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response serves the purpose of elimnating harnful agents fromthe body.
There is a wi de range of pathogenic insults that can 20 initiate an

inflammtory respoRphopeRvEdbBNOSINEANALBGSs wATh S{ciRED SrbdbgETune  stimuli,

i nmune response to transplanted tissue, noxious chem cals, and toxins,

i schemi a/ reper f usi on, hypdBFOUPSHAYNGAACOST AGEMIEY ¢ aurm. | nfl anunati on
normally is a very localized action, which serves in expul sion, attenuation
by dilution, ahd isolation of theRelsdAgpiationagent and i njured tissue. The

body' s: 25 response becmm lné’aﬁorﬁ&m}prﬂifx %ﬁ%%%s:%?i}pﬁémo%%ﬁxmﬁs in

i nappropriate |njur‘l¥5 %éE%haéuegyln aﬁprogﬁggnﬁxﬁféaﬁhg?t|ng t he
target ed agent AR es
inflanmation is a mm&mosﬁqmmhmg&wmmmmmmmmmwaﬁml ar di seases or
i njuries. Exanpl es 'ﬁ&h@%'éﬁ%‘ﬁﬁ@b@/ @?ﬁ@dxﬁ%&ﬂe'&é{{s%fw is30 G

Frangogi annis et a ocar ema: Mechani sns eper f usi on,
Protection, M Karitridshhercippy refemiice.khuser Verlag (1996) at 236-284; H. S.
Shama et aI , Med. of Inflanrm, 6, 175 (1987)), atherosclerosis (R Ross,
1 SUBSTI TUTE SHEET ( RULE 26) VO 2 WSEirinedt Fadie PCT/ US2005/ 027479
The invention described herein was made with government support
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Backgroun e Inventio

‘The inflammatory response serves the purpose of eliminating harmiful
agents from the body. Thereisa wide range of pathogenic insults that can
20  initiate an inflammatory response including infection, allergens, autoitnmune -
stimuli, immune response to ransplanted tissue, noxious chemicals, and toxins,
ischemia/reperfusion, hypoxia, mechanical and thermal trauma. Inflammation
normally is 8 very localized action, which serves in expulsion, attenuation by
dilution, and isolation of the demaging agent and injured tissue. The body’s
25 response becomes an apent of disease when it results in inappropriate injury to
host tissues in the process of eliminating the targeted agent, or responding to 2
tranrnatic insult.

As examples, inflammation is a component of pathogenesis in several
vascular diseases or injuries. Examples include: ischemia/reperfusion injury {N.
30  G. Frangogiannis et al., in Myocardial Ischemia; Mechanisms, Reperfusion,
Protection, M. Karmazyn, ¢d., Birkhuser Verlag (1996) at 236-284; H. S.
' Sharma et al., Med. of Inflarm., 6, 175 (1987)), atherosclerosis (R. Ross,

SUBSTITUTE SHEET (RULE 26)



Thor. Surg., 64, 251 (1997); D. |I. Walker et al., Brit. J. Surg., 59, 609
(1972); I1t. L. Pennell et al., J. Vase. Surg., 2, 859 (1985)), and
restenosis follow ng balloon angioplasty (see, It. Ross cited above). The
cells involved with inflammtion include |eukocytes (i.e., the inmune
systemcells - neutrophils, eosinophils, 5 |ynphocytes, nonocytes,
basophil s, macrophages, dendritic cells, and mast <cells), the vascular
endot hel i um vascul ar snooth nuscle cells, fibroblasts, and nmnyocytes. The
rel ease of inflanmatory cytokines such as tunor necrosis factor- al pha
(TNFa) by | euNOYSBEITs a neans by which the i mune KFStEMN¥GHBats 10

pat hogeni ¢ i nvasions, including infections. TNFa stinul ates the expression

and activation o kac apg ial cells,

primes neutrophi éd@ %QC& {%ﬁg{eg\ﬁ ‘{a%?%?'?ﬁ?éspoﬁs@%gisecondary

stinmuli and enhé@e@ll&dﬂe* s, Suesu 486D HPESNosid destenosis fallowing ballpon See, Sharma et

at, cited herein, %@ik|%01m5gme%$ fendivith iGfilnhnaCt as accessory
or

cell's processi ng an |ge presentation to |ynphocytes. The
| ynphocytes, in inghee lewkaeisnticsthe e weem eells o peutrepduls, posinopiflF.amat or y

cytotoxic cellss. a9 mg«a hwuocﬁastsakdpmsm&}dpmgksaa@drn@u&rs%@mm to enhance
oxi dative (e.qg. eI’OXI de aﬁg secondar cFrOd ct (? non- oxi dati ve .
(e.g., nyel operoﬁ‘?“ﬂ)a asclpg ergptptiome nlﬂ@#"’ ’éﬁ‘é}’ﬂi andity.

| nappropri at e anehyeyes.- r el ease of 20 cyt oki nes can produce counterproductive
exagger at ed pat hogenic effects through the release of tissue-damagi ng
oxi dative and non- oxi (et release pfinfurmtapry(dtoki@s suchnawmyr ne¢rogd fagtord .  Exp. Med. ,

167, 1211 (1988); o 9 (suppl. 5),
5602- 5606 (1987) )T %@QQW‘{XEWQ%E%%W?@&ggﬁm 6@’ Y t0 adhere to
t he bl ood ved8el pchmcamswrﬁeml\tdwgmfgm emﬁwsbmyﬁeiwstsweg@bl to the site

of injury and rel&38@n bilBhdenDhERS dnIQLRPEs dﬁ@@ud@eaarlﬁ&wsnmasnf | ammat ory
products. Although m)r]ocyt es collect slowy i nfl amatory foci, given

favorabl e condi t PIHPh fﬁba"li@erﬂ’ﬁ"ﬁefﬁﬁW@%s‘WP #% esi dent
accessory cell Ser&ﬁ}ddﬁﬁd’rﬁﬂmﬂﬁﬁﬂ o:&aam aGivityLHed [Shaina Wial. [ritadheteltf | anmat i on

trigger, 30 nonogyt /macro oduce and. secrete n array of

cyt oki nes (i nclﬁ’y(ﬂdﬁéon’l'ﬁf—cé()p &%‘%ﬂqngﬁ%eﬁf ?slaf)"%ig“’"‘g‘éa‘&?ﬁsﬁ}'ég“ §Jen speci es,
proteases ands gfoopdenthiinntolymphbbyes. Thelpmpbicytes, dstum, teamherstgulbtat e sur roundi ng
tissue functi ONSi4 actas pro-inflammatory cytotoxic cells,

Generally, cytokines stimulate neutrophils to enhance oxidative (e.g.,
superoxide and secondary products) and non-oxidative (e.g., myeloperoxidase
and other enzymes) inflammatory activity.. Inappropriate and over-release of

20  cytokines can produce counterproductive exaggerated pathogenic effects through
the release of tissue-damaging oxidative and non-oxidative products (K. G.
Tracey et al., J. Exp. Med., 167, 1211 {(1988); and D. N. Ménnel et al., Rev.
Infect. Dis., 9 (suppl. 5}, 5602-5606 (1987)). For example, TNFu can induce
neutrophils to adhere to the blood vessel wall and then to migrate through the

25  vessel to the site of injury and release their oxidative and non-oxidative

inflammatory products.

Although monocytes collect slowly at inflammatory foci, given
favorable conditions, the monocytes develop into long-term resident accessory
cells and macrophages. Upon stimulation with an inflammation trigger,

30 monocytes/macrophages also produce and secrete an array of cytokines
(including TNFa), complement, lipids, reactive oxygen species, proteases and

growth factors that remodel tissue and regulate surrounding tissne functions.

2



2 WD 21106/ 015357 PCT/ US2005/ 027479 For exanple, inflammuatory cytokines
have been shown to be pathogenic in: arthritis (C A D narello, Semn.

| mmunol ., 4, 133 (1992)); ischemia (A Seekanp et al.,

Agent s- Acti ons- Supp., 41, 137 (1993)); septic shock (D. N. Mannel et al.,
Rev. Infect. Dis., 9 (suppl. 5), S602-S606 (1987)); 5 asthma (N. M
Cenbrzynska et al., Am Rev. Respir. Dis., 147, 291 (1993)); organ
transplant rejection (D. K Imagawa et at., Transplantation, 51, 57 (1991);
multiple sclerosis (H P. Hartung, Ann. Neurol., 33, 59%{#1993 ; AIDS (T.
Mat suyama et a¥OWoeiBS 5 1405 (1991)); and in al kal PEHFNREE & es (F.
Myanmoto et al., Opthalmc Res., 30, 168 (1997)). In addition, superoxide 10

huran | munodet 1 of ency Tl medtehRey SPbgH el BEOHR B8, | P! LB B0 O i
Retroviruses, 6, 8ggeriqigo@yyits (CrA.iDinaglld,[Sekinowmuedhad, 130@98Bi ne and sonme
anal ogs of adenosﬁs@ﬁnﬁﬂﬂ?Seﬁl{l&?Eﬁﬂ &Qﬁtk-X&loﬂs-ﬁ%@H Mats (RdgRestife receptor

subt ypes decrease neutrophi 5 production I nf "ammat oré) oxi dative
products (B. N. CPoR&EeNnMinnels)al, Rexfpfect\piss 9 (sypplad), S68E-5606 (P8D): 291 (1985); P.

IA. Robelrts tleg 7al égsg?aﬁga%@m&fém%m %91%&9495%@% ;DiT.,[?47,~191 @i er het al 3 J. 4
nununol ., , - B. N onst ei - [ munol . an

| mmunopat h. , 42, 9‘@"{‘%@@%’%’”1&““‘%&' Faclrlﬂ‘ﬁ%?ﬁéetép’ Tg‘f“.sﬁa"faﬂm'%ﬁﬂ!gﬁgnd Per specti ve
i n Adenosi ne Reseauliple sdfercs@¢H.| PaHtued, Aah. Neurgld 33,,5915p993geDSZD Verl ag, Berlin,
p. 286 (1987); S.,.I. MGrri t e u te Biol., 44, 411421
(1988): J. De La Mﬁ‘rs"é“‘%c?ag’l‘ﬁ%‘s’ 3I@%{}?fl}ﬁﬁn&ﬁaﬁ@*?urgeggwﬂ%sg); s. T
MGarrity et al., MiyambtmetahdPpthalnidRes., 3@ 868 ({99989l additivg, sperideNi el son et al .,
Br. J. Phatmggol fm&zumf@ioc%&@mnafgmme@m boin r?ﬁnﬁlgtﬁg has been shown

to inhibit superoxide releaSe from neutrophi

b
chenpattract ants Buyesn imunodeficionsyy vinns () {Sclagtapg-Roelsfet %a&%r&%?ﬁ‘/‘ﬁept i des,

f-met-Ieu-phe (fM&Eowindds, 580 (190@NP! enent conponent Csa (B. N. Cronstein et
al., J. ImunoL, 135, 1366 (1985)). Adenosine can decrease the greatly

enhanced oxi dative bur $tis wdll kitbvilthat fdesdsing Giyd Rérhe) andlogs ST adprokiietlatwi t h TNF- u and
then stinulated by a e (G W sullivan

et al., din. Res., sﬁ'%%@?%ﬁ“iéfguﬁ%%{%.mcs &h$3¥%ﬁcd8%@§%sf tge,gtlg{f-ppip has been reported
t hat adenosi né$ c aprodietiomefinBannhpéory exidativsfprogiicts (B. N. Cronstein et al., Ann. N.Y.
Acad. Sci., 451, 291 (1985); P. A. Roberts et al., Biochem. J., 227, 669 (1985);
D. J. Schrier et al., J. Immunol., 137, 3284 (1986); B. N. Cronstein et al.,
Clinical Immunol. and Immunopath., 42, 76 {1987); M. A. lannone et al.,in
Topics and Perspective in Adenosine Research, E. Gerlach et al., eds., Springer-
20 Verlag, Berlin, p. 286 (1987); S. T. McGarrity et al., J. Leukocyte Biol., 44,
411421 (1988); J. De La Harpe et al, I. Immunol., 143, 596 (1989); S. T.
MecGarrity et al., ], Immunol., 142, 1986 (1989); and C. P. Nielson et al., Br. J.
Pharmacol., 97, 882 (1989)). For example, adenosine has been shown to inhibit
superoxide release from neutrophils stimulated by chemoattractants such as the
25  synthetic mimic of bacterial peptides, f-met-len-phe (fMLP), and the
complement component Csa (B. N. Cronstein et al., 3, Tmrunol., 135, 1366
{1985)). Adenosine can decrease the greatly enhanced oxidative burst of PMN
{neutrophil) first primed with TNF-g and then stimulated by a second stimufus
such as f-met-leu-phe (G. W. Sullivan et al,, Clin. Res.,, 41, 172A {1993)).
30 Additionally, it has been reporied that adenosine can decrease the rate of HIV
replication in a T-cell line (S. Sipka et al., Acta. Biochim. Biopys. Hung., 23, 75

(1988)). However, there is no evidence that in vivo adenosine has anti-



replication in a T-cell line (S. Sipka et al., Acta. Biochim Biopys. Hung.,
23, 75 (1988)). However, there is no evidence that in vivo adenosi ne has
anti 3 WD 211061015357 PCT/ US2005/ 027479 inflanmatory activity (G S.
Firestein et at., din. Res., 41, 170A (1993); and B. N Cronstein et at.,
Cin. Res., 41, 244A (1993)). It has been suggested that there is nore than
one subtype of adenosine receptor on neutrophils that can have opposite
effects on superoxide release (B. 5 N Cronstein et al., J. din. Invest.,
85, 1150 (1990)). The existence of AU receptor on neutrthiIs was originally
denonstrat ed DYO WMV ker et at. (D. Van Cal ker et BETUSHEBHEMNTY

Phar macol ogy, 206, 285 (1991)). There has been progressive devel opnent of

conpounds that argg Wﬁﬁ\gfygg-rse-gipe%ﬁ@ltal %ﬁ{%_‘ﬁﬁgﬁggi%&%@}goni sts of AZA

adenosi ne receptors sed on radioligan ndi'ng assays and

physi ol ogi cal residnensisin e ahj ElingResy 41, ei{Pls with little or no selectivity
for A2A receptors were devel oped, such as adenosine itself or

5' - car boxani des of adeHd¥ibse suggettad thakthese is fyoredhap OResUbS #E30ESRR enosi ne ( NECA)

(E- N. ﬁfonsggi n_ﬁ&ept@z:con,zneuhlnoﬁﬂil@ll‘idﬂ_&rhhawe tli)pﬁ&_ite effed®6n ﬁlg&ﬁﬁ)&)eleabﬁger, it was .
shown that additi of 2-a no t . I ncreased potency an

sel ectivity, e.%g.g'rh'ﬂ?sﬁ'gﬁ@l'%éﬁ%&%dﬁ‘m%ﬁ r%‘gncgfteﬁ’al ., J. Pharmacol .
Exp. Ther., 251, 3&ptofchSS@ophils Zesdriginaily-derdnsttatetl by ¥eh Gllena sl (fe  deri vati ves
such as WRC- 0090 gr e e tent, a ilwe as agonists at the
coronary artery Aga %ra%}éréeg?lggr(jﬁﬁgﬂga%%ygééﬁ%65%1%’)' Med. Chem, 34, 1334
(1991)). The 2-al klyl hyglrazl i, FHGRAS R Rkt ¥Ploh¥SRds that &e mors A 211 (al so 20

cal l ed WRC-0474) have al so been evaluated as agonists at the coronary artery
AZA receptor (K. 39 mgm pesent aad/or selectiygagiagomtiegfiza Aenosineyserptos 68B) ) . There is one
report of the jgongasedak fa@ibligahd BiklidlabskiRladdl PhAMIRREI rshuses2BAARR I Ne anal ogs,

R- phenyl i sopr opyl adenosi nﬁ é@ Pl AS\) and lj-nchl or oadenosi ?e DECL-Ado) wth a
phosphodi est er ase™FPHRYS WiRiTlsor wsclrRXi) 105 Ay ePsmion YesRasrsme™ 811 35 neut r ophi |
oxi dative acti Vi taedoihe ifelf drancamingantides & adenosii@uéhSas 81l Per spectives in

AR N IR TG M R A LA
activators of A BeNES)Neaterciceishowa thahaititiof of 24kylatianadstinents ecept or s and,
thus, 15  increased potency and selectivity, e.g., CV1808 and CGS21680 (M. F. Jarvis et
al,, J. Pharmacol, Exp. Ther., 251, 888 (1989)). 2-Alkoxy-substituted adenosine
derivatives such as WRC-0090 are even more potent and selective as agonists at
the coronary artery Aaa receptor (M. Ueeda et al., J. Med, Chem,, 34, 1334
(1991)). The 2-alklylhydrazino adenosine derivatives, e.g., SHA 211 (also
20 called WRC-0474) have also been evaluated as agonists at the coronary artery
A, receptor (K. Niiya et al., J. Med. Chem., 35, 4557 (1992)).

There is one report of the combination of relatively nonspecific
adenosine analogs, R-phenylisopropyladenosine (R-P1A) and 2-chloroadenosine
(Cl-Ado) with a phosphodiesterase (PDE) inhibitor resulting in a lowering of

25  neufrophil oxidative activity (M, A. lannone et al., Topics and Perspectives in
Adenosine Research, E. Garlach et al., eds., Springer-Verlag, Berlin, pp. 286-
298 (1987)). However, R-PIA and Cl-Ado analogs are actually more potent
activators of A, adenosine receptors than of Az, adenosine receptors and, thus,
are likely to cause side effects due to activation of A; receptors on cardiac

30 muscle and other tissues causing effects such as “heart block.”



are likely to cause side effects due to activation of A receptors on
cardi ac 30 nuscle and other tissues causing effects such as "heart bl ock."
4 WD 2006/ 015357 PCTNS211115/027179 1t. A Osson et al. (U S Pat. No.
5,278, 150) disclose selective adenosi ne A2 receptor agonists of the fornul a:
NH2 N-N RRRRZC-NNHFN N Rib wherein Rbis ribosyl, R can be Hand R2 can
be cycl oal kyl. The conmpounds 5 are disclosed to be useful for heating
hypert ensi on, atherosclerosis and as vasodilators. Osson et al. (U S Pat.
No. 5, 140, 015)w%h§&%%?ﬁ certain adenosi ne A2 receptor onlsts of formul a;
NH2 NN RI- ""R2- B 10 OH OH wherein C(X) BR2 FEESHEMBIBOH and R,
can be al kyl - or al koxyal ky). The . conpounds are disclosed to be useful as
vasodi | ators or an antighXp@beasi. Ues Pat Nd. IR s6)disBlbse sbibdive  Pat . No.
5,877,180) is bas%gﬁgn t he dlscover ?at 15 certain inflammtory di seases,
such as arthriti s*Pne 81 KrFRor W¥Eyely treated by the
adm ni strati on of conpounds mhlch are sel edtlhve agonists of Ala adenosine
receptors, preferably in conbination with TyBF |V phosphodi est er ase
i nhibitor. An enbodi nent of the Linden eN"aRky-iQvention provides a nethod
for treating inflammatory di seases by admini stering an 20 effective anmount
of an A2, r adenosine receptor oRK0eNNg ngvfornula:' 5
Rib
wherein Rib is ribosy], R, can be H and R; can be cycloalkyl. The compounds
5 aredisclosed to be useful for treating bypertension, atherosclerosis and as

vasodilators.

Olsson et al. (1.8, Pat. No. 5,140,015) disclose certain adenosine A,

receptor agonists of formula:

NH;
N
N/
A MY
e
R—0" "N~ "N
X
)
R,—B
10 OH OH

wherein C(X)BR: can be CH;OH and R; can be alkyl- or alkoxyalkyl. The

compounds are disclosed to be useful as vasodilators or an .antihypertensives.

Linden et al. (1J.S. Pat. No. 5,877,180} is based on the discovery that
15  certain inflarnmatory diseases, such as arthritis and asthma, may be effectively
treated by the administration of compounds which are selective agonists of Az
adenosine receptors, preferabljf in combination with a Type IV
phosphodiesterase inhibitor. An embodiment of the Linden et al. invention
provides 2 method for treating inflammatory diseases by administering an

20  effective amount of an A, adenosine receptor of the following formula:



WO 29961015357 PCT/ US2111151 1127479 NHZ N: NR ON 'X HC. 23H wherein R
and X are as described in the patent. In one enbodi nent, the Linden et al.
invention involves the admnistration of a Type IV phosphodi esterase (PDE)
inhibitor in combination 5 with the AZA adenosi ne receptor agonist. The Type
| V phosphodi esterase (PDE) inhibitor includes racemc and optically active
4- (pol yal koxyphenyl )-2- pyrmidones of the followwng fornula: OR'S R19 N X
wherein R, R18, R79 and X are as disclosed and described in U S. Pat. 10
No. 4,193,926. Rolipramis an exanple of a suitable T |\ PDE i nhibitor
el uded wi t hMONERIRove formul a d. Cristalli (U.S. %2’%52"%'?95, 593, 975)
di scl oses 2-arylethynyl, 2-cycloal kyl ethynyl or 2-hydroxyal kyl et hynyl
derivatives, wherein the riboside residue N#,substituted by carboxy am no,
or substituted carboxy amno 15 (RBIINC(C» 1. 2- Alkynylpurlne derivatives
have been disclosed in Myasaka et al. NPat. No. 4, 956, 345), wherein
the 2-al kynyl group is substituted wt (K3- | 6) al kyl . The'975 conpounds
are disclosed to be vasodi| ators af TRpbiy pl atel et aggregation, ,and
nti- atherosclerosis and
Yy, U S. Patent 6,232,297 to Linden, at

thus to be useful as anti-ischemic,
anti - hypertensive agents. 20 Rece /

al . disclosed conpounds havi ngi®he getheral fornula: 6 WO 2006/ 915357
PCT/ 1152905/ 02 747\;v crem(RRn)nd X arQ as desc%gy ill'n\lthe patent.

In one embodiment, the Linden et al. invention involves the

administration of a Type IV phosphodiesterase {(PDE) inhibitor in combination
5  with the A adenosine receptor agonist. The Type IV phosphodiesterase (PDE)
inhibitor includes racemic and optically active 4-(polyalkoxyphenyl)-2-
pyrrolidones of the following formula:
ORIK
Rl 9

wherein R’, R", R"? and X are as disclosed and described in U.S. Pat.
10 No. 4,193,926. Rolipram is an example of a sujtzble Type TV PDE inhibitor
included within the above formula.

Q. Cristalli (U.S. Pat. No. 5,593,975} discloses 2-arylethynyl,
2-cycloalkylethyny! or 2-hydroxyalkylethynyl derivatives, wherein the riboside
residue is substituted by carboxy amino, or substituted carhoxy amino

15  (R;HNC(O)-). 2-Alkynylpurine derivatives have been disclosed in Miyasaka et
al. (U.S. Pat. No. 4,956,345), wherein the 2-alkymyl group is substituted with
(C5-Cjg)alkyl. The '975 compounds are disclosed to be vasodilators and to
inhibit platelet aggregation, and thus to be nsefil as anti-ischemic, anti-

atherosclerosis and anti-hypertensive agents.

20 Recently, U.S. Patent 6,232,297 to Linden, et al. disclosed compounds

having the general formula:



X O OH OHwherein each Ris H X is ethylam nocarbonyl and R is 4-

car boxycycl ohexyl net hyl (DWH 146a), R is 4- nmethoxycarbonyl cycl ohexyl net hyl
(DWH 146e) or R is 4-acetoxynethyl 5 cyclohexylmethyl (JMR- 193). These
conpounds are reported to be A2A agonists. However, a continuing need
exists for selective A2 adenosi ne receptor agonists useful for therapeutic
applications, which have reduced side effects. In addition, a continuing
need exists for selective A2 adenosine receptor agonists 10 useful for use
as pharnacologhﬁﬁg Btgsssors in stress imaging or in other wventricular
function imaging 1 fni'ques, that preferably have redRE@WS¥IHWa™effects,
whil e being chemcally stable and short-acting. Summary of the Inventlon 15
The present invention conprises conpoundsyapd nethods of their use for the

treatnment of inflamuatory activity in ma ian tissue. The inflammtory
tissue activity can be due to pathol ogig s or can be due to
physi cal, chem cal or thermal trauma, off the trjauna of nedi cal procedures,
such as organ, tissue or cell tgansph Moy~ angi opl asty (PCTA),

inflanmation 20 fol |l owi ng i schem akeperfusion} or grafting. The present
conpounds conprise a novel class of 2-alfypyladenosi ne derivatives,
substituted at the ethyn-2-yl position by supbstituted cycl oal kyl and

het erocycl e (heterocyclic) noieties. Pref bly, the riboside residue is
nodified at the 5 -position by substituti n, N (cycloal kyl)carboxyam no
("arni nocarbonyl ") nnlety ("X") or a5- o0 6 95 nenber ed het erocyclic ring.

Thus, the present |nve rovi t hod f 20(16/ 015357

PCT/ US2005/ 027479 i nhY eerm& é*d?‘dﬁ%a’ﬁﬁ’t"b“f ﬁé%dd% in a manmal , such as

a human subj ect, wmdnmpmmh@mhm@gnmhﬁhﬁﬂﬂEUQ¢subject to the response, by

admi ni stering an effe e. un of the invention.
eﬁhoxfcsllbo ?oneﬁ'a tghyl @Jﬁlgﬂ? 6e) o lil lsg-%ga? %yngﬁyé

The conpounds of T nve Ve g or mil
5 cyclohexylmethyl (JMR-193). These compounds are reported to be Ays

agonists.
However, a continuing need exists for selective A; adenosine receptor
agonists useful for therapeutic applications, which have reduced side effects. In
~ addition, a continuing need exists for selective A2 adenosine receptor agonists
10 useful for use as pharmacological stressors in stress imaging or in other
ventricular function imaging techniques, that preferably have reduced side
effects, while being chemically stable and short-acting.

Summary of the Invention

15 The present invention comprises compounds and methods of their use
for the treatment of inflammatory activity in mammalian tissne. The
inflammatory tissue activity can be due te pathological agents or can be due to
physical, chemical or thermal trauma, or the trauma of medical procedures, such
as organ, tissue or cell transplantation, angioplasty (PCTA), inflammation

20 following ischemia/reperfusion, or grafting. The present compounds comprise a
novel class of 2-alkynyladenosine derivatives, substituted at the ethyn-2-yl
position by substituted cycloalky! and heterocycle (heterocyclic) moieties.
Preferably, the riboside residue is modified at the 5-position by substituting an
N-(cycloalkyl}carboxyamino (“aminocarbonyl™) moiety (“X”) or a 5- or 6-

25 membered heterocyclic ring. Thus, the present invention pravides a method for



N(Rr)2 /NN VONI N(CRLR),-Z HO OH (I) wherein Zis CR RR5 or NR4R5;
10 each R is independently hydrogen, halo, -OR, -SR, (Cl-Cg)alkyl,

cyano, nitro, trifluoronethyl, trifluoronmethoxy, C3scycloal kyl, heterocycle,
het er ocycl e(Cl - C3) al kyl ene-, aryl, aryl (Cl -C5)al kyl ene-, heteroaryl,

het eroaryl (Cl -Cs) al kyl ene-, -CO2R, R C(=0 0O, RC(=C, -0002R ,

RRONC(=0) O, RbOC(=ON(R )-, RRbN-, RR'NC(=O) -, R C(0)NR) -, 15

RRONC( =0) N( Rb) R RNC(=S)N(R)-, -OPO3R, R OC(=S)-, R C(=S)- - SSW

R S(=0) - R, or-ODOZR' each R2 is inde ydr ogen,

hal 0, (O - Cs) a\'f&@”""‘"“f’CZ Cs) cycl oal kyl, heterocycl e, &%ﬂﬂﬁﬂm}ﬁﬂ"

het erocycl e(Cl - Ca) al kyl ene-, aryl, aryI(CI-CS)aIkerne- het eroaryl, or

het croaryl (Cl - Cs)lﬁlhliﬁb{ﬁgﬂﬁtﬂnﬁanﬂfatogﬂes&ns@lﬂdmaamﬁrﬂcﬂdﬁehﬂﬁ@@hﬁj&t wdl ch t hey are
attached is GO C=S ther with the atons to which
they are att acheoP’?t‘Eﬁ“Hﬁ 'ﬁet'%"&ts'dh‘eﬁ'tt%ﬁ‘e p"Bsﬁrb[yl ‘F‘V‘emf #H¥%d, or aromatic
ring having 3, 4,anunt@foné or igre Spoundbf the inventiad. ons optional | y conprising 1,
2, 3, or 4 heteroatons selected fromnon 25 peroxide oxy (-0-), thio (-S-),
sul finyl (-SO), sulf ofiidcofipeBidSpPthy invnticuimvegene@l fiRuld Dk n the ring;, 3 WO
20061115357 PCJ/ 115 2 0 0 5112 7 4 79 wherein any ring conprising R and R5
is substituted with from1l to 14 R6 groups wherein each R6 is

i ndependent|y hydrogen, hal o, - NSRZY, (C1l-Cs)al kyl, cyano, nitro,
trifluoronmethyl, trifluoronet hoxy N Cs) cycloal kyl, 5
(C, -Cg)cycl oal kyI (G -Cg) al kyl ene (’ )b| cycl Oal kyI het er ocycl e or
(CR’RZ).,.-—Z
HO OH
("
wherein
Zis CR’R'R’ or NR'R?,
10 . each R' is independently hydrogen, halo, -OR?, -SR?, (C,-Cs)alky],

cyano, nitro, trifluoromethyl, triflucromethoxy, Ci.gcycloalkyl, heterocycle,
heterocycle(C,-Cg)alkylene-, aryl, aryl(C,-Cg)alkylene-, heteroaryl,
heteroaryl(C;-Cglalkylene-, -CO:R?, R*C(=0)0-, R'C(=0)-, -OCO,R?,
R*R’NC(=0)0-, RPOC(=0)N(R")-, R*R°N-, R°"R®°NC(=0)-, R*C(=O)N(R")-,

15 R'RONC(=O)N(R")-, R'R®NC(=8)N(R")-, -OPO;R?, R*OC(=8)-, R°C(=S)-,
-8SR?, R*$(=0)-, R*S(=0),-, -N=NR", or -OPO,R?;

each R? is independently hydrogen, halo, (C;-Cs)alkyl,
{C3-Cs)cycloalkyl, heterocycle, heterocycle(Ci-Cs)alkylene-, aryl,
aryl(Cy-Cy)alkylene-, heteroaryl, or heteroary}{C,-Cglalkylene-; or
20 R' and R? and the atom to which they are attached is C=0O, C=S or
C=NR".
R* and R’ together with the atoms to which they are attached form a
saturated or partially unsaturated, or aromatic ring having 3,4, 5, 6, 7, 8, 9 or 10
ring atoms optionally comprising 1, 2, 3, or 4 heteroatoms selected from non-
25  peroxide oxy (-O-), thio {(-S-), sulfinyl (-SO-), sulfonyl (-8(0);-) or amine
{-NR"-) in the ring;



het erocycl e (C1-Cs)al kyl ene-, aryl, aryl (C, -C6)al kytene-, heteroaryl,

het eroaryl (Cl-Cs) al kyl ene-, -CO2R, RC(=00, R C(=0O-, -0002R ,

R RBNC(--O O, ROC(=ONR-, RRONN, RRINC(=O -, RC(=ONR)-,

R RONC(=O N(Rb) , R RONC(=S)N(R1-, -OP@BR, R OC(=S)-, R C(=S)-, 10 -SswW
R S(=0-, -NNR ,-OPQ2R, or two R6 groups and the atomto which they are
attached is C0O or C=S; or two R6 groups together with the atomor atons
to which they are attached can fort a carbocyclic or a heterocyclic ring
conprising from1l to 6 carbon atons and 1, 2, 3, or 4 heteroatons sel ected
from non-per $¥4MEOBI} (-0-), thio (-S), sulfinyl (-PEGU e Ponyl
(-S(0)2-), phosphine 15 (-CP(O)Z- or amine (-NR -) in the rlng; R3 is
hydr ogen, halo, -OR, flsuor omet hyl ,
trifluoronet hoxy, (CB Cg cyc %ﬁ?pﬂ;% mé.'cs%bgsr} Sum{aﬁ{vfa‘fmc Cg) al kyl ene-,
het erocycl e, hetd¥ cSE?yl?FF e(C, - Cs) al kyl ene-, aryl, ar yI (C1- Cs) al kyl ene-,

e erea ke ene o O s R S T & -
\T\S(Rb (';')C( =0 g( g?) 6)&:-‘:‘?)%@**“5)1{“@%)1ﬂqrommﬂ'uqmﬁtm @CT)CY?H]EE@FS) CR4;? gSR'
=0) -, onme rom is
aryl or hetersoa (Erc%"r"w ﬁ%(ch?%y%nga%gg&{b&&?am{f Q%ﬁo cz]iencrbe absent; 25 each
R7 is i ndependentliet}romm(@:@fémky(e@l. aﬁé)aall GrCpalkiBe-Cheryant, 0al kyl ,
(C1-GCs) cycl oal kylhgtg% BM( @&e- 0% l{é@éﬁ(ﬁ'l@% t?t BEeGY cle
e

Cl- Ca) al kyl ene-, , | ene er oa
f)r het ez oar g] (Cl- CESB\ )@nBYOé( RRET‘@@ZR RC(T%]Q‘@& -OR, -C(ONR Rt

, -CH2SR' , - C( SRt CW_ %}I , Or a group
haV| ng the 30 for nule(i gpg}ﬁll]a5357 PCT/ Uus2111 5%74 z'-z'" Zl

(ZI )P whi ei PR H=r- -N¥ Oy B LYo eroges and thg aigraio whickfhep) j o
- N( R8) pr ovi deset attdehdd iat=0, eas-ts onao E* grb@s mgamemﬂﬂmm or@toms- S(O) P-, or
NCR8) - ; eaCh Ra Itc?wﬁlé]aqﬁe@%rea %dr ? i:ycl(cora gro (lj% rihg (C -C8)al kenyl,

comprising from 1 to 6 carbon atoms and 1, 2, 3, or 4 heteroatoms selected from
non-peroxide oxy (-0-), thio (-S-), sulfinyi (-80-), sulfonyl (-S(0);-), phosphine
15  (-OP(Q)y-, or amine (-NR") in the ring;

R? is hydrogen, halo, -OR?, -SR®, (C,-Cg)alkyl, cyano, nitro,
trifluoromethyl, trifluoromethoxy, (Cs-Csicycloalkyl, (C(-Cs)cycloalkyl-
(C-Cs)alkylene-, heterocycle, heterocycle(C,-Cs)alkylene-, aryl,
aryl{C,-Cs)alkylene-, heteroaryl, heteroaryl(C;-Cs)alkylene-, ‘

20 -COR’, R*C(=0)0-, R*C(=0)-, -OCOR", R°R°NC(=0)0-, R°OC(=0)N(R")-,
R'R"™N-, R*R*"NC(=0)-, R°C(=0)N(R")-, RR*'NC(=O)N(R")-,
R*R"NC(=S)N(R")-, -OPOsR?, R*OC(=5)-, R*C(=8)-, -SSR?, R*S(=0)-,
R*$(=0),-, -NNR?, -OPO,R"; or if the ring formed from CR*R® is aryl or
heteroaryl or partially unsaturated then R® can be absent;

25 each R’ is independently hydrogen, (C)-Cg)alkyl, (C3-C)cycloaliyl,
(Ci-Ce)cycloalkyl(Cy-Cglalkylene-, heterocycle, heterocycle {C1-Cpalkylene-,
aryl, aryl{C,-Cglalkylene, heteroaryl, or heteroarvl(C,-Cs)alkylene-;

X is -CH,0R", -CO.R®, -CH;0C(O)R®, -C(O)NR*R', -CH,SR®,
-C(S)OR", -CHOC(S)R or C(SINRR'-CHaN(RWR), or a group having the

30 formula



5 (C3-Cg)cycl oal kyl, (Cl-Cg)al kyl (C3-C8) cycl oal kyl, (C3-Cg)cycl oal kenyl
(C1-Ca) al kyl (C3-C8) cycl oal kenyl, aryl, ary)(Cl -Cg)al kyl ene, heteroaryl, or
het eroaryl (C, - Cg) al kyl ene-; wherein any of the al kyl or al kenyl groups of R8
are optionally interrupted by -0-, -S-, or N(R)-; R is cyclopropyl,

cycl obutyl, cyclopentyl, cyclohexyl; 10 Rl is hydrogen, (Cl-Cg)alkyl, or

(C -Cg)al kyl substituted with 1-3 (Cl-C8)al koxy, (C3-Cg)cycloal kyl,
(Cl-Cs)al kylthio, amino acid, aryl, aryl(Cl-Cg)alkylene, heteroaryl,

or het er oaryl (CI- %al kyl ene; and wherein any of the a al kenyl

cycl oal kyl, cy¥P Y WeRV1, heterocycle, aryl, or het e%ﬁ??‘f""‘”@ﬁ&ups of R,
R2, R3, R6, R and R8 |s optionally 15 substituted on carbon with one or
nore (e.g. 1, 2, 3, or 4) substituent@__szel ected fromthe group consisting of
halo, -OR, -SR, (Cl-Cg)alkyl, cyaan ‘nhtro, trifluoronethyl,
trifluoronethoxy, (C3-Ca)cycl oaI kyl, ‘66(20 2) bi cycl oal kyl , het erocycl e or
het er ocycl e( Cl1- Cg) al kyl ene-, aryl, aryloxy, aryl (Cl-Cg) aI kyl ene-,

het eroaryl, heteroaryl (Cl- Cg)al kyI ene-,| -C2R, RC(=0 O, RC(=0-, 20
-OC2R, RRONC(=0)0O, R'OC(=0)N(R)-, RRoN, R R'NC(=0) - R C(=0 N(Rb) -
R RNC(=O N(R)-, R R’ NOercB)ehihi) isnon-BRORR-O-, - N)&@ﬁg)ﬁﬂl’-m(@ +S)-, -SSR,

R S(=0)p, RR'NS ! 31C8)alkyl

(C3-C8) cycl oal kyﬁ’gx'?wmﬁht%?@g% lgpéggﬁme ﬁ%)%ﬁ%? (C, -Cg) al kanoyl
(C, -Cg)al kyl ene, or h%@,rgngde@dénay@a%@r@( tMﬂk}xqcp@gﬂgeﬁ}ll y unsaturated; R

and Rb are each | depend C.s (C -G g)al kyl
substituted wit h(G-@)ydey 5‘@&@%’5 W‘%@"ﬁ%’}]éﬁk %S‘)‘“’“ »(Gi -C,s)al kyl thio,
am no acid, aryl {Catsalid Q. W&lﬂﬂewlemarymt@}a&gmﬁ het@cﬁaryllﬁ WO 2006/ 015357
PCTI U8211105102747lgr s &'iﬁ% 0‘%}’%“ e méahF ENE en 1R QRRb together with
the nitrogen to s %y allyienes Fpereh, Al o alk y Srlo P<§|° bi peri di no,

nor phol i no, or thpt@nﬂlyphmupmd)by Qt,l"ﬁ},,ﬂf R is hydrogen or (CI -C6)alkyl; 5 m
is 0, 1, 2, 3, 4, 5, 6, 7, 8, i is 1, or 2; each j is independently 1, or
2. and each p is i ndeﬂb#ﬁd’éﬂ?ﬂf@ﬂecw@b"’)&r@cj@eﬂm cyclohexyl;

10 R is hydrogen, (C;-Cg)alkyl, or (C;-Cy)alkyl substituted with 1-3

(Cy-Cs)alkoxy, (C3-Cy)eycloalkyl, (C,-Cg)alkylthio, amino acid, aryl,
aryl(C,-Cy)alkylene, heteroaryl, or heteroaryl{C,-Cs)alkylene; and

wherein any of the alkyl, alkenyl, cycloalkyl, cycloalkenyl,

heterocycle, aryl, or heteroaryl, groups of R, R% R*, R, R and R® is optionally

15. substituted on carbon with one or more {e.g. 1, 2, 3, or 4) substituents selected
from the group consisting of hato, -OR?, -SR?, (C,-Cy)alkyl, cyano, nitro,
trifluoromethytl, triffuoromethoxy, (Ca-Ca)cycloalkyl, (Cg-Ciz)bicycloalkyl,
heterocycle or hetemcycle(C;-Cg)aijr!ene-, aryl, aryloxy, aryl (C;-Cg)alkylene-,

. heterparyl, heteroaryl(C,-Cs)alkylene-, -CO;R?, R*C(=0)0-, R*C(=0)-,

20 -OCO:R®, R*RPNC(=0)0-, R°OC(EOIN(R®)-, R°R*N-, R'R*'NC(=0)-,
R*C(=O)N(R")-, R°'R®°NC(=0)N(R?)-, R*'R*NC{=S)N(R")-, -OPO;R?,
R°0C(=8)-, R’C(=S)-, -SSR, R*S(=0)p-, R'R*NS(0),-, N=NR”, and -OPO,R";

wherein any (C,-Cy)alkyl, {C;-Cy)cycloalkyl, (Cs-Cia)bicycloalkyl,
{C,-Cs)alkoxy, (C,-Cy)alkanoyl, (Ci-Cs)alkylene, or heterocycle, is optionally
25  partially insaturated;
R and R® are each independently hydrogen, (C;~Ca)alkyl, or
(C)-Cis)atkyl substituted with 1-3 (C,-Cig)alkoxy, (C3-Cg)eycloalkyl,
(C,-Cya)alkylthio, amino acid, aryl, aryl(C;-C g)alkylene, heteroaryl, or

10



or a pharmaceutically acceptable salt thereof. In another enbodi nent, the
conpounds of the invention have general fornmula (1): 10 N(R7)2 N /N7 X O
NNV I\ J (CRBRRYmZ HO OHm wherein Zis CRBRAR5 or NR R5; 15 each Rl
i s independently hydrogen, halo, -OR, -SR, (C-C)alkyl, cyano, nitro,
trifluoronmethyl, trifluoronethoxy, C3.scycloal kyl, heterocycle,

het erocycl e(Cl - Cg) al kyl ene-, aryl, aryl (Cl-Cs)al kyl ene-, heteroaryl,
het er oaryl (Cl - Cg) akyl ene-, -CQ2R2, RC(=0 0O, RC(=0-, -0002R ,

R RbNC(=O0 O, R “QNR)-, RRoN-, RR NC(=O , WC(= R )., 20

R RONC(=O) N(R) 3"%’%&@ =S)N(R)-, -OPO3R, R O(=S)-, "ﬁg)('i?’i'"ﬁj“}’,‘” -SSR,
RS(=0-, RS(=0)r, -N=NR, or -OPO2R ; each R2 is independently hydrogen,
hal 0, (Cl-Cg) al kyheteroaty@@Br-Cg)nlkyleden IRk 30k R® gt tRér a6t eHe@itrogen to which

het er ocycl e( C1l- Cg) al kyl ene- . aryl . ..aryl (Cl- | kvl ene- .eroaryl, or
het er oar yl ( CL- Cs) API&T SA&Sd. fogp aﬁ%“lﬁ““"a ‘8‘%’ O%‘)dpqloﬁ%o’ %r? }B?ﬁh‘f”%%ﬂ fich they are
attached is C=O ®@@Smdr C=NR . ||l WO 200614115357 PCTI| 1S20U5r 027479 R4
and R5.together with the atons to which they are attached forma saturated
or partially unsaturat 8dis hyFosst S fatGsllky ng having 3, 4, 5, 6, 7, 8 9 or 10
ring atonms optionally caonprising 1, 2, 3,.0r_4 heteroat sel ected from
non- peroxi de dxy (-0-J% ’Higo%’(‘*zsc‘s-%’)?,"’rssﬂ'llf bRy f € -h$6")d,epe§‘fﬂ‘n®oln9"l (-S(0)2-) or

am ne 2; and each p is independently 0, 1, or 2;
or a pharmaceutically acceptable salt thereof,

In another embodiment, the compounds of the invention have general

formula (T):
10
N(R"),
N R
‘g_‘(" S (CR'RY)py~2Z
- HO OH
M
wherein
Zis CR’R'R® or NR'R’,
15 each R' is independently hydrogen, halo, -OR", -SR?, (C;-Cg)alkyl,

cyano, nitro, trifluoromethyl, trifluoromethoxy, Cy.gcycloalkyl, heterocycle,
heterocycle(C;-Cglalkytene-, aryl, aryl(C;-Cs)alkylene-, heteroaryl,
heteroaryl(C,-Cs)atkylene-, -CO:R?, R’C(=0)0-, R’C(=0)-, -OCO,R?,
R*R*'NC(=0)0-, R®OC(=O)N(R}, R'R"N-, R*R*'NC(=0})-, R°C(=O)N(R")-,
20 R'R"NC(E=ONRP)-, R°R*NC(=S)N(R®)-, -OPO;R?, R°0OC(=S)-, R°C(=S)-,
-SSR, R?8(=0)-, R*S(=0);-, -N=NR®, or -OPO,R";
each R? is independently hydrogen, halo, (C;-Cglalkyl,
(Cs-Cs)cycloalkyl, heterocycle, heterocycle(C;-Cy)alkylene-, aryl,
aryl(C,~Cg)alkylene-, heteroaryl, or heteroaryl(C;-Cs)alkylene-; or

25 R’ and R? and the atom to which they are attached is C=0, C=S or
C=NR".



5 (-NR-) inthe ring; wherein any ring conprising R4 and RS is substituted
with from1l to 14 R6 groups; wherein each R6 is independently hydrogen,
halo, -ON -SR, (G -GCs)alkyl, cyano, nitro, trifluoronethyl,

trifluoronet hoxy, (C1l-Cg)cycloal kyl, 10 (G -Cs)cycloal kyl (C1-C5) al kyl ene-,
(C6-C, 2)bicycl oal kyl, heterocycle or heterocycle (C-Cs)al kyl ene-, aryl,
aryl (CrCs)al kylene-, heteroaryl, heteroaryl (C -GCs)alkylene-, -COR2R,

RC(=00, RC(=0-, -0002R3, R RONC(=O0 O, RbOC(=ON(R)-, R RoN-,

R RbNC( =0 » R C( —O N(R R RONC(=O) N(R) -, R RbNC( K)Télgst y -ODOBR'

R OC(=S) -, CX“@)‘”‘“’ SSW R S(=0 -, -NNR , - OPO2R B4 gr oups and
the atomto which they are attached |s C=0, or C=S; or two R6 groups

together with the atonmhdﬁﬂtegmermtwratoﬁhtotmuﬁyere%%mwacan forma
carbocyclic or a heterocyclic rin nprising from carbon atons and

1, 2, 3, or 4 hetdast yretidlyuag f‘%’b‘ﬁ?a‘ﬁé‘ﬁg‘ﬁéﬁ"%%ﬁdé 50&99(‘”60 , No (-S-),
sul fi nyl (-SO), rﬁ@ht&ﬁmphm(amﬁ(oﬁn)nﬁmr)gl nhas p htitator(d sflectBEGhAon- Or am ne

-NR -) in the rin Cl-Cs) al kyl, cyano,
Eli tro, : trifluor c?ﬁ@{“ﬂe W )}}*('PL(JQS ﬁ@f"ﬂ&%g) st‘@“é& @RE?r@("f"ﬁyl : Y :
(C3- Cg) cycl oaIkyI(NRC-Dn-tﬁsﬁle;l kyl ene-, het erocycl e,
het erocycl e(G - Cg) al kyl ene-, aryl, I (Cl.GCs)al kyl ene-, heteroaryl,
het er oar yl ( Cl- Cs) al kyl@hﬁ@xnanmnscowmli A B! seybetituted wifhfm | to OCPR |
RR'NC(--0 O, Rb%@sN( R) - R RbN-, RRONC(=-0O) -, R C(=0) N(R6},

R R'NC(=O N(R") - R' NC( S)N(R5- -CPCBR', R‘OC(:S)-, R C(=S5)-, -SSW

R $( hO) R IS( 0) 2- wH‘dMA/eada@GkZRepdﬂdenil}fhyﬂﬁgenrﬂamgoqu-mg fromCR R ihs aryl
or eteroaryl or uns R3.can absent.: 30 each R7 is
i ndependent |y hyd ?‘o@ia:q‘y? f‘m“"?‘ W@P’S’aﬁ?%)cyc et

(G -Cs)cycl oalky I((In@a)c@df)aﬂdyl(gxl-@zmeylcndq,dﬂe@@)bt}wloelkylhgtemcmnm le (g-Cs)al kyI ene-,
SoliosTofstsr PRI Erclfifiotict comy e 22 1
_C(ONR RI, - CH2 8ereroaryl(§i €yalkylens CLEQRY, RIKQP- RIGTAR-PEORON(R ) (Rt ), or a
group havi n g t he RR*NC(=0)0-, RROCH=O)IN(RY)-, R'R'N-, R'R*'NC(=0)-, R*C(=0)N(R")-,
R'RPNC(=0)N(R)-, R'R*’NC(=S)N(R™)-, -OPO;R?, R*OC(=S)-, R’C(=S)-,
15  -8SR® R°S(=0)-, -NNR*-OPO;R®, or two R® groups and the atom to which they
are attached is C=0, or C=S; or two R® groups together with the atom or atoms
to which they are attached can form a carbocyclic or a heterocyclic ring
comprising from ! to 6 carbon atoms and 1, 2, 3, or 4 heteroatoms selected from
pon-peroxide oxy (-O-), thio (-S-), sulfinyl (-SO-), sulfonyl (-S(0)z-), phc;sphine
20  (-OP(O)-, or amine (-NR™) in the ring; |

R? is hydrogen, halo, -OR?, -SR®, (C;-Cyalkyl, cyano, nitro,
trifluoromethyl, trifluoromethoxy, (Cy-Cs)eycloalkyl, (Cy-Cg)cycloalkyl-
(Ci-Cg)alkylene-, heterocycle, heterocycle(C,-Cy)alkylene-, aryl,
aryl{C,-Cy)alkylene-, heteroaryl, heteroaryl(C;-Cg)alkylene-,

25, -COsR’, R*C(=0)0-, R’C(=0)-, -OCO,R?, R*R*NC(=0)0-, R°OC(=O)N(R")-,
R*R®N-, R°R®NC(=0)-, R°C=OIN(R")-, R*R*NC(=0)N(R")-,
R°RPNC(=S)N(R®)-, -OPOsR*, R*'OC(=S)-, R*C(=S)-, -SSR?, R*S(=0}-,
R®S(=0)s-, -NNR?, -OPO,;R?;, or if the ring formed from CR*R? is aryl or
heteroaryl or partially unsaturated then R* can be absent;

30 each R’ is independently hydrogen, (C,-Cg)alkyl, (C3-Cg)cycloalkyl,
(Ci-Cy)eycloalkyl(Ci-Cs)alkylene-, heterocycle, heterocycele (Ci-Cs)alkylene-,
aryl, aryl(C|-C3)a-1ky1ene, heteroaryl, or heteroaryl{C;-Cs)alkylene-;

12



formula ZI _Z1 | 5 wherein each Z' is non-peroxide -0-, -s(o)p-, -C(e)j-,
or-N(RB)-; provided that at |east one Z1 is non-peroxide -0-, -S(OP, or
N(R6)-; each Rl is independently hydrogen, (C -Cg)alkyl, (Cl-Cg)alkenyl,
(C3-Cg) cycl oal kyl, (C, -Cg)al kyl (C3-Cs)cycl oal kyl, (C3-Cg)cycl oal kenyl,

(C, -Cg)al kyl (C3-Cg) cycl oal kenyl, aryl, aryl (Cl-Cg)al kyl ene, heteroaryl, or
10 heteroaryl (Cl-Cg)al kyl ene-; wherein any of the al kyl or al kenyl groups of
Ra are optionally interrupted by -0-, -S-, or -NW-; Ris cyclopropyl

cycl obutyl, cyclopentyl, cyclohexyl; Rt is hydrogen,
(Cl- Cs) al kyl W@eMS¥ed with t-3 (Ci- C3)al koxy, c:a““&i%“’%‘ﬁdg%r yl,
(A-Cs)alkylthio, amno acid, aryl, 15 aryl(C - )aI kyl ene, het eroaryl , or

het er oaryl (Cl - Cg) al kyl N ¢0 |_ktlepe al kenyl ,

cycl oal kyl, cycl oal ken%{@ Clﬁaﬁ d&ﬁ @0@(% Egd)hﬁ‘g?e¢%g§y groups of R,
R2, R3, R6, R7 and-(ROR ’SCWSBHQYPSS)N%?BEHM&?@ A Lear BmE kT h one or nore
(e.g. 1, 2, 3, or gmisubstituents selected fromthe group consisting of
halo, -OR, -SR, (C-Cs)al kyl, cyano, nitro, 20 trifluoronethyl,
trifluoronethoxy, (C3-Cg)cycloal kyI (;_G:&z(: 2) bi cycl oal kyl, heterocycle or
het er ocycl e(Cl - Cs) al kyl ene-, aryl, AL ox aryl (Cl-GCs)alkyl ene-,
heteroaryl, heteroaryl (C, - Cs)al kyI en R, RC=00, RC=0-,

-OC2R, RR'NC(=0 O, R O O)N(R). Eﬁ?‘N— RR"NC(:O)-, R C(=O N(R") -,
RR'NC(=ONR')-, RR'NC(=S)N(R") - "OPO3R, 25 R OC(=S)-, RC(=S)-, -SSR,
R S(=0 P, R‘R'NS(O)P— N=NR , apd - CPOZ wher ei n, any (C| Cs) al kyI

(C3- Cs) cycl oal Ryl ,  ( Co-Weroif pAck Gci Bt Hespride O(C%OIibrfa‘ﬂRk)ow—N@é Cs)al kanoy! ,
(Cl-Gs) al kyl ene, wmm{ﬂwﬁb&z‘u&m@ﬁ%ﬂ@aﬂ-3(0)ﬁam1u@|“)w unsat urated; 13 WD
2006/015357 PCT/ US21N9/ 027479 R3 and Rb are each independently hydrogen,

(Cl-Cg)al kyl, or (C, - CaRkiglindepehdzntlythydregn (€t Cy)allyB (¢ Chyelkagyl| koxy,
ﬁlgf’efi;%f' Oglr KY e p-cheioam B e bl @B R, 7 ¢ e ket Y1 (C1 - Ca) al kyl ene,
(C)-Cy)alkyl(Cs-Cs)cycloalkenyl, aryl, aryl{C,-Cg)alkylene, heteroaryl, or
10 hetervaryl(C;-Cy)alkylene-; wherein any of the alky! or alkenyl groups of Rs are
optionally interrupted by -O-, -S-, or -N(R")-;

R® is cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl;

Rfis hydrogen, (C,-Cg)alkyl, or (C;-Cg)alky] substituted with 1-3
(C-Cy)alkoxy, (Cs-Cy)eyceloalkyl, (C)-Cg)alkylthio, amino acid, aryl,
15  aryl(Ci-Cg)alkylene, heteroaryl, or heteroaryl(Ci-Cg)alkylene; and

wherein any of the alkyl, alkenyl, cycloalkyl, cycloalkenyl,
heterocycle, aryl, or heteroaryl, groups of RY, R?, R®, R®, R” and R° is optionally
substituted on carbon with one or more (e.g. 1, 2, 3, or 4) substitvents selected
from the group consisting of halo, -OR?, -SR", (C;-Cg)alkyl, cyano, nitro,

20 trfluoromethy, trifluoromethoxy, (Ca-Cy)eycloalkyl, (Cs-Ci2)bicycloalkyl,
heterocycle or heterocycle(C;-Cy)altkylene-, aryl, aryloxy, aryl (C;-Cs)alkylene-,
heteroaryl, heteroaryl(C;-Cg)alkylene-, -CO,R’, R*C(=0)0-, R*'C(=0)-,
-OCOR?, R'R°NC(=0)0-, R°OC(=0)N(R%)-, R’R°N-, R"R°NC(=0)-,
REC(=0)N(R®)-, R*R’NC(=0)N(R")-, R'R*NC(=S)N(R")-, -OPOsR",

25 R'OC(=S}, R°C(=8)-, -SSR? R’S(=0),-, R"R"NS(Q),-, N=NR”, and -OPQ,R?;

wherein any (C,-Cy)alkyl, (Cs-Cs)eycloalkyl, (C-C a)bicycloatkyl,
(Cy-Cyg)alkoxy, (C-Cs)alkanoyl, (C,-Cylalkylene, or heterocycle, is optionally
partially unsaturated;



het eroaryl (G -Cs)al kylene; or R and Rb, together with the nitrogen to which
they 5 are attached, forma pyrrolidino, piperidino, norpholino, or

t hi onorpholino ring; and R is hydrogen or (C -Co)alkyl; mis 0, 1, 2, 3,
4, 5, 6, 7, or 8; i is 1, or 2; each j is independently 1, or 2; and each p
i s independently O, 1, or 2; 10 or a pharmaceutically acceptable salt

t hereof. The invention provides a conpound of formula | for use in nedical

t herapy, preferably for use in treating inflammtion or protecting nmanmal i an
tissue frominfl amm kon such as an inflammatory response, €. 9. resul ting
from allergy, QP8 br ischenia/reperfusion injury, "GV (he use of
a conpound 15 of fornmula I for the manufacture of a nedi canent for the

treatment of an infl agnpkasy. L ]g%&genaﬁﬁ\ydh%wa«p@am&p&l cal condition or

synptomin a nanmal, such as a IS associated with

i nfl ammat i on. TheCi-Rvalk pabpitgedstithil Bd Cugnialkorn Caxfsleydtalkal conbi nat i on of t hese
conmpounds with typec )Mkﬂhﬁ%ﬁdhﬁ&ﬁﬁ@@ﬂ@. -CMyRhd, Q&tsod, o ef erabl y cause 20
synergistic decreases Eéé% l resp@ se nedlategwg¥ | eukocytes.
The invention al §5‘°f?f’%’ %ﬁeb‘ha‘ ‘ gether VG e AUTOBSdA WIBHAY si ng  an
effective anount #nfatthdhed, oo pytrutidiad, plEﬂfde,hﬁn](hbl)no,@ﬂhl&nqiﬁﬂﬁmg;uti cally

accept abl e salt taﬁl reof, in conmbination with a pharmaceutically acceptable
diluent or carrier, and optionally, in combination with a Type IV 25

phosphodi est er ase (PDE}\ Eno?f c?'ﬁ{,er ably, the conposition is presented
as a unit dosage form A |ona I he invention provides a ther apeutic

met hod for preventingm@y, Tlrze3174§5?9,7aor@3§t|bpb%bdéﬁjf1sﬁn@?éhdebﬂ}f] &’ synptomin a
mammal , such as a human, QE?@YPée act|V|ty o) adenosi ne receptors is

i mpl i cated and 365 Qﬁ'ﬁf*ﬁ'@ﬁﬁ‘ﬁ‘fq’ cBptors is desired, comprising
adm ni stering o am erapy, an effective anount of a

conpound of f&tmula | °’“Pha““i°ﬁ‘ﬂ\?@;iffﬁ‘3%’)éf?&‘ PCT/ US2005/ 1127479
phar maceutical |y acceph@%@ téﬁ‘}y%v:ﬁé@%ﬁﬁum'&foh u?é’xﬁ%e&t&‘?t activation of

A2A adenosi ne receptors | nhi DI TS T nflanmati on ectl ng neut rophils,
mast cells, therapy, preferably for use in treating inflammmation or protechng mammalian

tissue from inflammation such as an inflammatory response, e.g., resulting from

allergy, trauma or ischemia/reperfusion injury, as well as the use of a compound
- 15 of formula I for the manufacture of a medicament for the treatment of an

inflammatory response due to a pathological condition or symptom in a

mammal, such as a human, which is associated with inflammation.

The invention also includes the use of a combination of these
compounds with type [V phosphodiesterase inhibitors to preferably cause
20  synergistic decreases in the inflammatory response mediated by leukocytes.

The invention also provides a pharmaceutical composition comprising
an effective amount of the compound of Formula (1), or a pharmaceutically
acceptable salt thereof, in combination with a pharmaceutically acceptable
diluent or carrier, and optionally, in combination with a Type IV

25  phosphodiesterase (PDE) inhibitor. Preferably, the composition is presented as a

unit dosage form.

Additionally, the invention provides a therapeutic method for
preventing or treating a pathological condition or symptom in a mammal, such as
a human, wherein the activity of A, adenosine receptors is implicated and
30  agonism of said ret;eptors is desired, comprising administering to a mammal in

need of such therapy, an effective amount of a compound of formula I, ora

4



nonocyt es/ macr ophages, platelets T-cells and/or eosinophils. Inhibition of
these inflammtory cells results in tissue protection follow ng tissue
insults. 5 In addition, the present invention provides a therapeutic nethod
for treating biological diseases that includes the adm nistration of an
effective anount of a suiiable antibiotic agent, antifungal agent or
antiviral agent in conjunction with an A2A adenosi ne receptor agonist. If
no anti - pathogenic agent is known the A2A agoni st can be used alone to
reduce inflammation, as may 10 occur during infection with antibiotic

resi stant bact¥P¥MPY certain viruses such as those"?ﬂﬁ%mg%ﬁg SARS or
Ebola. Optionally, the nethod includes adm nistration of a type IV PDE

inhibitor. The A'Ehﬁﬂﬁ‘c@xﬂﬁiil}%co@ﬁ%l@fheﬁﬂoﬂ!si’bEheQ&ﬂ:hd%dﬁVduGﬁofAﬁﬁl unctive therapy
for treatnment conditions such as, the in caused by sepsis, for

exanpl e, human urdsPRTE FSoRss bt jpflam ‘“&‘Wﬁf’ﬁ%@&'w}tﬂﬁ%‘t@ iotics 15 in the
treatnment of bi O-rﬁoﬂdidjrﬁﬂmﬁ:mpmaspﬂﬁtﬂets Bdella ar@itor ad3inbphitx , Inliibiti@roéiese, ESchericbi a

coli, plague and, e | k Sﬁs? resent |nv c?ltl on .al YOl 4 ovi des adjunctive

therapy for treat am[na%?(c?l ISEERIofegon WIOWHE SIS 12l i nfections such

as anthrax, tu arem a,m%ﬁﬂaﬁﬁﬂe‘i%&tiﬂmwﬂ ?ogw@saqﬁmutﬁmmo@ﬂm ni stration of

an ant.i bacterial agent, an antitungal ag_@nt or an antiviral agent in
conj unction 20 WUPW“&@PI%‘E&WW%W'&H% iafraimsieatiemelan effgdisi sts. The present

i nvention provi d@god 4RekiRNE b6t dERE QRtifrfRhl abdnaHahtitat afdnPl09i Cal di seases
t hat provoke inflanmation eit her alone or in Cﬁ)ﬁ;ﬂl nation wth a di sease
killing medici ne  omelion withan Apyad %%FHF&“FWEP’PE?"’&'O CANEPABRERICEE™ ant i bi ot i cs,

i ncl udi ng but noﬁsldnbmthedutagbniaaﬁﬁwumi alobedo relatedeflammiativhpas may Ul arem a, 25
pl ague, lyne di sease, gnq ébonwﬁﬁ(a %‘°f“‘ ctlbuc ed arrceem\{)lv[ntljsgses i ncI udi ng but
not linited to tHose f'ﬁ'] SN = IRV e EEUY & respi rast ory syndr one
(SARS), i nfl uentwmsedaticaisSIARS wi Etivlao Opiansllyothie methadiincluidesabiminhsteatiapy . Al so

| ncl uded are yeast, g pbiaRlol ML hiSinthe: i beolbicopibuaint 1 - yeast or

anti-fungal agents he anti bacterial agent, nt it unga agent or antiviral
agent can be co- a‘B'EI‘“'a‘GMW%@EWWCE@O@"IOWM{%ma%“ WHeEhdY he A2A

adenosi ne recept dpsig &R Blatmble Mumart He¥ic SABoMOWIeR BddiRistared Wil StigetRel el t her
si mul t aneousl lr:]‘rﬂ?s a m x}.ure or the be adm ni st ered subsequently.

The subsequert i Team ol B PR s A RSB U557
PCT/ US2011c/ 0274 E&therichia coli, plague and the like. The present invention also provides

adjunctive therapy for treatment of lethal bacterial, fimgal and viral infections

such as anthrax, tularemia, escherichia and plague comprising administration of

an antibacterial agent, an antifungal agent or an antiviral agent in conjunction
20  with selective, Ay, adenosine receptor agonists.

The present invention provides a therapeutic method for treating
biological diseases that provoke inflammation either alone or in combination
with a disease killing medicine. These include bacteria in combination with
antibiotics, including but not limited to bacteria that cause anthrax, tularemia,

25  plague, lyme disease and anthrax. Also included are viruses including but not
limited to those that cause RSV, severe acute respiratory syndrome (SARS),
influenza and Ebola with or without anti-viral therapy. Also included are yeast

and fungal infections with or without anti-yeast or anti-fungal agents,
The antibacterial agent, antifungal agent or antiviral agent can be co-
30 administered (e.g., simultaneously) with the A4 adenosine receptor agonist or
they can be can be administered either simultaneously or as a mixture or they

can be administered subsequently. The subsequent administration of the Aza

15



adenosi ne receptor agonists can be prior to the agent, within mnutes or up
to about 48 hours after the admnistration of the agent. Preferably the

adm ni stration of the A2A adenosi ne receptor agonists will be w thin about
24 hours and nore preferably within about 12 hours. 5 The nmet hod of the
invention will also be useful for treating patients wth sepsis, severe
sepsis, and potentially, the systemc inflamuatory response syndrone, in
addition to septic shock. The A2AAR agonists exert nultiple anti-
inflanmatory effects early in the inflamatory cascade, and thus a short
course of an WOARE'&Hbni sts coul d produce profound bEEEES2005M3478er i ous,
life-threatening 10 infectious and inflammatory di sorders of humans,

i ncl udi ng i nhal at jgeqahe RRHIF Adnists dah! bt the 1 RHCHANiA SIS RUFMoP! ague. The
anti-inflammatory effect of AAR agoni st s has been. docunented in vivo, in

% b
experi nent al nodetbeutdy hopespierdheadwmisiation pidhragent Frslerablyfbe hritis. The
potential | y fat al admynnsthitivier hé ARaden6sine adceptor Pohists it ba Wvithif éo@eldi Ngl y 15 conmon
problemin acute care units. Si n tic shock, now the el eventh
| eadi ng cause of 12‘?8'_3?’?1"_’?056?’ng%ﬁlﬁ?”’[t@ag’gﬁa{?g‘g’f& are increasing in frequency.
Current estinmmtes indi ¢wdRetitoddf heib@HEonWIPalRB uRBIME Ry pafienBEPST S
(approxi mately 60%th G am negat | veé ocqgg}l}n the Upited States annually with
an estimated crud&®SASECFTEPE AR PAIuBTofhe SYRIeTR BEHPPACY B8 Sfrortal ity rate,
as assessed in r egyaddime2 addifidhit€btictshidcial Fhe Ab A Ragfigwexeraitiple 5% whi | e
approximately 10 9% of patients .di drom their under] yi | sease. Shock
devel ops in appr&??‘mn"é'fa%r’g/ﬂ"z oL ceéréf{amsmna% r‘fﬁsgﬁdf’ym\fm&"fsﬁsg%cg ri butabl e
nortality rate ofofASANXARSZNSBOwERIodussprofSmp binefit ipssiaye hifesthiedieningn est i mat ed $
5-10 billion gnnugllifuddid ﬂﬁ%%?&?&@ﬁ%ﬂﬂi@&ﬂﬁm@ ibhalalichal ity €1y
appreci ated that anong hospitalized patients in non-coronary 25 intensive
care units, sepsitlieaiaiasdenghisandrlsgibn cause of death. Sepsis syndrome is a
publ i c-health problemo i Ol | , Aﬁ@- .sts are antici pated
to have use as a new an%he%gltq}e agﬁﬁ@t&fo{?é‘z‘tﬁﬁé agggg'?ﬁug%appr oach to.reduce
mor bi dity and nordoginentpd in pivo,jinsexpesimecatolanpdelhefmeringids, poritsaitisdt wi |l | i nprove the

outcone in SySte%ﬁnmﬁi&nﬁdly‘#ﬁfﬁﬁ&e&E&Rﬁilkéb@l&ﬁa@ﬁ&eﬂk@ ue. 30 The
agoni sts of A2A adenosi Qtﬁ receptors of the invention ca i bit

. . in
neut rophi |, mitr SEMRGEPrahicn ip agily qaregpits; Gepsis H1] septitishotked d¥eflite i nfl ammati on
caused by bact er ileddingesise\of Baath ih 1hé Bhited Sfats, ard heredEROkEGaEacy. iICamaON] unction Wi th

estimates indicate that about 200,000 new cases of sepsis {(approximately 60%

Gram negative) occur in the United States annually with an estimated crude
mortality rate of 35%, Furthermore, the mortality rate, as assessed in recent

20 clinical trials, is approximately 25%, while approximately 10 % of patients die
from their underlying disease. Shock develops in approximately 200,000 cases
annually with an attributable mortality rate of 46 % (92,000 deaths). Sepsis
accounts for an estimated $ 5-10 billion annually in health care expenditures. It
is now widely appreciated that among hospitalized patients in non-coronary

25  intensive care units, sepsis is the most common cause of death. Sepsis syndrome
is a public-health problem of major importance. AzaAR agonists are anticipated:
to have use as a new and unique adjunctive therapeutic approach to reduce
morbidity and mortality. It is believed that this treatment will improve the

outcome in systemic anthrax, tnlaremia, escherichia and plague.

30 The agonists of A adenosine receptors of the invention can inhibit
neutrophil, macrophage and T cell activation and thereby reduce inflammation

caused by bacterial and viral infections. The compounds, in conjunction with

16



16 WO 2006/ 015357 PCTI US2005/ 027479 antibiotics or antiviral agents can
prevent or reduce nortality caused by sepsis or henolytic uremc syndrone
or other inflammatory conditions. The effects of adenosine A2A agonists are
enhanced by type IV phosphodi esterase inhibitors such as rolipram 5 The
invention also provides a pharmaceutical conposition conprising an
effective anount of the conpound of fornmula (1), or a pharnmaceutically
acceptabl e salt thereof, in conbination with a pharnaceutically acceptable
di l uent or car‘%%(mlfg;ef erably, the conposition is pr & éﬁ[&&.ﬁg.z%%a uni t
dosage form and can e adapted for parenteral, e.g., ravenous i nfusion.
10 The invention al so provides a conpound of forrrul al for use in nedical
t herapy (e.g., fOarnmu&ﬁ-,smmnadénummprévmtbmﬁeﬂamn@niusﬂfbyp@tiemi ally Iethal
bacterial infectin such anth tul ,.chi a, plague, or
ot her Dbacteri al hc??'g%'n‘?uar d 70535 mﬂ m?%g%f%ﬁm{’s %ﬁp&f@?%’m o

i ntoxification caodeesindira amtbenma\hncairhj'ﬂm Wplrmhmilﬁfea@ctm!dbitgys as well as the
use of a conpound,,gf asio%gm{' al 15 for the manufacture of a nedicanment for
reducing inflammation caused by the bacteria or virus or the treatment

thereof in a mamual, suTheimentin Asm@evideddwharmpomtialoooiposdibn t he i nvention are
al so u;eful for tﬁrglg‘gé}%%e@wm;e 4[({}%‘3%%?30%90?{0*‘“;8% f| cati on wherein the

bacterial or vira ts cause I n lon elt Jlrectly or as a result
of treatnent, e. glhﬂmmevw%)rﬂca!n@lrlbﬁab#@fan comphination with agbpomacentizgdiySepsis is a

severe illness cay ID¥iEH BF AR, 'i‘}e?&bly%@&ﬂp@sﬁhomsp%éﬁted B Qadstream by
t oxi n- produci ng bacteria or viruses. The infection, which can manifest as

i nfl ammat i on, car@°ﬁ§e@%§wab§)’ W@d@éé‘t’@\“i"’é e IAYERQUS WiRBgens  directly or

treatnent wt antlbacterlal or a t|v gents. Sepsis can be al so be
vi ewed as 25 t he nydigyl “!-Ffaplé@ﬁ@ﬁ%ésewﬂaﬁuﬁchmélvt“iﬂ@ﬁem qfri’é‘ﬂi“ﬁ\‘lielé"!‘iﬂon can be

caused by ni cro- wR&&ANhESRNDsuch SShIFX, thiktedial Hsdthefdhal Righd b ity ade the body,
artlcul ar bod t oot h abscess) or can

can be limted t
be wi despread i n%f“f‘n"é‘ %I%H’getc?‘ﬁ‘éﬁﬁ'd(%f?‘@'ﬂ ?%’fté?’f’g'&”‘{ﬁ&a"a’ém?gb‘fl cem a" or
"bl ood poi soni ng'bacteHakEandpsiiraltnfectibdsf @ wel asalgetusedt 2 osmpotddloffsrmilor y shock i s

often refert ofl t Q0o iRl et MRk o RS a8 les ot X1 € shock,
Septi cem ¢ shock;

bactma or virus or the treatment thereof in a mammal, such a5 a human. The
compounds of the invention are also usefi] for treatment of treating systemic
intoxification wherein the bacterial or viral agenis canse inflammation either

directly or as a result of treatment, e.g., with an antibiotic or antiviral agent.

20 Sepsis is a severe illness caused by overwhelming infection of the
bloodstream by toxin-producing bacteria or viruses. The infection, which can
manifest as inflammation, can be caused by the bacteria or virus pathogens
directly or from the treatment thereof, i.e., the death of the pathogens due to
treatment with antibacterial or antiviral agents. Sepsis can be also be viewed as

25 the body’s response to an infection. The infection can be caused by micro-
organisms or "germs" (usually bacteria) invade the body, can be limited to a
particular body region {e.g., a tooth abscess) or can be widespread in the
bloodstream (often referred to as "septicemia” or "blood poisoning™)

The systemic intoxification or inflammatory shock is often referred to

30  as Septic shock; Bacteremic shock; Endotoxic shock; Septicemic shock; or

Warm shock.

17



Warm shock. 17 WO 2006/ 1115357 PCT/ US21005/ 027479 Septic shock is a
serious, abnormal condition that occurs when an overwhel m ng infection |eads
to | ow bl ood pressure and | ow blood flow Vital organs, such as the brain,

heart, Kkidneys, and |iver may not function properly or may fail. Septic
shock occurs nost often in the very old and the very young. It 5 also occurs
in people with underlying illnesses. Any bacterial organismcan cause

septic shock. Fungi and viruses may al so cause this condition. Toxins

rel eased by the bacteria, fungi or viruses may cause dirgcg}tlﬁsue damage,
and may | ead Y&"BIPBI ood pressure and/or poor or gaf FUREEIER” These toxins
can al so produce a vigorous inflammuatory response fromthe body, which
contributes 10 to septesicSRREK a sdridustdbRdr8 cordifidR bt ocduvhBl 4Sent i nventi on

al so provides a nethod.ta ,treat. severe acute r irator drone (SARS),
conpri si ng admi nf"é‘f"Q’F‘c’j’H'&‘f‘fS‘mﬁ“g?‘f’é YglPWpﬁé%'E“B‘f:“gh{oﬁéﬁ‘?‘fgr‘ﬁé%{), an effective
anti -i nfl anmat or yrgaBudhtas the brain, hesrg) Ridaesd, snddiverAidy adtdunokin peparigoept or

optionally with -d V. iphibitor. SHCh i The present

i nvention providggfggé%gﬂﬁﬁgkgﬁ §§gﬁ§3§n%?v?%é??QgggQQ?%%g etecting the
presence of, &ndalssweusinpepplehwith ynderyingtinessés, Agpbagiedal rganistery st enoses in a
menmmal , such as gyRUERB bk SRR Sid vindhdPlso cdutethi€baBlioh, ThiH® conpounds -of
the invention are_used as pharnacol ogi cal stress-inducing agents 20 or
stressors that af"éfafl?%@f‘b‘F“W%%@%ﬁ%@?&WC§W@§§°idesﬂ@g for the
detection and agspRANERI bRbd FedaE aidr fobi gt AR Rse tdhi@ caPeci fi ¢ conpounds
of the invention useful as stress-inducing_ a ngs are potﬁgt and sel ective
at A2A adenosi n&S}RIUNES 2GR0 iy WJFSQWS%WS‘?&@ S Whieh conopies 1 t hey are
rapi dly cl earidd Imseptit iecbody fol l owi ng the inmaging process. 25 Thus, the
present invention provides a nethod for detecting the presence and severity
of coronary artery stefb¥gdenasped, thapgen inventionlsg proxidesigmsthod Lo i ect |
conprising (1) adsdeidadRaute RgpiaANyaRitate (SARSYREm@ingMIntnigaapounds of the

| f I I nd f ] t echni [ |t det ect
andior det er m nenpind Srteref br ey R e

aponists of A,, adenosine receptor, optionally with a PDE-IV inhibitor, such as,

15  rolipram.

The present invention provides compounds and methods of their use
for detecting the presence of, and assessing the severity of, coronary artery
stenoses in 2 mamimal, such as a human or domestic animal, Preferably, the _
compounds of the invention are used as pharmacological stress-inducing agents

20  or siressors that are useful in phammacological stress immaging for the detection
and assessment of coronary artery disease. The specific compounds of the
invention useful as stress-inducing agents are potent and selective at Azs
adeposine receptors, but are also short-acting, so that they are rapidly cleared by
the body following the imaging process.

25 Thus, the present invention provides a method for detecting the
presence and severity of coronary artery stenoses in 2 mammal, such as a human -
subject, comprising (1} administering an amount of one or more compounds of
the general formula (I) and (2) performing a technique on said maromal to

detect and/or determine the severity of said coronary artery stenoses.

30 The invention provides a compound of formula (I) for use in medical
diagnostic procedures, preferably for use in defecting the presence of, and

assessing the severity of, coronary artery stenoses in a human subject. The

18



30 The invention provides a conmpound of fornula (1) for use in nedical

di agnostic procedures, preferably for use in detecting the presence of, and
assessing the severity of, coronary artery stenoses in a human subject. The
18 WD 20116/ 015357 PCT/ US20115p127479 present invention provides the use of
a conmpound of forrmula (1) for the manufacture of a pharnmacol ogic
vasodi | at or agent which could be used with clinical perfusion imging

t echni ques for diagnosing and assessing the extent of coronary artery

di sease. Preferred perfusion inmaging techniques are planar or 5 single

phot on enissioﬁ“%%%@ﬁ?@d t onogr aphy ( SPECT) gamma camelCa/Us®eyoasisgr aphy,
positron em ssion tonography (PET), nuclear magnetic resonance (NWR)

i magi ng, nagnet | cpréss}ﬁmam&ﬁprhﬂ&gih@gseemo%paumifmulagﬁoﬂulsi on contrast
echocar di ography, digital subtraction angl ograph and ultrafast X-ray

] ) hy A)
conput ed t onogr apfrepeyRe! aekyrmacplsie asodilgdiagent c‘h‘F"g"S%B P PHes a
phar maceuti cal cogfpRA pérfu@ion infaGiRPedhsiqitg fopdiambdipahd assesanmteextekfof t he conpound

of forrmula (1), or_a har maceuiically_accept.able salt thereof, in

conbi nation with °§mﬂﬁ§%}rf?§”c F‘(L:%ff%{/edgéé@'é'ﬁ? P ‘??‘P'ﬂ‘éeﬁff °8Pm Corier.
Preferably, the ocongizebittn anissioscoppaednibentphs(SEECH ig¢gmmaasage f orm and can be
adapted for pare . I N " ] ;Bed el Pescription of
the Figures Fi gu{%ﬁ{'ﬁ%pgy’gﬁsgfoflleﬁgﬁng%ﬁg%% .f(bﬁ‘)u'gﬁ ﬂ%ﬁﬁa otrll. gifc gaI<'§1lcti on of A2A
agoni sts by noni QdR) Hepginganagretieieionanae ndging (MBY) impsiag perfiesionpontrat s af t er

admi ni stration ofepheQ8H S5 ToRetB agisgthphl DA WdARrARIRALEd W th ot her
A2A agoni sts. 20 Fi gureﬁ%“?slggﬂsi | ] u]st I’gltl on&of ?he durati 0?1( of action of

Ay, agonists by BRIgdIPnEPHENES M Icti on of bl ood pressure in rats after

adm ni strati ogy of conp%qggnhgfmlg WESRRnaleMERnpRisgh al | y conpared with
ot her A2A agom sts. Detaile Desccjrh%pti on oi%nat he | nvggr%%i on 25 The foll ow ng

definitions are (fe®pfisingap effectivsppamigt the compepndiobleamula i &2 s fluoro, chloro,
bromo, or iodo. Ahhcentithi@xtptatidd i kideos, iR bdmbindtionlwith@ pRarmstenRily bot h

strai ght and branched.al kyl groups; .but reference. to an.i ndiyi dual radical
such gs " propyl 'accéﬂgij%%@é’tB‘grﬁ‘\}“"{)ﬁﬁfe?ﬁya’f‘eg‘i‘ﬁ“p‘ﬁwfﬁ?ﬁPFeée&feﬂ&‘Ia,““ﬁ branched chain

i somer such dosage form, and can be adapted for parenteral, e.g., intravenous infusion.

15
Brief Description of the Figures

Figure 1 is an illustration of the duration of action of Az, agonists by
monitoring the reduction of blood pressuze in rats after administration of

compounds of the present invention compared with other A4 agonists.

20 * Figure 2 is an illustration of the duration of action of A2 agonists by
monitoring the reduction of blood pressure in rats after administration of

compounds of the present invention orally compared with other Ay, agonists.

Detailed Description of the Invention

25 The following definitions are used, unless otherwise described. Halo is
fluoro, chloro, bromo, or iode. Alkyl, alkoxy, aralkyl, alkylaryl, etc. denote both
straight and branched alkyl groups; but reference to an individual radical such as
“propyl” embraces only the straight chain radical, a branched chain isomer such
as “isopropy!” being specifically referred to. Aryl includes a phenyl radical or

30  an ortho-fused bicyelic carboceyclic radical having about nine to ten ring atoms in

which at least one ring is aromatic. Heteroaryl encompasses a radical attached
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as "isopropyl" being specifically referred to. Aryl includes a phenyl

radi cal or 30 an ortho-fused bicyclic carbocyclic radical having about nine
toten ring atons in which at least one ring is aromatic. Heteroaryl
enconpasses a radical attached 19 WO 2006/ 015357 PCT/ 02005/ 027479 via a
ring carbon of a nonocyclic aromatic ring containing five or six ring atons
consi sting of carbon and one to four heteroatons each selected fromthe
group consisting of non-peroxide oxygen, sulfur, and N(X) wherein X is

absent or is H O (C -C4)al kyl, phenyl or benzyl, as | ..a radical of
an ortho-fusedwgiz"(?ﬁf‘@tg"‘ls?: 5 heterocycl e of -about eight F‘é%%’h"-"?l?ﬁg at ons
derived therefrom particularly a. benz-derivative or one derived by fusing

a propyl ene, tri naiiylgeadon ofs motoetdiamremiiy iep@ntining dvecmbix iheneiso. [t wi Il be
appreci ated by those .skidled in the.art that the cgmg s of formula (1)

have nore than oncgms(l: "?%tgjlwg%lrﬁ'e?neg’n “rr%tf/rﬂgolss%f%asfﬂe [ n#'g%ﬁm%gl ly 10 active
and racemni ¢ f or neconditing efmabpepoxide hxygern, fydian, ahd NEX) wtereingf is plsentor iaH( 1) i s deri ved

from D-ri bose.  SHTRCC/HRGH Py TPUknSKl Bl PRUTRE AU bcheic O D

under st ood that the presént inventicn enconpasses any raceni c,
optical | y-acti Ve, hetepaydlans shopeight to fen sipgatonesi dseed therefrgng pricudsely ii xt ur es t her eof ,

of a conpound of Eeﬁﬁdeﬂbéw@&hbéﬂéﬂv%tﬁ:ﬁn@?ﬁr&f}&ﬁe,H?&thyﬁﬁ:fbir' properties
descri bed herein, it Y%g‘l ng, well 15 known in the art how to prepare optically
active forns (for'® ene dirglical thesetoy) i j on of the racenic form by

recrystallization techpigues. or zymati.c .t echni ques synthesis from
optically-active st artﬁﬁg}%"?aa?péerc aga?is}?%%sﬁsgﬁeldﬂré‘%"{s% gér'f‘plsg%d‘v(’)‘\r{pby

chr omat ogr aphi ¢ sfexssitadl) bave memitirmg ome obindl center @id artaly brismapedpneptiellyand how t o

det erm ne adep@si A 38001 -fg]ﬁ%iyg bIY Sl : .1 bed herein, or 20
using other sim!l a{r?_vet est séﬁ):i(\% ch gr@mg’ﬂqu%%é\%gnﬁcﬁﬁb{fﬁcﬁg?ﬁﬁ_ Anmong t he

i nfl ammat ory r es plsaed FomPagibogeg Somecompermdsaany bt nolymaghisea.r 1 ko

prophyl acti cal | y)unitdrdiddd thaCBORQLR thv&iof QEdpaReshny RRIOSALAY-aMivt,h & Type |V
PDE i nhibitor, are |nfL1am*rat|on due to: (.a) autoinmmune sti nul ation

(aut oi nunune di sdQlyBgIphic oy, drfeaisomerie form. orgmx et vogeound it ) e sci erosis,
infertility fromisveaapilichpsisas the ysafal propditiadxizicibed hamein) it Geing welncl udi ng t he
destruction of. pancreati c islets |eadi o di tes the inflammtory
Consequences b1 " drape i bty B bipkEAED il Pub ) SinAl %y 10, cc

resolution of the racemic form by recrystallization techniques, or enzymatic

techniques, by synthesis from optically-active starting materials, by chiral

synthesis, or by chromatographic separation using a chiral stationary phase) and

how to determine adenasine agonist activity using the tests described herein, or

20  using other similar tests which are well known in the art.

Among the inflammatory responses that can be treated (inciuding
treated prophylactically} with a compound of formula |, optionally with a Type
IV PDE inhibitor, are inflammation due to: 7
(a) autoimmune stimulation (autoimmune diseases), such as lupus
25  erythematosus, multiple sclerosis, infertility from endometriosis, type I diabetes
meliitus including the destruction of pancreatic islefs leading to diabetes and the
inflammatory consequences of diabetes, including leg ulcers, Crohn's disease,
ulcerative colitis, inflammatory bowel disease, osteoporosis and theumatoid
arthritis;
30 {b) allergic diseases such as asthma, hay fever, rhinitis, poison

ivy, vernal conjunctivitis and other eosinophil-mediated conditions;
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ul cerative colitis, inflammatory bowel disease, osteoporosis and rheunatoid
arthritis; 30 (b) allergic diseases such as asthma, hay fever, rhinitis,

poi son ivy, vernal conjunctivitis and ot her eosinophil-nediated conditions;
20 WO 20061015357 PCT/ US21105/ 027479 (c) skin diseases such as psoriasis,
contact dermatitis, eczema, infectious skin ulcers, healing of open wounds,
cellulitis; (d) infectious diseases including sepsis, septic shock,
encephalitis, infectious arthritis, endotoxic shock, gram negative shock,
Jari sch- Herxhel ner 5 reaction, ant hrax pl ague, tular ; shi ngl es,
t oxi ¢ shock, T A el ari a, bacterial neningitis, Fép"%%"ﬁ%‘s’pl ratory

di stress syndrorre (ARDS), chronic obstructive pul monary di sease (COPD),

| yme di sease, HIV infecti@nskin &s?ﬁ&&u@mhﬁmd cbiitdé: degyptiti; adzénmnn, TNFa

i nhibition of rev SCr |nh|3 reactivity); 10 (e) wasting
e RiSus 5 en i
di seases: cachexi'a Z(é"csoﬁ%lgr %’QJ ?18%‘!‘ Yana ltls(t) organ, tissue or cell

transpl antation (e.g. boga?mﬁ&fompmém@mmg seplih dY shobidBepndiyer . heart,
skin, pancreatic isl ets) I ncludi ng transpl ant k’ectl on, nd graft versus

host di sease; (g)® %%ﬁ%@%@@&xw%ﬁfﬂwﬁs}b‘teﬁw JgFiscly- ‘ﬁm*ﬁm%g adver se

effects 15 frpmr@mh%mfawmguauﬁamﬁ ERIA] shinglEky RiS Shofl, tepdbip f rom
I NMmunesuppr essi ve % g‘ i nterl eukl.n-2 tﬁeat adverse effects
from OKT3 treat %"b“ﬁ‘glr’%@l“ 1§ acte respiaoRy difess Symdmg ef fects from

GMt CSF treat nent chraﬂueusﬁmuchinfnmirsd:@ﬁsew@m),smﬁdfdmmtﬂmaifmm and adverse
effects of arn'nog.hy[p n itis due to
I NMMunosuppr essi o f(fﬁjf%%d(%g?ge%éc\?ascm ar con h%‘(')eﬁsggl EH] 8% Ing circulatory

di seases mducedﬂ@utorekta/ywerat ed by an |nflarmatory response, such as
i schenmi a, atferoscler OS|(§ wagﬁ{gldggg&agacy&ég&ﬁ&y%md afest enosi s
f'ol | owi ng angi oplasty, inflammatory aortic aneurysm vasculitis, stroke,
spinal cord injury, conge&orsss tisppeiicell ragspiapiation (PR PORG PRSI COTFC K
i schem al r eper f Uﬁid@d? 1usy, weyheawaﬁcﬁsﬁa&mlaﬁetﬁ)qﬁdmmFﬂﬂxs@ﬂxb@jea@hnm d henorrhage,
vasospasm f ol | ow er ebr ov scul ar acci dent euritis, pericarditis, and
t he cardi ovascul 5?1"§° of diabetes;

(g) adverse effects from drug therapy, including adverse effects

15 from amphotericin B treatment, adverse effects from immunosuppressive
therapy, e.g., interleukin-2 treatment, adverse effects from OKT3 treatment,
conirast dyes, antibjotics, adverse effects from GM-CSF treatment, adverse
effects of cyclosporine treatment, and adverse effects of aminoglycoside
treatment, stomatitis and mucositis due to immunosuppression;

20 (h) cardiovascular conditions including circulatory diseases
induced or exasperated by an inflammatory response, such as ischemia,
atherosclerosis, peripheral vascular disease, restenosis following angioplasty,
inflammatory aortic aneurysm, vasculitis, stroke, spinal cord injury, congestive
heart failure, hemorrhagic shock, ischemia/reperfusion injury, vasospasm

25  following subarachnoid hemomhage, vasospasm following cerebrovascular
accident, pleuritis, pericarditis, and the cardiovascular complications of diabetes;

(i) dialysis, including pericarditis, due to peritoneal dialysis;
(i) gout; and
{ic) chemical or thermal trauma dve to burns, acid, alkali and the
30 like, |
Of particular interest and efficacy is the use of the present compounds

to limit inflammatory responses where the ischemia/reperfusion injury is caused
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(1) dialysis, including pericarditis, due to peritoneal dialysis; 0) gout;
and (k) chem cal or thermal trauma due to buns, acid, alkali and the 30
like. O particular interest and efficacy is the use of the present
conpounds to |imt inflanmatory responses where the ischem a/reperfusion
injury is caused 21 WD 2006/015357 PCT/ 1JS2005/ 1127479 by angi opl asty or
t hrobol ysis. Also of particular interest and efficacy is the use of the
present conpounds to limt inflammatory responses due to organ, tissue or
cell transplantation, i.e., the transplantation of allogeneic or xenogeneic
tissue into aWAAWAUFFAN reci pi ent, autoi mune di seasBSEHES2AY amat ory
conditions 5 due to circul atory pathol ogi es and the treatnent thereof,

i ncl udi ng angi opl mgqoplasgﬁd&mayamﬁgs@fpamahymeralﬁg@ﬁwyis%ugéaf ting.
Unexpectedly, it was found that™ admnistration of one or nore conpounds of

formula (1) was etiheprasepecommpougs tp fwit indaamatoryyiespories Jup o o8BI §T r esponse,

e.g., after the sghirBfpianaiondkfhd @&%Mﬁ&n!&fﬂm@:ﬂei@&{xgﬁ?&ﬁﬁé tifGe t rauma t hat
initiates the inf] ammator resgcgnse., 10 Tissue or, cells conprising |igand

bound receptor sif@3mERa L ufpimaag disgases and doflammatory; "Hf test
conpounds for $§peduetd dircui@arg pitaiogiksidit yp @eatmdnttiereod imxliding adgidplagtpCct | ve conpound
in blood or other sioloaical. flujds., .or .can he sed. a tool to
identify potenti aﬁw%mae?%%"gghngw%caléeﬁ{%%gt ngmtu?eedgi’ Er‘r!l‘aivf'ﬂfm(‘)'f% tI%(tzli seases or
condi ti ons associ @limidsiraicntef ere geperorompunds of brwafl v effdglveabertlzect i ng sai d 15
agents with said | LaangkihReeRt s&‘,g}gpg_ X Sr thedd G e AR aS: LB OwiiNRe €Xt ent  of

di spl acenent of the F’?gealﬁg ancf%r(e_ |rid_|Eh§t%yo%1 tﬁ(ea agentl, or thee cel | ul ar
response to sai dPadgles or(reures that intinies theiplAmmawDiTesa9nse. Speci fi ¢ and preferred

values listed below for radicals, substituents, and ranges, are for
illustration Ohly, theys#§° Fscemswa ‘%‘F?@’?drﬁcé?tf"iféﬁ‘:@'g'?"g‘é@t%r other 20

val ues within defméaask hedietvelyof tedt boenpbimds foixbeifiz Meteyfiod bsbtypbsmat S.
Specifically, (C -Cs isoeropyl, butyl,

i so-butyl, sec- buﬂof"%t %%%%409‘%%}%@%%%@?%&'%%@% F%/ylsiﬁlgé{;a 3 ﬁ',}/i(lﬁo%rtcw and the |iKke.
As used herein, vstiesteohe ide@ify Reentdl hemppiticogentstier tegteitmrnt of et hoxy, propoxy,
| SOPropoxy,  but OXysessk S e it M MhssoS A kNor sIRGARANGY, byJoRERLLAN, hexyloly,
15  agents with said ligand-receptor complexes, and measuring the extent of
displacement of the ligand and/or binding of the agent, or the cellular response to

said agent (e.g., cCAMP accumulation).

Specific and preferred values listed below for radicals, substituents, and
ranges, are for iltustration only; they do not exclude other defined values or other
20 values within defined ranges for the radicals and substitnents.

Specifically, (C;-Cs)alky! can be methyl, ethyl, propyl, isopropyl,
butyl, iso-butyl, sec-butyl, pentyl, 3-pentyl, hexyl, beptyl, octyl and the like. As
used herein, the term “{C;-Cg)alkoxy” can be methoxy, ethoxy, propoxy,
isopropoxy, butoxy, iso-butoxy, sec-butoxy, pentoxy, 3-pentoxy, hexyloxy,

25  l-methylhexyloxy, heptyloxy and the like.

As used herein, the term “cycloalkyl” can be bicycloalkyl (norbornyl,
2.2.2-bicyclooctyl, etc.) and tricycloalkyl (adamantyl, etc.), optionally including
1-2N, O or 8. Cycloalkyl also encompasses (cycloalkyl)alkyl. Thus, (C;-
Cy)eycloalkyl can be cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and the

30 like. Specifically, (C¢-Cya)bicycloalkyl includes norbomyl, 2.2.2-bicyclooctyl
and the like.
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25 1- et hyl hexyl oxy, heptyloxy and the |like. As used herein, the term
"cycl oal kyl " can be bicycl oal kyl (norbonyl, 2.2.2-bicyclooctyl, etc.) and
tricycl oal kyl (adamantyl, etc.), optionally including 1-2 N, 0 or S

Cycl oal kyl al so enconpasses (cycl oal kyl)al kyl. Thus, (C3- C6)cycl oal kyl can
be cycl opropyl, cyclobutyl, cyclopentyl, cyclohexyl and the 30 I|ike.
Specifically, (C6-C, 2)bicycloal kyl includes norbonyl, 2.2.2-bicyclooctyl

and the like. 22 WD 2006/ 115357 PCT/ US2005/ 027479 As used herein, the term
"(Ct-Cg)al koxy" can be nethoxy, ethoxy, propoxy, isopropoxy, butox

i So- but oxy, sSYQWOERY pent oxy, 3- pentoxy, hexyloxf“"ﬁﬁﬂ‘?ﬁ@f1lke As used
herein, the term"(C2-C6)al kenyl" can be vinyl, allyl, 5 1 -propenyl,
2-propenyl, |-butenyl, Azusmﬁeﬁew!heteﬁu kw,tgmoxy Icanbta%mh%ﬂyémo@ pentenyl,
3-pentenyl, 4- pentenyl | - heyenyl hexen exeny 4- hexenyl

5- hexenyl, and tA§®Po%% ﬁ@’r‘ﬂg’%@%‘yﬂ@rb&"ﬁy’ Sﬁc%lém’fye?‘i‘ﬁo“x é?e‘(‘ﬂ‘)"al kynyl " can be
et hynyl, 1-propymgksioxy2mn@themenyl , 1-butynyl, 2-butynyl, 3-butynyl,

1- pentynyl, 2-pentynyl, 3-pentyny|, 10 4-pentyny|, 1-hexyny|, 2- hexynyl ,

3- hexynyl , 4-hexynyl, &Iheidymjplmeamd(ﬁf(&)alldexiyk‘e:anwsvinykewher ein, the term

"(Ct- Cs)alkan I 8? J X e like. As used
herein, the tgym'#éﬁh ﬁﬁk%%ﬂbu can éBPg rl’gﬁ%ﬁ}dél%gjtédpom)methy
chl oronet hyl , f| doreaand, H’;PEHWWIF l~h¢xw} %WWI3-11°?2¢HY!M°WW% frpgxenyl,2_ f | uor oet hyl ,

2,2,2-trifluoroethyhengent af | uoroethyl, and the |like. As used herein, the
term "bydroxy(qg-C6)al kyl" can be hydroxynethyl, 1- hydr oxyet hyl ,

=

i- Eygr oxygt Py: o1 hydms%mfeﬁmythe temr *(%Nsﬁw wbacmyﬁylhyﬁdép@mpr Optyl 3
- hydaroxybutyl, , roxy. ydroxypenty
1- hydr oxyhexyl , é'ﬁé’ 8?5‘?‘]@’5& *"“&ﬂﬂy i'(l ’E H“yhgrp%’?tw Yot he term

* (G - Cs)al kyl tthi @-pestgnyl, béexmﬂlﬁyﬂekmm-hexmthhbMﬂ 5-pxpply itdtheo, | sopropyl t hi o,
butylthio, isobutylthio, pentylthio, hexylthio, and the like.

As vsed herein, the term *(C,-Cg)alkanoyl” can be acetyl, propanoyl,
butanoyl, and the like,

As used herein, the term “halo{C,-Cg)alkyl” can be iodomethyl,
15  bromomethyl, chloromethyl, fluoromethyl, trifluioromethyl, 2-chloroethy!,
2-fluoroethyl, 2,2 2-trifluoroethyl, pentafluoroethyl, and the like.

As vsed herein, the term “hydroxy(C,-Cg)alkyl” can be hydroxymethyl,
1-hydroxyethyl, 2-hydroxyethyl, I-hydroxypropyl, 2-hydrexypropyl,
. 3-hydroxypropyl, 1-hydroxybutyl, 4-hydroxybutyl, 1-hydroxypentyl,
20  5-hydroxypentyl, }-hydroxyhexyl, 6-hydroxyhexyl, and the like.

As wused herein, the term “(C,-Cs)alkylthio” can be methylthio,
ethylthio, propyithio, isopropylthio, butylthio, isobutylthio, pentylthio,
hexylthio, and the like.

As used herein, the term “ aryl includes phenyl, indenyl, indanyl,

25  naphthyl, and the like. In addition, aryl includes ortho-fused bicyclic carbocyclic
radicals having about nine to ten ring atoms in which at least one ring is
aromatic, The term “aryl™ can include radicals of an ortho-fused bicyclic
heterocycle of about eight to ten ring atoms derived therefrom, particularly a
benz-derivative or one derived by fusing a propylene, trimethylene, or

30 tetramethylene diradical thereto.
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As used herein, the term™" aryl includes phenyl, indenyl, indanyl, 25
naphthyl, and the like. In addition, aryl includes ortho-fused bicyclic
carbocyclic radicals having about nine to ten ring atons in which at |east
one ring is aromatic, The term"aryl" can include radicals of an
ortho-fused bicyclic heterocycle of about eight to ten ring atons derived
therefrom particularly a benz-derivative or one derived by fusing a
propyl ene, trinetbylene, or 30 tetranethylene diradical thereto. 23 WO
2006/ 015357 PCT/ US2005/ 027479 As used herein, the ter gﬁ%shgaryl can be
a nonocyclic MBS ring containing five or six rlnéﬂg§on3 ¢bnsi sting of
carbon and 1, 2, 3; or 4 heteroatonms each selected fromthe group

consi sting of non- per oxi sted IR¥SHYBEterm “helefobtil” cﬁméahiérﬁ):ycﬁhﬂbtﬁaﬁ\f is absent or is

H 0, (G -GCs)alkyl or benz es of heteroaryl
groups i ncl ude fJ't"%fc{%gi‘ﬁgcﬁé(iBrlbi}‘ln,“ggtf’rf‘sa&’Bﬁ’\%‘Fg°f|° “&E‘?hgﬁg“giazoyl , i soxazoyl,
t hi aéo: yl, ( i so% hihetzroatbms gaylr saleaéd,ffom tm/grmlcgﬂsn,sunglcof/xroa-mémyﬁq oxlygdny aéol) yl, dol v
pyridy or its gxi de), indol yl,
i soqui noI yl (or |S{h§pﬁwﬁm%m 93%/%55[&%{{5({% dﬂ%ﬁ)ﬁﬁﬁflh%i%z’rb the like. The

t erm " het er oardy| "Nondimiting cxayules ofhcteroayigragps inginde furshdmiderolyll tisedyic| i ¢ 10
heterocycl e of algifyiehaityi fstaEc@pthfab(ﬂg l&k}ﬁ%ﬂ%d{ﬁq,y&aﬁr efrom particularly

a benz-derivative of .one deriveéed ing a yl ene, trinethyl ene, or

tetramet hyl ene diPYaamd-dirazeldynsridyl, (%Wﬁf“ég? ‘b‘F“YE@F@i“@)‘@fI rittan be furyl .
i mdazolyl, tri amix)de), 1ﬂd61|yﬁliéb<1ﬂh§blyl @warhde),lqﬁﬂdlﬁm)‘tk N-o&iab)aa@ihyl

isothiazoyl X |, rro ra2|n tetrazo yrldyl (or its
N-oxi de), t hi ent Olji’é "fﬁ"aﬁyﬁﬁﬂ F fﬁ?’&‘@%’ 4‘%@’8&*‘5 i soqui nol yl
(or its N-oxite) hetqunblot]ébo(terghmd &nnd\g-acmsda-)vgd mﬂd:‘rohbmrﬁwlaﬂyaAs used herein,

the -- synbol in %%ﬁh%o‘?‘&%‘ﬁ'&v@d% ngap%g; +e§§mtetnﬁ;ne’oghe ring can have one

or two doubl e bon ar ona exanpl es of X rings
i ncl ude: N-N Nt Ntgiampthylepe mad@aﬂﬂle,re,to tElﬂﬂ!PI%f_ @terﬂﬂwNan furyl,

imidazolyl, triazolyl, triazinyl, oxazoyl, isoxazoyl, thiazelyl, isothiazoy,
pyraxolyl, pyrrolyl, pyrazinyl, tetrazolyl, pyridyl {or its N-oxide}, thientyl,

15  pyrimidinyl (or its N-oxide), indolyl, isoquinolyl (or its N-oxide), quinolyl {or its
N-oxide), and the like.

As used herein, the o symbo] in the heterocyclic X ring denotes that

the ring can have one or two double bonds and may be aromatic. Non-limiting

examples of X rings include;
N~N N= N--N
RB’Q )\V\M r8—N, //\w Ra"q /‘\"v\q
20 0 N S
N-~N
b /=N O-N
R~ N»‘%‘ R8N, N’)""V\ Ra"é\ j"w.
H N
)9 a8 B
Ra% RB 0)""\'\ R8 N/)""v\
N- N-— ‘NzN
R® /Q /)"w\ RS /< ﬁw\,, re-N /)Wu.
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Ra /~NRa,NcL RO HNN N~~~~N-0 Ra NR8~ Ra-' ON NONNN=NRE N

Ra~////03 , Ra2N,N 24 WD 2006/ 015357 PCr/US2005/ 027479 ////N-N Ra, NN Ra-N

RB~N.L NHN-N/~~NON R8 NN, ,., RCRal NN ONONRS--/\N R8~N
NRa RB NONKOSN --RONRs NNR 5 NN6N10, -j g 8 S

RaAN H , N RS
N NR N5-RN-11 -R and the like. \/ The term"heterocycle" generally

represents a non aromatic heterocyclic group, having from3 to about 10 ring
atons, which can be saturated 10 or partially unsaturated, containing at

| east one het %002%56%5213'(76 9. 1,2, or 3) PCT/US2005/027479

N-N
N:N /:N /i
R8N . RGMN‘N//\”“ Ra/{ p.
N

N
H
N= / |\\| O-N
RBHNsN')""\n Ra 0)""‘*4 RBMM"
. N-N
O-N A O~N
;@»Jgnﬂw“ R&KQNJh“ R&’éNth
H
O. 7 “ N
N B N 8 —— Re
= R \_ﬁR K\Nj_
o) 0
N g S Z N _g
‘E R —+ R  f{F
) Sy LN/T N
2 0
= N 8 N N 8 S/ \N
—+-R —— R -
Ny N \N) ’—‘E\‘T R

and the like.

The term “heterocycle” generally represents a non aromatic
heterocyclic group, having from 3 to about 10 ring atoms, which can be saturated
10 or partially unsaturated, containing at least one heteroatom (e.g., 1, 2, or 3)
selected from the group consisting of oxygen, nitrogen, and sulfur. Specific,
“heterocycle™ groups include monocyclic, bicyclic, or tricyclic groups
containing one or more heteroatoms selected from the group consisting of
oxygen, nitrogen, and sulfur. A “heterocycle” group also can include one or
15  more oxo groups (=0) attached to a ring atom. Non-limiting examples of
heterocycle groups include 1,3-dioxolane, 1,4-dioxane, 1,4-dithiane, 2H-pyran,
2-pyrazoline, 4H-pyran, chromanyl, imidazolidiny), imidazolinyl, indolinyl,
isochromanyl, isoindolinyi, morpholine, piperazinyl, piperidine, piperidyl,
pyrazolidine, pyrazolidinyl, pyrazolinyl, pyrrolidine, pyrroline, quinuelidine,
20 thiomorpholine, and the like.
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selected fromthe group consisting of oxygen, nitrogen, and sul fur.

Specific, "heterocycle" groups include nonocyclic, bicyclic, or tricyclic
groups containing one or nore heteroatons selected fromthe group

consi sting of oxygen, nitrogen, and sulfur. A "heterocycle" group also can
i ncl ude one or 15 nore oxo groups (=0) attached to a ring atom Non-limting
exanpl es of heterocycle groups include 1, 3-dioxol ane, 1, 4-di oxane,

1, 4-dithi ane, 2H pyran, 2-pyrazoline, 4H pyran, chromanyl, im dazolidinyl,

i mdazolinyl, indolinyl, isochromanyl, isoindolinyl, i ,

pi perazi nyl , p¥P&P¥Ui Rk, piperidyl, ~pyrazolidine, py?%ggﬁﬁg#%ﬁf,
pyrazolinyl, pyrrolidine, pyrroline, quinuelidine, 20 thionorpholine, and
the like. 25 WO 2006/ 0 et ‘RikfieddS2@R00 Davdersiraifher irgtichad” al kyl ene” refers to
a dival ent straight or,branched hydrocarhon chain (e.g. ethylene -CH2-CH2-).
The tern1"aryI(CiEe§°§?%V$ %@giﬁgﬁmﬁgﬁﬁéﬁﬁlincludes benzyl, phenethyl,
napht hyl met hyl and the ] “ 1 f various
hydrocarboh-containingTh%gg%fgng%yﬁﬁkplgg?%ﬁgkégghﬁﬁgF X desi gnating the

m ni mum and maxi nehtreisephthymethdpasihe likat ons in the nmoiety, i.e., the prefix
Cl-Cl indicates a nnie%¥ of the integer "i" to .the integer "j" carbon
atoms, inclusive. Thus, ¢ @Ponsioppnient of vefioysdydipqubpn-conapyng mopstiesds |y of one to
ei ght carbon at onfdicdtéityld piefedesididting B MiniFRAWATSax@hont henbprfsiioh | nvention are

general |y named accordi,ng .to the | UJPAC or. CAS no | at ur e.,syst em

Abbr evi at i ons mhi?ﬁm%Tgm%’F&”ﬁkﬁ%ﬁﬁ##ég%wgug$agwﬁgﬁg&§"§ FI1%¥n the art

maybe used (e.g., the Rizger'id carph etampd, includide 'Thiispfor exarpple (Cr-Celalky] Bfors teet hyl , "h" for

hour or hours and,y his r. re). is A specific value for R is

hydr ogen, -COH, haﬁgﬁBt?%gfﬁéﬂg%kg%ﬁgg&%?&g-NHE, - NHMe, -NMe2 or -NHAc.

Anot her speci fipc val ue ThOsmfRundsSr MY peREl SVentiofde genbrally al¥Bd acededfiéy - NH2,

- NHMe, -NMe2 or -Nqﬁc. ﬁgot er specific value for Rr . is hygrogen, -OH, -F,
e AdE e pr Cyydemencianpardtran AbPrevigtiopsvighdrestidn, - oH

-OVe, or -NH2. 26 -F, or
- NH2. known to one of ordinary skill in the art may be used (e.g., "Ph" for phenyi,
"Me" for methyl, "Et" for ethyl, "h" for hour or bours and "ri" for room
temperature).
~ 15 A specific value for R' is hydrogen, -OH, halo, -CH,0H, -OMe, -OAc,

~NH;, -NHMe, -NMe; or -NHAc.

Another specific value for R' is hydrogen, -OH, -F, -OMe, -OAc,
-NH;, -NHMe, -NMe; or -NHAc,

Another specific value for R' is hydrogen, -OH, -F, -OMe, or -NH,.
20 Another specific value for R is hydrogen, -OH, -F, or -NH,.
A more specific value for R* is hydrogen or -OH.

A specific value for R? is hydrogen, halo, or {C,;-Cg)alkyl, cyclopropyl,
cyclohexyl or benzyt.

Another specific value for R? is hydrogen, -F, methyl, ethyl or propyl.
25 Another specific value for R? is hydrogen or methyl.
A more specific value for R? is bydrogen.

A specific value for R', R” and the carbon atom to which they are
attached is carbonyl (C=0).
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A nore specific value for R is hydrogen or -OH A specific value for R2 is
hydr ogen, halo, or (C, -Cs)al kyl, cyclopropyl, cyclohexyl or benzyl. Another
specific value for R2 is hydrogen, -F, nmethyl, ethyl or propyl. 25 Another
specific value for R2 is hydrogen or nethyl. A nore specific value for R2 is
hydrogen. A specific value for Rl, R2 and the carbon atomto which they are
attached is carbonyl (C=0. 26 WD 2006/ 015357 PCT/ US209S1027479 A specific
value for R3 is hydrogen, ON, Ove, QAc, NH2, NHVe, NMe2 or NHAc. Anot her
specific value for R3 is hydrogen, OH Owe, or NH2. Another sgecific val ue
for R3 is hydQUMOIBE, or NH2. 5 A nore specific val B RE™ s hydrogen
or OR A specific value for the ring conprising R4, R5 and the atomto which

they are connected is Wsﬁk&ﬂ&%ﬁ@i@ﬁk’;%ﬂo@éﬂﬂ?@@de BALNH, NHMe, _
di hydro-pyridine, _tetrahydro-pyridine, yrldlne pi perazi ne, decaline,

t et rahydro- pyrazﬂ’i@‘ezor H¢dr 0- pyrazi ne, pyrazine, dihydro-pyrim dine,
t et rahydr o- pyri m di ne,

hexahydro-pyrinidine,pfpgﬁ?ﬁ%”PﬁVﬁﬁféPemgrﬁvﬁ?8 b AM&2 8% i i dazol i di ne,
pyrazol e, dihydro-pyra%%g:ﬂs ﬂﬁwﬂ%%ﬁ%@khﬂﬁ%ﬁgoﬁ JALeliTy specific value for the
I'c

ring conprising R4 and e atom they are connected is,

cycl ohexane, pkperi di na fdre v@z,bﬁ,ekﬂﬁ,yaﬂg&lof-og value for R6 is
(C -CB)al kyl, substituted (C -Cs)alkyl, halo, 15 -OR, -CO2R, -OCO2R ,

-C(= O]Z R, l@:( fO) Ra, - WRpdlfic valﬁKféﬂhd\illﬁngnplnsmm RGhniliRe Rpmg]n’ wlﬁThyI Anot her

R6 -OR,
SorpoRa. ook | e B i Bk el o SRR, o S
-0C(=O R, - CI-IZCD(CE@)/@')-PYﬂdm pytidine; ipianing @ecalhe, t@("h@}"?\ﬁfﬂhﬁ -CH2Q(-- O NR Rb,
- 00 =O) NRaRb, o Gt gﬁamr dnhyﬁ‘&q%ﬂﬁ:ﬁ\nt? P&&@g@ﬁ{.ﬁd&@ for R6 is OH Ow,

met hyl , ethyl, propy I'SO I'sobut yl ,
tert-butyl, (ljl|2 dqxahqulfgﬁwmldmwazme imidazole, d:hydro—tmldazole imidazolidine,

pyrazole, dihydro-pyrazole, and. pyrazolidine.

A more specific value for the ring comprising R* and R® and the atom

to which they are connected is, cyclohexane, piperidine or piperazine.

A specific vatue for R is (Cj-Cg)alkyl, substituted (C)-Cg)alkyl, halo,
15 -OR® -CO,R?, -OCO,RY, -C(=O)R?, -OC(=O)R? -NR'R®, -C(=O)NR’R®,
-OC(=0)NR*R®, or aryl.

Another specific vatue for R® is (C;-Cy)alkyl, chioro, fluoro, phenyl, -
-OR?, -CH,OR?, -CO,R?, -CH,CO:R?, -OCOR?, -CH,0CO,R?, -C(=0)R?,
-CH.C(=0)R?, -OC(=0)R?, -CH,0C(=0)R*, -NR*R®, -CH,NR’R",
20 -C{=O)NR’R®, -CH,C(=O)NR’R®, -OC(=0)NR’R®, or -CH,OC{=O)NR"R".

{ ' Another specific value for R® is OH, OMe, methyl, ethyl, propyl,
isopropyl, n-butyl, sec-butyl, isobutyl, tert-butyl, -CH,OH, phenyl, -OAc,
-CH;0Ac, -CO,H, -COMe, -CO;Et, -CO4i-Pr, -COsi-Bu, -CO,t-Bu, -OCO:Me,
-OCQ,Et, -C(=0)CHj;, -CONH,, -CONHMe, -CONMe;, -CONMEeEL, -NHa,
25  -NHMe, -NMe,, -NHEY, -N(Et),, or -CHzN(CH)z.

Another specific value for R® is OH, OMe, methy), ethyl, propyl,
isopropyl, n-butyl, sec-butyl, isobutyl, tert-butyl, -CH,OH, phenyl, -OAc,
~CH;0Ac, -CO:Me, -CO;EL, -CO4i-Pr, -COzi-Bu, -COyt-By, ~-OCO:Me,
-OCO;Et, -CONMe,, -CONMeE.
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- CH2QAc, -CO2H, -CO2Me, - CO2Et, -CQ2i-Pr, -CXR2i-Bu, -C02t-Bu, -0OCO2Me,
-OCOREt, -C(=0) CH3, -CONH2, -CONHMe, -CONMe2, -CONMBEt, -NHz, 25 - NHWe,
-NMe2, -NHEt, -N(Et)2, or -CH2N(CH3)2. Another specific value for R6 is OH,
Ove, nethyl, ethyl, propyl, isopropyl, n-butyl, sec-butyl, isobutyl,
tert-butyl, -CH2OH, phenyl, -QAc, -CH20Ac, -CO2Me, -CQ2Et, -CQ2i-Pr,
-CQ2i - Bu, -CX2t-Bu, -0CO2Me, -OCOR2Et, -CONME2, -CONMEBEt. 27 WD 20416/ 015357
PCT/ US2005/ 027479 A specific nunmber of R6 groups substituted on the Z ring
is an integer froml to about 4. A specific value for R is hydrogen,

met hyl , et hyl Wiotsyi357 i sopropyl, n- butyl, sec-butyl PCTASHBUEAET tert - butyl,
phenyl or benzyl. 5 A specific value for Rb is hydrogen, nethyl, ethyl,

propyl, isopropyl, n- 2 - byt i . phenyl or
benzyl . Anot her speci fPgﬁe:é/lgfﬁ%&?roﬁﬂﬁ?gguﬁﬁgﬁéhme&%%ﬁ?ﬁ?ﬂy%%rhyl , propyl,

i sopropyl, n-but yfom ideeboyif-yl | isobutyl, or tert-butyl and R is hydrogen, or
nmet hyl . 10 Anot her specific value for R and Rb together with the nitrogen
to which they are attasKede vausionRais Bydrsen mathr ety iPpey) iPFBYL: Bror phol i no, or
t hi onor phol i no r ibagl, seAmalyh Bobus R eRibhiyl; phéml bbei T, R and Rb together with the
nitrogen to which they are attached, form a pynolidino, piperidino, or

nor phol i no, rithg. 15 AsmpfcidhiedorRiis hpirdger, mBtiyl] ehylpchpgigisopropfiG)-- C4) al kyl ,

aryl, aryl (C, -CB . d] e, heteroaryl (Cl-Cs)al kyl ene,
ory di he%/egoar yl %%&ty@g,%u%g&(@%%ﬁ}%@p“ c val ue fgr ( R7 i s) hyd?logen,
met hyl, ethyl, 3-pentyhpothePdpeite vallifod i is HyBogenyrhdtdL s propypy 1 i dyl CHZ-,

benzyl, or \ I 20 Et Another ,specific¢c val ‘L)ll?tylf&ggRJR??hls hydrogen, 3-pentyl,
15

pyri dyl net hyl , - Orlsopﬁgjﬂ,ﬁu_tyl, sec-butyl, 1sobutyl, or tert- ydrogen, or

methyl.
10 Another specific value for R* and R® together with the nitrogen to
which they are attached, form a pyrrolidino, piperidino, morpholino, or

thiomorpholino ring.

Another specific value for R* and R® together with the nitrogen to
which they are attached, form a pyrrolidino, piperidino, or morpholino, ring.

15 A specific value for R’ is hydrogen, (C;-Ci)alkyl, ary),
aryl{(C)-Cpg)alkylene, diaryl{C;-Cs)aliylene, heteroaryl{C,-Cg)alkylene, or
diheteroaryl{C,-Cg)alkylene.

Another specific value for R? is hydrogen, methyl, ethyl, 3-pentyl,
phenylCH,CHy-, (phenyl),CHCHy-, pyridylCH,-, benzyl, or

20 Et .

Another specific value for R’ is hydrogen, 3-penty, pyridylmethyl, or
benzyl.

A specific value for -N(R"); is amino, methylamino, dimethylamino,

ethylamino, diethylamino, pentylamino, diphenylethylamino, benzylamino, or

¥

H,C

I

y N . .
25 4 (pyridylmethylamino).
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A specific value for -N(R) 2 is am no, nethylam no, dinethylam no,
et hyl am no, diethyl am no, pentylam no, diphenylethylam no, benzyl am no, or
HzZC 25 / (pyridylnmethylamno). 28 WO 21Nl G 015357 PCT1US200 510 2 7 4 7 9
H H2C A specific pyridylnmethylamino Goup is A nore specific value for R7
is H Another specific value for N(R) 2 is amno (NH2), 3-pentyl am no,
di phenyl et hyl ai ni no, pyridyl net hyl am no, benzylam no, or a group having the
5 formula: HN Another specific value for -N(R7)2 is am no,
di phenyl et hyl am no, pentylam no or benzyl am no. A nore specific value for
N(R7)2 is am WP WHE@A7specific value for X is -mzm‘?ﬂi%gﬂmﬂ,m- CH2OC(O R,
-C(ONR RL, or -CH2N(R) (R5. Another specific value for Xis -CH2ZOR or
-C(ONR Rr. Another specific value for Xis NNNy// 11 /= NN RBZN Re-N, N,
Re~N1, Ra 01 HMNNNN~~NN/~"N IS Re --/H&Q{—NL RR- \ , R8_4 Re-cam,
NONORe / and Re~N~ Another specific value for Xis NN/ONNO Re~\N
C

L Re~N ., 29 ’
A specific pyridylmethylamino Group is

A more specific value for R is H.

Another specific value for N(R), is amino (NHy), 3-pentylamino,
- diphenylethylainino, pyridylmethylamine, benzylamino, or a group having the
5 formula:

Another specific value for -N(RY, is amino, diphenylethylamino,

pentylamino or benzylamino.
A more specific vatue for N(R"), is amino.

10 A specific value for X is -CH,OR®, -CO:R", -CH,OC(O)R®,
-C(O)NRR', or -CH,N(R)(RH.

Another specific value for X is -CH,OR® or -C{O)NR°R".

Another specific value for X is
N-N /=N O-N O-N
& 8N . \ ¥
RB/<N)"W, , R -N)“"\q , RB/{\N)‘M.‘ , RBM .
H
N—-N ‘N:N N~N N
Ra/‘( /]\"\M, R8N, /)"w\, RB/< /“"m.., RBI/“\"‘M,
15 O N s 0
RB’Q%M ,and R N/)"“" .
Another specific value for X is
N-N O-N N-0O
Rs,qoj.w RB,QN}\%‘ ‘ RS/QN, .
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WD 2006/ 01i 357 PCT/13S2005/ 027479 N_N N NN Re.N, Ra-N, , and Re_.<N . i, N

H c Another specific value for Xis O-N NNN N=N ROA'N Re~N3~w , and Ra, N N
H A specific value for R8 is nethyl, ethyl, isopropyl, isopropenyl, - 5
CH=CH2, CH2OH, propyl, -CH2-CH=CH2, -CH=CH CH3, cyclopropyl, cyclopropenyl,
cycl opropyl met hyl , cycl opropenyl net hyl, cycl obutyl, cycl obutenyl,

-(CH2) Y(CH2) nH, -(CH2)%000CH3, -(CH2)" CO(CH2)" H, where Y is 0, S,
N(CH2),,. Another specific value for Rs is (Cl-C3)al kyl, CH2OH, cycl opropyl,
10 cycl obutyl, cyclopropyl nethyl, -(CH2)2CQ2CHs, - (CH2)2-30H,

- (CH2) 2hal ogewO MMgmydi%e specific value for R8 is met RATUSBIYNTE™ propyl ,

2- propenyl, cyclopropyl, cyclobutyl, cycl opropyl nethyl, -(CH2)2CO2CH2,
-(CH2)2-30H A nore specific value for R8 is methyly ethyl, cyclopropyl. A
specific value for R is gy@* propyl, NfG‘rN cycl gbuttyly, 15 A specific val ue
for R is cyclopropyl. APRSpegftie v%l’um’)f“ora“R‘ i sNcycl'obutyl A specific
value for Rf is hydrogen, or (Cl-C8)al kyl. Anot hefl” spetific value for Rf is

hydr ogen, nethyl, ethyl r. pr . not her specific value for Rf is
hydr ogen, or nethyl. 26h%n66?pﬁgé€co%{5leegoféiwc value for Rf is hydrogen. A

specific value for i is |I. Angther spagihfic valuenfgr i is 2. A specific
value for j is 1. Anothep pegifiGsvdl 0g for jreis 2, 30 WD 20116/ 015357
PCT/ US2005/ 027479 NT I_"f ' N ’

A specific value for R® is methyl, ethyl, isopropyl, isopropeny), -

5 CH=CH,, CH,COH, propyl, -CH,-CH=CH,, -CH=CH-CHj, cyclopropyl,
cyclopropenyl, cyclopropylmethyl, cyclopropenylmethyl, cyclobutyl,
cyclobutenyl, {CH;)Y (CHy)H, -(CH2),COOCH;, {CH;),CO{CHy),H, where Y
is 0, S, N(CHy)n

Another specific value for R is (C;-Cy)alkyl, CH;OH, cyclopropyl,
10 cyclobutyl, cyclopropylmethyl, -(CH»),CO,CHj, -(CHz),1OH, -(CHa)zhalogen.

A more specific value for R? is methyl, ethyl, propyl, 2-propenyl,
cyclopropyl, cyclobutyl, cyclopropylmethyl, -(CH;)CO,CH;, -(CHz),s0H

A more specific value for R® is methyl, ethyl, cyclopropyl.
A specific value for R® is cyclopropyl, or cyclobutyl.

15 A specific value for R® is cyclopropyl.
A specific value for R® is cyclobutyl.
A specific value for RY is hydrogen, or {C(-Cg)alkyl.
Another specific value for Rfis hydrogen, methyl, ethyl, or propyt.
Another specific value for Rfis hydrogen, or methyl.

20 Another specific value for R is hydrogen.
A specific value foriis 1.
Another specific value for j is 2.
A specific value forjis 1.

Another specific value for j is 2,
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A specific value formis 0, 1, or 2. A nore specific value for mis 0, or 1.
Specific exanples of rings conprising RR R5 and the atomto which they are
connected include: 1RalQ/~~(R»r~IR% (R6)Q -( NNRd -N~N-Rtl, -N, 5 RR3
SLIRBLILt.-) g (RN R(R6 RN(Rad, i-- (Re __ 3 R (R /~/(Ra)4 R(R6)9
(RE)Q RR) - ~j R "NI'- Ry NR, and where qis froml to 14 and Ris
hydr ogen, provided that when g is zero then R is not hydrogen. 10 More
specific exanples of rings conprising RR R5 and the atomto which they are
connected include: Y-R6 - ) NNRa -NNR6 R~/ 3 R6 ~ 7~ '
Rs ill ' Ra NW™&'$Y CR6 R6 -N}-R6 R 3 }-Re Fj 6"@”%\1%”“5 R3&R6
RR NNR6 and -N ~\N-R6 A specific value for the ring conprising -C(R3)R4R5 i s
2-nmet hyl  cycl ohexane, AZpelifidivaiettdiy ic§,a|l @hexane, 2-phenyl cycl ohexane,

2- et hyl cycl ohexane, 2, 2-di et hyl cycl ohexane, 2-tert-butyl cycl ohexane,

3-met hyl cycl ohexane, A%o8-sphicifievilyelfgywk 6lvekane, 4- met hyl cycl ohexane, 31 WO

20061015357 PCT/ US2005/ 027479
Specific examples of rings comprising R*, R® and the atom to which

they are connected include;
(R")q ®),

(R )q
L L, e, -5
5 R
R% (R)q RS R
‘O e, 5 O
" _

(R%)
<L {/(R}q e,
R ]

where q is from 1 to 14 and R® is hydrogen, provided that when q is zero then R?

(R%,

<R6

is not hydrogen.

10 More specific examples of rings comprising R*, R® and the atom to

which they are comnected include:

R® RS
R3
R er-es
Rr3 RANV—N * R "N/
RB RG RG RB

- 6 SN 6
N-R 4 —N N-R
15 R e , ark N/ .

A specific value for the ring comprising —C(R})R'R’ is 2-methyl
cyclohexane, 2,2-dimethylcyclohexane, 2-phenylcyclohexane,
2-ethylcyclohexane, 2,2-diethyleyclohexane, 2-tert-butyl cyclohexane, 3-methyl

cyclohexane, 3,3-dimethylcyclohexane, 4-methyl cyclohexane,
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4- et hyl cycl ohexane, 4-phenyl cycl ohexane, 4-tert-butyl cycl ohexane,

4- car boxynet hyl cycl ohexane, 4-carboxyethyl cycl ohexane, 3, 3,5, 5-tetranethyl
cycl obexane, 2, 4-dinethyl cycl opentane. 4-cycl ohexanecarboxyic acid,

4- cycl ohexanecar boxyi c acid esters, or 4-nethyloxyal kanoyl -cycl ohexane. 5 A
specific value for the ring conprising -C(R3)R4R5 i s 4-piperidine,

4- pi peridene-|-carboxylic acid, 4-piperidine-I|-carboxylic acid nethyl ester,
4- pi peri di ne- I-carboxylic acid ethyl ester, 4- piperidine | - car boxylic acid

propyl ester, eridi ne-1-carboxylic acid tert-butyl e
1- pi peridine, ¥ “&WBé?ldlne 4-carboxylic acid nethyl éx?émﬁm&ﬁ”

| - pi peridi ne- 4- carboxyllc acid ethyl 10 ester, |-piperidine-4-carboxylic
aci d propyl esters aﬂylo@élﬂﬁidndh@ﬁaék@&&ﬁmé h@enaﬁutydcyctoﬂdfx&ncbutyl ester,

| - pi peridi ne-4-caf box este '

3- BI Berl dene- I-cairﬁg’f?%i"i @y cgfl‘g‘exage C‘Efg‘f)‘ly?ﬁhy @""ﬁhg rboxéji Fﬁﬁ"éé}’yh met hyl ester,
3- pi peridine-1I- cauybiube;dncdtlamnmhyl exibpehiateyd-cyelbbannecathodyipagulr azi ne,

4- pi per azi ne-| - cat[gg[?) n aﬁ»ﬁiﬁlﬁac@eﬂ%rﬁ@ %étmoxba’ll%ﬁ%pg )ﬁhéxﬁn acid nethyl ester,

15 4-pi perazine-| - oxy I C "acl erazi ne- | -carboxylic

aci d propyl ester, 4R'sﬂ%&ﬁ@?dld&@orﬂem&%ﬁﬁéﬁ)ﬁ'—b@ﬁﬁ@kiisﬁﬁfp&ldmd,ty| ester,

1, 3-pi perazi ne, 3-piperazino-|-carboxylic acid g perazi ne- I-carboxyllc

aci d met hyl ester*mwﬂwﬁPﬁéﬂﬁﬁﬁHﬁwﬁfﬁ%ﬁﬁﬁwvi?@méﬂFém RrbY ekt er
3- pi perazi ne- I-cacrmathwc@fokﬂm@é@ayﬁm@at;ﬂkndnﬁeptaa@iylidbaeprbpycar boxylic acid

tert butylester, erj.di ne- cid thyI ester, |

- pi peri di ne- 3- car%8§L ipEdingsle gFHGVm@§¥: W‘“T’SPH@? i ne- 3- car boxyl i ¢ acid
propyl ester or Ikﬁpeﬁd&n&dw&«ﬁma&bm&kﬁmaempéndlmut-eaﬂhuﬂi;lac:eah)er A specific
val ue for the 5' n tercpng&dgll phen a%nd}%%ﬁyl%ster 1':%? Xl e#?%gyfy?pa XPne,

2, 2- dlnethylcyclo exa Ve exane, cyc ohexane,
2, 2-di et hyl cycl ohtericbutyd este.- ltmndlmwbosﬂlehmmgteré mtnﬂwd cycl ohexane,

3, 3-di net hyl cycl @?ﬁ%ﬁ%ﬂ-lémﬂ@}lbﬁ%dCﬂﬁﬁeﬂ@ﬁe}(ﬁ&%xyﬁ&a@& B&Lﬁx&érohexane 4-phenyl
cycl ohexane, 4-tert-but cycl ohexane car boxymet hyl~ cycl ohexane,

4- car boxyet hyl ¢ Wﬁﬁ@%hhﬁﬁmﬂﬂgaBdGﬂﬁgﬂﬁﬂﬁbkﬁyPﬂm%?clohexane 2, 4- di met hyl
cycl opent ane, 4- pj- ﬂenemmhﬂmQaﬂhqmﬁhhﬁ&ﬁﬁw&hﬂﬁhhwhmﬁﬂaﬁﬁter

Dl pert dine ool SO S LTIy, Sl foppart e, b i per i
butyl ester, 1-pi pstd tpipeazihe-daaboxiid dced taiehutjrlestﬁt hitbipesdrers ,
1-pi peridine-4- Ca:bﬁﬁéYaLiL&l-carboxyﬁc acid, 3-piperazine-1-carboxylic acid methyl ester,

3-piperazine-1-carboxylic acid ethyl ester, 3-piperazine-1-carboxylic acid propyl

ester, 3-piperidine- 1-catboxylic acid tert-butylester, 1-piperidine-3-carboxylic

20  acid methyl ester, 1-piperidine-3-carboxylic acid ethyl ester,
1-piperidine-3-carboxylic acid propyl ester or 1-piperidine-3-caboxylic acid tert-
butyl ester.

A specific value for the ring comprising R* and R"f i3 2-methyl
cyclohexane, 2,2-dimethylcyclohexane, 2-phenyl cyclohexane,

25  2-ethyleyclohexane, 2,2-diethylcyclohexane, 2-tert-butyl cyclohexane, 3-methyl
cyclohexane, 3,3-dimethylcyclohexane, 4-methyl cyclohexane,
4-ethylcyclohexane, 4-phenyl cyclohexane, 4-tert-butyl cyclohexane,
4-carboxymethyl cyclohexane, 4-carboxyethyl cyclohexane, 3,3,5,5-tetramethyl
cyciohexane, 2,4-dimethyl cyclopentane, 4-piperidine-1-carboxylic acid methyl

30  cster, 4-piperidine-1-carboxylic acid tert-butyl ester 4-piperidine,
4-piperazine-1-carboxylic acid methyl ester, 4-piperidine- | -carboxylic acid tert-
butylester, 1-piperidine-4-carboxylic acid methyl ester, 1-piperidine-4-caboxylic
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32 WD 2006/ 1115357 PCT/ US20a5/ 027479 acid tert-butyl ester,
test-butylester, |-piperidine-4-carboxylic acid nethyl ester, or

| - pi peridine-4-caboxylic acid tert-butyl ester, 3-piperidine-I|-carboxylic
acid nethyl ester, 3-piperidine-l-carboxylic acid tert-butyl ester,

3-pi peridine, 3-piperizine-l-carboxylic acid nethyl ester,
3-piperidine-l-carboxylic acid tert 5 butylester, 1-piperidine-3-carboxylic
acid nethyl ester, | -piperidine-3-caboxylic acid tert-butyl ester.
Specific conpounds of the invention include formula (IA) NH2 NY NO - |~
I~, N\ N-O ~IP99PR5L NN Hr--f OH OH (1A) In foffliP§¥sersy nis 0, 1,
2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 10 17, or 18. In

anot her group of &Qﬁ&% bt gﬁ edt&d mpHﬂﬁétep tperidie-4RarbokyliBacidmetlPested 1, 12, 13,
14, 15, 16, 17, or ecific _conp ounds of the invention |nclude fornula

(13) N2 N / 0 orllmlﬁe'esﬁwﬁ-whpwlw ilmﬂdfrt*twcst% 3'Prneﬂf¥n9-1:95’rb9¥>‘hﬂ agid o4 OH (1B) 15
In formuila (I3) Jﬁeﬂlﬁesle.r 32plpeadméll-ciﬁ>boxﬁsc adid teﬁbutﬁmtarm—plﬂt&dma,z 13, 14, 15, 16,

T L SPee 4 G COpaUnde B IS R Ol hOkib2 (1O 33 VO

5  butylester, 1-piperidine-3-carboxylic acid methyl ester, !-piperidine-3-caboxylic
acid tert-buty! ester.

Specific compounds of the invention include formula (IA)

NH,

ST AL
A | N/)\/Oq o
OH OH (1A)

In formuila JA)nis0,1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16,
10 17,0r 18. In another group of specific compounds nis, 5, 6,7, 8,9, 190, 11, 12,
13, 14, 15, 16, 17, or 18.

Specific compounds of the invention inchude formula (IB)

o g
New S G
¢ 10 JLJ(\,o)\
ANM \)Q
H

OH OH (IB)

15 In formuila (IB) k is 1,2, 3,4, 5, 6,7, 8,9, 10, 11, 12, 13, 14, 15, 16,
17, 0r 18.

Specific compounds of the invention inclnde formula (IC)
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Additional compounds of the invention are depicted in Table 1, below:

34

Il is O,
NH2 0 <N

CNIT N\ NOt\' HHI""JOHH (IO In formuila (10
4. Ot her specific conpounds of the invention include
OHOHNH2 NNO /r JTW OA\NNNO HY-~5 OHOHNHR NiNO
OHOHNHR2 CN~NO NO ON\V'" AN
WO 2006/015357 PCT/US2005/027479
NH,
N B O
o
N N 2. 1
A M N
N o
H
OH OH (IC)
In formuila (IC) 1is 0, 1, 2, 3, or 4.
Other specific compounds of the invention include
NH,
N X o
¢ f oo
o "J\/O
A h
N o]
OH OH :
NH,
N B o
N
¢ M
= N® O
A o N N\/O f7<
N 0
5 OH OH .,



' H OH OH Additional conmpounds of the invention are depicted in Table 1,
bel ow. 34 WD 2006/ 015357 PCT/US2 0115/0 2 7 4 7 9 Table | NH2 N ZN | R6
NONNRH' <23 2 Y OHOH Conpound RRY R 101 HH CH CO2Me 102 H H CH
CO2Et 103 HHCH CXRiPr 104 HHCH C2tBu 105 HH CH COiBu 106 H H CH
CH20H 107 HH CH CH2QAc 108 HH N CO2Me 109 H H N CO2Et 110 H H N CQi Pr
Il HH N CO2tBu 112 HH N CO iBu 5 Table 2 Nt12 N -N O (N& O, R6 OH

H
WO 2006/015357 PCT/US2005/027479
Table 1
NH,
Ny
¢ I ) R
o N NJ\
A N 0 R “R?
H OH OH
Compound R R? Y R®
101 H H CH COMe
102 H H CH CO,Et
103 H H CH CO,iPr
104 H H CH CO:1Bu
105 H H CH C0,iBu
106 H H CH CH,0H
107 H H CH CH;0Ac
108 H H N COMe
109 H H N COEt
110 H H N CO,iPr
11 H H N CO,tBu
112 H H N CO,iRu
5 Table 2
NH,
N
ST
o NToNT S O
&N 0 __RB
H OH OH
Compound # R®
2
. 201 2-CH,
202 3-CH:; (R)
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Compound # R 2-CH3 201 L 202 3-CH3(R) 35 WD 211116/015357 PCT/ US2105/0 2
74 79 203 3-CH3 (S) 204 3-Et (R 205 3-Et(S) 206 4-Me 207 4-Et 208 4-Pr
209 4-tBu 210 4-Phenyl 36 WD 2016101 5 3 5 7 PCT1US20151027479 Table 3 |
NNNH2 Z =111'NN Ye NNRG6 HNNON R6, Z Z2= RR~-N NN OH OH NN
Z6=Re NN A Z3 = Re O R =R2=H R7=NHz Conpound R Z Y R 301 Methyl Zt CH
CO M 302 Methyl 21 CH COEt 303 Methyl 21 CH CO2W 304 Methyl 21 CH CA Bu

WO 2006/015357 PCT/US2085/027479

203 3-CH, (S)

04 3-Et(R)

205 3-Et(S)

206 4-Me

207 4-Et

208 4-Pr

200 4-tBu

210 4-Phenyl
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305 Methyl Z1 CH COtiBu 306 Methyl zI CH CH2OH 307 Methyl ZI CH CH, OAC
308 McTyl ZI N CO Me 309 Methyl ZI N CO EI 310 Methyl ZI N CO P, 311
Methyl 21 N CO IBu 312 Methyl ZI N COgi Bu 313 Ethyl 21 CH CO Me 314 Ethyl
21 CH CO EI 315 Ethyl 21 CH cQiPr 316 Ethyl z1 CH cCao 317 Ethyl zI CH
cOBu 318 Ethyl zZI CH CH OH 319 Ethyl ZI CH CH QCAc 320 Ethyl Zi N cone
321 Ethyl ZI N CO Et 322 Ethyl ZI N Co,iar 323 Ethyl -Z, -N-760 -tau 324
Ethyl 21 N COyi Bu 325 cyciopnpyl zi CH co, M 326 Cyclopnpyl 21 CH CO Et
327 Cycl opr apykmzzl ’CI—.I;_(I)Zi Fr 328 Cyciopnpyl it CH CO tBu 329 cyclopnpyt ZI
CH cO iBu 330 "8yl zI cu O 104 331 COycl opr opy| PCIUSSMEMISOAt 332
Cyclopropyl ZI :-T cow 37 WD 2000/ 1115357 PCT/ US200S/ 027479 333 C) ebpnPH
ZI N cola 334 Cycloprpyt ZI N co,ipr Tale3

NH z'= /'{h{)w N
N 2 Ry’ ﬁ 24 = f ,;":1,‘
(T Ay v
RS &
RB - Zn O 22 = RB/IQ- N)Hq" l‘q:N
4
OH OH : N—h{% By NN
Z’= gy g
R!=R?’=H,R’=NH,

Compound R Z Y R®
301 Methyl Zl CH CO:Me
302 Methyl Zl CH CGE
303 Methyl Zt CH COuiPr
304 Methyl zl CH CO#Bu
305 Methyl FA] <H COsiBu
306 Methyl Zt CH CH:OH
307 Methyl FA] CH CH0Ac
308 Methyl | N COMe
309 Methyt Zi N CO.El
310 Methyl 1) N COsiPr
311 Meihyl Zi N COLtBu
312 Methyl Z1 N CD:iBa
313 Eoml ZI TH COMe
314 Bithyl F4) CH CO:Et
315 Eihyl Z1 cH COyiPr
316 Ethyl 7] CH CO:Ba
M7 Ethyl 4l CH C0,iBu
318 Bthyi ZI CH CH,OH
319 Ethyt zl CH CHiOAc
320 iyl ZI N COMe
201 Eifiyl ZI N COE
322 Eihyl Z TN COzPr
123 Ethyl zl N COytBe
374 Ethyl Zl N CQ;iBu
325 Cyclopropyl Z1 CH COMe
396 Cyclopropyl Zl CH COyEt
327 Cyclopropyl Zl CH CDuiPr
328 Cyclopropyl Zl CH CO;tBu
329 Cyclopropyl 7i cH COaBu
330 Cyclopropyl Zi CH CH;0H
331 Cyclopropyl FA] CH CHiDAe
332 Cyclopropyl Zl N COMe
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335 Cycbwopyl 21 N Co, (Bu 336 CyetoptepYt 21 N COiBo 337 Methyl 22 CH
Co, Mt 338 Methyl 22 CH CO Et 339 Methyl 22 CH CO/ i Pr 340 Methyl 22 CH
Co,tBu 341 Me" 22 CH COiBu 342 Methyl 22 CH CH OH 343 Methyl 22 CH

CH, oAo 344 Methyl 22 N CO Me 345 Methyl 22 N CO EL 346 Mehyl Z2 N CO i Pr
347 Methyl 22 N CO tBu 348 Methyl 22 N CO iBu 349 Ethyl 72 CH Co, M 350
Et hyl 22 CH COLEI 351 Ethyl 22 CH COiPz 352 Ethyl Z2 CH Coo. 353 Ethyl
Kz2 CH CO i su 354 Ethyl CH CH#1 355 Ethyl CH CH OAC 356 Ethyl N Co, Me

357 Et hyl Ethyl N COPr 359 Ethyl N COtac 360 Ethyl N CO Uu
novt Moy

361 Cyul opnpyl M 362 Cyclopropyy 72 CH CO EfT88%5837¢Popnpyl Z2 CH
COiPr 364 Ocl oprrpyl 22 CH COtBu 365 Cyul optopyt 22 CH CO i Bu 366
Cyul opnmpyt 22 CH CHrGHZ3 Cydopropy? 4 N COE
334 Cyclprapy] Zi N CO7Pr
335 Cyclopropyl Fi| N COytBu
336 Cyclopropyl 4] N C0,iBu
337 Methyl 2 CH COxMe
[ 338 Methyl b7 CH COEt
338 Methyl z2 CH COyiy
340 Methyl z2 CH CO,tBa
344 Methyt 72 CH COyBu
347 Methyl Z2 CH CH;OH
243 Meathyl 2 CH CH:0Ac
344 Methyl z2 N COMe
45 Methyl 22 N LO4EL
246 Mehy| 2 N CO4iPr
347 Methyl [#) N COwtBu
248 Metyi 77 ] COnfn
T 349 Ethy! 72 [5¢7] COMe
350 Ethyi Z2 CH COBL
351 Ethy] a CH CO,iPr
382 Ethy! 22 CH COuiBn
353 Ethyl ] CH CO,iBu
354 Ethyt 2 CH CH;08
- 355 Ethyl 22 CH CH0AC
3586 Ethyl 22 N COMe
357 Ethyl 2 N CO.Et
458 Eihyl 2 N COuiPr
3590 Eihwyt 22 N CO,1Bu
360 Ethyl 2 N COyiBn
361 Cyclopropyl Z2 CH CO:Me
362 Cyclopropyt n CH COyEL
363 Cyclopropyl ] CH COyiPr
264 Cyclopropyl ) CH CO:LB:I_I
365 Cyclopropyl i CH Y
166 Cyelopropy! ) CH CH,0OHR
367 Cyclopropyl = “CH CHyOAc
368 Cyclopropyl 22 N CO;Me
369 Cyclopropyl 22 N COyEL
370 Cyclopropyl 22 N COyiPr
374 Cyclopropyl 22 N CD#BY
a7 Methy) FA} CH COMe
373 Melhl i) CH COEl
374 Methyl 3 CH L0uiPr
375 Methyl Z3 CH COxtBu
376 Methyl 23 CH COhiBy
377 Methyl A} CH CHOH
378 Meityl F] TH CHOA
| a79 Methyl z3 N CoMe
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367 Cyckpmpyl 22 CH CH2OAc 3GB Cyc)opropyl 22 N CO Me 369 Cycl opropyl 22 N
co,Et 370 cyclopropyi 22 N CQ2i Pr 371 Cycbpropyl 22 N COiBu 372 Methyl
23 CHCO M. 373 Methyl 23 CH Co Et 374 Methyl 23 CH COLj Pr 375 Methyl 23
CH o,tiu 376 Methyl z3 CH CO iBu 377 Methyl Z3 CH CHIOH 378 Me hyl Z) CH
CH2OAc 379 Mahyl 23 N co Me 38 WD 2006/015357 PCT/ US2006/ 027479 360

Met hyl 23 N CO EI 381 Methyl 23 N COW' 382 Methyl 23 N CO 1Bu 383 Met hyl
23 N Co,iBu 384 Ethyl 23 CH CO M 385 Ethyl zZ3 CH CO Et 386 Ethyl 73 CH
cO ipr 387 Et®yhewdmsizd CO11Bu 388 Ethyl Z3 CH CWBU P%/%go%w |_ 73 CH CHCOH
390 Ethyl Z3 CH CH, CAc 391 Ethyl Z3 N CO Me 392 Ethy N 393 Et hyl
23 NCOiPr 394 Ethyl 23 N CO tBu 395 Ethyl Z3 N COLi Bu 396 cycl opopyl Z3

CN conme .380 Methyl 73 N COuEt
381 Methyl FA] N COyiPr
282 Methyl 23 N CO;iBu
383 Methy! 3 N COriBu
384 Ethyl 23 CH COMe
385 Ethyl Al CH COEt
286 Ethyl 3 CH CO;iPr
387 Ethyl pAl CH COytBo
188 Ethyl 3 CH C04iBu
380 Ethyl 23 CH CHOH
300 Ethyl 23 CH CH0Ac
391 Ethyl Z3 . N COMe
392 Ethyl 23 N COEt
393 Ethiyt 3 N COyiPr
204 Ethyl &) N COABu
395 Eihyl ra N C04iBu
306 Cyclopropyl 23 CH COMe
ag7 Cyclopropyl - CH COEt
298 Cyclopropyl 23 CH COsPr
399 Cyclopropyl ] CH COzBu
400 ] Cyclopropyl FA] CH COyiBu
401 Cyclopropyl FA] CH CHOH
402 Cyclopropyl 3 CH CH:OAc
403 Cyglopropy z3 N CO;Me
404 Cyclopropyl 3 N COEL
405 Cycloprepyl FA] N COyiPr
406 Cyclopropy] A N CO#Bu B
407 Cyclopropyl 3 N €04iBu
408 Methyl 74 CH COMe
409 Methyl 24 CH COEt
410 Methyl Z4 CH COsPr
411 Melhy! ZA CH CO:Bn
412 Methyl k2] CH CO;iBu
413 Meiby! ZA CH CH,OH
414 Methyl 24 CH CHi0Ac
416 Meihyl 71 N COMe
416 Mctigt Z N CO:Et
417 Methyl 24 N COyPr
418 Methyt 74 N CO;tBa
419 Methyl 24 N C04iBu
420 Elhyl Z4 CH CO:Me
421 Bihy} Z4 CH CO4Et
4992 Ethy! ZA CH CO4iPr
423 Ethyl Zi TH COBa
424 Ethyl Z4 CH CO4iBu
425 Ethyl 24 CH CH,OH
426 Ethy! Z4 CH CH;0Ac
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397 Cycbpropyl Z3 CH COLE 398 Cycbpropyt 23 CH Colipr 399 Cyel op, opyt Z3
CH Co,tBu 400 Cyclopropyl Z3 CH COLi Bu 401 CycbpropYl Z3 CH CHLOH 402
Cycbpopyl 73 CH CH, QAc 403 CycbpopYl Z3 N 1Me 404 Cycl opopyl 23 N COLEI
405 Cycl opropyl Z3 N COLi pr 406 Cycl opopyl Z3 N CO tBu 407 Cycl opropyl Z3
N CO iBu 408 Methyl Zz4 CH oom 409 Methyl 74 CH COE& 410 Methyl Z4 CH
C2i Pr 411 Methyl Z4 CH C2IBi 412 Methyl Z4 CH COLli Bu 413 Methyl 74 CH
cH oH 414 Methyl 24 CH CH QAc 415 Methyl Z4 N CO M 416 Methyl Z4 N CO Et
417 Met hyl z4 (;8%’1 P&“ 418 nethyl Z4 N COl1Be 419 Methyl 74 N CO i Bu 420
Ethyl z4 CH Co2Me 45 Ethyl z4 CTH CO Et 422 Ethyl 2RCYAS208374% 423 Et hyl
Z4 CH COLl Bu 424 Ethyl V CH COLiBu 425 Ethyl 74 CH CHLOH 426 Ethyl Z4 CH

CH3OAc 39 WD 2006/ 1 MO2T4T9 F2] N COMc
428 Ethyl 24 N COEt
429 Ethyl F2 N CO,iPr
430 Ethyl FZ) N COBu
431 Etlyl 7 N T0yiBu
432 Cyclopropyl Z4 CH COMe
433 Cyclopropyl 7] CH CO:E
234 Crlopropyi 74 8 CoiPr |
435 Cyclopropyl ZA CH COstBu
436 Cyelopropyl 4 CH CO4iBu
437 Cyclopropyl f71 CH CH;0H
438 Cyclopropyl Z4 CH CH;0Ac
43g Cyclopropy) 4 N COMe
440 Cyclopropyl 4 N CO8t
444 Cyclopropyl 74 N COsPr
442 Cyclopropy! 4 N COpBu
A43 Methyl Z5 CH CO:Me
444 ] Methyl 5 CH CO:Et
245 ety z5 CH “COPT |
446 Methyl 5 CH CO,iBu
447 Methyl Z5 CH C04iBu
448 Methyl FAl CH CH.CH
449 Methyl z5 CH CH,0Ac
450 Methyl 75 N COyMe
454 Methyl Z5 N COBt
452 Methyl 25 N COyiPr
453 Methyl Al N COxtBu
454 Methyl Z5 N COiBu
455 Eihyl s CH CO;Me
456 Ethyl 3 CH COEt
A57 Ethyl 5 CH COsPr
458 Bihyl Z5 CH COitBu
459 Ethyl FAS CH CO,iBy
450 Ethyl z5 CH CH,OH
461 Ethyl ] CH CHyOAc
462 Ethyl Z5 N COMe
463 Eoiyt z N CoR
484 Ethyt z5 N COyiPr
465 Ethyl 7 N CouBu
466 Ethyl FAY N COnaBu
467 Cyclopropy) Z5 CH COMe
468 Cyclapropyl Z5 CH CO;Et
469 Cyclopropyl 5 CH COriPr
470 Cyclopropy! Z5 CH COxiBu
471 Cyclopropyl 25 CH COyiBu
472 Cyelopropyl Fi3 CH CH,OH
473 Cyclopropyl 5 CH CH;0Ac
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427 Ethyl Z4 N CO Me 428 Ethyl Z4 N CO EI 429 Ethyl Z4 N COLi Pr 430 Ethyl
Z4 N CO 1Bu 431 Ethyl Z4 N COiBu 432 Cyclopropyl Z4 CH CO Me 433
Cycbpropyl 24 CH CO Et 434 Cycbpropyl Z4 CH CO i Pr 435 Cycl oprapyl Z4 CH
cO tBu 436 Cyel npopyl Z4 CH CO, i Bu 437 cyclopropyl 74 CH cH oR 438

Cycl opupyl Z4 CH CH, CAc 439 Cyel opropyl M N CO Me 440 Cyclopopyl 24 N

CO Bt 441 Cycloprtpyl Z4 N CRi Pr 442:Cycbpapyl Z4 N CO | Bu 443 Methyl 75
CH CO Me 444 Methyl 75 CH CO Et 445 Methyl 25 CH co,iPr 446 Methyl Z5 CH
CO teu 447 I\/E%VEX‘}M@SH CO oBU 448 Methyl 25 CH CH2Od =449 Methyl Z5 CH
CHIOAc 450 Methy "N cone 451 Methyl 25 N co, PA ASBYREEMI™ z5 N coti pr
453 Methyl 25 N CO tAU 454 Methyl Z5 N COiBu 455 Ethyl Z5 CH CO Me 456

Et hyl 25 CH CO Et ST Ny Z5 CHcReddPF — 458] ERNYI] 25 CH ©@% Bpu
475 Cyelopropyl Z5 N CO:Et
476 Cyclopropy) Zs N CoiPr |
AT7T Cyclopropy! s N COylBu
478 Cyclopropyl FZ; N CO:iBu
Table 4
N 2= /L'N%H N
N ‘ R ﬁ Z'= ,NrtN’)‘“
¢ X Re
NTONT S OH . j\‘h{)“ﬁ
RB’Z“ o —j-Rs z= Rg =N ’:':hl
OH OH 'TN% =y NN
3= Rs)\ ol
5 .
Compound R Z R
501 Methy] Zl 2.CHy
502 Methyl Zi 3-CH, (R)
503 Methyt Zl 3-CHy (8)
504 Methyl Zl 3-EtR)
505 Methyl Z1 3-Et(S)
506 Methyl Z1 4-Me
507 Methyl Z1 4-Et
508 Methyl Z1 4Fr
500 Methyl Zl 4-Bu
510 Methyl Z1 4-Phenyl
511 Ethyl Z1 2-CH,
512 Ethyl Z1 3CH; (R)
513 Ethyl Z1 3-CH, (8)
514 Ehy] Zl 3-Et(R)
515 Ethyl j 3-Et(8)
516 Ettryl Z1 4Mo
c17 Ethyl 71 4-Et
518 Ethy! Z! 4-Pr
519 Ethyl Zl 4By
520 Ethyt VA 4-Phenyl
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459 Ethyl Z5 CH CO,iBu 460 Ethyl zZ5 CH CH OH 461 Ethyl 25 CH CH OAc 462
Ethyl Z5 N CO hle 463 Ethyl 25 N CO Et 464 Ethyl Z5 N CO, i Pr 465 Ethyl Z5
N CO I Bu 466 Ethyl 25 N CO2I BU 487 Cycl opropyl 25 CH CO Mc 468

Cycl opropyl Z5 CH CO, Et 469 Cyclopropyl Z5 CH CO i Pr 470 Cysbpropyl 25 CH
COL1BU 471 Cyclopropyl 25 CH COifu 472 Cyelopropyl Z5 CH CH OH 473

CyCl Qpopyl 25 CH CH2OAc 40 WD 2006/ 4115357 PCT/ US241415/0 2 74 79 474

Cycl opmpyl ZS N CO Me 475 Cyel opropyl 75 N COREB 476 C>clopnpyl zi N

cQ Pr 477 -Q/clwﬁpr tégxl 75 NCO I1Bu 478 Cyrlopropyl 7S NCOiBo Table 4 ~
HN N2 zZ NN'R?E¥Re NN NNOHONRe 2 R6 Z7PEIGSHNSMINS~ ti OH OH

N-N ZS=RvN N

524 Cyclopropyl Zl 2-CH;
522 Cyclapropyl Zi 3-CH; (R}
523 Cyclopropy! Z] 3-CH, (3)
594 Cyclopropy! 4| 3-Et{R)
525 Cyclopropyl Z1 3-Et(S)
526 Cyclopropyl Z] 4-Me
507 Cyclopropy) Z1 4-Et
528 Cyclopropyl A 4-Pr
520 Cyclopropyl Z 4-tBv
530 Cyclopropyl Z1 4-Phenyl
531 Methyl z2 2-CH;
532 Methyl 2 3-CH; (R)
533 Methy} 22 3-CH, (5)
534 Methyl n 3-Et(R)
535 Methyl 22 3-Et(S)
536 Methyl z2 4-Me
537 Methyl 72 3-Et
538 Methyl 72 4-Pr
539 Methyl z2 4-{Bu
540 Methyl z2 4-Phenyl
541 Ethyl 2 2-CH,
542 Ethyl 2 3-CHy (R) -
543 Ethyl 2 3-CH; (8)
544 Ethyl 2 3-Et(R)
545 Ethyl Z2 3-Et(8)
546 Ethyl 2 4-Me
547 Ethyl 2 4-Et
548 Ethyl 2 4-Pr
549 Ethyl 72 4Bu
550 Ebyl 72 4-Pheny)
551 Cyclopropyl z2 2-CH,
552 Cyclopropy! z2 3-CH, (R}
553 Cyclopropyl 2 3-CH; (5)
554 Cyclopropyl V) 3-Et(R)

L— 555 Cyclopropyt 72 3-Et{S)
556 Cyclopropyl 2 4-Me

B 557 Cyclopropyl Z2 4Et
558 Cyclopropyl 22 4.Pr
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Z3= RAO 5 Conpound R Z R 501 Methyl zi 2-CH3 502 Methyl ZI 3-CH3 (R)

503 Methyl zi 3-CH3 (S) 504 Methyl zi 3-Et (It) 505 Methyl zi 3-Et (8)
506 Methyl zi 4-Me 507 Methyl ZI 4-Et 508 Methyl zi 4-Pr 509 Methyl zi
4-tBu 510 Methyl ZI 4-Phenyl 511 Ethyl zi 2-CH3 512 Ethyl ZI 3-CH3(R)
513 Ethyl 21 3-CH3 (5) 514 Ethyl zi 3-Et(R) 515 Ethyl zI 3-Et(S) 516
Ethyl zI 4-Me 517 Ethyl zi 4-Et 518 Ethyl ZI 4-Pr 519 Ethyl ZI 4-tBu 520
Ethyl zi 4-Phenyl 41 WD 211116/015357 PCT/ US200S/ 027479 521 Cycl opropyl zi
2-CH 522 Cyclopropyl zI 3-CH3 (R) 5243 Cyclopropyl Z) 3-CH (S) 524

Cycl opropyl zZIW82Eui§sR) 525 Cycl opropyl zi 3-Et (S) PEGABGHGyeHopropyl zi
4-Me 527 Cycl opropyl zi 4-Et -

559 Cyclopropyl 22 4-tBu
560 Cyclopropyl Z2 4-Phenyl
561 Methyl 23 2-CH,
562 Methy! Z3 3-CH; (R)
563 Methyl Z3 3-CH, (5)
564 Methyl Z3 3-Et(R)
565 Methyl 3 3-Et(8)
565 Methyl 23 4-Me
567 Methyl Z3 4-Et
568 Methyl VA 4.Pr
569 Methyl 3 4-tBa
570 Methyl 3 4-Phenyl
571 Etkyl z3 2-CH,
572 Ethyl 3 3-CH; (R)
573 Ethyl 23 3-CH; (8)
574 Ethyl Z3 I-EL(R)
575 Ethyl Z3 J-Et(8)
576 Ethyl VA 4-Me
57 Ethyl Z3 4-Et
578 Ethyl ) 4-Pr
579 Ethyl 3 4-tBu
580 Ethyl 3 4-Phenyl
581 Cyclopropyl 23 2-CH,
582 Cyclopropyl Z3 3-CH, (R)
583 Cyclopropyl 3 3-CH (3)
584 Cyclopropyl Z3 3-Et(R)
585 Cyclopropyl Z3 3-Et(S)
586 Cyclopropyl 3 4-Me
587 Cyclopropyl z3 4-Et
588 Cyclopropyl 3 4-Pr
589 Cyclopropyl Z3 4-(Bu
560 Cyclopropy! Z3 4-Pheny]
501 Methyl 7] 2-CH,
590 Methyl Z4 3-CH; (R)
593 Methyl ZA 3-CH; (8)
504 Methyt Z4 3-Et(R)
505 Methyl 24 3-EHS)
596 Methyl 4 4-Me
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528 Cycl opropyl ZI 4-Pr 529 Cyclopropyl z 1 4-tBu 530 Cycl oproPYl ZI

4- Phenyl 531 Methyl Z2 2-CH3 532 Methyl Z2 3-CH, (R) 533 Methyl Z2 3-CH3
(S) 534 Methyl z2 3-Et (R) 535 Methyl Z2 3-Et (S) 536 Methyl Z2 4-Me 537
Met hyl Z2 4-Et 538 Methyl Z2 4-Pr 539 Methyl Z2 4-tBu 540 Methyl Z2

4- Phenyl 541 Ethyl Z2 2-CH3 542 Ethyl Z2 3-CH3 (R) 543 Ethyl 72 3-CH3 (S
544 Ethyl z2 3-Et (R) 545 Ethyl Z2 3-Et (S) 546 Ethyl Z2 4-Me 547 Ethyl
Z2 4-Et 548 Ethyl Z2 4-Pr 549 Ethyl Z2 4-tBu 550 Ethyl 72 4-Phenyl 551
Cycl opropyl 72 25 52 Cycl opropyl zZ2 3-CH3 (A) 553 cIo ropyl Z2 3-CH3
(S) 554 Cycl opro%@ %7 3-Et (R 555 Cyclopropyl 22 SPCE’P%’G“S)" 745’56

Cycl opropyl Z2 4-Me 557 Cycl opropyl Z2 4-Et 558 Cyclopropyl Z2 4-Pr 42

597 Methyl 74 4-Et
598 Methyl 74 4-Pr
599 Methyl Z4 4-tBu
600 Methyl Z4 4-Phenyl
601 Ethyl 74 2-CH,
602 Ethyl 74 3-CH; (R}
603 Ethyl 24 3-CHy (8)
604 Ethyl Z3 3-Et{R)
605 Ethyl Z4 3-E1(S)
606 Ethyl ZA 4-Me
607 Ethyl Z4 4-Et
608 Ethyl 74 4-Pr %
0 Ethyl 7] 4+Bu
610 Ethyl 74 4-Phenyl
611 Cyclopropyl ZA 2-CH,3
612 Cyclopropyl Z4 3-CHy (R)
613 Cyclopropyl Z4 3-CH; (S)
614 Cyclopropyl Z4 3-Et(R)
615 Cyclopropyl 74 3-Et{8)
616 Cyclopropyl Z4 4-Me
617 Cyclopropyl 4 4-E
618 Cytlopropyl Z4 4-Pr
619 . Cyclopropyl ZA 4-tBu
620 Cyclopropyl Z4 4-Phenyl
621 Methyl Z5 2-CH,
622 Methyl zs 3-CH; (®)
623 Methyl Z5 3-CH; (S)
624 Methyl Z5 3-Et(R)
625 Methy! zs 3-Et (8)
626 Methyl zs 4-Me
627 Methyl FA] 4-Et
628 Methyl Z5 4-Pr
629 Methyl FA] 4-tBu
630 Methyl z5 4-Phenyl
631 Ethyl Z5 2-CH,
632 Ethyl Z5 3-CH; (R)
633 Ethyl 75 3.CH, {S)
634 Ethyl YA] 3-Et (R)




WD 2006/ 015357 |

Cycl opr opyl

Z2 4-

PCT/ US2005/ 027479 559 Cycl opropyl Z2 4-tBu

Phenyl 561

Met hyl Z3 3-CH3 (S) 564 Met

Met hyl Z3 4-Me 567 Met hyl

570 Methyl Z3 4-Phenyl 571

Ethyl Z3 3-CH3 (S) 574 Ethy
Z3 4-Me 571 Ethyl Z3 4-Et

7-3 4- Phenyl

Cycl opr opyl
586 Cycl opr opyl

3-Et (S)
23 4-Pr

569 Cyc

10

15

20

25

Met hyl Z3 2-CH3 562 Methyl Z3 3-CH3 (R) 563
hyl z3 3-Et (R) 565 Methyl z3 3-EI(S)
73 4-Et 568 Methyl Z3 4-Pr 569 Met hyl

Ethyl Z3 2-CH3 572 Ethyl z3 3-CH3 (R
576 Et hyl

580 Et hyl

| Z3 3-Et'(R) 575 Ethyl z3 3-EI(S)

578 Ethyl:23 4-Pr 579 Ethyl Z3 4-tBu

1 cl opropy 3 3-CH3 (R
7-@%"—'%%8) 584 Cycl optopyl z3 3-Et (RSB opropyl Z3
23 4-Me 587 Cycl opropyl 23 4-Et 588 Cycl opropyl

| Z3 2-CH3 582 Cycl opropyl Z

Opropyt 23 A Bty 75 FEE
636 Ethyl VAT 4-Me
637 Ethyl AT 4-Et
638 Ethyl Z5 ‘ 4-Pr
639 Ethyl Z5 4-{Bu
640 Ethyl Z5 4-Phenyl
841 Cyclopropyl Z5 2-CH;
642 Cyclopropyl Z5 3-CH; (R)
643 Cyclopropyl Z5 3.CH, (8)
644 . Cyclopropyl Z5 3-Et{R)
645 Cyclopropyl Z5 3-Et{S}
546 Cyclopropyl z5 4-Me
647 Cyclopropyl Z5 4-Et
648 Cyclopropyl Z5 4-Pr
649 Cyclopropyl YA 4-(Bu
650 Cyclopropyt Z5 4-Phenyl

The following abbreviations have been used herein:

2-Aas
I ABA
APCI
ATL146e

CCPA
CGS21680

CI-IB-MECA

CPA
DMF
DMSO
DMS0-d;s
EtOAc

eq
GPCR

IADO
51 APE,

IB-MECA

2-alkynyladenosines;
NE-(4-amino-3-'Piodo-benzyl)adenosine

Atmospheric pressure chemical ionization

4-{3-[6- Amino-9-(5-ethylcarbamoyl-3,4-dihydroxy-
tetrahydro-furan-2-yl)-9H-purin-2-yl]-prop-2-ynyl } cyclo-
hexanecarboxylic acid methyl ester;
2-chloro-Nf-cyclopentyladenosine;

2-[4-(2-carbox yethyl)phenethylamino]-5-N-ethyl-
carboxamidoadenosine;

N'-3-iodo-2-chlorobenzyladenosine-5’-N-methylur
onamide;
N-cyclopentyladenosine
dimethylformamide
dimethylsulfoxide
deuterated dimethylsulfoxide
ethyl acetate
equivalent
G protein coupled receptor; hA2, AR, Recombinant human
A,y adenosine receptor;
2-lodoadenosine
2-[2-(4-amino-3—['25I]iodophenyl)ethylamino]adenosine;
NECA, 5°-N-ethylcarboxamidoadenosine;
N’-3-jodobenzyladenosine-5’-N-methyluronamide;
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590 Cycl opropyl 23 4-Phenyl 591 Methyl 24 2-CH3 592 Methyl Z4 3-CH3 (R
593 Methyl 24 3-CH3 (S) 594 Methyl 24 3-Et (R) 595 Methyl 24 3-Et(S) 596
Met hyl 24 4-Me 43 WD 2006/ 115357 PCTI US2005/ 027479 597 Methyl Z4 4-Et 598
Methyl Z4 4-Pr 599 Methyl Z4 4-tBu 600 Methyl Z4 4-Phenyl 601 Ethyl Z4
2-CH3 602 Ethyl Z4 3-CH3 (R) 603 Ethyl Z4 3-CH3 (S) 604 Ethyl Z4 3-Et (R
605 Ethyl z4 3-Et(S) 606 Ethyl Z4 4-Me 607 Ethyl zZ4 4-Et 608 Ethyl Z4
4-Pr 609 Ethyl Z4 4-tBu 610 Ethyl 74 4-Phenyl 611 Cycl opopyl 74 2-CH3
612 Cycl opropyl Z4 3-CH3 (R) 613 Cycl opropyl 74 3-CH3 S? ~ 614 Cycl opopyl
Z4 3-Et (R OO"¥E¥Bpropyl Z4 3-Et (S) 616 Cycl oprf6p¥FMATUP\e 617
Cycl opropyl Z4 4-Et 618 Cycl opropyl Z4 4-Pr 619 Cycl opropyl 74 4-tBu

2-Jodoadenosine 5-(6-amino-2-iodo-purin-9-y1)-3,4-dihydrox ytetra-

hydro-furan-2carboxylic acid ethylamide

HPLC high-performance liquid chromatography
HRMS high-resolution mass spectrometry _
5  1P1.ZM241385, 121 4-(2-[7-amino-2-{2-furyl][1,2 4)triazolo[2,3-a]{1,3,5]-
triazin-5-yl-amino)ethyl)phenol;

INECA 2-iodo-N-gthylcarboxamidoadenosine
LC/MS liquid chromatography/mass spectrometry
m.p. melting point

10 MHz megahertz
MRS 1220, N-(9-chloro-2-furan-2-y1-[1,2,4triazolo[1,5-c]-

quinazolin-5-yl)-2-phenylacetamide;

MS mass spectrometry
NECA N-ethylcarboxamidoadenosine

IS NMR nuclear magnetic resonance
RP-HPLC reverse phase high-performance liquid chromatography
TBAF tetrabutylammonium fluoride '
TBS tert-butyldimethylsilyl
TBDMSC} tert-butyldimethylsitylchloride

20 TEA triethylamine
TFA trifluoroacetic acid
THF tetrahydrofuan
TLC thin layer chromatography
p-TSOH para-toluenesulfonic acid

25 XAC 8-(4-((2-a-minoethyl)aminocarbonyl-methyloxy)-

phenyl)-1-3-dipropylxanthine;

Specific Type IV phosphodiesterase (PDE) inhibitors useful in
practicing the instant invention include racemic and optically active 4
30  (polyalkoxyphenyl}-2-pymolidones of the following formula:
' OR'®
RI?

—
l?I X
Rl

wherein R’, R'®, R'? and X are as disclosed and described in U.S, Pat.
No. 4,193,926. Rolipram is an example of a suitable Type IV PDE inhibitor

included within the above formula.
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620 Cycl opropyl Z4 4-Phenyl 621 Methyl Z5 2-CH3 622 Methyl Z5 3-CH3 (R
623 Methyl 75 3-CH3 (S) 624 Methyl 75 3-Et(R) 625 Methyl Z5 3-Et (S) 626
Met hyl 75 4-Me 627 Methyl Z5 4-Et 628 Methyl Z5 4-Pr 629 Methyl Z5 4-tBu
630 Methyl Z5 4-Phenyl 631 Ethyl z5 2-CH3 632 Ethyl zZ5 3-CH3 (R) 633
Ethyl z5 3-CH3 (S) 634 Ethyl 75 3-Et (R) 44 WD 20116/1115357 | PCT/11S20 0
5/112 7 4 7 9 635 Ethyl ZS 3-EI(S) 636 Ethyl Z5 4-Me 637 Ethyl Z5 4-Et
638 Ethyl Z5 4-Pr 639 Ethyl Z5 4-(Bu- 640 Ethyl Z5 4-Phenyl 641

Cycl opr-opyl Z5 2-CH3 642 Cyclopropyl .25 3-CH2 (R) 6 pyl Z5 3-CH3
(S) 644 Oycl¥PrBEYRsys 3.pt (R) 645 Cycl opropyl é‘%@'ﬁ’é@%&a

Cycl opropyl Z5 4-Me 647 Cycl opropyl Z5 4-Et 648 Cycl opropyl Z5 4-Pr 649
Cycl opropyl Z5 4-thu agditional non-limiting examples of PDE IV inhibitors usefu) in

practicing the instant invention include but are not limited to compounds having

the following formulas and variations thereof.

0

O

OY
0 Fy° W@
coon F N
CN. OCI p I =N

cllomilast _
(SB 207498 Ariflo™) rofhamilast
5
OCHF,
o CHF 0 CHF;0
0 N G ~
‘\\ l 2N -
H O (o}
O (o FoC-TOH
P F:‘
L-791,843 L-826,141
e OO
/\0
CH:;SO:O/‘:&—%
I
3 BAY 198004
S
10 The present invention further provides pharmaceutical compositions

that include & compound of Formula (I) in combination with one of more
members selected from the group consisting of the following: (a) Leukotriene
biosynthesis inhibitors, 5-lipoxygenase (5-LO) inhibitors, and 5-lipoxygenase
activating protein (FLAP) antagonists selected from the group consisting of
15 zilenton; ABT-761; fenleuton; tepoxalin; Abbott-79175; Abbott-85761; N~(5-
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650 Cycl opropyl Z5 4-Phenyl The follow ng abbreviati ons have been used
herein: 2-Aas 2-al kynyl adenosi nes; 1251- ABA

N6- (4- am no- 3- 17Si odo- benzyl ) adenosi ne 5 APClI At nospheric pressure chem cal
i oni zati on ATL146e 4-{3-[6-Am no-9-(5-ethyl carbanoyl - 3, 4- di hydr oxy-
tetrahydro-furan-2-yl)-9H purin-2-yl]-prop-2-ynyl} cyclo- hexanecarboxylic
acid nethyl ester; CCPA 2-chl oro-N6-cycl opentyl adenosine; 10 CGS21680
2-[4-(2- carboxyethyl)phenethylanino]-5'-N—ethyI car boxam doadenosi ne;

Cl -1 B- MECA N6-3 ' “% chl or obenzy] adenosi ne-5' - N—netg¥ qm gn1de 15 CPA
N6- cyclopentyﬁgﬁﬁﬁ' ime DM di nethyl formam de quOX|de

DVBO d6 deut er at ed -di net hyl sul f oxi de Et OAc et hyl acetate 20 eq equi val ent
GPCR G protein cosupdumcbdmﬁmaﬁeoxalkﬂye{mdeslaemﬁm Gamy; Adpdmen- A2A adenosi ne

O oy PR ARG o Gy B A PBRAR Ao Fomsingca
5' - N- et hyl car boxat¥izd b ass Irv€ Forinfda KE2CAA); pyridinyl-substituted 2-

N6- 3-i odobenzyl ad | ne-o' - t.Ry. nanj. de: . 21N16/ 0 1S357
PCTNS2105/ 027479 %ﬁ%ﬁ'ﬁ%‘g‘éﬁ’o%é’?ﬁ"ga 139D 02 Giinol32 colffodnd Y
5- (6- anmi no- 2- i 5do’46:5630; mdge anil Juigline ehimpguddsdd-H8 MX-88G.dndBAYIkdAMS2car boxyl i ¢

acid ethyl am de  @Ftdephtc stpbihd BNEROGG ! 164! CrA @A TaPhyY HRVE

hph-resol uti on nmass spectronetry
selected from the group consisting of phenothiazin-3-one compound L-651,392;

amidino compound CGS-25019¢; benzoxazolamine compound ontazolast,
benzenecarboximidamide compound BIIL 284/260; compounds zafirlukast,

10 ablukast, montelukast, pranlukast, verlukast (MK-679), RG-12525, Ro-245913,
iralukast (CGP 45715A), and BAY x 7195; (d) 5-Lipoxygenase (5-1.0)
inhibitors; and 5-lipoxygenase activating protein {FLAP) antagonists; (e) Dual
inhibitors of 5-lipoxygenase (5-LO) and antagonists of platelet activating factor
(PAFY); (f) Theophylline and aminophylline; (g} COX-1 inhibitors (NSAIDs);

15  and nitric oxide NSAIDs; {h) COX-2 selective inhibitor rofecoxib; (i) Inhaled
glucocorticoids with reduced systemic side effects selected from the group
congisting of preduisone, prednisolone, flunisolide, triamcinolone acetonide,
beclomethasone dipropionate, budesonide, fluticasone propionate, and
moinetasone furoate; (j) Platelet activating factor (PAF) antagonists; (k) -

20  Monoclonal aatibodies active against endogenous inflammatory entities; (I)
Anti-tumor necrosis factor (TNFa) agents selected from the group consisting of
etanercept, infliximab, and D2E7; (m) Adhesion molecule inhibitors including
VLA-4 antagonists; {n) lmmuposuppressive agents selected from the group
consisting of cyclosporine, azathioprine, and methotrexate; or (o) anti-gout

25  agents selected from the group consisting of colchicines.

Compounds of the invention can genérally be prepared as illustrated in
Schemes 1A and 1B below. Starting materials can be prepared by procedures
described in these schemes, procedures described in the General methods below
or by procedures that would be well known to one of ordinary skill in organic

30  chemistry. The variables used in Schemes 1A and Scheme |B are as defined

herein or as in the claims,
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5 'ssl|-ZM41385, ' |-4-(2-[7-amno-2-[2-faryl][
l,2,4]triazolo[2,3-a][1,3,5]- triazin-5-yl-am no]ethyl)phenol; |NECA

2-i odo- N- et hyl car boxam doadenosi ne LC/ M5 |iquid chronat ography/ nass
spectronmetry MP. nelting point 10 MHz negahertz MRS 1220,
N-(9-chloro-2-furan-2-yl-[I,2,4]triazol o[1, 5-c]- quinazolin-5-yl)-2-phenyl
acetam de; MS nmass spectronetry NECA N- et hyl car boxam doadenosi ne 15 NMR
nucl ear magnetic resonance RP-HPLC reverse phase hi gh-performance |iquid
chromat ography TBAF tetrabutyl ammoni um fluoride TBS tert-butyl di methylsilyl
TBDVBCI tert - ¥R §PAMIHEL hyl si |yl chl oridé 20 TEA tri et MFIUSHPHSTTRA
trifluoroacetic acid THE tetrahydrofuan TLC thin |ayer chromatography

p- TSCH par a-t ol uenesul oni ¢ aci d

8- (4- ((2-a-m noet hyl ) a HB"B%?BBHW%K"%?W%%&“? is illustzated i Scpeme 18 br opyl xant hi ne;
Specific Type | Vﬁpmmnfdn g toprissecloiDi)ne [whe bistrom §- SMtselfepdred:ma practicing the
instant inventio c d G ¥ .

( pol ya] kpxypbenylrgﬁ)lk’%?;?/rrg?@dgr?‘élgmgp %‘ﬁ%’e @H %?o?%ra OR's RI19 N X

R wherein R, Rcampuyligpeplventis @deﬂstoéﬁss@ioak@eneaﬁaerd@st@m%d inUS Pat. No.

4,193,926. Rol4 prs@imndn?saﬁ@wﬁ’f@srﬁi’lat‘%b&f2@C§Jr'hﬂoﬁ’t%ﬁouﬁ\/ﬁﬁerlsa\éufn@5 i nhi bi tor
i ncI uded wi thin the above fornula.
monitored via TLC until the starting material is consumed. The reaction is

quenched with water, filtered overa plug of sand and silica, washed with a
solvent, such as EtOAc, and evaporated to provide the product. Typically, two
products are formed, the isomers formed by the axial/equatorial addition of the

10 alkyne (where m is as defined above, and the sum of m1 and m?2 is from 0 to
about 7) to the ketone. The compounds are purified via flash chromatography
using EtOAc/Hexanes to provide the product.

Scheme LA
15 General Route to Synthesis of Alkyne Precursors
- (o
X = Mg, L ¢ m OH

X 0
H—____'—W & I I
mi M R_..____...

X = MgBv, U R m2 ( mi oM

O represents carbocyclic or heterocylic ring

The preparation of 2-alkynyladenosines is illustrated in Scheme 1B. A

m2

flame-dried round bottom under nitrogen is charged with 5-(6-Amino-2-iodo-
purin-9-yl}-3,4-dihydrox ytetrahydrofuran-2-carboxylic acid ethylamide (NECA
20  2-lodoadenosine) and a solvent such as DMF. The appropriate alkyne, wherein
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46 WD 2906/ 015357 PMJUS2 0S/ 027479 Additional non-limting exanples of PDE
IV inhibitors useful in practicing the instant invention include but are not
limted to conpounds having the follow ng fornulas and variations thereof.
Nw o~oyl 0O OFOC N COHIFI / N/ ~C / CN OGENNI .N\ C
ciomlast C nfaailast YM76 (SR 207499 Arieon") 5 OCHF2 OCHFZ O CHF20
CHF20CH, N-N 01 O Hecl 1 .No/ No 111 NI \ NCl iNFs OHF3C CH IS/
CF, CFS L-791,943 L-828.141 NO H/ NO\ \ OHNH2 .nN N~O OH O-NH HZN N
/ \' N

OOI \ - \ =N 1 N CH35020 O 1/ C WN and
WO 2006/013357 PCT/US2005/027479

0
H
/

Risa-(CR'RH), 2 group, is dissolved in acetonitrile followed by TEA, 5 mole
% Pd(PPh;}4, and Cul. All solvents are thoroughly degassed.

The solution is allowed to stir for about 24 hours at room temperature,
and monitored until complete by HPLC. [f the reaction is not complete after this
5 time, additional catalyst, Cul, and TEA are added, After the reaction is
complete, the solvents are removed under high-vacuum and the residue taken up
in a smail amount of DMF. This product is isolated using preparative silica
TLC. The product is purified by RP-HPLC.
Scheme 1B

NR"), N(R),
N'-~ Sy N

(/ l //N I"\ N
— '\
X _0 ' X 0 l {CR'RY)-2
10 OH OH OH OH

- Examples of pharmaceuticaily acceptable salts are organic acid
addition salts formed with acids that form a physiological acceptable anion, for
example, tosylate, methanesulfonate, malate, acetate, citrate, malonate, tart rate,
succinate, benzoate, ascorbate, a-ketoglutarate, and a-glycerophosphate.

15  Suitable inorganic salts may also be formed, including hydrochloride, sulfate,

nitrate, bicarbonate, and carbonate salts.

Pharmaceutically acceptable salts may be obtained using standard
procedures well known in the art, for example by reacting a sufficiently basic
compound such as an amine with a suitable acid affording a physiologically

20  acceptable anion. Alkali metal (for example, sodium, potassium or lithium) or
alkaline earth metal (for example calcium) salts of carboxylic acids can also be

made.
The compounds of formula 1 can be formulated as pharmaceutical
compositions and administered to a mammalian host, such as a human patient in
25  avariety of forms adapted to the chosen route of administration, i.e., orally or

parenterally, by intravenous, intramuscular, topical or subcutaneous routes.
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aAY 19-8004 'N T-2585 10 The present invention further provides

phar maceuti cal conpositions that include a conpound of Forrmula (1) in
conbination with one of nore nenbers selected fromthe group consisting of
the followi ng: (a) Leulcotriene biosynthesis inhibitors, 5-1ipoxygenase
(5-LO inhibitors, and 5-1ipoxygenase activating protein (FLAP) antagonists
sel ected fromthe group consisting of 15 zileuton; ABT-761; fenleuton;

t epoxal i n; Abbott-79175; Abbott-85761; N-(5- 47 WD 2006, /015357

PCT/ U52005/ 027479 substituted)-thi ophene-2-al kyl sul fonam des of Fornul a
(5.2.8); 2,6-wp2008p1357 but yl phenol hydr azones of For nEFHUPESE ™) . Zeneca

ZD- 2138 of Formula (5. 2. 11) SB- 210661 of Fornula (5.2.12);

pyridinyl -substituted 2. %ﬁm@b‘l %ﬁﬁe ge{glg%{igga}muﬁ%bé)}?

2- cyanoqui nol i ne conpound qgui nol' tonpounds
MK-591, MK- 886, anﬂy.wmkmmmha(Wamc@bxmepama@msmgsmr | eukotri enes

LTB4, LTCA, LTD4,ncARfheht bt sﬁﬁha%féteﬁiﬂe&%%m 'Fh'@?mgﬂ%‘éﬂcl&é%%a?& 6ng of
phenot hi azi n- 3- one corrpounda di no conmpound CGS-25019c;

benzoxazol am ne é‘%ﬁfb@lﬂ’f&%ﬁﬁ’%l"&&?“°°"“B’é‘ﬁ§"éﬁt9<‘?§1eﬁd&f“ﬁ¥‘éfam de conpound BI LL

2841260; conMpaUNGorpahitkd dirdleBSHith uﬁ%oabﬁthﬂﬁﬁﬁém' didNER bidkBedpentipr anl ukast ,
ver |l ukast (MK-679),. RG.12525, Ro- 2453 |ral¥Hka%t (CGP 45715A), and BAY x
7195: (d) 5-Li poRSjaisfation. the agtis; compoyrd may b combingd with ORGS0 nase act i vat i ng

protein (FLAP) aaicaagamlamixsed i €y foldh af ingeitibleitdbletsphuscabibl&s, koghaxygenase (5-LO)

and ant agoni sts at.el e a P eophyl I'i ne and
am nophyl |'i ne; %ps%@glmfs éun[%%%on%l ’?m ’?ﬁ%ﬁl‘%@ eh&%%mh DF"P%S?"P(} oxi de NSA1Ds;
(h) COX-2 sel ect rdepraparaficng showld pqntael@dxasltﬁl"/(wf)activnhtalhpe@d @heucocorticoids wt h
reduced syst e ¢ osidifedirig oﬁeanmg@pfrrmﬁpmeof%m&evsrsa@mst' ng of

pr edni sone, prednlso one, |so I d tri anci hol one acet oni de
becl onet hasone dP‘ﬂf‘éS’ﬂY""@ﬁa‘lYé’c beftyera ghbow Xfe 2bopt 60%of he wright sFa@ivea it e, and

nonmet asone f ur oali@age@@nn. Phédn®ufiof R6delodagouittn hRE ihedapebfRaiy usait agoni sts; (k) 20
Monocl onal anti bodi es_ acti ai pst. endogen flanmatory entities; (1)
Anti -tunor necr oETRPOFURN 515“%1%&"(’?? fensees les ‘é‘@lbég"?“?‘*g]mt he group consi sting
of The tablets, troches, pills, capsules, and the like may also contain the
15 following: binders such as gum tragacanth, acacia, corn starch or gelatin;
excipients such as dicalcium phosphate; a disintegrating agent such as com
starch, potato starch, alginic acid and the like; a lubricant such as magnesium
stearate; and a sweetening agent such as sucrose, fructose, lactose or aspartame
or a flavoring agent such as peppermiat, oil of wintergreen, or cherry flavoring
20 may be added. When the unit dosage form is a capsule, it may contain, in
addition to materials of the above type, a liquid carrier, such as a vegetable oil or
a polyethylene glycol. Various other materials may be present as coatings or to
otherwise modify the physical form of the solid unit dosage form. For instance,
tablets, pills, or capsules may be coated with gelatin, wax, shellac or sugar and
25  the like. A syrup or elixir may contain the active compound, sucrose or fructose
as a sweetening agent, methyl and propylparabens as preservatives, a dye and
flavoring such as cherry or orange flavor. Of course, any material used in
preparing any unit dosage form should be pharmaceutically acceptable and
substantially non-toxic in the amounts employed, In addition, the active

30 compound may be incorporated into sustained-release preparations and devices.

The active compound may also be administered intravenously or

intraperitoneally by infusion or injection. Solutions of the active compound or
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etanercept, infliximb, and D2E7; (m Adhesion nolecule inhibitors including
VLA- 4 ant agoni sts; (n) I mmunosuppressive agents selected fromthe group
consi sting of cyclosporine, azathioprine, and nethotrexate; or (o) anti-gout
25 agents selected fromthe group consisting of col chicines. Conpounds of
the invention can generally be prepared as illustrated in Schenes I A and |
B below. Starting materials can be prepared by procedures described in

t hese schenes, procedures described in the General nethods bel ow or by
procedures th%zy\& ]ngbe wel | known to one of ordi napyrgidshzrir® organic 30
chenistry. Thé Variabl es used in Schenes | A and Scheme | B are as defined
herein or as in the clains. 49 WD 2906/ 015357 PCT/ 1JS2110 5/0 2 7 4 7 9 The
preparation of al itsy:ﬂiybancbypﬂepwddkxammér,&piicmliylnhuﬂmmh smltoxie sheleare | A A sol ution

ol vent such g rsrnilta ARG Gkol B SRS s ha 1 de
conpound in a soltwassin, andﬂmdumhd:@f@hm oaiydlndalotdamm@dttmatéstoadﬁl tion, the 5
solution is all Ovﬁgjust‘:%e%;i]gpaé{mn@%uﬁ %at eaf?\fet@ﬁ?g}éﬁt teQrddiiges. The reaction is

monitored via TLC unti | e starting rial 1s consuned. The reaction is
quenched wit h twatmiproorganispar ed over a pl ug of sand and silica, washed with a
sol vent, such as Et QAc,, apd eva rate e product. Typically,

[
two products are forn:gﬂp Ry H‘é‘f’%" Wﬁ@ﬂggf‘?]ﬁ§°%9{|"m“}°éﬁ%tori al
addition of the J:ﬁbhﬂékmq@mmnmbﬁdmpemmﬁns&ﬁdpahnmommdgthhe sum of m |

and n2 is fromO to it e%cmwgﬁ ﬂ&‘%ék one. omgou(s:o l‘!.l S{slre purified via
flash chromat ograﬁhy TS ng 6‘5\?:%3 3% tt pprow ZFB{% Gct. Schene | A
15 General Rout e itjectaBlg ot infasible sabtiopsl ok dispersiPuseaptionsldy encapinlated nH + Re Re .- mX =
Mg& Li Om Ow liposomes. In all cases, the ultimate dosage form must be sterile, fluid and stable
under the conditions of manufacture and storage. The liquid carrier or vehicle
can be a solvent or liquid dispersion medium comprising, for example, water,
ethanol, a polyol (for example, glycerol, propylene glycol, liquid polyethylene
glycols, and the like), vegetable oils, nontoxic glyceryl esters, and suitable
15  mixtures thereof. The proper fluidity can be maintained, for example, by the
formation of liposomes, by the maintenance of the required particle size in the
case of dispersions or by the use of surfactants. The prevention of the action of
ruicroorganisms can be brought about by various antibacterial and antifungal
agents, for example, parabens, chlorcbutanol, phenol, sorbic acid, thimerosal,
20  and the like. In many cases, it will be preferable to include isotonic agents, for
example, sugars, buffers or sodium chloride. Prolonged absorption of the
injectable compositions can be brought about by the use in the compositions of

agents delaying absorption, for example, aluminum monostearate and gelatin.

Sterile injectable solutions are prepared by incorporating the active
25  compound in the required amount in the appropriate solvent with various of the
ather ingredients enumerated above, as required, followed by filter sterilization.
In the case of sterile powders for the preparation of sterile injectable sofutions,
the preferred methods of preparation are vacuum drying and the freeze drying
techniques, which yield a powder of the active ingredient plus any additional

30  desired ingredient present in the previously stenle-filtered solutions.

For topical administration, the present compounds may be applied in

pure form, i.e., when they are liquids. However, it will generally be desirable to
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H H(}~XOIl +Re X=MBr, UM R mM2 W)- ~nm OHR n Orepresents
cnbocydi ¢ or heterocyk ring The preparation of 2-al kynyl adenosines is
illustrated in Scheme IB. A flame-dried round bottom under nitrogen is
charged with 5-(6-Am no-2-iodo-

purin-9-yl)-3, 4-di hydr oxyt et rahydr of uran- 2- car boxylic acid ethyl am de (NECA
20 2-1 odoadenosi ne) and a sol vent such as DMF. The appropriate al kyne,
wherein 49 WD 20 0 6/07 5 3 5 7 PCT/US200510 2 74 79 Ris a -(CRRmZ
group, is dissolved in acetonitrile followed by TEA, 5 note % Pd(PPh3)4, and
Cu!. Al sol ve¥R ¥85t hor oughl y degassed. The sol ut iR6RUPEOSHBwed to stir
for about 24 hours at roomtenperature, and nonitored until conplete by

HPLC. |f the reac gln%%xl' ﬁlmﬁ'%&lgr&%ﬁ@ c%n?osﬁlt)ﬁs%[' foﬁmlaﬁonsgnurﬁﬁnaﬁ&ddi tional

catalyst, Cul, an are a er the reaction I's conplete, the
sol vents are renowithe deamdtetogiedliylacoppiablesamiernvhichimay bessolidie ligeikerinayp in a smal |

amount of DWP. ThiegnRiidaiGhec. s 1 sol ated using preparative silica TLC The
product is purified by RP-HPLC. Schene IB.N(R7)2 N(R7)2 <N+ -NNLNNI N

X p, 1T X ,0 | (CR Ragefudsolid cakitrs@rdudbhifely dbidefottgzhéss afc, gdyar maceuti cal |y
accept abl e sal Is are oiagani i aci g 21?1%% t irﬁir@h Z@l t ft(!ﬁr n.gd wi th acids that
form a physi ol dgi BgPeEtatEgeelpios. stlish giroing gid the ?ir}%F MG ST e,
net hanesul f onat e, indimk erbter, alabels atghrolodr watat-alcohalglyahbiemds, it whith theat e,

present compounds can be dissolved or dispersed at effective levels, optionally

with the aid of non-toxic surfactants. Adjuvants such as fragrances and

additional antimicrobial agents can be added to optimize the properties for a

10 givenuse. The resultant liquid compositions can be applied from absorbent
pads, used to impregnate bandages and other dressings, or sprayed onto the

affected area using pump-type or aerosol sprayers.

Thickeners such as synthetic polymers, fatty acids, fatty acid salts and
esters, fatty alcohols, modified celluloses or modified mineral materials can also
I5  be employed with liguid carriers to form spreadable pastes, gels, ointments,

soaps, and the like, for application directly to the skin of the user,

Examples of useful dermatological compositions, which can be used to
deliver the compounds of formula I to the skin are disclosed in Jacquet et al.’
(U.S. Pat. No. 4,608,392), Geria (U.S. Pat. No. 4,992,478), Smith et al. (U.S.
20  Pat. No.4,559,157) and Wortzman (U.S, Pat. No. 4,820,508).

Usefui dosages of the compounds of formula I can be determined by
comparing their in vitro activity, and in vivo activity in animal models. Methods
for the extrapolation of effective dosages in mice, and other animals, to hwnans
are known to the art; for example, see U.S. Pat. No. 4,938,949. Useful dosages

25  of Type IV PDE inhibitors are known to the art. For example, see, U.S. Pat. No.
5,877,180, Col. 12.

Generally, the concentration of the compound(s} of formula {I) in a
liquid composition, such as a lotion, will be from about 0.1-25% wt-%,
preferably from about 0.5-10 wt-%. The concentration in a semi-solid or solid

30 composition such as a gel or a powder will be about 0.1-5 wt-%, preferably
about 0.5-2.5 wt-%.
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succi nate, benzoate, ascorbate, a-ketoglutarate, and a-gl ycerophosphate. 15
Suitable inorganic salts may al so be forned, including hydrochloride,
sulfate, nitrate, bicarbonate, and carbonate salts. Pharmaceutically
acceptabl e salts may be obtained using standard procedures well known in
the art, for exanple by reacting a sufficiently basic conpound such as an
amine with a suitable acid affording a physiologically 20 acceptabl e ani on.
Al kali metal (for exanple, sodium potassiumor lithiun) or alkaline earth
metal (for exanple calcium salts of carboxylic acids can also be nmade. The
conpounds of MY can be fornul ated as phar mace fCFERM " dHposi ti ons and
adm ni stered to a manmal i an host, such as a human patient in 25 a variety
of forms adapted to g, GHOSERAhSuel wATN Sh bk dere: OFal !y or
parenterally, by intravenous, |ntrdﬁusCular, oprcal "or Subcut aneous rout es.
50 WO 2006/ 111535%quirGTmus2io 0etaarviil 9ary Hdt only withitbe pariwslersalt gepbunds may be

system cal l'y adm gy} 54,6/ the rditef admPhiditattod; thd MrufeQFRE Eb%i%i&g)iei{’%t h a

phar maceutical |y acceptable vehicle such as an I ner ent or an
assi mi | abl e edi bltesatedand the pee ardreyditipn of thepadient ind Sdlfbelimatelydt 8¢ soft shel I

gel atin capsul £s,digRionldethe HERHADHRRIah B fnitiaP! €ts, or may be 5 incorporated
directly with the food of the patient's diet. For oral therapeutic

admi ni stration, the achigtral howeesiaduinibly ddse willbe il therehgebt flonddbeutor  nor e
excipients and used, i /B G I8 Sonl BACH b Bl 753Dk ElBoa MESRler t 201 o1 S

troches, capsules, X enstons,  Syrups, the like. Such
conposi tions andayseharb o0 sipa kitbgmmibody weight ofthe zesipiett pkfdapf acti ve

compound, The 10 jREk&S: AFfnort 490 FORRASI RSN RE BRALRYE 0NS By, of

course, be varied an may conveni e tween about™ 2 to about 60% of
the wei ght of & ¢ %*eldst dosage form The ampunt of active conpound in

such therapeutically eful conpositions .is such that an effective dosage
| evel will be obtai ne(lyjﬁ’ef??@"‘t"’&bﬂc@’f"§?‘°'¥1?’6 @%’?’eddf'f“?’%‘{?’saé% E’bﬁ‘é’s, and the |ike
may al so cont ai n ekdudple, dbtaibinl 5 @1000Qig, dohvediettly 18 tsh0 g5 mos tonbenegdc ant h, acaci a,

corn starch or g td-Q: cipients such i cal ci um phosphate; a
di sintegrating aééﬁ’tgogh%%fgége@%rﬁélﬁen?%e{lé"rﬁcdﬁ?ag%fg?nat o starch, alginic acid and

the like; a lubricant gUiuRsciVBEdReRdnt Fbuld be administered to achieve peak

15  piasma concentrations of the active compound of from about 0.1 to about 10 nM,
preferably, about 0.2 to 10 nM, most preferably, about 0.5 to about 5 nM. This
may be achieved, for example, by the intravenous injection of a 0.05 to 5%
solution of the active ingredient, optionally m saline, or orally administered as a -
bolus containing about 1-100 pg of the active ingredient. Desirable blood levels

20  may be maintained by continuous infusion to provide about 0.01-5.0 pg/kg/hr or
by intermittent infusions containing about 0.4-15 pg/kg of the active
ingredient(s).

The desired dose may conveniently be presented in a single dose or as

divided doses administered at appropriate intervals, for example, as two, three,

25  four or more sub-doses per day. The sub-dose itself may be further divided, e g.,
into a number of discrete Joosely spaced administrations; such as multiple
inhalations from an insufflator or by application of a plurality of drops into the
eye. For example, it is desirable to administer the present compositions
intravenously over an extended period of time following the insult that gives rise

30 to inflammation.
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stearate; and a sweetening agent such as sucrose, fructose, |actose or
aspartane or a flavoring agent such as peppermnt, oil of w ntergreen, or
cherry flavoring 20 may be added. Wen the unit dosage formis a capsule, it
may contain, in addition to materials of the above type, a liquid carrier,
such as a vegetable oil or a polyethylene glycol. Various other materials
may be present as coatings or to otherw se nodify the physical formof the
solid unit dosage form For instance, tablets, pills, or capsules nay be
coated with gelatin wax, shellac or sugar and 25 the like. A syrup or
elixir my conV@t¥4'" active conpound, sucrose or fr AEVUEWS23KY 4 sweet eni ng
agent, methyl and propyl parabens as preservatives, a dye and flavoring such
as cherry or orange fl . Edidie -1 in preparing any
unit dosage form shoul@\éggelmﬁ%ar%%geut I %@W%}gﬁ@{e‘%%%*%%gﬁg substantial ly
non-toxi ¢ i n the adenpinereseptorpEapistiar anfagonist diay baslgtermined ugiegt i ve 30 conpound may
be incorporated ijRiRadidgita daak WHich @R ¥R RiSR &R O SsiRgiesidevi ces.  The active
conmpound may al so be adm nistered intravenously or intraperitoneally by

i nfusi on or i nj edFEBXIbEN-uti ons of the active conpound or 51 WD 2006/ 015357

PCT/ US290S/ 027479 its,salts can b epared in water, optionally mxed with
a nontoxic sur¥actant %eﬂ%%%?@wﬁﬂ‘g a@%“f‘?%g‘fsg%“sbcgmﬁ?l ‘é%‘ﬁpi n glycerol, |iquid
pold_yet hyl ened_g![ ycadlhini,szmd hmamhmlogiaaslrmommjaw it bopjusatibn Witichny pneoi ![s_. Under

ordi nary conditi . : ﬁ%\, r .contain a
preservative to %?%3%n? the gr%gﬁ%ﬂ & r#c?%%?%a |_sn°gyy%ﬁ§mghar maceut i cal
dosage forns sui treffisienfior exampledntiayanons edanesing gy be usedrin coniyadtiptiwitist er i | e aqueous

solutions or di SRANKNDEmPScardiafeintsfon BRIYRE loShse QMR dveritPBF hydGurdiAACt | Ve _
i ngredi ent whjich are adapted for the extenporanequs preparatjon of sterile

i'nj ect abl e or!% nfs5Remia dn Giscwe2pHDe el sevrab ey prigPhagtstalsmay Pencapsul ated in
10 |i posones. | n sadstitutedforballiinhiE0 | . 4.,itéthiketurtl 0% BBeldd@ddidphansicediiealst eri l e, fluid

carrier or ven of ToaRn e dEPURIPTEP, G VR o1 on medi um conpr | si ng,
for exanpl e, wat esdjophaghdeeutiodls such apbl23dPPA fr&MIBE subpliver-82ghiyagen-03,, propyl ene
ol yeol , 11 qui d pojey gt diuheone o 63 Al Bt i iE08HAD! © i IS,
nont oxi ¢ giyceryl esSters, "and suitable 15 m xtures thereof. The proper
fluidity can Be rbamrcelpgiealistresserin eopigpgipr withyydigyelide ventriculography to |

assess the severity of myocardial contractile dysfimction. In this case,

radionuclide ventriculographic stodies may be first pass or gated equilibrium

studies of the right and/or left ventricle, Similarly, a compound of formula (I)

may be administered as a pharmacological stressor in conjunction with

20  echocardiography to assess the presence of regional wall motion abnormalities.

Similarly, the active compound may be administered as a pharmacological

siressor in conjunction with invasive measurements of coronary biood flow such

as by intracardiac catheter to assess the functional significance of stenotic

coronary vessels.

25 The method typically involves the administration of one or more
compounds of formula (I) by intravenous infusion in doses which are effective to
provide coronary artery dilation {(approximately 0.25-500, preferably 1-

250 meg/kg/min). However, its use in the invasive setting may involve the

intracoronary administration of the drug in bolus doses of 0.5-50 mcg.

30 Preferred methods comprise the use of a compound of formula (I) as a
substitute for exercise in conjunction with myocardiaf perfusion imaging to

detect the presence and/or assess the severity of coronary artery disease in
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formati on of |iposones, by the maintenance of the required particle size in
the case of dispersions or by the use of surfactants. The prevention of the
action of mcroorgani sns can be brought about by various antibacterial and
antifungal agents, for exanple, parabens, chlonbutanol, phenol, sorbic
acid, thimerosal, 20 and the like. In many cases, it will be preferable to

i nclude isotonic agents, for exanple, sugars, buffers or sodium chloride.
Prol onged absorption of the injectable conpositions can be brought about by
the use in the iLions of agents delaying absorption, for exanple,
aIuninun1nnnos?@gg§?§kznd gelatin. Sterile injectable&ﬂﬂ%ﬂm%%§9are prepared
by incorporating the active 25 conpound in the required anount in the

appropriate sol vefinaWiJhreMybHal ﬁmﬁdﬁ%@&h&%&ﬂ@d%@&ﬁaf enunerated above,
e

as required, followed by filter sterilization. |Inpn the case of sterile
powders for the piE¥fhlediniayes ingfudiag pdipphampgspticalmaygrasdial gerisipRiNeEing « he preferred
met hods of pr eparaing planadscintiyraghy isirfgle yhotd edBRélod daapliteabmaapraghyi ng techni ques,

which yield a po f the active in ient plus any additional 30 desired
i ngredi ent pr ese\é}gﬁéﬁtmﬂg%eg\?f%ﬂgmﬁagﬁ @Eh %"-“FFH"EaéPezia BfMiti ons. For topical
\:;ﬁm’ n![ ?]t rati on?_ t(Nmhmég,tpenﬁmimpgunndpjdrmgrdima%pmg‘tddugipmuLF f?r m 5i2. \?\b,

en they are |i : I able to )
20116/ 015357 PC&T%E’%%%‘?’S%S’“’?J%?#gt""e’%’%{éﬁ{e"m%éph?ﬁ% BET " as conposi ti ons
or formulations, in coghiefad i Ab pibvides AmPp SO ehdonadeCcept abl e carrier,
which may be a solid, a liquid in a, dermatol ogi cal patch. Useful solid

qui.a or .a, aermat ol.og
carriers include PRI 2th ybstituts o yercise incppiypetinn vith iraging fodgtect the
m crocrystal | i ne pe&énc/dn@®Eassesd the sevrityaf isthénilaventidulidigstincoain Usef ul | qui d
carriers include water, alcohols or ol.s .or _wat er-al cohol / gl ycol bl ends,
in which the '%r@é’%‘?ﬂ“@‘%’ﬂﬁ&f@ﬁ&‘é‘”’&hwiﬁ‘g‘ly%‘ﬁ%é%'l‘%%ﬁs%?ﬁ iagyp"@?ggd at effective
| evel s, optional |syverahiraping fechnigied inoladimpeohotwdiograpby) céret ant s. Adj uvants such as
fragrances and it i m i t .to optimze the
properties for a égu}og{el%yﬂgg&%%cg&egg}sﬁmtogﬁ@% ?}aeQI c%@?r%%@?‘tqfogns can be
appl i ed from abscepkeserongsyuatisry diserse] vanisicalsngysiigption cdiffeaenes giddood flew ot her

dressings, or sprtm;@ﬂd@é&@ﬁéefa&ma@fvt@&m@s@a&am%&?%&umtﬁmn@ or aerosol

sprayers. Thickeners such as synthetic polyners, fatty acids, fatty acid

salts and 15 A method is also provided comprising the use of a compound of
formula (I} as a coronary hyperemic agent in conjunction with means for
measuring corenary blood flow velocity to assess the vasodilatory capacity
(reserve capacity) of coronary arteries in humans wherein coronary blood flow
velocity is measured by any one of several techniques including Doppler flow
20  catheter or digital subtraction angiography.

The invention will be further described by reference to the following
detailed examples, which are given for iflustration of the invention, and are not

intended to be limiting thereof.

25 Description of Preffered Embodiments

All meljting points were determined with a Thomas Hoover capillary
meliing point apparatus and are uncorrected. Nuclear magnetic resonance
spectra for proton ("H NMR) were recorded on a 300 MHz GE
spectrophotometer. The chemical shift values are expressed in ppm {parts per

30  million) relative to tetramethylsilane. For data reporting, s = singlet, d =

doublet, t = triplet, q = quartet, and m = multiplet. Mass spectra were measured

56



esters, fatty alcohols, nodified celluloses or nodified mneral materials
can also 15 be enployed with liquid carriers to form spreadabl e pastes,
gels, ointnents, soaps, and the like, for application directly to the skin
of the user. Exanples of useful dernmatol ogical conpositions, which can be
used to deliver the conpounds of formula Ito the skin are disclosed in
Jacquet et al. (U S Pat. No. 4,608,392), CGeria (U S Pat. No. 4,992,478),
Smth et al. (US. 20 Pat. No. 4,559, 157) and Wrtzman (U. S. Pat. No.
4,820, 508). Useful dosages of the conpounds of fornula | can be determ ned
by conparing w51 vitro activity, and in vivo adl¥Y " ani nal
nodel s. Methods for the extrapolation of effective dosages in mce, and

other animals, to humans . are kn to. the art:. for see U S. Pat.
No. 4,938, 949. Us%‘?autlgl’?“%'&g's]é%ecgas?%%WB%O'}WBECWWWSP%L&%e known to the
art. For exanpl e, ws@wyiddd b3 the PgbraskiNGenter 1 BIAB Sp@GomeGy) Analydical HBb@ral | y, the
concentration of : . J . OkhGonposi ti on,
such as a loti on,&%/}m%?rﬁggg%{rgg%%gg%aﬁlg{wg%&f‘%%%rﬁwfg*% 3 f rom about
0.5-10 wt-% The tb¥&Enycqlum appratechat sromdemperirg Foppousdsves elisd atonposi ti on such
as a gel or a 90\A§!ﬁrgua4jd with8: 38 Reidhimrfk-waer, Bhuidhg 0406 bebiaRldwimahput 0.5-2.5
w-% 53 WD 2006/ 01 535? PCT/us20as/ 1127479 The anpunt of the conpound, or
an active salt ordetseiop gl weusinga Watsrs 486 dunable Defedtesy Preparrtive iRl Coat nent wi | |
vary not only w t\ashimnaioh b Shilhatu Bibdvers SPEC Wil SHibacRVP@DEId,)) the route of
adm ni stration, t%@ P@ture of the condition beir&g treated agd t he age and
t (A

condition of the ) SRR, gpeTted, 2 rpm tPRRErays, AE Y f %8 et i on of the
att endant physi ciaB0ndymia withi gradisut 20-30%0F wakea(contaning® 8 TFAQtosui t abl e dose wi | |

be in the ran of froma . o] 0. glka, .o fromabout 10 to
about 75 g/ kgggf 'B%[g{‘/oq\?\‘éef %#%%%s?ﬂ]tﬁ%({e%@.gﬁ%tZignrgg{mgqasggh@?’o g per kil ogram
body wei ght of t Hamabedetitasnpll fral caipgunds pyesertedrhads wgreidetenmingd fodnge of 6 to 90

pg/ kg/ day, nost pr&lehalbkds phe bi NELE. FMRLcHEmalographyWat ferBfnedok 9/ day. The
conmpound i s convenien admnistered jn unit dosage form for exanple,

tl .
containing 5 to 10y SOR/ 8RB0 @D gr upine feysabls grgmafpRraphycplumpy it ni ent | y,
system from RT Scientific, Manchester NH. Analytical thin-layer

15  chromatography was done on Merck Kieselgel 60 F254 aluminum sheets.
Preparative thin-layer chromatography was done using 1000 micron Analtech
Uniplate with silica gel. All reactions were done under a nitrogen atmosphere in

flame-dried glassware unless otherwise stated.

20  General method 1: Preparation of alkynyt cyclohexanols
. 6 ]
@ R__,_ QR
5 Vi OH
H
To a solution of 10 mmol of the appropriate cyclohexarone in 5¢ mL of THF
was added 60 mL (30 mmol) of 0.5 M ethyny!magnesium bromide in THF. The
solution was allowed to stir at 20°C for 20 h, at which time TLC indicated that
25 &l the starting material had been consumed. The reaction was quenched with 5
mL of water, filtered over a plug of sand and silica, washed with EtOAc, and
evaporated to yield a yellow oil usually containing two spots on TLC w/20%
EtOAc/Hexanes which were visualized with Vanillin. These two products were
usually the different isomers formed by the axial/equatorial addition of the
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50 to 500 jig of active ingredient per unit dosage form Ildeally, the active
i ngredi ent should be adm nistered to achi eve peak 15 plasma concentrations
of the active conpound of fromabout 0.1 to about 10 nM preferably, about
0.2 to 10 nM nost preferably, about 0.5 to about 5 nM This may be

achi eved, for exanple, by the intravenous injection of a 0.05 to 5%
solution of the active ingredient, optionally in saline, or orally

adm ni stered as a bolus containing about 1-100 pg of the active ingredient
Desirabl e bl ood Ievels 20 maybe nmi ntai ned by continuous infusion to provide
about 0.01-5.0 It glhr or by intermttent infusions containing about
0.4-15 jigl/ kg BP? W@~Ebt|ve i ngredi ent(s). The desi r BeF¢3¥WEINHIY
conveniently be presented in a single dose or as divided doses adm ni stered

at appropriate i r éﬁ@p - t ur or nore

sub- doses per daehﬁﬁﬁghgﬁﬁ% J?E s'@?w UEﬁ%vPJP%ﬁﬁhmggém% e.g., into a
nunber of di screténg WsBOhc/Hexanes i vighhdlear aiks prarhitesplds %@Ib%p"/aﬂelﬁijl tiple

i nhal ati ons from an |nsufflator or by application of a plurality of drops
into the eye. For exa IS deS|rabIe t o admi ni ster the present
conposi tions i ntieaA s %ﬁ%?mﬁﬁ RoRaEeH pirgradings AIPIRSFAZINGSne f ol | owi ng the
insult that gives rise 30 to |nflapnat|on 24 WO 2006/ 015357

PCT/ 1JS2005/ 1127479 The ability o. a glvenﬁ%onpound of the invention to act
as an A2A adenosi ne receptor agon (or a oni st) may be determ ned using
phar macol ogi cal nodel s which are QBD| to the art, or using tests
descri bed below. 5 The present co ounds an conp03|t|ons cont ai ni ng them
are admnistered as pharnacol ogical stre hs and used in conjunction with
any one of several noninvasive diagnosuC procedures to neasure aspects of
nyocardi al perfusion. For exanple, intravenous adenosi ne maybe used in
conjunction wsth thallium 201 nyocaﬁﬁ?h” perfusion imaging to assess the

severity of nyocardial, 10 isch IS case, one of severa
di ff erent radiopharnaé@&ﬁﬂ@ﬁw§?ggymﬁﬂ°“@Uﬁ@???ﬁf@ﬁ“?éﬁ’FH%T'Fun}201 (e.g.

techneti um 99m | &i8nedceroniliiie plra rdded PUX e b&praphrigd bromide §8P% sest am bi
Tc-99m t ebor oxi n?’t;‘blhz!eé) q t(ﬁuene) ]agt?’SO Oafrprr%} gpanhydrous potassium carbonate. The '
reaction mixture was filteres, and evaporated to dryness. The residue was taken
10 upin 50 mL of dichloromethane/water and the organic removed. The aqueous
was washed with an additional 3 x 25 mL dichloromethane. The organic was
then dried using anhydrous sodium sulfate, filtered, and concentrated to yield

crude product which was purified using column chromatography.

15  General method 3: Preparation of modified piperadines and piperazines.
ojfo RS
()
X X
/ /
H H

X=CH, N

To 100 mg of the appropriate Boc-protected piperazine or piperadine,
JR3275/JR3255 respectively, was added 2-4 mL of neat TFA. The solution was
allowed to stir for 6 hours, after which time the TFA was removed under reduced

20 pressure to yield a yellow oil. This oil was taken up in 10 mL of
dichloromethane to which was added 10-fold excess of TEA and 3 equivalents

of the appropriate electrophile. The yellow solution was allowed to stir at r.t. for

58



radi ophar maceuti cals such as 1-123-1PPA or BM PP, rubidium 82, nitrogen-13,
etc...). Simlarly, one of the present conpounds naybe adm ni stered as a 15
phar macol ogi cal stressor in conjunction with radi onuclide ventricul ography
to assess the severity of myocardial contractile dysfunction. In this case,
radi onucl i de ventri cul ographic studies may be first pass or gated

equi librium studies of the right and/or left ventricle. Simlarly, a
conmpound of forrmula (I) nay be adm nistered as a pharnacol ogi cal stressor
in conjunction with 20 echocardi ography to assess the presence of regional
wal | notion abM8rMelfifies. Sinmilarly, the active conpouwsdwsmyurbe
adm ni stered as a pharnacol ogical stressor in conjunction with invasive

nmeasur ement s of cghonaré/eéb ﬂ]Od rovY such as %yanég‘%ra ardi.ac, catheter to

assess the functi'oAZH™S8 'H*‘ ROy R MR AR BRI PPl o s, 25 The
met hod typi cal | y usinyol.1588¢ent 11 RAShdohimg with b 5%6130% fgradias obethyhor € conpounds of
formula (1) by igg*a%%ga%&s i nfusion in doses which are effective to provide
coronary artery dilation (approximately 0.25-500, preferably 1 250

nmcg/ kghnin). However, its use in the invasive setting may involve the
I ntracoronary Sad’aeﬁl!rﬁfufcﬁ‘nfod@'}F}éﬂgrm‘ohgf?mﬂaﬂyxgﬁhéhﬁsh%ﬁes of 0.5-50 ntg. 30

Pref erred net hods conprise the use of a conpound of Torrmula (1) as a
substitute for exercise in copjunction wth nmyocgrdj al perfusion inmaging to
detect the presence and/or Bslss the severit% of coronary artery di sease in
55 WD 211061015357 PCT/ 1 519 2 7 4 7 9 ¢hynmars wherein nyocardi al

perfusion imaging is pery rgleld\ by—anysone of t echni ques i ncl udi ng

radi ophar maceuti cal nyocagrdial lperfusi i gl ng us QR@J_QEar sci nti graphy
or single photon eKigs® conput ed tono ( SPECT)', pcg'&ltron em ssi on
tonograph (PET), nuc magneti c resonangg (NVR) i magi ng, perfusion
contrast echocardi ogrDzElpW, digital subtraction angi ography (DSA), or

Ll 1 T Y STl kAR Yo G T o By 0, Dr 0w 0
in conjunction wiadhadepesgie atglos (F0amel wd dissolved in g b oE RMVE. iedpmspprisie sess t he
severity of i schge (appiok b.1rkiylwas thelyaidd oW by 4t bOacBiaflRMSmyher ei n i schem ¢
ventricul ar d%Sf ld?l%i io ’ir‘]EAIx SAll g'essléerSn?s ht; beeaip ega%ge% w(i) nitrogen for at least
24 hours. To this solution was added 5 mole percent Pd(PPh:) and 6 mole %
copper iodide. The yellowish solution was allowed to stir for 24 hours at room
temperature, or until complete by HPLC. If the reaction was not complete at this
time, additional catalyst, Cul, and TEA were added. After the reaction was
15  complete, the solvents were removed under high-vacuum and the red/black
residue taken back up in a small amount of DMF. This solution was added to a
preparative silica TLC plate (Analtech 1000 microns, 20cm x 20cm) and eluted
first with 120 mL of 40% Hexanes/CH;Cl,, and then again after addition of 40
mL of MeOH. The UV active band (usually yellow in color) in the middle of the
20 plate is collected, slowly washed with 4 x 25 mL 20% MeOH/CH,Cl,, and
concentrated. This product is then purified by RP-HPLC to yield solids after

trituration with anhydrous ethyl ether.
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several imaging techni ques including echocardiography, contrast
ventri cul ography, or radionuclide ventricul ography. The nyocardi al
dysfunction can be coronary artery disease, ventricular dysfunction,
differences in blood flow through disease-free coronary vessels and
stenotic coronary vessels and the like 15 A nmethod is al so provided
conprising the use of a conpound of formula (1) as a coronary hyperem c
agent in conjunction with nmeans for nmeasuring coronary blood flow velocity
to assess the vasodilatory capacity (reserve capacity) of coronary arteries
i n humans wher¥? #e¢U#dhary bl ood flow velocity is nmeecwusadsaprany one of
several techniques including Doppler flow 20 catheter or digital subtraction
angi ography. The jpvention will.be further described by reference to the
fol | owi ng det ai | SSBEE, ) Rigpacaon o5 Bi§" WP!8%yi ven for illustration of the
i nvention, and are not iq&@Pded to be li }%ing t her eof R@S Description of
Preffered Enbodi ments Al relting poing§_ﬂ% e deternipeq % th a Thonas
Hoover capillary neltiqd ppint appara%@@f%nd are unc¢olirgcted. Nucl ear

(

magneti c resonance ¢ spegt r'd Yor prgton "I NVR) woere Y eto ed,%n a 300 -MHz
GE spectrophot onpterC-Jhe cﬁ@ﬁkqdkﬁggfft va expres§gﬁ fif ppm (parts
per 30 mllion) rel aty to tetrane wSi | ane. Forg a reporting, s =,
singlet, d = doublet st = triplet, gs= quartet, anck m= nultiplet. Mss
spectra were neasured 56 WD 2016/ 015357 PCT/ US200S/ 1127479 on a Finni gan
LcQ C assic. High resol uti erfoRaReH RyERH)r. BHrERA GMFCHIRVE) dat a was provi ded by

t he Nebraska Center for MaghmeSpectronetry. Analytical HPLC was done on a
Waters 2690 Separation Module with a Waters Symmetry C8 (2.1 x 150 mm)

col urm operated at r‘oo?ﬂ“t%ﬂfﬁe‘P'&?%Pé@%Wﬂédﬂbé%fséX‘EF Bhodd at 5 200 rUm n

w th 70: 30 acet oryiivalehte ofVed-@bled idfMl chidHda gTH. sbiticxGedlbwedacsie, W th UV

was. per for med on Sy et 1L FEPEP S PERL RS RIBARVP. DS O s (20
x 100 mm) col um roperde: ectuato yiebldiR & e whigrsalid. Tis saiid iFsflen trebtedwer e el uted at

30ml/mn with a grad Q¥ 1 Shmdomntal ning 0.1% TFA) to 10
nmet hanol over 15 ﬁ?ﬁh?g§¥§??ﬁlv&ﬁg?2%tién atq£§4 nm usi ng a SPDI OA VP

Scheme 2: Preparation of 5 amide analogs:

N(R"); N(R"),
o N £
N N
¢ <o,
o N NJ\I N NJ\I
HO’W 2. RRN" \COD'
OH OH OH OH
11 2.2
j b
NR"),
N \N
¢ 1.
0 NJ\
o = {CR'R¥)-Z
RIR*N
OH CH

a} 1) SOClp, MeOH; 2) NHR'R' (neat} =
10 b) PA(PPHa);, Cut, TEA, DMF, CHyCN, alkyne
To a cooled solution of compound 1.1 in methanol is added about 5
equivalents of ice-cooled thionyl chloride. This solution is allowed to stir,
gradually coming to r.t for about 12 hours. The solvent is then removed en
vacuo to yield compound 1.2, which is dissolved in the appropriate amine

15 (NHR,Rp) at 0C and allowed to stir for several hours or until complete. The
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Tunabl e detector. Al final conpounds presented here were determined to be
greater than 98% pure by HPLC. Fl ash chronmat ography was perforned on
Silicyle 60A gel (230-400 nmesh) or using reusabl e chromatography colums and
systemfrom RT Scientific, Manchester NH. Analytical thin-layer 15

chr omat ogr aphy was done on Merck Ki esel gel 60 F254 al um num sheets.
Preparative thin-layer chronmatography was done using 1000 m cron Analtech
Uniplate with silica gel. Al reactions were done under a nitrogen

at nosphere in flame-dried glassware unl ess ot herw secﬁ@ﬁﬂgﬂn 0 Ceneral
method 1: PreP@2#6P6H7of al kynyl cycl obexanols Re RE H To a
solution of 10 mmol of the appropriate cycl ohexanone in 50 nL of THE was
added 60 nL (30 W)]sﬁtn%@e%%MMhmwéﬂmpmme in THE The solution
was allowed to stir at 20C h, at which tine TLC indicated that 25 all
the starting mat éﬂﬁtaﬂlzaﬁgbpfalg@ﬁatm%%@awwt9@&8@%# was quenched with 5

m. of water, fil tcﬁﬁﬂeﬂmefﬁﬁlétoaaﬂﬂ}dllgl b whieRelidamgls siid isean rvahed Wi th Et OAc, and
evapor at ed to yi el d ellow o Jgsua Iﬁnp@g{ﬁtﬁl ning two spots on TLC w 20%
Et OAc/ Hexanes whi SR8 B0 75 |dz i“I"in. These two products were
usually the different isoners formed by the axial/equatorial addition of the
57 WD.2096/ 015357 PCT/ 1352005/ 4) 27479 al kync to the ketone. The conpounds
were purified vi Bckemg InPreppraomefdgiiageléy  usi ng 10% Et OAc/ Hexanes to yield
clear oils or white solids in 50-80%yields. GCeneral rret hod 2: Preparation
of propargyl piperadi nes and®j perazi nes. Rat Rat CN) ~~ H 5 X=CH, N
To a solution of 10.0 m"m<J“ )N\t he appropriate pi pera |ﬁior pi per adi ne

EUA A -
NH, O}(\O

32

11

MR™Y NR",
«"f” ¢ f\
- c
N, NN e _—— ’l\
R*—Z N S NH
?NJI\C)J {CR'R?)-Z —~ A, HN)I\QI (CR'R? -2
0° "R
Hoisat MM OO
OH CH 7(\

33

2) HBTU, DIPEA, DMF, HahiNNH, Ha0 b) PA(PPH,), Cul, TEA, DMF, CHLCN,
alkyne ¢) 1)ELOH, 80C ; 2} Formic Acid, 50%

Hydrazine hydrate (1 equiv) is added to a stirred solution of 1.1 (1
equiv) in dry DMF, HBTU (1 equiv) and DIEA (2.5 equiv) and the solution is
10 allowed to stir for about 24 hours. After extractive work-up, 3.2 can be isolated.
3.2 can be treated according to general method 4 to afford 3.3 which can then be
dissolved in EtOH and treated with ethylacetimidate hydrochloride and TEA and
refluxed for about 16h to yield 3.4 after chromatography and deprotection using
50 % formic acid for 6 h.

15
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in 20nL acetonitrile were added 12. 0 mmol of propargyl brom de (80%
stabilized in toluene) and 50.0 mmol of anhydrous potassium carbonate. The
reaction mxture was filtered, and evaporated to dryness. The residue was
taken 10 up in 50 nL of dichioromethane/water and the organic renoved. The
aqueous was washed with an additional 3 x 25 nL dichl oronet hane. The
organic was then dried using anhydrous sodiumsulfate, filtered, and
concentrated to yield crude product which was purified using colum
chromat ography. 15 General nethod 3: Preparation of nndi iqu' pi per adi nes and
pi perazines. WO (NN CX) H2 H2 X=CH, N To 1"56’”%7@]"‘(1: the

appropri ate Boc-protected piperazine or piperadine, JR3275/JR3255
respectively, wasg@ggled pédarition 8f 418 @loxablatbles The sol ution was allowed to stir
for 6 hours, after which time the TFA was renoved under reduced 20 pressure
toyield a yellowoil. This ojl was taken up in 10 md=n,0f di chl oronet hane to
whi ch was added 10-fol d exc & of TEA and 3 equi vy s of the appropriate
el ectrophile. The yellow¢Sglgtion was al l oned to g "Nﬂ\,at r.t. for 58 WO
21HWO15357 PCT/ US200%/ 027 112 hours, aftef wgith time the solvents were
renoved and the prog rified ustnre a r‘*#“lk@ﬁm g RTSI colum with a
5980% gr adi ent of et hyf_facetate/ hexanes. 5 GeRefal nethod 4: Preparation of
2- AAs (2-al kynyl adenosi-lzfes). N(R7)2 N(R7)2 N Miw N'" NNNxnNnX,0

b

(CRR2)i Z OH OH OH oH"

NR, NR)
STy A
=R 1
Ny 2y (CRIR%),-Z
0.0 07\0
N “
— 4.4
a]
O
e ,
1 MR}
<,an oAl g L s Ny
" I N\ TR s . o <,N l ,)\
! {CR'RY), Z O N S
0~ 0
‘\ OH OH
45 46

a} 1) TEA, CHCh, pivalayt chkide, 0 C; 2} ammonia b) PO{PPH3), Col, TEA, DMF, CHCN, aliyne ¢) TEA,
DMAR, CHyCN, DMF, POCK d) NHzOH HEJ, K,CO4, ETOH, B0 G @) 1) 90 C 2) 50% formic acid, 60 G

Pivaloyl chloride is added to a cooled solution of 1.1 in DCM and TEA

and allowed to stir for several hours. Ammonia gas is the bubbled through the
5  solution to afford 4.2 after isolation and purification. 4.2 can be treated
according to general method 4 to afford 4.3 which is then taken up in anhydrous
acetonitrile and TEA and DMAP are added. To the ice-cocled solution is
cautiously added POCl;. After stirring for about 30 minutes, DMF is added to
the solution and the mixture heated to 95C for abous 24 h. Purification affords
10 4.4, to which is added potassium carbonate and hydroxylamine hydrochloride

after dissolution in EtQH. This solution is refluxed for about 24 h to yield 4.5
after purification. Treatment of 4.5 with the appropriate carboxylic
acid/anhydride pair affords 4.6 after reflux and deprotection using 50% formic

acid.
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A flame dried 25 nL round bottom under nitrogen was charged with 2- | odo
adenosi ne anal og (40 ng) and dissolved in 2 nL of DMF. The appropriate

al kyne (approx 0.1nL) was then added foll owed by 4m. of acetonitrile and 10
OlInL of TEA. Al three solvents had been degassed with nitrogen for at

| east 24 hours. To this solution was added 5 nole percent Pd(PPh3)4 and 6
nol e % copper iodide. The yell ow sh solution was allowed to stir for 24
hours at room tenperature, or until conplete by HPLC. If the reaction was
not conplete at this tinme, additional catalyst, Cullcwﬁﬁ . ver e added.
After the realOi?"#8 15 conplete, the solvents were renove Ylnder

hi gh- vacuum and the red/black residue taken back up in a small anount of
DMF. This solution was added to a preparative silica TLC plate (Analtech
1000 m crons, 20cm x 20cn) and eluted first with 120 nL of 40%

Hexanes/ CH2Cl 2, Arsme FePrempaipofdt b bt oxadittPlet on of 40 nL of MeOH The WV
active band (usually yellomlln color) in the mddle of ,the 20 plate is
collected, slowmy washed wi =4 x 25 M 2096NtCPVCtQ @? and concentrat ed.
Thi s product is then puriW} by RP-HPLC to yield & s after trituration
with anhydrous ethyl et hér~89 WO 20116/ 015353 PCT.N 5/027479 Schene | :
Preparati on of 5' eglgéi§nalogs —NQRI)Z gﬁgﬁa L<~1 NNNN ON
NI NNI J§ ~N N%¥O ROO RO ?5 % CH OHOHOHOH™H 1.1
1.2 1.3 a) SOC2, RbH§Pd(PPH3Y CH3CN. al kyne To a

cool ed solution of conpound 1.1 in alcohol |s aqgsj about 5

NR'),

No "% R ’\
\ giﬁﬁl\\\ RuJL Jki:i; (CR'R)n
RB = N N \\\\_
oo (CR'R?yZ S

OH CH $3
54

a} 1) DIEA, THF, pivaloy! chiofide, 0 C; 2) THF, 3 days b) Pd{PPH;y)y, Cul, TEA, DMF, CHaCN,
alikyne c) 1) DMF, POCly 2) 50% formic acid, 60 C

Pivaloyl chloride is added to a solution of 1.1 in THF and DIEA at 0 C.
5§ After stirring for several hours the appropriate hydrazide is added and the
mixture allowed to stir for about 3 days to yield 5.2. This product can be treated
according to general method 4 to afford 5.3 which is dissolved in DMF and
treated with POCI; at 0 C for several hours to yield 5.4 after purification and

deprotection with 50% formic acid.

10
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equi val ents of ice-cooled thionyl chloride. This solution is allowed to
stir, 5 gradually comng to roomtenperature for about 12 hours. The sol vent
is then renoved en vacuo to yield 1.2 as a white solid. This solid is then
treated according to general nethod 4 to yield conpound 1.3. Schene 2:
Preparation of 5 am de analogs: N(R7)2 N(R7)2 fO~ NN1 ONNI HO ~0%
aRMMOHOHOH 1.1 2.2 b NR), CNDN RRON' ONNiO~ I (CRRRZymz OH
at 2.3 a) 1) SOC12. MbOH, 2) NHRRI (neat) 10 b) Pd(PPH3)4 Cut TEA, DWVF,
CH3CN, al kyne To a cool ed sol ution of conpound 1.1 in i s added
about 5 equi VAPERYYSIE i ce-cool ed thionyl chloride. W"?”?E{?”F? on | s
allowed to stir, gradually comng to r.t for about 12 hours. The solvent is
t hen renoved en gé}gﬂpﬁtﬂep\é}aggnq,f@gmq%gg 1.2, which is dissolved in the
appropriate amne 15 (NHRa,) at OC and all ovved to stir for several hours or
until conplete. The 60 WO 06/015357 PCT/US20 0 5/ 112wé4 7 9 solvent is
then renmoved under vacuum, % he product purified vi an tallization or
chromat ography using a grgaf\e'ht of net hanol and d| chl§ (gd@t hane to afford
2.2 as a white solid.o Thi s'blld is then treEted ac ofding to general ~

method 4 to yield Ge 2.3. 5 Ghene 3: of 4' triazoles:
oxo E:\NHZ 7\ .
14 ' 62
\
NR"Y,
NR ) ¢ N~y
¢
<’Nf” e .
PN N NJ\ i NW (CRYRYZ
—\ow (CRIR ) Z TN
00
FAN
OH CH
6.4 6.3

a} 1) DIEA, DCM, pivatoyt chioride, 0 C; 2} THF b) Pd{PPHg),, Cul, TEA, DMF, CHyCN, alkyne c) 1) PDC, DCM, 4A
sleves, AcOH; 2) POCI;, Toluene, Reflux; 3) 50% jonmic acid, 60 C

Pivaloy! chloride is added to a solution of 1.1 in DCM and DIEA at 0
C. After stirring for several hours the appropriate 1,2-hydroxyl amine is added
5  and the mixture allowed to stir for about 24 h to yield 6.2. This product can be
treated according to general methed 4 to afford 6.3. This produoct is dissolved in
DCM and treated with PDC, 4A molecular sieves, and AcOH to convert the
alcohol to the ketone. This intermediate is then converted to 6.4 by reflux in
toluene after treatment with POCl; and subscquent heating in 50 % formie acid
10 foréh



N(R), N(R)2 NN NN<[NI O0~~NI | O~ HO-Cy HNHO O I1---// NHzZ
OO 1.1 3.2 b NR7)2 NNRR2 NN <iNNNNN\V~----- J& ~NNR~W r O
\' (CRRR)mZ "OxRe HN Y"~' (CR RzZIn-Z OH OH HCl Sall NH2 ~b-x0/ 3d 3.3 a)
HBTU, DI PEA, OVF, H2NNNH2 H20 b) Pd(PPH2)!, CW TEA DWF, CH3CN, al kyne c)
1)EtOH. 80C. 2) Form c Add, 50% Hydrazine hydrate (I equiv) is added to a
stirred solution of 1.1 (I equiv) in dry DMF, HBTU (1 equiv) and DIEA (2.5
equiv) and the solution is 10 allowed to stir for about 24 hours. After
extractive work-up, 3.2 can be isolated. 3.2 can be treated according to
general nethod 4 to afford 3.3 which can then be ;épb%ﬁ' %751,9Et0-| and
treated with WORYSAEE? i ni date hydrochl ori de and TEA and uxed for about

16h to yield 3.4 after chromatography and deprotection u5| ng 50 %formc
acid for 6 It. 1%&;,,9/}0;.@;,;@5&]@351ng{giollJSZOOSI 1127479 Schene 4:

NI
N

Preparation of 4'-],2,4-oxadiazoles N(Rh N(Rh Njjjj NN NN
T
N(R"); MR %
N N <.N I =N
72 -
o <N | A o) o [y N)\'
0 — . Ra)LN—N 0
Ho Q HH 5.0
00 gt Ay 2 Z}
11, H
b
N MR,
Mg S
&1 ‘;\ ‘LA
N
5_ N NSV N 2 2 N {CR'RpZ
R —(S‘%))' \‘tCR'Rz),..-Z RB/U\N_N 0
H H 6-.,:0
OH OH ’
T4 13

a) 1) DIEA, THF, pivaloyl chiaride, § C; 2) DMFE, .. 3h b} P{PPH,),. Cul, TEA, DMF, CHyCN,
alkyne ¢} 1) Lawessons reagent, CH5CN, 50 C, 18h. 2) 50% formic acid, 60 C

Pivaloyl chloride is added to a solution of 1.1 in THF and DIEA at 0 C.
After stirring for several hours the appropriate hydrazide is added and the
5 mixture is allowed to stir for several additional hours to yield 7.2. This product
can be treated according to general method 4 to afford 7.3 which is dissolved in
acetonitrile and treated with Lawessons reagent at 50 C for about 1 day to yield
7.4 after purification and deprotection with 50 % formic acid for 6 hours.
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N ON NNOOH Il nlI a N~~O—|~Oyf X0 4.2 NRhIMRON | iNNNN
N\ (CRRZZc 1t nl \ (CRRZn,'"Z O0O00~0 0.3 4.4d NNR)t R~~OH N 1)
Oo NNRh HONCOCNI NNN IO(GﬂmmZthmruNmN'NO(G?%Wd O-0
OHOH 4.54.6 a) i) TEA, CH2Cb. pi al aN di kdde.0 C, 2) amoni a b)

Pd(PPH1) 4,, Cal. TEA, DM f, CH3CN. akyne c) TEA, DWMAP, CH3CN, OvMf, PCCl 3 d)

NH, OH HCl, KZCO, MoH, 80 C 4) 1) 90 C 2) 5D% annk add. 60 C Pival oyl
chloride is added to a cooled solution of 1.1 in DCM and TEA and allowed to
stir for several hours. Ammonia gas is the bubbled through the 5 solution to
afford 4.2 aft ion and purification. 4.2 can eat ed according
to general ﬁbéh@%%; afford 4.3 which is then takenpﬁﬁﬁﬁaﬁmgﬁﬁ{/drous
acetonitrile and TEA and DVAP are added. To the ice-cooled solution is
cautiously added $2h¥es: Alepsdtionbfiantetgrofeor about 30 minutes, DVF is added to
the solution and the m xture heated to 95C for about 24 h. Purification
affords 10 4.4, to which |§, qdded pot assi um car bona¥®=and hydr oxyl ani ne
hydrochl oride after di s§ utlon in EtOH This sgﬂ:ﬁ‘ghon is refluxed for

about 24 h to yield 4.5¢ /k o NN
8]
A0 L MY 000
o8 2

11 \
N(R")

MR
IL ¢ f\
)\ {CR'RY)nZ
X?l {CR'R ’)mz HaN

0.0
53 .. N
Tw - 4.3
dl
NR) MR}
<’N ' =N f\
e .
M=N SN(eRIRY .2 RE--N""N 2
HN‘N’ Fo) { I e —kd CR'R ).-.-Z
—————
0.0
KN
8.5 8.6

a) 1) TEA, CH,Cl,, pivaloyl chioride, © C; 2) amuncnia b) PA{PPHy)s, Cul, TEA, DMF, CH;CN, alkyne ¢) TEA,
DMAR,CHaCN, DMF, POCH d) TMSN,, toluene e) 1) Ryl, KzC03, DMF; 2) 50% fonmic acid, 60 C -

Pivaloyl chloride is added to a cooled solution of 1.1 in DCM and TEA
and allowed to stir for several hours, Ammonia gas is the bubbled through the
5  solution to afford 4.2 after isolation and purification. 4.2 is then taken up in

anhydrous acetonitrile and TEA and DMAP are added. To the ice-cooled
solution is cautiously added POCl;. Afier stirring for about 30 minutes, DMF is
added to the solution and the mixture heated to 95C for about 24 h. Purification
affords 4.4, to which is added toluene, azidotrimethylsilane, and dibutyltin oxide

10 and the mixture is heated to 60C for about 15 hours to afford 8.5. Treatment of
8.5 with the appropriate alkyl halide and potassium carbonate affords 8.6 afier

reflux and deprotection with 50 % formic acid for 6 h.
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after purification. Treatnent of 4.5 with the appropriate carboxylic

aci dl anhydride pair affords 4.6 after reflux and deprotection using 50%
formc acid. 62 WO 200W15357 PCTNS200511127479 Schene 5. Preparation of
'-1,3,4 oxadiazoles N(R)z N(R, NN/NHI ONNI OO0OON f11 -00
Ra~N H ee----TT ~~ff NHo O Re /" RNHZ <0 H5.2 1.1 b IIN(Reh NR), c

<NN N!l-~J RRN\RH~" R-"TON\ (~~Im2 HHOICOCOHOH5.3 SA
a) 1) D EA THF. pivaloyl chl odde, 0 C 2) THF, 3 days'b) Pd(PPH3)4, Col,
TEA, DVF, CH3CN ne c) 1) DMF, POCI3 2) 50% f or h¢eeidnal C Pival oyI
chloride is adﬁgﬁmpﬁﬁé solution of 1.1 i-n THF and DIEA at 0 C. 5 After

stirring for several hours the appropriate hydrazide is added and the

m xture all owed t®epafatisn I PE(tertBu-ditheBAXiTanisk ymbtRYTHcyBloRexyl FhiktRanpr oduct can be
treated according. . to general nethod 4 to afford 5.3 which is dissolved in
DVMF and treated $WWth POCL3 at 0 C for several hours to yield 5.4 after

purification and |
O...
/SIK

—:‘OH
To a 100 mL-flask containing 79 (4.0 g, 27.8 mmol) in DMF (40 mL)
5  was added TBDMSCI (3.56 g, 23.6 mmol) and imidazole (3.79 g, 55.6 mmol).
The reaction was allowed to stir at 25 °C for 16hoursafter which time saturated
aqueous LiBr (50 mL) was added and the reaction extracted with ether (2 x 50
mL). The ether layers were pooled and extracted again with LiBr (2 x 35 mL).
The ether layer became clear. The ether layer was then concentrated in vacuo
10 and the product purified by flash chromatography, on a silica gel column, eluting
with 1:2 ether/petroleum ether to yield 83 (3.80 g, 62%) as a homogenous oil.
'H NMR (CDCls) & 3.46 (d, = 6.2 Hz, 2 H), 3.39 (d, J = 6.2 Hz, 2 H), 1.95-1.72
(m, 4 H), 1.65 (m, 1 H), 1.40 (m, 1 H), 1.03 ~ 0.89 (m, 4 H), 0.88 (s, 9 H), 0.04
(s, 6 H); *C NMR (CDCL) 8 69.2, 69.1,41.2, 41.1, 29.5, 26.5, 18.9, -4.8;.
15  APCIm/z (rel intensity) 259 (MH", 100).

Preparation 2: Toluene-4-sulfonic acid 4-(tert-butyl-dimethy]-
silanyloxymethyl)-cyclohexylmethyl ester (84).

ok
/SI\
O
8]
20 To a 100 mL-flask containing 83 (3.4 g, 13.2 mmol) in CHC]; (30 mL)

was added tosyl chloride (3.26 g, 17.1 mmol) and pyridine (3.2 mL, 39.6 mmol).

The reaction was allowed to stir at 25 °C for 14hoursafier which time the
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deprotection with 50%form c acid.
Schenme 6: Preparation of 4'-1,3 oxazole MR )2 11IWR)! "rNN JI1 O

10 63 WD 2006/ 015357 PCT/ US2005/ 027479

NN

/0 ~JINNRe ReR~N HO O 0O a NH2 xOr OHHGO-O OH1.16.2 b 1INNRh N NI
(RWC<NN NNON\ R -NCRs~-N ' (CRR~-Z Ol O(CRIR2)n,-Z H 071 OH

.0 OHOH6A 63 a) 1) DIEA, DCM pivaloyl diloride, 0 C 2) THE b)
TEA, OWF, CH3CN. alkyne c¢) 1) PDC, DCM 4A sieves,
Reflux 3) 50% form c add, 60 C Pival oyl
a solution of 1.1 in DCMand DIEA at 0 C. After stlrr

Pd( PPH3) x, Col .
POCl . Tol uene.

t he appropri a¥ P%#9jdr oxyl amine is added

10

15

20

25

reaction was concentrated in vacuo to yield a wet white solid. To this solid was
added ether (50 mL) and the solid was filtered and subsequently washed with
additional ether (2 x 50 mL). The ether layers were pooled, concentrated in
vacuo to yield a clear oil which was purified by flash chromatography, on a
silica gel column, eluting with 1:4 ether/petroleum ether to vield 84 (4.5 g, 83 %)
as a white solid. 'HNMR (CDCL:) 6 7.78 (d, 1 =7.7,2 H), 7.33 (d, 1 = 7.7 Hz,
2H),381(d, *=6.2Hz, 2H),3.37(d, J = 6.2, 2 H), 2.44 (5, 3 H), 1.95-1.72 (m,
4 H), 1.65 (m, I H), 1.40 (m, | H), 1.03 - 0.89 (m, 4 H), 0.88 (s, 9 H), 0.04 (5, 6
H); C NMR (CDCl3) 8 145.1, 133.7, 130.3, 128.4, 75.8, 68.9, 40.7, 38.0, 29.1,
26.5,22.1, 18.9, -4.9; APCI m/z (rel intensity) 413 (MH", 100}.

Preparation 3; (4-Prop-2-ynyl-cyclohexyl}-methanol (86).

OH

(

/O

H

A 3-neck 250 mL-flask equipped with a gas inlet tube and dry-ice
condenser was cooled to —78 °C and charged with liquid ammonia (40 mL). To
the reaction mixtare was added lithium wire (600 mg, 86.4 mmol) generating a
deep blue solution. The mixture was allowed to stir for lhour. Acetylene,
passed through a charcoal drying tube, was added to the ammonia until all the
lithium had reacted and the solution tumed colorless, at which time the flow of
acetylene was stopped, the acetylene-inlet tube and condenser removed and the
flask outfitied with a thermometer. DMSO (20 mL) was added and the ammonia
evaporated with 2 warm water bath until the mixture reached a temperature of
30 °C. The solution was stirred at this temperature for 2 hours until the soiution
stopped bubbling. The mixture was cooled to 5 °C and compound 34 (11.25 g,
27.5 mmol), in DMSO (10 mL), was added. The temperature was maintaiped at
5°C. The mixture was allowed to stir at 5 °C for 0.5 hours. Then the solution

was gradually warmed to room temperature and stirred for an additional 18

68

AcOH, 2)

chloride is added to
CrAGufRimeveral hours



5 and the m xture allowed to stir for about 24 h to yield 6.2. This product
can be treated according to general nethod 4 to afford 6.3. This product is
dissolved in DCMand treated with PDC, 4A nol ecul ar sieves, and AcOH to
convert the alcohol to the ketone. This internmediate is then converted to
6.4 by reflux in toluene after treatnent with POCK and subsequent heating
in SO %formc acid 10 for6h 64 WD 214)6/ 015357 PCT/ 1JS20115/ 027479 Schene

7: Preparation of 4'-1,3,4 thiadiazole N(R )z N(R?)2 Ni I O< N CNI Nnhl
OOHNI o loa BBI-N N O Ox0/J RIAN.NH2 H H OXchBsz%mHml 1\b
N( R7) x CNR?)é" ’RI“‘EB“&SHRNHNH\~ X O(CRR)ni Z (CR'R7).-Z R N-N

HHOO OHOH 7.4 7.3 a) 1) DET, THF. plvel oyl chledde, DC 2) DUP. r.t.
3h b) Pd(PPH3) 3, Holk}. Tﬂ’Eb%kar%%xmrmﬁymm@lbw!&bv&&mmms reagent ,

Sc_)llg)uut\ll oﬁoofC 1f ihlaﬂg%ﬁqﬁgwﬁ%t I5{1T11 i afdogh d?“‘ﬁ‘f"{ﬁ)’ afu? SP&%Q]QL?%F’% \S/e?g?eﬂobfsa
t he appropri at e hyoratried & vasiodchdedda yellew bih &he oil was subsequently dissolved
in THF (200 mL) and changed to a brownish color upon addition of TBAF
5  hydrate (11.20 g, 35.5mmol). The solution was allowed to stir for 24 hours
2under N; atmosphere. After stirring, the reaction was quenched with water (200
mL) and exiracted with ether (3 x 100 mL). The ether extracts were combined
and concentrated in vacuo. The crude product was purified by chromatography,
on a silica gel column, eluting with 1:1 ether/petroleum ether to yield 86 (3.91 g,
10 93%)as a yellow oil. "H NMR (CDCl3) §3.45(d, J=6.2,2 H), 2.10 (d, ] = 6.2,
2H), 1.9 (s, 1 H), 1.94—1.69 (m, 4 H), 1.52 - 1.34 (m, 2 H), 1.16 — 0.83 (m, 4
H); PC NMR (CDCl;) 5 83.8, 69.5, 69.0, 40.8, 37.7, 323, 29.7, 26.5.

Preparation 4: (4-prop-2-ynylcyclohexyl)methyl acetate (87).

Y

0
__\

15 ‘ H
To a solution of 960 mg (6.31 mmol) of 86 in 6 mL DMF was added

0.62 mL. (7.57 mmel) pyridine and 0.78 mL (8.27mmol) acetic anhydride. The
reaction was allowed to stir overnight at room temperature. Afiter 16 hours,
starting material still remained. The reaction mixture was heated at 75 °C for 3

20 hours. The solvent was removed under reduced pressure to yield a yellow oil
which was purified by flash chromatography, on silica gel, eluting with 1:3
ether/petroleum ether to yield 1.12 g (91%) of 87 as an oil. 'HNMR (CDCly)
83.87(d,J=6.2H¢, 2 H), 206 (d, ] =43 Hz, 2 H),2.03 (s, 3 H), 1.98 - 1,93
(m, 1 H), 1.92 - 1.83 (m, 2 H), 1.83 = 1.74 (m, 2 H), 1.63 - 1.36 (m, 2 H), 1.12 -

25 0.90 (m, 4 H); >C NMR (CDCl3) § 171.7, 83.7, 69.9, 69.6, 37.4, 37.3, 32.1,
29.7, 26.5, 21.4; APCl m/z (rel intensity) 195 (M", 30), 153 (M", 70), 135 (M,
100).
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5 mxture is allowed to stir for several additional hours to yield 7.2. This
product can be treated according to general nethod 4 to afford 7.3 which is
dissolved in acetonitrile and treated with Lawessons reagent at 50 C for
about | day to yield 7.4 after purification and deprotection with 50 %
formc acid for 6 hours. 65 WD 21)06/ 015357 PCTNS2005n) 27479 Schene 8:
Preparation of 4'-tetrazole N(R)z {R')2 NIN ININ <N~" NNI ONI
10 n~0OHO ~0~J aHNOO142 1.1 b \\\ N(R7)2 INI(R7)2 N NCN CO
NN~ (CRRZ)n,Z No (CRRZymZ 112N OO ,cO 0-04.4 4.3 dl .NSR)l N(R h
(N1 NNN HNl\PVf{I"(“E'}QPé},"z RB-NN N\ CRWez N e 0-0 Bf"&H"™8'8%8. 6 a) 1)
TEA, CHzCl 2. pivaloyl chloride, 0.C 2) anmmonia b) Pd(PPH3)4, Cul, TEA. DVF,
CH3CN, al kyne ¢) HEArtGMAR, clMexahiioyiacid MBS, tol uene e) 1) R31,
K2008, DVF: 2) 50%form ¢ TP 3 sk ’

0y OH

/-

H

A solution of chromium trioxide (600 mg, 6.0 mmol) in 1.5 M H280,
(2.6 mL, 150 mmol) was cooled to 5 °C and added to a solution of 86 (280 mg,
5  1.84 mmol) in acetone (15 mL). The mixture was allowed to warm to room
temperature and allowed to stir overnight. Isopropanol (4 mL) was added to the
green/black solution, which tumed light blue after Lhr. After adding water (15
mL), the solution was extracted with CHCl4 (6 x 25 mL). The organic layers
were pooled and concentrated in vacuo to yield a white solid. The solid was
10 dissolved in ether (50 mL) and extracted with 1 M NaOH (2 x 30 mL). The
basic extracts were pooled, acidified w/ 10% HC), and re-extracted with ether (3
x 30mL). The ether layers were combined, dried with sodium sulfate and
concentrated in vacuo to yield a white solid. The product was recrystallized
from acetone/water to yield 88 (222 mg, 73%) as white needles: mp 84-85 °C,
15 'HNMR (CDCl) 32.30-2.23 (m, 1 H), 2.17 - 2.11 (m, 2 H), 2.07-2.03 (m, 2
H), 1.97 — 1.91 (m, 3H), 1.51-1.39 (m, 3 H), 1.13- 1.01 (m, 2 H); "C NMR
(CDCi3) 6 182.5, 83.8, 69.6,40.7, 37.7, 32.3, 29.6, 26.5; APCI m/z (rel
intensity) 165 (M, 100).

20 Preparation 6: Methyl 4-prop-2-ynyleyclohexanecarboxylate (89).

0., .0

T‘\

/'"D

H

To a solution of 88 (240 mg, 1.45mmol) in 7:3 CH,Cl,:MeOH (10 mL)
was added TMS Diazomethane (2.0 M in hexanes) (0.9 mL, 1.8 mmol) in 0.2 ml
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Pival oyl chloride is added to a cooled solution of 1.1 in DCM and TEA and
allowed to stir for several hours. Amonia gas is the bubbled through the 5
solution to afford 4.2 after isolation and purification. 4.2 is then taken
up in anhydrous acetonitrile and TEA and DVAP are added. To the ice-cool ed
solution is cautiously added POCI 3. After stirring for about 30 m nutes, DV
is added to the solution and the m xture heated to 95C for about 24 h.
Purification affords 4.4, to which is added toluene, azidotrinethylsilane,
and di butyl ti ”“@f&*“%‘;‘q and the mxture'is heated to 6QC for about 15 hours
to afford 8.5 eatrent of 8.5 with the appropriat e PAR*#HPde and

pot assi um carbonate affords 8.6 after reflux and deprotection with 50 %

{Zr?i c aCin f?)r Gallhﬂoﬁuﬁlﬁ tﬁé@o]3ﬂ;|1r9ﬁie@}5!ﬁ57;‘fﬁ%ét|¥dﬁwmh a&ﬂzaﬁfd?afpaz ggi)onoli -
tert-Buty il anyl oxynet cl.ahex net hano '
To a 100 mi-flask ’J% ‘H%laﬂ%s? ‘\;g"’("zier@”dx“ ‘?‘gé 'X‘f%{ PREEA L) 5 was
added TBDMVBSCl (3. da&dg;opaﬁeﬁnmwumwcmnndﬁml @he(raacfi@ vgs 55.6 mmol ). The
reaction was all g t t i me saturated
aqueous LiBr (50 ﬁf‘%ﬂéﬁ%’éﬁgﬁeg’ gw ﬁe‘%@ 'QFQF)% %h?éng%l O[‘h ether (2 x 50
m.). The ether5| asyeuplmethg@olrcwmaﬂvdr(éﬁ)tw adﬂé%l(Za@;ag,ﬁomqsnclEmBr (2 x 35 n).

The et her | ayer cqfrﬁM? K rated in vacuo
10 and the productg)::ia purified @5@%3@%}&3@%}2&%}?09rap 10y &qg%ﬁ ca gel col um,
eluting wth 1: 21%‘rﬂépﬁfpéatlﬂoll‘@Uri‘r:’ét('hérmtlol%oé’ﬁ(ﬂm@ﬂ( “BMRg, 62% as a
honmogenous oil . (bbdﬁ"ﬁ?é%%%bs%l% Qiéjr 3}39 m@z@s%cl&zk!)el 3.39 (d, J =
6.2Hz,2H),195- 4 H, : (m 1 H), 1.03 - 0.89
(m 4 H, 0.88 (gmﬂgﬂwﬂm 00) 5. 6 H) 130 NI\/R (CDClS) S 69.2, 69.1, 41.2,

41.1, 29. 5 2(1505 18. 9, -4, 8;. 15 APCl niz (rel intensity) 259 (MN 100).
Preparation 2.” Tol uene- sul fonic acid 4-(tert-butyl-dimethyl -
si | anyl oxynet hyl )Prepyation Mehyrsie t-Ripparpdtyelohex @éhpthyl{Indthyl Eerbonate (90).

0.0

o

Yield: 345 mg, 81%. 'H NMR (CDCl) 6 0.98-1.07, 1.40-1.52,
1.57-1.70, 1.78-1.93 (4 x m, 10H, cyclohexyl), 1.96 (t, 1H, acetylene}, 2.10 {dd,
15 2H, -C4HoCH,CCH), 3.78 (s, 3H, -OCH3), 3.96 (d, -CsH1oCHLO-).

H

Preparation 8: Trans[4-(1-Propargyl)cyclohexylmethyl) iso-butyl carbonate (91).
ook
é I

S

H

20 Yield: 433 mg, 83%. 'H NMR (CDCl;) § 0.95 (d, 4H,
-OCH,;CH(CH,),), 0.98-1.09, 1.40-1.51, 1.57-1.70, 1.78-1.93 (4 x m, 10H,
cyclohexyl), 1.94-2.04 (m, 1H, -OCH,CH(CHa),), 1.96 (t, 1H, acetylene), 2.10
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OSif - O20 To a 100 nm.-flask containing 83 (3.4 g, 13.2 mmol) in CHC13
(30 M-) was added tosyl chloride (3.26 g, 17.1 nmmol) and pyridine (3.2 ni,
39.6 mmol). The reaction was allowed to stir at 25 C for 1l4hoursafter which
time the 67 WD 21) 061015357 PCT/ US2005/ 027479 reaction was concentrated in
vacuo to yield a wet white solid. To this solid was added ether (50 nL) and
the solid was filtered and subsequently washed with additional ether (2 x
50 nL). The ether | ayers were pool ed, concentrated in vacuo to yield a clear
oi | which was by flash chronatography, on a 5 silica gel colum,
eluting with 1%*"{'&({ <?‘77petrol eumether to yield 84 (4.PSTYSHEAYYY 35 a white
solid. 1HNWR (CDCI3) S 7.78 (d, J =7.7, 2 H, 7.33 (d, J:77Hz, 2 H),

3,81 (d, . 6.2 . 3 1.95-1.72
s H)’(1 o (m :42(«1 gﬁDC&ﬁo@gCél@l);B;_gl 3936(22:3 ﬁoltﬁcaé’n(éﬁz(m N 88 BT (m
0.04 (s, 6 @! '()CDC13) & 145 1 133.7, 130.3, 128.4, 75.8, 68.9,

40.7.38.0,29 1 10 26.5, 2 18. 9, -49 APCI nl z (rel lntenSIty) 413

2.1,
0'H A3 neck psd et Skeaiit BpemslP S e e AT R ory i ce 15

condenser was cooled to -78 C and charged w.th liquid ammonia (40 nL). To
the reaction m xture was added |ithi umMGOO ng, 86.4 mmol) generating a
deep blue solution. The m xture wa 0 o stir for 1hour. Acetyl ene,
passed t hrough a charcoal drying tuhe,o was added to the ammonia until all
the lithium had reacted and the $ tion turned colorless, at which tine
the flow of 20 acetyl ene was stopped, the acetyl ene-inlet tube and condenser
renoved and the flask outfitted with a thermoneter. DMBO (20 nL) was added
and the ammonia evaporated with a vater bath until the m xture reached
a tenperature f H

Yield: 340 mg, 69%. "H NMR (CDCl;) 5 0.97-1.08, 1.40-1.49,
1.55-1.69, 1.77-1.93 (4 x m, 10H, cyclohexyl), 1.96 (f, 1H, acetylene), 2.10 (dd,
2H, -C¢H wCH>CCH}), 3.98 (d, -CgH 1oCH,0-), 5.15 (s, 2H, -OCH,Ph), 7.33-7.40

(m, 5H, Ar).
10
Preparation 10: 4-(Toluene-4-sulfonyloxymethyl)-piperidine-1-carboxylic acid
tert-butyl ester (JR3215).
YK
N
(8 0
[}
(0]
JR3215

A solution of N-Boc-4-piperidinemethanol, 5.0 g (23.2 mmol) in
15  chloroform, 50 ml, was prepared. Toluene sulfony] chloride, 5.75 g (30.2
mmol), in 5.6 mL of pyridine (69.6 mmol) was added. The solution was stirred
under nitrogen allowed to stir for 24 hours. Standard workup and
chromatographic purification provided the title compound. Yield 6.0g



30 C. The solution was stirred at this tenperature for 2 hours until the
solution stopped bubbling. The m xture was cooled to 5 C and conpound 84
(11.25 g, 25 27.3 innol), in DMSO (10 nlL), was added. The tenperature was
maintained at 5 C. The m xture was allowed to stir at 5 C for 0.5 hours.
Then the solution was gradually warned to roomtenperature and stirred for
an additional 18 68 WD 2016/ 015357 PCT/US2 005/0 2 74 79 hours. The
brown/ bl ack reaction m xture was poured slowy over ice (300 g) and
extracted vvlth t her 5(“4 x 100 nl.), dried with anhydrous sodiumsulfate, and
concent r at ed |H’ 'éi&’ﬁ'o {o yield a yellow oil. The oi | RAEVEMS&EHent |y
dissolved in THE (200 m -) and changed to a browni sh col or upon addition of
TBAF 5 hydrate ( owed to stir for 24
hours 2under NZ%%%%)‘%&W%% ?Wg} {R)E%ﬁ%g)%ﬁc%{eh#@?gﬂ%n was quenched with
water (200 nl) o8H! éshwh@ﬂé@l%y{-wdewwl((@2!33100 m.). The ether extracts
were conbi ned and concentrated in vacuo. The crude product was purified by

chromat ography, on a silica gel c - dfting with 1:1 ether/petrol eum
ether to yield 86 (3.91 g, 10 93% ay ow oi | . 'HNI\/R(CDClB) 5 3.45
(d, J =6.2, 2 H, 2.10 (d, J = 6. {9(sl H, 1.94 - 1.69 (m 4
H, 1.52 - 1.34(m 2 H, 1 16- 83(m H) C NMR (CDC13) 8838

69.5, 69.0, 40.8, 37.7, 32.3, 294 %D;Be'bar ati on 4.
(4- prop-2-ynyl cycl ohexyl ) net hyl ace ate ("§ IS H To a solution

of 960 ng (6.31 nmol) R ) Devorhd¥hnokefin D7 NI )
pyridine and 0. 78 nL 13Jaén’?r‘lt’)nlrb)f ggg%?ﬁg}ﬁi:ﬁ%ﬁﬁ hrez(i)ce:tll on was al | owed

to stir overnlsghtsoziftL BRI ERg A P (6.7 tppe! Hmyimagnedym ¢ i ng nat eri al
still remained. H&ﬁmﬂeaamrmemmtoumsmedfwﬁm@oatfom@m&or 3 20 hours. The

sol vent was renoved under reduc essure to W 0|I whi ch was

purified by flas h“‘\i‘lﬁ?‘bl?&"gg’?dé‘ﬁﬁgg'“‘g s@ting paerl ad%&ﬂ“ﬁ?‘is?‘/f@"d 1:

et her/ petrol eum aédasin waoqughciédivith. Szl ¢f wald, Uleradiovd 4 pag oﬂﬁntnlmil H I\/R ( CDC13)
m

I
5387(dJ62H22 2 !?( 3HZ,2ﬁH%§ %,él—i), .98-1.93 ( Il H), 1.92
21.83 (m 2 H) wisg th‘ktééc ﬁBd £V, % 69) Eisl r%}a)éeﬁﬂym? 12
contammg two spots (r.f.'s 0.33 (minor, JR3217A) and 0.25 {major, J R3217B)
20% EtOAc/Hexanes) which were visualized with Vanillin. The compound was
- purified via flash chromatography using 10% EtOAc/Hexanes (225 mL silica) to

provide JR3217A and JR3217B.

15  Preparation 12: 1-Prop-2-ynyl-piperidine-2-carboxylic acid methyl ester
(JR3249),

JR3249

The title compound was prepared starting with 4.0g {22.3 mmol) of
methylpipecolinate hydrochloride according to general method 2.

20
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25 0.90 (m 4 H; 17C NW\R (CDCI3) 6 171.7, 83.7, 69.9, 69.6, 37.4, 37.3,
32.1, 29.7, 26.5, 21.4; APCl nmz (rel intensity) 195 (M, 30), 153 (M 70),
135 (M, 100). 69 WD 20116/ 1115357 PCT/ US2005/ 027479 Preparation 5:

4- prop- 2-ynyl - cycl ohexanecar boxylic acid (88). OOHH A solution of
chromumtrioxide (600 ng, 6.0 mol) in 1.5 MH2S04 (2.6 m, 150 mmol) was
cooled to 5 C and added to a solution of 86 (280 ng, 5 1.84 mpl) in acetone
(15 mL). The m xture was allowed to warmto room tenperature and allowed to
stir overnight. Iso anol (4 nL) was added to the , sol ution,
whi ch turned VGRS T’Efg after |hr. After addi ng wat er%@g%ﬁk?’%t he sol ution
was extracted with .CHCI3 (6 x 25 nL). The organic |layers were pooled and
concentrated in vq:@é};gaﬁd,a 13/ 168r6h-B ,;egd,m‘gaq,mﬁhgm@,q&hﬁﬂ@s 10 dissolved in
ether (50 nmL) and &Xt cted with M NaCH (2 x 30 mL). The basic extracts
wer e pool ed, aci ditf &t w 10% HCI, and re- extract ed with ether (3 x 30nL).
The et her Iayers wer e conbi ned, dr| edywi %h sodium sul fate and concentrated
in vacuo to yield a white sol i d. The pioduct was recrystallized from |
acetone/water to yield 88 (222 ny, 730 as white needles: np 84-85 C, 15 'H
NVR (CDCI3) b 2.30 -2.23 (m 1 H, 2.17 2.11 (m 2 H, 2.07-2.03 (m 2

H, 1.97 - 1.91 (m 3H), 1.51-1.39 (m H, 1.13- 1.01 (m 2 H); 13C NWR
(CDC13) S 182.5, 83.8, 69.6, 40.7, 37. 32.3, 29.6, 26.5; APCl mz (rel
intensity) 165 (M 100). 20 Preparation § Methyl

4-prop-2-ynyl cycl ohexanecar boxyl ate (89). M1 OH To a solution of 88 (240
nmyg, 1.45mmol) in 7:3 CH2C12:MeOH (10 nL) was added TMS Di azonet hane (2.0 M
in hexanes) (0.9 nL, 1.8 mmol) in 0.2 Qgkaxse/0 WO 2141(/ 015357

PCT/ US206/ 027479
: To a solution of methyl isonipecotate 3.5g (24.4 mmol, 3.30 mL} in

5 100 mL dichloromethane was added TEA (1.5 eq, 36.6 mmol, 5.1 mL),
propargyl bromide {3.0eq, 73.2 mmol, 6.5 ml), at room temperature for 36 hrs.
The reaction was quenched with 35 mL water to yield to provide a clear solution.
The solution was extracted with dichloromethane 2x25 mL, dried with Na2S04,
and the solvent evaporated to provide a yellow oil. r.f. (40% EtOAc/Hexanes)
10 0.26 stains faint white with Vanillin, starting material r.f. 0.05 stains yellow with
Vanillin. The product appeared pure after extraction,

Preparation 14: 1-Prop-2-ynyl-piperidine-4-carboxylic acid ethyl ester (JR3271).

0

%O\/
N

RN

JR3271

H

15 The title compound was prepared starting with 2.0g (12,7 mmol) of

ethyl isonipecotate according to general method 2.
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aliquots until the color remained yellow The reaction was allowed to stir
0.25 hours at roomtenperature. After stirring, glacial
acetic acid was added dropwi se until the solution becanme colorless. The
reacti on was concentrated in vacuo to an oil which was purified by flash

for an additional

chr omat ogr aphy on

5 silica gel

89 (210 ny, 80% as a clear oil. "HNWR (CDC13) 6 3.60 (s, 3H), 2.25 -
(m 11-1), 2.08 -1.94 (m 3'H), 1.95-1.90 (m 2 H), 1.49 - 1.31 (m 3

( H; 1JC NMR (CDCI3),8 176.7, 83.3, 69.8, 51.9, 43.4,
36.7, 31.9, 20WOMGYSHT ApC nyz (rel intensity) 181PENNSHOSERGY. 10

1. 10 - 0.93 (m 2

Prepar ation 7: Trans[4-(|-Propargyl)cyclohexyl nethyl] mnethyl

87170, 1 7o TR WO Ra gty Seggf’?w*“@ﬂ acetylene),

usi ng ether-petroleumether (1:9) to yield

2.13
H)

carbonate (90).

2.10 (dd, 15 2H, UR%F&SCHZCCH) 3. 78 (s 3H, - .96 (d, -C6H aCH20-).
Preparation 8: Trans[4-(1- Propargyl) ohexyhnet hyI] |so butyl carbonate
(91). O0Oy0'-~ 60H 20 Yield: 433 o "H NWVR (CDCl 3) 8 0.95 (d, 4H,

- OCH2CH(CH3) 2), 0.98-1.09, 140151 1.70, 1.78-1.93 (4 x in, 10H,
cycl ohexyl), 1.94-2.04 (m IH, - g?%¥+8)2) 1.96 (t, 1H, acetylene), 2.10
71 WD 2006/ 915357 PCT/ US211115/927479n(dd, 2H, -C6H OCH2CCH), 3.91, 3.95 (2

x d, 4H, -OCH2CH(CH3)2, -C6H 0CH2O- ) .( Preparation 9:
Trans[ 4- (1- Propar gyl ) cycl ohexyl net hyl ] Lyl carbonate (92).

JR3275

To a solution of 10.0 g (54.8 mmol) of tert-butyl- 1 -piperazine
5 carboxylate in 60 mL acetonitile was added 5.20 mL (60.4 mmol) propargyl

bromude and 37.9 g (274 mmol) anhydrous potassium carbonate. Additional
propargyl bromide, 1.5mL, was added afier stirding for 36 hours at room
temperature. The residue was evaporated to dryness. Dichloromethane, 50 mL,
and water, 50 mL, were added. The reaction mixture was extracted with CH,Cl,,

10 4 x 40 mL, dried over magnesium sulfate, and evaporate to provide a brown oil.
The oil was dissolved in dichloromethane and purify with a RT Scientific system
using hexane/ethyl acetate gradient to yield 5.5 g (46%) of yellow oil, which
ultimately crystallized upon standing.

15  Preparation 16: 4-Cyanomethyl-piperazine-1-carboxylic acid ethyl ester
(JR3287).

OYO\/

®

k*m

JR3287

To a solution of 3g (19.0 mmol} of ethyl N-piperazinecarboxylate in 25
mL of CH;CN was added 1.57g (1.32 mL 20.1mmof) of 2-chloroacetonitrile and
20 15.6g (95mmol) K5CO;e1%H;0O. The suspension was stirred at room
temperature for 16 hours. The reaction was analyzed using TLC (35% Ethyl
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Yield: 340 ng, 69% IH NWR (CDCI3) 5 0,97-1.08,1.40-1.49, 1.55-1.69,
1.77-1.93 (4 x m | OH, cyclohexyl), 1.96 (t, 1H, acetylene), 2.10 (dd, 2H,
- C6H CCH2CCH), 3.98 (d, -C6H, oCH2O-), 5.15 (s, 2H, -OCH2Ph), 7.33-7.40 (m
5H, Ar). 10 Preparation 10:

4- (Tol uene-4-sul fonyl oxynet hyl ) - pi peri di ne-|-carboxylic acid tert-butyl
ester (JR3215). Oy0O N YO S JR3215 A solution of

N- Boc- 4- pi peri di nenet hanol, 5.0 g (23.2 mmo)) in 15 chloroform 50 m, was
prepared. Toluene sulfonyl chloride, 5.75 g (30.2 mvol), in 5.6 nL of
pyridine (69. 6" Was” added. The sol ution was stir PEUUSBRE™ ni t r ogen
allowed to stir for 24 hours. Standard workup and chronmat ographic
purification providadHefBest %r&clua rE@AROUDA. r.£ 0608, Predlalyste it¥dad@( 16/ 015357

PCT/ 11S2005/ 027479 Preparati on )

11: (R) - | - Et hyny! - PrReectonscomplets chhe griden yipy Jpaing way evaporated to

(S) -1 - Et hynyl - (R) drimeste trhy lesi@ilé GlaOdi 0228 Glth CVC)HIBRitd wiB)MeSO,, nPH HH H  JR3
217A JR3217B To a solution of 1.0 g (8.9 mmul)

(R) - (+) - 3- met hy! - M Eanone in 5 50 nL of THF was added 54 nL (26.7 °
rnnol) of 0.5 M ethynyl magnesium brom de in THE The solution was allowed to
stir at 20 C for 20 hours. Analysis by TLC indicated that the starting

mat eri al had beenPrepratiomidd!-Cydiehexyl-&prop-2-omyl-pingsazipgdB4HEE with 5 nL of water,
filtered over a plug of sand and silica, washed with Et OAc, and evaporated
to yield 1.15 g of a yellow oil 10 c ining two spots (r.f.'s 0.33 (mnor,
JR3217A) and 0.25 (mmjor, JR3217B), % Et OAc/ Hexanes) which were
visualized with Vanillin. The conpound was

(

N

“

JR4018

H

The title compound was prepared starting with 3g (17.9 mmol) of
1-cyclohexylpiperazine according to general method 2

10
Preparation 18: 1-Prop-2-ynyl-piperazine (JR4029).

H TFA

[:::] Sat
.

JR4029

H

To a flame-dried 25 mL round bottomn flask under nitrogen was added

2.1 g of 4-Prop-2-ynyl-piperazine-1-carboxylic acid tert-butyl ester. To this

15  solid was added 5 mL of 98% TFA in ! mL portions. The solution turned wine
red, bubbled and smoked. The additional portions of TFA were added when this
activity subsided. After the third portion of TFA had been added only minimal
bubbling occurred. The solution was allowed to stir under nitrogen at room
temperature for an additional hour and evaporated under reduced pressure to

20  yield the product as a thick red syrup. Assumed quantitative yield of 1.16 g.
The residue was suspended in 20 mL dichloromethane and used immediately
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purified via flash chromatography using 10% Et OAc/ Hexanes (225 nL silica) to
provi de JR3217A and JR3217B. 15 Preparation 12:

1- Prop- 2-ynyl - pi peri di ne-2-carboxylic acid nmethyl ester (JR3249). NO11 H
JR3249 The title conpound was prepared starting with 4.0y (22.3 mmol ) of
met hyl pi pecol i nate hydrochl ori de according to general nethod 2. 20 73 WO
2006/ 015357 PCT/ US2005/ 027479 Preparation 13:

1- Prop- 2-ynyl - pi peri di ne- 4-carboxylic acid nmethyl ester (JR3245) 0 01, N
H JR3245 To a solution of nethyl isonipecotate 3.5g %ﬁ‘ﬂ nmol 3 30 nL) in
5 100 nL di chWorgesiane was added TEA (1 5 eq, 36. 6 PP 1y

propar gyl brom de (3. Oeq 73.2 mmol, 6. roomterrperature for 36
hrs. The reactio | rovi de a cl ear
solution. The sof:'1 tl on sﬁﬂ‘%??n\g%'{teﬁ% th) ﬁ%ﬁ I{ngsrr%it éﬁjgm%%’gS m., dried
with Na2SO4, andangpR403p| vent evaporated to provide a yellowoil. r_f. (40%

Et CAc/ Hexanes) 10 0.26 stains faint white with Vanillin, starting nmateri al
r.f 0.05 stains yellowwith Vanillin. The product appeared pure after
extraction. PrepabPrgiatatisn 124- Pr&p-Pwmpﬁmwll-cmibmﬁé atidmeethytateboxyl i ¢ aci d et hyl
ester (JR327 1% IQ %_ N. N JR3271 15 The title conpound was prepared
starting with dg‘to 7mm|) of
Oy O
ETJ
N
x
H
JR4031

The title compound was prepared starting with 385 mg (3.1 mmol) of
JRA4029 and using methylchloroformate according to general method 3.

10
Preparation 20: 4-Prop-2-ynyl-piperazine-1-carboxylic acid isobutyl ester
(JR4035}).

OQI,O\¢,<L
)

'\
H

JR4035

15 The title compound was prepared starting with 385 mg (3.1 mmot) of

JR4029 and using isobutylchioroformate according to general method 3.



et hyl isonipecotate according to general nethod 2. 74 WD 21196/ 015357

PCT/ US2005/ 027479 Preparation 15: 4-Prop-2-ynyl -pi perazi ne-|-carboxylic
acid tert-butyl ester (JR3275). Oyo/ H JR3275 To a solution of 10.0 g
(54.8 Mol ) of tert-butyl-I-piperazine 5 carboxylate in 60 nL acetonitile
was added 5.20 nL (60.4 nmol) propargyl bromde and 37.9 g (274 mol)
anhydr ous potassium carbonate. Additional propargyl bromde, 1.5n, was
added after stirring for 36 hours at room tenperature. The residue was
evaporated to dryness. Dichloromethane, 50 niL, and water, 50 nL, were
added. The realQ¥W°HF¥ture was extracted with CH2C 2 PCVESHOSOTAY i dri ed
over magnesi um sul fate, and evaporate to provide a brown oil. The oil was
di ssol ved in di chlpahabihRRrRS HRenRY (b -Wgﬁﬁ-p?erﬁ%—l%qj—lﬁ]%litdng system using
hexanel et hyl acetate qradient to yield B, g (46% of yellow oil, which

ul timtely crystanRi‘*Q‘gél upon standing. 15 Preparation 16:

4- Cyanonet hyl - pi perazi ne-1-carboxylic %ci d ethyl ester (JR3287). 0OY0"'~ N
Cll JR3287 To a solution of 3g (19.0 m?p’r)\ f ethyl N piperazinecarboxylate
in 25 nL of CH3CN was added 1.57g (1.32pL! 20. |nmmol) '
oft-chl oroacetonitrile and 20 15.6g ( | ) K2CO38w 1' 1H20. The suspensi on
was stirred at roomtenperature for 16 Urs. The reaction was anal yzed.
using TLC (35% Ethyl 75 WD 2006/ 015357 JPCT/ US20051027479 acet at eJHexanes,
product r.f 0.38 vs. s.m r.f. of O. 'R&gﬁ anal ysis indicated the reaction
was conpl ete. The gol den yell ow sol tti ol evaporated to

5 The title compound was prepared starting with ferr-butyl ester
(JR3257) and using tert-butylacetylchloride according to general methed 3.

Preparation 22: 1-(4-Prop-2-ynyl-piperazin- 1 -yl)-cthanone (JR4043).
OY
()
N
/

H
JR4043
10
The title compound was prepared starting with 385 mg (3.1 mmol) of
JRA402% and using acetyl chloride according to general method 3.
The following intermediate compounds are prepared using the general
method | described herein and the appropriate starting materials.
15
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dryness. The residue was extracted wth CH2Cl 2/ H20, dried with MgSO4, and
concentrated. 5 Preparation 17: 1-Cycl ohexyl -4-prop-2-ynyl -pi perazi ne
(JR4A019). 4 CJ N H JR4019 The title conmpound was prepared starting with 3g
(17.9 mmol ) of 1-cycl ohexyl pi perazine according to general nethod 2 10
Preparation 18: 1-Prop-2-ynyl-piperazine (JR4029). H TFA CN Saft NJ H
JR4029 To a flane-dried 25 nmL round bottom fl ask under nitrogen was added
2.1 g of 4-Prop-2-ynyl - pi perazi ne-l-carboxylic acid tert-butyl ester. To this
15 solid was added 5 nL of 98% TFA in 1 nlL portions. The solution turned
wine red, bubBPéYi¥’ snoked. The additional porti on8CHYS2PER74FRr e added
when this activity subsided. After the third portion of TFA had been added
only miniml bu i eurned, Pﬁjr,' S}. wed to stir under
nitrogen at roomb(ﬁpe%gl ral?z%[eb%g%?y-ggﬁexg@i I trgr%%}@@)ﬁlo%b%gm evapor at ed under
reduced pressure Yertdovhaydohgxapeld/R326Buct as a thick red syrup. Assuned
quantitative yield of 1.16 g. The residue_was suspended in 20 nL

di chl oronet hane and used i Mmedi a 76 21Nl Gnl i 5357 PCT/11S20051027479

wi t hout further purification for e eparat on of conpounds JR4031,
JR4033, and JR4035, Preparati opoN% & P ﬁ{i{@nyl - pi per azi ne-1-carboxylic
H

acid nethyl ester
JR3225A JR32258

5  Toluene-4-sulfonic acid 4-prop-2-ynyl-cyclohexylmethyl ester (JR3077).

JR3077

x
H

1-Ethyi-4-prop-2-ynyl-cyclohexane (JR3083).

=

JR3083

10
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5 (JR4031). 0OyO0~1 (NN) H JR4031 The title conpound was prepared starting
with 385 ng (3.1 mmol) of JR4029 and using net hyl chi orof onnate according to
general nethod 3. 10 Preparation 20: 4-Prop-2-ynyl-piperazine-I|-carboxylic
acid isobutyl ester (JR4035). OyO- NH JR4035 15 The title conpound was
prepared starting with 385 ng (3.1 mmol) of JR4029 and using

i sobutyl chl or of onnate according to general nethod 3. 77 WD 211061015357

PCT/ US2441 S/ 027479 Preparation 21:

3,3-Dinethyl -1-(4-prop-2-ynyl -piperidin-1-yl)-butan-l1-one (JR4041). N H
JR4041 5 The title conpound was prepared starting with tert-butyl ester
(JR3257) and uNARY™EEI7- but yl acetyl chl ori de accor di ng PEHUSpIE27819 net hod 3.
Preparation 22: 1-(4-Prop-2-ynyl-piperazin- | -yl)-ethanone (JR4043). O t
Cl1 J N H JRA043 | 4 prop-2-ynyl-cyciohexyl)-ethanone (TR3115).

Ox-CH,

x
H
JR3115

1,1-Dicyclohexyl-prop-2-yn-1-ol (JR3127).
H
HO, ,Eé
5 JR3t27

1-Cyclohexyl-prop-2-yn-1-ol (JR3129).

HO E\\
H

JR3129

10  4-Ethyi-1-ethynyl-cyclohexanol (JR3143).

Hogi
H

JR3143

| -Ethynyl-3-methyl-cyclohexanol.



10 The title conpound was prepared starting with 385 ng (3.1 mmol) of
JR4029 and using acetyl chloride according to general nethod 3. The

foll owi ng internedi ate conpounds are prepared using the general nethod I
descri bed herein and the appropriate starting materials. 15 78 WO

2006/ 015357 PCT/ U520051027479 (R)-i-Ethynyl-3-tent-butyl-cycl ohexanol
(JR3255A), (S)-1-Ethynyl- 3-tert-butyl-cycl ohexanol (JR3255B). HO HOD H
JR3225A JR32258 5 Tol uene-4-snlfonic acid 4-prop-2-ynyl-cycl ohexyl nmet hyl
ester (JR3077). O _ 11 i0S/ OJR3077 H

1- Et hyl - 4-pr O%é%-‘t/fgél‘- cycl ohexane (JR3083). H JR30§3ydbhsibBaMO

21116/ 015357 PO€5¥1115/0 2 7 4 7 9 1-(4-Prop-2-ynyl -cycl ohexyl ) - et hanone
(JR3115). O15CH3 H JR3115 1, 1-Dicycl ohexyl -prop-2-yn-1-ol (JR3127). H

O/CH;,
HO\

H
JR3147B

1-Ethynyl-3,3,5,5-tetramethyl-cyclohexanol (JR3151).

H
JR3151

1-Ethynyl-4-phenyl-cyclohexanol (JR3153).

7

HO \\\\
H
JR3153

I-Ethynyl-2-methyl-cyclohexanol (JR3167B)

CHy
A
H
10 JR3I1678B

HO
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6X6 5 JR3127 I|-Cyc]ohexyl-prop-2-yn-1-ol (JR3129). HO H JR3129 10

4- Et hyl -1 -et hynyl -cycl ohexanol (JR3143). HO H JR3143 |

- Et hynyl - 3- et hyl - cycl ohexano 1. 80 WD 210 6111 5 3 5 7 PCTNS2005/ 027479
/CH3 HOO' ~ H JR3147B 1-Ethynyl -3, 3,5, 5-tetranet hyl -cycl ohexanol (JR3151).
HO H JR3151 5 I-Ethynyl-4-phenyl-cycl ohexanol (JR3153). HO JR3153

| - Et hynyl - 2- net hyl - cycl ohexanol (3R3167B) CH3 HO\ H 10 JR3167B 81 WO
21106/ 015357 PCT/ US2005/ 1127479 :

WO 2006/015357 PCT/US2003/027479

4-tert-Butyl- 1 -ethynyl-cyclohexanol (JR3191).

—
HO X
H

JR3191

I-Ethynyl-3,3-dimethyi-cyclohexanol (JR3193),

Hgé
H

5 JR3193

4-Hydroxymethyl-piperidine- 1-carboxylic acid tert-butyl ester (JR3199).
0 YO \'<
N

Y

HO
JR3199

10 4-Prop-2-ynyl-piperazine-1-carboxylic acid ethyl ester (JR3211).

o

T
)
“

JR3211

H
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4-tert-Butyl-1-ethynyl-cycl ohexanol (JR3191). HO H JR3191 |
- Et hynyl - 3, 3-di net hyl - cycl ohexanol (JR3193). HO 5 JR3193

4- Hydr oxynet hyl - pi peridine- | -carboxylic acid tert-butyl ester (JR3199). O
1 0O< N HO JR3199 10 4-Prop-2-ynyl-piperazine-|-carboxylic acid ethyl ester
(JR3211). OY O-~, (N N JR3211 82 WD 2006/0 21)06/ 015357

PCT/ US21115/ 027479 4-Prop-2-ynyt-pi peridine-|-carboxylic acid tert-butyl
ester (JR3257). 17< N H JR3257 4-Prop-2-ynyl -pi peridine-|-carboxylic acid
ethyl ester (JR3267B). O '0Ol--~ H 5 JR3267B

2- (4- Prop- 2- ywghwpip®sr azi n-1-yl ) -pyrit di ne(JR3277) . PCNUSPM§ORYI N

4-Prop-2-ynyl-piperidine-1-carboxylic acid tert-butyl ester (JR3257). .
8] YOK
N

x
H

JR3257

4-Prop-2-ynyl-piperidine-1-carboxylic acid ethyl ester (JR3267B).

oﬁro\/,

- N

S
H
5 ’ JR32678

2-(4-Prop-2-ynyl-piperazin-1-yl}-pyrimidine (JR3277).

M
Ny N

Y
)
“

H
JR3ZTT
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JR3277 83 WD 21ML6/ 015357 PCT/ US211115/0 2 74 7 9

1- (4- Prop-2-ynyl - pi peridin-1-yl)-ethanone (JR4037). 0" H JR4037
2,2-Dimethyl -1-(4-prop-2-ynyl-piperidin-1 -yl)-propan-1-one (JR4039). O -k

yN 5 H JR4039 Exanple 1:

4- (3-[ 6- Am no- 9- (5-cycl opr opyl car banmoyl - 3, 4- di hydr oxy-
tetrahydro-furan-2-yl)-9H purin-2-yl]-prop-2-ynyl}-cycl ohexanecar boxyl i

acid nethyl ester. NH2 N ~\N fO~ ONN 10 H
84 WD 2006/ U15357 PCT/ US200h1027479 Exanple 2:

C
OH Ms: miz 499.3 (M+H)".

4-{ 3-[ 6- Ami no- ¥OCESERET opr opyl car banoyl - 3, 4- di hydr oxy PCT/US2005027479

tetrahydro-furan-2-yl)-9H purin-2-yl]-prop-2-ynyl

} -piperidine-I-carboxylic

acid nethyl estef_(%pé__ HT"}%I@P‘(I%":R‘“M}IC“R%Q OHOH5 Ms: mlz 500.4

(MtH) +. Exanpl e 3:
- hydr oxy- 3- met hyl - cycl ohexyl et hynyl ) - purd_n-
yI]-3,4-dihydroxy-tetrahydro-furan-z-carﬁﬁ/

#
H
JR4037

O-
nylic aci d cycl opropyl am de.

2,2-Dimethyl-1 -(4-pro§-2-ynyl—pi peridin-1-yl)-propan-1-one (JR4039).

oy K

N

2
5 H™ " JRdoao

Example 1: 4-{3]6-Amino-9-(5-cyclopropylcarbamoyl-3,4-dihydroxy-

tetrahydro—ﬁlran-2-yl)~9H-purin-2-yl}-prop-2~ynyl}-cyclohexanecarboxylic acid

methyl ester.

NH,
N
¢ N
N~ ~N7 )
o N\/O
E>\N o
10 H o 51 OH

MS: m/z 499.3 (M+H)".
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NH2 (NLNO\VNNOH NHOHOH 10 Ms: mz 457.4 (MtH) + Exanpl e 4:
5- (6- Am no- 2-i odo- purin-9-yl)-3, 4-di hydroxy-tetrahydro-furan-2- carboxylic
acid cyclopropylamde. NH2 /NI N OINN ivy HOH OH 15 85 WO
29(611) 15357 PCT/ US2105/ 1127479 Exanple 5: Cell culture and nenbrane
preparation. Sf9 cells were cultured in Gace's nmedi um suppl emented with 10%
fetal bovine serum 2.5 g/m anphotericin B and 50 gglm gentanycin in an 5
at nosphere of 50%N\2/50% 02. Viral infection was perforned at a density of
2.5x 106 cells/nmL with a nultiplicity of infection of two for each virus
used. Infected cells were harvested 3 days post-infection and washed tw ce
ininsect PBSYPPBEMAYT 6.3). Cells were then resuspenBEWSPWANEY s buffer (20
nmM HEPES pH 7.5, 150 nM Nadl, 3mM MgCl 2, 1M a- ner capt oet hanol (BMVE),
Sltg/nL 10 | eupept] Ol D atd : i, 0, and 0. 1nM PMSF)
and snap frozen c??mlgt%bﬂggdo%?ﬁ@a_yo%lgbé‘glylcgﬁﬁoryg%{ﬁgwépon ice, brought to
30 nmL total vol ul¢tmabiydro-fiyan-2syihH-pusin-2-yHmeppt3cimst) -pipgridies-1ccapoxyli¢ 4h (600 psi for
20 minutes). A |gQungpged centrifugation was performed to renove any unlysed
cells (1000 x g for 10 mnutes), followed by a high-speed centrifugation
(17,000 x g for 30 15 minutes). The pelyet fromthe final centrifugation was
honogeni zed in buffer containing 2O KEPES pH 80 100nM Nadl, 1% gl ycerol,
2 g/m- leupeptin, 2 g/nL pepstatin¢Al 2] pg/ nm ﬁ&dﬁi n, 0.1 nM PMSF, and
e
" OH oH

5 MS: m/z 500.4 (M+H)+.

Example 3: 5-[6-Amino-2-(1-hydroxy-3-methyl-cyclohexylethynyl)-purin-9-
yl]-3,4-dihydroxy-tetrahydro-furan-2-carboxylic acid cyclopropylamide.

NHp
an:
0 NTONT S O
DN
H &1 o
10 MS: m/z 457.4 (MHH)+,

Example 4: 5-(6-Amino-2-iodo-purin-9-y1)-3,4-dihydroxy-tetrahydro-furan-2-

carboxylic acid cyclopropylamide,

NH,
N =N
/4
<N lN’J\t
P~y o
H OH OH

I5
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GDP using a small gl ass honogeni zer foll owed by passage through a 26 gauge
needl e. Menbranes were aliquoted, snap frozen in liquid N2, and stored at 20
-80C. Menbranes fromcells stably expressing the human A, AR (CHO KI cells)

or A3 AR (HEK 293 cells) were prepared as described (Robeva et al., 1996).
Exanpl e 6: Radi ol i gand Bi ndi ng Assays. 25 Radi oligand binding to reconbi nant
human A2A receptors in Sf9 cell nenbranes was perfornmed using either the

radi o | abel ed agoni st, 1251 -APE (Luthin et at, 1995) or the radio | abel ed
ant agoni st, 125] - ZI\/1241385 ("I-ZM. To detect the high affinity,

GTPyS- sensi ti VEOZWSHISSHE Al and A3AR we used the agBEWFERWS/E2E4- ABA (Li nden
et at, 1985;Linden et at, 1993). Binding 30 experinents were performed in
trlpllcate with 5 (A2A) or 25 g (Al and A3) nenbrane protein in a total
volume of 0. 1nL HE buffer (20 mM HEPES and t 86 WD 24106/0 1 5 35 7

PCT/ US2005/ 027479@6H§%g%)§u1%%m%bn}m Jpﬂqgl ne deam nase and 5 nM MyC12

with or wthout e I'icubated with radi ol i gands at
roomtenperature for t¥HPed!shenrcututed mrGrapgs miedivrs yupplemeniod with 19% (f or

ant agoni sts) in %I%ﬁ,ﬁg&g@#\% +é[/1§1%1§ﬁ‘d%n%§]3%& I ﬁﬂ%ﬂ‘[ﬁ)}tg | at es and assays

were term nated by ration on rvester (Brandel,
Gai t her sbur g, R/D)ﬂtm‘ﬁpﬂe@\ﬂéﬁ)wz/ﬁ%@zlyﬁalFﬁ%‘s‘ﬁée‘a@mﬂ agrdenstgofids with i ce

col d 10 M Tr i 5- HGiofBba i i YbiGhiuioD riSpRFLEA Anblgli ng vas measur ed

in the presence of 50 M NECA. Compe bi ndj ng assays, were performed as
descri bed (Robevd™gtedgslis Wcmis‘edéé?yﬁﬁ"sbmg’c@“ﬁ‘m"iaZ'B‘F“’EUPE’““%‘I ZMP41385, or

f12|5|I ABA. W\ L OUI’FBST(PIEde6B)Wﬁlslt@reﬂﬁﬂ&kdsﬁm&dhﬂmfﬁuﬁ&t&(ltﬁh&@mwe pi pette tips
ol ow ng eac se n.to event transfer pOt ent

hydr ophobi ¢ corrpdlﬁinfi’JS Gﬁfgg‘%% U@E{I’flﬁw PSTHEebAYy! &m%#&ibl nding to a
single site wege (epptiv,SHg/mLYEPskaliDR), 1@l QBrotbih, And & AV @RSFYAd fngg I adi ol i gand

and conpeti ng cogound depl etion as descri bed. previously (Linden, 1982). is
Li nden J (1982) F"(‘,'lf‘l"éi"faﬁif‘t FECDrdls Werr devedon éssrieughite %ﬁmlatﬁtabnl abel ed

Conpound From t heokiad mayishafidrid FRegby Neevilonbmphidasao Raglieg) abel Bi ndi ng by
50% J Cye] Nucl IR“?s?peed ce:il'u?{%éa%ZnZ\bas performed to remove any unlysed cells {1000 x g
for 10 minutes), followed by a high-speed centrifugation (17,000 x g for 30
15 minutes). The pellet from the final centrifugation was homogenized in buffer
containing 20 mM HEPES pH 8, 100mM NaCl, 1% glycerol, 2 pg/mL
leupeptin, 2 pg/mL pepstatin A, 2 pg/mL Aprotinin, 0.1 mM PMSF, and 10 pM
GDP yusing a small glass homogenizer followed by passage through a 26 gauge
needle. Membranes were eliquoted, snap frozen in liquid N, and stored at
20  -80°C. Membranes from cells stably expressing the human A; AR (CHO K1
cells) or Ay AR (HEK 293 cells) were prepared as described (Robeva ef al,,

1996).

Example 6:Radioligand Binding Assays.

25 Radioligand binding to recombinant human Az, receptors in 8{9 cell
membranes was performed using either the radio labeled agonist,'*I-APE
(Luthin et al., 1995) or the radio labeled antagonist, '*-ZM241385 ({*1-ZM).
To detect the high affinity, GTPyS-sensitive state of A; and A;AR, we used the
agonist, '’I-ABA (Linden et al., 1985;Linden et al., 1993). Binding

30 experiments were performed in triplicate with 5 pg (Aga) or 25 pg (A and Aj)
membrane protein in a total volume of 0.1mL HE buffer {20 mM HEPES and |
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Linden J, Patel A and Sadek S (1985) [1251] Am nobenzyl adenosine, a New
Radi ol i gand Wth | nproved Specific Binding to Adenosi ne Receptors in 20
Heart. Circ Res 56: 279-284. Linden J, Taylor HE, Robeva AS, Tucker AL,
Stehle JH, Rivkees SA, Fink JS and Reppert SM (1993) Mol ecul ar O oni ng and
Functional Expression of a Sheep A3 Adenosi ne Receptor Wth Wdespread
Tissue Distribution. Mol Pharmacol 44: 524-532. 25 Luthin DR, O sson RA,
Thonmpson RD, Sawm |l er DR and Linden J (1995) Characterization of Two

Affinity Stateggfcdidgnosi ne A2A Receptors Wth a Ne 1,95 gand,

2-[2-(4- Ami no-3 -[ 125 ] | odophenyl ) Et hyl am no] Adenosi ne%ﬁsﬁ;&oﬁﬁzﬁﬁacol 47:
307-313. Robeva AS, Wodard R, Luthin DR Taylor HE and Linden J (1996) 30
Doubl e Taggi ng ReaMaEbTAxwithlAJ/mL adetosiHz Aeahiiheszasd SraM RigChpiit pswithbvth 87 WO

2006/ 1115357 PCT/ IS 27479 Hexahi st.i di.ne d the FLAG Epitope.
Devel oprment of ansuéﬁg‘lg‘gévgn{zm@ﬁ"@? ree ?’aotfdg‘?"ﬁ"?gﬁo?l F?‘?scag ®On Procedure.
Bi ocher n Phar nmac gtmgsfatur&igShisSipursCloesgniidta) i twe Beerifoeanidgorinddlax.  Lunm nol enhanced

chem |um nescen%iﬁipm% Mok, %g-&velf@ﬁé ifed? Plates éﬂ%ksgﬁ%%ﬁteﬁﬁﬁétéﬁ%y’ i s
dependent upon both“superoxi de production and nobilization o0f the granule
enzyne nyel opet oxbrdbilgationprea ¢efl hrveste; Brandel, Gaidhgrsburs, MDD fedlowts by 41 gh- ener gy
oxygen' species s AC] ﬂngq Vi gener ated by
activat ed neutroéﬁ?#@?ﬁ%%ﬁ“& Oﬂ%ﬁr”éﬁ%ﬁgﬂ%rop %EHFELI;(??O%%{%) suspended in
Hanks bal anced 944Gl Nodsprcifio hindiopwaimeisgd @ tife piédneard A0 B MNESAQl bumi n (HA) ,

adenosi ne deam n : 1L F=Talel ] : jwcubated (37C
in a water bath %ﬁlpi@ ]ﬁéllrl]i{éé%%ﬁ r \gel'? %ﬁﬁ%gﬁ%p&f%%ﬁ%%l | owi ng ( )
i ncubation 100 L vang @érdnM oFARR e -AMAI3BE 08 {Iﬁ@ﬁs fomd theGt wigs| | s (Wi te

wal | ed clear Rpt tsonaRfs Wpbttant tb SiaHE: pigetd thiHolowdheth@SeriaP&ludén t53670; 2 wel I's
/condi tion) containin final] concentration 100 M wth

501 HA and | um nol. . |
or W t hout adenoé’f"ﬁ%‘tgﬂt‘) 5‘§’t‘“’f‘?fipﬂ‘ﬁ’?‘h&'@@h‘?"é‘tcg'f@“ﬁ‘lﬁnmw pesdis 0. 01- 1000 nM.
The pl ate was i neodustigHcompsindbigBdgID a single sith @€re ddribdFro(B0s, Lathed with\; f i nal
concentralion | M s a 3d coliting compoiad depleion o AHLAYEP CENCe Was
determned with a Vvictor
previously (Linden, 1982),

15 Linden J (1982) Calculating the Dissociation Constant of an Unlabeled
Compound From the Concentration Required to Displace Radiolabel Binding by
50%. J Cycl Nucl Res 8: 163-172,

Linden J, Patel A and Sadek S (1985) ['*IJAminobenzyladenosine, a
New Radioligand With Improved Specific Binding to Adenosine Receptors in
20 Heart, Circ Res 56: 279-284.

Linden J, Taylor HE, Robeva AS, Tucker AL, Stehle JH, Rivkees SA,
Fink JS and Reppert SM (1993) Molecular Cloning and Functional Expression
of a Sheep A; Adenosine Receptor With Widespread Tissue Distribution. Mol
Pharmacol 44: 524-532.

25 Luthin DR, Olsson RA, Thompson RD, Sawmiller DR and Linden J
(1995) Characterization of Two Affinity States of Adenosine A4 Receptors
With a New Radioligand, 2-[2-(4-Amino-3-
['®IJlodophenyl)Ethylamino)Adenosine. Mol Pharmacol 47: 307-313.
Robeva AS, Woodard R, Luthin DR, Taylor HE and Linden J (1996)
30 Double Tagging Recombinant A,- and Aa-Adenosine Receptors With
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Mul til abel Counter in the chem | um nescence node using the Wall ace
Wor kst ation software. Data are presented as peak chem | um nescence as
percent 20 of activity in the absence of an adenosi ne agoni st. The EC50 was
determ ned using PRI SM software. All conpounds were tested with PMNs from
three separate donors. The results are summarized in Table 5. 25 Table 5
Binding Affinity And Selectivity For A2A Agoni sts Functional Functional |
Compound Al (nM A2A (nM A3 OM (nAQL t Rolf nM Exanple 1 32 .58 34 2.0
0.20 Exanple 1..247 2.0 0.20 Exanple 3 1.5 .53 0.3 0.04 Exanple 4
33°0.6 45 5 0 §OIEB5Y0 2006/ 1115357 POV US200521127 FFFUARITER o
neut rophi | experinent as described in Exanple 7 without Rolipram 2 - Human
nfe]ytrOph}I ASxperi H&ﬁhistﬂ&edﬂﬁ@dﬁ&ﬁﬁ?pitﬁbewﬂﬁrﬁmlfmHfﬁk:iéﬂ@biztﬁﬁﬁm 5 Ei<arrpl e 7.
Effect o A Agopi sts on Neutrophil. idative Agtiyity A Materials.
f- et - | eu- phe (1Nﬁrﬁﬁ’fﬁmﬁﬁ“&%‘#@?ﬁ%é%&%&aﬂ?ﬁﬁm“r’}g%}[gséyt ochronme C,
fibrinogen, adenosine %&mugﬁﬁgemﬁp{gﬂ%{sym*%& hEmifRliabled from Sigma

u

Cheni cal . Ficol | -hypaque was purchased from rora, , and Cardi nal

10 Scientific (Sanmeesreof nporhikpdidiive patizitveis dipendent pos bathguiseridnt i f i c '

(Westerbury, BW)pm@e@lﬁwlh&ﬂfélxiopeﬁgé%ﬁlaleeﬂaﬁm;aopﬁoxmuwgé) was from
n

Li st Biologicals . (Canpbell, . s bal anced salt solution (HESS), -and
| i mul us anmebocyt e eﬁ“ﬁ’gg‘f“é“%{’étéﬂ igh- e pRYET SRERIER BV PYPRREsoneeld ker svi | | e,
MD) . Human ser um amdlsiglefioRygedieAoratiity aétivred fettiobidls. Bi ol ogi cal (El khart, IN).
Reconbi nant human 15 tunor necrosis factor-al pha was supplied by D ani ppon
Phar maceuti cal Co. Lt dPurfie@bumiea peufeghiin( X 126/Y E8Bdded in Hanks balanced

(4-(2-[7-ani no- 2- (- 1. ol o] 22 ; l@%i n-5-yl
am no] et hyl )pheno{a%s‘{}\géxggn%?"%r%ﬁﬁ%gm%@ s%éﬁ 38{3%13 hef%@%’r’n‘g]&%&}gﬁ%r maceuti cal s,
Cheshire, UK. 16t odk/mighndrplipmes (190 niivegredncot@ted (BG) in DBOpathéor & nade and st ored

at -20C. min with or without thTNF(10U/ml). Following incubation 100 L aliquots of the
PMN were transferred to wells (White walled clear bottom 96 well tissue
culture plates Costar #3670; 2 wells /condition) containing 501 HA and luminel
(final concentration 100 M) with or without adenosine agonist (final agonist
15  concenirations 0,01-1000 nM). The plate was incubated 5 min (37°C) and then
MLP (50 1 in HA,; final concentration 1 M) was added to all wells,

Peak chemiluminescence was determined with a Victor 1420
Multilabel Counter in the chemiluminescence mode using the Wallace
Workstation software. Data are presented as peak chemiluminescence as percent
20  of activity in the absence of an adenosine agonist. The ECsy was determined
using PRISM software. All compounds were tested with PMNs from three

separate donors. The results are summarized in Table 5.

25 Table 5
Binding Affinity And Selectivity For Ay Agonists

Compound | A, @M) | Az @M) | AsmM) F"(n:h‘jl‘)’}‘“' f;:fi“(‘:;;l)g
Example | 32 .58 34 20 0.20
Example 2 57 7 247 2.0 0.20
Example 3 1.5 5 3 0.3 0.04
Example 4 33 0.6 45 2.0 0.20

88



20 B. Human neutrophil preparation Purified neutnphils (-98% neutrophils and
>95% vi abl e by trypan blue exclusion) containing <1 platelet per 5
neutrophils and < 50 pg/m  endotoxin (limulus anebocyte |ysate assay) were
obtained fromnormal heparinized (10 U nt) venous bl ood by a one step

Fi col | - hypaque separation 25 procedure (A Ferrante et al., J. |nmunol.
Meth. 36, 109 (1980)). C. Release of inflanmatory reactive oxygen species
fromprinmed and stinulated human neutrouhils Chem | um nescence

Lum nol - enhanced .chem | um nescence, a neasure of neutrophil 30 oxidative
activity, is depéM&&i¥ upon bot h superoxi de producti oRCHHMSHBHP | i zati on of
the | ysosomal granul e enzyne nycl operoxi dase. The light is emtted from
unst abl e hi gh- ener gy 1 Qx%gand e tpkrinsn § a@ibdin @EAmny vaphirMph®d neutrophil s.
Purified neutrophils (5-10 x 105/m ) were incubated in Hanks 89 WO

2006/ 015357 PCT/ 1JS2808rrroyatiioreipa 3 Aewbrd & Brrrld AN cont ai ni ng 0. 1%
human serumalbumn (I m) with the tested A2A agonist wth or wthout

rolipramand w.th.or wint umr necrgsis .factor-alpha (1 Umnm) for 30
ninutes at 37 inﬁ’gmglﬁgki}%ﬁgé%g&%ﬁsﬁ? %rgwﬂqa’l‘ﬁiﬁ!fvﬁé?m@?' x 10'4 M enhanced
f-met-teu-phe (I ArMptesdls nul ated 5 chem | um nescence was read with a

Chr onol og(r) Phot onet eg_m(ng&plﬁ‘g}fk&g)’ %ﬁﬁg?p&ljﬁ%{eqﬁng%, gﬁ"é‘*?‘?%%wc for 2-4

m nutes. Chem | um nescence 1's repor ative p | t emtted (=
hei ght of the curikspogsnigaapsing deagingsengad dypapplupwere ehianed fiee BigWs f act or - al pha

and w thout agoni Gemfhl. FRbI-Rpafil whipaftRds@ ffom IR (Nird®) O’l-g,tan@tﬁﬂlﬂalpr essure
experinments. t0O Sprague-Daw e ra{ﬁs (nmean wei ghis,_ é{5 - 300 grans) were

ant hest het i zed®a ‘T%&FWFQ Btrgte Chemiealsapd Scignitfia (Wt dipsilaterally
and the ?ni rralbs mlf)_emdidmmﬂpomysmmuem &gm3)WuRF§wgcgmf eacg0 _-
experinment a basegline 0 ressure,r [ establis or m nut es
wi th each drug i(%fmeé:%flll’?r‘i\?‘bg?"%sgba%?cee%seﬂ esﬁl?tl‘))?@g\?zﬁ?cméﬁé%‘f#? c, Drugs are

i nj ected bol us | .lysate 3§ay KirverflomeBipWigtakea (W allatshiti¢, 84D)i Hurgen200m i crol i ter vol une

of saline and thealbgﬁfmgg{)wgs%omfdu&@Bﬁ%%gggﬁq,lﬁg&#gn{m%ﬂggg mcroliters of

saline. To neasure bl ood pressure, a al romthe carotid catheter
i s attached t &t Hemgsmessasisdastop-plphegayipplied py Rianippon Pharmaceutical Co. Ltd.

(Osaka, Japan). ZM24138S5 (4-(2-[7-amino-2-(2-furyl){1,2 .4}
triazolo[2,3-a][1.3,5]triazin-5-yl aminolethyl)phenol) was a gift from Simon
Poucher, Zeneca Pharmaceuticals, Cheshire, UK. Stock solutions {1 mM and 10
mM in DMSO) were made and stored at -20°C.

20 B. Human neutrophil preparation .

Purified neutrophils (~98% neutrophils and >95% viable by trypan
blue exclusion) containing <1 platelet per § neutrophils and < 50 pg/ml
endotoxin (limulus amebocyte lysate assay) were obtained from normal
heparinized (10 U/mti) venous blood by a one step Ficoll-hypaque separation

25  procedure (A. Ferrante et al., J. Immunol. Meth., 36, 109 (1980)).

C._Release of inflammatory reactive oxygen species from primed and stimulated
human neutrophils Chemiluminescence

Luminol-enhanced chemiluminescence, a measure of neutrophil

30 oxidative activity, is dependent upon both superoxide preduction and
mobilization of the lysosomal granule enzyme myeloperoxidase. The light is
emitted from unstable high-energy oxygen species generated by activated
neutrophils. Purified neutrophis (5-10 x 10°/ml) were incubated in Hanks
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Di gi - Med Bl ood Pressure Anal yzer. Systolic pressure, diastolic pressure,
nmean pressure, and heart rate are all recorded in real tinme at 30-60 second
intervals. 20 Data is recorded until nmean bl ood pressure has returned to
baseline and renmained constant for 20 m nutes. The data is presented as a
fraction of the nean blood pressure averaged over the 10 m nutes

I mredi ately prior to drug injection. The bl ood pressures are recorded and
plotted over tinme as a neans of determ ning potency of the conmpounds as

wel |l as biological half-life. 25 The conmpounds of ex d4y 2 were
tested agai nstq"%”ﬁ“ﬁ'h??"ol conpound, illustrated bel ow@gﬁwzgg’gmow%?

PCT/ US21Nh/ 027179 NH2 NO NO ~, NN N'~OH OH OH Control The results are
illustrated in Fi galires sitt iutibn Ahtainp D% Gk 6déin alp@kie 1tndl) withe pat ent

docunents are incor ated.by. reference herei as though individually
i ncor porated by rg?tg‘f‘é’ﬁéﬁo."‘sﬁ%g‘“?" éHPﬁlPéﬂ’?‘%gg’“nge"ﬂ ‘%W??F&’Rs‘%ith reference

to various speci f ifactoasighagl Sindy foredd mianeb @dirCend shaldmpovateebdtini Theres. However, it
shoul d be under st at var i ati or d l'mﬁh [ Lgations may be nade
whi | e remai ni ng wﬂ‘t&)'}%}f’fnﬂ_t h‘é’"?é?é?*ﬁa?"@%*n@@‘ ‘%E”s@’pe Bl ent i on. ot GLAI MG
1. A conpound Hav icheyilinaingsginge was yead WjttR7Ghgonoleg N hotmper@Crepio-log Corp.,

Havertown, PA}) at 37°C for 2-4 minutes. Chemiluminescence is reported as

relative peak light emitted (= height of the curve) compared to samples with

tumnor necrosis factor-alpha and without agonist or rolipram.

Example 8, In vivo rat blood pressure experiments.

(o Sprague-Dawley rats (mean weights, 250-300 grams) were
anthesthetized and jugular and carotid catheters are implanted ipsilaterally and
the animals are allowed to recover 24-48 hours. Prior to each experiment a
baseline blood pressure reading is established for 30 minutes with each drug
injection being preceded by a vehicle control. Drugs are injected bolus LV.

15  through a jugular catheter in a 200 microliter volume of saline and the catheter is
flushed with an additional 300 microliters of saline. To measure blood pressure,
a ceptral Jine from the carotid catheter is attached to the pressure transducer of 2
Digi-Med Blood Pressure Analyzer. Systolic pressure, diastolic pressure, mean
pressure, and heart rate are all recorded in real time at 30-60 second intervals.

20  Datais recorded until mean blood pressure has retumed to baseline and
remained constant for 20 minutes. The data is presented as a fraction of the
mean blood pressure averaged over the 10 minutes immediately prior to drug
injection. The blood pressures are recorded and plotted over time as a means of

deternining potency of the compounds as well as biological half-life.

25 The compounds of examples 1 and 2 were tested against a control

compound, illustrated below:
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(CRRR)mZ HO OCH (1) wherein Zis CRRAR5 or NRR; each R is

i ndependent|ly hydrogen, halo, -ORa, -SRW (C, -Qalkyl, cyano, nitro,
trifluoromethyl, trifluoronmethoxy, Cs$cycloal kyl, heterocycle,

het er ocycl e(Cl - CR) al kyl ene-, aryl, aryl (Cl-C8)al kyl ene-, heteroaryl,
heteroaryl (C, -C)al kylene-, -COR4, RC(=00, R C=0-, -0OCO2Ra,
RaR'NC(=O O, ROC(-ONRa)-, RaReN-, RaR NC(=O)-, RaC(=ONR)-,

RaR NC(-ON(R )-, RaR NC(=S)N(Rb)-, -OPOR, R OC(=S)-, R C(=S)- - SSRa,
Ras(=0)-, Ras(=02-, -N=NR, or -OPO2R ; each R2 is |ng[g£ﬁ: gg%ly hydr ogen,
hal o, (G - C) aMRyMsM¥3. C ) cycl oal kyl , het er ocycl e,

het erocycl e(C, - C$) al kyl ene-, aryl, aryl (C, -Cg)al kyl ene-, heteroaryl, or
heteroaryl (C -C$)al kyl ene-; or R andhﬁg and the atomto which they are
attached is Cam C=S, or C=NR ; R dnd RS togetherowith the atons to which

they are attached forma saturated or ]p tiall yhsat urated, or aromatic
ring having 3, 4, 5, 6, 7, 8, or at m;NoptqonaIIy conprising 1, 2,
3, or 4 heteroatons sel ect ed r onpngn- per oxi y, thio, sulfinyl, squonyI

or amne in the ring; wher/el\N a r'ng conprising R and RS is substltuted
with froml to 14 R groups; Hawhesreiom each R s i ndependent|y hydrogen,
halo, .-OR, -SR, (C -C5)al kyl, cyano, nitro, trifluoronethyl,
trifluoromethoxy, (C, -CR)cycl oal kyl , &C CS) cycl oal kyl (C1- C5) al kyl ene-,
(C6-C, 2) bicycl oal kyl, heterocycl e or Wé‘t’ler ocycle (C,-C al kyl ene-, ar yI

aryl (C CB)al kyl ene-, heteroaryl, heteroaryl (C,-C8)al kyl ene-, COZRa,
R'C(=O0 O, RN(=0 -, -OC2Ra, RIRhNC( 0)0, ROC(=ONRa)-, RR'N-,

R RENC(-O)-, RaClThopmitRery ifustaedinures) R R) ) -, RaR NC(=S)N(R )-, - OPO2Ra,

R OC(=S)-, Ra((=9)-, -SSR, RaS(-O-, -NNRa, - ODOzRa or two 92 R6 groups
and the atomto mhlch(j%#g% ar.e attach dis,CCO or CS Oé two R6 groups
together with the at licaHQpepatprs: |p?:tfi‘tfl‘}‘ﬂé‘9°“§rafé"%cf’fpa‘i’;‘ﬁ can forma
carbocyclic or ardigtree Desi hd though indjvidelipfacarmiang by refanande. tTée 6 car bon at ons and
1, 2, 3, or 4 he t from n hi o, sul finyl,
sul fonyl | phOSphEn% ?%%?arsrgeeﬁgggﬁbeggﬁhé@wnce?&ﬂrﬂqgmQéﬁﬂgandg)aéh'c alo -OR, -SR .
(C-C8) al kyl cy afbodiments god teghhifiyes; oy, liyshouldibe ppderstopdiht mianmx y |

(G- C8) cyel oal kyl vidriods Bk Rl Ge mERhAILGAGE wi] B QR e

het er ocycl e(C CB) al kyl ene- aryl, aryl (C, -Cs) uiy | ene-, heteroaryl,

het er oar yl ( C,10cgjepssfitisdwyentioncpr | R (=0 O,
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RC(=0-, -0002R, RR'NC(=0 0O, ROC(=ONRa)-, RR N, RaRhNC(=0O) -,
RC=ONR)-, RRN(-ONRb)-, RRINC(=S)N(R6)-, -OPO3R, R OC(=S)-,
RC=S)-, -SSR, RS(=0-, R S(=0)z-, -NNR, -OPO3R; or if the ring forned
fromCR4R is aryl or heteroaryl or partially wunsaturated then R can be
absent; each R is independently hydrogen, (C, -C3)alkyl, (C3-C8)cycloal kyl,
(C -CB)cycl oal kyl - (C, -Cs)al kyl ene-, heterocycle, heterocycle

(C, -C8)al kyl ene-, aryl, aryl (C,-CB)al kyl ene, heteroaryl, or

heteroaryl (C,-C8)al kylene-; Xis -CHZOR', -CO2R, -CH2ZOC(O R, -C(ONR RI,
-CH2SR', -C(S)OR, -CH2OC(S)R, C(S)NRCRI, -CH2N(R )(R), or a group having
the formula ZI-Z1 Z , 1 Y whereinCeABMSZ' is non-peroxide -0-, -S(0)11 ,
-C(R8);-, or -N(R8)-; provided that at |east one Z' is non-peroxide -0-,

-S( O p- 1. or - N(dRmpeynddaaiy RBnmils(lj: ndependent | y hydrogen, (C, -C8)al kyl,

(C, -C8)al kenyl, (C3-C8)cycloal kyl, (C, -Cqg)alkyl (C3-C8)cycl oal kyl,

(C3-C3) cycl oal kenyl, (C, -C8)alkyl (C—p@&))gycl oal kenyl, aryl,

aryl (C, -C3)al kyl ene, heteroaryl, eteroaryl (C C)al kyl ene-; wherein any of
the al kyl or al kenyl groups of |a\e~I opt| onally interrupted by -0-, -S-,
or -N(R)-; R is cycloprop SPG cycl opentyl, cyclohexyl; Rris
hydr ogen, (C, -C3)al kyl, or )aI'&yI bstltuted vmth 1-3 (C - CB)aI koxy,
(C-C) cycl oal kyl, (G, -C3)al kylt hijo, am no atFBR’syZ, aryl (C, - Cs)al kyl ene,

het eroaryl, or heteroaryl (C, ) al kyl ene; and wherein any of the alkyl,

al kenyl, cycloal kyl, cycl oaHRenyH, heterocycle, aryl, or heteroaryl, 93
groups of R, R2, R, R6, R and Rs isIS)ptionaIIy substituted on carbon with
one or nore (e g. 1, 2, 3, or 4) subsgltuents sel ected fromthe group

consi st ishgreof halo, -OR, -SR, (Cl-C3)al kyl, cyano, nitro,

trifl uorQuekfRyks o NRHEI UOT OMEt hoxy, (C, -C3)cycl oal kyI (C6 C, 2) bi cycl oal kyl ,
het erocycl e or heterocycl e(C, -C3)al kyl ene- aryl

(c C3) al kyl ene-, C%@éﬁeﬁ@'ﬁi‘?wﬂdﬂﬁéﬁﬁf@ﬁﬁWa(OCOPCBﬁé"I Kyt %@cyl cyagopRo, R O(=0) O,

R (=0 - m@%ﬁ % | 't\‘g‘(uo@ng'hoxy, 8 oa@)yM]ger})c cl eRl'lé%r!)\é' cle é% %ﬁﬁ%ﬁ?@-
R C( O)N(R') R R NC( 20 N(R") Fé OPOB
R C(=S)-, - SSRWI apl(§- @)1 yleneR'hpgeNg(y@jlgeroar alkygqﬁg— C@a@?ﬁ' C(=0)0
R*C(=0)-, -OCO,R*, R'R"NC(=0)0-, R°OC(=0)N(R")-, R°R"N-, R*'R"NC(=0)-,
R'C(=0)N(R")-, RR®NC(=0)N(R")-, R*R*NC(=S)N(R")-, -OPO;R?, R*'OC(=8)-, R*C(=S)-,
-SSR?, R'S(=0)-, R*S(=0),-, -N=NR*, or -OPO;R*
each R” is independently hydrogen, halo, (C,-Cs)alkyl, (C;-Cs)eycloalkyl, heterocycie,

heterocycle(C,-Cglalkylene-, aryl, aryl(C,-Cg)alkylene-, heteroaryl, or heteroaryl(C;-Cs)alkylene-; or

R' and R® and the atom to which they are attached is C=0, C=S, or C=NR";

R* and R* together with the atoms to which they are attached form a saturated or partially
unsaturated, or aromatic ring having 3, 4, 5, 6, 7, 8, 9 or 10 ring atoms optionally comprising 1, 2,
3, or 4 heteroatoms selected from non-peroxide oxy, thio, sulfinyl, sulfonyl or amine in the ring;

wherein any ring comprising R* and R’ is substituted with from 1 to 14 R® groups; wherein
each R® is independently hydrogen, halo, -OR”, -SR?, (C,-Cyalkyl, cyano, nitro, trifluoromethyl,
trifluoromethoxy, (C,-Cgleyeloalkyl, (C)-Cs)eyeloalkyl(C,-Cylatkylene-, (Cy-Cy)bicycloalkyl,
heterocycle or heterocycle (C,-Cg)alkylene-, aryl, aryl (C,-Cyalkylene-, heteroaryl,
heteroaryl(C,-Cs)alkylene-, -CO,R?, R*C(=0)0-, R*C(=0})-, -OCO,R?, R'R"NC(=0)0-,
RPOC(=0)N(R-, R*R"N-, R*R°NC(=0)-, R*C(=0)N(R")-, R°R°NC(=0)N(R"}-,
R'R"NC(=S)N(R")-, -OPO;R?, R*OC(=S)-, R*C(=8)-, -SSR’, R*$(=0)-, -NNR’,-OPO,R’, or two
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wherein any (C, -C3)al kyl, (C3-C3)cycloal kyl, (C6-C, 2)bicycloal kyl,

(C1-C3) al koxy, (C, -C8)al kanoyl, (C, -C8)al kylene, or heterocycle, is
optionally partially unsaturated; R and R' are each i ndependently hydrogen,
(C -C 3)alkyl, or (C -C3)al kyl substituted with 1-3 (C, -C8)al koxy,
(C3-C3¥)cycloal kyl, (C -C$)alkylthio, amno acid, aryl, aryl (C, -C3)al kyl ene,
heteroaryl, or heteroaryl (C -C3)al kylene; or Rand R', together with the
nitrogen to which they are attached, forma pyrrolidino, piperidino,

nor phol i no, or thionorpholino ring; and R and Rb are each independently
hydr ogen, (C,-C8)al kyl, or (C -C3)al kyl substituted wwth 1-3 (C, -C3)al koxy,
(C3-C3) cycl o&f Rphps BOC&]E@@)IHD kpich Hiep are atvichasl inC+@., or &F§] or tew B gr@ps Geytatrkyl ene,

heteroaryl, Qqryh ta%rrpﬁ' A A ec) ﬁilL)k%L‘ Bhed WUin Brm Q%b(grchctopgﬁété}géyc r'Enh the

nitrogen to whi ch th ey are attach orma pyrroli pl peri
mor phol i no, eemrrisingiomple bicarbor dtergs andhc. R 0r|4§1et|q5®g|tp@g@qhectﬁi fio®, ﬂO@@?raXlR@yI mis

0, 1, 2, 3, %xy 1"—‘1‘110 @ulﬁgyl sgff?lél ghosliﬁnelor a?tgmezm tHe Hn i's independently 1, or 2;

and each p i s "li ndependent 2, or ap arnaceutlcall accept abl e
salt thereof. Ris pHeseohpoudl’, TR dCaCarlityl, axbresk witrn, tRfludregmathpdrtadueromettory, hal o,

-CH20H, - Ovey 1-@&%1% N, -cs)%hﬁpkg(vgl\@@% ne- Nké&@ocyée h-gE?oc%%FﬁQ@QQkﬁéneCl ai m

2, wherein R dr oge or - ound of
claim 3, wheewi. ﬁr}’PéC Cs)alhxleneo@etnroawmtemrﬂﬁ? dis)adiwlenNHiiOzB Rﬂ{eolibnpound of

claim 4, wherpei aORI O® ?yﬁﬁfgg%g_(gl k _@ N(RRE 1@1@‘@@%‘&5&@%?' @uadw Wer ein

R2 is hydrogen al o, yl, cI op ro&g ohexyl enzyl
94 7. The coﬁp‘bh’ﬁﬁ:@N(l&bDa mqwaér, R, K OGP ogR (= S‘)1tﬁ§|RoR$fe9hyl et hyl

or propyl . &sI@fanﬁf oﬁlfalemlgfor o%@R&ls'@%yﬁa&&@ﬁopﬁmm&hyl 9.

The conpound of claim 8 Wwher éi n I1'S hydrogen he conpound of "claim
1, wherein Runsampgtesnibenth sanherabesnt: atom to which they are attached is

car bonyl (C=0) i f €l | 2 en, OH,
e CAc. N each‘}i IS I%?I%W%ng& &l Caj_l_myll(c V@f‘e&@lbi‘k)lf\’ (C -8 )@6@5]@ vvher ain R

i s hydr ogen (WS)@W@H%WWW @@m"wc@&sﬂﬁ]&ﬂﬁ@ ,@fy @F)éf%clmlk)f\ﬁmi‘l@?fﬁarﬂ' is
hydrogen, OHg: QiierMfAcc, XdhaiidRfe-compound of claim 13, wherein R is hydrogen

or COH _
X is -CH,OR®, -CO,R?, -CH,OC(0)R®, -C(O)NRR', -CH,SR", -C(S)OR’, -CH,OC(S)R,
C(S)NRR', -CH,N(R*}R), or a group having the formula

wherein each Z' is non-peroxide -O-, -8(0),-, -C(R*);-, or -N(R%)-; provided that at least one
7' is non-peroxide -O-, -5(0),-, or -NR¥-;

each R® is independently hydrogen, (C,-Cg)alkyl, (C,-Cglalkenyl, (C;-Cg)eycloalkyl,
(C-Cylalkyl(C1-Cs)eycloalkyl, (C,-Cy)eyeloalkenyl, (C,-Cylalkyl(Cy-Cg)cycloalkenyl, aryl,
aryl(C;-Cy)alkylene, heteroaryl, or heteroaryl(C,-Cylalkylene-; wherein any of the alkyl or
alkenyl groups of R® are optionally interrupted by -O-, -S-, or -N(R*)-;

R is cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl;

RMis hydrogen, (C,-Cs)alkyl, or (C,-Cy)alkyl substituted with 1-3 (C;-Cy)alkoxy,
(Cs-Cyleyeloalkyl, (C-Cg)alkylthio, amino acid, aryl, aryl(C,-Cg)alkylene, heteroaryl, or
heteroaryl(C,-Cy)alkylene; and

wherein any of the alkyl, alkenyl, cycloalkyl, cycloalkenyt, heterocycle, aryl, or heteroaryl,
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15. The conpound of claim1l, wherein the ring conprising R4, R5 and the atom
to which they are connected is cycl opentane, cycl ohexane, piperidine,

di hydro-pyridi ne, tetrahydro-pyridine, pyridine, piperazine, decaline,

t etrahydro- pyrazi ne, di hydro-pyrazine, pyrazine, dihydro-pyrimdine,
tetrahydro-pyri m di ne, hexahydro-pyrim di ne, pyrazine, imdazole,

di hydro-i m dazol e, im dazolidine, pyrazole, dihydro-pyrazole, or
pyrazolidine. 16. The conpound of claim 15, wherein the ring conprising R4
and R5 and the atomto which they are connected is, cycl ohexane,

pi peridine, or piperazine. 17. The conpound of claim1l1l, wherein R6 is

(C1- C8) al kyl grosprgtRi tRit AR €/ arl@8)* ad dpyibnallhajbmtutem @rbon w8 2Ragr moBAERRA 2,

cabst i tut ea ¢ Cayar el B0 aitle PR o o 505

hal o( C, - C8) alnkyl teiﬂearomethy(] Cﬂ*rlﬂl)qrorﬁffmay, (€ C})l'zﬁ:[balkﬂ( (-(]DXIfﬂacyclo@kEy] helgél@@(% =0) Ra,

-(CH,)i. . 20C(=O NR Rs.
18. The conpg%}ﬁr ©% I é?a ky%?e HHe aréio%/ Ry ﬁ%é%“g%ﬁ% ahleiggclary ‘chl oro, fluoro,
phenyl, -OR ,heteroﬁb“m )alkyW-R‘ GO, RCRATBAR-, R*CC2 R)COZK?HQ‘BWR@)O-- C(=0)R ,
-meQR bg% L ' pa C(=O NRaR ,

- CH2(( - 0) NR &O @ éP M%@)ﬁ@é{ g‘ﬁ%@%&mﬁm corrpound of
clai m 18, vmaﬂ&Nﬂ(mNﬁ@) CHPOWH{“OI@E%SWR“C(emhyEBSR“ '8pyl),-, RBROYHORY N-NRE, but yI ,
sec- butyl, |s%f%kb . tert-butyl, -CH2OH, phenyl, -QAc, -CH2OAc, -CO2H,
-CO Me, - - Pr, - C021- Bu, -C02t - Bu, -OCCJZNE, -OCO, Et, -C(=0) CH3,
- CONH2, CO\IHNEgeln-mHZ)alkyC&M@ﬁtyp oalNHHCG-CNH\@ploaIMVE(Qer)NIHEty, -N(Et)2, or
-CH, N(CH3) 2. ,2C nmet hyl ,
ethyl, pr Opyl(g C%qugc())y(fsﬁp 8%15] lcr{e qf he he\erogycg Ults\é,}f)}lonel VALY {ally unsg_ira{eggﬁ tyl, -CHzOH,
phenyl - OAc, Ra@amme eaelcraampdenm@ﬁmgen ((mznauaw or-(GGQd)&lBﬂl subst@@tzd wiB] -3
CI?@ (FE@%% 1 The ¢ 1, wherein
t he nunber Etéﬂa]kroé Bss ’ﬁ‘ﬂ’s Oa] ted ark{l ' a018r£Ey aarrly g kgie ‘rom| to
about 4. 22. hafhear&bmﬁwtwmdrydiﬁ cmw&mmm Ritamd m IIOchﬁ‘ler ingth Itiy:dll[tmagemp wingh lthyely |
et hyl, propyl but sec bu i sobut tert-hutyl, phenyl
or benzyl 5 te alﬁ]cﬂpcf ?CPI'XIEI Hxaolld'# oY ]ingerldmf,fno%c}eﬁlp%loﬁ 1 moq}i]ohno dlllngganla et hyl |
et hyl, propyl R“lascblibhramq:)gAbb indepoateytly, hydseer, ButGshalkyl, softﬁfu{(“y]alkyt sabdtituagdtwith, 1- 3pheny|
or benzyl 2 0 in R r n t hyl ,
et hyl, propyl Eﬁh&ggeieq%mﬁ @r&fQ%mﬂy% ?%?qoamdzllngy (p%ﬁ;emgﬁtyl and R
is hydr ogen, hcjproarell; bnHeteroaryl{C,-Cy)alkylene; or R" and R®, together with the nitrogen to which they
are attached, form a pyrrolidino, piperidino, morpholino, or thiomorpholino ring; and
R®is hydrogen or (C,-Cglalkyl;
mis0,1,2,3,4,5,6,7,0r8;iis 1, or 2; eachj is independently 1, or 2; and each p is
independently 0, 1, or 2;

or a pharmaceutically acceptable salt thereof.

2. The compound of claim 1, wherein R' is hydrogen, -OH, halo, -CH,OH, -OMe, -OAc, -NH,,
-NHMe, -NMe,; or -NHAc.

3. The compound of claim 2, wherein R' is hydrogen, -OH, -OMe, fluoro, or -NH,.

4. The compound of claim 3, wherein R'is hvdrogen, -OH, fluoro, or -NH,.

5. The compound of claim 4, whercin R' is hydrogen or -OH.

6. The compound of claim 1, wherein R is hydrogen, halo, or (C,-Cy)alkyl, cyclopropyl,

cyclohexyl or benzyl.
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25. The conpound of claim 17, wherein R and Rb together with the nitrogen
to which they are attached, forma pyrrolidino, piperidino, norpholino, or
t hi onorpholino ring. 26. The conpound of claim25, wherein R and Rb
together with the nitrogen to which they are attached, forma pyrrolidino,
pi peridino, or norpholino, ring. 27. The conpound of claim 1, wherein each
R is hydrogen, (C -C, )alkyl, aryl, aryl (G -GCs)alkylene,
diaryl (C, - C8)al kyl ene, heteroaryl (C, -C3)al kyl ene, or

di heteroaryl (C,-C, )al kyl ene. 28. The conpound of claim 27, wherein each R

i s hydrogen, nmethyl, ethyl, 3-pentyl, phenyl CH2CHz-, (phenyl)3CHCH, -,
pyri dyl CHZ-, b&heydmpoord Ftlain96 vdereinHias lgdrgpet fidbrafmeatygiethyP& prophierein R i s
hydrogen, 3-pentyl, pyridylnmethyl, or benzyl. 30. The conpound of claim 29,

wherein Rg is Hhe&lmpoirmf@@mpwnﬁremwc&@ufaslg&%rm@fﬂ@rel n N(R)2 is amno
(NH1), 3-pentylam no, diphenylethylam no, pyridylnmethylam no, benzyl am no,

or a group havhﬂga%ﬂgm%ﬂggHbggJmugwgﬁlﬂgg%g gompound of claim 31, wherein
hy

-N(R)z is anl am no am-'no di phenyl am no, pentyl am no, or

benzylanl The coppound. of cl 32, mhe ) anln 34. The

conpou nd ﬁ?‘?ﬁol“pom aﬁ“ %"g’eretﬁﬁ g%ea d thesy ato’t&zﬂ)&%tﬁi PR a‘W NR R,

or -CH,N(RE)(E&bmﬁB«}Ihe conpound of cl ai m 34, wherein X is - CH2OR or
-C(O NReRI. 36. The conpound of claiml, wherein Xis selected fromthe group

consi sting;of: Thé L i]dd}‘lcgnlu\ll thlé{'em@ is @%ro@‘em HH‘OI\/BSOAC NTRBNNMEI NM&!JN‘ Nll
N N //N N1 ~N R8~ )

The conpound oﬁﬁﬁﬁa|n136 mhereln X |s selected fronlthe group conS|st|ng
of :
12. The compound of ¢laim 11, wherein R is hydrogen, OH, OMe, or NH,.

13. The compound of claim 12, wherein R’ is hydrogen, OH, or NH,.
14, The compound of claim 13, wherein R’ is hydrogen or OH.

15. The compound of claim 1, wherein the ring comprising R*, R® and the atom to which they are
connected is cyclopentane, cyclohexane, piperidine, dihydro-pyridine, tetrahydro-pyridine,
pyridine, piperazine, decaline, tetrahvdro-pyrazine, dihydro-pyrazine, pyrazine,
dihydro-pyrimidine, tetrahydro-pyrimidine, hexahydro-pyrimidine, pyrazine, imidazole,

dihydro-imidazole, imidazolidine, pyrazole, dihydro-pyrazole, or pyrazolidine.

16. The compound of claim 15, wherein the ring comprising R* and R’ and the atom to which

they are connected is, cyclohexane, piperidine, or piperazine.

17. The compound of claim 1, wherein R® is (C,-Cy)alkyl, substituted (C,-Cg)alkyl, halo, -OR?,
-CO,R?, -OCO,R?, -C(=0)R?, -OC(=0)R", -NRR", -C(=0)NR’R", -OC(=0)NRR", or aryl.
where substituted (C,-Cg)alkyl is (C;-Cg)cycloalkyl(C)-Cs)alkylene-, halo(C,-Cy)atkylene-,
-(CH,)1,0RY, -(CH;),.,C(=0)OR?, -{CH;),,0C(=0)R?, -(CH,),.C{=0)R", -(CH,),:0CO;R,
«(CH,).NR*R", or ((CH;),.,OC(=0)NR*R".

18. The compound of claim 17, wherein R®is (C,-Cyalkyl, chloro, fluoro, phenyl, -OR®,
-CH,0R?, -CO,R?, -CH,CO,R?, -OCO,R", -CH,0CO;R?, -C(=O)R?, -CH,C(=0)R?,
-OC(=0)R*, -CH,OC(=0)R?, -NR*R", -CH;NR*R", -C(=0)NR"R", -CH,C(=O)NR*R",
-OC(=0)NR'R", or -CH,OC(=0)NR’R".
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NNONNO R8-~"\ ORBYN RB--~' N97 Re, NNL , R8-Nand R8--~ N H 38.
The conmpound of claim 37, wherein Xis selected fromthe group consisting of:
ON-~~ "NNNN RBN*M, R8~N~ , and R8, NN NL H 39. The conpound of claim
1, wherein R" is nmethyl, ethyl, isopropyl, isopropenyl, -CH=CH ,6 CH, CH,
propyl, -CHa-CH=CH2, -CH=CH CH3, cycl opropyl, cyclopropenyt,

cycl opropyl net hyl, cycl opropenyl net hyl, cycl obutyl, cycl obutenyl,

-(CH2) Y(CH2)"H, - (CH2)"COOCH3, or -(CHz)" CO(CH2)" H, where Y is 0O, S, or
N(CH2),,. 40. The conpound of claim39, wherein Rs is (C, -,)al kyl, CH20OH,
cycl opropyl, cyclobutyl, cyclopropyl nethyl, -(CH2)2CO2CH3, -(CH2)2 30H, or
- (CH2) 2hall8gen Thédompbirel af oo i) svharbin®’ &i OH, 4DV, mmrybbuhylﬂirop)s isoptdpyll n- et hyl

propyl, 2-propen Q vl I I

" ( CH2) 2002CH3, B 536%%2*?’5% teippuliy éeﬁ@gfn%heh‘ﬁ RO ﬁb%%?’e“f‘en R is
met hyl, et hyI @@ZEmyCOgﬂ’r oﬁ@&i-Bu mzt-ﬁmwﬁﬁﬂmb@@ﬁi -@(l%])@mgzpoww ei n R is
cycl opropyl, wher

cycl opropyl . 45 ﬁﬁé@tmﬁ% M%g.l %Megge lghﬂg ﬁEQEPoCﬁrﬂ 46 The

conpound of claim 34, wherein R is . 47, The
compound &f cl JPM%@OUMF@}%%WW@HH%‘ QJ%&HVIB Hﬁfhﬁwthylelerﬁw ISO(BFOPHr’bpyI 48.
The conpound ofu, dcrBud, isoBRr @itbul, mzdnygme@ge@/xcorcm@hlaybozrés -COIe
conmpound of cl a| m. 48, wherein R is dro(%en 50. The cor]q)ound of claim1,

wherein i is 1-C8gP51C0 TRy (,C&‘ﬁ)%‘bn(acg Cr & eFy COMMERPCONNCES 52 The

compound of claim1, whereinj is 1. 53. The corrpound of claim 1, wher ei n ]
is 2. 54. The J@f:rwmdnctﬁf clinai mhtreinheruesibar ¢f R’ gwus, sultstituad op the g iThe

conpound of cl ip.phom MGy in is O, or 1.

22. The compound of claim 17, wherein R* is hydrogen, methyl, ethyl, propyl, isopropyl, n-butyl,
sec-butyl, isobutyl, tert-butyl, phenyl or benzyl.

23 The compound of claim 17, wherein R” is hydrogen, methyl, ethyl, propyl, isopropyl, n-butyl,
sec-butyl, isobutyl, tert-butyl, phenyl or benzyi.

24, The compound of claim 17, wherein R* is hydrogen, methyl, ethyl, propyl, isopropyl, n-butyl,
sec-butyl, isobutyl, or fert-butyl and R is hydrogen, or methyl.

25, The compound of claim 17, wherein R* and R” together with the nitrogen to which they are

attached, form a pyrrolidino, piperidino, morpholino, or thiomorpholino ring.

26. The compound of claim 25, wherein R* and R” together with the nitrogen to which they are

attached, form a pyrrolidino, piperidino, or morpholino, ring.

27. The compound of claim 1, wherein each R is hydrogen, (C,-C,)alkyl, aryl,
aryl(C-Cglalkylene, diaryl(C,-Cg)alkylene, heteroaryl(C;-Cslalkylene, or
diheteroaryl(C,-Cy)alkylene.

28. The compound of claim 27, wherein each R is hydrogen, methyl, ethyl, 3-pentyl,
phenylCH,CHj;-, {pheny!),CHCH;-, pyridylCH;-, benzyl, or

<

Et
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56. The conpound of claim 1, wherein the ring conprising R4, R5 and the atom
to which they are connected include: (R6)Q6)Q ~~ (RE)Q(R /-s /(R 6)Q
RAC 1 Rte( NRd -N-N-Rd -N) R (Re~q RB /N (RRc' , ¢/ (R6)~ ~-N_ Rd~, 6 )q
(Rg (RE)QN> R6)q/-/" d -NNR () -R-NNR \--j d R~ | RBC/ d,
and d where g is from1l to 14 and Rd is hydrogen, provided that when q is
zero then Rd is not hydrogen. 57. The conpound of claimb56, wherein the
ring conprising R, R5 and the atomto which they are connected include: R3
NR6~ R3 NR6 -NN\\NR6 R3 ~/ R3 R3 ~/ R6 R6 99 3 37 |NNR6, R3 R3 ON > R ~\
R6R6/~1R6R6 -N }-R6 Rte( r-R6Rte( NR6 -N- NR6 [ ~/ ~\ R3R6R3N—R
6 and NN-R6 The co f claim 57, wherein the rin i ng

- C(R3) RRS 3% 2 PW‘)““‘E&E’F éi‘ﬁé“"?f’z ‘%ﬂyﬂfé?#ﬂ‘yf‘ Sy ohELERES yi-or Benzy?

2- phenyl cycl ohexane, 2-ethyl cycl ohexane, 2, 2-di et hyl cycl ohexane,
2-tert-butil cﬁbF@H@%ﬁﬁ@fc lﬁﬁ?wwﬂf@9th%%exane 3, 3-di net hyl cycl ohexane,
4- met hyl cycl ohexane, 4-ethyl cycl ohexane, 4-phenyl cycl ohexane,
4-tert-butyl cycl ohexane, 4-carboxynmethyl cycl ohexane, 4-carboxyethyl
cycl ohexane, 3,3,5,5-tetranethyl cycl ohexane, 2,4-dinethyl cycl opentane.
4- cycl ohexanecar boxyi ¢ aci d,

31, The compound of claim 27, wherein N(R); is amino (NH,), 3-pentylamino,

diphenylethylamino, pyridylmethylamino, benzylamino, or a group having the formula:

32 The compound of claim 31, wherein -N(R"), is amino, ethylamino, diethylamino,

diphenylamino, pentylamino, or benzylamino.
33, The compound of claim 32, wherein N(R'), is amino.

34, The compound of claim 1, wherein X is -CH,OR", -CO,R¢, -CH,OC(O)R®, -C(O)NRR', or
-CH,N(R*)(RY.

3s. The compound of claim 34, wherein X is -CH,0R® or -C(O)NRR".

36. The compound of claim |, wherein X is selected from the group consisting of:
N-N /=N O-N O-N
RBfAZNJLWM, RB’“LN4LMM‘ RB/JQNlhwx, Rs’”gk,BwM.
H

N—N ,N:N N-N [N
RS/QO)"N, RS’NN/)‘%\, RB/QS/\\‘%., R® o»"“”‘,

'S »
RB% , and RB/<N//\‘M“ .
37. The ¢compound of claim 36, wherein X 1s selected from the group consisting of

N-N O-N N-QO
RB/QO)"""\ ‘ RB/QN% , RS/QN/)""\« )
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4- cycl ohexanecar boxyi c acid esters, or 4-nethyl oxyal kanoyl - cycl ohexane. 59.

The conpound of claimb58, wherein the ring conprising -C(R3)RR5 is

4-pi peridine, 4-piperidene-I|-carboxylic acid, 4-piperidine-I-carboxylic

acid nethyl ester, 4-piperidine-I|l-carboxylic acid ethyl ester,

4-pi peridine-I-carboxylic acid propyl ester, 4-piperidine-|-carboxylic acid

tort-butyl ester, |-piperidine, 1-piperidine-4-carboxylic acid nethyl

ester, 1-piperidine-4-carboxylic acid ethyl ester, |

- pi peridi ne-4-carboxylic acid propyl ester, 1-piperidine-4-caboxylic acid

tert-butyl ester, 1-piperidine-4-carboxylic acid nethyl ester,

3-pi peridine, 3- plperldengil-carboxyllc cid, 3-pipemnN dine- I-carboxyllc aci d

nmet hyl ester, 3- plperlglne carbo§ Cld t@m&QbﬁLxl ester,

1,4-piperazine plp%razN | - caR é@?d 4- Di perazi ne- I-carboxyllc

acid nethyl ester, 4-piperazine- I-carboxyllc aC|d thyl ester,

4-piperazine-l-carboxylic aci d propyt ester, 4-piperazine-l-carboxylic acid

tert-butylester, 1, 3-piperazine, 3-piperazine-I|-carboxylic acid,

3- pi perazi ne-1-carboxylic acid nmethyl ester, 3-piperazine-1-carboxylic acid

ethyl ester, 3-piperazine-I-carboxylic acid propyl ester,

3- pi peri di fie- | -pRICBAXIhI 6fc?e§ﬂn@7tﬁe?eub)é‘is)élel@éécﬁﬁom thb gﬁbﬁ)@ddm@thﬂg%f 3- carboxylic

acid nethyl ester, 1- plperldlne 3-car oxy ic acid ethyl ester, 100 60,

1- pi peri di ne- 3- carboxyllcch propyl éiygr or 1-pi/peYi di ne- 3-caboxylic acid

tert-butyl ester. 61.R jami59R  wHepein, the ring conprising

R4 and R5 is 2-nethyl cyclohexane 2:& di net hyl cycl ohexane, 2-phenyl

cycl ohexane, 2-ethylcycl ohexane, 2, 2- dlethylcyclohexane 2-tert-butyl

cycl ohexan®, 3'ﬁemhmbmmygﬂdhmthéwmn$,3J¢MWEEWVI@ymbmhe%mnemwﬂ ety

cycl ohexane, 4- enyloreYs rt-butyl

cycl ohexane, 4-@%?%%§Xﬁgtﬁﬁf cyc ohggagg(jg @%éeeSHo?%%%@fohexane,

3,3,5, 5-tet ranmytﬂybron}ymttbﬁeoyalnmola@ymwdnyhexctvjvhtyby;@lcrbp@nbtla(@{z)Y(CHz)nH, -

4- pi peridi ne-| - Q9§5&HC gﬁég)cgﬁéﬁ Iy GRLER; 6 §IE ?ne-l-carboxylic aci d
8 2/ %H OXy H

tert-butyl ester 42pipéeri Brazine-1 - car c acid nmethyl ester,

4- plperldlne | - carboxylic tert | est eri di ne- carboxyllc
aci d net hytV est B Corppg{‘ﬁ? B%$ 'ﬁf%@%i&ﬁ 51?&%?52@%7 CIBRTPRA- o ?@Fy
tert-butyl est ergycibpppd@cthd] {@H&@@CHQKEHQ)Q Ot bd-(oBh mylbgast er

1- pi peridine-4-caboxylic acid tert-butyl ester, 3- plperldlne | - car boxylic
aci d et vk, estflecoripRhP 6 N8  IkAl RUGHELS, ARl qmayﬁtztprctbwlcyaégrsgﬂ

3- pi peri di ne, 3-p|pera2|ne car o§¥ i Cc acl

3- pi peri di ne- | -@alpbsrydyclerapylaethdr 4 %ﬂ%&h@%xéw(cﬂﬁmpﬁérldlne 3-carboxylic
acid nethyl ester, or 1-piperidine-3-caboxylic acid tert-butyl ester. 62.
The conpou4sid OfThB|Ca]illmui]d ofviemeil nwigreiraRds Rethylagtieyl @acitlipaggpendent | y hydr ogen,
(C, -Co)al kyl,

43, The compound of ¢laim 34, wherein R® is cyclopropyl, or cyclobutyl.
44, The compound of claim 43, wherein R® is cyclopropyi.
45. The compound of claim 44, wherein R® is cyclobutyl.

46. The compound of claim 34, wherein R is hydrogen, or (C,-Cg)alkyl.

47. The compound of claim 46, wherein R’ is hydrogen, methyl, ethyl, or propyl.
48. The compound of claim 47, wherein R" is hydrogen, or methyl.

49.  The compound of claim 48, wherein R is hydrogen.

50. The compound of claim 1, whereiniis 1.
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or (G -CB)al kyl substituted with 1-3 (C1l-C)al koxy, (C3-C8)cycloal kyl,

(C -C5)alkylthio, amno acid, aryl, aryl (C, -C3)al kyl ene, heteroaryl, or

het eroaryl (C, -C8)al kyl ene; or R and Rb, together with the nitrogen to

whi ch they are attached, forma pyrrolidino, piperidino, norpholino, or

t hi onor pholino ring. 63. The conpound of claim1, having the fornula: NH2
NNOONN NOHOHOH101 N2 O NN~NO > NOHOHOHNH2 //NI ~NO
NOH >NH-~-f OHOHor a pharnaceutically acceptable salt thereof 64. A
t herapeutic conposition conprising a conpound of claim1, in conbination
with a pharmaceutically acceptable carrier. 65. The conposition of claim®63
further conprising a Type |V phosphodi esterase inhibitor. 66. The
conposition of claim64 wherein the Type |V phosphodi esterase inhibitor is
rol i pram sici | ame t@stounddst ctagh Il Uttietedsitis 2.67. The conposition of claim 63,
wherein the carrier is a liquid carrier.

52, The compound of claim 1, wherein j is 1.

53. The compound of claim 1, wherein j 1s 2.

54, The compound of claim 1, wherein mis 0, 1, or 2,

55, The compound of claim 54, wherein mis 0, or 1.

56. The compound of claim 1, wherein the ring comprising R*, R’ and the atom to which they are

connected include:
(R%) (R%), (R%,q (R%)
/ /—\ F oY q

_)<:)/ , —;<://N—Rd —N /N—Rd —N \_//
R® R ’ — ’
5

{R%) R®
RIN= R3 \—= ’ \ * — ’

6
(Rs)q (R% (R) (R)q
/j/ — q -—-/ q [~
— N—R¢ O {N—Rd 4 —N /N ~R¢
N—/ ? R3 I k] R3 P y an \N—/ L]
where q is from 1 to 14 and R? is hydrogen, provided that when q is zero then R* is not

hydrogen.

57. The compound of claim 56, wherein the ring comprising R*, R and the atom to which they

are connected include:

O, A O
R? ' RY ’ R3 ) N/ .
Ré R®
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68. The conposition of claim63, which is adapted for oral, intravenous,
ocul ar, parenteral, aerosol or transdennal adm nistration. tea

58.

59.

The compound of ¢claim 57, wherein the ring comprising —C(R*)R*R’ is 2-methyl
cyclohexane, 2,2-dimethylcyclohexane, 2-phenylcyclohexane, 2-ethyleyclohexane,
2,2-diethylcyclohexane, 2-tert-butyl cyclohexane, 3-methyl cyclohexane,
3,3-dimethylcyclohexane, 4-methyl cyclohexane, 4-ethylcyclohexane, 4-phenyl cyclohexane,
4-tert-butyl cyclohexane, 4-carboxymethyl cyclohexane, 4-carboxyethyl cyclohexane,
3,3,5,5-tetramethyl cyclohexane, 2 4-dimethyl cyclopentane. 4-cyclohexanecarboxyic acid,

4-cyclohexanecarboxyic acid esters, or 4-methyloxyalkanoyl-cyctohexane.

The compound of claim 58, wherein the ring comprising —~C(R)R*R’ is 4-piperidine,
4-piperidene- 1 -carboxylic acid, 4-piperidine-1-carboxylic acid methyl ester,
4-piperidine-1-carboxylic acid ethyl ester, 4-piperidine-1-carboxylic acid propyl ester,
4-piperidine-1-carboxylic acid tert-butyl ester, 1-piperidine, 1-piperidine-4-carboxylic acid
methyl ester, 1-piperidine-4-carboxylic acid ethyl ester, 1-piperidine-4-carboxylic acid propyl
ester, 1-piperidine-4-caboxylic acid tert-butyl ester, 1-piperidine-4-carboxylic acid methyl
ester, 3-piperidine, 3-piperidene-1-carboxylic acid, 3-piperidine-1-carboxylic acid methyl
ester, 3-piperidine-1-carboxyhic acid tert-butyl ester, 1,4-piperazine,
4-piperazine-1-carboxylic acid, 4-piperazine-1-carboxylic acid methyl ester,
4-piperazine-1-carboxylic acid ethyl ester, 4-piperazine-1-carboxylic acid propyl ester,
4-piperazine-1-carboxylic acid tert-butylester, 1,3-piperazine, 3-piperazine-1-carboxylic acid,
3-piperazine-1-carboxylic acid methyl ester, 3-piperazine-1-carboxylic acid ethyl ester,
3-piperazine-1-carboxylic acid propyl ester, 3-piperidine-1-carboxylic acid tert-butylester,

1-piperidine-3-carboxylic acid methyl ester, 1-piperidine-3-carboxylic acid ethyl ester,
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60.

ol.

62.

63.

1-piperidine-3-carboxylic acid propyl ester or 1-piperidine-3-caboxylic acid tert-butyl ester.

The compound of claim 59, wherein the ring comprising R* and R’ is 2-methyl cyclohexane,
2,2-dimethylcyclohexane, 2-phenyl cyclohexane, 2-ethylcyclohexane,
2,2-diethylcyclohexane, 2-tert-butyl cyclohexane, 3-methyl cyclohexane,
3,3-dimethylcyclohexane, 4-methyl cyclohexane, 4-ethylcyclohexane, 4-phenyl cyclohexane,
4-tert-butyl cyclohexane, 4-carboxymethyl cyclohexane, 4-carboxyethyl cyclohexane,
3,3,5,5-tetramethyl cyclohexane, 2,4-dimethy! cyclopentane, 4-piperidine-1-carboxylic acid
methyl ester, 4-piperidine-1-carboxylic acid tert-butyl ester 4-piperidine,
4-piperazine-1-carboxylic acid methyl ester, 4-piperidine-1-carboxylic acid tert-butylester,
1-piperidine-4-carboxylic acid methy! ester, 1-piperidine-4-caboxylic acid tert-butyl cster,
tert-butylester, 1-piperidine-4-carboxylic acid methyl ester, 1-piperidine-4-caboxylic acid
tert-butyl ester, 3-piperidine-1-carboxylic acid methvl ester, 3-piperidine-1-carboxylic acid
tert-butyl ester, 3-piperidine, 3-piperazine- 1 -carboxylic acid methyl ester,
3-piperidine-1-carboxylic acid tert-butylester, 1-piperidine-3-carboxylic acid methyl ester, or

1-piperidine-3-caboxylic acid tert-butyl ester.

The compound of claim 1, wherein R* and R® are each independently hydrogen, (C,-Cy)alkyl,
or (C-Cylalkyl substituted with 1-3 (C,-Cg)alkoxy, (C;-Cs)eveloalkyl, (C-Cy)alkylthio,
amino acid, aryl, aryl(C,-Cy)alkylene, heteroaryl, or heteroaryl(C;-Cy)alkylene; or R* and R®,
together with the nitrogen to which they are attached, form a pyrrolidino, piperidino,

morpholino, or thiomorpholino ring.

The compound of claim 1, having the formula:
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or a pharmaceutically acceptable salt thereof.

A therapeutic composition comprising a compound of claim 1, in combination with a

pharmaceutically acceptable carrier.
The composition of claim 63 further comprising a Type IV phosphodiesterase inhibitor.

The composition of claim 64 wherein the Type 1V phosphodiesterase intubitor is rolipram,

cilomilast, or roflumilast.
The composition of claim 63, wherein the carrier is a liquid carrier.

The composition of claim 63, which is adapted for oral, intravenous, ocular, parenteral,

aerosol or transdermal administration.
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