 90 [4-Cyano-3- LC O CH 3 F3C
~CH 3 | ] veaahy@sd- 1, 3- H3C 3 di oxo-5, 8- CN net hanoi m dazopPdT/HS01/19663

a] pyrazine-7(8H)- carboxylic acid, 1,1- dinmethylethyl ester. 203 NH

[ 5S-(5a,8a,8a(3)]- 1.83 95 Tetrahydro-2- ,( 4-nitro- LC 1-naphthal enyl)-5, 8-

met hanoi m dazo[ 1,5 NO2 a] pyr azi n&Xa -2 Dne, trifluoroacetate

(1:1). 204 N O [5R-(5a,8a,8aD)]-2- 3.29 93 [4-Cyano-3- LC \ | OCH 3 F3C
~CH 3 | ] hexahydr cAdditBonati@enpalinekswfih@ préd¥ntiriveation weta zebpared b
a] pyrazine-7(8H)- carboxylic acid, 1,1- dinmethylethyl ester. 205 N O

[ 5S- (5a, 8a, g¥pEyqures anglagouste,theseideseribed ahaveo - Theecamprunds of
1-napht hgl enylaidied 200 to 217 have the following structure (L is a bond):

X\’/Zl;:i:\ jif

where G, X, the compound name, retention time, molecular mass, and the procedure
employed, are set forth in Table 4. The chromatography techniques used to

10  determine the compound retention times of Table 4 are as follows: LCMS = YMC S5
ODS column, 4.6 X 50 mm eluting with 10-90% MeOH/H,O over 4 minutes
containing 0.1% TFA; 4 mL/min, monitoring at 220 nm. LCMS* = YMC S5 ODS
column, 4.6 X 50 mm eluting with 10-90% MeOH/H,O over 2 minutes containing
0.1% TFA; 4 mL/min, monitoring at 220 nm. LC =YMC S5 ODS column 4.6 x 50

15  mm eluting with 10-90% MeOH/H,0 over 4 minutes containing 0.2% phosphoric
acid, 4 mL/min, monitoring at 220 nm. The molecular mass of the compounds listed

in Table 4 were determined by MS (ES) by the formula m/z.

Table 4
Retention
Time
Min./ Procedure
Ex. Compound Molecular of
No G X Name Mass Ex.
200 NH [568-(5¢,8c,8ap)]-4- 1.46 91
(Hexahydro-1,3- LC
dioxo-5,8-
F5C methanoimidazo[1,5-
CN a)pyrazin-2(3H)-yl)-2-
(trifluoromethyl)benzo
nitrile.
201 N_o [5R-(50,8c,8aB)]- 3.29 93
\}4 Hexahydro-2-(4-nitro- LC
0. 1-naphthalenyl)-1,3-
OO CHs dioxo-5,8-
NO H,C CHs methanoimidazo[1,5-
2 alpyrazine-7(8H)-
carboxylic acid, 1,1-
dimethylethyl ester.
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3 di oxo-5,8- NOZ H3C CH3 net hanoi m dazo[ 1,5 a] pyrazi ne-7(8H) -

acid, 1,1- dinethylethyl
(Hexahydmoo 22/@653.C di oxo-5, 8 F3C net hanoi m dazo[ 1, 5- CN B{pys@zione32( 1

H - yi) - 2-
3.00 102A (1-

(trifluoromethyl)benzo

LC Benzo

ester.

ni

trile.

met hanoi m

nitrile. -1187

Ex. Conmpound M

7 H3C Tetra
met hanoi m

Hazo[

rlo- 2-
[

1,5- a] py|
WO 02/ 006
| ecul ar of
2- Ld

1. 5- =] pyri

razi n- 2(3

53 PCT/ US01
No G X Nc
met hyl -

d| ne¥

H-yl)-2- (trif
/19663 Retentl
ss Ex.

dnitr ﬁﬁ@ﬁ?ﬁ)

e

8 m§5
s

hyl ) benz

'\ﬂg&cegﬁ‘r 3

carboxylic
206 NH [5R-(5a, 8a,8a(3)]-4- 3.29 91

207 N O [58—(5a 8a, 8a(3)]-4-
hexahydro F3C 1, 3-dioxo-5 8-

| Rﬁfs'rt BPre

0
Priocedur e
- 2.61

202

\250
O CH;
1,C CHs

[5S-(5a,80.,8aB))-2-
[4-Cyano-3-
(trifluoromethyl)pheny
[lhexahydro-1,3-
dioxo-5,8-
methanoimidazo[1,5-
a]pyrazine-7(8H)-
carboxylic acid, 1,1-
dimethylethyl ester.

3.28
LC

90

203

NO,

NH

[5S-(50,80,8aB)}-
Tetrahydro-2-(4-nitro-
1-naphthalenyl)-5,8-
methanoimidazof1,5-
ajpyrazine-
1,3(2H,5H)-dione,
trifluoroacetate (1:1).

1.83
LC

95

204

r
CH,
H,¢ CHs

[5R-(5¢,8a,8aB)]-2-
[4-Cyano-3-
{triflucromethyl)pheny
[Jhexahydro-1,3-
dioxo-5,8-~
methanoimidazo[1,5-
alpyrazine-7(8H)-
carboxylic acid, 1,1-
dimethylethyl ester.

3.29
LC

93

205

o
CH;
¢ CHs

[5S-(50.,80.,8ap)]-
Hexahydro-2-(4-nitro-
1-naphthalenyl)-1,3-
dioxo-5,8-
methanoimidazo[1,5-
alpyrazine-7(8H)-
carboxylic acid, 1,1-
dimethylethyl ester.

3.35
LC

94

206

NH

[5R-(50,8c,8aB)]-4-
(Hexahydro-1,3-
dioxo-5,8-
methanoimidazo[1,5-
ajpyrazin-2(1H)-yi)-2-
(trifluoromethyl)benzo
nitrile.

3.29
LC

o1

207

[5S-(5c,80.,8ap)]-4-
(7-
Benzoylhexahydro-
1,3-dioxo-5,8-
methanoimidazo[1,5-
a]pyrazin-2(3H)-yl)-2-
(trifluoromethyl)benzo

nitrile.

3.09
LC

102A
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1, 3(2H, 5H) - di one.
Benzoyl t et rahydro-2- LC :
met hanoi waazajéiz 5- a] pyrazi ne-.

net hanoi m dazo[ 1,5- a]lpyridine 1,3(2H, 5H)-di one.

r

1, 3(2H, 5H) - di one.

209 N O[5S (5a,8a,8aj3)]-7- 2.97 102A
(4-nitro-1 J naphthal enyl)-5,8- NO2

210 CPRT/US01/19663
(5a,8a,8a(3)-2-(2- 2.95 7 C Benzofuranyl)tetrahy LC dro-5, 8- f

3.52 7 C Tetr

benzof ur any
CH2 (5a, 8a

oxazol yl ) phefy

1, 3( 2H, 5H) |

8a(3
|
n

ahydr o- 2-
|)-5, 8 net hano

2.79 7

) -
]-5, 8-
e.

i

3

et

L

D [ 5SX(5(x,

C (4,5,6, 7-
m dazo[ 1, 5
Tetrahydra-2-[3- LC f net
hanoi mi dazq[ 1, 5Cempewedy| py

tetrafl uoro-2-

F F a]pyridin

8a, 8a[Mame 2. 3.

F Reomtiy -

r iMjtleenlar
17 Massy .

3 F

of

O napht hal ¢

APB)

N
hexahy | X
H,C

CH3 dObt,1, 3-

di 0XBe,8¢.8ab)-
Tetrahydro-2-{2-
methyl-4-nitrophenyl)-
5,8-
methanoimidazo|1,5-
alpyridine-
1,3(2H,5H}-dione.

2.61
LC

(4- &ano-
7

209

158-(501,80.,8ap)}-7-
Benzoyitetrahydro-2-
(4-nitro-1-
naphthalenyl)-5,8-
methanoimidazo[1,5-
alpyrazine--
1,3(2H,5H)-dione.

2.97
LC

102A

210

CH,

(501,80.,8ap )-2-(2-
Benzofuranyltetrahy
dro-5,8-
methanoimidazo[1,5-
alpyridine-
1,3(2H,5H)-dione.

2.95
LC

211

CH,

{5, 8a,8ap)-
Tetrahydro-2-
{4,5,8,7-tetrafluoro-2-
methyi-3-
benzofuranyl)-5,8-
methancimidazo[1,5-
ajpyridine-
1,3(2H,5H)-dione.

3.52
LC

212

CH,

(5¢,80,8af)-
Tetrahydro-2-{3-
methoxy-4-{4-
oxazolylyphenyl]-5,8-
methanoimidazo[1,5-
alpyridine-~
1,3(2H,5H)-dione.

2.79
LC

213

7;0
CH,
H3C CH3

[58-(50,,8c,8ap)}-2-
(4-Cyano-1-
naphthalenyl)hexahy
dro-1,3-dioxo-5,8-
methanoimidazo[1,5-
alpyrazine-7(8H)-
carboxylic acid, 1,1~
dimethylethy! ester.

3.97
LC

94

214

\FO
CH,
H,C CH,4

[5S-(5c,80,,8ap)}-2-
{4-Cyano-3-
iodophenylyhexahydr
0-1,3-dioxo-5,8-
methanoimidazo[1,5-

3.22
LC

alpyrazine-7(8H)-

90

- 188 -

e- Tin@( 2H, 5H) - di one.
hoxMing- ( 4- P(pcedure

1

211 H3C CH2 (5a, 8a, 8a[ 3) -

212

LC



CN H3C CH3 net hanoi mi dazo[ 1, 5- a] pyrazi ne-7(8H)- carboxyl is acid, 1,1-

di met hyl ethyl ester. 214 N O[5S (5a,8(x,8a[3)]-2- 3.22 90 (4-Cyano-3- LC
CH3 i odopvenybgehexahydr o-1, 3-di oxo-5,8- CN H3C CH3 net haroT/wseizi®edsl, 5-

a] pyrazi ne- 7(8H) -188 WD 02/ 00653 PCT/US01/19663 Retention Tine Mn./
Procedure Ex ompound Ml ecular of —No G X -Nanme Nass Ex.—carboxylic acid,
1,1- dinet hyI et hyl ester.| 215 CH3 CH2 (5a, 8a, 8a(3)-
Tetrahydro4{2-(2t LC O net hyl -3- benzof uranyl)-5, 8-
a] pyri di ne- 3(2H, 5H) -di pne. 216 N O [éS—ﬁSa 8(x,
LC O CH3 Di %i;u | or ophenyl) exahXCI Ca ydro-m-dl 0xd
met hanoi m ¢azef1-5- i i
ester.

ANOI m dazo[ 1,5

.99 985 (3, 5-
E

di magir—hy nt hyl

carboxyhc cid, 1,1-
dimethylethyl ester.
(50,8c,8ap)- 2.80 7
— Tetrahydro-2-(2- LC
0] ” methyl-3-
benzofuranyl)-5,8-
methanoimidazo[1,5-
alpyridine-
1,3(2H,5H)-dione.
216 N, o [5S-(501,8c,8apB)]-2- 3.59 90
\F (3,5- LC
Q. CH Dichlorophenyl)hexah
3 ydro-1,3-dioxo-5,8-
H;C CH, methanoimidazo[1,5-
a]pyrazine-7(8H)-
carboxylic acid, 1,1-
dimethylethyl ester.
217 | &0 CH, (50,8c.,8ap)-2-(2,2- 3.03 7
3 Dimethyl-2H-1- LC
0] N benzopyran-4-
yltetrahydro-5,8-
methanoimidazo[1,5-
a]pyridine-
1,3(2H,5H)-dione.

215

Cl Cl
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217 H3C CH2 (5a,8(x,8a(3)-2-(2,2- 3.03 7 H3C Dinethyl-2H1- LC
benzopyran-4 / yl)tetrahydro-5, 8- nethanoi m dazo[1,5- a]pyridine 1,

3(2H, 5H) wid omen6s3 - 189 WD 02/ 00653 PCT/ US01/ 19663 O ai nBCTNV&01¢19663m 5 1.
A conpound of the following formula: Z1 Y LM I ~NZQ/A2 GNA W
EN (1) 10 or a salt therof, wherein the synbols have the foll ow ng
meani ngs and are, for each occurrence, independently selected: Gis an
aryl or heterocyclo group, where said gpgyp IS nono- or polycyclic, and
which 1is optionally substituted at one or nore positions; E is C=Z2,
CRCR', SOWedkinP=00R2; 15 Z, is O S, NH, or NR6; Z2 is 0, S, NH, or
NR6; A, isCR7orN, A2 isCR7orN, Yis J-J'-J" where J is (CRR')n and n =
0-3, J' is abond or 0, S, S=0, S, NH, 20 NR6, C=0, 0OC=0O, NR C=0
CRR', &CR RB,'R2Px . =N, NHNH, NHNR6, NR6NH, N N,
cycl oal k{’l;l_ or subs??tﬁ?gg%%f&gﬁoa@%%%a (enyl or substituted
cycl oal kenyl, heterocyclo or substituted heterocyclo or aryl or
substituted aryl, and J" is (CR7R ,)n and n =

MI
L Q \
G/ \N/ ,Az\
A
‘M 1 w
\E/N/
Y

10  or a salt therof, wherein the symbols have the following meanings and are, for each
occurrence, independently selected:
G is an aryl or heterocyclo group, where said group is mono- or polycyclic, and which
is optionally substituted at one or more positions;
E is C=Z,, CR'CR’, SO,, P=OR?, or P=OOR?;
15  Z,is O, S, NH, or NR;
Z,is O, S, NH, or NR;
A;isCR7orN;
A,isCR7orN;
Y is J-J’-J” where J is (CR'R”)n and n = 0-3, J’ is a bond or O, S, S=0, SO,, NH,

20 NR, C=0, 0C=0, NR!C=0, CR'R”, C=CR’R®, 'R2P=O, OPOOR?, OPO,,
0S0,, C=N, NHNH, NHNR®, NR°NH, N=N, cycloalkyl or substituted
cycloalkyl, cycloalkenyl or substituted cycloalkenyl, heterocyclo or
substituted heterocyclo or aryl or substituted aryl, and J” is (CR’R”)n and n =
0-3, where Y is not a bond;

25 Wis CR'R"—CR'R”, CR*<CR®, CR'R"—C=0, NR®—CR'R”, N=CR®, N=N, NR*—
NR?, cycloalkyl or substituted cycloalkyl, cycloalkenyl or substituted
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0-3, where Y is not a bond; 25 Wis CRR'-CR R', CR8=CR8', CRR'-C=0
NR-CRR ', N=CRB, N=N, NR9- NR', cycloal kyl or substituted cycloal kyl,
cycl oal keamgb2/eressubstituted -190 WO 02/ 00653 PCT/ US01/ 196BGT/USYIcl19668 kenyl ,
het erocycl o or substituted heterocyclo, or aryl or substituted aryl; Qis

H, al kyl or substituted alkyl, alken r bstituted al ken ..cycl oal kyl
or substituted &/’@P%]EFIP@’I 1}4369%31053%?&%‘&?%%@%&%50&F u'ey ]c?fc%h%}tﬂ%ﬁyl , 5
het er ocycl oal kyl aBf; substituted heterocycl oal kyl, arylal kyl or substituted
aryl al kyl, alkynyl” or substituted al kynyl, aryl or substituted aryl,

het er ocycl o Q trH sl toir sultstithtdvetleyloalkehyd or baisttutddNkdRyOCyCloaR$ G0, R5R6NC=0,

HOCR R ', nitro, RLOCH2, R O, NH2, C=OSRl, SOPRL % NR4R5; Mis a bond, O,
CR R + or NRL0, a&Hestipiteqd sycdoalsriaexsioaleny] ongubsiityted cyslealkenyls hat at 10

| east ong of M o alel ' ' R5 or
N(CR R ") n, wher él e%g%é%@%&gﬁ%dlhgkgo 8@%@%8&%@%@# Plf/&wf‘teé\tll kyl or
substituted al kylarylglkgl, aidyliyll or 8tibstitutes hikybylesytyncdubstitlitet arfykdi@atjctary| or

substituted cycl oal kenyl, heterocyclo or substituted heterocyclo,

cycl oal kyl al kyl ©r sehstibted hateracya)e halg, KPAIRKQC=01 B '¢yQ) BR’ .al kyl or
substituted cycl qal kenyl al kyl erpcycl oal kyl or substituted

het er ocycl oal kyl %%?gl%oplt%gé@mt%@é\ﬁ% p”%laaﬁ%ﬁ OBNtRs4 )stituted

cvel oal kyi . Byt bl hsROsT BPRLL AT b B Bong BRI edtra PR Tl ' or
substit yped hetigsspeNChHOM #RITHELAR dBdrmd} Kyl or substituted cycl oal kyl al kyl,
cycl oal kenyl al kyl or substituted cycl oal kenyl al kyl, heterocycl oal kyl or

subst i t ut ed Ihitasrondy@RFR! ny NH, &R ordN(CRERDg whete@d= &3yl , aryl al kyl or
substituted alryl all,kyl; R3 and W are each independently H, al kyl or
substi t ut ed RilaegR" ary edchandependsntly diadleyl prswbdtiwied| abligil kgyicloaligpd bval kenyl or

cyol oal kyl al kyl - SROSHEE P ooyt o TG ey Sar ke Ry cts
substituted cycl Qalskemviiad Kstbroctd &yRowikly RAL ¥t sullstitufedR§cl datidyafikyl,

het er ocycl oal kyl, aryl or substitutéd aryl, "arylal kyl or substifuted
1 cycloalkenylalkyl or substituted cycloalkenylalkyl, heterocycloalkyl or

substituted heterocycloalkyl, aryl or substituted aryl, arylalkyl or substituted
arylalkyl;

R? is alkyl or substituted alkyl, cycloalkyl or substituted cycloalkyl, cycloalkenyl or
substituted cycloalkenyl, heterocyclo or substituted heterocyclo,

20 cycloalkylalkyl or substituted cycloalkylalkyl, cycloalkenylalkyl or substituted
cycloalkenylalkyl, heterocycloalkyl or substituted heterocycloalkyl, aryl or
substituted aryl, arylalkyl or substituted arylalkyl;

R® and R*' are each independently H, alkyl or substituted alkyl, cycloalkyl or
substituted cycloalkyl, cycloalkenyl or substituted cycloalkenyl, heterocyclo

25 or substituted heterocyclo, cycloalkylalkyl or substituted cycloalkylalkyl,
cycloalkenylalkyl or substituted cycloalkenylalkyl, heterocycloalkyl or
substituted heterocycloalkyl, aryl or substituted aryl, arylalkyl or substituted
arylalkyl, halo, CN, hydroxylamine, hydroxamide, alkoxy or substituted
alkoxy, amino, NR'R?, thiol, alkylthio or substituted alkylthio;

30 R*isH, alkyl or substituted alkyl, cycloalkyl or substituted cycloalkyl, cycloalkenyl
or substituted cycloalkenyl, heterocyclo or substituted heterocyclo,
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aryl al kyl, hal o, CN, hydroxyl ainine, hydroxam de, al koxy or substituted
al koxy, amno, NR R2, thiol, alkylthio or substituted alkylthio; 30 R4 is
H, al kyl voo oxuissy i tuted al kyl, cycl oal kyl or substituted rgTUSEN 10§43,
cycl oal kenyl or substituted cycl oal kenyl, heterocyclo or substituted

heterocyclo, - l%a;c1om12yfaﬁiy©@§§§>s?ﬁﬂdt§%aﬁc%a@1%d SRlaf@hkliaf by subsfituted

substituted cycl oal kyl al kyl, cycl oal kényl al kyl™ or substltute
cycl oal kenyl al kylcyclbelﬂcemsddkyll haﬂek;cycloalksmwbsttmmedi hetetceydoylkyhatyket , aryl

or substituted aryl, aryl al kyl stlt te al kyl 1 R NHC=0,
SOPOR , or SO2NRS Slfl&ew?sarﬂﬁlky @Ha{;ﬂg&?’gé ‘%5 Ré\l? 8§bk or
substi tut ed cycl [ kenyl or substituted cycl oaI kenyl ,

het er ocycl o or S%‘?gbku@%fh@? rocycl o, cycloal kyl al kyl or substi t ut ed
cycl oal kgl alpeyh alkGé sapdtiegied b gkwycl%lkw&%hb&tuﬁ@é cy@luﬂkwby&wka{yk

het er ocycl oal kyl or substituted 'héterocycl oal kyl, aryl or substltuted
aryl, arylal kyl epbsinnsd cyald)aildemzﬂ ),heedrcqulc],o ®RBExGitutR] KeteOycl8OPR , 10

O ¢ b oyl sarieghsteiot PosteaRyrd Sroa b St kepe il Remetitted
het | t ed
cycl oal kyl al kyl S*??%F%EI?SE%%?F5??‘1“*@?%&%@%%%?%%&h eleyo Rt A E*yf °
het er ocycl oal kyl sobstiutbé tiyl,uireldlkyebesubsitatedaliylkyl, R g+OpR'NBCsObSOLR Yt ed

aryl, arylal kyl or substituted grylalkyl, CN, OH OR, R CO R NHC=0O
SO2R1, $ CRl orSCS@R\FbrFSOzNERRénd R' are each independently H, alkyl or

bstituted | k b t
SUbeti tut od RS Mk @b MneR Gustanclontiy & Bt syciSihd Suiakg or
heterocyclo or S%Qﬁ&itﬁt@& @%185&&{3@%%9@(:&)\/&'sﬁﬁétiﬁ(deéh%%{oc £1020 substituted

cycl oal kyl al kyl, cycl oal kenyl'al Kyl or Substituted cycloal kenyl al kyl,
het er ocycl oal kyI oycloslidgklliv ot mshaﬁmmymlkywlkyﬂj cychralitenglalkyd ahsubistituteed

aryl, arylal kyl or substituted aryl al k
hydr oxyl ani ne, hydF92 P%)ﬂflﬁ@ %aﬁ?f%gl L&ﬁsted héﬁférocyf’li‘??]éﬁb’l Al Ry thi o

or substituted al SRRR1c26 PCBRIR1
R R NC-EIDS C=0SR1, Sﬁ%%%ﬁgegmé)g%@% WM e ORERICED.

i ndependent |y H, rNid=0rscrissdjor'esr sbyR'Ral kenyl or substituted

al kenyl , cycloalkyl or substituted cycloalkyl cycl oal kenyl or substituted

R’ and R” are each independently H, alkyl or substltuted alkyl, alkenyl or substituted
alkenyl, cycloalkyl or substituted cycloalkyl, cycloalkenyl or substituted
cycloalkenyl, heterocyclo or substituted heterocyclo, cycloalkylalkyl or

20 substituted cycloalkylalkyl, cycloalkenylalkyl or substituted
cycloalkenylalkyl, heterocycloalkyl or substituted heterocycloalkyl, aryl or
substituted aryl, arylalkyl or substituted arylalkyl, halo, CN, OR, nitro,
hydroxylamine, hydroxylamide, amino, NHR*, NR?R®, NOR!, thiol, alkylthio
or substituted alkylthio, R'C=0, R'OC=0, R'NHC=0, SO,R', SOR’,

25 PO,R'RY, R'R"NC=0, C=0SR!, SO,R!, SO,0R", or SO,NR'R";

R®and R? are each independently H, alkyl or substituted alkyl, alkenyl or substituted
alkenyl, cycloalkyl or substituted cycloalkyl, cycloalkenyl or substituted
cycloalkenyl, heterocyclo or substituted heterocyclo, cycloalkylalkyl or
substituted cycloalkyalkyl, cycloalkenylalkyl or substituted cycloalkenylalkyl,

30 heterocycloalkyl or substituted heterocycloalkyl, aryl or substituted aryl,
arylalkyl or substituted arylalkyl, nitro, halo, CN, OR!, amino, NHR*, NR’R’,
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cycl oal kenyl, heterocyclo or substituted heterocycl o, cycloal kyl al kyl or
substituted cycl oal kyal kyl, cycl oal kenyl al kyl or substituted

cycl oal kewgbzabdeyd , 30 heterocycl oal kyl or substituted het reDUpClOad3KY! |
aryl or substituted aryl, arylalkyl or substituted arylalkyl, nitro, halo,

CN, OR, ami no, KRy bt 6 30§ﬁ”l@§5—1— 30 NOR',
al kyl t h| 0 or substi tutg{??tal k?fls'glhl o, %C)-%g%g él éqﬁéé,LR?l\IHC-O
R R1' NC=0O, SORORR!NBRERI, R'RORR=0,RBBRRIS=0RY, SEORNRO!RY, BPSendrRB", are
each independently H, aIkyI or substituted alky alkenyl or substituted

al kenyl , cyd®aall RYlaroeachibhddpehddntly I ytitydat &;Hsntuwﬂczllbﬁl Hkenyil opsubstitasdd t ut ed
5 cycloalkenyl het erocycl o or substituted heterocycl o, cycloalkylalkyl or

substituted cycl @Hieryl W@?@lky]dyépbﬁmkté@l?}’cé‘l’@kbﬂ orclapliesay] o ubgtituted

o eubsfituted SrYPTERT O Y br BRIl O Bl PRI B o 2!
RIC=0, RLOC=0, RibdGr&l cfzﬂaﬂﬂzyla@?%loalﬁényWﬂ%rB&bsﬁt@@&j 10 R10 is H,

al kyl or substituted al ky cycl oal or substituted cycl oal kyl,
cycl oal kenyl or cs@lb@lkcmsdalwl d:lyf@r@aclbdhyll qQr shbﬂ@mtgdiaeﬂemcgcloalhblsanyﬂ ot ed

het er ocycl o, cyclo | y ubsti tuted y _

cycl oal kenyl al kyf" “ll(%‘ﬁj W@‘&fe E’Btém? qéfq@?}&\hé@eﬁeﬁgﬁgf kyl or
substituted hete tlc—ld) ,=(§18§5 or 6@)%5 @W%ﬂ aryl al kyl or
substituted aryl 21?? %lgﬁgf\l RO§ é_ R'NC=0, SO2R ,
SQ2CR' , 10r lﬁmlﬂR‘aﬂ%yl or WistniteEalRYIOVy S@skyfl b bubshigsEeykldaskyGecloMiand M are
bothabond Z1l is Qis Hand Al and A2 are CH (i G L- is not phenyl,

4-chl or ophenyl omr Wﬂwted/moalk‘?né’l hgqﬂmlom@ubptmged @GI?OG)‘QO,CI-IZ- (ii)

G L- is not phen Y (iii)

G L- is not phen§V°1mgﬁ%W¥gQ§ﬁ)%_’:%ted %C]é)ﬁ@f%lﬁﬂ’e?yfﬁ)a ?ﬁ'ﬂ)?f onal Iy

substituted aryl xums@hts@z%abmnylalm%é%?woamroesu&ﬁaﬂgaﬂ- and (iv) GL-

i s not 4-chl orophenyl enzyl Wand Y are phenylene; 25 where E is

C=0, Mand M ar detsordyclalikyhdyylzir silssti@ytecharyl, Alylalkyl oxubstduteHarylalkylG- L- i s

not ben%¥I when nd Y is -CH2- or - CH2- CH2-; and
L

(ii) G10° is not h 406»?3‘%() &%@RRWCSO SR BOLR
SO,NR'R!;
with the provisos that:
where E is C=0, M and M’ are both a bond, Z, is O, Q is H and A, and A, are CH: (i)
G-L- is not phenyl, 4-chlorophenyl or benzyl when W is -CH=CH- and Y is

20 —CH,-CH,-; (ii) G-L- is not phenyl when W is -CH=CH- or —CH,-CH,- and
Y is —CH,~; (iii) G-L- is not phenyl, 4-methoxyphenyl, 4-chlorophenyl, or
(optionally substituted aryl)-(C,-C,)-alkyl-, when W and Y are
—CH,-CH,-; and (iv) G-L- is not 4-chloropheny! or benzyl when W and Y are
phenylene;

25  where E is C=0, M and M’ are both a bond, Z, is O, and A, and A, are CH: (i) G-L- is
not benzyl when Q is -CO,CH,, W is -CH=CH- and Y is -CH,- or
~CH,-CH,~; and (ii) G-L- is not phenyl when Q is methyl, W is -CH=CH- and
Y is —CH,-;

where E is C=S, M and M’ are both a bond, Z, is O, Q is H, A, and A, are CH, W is
30 - —~CH=CH- and Y is —CH,- or —CH,-CH,-, G-L- is not phenyl; and
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Yis -CH2-; where Eis C=S, Mand M are both a bond, Z1 is 0, Qis H Al
and A2 are CH, Wis 30 -CH=CH and Y is -CH2- or -CH2-CH2-, G L- is not
phenyl ; awal02/0@G688 WO 02/ 00653 PCT/ US01/ 19663 where E i sPCHOSOIM9a63d M are
both a bond, Z1 is 0, Qis H Y is -CH2-CH2-, and Wis -CH=CH or

- CH2- CH2- | O n C gy and
(i1) when A%hilcge%?sl (gg%rlg% M @wgb@&%ﬁ? (g‘l.ls ?hg@gﬁpﬁr (uérI]{d oﬁr‘gai m 1
wherein Gis an & yIHeCHhet &IH)ZGGZHL pGgr—aslnot Axbidophanyd (Y wdiep A, snddpare or
polycyclic, and which is optlona substltuted at _one or nore positions;
Eis C=z2, CHR7, GsChl; amdcip propyl apdAgis GCHar NR 6; 10 22 is O

S, or NR6; A, is CR; A2|sCR7 Yis J-J'-J" where Jis (CRR')n and n =
0-2, J' is a bond or NH, NR6, C=0O, cycloal kyl, or cycl oal kenyl, and J" is
(CR7R7' )8 and n 3, 1- 2, Théh8hPond §f C18im & whkRiRond; Wis CR R '-CR R7',
CR8=CR8', CR R'-C=0 NR9-CR7R7'" , cycloalkyl or cycloalkenyl; Qis H,

Cl1 6 al kyl, (hismlarsdwméleierwd@ gmuph vwiwee seid groveistabogen polyCicls, aid@y]nch

substituted with hydro k aIk : |, arylal kyl or
substituted aryl & @gHona ﬁgéléu tut é@é@sﬁl@%mo HOCR R7', R1OCH2,
R1G, NHZ, ofg NRdRb5: CM{VSS@ pogﬁz%PNB&z and M is a bond or NRLO, with the
provi so that at Iéast one ‘or M nust be a bond; L is a bond,

(CR7R7' ) n, DNHis ©yS, NRS\IRL\?I'lere n = 0-1; RL and R' are each |ndependently H,
al kyl, grfl uor oaI kyI cycl oal kyI het erocycl o, 25 cycl oal kyl al kyl, or

het er 003 I 0%2 N% >al kyl perfl uor oal kyl , cycl oal kyl, heterocycl o,
cycl oal kyl al k ar het erocycl oal kyl ; R3 and R3' are each independently H,
al kyl , perf IAdoroR1 ’kyl, cycl oal kyl, heterocyclo, cycloalkyl al kyl,
heterocycl oal,kyCR’; A, F, Br, I, CN, alkoxy, am no, NRIRZ,

Y is J-J’-J” where J is (CR'R”)n and n = 0-2, J’ is a bond or NH, NR®, C=0,
cycloalkyl, or cycloalkenyl, and J” is (CR'R”)n and n = 1-2, where Y isnot a
15 bond;
W is CR'R’—CR'R”, CR*=CR¥, CR'R’—C=0, NR*—CR'R’, cycloalkyl or
cycloalkenyl;
Qis H, C,, alkyl, alkyl substituted with one or more halogens, C, ¢ alkyl substituted
with hydroxy, alkenyl, alkynyl, Cl, F, Br, I, arylalkyl or substituted arylalkyl,
20 CN, R'0C=0, R*C=0, R’R’NC=0, HOCR'R”, R'OCH,, R'O, NH,, or NR*R?,
M is a bond or NR', and M is a bond or NR', with the proviso that at least one of M
or M’ must be a bond;
L is a bond, (CR’R”)n, NH, or NR® where n = 0-1;
R'and R are each independently H, alkyl, perfluoroalkyl, cycloalkyl, heterocyclo,
25 cycloalkylalkyl, or heterocycloalkyl;
R” is alkyl, perfluoroalkyl, cycloalkyl, heterocyclo, cycloalkylalkyl, or
heterocycloalkyl;
R’ and R¥ are each independently H, alkyl, perfluoroalkyl, cycloalkyl, heterocyclo,
cycloalkylalkyl, heterocycloalkyl, Cl, F, Br, I, CN, alkoxy, amino, NR'R?,
30 thiol, or alkylthio;
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30 thiol, or alkylthio; - 194 WD 02/00653 PCT/US01/19663 R4 is H, alkyl,
cycl oal kyl , heterocycl o, cycl oal kyl al kyl, heterocycl oal kyl, R C=O R NHC=0,
SR2OR, WOoSIANR R'; R5 is al kyl, cycloal kyl, heterocycl opCcTystiombddyl al kyl ,
het erocycl oal kyl, RICO, R NHC=O, SQ2OR, or S2NR R'; 5 R6 is al kyl or

subst i t ut ed pethkl alkol eyQadliyl h&éro@*@@ tdya%msilacnyﬂlmérlswcloaw gtiesysl o or

substituted heterocyclo cyc oal kyl a or “substituted cycl'oal kyl'al kyl ,
het er ocycl oal ky| RONHI#3tS0,0ReE dor 8D, NRijcI oal kyI aryI or substituted aryI :
aryl al kyl or ;Substituted aryl al kyl R CO R NHC=O SQR2OR,
or  S2NR R R’ iagkw, cuslenliyl, temé‘&‘é% wﬂ&@é&h&a&h@e@wma@l R'6=(%1 uor oal kyl ,

cycl oal kyl hete Q oal yl, heterocycl oal kyl, aryl,

aryl al kyl , "Rﬁ?ﬁ% O Séa&%@ mﬁ hydr oxyl am ne, hydroxyl am de

am no, I\I5IR4R6I\Q?Q , Iy

S2NR R"'; R8 angﬁo artgu%gc ggglk%lmﬁ% Pgstﬁlt@ggﬁd&ﬂ}uﬂcgﬁg ta?@ %d al kyl ,
cycl oal kyl or 15 ssbdiitiited hétedmp@l@,l &yaloaliylallte toe salssyiaited Qrclcﬁalutg&é;lkﬂ‘zlyt ed

het er ocycl o, cycl oal kyl al kyl or substituted cycl oal ky alk¥
het er ocycl oal kyl heteregysioelkiyl peabpiiited hetpeacyslor ﬁ‘l}' 1, aryloy substitusesbasyh, t ut ed

NS, NGRS B ERR R An PRL DR  oT reGeLvp,

or S2NR' R '; 20,RazRN Qlﬁ@ are each independently H, alkyl, alkenyl,
cycl oal kyl , heterocyélo ‘cycl oal kyl al kyl , heterocycl oal kyl, aryl,

aryl al ky0, ®anOR” &Réach%&p@ldenﬁ'y@a 1, BePhiforéalk @}%loaﬂ@@g@roc lo,
S2NR R'; and R10 is H, alkyl, cycl ofinlyk% , heter)(?c clo, cycl oalyl%yl al kyl ,

het er ocycl oal kyl cy@lpylﬂcylall@rl me@rqquploamyl aorlg arpRlkyl FCICECBr, R @E—-@,{ RitRd, NC=0,
SR o 73 SRR i e SORRRL I S Rt R
ool SUbs egsakese, 3 R rbeghidgns 1 Putrogen, €5 il
195 R®and R¥ are each independently H, alkyl or substltuted alkyl, cycloalkyl or
15 substituted cycloalkyl, heterocyclo or substituted heterocyclo, cycloalkylalkyl
or substituted cycloalkyalkyl, heterocycloalkyl or substituted heterocycloalkyl,
aryl or substituted aryl, arylalkyl or substituted arylalkyl, halo, CN, OR,
amino, NHR*, NR*R®, NOR!, alkylthio or substituted alkylthio, R'C=0,
RINHC=0, SO,0R}, or SO,NR'R;
20 R’ and R’ are each independently H, alkyl, alkenyl, cycloalkyl, heterocyclo,
cycloalkylalkyl, heterocycloalkyl, aryl, arylalkyl, CN, OH, OR', R'C=0,
R'OC=0, R'NHC=0, SO,R}, SO,0R, or SO,NR'R; and
R" is H, alkyl, cycloalkyl, heterocyclo, cycloalkylalkyl, heterocycloalkyl, aryl,
arylalkyl, CN, OH, OR!, R'C=0, R'OC=0, R'R''NC=0, SO,0R!, or -
25 SO,NR'R".

3. The compound of Claim 1, wherein
G is an aryl or heteroaryl group, where said group is mono- or polycyclic, and which
is optionally substituted at one or more positions with hydrogen, C,-C, alkyl,
30 allyl or substituted allyl, alkynyl, Cl, F, Br, I, CN, R'C=0, R'THNC=0,
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WO 02/ 00653 PCT/ US01/ 19663 R R2NC=0O, hal oal kyl, d -C3 hydroxyal kyl ,
HOCR3R3', nitro, ROCH2, RO NR4R5, or SR; Eis C=Z2, CHR or SQ2i Z, is
0, S, or wWob/oBs¥2 is O S, or NCN, A, is CR; A2 isCR ;POTHUS01I9663

cycl opropyl, or cycl obutyl where J=(CRR ')n and n = 1- 3; Wis

e & o g ko 60 %@csg’a‘f%ﬁp%@@qﬁé@ Rt Rrnca

hal oal kyl, C, - CGNBfRﬁQ*)&leyl HOCR R7' , R1IOCH2, R10, NH2 or NR4R5; Mis a
bond and M is a bon L is a bond, (CR7R7')n, NH, or NR5, where n = 0-1;
R and R' aFdsé&adh @H Bépe¥ent |y H, al kyl, cycl oal kyl, heterocycl oal kyl, or

15 perfluorgal al kyl , cycloalkyl het erocycl oal kyl , or
By1s s s’ i

per fl uor oal are each i ndependent ly H, alkyl, perfluoroalkyl,
ad, F, By, [Z ls@lsqulﬁt)/(N, amno, NR R2, thiol, or alkylthio; R4 is H,

al kyl , cycl oaI kyl,” heterocycl oal kyl, R C=0, R NHC=O, SO20R , or 20

SO2NR R'; R&luSCRF kyl, cycl oal kyl het erocycl oal kyl, R C=0, R NHC=Q,

S2OR , or SO2NR.R 1; R7 and R7' are each lndependently H, al kyl,

ar yI al kyl , ReteFBar yl, perfluoroal kyl, heteroarylalkyl, O, F, Br |, CN,

SOZ,CRam or %cﬁg@p}?’zﬁ%l‘\)‘%ﬁﬂ?@% Wg?rﬁélé(&%{% I%)??f T%I :??;to er E{cy?&g kyl ,
T M e AR
an aryl1@r lekéyoageh, QFOLfkyiniRye/1sEl, ¥, BEJUON, R'00R0; RIT=QARRENCHT;, and
which 1is optionally substituted at one or npre positions wth hydrogen,
Cl1-C3 al kyl, haloalkyl, C,-C, hydroxyalkyl, HOCR'R”, R'OCH,, R'O, NH, or NR*R>;
M is abond and M’ is a bond;
L is a bond, (CR'R")n, NH, or NRS, where n = 0-1;
R!and R are each independently H, alkyl, cycloalkyl, heterocycloalkyl, or
15 perfluoroalkyl;
R? is alkyl, cycloalkyl, heterocycloalkyl, or perfluoroalkyl;
R® and R* are each independently H, alkyl, perfluoroalkyl, Cl, F, Br, I, CN, alkoxy,
amino, NR'R?, thiol, or alkylthio;
R*is H, alkyl, cycloalkyl, heterocycloalkyl, R'C=0, R"'NHC=0, SO,0OR!, or
20 SO,NR'R';
R® is alkyl, cycloalkyl, heterocycloalkyl, R'C=0, RINHC=0, SO,0R, or
SO,NR'RY;
R”and R” are each independently H, alkyl, arylalkyl, heteroaryl, perfluoroalkyl,
heteroarylalkyl, Cl, F, Br, I, CN, OR', amino, NHR*, NR?R®, NOR/, thiol,
25 alkylthio, R!C=0, R'NHC=0, SO,0OR!, or SO,NR'R!’; and
R" is H, alkyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl, arylalkyl, CN, R'C=0,
R'R'NC=0, SO,0R!, or SO,NR'R"".
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allyl or substituted allyl, alkynyl, d, F, Br, I, CN, RC0O R HNC=O, 5
hal oal kyl , O -C3 hydroxyal kyl, HOCR3R3', nitro, R OCH2, R O NR4R5, or
SR; Eiw@eZmes3Z1 is 0; Z2 is 0 or NCN, 10 Al is CR; PRTHUSOIOR663 Y is J,
where J=(CRR ')n and n = 1-3; Wis CRR'-CRR7'", CRS=CRB', or CR R '-C=0O

Qis hydrogen, Cl-@A qlh@ébmpélh{fycmﬁilamgl Wﬁereﬁr |, ON, R4C=0, RSR6NC=Q
hal oal kyl, 15 Cl1-C6 hydroxyal kyl , RIOCH2, R10, NH2 or NR4AR5; M

is a bond alﬁﬁ1sMnalr3§omhbt(emiryl gi:oupsmlei‘nmdi gtﬁilp andoid- oapelyewciie, amtiehiehdent | y
H, al kyl, or perfluoroal kyl R2 is al kyl, or perfluoroal kyl; 20 R3 and R3,
are each i ndependepRiiopally S‘éhsk‘}‘f‘ed %@ﬂFIOEIB}OB%PWFOHS@flt hydragen, €,-Cenkyhl koxy,

ggz &% R"'\R I:\)ZRS ;[2 'aﬁ#rkor%ﬁb%t@%ﬁf% ﬂﬁ@—%’ é E%ZI NW%Q&%and ’ Oar gr each

i ndependent |y H, 13 o‘ébklgl @I(Y |l@h%all%§fﬁ5@ﬁ’ﬁ"l mtRﬁ'Rf‘d)@Hf Rl NR‘REDr
het er oaryl al kyl , am nd, NHR4, NR2RS, NOR’, R C=0,
R NHC=O or SOZNISRI% ; and RL is H alkyl, aryl, heteroaryl aryl al kyl ,
het er oaryl al kyl , CN, R’C—O R R'NC=Q, or S2NRLRL' . - 197 WD 02/ 00653
PCT/ US01/ 19@613 C4i The compound of claim1, wherein Gis an aryl or

het er ocycl OZEE)SO? where said group is nmono- or polycyclic, and which is
optionally s ituted at one or nore positions with 5 substituents

sel ected franiooeroCNore of hydrogen, al kyl or substituted al kyl, halo,

het eroc¥0clo (;N,CRnltro or RI0; Eis CZ2 or CHR where R is hydrogen;
A, is

A, is CR’;
Y is J, where J=(CR'R”)n and n = 1-3;
W is CR'R"—CR'R”, CR*=CR¥, or CR'R"—C=0;
Q is hydrogen, C,-C, alkyl, alkynyl, Cl1, F, Br, I, CN, R*C=0, R°R°NC=0, haloalkyl,
15 C,-C, hydroxyalkyl, HOCR'R”, R1OCH,, R'O, NH, or NR‘R’;
M is a bond and M’ is a bond;
L is abond;
R! and R are each independently H, alkyl, or perfluoroalkyl;
R? is alkyl, or perfluoroalkyl;
20 R’and R* are each independently H, alkyl, perfluoroalkyl, Cl, F, Br, I, CN, alkoxy,
amino, NR'R?, thiol, or alkylthio;
R*is H, alkyl, R'C=0, R'NHC=0, or SO,NR'R!’;
R’ is alkyl, R'C=0, R'NHC=0, or SO,NR'R";
R” and R” are each independently H, alkyl, arylalkyl, heteroaryl, perfluoroalkyl,
25 heteroarylalkyl, Cl, F, Br, I, CN, OR!, amino, NHR*, NR’R’, NOR', R!C=0,
R'NHC=0, or SO,NR'R"; and
R is H, alkyl, aryl, heteroaryl, arylalkyl, heteroarylalkyl, CN, R'C=0, R'R'NC=0,
or SO,NR'R'.
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Z,isOorS; Z2 is 0, S, or NR6 where R6 is CN or phenyl; 10 A is CR where
R is hydrogen; A2 is CR7 where R7 is hydrogen; Yis (CRR'")n and n = 1-2
where R veod2/®¥65ar e hydrogen; Wis CR R7'-CR R ', CR3=CRBPCT/OR0INRS63CR R7'
where R, R', R8 and R8, are hydrogen; 15 Qis H, alkyl, alkenyl,

aryl al kyl or substituted arylalkyl; Mis a bond or NHand M is a bond; L
is a bond;, R and R' are each independently al kyl or substituted al kyl,
het erocycl o or Subst iThaicempbeidesioddyial b, wisrgih or substituted aryl,

aryl al kyl or substltut ed 20 arylalkyl; and RO is H, alkyl, al kenyl
aryl al kyl , K= apl ech@terﬂcml@g@urorwfwmald JEUDAS TBARRLAIPRYCKiGI m |

el et o BB OB AN Rt BR B e aore B Wihog 1. 5. 25
a] pyri di ge- 1, 3( 2Hubktitudhnssledted fiim dnedrrho & aim adngrap- 2- [ 3-
(trlfluororrethyl) phenyl ] - 3-t hi oxo- 5, 8- et hanoi m daz 0:

1, 5-a] pyri di n- 1(5Hbs’tﬂnt§d alksla haln, deterocyclo, CN, nitro, or

et hahol i (dsb{4=5: 9] QYN e 13 DUSSRNG: ono? (5. o, B aa) - 2. 3, 8, Ba.

Tetrahydro-& é hgl -3 -thioxo-2-[3 - (trlfluororrethyl)phenyl] -5, 8 30
nmet hanoi m daiqT al pyridin-1(5H) -one; (5a, 8a, 8

aa)-2, 3,8, 8a7_2TsaOr zS)yxdrl\lRezNI(\ére R® 59BN oMPHewD0653 PCT/ US01/ 19663

napht haI enylr% net hanoi m dazo[ 1, 5-a] pyri di n- 1(5H) - one; (5a, 8a, 8
as) - Hex&ﬂyd '%C[R& V("?‘PriefFRd&rUﬁ’éqgﬁn)phenyl] 5, 8- et hanoi mi dazo [

1, 5-a] pyridi

(5a, 8a, 8aa) Aﬁfﬁﬁ@ sr%?ﬁ 'PIhLY Ot hyl ) phenyl ] - 8, 8a- di hydr o- 5, 8-

met hanoi m dam[(cww;ﬂ BMd intk: A=A whiedbIRBHAhdaR®e ard BpdrégeBaa) - 8, 8a- Di hydr o- 2- (2
5 napht hal enyl ) - - met hanoi m dazagl 5- a! pyridi ne-1,3(2H, 5H) - di one;

(5a, 8a, 8 aaN-ls(B%YRﬁ—h@WW 2CRi=@GROhohk RIR heet RAnRT niRHandR® are
1, 5-a] pyri di ne- i} 2H, 5H) - di one; (5a, 8a, 8
aa) 2-(3,5-Di chI g ') - 8, 8a-di hydro-5, 8- met hanoi m dazo[

5- a] pysi d| 3)] - Tetrahydro-2
[3 (tri ]¥|5u0 hﬁl()él_%]eny Q&yl $§ﬁg%tglﬁtﬁ1§§?§al E
, 5-a] pyri dll\nes é odhadr N -alhldd‘mas a bond;

L is a bond;
R' and R" are each independentiy alkyl or substituted alkyl, heterocyclo or
substituted heterocyclo, aryl or substituted aryl, arylalkyl or substituted
20 arylalkyl; and
R? is H, alkyl, alkenyl, arylalkyl, R'C=0, R'OC=0, R'NHC=0, or SO,R".

6. A compound of claim 1 selected from the group consisting of:
(50,80a.,8 am)~-8,8a-Dihydro-2-[3-(trifluoromethyl)phenyl]-5,8-methanoimidazo[ 1,5-
25  a]pyridine-1,3(2H,5H)-dione; (Sa.,80,8 ao)—2,3,8,8a-Tetrahydro-2-[3-
(trifluoromethyl)phenyl]-3-thioxo-5,8-methanoimidazo[1,5-a]pyridin-1(5H)-one;
(5a,801,8 ac)-8,8a-Dihydro-8a-methyl-2-[3-(trifluoromethyl)phenyl]-5,8-
methanoimidazo[1,5-a]pyridine-1,3(2H,5H)-dione; (5c,80.,8 ant)—2,3,8,8a-
Tetrahydro-8a-methyl-3-thioxo-2-[3-(trifluoromethyl)phenyl]-5,8-
30  methanoimidazo[1,5-a]pyridin-1(5H)-one; (50.,80.,8 an)—2,3,8,8a-Tetrahydro-2-(1-
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10 [5R-(5a, 8a,8a[3)]-Tetrahydro-2-[3-(trifluoronethyl)phenyl]-5, 8-
nmet hanoi m dazo[ 1, 5-a] pyridine-1, 3(2H, 5H) - di one;

Tet r ahydwe B2/¢@shapht hal enyl ) - PCT/US01/19663
5, 8- et hanoi m dazo[ 1, 5-a] pyri di ne-1, 3(2H, 5H) - di one; Tetrahydro-2-[3-

5 - 322"”‘%%9%@18@%&%&9 S APt Gt B (21
a- di hydr o- 5,408 1188k %-?-%ﬁ‘c h?lknﬂet@R Tfkgﬂﬁé Bxﬁétﬁmﬁnﬂda%[% A ridihone:

[ 5S- (54, 8a8a(3)]- - or ophe tetrahydro
5, 8- met hanoii &®d; }58; +2U318-Fis (B £l 1 1E58a- 8-
a(3)]-2-(4- gsrfgﬁnoﬁlj( -r?gdf)m?al (E,nyl )?%raﬁ%oggﬂﬁ%}’%t haﬁgﬁrg‘lﬁﬁsézo [ 1,

5-a] pyri di nendh@ofididazdiHp-a]pyridie:1,3(3R; Jheoria (80, 80,8a0)~8,8a-Dihydro-2-(2-
a(3)]-2-(4-Brono-|-napht hal enyl)tetrahydro-5, 8- net hanoi m dazo|

1, 5-a] py |d|H@Ehthalsl(l§2)-l55H)16fbﬁm1mlda[zgﬁai-5h?yadlr@-lai(gﬁ}ﬁdlenﬁ ©0.,80,8

D| chl orophenys)tet rahydro-5, 8- net hanoi_m dazo[ 1, 5-a] pyri di ne-1, 3(2H, 5H) - di on
e: (5a, 8a, §18,8a-Dihydro-2- (l-naphthalenyl) 5,8-methanoimidazo[1,5-a]pyridine-

0 T A PO A2, ISP k.
g( g) n;?ﬁ:gg%&%%% @Tﬁ%ﬁ??%ﬁ%he—%f&@é@ ~dione; [5S-(50,80,8 af3)]~Tetrahydro-2-

(5a, 8a, 8a( 3)[3lteHAlbyEnahyd)sHahdY3; @methano1m1dazo[1 5-aJpyridine-1,3(2H,5H)-dione;
[3-(trifluoronethyl)phenyl]-5,8-nmethanoi m dazo[ 1, 5-a] pyri di ne- 1(5H) one; 25

(5a, 8a, 88a) [QR((3QLBO¢[§0@)]—6Feuphxsd1y+2)—E3G¢WIﬂdeﬂﬁl)ﬁhﬂB’l]F®&0| m dazol

1,5-a r|d|ne 1, 3(2H, one,; 8.

2(3) T 1 ahy e BBIRAARALT o1 ORI S RRRYAnE defahyie Rslonanhtiesy)-

1, 5- di T 3-

(t ri ﬂ %H) |5r§y aﬁ%]%nﬁé/a?f@l ﬁhﬁgﬁdm(e 3(§ﬁf§{)cai&a%%e efétﬁaﬂgglro%%pglrl dine-1, 3
(2H, 5 H) - di(bifiordrhethyl)gheayl]-8, Sethadeind dday[y, HalpPridihe1,3(RH; SH)-dione;

-napht hal enyl )-5, 8 -net hanoi m dazo 1, 5 - - 199 WO 02/00653

PCT/ US01/ 19658.80aagyr3- (:ﬁ-BBmlO-Q(I@Hh nﬂwsﬁ@dlbﬁhoéas-methanmmldazo[1 5-

225] ;f_)ét r zﬁragwrlﬁe- j i OX&{% I[I3§1§£1£(r 'gésl gig{ %xn%tahﬁ % (3,5- gchloroI)Sheg?IBtgtarglgjf%dazO[
| -
a] pyri di ne- ysdé %Q{I%ﬁld%ﬁogtg Ry%?%% é&lﬂegﬁ lhoné [§§3 5}&%‘ gmﬁﬁa E%

a3)-Tetr ahy(ﬁr@m% (cBaphaRidnA t&f&lﬂ/dm% @n@thanoumdaz ([1 5-a yndme 1,3(2H,5H)-
met hanoi m dazo[ 1, 5- a] pyri 17 3(2H, 5H) - di one;

aa) - Tet r ahy diiene?2 {§R-(50,801,8 aB)]—Z (4-Bromo 1—naphthalenyl)tetrahydro 5,8~
napht hal enyl ) - 5, 8- net hanoi ni dazo[ 1, 5- a] ngl di ne-1, 3(2H, 5H) - di one; (5a, 8a, 8
aa) - Tet rahydlﬂ@hfa@lmmiﬂﬁzﬂpmmn@-d@@ﬂ, Mhéﬁ%ﬁ?@ﬁdﬁ Yred-tisdroi i dazo

apht haPdny BRI B b s bR ro G har o YEHSI AR 52 sa, &
1072(5) o ooy 0 b aB o e 5 R 57
aa) - Tet r ahy QBrfigrel 23 @M@ ohe;2 (3088a.,8 ap)-Hexahydro-2-(1-naphthaleny)-3-thioxo-

5,8-methanoimidazo[1,5-a]pyridine-1(5H)-one; (50.,80c,8ap)~Hexahydro-3-thioxo-2-

[3-(trifluoromethyl)phenyl]-5,8-methanoimidazo[1,5-a]pyridine-1(5H)-one;

25  (50,8a,8a00)-2-(3,5-Dichlorophenyl)tetrahydro-5,8-methanoimidazo[1,5-a]pyridine-
1,3(2H,5H)-dione; (5c,8¢,8 aP)—Tetrahydro-2-[3-(trifluoromethyl)phenyl]-5,8-
methanoimidazo[1,5-a]pyridine-1,3(2H,5H)-dione; (50,8¢.,8 ao)—Tetrahydro-2-[3-
(trifluoromethyl)phenyl]-5,8-methanoimidazo[1,5-a]pyridine-1,3(2H,5H)-dione;
(50a.,80,8a0)—Tetrahydro-2-(4-nitro-1-naphthalenyl)-5,8-methanoimidazo[ 1,5-
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(trifluoronethyl)phenyl]-5, 8 nmethanoi m dazo[ 1, 5-a]pyridine-1,3

(2H, 5H) - di one; (5a, 8a, 8

aa) - Tet r ahg dr/a68a- (phenyl net hyl ) - 2- [ 3- (tri fl uor omet hyl ) phrapiUpe1319863
met hanoi m dazo[ 1, 5- a] pyri di ne- 1, 3( 2H, 5H) - di one;

Cct ahyd 2-
En(et ha(ra110|yn‘|r 3 S &?@Wi‘} ﬁi@e %?cﬁéﬁ@)azﬁ)n e ahthie -2 31 54, 8a, 8

3 2- 3 h d
g A g o i

aa) - [ [ 2- (3- @obBuus fon)f L DarBphey-[I-oeiflabe l)phenyl] 5 8-methan01m1dazo[1 5-

0xo0- 5, 8- net hanoi m dazo[ 1, 5-a] pyri di n- 3-yl i dene] am no] carbonitrile; (5a,8a,8
a[ 3)-2-(3- Crd]mrrmipx’raeh;%@H,éHb-quuér §5&,38;8af) HEetoihyalmbelZz-(2 -naphthalenyl)-5,8-

1, 5-a] pyr| di ne-1, 3(2H, 5H) 20 di one; §5a, 8a, 8

aa) - 2- (3 cmr@@tbmangdaycn[ét&@]mymdmea H2hsthahenesi(Babehd a®)-Tetrahydro-2-(2-

al pyri di ne-1,

a13)-[[2-(3 I@H](ltgﬁg%‘ﬂiﬁdl et SaQ@oﬁl Sralpyridine-1,3(2H,5H)-dione; (5a,80t,8

ga? {n[stzhanm@d@%@b yf%-%\é{hgﬂ?géan I'deﬁlgthal qﬂét %rl | e; 1(S'Sa 8a, 8

(152 ng)é;l( g')a'fhi%@(%é Fg(%i Sﬁﬁn rophgﬁc{cﬁ?? e{oghyga—Dl fydro- (42%1&?)— 8- met hanoi ni dazo

[ 1,5 -a] pyriaghtAaldn l)(JS'Sdﬁl@ﬂian@iﬁ’ﬂlﬂéﬂo[Pﬁfa ldhfe'-ll ﬁZH( -8dn8 6R)8d,82-
(3, 5 Di chl or ophenyl%oct ahydr o- - 0XO0- - et hanoi m dazo[ 1, 5-a]pyridin-3

yl i denellOaniafpls, %Dﬁ@ﬂ]lr@—&@&iltré«‘i&m@hth&lenyl) 5,8-methanoimidazo[1,5-a]pyridine-
aa)-2-(3-Chl oro-4-fluorophenyl)tetrahydro-
5, 8- met hanoi M(@Hﬁdj{)idlﬁnfa] Sen 3B ne)-1l @Ry drot¥9p-(dipooeeny)>a[Ba, 8

3)-2-(3- | Ytetrahyd h i 17
L5 aypyri ditteprospe by R nE e S Btiel b3 dushn e o 15685
5a, 8a, 8
83T 2- (3 G TSy S e 2 4 R B Y 5.
a] pyri di n- 3-éthaenaidassyi rﬂ)i]p?ﬂdla@m 3(pHl5e)- cﬁ&f&, §eo&al@@rodl kol BphentA-618-or 0
phenyl ) oct ahydro- 1 -oxo-5, 8-nmet hanoi m dazo

1, 5- a] pylbi d|metBaIyoimdiand_]1éﬁ?a]mzl]ldm-?cyhdmn)atmnd]earb(nﬁmlea(Bx 8at,8 aP)—[[2-(3-
a(3)-Tetrah r|fluoro

met hanoi mhd)a/fgﬁ?r? %hﬁ?rg;? é‘g’ 1}?‘)?8 agy‘é"lel-P %th%nm'eeﬂ%z H %g]bygdin‘-”‘
- Tet t t !
et hanoy i dagRadiddydatd; nﬁtﬁé’? (et o TS SR fugropheptocighygro-1-
3)-2-(3-
"t ezl 1. ?“5‘9?3? ?“5?1%%9%9‘“%‘&’1 5)5?'5%’%‘3 SRR (s

f 1 uor ophenylapy-8- &acﬁldw;ﬂfeﬁyﬁte&almmrmmmhdﬂﬁﬁﬁdakoﬁ Shpytiddiene3RHFH)-
(2H, 5H) - di one; 10 (5a, 8a,

aa) - 8, 820D hgwtreo-(aa«%me& iuy)—~22(3E@&ﬂmo@hmﬁ)te(ttahydﬂotﬁ)%mmthdnpir)lmlam{yb} 5, 8-
met hanoi mdazo[ 1, 5- alzp ridine-1,3(2H 5H)-dione; (5a,8
a(3) - 4- (Oct Aigxmidn %559(@1‘5168(51%51%33 nli[%l-&%-é{lﬂorOPhenyi)octahydro 1-0xo0-

as) -4 (oot S%mﬁifﬁguwﬁt bl 5 DA R ARBOCosh s ol g1y
(3-Chlorophenyl)octahydro-1-oxo- 5,8-methan01m1dazo[1 5-a]pyridin-3-
ylidene]amino]carbonitrile; (5a.,8a,8ap)-[[2-(3,5-Dichlorophenyl)octahydro-1-oxo-

25  5,8-methanoimidazol[1,5-a]pyridin-3-ylidene]amino]carbonitrile; (50.,80.,8 ao)—[[2-

(3,5-Dichlorophenyl)octahydro-1-o0x0-5,8-methanoimidazo[ 1,5-a]pyridin-3-
ylidene]amino]carbonitrile; (5a,8a,8 ac)—2-(3-Chloro-4-fluorophenyl)tetrahydro-
5,8-methanoimidazo[1,5-a]pyridine-1,3(2H,5H)-dione; (5a,80,8 af3)—2-(3-Chloro-4-
fluorophenyl)tetrahydro-5,8-methanoimidazo[ 1,5-a]pyridine-1,3(2H,5H)-dione;
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(trifluoronethyl)benzonitrile; (5a,8a,8

aa)-4-(1, 2, 3,5, 8, 8a- Hexahydro-1, 3-di oxo 15

5, 8- met hamoomi@ax o[ 1, 5-a] pyridin-2-yl)-2-(trifluoronet hyl pPORURONI63 | €;
(5a, 8a, 8

aa) - Hexahydr,g- 2- (Z-Rapht hagl - | J¥1 -5, 1,5-
a] )pyrl )C(II ng f?%éﬁx(gza _H?S(? %'g&%kr%@%%&@%%ég%% tﬂ%& 1qazﬁldlg)loxo 5, 8-
met hanoi m d t 5a, 8a, 8
na) 2 Nt hal i Stk e R 1 ARt ﬁ%ﬁ%?fméﬁﬁ%‘fﬂﬂ’ﬁ (om B

1, 5-a] pyri dIpiheliyl)dc)ahjzdﬂ)gl-na@-l‘jt&qmle’é)mmi(ﬂnm[1L5—a]wnd(rﬁ&-yﬂdcr&]ammo]

aa) 8a- [ (4- Bronophenyl ) net hyl ] - 2- (3, 5-

di chl or ophe@?ltbpmémﬁaf“}@ﬂ@%%al@- Fetrahaduoi-Ail #raite]-3-(trifluoromethyl)phenyl]-5,8-

1, 5- di 1, 3(2H, 5 d 5S-(5a, 8
L R R all 5y D N S b §SonSeih i Teddor2 64

i di Tat t | -
napht hal eny3E RN Banes s BBt | SRR L e T
[SR-(5a, 8a, §igr éSoc ,80,,8 aP)—2-(3-Chloro-4-fluorophenyl)-8,8a-dihydro-5,8-methano-
aa)] - Tetrahydro 4-nitro-1-napht hal eny1P g et hanoi m dazo]

1,5-a] pyri dllﬁhﬁ}azd[laj( Q]ﬁyﬁtﬂnedl K(QH55H)53016§3(5&§80§8 ao)—2-(3-Chloro-4-
aa) | - 4- (Cct ahydr o- 1, 3- di oxo- 5, 8- met hano-

|a ?1351?2 $[ 1, 5&5@%@&%%?@@0(&?&%@%@4?91 S odmvziglinier 1.8 (281, SIEB%;)(;TS?“ 3:22[
1,5- a] 39 h %,(§oc§§ og)(—§& gp_éz- gq oéi’em 125-&)-&1 g{igé&t}fuoroéetgyﬁphenylﬁ"
(V111 or omiuHoT BAShg-SBvidR R st R eilsiint: S5t A By 1574) di one

; [5S- (5a, &ﬁ’o)@) 5, 8-methano1m1dazél ,5-a]pyridin-2-y1)-2- (tnﬂuoromethyl)benzomtnle
)1 -4-(Cctahydro-1, 3-di oxo- 5, 8- net hanoi m dazo[ 1, 5- a] pyri di n- 2 yI)

i f1 uor omgbdgb)der)zanOctahlyéro-1,58idxoes, 8mdbhanoimidazo[1,5-a]pyridin-2-y1)-2-
] - 4- (Cct ahydr o- 1, 3-di oxo-5, 8- net hanoi i ni dazo
al pyri dl(hiﬂzlqun)lethyl()b@nzwludﬁo@ P8 a2 B13.8,82-Hegahyd-8dadio-5

5-
B t hi 8, 8a- di hyd 8- et hanoi i dazol 1. ! di
320, 3y - drbREapekias bty r?y?l%&?ﬂ&ﬁ%ﬁ% s astedise B ek hano-

2n) ] - ot r angat eefi IR A bty ad PRI bre o rs il hanor o dagol
;Ll ( g) ] all'gﬂ ;%g}%%dn%a-ﬁ%ﬁ? o%'éb '(5& ?&% aB[)—5f‘-)1\/fe‘i_’l?ox§7§4-§octahydro 1,3-diox0-5,8-

(t [ I5 fR I u?g 0 rrgﬁéiuén)oﬁhmayd)[h ﬁa]gyﬂ@ihtmﬂwmagaﬁﬁieﬁe&x@drwﬂé {5d8ul 23241 S5H) - di one
; a, oa
a(3)] - Tet r aRViethexy4-(actaiiydro-113-digperSifamethghyinBd@obsalnyoidin-dabel- 1, 5-

di dio
o o g5 mrbkhARyRR ORI (pifL bt HyBromopheny Dmethyl]-2-(3.5-

(56, b 8aa) Sa%m%?%n%!?‘%&%%[ﬁ wfafiholnide 1 ELILARIAR AL 3 SR o one:

1, 5-a] pyri dijge(5d808 a)ptt &b ON@-nitro-1-naphthalenyl)- 5 ,8 methanoumdazo[l 5-
(5a, 8a, 8aa) - 2- ( 3- "Chi or ophenyl§ 8, 8a-di hydro-5, 8-neth

aJpyridine-1,3(2H,5H)-dione; [SS (5a.,80.,8 aoc)]—Tetrahydro—Z (4-n1tro 1-

3
;
)

a
(
a
1,
(
1,

naphthalenyl)-5,8-methanoimidazo[1,5-a]pyridine-1,3(2H,5H)-dione; [5R-(5c,80,8
25  ao)]-Tetrahydro-2-(4-nitro-1-naphthalenyl)-5,8-methanoimidazo[ 1,5-a]pyridine-
1,3(2H,5H)-dione; [5R-(5a.,8,8 ac)]-4-(Octahydro-1,3-dioxo-5,8-methano-
imidazo[1,5-a]pyridin-2-yl)-2-(trifluoromethyl)benzonitrile; [5S-(50.,8c:,8
ap)]-Tetrahydro-2-[4-nitro-3-(trifluoromethyl)phenyl]-5,8-methanoimidazo[ 1,5-
a]pyridine-1,3(2H,5H)-dione; [5S-(5a,80.,8 aa)]-Tetrahydro-2-[4-nitro-3-
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i mdazo[ 1,5-a]pyridine-1,3(2H,5H)-dione; (5a, 8a, 8a(3)-8,

8a- Di hydr o- 2- (1H-i ndol - 3-

yl) -5, 8- me0 haowsini dazo[ 1, 5-a] pyri di ne- 1, 3( 2H, 5H) - di one; (BaT/88)18@693- 2
(Benzo [b]thiophene-3-yl)-8, 8a-dihydro-5, 8 rret hanoi m dazo [

1,5-a]pyrid , ]
( 5a. 8a. 8a( 3')(tﬁ§1u?1i_mlgfgt1§§%@é)sl}éli aSQf' eth(aﬁ’(flgr@et ; gnd% 1,3(2H,5H)-dione; [5S

5, 8- met hanoi3u, 88 S @ dutlyidet- 18=dloxdk 281 &h& cﬁmim@ 1,5-a]pyridin-2-y1)-2-
(5a, 8a, 8aa) - 4 (O’c?g?ia?%{/drgi-b 1yg di oxo- 5, 8Hrlret h%nm mQ a]f)yn 23h-

1, 5- a] pyri ditnflReson)etAylisphédiallenBSSabbclel,$ no)led- (Octahydro 1,3-diox0-5,8-
(5a 8a, 8a(3)-4-(Cctahydro-1, 3-di oxo-5, 8- rrethanmmdazo[l 5-a] pyrldln 2- yI)
1- napht hal artrapinidazall Sealpyridin-2ay B{(Biflupeomethyfoenzonitrile;n Eobi 8@t ) - 5,

?Eghggo %{Zpéﬂa'ﬁ‘?dﬁp }2” (gl -%gga-dﬂ?}gd%o-iSt%e%anmmldazo[l 5-a]pyridine-
Eyytd RO i o

1, 5-a] pyrldarﬁﬁr Réih=2-¢) thyl)benzonitrile; [SR-
(5a 8a, 8a(3) - 2a( ?y napht ueor@ y t)r% HGS[ g‘rg%anm m dazo[ 1, 5-

a] pyridi ne- &ocﬁ(—?b‘trzﬁfs&lr&lzi[ﬂ&mtro 3- (mﬂuoromethyl)phenylé -5,8-methanoimidazo[1,5-
(5a, 8a, 8a(3)-2-(4-Chl oro-1-napht hal enyl )t et rahydr o-

5, 8- net hanoa]pyddmflls(alrhimydmde NBRE(58( &3 aP) Hletrateydro-2-[4-nitro-3-
(4- Chl or o- WO 02/ 00653 PCT/ US01/ 19663

%Z‘Sh? ﬁal @ n;éﬁt}@@P EM@H@H&W&%W%%E S-alpyridie-1, 3(§H ,SH)-dione; [5(1;-b

5a, 8 2-
(b7t il bhen G4 B R R B TR e S S S i o
575 ot hann 1 Haire: Fe @it bod ?%%M?'Zr%é%}%%ﬁ?%‘?tm

(5a, 8a, 8aa) pEenyl] 6,9-methano-2H-pyrido[1,2-d][1,2,4]triazine-~1,4(3H,9aH)-dione;
Tetrahydro-2-[4-(1H-tetrazol -5-yl)-1-napht hal enyl ] -5, 8- et hanoi i dazo[ 1, 5-
a] pyri di ne- 15(3@@18215)4)8,8;9,—5@&0 -2-(1H-indol-3-y1)-5 8—methan01m1dazo[1 5-a]pyridine-

5S, 85, 8aR) - 4- hdro 1, 1-di net hyl et hox
E:ar bony?? ?I. é%_( one; r@?‘@(gh%ﬁ% %ngp%mphenyﬁ 8,8a-dihydro-5,8-methano-

(58 S]Rp%;%)zhﬁ'd%&h L SathEp TR (0 BRGSO Side2- 4 aingals
5, 8- et hano'yf?é@%‘rﬁtﬂan%nﬁid&%[@%‘ a{]pﬁicﬂllle]-l,%(iﬁ,%klsjdwe?(%&mée}&a-eﬂzOn' trile;

(5S (5a, 8a;
8aa)]-4-( He(l&d:mdft!jthlolﬁrede-ex}d}&s&dﬂ@ﬁhaﬂ@Lmbmaﬂ@ﬁﬂdﬁoﬁlﬂly]pgﬁﬁilﬁd( 3H) -yl ) - 2-
(trifluoronethyl)benzonitrile;

(5R, 8R, 8aR) 14( @Hé@meo(i%ﬁ@,ﬁa@&l(m,ﬁaﬁaéb-ﬁdi;Z)Benz1soxazol 3-yD)tetrahydro-
carbonyl]-1, 3-di &lﬂq 5,.8- et hanoi m

1, 5-a] az PR-e oiplidazo ¥, ﬁﬁlﬁmﬁ@@ ?v()?{LI BE-Ainmet (501.801.8a0)-4-(Octahydro-

55 ot hanoi i 5o o Ledboddutl o IRV SO LIRS B T T 1 . (5
15 (5a, 8a, 8asy, k&'@éﬁ}n{i{b‘émﬁﬁgxﬁ m Hfo%ls-mfamaﬁa n%axi 1% ﬂid%@ )-§- met hano-

i mi dazo[ 1, 5-a] pyr azi ne- 7( 8H) - carboxylic acid, yl et hyI ester; [ 5S-
( 5a, 8a, 8aa) haplthal adecaibonriled ¢304,3c, 8af)- Mahycﬁram(lyha)phﬁla&n%@&nm m dazo[ 1, 5-

methanoimidazo[1,5-a]pyridine-1,3(2H,5H)-dione; (5c,8c,8a0)-Tetrahydro-2-(1-

25  naphthalenyl)-5,8-methanoimidazo[1,5-a]pyridine-1,3(2H,5H)-dione; (50.,80,8a0r)-2-
(4-Fluoro-1-naphthalenyl)tetrahydro-5,8-methanoimidazo[1,5-a]pyridine-1,3(2H,5H)-
dione; ; (So1,8¢,8aP)-2-(4-Fluoro-1-naphthalenyl)tetrahydro-5,8-methanoimidazo[ 1,5-
aJpyridine-1,3(2H,5H)-dione; (5a,80.,8ap)-2-(4-Chloro-1-naphthalenyl)tetrahydro-
5,8-methanoimidazo[1,5-a]pyridine-1,3(2H,5H)-dione; (5o,80.,8ac)-2-(4-Chloro-1-
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a] pyrazine- 1, 3(2H, 5H) - di one;

[5S-(5a,8a,8aa)]-7-[(4-Fl uorophenyl)sul fonyl]- tetrahydro-2-(4-nitro- |

- napht halve@ay?)0653 8- met hanoi mi dazo [ 1, 5-a]pyrazine 20 1pPG(/2B)159563di one;
(5a, 8a, 8aa) - 2- (7- Fl uor o- 3- benzof uranyl ) t et rahydro-5, 8- net hanoi m dazo[

1,5-a] pyri dhﬁﬁltﬁala(ﬁﬁet?ﬂ%rdfy %gt etﬁeﬁf%uﬁgiagﬂ%l%)-aggyﬁ(ﬂng |1'a’?)?%lg'5%17 (ofﬁ 5H) - di one:

benzof uranyl )tetrahydro anol m dazo al pyri

[5S- (5a, 8a(5a,80,8a0)-8,8a-Dihydro-2-(1- ox1dobenzo[|b}th1ophen 3-y1)-5,8-methanoimidazo-
8aa)]-2-[4- Q/ano 3-(t rifluoronet hyl ) phenyl | hexahydr o- 8a- net hyl - 1, 3- di oxo-
5, 8- net hanoi tb-admal{diné1,8(2H), S HY-tivae; (G880, Rar)Boliyd,B 6, 884-Hexahydrodi, Bneltidngol- et hyl
ester; 25 [5S-(5a, 8a,

8aa)] 4- (He§e8|-mdﬂ1@nqnmdmoblxbaﬁa'ndm Dryl)- Engphtkes¢renabamitiile:o( 5o, 801, 8ac)-

[ 5 S (ggp ' ag‘gﬁ?l})gdzl_%i4 ()1H2te‘5razo -5-y Qr%ggﬁtﬂéﬁeﬁﬁf? gr?llet Eull(llremdazo[l 5-
Benzoyl hexapygtianiar g@?’?ﬂl{g %'Oﬁe S))ég'gﬁR? 4@%‘2%@129110@ f@zlocﬁlmethylethoxy)

1, 5-a] pyrazin- 2 3H) ri’fT uor ome zonli

[5S- (5a, 8a, eaamlyl}'-l(%dﬁkm;gemeuhzmmmmrlaﬁmymznzz-yam (mtﬂlimronhethyl)

- napht hal en - met hanoi m dazo a] pyr azi (2H,
5H) - di one: égnzomtnle (SR 8R,8aR)-4- [Octahydro 7 [(l 1- dlmethylethoxy)carbonyl] 1,3-dioxo-

)[”5)8_ ( ?aégg g%)n%%élgg%zg% g-é/!\;,]efl)(tlrgﬂtu%%o%‘ewy ndoriiid; %gé(?go?l §/| carbon
5, 8- et ’f@”0%g&}ﬂ%&g%{a@%gﬁ-ﬁ&&%,ém%ﬁ%ﬁomaé%'[R?%];(y’r&’z%@)z@ﬁﬁyl)-z-

S- (5a, 8a, 8a

- napht hal enytriffaexahetblylibehzehithl QX SR BRBARG I pDQiTAERZ (1, L-dnéthyghazy)ne-
7(8H) -carboxylic acid, 4-fluorophenyl ester (102

[ 5S- (5a, 8a, 8%?@5(913]' é 3( d:o@-ér%mpﬂlammﬁdm[bﬁy]m@uréwmﬂnﬂupmnw@ﬂhy|
H i m dazol
i Inlm da%fl P(ﬁ pyr a2| ég%S%)Z%[ga%ﬁ%qagﬁé i&i’@fthylethocharbonyl] 1,3-dioxo-

[ 5S- (53, 8a, 8Famkthénbitni@¥RMQ5hipyrazin-2-y1]-2-(trifluoromethyl)benzonitrile; [5S-

napht hal enyl ) - N (4-f | uor ophenyl') hexafydr o- 1, 3- di 0x0-5, 8- met hanoi ni dazo|
1,5- a]thyr atSm&ec'B@&HHexahyldm@M-dﬁro [ISLSp](ltﬁal,eﬂylai-lﬁiadmxo 5,8-methano-
(3)]-Tetrahydro-2-(4-nitr

napht hal enyledﬂz?[éﬁe%ﬂywmﬁﬂijﬂ)scaabwﬂlﬁéﬁ@p kil gimgthylethyl ester; [5S-

1, 5-a] pyr az

'5R (5o, o bRG e o O Ay Dy bR EATRERNANIS: 1. 3- di oxo
11yt b S EESEE 0k SHRLRAE G35 056 S LA OMMbIBNER I uttony -

- napht hal enﬁtﬂahﬂzdr&-id(@n%l -Baphittedl digi)es, Bimletid{oimidazo[ 1,5-a]pyrazine-

1,5-a] pyrazine- 7(8H) - carboxylic acid, 1,1-dinethylethyl ester; [5R (5 a, 8
a, 8 aadq - Té(AMypEholione fSnBe.Ban)-2-(7- -Hiysho-Gaiconyfijans])te@aydrodebi mi dazo [ 1,
5- a] pyrazine- 1, 3(2H, 5H)

[ 5Re (5o 8o, BiHORS Gpkol hityPBIoTics] 3(28KSH dipnes(Helon DIl TBaro->-

1, 5- f |.e: - -
(5a. ga. baa) PO RSP Shyar BRI ST ot opes o
%52 ?Lgyggz (5, 8&(@Jd%)ll_ﬂgflg%rg_ﬁ%-?l(fﬁﬂiﬁfr&ﬁ@&?ﬁbﬁ&@[]E&&hﬁz&ﬂo'-f%—methyl-1,3—dioxo—
(trifl uor oméiSamlethaheinyifdzoix sajpyrazine: A SH)-crbosyl8- avid, Halrdinmdthiddzthfy] ester;

1, 5-a] pgrazi ne- . _
5  [5S-(5a, 8a, 8act)]-4-(Hexahydro-1,4-dioxo-8a-methyl-5,8-methanoimidazo

[1,5-a]pyrazin-2(3H)-yl)-2-(trifluoromethyl)benzonitrile; [5S-(5a.,80c,8a0)]-4-(7-
Benzoylhexahydro-8a-methyl-1,3-dioxo-5,8-methanoimidazo[1,5-a]pyrazin-2(3H)-
yD-2-(trifluoromethyl)benzonitrile; [5S-(5a,8a,8ax)]-7-(4-Fluorobenzoyl)tetrahydro-
2-(4-nitro-1-naphthalenyl)-5,8-methanoimidazo[1,5-a]pyrazine-1,3(2H,5H)-dione;

30 [55-(5a,80,,8a0)]-2-(4-Cyano-1-naphthalenyl)tetrahydro-7-(5-isoxazolylcarbonyl)-
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7(8H) - carboxylic acid, phenyl nethyl ester;

[ 5S-(5a, 8a,8a(X)]-Tetrahydro-2-(2 20

met hyl - 4w vvepbenyl ) - 5, 8- met hanoi m dazo[ 1, 5 a] pyri di ne- RCBUSMH,;B6H3- di one;
[5 S-(5a, 8a, 8 aa)]-4-(Hexahydro-7-nethyl - , 3-di oxo-5, 8-nmethanoi m dazo

R T e
. k -
I el e sttty Rtb bthatian) i

di oxo- 5, 8- nE{8rairboxydz afid, H{lapphernil reie7 (1BRB),J 585 b j8acyied- (:14 Cphenyd net hyl
t

ngeE 5a, 8a, Saphthalewslyetrpydre- 21 (1 sngbyhiH-imidazol-dyyhewonyllss. B=methanenoi i dazo[

1,5- a] pyri din

S (5a, 8a 8a3}l]de§%[ﬁr$ &P&I%m? 12%2%%[{)2? 1pne (102Ey [p8-(50,8¢.,8a0)]-2~(4-Cyano-1-

ht hal 5S (5
8a, 8 aa) ?yh*e*?‘#%% R PR e Ok Ry Lo (°

8- met hano- 3fhyrdvi l(taH;)chrbakmma;HSSe(-zs@@&%higg- HreteHh9B@-2-(4-nitro-1-
[ 5S- (5a, 8a, 8aa) Hexahydro- 1 /00653 PCT/ US01/ 19663

di oxo- 7- ( ph@ﬁght )- Y(Bhf’&é’mthﬂbrés&ﬁn@ﬁ@b{)lﬂnd@obl] W]wzazmezk 3@FL HH)-- 2-

trifl t hyl)b R- 5 8 hyvdro-2-(4-nit | -

hoht hgféﬁg‘ﬁ;on%; lisge{;ﬂﬁé%é SyaiChoora ﬁmr%%%bpﬂpir St b igro.

2H, 5

(SR (T8 O8¥-methanoimidazol 1 S-alyrazin @F?-gﬁwﬁ%% acid, ] J-dimgthyleth] ester
ht hal t _ d%;%'_‘b di

P e o (. o S BARAY dRoCRE Ao T AAREAG M, 3. 550 i one

- napht hal enyethaboBniderdibhailpyrazne 7 (SH) Gataixylic agidnb1- dim&lbzldﬂﬁfﬂ-l):stch TR
[ 5S-(5a, 8a, 8aa) ] - Tetrahydro-2-(4-nitro-| - napht hal enyl )
[ (phenyl met ﬁ%%@@a@cﬂanahsdrs HERAO-Rirkbabeny s, &fwla%@irn@aao[éém 5H) - di one

(56, 52, 8aa) FIPHEEINRYARSL S AoRp 5B Serbaphaenbr s ryody bictigrassdiyl ) -5, 8 10

met hanoqan d .
S- (5a, 8a5,n8ag)¥€iﬁ{la'lligt§1rﬂghﬂg; gZd aélné(%?ﬁog)pbz g%ﬂ[;%tﬁhrgl[eglr}{?b?nzom(t%lep 5eS nyl - |

- oxopr opyl) (51,8&,—8@@)]haODBmﬁ@rmka}ﬂyd50 13} @iy%@3]8a@ethincifndddzoH) 5-8]p9fein-
(5a, 8a, 8aa) - 2- (2- Benzof uranyl )t etrahydro-5, 8- net hanoi m dazo[

1, 5- a] pyri dR2H)iy1p2AHibidrodetbplgbentzoaitila; [Sﬁa(ﬁam&whyﬂ-r[é@a{l@3m o

?'[2&0)(%'_04 (iféo uBI%)é]Xet})l}%]p% Xyl]_lhexahyd8 ro- 1%851{])28 %l 8m met anm!‘m&azofl 5-a] R agzlirgel ne-1, 3

[ 5S- (54, 8a, g@% %M I 3 0

met hanoi m dg )lcf@g’l%gig }Letral %‘? Haesgpﬁé%( 5&@%@ %eflsaig%roxff%yl et hyl

ester; 20S- Iﬁdﬁ@alﬂlamﬁﬁ?ﬁény? -4, $enemindihrddzol G%}fiﬁi(ﬁﬂ@i e 8ARdEndazo|

1, 5- a] pyrazi n- 2( 3H) napht hal enecarbonitril e;

[ 5S- (5a, 8a, 83&fJc, &a,[Sh@)ialh&Ihxah}Kk()—Z—meﬂﬂyyll 3tdioxo-5 S—methanomndazo[l 5-

oxopropyl ) -1, 3-di oxo- 5, 8- net hanoi m dazo 1, 5- aﬂ g yrazin- 23 H-yl]-1
a]pyraz1n-2(3H)-y1) -2- (tnﬂuoromethyl)benzomtnle (50,80,8ac0)]-7-
Benzoyltetrahydro-2-(4-nitro-1-naphthalenyl)-5,8-methanoimidazo[ 1,5-a]pyrazine-
1,3(2H,5H)-dione; [5S-(5a.,8c,8ax)]-Hexahydro-2-(4-nitro-1-naphthalenyl)-1,3-

25 dioxo-5,8-methanoimidazo[1,5-a]pyrazine—7(8H)-carboxyiic acid, phenylmethyl ester;
[5S-(5a,8a,8ac)]-Tetrahydro-2-(3-methyl-4-nitrophenyl)-5,8-methanoimidazo[ 1,5~
a]pyridine-1,3(2H,5H)-dione; [5S-(5a,80,,8a0)]-Tetrahydro-7-methyl-2-(4-nitro-1-
naphthalenyl)-5,8-methanoimidazo[1,5-a]pyridine-1,3(2H,5H)-dione; [5S-
(5a,801,8a01)]-Tetrahydro-2-(4-nitro-1-naphthalenyl)-7-(2-propenyl)-5,8-methano-

30  imidazo[1,5-a]pyrazine-1,3(2H,5H)-dione; [5S-(50,,80,8a0.)]-4-[Hexahydro-1,3-
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20 napht hal enecarbonitril e;

[ 5S- (5a, 8a, 8aa) ] - 2- (4- Cyano- 3-i odophenyl ) hexahydro- 1, 3- di oxo-5,

8- met hanovodewss [ 1, 5-a] pyrazi ne-7(8H)-carboxylic acid, paT/Usai/vedshyl et hyl
ester; [5S-(5a, 8a, 8aa)] -4- (Hexahydro-1, 3-di oxo-5, 8- net hanoi m dazo|

(sa, oA bosy Bttty SERSPRGTLIAA £ pin 20101 2-
5,8-neth - -
o gg BZQ;JI(?W%@%%MI&% gaRJ(S& (S@kBaehl)- Tk MY8ri0-2-(4-nitro-1

1- benzopyr amaghthalphd)-7 Pypaoenl)S; Sretdtiznoinnidazt b hhﬁﬁraz}lwmdiﬁlém dBmaH, 5H)
di one; [58 5a, 8a, 8aa) -7-Acetyl tetrahydro-2-(4-nitro-|I- 1pht hal enyl ) - 5,
net hanoi ni d 515{(5%8% T-H4rfsorophemplslifynydjtesrpby dios2-(4-nitro-1-naphthalenyl)-

napht haP oSSR bt R E e 13 AT RS bt S5t SHOBTY i one:
5S-(5a, 8 @eﬁ&
[benZ(()y?] t gt ra J(’Jb;%h%ﬁyd:b 4%11?1‘ (lt ﬁd lﬁﬁ{ngﬁ ?@@8 I)illﬁ%lzr?(gl A a&%yzr %?I_ILG 5-a] pyra

zine- - 205 3@{@2{ Qﬁ@@l[myol@% ﬁﬁlfé%-ah}ldré-(zz{zf - 1d1'1éf>ﬂﬁmalenyl) 7-
[5S-(5a, 8a, 8aa)] 7-(4- Chl'or 0- 3- ni t robenzoyl ) t et r ahydr o- 2

nitro-1-nap ﬂ@h&hﬂmtbylﬁu@nyé}h&mth&mmﬂam 5 Sa:fl,]pynaa:nade’&(ZHSS(EBI-dh&té); {58-one;
[5S- (5 a,8a,8 ] Tetrah r o- 73};% |soxazol yl carbonyl) 2-(4-nitro- |
“napht hal enﬁ(}tﬁg; dror 4y r1-naphthalepia Hphenylaggtobt5584) - di one:

But vl bohdoy ek gﬂtdazoilé ARvips - %(213;59{4%Lgﬁ-possoaswamwmgz@[ L s

al] pyrazi ne- (4. - -
S (5a. 8a, Bas) ]n%m‘iz (H' 3 @tfl%'re’gﬁ Z7f(F 3’5’? s oxqRropyl-S Spmefbanojmidpzell, - |

- napht hal enlpyrdzige- 03D 5SHP-dBmBEGHE8M840) PRLOB erdzoBurah il tetddiydeo-5,8-
7(8H) - car boxam de;

[ 5S- (54, 8a, &aﬂhe}mﬁeidlaaﬂymajpfmdlﬂe-ﬂuXZH SH)wligptet (hal, 80 849)-Tetfahydro-2-[3-
g_t r5| ;i gs ; gg? ; hﬁq}yﬁ%oé‘#lyg}pgﬁg 2 %gtgletrl?aggémgazo[l 5-a]pyridine-1,3(2H,5H)-

Ej?(?xf)Sg meﬁcﬁ? azd afz)gl-za(%p aualgl n%apgfk@#-‘ﬁn}'pg?ﬁgﬂ{ﬁlold%dn%%@ Qal emi)- 1,3

S- (5a, 8a, 8aaﬂdth&rkonﬁf&aﬁi[lllg[é}9§lﬁﬂﬂé 7SR RNBI:81i8 abid; mldiﬂeth&letﬁsaemﬂh%smyl) 1,

3 -dioxo-5, 8- nethanoi m dazo[ 1,5-a]pyrazi ne-7(8H)-carboxam de;

[ 5S- E} t5ﬂ. |8a E{lﬁtja,ﬁ]x mgﬁ](ﬂ-(HﬁdahgdmﬂbM}deﬂ)Mﬂbﬁhdnomw tse]RyréAin (3K pyl)
- Na al en , | OXO
et hanoi i dﬁzmpht@eapwmmmm Sodeulixaficialydro T-C-methyl -

[ 5S- (5a, 8a, 8aa
- napht hal enﬁ(??n]fpgﬁg?%%l(gx%éé Wé ﬁ‘?zéft]z%' ajpyfazin-2635Ded bl e 7( gH) -
car boxybpc @]1 18adthitoRRERIY -2-(4- -3 -1,3-
[ 5S- (54, 8a, 8a%1 “Hexa 0gro 2l?/(s 48%%&%%)] zngp%aﬁgI3e1r?3c}?lglienyl)hexahydm 1,3
1, 3- di oxo0- 5,dBoxmes &amhanoﬂaﬁeioﬂ S-dpypyriagd7(8H ) aBhdxytia abidx v, i dimathilbthyl
4-fl uorophenyl ester; [5
S- (5a, 8a, 8a&¥ikr; Eé&-éiw&uﬁa@)](%(fﬁﬁ&ahbdrb lnaargmm &»meﬂ)anmn&daml 5-alpyrazin-
di oxo-5, 8- net h n0| m dazo[ 1, 5- a] pgr azi ne-7(8H) - carboxylic id,
4- (nitroph er%(l?ff)[ yl)-2-iodobenzonitrile; (Sa, 8o 8aoc) etrahydro-2-(2-methyl- 3-benzofurany1)
5,8-methanoimidazo(1,5-aJpyridine-1,3(2H,5H)-dione; (50.,80,8a0)-2-(2,2-Dimethyl-
25  2H-1-benzopyran-4-yl)tetrahydro-5,8-methanoimidazo[1,5-a]pyridine-1,3(2H,5H)-
dione; [5S-(5a,80,8ac)]-7-Acetyltetrahydro-2-(4-nitro-1-naphthaleny1)-5,8-
methanoimidazo[1,5-a]pyrazine-1,3(2H,5H)-dione; [5S-(50,8¢t,8ac)]-Tetrahydro-7-
(2-methyl-1-oxopropyl)-2~(4-nitro-1-naphthalenyl)-5,8-methanoimidazo[1,5-
aJpyrazine-1,3(2H,5H)-dione; [5S-(50,,80,8a0)]-7-[4-Fluoro-3-(trifluoromethyl)-

30  benzoyljtetrahydro-2-(4-nitro-1-naphthalenyl)-5,8-methanoimidazo[ 1,5-a]pyrazine-
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met hyl ester;

[ 5S-(5a, 8a, 8aa) | - Hexahydr o- 2- (4-ni tro-1-napht hal enyl ) -1, 3- di oxo- 5, 8-
nmet hanoi walazaj6s3, 5- a] pyrazi ne- 7( 8H) - car boxyl i ¢ aci d, but pCT/ES1E19663
[ 5S-(5a, 8a, 8aa)] - Tetrahydro-7-[, (1-methyl-1

H d I f - -

et hanr mi dazapi e B AP SSRGS éﬁ&ﬂ%?%%%%f%%ﬁwﬁydro 24

S- (5a, 8a, 8aaifro-1=daphth&leh@l)-B;Bmdthanoimidazo[1,5-a]pyrazine-1, 3(2H 5H)-dione; [5S-

ni trophenyl ) sul fonyl ] t et rahydro 2-(4-nitro-I-napht hal enyl ) -5, 8- rret hanoi m da

zo[ 1, 5- a] pybagortaea) T EfaPilfoH) - SHisorazolylcarbonyl)-2-(4-nitro-1-naphthalenyl)-5,8-
[5S (5a 8a, 8aa) ] - Tetrahydro-2-(4-nitro-| -

napht hal enyIIylethal{oqmldazﬂ-lI5r¢]t)}’1@@m©ét3{§iH)5§DI-dlm [§S-6588e8atdrioidni dazo[

T52 ChRY BoZ St B3 bl 0 o0 Uit panhihteon S hemeiaidyenS-
5. 8- met hanoi g Jaol 1 45 ak AP AT N8Rl L ST SR 20) ] - 2 (4

Cyano- 1- napliehathyapyb )4 gl Bﬁmﬁeﬁﬂ)mwkois ;0Mmeaaeida B5-aRi i dazo
[1,5- - 206 WD 02/00653 PCT/US01/ 19663 a]pyrazine-1, 3(2H 5H)-dione; [5

S- (5a, 8a, 8ad§(]§H,’°.—ez(r149}@yjade; [BS{(&@ﬁur&nkx&]ﬂ?dat)ah?dl[o@ (4-nitro-1-naphthalenyl)-7-[4-
];Ll go;i) ;)3 ; gtz ,r 6@&%}2&8@)4?@@}0%3 g%llgn]e{}gggl?m adzE)Fl 5- a]pyraznPe-lng&Z% gﬁ) d1[one

S-(5a, 84 Ch
naE)h'f1 hal gnyla[%ég?g 3}33?5;0% @iyﬁ Iﬁgﬁ %ﬁ%‘%‘éﬁ? - %ﬁﬁ&'ﬁaﬁhﬂyﬁwg(&ﬁ 5H) - di one
; [5S 5
( 5([51 8a. 8aa) | A By R G P P S B bR (5 R el PSS 5, -
met hanoi mi da(zq{moerl@]an)ha@hy&o A (Bhidid- Bhfphthads])-1,3-dioxo-5,8-
[ 5S-(5a, 8a,8aa)] - N-(3-Chl oro-4- fluorophenyl)- 2-(4- cyan- [
- napht hal enyhgthancithiddrel1 5-a]8yradine:i¢813)-c8boxmetities o5 (@ BaBac)]-N-[(4-
1, 5-
iSS gg%p)é;a ggr})pécns&ﬁ%a‘rﬁ'ﬁ]glqcaﬂ;{g%gﬁ%p%}-)naphthelllenyl) 1,3-dioxo0-5,8- . 1
exahydr r :
10 a] )[;yr1§Z| nrgetg% @)ﬁ?lcﬂi&ﬁ ggh}%&fﬁ% ﬁgﬁf Qﬁtg)&tﬂﬁ@g [kS ?50L %a%&sﬁaﬁ&aﬂ/(ﬂ%zﬁ
[ 5S- (5a, 8a, §aajitro-2-aphtbyiea@)|1;PaieRb5H-RiHahointiewd Y slafryidide- T H)Y | et hyl )-1,

3 -di oxo-5, 8-nethanoi m dazo [ 1, 5-a]pyrazine-7(8H)- carboxam de;
S- (5a, 8a, Sa&p}boXyléalacﬁ@ammiﬂophwﬂmhad €785, 3éx, Bgod)]-Hexahydro-2-(4-nitro-1-

7081 - car Do S Se S SR ST el ol CHa Ny AP PR r o 1. 3
15 di oxo-5, 84' ﬂ?&r@%%k%squ ﬁL?l(S%T%l Qé’ocﬁﬁexghydgg 59(4-&%) qxr}/aph&laﬁﬁylsi '1,3-

4- (ni tropheny
S- (5a, 8208aai$x025,684néhaivanl dabe - YHSH Ry B6:6/1it, a3rdd|4£(ﬁiﬁro§h§tyl)

met hanoi m dazo[ 1, 5-a] pyrazi ne-7( car boxyl ic acid, but ester;
[ 5S- (5a, 8a, 8nethyl- eser; [[6&—(53hJ8a;8}w3] Haxahydmhbwm)tsul-hqﬁyhdleﬁyll 43@@({135 8t
- napht hal enyl )tet ra@égro 5, 8 net hanoi m dazo[1
1, 5- a] pyr azimehamoanplzellys-agipyiseine;3H)-sub@e/lis asid) buty] estay EifoSe,8oagpa)]-
QSF?_T 2?' S]n %j ;@%%%[1%?? @?—f{iﬂgﬁﬁzﬂ-ﬁ- rﬁﬁé&él{{%ﬁ’su&)ﬁn}bﬁf 2)(%: mIro qynelphg‘laﬁengﬁt% noi m da
S-(5a, 8a, 8ag) dinfiofififtla¥d[1 2-d185: SR8 ; R fitdHh dithR¥: B5S-(50,80,8a00)]-7-[(4-Chloro-3-

25  nitrophenyl)sulfonyljtetrahydro-2-(4-nitro-1-naphthalenyl)-5,8-methanoimidazo[1,5-

L)

a|pyrazine-1,3(2H,5H)-dione; [5S-(50.,80,8act)]-Tetrahydro-2-(4-nitro-1-
naphthalenyl)-7-[(2,2,2-trifluoroéthyl)sulfonyl]-5,8-methanoimidazo[ 1,5-a]pyrazine-
1,3(2H,5H)-dione; [5S-(5a,80,8a01)]-7-Acetyl-2-(4-cyano-1-naphthalenyl)tetrahydro-
5,8-methanoimidazo[1,5-a]pyrazine-1,3(2H,5H)-dione; [5S-(5c.,8,8a0r)]-2-(4-

30  Cyano-1-naphthalenyl)tetrahydro-7-(2-methyl-1-oxopropyl)-5,8-methanoimidazo[1,5-
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met hyl ) phenyl ] t et rahydro-5, 8-nethanoi mdazo [ 1, 5-a]pyrazine-1, 3 (2H,
5H)-dione; [5 S-(5a,8a, 8

aa)] - 2-[ va@yaows38- (trifl uor onet hyI ) phenyl ] t et rahydr o- 7- ( 2P@RURYI/ 19643 -
oxopropyl ) -5, 8- et hanoi m dazo[ 1, 5- a] pyr azi ne- 1, 3(2H, 5H) - di one;

5S-(5a, 8 S

[2 [4( Qa/lang %ﬂﬁ%flrzluﬁzg% %Irf%?l%‘d%h@ ?W%aﬁc)]ff.ééénga%o-(l-na hﬁloer%lprgt[ﬁyl ) benzoy
1] tetrahydfRok-8(HEhD a hdn 5

S] (52 g 2 §a; S 7((4 Chﬁlfigd:tﬁylgﬁbh%ﬁl tétrﬁ]yﬂiﬂ 8Bihéethdnonaddz6H) 5-8p9Ragine!

- ni tr obenz oyl 3(2H; SH) d:ym;{sis-(jd B Sa@)]dnmmqushaﬁpdﬂehmmhh{dmyarﬁ 1-8-
nmet hanoi m dazof razine-1, 3(2

[5S-(5a, 8a, glaal)t]lalgns[l)te JER-8,8- metha(m01m1d|;|)zo[1 5- a]pyrazme—l 3(2H,5H)-dione; [5S-

o TSRS R T e
o et SRR 1S SRR R e

S5- a] pyrazi n€tuoda kt-cFamd@:na thhalenyl)hexahydro—l ,3-dioxo-5,8-methanoimidazo-
[ 5S-(5a, 8a, 8aa) ] - N-( 3- Chl or o- 4- f | uor ophenyl ) - 2- [ 4- cyano- 3-

(trifluoromgt ﬁyal]pmhmmfﬂlgﬂe)xahmndg B 5o 8t Ba®H -12e¢dh@yrmioni -d gzhdifalenyl)-

b
é (5 52] ggr gggt;]%akgg{(ogl g}%) glx%r%ﬁmqjgmg@g})ﬂ@qnygrﬁe%-g;qle]thq;lmmldazo[1 5-

hexahyd::lﬁe ? Eéz?%o?(g_gé-c btd)réclall:nkdje %ar%c %EPOB?Q%JCydn% lr-rr%p% ale I nl)dazo[l >

al pyraz

[ 5S-(5a, 8a, SpRatlyddrNA1 U489t I.31dihQL 8BEdINAnbimidazol1,5- -7(8H
phenyl ] hexahydrﬂ(%dl\l-(i( met h&%ﬁ% i 3 - di oxo- ISm1 gzo[rre a]g}rllrglzlrr#ledgzo) [ 1, 5

-a] pyrazi n&arb%k:ﬂhbdepﬁﬁb(dm 8’2&1)]-2 (4-Cyano-1 naphthalenyl)-N-[(4-
[ 5S- (5a, 8a, 8aa) C}./l! (trifluoronethyl)phenyl]
f 1 uor ophenyl we&paﬁ@/ﬂ}raet }’1]136?@5]’459&33 iogo SFSemﬁﬁﬁ@@lmléa@bl p- aipyr@mea]

Y 5 5, TRy DRSS S Seplen G| Ay fipiiepalydro- 13-
f I uorophs ny'dld%@&’#ﬂéi%’ﬂﬁﬂi’ﬁ%ﬂ 53a]gy1%9e (8- SRS H3MR 18084 RitdopHeny1)-

5-a] pyrazi ne- 7(8H)-car boxam

S- (5a, 8a, 8aadthyl ektér; PF8TSa %a(gabu)]tiwcgm Dyihphiahaeyyl)hexahydro-1,3-dioxo-5,8-
hexahydr o- 1, 3- di oxo- 5, 8- net hanoi m dazo[ 1, 5- a] pyr azi ne- 7(8H) - car boxyl ic
acid, 4- ni tnnej]pimenyidae@[ﬂ éﬁ@]pyraz1ne-7(8H) carboxylic acid, butyl ester; [5S-(5a,8a,8aa)]-

hexahydro 1 PR, frengyls DessiapyEeredxyl i
S s SR e

acid, 4- t
G T e R CP
hexahydpo- 1 napldhﬂx@ylﬁe@aﬁmt@aqu Mdﬂﬂ@dr&etﬁyl@d@ﬁéﬁﬁqlmnﬂ&hﬁmﬁaﬁ@% ylic

acid, 4- (nitrophenyl)nmethyl ester;

[ 5S- ( 5a, 8a, &d@)jzike-| A€y, aH-dBnet EESf-dSm;ﬁOQSmi)]W-IAcetyl 2-[4-cyano-3-(trifluoro-
ghgnéi LC?Q?.% X%Pgﬂgt %‘ﬁ@%thg&?' aﬁa&l -alpytagine-1,5(2H,5H)-dione;
S-(5a, 8a, 8 t t t.et

T ety - PRSI P OB HRRRIN s QU denshir-
5-a] pyr azi n%xoéﬁr)ﬁ{}lg"é @ﬁpce:ﬂ%hgﬁﬁdazo[l 5-a az1r|1 ngl-%nyhd}o?_et L?_S -(50.,80,8a00)]-

[ 5S- (5a, 8a, 8aa ro- 3-ni t'ropnieny
25  2-[4-Cyano-3-(trifluoromethyl)phenyl]-7-[4- ﬂuoro 3-(trifluoromethyl)benzoyl]-

tetrahydro-5,8-methanoimidazo[1,5-a]pyrazine-1,3(2H,5H)-dione; [5S-(5c,8c,8a0)]-
7-(4-Chloro-3-nitrobenzoyl)-2-[4-cyano-3-(trifluoromethyl)phenylJtetrahydro-5,8-
methanoimidazo[1,5-a]pyrazine-1,3(2H,5H)-dione; [5S-(50.,80,8a0)]-2-[4-Cyano-3-
(trifluoromethyl)phenyl]tetrahydro-7-(5-isoxazolylcarbonyl)-5,8-methano-

30  imidazo[1,5-alpyrazine-1,3(2H,5H)-dione; [5S-(5a,8a,8a0)]-7-(4-Butylbenzoyl)-2-
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cyano-3-(trifluoronethyl)phenyl]tetrahydro-5, 8- net hanoi m dazo]

1,5-a] pyrazine- 1,3(2H 5H)-dione; [5

S- (5a, 8avBaayHo623 [ 4- Cyano- 3- (trifluoronethyl) 25 PCT/US01/19663

phenyl Jtetrahydro-7-[(2,2,2-trifluoroethyl)sul fonyl]-5, 8 nmethanoi m dazo[1,5

- a] pyrazi n?4%y§{02ﬁ(@%bfﬂrﬁ&§%?iﬂ}é§ylﬁt§ﬁ‘ rcﬁﬁ,%)lhétﬁaﬁﬁﬁﬁd’dzbﬁ'é(égrﬁ%ﬁa3-

i odophenyl ) tetrahydro-5, 8-nme nol m dazo[ 1, 5-a] pyrazi ne-1; 3 i one;

5S- (5a, 8a, didn&: ' . 3.
[ (5a, 8a,18%2N]518 &éné;zmoa,sugd@nhewbm@brmﬂ&bgmgﬁ?? F&Mﬁdﬁ, 63;

| - oxopropyl)-5, 8- nethanoi m dazo[ 1,5-a]pyrazine-1, 3(

[ 5S- ( 5a, 8a, §aidlupramethylihenyl]Bexabydro-1,3-dioxo-5,8-methanoimidazo[1,5-a]pyrazine-

i odophenyl )-7-[4-fluorq-3-(trifl uoronet E%Ig) benzaoyl| Jtetrahydro-5,8- - 208
VO 02/ 00653 768 asbovanydedSS e Semartr 4 K Syancs3Airgipermetayliphspdiy, 5H) - di one:

5S- (5a, 84, 3 . L
hi L obendoy B -yt N it P ey Doy e & e aueiaidar i dazor 1, 5
a razi ne- _ amide: - T4 ~3-(tr1 -

[ ]5@/( 5a, 8a, §;pay)$ a](Z%gé’ ?@T&fdgﬁdﬁ gt i Pacol 2 [-{Cyano-3-(trifluoromethyl)

7- ( 5- i soxaz phyiyd hckayrd-No(18mpthiy tedtnyd)- 1 ,Ai dawan), 8 ;thethhmpmadarzofd ;5ia|By@kindH) - di on
e; [55 5
( SaF 8a, 8aa) [ arrapmiderd 285 q.82,8aa) 3 fhEyand-dbfherymetheinhenyldNo(4, 8

[7153'[8{1 ? g ? IX,m8 g%@gggjplhg 0 q%l‘%?{@fzc%&ﬁ;%&i’o%% !g’-r%@hégci)iglqgeizo[l ,S-alpyrazine-7(8H)-

fl I = (4 - I - i - B 8-pet hano-

| m dazol 1, &oae i B B O A R ARSI, Dono-3 10
dophenyl ) hexrlbysbhenyll)mahylfhexabydrdk1,3-diokb 5, §-ietHaporibidyio] nhamidzine-5, 8

-met hano- 10 i m dazo[ 1, 5-a] pyrazi ne-7(8H) -carboxam de; [5

S- ( 5a, 8a, 8adf§E pearto@ypEdes-[3S-(5a,80.,8a0)]-2-[4-Cyano-3-(trifluoromethyl)phenyl]-
RS = U R EN TSy R I By AT R s L
[58—(5a,8a,%§tﬁ9 % - Qz3-dl heny -k -N- 64, - )

fl uor ophenyl ég?g ! rétoe%[,%gftégg%%%f%ﬁ%&b&&tﬂ%uzo&mﬁl@%ﬁeﬁwazi ne- 7(8H) -
car boxantde hekdh§dtd 8,38H0528 )8lmthadoify@R6F15-h ﬁﬁﬂl(ﬁl)?—&lbéﬁylfc' defy, aphenyl ) -
15 net hyl ] hexahydr o- 1, 3- di oxo- 5, 8- met hanoi m dazo[ 1, 5- a] pyrazi ne- 7( 8H)

car boxani de;fluorophenyl ester; [5S-(5a,8a,8a0)]-2-[4-Cyano-3-(trifluoromethyl)phenyl]-

- 3-i odophenyl ) hexahydr o- 1. 3- di oxo-5, 8-
ot hanol 1 dAS O] AR aS B R P Yo hz%%r%,sﬁxpir ORIy - ester
5S- (5a, 8a, - 2-(4- - 1..3- di 0x0-5, 8- -
o dasorn o GSbher NG S5 pRORIRIEI NN S hln iR R, O M 237D,
(5a, 8a, 8aa) Jphényl frefdByiio-3;3- P REB B EthBENARILLO P, 3-a FryeH 607 (SHR cABbRARO -

i m dazo[ 1,5-a]pyrazine-7(8H)-carboxylic acid, (4-nitrophenyl)nmethyl ester;
[ 5S- (5a08a aBwabityPestet; [Sfa(ios, B, BatppHdranhSx@tflderombtl3d phenbitcdrahBdro-

g?E 22?8;?82%)2'[]%'%&%&1 1%21?112 aQoel:47-(1 sljl)lt:ogyelr]-bi(,)g(-%/nle!ch%ngi%igézo?ﬂtS-)Q]py?gztir?er—; L5
1,3(2H,5H)-dione; [5S-(50.,80c,8ac)]-7-[(4-Chloro-3-nitrophenyl)sulfonyl]-2-[4-
cyano-3-(trifluoromethyl)phenyl]tetrahydro-5,8-methanoimidazo[1,5-a]pyrazine-
1,3(2H,5H)-dione; [5S-(5a,80.,8a0)]-2-[4-Cyano-3-(trifluoromethyl)-

25  phenyljtetrahydro-7-[(2,2,2-trifluoroethyl)sulfonyl]-5,8-methanoimidazo[ 1,5~
a]pyrazine-1,3(2H,5H)-dione; [5S-(5c,80.,8a0)]-7-Acetyl-2-(4-cyano-3-
iodophenyl)tetrahydro-5,8-methanoimidazo[ 1,5-a]pyrazine-1,3(2H,5H)-dione; [5S-
(50,8a,8a0)]-2-(4-Cyano-3-iodophenyl)tetrahydro-7-(2-methyl-1-oxopropyl)-5,8-
methanoimidazo[1,5-a]pyrazine-1,3(2H,5H)-dione; [5S-(5a,3,8a0)]-2-(4-Cyano-3-

30  iodophenyl)-7-[4-fluoro-3-(trifluoromethyl)benzoyl]tetrahydro-5,8-

- 208 -



2- (4- Cyano- 3-i odophenyl )tetrahydro-7-[ (1-nethyl -1 Hi m dazol - 4-yl ) sul fonyl ] -
5,8 25 net hanoi m dazo[ 1, 5- a] pyrazi ne- 1, 3(2H, 5H) - di one;

[ 5S- (5a, 340 8a60653 7- [ (4- Chl or o- 3- PCT/US01/19663

ni trophenyl ) sul fonyl ] - 2- (4-cyano- 3-i odophenyl )t et rahydro-5, 8- net hanoi m dazo

1,5- a ' . -
{55 (5a. Sa. BRRGtaghcliehi RN (oI SH)-digne, [35-(5g.80.8a0))-7-(4-Chloro-3
7- (et hyl suhfu@bvﬂz)oyﬁrﬁ(mydmarmioabmﬂ)ﬂeuéhﬂwameﬂ@namaﬂe?zld B§) -di one; [5S
(5a, 8a, 8a(3)] - 4- (Hexahydro- 1, 3-di oxo- 5, 8- met hanoi m dazo[
1, 5- a] pyr azalpy2&Bid) L, §(2H, 38)-gioae; {5 84(bm8arfatdly? - bEyawnB ieddphenyl)tetrahydro-
[ 5R- ( 5a, 8a ro-2-(4-nitro-I WD 02/ 00653 PCT/ USQ1/ 19663
napht hal enyI %gis%amlaﬁar@nzl)ﬁ&wa%mraﬁ% 115@?13&7 eaﬁ? LdbipngsdpBoxyl i ¢

oo (50 Ba. B S PA RDSRER o0 sepsr o P A ycio-S -
hexahydr o- 1,aagl g fiad, 1 54 BRSO desiebedofil] 36165 Ao BB e 1 ©

[ 5S- (53, 8a, Saédphenkt})-2-qnydlim-Riddéphdnytfactahparht Bati@vys,B-nbetBand-
met hanoi m dazo[ 1, 5- a] pyrazi ne-1, 3(2H, 5H) - di one, trifluoroacetate; [5R (5 a,

8 a, 8 a( 3) 1qnda20[1{54a]@ylamme37(8ﬂ)t ¢ar‘tbdxaundmé5$1&5q BtrBag)]}2- (ﬂe@azmpd}o -1, 3 -dio

171" of mot hy FEeRGRODERES e s iigﬁffg{o} RSB e

-napht h t nar
i m dazo S%ﬁds%/dr azi ér]gyr%gﬁ)%(@{; a‘lmédea %(SQ_(LS?E 88“?19% ?gfnhy?f ester; [5R
10 iodophenyl)hexahydro-N- (l-methyleth%fl) 1,3-dioxo-5,8-methanoimidazo[ 1,5-
(5a, 8a, 8a(3)]-4- (Hexahydro-1, 3-di oxo- 5, 8- net hanoi m dazo[ 1, 5- a] pyrazi n-2(1H)

-yl)- 2-(tr a]‘plytazrmnﬂﬂﬂy-lc)mbenmrdbi [I58H@E,8a,8a0)]-2-(4- Cyano -3- 1odophenyl)-N-(4-
[ 5S- (5a, 8a, a( 3)% Benzoyl hexahydro- 1, 3-di oxo anoi m dazo[
1, 5-a] pyr az HO@p %ylihe}algd(q ﬁrdl@@réﬁ@?ﬁb@%@%ﬁltwwazlne 7(8H)-
<(31]5;yr8?d|8ﬁ((332; Eg%%%ﬁé%sgﬁgégwy -(4 %ygzlug 598 h%n})fl) ?J’ ﬁ4 qP%po% 81|1y | dazo[ 1,5-

S- (5a, 8¢5 8am) BaRaeLh b L
napht hal enyl ) Hgd%lemat hgirl{(ll)ﬁen(lhg)?z]g? rﬁ%ﬁgﬁcﬁry?ﬂggf’)ﬁeﬂ ?L]%grazmeglgli)m)dl one;

( 5a, 8a, 8a( 3rarBexdnZidBeidaburdanBdo)]- N4-€Wﬁb-6-15d<ﬂ3hﬁﬁﬁlb‘fmdly’dlrmzaﬂloxo 5,8-
15a]pyr|d|ne132H5 - di one; &Hi 3)- Tetrahydr02(4 5, 6,
7-tet r af | uoPSiEnpRidy7al b 5-aipwasne-7 rfyaﬂ)o hc 8°1d 4-n1tr0pheny1 ester; [5S-

?gghggog;?gflsa%&%&a@a_@/ é&?@“ﬁm%o%ﬁmﬂ)ﬁ%h?h% FB dioxo-5,8 methano—
rzrgt 3%% 4- ( finfsad] )syd1hPRsmyl A srP)- Sx byl Aok R RIphdny? estbRY5$-di ne- 1, 3(2H, 5H)

[5S (5a2(33a &l So. Bad) {24 (A sune>-3-10tia phdny@ihexuhlyiifve K ahli6hoos, 8 mdethlinoX O- 5 8-
met hanoi m dazo[ 1, 5- a] pyrazi ne- 7( 8I—% carboxylic acid, 1,1-dinethylethyl

ester; [5S imBagllg-apyezmes)SH)-cap omw@ylénelgltropbend@m?&wpgt% ydro-1, 3

1d|10)(;|0n;3t hy?sé]f g(g,fgh(gﬂf%@ Elydazgg)]aggb%%r azi ro SSdI—QXOcéagboxyl ic acid,
Tetrahydro- ﬁ-le(}?angﬁrtngﬁo'[?’a' ?ﬂ};rgzu% %&ﬁﬂca?bo?(yﬂ'g%aa%%t}w egﬁz c{%S J(Sé 83]8%&5]' di ne

2-(4-Cyano-3-iodophenyl)tetrahydro-7-[(1-methyl-1H-imidazol-4-yl)sulfonyl]-5,8-

25  methanoimidazo[1,5-a]pyrazine-1,3(2H,5H)-dione; [5S-(5a,80,8a0r)]-7-[(4-Chloro-3-
nitrophenyl)sulfonyl]-2-(4-cyano-3-iodophenyl)tetrahydro-5,8-methanoimidazof1,5-
aJpyrazine-1,3(2H,5H)-dione; [5S-(5a.,8a,8a01)]-2~(4-Cyano-3-iodophenyl)tetrahydro-
7-(methylsulfonyl)-5,8-methanoimidazol[ 1,5-a]pyrazine-1,3(2H,5H)-dione; [5S-
(50,80,,8af3)]-4-(Hexahydro-1,3-dioxo-5,8-methanoimidazo[ 1,5-a]pyrazin-2(3H)-yl)-

30  2-(trifluoromethyl)benzonitrile; [SR-(5c,8c,8aB)]-Hexahydro-2-(4-nitro-1-
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25 1, 3(2H, 5H) - di one;

[ 5S-(5a, 8a,8a(3)]-2-(3,5-Di chl orophenyl ) hexahydr o- 1, 3- di oxo-

5, 8- mret hamoom@ax o[ 1, 5- a] pyr azi ne- 7(8H) - carboxyl i c aci d, RCTUSI®G43Y| et hyl
ester; and

(5a, Sa, 8a(3 ' BYd- . L (85 -aci

nmet hanoi m d?%%ftﬁ%,e -lgil %5‘?1%‘% g’é%ﬁ?&%%ﬁ?%ﬁgsl g%%ﬁ&%% ’[/(?ﬁ%@%ﬁ%%%%&gb%i cal
conposi ti on 1gledpidtsyledyt deerf BELOW P -Lyano-3 Y i MR- 618418 13-

PCT/ US01/ 196%3 ZlByY L}TM Irjc pG?R Mg%a@%ﬂM \yvan:E'J(l\l/ (1) 5912;?1’%2378]61' t

t her eof , whégeedhydré,3sdigtod S-hethanaimidazel]l oelpsitpzinesitdiyearhonyligraeid, i dr each

occurrence, ,ndependently selected: Gis an aryl or heterocyclo group,
wher e sai o GIBRBVICUNTENE: ST (35etd SN Tetraapiodpirunrorl mephtrlsAE)

bstit d ; NSv: =72 ' , or P=00RZ2;
102, 1500, "Cenfffinfhe(fhtnBganhb 3o SihRuibes fifoRate 197 7"\ 2
i SCR7or N; Y (i kB3 ' 53:3-dioxb-§.s@ bond or O,
S, S=0, SOP ,(5%55'%,8&%&'\]%@ ity (@gﬁu@@%@ﬁﬂc&%a@&g&g%¢ 3P0
OPOOR2, OPO02dethaasifitiazdiy ], SNHbYtazihANRE) - ddiidNistlic hieil, 1,6 ydimethlylejtiyl esters (£t i t ut ed

cycl oal kyl, cycl oal kenyl or substituted cycloal kenyl, heterocyclo or
subst i t ut ed (hreBesdsBylchlexabydugrd,(4-nitrosithaphthalensd)- hydioxogh§naethang- (CR7R7' ) n

d = 0-3,. Y i t .20 W /R - CRIRT" =CR81, CR RY"
"0 nro- e SR RpgboniS a0 Y ISR B e ut e
| oal kyl , en bsi elo_ ; - ol 01§
subst 1 t 0 cd Fbp ARy el eBhy BUICA-WHbEES prIEHOMERY) - IR EER ST Ry
2~(trifluoromethyl)benzonitrile; [5S-(50.,8a,8ap)]-4-(7-Benzoylhexahydro-1,3-dioxo-

5,8-methanoimidazo[1,5-a]pyrazin-2(3H)-y1)-2-(trifluoromethyl)benzonitrile;
(50,80,8ap)-Tétrahydro-2-(2-methyl-4-nitrophenyl)-5,8-methanoimidazo[1,5-
aJpyridine-1,3(2H,5H)-dione; [5S-(5a,80.,8apB)]-7-Benzoyltetrahydro-2-(4-nitro-1-

15 naphthalenyl)-5,8-methanoimidazo[1,5-a]pyrazine-1,3(2H,5H)-dione; (5a.,8c,8af3)-2-
(2-Benzofuranyl)tetrahydro-5,8-methanoimidazo[ 1,5-a]pyridine-1,3(2H,5H)-dione;
(5a,80,8ap)-Tetrahydro-2-(4,5,6,7-tetrafluoro-2-methyl-3-benzofuranyl)-5,8-
methanoimidazo[1,5-a]pyridine-1,3(2H,5H)-dione; (5c,8a,8ap)-Tetrahydro-2-[3-
methoxy-4-(4-oxazolyl)phenyl]-5,8-methanoimidazo[ 1,5-a]pyridine-1,3(2H,5H)-

20 dione; [5S-(50,80,8aP3)]-2-(4-Cyano-1-naphthalenyl)hexahydro-1,3-dioxo-5,8-
methanoimidazo[1,5-a]pyrazine-7(8H)-carboxylic acid, 1,1-dimethylethyl ester; [5S-
(5a,80,8apB)]-2-(4-Cyano-3-iodophenyl)hexahydro-1,3-dioxo-5,8-methano-
imidazo[1,5-a]pyrazine-7(8H)-carboxylic acid, 1,1-dimethylethyl ester; (50.,8c,8a3)-
Tetrahydro-2-(2-methyl-3-benzofuranyl)-5,8-methanoimidazo[1,5-a]pyridine-

25 1,3(2H,5H)-dione; [5S-(5c.,80,8aP)]-2~(3,5-Dichlorophenyl)hexahydro-1,3-dioxo-
5,8-methanoimidazo[1,5-a]pyrazine-7(8H)-carboxylic acid, 1,1-dimethylethyl ester;
and (5a,80,8aB)-2-(2,2-Dimethyl-2H-1-benzopyran-4-yl)tetrahydro-5,8-
methanoimidazo[1,5-a]pyridine-1,3(2H,5H)-dione.

30 7. A pharmaceutical composition comprising the following formula:
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Qis H alkyl or substituted al kyl, al kenyl or substituted al kenyl,

cycl oal kyl or 25 substituted cycloal kyl, cycloal kenyl or substituted

cycl oal kemg b2/006b&t er ocycl oal kyl or substituted heterocycl par/kgél/19e63y| al ky
or substituted -211 WD 02/00653 PCT/US01/ 19663 aryl al kyl, al kynyl or
substituted al kynyl, aryl or substituted aryl, heterocyclo or substituted
het erocycl o, halo, CN, R OC=0, RAC=0, R5R6NC=0, HOCR R ', nitro, R1OCHZ,
R1O, NH2, C=CSR , SO02R or NR4R5; Mis a bond,Z0, CRR' or NRLO, and M is a
bond or NR1, with the proviso that at ,,5 le one of Mor M nust be a
bond; L is a bond, (CRR ')n, N4, NR§/JW n, where n = 0-3; R and
R, are each independentl M al or substi t/ut al kyl, cycl oal kyl or
substituted cycl oal kyl cécloalken | or substjiuted cycl oal kenyl ,

het erocycl o or substituted heterogyclo, cycl/al kyl aNgyl or substituted
cycl oal kyal kyl, 10 cycl oal kenyl al gyl or substitfuted—eyW oal kenyl al kyl ,

het erocycl oal kyl or substituted hefe{ocycl | kyl, aryl or substituted
aryl, arylal kyl or substituted aryla ; is alkyl or substituted

al kyl, cycl oal kyl or substituted cycl oal kyl, cycloal kenyl or substituted
cycl oal kenyl, heterocyclo or substituted heterocyclo, 15 cycl oal kyl al kyl or
substituted cycl oal kyl al kyl cycloalkenxbalkyl or substituted

cycl oal kenyl al kyl , heterocycl oal kyl or substituted heterocycl oal kyl, aryl
or subs®i t wredalathglreofawlydreih kiyd symnbdsibsteithafodid wing/meddayds, and3irey ok dAth ar e
each independently H, _al kyl or substituted al kyl, cycloal kyl or

subst i t ut ed OCSRFFSE-EPdererdratly SPIReiRY1 or substituted cycl oal kenyl ,

het er ocycl 0 3 ; i C C pt ut ed
Cycl oal oyl sl g MRSt B g, SRR G Perofi FABAI BLlSlll aRk Fhich
hetFrocyc:o?LkYIi@ﬁpmﬁw?§$M?ugﬁddMﬂ?ﬁrfﬁ¥ﬂéﬁ@%&ykeNarﬁldor srbs;ituted
aryl, arylalkyl or substitute yla ., hal o, , hydroxyl am ne,

hydr oxanmi de,E1&|@<‘1%zyCBrCPs’|u§%iRﬁﬁlg{;0rBFQ /i, amino, NR R2, thiol, alkylthio

or subsihtu I h'quQS R4 is H alkyl or substituted al kyl,
cycloaligl %$%§§b§¥$$Uée c¢ycl oal kyl, cycl oal kenyl or substituted

cycl oal kenylz, ide! &/0HYsdRQr substituted heterocyclo, cycloalkylalkyl or
substituted cycl oal kél al kyl', cycl oal kenyl al kyl or substituted

cycl oal kenyl4alik ¥R’ ondt er ocycl oal kyl or substituted heterocycl oal kyl, aryl

or A,is CR” or N;

Y is J-J’-J” where J is (CR'R”)n and n = 0-3, J’ is a bond or O, S, S=0, SO,, NH,

15 NR®, C=0, 0C=0, NR!C=0, CR'R”, C=CR*R?, R?P=0, OPOOR?, OPO,,
0S0,, C=N, NHNH, NHNR®, NR°NH, N=N, cycloalkyl or substituted
cycloalkyl, cycloalkenyl or substituted cycloalkenyl, heterocyclo or
substituted heterocyclo or aryl or substituted aryl, and J”” is (CR’R”)n and n =
0-3, where Y is not a bond;

20 Wis CR'R"—CR'R’, CR*=CR¥, CR'R"—C=0, NR*—CR'R”, N=CR?, N=N, NR*—
NR?, cycloalkyl or substituted cycloalkyl, cycloalkenyl or substituted
cycloalkenyl, heterocyclo or substituted heterocyclo, or aryl or substituted
aryl;

Q is H, alkyl or substituted alkyl, alkenyl or substituted alkenyl, cycloalkyl or

25 substituted cycloalkyl, cycloalkenyl or substituted cycloalkenyl,

heterocycloalkyl or substituted heterocycloalkyl, arylalkyl or substituted
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substituted aryl, arylal kyl or substituted arylal kyl, RIC=O R NHC=O, 30
S020R , or SO2NR R'; -212 WO 02/ 00653 PCT/ US01/ 19663 R5 is al kyl or
substi t utved 0abdeyd , cycl oal kyl or substituted cycl oal kyl, pgTUS@El/Wesdy| oOr
substituted cycl oal kenyl, heterocyclo or substituted heterocyclo,

cycl oal kyl al kyl Q1546 Ei%&l&%sﬁ iRl %Mgﬁ%lgmfﬁ%@kgﬁtég“ i\ Hétg,%hyc%

substituted cycl oal keny et erocy ute

het er ocycl oal kyl ,oraulysttihaed hetsrobgdlo fhale CNIRIOC=D, R @Ry R'RINGHdst i t ut ed
arylalkyl, R C=0, R NHC=O, SO2R1, SOQ20R , or SO2NRIR1l'; R6 is al kyl or
substituted al kylHOECR®R caltkyR'OCH:UBYD, NI, §4QSRE) SR NRYRE oal kenyl or

substituted cycl oal kenyl .. heterqeyclo or substituted heterocyclo,

cycl oal kyl alMys$ a Bends Gh&HR RuveNRey éné M iy p &prd pr NRy e Witk thapripviap KAt ator
substituged 10 I &) kvl... het erocycl oal kyl or substituted

het er ocytél oal kylﬁ%lsggfr?%#@?&l\gu élﬁtl euat1t()a°c?dar yl, arylal kyl or substituted

aryl al kyl , @lis a%d, R7RR)’5’CN% NI MW?E%Qhereip_ﬁlg%i or SO2NR R'; R and

R' are each independently H, "dal'kyl or su tute al kenyl or

substi t ut ed R'ank®iYdre efhGh@pekddnt19 H, MBS bk tswsadltézyaqkﬂ,aéd;kydalkﬂbﬁl oal kenyl or
substituted 15 cycl oal kenyl; heterocycle or substituted heterocyclo,

cycl oal kyl al kyl cubstiupd cyelealler, eyadoadisdny] dudubstituted wytloalkkeylyhei¢rkgyclor
substituted cycl oal kenyl | , heterpcyc l.kyl .or. supstitute
heterocycloalkylf“5WV%“§??L§é@§¥$?U@@gm§9®ﬁéﬂé%?@ﬁ%‘ § ?ﬁdgﬁﬁ¥ékybuted

aryl al kyb, hal o, @;{i, i ! L), @M No,
NHRA, NROR5, NOR ,%1{0 i ol ,lalglk/wﬁmﬁistgﬁ %g%g%ﬁbg%@ﬁn%%’%ﬁ&ﬁﬁ?ﬁlgfl&r R1C=0,
R1OC=0, R NHC=0 sgtftited BA@RocyclPARRL Ryl or RIRItNG-=0y1, GyEHR/1, or SERRMtedS020R1,

or SO2NR1R1' ; R8ra%gd I'i are each independently H, alkyl or substituted
al kyl , al kenyl o ABEE ¢ ut ed al kenyl , cycl oal kyl or substituted

el o oL, IS S LU M SRS DELSRNENPPT
cycl oal kenyl al kylsubstitstad sydldalkad 1 dhetdroaickemydubltikited hetericgelocycl oal kyl or
substituted heterocyc| oal kyl, aryl or substituted aryl, _arylalkyl or
substitdPed aryl &k Pl,l‘iylr‘i‘iufyﬁ 8t S%.%;B{temd@#ﬂﬂ% ¢itslo %allﬂg%ZRS%bSUNGQ :
LAY Lot By v Bl 5 o, 455P
substituted aryl, arylalkyl or substituted arylalkyl;
R® and R* are each independently H, alkyl or substituted alkyl, cycloalkyl or
substituted cycloalkyl, cycloalkenyl or substituted cycloalkenyl, heterocyclo
20 or substituted heterocyclo, cycloalkylalkyl or substituted cycloalkylalkyl,
cycloalkenylalkyl or substituted cycloalkenylalkyl, heterocycloalkyl or
substituted heterocycloalkyl, aryl or substituted aryl, arylalkyl or substituted
arylalkyl, halo, CN, hydroxylamine, hydroxamide, alkoxy or substituted
alkoxy, amino, NR'R?, thiol, alkylthio or substituted alkylthio;
25 R%isH, alkyl or substituted alkyl, cycloalkyl or substituted cycloalkyl, cycloalkenyl
or substituted cycloalkenyl, heterocyclo or substituted heterocyclo,
cycloalkylalkyl or substituted cycloalkylalkyl, cycloalkenylalkyl or substituted
cycloalkenylalkyl, heterocycloalkyl or substituted heterocycloalkyl, aryl or
substituted aryl, arylalkyl or substituted arylalkyl, R'C=0, R'NHC=0,
30 SO,OR}, or SO,NR'R'’;
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30 RO and R9, are each independently H, alkyl or substituted al kyl, al kenyl
or substituted alkenyl, cycloal kyl or substituted cycl oal kyl, cycl oal kenyl
or substiwabzaes3 213 WO 02/ 00653 PCT/ US01/ 19663 cycl oal krapiusotimwser ocycl o
or substituted heterocyclo, cycloal kylal kyl or substituted

cycl oal kyl al WA a

hgt er ocy%:ll ozgl6 ﬁ%/?lkﬁ Gis St{%ﬁ@%% Igégi%gglgélo fil{?fsgbﬁtt{g&tg&i Cy&é{?i{ﬂ Eﬁ%ﬁ&%%{ ed
aryl, aryl al kyl @ubﬁmlrtsd bj‘ld]kbé&ﬁerﬁzll WHesdrdgyiclo dﬂﬁubsﬂﬁ;temterda'y@ﬁo 5 R OC=0,

R NHC-O SR, SQ2OR , or NR R'; and R10 is or substituted
al kyl, cycl oal kylcyepalkylglei pw&at@w qyalorawlall@glcqys&alé@ﬁyhalk%@r spBiétntedut ed

cycloalkenyl het stl 1t het cloal k aIkyI or
substituted cycl O%Iﬁ&%%}ﬁal?yl cycfocg %@% AP %tﬁ%&h&eﬁ)cﬁ{ ?}ggl 1%’

cycl oal kgnyl al kylsubsm@ﬁtea Vbr @ibstiibifed itk de@—d)eRQm@a&@I 9@'1#1 |
aryl or substituted aryI Q@y%ﬁ kE' or substlbtlutgd aryl al kyl , d}il

R CO R OC=0O, RW® NR—CMSBQB]RRISOZOR’ or SOZNR R'; and a
pharmaceuticgl |y acceptable carrier. armaceuti cal conposition of

Claim7 fur thé$ alkblrﬁmpéstﬁ@teéﬁ%&»@wcloglkylaqﬁsub%wé@Wég@hy, cyploatkamyt erod of
modul ating the fuypchiang c18‘a112é1§,‘1 §ferd) ﬁz%ﬁnorgu%ﬁ?&% ﬁéterocg%ﬁh compri ses

adm ni steri ng to a n'am"ra an speci'es nee ereo ective nuclear

hor mone recept or dallicqtal ﬂémiéﬁfutéﬂf lo@wmltyl% foalieayf: erdubgtitdfd
formula I: Zz1 Y CE? Mk% 1MJOAZ Cya N (1l ByQ(;)ra a gglll{yhthere(l)f

wher ei n19he synb@b’@loﬂié@@’hﬂhﬂ h@btwln@kyﬂemubﬂjﬁuta@hetam@yclbdkylealo’hor 25

occurr ence, | ndeRedRILl Y, £l S, o Akhul0S7ARA50R, BT HEPHIAZ503

R'NHC=0, SO,R’, SO,0R, or SO,NR'R";

R” and R” are each independently H, alkyl or substituted alkyl, alkenyl or substituted

alkenyl, cycloalkyl or substituted cycloalkyl, cycloalkenyl or substituted

15 cycloalkenyl, heterocyclo or substituted heterocyclo, cycloalkylalkyl or
substituted cycloalkylalkyl, cycloalkenylalkyl or substituted
cycloalkenylalkyl, heterocycloalkyl or substituted heterocycloalkyl, aryl or
substituted aryl, arylalkyl or substituted arylalkyl, halo, CN, OR, nitro,
hydroxylamine, hydroxylamide, amino, NHR*, NR?R®, NOR', thiol, alkylthio

20 or substituted alkylthio, R'C=0, R'O0C=0, R'NHC=0, SO,R!, SOR/,
PO,R'RY, R'RI'NC=0, C=0OSR/, SO,R', SO,0R’, or SO,NR'R";

R®and R* are each independently H, alkyl or substituted alkyl, alkenyl or substituted
alkenyl, cycloalkyl or substituted cycloalkyl, cycloalkenyl or substituted
cycloalkenyl, heterocyclo or substituted heterocyclo, cycloalkylalkyl or

25 substituted cycloalkyalkyl, cycloalkenylalkyl or substituted cycloalkenylalkyl,
heterocycloalkyl or substituted heterocycloalkyl, aryl or substituted aryl,
arylalkyl or substituted arylalkyl, nitro, halo, CN, OR!, amino, NHR*, NR’R?,
NOR', alkylthio or substituted alkylthio, C=OSR', R'OC=0, R'C=0,
R'NHC=0, R'R'NC=0, SO,0R!, S=OR', SO,R!, PO,R'R", or SO,NR'R"’

30 R’andR’ areeach independently H, alkyl or substituted alkyl, alkenyl or substituted
alkenyl, cycloalkyl or substituted cycloalkyl, cycloalkenyl or substituted
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Gis an aryl or heterocyclo group, where said group is nono- or polycyclic,
and which 1is optionally substituted at one or nore positions; E is C=Z2,
CR CR ', vBo2/0863 P=OOR2; ZI is O S, NH, or NR6; 5 Z2 isPQy/us)1/1¥43 or NR
6 Al isCR or N A2isCR or N Yis J-J -J" whereJis(CRR')nandn

0.3, ) is a beodoflali, RieSlo Sbsthied MRcyER F=0 RR
ke, rorao tnelkg erteidlo OBGSTEER, NP, Qf\lﬁgﬁ

cycl oal kyI or subsbstﬁuib@dyclyaikyiaﬂc&ylcyclcalké@dxilkﬁmylsukmmﬁubst| tut ed
cycl oal kenyl , heter ocicl Q or _substituted heter oc%ﬁl o or ar}é
substituted ar yI cydnakanylalkyl, beterocyglpalkylpr substitigge e"\%@ﬁ’@oaﬁ YlsalinPf a bond;

Wis CRR" NR9- 15
NR', cycl oaI kyI 8}115%1@@'%3%@@% S“&%teygg)a@ or S h'g{\%)t ut ed
cycl oal kgnyl, hefR%@ﬁ-Yf'l@N@l’C%‘%R @%@Rhea@wmk@, arer aryl —or
substituted aryl; Qi$ H alkyl or substituted alkyl, al kenyl or

substi t ut ed R iséh;alkyl oy mlhsahk@d albyl, cyldadityil oo twbdtityed q&lda}/liy,l ylohlahyenyl or
substituted cycl oal ken 20 heterocycl oal kyl or substituted

het er ocycl oal kyl OF &8s Flétféi/?ycé?au‘é‘iﬁﬁbthﬁem%ﬁio&ﬁ Su@@iﬁéﬁ‘?‘i‘bﬁ?@wﬂ%t erocycl o,

?illOgF\’ A,SOZRROC(;? Kﬁgﬂgylawg}\gﬂb Wcﬁ@%%l@lt@%m% oisNgzbond or

NR 0, with the Pls@dtisigted b?dloﬂkenﬂﬁﬁﬁth&éwcﬁﬂodlkﬂbr%béﬁﬁﬁéd be a bond; 25 L
is abond, (CRR')n, NH NRS or N(CRR ')n, where n 0-3; R1 and R' are

each i ndBpendent Ihgtergeyaiorikylgrylsusebstituiedaryh Iamhlkyhgrcﬁubﬁmtyd aplalkyl,

substituted cyclo bstl d cl oal kenyl ,
het erocycl o §§%§¥$t9§e§iﬁb E%é§beR- 1é§ﬂ%b (7O P°§ubst|tuted
S S R 50
het er ocycl oal kyl , aryl or substltuted aryl, arylal kyl or substituted
aryl al kyl ;

8. A pharmaceutical composition of Claim 7 further comprising another

15  anti-cancer agent.

9. A method of modulating the function of a nuclear hormone receptor
which comprises administering to a mammalian species in need thereof an effective

nuclear hormone receptor modulating amount of a compound of the following

20 formulal:
Zi y
Ml
L Q \
& ~y7 Az
A
M [ M w
\E/N

@)
or a salt thereof, wherein the symbols have the following meanings and are, for each

25  occurrence, independently selected:
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R2 is al kyl or substituted al kyl, cycloal kyl or substituted cycl oal kyl,
cycl oal kenyl or substituted cycl oal kenyl, heterocyclo or substituted
het er ocyov@ 02/80663 cl oal kyl al kyl or substituted cycl oal kyl aP&pIUS01/19663

cycl oal kenyl al kyl or substituted cycloal kenyl al kyl, heterocycl oal kyl or

substi t ut ed d‘ﬂtaﬁralﬁ‘%)fﬁ ﬁl@%lrckdy'clé) %53@13, vere SiPSbLUP W BEnAT ¥ :p§1y% MRkky whth

substituted aryla l; R3 an are each i ndependent " al kyl “or
substituted al kylis omicslatigkthystitused atsmbst iond pabitiyst oal kyl , cycl oal kenyl or

substituted cyc| oal kenyl, heterocyclo 10, or substituted heterocyclo,
cycloalkyIaﬁﬁ%FL%Z‘5@5§%ﬁ@%&é@ﬂ%§ePBETQQFQAkyI, cycl oal kenyl al kyl or

substituted INggn kyl, heterocycl oal kyl or substituted
heterocycl05%%9?3§§§§1X%$k§ubstituted aryl, arylal kyl or substituted

aryl al kyb, oo, SWHhyoKR%y| am ne, hydroxani de, al koxy or substituted

al koxy, am no, NRIR2, thiol, alkylthio or substituted alkylthio; 15 R4 is
H, al kyl or AdbSR eulNed al kyl, cycloal kyl or substituted cycl oal kyl,

cycl oal kenylA .0 5ubﬁt,i tuted cycl oal kenyl, heterocyclo or substituted
heterocyclo,21%§§185 kyl al kyl or substituted cycloal kyl al kyl ,

cycl oal kenylaldoutjo okl HHoRdy R 5LOghKPTY L Bhliyb ohetetoays! g kvl or

substituted heterocyc substituted ary or

substi tuted ary! alilyl-OROC=@, MRS @R 'R0, SORRRAL, 10p-SBNBUR, 0P8 15 al kyl
or substituted al kyl, cycloalkyl or substituted cycloal kyl, cycl oal kenyl or
substiti®ed cycl €efyN, NIBIE; BEPR oONBNHUNSHN, cydleadkyletr snlmtiutéd,

cycl oal kyl al kyl or .substityt cycl oal kyl al ky| , ..cycl pal kenyl al kyl or
substi t ut ed cycl‘%%lf’%gﬁt &R }Cg?n &t Sﬁﬁ{l‘ﬁﬁl P{&?lk%yh g‘ﬂﬁ@ﬂ’%ﬁf”‘ed _

aryl ol kol RiCeCe el bees 3 bbE e BRI (RIS RRR D 0
substi t ut éd al kyio,.&emydr@a’l,ignbt a)us(;rﬂgjbsti tui ed cycl oal kyi , cycl oal kenyl or
substituted cycl oal kenyl, heterocyclo or substituted heterocyclo,

cycl oal kyl aMyd CBR'stliiR'RT LERY-GRF¢ CRAR kaHGHOWNR - PR "R B I Ne@RY, AR, INRr—

substituted 30 c¥?boalkenilalkyl,.heterocycloalkyl or substituted
het er ocy@| oal kyl NEap y¥cleplkyl arsgbspitrted cydeskylpeymlestenyt oeabstitatgdst i t ut ed

SR , “stoar ) ofSBREY MR NS e e R e el byl or
substituted al kylarylal kenyl or substituted

Qs H, alkyl or substituted alkyl, alkenyl or substituted alkenyl, cycloalkyl or
substituted cycloalkyl, cycloalkenyl or substituted cycloalkenyl,

20 heterocycloalkyl or substituted heterocycloalkyl, arylalkyl or substituted or
substituted heterocyclo, halo, CN, R'OC=0, R*C=0, R°R°NC=0, HOCR'R’
nitro, R'OCH,, R'0, NH,, C=0OSR!, SO,R! or NR*R’;

M is abond, O, CR’R” or NR", and M’ is a bond or NR', with the proviso that at

least one of M or M’ must be a bond;

25 Lisabond, (CR'R")n, NH, NR® or N(CR'R”)n, where n = 0-3;

R'and R" are each independently H, alkyl or substituted alkyl, cycloalkyl or
substituted cycloalkyl, cycloalkenyl or substituted cycloalkenyl, heterocyclo
or substituted heterocyclo, cycloalkylalkyl or substituted cycloalkyalkyl,
cycloalkenylalkyl or substituted cycloalkenylalkyl, heterocycloalkyl or
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al kenyl, cycl oal kyl or substituted cycl oal kyl, cycl oal kenyl or substituted
5 cycl oal kenyl, heterocyclo or substituted heterocyclo, cycloal kyl al kyl or
substi t utved opgsbdal kyl al kyl , cycl oal kenyl al kyl or substit BCB#S01/19663

cycl oal kenyl al kyl , heterocycl oal kyl or substituted heterocycl oal kyl, aryl
or substituted Qhuhnméaﬁaﬁk% S r : OR
nitro, hydroxylam ne, hyd roxgélg%‘lkyle%g% %%;Sﬁﬂlllt—%4&$’ %ﬂnfyl%@m%dol ,
alkylthio 10 or samjdallqyluted alkylthio, RC=0 R 0OC=0, R NHC=O, SR, SOR,
PO3R1R1r R' are each

|ndependentﬁ§1NqE¥ %VW—8?“@9B&%F@Mﬂ@@kgﬁ%VW8“§WPéﬁyﬂoﬂkyg9%%%@k%%%ﬁm_
al kenyl, cycl oal kybefifite EP&BME&%E?F «%%gﬁ*eﬁhbﬁﬁMﬁbﬂ@%&ﬁgﬁoaor substitut ed

cycloalkenyl heterocyc 0" or erocyc | kyl al kyl or 15

substitubed cycl agtloyikylaityl of yibkstiratddasyislcalidgydlkar c;&:whﬁimﬂrlldﬂ@@ or substituted
cycl oal kenyl al kyl , heterocycl oal kyl or substituted heterocycl oal kyl, aryl

or substituted arsyrloalkgnylpliik hetercyeloalkyl ersubstitated hatetogycloliyls aryl bal 0, CN,

o R ML 1811, O
2@3 i
SZNR R 2GR qqn dar%@ach@ﬁ gﬁ@éﬁ lk %ﬂgaﬂgédl ﬂf({j}lﬂy@u gcga%@g' Bft tute

al kyl , alkenyl or substitut

cycl oal kyl, cycl cabitizmyd cmloahjdséycndaumyl Glyﬁib@tﬁhiéﬁmybloalhaiﬁﬂ&ﬁatéd:ﬁl@r
substitiéed heterocyclo gcloalk yl al kyl or substituted cycl oal kyl al kyl,
cycl oal KBnyl al kylor sibstifsed heteroavrle cyrloaliaiatiyl or Rl}hstmﬁ@tféﬁcb@%l%wlkyl or

substituted heter r yl al kyl or
substituted aryl g&é%ﬁﬁ(%%l%ras%nmtﬁi&%%oﬁﬁ E‘iﬁﬁ‘@ﬁ%ﬁ f‘%—?ﬂlﬁé SQ20R
or S2NR R'; and saaﬁltmad hete®IclidlbalRyl, By 6 suibldtiREbdadrifly hryl LA lo@@dﬂsﬁ’cutéa
substltuted cycl oal cl oal ke yf or substituted cycloal kenyl,

het erocycl o or s@bﬁ@ﬁ/(b’hﬂlé , 6Bl bycb@yxiamme bydsosanidy) alkdayl orsrbsitiged i t ut ed
cycl oal kyl al kyl , cl oal ke X substl te oal kenyl al kyl ,

het er ocycl oal kyl & §u%§FP?ﬁF§% ‘gt@kagvflGQW%VHH“g¢§¥ﬁB?=substltuted

aryl, angl al /19663
CNy - g ’Rﬂg }éo%@p&ssammm%%%@ S %&1&{1%%1 or s%%ztltwlédfa%élgﬁﬁgﬁwﬁc@dm&&%lo 83

met hod of O ai m @rahstidited sywiahikeoyl, bauerdwclmmneubselwpxi Tosteriosydo,
cycloalkylalkyl or substituted cycloalkylalkyl, cycloalkenylalkyl or substituted

cycloalkenylalkyl, heterocycloalkyl or substituted heterocycloalkyl, aryl or
substituted aryl, arylalkyl or substituted arylalkyl, R'C=0, R'NHC=0,
20 SO,0R}, or SO,NR'R';

R’ is alkyl or substituted alkyl, cycloalkyl or substituted cycloalkyl, cycloalkenyl or
substituted cycloalkenyl, heterocyclo or substituted heterocyclo,
cycloalkylalkyl or substituted cycloalkylalkyl, cycloalkenylalkyl or substituted
cycloalkenylalkyl, heterocycloalkyl or substituted heterocycloalkyl, aryl or

25 substituted aryl, arylalkyl or substituted arylalkyl, R'C=0, R'NHC=0, SO,R!,
SO,OR}, or SO,NR'R';

R®is alkyl or substituted alkyl, cycloalkyl or substituted cycloalkyl, cycloalkenyl or
substituted cycloalkenyl, heterocyclo or substituted heterocyclo,
cycloalkylalkyl or substituted cycloalkylalkyl, cycloalkenylalkyl or substituted

30 cycloalkenylalkyl, heterocycloalkyl or substituted heterocycloalkyl, aryl or
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5 steroid binding nuclear hornone receptor. 11. The nethod of Claim?9
wherei n said nucl ear hornone receptor is the androgen receptor. 10 12. The
nmet hod ofw@bhzdess® wherein sai d nucl ear hornone receptor iBCT/&01/843r ogen
receptor. 13. The nethod of Caim9 wherein said nuclear hornone receptor

is the progesterse&%tﬁte&%@l %fylalﬂ{ﬁ %ub;m&teﬁ‘%l;m%lomcbﬁ B WEeLgi n said

nucl ear hornone receptor s the | ucocorticoid receptor. 15. The met hod of

G ai m 9 wherei n RANTIORE;ISERR !, rgﬂmmﬁeorrm@mlgr is the 20 mneral ocorticoid
receptor. a 16. The nethod of Q’aim 9 wherein said nucl ear hor nmone receptor

is the al d&¢wedBiere exhptdepend2Bilg H, akkyiret substithted alliydatikenyl ar subsidiutadon or
di sorder conprising admnisterin manmal i an, species in need thereof a

t her apeuti cal |y &t4ea¥h Fydoadkg o sl 1“§GC?B&W:CPY6¥0€1 kenylrogispbskitegd f or mul a:
-218 WO 92/ 00653 ?gﬂ%ﬁgéﬁ&/ He?e%gcgrlclozir su'bs%tehlfhé e'fé?c clo challyyflalkﬁc;\l (1) or a

salt thereof, ern ave meani’ngs and are, for

each 5 OCCUFren@ﬁbstﬂuﬁté@@ﬁﬂ&@lqﬂiﬂkylse&@@élﬁ@i)yleﬁi(yls)r&ﬁbsﬁﬁﬁéd or heterocyclo
group, where said group is nono- ol ycyclic, and which is optionally

substituted at oﬁﬁclgalkmfl@kﬂobﬁ@noemoa@hcs* schstiyted Rt aRPyclediyl, @vOw  or
P=COW 71 1s 0, sf?bsﬁtutéd aryl aRqalkylloor subststuteﬂ arYlalEIH, haao, éﬁ, OR!, nitro,

hydroxylamine, hydroxylamide, amino, NHR*, NR?R®, NOR/, thiol, alkylthio
10 or substituted alkylthio, R'C=0, R'OC=0, R'NHC=0, SO,R/, SOR’,
PO,R'RY, RIR'NC=0, C=0SR!, SO,R, SO,0R, or SO,NR'R";

R®and R¥ are each independently H, alkyl or substituted alkyl, alkenyl or substituted
alkenyl, cycloalkyl or substituted cycloalkyl, cycloalkenyl or substituted
cycloalkenyl, heterocyclo or substituted heterocyclo, cycloalkylalkyl or

15 substituted cycloalkyalkyl, cycloalkenylalkyl or substituted cycloalkenylalkyl,
heterocycloalkyl or substituted heterocycloalkyl, aryl or substituted aryl,
arylalkyl or substituted arylalkyl, nitro, halo, CN, OR', amino, NHR* NR’R?,
NOR!, alkylthio or substituted alkylthio, C=OSR!, R'1OC=0, R'C=0,
R'NHC=0, R'R'"NC=0, SO,0R', S=OR', SO,R!, PO,R'R", or SO,NR'R";

20 R’and R’ are each independently H, alkyl or substituted alkyl, alkenyl or substituted
alkenyl, cycloalkyl or substituted cycloalkyl, cycloalkenyl or substituted
cycloalkenyl, heterocyclo or substituted heterocyclo, cycloalkylalkyl or
substituted cycloalkylalkyl, cycloalkenylalkyl or substituted
cycloalkenylalkyl, heterocycloalkyl or substituted heterocycloalkyl, aryl or

25 substituted aryl, arylalkyl or substituted arylalkyl, CN, OH, OR!, R!C=0,
R!OC=0, R'NHC=0, SO,R!, SO,0R!, or SO,NR'R"; and

R'" is H, alkyl or substituted alkyl, cycloalkyl or substituted cycloalkyl, cycloalkenyl
or substituted cycloalkenyl, heterocyclo or substituted heterocyclo,
cycloalkylalkyl or substituted cycloalkylalkyl, cycloalkenylalkyl or

30 substituted cycloalkeﬁylalkyl, heterocycloalkyl or substituted
heterocycloalkyl, aryl or substituted aryl, arylalkyl or substituted arylalkyl,
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Al is CR7 or NN A2 isCR7orN, Yis J-J'-J" where Jis (CR7TR"')n and n = 0-3,
J' is a bond or 0, S, SO S, NR6, C=0 0OC=0, NR1C=0O, CR R7', C=CR8R8',
R2P=0, OMaOR20068P021 15 OS021C=N, NHNH, NHNR6, NR6NH, N=RCT@gClad3Kyl or

substituted cycl oal kyl, cycl oal kenyl or substituted cycl oal kenyl

het er ocycl o or it §beq, 1 e hog e 0L s 1" ubstibuted aryl, and J"
is (CR7TR7')n and%ﬁﬁﬁﬁgg,’q{mgepgw¢sbh§%ﬁ%%dr)mgbﬁi géé;?%%é}? CRR",
CRB=CR8', CR R'ggQriRRI-CR R7', N=CR, N N, NR9- 20 NR9', cycl oal kyl or
substituted cycl oal’kyl, cycl oal kenyl or substituted cycloal kenyl,

het erocycl o or substituted heterocyclo, or aryl or substituted aryl; Qis
H al kyl or substituted al kyl, al kenyl or substituted al kenyl, cycl oal kyl
or substituted cydPodbgyethodofl (laim 8 heredn said puglparhoEnoRg rCopipigdy| , 25

heterocy?{og%%%hb?Mi5¥@%%%%y%%@%gﬁ%§%§ﬁ¥C|Oalkyl’ aryl al kyl or substituted

aryl al ky ynylor nyl, aryl or substituted aryl,
heterocyclo -219 WO 02/00653 PCT/ US01/ 19663 or substituted heterocyclo,
hal o, CN, R OC=0, R4C=0, R5R6NC=0O, HOCR R ', nitro, RIOCCH2, RI O NH2,
C=0SR , S2R or NRARGhematkpdofifdaun 9ovherin Rid nueleaypononattcsptor is the bond or
NR1O, with tgﬁ provisg that at |east one of Mor M nust be a bond; 5L is
a bond, (CRAPFPHITRPONRS or N(CR R ')n, where n = 0-3; Rl and R' are each
i ndependently H, al kyl or substituted al kyl, cycloal kyl or substituted
cycl oal kyl, cycl oal kenyl or substituted cycl oal kenyl, heterocyclo or
substit&Ped het er od@cThe nuepinddoc] Glpira P kyheram said bstledritoanony rieembkiy dhdk y |

cycl oal kenyl al kyl or substituted cycl oal kenyl al kyl, heterocycl oal kyl or 10
subst i t ut ed SRERERSESFBI%al kyl , aryl or substituted aryl, aryialkyl or
substituted arylalkyl; R2 is alkyl or substituted al kyl, cycloal kyl or
substituted cycl oal kyl, cycl oal kenyl or substituted cycl oal kenyl ,

het erocycl o or subd4B8i Mht ecktinel e Clait b avherddy sdid abdlydrdlokyibnoreceptbsisiticit ed
cycl oal kyl al kyl, cycl oal kenyl al kyl or substituted 15 cycl oal kenyl al kyl ,

het er ocycl odFREFEteEmededspiatt ut ed het erocycl oal kyl, aryl or

15
14. The method of Claim 9 wherein said nuclear hormone receptor is the

glucocorticoid receptor.

15. The method of Claim 9 wherein said nuclear hormone receptor is the

20  mineralocorticoid receptor.

16. The method of Claim 9 wherein said nuclear hormone receptor is the

aldosterone receptor.
25 17. A method for treating a condition or disorder comprising administering

to a mammalian species in need thereof a therapeutically effective amount of a

compound of the following formula:.
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substituted aryl, arylalkyl or substituted arylalkyl; R3 and R' are each
i ndependently H, al kyl or substituted al kyl, cycloal kyl or substituted
cycl oal kywo opgsbdal kenyl or substituted cycl oal kenyl, het peDOgEl/ 66301
substituted heterocyclo, cycloal kyl al kyl or substituted cycl oal kyl al kyl, 20
cycl oal kenyl al kyl or substituted cycl oal kenyl g ky), heterocycl oal kyl or
substituted heterocycl oal kyl, aryl or substituted aryl, arylal kyl or
substituted arylal kyl, hal o, . hyd/M i ng, /\hydr oxam de, al koxy or
substituted al koxy, anino, h\Rz, iol, thf o or substituted
alkylthio; R4 is H alkylGor substiftuted al kyl, [cyesl oal kyl or substituted
cycl oal kyl, cycl oal kenyl 25 or supstituted cycl oal Kenyl, heterocyclo or
substituted heterocyclo, cycloal kyl al kyl or/sugstitutgg cycl oal kyl al kyl,
cycl oal kenyl al kyl or substituted ygloalk al kyl, heterocycl oal kyl or
substituted heterocycloal kyl, aryl or~gsubstituted aryl, arylalkyl or
substituted arylalkyl, R C=0, R NHC=0O, SO020R1, or SO2NR Rl'; 30 R5 is

al kyl or substituted al kyl, cycloal kyl or substituted cycl oal kyl,
cycl oal kenyl or substituted cycloalkeny}, het er ocycl o or substituted
heterocycl o, - 220 WO 02/00653 PCT/ USOTP19663 cycl oal kyl al kyl or

substi t ut ed Y Ghip et b itbin thy SIS RIVE! RS fllowde BEARAEL a8k, for each

cycl oal kenyl al kyl , het'erocycl oal’kyl or substituted heterocycl oal kyl, aryl
or subsbi t weedreacylindepeydentlirysblectedsubsti t ut ed aryl al kyl, R C=0, R NHC=0
SR, SO20R, or .SO2NR R'; 5 R6 ig alky| or substituted al kyl,  cycl oal kyl
or substitut®# aeml@a%ﬁgﬂqcye%gramw@m s exdp Efs‘PPIEQIt‘Ed’OgSFEFI&P%Wi)IW?
het er ocycl o or st i Vi yl al kyl or substituted
cycl oal kyl al kyl | 9%%1&613{1%%3}%@%@ Og‘%(e’éﬁﬁ’g%/ﬁs&?de * cycl oal kenyl al kyl ,

het er ocycl od #&Y=Z9rCRUIRY, SOyt BOREbeEPOOPR?pal kyl , aryl or substituted
aryl, arylal kyl or substityted arylalkyl, CN, OH OR, R C=0O 10 R NHC=0O
SOPR , S020R:18 @SN MR- R and R' are each independently H, alkyl or
substi t yged -al kul k 6.0r substituted alkenyl, cycloal kyl or
substitﬂ?edzgfgpbgﬁﬁgl&nﬁéﬁloaIkenyl or substituted cycloal kenyl,

het erocycl o qris €RB&E Nt ut ed het erocycl o, cycl oal kyl al kyl or substituted
cycl oal kyl al kyl , gycloalkenylalkyl or substituted 15 cycl oal kenyl al kyl ,
het er ocycl odlkyCRopr Nubst i t ut ed heterocycl oal kyl, aryl or

Y is J-I’-3” where J is (CR’R”)n and n = 0-3, I’ is a bond or O, S, S=0, SO,, NH,

NR?, C=0, OC=0, NR'C=0, CR'R”, C=CR®R?,, R2P=0, OPOOR?, OPO,,
15 0S0,, C=N, NHNH, NHNRS, NR*NH, N=N, cycloalkyl or substituted
cycloalkyl, cycloalkenyl or substituted cycloalkenyl, heterocyclo or
substituted heterocyclo or aryl or substituted aryl, and J” is (CR’R™)n and n =
0-3, where Y is not a bond;
W is CR'R"—CR'R’, CR*=CR¥, CR'R"—C=0, NR*—CR'R”, N=CR*, N=N, NR*—
20 NR’, cycloalkyl or substituted cycloalkyl, cycloalkenyl or substituted
cycloalkenyl, heterocyclo or substituted heterocyclo, or aryl or substituted
aryl;
Q is H, alkyl or substituted alkyl, alkenyl or substituted alkenyl, cycloalkyl or
substituted cycloalkyl, cycloalkenyl or substituted cycloalkenyl,
25 heterocycloalkyl or substituted heterocycloalkyl, arylalkyl or substituted
arylalkyl, alkynyl or substituted alkynyl, aryl or substituted aryl, heterocyclo
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substituted aryl, arylal kyl or substituted arylalkyl, halo, CN, OR, nitro,
hydr oxyl am ne, hydroxyl am de, am no, NHR4, NR2RS, NOR, thiol, alkylthio

or substiwabzaesad kylthio, R C=O R OC=0, R NHC=0O, SO2R , BCRUSII/P6BR R',

R R'"NC=0, C=0SR1, SO2R , S2OR, or S02NR Rt; 20 R8 and R' are each

i ndependently H, o@lsﬁfbé'hhﬁédﬁét&%&jrdlé‘tlﬁﬂ) @hkyiloc@dmzkoowm@@éotut ed

al kenyl , cycl oal kyl or subst it ut ed cyél oal kyl, cycloafkenyl or substituted

cycl oal kenyl , heGEDORIK, aites, RSOLSL R'@, ed{be:&am%ysd)gk e WR‘RAl kyl al kyl or
substituted cycloalkyalkyl cycl oal kenyl al kyl or substituted
cycl oal kenyll\éllska/bqndwél ERIBY oF N&“kyhd b isubend onlNBY, weh dreopyuisotiakyt , ary!

or substituted  ar 2 bstituted arylal kyl, nitro, haI o,
CN, OR, anino, Ieal’% ff@é%ﬁéw @Pﬁw thio or substituted al kyl t hi o,

Oy ia @Wﬁﬂ“@ﬁ? Miﬁ:@& TP PR or su Efs; i futed
2|ylé?/l)al (E;/Ikewci?g R Sal%%%/ tlggrléigrllj éﬁh&t dte l %ﬁgeﬁ#@q akg}ﬂyfﬂﬁﬁet er ocycl o or
substituted het ersabgmmted cgalodlioy| syl alliterly] @ substitbrdicytlbslterny Hetabdselal kyl

cycl oal kenyl al kyl or substituted -221 WO 02/00653 PCT/ US01/ 19663
cycl oal kenyl al kylor Swwt%b@,tp@syqlg,lcyelpalgmﬁmlpnﬁléutlm@)@lga&ye&vky| aryl

R o0 R oo-0 ENRRB B BBt btk il Rl O iy o

substituped al kKylsubsgitge@abishtcy€lbalkyibadyl bidudetitend L7, kivialkyd e katatikeay! 5 or
substituted cycl oal kenyl heterocycfo or substituted het er ocycl o,

cycl oal kyl al kyl @yl tituted cycl oal kyl al kyl, cycl oal kenyl al kyl or

pubst {ut e otk o) Kl i o5 SRyl 08 e SHERL LUty o
aryl al kyl, CN %stﬁfed cFe1baRnyRMeterddy Bl kubitided RERREy 182OR , or 10

S2NR R'; wherein said condition or di sorder Is selected from t he group
consi sti ng of pr elytlbelksitatkyl di subatmssd ogra]naﬁcnyku,lk;ﬂmyo@mllwnyhﬂ@ﬂ er suppt@utedophi a,

adenomag.and neopl ro mal i gnant. tupor cells
cont ai nﬁ Rg the a%&%@@ﬁnﬁ%}&%gﬁ?g’cyﬁgghl q{lsgﬁrﬂg@eggﬁtﬁ%ﬁgﬁglgﬂe@ﬁw{l ons or
di sorders, hirsuty, 88 QR a}fl %P&fs%étﬁﬁﬂeﬁﬁrylélﬁiz J.anmati on, immune

ri

nodul ation, seborrhea, en SI'S
R® and R* are each independently H, alkyl or substituted alkyl, cycloalkyl or

substituted cycloalkyl, cycloalkenyl or substituted cycloalkenyl, heterocyclo
or substituted heterocyclo, cycloalkylalkyl or substituted cycloalkylalkyl,

20 cycloalkenylalkyl or substituted cycloalkenylalkyl, heterocycloalkyl or
substituted heterocycloalkyl, aryl or substituted aryl, arylalkyl or substituted
arylalkyl, halo, CN, hydroxylamine, hydroxamide, alkoxy or substituted
alkoxy, amino, NR'R?, thiol, alkylthio or substituted alkylthio;

R*is H, alkyl or substituted alkyl, cycloalkyl or substituted cycloalkyl, cycloalkenyl

25 or substituted cycloalkenyl, heterocyclo or substituted heterocyclo,
cycloalkylalkyl or substituted cycloalkylalkyl, cycloalkenylalkyl or substituted
cycloalkenylalkyl, heterocycloalkyl or substituted heterocycloalkyl, aryl or
substituted aryl, arylalkyl or substituted arylalkyl, R'C=0, R'NHC=0,
SO,OR!, or SO,NR'R";

30 R’isalkyl or substituted alkyl, cycloalkyl or substituted cycloalkyl, cycloalkenyl or
substituted cycloalkenyl, heterocyclo or substituted heterocyclo,
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pol ycystic ovary syndrone, androgenic al opecia, hypogonadi sm osteoporosis,
suppressi ng spernatogenesi s, |ibido, cachexia, anorexia, inhibition of
nmuscul ar veopopley3 i n anbul at ory patients, androgen suppl enpar/@siicredor age
rel ated decreased testosterone levels in nen, cancers expressing the

estrogen 20 recepyQbalkPlAsA 8 &b cycIBRRIBIkyE ARk RNIRYES duBbtithRACE
hot flushes, vaginal dryness, nenopalse, anennoreahea,” dySnennoreahea,

contraception, pydguiacyalkel hetamcydoslkylancebsitdedhaemncndodlkd, mybgest er one
receptor, endonetriosis, cachexia, nenopause, cyclesynchrony, neniginonma,
fibroids, I|abor i arrﬁ a@ﬂﬁﬁvﬁ?ﬁfﬁéﬂm@ia%végl}gylARz%@n%W%g seade;
psychotic 25 disgrders, dependence, non-insulin dependent D abetes
Mel l'itus, dopamnge’éﬁ;{fyc(?a1f (g??‘uﬁ“rgd’i ated di sorders, congestive heart failure,

di sregul gti @is AkyICHRALBSHECE LY EFASIIRSI G subdituidll LEINAkYING A Mgt Gbol i sm
of a pharnmaceutical agent. 30°187 A nethod for the preparation of a
conpound of the Fabstiostied gydloalkanyl hefesncyclo22 2ubini2d bérélo8y e T/ US01/ 19663

o subst tuted aPkgPARAAGAGT SR By O R IR BRorpbSipted”

pubstiLuied ovclenitke B RSB SRy R RS OB

aryl al kyl , al kynytbstitutsd s, dryibkkel @l sapstithied aryalkel; CHIOH,IORA REC-a0Y | |

heterocycl o or substituted heterocyclo halo, CN, R OC=0O, R4C=0, R5R6NC=Q

10 HOCRI® 1, ni t RANHR=GBHE0,RR 9,08 Dor S8R '; S(2R or NR4RS:  conpri si ng

HC]);C_S '([)eps OfR7 (a}l Rwa?ea é;cr}]l%nc?epgr?drg?ﬁ; rI]-IC,I aﬁ<fyl E)rhsglbfst(i)tlulte%vgllqu, gllgénr;llj grzi su%stitutiﬁ “Bu Y
alkenyl, cycloalkyl or substituted cycloalkyl, cycloalkenyl or substituted
cycloalkenyl, heterocyclo or substituted heterocyclo, cycloalkylalkyl or
substituted cycloalkylalkyl, cycloalkenylalkyl or substituted

15 cycloalkenylalkyl, heterocycloalkyl or substituted heterocycloalkyl, aryl or
substituted aryl, arylalkyl or substituted arylalkyl, halo, CN, OR!, nitro,
hydroxylamine, hydroxylamide, amino, NHR* NR?R® NOR!, thiol, alkylthio
or substituted alkylthio, R'C=0, R'OC=0, R'NHC=0, SO,R!, SOR!,
PO,R'RY, R'R'NC=0, C=0SR/, SO,R’, SO,0R’, or SO,NR'R";

20 R®and R¥ are each independently H, alkyl or substituted alkyl, alkenyl or substituted
alkenyl, cycloalkyl or substituted cycloalkyl, cycloalkenyl or substituted
cycloalkenyl, heterocyclo or substituted heterocyclo, cycloalkylalkyl or
substituted cycloalkyalkyl, cycloalkenylalkyl or substituted cycloalkenylalkyl,
heterocycloalkyl or substituted heterocycloalkyl, aryl or substituted aryl,

25 arylalkyl or substituted arylalkyl, nitro, halo, CN, OR!, amino, NHR?, NR?R?,
NOR!, alkylthio or substituted alkylthio, C=OSR!, R'OC=0, R!C=0,
R'NHC=0, R'R''NC=0, SO,0R', S=OR/, SO,R, PO,R'R", or SO,NR'R";

R® and R are each independently H, alkyl or substituted alkyl, alkenyl or substituted
alkenyl, cycloalkyl or substituted cycloalkyl, cycloalkenyl or substituted

30 cycloalkenyl, heterocyclo or substituted heterocyclo, cycloalkylalkyl or

substituted cycloalkylalkyl, cycloalkenylalkyl or substituted
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bH B 15 with a reducing agent to reduce the carboxylic acid group to
hydr oxynmet hyl, followed by protection of said hydroxy to yield a conpound
of the fovoombmwwg formula C O G-Bu Prol-0O C SOH 20 wheper/Bsa/m643s a
hydr oxyl protecting group; (ii) protecting the unprotected hydroxyl group

of the compound. efcib LG Al Ghe&Bbl MBI HRRERLERALAD @lalBigkyyy o form

hydr oxyl, yielding a conp nd of t followng formula
02/ 00653 PCT/ USO&lllblsﬁﬁﬁéﬁ a1§)1 Glylﬂhyllﬂ@shbslﬁu@e@mrl’alkm@NeOH OR'iR'G=Qy ot ecti ng

group; 5 (iii) OXIdIZIn t he hydroxyneth rou of ,D, yielding an al dehyde
of the follow n& ﬁ‘)GF@%aNEC QSQRéﬁozg 87 Rl,la)ldt reating E with

b I t h I dj
ol | owi ng 1 Brah oo i poboRl A3, ety ¥ Soprgbe Sy criedked sai o
compounds of the 6REBHi& ShlollienP2RGeo}dlo BE s hetstb 8o, 2 comPOUNd of

the follow ng fornula
cycloalkylalkyl or substituted cycloalkylalkyl, cycloalkenylalkyl or

substituted cycloalkenylalkyl, heterocycloalkyl or substituted
heterocycloalkyl, aryl or substituted aryl, arylalkyl or substituted arylalkyl,
CN, OH, OR!, R'C=0, R'0C=0, R'R'NC=0, SO,R!, SO,0R', or

10 SO,NR'R';

wherein said condition or disorder is selected from the group consisting of proliferate

diseases, cancers, benign prostate hypertrophia, adenomas and neoplasies of
the prostate, benign or malignant tumor cells containing the androgen receptor,
heart disease, angiogenic conditions or disorders, hirsutism, acne,

15 hyperpilosity, inflammation, immune modulation, seborrhea, endometriosis,
polycystic ovary syndrome, androgenic alopecia, hypogonadism, osteoporosis,
suppressing spermatogenesis, libido, cachexia, anorexia, inhibition of
muscular atrophy in ambulatory patients, androgen supplementation for age
related decreased testosterone levels in men, cancers expressing the estrogen

20 receptor, prostate cancer, breast cancer, endometrial cancer, hot flushes,
vaginal dryness, menopause, amennoreahea, dysmennoreahea, contraception,
pregnancy termination, cancers containing the progesterone receptor,
endometriosis, cachexia, menopause, cyclesynchrony, meniginoma, fibroids,
labor induction, autoimmune diseases, Alzheimer’s disease, psychotic

25 disorders, drug dependence, non-insulin dependent Diabetes Mellitus,
dopamine receptor mediated disorders, congestive heart failure, disregulation
of cholesterol homeostasis, and attenuating the metabolism of a

pharmaceutical agent.

30 18. A method for the preparation of a compound of the following formula Ila:
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BoIN HCN N G\--Ph -224 WO 02/00653 PCT/US01/ 19663 (v) treating said
conpound of the formula Gwith a base to convert the nitrile group to

nmet hoxycav@onwiesyi el di ng a conmpound of the follow ng forneCHURMI/19B8ca N H O
NO H'--Ph 5 and (vi) renoving the benzyl group of said conpound of the

formula Hto formsaid conpound of_the,fornula Ila, wherein, optionally,
said conpound of the fornula His %% t/acs with a conpound Q X, where X
is a leaving group or~X is an el ect hbg. center which can react to form
a group Q prior to said renoval to foMN#® 10 conpounds of the fornula Ila
where Qis other than hydrogen. 19. A cagpound of the follow ng fornula E:

CYy -Bu 0O0OQ ~ E Ors 15 20. A conpound of the followng fornula F: N O
O-Bu \\ Ph N LN F O Pro2

where
BOC is t-butoxycarbonyl; and
5  Qis H, alkyl or substituted alkyl, alkenyl or substituted alkenyl, cycloalkyl or
substituted cycloalkyl, cycloalkenyl or substituted cycloalkenyl,
heterocycloalkyl or substituted heterocycloalkyl, arylalkyl or substituted
arylalkyl, alkynyl or substituted alkynyl, aryl or substituted aryl, heterocyclo
or substituted heterocyclo halo, CN, R'OC=0, R*C=0, R*R*NC=0,
10 HOCRR”, nitro, R'OCH,, R'0, NH,, C=OSR!, SO,R! or NR*R?;
comprising the steps of

(i) treating a compound of the following formula B:

OYOt—Bu
HOZC\@

O
B
15
with a reducing agent to reduce the carboxylic acid group to hydroxymethyl, followed
by protection of said hydroxy to yield a compound of the following formula C:
O 3
Prol-O YOt Bu
N
c OH
20

where Prol is a hydroxyl protecting group;
~ (ii) protecting the unprotected hydroxyl group of the compound of formula
C, followed by deprotection of Pro1-O- to form hydroxyl, yielding a compound of the

following formula D:
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20 21. A conpound of the following formula G - 225 WO 02/00653

PCT/ US01/ 19663 Boc, HCN N G ~Ph 5 22. A conpound of the foll ow ng
formula WwWooBawa3 H O NN O~ H\--Ph 23. A conpound of tpeTAs01/1me63ng
formula J;: 10 Boca QO NNO \--Ph where Qis H, alkyl or substituted
al kyl , al kenyl or substituted al kenyl, cycloal kyl or substituted
cycl oal kyl, cycl oal kenyl or substituted cycl oal kenyl, 15 heterocycl oal kyl
or substituted heterocycloal kyl, aryl alylotger substituted arylal kyl,

al kynyl or substituted al kynyl, aryloor bBubstituted aryl, heterocyclo or
substituted heterocyclo, halo, CN, R RAC=0O R5R6NC=0, HOCR R ',
nitro, ROCH2, RO NH2, C=CSR, SC2R1 [NR4AR5; 20 24. A conpound of the

followng formula Ila Boca QO N NH 0~ *% 226 WD 02/00653 PCT/ US01/ 19663
p ©O-Pro2

where Pro2 is a protecting group;
5 (ii1) oxidizing the hydroxymethyl group of D, yielding an aldehyde of the

following formula E:

Q}/ObBu

=
W

Q
\
EZ/Z

OTs

10 (iii) treating E with benzylamine and diethyl cyanophosphonate, yielding a

compound of the following formula F:

6—Pr02

15 (iv) treating said compound of the formula F with a base with heating to

yield a compound of the following formula G:
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where Qis H, alkyl or substituted al kyl, al kenyl or substituted al kenyl,
cycl oal kyl or substituted cycloal kyl, cycloal kenyl or substituted

cycl oal kewgb2/0mshet er ocycl oal kyl or substituted heterocycPorlUR§/ 19663 vl al kyl
or substituted arylalkyl, alkynyl or substituted al kynyl, aryl or

substituted aryl, Rgﬁt@éaﬁﬁg%bﬁ coﬁfpoﬁﬁtpﬁthé P&rﬁﬁllaf@tvﬁ'ﬂpﬂfﬁe% c&ﬁileﬁ th&EN,
R OC=0 R4C=0, R5 nitro, R OCHZ, C=0CSR , SO2R

or NR4AR5. - 2i#frile group to methoxycarbonyl ’yleldmg a compound of the fo’llowmg formula H:

and (vi) removing the benzyl group of said compound of the formula H to
form said compound of the formula ITa, wherein, optionally, said compound of the
formula H is contacted with a compound Q-X, where X is a leaving group or X is an
electrophilic center which can react to form a group Q, prior to said removal to form

10 compounds of the formula ITa where Q is other than hydrogen.

19. A compound of the following formula E:

Cﬁ/Ot—Bu

OTs
15
20. A compound of the following formula F:
6]
N Ot-Bu
N
Ph N
N
F s,
6—Pr02
20

21. A compound of the following formula G:
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5 22. A compound of the following formula H:

10

where
Q is H, alkyl or substituted alkyl, alkenyl or substituted alkenyl, cycloalkyl or
substituted cycloalkyl, cycloalkenyl or substituted cycloalkenyl,

15 heterocycloalkyl or substituted heterocycloalkyl, arylalkyl or substituted
arylalkyl, alkynyl or substituted alkynyl, aryl or substituted aryl, heterocyclo
or substituted heterocyclo, halo, CN, R'OC=0, R*C=0, R’RNC=0,
HOCRR”, nitro, R'OCH,, R'O, NH,, C=OSR’, SO,R! or NR*R?,

20 24. A compound of the following formula ITa
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where
Qs H, alkyl or substituted alkyl, alkenyl or substituted alkenyl, cycloalkyl or
substituted cycloalkyl, cycloalkenyl or substituted cycloalkenyl,

5 heterocycloalkyl or substituted heterocycloalkyl, arylalkyl or substituted
arylalkyl, alkynyl or substituted alkynyl, aryl or substituted aryl, heterocyclo
or substituted heterocyclo, halo, CN, R'OC=0, R*C=0, R*R*NC=0,
HOCR'R”, nitro, R'OCH,, R'O, NH,, C=OSR!, SO,R! or NR*R®.
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