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COVPOUNDS AND METHODS OF USE This application is a continuati i af
US appl i catw@mosgissal nunber 09/ 181,690, filed Cctober 28, 1898ys99ns37

i ncorporated herein by reference. TECHNI CAL FIELD Novel dihydropyri 3| ne
conpounds and their derivatives can open potassium 5 channel s and are
useful for treati lri%ﬁ,a varlet of nedical_conditions. BACKGRQU

| NVENTI ON Pot assi Wi RANRR &R %][HV%HANW@rXMN%CpMPQW%l ng ceI I
menbrane excitability. Wen th?ﬂ‘wll\?ﬁ’ﬂ{@scaﬁ%@és open, changes in the

el ectrical potential across thée ce ane occur and result in a nore
pol ari zed state. A nunber of diseases or conditions can be treated with

t herapeutic agents that open potassi um channels; see (K Lawson, Pharnacol.
Ther., v. 70 Bps as}gw@tson( 1STDOBIiat{aD-iR-pagiedf] 65 application seriat pgmber

NeuroPsy chi at | 093-1 102 (1994)); (M
Gopal akr i ShH4n ng%g?d &‘g"ﬂ&%@%t B’ﬁﬂ@ﬁfa‘?%%‘éeé%ff‘cb&,‘ {rense " op. 95- 12710dice:
1993)); (J.E. Freedman et al., The 15 Neuroscientist, v. 2, pp 145- 152

(1996)); (D. E. Nurse et al., Br. J. Uol., v. 68 pp. 27-31 mﬁmm “mm“‘
B. Howe et al., J. Pharnacol. ExiFECHNaICALFIEIZ)4 pp. 884-890 (ﬂ !u “

(D Spanswsmk et al., Nature, v. 390 .. 521 -25 (Decenber 4, 1997))....Such
di seases or coNeyelidgHSrRyEidingeoRRONRS ar@ﬁh?‘éﬂ%&*"at‘?{ﬁ)%@ﬁgiPBWSS"HﬁI e sexual
dysfuncti urinary

i ncoﬁtl ngﬁggéngl?%%o e%@ lafor?%i ﬁ@f@%&%ﬁhg@?&”&ngﬂ% i'sorders, functional

bowel di sorders, and neurodegeneratl on. Potassium channel openers al so act
as snmooth nuscle rel axants. Because uri nar¥ i nconti nence can result from
!

t he spontaneous, uncontr ol | EACRHRQANDIAE ISVENIdOMoot h nuscl e of the
bl adder, the ility of po si um channel eners.to oI ari ze bl adder
cell's and rel B 8?“5?3%6’?"9' 4R JOORaR Tl ! ﬁgggﬂat% Ddg B°'a%el i orate or

prevent uhicRadiMy2 SWhét B8 pof8iGr channd/ o, 2s 1 the M%Xm%&lg%té?ﬁﬂ 3/ 25373
Journal of Cardi"ovascul ar Phar nmacol ogy - 1168-1175, ( 198 Raven Press,
New10 the cell membrane occur and result in a more polarized state. A number of diseases or

conditions can be treated with therapeutic agents that open potassium channels; see (K.
Lawson, Pharmacol. Ther., v. 70, pp. 39-63 (1996)); (D.R. Gehlert ¢t al., Prog. Neuro-
Psychopharmacol & Biol. Psychiat., v. 18, pp. 1093-1102 (1994)); (M. Gopalakrishnan et
al., Drug Development Research, v. 28, pp. 95-127 (1993)); (J.E. Freedman et al., The

15 Neuroscientist, v. 2, pp. 145-152 (1996)); (D. E. Nurse et al., Br. J. Urol., v. 68 pp. 27-31
(1991)); (B. B. Howe et al., J. Pharmacol. Exp. Ther., v. 274 pp. 884-890 (1995)); and (D.
Spanswick et al., Nature, v. 390 pp. 521-25 (December 4, 1997)). Such diseases or
conditions include asthma, epilepsy, hypertension, male sexual dysfunction, female sexual
dysfunction, migraine, pain, urinary incontinence, stroke, Raynaud's Syndrome. eating

20 disorders, functional bowel disorders, and neurodegeneration.

Potassium channel openers also act as smooth muscle relaxants. Because urinary
incontinence can result from the spontaneous, uncontrolled contractions of the smooth
muscle of the bladder, the ability of potassium channel openers to hyperpolarize bladder
cells and relax bladder smooth muscle provides a method to ameliorate or prevent urinary

25 incontinence.
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York, EP 0 059 291, EP 87051738, US 4,321,384, US 4,551,534 k5 ‘5(9? 873,
and US 4, 618678 all discl ose AY 7003

4- (aryl )-4,‘,5?@9,247@3 hexahydr o- 2- al kyl - 5- oxo- 1, 7- napht hyri di nﬁjﬁugﬁyzggfgyl icC
esters as calciumentry blockers that nmay be useful as antihypertensive

agents. Conpounds of the present |nvention are noveI hyper pol ari ze cel |
menbr anes, open potassi um channel s, rel ax rruscl e cells, inhibit

bl adder cont ralerlrrehef %ﬁél%@@%@&hﬂm@ogﬁ%b{%bl @ 1986 Rayeipkress Newe

"Ts pri norioan HRR8203, BP 870 14T DRARR e, DR S H W oY B es en
invention, 61%5&8 hRdmdlcde U- (larylrlpsfé 7 Q}Hex(anydrofi Ak3A-Roxb-1, Rhapghthyridine-3-

phar maceuti cal | y acceptable salt, am de, ester, or prodrug t her eof , wherein
15 n i s Garboxyhi¢ estdrs 25 calcium emr)eblbelcbrsf thohmap de gsafuhmswnhymengvohgm, O,

and S; A is select eg rQmt he consi st of NR3, q S and CR4R5; D
is Sel ect ed fl‘(ﬁrﬂ’m’r@ &P 6&‘5 RES¥E ’ﬁ{f”cﬁre@&e PEBO ZefSIE?’en?aléra%"éi ect ed
from the Qlags%iﬁ'cﬁ 9§la>p§n I I@Sﬁle%ﬁ)} mﬁ‘i?g bﬁ%?&zeoci\%ﬂ%ﬁ&ssﬁh%é ed

fromthe r p consisting o eterocyc

i ndepende;@éﬂuyfo&eﬂeeﬁﬁgdnsédsem}rah@rgjecwﬁblmsd BY bpgu@g potishivig@hannelskoxyal kyl ,
al kyl, aryl al kyl, cycloal kyl, cycloal kyl al kyl, hal oal kyl, heterocycl eal kyl,
hydr oxy, hydroxyal kyl, -Nz,Z,, and (NZ, Z2)al kyl wherein Z, and Z~ are

i ndependently 25 selected f of hydrogen, al kyl,

al kyl car bonyl, aryl, arylal ﬁ@&%‘gbﬁwgﬂ?ﬁﬂ 5 are independently
selgeted fromih g e &SRB iSEhE (RE 1@&1&?{%&1@@%&4 BMﬁds of the predérY 2003 W
O 00/ 24743 PCTI US99] 25373 R 6 and R~ are |ndependently selected fromthe
group comsventionhavwd fompdltadgen and al kyl; with the proviso that when Dis CHZ

then D is other than CH2; and with the proviso that when D is S(O or
S(O, then A' is CR4R5. DETAI LED DESCRBPTI O\IRg: THE | NVENTI ON

CY LA
/H’
L
or a pharmaceutically acceptable salt, amide, ester, or prodrug thereof, wherein
15 nis 0-1;

mis 1-2;

A is selected from the group consisting of NR,, O, and S;

A is selected from the group consisting of NR;, O, S and CR,R;;

D is selected from the group consisting of CH, and C(O);

20 D' is selected from the group consisting of CH,, C(O), S(O), and S(O),;

R, is selected from the group consisting of aryl and heterocycle;

R, and R, are independently selected from the group consisting of hydrogen,
alkoxyalkyl, alkyl, arylalkyl, cycloalkyl, cycloalkylalkyl, haloalkyl, heterocyclealkyl,
hydroxy, hydroxyalkyl, -NZ,Z,. and (NZ,Z,)alkyl wherein Z, and Z. are independently

25 selected from the group consisting of hydrogen, alkyl, alkylcarbonyl, aryl, arylalkyl, and
formyl;

R, and R, are independently selected from the group consisting of hydrogen and

alkyl;

L8]



Al patents, patent applications, and literature references @ JeMAY 2063
specificatiqon are herein incorporated by reference in their entirety. In
the case of WAMREH3t encies, the present disclosure, includi REHE$I9EIBons,
will prevail. 10 It is understood that the foregoing detail ed description
and acconpanyi ng exanples are nerely illustrative and are not to be taken
as limtations wyaAdR)eresiaadRn@ntlykeletied Grth D grody &dhsistinglef hywdg&Phl ¥ by
t he appended clains and their equival ents. Various changes and

modi fi cati 83t o the di scl osed enbodi nents will be apparent to those

skilled in the ar.f.., Such.c S d di,ficatiops, . inecluding without
limtation t hpsé“&’sthF ch'é(ﬂﬁc’ﬂggtqghe{’?@ 'Sc(ggh{héﬁﬁ ést?tﬁ?:rttﬁ?’égws‘ﬂ’gsti t uent s,
derivatives, i niaiRebAVED thaWMeAgYss sV HOAIhaMA’ ANk &, et hods of use
of the invention, may be nade w thout departifig fromthe Spirit and scope

theresf. In its principle enbodi mrent of the present invention, conpounds of
the present invention have fornmula | N m20 HR6

RL-DD/C~~(~n .o, |
|, or a pharmaceuticall PEJ&EEP%%CWTIQMW@EW%NT@N prodrug thereof,
wherein nis 0-1; i -2 AlS. S r 8L of
whereln 10 K My b el e ORI ATEhS LSRR ©
CRARS; D i gre3Rraf §RGridrabd b eeferefstinGREIPbtirktyg 19 thelddse 8NMcéAsidenchds, the
sel ected fromthe group consisting of CHz, 0O, S(O, and S(Oz; 3 2 ?
MAY Q003 V\red@itdisciaureCinclidiey ¢faitBnR, wilkprewdikct ed from the group
consi sting of ai%il and he ﬁ{ao gl e; Rz an ar.e i ndecEendentI ,_sel ected
from®he group ﬁé’f‘é‘irF‘H@é Ui dpi5eing dakEX e pHon A 3ReomBpRNIng ey |
cycl oal kyl Vel
v oyal k5T EAEREAS PRy (HonpIS B8] ¥ ot R TRASE N ERY s wbdkH R ope ofent 1y
sel ect ed f therinvdmeiogs whighdodefingt solglydly thy dpmepded clalrkydnd thkik ghuiaalensyl , aryl,
arylalkyl,_ and fornyl; R4 and R5 are _inde endentlcﬁ sel ected fromthe group
consi sti ng Varonsehasgesandfaodifigapons testhg discirsedierabodimeptsvitihelappargnitortheses r om

t he group ! of kvl wi . i . en Dis
L1e 910U GRISA Bl 80l Y PERST A ¥ os oA AR B by |
S( O 35t henrefatirgSto@he Efemitd) s@i&tnRe suBsthoetitsIRB vatives, iRfeBBedihtel, Ry Athksca)
di scl oses conpounds having ~ 5 fornula I1:
formulations and/or methods of use of the invention, may be made without departing from
the spirit and scope thereof.
In its principle embodiment of the present invention, compounds of the present

invention have formula I

R R,
D D!
(XA
N~/
20 HRg

Ay

or a pharmaceutically acceptable salt, amide, ester, or prodrug thereof, wherein
nis 0-1;
mis 1-2;

25 A is selected from the group consisting of NR,, O, and S;

A' is selected from the group consisting of NR,, O, S and CR,R;;

D is selected from the group consisting of CH, and C(O);

D' is selected from the group consisting of CH,, C(0), S(O), and S(O),;

3



OR- DR~ ~~, n N~~-mH s Il, or a pharnmaceutically acceptabl
am de, or praodrug thereof V\/nerern A A, D, R, R, R~ gn?éla*nﬂtAaYr(Qa?aagsa8

defined in MOWEAH3 . 20 1n another enbodiment of the presentPGTrN@ﬁ/tZﬁﬁh
conpounds have formula Il wherein, Ais NRz; and A, D, R, Rz, Ra, R, m

and n are as defined in fornula I. In anot her enbodi ment of the present
i nvention, CONMRQifechdMorh @id'kiodp ebnsiktigedMryVandshetdroditte; A, D, R, R6,
R, m and n are as defined in formula |. In another enbodi nent of the

pr esent i nvent Reand Bamoud\@gndeuly setnctad fyomn the gronh eprsistingofihydigeand A’

,, d d d f l,a th
enbodr ment koi‘rrékﬂ] %lggh Eﬂ%@n?}?‘é 12§¥%| lg@ﬁ%' W&Q‘yhr ?ﬁqg")fc la111: 4
wo 00“a°aﬁ %ﬁyr& k] A%’Fé ,S'E%aB(NZ“zS)ank)h wiferéin #\nd 2 ﬁHépHﬁ’c?e?ﬂ 3?3 or

apharrracetrc accept’a am de, Or pro rugt ereo

wher @i n, Segleddéd frBin, thé&kgradp cobsisting ofindrogen; alkak atloddansthyl, arfloamyidliayl] and t h
t he provi so that D is not CH2. . In another enbodi nent of the present
i nventi on,forébfhspounds have fornul alll wherein, Ais NR2; and A", :

R2, R6, R~ ) edr for al. In oth rrbodr nt of
t he present mvéﬁ?‘? gn% %5’ §\F§perd&?%ﬂmlﬁlée ¥r|°Fp\ﬁ?1’eS|’Sg’iI\$°,&yg§°g8m5

D, R, RakyR, m and n are as defrned in formula I. In another enbodr rrent
of the present i nvention, conmpounds have fornula Il 1 o wherein, Ais S
and A", D, R R;R8dRRare indepgndemlyssetected fdmhitiegroup comsistimgaoflhydtogemand her
embodi ment he present invention discloses conpounds having fornula I'V: O
R- %R A~alkYi N /. i HRs IV, 15 or a pharmaceutical |y acceptable salt,

ester, am de, QimRRORfYEURG i MAEER] ther'D' i60theFthan CH,; and
with the proviso that when D' is S(O) or S(0), then A' is CR R,

In another embodiment, the present invention discloses compounds having

15 formula II:
0 R R,
D!
OO XA
AL
I,

or a pharmaceutically acceptable salt, ester, amide, or prodrug thereof wherein, A, A', D',
R, Ry, R;, m, and n are as defined in formula 1.
20 In another embodiment of the present invention, compounds have formula II
wherein, A is NR,; and A', D', R, R,, R, R,, m, and n are as defined in formula I.
In another embodiment of the present invention, compounds have formula Il
wherein, A is O; and A', D', R,, R, R;, m, and n are as defined in formula I.
In another embodiment of the present invention, compounds have formula I1
25 wherein, A is S; and A", D', R, R, R;, m, and n are as defined in formulal.
In another embodiment, the present invention discloses compounds having

formula II:



R6, and R, are as defined in formula I. In another enbodi n%t] ﬂAWZOQaS

present invention, conpounds have fornula IV wherein, Ais

and R, R-WERW24RE, and R~ are as defined in fornula I. | n 2E3YREP25373
enbodi mrent of the present invention, conpounds have formula IV 20 wherein,
Ais NRZ; A is NR3; R6 is hydrogen; R is hydrogen; and R, R-, and Rs are
as defined in fornmula I. I n another en‘rpqdl rrent of the present |nvent| on,
conpounds have fornula IV wherein, i S NR:RA' is O and R' Rz, R, and R
are as defined in formula I. In afot hment of the present

i nvention, conmpounds have fornul aAl\. ein, Ais NRz; A is S and R,
R2, R6, and R, are as defined in fornmul Jmo 2 7 NAY ? C103 WO 001 24743
PCT/ US99/ 25373 I n anot her embodi nent of the present invention, conmpounds
have formula IV wherein, Ais G A isIlIR3; and R, R3, R6, and R are as
defined in formula I. In another enbodi nent of the present invention,
conpoundsPriaphermasertically|agceiahle palt, enter, gmide, At progdragiherarf whereiy d, gl R~ i s
hydr ogen; and. R3 are ned, i-n formul a .l anot enbodi nment
of the pr sﬁnﬁmmawascd&ﬁasﬁﬁaémﬂal?éw‘mhﬁméwvmﬂ Ao e A s
O and R, R-jnangnsr erﬁBcﬁhﬁﬁnﬂﬁﬂh@?ﬂeséﬂ il & ompdud AR Tom g Rpdi Ment. of
the present invention ound ve forml v?%ereln Ails O A is O
R6 i s hydvlogen, AR NRs; dltﬁdk'p@élﬁ,,&nd{éﬂ,{,,hs aad ndaeé agidafiried i formutaal. | . 1 o I n

anot her enbodi msnt of t q{nth i nventi on, conpounds have fornmula |V
wherein, A |s Ieyangghey gmeg THAR © ReseTy iy eRtiony compovads haysdormpla Bl | a 1 .
In anoth n RESENf, | ave formula IV
wher ei n, Cﬂ ig®: Emc?% tﬂIsg2 S‘I@,d?ndaﬂd'ﬁré% &ndef%gg?owégﬁlagnd R is as
defined i n fOFIma.hathbr exhbocﬁmehhﬁnheph@dnm&noﬁ dolflq)d&h@m formealli on,
conpounds have formula IV 15 wherein, Ais S; A is NR3; and R, R, Ref,
and1R7 ar\léhea@nd/éflfi Seandi &, PbRmRa Ry, m| andhm aretns definerbin foamelads t he present

i nvention, ounds have..f or and R, R6,
and R are as &‘8 ?’H"?‘B?‘ﬁﬂﬁ elpreﬁeﬁy\hgll‘(S’Ptﬁ%‘rdlé%ﬁ?alc%Wf’u%ﬁ HEKIBE b esent

i nventi oqor,ﬁﬂgwynds have formula IV wherein, Ais S A is S and R, R6,
and R~ are as defined in fornmula |I. 20 I n another enbodi nent, the present
i nvention di scloses conmpounds havi f(b"ﬁrmIOaR\7/ oR o HR6

A N / \/A
H Rg
1V,
15 or a pharmaceutically acceptable salt, ester, amide, or prodrug thereof wherein, A, A", R,,

R, and R,, are as defined in formula I.

In another embodiment of the present invention, compounds have formula IV
wherein, A is NR,; A'is NR;; and R, R,, R;, Ry, and R, are as defined in formula I.

In another embodiment of the present invention, compounds have formula IV

20 wherein, A is NR,; A'is NR;; R, is hydrogen; R, is hydrogen; and R,, R,, and R; are as

defined in formula 1.

In another embodiment of the present invention, compounds have formula IV
wherein, A is NR,; A'is O; and R}, R, R, and R, are as defined in formula L.

In another embodiment of the present invention, compounds have formula IV

25 wherein, A is NR,; A'is S; and R, R,, R, and R, are as defined in formula I.



V, or a pharmaceutically acceptable salt, ester, amde, or pr
wherein, AL A, R, 25 R6, and R-, are as defined in fornula 2*?@%?@
enbodi ment O 047y esent i nventi on, conpounds have formul a \Pa¥ess®i28373A i S

NRz: A" is NR3; and R, RZ, R3, R6, and R are as defined in formula |I. 6
2 7 MAY ~nn~ wo oo/ aa7a3 PCT/ US99/ 25373 I n anot her enbodi nent of the

t i t] i in. Ads . NR: A is O and
B R e, Cand AnoBERENREREARYEint Bt doyentBR dhosus B oimAr in: or °"
t he preserjherdiieAtis 0N A’ GATRGWAE R, TRY R f AIdRI| fe 3 dTRIERIN forulSI.NR2; A is O

R6 is hydrogen; R is hydrogen; and R and RZ are as defined in 5 fornul a
| . I'n anot her dniapdiheeembedimeheofthe pesentiinveation,crompeongohavddoanie IVor mul a Vv

wherein, Alis NRZ, A is.S and R, Rz, Ry, d R? a as. defined Ln _.

For mul a1 WHeReiRniin O AooTRs Hert PArOBFE Roig LS pRh R B c@ﬁﬁéeﬁﬁ@dﬁave
forngla VMghn, Ais NR-; A is CRMR5; and R, R2, R4, R5, R6, and R
are as de]fl ned in formula |. 1 o In another enbodi nent of the present

i nvention, conflaundhehavbodimenudfhy prdsedtdnventidn, conddndshavieSofaIREY R4 is
hydrogen; RS is hydrogen; R6 is hydrogen; R is hydrogen; and R, and RZ are
as defi nedvhereinofaiPaA is QirandRys Rerand bt aredefined in fasmpladsent i nventi on,
conpounds have formul a V. wher ej Ais O. A .is NR-: a R, .. R3 , and R
are oo dof i ned 'nanpBrRemsdieR! & e pleSentintenii supmanESh Eifepa L

i nvent i onwHLHRONRES; A RY By Brode 10! 8 hPdrofer: 3n@PR, 45 ad defdiEd in fRmufa 1.
hydrogen; R is hydrogen; and R and R3 are aS defined in formula I. In
anotteer enbodi Manmhother ¢rhisodimeseoiithe preseartiiventicnmpaipodsdtizave fommutald Vv
wherein, Ais G A is O_an R6, and R,_are as defined in formula I.

R, g
20 I'n anot¥ereidnddyPaménis %ﬁngﬁe%wég‘éﬁt ajerps dgtingshin fopppadnds have formula Vv
wherein, A i il RBel invantid 8 have 2Rl
de? .rﬁ:ag in :‘zr%laé\oﬁh.&s?n%%ﬁof hi?ﬂé%g%g%%\gngﬁ’tcﬁéﬂ’éggsenatvgi?nver% ?\Zn?s

conpounds whayé€inf Q0L A' ¥ SMRgi€hYdrofer; R, @ hyllrogen; Sad RN &Rdefilfed indfdenila 1ar e
as defined in fornula I. In another enbodi ment of the present invention,
compounds have Ih@natherembadimgneefthe preaentsn@ntion, com avgdermrila I'R4, RS,

R6, and R _.,are as.defined.4n f . lLn anot enbodi nent, of the
restnt 1 VBREPoA 5 Sopaote hEbe aoPmapd Ry Rhinl BIRATAL
In another embodiment of the present invention, compounds have formula IV
wherein, A is S; A' is O; and R, R,, and R, are as defined in formula 1.
In another embodiment of the present invention, compounds have formula IV

wherein, A is S; A'is S; and R, R¢, and R, are as defined in formula I.

20 In another embodiment, the present invention discloses compounds having
formula V:
O Ry g
Al

QA
N" 7/ R
H Rg 7
v,

or a pharmaceutically acceptable salt, ester, amide, or prodrug thereof wherein, A, A", R,,
25 Ry, and R,, are as defined in formula L.
In another embodiment of the present invention, compounds have formula V

wherein, A is NR,; A' is NR;; and R,, R,, R;, R, and R, are as defined in formula I.



wherein, Ais O A is CR4R5; R4 is hydrogen; RS is hydrogenzm@{ 9NN19
hydrogen; R, is hydrogen; and R is as defined in fornula I Her
enbodi nent YO PHM7EY esent i nvention, conpounds have fornul a \PQuUSHSEITBN, A
isS, A is NR3, and R, R3, R5, and R, are as defined in formula I. 7 WO
001 24743 2 7 NMAY 2003 PCT/ US991 25373 I n anot her enbodi nent of the present

i nvention, co ,, R6,
and R~ are as ngg;%ﬁ ﬁegrI ?é)l?{rfcﬁp gﬁh.yp\oér%ggﬁg?me@den%%%?%ﬁhﬁcqo{rﬁgﬁ;ﬁ esent

i nvention, conpwehereis, haybIFfszmsI(a; addiheRegiRy, ad RsarS;as Aefined ibforanda R, , RG,
and R? are as defined in formula_ |. In another enbodi ment of the present

i nventi on, con’p‘@tﬁ*?ﬁgleh%ﬂ)bwlmeﬁm%thvPWﬁéWelPHem)Qﬂp gompourds havedprpala Ving R

e 5 B K 36 SRS RD I Rubeouf BRR BRSO AL

CRARS% R4 fofmtimdr ogen; RS is hydrogen; R6 is hydrogen; R is hydrogen; and
R is as defined in fornula I. 10 In another enbodi ment, the present
i nvention di sclIosaegﬂlcmprumwnhaﬁ/ﬂmgyrdsomtriantMn campunds kpvedormulglV or a

A T K
nbod f h A
s oy oS B .,

| n anot herwigsreiagAreNR,0A' ik IGR B ed R, Rg\mnRis,cRL, abRpas asidefireddn favmld VI

wherein, Ais NR2; A is 0; and R R6, and R, are as defined_in
formfa I. 20 I aaﬁ@@h@nbedfmt phethe pfﬂsemtnevw@slemmpwéﬁbav(srforre'&ﬁa’ounds

have for I in,, re as
detined i it ISR B COR e dnBtolei R By Blout e dfRar i o of)

conpounds l?@)‘@gehoémaanWRVﬁ@h@ﬂéﬁneﬁ1h$oxHRiﬁlaIA is CRAR5; and R, R2, R4,
R5, R6, and R~ are as deflned in fornmula | I n anot her enbodi nent of the

present invent |Iora}10tholrmb¢¢imeha@feth¢ presemtanvantib, edmepasinds haveifermia VvV A i s
CR4R5; R is hydra en; R5 is hydrogen; R i ydr ogen; and
R and R2 ‘ﬁl?eée‘\é g b ﬁ‘elf bf"’b‘ﬁ%m 3 &’ﬁ%ﬁfeﬁépe%dﬂfwa gf the present
invepiion, comppuRbfet@nbodifeltbAiny bresent invention, compounds have formula V

wherein, A is O; A" is NR;; R, is hydrogen; R, is hydrogen; and R, and R, are as defined in

formula L.
In another embodiment of the present invention. compounds have formula V
wherein, A is O; A' is O; and R, R,, and R, are as defined in formula I.
20 In another embodiment of the present invention, compounds have formula V
wherein, A is O; A' is O; R, is hydrogén; R, is hydrogen; and R, is as defined in formula 1.
In another embodiment of the present invention, compounds have formula V
wherein, A is O; A' is S; and R, R, and R, are as defined in formula I.
In another embodiment of the present invention, compounds have formula V
25 wherein, A is O; A' is CR,R;; and R}, R,, R, R,, and R, are as defined in formula I.
In another embodiment of the present invention, compounds have formula V
wherein, A is O; A’ is CR,R,; R, is hydrogen; R, is hydrogen; R, is hydrogen; R, is
hydrogen; and R, is as defined in formula I.
In another embodiment of the present invention, compounds have formula V

30 wherein, A is S; A' is NR,; and R, R;, R, and R, are as defined in formula I.



wherein, Ais O A is NR3; and R, R3, Rd, and R, are as de '
formula I. 8 WD 00/24743 2 7 MAY 2003 PCT/ U S99! 25373 In aZo?mlAYq 2003
enbodi nent Y0 P4H478F esent i nventi on, conpounds have formul a \RCTUENIEESH]3 A
is O A is NR3; R6 is hydrogen; R is hydrogen; and R, and R3 are as
defined in formula |I. In another enbodi nent of the present invention,
conpounds have I i o 1S . R, are
as defined in f%%wg?f%b?%g? ﬂtehre %é‘%ﬁ%%tgp\ﬁé]r}{dnb‘f%%@gﬁ gaéveér?mflﬁ@ce*{lti on,
conpounds WRsteinf AriE8E A' 1 O; MIR RY, and R, Srdhs d¥fined ifformath R , R6, and R are
as defined in formula I. In another enbodi nent of the present invention,
conmpounds have Inanathen embodimene pfithe ar¢sentdnventionscapmar®ds bak RrmulrY R5, RS,

and R are_as defi.ned,i,n for l. I n anpt.her. enbodi nent of the present
i nvention,% gﬁ‘f}oﬁdag’ ﬁaVeg’faB %’W&%hgﬁésﬁgkﬂe‘?@@“&aq?s CRQRS; Rfi is
hydrogen; R g %@&Qﬂ@ﬁboamnﬁofthfimsemnEQn%?c@ﬁp&ﬁag R8¢t fofmb@ryrul a I

I n anot her enboc?l ment of the present invention, conpounds have fornula VI
wher ei n, Awhereit; AAs S; &' NFGR ,RanahdR ,, RRR,, RG, andrR), dre-asadefined il &frimaéedl. | n

formula I. 15 I n anqther enbodi ngnt of the present invention, conmpounds
have formula Viingnether gmbadimentof the present inygios cqmpouadsihaye farmaulad def i ned

in formula J. Jln,anethe o f _1he nr T j ) ounds
have for nu‘fvgere}lr” (?\‘H%r%éfa‘n,{s (iﬁ‘itgg’ %“nEZ‘SId?%eéqghlﬁ(ﬁﬁfo%ﬁég lgﬁgarage%i(r%qgs defi ned
in fornul ayydrodeRl; MPRNBIasVehAe ME0imah 1t he present invention, conpounds
have fornula 20 wher ei n, Ais S, A is CRAR5; and R, R4, R5 |~ and R
are as defined Inmnpbthemambodiment, thepiebent irsiehtion disclosasfcotripoupdshaying

i nvention, , conpqunds have fornula VI wherein, Ais S; A is CRAR5; Ra is
hydr ogen: 82 Ylydrogen: R6 is hydrogen; R is hydrogen; and R is as

defined in formula |I. In another enbgdi ignt o the present invention
di scl oses conmpounds having 25 \ formjjla Mil}§ OR- S ORa Rs HR7 R6 VII, 9
(LIS
N~ /X
VI,

or a pharmaceutically acceptable salt, ester, amide, or prodrug thereof wherein, A, A', R,
15 R, and R,, are as defined in formula 1.
In another embodiment of the present invention, compounds have formula VI
wherein, A is NR,; A' is NR;; and R, R;, R;, R, and R, are as defined in formula I.
In another embodiment of the present invention, compounds have formula VI
wherein, A is NR,; A'is O; and R}, R,, R;, and R, are as defined in formula 1.
20 In another embodiment of the present invention, compounds have formula VI
wherein, A is NR,; A'is S; and R, R,, R¢, and R, are as defined in formula 1.
In another embodiment of the present invention, compounds have formula VI
wherein, A is NR,; A' is CR,R;; and R, R,, R, R;, R, and R, are as defined in formula I.
In another embodiment of the present invention, compounds have formula VI
25 wherein, A is NR,; A' is CR,R;; R, is hydrogen; R, is hydrogen; R, is hydrogen; R, is
hydrogen; and R, and R, are as defined in formula L.
In another embodiment of the present invention, compounds have formula VI

wherein, A is O; A'is NR,; and R, R;, R, and R, are as defined in formula L.



2 7 MAY 2003 WD 00/ 24743 PCT/ U S99/ 25373 or a phar ITB.CEUtI C
salt, ester, am de, or prodrug thereof wherein, A R, %J%Yagpg
are as def i WOPM2A™Bormula 1. I n another enbodi ment of the pr BEENS99/25373
i nvention, conmpounds have fornula VII wherein, Ais NRz; and R, R2, R4,
R5, R6, and R, are as defined in formula |I. In another enbodi nent of the

present invent H@anotﬁefmuaﬁﬁerhwaa d&émﬂl mvihtionMagmpbihdsAalé fdrRala R 1S
hydrogen; Rs is 221 NR6 is hydrogen; R, is hydrogen; and R, and R2 are
is

as defi newhmmcmﬁm Ry; RpisthydrogsmB dis iydrogen; andeR, mnd Rarare asdedimed dm,
corrpounds hav Lor mula VIl wherein, Ais O and R" R4, Rs, Rb, and R are
as defi ne T3 brmula 1. to In anot her enbodi nment of the present invention,

conpounds haverf %Mé&%ﬂdglm 0% itfg‘: an@SSﬂ? inVentith 'c?mﬁéﬁ%{dg %Q?eogdﬁu!a'sypy drogen;

R6 is hydrogen; R, rogen; I's as de

anot Ber emherbnmams CO;‘Atxbé) ané RerR,, amd/Rnbre@ap definedpiafomsulbive formula Vi |
wherein, Ais S, and R, R4, R5, R6, and R, are as defined in fornula |l. ~
5 In anot her e%é@?%rﬁ“} O@Héerﬁpésf&ﬂresem/@w@mm, l@@é@‘ﬁ@é@a&f%@ﬂmw havi ng

formul a Vi r a pharmaceutical ly
accept abl e ‘BIS& ‘ng e, "c}ﬁ“ pro astRiﬁeg A R, R4, 20

R5, R6, and R ln ah@haeniakinad offhef;siésf&l{ ﬁ‘xvéntldnnc@rﬂﬁéthﬂ'é hm:mlmmnw of the
present invention, conpounds have formula VIII wherein, Ais NRz; and R/,

RZ, R, Rwherd, AamDRA ialCR Bs add R, nRd RisiR4 @mdﬂib arelas defincdriotfhrmule dr_bodl nment
s Har ogen: | I PSRy aPUiggierRg! %sm?%ﬁﬁ'@&?ﬁt%' ??xﬁx'awm”ﬁer clotanfs ¥ 26 and
mventi on" EERD o CEr Ry A TPRUURG ISR B R RO MR B s,
and R~ ar @efageddafformedain formula . I n anot her enbodl rrent of the present
' nvention, co r? gg(?tﬁerhe?ﬁ/b%d];n?énrtncj)lf ?he\l/alrleslentl i(r)wention, compounds have formula VI
wherein, A is S; A'is NR;; and R, R;, R, and R, are as defined in formula I.
15 In another embodiment of the present invention, compounds have formula VI
wherein, A is S; A'is O; and R, Ry, and R, are as defined in formulal.
In another embodiment of the present invention, compounds have formula VI
wherein, A is S; A'is S; and R, Ry, and R, are as defined in formula I.
In another embodiment of the present invention, compounds have formula VI
20 wherein, A 1s S; A'is CR,R;; and R,, R, R;, R, and R, are as defined in formula L.
In another embodiment of the present invention, compounds have formula VI
wherein, A is S; A'is CR,R;; R, is hydrogen; R, is hydrogen; R, is hydrogen; R, is
hydrogen; and R, is as defined in formula I.

In another embodiment, the present invention discloses compounds having

25 \ formula VII:




WO 00/ 24743 2 7 MAY 2003 PCT/ US99125373 wherein, Ais O RQsg ~ RS
is hydrogen; R6 is hydrogen; R, is hydrogen; and R is as d(z ?nm()ngﬁa3
formula |. Wo @neidgaer enbodi nent of the present invention, cwﬁ&sﬁgve
formula VIII wherein, Ais S, and R, R4, R5 R6, and R~ are as defined in
formula I. Another enbodi ment of the present invention relates to

phar maceuti cal conpositions conprising a therapeutically effective anount
of a conp8UABbYMacektieally agceptadle splt, astefl amides enprading thersof dibersin é.dhl Ry

ester, am d%’ Wd R %J%ﬁ%de&ﬁ@ﬁ%’gorlnrﬁl cpnbi nation with a pharmaceutically
’ ” Anot her

accept abl e* ner. enbodiment "of the invention relates to a nethod

of treating malgaganetambbdimetof R preseht inventeh bmpduhddvel forhiled[I t o mal e
erectile dysfunction and premature ejacul ati on conprising adm ni stering a

t her apeut whateiy, Aeis{leB4; iand 1Ry, B Ra, adrpoarads defiedrimfornulayy || or a

har naceut i cal acceptable salt, ester, . am de, or prodrug thereo Anot her
oot o 1% gnt g et e et iNBr g OO Bivs TPEHIR V1L el
dysfuncti el Udingg,. iRt . ] '

ottt e fhetdif A0, Ko nfibger R, iERvdBaed, T BRI yabudd SER, o
conpri si ngndByrarrei 3 tdefihedindotrhealadpeut i cal |y effective amount of a conpound

of formula I-VIIl or a pharmaceutically acceptable salt, ester, amde, or
prodrug t her eofn anathergmhodipent b dkn presant sfventen,icomperndnhave famaya Val 5

met hod of treati St , p€Rb | §ps ypert i Qn, Raynayd' s syndrone,

mi gr ai ne, WB’SF’H}’ !ggt@haé’gggsgr‘%’ g‘," %Pﬂ;?@%@%’}?@dhf?‘ﬂéﬂ%é functional bowel
di sofpders, neuneRARGIHIdRHemH IR froddt HRERLbS) dagxfpﬁmgnha%%mmga 1l
therapeutically effective amount of a compound of forrmula I-VIII or a

phar maceuwiherdin,\A sc2:ehtiablydroganitR, ie dydrogemnR gis hydrogpn;diyis dydiegemahd Rihe
pr esent invg?nfti gn ti Iugles novel internediates for maki ng conpounds of
formul a | 25 PHYERARICIIYER - an intermediate of fornula | X may be used in the

process of 25 N&%&EA&@%%H&%&%‘P%&& ExWeHHLff‘, clompguﬁ:]s Ravetbmlidvi WO

00/ 24743 2 7
wherein, A is S; and R, R,, R, R, and R, are as defined in formula I.

15 In another embodiment, the present invention discloses compounds having
formula VIII:
O
R1 O\\ ’Io
| | Rs

[T
N~ /X
HRs Ry
VIII,

or a pharmaceutically acceptable salt, ester, amide, or prodrug thereof wherein, A, R, R,,
20 R,, R, and R,, are as defined in formula I.
In another embodiment of the present invention, compounds have formula VIII
wherein, A is NR,; and R, Ry, R,, Rs, Ry, and R, are as defined in formula L.
In another embodiment of the present invention, compounds have formula VIII
wherein, A is NR,; R, is hydrogen; R, is hydrogen; R, is hydrogen; R, is hydrogen; and R,
25 and R, are as defined in formula 1.
In another embodiment of the present invention, compounds have formula VIII
wherein, A is O; and R, R,, R, R, and R, are as defined in formula L.

In another embodiment of the present invention, compounds have formula VIII

10



PCT/ US99125373 wherein A is selected fromthe group consi st rygmv} ﬁ and
NRz, wherein RZ is selected fromthe group consisting of hy% : 20 3

al koxyal ky|WO4PR4M3 aryl al kyl, cycloal kyl, cycl oal kyl al kyl , PGT/HS99K5873

het er ocycl eal kyl , hydroxy, hydroxyal kyl, -Nz,Z2, and (NZz, ZZ)al kyl wherein
Z, and Zz are independently selected fromthe group consisting of hydrogen,
al kyl',  al gnbeaf, RORYD; R 35 Mydmg&w@ikxydmgaﬂ K¢ H}’dro%QEfRﬂé hy @Bt arkERE The
term "al kenyl ,” as used herern, refers to a straight or branched chaln
hydr ocar bandefmed an firmgldl om 2 to 10 carbons and containing at |east one
carbon-carbon | 0 doubl e bgond forned by the renoval of ¢ hydr ogens.

Repr esent at i velT30athar embgdimang of eRrﬁ%’PhH’é(,emEH& C%'PBOW\?‘KF)’Y?XOE’@H%EHH

et henyl , Nyl g. tdhyh- Z p nyl., -pentenyl , 5-hexenyl,
2- hept eny%?glrfgpﬁe %yq’ B‘%d Eg’r}{‘l‘éir%il%?" él?cggﬁéeﬁ]ﬁy S%gﬁgéﬁé%W@gg' The term "al koxy, "
as used herei nAnbgfepémbédiment 6ttty pregemUpvention delhied eslpiematenticalppended t o

the parent nol ecul ar noiety through an oxy noiety, as defined herein. 15
Repr esent eampasitiongrepmpsisiog agherepgutically atfectiviegmoantoimeompavnd @f farmuladet hoxy,

t hoxy, 2- but t - but tyl hexyl . and
e Yo VBB AP e R ol Bt B B R A"
group, asyHghighendleusialy eeRRAIEartier.t he parent nol ecul ar noi ety through

anot her al koxy group, as defined herein. Representative exanples of
ai koxyal koxy i Aabthgdeembedimanteofithé invientiorecklates totaamethad ob treaingmedlé sexpal

2- et hoxyet hgxy,. 2-net hoxyet hoxy, . net hoxynet hoxy, and . the like. The term
"al KBxyal b*%%lpeppr?ﬁugg&@éaotﬂwg%}o 5rectile dysfungtionand RERIUS oup, as
defined h 10 . r j | kyl
aroup. - acSaet Rieuf PRERLED duhRie bR EE, PR Sau OO iR of

i ncl ude, RnuRl1EVIIObr 4 piErin@cedtiRally aftieplibleosaytnEstdiOxIMR! prodrug thereof.

et hoxynet hoxynet h&l@, (2-met hoxyet hoxy) net hyl, 2-(2 25 net hoxyet hoxy) et hyl ,
and the |ike. #Anethepembodimrebaizhe jnventiemrelgestorianethad of weating femalasexuak oxy

, defined.h in, ded th t _.nmol iety th h
I A kyt orBsnonnd ny RBRRES (e e RRGER TR E5tf 21 Yonyal kyi
i ncligde, HubffRidcy, hgiﬂ%ﬂgﬁ%&&gﬁ,&cﬁ{s&&r@ﬁﬂi@,&ﬂ%@%ksml%'& thyl,

2- met hoxyet hyl , net hoxynet e like. 12 WO 001 24743 2 7 MAY 2003
PCT/ US99/ &bBin&tering & themapéwtickldy yffectberantquint afa ceepoundrodiformule!-dilH ore an

al koxy graoup, as .delbif ned herein, appended to {he parent nolecul ar noiety

t hrough aPResmgeRiica ?’ﬁ&'ﬁ?‘gbalg SaLrGSIFE p,eqr,grociﬁgg hg’é tati ve exanpl es of

al koxycar bonyl i : AN 3

et hoxycar bonyl ?Ie{]%lroltﬂ%gﬁpg%lgg%nggﬁy ,lméér?élgﬁgeelgﬁgf ﬁc{e@%ﬁ{éﬁﬁgﬁﬁ%@ asthma,

" al koxy ca¢pilepyy, alylssrtensioasRayrradd’s ey sdromef @igaine | paim RafhK dixyrdarspaingry gr oup,

as defined herein, appended to the parent nolecular noiety through an al kyl

grodp, asingemtingaee,fenctional braist diserdess, nowodsgenpration and sroksepBRFIBBAY | al ky|

i ncl ude, but. - NOf . L m : I bo r0 R

4ot hoxy cREbBREFA B ERNY Birec PR GPL PR B prvip g0 or o
pharmaceutically acceptable salt, ester, amide, or prodrug thereof.

The present invention utilizes novel intermediates for making compounds of
formula I. In particular, an intermediate of formula IX may be used in the process of

25 synthesizing compounds of formula I,

|

IX,

2
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1 o The term™"alkyl,"” as used herein, refers to a straight r
chai n hydrocarbon containing from1l to 10 carbon atons. Reg%s@mm
exanpl es of WA 42#743ncl ude, but are not linmted to, nmethyl, ePBFIUSIMBIDOpy! ,
i so-propyl, n-butyl, sec-butyl, iso-butyl) tert-butyl, n-pentyl, isopentyl,
neopentyl, n-hexyl, 3-nethylhexyl, 2,2-dinethylpentyl, 2,3dinmethylpentyl,
n-heptyl, wheRfd Xlis s€ledt@dfom e $8604 condfifing HEO! S,rﬁxdlbjif’z, WHEre‘ir?Rmé selecte

as

"al kyl carbonyl ," as used herein, refers to an al kyl droup, ef 1 ne

herei n, afrpamtiedrdup donsisiizg efhydrogen; alkaryalbylealicyt, hrydaligH, eycteaikydny! gr oup,
as defined herein, presentative ex | es of al kyl carhbonyl _i ncl ude, but
are not | Wﬁl?%%wltﬂ&yﬁie{?@%,h hetease@ﬁfwﬁ&‘i, hyé,roziydﬁwpﬁxalkﬁcé%émagl ,

1- oxobuty - he l.i ke, rn. n ¢ as
used her iz IR S HKin 2000 o G shdhendiiy sElelled o HE BRI of
appegpded hydrbé&,aﬂdyﬁmﬂkﬂﬁrswl?drymrﬁélkyﬁ md)ﬂ;gm?/an al kyl group, as defined
herein. Representative exanples of al kyl carbonyl al kyl include, but are not
limted to, 2-oxopropyl, 3,3-dinethyl-2-oxopropyl, 3-oxobutyl, 3-oxopentyl,

and the like. The term "al kyl carbgpyl oxy, "..as used herein, refers to an
al kyl car bonyl group, as defined h%i“mo){’aﬁfagﬁﬂéd to the parent nol ecul ar

noi ety through ) .ef f.l i i ve exanpl es
y 9 gﬁ@réi%)ﬁ a%gfé ?/asbfx’s%d%gre%?, rkfafsi o R&E igtﬂ}) ?%%&%ﬁ%% mp

of al kyl carbonyl oxy 1nc ut are not mte acet yl oxy,

et hyl car bhydrocatpon t@itdiningt fydra 2rtb A0\Wacbons amhebrithieingiak ast e chomrcarbon

"al kyl sul finyl," as used herein, refers to an al kyl group, as defined
herdPn, appitebend formpd by dhetemays) elctwodtydragens yRemesatgtivacxamplengl gr oup,

as defineg,.h ' R I e of I finyl | de, but
e not | PIEEEaRelat BOY SRR} Ab T 6 B byl S B LB Sl 45 Vo
001 24743 ButénNAX.peRfeRyIPSHekeB ] 2hdpidnyl B nieeiyin] - dpkenly B Blde@Biyy1.and e lilgeed
herein, refers to an al kyl group, as defined herein, appended to the parent
mol ecul ar noi etlhe temmdlatkoxy,"saglusehidreigy tedgrs taan syl greup, laedefimed herein,
Representativ xampl es of al kyl sul.fonyl include, but are.nqt |imted,

et hy! sul SRREpied b PEERY BRlRCUIas RPigth AP yaioen SghpEPieS SRS as used
hergin, I REfeSerd i bxahbids FAURY ithudiCbhiIFcn AL 1o IRBARAG ki Bt e _par ent

nol ecul ar iety throug Iety, as define erern. Representative

exanpl es pfopakk\2-plopoxy,butaxyeterbbitory, penyioxly] hexybuky ang theylileail f anyl ,
et hyi sul fanyl, tert-butylsulfanyl, hexylsulfanyl, and the like. The term
"al kynyl ," as d8etrmerioryalkexyr @s pepddiesain, gpigRt togn aboxy @GP, ahdsinet o

hydr ocar b r D k car ho Nt ak [H at
| Zast - ononaisih oS BRt AP ol cpla ilerd iRt MR MR AP BB LN e
i ncl ude, RereindMeephéentatite tAnpltPoPARSWARDYY indludeD b@RYNbL lirnditdd ©Pery | |,
3-butynyl, 2-pentyny |, 1-butynyl and the liKke. ]

20 butoxymethoxy, 2-ethoxyethoxy, 2-methoxyethoxy, methoxymethoxy, and the like.

The term "alkoxyalkoxyalkyl," as used herein, refers to an alkoxyalkoxy group, as
defined herein, appended to the parent molecular moiety through an alkyl group, as
defined herein. Representative examples of alkoxyalkoxyalkyl include, but are not limited
to, tert-butoxymethoxymethyl, ethoxymethoxymethyl, (2-methoxyethoxy)methyl, 2-(2-

25 methoxyethoxy)ethyl, and the like.

The term "alkoxyalkyl,” as used herein, refers to an alkoxy group, as defined

herein, appended to the parent molecular moiety through an alkyl group, as defined herein.

Representative examples of alkoxyalkyl include, but are not limited to, tert-butoxymethyl,

2-ethoxyethyl, 2-methoxyethyl, methoxymethyl, and the like.

12



The term"aryl," as used herein, refers to a nonocyclic car Lok & ALLND
systemor a 15 bicyclic carbocyclic fused ring system havi %%ﬁ#mﬂae
aromati c ri W§L02@43r esent ati ve exanpl es of aryl include, azuPemMyk9yisatanyl ,

i ndenyl, naphthyl, phenyl, tetrahydronaphthyl, and the |like. The aryl
groups of this invention can be substituted wwth I, 2, 3, 4, or 5

substituents i @Qﬁﬂg?ﬂﬁdx&c% t'%g uF ﬂgﬁr@hk]%@; Boﬁ%ﬁgg,}/yk%}i’agé%)a@h oxY,

al koxyal kyl , al koxycarbonyl, al ky yl car bon onyl oxy,

al kyl sul f hexgln, appdeided vd theptent ﬁiol@ﬁhlahh@ietﬁt}kw‘%ﬂ a caabynyl gadipdles definetal koxy,
aryl al kyl , aryl oxy, carboxy, cyano, forngl, hal ogen, hal oal kyl, hal oal koxy,
hydroxy, higie:Resresentative examples ofrdlkoxycarbonyldncluds, buhareaot limRed RB,

wh in, d, R8 i | l.ect £d hyd , al kyl,
b ky1 car B BihEyL, Aol BHRRET (PR Ean g SRR DL S ey T ! e,
and R83 are in%@%}ﬁ?m&yéﬁﬁﬁ}lﬂﬁyﬁ’f&rﬁsgéhﬁ%gf, RGER 10 8h kikoxy@EBOny1 BRA:

arylalkyl). The term "arylal koXy,"" as used heréin, refers to an aryl g’roup,
as def i neds tefired hereap ppperattdtto thelpargna meidculap hedety drongh et glkyhgrougasan

al kox rqup, .as defined herein. Representative ex [es of aryl al kox
i ncl u)ée,g Mﬂeéff@r%t PrESEsR e sxamplsp @ yk%mwﬁy@mw@vﬂezbw%q agtoxy?/

5- phenyl pent: . I 4, oTefy 4_ NI 9n5373
The term ﬁglﬁtépg%?o&n?}g%% %%E%dﬁfﬁggﬁui eeg]\ég%r el ?%gﬂ;r)hetil er §%§u§%9%f§ﬁ§{l oxYy
group, asantefhenikd. herei n, appended to the parent nolecul ar noiety through a

carbonyl group, as defined herein. Representative exanples of
ar yl18l koxycar bdhg term@llgdé as bead herein,refers o straight or bisaehed| dripdwdrnaghon

ht h- 2-yI net h bonyl . .and the Like The term”arylalkyl. d
et i n. - r BYEREIRRTIS TP arRR o RASFFsmatRe PRTTP SO ks, BRLHRar ent

mol ecul ar ngMiMiya fo)hRugN, ftlﬂynﬁﬁ-&s%d&ygri%p@n_ Hl,”%g-ﬂﬁ?flﬁis&bu{?‘tﬂéﬁfo%}l,at ive

exanpl es of arylal kyl i'ncl ude, are not limted to,” benzyl,

2- phenyl enipehtyl,Isqreatyl] ropentyl, nhergphinketRylird o B/2-dimetdyipbetyl, 23e. The term
rein, refers to an ar roup, as defined herein,

"aryl carbqnyl, " as used h |
appended 36’¥‘?‘hﬂpmﬁﬁﬁ‘eﬁﬁﬁe‘bﬂ?t¥¥“ﬁ’t?i"é’b{i“’teﬁyle&% 5 l&kgr honyl group, as

defined herein: e 1 e I |, 0C ut are
not lI@i mted to?hggégfznow I%%ﬁhoéfﬁgﬁgre%é@flre%élgg%gﬁ@:*redr é'%'le%y Sé)y, " as
used her ehérein; epsnded @ e pareyit mgletulpr mafetyridkduphich daehaiyi groappardd€ided 0 t he

parent nol ecul ar noiety through an oxy noiety, as defined herein. IS
Repr esent Bercife Repsessniative examplesofipliyicarbany] insindeabwt appnotlimitadey, acstyl, 1-

T L e e
herein, refersThe tdh AMIENorIMAN," a8 BsédHcrdI8 Gefers to an alkylcarbonyl group, as
20 defined herein, appended to the parent molecular moiety through an alkyl group, as
defined herein. Representative examples of alkylcarbonylalkyl include, but are not limited
to, 2-oxopropyl, 3,3-dimethyl-2-oxopropyl, 3-oxobutyl, 3-oxopentyl, and the like.
The term "alkylcarbonyloxy," as used herein, refers to an alkylcarbonyl group, as
defined herein, appended to the parent molecular moiety through an oxy moiety, as
25 defined herein. Representative examples of alkylcarbonyloxy include, but are not limited
to, acetyloxy, ethylcarbonyloxy, tert-butylcarbonyloxy, and the like.
The term "alkylsulfinyl," as used herein, refers to an alkyl group, as defined herein,
appended to the parent molecular moiety through a sulfiny! group, as defined herein.
Representative examples of alkylsulfinyl include, but are not limited, methylsulfinyl,

30 ethylsulfinyl, and the like.



herei n, appended to the parent nol ecul ar noiety through an zl:szAvgr
defined herein. 20 Representative exanpl es of aryl oxyal kyl

not |inmted¥P8%244hhenoxyet hyl, 3-napht h- 2-yl oxypropyl , PCT/US99/25373
3- br onophenoxynet hyl , and the Irke. The term "azido,"” as used herein,
refers to a -N3 group. The term "carbonyl," as used herein, refers to a
-C(O - group. TirctehRMAkyRAIBOAY' as vded uéreﬁk PEERItB an amfyeg@upOasaieﬁG&H group.
25 The term "carboxyal kyl ," as used herei n, refers to a carbox group, as
defi ned hesreinygppapgesitd pagemtrreolpamlewmomu througira Mfwvygmhpmgéﬁacd al kyl

group, as, defined herein. Repres of car | kyl include,

but are neRTeI #FP@&CW?}WC&F‘B’%;&?r?gtahvtlsu\@n}fia(‘rnﬁn&@ﬁ;%9{8,no}s-lgﬂ%aoxypropyI, and
the like. spdjikerein, refers to a -CN group. 15 WO
00/ 24743 rélyﬁ?mg&%béxg%%f ggsa]ng g ém‘lg'he term "cyanoal kyl ," as used herein,
refess to a cyBmoteghdalylthkis,"dsfusedHerbizy eifers tappahgegroup, atshieﬁpenl herein,

nmol ecul ar noi ety through an al kyl group, as defined herein. Represent ative

exanpl es anpeedesiio shaparentiroleidar oiettheoughta thiqunpieey, @p definadhssginny | | 2

h h I Th d
CY e OSBRI b b P B 50 1
8 car bonsethﬁ?ﬂfﬁ??@élﬂbht‘y%u h&@lﬁrﬂfaﬁ%chﬁdi{}{éldike' ncl ude, but are not
limted to, cyclopropyl, cycliobutyl, cyclopentyl, cyclohexyl, cycloheptyl,

cycl ooctyl andT hmnhr"klrkyniﬁh'easnmedrhéreyc referisky laastrhu)ght 8r tasnche@ dhier ei n, refers

to cycl oal k roup, as defj ned h rer n ppended t he pare t nol ecul ar
moi dPy t hRk Xﬂ%‘@qﬁ“ SIPWR fonjpiBing Ir %{‘g c}@f pr‘l’é&”ﬁé‘%‘?‘ﬁ“&éﬁ'ﬁ%’é‘é‘ﬁ@é PHLEx anpl es

o oyet obar P Epen il R, KbteBhE0Pbnibs Sk SRRISPOAR B eyt
and_the |jifsged T@ecdtyereml f?fdﬁyhyl qﬁoplﬁg&ﬂ ﬁeﬁ@mm 2fRh8MSl, tlcblﬁyn)q:(aﬁ?l thegr oup.

15 The term "hal 0" ogen," as used herein, refers to -d, -Br, -1 or
-F. The tlkken "hal oaI koxy, as used herein, refers to at |east one hal ogen,

def d h d t th t I ty. th h
i koxy group. T eER REh RopeRherRe Pl e pe s R ATPeS e e S SR ey
| nohiyde, bitaRicriRlolld flddathd Gkt hAATBAL 0Xiorardmdid fihd. URSREIRRIYe

are

trifluoronmethoxy, pentafluoroethoxy, and the |ike. he t erm "hal oal kyl ,
as used hexasiphss afefdrisclode, atulergdsindama, 1hd¢rqgelmphﬂ$'l q:daén)rietsttrahydronaphthyl
and the like.

The aryl groups of this invention can be substituted with 1, 2, 3, 4, or 5 substituents
independently selected from alkenyl, alkoxy, alkoxyalkoxy, alkoxyalkyl, alkoxycarbonyl,
20 alkyl, alkylcarbonyl, alkylcarbonyloxy, alkylsulfinyl, alkylsulfonyl, alkylthio, alkynyl,
aryl, azido, arylalkoxy, arylalkyl, aryloxy, carboxy, cyano, formyl, halogen, haloalkyl,
haloalkoxy, hydroxy, hydroxyalkyl, mercapto, nitro, sulfo, sulfonate, -NRy Ry, (Wherein,
Ry, and Ry, are independently selected from hydrogen, alkyl, alkylcarbonyl, aryl, arylalkyl
and formyl), and -C(O)NRg,R,; (wherein, Ry, and Ry, are independently selected from
25 hydrogen, alkyl, aryl, and arylalkyl).
The term "arylalkoxy," as used herein, refers to an aryl group, as defined herein,
appended to the parent molecular moiety through an alkoxy group, as defined herein.
Representative examples of arylalkoxy include, but are not limited to, 2-phenylethoxy, 3-

naphth-2-ylpropoxy, 5-phenylpentyloxy, and the like.
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herein, appended to the parent nol ecul ar npoi ety through p, as
defined herein. Representative exanples of hal oal kyl i nc%ﬁ”ﬁ&?@ﬁ not

limted toWeRWVMTéet hyl, 2 fluoroethyl, trifluoronethyl, perar@swasathhyl,
2-chl oro-3-fluoropentyl, and the |ike. The term "heterocycle,” as used
herein, refers to a nonocyclic- or a bicyclic-ring 25 system Mnocyclic
ring systens i ¥ .94 - J t Al ni 1, 2,
5. "or 4 hot er o e el e o SR AR e Y aRIEAS 200 38

sul fur. THefinéd hereiheippanded® thaparbnomvkedlatnidhdtye througisa edboryhgrdrppagrber ed
ring has from 0-3 doubl e bonds. Representative exanples of nonocyclic ring

systens idsEpedikereipy Represertative examples efgrylalkexyearbany! melydenbut as&peti di ne,

di azepi ng, _.1.3-di oxol ane.. di oxan di t hi an fur i, _dazol e,

i dacol e st e Rlndh R SRR 2 St bR fhont b R e R N o1 24743 2
7 MAY 2003 PCTiHS8 Zplatkyil,s @b Bicdzrdifl] fRfors tosaxa70gBup, a3 QAR heR€in,

i soxazol i dine, norpholine, oxadiazole, oxadiazollne, oxadiazolidine,
oxazol e, aprexietlitmthe pareat vidletiutee mojetyshmnghen ajkiyperoug; asslefipgd hereinpyr azi ne,
pyrazol e, pyrazoline, razol i dine, ridine, rimdine, i dazi,ne,
ot e, RepRegrAe Saylhles o el toc e, B Srendbiim Rt oiepal e B pHERE.
tetrazi ng, . hagi | i.adil.azol i ne, thiadiazolidine,

t hi azol e? It)ieﬁgrfo I rlf?, H%Pﬁtgg(ﬁ%ﬁ}’ﬁgﬁ ﬁ?ﬁgéﬁhene, t hi onor phol i ne,

t hi onor phol i neThguemdNeylchtbonly @used heri, feferstto haasll groupl ad difeé herit] t he
i ke. Bicyclic ring systens are exenplified by any of the above nonocyclic
ri nif systappended e thetpgreah meiseulag maigty dBroyeh pcatbonelrgspyp, ag defpraddwredn! group
as defin hereti n, or arlleotol}er lcr:mFOr@iCl i cdrbng s?(lsmmta% dgfi ned herein.
Repr esentSPro e b BreRPIGol grdsarponyl nclidg, gutarshgt dmitgd 19, §8n308L ar'e not
l'imted t@phtheyl, SxpiRliRe. benzi m dazol e, benzot hi azol e, benzot hi adi azol e,
benzot hi opﬁene, benzoxadi azol e, benzoxazol e, benzofuran, benzopyran,
benzot hi opyr arlhetiemy by loxy fi@s udedhepeinzetiirs scodrearykgnonp asdefingdikaeio] e,

i ndol e, indoljne, indolizine, naphthyridine, isobenzofuran, .

| Soben oBRPEIKA b theiRagh MeEIar SeRIShioHEn ap ok MOHSI i 43Rt beIFialz i ne,

DYT an0py i di | aakine, . . et . ,

t et ?ﬂhydr%%g%gw‘% I ne,ﬂpfsec{ ra 1y r%hﬁb?‘ﬁ%@g?ﬁir%lﬁ rtg’n S&E%‘%?‘%@{“hgﬁéy’t he
| i ke. Th8-breirepbenoxly p4-ghiougphendxyt Hirgethplpheidxgn 3 Sadimethogypisiokyitand thd t h 1,
2,0r 3 subpstituents independently selected from al kenyl, al koxy,
aIkoxyaIR@%y, al koxyal kyl , al koxycar bonyl, al kyl, al kyl carbonyl,

al kyl car bonyl : Lo I I ' , aryl,
2i do. aryl a1 Ipbset A BN as B KLA, hEK o pfuiOh B B BEBCY 50

cyano, f(Hefalﬂ\,,apbéﬂd@ﬂ%ltheW@@H@Yécu]dﬂ%h&&zg Yigh B A9 K yroupybrdefinéed katkin.
mercapto, nitro, sulfo, sulfonate, -NR8oR8, (wherein, R8o _and R8, are

i ndedenddiapresertativrexamplesarhanylaxyadfer inclide, but e net/limigedton ytpheagxpethyl,

aryl al kyl, and .f or myl and, - C( O) NRa2R83 erejn,.. R8Bz and R83 are

i ndependent? tlg%y%yé{ppp'ﬂ%l?rﬁ B‘agaﬁc,ynglt}& Ia‘,“dibil{ﬂfe'and arylalkyl). The term
“het erocycl ealfélterm &idéesk iied 8erdin, FEERMNS al-N @rdﬁﬁ.t erocycle, as defined 25
herei n, appended to the parent nol ecul ar nDiefy t hrough an al kyl group, as

defi ned her ei rlheRenr Emebtingd,|' acuserd heydiegefets toet -€(O3ygrbeal kyl i ncl ude, but
are not limt to, pyrid-3 ylmethyl, 2-pyrimdin-2-ylpropyl, and the like.
The term "hydr erm Harbaxyol' d5dised hereing Fefers to 4 - Qzﬂa-?y“@roup. The term

¥
"hygds oxyal kyl ,+ 8 iy RS, & r jned 30
ner 8 1 appendds Bt (ADATAEND" af Sefich Brelbida bkl b, B gctel N8 5O
defined hRfeh appdnled 10VheGRehd fvkecidlaf mMdidty 2Rddgh an alkyl group, as defined herein.

Representative examples of carboxyalkyl include, but are not limited to, carboxymethyl, 2-

carboxyethyl, 3-carboxypropyl, and the like.

The term "cyano," as used herein, refers to a -CN group.
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PCT/ US99/ 25373 Representative exanpl es of hydroxyal kyl incl zdwa re not
limted to, hydroxynethyl, 2-hydroxyethyl, 3-hydroxypropyl, 2aUU3
2-et hyl - 4- hWR 3MR&t yl , and the |ike. The term "l ower al kyl ,PCTass99R8313
herein is a subset of alkyl and refers to a straight or branched chain
hydr ocar bon group containing from 1-to-4 carbon atons. Representative 5

exanples of |lo Vil de, l.im t t hyl,
n- propyl, iso- Eﬁ%ﬁ%‘? éﬁ&hﬁ;@lﬁﬁ, allssl%-g %l}}%ﬁl’ EJ&érrstd—) ?ﬁ%ﬁﬁ) érgtﬁ%rgt‘gﬁgﬁ{’?%%r?%he
term " ner gppérded t@theliaesht Rl€ular idiE§ throu@h @n afkill gloRpPas defied Rérgin. NI tro, "
as used herein, refers to a -NOz group. 1 o The term "N protecting group"

or "nitrodeprgsentative ¢xamplesnfTyancalkyd duclhde, dnare nef limied to, chuwemetirsdLDs
intended to prqtect an amn roup..agai nst undesirabl e reactions during
synt het i c%?’@’&@&’ﬁy%&}’@ﬂ?fﬂ%ﬁéﬁ@%%% oups conprise carbamates, am des

i ncl yding thos ?l"}x%qgrﬂxﬁtcgjcﬂﬁl b QL Qs Hér&ﬁ%?&s o %&&Xﬂedqgélﬁcvﬁ}ldr(\f&?bonam no
acetal derivatives, enzyl” 'derivatives, I mne derivatives,” enam ne

deri vat i v@soupnebnbdihing €ronas oor8 darborst RygesenidivPerimplesof d¥ciyalityd éhdlinde, Brtoups
are fornmyl, acetyl, benzoyl, pivaloyl, phenyl sul fonyl, benlzs%l ,

t ri phenyl B naplinitad toygyclopromyil gyickobybdr exsinpentyBsygloheahAycpegptitbony|
(Cbz), and_ the ljke. nly used N-protecting groups are disclosed in

T. H Greeﬁgdgﬂ%}ymtkfcﬂ%?s, Protective Goups in Organic Synthesis, 2nd

edi i on, John Wil GealkyNaMYOfuskd ARl doferth €/t14 01961y ol BEHaRON at ed

by reference. 20 The term"-NzZ,Z2," as used herein,” refers to two groups,
Z, ard Zz hewsin,@hparded apthernmsienit olé¢dudarpaoietytthronpieenblky] grouptas definedibdreia.
nitrogen atom Z, .and Z, are indeﬁgpaﬁlent,l sel ected from htydrogen, al kyl ,
al kyl car b&preseniatjye examples qfeycloalicylalei mqludenapase Bok it Oexanpl es of

-NZ,Z2 in €51 I 0] ] e ' hyl am no,
acetyl am %gagglgg? lﬁer@flh% Pg%oh%t?]eg}ﬁg, {y%gpl@?ﬁggg ""Bg" %é{e&?eg(}%&‘t?ﬂ? Zz) al kyl , "
as used heyelbheptyibligl,santdehalikdNZ, Zz group, as defined herein, appended to

t he parent nol ecul a rrpi ety through an al kyl grou(g), as defined herein.
Repr esent at i ve Téwdenn dorrayl,"(aqused heteiy refersdp ade(OMligroape not limited to,

and Tho 1 ke, T ra g, Beiggen gt PRuRRIG. WistedbeChoBE L8 51 cry - sb e

term"oxy, " as TueesmieafddMoxyef RMiked Rerin; faferd % &ll¥ast &8 haldgeh, M\efaRd3 WO
001 24743 PCTI US99/ 25373 The tferm "sulfinyl,"” as used herein, refers to a

-S(0O - gr bewin, Bppertded o thepafant incdeculrs etbitte timongh aredléosy gwug, asSkEiHedr oup.
The term "sul fopate, " as used her?gﬁ, gef ers to -S(O)Zda?.~6 group, wher ei n
RO6 is selgteiibdReREsniativg pxamples of halgalkoxy include, bugarenof iipigdiiRr ei n. The

t "sul ; aer o f s T “4hi o, "
7, o At GRS PR R

accept abl e pr odihggerm Ymlosdied," e xie¢dhdreipl ke ntcatiduesendiiadcengss ddffinkthe
conmpounds of _the present invention which are, within the scope_of sound
medi cal | BewEmeapendsdie tsnareng molecalar maiesythrongivin alky heroup.s delinest haseifans

?ggpl)ﬁ\évg,r I%aeﬁgfsglﬁé{f?% %g%pi%%ﬁ@%ﬁ%? é&c?ﬁge%&tyare zilgtrlfrﬁi etdi tgpchl&Jol'n%[l‘gjl&-

fluoroethyl, trifluoromethyl, pentafluoroethyl, 2-chloro-3-fluoropentyl, and the like.
The term "heterocycle," as used herein, refers to a monocyclic- or a bicyclic-ring
25 system. Monocyclic ring systems are exemplified by any 5- or 6-membered ring

containing 1, 2, 3, or 4 heteroatoms independently selected from oxygen, nitrogen and
sulfur. The 5-membered ring has from 0-2 double bonds and the 6-membered ring has
from 0-3 double bonds. Representative examples of monocyclic ring systems include, but
are not limited to, azetidine, azepine, aziridine, diazepine, 1,3-dioxolane, dioxane,

30 dithiane, furan, imidazole, imidazoline, imidazolidine, isothiazole, isothiazoline,
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Wi th a reasonable benefitlrisk ratio, and effective for th®i7 N use,
as well as the zwitterionic forns, where possible, of theh%c]rrpmmm t he
i nvention. YOMREY3 of the present invention may be rapidly PEBRHS$®SHEE in
vivo to the parent conpound of the above formula, for exanple, by
hydrolysis in blood. A thorough discussion is provided in (T. 15 Hi guchi
and V. St = : : { SUS ‘ ; he A C S
Synposi umq%etl?fuedg{(ﬁ%%ﬁd ?ﬁzcgffv}g% éﬁé?rg%sgﬁ%,rong@é’, %@Plel%/ééro i‘?%lgied%arri ers in
Drug Desi gmadidrdinecanadiizalidire saxarelal oxazsiig, akazotidmechifaaaeipdridiss
(1987)). The present invention contenpl ates pharmaceutically active

met abol i t ®¥Tag PHEFINE)PYIAZA}E.\PYTAZPInG, PyERzaliGing. RyFdETe, POHPIGIRE BYB9aZings nul a

-V, T rm .k.cal LV, i in,
S e S T N S S TR R

of f ar mul ghihdi%2dié, thiddiaRelis iadlhsctidsi, eiaRle, BHiioliae hiagdtih® RhiophdaeoVvi ded
in Goodman and G 1 man's, The Pharmnmacol ogi cal Basis of Therapeutics, seventh
edi ti on. Coopowphddinesthiomeorphalinersulfons éopyan,itrigziegitsazoles tritheneginddher s
wherein 25 asymet.ric or chiral c&llré#.?r are R{ sent. These stereoi soners
are "R onkeSBIGVSlIG e YIRS Al XERRITGh PAERLH! BF SRoHsRPIAFRGIIAG BXSHRIY he

chiral car 1 ni i t t 1,041S
st er eoi so nfg%g tghg g}rﬁl Egﬁlrp é%s edt%ﬁgérde%?. ES% gﬂ%ﬁgﬂ rgg(?qsﬂ Ef%r?g ﬁﬁ%‘gﬁéggfgh St)rl %nr(r)g}cé and
di ast er eonrcydlivding systetreas ddfined haieim rypresentadivasigiptesaditicyclindingi dual

stereoi sonmers of conpounds of the present invention may be ‘pr_epared
synt Wet i caYstgms insladgdut aremot dimater yo.foueiamplle; bspzimidagglenbanzpihiazelonni ch

contain a tri.c_qr.,chiral centers or..by,1 247 Y. 2003
I T R S S o e T R T o R R

vel | - knowpeh£thibpfan Hen@bdbriak Yl , $kehZodidkole 8inAbline, T¥assle, TRENARISlEne,
resolution are exenplified by ( 1 attachnent of a m xture of enantioners

to a chi r ahdodizine| haphfhyrisienea isebermefuran, tisabenzmhiopheng, isvindeolecisoindelinest er eoner s
by recrystallization or chromato rgf)h% and..|i berat.ion of. thﬁpopti cally pure
product  f AePIToBng BAlaRne. By ranoRyriitas, GPngline, AHMOYATE THPRARAS ur o of
optigcal e L i G L& r unds
of 1 3 b S e e, ARy CAYinG e FeHaR PG UHERFandph L) £ (TR
5- [ 3- br onp- 4- ( tFhiefHetensaykizt drgtipsaifelng lifventiddedh beydibatithited with 1, 2,0r 3
H, 3H- di pyr anol[IS, 4-b: 4,3 a] pyridine-4,6(7H 9H)-di one, 10

4- f | uorsebstityents indepengderathi sejecteddpnry alkgaylpalkoxy, alkoxyalkoxy, alkoxyalkyl,
H

5-[4-f _ fe .

S 5. (27 eIy ba R, ARRG, du Pl Llb ROl iyl alilgulforg,
al p

5

yri di nediditiol kL diydNeido, arylalkoxy, arylalkoxycarbonyl, arylalkyl, aryloxy, carboxy,
- (5-brono-4-fl uoro-2-hydr oxypheng/l )-S, 10-di hydro-1 H, 3H-di pyrano[ 3,4-b:4,3
~5 a0pyri ¢yare foretyhrhabegenghalealkyl, haloalkoxy, hydroxy, hydroxyalkyl, mercapto, nitro,

3 RSN A O R A LR e,
0ty N SR SN i o .
H, 3H di pymanipfépehdently, @lex}qul/from hpdroges @iky],Sryl; andarglalkyl).
or[3-Todo- A (t g o Mererody ST ol s horeih, KAt to b hetenoeycld 48 debled” 470 4 3
25 \ herein, appended to the parent molecular moiety through an alkyl group, as defined herein.
Representative examples of heterocyclealkyl include, but are not limited to, pyrid-3-
ylmethyl, 2-pyrimidin-2-ylpropyl, and the like.
The term "hydroxy," as used herein, refers to an -OH group.
The term "hydroxyalkyl," as used herein, refers to a hydroxy group, as defined

30 herein, appended to the parent molecular moiety through an alkyl group, as defined herein.
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a] pyridi ne-4, 6(7H, 9H) - di one, 5-(3-i o0do-4-net hyl phenyl)-5, iy la
H, 3Hdi pyrano[ 3, 4-b: 4, 3-a] pyridine 25 4, 6(7H, 9H) - di one, ]f"j MA? ?UﬁS
5- ( 3- br ono- WOM26M3phenyl ) - 5, 10- di hydro- 1 PCT/US99/25373
H, 3H di pyrano[ 3, 4-b: 4, 3-a] pyri di ne 4, 6(7H, 9H) - di one,

5- (4- brono- 3-chl orophenyl )-i, 10-di hydro-1

H, 3H di o M
R 3P} 01 PY RRBRSchiALRY dadipR BY b @R falfy 166.AHIO B HeORR 1inARd 1o ORI,

5- [ 4- chl oR2ery8roxtyethiyl, Gdrymlm@tylpydpypmeemyH Hyititoxgthéptel, and the like.
H3H—d|pyrano[34b43a£r|d|ne (7H, 9H) - di one
5- ( 3- br ono- 4 nan ﬁ%rghé(p,\yer) 1 @s g }@rrrgmllsasubset of alkyl and refers to a straight or

H, 3H di

5 (3,408 PR s o el A AL o sigms. Regresonpis
4 4, 6( §H, IHpxghh Bﬁoflavvéﬁalhyﬁﬂau&e fﬂuu@xreqwmw{em&,rﬁetﬁyﬁ ethy?erephly thoprdpyl,
H pyrrolo[ 3,4 b] [ 1, 7]napht hyr| di ne-1, 8(4H) -

5- ( 3- br onp<butsfl uor ophenyl ) -5, 8, 9, 10- tetrahydro 1 H-th| opyrano[ 3,4 1o

b][1, 7] na hth i di ?‘ﬁ‘f‘hz - di one,
5- (3-bro GF‘@H@ 8 K8 di hydro-1 H, 3Hdi t hi opyrano[ 3, 4-b: 4, 3

a] pyridine- 4 6 e%l;];-r -SH
9- ( 3- brono- 4- fI uor op en§ Sl(liseﬁ rem refe Satroo § 4grt§)]uPhi opyrano[ 4, 3-a] pyrid

i ne 1, 8(4H, 7H) Tde caim, "nitr®" as used herem refers to a -NO, group.
9- (3- bronD 4-fl uorophenyl)-2, 3,5, 9- tetrahydropyrrolo[3 4-b] t hi opyrano[ 4, 3
a] pylPi di ne- 1, 8(1"hp.|te7m)"ijmtmg group” or "nitrogen protecting group,”as used heréin, refers

%0 6]( ﬁ ag L,? ?J'g:f é‘rﬁgﬁs()l%%?aﬁ%%%p%a %gﬁdéﬁrgmjdogrgfpxgg@{nsg 91836!51rg&e[redcnorbn; dlLring

10- (3- br Ogﬁnﬂeﬁc' pHOEARRS nN ro?ecﬁné gFou%s $OmpAXAEYBARatds, AnRiEsAnahding thée
b] [ 1, 7] napht hyridi ne- 1, 9(

10- ( 3-br onmtalmi‘dgdmmpIamigfb)lpssl\mlsyll@rtvetwahymmhqew denyBivés, N-Benzyh] pyri di n
e 1, 9(SH,

10- (3-bro VAP“P’F%‘F‘B’ﬁHj«sHWj"Cé epagingderivapiven AddN hetereatopyednaives . p) |

1, 6]j3apht Bydrt R -ploéilg SbUpsHr® Rfimyl, acetyl, benzoyl, pivaloyl, phenylsulfonyl,
benzyl, triphenylmethy! (trityl), t-butyloxycarbony! (Boc), benzyloxycarbonyl (Cbz), and

the like. Commonly used N-protecting groups are disclosed in T.H. Greene and P.G.M.
Wats, Protective Groups in Organic Synthesis, 2nd edition, John Wiley & Sons, New
York (1991), which is hereby incorporated by reference.

20 The term "-NZ,Z,," as used herein, refers to two groups, Z, and Z,, which are
appended to the parent molecular moiety through a nitrogen atom. Z, and Z, are
independently selected from hydrogen, alkyl, alkylcarbonyl, aryl, arylalkyl, and formyl.
Representative examples of -NZ,Z, include, but are not limited to, amino, benzylamino,
methylamino, acetylamino, acetylmethylamino, and the like.

25 The term "(NZ,Z,)alkyl," as used herein, refers to a -NZ,Z, group, as defined
herein, appended to the parent molecula moiety through an alkyl group, as defined herein.
Representative examples of (NZ,Z,)alkyl include, but are not limited to, aminomethyl,
dimethylaminomethyl, 2(amino)ethyl, 2-(dimethylamino)ethyl, and the like.

The term "oxo," as used herein, refers to a =0 moiety.

30 The term "oxy," as used herein, refers to a -O- moiety.
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25

10- ( 3- bronp- 4-f | uor ophenyl ) -3, 4, 6, 10-t et rahydr opyr anof 4, 3- g]LMAX/IZQQ%4 3
a] pyri di ne- ‘YOQ?’%‘H“BH) di one, PCT/US99/25373

5- (3- brono-4-fl uorophenyl)-7, 7-di met hyl - 2, 3,5, 8,9, 10 hexahydrobenzo [b] |
1, 7] naphthyridine-4,6( 1 H, 7H) di one,

9- ( 3- br omo- 4- f ITHEEARNGRNY 1 Paduddd Fefehd, raleige Aty gpol 3, 2- b1 t hi opyrano 4,
3 30 a] pyridin-8(7H)-one 1, 1-di oxide, 03 wo oona7a3

PCT/ US99/ 25373 The term "sulfo," as used herein, refers to a SO3H group.

10- ( 3- br ono- 4- quorophert]yI) 3.4, 6 10-t et r ahydr o- 2H SH-di t hi gpyr.anol[.3, 2- b: 4,
3 a] pyridin- 9( teste sylfonagg, Ogéteﬁg hgregn, refers to -S(O),0Ry group, wherein Ryqis

5-(3-bro Q‘mgﬁ' t ; O-tetrahydro-1
H-t hi opy?‘gno %iﬁ&t%'] %ll) #gd %‘V@@r% gr}fgre?)nr a pharmaceutically

accept abl e sal t[heme'rsulf@mdasuggdm@ﬂr,@g:rgﬂ%m ghupe preferred conpounds
of formula | include, but are not limted to:

5- ( 3- br ono- 4- fIrbot&an'@ny,l")as B$med¢1hymfemsma -S- moiety.
H, 3H- di pyr ano[ 4, pyr.i dj.ne | one
5- ( 3- br ono- 4-f&h%F66’Bh8ﬁ§7‘F;a° iga YSC“QP %a BHeRd betsin '[ePresemS those

1, 7] napht Eih%" 510 ik §n 55876'% &bRR&t invent hich unfi
5-{3- bron€%64- Suorop rf% 2 n%th ZI%Veg 1§n§zv i((:) ?lrexalhhla Sco f%‘i
1, 7] napht mmgdicali jodderfent, Jsui‘hl?leerdJse e contact with the tissues of humans and lower

5- (3- brono-4-fl uorophenyl)-2,3,5,8,9, 10- hexahydropyrldo{S 4- b
1, 7]'apht ﬁyma&, \M)ébp%@nciuepqoymtydrrétﬁgon plergic response, and the like, comimensurate

(-)-5-(3- 'Egeasokatﬂg B%&I?i%ﬂc Yaity, BndPetfectivg TORRARYAL A JEb QX UISPRHRL b

7] napht yr

5- ( 3- BwRidHoAcitbiey, APBRDOsIbR, 8f e CoRpdui®dTthyMvenibntiPredRiRe 8t Bkb] [
j napht hyri di ne- 4, 6-di one,

1,
);
(-) - 5- ( 3- pressnt inkentiommep he ragigly 2raBsONBedin Gvh éx disydrepbesrapotris offthe above
1, 7] napht pyrii 20 4, 6( 1H, - di.one, . . e
(. 5-(3 s, K eramplsphe Ry bain Blidy A forueljssianisapayided in (T

1, 7]Rapht fiydhicHi Sy Sdtella, Ird- |

(]g brom)éﬂf fl uorgépﬁenyT _'Ei%ug%agﬁ?fvglli%hvhee a%s%ms \él—ll-“t%tgp?r%no[s 2b][1, 7]
napht hyr i 8ymp8iari)Seong afd in Bdwandde Rdthe, ed., Blorever51b1e Carriers in Drug Design,
9- (3-brono-4-fl ugrophenyl)-2,3,5,6,7 hexahydroth| eno[3 2-b] [ I, 7] napht hyri
di n- 8(4H) Amxcgn quﬂr@g;%al Association an Pergamon Press (1987))

gyg I3d|b:] g?‘; H;‘ L&g%&?{]ﬁ %qu}“ﬁé’,’ Boteplfh bR a DAL hEafolikl Rk, 3-al

( +) - 9- ( 3- f \® bibtiahsfomenivanfichmpounds, oF férehuia WA IO -Fhetar pliveindcdutiohllhi enof 2,

3-¢j pyr idin 30 8(7H)-one 1, 1-di oxi de, WQ 001 24743 2 ? MAY 2003
active metabolite, as used herein, refers to a compound formed by the in vivo
biotransformation of compounds of formula I-VIII. A thorough discussion of
biotransformation is provided in Goodman and Gilman’s, The Pharmacological Basis of
Therapeutics, seventh edition.

Compounds of the present invention may exist as stereoisomers wherein
25 \ asymmetric or chiral centers are present. These stereoisomers are "R" or "S" depending on

the configuration of substituents around the chiral carbon atom. The present invention
contemplates various stereoisomers and mixtures thereof. Stereoisomers include
enantiomers and diastereomers, and mixtures of enantiomers or diastereomers. Individual

stereoisomers of compounds of the present invention may be prepared synthetically from

30 commercially available starting materials which contain asymmetric or chiral centers or by
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PCT/ US99/ 25373
(-)-9-(3-brono-4-fluorophenyl)-2, 3,5, 9-tetrahydro-4H pyr anz[za,MAM tzqogno[ 2,

3-a] pyri di g0 #47ane |, | -di oxi de, PCT/US99/25373

9- (3-cyanophenyl ) -2, 3,5, 9-t etrahydr o- 4H pyrano[ 3, 4- b] t hi eno[ 2, 3-a] pyri di n-8
(7H)-one 1, 1-dioxide, (+)

9- (3-cyan - . 9- P ] - L - idin-8
(7 Sy angRREIN G o fadenticlnhlded B iy RUIBNGH SetahbMR o BREEof IRy

9- ( 3- cyangah @k art2, Thebe fretiRids al yedb Ritibhapy &anadlified bh] 1 Niteohhentdfa) pyri di n-8
(7H) -one 1, 1-di oxi de,

9- (4-chl omtsnemfpn@pmws )0 2chyird agxiiary. abpadationiod the reswlpg mixtyre ¢ff eno[ 2, 3- a]
pyridin t

P o U 4" Qi s febistaISARI 05 o chromatogranlyy, and Jibgratin O£ s OPH5al BHE enof 2.
3- idj
5 8 L RS onP R Skl O Digcr separaton of the mintyre of opteal engrtoperson,

[ 2, 3- a] pychithl oioifldogrmehid cdludinexi de, 15

5- (3- brono-4-f| ugrophenyl)-5, 8,9, 10-t et rahydr o- 1H—|€)}/ran LB 4- b] qui nol i ne- 4,
6( 3H, 7H) di one, Preferred compounds of formula I includé, but are not limite

10-(3- br ono- 4- %I[éj S»E(gﬁb) %n(xrlhli r?m’g aqupéar?ylf gq%%ﬁy(ﬁb—’l%ﬁ%ﬁﬁ}ﬂoﬁ,ﬂ-‘l}?lfi-hi opyra

no[ 2, 3 a] pyri di

5- (3- br onEipéridina'a¥PAYN) dioke,10- di hydro-1 H, 3

H pyrano[ 3, 4- b] t hi opyrano( 4, 3-a] pyridine 20 4, 6(7H, 9H) - di one,

5- (36 br ono- 4- fﬁ%Mpmay(Bafu@l)@h&))g} 6 0rdihydtpoldissHetpsirana( By oy 4 dredpyridine:] pyr|
di ne4, 6( %I—_h_g i one, 5-(3-brono-4-fluorophenyl)-5,8,9, 10-tetrahydro-1

H pyr ano[ %84 H—X) 1075‘]"napht hyri di ne4, 6(3H, 7H) - di one, 25

9- (3 br omo- 4 Lk SRENH kRSN, Po-2kyeRs 231t RURASk A, & )y di ne
9- ( 3- br ongjpsriflinear6iPHIY)-dioRe,net hyl - 2, 3, 5, 9- t et r ahydr opyr ano[ 3, 4- b] pyr r ol o(
3,4e] pyridine-1, g&fH 7H) - di one

9- (3 br ora- 4- f b meﬁyﬂv}orsz %ﬁﬂlrgxxr&eﬂalmﬁdlr%wmrﬁol[%m Hpyorelditor:4,34- a] pyr

| d| WD 001 24743 21 MAY Q03 PCT/ US99/ 25373
chI O?]gyégi i tr@égﬁeﬁ& ‘}“’%e’lo di hydro-1 H, 3Hdi pyrano

3 4- b: 4, 3- a] pyy4-giveest3Géoptb Sy theRig-5, F-diBy&xvartoRHediyy hnd(3 ob:dj3hydr o- 1

[
H, 3H- di pyrano[3 4-b: 4, 3-e] pyri di ne- 4, 6(7H 9H) - di one,
5-(4-fl uoc}pyﬁdm@dcﬁiﬁblt;ﬂﬂ))dlﬁnd,o di hydro 1
? ?I;— glr g?/nr)agoLgé? %Mé}wi §)0¥ Ll ?g%ﬁygggdrg% ghocfp)ranoD 4-b:4,3-¢]pyridine-
H, 3H- di PYRE §H L, 3-a] pyridi ne4, 6(7H, 9H) - di one,
5-14-fluoro W}E ? ﬁnuoromet hyl ) phenyl ] -5, 10- di hydro-1 H, 3H di pyrano
[5 (?02 3 Sﬁ} pyﬁ-l[ﬂ-lchh)fd%@((tf{ﬂgh(gbi)ﬁmeglyd))p?enyl] -5,10-dihydro-1H,3H-dipyrano([3,4-b:4,3-
i chl or op en [ ro-
H, 3H di pyelafine4, ¥H)?§i)aqllﬁp¢,. di ne- 4, 6(7H, 9H) di one,
5-(2,1, 3-benzo 0 : 3 4-b:4.3-
H, 3H- di pyrano[éi\g ‘g&%héél %‘?’?é‘i‘ﬂgﬁﬁ%ﬁﬁbﬁd‘hﬂm {H,3H-dipyrano]
5-(S-ni tr@}p&nﬂiﬁkﬂl’ﬁ(v}fﬁi)l&oﬂé hydro-1
H, 31 di pyrano[ 3, 4-b: 4, 3-a] pyri di ne-4, 6(7H, 9 15 di one,
5- (~-ni tro- 3- t hi(éngdo-43net lallﬂ;bdl)'-é,.lﬂ dlhydro-l ,3H-dipyrano[3,4-b:4,3-e]pyridine-
H3H-d|py 3-a] pyridine-4,6(7H, 9H) di one, (+)
9- (471 | uorg?%gga'gbq{’é‘nyl) 2,3,5,9-tetrahydro-4H pyrano[ 3, 4-b] t hi eno[ 2, 3-a] p
yri di n8(7H) - ong 3.yl ox t8r0pBBhyy-,10-dibydro-1H. 3H-di 3,4-b:4,3-¢]pyridine-
9- (4-fluoro- 3- |god(§’4‘%Iﬂ § og }(Utetréh)g/écr)o 4Hp ryz;arllng[[ b]tE]I?yenO[Z 3

4,6(7H,9H)- dlone
5-(4-bromo-3-chlorophenyl)-5,10-dihydro-1H,3H-dipyrano[3,4-b:4,3-¢]pyridine-
4,6(7TH,9H)-dione,

20



a] pyridin-8(7H)-one 1, 1-di oxi de, (+) erZ M&Y [2003

5-(3-chl oro-4-fl uorophenyl)-2, 3,5, 7,8, 9- hexahydro-1H cycl o

1, 7] napht hy WQi0044748 6- di one, (-) PCT/US99/25373
5-(3-chl oro-4-fluorophenyl)-2,3,5, 7,8, 9- hexahydro-1H 25

cycl openta[ b] [ 1, 7] napht hyri di ne- 4, 6- di one,

9-(3-brono-4-fluek. Wyl - < ydy © 3 : ph i di ne-
L SCa A one s ggﬂaﬁny (ritRroPorfedy Hftdnd 1S Qhiky 8o ¥ 3 0L dibyAhBRPL Y

9- ( 3- br one]gyrdineAmNg 9 ) \didned, 7, 9- t et rahydr of uro[ 3, 4-b] [ 1, 7] napht hyri di nel
, 8(3H,4H) -dione, 24 WO 00/24743 2 ? MAY 2003 PCT/US99/25373 (-) .

9- ( 3- br ono- 4- f | r6F-bptRATfimethylphenyd)-§ 4 Ordihdae-d HudtbfBpysans|3.4-b7. frgipyridjme- di nel
, 8(3H, 4H) - dj -{ 3- br ono- 4-f | uor ophenyl ) -7, 7- di net hyl - 5,

8, (9, 10- {_Detfé@%?%f'i&ﬁf’pyr ano [ 3, 4-b] Eui hol |) ne4, 6( 3H, 7H§/- di one,

(9R) - 9- (3- br omos_f3 hlsibBPREIN)L S, 20-AikldRy 1R Bpy Ao $4-4:43 R)pyaded 3-al pyri
di nel, 8(4H, 7H) - di one,

(9S) - 9- ( 346 EH9H)-tiongr ophenyl ) - 5, 9- di hydr o- 3H-f ar o[ 3, 4- b] pyrano[ 4, 3-a] pyri
di nel, 8(4H, 7H) - di one,

10- ( 3- chl or o- 4-3-(3rbrmynmdslpererhenyly-2463.6 i3 -hewphy ol -pymalebi-4 4-b] [

1, 6] napht i chi -HH; ' ,

10- ]( 3, 2 dlh%j[l]lg&%@ﬁé%@él?yé’%?%ﬂgg’g?et rahydr o- 2H pyrano[ 3, 4-b] |

1, 6] napht hyri di 5»3Lbfrid-4-Bldbraphefd)-5,8,9,10-tetrahydro-1H-thiopyrano[3,4-

10-[ 4- chl %}ﬁﬁ}rﬁ%'@%ﬁﬁ{ gﬁtﬁ%l}%%\g&yl ]153 4,6, 10-t et rahydr o- 2H- pyrano[ 3, 4b]
1, & na 10E-5 46 t 3

[10-(21- chloor o- 3- g ophe - 3, 4%)2 qu-otfhré;\hyq_f%%r{- pyrano 3[§b44_§)] [

1, 6] napht hyr i diﬂ' '&f,(’g‘t“;‘»ﬂ%@)ﬁﬁ@&? &2, 10-dihydro-1H,3H-dithiopyrano(3,3-b:4,3-

10- (3, 4-di i helO-t et rahydro-2H pyrano [ 3, 4-b
1, 6]( napht hﬂ‘?%@ﬁ%ﬁ%{%ﬂﬁé@ﬁ&’& one, Y P [ i

10- ( 5- ni t r 0- 3- tK{Fbyomo-2-fipfapheny a6 1%adivdro- HHfprg3ahb]tBiopytaho[4,3-eJpyridine-

1, 6] napht hyrij dine 20 1, 9(5H, 8H)-di one,
5-(3-br onﬂ»&‘«“ﬁ’z}g}’é‘ﬁﬁ%nyl )-5,8,9, 10-tetrahydro-1

H-t hi rano[ 3, ¢rhlaul Neld 1y AH) o G Withi )

5- ( 3y orro. 4E f I%?rj %%#edqngl)l “B?@,g@g?tjé@t’?g%‘%?%’é’%}%ﬁ’%%?ﬁ? RiBiepraslh 4o 4, 3- a
pyri di ne4,cdpyiridlind-)l ;8¢410,MH)-deone, 25

10- ( 3- brono- 4-f| uor ophenyl ) -3, 4, 6, 10-t et rahydr o- 2H pyrano|[ 3, 4-b] [ 1,

6] napht hyri di nelOt{3obrom grophenyd)-3 4.6 h8s RdesdiideenyrigoBetept abl e sal t,

Pr cpat at 1 GCot REBBAIS ST EHRED A on The conpounds and pr ocesses of -
Fol 1w ng Synthot 16 anerme Rt Ra has i e et e e heans. by whi ch
t he 2onpolitis7loaphthyidine &N idndicae, be prepar ed.
10-(3-bromo-4-fluorophenyl)-3,4,6,10-tetrahydrodipyrano[3,4-b:3,4-e]pyridine-
1,9(5H,8H)-dione,
10-(3-bromo-4-fluorophenyl)-3,4,6,10-tetrahydro-2H-thiopyrano[3,4-
b][1,6]naphthyridine-1,9(5H,8H)-dione,
25 10-(3-bromo-4-fluorophenyl)-3,4,6,10-tetrahydropyrano[4,3-b}thiopyrano[4,3-
e]pyridine-1,9(5H,8H)-dione,
5-(3-bromo-4-fluorophenyl)-7,7-dimethyl-2,3,5,8,9,10-
hexahydrobenzo[b][1,7naphthyridine-4,6(1H,7H)-dione,
9-(3-bromo-4-fluorophenyl)-2,3,5,9-tetrahydro-4H-thieno[3,2-b]thiopyrano{4,3-
30 e]pyridin-8(7H)-one 1,1-dioxide,
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The conpounds of this invention can be prepared by a vari e MﬁYnﬂ@%@r C
rout es. Representative procedures are shown in Schenes 1- 4

+ A~ O ~~mW®PP34ME (1) (3) Scheme 1 R~ RD D/ ) ~ NHS ~ | RCTNIS99m5313 RS
(4 ) D hydropyridines of general fornmula (4), wherein A A, Db D, R, R~
R,, mand n 10 15 are as defined in formula I, can be prepared as described

neheT L O orh R A ST e BN bipioM AR |

comnbi ned |d]pymnp)(gﬁ}a3§ee1 q)idl@nn@ah@ with heating in a solvent such as
et hanol to provide di hydropyridines of general formula (4). Schenme 2 O A

~C02R CI O ~Cl 3¥*brome-édinrrenhenylpd, Todimetizded, &94@emh«d®dﬂ)th4®)vrm[3 4-

For mul 8 2R anE-h o 2R x eqolrRouirany "SR 1L 8sBE %08 Sener

formy a (Proafaqhé&ksr A is selected fromsS or NRz and R, is as defined in
formula I,” can"be al kylated with chl oroacetone to provi de ketoesters of
gener al for mul aMprd preféﬁtedeempbmdafofg@mﬂa[ irfobrdeybt afe/potdiniteywh i ze in the
presence of a base such as potassiumtent-buto~:ide to provide 7?6 2 7 MAY

2003 5 WO B(i-brepas-fluprapbonyl>§d pelibydrarl bbaltdipyrpriaddy 4 orelgerdingd f or nul a

(8). An al ve. net hod of preparing ketoesters of general formula (7)
can be use‘%ﬂg(7£§§fa) gll?fl%’rl des of general formula (6), wherein Ais O,

prepared as(HBfsd-DeMhokdphedRI-23B/R9,19- he%mydrsrlseﬁb[bmfl 1ﬁﬁzﬁhthfr?dme11631169)

can be treated with dinmethyl zinc in the presence 0 | I'adi um cat al yst

to ptovi dete@thdd)-droseof general formula (7). Schene 3 O A O (8) NH3 R-CHO

(2) 5-(3-bromo-4-fluorophenyl)-2-methyl-2,3,5,8,9,10-hexahydrobenzo[b][1,7]naphthyridine-
4,6(1H,7H)-dione,
5-(3-bromo-4-fluorophenyl)-2,3,5,8,9,10-hexahydropyrido(3,4-b][1,7]naphthyridine-
4,6(1H,7H)-dione,

15 (-)-5~(3-bromo-4-fluorophenyli)-2,3,5,7,8,9-hexahydro-1H-
cyclopenta[b][1,7]naphthyridine-4,6-dione,
(+)-5-(3-bromo-4-fluorophenyl)-2,3,5,7,8,9-hexahydro-1H-
cyclopenta[b][1,7]naphthyridine-4,6-dione,
(-)-5-(3-bromo-4-fluorophenyl)-2,3,5,8,9,10-hexahydrobenzo[b][1,7]naphthyridine-

20 4,6(1H,7H)-dione,
(+)-5-(3-bromo-4-fluorophenyl)-2,3,5,8,9,10-hexahydrobenzo[b][1,7]naphthyridine-
4,6(1H,7H)-dione,
10-(3-bromo-4-fluorophenyl)-3,4,6,7,8,10-hexahydro-2H-thiopyrano[3,2-

. b][1,7}naphthyridin-9(5H)-one 1,1-dioxide,

25 9-(3-bromo-4-fluorophenyl)-2,3,5,6,7,9-hexahydrothieno[3,2-b][ 1,7]naphthyridin-8(4H)-
one 1,1-dioxide,
9-(3-bromo-4-fluorophenyl)-2,3,5,9-tetrahydro-4H-pyrano([3,4-b]thieno[2,3-e]pyridin-
8(7H)-one 1,1-dioxide,
(+)-9-(3-bromo-4-fluorophenyl)-2,3,5,9-tetrahydro-4H-pyrano[3,4-b]thieno[2,3-e]pyridin-

30 8(7H)-one 1,1-dioxide,

D
o



OR- OA~~ A H(10) Symetrical dihydropyridines of for )6
wherein A=A' and A and R, are as 10 15 defined in formula WZaMég 2003

prepared asWB&¥4Mbed in Scheme 3. Two equival ents of di car REKUSaszFoUNds
of general fornula (8) can be treated with al dehydes of general fornula (2)
and one equival ent of ammonia with heating in a solvent such as ethanol to

provi de symaekIy A 3 ena K= me a. .4 00
O R O N R R P A R A BB A byt el 3 TR 0
gener al fgf7id)lame(l, F@joxideherein A, A, and R, are as defined in 20 fornmula
|, can be prepared as described in Scheme 4. Dicarbonyl conpounds of

gener al fM%rﬁvalqphymdha,3bia9tt¢t@§vé@-4fbﬁ1pﬁra@ﬁﬁeﬁbéthfeapﬂ?{;%//xehybgimaﬂamio@ﬁ of

al dehydes ?fd.%? eral formula (2) and di carbonyl conpounds of general
formula (LHyUF% heating in a sol vent such as ethanol to provide

?i hy gr opy{4)a).(esyanbpl@apBras, 5 iooe it yard-48) pyrano[3 4\(;@0@&{[0%3%%%@}5-51% mul a

can be prepared as described i Scheng 5. On di'car bonyl
conponent §,1@iexide,R~ O + R + gyp," NH3 1 | A A- CHOA OO NH(8) (2) (13)

(14) D hy pyridines qf .general formula ( 14), wherein A, and R are
as define Sgﬁ¥§Y&@P§8§ﬁb?%¢£ petpaniiged Hopatones ,éabﬂthleaﬁﬁ%ékywemrwgaos9
addi tion ofi_gldghydes of general 2 7 MAY 2003 PCT/US99/25373 fornula (2)
and the ot’her 'di Carbonyl conpound (8) or ( 13) with heating to provide

di hydr opy9d(4HchRso-0fnigeptengl)-X N6 Puktalylifo-4 HIp e aid)® ] thicoa X sHelis ridin-gener al
formula (13) can be prepared as described in (d" Angelo, Teri. Lett. (1991),
32, 18063- -onRidklagigwide, Het er ocycl es (1979), 13, 477-495). Scheme 6 15

Nak84 0 ){:ni-)g-(%-ch oro-é-ginooplk]'%))l)-%w-f'etr%y ro)-é{pl—%)yija%(r)] ?4-I1)]%i9n5[3%ge€j}q§/ri&nz m
8(7H)-one 1,1-dioxide,
(-)-9-(4-chloro-3-nitrophenyl)-2,3,5,9-tetrahydro-4H-pyrano[3,4-b]thieno[2,3-e]pyridin-
8(7H)-one 1,1-dioxide,

15 5-(3-bromo-4-fluorophenyl)-5,8,9,10-tetrahydro-1 H-pyrano[3,4-b]quinoline-4,6(3H,7H)-
dione,
10-(3-bromo-4-fluorophenyl)-3,4,6,10-tetrahydro-2H,5H-pyrano[3,4-b]thiopyrano[2,3-
e]pyridin-9(8H)-one 1,1-dioxide,
5-(3-bromo-4-fluorophenyl)-5,10-dihydro-1H,3H-pyrano[3,4-b]jthiopyrano{4,3-e]pyridine-

20 4,6(7H,9H)-dione,
5-(3-bromo-4-fluorophenyl)-5,7,8,9-tetrahydrocyclopenta[b]pyrano[4,3-e]pyridine-
4,6(1H,3H)-dione,
5-(3-bromo-4-fluorophenyl)-5,8,9,10-tetrahydro- 1 H-pyrano[3,4-b][1,7]naphthyridine-

\ 4,6(3H,7H)-dione,

25 9-(3-bromo-4-fluorophenyl)-5,9-dihydro-3H-furo[3,4-b]pyrano[4,3-¢]pyridine-
1,8(4H,7H)-dione,
9-(3-bromo-4-fluorophenyl)-2-methyl-2,3,5,9-tetrahydropyrano(3,4-b]pyrrolo[3,4-
e]pyridine-1,8(4H,7H)-dione,
9-(3-bromo-4-fluorophenyl)-2,3,5,9-tetrahydropyrano[3,4-b]pyrrolo[3,4-e]pyridine-

30 1,8(4H,7H)-dione,



(16) (17) (18) (19) Ketosulfones of general fornmula ( 19), rqi Inn 1
or 2, can be prepared as described in Schenme 6. Reduction oﬁﬂ&%m
with sodi uW®rBAdadri de (or the like) in a solvent such as etdTsd9/253Vvi des

al cohol ( 17) which can be oxidized to the corresponding sul fone ( 18)
usi ng an oxidi zi ng agent such as hydrogen peroxi de catal yzed by sodi um

oot req R EUlER ARrBhobl b Uk RGIOARESHLARARR S YISl a8 05 Co° 1
PCT/ US99/ £5FBPH)-@of@, R~ O 'SAO 'S=0+ R~ + | A~CHO) ~AN) V 0 (2) Om

Hm($) (t 9) C20) 5 10 15 Di hyd i di f | f la (20),
\m(ranrfaizm gﬁ-%évanpplge@yaé,ﬂbﬂihuéwxié%éimlragl%f%,g ; g%ﬁé)&k@ﬁg{‘%fg@%@ bed

in Scheng Di cay banyl ¢ S .of r.al _formyl.a, (8) can be treated

W th el S0SSr T BRassy DR S ARt P B Rl S e i t 1 heati ng
in assol VQ@({’]M’Jdi@ﬁe’et hanol to provide di hydropyridines of general fornula
(20). An additional heating step, with an acid such as HCl, may be required
to drive 3-ftebroeme2-hpdrokpplenni)t st -dihydSe hdBé1-8ipRrdne[J,4-b:48-e]iyeidind + R~CHO +
~'" " 1| ~~nA~O~mN-~~(~"YmNH (2) Rs HRs (22) (3) (4 ) An

al t er nat é-AdthYA-4ener epari ng di hydropyri di nes of general fornula (4},

wher ei n ' , . : ' imhormula |, can
be used ?s' [Qgg%lgf%&iﬂ}lﬁbgggﬁgﬁ)@ﬁgmgﬁg@lgdr%fe’%&ég}gg}ﬁlcéjcﬁgj( aﬁ%?ffﬁﬁ?ggz 22) can be
treated V@]?,ﬂi@ha@,@m@,s}l@a)mﬁpd carbonyl conpounds (3) with heating in a
sol vent such as ethanol to provide di hydropyridines of general fornula (4).
Schétre 9 B(H-dickEpphenyb-3, 1 INdibydrool B3ERdipy ke [24-b(B3-e(myBidine24 $(7Eh A nones
of general. formula (24), wherein Ais as defined in fornula I, can be
prepar ed 48™described in Scheme 9. Dicarbonyl conmpounds (8) can be treated

Wi th an 290 3 pbnMyYdR2035-y1)-5,10-dihydro-1H,3H-dipyrano[3,4-b:4,3-e]pyridine-
4,6(7H,9H)-dione,
5-(5-nitro-2-thieny!)-5,10-dihydro-1H,3H-dipyrano[3,4-b:4,3-e]pyridine-4,6(7H,9H)-

15 dione,
5-(5-nitro-3-thienyl)-5,10-dihydro-1H,3H-dipyrano[3,4-b:4,3-e]pyridine-4,6(7H,9H)-
dione,

(+) 9-(4-fluoro-3-iodophenyl)-2,3,5,9-tetrahydro-4H-pyrano[3,4-b]thieno[2,3-e]pyridin-
8(7H)-one 1,1-dioxide,

20 () 9-(4-fluoro-3-iodophenyl)-2,3,5,9-tetrahydro-4H-pyrano[3,4-b]thieno[2,3-
e]pyridin-8(7H)-one 1,1-dioxide,

(+) 5-(3-chloro-4-fluorophenyl)-2,3,5,7,8,9-hexahydro-1H-
cyclopenta[b][1,7]naphthyridine-4,6-dione,
(-) 5-(3-chloro-4-fluorophenyl)-2,3,5,7,8,9-hexahydro-1H-

25 \ cyclopenta[b][1,7]naphthyridine-4,6-dione, ‘
9-(3-bromo-4-fluorophenyl)-5,6,7,9-tetrahydrofuro[ 3,4-b][ 1,7]naphthyridine-1,8(3H,4H)-
dione,

(+) 9-(3-bromo-4-flucrophenyl)-5,6,7,9-tetrahydrofuro[3,4-b][1,7]naphthyridine-
1,8(3H,4H)-dione,



5 al cohol such as ethyl alcohol in the presence of an acid 26? %5( as
par at ol uene@%ﬁl fonic acid to provide vinyl ethers of general for a“~(’?3),
wherein R i YA%REH3al kyl . Vinyl ethers of general fornula (2BETRS925873
treated with ammonia in a solvent such as nmethanol to provide enam nones of
general fornula (24). Schenme 10 O A 11 CHO (24) NH2 (2) O+ 1 A O(11) O

R~ O A~ ~() 9*@3(&&)10%@6@?156_1@1)95,Gﬁtgﬂﬁda?draﬁﬁtﬁ{a[4-6}01,d;day%@_ﬂﬁfniedi nes of
general fornula (10)) wherein A, A, and R are as defined in formula I,
can be uséd(H34Hedianebed i n Schenme 10. Enaminones of general fornula (24)

ol vent - sh PR nLREPPRRgY B o ARy e olsy Cr B TopVrpe Gl gplitta |
(10). Schggesyt7in g5 OO R~ ~ OR O+ R + A~ CHOA ~+ ANH O-) mNN
~) mH of?’g?24’) 22) (26) (27) HC1 (28} Dihydropyridines of general fornula

(28) 5 whe(@R)-8-biemeaddluorapheny -5 Pedihpdrd-3 H-furo [ 2 8-bipyirand[4, 3¢ [prrédind e
prepared as described in Schenme 11. Enam nones of general fornula (24) can
be treat e&SWH’ﬁHéﬂd&gﬁydes (2) and dicarbonyl conpounds of general formula

S R R R s R

such as t |'am ne oVi ral

formul a (Rgiarne)didnedr opyridi nes of general formula (28). Herniam nals
(27) can be treated wth heat in the presence of an acid such as HCl in a
sol vent sl@£3-ablomt-tdlvotophenyld-Gyd, & £0-tittasldrop M iptrane§3,4b] (3 hrieapdhithyfridinen | a
(28). 30 8%’% Y. 2003 WD 00124743 OO "Sa 0 + R~ + A~ CHO (24) NH2 (2) O
) miP19) bEPHEHHINNE73 Scheme 12 OR- OO R- O base ~S ~ O "g=0 --~ A | N

+ Al NI 1é-(ﬂ%ﬁi&robﬁéﬂy()&%‘,){,GH(él-te{r%%)dro-2H-pyrano[3,4-b][1,6]naphthyridine-
1,9(5H,8H)-dione,
10-[4-chloro-3-(trifluoromethyl)phenyl]-3,4,6,10-tetrahydro-2H-pyrano[3,4-
b][1,6]naphthyridine-1,9(SH,8H)-dione,

15 10-(4-chloro-3-nitrophenyl)-3,4,6,10-tetrahydro-2H-pyrano[3,4-b][ 1,6 ]naphthyridine-
1,9(5H,8H)-dione,
10-(3,4-dibromophenyl)-3,4,6,10-tetrahydro-2H-pyrano[3,4-b][1,6 Jnaphthyridine-
1,9(5H,8H)-dione,
10-(5-nitro-3-thienyl)-3,4,6,10-tetrahydro-2H-pyrano[3,4-b][ 1,6 naphthyridine-

20 1,9(5H,8H)-dione,
5-(3-bromo-4-fluorophenyl)-5,8,9,10-tetrahydro-1H-thiopyrano[3,4-blquinoline-
4,6(3H,7H)-dione,
5-(3-bromo-4-fluorophenyl)-5,7,8,9-tetrahydrocyclopenta[bJthiopyranof4,3-e]pyridine-
4,6(1H,3H)-dione, and

25 \ 10-(3-bromo-4-fluorophenyl)-3,4,6,10-tetrahydro-2H-pyrano[3,4-b][1,6]naphthyridine-

1,9(5H,8H)-dione or a pharmaceutically acceptable salt, ester, amide, or prodrug thereof.

[\
wh



An alternate nethod of preparing dihydropyridines of gener | 7f 0),
510 Schene 13 OOOR- O+ R~ + A~ NH3 AL A~ CHO A ~ 27%&@0%

() (13) HY24924¥3al ternate nethod of preparing di hydropyr| BERUS9975373
general formula ( 14), 15 wherein A, R, and mare as defined in forrmula I,
can be used as described in Scheme 12. Enami nones of general fornula (24)
can be treated with al del‘mdgg‘ra(x&)oﬁﬂdmlpemmffmqme(mla;ﬁ) with heati ng in a
sol vent such as ethanol in the presence of a base such as triethylamne to

provi de heni anf. hm:@nmm@ene@ arockesesraf axe(pw)enhmemlqnwﬂldmmnm w@srmoctﬂ@ner al

HaL "o SoPgEie S e av P s SPROPER elpapyrich Bl ey

fornul a (%mchtl‘#‘ﬁfrﬁgﬁuﬁﬁof’\h’e lg,vrgmlgn,caﬁub@gs a f| ned in formula I can be

used as descri enme 13. Enam non general fornula (24) can be
treafed with aThebydpsund?pf diislinventaorbeamybesprefatd by b earicy o€ spntheticubies.
heating in a solvent such as ethanqgl in the presence of a base such as .
triethyl BRepTeentasivemeesederes aresowpyiniSeheraes bffSgeneral formula (14). 31 WD
001 24743 Schene 14 O A NH2 (24) brom ﬁ@%l ng agent (33) - OR- + ~OR CHO O
(2) (32) OR- 0 ~OR ANH (35 Bbr ) 2 ? MAY 2003 PCT/ US99/ 25373 O

R~ 0 A~-~~ORNH(33) OR- O - NR3A~/H 37)OR~0A~~C};J\IH(38)
Di hydropyridines of general fornula (3f,dnd (38), whergin 53 Rand R3
are as 10 15 defined in fornula I, c l/ prepeied as rde /((]mnScherre

14. Enami nongs of] generak, (f;pp@rruha an be Treat edaw t
and acet oacet f general f or mulQ (/% wherein R 1S V\ﬁ
provi de di hydr yr| i nes df) gener al fer mul a (33). Di hydropyrifsi nes of

general for rrul (33) can be treated witp bron nati ng agent g4such as
N- br onosucci nim de or pyridiniumtribrom de in a solvent such as nethanol,

et hanol , i sopr Biwisepyrigines Wfé?@ﬁ@rfﬁﬂﬁ‘élaéﬂbwlﬁéﬂ’éjﬁh@d ropy r Rdifeck: 8t anemer al
f | | ted th
ot ey ke R Rt 18 HR o ERET & a8 s{rtle FECARGRH o2 BTN

such as eg dt ef pérevdl dermslil Ay Sy ddk BESerbal gemanal2)f AdeakisonyB7) -

Di hydropyridi nes of general formula (35) can be heated neat or In a solvent
such as ctdmpainds of gcﬁepai deirida € )repd begymbitiedas thef pregenes of anmpnia vith( 38) .

heating in a solvent such as ethanol to provide dihydropyridines of general formula (4).

15 Scheme 2

ci vepzn () (®)
A_GCOR  cat

&)
Dicarbony! compounds of general formula (8), wherein A is as defined in formula
1, can be prepared as described in Scheme 2. Esters of general formula (5), wherein A is
selected from S or NR, and R, is as defined in formula I, can be alkylated with
20 chloroacetone to provide ketoesters of general formula (7). Ketoesters of general formula

(7) can cyclize in the presence of a base such as potassium tert-butoxide to provide
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32 WD 001 24743 Schene 15 DR~ Dn + R~CHO + A~ HN 1 p @7) MAX-20880)
(40) 2 7 MAY 2003 PCT/US99/25373 R~ DD~R~r ~ | ~~y n N~—-mH s 5%4 ) An
alternate WQMRI™Hf preparing di hydropyridi nes of general f&FHHSEY2%Y3
wherein 5 AA A, Db D, R, R, R, mand n are as defined in fornmula I,
can be used as described in Schene 15. Carbonyl conpounds of general

formul a §ichrbonGPEbmisoundest sheyil fmallal¢d)y desaltethatian cheeivdnif pespadihg gener al
formula (40) with heating 1n a solvent such as ethanol t? pr o i%_e)

di hydr opketoditamof génagadfermula Q) ¢an b usad.. Asdisbipsidesofi genery @r@l\t{? O+ R+
Il AA-CHO) N}m(8) O (,2 2N.m.H (.42 28 n ter t _of

pr epar i nYhare dris ﬁ?ﬁaﬁgsgségscd&’?gﬂléﬁef’%ﬁagﬁﬁ é @?8) ,he%hgl;@'g?%'ﬁg: P&% and m are
as definedc ! i ' dIndReheaEydtGo pkbvidd bony|
corrpoundg(ijg )%gél(r%g%%ég(lﬁlﬁr}fj‘?g)e?ﬁ’%%?ﬁggg%bﬁggst%?éeéate with al deﬁydes{) (2) and
ani gocy ckerekerwfgsnail fganalag?).f ornul a (42) with heating in a solvent such
as ethanol to provide di hydropyridi nes of general fornula (28).

Am nocycl oal kenones of general formula (42) can be purchased conmercially
such as 3-am no- 2-cycl ohexene- 1-one %(5 ka) or prepared as described in

(Ki kani, B. Synthesis, ( 1991 ), 2, gkh Schenme 17 20 ROH Oy ~ oS O acid m
~OmOR m NHz (19}5(44) (45) 33 WD 00/24743 21 NA® ZOBg PCT/ US991 25373 As
shown in Schene 17} enam nes of general fornula (45 erelln mis an
integer from 1-2,-Can be prepared as deBdsibe in $che
conpounds (19) can be coriverR&HQo an T nternedr at @ e erAof general
formula (44) and o nee to engy nes of general fornula [:'l45). 5 Schene 18

(10)

Symmetrical dihydropyridines of formula (10), wherein A=A’ and A and R, are as
10 defined in formula I, can be prepared as described in Scheme 3. Two equivalents of
dicarbony! compounds of general formula (8) can be treated with aldehydes of general
formula (2) and one equivalent of ammonia with heating in a solvent such as ethanol to

provide symmetrical dihydropyridines of general formula (10).

15 Scheme 4
o) o) O R O
NH;,
A' Al
A o RiCHO g A y
(8) (2) (11) H
(10)

Dihydropyridines of general formula (10), wherein A, A', and R, are as defined in
formula 1, can be prepared as described in Scheme 4. Dicarbonyl compounds of general
formula (8) can be treated with ammonia followed by addition of aldehydes of general

20 formula (2) and dicarbonyl compounds of general formula (11) with heating in a solvent

such as ethanol to provide dihydropyridines of general formula (10).



OpOR~OOR~OSObase~gO~g-O+R1+~--~.A~+A~ )
H2N m HO-H ~J H Z7m (45) (30) HCI (20) An alternate net hﬁ”ﬁﬁ?gbéng
di hydropyrlg'lorpglg ¥? general fornula (20), wherein A, R and RCEASIYES3T3
defined in formula |, can be used as described in Schene 18. 1 o Diones of
general fornula (8) can be treated with al dehydes (2) and am nosul f ones
(45) with heating in a solvent such &khetq@anol in the presence of a base

such as triethylam ne to provide hem anmi nals of general formula (30) and
di hydropyri di ne§ of general formul @ (20). The resulting gn xtRyr e Qof

hem am nal s (30Q).and di hydropyridi gges (20) .can be heated{w t in a
sol vent such as etlharol T previd dlAr‘iydroW’Sl di nes ofge hul a
(20). 15 34 24743HQ 7 MAY 2003 PCITUSY9r 28373 A O (8)
R- + ~ '"OR CHO F2N &) (47) O ®O<OR N H (33) Schene A ~ ~NRs
(37) OR- O -~O ng/N H (éi) An altgg ate nethod of preparin

di hydropyri di nes 'of gene f or mul F37) and 5 to (38), rein A, R and
R3 are as defined in fornmula I, can be used as described in Schene 19.

Di ones of genebahydropyridires(©f genaal foenulad i4 o dvhearcinhAaAd eing Rg sird &)dedindd in
i t t f | f I A7), wherej | | kyl , t
D ovi de. It B FEBeH 25 RnEHare Fschers X 209 GHPE RSP LogMREESed as
d i bed I 37
aﬁ3°%'38>e <9§%§§?§"¢§§ b req®a ol WILGRYS) (IR, f JESRREAL pEY 8 120
A~ Al Qrdla@%and tﬂmdduerdmafb&nyl:@orﬁﬁ@)nd((ﬁ? 0M3?Mﬁm§ﬁ@g fprovide of

preparing di hydropyrldl nes of general fornula (4 wherein 15 A, A, D D,
R, Rfi, #fihydrppsridinas aff&ena@ fwmivdeed 4)-nDicsrbarnyhcompeundsioé gemssel famndeEH)i bed

' n Sﬁﬂggfaqzrg?%ﬁ%ﬁ%?@%ﬁes b%@ﬁiﬂ‘}rngfg% %F‘aLé‘hé g?lﬁaﬁ,g’%é é@@ﬁfﬁﬂ%\nﬁg‘gﬁmm a

vm t h heat H@Qrédg,cgs§g7\9§qt3 gyrhoss ethanol to provide di hydropyridines of
general formnul

10
Scheme 6
0
NaHB4 S HOOH ‘é;o r:g;git “S‘o
—_— —_—
L) )m N82WO4 HO )m o) )m

(16) (17) (18) (19)
Ketosulfones of general formula (19), wherein m is 1 or 2, can be prepared as
described in Scheme 6. Reduction of ketone (16) with sodium borohydride (or the like) in
15 a solvent such as ethanol provides alcohol (17) which can be oxidized to the corresponding
sulfone (18) using an oxidizing agent such as hydrogen peroxide catalyzed by sodium
tungstate. Oxidation of (18) using Jones reagent or the like provides the desired keto
sulfone (19). °
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WO 00124743 S 0 m (16) Scheme 21 S+ R N CHO QJ mf2) (5%227&%{% S+ O

m (53) 2 7 MAY 2003 PCT/ US99/25373 R~ .-~ ~ S 0O) (52) m O I
S + A N H nVPDAR4M3 hydr opyri di nes of general fornula (54), wWAETRSIABEITR, ,
and mare as defined in 5 to fornula I, can be prepared as described in

Scheme 21. (3-Keto sulfides ( 16) can be treated with secondary am nes such
as norpholine, pyrrolidine or piperi &deme0 provide enamnes (51 ) which
can be condensed with al dehydes {2) in an appropriate organic solvent to
provide sulfides of general fornula (5¢). Sulfides ®f danepal formula (52)

can be oxidized withjan oxidant such asynogta-chlor béywoic acid to
sul f oxi des of gener or rul a’,‘(53)+. § xi des of [ge foymula (53) can
be treated with di darbgnyls (8)oand rce ol as anmoni a,
anmoni um acet ate or 0i um Ipsdr ox®de' wini h heat i ng in,’};l sol'went such as

ethyl al cohol or sin)ar al coholic soliy®nt, acetonitri|g,or
di met hyl formam de to provide di hydropyridines of general fornmula (54). 36
WO 001 24743 Sc hehpdrapyridinek of géneral( fothuld (BD), whireidAQumh rdafeBds defingd ® R~ A H

;Ina ;:Lr 21 fé{g'ﬁ{)}%ac%gé g e)éériegi@'? 3gsc(r)i{)eéJ ?nnSecrh%lnef79r]%:Lr%o%?@dm%%f :)fIj gtﬁrfera'?\l Ry
5 formula (8) can be treated with ammonia, followed by addition of (2) and ketosulfone (19)
with heating in a solvent such as ethanol to provide dihydropyridines of general formula
(20). An additional heating step, with an acid such as HC}, may be required to drive the

reaction to completion.

10 Scheme 8

Ry
@/ D D
B o [ /) s
fD + R, CHO + éf A A | A
A\;]LNHZ O'%ﬁ*% A

2)
(22) (3) )

An alternate method of preparing dihydropyridines of general formula (4), wherein
A, A, D,D, R,, R;, R;, mand n are as defined in formula I, can be used as described in
Scheme 8. Enamines of general formula (22) can be treated with aldehydes (2) and
15 carbonyl compounds (3) with heating in a solvent such as ethanol to provide

dihydropyridines of general formula (4).

Scheme 9
o] 0] O
ROH, acid NHa
0 OR NH,
(8) (23) (24)
20 Enaminones of general formula (24), wherein A is as defined in formula I, can be

prepared as described in Scheme 9. Dicarbonyl compounds (8) can be treated with an
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in formula I, can be prepared as described in Schene 22. ounds
(56) can be treated with al dehydes (2) using the Al dol r MM@WW de

ket ones of general fornula (57). The Al dol reaction and the conditions for

this transformati on are well knovvn to those skilled in the art.

Preferrably etones of general. fornula (57) can be pre red by conversion
of (56) toakﬁlﬁ%lr%’ﬁt‘ﬁeewpﬁ]ﬁ dPld?feprefﬁFFPSfF‘Hlaﬁ’é cgtalxst ﬁgﬁaaPﬁ@ fol | oned by

di r ect reaﬁ]h%ﬁsﬂ\ff&nc H‘?Q | { %Utﬁﬁt%?sgesgaﬁ%%ta'(ﬁpwme% gﬁz o be

treated w I ones o gen ra
di hydr opyr hnl_tgnevugt ethenscsfodent Rl foHmuld 88) calbe trekied 2)ith@nimrhid In Nk&v&@th@al? 23
Rt RD+ (22) s (49). 2 7 MAY 2003 PCT/tJS99125373 R~ R ----~ ~ DI D
A N R-~ A. aqmethanel to prayidagnamhinenesofgemertah fermufla (249pari ng di hydr opyri di nes
of general formula (4), wherein A A D, D R, R, R, m and n are as

definéd in formula I, can be used as descri bed in Schenme 23. Enam nes of
general fornula (22) can be treated widR.a.(@ unsaturated ketones of
general structure (49) with heating |n a soI vent such as ethanol to provide
di hydropyri di neg of general fornula . 37 WD 00/ 24743 Gchedtye 28 R O O

p- OR S+ +jJA~-NHA~-Nz Ol ImH (53) (54) An alternale th for
preparing dihy yri di#nes f genzﬁgrwl a (54), 510 15| 0 ergin A
R,, and m are las d¢lefi ned erI-ico)rmJI all an De used as degcrihed En achene
24. Enani noned® apgr al {rrul a

sul f oxi des (53)(2wth heat i ng in a so{ignt such as ethyl alcoh or simlar

al coholic solvent, acetonitrile or dinethylfornmam de to provi

di hydr opyri di ne r 5373
Schene 25 R- Rﬁﬁq‘E‘E%@&f'“’%l{“’?‘f&f B P ﬁ?é hydforfyritines &?%rﬁ%%%?@ ~y A
A~N~~.y A whé&@in A2}, ahd R) a@@dtﬁﬁbd‘hﬁomblaﬁcéﬁbe (lfaa)aslabi’tyﬁéd)w&t}wnmem of
general formla (62) wherein A A, n _are as
def i hed | nEmamisanes af, geaarﬁl Benwulae@éa ean eestrcmg@ re\n@ee&dqhmdedﬁbw disarbenylpony| s
of gener al treat h_al dehyde 2 r Qyi

,~i - unsatg}gte }195'% fﬁ Ve 4Lt gfefg%ttqap'ioé'ﬂe aégy%gé)c di e% gen?r i den,
F., Li ebi oprftOr Foem . (I 984) 11 17591777). a, ~i -Unsaturat ed ketones of
general formula (61 ) can be treated with carbonyls of general forrmula (3)
in the presence of ammonia with heating in a solvent such as ethanol to
provi de di hydropyridi ens of general fgr mul a $62).

n be treated with a,(%—unsaturated

cheme |
0
ﬁ* = Cﬁiﬁ K‘iﬁi}
A NH,
(24) (26) 27?H

Dihydropyridines of general formula (28), wherein A, R, and m are as defined in
formula I, can be prepared as described in Scheme 11. Enaminones of general formula
% (24) can be treated with aldehydes (2) and dicarbony! compounds of general formula (26)
with heating in a solvent such as ethanol in the presence of a base such as triethylamine to
20 provide a mixture of hemiaminals of general formula (27) and dihydropyridines of general
formula (28). Hemiaminals (27) can be treated with heat in the presence of an acid such as

HCl in a solvent such as ethanol to provide dihydropyridines of general formula (28).



/| ~D )7 ~~ n/ Y A A~OHN/ |7 mC61 ) Rs (40) Scher%? MAY 2088
o ~v A N~~mHs (62 ) 38 WD 00/24743 7 NMAY 2003
PCTI US99/ 25‘3’%’04&674& ternate method of preparing dihydropyri dPGEYS¥25gBner al
formula (62), wherein AA A, D, R, R6, R, m and n are as defined in
formula I, can be used as described in Scheme 26. a, ~3- Unsat ur at ed ket ones
of general formula (61) can be treat agdhyhéh2enam nes of general fornula
(40) with heating in a solvent such as ethanol to provide di hydropyridi nes
of general f&mula (62). Scheng 27 RRRp Ry pir,z § ~ P~ o pRR~F§; R n ~
~ ~~ ~~~n N | N~~~" YmAf ~O4*_1\bN~~AHN~I~\\A, 11 OJH

C64) C65) 6) |R-+R7 R66) +R2 —~~ ¢
general fou 67) Chder ei Ra.
defined in f?{? , (Ban & p pared as descfi
D hydr opyrld es of gener al fo1r9mu| a (64) prepar

mSc h"{en

descri bedHl N previ ous

Schemes can be treated with vinyl chloroformated® pxovi y@opyri di nes
of general fornula (65). D hydropyridi nes of general (65) can be
treated with a ag id such,a dr ochl C_S t such as
wat er or netha mﬁﬁewgﬁPﬁﬁg)f’ﬁPaBP%@ rQﬂYHgﬂ’FBB %’"Tgaéﬁ ‘gener al

formul a ( Gkrei DAY RY bl RAORARL BERRHA If OB Bed £ aes&%bd% Sehésib a4 ed

usi ng standar effistry known to those ski e art

001 24743 EnamiMMoA¥s 0gkneRCTIrbin®O(22) 3z13bSatmedkwB aldehydes K)Z)}nd)kemsﬁiﬂ}hes N |
e T 8%1 9§%vith heating in a solvent such as ethanol in the presence of a base such as
triethylamine to provide hemiaminals of general formula (30) and dihydropyridines of
general formula (20). Hemiaminals (30) and dihydropyridines (20) can be heated with

HCl in a solvent such as ethanol to provide dihydropyridines of general formula (20).

10
Scheme 13
0] Ry O
- A'
CHO T A l |
N
(24) (13) H
(14)
An alternate method of preparing dihydropyridines of general formula (14),
wherein A, A', and R,, are as defined in formula I, can be used as described in Scheme 13.
15 Enaminones of general formula (24) can be treated with aldehydes (2) and dicarbonyls

(13), from Scheme 5, with heating in a solvent such as ethanol in the presence of a base

such as triethyl amine to provide dihydropyridines of general formula (14).
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Ph D RYH DR~ /A~, n ,vi\p~ N~~mHO (69) s Ph D R~ H D~R9/ ! H
~~"¥Ym (70) etic acid D RYH DR~ D R~ H pl, HN ~ ~11Nmzﬂg—e~/~,n
Ml

HR~~mH R~ (71 ) Dihydropyridines of general fornulRCTYUSPIRSEAI
(72), wherein A, DD D, R, R6, R, tom and n are as defined in fornula
|, can be prepared as described in Schene 28. Di hydropyridi nes of general
fornmula (68), prepared as described igcpRpeMi40US Schenes in particul ar
Schenmes 11 and 16, can be debenzyl ated as described in Scheme 27 and then
treated with (8)-phenyl nenthol chloroformate prepared frog (-4
8- phenyl nent hol in sol vent such as Metrahydrofuran, netfyl epne cpl oride,
or chloroformor {redted V\H@h (+) 8ghenYRnent hol chloro f ly to
produce a m xt ureaof Adi ast egggner i ar bamates—of—gemer a (69) and
(70). The di ast ereofrer é‘“‘(269)2)and (970])3@can be separated N
chr omat ogr aphy ovef¥silica gl and tHn treated with HBr in adetic acid to
produce the enantioneric di hydropyridines of general fornul d71) and (72).
Schene 29 15 OR~- O A  A~~~"JyNHmM(74) RL OA ~~~,",J.NNm(75) An
alternate nethod of preparing di hydropyridines of generaloforrula{75),
wherein A, A, R, and mareoascﬂefld'ned in Henmul a |, canjbe accopplished

as described in SehaNRg29- hy i di nes @b) gegeral for from
eht 8e 4

1

9 }‘55373

previ ous Schenes, rR474 MAY 2083

reduced to p(3syi de—ettrper opyrildi of general fornula ( . }lrfref erably,
this transformati on can be 0 I'syied by conversi on of (74% t)o t he
imnoether with trinethyl or trilkthy pxonium tetrafl uor obor af¥? and

reducti on with sodi um borohydri dés} A ternWhe cardponyd, can be
converted to the thiocarbonyl using Lawesson's re&gent. sul furiation of

t he thi ocarbonyl can be acconplished with Raney Nickel
atmosphere. Desul furization can al so be acconplished by, conyersll 0 Oto the
sul foni um species via addition of an al kyl halide such 1'odontN’hane and t hen
reducti on with sodi um borohydri de. The carbonyl may al so be rbduced to the
met hyl ene under conditions described in (Lakhvich, F.A et. &%, 6 J. oOg.

Chem USSR ( Enggy: R " 77)
Schenme 30 Sc hegngl@B@ihg}w%%céekgé%%%;g%gﬁ Qrgga‘tﬁgerér?{alt“}fgg" 0 d)%:‘_%ljgg%i ng
di hydr opyrdefingé $n ffrmgRriee=al bef prepattdias &QribeliGn \Geaéae 14 AEnkninchesloNgeneal as
described in formula |, can be used as described in Schene 30.

Di hy o opy rioamrlad 24X cagdn dieated mithmaldehydes2) apd agsseasatates ofiesearebfeamila Bevi ous

Pkt NTTEE R A Y R

het er oar yIDalydelpy d8me N SCRIERAN Yorkl£@BY YanObH treated with brominating agents such as
N-bromosuccinimide or pyridinium tribromide in a solvent such as methanol, ethanol,
isopropanol, or chloroform to provide dihydropyridines of general formula (35).

10 Dihydropyridines of general formula (35) can be treated with primary amines of general
formula (36) or ammonia with heat in a solvent such as ethanol to provide
dihydropyridines of general formula (37). Dihydropyridines of general formula (35) can
be heated neat or in a solvent such as chloroform to provide dihydropyridines of general
formula (38).

15



20 25 the nethods described in the preceeding and fol |l ow nz 'pcM ?2003/ be
pur chased f@grﬁp commerci al sources or may be synthesized by known ocedur es
found in th ffétiddal 1iterature. Appropriate literature refBfEHE®ESIBr the
preparation of aryl and heteroaryl al dehydes may be found in the follow ng
section or in the Exanples. For starting materials not previously described
inthe literature the follow ng ScheSeisenss 51 ntended to illustrate their
preparation through a general nmethod. The preparation of al dehydes used to
synt hesi ze rrany preferred conpounds of IR invention may be Bound gn the

. Dﬁ?to WO

, n

following lit ture references: Pear (] Org. Synth.
oo~2a~a3 2 7 ﬂzooa nggg)g/ 5373 (192317

Tet rahedron B H,(A 1976),
53, 1053; Kha a, J. Med. Ghem ( 1992) M40, 1634; R nkes, mrav.

1982) 3N Bifpdt 3. I ndian
Chim Pays- Baé ( 1945), 64, 205; van d@ Lee, Recl. Trav. Chi ﬁf Pays-Bas (
1926), 45, 687; Wdnman, Chem Ber. (18 15, 167; Hodgson®3. Chern. Soc.

(1927). 2425 Qodlfmgl i %’%&9@3“19‘2‘%?3‘3%“555 il R wireify O
Soc. ( 1936\, RIYSR,, RarRyehind nl arele defifdikimn fofmul@ 8 1cah, bedded ds]dbgcrllﬁﬂng mann,

J. Am Chem Soc. qu 1959), 81, 5641; O her: Eistert, Chem Ber. 1964:} 97,
14705 SekSrasmee 1B alrboru%éﬁmpgws of ganerghfpgoyla (Ypcangmitreatpdhusitpaldehdes () H O

par b o subad ot sarslfeonyl GBRuReind s kst wehifehald]forvice

sel ected Amydfd %ﬁ@ﬁb%%erahﬁjrgﬁu(Mb hal o, hal oal koxy, al koxy, al kylthi o,
-NZ,Zz, and’- wherein Z, and Zz are independently selected from

hydrogen, al kyI al kyl carbonyl, aryl, arylalkyl, and fornyl and R Z is
selected from vitro, hal o, and al kyl garbony), can be prepared according to
the method described in Scheme 31. AP Substituted al dehyde of general
formula (80) or fhe corresponding acetal protected al debydeRof ener al
formula (82), whgrein Ris selected®fromal kyl or toget}jer t hyt he oxygen
atons to which are gttached f4rma 5 or 6 nenber [
1, 3-di oxol aneslare| prefe ted,* m
el ectrophilic 4 c sbbSti p#) reaction to provi ybeks,
general for rrula(é)Bl(% or (protécted dl'dehydes of gener al for'ﬁula (83).
Prefierred protecting groups for céfbounds of gener aI f or muf28 (82) and (83)

i ncl ude 42 A%?agtggl%grﬁ?tgﬁ%éfB@E%%Qoéh%&y\lsgcﬁngé engﬂa%méia@ di et hyl

acetals or the I"0X0 ps can roduced at

the begi nWhe&naAdR&&mn% &f ddfined ﬂmnhmam eati &eus&u s bderibedlind ey des of
general fornula g; ) using nethods well known to those skilled in the art

of or gani Dicankony$ compousdh ehgergral Kironi 6l ) ldan biOtreged wireldedyyes (2) and

aminocycloalkenones of general formula (42) with heating in a solvent such as ethanol to

15 provide dihydropyridines of general formula (28). Aminocycloalkenones of general
formula (42) can be purchased commercially such as 3-amino-2-cyclohexene-1-one

(Fluka) or prepared as described in (Kikani, B. Synthesis, (1991), 2, 176).

Scheme 17
O\\ /,O O\\ /,O W //O
S ROH
acid NH3
m %o ™ "OR M NH,
20 (19) (44) (45)
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Rlo R1z / HO CHO (88) Al dehydes of general fornula (88), V\QE?EM \QZGUBS

sel ected fr&%gli%’yl , hal oal kyl, 10 I'S 20 hal o, hal oal koxy, Tal KOxy,

al kyl t hi o, "ROYH43 and - (O Nzyz2, wherein Z, and Zz are i ndBEEHEMRASPIR

sel ected from hydrogen, al kyl, al kyl carbonyl, aryl, arylal kyl, and fornyl
and R, 2 is selected fromnitro, halo, and al kyl carbonyl, can be prepared by
t he met hod desks shwech inrScBeinertd, a2midesneft genstdb $riniuls 66) phiemeih nf BGh integer
converted to _the para substituted salicyl al dehyde i87) by reaction with a

base sucHrom 15 &an ke REPREH A deaaripedn Sehgaa P Swebpnys cernpeunds f bhsembee or
tribrono .+~ KNaQ .1.h er T ems, reaction. . An alternate set of
Feact | on CEBRAE 840 WA e B st R R Ry RREC PR b EhReSs SF
par af or ngleggly femuf @5gd, J. Chem Soc. Perkin Trans. 1 (1994), 1823). The
al dehyde (87) may be subjected to conditions of an electrophilic aromatic
substitution reaction to provide neta, para disubstituted salicyl al dehydes
of general fornula (88). Schenme 33 R, Ro ~ Rl12 ~ ~ R12 HO~ ~ HO/ CHO
(89) (88) An alternative nethod of %C&lﬁg}eﬂ@g neta, para disubstituted
sal i cyl al delpydes of general fornmula (88), wherein R o is selected from
al kyl, hal og] kyl, hal o, hal oal%oxy, al koxy,
-C(O) Nz, Zz; erein g, and Z2-8F€ i nslepend
7 MAY 2003} PCIY US99/ ﬁ%é?é’ f@ydrm =,

d nd, R

aryl al kyl , ®r ny 7 sel ect ed A Al s
al kyl carbongg), can b&used as %ascri bed in Seicere 33.MA meta, gara m
|

di substituted phenol of gener%1 formul a (89) Cm)bW(id’ a base
such as sodi um hydroxi de and a reagent such as trich hane "or

tri brononet han no as, the. Rei ner - Tj epann. r.eaction rovide

di substi t ut ed_‘%&FF‘W%{EI”bezlmfg‘éfsf’r@ar_ﬁ‘grf%}é‘ﬂgf’m(ﬁfﬂ?sa‘_’f(ggﬁr.af %ﬁ‘%&ﬁt(z&%at e set of
reaction yaopdh A,%%nﬁ'?ﬂ&:‘e‘é%%eﬁﬁ@d?ﬁf E%Watlhc%ﬂﬂﬂf's%ﬁ YEHERHBAXIndhefd 18,
par af or mal dehyde (‘Aidred, J. Chem Soc. Perkin Trans. 1 ( 1994), 1823). 10
Br R~z RDigkes(dPenGahfommuBd(8Rcan B vedRe@with-aldeh®dés (2) Bl SRinosulfone88)S)(81 )

An alternative nethod of preparing henzal dehydes of general forpula (81 ),
15 20 wheYigh beating in & sqlvprtsuehy s F‘Bﬁ‘?‘ﬁl“ki}‘le,PFﬁWSﬁPf(?P?SCéH%?% tHgthylamine ihe,

hal oal ko : . ' ' ~al kyl e . ar vl -Nz, Zz,
and - o O L HE e St ket BirhiIR o Y YRR indl o b RAMIS. 7 02,
al kyl, alk@). cRHelresyiting Aisthre Gihiehahdsitlals (@()ﬂax{d)diﬂyﬁmp?ﬂ&lnﬁ @0) &ansel tRatedd from
al kyl, hydroxyal kyl, al kyl thio, alkylcarbonyl, and orqyl, I's described in
Scherme 3avitPHE & a sl vertsueh aetthansd tq)progmehgydrppmdm@s qfgeneralfoanela(2@. i s
selggted fromal kyl or together with the oxygen atons to which they are
attached forma 5 or 6 nenbered ring wherein 1, 3-di oxol anes are preferred,
can be converted to the 3, 4disubstituted benzal dehyde of general fornula
(83) via conversion to an internediate lithio or nagnesio derivative,

foll owed by reaction with an appropriate el ectrophile such as an al dehyde,
di al kyl di sul fide, a Weinreb am de, dinethylformam de, an al kyl halide or
other electrophile foll owed by deprotection of the acetal to provide

benzal dehydes of general forrmula (81 ). 44 2 7 MAY 2003 WD 001 24743
Schene 35
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Rio Br ROOR (92) Ro R~2 ROOR (83) Rvo R~2 H O (81) An altgr'[quwszmyod
of prepari rkg tbg/lg 1l!dehydes of general fornula {81 ), 10 wherein R "I

sel ected from ‘@3 , hal oal kyl, chlorine, fluorine, hal oal koB&T/US3%E3A3,

al kylthio, -NzZ Zz, and -C(O) Nz, Z2, wherein Z, and Z~ are independently

sel ected from hydrogen, al kyl, al kyl carbonyl, aryl, arylalkyl, and fornyl,

R Z is selected from al kyl, hydroxyaR&wme 8 kyl t hi o, al kyl carbonyl ,

aryl carbonyl, and fornyl, can be used as described in Schene 35. Protected

benzal dehydes ofOgeneral fornula ($2), wherein Ris se@ect;gd fg om al kyl or

together with t oxygen atons to ich they are attacfed forffa ~ or 6
menbered ring er in+1,§4di oxol pes & e preferred c C d as
described in Sghe 4tchr%zi enzal g fl rmula (81 ).
PCT/ US99/ 25373 Sche 36 15 RRoOHO R-s OH ( 95)

Benzal dehydes ofggeneral Jformula (§p), wherein Ro is sel dtted from

® @ (
hydrogen, al kyl, ‘al kyl sul'f'onyl, aryl’, heteroaryl, cyano, (3l oal kyl, hal o,
hal oal koxy, nitro, al koxy, alkylthio, -Nz ZzZ, andAC(O Nz, Z2, wherein Z,
and ZZ are independently selected from hydrogen sl:r@qe,“al yl car bonyl ,
aryl, arylalkyl, and fornyl, and R 3 is selec romalky , arylal kyl, and
hal oal kyl wherein preferred hal oal kyl groups are selected from
di fluoronethyl, 2,2,2-trifluoroethyl and brpnodifluorongt hyg, cap be
prepared as described in Scheme 36| 3-Idydrgxybenzal dehylfle of geperal
formula (94) can be treated w thfsul [
benzyl brom de, i odonet hane, 2-iofo-I4l,
chl or odi f | uor onet hane, or di brono g%romat hane in the-pra$ence of 45 5
10 WO 00124743 2 7 MAY 2D03 PCT/ US99/ 25373 base such as pot"élssi um
carbonate, potassium tert-butoxide orf®8odi um tert-butoxi desgyto provi de
benzal dehydes of general fornula (95). The synthesis of useful
3hydr oxybenzal damﬁg@@t@ne@@@efanepmmqunhadr(ogmdlwftg@nﬂebﬁ@muh (BRearfdol | owi ng

lit t f . J.. Ch . (1923 820; J..Med Chem. 86), 29,
1982: - NoraBL R T SR b A2hbutin fotabla O betpd S5 ferertBain Se ROtk
294, 53 8119 IpidnBeBT gctReal féiaiA {(3)1351@8@ tredted wihHlehydesT2) ARE AARBEORIMateSt L - (
1990), 5495; J. Chem Soc. Perkin Trans. 1 ( 1981"), 2677. OH Rz O-H (97)

Schene 37ofgchal Rrthulx @7),9)erde Reialloetryalkeyd, tf prgeide diydfopyridinas ¢Ogenerahher ei n

R 2 is selected_ fro drogen, 15 20 25 | )
! orrnuFa (35) w cilpizan g processed as described in Scheme 14 to provide

dihydropyridines of general formula (37) and (38).

10 Scheme 20
R1\ D: Ry T Ry
I/D /(]) HN D D/(])
\/\k + R,CHO + A " ( || i
A 0] 1 O /H,m ' A N /(‘)’ A
1) @ Re HRg
(49) (4)

An alternate method of preparing dihydropyridines of general formula (4), wherein
A,A,D,D', R, R;, R;, m and n are as defined in formula I, can be used as described in
Scheme 20. Carbonyls of general formula (1) can be treated with a,B-unsaturated ketones
15 of general formula (49) in the presence of ammonia with heating in a solvent such as

ethanol to provide dihydropyridines of general formula (4).
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al kyl, al kyl sul fonyl, aryl, heteroaryl, cyano, hal oal kyl, h? 2 MEYOZM XY,
nitro, al ko% 0 @I Jf%l thio, -NZ,-Zz, and -C(O Nz, Zz, wherein Z& &n h
i ndependent 5’8 (&%t ed from hydrogen, al kyl, al kyl carbonyl, BEJ{US99/25373
arylal kyl, and formyl, and R 3 is selected fromal kyl, arylal kyl, and
hal oal kyl wherein preferred hal oal kyl groups are selected from
di fluoronethyl, 2,2,2-trifluoroethyl Schemte@donodi fl uoronethyl, can be
prepared as described in Schene 37. 4-Hydroxybenzal dehydes of general
formula (97) can be treated with suitable al kylating reaggnts such as
benzyl brom de, iodgm& hane, 2;iodo+8], 1trifluoroethane,
chl orodi f | uor orret @ or di br onodiflf | por dmetHaneT TH the piesance of base
such as potassi uaf cd oonate,égﬁrﬁ S tert-®R oxi de or i

| d

tent - but oxi de to pr ovi'le ben hydesMof gel®ral formul & (98 The

synt hesi s of useful“@hydr oxybénZal Ehydes of general for rrul(az)(IBY) may be
found in the following literature references: Angyal, J. Chem Soc. (
1950), 2141; G nsburg, J. Am Chem Soc. ( 1851 ), 73, 702; d aisen, Justus
Li ebigs Ann. Chem (1913), 401, 107; Nagao, J[etrahedron Lett. (1980), 21,

493l ; Ferguson, J. Am Chem SR?' (g)gﬂ), 7 1 Chenr Soc. (

1950), 2824; Villagonez-Ibarray'Tetsahedro 995), ; m yama, J.
Am 46 WD 00/ 24743 2 ? MNAY 2 / US99/ 28373 Chem| Soqj} ¥, 105,
201 8; DE 8725%spHodgson, L. Cherg, Soc. (194%), 469 n Chem Soc.
( 1929), 1641. gcherre 388 5 Ro ~z i O-H O H (100) (gl1) ﬁAn al ternate
nmet hod for introduction of substi(g ge’ﬂts at the 3-position 34)10 15 20 25
benzal dehydes of general formula (3 1), wherein R ais select'ed from

hydr ogen, al ky|Dihgditopisdihésosfideneral formulag5ey, adieydin AG RaNmd hateqal defined hial o,
hal oal koxy, nitro, alkoxy, alkylthio, and -C(O NZ, Zz, wherein Z, and Z2 are
i ndependehemmula bican be preparsdhas fasasifed in Sehepe 21| feketaasublidap! (16)egan be treated

aryl al kyl ,_.an C be used as.described in .Schene, 38  This nethod,
21 Lo o BEVep oo 0 % A3 BRteTRBHUBEe ORI Boxi s
benzal dehysigsyiath &8¢ éndeelwith A1d&HPHed @) aan BiRbpiaE BtAnliBRRAL oM sal t

W th sodiumnitrite. The diazoniumsalts Can be treated wWith a brom ne or

i odi ne soprevide sulfidesdf generhlefobmulai(62). EulfiddicfgencFalefoBauld (B3)aan be axidized and

conditions .for effecting the transformation are wel]l kpo to those skilled
in the ar P”“B’fa“o‘?’ﬁ%qﬂ‘é“{}’r%rﬁl%‘f“rcbf‘l”‘%ﬂ“r’é‘”&g’ﬁ%@‘%i‘“&?"zs‘g%i’ﬁfé‘{]‘?\fl\’lg&?ﬂeéalt ARy be

i nt r oducegsqyn S5 1 '@ﬁhﬂﬂf . o]
successf u?ij) CS g?ﬁildfgﬁtépéﬁgrsﬂ trans %S(rﬁzgt I Oeﬂ@%@ﬁ&?ﬁéi/{h idﬁcra{:ﬂgﬁ# fagi (ﬁj %I]&I’)%: %ﬁc{f‘f%nc es
be anvant afemusninsyehns ammdnie abiautitey atetaeat himdrondum kyfroaidectiedhedtighy de.
The resulting iodide or brom de can then be treated with unsaturated

hal i des, BR? SHVentsurkas ghykalephobarsimilar alpohalie spliverte Aegtontrila opal | adi um

cat al yst ak| i i I i to provide
benza|deh?ﬁggh@®“3§%@§§F§§%?%@pgﬂ%gﬁggﬁﬁﬁé%§%§%ﬁﬁgﬁﬁﬂ§§?$ “can al so be
treated directly with unsaturated halides, boronic acids or tin reagents in
the presence of a palladiumcatal yst such as

tetraki s(tri phenyl phosphi ne) pal | adi um (0) to provi de benzal dehydes of
general forrmula (81 ). 47 2 7 MAY 2003 WD 00/ 24743 Schene 39 NHz R~z

O-H (102) R o R-2 OH (81) PCT/ U599/ 25373 An alternate nethod for
introduction of substituents at the 4-position of 10 15 benzal dehydes of
general formula (81 ), wherein R z is selected from hydrogen, alkyl,

al kyl sul fonyl, aryl, heteroaryl, cyano, hal oal kyl, hal o, hal oal koxy, nitro,
al koxy, alkylthio, and -C(O Nz, Zz, wherein Z, and ZZ are independently

sel ected from hydrogen, al kyl, al kyl carbonyl, aryl, arylalkyl, and fornyl,
can be used as described in Schene 39. This nethod, also known as the
Sandneyer reaction, involves converting 4-am no benzal dehydes of general
formula (102) to an intermedi ate diazoniumsalt with sodiumnitrite and
then treating the diazoniumsalts in a simlar manner as that described in
Schenme 38. The types of R 0 substituents that may be introduced in this
fashi on include cyano, hydroxy, or halo. The Sandneyer reaction and
conditions for effecting the transformation are well known to those skilled
in the art of organic chemstry. In order to successfully carry out this
transformation it may in certain circunggances be advantageous to perform
t he Sandneyer reaction on a protected al dehyde. Schene 40 NHz (C ) Br




OCF3 ~ OCF3 1 ) AczO 2) BuLi, DVWF Br 3) HzS04 4) Sandneyer QT*MAY 2003
4- Br onp- 3- (Wbioﬁbm%orret hoxy) benzal dehyde or 4-chloro-3 20
(trifluoronmethoxy)benzal dehyde can be prepared as descri bed FOFS98/T3 40.
The commercially avail able 4-brono-2-(trifluoromethoxy)aniline can be
protected on the amno group wth a suitable N-protecting group well known
to those skilled in the art of organBchemee2® stry such as acetyl or
tert-butoxycarbonyl. The brom ne can then be 48 2.7 MNY Q03 WD 00/ 24743
PCT/ US99/ 2537?73 converted to_the lithio or nagnesio 'flerivative and reacted
directly with dinmethylfor ,de to ppovide the N

4-am noprotected-3-(trifl rArret hoxyYbenzal dehy?e derfivati ve. Renoval of
the N-protecting group ©0ll d by cbR®Persion of th Xne to a brom de or

chloride via the Sandneyersgyet hod of (Bcheme 38 fol IBwe By hydrol ysis of
t he di oxol ane provi des 4-bronp-3-(trifluoromethoxy)befffal dehyde or
4-chl oro-3(trifluoronethoxy)benzal dehyde. Schene 41 to 15 20 CF3 O CH CF3

NH2 OH CF3 N02 O~ ~OH CF3 X (k] (104) CF3 Nz ... OH G X (105)
4-Tri fl uoronet hyl Kenzal dehydeg of general, formula (10 erein Xis
selected fromcyap, vitro, an | o may prepar ed } to the

met hod of Schene[ 41) 4Twi fl uor gretthyl benzoic acid isl fi i trAted, using
suitabl e conditi | I knovwef i Nithe literature su mNTrdpacid with
sul furic acid, ang.th& car boxyl ts‘; acid group reduced withtbhorane to provide
3-vitro-4-trifluo Erret hyl benzyl ! cohol . Fromthis benzyl (58) cohol may be
obt ai ned {he SpfhidiGfidiics bf e 1R Y ROXIrfdah s e

typi cal reagents §Sl}I.C as manganeggigB I%X%%§%¥€§186Rb’§ﬁ‘g§f’i c al go’ﬁ%(} can

be reduceth foermiulad, ean Bei prepansd axdeacrybedfiin Schemn®e?. Chrbdnd I wnepdundo(®d) tarons f or
effecting this transformati on anong which a preferred nmethod is
hydr 8genabr &i5aigd anithaldehydesd2) wsingthglAlde! reagiiondniprovide ketpnasof @gprralrted to

ith P& i .I.h d Ct i i bed
' Sceme AUy TROARRE RSP A e AR O P I o BRSO e
usi ng conithbwRBSthosd dkilksddwihe &t 4Brefer’dbly) RE1ALHSK glnéraMdmRDG 7PEal BdS991 25373

those skilled in the art such as manganese di oxi de or Swern conditions to
provi de berepateddiyycgaversipn gE(dép & ar enamineof mogpholine, pyrrolidine or piperidine

followed by direct reaction with aldehydes (2). Ketones of general formula (57) can be
10 treated with diones of general formula (8) and ammonia to provide dihydropyridines of

general formula (58).

Scheme 23

R1 R,

D Ry Ry

Dt D Dt
(., j By —— Y YA
NH, ' A '
(22) 0 Rs/ i N Y v
(49) (4)
15 An alternate method of preparing dihydropyridines of general formula (4), wherein

A, A, D,D,R,, R, R;, m, and n are as defined in formula I, can be used as described in
Scheme 23. Enamines of general formula (22) can be treated with o,B-unsaturated ketones
of general structure (49) with heating in a solvent such as ethanol to provide
dihydropyridines of general formula (4).
20
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For certain aromatic ring substitutions of R for conpoundszﬂ? 'Q nmnt
to inventio d(}mi‘ﬁsﬂpreferabl e to effect transformations of e

ring substitutions after the al dehyde has been incorporated ifTAPHE3Er e
structure of the present invention. As such, conpounds of the present
invention may be further transformed to other distinct conpounds of the
present invention. These transfornatiSchemer24ol ve Stifle, Suzuki and Heck
coupling reactions all of which are well known to those skilled in the art
of organic chenfstry. Shown begl ow gy € sone representati vy nefhods of such

transformation f conpounds ' th present invention t Q'rgpounds of
t he present invenfli on. Sghene PG X RE—AN——> H|Rs (q 7)) 1.

Di -t-butyl di cé Hﬁ DVAP, Me A Pd(PPh3) 4, R-2Sn(RA N

R-2 R11 D D~~; mN 2m, Al @~V n H s (108) Di hydropyrHdi ne§ of
general formula z 108), wherein fg3)A', D, D, R6, R, n and@#l5 20 are as
defined in formula I, R o is selected fromhydrogen, alkyl, alkylcarbonyl,
al kyl sul fonyl , Aar glternatemethss fpr prepasiag dihyAropyeitiogs of geneolifomuls (3404 i ne,

hal oal koxy,, ni.tro,, al koxy, and _.al kylthio nd - C(O,Nz, 72, . whergi.n Z,_and ZZ
are i ndepWIiR ry Reetndin &te 45 ﬁf’ﬁéz‘? 13§FMP&%%5@|%§?B’\§’E§W§C@W|24

aryl al kyl ; 7 £l f el

) oal Koy PRt I ket iR BEE e ety Wit GBS ipo AR S oRUEASY

het er oar y lwitlclyeating &nd sélhentlsidteas ethyl ddeohol epsingldr alsolid&cyalvend acetofiafilewe 42.
Conmpounds of t%ener al formula, (1Q7), wherein X is selected from brom ne,

i odi ne, adémethyHommamidg tepioviseibydropyridines afgeperpl fosmpalSdbny| (Boc) group
usi ng standard procedures. The aromatic brom de, iodide, or triflate can be
treated with a suitable tin, boronic acid, or unsaturated halide reagent in
t he presence of a palladium catal yst S¥htiehgating in a solvent such as 50
wo oona7a3 2 7 MAY 200 PCT/ US99n5373 di net hyl formam de to effect a coupling
reaction that provides dihydropyridifmes of general forrmula ( 108). T

condi ti ons r thi%(transfor mat i_Qn SO effgy“?t he renoval _af e Bol?:g"
s ~ R— D/AR- ANHsL ~AF~ AN ~r£)—hs
PPh3)
q

protecting| group+ heme_43,.X

(110) 1. Dhgt t yl@i@ar bonat e Me 4, RAZS ' 110

CR2 RoO I~OR D@~ Al | ~A?~~ nq ~ H Rs (111) D hy mdi nes

of gener al (Po)r mula ( 111 ), whelfd n A ARD D, RS, R, m ar(lsdz)ﬁ to 15
10 (3)

Dihydropyridines of general formula (62), wherein A, A", R,, D', R;, R;,, m,and n
are as defined in formula I, can be prepared as described in Scheme 25. Carbonyls of
general formula (60) can be treated with aldehydes (2) to provide a,B-unsaturated ketones
of general formula (61) as described in (Eiden, F., Liebigs Ann.Chem., (1984), 11, 1759-

15 1777). a,B-Unsaturated ketones of general formula (61) can be treated with carbonyls of
general formula (3) in the presence of ammonia with heating in a solvent such as ethanol

to provide dihydropyridiens of general formula (62).

Scheme 26
i o i YA
P . /E /(]A) n ————» | | /(])n
1 A ]
A o H,N RG/H’m N Rs/ o
(61) (40) (62)
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20 are as defined in formula I, R is selected from hydrog , Aylggg$

al kyl car bo'W{)OO/ﬁz}fzyl sul fonyl, aryl, heteroaryl, cyano, hal i ne,
fluorine, Ooxy, nitro, al koxy, alkylthio, and -C(O Nz, m%%@ﬁ%?ﬁn Z,
and Z~ are independently selected from hydrogen, al kyl, alkyl carbonyl,

aryl, arylalkyl, and fornyl, R' is selected from hydrogen, hydroxy, aI koxy,
hal oal koxy, andnaltetrmtdameshod Bf preparisgtihytimpyfidimes af gorleral ¥ormula (62)y!

het er oar yl , cyano and the |ike, can be prepared as described in Scheme 43.
Di hydr opy Whareie4. 6f Lidhe |va61|sﬁ%#aa(61&5cée fingg & formula | eansq wsedag from

PO e 48 A 1 S0 RLSASS B Refyh ) B AR

(Boc) group using s
triflate m daemrrea@f géhevd] tformiuls ?rot) arqﬂf:héahﬂg iPQESINER saEh & etRinol B ﬁi‘d”&'i&t ed
hal i de rea in the presence o al l adium catalyst with heatihg in a
sol vént sd dmmdm enerahEaringda (63).ef f ect a coupling reaction that
provi des di hydropyridi nes of general fornmula ( 111 ). The conditions for
this transformati on al so effect the renoval of the Boc protecting group. 51
V\DOO/24743 Schene 44 Ro X R> D D ~g, % n NR~mHs (107) 1.

- butyl di car bonate DVAP, MeCN 2. PcP( PPh )a R‘ Zn CF3 2 7 MAY zn~~

PCT/ US99/ 25373 R ~CF3 R NR ~m~ A | ~ ,R1n (113) Di hydr anyri di nes of
general formua 118 7 wherein A A R , m and{_n :bo'%s are
as defined 'n a{(ll _,_Q_ls seI ecfed ro rno en y /
al kyl car b@aul onyl , fsyano haNoaI thorl ne
fluorine, hal oaI |§)X/43/mnl tro, aI koxy I Kyl n‘and -C(O Nz, Zz Hé‘@f/nel n Z,
and ZZ are i ndepen'a%nt ly selected fPom hydé§ al kyl, al kyl car bényl

ted f

aryl, arylalkyl,®hd fornyl, and R' is self rom hydrogen (9r$§/droxy,
alkoxy, haloalkoxy, and arylalkoxy, can be prepared as described in Schene
44, Di hydropyridi nes of general fornula (107)R1 V\/nehel n Xis selected from
brom ne, iodine, and triflate can be pr?t a tent-but oxycar bonyl
(Boc) group using standard §@®ceamTes. The jaro tlgnbrorri de, iodide, or
triflate can be treated with a surtabIRé ;L/ﬁr agent in the presence of
a palladiumcatalyst with heating in a sol vert Rsugh as dinethylformamde to
effect a coupling reaction that provides di f/dropyridi nes of general
formula ( 113) f to- S fc t
removal of ther?&?o ?gfﬁpﬁg&ﬁgﬁﬁ%wﬁé@a@éﬁo rr%t’g' gidbgf’ ughtné itﬁﬁat
may toe i nhracdasaiefineédint formulhdsdande prmlrwiz&. desd:ﬁwdaﬁrsmaﬂeylz? and nore
specifically the trifl uoropropen){ roup 2 7 MAY 2003 wo oona7a3
Scheme 45Dydrepyridines pf general f a( 4)RFCP8FPdNSdeFﬁr}1?eF‘&H P@IWS Bchemes can
O-t-but begg;{%&&ﬁ&%ﬁ%@ofg@%\% fotide A dtod3 idinesoF oEeth f5aRaT4S). CF3
Dihydropyridines of general formula (65) can be treated with an acid such as hydrochloric

acid in a protic solvent such as water or methanol with heating to provide dihydropyridines
15 of general formula (66). Dihydropyridines of general formula (66) can be alkylated using

standard chemistry known to those skilled in the art.
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H s (116) D hydropyridi nes of general forrmula ( 116), wherei Y, D,
R6, R-, mgﬂgoq}z“:l,p:1 15 are as defined in fornmula I, Rois szzmﬁ{fzr%aé
hydr ogen, al kyl, "al kyl carbonyl, al kyl sul fonyl, aryl, heteroa'?cg;rl/yw@ﬁ;ﬁ# ,
hal oal kyl , chlorine, fluorine, haloal koxy, nitro, al koxy, alkylthio,

-C(O Nz, Zz, wherein Z, and ZZ are independently sel ected from hydrogen,

al kyl, al kyl carbonyl, aryl, aryl al kySshemeR§ ornyl, R~, is selected from
hydr ogen, hydroxy, al koxy, hal oal koxy, and aryl al koxy, can be prepared as
described in Scheme 45. Di hydrogyridines offt genegal forml a Iéll H WRerein
X is sel ect gi<f IDJ/ m'ne,i',ariudD i tI/S]c e prat
tert-buto%ﬁarl onyl & c) groupyusi ng,st hdaW? },@)ce ures. NTh
br oni de, HaeN oMLY i flate candEyTeal s wivh a Naby'e

r
) %
reagent in the prBsence of a | adi gm cat@; st Wt eatong i nz@ °sol vent
such as di net h>/ Pormami de to e Yect a coupling réeaction that provides
di hydropyri di nes of general forfula ( 116). The conditions|for this
transformation al so effect the renoval of the Boc Pt ectipg group. The
types of para substituents that nmay be introducedadeticdchi S fashi on include
trihal opropenyl and nore specifically the triy | uoropropen group. In
addition to the use of the nmethod illustrated in Schenme 28, individual 20

enanti oners of conpounds of the present i Hsepgrated by

chiral chromatography. The foll ow ng ( :9)
chpe of,t hell i ani'bn as
defined in the appended cl ainms. Further;"a ttations r elNn eﬁ’,ﬁe
i ncorporated by reference. 53 2 7 NAY 2003 R\D 00/ 74743 PC#{{ESQQ/ 25373
Exanpl e 1 5- (3-brono-4-f| uorophen, ~I ) -5, 10V hydr o- |
H. 3H- di pyr anolDihybropyddinkpyf getiersd fdmb{ld (7 19Hhd d7DnehéemoAYD, DN R)f Ry, R,
t et rahydropyran-3, 5-dione (Terasawa, J. Og. Chem ( 1977), 42, 5
1163- 1169% qud parg as definedipdpymula 1ises e picraredasdsseriaddnfgbrmy 8.1 ¢, 5.4

mmol ) and; ni a i.n | al ol (8 16 .. ). wa ted in a
ceal ot By PRRTERE) 8t dchefh R 0 hraibed ns i B e o g b

t enper at WagticuldeSchomed Vbhies 1 1R5a8 bb idbb@-oRtf 4s RBEHYeAen Bthdmicd RarRMagpr at ed
to dryness. The residue was purified by flash chromat ography over silica

gel (5% riesatesrwith (otihendmentiol chlogdprmase preparadicfirem (0 Baphgeyimeathd im2  was
triturated,with ether an thyl acetate ta . provide the title,co d (1 |
e ot St S S itofyil B ReRs bRl ¢ ehicraioin o seitey BRI R
DVBO- d~ ~ , . «7.32
(15 o it chibdforfard birderlo ot o fbhyredt siefborbritlearbimbe 1 58
0. 51H20: of gebérabformida (89 Ydhd (VD). 3THe/diadtereothers695ndd@0) tan & sBparafdd b3. 90.

Exanple 2 20 5-(3-bronp-4-fluor.ophenvl)-2,3,5.8,9, 10- hexahydr obenzo[ b] [
1, 7) napht Fhrematagraphy aver silife e¢hyaad dean tseaterb Wtk AR)1a agstic acid to produce

Chr o) naoe e RRRERs Ay PRRRSKr b BBt GG f Oeneot P L Ty maeh

3-am no- 2-cycl ohexen-1-one (0.55 g, 5.0 mmol ), 3-bronp-4 fl uorobenzal dehyde
( 1.01 g, 5.0 nmol) and N-benzyl pi peri di ne-3, 5-di one (Ziegler, J.

Scheme 29
(@] R1 0 R1 0
- A
L A .
15 (74) (75)

An alternate method of preparing dihydropyridines of general formula (75),
wherein A, A', R,, and m are as defined in formula I, can be accomplished as described in

Scheme 29. Dihydropyridines of general formula (74), from previous Schemes, can be
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Anmer. Chem Soc (1973), 95, 7458-7464) (1.01 g, 5.0 mml)ms tm ar 3
days in etRy, @% quol (10 m.) in a sealed tube and then al ﬁ’ﬁ 0 cool to
anbi ent tenpera ure. 30 The sol vent was evaporated and the (I3
purified by flash chromat ography over 54 WO 00124743 2 7 NMAY Q03
PCTNS99/ 25373 silica gel (5% ethanol/nethylene chloride} to provide the
title conpsiuca t@q::&%idg)iihykimﬂyriﬂmesoﬁg&mralefdrrmda(m Hfdfembllytthisrrp 240 241 C,
V5 (DCl/ NH3 rﬂz,481 MFH)+; !% {}l CDClS)t(free ase)

2.67 (m ypjsfornagigncap be pgcomplishedsby gonversion t (74) tp t mml,@psthelswqh (rgnetmyia)

0,20 & 22, oot ook arshyb gt ind gy wih il AL Gl o
4.46; N, thBExatlt'ayJ:_OhaI&Qﬂb@nﬁl&awbﬂkébnverted to the thlocarbonyl using Lawesson's reagent.

5- (3-brono-4-fl uor ophemréu-]gJ 4, 6-di oxo-3L4,5,6,7,8.9,10 oct ahydrobenzoLbl f
1, 7] ﬁaphtﬁysulﬁm@umoﬁt @ambmwpmbeﬂcogmpbmh%wmhwmm&d@d@ea of the

product f | e 0.83 ne chlaride, (50 ni)
hae o1 eat BEATRERT PRCRBACTe HD5H B ARG An T Duts J5ETMBHANE oY GREYFrgR (ke 1 o
ambi ent t gIRGLH #)@cié%vﬁﬁ RAGAGN of REaIRPI ABIAL s 1088@9@5@4&1@ tﬁ&f’reﬁ@&mr esi due
was purified by flash chromat ography” over silica gel (5:
et hanol / matthysbdinm bxhbbydriﬂel él"diewaﬂtoeyll aayBiso baré‘cgudcd)w tHe)nethqumlemmdde t he
title corrpound (0.25._0).. () mz 46 ' (1r 8 2.08
(m 2H), € H(CrﬁsdzﬂaﬂbemsL wcm A, gt 91 hOrg Wcmﬂi%R(%mg rwl) 543 20
. 4.7 5 (d, 1 H, 4.85(d, 1 H, 512 (s, 1 H, 6.9
& m,‘@?%’d‘%‘#%, 7.3 (m 1 H, 7.48 (m 1 H). Exanple 2C
5- (3- brono- 4-fl uorophenyl ) -2, 3,5, 8. 9.10-hexahvdrobenzof bl f 1, 7~naphth ny
dine 25 4.6( 1 H, 7H) -di one hydrochlorlde A solution of the product from
Exanpl e 2B (0.25 g) in ethyl al cohol S¢iEmed) was treated with 6M HO (20
m.) and heated to r qu& for 1.5 hours. The ethyl al cohgl was evaporated
and t he aqueous por i on baéﬁfied wi th 1IN sodi um hydr oxi de. OThe basi fi ed
sol uti on was extr i de (3x sHPned net hyl ene

hyl engcchl Yy .
chl oride 30 extradtioffs re concen-t_r-aﬁ_eﬁ.and.the re5||due|wa purified by

An alternate method of preparing dihydropyridines of general formula (20),

15 wherein A, R,, and m are as described in formula I, can be used as described in Scheme
30. Dihydropyridines of general formula (77), prepared as described in previous Schemes
can be processed as described in Scheme 29 to provide dihydropyridines of general
formula (20).

Many of the starting aryl and heteroaryl aldehydes necessary to carry out

20 the methods described in the preceeding and following Schemes may be purchased from
commercial sources or may be synthesized by known procedures found in the chemical
literature. Appropriate literature references for the preparation of aryl and heteroaryl
aldehydes may be found in the following section or in the Examples. For starting
materials not previously described in the literature the following Schemes are intended to

25 illustrate their preparation through a general method.

The preparation of aldehydes used to synthesize many preferred compounds of the

invention may be found in the following literature references: Pearson, Org. Synth. Coll.
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WO 001 24743 2 7 MAY 2003 PCT/ US99/ 25373 silica gel ( 10:90: M%! 2[11%3

et hanol / met Q! A)% 8 @hl ori de/ saturated amoni um hydroxide) to o

title conpoun Ei 0g) which was converted to the hydrochl or E@"ésa?/ﬁ”hp
220-222 C, M5 (ESI(+)) mz 391 (M+tH)+; 5 M5 (ESI(-)) mz 389 (MH"'; "H NW
(DVBO-d6) (free base) 8 1.72-2.0 (m 2H), 2.21 (t, 2H), 2.51 (m 2H), 3. 17
(s, 2H), 3JABY (IR732H)17; Nvakea, Tétrddedron. et (msthm,mm lBarIdeit, JHIndxﬁl 6 (s, 1
H); Anal. Calcd for C BH SNzFBrOz' HCl : C, 50. . Found:
C, 50.73: Qhermsm (1R|76)653_Lal05f>oKéﬂaWpﬂeh@d5C}egndﬂ8ﬂR ﬂoafllﬁéér E%snléqszec

T i o, Sehi RAG PSR, RS AR cbies KIBRAHN it iRt 0229 10
g) in net hslssiﬁ CON@hat, CHek. BERS188)! Is%lféﬁd%d%Ebﬁ?%ﬁ&H%(fQﬂWﬂghyde

(0.4 mL), sodi um cyanoborohydride (23 'mg)’ and giacial acetic¢ aci d (added
dr opwi se Cdarky J.ijuorive @hént.1990)250) 441§ blmlgsdes@hmn Seer (i9gRY, 148 5Pl At

par b1 11 onEegetech DShuERE CaUFIH b b SRt dOa 2Hat nheHEe b ¥Fide. The
o £ CHPY| 9 A a8 sl 1 SR WResuibsol 8y {41! Rl g e

sol vent evapor 10’ pr ovi e conpouna

my) . The Ohes. Brsq1964), $RN4R0;t s@lqkma,imxlhmé@pBb@.erd.qlsa%t 3ansbicrystalli zed
from et hanol/ether. np 248-250 C, M5 (APCI (+)) nmlz 40S (M:H) +; ' H NWR

(DMBO-db) (free base) 8 1.78-2.0 (m 2H), 2.22 (m 2H), 2.29 (s, 3H), 3.1

(m 25 2H), 3.5 (m 2H), 4.83 (s, 1 (m 1 H, 7.2 (t, 1 H, 7.37
(dd,’%1 1), 9.72 (s, 1 H) Anal . Calc CP‘c‘fPe 'OH'N2FBr0~ HCl: C, 51.78; H,
4.1 1; N, 6.35. Found: 5173H440N62I 56 R, 7 MAY Z003 WO
001 24743 PCT/ US99/ 25373 Exanrple 4C 5- (3-brono-4-fl uorohen Iz) 2,3,5,8,9.1
0- hexahydr owri do[ 3. 4- , 7) napht hyri di ne 4, 6(1H. 7H1 yhe “di hydr ochl ori de
A solution of the pro fro“‘Wp‘l’é‘ﬂB‘(’O—‘ZZ"g 0. Dl ) in ethyl

al cohol (5 5 nmL) was trg¢ated with concentrated hydrochljoric acid (0.10 nL),
refluxed for 3 hours, @Qwed to cool to anbient tenpgrapure and treated
with ether. The resul tHl n% SO|Id pr eci pltate was col |l ectigfl and dried to
provide the title corrpo( d (0.12 g). M5 (ESI(-)) mz 391 °(MH'; "H NW

(DVSO-db) 8 3.78 (q, 4H), 4 22 (q, 4H), 4.95 (s, LH), 7.22 (t, 1 H, 7.32
(m 1 H, 10 7.48 (dd, RwoH), 11.48 (s, 1IR4g); Anal/ Calcd for C, ~H SN30zFBr
2HC1: C, 43.90; H, 3.6 N, 9.03. Found, \C _R44.,45;

—e

RO™ "OR RO~ T“OR
(82) (83)

Meta, para-disubstituted aldehydes of general formula (81), wherein R, is selected
from alkyl, haloalkyl, halo, haloalkoxy, alkoxy, alkylthio, -NZ,Z,, and -C(O)NZ,Z,,
wherein Z, and Z, are independently selected from hydrogen, alkyl, alkylcarbonyl, aryl,

15 arylalkyl, and formyl and R, is selected from nitro, halo, and alkylcarbonyl, can be

prepared according to the method described in Scheme 31. A para substituted aldehyde of

general formula (80) or the corresponding acetal protected aldehyde of general formula

(82), wherein R is selected from alkyl or together with the oxygen atoms to which they are

attached form a 5 or 6 membered ring wherein 1,3-dioxolanes are preferred, may by

20 subjected to conditions of an electrophilic aromatic substitution reaction to provide
aldehydes of general formula (81) or protected aldehydes of general formula (83).

Preferred protecting groups for compounds of general formula (82) and (83) include
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3.86; N, 8.75. Exanmple 5 15 (~-5-(3-brono-4-fl uorophenyl| - 29? XCZQQQ

7.8, 9- hexar%grogl-%cwl opentaj bl [I, 7] napht hyri di ne-4.6-dio h&g&é i de
Exanpl e SA 2- 0eA yT - S-(3- br ono- 4-f | uor ophenyl )-2. 3,5, 7, 8, 9- $928378 H 20
cycl opental [ b] (1, 7] napht hyri di ne- 4, 6-di one A sol ution of

3-am no- 2-cycl opent en- 1-one (Kikani, B.B., Synthesis, ( 1991 ), 2, 176)
(0.97 g, dimethyllor dic?hyimoetals ér fHellg3-divxomksleTysde ptedling, grafbsoamlb: and N
benzyl pi peridi ne-3,5-dione (Ziegler, J. Arer. Chem Soc. (1973), 95,

7458- 74643ntqogducedaat thepbeginging and rempyed 2 the Bed to providasybshigyed aldelyfles of r ef | ux

f 72 h . |t i t. t . .Th
sol vent  vRErEdGmF oy e Fiead s iR 8 A Rl a§ BRAEH SBenifmt ogr aphy
over sili ggentiglry.(5% et hanol / met hyl ene chloride) to provide the title

conpound (3.0 g). MS (ESI(-)) mz 465 (MH)';: 'H NVR (DVMBO-db) 8 2.28 (m
2H),52.5-2.7 (m 2H), 3.07 (AB qu, 2H), 3.4 (m 2H), 3.65 30 (s, 2H), 4.65

(s, 1 H, 7.15-7.45 (m 8H), 10. 25, , 1 . 58 wo oai za7a3 Exanple 5B 2
? MAY 2003 PCTI US99/ 25373 ( 1 R, 2S, B4t hyl - 2~ 1- et hyl - 1- phenvl et hy) | ¢
cl ~vl 5-13-brono-4-fluorophenvl) R1o R

4, 6- di oxo- 1~, 3, 4y5, 6, 7R% 9- oct ahydr o- 2H Cycl opent a[ bl j _1}'?~papht hyri di ne- 2-

carboxvl ate 5 A sol ut e S99, 4.0 mmol )
in THF (30 nL) was trgat ¢d wttr=$- ﬁh nt hot——<hl or g jat e prepared from
(-) - 8- phenyl nent hoko fescri bed i HO Yaframot o, Y., YWOAmef. Chem Soc. (1992),
114, 121-125) ( 1.45 @g4.92 mmol) in THO(10 nl), stirr@Ofor 3 days at
ambi ent tenperature and partitioned betgypen aqueous sodiggin bi carbonate and

nmet hyl ene chl oride. The organic |ayer was separated, 1 o dried with sodium

sul fate, filteAddehydes of ganaralformdd (8%, phereiniB, as seloctad frorofalkyil dsdenlledner i ¢
b t .. Th i t i i i to |
o o Rl otk B Ak SRN Bl finily B e, e UM - Setriin . 8 Zo i gt he
titl i i ti
ithg conﬁﬁ@ﬁ%a@&@?@éﬁ%ﬁﬁy%@ggl,ggﬁbéﬁ%x%@,?w Zaarm kpi'( mofrx?l%: ions

cont ai ni ng both di‘ast ereoners 635 15 "H
NVR ( DVBCamtbR,,8s §elé@tddnfrond bjtro, hald, 4rl alBydparbbnyllScanrhe prépared b the(ragthéd) , 1. 6
(m 2H), 1.8 (m.1 H, 2.02 (m 2H), 2.3 (m 2H, 2.6 (m 1 H, 2.75 (m 1
H, 3.02 fé@,cnl(zerams%sf@e%%uﬁ rmm,su@.t@lte@phqrg) (86} isgpnyertediqythe pagg (s, 1H),
?.02-7. 38 : . ~1R . - - 2 .

1 ot hy - TR s AR e xS base RO Sfiley ydroxide and o

4, 6- di oxorehgéht4ush &, thiclloRdntianb e tribratofietaap dibodh s the Reimer-Tiemann

1, 7l na~ht hyri di ne- 2- car boxyl ate The di astereoneric m xture from Exanple 5B
was 1&r yst kaetione gAn pldgrnate ﬁgﬂof Kagterpeonditions involves reaction with magnesium

methoxide and paraformaldehyde (Aldred, J. Chem. Soc. Perkin Trans. 1 (1994), 1823).

of the produ r om Exanpl e 54

The aldehyde (87) may be subjected to conditions of an electrophilic aromatic substitution

reaction to provide meta, para disubstituted salicylaldehydes of general formula (88).

20 Scheme 33
Rig R1o
HO - HO
CHO
(89) (88)

An alternative method of preparing meta, para disubstituted salicylaldehydes of
general formula (88), wherein R,, is selected from alkyl, haloalkyl, halo, haloalkoxy,
alkoxy, alkylthio, -NZ,Z,, and -C(O)NZ,Z,, wherein Z, and Z, are independently selected
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to provide the title corrpound (0.45 g) as the nore polar di %?e EEZG
ESI 25 'H NWVR (DMSO-db) 8 0.82 (d, 3

(1 18( )s) k§°%§éi'&¥m 1.58 (m( 2H) , 1) 68 (s, 1(H) T)gz?C@FHSf’ ?503732 3
(m2H) 2.61 (m 1 H, 75(m1H),3.2(m1H),3.6(m2H) 4.0 (m
1 H, 452 (m 2H), 4.55 (s 1H, 6.45( m 1 H, 6.82 (m 2H, 7.1 (m
2H), 7. 25 f{om hddpgen, amyl (aikyldd:ibon)‘é]Qaryl arylalMyX ard 6 mDahd R24E 4dected from

PCTI US99/ 25373 Exa

(-)-5- ( 3- mitsevhale, nEélkakméwml; can bg u?@aasgieﬁ@rm\mrséhqne 33. Ameta para

Hcycl opent 1 7] napht hvri di ne h roc | uti n of the
product f @sﬁﬁ%éilﬁ g‘g @e%?agﬁ’%‘“gz&ﬁﬁm %&'gﬁf tﬁ’e@&)a\ﬁ £ Szf%/% My dr ogen
bromi de iy afo%devmﬁq {éa,géht M’ashﬁéﬁl%%rﬁ&hm dr thiBfonftinetRreO Rl & g0l to
anbi ent terrper ature, neutralized wth concentrated amoni um hydr oxi de, and
extract ed Reimbr-Tehtapheeetioh)] topraedé diswpstitifted salooylbaldeiydes gbgeneral etz wer e
dried with_sodium sulfate, filtered,. .and concentrated, The residue Wa,ge

purified KX |f‘dsﬂteaﬂ¢t5ﬁﬁtq§gﬁ=a&§ﬁy cgpditions invelyesEqaciamwih magses e Rshex!
sat ur at ed JRLIMFSIRIGNLOC [AR)ed § GRAXISE. s Thbe COBBRIEA0 10 9) a5 the

free base Wwas Cco e ‘hy roc 1or) _125.88
(DVBO); Ms (ESI(-)) mz 375(|\/H—|)~' "H NVR (DMSO-db) (free base} 8 2.28 (t,
2H), 2.S3-2.76 (m 2H), 3.18 (s, 2H), 3.62 (d, 2H), 4.67 (s, 1 H), 7.22 (d,

2H), 7.45 (d, 1 H) 10.1 (s, 1 H); 15 Sehaine3dal cd for C'H 3N2FBr Oz HC10.5

HZO C, 48.43; H 408 N, 6.28. Found: C, 48.42; H 3.59; N, 6.64. Exanple

6 ~+)-5-~3-brono-4-
cycl openta(b]j1.7
product from Exa
treated with 48% h
reaction mxture_was_allowed to cool t§ anmbi ent tenperatur neutralized
W th concentrateﬂoanﬁﬁﬁiun1hydroxid89 afffRextracted with | ene
chl ofj de. The conbi(g®d 25 organi ¢ phase¢g)were dried with s@dj umsul fate,
filtered concentrated. The residue was purified by flash chronatography
over silica gelAn altmmativeaneshodat prsartngshangaldelaviesef pencasidoumlafilde) to

21019 LIS SOMOHBR 018t Rl MBI syCL o 1

i, 8, 9- hexahydro 1 H28

Iuorophenyl) 2,3.95

| ) i n—acetic-aci

M 6 Y 5 f
E) as::g o 2@12 8ylt¥uo7 nidhdY aﬂ%@?ﬁ:my GD%%S (mﬁgwcﬁyﬁg%a @E%Nﬁmme(ﬁ; Z, (6r8€e
(s, 1 H), are mdépqndemjy seTgcteal iimm hydrdgenalityl( slkylcatonylpnmil, arglalkyl aﬂd)r
83: H,

g 573%F83%?ywcémd%§%§%éec§e from a]q)kyl |_iqydroxyalkyl alkylt%no all:kylllcarbony’l aﬁg formyl, ’

1 | di
ale54(Lgy1r aﬁgﬁérlg+déﬁlémg ?lglgLP %5%1 @en%alagﬁﬂfﬁ ahyaiehenaliRidd), whdaRhd vr i di

selected from alkyl or together with the oxygen atoms to which they are attached form a 5
or 6 membered ring wherein 1,3-dioxolanes are preferred, can be converted to the 3,4-
disubstituted benzaldehyde of general formula (83) via conversion to an intermediate lithio
20 or magnesio derivative, followed by reaction with an appropriate electrophile such as an
aldehyde, dialkyldisulfide, a Weinreb amide, dimethylformamide, an alkyl] halide or other
electrophile followed by deprotection of the acetal to provide benzaldehydes of general

formula (81).
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| 0 Exanple 7A ( 1 R 2S, 5RL5- net hyl =2- (

1- met hyl - 1- ‘QQ%E’X 5 hyl | cy_cl ohexyl ~3- br onp- 4-f | uor ophenyl ~2 7 MAY 2003

4, 6-di oxo-3 % §/7 8, 9. 10- oct ah~dr obenzoLbl L: 7] napht hyri di HeI/B§9%/25373

H~- car boxyl ate The product from Exanple 2A ( 1.23 g, 2.5 nmol) was treated
according to the nethod described for Exanple SB. The di astereoneric

m xture was subjected to colum t 5 clscheraé @gr aphy over silica gel (4:1
ethyl acetate/hexanes) to provide both the title conpound as the |ess polar
di astereorrer (0.32 g) a 1ot he nore pol arR1§i| ast er eomer (1030 g). M5 (ESI(-))
649 (MH'; '"H NVR(CDCL3 Rém 1 H), 1.19
(s, 3H, 1. 28 (m 2H), (m 1H), 2.0S
(m 3H), 2.38 (m 2H)) 5 . : N6 (d, 1 H), 3.82
(d, 1 H, 4.72 (m 2H), b. : 7.12(m 1 H, 7.28
(m 6H). Exanple 7B 2BO~, :
1- met hyl - 1- phenyl et hyl)c(g§ ohexyl 51 3- br?m) 4-f1 uor onhef ?/I) 4. 6-di oxo-34,5
,6.7,8.9,10- oct ahydrobenzol bl f 1, 7] naphthyridine-2( 1 H -carboxylate The
mor e pol ar di astAeyaemativé mﬁcﬁxdrmé;mrﬁ)g b(eﬁza’iﬁ)elg')iey\aﬁgenemlsfoaﬂnh]az(ed) from

nmet hyl ene chl ori de/ et he 8’ provide the title conmpound &qg 24 ¢
(ESI(-)) neBaoR g tecé ompaligiiphalegieylzghigripe, ghtorige, hg lkoayeaikm,

bt USobr aytiog N2 @é}‘@?‘?@‘*ﬁzv gk, hy 7, B Bty Selec ity 03
2H), 2. 81((19droéerl"hlkg3 aik)(ldarbdn)ﬂi)aryﬁa%dzﬂﬁyl inl_c?)'%mﬁl @zﬁdeleé{eﬂronﬂalﬁﬁ (m 1

H, 5. , 12 (d, 1
H), 7.31 (hydrpx]t@lkywalkyl(tlmp g_lk}t]):arbqan}ﬂ q.rulcag_bqﬂy] agd Exranybl cen PCused as described

(71 napht v S o CEPLCT ) TP L SRPer] HEm OB 0L R il o 7
(0.32 ) Wagpf 5112%&(&@%&%%&&@%&%@%& hodniffiey Hediddibs APl 8 0 to

provi de the title conpound 125g) as the free |ch 10 was then
convenot ed mentteeedyrdy whérenr 1, 8ldic@ldnes E.m]ptﬂfefr&ﬂ)ca(ﬁ]rh firessddRs(deStr{befl)in m z 389
(MH'"; "H.NW (DMSO-db), (free base) b 1.72-1 %m 2H) 2.22 (t, 2H),
2.98 (m 1ﬁyher@e ?1‘*5t°(1§°“§ﬂ§beﬂ@14?h(“ﬁ?s Gfrsfnerslw 4.88 (s, 1H), 7.18
(m 2H), 7.4 (d, IH;

Scheme 36
R1o R
OH " o.
Ria
(94) (95)
15 Benzaldehydes of general formula (95), wherein R, is selected from hydrogen,

alkyl, alkylsulfonyl, aryl, heteroaryl, cyano, haloalkyl, halo, haloalkoxy, nitro, alkoxy,
alkylthio, -NZ,Z,, and -C(O)NZ,Z,, wherein Z, and Z, are independently selected from
hydrogen, alkyl, alkylcarbonyl, aryl, arylalkyl, and formyl, and R,; is selected from alkyl,
arylalkyl, and haloalkyl wherein preferred haloalkyl groups are selected from

20 difluoromethyl, 2,2,2-trifluoroethyl and bromodifluoromethyl, can be prepared as
described in Scheme 36. 3-Hydroxybenzaldehyde of general formula (94) can be treated
with suitable alkylating reagents such as benzylbromide, iodomethane, 2-iodo-1,1,1-

trifluoroethane, chlorodifluoromethane, or dibromodifluoromethane in the presence of
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~5 Anal. Calcd for C, BH, SBrFl ~TZ02' HCl: C, SO 67; H, 3.78; N, 4. :
C, 50.18; H 4%0?%% N, 6.16. Exam~le 8 (+), 2675MA¢?W3
~3- br ono- 4- B‘f’?envl) 2,3,5,8,9,10- hexahydrobenzo[bl ~  y7- HIPHORGPI7di ne
20 ~ 1 H, 7H~-di one I~droch| oride The product from Exanple 7B (0.24 g) was
treated according to the nmethod described for Exanple SD to provide the
title conpobasd siéh A7btassims cirbem{té e;ﬁtataasm mhibixlromxcmam teedbiitoxidbao
hydrochl ori de salt. [a]2p +9 CH3CN); 2s Ms (ESI( % m z 389(MH) "H
NI\/R ( DVSO- dPpvele benzaldehydgs pﬂwgenmj formujes(963. Thzrsynthzmgg pseful-- 1), 3.15 (s

Ch 0.8 (oo ohraier et Bradhbtal fotihia g iy ey fpund i B fflghing icdgarbig:

6. 57, Foundiefbeondd. $4chdsh. Shedfinaby, 2626125, MO BRem. A9F6)BY, A03 MGG 24743
PCT/ US99/ 25373 Exanpl e

~3- br ofD- 4- Chuur(dﬁﬁ&);fm,) }2524,365‘(65 Biebipshienea Bhamo ¢ 1B, ﬂBép@&lanbpﬂgxﬁ Soc
b]f1, 7] naph}) ridin- 9(5I—2) 1- di oxi dehydrochl ori d

7-benzyl - 10t ¢F “bT‘@Hi) 1,19 %?bip"ﬁ%lﬁayhe?m@ IAF“G@?”Q) fd%reiaﬂ*ﬁ“&ir&?cﬁﬁkm BEP$-ano
13,2 b~(l ?@g%%z hdin-9(SH, ) -one 1s1-dioxide A solution of

N- benzyl pi peri 5-dione (Ziegler, J. Amer. Chem Soc. ( 1973), 95,
7458-7464) (0.55 g, 2.5 mmol) in ethyl alcohol (5 nm) was treated with 2. 0M
to amonia in ethyl alcohol (1.25 nm, 2.5 mmuol), stirred for 30 mnutes in
a seal ed tube, treated with tetrahydrob¢heomydian- 3- one- 1, 1-di oxi de (0.36 g,
2.5 mol), treated with 3brono-4-fluorobenzal dehyde (0. 51 g, 2.5 mmol),
stirred at 75 C for 48 hoursQHcool ed and concent F&ed. The resi due was
purified by flash chromat ograpbhyR@ver silica gel (5% e"t\%gnol [ met hyl ene
chloride) to provide the ti (ESI(-)) mz 517
(MH-; "H NWR (DVMSO db) 8 , 2.95 (m 2H), 3.15
(m 4H), 3.42 (m 2H), 3.6 118-7.5 (m 8H), 9.5 (s,
| H). Exanple 9B 20 vinyl R pi- 9- oxo- 3

4.6, 8,9, 10- hexahvdro-2H-thi o anof 3, 2

b] ~[ I ,1¥~napht hyri di ne- 7~SH) - Eézr)boxyl ate 1, 1-di oxi dd®& sol ution of the
product from Exappl£ t wth
vi nyl chl orof ormate %0. I&& &%egerapfogguﬁw%adhg?ﬁ_g gssg?l%?rdtl)\lﬁgrrqtm?e grature
over ni ght . dlkg, siétylselfonylasryk hatecoanylecl aan chal betkylehdlolialosisoxyunitro] sidoxy, f 1 ash
25 chromat ography over silica gel (ethyl acetate and then 10%

et hanol / met yylgﬁg, M@Ma&g)-q ZZz, whertein Z, and Z, are independently selected from

hydrogen, alkyl, alkylcarbonyl, aryl, arylalkyl, and formyl, and R,; is selected from alkyl,

15 arylalkyl, and haloalkyl wherein preferred haloalky! groups are selected from
difluoromethyl, 2,2,2-trifluoroethyl, and bromodifluoromethyl, can be prepared as
described in Scheme 37. 4-Hydroxybenzaldehydes of general formula (97) can be treated
with suitable alkylating reagents such as benzylbromide, iodomethane, 2-iodo-1,1,1-
trifluoroethane, chlorodifluoromethane, or dibromodifluoromethane, in the presence of

20 base such as potassium carbonate, potassium tert-butoxide or sodium tert-butoxide to
provide benzaldehydes of general formula (98). The synthesis of useful 4-
hydroxybenzaldehydes of general formula (97) may be found in the following literature
references: Angyal, J. Chem. Soc. (1950), 2141; Ginsburg, J. Am. Chem. Soc. (1951),
73, 702; Claisen, Justus Liebigs Ann. Chem. (1913), 401, 107; Nagao, Tetrahedron Lett.

25 (1980), 21, 4931; Ferguson, J. Am. Chem. Soc. (1950), 72, 4324; Barnes, J. Chem. Soc.
(1950), 2824; Villagomez-Ibarra, Tetrahedron (1995), 51, 9285; Komiyama, J. Am.
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provide the title corrpound (0.25 g). M5 (ESI(-)) mz 497 AV w@a
(DIVISOdb) SH%@#’A@ 2.68 (m 2H), 3.18 (m 2H), 328

3.75 ( 4.11 (s, 2H), 5.08 (s, 1 H), 7.28 (m 2mPC?/U§9/{%731
H), 9.5 (br s, 1 . 30 63 2 7 MAY 2003 WD 00l 24743 PCT/ US99/ 25373
Exanmpl e 9C
10- ( 3- br om&héaf. ISnor(dB&Zb)nWS,-ZBl&, BER72510Hodgsuny firChet+Soki @9PRH69:3. 2 b]
1.7, Lna~ht i di n-9~SH, >- on 1- di oxi de hydrochl oride A solution of the
product fr dE)?‘Hhﬂi NT):Y 98- &9%8} lgﬁl et hyl al cohol was treated 5 with 6N HC
( 1 n), refluxed for 2 hours, cooled to anbient tenperature and
concentrated. The residue was purified by flash chromatography over silica
gel (| S% et hanol /amoni a sat urated gekdnyd e chloride) to provide the
title conpound (0.09 g) as the free base which was converted to the
hydrochloride salt. M5 (ESI{+)) mz 425 (MH)'; to R NVR (DMSO-db) (free
base) 8 2.2 (m 2H), 2.6 ( Hz 3.15 (s, 2H), 3.22 (@, 2H), 3.52 (d, 2H),
5.02 (s, IH), 7.22 (m 2H) 4 (m AH)., 9.5 (br Anal . Cal cd for
C'H, 6NzFBr SO3 HC1~0.~ CZ ¥ C, 44.41; H, 4.14; .75 a, 7.28. Found:
C, 44.80; H 4.16; N, 5.68;¢1, 7.40. 15 Exant~le 10
~3- Brono- 4-f| uorophenyl ) - 8°3,18. 6. 7, 9- hexahvdr ot hi g . 2-b] LI
, 7] napht hyri di n-8(4H) one. X4dp)di oxi de hydrochl ori d anpl e 10A 20
Tetraﬁydr ot hi ophene-3-of A solution of tetrahydr oth hene- 3-one ( 10.2 g,
100 nmmol ) in et hﬂﬂﬂkerﬁat&ﬁﬁthﬂiﬂ)fom&oﬂlﬂmheﬂsﬁHsﬁMehts\Mt&}h: Bpdsition bpr ohydri de

(4.3 g, 114 mmol ), stirred for 1 hour at anbient tenperature, concentrated
to a vol unbemal%pjflmfrgﬁv@wfosoulﬁﬁms wheredR iis wlm orpzhydrcrggp, Ak,

d I hl d 25 d
Tavers vor kRO SR hefeadit Sinb i oalgHloni S T Pk danitt, AN uf AR e
Lo provi de a8 Ocmmiz, iz Mz EhSiehdd 2, m%@ﬂldéﬁerﬁeﬁﬂﬁ@éle&éd frmlr%m 4as ARy | ed

onto the next s hout purl fication. 4743
Exanploe 10 lkvéaar}ainyhrawlhargbﬂe'hemﬂ fotmyl cdn Uc Dmddxs dcscrlbed in Scheme 38. This

method, also known as the Sandmeyer reaction, involves converting 3-amino

1

benzaldehydes of general formula (100) to an intermediate diazonium salt with sodium
nitrite. The diazonium salts can be treated with a bromine or iodine source to provide the
bromide or iodide. The Sandmeyer reaction and conditions for effecting the
15 transformation are well known to those skilled in the art of organic chemistry. The types
of R,, substituents that may be introduced in this fashion include cyano, hydroxy, or halo.
In order to successfully carry out this transformation it may in certain circumstances be
advantageous to perform the Sandmeyer reaction on a protected aldehyde. The
resulting iodide or bromide can then be treated with unsaturated halides, boronic acids or
20 tin reagents in the presence of a palladium catalyst such as
tetrakis(triphenylphosphine)palladium (0) to provide benzaldehydes of general formula
(81). The diazonium salts can also be treated directly with unsaturated halides, boronic
acids or tin reagents in the presence of a palladium catalyst such as
tetrakis(triphenylphosphine)palladium (0) to provide benzaldehydes of general formula
25 (81).
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PCT/ US99/ 25373 A m xture of Exanple 1 OA ( 10.0 g, 96.0 m'rg(z Wm
tungstate dihydrate (0.3 I 5 g, 0.96 nml) and acetic acid

mol) in waVe00H#d3 1) at 0 Cwas treated 5 with 30 % hydr og@6TRISPUIS3ITe
(31.6 g, 280 mvol ) dropwi se over 1 hour stirred for 30 mnutes at 0 C
stirred at anbient tenperature for 45 mnutes, transferred to a 100 mm x
190 mm crystallizing dish and concent rghegey heating on a steambath to
provide the title conpound as an oil which was carried on to the next step
wi thout purification. o Exafpke 10C Tetrahydr ot hi oplggpe- 3-one-1, 1-di oxi de A
mechanical ly stirred sol ut Leg _d¥2the crude product flrongExanple 10B in
acetone (300 nL) was treat ith Jones reagent (2 36 nL total) in
portions over 2 hours unti e brown col or persisted! stirred for 1 hour,
treated slowy with isopropyl alcohol (7.5 15 nl), gqtirred for 15 m nutes,
diluted with acetone (400QfL)Hand filtered througrbj_,ite to renove the
chromumsalts. The filt rat(qa s concentrated and g{l fied by

chromat ography on silica gel (1:1 hexane: et hyl acet' e) to provide 5.88 g
of the title conpoiifdhate ey ﬁ%@a@ﬁc@o@of@%béﬁtuexﬁﬂbth§45}%s{tfo»n ofH) ., 3.70
(s, 2H). 20 Exanple 10D 6-benz, ~I -

j 3- br ono- 4béxlmahiehpdlnsrqﬂg)ene?ranoﬁn61a18 D), Ivé»eedny&r,pﬂslselecte&frbm hydrogen, alkyl,

b1lf1, 7]' na d|n8 onelldOX| e A soluti
N- benzsl/l pi 5@9{? fjﬁéi sary-,ﬂfﬁ%ar( 7 F¥aie aloel yhhalo, helpal XYscs’etrO (@lkpyyy alkyighio,

7458- 7464 l. h 2. 0M
25 ammoni Ziml(l(g é@gﬂz‘ 2 06 h%’?q?xlx ?1&8152%%)5 13&%@8&%?@&?& rf%%% 2{7(?{8%% eglk t
seal ed t Ub@lkyldaﬂﬂinw avd1f drytalle/l pinddughylf canbesadnk deskdiGed th Seheghe 3@\ Brmrm ),

treated with 3-brono-4fl uorobenzal dehyde (0.51 g, 2.5 mol), stirred at 75
C for 48 howthpd, else kagwaad thesTrodmeyenreactionk inviobuss dorverking $amiitd ed by fl ash

h | hanol / | hl
brovi de ¢ heCudRESdes it s BrmbR 00 g TerpeRp R poR i ViR bedifp . oo
2 ~ MY 20800 AT L NSRS AR i MRS PRl Rudikir 10, 3.0
(m 2H), 3.42 (m 3H), 3.62 (m 2H), 4.85 (s, 1H), 7.2 -
7.48 (m SS)herﬁe% "Q‘he t}@bb of Ky anfpstituebfthat manpe i8rdduced in this fashion include

3- brono- 4-fl uor pphenyl) 3.5, 7. 8, 9- hexahvdr ot hi eno[
blj1, 7] napRYape M TREY G)IM%E‘F}F} Amegerireactnand renditiens o egﬁﬁcteﬁg fe product

o e S T S SR O 7 o

successfully carry out this transformation it may in certain circumstances be advantageous

15 to perform the Sandmeyer reaction on a protected aldehyde.
Scheme 40
NH2 (C|) Br
OCF3 OCF,
1) Ac,0
2) BuLi, DMF
. Br 3) H,S04

4) Sandmeyer o” H

4-Bromo-3-(trifluoromethoxy)benzaldehyde or 4-chloro-3-
20 (trifluoromethoxy)benzaldehyde can be prepared as described in Scheme 40. The
commercially available 4-bromo-2-(trifluoromethoxy)aniline can be protected on the
amino group with a suitable N-protecting group well known to those skilled in the art of

organic chemistry such as acetyl or tert-butoxycarbonyl. The bromine can then be
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anbi ent tenperature overnight, diluted with nethyl ene chl or% %Mﬂ&ég@ﬁaed
wi th aqueoygn hgh el um bi carbonate. The methyl ene chloride Tayer

separated, dried wth sodiumsulfate, filtered, and concent rEtTé%85Feovi de
the title conmpound (0.28 g). M5 (ESI(-)) mz 497 (M- H'; 'H NVR (DVBO db)
8 2.88 (m 2H, 3.1 (m 3H, 3.5 (m 1H, 3.75 (q, 2H), 4. 12 (s, 2H), 4.9
(s, 1 H), dor@ertédrio BE)ithid orthagnlesiddédjvative add tencted difectllitkxanpl e 10F

e T R A
Exanpl e 10E j.:€Lh : i 0 (.1 L),
re?l Imaxgd fgerri\%nﬁ%ui}(érpg’léag%g{g lﬁa)rgéen%ﬁlﬁgm{léﬁ%@r aﬁ%\ﬁr%poélgglmggn]bé i‘%ﬁé’%‘%‘sa" 21The

resi due wasropiidid b @fortie Vik BfelSaldnRyel @ethal Y SeGhe S8 fdllRved By h?ldrl)@)%is of
et hanol / ammoni a saturated nethylene chloride) to provide the title conpound

(0.070 g) hnidedxokans providesrd-brdomae3i(lrfluoyometbhkyibenaldehyde onviscilei®ty—-)) nl z
411 (M - -, 25 "H N b) 8 2.75 (m 2H), 3.02 (m 1H), 3.15 (s,
2H), 3.58 H?“%’Pﬁ“,eﬁl?.’%%eé‘g}@ € 7.25 (d, 2H), 7.43 (d, 1H), 9.9 (s, 1H);
Anal . Calcd for C, 6H, 4Br FN2S03 HC1~0.5CzH5CH C, 43.19; H, 3.84; N, 5.93;
Cl, 7.50. Found: C,43.69; H 3.85; N, 5.83;Cl, 7.66. 30 66 WD 00124743 Z
? MA~S2 ~~3 3 Exanple 11 Scheme 41

9- (3-brono-4-fl uorophenyl ~- 2, 3. S39-t et rahydr o- 4H pyrano
[3,4-b]thieno[2.3-fF3pyridin 8L H-of® | , | -dioxi d&FExanpl e 11 A net hyl

( 2- oxopr o~oxy) ace A sol ution of Z\MGet hyl zi nc AN KO} uene (21 nli, 42
nmol ) was cool ed

) gphi ne) pal | adi u ) (0.57 g, 76 mmol),
2- (chl or of or nyl nkt hoxy) acetate ( |12.6 g, 76 mmol ) to
dropwi se over 0.50Choons, stirred f@F @+ hours at 0 Cgstirred for 16 hours
at anbi ent tenperature, treated with 1 MHCl (40 nL) and then brine (20
m.). The organic |layer was dried (MyS04), filtered and concentrated. The
residue was purified by flash chromatography over silica gel (1:2 ethyl

Fa 15 Exanple 11 B
QmXExanple 11 A (5.0
over 2.5 hours to a

dneipe A sol uti oplof xt he product fA#

g, 34 mmol) in di yl ether (40 s added drop
0 C solution of #'pot assi um t ent = oxide 20 (in teg#-butanol, 34 nL) in

di ethyl ether (270{nlL). The m xture S treated with HCl (120 nl)
followed by ethyl aegtate (250 nl) angd,brine (50 ni). ‘11 e |layers were
separated and t he aqueous | ayer was (? 45 acted with et(tp%d acetate (twce,
250 nmL). The conbi ned organic |ayers'‘were washed with |)i ne (2x, b0 ni),

dri edo(MyS04), 4iTrifRbeshadbepaiRAYdaoEdehdalcimglat(nes)! whgehal eldeaidow 40
C) to provide the title conpound 25 (Terasawa, J. Org. Chem (1977), 42, 1
| 63-1169) frema#ypre vitrmaed halggnay baprepgredicaording o the methedel Soheme il ed- by

o o 0 e PR R R b SR G G
literature such as nitric acid with sulfuric acid, and the carboxylic acid group reduced with
borane to provide 3-nitro-4-trifluoromethylbenzyl alcohol. From this benzyl alcohol may

15 be obtained the 3-nitro-4-trifluoromethylbenzaldehyde by oxidation with typical reagents
such as manganese dioxide. The nitro benzylic alcohol can be reduced to the aniline using
any of a number of different conditions for effecting this transformation among which a
preferred method is hydrogenation over a palladium catalyst. The aniline can be converted
to either a halo or cyano substituent using the Sandmeyer reaction described in Scheme 38.

20 Benzyl alcohols of general formula (104) can be oxidized using conditions well known to
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WO 001 24743 PCT/ US991 25373 Exanple 11 C 5-am no-2H pyr an-SgZL A\dnﬁ]ﬂﬁe 30
% pur e pro%yato /9174E><arrpl e 11 B was treated with benzene (6 }_y t hen

et hanol (2 m_?, then para-toluenesul fonic acid ( 100 ny), R PR Bat ed
to reflux for 6 5 hours and concentrated. The obtai ned product,

5- et hoxy- 2H pyran- 3(6H)-one, was treated with 2M ammoni a i n net hanol ( 100
m), sti rriaesel skilleiGn igsuirs sedhchsGoapandse di@dde dMSwérg sbadidond mruvidki ed by

flash chronmat ography over silica gel (5% and then 10 nethanol / nmet hyl ene
chl ori de) henzgldeuidge of ganeral fomuaifiSind (1.3 g). MS (DCI/NH3) mfz 114

(5M6|f) Er s , 1§1H§ M@'o'%%?t@gi‘a?org%cl\llw% &%ﬁgm%gg E)PR,?’fo% gor(nls)bunzd;)o’f tﬁle' %r%se(n% - 2h,
9- (3- br omypderfilonqt Bg}?%f_@beéﬂarezto%ﬁéctgﬂé(;rﬁfdrﬁﬁﬁgﬂs%ﬁﬁé #romatijc n'né sxbstitutions after

ranol 3, 4- b~, t hi enof ]pyridin 8(7H)-one 1 1-dioxide 1 m xture of the
product f rtheralgebyds tas beerCincorpobated inl@themote) strugtuse ofthe 4tdsemtriabarntioal dahyde
(3.2 g, 16 nrnol), tetrahydrothiophene-3-aoxo-I | -dioxide tBre ared as

descri bed SUgh.(cPmpgunds ofcthe presepidnyention mey hefurthersmansforgerdyo othendigtingt 13

| d tri ' . 6 | )..in._ethanol s stirred
s seal SqmhB BrE Bt dhing B Binb o Mafom IR S S R o
The resi dugeckaduplig@fcactiotstant sHtvitacPhre (RY! 1R wWH-th.thd L &Ri1Ikd M te arl bforgargt hy|

ether, 5 nmL), and heated to reflux for 5 m nutes and kept at ambi ent

t enper at urchemastry3 Hownsbelawere semd repregerdaiviednethedsoflshete tramsfiryndtions pht i on,
washed with ethanol.and dried under vacuum for .16 .hours ta provide the
Litl B comsSmRPURaS of (5 Prases ipygplien 4 Oer QQEpqung5 OF 18 PicsaniiRKeRUen. 431
(M:tNH4) +; 25 MS (ESI(-)) mz 412 (MH'; "HNWR (DVM8O-db) 8 2.85 (m 1H),
3.08 (m 1H), 3.33-3.42 (m 2H), 4.03 (s, 2H), 4.49 (AB g, 2H), 4.90 (s, 1
H, 7.27 (m 2H), 7.45 (dd, 1 H), 10.Schefne421 H); Anal. Calcd for
C,6H'NO4SFBr: C, 46.39; H, 3.16; N, 3.38. Found: C, 46.2g H, 3.24; N, 3.26.
30 68 WD 00/24743 Exanple 12 2 7 MAY 2003 PCT/ US99/ 25373 R1o
(+)-9-(3-brono-4-fl q
~, yranoj 3. 4- bl t hi enj

Ri2
anple 12A

9- (3-brono-4-fl uorophenyl) .

8- oxo- 2. 3, 5, 7, 8, 9- heXahvdr o- 4H pvt gmgt{;t@/'%@gbqnﬁﬁi enof 2. 3- a]

ylate 1 1 dioxi drfeDTO Q sgPensi on ¥ oduct, from@/Egga

g, 3 .7mol) if T {0 ) at r /&y ogen

1 M solution of Apgts gmA'ert bfjbt'gg 'd,q%fd@'eﬁ%@h 1 nmA

m nutes. The m xture Btirred at ambient tenperature foly m nut es,

cooled to 0 C, treapedh With a solution of 8-phenyl nenthol (ml)%r of ormat e

prepared from (-}-8-phenyl nenthol as described in (Yamanoto, Y.,

J. Arer . Chem SocDihyde@giidingd 4f gz fal fasjuld 1.08) whereln 4, wyydD,) D, Re, TRFn @admni )
anbi ent tenperature fo hours, diluted

over 5 15 m nutes, stirre 6

wi t h'met hﬁ%ﬁ%éféfﬂeélrm m?qgf&nﬁ)selaﬁad Hamrquhalgaﬁé@agcagwm

bi car bonat ) k . I r was
extract ed %I%Q%%%ﬁémetéﬁﬁ}’%dﬁﬁ%ga&gw.[’%%"ﬁ)gmg’o ‘f’ﬁ‘gaﬁ%?fggﬁ’?”c’ nﬁgﬁer S were
dried (MySMKoxy, hnd alkykistiopadt CIOYNAIZ, avedein ) @nd &5 aftliadspradaitly feleetkdifyorfil ash
chr omat ogr aphy over silica gel :2:1 chl orof orm hexanes/ di ethyl ether) to

3
provi de 2dwdrégngalisyl, @Mlcpé@gybéwé,rarﬂiausyt, and deraryl, Rpiseketed)frorphydgen,
(MEH) +, 6%1%!(1{'())('\/'3",\"5&)0;5-’, h'aw%aﬁlg)%yg é.x}d) aryrr{z:lfkogs()z,ORl(2 lx\g s@e_cted from alkyl, vinyl, aryl,

20 heteroaryl, cyano and the like, can be prepared as described in Scheme 42. Compounds of

qyri di ne- 4- car box
il e é;.RD ( 1.58
2t &/hgs added a
‘over 5

general formula (107), wherein X is selected from bromine, iodine, and triflate, are
protected with a tert-butoxycarbonyl (Boc) group using standard procedures. The aromatic
bromide, iodide, or triflate can be treated with a suitable tin, boronic acid, or unsaturated

halide reagent in the presence of a palladium catalyst with heating in a solvent such as
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Exampl e 12B 25 (1R 2S, SRS- net hyl - 2- (1- et hyl -1 ;

phenyl et hyl & &bﬁ?@xyl 9- (3- brono-4-fl uorophenyl) 8-oxo-2, 3, 527 MAY 2003

7, 8. 9- hexahydr o- pyranof 3, 4-b]thienof 2.3-elpyridine-4-caPe&UpPUIB7I, 1
di oxi de The inpure nore polar diasterioner from Exanple 12A was

rechr omat ogr aphed on silica gel gel (3:2:1 chloroform hexanes/di et hyl

ether) to pdimettdéfotm@midead effetter doRpEnGapidrathadbragides didyefopyffines W%Eneral
001 24743 2 7 MAY ~~~ PCT/US9 M5 (ESI(+)) mz 672 (MH) +, 6§9 ( M:NH4) +; MBS
(ESI (-)) mtormyd ({ f8))The copditighetor this gansformation also effect the removal of the Boc
~+1-9-(3-br on{)- 4-fl uorophenvl)-2~, 3L5, 9-t et r ahydr o- 4H,

pyr anoj 3, 4-BPERIRHEFOPP3. e] pyri din 8(7H)-one 1, 1-dioxide A sol ution of
Exanple 12A (0.98 g, 1.4 mmol) in methanol /methyl ene chloride (40 ni/ 1
Omn.) was degassed with nitrogen, treated with of 25 % sodi um nmet hoxi de in
met handl (30 drops), stirred for 16 hdicheme#Bltered through a 45 mm syringe
filter and t O concentyated to a volune of 5 nL of nethanol. The solid

whi ch had precipitated*was collected by filtration, washed ¥z h net hanol
and dried under vacuwmfeR1016 hours to provide the title cong
[a]'' D +117 (DVSO, c25); M5 (ESI(+)) mz 414 (MHH) +,
MS (ESI(-)) mz R (NH'; 'HNW (DMBO-db) b 2.85 (mpg,
Hy, 3.33-3.42 (m 2H),| 4.03 (s, 2I;P 4.49 (AB g, 2H), 4.90 (s, 1H), 7.27
(m 2H), 7.45 (dd, 1H)|, 10.14 (s, "1 pPytbunidigatopate.q for C, 6H,|3NO4SFBr: C,
46.39; H, 3.16; N,p3.3 ﬁrm/wnd: C .AB‘?,e . 3.02; N 3.49. 120 & le 13
~-Z 9-(3-brono-4{f| upr offheny}) - 2,

5. 9-tetrahydro- 48Oy Al- b~t h%%,%ﬁf} %él S~ntgliq)&li n 8(AHLA& [ JA'?ji oxi de A
sol ution of Exanple 1287(V'm. 0 g, 15 mml) was processed as & mbed in 25
Exanpl e 12C to provi ¢gilgoyhe title conpound (0.40 g). [a]z’ D(1-1157 (DVMBSO, ¢
1.01); MS (ESI(+)) mz 414 (MrH)+, 431 (MENHQ +; Ms (ESI(-)) mz 412
(MH)-; '"H NW (IDUgGrapyyidine® oBgeneral formidla (131))8vherain A, K),.D,3'3B; R, 4@, ¢nd n 2H) |

f_lij ,031((3_5 1 42( é agdqﬁ()gqe%gb %A\rx%m?d I, %‘:,) is séécgtgd grgfn hlydmg’en,7 élﬁ;l, gmylc%rl_b!)ohyl?' 45 (dd, 1

alkylsulfonyl, aryl, heteroaryl, cyano, haloalkyl, chlorine, fluorine, haloalkoxy, nitro,

10 alkoxy, alkylthio, and -C(O)NZ,Z,, wherein Z, and Z, are independently selected from
hydrogen, alkyl, alkylcarbonyl, aryl, arylalkyl, and formyl, R,, is selected from hydrogen,
hydroxy, alkoxy, haloalkoxy, and arylalkoxy, R,, is selected from alkyl, vinyl, aryl,
heteroaryl, cyano and the like, can be prepared as described in Scheme 43.
Dihydropyridines of general formula (110), wherein X is selected from bromine, iodine,

15 and triflate, can be protected with a tert-butoxycarbonyl (Boc) group using standard

procedures. The aromatic bromide, iodide, or triflate can be reacted with a suitable tin,

boronic acid, or unsaturated halide reagent in the presence of a palladium catalyst with
heating in a solvent such as dimethylformamide to effect a coupling reaction that provides
dihydropyridines of general formula (111). The conditions for this transformation also

20 effect the removal of the Boc protecting group.
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WD 001 24743 2 ~ M AY 2003 PCT/ US99/ 25373 Anal . Calcd for 2;%55@?@
46.39; H) 3.16; N, 3.38. Found: C, 46.12; H, 3.23; N, 3.34. 5
~3- cyanopheWﬂ‘b“’zf“Q 5.9-tetrahydro-4H _pyranoL, 4- b] t hi eno12. PCITYSPPREATA- 8y 7
H)-one 1 1-dioxide A m xture of the product from Exanple 11 C (0.74 g, 6.5
mmol ), 3 cyanobenzal dehyde ( 1.0 g, 7.8 nmmol), tetrahydrothiophene-3-oxo- |
, | -dioxide (0.87 g, 6.5 mml) and tr9gcgéh¥l4gm ne (0.45 nL, 3.2 nmmol) in
ethanol (20 nL) was stirred in a sealed o tube for 60 hours, cooled and the
solid collected by fitwrati on and washed with ethanol. The § was
treated with ethanol X)) and 1 MHC (in diethyl ether g heat ed
to reflux for 15 m s and kept at anbi ent terrperature f 6 tﬁf@rs The
title conpound (ﬁ; was col | ected b filtration, 2d~wA h et hanol and
dried under vacuum fol 16 hours. 1% %ﬁ%‘ﬂ%&bﬂ‘atﬁdz 36 T MENHA) +; VB
i "H NWR ( 86 (m 1 H), 3.09 (m | H),

(ESI(-)) mz 341 (M
2H) Rz 4. 49 ( 97 (s, 1 )
T e, o Euris
59. 4; H 4.4l ; R
(7H)-one 1, 1-di oxi de 25 Exanple 15A ( 15,2R, 5 S)-5-net hyl
1- met hyl - 1- pheny}iRydi¥pyriaifdsATeENEralforBuMA PP RERYdIR A8 20X9, D', R, R,, m, and n
2.3,5,7,8,9-hexahydr o-4H- pyr anoj 3, 4- bl t hi enof 2, 3- e] pyri di ne- 4-car boxyl ate

| - di oxi deIeTaseieﬁnGijunﬁorrﬁularh Epsasrpﬂlectel_dﬁlfr()m]h}@r%eniialsyhﬁkkb')camybr ocessed as
nd 050 g ol @it Setekiati Svans; heluglkt sBisainoes e elasthess B, 263 7a
aster| Og?fkogg aﬁ%}ﬁg’,laﬂa A ANEZOWhereilfZ, GRE'A, tde inl Fenfdritiy{ MW from VB

IES'(-))

3.38(m 2H), 4.0 (s
7 d C, 59.19;
o & /ggwn Rz

7.56-7.68 (m 3H,
H
9- (3-cyanophenyl ) -2, 1?0 §9-t et rahvdro- 44 pyr anof 3, 4- b~t hi en§1]1§ﬁ3 a] pyridin-8

| .
[
a
di
(
hydrogen, alkyl, alkylcarbonyl, aryl, arylalkyl, and formyl, and R, is selected from
hydrogen, hydroxy, alkoxy, haloalkoxy, and arylalkoxy, can be prepared as described in
Scheme 44. Dihydropyridines of general formula (107), wherein X is selected from
10 bromine, iodine, and triflate can be protected with a tert-butoxycarbony! (Boc) group using
standard procedures. The aromatic bromide, iodide, or triflate can be treated with a
suitable halozinc reagent in the presence of a palladium catalyst with heating in a solvent
such as dimethylformamide to effect a coupling reaction that provides dihydropyridines of
general formula (113). The conditions for this transformation also effect the removal of
15 the Boc protecting group. The types of meta substituents that may be introduced in this

fashion include trihalopropenyl and more specifically the trifluoropropeny! group.



5 | ar di ast M5 (ESI(+)) mz 618 (M-NH4) +;
o0 T e agbp [ (o () 12 618 (O 1D TERIAY)2008

(+19- (3- cyNBBHEHYT 1 - 2, 3, 5, 9- t et r ahydr 0- 4H pyr ano~3, 4- bl t hi RESKYSW2EIByr i di
n-8(7HLone | , | -dioxide A suspension of the |ess polar diasterioner from
Exanple 1 SA (0.50 g, 0.83 mml) in nethanol ( 10 nL) was treated with 25 %
sodi um net hoxi de in nmethanol (30 dropSghensi4yred for 16 hours, filtered
through a 45 mmsyringe filter, concentrated to dryness, | S treated with
ethanol (20 nL), heatyed on a steambath until crystallizat
allowed to stand at anbi RNt tenperature for 5 hours. The sofid_was
collected by filtra ~"Rashed with ethanol and dried un
hours to provide t tle conpound (0.15 g). [a]'-30 +10
20 M5 (ESI (+)) M 350 (MNH-)+ MSDLEShyfiaiddrodfate 341 (FAF)
(DVMSO-db) 8 2.86 (m |1 H), 3.09 (m DMAH) mMe8N38 (m 2H), 4.
(AB q, 2H), 4.97 (s, |1 H,g7. 49 (t5—+H+—F56-7-68 (m 3H
H); Anal. Cal cdrt SHPANZOAS: Q. PEB®POH: H, ||4. 12; N, 8. 3
59.39; H, 4.25; [N -g0/n72 WD 0o/ 24743 Kxanpi e 16 2 |
PCT/ US99/ 25373 ("> /%/A RZn CFy AN AyA

9- (3-cyanophenyl ) -2, 31 By Tt et r ahydr o- 4H pvrano[ 3, 4- bl t hi endf aegmel pyridin-8
(7H) -one 1, 1-di oxi d&1A) suspensi on of the nore pol ar di astegti®nmer from

Exanpl e 15A (0.5Q g, 0.83 5 pmol) i thanol {30 nL) and_met hyl

chi ori de (5 L) DiararEameaobPRRTESouRab 6l Lo WATRBA0E > D ik Bmal and 20
d . st - r Fidl ' filter,
troated drapes o Bl ot B R,y dsgERERH ol BYdey SR TG BORL o e,

concent r at Aklylbwl fahivy, rews heteroasl,a¥aio, tHalcatiiaublor{n2) fifboine, hebukdxpmiwro,St eam
bath until crystallization began and allowed to stand at anbient
t enper at ur&kexys alkylbigs SC(ODNE &pWihgreimé, engd Loare inflepyndestly iselested frem,  washed

wi t h et hangl, and i ed,punder vacuyum f 6 rs.tg provide the.title
corpound. (B1oretg, Ak G ALY RERpRNE Eidfto Al St deiRn, Raft S8sctiy bO8 2y utoeRyw, .
LH), a3 5o g febllioxs, S ety S P s et i SehemS S
1H), 7. 56-DityBropyridies pf dmetal fqmdlawlp),wreigéxumiemﬁd fesriibral@E Soding, Hz O
%’7 S?Q ?f é hq,xH@rtéﬂ%tl_e;ﬁa{I}l Psgrfggﬁmc{f\%ﬂﬂCzjt:terct:-'butS()%ygac};bonH)}l (ébc 8g;r01|}|1’3 us?ihg gt'anc?a?d Exanpl e
2.3.5,9-t @g@égé’o i -@%rpy el :

1, 1- di oxi eI%A m Xt ﬁ?%?@g?gd Oi(%&?‘?gﬁ@xag%p e Jliiégct:&i(%{tggbsaﬂbge 5 mol ),
4- chl or o- 3hadozinoleegena idtheptesefce. & agpallddiumeardly st with heating in a solvent such as

t et r ahydr ot hi gphene- 3- oxo- 1, 1- di oxj.de (0.87 g, 6.5 25 mmol) .and

tri et hyl anfiethyiforgamide tg effechagioppling epptigmihat provides dihydrosyrdweselgensral n

formula (116). The conditions for this transformation also effect the removal of the Boc

15 protecting group. The types of para substituents that may be introduced in this fashion
include trihalopropenyl and more specifically the trifluoropropenyl group.

In addition to the use of the method illustrated in Scheme 28, individual

\ enantiomers of compounds of the present Invention may also be separated by chiral
chromatography.
20 The following methods are intended as an illustration of and not a limitation upon

the scope of the invention as defined in the appended claims. Further, all citations herein

are incorporated by reference.
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Exanpl e 11D yi el ding a residue which was purified by flas hy
over silica gel (5% nethanol/nethylene chloride) and crys?glql]ir'g@m

et hanol to YPHREE3the titl e conpound (1.46 g). M5 (ES (+)) PETASAY 2373
(MENH, ) +; 30 M5 (ESI(-)) mz 395 (MH)'; 73 wo oona7a3 21 MAY 2003
PCT/ US99/ 25373 'H NVR (DVSO-db) 8 2. 80- 2.93 (m 1H), 3.01-3.13 (m 1H),
3.39 {t, 2H), 4.04 (s, 2H), 4.49 (AB @gxam e15 02 (s, 11-1), 7.5 8 {dd, 1
H, 7.69 (d, 1 H, 786(d 1H) 10.22 (s 1H) Anal . Calcdfor

C, 6H, 3SNZCb SCl bitopReIB()-5 i Wi flipyganof3 344 '
6.79. 5 Exanple 18 j+) 9- (4-chl oro- 3- gen 1) - 2 3. 5 9 tetrahydro 4H
pyrano[ 3, 4- bl t hi enof 2. 3-e) pyridi n -di OXIde lo Exanple 18A ( 1
R, 2S, 5R) - 5- et hyl I v h

9. (4- chi or o- 3- n%(tsplgxé(ogjof'f%ﬁa@¥hm¥y%e§¥ d%r{l (Ir)efégﬁl/zi) P@?b Chem. (1977), 42,

0X0- 25 3. 5.11,68, Br69¢ Kb g A1 M5 4itn Y/ Rbfinse-4- fhldﬂm&sn@zilaelﬁrda](pyrgl, dnnﬁn}é})caﬁhﬂboxyl at
e 1,1 dioxide The product from Exanple 17 g{l 3 g, 93 rocessed
as in Exardf¥ mowlaﬁaly_i.zlsotx@l(ﬁ 1@0&0]%«3 ltﬁptesiheaISéﬂsl pkbr:é@ k0 °CFor
diasterio and 0 e re ar. diasteri ey ess pol.ar

di astereo dE%F{’% Fr‘ﬁgo%‘%“( Wﬁﬁﬁ 5‘$mﬂ€/§‘ i f"l}(‘rlflfs B’S% fkl%irF-ﬂ off 59
(ore po a%,gghgﬁut%@evr@matm&fﬁég) Y hEhdi b Avds oMY by TG EEShatogkahy? 653
(+)-9- (4 ahieosidic3 geli (lSVoqnh’ényd)l)’mEﬂ)Sleﬁgthoaﬂe)aumpdmodél&h Brange foam that was

anoj 3, 4- b) t hi eno[2 3-e)pyridin 8~7H one 1, 1-dioxi de The | ess pol ar

di ast®ri orfEPurated withethesand eay | @getaie tg provide Wﬁmly compopRddd s s ag anjorange
Exanpl e 165'8%8 provide the title conpound (0.23 g). [a]2'D +75 (¢ = 1.0,
DVSO) ; (ESI(-)) mz 39S (MH'"; 74 WD 00124743 2 7 NAY 2003

mp >250 °C,;

MS (APCI(+)) m/z 392 (M-H);

'H NMR (DMSO-d,) & 4.06 (s, 4H), 4.41-4.60 (AB qu, 4H), 4.94 (s, 1H), 7.19-7.32 (m,
15 2H), 7.42 (dd, 1H), 10.12 (br s, 1H);

Anal. Calcd for C\;H;;BrFNQO, 0.5 H,0: C, 50.64; H, 3.49; N, 3.47. Found: C, 50.66; H,

3.56; N, 3.90.
Example 2
20 5-(3-bromo-4-fluorophenyl)-2.3.5.8.9.10-hexahydrobenzo[b][1.7]naphthyridine-
4. 6(1H.7H)-dione hydrochloride
Example 2A
2-benzyl-5-(3-bromo-4-fluorophenyl)-2.3.5.8.9.10-hexahydrobenzo[b][1.7]naphthyridine-
25 4.6(1H.7H)-dione hvdrochloride

A solution of 3-amino-2-cyclohexen-1-one (0.55 g, 5.0 mmol), 3-bromo-4-
fluorobenzaldehyde (1.01 g, 5.0 mmol) and N-benzylpiperidine-3,5-dione (Ziegler, J.
Amer. Chem. Soc. (1973), 95, 7458-7464) (1.01 g, 5.0 mmol) was heated for 3 days in
ethyl alcohol (10 mL) in a sealed tube and then allowed to cool to ambient temperature.

30 The solvent was evaporated and the residue was purified by flash chromatography over
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PCT/ US99/ 25373 'H NVR (DMBO-db) 8 2.80-2.93 (m 1 H), 3.012:7 MA é H) ,
3 39 (t, 590 04 (s, 2H), 4.49 (AB g, 2H), 5.02 (s, | XWZQ3

. 7.69 {H0Q03443 7 85 (4 | H, 10.22 (s, 1 H): Anal. Cal (?d:Tf"iﬁ”’g 5373
C~6H~3NZOGSC1 C, 48.43; H, 3.30; N, 7.06. Found: C, 48.26; H, 3.48; N,
6.98. 5 Exanple 19
~-}-~4- chlsﬂrdag’él(ﬂ%reﬂﬁhdhnbthylénecﬁl,oadépﬁormhwidé thedtfiecodipoand (&84 gpwhithenol, 3
-a]l pyridin 8(7H-one 1, d| OXI de The nore polar diasterioner from Exanple
18A (0. 8l vgascpnzerméotp)t Slptlbcessed 10 as in Exanple 16 to provide the
title corrpoua%i ég g). [a]z'p -74 (DIVBO c 0.97); Ms (ESI(+)) mz 414
( MENH4) +; = ) m z 395(MH) ' H NMR (DMBO-db) b 2.80-2.93 (m 1
M, 301 CMSQD@HNH;)H}/zwl §191+(H) 4.04 (s, 2H), 15 4.49 (AB g, 2H),

5.02 (s, | H), 8" (dd 769(d|H),786(d|H),1022(s,|
H); Anal . ‘H&Jmf@accxﬁwm@&sam(rmzm)s246;7(@213) 338 (v, 2H) B05-B48for, C,

513- br o4 %)fsﬂdffb&g?wﬁ}l (o 45605 6% Th.guttol D, 7.32 (o 50,74 08
Bt 6 1 DB CAEEAELHED RO MR FoE: SRR,

mmol }, 1, :Ncs)(:cjohexanedl one (0.23 g, 2.0 nmmol ) and triethylamne (0.14 ni,
1.0 mol) in ethanol (4 nL) was stirred at 80 Cin a sealed tube 25 for 60
hours and cool ed to anmbient tenperature. The resulting solid was coll ected
by fi(#tration, washed wi th et hanol, %ﬁ% in a mxture of nethyl ene
chl ofY de/ net hanol (4:1 ), heated on ath to renove the nethyl ene

chloride and al | ow Rgny|§-GLprehild- 'ﬂﬁSrobﬁén]yi)-h,@wlgxo-lhes, ,srvxgsstiﬁi-s ver e
collected by filtration, Wwas e W met hano an rle under vacuum for 16
hours to provide the bétalhe oflng ' i 9 nmlz 392
M+H) +; 75 V\D 00/ 2474 SI n 39 AY 03
|(DCT/H) US99/ 25373 AEP F&Pé‘f’%vbg%% S%OM?GTOE’“GE P?’H]I\éx?m’le é“\;ﬁ%% g%}“’ml) in
2 43 2.64

o 39 n%‘ggyl%%hlég@el(fb?gL?w%wéat%cg\é\ftﬁ‘%&%l 5@0&%‘&3@&2%%’%@3 %]%9’\15 L2

H 3 185; No sfir & Ambrentnenpdratutedo@@night. Phelsblvelst was &a%%ratﬁ@dnherﬁfﬂue was
10- (3 brom) 4-fluorophenvl)-3,4.6.10-tetra ¥dro 2H. 5H pyrano[ 3. 4-b] t hi opyra
no f Aupfied @Wrﬂagﬁemrr@mrqphy %’Fb%il%gel( :95:1 ethanol/methylene

chloride/saturated ammonium hydroxide) to provide the title compound (0.25 g).

MS (ESI(+)) m/z 461 (M+H)";

'H NMR(CDCl,) 8 2.08 (m, 2H), 2.4 (m, 2H), 2.55 (m, 2H), 3.9 (d, 1H), 4.15 (d, 1H), 4.43
20 (d,1H), 4.57 (d, 1H), 4.75 (d, 1H), 4.85 (d, 1H), 5.12 (s, 1H), 6.9 (t, 1H), 7.14 (m,1H), 7.3

(m, 1H), 7.48 (m, 1H).

Example 2C
5-(3-bromo-4-fluorophenyl)-2.3.5.8.9.10-hexahvdrobenzo[b]{1.7]naphthyridine-

25 4.6(1H,7H)-dione hydrochloride
A solution of the product from Example 2B (0.25 g) in ethyl alcohol (20 mL) was

treated with 6M HCI (20 mL) and heated to reflux for 1.5 hours. The ethyl alcohol was
evaporated and the aqueous portion basified with 1N sodium hydroxide. The basified
solution was extracted with methylene chloride (3x). The combined methylene chloride

30 extractions were concentrated and the residue was purified by flash chromatography over
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0 A mxture of the product from Exanple 11 C (0.23 g, 2.0 HA 3- brono- 4
I

or obenzal dehyde (0.49 g, 2.4 mmol), 2003

- di oxot etwaligdsm@3z 1-t hi opyr an- 3-one (Dodd, J.H., J. Fbterocy@hmgg
1990), 27, 1453-1456) (0.30 g, 2.0 nmol) and triethylamne (0.14 ni, 1 0
mml) in ethanol (4 nL) was processed as described in Exanple 14 to prOV|de

he titl

NE (ESI(©) ) SRR EaZ8 O Ppiicp o rrigiiremigsidnlsehistisd Spmiapyun fyaroxitg) toprgide
é (IS% (g 64 %ttxtle]cfmpouﬁdg@‘lég)s\rs’hx(:ﬁ”wagli%nveﬁ)eggo ﬁﬁhy?ﬁ%hlo%dﬁ%@l(.ﬁﬁaﬂ é:l) d
for C'H,sl\lOﬁ@l’—BJO-’)n%Z}? 68; H 3.53; N, 3.27. Found: C, 47.36; H, 3.65 N,

20 3.06. Exanple 22 (3-bromp-4-fl uorophenyl | -5,10-dihydro-1
H, 3H p~ rano@@%(#)ﬁﬁé@??hﬂﬂ["ﬂm el pyridine 4.6(7H. 9Hl-dione 25 ~ A mi xture

f th d C (0.23 2.0 I 3-b 4
19I uorg 2%%#@%@%"3@@%@ n’gml) '?hl opyrngm3)5 di o:lgm()FehneI E A,
J. Amer. Ch%NhﬁRQDMﬁ{@foﬁ%ﬁer%%fe)%iz -2 244, 2(}? 261 @, 22),0 s10h)21809.17 (s,

triethylamne (O in et hanol nL) was processed as in
Exanpl e 20 2H),3:3B/(mle2H)hé.89i (5, ) 3319 qumndH), 7.4 {mg) H), 36 GVBII(IESI (+)) mz 410

(MEHLY, 427 (MENH4) + 743 (ESL(-)

7003 PCTngéPQ%g?é?dfPr énﬁ %‘%@t@dﬁé @ ég/%i Ed5(7§ ﬁa‘s 5§, g ‘%il% %73 é é
(dd,lH) &}g‘?’( 2H), 4.48 (AB q, 2H), 4.97 {s, 1 H, 720(ddd|
7.26 (t, §40 (dd, 1 H), 9.98 (bs, 1 H); Anal. Calcd for
CH3I\63SFBr C, 49. 77 H 3.19; N, 3.41. Found: C, 49.43; H 3.28; N, 5
3.21. Exanple 23

5- (3- br ono- 4- f | uor ophenyl )-5.7. 8, 9-tet Ezm:}m}sdi:ycl opent aj b] pyr ano

[ 4, 3-a] pyridi C ) € f € f
Exanpl e 11 € O PR < P er=d Sisistaract e O &g 2
mmol ), 1, 3-cycl opent anedl one (04 ggﬂmgdgn@mh%cﬁmdgn et hyI ami ne (0 14 m_
1.0 mol) in ethanol (4 nlL) was processed as described in Exanple 14. The
sol i d was di ssol vesbhitioneofitha prodectdformrExbmbleriC (hlbg) idevetbyladenbiol (44m].) )zvas

Cryst Pl | zeuPbed witha Hoacout FemaldpErdn 0 YL ormEEiBab Py dderet A a0
il comoBngel 8y Saflii R to ARSI, Donddhge ‘%Mﬁ%ﬁf?%%

(ESI(-)) n amBiéat {eMpdhature. ThHe MNedatio Mkt ascohcertraidd andHhe redidu® peditiondéd H) ,
273(dt 1 H, 4.04 {s, 2H), 4.53 (ABq, 20 2H), 4.71 (s, 1 H, 7.22 (m
2H), 7.43 (bBetwegn PBUCOPS w@am(h@@rbwamandmghyle@gpldan% T hcmtmmimlorlds

53.99: H, 70... Fo 5 N 25
5-y3-brono- lf‘y? ‘i W%?’ %rﬁ%de‘ﬁlgplso‘héugl Sé‘%ﬁ f%?rF%fhaﬂ?grg ioeiﬁnﬁbv %?E{(%Ejpldg the free

1. 71 napht hy pagdioTehe title compound (70 mg). The free base was converted to the hydrochloride salt

t
flu
1,1
(19

and crystallized from ethanol/ether.
mp 248-250 °C;
MS (APCI(+)) m/z 405 (M+H)";
\ '"H NMR (DMSO-d,) (free base) 8 1.78-2.0 (m, 2H), 2.22 (m, 2H), 2.29 (s, 3H), 3.1 (m,
25 2H), 3.5 (m, 2H), 4.83 (s, 1H), 7.15 (m, 1H), 7.2 (1, 1H), 7.37 (dd, 1H), 9.72 (s, 1H);
Anal. Calcd for C,,H;N,FBrO, HCI: C, 51.78; H, 4.11; N, 6.35. Found: C, 51.73; H, 4.40;
N, 6.21.
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4. 6~3H. 7H1- di one hydrochl oride 77 2 7 MAY 2003 WO 00/ 24
PCT/ US99/ 25373 Exanpl e 24A ﬁ MAY 2003

8- benzvl - 5- O B¥VATA3 4-f | uor onhenyl ) -5. 8.9, 10-t et rah~dro- 1 H (ROTAWSIORSW3Ib~ |
1, 7] n~ht hyri di ne-4. 6(3H. 7H1-di one A m xture of the product from Exanple | 1

C(0.13 g, I .1 mmol), 3-brono-4 5 fluorobenzal dehyde (0.28 g, 1.4 mmol),
N- benzyl pi peri di ne- 3, 5-di one (Ziegler Ex‘lg%ﬂr Chem Soc. (1973), 95,
7458-7464) (0.23 g, 1.1 rrm)l) and trle ylam ne (0 14 mL, 1.0 nmol) in

et hanol (3 3visrenmrb flesmptierad)-2 Q.14 A A.46](1 Yénaphthveidirerpound
(0.35g). M5 (ESI(+)) mz 483(MH—|) d‘-} IVHNH4 to M5 (ESI(-)) nlz 48l
(MH'. Exanple 24B vinyl aww

5- (3- brono- 4-fl uoro~henyl) -4, 6-di oxo-4,5, 6, 7,9, 10- hexahydro-1 H pyrano f
3,4 b],( 1.7l naphthyridine-83H)-carbodate 15 A solution of the product from

 Exanplse 24A (0.29 g, 0.69 mml) in nmegtwhmeqachl oride (4 nL) was treated
with vinyl chloroformate (0. 10 n1_ 1.2 mmol) and processhed as in Exarrple

2B. Purificati od.8sgib romaidefiucrophenylied.3. rheped
the title conpound (0.13 g} B ESI(+)). mz 4 +, 480 (MENH4) +; 20
M5 (ESI(-)) miz 461 (M H)' t%@&#ﬁﬁﬁ%wophenyl) 5,8,0.I
O-tetrahydro-1 (

hydrochl ori de 25% ,86\6120 uﬁﬁoeg%yl@eg& égtag%?%&e@% r.d ﬁh‘xe?"@he‘i‘ﬁ %s 1t9r7:é)at ed
with 6N HC95(HA58ET464) €2.2 gx Bimineul), 3- lhomnasA ﬁndrobexmmhyd& (eld)Z ;_Ptﬁr(b frinod) arh by
flash chr orrat}ggr aphy, aqver silica 10% et hanagl / anmoni a_sat ur at ed

net hyl%ne rgEpnigip othybalcohpd (3? §tﬂlﬂe) washirgtaddn ethyd algokp! (W el ahdQ %C for

f(,\),ﬂ\ﬁ,)eit ° 3 d(a}(/g]- Nﬁﬁ%( g"'rae%’l . ’{)%%d’?ﬂ%é‘y%%g Kﬁ%’é@?%"? enfﬁm’}%@l&tﬁ?ﬂ&%was m(zz 13£|\9/ISAY
2003 PCT/ USBdedfrdtéd. The MYRIveNMsGueiizd Ea%h@naﬁ&gﬁaﬂxy LGS sxhéa g@l (6% 2H) 4.19

(s, 2H), 4.54 (AB q, 2H), 4.95 (s, 1 H), 9.86
(bs, 2H), _t.olaml/m;hymnm):hlonda)lto pwxéﬁﬁmonle@ommmd)m@g)mo 0. 25 EtOH : C,

45. 77; d: C, 5 45.89; H 4.23; N, 5.91. Exanple 25
9- (3- br orm?\ﬁgﬁlg‘%fglr)b g{ﬂ&%ﬁg di hydr o- 3HfurolL3, 4- b] pyrano~4. 3-el py-ridi ne
1 (8(AH 7HIHAORECHASBXATB®74a2H), 3.16 (m, 2H), 3.42 (m, 3H), 3.61 (q, 4H), 4.82 (s,

1H), 7.13-7.42 (m, 13H), 9.32 (s, 1H).

Example 4B
-4 .6-diox0-4.5.6.7.9.10-hexahydropyrido([3.4-

20 bl[1.7]naphthyridine-2.8(1H.3H)-dicarboxylate
A solution of the product from Example 4A (0.5 g, 0.87 mmol) in methylene

diviny] 5-(3-bromo-4-fluorophenyl

chloride (5 mL) was treated with vinyl chloroformate, (0.16 mL, 1.9 mmol) and allowed to
stir at ambient temperature overnight. The solvent was evaporated and the residue purified
by flash chromatography over silica gel (8:2 ethylacetate/hexane) to provide the title

25 compound (0.30 g).
MS (ESI(+)) m/z 532 (M+H)";
'"H NMR (DMSO0-d,) & 3.95 (d, 2H), 4.2 (d, 2H), 4.46 (d, 2H), 4.65 (d, 2H), 4.77-4.94 (m,
4H), 5.15 (s, 1H), 7.0 (, 1H), 7.1 (d, 1H), 7.14 (d, 1H), 7.32 (m, 1H), 7.4 (m, 1H).
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met hyl 4-(3-brono-4-fluorophenyll-2-netl~rl-5-o0xo0-4.5,6, 8- r

H pyranof 3,4 b] pyri di ne-3-carboxylate A m xture of 26} Mw‘dm

t et r ahydr opWaen3748- di one (Terasawa, J. Org. Chem ( 1977), 48CT/MS99125373

| 63-1169) (1.4 g, 12 nmol ), 3-brono-4-fluorobenzal dehyde (3.0 g, 15 nmol),
met hyl 3 am nocrotonate ( 1.4 g, 12 mmol) and ethyl alcohol ( I 0 nlL) was
processed as described in Exanple 2A E fl tion by flash chromatography
over silica gel (1 %then 2% and then—géhh'eﬂ'*%/a al cohol / rret hyI ene chl ori de)
provi ded t he sti3themeotaotoghé 3

met hyl

4- ( 3- br ono- glfluo(rjophenyl ~2- (MWB&G 8- Betrapydro 1 H

3, 4- 3
DI 00 87 g, B A Shidion ok AfessF b hriierls 8802 D3 GhREN h s fleiel ' ©
treated wi m&t\vﬁé tgéa%\('ﬂagénd%trgtﬁi??gﬂgg@onc a@ﬁi’ﬁﬂ)tlroergtf ﬂ\%&@m §ing{ i um

tribromde (0.84 g, 2.6 mmol), rrethylene
chl ori de (hH6wed})o enmditwmbnedt tehriperahive Wil tre2tad mijh etiidreThe ganitinglsalidr was
dried (MgS04), filtered and concentrated, The residue was purified by flash
chr omat ogr Favipitiewaseqliectgd gad drieddaprevideche titls sampawnsl Qon’eztp gyl ene chl ori de)

to provide 1 und (0.68 g) as an oil. 79 2 7 MAY 2003 WO
001 24743 Pé#ﬁ%%fé/)gé‘é%" ‘e 25C

~3- br onmo- 4 fINIIROWIMBELA 53%@1@ @& BHqf aH9[ LoDl Ay APD t411@I €. 3 fh diHye 1
(8~4H, 7H) -di one 5 The r%duc rom5 Ex%r_rt-p HZ B Hy t ) )(r H)
heat eth neat’. Q&Xdﬂisﬂﬂ;lﬂéﬂ (.5 nut es and cool ed to anbl ent terrperature The

resi due mas tre e ri e r 0.S0] i S

col l ected C?aﬁ?dgﬁof Gﬂv&ll iﬁ’bﬁéb éﬁ?ﬁﬂrﬁ?fﬂ% éﬁg Fb?loge R'cl‘Fi ‘g‘{i“gﬁﬂ
provi de tn? y g gonmpound (0.074 g) as a white solid. np 166- 168 C to M5
(ESI (+)) z 380 (MrH)+, 397 (MENH4) +;, MBS (ESI(-)) mz 378 (MH'; "H NWR
(DVBO-db) S 4.06 (s, 2H), 4.54 (AB q, 2H), 4.75 (s, 1H),488(d 1H,
5.03 (d, 1 H, 7.28 (d, 2H), 7.48 (d, 1 H, 10.50 (s, 1 H; Anal. Calcd for
C 6H'NO4FBr: C, 50.55; H, 2.92; N, 3.dXammlgdd: C, 50.28; H 3.03; N, 15
3.61. Exarrpl e 26

9- f 3- ¥ ono- 4- f I uor oph —2= e e P
rrol of 3,4 a] pyri di ne- lo@lAkhiH] 07108 Reridinaala1liioR8 hodrotierigg oduct  f rom
Exanmpl e 25B (0.16 g, 0.34 nmol) an methyl  amne 1n nethanol (3.5 ni,
7.0 mmol ) was stirred at anbient tenperature for 16 hours and concentr at ed.
Purification of the residue on silica Igel ég % and then 10 % net hanol in
nmet hyl ene chl oride) provided an oil crystallized from et hanol,

col l ected by fil trab'b@%@%’f’dﬁﬂﬁﬂoﬁ% muxf%hgﬁg *2-913%,‘7,'8&)5 -GOEROURGIO. 01 6 0) as
a\/\hltesolld 25 M5 1 (MH'
"H NMR (DVBO-db) 8 2.81 (s,cy8ldpenta[tdH . 'ﬂdaphlthvﬁdmé—é@?»;@g; 2H), 4.15 (d, 1
H, 4.50 (AB q, 7.23 (m 2H), 7.46 (ad Oll(s
1 H; Anal. cal c‘*dsqlevor@ff? gmm?eewclep@w one(Ksl@nm@ By, ygfhﬁem%%%l;)

Found: G 3948971, 18%mmo583-bMbm8:42ior8knzaldehyde (2.0 g, 10 mmol) and N-

benzylpiperidine-3,5-dione (Ziegler, J. Amer. Chem. Soc. (1973), 95, 7458-7464) 2.2 g,

10 mmol) in ethyl alcohol (10 mL) was heated to reflux for 72 hours and then allowed to
25 cool to ambient temperature. The solvent was evaporated and the residue was purified by
flash chromatography over silica gel (5% ethanol/methylene chloride) to provide the title
compound (3.0 g).
MS (ESI(-)) m/z 465 (M-H);
'H NMR (DMSO-d,) 8 2.28 (m, 2H), 2.5-2.7 (m, 2H), 3.07 (AB qu, 2H), 3.4 (m, 2H), 3.65
30 (s, 2H), 4.65 (s, 1H), 7.15-7.45 (m, 8H), 10.25, (s, 1H).
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2 7 MAY 2003 WO 00/ 24743 PCT/ US99/ 25373 Exanpl e 27 M)A U
9- (3-brono-4-fl uorophenyl)-2.3,5.,9-tetrahvdropyrano[ 3, 4- b]z)yr X(Z Q3e] py
ridine 1.8(2D 04788 one 5 The product from Exanpl e 25B (0. 22 rGT/0s99853780! )
was treated with a 1:1 anmoni al met hanol m xture (60 nL) in a netal Parr
stirred reactor for 2.5 days at anbient tenperature. The sol vent was

all owed to evaporate and the residue was purified by chromatography on
silica gel (5 %and then 10% net hanol in nethylene chloride) to provide the
title conmpound (0.026 g) as a solid. HIxampleSB60 C; M5 (ESI(+)) mz 379
(M+H) +, 396 - \ v &s'%pwsp db 3
(d, I H, 4 2

7.19-7.29
Cal cd for C ©F h — G, 507 H 3.38. N, 7.22. —C,
49.34;5H, 3.26; Alsollitidd of hegprpdiect Hdm Example 5A (1.9 g, 4.0 mmol) in THF (30 mL) was
5-(4-chloro-3-nitr o§henyl )-5,10-di hydro-1

H, 3H di pyr dfrfed, witly Sphgngimegthol ghlgeoformate greprredijarg (griecphemmmantiad apf

(0. o5 30" SRR S hRARole) LRIl 9ET 1% s 29 (d 4 na e
product frafimlanaiter &b kLf,Qtigéd for YdaysEBnbichiteiperit@l ahd FH?@i)cioﬂ@eSbé%ﬁ@érﬁd

to 80 C for 60 hours and t%en al lowed to stand at "anbient tenperature for 5
hours. The asukdus spdiin? bicarbooitt end skthpleria ¢hloride. dhe axgehie thyor wis sephrated) |
hl oride, . filtered, heated. .on steam

di | dip.1:1 t | t | ,

bt h (8 oo cieAy P dan | (MR AP RGP St TR 1OE 2 RGBS RERPRERt e
i xt t i | : i t

Tort 8 b our PRI dfacter Rrhe A0 iAW b RRIAH Co fim AT R BRPEIA | ©

met hanol amsillichrdet (R0% hpxanes/ethyl ftdte) tb proddphieniile(@n{poind0.335) asthedes260; 81
WO 001 24743 NB (ESI (+)) mz 377 (MrH) +; M5 (ESI ﬂuﬂ) mz 375 &MH)'; 2 7 MAY
2003 PCT/ t Jsday/dastergomer aqdrnixes/Bactien)s @nipinpg peth dipgtereamers (0-A®)q, 4H), 5.02

Y 1 768 (d 1 H, 7.79 (d, 1 H), 10.18 (bs, 1 H: 5
,(A?\al. lC_:DaI cd@ﬁﬁ@%}%{ﬁ%mﬁg(m. 20;H) H 3.48;( N, 7.HZ14. Found:( e 53.H234;
H 3.84; N'HNIR gﬁmmhg 8298 om( %ymang%ﬁmgl.m &, it 12245 BHY, 1.6 (m, 2H),

H. 3H di pyranof 3, 4-b: 4, 3-a] pyri di ne-4, Hl-di one to A m xture of
t et r ahydr opl8 éms BH5-202(me, AHe? 3<awaH).J2.6 Ong 1 HEReM (n.1199)7§.0249, 1H), $.63(d.169)

from Exanpi B01406% i A OHE XTI 7. o513P @330 "vas heated 16 80 C
for 60 hours, cooled and concentrated. The residue was purified by

chromat ography on silica gel (5 nethanol in nethylene chloride) to provide
a product which was dissolved in 1:5 Example 5C

athvlicyslohex v, $-

20 (1R.2S.5R)-5-methyl-2-( 1-methyl-1-phenylethycyclohexyl 5-(3-bromo-4-fluorophenyl)-
4.6-dioxo-1.3.4.5.6.7.8.9-octahydro-2H-cyclopenta[b][ 1.7 Inaphthyridine-2-carboxylate

The diastereomeric mixture from Example 5B was crystallized from ethy! alcohol

to provide the title compound (0.45 g) as the more polar diastercomer.

MS (ESI(-)) m/z 635 (M-H);

25 'HNMR (DMSO-d,) 8 0.82 (d, 3H), 1.02 (s, 3H), 1.18 (s, 3H), 1.18 (m, 2H), 1.58 (m,
2H), 1.68 (s, 1H), 1.98 (m, 2H), 2.3 (m, 2H), 2.61 (m, 1H), 2.75 (m, 1H), 3.2 (m, 1H), 3.6
(m, 2H), 4.0 (m, 1H), 4.52 (m, 2H), 4.55 (s, 1H), 6.45( m, 1H), 6.82 (m, 2H), 7.1 (m, 2H),
7.25 (m, 2H), 7.41 (m, 1H).
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15 net hanol / net hyl ene chloride, filtered, concentrated on a ﬁ@bm
renove the nethylene chloride and allowed to stand at anbl t

for 16 hour swOlR4T48sul ting solid was collected by filtrati onpcmaﬂsbmismth
nmet hanol and dried to provide the title conpound (0.062 g). nmp > 260; 20 M5
(ESI(+)) mz 323 (MtH)+; M5 (ESI(-)) mlz 321 (MH-; '"HNW (DVBO db) 8
4.05 (s, 4H), 4.51 (AB g, 4H), 4.99 ( 48(m 1H), 7.547.64 (m

2H), 10.12 (bs, 1 H); Anal. Calcd for T, 04: C, 67.08; H 4.38; N,
8.69. Found: C, 66.76;(-}5- (J—bﬁ&mo%ﬂﬁ&oﬁh@l)-@@@ﬂmhBQahvdro-lH-

5- (4-fluoro-3-iodonhenyl)-5, 10- d|h dro-1 H_3H-d| pyranof 3,4-b:4,3-elp riy
di ne 4, 6(7H, 9H~-di one 8B ‘-" ta{p paphtinmizlinect Gedligneydruiroridso o/ 25373
Exanpl e 30A 3- Ani,ng

057 oty in A Pliph R 93%4 f()or?; Dobi i, 005 0 52 HOLAPRRE QLG AGHE (15

bor anes t et r@é%%”y@fdﬁ'éﬁ'ﬂrcﬁﬂﬂ@'x&écc&i@%fﬂ-{h mE} 'hEzEt@&i tcPS’(?"@ T&*KS #MowaPH ool to
tenperature, tréated with an additi onal

bor ane- t et rahbidnotempantiwemeutalizest with eohcbﬁtrzktedu ammumandmdmbxbip ariteexanidietli on

of nethanol,  stirred 3 hours at nperature, concentrated an
partiti onedw%meé@ﬂery‘cﬁhé%ge Go0i IReEPER: N5 AR iRy 5 Ve d SGeA Bith dediamy

oLyl ene cRUKd HicldY Blq S RERA AAtesll Bl bRAALHEY AU @b ShaoktbhPbod
and concentra ue was purl romat ogr apny

silica gel ﬁn& I\%él (%%etﬁ&ﬁl@hﬁﬁ&ﬁx@ﬂlﬁralecﬂmhh&lén@b@%hd@) t6. p@m@d@fhetth}% tit I e
conmpound. CDC13) 8 4.58 (s, 2H), 6.67 (br m 1H), 6.81 (d, 1H),
6.95 (@, kgommﬁﬁDéO Bs theffraedrase Srhichawasenonveriiddiotit hydsoctheride sdfuct fr om

Exanpl e 30 in water ( 100 nmL) at 0 C was treated slowy
W th conceArtO?]aPehgsg.ﬁ%ggméiam d (30 nL) at a rate to naintain the
terrperaturehm peni-psh treated dropwi se with an aqueous sol ution
of sodi um nltrlE?g%% 45 ‘é m nmol ). This solution was then added to a

sol ution of ‘}bNﬂ\daR$Dm®-dgl(ﬂee bBse) 3 2(;28 &,(D}Hr);rﬁIS)B 1. %Vmiﬂﬂ),@llS&srﬂH),, 324qtded to
60 C for 2 hours, cooled and extracted wt | ene 20 chloride. The

met hyl ene b &iel(s) Hy‘bﬁ 244 @\Hbﬂe‘ﬂs W 1H) 1@%@ )um hydroxi de, washed with
1M i
aquegggl god‘kH al %gr%onﬁﬁaﬁhﬁgr%@ &%ﬁﬁﬁﬂyguﬁg’%’tﬁ?ﬁl ceésr egévaﬁmg &A 1@42

concentr at eH, 3_‘59,eN,r@,54_due was purified by flash chromatography over silica
gel (ethyl acetate/hexane 7:3) to provide 6.4 g of the title conpound. 25"
HNW (CDCl,) 8 1.69 (t, 1 H, 4.66 (d, 2H), 7.05 (t, 1 H, 7.60 (d, 1 H),
7.78 (dd, 1 H). Exanple 30C 4-Fl uoro- SE-i,odo!té%zal dehYde The product from
Exanple 30B (6.4 g, 26 mmol) in chloro O nL) was 30 treated with

nmanganese di oxi de (4. g+%5 g§fbr8£‘i9w-ﬂu§f%gﬁégf§%z-@,§§mQ,QH{exaﬁy_'d%’-tlHd with an 83
WO 00/ 24743 2 7 MNAY 2 rtronal portron of nmanganese

di oxi de (2.25 g), stircedopan 8 i dnvdeothicgided. The resi due
was purified byflahchrorrato ver silica et acet at e/ hexane
1:4) to provide @sgftﬁloafo lt}pfeprpagqt %'ﬁ?ffm]& 5C (0. 2? Olg mn¥ol) 1n acetic ac1d?’x

mL) was treated with 48% hydrogen bromide and was heated for 3 days at 50 °C. The

reaction mixture was allowed to cool to ambient temperature, neutralized with
concentrated ammonium hydroxide, and extracted with methylene chloride. The combined
25 organic phases were dried with sodium sulfate, filtered concentrated. The residue was
purified by flash chromatography over silica gel (10% ethanol/ammonia saturated
methylene chloride) to provide the title compound (0.070 g) as a free base which was
converted to the hydrochloride salt.
[« +117.64° (DMSO);
30 MS (ESI(-)) m/z 375 (M-HJ;
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"HNWR (CDCI3) 8 7.23 (t, 1 H, 7.89 (m 1 H, 8.32 (dd, ,
H . 5 Exanple 30D 5-(4-fl uoro-3-iodophenyl -5,10-di hydro-z ﬂMAWgZUGsE
H, 3H di pyr an¥ 002434, 3- a] pvri di ne 4, 6( 7H. 9H1-di one A m xt ur e Pot/uUshe25363 %
pure product from Exanple 11 B (tetrahydropyran-3,5 1 o dione) (Terasawa,
J. Og. Chem ( 1977), 42, 1 163-1169) (0.365 g, 2.4 mol ), the product

from Exanpl e e f

o0, 5% oy Porfla (e B0nESh h A0 o2 B8 0Kk AT BXRAEAS A o
Exanmpl e 29 tmpnmsl(d,emmezt(m Izel)p’nnpqunm)(lo 1((871}@} as a white solid. np >
260 C, 15 ' H NWR (DVSO- db) 8405(%l I%AB d, 4|—g 4.90 (s, 1 H
7.15 (t, 1 rﬁnalﬁ@gdtanﬁHh%FBrroaﬁ Qcin@ Q)4813), 40BN, 6128 Fours: CE48.85;
mz 442 (I\/Hrl—% 9%%@ ) mz 440 (MH)~;, Anal. Calcd for C'H 3NO4FI: C,
46.28; H, 2 ’73 Found: C, 45.38; H 3.68; N, 20 2.91. Exanple 31
5- (5- brgno- 2- hydr oxynhenvl) - 5, 10- di hydr o- 1H, 3H di p~anof 3, 4-b: 4, 3-el p ridine
4,6(7H 9H)-dione 25 A m xture of 30 % pure product fromExanple | 1 B
(tetrahydropyran-3,5-dione) (Terasawa, Exanfalg7 Chem (1977) 42, 1163-1169)

(0.81 g, 1.7 mmol) 5bro D allcxl al dehyde i 1€,
product from ; 2 ,1 2:3:2.8:20 e f Zat  /jpaphthy
to 80 C for 60 hours and then aly dhH%; &hl i ent terrperature for 4
hours. The resulting solid was n, washed 30 with

et hanol and dried to provide the title corrpound (0.12 g). 84 WO 00/ 24743
np > 260 C; IVB(ESI(+)) mz 392 {MtH)+; M5 (ESI(-)) mz 390 (MH)'; 2 ~ M

AY 200 PCT/ US99/ 25373 ' H NI\/R (DIVISO daﬁ_ﬂm (s, 4H), 4.48 (AB q 4H) |
4.93 (s, 1 . .

H. 3H— di pyr ano~3. 4Fle prpdud [from EdampiZZIAﬁ(im gaEIJS anmh)ewal‘s tnéated aceording0 the pur e
product from eEﬁocrlTBescn%ed Por}iI 3 ?ehgléi '?ﬁé/ crilggter?éor?leg!: (r)nqgt)ure was subjected to column
15 chromatography over silica gel (4:1 ethyl acetate/hexanes) to provide both the title
compound as the less polar diastereomer (0.32 g) and the more polar diastereomer
(0.30 g).
MS (ESI(-)) 649 (M-H);
'H NMR(CDCl,) & 0.88(d, 3H), 0.9 (m, 1H), 1.13 (m, 1H), 1.19 (s, 3H), 1.28 (m, 2H),
20 1.32 (s, 3H), 1.72 (m, 2H), 1.88 (m, 1H), 2.05 (m, 3H), 2.38 (m, 2H), 2.51 (m, 2H), 2.72
(d, 1H), 3.56 (d, 1H), 3.82 (d, 1H), 4.71 (m, 2H), 5.07 (s, 1H), 6.92 (t, 1H), 7.12 (m, 1H),
7.28 (m, 6H).

Example 7B
25 (1R.2S 5R)-5-methyl-2-(1-methyl-1-phenylethyDeyclohexyl 5-(3-bromo-4-fluorophenyl)-
4.6-diox0-3.4,5.6.7.8.9.10-octahydrobenzo[b][1.7]naphthyridine-2(1 H)-carboxylate

The more polar diastereomer from Example 7A (0.30 g) was crystallized from

methylene chloride/ether to provide the title compound (0.24 g).
MS (ESI(-)) m/z 649 (M-H);
30 'H NMR (CDCl,) 6 0.88 (d, 3H), 0.92 (m, 1H), 1.13 (s, 3H), 1.18-1.32 (m, 6H), 1.73 (m,
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(Terasawa, J. Og. Chem (1977), 42, 1163-1 169) (0.81 g, A )
4-fluoro-3 (trifluoronethyl)benzal dehyde (0.42 g, 2.2 mol izmgmwct
from Exanpl eWOB0RA7435 (0.20 g, 1.7 mml) in ethanol (4 nm) wagcpnopesses as

described in Exanple 31 to provide the title conpound (0.12 g) as a white
solid. mp > 260 C, M5 (ESI(+)) mz 384 (MtH)+, 401 (M:NHA)+; MS (ESI(-))

n12382(M '; O'H ) 4. q .

(s 1. my e 5395 KB 20 o 99, 33t apyg 8 g Azt Y

2358H EXNO4F~(d Q{) Sﬁseléa 1H), $475+n, TH), 3.16@; 1HRWML (1 HR6.9 @, 2H), 3.062n, NH).3. 45.
~ Exa

5- (3, 4- dlrrEhVéRGCbHéﬁvV)?JMQL@H?dﬂlﬂ/ﬁnolH)-Wﬁ-(-ddilH-)rrano[3 4-b: 4, 3-el pyri di ne- 4,

6(7H. 9H) dione A m xture of 30 % pure product form Exanple 11B

(tetrahydropyran-3,5-dione) (Terasawa J. Org. Chem ( 1977), 42, 1163-1169)

(0.81 g, 1.7 mmol), 3,4 30 dichlorobe e (0.39 g, 2.2 nnDI) and the
product9 from Exanple 11C (0.20 g, 1. 7% M AY 2003 WO 00/ 24743

PCT/ US99/ 2537 3 1Bk broimo-eflnerohefd)-213)5 8AS Opicabedreberas[HHSThibiey fidine-
Exanple 31 to provide the title co ound (0 I S g), as a white solid. nmp >

260 C, MBS (ESI(+)) mz 366 (M-8 herigg (ESI (-)) mz 364

M “H NWR b 4 5C

Mo (dd, 1H), (Pg%pr("g gtfﬁﬂ!ﬁ'ﬁ g% (‘hwizﬁéwaié E%E‘Q?%cgkglﬁgﬁ%‘%e/&‘sﬁei{“’dlw cd
for CH-3NCaSkabd: SFBAPROD 6 prgad@%e e dorBdountt (03 2§§) asl%aynee bkae vBicR1;
H 3.64; N, 3.36. Exanpl e 2) - benzoxadi azol - 5- . 10-di hvdro-1
H, 34 dopyrawaif&pzicbnw:r@dei ﬂrﬁl’rwdrthlomdﬁ(sillt-l 9H) - di one A m xture of

t et rahydropyr.gn- 3, 5- g’lﬁﬁ Terasavva J. Og. Chem ( 1977), 42, i 5
1163- 1169) Q?lqg(c 2, 1, 3- benzoxadi azol e- 5- car boxal dehyde

Gasco, i m Ther. (1996 , 31,3-10 0.54 g, 2.9 mmol
gand t he pro%uc@gén%% %g?m{?{ C (0. 27 g(g 2. Zl nmol ) in) e'g hanol g(3 mL) vvas)
processed a% NagR (DMSO-dD (EE@BiHe¢829723-099(@V12H9 zme(tt 2H), a %O(Iimqm)m 16(988)

as a solid > 260 C, 20 M5 ESI& % I—_I) VR (DVBO-db) b
508 5 Cuptl] 32 o A3 (4 AH), S5O NED, 118 m, 2HB T4 i 180y 7 67 Ca L b

10.23 1§bs And? Caled for C,.H,BrFN,0,HC: C, 50.67; H, 3.78; N, 6.57. Found: C, 50.18; H, 4.22;
N, 6.16.

Example 8
(+)-5-(3-bromo-4-fluorophenyl}-2.3.5.8.9,10-hexahydrobenzo[b][1.7]naphthyridine-
20 4.6(1H.7H)-dione hydrochloride

The product from Example 7B (0.24 g) was treated according to the method
described for Example 5D to provide the title compound (0.070 g) as the free base which
was converted to the hydrochloride salt.

) [a]®, +9.52° (CH,CN);
25 MS (ESI(-)) m/z 389 (M-H)’;
'H NMR (DMSO-d) & 1.75-1.98 (m, 2H), 2.25 (t, 2H), 2.95 (s, 1H), 3.15 (s, 2H), 3.45 (m,
2H), 3.57 (s, 2H), 4.89 (s, 1H), 7.17 (m, 2H), 7.39 (d, 1H), 9.6 (s, 1H});
Anal. Caled for C, H,BrFN,0,HCI: C, 50.67; H, 3.78; N, 6.57. Found: C, 50.54; H, 4.05;
N, 6.32.
30
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Anal . Calcd for C'H 3N305 0.5 C2H60: C, 59.15; H, 4.26; N, . G
59.09; H 4.32; N | 1.99. 25 Exanple 35 5-(5-vitro-?-thi erz? mfﬁbag
10- di hydr o- IWO3BR44pVr ano[ 3 4-b: 4. 3-e] pvri di ne-4. 6( 7H, 9H) - di opeTussy ¥t ur e
of 30 % pure Exanple 11 B (tetrahydropyran-3,5-dione) (Terasawa, J. Og.
Chem ( 1977), 42, 1163-1169) (0.60 g, 1.3 mmol), 5-vitro-2-thiophene 30

car boxal dehyde (0.2S g, 1.6 nmol) and gg g :o,gluct from Exanple 11 C (0. 15
g, 1.3 mol) 86 WD 00124743 2 ’7 M AY / US99I1 25373 in ethanol (3

m.) was processed]®E3-BRwed- nlmmmghe@m,ejwz ,m-ﬂeS@;Q&ﬂo%m Bpyrahd[8.2conmpound
(0. 087 g) as a solid. M5 (ESI(+)) mz 366 (MeNH4) +; Ms (ESI(-)) mlz 347
(MH'; 5 "'H NW (DvsObi)7]raphthiynidimt8(SEP)-pne W1-1dfoxide hyrispchlande> (AB g, 4H),
5.22 (s, 1 H, 6.86 (dd, 1 H, 7.93 (d, 1 H, 10.35 (s, 1 H; Anal. Calcd
for C, sH zN206S~0. 25 Hz0~0. 25 CZH60: C, 51.10; H, 3.87; N, 7.69. Found: C,
S1.045 H 3.92; N 7.4l . to Exanpl e B6m

5-(5- nfst ro-3-thienyll-5,10-di hvdro-1 Extmple 94

H, 3H di pyr anolBbehzsl-10-83-brgme-defiuveophey 3.9 K) 7811 @hexalydiox2 Histhiopfradal 3%pur e
product from Exanple 11 B ( trahydropyran 3 5-di one) (Terasawa, J. Og.
Chem (1977), 42, 1163- 1169Plddlugphthvridinydeatirone 0Xidk hi ophene 4

car boxal dehyde (.25 gn&lﬁP%@p&{%é g &)10895%%1@{ JrARER e, Jséquéﬁg

g, 1.3 mol) 15 1n"e rocesse déscri

to provide bhedsRi7464c QPO NS (MO GrhyliﬁlcahcﬂQS infl.) W tFea@0yith 2 B ( ESI ( +) )
mz 366 (MNH4)+; M5 (ESI (- )? m z 347 I—? 20 'H NVR (DVBO-db) 8 4.09
(AB q,104H) , ammBeiaingthy] aleehol 3, 2(51nle,s2 Smmp,) stirsd for0 mindies in apgaled tube, H) |

N 7005 roliftied pithSkiapgtciflob e &id- L IEEO9R bt ol el in 2 57

9- (4-fl Uorobx%rﬂd?@'-%ﬁf‘dﬁéhialé’eh?dégﬁsf E}Z.Q'PM’HBS, Airked ek 890C FoA4 PR s, &36ed ard @] P
ny-din 8(7H)-one , di oxi de 87

concentrated. The residue was purified by flash chromatography over silica gel (5%

ethanol/methylene chloride) to provide the title compound (0.50 g).

15 MS (ESI(-)) m/z 517 (M-H);
'H NMR (DMSO-d,) 8 2.18 (m, 2H), 2.42 (m, 2H), 2.95 (m, 2H), 3.15 (m, 4H), 3.42 (m,
2H), 3.6 (q, 2H), 5.0 (s, 1H), 7.18-7.5 (m, 8H), 9.5 (s, 1H).

Example 9B
3-bromo-4-fluorophenyl)-9-0x%0-3.4.6.8.9.10-hexahydro-2H-thiopvyrano[3.2-

bl[1.7]naphthyridine-7(5H)-carboxylate 1.1-dioxide
A solution of the product from Example 9A (0.48 g, 0.92 mmol) in THF (5 mL)

20

was treated with vinyl chloroformate (0.10 mL, 0.94 mmol) and stirred at ambient
. temperature overnight. The solvent was evaporated and the residue was purified by flash
25 chromatography over silica gel (ethyl acetate and then 10% ethanol/methylene chloride) to
provide the title compound (0.25 g).
MS (ESI(-)) m/z 497 (M-HY);
'H NMR (DMSO-dy) 6 2.21 (m, 2H), 2.68 (m, 2H), 3.18 (m, 2H), 3.28 (m, 2H), 3.5 (m,
1H), 3.75 (g, 2H), 4.11 (s, 2H), 5.08 (s, 1H), 7.28 (m, 2H), 7.41 (d, 1H), 9.5 (br s, 1H).
30



Z 7 NMAY 2003 WD 00/ 24743 PCTI US99/ 25373 Exanpl e 37A tent-b;gy? rM 2003
9- (3- brono-4-fl uorophenyl)-8-o0xo0-2, 3,5, 7, 8, 9- hexahvdr o- 4H N
b] t hi eno[ 2, 3veloprgdiadi ne- 4- car boxvl ate 1, 1-di oxi de A m xture opctligogpisethuct
from Exanple 12C (0.040 g, 0.096 mml ), di-tert-butyl 5 dicarbonate (0.12
g, 0.55 mmol) and 4-di nmet hyl am nopyri dine (0.0020 g, 0.016 mmol) in

acetonitrile ( 3 nL) was stirred for 2.hours.,at anbi ent tenperature and
concentrated. The residue was purifi edg%%@l%’-ﬁ-\ggnat ography on silica gel (2:1

and then 1:1 hexanggi-eidnd-4FaRk&iHRhyHS L6 3\W. ARhEDRY Aol 1116 g.2(0.035 g)
whi ch crystallized on standi ng. + Z +. anpl e 37B
tert-butyl b]{1.7]naphthyridin-9(5H)-one 1.1-dioxide hydrochloride

9-L4-fluoro-3-(trineth, ~l,stannyl)phenyl | -8-0xo0-2,3,5,7, 8, 9- hexahydr o- 4H
pyr anol13, 4- bl t hi risiytion ofthg progn m%ﬁ%@%{%ﬁ shmcﬁtwgiagc@w wasdrened of
t he product 3 ; . 15

11'a- ai owane (S ST P Rubcl 02 sburpOOtEy B b M APRRUEE QU 2
hexamet hyl diddcBnttdled 4THe resfdu® wisRltified b Masichibinatography over silica gel (15%
tetral ci s(triphenyl phosphi ne) pal I'adi un(0) (0.050g, 0.043 nmmol ), stirred at
100 C for 1lethanal/amynotie datistemethyient shivsida) tormsovideltheditlearompatiedi(0.0%hg) as

resi due was i fied chr onat ogr aph n, silic | (3:2 hexanes: et hyl
acet at e) toﬂlglr%rf?\?ibﬁée Wﬁé’ht‘?’atslcé?nﬁ?f?ﬁﬁgtgﬁge E’Cﬁrﬁﬂo ‘?e %ﬁi CI(’I crystallized o% 20
R e

9- t et nahydr tH AMNMRYDMS) 3, Yiflee based 3.2 (@; 2HRY6 th,2ED53.86 (4)2H)n®22 (rh; 2Hpxi de

A m xture of the product from Exanple 37B (0.023 0.038 mmol) in 1 %
acetic aci d3$R (ﬁi\g}ﬁhﬁ&lz (5. 28 Dndl 28 280 bt @ Wiaﬁ-&béﬁi Bdbsucci ni m de (0.010

g, 0.077 1)y L t e i ' i, Qchi, d ) _ .

stirred f%@' %a{%g{}gg&"ﬁégfgﬁé(?ﬁﬁﬁmpﬁ?@gmeg é‘%&’?&#zgﬁ&glﬁamég
pent ahydr at pordd: €2@430; B, 986, RNMPR;Clst4pred for 10 minutes 30 and
concentrated to dryness. The residue was treated with trifluoroacetic acid

(3 m), 88 WD 00124743 2 7 M AY 2003 PCTNS99/ 25373 stirred at anbi ent
tenperature for 15 m nutes and concentpate dryness. The residue was
treatdd with trifluoroacetic acid (3 r’r!Ezf#‘}l“-aééﬁed gently on a steam bath for
1 minute, capheddio aRicREiheheeT 3l e.heRtySRRGEII3 AL Y Rameas. (e
resi due was "purified Dy cnhronatography on sitica gel (2 % net hanol and t hen
5 % et hanol in nmethylene 5 chl enedk)-diexige lowdroehlidride titl e conpound (0. 0156
g). np > 260 C Ms (ESI(-)) mz 460 (MH'; "H NWR (DVSO-db) 8 2.77-2.90
(m 1H, 3.0l -3.14 (m 1H, 3.32-3.43 (m 2H), 4.02 (s, 2H), 4.49 (AB q,
2H), 4.87 (s, 1 H, 7.16 (t, 1 H, 7.24 (m. hd), 7.59 (dd, 1 H), 10.13
(bs, 1 H); Anal. Calcd for C, 6H SNASF——C -66; H 2.84; N, 3.04. Found:
C, 41,88, H 2.79; N, Tetrahydrothiophene-3-o!

A solution of tetrahydrothiophene-3-one (10.2 g, 100 mmol) in ethanol (100 mL)

was treated slowly with sodium borohydride (4.3 g, 114 mmol), stirred for 1 hour at
ambient temperature, concentrated to a volume of approximately 50 mL, treated with
N water (400 mL) and extracted with methylene chloride (3x). The combined methylene
25 chloride layers were washed with 1IN HC), dried (MgSO,), filtered, and concentrated to
provide 9.0 g of the title compound as a clear oil which was carried onto the next step

without purification.

64



2.87. Exanple 38 15 5-(3-chl oro-4-fluorophenyl)-2,3.5,7, 8?@%%1
H cvcl opent a[ bl ~I , 7~napht hyri di ne 4, 6-di one hydrochlorid

2- benzyl - 5- Y80 @#PR4HD- 4- f | uor onhenyl | - 2, 3. 5, 7. 8, 9- hexahydr o- 1 R€&T20599/25373
cycl openta[ b~[ 1. ~napht hyri di ne-4. 6-di one A m xture of

3-am no- 2-cycl opent en- 1-one (Kikani, B.B., Synthesis, ( 1991 ), 2, 176)

(0.78 g, 8 mol), 3-chloro-4-fl uorobe@,gﬁ,{@@lpmgle( 1.12 g, 8 mol), and N
benzyl pi peri di ne- 3, 5-di one (Ziegler, ner. Chem Soc. (1973), 95,

748-7464) (1.78 g, 8 mol) | Meethpdrothidhend-3-olels] -piosidessed as in Exarrpl o SA
to provide 1.8 g of thetlltle 25 compound, MS (ESI(-)) mz 421
NVR (DVBO- db) 8 &HSXWFﬁOz%amrée 104 (¥ O(gpn‘)é HmymoB, WImﬂwastﬂﬁ)dlh@rﬁeé%?l%m

7 3 st e Oy 5l ek o b

R 2S, SRl - Swigh hybs Rydrdgdﬂiﬁiei‘d)hdé-(}l@@,ﬂ%tdwbb)@Y@ﬂv@xb@&%r 1 hour stirred for 30
5-(3-chloro-4-fluoro

6- di oxo- 1. 3nipuwsgt ¢ ° g]@mdtaanw@re@x rEnneyasine feid anixytds, tr;mﬁqmdhyrml@ionmnzc carb

Dl e SRigBian A AT, B8 TRy opstaubien Py Mewitisuiedn PR PRAETRIRE e "

i somer. M5 cbfpbiind A M&1@§&h(»b&'®mn derAdlkhe thout purificatio
5-(3-chl oroc- %%fbl 1l]JorSophenYI y-2, 3 ., S, 768 9- hexnﬁé%gmgWl \y U“l}:lmtglplerrllt a[ bl [

1, 7l napht hvri di ne 10 4, 6-di one hydr ochl ori de The pr oduct from Exanpl e 38B
(0 2 g, 0.33 mol) was treated with 48%hl)£drogen brom de in acetic acid (4
m), ¥tirred for 72 hours, neutraliz ncentrated anmoni um

hydr oxi de, and extracted Wi t:t @E :Fg @ g l,0 E ij; The conbi ned organic
layers were dried (NazS04), H% Q eQ3(H 2 (d’{) ‘d. Purification of the
residue on sili camkohgfitally slidl eblnesmbf MeRIHePprédicy FromtEkamil YOB ieacetone

chloride) to (E)row de the title conmpound (0.03 whi ch was converted to the

HCl salt. NBOY mE)waptreaed vadulongs H)agent % MN&O IYis) pastignsxeyet 2 howrsipntil
g gg (2t [ % gr%lctrdaggsxéle@mi%fqé 1'to§1r t atg‘fl slov?ly(wﬂh 1sop|_r|2)pyl alcohgfrh 51 H.
15 mL), stirred for 15 minutes, diluted with acetone (400 mL) and filtered through celite to
remove the chromium salts. The filtrate was concentrated and purified by chromatography
on silica gel (1:1 hexane:ethyl acetate) to provide 5.88 g of the title compound.
'H NMR (CDCl,) 6 3.08 (t, 2H), 3.58 (t, 2H), 3.70 (s, 2H).

20 Example 10D
6-benzyl-9-(3-bromo-4-fluorophenyl)-2.3.5.6.7.9-hexahydrothieno[3.2-

bi[1.7naphthyridin-8(4H)-one 1.1-dioxide
A solution of N-benzylpiperidine-3,5-dione (Ziegler, J. Amer. Chem. Soc. (1973),

95, 7458-7464) (0.55 g, 2.5 mmol) in ethyl alcohol (5 mL) was treated with 2.0M

25 ammonia in ethyl alcohol (1.25 mL, 2.5 mmol), stirred 4 hours in a sealed tube, treated
with the product from Example 10C (0.33 g, 2.5 mmol), treated with 3-bromo-4-
fluorobenzaldehyde (0.51 g, 2.5 mmol), stirred at 75 °C for 48 hours, cooled and
concentrated. The residue was purified by flash chromatography over silica gel (5-10%
ethanol/methylene chloride) to provide the title compound (0.28 g). ]

30 MS (ESI(-)) m/z 501 (M - H)’;

65



20 Anal . Calcd for C, ~H 4N~FC102HC12H20: C, 50.49; H, 4. 52%% Wwound:
C, 49.S2; H 4.26; N, 6.09. Exanple 39 9-(3-brono-4-fluor ﬁ A

6, 7, 9-t et r ahwdrooR2dm4313, 4-b] [ | , 7Lnapht hyri di ne- 1, 8(3H. 4H) 25 db@@m599/25373
hydrochloride 90 2 7 M AY ~nn3 WO 00l 24743 PCT/ US99/ 25373 Exarrp e 39A
met hyl 7-benzyl - 4- ( 3- br ono- 4- quorophen~) 2- net hyl - 5- oxo-1, 4, 5.

3 an nocr ot iﬁﬁh@ﬂ(@@%égﬂ S2inlaty ot Hidar 504 %?r%%ﬁ&%%&@déa @ s

mrol ) and i7h n er, J. Aner. Chem Soc.
(1973), 95N27 58- 7?6@@) i ¢4,§ (é gH?rgagil(ﬁl ?Hkanol (5 m.) was heated at

reflux in a seal ed tube for 24 hours and concentrated. Purification of the
residue on silica gel eluting with 5% et hanol / net hyl ene chl ori de provided
the title conpound (1.3 g) as a yel |l olXe@Rig 108 V5 (ESI(-)) mz 485 (MH)'
Exanpl ¢ 39B . .

6- benzyl - 9- ( 3- br , 7] naph

th n~e 1.8(3H. 4H ~-di oneb 3.7 k dﬁﬂ:— ; harbk téctlfdrlmgxanple 39A (3.1
g, 6.3 mol) in chloroform was cooled to reated with 90 %

pyri di gi ]thm tribr mmiqnéufm ﬁtod&tg’rqmﬁb()tmplna}(ﬁbﬂ) 22,43 emeol) anpethglenee,
i 6 . T
S0l ated, _dFMBEdE ﬁ{,%é«i?vas ?r’??tsi sl virgPleretomar G40RE oS SorERt ah an

ice bath. T gxln% r d
Ito provi de t Eeglo ti t hg’aé(lgltl 5tﬁggét}$yg%ﬁ%gl IP%}%% 4 ‘ﬁ%éh?aé‘é?t?%)qg%hg
467 (MoH) ' ; sodﬂuxﬁi%&:z{rﬁ)ﬁrﬁ@ dﬁ)e rBetByl@Be (:IABnde la&hﬁ waﬁse@al(athd ah&d withGbdiueh 2H) ,

4.7 (s, 1 H, 4.9 (AB q, 2H, 7H), 7 (m . 10.1 (1 H. 25\
Exanpl e 39csqlfqtg-fdm¢mam mn@eméqéwbmryvxsle@lemtbwommgd 3B@oj 3 4-bl ~I
7Lnanht hvri ( e hydrochloride A solution of product from
Exanpl e 398%%5%%(3)“‘@@?)(%0%? in methylene chloride ( 10 m) was treated
with vinyl chhvRi(OMBORY D288 T, 2111% TR! 3HD), 319 (1d,89H)28. 7§8qa111m 8ne (s, 2H),
temperature for 16 hours, concentrated to dryness, treate et hanol” (10
m), 91 W@ IZIJ,)Z439Zm~2H|) A8 QDOED), 10.1 (s, lH)

15

Example 10F
9-(3-Bromo-4-fluorophenvyl}-2.3.5.6.7.9-hexahydrothieno{3.2-b1[1.7]naphthyridin-8(4H)~

one. 1.1-dioxide hyvdrochloride

The product from Example 10E in ethyl alcohol (5 mL) was treated with 6N HCI

20 (1 mL), refluxed for 3 hours, cooled to ambient temperature and concentrated. The residue
was purified by flash chromatography over silica gel (10% ethanol/ammonia saturated
methylene chloride) to provide the title compound (0.070 g) which was converted to the
hydrochloride salt.

MS (ESI(-)) m/z411 (M - H);

25 'H NMR (DMSO-d;) & 2.75 (m, 2H), 3.02 (m, 1H), 3.15 (s, 2H), 3.58 (m, 3H), 4.87 (s,
1H), 7.25 (d, 2H), 7.43 (d, 1H), 9.9 (s, 1H);

Anal. Calcd for C,¢H,,BrFN,SO, HC!'0.5C,H,OH: C, 43.19; H, 3.84; N, 5.93,Cl, 7.50.
Found: C,43.69; H, 3.85; N, 5.83;Cl, 7.66.
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PCT/ US99/ 25373 treated with 6N HO (3 nL), refluxed for 5 r

concentrated to dryness. Purification of the residue on szrlfgdm&(ﬁﬂﬂj 90: 1
et hanol / net WA ®R24746hl ori de/ sat ur at ed anmoni um hydr oxi de) provicaagoy/bs73itl e
conmpound (0.08 g) which was converted the HO salt. 5 np 255-257 C, M
(ESI(-)) mz 377 (MH'; "HNW (DVMsO-db) 8 3.2 (s, 2H), 3.62 (s, 2H), 4.7
(s, 1 H, 4.83(d, 1 H, 4.99 (d, 1 Hiyxadpgi(m 2H), 7.49 (dd, 1 H), 10.25
(s, 1 H; Anal. Calcd for C, 6H'N, FBrO °5 CzH50H C, 46.65; H, 3.45;

N, 6.40. Fouh@-bomd8a-fhorédhenyl)-23.6.9:tetthhydrat2H-fvcam)B d-Withieno[2.3-e]pyridin-

9- (3-brono-4-fluorophenvl)-S.6,7,9-tetrahvdrofurof 3,4-bl f

1, 7] napht hyri di ne- 1, 8( 3H, 4HL di on&(Hiierechidliorde 15 Exanpl e 40A (1

R, 2S, SR) - ~- net hyl - 2- ( 1- net hyl - 1- phenyl et hyl ) cycl ohexvl

9- (3- brono-4-fluorophenyl) 1.8-dioxo-1,4g,7,8,9-hexahydrofuroj 3, 4-b] |

1, 71 ngpht hvri di ne- 6( 3H) - car boxvl at e Axaebld 110 of the product from Exanple
39C (I .46 g, 2.13 mmol) in 20 tetrahydrofuran (70 mM) was treated with

8- phenyl nent hol chl or of or nat e i @leoX Retateeny| ment hol as descri bed

ol Y ?”?2?? 0 cu A g AN ety it in Phehs (AUBL: FE TR butd b€ 1 d fag

; _ POy B t & 9 o s
e byl ane. g ARESRh Btk wit izt Sl REnBlo)bllripasl inifospiinapaldudn (092
g) as the (®53gpmd mmolp treatdd adthanethyk2-(chibrofdrilylmgthoxy)acetls ({2 k) 76 maidbl) wo

oona7a3 Exanpl e 40B 2 ~ ~t AY zo03 PCT/US99/ 25373 .
9- ( 3- Wr onpdmpwiseryspRerhauys, stised foy.0: 2howsh o &€ stisfed far kp-hqurs at ambient

1. 7] . napht hyri dine- 1. 8( 3H ' h | oryi d l\ut] f . duct
Tt o Bxampf ool tedled Wit RcHo BHCVZRE Inel R (B 5y The By Blnid HEREA
W th 48 % Gyed QES0 )¢ fiRered afd conchirated eRicadsiti@e RBs purifid by f@lr s, cooled to

anbi ent tenperature, neutralized with saturated anmmoni um hydroxi de and
extract ed whomatdgraphyfavensili¢dgeh(]:2 eThd aostgtertiexatesyorprowide the tiste qovysmay
filtered cg)ﬂ egtrated. The residue was purified on silica gel (20:80:1

et hanol / nme §£ ne chl ori de/ saturated amoni um hydroxi de) to provide the
unreagted starting material (0.21 1 o g) and the title compound (0.05 g)
whi ch was converted to the HO salt. M5 (ESI(-)) mz 379 (MH"'; "H NWR
(DVSO-db) (free base) 8 3.25 (s, 2H) Ex3ampR (1B 2H), 4.7 (s, 1 H, 4.85 (d,

1 H, 498 (d, 1 H, 7.28 (m 2 7.5 (dd, 1 H, I 0.23 (s, 1 H); Anal.
Cal cd for C, 6H'N2Br FO3~HC1~H, O: %m&iﬂﬂi@tgés@ N, 6.47. Found: C
44.74; H ~s 3. Q301 NiorsfThe plodliHSin Erample 11A (5.0 g, 34 mmol) in diethy] ether (40
mL) was added dropwise over 2.5 hours to a 0 °C solution of 1M potassium tert-butoxide
20 (in tert-butanol, 34 mL) in diethyl ether (270 mL). The mixture was treated with 1M HCI
(120 mL) followed by ethyl acetate (250 mL) and brine (50 mL). The layers were

separated and the aqueous layer was extracted with ethyl acetate (twice, 250 mL). The
combined organic layers were washed with brine (2x, 60 mL), dried (MgSO,), filtered and
. concentrated (keeping the temperature below 40 °C) to provide the title compound
25 (Terasawa, J. Org. Chem. (1977), 42, 1163-1169) in approximately 30 % purity which can
be further purified by chromatography on silica gel using 200:1:1:100 ethy! acetate:formic

acid:water:hexane to provide the title compound.
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5- (3- brono-4-fl uorophenyl)-7,7-di nethyl -5.8,9) 10-tetrahydrQ-|I

Hwr ano( 3, 4- b] qui nol i ne 4, 6(3H, 7H) -di one 20 A m xture of thz rMMcamaom
Exanpl e 11 GVQO%34H4Yy, 1.4 mmol), 3-brono-4 fl uorobenzal dehyder¢frug®a3373l. 4
mol ), 4, 4-di nethyl -1, 3-cycl ohexanedione (2.0 g, 1.4 mmol) and ethanol ( 18
m.) was heated at 80 C for 60 hours, cool ed, concentrated to an oil and
triturated with 3:1 ethanol/diethyl egh 39c The resulting solid was
dried to provide the title conmpound (g‘%ﬂﬁ‘r‘a@. a yellow solid. 25 np >260
C M5 (DCI/NH3) miz 420 (I\/H—|)+ smmggma@m&ne 76 (br s, I H, 7.3 8
(dd, 1 H J=6.8,_ 2. 4-7.13 (m Hé 4.88 (s, . 1 H, 4.4b£ABq, 2H,
JAB=11.2, dvAB= 1"5’*1693¢fi/«) pur@pmdueéof Bxample 14B-wavtgeates) with jpenzener@OmpL)

0220051 2 AR B B R B S %ﬁﬁ%‘“’fggﬁ

PCT/ USD9/ 2534:3s ddiBodcerdtPate® THOdbt&ned pr %IOO%UC@S &hox%%l@-pyﬁﬂl g6H§3-lané1 wa%‘lreﬁted
24.0, 23.1; Anal. Calcd for CICH 9BrF

Found: C, B%thOM #inmoniz0in teth@nol 91005mEY, sstipded fd216 hours and concentrated. The
(9R - 9- (3-brono-4-flugro |)-5, 9-di hydro-3 H-far
[ 3, 4- b] pyrafﬁé‘gﬁe 3’3%1]315‘9 ?fﬁghﬁgﬁ*?c r&ﬁogwpﬂa.oefﬁ%s*weiﬁ%ﬁtapeﬁwslooé Exanpl e

25C were s (f ak AS colum (5.0
cm i nner dlergrre?ltl ﬁgy EH& ehn;&ﬂ%%m@%{rhgﬁﬂ%a%%p%@ us? 8 80: 20

hexane: et haMGI(MI/MH;‘)IMIrlat(M-ﬂ{) AB1 (M+NH)pi e as the nmobile phase. A total
of 227 ng in 100 nL hot et hanol thr ee injections of 20 nmL, 40 nL and 40
m) was useéiNMlb(BMS&'dt)lﬁe?’ RO, H)fbl? (g 2F0hBH (hHH Qb®sr Bdlri fied by
chromat ography on silica gel using a gradient of 1 % 2% and 5% net hanol in
met hyl ene chloride to provide the title conpound (0.080 g). 15 M5 (ESI(+))
mz 380 (MrH)*, 397 (MrNH4) *; MS (ESl gzdpid@a378 (MH)'; "H NVR (DVSO- db)
8 4.06 (s, 2H), 454(ABq 2H) 4.7?‘(“—p'IF|)“‘488(d 1H) 503(d 1H),
7.28 (d, 2H) 9-(B:bt {-fliibflophd 35 d pyEao {34-bithiefio @3- &Q¢E&n
0.1875 CHzClz: C, 49.09; H, 2. 89 3. 54 Found C, 20 49.11; H, 2.93; N,
3.17. EX8.ITp| e 43 8 7H)-one 1.1-dioxide

9sS 3-b 3-
Gine 15 (a(an rrut Jigtia GEUR K dce AR 110 (| 3By DV bR 1 2P e
sl ower novi ﬂ@)rﬁb&&ﬂhlldehjﬂie (Bmgmtshmpr)p&&dhlyd}o desshehd8thxiort E)damrleq)ré;&red\/ﬁ

(ESI(+)) mz 380 (MtH+, 397 (MNH4) +; ESI%Q mz 378 (MH'; 'H NWR
(DIVISO db) sdeqscmﬁd(lg (J :Hgterony@ﬂm ﬁ 27zm; 14431 S%O)Q)(MS $ﬂ)13 mmghapd, 1 H),

-03 (d, 30 trlethlggdmme %@95 mlL, %l_g mm7ol)4§1 e(thdno?'d_(? r‘nL}was stlrged ina sH;led ?%e at 80 °C
for 60 hours, cooled and concentrated to dryness. The residue was treated with ethanol (50

20 mL), then 1 M HCl (in diethyl ether, 5 mL), and heated to reflux for 5 minutes and kept at

ambient temperature for 3 hours. The resulting solid was collected by filtration, washed
with ethanol and dried under vacuum for 16 hours to provide the title compound (3.2 g)
mp > 260 °C;

. MS (ESI(+)) m/z 414 (M+H)", 431 (M+NH,)";

25 MS (ESI(-)) m/z 412 (M-H);
'H NMR (DMSO-d;) 8 2.85 (m, 1H), 3.08 (m, 1H), 3.33-3.42 (m, 2H), 4.03 (s, 2H), 4.49
(AB q, 2H), 4.90 (s, 1H), 7.27 (m, 2H), 7.45 (dd, 1H), 10.14 (s, 1H);
Anal. Calcd for C,(H,;NO,SFBr: C, 46.39; H, 3.16; N, 3.38. Found: C, 46.25; H, 3.24; N,
3.26.
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WD 00/ 24743 2 7 M AY 2003 PCT/ US99/ 25373 Anal . Calcd for 9%(?02683 0.125
CHzC12: C, 49.56; -1, 2.90; N, 3.58. Found: C, 49.54; 3 A

Exant ~| e 44%8 0G4143_ chi or o- 4- f | uor ophenyl | - 3. 4, 6, 10- tetrahydP@T/EEP%‘gSB'@no f
3,4-b~[ 1, ~naphthyridine I,9(5H 8H--dione A m xture of the product from
Exampl e 11 C (0.023 g, 0.2 mol ), piperidine-2,4 dione (Nakagawa, S.,

Het erocycl es (1979), 13, 477-495) (0. g3afipled22 nmol ), 3-chloro-4

fl uor obenzal dehyde (0.032 g, 0.2 mmol ) a % et hanol (2 ) was heat ed to 80
C for 60 i and podpdadny lo-2ahhOcte drmaéid atveane gthren D

was col |l ected by f||trat| on wash th efhanp] and dried under vacuumto
provide the title conpound. NB(AE&%’—’F—I-M(NH—D* MS (APCI(-)) mz
347 (MH'"; "H NWR (DMSO-db) S 2.34-2.57 (m 2H), 3.13-3.28 (m 2H), 4.00
(s, 2H), 4.45 (ABq, t s 2H), 4.96 (s, 1 H, 7.08 (d, 1 H, 7.17 (ddd, 1

H, 7526 (t, 1 H, 7.28 (dd, 1 H), 9Eg&mpls 12A H) . Exanple 45
10- (3. 4- dICh| oronhenyl)-]?, 4, 6 10 ]tetrah d}zo 2H vrar(}o 3, 4 61(1 6]|naphthyr|

substltut|n§]3 Lch C 3:chl - . { ¥ de to
provi de th S S G HPOTTTt: VB APCH FACAE kA VB APCH
363 (MH)' HNI\/R(DIVISOdb) 823625@,{((@ 2H) 3I4326(m 2H) 4. 00
(AB q, 2H), 4.45 (AB 25 q, 2H), 4.96 (5, I H), 7.09 (d, 1 H), 7.17 (dd, 1
H), 7.34 (d, 1 Fpasudspsdsionipf melﬁyodlgstﬁ@H(EXanIWIDgLSS g23.7 nml) XODBIF@0
001 24743 P US99 25373 Exa e 46 . .

10- [ 42 chl dP EETHH ra%adéeéalléd f@tlm%w%a%ﬂnbgﬁtano[ 3,4

bZ[ 1, 6] na ( n
Exanpl e 44 t]t;}?[asu sﬁrt(ugilﬁgb%%g(r@%% é Etl‘lf rorreth Q lg%g?a l;l/tde for

3- chl or 0- 4efrlpbRted €630 xelﬁimysiecdd)ecbroomcqﬁreme vm}id ﬁalmmﬁmmphenwm(nﬂﬂm (+)
mz 399 (MrH)+. MS (APCI(-)) mz H NVR (DVBO-db) b_2.36-2.58

( m 2H) @M@o@m@te( prppa_rﬂ} from (ebS(pthﬂmemhpf asgleagibedmn (YagmamotoHy,, 5 .02 (s,
i 7 1ﬁ1p e nbhsof: 18081914 11701255 (P31 §%.4 Tnebbly in AP (A6'mr) ol 5 9- 60 (s
15 minutes, stirred at ambient temperature for 16 hours, diluted with methylene chloride (150
mL) and washed with aqueous sodium bicarbonate (30 mL). The layers were separated
and the aqueous layer was extracted with methylene chloride (50 mL). The combined
organic layers were dried (MgSO,), filtered and concentrated. The residue was purified by
flash chromatography over silica gel (3:2:1 chloroform/hexanes/diethyl ether) to provide
20 0.98 g of the less polar diasteriomer.
MS (ESI(+)) m/z 672 (M+H)", 689 (M+NH,)";
MS (ESI(-)) m/z 670 (M-H)".

Example 12B
25 (1R.2S.5R)-5-methyl-2-(1-methy!-1-phenylethyl)cyclohexyl 9-(3-bromo-4-fluorophenyl)-

8-0x0-2.3.5.7.8.9-hexahydro-4H-pyrano[3.4-blthieno[2,3-e]pyridine-4-carboxylate 1.1-

dioxide
The impure more polar diasteriomer from Example 12A was rechromatographed
on silica gel gel (3:2:1 chloroform/hexanes/diethyl ether) to provide 1.0 g of pure more

30 polar diasteriomer.
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10- (4-chl oro-3-nitrophenyl)-3, 4,6, 10-t et rahvdr o- 2H pyrano~3, 4-b] j, |

, 6l napht hyridine 1,9(5H 8H)-dione 15 Exanple 11 C was proce?s @{i
Exanpl e 44 bWO 39843 t ut i ng 4- chl or o- 3ni t robenazal dehyde fo pcmsgg@sq%
3-chl oro-4-fl uorobenzal dehyde to provide the title conmpound. M5 (APCI(-))
mz 374 (MH)'; "HNW (DMSO-db) s 2.42-2.57 (m 2H), 3.16-3.30 (m 2H),

4.01 (AB q, .46 : 1l H), 7.12 (d, 1 H, 7.52 (dd, 1
H, 7.64 (d,%ﬁ)(ﬁ)ﬁ(@) "}‘ﬂg%(%&%ﬁ& 6@@%’#?{‘) . 20 Exanpl e 48

10-{3, 4-di brlnggls@(n)ga/zgmw -HP- t et rahydro- 2H—p ~anoj 3, 4-b[ 1. 6] napht hyri din
e 1, 9( SH, BH) - di one anple I 1 C was processed as in Exanple 44 but

substltutlng 3,4 25 \ dibronobenzal dehyde for 3-chl oro-4-fl uorobenzal dehyde
to provide the titIe conmpound. Ms (APC g(+‘)n 453 (l\/HrH)+ Ms (APCI (-))

m z 451(MH)" HNI\/R(DI\/SOdb) 824&—%—@?1& 318326(m 2H) ,
4.00 ( :

1 H, .49 (d; ) ‘

MA n203 Exanpl e 49 10- (5 vitro-3- th$(7H)—one ldxoxzde
envl)-3,4,6,10-tetrahydro-2H pyrano[ 3,4-b) [ 1,6~ naphthyridine 1, 9(5H. 8H
_di one Exanpl e 11Aeclitign of Bxanpled 245G Sl ahpieolyp metharglimethylape ﬁﬂonde (40

o e e ERRuD SRREREL R el FesPL ook iSRRI RO
346 (MH"; m&h%(ﬁ@&%&)‘?*ﬁn&i f%r?r@h%ué,”fﬁ(twed%}'dbugl@a19n§n%9n£166 fikdfland4. 02
(s, 2H), 4.42 (AB q, ,"5.00 (s, 1 H, 1 H, 8 (d, 1L H, 7.75
(d, 1 H, 9. cacéhmtedlioldvolim@opd mls56ef rﬁetbandjr (Trlna-sdhd Whmhdmldqrnydlplta3¢c8w95 I

O-tetrahydro VI anol 3, ui oI|ne46(3H7 di one xture of
t hi opyr an- 3, @*la%ﬁt%éy o8} ¥ a@es&“ﬂﬂvme ol andysief useerk\%c 38‘516%’ Qs 10 5

4241-4244) ( no- 4- quorobenzaIdehyde (0.20 g, 1.0
nmol ), 3am rﬁ-%‘-%cycﬁ&thee?e % 0335)%8 g, 1.0 mol) and ethanol (5 nL) was
heated to 8(Qod”j #1E7°YBMSO, d@lpgs)for 60 hours and cool ed to anbi ent

tenperature. The resultlnadsolld was collected by filtration, washed with

et hanol and MiSi (E8§1¢+oxm/eat 1RGNt rMiNH. Viacuum t o provide the title

0. +)) mz 408 (M:H)+; NS (APCI mz 406
?&Wﬂfu@ ( N@%Ue’é"&%@%%%‘r ))88 %m 1H§ Ii|)89 1. 95(3 (m(l)Hg 2. 25 (dd,
2H), 2.46- 2 IBZNMR Sé’lbt)so éﬁ)_{)sQ z(ﬁ@ln 1]Hd)HB:083(m431-lgdﬂSi3 321|z*)(m %}624 ()Bi(s @HI;D4 4¢. 96

(s, 1 H, 7.15-7.2
Cal cd for C(aPHBqE}H:)\IG)ES(sGH)S‘ZZQ&Bm,E-H)SJ‘VE)CdleH& 1@314(5,0%)1 C, 52. 81 H,

5. (3" brom. if-zmlgéwaﬁﬁm%u ORI 88 Lo sttty 610, e o
pyridine 4. H. 3H -di one Thi opyran-3, 5-di one (Fennel, E A . Aner.

Chem Soc., (195 77, 4241-4244) 5 (0.12 g, 1.0 mmol) was processed as
descriped in Exanpl e 50 but substituting 3-am no-2

Example 13

-)-9-(3-bromo-4-flucrophenyl

8(7H)-one 1.1-dioxide

A solution of Example 12B (1.0 g, 15 mmol) was processed as described in
25 Example 12C to provide the title compound (0.40 g).
[a]?p -117° (DMSO, ¢ 1.01);
MS (ESI(+)) m/z 414 (M+H)", 431 (M+NH,)";
MS (ESI(-)) m/z 412 (M-H)’;
'H NMR (DMSO-d,) 5 2.85 (m, 1H), 3.08 (m, 1H). 3.33-3.42 (m, 2H), 4.03 (s, 2H), 4.49
30 (AB g, 2H), 4.90 (s, 1H), 7.27 (m, 2H), 7.45 (dd, 1H), 10.14 (s, 1H);
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cycl opent ene- 1-one for 3-am no-2-cycl ohexene-1-one to provide a solid. The
solid was purified by chromatography on silica gel eluting Q\A?( YlZUOS
acet one: met A ®R478Bhl oride to provide the title corrpound (0. PETY)S99/78373
(APCL(+)) mz 394 (MrH)+; M5 (APCI(-)) mlz 392 (MH'; "HNW (DVBO-db) b
2.28 (t, 2H), 2.48-2.73 (m 2H), 3.14 (dd, 1H), 3.47 (dd 1H), 3.54 (dd, 1
H, 3.82 (dthal. Cdibd fof C EH)C 46.38-H - %6, (0m 3. ﬁ")FouZ'nd‘l@ ﬁddz B, 393, N0. 27
(s, 1 H; Anal. Calcd SNOZSFBr C, 51.79; H, 3.32; N, 3 55. Found:
C, 51.46; BJ343.49; N, 3.39. 15 Exanpl e 52 10-( 3- brorm 4- fI uor ophen~)-3 4
6, 10-t et rahvdro-2Hp. ~r~ anoj 3.4-blj 1,6]naphthvridine 1.9(5H 8H -di one
Exanpl e 11 C was processed as in Exanple 44 but substituting 3-bronp-4 20
fl uor obenzal dehyde for 3-chloro-4-fl u%&%%mdehyde to provide the title
corrpound (0.79 g). Ms (APCI(+)) nmz 3 ;. M5 (APCI (- )) n12 391
WBEhestip))-253 18 2.3¢¢

(MH's ' H NVB-&fabf . :
2H) , 445(ABq 25 2H). 4.95 (s, 1 714(s 1H, 716728(m 2H) .
7.41 (dd, 1 H), 9.59 (s, 1 H: Anal. xilar C'H, 4NzO3FBr c 51.93; H,

3.59; N, 7.12. Fou 23 w0

001 24743 PCT/ usgbgi“?gﬁ‘%’f&"t Pstitonl X %}T‘pg ne b g dammd.2 éoem ng Activity

Menbr ane HypgioBehaldehfdd Q0 ASEQWENSH, rta%@aﬁotmbse&mbim qddibRide re@%agss.g m
channel opehing activity using primary cultured guinea-pig urinary bl adder
(GPB) cel | smmélpand triethylampiae §6.45 mIQf3 2minmed) in dshanddl 20 mhp viab stwetina sselells,

Crar B §8 o Brirareonledony triienle e%&n%‘h&%%%‘aﬁﬁcwﬁwﬁﬁg%@a e
KizPoa, 1. 7o Ra S EERLSApgh g O HBRRITHOTH e Shst %%‘8%% %,

HEPES, 10; rﬂl‘dx)(?fo#) 5 nﬁmlté§mma{eq:t htsohidetderhperanizy fortlicthodiss STh¢ ﬁtle 6émpound

(Kl ockner, U. and |senberg ,. Pflugers_ Arch. (1985), 405, 329- 339% The
bl adder wasl#& “iaﬁP@“@frFPélhy félérév%r%as ithethsapkand dried under vacuumyfer (6 ) of
the Kreb's;solution containing 1 mlligramper milliliter (mg/ ) of

col | agenas«l\1 t“§| gma, St. Louis, M) and 0.2 ng/nlL of pronase (Cal biochem La
Jol | 35 CA) Nm(ﬂm@.p)t)tnvﬂg@mgwsm;ﬂ ng in a cell incubator for 30 mnutes. The
m xture was then centrifuged at 1300 x g for 5 m nutes, and the pellet

r esuspendeM$ (ESKH)bwéct lIdMDs phat e buf fered sal i ne (PBS) (G BCO,

Gai t her sbuy, ) rec rifu t e er sid T I

el | ot was HOUESTRRARR S 386 ik Bk Gorbios P02 BBt s G4 o
nodi fied E figt@lpovi ne serum 100

uni ts/ L pggﬂl g‘} I§’I7 ggﬁqHXOO@Ju(ﬁﬂ}g'mng%gj?gé{r{j?n};g@ lgr@ é-b ng/ nL anphotericin
B) and fur tAval. Ghickfor CaHeW,0yS Q2HELOHNG, 59d; HUSdenN| hﬂZtﬁomuglC 89.19; H,

fl amepol i shed Pasteur pipette and passing i t t hrough a pol ypropyl ene rresh
menbrehe ( ;ﬁ’@char% Houston, TX). The cell density was adjusted to 100, 000
cells/m by resuspension in growmh nedia. Cells were plated in

cl ear-bottomed bl ack 96-wel | plates (Packard) for nenbrane potenti al
studies at a density of 20,000 cell s/ ®RhkmpRd nai ntained in a cell

i ncubat or vvlth 90%a|r 10%COz untll confluent CeIIs wer e conflrned to be
of smooth A yanopheny! = 21 [3\fsblthjeno(A3relpyadias8(Adlhen
anti human- asrmoth nmuscl e actl n (BIO a,. Foster City, CA. Functlonal
activity at potassi um channel s was rrggit%‘%’g—g%y eval uating changes in 30
menbrane potential using the bis-oxonol dye D BAC(4)3 (Ml ecular Probes) in
a 96-well cell-based kinetic assay syst em usi ng a Fluorescent Imaging Plate
Reader (FLIPR) (K. S. Schroeder et a xample Bi‘oned. Screen., v. 1 pp. 75-81

( 1996)). D BAC(R4g3 IS an_anionic WO 00/ 24743 2 7 M AY 7(13
PCT/ US99125328:2R.58)-5-methyl-2 L-methvl 1 -phenylethyl)cyclohexyl 9-(3-cyanophenyl)-8-oxo-

2.3.5,7.8.9-hexahydro-4H-pyrano[3.4-b]thieno[2.3-e]pyridine-4-carboxylate 1.1-dioxide

The product from Example 14 (1.3 g, 3.8 mmol) was processed as in Example 12A
30 and 12B to provide 0.50 g of the less polar diasteriomer and 0.50 g of the more polar
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potentionetric probe which partitions between cells and e t‘{a‘gmy @ea
solution i (g nenbr ane potenti al -dependent manner. Wth ifcreasin nbr ane
S P ans

pot enti al 024%%hpl e, K+ depol arization), the probe furthefCH$
into the cell; this is neasured as an increase in fluorescence due to dye
interaction with intracellular lipids and proteins. Conversely, decreasing
menbr ane phasterioradr. (hyper pol ari zati on by potassi um channel openers) evokes
a decrease_in flugrescence. Confluent guinea-pig urinary bladder cells

cul tured iGesppalakdissiesemeidt t omed 96 wel | plates were rinsed twice with 200

nm. assay f ONMPOS{d t HEPES, 20; NaCl, 120; KC, 2; Cad z, 2;
md z, 1, q\éﬁé@%&(&%%}%%ﬁ@?ﬂﬂ% 25 C) containing 5 ~M 1o D BAC(4)3 and
i ncubat ed wmist(es ne 595 (Mgybuffer in a cell incubator for 30 m nutes at

37 Cto ensure dye distribution across the nenbrane. After recording the
baseli ne f(mooe psleediastefamerd nmi nutes, the reference or test conpounds,
prepared at i es,t tration in the assay buffer, were added
directly ﬁﬂs'g(%éi( WWQ@@& n fluorescence were nonitored for an

addi ti onaly3 v 5 WIQPH ol ari zation responses ~ 5 were corrected for
any backgr ougggln@??g%argld werZ' normal i zed to the response observed with 10
~M of the reference conpound P 1075 (assigned as 100%, a potent opener of
snoot h nmuscl e KA ~-P channels (Quart et al., Ml. Pharnmacol., v. 43 pp.
474-481 ( 1993)). Routinely, five cobxampledtBons of P1075 or test conpounds
(yockEo ates sk e B SR S BBl SRt
a function of concentration. The ECS {¢qgmegid ration that elicites 50% of
the maxi mal response for the test sanpl€) values were cal cul ated by

non- | i near regr&ssspensianal yeilsssywiarglizstdromer famaEraeple 4i54ndidad, Ofuatmobn.

ol at ve bBTRIPL) 1 WLy o EaRd PaaSORUET BF %é?ﬂeé%%éifs&@ﬁ&%?gpﬂ ed
in 100% ' i - j '

and added ored HE1 Chp ek S EPEE BB IR Softhyratiy i Brvieany BulTer
PCT/ US99/ Absaitedl vl behraoINR ORI Redtvt-6 8 elearmnibat ) chistdRization GeganemdPi g

Bl adder (GPBlI Cells Exanple Nunber Maxi nal Res'gonse. (% P1075) )
EC50( ~, M) Bewed 27 stg8d abgshiemrgmpeange {gegimrs 77Bosairssss-otloged by iittsrtipng 1110

10 0201040 SN0, FEA0RA0, 015900, SARTER AR RS BIRL ARRRPEL. 2

251060. 0098246900. 01327870. 9728980. 06429871. 130840. 007431831. 332| 020. 0153392
0. 003434880. 09135980. 02536980. 0823710~0. 0006438820. 3939800. 68401110. 3241660
. 071421020264 BESAPMID40505850. 2046830. 3447910. 4948910. 08449852. 3501080. 0

845128080. 1%&%3&%%_{_%81“;2 36?) M_*AIXHSQ;OS PCT/ US99/ 25373 102
MS (ESI(-)) m/z 341 (M-H);
'H NMR (DMSO-d;) & 2.86 (m, 1H), 3.09 (m, 1H), 3.38 (m, 2H), 4.02 (s, 2H), 4.49 (AB q,
2H), 4.97 (s, 1H), 7.49 (t, 1H), 7.56-7.68 (m, 3H), 10.14 (s, 1H);
Anal. Calcd for C;H,,N,0,S: C, 59.64; H, 4.12; N, 8.18. Found: C, 59.39; H, 4.25; N,
25 7.80.



2 ? MAY 2003 WO 001 24743 PCTI US99/ 25373 In vitro Functi oza‘{) W@q
Conpounds ﬁ&(@ ?val uated for functional potassium channel in Ivity
using tiss P ﬂﬂ% obtai ned from Landrace pig bl adders. LarﬂﬁTélé@%ﬁij?’

bl adders were obtained fromfenmal e Landrace pigs of 9-30 kg. 5 Landrace

pi gs were euthanized with an intraperitoneal injection of pentobarbital
solution, Somethal , J.A Webster |rExampie6!ing MA. The entire bl adder
was removed and i mredi at el y Iaced i nto Krebs R| nger bi car bonat e sol ution
(conposi ti ah O-(3hgvanepheny >33 d sartol hé b thie & ndin-8(@Hone 2 . 5;
MyS04, 1.5; KHZPO4, 1.2; K~EDTA 0 01 UI I | br at ed W|th 5% C02/ 95% Oz pH
7.4 at 37 C). Propranol oI (0.004 MV £included in all of the assays
to bl ock ~i-adr r il f ar ded.
Strips 3-5 m i1 merarsop S mEligl ﬂa’ﬁﬁ%‘@“ﬁﬁﬁﬁlgﬁmﬁ%@?eéf;ﬁé@#%@t he
remai fii ng hirsd)ia metharioh (3 i) and aretiydeiei chivrid€li® nth)omss ateated weth 2% sodimw ed.
One end was fixed to a statlonam; lass, rod and the other to_a G ass FT03
t r ansducermgthoxids iz methspel (34 direps).stared forrlfohoyss. iltersd throygh A dmmemnsytipgties

vere |l yied, {OudophAk NIRRT Uk YD Y PL MBIl Sobhibald on

of 0.05 Hz | secon uenty stinulation

produced airghéda| gedtotl with emaﬁcﬂqae enl0f hdddllt HOH ste@h bath b crystaHEuesn Bera
allowed to equilibrate for at |east 60 mnutes and prinmed with 80 mM KC1. A

control comceilongditopandeirorkientdamperatuse farl Sehaupe ) Theeolig dias caliested oy each
t h P 1075 h t
1075 B onp Slafigh oFhR S BAERE 2 LRaRe: IR RTe s oot e

f ashi on ovgm Lglgr@@_q:glgg_atl on range of 10'9 to 10's Musing 112 | og
increnents. After a 60 mnute rinsing period, a concentration response
curve (curfed]dg i M8y (BMSQenedat ed for the test agonist in the same fashion
as that used for the control %Ignl st P 1075. The maxi mal eff cacy of each

conpounds W@@e‘ﬂf OMENHi ve to P 1075) is reported. The anpunt of

agent nec . 0Pa-0f the agent's 25 maxi mal response (EDSO was
cal cul ate % %Iéﬁﬁgaﬂﬁ%man et al., Am J. Physiol., 235, E97

(198GQ3), amDINm (DMS(PA) S'X:86 Em\VEH S 30MBEISHM .38 (A2HY 4102 (98B} 4M9 (AB q,
| ogarithm). Agoni st IF(%gtenm es were al so expressed as an index relative to P

1075. The Zfﬁbéml(é,sl 7481(kilED, By6di68 @n,3ght Hel146, 1Hsr P 1075 by the EDS

tost  agon S0l AR L AR oMo Foit i R AEF IO F ol L gea -1 o
provi de amagqqa'ggaol ndex of potency. These data are shown in Table 2. 103

2 7 M AY 2003 WD 001 24743 PCT/ US99/ 25373 Tabl e 2 Functional Potassium
Channel Openine Activity in Isolated Bladder Strips , Landrace Pig

Bl adder Exanpl e Nunber Ef f cacy (% 1076) pg
| nde®4976. 90. 362995. 80. 04151006. 40. 1 . 0227975. 40. 0408905. 20. 0239823

. 90. 00151096 fieBdn A1285 e 23 AL 398 007. 31.
6191006. 00. /%ﬁgggg’p‘ig]”i‘éé’éiu‘% Gﬁggﬁz H,E(? veshol£d Q%"& heh 07301

007. 61. 131855. 10. 06321006. 30. 4133835 9e 27341981 00. 96 | 04 WO 00/ 24743 2 2
M AY ~nn3 PCT/ 11599125373
351007. 41. 836| oéengwrgaéﬁlswwtm%@me @h@é@%s, @ém&@bdgq}ﬁow'luz%es 2

0. 174383610, 84T00R 20, 35390520, 009, 05, oD DY Loy Al ddnotarl g% | and

2 € conpounds 1S 1 ven on re contrac

b addﬁr bYmeE AdAdriBBY RESHSID £330 8 2SmABH m b@lmlqwmmmh@\/@esﬁeulasﬁry in the
treatment of synptons and/or di seases prevented by or aneliorated with

pot assi um Kxeanple|] 1Dpeeiding a rﬂnéu& whith'vesgunifice by flest ¢hyomatographp beerciliqai er |
as used hef ? (9% me:tgl ol/%uet y ene )illorlde) and crystallized from ethanol to provide the title

compound (1.46 g).
MS (ESI(+)) m/z 414 (M+NH,)";
30 MS (ESI(-)) m/z 395 (M-H)’;
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inert solid, sem-solid or liquid filler, diluent, encaps IPFMFQ{ i al
S |

or fornul aty iliary of any type. Sone exanples of maleria can
WOt PR Dse,

serve as pha ically acceptable carriers are sugars such-HY
gl ucose and sucrose; starches such as corn |0 starch and potato starch;
cellulose and its derivatives such as sodi um carboxyneth cel | ul ose, ethyl

|
cel | ul ose 'HIMEe(DMSOs&) 626802283 (@o%ﬂbﬁéﬂ-B-rlédm;éﬂﬁ,lﬁ-”rﬁ%/iﬂ),deqdaﬁsi Mt alc;

exci pi ents as b e posi.t qr S, O C _peanut
o1 cott anSL & 2P SR Golar 7R e HERABOUR, Tl PG, fh Y03 a i B
soybean 0iAnaj dbal6®tct iC, UM CRSOL: ADWBAICHIB BEON, 788! FoindUC s 81 hyls. & eat e
and ethyl laurate; agar; bufferlng agents such as 15 magnesi um hydr oxi de
and al um reuf@.hydr oxi de; al gi nic acid; pyrogen-free water; isotonic saline;
Ri nger's solution; ethyl alcohol, and phosphate buffer solutions, as well
as other non-toxic conpatible lubricants such as sodiumlauryl sulfate and

magnesi um stearate, as well as col ori LEE rel easi ng agents, coating
agents, sweetening, flavoring and per}%}‘\%rr?ﬁ%—agents, preservatives and

ant i oxi dangﬂ-%cmlo&mmr@gﬁﬂg.,:4,51,9&&1@@@@5@&@1@?,2%}@&&@{21‘5{%%%%%e
judgment of the formulator. 10 WO oonar’a 7 M AY PCT/ U 373
The present invention provides piEirkherst.iledibxidonpositi ons which conprise
conpounds of the present invention fornulated together with one or nore
non-t oxi ¢ pharmaceutically acceptable Garners. The pharnaceuti cal

conmp@si tions can be formnul ated for j i stration in solid or liquid
formﬂﬁfor parenteral injection or fgxa}rn B A]adn‘i ni stration. Further

i ncl uded wilRPSSR RS neetind@-Afmethel-pphsenéthy Nyeidliean B4 chilbgs-fadeonhcaal)-8-
conpositions conprising o nore of the co ds of formula I-VIII
prepared an@®*fw: 7B SO RTINS ] B4 Hdmerfhearbexyle 1-

phar maceuti cal | y acceptabl e conposi tigps,.,The pharmaceutical conpositions
can be fornulated for oral adm ni stra?‘llnl—%xﬁd%o insolid or liquid form for
parenteral inj efHelROdRE frb@ Exaegilel 7 adsig3 Striudbi)Qtes pfosidais iR ERBfbleal2 A
conpositions of this invention can be adm ni stered to humans and ot her
mammill s oraald|19B to pravadd Q71 paxf éhetlessgiolar didstericmesramne O18dl g 9f the marapelgi nal | vy,

i ntraperi Bﬁne%, topically (as by powders, ointnents or drops), bucally
or as an dh&fe $asal spray. The term "parenterally," as used herein,
refers to (RdesiaPli.geidbMESt ration 15 which include intravenous,

i ntranmuscul ar, 1 ntraperitoneal, intrasternal, subcutaneous, intraarticular
i nj ecti on MBESK#)sn/@i672 AMaiNH'eut i cal conpositions of this invention for
parenteral_ i ngecti on conPri se pharmaceutically acceptable sterile agueous
or nonaqué\4§§ KDLV BHS l\éi@ﬁer si ons, suspensions or enulsions and sterile
povxdfors fgfnorr@&gls(?i%&'é%rﬂ&)i nto sterile injectable 20 solutions or

di sper si ons. anpl es of sduitable agueous and nonagueous carriers,

di l uent's, MS (ESI(+)) m/z 672 (M+NH,)*;

MS (ESI(-)) m/z 653 (M-H)".

Example 18B
25 (+)-9-(4-chloro-3-nitropheny)-2.3.5.9-tetrahydro-4H-pyrano[3.4-blthieno{2.3-e]pyridin-

8(7H)-one 1.1-dioxide

The less polar diasteriomer from Example 18A (0.71 g, 1.1 mmol) was processed
as in Example 16 to provide the title compound (0.23 g).
[@])®, +75° (c = 1.0, DMSO);
30 MS (ESI(-)) m/z 395 (M-H)’;
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solvents or vehicles include water, ethanol, polyols (pr ogzem‘glmﬂ,
pol yet hyl eng o Q.%, glycerol, and the like), suitable m res thereof,
vegetable oll's )(‘/!such as olive oil) and injectable organi c esPETAS8UH s

ethyl oleate. Proper fluidity may be maintained, for exanple, by the use of
a coating such as lecithin, by the maintenance of the required 25 particle
size in théHRMB (DMS0sked 2i806%93 emdl By 3ttHe3. U3 émot Hy BrI%(E 1 2H), 4.04 Thedd),
conposi tions al tai p_adj uvants such as preservative agents
netting agadoSihamaid; S35 1Bpensy (@ nbar 63l Re FAS LD o B3 Enukun o
the action f ™ aky SHYr ] i i terhab. and
anti fungal “agkeie1E 8RB A0 S0 C. s BEH! S0, 1B, BHEn ieBas: B b
acid, and g, like. It nay also be 30 desirable to include isotonic agents,
for exanple, sugars, sodiumchloride and the |ike. 106 WO 00124743 2 ? M
AY 2003 PCT/ US99/ 25373 Prol onged absorption of the injectable

phar maceuti cal form may be brought abg;t b‘\g t9he use of agents del ayi ng
absorption, for exanple, alum num non and gelatin. In sonme cases,

in order t0(%grggqlxmrbtyemﬁfo{gﬁyx'p_ig9,gifa&qhyarb-d}@.ggfahsg,ﬂs&hire@b_fa-é]gzﬁhﬂw the
absorption O € drug from subcutaneous or intranmuscular I njection. is
may be 5 acconplished by the use @8f7H)-énegui-disxidgpensi on of crystalline or
anor phous material with or water solubility, The rate_of absorption aof

poo.
the drug then dépentse pplghdipstsnonerirgm Exampls 184 6%8vgi LR mmal) was progessed
depe upo r L 7€ i f ternatively, del ayed
absop%ti ong%fﬂ ga)?a%?rl%% é%%@?@ﬁ%ﬁﬂ?é@gﬁ@gdgé% ormis acconplished by
di ssol vi ng[@ Hbsmg)qisogct)@q);drug in an oil vehicle. t0 Suspensions, in
addition to the active conpounds, nay contain suspendi ng agents, as, for
exampl e, eMOEIGe/z 4b6MaNYL) al cohol s, pol yoxyet hyl ene sorbitol and

sorbitan e 1 C Y, Jine cellul ose, alum num netahydroxi de,
bentonite, %@Igﬁﬁf%éyg nth, and mxtures thereof. If desired, and for
mor e effectmwﬁ!(wwf&g $0.8010183 GRMPUBDS-03 (e i), 839N, 21D, 4.0¥gbign can

be incorporated into slOowrel ease or targeted-delivéry systéms such as

pol yner mat#rd9qas q,I2H)0S.02¢s 1 HanTS8i(dd, dsphe6® &, IMeY. 864y, 1bB, B1.22 (4, iHgd, for
exanple, by fjltration through a bacteria-retaining filter or b

| ncor por at A9RL GRISHEY e G- e S57% Hab 0ot 06 Beend Feddgpild 335N,
conpositio whi ch may be dissolved in sterile water or some other sterile
i nj ectabl e medi umimedi ately before use. 20 The active conpounds can al so
be in mcro-encapsulated form if appropriate, with one or nore excipients
as noted above. The solid dosage forns of tablets, dragees, capsules,

pills, and granul es can be prepared wExtmple20i ngs and shells such as
enterjc coatifgs, release.co I d C i i

knovvnﬂoi n tﬁ%dl rél’u"ff)&g'etﬁutof?g oyl ' L EaEtiond 5 the
active conmpound can be adm xed with at @ané east one inert diluent such as

sucrose, lactose, or starch. Such dosage forms may al so conprise, as is
normal practi ceA miktireiodthe prodixs froncExaroplhdi Ct(R23 g, 3k mmil), ddnerso-de. g. ,

tabl eti lubr i d h bl eti [ h i t d
m or oor yot SPPTORERALERGERY §.24 Rdhde o dipatiiee BRBR00 BRADGHA s. ¢ ne
dosage for Eﬁet@é{mﬂes(@lﬁmrl'.é ) gxecrth 1 @gﬁﬂg%vasl:hﬁ)!d R0 P LRB]liMube

y 0 al so be of suc

contain opaclifying agents and can conposition that they

rel ease t héoraffttiouss andgoeltdes hsbiennteynpetaturt0 The radDltidpl sdlid4zhsZoRedied®y 2003
PCT/ US99/ 25373 ) i )
filtration, washed with ethanol, dissolved in a mixture of methylene chloride/methanol

(4:1), heated on a steam bath to remove the methylene chloride and allowing to crystallize
for 4 hours. The crystals were collected by filtration, washed with methanol and dried
under vacuum for 16 hours to provide the title compound (0.37 g).

30 MS (ESI(+)) m/z 392 (M+H)";



preferentially, in a certain part of the intestinal tract 'ﬂ@el

manner . zwg ﬁ/z é‘ enbeddi ng conpositions which can be u ed

pol yneric subSlAl@s and waxes. Injectable depot forms are nBEEUSY3581hni ng
m croencapsul ated matrices of the drug in bi odegradabl e polyners such as
pol yl acti de- pol ygl ycol i de. Dependi ng upon the ratio of drug to polyner and
t he naturé\/ISf(ES{(e))deBP@(MaH)pol ymer enployed, the rate of drug rel ease can

ot 5?2%‘82@@@&% ée%ytic‘hﬁ%r HGOLASIR oL Tt SR L oA e

al so pre kil I regmul si ons whi ch
b pa{@gd qfgﬁgody QIHE thg ‘I]:pe |3nj gg{rgg 98fzorgrf’ru1 i

are conpat i bI i Ss tions can be
sterili zedAndloCaled foryd g, ,HP,FBt: tOdisllatlHt, Brasy ) 3 b Foued: @l 5499t B, RGN i | ter
or by i nc&n&oratr ng sterilizing agents in the formof sterile solid

conposi ti whi ch can be dissolved or dispersed in sterile water or other
sterile injectable mediumjust prior to use. Injectable preparations, for
exanpl e, sterile injectabl e aqueous or ol eagi nous 15 suspensi ons may be
formul ated according to the known artEkrasﬁﬂgzqui tabl e dispersing or wetting
agents and suspendr ng agents The ster| € Tnject abI e prepar at| on nmay al so
be a steril E-{1pr ) 5 7

parenteral ly accept abI e d|| uen or sgl nt such as a solution in ’
1, 3-but anedi ol . Anpbng the acc 1 | vents that may be

el gyed are ""a[&%lxu'f_ﬂgﬂétgé I?ocﬁr%{ Hbin Eﬁia.nh%]?lf)c ‘E‘)tr{i’x%io@ £, 20

chl oride sol ution ste |xe 0|I are conhventionally

enpl oyed ghodotsplkaaetyde(0.49gpeadnmgl)redidloxotb@sihyidid-3-thieppass-aiey Dodand
fixed oil can_be enplaoyed incl udi ng_] nt heti c nmono- or di gl ycerides. In
a

addi ti on, Jrfétﬂﬁqeroaxclst@hﬁras(l&%b B-b43) (886 g A.Otrhmoly apg trieshylamingf

i nj ect abI dos or..Qral admnjstrati o clu sul es,
Lablete, pAaRLLOaERET e iRl b Bl BprBiaee! drdeahiRg mBSRaaThe. the
active corg;gﬁagmesm[gegerqm%ar@o as gh east one inert, phar maceutr cally

accept abl e exci pi ent or "earner such as sodi um ci trat e or dical cium

phosphat e MSdESI(+aa))meZ|4I2Be(M;+H))’ &6 dldHg)'such as starches, |actose,

sucr ose, and silicic acid; b) binders such as

car boxyneﬂﬁgl(géﬁr)up’gég% gManat es gel atin, poI yvi nyl pyrrolidi none,

sucr ose, LQT?}[: | ygsr )11802 iqat eghahi Ng
agent s sucE‘djaI SM?S%%‘?% ca ér um+ erﬁggbn Qg ?512?604’ ?lt br g?:g%t(g?gﬁf)

al gi ni c 1 0802 (sY'\CHRCH2AAE q22H), ¥.08Y(s 20193 7%T(|N§9H7I)2537'\6d@d}ﬂ,9 6B (Hsal H);
silicates, and _sodium carbonate; e) solution retardi ng agents such as

par af fi n) Aft‘alj Calpd S st theN QeI Ga 3:68; BudA3al, 334t Eewad: |, 4rbnHudd; N,
corrpg(tmds wetting agents such as cetyl al cohol and gl ycerol

nono eara3te ) absorbents such as kaolin and bentonite clay; and i)

| ubricants such as talc, calciumstearate, nmagnesium stearate, solid

pol yet hyl ene gl ycols, sodiumlauryl sulfate, and m xtures thereof. In the
case of capsul es, tabI ets and pills, Eimmi@iage formmay al so conpri se
buf fering .

as filler oA PEOPRERY g Y pyranold.d-e =
as lactose or mlk sugar as weI | a g lar wei ght poI yet hyI ene
glycols and the like. 10 The soli d$1 z I'g ishe of tablets, dragees,

capszd es, pill sA nantirgofths pesducafromeExangan £0 (0428 1y, 2 9ahmoDs3-brothsHhel | s such
as enteric_coatings and other coatings well known in the phar maceuti cal

for nul at i rfiproseenzalgelydgd()-48 & 2 driamed), @éﬁﬂ)’a@h%%@lém (Hehpelageénitls Aa‘i"F'd can al so

et er ont Gy So (9B T, ARV BR3P 361503 b Fang RN 0, a1 8
manner . Exampl)as eandix4enLpadd ﬁt@css@éwssmtmmw’aow 1SR fEehmfuhyde

pol ymeric substances and waxes. Conpositions for rect al or vagi nal

adm ni stra(Danrg)are preferabl y supposr tories which can be prepared by m xing
t he conpounds_o i nvent i W th suitable non irntating excipients or
carrpers sMér(E&(“L})d%‘a”QdMﬂ#) W@‘éﬁﬂgk)evne gl ycol or a suppository wax

whi ch are solid at anbient tenperature but liquid at body tenperature and
therefore 20 nelt in the rectumor vaginal cavity and rel ease the active
conpound. 76




Li quid dosage fornms for oral adm nistration include phar u I

accept abl e ‘gg:éky?%_a s, mcroenul sions, solutions, suspensingz Mé&? %O%nd
elixirs. In idn to the active compounds, the |iquid dos $B258 3 may
contain inert diluents conmmonly used in the art such as, for exanple, water

or other solvents, solubilizing agents and emulsifiers 25 ~ such as et hyl
al cohol , | MpERY)) al/zd¥AM-IEX;hyl carbonate, ethyl acetate, benzyl al cohol
benzyl benzoate ropyl l.yco , 3-butvl ene glycal, di | f or mam de,
018" (i’ paamil AVBEAET § A9LE, otk ey e & (v a8 BB s
sesanme oil s}y e, h u ene glycols
and fatty zg)a‘ﬂgzgsgr‘g)’o?ﬁﬁ‘{r“@r ?géfoiia% ’Wi&tﬁrog@aﬂh}gr 2%? Xgﬁggl)’des i nert

di luents, el @ad¢d RRIPAEINOSFBre@N4aTeo] NeY;0e3.4d) FaimdnCs49.99 H, IEB; N,

001 24743 2 ? MAY 2003 PCI/ US99/ 25373 such as wetting agents, enul sifying
and sdspendiZlg agents, sweetening, flavoring, and perfum ng agents. Dosage
forms for topical or transdernmal adm nistration of a conpound of this

i nvention include ointnents, pastes, creans, |otions, gels, powdlers,

sol utions, sprays, inhalants or patchgsambieafctive conponent is adm xed
under sterile conditions with a pharnmaceutically acceptable carrier and any
needed pr eser 33-bvano-drflunndghens!)s7. R¥vtetyehydeonyciopenta[Ghhvirsral [ 43 e lhyordind-at i on,

ear drops, eye ointnents, powders aad égl u'éi ons are al so conenpl ated as
being within the scope of this inve : i ntments, pastes, creans and

gel s ggmy cont ai 0y vj;f Al QLG ARGk, 11OEATPADRAN, Bhicgmbhient i on

exci pirents 'such as ani nal vegetab waxes, “parafttins,

starch, tr fmefbehialdédrlit (W0.958, T mmnal), V8eyclppdntficdivhe (®2QEYZ.0nsmoly ahd cones,
bentonites, silicic acid, talc and zinc oxide, or mxtures thereof. Powders
and spr ays tiethylemine(Onl4 hh, h8ammpbin edhaneldd edppwasmdecessedtasidgsarihoint i on,

exci pi ents_such, as, | gctose, tal.c, .si]Jicic.acid,. al.um num hydroxi de, cal cium
o111 bates: Eamels Tl JERAIE phfrordding pdie o R Rog SFoTEIES! (£ oy s
can addi ti gBakd ¥n aQMHa Bhtl HSleRITRE Yadmei§ldnd Chidridé &t Afowing to crystallize for 4

chl or of | uor ohydr ocar bons. Transdermal patches have the added advant age of

providi ng toutsr Alheadystids werroplleéted by dilpatiomg washet! ivéthooethandbaoé dded agderf or ns
can be made by dissolving or dispensjng the nd in the proper medium
Absor pt i on Vasthumh &gy 16 }E%‘Fﬁtﬁlpé‘b“ﬁ“ea'l?é&t? W@Roﬁﬁﬁ?&gg‘ga he 20 flux of the
conmpound a b [ T enf fANRS-control l ed by either providing a
rate contrgﬁ??%gkﬁgégégzg(%gggy%gﬁéperg?ﬁq the conpound in a polyner matrix

or gel. Conp®msis-)pin/i bes (gbgnt i nvention may al so be adm nistered in the
formof |iposomes. As is in th i posones_are general ly derived

k t, |
£ 1 om phosphENMRADISOothE 2311 (6 2Hs AEEH R A, 2.3 (Sb et 04 (6 2F0rat(BB Grono-
ti-1 | h | i i 5 di d i
Suads ot 4.3 DIRB 28 o Y, g e s o oS L T bl e

l'i pid capaifl @aléPforO)#1, INOFBRNESSTBY, B3 45,ad. 3. TN EF Rn@seN$3.68MGEs63;Nns i n
| i posomre formmay contain, in addition to the conpounds of the present
i nvention, 3fB3abi | i zers, preservatives, excipients, and the like. The

preferred lipids are the natural and synthetic phospholipids and
phosphati dyl cholines (lecithins) used 30 separately or together. 110

Example 24
25 5-(3-bromo-4-fluorophenyl)-5.8.9.10-tetrahydro- 1 H-pyrano[3,4-b][1.7]naphthyridine-

4.6(3H.7H)-dione hvdrochloride
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WO 00l 24743 ~ ~ ~~ ~Y ~~~3 PCT/ US99/ 25373 Met hods to f&r?n IMAstggg are
known in ttw ﬁ&g‘g See, for exanple, Prescott, Ed., Methods in Cell Biology,
Vol ume XI V,YR il c Press, New York, N. Y., ( 1976), p 33 ePCEU§II2BB term
"pharmaceutically acceptable cation,” as used herein, refers to a 5
positively-charged inorganic or organic ion that is generally considered
suitable for human consunption. ExanBks#spleR4phar maceutically acceptable
cations are hydrogen, alkali netal (lithium sodium and potassiun,

magnesi um cal cidabs p p-4 e, 815 1 OAershvdrard Hr pirano[3.4-

di al kyl ammoni um trial kyl a [ etraal gRni,u di et hanol anmmoni um
and choline. Cations may bﬂ%&%@%{&%# Eréj&%own into the art,
such as ion exchangfure SPMelppodiRt frgﬂaﬂm&%t}ﬁ@%bhﬁ £2¢98RMAD! $-brahbsy- esters
and am des,"” as used herein, refer to carboxylate salts, amno acid

addi t§ on sthldrsbenzaidehylei (0128 g, &4tramel)aNebemay iy riaineed) fiyplberedZiegler drAmem
[-VI1l which are, w thi he scope of sound nedi cal  judgepment, suitable for

W thint
use in corfeRfER 3% MX7Rb 961 U868 (hdhank ! ammol) gne sty lamine (B Wshi I-Andue
15 toxicit (N I.PMA, ' : ' I i rate
wth a redbei S BkER mE) by ofeds BRI nHIE P18 prd B B SRR 0 G
use. The t@mmg)pharnnaceutically acceptable salt,” as used herein, refers
to salts that are well known in the art. For exanple, S. MBerge et al.

descri be pHar(ESHEM nEA83MIIEEPIMMNHLXs in detail in (J. Pharnaceutical
Sci ences, e 197 anpl es of 20 pharmaceutical ly acceptabl e,
nont &i ¢ &@Sc‘t§@)g"ﬁ‘%ﬁam'@are salts of an am no group fornmed with

i norgani ¢ acids such as hydrochloric acid, hydrobrom c acid, phosphoric
acid, sulfuric acid and perchloric acid or with organic acids such as
acetic acid, oxalic acid, nualefic ackxhmpla@dBric acid, citric acid,
succinic acid, or malonic acid or by using other nethods used in the art
such as i on BREhxh: Q-thd e ) Ord10%0-4h0. 004 Tl (1-h
nitrate, bisulfate, borate,

3- phenyl pr opi onat e, carrphorb P‘?n fith Hl,ng' £ 9 %%”?l teate, pal mtate,

steafqate, |aur aheolutidf ot prédUTRiBiEExags10 RhAL(0,2935 PASIEMe]) iflintdhylass e,
p-t ol uenesul fonat e, canphorsul fonate, nethanesul fonate,

2- hydr oxy eghleridesd mbhwastreaigd it ainy! cljpreformegie (hil mL., |l Zompisl bangk processed
| ycer ophosphat e ectipat daur sul fate, and the .l.i ke [, sal t,s,such
9 coar o asin Eadeling ik Geerinh By g hroRfentity Sragsibis By (RO 3R BviaR

PCT/ US99I Ztﬁ@?iﬁe%@hgbh&m @_all:;tgs)_ or am no salts such as anmmonium triethyl anm ne
salts, and the like, all of " which nay be prepared according to conventional
met hods. TMS (ESI{)) mhada3ederH) o480 (M-eE¥Hpt abl e ester,” as used herein,
refers to e t%i( %f corri)zlgl[_]ﬂs_ of the present invention which hydrolyze in
vi vo2and iMelGad-Drweso break down readily in the human body to | eave

t he parent conpound or a salt thereof. Exanples of pharmaceutically
acceptabl e, non-toxic esters of the present invention include C -to-C6

al kyl esters and Cs-to-C, cycl oal kylExesi®e g4Cal t hough C, -to-C4 al kyl esters

are preferred. Esters of the compounds of fornula I-VIII_ rmay be prepared
accordi ng t @ _f’u QHEIY 4-HHa10DARI Vi) 9.1 § H JAR b1/ inaR ridine-

acceptabl e am de," as used hereé F taelgs 0, N r]-t.&)xic am des of the
present invention derived fro#r—éz#mkﬁa——%?m@w =1 0-C6 al kyl am nes and
secopglary C, - t oAGBfodlof EkamipleDaB. inleﬂ)ahbﬁ(é%ﬁ%)o%s gegeNdRASNAOIES ML he.
amne may also be in the formof a 5- or 6-nenbered heterocycl e containing
one ni t r ogeflustdfor 3Avucenddendentated r Rurifavatiom by flagh clirom@iogadpbyl over siliea gel

am des and gb-to-Cz di al kyl secondarg 15 am dgs ar e, pé(i{?er[ed. Am des of

t he conpoudf¥ Bethapelammonia satuatedapethulens ehigride) pIOWdrdMEJ HEFERNBRL i onal
met hods. |t de3 J ] : nt invention include am no
acid and p pqsﬁoég%ﬁ??@g %@ém@oﬁﬁéhg%ﬁéﬁggﬁgé?%ﬁ formula I-VIII, as well.
The term "ppaspeagwQ;cal |y acceptabl e prodrug” or "prodrug, " as used
herein, represents those prodrugs of the conmpounds of the present invention
whi cBO ar e, Mi (BSI(H)) méz 393 Edpe, 60 @dudid,)edi cal j udgenent, suitable for use
in contact with the tissues of humans and | ower animals w thout undue
toxicity, irritation, allergic response, and the |like, comrensurate with a
reasonabl e benefit/risk ratio, and effecfgive for their intended use.
Prodrugs of the present invention may be rapidly transfornmed in vivo to the
parent conpound of the above fornmula I-VIII, for exanple, by hydrolysis in
bl ood. A thorough 25 discussion is provided in (T. H guchi and V. Stella,
Pro-drugs as Novel Delivery Systens, V. 14 of the A .C.S. Synposium Seri es,
and in Edward B. Roche, ed., Bioreversible Garners in Drug Design, Anmerican
Phar maceuti cal Associ ation and Perganon Press ( 1987)). The term "prodrug

. Y . o N .
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| 12 WO 00/ 24743 21 MAY 2003 PCT/ US99/ 25373 ester gr ouprsnz'[ Ec %093

pi voyl oxyne 556 acet oxynet hyl , phthalidyl, indanyl and net , as
wel | as ot h¥P%aEH3 groups known in the art. O her exanpl es ofCHPEW26Y 3est er
groups can be found in the book ("Pro-drugs as Novel Delivery Systens," by
H guchi and Stella) cited above. Dosage fornms for topical admnistration of
a conpoundMs (BSi{-p mzBdeht{MsH)| ncl ude powders, sprays, ointnents and

i nhal ants. The active conmpound is mxed under sterile conditions with a

phar maceut 11 2IME (BMSQrdar 278 6hBide PHarf0 Bty ZHa b (spP B - YRtAR 852Hh di%%r s

01 nt mon s, f‘ﬁomﬂf@#@b‘? Ao (R4t e R B A R "o "Dl ng v thi n the

scope of tRingl. Canadéd OH, N,0,FBrHIel0. Zosaue : Leushs; Bf 4.061NyE10.nps@E: €Nt s in
the pharnaceuti cal corrp05| fions of this invention can be varied so as to

obt ai &8 an AfB9%H, 423;thhé.Act i ve conpounds) which is effective to achieve the
desired therapeutic response for a particular patient, conpositions and
node of adm nistration. The sel ected dosage |evel will depend upon the
activity of the particular conpound, 0 e of admi nistration, the
severity of the condition being 15 tr%%%d the condition and prior

medi cal hi st or 9-(®brédme4{fhiok nPSS95dihy et 3Hd-fu rahd[4i3se]piridiner t he
skill of the art to start doses of the conpound at |evels |ower than
required for to achieve the desired:.8ABARdione effect and to gradual ly
incresse the dosage until the desired effect is achieved. The present

i nveriti on cont enpl ates pharnmaceutically active netabolites fornmed by 20 in

vivo biotransformation of conpounds pfamh@Epyha |-VII1. The term
pharmaceutical Iy active rret abol i te as use erein, refers to a corrpound

f OI’ ITEd by t 3. ! V gl 1421 S L3 g P 2 2 . The
present invention cont errpl ates Cgﬁognds of for rrul a l -VI I I and met abol ites
thereof. A thorough d| scu55| on o on is provided in Goodman
and Glnman's, Thg, S her, eéhésl§vg@th
edition, her eby‘ELl ncor por at gﬁk%‘?efeﬁggé( %S}ac\:w-cl);rr%o ds o gﬁeﬂl nventi on,

i ncl ugi ng DLE3-nr89) (1.4} EXlmintol}, Basremspfludriobenzalichihde (é})@grplmmob)omm 3-
pot assi um channel opening activity in manmal s ées peci al I y humans)

pot assi um amieaetonsich s, 12tm@08@ﬁééﬁwaalceholt(h ﬂﬂ{)é&@rﬂ“"i%#@rﬁsldﬁfi”&’% in

e e

PCT/ US99/ 25@67x§et§yMé&iéﬂmetH§'m{eQﬂﬁf?lde]“f?ﬁﬁ/ﬁleﬂQhe 2% ComBRInd9.40i) 296 g6lid:,
urinary incontinence, functional bowel disorders, neurodegeneration and

stroke. Thewa®6rd0By of the conpounds of the invention to treat asthma,
epi | epsy, hypertension, Raynaud's syndrone, male sexual dysfunction, female
sexu dysfunction, mgraine, pain, eating disorders, urinary incontinence,

functional bowel disorders, neurodegepgr@bngp and stroke can be
escCrl

denonstrated according to the nethods ed (D. E. Nurse et al., Br. J.
Urol., v. 68 mahyl2iZ33liromoidgonophdyER-(blomemethydl-5-0xd-4.520 Srtetrainidro-Eip .
Ther., v. 274 pp. 884-890 (1995) ( acol . Ther., v. 70 pp.

39-63 (1996): D. R Gehlert, BY macol & Biol .

evel oprent V'Reseas%“ﬁwﬁ%?%fbd@&5%’*%%%?‘5?5@%‘% A Rpm 92

Neur @scCi enhﬂ%twas\éool%d BP-10245; trésdd (B Yetidire. (03pankya. 6 knebdl) ahen trddaddwith V.
390 pp. 521-25 (Decenber 4, 1997)). Aqueous |iquid conpositions of the

present i npendinom tibsomide(9.84i2a2. |6ymuglé¢ stirretldpr 1 heur, diluted with methylene
chloride (150 mL) and washed with 1N HCI (25 mL). The organic layer was dried

(MgS0,), filtered and concentrated. The residue was purified by flash chromatography
over silica gel (1% and then 2% methanol/methylene chloride) to provide the title

30 compound (0.68 g) as an oil.
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treatnment and prevention of asthma, epilepsy, hypertension, ynaud&'i}
syndrone, nale 15 sexual dysfunction, fenal e sexual dysfuacz MAYrﬂ SSai ne

pai n, eati nyOdW&&14ders, urinary incontinence, functional bowplcTaissatsiess,
neur odegener ati on and stroke. \Wen used in the above or other treatnents, a
t herapeutically effective amount of one of the conmpounds of the present

i nvention can be enployed in pure formor, where such fornms exist, in
pharmaceutically acceptable salt, ester, am de or prodrug form 20

Al ternatively, the conpound can be afgampktzsCd as a pharmaceuti cal
conposition containing the corrpound of |nt er est in conbl nat| on W|th one or
mor e phar mace2(T-hramo-4cflussentignmljeb? : CRIGUTL: : ally

effective anmount” of the conpound Oiﬁﬁlgﬁlﬂféen“ on neans asuffl ci ent
anount of the conpound to treat di reasonabl e benefit/risk
ratios appl i cablend Groalit e ERpld £ 63 Wirhd1) Ras HOASS SlapRA 30MQvRYeT
that 25 ~ the tota 0dal usage of th dounﬁinll ?\d ?:!(“)irrposl?'{a??onls3 of the
present i n\eminutes amdldootcd tol emibike tdmypdrétareat[her&ildlg vedsytedatzdanvitininethiylent he

scope of sqund nedi cal judgenent. The specific ther apeutl cally effective
dose | evelchigsidezangd tb‘équ}l'élﬁgé?h%éﬁaﬁéﬂ‘tle%q by akiERe, widad #ilimeBYnef factors
i ncl udi ng r t t di sorder;
activity o‘#lﬂ(ﬁ'he %ge&g% |té)sled(}gnc%)eot:i}§ l%%?’@gu%&&) ?ﬁt\/g%éescay ?I[:e %:Otl)ﬁpom tion

enpl oyed; hpe6eades °@9 body weight, general health, sex and diet of the
patient; the time of adm nistration, route of 114 WO 00/24743 2 ? MAY
2003 IPCT/ UBSIESH3 B0Vt Bt 3Ph(MaNH,Yat e of excretion of the specific

conmpound on of the treatnent; drugs used in conbination
or rTEoi nci %ﬁ%ﬁ%ﬁﬁ*/ﬁ?ﬁgmb fic conpound enpl oyed gnd i ke factors well
known in t'?ﬁNgﬂégﬁﬁis@H $ 4.50¢s ﬁg@k& AB QPIPVXF% (sWIH'x'd‘sétﬁ?lﬁ §é3 { the

art to start of t e co ‘ower "t han req ¢hi eve
t he desi r ext), M2BIHLDH), G%f(ﬂebﬂ),amcsa(@ gﬂ)@dual ly increase the dosage until
the desired effect is achieved. The total daily dose of the conpounds of
Lhi s | nverARBrCeanfon GolndO B 4R HoP-oded. Gnifioand: iy 028 db 3030R about
0. 00:}5to aiagfjt 10 ny/ kg/ day. For purposes of oral admnistration, nore
pr ef €r abl € 'doses can be in the range of fromabout 0.0l to about 5 10
ng/ kg/ day. |If desired, the effective daily dose can be divided into
mul tiple doses for purposes of administration; consequently, single dose
conpositions nmay contain such anpunt s__mala.tiﬁulu pl es thereof to nmake up
the daily dosge ) \PP 00/ 24714 ) ormul a |
~ DD R =140 OF PR3 or a
phar maceuti cal I y accept abl e salg]gvm@le 8(?ﬁt7‘?1’)ad196 pr odr ug ther eof wher ei n
nis 0-1;

20 A solution of the product from Example 25B (0.16 g, 0.34 mmol) and 2M methyl

roph

amine in methanol (3.5 mL, 7.0 mmol) was stirred at ambient temperature for 16 hours
and concentrated. Purification of the residue on silica gel (5 % and then 10 % methanol in
methylene chloride) provided an oil which was crystallized from ethanol, collected by
filtration and dried to yield the title compound (0.016 g) as a white solid.
25 MS (ESI(+)) m/z 393 (M+H)";

MS (ESI(-)) m/z 391 (M-H);

'H NMR (DMSO-d;) & 2.81 (s, 3H), 3.98 (d, 1H), 4.03 (s, 2H), 4.15 (d, 1H), 4.50 (AB g,

2H),4.75 (s, 1H), 7.23 (m, 2H), 7.46 (dd, 1H), 10.11 (s, 1H);

Anal. Calcd for C;;H;,N,0,FBr 0.5 H,0: C, 50.76; H, 3.76; N, 6.96. Found: C, 50.64; H,
30 3.66; N, 6.59.
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mis 1-2; Ais selected fromthe group consisting of NR~, O IS
sel ected fromthe group consisting of NR, O S and CRQRS; 23[? ?Qﬂs\glztggtsed

fromthe gr¥89%24A%i sting of CH2 and C(O); 1 o D is sel ect eBCT/USNIHE
group consisting of CHz, C(O, S(O, and S(Oz; R is selected fromthe
group consisting of aryl and heterocycle; Rz and R, are independently
sel ected fromthe group consisting of hydrogen, al koxyal kyl, al kyl,
aryl al kyl, cycl oal kyl, cycl oal kyl al kyl, hal oal kyl, heterocycl eal kyl,

hydr oxy, hydroxyal kyl, -Nz, Z~, and (NfxaEplekyl wherein Z, and 15 ZZ are

o) Dt L AN ST T RN U
selected fromthe group consisti ng](gi‘ulwgi@@& and alkyl; R~ and R~ are

i ndependently sel ected fromthe group consisting of hydrogen and 20~ al kyl ;
with & he provi s?ldletmaducmfrem Ekdngalé:EiZBt(héﬂ gP0.46ammbl)evasttieaedGrith a &nd wi th the
proviso that when D is S(O S(OZ then A' is CR4R5. 116 V\D 00/ 24743
2 A conpdiHBoHasthamalm; Ké@ L 15 e metalRarestirred repgtor for RS days apampienty H s
2 ? M, / / har ical.l ce l.e salt,
R o ST IR e R e
sel ect ed fohfithdtbea )Oéfpmﬁémg?dl § D0ghDiheNTBY, ethanél iPmethylée chfdrafeh sl from
the group consé%% of % S and CR4F§5 D is sel eyct ed frrgjr??the group
consi st i ng)r@\fldﬂhetltb(w)rl,m@(mow aS@Gpld. to R is selected fromthe group
con5| stl n %éxh and heterocycle; R~ and R3 are independently sel ected
from 3 sisting of hydrogen, al koxyal kyl, al kyl, aryl al kyl,
cycl oaI kyI S @ Siop iy had lvl-)habe heterocycl eal kyl, hydroxy,
hydr oxyal kyl(% I\@Zz QM ¥ %b Mﬂ “V\/ner ein Z, and Zz are independently
sel ect ed MBESI{O) gﬂmmﬂ (M}E)l stl ng of hydr ogen, al kyl, 15 al kyl carbonyl,

aryl, arylal kyl, and fon . R4 and RS are inde endentloy selected fromthe
o oub oot PR IS QT S50 TG (s T4 4,07 (4. THD, 450 (4B o 30y, .75 &

1H), 7.19-7.29 (m, 2H), 7.44 (dd, 1H), 7.59 (s, 1H), 10.09 (s, 1H),
15 Anal. Calcd for C,(H,N,0,FBr0.5 H,0: C, 49.50; H, 3.38; N, 7.22. Found: C, 49.34; H,

3.26; N, 7.21.
Example 28
5-(4-chloro-3-nitrophenyl)-5.10-dihydro-1H.3H-di
20 4.6(7H.9H)-dione

A mixture of tetrahydropyran-3,5-dione (Terasawa, J. Org. Chem. (1977), 42,

1163-1169) (0.27 g, 2.4 mmol), 4-chloro-3-nitrobenzaldehyde (0.54 g, 2.9 mmol) and the
product from Example 11C (0.27 g, 2.4 mmol) in ethanol (3 mL) was heated to 80 °C for
60 hours and then allowed to stand at ambient temperature for 5 hours. The solid was

25\ collected by filtration, washed with ethanol, dissolved in 1:1 methanol/methylene chloride,
filtered, heated on steam bath (replacing the methylene chloride with methanol and
concentrating the mixture to approximately 5 mL) and allowed to stand at ambient
temperature for 2 hours. The resulting solid was collected by filtration, washed with
methanol and dried to provide the title compound (0.061 g).

30 mp > 260;
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R6 and R~ are independently selected fromthe group consi s i of hzydr ogen
and al kyl. 3. A conpound according to claim2 wherein A |s

conmpound acWQrOG'izﬁyi‘to claim2 wherein Ais O 5. A conpound azccm.rsdwzfgno
claim2 wherein Ais S. |17 WO 00/ 24743 6. A conpound according to claim
1 of formulalll: R~ DD/LR- A~ ~~An H/Il~ls IIl, 2 ? MAY 2003

PCT/ US99lI 7 G P?amQ «ically acceptable salt am de, ester, or
prodrug tﬁgrgegﬁ erelty;?’ﬁ@@ﬁq?s 0-1; mis 1-2; Ais sel ected fromthe group
consi sti nWSf(EBR—))n&BﬁB\@NSH)A is selected fromthe group COI’ISI sti ng of
NR3, O S and CRARS: is selected fromthe rou con5|st|n%0 c(O,

S(O, and §(TGJ)IH% (IPMSQ di)$ 406 (s HD, 4.5 bABHe4 tsohED: gt 34 iHbr7y68 @End
het er ocycl endent |y selected fromthe group consisting
of hydrogen, 2 §2§3§5§§§ %éhﬁaﬁﬂ aryl al kyl, cycl oal kyl, cycl oal kyl al kyl,

hal og kyl Aﬁmteane&ycﬁlc,ealxgmlo yer sxY0; Hyslaenyat by FomMZcha 8419 3.81; N,

(Nz, ZZ) al kyl wherein Z, %z are independently selected from the ‘group
consi sti ndg’.b4. hydr ogen, aIkyI, 15 al kyl carbonyl, aryl, arylal kyl, and
formyl; R4 and Rs are independently sel ected fron1the gr oup consisting of
hydrogen and al kyl; and R6 and R~ are independently selected fromthe group
consi sting of hydrogen and alkyl. 7. A.go mg@gnd according to claim®6
wherein Ais NR2. 8. A conpound accordrng to claim6 wherein Ais O 9. A

conpound agqardhidbheRyI35l 03By deeT I8 3H-dipyfnsi3.4-581,3-e MPride 24G(F 81 919)-dibne
conpound according to claim1 of formula IV. OR- ORA ~ | ~A-

10 A mixture of tetrahydropyran-3,5-dione (Terasawa, J. Org. Chem. (1977), 42,
1163-1169) (0.27 g, 2.4 mmol), 3-cyanobenzaldehyde (0.54 g, 2.9 mmol) and the product

from Example 11C (0.27 g, 2.4 mmol) in ethanol (3 mL) was heated to 80 °C for 60 hours,

cooled and concentrated. The residue was purified by chromatography on silica gel (5 %
methanol in methylene chloride) to provide a product which was dissolved in 1:5

15 methanol/methylene chloride, filtered, concentrated on a steam bath to remove the
methylene chloride and allowed to stand at ambient temperature for 16 hours. The
resulting solid was collected by filtration, washed with methanol and dried to provide the
title compound (0.062 g).
mp > 260;

20 MS (ESI(+)) m/z 323 (M+H)";
MS (ESI(-)) m/z 321 (M-H);
"H NMR (DMSO-d) & 4.05 (s, 4H), 4.51 (AB q, 4H), 4.99 (s, 1H), 7.48 (m, 1H), 7.54-
7.64 (m, 2H), 10.12 (bs, 1H);
Anal. Calcd for C,H,N,0,: C, 67.08; H, 4.38; N, 8.69. Found: C, 66.76; H, 4.67; N,

25 8.56.
Example 30
5-(4-fluoro-3-iodophenyl)-5.10-dihydro-1H.3H-dipyrano[3.4-b:4.3-elpyridine-
4.6(7H.9H)-dione
30
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N~"i HRs IV, 2 7 MAY 2003 PCT/ US99/ 25373 or a pharnac [
accept able salt, am de, ester, or prodrug thereof wherei nﬁuis ﬁﬂ%m%ct ed
fromthe gr¥@BY8¥H3isting of NR2, O, and S. A is selected fraTwsdomsyBoup
consisting of NR, O S and CRAR5; R, is selected fromthe group consisting
of aryl and heterocycle; RZ and R3 are independently selected fromthe
group consisting of hydrogen, al kox kyl, arylal kyl, cycloal kyl,
cycl oal kyl al kyl , hal oal kyl, to het eﬁ%@%yl , hydroxy, hydroxyal kyl,
-Nz, Z~, and (Nz, Zz) al kyI wher giAmino-4fidodRemyéalcolddpendent | y sel ected from

t he group con5|st|ng ydrogen, alk al kyl carbonyl, aryl, arylal kyl,
and fornyl; R43zha rqdbﬁﬂ%‘éﬁ?}érﬂgﬁ %eln&?tl)elatwaé‘bfﬂ*{oﬁ‘é’a@%@pcwﬁm sting

of hydrog I fromthe
group conglg%t %é&otdﬂ/lbc?r oge%éa}f?’c?rgﬁg&ﬁ "ﬁgx Hibggoun él%leco tlal(jlgg 0 claim
10 wier ei fenfbekBuliREreatdd thith aniaddicaal 130 mb dfqrumwﬁna@&@waﬂaﬁuwc&hglem 10
wherein Ais NRz; A is NR3; R- is hydrogen; and R~ is hydrogen

conpound mwh@rﬁmwndiembmhc hdditipg OGm(sﬂlamlomﬂed ¥ havos @tphe)nIyI) 119

00/ 24743 ~ ? M AY ~ US991.2537 5,8,9, 10-hexa 0 3, 4- b]
12 7] map Ryt B00FeRipated M PR P RLD SR daE BngBAT BEUOP R ety ien m
10 V\/nerel

wherei - ATHONE REmetent chibidgdiyer ol RPUGS SRS RhRMATS L a?'r‘n&‘i%“‘wﬁer ein
A is O aochcéhtrated NIRBe rebidue Avas parified by dlzclocldbmgtogaphy aven silicageb(ethyl A sO,

A" is NR3; Rfi is hydrogen; and 5 R i.s hydrogen. 18. A conpound according
to cPai m acetatefhexans 151)(‘8135?‘6%7 B.&of the BHPIEWP‘)‘U‘S‘ 8,9, 10t et r ahydro-1

Hpyrano ignmR @d, 45880 8HNYE 57185 ek & sithd P36 88 %, 1),

Example 30B

4-Fluoro-3-iodobenzylalcohol

15 The product from Example 30A (7.0 g, 50 mmol) in water (100 mL) at 0 °C was
treated slowly with concentrated sulfuric acid (30 mL) at a rate to maintain the temperature
below 10 °C and then treated dropwise with an aqueous solution of sodium nitrite (3.45 g,
50 mmol). This solution was then added to a solution of potassium iodide (8.13 g, 50
mmol) in water (15 mL), heated to 60 °C for 2 hours, cooled and extracted with methylene

20 chloride. The methylene chloride layer was washed with 10% sodium hydroxide, washed
with 1M sodium thiosulfate, washed with 10% hydrochloric acid, washed with aqueous
sodium bicarbonate, dried (sodium sulfate), filtered, and concentrated. The residue was
purified by flash chromatography over silica gel (ethy! acetate/hexane 7:3) to provide 6.4 g
of the title compound.

25 'HNMR (CDCl,) & 1.69 (t, 1H), 4.66 (d, 2H), 7.05 (t, 1H), 7.60 (d, 1H), 7.78 (dd, 1H).

Example 30C
4-Fluoro-3-iodobenzaldehyde

The product from Example 30B (6.4 g, 26 mmol) in chloroform (300 mL) was

30 treated with manganese dioxide (4.5 g, 50 mmol), stirred overnight, treated with an



19. A compound according to claim10 wherein Ais O and & $s

conpound according to claim 10 wherein Ais O A isO. 120Q 7\/\&‘%%% R6
is hydrogeNOBMMTB R, is hydrogen. ~? MAY ~~03 CT/ U S99n 5378cUS99A5373
conmpound according to claim 20 selected fromthe group consisting of

5- (3-brono-4-fl uorophenyl)-5, 10-di hydro-1H, 3H di pyrano[ 3, 4-b: 4, 3-a] pyri di ne
4, 6( 7H, 9EidfioRaEporfiod 8f mAhOmese3diBkide @.bgg)i(,' stirred WeRigh Hil@srdd and

H, 3Hdi pyrano[ 3,4-b: 4, 3-e)pyridine 5 4, 6(7H, 9H) - di one,

S- ( 3- cyamopbentyaked: STheGesidue slasoputified by flash chromatography over silica gel (ethyl

H, 3H-di pyrano[ 3, 4-b: 4, 3-e) pyri.di ne4, 6(7H, 9H) - di one,

5 (4- f | udcsatE/hexanp hidhin proxide d.%g af theditle compound.

5- ?H b E%ﬁg%";@%%gﬁér%?}(?@)%ﬁgﬁxﬁ%ﬁg8?542 (4 985:9.90s, 1H).
3

5-
H di pyrano[ 3, 4-b: 4, 3-a] pyri di ne 4, 6(7H, 9H} - di one,
4-
H-

fluoro-3-(trifluoronethyl)phenyl)-5,10-di hydro-1
di pyrano[ 3, 4- b: 4, 3e] pyri di ne- é@@mﬁﬁm di one,
: 5, 10- di.hyd i

?,4-d|chlo oJo b \-’r?gigé/_rldl ne 15

7H 9H)'d| =4~ u%l 10gophgny)-3 1{

[
3
3H- di pyrano[ 3, 4- b: 4, 3 ;a] pyri di nf“%{%)%ﬁ i o,n ,
(
3
(
6

4

5-vitro-2-thienyl)-5, 10-di hydr 0-

H- di pyr ano[ 8 rixhirélof3thaBp ¥4 patierpedditet FonPEkarfplerié B (em@hfropyran-3,5-
-(5-vitro-3-thienyl)-5,10-di hydro-1 H, 3 H-dkpggrano [3,4-b:4, 3-a] pyridine
1071, oidions) §herasawa, JOeo rherind 9265 d2dl k6g- 1o (@365 &3 dmupelihapioadues and

S S Shin ERaBIPSIEDAFE Y 60 A Pard i BroRcV S kbR 11 ¥B0904 25463

mmol) in ethanol (2 mL) were processed as described in Example 29 to provide the title

H
H
H
H
H

5
5
5.
51
41
AI
A1S

compound (0.087 g) as a white solid.

mp > 260 °C;
15 'H NMR (DMSO-d;) § 4.05 (s, 4H), 4.50 (AB q, 4H), 4.90 (s, 1H), 7.15 (1, 1H), 7.20 (m,

1H), 7.57 (dd, 1H), 10.10 (bs, 1H);

MS (ESI+) m/z 442 (M+H)";

MS (ESI-) m/z 440 (M-H);

Anal. Calcd for C,;H;NO,FI: C, 46.28; H, 2.97; N, 3.17. Found: C, 45.38; H, 3.68; N,
20 2.91.

Example 31
5-(5-bromo-2-hydroxyphenyl)-5.10-dihydro-1H.3H-dipyrano[3.4-b:4.3-e]pyridine-

4.6(7H.9H)-dione

25 \ A mixture of 30 % pure product from Example 11B (tetrahydropyran-3,5-dione)
(Terasawa, J. Org. Chem. (1977), 42, 1163-1169) (0.81 g, 1.7 mmol), 5-
bromosalicylaldehyde (0.43 g, 2.2 mmol) and the product from Example 11C (0.20 g, 1.7
mmol) in ethanol (4 mL) was heated to 80 °C for 60 hours and then allowed to stand at
ambient temperature for 4 hours. The resulting solid was collected by filtration, washed

30 with ethanol and dried to provide the title compound (0.12 g).
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R6 is hydrogen; and 5 R is hydrogen. 2 ? M AY 2003 PCT/ US?Q?ZW maA

conpound acgarding to claim23 that is

5-(3-br ono-‘&Bfoﬁ)a‘fﬁﬁphenyl ) -5, 10di hydro-1 PCT/US99/25373

H, 3H pyrano[ 3, 4- b] t hi opyr ano[ 4, 3-a] pyri di ne-4, 6(7H, 9H) - di one. 25. A
conpound according to claim10 wherein AisS;and A" is NR3. 26. A conpound
accor di ngmmp>ebarfm 10 wherein Ais S; and A is0. 27. A conpound according

to cl ai i and A" is S. 28. A conpound according to claim
1 of for nhﬂg(w?gﬁo g‘?m@ ~ V, or a pharnaceutically acceptable salt,
am de, esthgg E%@%%djmﬁlﬂﬁr eof wherein, 5 Ais selected fromthe group

consi sting o and S; A is sel ect ed fromthe group consisting of
NR3, O, s'mmmmsoas)as 03 €4, el¢{)¢¢l48 (AR d,381)04.981 5, 1B S6.66 () A H)f 7.67y7.152Nnd
heterocycle; R R3 are independently selected fromthe group consisting

of hydr ogém, 211)32 50 (mld))@ﬂ@@ﬂbs 2Hy, M AY 2003 PCT/ US99/ 25373 al koxyal kyl ,

al kyl, aryl a y I I oalk ) )

het er ocyc I %}dd fﬁggﬁwl@? o%(gqalg(l% gd ll%?’zyh ,lz%j’aﬁ’l?y‘}s’%er ein
Z, and Zz3age i ndependently selected fromthe group consi sting of hydrogen,
al kyl, al kyl carbonyl, aryl, arylalkyl, and fornyl; R4 and RS are

i ndependently sel ected fromthe group consisting of hydrogen and al kyl; and

15 R6 and R, are independently sel ected f t he group consi sting of
hydrogen and al kyl. 29. A conpound agé%!}‘lﬂ-[-g;g to claim28 wherein Ais NR2;

and @ 1S NRsq8fuolo- £AMPAURCARARHINESHD ShA B 3B MIGh Rhfbd alga R - and

A'isO. 31. A CcCoradrng to craimZ28 wierern A TS NRZ, A TS0,

hydrogen; and 5 R, is hydrogegpygdineA &OHPINAdowecording to claim 31 that
is selected fromthe group conS|st|ng_ of - )

9- ( 3- br ono- 4- f Ausixswieh )% sug product Boprabxaimple WoB Stetrahydropyrpmadphdiape) di nel,
8( 3H, 4H) -

g (3-bro %aﬁﬁf’vaomfﬁe%?’? @ 9F4% 1183 1ARPHO & I 5umal) Aaflvaridont hyr i di ne

1, 8(3H, frtifludrothedi®)beAstfldehyde (0.42 g, 2.2 mmol) and the product from Example 11C

15 (0.20 g, 1.7 mmol) in ethanol (4 mL) was processed as described in Example 31 to provide

the title compound (0.12 g) as a white solid.
mp > 260 °C;
MS (ESI(+)) m/z 384 (M+H)", 401 (M+NH,)";
MS (ESI(-)) m/z 382 (M-H)’;
20 'HNMR (DMSO-d) 8 4.06 (s, 4H), 4.51 (AB q, 4H), 5.01 (s, 1H), 7.40 (t, 1H), 7.52 (4,
2H), 10.11 (bs, 1H);
Anal. Calced for C,iH,;NO/F,: C, 56.40; H, 3.42; N, 3.65. Found: C, 56.13; H, 3.62; N,
3.45.

25

dione

A mixture of 30 % pure product form Example 11B (tetrahydropyran-3,5-dione)
(Terasawa J. Org. Chem. (1977), 42, 1163-1169) (0.81 g, 1.7 mmol), 3,4~
30 dichlorobenzaldehyde (0.39 g, 2.2 mmol) and the product from Example 11C (0.20 g, 1.7
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123 WD 001 24743 2 7 M AY 2003 PCT/ US9912S373 (-) 7 MﬁY 2[][]3
9- (3-brono-4-fluorophenyl)-5,6,7,9-tetrahydrofuro[ 3, 4-b][1,7] naphthyridine
1, 8( 3H, 4H) -W0®AB47433. A conpound according to clai m28 wher epaTASIS253RY ;
and A'isS. 34. A conpound according to claim?28 wherein Ais NRZ, and A" is
CR4AR5. 35. A conpound according to claim28 wherein Ais NRz; A is CR4RS;

R4 is hyd - B [ ; [ ; j 36. A
Corpauny EET it by A0050edtas AIRIT0E R b prdudl O
(-) - 5- ( 3- beshpovdf(DUGr b e MHite-sdlid. 5, 7, 8, 9- hexahydro-1 Hcycl openta[b] [

1, 7] napht hyri di ne- 4, 6-di one,
(+) - 5- ( 3- bmprr260) $C;uor ophenyl ) -2, 3,5, 7, 8, 9- hexahydro-1 H 5 cycl opent a(b] [

éi (7]3ngﬁPg?y§4&$€@§8’2’hg¢§&+§s§%§3 MNFLhaxanydr o- 1

Hcycl gpent 2 xﬂﬂaﬁj& _kgi.ne-4, 6-dione, and (-)
5-(3- ghl or o- 4- ijgjg)]r op en;(M %,’3, 5,7, 8, 9- hexahydr o- 1Hcycl opent a[ b] [
1, 7] napht hi NMR DM S0 -di,)0314.05 184H), ¥60QAB24, 24D, 394 (4 1EDNTO% (ddl. AEGOT.36 ( t O

claim28 wherein AisQand A is NR3. 38. A conpound according to claim 28
wherein A 1Bb:7-38 (d $HNAD:124si Blhydrogen: and 5 R is hydrogen. 2 7 M AY

2003 PCT/ USQg 551338, /N ERERRIS GRERS ¥ 38 do2hh i M3 MBbulet 851 o

fromthe g

9- (3- br onop4ds khurr 9pgenyl ) - 2-nmet hyl - 2, 3, 5, 9-t et rahydr opyr ano[ 3, 4- b] pyrr ol of
3, 4e] pyri di ne-1, 8(4H, 7H) - di one; and

9- (3-1br ono- 4-f | uor ophenyl ) - 2, 3, 5, 9-t et rahydr opyrano[ 3, 4- b] pyrrol o[ 3, 45

a] pyridi ne-1, 8(4H, 7H) - di one. Example 34

5-(2,1.3-benzoxadiazol-5-y1-5,10-dihydro-1H.3H-dipyrano[3.4-b:4.3-e]lpvridine-
4.6(7H.9H)-dione
A mixture of tetrahydropyran-3,5-dione (Terasawa, J. Org. Chem. (1977), 42,
15 1163-1169) (0.27 g, 2.4 mmol), 2,1,3-benzoxadiazole-5-carboxaldehyde (Gasco, A. M.
Eur.J. Med.Chem.Chim.Ther. (1996), 31,3-10) (0.54 g, 2.9 mmol) and the product from

Example 11C (0.27 g, 2.4 mmol) in ethanol (3 mL) was processed as described in
Example 29 to provide the title compound (0.088) as a solid.
mp > 260 °C;
20 MS (ESI(-)) m/z 338 (M-H)’;
'H NMR (DMSO-d,) 6 4.08 (s, 4H), 4.54 (AB q, 4H), 5.06 (s, 1H), 7.61 (m, 2H), 7.97 (d,
1H), 10.23 (bs, 1H);
Anal. Calcd for C,;H,;N;0,0.5 C,H,O: C, 59.15; H, 4.26; N, 11.83. Found: C, 59.09; H,
\ 432; N, 11.99.
25
Example 35
5-(5-nitro-2-thienyl)-5,10-dihydro-1H,3H-dipvrano[3.4-b:4.3-e]pvridine-4.6(7H,9H)-dione

A mixture of 30 % pure Example 11B (tetrahydropyran-3,5-dione) (Terasawa, J.
Org. Chem. (1977), 42, 1163-1169) (0.60 g, 1.3 mmol), 5-nitro-2-thiophene
30 carboxaldehyde (0.25 g, 1.6 mmol) and the product from Example 11C (0.15 g, 1.3 mmol)
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40. A conpound according to claim28 wherein Ais G and 2 ) 3& 200;}
conpound a (gr(g'&{%gato claim28 wherein AisQ AisO; R6 is r;{/ err, d 5\
R is hydré’g i > A conpound according to claim4l that | FTENVEET3from
t he group consi sting of

9- (3- brono- 4-fl uorophenyl)-5, 9-di hydro-3H-faro[ 3, 4- b] pyranof[ 4, 3-a] pyri di nel
, 8(4H, 7H) -idietnagol (3 mL) was processed as described in Example 29 to provide the title compound
(9R) - 9- ( 3- br ono- 4- f | uor ophenyl ) -5, 9-di hydro- 3Hfaro[ 3, 4-b] pyrano[ 4, 3 1?7~

WO 00/ 24749.087 gy as aselzd.CT/ US09125373 5 a] pyri di ne- 1, 8(4H, 7H) - di one; and

(9S)-9-(3- A | h=.5, 9-di hydro-3Hfaro[ 3, 4- b] pyrano[ 4, 3e] pyrid
i ne-1, 8(4lﬁsgl)gggiégﬁg&qﬁRR§£}g%ﬁﬁound according to claim28 wherein Ais Q
and A" is M§ BSI(-pnvespP@odHRcCOrding to claim28 wherein Ais G and A is

CRAR5. 45. A conpound according to claim28 wherein AisO A is CRAR5; R4
i s hydr ogebt NMIRROMS Qv Sy th(ddreH), 3. Hi 6, afed. SaB R, 4H} StR2dsogdn 6.866. A

g](c)rrpound a(cég,olrl’%i, Q%Bt(g, ﬁj-l)‘?ilab 5(s,th-ﬁt; is selected fromthe group consisting
5- (3-br Omﬁﬁl‘ﬂ]{f déi}j{?é gf}ﬁrﬂlélﬁg)éfo?zsaﬂﬁlb.% '@fydr ecyci @Rent S i, pygortdhufta 3o al pyr

i di ne4, 6( &

5- (4-chl orsy-(8 M, Braxphemdl) - 5, 7, 8, 9-t et rahydr ocycl opent a[ b] pyrano[ 4, 3-a] pyri
dine5 4,6( 1 H 3H)-dione. 47. A conpound according to claim28 wherein
AisS;and A is NR3. |26 WD 00l 24743 48. A conmpound according to claim 28

wher (ijn Al sS;and A is0. 49. A conpou acaon ing to claim28 wherein Ais
S, a A" is S. 50. A conpound accor df | aim 28 wherein AisS;and A" is

CRAR, . 5-(5-nitro-3-thienyl)-5.10-dihydro- 1 H.3H-dipyrano[3.4-b:4 3-elpyridine-4.6(7H.9H)-dione

A mixture of 30 % pure product from Example 11B (tetrahydropyran-3,5-dione)
(Terasawa, J. Org. Chem. (1977), 42, 1163-1169) (0.60 g, 1.3 mmol), 2-nitrothiophene 4-
carboxaldehyde (0.25 g, 1.6 mmol) and the product from Example 11C (0.15 g, 1.3 mmol)
15 in ethanol (3 mL) was processed as described in Example 29 to provide the title compound
(0.084 g) as a solid.
mp > 260 °C;
MS (ESI(+)) m/z 366 (M+NH,)";
MS (ESI(-)) m/z 347 (M-H);
20 'H NMR (DMSO-d¢) 5 4.09 (AB q, 4H), 4.50 (AB q, 4H), 5.01 (s, 1H), 7.58 (d, 1H), 7.76
(d, 1H), 10.15 (bs, 1H);
Anal. Caled for C;H,;,N,0,S 0.25 H,0: C, 51.06; H, 3.57; N, 7.94. Found: C, 51.33; H,
3.78; N, 7.57.

25\ Example 37
9-(4-fluoro-3-iodophenyl})-2.3.5.9-tetrahydro-4H-pyrano[3.4-bithieno[2.3-elpyridin-

8(7H)-one 1.1-dioxide
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51. A conpound according to claim?28 wherein Ais S, A (%;gztms YR2
hydr ogen; éggﬁg}ggygydrogen R6 is hydrogen; and R~ is hydr

2003 PCT/ U 52. A corrpound according to claim 51 thaf’CT/éJ599/25373

5- (3- brono-4-fl uorophenyl)-5, 7,8, 9t et rahydrocycl opent a[ b) t hi opyrano[ 4, 3-a] p
yridi ne-4,6( 1H, 3H)-di one. 53. A conmpound according to claim1 of fornula
Vi: OR- ON~\ HRs R~ VI, or a phexamsiegvAcal |y acceptable salt, am de,
ester, or prodrug thereof wher ei n, 5Ais sel ected fromthe gr oup
consi st ng oferiptyl §-(3-Brpmasd-fhupyo phepvh-Snoxoy?.3 358 GeheanhyiroAX-prranejdde; 25373
A is selected fromthe | St sk CRRS R is

sel ected fromthe group ; RZ and R3 are

i ndependent |y sgl@ighf6 of the PrddiRt ﬁb%&%&n@@(@M@E My 991%1) diddenwiedt Kyl ,

al kyl, arylal kyl, cycloal kyl, cycloal kyl'al kyl, hal oal kyl

het erincyclchedrhqﬂa,te (ﬁzlﬁ /55 imyrtbi))m;ch4 klyhcthylhm;rzmyrldmd (0 IQQZ(ZZ) @Dk mmdlpmei n

Z, and ZZ are |n ntIy se ctedfromthe consistin y.dr ogen,
al kyl, al WF@&%M RS Stigpd, fog 24AUrs af et mberie gy mcgﬁ@tef the

independe F kyl ; and
15 R- and ,Mae?‘év%?ﬁ%ﬁ%en % %F B9 ST P o U R RO

hydr ogen adeetasd) ky brovide thé\tla@ampds&)de(@mrscg) Méhidhocrostalliged 8n wlaadiagn A is NRz;
and A" is NR3. 55. A conpound according to claim53 wherein Ais NR2; and
A'is0. 56.MA (ESKpdumi BIdbFAVHY to claim 53 wherein Ais NRZ: and A isS.

57. A conpound according to claim53 wherein Ais NR,; and A" is CR4R5. 58.
A coh‘bound according to claim53 wherein Ais NRz; 178 wo oona7a3 A is
CR Rs; R4 is hydrogen; 5 RS is hydroggpmple 378

tert-butyl 9-[4-fluoro-3-(trimethylstannyl)pheny!]-8-0x0-2.3.5.7.8.9-hexahydro-4H-

pyrano[3.4-blthieno[2.3-e]pyridine-4-carboxylate 1.1-dioxide
A mixture of the product from Example 37A (0.035 g, 0.068 mmol) in anhydrous

15 1,4-dioxane (1 mL) under an atmosphere of nitrogen was treated with hexamethylditin
(0.14 mL, 0.5 mmol), treated with tetrakis(triphenylphosphine)palladium(0) (0.050g,
0.043 mmol), stirred at 100 °C for 1 hour, cooled to ambient temperature and
concentrated. The residue was purified by chromatography on silica gel (3:2
hexanes:ethyl acetate) to provide the title compound (0.031 g) which crystallized on
20 standing.
MS (ESI(+)) m/z 598 (M+H)".

Example 37C

4-fluoro-3-iodophenyl

25 8(7H)-one 1.1-dioxide
A mixture of the product from Example 37B (0.023 g, 0.038 mmol) in 1 % acetic

acid in methanol (25 mL) was treated with N-chlorosuccinimide (0.010 g, 0.077 mmol),
then treated with sodium iodide (0.011 g, 0.077 mmol), stirred for 10 minutes, treated with
pulverized sodium thiosulfate pentahydrate (0.020 g, 0.080 mmol), stirred for 10 minutes

30 and concentrated to dryness. The residue was treated with trifluoroacetic acid (3 mL),
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R6 is hydrogen; and R is hydrogen. Z ? MAY Z003 PCT/ USQQ???&@. ﬁg
conpound according to claim58 that is selected fromthe u ng 3i ng

of 5-(3-br ¥@0M247#310r ophenyl )-2, 3,5, 8,9, 10- hexahydrobenzo [PeT/s99/25373

1, 7] napht hyri di ne4,6( 1 H, 7H)-di one,

5- (3-brono-4-fluorophenyl }-2-nethyl -2, 3,5,8,9,105 hexahydrobenzo[b] [

1, 7] napht Bysrédhmnenided terdpdthtdfd) fofl 1 9 Binutes and concentrated to dryness. The residue
(-)-5-(3-brono-4-fluorophenyl)-2,3,5,8,9,10

hexahydr olves rehte)l Withyiflagrioadeyiciadid(@ -ml, )6 hedted ghntlyi amesteamdath for 1 minute,
(+)-5-(3-brom-4-f] uorophenyl }-2, 3,5, 8,9, 10hexahydrobenzo[ b] [ 1, 7].napht hyri d
i ne- 4, 6( 1°pplpdga gm ﬁ@.te%e?ra%&r% et OiTREsE o Tbe %ﬁslﬁ%élWP@F‘bF&B)& is Q

and A" is : J i el hs@ A is
ro: re + gt SRR CASREELE hP ey Rl IERRAIAR T
cl ai m 61 thiatidéstogedwedd te title @ompbendy0IB6@YNSsi sting of

10- (3-chl oro-4-fl uorophenyl }-3, 4, 6, 10-t et rahydr o- 2H pyrano( 3, 4b] (1, 6] naphth
yridi ne- 1pa(SROBPE - di one,

10- (3, 4-di ¢hl hen - 6, 10-t et rahydro-2H pyrano [ 3, 4-b] |

1, 6] napht (ENIED T%Jc)o (S(bﬂ%e)/ 74743 Z 7 M AY 2003 PCT/ US99I 25373 5

1, 9( SH, BHYHMREDMSO-d,) 5 2.77-2.90 (m, 1H), 3.01-3.14 (m, 1H), 3.32-3.43 (m, 2H), 4.02 (s,

10- [ 4- chl or o- 3- gt Fifl u6)r orret hyl )(gﬁlem)i ]-3,4, 6(,ni’0- t)’et rahydrg- 2H-)pyr argo[ 3, 4b]
[ 1, 6] napBH)y4.49i(ARq]121), 8187k Hl, 3:16,(t, 16h)( A24 kinot ), 3-59 (ddo pHR1PI1B(Bs.4, 6, |
O0-tetrahydro- 2H pyrano[ 3, 4b] [ 1, 6] napht hyri di ne- 1, 9( SH, BH) - di one, 10

10- (18, 4- dilﬁﬁbm)phenyl )-3,4,6, 10-tetrahydro-2H pyrano[ 3, 4-b] |

1, 6] napht hyrj ci \ i 1 EE- . ) . .

To- (5o i t Ak GOV H RO SFL B0 81 6., 2845 3 08, Eaepds G A28 B 279N

1, 6] napht g7 di nel, 9( SH, BH) - di one; and

10- ( 3- brono- 4-f | uor ophenyl ) -3, 4, 6, 10-t et rahydr o- 2H pyr ano[ 3, 4t 5

b] [ 1, 6] napht hyri di ne-1, 9( SH, BH) - di one. 63. A conpound according to claimb53
wherein Ais O and A isO. 64. A congoun% %Ecor ding to claimb53 wherein
AisO and A" is S. 65. A conpound acc 0 claim53 wherein Ais O and

A g CRARS.(38810rd4 REv180309. Alig vohdx@h ¢drel I -eycl ¥k 8b11 1 Aldaph@vridinel S
CR4R5; R6 TS ; , 1S hy gen.
4.6-dione hydrochloride

Example 38A
2-benzyl-5-(3-chloro-4-fluorophenvyl)-2.3.5.7.8.9-hexahvdro-1H-

20 cyclopenta[b]{1.7]naphthyridine-4.6-dione
A mixture of 3-amino-2-cyclopenten-1-one (Kikani, B.B., Synthesis, (1991), 2,
176) (0.78 g, 8 mmol), 3-chloro-4-fluorobenzaldehyde(1.12 g, 8 mmol), and N-
benzylpiperidine-3,5-dione (Ziegler, J. Amer. Chem. Soc. (1973), 95, 7458-7464) (1.78 g,

8 mmol) in ethanol (8 mL) was processed as in Example 5A to provide 1.8 g of the title
25 compound.

MS (ESI(-)) m/z 421 (M-H);

'H NMR (DMSO-dg) & 2.3 (m, 2H), 2.5-2.72 (m, 2H), 3.07 (Abqu,2H), 3.5 (m, 2H), 3.67

(s, 2H), 4.65 (s, LH), 7.15 (s, 1H), 7.42 (m, 7H), 10.28 (s, 1H).
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WO 00/ 24743 67. A conpound according to claim53 wherein A 9 XJZ 6§
R4 is hydrogen 5 RS is hydrogen; R ~ is hydrogen; and R i h g Q Z ~

MAY 2003 P 47435373 68. A conpound according to clai m 67 POTAIS9P/R5373
5- (3- brono- 4-fl uorophenyl)-5, 8,9, 10tetrahydro-1 H pyrano
[ 3, 4-b] qui nol i ne-4,6(3H, 7H) -di one. 69. A conmpound according to cl ai m53

wherein AlsO A is CRAR5; R4 is net rgim@eggBl s methyl; R6 is hydrogen;

and R, is hydrogen. 70. A conpound ac oclaim69 that is

5- (' 3- br onp- ARLIJSR B Hhieethry H2-PL-nthivdtl iptlen$lethd)cytblofiextyd 5k @hohligro-4L fluorophenyl)-
H-pyrano[ 3, 4-b] qui nol i ne-4, 6(3H, 7H) -di one. 71. A compound according to
Cl a| m 53 V\,h G HOXN- 4 6. \"-,""” .!s, 21-CYLR0DE ,u., B b UiaE h VRGBT 4qef Irbo; tl m

53 wherein Al sS.and A, i 0L 247 73. : ound acc

o3 et ol 1 A o Sl e VSR B 2 e ORI RER i 48
wher eish Al §o; %@iﬁe@Z Sof tiAtiRe c&époxﬁd%@@ﬁ@lé@ﬁp@lﬁﬁ@bﬂbﬁg to claimb53 wherein
AisS, A is P:R4 5 i s hydrogen; 5 is hydrogen; R6 is hydrogen; and R~

is hydrogeMS(ESPl(MMi&H)GVIGJ)' Us99/ 25373 76. A conpound according to claim
75 that is 5-(3-brono-4-fluorophenyl)-5,8,9, 10tetrahydro-1
H t hi opyr anol[ 3, 4- b] qui nol i ne-4, 6(3H, 7H) -di one. 77. A conpound according to

claiml of formula VI|I: OR~ ~ S.~O Example 38C
5-(3-chloro-4-fluorophenvl)-2.3.5.7.8.9-hexahvdro-1H-cyclopentalbl[1.7Inaphthyridine-

10 4.6-dione hydrochloride

The product from Example 38B (0.2 g, 0.33 mmol) was treated with 48% hydrogen
bromide in acetic acid (4 mL), stirred for 72 hours, neutralized with concentrated
ammonium hydroxide, and extracted with methylene chloride (3x). The combined organic
layers were dried (Na,SO,), filtered, and concentrated. Purification of the residue on silica

15 gel (10% ethanol/ammonia saturated methylene chloride) to provide the title compound
(0.03 g) which was converted to the HCI salt.
MS (ESI(-)) m/z 331 (M-H)’;
'H NMR (DMSO-d,) § 2.28 (t, 2H), 2.52-2.7 (m, 2H), 3.18 (s, 2H), 3.6 (m, 2H), 4.68 (s,
1H), 7.2 (m, 1H), 7.23 (t, 1H), 7.32 (dd, 1H), 10.18 (s, 1H);

20 Anal. Calcd for C,H,,N,FCIO, HCI2H,0: C, 50.49; H, 4.51; N, 6.73. Found: C, 49.52; H,
4.26; N, 6.09.

Example 39
9-(3-bromo-4-fluorophenyl)-5.6.7.9-tetrahvdrofuro[3.4-bl[1,7lnaphthyridine-1.8(3H.4H)-

25 dione hvdrochloride
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RA Rs HR7 R6 VII, or a pharmaceutically acceptable salt
prodrug thg&&&&:%“fre' n, 5 Ais selected fromthe group cczl? yp\f?gﬂs

0] P 2¥& ected fromthe group consisting of aryl ycle;
Rz is selected fromthe group consisting of hydrogen, alkoxyalkyl, aIkyI
aryl al kyl , cycl oal kyl, cycl oal kyl al kyl, hal oal kyl, heterocycl eal kyl,

hydr oxy, hydroxyal kyl, -NZ, Zz, and (B¥ampls abKyl wherein Z, and Zz are

i ndependent|y 132 VO 00I24743 2 7 NAY 2003 PCT/U899125373 10 selected
fromthe group &siyldehe D ER PR sophenyl)=)- 458
aryl al kyl, and fornyl; R4 %
consi sting of hydrogen and—ar Atependent |y sel ect ed

fromthe group £ enstied bNsetyl D%ﬁﬁﬁ&@&oﬁﬁl@ 5653@ lsythoﬂ% brdnfo4pound
according to claim?77 wherein Ais A“¢onpound according to claim

77 wher ei rﬂmmb;mﬂdqhyﬁd(l e Q;\?dmmgléand NSbamylwphmbymﬁ Sulie (Cegherdr. dgeer; and

o (3 br omé Y Sabr GShAngh o8y BIR e Eumay s finoh T b heated at reftus
1, 7] napht h1¥5 lgd ﬁx(bggar Zer}?odrs and %ﬂn%éx’ltgﬁ %lﬁaﬁp%ﬂﬂ%? %&%n@il’?% %eg cl ai m

77 wher ein A I's A conpoun accor Ing to clalm ereln R4 1s
hydr ogen; eRfingswifly 8ysagieamol/meBrylére chiutidegesvided theHitieiconipyaiddedg) £ A
corrpound according to claim82 that is selected fromthe group consisting
of (3 byshew foamyor ophenyl ) - 2, 3, 5, 9- t et r ahydr o- 4H pyr ano[ 3, 4- b] t hi eno 2, 3
I33 OXI &%@%S]%C}S)WVRSO&I%MB PCT/ US99/ 25373 a] pyri di n-8( 7H) - one

(+) 9- (3- brono- 4-f | uorophenyl ) - 2, 3, 5, 9-t et r ahydr o- 44 pyr ano[ 3, 4- b] t hi eno[ 2,
3 a] pyridi n-8(7H) one 1, 1-di oxi de,

(-)-9-(3-brorm quorophenyI) 2, 3, Exantpdd¢ BBy dr o- 4H pyrano[ 3, 4- b]th| eno( 2,

3e] pyridi ngi ;E n axi de, )
9- (3-cyano %% ~ orgphen )y /e Az teanyq b GPRINYNCUNES i 1
15 8(7H)-one 1, 1-di oxi de (+) 8(3

9-(3- cyanophenyl) 2,3,5,9- tetrahyd1 Ahdione 3, 4-b] thieno[ 2, 3-a] pyridi n8(
7H) - 10ne 1, 1- dl/Ochld&on of the product from Example 39A (3.1 g, 6.3 mmol) in chloroform (50

mL) was cooled to 0 °C, treated with 90 % pyridinium tribromide (2.45 g, 6.9 mmol),

warmed to ambient temperature, stirred for 16 hours and washed with water. The

chloroform layer was isolated, dried (MgSQ,), filtered, refluxed for 16 hours and cooled in

an ice bath. The resulting precipitate was collected by filtration and dried to provide the
20 title compound (2.1 g) as tan crystals.

MS (ESI(-))m/z 467 (M-HY);;

'H NMR (DMSO-d;) & 3.08 (AB q, 2H), 3.5 (d, 2H), 3.65 (d,2H), 4.7 (s, 1H), 4.9 (AB q,

2H), 7.3 (m, 7H), 7.47 (m, 1H). 10.1 (1H).

25 Example 39C
9-(3-bromo-4-fluorophenyl)-5.6,7.9-tetrahydrofuro{3.4-b1{1.7Inaphthvridine-1.8(3H.4H)-

dione hydrochloride
A solution of product from Example 39B (0.35 g, 0.75 mmol) in methylene

chloride (10 ml) was treated with vinyl chloroformate (0.1 mL, 1.2 mmol), stirred at

30 ambient temperature for 16 hours, concentrated to dryness, treated with ethanol (10 mL),
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(-) A
9-(3- cyano 3,5, 9-tetrahydro-4H pyrano[ 3, 4-b] t hi erZ)[ M:t X ZQDBm n8(
7H)- on g%‘@?i‘%e 20 FeTiuSolzbss

9- (4-chl oro 3-nitrophenyl }-2, 3,5, 9-tetrahydro-4H pyrano[ 3, 4-b]thieno[ 2,3

a] pyridin-8(7H)-one 1, 1-di oxi de,

(+)-9-(4- cﬂqawdowmdhlﬁ(ﬂp(ﬁ@m@/] )eMdﬁqrgihcmrs ai/ chnoenttated toahpheds 4- b] t hi eno| 2,

()8 4! Biipheoneitod tebidin 15 gel(19:90%1 impelipetiviens FHlavpelsasuBiechi eno( 2,
2
g (451 ﬂ %r o- %%Eﬁem%})%ﬁ&vé&%ﬁgb ﬁg? rCS 8?%‘1 Qllesp%)r“g}]%}f gaic%?veﬁtegrt]% Iél%e] py

ridin- 8(7|saltone 1, 1-di oxi de; and (-

9- (4-f1 uoro- 3- |odo§CenyI) 2,3,5, 9 tetrahydro-4|—|—pyrano[3,4-b]thi eno[ 2, 3e] py
ridi A- 8( 7H)P e «di oxi de. 84. A conpound according to claim77 wherein A

is S 134 2 001 24743 PCTI US99/ 25373 85. A conpound
accor di ngM%f%ﬁ&mni A B v L. O RIOL -6 Ra A Rs N B R R Wi I
or a phar MeaURI ©MS®- @ysgm@bm),%aézt(s A1, 4€ (sSP Lk, 33% pﬂpdrm(dt hﬁseof

wherein, 5 Ais selectéd fromth @ group consisting of and
sel ect ed f7125r(nt, R&1)g7. éﬁpdd;drhh); Bd.25¢p, dH);aryl and het erocycl e Rz is sel ect ed

fromthe 0 onsi st hydr o al koxyal k al kyl , aryl al kyl
yel al ky s Jealcsriok &,fBrﬁaHeg?ﬁﬁ HE: 6 6@954%69 A3, G Bawgne C,
hydrgxyal ¥log. [N€ 82 gR9 (NZ, ZZ) al kyl wherein Z, and Z~ are independently
sel ect ed f rorﬁ%I ’roUp conS| sting of hydrogen, alkyl, alkylcarbonyl, aryl,
arylalkyl, and fornmyl; R4 and RS are independently selected fromthe group
consi sting of hydrogen and alkyl; and R~ and R, are independently sel ected
fromthe group consisting of hydr oge@am_glﬂ al kyI 86. A corrpound
V\/n g 0

accordi ng ¢ ) aim
85 wher ei S —H_E R g PR and
R, is hydrogen. 88 A corrpound acgg,rnglh QroTcHlo?l'd@' m 87 that i's
10- ( 3- brono- 4-f | uor ophenyl ) 3, 4, exanydr o- 2H-t hi opyrano [ 3, 2-b] [
1, 7]\sapht hyri di n-9(5H)-one 1,1 d| OXI de 135 ~ ? MAY 2003 89. A conmpound
according to claim85 wherein Ais %

xample 40A

(1R.2S.5R)-5-methyl-2-(1-methyl-1-phenylethyDcyclohexvl 9-(3-bromo-4-fluorophenyl)-

1.8-dioxo-1.,4.5,7.8.9-hexahydrofuro[3.4-b][1,7Inaphthyridine-6(3H)-carboxvlate
A solution of the product from Example 39C (1.46 g, 2.13 mmol) in

20 tetrahydrofuran (70 ml) was treated with 8-phenylmenthol chloroformate prepared from (-
)-8-phenylmenthol as described in (Yamamoto, Y., J.Amer.Chem.Soc. (1992), 114, 121-
125) (1.1 g, 3.74 mmol), refluxed for 36 hours, filtered to remove the unreacted starting
material and concentrated. Purification of the residue on silica gel (9:9:2 methylene
chloride/ ethyl acetate/hexane) provided the title compound (0.46 g) as the less polar

25 diastereomer.

MS (ESI(-)) m/z 635 (M-H)-
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90. A corrpound according to claim85 wherein AisO R) is S
hydr ogen; Jn% hydrogen; and R, is hydrogen. 91. A coggg’ ?Mﬂ;v Zgﬁg

to claim 90 /? 2 10- (3- brono- 4- f| uor ophenyl )-3, 4,6, 10  PCT/US99/25373

t et r ahydr o- 2H, SH- pyr ano[ 3, 4- bJt hi opyr ano[ 2, 3- a] pyri di n- 9( 8H) - one

1,1-di oxide. 9~'. A conpound according to claim85 wherein Ais S 93. A
pharmaceutical conposition conpri si nﬁ mlbét) peutically effective amount of
a conpound of claim 3 phar rraceutl cal l.y. ¢
carrier. A‘A'sg‘_.' ‘,_[rg. BRIEE ROl 0805 1d" S

syndrone, m graine, pa| n) eat| ng ‘1,89{&@@&&4&%“' onal bowel d| sor ders,
neur odegeneration and stroke in a need of such treatnent
conpri si ng adm Aissheioh gt frod@ick Beut Exahply 40Af(ect ¢, \0e63amBieNt in @betee adh@ound
of claim1l. 95. The method of claim94 for treating urinary incontinence.

96. AS et hwdl) vas treetad Wi 48etodiydrabremiceacil (§fimi i heated ol 69 FErfar & heurs,

| at ch t t t
i i ot eriRoIG PSSR, B G W A SO S REOLi L IR 224 af m 1.

97. A met hagrefedtWiRALHI SRR Bb IR OF et Brfe lagkr WaY &liediMBsdd ) Siltered

insufficiency, vaglna engorgenent dyspar euhi a and vagi hi shus i n a host

mamral tn comeentedteds ULHe residad wepuriftsdpon siiicagped (26:80:4 teanolgmethy leae apeut i cal |y

ef fective anount of conpound of claim1l1l. 136 WO 001 24743 98. A co ound

of f or mul achloddefsamrptef pmmorium hydrsxide) to proxidathewyeagedstastye materizh (G

sel ecred fram,t [ QU n RZis selected
9{) he g$) and tﬁ'ee 4iflL & rR%o ?b%)g &?%h%h ‘Qaﬁ ﬁ?)'nv C11<tNRhe igﬁiyﬂ

from consr s ogen aryl al kyl ,

cycl oal kyIqum'\gpIMIg,ab i}&hal oaI kyl, het erocycl eal kyl , hydroxy,
hydr oxyal kyl Z,, an ZZ) al kyl wherein Z, and ZZ are independently

sel ected f NMR@MSQJQ&)(&&Q@ID%S?) g-26f(s.raH) 3481s. Q&I)k‘}ﬂ (s,diRy4.8aKdbadi)) 4.98r yI ,
aryl al kyl , f that Rz is other than benzyl
137 .A . A'@ Tﬂ sf%&ﬁx&g( %Ai:‘f%%%ﬁ%% AF . AY. AF. AF. Ah. AnY. A % A, A

% A3. A LA ARLL Ahich S A 10 RBIES, iilc‘i*‘iéé[@ 44 95.A3, 3’96|N'%JFI AroulaE; 4’4114%L A
. AH . A r.AHFOTA3 . TAHRCAI3E T Al AH L A3 AFL. A% AL AR 'A3% A33. A’ 3

. A5395 AF. A@’BA\IP&SAI 3. AnF% AY. A. A A3l L. A@. A9. A 39. AFL. A3r. Ar. A_ 3 A3r A
9.AYr.A3.A O.A . Al 9. AAF. AF. Al LA 3 . A

9. AU 9. A5. AYL. AF .AR3r. A. . AYF . A9. A A Y% AL. A

9% AL. A3. A3l . AY. F. AF . AY. AL. AF. AI’ Al %

JAr A3 LA L A|9AF9AY%A|9A3 Al @%ﬂ A A

Y. AYYL. A{ 1 548-bomd14-Midr 0fte BroAl H-pyrano[3.4-blquinoline-
4.6(3H.7H)-dione

20 A mixture of the product from Example 11C (0.16 g, 1.4 mmol), 3-bromo-4-
fluorobenzaldehyde (0.29 g, 1.4 mmol), 4,4-dimethyl-1,3-cyclohexanedione (2.0 g, 1.4
mmol) and ethanol (18 mL) was heated at 80 °C for 60 hours, cooled, concentrated to an
oil and triturated with 3:1 ethanol/diethy! ether (3x). The resulting solid was dried to
provide the title compound (0.11 g) as a yellow solid.

25 mp >260 °C;
MS (DCI/NH;) m/z 420 (M+H)";
'H NMR (DMSO-d,) 8 9.76 (br s, 1H), 7.38 (dd, 1H, J=6.8, 2.0 Hz), 7.24-7.13 (m, 2H),
4.88 (s, 1H), 4.46 (AB q, 2H, JAB=11.2, dvAB=15.9 Hz), 4.01 (s, 2H), 2.68-2.48 (m, 2H),
1.78 (t, 2H), 0.98 (s, 3H), 0.93 (s, 3H);

30 C NMR (DMSO0-d,) § 199.7, 191.2,155.9, 149.9, 144.5, 131.9, 128.5, 116.2, 110.1,
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| 10%& () - 10%& () - &&! 109%& () =1—PEHR (-Q188% () 8Lj dEYNCTML0%

$ 10%& ()-1 #10%feiic @QE@SC@;RE 09 mwcsmsn@c Qe VWXOYN

/ 109%&' ()-F. 10%& ()-1 Iy&lO/ ()-10l y&lO/«&r(’)-l.{ly&lo/e&{1 7l y&10% : & ()- V'
_abcdE: / {@ifluoromethyl)benazaldehyde for 3-chloro-4-fluorobenzaldehyde to provide the title

compound.

MS (APCI(+)) m/z 399 (M+H)";

MS (APCI(-)) m/z 397 (M-H)’;

'"H NMR (DMSO-d,) & 2.36-2.58 (m, 2H), 3.15-3.26 (m, 2H), 4.00 (AB g, 2H), 4.45 (AB
10 g, 2H), 5.02 (s, 1H), 7.11 (s, 1H), 7.46 (dd, 1H), 7.59 (d, 1H), 7.63 (d, 1H), 9.60 (s, 1H).

Example 47
10-(4-chioro-3-nitrophenvyl}-3.4.6.10-tetrahydro-2H-

1.9(5H.8H)-dione

15 Example 11C was processed as in Example 44 but substituting 4-chloro-3-

nitrobenazaldehyde for 3-chloro-4-fluorobenzaldehyde to provide the title compound.

MS (APCI(-)) m/z 374 (M-H);

'H NMR (DMSO-d,) 8 2.42-2.57 (m, 2H), 3.16-3.30 (m, 2H), 4.01 (AB q, 2H), 4.46 (AB

q, 2H), 5.03 (s, 1H), 7.12 (d, 1H), 7.52 (dd, 1H), 7.64 (d, 1H), 7.76 (d, 1H), 9.62 (s, 1H).
20

Example 48
3.4-dibromophenyl)-3.4.6.10-tetrahydro-2H-

1.9(5H.8H)-dione

Example 11C was processed as in Example 44 but substituting 3,4-
25 dibromobenzaldehyde for 3-chloro-4-fluorobenzaldehyde to provide the title compound.
MS (APCI(+)) m/z 453 (M+H)";
MS (APCI(-)) m/z 451 (M-H);
'H NMR (DMSO-d;) 8 2.41-2.57 (m, 2H), 3.18-3.26 (m, 2H), 4.00 (AB q, 2H), 445 (AB
q, 2H), 4.93 (s, 1H), 7.09 (bs, 1H), 7.12 (dd, 1H), 7.49 (d, 1H), 7.61 (d, 1H), 9.56 (s, 1H).
30
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10%& () - *#100'(. & () 7 23X C ) ) e
10b: s10%& () ¥R P O R £ INPRRIANIe- oSy
10993& () - S# 10%;1& () f310°/¢g& ()-! %%%%#—1' Of L310°/¢gg& ()-3*u dEnbC
103810%;& ()-F10%& ()-sS10%& () - 0%& ()-s10%& ()- b
A?2mbC Example 11C was processed as in Example 44 but SubStltutlélg 5- mtrothx%po}/lege -3-
1 F10% - 109& S @ 10%9g& SMLO%g & s Y10%g& 1
0]@:‘S 15 C(); RS alcq)wde for g-)chloro@ 4- ﬂuorgben(zgldehyde t% prcE\?lde the tltle%om(p%und 98 ()-

10. #10%g& 04 & S109g& () - 3(10%g& () - y&$109%g& ()-""#Q
######d?/N&%62%@&35%%%2987(@%& 8 zésmtyg&' 8 4- 10%g8&' () -

sf 2@0(@&1\@5 %e,nm 3%2%? $dEYNC 10 z109%% () -, 10%0& () -

1090 () - $L1 008! 810% 10%08: () - GB[ %6 WADKEIEYNC 10 " 10908 () -

"H NMR (DMSO-d,) & 2 39 2. 54 (m 2H), 3.19-3.30 (m, 2H), 4.02 (s, 2H), 4.42 (AB g,
2H), 5.00 (s, 1H), 7.09 (d, 1H), 7.48 (d, 1H), 7.75 (d, 1H), 9.69 (bs, 1H).

10
Example 50
5-(3-bromo-4-fluoropheny!)-5.8.9, 1 0-tetrahydro-1H-thiopyrano{3.4-b]quinoline-
4,6(3H,7H)-dione
A mixture of thiopyran-3,5-dione (Fehnel, E.A., J. Amer. Chem. Soc., (1955), 77,
15 4241-4244) (0.12 g, 1.0 mmol), 3-bromo-4-fluorobenzaldehyde (0.20 g, 1.0 mmol), 3-

amino-2-cyclohexene-1-one (0.11 g, 1.0 mmol) and ethanol (5 mL) was heated to 80 °C in
a sealed tube for 60 hours and cooled to ambient temperature. The resulting solid was
collected by filtration, washed with ethanol and dried for 16 hours under high vacuum to
provide the title compound (0.13 g).

20 MS (APCI(+)) m/z 408 (M+H)";
MS (APCI(-)) m/z 406 (M-H)’;
'H NMR (DMSO-dg) & 1.77-1.88 (m, 1H), 1.89-1.98 (m, 1H), 2.25 (dd, 2H), 2.46-2.62 (m,
2H), 3.10 (dd, 1H), 3.48 (ddd, 2H), 3.82 (d, 1H), 4.96 (s, 1H), 7.15-7.24 (m, 2H), 7.41 (dd,
1H), 9.71 (s, 1H);

25 Anal. Calcd for C,;H,;BrFNO,S: C, 52.95; H, 3.70; N, 3.43. Found: C, 52.81; H, 3.79; N,
3.17.
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1090 () - %0%3& Hz 1090 () - 27

391098 () - g#10%& ()-}(()2))))dEYNC 10 PCT/US99/25373
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C 10 @0%1& ()-#&10% & ()-,10% & ()-# 10% & ()-Y 100 1oo 100, ;

t 10%08&' () - $+B3-brom@-AH#ho ey )R8 .Pitetrahvd ooy etopynta[ bith dgpgranp

10% & ()- f10%& ()-@--2. ../ dEb e sopsuiabbapuam < il
10% & () - 3#10% & ()- 3! 10% & () - gsig’@‘ééﬁ{é-ﬁs/ //1 0SOOdEbC 103$10% & () -
, #109% & () - 3s! 1 %/p?y&&% )335 &%r{é gﬁclsgw% & rhor. ShbAROSH& 1))5%3511412 AL 2UERC 10

"10% & ()- 9-109 I10% & ()-33(Y"1 _ Y &HI0% & () -
{223EB3333364dEg/ ISDGﬁrnb@(waSﬂrﬁeé(sé’éc(a)s-dﬁc-nbhﬂ% Exémple 50 but subsntutmg 3-amino-2-

cyclopentene-1-one for 3-amino-2-cyclohexene-1-one to provide a solid. The solid was

purified by chromatography on silica gel eluting with 1:1 acetone:methylene chloride to
provide the title compound (0.13 g).
MS (APCI(+)) m/z 394 (M+H)";

10 MS (APCI(-)) m/z 392 (M-HY);
'H NMR (DMSO-d,) & 2.28 (t, 2H), 2.48-2.73 (m, 2H), 3.14 (dd, 1H), 3.47 (dd, 1H), 3.54
(dd, 1H), 3.82 (dd, 1H), 4.72 (s, 1H), 7.18-7.25 (m, 2H), 7.42 (dd, 1H), 10.27 (s, 1H);
Anal. Calcd for C,;H,;NO,SFBr: C, 51.79; H, 3.32; N, 3.55. Found: C, 51.46; H, 3.49; N,
3.39.

15

Example 52
10-(3-bromo-4-fluorophenyl)-3.4.6.10-tetrahydro-2H-pyrano[3.4-b][1.6]Inaphthyridine-
1.9(5H.8H)-dione

Example 11C was processed as in Example 44 but substituting 3-bromo-4-

20 fluorobenzaldehyde for 3-chloro-4-fluorobenzaldehyde to provide the title compound

(0.79 g).

MS (APCI(+)) m/z 393 (M+H)";

MS (APCI(-)) m/z 391 (M-H);

'H NMR (DMSO-d,) 8 2.38-2.60 (m, 2H), 3.18-3.26 (m, 2H), 4.00 (s, 2H), 4.45 (AB q,
25 2H), 4.95 (s, 1H), 7.14 (s, 1H), 7.16-7.28 (m, 2H), 7.41 (dd, 1H), 9.59 (s, I H);

Anal. Calcd for C,H,,N,O,FBr: C, 51.93; H, 3.59; N, 7.12. Found: C, 51.68; H, 3.83; N,

7.10.
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10( 10" Y10%& () %{ﬁ%%@e e%%l%ﬁ%ﬁ f&) pot&s%m%r(x) ct%a?n%@ gp%%%gg‘l ag: 1v1ty g@ig Gxg‘rrfa}'y

3 R<] <<<; =dEb@

18‘(’/?%0% &§)(A§]tﬂlpéb%u(ﬂea-b@é’%a@ blad @M &PR) <ONL 0%& () - ; ===%r >>>dEb@
10%& () - @10%F®r (cbep:qmaio(n)of&mmqqer shoothangiclecedls Ari@agaiiadd@rs were

1001 110 ()0 S1008 (1 10%e () OB Q- 4R () G () g e
ﬁgﬁ( :3‘;‘;3% égf?& fg rid (*'g%gx@fg‘laééd' h @R o) - ﬁ@%@s&ﬂ:ﬁngﬁ‘%&gp@%léﬂ g ()-\B
(mM): KCl, 2.7; KH,PO,, 1.5; NaCl, 75; Na,HPOQ,, 9.6; Na,HPO,.7H,0, 8; MgSO,, 2;
glucose, 5; HEPES, 10; pH 7.4). Cells were isolated by enzymatic dissociation (Klockner,

10 U. and Isenberg, G., Pflugers Arch. (1985), 405, 329-339). The bladder was cut into small
sections and incubated in 5 milliliters (mL) of the Kreb’s solution containing 1 milligram
per milliliter (mg/mL) of collagenase (Sigma, St. Louis, MO) and 0.2 mg/mL of pronase
(Calbiochem, La Jolla, CA) with continuous stirring in a cell incubator for 30 minutes.
The mixture was then centrifuged at 1300 x g for 5 minutes, and the pellet resuspended in

15 Dulbecco's phosphate buffered saline (PBS) (GIBCO, Gaithersburg, MD) and
recentrifuged to remove residual enzyme. The cell pellet was resuspended in 5 mL growth
media (composition: Dulbecco's modified Eagle's medium supplemented with 10% fetal
bovine serum, 100 units/mL penicillin, 100 units/mL streptomycin and 0.25 mg/mL
amphotericin B) and further dissociated by pipetting the suspension through a flame-

20 polished Pasteur pipette and passing it through a polypropylene mesh membrane
(Spectrum, Houston, TX). The cell density was adjusted to 100,000 cells/mL by
resuspension in growth media. Cells were plated in clear-bottomed black 96-well plates
(Packard) for membrane potential studies at a density of 20,000 cells/well and maintained
in a cell incubator with 90% air:10% CO, until confluent. Cells were confirmed to be of

25 smooth muscle type by cytoskeletal staining using a monoclonal mouse anti human-o.-
smooth muscle actin (Biomeda, Foster City, CA).

Functional activity at potassium channels was measured by evaluating changes in
membrane potential using the bis-oxonol dye DiBAC(4), (Molecular Probes) in a 96-well
cell-based kinetic assay system using a Fluorescent Imaging Plate Reader (FLIPR) (K.S.

30 Schroeder et al., J. Biomed. Screen., v. 1 pp. 75-81 (1996)). DiBAC(4), is an anionic
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smooth muscle K, channels (Quast et al., Mol. Pharmacol., v. 43 pp. 474-481 (1993)).

Routinely, five concentrations of P1075 or test compounds (log or half-log
dilutions) were evaluated and the maximal steady-state hyperpolarization values
20 (expressed as % relative to P1075) plotted as a function of concentration. The ECy,

(concentration that elicites 50% of the maximal response for the test sample) values were
calculated by non-linear regression analysis using a four parameter sigmoidal equation.
The maximal micromolar EC,, response of each compound (expressed as % relative to
P1075) is reported. Stock solutions of compounds were prepared in 100% DMSO and

25 further dilutions were carried out in the assay buffer and added to a 96-well plate.
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A0 ()5 SB35 RIS ok S A s ROELY, B -
5 Landrace pigs were euthanized with an intraperitoneal injection of pentobarbital solution,
Somlethal® , J.A. Webster Inc., Sterling MA. The entire bladder was removed and

immediately placed into Krebs Ringer bicarbonate solution (composition, mM: NaCl, 120,
NaHCO,, 20; dextrose, 11; KCl, 4.7; CaCl,, 2.5; MgSO,, 1.5; KH,PO,, 1.2; K,EDTA,
0.01, equilibrated with 5% C0,/95% O, pH 7.4 at 37 °C). Propranolol (0.004 mM) was

10 included in all of the assays to block B-adrenoceptors. The trigonal and dome portions
were discarded. Strips 3-5 millimeters (mm) wide and 20 mm long were prepared from
the remaining tissue cut in a circular fashion. The mucosal layer was removed. One end
was fixed to a stationary glass rod and the other to a Grass FT03 transducer at a basal
preload of 1.0 g. Two parallel platinum electrodes were included in the stationary glass

15 rod to provide field stimulation of 0.05 Hz, 0.5 milli-seconds at 20 volts. This low
frequency stimulation produced a stable twitch response of 100-500 centigrams. Tissues
were allowed to equilibrate for at least 60 minutes and primed with 80 mM KCl. A
control concentration response curve (cumulative) was generated for each tissue using the
potassium channel opener P1075 as the control agonist. P1075 completely eliminated the

20 stimulated twitch in a dose dependent fashion over a concentration range of 10” to 10° M
using 1/2 log increments. After a 60 minute rinsing period, a concentration response curve
(cumulative) was generated for the test agonist in the same fashion as that used for the
control agonist P1075. The maximal efficacy of each compounds (expressed as % relative
to P1075) is reported. The amount of agent necessary to cause 50% of the agent’s

2; maximal response (ED;;) was calculated using "ALLFIT" (DeLean et al., Am. J. Physiol.,
235, E97 (1980)), and agonist potencies were expressed as pp, (the negative logarithm).
Agonist potencies were also expressed as an index relative to P1075. The index was
calculated by dividing the ED,, for P1075 by the EDj, for the test agonist in a given tissue.
Each tissue was used for only one test agonist, and the indices obtained from each tissue

30 were averaged to provide an average index of potency. These data are shown in Table 2.
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As shown by the data in Tables 1 and 2, the compounds of this invention reduce
stimulated contractions of the bladder by opening potassium channels and therefore may
have utility in the treatment of symptoms and/or diseases prevented by or ameliorated with

5 potassium channel openers.

The term "pharmaceutically acceptable carrier," as used herein, means a non-toxic,
inert solid, semi-solid or liquid filler, diluent, encapsulating material or formulation
auxiliary of any type. Some examples of materials which can serve as pharmaceutically
acceptable carriers are sugars such as lactose, glucose and sucrose; starches such as corn

10 starch and potato starch; cellulose and its derivatives such as sodium carboxymethy!
cellulose, ethyl cellulose and cellulose acetate; powdered tragacanth; malt; gelatin; talc;
excipients such as cocoa butter and suppository waxes; oils such as peanut oil, cottonseed
oil, safflower oil, sesame oil, olive oil, corn oil and soybean oil; glycols; such a propylene
glycol; esters such as ethyl oleate and ethyl laurate; agar; buffering agents such as

15 magnesium hydroxide and aluminum hydroxide; alginic acid; pyrogen-free water; isotonic
saline; Ringer's solution; ethyl alcohol, and phosphate buffer solutions, as well as other
non-toxic compatible lubricants such as sodium laury! sulfate and magnesium stearate, as
well as coloring agents, releasing agents, coating agents, sweetening, flavoring and
perfuming agents, preservatives and antioxidants can also be present in the composition,

20 according to the judgment of the formulator.
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10%c& () add¥Bér mannal9 ¥y decilly, parenterally, intracisternally, intravaginally,

intraperitoneally, topically (as by powders, ointments or drops), bucally or as an oral or
nasal spray. The term "parenterally," as used herein, refers to modes of administration

15 which include intravenous, intramuscular, intraperitoneal, intrasternal, subcutaneous,
intraarticular injection and infusion.

Pharmaceutical compositions of this invention for parenteral injection comprise
pharmaceutically acceptable sterile aqueous or nonaqueous solutions, dispersions,
suspensions or emulsions and sterile powders for reconstitution into sterile injectable

20 solutions or dispersions. Examples of suitable aqueous and nonaqueous carriers, diluents,
solvents or vehicles include water, ethanol, polyols (propylene glycol, polyethylene glycol,
glycerol, and the like), suitable mixtures thereof, vegetable oils (such as olive oil) and
injectable organic esters such as ethyl oleate. Proper fluidity may be maintained, for
example, by the use of a coating such as lecithin, by the maintenance of the required

25 particle size in the case of dispersions, and by the use of surfactants.

These compositions may also contain adjuvants such as preservative agents,
wetting agents, emulsifying agents, and dispersing agents. Prevention of the action of
microorganisms may be ensured by various antibacterial and antifungal agents, for
example, parabens, chlorobutanol, phenol, sorbic acid, and the like. It may also be

30 desirable to include isotonic agents, for example, sugars, sodium chloride and the like.

106



10< 10<mw} A?EC 10F, * 10%08' () - 10%0& () - ! 0S310%00& () - m sil-,)%w 200
10908 () - #109%0& ()- <hn}[<EC 10' 10%08' ()- !10%

& ()-! kmd%@ﬁ?%ﬂ 1 0109%& () - F& 10%0&' () - 10%0& () - kdYNC 10 RED/UHP25373
100 10908 ()-( "10%0& ()-9! 109R&' ()-s9! 10%08' () - s* 10%0& () - #- : LTe} *<YNC
10! 109%&' ()-"10% & ()-y! 10%& ()-y' @ 10%& () - gL3109%& ()-10%&' ()-en}z[ 9YNC
"Y' Z10%m@8ldhged absorption of the injectable pharmaceutical form may be brought about by the
Z109%&' () - ! 1o%f. [.& ()-!H S109%& ()-M1 S10%& ()- M 109%& ()-{Y7gYNC! >y

@0%& () - usppf apnamsgdqlayiog absboy@in for exkgmplepaiginiiumg monos@arate-and gelatin.

109%&' () -' HKNdYNC! > 10 10 10: 109 ()-3! 10%& () : 32109%&' () - 3&* 109%& () -3

9 10%(&') () - } A<YNGISPIGFa8%Ss twqr‘]i?r@@s;%é% ‘-heieifg?‘@’(c%%&"t‘)s-"ﬁg‘é‘,e %8%&95‘@ ()-
83109 & WARDS 0% cufinboust or HAMRR& bt IieckBde Thishay b0 "
0% b b&'( %tgx%lglg@&gpltg%}b %%@@%0&%£ut%x@us or X clida {njeckBy THishay bd
dEYNG ° 1) keetrsplished b YoRirfe) of Al RRéuspensiochOs vy stallife dioidphous rmitefiaiavith - aT a
Z[ <YNC! 610%8& ()-/ 10%H& ()-#! 109%& ()- ! ,

09109XX& (PRoF watsrplability.1 Tha o absemptiogpf the dregtien dypepdougen ity rata ofy 100

10b: 10%& {).-Pl. 110%a&()-11_110900& ()- @ W@ % 0%EeRe& () -

{1on000 8 (itsolitipn e b hirn mdd SeRAT bl (BT 2 el YERRERAR. () - @ 0y

10% & () - yAirekRafivesy, dbtad&dabidrition of @Parederally administered drug form is

10gy: 10%9& ()-!9%0%g& () -% "<~ @ ! Lf 10%uyu& ()-M

10% u&' () -dcedrophished &Y d)ssolvirgens@sgending 1hedrig i8at pilrvehicle.

&F10% U&' () - % 6HV bz X6~ @ ! [.0310%&' () - . .

310080 0z 1) -1 G OPBBIDTey oo fhe Aok fmReHEdE) MY SRNBERRET B AERIE- @
031y 84 10% Uk () 1Y 0N 2 R10% L& ! 0% U8 ) AOBAAIE ot

2(10%2/ ug ()%»%&v%(%_?@%@f%ﬁtg@s%? }{égg/é%}e? ?)0 B 5’@%{@%6% 5 $iink korbitan

58 () - 1) y @i WiordOs/sta) ey R{1aIbBE RN RinlinyREAARROIINE BeflonRS Hdubhgar=! | | {°

tragacanth, and mixtures thereof.

If desired, and for more effective distribution, the compounds of the present

15 invention can be incorporated into slow-release or targeted-delivery systems such as
polymer matrices, liposomes, and microspheres. They may be sterilized, for example, by
filtration through a bacteria-retaining filter or by incorporation of sterilizing agents in the
form of sterile solid compositions, which may be dissolved in sterile water or some other
sterile injectable medium immediately before use.

20 The active compounds can also be in micro-encapsulated form, if appropriate, with
one or more excipients as noted above. The solid dosage forms of tablets, dragees,
capsules, pills, and granules can be prepared with coatings and shells such as enteric
coatings, release controlling coatings and other coatings well known in the pharmaceutical
formulating art. In such solid dosage forms the active compound can be admixed with at

25 least one inert diluent such as sucrose, lactose, or starch. Such dosage forms may also
comprise, as is normal practice, additional substances other than inert diluents, e.g.,
tableting lubricants and other tableting aids such a magnesium stearate and
microcrystalline cellulose. In the case of capsules, tablets and pills, the dosage forms may
also comprise buffering agents. They may optionally contain opacifying agents and can

30 also be of such composition that they release the active ingredient(s) only, or
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entrapping the drug in liposomes or microemulsions which are compatible with body
tissues.

10 The injectable formulations can be sterilized, for example, by filtration through a
bacterial-retaining filter or by incorporating sterilizing agents in the form of sterile solid
compositions which can be dissolved or dispersed in sterile water or other sterile injectable
medium just prior to use.

Injectable preparations, for example, sterile injectable aqueous or oleaginous

15 suspensions may be formulated according to the known art using suitable dispersing or
wetting agents and suspending agents. The sterile injectable preparation may also be a
sterile injectable solution, suspension or emulsion in a nontoxic, parenterally acceptable
diluent or solvent such as a solution in 1,3-butanediol. Among the acceptable vehicles and
solvents that may be employed are water, Ringer's solution, U.S.P. and isotonic sodium

20 chloride solution. In addition, sterile, fixed oils are conventionally employed as a solvent
or suspending medium. For this purpose any bland fixed oil can be employed including
synthetic mono- or diglycerides. In addition, fatty acids such as oleic acid are used in the
preparation of injectables.

Solid dosage forms for oral administration include capsules, tablets, pills, powders,

25 and granules. In such solid dosage forms, the active compound is mixed with at least one
inert, pharmaceutically acceptable excipient or carrier such as sodium citrate or dicalcium
phosphate and/or a) fillers or extenders such as starches, lactose, sucrose, glucose,
mannitol, and silicic acid; b) binders such as carboxymethylcellulose, alginates, gelatin,
polyvinylpyrrolidinone, sucrose, and acacia; c) humectants such as glycerol; d)

30 disintegrating agents such as agar-agar, calcium carbonate, potato or tapioca starch, alginic
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Solid compositions of a sxmllar type may also be employed as fillers in soft and
hard-filled gelatin capsules using such excipients as lactose or milk sugar as well as high
molecular weight polyethylene glycols and the like.

10 The solid dosage forms of tablets, dragees, capsules, pills, and granules can be
prepared with coatings and shells such as enteric coatings and other coatings well known
in the pharmaceutical formulating art. They may optionally contain opacifying agents and
can also be of a composition that they release the active ingredient(s) only, or
preferentially, in a certain part of the intestinal tract in a delayed manner. Examples of

15 embedding compositions which can be used include polymeric substances and waxes.

Compositions for rectal or vaginal administration are preferably suppositories
which can be prepared by mixing the compounds of this invention with suitable non-
irritating excipients or carriers such as cocoa butter, polyethylene glycol or a suppository
wax which are solid at ambient temperature but liquid at body temperature and therefore

20 melt in the rectum or vaginal cavity and release the active compound.

Liquid dosage forms for oral administration include pharmaceutically acceptable
emulsions, microemulsions, solutions, suspensions, syrups and elixirs. In addition to the
active compounds, the liquid dosage forms may contain inert diluents commonly used in
the art such as, for example, water or other solvents, solubilizing agents and emulsifiers

25 such as ethyl alcohol, isopropyl alcohol, ethyl carbonate, ethyl acetate, benzy! alcohol,
benzyl benzoate, propylene glycol, 1,3-butylene glycol, dimethylformamide, oils (in
particular, cottonseed, groundnut, corn, germ, olive, castor, and sesame oils), glycerol,
tetrahydrofurfuryl alcohol, polyethylene glycols and fatty acid esters of sorbitan, and

mixtures thereof. Besides inert diluents, the oral compositions can also include adjuvants
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The ointments, pastes, creams and gels may contain, in addition to an active
10 compound of this invention, excipients such as animal and vegetable fats, oils, waxes,
paraffins, starch, tragacanth, cellulose derivatives, polyethylene glycols, silicones,
bentonites, silicic acid, talc and zinc oxide, or mixtures thereof.
Powders and sprays can contain, in addition to the compounds of this invention,
excipients such as lactose, talc, silicic acid, aluminum hydroxide, calcium silicates and
15 polyamide powder, or mixtures of these substances. Sprays can additionally contain
customary propellants such as chlorofluorohydrocarbons.
Transdermal patches have the added advantage of providing controlled delivery of
a compound to the body. Such dosage forms can be made by dissolving or dispensing the
compound in the proper medium. Absorption enhancers can also be used to increase the
20 flux of the compound across the skin. The rate can be controlled by either providing a rate
controlling membrane or by dispersing the compound in a polymer matrix or gel.
Compounds of the present invention may also be administered in the form of
liposomes. As is known in the art, liposomes are generally derived from phospholipids or
other lipid substances. Liposomes are formed by mono- or multi-lamellar hydrated liquid
2\5 crystals that are dispersed in an aqueous medium. Any non-toxic, physiologically
acceptable and metabolizable lipid capable of forming liposomes may be used. The
present compositions in liposome form may contain, in addition to the compounds of the
present invention, stabilizers, preservatives, excipients, and the like. The preferred lipids
are the natural and synthetic phospholipids and phosphatidylcholines (lecithins) used

30 separately or together.
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alkylammonium, dialkylammonium, trialkylammonium, tetraalkylammonium,
diethanolammmonium, and choline. Cations may be interchanged by methods known in
10 the art, such as ion exchange.

The terms "pharmaceutically acceptable salts, esters and amides," as used herein,
refer to carboxylate salts, amino acid addition salts, zwitterions, esters and amides of
compounds of formula I-VIII which are, within the scope of sound medical judgement,
suitable for use in contact with the tissues of humans and lower animals without undue

15 toxicity, irritation, allergic response, and the like, are commensurate with a reasonable
benefit/risk ratio, and are effective for their intended use.

The term "pharmaceutically acceptable salt," as used herein, refers to salts that are
well known in the art. For example, S. M Berge et al. describe pharmaceutically
acceptable salts in detail in (J. Pharmaceutical Sciences, 66:1-19 (1977)). Examples of

20 pharmaceutically acceptable, nontoxic acid addition salts are salts of an amino group
formed with inorganic acids such as hydrochloric acid, hydrobromic acid, phosphoric acid,
sulfuric acid and perchloric acid or with organic acids such as acetic acid, oxalic acid,
maleic acid, tartaric acid, citric acid, succinic acid, or malonic acid or by using other
methods used in the art such as ion exchange. Other pharmaceutically acceptable salts

25 include nitrate, bisulfate, borate, formate, butyrate, valerate, 3-phenylpropionate,
camphorate, adipate, benzoate, oleate, palmitate, stearate, laurate, lactate, fumarate,
ascorbate, aspartate, nicotinate, p-toluenesulfonate, camphorsulfonate, methanesulfonate,
2-hydroxyethanesulfonate, gluconate, glucoheptonate, lactobionate, glycerophosphate,

pectinate, lauryl sulfate, and the like, metal salts such as sodium, potassium, magnesium or
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alkyl esters and C;-to-C, cycloalkyl esters, although C,-to-C, alkyl esters are preferred.
Esters of the compounds of formula I-VIII may be prepared according to conventional
methods.

10 The term "pharmaceutically acceptable amide," as used herein, refers to non-toxic
amides of the present invention derived from ammonia, primary C,-to-C, alkyl amines and
secondary C,-to-C, dialkyl amines. In the case of secondary amines, the amine may also
be in the form of a 5- or 6-membered heterocycle containing one nitrogen atom. Amides
derived from ammonia, C,-to-C, alkyl primary amides and C,-to-C, dialky! secondary

15 amides are preferred. Amides of the compounds of formula I-VIII may be prepared
according to conventional methods. It is intended that amides of the present invention
include amino acid and peptide derivatives of the compounds of formula I-VIII, as well.

The term "pharmaceutically acceptable prodrug” or "prodrug," as used herein,
represents those prodrugs of the compounds of the present invention which are, within the

20 scope of sound medical judgement, suitable for use in contact with the tissues of humans
and lower animals without undue toxicity, irritation, allergic response, and the like,
commensurate with a reasonable benefit/risk ratio, and effective for their intended use.
Prodrugs of the present invention may be rapidly transformed in vivo to the parent
compound of the above formula I-VIII, for example, by hydrolysis in blood. A thorough

25 discussion is provided in (T. Higuchi and V. Stella, Pro-drugs as Novel Delivery Systems,
V. 14 of the A.C.S. Symposium Series, and in Edward B. Roche, ed., Bioreversible
Carriers in Drug Design, American Pharmaceutical Association and Pergamon Press
(1987)).

The term "prodrug ester group,” as used herein refers, to any of several ester-

30 forming groups that are hydrolyzed under physiological conditions. Examples of prodrug
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10 Actual dosage levels of active ingredients in the pharmaceutical compositions of
this invention can be varied so as to obtain an amount of the active compound(s) which is
effective to achieve the desired therapeutic response for a particular patient, compositions
and mode of administration. The selected dosage level will depend upon the activity of
the particular compound, the route of administration, the severity of the condition being
15 treated and the condition and prior medical history of the patient being treated. However,
it is within the skill of the art to start doses of the compound at levels lower than required
for to achieve the desired therapeutic effect and to gradually increase the dosage until the
desired effect is achieved.
The present invention contemplates pharmaceutically active metabolites formed by
20 in vivo biotransformation of compounds of formula I-VIII. The term pharmaceutically
active metabolite, as used herein, refers to a compound formed by the in vivo
biotransformation of compounds of formula I-VIII. The present invention contemplates
compounds of formula I-VIII and metabolites thereof. A thorough discussion of
biotransformation is provided in Goodman and Gilman’s, The Pharmacological Basis of
25 Therapeutics, seventh edition, hereby incorporated by reference.
The compounds of the invention, including but not limited to those specified in the
examples, possess potassium channel opening activity in mammals (especially humans).

As potassium channel openers, the compounds of the present invention are useful for the

treatment and prevention of diseases such as asthma, epilepsy, hypertension, Raynaud's
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Ther., v. 274 pp. 884-890 (1995); K. Lawson, Pharmacol. Ther., v. 70 pp. 39-63 (1996); D.
R. Gehlert, et al., Neuro-Psychopharmacol & Biol. Psychiat., v. 18 pp. 1093-1102 (1994);

10 M. Gopalakrishnan et al., Drug Development Research, v. 28 pp. 95-127 (1993); J.E.

Freedman et al., The Neuroscientist, v. 2 pp. 145-152 (1996); D. Spanswick et al., Nature,
v. 390 pp. 521-25 (December 4, 1997)).

Aqueous liquid compositions of the present invention are particularly useful for the
treatment and prevention of asthma, epilepsy, hypertension, Raynaud's syndrome, male

15 sexual dysfunction, female sexual dysfunction, migraine, pain, eating disorders, urinary
incontinence, functional bowel disorders, neurodegeneration and stroke.

When used in the above or other treatments, a therapeutically effective amount of
one of the compounds of the present invention can be employed in pure form or, where
such forms exist, in pharmaceutically acceptable salt, ester, amide or prodrug form.

20 Alternatively, the compound can be administered as a pharmaceutical composition
containing the compound of interest in combination with one or more pharmaceutically
acceptable excipients. The phrase "therapeutically effective amount" of the compound of
the invention means a sufficient amount of the compound to treat disorders, at a reasonable
benefit/risk ratio applicable to any medical treatment. It will be understood, however, that

25 the total daily usage of the compounds and compositions of the present invention will be
decided by the attending physician within the scope of sound medical judgement. The
specific therapeutically effective dose level for any particular patient will depend upon a
variety of factors including the disorder being treated and the severity of the disorder;
activity of the specific compound employed; the specific composition employed, the age,

30 body weight, general health, sex and diet of the patient; the time of administration, route of
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f VL 0%DGE ()-s!! 0% U & ()-!, 9510%4| 4| & ()-!9, 9510% & ()-!Q 9$10% | & () -
LA?nbC 10he/desiwdlrgarentic offEerodaigraipalbninoostsaihe)dosageamu] Gie(desi@cietrect is
10%4| & ()-1f9%40%|L| & ()-sp~sh]> 10!1Y 10%& ()-G 104| 104| 104|;

109%4| & (°BEYE@s’ ()- LO#10% & ()-! 40#10%| h| & () -] dEh] > 10! 10%& ()- |

The total daily dose of the compounds of this invention administered to a human or
lower animal may range from about 0.003 to about 10 mg/kg/day. For purposes of oral
administration, more preferable doses can be in the range of from about 0.01 to about 5

10 mg/kg/day. If desired, the effective daily dose can be divided into multiple doses for
purposes of administration; consequently, single dose compositions may contain such

amounts or submultiples thereof to make up the daily dose.
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109& () -y %g% 2%% - S10% ()-L910% () - 10%! () - PXp" dEh] > 10! '

109& ()-f 109231 100 ()-S&3"10%& ()-f!10% ()-" NdEh] > 1BCTASYEIE () -
0109& ()- @ YVdOU& ()- - 10%&' ()-f*10%& ()-fF(! 10%& ()- QTUVWExnbC 10! y910%
U& ()- 10 10 10: 10%& ()- @$10%& ()- f510%& ()-f34&10%& ()- cp@aBmbC 10! @
10% U& ()-10% U& ()-@!10% U& ()-"10% U& ()-!0"109AJU& ()-y"10% & () - yAdEmbC
10! y! 10% 86%_&)6:10% U& ()-,!10% U& ()- 10% U& ()-10% U& ()-L 10%

u& ()- _dE Ao, 1006 UL () -, y#410% U& () - 10% U&' ()-s%0% U& ()-y! 10%
U&'()':y!%0%&',4%6&&&?&5%%%%%]10%%()'S'lo%U&'()' +10% U& () - & ! 10%
U& () - )
D § D7
(XA
¥

or a pharmaceutically acceptable salt, amide, ester, or prodrug thereof, wherein
5 nis 0-1;

mis 1-2;

A is selected from the group consisting of NR,, O, and S;

A is selected from the group consisting of NR,, O, S and CR R,;

D is selected from the group consisting of CH, and C(O);
10 D' is selected from the group consisting of CH,, C(0), S(O), and S(O),;

R, is selected from the group consisting of aryl and heterocycle;

R, and R, are independently selected from the group consisting of hydrogen,

alkoxyalkyl, alkyl, arylalkyl, cycloalkyl, cycloalkylalkyl, haloalkyl,

heterocyclealkyl, hydroxy, hydroxyalkyl, -NZ,Z,, and (NZ,Z,)alkyl wherein Z, and
15 Z, are independently selected from the group consisting of hydrogen, alkyl,

alkylcarbonyl, aryl, arylalkyl, and formyl,;

R, and R, are independently selected from the group consisting of hydrogen and

alkyl;

R and R, are independently selected from the group consisting of hydrogen and
200 alkyl;

with the proviso that when D is CH, then D' is other than CH,; and

with the proviso that when D' is S(O) or S(O), then A’ is CR,R;.
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(10% U& () - &10% U& () - (xnbC 10!" 109%8& ()-F 10 U 10 U 10 Oﬁﬁﬁﬁo@lO%
U& ()-0"10% ‘%/& 0" 10% U& () - : BOaBnbC 10!, Z10%B&' () - 3100

MLOYBE () - 3)-119s! 109& ()-f9s! 1098& ()-n. dEMHC 10! | FIVBISWRSIT3
1098B& ()-y "1098& ()-#1098B& () - F109B& ()- s4109B& () - #WIEnbC 10! +31098B& () -
*L109B&! () SY(109B& () - &$10%B& () - ¥d0%B& () - ! F10%B& () - LdE:/ 10B 10B;

109B& () - Z10YB& {omptuhd UB&orQing&0 cldH®l ¢Hfofh HIINYBE () - ~-!109B& () - Wiv7/
10,Y T 10% h& ()- 10% h& ()-f10% h& ()-!S9! 10988& ()- S9! 10% h& () -"310%

h& ()-Y 10BUJE7/ 10,Y T mil0% h& () - D&l 1806 h/é% -10% hé& ()-"$10% h& ()- ! 10%

9& ()-110% h& ()-+aB7/ 10, |1 (10% h g% h& ()-! % 10%

N
H Re
1,
or a pharmaceutically acceptable salt, amide, ester, or prodrug thereof wherein,
5 nis 0-1;
mis 1-2;

A is selected from the group consisting of NR,, O, and S;
A' is selected from the group consisting of NR,, O, S and CR,R;;
D' is selected from the group consisting of CH,, C(0), S(0), and S(0),;

10 R, is selected from the group consisting of aryl and heterocycle;
R, and R, are independently selected from the group consisting of hydrogen,
alkoxyalkyl, alkyl, arylalkyl, cycloalkyl, cycloalk;'lalkyl, haloalkyl,
heterocyclealkyl, hydroxy, hydroxyalkyl, -NZ,Z,, and (NZ,Z,)alky! wherein Z, and
Z, are independently selected from the group consisting of hydrogen, alkyl,

15 alkylcarbonyl, aryl, arylalkyl, and formyl,
R, and R, are independently selected from the group consisting of hydrogen and
alkyl; and
R¢ and R, are independently selected from the group consisting of hydrogen and
alkyl.

3. A compound according to claim 2 wherein A is NR,.
4, A compound according to claim 2 wherein A is O.

5. A compound according to claim 2 wherein A is S.

117



& ()-110% h& ()-@ "10% h& ()-"10% h& ()-1jdE7/ 10,210% h ?m%ﬁﬁl
h& ()-,/L$10% h& ()- - 10% h& ()-+@ 10% h& ()- & 10% h& (i
10, z10%m& (YQ 0/ ' ()-S10%& ()-"F 10%& ()-Z 10 h 10 h 10PCRASQZS373
h& ()-)87dEbC 10, ! 10%m& ()-!10%m& ()- #10%M& ()-f'!10%M& () -
10%m& () - #910%1& () - ; | oudEbC 10, Y 10%m& ()- G' 10%m& ()- FL10%M& () -
yS10%& (§- 10%8&otnpolad 36Bsrding /bR Of bl LPYTE () - &10%r& () - # 10%m& () -
! 10%& () - G' 10%& () - &$10%& () - 62| dEbC
10, 710%m&’ () - O! 10%& () - . #10%& () - 9- 10UT& () +10%T& () -) 410%m& () - bC
10, @ 10% U& () - 9$510% U& () - &10% UB () -AY U& ()-G 10m 10m
10ms: 10%1& () - GSr dEbC 10, , 10% W& () -[91906 Jé“)-s&lO% U& ()-fl 3"10%
U& ()--10% A Ny A
m

H Rg
111,
or a pharmaceutically acceptable salt, amide, ester, or prodrug thereof wherein,
5 nis 0-1;
mis 1-2;

A is selected from the group consisting of NR,, O, and S;
A' is selected from the group consisting of NR,, O, S and CR,R;;
D' is selected from the group consisting of CH,, C(O), S(O), and S(O),;

10 R, is selected from the group consisting of aryl and heterocycle;
R, and R, are independently selected from the group consisting of hydrogen,
alkoxyalkyl, alkyl, zirylalkyl, cycloalkyl, cycloalkylalkyl, haloalkyl,
heterocyclealkyl, hydroxy, hydroxyalkyl, -NZ,Z,, and (NZ,Z,)alkyl wherein Z, and
Z, are independently selected from the group consisting of hydrogen, alkyl,

15 alkylcarbonyli, aryl, arylalkyl, and formyl;
R, and R, are independently selected from the group consisting of hydrogen and
alkyl; and
R, and R, are independently selected from the group consisting of hydrogen and

alkyl.
7. A compound according to claim 6 wherein A is NR,.
8. A compound according to claim 6 wherein A is O.

9. A compound according to claim 6 wherein A is S.
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U& ()-, @10% U& ()-r(dEbC 10, -10% U& ()-10% U& ()-,!10% M(M Y%QB
& () - S#10% L& () - @"10% W& () - (~HEJEDC 10, , (M 10% N& ()-,Lf‘ A

U& () - &YAOWAUMHHT43 304.0% U& () -1 y#10% U& ()-f! "10% U&' () - &PCT/UBPARSYT3 10 U
10 U@ 10% U&' ()-810% U& ()-, 410% U& ()-,2 10% U& ()- @F10% U& ()- @ $10%
U& ()-12Yuv4/ 10! Z9%40%c& ()-3 10%m& ()-!>3

109" () - JQU& A Lombd@idacondingSto k0! 6f fofmibfh NI PSz$a?4/

10!, #3%4 0% { & ()-G , #3%40%Vv& ()-Ad 10%r& ()-L10%r& ()-fl"10%r& ()-Z%40%n
& ()-{Y7 O Ry OR7
YA
N
v,
or a pharmaceutically acceptable salt, amide, ester, or prodrug thereof wherein,
5 A is selected from the group consisting of NR,, O, and S;

A is selected from the group consisting of NR,, O, S and CRR;;

R, is selected from the group consisting of aryl and heterocycle;

R, and R, are independently selected from the group consisting of hydrogen,

alkoxyalkyl, alkyl, arylalkyl, cycloalkyl, cycloalkylalkyl, haloalkyl,

10 heterocyclealkyl, hydroxy, hydroxyalkyl, -NZ,Z,, and (NZ,Z,)alkyl wherein Z, and
Z, are independently selected from the group consisting of hydrogen, alkyl,
alkylcarbonyl, aryl, arylalkyl, and formyl;

R, and R, are independently selected from the group consisting of hydrogen and
alkyl; and

15 R, and R, are independently selected from the group consisting of hydrogen and
alkyl.

11. A compound according to claim 10 wherein
A isNR,; and
A'isNR,.

12, A compound according to claim 10 wherein
A is NR,;
A'isNR;;
R, 1s hydrogen; and
R, is hydrogen.

13. A compound according to claim 12 that is 5-(3-bromo-4-fluorophenyl)-
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10! 1 ZYA0%& () -! 4Z9A0%h& ()-! @Y%A0% t & ()- 10m 10m MAY 7003
10m : 10%g! ‘% _@ 40%vé& ()-dy~ @Y7 10! 7
10%| & () - 89&%# ()--#10%428& ()- PCT/US99/25373
-#109.L& ()-!-#10%G G & () - Z940%4| & ()-}"?{Y7
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~10%| & () - bC 2,81518,9,00dek)hyBos®/ridpf3,4-04]1, 7|6dghtiyitine-4,6(1H, 7H)-dione.
109 & ()-710%4| & ()-03"10%4| & ()-.aBbC 10!!l G' 10%& () -

109%& () - flO%& ()-12"10%: () -1 p& | @O%=4& ()-g&! | @0% & ()-gQ¥l aBbC

18£V«I&F?())/&OO/ o L1 ‘5&’%%‘(‘%“)‘“{%%#8@5( 18%}?%/&0% () -

9- - 109%& () -Y) 104ds WR;Yard10%&' () - 3y&L0%& ()-Y "10%& ()-'/ydE:/ 10

10&: 10% () - F7F 109%&° () Y5 109%& () F 3 10%& () -
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YY409%& ()-SSL0%& ()-f, 10%& () -fs10%& ()-!-0!10%& ()- 10#s!dE7/ 10°fyz
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10" 1 (10%& |(s) - @4 Qo 6DmJEcc% (c)cléuﬁa 10 Whiefoin SL10%& () -Tyz 10%& () -cy] dE7/
10" yO! 10% () - 9y0! 18%& ( 0% ()- Ss-10%: ()- °+10%& ()-* "100%& ()-]

bC 10" " 10%&’ ()Amnmgg'e(n)d- 10 10 103, ; 10%! ()- @, 10%! ()-yO0! 10% ()-9 /aBbC
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16. A compound according to claim 10 wherein
Ais O; and
A'is NR,.

17. A compound according to claim 10 wherein
Ais O;
A'isNR;;
R, 1s hydrogen; and
5 R, is hydrogen.

18. A compound according to claim 17 that is 5-(3-bromo-4-fluorophenyt!)-5,8,9,10-
tetrahydro-1H-pyrano(3,4-b}[1,7]naphthyridine-4,6(3H,7H)-dione.

19. A compound according to claim 10 wherein
Ais O; and
A'is O.

20. A compound according to claim 10 wherein
Ais O;

A'is O,
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10! | 3(" 10% & %3&1 0%&' ()- %0%& ()- 0 9%0%& ()-!! %0% (& ()-!!
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| .109% & ()-43("10%& ()-JIXgmaBbC 10! | %40% ()-3

@109& () - Y10%&' ()-Ym 10%&' ()-!{0! 3109%5& ()-!310%& ()-m B dEbC

10! | YZ%4 &' () Alcod@¥énd dccbrdifd c(lhianaQé?lsoﬁédﬁoM&ﬁelgP&&'B@bndfﬁih QY& ()-:dEbC
10! | S) y109& ()-y' 10%& ()- Ff &10%&' () - F#@ 0% ()-FLT 109%& ()-F 10%& ()-"
aB7C 10! 10& 18¢&bromedflupoopenyl)#, Psdihpdip- (H,3 Hrdipgrane[Sd-t:3 3] pyrdlioek’ () - F
Y+109%&' ()-*9%% Ly JOYS10908 () -3

"10%08 ()-!!31 &’Z‘%'-@P%"lom&' ()-S10%08 ()- 10 100Z1dEKC 10! 10@

1090 () - 3" 10%%4-Clotol U phbn 1) ¥38- dihy drb H9VENF- diyriof8 4B Blegyrstiie 10!
5 4,6(7H,9H)-dione,
5-(3-cyanophenyl)-5,10-dihydro-1H,3H-dipyrano[3,4-b:4,3-e]pyridine-
4,6(7H,9H)-dione,
5-(4-fluoro-3-iodophenyi)-5,10-dihydro-1H,3H-dipyrano[3,4-b:4,3-e}pyridine-
4,6(7H,9H)-dione,

10 5-(5-bromo-2-hydroxyphenyl)-5,10-dihydro-1H,3H-dipyrano[3,4-b:4,3-e]pyridine-
4,6(7H,9H)-dione,
5-[4-fluoro-3-(trifluoromethyl)phenyl]-5,10-dihydro-1H,3H-dipyrano[3,4-b:4,3-
e]pyridine-4,6(7H,9H)-dione,
5-(3,4-dichlorophenyl)-5,10-dihydro-1H,3H-dipyrano{3,4-b:4,3-e]pyridine-

15 4,6(7H,9H)-dione,
5-(2,1,3-benzoxadiazol-5-yl)-5,10-dihydro-1H,3H-dipyrano[3,4-b:4,3-e]pyridine-
4,6(7H,9H)-dione,
5-(5-nitro-2-thienyl)-5,10-dihydro-1H,3H-dipyrano{3,4-b:4,3-e]pyridine-
4,6(7H,9H)-dione, and

20 5-(5-nitro-3-thienyl)-5,10-dihydro-1H,3H-dipyrano[3,4-b:4,3-e]pyridine-
4,6(7H,9H)-dione.

22. A compound according to claim 10 wherein
Ais O; and
A'is S.

23. A compound according to claim 10 wherein
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24. A compound according to claim 23 that is 5-(3-bromo-4-fluorophenyl!)-5,10-
dihydro-1H,3H-pyrano[3.4-b]thiopyrano[4,3-e]pyridine-4,6(7H,9H)-dione.

25. A compound according to claim 10 wherein
Ais S;and
A'is NR,.
26. A compound according to claim 10 wherein
Ais S;and
A'is O.
27. A compound according to claim 10 wherein
Ais S; and
A'is S.
28. A compound according to claim 1 of formula V:
O Ry o
Al
N HRs &7
vV,

or a pharmaceutically acceptable salt, amide, ester, or prodrug thereof wherein,
5 A is selected from the group consisting of NR,, O, and S;

A' is selected from the group consisting of NR;, O, S and CR,R;;

R, is selected from the group consisting of aryl and heterocycle;

R, and R, are independently selected from the group consisting of hydrogen,
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"1090& ()- " -1 %09 ()-F

15 R4 and R, are independently selected from the group consisting of hydrogen and

alkyl.

29. A compound according to claim 28 wherein
A is NR,; and
A'1s NR,.

30. A compound according to claim 28 wherein
A is NR,; and
A'is O.

31. A compound according to claim 28 wherein
A isNR,;
A'is O;
R is hydrogen; and
5 R, is hydrogen.

32. A compound according to claim 31 that is selected from the group consisting of
9-(3-bromo-4-fluorophenyl)-5,6,7,9-tetrahydrofuro[3,4-b][1,7]naphthyridine-
1,8(3H,4H)-dione,

(+) 9-(3-bromo-4-fluorophenyl)-5,6,7,9-tetrahydrofuro[3,4-b][1,7]naphthyridine-
5 1,8(3H,4H)-dione; and
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33. A compound according to claim 28 wherein
A is NR,; and
A'is S.

34. A compound according to claim 28 wherein
A is NR,; and
A'is CR.R;.

35. A compound according to claim 28 wherein
A is NR,;
A'is CRR;;
R, is hydrogen;
5 R, is hydrogen;
R, is hydrogen; and
R, is hydrogen.

36. A compound according to claim 35 that is selected from
(-)-5-(3-bromo-4-fluorophenyl)-2,3,5,7,8,9-hexahydro-1H-
cyclopenta[b][1,7]naphthyridine-4,6-dione,
(+)-5-(3-bromo-4-fluorophenyl)-2,3,5,7,8,9-hexahydro-1H-

5 cyclopenta[b]{1,7]naphthyridine-4,6-dione,
(+) 5-(3-chloro-4-fluorophenyl)-2,3,5,7,8,9-hexahydro-1H-
cyclopenta[b][1,7]naphthyridine-4,6-dione, and
(-) 5-(3-chloro-4-fluorophenyl)-2,3,5,7,8,9-hexahydro-1H-
cyclopenta[b][1,7]naphthyridine-4,6-dione.
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5 e]pyridine-1,8(4H,7H)-dione.

40. A compound according to claim 28 wherein
Ais O; and
A'is O.

41. A compound according to claim 28 wherein
AisO;
A'is O;
R, is hydrogen; and
5 R, is hydrogen.

42. A compound according to claim 41 that is selected from the group consisting of
9-(3-bromo-4-fluorophenyl)-5,9-dihydro-3H-furo[3,4-b]pyrano{4,3-elpyridine-
1,8(4H,7H)-dione,
(9R)-9-(3-bromo-4-fluorophenyl)-5,9-dihydro-3H-furo[3,4-b]pyrano[4,3-
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A'is CR,R;.

45. A compound according to claim 28 wherein
AisO;
A'is CR/R;;
R, is hydrogen;
5 R, is hydrogen;
R, is hydrogen; and
R, is hydrogen.

46. A compound according to claim 45 that is selected from the group consisting of
5-(3-bromo-4-fluorophenyl)-5,7,8,9-tetrahydrocyclopenta[blpyrano[4,3-e]pyridine-
4,6(1H,3H)-dione and
5-(4-chloro-3-nitrophenyl)-5,7,8,9-tetrahydrocyclopenta[b]pyrano[4,3-e]pyridine-

5 4,6(1H,3H)-dione.

47. A compound according to claim 28 wherein

A s S; and
A'is NR,.
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50. A compound according to claim 28 wherein
Ais S; and
A'is CRR;.

51. A compound according to claim 28 wherein
AisS;
A'is CRR;
R, is hydrogen;
5 R, is hydrogen;
R, is hydrogen; and
R, is hydrogen.

52. A compound according to claim 51 that is 5-(3-bromo-4-fluorophenyl)-5,7,8,9-
tetrahydrocyclopenta[bjthiopyrano{4,3-e]pyridine-4,6(1H,3H)-dione.

53. A compound according to claim 1 of formula VI:
) O R O
g
A \
e
VI,

or a pharmaceutically acceptable salt, amide, ester, or prodrug thereof wherein,

5 A is selected from the group consisting of NR,, O, and S;
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54. A compound according to claim 53 wherein
A is NR,; and
A'is NR,.

55. A compound according to claim 53 wherein
A isNR,; and
A'is O.

56. A compound according to claim 53 wherein
A is NR,; and
A'is S.

57. A compound according to claim 53 wherein
A is NR,; and
A'is CR,R;.

58. A compound according to claim 53 wherein

A isNR,;



110%b& ()- 10 10 10 : 109 ()-{nnooo2pCp{\=~_@ 10bF10%021) Y 20&3
109%& () -1 10%& () -' $10%b& ()- $10%& ()-! Mb10%& () - Copaqfe rM}A«_
10b|&-$10%‘{"9{“§{'2‘§'%‘ 3+10%& ()-)310%& ()-Y PCT/US99/25373
(10%8& ()-!9$10%b&' ()-:!&$10%@ @ & ()-: hrrrssssssdYNC 10b! 10b 10b
10b: 10%8& () - 7109%& () - &0! 109%H& () - &0! 10%&' () - & $10%&’ () - sS2t Ct t uu}\ : YNC
10b! 3F9A.09%X& (A'is GRELOY & () -' ! 3FUL0%<& () - & 10%& ()-!4"109%& () -
04" 10%<& ()- uu vlvvx#xaBYNC 10b! Z940% & () - M Z9%40%<&' ()-M
109& () flO%:@a(“) YHTee%RR () -1 10%<&' () - #x@(ynyqyr ysytyy| qf[9
10bI 10%A( A( & 0< 10< 10<: 10%& ()-!!' Z0d0%<& ()-9!' Z9d0%<& ()-9
" 7% 0%& () -9y %}{ d}%\’&ef‘[g 10b! 3, Y"10% & ()- SY9dO%&' ()--! SYO%& ()--!
SY‘V(iO%{(& ()--%é]@y&ége}{l&gﬁ%ﬂ& O-111<}M}}dBF[9 10b!! + f&3%0%&' () -
$109% & () - #10% 1 1094 & ()-110% & ()-3910% & ()-}/~~7:;<=K| qf [ 9
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4,6(1H,7H)-dione,
5-(3-bromo-4-fluorophenyl)-2-methyl-2,3,5,8,9,10-

5 hexahydrobenzo[b][1,7]naphthyridine-4,6(1H,7H)-dione,
(-)-5-(3-bromo-4-fluorophenyl)-2,3,5,8,9,10
hexahydrobenzo[b][1,7]naphthyridine-4,6(1H,7H)-dione; and
(+)-5-(3-bromo-4-fluoropheny!)-2,3,5,8,9,10-
hexahydrobenzo[b][1,7]naphthyridine-4,6(1H,7H)-dione.

60. A compound according to claim 53 wherein
A1sO; and
A'isNR,.

61. A compound according to claim 53 wherein
Ais O;
A'is NR;;
Ry is hydrogen; and
5 R, is hydrogen.

62. A compound according to claim 61 that is selected from the group consisting of
10-(3-chloro-4-fluorophenyl)-3,4,6,10-tetrahydro-2H-pyrano[3,4-
b](1,6]naphthyridine-1,9(5H,8H)-dione,
10-(3,4-dichlorophenyl)-3,4,6,10-tetrahydro-2H-pyrano(3,4-b][1,6]naphthyridine-
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5 R, is hydrogen.
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70. A compound according to claim 69 that is 5-(3-bromo-4-fluorophenyl)-7,7-
dimethyl-5,8,9,10-tetrahydro-1H-pyrano[3,4-b]quinoline-4,6(3H,7H)-dione.

71. A compound according to claim 53 wherein
A is S; and
A'is NR,.

72. A compound according to claim 53 wherein

A 1s S; and
A'is O.
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23] ¢" "Headi ng 33]c" "Headi ng 43 g ey 53] ¢" "Headi ng 63]c" "Headi ng

73] c¢" "Heading 83]c" "Heading 93]c"A "Hegtaulp, Paragraph Font] c

3(08?FNUWirg{}_ | bOCU jVR$*29@ FMBTY" gn$u{ Vin24’ gP

&x 27B?DEJQPW d] psv<| kuN:#@' '$( 7+ 2WH9<U@DI M SHUZ\ 7" bdf hj | nprtvxz| ~

"$8(*, . 02468: <>@B LNPRT 07\.@N>X[ cl u~p! 6
D* QBDs MyXpdk s { §1 %P Cestiegiig SFSST Ozpiodés&érm&sv@?w
<=>7? BCDEFGHI AT pgr st uvwxyz{| }~A" b
8ch%\ " #$&) ( /Iﬂ" g%ﬁ%%%&&m@}@%ﬁg@%ﬂ 1ENWPQOSUVXUZW _acc
ef hckl noQgr t * uRiszlected fronsaitIgrup<donkistifg of aybiMitthetdrocytls;" R "M } ' ' *-
R, is selected from the group consisting of hydrogen, alkoxyalkyl, alkyl,

arylalkyl, cycloalkyl, cycloalkylalkyl, haloalkyl, heterocyclealkyl, hydroxy,
hydroxyalkyl, -NZ,Z,, and (NZ,Z,)alky] wherein Z, and Z, are independently

10 selected from the group consisting of hydrogen, alkyl, alkylcarbonyl, aryl,
arylalkyl, and formyl;
R, and R, are independently selected from the group consisting of hydrogen and
alkyl; and
R, and R, are independently selected from the group consisting of hydrogen and

15 alkyl.

86. A compound according to claim 85 wherein A is NR,.

87. A compound according to claim 85 wherein
AisNR,;
R, is hydrogen;
N R; is hydrogen;
5 R, is hydrogen; and
R, is hydrogen.

88. A compound according to claim 87 that is 10-(3-bromo-4-fluorophenyl)-
3,4,6,7,8,10-hexahydro-2H-thiopyrano[3,2-b][1,7]naphthyridin-9(5H)-one 1,1-

dioxide.
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K Al $0/&-$() ﬁ 2 /@1m@ccord15no to claim 85 wherelg‘%xs 0. RT-

<= >’7@\BCDEFGHI JKLM\ICPQQSTUVV\XYZ[\]’\_ abcdef ghi j kIl mopqgr st uvwxyz{| } ~

I"#$UR' ()*+,-./0123456789:

<=>7? @\BCDE§EH JKW&R@BW&[%HM%SQ@E&&W J kI mopqr st uvwxyz{|} ~6Ti nes

New RomanAri al Courier New'h Root EntryWrdDocunent 4

" #SUR' () *+, -./ BLREK56789: ;

<= >’>@\BCDEFGHI JKLI\/NODQ?STUVV\XYZ[ \]"~_"abcdef ghi j kl mopgr st uvwxyz{| } ~

| " HSOR () *+, - . / Bl BER:

<= >’>@\BCDEFGHI J U\/\/\XYZ[\]’\_ abcdef ghi j kIl mopqgr st uvwxyz{| } ~

RS ()7, | DLOINAR
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91. A compound according to claim 90 that is 10-(3-bromo-4-fluorophenyl)-3,4,6,10-
tetrahydro-2H,5H-pyrano[3,4-b}thiopyrano[2,3-e]pyridin-9(8H)-one 1,1-dioxide.

92, A compound according to claim 85 wherein A is S.

93. A pharmaceutical composition comprising a therapeutically effective amount of a

compound of claim 1 in combination with a pharmaceutically acceptable carrier.

94. A method of treating asthma. epilepsy, hypertension, Raynaud's syndrome,
migraine, pain, eating disorders, functional bowel disorders, neurodegeneration and
stroke in a host mammal in need of such treatment comprising administering a

therapeutically effective amount of a compound of claim 1.

95.  The method of claim 94 for treating urinary incontinence.

i

96. A method of treating male erectile dysfunction and premature ejaculation n a
host mammal in need of such treatment comprising administering a

therapeutically effective amount of a compound of claim 1.

97. A method of treating female anorgasmia, clitoral erectile insufficiency,
vaginal engorgement, dyspareunia and vaginismus in a host mammal 1n need
of such treatment comprising administering a therapeutically effective amount

of compound of claim 1.
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98.

A compound of formula IX:

ﬁ
NH

IX,

2

wherelin,

A is selected from the group consisting of O, S, and NR, wherein R, is selected
from the group consisting of hydrogen, alkoxyalkyl, alkyl, arylalkyl, cycloalkyl,
cycloalkylalkyl, haloalkyl, heterocyclealkyl, hydroxy, hydroxyalkyl, -NZ,Z,, and
(NZ,Z,)alky! wherein Z, and Z, are independently selected from the group
consisting of hydrogen, alkyl, alkylcarbonyl, aryl, arylalkyl, and formyl;

with the proviso that R, is other than benzyl.



