L GR# #( #) #* #+#, #- #. # #HOHLH2HBHAHSHOHTHBHOH #; H<H=H>U?H CHAHBHCHDHEH#FHGHHH| #J
#HKHLH#MENR O PHQERESHTHUVAWEXH YHZH] #\ #] #N#_# #Ha#tb#HcHdHe# #g#h#i #] #KH HiHEE 3881
| JFBFFF40F4F @F%TI JF31 D E C 2002 WO 001 01687 PCT/ US991#cAAR39/12828

BENZOTHI EPI | NG ACTI VITY AS I NHI BI TORS COF | LEAL BI LE ACI D TRANSPORT
AND TAUROCHOLATE UPTAKE 5 BACKGROUND OF THE | NVENTION Field of the
tnvention 10 The present invention relates to novel benzothi epines,

derivatives and anab@&%o&ﬁ?ﬁ?ﬁiﬁs m%&ﬁaCﬂe&imdy aenpestii@iKg containing
them and their use_in artl cuI ar and

treat ment of hyBEr Fpﬁﬁaeﬁ?@&ﬁﬂﬂ tE')r "t‘l‘f“é)s %g%ﬁé@%@%&%ﬁw th

at heroscl e osi s or hyperchol esterol em a, in mammal s. Description of Rel ated
Art It is well-settled that hyperlipidem c conditions 20 associated with

el evated concentrations of total cholesterol _and | owdensity |ipoprotein
chol esterol are major risk E&M&&gﬂm%ﬁ\g di sease and
particularly atherosclerosis. Interfering wwth the circulation of bile
acids w thin theglgigneef tflgem?@,jtgp,gsti nal tract is found to reduce the

| evel s of, serum E‘mﬂTgFeTTl_mu_ i onshi p. dem ol ogi cal data
has accurmfl at ed whi ch!PRIPERIEE ﬂgﬁnFéaﬁc’f‘%ﬁF éasn?g%n i mprovenent in
the di sease st at bepkoahhepined erdssiivatSvesirantslepalpgs” tiheraadcti on 30 of

bil e acids and chpLesbesoti il h:da%egy&ism Cc&lrﬁ:%ﬁh%n?at’hékﬁl and th
hypol:hol esterol em c g lﬁﬁétl es ca et Bi VSi.C 210 (1994)
b

| OC Act a
D5B0587 i ScusscuEE neP CPERHETES PRTCRRSLHIba) SHE. RECHIVSEP B dgent &
surroundi ng bi | etreatvennhdoL foipestiepbiienBds dadicphypsi shdyias abterati ons are

shown toaige consisteaiambd hvi:rht %EhHPBE@IEﬁsﬂJ‘%r_enterOhePati c W
00/ 01687 PCT/ US99/ 1281§%§ J_C 2002 circulation of bile acids in humans
by Heubi, J.E. FEEATERS B & SNl absor ption: Defective in

Vitro |l eal Actl ve Bile Acid Tr ansport , Gastroenterol ogy, 1982:83:804-11.

5 In fact, chol esédyé¢ 'm,bidﬂfdsgeuhg,@iiﬁ acids in the intestinal tract)
t her eby |nterfer|ng Eﬁ T hel [ i rehepa ircul ati Rei hner,
E et..alt_ . egulafgl gg?%? ﬂ?eaet tl}?% %o &5t "élrcolcond?gbéo?l smin

humans: 207 mul at%ﬁ%P‘é’fiFfe%Q Figh GHGVQ%@G}'r%QﬁqﬂP@té‘ﬁthcpmtﬁéduct ase
activity and | oversTedderdl R QbR Bef£OBPIAPopXBEESS | cHbldsterbl St one

patients", Jour nﬂ&qﬁeﬁ i%%;gg{:gps Mol og,;a |]3gexcr2¥1tjs%agg2§n

Suckl i ng eI al , owerrn nd Ionin
hanster with chcﬂ%’%’-’t’ﬁ%ﬁﬂé’ PShEFESE sis At héPESEf &F g g",ltBQElngl)
183-190). This reitduladidrARSi be.neaseldm witkdh bhkelwner «fynhbesi s by the
liver uspgg chol gxtaraly s (all ag P:?hﬂrhﬁrﬁ%g eéhlcgntﬂéf il yer LDL

0 est

recep} or S whi ch ‘enhances cl earance ero and decreases serum LDL
chol esterol 20 IS8RIS CholeSEETREr IRAFHIRHIRY FSLRELPRENR I on of

recircul ati on ofEphidesniadlicgsicalhdats deds idommadadedramsgorindsystes is a
putative phar mcgidd GAllacs g 1£gas the dif GIBPkmehie ?&Fetrh‘éhﬁkgééﬁé ol emi a

based on an 25 interruption of the enterohepatic cir ation wt speC|f|c
transport inhi biS5G5E O& AFBETO8FLeFos:y @&Fﬁaf‘s’ﬁﬂ EACITALRBRSF H% on" The
Journal 86 Biol efi ¢dlleClaeridst aygd dublefiEdolNeitBinchsamemt Ageprsd 25, pp.
18035-18046, , 1933)ing3 y%Qcﬁﬁ@ét%oﬂmﬁa %beeepés c'atglmmsﬂcg efcanadi an
Pat ent Application NOs. 078, 588 085 , 830; and
EP Application ﬁe@-ﬂﬁi@-&é&é'o % 9Pl §§926%4dls<ﬁﬂf5655513e 731, Hoechst
Akt i engesel | sChz!vf:Ltocdhmlsmws pbysielagyofandaknows 8t et wgehky occurring

constituents of 4j $hg|@§g| Scfdd WHALHBRsYSEeM and their derivatives,
i ncl udi ng. SUBSTI TUTE SH E

hgrs:.ofoglg alterations are shown to be
consistent with interruption of the enterchepatic
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Wo 00i o~ss~ 3 PCTI US99/ 12828 31 D E C 2002 bile acid, which inhibit the

physi ol ogwoabelset e aci d transport with the goal of redugipgcldis szL 31 DEC 2007
chol esterol |evel sufficiently to be effective as phar maceufsl ca? S and, in

particular fox use as 5 hypochol estesol em c agents. In vitro bile acid
transport inhibition is disclosed to show hypolipidem.c gctivity in The __
. Vel | cone FGaRAMLPHIPN O Péged?%"'c‘fsoslﬁr guﬂ%q? @P\}\%Hbd'pgt'gnt' &bplication
nunber WO 93/ 26055sée orPrithatilypble RdeniMel dbsaxptiicaze pDed e€Coapeunds”
Sel ect ed benzophyepiion 2headt el asad bR ¥obkehdphant appiication nunber

| udi t

W)93/ 321146 fOr numerous _uses Inclu ng atty acid netabolismand coronary
vascul ar di seS3E8XoanteXoleBYsel 384 P 198420t hi epi nes are known for use as

hypol i paem ¢ and hypaofduel, eshel esaerancinegbtihds wwepddilel byitier ihhe treat nent

or prevention e | I.SG! ; scat i .Nos. EP
508425, FR 268%%7?%:3% Bgﬁﬁéu%&é&% h@gf&mﬁ& cl%%?é"l LS8 e tygd by an

am de bonded PETTRL SHSEONSRAF T T IHETHRBN {REIAGF oF -t BE Pdsed -bi-cycl o
benzot hi epi neini nReglat abwver refparescesosdmmeradnmenabaismf bits to find
safe, effecti nts . P l.aXles JAalTeRt f perli pi dem c
di seases and ¥§‘8?’?§25&Jg“§?3?§g§5 as sp)éghgﬁtgg?%{ ol,em% é’g‘er’?%. '
Addi t #8nal | y §@4‘-e€%‘3&?tﬁéﬁzBFH%WBhéé“%llé‘”dii%ﬁb"s\’e(}lﬁ’(?Prl%éan vari ous

di sease st at esedebton ldxpBekbtoprxs &l lisngrat patidntid i,t YJouthaieofire EP S68

898A as abstr Eé ﬁ% % léen ract 923{}?95_]25%%; 30 89/1477/ A as
abstracted i £ féi_ SeRiS fag?ﬁﬁfé 3393‘}8'288; U’s. 52@?891.abstract ed in
Derwent 5070188¢k105 3128%, 3Y6holesterggolowerings andsdile 6caBst racted i n
Derwent Abst rexdeet a3 6A Tt Be apdgmafe:02itB46Roc1 dd yardsent i nvention furthers

oo SE o Blsehaiier SLag-dR A b B Re L
00/ 01687 PCT/ TSyt dpga31ipreasezdon 11var SAMARE G- SYREDERVENTY ON
Accordi ngly, ome®rgvers ugfhg otiso pyeire]l hbewplEsantan npeebulatpenvi des
conpounds of {prugy QiQE}:LEL~£§63¥£Blsnwﬁfcﬁ%%nﬁghces clearance of
cholesterol and decreases serum LDL cholesterol
20 levels.
In another approach to the reduction of
recirculation of bile acids, the ileal bkile acid
transport system is a putative pharmaceutical target
for the treatment of hypercholesterolemia based on an )
25 interruption of the enterohepatic circulation with
specific transport inhibitors {(Kramer, et al,
"Intestinal Bile Acid Absorption" The Journal of
Biological Chemistry, Vol. 268, No. 24, Issue of
August 25, pp. 18035-18046, 19593).
30 In a series of patent applications, e.g. Canadian
Patent Application Nos. 2,025,294; 2,078,588;
2,085,782; and 2,085,830; and EP Application Nos. 0
379 161; 0 549 967; 0 559 064; and 0 563 731, Hoechst
Aktiengesellschaft discloses polymers of various

35 naturally occurring constituents of the enterohepatic
circulation system and their derivatives, including
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) R Ra R4 wherein: g is an integer froml to 4, 10 n is an integer from
to 2; R1 re i ndependently selected fromthe group consisti

H, al kyl, a%%ﬁfﬁal kynyl , hal oal kyl) al kylaryl, aryl al kfFTUSINIa325 %91 BEC 2001
al koxyal kyl , di al kyl am no, al kylthi o, %pol yal kyl )aryl, and 15 cycl oal kyl,
wherein al kyl, al kenyl, al kynyl, hal oarkyl, alkylaryl, arylalkyl, alkoxy,

al koxyal kyl, di abile aniido, wiad ity lihibit (Pud yaviejb}egytal deidlepclidal kyl
optionally are s,{JJ_baq,; egdi W thORE,Pr frqre(a 2Qn pﬁél]gmg@nts sel ected from

t he group consis ét#rt l%te%a ° R éevv ' RORi cA- .

P+RIR10R11AS( 0) F@bolsezkgolsb%ﬁé Séﬁék@mwb’ Pi&l Baeﬁff%%”eaﬁc? CONR9RI0,
wherei n al kyl, aptHeampkbeual&ainylandal kyl paxdicu2araf&oxyse adkoxyal kyl ,

(pol yal ky )aryl p | y have one or nore car bons

repl aced W%E%% A%glg %)‘158%%42 S+R9A-) P+ROR10A-, or SUBSTTTLN' E
SHEET (RULE I6) Rs vicro WH1602P1B S INEFOT806MAPRYBI AP 1) E C 20U2 5
phenyl ene, MereiﬂscRBseRlﬁb shatk Rypal tpidetdpendentity sixh ertteed from t he

group consi sting,gh He #%Q%datQQKeﬂ¥t ?éﬂlﬁﬁ@¥hosﬁfﬁ ldd gl . acyl,

het erocycl e, 5 ammoni una car bOXE car boxyhet er oar yI
car boxyheterocycHaéenEa‘PEBJa’Iq@G%yal R‘;?’F‘be’éd?oogﬁ APRS¥ ahPfio)

car boxyal &yl am nesplsyipideiier @anygbehkyiepinet ecopychys al kyI and

they are attached i ofrttoogey HdpER (BRI UM Gt ontly
sel ected fromt I?étgﬁéuﬁpmtéf’}"nﬁu’é?e’f-l WOgRY 3Ry 146 k%?ﬁ/lnm%q@y‘ﬁyl acyl oxy,
aryl, heterocycheesOR:1:INRIRL @ at SR0ac i QeRbol dsH0RARD, canrtchax@3R9, wherein
RO and R are a or R3 and R4 together form =0, =NOR11l, =S,
"~11R12~ =~9~ O%@g&ﬁ‘% Hes.

(
0

Other selected benzothiepines are known for use
as hypolipaemic and hypocholesterolaemic agents,
especially for the treatment or prevention of
atherosclerosis as disclosed by application Nos. EP
508425, FR 2661676, and WO 92/18462, each of which as

20 limited by an amide bonded to the carbon adjacent the
phenyl ring of the fused bicyclo benzothiepine ring.

The above references show continuing efforts to
find safe, effective agents for the prophylaxis and

) treatment of hyperlipidemic diseases and their
25 usefulness as hypocholesterolemic agents.

Additionally selected benzothiepines are
disclosed for use in various disease states not within
the present invention utility. These are EP 568 858A
as abstracted by Derwent Abstract No. 93-351589; WO

30 89/1477/A as abstracted in Derwent Abstract No. 89%9-
370688; U.S. 3,520,891 abstracted in Derwent 50701R-B;
US 3,287,370, US 3,389,144; US 3,694,446 abstracted in
Derwent Abstr. No. €65860T-B and WO 52/18462.
The present invention furthers such efforts by
35 providing novel benzothiepines, pharmaceutical
compositions, and methods of use therefor.
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wherein R11 and R12 are independently selected 20 fromthe group consisting

of H, al nyl, al kynyl) aryl, arylal kyl) al kenyl al al kynyl
heterocyE%b cagﬁoxyalkyl car boal koxyal kyl , cycl oal kyl ,? ‘3%5%%5 By | 3%£§UZWZ
NROR10, SR9). S(O R9, 802R9 SO03R9, C?2R9 CN, hal ogen, oxo, and CCNR9R10
25 wherein RO and R10 are as defined®above, provided that both R3 and R4
cannot be OH) NH,, and SH, or Rll and R12 together with the nitrogen or
carbon atomto which they argﬁgﬁégfnﬁnfME' PrERFEbIC rlng R5 and R6 are
i ndependently selected from of al kyl') al kenyl
al kynyl, aryl, cycherpadingiKet 8PeRY IS VRFACHENAP§ ﬁ%te‘ﬂfc cle, OR9,
SUBSTI TUTE SFEEE'éﬁ%ﬂiide&k1onV£k6&H&Eéﬁﬁde8ﬁh6898f1265mhxal(@)E C 2002 6
SR9, S(O R9, SO02R9, and SO03R9, wherein al kyl, alkenyl, alkynyl, aryl,
cycl oalkyl, heterocycle) quaternary heterocycle, and quaternary heteroaryl
can be substituted with one or 5 nore substituent groups independently
sel ected fromthe group consi tlng of al kyl, al kenyl, al kynyl, polyalkyl,
pol yet her, aryl, hal oal kyl, 42 oal kyf, heterocycle, aryl al kyl, quaternary
het er ocycl e, quaternary heter al pgen, oxo, OR13, ~13Rl14~ 10 SR13,
S(O) R13, S02R13, SO3R13,.NR130 SNR14R15~ ~) NO02, CO2R13, CN, OM
S020M SO02NR13R14~ C( & : 1COR13 , 13C (O R14 , NR13C (0)
NR14R15 NRlSCDZRié B 14) NR13SOR14, (NR13S02R14, )
NR13SONR14R15~ ~ 3&) )~215 p+R13R14R15A—~ P( OR13) OR14,
-R's a pharmaceutically acceptabl e

: Rt abl e cation, 20 said al kyl,
al kenyl , al kynyl, polyal kyl, poNyet 4, aryl, hanaIkyI, cycIoaIkyI) and
het erocycl e can be further sBbBstRfutéd with one or nore substituent groups
sel ected fromthe wgle@epneonsi sting of ORS, NR~Ra, SRS, S(O RB, S02R-,

SO03R~, 25 CO2R-~, g}%g;? ~ A-, al kyl, al kenyl, alkynyl,
aryl, cycl oal kyl, 9Eletsergcy ll;r%ﬁoa Eylg)%R%uaternary het er ocycl e,
quat eﬁhary het er oélry‘F aP(G)“FFm R8RGAZ; and P(O)(O?~ )ORB, and wherein
sai d al kyl, al kenyl, _al.k myl poI K et her hal oal kyl )

B orBe KT e ne HReR e 15, BOAYERE 2= e

cycloalkyl, and hét efo ycle c 0 car bons
SUBSTI TUTE SKEFRP( ROREisBing ofDR0120kyd7 PEFeORD9/ 3Py l7 repl aced by O,

NR~,  N+R~-RBAhal®alkdi, SBLky ey kﬁ@ﬁé&k@ﬁ@)EIkoEyRZBﬂ&myan phenyl ene, and

R13, R14 and e tl.y s f consi sting of
hydr ogen, al ky ngLEmin pepfdilnc £, e( aP’I?SdHc &g ?y é;lrjl)o arylI alrylgal kyl ,

al kyl B¢yl al ky’[}’d&PHﬁYﬁet eroaryl al kyI aI kyl het erocycl yl al kyl , cycl oal kyl ,
heterocycl e, hetewhag¥in flIatEr mn%ﬁyat,eaq&yﬁye, RaBdLIIRArY het eroaryl,

heter ocyclyl abigvh o, gt e ORf ) KY b kY3t eLRRbY, hekgt ocyel vial kyl )
dialkylamino, alkylthio, (polyalkyl)aryl, and
cycloalkyl optionally are substituted with one or more
20 substituents selected from the group consisting of

S+_R13R14A—~ _and N+R9

ORQ, NRSRJ'O, N+R9R10RWA , SR9, SR'R**A". P+R9R10R11A )
S(O)R9 SOzRg, SO3R . C02R9, CN, halogen, oxo, and
coNr®r10,

wherein alkyl, alkenyl, alkynyl, alkylaryl,
25 alkoxy, alkoxyalkyl, (polyalkyl)aryl, and cycloalkyl
optionally have one or more carbons replaced by O,

Nr®, N*RRYOA-, s, s0, 502, s*R°A, P*RORYOA", or
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1 10 quaternary heteroaryl al kyl, al koxyal kyl, al kyl anmoni umal kyl, and

car boxyal kyl am nocar bonyl al kyl , wherein al kyl, al kenyl, al kynyl, arylal kyl, .
heterocyclé’?”ﬁ’ﬂ’d‘sbol yal kyl optionally have one or nore 1BCHESYMG62828 reé”aﬁ%dmz
by O NR9, N+RORLO0A-, S, SO 502, S+ROA-, PR9, P+ROR10A-, P(0)RS,

phenyl ene, carbohydrate, am no acid, Peptide, or polypeptide, and R13) R14
and R15 are optd 1lYesubstituted with one or nore groups selected from

t he group consi'sting 20 of hédrox , am no, sulfo, carboxy, alkyl;

car boxyal kyl , heter angebken Ref er'ogr ghd BYl dxalindependettitelynary het erocycl e,

guat ernary heterqaryl e r t vl al kyls, ernary
het er oaryl al kyl™,”""guanr di nyl", car boxyal ky erocycl yl'thio, OR9, NROR1O,
ded3 en izgrfa a4 g)éoﬁlg igﬂ%{ﬁ:}%efo'f b, gﬂﬁf ,

N+ROR11R12A- ,  SR&ensl o) ROKYSObREYCE08ROY1 0Xaxr Y10 2RY: : RELSFACY§eR; CONRIRLO,
\iﬁZOM SQRigmRﬁ%oﬁ%@l@ﬂ“ary&%ﬁ@mOE%‘LﬁmsxyaSkaRlOA-,hand bC(O_)OVI

erein an ~_ale _independent ecte romthe substituents
constituting Rgagg?ax?d]e%?nga%eldn&aﬁﬁf{?lﬁ%‘bﬁ%&rﬁ\%’t h the nitrogen atomto
whi ch they arecarbashbexyaiiiyla weaboxyverlipolamy®i ¢ SUBSTTTI Tf E SKEET ( RULE
16) V\PI 00l Oé@&}bB@XM_ B kg1, Onér &8 la&kp!et er ocyc:ce thath is
optiona subst e ct romthe grou

0 y of SxbEtbEtiituaN ha RLE L ANGR a3 RS get ho

consi sting of 0X0, ‘quatern 4"and R15, together
Wi Ej h ] t7 heo ni % ogen ahgnaﬁ@dﬁ' Hw@h ltbg%!ugéf vﬁlﬁ}fl@hédcaf}ﬂfﬂnt@ QUEELC T ng:
an an are i ndepende sel e ro _._ group consisting
of hydrogen anagﬁfkﬁf? %HﬁmgﬁﬁyéPrWDﬁﬁﬁﬁkCXthfgg%%EndentIy sel ected from
the group consistingofpdig4ldyl 1 nabkeydne 18} unubeed Oe sl ¥akkyl , acyl oxy,
aryl, arylalkyl, halo h

I
en, hal oal kyl,” cycl oal’kyl, _heterocycle, heteroaryl)
pol yet her, quaB&PRBr ’Fﬁ%‘d@y@lfe?ll'qﬁla}%/@r'naﬁ}éﬁé’ller%%m 10R13, ~13R14~

SR13~ S( O R13, 03 79~ 7hIQRI4~o 93+ 5~ NO2 15

CO2R13 , CN, %g%%%gémgﬁﬁﬁcfﬁlfﬁé%@ Nél g o O NR1L % NR14C( O) R13)

C( O OM15COR13, s6RiB) SHOIUNRB, whBESR &° =h80RT 4ardHRORLERRBAP+RIRLIRI2A- ~

am no acid, pe tideztfolypeptide) and carbohydrate, 20 wherein al kyl)

al kenyl , aIkyngp?V%yc:%alkyl, aryl) polyal kyl, heterocyele, acyl oxy,

aryl al kyl, hal oal kyg3 L wet Q%%etﬂé@tftgﬂ\‘?r% heyegdtycle, and quaternary

heteroaryl can be further substituted with OR9) NRORLO, " N+ROR11R12A- ~ SR9,

S(O R9, S02R9) - RR1D5 a5, 682ReRIEBNZ hal ogen, CONRORL0, S020M

SO02NRIR10, PQ(OR16) ORL7~ p+RYRL1R124As ~ S+RIRI0A , or C(0) OM and wherein

R18 is sel ected frotheXfirg®oupa88nBistdFfy ioidepephentty | sgleskgéar bonyl ,

ary: a: E;ol , he'l[)ﬁ@rlfstya{é)g:{wlfelﬁzaﬁéybtix@é I@/iil H,3R1wper eaTkaoy ,,

aryl al koxycar ry. y rpcy, t ar quat ernary

het ejocycl e, angmﬁﬁéﬁefﬁiby e 2§%§¥§1 %ﬁﬁ%ﬂﬂ¥%1F§9ar%iﬁﬁi¥§§4¥%+e SHEET

(RULE 26)  wolR@ufTRusclepGrrgtosysbisph Fruyaelisosypdkyl,
cycloalkyl, cyancalkyl, OR9, NRgRlo, SRQ, S(O)Rg,

S

s0oR®, 803R®, COoR®, CN, halogen, oxo, and CONR

S

Rlo,

25 wherein R~ and R10 are as defined above, provided that

both R3 and r¢ cannot be OH, NH,, and SH, or

R11 and R12

atom to which they are attached form a cyclic ring;
5

together with the nitrogen or carbon

R and R are independently selected from the

30 group consisting of H, alkyl, alkenyl, alkynyl, aryl,

cycloalkyl, heterocycle, gquaternary heterocycle, OR9,
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9 substituted with one or nore substituents selected fromthe group

consistingv(ﬂ&(oqgg, NROR10, N+RgR11R12A SR9, S (O R9) S&%’Qf@%ﬁ (3x]0%£c52[][]2
a ~, “an

C02R9, CN, ogen) CONROR10, SO3R9, S020M S02NR9R10,

C (0) OM wherein in Rx, one or nore gcarbons are optionally replaced by

O ~NR13, NMN+R13R14A-~ S, SO, 502, S+tR13A , ' pR 3) p(O R13~ p+R13R14A- ~
phenyl ene, am pgsacj pti-des p i°de, carbohydrate) polyether, or 10
pol yal kyl , vvherggi h #ﬂoéﬁdgﬁg?ym %l/c?,) tkllzer'lyl ene, am no acid, peptide,

pol ypepti de, and cawhetsddr alléylonallenyior elsgnpbns2@atle optional |y repl aced
by O NR9, N+RgRL{¥u1kyd, PHeeedBlyeRRYatrePREry AR Ac1e0r aR8O R9; 15
wherei n quaternary heterqocycle and qag_g ernaég etercﬁar. b“are OE'[I onal |y
substituted wi THAGHERZTY RFEEXGREID T PEFEESFI oM é"lé oGB®cBhsi sting of
al kyl , al kenyl mox¢ ksuiys tituenyagkytps poldepehdent by \delagledalfkgin, cycl oal kyl ,

heterocyci e, agydalkyl c%%sﬁék?%rbf% 10RL Bxe NRL3RE4ymoR13, S(O) R13,
SO02R13, SO3R13, N 30F\Pi4, NR13N 4R15~Q%g2 %2 3, _CN, S020M
SO2NRL3R14) C(PyNaLRiY, ROLWPERET 033y BEey 4-SYEARPIRYARI SA- ~

P(OR13) OR14, SH&iRichele,andyhNeRORI,1RlL2Ae2bapy odwetthatba@ldleor SH and cannot
be all provided RL or R2 is H 3%6Frovi ded that whem-ydrysthat that both RS
i ~gen; when WHAF IR RGeEaRTOL TRUegERoge e ORI BE) R2, ' R3) R4, R~

and R8_R5 or is |13, | yione, of 1@ =11 KX j.a3styayls SUBSTI TUTE
SHEET ¢RULE 1%6" «/\%h%%omsgg /U 282@%31&% ST e do, or

ani | i nocar bony, 0 gise or S 13,11 o thgt4when n is 1,
Rl, R3, R-~, ando%éBrEg’lze hydgégﬁ”?' g’h?ékﬁ%enﬁ al \lgy@gﬁ afﬁylj 5

unsubsti t ut ed @{5 i OfcaR¥Pnonsidsid tptied yadBe (@ Mg 4gds aryl radicals, and
R5 is h; or aryl, then R6 is other than hydroxy; har. maceutical |y

accept abl e salmnnmo:zdﬁ?g pheorpt>, 1 @NRS Rt h Slef}dr ogen, al kyl or
sol vate, or Preferably, R5 d R6 C i ndependent) y, be selected fromthe
group consi st iuwl%(ﬁOjﬂ,“ar W?QWQ&CI ngmrﬁqﬁ}a‘rﬁhﬂ(@b a%&f‘é, and

quat ernary het eraqar yl, .15 _wherein, sai.d aryl eroaryl) quaternary

het er o&§cl e, aR1+d2q?]tFa4@r1%ary Hé@%&d&&}g,céﬁRﬁ%Rhgtfost iandt ed with one or nore

substituent grqups jiindependently selected fromthe group consisting of
al kyl, al kenyll\f }glstyﬁyl )D‘ pol yal kyl , pol yet her, aryl)
wherein:
A" is a pharmaceutically acceptable anion and M
is a pharmaceutically acceptable cation,
20 said alkyl, alkenyl, alkynyl, polyalkyl, )

polyether, aryl, haloalkyl, cycloalkyl, and
heterocycle can be further substituted with one or
more substituent groups selected from the group

consisting of OR’, NR'R®, SR/, S(O)R’, SO2R’, SO3R’,

25 CooR’, CN, oxo, CONR'R®, N*R’R®R%A-, alkyl, alkenyl,

alkynyl, aryl, cycloalkyl, heterocycle, arylalkyl,
guaternary heterocycle, gquaternary heteroaryl,

p(0)R'RE, P'R'RERPA™, and P(0) (0OR7)OR®, and

wherein said alkyl, alkenyl, alkynyl, polyalkyl,
30 polyether, aryl, haloalkyl, cycloalkyl, and
heterocycle can optionally have one or more carbons

SUBSTITUTE SHEET (RULE 26)



20 hal oal kyl, cycl oal kyl, heterocycle, arylal kyl, hal ogen, oxo, OR13,
NR13R14~ S ~00/§&%\|R13’ SO2R13, SO3R13, NR130R14, NRI3NRL4RL5~ NO2, COREAB7107
CN, OM S02 R13R14~ C(0) NR13R14~ C(0)OM COR13, NAGUYpRB2s
NR13C( O) NR14R15, ~13C02R14~ OC(O)R13, 25 OC(0) NR13R14, NR13SOR14,

NR13S02R14, NR13SONR14R15~ NR13S02NR14RI 5~ P( O R13R14~ p+R13R14R15A-,
P(ORI")ORL', S+Rl'RI'_A- d ROFIARIEZA waer ghn jd ) Renyl ,

al kynyl , pol yal %ﬁip!?tla&%\fiyg},ﬂé;’r ,I\ﬁgr’ yﬁ?&hal oé}MEyl ,§b'cyc ()'alsiﬂgﬁw?A énngO

heterocycl e can i-Onakky7ifgve e Carhopisd r gpldaced sby1iD, NR-,
N+R~RBA-, S, so,lp@gf, 's?i “A PRR,?E%%%?EF%‘P%TE alilEET '(RULE ‘;a d,}é 31 DEC 2D02
WO 001 01687 PCT/aygogndgperdient 1y gefectgsh RIRBALhE FX P APREREC1RBer ei n sai d

al kyl, al kenyl , o kydybgepolalayRyl allpeiwet hekyngl ylgollyalleailkyl , cycl oal kyl
and heterpcycle ur r Lt e ] 5 nore substituent
gr oups se?ect ed p%?%r%gﬁﬁié ggrlj(}ﬁﬁ %%2%%%@8%%&&8 SRS, S(O) RB,
SO02R~, SO3R-,  CaXRipersroaydallphR-REYIReReRBFROALY LMY, al kenyl, .

al kynyl, aryl, eyclealkyl, Hetleebogyls e hetteybatky) ,quptatrerangry heterocycl e,
guat ernary het erqar P ~ = n St re
preferably, R5 g%ﬁ#%%%%hé%??%?? ,&rg%?%? ﬂu{t&@@%??é&%?{w?/g an

i nteger from 0 tetsroayylalkyd| cGRBEEFNM PRECHP VD Y GI&Y3ti ng of phenyl ,

t hi ophenyd , pyr igek erpipemziedyhry A R8IQNRLkoRPa 4rYr,0l yl , napht hyl ,

furanyl, anthr a%ﬁﬂ%ﬁanﬂ&ﬂﬁﬂaﬁﬂﬂ’ A’écoqui nol i nyl, quinoxalinyl, imdazolyl,
pyrazol yl , oxazol'yl; 1soXazol yI; pyrim di nxl , thiazolyl, triazolyl,
ZOX

i sot hi azol yl, i fasPyryaHen28inrpaaskanlalky azol yl , benzot hi azol yl, and
benzoi sot hi azol yl ; 2&hexeliroaekel, nalkeryy , abkkynvependganiikylsel ected from
the group consi gt Kk | kyl., .po her,
aryl, hal oal kyl ?“-‘E%ﬁ’%% %hﬁe%@y&le?’bgﬁ%Wﬁ%&('%a%geeﬁ? 46‘%%& OR13)
~13R14~ 130 SR13caSh&AR ReplaSRaRB, 0, SARR] 3N ARIBUR1A s, NEBINBE4RL5~ NO2,
CO2R13, CN, OM S020M SQ2NR13R14, C(O) NR13R14~ C (O) OM COR13 , 13C (0)
R14 ~ 13C (0) 14Ri%aSUBRTTI b1 RE YSHEER (¢ RULE pehnyled®, 00/ 01 687

PGT/ US99/ 12818 S T3 ~e2~~2. 12 ~ 2 . 0 . 3 ~
~13SOR14~ NR13sgifﬁ%?%féso%ﬂ%ﬁhﬁglgééﬁf\i&%&lg%ﬁ?’%%%%| Sid
P|+51|3R14:?&5A-|~ P( OE@B@%?,S&MSRQATF aﬁdiaﬁmﬂﬁbﬁ&ﬁiu}afgarﬁi% Si’vli dl .
al kyl, al kenyl, Y p Y, € , Y. a cycl oal Kyl ,
and het erocycl eogénglgeaqrﬁr %ké&%u%és]ﬁ%t%& egpgﬁ;t%ﬁ%#gcﬁj r?%r%és%hﬁg?i t uent
groups $8 ect edof rigfRTNRY  gRBLRC c oLt | AGTBPXORSLINMRVRB, SRS, S(O) RB,
S02R~, SO3R~, carboxyalkyl, heterocycle, heteroaryl, sulfoalkyl,
) guaternary heterocycle, quaternary heteroaryl,
guaternary heterocyclylalkyl, gquaternary
heterocarylalkyl, guanidinyl,

25 carboxyalkylheterocyclylthao, OR9, NRgRlo,

?, s(0)rR®, s02rR®, s03R?, oxo, cOsRY,

CN, halogen, CONR®R?, so-.oM, s0oNRRYC, Po(0R€)0R17,

p*RIR1OR1A-, s*R°R1I%A-, and c(o0)omM,

16

N*RPR11R123, gRr

wherein R and RY7 are independently selected

30 from the substituents constituting R® and M; or

13

R and R14, together with the nitrogen atom to

which they are attached form a mono- or polycyclic

SUBSTITUTE SHEET (RULE 26)



10 C02R~, CN, oxo, CONR~RB, N+R~RBROA-, al kyl, al kenyl, al kynyl, aryl,

cycl oal ky, rocycle, arylal kyl, quaternary heterocycle uat er nar
heteroaryl 'gﬁ%ﬁ R-RB, P+R-RBA , and P (0) (OR) ORB, TCanSREEE st HOEC 200
al kyl, alkenyl al kynyl) pvlyal kyl, 15 polyether, aryl, hanaIkyI,
cycloalkyl, and het erocycl e can opti onally have one or nore carbons

repl aced by OhehBrpcitReR8#&t iS, oﬁﬂ;oﬁﬁ&ﬂyfﬁdbsx;tuﬁﬁﬂ wPtD) g cP+R~RBA-, or -
phenyl ene. 20mgLe! LgpEs, aor&fl%eeegykr Rb-digs ddaeibetpylar (1) (11)

(RY)t 25 Afirst class oun partlcul ar interest consists of
t hose conmpoun@¥Cof CPE?W £nd W#éFéFﬂa’SUB%aI'WI?rSHEET (RULE Z6)  wo

0o/ 0~6s~ 31 D E CRﬁMJZ gfl;{:l&%%%ggg%lg}]% :_\;%lel A z% en a£§m ?TISSR and R~

are each al kyl dr 6x are rogen has t he
fornul & ( | w)uehlt,shfgmzce v%ﬁéﬁ@hﬁdt fermre | PGS rTlPSm emﬂo 5; 10 one or

nore R' are OR13 ;7Rl3.i s sel ect d fromt sisti of hydrogen
al kyl , alkenyl, alRyrifd %Bolaﬁ&l kY eP%?’i’;‘Fnt ﬁ% ﬁf&ej% EFE%%’?% al kyl; - -
cycl oal kyl , hgreupcq@hsen,sttﬁelgep@ahydirogﬁmtmmeﬁ@(yﬁet @ndcycl e, quaternary 15

heteroaryl, and quaternary hetgroaryl al said R13 al k al kenyl ,

al kynyl , "aryl al kyl?n‘hé?’ér%;‘?cﬁe S é%ﬂ‘c%&ﬂt o &8 §c83¥ &8 1y have one:
or nore car boahergpbmembrmds@;ngd%f N RIS, BkeSPl, SzkysyIROA~, PRO,

P' ROR A~, enyd 2 r bohydral ER8eaci d, peptide, or

pol ypeptl de %% lkﬁgtl or%ﬁra% 9 g?l t ut e%g ye'L one %F rrfre groups sel ected
fromthe group a%‘aﬁjs)ﬂélt'l fygra Y?‘oalP?k’iﬁro ReSPTRBTEt ocycl e, quaternary

het eroaryl, CROlyéRdd, dNaReRHEFA- he%c;&)(eo) q%&,teSGARy 25 SO3R , oxo,

COzR , CN, hal ogen, CONRIR,, SOz OzNI@f ) PO _GOR") RR R A,
S R9R A~ ( an@e@{%r}@\/l amAar eﬁ%l§s SR pharSeR &t |:c§I(Pi/2%1c35ept abl e ani on,
and Mis a pharmagceuticald \fsacceptad 4:at| o R4 q@d R are independently
sel ected fronfemR %%rﬁ)uﬁxcénm%l of+ AR AINK/I"R™alr kBRYI , al kynyl,
SUBSTTTUTE SHE%;:tRULE Z%&, sos0M, SO>NRI3RY4, NRYc(0O)R¥,
c(o)Nr¥3r4, Nrl4c(o)rY3, c(o)om, cor'3, or?E,
S(0)nNrR?8, NRY3R1E, NrR180R14, N*rRZRIIRIZAC,
P*R RllRle , amineo acid, peptide, polypeptide, and
carbohydrate,
20 wherein alkyl, alkenyl, alkynyl, cycloalkyl,
aryl, polyalkyl, heterocycle, acyloxy, arylalkyl, )

haloalkyl, polyether, quaternary heterocycle, and
guaternary heteroaryl can be further substituted with

or®, NrR°RY?, N*RORYIR2A7, sr®, s(0)R®, sSO2R®, s503R°.
25 oxo, CO2R®, CN, halogen, CONRR'?, sosoM, sooNrRZRIC,
ro (0rR*6)or17, p*rR%R11R12A7, s*RrRY%A", or c(0)OM, and

18 is selected from the group consisting

wherein R
of acyl, arylalkoxycarbonyl, arylalkyl, heterocycle,
heterocaryl, alkyl,

30 wherein acyl, arylalkoxycarbonyl, arylalkyl,
heterocycle, hetercaryl, alkyl, quaternary

heterocycle, and guaternary heteroaryl optionally are

SUBSTITUTE SHEET (RULE 26)



WD 00/ 0l 687 PCT/ US99/ 12828 31 D E C 2002 14 cycl oal kyl, aryl, acyl,

het er ocycl i umal kyl , aryl al kyl, and al kyl anmoni unal kyl ; R11

are i ndepe%@ﬁWsel ected fromthe group consisting of I-!fcr)éfsszpsaﬁg#ﬁ?w
al kynyl, aryl, 5 arylal kyl, al kenyl al kyl, al kynyl al kyl, heterocycle,

car boxyal kyl , carboal koxyal kyl, cyclodal kyl, cyanoal kyl, OR9, NRORL, SR, S
(O R9, SO2R9, SB9tuERARW)th BN, ohahogensubmcduandsCERRORIed wherein R

and R are as defined above, provided that hoth R ;gnd R jcannat be 10 OH,
NHz, and SH, orfiim téed gRPup teryeissingi oh QRe HR{ROogenNoR Rarhod atomto

which they are attached fosma cyclic réng; and Rle and ‘oare
i ndependent |y sel¥tted (PSBm 15 ?oéﬁbst‘?"t%eﬁpchongrt‘TiSﬂ‘ﬂ?ﬁf% and M R

o oup conei ot | Y al RoSGCat ISREMY o BRI ol YA mbRor 250

phar macest i cal lg(aomept abl e salt) sol vate, or prodrug thereof . A second

cl ass of compounds of particul gr interest consists of those conpounds of
formula | 25 wher ei WhgTR&D g iRt .e§BF PF JPATE CGTRONF REe aPPtiATEgel from 0 to
2; Rl and R2 are i.ndependently 1zel e¢ied f4. 0m the_30 oup_£ansi-sting of H,
al kyl, al kenyl ,realﬁ‘ﬁﬁ5| ,th 1 kyll,% %I%I dryl 'aﬁérag%l ,Sﬁﬁ kéxy,

al koxyal kyl , di_glikyl )3 al kyhshre, (pal yalkyl)aryl. and. cycloal kyl,
wherein al kyl , keng{zl,’% k’yré;?é, Eal Ba @l%yﬁy’e g 1n§/|°‘,‘°%‘f'y| al kyl |

al kylar
al koxy, al koxyaepgidedi pplkyHenriide, eakohydrare( pﬁpiﬁﬁkwl)arqn, and
SUBSTTTYIE SHERE1{RUk{ 26) WO 001 01687 PCT/ US99I1 12828 31 D E C 2002 15
cycl oal kyl optional |y _are substitute i.th one _or.more substituents
selected fromthe g‘f_’%ﬁf)&t%nléll § _fﬁgp%fy%q(’ ﬁ%ﬂbe?e Mﬁ@ﬁﬁ)lﬁ\ﬁ&%: SR9,
S RORi 0A- , P+RSRIDRE1/AROFROLidePREnd IFBROLYEDRRY; ON§ ralwsgen, oxo, and 5
CONROR10, wherein. al kyl, alkenyl,.alkynyl, alkylaryles alkoxwo.al koxyal kyl,
(pol yal kyl ) ar yC3*BAR® 34§ SRRE a%ﬂi%%%ﬁ‘i?dhg%bmékor a&ﬂﬁ? ééaucﬁ? bons
repl aced by O, S~9§ON+§§%1%"R'9AS~ S99 502 9:.30ROA- . P QA-, O 1 10
phenyl ene, wheréin R9, R10, and Rw are i ndepenéle?nfl y@;g%éct ed fromthe
group cdhsisting of Wwhersirky@natgrrary | hetgreghgly apd| sastksanamryl, acyl,
het ErocKcl e, amei:wli%}llg)élrie a{:ﬁ!iiaﬂaéﬂidy ﬁmﬁl@@waéaym;ﬁ%@r&omhjet FFFEEF ?/l)
car boxyhet eroc .. car-boal ko car box . no t eroaryl al ky
het er ocycl yl al Ei{m,gp%n%gla ‘%ﬁ%%ﬁ%&r&“}" 8%5 %%%a%@f tagl%éﬁ't ogether with
the carbon to @hkerv} hetkarylat patirldlor PrEyeeher cye¥vhl kyl; 20 R3 and R4

are i ndependenhhyosutyct edclibabkihe e cyonsai sakpbaDtyH, al kyl, al kenyl,

al kynyl, acyloxy, aryl, heterogycle, , NRQR10O, S S(O R9, SO02R9, and
S03R9, ther ei nhRbogZeTR) moar@Rgg,d%Re%Bré?aﬁB\%; 61(0)15?3, SOle?L%,

) 3, Nr*30r?4, NrRY3NRI4RYS, NO,, CO2RY3, cN, oM,

sosr?*

s0o0M, s0oNRIZRY4, c(0)NRI3RY4, c(0)oM, coOrl3,

P (0) R13Rl4 ) P+R13R14R15A- . P (OR13) OR14 , S+R13R14A- '
and N*RR1R1%a"7,
25 provided that both R°> and R® cannot be hydrogen,

OH, or SH and when R5 is OH, Rl, Rz, R3, R4, R.7 and R8

cannot be all hydrogen;
provided that when R® or R* is phenyl, only one of

R1 or R2 is H;

30 provided that when g = 1 and R® is styryl,

SUBSTITUTE SHEET (RULE 26)



25 R3 and R4 together form =0, =NOR1l1l, =S, =~11R12~ =~9~ O =CR11R12~
wherei n Rio 2 are independently selected fromthe consi sting of
H, al kyl, al m?ﬁl al kynyl, aryl, arylalkyl, alkenylal kyP?P’QF%QWf al k&ﬂ?ﬂ&@dﬂﬂz
heterocycl e, carboxyal kyl, carboal koxyal kyl, cycl oal kyl, cyanoal kyl, ORg,
NROR10, SR9, S(O R9, S02R9, SO3R9, CO2R9, CN, hal ogen, oxo, and CONRORLO,
SUBSTI TUTE SHEER: {144, Eokbhni1 L0687 REINS8AL13828° A ROEi€ 2002 16
wherein R9 and ﬁl are as defined above, provided that both R3 and R4
cannot be OH, ~'and SH) or R11 and R12 together with the nitrogen or
carbon atom to whi ﬁﬂ.otvlgggdagﬁa@t LB&hed fonm alcygPi crTi ngiq R8Rarks aryl
substituted with oie or nore OR 3a~ wherein R 3a is se|lected fromthe group
consi sting of ardadaeny! a?kyk,hyai(gééte,t alkyly bal kyil, aR?(yJ'Jéﬁet erocycl yl al kyl ,
het er ocycl yl al r y ternary. ) | kyl, 10

al kyl amgmni urraﬁ%/ ,Jlg’tr%g‘%gr%‘]g%él §|%%ﬁo€g‘?€§%§?%€§3ﬂ%gé% % optionally
substituted WhdroOnRQ kol BBl 8rPl OHNS: &AlLChed h?om;tllafad;gjgtgm @Rl sting of
hydr oxy, am no, sulfo, carboxy, alkyl, carboxyal kyl, 15 heterocycle,

het eroaryl, suf gatyl theuaRer bhargthmt ateay blydroguat evnary het eroaryl ,

quat ernary het er 0CyClhyhahkybye guai B NAILpRaESE08AYE al &ylvar@uagidi nyl, OR9;
NROR10, N+RgR11R12A-, §R9 ?g(O) R9, "S02R9, SO03R9, oxo, C02Rg, CN, hal ogen,
CONROR10, 20 UISHOREBPA0, PO ORL6) ORL~, P+RIRLORL1IAS+RIRIOA-) and )
C(0) OVLowherein A is an pharmaceutically acceptable anion and Mis a
pharmaceutical | y acceptabl e catiéon, wherein RL6 and RL? are independently
sel ected 25 from t R&edgpaPY ucht s2rDFst BTt TRESRORAPRFM Bfnd R6 is sel ect ed
fromthe group«ietziest £agmofthdd, grdlsy lcordlilseank, oAl Kymayl aryl, cycl oal kyl ,

het er ocycl e, %Iq"[ he h(%'ﬁ?é ) , and SO3R9,
30 wherein al ky ,S%Pgé%if &‘g%%;/%%ﬂ' ary ?’nggggéls?&/?,ﬁ%é%%%??}cl e,
quat er nary heti&t6&PeF¥L» and SUBSTI TTITE SHEET (RULE 16) 31 D E C 2002 WO
001 01683 PCT/ US99/ wh828id 7sapiht £xyiar \heltetreapgly| geatedraargubsti tuted with

one or nore s I r S itdqufagq,e t from t he group
consi sting of L%ﬁ?%’%%?ﬁ%ny , %+ ynyl, p&g;éré%?fp%ﬁek{eﬁer, aryl,

hal oal kyl, cyQUBStRYIteS Wikl oRsg Q% moZey ERPRYFCUSRatFIIRSy het er ocycl e,
g?%; grlgarysggtierdeggysﬁenhhjr(?Ilecm@,fl\zl&m&heNBiaﬁii%om&i&g OfCN M
S020M _ SO2NRL mﬁ?’%ﬁﬁfﬂ@m %21?? Wﬁe ?%%}gl(’o;ﬁ?ﬁéj NRL3C (0)
NRSRl s22 NRI 3 Rflgcyl, cycloalkyl, heterocycle, arylalkyl,

halogen, oxo, ORY3, NrRY3rR4, sr13, s(0)rRY3, so,r?3,

3 13,514 13,ypl4,15 3

so3rY?, Nr130r14, NrI3NrRI4R15, NO2, cOoRYZ, oN, oM, )

Soo0M, SO0oNRY2R14, c(0)NRTZRY%, c(o)oM, cor®?3,

1 13C(O)NR14R15, NR13C02R14, OC(O)R13,

1350r14, NrRY3s0,rY, NRIZsonNr14R1S,

3C(O)Rl4. NR

25 oc (0)NrRT3r14, NRr

NR13SO2NR14R15, P(O)R13R14, P+R13R14R15A-, P (OR*) OR™,

11R12A-

NR

S+R¥R™A-, and N*R°R
wherein said alkyl, alkenyl, alkynyl, polyalkyl,
polyether, aryl, haloalkyl, cycloalkyl, and

’

30 heterocycle can optionally have one or more carbons

replaced by 0, NR’, N*R’R®A-, s, SO, so2, s*R’a-, pR’,

SUBSTITUTE SHEET (RULE 26)



13 13 14 13 It 13 1< 13 14 1510 OC (O R, CC (O NR R, NR SOR, NR 502R
, NR SONR §,o ~13S2~14R15 ~ P (O R13R14 ~ P+R13RL4R15A. ~ P9§)0R13 ¥ 1aRT4002
, S+R13RL4XCOIH N+RORL1RI2A wherein: A- is a phar maceufCEAEIP2REcept abl e
anion and M 15 is a pharmaceutically acceptable cation, said alkyl,

al kenyl , al kynyl, polyal kyl, polyethell aryl, hanaIkyI cycIoaIkyI and
heterocycl e can be frt her @ubstl tuted with one or nore substituent groups
sel ected from tREO ouP FORcBANsi Q¥ iBREHILEORS, NR7R8) SR7, S(O) R7, SO02R7,
SO03R~, CO2R7, CN, 0XherdNRéRBA W%mal kylkyrafllkepyly BhRkynyl , aryl,
cycl oal kyl , het a er cle, quaternary
het er oaryl , ﬁ%%%eﬁil?%%kg ﬁ%ioal (gi gﬁ 25 wherein said

al kyl , al kenyl hefeaaRclep SRPaPR i U GRAY SURSE L ‘éﬁ"iﬁ Wlﬁ&l BRFI8A , cycl oal kyl ,
and het esocycl ensxa sapistdnakhy femepOnlectsar Eramandhengroepl aced by 0, NR7,
N+R7R8A-, S, SO, S02, S+R7A-, ?R? 4380 ) R7 P+R7R87A or phenyl-/ene and R13,
R14, and R15 3CcenssstrhdgpedideRt | WR& octS8d . f BOP R he5@28up eeatsi.sting of
hydr ogen, al kyl, alkenyl, al kynyl, |y y pol yet her, aryl, arylal kyl,

al kyl aryl al kyl ,C s,ﬂﬂft\wrexe,HEeqmz7 LE Ng'@l)eRhR Vb 0G/Yss 72 BEisool 12828 31
D E C 2002 18 3al e‘iélj)rléﬂ' tenpogiyl é‘ﬁ’éal)ﬁ)lkyh'%‘éts%@fa’lfé yhalkylxycycl oal kyl,

het erocycl e, het guat er nar t'eroc uaternfry het er oaryl ,

het erocycl yl al I&Hateﬁ’é’laé?’o&???’é‘l’%ﬁle'ql%"@éfeﬁéﬁ?}’ G8y¥€tylal kyl, 5
guat er nagy het Vi@ kyhk. 728 kyl amp 9| ~p&and

car boxyg{) kyl am no %ohy}saﬁkgl)f wher elribln(légqhDii !O%I kenyl, al kynyl, arylal kyl,
het erocycl e, and ponaIkyI optionally have one or nore carbons replaced by

O, NR9, N+RORI10A-, \ 0 StR9A~, ROR10A-, _ P(O R9,
phenyl ene, carbohydﬁgf: pﬁﬁ‘?ﬁ% b:];llef'd R &Bt fadlzig?‘é‘%rﬁl :?yﬁren tfde ( )and R13 R14

and R15 are optionally substltut ed W|th one or nore groups sel ected from
the group consisting of hydroxy, am no, % car boxy, al kyl, 15

car boxyal kyl, heterocycl e, heteroarylAr -d81'1 bal kyl, quaternary heterocycle,
guat er ngg y het eroaryl, quat ernary heterocyclyl al kyI , quaternary

het er oar yl al kyI gu%&gh , OR9, NROR10, N+RORi 1R12A SR9, S(O R9, SO2R9,
SO03R9, oxo, a o en, 20 CONROR10, S020M S02NROR10,

PO( OR! s) ORL~) p+R9RIOR§1An m@romﬁdte(ﬁovl . wherein R16 and Rl~ are
i ndependent |y sel echedikr sal édreed freim ltuengsomrrs:tnstutmg &9 and M or RI'

and RI', toget thet 0g jattached form
a nono-_ or pol ?}%gslw ﬁ g’?}%% %{}ﬁg’h g%?%%rﬁ% sggét ed w th one
or nore2® adi caP§r§€F¥EteﬂaPlFWJt he‘-”ﬁla&é( 'CB’ﬁE 9579 Lof TB%BOL Jd'é’ boxy and
quat ernary sal ispgain&linghd dqriimoxaddetNer imiddzdllyd , npyragerylat omto 30

whi ch t hey areogltdg?ggﬁzkyfgg,gﬁ@iﬁyclpgglgnl g? gnq Oalzb§r§el ected fromthe

group consisting.o Kyny , acy
het er ocycl e, aﬁﬁﬁﬁ?ﬁﬁﬁky%w%ﬂ%&ﬂ%nﬂﬁﬁﬁh&ll befS@BS*FT‘f‘EH?E’]SHEET (RULE 16)
WO 001 01687 19benzoxazolyl, benzothiazolyl, and benzoisothiazolyl;

2% and

one or more RY are independently selected from
the group consisting of alkyl, alkenyl, alkynyl,
polyalkyl, polyether, aryl, haloalkyl, cycloalkyl,

heterccycle, arylalkyl, halogen, oxo, OR13, NR]‘3R1‘1

30 sr*3, s(0)R*3, s0orY3, s03r*3, NrRYZ0R4, NRI3NRI4R1S,

NOo, COaRYZ, CN, OM, S020M, SOoNRIZR14, c(0)NRI3R14,

c(oyoM, cor}3, NrY*3c(o)r*¢, mr3c(o)NrT4RYS,

SUBSTITUTE SHEET (RULE 26)



PCTI US99/ 12828 3 ~ D E C 2002 aryl al kyl, carboxyal kyl, carboxyheteroaryl,

car boxyhewss afoyéshe. car boal koxyal kyl, carboxyal kyl am no, oaryl al k

het er ocycl yl al kyl , and al kyl amoni unal kyl ; and 5 R~ and Pé‘i&?@lzszy 31ybg[j 2002
i ndependently selected fromthe gr oug consi sting of hydrogen and al kyl; and
one or nore Rx are independently sel Zted fromthe group consisting of H,

al kyl , al keny%ﬁ%whhepgwﬂmw bcgé%/l\l(én%lélar X(IIR'I:*;%/Q(&Q' kyl, hal ogen, 10

hal oal kyl, cy ocycl'e, er oar yl’, “pol het, quaternary

het er ocycl e, nany hetf =y k. 18R13,1 14,,15R1 :c)%\u;‘z, S(0) 2R13,
SO3R13, S+RL3RT4A 92%30%4,%3%1&@@ {@{ﬁ C1§2R13§,(0)§\1, " S020M
S02NR13R14 ~ NRi_AG.(@8) 1R, a 180K, NR1 3glMRT4C Q) RI3 , C (O OM
COR13 , OR18, @g’ )%VR%B?LNRE@&%IRB’O 14, I\PT+R§§11I5?L]2Ap+R9R11R12A-~ am no
aci d, peptideyxmSryBepBade, and carbohydrate, whereir. alkyl, alkenyl,

al kynyl, cycloal kyl, 20.aryl..p | k het er , I aryl al kyl ,

" hal oal kyl, pol yet hé”P,erﬁh%t%arhdaragg%gt eér/%]%eyrﬁelé, ag(rf%% Eaté%ary hléteroaryl can
be further sulpsiiyeghed. werhl ORG1oRRIRI0, CHGHRIRKYRI2ARE SR9, S(0)R9, 502R9,

503R9, oxo, %%B%ro%giléa&&g% FGRREORI b 320MeaSO2 bh RO b r 25
el

POQ(ORL )OR', P+RI9R1 A- ROR10A- ~ in R18 i
sgl( ect eZ:I from"iéﬁg 8 ﬁ%‘%‘%&?@r’-f’ﬁ&so?egezcyﬁ%@%aﬁggx%%%ﬂw , aIr§I al kyl ,

heterocycle, heteraaiyl)oaldy, nwig? eighacy o)afyl abkpkycashiohyl, )
aryl al kyl, 30 heterocycle, heteroar yl, Tal'’kyl, "quat ernary heterocycle, and
quat erjary heb@;ﬁéc y b Opsionaloh “RP e wHFHER ed awil h, oBcdiynOr €
substituents selected SUBSTTT UTE SHEET (RULE 26) WO 0010I"'68?

PCT/ US99/ 1282818YnYp, By boFYc2oat ko e efiosyFleondr¥tdiyylof ORS, NRORIO,
N+ROR11R12ASRGuabe EhEBy 1ERDcySD8 ROGuarernaty?Reretbaryinl ogen, CONRIRIO,
SO3R9, S020M SO02NROR10), POOR16) OR1~, and C (O OV 5 wherein in Rx, one

or nore car boROAReROPtP A Ry r apd a6 OR'PRINR2ZA N+R13R14A-~ S, SO, S02,

S+R13A , pR 3, p(O):BéﬁeirpﬁlﬁRMﬁ%l, phgdeHyane a1aFhpe, asodangnt i de,

pol yp%%tl de) ca;?op%d{’atae 190%¥§<t>a [ ]t,_or épcqlo)ﬁkkxl ,alg wherein in said

pol yal®yl , phBRyY&R&T" am Mo 'alfd’ i &S Forypapt a8, and car bohydrat e,
one or nore cheberacyeke oAN ophiPpalisplheded oBf OF MRDS P&RIRIDA , S, SO
S02, S+R9A-, PR9, P+RIRI10A-, _or P(OR9: erei.n guate het er ocycl e and
quat er nary 15%8?‘%?%% é:r ¥Ront Vo a{%'\é\%nsgptugéa'm%?%ne%& ‘or e groups
selected fro gr 7cepsi sting of al kyl, al kenyl, al kynyl, polyalkyl,
pol yet her, ap]glt(,g?%dl %';P'k?}l? ty%ﬁ (?gﬁ?ﬁgn éterocycl e, arylal kyl, hal ogen,
oxo, OR13, 13R14, SR13, S(O R13, SO02R13, 20 SO03R13, ~130R14~ ~13~14R15,
NO2, 2R13, CN, OM ..S020M S02NR13R14 ~sC (0)L&3R14, C ( COR13,

P(O RESR14) p+m3Riﬁﬁ1%5ﬁ°¥ep€6ﬁ§%§ 73 +ﬁ%3§14§-a? 5R% RI2A , or a )
phar maceut i callfy) acceptabl e salt, solvate. or 25 prodrug thereof. Preferred
conmpounds in this class are conpounds wherein: 30 RS is phenyl substituted

with ORI"; R-" is independently selected fromthe group consisting of
al kyl aryl al kyl , al kyl Retlergaryl al kyl ) SUBSTTTLJTE SHEET (RULE 26)
i
l (11)
\\
(RY),
25

A first class of compounds of particular interest
consists of those compounds of formula I wherein

SUBSTITUTE SHEET (RULE 26)



WD 00/ 01687 PCT/ U599/ 12828 ~ ~ D E C 2002 21 al kyl heterocycl yl al kyl, and
car boxyal kyl am nocar bonyl al kyl ; and R' is optionally substituted wt
or nore grﬁm 06§7act ed from the group consisting of car B’GMJ,S”I:‘zéﬂﬁatgg?al‘rgymm
het erocycl e, quaternary heteroaryl, and NROR O . More preferred conpounds
inthis class are |0 conpounds wherei 83 RS is phenyl substituted with ORL';
R 7a is al kyl aryl al k&l -'Sainq,rR%';a is optionally substituted with one or nore
groups sel ected fromtj,he group consisting of quaternary 15 heterocycle and
quaternary heteroaryP.5t4/1| more preferred in this class are compounds
wherein: 20 RS i s phrhghdskbairet aaeid alikyl ;OR1L'"; R' is al kyl phenyl al kyl ;
and R1'' is. optionakdy_sybsiituted with one or nore groups selected from
the group consisting o uafernary heterocycle and quaternary heteroaryl.
25 A third class of %oﬁﬁgu%déréfhwcfﬁq{m ar interst consists of those
compounds of fornul ar’l hebetitd famudaanIinteger from1l to 4; n is an integer
from0O to 2; 30 RL and R2 are independently selected fromthe group
consisting of H alkyl, alkenyl, al . hal oal kyl, al kylaryl, arylalkyl,
al koxy, al koxyal kyl, di al kyl am no, thio, (polyalkyl)aryl, and
cycl oal kyl, 35 wherein al kyl, al ke | kynyl, hal oal kyl, al kyl aryl)
aryl al kyl, al koxy) al koxyal kyl, di i no, al kylthio, (pol yagllkI | )aryl,
and $UBSTI T' Lr TE SHEET ( RULE 26) WO 00f|01687 PCT/ US99/ 12828 3 E C 2002
22 cycl oal kyl optionally are substt with one or nore substituents
selected fromthe group consisting o RRY), ~g9R10 ~ N+RORLORWA- ~ SR9,
S RORi 0A. . p+ROR10R11AS( O R9, SO02R9, SO3R§, CO2Rg) CN, hal ogen, oxo, and 5
CONROR10, - wherein al kyl, al kenyl, alkynyl, alkylaryl, -alkoxy)
al koxyal kyl , (pol yalwhereanyt, isanch dypclegakkftommpt iten&l:l y have one or nore
carbons replaced by 0, ~9 ~ NtR981 OA- {3 S ~ SO S02 , S+ROA~ , P+RORI10A-,
or 10 pRényl ene, wheétE RTRICTRE], a3ERCHRW iar e i ndependent |y sel ected from
t he group consistingiaf .H _a | | ken ny| l.oal kyl, aryl, acyl,
het er ocycl e, ammoni gimal I%)S/I ,Se%r%ééq %flom gé? b%‘j).(o% I?)?P,sg%glér 8%;xyhet eroaryl,
car boxyhet er ocyky@rogea: badkxbx yeikepyl  cad | BplaaLky Ll harekoaryl al kyl ,
het erocycl yl al kytylang13l KykpramniaixghkytycDialky1antieBérbairene f oget her with
the carbon to whien ffey angatiashedotorm Gl fueloably':

15 heterocaryl, and quaternary heteroarylalkyl;
3

said R1
heterocycle, and polyalkyl groups optionally have one
) or more carbons replaced by 0, NR®’, N'R°R*A", s, SO,
s0,, S'R°A", PrR’, P'R°RYA", P(O)R’, phenylene,
20 carbohydrate, amino acid, peptide, or polypeptide;

Rl3 is optionally substituted with one or more

alkyl, alkenyl, alkynyl, arylalkyl,

groups selected from the group consisting of
sulfoalkyl, guaternary heterocycle, quaternary
hetercaryl, OR’°, NR’R'®, N'R’R™R¥A", SR’, S(0)R®, SO,R’,
25 SO,R’, oxo, CO,R’, CN, halogen, CONR’R'’, SO,OM, SO,NR’R®’,
PO (OR*)ORY, P'R’RYR™A", S'R°R'A’, and C(0O)OM,
wherein A" is a pharmaceutically acceptable anion,
and M is a pharmaceutically acceptable cation,
R’ and R are independently selected from the
30 group consisting of H, alkyl, alkenyl, alkynyl,

SUBSTITUTE SHEET (RULE 26)



20 R3 and R4 are independently selected fromthe group consisting of H,

al kyl, al kepydorega! Kynyl, acyloxy) aryl) heterocycle) OR9 SR9,
S(0)R9, S02R9, and SO3R9, wherein R and R are as defi ne anl\];geh? @1 REC 1Y

and R4 together form =0, =NOR11l, =S, f#11R12~ =~9~ or =CR11R12~ wherein Rl1l
and R12 are independently selected fromthe group consisting of H alkyl)
al kenyl , al kyngyclealiyl apylval k§fylal Retgregvche. arRoRYPARIKHML. 30
heterocycl e, carppxytkylandcalkoabiasyabialkylcycl oal kyl, cyanoal kyl, OR9,
NROR10, SR9, S(O) R9,:11SQ2R%:: SQ3R9, .02 , | . :0x0, ..and CONRIR10,
SBSTTH i T1E. Sheer RUE e aaen iy SRR, 1358 e80T 200005 05
wherei n R9 andgra@p gaisistdagi addEabaikyl pradkieded . t AdkyRvt h BR¥land R4
cannot e OH, Q%?;B{}d,sﬁlk@ﬁyfﬁikﬁnﬁ Rid-agather Wetérédhg1ri trogen or
|
?]r

carbon atomto ch they are attached forma cycli ing; 5 RS is aryl
substituted wif ?‘?S’%le rga&@%gﬁ%@g% RY. Ongﬁgéi ected fromthe group
consi sting of <ydydalkalkeRl, NR'RYnyBR’ p@ (PaRky|SO:Bol \ESHRar ORI

ary: al FK' i aLkdrhﬁrl'YallQJlglé}ﬁLho?JJ kyézhéltéémh%*’l, atvkxkeﬁalt%%hat {%ﬂogye.cla%'d al kyl, 10
cycl oal kyl, heteroc .. heteroar uat ernary,heterqcycl e, quaternary

het eroaryl , he‘%%#’d’t%ﬁgla;f’ﬁky??mﬁ’e‘%{%‘? o%?afl gﬁ@l % qifhcf & né??mt e

het er oéycl yl al %yl NHjuaamd rBHy dyet er oar vyl al kyl') al kyl ammoni umal kyl, and

car boxyal kyl ani nocarbemal atkybgetBeR 3bch Scieibsiddogead oW throne or nore
groups selected froamthe gr oup~consi st ré% f _carbox alt‘%/l , .heterocycl e,
heteroaryl, qut®dar YORE eF%%Qc?’W KRS e%u&ﬁ?f”nﬁr%y‘ﬁ erd&eyl al kyl , or
guanidinyl, amahd6 is selected fromthe group consisting of H 20 al kyl,

al kenyl, alkynyl, a&rylandaCyel gakkyhaeBehed 0N |1 @¥@ECEPER Y Iet erocycl e,
OR30, 55%9) S (O, R, 502R9)é and, 503 % \g/ner%l n al kyl, alkenyl, alkynyl,
aryl, €ycl oal KSHOSHIELEPBE Y EPREE it HrhdY y2R@t%8% ocycl e, and 25 quaternary
het eroaryl can be &ibmtd tRit ade vikydropen orantor e substituent groups

pueperoe [} oo ekt rpee acepitgation denkil Lo

al kynyl , polya . _polyet her, ar al o “cycl oal Kyl , heterocycl e,
aryl al kyl , qua‘-’tréﬂ?afgnﬁg?%’r%ﬁﬁaé&%yqugm&%"%&’%‘?oar yl, hal ogen, oxo,
OR13, ~I3R14) ErRlkylandp®i3,0%602R13, SO3R13, NR130R14, NR13NR14R15~ NO2,

Q02R1320CN, OV 5020phasR2dRIREA ({ABE3B14~sSLBSTadiJak BE SHEET (RULE

26) Vo 00|0%g%ér%é thereof.

A second class of compounds of particular
interest consists of those compounds of formula I )
25 wherein

g is an integer from 1 to 4;
n is an integer from 0 to 2;

R! and R? are independently selected from the
30 group consisting of H, alkyl, alkenyl, alkynyl,
haloalkyl, alkylaryl, arylalkyl, alkoxy, alkoxyalkyl,
dialkylamino, alkylthio, (polyalkyl)aryl, and
cycloalkyl,
wherein alkyl, alkenyl, alkynyl, haloalkyl,
35 alkylaryl, arylalkyl, alkoxy, alkoxyalkyl,
dialkylamino, alkylthio, (polyalkyl)aryl, and

SUBSTITUTE SHEET (RULE 26)



510 C(O OM COR13 , NRL3C (0) Ra, NR13C (0) NRlaRI's, OC (0) R13, OC (0)
NRI 3R a ~ ~1350Rla, NR13S02R14, ysS02~laRis ~ P (O R13R14 ~ p+RL3R1#RDBA00?
S+R13R14A- WMWI6§IROR11R12Awher ei n:  PCTI US99/ | 2828 NRI 3CEERUS99/12828
NR13SONR3aRl s , P(OR13)OR14, A- is a ﬁgarnaceutically accept abl e ani on and
Mis a pharmaceutically acceptabl e cattron, said al kyl, al kenyl, alkynyl,

pol yal kyl , pol yeyébsalianlylopthahadl kydre eublsoatkyeéd vaiwth betevsnoydee can be
further substit M n it ected fromthe
ar oup. consi st ri o e RRERREc B E I R UERhe AR D T o,
CONR~RB, N+R~R8H9%- neflRefl,, naRReAIRYA 15 s2F , akieraih;. awPriychoal kyl

het er ocycl e, arylal%yl, quat er nar hetegpcycle, quat ernary heteroaryl,

P(O R~RB) P+R~-RBROR", &0IRP(0B0ER~) GRBR an8Nwhkakigersaiocdoal &yd , al kenyl ,

al kynyl , polyalkylg,g%lyether, aryl, hal oal kyl, cycl oal kyl, and heterocycle
can opti énal |y ¢RNRE Fone or nore carbons replaced by O NR~, Nt R~RBA-, S,

SO, S02, S+R-A-, PRAneRePhRELKPHRABAny10r aDReAY] N8IyARG RIS, Rl4, and R15
25 30 are indepgg?entlglielecgfd frpn1th§ %ifupﬁfonskﬁtlng ngqydrogen,

al kyl, al kenyl ,251RGny PIRBEYAFKY1 | (BSGVFEIRE 2%t v 127% FYFAPRYFY

al kyl aryl al kyl ,orflilopiaRdvehaueybne kar mogiek ghhbere oxardiagedl Ry1Q. cycl oal kyl ,
het erocycl e, heteroanyl, 1guaternary heterogysl e, quategnary heteroaryl,

het er ocycl yl al Rft - We%e?oa%yr af kyﬁc}/' §QarePnird h&t BrBeyeryPal kyl |

quat ernapy het ejreanMleakkyl , al kyl anmoni unal kyl, and

car boxyal kyl am nocar bonyl al kyl , W@erein al kyl, al kenyl, al kynyl, aryl al kyl,
het erocycl e, and pompgkk§h @%tﬂb al lapdh&Yeave eindepemdentdy bons repl aced by

0, NR) N+RORLQA1ecBedSero0ene YrdhipEcEnd902; SUBSTHTI 4T, SHEET (RULE 26)
WO 001 01687 PCTI 899/128%8 31. D g 29&2 25 S+ROA-~, PRg, P+ROR10A-, P(0)R9,
phenyl ene) alkenyl, alkynyl, cycloalkyl, aryl, acyl, heterocycle,

ammoniumalkyl, arylalkyl, carboxyalkyl,

15 carboxyheteroaryl, carboxyheterocycle,
carboalkoxyalkyl, carboxyalkylamino, heteroarylalkyl,
heterocyclylalkyl, and alkylammoniumalkyl; or

1 and Rr? taken together with the carbon to which

R
they are attached form C,;-C;, cycloalkyl;

3 and rR? are independently selected from the

20 R
group consisting of H, alkyl, alkenyl, alkynyl,
acyloxy, aryl, heterocycle, OR9, NRgRlo, 3

S

sr®, s(0)R®,

SO2R”, and SO3R9, wherein R’ and R are as defined

above; or

3 and r? together form =0, =NOR11, =5,

=NNR11R12, =NR9,

25 R

or =CR11R12,

R1? are independently selected

from the group consisting of H, alkyl, alkenyl,

wherein Rll and

alkynyl, aryl, arylalkyl, alkenylalkyl, alkynylalkyl,
30 heterocycle, carboxyalkyl, carboalkoxyalkyl,

9 9,10 9
4

cycloalkyl, cyanocalkyl, orR®, NrR°R'®, sr®, s(o)Rr°,

sopR®, S03aR®, cozrR?, CN, halogen, oxo, and CONRSR1C,

SUBSTITUTE SHEET (RULE 26)



car bohydrate, am no acid) peptide) or polypeptide, and R13 R14 and R15 are

optional |y substituted with one or nore groups sel ected arpuUpEC 200
consistin ogo‘blfmhydroxy, am no, sulfo, carboxy) alkyl, cé# %’)%{1/{&??( }m

het er ocycl e, heteroaryl,

het eroaryl, quaternary het erocyclyl a

guani di nyl ,

sul f oal kyl , Euat ernary heter ocycl e, quater nary
fl guat ernary heteroaryl al kyl,

Rﬁm@e?/éslgefll%?@ aboud) ;né@@ﬁgnatSO?’m 0Xo0,

e NEORED Ny
C02R9, CN, halogen CCNR9R10 S020M S02NROR10, PO
p+RIR1OR11AS+RGW AR aand RE( Exfddt Wee ORI, NNRL6 aauddSR1~oar e i ndependent |y
sel ected fromthe supstituepts constituting R9 and M or 15 R' and Ri,
toget her with the Mtr @genRaf oreasshai whthhehe fiEragescREICa¥RIR a nono- or

pol ycyclic hetsysewd ikt théy atd QrahbdedUbsin taitgdlwict bigye or nore
radi cal s selected fromthe group consisting of oxo, car box%/3 and quat ernary

salts; ®r 20 R14 arRf RESarybdgsutmyitwiced whehnine cyemcaeoARTO

* whi ch they are

attached, forma cyclic ri ng3 and R_ is selected fromthe group consisting

of al kyl, al kenyl, “i98gdp R cyc?isozﬁellﬁlcte‘arfﬁom SIEPer ocycl e,

amoni umal kyl ccaiéthamgomfuaialkﬂdryla&kyiyl allkg/llheuea:rdauryyalkyl)

car boxyhet er oa.ﬁmﬂ fg cl getgg{, lkyl ) carboxyal kyl am no,
y heteroc aI K Ia

het er oaryl al k

and |umal kyI and R~ and R8

are mdependeﬁ"tqtfrsoe"llé’&la roﬁ'}actﬁé'nﬁﬁygl?%’&%r‘?ﬁy yéﬁlﬁéf of hydrogen and
al kyl ;1@and onealkylamtmenRxmalieyl ndegendent |y sel ected fromthe group

consi sting of ol yal kyl, acyl oxy, aryl,

aryl al kyl | ; ha|%g§?fl’l%5§§%ﬁﬁ#a§ﬁéﬁx%itp 2631 W0 00/ 01687 PCT) US99/ 12828
31 DEC 20g2 26 halo&l Kyl opﬁ:y&-{aqalykﬁhbsflﬁﬁ@d’éﬁlyﬁ]t& oheaefqzdﬁdsmgol yet her,
uat er nar et €, e =~ ~

3(0) R13. )é(c))f%fg‘ 6‘%3@&%93@ AR pACLE008 e Iy RS “Ro2, 5 co2R13
. ON, OM S02@mMinge2®RiER1 scarheeygcaibyl RicarhoxyAlRY3R14, NR14C( 0) R13,

C( O OM5 COR13 he@BtocySi6) nm&'oalﬁﬁlfiRiBIfMJB}QRl@uaNtRﬁE&}lRl_ZAP+R9R11R12A- ~
am no aci d, p%%tt ggcgpgleyp ég&%ﬁngefé@#)‘%&rpr ,te}g er ei n al kyl,

al kenyl , aIk

erocy acyl oxy,

aryl al kyl halb@&leK?F}’CE)BiL? Yer q“&ﬁ&?é?ﬁérl')‘ﬁﬂfﬂﬁoérrdéy"ékﬁ rand quat er nary

heteroaryl can_be furt
S(O Ry, S02R9SUER3AIFY

S02NRIOR10~ POS()%%) s
wherein R18 is selecte

bstjsLabed “NRgRlo0, 11R12A- ~ SR9,
"B %@og%me ’&»Qf’ %%@n ?e% 3020M
EfcRg@b%BQ AeR ﬁﬁ@%%OAtoméﬁl@ (O oM and

fromthe group conS|st|n of acy

aryl aldpxycar gegph, 8bykaPK3?, derbetbrygtt, pradder @ﬁ}h, aI kyl, 20 wherein

acyl, aryl al koxycar bonyl
quat er nary hetsér8ayLlhe,
substituted with one or

aryl al kyl) heterocycle, heter oaryl al kyl ,

smi oumposr,nary heteroaryl optionally are
nore substituents selected fromthe group

consi sting of OR9, WRRERLD, A N+RoRN1 Riarmaceut BRE 1ySeOFRotals0P RO, 503R9, o0xo,

C02R9, CN, hakagen, ab@NRIR G pPR2REcePOZEND1 SA2NRIRES L e PEAGRES) ORL~, and C
(O OM wherein in Rx, one m)reéz arbons are optionally replaced by O,

NR13, N+R13R14A-~ SheSé)ln a83€RR

Fr8(ipiR@ndenO]l R18el patRIBR14A- ~

phenyl ene, am_no acijd, SUBSZTTUT E SHEET ( RULE_26) 31 D E C 2002 WO
001 01&%7 PGT/ £509/ Elzgzgu}Qs]t:Ltuents constituting R” and M; and

R6 is

selected from the group consisting of H,

alkyl, alkenyl, alkynyl, aryl, cycloalkyl,

heterocycle, quaternary heterocycle, OR3°, SR9,

s(0)R®, s0,R®, and sO3R®,

30 wherein alkyl, alkenyl, alkynyl, aryl,

cycloalkyl,

heterocycle, guaternary heterocycle, and

SUBSTITUTE SHEET (RULE 26)

)



pepti de) pol ypeptide, carbohydrate, polyether, or polyal kyl, wherein in

sai d pol yal kyl, phenyl ene, am no acid, peptide, polypeptide, and 31 DEC 2002
car bohydr a2 %@#87or nore 5 carbons are optional |y repl aRetUBR/ 18528 NRO,
N+RgRIOA , S, SO 502, S+R9A-, PRO, PJEBQRlOA-, or P(O)R ; wherein

guat ernary heterocycle and quaternary~heteroaryl are optionally substituted
with one or nor qugteumsrysdetetrearfl arant be gubsfitowesi withgond et kyl, 10

al kenyl , al kynyL\FEP%I%?H%Baé:uene%y&Iﬂ?rind§§¥ﬁclerg%lfp%|e&¥bte&ya§i‘&@| kyl

het erocycl e, ar ogen; 0XO , %ﬂ& (O R13, SO02R13r
SO3R13, ~130R14 hﬁlwmnsmﬁl@méﬁ ' %i]\%e gzo %&ﬁm3m4~

C( O) ~13R14~ C( OpE&dfaTIR],3polFe Bl REIRL 4 ~hPLeUIFRI4REFALoa PEYR13) OR14,
S+R13R14 d N+ o i It | vat e,
fond SR, By sy Plt st xatesgiatle salt o et

or prodrug thereof. In‘this class are conpounds
wherein: RS i s ghetetnaybabtbubes, W Ha168ahp &ta3bord?| nurberbtitnt iy sel ected
fromthe group cogzsi sting gf- -al kyl.,- -quat gL nar y13het1%roar¥ al 1(1}/I15 and 25

quat ernary het e8® ycI%KIQilRI:(Lyl ;8 'SOBB " Sub¥R IO/ ed MR nerRor. nore
groups selected fromthe,group consi sting of L grocycl e, tgroaryl, and
guani di nyl . 30 YOz Omﬁng aSH, &M'c&%@ﬁnd@ﬂmq%@rqﬁfCGI(‘a}N?ir?%?‘Iefst consi sts
of those conpounds of forgwla | . wherejn g,is an jnieger,,fromil to 4, nis

an i [|1_t eger front YR 2.CORT” ariR D (AR i AtRe SERAER Ty » SR e€P&d f r om t he
SUBSTTTWOE SHEEGC (RULE 26)(0) NRERDOI ¥R68IR 28 NMREBOLISI9 I NSNS IR'D, E C 2002

group consisting of H alkyl, al |, al .1 chal oal ky al kyl aryl,
aryl al kyl, al kOt)@’?S%PNBO%yal RWZR%ng]%kyIPgﬁlE%%nﬂFé%lrt ﬁi(gf,‘i?b‘éﬁi§%:| kyl)aryl,

and cycl oal kyl, _b arei-n al kyl,_<slikenyl » al kynyl, hal oal kyl, al kyl aryl,
aryl al kyl) al ko%;}}w;ﬁ kg&y'a?’ﬁgll‘,h RiRy §y| ém‘ no, al kylthio, (polyalkyl)aryl,
and cycl oal kyl opti oWeiriegnare substituted with one or nore substituents
sel ected fromthe graup consj sti ng of 18 OR9, NR9§}O, N+RORLORWA , SR,

S RORi 0A-, p+RIRLORTLASEOF B2 tigpsRY AFARGPLENAR R RfH, M oxo0, and
CONROR105 wher eis aalpbopbrmaeékeindllyakkyaptablkd logtdenl, al koxy, al koxyal kyl,
(polyal kyl)aryl) andaguckeayKkylaikanonti Qm@}n,h%\s@ gigypr more carbons
repl aced by O ~9]§, N+ROR10A- ~ S~ .SO S?Z) +RIA- E+R9 OA-, or phenyl ene,
wherein R9, R1OP® ﬁ&hﬁﬁ/’a"r‘@'}mi‘éﬁ}é’ﬁagﬁ | yCXHRHEE £ #B%h t he group
consi sting of HetdEroglyrleOcan kenyurthekysybstityatledawkyh  ome @ acyl ,
heterocycle, arpmn wimkkytuerdt ¥rahlhyl sefastx Fabky b he CaFrb@xyhet eroaryl,
car boxyhet erocycl e) carboal ko a:ml;lyzl car?oxyal ky]I ani no, het er7oaryl al kyl ,
het er ocgel yl al kgdnsizndngl kgl@ﬂyﬁfm RIRE| kgR,, & (RR Rlseprl’ R2sesken t oget her
wi th the carbon to7whi ch they ar e att acpe;i E]‘cgrm C -Cl cycloal kyl ;

) CO2R', CN, oxo, CONR'R-, N R'RR"A-, alkyl, alkenyl,
alkynyl, aryl, cycloalkyl, heterocycle, arylalkyl,
quaternary heterocycle, gquaternary hetercaryl,

p(0)R’R®, P'R'R®R%A", and P(0) (0R7)OR®, and

25 wherein said alkyl, alkenyl, alkynyl, polyalkyl,
polyether, aryl, halocalkyl, cycloalkyl, and
heterocycle can optionally have one or more carbons

replaced by 0, NR’, N"R’R®aA-, s, s0, s03, s*R’A-, PR’,

*R’R®A-, or phenylene, and R'®, gr'*

P(O)R7, p , and R
30 are independently selected from the group consisting
of hydrogen, alkyl, alkenyl, alkynyl, polyalkyl,

polyether, aryl, arylalkyl, alkylarylalkyl,
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R3 and R4 are independently selected fromthe group consisting of H, alk

|,
al kenyl , @hé&@& acyl oxy, aryl, heterocycle, ORI, NRORKEGTASR12828( O)Haj]Eé@ﬂUZ
S02R9, an , wherein R and R are as defined above; or R3 and R4
toget her form =0, =NOR11l, =S, =~11R1218 =~g~ or =CR11R12~ SUBSTI TI TTE SHEET

(RULE 16) 3 71@yEner 2002121804 0188i¢y Ded¥ d4908/ch2 k3 k99 ,wherein R11 and
R12 are mdependeqtl sial cted rorlnthe rou onsisting_of H alkyl,

al kenyl , al kyn§¥*c ﬁ%ﬁ' aﬁiﬂ‘ﬁrﬁﬂ’,‘: St k%?l%’é?%’f - Mﬁﬁgﬁﬂfyl ., heterocycl e,
car boxyal kyl , tarkvatkolyaldudterbarycheatkydryloy edekiogyclPROIKINRIRLIO, SR9,
S(0) R9, SO2R9, xd.ﬁ)gj , b @r&q,,@gm 0, _ _ wherein RO
and R10 are ashggféigﬁg a@icgﬁée?ﬁg% hht ooth an%g%}l canpot be OH,
NHz, ancP SH, oFfYR¥§*BFY 85@??(% thaa]t]ﬁ' PG YERLEY ca‘?“b‘gn 10 atomto
whi ch they ar ecatbegpebkylamineceybbnglalkyl, RS is aryl substituted with one

or nore ORI 3b~ whergio 83k 1hSSekegdmdh | r%rﬂmlgggg@aggp?i sting of alkyl,
al kenyl , al kyn¥ll ol y%: kyl) pol et@tfar aryl, rg{l gll yl, “alkyl aryl al kyl, 15
al kyl het eroary sFREPCY Sy BREt BPOXS %ﬁ&%ﬂ?ﬂ%& | G&VRy PR ehet efFEycl e,

het eroaryl, qu V. teracycl g, t aryohetego |,

het er ocycl yl al %r@’?’gﬁ%t% glg‘:c;? a?é%yﬁj l%bgt g??\‘a{ra‘y et eér 'ogéy%'l ysiofl'kyl :

quaterngry hetgrparyl aLRyl %-r}g%@&?/_glblﬁy(b) Rzgﬂ%%?@ni umal kyl , and .

car boxyal kyl am nocar'bonyl al kyl’, is’'su Wi th one or nore groups)

sel ect ed from FREPERYARFtCONSMIRPNACHE: GRRE1degaRYOPOAYROBRIGR] BRI~ SR9a,
S(O R9a, S02R9a, SQ3RVa,1@02R93, 26 QONROARLO) ,$02NRIaRI0~ P+RIARIORLIA ~
and S+R9aR10A-, mherei’nRA i'sagﬁ %har%ece 6‘:11 §1>all yacs:RgﬁF%lBP‘ée n‘Ylgt and Mis
a phar maceut i can¢ yordrast SyPure asébertathd nare tdien IROBPI soeiswinad from t he
group consi stipg BRHxcaahexyAl &ylfo cCardipaiiet anganyl, carboxyheterocycl e,
car boal koxyal ky] rhoxyal am no_.and .carboxyal kyl am.no | ; SUBSTI TUTE
SHEET (RULE 16 arb‘icié’agg‘ " 65&?’&?’(@3@/ |’T§"f§°§¥yhn' ESETEBBZJ‘%' R6 is .
sel ect ed from FPREQENAYY BEASFOEYPRE ofTudtexnayly, hgkreagrylal kynyl, aryl)
cycloal kyl , heged e, hgdateeveTyl d184ar, 0¢alern@R30, S89, S(O R9, S0289,
and S0389, 5 wherein al kyl, al kenyl, alkynyl, argl 1ocycLo§1I I1,2 }

het erocycl e, goeteraranyabéyer ogyahiadimnd @RALeNRARY heNeRORT @an be

substituted with _one or nere substituent groups indgependent|y selected from
the group consi s¥H g SIP) Bl kyFO2R] keiRAR ™ alRPny FO2R0- pNy aP&iAIe ol yet her

aryl, 23' ol kykmpgooalky by ) sHSHERD Ol (oR18) BREY! - p YR T ALy

het er o€ycl e,
, 8*R%R1%A-, ana c(o)om,

16

wherein R and R17 are independently selected

from the substituents constituting R’ and M; or
R* and R, together with the nitrogen atom to
25 which they are attached form a mono- or polycyclic
heterocycle that is optionally substituted with one or
more radicals selected from the group consisting of
oxo, carboxy and quaternary salts; or

R14 RlS

30 which they are attached, form a cyclic ring; and

and ., together with the nitrogen atom to

R is selected from the group consisting of

alkyl, alkenyl, alkynyl, cycloalkyl, aryl, acyl,
heterocycle, ammoniumalkyl, alkylammoniumalkyl,
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guat ernary heteroaryl, hal ogen, oxo, OR13, ~13R14~ S813, S(O R13, S02813,
S03813, N8130814, NR13NR14R15~ NO2) C02813, CN, OM S020M SO2NR13R147y DEC 2007
C(O) ~I 3R14-VQ8Y6E’) O] CORL3 , NRL3C (0) R14, NR zC (0)PGIAIS9%y2838

NRI 3COsRl a, OC (O R13, OC (O NR13R', %IRlBSO?I, NR13SO~R1', NRI ZSONRL'R! s,
~13S0~~14R15 ~ p (O R13814 , P+813814815A- ~ P (OR13 ) OR14 , S+813814A- ~
and N+89811812A arhdrdkyl , 2€ayboxyalkypharaubexyherdnoarydcept abl e ani on and M
is a pharmaceut i Galdoyk, Accers@Rle CRbirBBalfakganbky! . al kenyl, alkynyl)

pol yal kyl , pol yet her, aﬁjxl hal oal k%, cgﬂ)oﬁfkﬂl, %nd hetfr oc%cbe can be
further substit RREPORYERRBHENGI 2BerEraatyhatiYredt®t5F 8P Wd & ted from

t he group consi sindngliflORroniNRaRBy1SRandS(0) R~, S02R~, SO03R~, CO02R~, CN,
oxo, CONR~RB, N+R~RBROA-, alkyl, al kenyl, al kynyl, aryl, cycl oal kyl,

het erocycfe, aryl al k??, aﬁ@ld%éélaﬁ-'&r 9“95?%?6%9&4%)5%‘:8%5%)%/H’é”(eer oaryl, 30
P(O R-RB, P+R~R3RAp, cansi fihg GR~h@Rgogandamdezdiyl ;sand al kyl, al kenyl,

al kynyl , polyal kyl, polyether, aryl, haloalkyl, cycloalkyl, and SUBSTI TUTE
SHEET (RULE 26)  310De X G2 g6l bneererEsmisogel2gbes FEHet er ocycl e

can optionally haegepspOsorBi=® igar BENE, r ePkvrech1ken9l , NRkyyR~RBA-, S,

SO, S02, S+R~-A- RA, . P(O P+R~RBA- , | ene, R13, R14, and R15
are independent P}?E%’gij‘]é%% éfﬁlgﬁyt’hgrg%bu%%g%@%’i n@x%lg@%?, hydr ogen, al kyl,
al kepyl , 1@l kynyHalgalyul kydveleailywi nehet 8T PGy Layr YISAERPRTY R kyl aryl al kyl ,
S o a: kyl Eetpeugatufﬁj l@date&h&y-yhﬁéeéﬁ@w&yﬁ,ald(wterﬂyw oal kyl , I
eterocycl e, heteroaryl, quaternar .er cle, quaternary .heteroaryl,
het er ocycl yl al kyxEFEIOHiQYhetQRELgar W%I?Rﬁ, BRa er%@r)?»liaetét@q}?élgyl al kyl ,
quaternary heteroarylal kyl,, gl;koxyal kyl ,, al kyl ammni | kyl) and
car boxyal kyl am ﬁ@e&¥ a 1%{1131%?#}\-\1\/}1&’»%?%%?4(}?3 Mgﬁg ¢ ®%ynyl) aryl al kyl,
15 heterocycle, and;polyal kyl optionally hpve pne_or norg carbons replaced
by O NR9, N+RORPRR:’ . N.SEM,SEOpOM.RERNR PRy, PMRORIGAR P (0) RO,
phenyl ene, carb rai€£.14mng aci eptide. or_pahypepig de, and R13 Rl14
and R15 Jasre opt ggﬁgﬂzy %ubsmtlﬁ?éagngh %%% &Q%m)resgr oups selected from
the group cansi gtpNont8 hygioxYe afphb®jr sl fiptpadRd%y;  al kyl,
car boxyal kyl , heterocycle, heteroaryl, sulfoal kyl, quaternary heterocycle,
quat ernary het eporPytir ¥t ennany Beier osesd el lpplypapei® nany 25
het er oaryl al kyl gg%r\'}i,é“ q:]yel, OR9, NROR10, N+ROR11R12ASR9, S(0)R9, SO2R9,
SO3R9, oxo0) CO2RB*PCN%ifHi%gen, CONRORLO, S020M SO2NR5RL0) PO ORL6) ORL-,
p+ROR1OR11A S+ROR1OARersind atkp} Ovelieryki re I ynydnd cRFLoakyli.ndependent | y
sel ecteck30 frog{he sabsdlihuenher6088y¢1al idwW, IRkyandrMantylR ' and Ri,
together with the.niirogen ﬁto to Wh'Li:LaCtt_] t#egye}lre%eg:totc g eedafnrma nono- or
pal y¢yclic SUB ?Jl?ﬂjté: EEP-¢ROLET 262 e 1 ’

quaternary heteroaryl can be further substituted with

or®, Nr%r!?, N*R®R11R22a, sRr?, s(0)R®, S0zR®, so3R®,
oX0, C02R9, CN, halogen, CONRQRIO, SO20M, SOzNRQRlo,
25 Po (0R*)0RY, P*RPRYIR12A™, s*R°R1®A™, or c(O)OM, and

wherein R® is selected from the group consisting
of acyl, arylalkoxycarbonyl, arylalkyl, heterocycle,
heterocaryl, alkyl,
wherein acyl, arylalkoxycarbonyl, arylalkyl,
30 heterocycle, hetercaryl, alkyl, quaternary
heterocycle, and quaternary heteroaryl optionally are
substituted with one or more substituents selected

SUBSTITUTE SHEET (RULE 26)



WO 001 01687 PCT/ US99/ 12828 3 Z D E C 200Z 32 heterocycle that is optionally
substi t ut ] one or nore radicals selected fromthe sisting of
oxo, car bggfwg{n 7quaternary salts; or R14 and RI15, toget‘ﬂﬁ%&“ﬁ'%t hg 1 DE% 1002
nitrogen atomto 5 which they are attached, forma cyclic ring; and R is
selected fromthe group consisting of al kyl, alkenyl, alkynyl, cycloal kyl,
aryl, acyl, hef%@%ﬁ:&mehgmm ofaloky! am%xﬂy mad PRI iat g al kyl

car boxyal kyl , carboxyheteroaryl, 10 carboxyheterocycl e, carboal koxyal kyl
car boxyal kyl anj rer® heg enedr,ykabky) , sdat’er eycl gzt kylcN,ahelogen,

al kyl amoni umal kyl ; and R~ and R8 are ind pggdently sel ??; ed fromthe group
consi sting of dmm%g]eql a;mgnﬁl, kgbjsomnE&obNROR orP@rmIElGI%o ¢ andlependently
selected fromt roup consisting of H alkyl, alkenyl, alkynyl,

pol yal kyl , acy‘F > fqaryl, arylal kyl, hal ogen, hal oal kyl, cycl oal kyl,

het erocycl e, het er Ga{edeinPahygkhesne @iametBatirbeieraaty optiofdbpliernary 20
heteroaryl) OR13, NR13R14~ SR133~ S( O)lglw?l,4 S(O) 2R13, SO3R13, ,$+RI3R14A- ~
130R14) ~13~14f¥bl-addP byCO2RNB >, ONR 80208} TO2NRR3RE4AR~"AR aC (0) R13,
C (O NR13R14 ~ yaC (O Rgp , QR%O),;OM COR13 , ORL8 , S(OnNNR B, NR13R18-
~180R14~ N+ROFIRIRL2/® @8 RPFRORIRRIRAA- ,apheoyaene, end @sidpol ypeptide, and
carbohydrate, yharid chli%fzbe gk denydartahkypite, Gyslyaained,) oaryl , pol yal kyl,
het er ocycl e, gac%lyo?é aryl al Eyl , hal oal kyl, pol yether, quaternary )
het er ocycl e, Siﬁ’&at ernary heteroaryl can be further substituted with
OR9, NROR10~ N+RORMIRrZAN-i8RE21G(IDIRR1k802ROheBME, @dnoCaeRd, CN,

hal ogen) CON 3 200y SOBMRAE] Qun S BTN & SRR GRURE=26) 31 D E C
200Z WD 001 01687 PCT/ US99/ 12828 33 PO (OR 6) OR ') |39+R9R1 Ri A-, S+R9R10A-,
or C(O OV amrbaher eive Bp8ibsasktl empddckdohythe NRoup"®R5PaTj ng of acyl,
aryl al koxycar bonyl, aryl al I_%b, het ey ocycle;ghet er oar%/I . gsal kyl, 5 wherein
acyl, aryl al kdy & b&P) SaRyPat K8R" - FeReRochet 0T HetdRoaryl , al kyl ,

quaternary ___. __ Ralededay ghereaikAudiarBayylbeded QalaterdBtional Iy are
substituted wi.th one or nore substi.t.uent sgggectc?d fromthe_grou

consi st ng of X8 EIRLBTENPROFANRINAS B RGP ESBERE°TS03R9, oxo,
CO2R9, CN, halgxseps GEURGRES) L508Rd)e SI2ON| CSOZNRORED ofPELERLE) ORL~) and C

(O OM wher eigl dehyX, aQRgn 1, S ByLARA0NS oy EL 1008 | al,y replaced by 0,
NR13, N+R13R14A-~ S, §O, 0 3~ P+R13R14A- ~
Ryl pE¥FLga

+R13A , 15 3,

phenyl ene, ani , &'I }}%SFF’S@F Car de, pol yether, or
pol yal kyl , V\hq{agic@]ei ) $3bd BRIYalipA3z1lshegytenes @HYP0 aglLd*3peptide,
pol ypepti de, and carbohydrate, one cr nctre 20 carbons are“optionally
repl acagd by 0,sd¥R%:3 NRIRERAS, RIBALIRIS, SoRIA0,HYY, RTRORIOA-, or
P(O R9; wherein quater narﬁ het er ocycl e _and quaternary heteroaryl are )
optional |y sutsthiomjt e wrtArdfe o0)NR*ERGROUpsOSEM eadard3,r om t he group
consi sting of alkyl,

p(0)RT3RY, p*RY*3r¥R152", p(or*3)0R

11R12A-

14 13,14, -

, STRTSR™AT,
and N+R9R
a pharmaceutically acceptable salt, solvate, or

: OX

25 prodrug thereof.

Preferred compounds in this class are compounds
wherein:
30 R® is phenyl substituted with OR™;
R** is independently selected from the group
consisting of alkylarylalkyl, alkylheterocarylalkyl,

SUBSTITUTE SHEET (RULE 26)



25 al kenyl, al kynyl, polyal kyl, polyether, aryl, haloal kyl, cycl oal kyl,

het erocycl e kyl, hal ogen) oxo, OR13, NR13R14, 5R13, 5(0)R13 S0RRLB7002
S03R13, 130%5?3'F’M£‘?3~14R15~ NO2) CO02R13, CN, OM 5020M $o‘*2‘ﬁr5§52 2R3H

C(O NR13R14~ C(O OM COR13, 30 P(0)R13R14, p+R13R14R15A-~ P(OR13) OR14,
S+R13R14A-, and N+tR9R11R12A-, qr _ SUBSTI TUTE SHEET ( RULE 26) WO 00/ 01687
PCT/ US99/ | 7828 %HkyﬁheterQ@(&lygglgy h&M%aceutical |y acceptabl e salt,

sol vate, or prodrarbcxiyel kpiamiPoebebomdadappouas in this class are
conpounds 5 wherein: (RS |s phepyl bt ut e avtbnORle by RiorR is sel ected
fromthe group consisti ng o@a?%y}ﬁgﬁawox al kyl ;. an%l er oirs substituted
with one or nor € ETpseier & EEPRENS GFPEReCGHITI 1B8NST sT3TRFP*YF OR9" and
NRORI 0; aBd ) RAnistesehegtisteirboprldie quueapnanndieserogryl, caidoxyal kyl ,

car boxyhet er oar ylsgand carboxyheterocycle; and 15 R is carboxyal kyl . A
fifth class of conpounds of particular interest consists of those conpounds
of formula | wherein g is an integer from1l to 4, 20 nis an integer fromO

to 2; Rl and R2 are |ndepe t sel o] he_,gr.oup.g£onsi sting of H,
al kyl, alkenyl, al kyh’??fg -Bfen %féld acﬁ%{ggrr‘@ﬁr , qaéyl%}?lksyl S ToxyPre
al koxyal k91, di #loepPupdadrhexekplt hi o, (pol yal kyl)aryl, and ) 25 cycl oal kyl ,
wherein al kyl, al kengt ,isabkynyl subakoehked widhkgkér,yl ) aryl al kyl, al koxy,
al koxyal kyl, di al kyl ami nq, kyl t hi pol yval kyl )aryl) and cycl oal kyl

opti )énal ly are subst?;}ug%da\?\nk}_'%agneﬁg?’irmarﬁ/e@BO substituents selected from
the group consistingRot iPROPticnpjRly GuUBSPNHRIRIORIAR GneSRY MOoyeRORi 0A-
P+ROR10RL1AS( O) B2oups288LecB@aARBrof 3Ry gr&lp dHlsegeing Oc).(f),cﬂ.é'%@r R10,
wherein kyl , %Ielégngé cael K Eyl al kylaryl,. 35 _alkoxy, alkoxyal kyl,

(pol yal kKy1 ) aryl PeERE" T 0ar Ry FE*NGEET (RULE 26) WD 00/ 01687
PCT/ US99/ 12828 31 D E C 2002 35 optionally have one or nore carbons

replaced by 0. -0~ NFORION. S 90, 502, SO 1y EAFOROA, gl pliom ene.

wherein:
20 R® is phenyl substituted with OR¥;
R™ is alkylphenylalkyl; and
R™ is optionally substituted with one or more
groups selected from the group consisting of guaternary
heterocycle and quaternary heteroaryl.
25
) A third class of compounds of particular interst
consists of those compounds of formula I wherein
g is an integer from 1 to 4;
n is an integer from 0 to 2;

! and R? are independently selected from the

30 R
group consisting of H, alkyl, alkenyl, alkynyl,
haloalkyl, alkylaryl, arylalkyl, alkoxy, alkoxyalkyl,
dialkylamino, alkylthio, (polyalkyl)aryl, and
cycloalkyl,

35 wherein alkyl, alkenyl, alkynyl, haloalkyl,
alkylaryl, arylalkyl, alkoxy, alkoxyalkyl,

dialkylamino, alkylthio, (polyalkyl)aryl, and

SUBSTITUTE SHEET (RULE 26)



wherein R9, R10, and Rw are independently 5 selected fromthe group

consi sti ngoQbotesy al kyl , al kenyl, al kynyl, cycloal kyl, arpdrus36idsas 31 DEC 2002
het er ocycl e, amoni unmal kyl , aryl al kyl, carboxyal kyl, carboxyheteroaryl,

car boxyhet erocycl e, carboal koxyal kyl 22car boxyal kyl am no, heteroaryl al kyI

10 heterocyclyl al kyl_, and al ni_uma nd_R2 taken toget her
with the car boW"EJdg/%]ﬁthWﬁé?X% a?ﬁeaélll‘tlga\t/FsPﬁ?e v ahc%? o4 BPF® R3 and RO
are i ndependengws&eimtedsélmémef@mmpecgngustCqmgﬁxﬁti-ﬂ}g aikyl, al kenyl)
al kynyl, 15 acyl oxy, k¥l ebefpcycl e, ORI, NRYR10, SRD 105(:Q).R9, SO02R9,

and SO3R9, V\/ne@%?)'n R%?\Sd F{F R e R defRnedSdbave: - o? R afd R4t oget her
form=0 = 20 _wherein and R12 are
i ndependent ly %‘eq)&t e&O?%om %%%R grocgarﬁRCOnQFSt%ﬁbo T H O}éc?'kyﬁmalal kenyl ,

al kynyl aryl okyl , al kenyl al kyl, al kynyl al kyl, heterocycl e,

car boxygl kyl, @b dal koxyal kyl, cycl oaI kyl, cyanoal kyI OR9, NROR10, SR9,

- S(OR9, 25 SO2R9, SBEReinCBDRD.. GlkemylogahkyByd; aHIEWORIO, wherein RO
and R10 are aSald@‘xyr)edmbsayﬂkﬂr OVigdagall kat ) beyh Famaruwfiébaaa@not be OH,

NHz, and SH) or Rll R12 J.0get her _with r rbon atomto
whi ch they are fﬁg?ﬂ' P%rm cycﬁ Cor ﬁar£§§ éis)gcg?%ll% subdstituted with

one or nore Oﬂ;{:ﬁb NREREPA. R 3b 45 g0l ecgeﬁ%&r orﬁﬂRﬁglehoupuSUBSTl TZTrE
SHEET (RULE 1 6) WO 00l 01687 '36 PCT/ 6S99/72818 3 ~0 E c zooz consisting )
of al kyP, al kelﬁgﬁn}’lall’lﬁynyl poI yaI kyI poI yether, aryl, arylalkyl,

al kyl aryl al kyl K Iheter Ihete ocvCe kyl cycloalkyl

het erocycl e, heterB’g’ ndréngﬁ F%cyc ep Aey a']'rynary het er oaryl ,

het er ocycl yl aIS@}JeCthét é?r'@arfs,h%ngun goasieniny %%tfbr @cwlyl al kyl ,

quat ernary hetarneamil, aammyla,l kewlcamEnRiuBL Ky , @é‘gﬁil heterocycle,

car boxyal kyl am 9,93” bo 5353 s sy b)%téi fd With one or more groups
10 sel ected frdm g Y) g &f ? ¥ x’yal kyl het erocycl yl ,
NROR10&5 CO\IR%MYSQQW qam@mbaR@mF}tC%md S+ROR10aA ~ wherein A is

an pharnmaceut Ic@@ﬂoxmsﬁpﬂm € MR g@ﬂﬁy%ﬂr@n@ Pl dvReEaYiliaRkY accept abl e

t 15 wh d t f
g:r Ibg>r<]yal kyl , %r FSSSV%&%&?&' a€§r8 Eﬂ/’g]?'ﬂ’{/‘?% }fc%é?zblrrzalrglgaf)kyl and
het er ocycl yl al kyl ROr af® %% tsaeée@ptc%geiﬁem M@hgﬁwrba%m % nmieh H 20

al kyl , alkenyl aIk nyI a C al kyl et er.ogyc guat er nary
het er ocycl e, ?%/6\59 f‘%ﬁ‘z%a G %V%d?éé‘ S\A,her ei n al kyl, al kenyl,

al kynypg aryl, cychéaéml %&teerﬁ@é Eﬁdeﬂi:‘ eéé‘?éaﬁ:élﬁtﬁdﬂ{?){:@ﬂee and 25
quat er nary heteroarél can be s stl ﬁ%yg A e or substi t uent
ro

groups i ndepefdEHPI §ORRT Y i sﬁ%lﬁﬁ’d‘y al kyl , al kenyl ,.
al kynyl , pol yaﬁ.‘lcl§,§(gx%,po\1_1 hEHete@r&élylea' ) o kyllm9,§lwzl %qgﬂ(yls)(otygﬁer ocycl e, )

aryl al kyI quat ér na erocycl
SOzR , and S03R7, whereln R’ and R are as defined

_)"'_)

above; or
3 4 11
25 R® and R® together form =0, =NOR™", =§,
=NNR11R2, =NR9, or CR11R12

wherein R and R are independently selected
from the group consisting of H, alkyl, alkenyl,
alkynyl, aryl, arylalkyl, alkenylalkyl, alkynylalkyl,
30 heterocycle, carboxyalkyl, carboalkoxyalkyl,

cycloalkyl, cyanocalkyl, ORQ, NRgRlo, SRS, S(O)Rg,

soaR®, 803R®, CO2R®, CN, halogen, oxo, and CoNrRZR1O,
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30 quaternary heteroaryl, hal ogen, oxo, OR13~ ~13R14~ SR13, S(O R13,

S02R13, 5035é§ NB130R14, TTRI3NRL4R15~ NO2, CO2R13, CN, 5020M 31 DEC 2002
SO2NR13R14~ GO ¥'3R14~ SUBSTTTUTE SHEET (RULE 26) WD 0 VY287

PCT/ US99/12828 31 0 E C 2002 C (O OM_COR13, NR;C (0) RL, NR13C (O

NRLR's, ~13C02R14 OC (0)RL3, OC (0) NRI¥R a~ NRL3SORL, NRL3SO-RI,

NRISSONY R s, ~1,39. 021415+ ol ORISR  RFELIBLIRION = PelgRI3 ) ORLY

+
S+R13R14A- ~ and wherern:- A T1s a pharnmaé Ically acceptabl e
anion and Mis apharfaggatitaldnkotceentbher,cabh@ren sad al kyl, al kenyl,
al kynyl, polyal kyl, polyether, aryl, haloal kyl) cycloal kyl, and 10
het erocycl e can be fR %hemdsﬁ%%tbgathmkaiﬂh(nhe @i trrogen substarbaent  gr oups
selected fromt roup 1:SL Ng..Of R ) . S02RY7,
503R7, CO2R7, c%?"g’xgg %F@%Mﬁ%%‘%&%ﬁghy ,§a|z?€%%<ro,ﬁé?kyny|, aryl
cycl oal kys, heter ocynFeis adhialslepkt i doc eiadimang bet pope Y e, quat er nary

heteroaryl, P(O R7R8, P+R7Ra , and P(O (OR7)ORB, and wherein said al kyl,

al kenyl, al kynyl, powheran RH0| yet seksctad/|fromarbal RyPUP cycl oal kyl, and
TR -, G0 B ke Fot pheayl ene. and R13

-, ) + w ) + - 1.0 phenyl ene, an ,

R14, and R15 argoﬁxag%%ﬁdéa Fy 35%%%%%##%r%%%¥}ﬁe F%ﬁ ibonsisting of
hydregen, al kyl alivkeeyeroaupdyvl, polipltignerosyeyeipdkylaryl, aryl al kyl,
al k?/l alr Kiclal kKI , cgvélaalkwnﬁtr&rt@%w?igylhetaéﬁ@édzb@tﬁ eqaayshydl@l kyl)

cycl oal kyl , heterocycl e,. heteroar uat er nar terocycl.e aternary

het eroaryl, het EF%E%@?W%'kﬁ‘{a ﬁﬁ%%%cal?%eﬁcﬁﬁy,x’qﬁsggfﬁéﬁ}ylﬁgyi’

het er ocycl yl al keteneareraddyy hauaternaraliererogikyyaaddnt umal kyl , and 30
ﬁar boxyal lkyl am %anéml ?iét)élrpaml l.'ﬂ't}ﬁl ﬁ'sﬂ)ﬂylaﬁ&n&ﬁﬂﬁﬂnal@lgy%li, alryl aljkxtl)l ,
eterocycle, an Qption one or nore carbons replaced by
O, NR9, N+RORLO ?,ggﬁﬁjgé'l?ﬂ%’%@éﬁ%{%%’é%a (RULE 26) WD 00l 01687 38
PCT/ US99(512628 31 D &% 2002.85Rused RheiP oRIRE AnorB(@ba phenyl ene,
car bohydrate, anino ac eptide, or pol ypeptide, an , an

are optionally §Eg§T??%£%§§%Ng¥ﬁ %$ﬁ9%wé§ﬁﬁgg%dpgu8§ SEFRGFE ¥Fom t he group
consi sting 5 of hayerexycleanhesereanyb, awmtiesepryahryerocyclylalkyl,

quaternary hetercarylalkyl, or guanidinyl, and

RG

20 alkyl, alkenyl, alkynyl, aryl, cycloalkyl,

heterocycle, gquaternary heterocycle, OR3°, SR9,

is selected from the group consisting of H,

s(0)R®, S02R®, and SO3R°,
wherein alkyl, alkenyl, alkynyl, aryl,

cycloalkyl, heterocycle, quaternary heterocycle, and
25 guaternary hetercaryl can be substituted with cne or

more substituent groups independently selected from

the group consisting of alkyl, alkenyl, alkynyl,

polyalkyl, polyether, aryl, haloalkyl, cycloalkyl,

heterocycle, arylalkyl, quaternary heterocycle,

30 guaternary hetercaryl, halogen, oxo, OR13, NR13R14,

13' S(O)R13, SOzR13, SO3R13, NR130R14, NR13NR14R15,

NOg, Cozr3, cN, oM, sozoM, sopNrRYZRM4 13g14,

SR

, C{O)INR
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car boxyal kyl , heterocycle, heteroaryl, sulfoal kyl, quaternary heterocycle,
quat er nar aryl, quaternary heterocyclyl al kyl,

heteroary?og:aﬁlgll%?pguani dinyl, OR9, NRORLO, N+RORI1RI2A 13%%;”%%%@( oPFo) EC 2002
S02R9, SO03R9, oxo, CO02R9, CN, hal ogerpg CONROR10, S020M S02NRIR10,

PQ(OR16) OR1~, p+ROR10R11A, S+RI9RL0A-, and C(O OM wherein R16 and Rl~ are

i ndependent | y SebpoieccdrIOM NRECIObRY| t NEAT ©)0TRT t 0RMI09.BY, and M or 15
R1' and R1, towtélféniw&&ldfi&l utr e@oﬁhonhﬁos&\m:chNhlrpnggnglsattached form
a nono- or polycyc hef erocycl € I'S OE'[I onal I'y substitutéd with one
or nore radi caistsehectey fpr(@rmtlﬁgl‘gy mrmléa 4r$Pihg mfordXoorEAr boxy and
quaternary salts; or 420 R14 and g&l'%s together with the nitrogen atomto

whi ch they arestRtIrMed,, fodnNiregtir¥®aing: and R is selected fromthe
group cgnsi sting of,al kgl al kenyl al kynyl, cycloal kyl, aryl, acyl,

het erocycl e, anmmoni umal kyl , alkylannnniunalkyl, 25 aryl al kyl, carboxyal kyl ,
car boxyhet er oaryl, m‘ar:lmmybhtaemacmmald&r boatpoalykd lariioncandaxyal kyl ani no,

het er oaryl al kyJ _.a&(} aarpg unel kyl; and R~ and R8
are i ndependen si ? ect e #g%nf & eaéf:(%up%cony St n%oof hydr ogen and
YPY3el B}

al kyl; and one or s R)J-ké(lle P%’G%‘Eié]nd m t he group
consi sting of phblyddndr, akkEnyhaled eyl cypbbynkyy! )amryl oxy, aryl,

Pt UsbY) 128 Qﬂ"%a%%’% 2607 S CEWTE Roef CaviST Vot GPRcYE o ’

het eroaryl , HBDStdGHERE nﬁ??/uﬂfets«?rlGé?E@efr‘éfﬁét}@r ﬁé’PyPhet eroaryl, OR13,
3R14- SRI3- s S 3~ S+ #A-~ ~330R14~7 ~13NRL4R15~
NO2, 5 CO2R13 € (’&R]‘dﬂ ég éﬁi s‘ﬁg%g;l%f C (%3 RR'a %);NR13R14
NRL4C( 0) R13, Mﬁ&o ORIR 7 O iRL Bp 9 NR1 3R, = io Ngéﬁg %f‘

N+ROR11R12AP+ anmi n6 aci‘d,’” peptide,” poly

car bohydr at e, a.’]lOc}Wyéx eiamryal kg?c;l@d]d@riyl heaéqu:uyd:],e,cmlydaﬂkyl) aryl ,

pol yal kyl , hetgy ﬁEYEPéy cfﬁ)”dﬂa%ﬁknafﬁjﬂEﬂé@Hé&yﬁO|yether

guat er nary het eroc e qua ernary het eroaryl can be further
substituted w(o) N@g RE RN RORKERTAA) (0SRIVRY( @R, SO2R9, 803R9 1S

giggRﬂzRgA-cﬁl st:gla %Emw? ?8515%%9%@9\/\*]% g g&;}e ected from

the group condicdMstdesr aryl: BalaslydxyEXFbomys 'ara;’ﬂ | kyl, heterocycl e,
het eroaryl , alleterczcieetennopridnaldlyy halé oy auuborrwde calrybad; kyl ,

het er oc cIe heteroaryl) alkyl, quatergnary het erocycle, gnd quafernary
het ero%gyl opEERt&ced B¥eOs W1 | ttheﬁl Wit hS on¥ orSGeor & §365t i Plg-;evnt s

sel ected fromthe gr oup eogm sting of OR9, NRORLOp); N+tRQRI1R12A 25 , SR9, S.
(0) R9, S02R9P(E3FR9, PoRoR &DoF®F REGNYREPBge#nd @NRORLO, B0BRY. - S020M
S02NRI9R10, POadkelGndebendentl L dedtdd Shenetite igrddp coneistimdre carbons

R 3, p( O ria iR Y= bl T SN, P nldei e sreer (uLe
16) WO 00l OPGéYePé?Fusewﬁrzmsnl Wyle elbpsrwielkyl,
25 alkylheteroarylalkyl, alkylheterocyclylalkyl,
cycloalkyl, heterocycle, heteroaryl, quaternary
heterocycle, quaternary heterocaryl, heterocyclylalkyl,
heteroarylalkyl, quaternary heterocyclylalkyl,
guaternary heteroarylalkyl, alkylammoniumalkyl, and
30 carboxyalkylaminocarbonylalkyl,
wherein alkyl, alkenyl, alkynyl, arylalkyl,
heterocycle, and polyalkyl optionally have one or more

carbons replaced by 0, NR®, N *r°r%%-, s, so, S03,
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peptide, polypeptide, carbohydrate, polyether) or polyal kyl, wherein in

sai d pol yal kyl nyl ene, am no acid, peptide, polypeptide, and 31 DEC 7002
car bohydrat@%’ﬂ&pﬁr more 5 carbons are optionally repl acBEHPY3282NRo,
N+RORL0A , S, SO,- 502,- S+R9A-, PR9, BgRORIOA-, or P (O R9; _ wherein

guat ernary heterocycle and quaternary heteroaryl are optionally substituted
with one or moreqgiBLpSHER] aotyRk oM L) T OYReRPIEIST i ng of alkyl, 10

al kenyl , al kynyl, polyalkyl,” polyethér, aryl,  hal oal I%I , CéC oal kyl ,

het erocycl e, ar yFa¥gafivyarg Fog%‘ﬁ}n%ﬁldol?ﬁ?tmw&r&p BPSPSIE§ REFA SO2R13-~

SO03R13, NR130R14, NRIANR14ER45~ 1 NR13R14~

C(0) ~13R14~ C(O) OM %36 15 ﬁ%zﬁl%%%ﬁ%%@ﬁ?%g%?%%a
S+R13R14Aand N+ROFE KRLIARTE SFOoWpPhealestedt feaP| YhaGFopPapresstng sol vat e,
or prodrug ther eof .nytlroRyef anigs, camreyndarbexy hislkgllgss are conpounds
wherein: RS is phenyl it | ' o - and RI3b is
substituted wt hcm;ﬁgi%' Z%é%ro:%gcﬁf%agﬁ%o%dl'Rfﬁﬁlggﬁg%%lrbaryI al kyl. A
sixth class of CTHRFAINGSYORERRFIFYIHCar UALBFBRYY MRTETSBEYSf t hose conpounds
of formula | whefRiderd@rg hét@rodydlggenkhionglatexrrryn is an integer fromoO
to 2; RlL and R2 are independently selected frgmt 19roup %i_ng of H,
al kyl, al kenyl, hdtepneprylsURSTI JVERISHERT (PRILE "\W'B

PCT/ YS99/ 12828 31 DoE C 2002 41 ha oal kyk, al kyl aryls, aryl al kyl, al koxy,

al koxyal k91, di al BR anth8) Rai kK372Fi 0SOBBok y&X Ry 19Ty I, C%Indhw{ﬂ%’w kyl
wherein al kyl, al kenmyho al kynyl, hal eahlkyl a&kyl amyl . +asviaglikyl , al koxy,
al koxyal kyl , di &9 -4 no?oé?%ﬁt%"’&) X pol %?%l%SéW + B Ty di oArkyl

optionally are substicfwbed wit r nore - substituents selected from
the group consi st %n& %f gRQ afncleé&‘i&%* N+RORIORWA , SR9 , S RIRi 0A-

p+RORIORL1IALO S(0) R9yhEPLY RSVIRY rE02B2e [MhedidlREeNy S&Pectditd CONRIRLO)
wherei n al kyl) al kenyl, al kynyl, alkylaryl, al Koxy, aIKoxyaIkyI,

(pol yal kyl ) aryl ,framd thy céwed iyt ueoqtsi epakt ytinaireg ®Te and Mprer car bons

replaced; by 0, 15 NRgs %Wlp%c%ve&er A thSPRe  n X ¥ Y en atBERERIOA |, or

phenyl ene, wherein §9th%R¥10, and are _i ndependently se|l ected fromthe
H

group consi sti ngt3f 3 I&He aaﬁtl?(%?fp,' fare yrony oBPRYFYSHS |, acyl,
het erocycl e) 20 hewewncycke kaHat arsylopkliphal tardusatditigkd eirlbmneheter oaryl ,
car boxyhet er ocygloge caahonl kpoialdoch. scamnbony Aot BbRe: shetgidar vl al kyl,
het erocycl yl al kyl , and_al kyl anproni umal kyl ; or

oxo, carbox},an quaterna¥y salts; or

14 15

20 R and R™~, together with the nitrogen atom to
) which they are attached, form a cyclic ring; and
R is selected from the group consisting of
alkyl, alkenyl, alkynyl, cycloalkyl, aryl, acyl,
heterocycle, ammoniumalkyl, alkylammoniumalkyl,
25 arylalkyl, carboxyalkyl, carboxyheteroaryl,

carboxyheterocycle, carboalkoxyalkyl,
carboxyalkylamino, heteroarylalkyl, heterocyclylalkyl,

and alkylammoniumalkyl; and

R’ and r® are independently selected from the
30 group congisting of hydrogen and alkyl; and

one or more R* are independently selected from
the group consisting of H, alkyl, alkenyl, alkynyl,
polyalkyl, acyloxy, aryl, arylalkyl, halogen,
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R1 and R2 taken together with the carbon to which 25 they are attached form
C -C cyc ols¥gss R3 and R4 are independently selected f ro

consi sti ng@(e)ﬂf ﬁds al kyl, al kenyl, al kynyl, acyl oxy, aryl fcﬂﬂs&%g@cl 9%?1 %,2002
NROR10, SRy, S(O R9, SO02R9, and SO03RS,; wherein R9 and R are as defined 30
above; or R3 and R4 together form =0, =NORl1l, =S, =~11R12~ =~9) or
=CR11R12~ SUBsmaT@ﬁrEkEHEquqlngEYQ6)hetqm%ﬁ91618?t¢=@ﬁru§99/ 12828 31 DE C
2002 42 wher ei E'sz}étagg, tRrfatPdepaidriichy , sehecdathriyr om t he group
consisting of H alkyl, alk gyl , yl) l;3ry| , arﬂ al kyl, ggkenyl al kyl,

al kynyl al kyl , heteroayyl e,0R°Aar, bR | SREAn b8aPkB®XYyalski@) 2R5 cycl oal kyl ,
cyanoal kyl , ORO9, 810 w S0 289, . S0389, 289, CN; hal ogen,
oxo, and CC]\IRQRQ@E’\?:?WQJ%%%?R -antiR ggr,eNag'?H%f?mlesc?Me, provi ded t hat
both R3 and R4 canppt be G4 NHZ, and SH,,01,R11 and R12 together with the
nitrogef or caf@R . 1N .at¥m S620Hi FP2NREYRare MRTGEPRI form a cyclic ring;
R5 is aryl substituted yth one or nore substitueqd grqyps independently

sel ected from €M ¥R oOUP corBI4EI(ARLT IRO)IEM¢ FOIRT , QURI'C (O) N81RI's

NR13CO R19, -, 180C( Q18R B R19, 1 14S 9 : 2R1°, 15 NRL13SONRL R s,
and NRI BSOzNSI%Eé)g’N%\he’r I :§th3 4 nd’%Ragglfn egendent |y sel ected

fromthe group,€pnsiBil of,_hydr , al ky , pol yal kyl)
pol yet her, aryl,  ar yIB%IZI}gI', aggxgl Tg%etpdr f%%ﬁéﬁ%%ﬁ%%f&lg%a% al kyl , )
al kyl het er ocycF3FRPREATat & c| oal kyl , heterocycl e, heteroaryl, quaternary

het erocygcl e, quat erwigneitetb@kod| ya)kdmstler atkeghyl al dgdloal&yer oar yl al kyl ,

quat ernary het y l.al ) RY 2 0 I ,
al kyl anmoni unam%a%a% ggy%éxggﬁﬁ%lﬁécgfgg%ﬁ'a%%)ll)%lgég,’ R14, and 875
are optional | yh Kilut SPLXPERSBN SURt eFPREY gPotREC D@ et 884 rom t he group

consi sting of duatieynsryanieterostyl Garc debduythét kythsti@ueadbokyial kyl ,

het erocycl e, heteroaryl,,, sulf yl, quatgrnary terocycl e, quaternary
het er oaryl , qlﬁsﬁggr ﬁﬁ?g\)éi]‘r?et @Fagg%:#%/]lza kyBBSquaﬂ@XRE,r ysohét)éerééa& al kyl ,

guani di nyl, 089, NRORly N+RORLIR12A SUBSE| JYTE SHEET RUL%RS@ VO
001 0168F PCT/ 1$3%9| £5878 3ENp patogmyp2 CONRSRY '+ $29M RSP2882RY, + SO3Rg, 0x0)

CO2R9, CN, hal .. CONRORL0 o _$920M - SO2NROREQ, P 6) ORl~, P+RORIORL1A
S+RIRLOA-, aﬁf% AR m%%ﬁ‘*? n spﬁaBgrREgéeut %;ﬁl@)%céﬁfiabl e

wherein R18 is selected from the group consisting
of acyl, arylalkoxycarbonyl, arylalkyl, heterocycle,
heterocaryl, alkyl,
20 wherein acyl, arylalkoxycarbonyl, arylalkyl, )
heterocycle, hetercaryl, alkyl, quaternary
heterocycle, and quaternary heteroaryl optionally are
substituted with one or more substituents selected
) 12,-

from the group consisting of ORQ, NRgRlo, N*R RllR

, s(o)r?, soar®, s03rR?, oxo, CO2R®, CN, halogen,

coNr’R2?, so3r®, so,oM, sooNRPRY®, Po(OR*€)0RY7, and

c(O)oM,

25 . SR

wherein in RX, one or more carbons are opticnally

replaced by 0, NR*3, N*rR3ra-, s, so, so2, s*RrY3a",

30 PR13, P(O)Rla, P+R13R14A-, phenylene, amino acid,
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5 anioz~_a~nd _M is a pharmaceutically acceptable cation, wherein R16 and
R1~ are i ndipendent ly selected fromthe substituents constituting R93 glyggz
or Rl' and MO0 Eﬁét her with the nitrogen atomto which t?@VUSQPm&HaChe
farma nono- or polycyclic |0 heterocycle that is optionally substituted
Wi th one or nore radi cal s sel ected frodi the group consisting of oxo)

car boxy and qua}gg 81114 BASiRia koUBLIpSc it hokhe ni LT ogen
atomto which t rea forma cyclic ring;” and is selected
fromthe gr oup i g of H aI kyl , al kenyl, al kynyl, aryl , cycl oal kyl ,

het erocycl e, quater n&:hyerbeheimcgeoldepocfgﬂsyISR@hesym:R&, #&802B9acadd SO3R9,

wherein al kyl, gﬁg ry Lkyl o gle,
guat ernary het eﬁi ycl e, gggyg#?g%na%?d ﬁ%feﬂré%gragl can rgi su g%l tuted with
one or noge Subsid:AeeRt ageosPsidiadepersisniden sel octwr’ f nom°rAEATT oup

consi sting of alkyl, alkenyl I kyny!a polsyql kyl , pol yether, aryl,
hal oal kyl, cycl &l Ispl 522, he mrﬁocyERe, BarRyIRaI Ryl , oqu%tha)rlﬁary het erocycl e,

guat ernary heteroary 13. SO2R13,
SO3R13, NRL30R14, NR%@%&Q%{Q@Q%O%%? % §§;6%)tl\7]§(“%%5§m13 R14~
C(O) ~13R14~ C (@wt@vpam@re quRigual by embstlrme@: ‘w}h NR¥®a RFSMORRL' COzR!
308% (0) R, sN%ﬁE%tedV@rogqahe Mps%ﬁblstﬂfﬁ cﬁ?jﬂk E[JSBSTTI -
yaSOyy< ~ - , '
sHEET (RA.. E 26%‘1&%%0 iy éé%%éldo?yé?ﬁ” TR12Awher ei n:

PCTI US99/ | 2818 @BlBaEkEIZOQMCWﬂMla htdmesyeue ca¥ylardedept abl e ani on and

Mis a pharmaceuytical l Ly accept abl e gjllqn 1sai | kepyl, al kynyl,
pol yal kyl) pol yi’? 8? ar §F IR oal cyclsgal kyg(giaégw hest% ocycl e can be

further substituytediai 1@r emguagetﬂ t yent ed fromthe
group consi sti néto SQR%B gges H@ 862% 3R @CI)ZR? CN,
oxo, CONR~-RB, 85513@@0 m@la@m el((g)qmma lal kgna;(m ardgnllicycl oal kyl ,

het er ocycl e, aryl uat ernary heterocyél e, quaternary heteroaryl

P(O) RoRBs P+R-RERSAnI St ROGREGRTRE, andeMrselh, sefgd SRyt al kenyl
al kynyl, polyal kyl, 15 poiyether aryl,” haloal kyl') cycloal kyl, and
heterocycle cananﬂthngk}ﬁR /@ ope or nore carbons repl aced by O NR-,

N+R-RBA-, S, SO S02, ég—%%ﬁaﬁ Ii%é?lf‘)( &@EF%B&%Q QWoRfepy! gpe, and R13,

R14) and R15 are |nde ecte omthe group consisting 20 of
hydr ogen, al kyl P¥Sf E\é yH: e%ﬁqg//nyl pol yal kyl , polyether, aryl, arylalkyl,
al kyl aryl al kyl , alkylheteroarylalkyl, alkylheterocyclylalkyl, cycl oal kyl
het er ocydfl e, het er oaPy¢fennest esampoyndet énodyidise, CkRFS ea¥rr goroundsar yl |
het er ocycl yl al kyher&bn het eroaryl al kyl, quaternary het erocycl yl al kyl ,

22%0;92[ Kylhgtne:]ggg ﬁlﬁ‘k%lgr‘?(?/‘lflky\ﬁ%ngo?%ea ky¥l‘ 3 kényl al kynyl , aryl al kyl ,
heterocycl e, and pol §al Kyl ingepensentyy healedsed 5F°!m)¢1ée TFOsAr bons repl aced
by O NR9, N+RIBIfAisting 2@ aboyl, ThREErnarPRArePsRIRIMN1,Pah®) RO,
phenyl e guaternary heterocyclylalkyl; and
R'*® is substituted with one or more groups
selected from the group consisting of heterocycle,
heteroaryl, and guanidinyl.

30 A fourth class of compounds of particular interest
consists of those compounds of formula I wherein
g is an integer from 1 to 4;
n is an integer from 0 to 2;

1

R™ and R? are independently selected from the
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carbohydrate) am no acid) peptide) or polypeptide, and R13 R14) and R15 are
optional | woghbrkd tuted with SUBSTTTUTE SHEET (RULE 26) VWO 00/ 0

PGT/ US99/ 12828 31 D E C 2002 45 one or nore groups sel e&‘?&’%’?’&ﬁ?"t he3@1rﬂrﬁﬁdﬂﬂz
consi sting of hydroxy, am no, sulfo, _carboxy, alkyl, carboxyal kyl,

het er ocycl e, heteroaryl, sulfoalkyl 28quat ernary heterocycle, quaternary

het eroaryl, 5g ecfdr&”lysth&tgebﬁcryplaﬂl}qdlkyla,l}muuaﬂera?akymhb,t eroaryl al kyl ,

guani di nyl , % g%glo Rké@é ; ( :8%5 0Xxo0, CI)ZRg,
CN, hal ogen, 5&%%5%%2 %8’1{}'@ 183( B %’ RllA_
S+RORL0A-, an@izikyl@minco @AY &k R R 6PRY 1&PEY?'nd @¥dndent |y sel ected

fromthe subsby&mﬂ}@monstl tuting R9 and M or Rl' and Rl °, together with

t he nitrogen atom i_C rm, or polycyclic

het er ocsycl e that |vssheor\|g}ino%%1}€? sg'g? tdt %‘2?‘36."5’2 one or more radicals

sel ected fronﬁlkﬁé@dupaé’b'héil lngaldﬁomxoalé@?‘lﬂé%yhnd quaternary salts; or
15?14 and R1|5 amyn%mw ha!.iaﬁlﬂlhid’ oq;pm%qm}rwawwmrwey are att;iched
orma cyC|cr|n ecte t ar onsisting of 20
al'kyl) al kenyfY Ja?qﬂ‘ﬁw °P8y81‘%§f3kyﬁre Felsh F’d EHR S i o

anmoni unal kylsu@mwugmmsaw;m fra?r“ylt pkgprouéa@%iwnqa Of

car boxyhet eroarg/l @anhoxyheser®cycdl e, gar Xy 1ccanboxyal kyl am no,
heter&éryl aI H‘@t&ocyé&l%l k7§/|A '2§Rand K?\ n%ﬁﬁﬁmﬁ(ylz’\ rand R~ and

R8 are i ndepes_n@rga ysESEfCtEBEIP oreot he gbwpgé?gg%%y% drogen and

al kyl'; and one or are’ 1 ndep &ndént e group
consi sting of~dgrgiRyl, al kenyl al kynyl, 30 pol yal kyl acyl oxy, aryl,
aryl al kyl , ?ogen hal oal k cycl oal ky het er ocycl e, heteroaryl,

pol yet her quat err‘i" Bevenpt &t claelke&é(éteﬁngwynet% }B%er ‘OR13) ~13R14~
SR13~ S(0) R13%1K86@) 2R1Box@aBSIIT (lp'bIEaSHEETa(:'RMLEaﬂﬁ)cycmWOI 687

PGT/ US89/ 12825 3Lt £, 0p2002040 SO3RL3. S+RIARIS i 4, ~13~14R15~
NO2, CO2R13 , "CN, S020M  S02NR13R14 NRl O)NR13R14

NR14C( 0) R13, () aVR7eERA3, CRI), S309) nERRER- J\I ~A~,18&R14~ N+ROR11R12A
5 P+R9R11R12A-H r11 no-aci d, peptide) pol ypeptide, and carbohydrate, wherein
al kyl, al ken)ﬁ 9 yl, cycl oal kyl, aryl, polyal kyl, heterocycle, acyl oxy,

aryl al kyl, wherein R9, Rlo, and R¥Y are independently
selected from the group consisting of H, alkyl,
20 alkenyl, alkynyl, cycloalkyl, aryl, acyl, heterocycle,
ammoniumalkyl, arylalkyl, carboxyalkyl,
carboxyheteroaryl, carboxyheterocycle, )
carboalkoxyalkyl, carboxyalkylamino, heterocarylalkyl, '
heterocyclylalkyl, and alkylammcocniumalkyl; or

25 Rl and R2

they are attached form C,-C;, cycloalkyl;

R> and r? are independently selected from the

taken together with the carbon to which

group consisting of H, alkyl, alkenyl, alkynyl,

acyloxy, aryl, heterocycle, OR9, 9Rlo, SR9, S(O)Rg,

30 S0oR°, and SO3R°

NR

, wherein R’ and R are as defined

above; or

3 r11

and R4 together form =0, =NO

12 -NR , or CR11R12

R , =8,

=NNR1R
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hal oal kyl , pol yether, quaternary heterocycle, and ) 10 quaternary
heteroaryl can be further substituted with OR9, NROR10, N+ROR11R12A-31 8&D200:
S(O R9, SOMRPVUEMR9 oxo0, CO2R9, CN, hal ogen, CONRORLO, MUAGMA/I28B2NRIR10)
PO (ORI ) OR1', P+ROR11R12A-, S+RORIOA , or C (O OM and wherein R18 is
sel ected fromthe group consisting 15 3% acyl, aryl al koxycarbonyl,
arylal kyl, heterocycle, heterqaryl)_ abkyl, wherein acyl,
aryl al koxycar bonyl , HREFIKW) ﬁé@e?ocyﬂ%,lqilépéfleﬁ?ﬁl’ sgleFtedquat er nary
het erocycl e, andrgwatké nafauphebas D8t yhg ot imnalkyl aralKéhydybstituted with
one or nore substit ts | e t nsiSt.J g, NRORLO,
N RORL LR 2ASRS, SUHED: e S EOaHb L kB B B atlev E Riomio,
SO3R9, S020M SHERROFAYVS1ePOCERPE¥IRIKYL arfp EOBEKOXNA L5 mherein in Rx, one
or nore carbons are optionally replaced 9y .09 MNR13,. N+ AHA-~ S, SO, 502,
SLRISA P, P O RIGAT R St TR e O A B oSt & Bt de.
POl Ypept i de, caibgRydrgim® PebyRPNCEN, Mokl kyb) A% weedrA?in said
pol yal kyl , phenyléne! am no acid, peptide, polypeptide, and carbohydrate,
one or nore SUBGRIFLTE SHEEE tRULEZ6)s qM-RQl 086, RFUWISA14RE28 3 ~ D E
C 2002 47 carbons are optlogally replaced by O NR9, N+RgRICA , S, SO, 502)
S+RI9A-, PR9) p+aamosa@- ,amit RP( 6ai8ot wiber@H n Njwatarh&y ket er ocycl e and
quat ernary heteroaryl;pare opthonal ly substituted with one or nore 5 groups
sel ected fromthe grivup Gn&i st FeREReRIAAR EREKBHYTOSE IBInFRTPPRI yal kyl |
pol yet hexrg aryl atom tmalvwislckythepyat®adttdchedetferncy ctwsliar yliagkyl ) hal ogen,
0ox0, OR13, NRI3R14~ SR13~ S(O R13, S02R13, SO3R13, NR130R14,,}R13NR14R15~
NO2, CO2R13, CN, OVR10:5S@FYUM SSestyaurec wichopnsg 3¢8 401y OROM - COR13,
P(0) R13R14~ p+R13R14R15A.~ P{ER13) OR +R1I3R14A: N+ROR11RI12A , or a
pharmaceutical ly acc@p A lI“eEsaI t“)> s%?jljéacf%,d%r%oér Q&% ereof. 15 Preferred
conpounds i n thrergissincaed ebipburnikkemdr eAkyRBl i PERALKydbstituted with
%er acéiogal sel E/gf:&ﬂyé’&?é‘ﬂ,oﬁ”g?bﬁ ﬂfﬂﬁ;l]@?ﬂSiaﬁkiymeﬁianC (O NR 'dR’ \%/h and

' . [ eferred co n t hi r.e .conpounds erein:
RS is pﬁghyl suﬁg¥§¥QE§§§qﬁF¥%agB$§ﬂi%%5§1§§t§%?§ﬁg§§}$¥%¥%'the gr oup
consi sting of NRYcX®FIFYINRheraTOQYRL NRBEGCEIRETYL . CRPRFCXNATYdi nents of the
iﬂvenLion a;g LyéféﬁﬂbyﬂlbeCﬁﬁikéfhé%#ﬂﬂﬁﬂ%f&a@?lFOhémEfbdyclbﬁﬁh$ﬁ}?g each of
t he above enbo n t he follow ng
condi tions exi s%‘&%‘%rxﬁgfﬁgiR~&§ataréeeexﬁ?#dgggﬁég%? é%’é elckt%'(eid fromthe group
consi sting of hFeRRFERTANACEERATY BigNErafilFoxrellnt R are i ndependent |y
sel ect ecof rom t Aekygrammpndansikyi ngard C1_6 al kyl. More preferably, Rl and
R~ are

)

carboxyalkylaminocarbonylalkyl,

13b

R is substituted with one or more groups

selected from the group consisting of ORQa, NRQaRlo,

11,12, - Sa Sa

N*R73R11R127-, srR72, s(0)R%®, SO0R®?, SO03R’®, ConRrYE,

25 conr®2r10, so,nr%2R10, p*R%3RMORIIA-, and s*r%3R10A-,

wherein A" is an pharmaceutically acceptable
anion and M is a pharmaceutically acceptable cation,
and

wherein R9a

is selected from the group consisting
30 of carboxyalkyl, carboxyheteroaryl,
carboxyheterocycle, carboalkoxyalkyl,

carboxyalkylamino and carboxyalkylaminoalkyl;

SUBSTITUTE SHEET (RULE 26)



35 the same C,.6 alkyl. Still nore preferably, R and R2 SUBSTTTUTE SHEET
(RULE Z6) W08y 01687 48 PCTNS99/12828 3 ? D E C 2002 gre n-butyl; and/or
(2) R and RVAre i ndependent |y sel ected fromthe group EEFYPREEY of3 1 OEC 2002
hydrogen and OR9 wherein RO is defined as set forth above. Preferably, R

is hydrogen 5 and Ris OR9. Still rmréopreferably, R is hydrogen and Ris

hydr oxy; and/or (3)_.Bs.iS_substi I ef . R5 is, - w
substituted phenyl. Ryvot @ ?)?e ce?%%ll%r, q\?gﬁigsg%%ébnfﬁkg%g%?gu?feg{W| th a

radi cal sel ect edktRonhikeny} ouplin@ydonsrsli MyGPa&R¥L, NR'C (O R, NR'C
(O NR'Rs, NR~'CO-R', OC(0)R13, OC(O)NRI 3Rl e, NR]13650R14s NR13S"CGsRl 4r
NRL3SONRLR s, FeLRECREFLSO, ﬁ@a‘megé]:ﬁr%yﬁep\,. nd’ are as set forth

above. Still r pef Y, IS -Phenyl substituted with ORL'. Still
nore prefer ablng,(shg i's§|6o enyla{%gsoﬁgst’i tuted at the para or neta position

with ORF wherein Rwhereimprales aajkangl naalkymotler 8tytl e, quaternary
heteroaryl or gybsbhikied @l c@1d/ Ofudlrrdey heb¥dbogers, apd/ or (5) R
and Re are indgyendenﬁ% sel eé(}%eg%from&%he 0 ﬂro Rycon i Sti ng of hydrogen
and al kyl . PrefBREBFHATR DELRFRTYar Eaf‘n]a%p%ﬁ’(fé" ﬂ"g ge‘f”e?s:}fe?f’% dm t he group
consi sting of hydeogebskitthet Grahpyl in@Gtpdridemyly pedéered|fromR and Re are
hydrogen; and/ ghe(&rolp ¢cnsSfltSHLE sl BOEYE NG 10eaYR, CAMBISHI Ng of 2 5 ORI
and NR'R". Prefgra.ﬁ%gl R'" 1s selected. fromt e ?rou§ ]go |Y§t|ng of al koxy, N
ami no, 181 kyl anPROYaHT Hi BReHRSTo. 3871 | m%;@, Btef 87% ‘?@‘ "is selected
fromthe grouphevestsychs ciryvietlryly gquat&thadiynmbehgraeyeles, The i nvention is
further directed to a conpound selected from am)ng: 135 SUBSHI,TUTE SHEET

(R ILE 26) \V@raeevnany berexasrylr-Balegen. eFPmufR D )N® ®z ‘Rzo - R-9-

Rz~ (Formul a Dbﬁ;u or14, nr13nNR14R15,

13R14,

, S(0)RY3, soor*3, so3rY3, MR

NO2, CooRZ, N, oM, sosoM, sooNRY3R4, c(O)NR

13

15 c(o)oM, Cor3, NR¥™C(O)RY, NR™C(O)NR™R**, NR™CO,R*,
OC(0)R*, OC(O)NR¥R', NRSORY, NR¥SO,R', NRSONRR®,

13R14 +,13,14,15

NR¥SO,NR™R*®, P(O)R , pTRI2rR4R1°A", p(orY?)or?4,

s*R13r1%2", ana N*rR°rR}¥r¥2a7,
wherein:
20 A" is a pharmaceutically acceptable anion and M
is a pharmaceutically acceptable cation, . )
said alkyl, alkenyl, alkynyl, polyalkyl,
polyether, aryl, haloalkyl, cycloalkyl, and
heterocycle can be further substituted with one or
25 more substituent groups selected from the group

consisting of OR’, NR'R®, SR, S(O)R’, SO2R’, SO3R’,

C02R7, CN, oxo, CONRvRB, N+R7R8R9A-, alkyl, alkenyl,

alkynyl, aryl, cycloalkyl, heterocycle, arylalkyl,
quaternary heterocycle, quaternary heteroaryl,

30 p(0)R'R®, P*R7R®R®A", and P(0) (OR7)OR®, and

wherein said alkyl, alkenyl, alkynyl, polyalkyl,
polyether, aryl, haloalkyl, cycloalkyl, and

SUBSTITUTE SHEET (RULE 26)



10 and Rzz Rzo---R-e-Rz~ (Formu la DI 11 ) 15 Rza PGI/US99/12828 31 D E C
2002 mhereu&oﬁ%gv%s sel ected fromthe group 20 consisting of alkane & YOEC 200
al kene diyl A diyl, polyal kane diyl, alkoxy diyl, FEONusees2sdiy|,

pol yal koxy diyl, car bchydr ate, am no aci d, pepti de, and pol ypepti de,
wher ei n al kane din al kene diyl, al kyde diyl, polyal kane diyl, al koxy
diyl, polyet herFéée%a!&cl@OéaM@' Eewnadlw navar bahysh Xoge agkRonaACi d,
peptlde and pol ypeptide can op |onaLJ have one or nore garbon At ons

repl aced by O NBplaNé‘R~RBOS,NR O NSRS AS+RSRESO P2 ,PSRRAB:, (tReny| ene,

het er ocycl e, quatarn gry e,} ocycl e, quaternary helt eroeiryl or %0 aryl,
wher ei n al kane @i(gbhR al R’éme? di-y| pr aphenydedeyl| angd yaI Rafe dm@'IR al koxy

di yl, polyetheragéy d9§§ys%Péebed9§EQﬂhVE@Egﬁbiia@bﬂgléﬁddb pepti de,

and polypeptlde can e su stitate one bstituent groups
i ndependént |y sBFf eBYSEPIFYMALREL gr BMiiF né(&nsf‘yﬁ"?‘g'ofp" Yﬁgkb’fm kenyl ,

~al kynyl , SUBSTTHbT{ze QiEET £l EaZ¥)alky\) - @Dk PIE871 :RBYLUS99/ 12828 31DEC
2002 50 ponaIk het er ocycl e,
aryl al kyl, hal ogen}’ﬂg%ee‘t{%”éaﬂﬁp %ﬁy@g%&g&?%ﬁ%ﬁomm SO3R13,
NRL30R14, NR13NR¥gRazliNp? hetsrraveionheerfos TUEFSRRABR14~ O O) ~13R14~
5C(O oM C%Gtemd@ld?lwdemwmmﬁéaﬁﬂh Hete@Rkeyy1 ¥l Ky1SRl aR~A- ,
and 89811812A¢ ¥ggr i onal |inkages by
whicw+R % IS bonﬁE%Fo éa%%l 8u;&ggﬂ%%?nﬁ?ﬂpgéégﬁiizﬁgg&% Formul ae DIl and
DI, and R~ |ﬁu%%rriw&?ﬁ&iﬁﬂa’éykﬁlk#&rnﬁ%Pﬁaﬂi Ylgach of R-, R-1, or R ~
and R' conpri sesliaybemamtiumepkpe, nmdety as described above that is

t herapeutical Iy, §§%§%§ \gz%g%lhggg§5 gqgékgeal bile acid transport. The

invention is also a_comnpou 5 selected frgtls fnnng Forrul a DI
Fornula DI | and Forrﬂﬂ%FQHq BLKRL Wi i habF Yland R~
conprisas a benzetdéreptdie, nanatyblynmkgapopdiomgllythayeFonau¢nﬂmtﬁb ) g (0)

n Re R1 7 (Formula DI RR3 20" ~ Rs r: SUBSTI TUTE SHEET ( RULE
26) ( carbonsv)replaced by O, N|§§ o190 55950, 303, (
+.9 S +,9.10

S*rR°A", PR®, P'R°R*"A-, P(O)R’°, phenylene,
carbohydrate, amino ac1d, peptide, or polypeptide, and

R13, R14, and RlS

20 one or more groups selected from the group consisting

are optionally substituted with

of hydroxy, amino, sulfo, carboxy, alkyl,

) carboxyalkyl, heterocycle, hetercaryl, sulfoalkyl,
gquaternary heterocycle, gquaternary heteroaryl,
qguaternary heterocyclylalkyl, quaternary

25 hetercarylalkyl, guanidinyl, or®, NrRR1?, n*RPRIIR1Z2p-
, srR?, s(0)R®, S0oR®, s03r®, oxo, COsR®, CN, halogen,
coNrrY%, soo.oM, s0oNR%RYC, Po(OR}®)0R?7, P*RRIORIA-
, s*R°R1%A-, and c(o)om,

16

wherein R and Rr7 are independently selected

30 from the substituents constituting R9 and M; or
R* and RY, together with the nitrogen atom to
which they are attached form a mono- or polycyclic
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WO 00/ 01 687 PCT' NS99/ 12828 31 p E C 2Q02 51 R8 . Rl (Forrmula DIVA) R2 R3 5
10 15 Rs Ry wﬁ%s erein Rl) R, R, R) R5, R6, R, Re, R 9 and n _are_as
defined in FOrmila | as described above, and R55 is eit HETUS%¥U38% ent3 ToBH@2002
or arylene. In conpounds of Formula DIV, it is particularly preferred that
each of R~, RZ', and R~ in Formul ae*Di | and DIl, and R~ in Fornula DIII

be bonded at iHetefeEy8ipOchdt Gx bptRdRalln sammitntedoviEar omé a0l VA) it is
particularly preferred t RS | qu ' nded at a m
or p-carbon tﬁgFgoFagécégg.S%ié%%%?ggggﬁ or |é¥%ﬁgﬁiﬁggﬁgé¥ Qpb~ I i (Rx)a

R SUBSTTTLTTRXSHEERrbkY b )augtergaayy |$31 R 95 r WO 001 01687 R~ O d
Rl4 and Rls, together with the nitrogen atom to
5 which they are attached, form a cyclic ring; and

R is selected from the group consisting of
alkyl, alkenyl, alkynyl, cycloalkyl, aryl, acyl,
heterocycle, ammoniumalkyl, alkylammeoniumalkyl,
arylalkyl, carboxyalkyl, carboxyheteroaryl,
10 carboxyheterocycle, carboalkoxyalkyl, )
carboxyalkylamino, hetercarylalkyl, heterocyclylalkyl,
and alkylammoniumalkyl; and

R’ and rR® are independently selected from the

group consisting of hydrogen and alkyl; and

15 one or more R* are independently selected from
the group consisting of H, alkyl, alkenyl, alkynyl,
polyalkyl, acylexy, aryl, arylalkyl, halogen,
haloalkyl, cycloalkyl, heterocycle, heterocaryl,
polyether, gquaternary heterocycle, quaternary

20 heteroaryl, oR*3, NrR¥?3r14, sr'3, s(0)r3, s(0)2r'3,

SO3R13, S+R13R14A-, NR130R14, NR131\TR14R15, NO»,

N

coor*3, coN, oM, so,oM, sooNRY3RY4, NR¥C(0)R¥,

c(o)NrRT3r14, NrMC(O)R13, C(O)oM, corl3, orlE,

8 9,11 12A-,

s(0)nNR*8, NrR13R1®, Nr1Cor!4, N*RRIIR

25 P*RPR*R12A", amino acid, peptide, polypeptide, and
carbohydrate,
wherein alkyl, alkenyl, alkynyl, cycloalkyl,
aryl, polyalkyl, heterocycle, acyloxy, arylalkyl,
haloalkyl, polyether, quaternary heterocycle, and
30 quaternary heteroaryl can be further substituted with

or?, Nr°r10, N*R%rR}1R12a", sR®, s(0)R®, s02R?, s03R®,

oxo, COzR®, CN, halogen, CONR’RC, sosoM, sooNrZR1O,

SUBSTITUTE SHEET (RULE 26)



5~and 52 R .., .~ -

RsA RR I
any of the A YOIBE or nultimeric structures 10 di scussed RCFiSeW13828| y above,

benzot hi epi ne conpounds of the present invention can be used alone or in
various conbinations. In any of the cdf&pounds of the present invention, R

and R can be et hyl /but
SUBSTTTUTE SHEER® (9RL®

4 R-~ RzA (V)

.r RBA O a Z3A R?PA (iv> RBA (RyA)u~~ RIARe R R2 3

- ~ RBAS RSA (R'"")~ " RBA O (Ry) a r (Rx)3 DR 2007

/) og_buiyl{dutyl . 5518CE/ US99 8 31.D E C 2002
1ezle) P : éé?%

RRUZK00F 0168 F 53 Pt/ s 8239 D E C 2D02

Another class of conpayady P18 Il eLe3tebACkYGRS A G bRb aBhofsGagpounds: O,
of acyl, arylalkoxycarbonyl, arylalkyl, heterocycle,
heterocaryl, alkyl,

wherein acyl, arylalkoxycarbonyl, arylalkyl,
heterocycle, hetercaryl, alkyl, quaternary o
heterocycle, and quaternary heteroaryl optionally are
substituted with one or more substituents selected

. O

10

15

20

25

30

9 9,10 +n9511,12, -

from the group consisting of OR”, NR"R™", N R"R™"R"“A

9

, s8%, s(0)rR°, s0sR®, s03rR®, oxo, CO2R’, CN, halogen,

coNr"r10

c(o)oMm,

5,10

, S03R°, sozoM, s0oNRZRC, Po(OR'®)0OR!7, and

wherein in RX, one or more carbons are optionally

3 +nl13,14 +13

replaced by O, NrY3, N*R13rY%a-, s, so, SO0, S"R™"AT,

PR13

+5,13,14

. P(O)Rl3, P R""R™"A-, phenylene, amino acid,

peptide, polypeptide, carbohydrate, polyether, or

polyalkyl,

wherein in said polyalkyl, phenylene, amino acid,
peptide, polypeptide, and carbohydrate, one or mocre

S +.9.10

carbons are optionally replaced by 0, NR”, N'R'R™"A,

+59 9 +59-,10

S, SO, 802, S$"R’A-, PR®, P"R°R""A-, or P(0O)R%;

wherein guaternary heterocycle and quaternary
hetercaryl are optionally substituted with one or more
groups selected from the group consisting of alkyl,
alkenyl, alkynyl, polyalkyl, polyether, aryl,

haloalkyl,

cycloalkyl, heterocycle, arylalkyl,
13,14

halogen, oxo, OR*3, NrR13r'4, sr'3, s(0)r!3, sour?3,

13

13,;p14,15

so3r*?, NrY3or?%, NrRI3NRI4R1S, No,., CcO2RYZ, cN, oM,

soooM, soaNRI3R4, c(o)NrI3R14, c(o)om, cor?3,

13,14

P(O)R™"R

9

and N*RR

11,12, -

, P*R¥3rY4R1%27, p(orR?3)0RY, stRIZR4n-,

, OY
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8u Bu Me2N\ ~~OH O~ R = PEG 1000 R5 O .OBu Bu Me2N\ ~~ON O Me-S-O \ O

O-Nt \ I HooGublss7l0 N CF3 0 0 N+l SUBSTI TLr TE SKEET (RULI;E%% ozl
00101687 54 QSO ~N ~ 0 0 \ N 03 U SUSSTTTLTTE SHEET (RULE 287828 24 pgc 2002

PCT/ US99/ 12828 31 D E C 2002 24

a pharmaceutically acceptable salt, solvate, or

prodrug thereof.

Preferred compounds in this class are compounds
5 wherein:
R® is phenyl substituted with ORY;
R* is selected from the group consisting of alkyl
and alkoxyalkyl; and
R is substituted with one or more groups

10 selected from the group consisting of OR™ and NR™RY;
and )
R® is selected from the group consisting of
carboxyalkyl, carboxyheteroaryl, and
carboxyheterocycle; and
15 R*® is carboxyalkyl.

A fifth class of compounds of particular interest
consists of those compounds of formula I wherein
g is an integer from 1 to 4;
20 n is an integer from 0 to 2;

R and R? are independently selected from the

group consisting of H, alkyl, alkenyl, alkynyl,

haloalkyl, alkylaryl, arylalkyl, alkoxy, alkoxyalkyl,

dialkylamino, alkylthio, (polyalkyl)aryl, and )
25 cycloalkyl,

wherein alkyl, alkenyl, alkynyl, haloalkyl,

alkylaryl, arylalkyl, alkoxy, alkoxyalkyl,

dialkylamino, alkylthio, (polyalkyl)aryl, and

cycloalkyl optionally are substituted with one or more
30 substituents selected from the group consisting of

S +59.,10 W 9 +59,10,11, -

or®, NrRRr!?, N*rR°R1%RYA", sRr , S'R’R*A". P'R°R™"R"*A",

S(O)Rg, SOzRQ, SO3R9, COzRg, CN, halogen, oxo, and

coNr’R2Y,
wherein alkyl, alkenyl, alkynyl, alkylaryl,
35 alkoxy, alkoxyalkyl, (peolyalkyl)aryl, and cycloalkyl
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optionally have one or more carbons replaced by O,

Nr?, N*'R9R1%A-, s, S0, S0, s*R%a, P'RR%A, or

I

phenylene,

wherein R9, Rlo, and RY are independently
selected from the group consisting of H, alkyl,
alkenyl, alkynyl, cycloalkyl, aryl, acyl, heterocycle,
ammoniumalkyl, arylalkyl, carboxyalkyl,
carboxyheteroaryl, carboxyheterocycle,
carboalkoxyalkyl, carboxyalkylamino, heteroarylalkyl,
heterocyclylalkyl, and alkylammoniumalkyl; or

RY and R? taken together with the carbon to which
they are attached form C,-C,, cycloalkyl;

R> and R? are independently selected from the
group consisting of H, alkyl, alkenyl, alkynyl,

acyloxy, aryl, heterocycle, OR9, NRQRlo, SR9, S(O)Rg,

SO2R®, and SO3R°, wherein R® and R*® are as defined

above; or
3 and r? together form =0, =NOR11, =8,

S or CR11P12

R

=NNRYIR1Z, =NR®,

wherein R? and r! are independently selected
from the group consisting of H, alkyl, alkenyl,
alkynyl, aryl, arylalkyl, alkenylalkyl, alkynylalkyl,
heterocycle, carboxyalkyl, carboalkoxyalkyl,

cycloalkyl, cyanoalkyl, or?, NrR°rR2?, sr®, s(o)Rr%,
sost, SO3R9, COst, CN, halogen, oxo, and CONR®R 10
wherein R9 and R0 are as defined above, provided that

both R3 and R4 cannot be OH, NH,, and SH, or

r*1 and Rl2 together with the nitrogen or carbon

atom to which they are attached form a cyclic ring;

R® is aryl substituted with one or more OR13b

13b

!

wherein R is selected from the group
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consisting of alkyl, alkenyl, alkynyl, polyalkyl,
polyether, aryl, arylalkyl, alkylarylalkyl,
alkylheteroarylalkyl, alkylheterocyclylalkyl,
cycloalkyl, heterocycle, heterocaryl, quaternary

5 heterocycle, quaternary heteroaryl, heterocyclylalkyl,
heteroarylalkyl, quaternary heterocyclylalkyl,
quaternary heteroarylalkyl, alkylammoniumalkyl, and
carboxyalkylaminocarbonylalkyl,

R13b ig substituted with one or more groups

10 selected from the group consisting of )

carboxyalkylheterocyclyl, NR°R'C2, conr®r102,

SOzNRgRloa, P+R9R10aR11A-, and S+R9R10aA-,

wherein A~ is an pharmaceutically acceptable
anion and M is a pharmaceutically acceptable cation,

15 wherein R10a is selected from the group
congisting of carboxyalkyl, carboalkoxyalkyl,
carboxyalkylamino, heteroarylalkyl, and
heterocyclylalkyl; or

R6 is selected from the group consisting of H,

20 alkyl, alkenyl, alkynyl, aryl, cycloalkyl,

heterocycle, quaternary heterocycile, OR3°, SR9,

s(0)R?, s0srR®, and so03R?,

wherein alkyl, alkenyl, alkynyl, aryl,
cycloalkyl, heterocycle, quaternary heterocycle, and
25 quaternary hetercaryl can be substituted with one or
more substituent groups independently selected from
the group consisting of alkyl, alkenyl, alkynyl,
polyalkyl, polyether, aryl, haloalkyl, cycloalkyl,
heterocycle, arylalkyl, quaternary heterocycle,

30 guaternary hetercaryl, halogen, oxo, OR13, NR13R14,

srY3, 5(0)rY3, s0oRr*3, s03r*3, NRMZ0R4, NRI3NR14R1S,

NOp, COnR*3, cN, oM, soz0M, sOaNRM3RY4, c(0)NR1ZR14,

’
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C(0)OM, CORT3, NRMC(O)R™, NR¥C(O)NR™R*, NR*CO,R™,
oc (0)R*, OC(O)NR¥R', NRYSOR'‘, NR*SO,R'*, NR*’SONR*R'®,

NR”SO,NR“R“, P (O)R13R14 ’ P+R13R14R15A- . D (ORIB) OR14 ’

S+R13R14A- . and N+R9R11R12A- )

5 wherein:

A" is a pharmadeutically acceptable anion and M
is a pharmaceutically acceptable cation,
said alkyl, alkenyl, alkynyl, polyalkyl,
polyether, aryl, haloalkyl, cycloalkyl, and
10 heterocycle can be further substituted with one or
more substituent groups selected from the group

-

consisting of OR’, NR'R®, SR’, S(O)R’, SO2R’, SO3R’,

cosr’, CN, oxo, CONR'R®, N*R7RE®R®A-, alkyl, alkenyl,

alkynyl, aryl, cycloalkyl, heterocycle, arylalkyl,
15 quaternary heterocycle, quaternary heteroaryl,

p(0)rR’R®, P'R’R®R°A™, and P(0) (OR’)OR®, and

wherein said alkyl, alkenyl, alkynyl, polyalkyl,
polyether, aryl, haloalkyl, cyclocalkyl, and
heterocycle can coptionally have one or more carbons

20 replaced by 0, NR’, N*R'R®A-, s, S0, 502, s*R’A-, PR’,

) p(O)R’, P*R7R%A-, or phenylene, and R*3, R14, ang r?S

are independently selected from the group consisting
of hydrogen, alkyl, alkenyl, alkynyl, polyalkyl,
polyether, aryl, arylalkyl, alkylarylalkyl,

25 alkylheteroarylalkyl, alkylheterocyclylalkyl,
cycloalkyl, heterocycle, heterocaryl, gquaternary
heterocycle, quaternary heteroaryl, heterocyclylalkyl,
heterocarylalkyl, quaternary heterocyclylalkyl,
quaternary hetercarylalkyl, alkylammoniumalkyl, and

30 carboxyalkylaminocarbonylalkyl,

wherein alkyl, alkenyl, alkynyl, arylalkyl,
heterocycle, and polyalkyl optionally have one or more

carbons replaced by 0, NR’, N*rR7r%%-, s, s0, so ,
2
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s*r%2", pr®, p*rR°R%%A-, P(0)R’, phenylene,

carbohydrate, amino acid, peptide, or polypeptide, and

R13, R14, and R*® are optionally substituted with
one or more groups selected from the group consisting
of hydroxy, amino, sulfo, carboxy, alkyl,
carboxyalkyl, heterocycle, heterocaryl, sulfoalkyl,
quaternary heterocycle, guaternary heteroaryl,
quaternary heterocyclylalkyl, quaternary
heteroarylalkyl, guanidinyl, oR?, Nr°rRYP, N*RORIIR1ZA-

, sr?, s(0)R®, so»r®, s03R®, oxo, CO2R®, CN, halogen,

conr®rY?, sosoM, s0anr%RI0, Po(OR*®)0RY7, P*RORIPRIIA-

, s*rR°RY%A-, and c(o)om,

wherein R*® and R17 are independently selected

from the substituents constituting rR? and M; or

R*?® and R, together with the nitrogen atom to
which they are attached form a mono- or polycyclic
heterocycle that is optionally substituted with one or
more radicals selected from the group consisting of
oxo, carboxy and quaternary salts; or

R4 and Rls, together with the nitrogen atom to
which they are attached, form a cyeclic ring; and

R* is selected from the group consisting of
alkyl, alkenyl, alkynyl, cycloalkyl, aryl, acyl,
heterocycle, ammoniumalkyl, alkylammoniumalkyl,
arylalkyl, carboxyalkyl, carboxyheteroaryl,
carboxyheterocycle, carboalkoxyalkyl,
carboxyalkylamino, heteroarylalkyl, heterocyclylalkyl,
and alkylammoniumalkyl; and

R’ and R® are independently selected from the
group consisting of hydrogen and alkyl; and

one or more R* are independently selected from
the group consisting of H, alkyl, alkenyl, alkynyl,
polyalkyl, acyloxy, aryl, arylalkyl, halogen,
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10 I n anot her aspect, the present invention provides a pharmaceuti cal
conposition for the prophylaxis or treatnent of a di sease or condi tg);)lnnlf_[pmz
which a bi I'WOYBETT| T2 E SHEET (RULE 26) 31 D E C 2UUPCAYSIVI2826

PCT/ US99/ 12828 61 acid transport inhibitor is indicated, such as a

hyper | i pi demi ¢ condition, for exanple)3%therosclerosis. Such conpositions
nmay conprise anya2batke1 corpoidkydi Seéeseityabeychetdsaryar, in 5

conmbi nation, in ag arTBunt effective %otreducgebi I eaﬁae(:iln% |l evel s in the

bl ood, or to reBAt¥CFPEhs B TREFEoPeEFGCSs%di FertTVE Ly st em nenbr anes,

and a phar rraceu{,l%ﬁgi,ggrgfcqﬁ{mbl freagt4 ergpléxciph el @ ofigtent. 10 In a
further aspect, e present I nvention also provides a nmethdd of treating a
di sease or condgglRh3i ngtpekipaldg, i RRldchIy REPApRI4EE, wWabch a bile acid
transport inhibitdr is indicated, conprising admnistering to a patient in
need any of thecd5rEdNMPAUNGSM disesbasesoaldral al mwiec o) H*h, combi nation, in
an effective anount in unit dosage formor in divided dgses. In a further
aspect, the pregeofNRhVEM, ammialkcs0) RIDYidies omhecost® ofordfly of the conpounds
di scl osed 20 above) al pne or, . n,conbj pnat.ion, i reparation of a
medi canent for %é@?hm é:eé.‘ﬁlr?@qgldﬂﬁé%}iémor NEB%@%?&% i'n mammal s, incl uding
humans, for which @ bjlg acid transport inhibitor is indicated, In yet a
further aspect,PtReRprREsént: iaMd8At peH 2PeRFA8E prRf} RAPIFA6ced¥Es for the
preparati on of ecarpstwdlsamef, the present invention as discussed in greater
det ai | | ow. Further e he jscahi | of ent invention
w | | beggme apparentw}?grzge% ﬁg&a’éf a??’g%walo gyé:ﬁ?(lpticna%rag\%?géd bel ow.
However, it shodff bePUYFiSHooBetRERCHHE  f BFY HFNg FHaLKkBY: descri pti on
and exanpl es, wealealkad calolyerheef edutragbodhabantscyeflet hend nvention, are
given by vay ofgilddisldaf HiRonbyy Pl 6P NALLOUTeLNARARS (300 el | cati ons
within the 35 spirit and scope of“the Invention w ecome apparent to
those skilled iorY havets % r atrPht SrtRx 3 lordl, YRS ISR SHEGIRT,RULE 26)
WO 00/ 01687 62 description. DETAI LED DESCR| PTI ON OF THE | NVENT| ON 5

15 oxo, CO2R®, CN, halogen, CONRZRI®, sojoM, sooNrRRYC,

PO (OR*)0R*’, P*RRYMR'2a", s*rR7R'®A", or C(O)OM, and

18 j5 selected from the group consisting

wherein R
of acyl, arylalkoxycarbonyl, arylalkyl, heterccycle,
heterocaryl, alkyl,

) 20 wherein acyl, arylalkoxycarbonyl, arylalkyl,
heterocycle, heteroaryl, alkyl, gquaternary
heterocycle, and guaternary heteroaryl optionally are

substituted with one or more substituents selected

from the group consisting of or®, NR°R1C, N*RIRIIR1Za-

25 , srR®, s(0)R®, sosRr®, s03R®, oxo, COzR®, CN, halogen,
coNrR®RY®, so3rR®, so.0M, sooNRZRYC, Po(OR*®)0R?7, and
c(0) oM,

wherein in RX, one or more carbons are optionally

replaced by 0, NR*3, N*rY3rRYa-, s, S0, s02, s*rY3aC,

30 PR13, P(O)Rl3, P+R13R14A-, phenylene, amino acid,
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PCT/ US99/ 12828 31 D E C 2002 The followi ng detailed description is pr ovi ded
to aid tmpgqo,ﬁ*gk; led in the art in practicing the preseg&T]Hgven | on. [rgt-[: 0

so, this detalled description should not be construed t i mit th
present invention 10 as nodificationg,and variations in the em)bodl ment s
di scussed herein can be made by those of ordinary skill in the art w thout
departing fronpepeidspi polypeptidspe C@fi‘bphﬁdﬁ%%remﬂb’ﬁ#éﬁﬂ erdi scovery. The
contents of eagh@edikhe references cited 15 herel n, including the contents

of the references cited.within t ry_fefgrences, .are herein
i ncorporated by refSt%§¢8 R § lpogh'?%g? f I’?I%tgl o%fsm% ?C:L%‘r der to aid
the reader in mpmcm,a@oﬂ]ﬂgemheief,olahdengb@@t%nat@d Qé§cPFpF\P§ﬁ t he

followi ng definitions are provided: "Al kyl", "al kenyl, +a9d1 al kynyl "
unl ess Bt her wi S¥BRAS@TEr ePekRNR LY 5?8?1?‘3%‘111&?5‘?1 %r MBr an¥hBdR) °55: thai n

hydr ocar bons én%ﬁ %e %gwen ca bg 1dor %I k)él ?)ﬁstV\D to twenty
e r

car bons for sent |nven on’ and therefore - -- ---

nmean, for exanple whetrieyh, qﬁﬂgﬁnarprhpyéromlyd engetigteonatexyl and

et henyl, prop n n t propynyl
eM[erJg% yle to%axhyl Qﬁ.?é;@iét‘n?.gﬁéld e gne L BY Wb PY Pr opy

butynyl, pentyny ?% espec soners _thereo
means a fully mw&%ea NGO ERRUSEPYR PREASHSRg 8t F‘F’IE}'hdl ng, but not

limtedoto, sudiHeriyltedliynyinsgadyalkyed pdirathernapht’hyl, or 35

ant hracenyl . "Hat cl r ted SUBS" | Tt UTE
SHEET (RULE 16’@"%31%% Eg"f%g‘g&@\o %8#%%%%%‘% f‘#%% %H%gfsza 63 nono- or

mul ti-ring carhowsehe wher Rt QnardPribr esat benoardAs sesrb?, repl aced by
N, S, P, or O. ThIS |ncI udes for _exanple, the foIIovvl ng structures: 5 or
Z~ Zn Z 2~ whes®jrtz, Nﬁ Somd4, miamlf'nl%, M®2,PCodrYd; &, womh the proviso
that one of zZ, Z2', Z" é " Is other_10, than carbon, Il% is not 0 or S
when attached SQQQM‘)OBDENR R oMCH@) ¥R %mjo‘%,e OJ(@n@MorC@Ré attached to

another 0 or S ato rther he opti I bstityen are under st ood
to be Btached® W RZ R k' E'ngr?i R EAonllgl(fvli'k%er}ﬁC@a(l":ih EnggRﬁAThe term”

het eroaryl " neans a bui%é/lynsatur ated heterocycle. In either " heterocycle"
or " heteroar)ﬂnd' ReR p nt® of ®dttachment to the nol ecul e of interest can
be at the heteroat anpbarmdcatticedlyw abceptdbder isagr, 26cTeteépror” quat ernary

het erocycl e” g;:ya%u% bgiegHcycl e in which one or nore of the heteroatons,
for exanpl e, or P, has such a nunber of bonds that it is

positively charged. The point of attachnment of the quaternary heterocycle
to the20 Preferred compounds in this class are compounds

wherein:
R® is phenyl substituted with OR
R* is alkyl; and
R is substituted with NR’R'®; and
25 R’ is hydrogen; and
R is heterocarylalkyl.

13b }

A sixth class of compounds of particular interest
consists of those compounds of formula I wherein
30 g is an integer from 1 to 4;
n is an integer from 0 to 2;

R! and R? are independently selected from the

group consisting of H, alkyl, alkenyl, alkynyl,

SUBSTITUTE SHEET (RULE 26)



25 nol ecule of interest can be at a heteroatomor el sewhere. The term"”

quat ernary ryl" nmeans a heteroaryl in which one or nore of the QEC 2002
heteroatons‘{,)gbogdégégxanpl e, O N S, or P, has such a nunb&FT&F98%8s 30 t hat
it is positively charged. The point of attachment of the quaternary

heteryaryl to the nol ecule of int eresflcan be at a heteroatom or el sewhere.

tSUBST'I' TrL]JT:E SHE'I'EE[aZ(MEjllfGl)alkyYQ‘QD/ %@8351?@'qu1@3281%@1&_¥%,2?02 6ﬁ1 The
erm al ogen f 1 uor .Qr o, r 0 up. e term

hal oal kyl " nean%fag%a 51 °$tF?E¥%@l%’tﬁpo%g£%rﬁr)r§?8 ha o‘gens. 5 The term
"cycl oal kyl " meemelearero- or nultiringed carbocycle wherein each ring

cont aidns ]three to t%éi%rilﬂoalﬁirl)m?e?lkc’éﬁgrl\/\frﬁlk?}ﬂ}rlaﬂhaibﬂgqﬂﬁn cont a: n one f)r
more douple or triple honds, es .| u [ s such as cycl opropyl,
cycl obutibil : cyc?%k Aty ,f %ﬁy%gié]?%ef;f‘?% c%(ac{’@(el%&?, "and cycl oheptyl. The
term "cycl oal kydiabadianiseal pikeHdsepadpesyadivnlo 2a3ydt em®d wherei n t he

cycl oal kyl ringeyefo=A)1Ar BpBichdlil 2@ bibsOiEuvRAWL bt dite SRV @BrERMDEred
heterooycl o 11 gl SIRCCTERN S0t dor WbeLihg s eans 2

di radi cal noiety erein Sa

nol ecul es of i g esipogFle ferTRI0pa0" BRANS e doubI deﬁdlgx?qgen. The
term" polyal kyl" means a branched or 20 strai ght hydrocarbon chai n having
a no| ecub ar vveisgln)n?p Bozagpmoﬁog,,OQ:OQRPrpr@I,prmﬂegabl yoxtp, tamdabout 10, 000,
nost preferably up tqQ _about 5,000. The term" polyether” neans a pol yal kyl
wherei n one or GANRTRALbons are repl aced by oxygen, wherein 25 the

pol yether has a nol ggiah-8EnWe1Ht, WA xkAyBDOA ,19091kfp5ﬁ,lgreferabl y up to
about 10, 000, m)%'go ref&gabl% u top\%ﬁou 5,00 1 The.,term " %gayal koxy"
nmeans a pol ymer? 'k PLERBY X Hes , (PRAFEF A A YpoPfal ?36‘535)’% a 30

mol ecul ar wei ghiptipnad 1abbave 2he) @, mape ecarbaingr abbyacgd thy &hout 10, 000,
nost preferably _up tq_abeyt 5,000. The termg .cyclosmlikyl.i dene” neans a

nmono- o> mul ti A ngddRcBr bbeycie SthefB2n 2 £y boh Bt hifns tPe 35 ring

structure i s dHdny1leasded to an atomwhich is not within the ring
structures. SUBSTTTUTE SHEET9(R E 26) 31 D E C 2002 WO 00101687
PCT/ US991 12828 65 Thdereim R” ca@ bohpddaR® areedmdenendently di-, tri

selected from the group consisting of H, alkyl,
alkenyl, alkynyl, cycloalkyl, aryl, acyl, heterocycle,
20 ammoniumalkyl, arylalkyl, carboxyalkyl,
carboxyheteroaryl, carboxyheterocycle,
| carboalkoxyalkyl, carboxyalkylamino, hetercarylalkyl,
heterocyclylalkyl, and alkylammoniumalkyl; or

R! and R? taken together with the carbon to which

25 they are attached form C,-C;, cycloalkyl;

R3 and R?Y are independently selected from the
group consisting of H, alkyl, alkenyl, alkynyl,

9 9,10 S

acyloxy, aryl, heterocycle, OR”, NR"R™~, SR~7, S(O)RQ,

S02R°, and SO3R?, wherein R° and R* are as defined

30 above; or
R3 and R4 together form =0, =NOR11, =8,
aNrIIRI2 . aNR®, or =cRIIRIZ

SUBSTITUTE SHEET (RULE 26)



or pol ysaccharide wherein the pol ysaccharide can have a nol ecul ar wei ght of

up to aboukod6oie$0, for exanple, hydroxypropyl-nethyl cel chi t osan.
5 The term" peptide" means pol yam no acid cont ai ni ng upk%ﬂgﬁgg{zsldd BiG HaL

acid units. The term" pol ypepti de” ans pol yam no acid containing from
about 100 amino acid units to about 00 am no acid units, nore preferably
fromabout 100 10 apd¥eiaCckE U RU%0 22R0ULASSEnAERITD, aei@cyREl S, nost
preferably from about 100 amino acid uniits to,abput_ 500 am no acid units.
The term " al k§’r’%’ﬁn"3?ﬁ &?&IuPyFon‘ﬁ’e%ﬁi‘é’ga"f\II—é' g?Jo’EPtf]I.P'ora SBne-, di- or
tri-substitutedllagnylo gryip)azyealiyll5abkeshlabkpondelkynyladksglkyl wherein
said al kyl is ponded.1q el heappbachs10f cLphes BsdxyaNgterm™ triazolyl”

i ncl udes all positional isonmers. In-all other_ heterocycles and heteroaryls
whi ch caentai n g9¢Rd1xei , 0Bgahbak gt erSat RTRY, fSR® 2G5 airch i soners are
possi bl e, such 1s rs are inclyded in the definition of s igpheterocycles
and het er oar yl 802Rhe SOaRm. " CQpR ,o'CNrean%anlsuI@GPgrm@),COl\BgR, Caor its
salts. 25 The term" suylfoal kyy" neans an al kyl group to which a sulfonate
group i s bondedwhex@iey & nasdi B aladh ssdpbhbed 2RP¥he RRAVECECetBRt| nt er est .

The term "arylal kyl.'s neans4an_aryl -suhstipyted_al radi cal such as
benzyl . The te}l"?ﬁlﬁ\y«ldQ z?ln%y ar‘f/?lgl‘{%/lhe anéﬂ’dn aé’?y:%’{’k)? radical that is
substituted on the gdlylangr plip YhddiHaReywOtn OEE R ddged Y Tarkbg term
"heterqcyclylal kyl"™ neans.an al Kyl radical .that is suhstityted with one or
nmore 33%eter o%‘i%ﬁ‘ é:°gr"’g‘&5§.t¥’?3éf%¢aﬁltéaﬁ}é?§r TYRIF I KYIC FalPéal s are
“lower heterocyclylgl kyl dj 5 NG4 o HEET (RULE 26) Wo
00i 0~6s~ 66 PGTN895;51§82§ %%%%t%gég oJﬁ'éSAJ(??InDOr e-;ﬁg:te\esr ocycl e groups

attached to anSURIGHtUERE SEPUPRINNGPERECRBLY PR 1 1R Ot e The term
"het er oar yl al kytdupmeansianindg kyfi NrRAW (OaR*t, hHR* Co3MBYRI,ut ed Wit h one or

nor e heteroar yﬂm;%cgg.ggpéc(ﬁfﬁﬁpr&b(loglqﬁeher’o%ws@hkw Nhaa@iog@ks are "l ower

het eroaryl al kyl ", radi,¢al s havi ng one,or, more heteroaryl gfoups attached to
an al kP radi & -38R g orf@% HRt R-FaRbon atoms. The term "quaternary

het er ocycl yl al kyl " wieeaesnan 10 al kyl radical that is substituted with one
or nore quaternary quer?gycl e greups. Preferable quaternary

het er ocycl yl al kyl ~ RadircBI s+ 8% R ondregiREePIRASA St st I@FEIed AFRDI
radi cal s havi ntheorgoap ofieispirice oiahydheden pcylityel gralikemyat,t ached to an
al kyl 15 radi caly,BaMi ngo2Pe1iky ! §R1G8EREP, ALAMP, arylalkyl,
20 alkylarylalkyl, alkylheterocarylalkyl,
alkylheterocyclylalkyl, cyclocalkyl, heterocycle,
heteroaryl, gquaternary heterocycle, quaternary
hetercaryl, heterocyclylalkyl, heterocarylalkyl,
guaternary heterocyclylalkyl, quaternary

25 hetercarylalkyl, alkylammoniumalkyl, and
carboxyalkylaminocarbonylalkyl,
R13, R14, and R15 are optionally substituted with

one or more groups selected £rom the group consisting
of hydroxy, amino, sulfo, carboxy, alkyl,

30 carboxyalkyl, heterocycle, heteroaryl, sulfoalkyl,
quaternary heterocycle, quaternary heterocaryl,
quaternary heterocyclylalkyl, gquaternary

heterocarylalkyl, guanidinyl, or?, NrPRr1C, N*ROR1IR1Zp-

SUBSTITUTE SHEET (RULE 26)



The term "quaternary heteroaryl al kyl" means an al kyl radical that is
substituted with one or nore quaternary heteroaryl groups. Preferable

guat er nary Wé’toglp’(f§7ryl al kyl radicals are "l ower quater naryPgTUs99/12828 1 200
het eroaryl al kyl " radi cal s having one or. nore quaternary heteroaryl éro S
attached to an al kyl radical having ofé to ten carbon atons. The term

"al kyl het eroaryl al kgl " _neans a heterogard al kyl digal that .is substituted
with one 25 or o8 al RYP BrodfeR prEfaF ablP¥al E@?iﬁete a&ﬁﬁlé’ﬁﬁi}r radi cal s
are "lower alkyl heteroaryl al kyl™" %ﬁxgléms i thial kyl7 par4jne_hayi ng one to
ten carbon atonﬁON%‘hé tErgfﬂ%ogzkﬁ dh al l?\ﬁ(bgad%%éﬂ W%ig 9}% sRatfached to

t he remai nder of {hegoppbecul e b en, 30 such as a nethoxy radical. Mre
preferred al koxy trs’aigiig]'jllig' ’aragd' %é%ér{bg’al koxy" radicals having one to six

carbon atons. Exanplggefdirsych jcagh Gl Sriakelvdeal DptdepaprBh0XY, propoxy,
I SO- pr opoxy, but%g and_tent - but oxgﬂh 35 The ﬁermé:%_:% " means the
carboxy gfoup, 2RERRHaRT M (IS 2;pharmageysCel iy TRS 3 G198y WD

00/ 016ST PCT/ US99/ 1 he I'Tarho ha Iglp_gpss yl radi cal
that is substituted wt ef%né orgﬁ%ﬁe c%r%oééas#%u ?s. refeg%ggké

car boxyal kyl radireml shé@rfubdcavaeneardsngtdlcloyingr rdi &@d vhad ng one or nore
carboxy 5 groups attashed «an _al kyl _radi,cal, _havi e i X carbon
atong. The term "car ox%%%:@r’ogfgfgxeﬁe%lnsh %%e?l\eihzggagﬂeaé%%ﬁ:coal that is
substituted wit Whadle Brexere e5Ebehel FidTUps. MPPOThRT tRetHcyclic

"car boxylet er oahgterd®Baile @hhet £ asgtilonaddiyCalibsbituded stitst cheteg Wi th one
or nore carboxy . 'car I y " ns . kyl radical
that is substi tﬂgié%ly%s‘%lhcgg%etsg;&n%er e é%%%allé%xg%é’%{%o%%&gmﬁ:&gl sg!E Preferabl e
car boal koxyal kyP*? adfaidiYared" geatkar g6l kxy@F kyl " radi cal s havi ng one

or nore al koxycarboryil4 groupssattached to. kyl . radi cal__having one to
si x carbon atons. thgeép% Rcar b%?g/%%?fl z"i’ﬁ‘?ﬁogk?re%#sro FRASRG 58 radi cal
that is nono- ovhigh dien pret adtaghed.cdopmxgaFkglic Rrigieor &Bdy, t he

car boxyal kyl substituent is.a "l r carboxyal kyl" radi.cal rein the
carboxy Ygroup is at tﬁﬁ@ds%eﬁﬁe‘g\l,%ﬁm %é‘ igéPuﬁaﬁ?rﬁ%l%tﬁ'é’% S\Iggﬁx car bon
atons. 25 The tabkyl, ®dikienylcoapaond’ meads aycbepbiid of the present

i nvention which_ inhibits transport of bile acifs. %}*‘@1 Lﬁt@d i n conbi nati on,
for exanple " aPRSATAGIC!eor TUALTIAAIK P EeTPRECT Aidi W dual®X erns 30 1 sted
above have the gganidng éogﬂpcaéﬁ‘&' Q@Pe. The term"a bile acid transport

inhibitor" nmeans a conpo.nd’capab of inhibiting absorption of bile acids
fromthe intestine iwhereiheatkykuladtkenylsyslkymps. aarelvmal , such as a

hulmlars. Ehoiz i nCJ:ylﬂlﬁ:%l:i{yli,nﬁé’lé'élﬁééxgzlfeheqﬁﬁ&ékn@i‘?ﬂ@éié}fb@cl%i,| gnacicdgbogs
we as reducing t r%o asnma .or__serum concen .0 1 E
SUBSTTTUTE SHE ?&éﬁ. I%B%egergaryl car’ b sugsgltﬁéég With 2ne’or

more substituent groups independently selected from

the group consisting of alkyl, alkenyl, alkynyl, ‘

polyalkyl, polyether, aryl, haloalkyl, cycloalkyl,

25 heterocycle, arylalkyl, quaternary heterocycle,
guaternary heterocaryl, halogen, oxo, OR13, NR:LBRM,

srY?, s(0)rR*3, s02Rr?3, s03r*3, NRYPorR1¢, NRI3NRI4R1S,

NOz, CO2R*3, cN, oM, sooM, soaNRY3RY4, c(0)NRY3RI4,

c(o)oM, corl?, NR¥C(0O)R*, NR™C(O)NR™R'*, NR™CO,R™,
30 oc(0)R*, OC(O)NR¥R™, NR¥SOR, NR™SO,R'*, NR™SONRYR*®,

NRUSO,NR™R*, P(0)R*R'%, P*RZR*R'°A™, p(0R'?)0R1¢,

SUBSTITUTE SHEET (RULE 26)



WO 001 01687 PCTNS99/12828 31 D E C QU002 68 of chol esterol and chol est erol
ester, ang pecifically, reducing LDL and VhDL cholﬁsf?‘%

or di seasegm\j\?lll%gfl benefit fromthe prophylaxis or treatnen gﬂi gzlsl e gcﬁ @f[/nfggz
transport 5 inhibition include, for @yanple, a hyperlipidemc condition

such as at heroscl erosis. Conpounds The conpounds of the present invention
can have 10 atg*red I Y asy et T ca1%par bon atons, and therefore include
racenat es and stere Ders, such as di astereoners and enantiomers, in both
pure formand in aaﬁl xgure Such stereoi soners can be prepared using

conventi Onal technmtm@@ aepEMaééﬁt&%thnacéépﬁm@t =@HBAI Engtmrting
mat eri al s, by se aratl nl?%caﬁg& oun s. of the present invention.

| somer s nay i r+c'?l GdE’ GEBAET epf-'8 B'cis isomers or trans
i somer s5 across a deableabloyd, a&lﬂens{lchailkmls roleradépienpl at ed anong t he

20 conpounds of1thenpEes 1| rﬂéqrga; 1 Ttg.?cgggpgu_ndgngf the present
invention alsQ iInclude,tau ounds o resent invention as
el 2575, B

di scussed bel G’ﬁ/tFHBFEﬁB%et?%‘?r esﬁ”t‘? E'§o|s FEY BFf uds. Conpound

Synt heses Themstar suhgt bemt adrouper s&éectadtfnecmprtéqsagabupn of the

conpounds of the invention ar£ knewg or _gan be 30 prepared by conventional
net hods known ce8sassing | el FersdR & i fRan 8N PgoFP2fann8P3R o processes
described in the art. Generally, -tlge conpodngs of the present invention can)
be preifared bfFCeRe- p%ce‘??&ﬁesccé@s@rllb@dlzb@l BuR- 3R YL - eRAKPAEL - as shown in

Schene |, reaglk a-teh yc.GJQ:lldal h hetepbelphyde agpdas um hydr oxi de
SUBSTTTUTE SHEET%}I’?ULE 6 Byl oi_oi 6s~ GI#\II]S%I 12878 69

yi el ds the hy&PB%yﬁ?ﬁ%ﬁbgetﬂqcy\ﬂE Chqu5985ﬂ5:8¥t SF 83 ylate IV with
met hansul fonyb(gphbﬁHﬁedep”afp@&gﬁAet h)éh@”bgéé?bﬁ?)lcﬁis t@pihe procedure

descri bed in Chem : tion of rreslatelVSvmth
t hi ophenol V, prep*PeeEdy %arféi &lﬁ’éduf"‘i ¥ir | e VBPYBRHBOSS, in the
preseriée of tppeyéeyher eyl elhddckékylal debyoEl il ,wandh can be cyclized

with the reaggpterdEfPRd &hif rdﬂ@l%hﬁﬁl?”ﬂa{rét@:mw %&GhEQE}S&%' n refluxing

et hyl ene glycol dirnethyl ethér (DVE). to give a m xture of

2, 3- di hydr obeeepl atepime A/ INRz;nde*wBRFaeerrsp sd,er50L508ER$A0f PR,
benzot hi epi n- (5H) - 74 one Vldl when R and R~ are qgneg{#ﬁval ent._ Oxi dation of
VII with 3 quI(OhRentE ®IR fA-chlogr phpeybeneoi and® BAancgm/]eEs i soneric
sul f one- epoxi dgs iﬁ&éﬁérﬁkd&@”sﬁe@é%%f%ttw gwohe eahgégaﬂ;a on carbon as
t he catal yst %ell_ld a mx“é}ﬁgﬁ ﬂy{ i c st.ereolsopers of

4hydr 6Xy- 5BYXF QIR d 2 oBHIERY )iY’H’f]UxP& ¥aykyhd two racenic

st er eoi sorrer spoly@;hﬁe,:tl, Sy, rahyda&hyhzo&hkﬂnrydalk&ldl oxi des XI when R .
and R~ are 205{peced lalgg,tll Cﬁhkglﬁéééi’&f&%‘ﬁﬁﬁ of the present )

i nvention can be& re usi n Ica ctrve starting material 111
or by resol ut F¥at P)E}gnp ORYGi-eh BREPEQF Y es FUEGEPEH2EYent s wel | known

in the art heterocycle, quaternary heterocaryl, heterocyclylalkyl,
25 heteroarylalkyl, quaternary heterocyclylalkyl,
guaternary heteroarylalkyl, alkylammoniumalkyl, and
carboxyalkylaminocarbonylalkyl,
wherein alkyl, alkenyl, alkynyl, arylalkyl,
heterocycle, and polyalkyl optionally have one or more

30 carbons replaced by o, NR’, N*R%R}*°aA-, s, so, so5,

s*rRa", Pr®, P*R°R'%A-, P(0O)R’, phenylene,

carbohydrate, amino acid, peptide, or polypeptide, and

13 15

R™7, R14, and R are optionally substituted with

SUBSTITUTE SHEET (RULE 26)



25 as described in J. Org. Chem, 39, 3904 (1974), ibid., 42, 2781 (1977))
and ibid.,vﬁgm“é 1 (1979). SUBSTTTUT E SHEET (RULE 26) |c¥,\[)00/3|687
PCTNS99/ | 2828°% E C 2002 ch a R R- Z HOOH HO R1 Rz Ms & TEPS M0+ R iRz 1801
0O NaOHR ~~ 0 ~~ OH R H R H (M = nmethanesul fonyl group) s SH O Rs"MsO R~
RZ R~ RRLR + R~ NEt3 0 O(RX)g RH OHVIVI LR VM 77 RRs RRs
Zn/Tid3 i | S Bheior B gtctpR2selected-fxmp (IR BFORP CRGEFRNIO 7 excess
R R8 R R8 MCPBA,S Ryt Pd-dmine® Rl warbBeyRel®Ryi,)d Rs OHR7 R8 i S R~
R2 5 R1 Alternatiyvel 4 k)a‘t o- al deh%}gcgtw where R~ |ssuli|fca e prepared by
reaction of thi8ﬁﬁ€ﬁ%¥ TR+ ReEeBREYS + BEEET R e R TUTE SHEET
(RULE 26) WO Q0&20e58Fry heSerocele Ruaterngyy (jeteroaryl,

5 qguaternary heterocyclylalkyl, quaternary
9g10

heterocarylalkyl, guanidinyl, OR9, NR N*RZRIIRIZA"

. srR®, 5(0)R®, s0gR’, 03R’, oxo, CO2R®, CN, halogen,

conr®r19, so,oM, s0oNrR®R1?, Po(orR'®)or!7, P*RRICRIIa-
) , s*R°r1%-, and c(o)om,
10 wherein R*® and RY7 are independently selected

9 and M; or

from the substituents constituting R

R* and R, together with the nitrogen atom to

which they are attached form a mono- or polycyclic
heterocycle that is optiocnally substituted with one or

15 more radicals selected from the group consisting of

oxo, carboxy and gquaternary salts; or

R14 and Rls, together with the nitrogen atom to
which they are attached, form a cyclic ring; and
R*® is selected from the group consisting of

20 alkyl, alkenyl, alkynyl, cycloalkyl, aryl, acyl,
heterocycle, ammoniumalkyl, alkylammoniumalkyl,
) arylalkyl, carboxyalkyl, carboxyheteroaryl,

carboxyheterocycle, carboalkoxyalkyl,
carboxyalkylamino, heterocarylalkyl, heterocyclylalkyl,
258 and alkylammoniumalkyl; and

7

R’ and R® are independently selected from the

group consisting of hydrogen and alkyl; and

one or more R* are independently selected from
the group consisting of H, alkyl, alkenyl, alkynyl,
30 polyalkyl, acyloxy, aryl, arylalkyl, halogen,
haloalkyl, cycloalkyl, heterocycle, heterocaryl,
polyether, quaternary heterocycle, gquaternary

3 13

heteroaryl, OR*>, NrRY3Rr'4, sr*?, s(0)r3, s(0)sR13,

SUBSTITUTE SHEET (RULE 26)



~RX~q R3 31 0 E C 2002 PCTNS99/12828 R HS OHNEt3 ~ O/ s R __ .\ (RX
V_v.r 2 BFGksy epin- (5H)-4-one VI11 can be oxidized wth MPBA to %ivE
t he benzot hiepin-(5H)-4-one-1, 1-di oxide XIl which can bBCTURRI I8 wi ¢ v T UEC 2002

sodi um bor ohydri de to give four rac%rgi c stereoisoners of X. The two
stereoi soners of X, Xa and Xb, having the OH group and RS on the opposite

si des of the gggﬁms himlm%mg_jig ﬁﬁlﬁdﬁ.%og&éﬁhﬁm}ﬁlﬁt heopt her two isoners

of X, Xc and hating the group and RS on the sanme Side of the

benzot hi epi necﬁéﬂg3 byent £254,1 88,61, NBINEIERS4chiremEds) #i*t h 40- 50% sodi um

hydroxide in t presence of a”phase ‘transfer catalyst (PTC). The
transformati op é@%hﬁf:@’cﬂ Derearibeeh DUlc () bl pebrdSj umt8 put oxi de in THF.
T

SUBSTI | VTE SHEET (RULE Z6).. . WO 00/ Oq]§§87 72" R7 5 R ~I"R2 (Rx)a Rs O 02
RRs i S R~ | g,0) s RRT>RE® Ot aB “RRe* RO B* f%ﬂ-\',l~ r'. IV IR )q R-S
~~OH 02 RRa 2 NCEB% SR~---~- x/"~~~~R2 (R)q Rs O ~l. NaOH PTC/ CHZC12
MCPBA = m chl 87 BPRT tRI25i,c aménd -#5@ = pepasdet r ppkyrepidel yod when R = :

butyl, R2=ethyb)pBeydhayl) X=H q = 4 6a = Xa 6b = Xb 6¢c = Xc 6d = Xd 3
wherein alkyl, alkenyl, alkynyl, cycloalkyl,
aryl, polyalkyl, heterocycle, acyloxy, arylalkyl,
haloalkyl, polyether, quaternary heterocycle, and )
10 quaternary heterocaryl can be further substituted with

or?, NrR%RO, N*RRI1R12n", srR®, s(0)R®, SoarR®, so3R®,

oxo, CO2R®, CN, halogen, CONR®RYC, sosom, soaNrRZRIC,

PO (OR*)0R'?, P*RIRIIR12A", s*'R°R'%A™, or C(O)OM, and

wherein R1® is selected from the group consisting

15 of acyl, arylalkoxycarbonyl, arylalkyl, heterocycle,
heteroaryl, alkyl,
wherein acyl, arylalkoxycarbonyl, arylalkyl,
heterocycle, heterocaryl, alkyl, quaternary
heterocycle, and quaternary heterocaryl optionally are

20 substituted with one or more substituents selected
from the group consisting of OR®, NRRY?, N*RRIIR1Za- )
) 9 9

, SR°, s(0)R?, S02R®, S03R®, oxo, CO2R°, CN, halogen,

coNr’RYC, so03r®, sojom, sooNrRZRC, Po(or'€)0R17, and
c(oyoM,

25 wherein in RX, one or more carbons are optionally

replaced by 0, NR*3, N*RY3rR*“%A-, s, so, 80», s*rR'3a",

PR13, P(O)Rl3, P+R13R14A-, phenylene, amino acid,

peptide, polypeptide, carbohydrate, polyether, cor
polyalkyl,

30 wherein in said polyalkyl, phenylene, amineo acid,
peptide, polypeptide, and carbohydrate, one or more

SUBSTITUTE SHEET (RULE 26)



The conpounds of the present invention where RSis OR, NRR and S(0)"R and

R is hydro can be prepared by reaction of epoxide | X where RSis Hwth
thiol, 5 al ?y&l‘)&ojﬁénd amine in the presence of a base. SUBSWW?@@HE§1 C 2002
(RULE zZ6) PC'TIUS99112828 z 02 RRs NaBH4 ~i | SR~ --~ ~ R2 (RX)q gﬁ
ZRRai SR~ .~iR (RK)g Rs OHs R72 Rs HR~- 02 Rl (Rx) rR31 DEC
2002 | 31 D E C 2002 WD 001 01687_PCTNS99/ 12828 73 R s i _Silg -~:, ~~~R2
(R)q 0 HOR or 9AWRRNS BFe HERAFRIRY FEPlgoedrby: O/ NR) N B qARs OH | 7-,
where RS = H RS = ) R) 9," R Apst s_aate t Xd of the present

I nvention is shdﬁnggn g@he B3 m ouﬁg%vﬁ ié bx?ﬁﬁggﬁngo 5 conpound Xl 11
with two equival ent ehenein cneperheny dier exoicgtcl elydnd gewad pgisgryof conpound

XL with pal | adidim 80, pAran ot obils SARARG LKt Yo W01 00 S e nbyel | 2ed

wi th either potassiumt=butoxide or sodi um hydroxi de under phase transfer
condition8 to a SFORPEr BEURFE REORNENKETBpEPRET B BY & Y IXd can be
acconpl i shed by sakehel , HKymn ,f patyabingl, eppigeéaheérzairyl,. The thi ophenal s

XVIIl and V used._i pr [ ' n repared accordi ng
ek e e R i

to the Schene 3. nol an aryl methyl chloride in a

nonpol ar sol ventaaegendid ! @xtRe prb¥edyr ertA, Js (Efwd?, Samr32431- 2432
(1958) gives the ortho substitut edlﬁ)heln‘lol:L XVI. The phenol XVI can be

) so3rY3, Nr120r14, NRISNR14R1®, Nop, coar!3, o, oM,

10 soo0M, sooNRYPRI4, c(o)Nr3RY4, c(o)om, cor??,

3 14 +.13_14

13,14 +.,13.14..15 JOR™™, S"R™R™*A",

p(0)RT3RY4, pTRI3RY4R1%A", p(oR?

and N*RPRYIR*%2", or

a pharmaceutically acceptable salt, solvate, or
prodrug thereof.
15

Preferred compounds in this class are compounds
wherein:
R® is aryl substituted with a radical selected
20 from the group consisting of NR™C(O)NR™R'® and NR™CO,R*.

) More preferred compounds In this class are
compounds wherein:
R° is phenyl substituted with a radical selected
25 from the group consisting of NR™C(O)NR™R' and NR™CO,RY.

Other embodiments of the invention are further
directed to compounds of Formula I, including each of
the above embodiments, wherein at least one or more of

30 the following conditions exist:

(1) R' and R? are independently selected from the
group consisting of hydrogen and alkyl. Preferably, R®
and R’ are independently selected from the group
consisting of C, alkyl. More preferably, R' and R’ are

35 the same C,.¢ alkyl. Still more preferably, R' and R?

SUBSTITUTE SHEET (RULE 26)



20 converted to the thiophenol XVIII via the thiocarbamate XVII by the
procedur ewgdpiesped in J. Og. Chem, 31, 3980 (1966). Theruaangls XV LﬁECZUUZ
wi t h di methyl thiocarbanmoyl chloride and triethylam ne i
amat e )MI vvhi ch is 25 tdermally rearranged at 200-300 C, and
d prodyc %{grol yzed with sodi um hydroxide to yield the
Vz";lrl ¥

first reacted
gi ve thiocarb
t he rearrange

t hi ophenol XVI3q€ ISi

2- acyl phenol

(RULE 26) \é\%,oé{{ 01@%&# A’%n%méﬁ l%ldz%dgn Ren& %Re 'dherelnR% ( @l_gl) 0

PCTNS99/ | 282
Rs C Hz ~~ ~

4 shaws anoth
t he thi opheno
give the sulf

t but oxi de to
potassiumt-b
SHEET tRULE 2

15

20

25

30

35

ophenol V can al so be prepared from

Xl X vi@)t h&’i anér Redirat e nthpendehziatse ¥kt eSUBSKTT HhET' E SHEET

RZ~2 MCPBA 0O

I

imefg agReeH égrmaalvovs ‘R~ freferab 1R2 R~x)‘s hydmgm
pot assigmt - bLErm(IR:fe i da i SFiR: -'mdﬁ:'e IpmferaBZy( RR) giRshgdtobem 10 Schene
eJ ut et t 1-di oxides Xc and Xd starting from
I’&{/%l 6@'%&0 %ﬁ? can be reacted W|th rresylateIVto
i de- al(ééhyd% X3 . SERFEREYRE odT¥dd  wWPERLeTRPIquiN aliénts of ~
MCPBA yi el ds tdidsaukhosealiadiyde Xl \Mowd chreferdielycycki zad wlidhylot assi um

f n |y f fi de with
Yl 0eed! AN oLl VEglaONET cosh t@sﬁﬁgm ith_

OoXl de al sO IV a xXtuur Nnzot epi ne
gersispipg Cogg@(R%s q]C(O)R ', NR 53C(o NR1 RQ
OC (0)R*®, OC(O)NR™R™, NRMSOR', NR™SO,RY, NR“SONR“R“,

and NR“SO,NR™R'® wherein R, R* and R* are as set forth
above. Still more preferably, R° is phenyl substituted
with ORY. Still more preferably, R° 1is phenyl
substituted at the para or meta position with OR™
wherein R comprises a quaternary heterocycle,
quaternary heterocaryl or substituted amino; and/or

(4) R® is hydrogen; and/or

(5) R’ and R® are independently selected from the
group consisting of hydrogen and alkyl. Preferably, R’
and R’ are independently selected from the group
consisting of hydrogen and C, alkyl. Still more
preferably, R’ and R’ are hydrogen; and/or

(6) R* is selected from the group consisting of

OR13

and NR™R". Preferably, R* is selected from the group
consisting of alkoxy, amino, alkylamino and
dialkylamino. Still more preferably, R* is selected
from the group consisting of methoxy and
dimethylamino.

The invention is further directed to a compound

selected from among:

SUBSTITUTE SHEET (RULE 26)



WO 0D/ 01687 75 c a e4 SHMO R Rz ~RE R~---+ ~O~Rx) ~RHrV31DE C
2002 PCTNS99112828 R7 Rs Rt Rz R7T Rs R~ Rz ~O O ~0O S H 2 MCPBA ZS H

--~- ~ | PYOPURIE —Rx)q potassium potassium t-but OXI de tPCHG{S?%zﬁFé RﬂFﬂECF@ﬂZ
R O80i SRR~~SRR-1 Sz RR i 832 RR~ + + . I " "~/R2 ~ | ~~""~~R2 ~. |
~'~RR .~~~ 20 X) i~ ~RX) '~ RX R R g=50Hg5-0H~)q
=5 OH~)g ~OHR R R R 5 Exanpl es of am ne- and hydroxyl am ne-containing S
conpounds of the present invention can be prepared as shown in Schene 5 and
Schenme 6. 2-Chl or o- 4ni t re@berzophemdhe i s (Feduced®With triethylsilane and
trifluoromethane sulfonic acid to 2-chl oro-4nitrodi phenyl net hane 32.
Reaction of 32 with lithium 10 sulfide followed by reacting the resulting
sulfide with mesylate IV givesasul fide-aldehyde XXII1. Oxidation of XXII
with 2 equival ents of MCPBA ywelds sul f one- aldehyde XXI'V whi ch can be
reduced by hydrogenation {o the, hyd xyI Protecting the
SUBSTATZTTE SHEET (RULE 8 3'—“\?\@756%8168 ”““ ngybé%/ 12828 hydr oxyl ani ne
XXV with di-t-butyldi carbonate gives the

N, D-di - (t - but oxycar bonyl ) hydr oxyl am no derivative XXVI. Cyclization of XXVI
w th potassiumt-butoxide and renoval of the t-butoxycarbonyl protecting
group 51@i ves a mmxt ure of hydroxylam no derivatives XXVIIc and XXVIld. The
primary amne XXXIIlc and XXXI'l1d derivatives can al so be-prepared by
further hydrogenation of XXIV or XXVIIc and XXViid. 31 D E C 2002
SUBSTTTUTE SHEET (RULE 26) g2z

R20 — R'*—p2! (Formula DI11)

15 !
R23

wherein R is selected from the group
20 consisting of alkane diyl, alkene diyl, alkyne diyl,
polyalkane diyl, alkoxy diyl, polyether diyl,
polyalkoxy diyl, carbochydrate, amino acid, peptide,
and polypeptide, wherein alkane diyl, alkene diyl,
alkyne diyl, polyalkane diyl, alkoxy diyl, polyether
) 25 diyl, polyalkoxy diyl, carbohydrate, amino acid,
peptide, and polypeptide can optionally have one or

more carbon atoms replaced by O, NR7, N+R7R8, s, S0,

802, S+R7R8, PR7, P+R7R8, phenylene, heterocycle,

guatarnary heterocycle, gquaternary hetercaryl, or

30 aryl,
wherein alkane diyl, alkene diyl, alkyne diyl,

polyalkane diyl, alkoxy diyl, polyether diyl,

polyalkoxy diyl, carbohydrate, amino acid, peptide,

and polypeptide can be substituted with one or more
358 substituent groups independently selected from the

group consisting of alkyl, alkenyl, alkynyl,
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31 D E C 2002 WO 00101687 77 a a 1. Li2S R 2. R3~ 2 R ~S PCTNS99/12828 1 1

~ ~J NO2 % mChl or o- 5- ni t robenzophenone NOZ R R2 2 NRRAL =
@ No2 ~ m&ﬂ_ﬁ%@@;c R R3~-R2 @ NHH R 3 R ~R2 ~0C)20 <2 N Bébc’)'%fdg&ﬁiﬁﬂﬂz

pot assiumt-butoxide 2. acid workup ~2gR~ + ~2 R~ HOHN~~' ~~, R2 HORN ' R2 Ph
OH ph OOH XXVBc Where R3 is H Pd/CH2 Pd/CGH2 100 psi 100 psj 50 deg C 50
deg C 02 R~ 02 Felyphrxly-pofkyethepnaryl.. h@O#}‘YSH ﬁﬁrcéﬁaéﬁ}’#v Schene 6,

reduction of t eegéjllfgc(%,ncﬁ-egl Q%‘yﬁﬁlﬁﬁlhl&g& SA';@E,TOQRRUEEN&MRM,VD 00/ 0l 687

sr13, s(0)rR'3, s0.r*3, so3r'3, nrY30r??, Nr3nR14RIS,

NOo, CozR3, cN, oM, sosoM, soaNRI3R'?, c(o)NrY3r4,

5 c(o)oM, cor*3, p(o)rYrR'®, p*r3rR'%Rr15A-, P(OR®)ORY™,
S'R¥R™A°, and N*R°RIIR%A";
wherein R further comprises functional linkages
by which R* is bonded to R*, R®, or R* in the
compounds of Formulae DII and DIII, and R* in the
10 compounds of Formula DIII. Each of R*, R®, or R* and
R*¥ comprises a benzothiepine moiety as described above
that is therapeutically effective in inhibiting ileal
bile acid transport.
The invention is also directed to a compound
1s selected from among Formula DI, Formula DII and
Formula DIII in which each of R**, R*, R® and R*
comprises a benzothiepine moiety corresponding to the

Formula:
7
R
(RY)
q 8
s R1
[; R2 {Formula DIV)
>
R
R R*
20 R®
or:

SUBSTITUTE SHEET (RULE 26)



78 PCT/ US99/ 12828 31 D E C 2002 XXV wth hydrogen foll owed by reductive

al kyl ation_of the resulting amno derivative wth hydrogen and an al dehyde
cat al yzed BYP ¥4#4¥%5di um on carbon in the sane reaction veBSEFS{1 &Y 30mel 2002
substituted am ne 5 derivative XXVIII g;Cyclization of XXVIII wth potassium
t-butoxide yields a m xture of substituted am no derivatives of this

i nvention XXl Xc and XXl Xd,, SUBSTI TUTE SIRZET ( RULE 26) WO 00/ 01687

PC TNS99/ 12828 31 0 E Cc'Bga2 Noz 7®)schéne $ OR~- H~Rz O-S Hz - Pd/C
R6CHZOH Oz S/ R~ ''' ~~~ R—~~OH i R6~ potassium

t-butoxide, THF Oz n 1 z 7 des }ibgﬁ one of the nethods of
introducing a 5 substituept to ¥hg at the 54 |.t4.0
benzot hi epi ne. 1odi nation{of 5-ghenyl ive XXX éﬁ?ﬁﬁé%%?ﬁﬁa&atalyzed
by nmercuric triflate gives o0 derf vative XXXI, which upon

gohol yields the carboxylate
ateRand derivatization of the resulting
kmjwn=in the art. SUBSTI TUTE SHEET (RULE

pal | adi um cat al yzed car bonyl ati on
XXXI'l. 10 Hydrolysis of the car
acid to acid derivatives are wel
| 6)

| wherein R*, R?, R’, R', R®, R°, R’, R®, R*, g, and n are
as defined in Formula I as described above, and R*® is
either a covalent bond or arylene.
5 In compounds of Formula DIV, it is particularly
preferred that each of R**, R*, and R* in Formulae DII
and DIII, and R* in Formula DIII, be bonded at its 7-
or 8-position to R**. In compounds of Formula DIVA, it
is particularly preferred that R*® comprise a phenylene
10 moiety bonded at a m- or p-carbon thereof to R,

Examples of Formula DI include:

(II1I)

15
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WD 001 01687 (R')~ PCTNS99/12828 31 DEC~DOZ 7 n_ R80 cha7R OS2R8
R x (R)q~~...~i~R2 Hg(OT~2 ~ "OH 12, 25 deg CPd c R70H 100
deg C R7 WO00#M8T Abbrevi ati ons used in the foregoing dg‘lsc?%‘}fég%“lzon il 8EE G092
foll owi ng neani ngs: 5 THF---tetrahydrofuran PTC---phase transfer catal yst
Aliquart 336---nethyltricaprylylamo m chl ori de

MCPHA- - - m chl or rbenzojc acid 10 Celite--;oyh br

) R di at onaceous earth
filtering aid JSHEET (RULE 26)

PCT/ US99112828 31

D E C 2002 81 Q\/F i met hyl f or mam de
R4A
RSA
A (1V
R2 R1e R.1A (IV)
1 R
R A RBA
\ (R%q (R™)r {} R7A
R’ \
o) 0]
d e
5 - and

(V)

In any of the dimeric or multimeric structures
10 discussed immediately above, benzothiepine compounds
of the present invention can be used alone or in

various combinations.
in any of the compounds of the present invention,

R' and R® can be ethyl/butyl or butyl/butyl.
15
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DME- - - - et hyl ene gl ycol dinethyl ether BOC---t-butoxycarbonyl group
Me- - - et hy. t---ethyl Bu---butyl EtOAc---ethyl acetate Et20---di I
ether CHz 9‘::69- t hyl ene chloride 10 MySO, - - - magnesi um sBFTHEs2/12828 ?Hrb%c 2002
NaOH- - - sodi um hydr oxi de CH, OH --net hgnol HCL---hydrochloric acid
NaCl - - -sodi um chl oride 15 NaH --sodi um™hydride LAH--1ithium al um num
hydride Li OH--1ithiamtihel @liade db~Simpoursizdiodnisuefastte iNaHG®s - - sodi um
bi car bonat e 20 Fﬁ? =~ h j.de KOSi Mg, ---potassi um
trimethyl silanola 3ﬁﬂg@§o?£§%y ene glycol MS---nmass spectronetry
HRVB- - - hi gh resol ution mass spectronmetry®@%P ES---el ectrospray NVR---nucl ear
magneti c resonance spectroscopy GC---?r\ mat ogr aphy MPLGC- - - nedi um

I

9
pressure |iquid chronmat ography HPLC - w egsure |iquid chromatography
30 RPHPLGC---reverse phase high prressire”| e,d chromat ography RT---room
tenperature , h or hr---hours) mn---m eQO%S

"Enantionerically-enriched" (e.e.) nea at one enantioner or set of
di astereoners preponderates over SUBSTTHIHE SHEET ( RULE I 6) WO 001 01687
PCT/113899/12828 3 ~ ~ E ~ 2~~2 82 the &Pnpl grepg@ippoenanti oner or set of

di ast ereoners. Enantioneric enrichment O0fga mxture qf enantioners is

cal cul ated by dividing the concentration of the prepdnderating enantioner
by the concentration of the 5 other enantioner, nultiplying the dividend by
100) andsexpressing the result as a percent. Enantioneric enrichnment can be
fromabout 1% to about 100% preferably fpom about 10%to about 100% and
nore preferably from about 20% to 100@6Q% R1 and R2 can be selected from
anong substituted and unsubstituted 0 8ual kyl wherein the
substituent(s) can be selected fro g car bonyl, al koxy, hydroxy,
and nitrogen 15 contai ni ng het eM?éNlci esgoi'ﬂaﬁp to phe Cl1 to d o al kyl

t hrough an ether |inkage. Substituent the 3car®qn can include ethyl,

n- propyl, n-butyl, n-pentyl, isobutylz;??bpropy ° ugitCX:C»CQFE, - CH=CCz Hs,
and -CHzQ(4-picoline). Ethyl, n-propyls n-butyl, afld i sobutyl 20 are
preferred. In certain particularly pr N ounds of the present

i nvention, substituents R and R~ are identicdl, /for exanple
n-butyl/n-butyl, so that the conpound is achir at the 3-carbon.

El i mnating optical isonmerismat the 3-carbomH@inplifi;es the 25 sel ection)
synt hesis, separation, and quality control of the conpound used as an il eal
bile acid transport inhibitor. In both conpounds having a chiral 3-carbon
and those having an achiral 3-@arbgp, substituents (R') on 30 the benzo-
ring can include hydrogen, aryl &afkyl, hydroxy, halo, alkoxy, alkylthio,

al kylhsul finyl) al kyl sul fony hal &

(N) - hydr oxycar bonyl al kyl ¢
hal oal kyl suf onyl , am no,
(N) - al koxycar bamoyl ~N(

y,
4, hal oal kyl sul finyl,
N, N 35 di al kyl am ao,
Ryl oxycar banoyl , ~STTTUTE

SHEET (RULE 1 6) T 3 ',,//
3 OH o)
.)\ CF3
0
/
0 N+/

10
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WO 00/ 01687 PGI/ US99112878 31 D E C 2002 83 tri al kyl ammoni um (especial ly
with a h nterion), (N)-am do, (N)-al kylam do, - 1d0,

-N, N- di aw d@f?f@g (N) - hal oal kyl ami do, (N)sul f onani do, et i 31 DEC 2002
(N) - alkylsulfonanldo) (N) 5 hal oal kylgul fonam do, carboxyal kyl -am no,

trial kylammonium salt, (N)-carbam c acid, al kyl or benzyl ester,
N-acyl am ne) hydroxyl am ne, haloggy¢an1ne car bohydrate, thiophene a

trial kyl anmonium salt having a aci d or hydroxy 10 substituent
on one or nore of the alkyl s A al kyl ene bridge having a
quat er nary anmoni um sal t st --.thereon -[0(CH2) W x- X where x is 2 to
12, wis 2 or 3 and X is a Halo orf a@aaternary ammoni um salt, and

(N) nitrogen containi ng heteroc wherein 15 the nitrogen of said

het erocycle is optionally quate ed. Anong the preferred species which
may constitute R' are nethyl, ethyl, isopropyl, t-butyl, hydroxy, nethoxy,

et hoxy, isopropoxy, nethylthio) P bronp, fluoro) nethylsulfinyl,
met hyl sul fonyl, 20 ethylthio, am no, “hy am ne, N-nethyl anm no,
N, Ndi met hyl am no) N, N-di et hyl am no, (hb-ﬁén | oxycar banoyl ,

trimethylammnium A') -NHC ( =0 ) CH3 , -NHC ( =0 ) C5H11, -NHC ( =0 )

C6H13 , carboxyet hyl am no) (N)-norpholinyl, (N)-azetidinyl, 25

(N) - N-rret hyl azeti di nium A", (Np- pyﬁ?olldlnyl pyrrolyl, )

(N) - N-net hyl pyridi nium A", (N) \N thylnnrphollnlun1A' and

NN - net hyl pi per azi nyl retky| am do, ) hexylanlno t hi ophene,

-N (CH,) 2COzH 1", - NCH, ~di et hyl pi peraziniuml', (N)

-t 30 butyl oxycar banoyl , i (N) N net hyl pyrrolidinium

and - (OCH, CHz), I, wker 3 y—accept abl e ani on. The

benzo ring is can be no- substi t¥ted»at the 6) 7 or 8 position, or

di substituted at the 7{ and -a pq§|t|0ﬁ3i Al'so 35 included are the

6,7, 8-trial koxy conpounds, for_gfanple the 6,7,8-trimethoxy conpounds. A

vari ety of SUBSTI TUTE SHEET (| b) VD 00/ 01687 84 PCT1US99/ 12828 31 D
[ 2 advant ageously present on the 6, 7, 8,

ng, including%ﬁ% F exanpl e, guani dinyl,

a 5 or 6 carbo saccharide), 5

salts linked to the ring via

[ RI'R "R-sA-, where x is 2 to

cycl oal kyl, carbohydrate (e. g.
peptide, and quaternary ammoni
pol y(oxyal kyl ene) |i nkages, e.qg.
10. In further conpounds of the prese RS 10 and R6 are

i ndependently sel ected from anong hydrogen a ri ng-carbon substituted or
unsubstituted aryl, thiophene, pyridine, Qi$1195;,Nlﬂ azol e, i mdazol e, .
pyrazol e, pyrimdine, norpholine, N-alkylpyrm |hkggh%hkalkylpiperaziniun1 )
N- al kyl mor phol i nium or furan in 15 which the subs went (s) are selected
from anong hal o, hydroxyl, trihal oal kyl, al koxy, am no, N alkylam no,

N, N-di al kyl ami no, quaternary ammonium salts, a C, to C, al kyl ene bridge
havi ng a quaternary anmmoni um salt substituted thereon, al koxycarbonyl)

aryl oxycar bonyl) 20 al kyl carbonyl oxy and aryl car bonyl oxy,

(O Odioxyal kyl ene, - (O (CHz) "] xX where x is 2 to 12, wis 2 or 3 and X
conprises halo or a quaternary anmonium salt, thiophene, pyridine, pyrrole,

t hi azol e, i m dazole, pyrazole, or furan. The aryl group of RSor ) 25 R6 is
preferably phenyl, phenylene, or benzene triyl,

SUBSTITUTE SHEET (RULE 26)



i.e., may be unsubstituted, nono-substituted, or disubstituted. Anmong the

speci es whi ch ma¥ constitute the substituents on the aryl ri ng of Fﬁ ﬂﬁm

are fluoro,WeRYBPB, brono, methoxy, ethoxy, isopropoxy) ZET/USIN2828 a

trimet hyl anmoni um (preferably with an i odide or chloride counterion),

met hoxycar bonyl , et hoxycarbonyl) fornyP, acetyl, propanoyl,

(N) - hexyl di et hyl ammoni um hexyl enet ri et hyl ammoni um

tri(oxyethylene)iodidg, amd tetra(oxyethylene)trimethyl-ammonium i odide,

each 35 substituted at t;ﬂe p-position, the mposition, or both of the aryl

ring. ther substit 5 SUBSTI TUTE SHEET (RULE 26) WO

00/ 01687 85 PCT/ USE9/ 1¢828 \>/~D E C 2002¢resent on a phenyl ene, benzene
i LAt 3, 4-di oxynet hyl eng (5-nmenbered ring)

and 3, 4-di oxyet e (6~—frenbered ring). Anong cooy’hds whi ch have been

Qi | es-acgi d traasport

7

or can be dermnsltrat ed o S5%have desirable il eal
i nhibiting properti es those in which RS or ®
’0
3

p-fl uorophenyl, mfl
p- met hoxyphenyl, mmett
di met hyl am nophenyl
m (CH3) ~-N -CHzCHz-
(CCHsCH, ) ~- O phenyl,
(OCHzCH,), - O phenyl,
chol or ot hi enyl - 2-yl, 3\4-difl uoroph&nyl} (N, Ndi et hyl pi per azi ni um) -
(N ) -CHz- (OCHzCHz), -\O phenyl, 3fl uoio-4-net p‘henyl , -4-pyridinyl)
2-pyridinyl, 3pyridinyl, N nethyl-4-pyrédinium |- N nethyl-3pyridinium

3, 4-di oxynet hyl enephenyl, 3,4 20 di oxyet hyl enephenyl, and

p- met hoxycar bonyl phenyl . Preferred conpounds include 3-ethyl-3-butyl and
3but yl - 3-butyl conpounds havi ng each of the above preferred RS substituents
in conmbination with the R' substituents shown in Table 1. It is
particularly 25 preferred that one butonft both of RS and R is hydrogen.
It is especially preferred that R g AR6~\beu hydrogen) that R and RS not
be hydrogen, and that R and R5 be -gun the sane direction relative
to 30 the plane of the nol ecul &JeN” € Bot:f in a.- or both in

i 3-configuration. It is further prefeced at, where R is butyl and Rl is
ethyl, then Rl has the sane orientati elative to the plane of the

nol ecule as R and R5. 35 Set forth i able A are lists of illustrative
species of R/R~-, RSSR and R'. SUBSH TUDH SAEET (RULE I6) WO 001 01687 86

, N 10
N - phenyl, 1I-

Table 1A: Alternative R Goups O~/ 0SS s 4~ ..~~RRx ()gn, y4R _5
~~. B3 4RSR6 R 0 ;
0‘\110
S Bu
Bu
MeoN < 7/0H
O ~"50,NH,
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PCTNS99112828 31 DE C 2002 R,RR,RR (Rx)Q Ee v HO- ph- 7-net v n-propyl
Hn- butyl p- n- hexyl i so- propyl i so-butyl iso-penty m% ) CZHS
CH~OCZHS %ﬂg’% CZHS CHzO- ( 4- pi col i ne) ? $aat 31 0EC oy
p- F- Phm F- Php- CH30- Php- CH30- Phm CH30- 6hp | CH3) 2N- Phm ( CH3) ~N- Phl -

P (CH3)~-N'-Phl") m(CH3)3-N Phl - I§fCHB)~-N CI-lZCI—lZ(OCI—lZCI-|~)~-OPhI-~
m(~3)~_N~~~z_ (OCHzZCHZ) Z- O Phl -, OPQN N

di met hyl pi perazi ne>(N ) - CHy- ( s GRh 1)
m (N, Ndi et hyl pi perazi ne) (N 1- ) z-0Ph m F)
p- CH30- Ph3, 4, di oxymet hyl enegPhy - F- Ph4- pyri di ne

N- et hyl - 4- pyrldlnlum ' 3- pyr|d| N-ﬁt‘thyl 8- pyridinium 1' 2-pyridine
p- CH30zC- Pht hi enyl - 2-yl 5-Cl-thi g 2 yl 7= et-ﬁyle 7-iso-propyl 7-tert-butyl

7-OH 7-0OCH3 7-0(iso-propyl) 7-S 7- SO~CH3 7- SCHZCH~ 7- NHS 7- NHOH
7-NHCH~ 7-N(CH3) Z 7- NI CH3) 3~ |’ \WT 7-N(CHZCH3) y 7- NMeCH~COzH
7-N ~Me) ~CH2COzH, -1' 7-(N)- m)rpho I N)Nazeti di ne

7-(N)-N-net hyl azetidinium | _ 7-1N)-pyr { di ne ;
7(I\I)-I\|-n'ethylpyrrolidinium I 7-(N)- I\I-n'ethylnnrphollnlurr)

| 7-(N) - N - net hyl pi perazine 7-(N)-N _ dinet hyl pi perazinium | _ 7-NH CHZ
-NHC(0) c5H11 7- NHC(0) CHzHr 7-NH-CI NH)NHZ 7-(2)-thi ophene coaei au~d a~xt

page... SUBSTI TUTE SHEET (RUL, E 26) WO 001 01687 s~ SUBSTLT' i TTE SHEET )
(RULE 26) PCTNS99/12828 31 D E C 2002
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8-nmet hyl 8-ethyl 8-iso-propyl e-tert-butyl B-OH B-OCH- 8-0 i so-propyl 71 DEC 2002
8- SCH3 8- SOCH3 8- SOZCH3 8- SCHyCH3 e- NHz B- NHOH 8- NHCH3 8- E_I*/gl—B)~
-N (CH3) gV QW08 HC( 0) CH3 8- N(CHzCH3) s 8- NMeCH=C02H B- NPCRESYeRPEazH, |1
-(N) - nor phol i ne e-(N>-azetidi ne B-(NysN-nethyl azetidinium 1 _
& (N)-pyrrolidine e-(N-Nnethylpyrrolidinium I’
- (N) - N-net hyl nor phol i nium 1' e-(N)-®&.Pnet hyl pi perazine B-(N)-N
i met hyl pi perazinium | _ 8-NH CSZ @ Q) §9H11 8- NHC10) CHzBr 8- NH- Cl NH) NH~
b

-(2)-thi ophene conti auad next pa( A 00/ 01687 88 SUBSTI TI TTE SHEET
RULE 26) PCTNS99/ 12828 31 D EMdN20F2 “"g—mt hyl 9-ethyl 9-i so-propyl

( N
tert-butyl 9-OH 9-OCH3 9-0(i so- pr ) ®HSCHB 9- SOCH3 9- SOZCH3 9- SCHZCH3

8
e
d
e
9
9-NHZ 9- NHOH 9- NHCH3 9-N(CH3)z 9-N ) 3, eI_s"__%-.NHC( 0) CH3 9- N( CHzCH3) z
NMeCHzCOZH 9- N ~Me) yCH2COzH, 1" 9-%M) - mof prigllt ne 9-(N)-azetidi ne
(N) - N-net hyl azeti di nium | _ 9-(I\I)0Wdi,ge
9-(N) - N-net hyl pyrrolidinium I’ 9-(I\I)-l\|-rretﬁﬂ/ t|’=‘mrphol inium |’
9-1N)-N - et hyl pi perazi ne 9-(N)-N dinethyl pi perazinium | 9-NH C8Z
NHC(0) CgHI | 9- NHC( 0>CHi Br 9- NH- C(NH) NHz 9- (2) -t hi ophene 7- OCH3, 8- OCH3
SCH3, B- OCH3 7- SCH~, 8- SCH3 6- OCFR®,.7- OCH3, 8-OCH3 WD 00/ 01687 89

PGT/ US99/ 12828 31 D E C 2002 S~ Bu
| Bu
Me,N ~, O

\\s /OH . n

E
9
9
9
7

O-§'Me
(@)
7\
O\/\/\/N‘\
o..°
S Bu
Bu
MezN \Q. ’//OH
—
Q COoH
o]
5 COH .
)
O\ IIO
S Bu
Bu
MeoN -,
2 s 7oH
O\/\/\/N\/
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Further preferred corrpounds of the present invention conprise a core

structurewgg @g,tmo or :ore pharmaceutically active be & e
structures descri bed above, covalently bonded to the core nnieﬁy1ntgzw2
functi onal I|nkages Such active benzgghiepine -- -- - structures
pr-eferably conprise: : 10 or: S "Rs1R~-R2wW3RRsRaRs

(Formula DIV) (RA (On R?SR §°(Forrmla DVA) R1 R3 R6 Rss Rg

where R , RS, R , R , R6 o8 RB, X, g and n are as
defined above, and Rs5 is eith co ond or 15 arylene. The core
moi ety can conprise al kane Qi a pe diyl, alkyne diyl, polyal kane diyl,
al koxy diyl, polyether diyl, bol ox@HdlyI car bohydrate, am no 20 acid,
and peptide, polypeptide, wherei @ ane di yI al kene diyl, alkyne diyl,
pol yal kane diyl, al koxy SUBSTf TUTR-ESHEET (RULEE%G) WO 00/ 01687
PCT/ US99/ 12828 31 D E C 2002 90 dpyl, polyether diyl) polyal koxy diyl,
carbohydrate, am no acid, and pept | ypépti de, can optionally have one
or nore carbon repl aced by O ( N&Pd?\%ghbﬂBy,\S , S0, S02, S'R Re, PR7,
P+R7R8, phenyl ene, heterocycle, 5 quatarnary heNskocycle, quaternary
heteroaryl, or aryl, wherein al kane diyl, alkene diyl, alkyne diyl,
pol yal kane diyl, al koxy diyl, polyether diyl, polyal koxy diyl,
car bohydrate, am no acid, peptlde o }0 and polypeptlde can be substituted )
wi th one or nore substltuent ar dependently sel ected fromthe group
consi sting of alkyl, alkenylﬂcg::iﬁzggigplyalkyI pol yet her, aryl,
hal oal kyl , cycloalkyl, het @, € éékalkyl, halogen, 0Xxo, CR13, ~13R14~
15 SR13, S(O R13, SO02R13, SO03R13, XR1 14, NR13NR14R15~ NO2, CO2R13, CN,
OM S020M S02NR13R14~ C(O) NR13RI4~)C (0) &M COR13) p (O R13R14 ~
p+R13R14R15A-, P (OR') ORI, S Hl A-, and N+RgR11R12A wherein said al kyl,
al kenyl , al kynyl, polyal kyl, 20 1§L¥$%D§£>*£§)k / hal oal kyl, cycl oal kyl, and
heterocycle can be further substitated withond*or” more substituent gr oups
selected fromthe group ) consisting of ORS, NR~-RB, SR5, S(O RB, S02R-,
SO3R~, CO2R~, CN, oxo, CONR~-Re) N+R~R8ROA-, al kyl, al kenyl) 25 al kynyl,
aryl, c%gloalkyl, het erocycl e, aryl al kyl,

o,.°
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guat er nary het erocycl e, quaternary heteroaryl, P (O R~-RB, P+R-RBA 31%@ Zﬁﬁl
(O (OR) ORe, and wherein said al kyl, al kenyl al kynyl , /

pol yet her, MPYVOI§a| oal kyl , cycloal kyl, and 30 het er ocycl’s aan Gpti onal |y
have one or nore carbons repl aced by 0,59NR~ N+R~-RBA-, S, SO 502, S+R-A-,
PRA, P(O)R , P+R-RBA-, or phenyl ene. Exenplary core rmi eties incl ude:
SUBSTr TUTE SHEET (RULE 1 6) WO 001 01687 91 PGINS99112828 31 D E C 2002 Rss
R2s 1 R6 0 _ 27 k~"~v~ 2 26 ~2 7 O0 k 10 Rse 15 O OR-" \51 k R~ 20 R2
~R2? 25 10 wherein: Rss is selected fromthe group consisting of C and
SUBSTI TUTE SHEET (RULE 26) WO 001 01687 P@{é S99/ 12828 31 D E C 2002 92 N,

and R~~ and R~' are independently sel em he group consisting of:
MezN

s “%H

OSMe

- N+/CH3
N

0]

N ’/OH

CO,H

\/\o’\)‘cozH

(o}

MezN

10
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5Rs0~-0 x 11 -N, -\, -O , -S , -S-, CH2 , . R~Sto-C ,
-G, - CHooeonr , -N+ 12 R30 Ray -s.- -NHNH , - NHSOPcragsyhasdy =NH 15
132 ~ NHZ 13720 wherein R6) R', R and R 1 are independently sel ec§¢dFngn
al kyl, al kenyl, alkylaryl, aryl, arylalkyl, cycloalkyl, heterocycle, and

het erocycl oal kyl, A" is a pharmaceutically acceptable anion, and k = 25 1
to 10. In conpounds of Fornula DIy, P, R21, R-~ in Fornulae DIl and DI |
and R2' in Formula DIl can be bond&(_at any of their 6-, 7-, e-, or 9-
positions to R 9. In conpoungs aB VA it is preferred 30 that R55
conprises a phenyl ene noiety or p-position thereof to Rl
atkbBHe, R19, as discussed herein in
Fornmulas DIl and DI Il cHaNe ti py~Sybstituted with nore than four
pendant 35 active benzot hi epi ne unigts, i08., R-, R=1, R-', and R-' as

di scussed above, through multipfpe=iyncti onal gipups SUBBTT1' UTE SHEET ( RULE
| 6) WO 00/ 01687 PGT/ US99I | 282 E € 2002 93 witiph the core noiety
backbone. The core noi ety backby ini t, J|R %%Agigfgg\ Tl a single core

moi ety unit, multinmers thereof, i eyt ¢ WKt LS, ;2 the different
core noi ety units discussed herein, 54.e., alone or in conbination. The
nunber of individual core noiety backbone units can range from about one to
about 100, preferably about one to about 80, nore preferably about one to )
about 50, and even nore preferably about one to about 25. The nunber of 10
points of attachment of simlarqgor alifferent pendant active benzot hi epine
units within a single core nniet%g%ackbone unit can be in the range from
about one to about 100, pr R $

R19. preferably about one
nore about one to about 25
or P of the groups endepassed hy-tite, definition The nore preferred
benzot hi epi ne noi eties 20 conpri §i ng FOoH R~1, R=" and/or R~' conformto the
preferred structures as outlimed\above for FWiﬂla |. The 3-carbon on each

benzot hi epi ne noi ety can be g 4 Htituents Rl, R2, R, R RS
and R' can be selected fromthe pfeferjled glQ and 2§ conbinations of
Stroetfures” can conprise, for
exanpl e, pol y(exyal kyl ene) or oligotoxyalkyl ene), especial .y gghky- or

ol i go~(exyet hyl ene) or poly- or oligo(oxypropylene). 30 Dosages.

For mul ati ons) and Routes of Admi nistration The ileal bile acid transport

i nhi bi tor conpounds of the presen@Q;p ention can be adm nistered for the
prophyl axi s and treatnent of hyperliSpidem ¢ di seases 35 or conditions by
any neans, preferably oral, B

Bu
MEZN \ 4, Cl-
g (7
$ OH
~N
0
N+
N N
H K
10 In another aspect, the present invention provides

a pharmaceutical composition for the prophylaxis or
treatment of a disease or condition for which a bile
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produce contact of these conpounds with their site of SUBSTITUTE Slﬁg‘ﬁ 7
(RULE Z6) WD 001 01687 PCTI US99/ 12828 31 D E C 2002 94 action i 5306[!9
for exanpl‘e OH%%¥e il eum of a mammal, e. g., a human. Fo qﬂ@”%’r’%’ﬁhyl axis or
treatment of the conditions referred to above, the conpounds of the 5
present invention can be used as the &npound per se. Pharmaceutically

accept abl e sal t%c@;"c}eti@@:ﬁé}id&lﬂ ahhymsth akl enfocatedli Gilchapgl hcations because
of their greate gous sol ubi | 1t»%crel %tlve to the parent conpound. Such

salts nust cleaf VRIAFTES SRAY &I PR Sept abl e ani on or cati on.
Sui tabl e ) phar mbeuos@bﬁﬂqslaecemd‘blc@mcﬁdta@m tniayn combrs sef anhe conpounds

of the present ijgveRti %ﬁ@u%&sp@§§éltﬂs%d' psbyde diee oferhved frominorganic
aci ds) such as h g,éochl oric, dr obrom ¢ ghos horlc met agh sphorlc 15

nitric, sulfoni AR ST urlf‘c B AP fEE AFEFECEURN Ss aceti c,
benzenesul f oni cacbén?zﬂreis ént the  bleiddanesut$ cnrﬁducef anransppr‘gl uconi c,

gl ycol ic, isot h't:HQkEof |a%‘¥ds§ dlé&éﬁmeogyﬁte%&ﬁﬂﬁne@a' 'aﬁd get hanesul fonic,
succi nic, toluenesul fonic, | uor gacetic acids. The

chloride salt i8R ﬁ’é‘?“[“fediﬁl&altl? p‘?"e‘?eé‘rtraégef S?I?Pe?ﬁ'c:ﬁxcﬁBrIBBEes"r Sui t abl e
phar maceut i cal | ¢iaeempt abl e base salts include ammonium salts, alkali netal
salts sugh as sodi umAnd (ot assidBeed, témea;s&desaér&talmnene%ﬁhaf@s ts such as

25 r’gagne5| umand calciumsalts e ani ons of _the deflnltl%g1 of A in the

present inventiBROGES &f m@B‘ﬁ‘P%é’ FEBTIBY R r%setac?eberpﬁa%* CER i cal |y
accept abl e and anemaim:adssellaclmrfg dmmhhe abmy evHiicht a Bﬁ)lé’hmcncbrrpounds of

the present i nvgpgﬁ%ﬁagnggbg&sq@t efapdidean &g@eggggbe carrier in the

formof a pharnaceut] cal oSl t The carrjer nmust) of course, be

acceptable in th‘em’s"e"rﬁéréf‘gb r?gpéé'rl’rﬁﬁ'fl br SRS RWheLother i ngredients of
t he comési t i oncemebundgst dsscmned)ebdebetzelormmrt dnt bembénapi@nt .inThe

carrier can be g, S0liadeOe2atb o 9hs DYikacidei BECLET ahlJaciUBSTI TUTE
SHEET ( RULE 26) WO 001 01687 PCT/ U899 12828 31 D E C 2002 95 fornul at ed

with the corrpou‘h &% a unit-dose conposition, for exanple, a tablet, which
can contain from 0. 3@t budRéhaspecyht tiod nﬂweam:t ireenvigm Eidko Ot her

phar macal ogi cal dyovatiebV ensUbS AICESyCAE Al GdipotnlECaLBLIodds! Ui ng ot her
corrpounds of tB&(grese i nventi on. The armaceuti ca oslIti ons of the

i nventi 6A can Fep&?@ﬁe bSF @y CEFPERRE ¥R ith PEEHﬂFﬁ &t phar nacy,
consi sting essentnedlilcpment athr useg ihheremmnipenends seadbe These conmpounds can

be adm ni st er ed-d}4 133 %nC PR VigdHnl2Ra! 1%%@1:?%’@%@%9 EQE WREcH My coONj unction
wi t h phar maceut.i J‘rc?’al S, glther as i ndj vi dual H%Eeu“‘g conmpounds or as a

conbi nation of & A5a6t FEERERRTSuAR 1b’1%°1‘rhles aR6dfe=8? - conpound which is
requijred to achi eveInhgedesifwttherohepectl tw@ief presant| invénting se, depend

on a nugper of fiagt 9&5@&@&1 ﬁ%cEQSe§pf3&f fire maayaélsﬂ%en the use for
which it is intended de m ni stration, i ni cal

condi ti on of 2FTKRE™ Pgﬁl?ﬁe e pFﬁsﬁﬁhe’r%‘fentaw&alafsygﬁﬁ%‘és%%% ¥ in the range
of from about mﬁattsra@malll&@lwg/ kg bodywei ght/day, preferably from about

1 ng to about 50 nUEkge kY é’é%gﬁh%d@%( leicl%‘?:ﬁ% b 3 to
about 25 10 ng/k bod v ’gh‘]d Thles %%{m ? ge&?zgrr? be adm ni stered

/ da
to the patient TSRS hg‘f »EE eraPﬁ‘Flﬁﬁ:&ngPf“oﬁé?e %t#t194 e subdoses.
Subdose30 can belesdmipt Sorermepvided Belowes Hemevday. i Dosiesubdirbebe in

sustai ned rel eagRekatBoelidiRft ikhe FO1DRIBS JiR8Lied description and
examples, while indicating preferred embodiments of
the invention, are given by way of illustration only
since various changes and modifications within the
35 spirit and scope of the invention will become apparent
to those skilled in the art from this detailed
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30 results. Orally adm ni strable unit dose formul ations, such as tabl ets or
capsul es) ntain, for exanple, fromabout 0.1 to a

benzot hi e‘g{sﬁ&e) ggnpound preferably about 1 to about 75 %ﬁufs conpouncB]@Q[gmz
35 preferably fromabout 10 to about 50 nmg of conpound. In t he case of
pharmaceutically acceptable salts, t &2 SUBSTTTUTE SHEET (RULE 26) WO

001 01687 PCT/ Ug88é2282for3l 0 E C 2002 96 wei ghts indicated above refer to

t he wei ght of the benzothiepine ion derived fromthe salt. Oal delivery of
an ileal bile acid transport inhibitor of the present invention can include
5 fornmulations, as are well known in the art, to provide prol onged or

sustai ned del i ypex1ofp i cdiverbR bRergmshnairesti nal tract by any number

of mechani sns. “These 1 ncl uade, but are not TTmted to, pH sensitive rel ease
fromthe dosage form based on the changing pH 10 of the small intestine,

sl ow erosion of a tHi® dicldowiapsdebailed etesmriptaonrhasspoigiedodoed on t he
physi cal propeg§sesnie tékqlﬁeanyhaEhenar@lﬂacﬂﬁ&%la the glesage formto

t he nmucosal lining of the_intestin zmalcrelea of the
active 15 drugiFYemh 9k d@é’&ﬁes‘f"or\?i'1 ‘%e'ﬁftléar‘ﬁdgﬁséirfgﬁ’fm?ssq gxtend t he
ti me period oveotvibe clortdteuadt £ veudduly nodneigultdiel préeenveimekerntaonhe site of

action st he i 'Eé‘rﬂocﬁ}’flr&@lgﬂkaéhéanI-J.éé’%r@%@a@%h@%ﬂbbﬁ‘iﬁént%m eric-coated
and enteric- coated controll ed rel ease q(PY gilpatlo g Wwthin the scope )
(o

of the present3tPAFRGDACTSAN "é%’l‘eb%n‘f‘ £fig8 |ﬂﬁ‘§{fbaew cel I ul ose
acet ate phthal sit£l1 pm y:henykaceiaheuphldmlra:tmg liydmokher spisineblryl cel | ul ose

pht hal ate and %\;}5 Q(plley dﬁ){ Eraaciod |&5‘S@._gg,gr9nd met hacrylic 25 acid
en a |

nmet hyl ester. mnis ere ntravenously, the dose can, for exanple,
be in the range of FeofCRb8BEs 0°8 PRFKPHIAF \ﬁ@FGHP“F%Sa"E)b‘iﬁ 1.0 ny/ kg body
wei ght 15pr ef eriadateird,r dmcabaihg Oc2S captantdzody weeghefévemdmruiciBed5 ng/ kg 30

body nel ot Tprm Shes bgm; pbelefl MuLkonody, el ght to about 0.6

ng/ kg body we e ca be conveni ent m ni stered as an

i nfusi on of frH?‘ﬁ%ﬂatf RY/ k@f PR Wiy litheds SBB&FEEJOO ng/ kg body wei ght
per mnute. Infusion fluids suitable for this 35 purpose can contain, for
exanpl e, fromghay;Qehgng to about 10 ny, preferabl y fromabout 1 ng to
about 10 ng SUBSTITOTE SHEET (RULE 26) WO 001 01687 PCTI US991 12828 31 D E
C 2002287 per nill il CEFETURP t24fdstERe &GrASInESi HPAPHFE3RERA &P rom about 1
ng to about 1Cfqlleiwinbedeoapbediddedctipripmesehe fo¥dovimm. Thus, anpoul es

for injection a0 G@ALALNar O S¥AgEE e, fromabout 1 ng to about 100 mg. 5
Phar maceut i cal conposi t| ans accordi ng to t"&}&g’m’ ent nventl on i ncl ude

those suitable for &r&Y1"recdHrenYhp &nd es%ubl i ngual ), and
parenteral (e.otherwisbcubaaéoarse eath amrscighar phamhr arlebrmiqhe@r )

| ntr avggous) adiEl sbebloPpodd (OUB G ecMRsknsyl LatlEd Qute N any

gi ven case wil epend on the nature an sever|t¥ ition being
treated and or?ltkﬁ(é REt BFE BP TWRPDArTRTANRS FOOnPOLRIY ARt 31&YB¥Lng used.
I n nost cases,int [theppeteenedinmnteiad adiithestfateomears, ofal . 15

Phar maceut i cal LRERES| b PRS SLgf_t | e thy var abuagdim %éﬁi tign h‘éigl

pr esent ed in (ﬁ scret e USI ts, as ‘ca SU| es, tachets ozenge

tabl ets, each 3GhEEPRPK apb?%?i@fler RYRERYAmDRRPLBRY Lt G%laxegya corrpound of
t he present i angnechpnyds promandr, dutynyl, pentynyl, or hexynyl

respectively and isomers thereof.

"Aryl" means a fully unsaturated mono- or multi-
ring carbocyle, including, but not limited to,
substituted or unsubstituted phenyl, naphthyl, or

35 anthracenyl.
"Heterocycle" means a saturated or unsaturated
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20 granules; as a solution or a suspension in an aqueous or non-aqu%O'U@- 00
liquid; or as an oil-in-water or waterin-oil enulsion. Aﬁﬁbﬂ%&’? ed*'s ['c[h
conposi ti oY® %¥88%e prepared by any suitable nethod of p yg%hich

i ncludes the step of bringing into assgciation the 25 active compounds) and
the carrier (which can constitute one ? nore accessory ingredients). In
general , the conpes-t bensubt £-Rirepaaedobycldiwmmdiyy and ontnaret el y adm xi ng
the active conpaound w a_ |iqui rfl Wi dedsol . dy cark.l.er, or both,
and 30 then, if cﬁgg Esé??/r?ss %’pib% 91? ggg%)dbt?gtﬁ/ or Péxéifrp e, Tfiflltgabl et can
be prepared by cowpréesi nipwore engthe pbadawi®e §EENETEERSf t he conpound,
optionally with one or nore assessory ingredients. Conpressed tablets can
be prepared by conpressing, in a suitable nachine, 35 the conpound in a
free-flowrng form such as a powder or granules optionally mxed with a

bi nder, lubricant, SUBSTIT JE\SHEET (RULE 26) Q001 01687 PCT/ US99/ 17828
31 D E C 2002 98 inert dj 'z@nd/or(§urface "di spersi ng agent(s).-
Mol ded tabl ets can be nm lding, inas i machi ne, the powdered
conpound noi stened with aegst |iquid diluep Phar maceut i cal
conpositions suitable for bucCal (sub-Iingual )\ogi ni stration include

| ozenges conprising a conpound of the present inventionina- - ---- ---
fIavPred base, usually sucrose, and acacia or tragacanth, and pastilles
conprising the wbapeimd. 2’10 Zdn ¢ne?t ‘baseCsu8h Bs Qeloat Nn witdh gl ycerin or
sucrose and acagha. proP sy MEfRUbheabs CHOMHS| tg«0ngrSEH trabkectidy par ent er al
adm ni stration nveni ently.conmprise_steril ueqQ reparations of a
conpoundibf thegﬁgnp?%ééﬁﬂ’ib edti BR® 4ﬁ%%é§6&%8a?§??§w§ngb preferably
adm ni st er ed i nenavken s |arombyhsudhubderbanst oat wbancarradhed be ef f ected by
means OI_ subcut gReewsr d r&{ ?’ﬂé%@hﬂ. ai-“ur@{ez}ngiﬂea}geh@bptf%r%?' on. Suchd .
preparations can_conveni en e_prepare adnm_xin e npound wi
wat er and rende??ﬂ@t%%ﬁ&lﬂ%ﬁ Hﬁgﬁ’égﬁ?cfcgﬁ%lb& FF'éagﬁ%gitsoo?Onﬁg' with the

bl ood. | njectabke canmBdsi tdwhg weworedichgisoCt he i nvention will generally
containifsrom 0.1 to H¥% Weknpfe _ﬁe@@fmﬁfld dinsgh &Lk NaheLAsa’Prated

Phar maceuti cal gconpositi.ons suitable for rectal adm nistration are
preferably presgﬁﬁ AELGi t - dose suppositories. These can be prepared by
adm xi ng a conpound It eifydepr dsketedammade/’ ononi t lesrsoaryhdr etBenvent i onal

solid carriers, pépit @@MRItarhaRa0at S0kl tdAlecuaBdot hef &htadi dent be
resulting mxture | e for topical

...Phar maceuti cal conpositions, sujt
application to %%etl’gﬁ(?‘ﬁtﬁfg]a%?%ﬁ, ?g%e"ﬁ}eﬁee fw&t;?hlf)lf €§.en oIt ment, cream
| otion, 28aste, gel, By &prmacr aeatermaryohetetary¢te’s WREBA &an be used
I nfﬂlj yde vaseli pﬁet&%dy&q@l |i&eﬁhﬂeh¥’&fa§|1_)ﬁze%r_§| b@ob%eSTlf’é%UTE E%msE_?I-_ndRULE 26)
conbi nati ons of _.two or retheregf. ctive
90 001 01607 perierinssh o "B B8 o gs Jeie R Flinbdt or bordad

that it is positively charged. The point of

attachment of the quaternary heterocycle to the
25 molecule of interest can be at a heteroatom or
elsewhere.

The term “ quaternary heterocaryl” means a
hetercaryl in which one or more of the heterocatoms,
for example, O, N, S, or P, has such a number of bonds

30 that it is positively charged. The point of
attachment of the guaternary heteryaryl to the
molecule of interest can be at a heterocatom or

elsewhere.
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conpound is generally present at a concentration of fromO0.1 to 15% w w of

t he CO”poﬁ'BtobBR ,for exanple, fromO0.5 to 2% Transder nplrRdif g8t ration is
al so possible Phar maceuti cal conpositions suitable for transder rrﬂ] DFRZUUZ

adm ni stration can be presented as discrete patches adapted to rend
intimate contact with the -- - - epidéfnis of the recipient for a prolonged
period of tinme. Suchrpatiias wSphiciehy GRErd B E168HPPUAKLdYo,t Beokd present
invention in an optionally buffered, aqueous solution, dissolved and/or
di spersed in ano’éd’n%‘gchﬂe", di spersed in a polymer. A suitable
concentration of thellecttiors ¢ongoaidtyls aleems 23kyd SE§tiguskedr abl y about
3% to 15% As qjgletrpacyr;é (o N] %Brgoﬁéiéﬁehis?y’ the 15 conpound can be delivered
y

fromthe patch el ectrotransport “or _i ontophoresis, for exanple, as

descri bed in Phar nadgift it€3M RE¥eRAlfY13(B§303 BB MOPS86PT PRLEhy case, the
amount of acti weirgwt edirescytbatwhitredanebeh coirly rmeshtainh three ero materi al s
to produce a si : g m 1 NnJ 6 Wah! MAEY: ndi ng upon
t he host treat e%aﬁcéq%%gxég%@%bu r%r %gg%g%%ﬁ% t raat F%n.y gd?%ol id
dosage forms f & FOFe SORPARSPT dt5iddeoBonds udFXigrisssiPetuds abl ets, pills,
powders, and grmdileed sneued abomelepippyse ondadutydl ecgobpeemgd ,of the
present,inventi Lxed w t.. | east €. i,huen ucdi..f#s sucrose,

| act ose%éor st%%%g&%’d&gg%%kgpﬁg’naa@@a %ég%tgﬁ%ﬁée,&gé in nornal )
practice, 30 ad@¥iclemakydlbataHcen2diHePNEIERRSSFEr SPAFPUBYEREMS. ¢. |

| ubricating ageiheseitCBhascHeUREHIMrshgdiad & darboheriageatdm aapsul es,
tablets, and pills, t o] e_forn o) ise. b rifnng agents.
Tabl ets and pi Icloénmggnugagi. f’ﬁ%n% Wefnﬁgg%glé%%&ee&%%ycgg e%llilféfcéofgti ngs. 35

Li qui d dosage ft&embengPtBi@PiBgiri ni stration can include pharmaceutically
accept ald e enmul si ongheStBER TTIaiTE~ Shiiahs( RUEEr28ical W i@@yO¥hB8rXein

PC f NS99/ 12828 D_E. 002_1 .Ut ions, Lops, . and
elixirs contai r?%r%& fnﬁé%’t:gdﬁ%%e‘ﬁ‘%sigg}#r%n% auts%égﬁlﬁlr%ﬁk: hggar??iféés{ﬁc T as water.
Such conpositi @fsipE§raFSe conprise adjuvants, such as wetting agents,

emul si fying and suspredt&gm5* agent meaad aSdeebEyibshddd awxggeng, and

perfum ng agents. '?LSCEQPJne“ %roﬁ[gg%%i”ggﬁag%%rﬁ :%Sgi(}?éheed %g_eri | e injectabl e

aqueous or ol eagi noUs “suspensio . _ according to the known
art usi2fy sui t §Braight dh¥geraarhpnorhate thaignggénmelgrul an syrdeditng agents.
The sterile inapctabhbopt epara@io,0mof@Yprd ferabd yaupt ebi sowthj ect abl e

sol ution or Suspepshon i I r.ent I ept abl e di l uent or
sol vent, for eégma)ﬁgf n,aég%‘a%%%tr%%;iIggfeg;_aebblrﬁ,{ﬁlénéd?gp: Among 15 the
accept abl e vehi cl esTRAJLSHT Ve PPIYEERAT nafepRS chPOWE) Kade WHAERIN Ri nger's

sol ution, and bfeteni Mosedtatbaiisl are deesitiddd @Y. okrgaddi Whexrwinst eril e, )

fixed gils are i Iy, £ e endi ng nmedi um
For t h:%s5 pur poggggég%%%% f%axsegpbgigﬁf%a&%gn\éngkogéﬁ% udi ng synthetic
nmono- or di gl ye@rP@es. me¥e rKfAfiereRly fup 150 #5048 30cA0@s ®PRi c acid find use
in the preparapréfesdbly) s tabladsut Phpogomceutical |l y acceptable carriers

enconpass all the f.ﬂgé&g@éﬂg ‘agslﬁﬁéﬁébj‘e'm&ﬁ@ él'&%eoglr}%%g,} o@egi men The dosage

regimen to prevent, grve reli m -or amelt or Sease condition
havi ng hyper| i pERYEeRR @Fidqmalerein e fodeadkoxy. §as at her oscl erosi s,

30 molecular weight up to about 20,000, more preferably
up to about 10,000, most preferably up to about 5,000.

The term “ cycloalkylidene” means a mono- or
multi-ringed carbocycle wherein a carbon within the
35 ring structure is doubly bonded to an atom which is
not within the ring structures.
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30 or to protect against or treat further high cholesterol plasm or bl ood
level s with the conpounds and/or conpositions of the present inventj bit{ 3}l
sel ect ed | WOM@W8Hance with a variety of factors. These PGEVHE28he t ype,
age, weight, sex, diet, and 35 nedical condition of the patient, the
severity of the disease, the route of esdm ni stration, pharnmacol ogi cal
SUBSTI' " I TI' E SHEET %R E 16) OOI 1§87 PGTN899/ 12828 31 E C 2002
101 considerations sdcf S&T heCatr? ef Ty 2 PRAP mactKi'néfi*cs and

t oxi col ogy profil es @blyhecqi'amdeuwlaere;mmd)anmbmqg?@d',ldﬂhe@her a drug
del |tve][y Sést emﬂaé,beural {nbzgg_‘l%nq,e r%" upheoCapheunb,iod0? ?gfn ni ist ergd as
part of a drug conbinatio us e e i men_actua enpl oyed may
vary widely and Wgﬁor@%ﬁy&i:@ﬁ" d?ﬁtgwggﬁ}i}?g??eec?rdﬁ é@@sgﬁgi nen set
forth abowe. Initial Theeatrment peptiaieyat memts qdflfyaming deighh a 10

hyperl i pi dem c q'amﬁ?wt%egbauwlt@ Lhendosagesdirdi cat ed above.

Tr eat nent shoul ener a > continued as necessali% over a per| od of
several weeks to sev@Fﬁl t‘?i‘ﬁ‘ht heebfPepEdfe” | fsans; RLKIPHRT id5ideni ¢ di sease
condi tion has beentedninglfireth aboet irtionamédo dSidatrigst souadeugoi ng
treatment with tl'a%oCQHPR&’HEdO{mE‘f’éTP%rfe' ggéféféﬁi}ﬁ’%‘%%mhﬁﬁéha e b

routinely nonitored , . [or exa , heasuring serum chol ester ol Ievels by
any of tie met h@8E nRef F 1% R Si ﬁ%%@% {750t Bma%? ear%%énfzﬁé'e‘f‘?%%tl veness of
t her'apy. Conti npaase&bhndrysi sboit oohaddha peidrivrsteodof alosatt on of the
treatment regi megoduhing 414r apyes0 that optinmal effective anpunts of
conpounds of the present 1nvention are admnistered at any point in tinme,
and so that the duraf?PorFsdm (' r&deHeRRORARMBEYHCt eF‘ﬁi"h%cPé‘é‘ 25TXR . In this
way, the treatnesntaresidsrenddesbnkichatskotaaed benimat 'geaai:lyaxﬁmd:iﬁ‘i ed over
Lhe counse of | BRLARY,SRdhdh LDed QRS ARDMOL Yoid Edlob!le acl ¢

nt1on ts sa

transport inhibjtor esent_ i nv tisfactory
ef fecti veness i 8°Bd&T rﬁ%tt@teeﬂ" erlen@LsdnERE®SBdni ni stration i s conti nued

only so long as is nEoesEanmy “toriszetedsf uldalubesadll heodiypenalpi dem ¢

condition. The ng 1po i date various
aspects of the E?%ﬁ%r% |%\Ii}eﬁ%lioér?ﬁéﬁggeé%%?esi%n\éehgeﬁﬁééz V\D 00/ 01687
PGTNS99/ 12828 3YHFiE ©HGG3 1032 BRAUPPES DENSIHIEPR

Pr epar akioon 1 2wkid¢iylisbrerssgtepoastibyk) heueimadsc(nfb)rsSaiteTmalxﬁddj (I 0 O
solution of 12.6,0:kd- &lmgegncgf ggaﬂg§&g%esclghgrl de and 10.3 g (0.13
nol e) of 10tr|ethélzam e was ad ropw se I5

2- et hyl - 2(hydr WY Fexanal , prepared according to the procedure
described in Chem Mire t@8n 72R1E84 (ri36hs) a whilfe wmedup,ai-SOg, tde reacti on

tenpgrature bel oy 31¢s.
25 The term * sulfoalkyl” means an alkyl group to

which a sulfonate group is bonded, wherein said alkyl
is bonded to the molecule of interest.
The term *arylalkyl" means an aryl-substituted
alkyl radical such as benzyl. The term
30 "alkylarylalkyl" means an arylalkyl radical that is
substituted on the aryl group with one or more alkyl
groups.
The term "heterocyclylalkyl" means an alkyl
radical that is substituted with one or more
35 heterocycle groups. Preferable heterocyclylalkyl
radicals are "lower heterocyclylalkyl" radicals having
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C. The reaction mxture was stirred at room 15 tenperature for 18 h,

quenched w |lute HC1 and extracted with nethlyene c | he
nmet hyl ene%hpg?#7de extract was dried over MySQg and concmecﬁgdrsgfrez?f-gi n VaBi®700?

to give 24.4 g of brown oil. 20 Prepqﬁftion 2
2- ((2- Henzoyl phenyl t hi 0) met hyl ) - 2- et hyl hexanal (2) SUBSTI TZJ1' E SHEET ( RULE
26) WO 00/ 6h683r 1iii3reA heitetrorgcbé Bioups Gtradthed| Fooén 22 PGFY US99/ 12828 ~

~ C~C z002 nmer - nane, + Pr r Lem@g to the procedure
described in V\gggg?%g0%@}“1948&@9#0,@&;?”%%5{@%59 |

2- et hyl - 2- (mesyl oxyRR® HRATPL i8gaREPA YA LI s MFanG. B2y b)~3stical
triethylam ne, thatd 88 sdbsaficdeethoiyletdnd ot herewhsthebaryl refl ux for 24

h. The reactio Xt ur r ' ; a4 300 nL of
met hyl eife ohl ogfgqél.éé Th%evn%?ﬁ%gnggﬁéo%ﬁ’o%ld&gl Z@gﬁ eé%éaig/\%aihel “{/ehgth 300 niL
of 10% NaOH, dReeereABrlalisd’ HAGLCtAIRHA%REnCYalaket o renpve

2met hoxyet hyl Béberoarhie greapgusat techgtlirid iatd akyHPred{ d826Htvhg- hexane) to
give 20.5 ¢ (5%0{% D&%% a% %B gi:ét?\!%gBSTTTLJTE SHEET ( RULE 26) WO 001 01687
PCTNS99112828 2062°7"RE=N"H 104 Schene_6_HZ - Pdl C R6CHZOH Rs~NH
~2 ~1 The term "quaternary heterocyclylalkyl" means an
10 alkyl radical that is substituted with one or more
quaternary heterocycle groups. Preferable quaternary
heterocyclylalkyl radicals are "lower quaternary
heterocyclylalkyl" radicals having one or more
quaternary heterocycle groups attached to an alkyl
15 radical having one to ten carbon atoms.
The term "quaternary heteroarylalkyl" means an
alkyl radical that is substituted with one or more
guaternary hetercaryl groups. Preferable quaternary
heterocarylalkyl radicals are "lower gquaternary
20 heterocarylalkyl" radicals having one or more
quaternary heterocaryl groups attached to an alkyl
radical having one to ten carbon atoms.
The term "alkylheteroarylalkyl" means a
heteroarylalkyl radical that is substituted with one
25 or more alkyl groups. Preferable alkylhetercarylalkyl
radicals are "lower alkylheteroarylalkyl" radicals
with alkyl portions having one to ten carbon atoms.
The term "alkoxy" an alkyl radical which is
attached to the remainder of the molecule by oxygen,
30 such as a methoxy radical. More preferred alkoxy
radicals are "lower alkoxy" radicals having one to six
carbon atoms. Examples of such radicals include
methoxy, ethoxy, propoxy, iso-propoxy, butoxy and
tert-butoxy.
35 The term "carboxy" means the carboxy group, -CO,H,

or its salts.
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Generic Scheme X Rx ~ 1 F 1. Li2S, DVBQ_ heat v 'CHO 2. nesyl ate al dehyde,

heat

S~-R2 R’

10
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35

~ | CHO CHO 1. butyl Ii®Rium PVETA, -40 deg C, THF
The term "carboxyalkyl" means an alkyl radical

that is substituted with one or more carboxy groups.
Preferable carboxyalkyl radicals are "lower
carboxyalkyl" radicals having one or more carboxy
groups attached to an alkyl radical having one to six
carbon atoms.

The term "carboxyheterocycle" means a heterocycle
radical that is substituted with one or more carboxy
groups.

The term "carboxyheteroaryl" means a heterocaryl
radical that is substituted with one or more carboxy
groups.

The term "carboalkoxyalkyl" means an alkyl
radical that is substituted with one or more
alkoxycarbonyl groups. Preferable carboalkoxyalkyl
radicals are "lower carboalkoxyalkyl" radicals having
one or more alkoxycarbonyl groups attached to an alkyl
radical having one to six carbon atoms.

‘ The term "carboxyalkylamino" means an amino
radical that is mono- or di-substituted with
carboxyalkyl. Preferably, the carboxyalkyl
substituent is a "lower carboxyalkyl" radical wherein
the carboxy group is attached to an alkyl radical
having one to six carbon atoms.

The term “ active compound” means a compound of
the present invention which inhibits transport of bile
acids.

When used in combination, for example
“ alkylaryl” or ™ arylalkyl,” the individual terms
listed above have the meaning indicated above.

The term "a bile acid transport inhibitor" means
a compound capable of inhibiting absorption of bile
acids from the intestine into the circulatory system
of a mammal, such as a human. This includes
increasing the fecal excretion of bile acids, as well
as reducing the blood plasma or serum concentrations
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2. DF RX\ | Fi \RSSRZ R" ~ | CHOBr MCPBA 02 OR 2 ~i S~ RR'" WCHO Br

i PNETA = | N~ N i BrPh3PBr, ~0 deg C DWVF DI BAL, deg C R
ooo}(ow‘y—io OH MCPBA = m chl or operbenzoic acid R§|&%§}%‘ﬁ%£tﬁ

S ~ RZ i Pd(Ph3P)4, Na2CQ03 R~ ~ | Et hanol , tol uene) or ! m

RSSnR3) heat Pd(Ph3P)4, sol vent base®R = H or C--C6 al kyl (e.g., potassium
t - but oxi de) ~20ﬂ dholedteSol, anaFEho&esterEasestdﬂ4 Rn8UBSTel TUTS SHEET ( RULE

16) WD 00101 Ituﬁﬁ%stggé&ggg% 13 BhF 008 gRReLLs) Scheme X The

nucl eophilic s roprl at e tituted
2- fIuorobenzal@@ﬂﬁkﬁ%qmstﬁrlﬂ%ﬁ?%ﬁﬁﬁs&P#Fﬁeb%ﬂeﬁﬁqu§F°ﬁuEP§oph|I|c sul fide

anion in 5 polmgF l\éﬁdl'fs (:sueheaiaanelavayMe RMSQ tekasport ol | owed by the
addition of dia d d pro | benzene
dlaldeﬁgde Y. iﬁ%%hft % F%% 0 %xgﬁ% ¥%ggg%§Pom?+§%perature

yi el ded benzy1CQﬂQ&ﬂ¥ﬂm ﬁﬁﬁba@ﬂéﬁ¥6502C1€E@ﬁ%ﬁ5|on of benzyl

Compounds
The compounds of the present invention can have
10 at least two asymmetrical carbon atoms, and therefore

include racemates and stereoisomers, such as
diastereomers and enantiomers, in both pure form and
in admixture. Such sterecisomers can be prepared using
conventional techniques, either by reacting
15 enantiomeric starting materials, or by separating
isomers of compounds of the present invention.
Isomers may .include geometric isomers, for
example cis isomers or trans isomers across a double
bond. All such isomers are contemplated among the
20 compounds of the present invention.
The compounds of the present invention also
include tautomers.
The compounds of the present invention as
discussed below include their salts, solvates and

25 prodrugs.

Compound Syntheses
The starting materials for use in the preparation
of the compounds of the invention are known or can be
30 prepared by conventional methods known to a skilled
person or in an analogous manner to processes

described in the art.
Generally, the compounds of the present invention
can be prepared by the procedures described below.
35 For example, as shown in Scheme I, reaction of
aldehyde II with formaldehyde and sodium hydroxide
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? 10 al cohol to benzyl brom de, followed by oxidation of sulfide to ZLN f%&@)l
yi el ded t he ke?/ |nterrred| ate W The conpounds of this invention can é)(g
synt hesi zeV UMY cyclic sulfate (XL, below) as the 15 rBEYLHP1288 shown in
the follow ng schenes XI and XIl. The follow ng exanpl es descri be a

pr ocedure for using the cyclic sulfaté&9as the reagent. SUBSTI TUTE SHEET

(RULE Z6) 1 I | Cl 3, Nal 04
KRR He MO~ TAE @M%%E%EW Y f%h?&%é;*?ar%d RiTA R R
0% o 3. st04 PORPY30L 1 D8 26t tlR-methagsylgopyy gh‘é Bz 2 xg RXU S / a
z MCPBA (Rx)4 RxrQeldhyléiine sthhlLa:O‘tSa @hléCpBUCédu-rd?-descrEEec(Mq t~5 ~H

XWa (Rx)c XLII ICII Ez SENb Sg:th(F ? llgléggra}tugé ‘iy%tl,1 %go;ngg)él%céutﬁ, to
benzot hi epi ne-1 i"oX1 des articul ar X 2
5 with thlophenol v, prepared y the procedure described
in WO 93/16055, in the presence of triethylamine
yields keto-aldehyde VI which can be cyclized with the
reagent, prepared from zinc and titanium trichloride
in refluxing ethylene glycol dimethyl ether (DME), to
10 give a mixture of 2,3-dihydrobenzothiepine VII and two
) racemic steroisomers of benzothiepin- (5H)-4-one VIII
when R' and R’ are nonequivalent. Oxidation of VII with
3 egquivalents of m-chloro-perbenzoic acid (MCPBA)
gives isomeric sulfone-epoxides IX which upon
15 hydrogenation with palladium on carbon as the catalyst
vield a mixture of four racemic stereoisomers of 4-
hydroxy-2,3,4,5-tetrahydrobenzothiepine-1,1-dioxides X
and two racemic stereoisomers of 2,3,4,5-tetrahydro-
benzothiepine-1,1-dioxides XI when R' and R® are
20 nonequivalent.
Optically active compounds of the present
invention can be prepared by using optically active
starting material III or by resolution of compounds X
) with optical resolution agents well known in the art
25 as described in J. Org. Chem., 39, 3504 (1974), ibid.,
42, 2781 (1977), and ibid., 44, 4891 (1979).
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SUBSTI TUTE SHEET (RULE 16) WO 001 01687 PC TNS99/ 12828 31 D E C 2002 109
anal ogs, fromthe thiophenol XVIIIA Thiophenol ‘-}%2 gn be
(ﬂ{ cyc?l | g9bh89

reacted wt c sulfate XL to give the al cohol XLI can
oxi dized to yield the al dehyde XLII. dehyde XLIIl itself can be 5 ﬂ"bkﬁ‘?d
oxidized to give the sulfone XLIII which can be cyclized to give a 02

st ereoi soneric m xture of benzo%dlﬁ@ne XLIVa and XLI Vb. Thi ophenol , XVI11A
can be prepared according to Schenme 3 as previously discussed and has the

fol |l ow ng 1%1forrru|a SH x ~ q B RR6 XVIII A wherein R5;1R' .and q are as
previously d |Rned HGOH he c% Bf ' oMAGI/NEL OM,SIQ fRazlte XL can be

15 prepared a g 0 ntRet|ic p dares Know i 8nd has the
foll owi ng fornul /00O X8~ wherein R and R&re SYpreviously

defined for theé 20 conmpounds of fg{_]rru al. Preferably, R and™R~ are al kyl;
nore preferaldty, they are selecte@fromthe group consistingvof nethyl,
ethyl, propyl, isopropyl, n-butyl, isdMsutméthaeewfonylgrbdp)t ert-butyl, and
pentyl; and stil re preferabl?/ Rl and R2 are n- butyI8 25 In the process
of Schene X, t henol XMl | AR sgenitially react egl%wvi Ryc#tzc sul fate

XL. This react 0 ers?f er abI Y nduct ed Ngtgn apr such as

nmet hoxyet hyl e . Wi fre ®he § eacy@On HEE} ( RUL ) WO

00/ 01687 PGT{¥399/ 12828 31 D ERC 202 110 conditions sgchpas tgnperature and)
time are not

ZW/TiCl,

€XCESS
MCPBA

Alternatively, keto-aldehyde VI where R’ is H can be
prepared by reaction of thiophenol V with a 2-
substituted acrolein.
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narromy critical, the reaction preferably is allowed to proceed at_abaqut
roomtenperature for about two hours. The reaction preferggé% agﬁho§§ 2@2
appr oxi naté‘fcg/oog’f%fchi onetric ratio of the starting mat er it5l ,99 a slight
excess of cyclic sulfate XL being preferred. Reaction tine and yield can be
i nproved by using about 1.01 to 1.3 eqlf valents of cyclic sulfate XL for
each equi val ent of thiophenol 10 XVIIIA present. Mre preferably, this
ratio is about 1.1 equivalents of cyclic sulfate XL for each equival ent of
t hi ophenol XVIIIA present. In the process of the i nvent i Bh t hi ophenol
XVIIIA also is tre d wth an abstracting agent. The 15 Estracting agent
can be added to th ol yient contai ni ng thi ophenol XYAI A pxiof to,

concurrently with, Jor afifer the agditio f cyclic L. Wt hout

being held to a p& Gl arR* h it Lgﬂﬁéhieved t He abgt acti ng agent

renoves the hydrg¢gen |[RO atomtfro hﬁ ner capt an gygup ta®ied to the
e

benzene ring 0&8& pphenol XV | | - resul ting gulf ani on -ef the

t hi ophenol the eacts with cyclRc sulfate XL to,Q the sulfate ring. The
sul fur anion of the,thi ophenol then bonds with ®&Xernin carbon atom of )
25 the open ring surfate. The termnal group at the unbofded eRd of the

opgn ri Rg sul fataenéétﬁﬂ%ﬁwt(fﬁm %g&&tlpvlzozﬁﬁga%?%r éfiihﬂ?e&g%&h geneg gl ly is
a ase aving a reat er n apbou U. Fre a Se.l.S an
kel L o BERe & e YBE Beetrianin e R ARt Al B RE 82 o wsal um
hydri de; Svore pKeélevwlidly carhbebasduder saditumodyum Heroydtidghtoexcess of
abstracting agepiviSriefraplhed §€dAdd Voried st BiroRhenpl 204 |1 A. Reaction

time and yield i's inproved by _using 35 ahout 1.0 to_abo 1.1 equjval ents
of 'Bbstrabt|ng SLEFICTUIeEAoRE ohui VI T X0 FRYOBRORET TiCAPSERSTI TUTE
SHEET ( RULE 26)R° onDtbe/ oppeTi RCEid889,128R68 BanphiCpripe2rind qanesent .

:c\/bre pref er abl ybet%\tbr%ézittﬁdotﬁstﬁ?%eﬁ /Jf“ﬁ;qws\éﬁkeatT ﬁfo}f, fyftstahacxa,ng age?L
or each equivalent_ o i_opheno sA _present. e sulfate group o e
i nter msg'ioat e prodLERe Jes hgr?“é%c?‘?‘:i)ﬂ2 of’gt H’%pﬁ%ﬁeols&%l PFAEWt h cyclic

sul fate XL is themzourmprégde pirdanabteadnicmydnomgthylene ghilekrddal cohol XLI.
Sui t abl e hydr ol yzi 0 A SokhGh UdRI BNl naehdSpregéhds Wkl ¥ _
hydrochl ori ¢ acid anﬁzsulgurlc %%fd' 1Qﬁ%ne s&¥ergl re cthps i nvol vi ng

t hi ophenol XVI | PRESTEFELEG) FatR¥E" (TS abstPEcEF RS 2t *8Rd P he

hydrol yzi ng agesisedie tcargipbacet iwitdi tnetwisshont tthetepide fiox THEol ati on of
any of the internedi ates produced. 15 Alcohol XLI is then isolated by
conventional nethods (for exanple, extraction w th aqueous nethyl

salicyl ate) and oxidi zed using standard oxidi zing agents to al dehyde XLI|I
Preferably, the oxidizing agent is sulfur trioxide or pyridinium

chl orochromate, 20 and nore preferably, it is pyridiniumchlorochromate.
The reaction is conducted in a suitable organic solvent such as nethyl ene
chloride or chloroform Al dehyde XLII is then isolated by conventi onal

met hods and further oxidized using standard oxidizing 25 agents to

sul fone-al dehyde XLIII. Preferably, the oxidizing agent is

met achl or oper benzoi ¢ acid. Sul fone-al dehyde XLIII |ikewi se is isolated by
conventional nethods and then cyclized to formthe stereoisoneric
benzot hi epi nes XLIVa and XLIVb. The 30 cyclizing agent preferably is a base
havi ng a pH between about 8 and about 9. More preferably, the base is an

al koxi de base, and still nore preferably, the base is potassium
tert-butoxide. The two oxidation steps of Schenme XI can be 35 reversed

wi t hout adversely affecting the overall reaction. Al cohol XLI can be

oxi dized first to yield SUBSTI TUTE SHEET ( RULE 26) WO 00/ 01687

PCTNS99/ 12828
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W2 a sul fone-al cohol which is then oxidized to yield a

sul f one- %&E@‘é@ SUBSTTT' UTE SHEET ( RULE 26) WO 00/ OpEpdsedstmese Xl I R

Re (RX)q Rz XL 0 0 S0 LizS, DVF 113 R~ SRX ~ | \Rz (R)q o
‘ws R Re ~PCCO) | RR C(RX)q . ~5 RHo ( LIl un 5 10 0~S o KCt Bud/!
Re .4R2 (Rx)q RS OH (E LIVa ~z Scheme’XI | illustrates still another route

to benzot hi epi ne-1, 1-di oxi des, particulapty 3, 3-dial kyl anallggs, starting

fromthe hal obenzerié_ . Hal obenzene LG

di scl osed abo

cd
sul f one-al cohgl ||LII

gi ve the sul

e
st er eoi sondRikq r’rkxtLQe of benzot

(RULE 26)

rPe reacted V\nthgc chi c sulfate XL

t hMGHBLoh | gh owBHe o teryield the
| fone- artohy tse ,flur t BT oxi di zed to
hwde LI h” Reycl i zed\% i aR
épige LlVa and LI WB./a SYESSTORUTE SHEET

vl X1 X

NaOH

MCPBA = m-chloroperbenzoic acid

PTC = phase transfer catalyst

whenR'= butyl, R2=ethyl, Rsﬂhenyl, X=H,q=4
6a=Xa

~

6b = Xb

6c = Xc

6d = Xd 3
The compounds of the present invention where R® is OR,
NRR' and S(0),R and R' is hydroxy can be prepared by
reaction of epoxide IX where R® is H with thiol,
alcohol, and amine in the presence of a base.
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PC T/ US99/ 12828 MCPBA 31 D E C 2002 WO 001 01687 PCT/ US99/ 12828 31 D E C
2002 11 4 Hal obenzene L (which is comrercially available or can be 31 0EC200
synt hesi zed"? P¥HF omerci al Iy avail abl e hal obenzenes by JiEUSRYIP3Ed in the

art) has the following fornula: 5 s L wherein R5) R', and q are as

previ ously defined for the conpounds of73formula |I; Rh is a hal ogen such as

chloro, brono, fluoro or,iodo; and Ris an electron 10 vm'tl;dravm' ng group at
the ortho or para posit Oﬁsof t he hal obenzene, and is preﬂegably a p-vitro

or o-vitro group. ck | f at oKL o QRIRRE 0T €PAr €d 33 3 gth in Schene
XI and can have t ng farmila R- B2 O30 ~ 945 XL wherein R
and R- are as pre @éf i ned fgdhlre conmpounds of- “ep2

Preferably, R €W} R a0e al kyl; nore preferably, ®Rigy

eQHel ected from
the group consisting of nethyl, ethyl, propyl, isopropy’i‘, 20 n-butyl,

i so-butyl, sec-bykWpert RFLHOUtYl, and pentyl; angsstdp INgRO eferably, R
and R2 are n-butyT. ' t he process of Schene XII;%hac?o’benz’eSﬁ?aﬂf is
initially reacted with cyclic sulfate XL. This reaction preferably is

conducted in an gpsitd:X rpRk¥eNd 26 SIS rdLABt Bydsdryr ABvRAEIdYH is
N: N- di et hyl acet%m de,. agd nor e, prreé)oerabl ,Vgn.sdl rr)@liéwuyl f%rrmam de. Al though
the reaction contttTons ﬁéﬁ 85t en&FSe Vand t?melﬁﬁgs TUT' E SHEET
(RULE Z6) 5 WEQWDIEB XIPTTVUSO YW 828132 18NE ¢ 2002 115 are not narrowy
critical) the reaetdpdbehesdbl ¥cis AyaewsdnboydiHcFedonpoded WaER about
70C and about 90C for aﬁgogt 8 to 12 hours. ybre ref%ri%y,hﬂ}le raeactlon
tenperature i s nEiTt MG AT BONETRGR YReds compoun wiich can

be cyclized with either potassium t-butoxide or sodium

hydroxide under phase transfer conditions to a mixture

10 of Xc and Xd. Separation of Xc and Xd can be
accomplished by either HPLC or fractional

crystallization.

The thiophenols XVIII and V used in the present

15 invention can also be prepared according to the Scheme
3. Alkylation of phenol XV with an arylmethyl
chloride in a nonpolar solvent according to the
procedure in J. Chem. Soc., 2431-2432 (1958) gives the

) ortho substituted phencl XVI. The phenol XVI can be

20 converted to the thiophenol XVIII via the
thiocarbamate XVII by the procedure described in J.
Org. Chem., 31, 3980 (1966). The phenol XVI is first
reacted with dimethyl thiocarbamoyl chloride and
triethylamine to give thiocarbamate XVII which is

25 thermally rearranged at 200-300 °C, and the rearranged
product is hydrolyzed with sodium hydroxide to yield
the thiophenol XVIII. Similarly, Thiophenol V can also
be prepared from 2-acylphenol XIX via the intermediate
thiocarbamate XX.
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5 reaction preferably enploys an approximately stoichionmetri~c ratio of the
starting woleghicdd S: W th a slight excess of cyclic sul fgapeysls ,I?ﬁ'gng
preferred. Reaction tinme and yield is inproved by using about 1. 1.3
equi val ents of cyclic sulfate XL for gch QLO equi val ent of hal obenz&h&EC 2007
present. More preferably, this ratio is about 1.1 equivalents of cyclic

sul fate XL for each equival ent gkchdhidDbenzene L present. In the process of
the invention, hal obenzene L also is treated with an abstracting agent. The
15 abstracting agent can be added to t{1e sol vent containi Pg hal obenzene L
prior to, concuggently with, or aft-,erR hﬁl addi tion of £y8ligisubfate XL.

Wt hout bei ng’ hel dRt oga particul arR Rt is beli stracting
agent renoves ogen atom attac e t t he benzepe rin

hal obenzene L and re €3 Md¥HEA Al aIIS VRd ent ggl fur at The

resul ting sul BurOani o r eaets—wIh C '055 td _open the sulfate
ring. The s ggon of "t he hal zen® t hen bohds @ﬁ&aﬁ erm nal carbon
atom of the n 23 ring sulfate. term nal group 4¢“the unbonded end of
the open r gpsulfate is the sul®axe group. The abs&"éqcti ng agent generally
is a dial metyw] sulfide, and preferably it is dilithiumsulfide. A

slight excess of the abstracting agent is preferred relative to
hal obenzene L. Reaction tinme and yield is inproved disdsiagh about 1.01 to )
1.3 equivalents of abstracting agent for each equi yal ghlio;gde hal obenzene L
present. More preferably, this ratio is about 1.0) equival ents of
abstracting agent fox each equival ent 35 of hal obenzene L present. The
sul fate group of the product of the reactron SUBSTTTI J Tk, SREET (RULE 26)
WO 001 01687 PCTNS99/ 12828 11 s 31 D EQi 282 of thiopghena R“\/I I[1TA wth
cyclic sulfate XL is then renoved, e y5|,Rto yield a

£ hyl-drol {q*

m xture of an ester and al cohol LI s include
m neral acids, particularly 5 hy, &éch -r; cRaci d ar(B Xul acid. The
ester is then converted to al cohol LI, 3byOH eat ment vmthR’an kal i net al

hydr oxi de, preferably sodi um hydroxi de. The several reacgi,ons involving

hal obenzene L) cyclic sulfate XL, theX&stracting agent d the 10

hydrol yzi ng agent can take place in situ without the need to isolate any of
the intermedi ates produced. Al cohol LI is then isolated by conventional

met hods (for exanple, extraction wth aqueous nethyl salicylate) and

oxi di zed using st antfie€oRi hEVRANThefe MORtEot ] UPeRARNHIeRIREE LI | .
Preferably, the, Dxdibxsides xgeahdi%d r&ﬂaaaﬂlrgr eaembemcnmmeﬁoﬂhe reaction

i s conduct ed | ui t&m g Iv nt S hLgri de or
chloroform Su %Inlz al QE ?0& en%l so?H?Q%IEil w{% co 3%5% é{r}:al met hods)
and further oxFeiZite G&%@“&ﬁéﬁﬁaﬁ*%ﬂwqﬁ #¥Ag %b‘?ﬂ"squb ofukKdne- al dehyde

L|h : | . PL ef er abkyth tdwe @QUdlvaﬂ.Bﬂtélgﬁ?thmAsyhélJcﬁstﬁh@@tﬂﬁdﬂ"e DKH di ni umTh

chl orochronat e a i m.chl Qrvchyomat e e
reaction is co%d@g}ﬂ'%ogv?%ﬁggéuﬁp?y l?e < Fiéglgé ‘gio v:p aSGEH™ as{:'rret hyl ene
chlorit@® or chPerBtHcemtosal F‘lﬁﬁ%r%lIQfeﬁFdénﬂLMil Feckvratiooneérted to the

desired benzothirfideealdbhgiexioes m&@@dumgttmﬁmow eQedugevesevi ously
set forth in Sghﬁ%%le o$0 ggﬁf—é%)le me 5{5( steps can be reversed w t hout
he

adversely affecting overal T  reaction: cohol XLI can be oxidized first
to yield an al dehyde which is then oxidized to yield a sul fone-al dehyde.
Use of the cyclic sulfate reagent instead of a 35 nesylate reagent in
Schenes XI and XIl inproves the overall yield and avoids nmany of the
purification
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SUBSTI TUTE SHEET (RULE Z6) WO 001 01687 PCT/ US991 12828 31 0 E C 230'2@’1[%
difficulties encountered relative to those reaction SCheF&f ﬁbﬂ%ﬁ? i'n 02
through a WA i nternediate. Overal |l yields are signffIRant 1y i nproved
when a cyclic sulfate is used instead of a nmesylate reagent. 5 In addition,
chr omat ogr aphi ¢ separation of the i nt efhedi at e product of the cyclic

sul fate coupling step of the reactiongchgpdwt necessary. For exanple, in
Schenes XI and XIl the internmediate is a water soluble alkali netal salt
and the inmpurities can be 10 renoved by extraction with ether. The
internediate is then hydrghyzed to the desired al cohol. Exanple
Correspondi nG to Scheme XR.' 15 St éysOl: Rr Bﬁration of

2, 2-di butyl -1, 3- propaned{oly 101y' al - hydride (662 m, 1.2
equi val ents, 0.66 nmol) jbee62 nl "of 1§ THFWAs added dropwise to a stirred
sol ution of dibutyldi &byl mal onate (150 g,H0.55 mol) (Aldrich) in dry THF
(700mL) while maintaining xggr tenperaturgvof the reaction mxture at

bet ween about -20C to about OC using an acetone/dry ice bath. The reaction
m xture was then stirred at roomtenperature overnight. The 25 reaction was
cooled to -20C and 40 m of peater, BO m of 10% NaOH ghd 80 ml of water

were successively added gfopwi Be. gThe resulting suRpepsi §n _pés filtered.
The {iltrate was dried ové?isedkggh;ulphate and conc d under vacuum

to give 98.4 g (yield 95% /SUBSTI E SHEET (RULEéﬁg /01687
PCT/ US99112828 11 a 31 O B C 2002Hof tH=MJIPBA as oil. PrBton NVR, carbon
NVR and MS confirned the ft. Step~—2—Drtnyl - ItrRsul fite: Oc 5 11

A solution of the dibutykiddol of step 1 (103 g, 038478 nol) in anhydrous
nmet hyl ene chl ori de (SOQth) and triethylanmne (2899, 4 equivalents, 2.19

mol ) was XXI XV
potassium potassium
t-butoxide t-butoxide

Examples of amine- and hydroxylamine-containing

5 compounds of the present invention can be prepared as
shown in Scheme 5 and Scheme 6. 2-Chloro-4-
nitrobenzophenone is reduced with triethylsilane and
trifluoromethane sulfonic acid to 2-chloro-4-
nitrodiphenylmethane 32. Reaction of 32 with lithium

10 sulfide followed by reacting the resulting sulfide
with mesylate IV gives sulfide-aldehyde XXIII.
Oxidation of XXIII with 2 equivalents of MCPBA yields
sulfone-aldehyde XXIV which can be reduced by
hydrogenation to the hydroxylamine XXV. Protecting the
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stirred at OC under nitrogen. Thionyl chloride 10 (97.78 g, 0.B2 nol) was
added dr o the mxture. Wthin 5 mnutes the sol ed to
yeIIOM/aﬁg tﬁ@ﬁhto bl ack when the addition was conplete? %#&ébout hal f
an hour. The reaction was conpl eted hin 3 hours (gas chronatograggygﬂjﬁm
conffi rmed no starting 15 material was left). The m xture was washed wt
ice water tw caydansybanite WWWCw1tHh®n{nfpunxiqﬂﬂﬁmbowasedglvﬂs(nhﬁ

magnesi um sul phapesang. GNCRILL3L ,g,(mgearaeaﬁl%bodgﬂ%tz@eg (yield 100%

of the dibutylcy C|IC sulfite“as a black oil. d wer e, 20 consi st ent

with the produd¥VISUBSHAIFECSHE Tx’é‘ﬁuu'etz‘s)POtaS\ﬁbuﬁ‘oFO%%‘?x NS99/ 12828

31 D E C 200Z an8 Hemequwad di bheyt- h@tdxynamﬂdhyat@rotécfmna_gmﬁupj on of the

di butyl -cyclic i epe2 210k 600 acetonitrile

and 5 5058 9§%%eér E;?:lg%lu% |Bﬁ 21 % nl);flygsen v\ir/a]ﬂsc added

r ut heni um(l | 1) 2aBd| B¥YHe - The) pﬁh@a%cﬁm}rﬂepéfr%&?eaeésﬁﬁnﬁ. d0B mol). The

reaction was saefifﬁtingg'maghhlgacbétpreyﬁnaa @y tthethekution turned bl ack.

Gas chronatogr t It material left. The

m xt ure was ex %eg{géﬁgge\%ftgfggo Iés%%élr g%g%?ﬂr'ee times with brine.

The organic phase was dried over nagne5|un1sulphate and passed through

celite. The filtrate was concentrated under vacuum and gave 133 g (yield

97.80 of the ~15 dibutyl-cyclic-sulfate as an oil. Proton NVR, carbon NWVR )

and Ms confirnmed the product. SUBSTTTUTE SHEET (RULE 26) O\\ ~ O

PCT/ US99/ 12828 WD 00/ 01687 ~ ~ o ¢ ¢ Zoo2 120 Step 4:

2-[(2-4"-fluorobenzyl - 4- met hyl phenyl t hi o) net hyl ] - 2-butyl hexanol: H3C 13 A

60% oi | di spersion of sodiumhydride (0.27 g, 5 6.68 nmmol e) was washed with
»  hexane. The hexane was decanted and 20 ml of methoxyethyl ether was added

to the washed sodi um hydride and cooled in an ice bath. A m xture of

di phenyl net hane t hi ophenol (1.55 g, 6.68 mmole) in 10 m of nethoxyethyl

et her was added
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10 dropwi se over a period of 15 mnutes. A m xture of the 31 DEC 1002
di but yl - cycllc sulfate of step 3 (2.17 g, B.66 mole) in 10 nml of

met hoxyet hY0 @PKEF was then added. The resulting m xtur e PAEYSHH?828 ed for 30
m nutes at O-C and 1 hour at roomtenperature under nitrogen. 15 Gas
chromat ogr aphy confirmed there was no’thiol left. The sol vent was

evapor at ed and washed wi th water % ther two tines. The water |ayer was
separated and 20 mM of 10% NaOH d. This aqueous m xture was boil ed
for 30 mnutes, cooled, acidified with 6N HCl, 20 and boiled for 10

m nutes. The m xture was {¢ool ed and extractiedwith ether. The organic | ayer
ter_and bri d over nmagnesi um
u r vacuum t .47 g (yield 92.5% of the

was washed successively
n NMR, C13-NVR aNO©, NB conflrned t he product.

sul phate, and concentra
hexanol as an oil. 25 Pr B
SUBSTTI ' ZTTE SH RULE p6) VO 0G| g

2-((2-4" -1l uoro Zél y4ref hyl phenyl t i0 ?rgtzhﬁ '?Dgllljt y?eﬁexanal H3 14

PCT/ US99/ 12828 3 D% 2002 To a solution of the hexanol of step 4 (2 g,
4.9 5 mole) in 4 thyl ene chloride cooled in an ice bath under

ni trogen was addeg; yr| d| ni um chl orochromate (2. 18 g, 9.9 mole). The
reaction m xture vvas stjOméd for 3 hours and fk léred t hrough silica gel.
The {]I ltrate was conceRtT Ed undeMcP® A acuunk R¥e 1.39 g (yield 70% of

t he hexanal as an oil. Pgoton NVMR—carbormr NVR M5 confirnmed the product.
15 Step 6: 2-((2-9 -fl u@,@s@l - 4- met hyl phenyl

)
met hyl ] - 2- but yl hexanal XXIN 15 To a sol %hexanal of step
5 (0.44 g, 1.1 mole) inggd0 m of nethylene chlgfdde cool ed by an 20 ice
bat h under nitrogen was a aed 70 % et achl or oper énZdiyc PaC d (0.54 g, 2.2

mmol e). The reaction m xt ga was stirred for 18 hour's and SUBSTI TUTE SHEET
(RULE Z6) RL%L 1 XR
R’ ®0C)0  RT g2
0, 0,
N(BOC)OBOC) NHOH

XXV 1. potassium t-butoxide %.8.8
2. acid workup
O o
2 gl

O S
.y 2 2
) HOHN R HOHNCE:Z(' R

£
Ph OH OH
XXVIIc Where R} is H Ph

XXVIId
Pd/C-H, Pd/C-H,
100 psi 100 psi
50deg C 50degC
0, 0,
2 + 2
HN N, R HZN'Cl:Z<~ R
{ “OH Ph OH
XXXIlle XXXId

6
In Scheme 6, reduction of the sulfone-aldehyde
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WO 001 01687 122 filtered. The filtrate was washed successively wth 10%
NaCH(3X) , wi&s and brine, dried over nagnesi um sul phat soncentrated
under vacuumofdéwéi ve 0.42 g (yield 90% of the hexanal agﬂe{'?l&g/im?pPr ot on
NMR, 5 carbon NVR and M5 confirned thg, product. Step 7: 31 DEC 2002
Ci s-3,3-di butyl -7-net hyl -5-(4"-fluor o‘g%enyl )-2,3,4,5-tetrahydrobenzot hi epin
e-1, 1- di oxi de: xxv WIEh3Rydrdgdnh AQ2owed oyl Gretiunitivar @lkylatiorhefanal of

step 6 (0.37 g ) i.n .30 ; QU vaEEo¥RSard ianred in an ice
bath at a terrnggt %régﬂ’g?hg%oéu“t&% ggﬁgéggi?ﬁt?ler%’gut%xi d (Iacr)12 ng, 0.85

mol e) was t heRlggh¥de #tatyzed byhaatsadHith Payar>ehr dhetByrSaB8fy confi r ned
t he presence ofehbeipnodeissennd esldsnahé submmittuskdt Awisearting material .

The crude reaction_nmi r aciditied. Wt extracted with

et her, \%ashed gﬁf&‘e’%‘éﬁ%l% \%‘é’?ggkgﬁﬁrﬁkﬂ?ﬁyg&il%th SO 20 and
concentrated upGERSSABRURTEUIN Geoléehes 2 SUREIITSUPT f PRISHYF (10%

Et OAc- Hexane) . afhfiof Besivit Afdd @F €als Agvéhthion GkIKbeasd aiiixdg material in
the formof an oil. The second fraction yielded 0.27 g (75% yield) of the
desired benzothiepine as a white 25 solid. Proton NVR, carbon NVR and M
confirmed the product. (MtH=433). PGI/US991 12828 SUBSTL1TI TTE SHEET (Rl TLE
16) WO 001 01687 PGT/ US99/ 12828 31 D E C 200Z 123 Exanpl e Correspondi ng
to Schenme Xl Step 1:

2-[(2-4" - met hoxybenzyl - 4- ni t rophenyl t hi o) met hyl ] - 2- butyl hexanol : 02N 5 17
Chl or odi phenyl net hane (10g) was dissolved in 25 m of DWMF and |ithium
sulfide (1.75 g, 1.05 equivalents] was added. The solution col or changed to
red. The reaction m xture was heated at 80C 10 overnight. The sol ution was
cooled to OC and di butyl-cyclic-sulfate (9.9g; prepared as set forth in
Step 3 of the Schene Xl exanples) in 10 ml of DVF was added and stirred at
room tenperature overnight. The sol vent was evaporated and washed
successively with
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15 water and ether (three tinmes). The water | ayer was separated and 40 m

of concentrated sulfuric acid was added and the reaction m xture boil ed
overni ght. YOVt ure was cool ed and extracted with et hyPCTASRVESES Tg
organi c | ayer was washed successively with water 20 and brine, dried 34#52%2
magnesi um sul phate, and concentrated utfder vacuum The product was boil ed
with 3Mof NaOH for 1 hour. The m xgs¢Hemewas cool ed and extracted wth ethyl
acetate. The organic | ayer was washed succgessively with water and brine,
dried 25 over gnesi um sul phate, and congentrated under vacuum The
concentrate wag| dirbsol ved in nethyl ene ch orikfe, filtered through silica

gel, eluted gt 0%@ethyl acet ate and gpéx and concentrated under Bu Bu
HO SUBSTTTL1TE $HEET (RULE 2@, - pd/ONO 001 01687 BCTIU899/12828 31 D E C 2002
124 vacuum t P§ive 11.9 g (yrete—r49) ofOBhe hexanol as an oil. Proton NMR
C13- NMR and Ms{conf i nmed theRﬁEH@M&t. 5 St_ ep 2:

¥ hexanal : 02N Bu \'S

b g, 13 nmole) in 50
m et hyl ene'sg i egd in ice bath LF0gen was added 70%

. The reaction wgs stirred for 18 hours at room
tenperature ang filtered. The ffiltrate wgs washed successively with 10%
NaOH(3X), water2and brine) dried oggL_gHgnesiun1sulphate, and concentrated
under 15 vacuum XM® concentrate was' di ssolved in nethylene chloride,
filtered through silica gel, eluted with 20% ¢t hyl acetate and hexane, and
concentrated under vacuumto give 5 g (yield T? WHf the hexanal as a
white solid, MP 58-60C. Proton NVR C13-NWR a qgggmfﬁ’confirned t he
product. SUBSTTTi TTE SHEET ( RULE 26) WO 001 91 PC TIUS99112828 31 0 E C

2002 125 Exanple 1398 Step 1. Preparation of a ~Bu CHO
0,

XXIXd

Scheme 7 describes one of the methods of introducing a
5 substituent to the aryl ring at the 5-position of

benzothiepine. Iodination of S5-phenyl derivative XXX with
iodine catalyzed by mercuric triflate gives the iodo
derivative XXXI, which upon palladium-catalyzed
carbonylation in an alcohol yields the carboxylate XXXII.

10 Hydrolysis of the carboxylate and derivatization of the
resulting acid to acid derivatives are well known in the
art.
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NO2 5 To a solution of 6.0 g of dibutyl 4-fluorobenzene dial dehyde of

Exanpl e .3 mol) in 72 nL of toluene and 54 ni wa

4.7 ¢ Snﬁégbtl)‘géfgeneboroni c acid (28.6 rrm)l) 0.8 g of tetra%}ﬂ%k §1aﬁ%%ﬂz
(triphenyl phosphi ne) palladiun(0) (0.7 mmol) 10 and 45 nL of a 2 M solution
of sodium carbonate in water. This h&® erogeneous ni xture was refluxed for
three hours, then cooled to anbient t et ure and partitioned between
ethyl acetate and water. The organic ayer was dried over MySO, and
concentrated in 15 vacuo. Purification by silica gel chropatography (Waters
Prep-2000) using et hyl Re/ hexanes (25/75) gave 0,8 § (73°/c) of the
title conpound as d 0S89 4R’ J = 7.45 Hz,
6H) , 0.99-1.38 (} Q'2H), 3.20 (s,

2H), 4.59 (s,R® 10.5 an@R* dt) J =28.4
and 2.B5 Hz, 1H)w__ ’léH)) 8. D5- 8. 1% . £ 1H) .
SUBSTTTUTE SHEET (RULE 10 WD 001 01687 PCT/ US99112828 26 31 DEC z002"-
Step 3. Preparation of 3JO0~~ BH-Bu Hg D A\ sol OH on of 4.8 ¢
(10.4 mol) of 2 in 54N THF was e 0 C¢ ice bath. 20 nL of a

1 Msolution of potas » | - but oxi de 2\/vas dded sl
ng was continued for 3 utes, then the

100 mL 10 of saturated Ymroni um chloride. The )
m xture was partitioned ween et hyl e and jvat eXXXlhe organic |ayer
was washed with brine) then dried (I\/g%ég nclentrated i n vacuo.

mai nt ai ni ng the

Purification by silica gel chromatogr ugh a 100 m plug using
CHzCl z as 15 eluent yielded 4.3 g t90 as a pale yellow foam 1H NWR
(cbcL,) d 0.93 (t, J =7.25 Hz, 6H), 1.00- SS(m 8H), 159174(m 3H),

2.15-2.95 (m 1H), 3.16 (gq~, J~ = 15.0 Hz, 33.2 Hz, 2H), 4.17 (d)

6.0 Hz, 1H), 5.67 (s, 1H), 6.34 (dd, J 6R?and 3.0 Hz) 20 1H), 7.08 (dt, J
= 8.5 and 2.9 Hz, 1H), 764(t = gz; , 7.81 (d, J ~ 8.7 Hz, 1H))
8.13 (dd, J 9.9 and 3. 1H) A& : rr&_x.ll—l)) 8.44 (s, 1H). NMS(FAHH+)
me (relative |nten5|ty) 4?(1‘)5_4.1 446. 6 HRVS cal cul ated for M-H

464. 1907. Found 25 464. 190 R ' R(JRULE 16) WO 001 01687 127

Step 4. Preparation of 4 Me PCTNR 8 1 DE C 2002

Abbreviations used in the foregoing description
have the following meanings:

5
THF---tetrahydrofuran
PTC---phase transfer catalyst
Aliquart 336---methyltricaprylylammonium chloride
MCPBA---m-chloroperbenzoic acid
10 Celite--- a brand of diatomaceous earth filtering

aid
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5 To a cool ed ( OC) solutionof 4. 3 g (9. 3mol ) of 3in30mM THF
cont ai ned Iﬂﬂﬁ nl ess steel reaction vessel was added 8.2 %’dlnethy

am ne (182 W he vessel was seal ed and heated to 110P€%

The reaction vessel was cool ed to anbient tenperature 10 and the cond dritt§ 2002
concentrated in vacuo. Purification by83ilica gel chromatography (Waters
Prep-2000) using an A gradi ent (10-40% ethyl acetate)
gave 4.0 g (88% of jﬁ&i a%%@%?%i#fB?ﬁ%&?ﬁeH NVR (CDCl ) d 0,80-0.95 (m

6H), 0.96-1.53 (m 8HBME‘J:5 ethplang@lysplafdjmephyl efbsy (m ' 1H), 2. 79 (s,
6H) 3.09 (g~, J~ = IHpd lebﬁ)k/cxﬁfaﬁaoH?l gibup4.90 (d, J - 9.0 Hz, 1H),
5.65 (s, 1H), 5.75( __-@ 1 Hz 2 6.52 (dd, J = 9.6 and 2.7 Hz, 1H),
7.59 (t, J = 8.4 Hz, Qg d, J~780Hz 1H), 7.89 (d, J = 9.0 20
Hz, 1H), &.20 (dd, J&%-@tana 1 2 Hz, 1H), 8.43 (s, 1H). MS(FABH+) nfe
(relative intensity) g89.. Qu(;}QO) 471.5 (25). HRMS cal cul ated for M+H

489. 2423. Found 489. %ﬁ:%g 22 U%TZ‘%@;E SHEET ( RULE 26) WD 001 01687 128
Step 5. Preparation , OH NH2 5 PCT/US99/12828 31 D E
C 2002 To a suspenS|dﬁa@f-ﬂﬁxﬁquGZelhﬂhnl) of 4 in 100 M ethanol in a

stai nl ess steel Parx cr}g@pt.otmwaﬁypé}gged;hl_og-lae% pal | adi um on carbon. The
reaction_vessel was Ieg_- ed tw e th H2, then charged wwth H (100
10 psi) ald heated t o P Rot? e reaction vessel was cooled to
anbi ent tenperature MHt*hese@mtemrbmder ed to renove the catal yst. The
filtrate was concent rcq{g@qJ_J_rpne\@ggglto give 0.9 g (96% of 5 1HIJMR
(CDC1,) d 0.80-0.98 h 52&@1510H) 1.52-1.69 (m 1H),
2.15-2.29 (m 1H)) 2. ('Y ° rd’f Jp$ = 15.1 Hz, DV = 44.2 Hz,
2H), 3.70 (s) 2H) . XaCl4- (sodmﬂ) C,hlﬁrzlge(s 1H . 6 . 09 (d, J = 2.4 Hz,
1H), 6.52g(dd, J = 1Z%afg-anfdodidhn drlH);- 6 65 (dd, J = 7.8 and 1.8 Hz, 1H)
6.83(3,1H),693( J = 7.6 Hz, 1H))789
(d, J = 8.9 Hz, (FAHL&’)‘“%W EIPF‘%PBYH ¥ Fn‘?ensmy) 459.7 (100). HRMS
cal cul ated for I\/HrH 438086841 1 Froium hy8go26de. SUBSZ1Z' UTE SHEET (RULE 26)
WO 001 01687 PCTI US99 (L7828 - 3;0@1,5,1 q;uaqg_gelzg Step 6. Preparation of 6 To a
solution of 914 ny (% gnn gﬁ % THF was added 800 ng (4.0 mmol)
5- br omoval eroyl chl ofPHE: 5 RELE UaR e°c'1 g (39.6 nmol) TEA. The

reacti on2@as sti rrelel@Omn@Imh}{lh@ﬁfpmd?tl oned bet ween et hyl acetate and

brine. The organic | xpeimups -gok@dsinm {MiRRny1aadasenseantrated in vacuo.
Purification by PEG---polyethylene glycol

MS---mass spectrometry
) HRMS---high resclution mass spectrometry
25 ES---electrospray
NMR---nuclear magnetic resonance spectroscopy
GC---gas chromatography
MPLC---medium pressure liguid chromatography
HPLC---high pressure liquid chromatography
30 RPHPLC---reverse phase high pressure liquid
chromatography
RT~--room temperature
h or hr---hour(s)
min---minute (s)
35 "Enantiomerically-enriched" (e.e.) means that one
enantiomer or set of diastereomers preponderates over
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silica gel chromatography through a 70 mMl MPLC columm |10 using a gradi ent

of ethyl wegbsles( 20-50~) in hexane as el uent yielded O. of 6

pal e yel low oI, 1H NVR (CDC13) d 0.84-0.95 (m 6H) %83“'%@5325 63030& 1002
1.53-1.68 (m 1H), 1.80-2.00 (m 4H), 2.12-2.26 (m 4H), 2.38 (t, =

Hz, 2H), 2.80 (s, 6H), 3.07 15 (g~, J% = 15.6 Hz, DV = 40.4 Hz) 2H)) 3.43

gt51J(ad6 ? FEthQF&omﬁléﬁéﬂﬁh 1Hhan515§efsgr35dk o%. E5aéﬁhrebmer3 4 % ;ED)
= S
(d, J 8.1 Hz C(dénrj‘@nmﬁnﬁ “H)’JEQ‘IES g?ep an repar atlon of 7

o p Bu MepN ~3r§I-PalGubat\ed~hE¢§FIVAd259T@1%1 HBICERFBAL PN P D tdhe( 1. 45 mol ) of
6 in 25 ni aC%P@péﬁdéﬁﬁ% %&a&tﬁé&grnE@IaheTléAnchafa@ioxﬁ%fCther 16 hours.
The reaction m xture was , 9 n£ t‘}gr’rgera %&Lrncentrated in
vacuo. %0 Puru??%%?u%??’b%}%?er&‘& bhB 3é”é3|"1 QXF ERYEET (RULE
| 6) WO 001 01687rexHindsadic] 28281138534 HEC<200 cBnema:tQJ!gamphy (Waters

Del ta Prep 3008 UShidhta it AL ¢le0Fh-bhl Eﬁotﬁt\."’as.t%ertogésgh€nio@t0nt ai ning 0.05% TFA
(2065% acetonitri as a !{é)am 1H NWR (CDCl )

e
d 0.80-0.96 (nPr® Qakg%gfrfﬂségeu(:nﬁ’igﬁia abpugq 1§ MAEE  2.00-2.24 (m
1H), 2.452.58 pref@t§hly? f3bm sboH) 208,09 (0@~ Jp~ = 15.6 Hz, DV = I8.5
Hz, 2Hyo 3.13-3.31 (m 8H) 4.16 (s, 1H), 5.44 (s, 1H), 6 08 (d J = 1.8
Hz, 1H), 6.S7 (dd, 7.34 )
10 (t,H)J = 8.4(Hz) P:LH?ng SSa?dbeJS%Qc?tEdHf}'mil-ﬁ"gong? SPESGétuF‘Fﬁ .88 (d,
J =9 0 H, 1add us@stisuted) C, 4R adkyl GHered04heobserved 642. 4343

15 Exanple 13 0 ' h wei gh out 68.3 gns
phosphor us pen%’g%:ﬁ orleé“?{(f §5§ B8 ééA]:Fédérl @'1}%,97%8%% into a 2-necked 500mL

round bott om f3HEK caHRoW) asEl\‘RPI‘H ahWrcPﬁ’l'etangd’éb?E?geéhd suba seal. Renove
from 235i nert atmumsiphiere hendrbegihedlZ qitege toAtide SOnts aphyilkplis

chl or obenzene (Al gnzgtﬁgél. ﬁnk éhe fu%]s%ﬂ{hénéé”éﬁ%eﬁ@d begin stirring

with magnetic stlr chloro-5-nitr en20|c acid 30
(0.298 nol e ATRIRIP FAIS1RC )‘deSFBW dH‘d’rPBYﬂhen' utyl, n-pentyl,
isobutyl, isopropyl, -CH,C(=0)C,H;, -CH,OC,H;, and -CH,O-

(4-picoline). Ethyl, n-propyl, n-butyl, and isobutyl
20 are preferred. 1In certain particularly preferred
compounds of the present invention, substituents R' and
R’ are identical, for example n-butyl/n-butyl, so that
the compound is achiral at the 3-carbon. Eliminating
optical isomerism at the 3-carbon simplifies the )
25 selection, synthesis, separation, and quality control
of the compound used as an ileal bile acid transport
inhibitor.
In both compounds having a chiral 3-carbon and
those having an achiral 3-carbon, substituents (R*) on
30 the benzo- ring can include hydrogen, aryl, alkyl,
hydroxy, halo, alkoxy, alkylthio, alkylsulfinyl,
alkylsulfonyl, haloalkyl, haloalkoxy, (N)-hydroxy-
carbonylalkyl amine, haloalkylthio, haloalkylsulfinyl,
haloalkylsufonyl, amino, N-alkylaminc, N,N-
35 dialkylamino, (N)-alkoxycarbamoyl, (N)-
aryloxycarbamoyl, (N)-aralkyloxycarbamoyl,
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chl orobenzene solution while under Ns purge. Stir at SUBSTI TUTE SHEET ( RULE
26) d,H %m“ngzgl. 69 WO 00i 0~6s~ 131 PCT/ US991 12828 31 D E C 2002
room tenperature overnight. After stirring at room tenmpePSTHFE1BE - 20hrs,
place in oil bath and heat at 50C for | hr. Renobve chl orobenzene by h3ébr|ﬂEEZUUZ
vacuum Wash residue with anhydrous hédane. Dry acid chloride 5

Wk =61, 95g1s. St ALeat By i Aafdn A (@gge@% %rpQQEHa'thlﬂa‘é” at mospher e,

di ssol ve aci d ch or | n| sol e 7 le Al drich
29, 6295) . Pl ace CeBREEF BRI n @”Zaﬁ‘ééked wrPcP bog‘l 6i¥¥fv ©,10 Wi gh

out 45.1gns al urNnPNrAELALIOF) e d00. 3M) m{mm»niammu 29NM471-3) and place in a
solid addition Ei\g&lﬁ faé r@qc%hﬁ?ﬁdﬁ%%am&g ﬁﬁltion funnel and a Nz
enove

i nl et adapter. Trom i ~reaction solution with
ice bath 5and beb?ﬁoﬁkm@eﬁm@s’l@ovﬁ%}‘b&wa%?iﬁl'a“tléwch| |led solution. After
addition is conpreaFkyrdnin@iituen BALE) t(N)-eapbamipercdid)r 1kl igr over ni ght

QJench reactlon ?X gugé‘%q{ gtgfﬁlg,ﬂ%ongpd% inq,jes 1IN HC1 and i ce. Stir

15 m n. Extract gani c Iayers and extract
twice with 2% I\B@Jr-PaCE}H@d“-’-t% c E2FPPRY SN E’é%:PFPlPe@e Br FTWHAY IMSO filter
and rotovap to gtydieiSsm s3aronavang sOlcarbpxhl o ameuwn hfyshal | ze product

from 90%,et hano %% | ac t | gns. 25
Yi el f?% bt a%"#}%ﬁi% cBcghe ‘g% "%rn%zggggl?&% 3 %ﬁﬁ%{@"%& , CLNO3
fw~277.71 30 D%%oawlcﬁxlq egﬁﬁgeohq\@mrm eéat%wnatrhreasmwzsﬂ tE SHEET
(RULE 26) WO @M ¥ k6 e PEREHSOR 1 128281 1, 3 whereWid I thenzpphenone

fromstep 1 in ‘?50 5 oqngygglgu% net h;f_?&ge héo a‘&rnﬂ?cﬁgn&ﬁ 3 liter

flask fitted w inl et ddi t7 on tunne sto (TF W th magneti c
stir bar. Chillsaltutangh (N)rﬁlFéég?Tatcﬁntalnlng heterOCYC1e wherein

15 the nitrogen of said heterocycle is optionally

quaternized. Among the preferred species which may
constitute R* are methyl, ethyl, isopropyl, t-butyl,
hydroxy, methoxy, ethoxy, isopropoxy, methylthio,

iodo, bromo, fluoro, methylsulfinyl, methylsulfonyl,

20 ethylthio, amino, hydroxylamine, N-methylamino, N,N-
dimethylamino, N,N-diethylamino,

(N) -benzyloxycarbamoyl, trimethylammonium, A~,
-NHC (=0) CH,;, =-NHC(=0)C.H,;,, -NHC (=0)C¢H,,,
) carboxyethylamino, (N)-morpholinyl, (N)-azetidinyl,

25 (N) -N-methylazetidinium A", (N)-pyrrolidinyl, pyrrolyl,
(N)-N-methylpyridinium A", (N)-N-methylmorpholinium A’,
and N-N'-methylpiperazinyl, (N)-bromomethylamido, (N)-
N-hexylamino, thiophene, -N"(CH,),CO,H I°, -NCH,CH,CO,H,
- (N)~-N'-dimethylpiperazinium I°, (N)-t-

30 butyloxycarbamoyl, (N)-methylsulfonamido, (N)}N'-
methylpyrrolidinium, and - (OCH,CH,),I, where A" is a
pharmaceutically acceptable anion. The benzo ring is
can be mono-substituted at the 6, 7 or 8 position, or
disubstituted at the 7- and -8 positions. Aalso

35 included are the 6,7,8-trialkoxy compounds, for
example the 6,7,8-trimethoxy compounds. A variety of

SUBSTITUTE SHEET (RULE 26)



5 Prepare a solution of 39.32 gns trifluoronethane sulfonic acid (0.262

nol e Al driwb ob/me®p3-4) and 170 ml s anhydrous net hyl ene ¢ | ac

addi tion funnel and add dropwi se to chilled solution undemrc‘i({{{zgﬁ'gzlg §1 ITECZUUZ
m nutes after addition is conplete. 10 Prepare a solution of 22.85 gns
triethyl silane (0.197nple Al drich 23; 86109- 7) and 170nmls anhydrous net hyl ene
chloride. Placeothefdslidgt@hubtbfetarnitéd addantapydieel yt xdsenitednsol ution

under N2. Stix gam%}létfs aftml/?rl;3 ti on.'??ﬁgng)% ehe ﬁr%%e a second

sol ution of 39. tr 811 BP0 afe sar Toni ¢ acl d an § anhydr ous
met hyl ene chl orumqaludulrmoefpﬁ sxRitRleon gtanadinghd BtRleRdPMi-se to chilled

sol uti on under gepciydraeriiang es A1 o 8dgkiban m@mwmedazo Prepare a
second sgl ution of 2

rieth si |l ane an 7 d s met hyl ene
chloride® Pl aceP TR i tapgnqlr‘ﬁ %’n&"‘%’dl‘d‘?opa\?l\n%seql % éggol ution
under Nz. Afterrind \a@dlppilmﬁexraﬂtkm)auwgﬁﬁrsl%\s Ay wa‘roﬁf'lt@“lz?oom
tenperature oveiRFEMRAS! i whede wnder 2 Ngo oMer ni ght. Prepare 1300 mls
saturated NaHCO, in a 4 liter beaker. Chill with ice bath. Wile stirri ng
vigorously, slowy add reaction mxture. Stir at chilled tenperature for 30
mn. Pour into a 30 Isegarsherycimpaveidsant tihé dvwesend dinvestiRsaoRe or ganic

| ayer aald ext ra&ﬂré aausﬁélslﬂc@p%tdzﬁuml\@ét@d{@&ew aaenghhpdﬁ&én Drly. |
or ganl C ayers w Sl.a ize frome ey on acuumil 1 ne.

Dry wt~28. 8gns.2 rﬁﬁq{grer DR P kRS 1rated o %}a"i%z‘?‘éb dsBB¥%TI 1 UT' E SHEET
(RUL.E 16) WBIDRAHE687 pg&damqo PySrolE/ usgdgatzmzezs i3idazelE, 2007 Di ssol ve

10.12 gns (0.0 ) 200, |-213ARQusn RO, Place in
a 500 nl round?tg}glmloqg Igis,rﬂﬁ%qﬁtn%gn;gﬂlia stir _bar. Fit flagk W th water
d

condenser, N, Y IRABSER BT Lhy oo i@ iam. s oFo fBEE i es Al dri ch
21, 324-1%. P acdhifdhaskei aubst i theerit (s)dabe ase lecteSiC fmode ambingobai i ght t hen
cool to room “HW k!ﬂretri/ﬂﬁ'h % 103 PSP MEanfhiraut ¥I- amihﬁﬁﬁo(o 040

nol es). Di ssol [ OUS O and add to ~5 reaction so ution. Purge

Bt ae e LRI DERC AR S e oL s S Esony ¢ oo

m s of 5% acet iad kydedei bridge |Haveingbeafeat e dfsrye agmomiumgsa3towl y add

reacti on m xt ur, t et nmbi ne
Ribselithit 8@ Eﬂé&eé@‘ %Qﬁ&xﬁghfﬁdﬁbl s l%x&bﬂ?ﬁon§?

organic,_|layers gnd.ext act W|t "y organic |ayer

ter
with. MBSO filAr&Y15AT0P ﬁ%%‘gwrﬁf]fx& acuum line. Obtain
pure product b}dlwlyaiikulenm.r Oﬂb:t(@gs)apkﬂy wressireg x9580 aexanw and 502t hyl

acetate as the gi0Bi Lga2p EHASS e %alh dr & Uier <Siadhn MMBREAH MBSS SpeC
(m z=444) . SUB%LIIIUTEh% ET ( RULE %62_@ Cz5A NO S fW‘4 3.61

iop ene, pyrro thiazole,
imidazole, pyrazole, or furan. The aryl group of R’ or )
25 R® is preferably phenyl, phenylene, or benzene triyl,

i.e., may be unsubstituted, mono-substituted, or di-
substituted. Among the species which may constitute
the substituents on the aryl ring of R® or R® are
fluoro, chloro, bromo, methoxy, ethoxy, isopropoxy,

30 trimethylammonium (preferably with an iodide or
chloride counterion), methoxycarbonyl, ethoxycarbonyl,
formyl, acetyl, propanoyl, (N)-hexyldimethylammonium,
hexylenetrimethylammonium, tri(oxyethylene)icdide, and
tetra (oxyethylene)trimethyl-ammonium iodide, each

35 substituted at the p-position, the m-position, or both
of the aryl ring. Other substituents that can be

SUBSTITUTE SHEET (RULE 26)



WO 001 01687 PCT/ US99112828 31 D E C 2002 134 Step 4 5 Dissolve 9.33 gns
(0.021 nol e(i)) roduct 3 with 120 nl s anhydrous net hyl ene chl oride. Pl ace
in a 25D nW "bottom fl ask with nmagnetic stir bar. chrwwrazwkm lDIEEZ{m
inlet and stopper. Chill solution with ice bath under N~ purge. Slowy ad

| 1. 54 gns 3chl or oper benzoic acid (0 0485 nol es, Fluka 25800, -65% . After
addition is conplete warmto roogn rrgerature an |°tt91r reaction by TLC.
Reaction 15 goeBT§BFTKISF FoPPRRY SPERTF ntet ¥'rea°a fUt takes 8 hrs to
convert to the subphoie.riggi kncbuiajtm dndboxymeit hghterien (ﬁrgémred:l lter solid
fromreaction, Eﬁé?‘c&né isl, tqtaiéxwttﬂ?,léﬂé) &%m@&teraa%ngﬂue%ﬂgayer twce

wth rrethylenec Cﬁ I ne ‘or anlcla é?ﬁ,&g th MySO
Filter and rot of3PPRY AT VREER. hﬂﬁ eﬁnpﬁFe e“l%?séfé‘é?% 3 2ing from
et hanol @& i sol havegddsirablenhledlr drideogeadhyrar@Gncitn iNMRbanthgass spec

(m2=476)  SUBSIELLS: R SPEET (BRI g0 on GrSUENASS.J Wet 25064 £z 00/ 0~sa-
135 Step 5 O P

99/ 12828 31 20 action is done in a 300 n
stainl ess st eel PRER¥L sEH" lfﬁéar?ﬁ}fﬁnyllea@fgf“‘o?‘?éw}@l@@ gns (0.0204 m)l es) of
product 4 in remdmxyw&eylAdd-rﬂ;&ﬁ-omyphenhhn@ -metgroxyphehylr amsons next two

conpounds are 5@1 gloyexybag, add 15.3
m s 10 formal dehyde % h@n aérﬁjwra%]gtg%ﬁ{ﬁ eéiﬁabk)nu%deg? W% in water)

and 1.43%ns 10%‘!“?%’}'@’&@5‘6{7"%}}-?’&]1'05 2?)“5-‘6@19)“7 -RReMY L edct B (B or e renovi ng
from’'gl ove bag.N'Pphgayl gdlt m¢ (CHY) g t CHIESE, W QCH,EH, ) ;Hoapheny 550 upder Hz.
Run reaction at | r gat 50 rpm Run

ct%ﬁ Hﬁéﬂgﬂfléﬁ&é@ob%#ﬁ: 1 At Qf W

over ni ght under ede con ons or_and vent H, Purge wth Nz.
Check progress SfMstdypyPsrEziniaueri®n) |§Hza (RFR e G RRESY e product and
i nternedi ate. Fhetdlrixy-@afluaropHenyilxt utkei@wver-2aied 5ef celite washing wel |

with eth Rot gy %r%@%é?’ﬂ-%s 1ve V"htg':.ﬂnﬁﬁféa jack- W idy water. Dry

or gani c ?ayer W t rotovap t q%ness Dry on_vacuum | i ne.

Char ge react or g |1FY iﬂem%urﬂﬁs - Gba)(O8H:GHaaeiPheRd L r uh~ over ni ght
under sane condilucxos 4 -Aétlsoxypheand, ruﬂ-mﬂﬁldmfnwhezﬁpyeidmyhass-been

converted to the deshied prRduch .4k &t vt -Hy-miBRAI-BUTE SHEET (RULE
26
) pyridinium, 3,4-dioxymethylenephenyl, 3,4-

20 dioxyethylenephenyl, and p-methoxycarbonylphenyl.
Preferred compounds include 3-ethyl-3-butyl and 3-
butyl-3-butyl compounds having each of the above
preferred R® substituents in combination with the R*

) substituents shown in Table 1. It is particularly
25 preferred that one but not both of R® and R® is
hydrogen.

It is especially preferred that R‘ and R® be
hydrogen, that R’ and R® not be hydrogen, and that R’
and R® be oriented in the same direction relative to

30 the plane of the molecule, i.e., both in g- or both in
R-configuration. It is further preferred that, where
R’ is butyl and R' is ethyl, then R' has the same
orientation relative to the plane of the molecule as R’
and R®.

35 Set forth in Table 1A are lists of illustrative
species of R'/R’, R°/R® and R".
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Cz,H 9NO S fw=473.68 WO 00l 01687 PCT/ US99/ 12828 13 6 31 D E C 2002
pressure. vmth Nz. Filter over a bed of celite, wth

et her. Ro\%'gy@ggﬁo dryness. Dissolve with ether and extr ?:?’bgﬁg '%ﬁbvat@ﬂ.DEmwz
organic layer with MgSO' filter and rotovap to 5 dryness. Dry on vacuum
line. Cbtain NVR and nmass spec (m z=4#4). Step 6 ~ w~~nOH / O CH3 H3 10

Cs., H39NO, S f w443 G_& Dhgggwgtg,g@ Woupe- 0189 nole) of product 5 with 135
ms anhydrous TFIF. Place in a m round bottom 15 flask with magnetic
stir bar. Fit flask W|th NZ |nlet and stgpper. Chill solution with ice/salt
bat h under Nz purge. Slowy add 2.55 QR(B,, otassiumt-but oxi de (0.227 nole
Al drich 15,667-1). After addition is co ete) contlnue to stir at -10C
nonitoring by TLC. 20 Once reactj Iet-eR qguench by adding 135 ms

| 0% HCL stirring 0 mn ct—‘t;hre i B ether. Dry organic |ayer
with MgSO' filter and rotgﬁt‘%&1 X . _.ystgl lize fromether. Qobtain
NN~t and mass spec (m z=474) - SUBSTI TI4TE §g ER” (RULE 26) WO 001 01687
PCT/ US99/ 12828 31 DES 2002 137 Step _¢v#""' ;KZH ~OH H3G ~CH3 C~61i 3, N0, S
fws4S9. 65 5 Dissol ve 4.67 gns (0. 01R @s) of product 6 with 100 ms
anhydrous chloroform Place in a 250 m round bottom flask with nmagnetic

stir bargfEt—ftaskwWRTRN—Retr—adapter—and SRy Seal . ot sofution

Wi th dry Echyl HO- Ph- 7-methyl
n-propyl H- p-F-Ph- 7-ethyl
n-bucyl m-F-Ph- 7-iso-propyl
n-pentyl p-CH;0-Ph- 7-tert-butyl
n-hexyl p-CH;0-Ph- 7-0H
;so-grop{l m-CH,0-Ph- 7-0CH;
iso-buty _ CDh. 7-0{iso-propyl)
iso-pentyl p- (CH;) pN-Ph 7-SCH, Y
CH,C (=0) CzHs m- {CH;) ;N-Ph- 7-SOCH,
CH,0C,Hs I°, p-(CH3)3-N*-Ph- 7-S0,CH,
CH2CH (OH) CaHg I°, m-(CH;3);-N*-Ph- 7-SCH,CH,
CH20~(4-picoline) I°, p- (CH;);'N‘ CH,CH, - 7-NH,
(0CH2CH2)3-0-Ph- 7-NHOH
I, m-{CHy)3-N"~CH,yCH,- 7-NHCH,
(OCH,CH; ) ;-0-Ph- 7-N{CH;)
1", p-(N,N- 7-N*(CHy)3, I°
dimethylpiperazine)- 7-NEC (=0) CH,
{N') -CH;- (OCH2CH,) -0~ 7-N(CH,CH;)
Ph- 7-NMeCH,CO,H
I°, m-(N,N- 7-N*{Me) ,CH,COH, I°
dimethylpiperazine)- . .y 2-"3 "
(N') -CHy~ (OCH,CHz)2-0- 7 () Jacetiaine
Ph- i i bt s
m-F, peCHy0-Ph- 7 (ﬁ{ N-methylazetidinium,
3,4,dioxymethylene-Ph 7-(N) -pyrrolidine
m-CH;0-, p-F-Ph- 7-(N) -N-methyl-
4-pyridine L pyrrolidinium, I-
N-met@y;-d-pyrxd;nlum, I° 7-(N)-N-methyl-
3-pyridine o ) morpholinium, I-
N-methyl-3-pyridinium, I° 7-(N)-N‘-methylpiperazine
2-pyridine 7-(N)-N'-
p-CH4,0,C-Ph- dimethylpiperazinium,
thienyl-2-yl I
§-Cl-thienyl-2-yl 7-NH-CBZ

7-NHC (0) CgH; 4
7-NHC (O) CH,Br
7-NH-C {NH) NH,
7-(2)-thiophene

continued next page...
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10 ice /acetone bath under a Nz purge. Slowy add, via syringe, 2.84 ms
boron tribrom deséo.03 nol es Aldrich 20,220-7). Stir at cold tenperature
for 15 mi n YM6834dition then allowto warmto room ter‘rﬂ’é’iﬂ"&’ﬁ%ﬂ“é’?zsl\/%gihéﬁmm
reaction progress by TLC. Reaction is usually )5 conplete in 3 hrs.
solution with ice bath. Quench with 1087 mMs 10%1CzCO, while stirring
rapidly. Stir 10 mn. then transfer to sep funnel;_angd.al | ow separation.
Renove aqueous |ayer. Extract organic |ayer once swthil 20 10% HC1, once HBO,
and once with saturated NaCl solution. Dry organigglslggggg%lvmth MySO' filter
and rotovap to dryness. Crystallize product f r omeesier . EJJt ain NVR and nass
spec (m z=460). SUBSTI TUTE SHEET ( RULE Z6) WO G0PW1687 PG?/ US99/ 12828 3 ~
~ E ~ 2~~2 138 Step 8 | N H3C \CH3 C3zH, eNO6SI @i 775 wei gh 0. 38 gns
NaH (9.57 mmoles Aldrich 19,923-0 60% disp. in measxml oil) in a 250 m
round bottom flask with magnetic stir bar. Fit flea®k™ i th Nz inlet and
stopper. Chill NaH with ice bath and begin N= pufgE®“0 Di ssolve 4.0 gns
(8.7 nmmol es) of product 7 with 60 m's anhydrous suAdd to the cold NaH.
Stir at cold tenperature for 30 mn. Add 1.33 gne#-®£8B03 (9.57 nmol es Fi sher
P-208). Dissolve 16.1 gnms 1, 2-bis-(2-iodoet hoxy) &H4fe: 15 (43.5 mmol es

Al drich 33,343-3) with 60 m's anhydrous ) DWF. Acidﬂ,;é%iﬁ;f&ljd reaction

m xture. Warmto roomtenperature then heat to 4QG@med,ny ght under NZ
Cleanup by diluting with ether and extracting se@t@aci:ekky with 5% NaCH,

H, O and saturated NaCl. 20 Dry organic |ayer wi t8hN'WMg5€9:F €er and dry.
Cbtain pure product by col umn chronmat ography usi §giN/5ZERigxahe 25% et hyi
acetate as the nobile phase. Obtain NVR and nass es{ieo-favhazeddinium,

SUBSTTI ~TTE SHEET ( RULE 26) WO 001 01687 PCT/ US9911 . D E C 2002 139
H3C _ -~CH3 Step 9 / O-/ O-O-/ N+~ ?%}]E%.?ﬁ;i’%

pyrrolidanium, I°

8- (N) -N-methyl-
morpholinium, I°

8- (N) -N’ -methylpiperazine

B-(N)-N'-
dimethylpiperazinium,
1-

8-NH-CBZ

B'NHC (0) C5H11

8-NHC(O) CH,Br

8-NH-C (NH) NH,

8-{2)-thiophene

continued next page...
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C~eHsaNz~sSI fw-802.90 5 Dissolve 1.0 gns (1.43 mmoles) of product 8 with
10 s a acetonitrile. Place in a 3 ounce Fischgps pressure
reacti Onn{&gg,g/g z/vith magnetic stir bar. Add 2.9 gns tri g?ﬁ@?%tg%&ge (28.06C 2002
mol es Al drich 23,962-3) dissolved in 10 ms anhydrous 10 acetonitrile.
Purge well with Nz then close system8®8 Heat at 45C. Monitor reaction by
TLC. Reaction is usually conplete in 48 hrs. Perstetimgicl eanup by renoving
acetonitrile under )5 vacuum Redissolve with a@ﬁi@ﬂﬁ}g@lchl or of orm and
precipitate quaternary ammoni um salt w th ether .s-fepeatyiseveral tinmes. Dry
to obtain crystalline product. Obtain NMR-and mgs&uspec (nfz=675). 20
Exanpl e 1399 Step 1. Preparation of 1 r ( CH 3 350(T’§b-§¢osﬂj)uti on of 144 g of
KOH (2560 nmmol) in 1.1 L of SUBSTI TUTE SHEET ( ROEEEED6) WD 00/ 01687
PCT/ US99/ 12828 3 ~ ~ E ~ 2~~2 140 DVBO was adde%j@% g of 2-bronobenzyl
al cohol (641 mmol) slowy via addition funnel. Thaf,as added 182 g of
nmet hyl i odide (80 nL, 1282 mmol) via addition funpmet. Stirred at anbi ent
tenperature for fifteen 5 m nutes. Poured reacti@ﬂ%’g:ontents into 1.0 L of
wat er and extracted three tinmes with ethyl acet ét,gm:',l'he organi c | ayer was
dried over MJSO, and concentrated _in vacuo. Purg'L,H@gf,by-si i ca-gel
chromat ography through a 200 nlL plug usi ng hexamesic(=20®9%) as el ut ant
yiel ded 10 103.2 g (80% of 1 as a clear col orlés“!s‘cgci%d. 1H NMR (CDC1~) d)
3.39 (s, 3H), 4.42 (s, 2H), 7.18-7.27 (m 2H), L oG 3 =.7.45 1H), 7.50
(s, 1H). Step 2. Preparation of 2 15 3 To a coolgeﬁt)ﬁ\a’ ofshe SOl Ut i On of 95 ¢
(472 mmol) of 1 in 1.5 L THF was added 240 nlL of-®) Bzddigineuty| [ithium (576
mml ). The mixture was stirred for one hour, and™ 2 f‘PféWlf‘b“?(‘E‘“W‘é“s added
180 g of zinc iodide (566 nmol) dissolved in 506-wm-pfidelidliee M Xt ure was
stirred thirty minutes, allowed to warmto 5-C, gt@&igggfi;ff@;-l .Cand to it
was added 6 g of Pd ( PPh, ) 4 ( 5. 2 nmol ) and) egn;ﬁ,-g'- i f1 uorobenzoyl
chloride (708 nmol). The 25 m xture was stirred atmomfrblieh?:,tfe'nperature for
18 hoursand then cooled to 10 C, quenched with $agEn) - BRPtPFFSHES bet ween
ethyl acetate and water, and washed organi c | ayer dipethylpiperi@Glinamd with 1IN
NaCH. The organic | ayer was dried over MySO ang_n(;}pdggentrat ed 30 in vacuo.
Purification by silica gel chromatography (WatessmPrepei00) using 5% et hyl
acet at e/ hexanes as elutant gave 53.6 g (43 % of-MCQCHEBY orange oil. 1H
SUBS' |' I TLTr E SHEET (RULE Z6) WO 001 01687 PCINEHd 28 31 D E C 2002
| 41 NVR (CDCl1~) d 3.40 (s) 3H), 4.S1 (s, 2H), 7.7102-7.20 (m 3H), 7.47 (t, J
= 7.50, 1H), 7.57 (d, J = 7.95, 1H), 7.73 (d, vasgf;.:zgs_oggl—l), 7.B0 (s, 1H).

7-SCH;, 8-SCH;

6-0CH;, 7-OCH;, 8-OCH; \
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5 Step 3. Preparation of 3 a rBu ,i~0 "OH ~c:n 3 A solution of 53 g (202.3
mml) of 2 and 11.2 g Li2S (242.8 mmol) in 250 nL DVF was heated to 100 C
for 18 hou™Q 998 reaction was cooled (0 C) and 60.7 g oPCTUSSYIBhe Ty EL §0)
sul f at e conpound of exanple 1397) (242.8 mml) in 50 nL DMF was added.
Stirred at anbient tenperature for 188Rours then condensed in vacuo. Added
1 L water to organic residue and extracted twice with diethyl ether.
Aqueous | ayer aci di frertHarHplefented zompblinded 2 tthey prefent ed to anbi ent

t enperature and, [ e hyl_en h i de, Le r i.C.l ayer over
MySO, and condeﬁ’g‘)é%ﬁ?lnérg%g\ﬁqg.&g t%nrs‘-itl fc%loggt ggﬁu%‘i{ﬁsﬁ ﬁaé’gy‘éep“’%h‘%??ﬁ’? Sgr aphy
(Wat ers Pr ep- 50P)3XB3GRPLECHLEY hg Tt kit PERECFRIRBINTe STASCRYIRARS gave 42.9 ¢
(48 % -8 of 3 @sscritwdd @bovkel . cdvA MR OP6Hded d 086 €Ebre Inciefy25 Hz, 6H),

1.10 - 1.26 (m o Sy s 3.3 ) : , 4.48 (s,

3H), 7.02 (dd, ‘jﬂazl%‘.‘%l%?‘a%n%ﬁ?.t%gf%,g&ﬁ,a‘%% ?8??%915% 9 Hz and 2.82
Hz, 1H)) 7:-45- ($txrturpsgpregyrapdy cpmpeigesl (m 25 2H), 7.69-(dy- J = 7.85 -
Hz, 1H)) 7.74 (s, 1H). SiIBSTI TVTE SHEET ( RULE 26) 31 0 E C 2002 WO

00/ 01687 PCTNS99112828 142 Step 4. Preparation of 4 i )H 3 To a cooled (-40
C) solution of 42.9 g (9% mvl) of 3 iR 200 nL of methyl ene chloride was
added 21.6 g 5 trifluoro Rane sul(f%hi ac%ed (12.8 nmL, 144 mol) foll owed

by tihe addition of 22.4gt\£' yl § ( 01.7 m., 192.4 mmol ). Stirred at
-20 C for two hours, quencfred wi wat er\ andRwar ned to amnbi ent tenperature.
Partitioned between nethyllene chjforide a §

wat er, 10 d{)ﬁﬁ%utlge])p\y)gani c
| ayer over MyS04 and cond d LA vacuo. il

Purkfication by silica gel
chromat ography (Waters Prept % et hyl acetate/ hexanes as
el utant gave 24 .2 g (609 RCH NVR (CDC13) d 0.89 (t, J =
7.05 Hz) 6H), 1.17 - 1.40 (M 12Hf, 415 1r46 (t, J = 5.84 Hz, 1H), 2.81 (s,
2H), 3.38 (s, 3H), 3.43 (d, J = 5.23RHz, 2H), 4.16 (s) 2H)) 4.42 (s, 2H),
6.80 (di®J = 987 Hz, 1H), 6.90 (t, J = 8.46 Hz, 1H), 7.09 (d, J = 7.45 Hz,
1H, ?2.15 - 7.21 (m 2H, 7.25 7.32 (m 2H), 7.42 (m 1H). ) 20 Step 5.
Preparation of 5 a ~Bu CHO ~~h s To a cogled (15-18 C) solution of 24.2 g
(55.8 mml) of 4 in 100gd DVSO addRd 31.2 g sul fur trioxide 25
pyridi ne conpl ex (195 §. Stirrgdra an%mi ent tenperature for thirty
m nutes. Poured into cold\ ac eld three tines with ethyl
acetate. Washed z R

(Formula DIVA)

where R', R?, R’, RY, R% R%’ R% R’, R’, X, g and n are
as defined above, and R*® is either a covalent bond or
15 arylene.

The core moiety can comprise alkane diyl, alkene
diyl, alkyne diyl, polyalkane diyl, alkoxy diyl,
polyether diyl, polyalkoxy diyl, carbohydrate, amino

20 acid, and peptide, polypeptide, wherein alkane diyl,
alkene diyl, alkyne diyl, polyalkane diyl, alkoxy
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organi cs \%é‘ﬂ) 5% HC1 (300 nL) and then with brine (300 nL), dired organics
over MysSo' ahd! %ndensed in vacuo to give 23.1 g (96 % WT/USYR8 | i ght DEC 2007
brown oil. 1H NVR (CDCL,) d 0.87 (t) J = 7.05 Hz, 6H), 1.01 - 1.32 5 (m
8H), 1.53 - 1.65 (m 4H), 2.98 (s, 2MP, 3.38 (s, 3H), 4.15 (s, 2H), 4.43
(s, 2H), 6.Bl (d¢;, a1 ﬂ@@rkgigfpi%ﬂ§%lﬁéxylﬁg 15. 8drédhyatated. 62 Hz, 1H))
ARG IR AN, T AL L .%9%&1, T 27 S{;S{Hz, 1H) |
7.26 - 7.32 (nP™iRg acicy) apdgpentides bed YREPEIGE 10CER PP, 9. 40 (s,
1H). Step 6. Phepareré ar obré c&ritiOrgplacad by To, aNR'GoN&RIR{,08¢) sol ution
of 23.1 g (53. Bl 0 t (o] (¥ ded 28.6 ¢
Eommadd Qfr&el p g fghﬁ?,hﬁ)( & igteﬁ{rﬂr,eéle‘i%r% c B!

met a chol or per oxy-benzol ¢ aci . 6 Mo at _anbient tenperature
for 24 Rours. EXRFRMAFYMPERSIVEYHE 1 GYARBTTRYY P89 %93AEd B&t ween wat er and
met hyl ene 20 céiyr,)jde. Dried organic |ayer over MgSO, and condensed in
vacuo to give 24.5- 9 . - a- || e W Qf4 H (CbC1,) d

0.86 - .29 (m 14#?"3,("%%%59%6"% ?}y?m,g%%‘n%( ‘i’{ﬁs O%l, TSP 2H) (3 .13
(s, 2H) , 3.39p@kyaliigne diyk, abhkoy) diylpopekyethyy Hwd3 (d, J = 9.07 Hz,

25 1H)) 7.10 -pdiydikoxny 8llyl, Sdibohydratd, £midio (59id,HpepbiBSTZTUT' E SHEET
(RULE 286) / L12 . 44 S 7.

bropar APt on oFy Ay Vg epecat B3t bk REBaedibdn P rk GrhEPe ¢ | 20 i of )
THF cont ai ned §yPsEiSfgna| 85_uRe dadeperdenbly \asslrqteghfromaghed 100 nl of a
2.0 IV: sol uti orgﬁu;dicmﬁhy{;iz@gndfe aaggll) fgﬂké’ﬁg;lo,f ﬂe@ﬁn_l}_;d_i,rret hyl am ne. Tlhe
vessel was se e to 11 r Qurs. e_teaction vessel was
cooled to anb?geoﬁtq'atq%%%érgéf eethaer’l:d ?ﬁéabg?l?%%atlgcyclidnggﬁpfgﬁg fI n vacuo.
Purification byetdirdoc¢218¢larylalkyl, halogen, oxo, or*3, nrI3grl4,

15 sr*3, s(0)rY3, s02Rr3, so3r??, NrI30rR4, NrIZNR4R1S,
NOz, CoaRY3, cN, oM, sosoM, so,NRYZRM4, c(0)NRI3RY4,
co)om, cor*?, p(o)r*3r¥, p*rR3r%R15A-, P(OR®)OR™,

9.11,12

S'R¥R™A", and N*R°R**R*“A”;
wherein said alkyl, alkenyl, alkynyl, polyalkyl,
20 polyether, aryl, haloalkyl, cycloalkyl, and
heterocycle can be further substituted with one or
more substituent groups selected from the group )

7

consisting of OR’, NR'R®, srR’, s(0)R’, SOaR’, S03R’,

cosR’, cN, oxo, CONR'RE®, N*R’R®R®A-, alkyl, alkenyl,

25 alkynyl, aryl, cycloalkyl, heterocycle, arylalkyl,
quaternary heterocycle, quaternary heteroaryl,

p(0)R'R®, P*R'R®A", and P(0) (OR)OR®, and

wherein said alkyl, alkenyl, alkynyl, polyalkyl,
polyether, aryl, haloalkyl, cycloalkyl, and
30 heterocycle can optionally have one or more carbons

replaced by 0, NR’, N*R’R®A-, s, SO, SO2, s*R’a-, PR’,

P(O)R’, P*R’'R%A-, or phenylene.

Exemplary core moieties include:
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10 chromat ography (Waters Prep-500) using 15 % et hyl acetate/ hexanes gave
21 .8 g (84 %9 of 7 as a clear colorless oil. 1H NWR (CDC13) d 0.8S (t, J ~
7.25 Hz, 6HMOOMYOI87 - 1 29 (m 8H)) 1.49 - 1.59 (m 2H), 1PeOU$MPEAR M) 2H),
2.98 (s, 8H), 3.37 (s) 3H)) 4.41 (s, 15 2H), 4.44 (s, 2H), 6.42 (s, |H DEC 20
6.58 (dd, J = 9.0 Hz and 2.61 Hz, 1H),97.13 (d, J ~ 7.45 Hz, 1H)) 7.21 (s,
1H, 7.28 (t) J =7.85 Hz, 1H), 7.82 (d, J = 9.06 Hz, 1H) , 9.36 (s, 1H)
20 Step 8. Preparation of 8 OS Bu Bu MeZN "OH CH 3 A solution of 21.8 g
(44.8 mol) of 7 in 600 nmL of THF was cooled to O C. 58.2 nmL of a 1 M
solution of 25 potassiumt-butoxide ywas added slowly, maintaining the
SUBSTTTUTE SHEET (RULE 26) WO 00f PCT/ US99112828 .31 0 E C 2002 145
tenperature at <6 C. Stirred fox 30 s, then quenchéd with 50 nmL of
sat ur at ed ;anmoni um chl ori de. The organ BEdr was partitioned between
ethyl acetate and water, dried over MySO4 and concentrated 5 in vacuo.
Purification by recrystalization from-10% et hyl acetate/ hexanes gave 15.1

g of 8 as a white solid. The nother/liquor s purified by silica gel
chr omat ogr aphy , (Waters Prepqsbﬂ)\gé; byiaceht at e/ hexanes as the
elutant to give 3.0 g of 8 as a 10 ite soffd. MS(FABLZ') mie 494.6. HRVB
(El") 1 calculated for MtH 487.2756. Found 487.2746. Step 9. Preparation of
9 Bu,Bu Me2N 'pH Br 15 A solution of 2.0 g (4.1 nmmol) of 8 in 20 nL of
met hyl ene chloride was cooled to -60 C. 4.1 nL of a 1M solution of boron
tribrom de was added. Stirred at anbient tenperature for thirty mnutes.
Cool ed reaction to -10 C and enched with 50 niL wat er. 20 The organic
| ayer was partitioned betweeR nethyl enq chl ori de ¥t er, dried over

i_t4 i y xecrystalization from50%
et hyl acetate/ nethyl ene chlori Ve 1.95 g (89%\of 9 as a white solid.
M5 (FAHH ) me 537. HRVS (F 25 cal cul ated for M 536.1834. Found
536.1822.10Step 10. Preparati'on of 10 SUBSTZTUT' E SHEET (RULE 26)

RZI

15 MO\' | %/0\/\"
R26 § X

) Rzn

20 4

ZH 27
R
R K 5

25
10
wherein:

R*® is selected from the group consisting of C and
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WO 001 01687 PCTI US991 12828 31 D E C 200Z 146 Br~ A solution of 1.09 g (2.0
nmmol) of 9 and 4.9 g (62 mmol) of pyridine in 30 nL of acetonitrile was
stirred MOUMWPBLnt tenperature for 18 hours. The react ifTHRE12EE 74 0 202
concentrated in vacuo. Purification by recrystallization from nethanol/
diethyl ether gave 1.79 g (96% of 1@2as an off white solid. M5 (FAB') me
535.5. 10 Exanple 1400 Step 1 15 A 12-liter, 4-neck round-bottom flask was
equi pped with ‘tefd condenser, N2 gas adaptor, nechanical stirrer, and an
addi tion funnel . THRé® arst & wae pudepshddntd yNgelacsedirispmothsodi um hydri de

20 (126. Og/ 4. 9381 )-dnRikeiHENSr (2. 5 L) was added, and the m xture was
cooled to 6 C.~ A solution of 4fl uorophenol (560.Sg/S. OOOm1) in toluene

(2.5 L) was added via addition funnel over a iod of 2.5 h. The reaction
m xtureswas heated to Rl ex (100 C) for I|h. @Y A sol ution of

3- et hoxybenzyl chloride SUBSTIT LTI'E SHEET (RULE égﬂ) Cl4HLK3~2F fw=232. 25
WO 001 01687 147 (783. S 0BNto1) -Pn it ot Bene -Er50 abtfizti-on funnel while™ -
mai ntai ni ng refluxing, the m xture was cool ed and poured into H20 (2.5 L) .
Aft PCT/US99/12828 ~ ~ o E ¢ zooz nl) was added via geflux. After 15 h. to
roomtenperature .r 20 mnQ stirgi ng, & the lgayers re separated, and the
organi c | ayer was extracte V\,itl'&'/\g sollut i on @fz potasgi um hydroxi de (7209)
in AP (2.5 L). The MecH Yayer Wwas a "t 0¥Z0% aqueous pot assi um

hydr oxi de, and the m xture was stirred for 30 min. The m xturlk2 was then
washed 5 10 times with toluene. The tol uene washes Wfe extracted 1 with
20% ag. KOH. All 20% aqg. KOH solutions were conbined and acidified with
concentrated HCL. RThe acidic sol ution was extract eq three tines with ethyl

ether, dried (I\/ng)4), fil ed .and ntrated in,1l cuo. The crude
produc{; was pur‘i'TFléTrby Rd 1'§’E§ﬁr' dﬁ@?gﬁ%t‘%&h to gi ‘5’&“‘3 clear, colorless

oi | (449. 09/ 39% yiaezl d). b.p.. 120-130 C/ 50nt Orng'NIJiH
2

R 13

20 wherein R**, R**, R’ and R’* are independently
selected from alkyl, alkenyl, alkylaryl, aryl,
arylalkyl, cycloalkyl, heterocycle, and
heterocycloalkyl,

A’ is a pharmaceutically acceptable anion, and k =

25 1l to 10.

In compounds of Formula DIV, R*®, R**, R* in
Formulae DII and DIII, and R® in Formula DIII can be
bonded at any of their 6-, 7-, 8-, or 9- positions to
RY”. 1In compounds of Formula DIVA, it is preferred

30 that R*®* comprises a phenylene moiety bonded at a m- or
p-position thereof to R™.

In another embodiment, a core moiety backbone,
R*, as discussed herein in Formulas DII and DIII can
be multiply substituted with more than four pendant

35 active benzothiepine units, i.e., R**, R*®, R*¥, and R®
as discussed above, through multiple functional groups
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NVR and M5 ((M+ H+ = 233) confirnmed desired structure. 20 Step 2 a 25 A
12-liter, 3-neck round-bottom flask was fitted with mechanical sti rreg %ﬁ

N2 gas adapi®i1éfie system was purged with N2. PCT/US99/12828 1 2002
4- Fl uor o- 2- ( 3- met hoxybenzyl ) - phenol (455. Sg/ 1. 961nol) and di net hyl f or mam de
wer e added. SUBSTI TUTE SHEET (RULE 26)93 CL7H18NO2FS fw~-319.39 31 0 E C
2002 WO 001 01687 .PC1YUS99/ 11828 T. ol uti ed. to 6 C, and

sodi um hydri de ("gggéél/ EE%Q n%el)nlo\a\i/;égyagg%lgbés#dvﬁgfV\%?]fée:?%vlvgrqxi'ng to room
tenperature, di RRCHPPRRI BRIE bahiDy |CaBhFETPHSY 24 Bingle . crmPPielas added.
After 15 h, theun@act mQDt bmét(itHe@ V@S fimd tiinboididRlXtdr@slof and

extracted two tines .wi.th_ethyl ether. The .caonmbi .c.layer-s - ----
were washed wt ﬁrhrEZS\%a% Bt uﬁoﬁeea'oéaﬁgo‘fj%l%,gg‘g?%e%%éﬁﬂ), filtered,
and conceéntrat ed-ien, vatore ter dirveorhenptisuct Th8OBWRET P9 yi el d). 1H NWR
and (I;/Bblo [(N]t*:")i.*ﬁsiv%ﬁ?il Codd gdBi_@QE %@Q&Z HelUGhilES. ca Qﬁﬁ%eﬂ-ﬁrclh 12-1iter,
round-bottom fl a s_equi pped w s _adaptor., nechanical stirrer,
and refl ex cond@ﬁ?&&oﬁgt%y%%‘rﬁ ’p%’f%&a%iq?'ha Nt PR gSr g?“t( 320

met hoxybenzyl ) - BRenpbué nexefidnailyc abbatetre t608P3¢r 15B9%md1vemd phenyl

% her ( t2-Ok9) V\ﬁb?gaﬁﬂﬁfﬂefrﬁl ta%%uﬁgbﬁ@iwta\%ﬁth@?.t efhd Q,a;htsﬁ&edfhf 0{ gth

e mx re was stirre Qr .oa room.t e ar e an n eat e (0]
refl ex fltL)br 2 h. PRFIEF %%oaftitt‘?dil"ﬁnFOBFn W%@%@Fa&hﬁ%ﬁr%@ef‘%ﬁ L) and THF
(2.0 L) were addet}iveankenintlsepineonnies withined $n9les derepPodiaryi um
hydroxi de (425. Bgtpeddnulds was added cnGahbe fiah WiRukasnBegsed to refl ex

ot avap. 30 di sSBPUBA Yy SPTRFErEPRE, Soaito one. B8 PSR 8Bt Bt t h- SUBSTI TUTE
SHEET (RULE 26) préferadorstont248e3o about 50, and even more
15 preferably about one to about 25. Such points of
attachment can include bonds to C, §, O, N, or P
within any of the groups encompassed by the definition

of RY.
The more preferred benzothiepine moieties
20 comprising R*, R*, R* and/or R* conform to the

preferred structures as outlined above for Formula I.
The 3-carbon on each benzothiepine moiety can be
achiral, and the substituents R*, R?’, R’, R', R® and R*
) can be selected from the preferred groups and

25 combinations of substituents as discussed above. The
core structures can comprise, for example,
poly (exyalkylene) or oligo(oxyalkylene), especially
poly- or oligoi(exyethylene) or poly- or
oligo (oxypropylene) .

30
Dosages, Formulations, and Routes of Administration

The ileal bile acid transport inhibitor compounds

of the present invention can be administered for the

prophylaxis and treatment of hyperlipidemic diseases
35 or conditions by any means, preferably oral, that

produce contact of these compounds with their site of
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PC T/US99112828 31 D E C 2002 WD 00/01687 |49 H20. The aqueous extracts
were combjned acidified with concentrated HCl, and extracted with ethyl

ether. ThYORPP? oxtracts were dried (MySO ), filtered, PERASHHABENt f%ﬁe@tﬂdmz
vacuo to give an anber oil (463.0g, 5 98s yield). 1H NWVR confirned desire
structure. Step 4 HO 10 A 5-liter, 3®Aeck, round-bottom flask was equi pped

& Fl uor o 2. Sdné‘?%%égﬁie'}ﬂz%’ 9?54( o En e PEb5. D 100 Daar e Tand 5 15

met hoxyet hyl eP@®ERa{/1.09-) Ref@M3ftded and the solution was cooled to 0 C
Sodi um hydri de (9. 6GRgY I%3. PPy laas agddedestmamty ofanthet he mi xture was

allowed to warmit 0. .room ara e - DLput e fate

(110. 899/ 443. 6FAT) VRS aggg’a?%h% %aﬁé"%i %ﬁ%eg%%’?ss??rrﬁg for 64 h. The
reacti of m xt uPreset doveshiemtean b nsedvap Hivl WTPSYNGeErnSeR0. The
aqueous sol ution wahasakedt W41 elkyepehbeé , salvE garcentrat ed H2S04 was

added. The aqueous. sqgl ution heated tq.reflux.f.or 30 m cooled to room
25 terrperature‘,’a%ﬁfugffﬁgcF"é"\cll\@%:'t%%gfw?g%?%{era.‘ppllﬁ'ecaettl &r s%Fﬁ‘f?eon was
dried (MyS04),of ithedzedyreantr comeays| Aovakidlty rlesiye &Abeheoi |

(143 949/ 85% yiobee LHpSUBSTTBIER SHEET il F a1, CRBHESA2FS fur-418. 61

~ 1 D E.C 2002 WD 00l 0 887 fCTI Us9 1%%828 150 NWVR %n% VS k #g/l + H + ~ 419]
confirfiPthe deBTIREFFAERY %.acﬁe@ga 8 ARLOT G5 C3T40Ra 1 SUEBARLE bot t om )
fl ask was equigppednageuhitl nsacaeptablie antd netdiddicnalsadter pértheThe 10
System Was pur&fithoiindd BE. Hd & redieh®S PRUEN Plbrd Wi bokt481 849/ 343. 8mp1)
and CH2C12 (1.0 L) vverg adgid .a/ns%[ gool ed to 0 C i di ni ugn chl orochromat e
(140. 53g/ 651. Ude, L8088 (AF VA EFOB FROTRBIC 2RES aGHER. 2Rf ter 20 nin)
t he m xture wawdhdchdprdct hnyoinpibrobisi | phespledyionasetaghesphoH2.Cl2. The
filtraig was GORGARY T 8hefonit VaridoshosGive Aoy K avel begaf@el oi I (110.6g,

o i : ! :
77% vyi el d). 1I—Acl§|. and, M5 [écl\étJriCI:D Eenzé&e?;uf nf.i rn‘bterr]l%mgfl red structure.

s such as onic,
citric, ethanesulfonic, fumaric, gluconic, glycolic,
isothionic, lactic, lactobionic, maleic, malic,
methanesulfonic, succinic, toluenesulfonic, tartaric,
20 and trifluorocacetic acids. The chloride salt is
particularly preferred for medical purposes. Suitable
pharmaceutically acceptable base salts include
ammonium salts, alkali metal salts such as sodium and
potassium salts, and alkaline earth salts such as )
25 magnesium and calcium salts.
The anions of the definition of A" in the present
invention are, of course, also required to be
pharmaceutically acceptable and are also selected from
the above list.
30 The compounds of the present invention can be
presented with an acceptable carrier in the form of a
pharmaceutical composition. The carrier must, of
course, be acceptable in the sense of being compatible
with the other ingredients of the composition and must
35 not be deleterious to the recipient. The carrier can

be a solid or a liguid, or both, and is preferably
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20 Step 6 suBSTrrUrE s~~r ~tut.E zs~ C25H33~2fS fW-416. 59 5 10 15 20 25
WO 00! D1687 PGI/ US99/ 12828 151 C25H3304FS fw=448.59 A 2-liter, 4-ne ?
round- bot t BPP4&K was equi pped with N2 gas adaptor and REFAFANIZEH P00z

The system was purged with N2. The correspondi ng sul fide (110.6g/265. 5mMmol)
and CH2C12 (1.0 L) were added. The somtion was cooled to O C, and

3-chl or oper benzg#wﬁtgp(%gg.}%iﬂ%{ g\%é glgw%a)la?s va ngggggs ortionw se. After 30
e

mn, the reacti warm to roomtenperature After 3.5
h, the reacti onconmpasitdonasfeoeadprie, & Cablgtsi WhaFkdcameon§Ria fine
fritted funnel.sJhe d.iokkr 86 eosnagashest Wst Rnt0YragueossmdREa3. An emul sion

combi ned,  dr i e FSERF TR T TR EHCF SRBHC e Uhduset Bt ve ¢ he
product (93. 29, prAsHngi, eingludiHoNbBhen ndomneseidehefdeke rreksantuct ure. Step 7
a 3u A 2-1i ter)iﬁgﬁqgn.rw&gﬁgg&ﬁgﬁﬁg Wampedut poesl of teheN2 gas
adaptor, nmechanjcal stirrer, and a powjex addi rfl on funnel.. The system was
purged with Nz.th&BPr%%’b&‘r‘dPﬁ&PaF d&TY9o8! 26%0‘8%?0%’”&% THF (1.0 L)
~ ~ a E ¢ Zoo2 UBSETHER o SibE?me Byl Ecr®)istCREHE8odmSi F kw48 59 WD
00101687 admixing the components.
10 These compounds can be administered by any
conventional means available for use in conjunction
with pharmaceuticals, either as individual therapeutic
compounds or as a combination of therapeutic
compounds.
15 The amount of compound which is required to
achieve the desired biological effect will, of course,
depend on a number of factors such as the specific
compound chosen, the use for which it is intended, the
mode of administration, and the clinical condition of
20 the recipient.
In general, a daily dose can be in the range of
from about 0.3 to about 100 mg/kg bodyweight/day,
preferably from about 1 mg to about 50 mg/kg
) bodyweight /day, more preferably from about 3 to about
25 10 mg/kg bodyweight/day. This total daily dose can be
administered to the patient in a single dose, or in
proportionate multiple subdoses. Subdoses can be
administered 2 to 6 times per day. Doses can be in
sustained release form effective to obtain desired
30 results.
Orally administrable unit dose formulations, such
as tablets or capsules, can contain, for example, from
about 0.1 to about 100 mg of benzothiepine compound,
preferably about 1 to about 75 mg of compound, more
35 preferably from about 10 to about 50 mg of compound.
In the case of pharmaceutically acceptable salts, the
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PCTI US99112878 31 D E C 2002 152 were added, and the m xture was cooled to

0 C. Pot aseo oumésent - but oxi de (23. 35g/ 208. 1mm1) was adde g§ tion
funnel. After Ih, 10% aqg/ HCL (1.0 L) was added. After 1 h, tf91e m Xt gmegglgagggz
extracted three 5 tines with ethyl ether, dried (MyS04), filtered, and
concentrated in vacuo. The crude proddét was purified by recryst. from

80/ 20 hexane/ etypilghreet AlEch Pedi Mo Weitke §Q|t1€le (wedigh8 @F. tHéie not her

| i quor was con entraéed inh vacuo, and reg Este from95/5 10

t ol uene/ et hyl EB1RF VR HEHESS 6FPE %%lzﬁ conbi ned yi el d: 71%
1H NVR confirned thérdésdekiverpdchictan Stlepl8bﬂez)a€3/d treos ertvel N . ' OH

|15 Qv C27HBI04NG: (wrAd. e ARl R ROERELoR Udd Qrdasali Lt ed with N2
| i ne and_nagnetJ c sglrrer sterIl\/\/ﬁeﬁﬁg with N2. The 20
)

correspondi ng i aEbﬂ%un%s( vﬁ’s“3 £dGedtO PPEFE vessel
was seal ed and pcodbeded oox 7@1ﬁa:l'nemtdle§zhaar}neo( | €he gi/raggmodl)e was condensed

via a 002/ acel gagehalhi:afih A1 L ahfakhlk VS HRknatlindl Xt ure vas
al l owed to war oroﬂgjsu%npra ture 2 heated to 60 C. After 20 h,

the reaction m%fgfe? A& 66 Téﬂﬂt%§cﬂl PEFERYL TVt hyl et her.
The et her sol utriedrasestywrs etk widdage? @prEUBSTAY dxfI'EhSHEEEnQ:RlQ_EHZG) WO

001 01657, PCT/ USIOL12825 1 fhfeds 002,157 SAbUIGH o4t aQuegyse Nl dri ed

(MgS04), filtered, concentrated in vacuo tQ give a
(28. 5g/ 96% vi eFéPsu&‘H NIEE STy ed thReSERRR s PaSeCuOPUrRe 5 Step 9 i1 OH
C26H3704NS f w=$h@sbdal prciiitiles dfnenk, foomulhdiant obibadiséswas ofqui pped

th 10 N2 t d th N2.
The corr espondtag. Rt sy Cammounte( BoRoRTT 4 Ses ELER e 81 950 1) wer e

added. The reaéd® 6ﬁt+ﬁ%& LFrré‘-'\Eas Oé'OSPéMm?BlC YIBEJQESSnébeF}P%rPCftH"Br oni de
(10. 50gV=1. 9Mmathg Wersona ciheed . doEageniEwihl € T ialdemded eDfedt Mg @or oom

erperature Al beteds ind Nackeaabion BELUe REOkEdS Gyl and vas

guenched with 10% K2 ayers re separat ed,
and t he aqueou@"%‘%‘ﬁé’re\ﬁ%dégtlrvﬁé'ﬁédtt’mbh?lﬁfé’f\ﬁltﬁ‘céﬁﬁﬂ’/l (Eeher. The CHCL3
and 20 et her exleac) yveramipmlaitied, ofashe Badade Sattr at®ehsqueous Nad

dried (MySO4), {.@5_% ad G@n g Ve product
(6. 279/.98% vi ef’g GrRe arlnealbEfo S g‘?ﬁ‘l‘é% E&agf%g%?%rlgel%&ﬂ TUTE
SHEET @ﬁULE 26 o ulatlons are within the scope of the present

invention. Suitable enteric coatings include

‘cellulose acetate phthalate, polyvinylacetate

phthalate, hydroxypropylmethylcellulose phthalate and

anionic polymers of methacrylic acid and methacrylic )
25 acid methyl ester.

When administered intravenously, the dose can,
for example, bé in the range of from about 0.1 mg/kg
body weight to about 1.0 mg/kg body weight, preferably
from about 0.25 mg/kg body weight to about 0.75 mg/kg

30 body weight, more preferably from about 0.4 mg/kg beody
weight to about 0.6 mg/kg body weight. This dose can
be conveniently administered as an infusion of from
about 10 ng/kg body weight to about 100 ng/kg body
weight per minute. Infusion fluids suitable for this

35 purpose can contain, for example, from about 0.1 ng to
about 10 mg, preferably from about 1 ng to about 10 mg

SUBSTITUTE SHEET (RULE 26)



31 D E C 2002 WO 00101687 PC TIUS99/17828 154 Step 10 (Fi3 | 5 1n a 250 m
singl e ne%@@x& bottom Flask with stir bar place 2- dir%[rh I?Lr' neoet
chloride R ride (fw 172.10y/nole) Al drich D8, 720F¢T{2%42

r hyl

o1, &1 026002
34 mM dry ether and 34 ml of 1N KOH(aqueous). Stir 15 m nutes and then
separate by ether extraction and dry 20 over anhydrous potassi um carbonat e.

In a separate Z;diekad 230ep! ruind daabkomal |Rskath! hesd igkalBle add sodium
hydri de (60% di's er%gpn In mneral oil, 100 % 2.6 qgg%) ang 34 m of

DVF. Cool to id&om W&nﬁe?%tiﬁéb°Héx§°a%o°g%§ oF SBRVHL OEpFRSi ous st ep)
1.1 g (2. 4 molpeesent5 infebbforand Thihe, ettprulesl dor oinjrapanedanbove. Heat
to 40C for 3 d . e d | C nial 1130 teeial by TLC
was diluted w ﬁ%’%ttaggr' gég ﬁ% act'egr\%nﬂt @1‘%3 ?lgot?l%géfgd&ﬁ% 21gaNa , followed
by waterSand then bPPAEMaGHE e COMRGEItiRNS AFFRUGIRRILNEdResi um sul fate
and isol at ed bypreesnti hgvehtidn dnciatiar yhesmpaiatbba fdr drghs) . The product

i ! 0 5
ot sni/min. ). JECFedr ofoRledly HRGATIETY, { A e e RhR) SUBSTI TUTE
SFI EET (RULE 2BRTenteFRdof91%o7 SHHSUSRRPUS! 4NEIRIRFWIT.PCT/ US99/ 12828 31
0 E C 2002 intradermal, or intravenous) administration, although
10 the most suitable route in any given case will depend
) on the nature and severity of the condition being
treated and on the nature of the particular compound
which is being used. 1In most cases, the preferred
route of administration is oral.
15 Pharmaceutical compositions suitable for oral
administration can be presented in discrete units,
such as capsules, cachets, lozenges, or tablets, each
containing a predetermined amount of at least one
compound of the present invention; as a powder or
20 granules; as a solution or a suspension in an agueous
or non-aqueous liquid; or as an oil-in-water or water-
in-oil emulsion. As indicated, such compositions can
be prepared by any suitable method of pharmacy which
) includes the step of bringing into association the
25 active compound(s) and the carrier (which can
constitute one or more accessory ingredients). 1In
general, the compositions are prepared by uniformly
and intimately admixing the active compound with a
liquid or finely divided solid carrier, or both, and
30 then, if necessary, shaping the product. For example,
a tablet can be prepared by compressing or molding a
powder or granules of the compound, optionally with
one or more assessory ingredients. Compressed tablets

—d

can be prepared by compressing, in a suitable machine,
35 the compound in a free-flowing form, such as a powder
or granules optionally mixed with a binder, lubricant,
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5 The product fromstep 10 (0.57gns, 1.02 mllinole fw 558. 83 g/rml e) and
1.6 gnms i osoeskiesre (10.02 nmmol) was placed in 5 nl acet opd-faiédoRash

fischer-porter bottle and heated to 45 C for 3 days.

The sol ution vva51 0EC 2002
evaporated to dryness and redissolvedggn 5 nls of 10 chloroform Next ether

was added to the chloroformsolution and the resulting m xture was chill ed.
The desired pr ddeat ddlpent And oFs SUr AR idntiyeddhsperaing s,
= 587.9, H NWR)ageh? (BXanphsldetD tabl 69s lcat) b& hddei bgrmoXdimerk imownd- bott om

sk e o R R T SR by (e dERE T

adapt or, necharincdnesti tiguid gliduant additi on funnel .

dded, d5 t dt
Wﬁo?opﬁeno?n S(t%ﬁ%Efm e m@?‘ﬁg?’g?r&e% l(‘fl’s‘dﬁ)

(100 Q) for Ihflév%%atbﬁé ofus%a Wyhnahaeaéﬂ@&o (?83. Oy/ 5. COOD1)
addi ti on unn%%M| | e

in toluene (?50 niL Vi a,

reflex. After F52H CFE?’IPU)?II}‘ngaLSF\ P TRELNE o

(Mass spec M

The system was purged

with N2.5 A slurry obhgegisundivdni dem 6316;1%@,458883314 for tldegne (2.5 L)

soI ution of 4

WAS Hdded via addition
funnel over a pempydsbhg 2 TdmpoBhe ekddid ewesert ukRVeRGidRedired to refl ex

FE

nt ai ni ng
lflerrper ature

and poured i nt anH2BefR.badg sukht es gdlatiim agtli giyrerin i |samgosever e
separated, and_gpRe,QLga4i C Iayer vvas 15 extracted with a solution of

pot assi um hydrOX| de ’>20 i n 2.5 L). The MeCH |

agueous pot assi um hy tl&ﬁ&l FARPIALEGRS RBLCAP+E & f or
m Xture was thparwaséean Rdnimgstwnat ot donseaiedtky t odbnpensenashes were

extracted 20 %EQEZQJ)Q&eJ@*@é%&Q&éﬁq%OHS %@9& We @ps were conbi ned

and acidified wmth concentrat aci dic

utl on was

30 mn. The

xtract ed

three tiomes wi PREEERY| 1IN, TRRFORFCPRGIBATNF | TR RFFIET@Encent rat ed
I n ) vacuo. Thedminileterrestintramengusliyf,i edthpudgadmiohist2Btdiosti || ation to

give a clear, gghopl£5Sdidrsedtda Qo IUnY BledbubBuPanectal)- 130 ¢ 50nt orr Hg.

1H

intramuscular, or intradermal injection.

Such

preparations can conveniently be prepared by admixing
20 the compound with water and rendering the resulting
solution sterile and isotonic with the blood.

Injectable compositions according to the invention
will generally contain from 0.1 to 5% w/w of a

compound disclosed herein.

25 Pharmaceutical compositions suitable for rectal

administration are preferably presented as unit-dose
suppositories. These can be prepared by admixing a
compound of the present invention with one or more

conventional solid carriers, for example, cocoa
30 butter, and then shaping the resulting mixture.

Pharmaceutical compositions suitable for topical
application to the skin preferably take the form of an

ointment, cream, lotion, paste, gel, spray, aerosol,
or oil. Carriers which can be used include vaseline,

35 lanoline, polyethylene glycols, alcohols, and
combinations of two or more thereof. The active

SUBSTITUTE SHEET (RULE 26)

fw 232 25
S

er was added to 20%



NVR and M5 [(M+ H+ = 233] confirmed desired structure. SUBSTI TUTE SHEET
(RULE Z6) WO 00/ 01687 PCT/ US99/ 12828 31 D E C 200Z 157_Ste
C17H18NO2FYGRAYES 39 5 A 12-liter, 3-neck round- bottom?‘t”é@ﬁ%"’&ﬁé”fu te&bt .
wi th nechanical stirrer and N2 gas adg tor. The system was purged wi 8 , 100
4- Fl uor o- 2- (3met hoxybenzyl ) - phenol 5g/1.961npl) and 10
di net hyl f or mam dempevnrd a@dednefraﬂelyswlmtsﬁon aasE egcentratsor, ofand sodi um
hydr i de (55. 50/ 24870 )ooNass AApCh S kaB! ompbd 8 oA TbBYekamg oM
tenperature, di rret hyl t hi ocar banoyl chl oride (242.4g/1.961npl) was added.
After 15 h, thefF83c?ivFonP%ture was poured 15 into H20 (4.0 L), and
extracted two times T drisdetinyl airﬂmmfhe;mmta régoopganikle ayers were
e it N P20 AR AL GRANS N Chos U 1e e O rbiSMemd ] | [ &1 20, and
t

concentrated in vacuo to give uct Fg 97% yi el 1H NMR and
VB [ (M+H) + 20 326T1%Joﬁﬂrartﬁfiaae%%fré?f ﬁPﬁEPtﬁ% asg ﬁ%%@BBﬁﬁ%%?PE SI ~ET (RULE
26) WO 00/ 0468ptdb& o~ +4nHBADET finc2d8t 82c REEWSHALL28RE8 3 ~ ~ ~ ~ ~~~~ A
12-1iter, round.posbamd baskndas SRLRRCEoNI 4 bWl ABR4ABRRIA ofmeChani cal

stirrer, and re? ux 5 condenser gs emwas purged w

4- Fl uor 02- ( 3- meEHBky bSwER Patthas syikd m??ﬂf&cl&r Ba 'E“8°1(“6<b5°f39t/hf 895n01)
and phemy et hepréserfkghventimormddedn apdiddeel lyobuffenedasaduesdiuad to refl ux

for h. The m S I f o, t r.es and 10 t hen
heat &d 1o rot| uéé"%“@m“z“‘a aSbpol R i/ B diailrdell Ehnpiﬁﬁ?%’?%%‘%em (2.0 L)

and THF (2.0 L)°%eteredsed, iarmd ROIMEE} uth FHAREDL6( PPRERTHIEIED
Pot assi um hydr oxf dehe 4251 9¢/ donpdbmdl i s Walsowd dad toaBs% | herefedable was heat ed

to reflux for 4a£buﬂA%§eEon§%j n%stgnéoﬁg}ticular possibility, the
15 compound can be delivered from the patch by
electrotransport or iontopheoresis, for example, as
described in Pharmaceutical Research, 3(6), 318
(198€) .
In any case, the amount of active ingredient that
20 can be combined with carrier materials to produce a

single dosage form to be administered will vary
depending upon the host treated and the particular
mode of administration.
The scolid dosage forms for oral administration

25 including capsules, tablets, pills, powders, and
granules noted above comprise one or more compounds of
the present invention admixed with at least one inert
diluent such as sucrose, lactose, or starch. Such
dosage forms may also comprise, as in normal practice,

30 additional substances other than inert diluents, e.g.,
lubricating agents such as magnesium stearate. In the
case of capsules, tablets, and pills, the dosage forms
may also comprise buffering agents. Tablets and pills
can additionally be prepared with enteric coatings.

35 Liquid dosage forms for oral administration can
include pharmaceutically acceptable emulsions,
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15 tenperature, the m xture was concentrated by rotavap, dissolved in ethyl
ether (1. wdoounend extracted with H20. The aqueous extr agdGysdrizgsconbi ned,
acidified with conc. HCl, and extracted with ethyl ether. The ether 1 007
extracts were dried (MySQO,), filtere nd 20 concentrated in vacuo tzb 8#%
an anber oil (463.0g, 98%yield). 1H NWR confirnmed desired structure. Step

4 Ove 25 C25H35GARS1Pbns4| susdensidns,t 6YTuBs nedd §lgaHdshePPbRATINgsk was

equi pped wi th N2.gas 3daphes ahdmohankgaln stid rfe, SUBRTAJUTE SHEET (RULE
26) OH ~Bu WD 00/ 01687, PGT/ US99/.12828 31 The t?%stem was

E C 20Q2 159,
purged with N2WakEE!uo 595-?%%&%;95‘8&%')%?%? OPHERa™E( Tg'{’)‘."aﬂ 3. 2mol)
and 2net hoxyet spicheahevettiny lagemese audislfndha Rerds glugpendingas cooled to O

C. Sodi wn hydridentg, 6884 38k ABA LY, Sr1avoAdded SlOWerrualfy t he mxture was

allowed to warmto roomtenperaturé 2, 2-D butyl propyl ene sulfate
(110. 899/ 443. 6RF6TF%was added) and the mixture was stirred for 64 h. The
reacti on nmi xture waingeotasite” trepalbytiobay afprrekatipdsel seerile H20. The 10

aqueous sol utig&;g@gag\@é%ﬁ@e &t Bi#?ﬁ%ﬁ% A 6ns HiaP4enas added.

The aqueous so I on was ]l to re 30"m n, cool €d to room
tenperature, ah@¥BRLRERE AFSAUGINSt F§I ERE HEROWINRE teiFdPIsBYHEFRI® was dri ed
(MyS04)30 fi |l t ededpeasiing Sox crereninyateent § arat tmsprendiivg agerydier oi l

Structure. S Z%“ﬁ%d%%;g}ﬁ%w e Stdalnon Hen st W2 o) " feck,

round~bot t om f PR&kK: tSbdE FPLHERADD RIS SHERSNGACNahB #rechani cal

stirrer. 25 Thacayskiwm paerntergddywattep@ablEha@idaehesppngdoneral,cohol
i o SRR B et g et o 0
15 the acceptable vehicles and solvents that may be
employed are water, Ringer's solution, and isotonic
sodium chloride solution. 1In addition, sterile, fixed
oils are conventionally employed as a solvent or
suspending medium. For this purpose any bland fixed
20 oil may be employed including synthetic mono- or
diglycerides. In addition, fatty acids such as oleic
acid find use in the preparation of injectables.
Pharmaceutically acceptable carriers encompass

all the foregoing and the like. )
25
Treatment Regimen
The dosage regimen to prevent, give relief from,
or ameliorate a disease condition having hyperlipemia
as an element of the disease, e.g., atherosclerosis,
30 or to protect against or treat further high

cholesterol plasma or blood levels with the compounds
and/or compositions of the present invention is
selected in accordance with a variety of factors.
These include the type, age, weight, sex, diet, and
35 medical condition of the patient, the severity of the
disease, the route of administration, pharmacological
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31 D E C 2002 WO 001 01687 PGTN899I 12828 160 (140.53g/651. 6nmol) was added.
After 6 h., CH2C12 was added. After 20 mn, the mxture was filtered

t hr ough si VP 80 |, washing with CH2Cl12. The filtrate vvapscrz'gﬁ%fghztsrat &d 0bef 2002
vacuo to give a dark yellowred oil 5 21110. 6g, 77%yield). 1H NVR and M5
I(M+ H+ = 417] confirmthe desired $Ptucture. Step 6 ~O 10 A 2-liter,
4-neck, round- bebhetuétaskonnsueBUappeite iddiviRygast &teqtygr and nechani cal

stirrer. The system urged w.t.h T ' 5 sul fide
(110. 69/ 265. SM%er%%&&%}ﬁfs( %ﬂné E?Q%A‘fe?lreb d%%éﬁ#%%ddsf;%&%i on was cool ed
to 0 C, and 3chpsrbpenbeneimporsddernbsyed gmwhethermd drugadeadvrty

portionw ae. AfAf L—.%g%g :IF"]@ mtilﬂggﬁeaéﬁa%éﬂn@wltﬁevwnﬁdrm;ﬂl&d to warcm tg room
tenperature Aftef, 3. t he reaction, m xture.was. coo to an
filter edbg hr ougﬁ‘dg”f“ﬁfeé’f?‘?tatsea’affﬁnﬁ 12 oK fclof“gf'ﬁ?n%l Whis \%g"slﬁéatqﬁ th 10%
aqueous K2C03. Ansegelssgimdrorctdahky cemplanyedx mprcrasy widelet#nd et her. The

organi c layers WaESe £ B ardl km (MSYestekrirbl edeshgeardg2hesoncent r at ed
in vacuo to give Ehg Br!o_(ljat%(it (93.2g9, 78% yield). 1H NVR confirned the

desired structuP8 FE SHEE : MULE Z6) (C25H33~4FS fw=448.59 WO
001 01687 PCT/ US99/ 1281 i3 1~ tyeEtwentoxf E6bastiept /s iprigs frem Bu .. | ~~~' CH

I OVe C2H3304FR b dehi® Aclaltid .cdfr BREkn wOUNAHROUWbEAYéd ask was
eqw,pped wi th N2_gas .adaptor, neghanical Sth:gr r,. and powder addition
funnel . The syst® %%e%#@é@w f‘ﬁe?@e”ﬁhé 85‘%%%%%%’ ngehyde

(93. 2g/ 208mMmD1) cantlimidd (3 Qekpssare added, pemdod hef rfeverrd weekscool ed to

10 0 C. Potassi 48 §&fdrDUtRREE 62330 %@-ih@é)h%l@@@é@mi’é a addition
funnel. After 1h, 10% aqg/ HC

HC1 (1.0 was adde fter .1 h, the m xture was
extracted thr eetPFRRE HFWPELRY DRY Hgen mr?k&éﬁﬁ ,elﬁf“F‘fl@?%‘g', and
concent ri&t ed i nPaabarss Tngleggaidag proshmentawits phe idampdubdsrexcrystal i zed
from 80/ 20 hexapshdditlions disclosed herein can be routinely

monitored by, for example, measuring serum cholesterol
levels by any of the methods well known in the art, to
determine the effectiveness of therapy. Continuous
20 analysis of such data permits modification of the
treatment regimen during therapy so that optimal
effective amounts of compounds of the present
invention are administered at any point in time, and
) so that the duration of treatment can be determined as
"~ 25 well. In this way, the treatment regimen/dosing
schedule can be rationally modified over the course of
therapy so that the lowest amount of ileal bile acid
transport inhibitor of the present invention which
exhibits satisfactory effectiveness is administered,
30 and so that administration is continued only so long
as is necessary to successfully treat the
hyperlipidemic condition.
The following non-limiting examples serve to
illustrate various aspects of the present invention.
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acetate to give a white solid (32.18g). The nother |iquor was concentrated
in vacuo ulediggrystallized from95/5 toluenel/ethyl acetgfisoéhgiye a white
solid (33.60g, conbined yield: 719 . 1H NWR confirnmed the 20 desired31 DEC 2002
product. SUBSTI TUTE SHEET (RULE 26) WO 00/ 01 687 162 Step 8 Mei N

C27H3904NS fw=473.67 3 1 D E C 20D2 P&Y#US99/ 12828 5 A Fi sher porter bottle
was fitted with N2 | ggamenes rgBeNTRETEC (FROCEDTRES Syst em was purged with

N2. The correspondi ng TTuoro-conpound (28. 19/ 62. 6nmol) was added, and the
vessel was seal ed and cooled to -78 C. Dinethylamne (I7.1g/379nmmpl) was
condensed vi a akrepégatiemtbne bath and added to the reaction vessel. The

mxture was al | euedni®-¥a(hedyd okpRethyEimasandle(and was heated to 60 C
After 20 h, the reaction m xture was allowed to cool and was dissolved in

et hyl et Fer. The ether solution was washed with H20, 15 saturated aqueous
NaCl, dried over MgSQg, filtered, and con trated in vacuo to give a white
solid (28.59/96% vyield). 1H NVR ponfirne esired structure.

SUBSTI TZTZ' E SHEET (RULE 26) 00/ 01687 PCTI US9911 2818 31 D E C 2002
163 Step 9 MeINi OH C26H3704IQ§3| g:% 250-nL, 3-neck, round-bottom
flask was equi pped with N2 gas adapt 6F'2apd maynetic stirrer. The system was
purged with N2. The correspondi ng net onpound (6.62g/14. Omol) and
CHC13 (150 nL) were added. The reacti on mKture was cooled to -78 C, and 10)
boron tribrom de (10.50q9/41.9mpl) was added. The m xture was allowed to
warmto roomtenperature After 4 h, thelreaction nixture was cooled to 0 C
and was quenched with 10% K2C03 (100 nL). After 10 mn) the | ayers were

separated. and phe, aguppus J QYFTsdfitbR SXUAE G (V91 hdES e h ethy!

methanesulfonyl chloride and 10.3 g (0.13 mole) of
10 triethylamine was added dropwise 15.8 g of 2-ethyl-2-

(hydroxymethyl) hexanal, prepared according to the
procedure described in Chem. Ber. 98, 728-734 (1965),
while maintaining the reaction temperature below 30
°C. The reaction mixture was stirred at room
15 temperature for 18 h, quenched with dilute HCl and
extracted with methlyene chloride. The methylene
chleride extract was dried over MgSO, and concentrated
in vacuo to give 24.4 g of brown oil. )

20 Preparation 2
2- ((2-Benzoylphenylthio)methyl) -2-ethylhexanal (2)

ZQ
4
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ether extracts were conbined, washed with saturated aqueous NaCl) dried
over MyS04, filtered, and concentrated in vacuo to give the product

(6. 279/ 9893%A WOIE7 1H NMVR confirned the desired structurkST @83‘738?'{'[}&'[&002
SHEET ( RULE 26) WO 00i Oi S5~ PCT/ US99/ 17828 3 ~ D E C 2002 164 Step |10
(HBO)ZN OS/OBu/ Bu .... ~OHOJ 5% a 250 nl si ngl e neck round bottom
flask with stir bar place 2- diethylam neoethyl chloride hydochloride (fw
172. 1Qg/ nol e) Aldrich D8, 720-1 i | 1.i,mol. e 4.12g9), 34 m dry ether
and 34 m of 1Nﬁ(ﬂ%x(t§65e%€51. 9S§‘$rlﬁ£]‘?ﬂlﬁufjés%nd t hen separate by 10

et her extracti omeanmkptipenzapheanhy drprepapedassranding bonathe. I n a separate

s 5 e i Sty 208 S gl (5
pgﬁg?%%ﬁ gzl[)e'p)lql1 819g (2.4 mol in

ice tempeTature.® SHHO%%@}?SP’?B%MYI

5 mM DWMF and the(Oetlhérmskﬁhtqforarpeelmlramnaboaad #Heal tof 26C f or 3 days.

The product whi %t@ﬁ&&r@tﬁ‘ﬂj PPl @4 'H&d”%‘i:ei-éﬁiu:beo-ELQ@@x wagedi luted with
ether and extracted with ortion o wat er _and t hen

brine. The et herrelaéﬁéf’nv\%’sx |eHa5v%9uq\9€%ﬁé‘§PquéfJflfeﬁ“éi ArGTRSEEdt ed by
renovi ng et her laithoBaeymedporahybend thlogide., The mmtdgilenenay be further

puri 1 o0 py o o egaaPINy S5 yhs Lo sl Bvb A cdetghl HubiOH a

Srﬂ/)m n | sol %Ged yi el d: %mass spec 4 and HL NWVR) SUBSTTTUTE SHEET
(RULE 26) 6?6@%&6@5& eaﬁldl onge@;_ ed in vacuo to’'remove 2-
methoxyethyl ether. The residue was purified by HPLC
(10% EtOAc-hexane) to give 20.5 g (58%) of 2 as an
oil.
)

SUBSTITUTE SHEET (RULE 26)



5 PCT/US99112878 31 D E C 200z The product fromstep 10 (0.57gns, 1.02

m | linol P\E&r‘ﬁ/&ia@ 83 g/ nole) and iodoethane (1.6 gns (10p@¢yevlibdagol €S) Was

pl ace in acetonitrile in a Fischer-Porter bottle and heated to §5 Eﬁ
for 3 days. 10 The solution was evaporated to dryness and redi ssol véd Gt 20
mMs of chloroform Next ether was add¥d to the chl orof orm sol uti on and the
resulting mxture wagsembiéled. The desired product is isolated as a
precipitate 0.7272 gns. Mass spec M|l = 5B7.9, 1H 15 NWR) . Exanple 1402 O

.0 J Me2N SUBSTT' t UTE SHEET ( RULE 26) WO 001 01687 PCTI US99112818 31 D E
C 2002 166 (~4R-cis) -5- [ [5- [4- [3, 3-Dibutyl-7- (dinethylam ao)
2,3.4,5-tetrahydro-4-hydroxy-I, | -di oxi do- igenzot hi epi n- 5-yl ] pheaoxy] pentyl ]

thio]-1Htetrafol e-15 acetic acid Step 1. reR@ration of
4-fl uoro-2-(( t pOxyphenyl ) met hyl ) - phenglAToca stirred solution of 23.66 g
of 95% sodi ¢n | fide (0.94 nol) in BOO 2 dry toluene was added
100.0 g of 4- h or ophenol (0X89P at @% The mixture was stirred at 90C
for 1 hour untdfl gas evol ut Q}%Qf ?_géed. fie ni xture was cool ed down to room
tenperature angla ut i_ag GHQH | g of R _15 enzyl chl oride (0.89
mol) in 400 o} ene was added, : g for 24 hours, the
m xt ure was errperature @ h 500 nL of water.
The organi c Thayer was sep#rated, dried ove sgFtoncent rat ed under )
hi gh vacuum 2¢ The remmining starting matjerials were renoved by
di stillation. crude dark red oil was INHitered through a layer of 1 L of
silica gel wth neat hexane to yi el q{653_ﬂ0 g (25.6% of the product as a
pink solid: 1H NXEI¥CDCla) $ 3.79 (s, 3H), 3.90 (s, 2H), 4.58 25 (s, 1H),
6.70-6.74 (m 1H), 6.79-6.88 (m 4H), 7.117.16 Hl - Step 2.
Preparation of 4-fluoro-2-((4nmethoxyphenyl) net h%ﬁ%ﬁi‘- Lophenol 30 Step 2a.
Preparation of thiocarbamate To a stirred sol uft kg O ’50.00 g (215.30 nmol)
of 4-fluoro-2-((4-methoxyphenyl)nethyl)-phenolyin 500 nL of dry DVF was
added 11.20 g of 60% sodi um hydride dispersion in mneral oil (279.90 mmol)
at 2C. The 35 mixture was allowed to warmto roomtenpapature and 26.61 ¢
of di net hyl t hi ocar banoyl c%ﬁori de (215.30 nmol ) SURSTTJS SHEIIET (RULE 16)
R
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WO 001 01687 PCT/ US99112828 . 31 D E C 2002 | 67 was added. The reaction

m xture wa i d at roomtenperature overnight. The m quenched
with 100 nﬁwék&@é er in an ice bath. The solution was exfé%gbg%ﬁ@ﬁth3$@QCﬁw2
of diethyl ether. The ether 5 solution was washed with 500 nL of water and
500 nL of brine. The ether solutionl@®as dried over MySO, and stripped to
dryness. The crude proqgct was filtered through a plug of 500 nL silica gel
usi ng 5% et hyl acet@{e/hexane to yield 48.00 g (69.B% of the product 10 as
a pale white sol jg; 3~AVR ( CDC $ 3.21 (s, 3H) , 3.46 (s, 3H), 3.80 (s,
3H), 3.82 (s, 7 N 3H), 6.90-7.00 (m 2H), 7.09 (d, J =8.7
Hz, 2H). Step 2 : enent and hvdrol vsis of thiocarbamate 15 to

4- 11 uor 0- 2 (4~ TREATOXy pheny M etn -t hi ophenol A stirred solution of 48.00
g (150.292;ﬁél) of thigocat amat e (obtained from Step 2a) in 200 nL of

di phenyl ether was refluxed at 270C overnight. The solution was cool ed down
dd 20 filtered through 1 L of silica gel with 2 L of
et her. The rearrangenent product was washed with 5%
Q give 46.00 g (95.8% of the product as a pale
yellow solid: '"H NWR t ) $ 3'(92 (s, 3H , 3 .10 (s, 3H) , 3. 80 (s)
3H) , 25 4.07 (s) 2H), §.82-6-86N\(m~ 3H), 6.93 (dt, J = 8.4 Hz, 2.7 Hz,

1H), ,7.0B (d, J = 8.7 Hd, 2H)) 7,4 (dd, J = 6.0 Hz, 8.7 Hz, 1H . To a

sol ution of 46.00 g (144.02 mmolOj ofOH he rearrangenent product (above) in
200 nmL of nethanol and 30 200 nL of THF was added 17.28 g of NaCH (432.06
nmmol ). The m xture was refluxed under nitrogen overnight. The solvents Wre
evaporated off and 200 nL of water was added. The aqueous sol ution was
washed with 200 nL of diethyl ether twice and placed in an ice bath. The 35
aqueous m xture was acidified to pH 6 with concentrated HCL sol ution. The
solution was extracted with 300 nL of ' SUBSTTI' UTE SI ~ET (RULE 26) WO
00101687 168 31 0 E C 2002 PC TNS99112828 di ethyl ether twi ce. The ether

| ayers were conbined, dried over MySO, and stripped to dryness to afford
27.00 g (75.5% of the product as a brown oil: 1H NWR (CDC1l3) $ 3.24 (s,
1H), 3.80 (s, 3H, 3.99 (s, 2H, 5 6.81-6.87 (m 4H, 7.09 (d, J = 8.7 Hz,
2H), 7.27-7.33 (m 1H). Step 3. Preparation of dibutyl cyclic sulfate Step
3a. Preparation of 2,2-dibut, VYl -1, 3-propanediol. |0 To a stirred sol ution
of di-butyl-diethylmlonate (A drich) (1509, 0.55 nol in dry THF (700nl) in
an acetone/dry ice bath was added LAH (1 M THF) 662 nlL (1.2 eq., 0.66 nol)
dropwi se mai ntaining the tenperature between -20 to 0OC. The reaction was 15
stirred at RT overnight. The reaction was cooled to 20C and 40 nil of water,
and 8D nL of 10% NaOH and 80 ml of water were added dropw se. The resulting
suspension was filtered. The filtrate was dried over sodi um sul phate and
concentrated in vacuo to give diol 20 98.4 g (yield 95% as an oil. M
spectra and proton and carbon NVR spectra were consistent with the product.

-t o room t enper at ur
hexane to renove 3
et hyl acet at e/ hexalg
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Sten 3b. Preparation of dibutyl cyclic sulfite 25 A solution of

2,2-di butwb—o&m?&,pr opanedi ol (103 g, o0.548 nol, obtainedpt4pRRoatep 32) and
triethylamne 2Z g, 2.19 nol) in anhydrous nethyl ene chloride (50% nb%t
was stirred at OC under nitrogen. To the m xture, thionyl chloride (917. @92
0.82 nol) was added dropw se 30 amtP®ithin 5 min the solution turned yel | ow
and then bl ack when the addition was conpleted within half an hour. The
reaction mxture was stirrgd f.or, 3 hrs. at 0C. GC showed that there was no
starting material left. Th S ST Rs washed wi th i ce,water twice then 35
with brine tw ce. The organi c phase was dried over magpre ium sul fate and
concent r at ggh uRder VddrfuMIO.dicgle SUBSTI TUTE B’(‘R&E§16) WO 001 01687
PCTNS99iR31 D E C 200 169 123 (TOO%R@e diggoyl cyclic sulfite
as a bl ack Yf M"CHOas: Tes¥etealdshydosheshas consi stent CBQ h the product. Step
3c. Oxidatiqgn of dibutyl cyclic sulfite to 5 dibutyl cyclic sulfate To a
sol ution of Athe dibutyl cyclic sulfite (127.5 g, 0{54 nol, obtained from
Step 3b) in |ebdul lifdendiMETAl e and 500 nl of watef cooled in an ice bath
under nitrogen #RdeREdE® r ut henium (111) chloride (1 10_and sodi um
periodate (238 BMF1. 08 npl). The reaction was stir eB&Ne Hfght and the
color of thé solution turned bl ack. GC showed that |tf®f% Gas no starting
material | FThe ni xt urgyppeg £xtracted with 300 M of ether and the ether)
extract Thag shed thre¢ tines 15 with brine. The ¢prgani c phase was dried
over magnesi um sul f at erﬁn-d"ma(s%eﬂxt hrough celite. The filtrate was
concentrated under vacuumarld to give 133 g (97.8% of the dibutyl cyclic
sulfate as an oil. ]Ii’roton and carbon NVR and MS were Q&Hgi stent with the
product. 20 Step 4N PBrepargbi o] - 3- hvdr rsr‘ojyd-“ Rulfide To a stirred
sol ution, S00T0 F 108 ﬁﬁmr}.ﬁg‘.ﬁégyé R*L CHO

4-f 1 uor 4- me€ékyphenyl ) nBMFy| ) t hi ophenol\ Ofjtained from Step 2) in
270 nmL of diglynme was added 25 4.35 g of 60% sodi @H hydri de dispersion in
mneral oil (208.73 mvol) at OC. After gas evol ution ceased, 29.94 g
(119.60 mml )| of the dibutyl cyclic sulfate (obtained from Step 3c) was
added at OC gnd stirred for 10 mnutes. The mxture was allowed to warm up
to 30 room t dypesmh ure and MEPBAsumwhlorenegisazoicsdd sol vent was evapor at ed
and 200 nL ofjf water was added. The solution was washed with 200 nL of

di et hyl ether] and added 25 nL of concentrated sulfuric acid to nake a 2.0 M
solution thatf was refluxed overnight. The solution 35 was extracted with
ethyl acetatd _and the organic solution was dried over l\/gﬁp, and

concentrated Po_SSBSTI TRB(OREERea RULE 26) WO 00l 02688~ 1 D E C 2002 :
PGT/ US99L #2828 170 Yac ue—Fre—ertige—at-y8~ hy dr pRyeBopyi R f i de was )
purifie {1i cHgel driRinR),oNaAIOY (Wt er st@FSoO)CHO
Br Ethanol, toluene, or DME RS
or
R°SnR;, heat
Pd(Ph3P),, solvent
base _
R=H, or C,-C; alky! (e.g., potassium

t-butoxide)

0, :

X Z S .\\\\R

R T | R
is oH

SUBSTITUTE SHEET (RULE 26)



using 8% ethyl acetate/hexane to yield 33.00 g (72.5% of the product as a

i ght bro ,/HNWR (CDC1,) 8 50.90 (t, J ~ 7.1 Hzp }IE% : m?
12H), 2.8 ‘20/01 , 3.48 (s, 2H), 3.79 (s, 3H), 4.10 (s)cg ””%82% éq[éﬁ(z
4H), 7.09 (d, J = 8.7 Hz, 2H), 7.41 (dd, J = 8.7 Hz, 5.7 Hz, . 10 Step
5. Preparation of enantiomerically-¥hriched aryl 3- hydr oXypr oEr~I sul f oxi de
To a stirred solution of 20.00 g (47.78 mol ) of

aryl - 3- hydr oxypropyl sul fide (obtained fromStep 4) in 1 L of nethylene

chl ori de was @tedc3schémg »f BErutReopbilic substitution of an

8,8-dic h £ | 0 o iggol , Aldrich) at
(ZC) ,(After :al F&n%"%g%g???d?%% |ts‘%%?évg fﬁtféﬂx?ﬁﬁggfvﬁigggd into :a 32)C

freezer for ZAtHduRssuihiede RN &GHhegasuels 1&d 5% Pltd&"sol i d was
washedswi t h dela&f sbweﬁe (Sleh 23 WY, eDEB) mM&Nasetcl)terﬂe:dloWédand t he

hexane sol ut| erg&ltsrgit Qgﬁ&)@y!aﬁggylér&e aGhEEeaP1 [x)was purified on a

silica gel coti si_ng Yo et hyI acet at e/ hexane to
afford 19.00 R}ocfesl%i éfd%ﬁ%klélné?ﬁfiz@ﬁér Aeal 4shves, Feoni
aryl - 3- hydr oxpsgepy bs ub f Omdeiz%am}raecat oldwesemperature MVRIAEDCI~) $

0.82-0.98 Hz, iH , 2.77
e 13(?33%%}*1%%1%% '%d-fo@}dje?apée 22 ¢ ﬁigwﬂ 5t l%nz 1" 12"?;')HZ e
3.79 (@ 3H) algobel(ge Bemzykh ‘-”B‘OPE-deleOI%O"B@ Ygsx’(?&tlsqrb PE7.00 (d, J =

8.1 'Hz, 2H), s(1¥8a80td. 231 £dhe YHeldéd9Ohé. 0l (imtethpdidtreamt.i oneri c excess
was det erm ned by chiral HPLC on a (R R)-Wel k-O col um using 5%

ethanol /hexane asshbecshisitlas e HAQLCTnlendion’ Blncatao Wd h the first
eluting peak as t product.. f SSTT [UTE i—IEE)T (R%lﬁE 26) WO
00l 01687 171 SPEFPERHD? 2‘852’8“%@616‘3 Bp g"r%ti ow) &s

enanti®neri calelageenr as hasitownr viln 3her pahavsng far»)hledeSTléI amst XIfed sol uti on of
13.27 g of tripgth pélac okBadPd f¥r disaBrghy!

sul foxide 5 WeLIf% gggg%@ﬁngéﬂééa Fge@"rﬁbscﬂ % :‘prenantl oneri cal I%/enrl ched
aryl - 3- hydr o¥{fr 6¥5+5%1 FuxE BenB829§8m Step 5) and 20.96 g of sul fur
trioxide-pyridine (131.16 mmol, Aldrich) at roomtenperature. After the

m xture was stirred at roomterrperature for 48 hours, 500 nmL of 10 water
was added to the m xture and stirred vigorously. The m xture was then
extracted with 500 nL of ethyl acetate twice. The ethyl acetate |ayer was
separated, dried over MJSO' and concentrated in vacuo. The crude oil was
filtered through 500 m. of silica gel using 15% 15 et hyl acetate/hexane to
give 17.30 g (91% of the enantionerically-enriched

aryl - 3- propanal sul foxide as a light orange oil : 1H NNIR (CDC1,) $ O .
85-0) 95 (m 6H) , 1.11-1.17 (m 4H), 1.21-1.39 (m 4H), 1.59-1.76 (m 4H),
1.89-1.99 (m 1H), 2.57 (d, J =14.1 Hz, 1H), 2.91 20 (d, J = 13.8 Hz, 1H),
3.79 (s, 3H), 3.97 (d, J =15.9 Hz, IH), 4,12 (d, J = 15.9 Hz, IH,
6.84-6.B9 (m 3H), 7.03 (d, J = 8.4 Hz, 2H), 7.19 (dt, J = 8.4 Hz, 2.4 Hz,
1H), 8.02 (dd) J = 8.7 Hz, 5.7 Hz, 1H), 9.49 (s, 1H. | 25 Step 7.
Preparation of the enantionerically-enriched

t et r ahydr obenzot hi epi ne-1-oxi de (4R 5R) To a stirred solution of 17.30 g
(39.99 nmmol ) of enantionerically-enriched aryl -3-propanal sul f oxi de
(obtained fromStep 6) in 300 nL of dry THF at -15C 30 was added 48 nL of
1.0 Mpotassiumt-butoxide in THF (1.2 equival ents) under nitrogen. The
solution was stirred at -1SC for 4 hours. The solution was then quenched
with 100 nL of water and neutralized with 4 nL of concentrated HCl sol ution
at 0C. The THF | ayer was 35 separated, dried over MgSO' and concentrated in
vacuo. The enantionerically-enriched tetrahydrobenzothiepine 31 D E C 2002
SUBSTI TI TTE SHEET (M LE 26)
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31 DE C 200"t WD 00101687 PC Tl US9911 2828 172 1-oxide (48,5R) was purified
by silica omat ogr aphy (Waters Prep 500) using 15%

acet at e/ he;"ghoe/apdg give 13.44 g (77.79% of the product asﬂglt,gﬁwtmen%ol izd: QEgH002
NVR (CDC1l,) b 0.87-0.97 (m 6H), 5 10.816-1.32 (m 4H), 1.34-1.48 (m 4H),
1.50-1.69 (m 4H), 1.86-1.96 (m 1P’° 2.88 (d, J = 13.0 Hz, 1H), 3.00 (d, J
=13 . 0 Hz, 1H) , 3 .85 (s, 3HYCHEME @0.(s, 1H) , 4.48 (s, 1H), 6.52 (dd, J
= 9.9 Hz, 2.4 Hz,glH), 6.94 (d, J :R? Hz, 2H), 7.13 (dg, J = 8.4 Hz, 2.4

Hz, 1H), 7.38' (d, Jsoens. 7 Hzf 7. ReL(dgo, J N7 Hz, 5.7 Hz, 1H).
Step 8. Prepagat9n cf—enRahti-s | y—enriched.
t et rahvdr obenzot hitepi ne-1, 1-di o§i de (4R 5R) To a stirred solution of 13.44

g (31.07 molY" of %" nhanti oner i calPhy-€hriched tetrah§e effenzot hi epi ne-115

oxi de (obtained from Step 7) in 1§0 mL of net hyl ene/h#ori de was added 9. 46
g of 68% m chl or oper oxybenzoic aci®d (37.28 mol, Sigma) at 0 C. After
stirring at 0 C for 2 hours, the mxture was allowedXo warmup to room
tenperature and stirred far 4 hours. 50 nL of 20 saturated Na, SO was added
into the m xture and stirred for 30 mnutes. The solution was then

neutral i zed w SHL of saturated NaHCO, sol ution. fThe methyl ene chloride
| ayer was sepa ed, dried over MgSO' and ¥ntraged in vacuo to give
13.00 g ’%97 % he )1.)2H, digigd | oner i c;{@nri chadr: )
t et rahydRddenzot hi egi ne- 1, 1 di oxi de (éR as] a | i ght é’?@" w solid: '"H NW
(CDCL,) $ 0.89-0.95REm BH T 00-1. 43 ¥ m 12K "16- 2562 (M 1H), 3.14
(g, J = I5.6)|2—%, 1H), 3.87g(s, BH), 4.18 (s, %b), 548 (s _1H)  6.54 (dd, J
= 10.2 Hz, 2.3, 1H), 30 6»¢46-7.07 (m 3H), 7.40 (d, J ~ 8.1 Hz, 2H),
8.11 (dd, J = 8.6 Hz, 5.8 . Step 9. Preparation of

enantiomerical ly-enriched %(di ngthylam no)tetrah dy

r obenzot hi epi ne- 1, 1-di oxi de§&<(4R§L 5R) SUBSTIT' | Tf E SHEET ( RULE 16) WO
001 01687 PGTNS99/ 12828 ~ 1 | BXC 2002 173 To a solution of 13.00 g (28.98
mol ) of enantionericall % enriched tetrahydrobenzot hi epi ne-1, 1di oxi de
(obtained fromStep 8) iM% of dinethylanine (2.0 Min THF, 146 mmol)
in a Parr 5 Reactor was added about 20 nL of neat dinethylam ne. The

m xture was seal ed stgrred at 110C over\r}i ght® and cool ed to ambi ent

t enper at ur e. xces i met hyl am ne was e ated. glhe crude oil was

di ssol ved inj200l L of | altifte and Wi t 0 100 nL of water,
dried oveg , ahd copcentrated-in vacug urificati®n on a silica gel
col um (‘%Vi‘! ers PreR’ 509)\using 20% et ﬂﬂ! atet ai e/ hexane gave 12.43 g
(90.5% of the enantiomerically-enric RS 4

7(di net hyl ami n8J't et r ahydr obenzot hi epi ne- 1, 1- dj oxi de 15 (4R 5R) as a )
colorless solid: "HNW (CDCL,) 8 0. 87 0.93c1{L 6H), 1.10-1.68 (m 12H),
2.17-2.25 (m 1H), 2.81 (s, 6H), 2.99 (d, J = 15.3 Hz, 1H), 3.15 (d, J =
15.3 Hz, 1H)) 3.B4 (s, 3H), 4.41 (d, J = 7.5 Hz, , 5.49 (s, 1H), 5.99
(d, J = 2.4 Hz, 1H), 6.51°N§W°1J = 20 8.7 Hz,°z\4/jd|j)z, 1H), 6.94 (d, J = 8.7
He, 2H), 7.426d) J = , R7.90 (dA>B 7\Hgm 1H. The product
was det er m ve 78(Vle.e. chiTal niral pak AD col um

usi ng 5% et hanol / hexan €| Umpt . Rec ti‘mp of this solid from
ethyl 25 acetate/h e gave j1.§p g of Ff- oduct. The remai ni ng
sol ution was concent fated an®’r ecrystaf zed to ve 9.B g of colorless
solid. Enantioneric excesilé f this solid was dgterm ned by chiral HPLC on a
Chi ral pak AD col umm usi ng™8% et hanal / hexane as e 30 eluent. It showed to
have 96% e.e with the first eluting peak as the mgjor product.

q

5
Scheme XI illustrates yet another route to
benzothiepine-1,1-dioxides, particularly 3,3-dialkyl
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Step 10: Denet hyl ati on of

5-(4' - met hoxyphenyl ) - 7(di net hyl am no) t et r ahydr obenzot hi epi ne- 1, 1- di oxi

(4R, 5R) S\‘JBS@?'T'U)'I/'E SHEET (RULE 26) 31 0 E C 2002 WO &GTaisgyrzs2s g(l‘cﬁ%ﬁﬁz
PGINS99/ 12828 174 To a solution of 47 g i99 mml) of enantionericenriched
(di met hyl am no) t et r ahydr obenzot hi epioge- 1, 1- . di oxi de (obtained from Step

9) in 500 nL of t hyl ene_chl oride _at -.10 dropwi se a sol ution

of 5 boron tr?ﬁ?g?‘%%es §§9lﬂﬁ’_§¥rfm}: © et Oﬁ%ee%gic ?gﬁj‘?fe, 297 nmol ), and the
resul ti ng sol Thiephened ZVIitedagobd Yfe&tEed yibhFYFbic 5@t or until the

reaction was gonp &fife $HE LRAGHNORLIAMICIOad be aridraidre-dry ice bath

at -10 C, and slo quenche i 30 f ter.. Ahe mxture was
warned to 10 &e]afﬁdoe"ﬁuﬁﬁaﬁl?ycgﬁ w&#gd \@01[4?@% %glg?l%%?luﬁaa@d Sodi um
bi car bénat e ' feother onitdbzed o glive ethehesudifrpar BLIThevhiplesas | ayer was
separat ed andpextfacted wbtdiva0Q gltepdoimidayhengichbed igke, and the conbined
extracts were washed with 15 200 of water, brine, dried over MgSO, and
concentr at ed ’P‘?P%P&&&P”fﬁe’ﬂr%@i BBgL%V%i ssolved in 500 nL of ethyl acetate
and stirred with Thicphefoly|XAEiIak ezmthe raepdreédradiording ¢o at anbi ent
tenperature. dhg.. o xt Hégpil\@ﬁo%.s&e&?iééﬁs@’ed%hh RE9 the 2b10bwigger, 200 ni
of brine, dried over MJSO, and concentrated in vacuo to give the crude
4- hyprl8xyphen’§eﬁm? érnedi ate. The solid residue was recrystallized from
met hyl ene chloride to give 37.5 g % t he desired
5-(4' - hydroxyphenyl )-7 25
(di met hyl am no)t et rahydrobenzo;ﬂfe«p’l ng-1, 1-di oxide as a white solid: 1H NWR
(CDA~) b 0.84-0.97 (m 6H),.x 115 10H), 1.57-1.72 (m 1H),
2.14-2.2B (m 1H), 2.83 (s, , 3. 00{(d, J = 15.3 Hz, iH , 3. 16 (d,
J =15.3 Hz, 1H) , 4.11 (s, 2H) , 5.48 (RglH) , 6.02 (d, J = 2.4 30 Hz)
1H)) 6.55 (dd, J =9, 2.4 Hz, iH q 8 (d, 8,7 Hz, 2H), 7.38 (d, J = 8.7
Hz, 2H), 7.91 (d, J =9 Hz, 2H). Y& nativel¥, enanti onmeri c-enriched
5-(4'hydroxypﬂ@ﬁyﬁp-ﬁﬂ35f and q are as previously defined for the
(di net hyl am f!sb\r%ehhab)'@lf aamaeh hi epidie1lclsdi pxtdexs tdag iat er medi at e j ust
descr%ged, can be Bre ared. vi atno%,_%lg;gTTT‘tTéEuSrI—éEEg%_{(ORULE 26) WO
00/ 0l 537 175 HEPRESY/ 156761189-19 3% BRERTTOE e *8ynt hesi s
fol |l owed by difier art candh@soghaph9l knimcatrsmulaxi dati on of
aryl - 3hydr oxypr opyl sul fi de (obt gi nedgfrom Step 4) with nthloroperbenzoic
acid (under the simlar conditi s 5in Step e, but with 2.2 equival ent
of m CPBA) gave the racem c sul forfenternedi ate. The sul fone was carried
t hrough the synthetic sequences |(undef the same ~ - - - -conditions as in
Step)7 and Step 9) to give the r@em@ 5-(4' - hydr oxyphenyl)-7 10
(di met hyl am no) t et r ahydr obenzot hi ggine- 1, 1-di oxi de. The two enantioners
were further separated into the Ctéxll%)e enanti oneri c-enriched
5- (4' - hydr oxyphenyl ) - 7(di nmet hyl am ngo) t et r ahydr obenzot hi epi ne-1, 1- di oxi de by
appropriate chiral chronatographi c®burification.

wherein R' and R’ are as previously defined for the

20 compounds of formula I. Preferably, R' and R® are
alkyl; more preferably, they are selected from the
group consisting of methyl, ethyl, propyl, isopropyl,
n-butyl, iso-butyl, sec-butyl, tert-butyl, and pentyl;
and still more preferably, R' and R’ are n-butyl.

25 In the process of Scheme XI, thiophenol XVIIIA is
initially reacted with cyclic sulfate XL. This
reaction preferably is conducted in an aprotic solvent
such as methoxyethyl ether. While the reaction
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15 Step 11: Preparation of ester internediate To a solution of 1.0 g (2.1B
nol ) of

5- (4 hydr‘(‘)lel’?)/ lé‘“ﬁyl) 7- (di net hyl am no) t et r ahydr obenzot hi e&”r'fé”’f”fsd 03 1dBEC 7002
(obtained fromStep 10) in 10 nL 20 _dinet hyl f or mam de was added 60 ng (2. 38
mmol ) of 95% sodi um hydride and sti ilPed for 15 ninutes. To the reaction

m xture was agaadt468s ‘ﬁudﬁa@zteﬁ?éiaﬂir&mklﬂwbé@mt ate and stirred
for two hours. ?Wg;és%ritﬁd r| ntegae%t:leoaéztdrer}e%&grgs aeﬁ ted with

et hyl 25 acePaFE ied*over nagnesiumsultate, filtered
and the sol vépt proaped aate@bp@tartr:@mdtqmm@tw@/of%f abpret ddtcer i nt er nedi at e:

%HZIJJQ/RZSfC?C%O)Jrs 0. B8 QeddtiBh éf&feﬁa}:ﬂl oézm aaOH), 1.60- 136‘116(?}[ 1|J‘|)
m , =
15.1 H, 1H) apﬁg%i)“'(‘%te]]i’(H)%t"%Fg%m('%t“g—ofatsl%@jf( E’l‘eliﬁar%‘ a (d, J =2 4
Hz, iH), 6.68atedialls~-witd) a2sliight difess6.cf5cydlig suBfareHXL 2H), 7.37 (s,

SH), 7.42 (dpedn E&éfé%edZH) RedcPSod Ghimk and 9iEZa d&ll .peSUBSTTTUTE SHEET
(RULE 26) 002 WO 00/ 01 687, PCT/ 38%9 12818 176 Step 12:

Pr epar at i on 6?‘95%‘7'%‘?&3‘56’@&?90?@%‘? iy er internediate
(obt ai ned fropeBlepsulfate X0 meeawtndquaﬂencwpathmphﬁn@n carbon was

pl acagy under yapr £n Yrmapher ewofe Al ABRILIGAS ch4@ Patlofay dpBuee hours. The
reaction m xture was flltereg through%gle i'te an t he sol vent was evaporated)

to afford t hé-He2FHERIENEFC t\)?mxﬁ’e 85I #3FP p 119 - 123 C 1H
AVR (CDCL3) B0 SLentObE( whibphendl 0/ 140 pheweher) . 1. 61 10 1.65 (m 1H).

2.17-2.21 1 S 1 3.17 (t, J =
14.9 . I(-l)m 4"01121’1 (2(:51"% fg:ﬁce@'s_')of %)‘9% 1(rgre 1‘2>n t]:ﬁ:x. S)'fgno H? 6 17 (g 1

6. 74 (d, J XVBIIA ﬁzls°1ﬂ)s tgeaped pith ansa SFEaCEH?g 3’79% (dTh8 = 8.5 H,
2H), 1B. 97 (dabstradtihgHageht]) cariRddS.adceldc'ted the &651@sntd, oNGCsS: 5l 8 2576.
Found: 518.2 I i\%&NEM—F H

(4R-cis)- N[ g&l%qﬁtgﬁuééﬂgn?ldl net orggg 29?c"t11-elierngﬁydro 4- hydr oxy- 1
. 1- di oxi do- 1%bH Sthiddhea- 58 #Aoamh iFcFaLia%e &lep 1: Preparati on
of gl yci ne emmoumtbermgdhale o a;saﬁuitmﬂrarotheoﬁyg {2389 mml) of 5- (4

hydr oxyphenvbdr el henbart A0 ie) fdwé %%e%eghtﬁ@'meaﬂc ndi oxi de
(obtalned from Exanpl e 1402, Ste of pot assi um
car bdfat e i NP4 %GBSWE??LG'?EC’@—TE%T E(NHPEafé?)aChgd €' the Berzed
ring of thiophenol XVIIIA. The resulting sulfur anion
of the thiophenocl then reacts with cyclic sulfate XL
to open the sulfate ring. The sulfur anion of the
thiophenol then bonds with a terminal carbon atom of )
25 the open ring sulfate. The terminal group at the
unbonded end of the open ring sulfate is the sulfate
group.
The abstracting agent generally is a base having
a pH greater than about 10. Preferably, the base is
30 an alkali metal hydride such as sodium hydride,
lithium hydride or potassium hydride; more preferably,
the base is sodium hydride. A slight excess of
abstracting agent is preferred relative to thiophenol
XVIIIA. Reaction time and yield is improved by using
35 about 1.0 to about 1.1 equivalents of abstracting
agent for each equivalent of thiophenol XVIIIA
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WD 00/ 01687 177 rcr/us99nzsi$ 31 D E C 2002 ml of acetone was added 3.8 g
(22.0 mmol ) of N(chl oroacetyl)glycine ethyl ester and 50 ng (0. 14 é

t et r abut yWSMHBTUm i odi de. The reaction was heated to r BET/ESMRS8 2 g6 PEC 0N
cooled to anbient tenperature and 5 stirred for 20 hours, then partitioned
bet ween et hyl acetate and water. Theiorganic |ayer was washed with brine,

dried over _MySO , and concentrat ed inin vacuo. . ion by silica
gel chr omat o§FEBRYL ( VAIOEEs PEEERTRRYY - Lfé’ilﬁgrgﬁéﬁaeﬁ Oé{%egaie/ hexanes
af forded 7. 5equifal&i%d odf apbyeaoeirestagenicnt éoneshctt equsvaledtite foam 1H

> 142 29 m§f2ﬁ§§°%‘e?‘%l( Srel Pt ey e Disaie) g - Mot

= 15,
2H) , 4.06-4.19 ( a&ezsr?ﬁp of the rm%‘?—batﬁpg?dt‘% °sz)) 5.50 15
(s, 18, 5. 9Bhésrea’ld1b;on6056thd¢p};ﬂex¥o18}(6’IE|ZA wihh &d8c(dplfate 8.5 Hz, 2H),

A7 (s, 1H tl’(eq'f %Snoxgd?’ ;E{Zsff&'é)o Y, k%*?;(cglyslls, 8o fidln 1H . Step

2: Preparati on o acl d on_ o nml ). of gl ycine ester
i nt er nedi at eal 9% Add -f r SHiteepe f)Ydarﬁdelngai‘Fm MG E48. 3 ol ) in 60 nL
of THF and 6Rindr«lfl asmdder pasthesiadyvt aydvo€hloeri? dvddr end This was then
cooled to an‘%') £Al-tenpegature, acidified with 1 N HC1 and 25 partitioned
bet ween eth acetate and water. The organic |ayer was washed with brine,
dri sdoover |vg304 Then Ge¥BRR&NFEAFEPT lvaeazﬂln?utrfﬁrqpéﬂ&fl%n by

recrystal | i zevizam foyediet syl faoetads e cpavebst Aocging/ agenofaridie desired

title conpo C 9 : 1HNNR
(CD-CD) § o”‘%‘% 5 ;?#“3%0 55%‘%5*1‘”?@?{%% A r*@ﬁ m
2 06 2.20 (nthepeed Forgigelagign ofzanyjo Intermedhagegy J = 21 6 Hz,
6 57 4d01J(S§xé&hbc)ed4 07 (s, 1H), 4.61 (s, 2H), 5.3 (s, 1HZ1 (8 031 (s8 iH)Hz

169, ¢ (d, J _Hébdg’z)zn?rf); tg"Bezf’zqkmiatﬁé gﬁ%é’(‘%g)‘)"‘ L& T e SEet
(RULE 26) WEChY ODOSXIP HD| GIEIACPEIN UShD) BEpiEgup 78e d for

ds ¢f 253} e

C~oH'N=O S: &=ihicdlh2e) Fatddox biized/ A8 indnatandzatd’ o(i1fiﬁ)21n§:30H 2N, 0, S C,

0 o (ar o 55 SlasilE s, (Erife S Ao Prydyfng > Bxarple 1408
t et rahydr o- 2987 d§y5& ﬁu’ﬂl%’%‘d@-dle S§aEBFh Bptun 5=h}l°]rﬁﬁ€’é‘69@ﬂepeatsn0| c acid
St ep2t: Prepardatvioore pfefstasly ntier fedpgatbdinsuh uthleroohromate.
5- (4" - hydroxwﬂﬂgqg LtZon is conducted in a suitable organic
solvent such as methylene chloride or chloroform.
Aldehyde XLII is then isolated by conventional
) methods and further oxidized using standard oxidizing
25 agents to sulfone-aldehyde XLIII. Preferably, the
oxidizing agent is metachloroperbenzoic acid.
Sulfone-aldehyde XLIII likewise is isoclated by
conventional methods and then cyclized to form the
stereoisomeric benzothiepines XLIVa and XLIVb. The
30 cyclizing agent preferably is a base having a pH
between about 8 and about 9. More preferably, the
base is an alkoxide base, and still more preferably,
the base is potassium tert-butoxide.
The two oxidation steps of Scheme XI can be
35 reversed without adversely affecting the overall
reaction. Alcohol XLI can be oxidized first to yield
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15 (dinethylanino)tetrahydrobenzothiepine-l,l-dioxide (.0 g, 2.2 nnDI

obt ai ned npl e 1402, Step 10) in acetone (10 nl) f% nder

was treatfgr 61powdered K,CO- (0.45 g, 3.3 mmol, 1.5 e&r‘r 5%193
5bronnva|erate (0.88 g, 3.3 mml, 1.5 eqg.) and a 20 catalytlc annunt3bﬂECZW2
tetra-n-butyl ammoni um i odi de (2 ngﬂlZand the resulting solution was stirred
at 65 C for 245h9dpfe-dNoml rakhels Sdﬁernr $x¥8$26@0L 8 i@ g2a C and was
concentrat ed |n vacuo é%PE%SVIde a yellow residue. Purification by flash

chr onat ogr apfipLEong -l ‘cm silica, 20-40% Et OAc/ hexane) afforded the
ester internediate (1.2 g, 86% as a colorless oil: 1H NWR (CDC1,) $ 0. 91

(m 6H) , 1.11-1.47 (br m 10H) ( 1.64 (m 1H), 1.86 (m 2H), 2.21 (m 1H))
2.47 (m 2H), 2.8 (s, 6H , 3. 05 (AHy, J = 15.1 Hz) J = 47.7 Hz, 2H) , 4
.10 (d, 30 J ~ 7.9 Hz, 1H) . 5.13 (s, 2H) , 5.47 (s) 1H) , 6.00 (d, J

SI JBSTI T' ~TTE SHEET (RULE 26) WD 001 01687 PCTI US99117878 3 ~ 0 E C 2002
179 - 2.5 Hz) 1H), 6.50 (dd, J = 8.9, 2.5 Hz, 1H), 6.91 (d, J = 8.7 Hz,
2H), 7.36 (m 5H), 7.40 (d, J = B.5 Hz, 2H), 7.86 (d, J = 8.9 Hz, 1H);

HRVS. Calc'd for C38HSIN-6S: 650. 3515. Found: 650.3473. 5 Step 2:
Preparation of acid A solution of the ester internediate (0.99 g, 1.5 mol,
obtained fromStep 1) in ethanol (7.5 nL) at 25 C was treated with 5%

pal | adi um on carbon (0.15 g, 10 10 wt % then stirred under an atnosphere
(1 atm of HZ via hydrogen balloon. Every 10 mn, hydrogen gas was bubbl ed
through the slurry for 1 min, for a total reaction tinme of 4 hours. The
slurry was placed under an atnosphere of N, and nitrogen was bubbl ed
through 15 the reaction mxture for 10 min. The m xture was filtered
through a plug of Celite (10 g) and , concentrated in vacuo to give a
white foam Purification by flash chromatography (2.6 x 25 cmsilica) 1.5%
EtOH/ CHzOl ,) afforded the desired title 20 conpound (0.54 g, 63% as a
white foam np: 76-79 C, 1H NWVR (CDCl~) $ 0.90 (m 6H), 1.10-Z.46 (br m
10H, I . 62 (m 1H) , 1. 87 (m 4H) , 2 .20 (m 1H , 2 .45 (m 2H ,
2.B1 (s, 6H), 3.05 (AHgq, J = 15.1 Hz, J = 49.7 Hz, 2H), 4.00 (s, 2H), 4.09
(s, 1H) 5.45 (s, 1H), 5.99 (d, J =25 2.4 Hz, 1H)) 6.48 (dd, J =8.9, 2.4
Hz, 1H)) 6.91 (d, J 8.7 Hz) 2H), 7.39 (m 5H)) 7.39 (d, J = 8.3 Hz, 2H
7.84 (d, J = 8.9 Hz, 1H ; HRWS. Calc' d for C, 1H 5N06S: 560.3046. Found:
560. 3043. SUBSTI TZTTE SHEET ( RULE 26) wo 00JO-6s~ 180 Exanpl e 1405 MeyN
H2 PCTI US99J12828 31 D E C 2002 5

(4R-cis)-4-t4-13. 3-Di butyl -7-(di met hyl am no) - 2, 3, 4. 5t et r ahydr o- 4- hydr oxy- 1,
1- di oxi do- 1- benzot hi epi n-5yl ] phenoxy- 1- but aneeul f onaui i de
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10 Step 1: Preparation of sulfonic acid internediate A solution of 7.4 g
(16.1 mol ) of 5-(4'
hydr oxyphe®W@ 000¥87 di met hyl ani no) t et r ahydr obenzot hi epi ne-RCTIUM/38 & e 31 OEC 2002
(obt ai ned from Exanple 1902, Step 10) in acetone (35 nL) at 25 C under Ns
was treated 15 with powdered pot assi:uam carbonate (3.3 g) 24.1 nmol, 1.5
equiv.) and 1, 4-butane sultone ( nL$ ﬁ4 1 mol, 1.5 equiv.) and stirred
and heated at 65 C for 64 h. Th 9?8?8 th was allowed to cool to 25 C and
guenched by the addition of water (50 nmL), until a 20 honbgeneous m xture
was obtained. The clear apd cgiorless solution was added dropwise to a 4 N
HCl solution cooled to O ¥ a 30 mn period. The m xture was vi gorously
stirred for 4 h thenjallo warmto anbient tenperature and stirred for
Thel res It)@nt whlte pregi t ¢ was filtered and
washed w and dri &irCvacuo (92% of the desired
sul foni c aci d> ite szl A porl eg}df‘ he mhlt solid was
recrystal(Rig , CN\/ hexahe to 30 sulfonic acid as
col orl ess needl es: P 229,—_%% SUBS ETTE SI—EE‘IH RULGcRB) WO 00/ 01687
181 PCT/ US99/ 12828 31 D E © 2002 (deconposed) il 1H NvR-BEMSG-d6} b 0.82 (m
6H), 1.021.33 (br m) 10H), 1.59 (m 1H), 1.73 (m 4H), 2.00 (s, 1H), 2.48
(m 2H), 2.71 (s, 6H), 2.98 (s, 1H), 3.86 (s, 1H), 3.93 (m 2H), 5.08 (s,
1H), 5.89 (s, 1H), 5 6.52 (dd, J 8.9, 2. 4 Hz, 1H)) 6.92 (d, J = 8.3 Hz,
2H), 7.29 (d J 8.1 Hz, 2H), 7. 60 (d, J = 8.9 H, 1H; Anal. Calc'd for
C,oH SNO S,: C, 60 é8; H 7.61; N, _,_ . ,_ __2.35. Found: C, 60.53; H,
7.70; N, 2.42. 1@gfep 2: rPreparation of
7- (di net hyl ani [ ﬂ)l n-5-yl ] phenoxy- 10@t/anesul prnam de To a
I)’éﬁ{lthe sul tained from Step 1)
785_ccgi_f_3_712°mgr) Pc:15 an
hour . vatéi) s ad the m xture mas\ racted and washed with brine.
Dried with I\/gSO' fi é"lOed and sol vent (RVgpor at g¢b. e residue was added
30 nL of O0.5M M, in dioxane and stirred 16 hours. The precipitate was
filtered and the sol vent evaporated. 20 The r©#i due was purified by MPLC
(33% Et OAc in hexane) to afford the desired title conpound as a beige solid
(125 nmy, 11%: np 108-110 C 'H NVR (CDC13) $ 0.85-0.93 (m 6H), 1.13-1.59
(m 10H), 1.60-1.67 (m 1H)\,y,942 20 (m 5H) 20 2//Ps 6H), 2.99 (d, J =
15:3Hz 1H), 25 3.15 (t ~J R 7.7 Hz, 2H), 4.03
(t, J = 5.8 KOBH) , 4.686- TH4 4.4 _51’7 (s, 1H), 6.02
(d, J = 2.4 Hz, 1+D,Re—_a}§g w.,g 9, 2 (Ohe(d, J = 8.9 Hz,

Jdrred for 1 15

2H), 7. 41 (d, J = 5 2H)Y
for C~oH'Ns06Sz: 59B.)4876. Fog ﬁéPH 595. 28 &)

0 E C 2002 WO 00/01687 PC T/U899/12828 182
Liva b
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Scheme XII illustrates still another route to
benzothiepine-1,1l-dioxides, particularly 3,3-dialkyl
analogs, starting from the halobenzene L. Halobenzene
L can be reacted with cyclic sulfate XL disclosed

10 above to give the alcohol LI which can be oxidized to
yield the sulfone-alcochol LII. Sulfone-alcohol LII
itself can be further oxidized toc give the sulfone-
aldehyde LIII which can be cyclized to give a
sterecisomeric mixture of benzothiepine LIVa and LIVb.

SUBSTITUTE SHEET (RULE 26)



Exanpl e 1406 NEyN 50" OGS-M O~N

(4R-cis)-1- 4- (3. 3- D|butyl 7- (di net hyl am ao) 2. 3, 4, 5-t et rahydr o- 4- hydr oxy
-1, 1- di o¥9 ’% nzot hi epi n-5-yl ] phenoxy] pr opy! | - 4- aza- 1 PE&USI12828

azoni abi cycl o( 2. 2. 2] oct ane, nethanesul fonate (salt) Step 1: Preparatgqo[m f007
di mesyl ate internedi ate To a cool ed4( 20 C) solution of 5.0 g (65.7 %)
of 1, 3- propanedi 50 L .of tri 0 f thylene

chl ori de was add ang lézed"e( f37( é ﬁﬁojr%/ @c#ﬂrﬂl%cﬁ%ﬁ%é %’g%/%& IoIrrere The

m xture was cn beedyfithesized fupuscomtrarrimiliedvedlahbtent tenperature and
partitioned H&Qb‘ﬂ%ﬁ&eﬁéah%y 2GRt ake188d N dil arthenasgenéc | ayer was washed

with brine, ove Q' 20 and concentrated in vacuo to give 13.5 g

(B9% of di rﬁ?&bf’gf‘ﬁg #ﬁ%’ﬁ@dl ate as a clear yellowish oil: 1H NWR (CDCl,) g

2.12 (quintet, J 4.5 Hz, 4H), 3.358 (sgrh6H) , 4.38 (t, J 54Hz) 25 Step

2: Preparation of propyl rresyéla i rmedi ate To a sol utlon of 2.4 g (5.2
L r obenzot hi epi ne-1, 1-di oxi de

mmol ) of 5-(4~
hydr oxyphenyl ) - 7- (di net hyl am no

(obt ai ned from Exanpl e 140 ep10) and 6.0 g (26.1 nmol) of dinesylate
i nternedi ate 30 (obtained Step 1) ph 50 nm. of acetone was added
SUBST TUTE SHEET (RULE Z6) WD 00/ 01687 8PGTNS99/ 12828 31 D E C 2002 183
3.6 g (26.1 nml) of KsCO-. The xehction was heated to reflux overnight
then cool ed,hg.-a 'ﬁ”t R IR gl UES @Q%f@ﬂ%@a&@émgdvg&y%@e resi due

was partitioned ween ‘et h acet gt e "and ter orga c layer was 5
washed wi t thF‘P‘ﬂ%n %r‘?fecf" é?al\b's@’ éﬁdaclagiﬂ%?’?aﬁ &F FacBE° Purification
by silica gekomdr offatomgr aphyodditards Ror &9 80081 ersiran 36% et hyl

acetpf e/ heX@Q@ﬁdPévfrﬁfgd%%Cap é 190 %r 9o b&epa&apggsﬂgw B grat ermedi ate as
a white foam 1*?—3 % 86 lq glmt Hg) 1.52 (m 10H),
1.57-1.70 (hf nzez*ema? 3 (Pﬁ'Efan)ab Y 4P BItER) S r3°tf?”(’-‘s° 3H), 3.08
(ABq, J,,~ grddp. 0 (yxlid¢ sullfate X, oan B@ prepiBe@nas 33§t forth8 (t, J = 6.0
Hz, 2H), 5.43 §herdrr Gndl c£§ haU‘eD tH 310%widg=E8rdul¥) 1H), 6.94(d) J =
8.6 Hz) 2H), 7.43 15 (d. "3 =8 SHj 7. 94 td, J =89 H. 1H). Step 3:
Preparation of cTuaternary saIR1
nmesyl ate i nternedi ate (obtained
was added 0.3g (2.9 mml) of 1,
reaction m xture was stirred atl 60
anbi ent tenperature and concen

wi th net hyl ene VAN
y O/\Og

15 XL
wherein R' and R’ are as previously defined for the

mStep 2) in 20 M 20 of acetonitrile
di agabi cycl o[ 2. 2. 2] oct ane (DABCO . The
for three hours, then cooled to

in vacuo. Purification by trituration

compounds of formula I. Preferably, R' and R’ are
alkyl; more preferably, they are selected from the
group consisting of methyl, ethyl, propyl, isopropyl,

20 n-butyl, iso-butyl, sec-butyl, tert-butyl, and pentyl;
and still more preferably, R' and R’ are n-butyl.

In the process of Scheme XII, halobenzene L is
initially reacted with cyclic sulfate XL. This
reaction preferably is conducted in an aprotic solvent

25 such as dimethyl formamide or N:N-dimethylacetamide,
and more preferably, in dimethyl formamide. Although
the reaction conditions such as temperature and time

SUBSTITUTE SHEET (RULE 26)



25 chloride/ethyl ether gave 1.3 g (91% of the desired title corrpound as a
white solid: np. (dec) 230-235 C; 1H NWR (CDC13) $ 0.86-0.95 (m DEC 2002
1.04-1.52 WR00PEA%) | . 57-1.70 (m 1H), 2.12-2.25 (m 3H), PC?’U§%?1128239 (m éF—I)Z

, 2. 83 (s, 6H , 3 .04 (s, 3H , 3.09 (ABQ J"8 = 15.6 30 Hz, J = 42.2 Hz,
2H) 3.22-3.32 (m 6H), 3.56-3.66 (nu1$H), 3.73-3.83 (m 2H), 4.06-4.17 9m
3H), 5.47 (s, 1H), 5.97 (s, 1 6. , J . =8.6 Hz 6.90(d, J a 8.6
Hz, 2H), 7.4l 3F§, 79t naF “’r1|¥,%%C%?'B%q\ed,"eﬁcgl%‘?gpﬁ%é@fﬁ}y M6 (Es+) me

61 2. 4. HRVE (EBtdwéal o (i)r35e§@rat§3 lﬂ'ﬁlé&nOaScutG’i@CB&&ﬁ abeandioo6l 2. 3840.
SUBSTI TUTE SH 002 _WD_00/.0 687 184 Exanpl e 1407

Me2N 5 O 1 O ggTr\F{RULEﬁsgﬁl F%a‘%%“r(%m oFfF PISIERP{Y Y% 3.Dibutyl -

(dinethylaninﬁézctlon'$emperature tf mai?talged athabout 80°C|] ﬁ?e | N
2,3,4,5-tetra ro-4 oxi do- 1benzot | &P 5-yl ] phenoxy] pr opy

- 4- aza->lazoni 5%?%%9% efeﬁﬁjc"fa%{ﬁplfyﬁe FBBﬁ%ﬂ@%uﬁlfyonate 10 (salt) Step
1: Preparati oateichimpetrigsydtie dhtdensdeat énd mateniads ovith a .

5-(4~- hydroxyehﬁgwd Jextekdi BBt byd pid mtf%fc@aﬁudﬁ@ﬂ@z&tér&@eae 1, 1-di oxi de
(5.0 15 g, 10 nmur al eobt ai cgi% fjvﬁo 5\%% %402 Sl gé g acet one (100
M) at 28 C URGATEREE e, £ tiF pORASTEE RSO D72 mol, 2.5
eq.) and 1, 3pt@phr?e(ﬁ%ﬂlvdielpts oxfy letcd ic18udfgte KL efammsiach3. 0 eq.), and the

resulitiiopng m xg¢ ﬁ,dm::swrnsﬂo@énz%ecﬁ EEeZénQO thes prefergseam col ored
a .Si | ass funnel.

| dt t
Short vas, COLEd 48206 LG { Siad L g el oo e
nmL). The or ga¥k ofqzaw@chv\aguvmm wift Bnaéabanaereed TaqureeentNaHCO- (2 x 150

nm) and saturated 125 t84UgpPsSe NAC £ (:%exlia5gnmn Qidl%ﬁé@a%eﬂé'l?d (MySQ,) and

concentrated in vacug_to_provi pal € orange oi |l fication by flash
chr onat ogr aph¥y 4.4 frggt%ﬁn '“'Iq’lc,aﬁ‘ a%@tﬁs/t W%&an ;” af forded the

propyll5t osyl aakstinacgipgdeaent (@) by, agdedl as thevsalerehgam 'H 30 NWVR
(CDC13) b 0. YorftBinGHy, hdlddedzehé (Lb rﬁbr' £5)) . cdndraeBoy! withif TE STET

RULE Z6 WO Q01 016827 PCT/ US99I : 002 m 1 2.14
(m 2, 2 o5 AEHR the S S omEE craie eiye Booouialy L T iy
J 49 0 Hz, badng »edd to, a;parﬂicmlﬁz tBEPrYA-ﬂK)KﬂnbeiHﬁved-Chﬁ (t J =59
HZ, S. Zga.ﬂﬁralzlti)i.n 5aé|@nt( Sembes 5h88h£§ogé|rH)ato@h éitéclﬁéw%:oég—(g 9:] E B

15'? ) pepapns i orfoheilehtn g Febigtes thar |
atom w1t a divalent sulfur atom. The resulting
sulfur anion reacts with cyclic sulfate XL to open the

) sulfate ring. The sulfur anion cf the halobenzene
then bonds with a terminal carbon atom of the open

25 ring sulfate. The terminal group at the unbonded end
of the open ring sulfate is the sulfate group. The
abstracting agent generally is a dialkali metal
sulfide, and preferably it is dilithium sulfide. A
slight excess of the abstracting agent is preferred

30 relative to halobenzene L. Reaction time and yield is
improved by using about 1.01 to 1.3 equivalents of
abstracting agent for each equivalent of halobenzene L
present. More preferably, this ratio is about 1.05
equivalents of abstracting agent for each equivalent -

35 of halobenzene L present.

The sulfate group of the product of the reaction
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Step 2: Preparat| on of quaternary salt 10 A solution of the propyl tosylate

|nterrred| g, 1.56 mml, obtained from Step 1) trile (15
%(l,,{é] Nz was treated with di azabi cyclo(2.2 gg‘g@%’?dga’DAHCO

026 g, 234 mml 1.5 eq.) and stirred at 50 C for 6hours then a 0

C for 14 hours. The pal e amber solltéon was cooled to 25 C and conc ntrat ecg

in vacuo to ovi de d in a mninmal
anount of Cl—fg)%l tzh °§>h ‘ﬁw%g&é?‘f* Yl%p%};cﬁttg% %0 ?gv\%ﬁ?% vi gorously
stirring forramclvmﬂrls Preéderaglnhby hndredyeiso %M‘@ §OF| BiPFXS pitated. The
white solid yasarf@dreet add( Elc&d@ih) t pugtatsid heradesiveedgtitl e conpound

1.11 g, 90¢ whist i d 42 C (d d); 1H
AR (Ccr,) 3P0 itinviey Regbast achs CpafiPiility’ €] (1 ITRPI%C0)

1H), 25 2. 1hydrnochiprig, aglqmm@mulfgrgq geid 3H)The2€$BEFsls 6H), 3.07 (ABqg,

%H)= 12 slmebh]e 1T cdhvertled 25)alchr) Lhrp tﬁé‘&bme%t6&1(:m agH), g gg ggr 3)
, r..S =

2.4 Hz, 1H))2¥ F@?&al\]g}‘d%méla]ez Erﬁgeri %di%é‘m g‘}'gﬁb’éb‘@ 8,

7.11 (d J = 8.1THe, s2vpral. déeduions :tn*BQBVHzS r@ﬂ:l)vbemzme (4, J 8 1 Hz

2H), 7.87 (qz AT BAckEy ) snd Bscoal cnd dfinc GRS N S 612. 3835,
Found 612. gy%P&SUBSTTTUTE SHEET RUL 00'[{‘/8 687 PC TI US99/ 1 2828

31 DE C 20 ¥E891288°t g 2 iFe L}Wﬁuo‘"’ O-N -N5 )
(4R-cis) -1lndet tpo4ispdats- &h}bu:tg/lt-hé- ifdermednAtes pgpduced

2.3,4,5-tetrahydn@+4nBYdf.ox¥s | plerflii@nh 90sd BRP ZVeBRE BraT VI | phenoxy] butyl]-
4-aza-lazoni abi cycl oct anenet hanesul fonate (sal tt)n?ll@bl X
g (2.

Pr epar at i on "6f* h@&FyI ﬁ’ésﬁ‘% RIS n(RFBAF IR W REHFEYSY i8 mol )

of 5-(4 salicylate) and oxidized using standard oxidizing

hydr@yphenﬂg)enzs( gbﬂ@&ff&ﬁéﬂi@&r@ﬂ ﬁBydroimé%mgpl BRe 1, 1- di oxi de

(obtal ned f rom 1402 %# él I%ﬁof busul fan, and
1.50 g (10. §F183 nE‘n‘B??n fli)d‘fea%%ﬁhg B%ﬁ’g%fﬂ%(o |ﬁc25 L% acetone was
stirred at rrefalcexoovesncqmucﬂé@m Rt suitateles cogepAtr adbkbdenth vacuo and the

crude was diggs@l ¥80mkthvleid i1 SLRY cACBiR&foThe | NSOl ubl e solid was
filtered off and tgﬁﬁ’i‘%g? at.e was _concentr at cuo. The 20 resulting

e
white foam was chP tHlod§hthsT ii8P q@éﬁd Yum, and eluted with
30%2#t hyl acemaatheuahenem@dwanﬁ ﬁﬁrghe(ﬂmldoizeﬁuuﬂngresyl ate

i nternedi at grasqar-whbieaSolddl: gUFlt N&(%ﬁe-ﬁl@eﬁ%émm 1.20-1.67 (m
12H) ( 1. 9 04 (s, 3H , 3.0B

(ABq, 2H) ,P&'g?sﬁaay' J"-zhe5° anzflﬁ mﬂ ‘IS_LS(“& Hg‘ *‘-r6°’é’d3‘Hz°r 1H), 4.35 (1,
6.0 Hz, pRHidifivd dlslorddhromate, (and Tore preferabty, & 5% (dd. J = 9.0

HZ, 2.1 Hz:p H}aiRi 87 dhorbchidmatEZ. Rk . Jc@goﬁd stconduddd. 2H), 7-90 )
(d J = E%g? LPBSTTTIJT E_ SHEET RULE WO 00i 0ol 6s~ | 87 Step

I3r5epar at F'Bn of € | FHWHEYSRLYRETT E?fl?g BY38n®) £ C 2002

chloride or chloroform.

Sulfone-aldehyde XLIII is then converted to the
desired benzothiepine-1,1-dioxides according to the
procedure previously set forth in Scheme XI.

30 The two oxidation steps can be reversed without
adversely affecting the overall reaction. Alcohol XLI
can be oxidized first to yield an aldehyde which is
then oxidized to yield a sulfone-aldehyde.

Use of the cyclic sulfate reagent instead of a

35 mesylate reagent in Schemes XI and XII improves the
overall yield and avoids many of the purification

SUBSTITUTE SHEET (RULE 26)



A solution of 520 ng (0.85 mmol ) of butyl nesylate 5 internmedi ate (obtai ned
fromStep 1) and 191 nmg (1.71 nmol) of DABCO in 10 nL of acetonitril 1V\@E§J 0
stirred atW@0¥®875r 4 hours. The reaction mxture was cSRPERPAARRd i 2(9
to yield a white foam The foam was crushed and washed with ether. The

solid was 10 filtered off and dri ed-1i7n vacuo to give 540 ng (88% of the
desired titley c d ne chloride and
desired tit] eagormaUG \g]eﬁtao e BCKYPAEIYd 28 (tfé%%@ f@%&ﬁ&'ogl (o

1.14-1. 47 (msqhm}es Pr@;?eeﬁfnaﬂ)hmﬂg Ga (‘Pﬁsyiﬁ)t}* snserediatyy 15 2 . 77 (s,
3H) , 2.82 (sovétdll yd.Qds( ABg,sidrlificantl1d6 ifproded wheén Kz, 6H), 3. 60 (m

2,02 (N Sl e S o5 Bt it (100

7.89 (4, J = Litgqp, ebr%ﬁsréplma@%mteon hs Bu 8u .%]—I o\ ~
.0 0 o~~~ ~N :aﬁ:e(zéirladilas:)e ploduct oEE4thé Tyk1lRidbsuyEate c(cd.lplﬂhbyl ani no)
2,3,4,5- tetr d i- th| shbhenoxy] but yl
-4-aza- 1azoa cycI F% %gégti]? aﬁg qfeh %%% ene§ fon Ie1 (salt)

SUBSTI TUTE SI-EE‘ISC(I'RUEE #@) and \%IOGPMWII“@QH’E‘F/ UBR)/WEFE¥8 31 D E C 2002
Step 1. Prepascthitie @flkplopyétdlosylatand niher imguai eids Sﬂalnubeon of
5 (4' ydr oxyphenyl ) b %%?l , 1- di oxi de
q 1? 10.9 J'F:lrulq'}éd) Z’a%gg¥#rom E}(P&? c-[‘t-ﬁ'}e 4024{-‘% Hle dql% acetone (100
at 25 C sy hndrmayzed e é@emﬂ?ﬁfﬂ%@éﬁ‘@&" ~co (3. 8 g, 27.2 mmol, 2.5
eq ) and 1, 4but anedi ol di-p-tosylate (13.0 g, 32.6 nmol, 3.0-eq.j;-w and
t he resul t| ng E?nl 'itei gg ggg gtéirnr ego'a%chén C;EIf;'or 21 hours. The creamcol ored
slurry was c ough a sintered glass funnel.
The filtrate was concentrated and the residue was dissolved in Et OAc (150
m). Ihe orgdtep hayeprvpsramivneds Ve 1 Ediudiyat 203 aspaniiediBic03 (2 x 150
m.) and saturated aqueous NaC (2 x The extract was dried 15
(MgSO,) and concentrated in vacuo t € a pale orange oil.
Purification by flash chromat ograph 35 cmsilica, 20-30%
Et OAc/ hexane) afforded the propyl to internediate (6.0 g, 80% as a
white foam 1H NWR (CDC13) $ 0.89 (m 1.10-1 .44 (br m 20 10H), 1.61
(m 1H, 1.84 (m 4H, 2.19 (m 1H), s, 3H , 2 .80 (s, 6H , 3 .03
(ABg, J =15 . 1 Hz, J = 46.3 Hz, 2 (m 2H), 4.06-4.13 (m 4H),
5.44 (s, 1H), 5.96 (s, 1H) ( 6.46 .9, 1.4 Hz, 1H , 6.85 (d, J =
8.1 Hz, 2H), 7.33 (d, J =8.1 Hz, , 7. ) J 25 8.1 Hz, 2H), 7.78 (d,
J ~ 89 Hz, 2H), 7.83 (m 1H). Sfea 2: Preparagtion of guaternary salt A
solution of propyl tosylate inte nedi ate (5.81g, 8.5 nmol, obtained from
Step)1l) in acetonitrile (100 30 ni) 25 G un er Nz was treated with
di azabi cycl of 2. 2. 5168 %‘a'ﬁeaj(‘ﬂﬂcﬂé@ hyldrlldgf ($621™hmot-2 1.2 eq.) and stirred at
45 C for 6 hegusvalartpal ®. 6tcmodiv Solaa2 o wlslM oTHR dvatso ad8e€ and

concentrat ed 3By AEHOr & 0 QYR ah ot 81 5@yl The xesidue was
20 diethylmalonate (150 g, 0.55 mol) (Aldrich) in dry THF
(700ml) while maintaining the temperature of the

reaction mixture at between about -20°C to about 0°C
using an acetone/dry ice bath. The reaction mixture
was then stirred at room temperature overnight. The
25 reaction was cooled to -20°C and 40 ml of water, 80 ml
of 10% NaOH and 80 ml of water were successively added
dropwise. The resulting suspension was filtered. The
filtrate was dried over sodium sulphate and
concentrated under vacuum to give 98.4 g {(yield 95%)
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35 dissolved in a mniml anount of CH Cl, (5 nL) and diluted with EtzO
(100 m.) %i &éﬁél gorously stirring SUBSTI TUTE SHEET ( RUpeTAfaden2e¥0O 001 01687
PCT/ US99/ %24 1 0 EC 2002 189 for 3 hours, during which tine a white
solid precipitated. The white solig ¥vas col l ected and recrystallized T 60bg002
Et OAc/ hexane to give the desired title conpound (5.7 859 as coI orl ess
needl es: np 5f2ehke 2BilCasdesonpbsedrotel NVR. ( caxkon ’%’”@
1.09-1.43 (bpoftididd tnk B10dud). (br m 5H), 513 (m 1H, 2. 25 (s '3H))
2.75 (s, 6H), 3. 03 (AHq, =15.1 Hz, J =30.0 Hz, 2H) , 3. 05 (br s, 6H) ,
3.37 (br s, 6H , 3.89 (M 2H), 4.07 (d, J = 7.5 Hz, 1H), 5.39 (s, 2H), 10
5.97 (d, J =ste Hz, DiHutyd-dvicXidrtsulfit8:9, 2.0 Hz, 1H), 6.87 (d, J = 8.3
Hz, 2H), 7.08 (d, J =8.1 Hz, 2H), 7.3¢(d, J =8.3 Hz, 2H), 7.71 (d, J =
8.1 Hz, 2H), 7.80 (d, J = 8.9 Hz, 1H); |[HRVMS. Calc'd for C36H56N30~S :
626.3992 . Found: 626.3994 . Anal . Callc’ d for 15 C 3H63N-O, Ss: C, 64. 71,
H 7.96; N, 5.27. Found: C, 64. 36; H/é.\LQ' N, 5.32. Exanple 1410 20 O
S0 ~0-~JEt3 o
(4R-cis)-4-14-(3,3-Di butyl-7-(di net iyl am . po) - 2, 3, 4, 5t et rahydr c- 4- hydr oxy- 1
, 1- di oxi do- 1- benzot hi epi n- 5yl ] pheno , N-triethyl-1-butanam nium 25 A
solution of 1 g (1.64 mmol) of the but nesyl ate i nternedi ate (obtained
from Exanpl e 1408, Step 1) and 15 y ethylamine in 10 nlL of
acetonitrile was heated at 50 C for The sol vent was 30 evaporat ed
and the residue was triturated wthjether BUBSTI TUTE SKEET ( RULE Zb) WO
00/ 01 687 190 and ethyl acetate t (43@@ of a sem-solid. 1H
NVR (CDClj) $0. 8(m 6H , 24 H, 2 H, 2.6 (s, 3H),27(s,
(d, J—15Hz,1H),3.0(d, 8H),40(m4H), 5.3 (s,
lH) 55,9 (s, 11 H , 6. 8(d, J =9 H, 2HM}7.4(d J=7.8¢(d J=
Hz, 1 H. M nl er6sblutkampbie thélﬁxbﬁt?m'diﬁggdﬂzm 31 (DO g, 2002

0.5478 mol) in anhydrous methylene chloride (500 ml)

and triethylamine (221 g, 4 equivalents, 2.19 mol) was

stirred at 0°C under nitrogen. Thionyl chloride

10 (97.78 g, 0.82 mol) was added dropwise to the mixture.
Within S minutes the solution turned to yellow and
then to black when the addition was completed within
about half an hour. The reaction was completed within
3 hours (gas chromatography confirmed no starting

15 material was left). The mixture was washed with ice
water twice, and brine twice. The organic phase was
dried over magnesium sulphate and concentrated under
vacuum to give 128 g (yield 100%) of the dibutyl-
cyclic-sulfite as a black oil. NMR and MS were

20 consistent with the product.
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product as 1-1.6 (m) 6 H , 229 H , 3.3 (m H , 6 .4 (m 9H , 2H ,
MeZN O -S-O O HO (4R-cis) -1- [4- L4- [3, 3-Dibutyl-7- (dineth Ian‘inqm DEC 2002
2,3, 4, 5- t eMOBPHBD- 4- hydt oxy- 1. 1- di oxi do-1 15 CT/US99/12828

benzot hi epi n-5-yl ] phenoxy] butyl ] - 3- 9dr oxypyridi ai um net haaesul f onat e

(salt) A solution of 1 g (1.64 mmol)~of the butyl nesylate internedi ate

(obt ai ned frogcEpaipl @ibdd§)l-Sren2@Gulfaand 234 ng (2. 46 mol ) of 3-hydroxy
pyridine in 1 nL of dinethylformam dg was heated at 70 C for 20 hours. The
sol vent was evaporated and the resi due\w% triturated with ether and ethyl
acetate to afford 990 ng (86% of prod)ust\as a sem-solid: "HNW (CDOj) s
250.9(m 6 H , 1-1.5(m 10H , g7 (Mol H , 1. 9 (m 2 H, 2-2.4 (m

3 H, 29 (s, 6 H, 3.1 (d, J =15 1 H} 3.2 (d, J =15 Hz, 1 H) 4.1
(m 3H, 47 (m 2H , 55(s, 1 U(s, 1 H (6.6 (m 1H , 6.9
(d) J SUBSTZTLATE SHEET (Ri JLE 16) /01687 PCTN599/12828 31 D E C
2002 191 9 Hz, 2 H , 7.4 (d, J =9 7.7 (m 1 H 80 (m 2 H),
8.2 (m 1 H, 9.1 (s, 1 H. Msnme ) anple 14722 O, (O a Me2N'

OS M ONI1 (4Rcis) -1- 15- 14- 3-Di butyl -7- (di methyl am ao) 10
2,3.4.5-tetrahydro-4- hydroxy-1. 1- dpexi

benzot hi epi n-5-yl ] pheaoxy] peat yl [{Qui aol i ni um t haaeaul fonate (salt) Step

1: Preparation of pent~l nesylatq internediate{1l5 To a stirred sol ution of
231 g (5.79 mol, 60%disp.) of INaH in 22 nL 6i2DVF was added 2.05g (4. 45
mol ) of . : . — .

5- (4~- hydr oxyphen;}i% -a7-Sf%:lﬁr%?mﬁfa%hﬁo?%kéltnrzgf'uyccﬁcolblgn258% |ltéei %fe- 1, 1-di oxi de
(obt ai ned froPtEX@npglé71202, St3ép™eo) , TAntOT Hel PESEPREREL4®I3RY on was
stixred 20 atseohilent wet@eraddlled farad heeirbatho undernhxtdogemas added

| 40 -did e . and, ut, S stirred

gecPbutnsh il Q0P TRh QR AT 8 ROl EbRTuT

18.02 g (55.63
over ni ght at ar%}% t ra vacuum and t he

n enpe . g
resi due was SBATLERER Wih Bt HylPBaret it e THRI TRASHEA™WER BFITFED 25 The
extract was dsvexchigher ahd)3Me awdotrhef colne esdlnatien teshddebleask.purified by

col um chr omat ARBYmL ol he,Pephyd d 3 hLptgioediate: 1H NWR
(cbd ,) $ o. 9oé£%q,, 5 ;%aé’g’-ytz .,ng ?‘En%( |9%1 52 ?t, ,’?éz.s (s, 6h) ,
3.0 ¢4, 2H) mateTisd teitop)The BiyBuye wagy)extiactefsPnepES LTTE SHEET
(RULE 26) 300 ml of ether and three times with brine. The

organic phase was dried over magnesium sulphate and

passed through celite. The filtrate was concentrated

under vacuum and gave 133 g (yield 97.8%) of the

)15 dibutyl-cyclic-sulfate as an oil. Proton NMR, carbon
NMR and MS confirmed the product.
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WO DO/ 01687 PGI/ US99/ 12828 3 ~ D E C 2002 192 1H), 5.42 (s, 1H), 6.1 (d,
1H), 6.6 (d, 1H, 6.9 (d, 2H , 7.4 (d, 2H) , 7. 9 (d, p 2:

Pr epar at?vbrfo’ﬁ’f‘;%uaternary salt 5 To 1.0g (1.53 mml) of t esgg()l?%zt%y TRIVIGL ©
intermedi ate (obtained from Step 1),jyas added 3.94 g (30.5 nmi) of
quinolirie-and 30 nL of acetonitriTe. The solution was heated at 45 C under
Nz for 10 d#tep Bhe Gorfdentt aflatbucbengie - feRe FyLPheBl Byidlever se phase 10
C18 col um GlureRAlQeraRby 1 hdenoht ai ned material was exchanged to its

mesyl ate ani on Dby ion exchange chronmat ography to give the desired title
conpound as a solid: np 136 C; 1H NVR (CDCL,Jr $ 0. 95 (g, 6H , 1. 052.25
(m 18H), 2.8 (s, 9H), 3.0 (q, 2H), 3.95 (t 15 4.1 (s) 1H), 5.28 (t,
2H), 5.42 (s, 1H), 5.95 (s, 1H), 6.45 (d 782 (d, 2H), 7.4 (d, 2H),
7.82 (d, 1H), 7.9 (t, 1H, 8.2 (t, . 2H) g 2H), 8.98 (d, 1H), 10.2 (d,
1H . HRMS. Calc'd for C oHS NzQ#S: §57. 372§. Found: 657 . 3736 . Anal .
Calc' d for C H5 NzO,S . CHQO 'S 20 65.40; H 7.50; N, 3.72; S, 8.52.
Found: C, 62.9; H 7.42; N, 3.596,357 41. le 1413 MezZN 25 COpH O CO2H
(48-cis)-[5-[4-13,3-Dibutyl -A1di net hyl fanBao) - 2, 3, 4, 5t et r ahydr o- 4- hydr oxy- 1
. 1- di oxi do- 1- benzot hi epi n- 5yl ~pheaoxy ||t yl ) pr opaaedi oi ¢ aci d SUBSTI TUTE

SHEET ( RULE 26) VO 001 01687 PGT/ U§89/ 1828 31 D E C 20D2 193 St ep 1:

Pret ~aration of pentyl bromde interngdiagie To a stirred solution of 0.63 g)
(15.72 mol, 60%disp) of NaH in 85 nLf DW was added 6.0 g (13.1 mmol)

of 5-(4'-hydroxyphenyl)-7-(di nmet hyl am gp)tet ras

hydr obenzot hi epi ne-1, 1- di oxi de (obtained from Exanb'?e 1402, Step 10), and
the resulting sol at 608 oBs &isperedoat ofindddinim thedpedat (WeL7Tgr, 1 hour. To

the Sol Ut 0 Y8 o1 e) AHlEd,sbhey G EA63eddTDInheOhedasie did Oopent ane, and

the m xture was stlrréd overni ght at anbi ent lgﬁtrengera re. DVF was
renoved i n $SEBBtSAJ2PR2 T 1Y mR&RoXXEr It SFNRFt HadtdAeh Bt at e and
washed wi t hthei weshéliesexiumdiydrdsedenédcanied pSeh dee Bdrdh.cancentrat ed
resi due waspuLifiedsby; ARt q&m%t 10k¥eqt he qaentyl brom de
| nternodi at S RERVE %%:&5@%%8@?595, %;i)b US| (m 17H), 2.2 (t,
1H), 2.8 (s™Bif) 3noif ol A meghexypthpljethergyasiaddeqd "4 1 (s) 1H), 5.42
(s, 1H), 6.Qrépwi&el) ovér 5Sa (meribd) o£619 fihut@d)., A digdurfl)f 7.9 (d, 1H).

the dibutyl-cyclic-sulfate of step 3 (2.17 g, B8.66

mmole) in 10 ml of methoxyethyl ether was then added.

The resulting mixture was stirred for 30 minutes at

0°C and 1 hour at room temperature under nitrogen. )

15 Gas chromatography confirmed there was no thiol left.

The solvent was evaporated and washed with water and

ether two times. The water layer was separated and 20
ml of 10% NaOH was added. This aqueous mixture was
boiled for 30 minutes, cooled, acidified with 6N HCI,

20 and boiled for 10 minutes. The mixture was cooled and
extracted with ether. The organic layer was washed
successively with water and brine, dried over
magnesium sulphate, and concentrated under vacuum to
give 2.47 g (yield 92.5%) of the hexanol as an oil.

25 Proton NMR, Cl3-NMR and MS confirmed the product.
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20 Step 2: Preparation of dibenzyl ester internediate To the m xture of 59
mg (1.476,_mmol , 60% di sp) of NaH in 27 nL of THF and 9 %at 0 C was
added 0.8&'°d’°'("2‘%52 mol ) of di benzyl mal onate (Al drich), ’g%‘a i r e5UDEL AYL
solution was stirred at anbient 25 tenperature for 15 min. To the solution
was added 0.5987 g (0.984 mvl) of1l2he pentyl bronide internediate, and the

m'hxture \(/jvas stbpred af. g@_gioﬁgﬁgf%glnzﬁohv?nt was rgm)ved iR \éacuo,h gnd

t he residue tracted with nmethyl ene ori and 30 washed wit rine.
The extract WEEPY ?%%FYJ\FSF%SH‘Y%]W&%‘F&Y@S%%W ated residue was purified
by col um chromat ography to give the di benz ester internmediate: 1H NWR
(CDC13) $ 0.90 (g, 6H . 1.05-2 . 0 (m 19 .2 (t, 1H) , 2.8 (s, 6H |,
3.0(qg, 2H , 3 .4 (t, 1H , 3 .9 (t, 3 , 4.1 (d, 1H), 5.1B (s) 4H))
5.42 (s, 1H), 5.95 (s, SUBSTTTU TE ZBMEk LE 26) WO 00/ 01687

PCT/ US99/ 12828 3 ~ o E ¢ Zoo2 194 : 1H), 6.9 (d, 2H), (d, 1H)
7.2-7.4 (m 12H), 7.85 -Step 3: HRCéparaty or olOdiacid 5 A suspension of
0.539 g (0.664 mMmmol) of the dibenzyl per internedi ate (obtained from Step
2) and 25 ng of- 10% Pd/C i.n 30 niL of anol was agitated- at-anbi ent
tenperature under 20 psi of hydrogen gas~for 2 hours. The catal yst was
filtered off, and the filtrate 10 was cgncentrated to give the desired
titIJe conpound as a solid: np 118 C; 'H NVR (CDC3%) $ 0.9 (d, 6H), 1.052.2
(m 20H), 2.8 (s,T6H) so3ubidn, oRHhe Betahs]l df)steh 95 (fsg, 2H)s, 4.1 (s, 1H),

5.42 (s, 1H)__5.95.(S,.1H), .B. H) .9 ( . d, 2H , 7.85
(d, 1|(—5|) g léalzlg'ﬁqf%f %ﬁ(ﬂg’&ﬁéés?:hégﬁ?%z5%°1%§31ﬁﬁ:J%é ®3264. Anal .
Calc'd for (®3tloNOder ritypegeyswas afddgd: prridinium g 5 08. Found: C, 63.82;
H 7.89; N, c&ilkkochrofhads. (Exmed, e 51414mdDe Moy N'He~ reaction

4R-cie) - 3, Q{;;Qﬂfey -5- (4 j ' A - 7- (di net hyl
i(ao)CIZE)Z, 3,4,5-1et kﬂggyég%){%%?f%?%kgg%goﬁﬂgg%dfqﬁggﬁﬁyﬁ ep (1: reyTam
Prepar at i on B 3FEn L - | obrel el I RSP UR AL BOTERPREXANSG PBASHT

5- (41ehydr oxysuhemy ltp- giveli Mg ayiiedft eos phyfirdiemeathakpEnenl, 1- di oxi de
ey O BT lrotBhAed dd B FIRAPLfa 0 ZoorHiPRedOlnd N SUBSTI TUTE

SKEET (RULE 1
product.

15 Step 6: 2-[(2-4'-fluorobenzyl-4-methylphenylsulfonyl)
methyl] -2-butylhexanal

F 15
To a solution of the hexanal of step 5 (0.44 g,
1.1 mmole) in 20 ml of methylene chloride cooled by an
20 ice bath under nitrogen was added 70 %
metachloroperbenzoic acid (0.54 g, 2.2 mmole). The
reaction mixture was stirred for 18 hours and
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WD 001 01687 PCTNS991 12828 3 ~ ~ ~ C 20Q2 19S 100 niL of di et hyl f or mam de
was addedgra'n%w@ (7.83 nmmol ) of 95% sodi um hydride. ThecHu$idab@sWas
stirred 15 mnutes at roomtenperature and dii odopentane was added. After
one hour at room tenperature the m'%%gure 5 was diluted in ethyl adétBellbnd
wat er. The aqueous | ayer was extracted with ethyl acetate and the conbi ned
organi ¢ | ayefidasradsheTheniftil tbateeyasdviagiedvenccessively withmgnesi um

sul fate and c d i cu eSS hPYE WekPe 1€ Iif: Loghaphed over
silica gel, Ceilggt ?ﬁégﬁ%}@v(n t“%t%gka%g -e%}%%le acet at e (1/5'5_‘%?% afford 2.92g

(4.46 nmol) &RIPRACHeARA SCHEPAETFHR% FaVacuyy Vepl1% $ 0.9 (m 6
H, 1-1.5 (m(yiéld)904). @f( mhe3héhanal &s(an 4iH) ,Pxdtod MR, 1 H) , 2. 8 (s,
6 H) 3.0 3 1 ; d D Hz, 1 H , 3.3 (m 2 H
.4 .8 (m 1‘:%‘511"”}@”{;5“1!3.2?5(%&??%&, %’%5"{%?“?1}1) 6. 1 (s, 1H , 6.6
(m 1 H, 6.9(d, J =9 Hz, 2H, 7.4(d, J ~9Hz, 2 H, 7.9 (d, J =7 Hz)
1 H . Step 2: Preparation of amne 20 A solution of S50 ng (0.76 nmol) of
the pentyl igdi i nternmedia tai omoe nd 279 ngy (3.81

mol ) of di e-g-g%&:ﬂ ne&ﬁsg%?,bné?%é&gc?t (q)%:‘j'{l&? Ilgén )%as'pfslt]ul)orr%ed'at 100 C

over ni ght . TRBeRy k17 .& a$ -EeRERGITReR 2PRh I BRI 1o lyiddP#ideyel | owi sh brown
foam 25 The foam was di ssolved in 10051_ of ethyl acetate and washed with

50 nL of saturated sodi um carbonate s@-ution tw/ce: The ethyl acetate |ayer )
was dried over nmagnesium sul f at# gnirated to yield 390 nmg (85% of
the desired title conpound as 4§ 30 solid: "H NWR (CDC13) b

0.89 (m 6H), 1.20-1.47 ( 2 4H), 1.76-1.90 (m 8H),
?ﬁ,c 12
1H)

Ry X .
2.21 (m 1H , 2.74-2.92 H , 307 tAHy, 2, 4.00 (t) J = 6.3 Hz,
2H), 4.10 (d) J = 7.8 Hz, 5.48 (&, 1HPH 6.00 (d, J = 2.4 Hz, 1H). 6.51
(dd, J = 9.2 Hz, 2.6 Hz, 35 1H), 682d) J = 8.7 Hz, 2H), 7.41 (d, J = 8.4
Hz, 2H), 7.90 (d, J = 9.0 Hz) 1H). T TTUTE SHEET (RULE 16) WO 00/ 01687
196 Exanple 1415 -. Me2N 5 PCT/ US9Y 428 31 D E C 2002 ~CO2H N vCO2H
(4R-cis) -N (Carboxynmethyl) -N [54[4- [3,
3-di butyl -7(di nmet hyl am no) - 2, 3, 4, 5-fetrahydro-4- hydr gxy-1|, | di oxi do- 1- benzot
hi epjr%l- 5-yl ] pheaoxy] peatyl ] glyciae 10 Step 1. Prepar gfsi on of diester
internedi ate A nixxmixguge 8f cthp (hexapaimof)stdp FeniOyB7bgon? d&5 i nt er nedi at e

(obtai ned fraBifsadRl 8oldider HYrdiyakbusbous (dk Tt iRl ¢h an ice

di et hyl am nodi acetate and 7.5 g (71 mol ) of anhydrous NasCO03 was stirred
at 160 C forP&h BthgutsmPeretyee @i aRORE XU wWEStafsitetEstit-h water and

extract ed wigdtoimidayleoe &8 of igke mmblie) VRhatineas dsaedr eNRYEey i vacuo to
gi ve of . t.he.di est ernedj at e. ctrum was consi st ent

i T he 1 SRR SRR RV ERAG RS S TaphgSone it cRBBLLEIL
of the product and a small amount of the starting
material. The crude reaction mixture was acidified
with 10% HCl, extracted with ether, washed
successively with water and brine, dried with Mgso,,

20 and concentrated under vacuum. This concentrate was
purified by HPLC (10% EtOAc-Hexane). The first
fraction came as 0.1 g of the starting material in the
form of an oil. The second fraction yielded 0.27 g
(75% yield) of the desired benzothiepine as a white

25 solid. Proton NMR, carbon NMR and MS confirmed the
product. (M+H=433).
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Step 2: Preparation of diacid The m xture of the diester internedi ate

(obtained fromStep 1) and 2.7g (64.3 mml) of LiOHin THF (75 nL) and

wat er (50 WP)00$8” stirred at 40 C for 18 25 hours. The P&E&ISPBIRI8H xt uF & DBAS00?

acidified with 1% HC1 and extracted with dichl oronet hane. The residue was

triturated with hexane filtered tolzgllve 8.99 (93% of the desired title

conpound as apsol %é (HGH 0D b 0.92 (t, 6H), 1.1-1.9

(m 31H), 2. 15558R g, 2H) 3.75(m 1H, 4.1 (m

6H), 5. 3(s, 1H) 6.1 (s, iH), 6.6 (d) 1H)) 7.0(d, SUBSTITTTTE SHEET ( RULE

26) WO 00/ Q%ﬁ 198 -RERL LEIY I Bezyl U -mi€raphenythiol -4 (d, 2H), 7.8
0o Y

(d, 1H); M ( 1&1}%6% gﬁnal Calc d for [C3gHgsN~-CeS + 1 .5Hz0] : C,
61.11; H 8 i ‘Found: C,61.00; H,7.72; N, 3.89; S,4.47. 5

Exanpl e 1416 O SO ~N ~ , | ~ OOH ~ | NEt BUO ~N~ NEt 2 (4R-cis) -5-
[4- [ [5- Ibis [2(D|ethylamao) et yII entyl] oxy] phenyl] -3, 310
di butyl - 7- (di met hyl am no) - 2, 3, 4, ahydro-1 zot hi epi a-4-of 1, 1-di oxi de

A solution of 1 g of pentyl iodid | er redi at e\ (B2 53 nmol , obtai ned from
Exanpl e 1414, Step 1) in N, Nd¥: get hyl drethyl enetriani ne was heat ed
to 15 80 C for 4 hours. The m'xture was |di ssplved in ethyl acetate and
saturated NaHCO,. The organic |ayer wgg#washed with brine, dried over

magnesi um sul fate, and concentrated i guo. The residue was purified by
reverse phase chronmat ography. The frac¥ens containing 20 the product were
concentrated in vacuo, dissolved in ethyl acetate and washed wth saturated
NaHCO~g The residue was dried and conceRCHated in vacuo to afford 840 ny
(74% of the desir le co das thlck IVR 1,) g 0.8
(m 61y, 116 (SrosopysnaSvasiens she)"vas Gipsoideayn 555 () C1g fy
2.7 (s, 6 Hm prDMG)audJILt&lI@ smlf-!)de 3(11.76dg, J1=085 Hz, 1 H), 3.9 (m 2
H , 4 0 (n] éqdﬁvaleﬂtsi &é@ abded., Pré dutloh) coldr dhah edles) . 6.4 (m
1H 2 H , 7.4 SUBST' TTILTTE SHEET (RULE 26) WO
00/01687 PGT/ 9/ T%}szseaqterwexszeeQ wayp hegted ato8Q¥ 2 H) |, 7.8 (d, J

7z a8 B MRANEHY . M end 431 EXBHPISs Tbbied to o°c and
dibutyl-cyclic-sulfate (9.9g; prepared as set forth in
Step 3 of the Scheme XI examples) in 10 ml of DMF was
added and stirred at room temperature overnight. The

solvent was evaporated and washed successively with
15 water and ether (three times). The water layer was
) separated and 40 ml of concentrated sulfuric acid was
added and the reaction mixture boiled overnight. The
mixture was cooled and extracted with ethyl acetate.
The organic layer was washed successively with water
20 and brine, dried over magnesium sulphate, and
concentrated under vacuum. The product was boiled
with 3M of NaOH for 1 hour. The mixture was cooled
and extracted with ethyl acetate. The organic layer
was washed successively with water and brine, dried
25 over magnesium sulphate, and concentrated under
vacuum. The concentrate was dissolved in methylene
chloride, filtered through silica gel, eluted with 20%
ethyl acetate and hexane, and concentrated under
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O .0OBu Bu NM2N "~ ~~OH NH O NH

(4R-ci s) - jsppt Yl - 7- (di met hyl am . no) - 2, 3, 4, 5t et r ahy drg«f; 5-((2-(1H
i m dazol -mﬁlﬁ‘s&ejt hyl ] am no] pent yl ] oxy] phenyl ] - 1- benzot hi epls(rpléhﬂfz-ﬁ%f
|,i-dioxide A solution of 1 g of ? ntyl iodide internediate (1.53 merbIDf C 2002
obt ai ned from Exanpl e 1414, Step ? and 3.4 15 g (30.6 mmol ) of histam ne
was heat ed tvad@nCtbogivde Iowr g. (Yheldr diir eofvahed hegeneédas mret hyl acetate
and satur at e NaHeDo e o AO! 431 fuk RS MRS diShRdanERE brine, dried over
magnesi um sulfate) and concentrated I'n vacuo. The residue was triturated
with ether tRFOH¥Cafford 58B ng (60% of the desired title conpound as a
sem -solid: 1H NWR (CDC13) $ 0.9 (m 6 H, 1-1.7 (m 14 H , 1.9 (m 3 H (

2.0 2 2.2 _H_ , 3.2 (m 2
4 .(g]o (m”%f-%a;—zi 2151 2 }gr_r’]) "‘stﬁgfﬁyﬁé‘@ﬁ(? nf"}!)"p,hgé‘.g'qsh?%’@ 1H , 6.(5 (m H)l
H , 6. B (dethyl]-pybutyghexegaly =9 Hz, 2 H) , 7.4 (m 3 H , 7.9 (d, J 8
Hz, 1 H. M5 (MrH) mle 639. SYBSTI1' Ul~ SHEET (RULE 26) WO 00/ 01687 199
Exanpl e 1418 pas o \ Bu u\WzN 2C1 \ / p N#+~N /~ PGI/US99/12%$28 31 D
E C 1002 5 -

(4R-cis)-N-[5-[4-[3, ¥
-1, 1 -di oxi do- 1beazot

t hyl am no) 2. 3, 4, 5-t et r ahydr o- 4- hydr oxy
B peatyl]-N -ethyl-N,N,N . N tetrameth
Step 1: Preparation of pentyl brom de )

(di met hyl am no) t et r ahydr olg
obt ai ned from Exanpl e 1402

gt hi epi ne-1, 1-di oxi de (1.680g, 3.66 nmol)

ep 10) and sodi um hydride (0.250g, 6.25 nmol)
in 30 nL of 15 DMF was stit™ed in a dry 100 nL round-bottom fl ask under Ns.
To this solution was added 1, 5di bronopentane (6.0 ni/44.0 mol ), and the
resulting mixture was stirr@8Hfor 18 haws. The reaction was diluted with

brine (100 m.) apd IQ‘%%HL)’%%?T%H#E‘%P%% ?g)étsgéésg?)%?eﬁ Irf%t ed with Et QAc

(3x50 nmL). Organic lTayers were _ ( red and
concent r at e@™PHeV U0 Pdr MEERRI¢h By oFiler £OP4RAt ARotgh 23tk ca gel
el utiong w t hn280o i K¥myelne waseaddel exoapeceBron si.a6vagyolgave pentyl brom de

i nt di at ] . i . 80%, ... CDC13) 8
0/ 8- 0 95 (ToRef® TheFerBriBas Quitrph, £8709 gy 4 O (CP0

t 1 h: 1
4H), 2.|5-2temperatyys and filteredi) The §4ltatgHyas3washedpq, 2H), 3. 42
(t, 2H), 3.88c¢éssiAdly 4ikh (6% NadH (3x47? (waretHpndSbSonéd, 1H), 6.50 30
(dd, 1H), 642led bvedhaghedPuhdsurilate’  S8d( dontbhe BPThAILE SHEET (RULE

26
) 15 vacuum. The concentrate was dissolved in methylene

chloride, filtered through silica gel, eluted with 20% )
ethyl acetate and hexane, and concentrated under
vacuum to give 5 g (yield 77.7%) of the hexanal as a
white solid, MP 58-60°C. Proton NMR, Cl13-NMR and MS
20 confirmed the product.
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WO 00/ 01687 200 PCf/US99/12828 31 D E C 1UU2 Step 2: Preparation of

nono- auaternary salt The m xture of pentyl brom de inter I . 8534,

1. 40 mol , YOORI8Ld from Step 1), NN, N ,N 5 tetranethyl gm%%ﬁgéé)am ?2 DEC 2002
(1.0 nL/6.62 mmol) in 30 nL of acetggitrile was stirred at 40 C for 12
hours, and the reaction mixture was €dncentrated in vacuo to gi ve an

of f-white foamgamplée gk 052g). The crude product was di ssolved in
acetonitrile (1.5 nm) and triturated 10 with ethyl ether. The solvent was
decanted to yield a sticky solid. This trituration nethod was repeated

twi ce, and t hEtepsll tRrepagerérRy @old d was concentrated in vacuo to give the
nono- quaternary salt as an of fwhit anmy solid (0.951g, 94%: 1H NWR
(CDC1,) $ 0.81 15 (t) 6H), 0.96-1. gH), 1.62-1.85 (m 4H), 2.032.18
(M 1H), 2.20 (s, 6H), 2.67 (t -y S2. s, 6H), 2.98 (ABg, 2H),
3.30-3.42 (m 1H)) 3.38 (s, 6 603. 7Hgn 4H), 3.90 (t, 2H), 4.01 (s,
1H), 5.37 (s, 1H), 5.92 (s, 1 (dd, 1H, 6.8 (d, 2H), 7.32 (d, 20
2H), 7.77 (d, 1H). Step 3: Preparat' Qn of di-ctuaternary salt The

nono- quaternary salt (0.933g, 1.29 , Obtained from Step 2), iodoethane
(0.300 n./3.75 mol ), 25 and acet oW 'Is (30.0 nL) were conbined in a 4
oz. Fischer Porter bottle. The reactionN9éssel was purged with N' seal ed,
equi E)pesd Wi t hToreg reetliut ishi pfes , 0 @@bfhd&b&dylo&l{;ﬂl@roﬁdmené4 hours, the
reaction mxtal:[glcy@ﬁ,dgo !feﬁxérﬁb @t (tlg e,;;]&gy)r emam;@ Gengent r at ed in 30

vacuo to give sol solid . was dissolved in

el | e
net hyl ene chl B‘?ajf (‘f‘é‘fioﬁ? |F ér’fa“ écl"%?t%‘?%%dvﬁ th %thyl ether. After
cooling to O ftonadremizghebotrdmia esildt 1(Rg . Somdl Wa0 fé Ig efed, washed with

ethyl ether andk.coneenteat o fuapiasks %&fi§d$dh¢(o35 (@1, 7O X g nary salt as
an off-white so %%%Eg 2_@ %g% 059(t 0.70-1.10
(m 9H#f 1.16 SH °(1RBEEH28 ’bcﬂ%?P@@? 5038 5 10 15 20 (t)
3H)) 1.22-1.86at2198 (his6hbterhdReduESminTubé)yas BEIGxBA faid, 1H), 6.61
1H) . PCT/ US99{ 1282368} 9&9&3 ZoA2a( $o Q:‘ﬁ%m& o:-.anp(eg:'at rgcg 6H) , 3. 22-3. 37

m 4 3.63-(5s,4 d, 2 7.40
Ed E?Zap 4: Iii(‘aé‘&d‘rlgbéPFSﬂ Bet é?ﬁ?aiyaaﬁtwrm I Hee. odf)broml;i)salt

(obtai ned fromdreg 3pyemswanmrdetedven Mgso.candesponelnngptradchhorl de salt
usi ng 14l or ad A3 past skl w8610k NI D RMACRIARR M Te Lo glve the

desired titl & _canpou i f oa id (0.4 849 1930 197.0
C. 1H NVR (COB5FT§ g*’%@ %‘?0‘\’,\5*1“516‘903%3’%6‘%56“(”&/%"%"? 1.16 (t,
J = 6.6 Hz, Jdve 2.28491(DB%Y mf SHp, t2:56 ¢oypBH)d & a8y(aslo@H) 3.08 (s,

6H), 3.11 (S1soq|':|‘!)d: 3‘}24«1»«3& 5(@13(:&} ‘JiH)o 88- @@ (§1_2'H)4)5 3}12816(-1§; élf)(d4 %6 (g,l

4H) . B.02 (
Hz. 2&) 7, 293 §3 ‘ﬂ%" lefg "% Z% ‘a' %H’—' %42 H%’Hj M HRMVB. Cal ¢’ d
for C20Hs, N (31'8(213 298(a54z_H) FauBa: (3082&5986 aam,enﬂgo 5

and 2.4 Hz, 1H), 7.15 (dt, J = 8.4 and 2.85 Hz, 1H),

7.46-7.59 (m, 2H), 8.05-8.16 (m, 3H), 9.40 (s, 1H).
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25 30 QSOBu O~-~So Bu MeyN Bu Me2N/ ~ ~COH\ ~ 2CO N+ N ~0 [4R- [4a, b5a

(4R, -N, N -bIS[5 [4- [3,

3-Di butyI M@i”ﬁ@t’hyl am no) -2, 3, 4, 5-tetrahydr o- 4- hydr oxy- PlchJdgg?)/g(l do- 1- benzot
hi epi n-5-yl | pheaoxy] pent yl ] - N N, N N_t et r anet hyl - 1, 6- hexanedi ami ni ung {1 0EC 2002
dichloride 31 D E C 2002 SUBSTTI' L}?€ SHEET (RULE 26) WD 00! 0l 687

PCT/ US99/ | 2888eg13 D Epfeptidxidd?ofh® pentyl brom de internediate (1.002g,
1.64 mmol, obtained from Exanple 1418, Step 1) and

N, N, N, N -tetrarrethyl 1, 6- hexanedi am ne (0.100g, 0.580 nmmol) in 5 nL of
acetonitrile were pl aced in a 4 oz. pfPscher Porter bottle. The reaction
vessel was purged with Nz, seal ed, sedvmth magnetic stirrer and
heated to 50 C. After 15 hours, t OTF M xture was cool ed to anbi ent
tenperature and concentrated in vacueNto/gife an off-white foany solid
(1.141g). The 10 solid was dissolved ig atgtonitrile and precipitated )
with ethyl ether. After cooling to O the solvent was decanted to yield a
sticky off-white solid. This triturat nmet hod was repeated, and the
resulting sticky solid was concentratgs gcuo to give the 15 desired

di brom de salt as an off-white foany SO|Id (0.843g, quantitative): "H NMR
(CbC13) $ 0.85 (m 12H), 1.01-1.70 (m 30H), 1.76-2.08 (m 12H), 2.18 (t, J
= 12. 3 Hz, 2K)solutSor{ Rf B2H) g 310X (wiisd,) 4if) 2 8n3%0q syl TBF)wa8. 52 (br s, )
6H)) 3.72 (b 7;Lb S; (s, 2H),
6.00 (5, 2 éo%leél"&(ca 0338: ik S:.ceZ% %H)G g%qga(otf ail !2"&011.::{:14)% v 38 (d,
J=7.8 H, %f—I)POEF%SB’-%t‘Put"El?eI—Ea AdAedTRLON} Br d?ﬁl(ﬁ‘éa%EF'?gwas convert ed
toits correstp@rmhmﬂt&itleolatdess‘wt seingihd orazd cAGt2Bed e and el uti ng
25 with 70% t % h %@,_scf amﬂ\/mtefoarry
solid (0. 676%5 legrtq\é Qf%’ gh%[ g Jneq'a Ngl’l% Eﬂé@%Q“ %0 .90 (m 12H),
1.0129. 70 (Rt :ﬁﬁiburalt 2ymgpipm chigyid e2 1€h6tml>st 9 39 Hz 2H) 2.79 (s,
12H), 3.03 (pexritiidnedbeBween é42hfy) aretdtebandOwastex5Hrhe3. 70 (br s, 4H),

g' 969(95 (‘S] qﬁa‘&n‘# la wésogaéﬁ%d %wth’ b§1€i% (Spertdrieq: (568(956 (s, 12) 817
(d, J = 8. CCenET: g’eed;u vacyp | ﬁzlrlzﬁfat#o%m&ﬂ&ca ey )
HRIVS. Cal c' cbﬁmni%ﬁpﬂdymsroﬁ&(ﬂ&omlhﬁ pEognulsn&‘g.étMQM,SasSUBSTl TUTE
SHEEIS( RULE glﬁ)ent ‘Qqe%’eglﬁfﬂ 80\396':@()61@}' 8 ;éZQ pale yellow foam.

H NMR (CDC1,) d 0.93 (t, J = 7.25 Hz, 6H), 1.00-1.55

(m, 8H), 1.59-1.74 (m, 3H), 2.15-2.95 (m, 1H), 3.16

(gpp, Jag = 15.0 Hz, AV = 33.2 Hz, 2H), 4.17 (4, J = )

J
6.0 Hz, 1H), 5.67 (s, 1H), 6.34 (dd, J=9.6 and 3.0
20 1H), 7.08 (dt, J = 8.5 and 2.9 Hz, 1H), 7.64 (t, J =
8.1 Hz, 1H), 7.81 (4, J = 8.7 Hz, 1H), 8.13 (dd, J
5.9 and 3.6 Hz, 1H), 8.23-8.30 (m, 1H), 8.44 (s, 1H).

MS (FABH*) m/e (relative intensity) 464.5 (100), 446.6
(65). HRMS calculated for M+H 464.1907. Found
25 464.1905.
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J Me2N H N. N ~NN PCT/ US99/ 12828 31 D E C 2002 5

(4R-cis)-3,3-Di butyl -7-(di xnet hyl am ao) -2, 3, 4, 5tetrahydro-5-[4-[[5-(1Htetr
azol - 5yl ) peWDWpPI§R3/] phenyl | - 1- benzot hi epi a- 4- of 1, 1- di oxiR§E/USP%|3828: 31 DEC 2002
Preparation of pentyl bromde internediate 10 To a stirred suspension of
1.01 g (25.4 nmmol, 60% oil dispersicm)7 of sodium hydride in 150 nL of DMV
was added 9. Og é19 5 %@

5- (4 - hydr oxyph g?%l Fﬁ%%oﬁoftetrahydrobenzot hi epi ne- 1, 1- di oxi de
(obt ai ned from Exarrple 1402, Step 10J in portions. 15 After 30 m nutes the
reaction was cooled in a water bath (15\A§)%ﬁnd 4.4B g (195 mml) of 1,5

di br onopr opane was added. The reaction stirred at anbi ent tenperature
for 1.5 hours and quenched with 50 Nr.Bted NH, C1. The reaction was
diluted with 20 ethyl acetate, washeg At@;, brine, dried over MySO'
filtered and concentrated in vacweaNPu \e ,| on by silica gel

chr omat ogr aphy (Wt ers-Prep 500) using 25% et B acet at e/ hexanes af f or ded
10.17 g (85% of the pentyl brom de intefhrefliate as a colorless 25 foam np
65-70 C, 1H NVR (CDC13) $ 0.84-0. 98 (M ) 1.04-1.52 (m 10H),

1.58-1.65 (m 3H), 1.82 (p) J = 6.B Hz, 2H), ¥%e4 (p, J = 7.0 He, 2H),
2.12-2.26 (m 1H), 2.82 (s, 6H) , 3.06 (AHg, J"s = 15.2, 4S.3 'Hz, 2H)

3.44)(tg J = 6.7 H%o gHH,7§i_§9(O($ ) \Logugéaé 42I5|) 4919 'ﬁ%}fés%fl'_b , 5. 47

(s, 1H°, 6.15 (d, A SO (RULE 1 6)
VO 00| 01687 PETR éPmézﬁH%lcqatElEEf%o’mz 2 spainless steed Fepgtiany) g 91 (d,
J = 8.4 H, 2H)e)ss@139a(sdadcﬂed: 8824g Hrimekitlyl Fmode ((1,82) mmo8) 7 Hehe 1H). Sten

2: Pre aratio e I trdl I,a 5 AT i sol uti on of
378 rrgp(o 621@%%0F? Q%g %gglerednagfi )Eéra(;etrn%rgég |%t§%r ° glog gg(g{)‘% ned from Step

1) in 1 nm of mﬁmgl%déﬁfsﬁ Hes (qRoRed 'ﬁﬁnﬁ")‘bkﬁnts&&i“‘é?ﬁfé?‘é?ﬁ de. The
reactin was shidrrhd ad:ntaéﬁnsercrbntemwt&tduﬁﬁ facud 6 fPaisicdbeon eacti on was

10 concentral g unget, é‘irtcrh%ﬁgtgézr 3 taiﬂg B QeBoparlild oned bet ween

et hyl acetate e, dried
over MySO' fi PPefERY a%%e%ﬁdé‘ﬁ{‘?%ﬁsecﬁliaﬁl‘?ﬁ&ubl%ﬁoé‘f £&5PY1278 ny (93% RPHPLC
pur| ty, ca. 7a¢ptatel hmaypert.pl gni$8%) ©fl8 astzrysddiost @casda ol orl ess foam

N Tt (OO 8o 8 800410, Bk, Lo b Ut sdHn, Tufl. 152 (m 199,

L 58 L 92 7 1
3508 ETB&)Hé510694‘7‘“'53ﬁ2 né Fl)4:2@1‘(“t 1) - 379 {g, EW) 4.1 (s, 1H),
4 49 (s, 20 1Bi)p96!%(dIAB] =18, cqu, DVH) 45 66 3% ,( Q) , 34792 ad, &7 Hz, 1H)

6.92 (d. J = 8. J=8.7 H,
1H) . M (ES, I\/%I—FZ"M %5 SSgap S Wepér&%%‘?{ (?J."f t@t?aﬁBl e 1'95' A sol ution
of 275 my (0. 5.FA0IGA0fJ t=he. 6i and t 7 Mizer WEUI at &S dibt alneds 14 om Step 2) and

666 ngy (3.23 gEDl Inpf 'ﬁZSSdQ‘a”HEL hylgol Bzi 1) My Gfo t@l ugne yae stirred with
heat i at 80.C f The reacti nt r at d under a

ni troggn stregﬁf 'Puar‘lr}f Foh By re@@gs%\g?g'fﬁi gﬁghrBrrﬁ obfaphy

g Wt erthel t? PHEP) M@!Fléﬁ;ﬁﬁ%ny‘@t ﬁfe/l%fz@.tvl@nkﬁiériﬁ@f)fQ@d(?@s??@o)m%Ho‘;\l w}q he
esire itle ol or

(CDC13) $ 0. ég%@gwm g’ﬁ@‘s afe§2 '};%%89”?428 é%"’d(m 3H)
1.79-1.99 (m48%.2496. 2. 14-2.26 (m 1H), 2 91 (s, 6H), 3.02-3.22 (m 4H),
3.92-4.06 (m 2H), 4.16 (s, 1H), 5.47 (s, 1H),

25
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6.28 (d, J =2.4 Hz, 1H), 6.74 (dd) J = 2.7, 8.8 Hz, 1%@,@% d J =8.7

Hz) 2H), WRWN6BT, 5 = 8.1 Hz, 2H), 7.98 (d, J = 8.7 Hz, . Calc'd

for C ~H eN50,S: 598.3427. Found: 338.3443. 5 Exanple 1421 O . O kayjtwof

Bu Bu ~~OH O 0 | ~ COzH , N Co2H 1

(4AR-ci S) - 4- [step| 8- [ redarbutiph-J£ (8l net hyl am no) 2, 3. 4, 5-t et r ahydr o- 4- hydr ox

y-1, 1- di oxi do- 1l benzot hi epi n-5-yl ] phenoxy] pent yl ] oxy] - 2, 6pyri di necar boxyl i c

acid 15 Step 1: Preparation of pentyl brom de internmediate To a sol ution of

0.63 g (15.72 mmol, 60%disp) of ' NaH in 85 nL of DVF was add 6.0g (13.1

nol ) of

5- (4' hydr oxyphenyl ) - 7- (di net hyl am no)t

(obt ai ned from Exanpl e 1402, Step ), Buthe resulting solution was

stirred at anbient tenperature for ur./Tguthe solution was added 37.7 g

(163.75 mmol ) of 1,5-di bronopeMeze, “and stv(hrred overni ght at anbi ent

t enperature. DMF was renoved in vacuo agd t R residue was extracted with

ethyl acetate 25 and washed with bri n@g extract was dried over MgSO'

and the concentrated residue was purif %!!col um chromat ography to give

the pentyl bromde internediate: 'H NWMR ( 3) 8 0.90 (q) 6H), 1.05-2.0

(m BH) 2.2 (t, 1H), 2.8 (s, 6H), 3.0 (g, 2H), 3.4 SUBSTI TUTE SHEET (RULE)

) (o SRR T map e b, 305 (1 2

: S , _D. S, . S, : .. 6. : : :

2H), 7.9 (d?tliﬁoa. 3 & g%)a?’?‘:[%%st érief""li%g??ﬁnr%?é%%l‘ﬁfar‘?idgggc?d A sol ution

of 10 g (54g6lafmEalleflighedn deanberaci Ghe 28eacpiony (EEE@lIwasmmol ) ~of -1 -

(3-dimet hyl samidtd, preB¥l) ewieiith &2 Rodid Mrdedewdiechl gyideo 1.33 g (10.8

mol_ ) of 4- d%’get r}}go anmn V\)g%rl dl,,ee and 12.4 nlL (éﬁ%. 12_nmpl) of 10 benzyl

al cdtfol in BYY # fhebfﬁg 47 FriEQF A% M9ERe ¢ dRBeF SR bver ni ght under

NZ. DVF wasvessradv edsi povhed c@arhbileatr eempemna tieise eand adeed wi t h net hyl ene

chlori de, washad, W teh1 2 daHDr %vaCcehi CcaCithystzOrand brine. The extract

was dried over SO' and the 15 congentrat ed resjdue \%as Qgﬁ&l ed by colum
o H RMVR (

chr omat ogr a €338 PPN tETe ARAXATEO k7 2 VE ) $ 5.4 (s,
4H) , 7.4 (of 5.2P NMR (CDCl,) 4 0.80-0.98 (m, 6H), 1.00-1.52 (m,

15 10H), 1.52-1.69% (m, 1H), 2.15-2.29 (m, 1lH), 2.83 (s,
6H), 3.07 (gap, Jap = 15.1 Hz, DV = 44.2 Hz, 2H), 3.70

%‘g hydr obenzot hi epi ne- 1, 1- di oxi de

(s, 2H), 4.14 (s, 1H), 5.43 (s, 1H), 6.09 (4, J = 2.4

Hz, 1H), 6.52 (dd, J = 12.2 and 2.6 Hz, 1H), 6.65 (dd, )
J=7.8 and 1.8 Hz, 1lH), 6.83 (s, 1H), 6€.53 (4, J =
20 7.50 Hz, 1H), 7.19 (t, J = 7.6 Hz, 1H), 7.8% (d, J =

8.9 Hz, 1H). MS(FABH*) m/e (relative intensity) 459.7
(100). HRMS calculated for M+H 459.2681. Found
459.2670.

SUBSTITUTE SHEET (RULE 26)



Sten 3: Preparation of yridinyl benzyl ester 20 internediate A solution of
79 mg (1.972 mol, 60%disp) of NaH and 0.716g (1.972 mmol ) of di benzyl

chel i dam W@8¥®@$87( obt ai ned from Step 2) in 17.5 nL of W89 2828,  of11 AEC 2001
anbi ent tenperature for 1 hour. To_the solution was 25 added 1.0 g (1.643
mol ) of the pentyl bromide intermddPate and the mi xture was stirred under
Nz over ni ght sep4@.C. pEMars@Sohespved i nin vacuo, and the residue was
extracted with ethyl acetate and washed with brine. The extract was dried
over MySO' and the 30 concentrated residue was purified by colum

chr omat ogr aptBp eosglveiethe@ip@ii diay(2 . veedy| césbein M élnmddFate: ' H NWR
(CDCL,) $ 0.9Rs(daab)socl ndo-(2.0 hiB1)1Fbromdvaletdyl ldlloride.8 (s, 6H , 3

. 0(q, 2H) (.4 . 0 (t . 4.1 (s, 1A, (Suy 4 42 (s, 1H), 6.0 35
(s, 1§ , 6. S‘e(‘&,wi%od‘}dzeg?é ?d,%3é1—5 “}‘“@.’3-%5%5 (Fﬁ‘e%&“’%gf%’k(s, oH), 7.9
(d, iH). SUBSELTLEE SFINEERteRULENES)partWOione01667weny aeBPLUSI9/ 12828 31 0
E C 2002 SteRcgtaks et &rige . of B idiqani cdhagkd wasusheesi on of 0.8813-g

(0.99 mmol e) of dibenzyl ester (ohtained from Step.3).and 40 ng of 10% Pd/ C
in5 35 m of(%gtsﬁanc?lnéaﬁan%er?ﬁ_r%FBTﬁP—mm % %lé)ﬁté%i%t t enper at ur e

under 20 psi sofibydyegahrgaetboraphyhdiroughhe 2atml WRLG@olfimht er ed of f)

and the fi Itbaasgwsc_?\]ﬁm%%t bat £ch10 st @ ck€00664 Y 6th tHedaBeCOEPOUN as a
solid: nmp 143.C. _1H

THF- d8) 0. 95 6H), 10.1.05-1 65.(m 15H), 1.9
(m) h4H), 2.2516?‘,“1%3!\{%2 °(8,9%sﬁj3)*%3.°%q)€t ?E')zﬁ)?ah? ¥ ,°‘”3ﬁ)‘,t721.3 (H)s 2H)
5.4 (s, 1H), 8 0BIR JCDTH), d60584 €. 95H) (m,6.6%) (d). 28} .53 4n.d, 2H), 7.78 (d,
R R N L e o v ot el SR
. . na . C or Q : , ; \ . ; \ . ;
4.51. Found: (B C%%.’BAE;JIQ, (§:97,= N 4551 2§?'4§4%‘.? Bearfil e ?4% Me2N 20 H

N~NHy1 NH (dpp: Jpg = 15.6 Hz, DV = 40.4 Hz, 2H), 3.43 (t, J =

(4R-cis)-[5-1L4:[3, 3-D,butyl:7-(dinethyl am no) - , t et rahydr o- 4- hydr oxy- |
"I - di oxi do- Z!-sb%n%jt rﬁgépi ﬂ-’&l%§’/| ]‘%'n Xy%pgm 3?19@% éﬁf?é z‘é's%feb 1.
Preparati on 8f4péht iiH)aziédBli fddr Wedi &8 Fpda2sTiKzedHol Gt:26n of 200 ny

(19128285 |)1(g; imG’? Ethyb.biom,der,lt géﬁgdggte‘j(f? '2':92& %u%gpimT%arTrEl SHEET
, Step 1l gof DVE s adde ng (O. -
(RULE 26) b.68 00,73 T-o% 22PN

20

Step 7. Preparation of 7

) 0P
)
Bu
MeaN ",
: OH
0 + -
ﬁ/u\/\/\/NElsTFA
25

To a solution of 0.9 g (1.45 mmol) of 6 in 25 ml
acetonitrile add 18 g (178 mmol) TEA. Heat at 55 °C
for 16 hours. The reaction mixture was cooled to
ambient temperature and concentrated in vacuo.

30 Purification by reverse-phase silica gel

SUBSTITUTE SHEET (RULE 26)



WO 001 01687 PGINS99/ 12828 31 D E C 2002 208 mmol ) of sodium azide and a
catal ytic anobunt of sodiumiodide. The reaction was sti E,E.Wg,s@;uﬁgbi ent

t enper at (V@ WYF8764 hours. The reaction was concentrated Under a hitrogen
stream and the residue 5 partitioned between ethyl acetate and waterpf(TR
organi c | ayer was washed with bri né3%ried over MSO' -----

fibl tered, ~ang?ﬁ&ﬂ£'f@6éfa9§}ﬁzd (iwlalt‘éQEUDeItﬂa affepr d0085 uring @H2% RPHPLfC purity,
about 76%yvyie of _the pen azide inter i S orlbgss foam
Sanpl e was 18°% %Ial%{hﬁoﬁaﬁ‘éﬂ ﬁé?gb%¢$f°?€§§?%%§n§"2%QSJ“C;&&H NVR ( CDCL3)
b 0.83-0 93 6% ®r¢tonitrils)1938e (8 H)73%) 10547 a5 g whise)  1.78-1.86 (m
1H), 2.14-2. 28adh M *HHivr2(88c1,s. a6b) 8030 Ofs ((AHQ6HY, ~099H5.8¢4 48.0 Hz, 2H))

LR L S S gt MRt 1) 8

J = 9.0 Hz, 2H§8 ®W3RH)d, 2J8% %s4 6B), BP0 fagk, (Hhe F 25867HRr, 1H). MS

(FAH, MtH) mle 57 St 2: Preparatian pent 1 internediate To
a solution oIP&Of 61%3 'gg( .'1§ﬁﬁm?)£§?j’it‘ﬂle (512i gfén [ n{]'e]\f/éne@!{pa{ig)(obt ai ned from
Step 1) in 75.494 G, dtHanél. 08asdaddet 1081829 ) 108657al Idddi ¥inT on car bon and
ghg hm'pr GT%.fhaka%{a @.d;eliaz‘,@lﬁ;i[ @Izby&r,ogreahats?m em)d25.:sermer at ure for

: ours. e reactjon_was ter r celite opgcentrated in
vacud®t o gi vEE0.%Z & (38% R&’&(&’Lc?pggi H} %gg 88‘2(’52’0fﬁgéntgy?$am ne

i nt er medi at e(ss & ,ofF.88hilde Foand - OTHe . sdHpl v (BedBii-t hNBRYMS f ur t her
purification, 18y HrB%364; LELARSP d43DGh3s.$ 0.86-0.96 (m 6H), 1.06-1.75
(m 15H), 1.791.93 (m 4H), 2.15-2.28 (m 1H), 2.82 (s, 6H), 2.963.20 (m
4H), 3.99 (t, J =6.0 Hz, 2H), 4.04-4.14 (m 1H), 5.49 (s) 1H, 6.00 (d, J
= 1.5 Hz, 1H), 6.51 (d, J = 9.0 Hz, 1H), 6.91 (d, J = 8.4 Hz, 2H), 7.41 (d,
J=2358.1 lﬁag-?@(éi 1%99Q (d, J = 8.7 Hz, 1H). M5 (ES, M+H) mie 545,

SUBSTI TUTE 6) WD 00/ 01687 209 PCT/ US99/12828 31 D E C | UU2
Step 3: Preparation of guanidine To a stirred solution of 25S ng (0.474
mol ) of pertgp a&nino internediate (obtained fromStep 2) and 81 5 ng

(0.551 mmol ) of 1H pyrazol e-1-cgqboxgym di ne hydrochloride in 1.5 nL of DV
was added 71 ng (0.551 mmol ) of [dii spropyl et hyl am ne. The reaction was

stirred at anbi ent tenperature FQr hou A Purification by reversed phase
chr omat ogr aphy (Waters10 Del tf D) us O
120 mg (43% of the desired t onpo

8.49- 0. 93 TN

D% wat er/ acetonitrile afforded
col ?hleess foany solid: np
67.0-72.5 C, 1H NWR (CDC1,) g ® : ) .95-1.17 (m 1H),
1.26-1.90 (m 16H), 2.072.24 (m{ 1H), 2.81 (s, 6H), 2.99-3.19 (m 4H), 3.98
(br 15 ~'s, 2H)) 4.12 (s, iH), NO§6 (s, 1H), 6.01 (d, J = 2.1 Hz, 1H), 6.51)
(dd, J ~ 2.1, 8.0 Hz, 1H), 6,9 J = 8. 2H), 7.41 (d, J = 7.8 Hz,
oH). 7.89 (d. J =8.7 Hz, 1H) C%*%H(ﬁ%g.‘"cﬁwc‘z%&t%%r CsSHSON, O, S : 586 . 3552 .
Fourat{ MtH) : 587. 3620. 20 Exanpl e 1423 Me2N
In an inert atmosphere, weigh out 68.3 gms
phosphorus pentachloride (0.328mole Aldrich 15,777-5)
into a 2-necked 500ml round bottom flask. Fit flask

with a N, inlet adapter and suba seal. Remove from

25 inert atmosphere and begin N, purge. Add 50mls
anhydrous chlorobenzene (Aldrich 28,451-3) to the PCl;
via syringe and begin stirring with magnetic stir bar.

Weigh out 60 gms 2-chloro-5-nitrobenzoic acid

30 (0.298 mole Aldrich 12,511-3). Slowly add to the
chlorobenzene solution while under N, purge. Stir at

SUBSTITUTE SHEET (RULE 26)



J ~C02H O NH 25

(4R-cis)-N-15-14-13,3-Di butyl -7-(di net hyl am ao) 2, 3, 4, 5-t et r shydr o- 4- hydr oxy
-1, 1- di oxi dWOPBBKEDL hi epi a- 5-yl ] pheaoxy] peatyl ] gl yci ae StREF/USI12Bx8epag at[jr@rn)o;
of ~entYl azide internediate 30 To a solution of pentyl brom de

internedi ate (400 ny, 0.657 muvol, obtained from Exanple 1420, Step 1) in
SUBSTTTUTE SHEET (RULE 26 VO 00/ 01687 PCTN899112828 gl D E C 2002 210

di met hyl sul f oXi%® EE@pﬁ{%t% OY§IBREIRLdi AT ESI W AT P23 mol, 1.1
eq)) and the r¢smperagure efor selobrsorplers $ni epikdatrth 28dChéay arch. The

reaction ' sol ‘étoicoﬁoif"afhf” |F£gn%e%ﬁbomn%n€t hl@%etvﬁEﬁumt hen 5 washed
wth water (2x_100 rrL% brine ; raa aez{ was dried
(MySO,) and col@éht F& ‘? (fith an Y%@iﬁ)hﬁ BF v I53'9(‘31 r’ng‘ aJd%%l & ative) of
pentyl aide i mteshedibense. a$t@ryseh.homemtl and HiWRtfroBGbe¥e 8 0. 820. 90 (m

7H) 1.05-1.56 (M 42H)perk %%mqasgl]xefén %HLsoiLQe lach@r €n9dr{de ildh gH)ZO gt o

J = 8.3 Hz, 2,82 7 Hz,

(t, J =177 HzH)lb 5myS QW’P% §n1§PBe % 27 ‘(‘%ﬁa 1%1%1‘6"%32?(152% = 7.58 Hz)
1H) 6. 6B (d, 53.= FlaceHmollithiop ¥nlal A-AkigkedHj0omd. Fbupd, bdtton7. 8 Hz, 1H).
15 Step 2: Pr e@%gp on of am no ester internediate A suspension of pentyl

azi de internedi ate 684 nmuol , obtained from Step and 100 ng of
pal | qdillfm on car bon ?’r’? ﬁ‘&néls - 98S rﬁ_])u“\?v&‘s‘maﬁl?ratoﬁlélﬁ ?8 ﬁd&‘?]feé;n at nospher e

of hydrogen gasl@xdfclpsi9), 47ar-34. Bndmpiraxe Thea eddiddolaiddisiispensi on was

filtered throughnhcel | tQ’ﬁnQ-eQQEESHtfﬁs@:dwhE‘hV@&&R:LBH ghife P MR bow oi | . The
oi |l was |m"red|ate]ﬁ§(} di |

acetonitri Qghfollowed by the
addi tion of tr¥et F&ma BPEeF 158 emsvE, £ ﬁ°‘$é’2‘“ﬁ'ﬁél FLmo Bibt ono acetic
aci d benzyl esteact{ihr?ERplgtiOno@sthminle, b&tRSareiq)begIheN; gageon was stirred
at 23 Gsfor 48sNgyys adﬁmtﬁa% %lwédcm%%hat ejdfe& i ﬁmd the

resi due was di ssol ve in X acet ate ?Ré'% and wash wat er (2x 20
n) 30 and brih® {9 em_)a et OrFEm °I’€1 t\ﬁ&?eHFFBﬁe(l\/ﬁ@r) and dri ed
in vacuo to giwee2@hty -(89% of the anmino ester internmediate as a yellow

oi I 1H NWR (CDC13)QL§th8%EQc99m§ rBy nﬁg Qéutl: éﬁsémhtiléﬂ")of 330681 71 (m
3H), 1.78-2.0I

I , = 7.83 Hz,
1H). 2.795 (s,™ 1N ?‘%sa(‘é éﬁ) %“éﬁé '8’5“ Hg?‘:tst‘é 29 WA (M 2H)

4.09 (80 SUBSTetherSAEEPMPROE. Er@®)ic mme@@/mdsgxtpar.usequaza 310EC
2002 211 iH) 25 WhOH( Sk héh) twPedbvith atkibnizeddbd, D?,rwﬁtﬁe' 1H) 6. 50

(dd, 1H), 3@96508.,7 JL.:mtexH)aan ro%ovap té rHrynHL).-'» 7. l§e e) an:.so?e

M5 (ES) rﬂe 6
by high vacuum. Crystalize product from 90% ethanol

) 10% ethyl acetate. Dry on vacuum line. Wt=35.2gms.
25 Yield 41%. Obtain NMR and mass spec (m/2z=292).
Step 2

Cl-

O O CH

~ 3

(0)

NO,

CJJH;:ClNO; fw=277 .71
30
Dissolve 38.10gms (0.131 moles) of the
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5 Step 3: Preparat| on of acid A suspension of benzyl ester internediate

(0. 4209, 61 mmol , obtained from Step 2) and 100 ny mp@g m on

car bon ||’f"(é?°ﬂ'éﬁ6l (15 nl) was agitated under an at m)spﬁ;ere 3#I?Iﬁ§/dalrogert T
(48 psi) for 16h. 10 The suspension was filtered through celite, Adlt
concentrated in vacuo to give O. 3316& of a yellow sem solid. The materi al
was trituratgensdpghendnet hydm @d@r 1apf 23mEml<rmhyidrgusemetbylee was dried in

t | | | ow 15
somt sol i ot hfoaRel oigdle dnohe LEReL FiAge tfcfRPYses 80 8 Vel O R
s) 2H), 1. 9&1439‘3t:2ﬁ}id121@19 furnel( apd 23oPperrg SEEY BRFR DAGREYIE 2H), 3. 96
(bs, 2H) 4. Q&x(so,arlkbc:hﬁlﬂesc(l&tl&iﬂ)«)u& Yo pathH), 6.40-6.49 (m 1H)) 7.14

(ABq, , 1 S anpl e 1424 O
.0 a 150 I\/EyN O (ﬁ%ﬁp%e(iﬁ ué’)mh °FD3 )3 Bkguég?ﬁgéhz?(net hyl ai ni ao)
2, 3, 4, Stetifomidr acid h{Qkasey mple- oﬁkﬁ@‘ 15b§§§014h|é€5¢a1 |1 pheaoxy]
gECtT?BCq ]Sggfgzrﬁuéi a@ﬂf %r%LBSEZEtB 1%355 &kf&gdeQULE:lZé): 1]51 mﬁ’)@i&:’l%?t 212 i at
ep. d: TR e internedi ate
To a solutio W:i 283 3 ‘Elé.)rf@wl’fﬁﬁl)" ‘fhlﬁ & 36180:8h BRAEON.S
5- (4' hydr oxy§tienyl )ﬂlm-w%ﬁ raitiey adthviertismiepmPéBERZ05 t hi epi ne- 1, 1- di oxi de
(obtapned from E>p§ bee 140518508 4P)24 Issl v gehiy| 014w de was added
35 ng (1. 39 gi 95% odlu X?é e an ﬁ red o& 10 mnutes. To the )
reaction m x g]rarg 1) 9 rous
4- (br ononet hl}dt)htvéﬁzga@lelmdiestl Piecbfm amn:-@onoﬁnsnemw adss added to the
reaction m dAe as@xéé MﬁQe‘&' EBIQEM Fflake, vasied wWiklebsi ne, dried
over nagne5|a:$m suI |tered.and t he sol vent evaporated to afford 0.51
(73% of t eEeﬁ?‘g’anem? e FRBEFEE®: ' H NMR (CDCL,) $ 0.86-0.96 (m 6H),
. 14185 1. 47 (m Prephre 3 G@cond4solntind o£239032.@8s(m 1H), 2. BO (s, 6H)
2.99 (d, %r3fhBetoti@shaktd sul@onilé ddig Janla51$oﬂﬁl.zs &Jﬁydr”m?@ (s, 3H)

409415 S. 49 = 2.2 H, 1
6 50 (ad ) MechVlens” dridrvacly) eyacy i Sagstihn eidpady (gha g %0 18 SH)
8

RQ

.5 Hz, 2H) drppw3s¢dto JChiIQ-e§ BizlutZJH)n upded Ng, JStirg 50 minutes)) 8 06 (d, J
8.5 Hz, 2Hfrest B35 1dY aRALBhpPEHf acid A solution of 0.51 g (0.84 mmol)
of t benzoate 25 internmedi at tai ned fr tep 1 25 ng (2.53
ol 30of Kos: (TP & erpor ga@% CHAE GRS FP% HFTEIN 2 hour s The
THF was evaﬁoﬂanedanmwnladdedydms anstedy lehehchioyidecetRitaee dri ed over
magnesi um syhf ab@ic{dd tﬁ.{rﬁ‘élaﬁﬂdtél&l Sﬁldfﬁl'fsee!ép@hﬂlﬁéldto afford 30 0.30 g

(0% coF . SeTGELAS G 5,7 OB dqHVL G i B, 28 150 G, ™

2.20-2.24 (%e isHawlse vsacrn(§o &P eemrzex(acturs evesnight, 1$9ir3.17 (d, J = )
SR it et e G
oH), 7.57 (d, S 3§éEE$ aé:be)% %ahléo, J.I_IQ 'a ¢ [i:u:gr’ o '

beaker. Chlll with 1ce bath While stirring
vigorously, slowly add reaction mixture. Stir at
chilled temperature for 30 min. Pour into a

30 separatory funnel and allow separation. Remove
organic layer and extract agueous layer 2 times with
methylene chloride. Dry organic layers with MgSo,.
Crystallize from ethanol. Dry on vacuum line. Dry
wt=28.8gms. Confirm by NMR and mass spec (m/z=278).

SUBSTITUTE SHEET (RULE 26)



WD 00/ 01G87 PGI/ US99/12828 31 DE C 20D2 213 J = 8.3 Hz, 2H), 7.95 (d) J =
8.9 Hz, 1H), 8.13 (d, J =8.1 Hz, 2H . HRWM5. Calc'd for C'H ~N-6S:
594. 2889. waneendss? 594. 291 3. 5 Exanple 1425 O .Q e' MyNprCT/US99/12828 31 0EC 2002
(4R-cis)-1-[(4-((4-(3,3-D butyl -7-(di net hyl am no) 10
2,3.4,5-tetrahydro-4-hydroxy-1, 1- digxi do- 1
benzot hi epi n-5-yl ] phenoxy] net hyl ] phenyl ] net hyl ] pyri di nium chloride Step 1:
Preparation of chl orobenzyl internmediate 15 A sol ution of
5-(4' -hydroxgpberyl ) -7 (di methyl am no)tetrahydrobenzot hi epi ne- 1, 1- di oxi de
(5.0 g, 10.9 mmol, obtained from Exanple 1402, Step 10) in acetone (100 ni)
at 2S C under N, was treatied with powdered KsCO (2.3 g, 16.3 mmol, 1.5
eq.) and a~a' 20 dichl oro- 6.7 g) 38.1 mol, 3.5 eq.) and t he
resulting solution was gtir for 48 hours. The reaction m xture
was cooled to 25 C and co 0 1/5 of original volune. The residue
was dissolved in EtOAc (¥50 nml) and washed with water 25 (2 x 150 nL). The
aqueous |ayer was extracted with EtOAc (2 x 150 L) and the conbi ned
organi c extracts were
conbi ned extracts wer
yel l ow oil. SUBSTI TUTH WO 001 01687 PCTYUS9911 72828 3 ~ 0O
E C 2002 214 PurificatNogsby fl 3 e one€Hgr aphy (5.4 x 45 cmsilica,
25- 40% Et OAc/ hexane) aftJorded t he chl opobenzyl internediate (4.7 g, 72% as
a white foam 1H NWR (CRXgl,) $ 0.89-0.94 (m 6H), 1.12-1.48 (br m 10H), 5
1. 63 (m IH , 2 .22 1H , 2. 81 (s, 6H , 3 . 05 (ABq, J15.1Hz, J
= 50.0 Hz, 2H), 4.11 (d, JCHHBNQ.SHz,fWiHB,-&l 60 (s) 2H), 5.11 (s, 2H), 5.48
(s, 1K), 5.96 (d, J=24Hz 1H)) 6.48 (dd, J = 8.9, 26Hz IH), 7.00 (d,
J - 8.9 Hz, 2H), .7.3657. 7( ) . Step 2:
Preparatlon of qu 3?%5 é‘s&g1gﬂfsgfdpﬁgW&nggh cRT 37t zyI |nterned|ate
(1.0 g, 1.7 whedl 200pnbs ranhydrons P50 .1) PlacgcaPofi er@ (@ung nm) at 25 C
%der :\I~ wapdttemt eﬂaﬂktﬂﬁh\lhbghél@.c( %trﬂS:) pagd SFitrerhsit wiTnC for 36 hours.
e pale a o] S NCOf co rated in vacuo to
give the dggﬁae% %Hﬁééﬁ%%@ g@n % gng §: ék Qﬁﬁgﬁlg&/g%fld np 154-156
C, 1MHONWVR (&3l §0-948. 8‘91Gﬁ1 &Jcﬂrmq}i 21:@%4-11 4 (%«aqﬁ flepk,in. 60 (m 1H),
2.13 |(-|) m 1Hoil2bddh (&nd Hdat 3;0?5"(00\8@#51«59 N g’ire?:'g&@htJtl;eIQ&o%lHme‘%) 22 ?9
S, | , s, 1 , 5.91 , J = 2.4 H, 1H), 6. S,
H, 6.41 (58)93&% %&@erfti‘r%z 6,91 (d, J =87 Hz, 2H , 7.26 (m
H ( 7.40 (d, JWeighk °Pt71tqz5949198 @bpg}'édmeayla?eg(%zowzkl) 7.78 (d, J =
.9 Hz, 2H) mol1ésP3 (issblwebwibh Hinhyddous HBMB4 éhd ddd tbh 7 Hz, 1H), 8.58
r
| .

; ggz’us Fr%ag‘?‘é’il Pgade? arddhier?FWEenR] S H buEatli O-S

at 80°C.
Cool to room temperature. Prepare 500 mls of 5%

‘2

acetic acid in a 2 liter beaker. While stirring,
slowly add reaction mixture. Stir 30 min. Extract

20 with ether 3 times. Combine organic layers and extract
with water and sat’d NaCl. Dry organic layer with.
MgsO,, filter and rotovap to dryness. Dry oil on vacuum
line. Obtain pure product by column chromatography
using 95% hexane and 5% ethyl acetate as the mobile

25 phase. Dry wt=7.8 gms. Obtain NMR and mass spec
(m/z=444) . )
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SUBSTI TUTE SHEET ( RULE 16). WD 00/ 01687 PGI/ US99/12828 31 D E C 2002 215
Exanple 1426 O\\ ~0\ S Bu "Bu - Me2N( ., OOH\ I cl0O I N~/ -N5
(4R-cis) woodorésd- [ [4- [3, 3-Dibutyl-7- (dinethylam noyCT/US99/12828

2,3, 4, 5-t et r ahydr o- 4- hydr oxy- 1. 1- di oxi do- 1benzot hi epi n- 5-yl ] phenoxy] riet 8§ 1002
phenyl ] met hyl ] - 4- azal- azoni abi cycl p§2. 2. 2] oct ane chloride 10 Under N' a
solution of 8.7 g (14.5 mml) of the chl orobenzyl internedi ate (obtained
froma procedure simlar to the one outlined in Exanple 1425, Step 1) in 60
m. of acetonitrile was added dropwi se over a 30 mn 15 period to a solution
of 2.9 ¢ (Zﬁsgep;mpl) of diazabicyclo [2 .2 . 2] octane (DABCO) in 40 nL of
acetonitrile at 35C, during the addition, a colorless precipitate was
formed. The slurry was stig¥red at 35C for an additional 2 h. The product
was col |l ected and 20 wash with 1 of acetonitrile to give 9.6 g (93%
the title conpound as & talline solid: np 223-230C
(deconposed); 1H NMR (CDC . 6H), 1.27-1.52 (br m 10H)) 1.63 -
(m 1H), 2.20 (m 1H);\&/81 (s, 6H), 3.06 (ABg, J = 15.1 Hz, J = 43.3 Hz)
2H), 3.16 25 (s, 6H), 23576 (s, 6H), 4.1 (d, J = 7.7 Hz, 1H), 5.09 (s, 2H),
5.14 (s, 2H), 5.48 (9 1H), 6.49 (d, J = 8.9 Hz, 1H)) 6.99
(d, J = 8.0 Hz, 2H)) LTTE SHEET ( RULE 1 6) WO 001 01687 21 6

1H), 7.44 2H), 7.68 1 05. 5 PCT/US99/12828 ~ ~ p E C 2002 )
(d, J =8.0 Hz) 2H), dAHz, aQll, J =7.4 Hz, 2H), 7.87 (d, J =
8.9 Hz, Calc'd for C, oHjoN-0, S: . . Found: Exanpl e 1426a O\\ -0
NO,
5 Cst;;NOGS fw.475 .61

Dissolve 9.33 gms (0.021 moles) of product 3 with

120 mls anhydrous methylene chloride. Place in a 250
ml round bottom flask with magnetic stir bar. Fit

10 flask with N, inlet and stopper. Chill solution with
ice bath under N, purge. Slowly add 11.54 gms 3-
chloroperbenzoic acid (0.0435 moles, Fluka 25800,
~65%) . After addition is complete warm to room
temperature and monitor reaction by TLC. Reaction

15 goes quickly to the sulphoxide intermediate but takes c)
8 hrs to convert to the sulphone. Chill solution over
night in freezer. Filter solid from reaction, extract
filtrate with 10% K;CO,. Extract aguecus layer twice
with methylene choride. Combine organic layers and

20 dry with MgSO,. Filter and rotovap to dryness. Obtain
pure product by crystallizing from ethanol or
isolating by column chromatography. Obtain NMR and
mass spec (m/z=476).
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MeZN\ S Bu ~Bu OOH\ | cl I N~ -N (4R-cis) -1- [ [4- [ [4- [3,

3-Di butyl -7- (di methylam ao) 10 2, 3, 4, 5-tetrahydro-4-hydroxy-1|,i-dioxido-1
beazot hi epvaet®687] pheaoxy] et hyl ] phenyl ] net hyl | PCT/US99/12828 31 [JE( (0]
-4-azal- azoai abi cycl o(2. 2. 2] octane chloride A solution of the chlorobenzyl
internediate (4.6 15 g, 7.7 mol, abtkai ned from Exanple 1425, Step 1) in
acetonitrile (100 nm) at 25C under N~ was treated with

di azabi cycl o[$¥€P. 3roctane (DABCO, 0.95 g, 8.5 mpl, 1.1 eq.) and stirred at
35C for 2 hours, during whigh tine a white solid preci pitated out. The
white solid 20 was collected, washed with CH CN and recrystallized from

CH OHEtzOto give the tig 4.95 g, 919% as a white solid: np
223-230C (deconposed); 1H N .89 (m 6H), 1.27-1.52 (br m

10H), 163(m1H),2.0mi 81(s 6H) , 3. 06 (ABq, J = 25 15.1
Hz, J 43. 3 Hz, 2H),3. (s, 6H, 376(s 6H), 4.11 (d, J = 7.7 Hz, 1H),
509(s 2H) , 514(s 548(s iH, 5.96 (s, 1H), 6.49 (d, J = 8.9
Hz, 1H), SUBSTZT' UTE SHE WO 001 01687 pCT/ US99/12828 31 D E C
2002 217 6.99 (d, J = (m 1H), 7.44 (d, J 8.0 Hz. 2H),
7.52 (d, J =7.4 Hz, 2 745%3:2H), 7.87 (d, J = 8.9 Hz,
1H); HRVS. Calc'd for C ound: 674.4005. 5 Exanple
1427 Me2N CO2H ~COZH 10
4R-ci s) - I\I-(Carboxyn‘ethyI)N\l-[[4 [[4-[3, 3-dibutyl-7(di methyl am ao) -2, 3, 4, 5-t
et r ahydr o- 4- hydr oxy- 1, K@ o\ctg—l beazot hi epi a- 5yl ] phenoxy] net hyl ] pheayl ] net
hyl ] gl yci ae 15 Sten 1: Pre%aratl on off ch%grg&enzyl internediate To a
stirred solution of 144 ny (’§”§@§mol =639 sp) of NaH in 29 nL of DM was
added 1.5 g (3.26 mmol ) of

5- (4" ghydr oxypherwéact? c(ndu@Ethlaam neP)stcﬁ)t mahyed GhenzoLheepi Hif-rL, 1- di oxi de
(obtained from

. St nd th [ ti sol uti on was
stirred at aﬁﬁ"é]ﬁ?ém'%]rﬁfef'ﬁﬁwrf or&?ﬁf ) 6%T%mst hgo so(é%gtT"Bﬂ Yas added 7.13 g
(40. 75 mmol )obf mifedual @ grxyeeaeor drabe. heAmixitﬁﬁr algaetbanek ed overni ght.
DMF was renopgd ééf‘fé’@ﬁ%as%ﬂg hBge resd @!ﬁlp%ﬁd@)ﬁfeaﬁﬁiﬁgdﬂﬁrh%hw acetate
25 and washed wtg %agg_ extr ct_ .was dried cﬁé‘;e% ygSﬁ) and t he
concent r at ed®TBeY °6’&r PPed g@/ %l(ﬂvl? aenrds d aB to give the
chl oid@benzy| foymakdmiide 0. 2P4 NN §SCDCRIAT$C. 2 J5¢,- 96 Hpbout 05- 1. 65 (m
11H), 2.2 (tytdHn watkr()ShnfH) .48 &nd G0/ cérbon (Aldrich

20,569-9). Seal reactor before removing from glove

bag. Purge reactor three times with H,. Heat to 55°C

) under H,. Run reaction at 200 psig H,, 55°C, and a
15 stir rate of 250 rpm. Run overnight under these
conditions.

Cool reactor and vent H,. Purge with N,. Check
progress of run by TLC. Reaction is a mixture of
desired product and intermediate. Filter reaction

20 mixture over a bed of celite washing well with ether.
Rotovap and redissolve with ether. Extract with
water. Dry organic layer with MgSO,, filter and
rotovap to dryness. Dry on vacuum line.

Charge reactor again with same amounts, seal

25 reactor and run overnight under same conditions.
After second run all of the material has been
converted to the desired product. Cool and vent H,
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(d, 1H : s, 2H ( 5. 1 (s, 2H , 5.5 (s, 1H , 6. 0 6.6
(d.iH), ‘gOPH‘)G“%H) 7.4 (m 6H), 7.8 (d,1H). Step 2: Pr%‘ﬁ%ﬂ’éﬁ’"%msof am no
diester 51 Amxture of 1.03 g (1.72 nmmol) of chlorobenzyl inter rre§|)1a ﬁCZUUZ
(obtai ned from St ep 1), 1.63 g (8. ﬁ3mm|) of di et hyl am no di acet at d
0.72 g (8.6 muol) CO3 in tirie OCfor
hours. DMF vvé’§erséﬁﬁeed %gfagb'bhgfid tﬁéhf‘%zél due %a&sD éogféx{: Hd vvlth et her
and washed wwalshingneellThetbxether. wiStdvRpdtoV@FYIMFESQ' and the

concentr at edm‘égbwé ¥Eh Q%hél@:@dt&&&@cw&l@nrmmr apky to give anino
diester internedi ate; CDC13) 05-1.65 (m 17H),

2.2 (t, iH), OF98niE, 1@1#? Wétb ‘{%FC"ZFE“%E%?’%"FEHI’Q%‘E% 95 (s) 2H),
4.1-42 (m Biyness05 My, oBHyactum2ife,. 1bbtain MR @nd mEps, 6. 5 (d, 1H) ,
7. 0 (d, 2H) ¢ Z ﬁmj§=47§gl) 7.8 (d, 1H). Step 3: Preparation of am no
diacid 20 A s ut| on of 863 g (1.15 mml) of dibenzyl ester (obtained
fromStep 2) and 0.232 g (5.52 mmol) of LiOHin 30 nL of THF and 30 nL of
wat er was stigeepdéat 40 C under N, for 4 hours. The reaction m xture was
diluted with ether and washed with,1% HClL. The 25 aqueous | ayer was
extracted twce with ether, onbi ned extracts were washed with
brine, dried over MySO' and Ly ayed in- acuo to give the deS|redt|tIe)
conpound as a solid: mod 7 NVR (THF-d8) 0.95 (g, 6H)) 1.05-1.65 (m
11H). 2.22 (t, 1H), 2. 3. 0(t, 2H ( 3 .5 (s, 4H ( 3. 9
(s, 2H , 4.1 (d, 1H |, 5.4 (s, 1H , 6.05 (s) 1H , 6.5 (d,
1H , 7.0 (d, 2H , 7. 8 (d, 1H . HRMS. Calc'd for

C'HSONzO, S: 695. 3366. Anal . Calc'd for C BHsaNz08S: C,
65.68; H 7.25; N, 4.0 oundCH,C, 64.95; H, 7.32; N, 3.94; S,
4.62. SUBSTI TUTE SHEET (W& )1 01687 PCT/ US99/ 12828 31 D E C 2002
Exanple 1428 219 0. .Oasu M2N O . O-CF3 ~CH3 5

(4R-ci s)-4-[[4-[3,3-Di2%tN,Q-7 (di met hyl smino) -2, 3, 4, 5t et rahydr o- 4- hydr oxy-1
, 1-di oxi do 1- di oxi diy t hi epi n-5-yl ] phenoxy] rret hyl]-1-net hyl pyridiniu
msalt with trifluoroaceti ep 1. Preparation of picolyl
intehbﬂsdl ate To a stirred é@}??}{@dén o%‘)" %p:b g (26.1 mmol) of

5(4' - hydroxyphenyl ) -7- (di net hyl am no) t etrahydr obenzot hi epi ne-1, 1-di oxi de
(obt ai ned from Exanpl e 1402, St ep 10) in 200 nL of DVF was added 1.4 g (60%

15 oil dispersi orBl ?é gm)g)g mssoc{lguggggd‘%égee) %}%ﬁu{:@agthﬂ?ﬁxs“ rred at

anbi ent terrperature or one chl ori de
hydr ochl or i de3eita relyérows tTiFeol é’lésﬁu%’at%o?ﬁqaﬂéom%ﬁu{’i’%ﬁo'&nd extract ed
Wit higdi et hylfﬂéwrmt'ﬁh@a@ﬁéﬁce%lnwbaactmeofmmahapl Wwildt brine, dried

over MySO' andfllt red reatlon 0ol & e h and the
sol ution of ?pl % rchl%#'ﬁe |nu(§l°f]hwf 4e‘c"r/%vavz%g ggéh fin e reaction was

stirred at aNﬁbPéﬁseterﬁﬂé?“dﬂ’uﬁédf%r55179mﬂ)m@as$hémr"ea@ﬁ@ﬁﬂ%s quenched with
25 nL of 25 patzgamdeNthldridh iyt e@7wil b ADoerrlagdikybnaget ate washed with
4x250 mL Wate r| e d qQver S f rated i n vacuo.
Purificati o %n;rp }:oxq{ 1%.1 o) stlvg‘ gt i% Engglgglglrg&%?%@

SGics ge C romato 0)""uUsi ng 60% et hyl
acetale/ hexameaf!ﬁéﬁaé@llas G@ﬂ@l@W% q@q!neemeby addlng 135 mls

10% HCl stirring 10 min. Extract three times with
ether. Dry organic layer with MgsO,, filter and

rotovap to dryness. Crystallize from ether. Obtain
NMR and mass spec (m/z=474).
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30 picolinyl intermediate as a colorless solid: np 95-98 SUBSTTr UTE SHEET

( RULE 26) WO 00/ 0l 687 220 PGINS99/17SZ8 3 ~ ~ E ~ 2~~2 C. ~H NWR ( CDC13)
$ 0.86-0.WBOUNEBTGH) ( 1.02-1.52 (m | OH), 1.58-1.70 (mPCTASI2EBG-2 29 (m
1H), 2.81 (s, 6H) , 3 .07 (AB9, J"~ = 15.3, 49.6 Hz, 2H) , 4.10 (d,39DEC 2002

5 Hz, 1H) , 5.15 (s, 2H) , 5.50 (ghe1H) , 5.94 (d, J=52 7H, 1H ,
6.51 (dd, J = 2.4, 8.7 Hz, 1H) , 7. 00 (d, J - 9.0 Hz) 2H), 7.39 (d, 6.0
Hz, 2H), 7.44 (s,St#P=78.7 Hz, 2H) ( 7. 89 (d, J = 9.0 Hz, 2H) , 8. 63 (dd,
J =1 6, 4.8 Hz, 2H). 10 Step 2: pkeparation of Quaternary salt To a
stirred solution of 0.41 g (0.7 of picolinyl intermedi ate (obtai ned
fromStep 1) in 10 nL of acet@Qi e/and 3 nlL of dichl oronet hane was added
137 nmg (0.97 nmol ) of i The reaction Was 15 stirred at anbient
tenperature for 16 hours,Stheg™#gerentrated under a nitrogen stream
Purification by reversqf phas e chrQmat ography (Waters-Delta prep) using

60- 55% wat er / acet oni t r i bEQ{f o 304 g (60% of the desired title-
conmpound as a col orl esH 99 20 C "H NMR (CDC1,) 8 0.85-0.95
(m 6H), 1.03-1.52 (m I-élq] 2.12-2.27 (m 1H), 2.84 (s,
6H), 3.09 (ABg, J"B = 1SY0, 27.9 Hz, 2 4.11 (s, 1H), 4.46 (s, 3H), 5.37
(s, 2H, S.50 (s, 1H, 6J07 (d, J = 2.4 Hz, 1H), 6.61 (dd, J = 2.5, 8.7 Hz,
1H),,7.02 (d, J 25 a 8. 7'z, 2H), 7.48 (d) J = 7.2 Hz, 2H), 7.90 (d, J = 8
. 7 Hz, 1H) , 8.14 (dhQ =@3 Hz, 2H) . 8.80 (d, J = 6. 6 Hz, 2H) . HRWB
Calc'd for C33H-5NzO-S: 565,3180. FOlde4 §6p53125. SUBSTTri JTE SKEET ( RULE
26) WO 00/ 01 687 PCT/ USH9/'12818 31 D E C 2002 Exanple 1429 221 p,.0 a lu
M2N O' OS~Me O ~CH3 5

(4R-cbs)-4-[[4-[3, 3-Di butyl -7- (di net hyl am ao) - 2, 3, 4, 5t et r ahydr o- 4- hydr oxy- 1
, 1-di ?ﬁl do- 1”1 db@&&h%lheeagé@}é eq | rbf::%hkﬁh&ﬁ@xﬁ&m&&tyls] w;taetl gylspyrl fll) al}tg
mrreanes onat e o_a stirr soluti o .8 nmmol) o
pi colyl int roﬂe t?&t %%anﬁlﬁ n%rdtgcileé g "% *PR™ ‘:(‘[40 m. of
acetonitril dohbemeflamk vitl masn%t@dzs@t}rSBag (181 ﬁmﬂk) wishhlnesul f oni ¢
aci d net hyl :Lﬁié@radéﬂﬁt%r' aﬁdV\Bﬁb§C§Edlﬂuedh&ll7ﬁ’oﬁ.1ffﬁn WG dhodikg. The 15

reactjon was co and.d 50 The solid was
col Ii:ét ed b>’/c5a ‘?qﬁ PF%&" o g| V'S A2 4 53%%' g&ﬁé% tTtrate was

concent r at edYFingac o Bénmlﬁhbor%lfd‘l}@réwéﬁal Pt%’ed"qlﬁcﬁnﬂiéﬁ’lﬁ’éet onitrile to
give 1.09 gzblﬁ% 7)A tetak 8f doiB temperafdse Pértim ndesiagedrtitle conpound

was obtai ned jas, an qff. S 2 3 NVR (CDC1~) $
0. 66-0. 76 (ﬁ1 ‘51”8: ""8h§;§w o WS gé 'ﬁ g%é?&a%‘%e,' 1.42- 1.54 (m
1H), 1.95- 2Meelt(cm @ﬂFFlQHSBr‘P%rESE—DbY ThCs6 Rejcign i usgaldy 6H) |, 2.91
(ABCI)SJ a lGokplete in 3 hrs.
Chill solution with ice bath. Quench with 100
mls 10% K,CO, while stirring rapidly. Stir 10 min.

then transfer to sep funnel and allow separation.

Remove agueous layer. Extract organic layer once with

20 10% HCl, once H,0, and once with saturated NaCl
solution. Dry organic layer with MgsoO,, filter and
rotovap to dryness. Crystallize product from ether.
Obtain NMR and mass spec (m/z=460).
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25 24.0 Hz, 2H), 3.88 (s, 1H)) 4.40 (s, 3H), 5.21(5, 3H), 5.78 (d) J =2

Hz, 1H), 6,31 (dd J = 2.5, 8.7 Hz, IH), 6.84 (d, J 8. 73]1[[[(1}2[][]2
J = 8.4 VORI, G4 )y = 8.7 Hz, 1H), 8.0 (d, J = z’é‘%”%% .

(d, J=6 . 6 Hz, 2H) . HRMVB Calc d for C ~H SNzOQ, S 30 565. 3100. Found
656.3087. Anal. Calc'd for SUBSTTTUIES SHEET ( RULE I 6) WD 00/ 01687 .
PCT/ US99/ 12828 ~ St E ~ 202 222 C'H,BNzO S,: C, 61.79; H, 7.32; N, 4.24;

S, 9.70. Found: C, :?8 H 7.47; N, 4.22; S) 9.95. Exanple 1430 5 MeZN
(4R-cis)-6-[[4-]3, 3 Di but di mret hyl am no) - 2, 3, 4, 5t et r ahydr o- 4- hydr oxy- |
, | - di oxi do- 1- benzot hi epi pheaoxy] net hyl ] - 2- pyri di nepr opaaoi ¢ acid
Step |: Preparatiqgn g ‘ W chloride internediate To a sol ution of
5-(4' - hydroxyphen@\ 7(dymet hyl ami no) t et r ahydr obenzot hi epi ne- 1, 1- di oxi de
(1g, 15 2.1 mol, g# pd™OHom Exanpl e 1402, Step 10) in acetone (50 ni)
was added anhydr d@s]| KzC@,., (0459, 3.2 mmol), tetrabutylanmoni um i odi de
(0.1g, 0.2 mmol) = or onet hyl pyridine (1.2g, 10.8 mnol). The
flask was equi pp§ gas adap er and 20 magnjtl c stirrer. The
reacti on was heatsd_g% ' t\/KT\qE) t he reaction
was diluted with ether and washed W|th water and brine (30 m_) The organic
| ayers were dried oyer MJSO' filtered and concentrated in vacuo.

Chr omat ogr aphi ¢ 2€ph Hfl cation through silica gel, eluting with 25% )
Et OAc/ He~ane g 8 (55% of the picolyl chloride internediate as an
oi |l (0. 70g, 55%. H NVR (CHEHEINP:SS 0f847Q0. 98 (m 6H), Z.02-1.5 (m 10H),
1.56-1.66 (m 1H, 2.14-2.24 (m 1H), 2.80 (s, 6H) 3.05 (AHg, 2H), 30 4.10
(d, 2H), 4.65 (s, .2 SZ71. BSTIT E SHEET (RULE
26) WD 00/0168‘773;%1(?/ ?Js%/éfé%?éal;%éé 579@%‘(’595 13988019 2300 7.0 (d,
2H) , 7. 35- 7. 5@ 0kmdidpl) , id. mOnerdS dih) 2h)a Fepnl2 rokndphottomn of pvri di nvl

el onat e i nt grygRgl g enSubbhenzy |suxal saﬁte £t %S AEnTHPlhabn DIF (20, 0

nL) and sodi um.hydride (07 wer. e a in,a dry three-neck
flésk The fl"’é’ékg\ﬁﬁ?pﬁ Eu pf}égfjv\nl‘[aﬁl Wi rb@%nbﬂﬁ% aé‘?ab’ a’?lrdynagnetl c

stirrer. The pyrgelyl chI oride internediate (lg, 1.67 rrrml) was added and 10
heat egg at 90C forn%&émsh& o% r(%aet hiRBL Y& &pglrgaueedvqxfﬂrﬁct ed wth S%

HCL with neth echlorlde washed with wa and brine (50
m.). The or ngryq BLE R HRPXARRYR JfF e d A5FcFO MDD c?]ﬁ{ fq%'ﬁedn%%ﬁr &mcent r at ed.
The residue médpuempeedt\blye GonB 3|0ewensed?-\<‘.l_cs PblidsemgoKin €2 R7T ng with 50%
acetonitril emwaies apdseeyepDyd)di nyI mal onate internediate as a white

foamy solid (1g) ﬁ%o ; b 0,84-0 §;, 1.02-1.5 (m
10H), 1.56-1.66 ( %"e;g'ﬂ?ﬁ&? H\biﬁ)(z'z“ﬁ? ?9 mé%ﬁ 5 (AHg, 2H),
3.22 ¥4, 2H),43.p5mmoles Aldrich 33, 343 3) with 60 mls anhydrous

DMF. Add to cold reaction mixture. Warm to room

temperature then heat to 40°C overnight under N,.
Cleanup by diluting with ether and extracting
sequentially with 5% NaOH, H,0, and saturated NaCl.
20 Dry organic layer with MgSO,, filter and dry. Obtain
pure product by column chromatography using 75% hexane
25% ethyl acetate as the mobile phase. Obtain NMR and
mass spec (m/z=702).
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20 (d, 1H)) 4.16 (t 1H), 5.02(s, 2H)) 5.08 (s, 4H), 5.44 (s, 1H), 5.97 (s,

1 6. 96+ 7.20-7.32 (m 12 , 7.5 (t, 1
S’lt_De?) 3: Pr7é)p°]ao éég ion of pyri di nvl agl d 25H)The pyri ((ZII nyl Hﬁﬁf@%’é’?ﬁ"w "

internediate (0.6g, 0.7 mol) obtained from Step 2), THF/ water (25. éh%“ﬂﬂl
1:1) and lithium hydroxide nonohyd?3fe (0.14 g, 3.4 mol) were placed in a
100 nL round- bottgm é @sk. The reaction was stirred at anbient tenperature
overnight. 30 After 18 hours, the reaction was extracted with 1% HC1 and

et her and then wash h water (20 mL) and brine (30 nlL). The organic

| ayers were dried @' filtered and concentrated in vacuo gave the
desired tltée e d as”’a white solid (0.44g, 90%: np 105 35 107 C, 'H
NMR ( CDC13) \“b 0. 84 Q"” (m 6H, 1.02-1.5 (m 10H), 1.56-1.66 (m 1H),
2.14-2.24 (r;;, "@H (s, 3 ~ 0 ¢ ¢ 200z SUBSTITI1T' E SHEET (RULE 16) 5

d

WO 00/ 016870P 9,,91 3Z8 224 6H),3.05 (m 2H), 3.10-(ABq, 2H), 3.22 (m
2H), 4.05 5 5 2H) 5.50 (s, 1H), 5.97/ (s, -1H)) 6.50 (d, 1H),
7.02 (d, 2 3 (d 2H), 7.58 (d, A . 8-7 . 9 (m 2H)
HRVS . d for 065623 55N F60nd:~ 82375188, Exsnple 1431 -
~ ~ ---- O- SO 1 Bu ~Bu NEyN~-CI)2HNON— ~.-8Q2H 10
(4R-ci s) - N-(rboxyrrethyl) N-116-(f4-13,3-dibutyl-7(drnethylam.no)-2,3.4,5
-tetnahy roxy 1, 1di oxi do- 1- benzot hi epi n-5-yl ] phenoxy] net hyl ] - 2pyrid
i nyl ] met hy Q']‘ i’]e 15 20 25 30 Sten 1: Preparation of pyridinvl diester

i nternedi ate A mxture ofC:alls AL Pepll anfweRfl2addt ate (8g, 68 nmmol) and sodi um
carbonate (0.63g, 5.9 mmol) was treated with picolyl chloride internediate

0.72g, 1.2 mol,_.obtai ne rom l e 1430, e d.stirred at 160 C
1£or t%ree hours. DI"n'sé é’&cg éng%%ggl BHOLTRY cﬁ%t Eggéhﬁ?ﬂw&%her and washed
with 1% HCl,lGemler afiydprbps aeekdniityd1€50 Pljce Tmeacdndinmed extracts were
dried over NuInher-poeted ﬁﬁés&%:%taee&sﬂ \bé‘séé@CWchTngrfé%%'cdue was
purified by istillati # eKug_elrg |v(§pr| di.n di ester

i nt er nedi at £H5F P3Fe | s% %Oa 6% (CDCL,) $
0.84-0.95 (rRldaHch 230262-3) (CMS%HFd in5BO Inl%aphwdlws 2.14-2.24 (m 1H),
2.8016s, 6Hackt¥nitAMide.2Hurge We10Swidh)N, 4héndcloddnsy@lln 5. 30 (s, 2H),
5.56 (s) 1HyH, 0% $kdH ’Mo%&%r?’}ePch% 2904188 d i, SEEET (RULE 16)

usually complete in 48 hrs.

Perform cleanup by removing acetonitrile under
)5 vacuum. Redissolve with anhydrous chloroform and
precipitate quaternary ammonium salt with ether.
Repeat several times. Dry to obtain crystalline
product. Obtain NMR and mass spec (m/z=675),

20
Example 1399
Step 1. Preparation of 1
r
CH 4
25 To a solution of 144 g of KOH (2560 mmol) in 1.1 L of

SUBSTITUTE SHEET (RULE 26)



WD 00/ 01687 225 PCTIUS99/12828 3 ? 0 E C 2002 (d, 1H), 7.10 (d, 2H),7.50
, 7.95 (d, 1H) . HRMB_ Calc'd forgq DEC 2002

(m 3H), 7.80 (t) 1H

C, 1HS, N 083%1“5@%“5945 Found: 752.3948. 5 Step 2: Prepar RCAG9%2838Yr i'di nyl
diacid A m xture of pyridine-am nodi acetate internediate (0.7g, 0.93 mol,
Qotai.ned from Step 1), and Iithi urffiroxi de nonohydrate (0.18 g, 4.5 rrrml)
in THF/ waterDM25 Qasriadded 12W9§o‘it|2r-599m@5eﬁ1£%rlca(1\é%heig%4i18 10 hours).

Th t th_eth h th 1% HC1, wat
(20 miy. and BrEah RS, hanade ston el 7 Shedl o ndedts vysor

filtered and Eoﬂ%é?ﬁtr*é’tlééditﬁev@@umbt olgﬂlenmdié weési additidhe conpound as a

V\/nt i d (Burddel . 1 0. 84-0. 95
l elsgzl d g 0% -redPat %bién@%n%eﬂﬂu@??f%%@éi >80 (o (EWH),

10H) 1.66 .
3 10 (RBq, 24 ’%n‘l\f (Rf’“%‘?ﬁG reécésg%s“‘i'aﬁ)"tMl%O(é 0 Jky)of swatpy( s, 2H),
5.50 (s, 1H),aml Extpected)thiees0ifds widh eth§ (adetata TRe (d) 1H), 7.42

d 2H. 7.5 C;H 9N Cas;
605 3516,  Foligii %%gg JasSd} 18a{8her Hasdl! %ﬁ? nS é’)%ra% ino [ 4-

(3.3-Di butyllﬁLi¥h Oflllca gel chromatography through a

2,3,4,5-tetr #&0odmd- plhgdrsmqg heiaﬂ&@xamlbeazglﬁt&m dddgpheaoxy] et hoxy]

et hyl ] @r opanadizoic 5306.66) %SHB&H& Jﬂeyi» SHrel LE pW? 00101687 226
e h et her

PCTI US99/ 1282% %i 45 C_2002 Ste
i nt er nedi at e O st Préd &8 Lﬁﬂ)on‘ioﬁzo(igzﬁlﬁ (47 1857ml (m50% di sp) of NaH

in 28 nL of DREF,wasladtied 2=-0704%84.135 ,57080! Ysofim) .

5-(4' - hydr oxyphenyl ) -7(di net hyl am no)t et rahydrobenzot hi epi ne- 1, 1- di oxi de
(obt ai ned frgmxa%m 7402, Step 10)( and the _ resul ting

sol ution was 58P f P EPAXAbLEROF @merature for 30 mn. To the solution was

added 13.2 g (54.38 10 nmol) of -bronmoet hyl ) ether, and stirring was
continued at anbient tenperatur der N~ overnight. ) DVMF was renoved in
vacuo and the residue was ext £Oh et hyl acetate and washed with
brine. The extract was dried over Mg$O' and the concentrated resi due was 15
purified by col um chromatography t { ve bronvethyl ether internediate: 1H
NMR (CDC13) b 0.90 (g, 6h), 1.051. 2. 2 (t, 1H), 2.8 (s) 6H),
3.02‘5, 2H), 3.5 (t, 2H), 3.9 (m 4 di 4.2 (d) 2H), 5.42 (s,
1H , 5.95 (s) 1H) , 6.5 (d, 1H , 6. 95 (d 2H) 20 7.4 (d, 2H) , 7.9 (d,

1H) . Step Zro B eRanahi ey@fecdli g5t &M dnher ggdba“an mmol) of 1
in 1.5 L THF was added 240 mL of 2.5 M n-butyl lithium
(576 mmol). The mixture was stirred for one hour, and
20 then to it was added 180 g of zinc iodide (566 mmol)
dissolved in 500 ml THF. The mixture was stirred
thirty minutes, allowed to warm to 5-C, cooled to -10
°C and to it was added ¢ g of Pd(PPh,;), (5.2 mmol) and
125 g 2,5-difluorobenzoyl chloride (708 mmol) . The
25 mixture was stirred at ambient temperature for 18
hoursand then cooled to 10 °C, quenched with water,
partitioned between ethyl acetate and water, and
washed organic layer with 1N HCL and with 1N NaOH.
The organic layer was dried over MgSO, and concentrated
30 in vacuo. Purification by silica gel chromatography
(Waters Prep-500) using 5% ethyl acetate/hexanes as
elutant gave 53.6 g (43 %) of 2 as an orange oil. j

SUBSTTTUTESHEET(RULEZG)



To a mxture of 94 ng (2.34 mmol, 60%disp) of NaH in 45 nL of THF and 15
nm. of DWF ,Was added 1.33 25 g (4.68 mmol) of dib ﬁ% Qnate

(Al drich), \%oo(?@ne resulting solution was stirred at a Ieﬁ.{ssvs{]!a ﬁl@ ﬁZUUZ
for 15 mn, followed by the addition of 0.95 g (1.56 mvl) of bro )5
ether intermediate (obtained from &&p 1). The mixture was stirred under Nz

at 80 C 30 ovwgMri @itica,)S@ ¥ead was Ignoyeshi (s vam)q agndathezg eq,due was

extracted w met_hylene chl ogi shed th brd extract was
dri ed over Ng% é 9t he' c‘%ncér’lg&atagﬂ \rNg]slg MVI(/va'j'éI pu-}rl |egggy col um

chr omat ogr aphy- 230 (gi.vé + He 4%i.e3Hbr T-rﬁoer(ﬁedilﬁle 1H NMR 35 (CDC13) b 0.90
(g, 6H, 105165(m 11H), 2.2-2.3 (m 3H). 2.8 (s, 6H)) 3.0 (g, 2H), 3.6
(t, 2H), §UBS%I TUTE SHEET (EBULE 16) WO 00/ 01687 PCT/ US99/ 12828 31
0 E C 200 2274'%}9) 1(s 4H) 5.42 (s, 1H), 5.9 (s, 1H), 6.5
(d, 1H, 6.9 (d, 2H, 73(m10H) 4 Bd, 2H) , 7. 9 (d, 1H) . 5 Step 3:
Preparation of diacid A suspe g (0.93S mmol) of the ---

di ester intermnedi ate (obtaineg St e %}_l and 35 ng of 10% Pd/C in 25 m_
of ethanol and 5 niL of THF Was agi at ed at anbi ent tenperature under 20 psi
of 10 hydrogen gas for 2 hours. e~catal yst was filtered off, and the
filtrate was concentrated to give p desired title conpound as a solid: np
119.5 C; 1H NMR (THF-d8) 0.95 (q, PG5 1. 65 (m 11H) 2.1 (g, 2H),

)

(2t ,252(H§? }LF% §8§u€€3 @j)ﬁ?’;od& ﬁ#é\ol? 8¢ ﬁ%ndo-@l’é (56 é?(dB 78
iH), 6.98 (d,(23p)8 mmal) dg)25¢)mL DMFgwag &ﬂﬁe |fc9rd 1Bor C33H' NO9S:

632 2893. Fotubdrs 63Phe?28RAct Atwal wasCalootddf ¢0 °C33HnBICB$ 7@ dB2x54; H) 7.47,;

1433 §°1| U NE;RP%, )Eﬂ“i%dﬁ&?%%g% Jo?tfg%@xd"%f eégnpll\é 1%91731 (§42 4 92. Exanpl e
(4R-ci's) - a- L[®}E, 31 5O ELYPYT Y3A REERF an?F)= £ BPEERShydr c- 4- hydr oxy- 1

, 1- di oxi do- 1tbepexiturepiforS5y$ |hamsoxhpnetbyddnsedreirhyagpol y( oxy- 1, 2- et haned
iyl) SUBSTI Thja_geéSIiEEbTWQBU&EtZQrgani@OrQQi&J@%d extracted twice
with diethyl ether. Aqueous layer acidified (pH 1) and
15 refluxed 2 days. Cooled to ambient temperature and
extracted with methylene chloride, dried organic layer
over MgSO, and condensed in vacuo. Purification by
silica gel chromatography (Waters Prep-500) using 10%
ethyl acetate / hexanes as elutant gave 42.9 g (48 %)
}0 of 3 as a yellow oil. 'H NMR (CDCl,) 4 0.86 (t, J =
7.25 Hz, 6H), 1.10 - 1.26 (m, 12H), 2.83 (s, 2H), 3.32
(s, 2H), 3.40 (s, 3H), 4.48 (s, 3H), 7.02 (44, J =
8.26 Hz and 2.82 Hz, 1), 7.16 {(dt, J = 8.19 Hz and
2.82 Hz, 1H), 7.45 (t, T = 7.65 Hz, 1H), 7.56-7.61 (m,
25 2H), 7.69 (d, J = 7.85 Hz, 1lH), 7.74 (s, 1H).

SUBSTITUTE SHEET (RULE 26)



228 PCTI US991 12828 31 D E C 2002 Step 1: Preparation of nononethyl PEG
mesyl ate intermediate To a solution of 20 g of nononethyl ether PEG 1 GELGW]
m. of met hMODBBI6BH| ori de was added 2.2 g (22 mmol ) 5 of tRGTAISMYIRE28ni ne, and
to the resulting solution at 0C was added dropwise 2.5 g (22 mmol ) of
met hanesul fonyl chloride. The resul thgg solution was stirred overnight -at
anbi ent tenperature, and the trieth am ne hydrochloride was filtered off
to give the nﬁﬁéﬁeﬁhyﬁ’reﬂ?moﬁegﬁ te |nterrred| ate which was used in the
next Step w thout further purifi catl characterization. Step 2:
Preparation of polyethylene-lig enz g@pene 15 A m xture of 38 ng
(1.52 mol 95% of NaH and O. 71 52
5- (4' - hydr oxyphenyl ) - 7(di net#fyl 3 nn)tetra ydrobenzothleplne 1, 1- di oxi de
(obt ai ned from xanple 1402, Step 10X in 5.5 nL of DVF was stirred at
anbi ent tenperature under N, for n. 20 To the solution was added 0.55
g (0.51 mmol ) of the nesylate PEG sy EbHat € (obtained fromStep 1) in
5.5 m. of DMF, and the resultlng solution was stirred overni ght under N= at
50 C. DVF wasTPetReRiach (v4BudF)am@lukdonesf die- e Gt Ra®PRY Wit h et hyl ene
chloride 25 amdm\/a@dnedxmmtfhmbthymenér&l@fhﬁactvawamdkdai .aver MgSO' and the

t ed i t th
desi rod it J%%%pﬂ*b’*oun 3&%‘%‘ b EFoie S agTORE o 538 B 9 %5165 )
(m 11H) , 2.§°3(3c Y the sd%thm)of 23 -409( &rl? Yl a§e4 (s 4H)
|3H;33 25 (m gmézﬁmmw%sé gzmmd_l—i) s‘?:&‘&&(jb;: 2eD %Eige tso rﬂd-d)rs,, guggﬂ( ?UTE

’ ' 5] a arﬁe Ei P%ee 1Eara"#’on 0 0 \'S/ \ Bu

SHEET (RULE 2 V\D 00 '\g
Me2N ~ ., 1" ett&e% W?W#Pasggbi%?@e an%weterzooz The
3-am nobenzotctnrmﬁertéaeppeganm layest eywver tihsExaml echdefis€d.i380g, 0. 828

mol ), sodi uny e, OX|Pq§ngc§§lépr b}p% gngglf %gr/iﬂl h nd tol uene (0.50

m.) 10 were in a roun S e ction flask was
purged with Waetcfafspﬁ aPmP?W n‘éﬁb‘rﬂﬂu%" sf- Ry racaﬁat%/oaeéanﬁa FC A

sol uti on of Bﬁmmpsepyﬂth?cgof&ﬂ%m{fe‘l( 354409;11 HONmD(CDle%l n CH C1,/
THF) was addegl.p Afst i, 335= ¥ Sps 1) -715 adged, and the

d
g]o)r(lzgﬁlgr at edvg{aﬁ@\/d(&uoshpl-%# g‘iﬁ E*P)by 21[ :ng ?’ghat%gﬁggﬁ;eg%ﬁgﬂ ica gel

el uting with 20% BAQAS/ heXad® Hand %ﬁncsnﬂﬁat(ed PH) vaic4@ dave) white solid
(0.269g, 56%s. sbH (WYRs( D51 ;&zqnq 82 909%%% 5H.46l 435270 (m 11H)

a3 TRl B Sy (D ol 0

2H), 5.50 (s,7.Bd),(m5. 88) (d7.42 =(n2 4HMz, 1H), 6.51 (dd, J = 9.0, 27Hz
1H), 665 (s) 25 1H)) 7.23 (d J = 7.8 Hz, 1H), 7.34-7.39 (m 2H). 7.54 (d)

J = 7.2 Hz, . HRI\/B(M+H). Calc'd for
C3pH44N205SCT. e§7§_ g% ?f:“g)269| SUBSTTTUTE SHEET (RULE 26)
s\ Eu
Bu
CHO
O OCH 3

To a cooled (15-18 °C) solution of 24.2 g (55.8 mmol)
of 4 in 100 mL DMSO was added 31.2 g sulfur trioxide
25 pyridine complex (195 mmol). Stirred at ambient
temperature for thirty minutes. Poured into cold water
and extracted three times with ethyl acetate. Washed

SUBSTITUTE SHEET (RULE 26)



WO 00/ 01687 230 Exam | e 1435 Preparation of: 5 Me2N H 0~ ~~ PCT/ US99112828
31 DEC ZD%O%IOF;JRTN LN+J 1, 4-Di azabi cycl o(2. 2. 2) oct ane ( PePriSPb2828€. 700 nMmol )
and acetonitrile (1.0 nmL) were conbined in a 10 10 nL round-bottom 1395202
The reaction flask was purged with N§ equi pped with nmagnetic stirrer, amg
heated to 37 C. A solution of the &r4 duct of Exanple 1434 (0.250g, 0.432
mrol ) in acetoyyahtitkewlfh % HQ1 wasoatiletndAf then 2vBthibsine
1, 4-di azabi cycl,a( .2 (0. 4 added. After 64
hrs, 1,4di aza@i@y@f‘g(2%%:0%0%%%2%@?0%%88” ,ﬁo%i%?mm%%?%;ﬁgdded. After 24
hrs, the reaqgicun BPxgive s GodPEd¥t PRITasapdl tPHc&FeWBRt @ i n vacuo. The
crude productyvwMr dicol, vedl 6 /B7aqet opi £ r7)os @2, 06HL) 1aed precipitated 20
W th hyl et her 0. ) o1 ecj oy t fiht enedgpt ield a white
sol i d?g This tPrt ﬁ%gt [ ghég_rret H‘dg‘g\/\g@’ rlle@e'ata“’té%,em?% I%IJ\I/\)/éd 35§8cg?1>c/ent rated in
vacuo to gi v8Ea. whi1® 6l i2d)(04188g({s6RH) ., Ap8R16d- 25 8:-8€HaH NWR
(107030?) 81% Qﬂczl(mzeﬁl'ﬁz"ém-%-zk-?.EE(Qm JQH)g,. 62514, 113{)%7.07;(&(6 Hz, 2|;|),2
. m , . , . m| t, ~ 1.
Hz, 6H), 3.36—§.204§%2'8:£'%) 471 4&33" 1) 73 ﬁn 39 7,85 iZ-E oH), 5.31
(s, 1H), 6.18H]s,743§,- 632 (‘& 3IRL 77 A21AddgUBSTIZ 861 FE SREET (RULE | 6)
WO 001687 BCEL UsDO/ 1828 .40~ (s| E)y. 2~~2 231 1H), 7.25 (d, J = 6.9 Hz,
1H),27.33-7.42 (m 2H), 7.56 (s, 1H), 7.76 (d) J = 9.0 Hz) 1H). HRMS.
Calc'd for C36H55N405SC1: 65S.3893. Found: 655.3880. 5 Exanple 1436
Preparation of: 0 0 \S/ \ Bu 'Bu Me2N

Step 6. Preparation of 6

15 To a cooled (0 °C) solution of 23.1 g (53.6 mmol) of 5
in 200 mL methylene chloride was added 28.6 g meta
cholorperoxy-benzoic acid (112.6 mmol). Stirred at
ambient temperature for 24 hours. Quenched with 100

) mL 10% Na,SO,, partitioned between water and methylene

20 chloride. Dried organic layer over MgSO, and condensed
in vacuo to give 24.5 g (98%) of 6 as a light yellow
oil. 'H NMR (CDCl,) 4 0.86 - 1.29 (m, 14H), 1.58 - 1.63
(m, 2H), 1.82 - 1.91 (m, 2H), 3.13 (s, 2H), 3.39 (s,
3H), 4.44 (s, 2H), 4.50 (s, 2H), 6.93 (4, J = 9.07 Hz,

25 1¥), 7.10 - 7.33 (m, 5H), 8.05 (s, 1H), 9.38 (s, 1H).

SUBSTITUTE SHEET (RULE 26)



~OHO~CL\ NNHHI10 Step 1. Preparation of: N3\ C1L 1 0 15 S11)0EC 101
3-Chloro oyl chloride (2.25 nL/15.8 mml) and 0 )

wer e comﬁgﬁh’Fﬁ% 25 nmL roundbottom fl ask. The reacti oflﬁfellt,g% I“\()\B/Z% cool ed

to 0C) and an aqueous sol ution of sodiumazide (1.56g in 5.50 niL/24.0 mmol)
was added. After 1.5 hrs, the reacti®¥n 20 nixture was poured into ice water
(80.0 m), exgeasted pMebhrgttidn ther (2x25 nl), dried (MySO ), and
concentrated in vacuo to give a colorless oil (2.660g, 86%. 1H NVR (CDC13)
b 4.62 (s, 2H), 7.47 (t, J =7.8 HQAH, 7.66 (d, J = 7.8 Hz, 1H, 7.99

(d, J =7.8 Hz, 25 1H), 8.05 (s s‘SIé‘L—' ~1TE SHEET (RULE 26) WO
00101687 PCTNS99/ 12828 31 D E C )2 232 t%‘p 2. 5 3-Chl oronet hyl benzoyl
e (2?’(’Pm_) were conbined in a 10 nL

azi de (0.142g, 0.726 mml)gfe

roundbot tom fl ask. The realtfon flask was purged with N~, equi pped with

magnetic stirrer, and heated to 11@”C\ After 2 hrs, the reaction m xture

was cooled to R T, 10 and the 3-a ' iaepene prepared in Step 5 of
. "After 2.25 hrs, the mxture

Exanpl e 1398 (0.365g, 0.796 mmmol) ]
\galszgeat eld) t ordQ Solﬁf:i@:ﬁ chf. Eﬁ.lsr §, (82 chinicanebbyb bemzay Imtazitde (0. ]9|259,

: no a . . the_r ' ) xfu t 5 refl ux.
After 0.5 hr\gﬁ&t ﬁggﬁg%%]olﬁl i fttg?éi\%\%s] ??%leégfgg%#%é%%lc%ﬁ%ent rated in
vacuo. S Puri f iaddedoa0BymE |efste @hPoMes@ytteisy odndiperlyl Aing @Fng with
(28- 38;/0 Et gg%jtﬁwafaﬂ?a@m%@hwt ?ﬂiﬂzél vgmgvagel aualmide%l‘ieﬁaWBS?| i dJ

. 309g, . o3 0. = 5. . t, =
6.3 Hz, 3H), af.dég-e Q%RS %@1@,9‘7? §§ %‘8‘,‘“8:3 e r%%ﬁ?iﬁgg%ei%fm, 2.76
(s, 6H), 3.1%as cophpd o Embigntjtemperntyre @Rj, the JPRtentEH) 5 42 (s,

1H), 6. 0:7)) Es)coHd)snt%Q@d (&h vlcto!. Spui)ficati8n7bgbs{Mc2idel 7. 30-7.41 (m
S,

ﬁE')Ns {%46+ Li )"’.hlrga}“f’éég’é%%h&’ f‘o;il"“t&ikﬁ‘?ﬁé'o'g@&lﬁﬁ “%\Z,Jz.g g’b&%hy ?ﬁhd?'é?,z.(iéséﬁ)'
SUBSTI TUTE SlEETatRihexag)s gave B/ IHsB4PET/ pIiSHors ABrdedr~ ~ E ~ 2~~2 233
Exanpl e 1437 Jnepaessi ®il .ofy ¥vsuddelMeaN Chis i(t, J = 7.25 Hz,
6H), 0.93 - 1.29 (m, 8H), 1.49 - 1.5% (m, 2H), 1.70 -
1.80 (m, 2H), 2.98 (s, 8H), 3.37 (s, 3H), 4.41 (s,
15 2H), 4.44 (s, 2H), 6.42 (s, 1H), 6.58 (dd, J = 9.0 Hz
and 2.61 Hz, 1H), 7.13 (d, J = 7.45 Hz, 1H), 7.21 (s,

1H), 7.28 (t, J = 7.85 Hz, 1H), 7.82 (d, J = 9.06 Hz,

1H), 9.36 (s, 1H). )
20
Step 8. Preparation of 8
of
Bu
s
Me2N —,
Z OH

[::]\V,OCHa

A solution of 21.8 g (44.8 mmol) of 7 in 600 mL of THF
was cooled to 0 °C. 58.2 mL of a 1 M solution of

25 potassium
t-butoxide was added slowly, maintaining the

SUBSTITUTE SHEET (RULE 26)



~Nl ~~1 GJ wNNHHI1,4-Diazabi cycl o(2. 2. 2) octane (0.157g, 1.40 mmmol)
and acetonitrile (1.00 nL) were conbined in a |0 nL 10 round-bottom fl ask.
The react ivamooiohaszk was purged with N, and equi pped wit hPERYSRUPRB stirrer .
solution of the product of Exanple 1436 (0.262g, 0.418 mol) in 31 UECZUUZ
acetonitrile (2.70 niL) was added Mier 2.5 hrs, a white precipitate had

had f or ned. %}egélerg%!#q@ ) S{_er%édta&dgg mgﬁgtége Bi&Fi pi tate was

filtered, was in vacuo' to |eldavvh|te
solid (0.250gueschpd wp;hz&@ mquB grrucated ARG FbLosidesB (m 6H))
.03-1.55 (m-rhﬂeob&gaxiﬂaa@& auka paxthitibhed bdtwedn’ éthyl 6H), 3.11 (m BH),

.37 (m 6 S 6.11 (s
6. 5(2 (ddH)f"‘*tége 7an‘£1 “'e?tﬁ% ' iﬁ)e‘i °7’e£ %679 apd: g’l‘fglﬁ—l’z‘rg% 7. 23((d SD
6.9 5z, 1H)_1.I_1__IEB}E7 Pygifarabign by Fecrygtaljzationgfren 11§% 7. 73 (d, J =
.7 Hz, 2H). ¢d acséada@él/abﬁdné@r #4pEOND4ICE a03. 4A58e Found: 25

702. 4064. Anal | Iate H56N50 7. 64 N, 9.48;
S, 4.34; Cl, Eléga gﬁfr ‘%’D ﬁas7p"f$%ﬁd y4§19gcaﬂ_:. 4. 89.
SUBSTI TUTE SHEEcrmf(mrEpM) (Wateys (aep1BRY) zm&(éﬁﬁl eshylzg - 1454

PGTNS99/ 12828 cébsr eiaxanedsaof cix dpteast 143 Bivier gughgldb4s can sbe 5 prepar ed

in ac&prdanc #é hsoclr% or ?]m m?/ S}a@%h%tlﬁ%ﬁomﬁ?§ previ ously

di sclosed in |ca usi ng t'hod 0 those skilled in

the art. SUBS?@W%H@E’F (Iﬁwéb@)ﬁﬁ \/\ﬁ%}%l 687 -PC¥F LS99/ 12828 31 0 E C
2002 235 ~, .O RSMRSmM O 1438. ~N1 ~ CL ~NH~ NJ Ol Cl 1439. ~N~-O-N~ H

~-N Ol C1 14§er~§q~lg~ljé|§alflag%ljl—|ojt4gl. ~N~NvCO2H
o f

wE

@ 1~

15 A solution of 2.0 g (4.1 mmol) of 8 in 20 mL of
methylene chloride was cooled to -60 °C. 4.1 mL of a
1M solution of boron tribromide was added. Stirred at
ambient temperature for thirty minutes. Cooled
reaction to ~10 °C and quenched with 50 mL of water.

20 The organic layer was partitioned between methylene
chloride and water, dried over MgSO, and concentrated
in vacuo. Purification by recrystalization from 50%
ethyl acetate/methylene chloride gave 1.95 g (89%) of
9 as a white solid. MS (FABH') m/e 537. HRMS (FAB)

25 calculated for M 536.1834. Found 536.1822.

Step 10. Preparation of 10

SUBSTITUTE SHEET (RULE 26)



HI 10 O 1442. ~N~NHz H O ~N 1443. W\-N' ~JI HH O~ | C~~N 1444. . E1Qﬂﬁ%ﬁ2

J NN+ 1445, ~N~S~N--~ H 1446. ~ N~ NH2 H chﬁﬂégai‘ UT.

(RULE 26) bk§%&9é%l01687 PCT/ US99/ 12828 31 D E C 2002 236 }h ~N~CO2H
CO2H O 1447 N~CX¥H/ OCXH ~N O ,,01448. WW.S.N\ HH QO ~O 1449. -~

NS H CIyFi/ N.CH3 1450. ~\ ~ Cl NI46§01451. ~N~ NCH3 HIl / C_ O~ ,,Q
1452. WN. S. N~SO3H H H O~ , O 1453. ~3§ S-N"COyH H CH3 1454. ~ N~S ~\ SO3H H
I/

Oy
Bu
LR
Me2N el

“”»

z OH

Z ] Br’
; _ N

A solution of 1.09 g (2.0 mmol) of 9 and 4.9 g (62
mmol) of pyridine in 30 mL of acetonitrile was stirred
at ambient temperature for 18 hours. The reaction was

5 concentrated in vacuo. Purification by
recrystallization from methanol/ diethyl ether gave
1.19 g (96%) of 10 as an off white solid. MS (FAB")
m/e 535.5.

10
Example 1400
Step 1

OH

Ii li OMe

F
Cy4H1305F fw=232.25 )
15
A 12-liter, 4-neck round-bottom flask was equipped
with reflux condenser, N, gas adaptor, mechanical

stirrer, and an addition funnel. The system was
purged with Np. A slurry of sodium hydride

20 (126.0g/4.988mol) in toluene (2.5 L) was added, and
the mixture was cooled to 6 C. A solution of 4-
fluorophenol (560.5g/5.000mol) in toluene (2.5 L) was
added via addition funnel over a period of 2.5 h. The
reaction mixture was heated to reflux (100 C) for 1h.

25 A solution of 3-methoxybenzyl chloride
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SUBSTTI ' L7TE SHEET (RULE 26) WO 001 01687 237 Exanpl e 14S5 Preparation of:

5 PGT/ US9Q/ 31DEC20020~~OS/.~'O—|~/O\~[g§m7—9 Ove a n
The 3-am %ﬂé’ﬁégﬁ hi epi ne of step 5 of Exanple 1398 (0.0P1 g y—fﬁ%

0 I
M NCO- 5000 (0. 150g/ 0. 30 mol ) 10 (Met hoxy- PEG-NCO MN 5000, pur chase Qg oo
Shearwat er Polynmers Inc.) 2130 Me i al Par kway, SW Huntsville, Al abam
35801), and Ci%¥3.od/B..000kd1 MaIe teQGbhaerSoN mn FaemadBfd tuize. The tube was

purged with Aft er, rs..-the_r fs ) ek uc e ed to 50 C

After 15 24 %%% giﬂw gaéﬁ??éﬁgﬁea ?%§€%1%§H§:ggfégﬁfnggéﬁgggﬁigpine of step 5
of Exanpl e 18398LpEngo7vhe OniXERIATBRS GRe asd §&d TOAM: BPTRRFEHUIE t he reaction
mxture was didppueedednt® mo2 (Alsvipl ATdeevapOmdhedstiirrdngness with a Ns
purge. The resulting 20 whit'e solid was_dissolved in_hot ethyl ether (2.0
m.) afd et hytheadaygre veroFEparatedr it theoereantie kaveas pasate and
filte_refl. TMﬁIBEQQEW$ﬂiiao%onﬁeﬁeﬂ_%ﬁp&%_ls_l’s&ﬂﬁxah?drdébgﬁgdel no /SL arti ng) e
mat eri al was c t he .preci a oS c/ hexanes) .
Concentr at ed(_}i%ﬁ)tg\?agﬁgrd%é(}{ gal}\ié g’?\'/mﬁt.ﬁee ts'%olgldhgge&g%é/fﬁ%@ Q%H NVMR (CDC13) d
0.82-0. 90 (mMO%ARueUPROLasGipm hydggxide.1gndt thg mixtyrepasoH) | 1.59 (bt,
1H), 2.18 (k¥tirtel, £&r 30 (in.2the wmixthireswaHrhed. Odsietts, 2H), 3.35-3. B0
(M 625H), 4..09.(d:ey] & Hz, T T WO 001 01687
PGTNES0 128%@9%f %172’;6"2%‘5%‘32Hf’?y§‘§’}]2_‘£%, EFEFE,E ‘i%%,éé%&%tfﬁd, J = Hz)
1H), 7.31 (peth(20%13g. KOH. gBlY 0% agat ¥OH| §81VEIPRS dtPXBxanpl e 1456 |10 238
5.78 (s, lHcombifidd (ahd hcidlifbedizwitth £ondedtkatedHicl.7. @he(d, J = 7.6 1H),

7.60 (d, J 3o{g8cHo1utdon ZJaQGe:Pgtr:ac'ﬁ:'e% 'E'ﬂreékl{img@st?iﬁp%%hgr?SCODy desired

product . ]
ether, dried (MgSO,), filtered and concentrated in
15 vacuc. The crude product was purified by Kugelrohr
distillation to give a clear, colorless oil
(449.0g/39% yield). b.p.: 120-130 C/50mtorrHg. <IH
NMR and MS [(M + H)* = 233] confirmed desired
structure.
20
Step 2
S
) /u\ CH,
/s
! [ OMe
F
Cy7H; gNOoFS fw=319.39
25 A l2-liter, 3-neck round-bottom flask was fitted with

mechanical stirrer and N, gas adaptor. The system was
purged with N,. 4-Fluoro-2-(3-methoxybenzyl)-phenol
(455.5g/1.961mol) and dimethylformamide were added.

SUBSTITUTE SHEET (RULE 26)



Preparation of ~~SO .~0OH -C02H O ~a~N ~CO02H A mi xture of 0.845 g (103?DEC2W2
nmmol ) of 5- R—%4-é?$

bronoethox?@? 7 phenyl-3,3-dibutyl-7-dinethylanino4-R—HVHW5§VH@H&othiepin
e-1, 1-di oxi de (Exanple 32, Step 15 1), 11.45 g of diethyl imnodiacetate,
and 1.14 g of sodium carbonate was Mhelad at 160 C for 3.5 hours, diluted
wi th brine and,extr ] a. . The , r . washed with
brine, dried ( (3#?%%§gn2%%%é% Hﬁ%%goiﬁ Sgi%éﬁnSJFﬁéﬁrggggﬂ%@mas kugel r ohr
20 distilled at550.59/20kP7uel 1 2R Caddefemboel excddsedi BRAPINT Fonodi acet at e
L odgl vedlj Ozg x@onﬁftﬁa?ﬁ%eﬂh‘&aré\, ][aimeuwleféié&uﬁ.f 1du§1oﬁi& ghor dl i t hlélgmC

ydr oxi de 0 of uran,..a was held a

for 3 days ano‘gégnégﬁirégg%odi)n Wcﬁﬁﬁ‘f‘go %gf?ee"?rg\?ey\’?eﬁ%kﬁ/ecﬁc(%flﬁpan. The

resi dua$ aquesdgtyzkuvasrporrediiingtel,Qi (h- QL) 2ol extxactaddtyei dified to
pH 2 and extracted wi z . (2x50 .__The Gz layer was dried
(NGSO) and cOTUER: PEBTRYY aibh THES SR PRY, SESSREE L PAE 26 " v
00! 0l 687 PCT/ w8ge| vZ8RE3 with- HyO-apd~ga @G tast jadmabus oGl wak iddssol ved in
hot CH-C z and tritura with ether. The precjpitate was cqllected to give
086 g of _sol 1H55Re! | EEEheAAL RBRErpec i ' RSy Ve Rrsnpl o 1467
Preparation of;_1 =N\ . tion 0 f desired 5-(4'15
hydr oxyphenyl )Ep ?5%7% 86adr\ré1 r?g)_'t gﬁ%@%@ﬁenz&?h‘pgp?ﬁe- é,)l- di oxi de )
(Exanplee 1402, (8#Bp* 19)34d]. Ddnfueh) desfred safruditaeehyl f or mami de was added
via a syringe to a stirred solution of 36 ng of 95% NaH (1.41 mmol) in 5 nL
of 20 dinethylformam de at -10 C in an acetone-dry ice bath. The resulting
solution was stirred at -10 C for 30 mnutes. A solution of 1.25 g of

1, 5-di bronopeatepe3 (5.45 mol) in 5 nL of dinethylformam de was then added.
The m xture was stirred at -1@yC for another 30 25 minutes and allowed to
warmup to roomtenperature a stirred for 1 hour. The reaction m xture

was quenched with water at 0A4 ext ragtedoOMé h et hyl acetate. The et hyl
acetate | ayer was dried ovdg i entrated in vacuo. The crude
product was SUBSTTTUTE SHEH
15 C14H130FS fw=248.32

A l12-liter, round-bottom flask was equipped with N, )

gas adaptor, mechanical stirrer, and reflux condenser.
The system was purged with N,. 4-Fluoro-2-(3-

20 methoxybenzyl) -phenyldimethylthiocarbamate
(605.3g/1.895mol) and phenyl ether (2.0kg) were added,
and the solution was heated to reflux for 2 h. The
mixture was stirred for 64 h. at room temparature and
then heated to reflux for 2 h. After cooling to room

25 temperature, MeOH (2.0 L) and THF (2.0 L) were added,
and the solution was stirred for 15 h. Potassium
hydroxide (425.99/7.590mol) was added, and the mixture
was heated to reflux for 4 h. After cooling to room
temparature, the mixture was concentrated by rotavap,

30 dissolved in ethyl ether (1.0 L), and extracted with
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WO 00/ 01687 240 PGINS99/12828 31 D E C 2002 chr omat ogr aphed on silica gel
colum with 15% ethyl acetate/hexane to give 470 ng of §Mhe;deéRgsde

i nt er medi WOAYPH8DY 35 a white solid: 1H NVR (CDC13) $0. 9(%?% m, 6H), 31 DEC 200
1.20-1.67 (m 13H), 1.80 -2.00 (m, 44), 5 2.22 (m 1H) , 2.82 (s, 6H) |,
3.08 (Abg, 2H) , 3 .46 (t, J =6.9 Fz. 2H), 4.00 (t, J = 6.3 Hz, 2H), 4.1

(s, 1H), 5.48,0s, The, adedl®s( éxtIacts werpycompineds soidifgied) = 9.0 Hz, 2.7
Hz, 1H), 6.92 (d, J = 8.7 , A1, 41 (d,. J.=.:8.7 7.90 (d, J =
8.7 Hz, 1H). wi%hAc%‘E‘?‘?rft&ftgél ﬁél!‘_%na’bq eﬂfﬁga%edofmtg Reegg%lm &S nt er medi at e
(0.66 mMvl) iThe ethef extiratctei werddriiely(¥g§hospfilttergds aed| uxed at 100 C

overni ght. Tp ;@ﬁ-@ﬂ'% X bEGoVaS G39R! 8H dfberoeanlpaéergsrature and 30 nl
of 50% net hano dded. The m xture was stirred at room

wat er solution was a
tenpersat ure $8% Widiolirs. TAh¥MRi gonfigmeds desinashistaLeEurs: vacuo and t he
resul ting aqueous solution was extracted wth CH2C z. The CHzd, sol ution
was dried over MgSO, and 20 concentrated in vacuo to yield a yellow sh oil.
The oil was 9¥®Rotved in CH Gz and triturated with ethyl acetate to give
202 ng of the desired productHO50% as a white solid. 1H NVR (CDC13) b 0.90
(m 6H, 1.14-2.10 (m 21H) , 2. H , 3. 07 (AHg, 3 .98 (m 3H) ( 4
.11 25 (s, 1H) , 5.48 (s, 1H) = 2.4 Hz, 1H) , 6.53 (dd, J =
8.9 kiz, 2.6 Hz, 1H), 6.9 (4§ 2H), 7.40 (d, J = 8.1 Hz, 2H),
7.89 (d, J = 8.4 Hz, 1H). SUBSTI TUTE SHEE gEULE | 6) WO 00/ 01687 241 5
Exanpl e 1458 Preparation g e g /112828 31 D E C 2002 ~CO2H ~N
I'N ~N% N A m xture of 0. 3p . of 5nercaptotetrazol eacetic acid
sodiumsalt, 1.0 g of pot > s ge, and 30 nml of dinethyl formam de
was stirred for 2 hours they was charged with 1.06 g 15 (1.74 mmol) of

5- R-[ 4- (5- br onopent oxy) phenyl - 3, 3di but yl - 7- di net hyl am no- 4- R- hydoxybenzot hi
epi ne- 1, 1di oxi de (Exanple 1413, Step 1). The reaction m xture was stirred
for 20 hours at room t enpefzaHas®8d EwtBPH6 LTTE SHEET (RULE 26)

10
A 5-liter, 3-neck, round-bottom flask was equipped
with N, gas adaptor and mechanical stirrer. The
system was purged with N,. 4-Fluoro-2-(3-
methoxybenzyl) -thiophenocl (100.0g/403.2mmol) and 2-

15 methoxyethyl ether (1.0 L) were added and the soluticon

) was cooled to 0 C. Sodium hydride (9.68g/383.2mmol)

was added slowly, and the mixture was allowed to warm
to room temparature, 2,2-Dibutylpropylene sulfate
(110.89g/443.6mmol) was added, and the mixture was

20 stirred for 64 h. The reaction mixture was
concentrated by rotavap and dissolved in H,0. The

aqueous solution was washed with ethyl ether, and
concentrated H,S0, was added. The agqueous solution

was heated to reflux for 30 min, cocled to room
25 temperature, and extracted with ethyl ether. The
ether solution was dried (MgSO4), filtered, and conc’'d

in vacuo to give an amber oil (143.94g/85% yield). IH
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WO 001 01687 242 PCT/ US99/12828 3 ~ 0 E C 2002 concentrated in VaCUU”}fﬁ'@EZUUZ
residue was stirred in ether and water (100 ml each) A fRria
resul ted YYPYYW8 i nsol uble to both the ether and aque05 ffga The waxy
material was conbined with 5 the aqgeous | ayer and was acidified with
concentrated HCl and extracted with°®H Az . The CH-Q z | ayer was dried
(MySO, ) and r ated i yrup, MS (negative
FAH), me 688%%%?1?% ﬁl%'l(@cl n%i% )eo?ﬁqr* §15egd&tlﬁ?SSO (d, 2H, 7 Hz),
7.00 10 (d, BYTIFLHF$. 6.7 (d, 1H, 7 Hz), 6.2 (s, 1H) 5.6 (s, 1H), 5.15
(s, 2H), 4.2 (s, lH) 4.1 (s, 2H), 3.7(s, 2H)) 3.1-3.2 (ABgq, 2H), 29 (s,
6H), 2.3 (t, s%l—eiﬁ%r 0.9-2.0 (m 24H). 15 Exanple 1459 Preparation of: a
'u 20 HN--Y ~ (4R-C|s) -1- [N [3- (3, 3-Dibutyl-7- (dinethylam no)
2,3, 4, 5-tetrahydr o- 4- hydr oxy- 1, 1- d¢Oxi do- 1benzot hi epi n- 5 yl 1] phenyl acet am d
0] -4-aza-1 25 azoni abicyclo[2.2. 3] @aut ane chloride A solution of the anili ne
derivative prepared i n Exam 8 Step 5 (1.0 g, 2.2 mol) in ’

di chl oronet hane (10 nL) at ( C unde uN vvas treated 30 with

N, N- di -i sopropyl - et hyl am ng . ¢, SUBSTTr UTE SHEET (RULE 26)
WD 00/ 01687 PCT/ US99/ | 282

o' 243 1.4 eq.), followed by the
dropwi se addition of chl of e (0.21 nm.) 2.6 nmmol, 1.2 eq.)

over a |0 mnute period. eact i ol xture was stirred and allowed to. )
warmto 25 C over a 2 hour erlod. The 5 m xture was quenched by the

addi tigon of 1IN HC1 (25 nL) &nd the aqueous |ayer was extracted with ethyl
acetate (2 x 25 nL). The cg ggq% Fal gabhitgexd racts were washed with

sat urat ed aqueous sodi um bi ate (2 x 25 nL) and brine (30 nL), and
were dried (MgSO ) and 10 concentrated to give a pale yellow oil which

crystalli ZEdAuﬂoi[‘l@ézanQ' ﬂeckThf‘om—tb%c%MSiPA@: Wi eeRlibpetied and washed
w th hexane (50 ve a chl o oacggxl ftel’J’TEdl ate 0 74 g, 63% as a

pal e yel | ow ngP(rngT? Ei—E‘ls‘N aPEffl’lif)n §e Ter-15TP%71 15 (br m

11H) ,102. 24 (B}s&é‘ﬂma?s %ﬁr &d \ﬂ'ﬂﬁ 12Tﬁé\B§er§espélrﬁthgH§lcéhol48 8 Hz, 2H)
,4I5(d)J— 2H), 5.57 (s, 1H), 6.05 (m) 1H), 6.58
(dd, J = 8. 9<123494g/34§|-1pmmq137amd wzpam 219 ). pMeredadded gng Hz, 2H),

7.94 (d J _cgo?eaﬁzto JOH}.‘ 8P§;91c(ﬁ')lu%H%hlgpochromate

(140.53g/651.6mmol) was added. After 6 h., CH,Cl, was

added. After 20 min, the mixture was filtered through
15 silica gel, washing with CH,Cl,. The filtrate was

concentrated in vacuo to give a dark yellow-red oil )

(110.6g, 77% yield). !H NMR and MS [(M + H)* = 417]
confirm the desired structure.

(0]
(o) =
048 Bu
. . OMe

F

20 Step 6
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A solution of the chloroacetyl internediate (26 ng, 0.05 nmol) in

acet oni t g eoiegr L) at 50 C under Nz was treated w th pcrusessnzss

di azabi cycl o[ 2. 2. 2] octane (DABCO, 10 ng, 0.09 mmol, 1.8 eqg.) and s Hgﬁiﬁﬁﬁt
50 C for 2 25 hours. The reactionigypxture was allowed to cool to 2

was concentrated to forma residue. The residue was di ssolved in warm
acetonitrile and tent-but H2sHesPfS &MT8f8wa% added. The nixture was al | owed
to stand overnight during which tine crystals forned. The 30 resulting
white solid was collected and washed with tent butyl methyl ether (25 niL)
to give the #id1dteEnpbRRFN 1 FOoWRd -smpma §Laskyias «yiPP8Al i ne solid: 1H
NMR (CDCl,) whidh a3 iﬂﬂptorlaﬁﬁ decﬁ%n&béln&tfﬁﬁer 17%21.80 (br m 4FD,
2.14m1H),27(s, ,30825 35J =15.1 Hz, J 34.3 Hz,' 2H)
3.21 (gm 6H)SYSt:§m7§a§rﬁma4F With Ny g Tilﬂ) Coarﬁpc(fsdlwﬂglfh (s) 1H) 5.99

9
SUBST' | T WTE 00} 01687 g B (4. 5
(1P|) 7.87 (s(l%mséy%s%?gsé% C%?\e&a%l 8o a b Asse 1308 L 6 s e,
1H), 7.33 (molukon s dibdeddo 0 <, a6aHa-ciilggoskadngsiclt) 113 Gl o
d f or C'HS ;@ $1san 90%/53163%01)F%&}daﬁaéﬁ%@:}ﬂl%ﬁ fx%ﬁr\‘oa O-~0HJ OH

O Step 1: Preparatlo | i m nodi acetat osul f onanoy ride OOO
S C ~(1~N 038 Biis %?ﬁﬁﬁ‘\ff‘lem‘&‘r’ffd’ée( yassablowas tP ¥R3M) tand chl or of orm
(50.00mM.) wevemcoetpersture aAf&&r rA. 5 dundhettarntfilcas hixtheer eacti on fl ask

was purged Walkhchbi SURSTH! ¢! dnd B SHERLa( Bdbdudbla fine fritted
funnel. The filtrate was washed with 10% aqueous
K,CO;. An emulsion formed which was extracted with

ethyl ether. The organic layers were combined, dried

15 (MgSO4), filtered, and concentrated in vacuo to give

the product (93.2g, 78% yield). 1y NMR confirmed the
desired structure.

Step 7
o)
g
Bu
) Bu
F k ","/
H ‘OH
20 OMe

C25H3304FS fw=448.59

A 2-liter, 4-neck, round-bottom flask was equipped
with N, gas adaptor, mechanical stirrer, and a powder

25 addition funnel. The system was purged with N,. The
corresponding aldehyde (93.2g/208mmol) and THF (1.0 L)
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WO 00/ 01687 PCT/ US991 12828 31 0 E C 2002 245 equi pped wi th magnetic

stirrer, dto O C A solution of diethyl im nodi 1 DEC 2007
(18.902¢/ 88853&%1%%7?) and triethylamne (10.112g/99.9 mol ;Péfm,/ggﬁgg%sed J

dropwi se while maintaining the tenperature of the 5 solution below 20 C
After the addition was conpleted, thereaction mxture was allowed to warm

to room tezfpewééé"a%degéf Eﬁd’idgh@ﬁ#fz&uﬂeh&aéea@bi@dl t6 Xt @.e was pou(rjed inhoOI
ice water (100 nmL) .and m x we T i a at ed, washe
with 10% aqg. Prﬁffgfdu(“séeﬁfgab%?f“c‘?ﬁ |‘E§d8§§? gp& (Jz"“i("e@o\@%) ggg%g ed (Cads),
filtered and dene@ditabedfumehcudftergive 6% aaderHTY ddi-8 ¥5. 7069/ 20% . 1H

NVR (CDC13) $,5ls 3Qidely. CARred 23 ,( hetlixcdr8Bids, extiactBBMkdd /M + H) .
Calc'd_for CBHI5NO6SC, :gg}g% 0309. Found: ﬁgg{?soo 2: . Preparation

15 St
of : MeBN i N HMesovEh oBF &R a4kt efpljlge&eggx%%le 1398

(0.5039/ 1. 097 dHER) rat 88 UERErEuE0 Fhk, cBLis OpFamYdE iy pupl fifed _
(0.148g/1.148 mmol ), and_the 20, di ?’t@r’%lﬁﬁl m nodi acet gt o- sul f onanoyl chl ori de

prepared in YeFefrgptt hfee % GENBERHHEY® kEr 82 ¥ifbined in a 25
mL r ound- bot twimitlel askid ThE2 ri#aq)i.on Theaskthes bigqumd waist h N, and equi pped

W T ekt g
. . an | e I M NOQI ace 0 .

W0 00301 057 BEI ORb4F IS EbIAeREAF & te S0US S4BPLkR IRy eI | do -
(0.1819/ 0. 62&JmmehraWpi&l dddeds) Af Ber nBA BONE Srmél AHeOBEBEES®NE (75.0 nl)

was added. Th%orari xfure was washed wi th aqueous NaHCO, (25.0 nlL), aqueous
NaCl (25.0 rrL%, 8 ed (MySO, ), and concentrated

Step 8

Me,N

iy,
o"
m

15 OMe )
C27H3 904Ns fw=473.67

A Fisher porter bottle was fitted with N, line and
magnetic stirrer. The system was purged with N,. The

20 corresponding fluoro-compound (28.1g/62.6mmol) was
added, and the vessel was sealed and cooled to -78 C.
Dimethylamine (17.1g/379mmol) was condensed via a
CO2/acetone bath and added to the reaction vessel.

The mixture was allowed to warm to room temperature

25 and was heated to 60 C. After 20 h, the reaction
mixture was allowed to cool and was dissolved in ethyl
ether. The ether solution was washed with H50,
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5 in vacuo. Purification by flash chromatography on silica gel eluting with

30% et hyl _acet at e/ hexane and concentrated in vacuo gave i olid

(0. 349g/ 4%q°’°iﬁt§1$NNR (CDC13) $ 0.91 (m 6H), 1.10-1.70 Fﬁwﬁ}#@,’?l. 231SDtE£ 2w

= 7.2 H, 6H)) 1.90 (m 1H), 2.21% 1H), 10 2.81 (s, 6H), 3.09 (dd; =

36.6, 15.3 Hz, 2H), 4.11 4.24 (m g% 5.50 (s, 1H), 5.99 (d, J = 2.4 Hz,

1H), 6.51 (ddatdratedd qudohsHRaciHdried24Mgsds) (milkered/ i (bs, 1H), ?.90

(d, Jt 9.0 Hz, 1H. H (ESI/M+ H). Calc'd for C34H52N309S2 710. 3145.

Found: 710. 3¢88centiasiesh i® vRrupatatdion ef wirite ScddfpdahdBa/Bes

benzot hi epi ng; par ad, i\n.S this /0.316 mml) and

t et rahydr of u}'?’ag:[‘%l'. 00%%%8%%58%10r%enggé?gp%%f%%ﬁéa?ghnd- bottom f | ask.

The reaction flask was purged with N~ and equi pped with nagnetic stirrer. A

sol utison of &té&¥ldzO (0.0309/0.715 mmol ) in water (0.50 nL) was added.

After 4 hours, ) additional LiOH HsO (Q.015g/0.357 mml) was added. 25

After 30 minutes, water (6.0 nL) wag ded. The aqueous m xture was washed

with diethyl ether (4 x 9.0 nL), and3zcidified with aqueous 3.0 N HC1 (0. 40

m.). After 18 hours, a white pg€cl >

washed with water (2.0 nL) and afed in vacuo. Precipitation from

acetonitrile/diethyl et hg{d exaResFand rcrygl*al lization fromt-butyl

met hyl ether/diethyl ethergave a whi e c"n,ég%al line solid (0.109g9/53% . 1H
4H)

NMR (CD30D) $ 0.89 (m 6H), |.05-1.50 (m , 1.68 35 (m 1H), 2.16 (m
1H, 2.89 (s, fiH), 3.13 (m 2H), #O7 : , 4.18 (s, 1H), 5.45 (s, 1H),
6.52 (s, iH, 6.93 SUBSTI TUTE SHE} RIJLE 26) WO 00/ 01687 247

PCT/ US99/ 12828 ~ ~ D E C 2002 (d, ¥ .7 Hz, 1H), 7.19 (d, J = 6.6 Hz,

1H), 7.35 (m 3H), 7.70 (bs, 1H), hg) = 8.7 Hz, 1H) HRVB (ESI/M + H).
Calc'd for C3pH44N30gS2: 654.2S19. Found: "654.2512. 5 As one skilled in the
art will appreciate, wher 26H3004¥RafrT 1%t i ve synthesis is enployed in
any of the above exanpl es and an enantiomeric-enriched final product is
desired, th ntjoneric-enriched final 10 product can be qbtained by use
of “chi ral oy GRLTBYr apHRES T T ERPPEROl: SR SBP oPRE SRREE HIEE of t he
synthesi s. Fyr gesaapaptonhand magnesynt Absreepr ofbedsystemmgis t he

i ntermedi ate X .

5- (4" - met hoRFAEAYYI 72 (e met TRA SAEAEFPREPINS FIeSBEHY ot TR e- 1, 1- di oxi de 15
whi ch is thewr.degpidydmher) tand @umLhe1E0tRL)RAIEt 8dded. The

5(4' - hydr oxyphenyl ) -7- (di met hyl am n0) t et r ahydr obenzot hi epi ne- 1, 1- di oxi de,

t he 5-(4' metigsgypeRji¥tyre was cooled to -78 C, and boron

(di met hyl amcgapieniady (1 ©beowofinisapol §- dad -alided. deTRO miahseabl y is

sub éit ed 19,3 g fdla C0S QMRLAYARALG E’é‘&ﬂ%& G0N, 8 %P Pyl or to

denmethyl at i on. e separated enanfioner I's then denefhylatéd to yield the
enant i omer i $PENFERFACHPR MRLFHE 386 S5opkedir Pk FpRBAYY3E 7 25

(di met hyl amquentiéd afyrch oben zoidnenoe-aLil: dixgcedel b ofiirjsehen the next step
of the synthesis. Hy way of further .illustration, chiral chromatographic
purificati ohaYBHE WRE pReRARed | AREIFAE AGPERUSoLaYRF Hady 7 of Exanpl e
1398a usi ngexteatted tsushcatesa wi@hCothpl petthedD cThenTHONA! Andn

et hanol / hept ane nobi | e phase (5% 10% et hanagl v/ \/z__ at a wavel ength of 220
nm 2the sep&FBEEEETARTDMETS SOMRaRCEs PSR NIERt BAIREe in Step 7 of

t he synt hesaguébtes elnCl esdeiledngMg80ah, efillddr@der andenri ched final product.

35 Simlarly, where the synthesis proceeds thrgu h Ehe i nt ernmedi ate
5-(3' - met hoSPPRERSYILER CHOTER SLEET-RRETE Eg‘} 6.27g/98%

yvield). 1y NMR confirmed the desired structure.
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WO 001 01687 PCT/ US99112828 31 D E C 2002 248 (di net hyl am no) - 1 0
t et rahydr obenzot hi epi ne-1, 1- di oxi de which is then denethyl ated to fér nQE(Eh@
i nt er medi WOSVBI68T _ hydr oxyphenyl ) -7 , PCT/US99/12828

(di met hyl am no) t et r ahydr obenzot hi epi ne-1, 1-di oxi de, the 5

5- (3' - met hoxyphenyl ) - 7- (di met hyl ant3fo) t et r ahydr obenzot hi epi ne- 1, 1- di oxi de
preferably ig.sybjgcted to a chiral chromatagraphic purification step -
----prior to denethylation. The separated enantioner is then denethyl ated
to yield the enantioneric-enriched 10 i nternedi ate

5- (3' - hydr oxyphenyl ) - 7- ( dQnetAyl am no) t et r ahydr obenzot hi epi ne- 1, 1- di oxi de
for use in the next step ohAhe synthesis. By way of further illustration,
chiral chromat ographiexupitTtoati on could be perfornmed i nmediately prior to
Step 9 of Exanple 1th t hg _XBuseparated enantioner then used as the
internediate in Step oftl the gythesis thereby resulting in an ,
enanti oneri C(H;m)' ed n_ . -.gdiﬁi‘t. “"Further, chiral chromatographic
purification can be used \éhere e synt hesis proceeds through the 20

internediate 5-(3" or
4' - am nophenyl ) -7(di ne ./ 1 no)tetrahydro-benzot hi epi ne-1, 1- di oxi de) such
as in the Exanpl e Corr% di ng To Schene Xi|I. For exanple, chiral
chromat ographi ¢ purificatt™on could be perfornmed inmediately followi ng Step )
5 of the Exanple 25 Correspghrdi-arg\Jo Schene Xi| to yield the
enanti onericenriched internedi ate N(3" or
4- am nophenyl ) - 7(di met hyl am no) t et rphydr obenzot hi epi ne- 1, 1- di oxi de for use
in the next step of the synthesis™ Alternatively, an enantiosel ective
synt hesis) such 30 as the one described in Exanple 1461 bel ow, could be
used £0 provifg biag desks | QBB G5t U sR- 63En Ve
4' - amg nophe\r?ﬁ) é %di nmet %ﬁglaér?‘lq%%%t gﬁ%%ro%z%ﬁgegi &(’a- 111::- di oxi de
i nt er medi at £2YSBRIFF-F1 TR SMERMERePEERE) chlRBIE61 Y8R Y8 anpl e 1461
Preparation (fw 132Ba0g/mole) Alk2hh-D8, .720-1BU20K tpl X St2g) ,1: Preparation
of Lriflic it fArRdlakenEEIIT 208 v 3eiabaRont) 1036 1622. 13 ol )
(di met hyl am"HEPEEEr R IFBBR FAPERRLRI M-St heT iegkFas i pP et Y n Step 7 of
Exanpt e 1398aeri anpyArdusepdtiizsiuin aarior@uender nitrogen gas was treated
with triflic anhydride (4.1 nL) 24.4 mol, 1.1 equival ents) dropw se. Upon
conpletion Qf the addition, the b 5 was ed d the reaction
stirred at &6‘0!?1 ?8%5?5?[#@’?%“2%&(16} §°%%§§¥P8i fg\ga%sw"r%‘rmved in
vacuo, the m=gsul bangadd| sodinn aiydnide (60Watispersdonnin minexsldiracted thre
tines with gfhyl 1@@6@? 1 45 nifle1§28Hd -34ThHE RTBMBedces gty Gizener e washed -
with 2N HCL _20 (100 nl), 10%%{?58011 %]780 mﬁé‘\?& d_brine (ll_go )m_), and t hen
dri et over MFEBFTRFPFE: XM FILHEPERPY O BBF&%’&B‘.‘ST%ER esi due was
purified bylchrgmé2egrapblesnnshl ntDNfeland Slkeeehper agetuttion n hexane) to
afford the degphgddt hbbee CQMRRURY 26c Edi2lze dugkl 0vhé OFadukk: 42

which contained no starting material by TLC was

diluted with ether and extracted with 1 portion of 5%

20 NaOH, followed by water and then brine. The ether
layer was dried over magnesium sulfate and isolated by

removing ether by rotary evaporation (1.3 gms).The
product may be further purified by chromatography
(Si02 99% ethyl acetate/l1% NH4OH at 5ml/min.).

25 Isolated yield: 0.78 g (mass spec , and H1l NMR)
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25 g, 87. 20/() lH NNR(CD,CD) b 0.B5-1.0 (m) 6H), 1.0-1.15 (m IOH), 1.76
(tJ—l 212(t,J:13Hz,1H),279(s -3.2 (q"~,
4.05 (°s°°’°1‘1§6 42 (s, 1H), 5.88 (d, J = 2.1 Hz, é"é”(ldm BIH[]UZ
89)21Hz 1H),735(d J=17.8 , 1H), 7.99(d,J3~oEczoo
~ST~' ~1TE SHEET (RULE 26) WD 001687 PCT/US99/12828 3 250 - 7.8 Hz, 1H),

7.57 (t, J =Step B2, 1H), 7.66 (s, 1H), 7.77 (d, J = 8.9 Hz, IH. Step 2:
Prebaration of Imne 5 To a solution of 11.41 g (19.28 nmol) of the
triflate (prepared in Step 1 above), palladium(ll) acetate (433 ny, 1.93
mmol, 10 nmol %, racem c 2, 2' -bi s(B\ph@nyl phosphenyl)-1, 1' - bi napht hyl (1.41
g, 2.26 mol, 12 nol% and cesium Cgf bonate (8.86 g, 27.2 mmol) 10 2.0
equi valents) in 114 nL of tepfakydr of uan was added 6.6 nL (39.4 mmol, 2.0

[ e ure was stirred at reflex for
sol vent renoved in vacuo

four hours, filtered through e ang
provi ding 19.11 g of &:@e¥p red fog “41 NVR 15 (CDOD~) g 0.8-1.45 (m
16H), 1.6-1.75 (m 1H), 1.9-2.05 (§ 1 @H 2.78 (s, 6H , 2.98-3 . 15
(9g"e, 2H ( 3 .88 (s, 1H , 5. 5 1H) , 5. 92 (d, J =2 .2 Hz, 1H
6.54 (dd, J = 9.1, 2.7 Hz, 1H » (d, J = 8.1 Hz, 1H), 6.80 (br S) 1H)
7.0-7.12 (m 2H), 7.15-7.25 (m j 7.35 20 ?.52 (m 7H), 7.52-7.68 (m
2H),,7.71 (d, J = 7.9 Hz, 1H) . 3: Prepgration of Aniline To a
solution of 19.1 g (theoretically 10: N,%S\Qf the crude i mne
(prepared in Step 2 above) in nethanol (200 was added sodi um acet ate
t6.33 g, 77.2 mmol, 4 equivalents) and hyd: xy am ne hydrochl oride (4.02 g,
57.9 mml, 3 equivalents). After stirring one hour, 1N sodi um hydroxi de
(100 m.) 30 was added and the m xture extracted with nethylene chloride (2
X 1005m., 1 Thé&Pprdduct Theom crdepnad 60 ggrgmess We0@ wmashiguble tfw brine (100

m), dried oyed, M%@moiéj teled . @ngmé ha?ocﬁﬂs't\l‘ﬁ%ta eYap§s %ﬁdjl) g residue was
purified byh%{]%"é'rsait Eaﬁfy on llcﬁe 50% et h %zgtaeln hexane)
to afford t 8 |3e°e&8HfJBEh a’s“aafél FOGF 7B ?% 97.9%: 'H
NVR SUBSTI Tlamd BdBE®d( R4S T6)for YCiHeE 07 sBURE LS9 WaL828 31 0 E C 2002

55%(02'3325) (ét)"iﬁ?cﬁ%'tgdgt?o Hc%yn@% d017 si%l(vms HH ml]s 705: (t18 gcf 12 SH)HZ:

9 . 18 (s, 1§4jlorafosn. (Next)grhey ‘1@5( dqu)tC’ 6h84°*(-30<ar°fa°fm 8.9, 1.9 Hz,
I H), 6 68 5 {alucion Sndithe hesubt fR (mixtlide, w&sBﬁh.’(Iﬂ,ed] THE. 2 Hz, 1H)

714 (1) el prblled 16 laidied 4 & Brbtipitite g.2278 QLOG CAL  ASSAYS
) 10 The ut|I|tyo ecoggounso th e%@? |nvent|on|s shown by the

fol I owi ng asEHys. M?ﬁés%p% iy's =ar®’ i'n vitro and in ani mal nodels

essenmtially using a procedure recogni zed to show the utility of the present
i nvegki on. 15 Jna1¥ 591 Assav of com~ounda that inhibit |BAT-nediated Make
of [1"(C]-Taurocnorste (TC) in Hl4 Cella Baby hanster kidney cells (BHK)
transfected with the cDNA of human | BAT (H14 cells) are seeded at

Step 1
Ii Ii OMe

F
C14H1302F fw=232.25

20
A 12-liter, 4-neck round-bottom flask was equipped
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20 60,000 cells/well in 96 well Top-Count tissue culture plates for ﬁ;gggqggz
run within in 24 hours of seeding, 30,000 cells/well for assays run Wthin
48 hours, XQPEH00 cells/well for assays run within 72 HIHSE1288 t he day
of assay, the cell nonolayer is gently 25 washed once with 100 ~1 assay

buf fer (Dul becco's |Vbd|fled Eagl e' sis@diumwith 4.5 g/L glucose + 0.2%

(wv) fatty acig, f m ) ach well 50 ~1
of a two-fold¥ &gﬂcéﬁ ?eﬁgé# cﬁr%?n%daégég‘sg%%h#%rﬁl s added al ong
with 50 ~1 of saler@r Mnfd inChddi s Hivinedt. e The asgstenbudasf er ( f final
concentrati onBQr ] tﬁu&lﬁﬂ}éje%tfe)sbdmﬁ %é%%ﬁl ture plates are

i ncubated 2 h pr or ntl well twice wth 100
~1 4 C Dul bece¢pzs. (p)jmmlsatneibtttri ercietial |(nes(EBS)a$arddudni agd35 0. 2% (W V)

( FAF) B The U HEET (RULE 16)

WO 00/ §A68 #L@@ésggg ig%fgéy& W%f)g g g‘%ghw 100 ~1 4 C PBS

wi t hout ( FAF) BBrerorhesgéh (360 591/50f°q0im@&|)dl§cf—?&lﬁﬂ%tﬁ2or$ &duvd§ng fluid is
added, the plaadae?d ah% haaitﬁ@alﬁdm@ldo&bakenpéﬁo&bﬂnzmst 8S afhd oomh .

t enperature prlor ring t n a i VLY, n each we

on a Packard Tt ﬁ??\’gf?u‘gr?esnpl BIQE%\TE geg‘s“é’g &O?ba rr%o%n%lhs that inhibit
upt ake of [" C)A Sﬁala-mlﬁé (o43) 31'ﬁ@?¢é1°amh¢ézbfﬂat akboxalscéay is perfornmed in an

i dent hoal fasfmegd dgqst beohsly dehelaenassayo mi)t wdshadaegepis on that
| abel ed al ani De. | abel ed t.aur ochal at e la Vfvo

ituted.for th 5
Assay of corrpour%&'so ? hpo #"ﬁ?’tleRgialP é?lﬁ%tzé%el%f [%gfﬁrﬂ%i’bchol ate into
Hile (See" %ﬁd@m@m oth@,annctenmyuagxyoqhememscmeanmm acid and

3a, 7~3- di hydragwy pbarBBt tyto J0NqbaBOLS , aCh £k ¢ NARBLST 81 tPiRY 0Chi mica et
20 Hi ophysi ca Acta B33 (1985) 196- 202 by Une et al.) Male wistar rats

(200- 300 g) @he dmysrhevéredseparatedacend 109 ongdngc Bayerdwmd s are
cagnrigé ed }[Metx*lrﬁcigd Jvfmtah 2 ukkdl &y &gass:mﬁn lbxhaéetstl ne theXDFsed
and laid ou gauz ca uér lo apered fenmal e
adapter) is |‘%§8 2 og® l? @g @m% i’gm tﬂg jalg"ﬁ Weﬁf Waffed éﬁﬁ‘?l ntestine and
the cecum A29% eahscwstpenassivm hydrerhds, samk ghenoukonréwad i zing a 8 cm

length of il e¢ikredOfst m‘ rm;rm PHebREROuSe nmsrmﬁtnewagfa&e@d saline, 30 pH
6.5 (PBS) is usedtoflu opening is

ne S st
cannul ated with- & yf)thrﬁ? ue“[eh OEESI F°§'6‘:ﬁ% ‘?1%5 ("(Trﬁzexfrff e@ 0. 037"
0. D.)20 The pwé%hnap*c%mﬂm% |§lhoaR&dawpewﬁ &Qesodusione wene and t he
intestine isceonphaddfatd i raea with &@xﬁé&zﬂ&&:@:‘d fic25 nthei n. Tenperature

(RULE 28) S%%%B%ﬁ%%%%%ﬁ%@%éﬁ%@@%ﬁ Szl yBh8 RS Cper. ﬁe'?'EtET)

2.0 m of cofFPEF: sEFi%® QETCHedts ochibltrxed @GOGOMCPEFI‘%F%% i M col d
t hol at | d bil
aur ochol at e}abgo! oaﬂgég A C%?sdggasé@r@rgls 5% Rufllipyil nge and oile

sanpl e coIIectlonls ntro a rate of 0.25
m/ mi%P for 293fFH ﬁi’l@ SR PR¥S ?rﬁ%ﬁ%ﬂsc%lr%ﬂ@(‘ilsl eédted every 3 mnute for

the first 27 U ro re. er Ielnfu5|on
the ileal | oo??séﬁsﬁﬁggspw tﬁdgo mﬁ(‘)&f elv\3/ao$ mla?lgéét?t

syringe), an¥MRhamd MS [(M + H)¥ = 233] confirmed desired
structure.
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10 the loop is washed out for 21 min with warmPBS at 0.25 m/mn. A second
perfusion is initiated as descri bed above but this wth test corrp?w;[gﬁ{{:bﬁb}ng
adni ni st¥PPIE wel| (21 nin adninistration fol | owed RFTAEINRHEf t)
and bile sanpled every 3 min 15 for the first 27 min. |If necessary, a third
perfusion is performed as above th?dt typically contains the control sanple.
Measur enment of Hepatic Chol esterol Concentration 20 (HEPATIC CHOL) Liver

ti ssue was wei gged and honogeni zed in chl orof orm net hanol (2:1). After
honogeni zat3%® 4nd centri fugati on the supernatant was separated and dried
under nitrogen. The residueSwas dissolved in 25 isopropanol and the

chol esterol content was neaguregggnzymatically, using a conbination of

chol esterol oxidase and g idas€é, as described by Allain, C A, et al.
(1974) din. Chem 20, 470. 30 MeHsurenent of Hepatic HMG CoA- Reduct ase
Activity | HMG COA) Hepapig meLosgres WeMe prepared by honogenizing liver
sanples in a phosphat g foll owed by centrifugal separation.
The final pelleted nat|p h suspended in buffer and an aliquot was
assayed for HMG CoA red y by incubating for 60 SUBSTTTi TTE
SgEET (RULE 26) WD 00/ 01 687 PGI/ US99/ 12828 ~ ~ ~ ~~ 2~~2 254 minutes at
37 Cin the presence of BC HMG CoA (Dupont-NEN). The reaction was stopped
by adding 6N HCl1 follo Ntkl i An al i quot of the supernatant
was‘?separ ated) by thi n%&%&a@%@hgo%rg?%fg%?ghy, and the spot correspondi ng
to tthe enzyne product was scraped off the plate, extracted and

radi oactivity was deteesi nsana(/k Sfdjﬁd-'b'o@&bﬂnff%@waﬁgfié erence:
Akerlund, J, and H orkhem 1. (1990) J. Li plg Res. 31, 2159). 10

Det er mi nat}"bﬁhd?ecgg“&ﬁiaaﬁfzégﬁo‘?n $eR9 SapyTcHOTPe TG and yLDL + LDL)

Tot al serus}zm e,gse\?\g&gééEﬁi . WaspigasyLed(enzymatical |y using a
comercial kit from Wko Fine 15 em cals (R chnond, VA); Cholesterol Cl11,

Cat al og Nome@ey342291) Hhhenbb| bsi%rsg/1( BBLMEHOAndwas assayed using this
ol est er o e A e e ). Total 20
serumtri g??/céfclqd(?é’a( BPéﬁW@ }"\‘I%Igé% ‘\I?%r‘ggggs %B"Slgnf'ﬁﬁaﬁ?% ly with Sigma
Cheni cal CelowidRG ' AfEadevarCita |ty Miom 88MpSratdx®., and LDL (VLDL + LDL;
chgl aEtL er ﬁéirﬁéﬂﬁ@'&?ﬁ@%%@ﬂ&m&ﬁf a:maitﬁla:ceaﬁgdz?fsg}%?slcimagwmg behv wgen tlot al
an chol est er sur,emen . _Heuatic Chol esterol 7-~- roxvl sae
Activity ( gﬁasgjftﬁépég?@' n’flﬁ' cfsec?r?\%%of/?e‘néx%?"éepfra@dpBVrﬁ%m)geni zing liver
sa@pl e;s_ i niIatTQ)H!Q@pf_ Hé][- @/bhttrmfﬁ Gt?(]l‘m‘t a@{t,eldf WP oWTE B Wish gblmlr Lf ;J?al .
separ at i on, I r i uf fer and an
al i quot wa%tréesrlga g‘g@f 8?8%?'1%‘%%5 rgaé}eiﬁisff%?%r%%%u;‘%%?’ggt YJ\'/%}} y by incubating
for S m nHz3 saterphed rQyrae e lof AKREPHPVETOMISRE Ng extraction into

petrol eum gt t h r i Len a and the residue was
i ssol ved LA azschnind; FERbEarihanl) YSlTkalll3 EUANVALEE 0T e SUBSTTTUT
SHEET (R Ipfodf&r (605.3g, 97% yield). IH NMR and MS [(M+H)* =

-

20 320] confirm desired structure.
Step 3
SH
[ l OMe
F
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WO 001 01687 25S PCT/ US99/128728 3 ~ D E C 200Z separated by injecting an
aliquot of the extract onto a Ce reversed phase HPLC col um a% 31 DEC 2002
guantit at iwQove1é87%e| ut ed material using Wdetection at 2 4%k #r ence:
Norton, J. D., et al. (1994) J. din. 5 Invest. 93, 2084). Rat Gavage Assay
- Male Wster rats (275-300g) are ad.‘nsmi stered | BAT inhibitors using an
oral gavage procedure. Drug 8{ éo 5 ﬁ&_%(so %Tvveen 80 in water) is

admi ni stered once a day (9:00£018 a for 4 days at varying dosages in a
final volume of 2 niL per ki | ogram of body wei ght. Total fecal sanples are

col | ected during tt}g { _rﬁltezlLS ?S’M{dg b%@tggefigsqgtmggggégscrﬁb% anal yzed

for bile 15 . acid’“cton an enzynm % ed bel ow.
Conpound ef fi Hgygass E\*ﬁ?@épﬂﬁ: n@ﬁcwl@éﬁpéﬁi’éwmaft &gefduxease in fecal bile

acid (FBA) concentration r.at FBA ntration of
PSS [t he versaaa] st ERRGE R BubGed R F R O A o Pat on
§F8A)24Tot al48f ﬁ;g:abmgtm&{ybeﬁﬂylwnengqahha?Maﬁdgdamheﬁs was col | gct ed

or or : i r ream of . njt e an

wei ghed. 25 Apgéft{)5>3<|3 tlefg 5802? alr%ldm Te ee%l {)u?ﬁ{gr)\d%i‘%r%&c#?g into an
organi ¢ sol verang &heaﬁ@llﬂﬁ/at?ér‘yas Ii\ﬂaltéﬁn ‘ﬁg E%@aﬂ‘atfloé'ﬂahd dhe ng, the
residue was dlnslsewt%?m@ EBiB?é@'fo&nﬁtlthe S0tEYm gfesmbelrsm@e a&ngir ﬁsgnt was |
measur enzy sing.t y r Qi st er oi ehydr ogenase
react i g& Wit h %&#8? FS f%%bdf‘e%ﬂﬁDg %Re%fteeﬁcgoo BRi G2)TP™ ot al.
(19B1) din. (ﬂ&ymerztu?EBSIZ?OHl(a-«l)Ot &Ur au® OTRR e 2046t é'IkeWﬁsemmdb Br ush

Bor der (I;/egiarH g%éﬁf¥e§bghs§oﬁH%Wktﬁiéﬁéagﬁéf[)q@ hbrzggBtQQE%ng Oggggranes ver e
prepar e

PCT/ US991 128| B*-A8m! FF%Z%}*’L E’éﬁf“z’ﬁhc‘&%% adﬁegh aBél ggﬁrﬁllﬁﬁt&fﬁpl tation
met hod descri b@SbgﬂeWBF-‘dt ne xeflaix fpRef ehencifitefr] $POYiBFohinriora ei ophysi ca
g\cta %53 b25%2pzﬁatﬂ?téh0§b:é Qﬁlﬂfﬁ%&uﬁaagcérﬂiégn(&%%atﬁ V‘?&aﬁr%%ﬁ”h' ally as
escri bed by raner .et_a eren chi a .El ophysi ca
Acta, 1911 9%:83% 5 R e SRR F L AL 0y o g B PR AP IR Y 00 ST
Briefly, at frte ér aﬂ‘eﬁ'@% exggactsg W%tq%ﬁlﬁéﬁt aﬁ‘ﬁil-‘#gflzdclvl [' H-
-taurochol ate n/ mMganni tol pH 7.4
was 10 |ncubatw(ég fg?ngos%%lw C{%EEE@&%Q% ushwgghdg % r?ig%ane vesi cl es
(60-120 ~. g prEPEFNFXCAREES MAHPaCFdASWANIF ¢ %%"@Pliﬁﬁ'tﬁé‘ addi ti on of the

EBW vin | e vorberengratedthe vaaet tongivvs =i amped bylt kesxnddy,tion of 5 m
of ice cold buffer ggg)rﬂ\/lﬁepes tris, 150 mM

98% y H NMR confirmed desired structure.
Step 4
OH
,/‘\\LZ%U
S Bu
Ii lI OMe
F
25 C25H3502FS fw=418.61

A 5-liter, 3-neck, round-bottom flask was
equipped with N, gas adaptor and mechanical stirrer.
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15 KC1) followed imediately by filtration through a nylon filter (0.2 ~cm
pore) and an additional 5 nml wash with stop buffer. Acyls ; | estzer PEC 2002
Acyl Tr aX¥PaVUSY (ACAT) 20 Hanster liver and rat int esrﬁgﬁﬁﬁh@r@osonﬂ wer e
prepared fromtissue as described previously (Reference: (1980) J. Biol.
Chem 255, 9098) and used as a sourcé38f ACAT enzyne. The assay consi sted
of a 2.0 m incehatditemORhs '@dzaiﬁngq eayr1c@d(L.@5 25 ~C) in a 50
nmM sodi um phosphate,” 2 mM DTT ph 7.4 buff%er containi n% 0.25 % HSA and 200
~g of ni cr osonahepratybenzy Thdrophgnahs(iaf. 004t @3- Iynalie aaddRrti on of

0113_0%'! -CoA]-c ghgtn%ﬁ%&f}jegﬂy!\ﬁélﬁhéx?r(lﬁio ni-.)ntv%re?’%d%‘e@l%d/\@%e: %m;a%xedt by the
addition o : 0 chl or of o . e no . e _extraction was
added 125 ~g ofwﬁo‘io@&fegrﬁ? %i%at °?h““&m>’§’6f‘8rﬁ?hge%ﬁ&%érgf“swﬁt as a
carrier &nd thewas gaidied shellaguendstihasicture vase abdiowsdt tonwaene separ at ed
by centrifugatiQ) chCtehpéR438 VoI iMiHiGy1fhspyterddlsanehpem phase was
taken to drynefééand t?en spot ?d on a%c; i ca g@'ﬁﬁ 60 _TLC pl ate and

devel oped in SUBSPTIEE "r@é&“‘:‘\%’%‘ (FREE9asd. a FEEERTS5Y2PGT/ US99112828
31 D E C 2002 hexdamretefbyl6ether THE: dactioe mibmtmre ofaschol est erol ester

formed was det eidHJagdrBYed MRS Yot Boad M PERYBL1 Al radigact i ¥hby incorporated
into the cholesterol oleate spot on the TLC plate withf a Packard

i nstai nk@er . 5 drRABPEs130RMticGavagewFeieal vidahaetiyrl SdderAddindi onal Conpounds
- of the PresendondVvapsod prvalebliab@nponed aghebuslysdiucPeaelgicr onol esExanpl e
No. (ng/ kg/ day) fecal bfle.acid per _

day) 140228558. heategd bax<Eilas2802510 i 0cooDBU S 100822, 91 40330241. 6. 435. 2

.7052;%%. i' 8411231314 6%23“%“8( f:?f gxnéiczte‘j gith e%hyl %gegi 9T131§o 1. 0827. 5. 0166
L a0733090 Ay #EREETE Bt g Gt yBER. . SredeE g 10 L o3 a206.

. 445. 2.13826. 3. @be6eft ARIT i A REcSyiteEEivBULE #@er 031 D E C 200 WO 00/ 01687
258 PCTNS99/ 12828 140933

-219. 2. 428. 2. 08343196aMR5k yiaddui2/H NMR38nd NS51UMs +0Hb 1114408832, 434, 327. 9
9. 3141 035226. 2 c686i5mOHed d2s0#6c s tdAkt 134263. 4. 454. | . 0833. 01622. 3141326552.
3.242. 4. 0419141427545, 2. 239. 5. 0414. 3141431241. 5. 433. 7. 0829. 0163. 8| 41528559.
9.248. 1. 0423. 91 41537248. 9. 425. 7. 0827. 1. 01612. 7141629246. 1. 42| . 9. 0825. 016- 7.
8141 731251. 4. 485eB839. 6. 01629. 3141 829220. 3. 429. 5. 08- 4. 6. 016- 1014l 931228.5
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20 F

A 2-liter, 4-neck, round-bottom flask was
equipped with N, gas adaptor, and mechanical stirrer.

25 The system was purged with N,. The corresponding
alcohol (143.94 g/343.8 mmol) and CH,Cl, (1.0 L) were

added and cocled to 0 C. Pyridinium chlorochromate
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WD 00/ 01687 259 PGTNS99/ 12828 34065 1)
. 0810. 3. 0165. 8142031253. 1. 445. OB38. 1. 01629. 6142132257. 8. 427. 7. OB25. 3.
142334256. SWOAROBBD835. 3. 01614. 4142521591, 8. 2100. . 0466. 41 FCIBEINWEB. 462. 086
9.5.01631. 614254024B. 3. 445. 0831. 2. 01630| 42633252. 4. 419. 5. 0823. 1. 01624. 61426
35237. 7. 441 . 7. 0840. 5. 01624. 6142639254, 16448. 7. 0851. 8. 01626. 8142643240. 8. 421
. 7.0B5. 9. 0164. 11 42740236, 7. 435. 8..0827, 3 3. 0. 4464 9..0824. 4. 016
12. 2142842246 . 44 .4"%3%%‘?’1“%’“@ §ﬁEE‘T8%%LE§%§3§ %'00%3@827 “%%(2)
PCTNS99/ 12828 31 f4dedC 20fFer 20 min, the mixture was filtered through
_-.0826.0161. 11429412345, 424. 9..0818. 7. 06921429 - .
42247.|.431.1.08§%.%Fﬁl%%?8f%§%§6§5f?534é€2ﬁf@82%3?1§f%P§?Bﬁ4§T§228.345.82

. 91. 1143228536. 2.c8@cénb A2 dd 433 248066: 8241vé. 2286tk Tealewappdaesilherein can
be repeated with simlar 5 success by, substituting the gengrically or

specifical5y desdiilBelgr c&tt aried dind/ BH WRrand MF ddiditt Edns= A1 hi s

i nvention for thegarussdchd ddie regesegdhdeuexanpl es. The invention being

t hus described, it is 10 apparent that the sane can be varied in nany ways.
Such variations are not to be regarded as a departure _ fromthe spirit and
scope of the presS&map fnvention, and all such nodifications and equival ents
as woul d be obvious to one skilled int art are intended to be 15

i ncluded within the scope of thedfoll ng clainms. SLIBSTTtUT' E SHEET ( RULE)
26) ,, 2 ~1 CLAIMS 1. A conpouh the structural forrnula. (| ) .

_ ~\s%\ . Hu Me2N ~ Bu (T) =% or a pharmaceutically acceptable
salt thereof wherein RS is selected fromthe gremp consisting of: 00
NH~COzH

F

A 2-liter, 4-neck, round-bottom flask was
equipped with N, gas adaptor and mechanical stirrer.

The system was purged with N,. The corresponding
15 sulfide (110.6g/265.5mmol) and CH5Cl, (1.0 L) were

added. The solution was cooled to 0 C, and 3-
chloroperbenzoic acid (158.21g/531.7mmol) was added
portionwise. After 30 min, the reaction mixture was
allowed to warm to room temperature After 3.5 h, the
20 reaction mixture was cooled to 0 C and filtered
through a fine fritted funnel. The filtrate was
washed with 10% aqueous K,CO3. An emulsion formed

which was extracted with ethyl ether. The organic
layers were combined, dried (MgSO,), filtered, and

25 concentrated in vacuo to give the product (93.2g, 78%

yield). 1y NMR confirmed the desired structure.
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Step 7
ot
g
Bu
Bu
F i ",
H OH

OMe
C25H3304FS fw=448.59

A 2-liter, 4-neck, round-bottom flask was
equipped with N, gas adaptor, mechanical stirrer, and

a powder addition funnel. The system was purged with
No. The corresponding aldehyde (93.2g/208mmol) and

THF (1.0 L) were added, and the mixture was cooled to
0 C. Potassium tert-butoxide (23.35g/208.1mmol) was
added via addition funnel. After 1h, 10% ag/ HCl (1.0
L) was added. After 1 h, the mixture was extracted
three times with ethyl ether, dried (MgSO,), filtered,
and concentrated in vacuo. The crude product was
purified by recrystallized from 80/20 hexane/ethyl
acetate to give a white solid (32.18g). The mother
liquor was concentrated in vacuo and recrystallized
from 95/5 toluene/ethyl acetate to give a white solid
(33.60g, combined yield: 71%). <IH NMR confirmed the
desired product.
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Step 8
0,
cg§£
Bu
Bu
Me,N ; s,
e & OH
OMe

A Fisher porter bottle was fitted with N, line

and magnetic stirrer.

The system was purged with N,.

The corresponding fluoro-compound (28.1g/62.6mmol)
was added, and the vessel was sealed and cooled to -78
C. Dimethylamine (17.1g/379mmol) was condensed via a
CO,/acetone bath and added to the reaction vessel.

The mixture was allowed to warm to room temperature

and was heated to 60 C.
mixture was allowed to

After 20 h, the reaction
cool and was dissolved in ethyl

ether. The ether solution was washed with H,0,

saturated aquecus NaCl,

dried over MgSO,, filtered,

and concentrated in vacuo to give a white solid

(28.5g/96% yield). IH
structure.

NMR confirmed the desired
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Step S
ol
NS
Bu
Bu
Me)N —",
OH
) CogHa704NE fw=459. 64
5 A 250-mL, 3-neck, round-bottom flask was equipped

with N, gas adaptor and magnetic stirrer. The system
was purged with N,. The corresponding methoxy-
compound (6.62g/14.0mmel) and CHCl,; (150 ml) were

added. The reaction mixture was cooled to -78 C, and

10 boron tribromide (10.50g/41.9mmol) was added. The
mixture was allowed to warm to room temperature After
4 h, the reaction mixture was cooled to 0 C and was
quenched with 10% K,CO5 (100 mL). After 10 min, the
layers were separated, and the agueous layer was

) 15 extracted two times with ethyl ether. The CHCl, and

ether extracts were combined, washed with saturated
aqueous NaCl, dried over MgsSO,, filtered, and
concentrated in vacuo to give the product (6.27g/98%
yield). 14 NMR confirmed the desired structure.

20
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Step 10
O
\W
S/
Bu
Bu
(H;,C1N
$ OH
5 In a 250 ml single neck round bottom flask with

stir bar place 2- diethylamineoethyl chloride
hydochloride (fw 172.10g/mole) Aldrich D8, 720-1 (2.4
millimoles, 4.12g), 34 ml dry ether and 34 ml of 1N
KOH (agqueous). Stir 15 minutes and then separate by

10 ether extraction and dry over anhydrous potassium
carbonate.

In a separate 2-necked 250 ml round bottom flask

with stir bar add sodium hydride (60% dispersion in

15 mineral oil, 100 mg, (2.6 mmol) and 34 ml of DMF. Cool
to ice temperature. Next add phenol product (previous
step) 1.1 g (2.4 mmol in 5 ml DMF and the ether
solution prepared above. Heat to 40C for 3 days. The
product which contained no starting material by TLC

20 was diluted with ether and extracted with 1 portion of
5% NaOH, followed by water and then brine. The ether
layer was dried over Magnesium sulfate and isolated by
removing ether by rotary evaporation (1.3 gms). The
product may be further purified by chromatography

25 (silica 99% ethyl acetate/1% NH4OH at S5ml/min.).
Isolated yield: 0.78 g (mass spec , and Hl NMR)
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Step 11

(H,C),N

+
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The product from step 10 (0.57gms, 1.02 millimole
fw 558.83 g/mole) and iodoethane (1.6 gms (10.02
mmilimoles)was place in 5 ml acetonitrile in a
Fischer-Portexr bottle and heated to 45 C for 3 days.
The solution was evaporated to dryness and redissolved
in 5 mls of chloroform. Next ether was added to the
chloroform solution and the resulting mixture was
chilled. The desired product is isolated as a

precipitate 0.7272 gms. Mass spec M-I = 587.9, 'H
NMR) .

Example 1402
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31 D E C 2002 2~.3 2, A conpound according to claim1 for use as a

medi canent . 3. e of a conmpound defined in claim1 for tgresnggact gried i 2002
a ., . nmed'oie "for the prophyl axis or treatnent of a hyperlipidemc
condition. 4. Use of a conmpound defingggdn claiml for the manufacture of a
medi canment for the prvphylaxis or treatnment of an atherosclerotic

condition. 5. Use of a conpound defined in claim1l for the manufacture of a

medi cament for tdag-Ragpbyl axssi4arst sepibeeyl of - (BitHy0asShey Ol ema. 6. A

pharmaceutical co sitio onprisi a_conmpoungd, of. clagim1l, and a

phar maceut i cal | 'gggebt’gﬁ?’é“ﬁygﬁ'gr'gg?'."c”ﬁ?’ggh%b‘%ﬁ’flc?%'gécordi ng to claimé
for use in 't hebenspbhierin- b1yl pbeteryl pehtyl Ishial-3H-derrazderdi-t i on,
wherein said conpskti QRigS to be administered to a patient in unit dosage
form 8. A conposition according to claim6 for use in the prophylaxis or

treatnment of an atherosclerotic condition, wherein said conposition is to._-.
be adm ni st er ed stepalpat Peeypadationi df dosfibgoferan ((@- A conposition

according to cl emBx{-Bhe At h e -phORLY! axi s or treatment of
hyper chol estero , , tion is to be admpjstered to a
patient in unit dosag® #oFmrred, sOlugdon o A fh@ R&vPRE SPRAWR r uct ur al

fornula {dn: ~Nhy@irDd€~( 2D&ol) in 600 mL of dry toluene was added )
1414 (3. 301 By 45y O 29 LofIREAYL 26 ¥ Taohy 018, e 5+t et rahydro- 1
pi n-5-yl ) - phenoR}HFERRS | Fahettifrpdanr 202 QAR sb FOMFc MBESL 2985 oct ane:
chloride or a peebiaceot i adgpedacTrptmbtieursalvad hecdet. dddn o caopound
according to cl %E%&?aé@f%% gs 31157@39{5,98(?@3%39,§%- gu%% ¢ a conpound

or t 0 lic

defined in claim e manufacture a nmedi nment for th,e

prophyl &3 s or PEERPIRRNZM SPAPHERE| B et T \c dd*fOPoR™ 958.9%ke of a
conpound defi netdolnent avas Eddedr Afeermrflacting fok 24nbowxsnwie for the

prophyl axi s or peathfeRiadicodied! ST ASGH HMderatRdl Bh@Nquddkhddse of a
conpound defined, ] si OCA ai_m ]fO for theh manuf act ure of a nedi canent
with § mL of water. The organic layer was separated,

dried over MgSQO,, and concentrated under high vacuum.

20 The remaining starting materials were removed by
distillation. The crude dark red oil was filtered
through a layer of 1 L of silica gel with neat hexane
to yield 53.00 g (25.6%) of the product as a pink

solid: 'H NMR (CDCl,) & 3.79 (s, 3H), 3.90 (s, 2H), 4.58 )
25 (s, 1H), 6.70-6.74 {(m, 1H), 6.79-6.88 {(m, 4H), 7.11-
7.16 (m, 2H).

Step 2. Preparation of 4-fluoro-2-((4-
methoxyphenyl)methyl) -thiophenol
30 Step 2a. Preparation of thiocarbamate
To a stirred solution of 50.00 g (215.30 mmol) of
4-fluoro-2- ( (4-methoxyphenyl)methyl) -phenol in 500 mL
of dry DMF was added 11.20 g of 60% sodium hydride
dispersion in mineral oil (279.50 mmol) at 2°C. The
35 mixture was allowed to warm to room temperature and
26.61 g of dimethylthiocarbamoyl chloride (215.30 mmol)
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Example 1403

NH~ COH
20
(4R-cis) -N-[[4-[3,3-Dibutyl-7- (dimethylamino)-2,3,4,5-
tetrahydro-4-hydroxy-1,1l-dioxido-l-benzothiepin-5-
yllphenoxyacetyllglycine

25 Step 1l: Preparation of glycine ester intermediate
To a solution of 6.4 g (13.9 mmol) of 5-(4'~
hydroxyphenyl) -7- (dimethylamino) tetrahydrobenzo-
thiepine-1,1-dioxide (obtained from Example 1402, Step
10) and 2.9 g (21.0 mmol) of potassium carbonate in 100
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caj ca] c&] c&a] c&‘ﬁ'];%a %7] cé&%ﬁ’éf%é‘a]dtz? Uf%a]‘tmoﬁdtpe]rga]q&a#c’l‘ C]f]c 4] ca] caDY: ] ca
] cabh(: ] ca] caDTe}z ahydyggen ballgow .M Rvery /19 miry./ hydrpgen gas was
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c2alca]calcalc a ca n

1111 1#11151D1M1]1\ﬁ?§]1 lf] %i"é‘ﬁs?—‘g ‘ﬁ?’lr%‘fé% @]‘%q caflgl]r]r&a]"ca]@l "i‘])cgfé %] ca] caD@;
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ca F33r 442555$6tl€é3&@397:?.3n8ﬁ&3ﬁﬁ%9@69 96 min. The mixture was

R R ooy G Fo e A L T

Lg#109%&' () - - 109 qERrre Ep-give a white

0) \10%&' ()-d }OL?}&B&.f(l)ca@NﬁXB]r flh&@&c(x):ométog]:\&%y( X2.6 x A& )- ! " 10YBB& (

)= IOW (07 0% 6k ek 819 YEe dzdes WHLYBebl: LR OAGY & ()- 108
20 compound (0.54 g, 63%) as a white foam: wmp: 76-79 °C;

H NMR (CDC1,) § 0.90 (m, 6H), 1.10-1.46 (br m, 10H),
1.62 (m, 1H), 1.87 (m, 4H), 2.20 {(m, 1H), 2.45 (m, 2H),
2.81 (s, 6H), 3.05 (ABq, J = 15.1 Hz, J = 49.7 Hz, 2H),
4.00 (s, 2H), 4.05 (s, 1H), 5.45 (s, 1H), 5.99 (4, J =

25 2.4 Hz, 1H), 6.48 (dd, J = 8.9, 2.4 Hz, 1H), 6.91 (d, J
= 8.7 Hz, 2H), 7.39 (m, 5H), 7.39 (4, J = 8.3 Hz, 2H),
7.84 (d, J = 8.9 Hz, 1H); HRMS. Calc’d for C,;H,NO.S:
560.3046. Found: 560.3043.
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& ()-4 1" 10%& ()-4!Cl' 109M& () - . =?@E776H10l 1098 ()-|

yL9 10%&' ()- @Bl ny dB7! 10!k’ 3
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\/\/\802NH2

y10%& ()- 10%&' ()-T!.1 mlo%& ()-1 10%
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5 (4R-cis) -4-[4- [3,3-Dibutyl-7- (dimethylamino)-2,3,4,5- )
tetrahydro-4-hydroxy-1,1-dioxido-~-1-benzothiepin-5-
yllphenoxy-l-butanesulfonamide

10 Step 1: Preparation of sulfonic acid intermediate
A solution of 7.4 g (16.1 mmol) of 5-(4’'-
hydroxyphenyl) -7- (dimethylamino) tetrahydrobenzo-
thiepine-1,1-dioxide (obtained from Example 1402, Step
10) in acetone (35 mL) at 25 °C under N, was treated
15 with powdered pctassium carbonate (3.3 g, 24.1 mmol,
1.5 equiv.) and 1,4-butane sultone (2.5 mL, 24.1 mmol,
1.5 equiv.) and stirred and heated at 65 °C for 64 h.
The solution was allowed to cool to 25 °C and
quenched by the addition of water (50 mL), until a
20 homogeneous mixture was obtained. The clear and
colorless solution was added dropwise to a 4 N HCl
solution coocled to 0 °C over a 30 min period. The
mixture was vigorously stirred for 4 h then allowed to
warm to ambient temperature and stirred for an
25 additional 16 h. The resultant white precipitate was
filtered and washed with water and dried in vacuo to
provide 8.8 g (92%) of the desired sulfonic acid as a
white solid. A portion of the white solid was
recrystallized from CH,CN/hexane to give the desired
30 sulfonic acid as colorless needles: mp 229-236 °C
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109 ()_.2@ Ve ﬁ%&% oSt e A2 ol % %%%& { t9p 1(()?3/&' 0-
$Ih ' 100& () - 18] g Anaogcaleyd T HFhMO-F): G2 6948 : -

3<3=3>3J303i 32. 8 A mhiHd: &q()sd) S0YER @).7041R0% & 49 - 10

10 Step 2: Preparation of 7-(dimethylamino) -
) benzothiepin-5-yl)phenoxy-1-butanesulfonamide
To a solution of 1.12 g (1.88 mmol) of the

sulfonic acid (obtained from Step 1) in 10 mL CH,Cl,
was added 785 mg (3.77 mmol) PCl, and stirred for 1

15 hour. Water was added and the mixture was extracted
and washed with brine. Dried with MgSQO,, filtered and
solvent evaporated. To the residue was added 30 mL of
0.5M NH, in dioxane and stirred 16 hours. The
precipitate was filtered and the solvent evaporated.

20 The residue was purified by MPLC (33% EtOAc in hexane)
to afford the desired title compound as a beige solid
(125 mg, 11%): mp 108-110 °C; 'H NMR (CDCl,) § 0.85-0.93
(m, 6H), 1.13-1.59 (m, 10H), 1.60-1.67 (m, 1H), 1.94-

) 2.20 (m, 5H), 2.82 (s, 6H), 2.99 (4, J = 15.3 Hz, 1H),

25 3.15 (t, J = 15.3 Hz, 1H), 3.23 (t, J = 7.7 Bz, 2H),
4.03 (¢, J =5.8 Hz, 2H), 4.08-4.10 (m, 1H), 4.79 (s,
2H), 5.47 (s, 1H), 6.02 (d, J = 2.4 Hz, 1H), 6.52 (44,
J=8.9, 2.6 Hz, 1H), 6.91 (d, J = 8.9 Hz, 2H), 7.41
(d, J = 8.5 Hz, 2H), 7.89 (d, J = 8.9 Hz, 1H). HRMS.

30 Calc’'d for CyH(N,0:S,: 595.2876. Found: 595.2874.
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10% ()-d 3110%n& ()-!'b 31109%& ()-!" ' 10§/ (g @aA B" CCCCy 8- :
10s&9&10%&' ()-!'<*@ 10%& ()- !'F* @ 10%
'YP FS! 10%&&&' () -s!c FS! 10%00& (R{‘ (B‘& () -sCCCCDODDEeC. 10s!S
| +10%& ()-! | +10%& ()- tfodl0%q &2 -'f@iO%lé (& ((? fod0% & ()- 10
10E9FhFSGGGGy WBC. - -S -Me
O
o\/\/\E//\N> )
5

(4R-cisg)-1-[3-[4-[3,3-Dibutyl-7- (dimethylamino) -~
2,3,4,5-tetrahydro-4-hydroxy-1,1~-dioxido-1-
benzothiepin-5-yl]phenoxyl propyll] -4-aza-1-

10 azoniabicyclo[2.2.2]octane, methanesulfonate (salt)

Step 1: Preparation of dimesylate intermediate
To a cooled (-20 °C) solution of 5.0 g (65.7 mmol)
of 1,3-propanediol in 50 mL of triethylamine and 200 mL
15 of methylene chloride was added 15.8 g {137.9 mmol) of
methanesulfonyl chloride. The mixture was stirred for
30 minutes, then warmed to ambient temperature and )
partitioned between ethyl acetate and 1N HCl. The
organic layer was washed with brine, dried over MgSoO,,
20 and concentrated in vacuo to give 13.5 g (B9%) of
dimesylate intermediate as a clear yellowish oil: ‘H

NMR (CDCl,) § 2.12 (quintet, J = 4.5 Hz, 4H), 3.58 (s,
6H), 4.38 (£, J = 5.4 Hz)

25 Step 2: Preparation of propyl mesylate intermediate
To a solution of 2.4 g (5.2 mmol) of 5-(4’-
hydroxyphenyl) -7- (dimethylamino) tetrahydrobenz-
othiepine-1,1-dioxide (obtained from Example 1402, Step
10) and 6.0 g (26.1 mmol) of dimesylate intermediate
30 (obtained from Step 1) in 50 mL of acetone was added
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() - =101, C()s L ' ()- %,.h& ()= 10 10
10" 89109%& W DA E o tEéﬁW‘i%&fﬁb%&ég‘ﬁfé% gﬁ%%%t(‘%e ;P‘s’! 10%
& ()- !'h!10veeseegntratefDgnhvacuo. The residue was partitioned
Eg 8 ; | g%o‘i/eg%é&wééx%% O/aﬁéﬁﬂf?é?;a%m&.\ ;k{ﬁg 8&9&:@%( l&'ly(f%-; 6?]%(% (lg)% h
' - ! ' = g 0, ‘() - < gl ' - | K s! ' -
RRRRRSSéSbAlO!wﬁég%ﬁ?'%%él??ifaé’@?ﬁbﬁ ('319%0/@?"@-‘:6@58%”‘?3@-( 10 h 10 h
10 h9 10% in vacuo. Purification by silica gel chromatography
0 O ST NG PO bt RSO a0 00170
intermediate as a white foam: 'H NMR (CDCl;) & 0.86-
10 0.95 {(m, 6H), 1.06-1.52 (m, 10H), 1.57-1.70 (m, 1H),
) 2.14-2.32 (m, 3H), 2.84 (s, 6H), 3.02 (s, 3H), 3.08
(AB;, Jas = 15.0 Hz, J = 46.9 Hz, 4.09-4.18 (m, 3H),
4.48 (¢, J = 6.0 Hz, 2H), 5.49 (s, 1H), 6.11 (s, 1H),
6.65 (d, J = 8.7 Hz, 1H), 6.94(d, J = 8.6 Hz, 2H), 7.43
15 (d, J = 8.5 Hz, 2H), 7.94 (4, J = 8.9 Hz, 1H).

Step 3: Preparation of quaternary salt
To a solution of 1.2 g (2.0 mmol) of propyl
mesylate intermediate (obtained from Step 2) in 20 ml
20 of acetonitrile was added 0.3g (2.9 mmol) of 1,4-
diazabicyclo[2.2.2)octane (DABCO). The reaction mixture
was stirred at 60 °C for three hours, then cooled to
ambient temperature and concentrated in vacuo.
Purification by trituration with methylene
25 chloride/ethyl ether gave 1.3 g (91%) of the desired
title compound as a white solid: mp. (dec) 230-235 °C;

'H NMR (CDC1l,) § 0.86-0.95 (m, 6H), 1.04-1.52 (m, 10H),
1.57-1.70 (m, 1H), 2.12-2.25 (m, 3H), 2.28-2.39 (m,
2H), 2.83 (s, 6H), 3.04 (s, 3H), 3.09 (AB;, Jy = 15.6
30 Hz, J = 42.2 Hz, 2H) 3.22-3.32 (m, 6H), 3.56-3.66 (m,
6H), 3.73-3.83 (m, 2H), 4.06-4.17 Sm, 3H), 5.47 (s,
1H), 5.97 (s, 1H), 6.51 (d, J = 8.6 Hz, 1H), 6.90(d, J
= 8.6 Hz, 2H), 7.41 (4, J = 8.7 Hz, 2H), 7.89 (4, J =
8.9 Hz, 1H). MS (ES+) m/e 612.4. HRMS (ES+) Calc’d
35 for C,sHN,0,S°: 612.3835. Found: 612.3840.
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Y: 10! 719" 39! 10%gq& () - ! >39! 10%&' () -
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1099MLO9&' () -!" Fy"lO%&f()-'Fy"lO%&f_%;L\E;E}ﬁ%&f() Fy'"109&' ()-! Fy" 109 () -
gqgqqqq_rrj H 1099ML0% ' 10%&' ()-'!'G 1 %&T({ »ﬁ09&|&f()
10%| & () - Fnl0%t| & ()- 10 10rwsEt st puvbv
10!<"10%£4&'()-'!'10%&'()-'!"10%&'()-'!A"lO%Uu&'()-'!"10%&'()-'!6'10%&
() - " bvvvswa@ABwWApSHL 1 015! 8350 %. pibutyl-7- (dimethylamino) -
2,3,4,5-tetrahydro-4-hydroxy-1,1-dioxido-1-
benzothiepin-5-yl] phenoxy] propyll} -4-aza-1-
azoniabicyclo[2.2.2]octane, 4-methylbenzenesulfonate
10 (salt)

Step 1l: Preparation of propyl tosylate intermediate
A solution of S5-(4‘-hydroxyphenyl)-7-

(dimethylamino) tetrahydrobenzothiepine-1,l-dioxide (5.0

15 g, 10.2 mmol, obtained from Example 1402, Step 10) in
acetone (100 mL) at 25 °C under N, was treated with
powdered K,CO, (3.8 g, 27.2 mmol, 2.5 eqg.) and 1,3-
propanediol di-p-tosylate (13.0 g, 32.6 mmol, 3.0 eq.),
and the resulting mixture was stirred at €5 °C for 21

20 hours. The cream-colored slurry was cooled to 25 °C
and was filtered through a sintered glass funnel. The
filtrate was concentrated and the residue was dissolved
in EtOAc (150 mL). The organic layer was washed with
saturated agqueous NaHCO, (2 x 150 mlL) and saturated

25 agqueous NaCl (2 x 150 mL), and was dried (MgSO,) and
concentrated in vacuo to provide a pale orange oil.
Purification by flash chromatography (4.4 x 35 cm
silica, 20-30% EtOAc/hexane) afforded the propyl
tosylate intermediate (6.0 g, 80%) as a white foam: ‘H

30 NMR (CDCl;) § 0.91 (m, 6H), 1.11-1.47 (br m, 10H), 1.63
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(1.05 g, 1.56 mmol, obtained from Step 1) in
acetonitrile (15 mL) at 25 °C under N, was treated with
diazabicyclo{2.2.2]octane (DABCO, 0.26 g, 2.34 mmol,
1.5 eqg.) and stirred at 50 °C for 6 hours, then at 25

15 °C for 14 hours. The pale amber solution was cooled to
25 °C and concentrated in vacuo to provide an amber
0il. The residue was disscolved in a minimal amount of
CH,Cl, (5 mL) and diluted with Et,0 (100 mL) while
vigorously stirring for 4 hours, during which time a

20 white solid precipitated. The white solid was
collected (Et,0 wash) to give the desired title
compound (1.11 g, 90%) as a white amorphous solid: mp

136.5-142 °C (decomposed); 'H NMR (CDC1l,) § 0.89 (m,
6H), 1.12-1.43 (br m, SH), 1.61 (m, 1H), 1.65 (m, 1H),
25 2.18 (m, 1H), 2.22 (m, 2H), 2.27 (s, 3H), 2.78 (s, 6H),
3.07 (ABg, J = 15.1 Hz, J = 39.5 Hz, 2H), 3.49 (br s,
6H), 3.68 (m, 1H), 3.74 (br s, €H), 3.96 (br s, 2H),
4.09 (4, J = 7:3 Hz, 1H), 5.46 (s, 1H), 5.96 (d, J =
2.4 Hz, 1H), 6.49 (dd, J = 8.9, 2.4 Hz, 1H), 6.83 (d, J
8.5 Hz, 2H), 7.11 (d, J = 8.1 Hz, 2H), 7.40 (d, J =
8.3 Hz, 2H), 7.74 (4, J = 8.1 Hz, 2H), 7.87 (d, J = 8.9
Hz, 1H); HRMS. Calc’‘d for C,sHN,0,S: 612.3835. Found:

612.3832.

)
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5 (4R-cis) -1-[4-[4-[3,3-Dibutyl-7-(dimethylamino) -
2,3,4,5-tetrahydro-4-hydroxy-1,1-dioxido-1-
benzothiepin-5-yl] phenoxy]butyl] -4-aza-1-
azoniabicyclo[2.2.2] octanemethanesulfonate (salt)

10 Step 1l: Preparation of butyl mesylate intermediate
A mixture of 1.00 g (2.18 mmol) of 5-(4'-
hydroxyphenyl) -7- (dimethylamino) tetrahydrobenzo-
thiepine-1,1-dioxide (obtained from Example 1402, Step
' 10), 2.68 g (10.88 mmol) of busulfan, and 1.50 g (10.88

15 mmol) of potassium carbonate in 20 mL of acetone was
stirred at reflux overnight. The mixture was
concentrated in vacuo and the crude was dissolved in 30
mL of ethyl acetate. The insoluble solid was filtered
off and the filtrate was concentrated in vacuo. The

20 resulting white foam was chromatographed through silica
gel column, and eluted with 30% ethyl acetate/hexane to
give 1.02 g (77%) of butyl mesylate intermediate as a

white solid: H NMR (CDCl;) § 0.90 (m, 6H), 1.20-1.67
(m, 12H), 1.98 (m, 4H), 2.22 (m, 1H), 2.83 (s, 6H),

25 3.04 (s, 3H), 3.08 (ABg, 2H), 4.05 (t, J = 5.55 Hz,
2H), 4.11 (d, J = 6.90 Hz, 1H), 4.35 (t, J = 6.0 Hz,
2H), 5.49 (s, 1H), 6.00 (d, J = 2.4 Hz, 1H), 6.52 (d4d,
J= 9.0 Hz, 2.7 Hz, 1H), 6.93 (d, J = 9.0 Hz, 2H), 7.42
(d, J = 8.4 Hz, 2H), 7.90 (d, J = 2.0 Hz, 1H).
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) _I 0 | 0,
108&9 10AB&5 T i ae compoun 1ch was ég%ryéga 1§ev # 1 10%pré
C() -t #: 109EEERS - ‘F? &

10B! | * 3dY0%& (From T eeideSie( FhlonBH/maURacyEdri0%E @) whit 6199%8Q:) - 10B
135&\354@29()1 Olls‘aﬂ/&%%azél() 1 Fh90BoslRREYY - A1 0 ey £8 ()1 134 3addooe ()-/1°
3d9%40% () -/ 8Q W8, 1DAH)A QUBBE () - 1R QUP6&(6) -4H)G 2.21 (m, 1H),
15 2.77 (s, 3H), 2.82 (8, 3H), 3.07 (ABg, 2H), 3.26 (t, J

= 7.1 Hz, 6H), 3.60 (m, B8H), 4.08 (m, 3H), 5.47 (s,

1H), 5.99 (4, J = 2.4 Hz, 1H), 6.51 (44, J = 8.9 Hz,

2.6 Hz, 1H), €.91 (d, J = 8.7 Hz, 2H), 7.41 (8, J = 8.1

Hz, 2H), 7.89 (d, J = 9.0 Hz, 1H).

20
Example 1408
o,.°
) S Bu
MeaN Bu
e ",
2 § 7oH o
- "
g
(@]
o ™
\/\/\W
25 (4R-cis)-1-[4-[4-[3,3-Dibutyl-7- (dimethylamino) -

2,3,4,5-tetrahydro-4-hydroxy-1,1-dioxido-1-
benzothiepin-5-~yl] phenoxy] butyl] -4-aza-1-
azoniabicyclo([2.2.2] octane-4-methylbenzenesulfonate
(salt)
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g, 10.9 mmol, obtainéd from Example I402, Step 10) in
5 acetone (100 mL) at 25 °C under N, was treated with
powdered K,CO, (3.8 g, 27.2 mmol, 2.5 eqg.) and 1,4-
butanediol di-p-tosylate (13.0 g, 32.6 mmol, 3.0 eq.)7 "
and the resulting solution was stirred at €5 °C for 21
hours. The cream-colored siurry was cooled to 25 °C
10 and filtered through a sintered glass funnel. The
filtrate was concentrated and the residue was dissolved
in EtOAc (150 mL). The organic layer was washed with
saturated aqueous NaHCO, (2 x 150 mL) and saturated
agueous NaCl (2 x 150 mL). The extract was dried
15 (MgSO,) and concentrated in vacuo to provide a pale
orange oil. Purification by flash chromatography (4.4
X 35 cm silica, 20-30% EtOAc/hexane) afforded the
propyl tosylate intermediate (6.0 g, 80%) as a white

foam: 'H NMR (CDC1l,) § 0.89 (m, 6H), 1.10-1.44 (br m,
20 10H), 1.61 (m, 1H), 1.84 (m, 4H), 2.19 (m, 1B), 2.43
(s, 3H), 2.80 (s, 6H), 3.03 (ABg, J = 15.1 Hz, J = 46.3
Hz, 2H), 3.93 (m, 2H), 4.06-4.13 (m, 4H), 5.44 (s, 1H),
5.96 (s, 1H), 6.46 (dd, J = 8.9, 1.4 Hz, 1H), 6.85 (d,
J = 8.1 Hz, 2H), 7.33 (d, J = 8.1 Hz, 2H), 7.38 (d, J =
25 8.1 Hz, 2H), 7.78 (4, J = 8.9 Hz, 2H), 7.83 (m, 1H).

Sy

Step 2: Preparation of quaternary salt
A solution of propyl tosylate intermediate (5.8 g,

8.5 mmol, obtained from Step 1) in acetonitrile (100

30 mL) at 25 °C under N, was treated with
diazabicyclo[2.2.2]octane (DABCO, 1.1 g, 10.1 mmol, 1.2
eg.) and stirred at 45 °C for 6 hours. The pale yellow
solution was cooled to 25 °C and concentrated in wvacuo
to provide an off-white solid. The residue was

35 dissolved in a minimal amount of CH,Cl, (5§ wmL) and
diluted with Et,0 (100 mL) while vigorously stirring
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223-231 °C (decomposed); 'H NMR (CDCl,) § 0.86 (m, 6H),
1.09-1.43 (br m, 12H), 1.61-1.90 (br m, 5H), 2.13 (m,
1H), 2.25 (s, 3H), 2.75 (s, 6H), 3.03 (ABg, J = 15.1
Hz, J = 30.0 Hz, 2H), 3.05 (br s, 6H), 3.37 (br s, 6H),
3.89 (m, 2H), 4.07 (4, J = 7.5 Hz, 1H), 5.39 (s, 2H),
5.97 (d, J = 1.6 Hz, 1H), 6.44 (dd, J = 8.9, 2.0 Hz,
1H), 6.87 (4, J 8.3 Hz, 2H), 7.08 (d, J = 8.1 Hz,
2H), 7.37 (4, J 8.3 Hz, 2H), 7.71 (4, J = 8.1 Hz,
2H), 7.80 (d, J = 8.9 Hz, 1H); HRMS. Calc’d for
Ci¢HgeN3,0,5: 626.3992. Found: 626.3994. Anal. Calc’d for
Ci:HsN;0,8,: C, 64.71; H, 7.96; N, 5.27. Found: C, 64.36;
H, 8.10; N, 5.32.

Example 1410

(4R-cis) ~-4-[4-[3,3-Dibutyl-7-(dimethylamino)-2,3,4,5-
tetrahydro-4-hydroxy-1,1-dioxido-l-benzothiepin-5-
yl]lphenoxy] -N,N,N-triethyl-1l-butanaminium

A solution of 1 g (1.64 mmol) of the butyl
mesylate intermediate (obtained from Example 1408, Step
1) and 15 mL of triethylamine in 10 mL of acetonitrile
was heated at 50 °C for 2 days. The solvent was
evaporated and the residue was triturated with ether
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{4R-cis)~1-[4-14-[3,3-Dibutyl-7-(dimethylamino) -
2,3,4,5-tetrahydro-4-hydroxy-1,1-dioxido-1-

15 benzothiepin-5-yl]phenoxy]lbutyl] -3-hydroxypyridinium,
methanesulfonate (salt) )

A solution of 1 g (1.64 mmol) of the butyl

mesylate intermediate (obtained from Example 1408, Step

20 1) and 234 mg (2.46 mmol) of 3-hydroxy pyridine in 1 mL
of dimethylformamide was heated at 70 °C for 20 hours.
The solvent was evaporated and the residue was
triturated with ether and ethyl acetate to afford 950
mg (86%) of product as a semi-solid: ‘H NMR (CDCl,) §

25 0.9 (m, 6 H), 1-1.5 (m, 10 H), 1.7 (m, 1 H), 1.9 (m, 2
H), 2-2.4 (m, 3 H), 2.9 (s, 6 H), 3.1 (d, J = 15 Hz, 1
H), 3.2 (4, J = 15 Hz, 1 H), 4.1 (m, 3 H), 4.7 (m, 2
H), 5.5 (s, 1 H), 6.1 (s, 1 H), 6.6 (m, 1 H), 6.9 (d, J
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(4R-cis)-1-[5-[4-[3,3-Dibutyl-7-(dimethylamino) -

10 2,3,4,5-tetrahydro-4-hydroxy-1,1-dioxido-1-
benzothiepin-5-yl) phenoxyl pentyl] quinolinium,
methanesulfonate (salt)

Step 1: Preparation of pentyl mesylate intermediate
15 To a stirred solution of 231 mg (5.79 mmol, 60%
disp.) of NaH in 22 mL of DMF was added 2.05g (4.45
mmol) of 5-(4'-hydroxyphenyl) -7-(dimethylamino)tetra-
) hydrobenzothiepine-1,1-dioxide (obtained from Example
1402, Step 10), and the resulting solution was stirred
20 at ambient temperature for 1 hour. To the mixture was
added 18.02 g (55.63 mmol) of 1,5-diiodopentane and the
solution was stirred overnight at ambient temperature.

DMF was removed by high vacuum and the residue was
extracted with ethyl acetate and washed with brine.

25 The extract was dried over MgSO,, and the concentrated
residue was purified by column chromatography to give
the pentyl mesylate intermediate: 'H NMR (CDCl,) §
0.90(g, 6H), 1.05-2.0 (m, 17H), 2.2 (t, 1H), 2.8 (s,
gh), 3.0 (g, 2H), 3.22 (t, 2H), 3.95 (t, 2H), 4.1 (s,
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Step 2: Preparation of guaternary salt
5 To 1.0g (1.53 mmol) of the pentyl mesylate

intermediate (obtained from Step 1) was added 3.%4 g

S e (30.5 mmol) of quinoline and 30 mL of acetonitrile.

The solution was heated at 45 °C under N, for 10 days.
The concentrated residue was purified by reverse phase

10 C18 column chromatography. The obtained material was
exchanged to its mesylate anion by ion exchange
chromatography to give the desired title compound as a
solid: mp 136 °C; 'H NMR (CDCl,) § 0.95(g, 6H), 1.05-
2.25 {(m, 18H), 2.8 (s, SH), 3.0 (g, 2H), 3.95 (t, 2H),

15 4.1 (s, 1H), 5.28 (t, 2H), 5.42 (s, 1H), 5.95 (s, 1H),
6.45 (d, 1B), 6.82 (d, 2H), 7.4 (d, 2H), 7.82 (d, 1H),
7.9 (t, 1H), 8.2 (t, 2H), 8.3 (g, 2H), 8.98 (d, 1H),
10.2 (d, 1H). HRMS. Calc’d for C,Hs:N,0,8: 657.3726.
Found: 657.3736. Anal. Calc’d for C,HsN,0,5.CH,0,S: C,

20 65.40; H, 7.50; N, 3.72; S, 8.52. Found: C, 62.9; H,
7.42; N, 3.56; S, 8.41.

Example 1413

25 CO,H

(48-cis) - [5-[4-[3,3-Dibutyl-7- (dimethylamino)-2,3,4,5-
tetrahydro-4-hydroxy-1,1-dioxido-l-benzothiepin-5-
yvllphenoxy]pentyl] propanedioic acid
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15 Z_O'Tm. 17H), 2 2 °(t, 1H) (s, 6H)

3.0 (g, 2H), 3.4 (t, 2H), 3.95 (t, 2H), 4.1 (s, 1H),
5.42 (s, 1H), 6.0 (s, 1H), 6.5 (d, 1H), 6.9 (4, 2H),
7.4 (4, 2H), 7.9 (4, 1H).

20 Step 2: Preparation of dibenzv] ester intermediate
To the mixture of 59 mg (1.476 mmol, 60% disp) of
NaH in 27 mL of THF and 9 mL of DMF at 0 °C was added
0.84 g (2.952 mmol) of dibenzyl malonate (Aldrich), and

) the resulting solution was stirred at ambient

25 temperature for 15 min. To the soclution was added
0.5987 g (0.984 mmol) of the pentyl bromide
intermediate, and the mixture was stirred at 80 °C
overnight. Solvent was removed in vacuo, and the
residue was extracted with methylene chloride and

30 washed with brine. The extract was dried over Mgso,,
and the concentrated residue was purified by column
chromatography to give the dibenzyl ester intermediate:

H NMR (CDCl,) & 0.90 (g, 6H), 1.05-2.0 (m, 19H), 2.2
(¢, 1H), 2.8 (s, 6H), 3.0 (q, 2H), 3.4 (t, 1H), 3.9 (t,
35 2H), 4.1 (4, 1H), 5.18 (s, 4H), 5.42 (s, 1H), 5.95 (s,
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25 mg of 10% Pd/C in 30 mL of ethanol was agitated at - - -
ambient temperature under 20 psi of hydrogen gas for 2
hours. The catalyst was filtered off, and the filtrate

10 was concentrated to give the desired title compound as
a solid: mp 118 °C; 'H NMR (CDCl,) § 0.9 (d, 6H), 1.05-
2.2 (m, 20H), 2.8 (s, €H), 3.0 (g, 2H), 3.4 (s, 1H),
3.95 (s, 2H), 4.1 (s, 1H), 5.42 (s, 1H), 5.95 (s, 1lH),
6.5 (d, 1B), 6.9 (d, 2H), 7.4 (d, 2H), 7.85 (d, 1H).

15 ERMS. Calc’d for C,H,NO,S: 632.3257. Found: 632.3264.
Anal. Calc’'d for C,H,NO,S: C, 64.63; H, 7.82; N, 2.22;
S, 5.08. Found: C, 63.82; H, 7.89; N, 2.14; S, 4.93.

31 DEC 2002

Example 1414

20
O\\ 'IO
5= Bu
Bu
MeoN rall’
% N )
O NN
(4R-cis) -3,3-Dibutyl-5-[4-[[5-
(diethylamino)pentyl] oxy] phenyl] -7- (dimethylamino) -
25 2,3,4,5-tetrahydro-1l-benzothiepin-4-0l 1,1-dioxide
Step 1l: Preparation of pentvl iodide intermediate
To a solution of 5-(4'-hydroxyphenyl)-7-
(dimethylamino) tetrahydrobenzothiepine-1,1-dioxide (3
30 g, 6.53 mmol, obtained from Example 1402, Step 10) in
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;gg?}(l@g%z f‘_ ﬁn) é(é:ggl%(ﬁ@.u(:fs !i_‘f room @L grégfulr%) @d( hiiodopentane was

10%@8' () - @s 10%akied).- ~ 20%ER (e BoRrgay. QM LeYPRIature OB YEPOMEe( ) -
ig"g () -] OLlo%’ad E{l{lﬁké@‘yﬁu (@cn 02(@'?@& HOQ% R@@r. The a sous

.Na. m.r S - '
109 () - 10%& ()lay %%{af)e’ftﬁaﬁ%. d g’lt c%ﬁe%té@?‘f% S°“E’ll‘§ﬁ?00/&' () -
LglO%&f() 0! 10Me@niy- layer was washed wzth brine, dried over

f010%&' () - LLlQr%%n@)nﬁm sulfate 6AH168ANEIU 8 (h- BLIOIE the $310% 0&' ()-F10
% 0& ()- 10 4 .
10f (109 () - reFPF“F}Y@%Aﬁ’F}"“‘EF%&%P?% P& 169482 (FE$1RATETE) - 1
010% ' &10) - S! 10%thehexasiomhyd aFetatd Xig/E0/ apvaﬁfer@z FAZR4( 16
(h10%& ()-y 10'mmol)’ 6f the pentyl iodide intermediate: 'H NMR (CDCL,)
10' 089" 10% 0& () - & - 10% 0& () - Y hs! 10%b& )11~ @ @ ! 3L10% ()- OF10%
& ()-! F10%& % OO Fivoé @) - FioveR (M. R3oBR: (¥-9/ M/ /3 Mo~ 1@ WmF109& () -1~
gﬁg?ﬁg&(g) ;931 al By ﬁ)2 ! élm,/io?& (2: égc}/@/&'s( )-Iyoﬁ(gcg/(h(i//@w QG02QaE) 10%& () -
1 A ' +
109 () - 2040506 ézo"' cho ‘?1 %&’ 5)%35%%(%’41/&000 M g () - 9098,
"()- 10130 ° ,41(5,1H),5.5(s,1H 6.1 (s, 1 H), 6.6 (m, 1
H), 6.9 (d, J = 9 Hz, 2 H), 7.4 (d, J = 9 Hz, 2 H),

7.9 (&, J = 7 Hz, 1 H).

Step 2: Preparation of amine

20 A solution of 550 mg (0.76 mmol) of the pentyl
iodide intermediate (obtained from Step 1) and 279 mg
(3.81 mmol) of diethylamine in 3 mL of acetonitrile was

stirred at 100 °C overnight. The mixture was
concentrated in vacuo to yield a yellowish brown foam.

25 The foam was dissolved in 10 mL of ethyl acetate and
washed with 50 mlL of saturated sodium carbonate
solution twice. The ethyl acetate layer was dried over
magnesium sulfate and concentrated to yield 390 mg
(85%) of the desired title compound as a yellow foamy

30 solid: ‘H NMR (CDCl,) § 0.89 (m, 6H), 1.20-1.47 (m,
12H), 1.53-1.67 (m, 4H), 1.76-1.90 (m, 8H), 2.21 (m,
1H), 2.74-2.92 (m, 12H), 3.07 (ABg, 2H), 4.00 (t, J =
6.3 Hz, 2H), 4.20 (d, J = 7.8 Hz, 1H), 5.48 (s, 1H),
6.00 (d, J = 2.4 Hz, 1H), 6.51 (dd, J = 9.2 Hz, 2.6 Hz,

35 1H), 6.92 (d, J = 8.7 Hz, 2H), 7.41 (4, J = 8.4 Hz,
2H), 7.90 (d, J = 9.0 Hz, 1lH).
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10

15

20

25

30

9% 109& ()-!6 N

(4R-cis) -N- (Carboxymethyl) -N- [5- [4-[3,3-dibutyl-7-
(dimethylamino) -2,3,4,5-tetrahydro-4-hydroxy-1,1-
dioxido-l-benzothiepin-5-yl)phenoxy]pentyl]lglycine

Step 1l: Preparation of diester intermediate

A mixture of 8.6 g (14.1 mmol) of pentyl bromide
intermediate (obtained from Example 1413, Step 1), 65 g

(0.35 mol) of diethylaminodiacetate and 7.5 g (71
mmol) of anhydrous Na,CO, was stirred at 160 °C for 3

hours. The reaction mixture was diluted with water and

extracted with methylene chloride. The volatiles was
removed in vacuo to give 9.6g (95%) of the diester
intermediate. 'H NMR spectrum was consistent with the
structure; MS (M+H) m/e 717.

Step 2: Preparation of diacid

The mixture of the diester intermediate (obtained

from Step 1) and 2.7g (64.3 mmol) of LiOH in THF (75
mL) and water (50 mL) was stirred at 40 °C for 18
hours. The reaction mixture was acidified with 1% HCl
and extracted with dichloromethane. The residue was

triturated with hexane, filtered to give 8.9g (93%) of

the desired title compound as a solid: mp 148-162 °C;

'H NMR (CD,OD) § 0.92 (t, 6H), 1.1-1.9 (m, 31H), 2.15
(¢, 1H),2.8(s, 6H), 3.15 (ABg, 2H), 3.75(m, 1H), 4.1
(m, 6H), 5.3(s, 1H), 6.1 (s, 1H), 6.6 (d, 1H), 7.0(d,
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U8 ()-110% U& (#1 Elé%’ @"(-)5- B ?@}12@%4‘%&7&]9&! 9*5@*%00%'5&5%?%94 '@97'
& 109%66& ()-!" @& 10% & ()-1A @& 109%IN&' ()-! K@ & 109%XX& () ->10%
U& () - =ag==>&? 7 B3biEL P &5 1096(S(& ()-! K &s' 109%KX& ()-!Y &' 10%f& ()-!1"&
s' 10%

0
Og ’

NEt,

(4R-cig) -5-[4-[[5- [bis[2-
(Diethylamino)ethyl] amino] pentyl] oxyl phenyl] -3, 3-
10 dibutyl-7- (dimethylamino)-2,3,4,5-tetrahydro-1-
benzothiepin-4-0l 1,l-dioxide
A solution of 1 g of pentyl iodide intermediate
(1.53 mmol, obtained from Example 1414, Step 1) in
N,N,N’ ,N’'-tetraethyl diethylenetriamine was heated to
15 80 °C for 4 hours. The mixture was dissolved in ethyl
) acetate and saturated NaHCO,. The organic layer was
washed with brine, dried over magnesium sulfate, and
concentrated in vacuo. The residue was purified by
reverse phase chromatography. The fractions containing
20 the product were concentrated in vacuo, dissolved in
ethyl acetate and washed with saturated NaHCO,. The
residue was dried and concentrated in vacuo to afford
840 mg (74%) of the desired title compound as a thick

oil. *H NMR (cDC1l,) § 0.8 (m, 6 H), 1-1.6 (m, 28 H), 1.8
25 (m, 2 H), 2.1 (m, 2 H), 2.5 (m, 18 H), 2.7 (s, 6 H),
2.9 (d, J = 15 Hz, 1 H), 3.1 (&8, J = 15 Hz, 1 H), 3.9
(m, 2 H), 4.0 (m, 1 H), 4.1 (s, 1 H), 5.4 (s, 1 H), 6.0
(s, 1 H), 6.4 (m, 1 H, 6.9 (d, I = 9 Hz, 2 H), 7.4
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Example 1417

(4R-cis) -3,3-Dibutyl-7- (dimethylamino)-2,3,4,5-
_ tetrahydro-5-[4-[[5-[[2-(1H-imidazol-4-
10 yl)ethyl] amino]l pentyl] oxyl phenyl] -1-benzothiepin-4-ol
l,1-dioxide

A solution of 1 g of pentyl iodide intermediate

(1.53 mmol, obtained from Example 1414, Step 1) and 3.4

15 g (30.6 mmol) of histamine was heated to 50 °C for 17
hours. The mixture was dissolved in ethyl acetate and
saturated NaHCO,. The organic layer was washed with
brine, dried over magnesium sulfate, and concentrated )
in vacuo. The residue was triturated with ether to

20 afford 588 mg (60%) of the desired title compound as a
semi-solid: ‘H NMR (CDCl,) § 0.9 (m, 6 H), 1-1.7 (m, 14
H), 1.9 (m, 3 H), 2.0 (m 2 H, 2.2 (m, 1 H), 2.8 (s,
6 H), 3.0 (m, 3 H), 3.2 (m, 2 H, 4.0 (m, 2 H), 4.1 (m,
3 H), 5.5 (s, 1 H), 6.0 (s, 1 H), 6.5 (m, 1 H), 6.8 (s,

25 1H, 6.9 (d, J= 9 Hz, 2 H), 7.4 (m, 3 H), 7.9 (d, J
= 8 Hz, 1 H). M5 (M+H) m/e 639.

SUBSTITUTE SHEET (RULE 26)



10' 09910% o0& () - EE+FFFI&QHH-\: ~ @ K!, : " 10%k& ()- '8 | &10%& ()-!PS' |
&10%’878&' Wo-00/168%10%0D PCT/US99712828 31 DEC 2002
Q& ()-10% & ()-mO0% & ()-HI1-J]IJICKWMIB~ @F ,:"10%]-]1& ()-

LY, :"10%@0@& ()- 'Y ,:"10%@@& ()- 199, : 10%& ()- !'q ,:' 109XgXg&' () -

<, " 10%R#R& () - CKKKLLLLBLWL{Y7!!d@10%-u~u& ()-!I" $10%b& ()- 10/ 10/
10/910% & () -! _ﬁﬂﬂﬂ§iiﬁk§4)-!K010@Q2&f()-mLN@NM&KF(MLB{Y?!d\@ﬁ10@&~&f()-!

T @10%bUb& () -!'x @10% ()-! @10UKKE& ()-!D @10%8& ()-!

T @109 () - ACO PGPXxPPQH[ 9{ Y7! d! Pf & _1Q0% bj b& () -! 3$10%¢b#b& () - #F10%& () - 3

"&109%0& ()-!d @10%->~>& ()-![ @L0%Zuz&' ()- ChQURSRi RRXY: { Y71 d!
410%8& ()-/ 109%6& ()-'F/ 10%° B00m& ()-!F f& 10% & ()-!'K fé&
10%xex& () - RRRRRRRRGSb@d! ! 109 () B 10% U&' () -1 F10% U&' () - F10%

U& ()- 10b 10b J
10bs910%& () - GSS"TUU}VV\tX6b@!v '@ &' () @'V 10% ()-@" ' 10%
(

& ()-@'F'10% & ()-@!] ' 10% 1> 1098 () - @ WOX@YYYYYWXMB7!! 10 U
10 U N/
O\/\/\/N*\/\T.,/ —
)
5 (4R-cis) -N- [5-[4~[3,3-Dibutyl-7- (dimethylamino) -

2,3,4,5-tetrahydro-4-hydroxy-1,1l-dioxido-1-
benzothiepin-5-yl]phenoxy] pentyl] -N’ -ethyl-N,N,N’,N’ -
tetramethyl-1,2-ethanediaminium dichloride

10 Step 1: Preparation of pentyl bromide intermediate
A mixture of 5-(4'-hydroxyphenyl) -7-
(dimethylamino) tetrahydrobenzothiepine-1,1-dioxide
(1.680g, 3.66 mmol, obtained from Example 1402, Step
10) and sodium hydride (0.250g, 6.25 mmol) in 30 mL of
15 DMF was stirred in a dry 100 mlL round-bottom flask
under N,. To this solution was added 1,5-
dibromopentane (6.0 mL/44.0 mmol), and the resulting
) mixture was stirred for 18 hours. The reaction was
diluted with brine (100 mL) and H,0 (20 mL), and the
20 mixture was extracted with EtOAc (3x50 mL). Organic
layers were combined, dried (MgSO,), filtered and

concentrated in vacuo. Purification by filtration
through silica gel eluting with 20% EtOAc/hexane and
evaporation in vacuo gave pentyl bromide intermediate
25 as a white foamy solid (1.783g, 80%): ’'H NMR (CDCl,) §
0.84-0.95 (m, 6H), 1.02-1.56 (m, 10H), 1.58-1.70 (m,
3H), 1.78-2.03 (m, 4H), 2.15-2.24 (m, 1H), 2.77 (s,
1H), 2.80 (s, 6H), 3.05 (ABg, 2H), 3.42 (t, 2H), 3.98
(t, 2H), 4.10 (s, 1H), 5.47 (s, 1B), 5.99 (4, 1H), 6.50
30 (dd, 1H), 6.51 (4, 2H), 7.40 (d, 2H), 7.88 (d, 1H).
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This trituration method was repeated

| .1y iyl

dégaéged to yggﬂgXV? @

0% -
was

twice, and the resulting sticky solid was concentrated
in vacuo to give the mono-quaternary salt as an off-

white foamy solid (0.951g,
13H),
6H) ,
3.30-3.42
2H),
(dd, 1H),

.64
.20

6H), 0.96-1 (m,
(m, 1H), 2
(ABg, 2H),
4H), 3.90 (t,
(s, 1H), 6.41

7.77 (d, 1H).

15 (t,

2.18
2.98
3.75
5.92

2H),

(s,

(m,

20

Step 3:

'H NMR (CDCl1l,) § 0.81
4H), 2.03-

94%) :
1.62-1.85 (m,
2.67 (t, 2H), 2.74 (s, 6H),
(m, 1H), 3.38 (s, 6H), 3.60-
4.01 (s, 1H), 5.37 (s, 1H),
6.81 (4, 2H), 7.32 (4,

Preparation of di-quaternary salt

The mono-gquaternary salt
iodoethane
(30.0 mL) were combined in a 4 oz.

obtained from Step 2),

25 and acetonitrile

Fischer Porter bottle.
equipped with magnetic stirrer, and

After 24 hours,

with N;, sealed,
heated to 50 °C.

(0.933g, 1.25 mmol,
{0.300 mL/3.75 mmol),

The reaction vessel was purged

the reaction mixture

was cooled to ambient temperature and concentrated in

30

vacuo to give a yellow foamy solid (1.166g).

The solid

was dissolved in methylene chloride/acetonitrile and

precipitated with ethyl ether.

After cooling to 0 °C

overnight, the resulting solid was filtered, washed
with ethyl ether and concentrated in vacuo to yield the

35
'H NMR (CD,0D) §

di-quaternary salt as an off-white solid (1.046g,
0.59 (t,

92%) :

6H), 0.70-1.10 (m, 9H), 1.16
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| <f, 109%& () - !%&‘? 1%%/2%(') Eg?‘“cf*f,gl%& 0 k) U5 T02L AP by, 2. 6a-
109%v&' () -! @109ANEE (., maHYs 23 BHOrT (V2 %) 104 9T 0Csy AED9E: T3 - GsyAHOYM & () - Os

y#109M & () - sy# OPAVA() 1hES1O%K ()a,! 3k) 109804 )a, 2m), 7.40 (4,
Yrr&sAsxsZssa?dy; 10-u! TO! 09Y 10%&' ()-!9Y 10983& () -
yf 10%v& E) -9: 109Nk ()-/10%E& ()- +10%WE' ()-ssssssswxodY: 10-u!' nmlO%w& ()-10%
M& ()-'1109% ()-!&10%+& ()-(!@OY%MVK' ()-m ~0109%&' ()-messssttt(t~\:10-u!!”’
109%5& ()-T!H8 Step 4: Preparation of quaternary di-chloride salt
The iodobromosalt (obtained from Step 3) was

converted to its corresponding dichloride salt using
10 Biorad AG 2X8 resin and eluting with 70%

H,0/acetonitrile to give the desired title compound as

a white foamy solid (0.746g, 84%): mp 193.0-197.0 °C;

'H NMR (CD,OD) § 0.59 (t, J = 6.0 Hz, 6H), 0.70-1.12 (m,

SH), 1.16 (t, J = 6.6 Hz, 3H), 1.24-1.90 (m, 9H), 2.50
15 (s, 6H), 2.78 (s, 2H), 3.08 (s, 6H), 3.11 (s, 6H),

3.24-3.50 (m, 4H), 3.68 (s, 2H), 3.81 (s, 2H), 4.16 (s,

4H), 5.02 (s, 1H), 5.72 (s, 1H), 6.19 (d, J = 8.4 Hz,

1H), 6.61 (4, J 8.1 Hz, 2R), 7.10 (4, J = 7.8 Hz,

2H), 7.46 (d, J = 8.7 Hz, 1lH). HRMS. Calc‘d for
20 CyHeN;0,8C1: 708.4541. Found: 708.4598.

Example 1419

)
o P
\SI/ O\\ 4
Bu
Bu
Me,sN ",
©2 / “OH Me,N

25
{4R- [4a,5a (4R*,5R*)]] -N,N’ -bis[5-[4~[3,3-Dibutyl-7-
(dimethylamino)-2,3,4,5-tetrahydro-4-hydroxy-1,1-
dioxido-1l-benzothiepin-5-yl] phenoxy)]pentyl] -N,N,N’N’ -
30 tetramethyl-1, 6-hexanediaminium dichloride
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Y& wi ““é%ai = #&fﬁ?(ﬁ' é%l% stirrer and
Iﬁéggwgfzg)q?&g$££%g9i£§4 16< Afteé){5<§b&%s, the régétlg% mixture
910%<& ()-!V T#1X MBOEBEQ)torPdmbl et Ofemp vacuntd FHd 0¢BH¢enumdAtEly 1QVs<<& () - no

| T#109%& () - 6 gty Wéerolé’%e‘?JaQa/éoékY%&Pt@%aw $0Y83()1.141g9). The
S109%& () FlO%&' %

solld was dissolved in acetonitrile and precipitated
with ethyl ether. After cooling to 0 °C, the solvent
was decanted to yield a sticky ocff-white solid. This
trituration method was repeated, and the resulting
sticky solid was concentrated in vacuo to give the

15 desired dibromide salt as an off-white foamy solid
(0.843g, guantitative): ‘H NMR (CDCl,) & 0.85 (m, 12H),
1.01-1.70 (m, 30H), 1.76-2.08 (m, 12H), 2.18 (t, J =
12.3 Hz, 2H), 2.79 (s, 12H), 3.03 (ABg, 4H), 3.35 (s,
12H), 3.52 (br s, 6H), 3.72 (br s, 4H), 3.97 (br s,

20 4H), 4.08 (br s, 2H), 5.42 (s, 2H), 6.00 (s, 2H), 6.51
(d, J = 9.0 Hz, 2H), 6.86 (d, J = 7.8 Hz, 4H), 7.38 (4,
J = 7.8 Bz, 4H), 7.83 (d, J = 8.7 Hz, 2H). The
dibromide salt was converted to its corresponding
dichloride salt using Biorad AG 2X8 resin and eluting

25 with 70% H,0/CH,CN to give the desired title compound
as a white foamy solid (0.676g, 86%): mp 178.0-182.0
°C; 'H NMR (CDCl,) § 0.80-0.90 (m, 12H), 1.01-1.70 (m,
30H), 1.75-2.06 (m, 12H), 2.16 (t, J = 12.9 Hz, 2H),
2.79 (s, 12H), 3.03 (ABg, 4H), 3.33 (s, 12H), 3.49 (br

30 s, 6H), 3.70 (br s, 4H), 3.96 (t, J = 5.4 Hz, 4H), 4.08
(s, 2H), 5.42 (s, 2K),.5.986 (s, 1lH), 5.993 (s, 1H),
6.49 (4, J = 9.0 Hz, 1H), 6.50 (4, J = 9.0 Hz, 1H),
6.87 (d, J 8.4 Hz, 4H), 7.38 (d, J = 8.1 Hz, 4H),
7.84 (d, J = 8.7 Hz, 2 H). HRMS. Calc’d for C,¢HN,0,S:

35 614.4118. Found: 614.4148.
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) 5 (4R-cis) -3,3-Dibutyl-7- (dimethylamino)-2,3,4,5-

tetrahydro-5-[4-[[5-(1H-tetrazol-5-
yl)pentyl]l oxylphenyl] -1-benzothiepin-4-0l 1,1l-dioxide

Step 1: Preparation of pentyl bromide intermediate

10 To a stirred suspension of 1.01 g (25.4 mmol, 60%
oil dispersion) of sodium hydride in 150 mL of DMF was
added 9.0g (19.5 mmol) of 5-(4'-hydroxyphenyl)-7-
(dimethylamino)tetrahydrobenzothiepine-1,1-dioxide
(obtained from Example 1402, Step 10) in portions.

15 After 30 minutes the reaction was cooled in a water

bath (15 °C) and 4.48 g (195 mmol) of 1,5-
dibromopropane was added. The reaction was stirred at
) ambient temperature for 1.5 hours and quenched with 50
mL of saturated NH,Cl. The reaction was diluted with
20 ethyl acetate, washed with water, brine, dried over
MgSO,, filtered and concentrated in vacuo.
Purification by silica gel chromatography (Waters-Prep
500) using 25% ethyl acetate/hexanes afforded 10.17 g
(85%) of the pentyl bromide intermediate as a colorless
25 foam: mp 65-70 °C; 'H NMR (CDCl,) § 0.84-0.98 (M, 6H),
1.04-1.52 (m, 10H), 1.58-1.65 (m, 3H), 1.82 (p, J = 6.8
Hz, 2H), 1.94 (p, J = 7.0 Hz, 2H), 2.12-2.26 (m, 1H),
2.82 (s, 6H), 3.06 (AB;, Jy = 15.2, 45.3 'Hz, 2H), 3.44
(¢, J=6.7 Hz, 2H), 3.99 (t, J = 6.3 Hz, 2H), 4.10 (s,
30 1H), 5.47 (s, 1H), 6.15 (d, J = 2.7 Hz, 1lH), 6.68 {(dd,
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100/&' ()-@F 109 ()-., 109&R () -] %R ( i"‘@ 9 Y3 109%& () -
Y3 10990 () - %%——%ife%‘)@agafiu %},g’e% RﬁF‘ Luiﬁ%wé%B?o' 10 10

109910%&j(§ * 93. 1@@@p(§t4ﬁqeg3solutlon of 378 mg (0.621 mmol) of

L0%& ()i 9 1?0/%57) éﬁéﬁp‘m&ﬁﬁ%ﬁ%aﬁﬂé '0&%@&3&& Eronfstep 1)
& ()- E)??[yGWU:BIVB 3 {05 o e SusEa 7 1 % { G gl | 48 et
& ()-1K, It|10%ﬁyéégﬂ€)-'1heITBBE999¢7W%?( tixre le@mgméﬁﬁ.() b@! < *1C
| " 100 #( & () - (Mi@abéridusd IHY4E honrd 0% thd Jreaction was
10 concentrated under a nitrogen stream and the residue )
partitioned between ethyl acetate and water. The
organic layer was washed with brine, dried over MgSso,,
filtered, and concentrated in vacuo to afford 278 mg
(93% RPHPLC purity, ca. 75%) of the pentyl nitrile

15 intermediate as a colorless foam: 'H NMR (CDCl,) §
.0.86-0.%6 (m, 6H), 1.02-1.21(m, 1H), 1.21-1.52 (m,
1%H), 1.58-1.%92 (m, 7H), 2.16-2.28 (m, 1H), 2.41 {(t, J
= 6.9 Hz, 2H), 2.83 (s, 6H), 3.08 (AB;, 15.0, 47.5 Hz,
2H), 4.01 (t, J = 6.2 Hz, 2H), 4.1 (s, 1H), 5.49 (s,

20 1H), 6.07 (d, J = 2.1 Hz, 1H), 6.59 (dd, J = 2.4, 8.7
Hz, 1H), 6.92 (d, J = 8.1 Hz, 2H), 7.42 (d, J = 8.4 Hz,
2H), 7.%92 (d, J = 8.7 Hz, 1H). MS (ES, M+H) m/e 555.

Step 3: Preparation of tetrazole

25 A solution of 275 mg (0.5 mmol) of the nitrile
intermediate (obtained from Step 2) and 666 mg (3.23
mmol) of azidotrimethyltin in 5 mL of toluene was

stirred with heating at 80 °C for 60 hours. The
reaction was concentrated under a nitrogen stream.

30 Purification by reversed phase chromatography (Waters-
Delta prep) using 60% water/acetonitrile afforded 226
mg of the desired title compound (75%) as a colorless
foam: mp 80-85 °C; 'H NMR (CDC1l,) § 0.83-0.95 (m, 6H),
1.30-1.52 (m, 10H), 1.52-1.73 (m, 3H), 1.79-1.99 (m,

35 4H), 2.14-2.26 (m, 1H), 2.91 (s, 6H), 3.02-3.22 (m,
4H), 3.92-4.06 (m, 2H), 4.16 (s, 1H), 5.47 (s, 1H),
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) ? NS
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COzH
10 (4R-cis)-4-[[5-[4-13,3-Dibutyl-7-(dimethylamino) -

2,3,4,5-tetrahydro-4-hydroxy-1,l-dioxido-1-
lbenzothiepin-5-yl]l phenoxylpentyl] oxyl -2,6-
pyridinecarboxylic acid

15 Step 1: Preparation of pentyl bromide intermediate
To a solution of 0.63 g (15.72 mmol, 60% disp) of

NaH in 85 mL of DMF was add 6.0g (13.1 mmol) of 5-(4'-
hydroxyphenyl) -7- (dimethylamino) tetrahydrobenzo-
thiepine-1,1-dioxide (obtained from Example 1402, Step

20 10), and the resulting solution was stirred at ambient
temperature for 1 hour. To the solution was added 37.7
g (163.75 mmol) of 1,5-dibromopentane, and stirred
overnight at ambient temperature. DMF was removed in
vacuo and the residue was extracted with ethyl acetate

25 and washed with brine. The extract was dried over
MgsSO,, and the concentrated residue was purified by
column chromatography tec give the pentyl bromide

intermediate: 'H NMR (CDCl,) & 0.90 (g, 6H), 1.05-2.0
(m, 17H), 2.2 (t, 1H), 2.8 (s, 6H), 3.0 (g, 2H), 3.4

SUBSTITUTE SHEET (RULE 26)



109@& ()-33 10%& ()- 109 ()-1bkaVK@! 10 10 10 10y9 10% ()-3@ 10% ()- 33
10% & () - 33wa0MRist) - | Y33 10% & ()- #SaBVK@! 10 1092Z& () -serusddsis() - 31 pEc 1m
1092& () - 9109%Z& () - S109Z& () - F1092Z& () - Sq5hdBVK@! 10
| N1OYEEE () - 109Z& () - 109Z& () - 109Z& ()4,L0%Z& () - 109%Z& ()- !".1MoCO! 10
1 9&109°& () - F10947& () -Z109%7& ()- 10Z 107" 109&& () - 109&Z& () - M { dEbCO! 10
| F&Z 10907& () - F&Z: 10BE0& Y- O5F&Z, 1A &4( } - K&z LT 584R) {F&ZAH), 6.0

(s, 1H), 6.5 (d, 1H), 6.9 (d, 2H), 7.4 (d, 2H), 7.9 (d,

1H) .

5 Step 2: Esterification of chelidamic acid
A solution of 10 g (54.6 mmol) of chelidamic acid,

2370 g (I20.12 mmol) "6f 1-(3-dimethyl amino propyl)-3
ethyl carbodiimide hydrochloride, 1.33 g (10.8 mmol) of
4-dimethyl amino pyridine, and 12.4 mL (120.12 mmol) of

10 benzyl alcohol in 100 mL of DMF was stirred at ambient )
temperature overnight under N,. DMF was removed in
vacuo and the residue was extracted with methylene
chloride, washed with 5% NaHCO,, 5% acetic acid, H,0,
and brine. The extract was dried over MgSO,, and the

15 concentrated residue was purified by column
chromatography to give dibenzyl chelidamic ester: 'H

NMR (CDCl,) &§ 5.4 (s, 4H), 7.4 (m, 12H).

Step 3: Preparation of pvridinyl benzyl ester

20 intermediate
A solution of 79 mg (1.972 mmol, 60% disp) of NaH

and 0.716g (1.5972 mmol) of dibenzyl chelidamic ester

(obtained from Step 2) in 17.5 mL of DMF was stirred at
ambient temperature for 1 hour. To the solution was )
25 added 1.0 g (1.643 mmol) of the pentyl bromide

intermediate and the mixture was stirred under N,
overnight at 40 °C. DMF was removed in vacuo, and the
residue was extracted with ethyl acetate and washed
with brine. The extract was dried over MgS0,, and the

30 concentrated residue was purified by column
chromatography to give the pyridinyl dibenzyl ester
intermediate: 'H NMR (CDCl,) § 0.50 (g, 6H), 1.05-2.0
(m, 19H), 2.2 (t, 1H), 2.8 (s, 6H), 3.0 (g, 2H), 4.0
(t, 2H), 4.1 (s, 1H), 5.4 (s, 4H), 5.42 (s, 1H), 6.0

35 (s, 1H), 6.5 (4, 1H), €.9 (d, 2H), 7.3-7.5 (m, 12H),
7.78 (s, 2H), 7.9 (d, 1H).
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H
0\/\/\/N\[rNH2
20 NH
(4R-cis) - [5-[4-[3,3-Dibutyl-7-(dimethylamino)}-2,3,4,5-
tetrahydro-4-hydroxy-1,1l-dioxido-l-benzothiepin-5-
vllphenoxylpentyl]lguanidine
25

Step 1l: Preparation of pentvl azide intermediate

To a stirred solution of 200 mg (0.328 mmol) of
the pentyl bromide intermediate (obtained from Example
1420, Step 1) in 0.75 mL of DMSO was added 32 mg (0.493
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@ & 1Q%4" 4& (J)H) A @ ahl (¥UALD! | 6.16Z7180%8=(1:8 HFZ" 1K) &.6B- (aq,

5 3wt 1 1) 5, 3ot kit e TR B g g 2.5

= 8.4 Hz, 2H), 7.91 (d, J = 8.7 Hz, l ). MS
(FAB, M+H) m/e 571.

20 Step 2: Preparation of pentyl amine intermediate
To a solution of 0.67 g (1.17 mmol) of the azide
intermediate {(obtained from Step 1) in 75 mL of ethanol
was added 0.10 g of 10% palladium on carbon and the )
mixture shaken under 49 psi of hydrogen at ambient
25 temperature for 3.5 hours. The reaction was filtered
through celite and concentrated in vacuo to give 0.62 g
(86% RPHPLC purity, ca. B4%) of pentyl amine
intermediate as an off-white foam. The sample was used

without further purification: mp 70-85 °C; ‘H NMR

30 (CDCl,) § 0.86-0.96 (m, 6H), 1.06-1.75 (m, 15H), 1.79-
1.93 (m, 4H), 2.15-2.28 (m, 1H), 2.82 (s, 6H), 2.96-
3.20 (m, 4H), 3.99 (t, J = 6.0 Hz, 2H), 4.04-4.14 (m,
1H), 5.49 (s, 1H), 6.00 (d, J = 1.5 Hz, 1H), 6.51 (4, J
= 9.0 Hz, 1H), 6.91 (d, J = 8.4 Hz, 2H), 7.41 (d, J =

35 8.1 Hz, 2H), 7.90 (d, J = 8.7 Hz, 1H). MS (ES, M+H)
m/e 545.
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0 ! [0)

[0'1 10% k&' () - BORFY b AT Sheqmismased (PELaiird chil/Sorp. 4 70 B

10%-&&' (5 - F3 "~ wd 0%-&8 1 mmal By 1THA& a@ple~1-carboxamidine
hydrochloride in 1.5 mL of DMF was added 71 mg (0.551
mmol) of diisopropylethylamine. The reaction was
stirred at ambient temperature for 16 hours.
Purification by reversed phase chromatography (Waters-

10 Delta prep) using 60% water/acetcnitrile afforded 120
) mg (43%) of the desired title compound as colorless

foamy solid: mp 67.0-72.5 °C; 1H NMR (CDCl,) § 0.89-0.93
(m, 6H), 1.05-1.17 (m, 1H), 1.26-1.90 (m, 16H), 2.07-
2.24 (m, 1H), 2.81 (s, 6H), 2.99-3.19 (m, 4H), 3.98 (br
15 - s, 2H), 4.12 (s, 1H), 5.46 (s, 1H), 6.01 (4, J = 2.1
Hz, 1H), 6.51 (dd, J = 2.1, 8.0 Hz, 1H), 6.92 (d, J =
8.1 Hz, 2H), 7.41 (d, J = 7.8 Hz, 2H), 7.89 (d, J =8.7
Hz, 1H). HRMS. Calc’d for C,,Hs;N,0,5:586.3552.
Found (M+H) : 587.3620.

20
Example 1423
0,0
) S Bu
Bu
MeoN gl
2 s “H
Q rCO;H
O~ ~NH
25 (4R-cis) -N-[5-[4-[3,3-Dibutyl-7- (dimethylamino) -

2,3,4,5-tetrahydro~4-hydroxy-1,l-dioxido-1-
benzothiepin-5-yl]l phenoxyl pentyllglycine

Step 1: Preparation of pentvl azide intermediate
30 To a solution of pentyl bromide intermediate (400
mg, 0.657 mmol, obtained from Example 1420, Step 1) in
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| [NA410!10°& 10°& 10" & ( 3910% & & ()-( s! 10% & ()-m 10% %& ()- s@0%

& ()-) 109 ()-987He{Z9NA410! 10 910%&10)- 3910%r' m& ()- 3Y10%m' & ()-

0 ! ! -1 <0 [0) 0 ! ! ! - 0 0, | ! . 1 1.
Tlowave () 30 ToleRhRD TiLibdide 3R /fgj‘%d%%%%ﬁﬁi%@eo%%- & (-
V10%&&' () - (™o [ ONARAOMM®L, IF10e®R: (30X tREFFOSHME HRF (Glegr
3CV 10%n+' n& () - g2AL0YEH Was (SrixrkQ%8& 43 -oc Fot0%@k. MBTHe -Yeaktioh O
b8 - PyLsotthidn s giitted ben 1094 blayPlacdROT/MEnk)- ¢
5 washed with water (2x 100 mL) and brine (1x 100 mL).
The organic layer was dried (MgSO,) and concentrated in
- vacuo- £o give 390 mg (quantitative) of pentyl azide
intermediate as a yellow cil: 'H NMR (CDCl,) & 0.82-
0.90 (m, 7H), 1.05-1.56 (m, 12H), 1.59-1.71 (m, 3H),
10 1.78-2.01 (m, 4H), 2.20 (t, J = 8.3 Hz, 1lH), 2.82 (s,
6H), 3.08 (g, 2H), 3.44 (t, J = 7.7 Hz, 2H), 3.99 (t, J
= 7.7 Hz, 2H), 4.91 (br s, 1H), 5.47 (s, 1H), 6.13 (4,
J = 7.58 Hz, 1H), 6.68 (d, J = 7.7 Hz, 1H), 7.14 (ABq,
4H), 7.91 (d, J = 7.8 Hz, 1lH).
15
Step 2: Preparation of amino ester intermediate
A suspension of pentyl azide intermediate (390 mg,
0.684 mmol, obtained from Step 1) and 100 mg of
palladium on carbon in ethanol (15 mL) was agitated
20 under an atmosphere of hydrogen gas (48 psi) for 4.5
hours. The ethanolic suspension was filtered through
celite and concentrated in vacuo to give a yellow oil.
The ocil was immediately diluted with acetonitrile (15
mL), followed by the addition of triethylamine (0.156 )
25 g, 1.54 mmol, 2.25 eg) and bromo acetic acid benzyl
ester (0.212 g, 0.925 mmol, 1.35 eq). The reaction was
stirred at 23 °C for 48 hours. The reaction was
concentrated in vacue, and the residue was dissolved in
ethyl acetate (20 mL) and washed with water (2x 20 mL)
30 and brine (1x 20 mL). The organic layer was dried
(MgS0O,) and dried in vacuo to give 420 mg (89%) of the
amino ester intermediate as a yellow oil: ‘H NMR
(cDCl,) & 0.82-0.90 (m, 6H), 1.05-1.56 (m, 14H), 1.58-
1.717 (m, 3H), 1.78-2.01 (m, 4H), 2.20 (t, J= 8.3 Hz,
35 1H), 2.75 (d, J = 7.83 Hz, 1H), 2.795 (s, 6H), 3.08 (q,
2H), 3.68-3.85 (m, 2H), 3.87-4.04 (m, 2H), 4.09 (s,
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" O 2H), 5.49 (s, 1H), 5.%4 (d, J = 2.2 Hz, 1H), 6.50 (dd,
J = 8.9, 2.6 Hz, 1H), 7.00 (d, J = 8.7 Hz, 2H), 7.43
20 (d, J = 8.5 Hz, 2H), 7.53 (d, J = 8.5 Hz, 2H), 7.93 (4,
J = 8.9 Hz, 1H), 8.06 (d, J = 8.5 Hz, 2H).

Step 2: Preparation of acid
A solution of 0.51 g (0.84 mmol) of the benzoate )

25 intermediate (obtained from Step 1) and 325 mg (2.53

mmol) of KOSi(CH,); (Aldrich) in 16 mL THF was stirred

for 3.5 hours. The THF was evaporated, water added,

extracted with ethyl acetate, dried over magnesium

sulfate, filtered and the solvent evaporated to afford
30 0.30 g (60%) of the desired title compound as a white

solid: mp 156 - 159 °C; 'H NMR (CDCl,) § 0.89-0.94 (m,
6H), 1.24-1.43 (m, 10H), 1.62-1.66 (m, 1H), 2.20-2.24
(m, 1H), 2.84 (s, 6H), 3.02 (4, J = 15.1 Hz, 1H), 3.17
(@8, J = 15.1 Hz, 1H), 4.14 (s, 1H), 5.20 (s, 2H), 5.50
35 (s, 1H), 6.16 (s, 1H), 6.71 (d, J = 9.1 Hz, 2H), 7.03
(d, J = 8.3 Hz, 2H), 7.44 (4, J = 8.1 Hz, 2H), 7.57 (4,
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resulting solution was stirred at €5 °C for 48 hours.
The reaction mixture was cooled to 25 °C and
concentrated to 1/5 of original volume. The residue
was dissolved in EtOAc (150 mL) and washed with water

25 (2 x 150 mL). The aqueous layer was extracted with

EtOAc (2 x 150 mL) and the combined organic extracts
were washed with saturated agueous NaCl (2 x 150 mL.
The combined extracts wexe dried (MgSO,) and
concentrated in vacuo to provide a yellow oil.
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39ML0% & ()-! $y $ﬂ§ﬁe2(agr&‘oQ‘EatM]c@/@gt)grhﬁQOQQDgf 109 & ()-| [ : X610
PPfS10% & ()- 3ff SLOPBEMR c)ion3dP %k (i &&%&%ﬂ{@%&% fedidds!d %"363& (0)-

yX | (109%F& | Zvywy | ] NAZT0100 10 10( 3S[910%
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& ()-' 3WLO% & ) 10 &C( hndes MUES (}rdaBedbos ridine (5 mL) \
303190% & () Bl deDALEORD 55 1004eE{ be BUARN Sk pdid HRAITE () |
f:éo(/(; gLF()l& 169/?( i Wéslég‘ib%]r t?&(l’) 0{: %—';ﬂ i@%%%[’ aﬁeds&)n_zes&& ()- F)
10% @t & () - ZYEE.LCELI\QE $heoslesigeq )tnm\l%cedt?wns&qws 8§0 96%) SS}Z 0-

%4.0% #& & 09 0

310% , " & (§) 33‘941%“;%&%{(8&"% ’0%7%) (gc&M }@Fy’ll\ﬁ% 530

g, $109R9I & () -SH)[NA4PETD> 44 100r M0 10H) 3801696 (Mg 1H), F/1310%6 , 18) () -

100/‘&&() 2.71 (s, 6H), 3.02 (ABg, J = 15.1 Hz, J = 28.4 Hz, 2H),
4.09 (s, 1H), 5.00 (s, 2H), 5.38 (s, 1H), 5.91 (d, J =
2.4 Hz, 1H), 6.26 (s, 2H), 6.41 (44, J = 8.9, 2.4 Hz, )
1H), 6.91 (4, J = 8.7 Hz, 2H), 7.26 (m, 1H), 7.40 (d, J
25 = 7.7 Hz, 4H), 7.73 (4, J = 7.9 Hz, 2H), 7.78 (d, J =
8.9 Hz, 2H), 7.93 (t, = 6.8 Hz, 1H), 8.34 (t, J = 7.7

Hz, 1H), 8.58 (bxr s, 1H), 9.69 (d, J = 5.8 Hz, 2H);
HRMS. Calc’d for C,H,N.0,S: 641.3413. Found: 641.3425.
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| 78G0% 1) ! & () f’c{%c%;% §§‘ (e Liadddlas Lot 10X d) B8k )5 p38cdBBd) s& () -
af,10%) & () -
s:.m:.lar to the one outlined in Example 1425, Step 1) in
60 mL of acetonitrile was added dropwise over a 30 min
) 15 period to a solution of 2.9 g (26.2 mmol) of
diazabicyclo[2.2.2)octane (DABCO) in 40 mL of
acetonitrile at 35°C; during the addition, a colorless
precipitate was formed. The slurry was stirred at 35°C
for an additional 2 h. The product was collected and
20 washed with 1 L of acetonitrile to give 9.6 g (93%) the
title compound as a colorless crystalline solid: mp
223-230°C (decomposed); ‘H NMR (CDCl,) § 0.89 (m, 6H),
1.27-1.52 (br m, 10H), 1.63 (m, 1H), 2.20 (m, 1H), 2.81
(s, 6H), 3.06 (ABg, J = 15.1 Hz, J = 43.3 Hz, 2H), 3.16
25 (s, 6H), 3.76 (s, 6H), 4.11 (4, J = 7.7 Hz, 1H), 5.09
(s, 2H), 5.14 (s, 2H), 5.48 (s, 1H), 5.96 (s, 1H), 6.49
(d, J = 8.9 Hz, 1H), €6.99 (4, J = 8.0 Hz, 2H), 7.26 (m,
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(4R-cis)-1-[[4-[[4-[3,3-Dibutyl-7- (dimethylamino) -

10 2,3,4,5-tetrahydro-4-hydroxy-1,1-dioxido-1-
benzothiepin-5-yl]phenoxylmethyl]lphenyl]lmethyl] -4-aza-
l-azoniabicyclo[2.2.2)octane chloride

A solution of the chlorobenzyl intermediate (4.6
15 g, 7.7 mmol, obtained from Example 1425, Step 1) in )
acetonitrile (100 mL) at 25°C under N, was treated with
diazabicyclo[2.2.2] -octane (DABCO, 0.95 g, 8.5 mmol,
1.1 eq.) and stirred at 35°C for 2 hours, during which
time a white solid precipitated out. The white solid
20 was collected, washed with CH,CN and recrystallized
from CH,0H/Et.,0 to give the title compound (4.95 g,
91%) as a white solid: mp 223-230°C (decomposed); ‘H
NMR (CDCl,) & 0.89 (m, 6H), 1.27-1.52 (br m, 10H), 1.63
(m, 1H), 2.20 (m, 1H), 2.81 (s, 6H), 3.06 (ABg, J =
25 15.1 Hz, J = 43.3 Hz, 2H), 3.16 (s, 6H), 3.76 (s, 6H),
4,11 (d, J = 7.7 Hz, 1H), 5.09 (s, 2H), 5.14 (s, 2H),
5.48 (s, 1H), 5.96 (s, 1H), 6.49 (4, J = 8.9 Hz, 1H),
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4R-cis) -N- (Carboxymethyl) -N- [ [4-[[4~[3,3-dibutyl-7-
(dimethylamino)-2,3,4,5-tetrahydro-4-hydroxy-1,1-
dioxido-l-benzothiepin-5-

yllphenoxylmethyl] phenyllmethyl]lglycine

Step l: Preparation of chlorobenzyl intermediate

To a stirred solution of 144 mg (3.59 mmol, 60%
disp) of NaH in 29 mL of DMF was added 1.5 g (3.26
mmol) of 5-(4’-hydroxyphenyl)-7-(dimethylamino)tetra-
hydrobenzothiepine-1,1-dioxide (obtained from Example
1402, Step 10), and the resulting sclution was stirred
at ambient temperature for 45 min. To the solution was
added 7.13 g (40.75 mmol) of dichloro p-xylene, and the
mixture was stirred overnight. DMF was removed in

vacuo, and the residue was extracted with ethyl acetate

and washed with brine, The extract was dried over
MgS0,, and the concentrated residue was purified by
column chromatography to give the chlorobenzyl
intermediate: 'H NMR (CDCl,) § 0.90 (g, 6H), 1.05-1.65
(m, 11H), 2.2 (t, 1H), 2.8 (s, 6H), 3.0 (g, 2H), 4.1
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(d, 1H), 4.6 (s, 2H), 5.1 (s,2H), 5.5 (s, 1H}, 6.0 (s,

1H), 6.6 (d,1H), 7.0 (d, 2H), 7.4 (m, 6H), 7.8 (d,1H).

Step 2: Preparation of amino diester
5 A mixture of 1.03 g (1.72 mmol) of chlorobenzyl
intermediate (obtained from Step 1), 1.63 g (8.6 mmol)
of diethyl amino diacetate, and 0.72 g (8.6 mmol) of
NaHCO, in 30 mL of DMF was stirred at 100 °C for 6
hours. DMF was removed in vacuo and the residue was
10 extracted with ether and washed with brine. The extract )
was dried over MgSO,, and the concentrated residue was
purified by column chromatography to give amino diester

intermediate: 'H NMR (CDCl,) § 0.90 (g, 6H), 1.05-1.65
(m, 17H), 2.2 (t, 1K), 2.8 (s, €6H), 3.0 (q, 2H), 3.55

15 (s, 4H), 3.95 (s, 2H), 4.1-4.2 (m, 5H), 5.05 (s, 2H),
5.42 (s, 1H), 5.95 (s, 1H), 6.5 (4, 1H), 7.0 (d, 2H),
7.4 (s, 6H), 7.8 (4, 1H).

Step 3: Preparation of amino diacid

20 A solution of 0.863 g (1.15 mmel) of dibenzyl
ester (obtained from Step 2) and 0.232 g (5.52 mmol)
of LiOH in 30 mL of TEF and 30 mL of water was stirred
at 40 °C under N, for 4 hours. The reaction mixture
was diluted with ether and washed with 1% HCl. The )

25 agueous layer was extracted twice with ether, and the
combined extracts were washed with brine, dried over
MgSO,, and concentrated in vacuo to give the desired
title compound as a solid: mp 175 °C; 'H NMR (THF-d8)
0.95 (g, 6K), 1.05-1.65 (m, 11H), 2.22 (&, 1H), 2.8 (s,

30 6H), 3.0 (t, 2H), 3.5 (s, 4H), 3.9 (s, 2H), 4.1 (4,
1H), 5.1 (s, 2H), 5.4 (s, 1H), €6.05 (s, 1H), 6.5 (4,
iH), 7.0 (4, 2H), 7.4 (m, 6H), 7.78 (d, 1H). HRMS.
Calc’d for C,;HgN,0,S: €695.3366. Found: 695.3359. Anal.
Calc’d for C;gHgN,0,S: C, 65.68; H, 7.25; N, 4.03; s,

35 4.61. Found: C, 64.95; H, 7.32; N, 3.94; 8, 4.62.
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{4R-cis)-4-[[4-[3,3-Dibutyl-7- (dimethylamine)-2,3,4,5-
tetrahydro-4-hydroxy-1,1-dioxido-1,1-dioxido-1-
benzothiepin-5-yl)phenoxylmethyl] -l-methylpyridinium
salt with trifluoroacetic acid (1:1)

Step 1l: Preparation of picolyl intermediate

To a stirred scolution of 12.0 g (26.1 mmol) of 5-
(4’ -hydroxyphenyl) -7- (dimethylamino) tetra-
hydrobenzothiepine-1,1-dioxide (obtained from Example
1402, Step 10) in 200 mL of DMF was added 1.4 g (60%
oil dispersion, 35 mmol) of sodium hydride and the
reaction stirred at ambient temperature for one hour.
5.99 g (36.5 mmol) of 4-picolyl chloride hydrochloride
was treated with cold saturated NaHCO, solution and
extracted with diethyl ether. The ethereal extracts
were washed with brine, dried over MgSO,, and filtered.
The reaction was cooled in an ice bath and the
solution of 4-picolyl chloride in diethyl ether was
added. The reaction was stirred at ambient temperature
for 17 hours. The reaction was quenched with 25 mL of
saturated NH,Cl, diluted with 600 mL ethyl acetate
washed with 4X250 mL water, brine, dried over Mgso,,
filtered and concentrated in vacuo. Purification by
silica gel chromatography {(Waters-prep 500) using 60%
ethyl acetate/hexanes afforded 11.05 g (77%) of the
picolinyl intermediate as a colorless solid: mp 95-98
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fo%lz;) & ()-Fd:1b| REBI 31%%4!%0% 1%0 P igag %%?EZ'
J.methylam:.no)tetrahydrobenzothn.ep:.ne 1ox:|.de (1g,
1s 2.1 mmol, obtained from Example 1402, Step 10) in
acetone (50 mL) was added anhydrous K,CO, (0.45g, 3.2
mmol), tetrabutylammonium iodide (0.1g, 0.2 mmol) and
2,6-bischloromethylpyridine (1.2g, 10.8 mmol). The
flask was equipped with nitrogen gas adapter and
20 magnetic stirrer. The reaction was heated to reflux
for overnight. After 18 hours, the reaction was
diluted with ether and washed with water and brine (30
mL). The organic layers were dried over MgSso,,
filtered and concentrated in vacuo. Chromatographic
25 purification through silica gel, eluting with 25%
EtOAc/Hexane gave 0.75 g (55%) of the picolyl chloride
intermediate as an oil (0.70g, 55%): *H NMR (CDCl,) §
0.84-0.95 (m, 6H), 1.02-1.5 (m, 10H), 1.56-1.66 (m,
1H), 2.14-2.24 (m, 1H), 2.80 (s, 6H) 3.05 (ABg, 2H),
30 4.10 (4, 2H), 4.65 (s, 2H), 5.20 (s, 2H), 5.45 (s, 1H),
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&" OCVQ.Q& () - heated ¢ IRL] £60 SVedfilPghtd’ (The Bedb8OR ds cdoled
and extracted with 5% HCl with methylene chloride and
washed with water (25 mL), and brine (50 mL). The
organic layers were dried over MgSO,, filtered and
concentrated. The residue was purified by C-18 reversed
15 phase column eluting with 50% acetonitrile/water and

gave pyridinyl malonate intermediate as a white foamy

solid (1g, 71%): 'H NMR (CDCl,) § 0.84-0.95 (m, 6H),
1.02-1.5 (m, 10H), 1.56-1.66 (m, 1H), 2.14-2.24 (m,
i1H), 2.80 (s, 6H) 3.05 (ABq, 2H), 3.22 (d, 2H), 4.05

20 (d, 1H), 4.16 (t, 1H), 5.02(s, 2H), 5.08 (s, 4H), 5.44
(s, 1H), 5.97 (s, 1H), 6.96-7.10 (m, 3H), 7.20-7.32 (m,
12H), 7.5 (t, 1H), 7.9 (4, 1H).

) Step 3: Preparation of pyridinvl acid

25 The pyridinyl malonate intermediate (0.6g, 0.7
mmol, obtained from Step 2), THF/water (25.0 mL, 1:1)
and lithium hydroxide monohydrate (0.14 g, 3.4 mmol)
were placed in a 100 mL round-bottom flask. The
reaction was stirred at ambient temperature overnight.

30 After 18 hours, the reaction was extracted with 1% HCl
and ether and then washed with water (20 mL) and brine
(30 mL). The organic layers were dried over Mgso,,
filtered and concentrated in vacuo gave the desired
title compound as a white solid (0.44g, 90%): mp 105-

35 107 °C; *H NMR (CDCl,) § 0.84-0.95 (m, 6H), 1.02-1.5 (m,
10H), 1.56-1.66 (m, 1H), 2.14-2.24 (m, 1H), 2.80 (s,
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(4R-cis) -N- (Carboxymethyl) -N- [[6-[[4-{3,3-dibutyl-7-
(dimethylamino)-2,3,4,5-tetrahydro-4-hydroxy-1,1-
dioxido-l-benzothiepin-5-yl] phenoxylmethyl] -2-
pyridinyl)lmethyl] glycine
15

Step 1: Preparation of pyridinv] diester intermediate

A mixture of diethyl aminodiacetate (8g, 68 mmol) )
and sodium carbonate (0.63g, 5.9 mmol) was treated with
picolyl chloride intermediate (0.72g, 1.2 mmol,

20 obtained from Example 1430, Step 1), and stirred at 160
°C for three hours. The reaction was cooled and diluted
with ether and washed with 1% HCl, water (25 mL), and
brine (50 mL). The combined extracts were dried over
MgsSO,, filtered and concentrated in vacuo. The residue

25 was purified by distillation in the Kugelrohr to give
pyridinyl diester intermediate as a yellowish foamy
solid (0.72g, 80%): 'H NMR (CDCl,) § 0.84-0.95 (m, 6H),
1.02-1.5 (m, 16H), 1.56-1.66 (m, 1H), 2.14-2.24 {(m,
1H), 2.80 (s, 6H) 3.05 (ABg, 2H), 3.70 (s, 4H), 4.2-4.4

30 (m, 6H), 5.30 (s, 2H), 5.56 (s, 1H),6.02 (s, 1H), 6.60
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y(f109R & ()- YotooRride (nongisaizates &0 (38 oo8R16989E | )irgT8F{ Zeaiter1010
LS 08 ) e b R Wl bt SIS G0 K0,
0 -y 0 - L . . - | -y
* @10%%P . & ()-K\?Prg 108 ?A’Efa(ﬁ)t-lﬁi‘ mi /J”Ff&d%%‘-“%//?d “%16/%/5%1’
g& () -y/vU410 wBd waskER with ¥ HOVA (wetEer- (pPrmblg &nd brine (30
IFTIOHE ) 90 She)orsgB Sechinsiten sodd M -3
109%&L( && () - ! $£EEF?§‘EE11®“% @é@f@é&tﬁl 5}‘—#‘2‘9‘&105){'( LY “gﬁ éei’b’@%d&' () - Hy
TMr109% & () - H titlevgdnpgund 'ws18941el (e Sl EBODDAANG B0 %) =L | mp SUTBR () -
F310% & ()-M 155 o¢; *x mmr (Cpcl,) & 0.84-0.95 (m, 6H), 1.02-1.5 (m,
10H), 1.56-1.66 (m, 1H), 2.14-2.24 (m, 1H), 2.80 (s,
6H), 3.10 (ABqg, 2H), 3.90 (m, 3H), 4.05 (s, 1H), 4.40
(s, 2H), 5.20 (s, 2H), 5.50 (s, 1H), 5.97 (s, 1H), 6.50
(d, 1H), 7.02 (d, 2H), 7.3 {(d, 1H), 7.42 (d, 2H), 7.58
20 (d, 1H), 7.8-7.9 (m, 2H).

HRMS. Calec'd for C,,H,N;0,S: 696.3319. Found:696.3331.

Example 1432

Q%?
Bu
Bu
MesN < "/OH
Q CO,H
o5 0\/\o’\/kcozn
(48-cis) - [2-[2-[4-[3,3-Dibutyl-7~(dimethylamino) -
2,3,4,5-tetrahydro-4-hydroxy-1,1l-dioxido-1-
benzothiepin-5-yl]lphenoxyl ethoxy] ethyl] propanedioic
30 acid
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for 30 min. To the solution was added 13.2 g (54.38
mmol) of bis(2-bromoethyl)ether, and stirring was
continued at ambient temperature under N, overnight.
DMF was removed in vacuo and the residue was extracted
with ethyl acetate and washed with brine. The extract
was dried over MgSO,, and the concentrated residue was
purified by column chromatography to give bromoethyl

ether intermediate: 'H NMR (CDCl;) § 0.90 (g, 6h), 1.05-
1.65 (m, 11H), 2.2 (t, 1H), 2.8 (s, 6H), 3.0 (g, 2H),
3.5 (t, 2H), 3.9 (m, 4H), 4.1 (d, 1H), 4.2 (4, 2H),
.42 (s, 1H), 5.95 (s, 1H), 6.5 (d, 1H), 6.95 (d, 2H),
7.4 (4, 2H), 7.9 (d, 1H).

Step 2: Preparation of diester intermediate

To a mixture of 94 mg (2.34 mmol, 60% disp) of NaH
in 45 mL of THF and 15 mL of DMF at 0 °C was added 1.33
g (4.68 mmol) of dibenzyl malonate (Aldrich), and the
resulting solution was stirred at ambient temperature
for 15 min, followed by the addition of 0.95 g (1.56
mmol) of bromoethyl ether intermediate (obtained from
Step 1). The mixture was stirred under N, at 80 °C
overnight. Solvent was removed in vacuo and the residue
was extracted with methylene chloride and washed with
brine. The extract was dried over MgSO,, and the
concentrated residue was purified by column
chromatography to give the diester intermediate: ’H NMR

(cpel,) & 0.90 (g, 6H), 1.05-1.65 (m, 11H), 2.2-2.3 (m,
3H), 2.8 (s, 6H), 3.0 (g, 2H), 3.6 (t, 2H), 3.7 (m,
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10%/( Y& () -G y7| 420960 (38 )78y (d 1H) . alc’ or C;;H,.NO,S
632.2893. Found: 632.2882. Anal. Calc’d for C,,H,.NO,S:
C, 62.54; H, 7.47; N, 2.21; S, 5.06. Found: C, 61.75;
20 H, 7.56; N, 2.13; S, 4.92.

Example 1433

R =PEG 1000
R

25
(4R-cis) -a-[[4-[3,3-Dibutyl-7-(dimethylamineo)-2,3,4,5-
tetrahydro-4-hydroxy-1,1-dioxido-l1-benzothiepin-5-
yl)phenoxylmethyl] -w-methoxypoly (oxy-1,2-ethanediyl)
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benzothiepene
15 A mixture of 38 mg (1.52 mmol 95%) of NaH and 0.7
g (1.52 mmol) of 5-(4’-hydroxyphenyl)-7-

(dimethylamino)tetrahydrobenzothiepine-1,1-dioxide
(obtained from Example 1402, Step 10) in 5.5 mL of DMF
was stirred at ambient temperature under N, for 30 min.

20 To the solution was added 0.55 g (0.51 mmol) of the
mesylate PEG intermediate (obtained from Step 1) in 5.5
mL of DMF, and the resulting solution was stirred
overnight under N, at 50 °C. DMF was removed in vacuo
and the residue was extracted with methylene chloride )

25 and washed with brine. The extract was dried over
MgsSO,, and the concentrated residue was purified by
column chromatography to give the desired title
compound as an oil: ‘H NMR (CDCl,) § 0.9 (g, 6h), 1.05-
1.65 (m, 11H), 2.2 (t, 1H), 2.8 (s, 6H), 3.0 (q, 2H),

30 3.4 (s, 4H), 3.5-3.85 (m, 95H), 4.1 (s, 1H), 4.15 (t,
2H), 5.5 (s, 1H), 6.05 (s, 1H), 6.6 (d, 1H), 6.5 (d,
2H), 7.4 (d, 2H), 7.9 (4, 1H).
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The 3-aminobenzothiepene prepared in Step 5 of
Example 1398 (0.380g, 0.828 mmol), sodium hydroxide
(0.35 mlL,, 0.875 mmol, 10% in H,0) and toluene (0.50 mL)
10 were combined in a 10 mL round-bottom flask. The
reaction flask was purged with N,, equipped with
magnetic stirrer, and cooled to 0 °C. A solution of 3-
chloropropyl chloroformate (1.440g, 1.10 mmol, 12% in
CH,Cl,/ THF) was added. After 3.5 hrs, toluene (3.0
is mL) was added, and the mixture was washed with H,0 (2x4
) mL), dried (MgS0Q,), filtered and concentrated in vacuo.
Purification by flash chromatography on silica gel
eluting with 20% EtOAc/hexane and concentrated in vacuo
gave a white solid (0.269g, 56%). 1H NMR (CDCl3) §
20 0.87-0.93 (m, 6H), 1.05-1.70 (m, 11H), 2.14 (t, J = 6.3
Hz, 2H), 2.15-2.25 (m, 1H), 2.81 (s, 6H), 3.07 (ABq,
2H), 3.64 (t, J = 6.3 Hz, 2H), 4.11 (4, J = 7.5 Hz,
1H), 4.33 (t, J = 6.0 Hz, 2H), 5.50 (s, 1H), 5.99 (4, J
= 2.4 Hz, 1H), 6.51 (dd, J = 9.0, 2.7 Hz, 1H), €.65 (s,
25 1H), 7.23 (d, J = 7.8 Hz, 1H), 7.34-7.3% (m, 2H), 7.54
(4, J = 7.2 Hz, 1H), 7.89 (d, 8.7 Hz, 1H). HRMS (M +
H). Calc’d for C30H44N2058Cl: 5795.2659. Found:

579.2681.
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1,4-Diazabicyclo(2.2.2)octane (0.0785g, 0.700
mmol) and acetonitrile (1.0 mlL) were combined in a 10

10 mL round-bottom flask. The reaction flask was purged
with N,, equipped with magnetic stirrer, and heated to
37 °C. A solution of the product of Example 1434
(0.250g, 0.432 mmol) in acetonitrile (2.50 mL) was
added. After 2.5 hrs, 1,4-diazabicyclo(2.2.2)octane

15 (0.0200g, 0.178 mmol) was added. After 64 hrs, 1,4-
diazabicyclo(2.2.2)octane (0.0490g, 0.437 mmol) was )
added. After 24 hrs, the reaction mixture was cooled
to R.T. and concentrated in vacuo. The crude product
was dissolved in acetonitrile (2.0 mL) and precipitated

20 with ethyl ether (10.0 mL). The precipitate was
_filtered to yield a white solid. This trituration
method was repeated, followed by concentrated in vacuo
to give a white solid (0.185g, 62%). mp 218.0-225.0 ©C;
1y NMR (CD30OD) § 0.90 (m, 6H), 1.05-1.55 (m, 10H),

25 1.16 (¢, J = 6.6 Hz, 2H), 1.78 (m, 1H), 2.12 (m, 3H),
2.76 (s, 6H), 3.10 (m, 2H), 3.17 (t, J = 7.2 Hz, 6H),
3.30-3.50 (m, 8H), 4.10 (s, 1H), 4.21 (t, J = 5.4 Hz,
2H), 5.31 (s, 1H), 6.10 (s, 1H), 6.55 (d, J = 7.2 Hz,
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Step 1. Preparation of:
N3 cl
) 0
15 3-Chloromethylbenzoyl chloride (2.25 mL/15.8 mmol)

and acetone (8.0 mL) were combined in a 25 mL round-
bottom flask. The reaction flask was coocled to 0°C,
and an agueous soluticon of sodium azide (1.56g in 5.50
mL/24.0 mmeol) was added. After 1.5 hrs, the reaction
20 mixture was poured into ice water (80.0 mL), extracted
with ethyl ether (2x25 mL), dried (MgSO,), and
concentrated in vacuo to give a colorless oil (2.660g,
86%). IH NMR (CDCl3) § 4.62 (s, 2H), 7.47 (t, J = 7.8
Hz, 1H), 7.66 (d, J = 7.8 Hz, 1H), 7.99 (d, J = 7.8 Hgz,
25 1H), 8.05 (s, 1lH).
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5 3-Chloromethylbenzoyl azide (0.142g, 0.726 mmol)

and toluene (2.0 mlL) were combined in a 10 mL round-
bottom flask. The reaction flask was purged with N,,
equipped with magnetic stirrer, and heated to 110 °C.
After 2 hrs, the reaction mixture was cooled to R.T,

10 and the 3-aminobenzothiepene prepared in Step 5 of )
Example 1398 (0.365g, 0.796 mmol) was added. After
2.25 hrs, the mixture was heated to 50 °C. After 0.75
hrs, 3-chloromethylbenzoyl azide (0.025g, 0.128 mmol)
was added, and the reaction mixture was heated to

15 reflux. After 0.5 hrs, the reaction mixture was cooled
to R.T. and concentrated in vacuo. Purification by
flash chromatography on silica gel eluting with 20-30%
EtOAc/hexane and concentrated in vacuo gave a white
foamy solid (0.309g, 62%). 1H NMR (CDCl3) & 0.71 (t,

20 J = 5.4 Hz, 3H), 0.88 (t, J = 6.3 Hz, 3H), 1.03-1.60
(m, 11H), 1.85 (4, 6.3 Hz, 1H), 2.27 (m, 1H), 2.76 (s,
6H), 3.15 (t, 2H), 4.17 (@, J = 6.6 Hz, 1H), 4.48 (s,
2H), 5.42 (s, 1lE), 6.07 (s, 1H), 6.929 (d, J = 7.5 Hz),
7.18-7.26 (m, 2H), 7.30-7.41 (m, 3H), 7.63 (s, 1H), )

25 7.86 (d, J = 9.0 Hz, 2H), 7.96 (s, 1H), 8.17 (s, 1lH).
HRMS (M + Li). Calculated for C34H44N304SClLi:

632.2901. Found: 632.2888S.
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1,4-Diazabicyclo(2.2.2)octane (0.157g, 1.40 mmol)
and acetonitrile (1.00 mL) were combined in a 10 mL
10 round-bottom flask. The reaction flask was purged with
N, and equipped with magnetic stirrer. A solution of
the product of Example 1436 (0.262g, 0.418 mmol) in
acetonitrile (2.70 mL) was added. After 2.5 hrs, a
white precipitate had had formed. Ethyl ether (6.0 mL)
15 was added, and the precipitate was filtered, washed
) with ethyl ether, and dried in vacuo to yield a white
solid (0.250g, 80%). mp 246.0-248.0 ©C; 1H NMR (CD30D)
§ 0.88 (m, 6H), 1.03-1.55 (m, 10H), 1.76 (m, 1H), 2.11
{m, 1H), 2.74 (s, 6H), 3.11 (m, 8H), 3.37 (m, 6H), 4.12
20 (s, 1H), 4.39 (s, 2H), 5.31 (s, 1H), 6.11 (s, 1H), 6.52
(8d, J = 8.7, 1.8 Hz, 1H), 7.09 (&, J = 7.2 Hz, 1lH),
7.23 (d, J = 6.9 Hz, 1B), 7.32-7.38 {(m, 2H), 7.47 (m,
2H), 7.58 (s, 1H), 7.73 (d, J = 8.7 Hz, 2H). HRMS,
Calculated for C40H56N504SCl: 702.4053. Found:
25 702.4064. Anal. Calculated for Cg4pHs5eN504S8Cl: C,
65.06; H, 7.64; N, 9.48; S, 4.34; Cl, 4.80. Found: C(,
64.90; H, 7.77; N, 9.42; S, 4.16; Cl, 4.89.
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Preparation of:

The 3-aminobenzothiepine of step 5 of Example 1398
(0.0165g/0.0360 mmol), M-NCO-5000 (0.150g/0.30 mmol)
10 (Methoxy-PEG-NCO, MW 5000, purchased from Shearwater
Polymers Inc., 2130 Memorial Parkway, SW, Huntsville,
Alabama 35801), and CDCl, (0.7 mL) were combined in an
8 mm NMR tube. The tube was purged with N,. After 72
hrs, the reaction mixture was heated to 50 °C. After

15 24 hrs, an additional aliquot of the 3-
aminobenzothiepine of step 5 of Example 1398
) (0.0077g/0.017 mmol) was added. After 24 hrs, the

reaction mixture was transferred to a 2 mbL vial and
evaporated to dryness with a N, purge. The resulting

20 white solid was dissolved in hot ethyl ether (2.0 mL)
and ethyl acetate (0.057 mL/4 drops), coocled to
precipitate and filtered. This precipitation procedure
was repeated until no starting material was detected in
the precipitate (TLC: Si0,/80% EtOAc/hexanes).

25 Concentrated in vacuo to give a white solid
(0.0838g/51%) . 14 NMR (CDCl3) d 0.82-0.90 (m, 6H),
1.05-1.49 (m, 14H), 1.128 (¢, J = 6.8 Hz, 2H), 1.59 (bt,
1H), 2.18 (bt, 1H), 2.34 (s, 2H), 2.78 (s, 6H), 3.04
(ABq, 2H), 3.35-3.80 (m, 625H), 4.09 (4, J = 7.2 Hz,
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F& ()-/L 10%!& ()-/#3NFL 10%!& ()-/ 10%!'& ()-/ 10%!& ()-/ 10%
& ()-/9%880880&cC, 9 10% ! & ( 10%!&'()2/3310%!&'()-/ 10%!'& ()-/#3NFL 10%
& ()-/ 10%! & by 84 SEERE 3 10%b 10% 1 () loslR & D)1/e 1% 1€ O/
° 1H), 6.47 (dd, J = 6.4, 3.2 Hz, 1H), 7.07 (4, J = 7.6
Hz, 1H), 7.31 (bs, 1H), 7.60 (d, J = 7.6 Hz, 1H), 7.66
(s, 1H), 7.85 (d, J = 8.8 Hz, 1H). Mass spectroscopy

5 data also verified desired product.

Example 1456

Preparation of:
10 )

O ’/o

s Q=
\]iI /

A mixture of 0.845 g (10.7 mmol) of 5-R-[4-(2-
bromoethoxyethoxy)phenyl-3,3-dibutyl-7-dimethylamino-
4-R-hydroxybenzothiepine-1,1-dioxide (Example 32, Step

15 1), 11.45 g of diethyl iminodiacetate, and 1.14 g of )
sodium carbonate was held at 160 °C for 3.5 hours,
diluted with brine and extracted with CH,Cl,. The CH,Cl,
layer was washed with brine, dried (MgSo,) and
concentrated in vacuum. The residue was kugelrohr

20 distilled at 0.5 torr at 120 °C to remove excess
diethyl iminodiacetate to give 1.0 g of a residue. A
mixture of this residue, 0.8 g of lithium hydroxide,
25 ml of tetrahydrofuran, and 25 ml of water was held
at 45 °C for 3 days and concentrated in vacuum to

25 remove tetrahydrofuran. The residual aqueous solution
was diluted with 25 ml of water and acidified to pH 2
and extracted with CH,Cl, (2x50 ml). The CH,Cl, layer
was dried (MgsS0O,) and concentrated in vacuum. The
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1& ()-/#3NFL 10% ! & () -/ 8&8&E$&YRA@ 9 10% ! #3NFL  10% ! & ()-/ 10%!& ()-/
10% ! & ()Wood@eeT! & () -/ #3NFL %R&8 &+8&0&1&6&IH, 9 10% ! #3&&%%8&26)-/?1\5@3 7002
10% ! & ()-/ 10%!& ()-/ 10%!& ()-/ 10%!& ()-/68&9& &@ABACE{ C, 9 10% I#
10% ! & ()-/( 10%!& ()-/#3NFL 10%!&46)-/ 10%!& ()-/ 10%

1 & () -/ C&F&l &I8K8ELE&PE&CC, 9 10% ! # 1_0%!&'(&)_-/ 10% ! & ()-/ 10% ! & ()-/#3NFL
10% ! & ()-/ 10%esddupl/ peiid/exgligsedved MoheE#CHE 1@nd) -/ 10% ! & () -/
10% !& () -/ 10%riturated with ether. The precipitate was collected

to give 0.86 g of solid, MS (negative FAB), m/e 685 (M’

+ Na) .
5
Example 1457
Preparation of:
) 10
o\\soo
l i OH
0 0
\/‘\/\/#
/ “OH
HO
A solution of 500 mg ©of desired 5-(4'-
15 hydroxyphenyl) -7-
(dimethylamino) tetrahydrobenzothiepine-1,1-dioxide
) (Example 1402, Step 10) (1.09 mmol)in S mL of

dimethylformamide was added via a syringe to a stirred
solution of 36 mg of 95% NaH (1.41 mmol) in 5 mL of
20 dimethylformamide at -10 °C in an acetone-dry ice bath.
The resulting solution was stirred at -10 °C for 30
minutes. A solution of 1.25 g of 1,5-dibromcpentane
{(5.45 mmol) in 5 mL of dimethylformamide was then
added. The mixture was stirred at -10 °C for another 30
25 minutes and allowed to warm up to room temperature and
stirred for 1 hour. The reaction mixture was quenched
with water at 0 °C and extracted with ethyl acetate.
The ethyl acetate layer was dried over MgSO, and
concentrated in wvacuo. The crude product was

SUBSTITUTE SHEET (RULE 26)
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10% ! & ( 10% ! & ()-/ 10%!& ()-/ 10% by () -/ #3NFL 10%1&'() / 10%

&' () -/ 88&R&&K 2,9 10%! 10%1& ()-/ 10%!& ()-/ 10%!& ()]

1 & ()-/#3NFL  1GHWoRatpoy Zmesems @bl 169, S83NMO1 uﬂﬁb/oweﬁ()lﬁ*lcﬁﬁ)ﬁwéz ()-1
10% ! & () -/ 10%ac&tare/tictide &8SS88GEHE, 9430% mg of the bromide

intermediate (71%) as a white solid: 1H NMR (CDCl3)

§0.91 (m, 6H), 1.20-1.67 (m, 13H), 1.80 -2.00 (m, 4H),
5 2.22 (m, 1H), 2.82 (s, 6H), 3.08 (Abg, 2H), 3.46 (t, J
=6.9 Hz, 2H), 4.00 (¢, J 6.3 Hz, 2H), 4.1 (s, 1H),
5.49 (s, 1H), 6.00 (d, J = 2.4 Hz, 1H), 6.52 (dd, J =
9.0 Hz, 2.7 Hz, 1H), 6.92 (d, J = 8.7 Hz, 2H), 7.41 (4,
J = 8.7 Hz, 2H), 7.90 (4, J = 8.7 Hz, 1lH).
10 )
A stirred solution of 400 mg of the bromide
intermediate (0.66 mmol) in 2 mL of
tris(trimethylsilyl) phosphite was refluxed at 100 °C
overnight. The reaction mixture was cooled to room
15 temperature and 30 mL of 50% methanol/water solution
was added. The mixture was stirred at room temperature
for 5 hours. The mixture was concentrated in vacuo and

the resulting aqueous solution was extracted with
CH,Cl,. The CH,Cl, solution was dried over MgSO, and
20 concentrated in vacuo to yield a yellowish oil. The oil
was dissolved in CH,Cl, and triturated with ethyl
acetate to give 202 mg of the desired product (50%) as

a white solid. 1H NMR (CDCl3) & 0.90 (m, 6H), 1.14-2.10 )
(m, 21H), 2.81 (s, 6H), 3.07 (ABg, 3.98 (m, 3H), 4.11 ’
25 (s, 1H), 5.48 (s, 1H), 6.02 (d, J = 2.4 Hz, 1H), 6.53

(dd, J = 8.9 Hz, 2.6 Hz, 1H), 6.81 (d, J = 8.1 Hz, 2H),
7.40 (d, J = 8.1 Hz, 2H), 7.89 (d, J = 8.4 Hz, 1lH).
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10%!'& ()-/#3NFL 10%! & () -/ &&&&&&&EAA 9 10% ! #3NFL 10%I&()_./ 10%
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Example 1458

Preparation of:

o
oo

”’"u.__

COH

) >\’
\/N
10
A mixture of 0.325 g (1.78 mmol) of 5-
mercaptotetrazoleacetic acid sodium salt, 1.0 g of
potassium carbonate, and 30 ml of dimethylformamide
was stirred for 2 hours then was charged with 1.06 g
15 (1.74 mmol) of 5-R-[4- (5-bromopentoxy)phenyl-3,3-
dibutyl-7-dimethy1amino-4-R-hydoxybenzothiepine-l,1-
dioxide (Example 1413, Step 1). The reaction mixture
was stirred for 20 hours at room temperature and
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LG9 10% ! # 10% & ()-/( 10%!'& ()-/#3NFL  10%!'& ()-/ 10%!& ()-/
10% ! & () -wgdoioyes?' cC, 9 10% !# 10%!& ()-/ 10%!'& ()-/ 109461!!(&'9!(/))2818#3NF3_1 2002
10%!'& ()-/ 10%!'& ()-/"1"""# 3% )" .'cC9 10%'# 10%!'& ()-/ 10%!& ()-/ EB&@
P& ()-/ 10%!'& ()-/#3NFL 10% ! & () -/ g4k 4" 7°'9">" 2" "<, 9 10%*3NFL ) 10%
P& ()-/1 10%!'& ()-/ 10%!& ()-/ 10%!& ()-/#3NFL " @A'D1'J' K L'dH 9 10%
1& ()-/L 10% ! &copcensrited iposagupn. / Theoresgdue. wagogrirred in
ether and water (100 ml each). A waxy material
resulted that was insoluble to both the ether and
agueous layers. The waxy material was combined with
5 the aqueous layer and was acidified with concentrated
HCl and extracted with CH,Cl,. The CH,Cl; layer was
dried (MgSO,) and concentrated in vacuum to yield 1.35
g of a syrup, MS (negative FAB), m/e €86 (M’ -1); NMR
(cpcl,), 8.0 (d, 1H, 7 Hz), 7.50 (d, 2H, 7 Hz), 7.00
10 (d, 2H, 7 Hz), 6.7 (d, 1H, 7 Hz), 6.2 (s, 1H), 5.6
(s, 1H), 5.15 (s, 2H), 4.2 (s, 1H), 4.1 (s, 2H), )
3.7(s, 2H), 3.1-3.2 (ABq, 2H), 2.9 (s, 6H), 2.3 (t,
2H, 8 Hz), 0.9-2.0 (m, 24H).

15
Example 1459
Preparation of:
0, 2
S Bu
Bu
MeoN >
2 s oM
QL 5 |
HN—(+
N-\_N cr
20 (7
(4R-cis) -1- [N-[3-[3,3-Dibutyl-7- (dimethylamino) -
2,3,4,5-tetrahydro-4-hydroxy-1,1-dioxido-1-
benzothiepin-5-yl] ] phenylacetamido] -4-aza-1-
25 azoniabicyclo[2.2.2) octane chloride
A solution of the aniline derivative prepared in
Example 1398, Step S (1.0 g, 2.2 mmol) in
dichloromethane (10 mL) at 0 °C under N, was treated
30 with N,N-di-isopropyl-ethylamine (0.53 mL, 3.1 mmol,
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P& ()-/ 10%!'& ()-/L'PTUVW\'"cC9 10%!& ( 10%!& ()-/ 10%!'& ()-/ 10%
1& ()-/#3NAPLOOIEETo, 1 & ()-/ 10% ! & ()-/\'""a' f'i'k' p' _?, Pcrasey1280% ! & ( DEL 2002
10%!'& ()-/ 10%!'& ()-/ 10%!'& ()-/#3NFL 10%!'& ()-/p'qg'r's'v' {'|'d@9 10%
P#3NFL  10% ! & ()-/ 10%!'& ()-/ 10%348& ()-/ 10% ! & ()-/#3NFL
"}~ dH 9 10% & () -/ 10%)!&f&2-/#3NFL_ 10%!'& ()-/. 10%!'& ()-/ 10%
1& ()-1 10% ! & (4-/2q+) ' Lollpwego, BY1odhes CFOPWiPR, | 2AdILion) opf
1& ()-/#3NFL dWféroacetyl chloride (0.21 mL, 2.6 mmol, 1.2 eq.) over

a 10 minute period. The reaction mixture was stirred

and allowed to warm to 25 °C over a 2 hour period. The

5 mixture was quenched by the addition of 1N HCl (25 mL)
and the aqueous layer was extracted with ethyl acetate
(2 x 25 mL). The combined organic extracts were washed

with saturated aqueous sodium bicarbonate (2 x 25 mL)

and brine (30 mL), and were dried (MgSO,) and

10 concentrated to give a pale vyellow o0il which

) crystallized upon standing. The white crystals were
collected and washed with hexane (50 mL) to give a
chloroacetyl intermediate (0.74 g, 63%) as a pale

vellow solid: *H NMR (CDCl,) § 0.95 (m, 6H), 1.15-1.71
15 (br m, 11H), 2.24 (m, 1H), 2.85 (s, 6H), 3.12 (ABq, J =
15.0 Hz, J = 48.8 Hz, 2H), 4.15 (d, J = 6.2 Hz, 1H),
4.23 (s, 2H), 5.57 (s, 1H), 6.05 (m, 1H), 6.58 (dd, J =
8.9, 2.4 Hz, 1H), 7.37-7.4% (m, 2H), 7.79 (d, J = B.5

Hz, 2H), 7.%4 (4, J = 8.9 Hz, 1H), 8.30 (s, 1H).

20

A solution of the chloroacetyl intermediate (26
mg, 0.05 mmol) in acetonitrile (1 mL) at 50 °C under N,
was treated with diazabicyclo[2.2.2]octane (DABCO, 10
) mg, 0.095 mmol, 1.8 eq.) and stirred at 50 °C for 2
25 hours. The reaction mixture was allowed to cool to 25
°C and was concentrated to form a residue. The residue
was dissolved in warm acetonitrile and tert-butyl
methyl ether was added. The mixture was allowed to
stand overnight during which time crystals formed. The
30 resulting white solid was collected and washed with
tert-butyl methyl ether (25 mL) to give the title
compound (17 mg, 55%) as a white crystalline solid: 'H
NMR (CDCl;) § 0.88 (m, 6H), 1.08-1.42 (br m, 8H), 1.45-
1.80 (br m, 4H), 2.14 (m, 1H), 2.75 (s, 6H), 3.08 (ABq,
35 J = 15.1 Hz, J = 34.3 Hz, 2H), 3.21 (m, 6H), 3.79 (m,
6H), 4.12 (s, 1H), 4.62 (s, 2H), 5.41 (s, 1H), 5.99 (m,
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1& ()-/( 10%!& ()-/#3NFL 10%!& ()-/ 208%!& ()-/ 10%1& ()-/ ((((_RE8

1010740WA 0K 9HGPANE .6h- (40% & §)s/#3NFLy) 10963:& ) (I)HCBO/O.? BooklE ()

LT

L& ()1 (((1(3(5(9¢ ] 3758 370%9 19%g 0 10%&' Gy 197 ()7 T

(s, 1H); HRMS. calc’d for C,Hy;N,0,S: 611.3631. Found:

611.3638.
5
Example 1460
Preparation of:
é; %ﬁDH
O
0
I oH
AN
NN
o H’/OH
0]
10

Step 1: Preparation of diethyl iminodiacetato-
sul fonamoyl chloride

(o]
(o]
I o~ O\
m’/lj\\N
© o~
o)

15

Sulfuryl chloride (27.552g/204.1 mmol) and
chloroform (50.0 mL) were combined in a 250 mL round-
bottom flask. The reaction flask was purged with N,,
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109VMVE () ---- % *- -| _RE8 ~1840' 10' &@10% & () - %10%&()- %
10%%& ()- 3 10%))0&() SN TV (Bur /- =-AE-1-M\-]|[:
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&&MO%W & ()-\-g-p-S-----|[: : ,, %“&() @ALO% ()- & " @AON & ()-
f YLOR& ()-g Zf Ylo%gr( @azt@ - 994 -g -------- bA810*" | & 10%& ()-
L10%&K&' () - @ eL10%-t ~& () - @& 10(@& ()oH

&S$@OYESE () -310*" 10*" - - - - - - 0" tloty & @10%&& ()-M
@ 1098&' ()-M & 109&& () - |10% | 1096 &" & ---------- T\ 10%" Yy
109 s
'k N
(@]

’ O
The 3-aminobenzothiepine of step 5 of Example 1398

(0.503g/1.097 mmol), toluene (5.00 mL),
diisopropylethylamine (0.148g/1.148 mmol), and the

20 diethyl iminodiacetato-sulfonamoyl chloride prepared in
step 1 of this Example(0.650g/2.260 mmol) were combined
in a 25 mL round-bottom flask. The reaction flask was
purged with N, and equipped with magnetic stirrer.
After 18 hours, additional diisopropylethylamine

25 (0.074g/0.574 mmol) and diethyl iminodiacetato-

SUBSTITUTE SHEET (RULE 26)
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éfglo%lgf’g{g»’(* fa ()-& @Qfﬂ&%m%l( ):h(lﬁ@#&@‘yf% (N:)mgi/JgJ?ize{ &m?h wéwga@ae&%lo% 0-
Y(‘10%(8&”(jm§f”1%’£/2%4 PursT Bob r?ée%aﬂe %ﬁghﬁl Gip Boker
& () -1 Y#10%CCS' The mijtuvie] Ous?waghed - 7l tigfaguegus NaiCo, (&§@0/@m18)() )

&L9$@ir?)%)</@’ll§ 8 / é%\/;%éﬁé Nadh3/is6| abi#0 driéd)lo(%gs& )() a(nHJIéoK&Qi{ci@iHﬁ K
W. 0, 0,

&0109888& () - </ Afﬂ/l‘f@‘ﬂ'}q//?{‘gﬁiﬁbtt?’-& mf(&a(%‘ Chﬁ%ﬂ?ﬁ%i’&“{”? Paom & ()-
|f @O% & ()- f @ODAB| T plptinglessle 0% /guhyl/ ACpE@IIOAhetanEosnds: () -

&p; 1090& () - , 10¢@nddnt rat@UP&n(Vacuo gave a white solid (0. 3499/45%)
&&' MO%& () - 10%10%/ 1 1111/11 [ NA41010 b10bb10bb P | +10%b& () -

8@ +10% 1 & () - 1]%10@@ (<)ch T 199882 (. GHi@%g}%lﬂQ)omoeeﬂbu NA41010

ple%)&()@ 10% & Z
&&ML0%) b]%/ ~O(Q do %4%1 é%’o’ 110 90, lﬁz)b/ 2&‘821 @é'&&omi 10%< )
& ()- s s§|°10%5(6%c9(:') (&@§ 103/@09 &84 J = 30 %&1?)3@%0 0| 20/A21010
s> 10% 9%&' ()-! &s4 JDYRn(,) SHBMLE Y 8.&/(£) M)#I\/[BOfa’ph(()i& §) =\ SVEYR1E) ; M
&Ss* 1098 & () - 00000001 14UA10_&1096 & & (3, ( 88y M0%G &, & §) n 1@ 5<7 195 5< 10<
5< , Y(10%< ! e !
( (bs, 1H), 7.90 (d, J = 9.0 Hz, 1H). HRMS (ESI/M + H).
Calc’d for CigHs2N306S82: 710.3145. Found: 710.3158.
15
Step 3: Preparation of Title Compound:

The benzothiepine prepared in step 2 of this

Example (0.224g/0.316 mmol) and tetrahydrofuran (1.00

20 mL) were combined in a 10 mL round-bottom flask. The
reaction flask was purged with N, and equipped with
magnetic stirrer. A solution of LiOH.H,0 (0.030g/0.715
mmol) in water {(0.50 mL) was added. After 4 hours, )
additional LiOH.H,O (0.015g/0.357 mmol) was added.

25 After 30 minutes, water (6.0 mL) was added. The
agueous mixture was washed with diethyl ether (4 x 4.0
mL), and acidified with aqueous 3.0 N HC1l (0.40 mL).
After 18 hours, a white precipitate had formed, which
was filtered, washed with water (2.0 mL) and

30 concentrated in vacuo. Precipitation from
agetonitrile/diethyl ether/hexanes and
recrystallization from t-butyl methyl ether/diethyl

ether gave a white crystalline solid (0.109g/53%). 3H
NMR (CD3OD) § 0.8% (m, 6H), 1.05-1.50 {(m, 10H), 1.68

35 {m, 1H), 2.16 (m, 1H), 2.89 (s, 6H), 3.13 (m, 2H), 4.07
(s, 4H), 4.18 (s, 1H), 5.45 (s, 1H), 6.52 (s, 1H), 6.93
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20 preferably is subjected to a chiral chromatagraphic
purification step prior to demethylation. The separated
enantiomer is then demethylated to yield the
enantiomeric-enriched intermediate 5-(4’-
) hydroxyphenyl) -7~
25 (dimethylamino) tetrahydrobenzothiepine-1,1-dioxide for
use in the next step of the synthesis. By way of
further illustration, chiral chromatographic
purification could be performed immediately prior to
Step 7 of Example 1398a using a column such as a
30 Chiralpak AD column with an ethanol/heptane mobile
phase (5%-10% ethanol v/v) at a wavelength of 220 nm.
The separated enantiomer is then used as an
intermediate in Step 7 of the synthesis thereby
resulting in an enantiomeric-enriched final product.
35 Similarly, where the synthesis proceeds through
the intermediate 5-(3/-methoxyphenyl)-7-
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example, chiral chromatographic purification could be
performed immediately following Step 5 of the Example )
25 Corresponding To Scheme XII to yield the enantiomeric-
enriched intermediate 5- (3’ or 4-aminophenyl)-7-
(dimethylamino) tetrahydrobenzothiepine-1,1-dioxide for
use in the next step of the synthesis.
Alternatively, an enantioselective synthesis, such
30 as the one described in Example 1461 below, could be
used to provide the desired enantiomeric-enriched 5- (3’
or 4’ -aminophenyl)-7-
(dimethylamino) tetrahydrobenzothiepine-1,1-dioxide
intermediate.
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Step 1l: Preparation of triflic intermediate
A solution of 10.17 g (22.13 mmol) of 5-(4'-
hydroxyphenyl) -7-
10 (dimethylamino) tetrahydrobenzothiepine-1,1-dioxide
(prepared in Step 7 of Example 1398a) in pyridine (42

mL) at 0° C under nitrogen gas was treated with triflic
anhydride (4.1 mL, 24.4 mmol, 1.1 equivalents)
dropwise. Upon completion of the addition, the bath

15 was removed and the reaction stirred at room
temperature for 21 hours. The pyridine was removed in
vacuo, the resulting oil was taken up in water (100 mL)

) and extracted three times with ethyl acetate (45 mL

each) . The combined organics were washed with 2N HCl

20 (100 mL), 10% CusSO, (100 mL) and brine (100 mL), and
then dried over MgsSO,, filtered and the solvent
evaporated. The residue was purified by chromatography
on silica gel (25% ethyl acetate in hexane) to afford
the desired title compound as a pale yellow foam (11.42

25 g, 87.2%): 'H NMR (CD,0D) § 0.85-1.0 {(m, 6H), 1.0-1.15
(m, 10H), 1.76 (¢, J = 12.6 Hz, 1 H), 2.12 (¢, J = 13
Hz, 1K), 2.79 (s, 6H), 3.1-3.2 (qu, 2H), 4.05 (s, 1H),
5.42 (s, 1H), 5.88 (d, J = 2.1 Hz, 1H), 6.59 (dd, J =
8.9, 2.1 Hz, 1H), 7.35 (4, J = 7.8 Hz2, 1H), 7.4% (d, J

SUBSTITUTE SHEET (RULE 26)



LS %& () +, - 31 DEC 2002
WO 00/01687 PCT/US99/12828

250
= 7.8 Hz, 1H), 7.57 (¢, Jd = 7.8 Hz, 1lH), 7.66 (s, 1lH),
7.77 (d, J = 8.9 Hz, 1H).

Step 2: Preparation of Imine
5 To a solution of 11.41 g (19.28 mmol) of the

triflate (prepared in Step 1 above), palladium (II)
acetate (433 mg, 1.93 mmol, 10 mol%), racemic 2,2'-bis-
(biphenylphosphenyl) -1, 1’ -binaphthyl (1.41 g, 2.26
mmol, 12 mol%) and cesium carbonate (8.86 g, 27.2 mmol,

10 2.0 equivalents) in 114 mL of tetrahydrofuran was added )
6.6 mL (39.4 mmol, 2.0 eqguivalents) of benzophenone
imine. The mixture was stirred at reflux for four
hours, filtered through celite and the solvent removed
in vacuo providing 19.11 g of a deep red foam: 'H NMR

15 (CDOD,) & 0.8-1.45 (m, 16H), 1.6-1.75 (m, 1H), 1.9-2.05
(m, 1 H), 2.78 (s, 6H), 2.98-3.15 (qQs, 2H), 3.88 (s,
1H), 5.17 (s, 1B), 5.92 (d, J = 2.2 Hz, 1H), 6.54 (44,
J = 5.1, 2.7 Hz, 1H), 6.74 (d, J = 8.1 Hz, 1H), 6.80
{br s, 1H), 7.0-7.12 {(m, 2H), 7.15-7.25 (m, 3H), 7.35-

20 7.52 (m, 7H), 7.52-7.68 (m, 2H}, 7.71 (d, J = 7.9 Hz,
1H) .

Step 3: Preparation of Aniline
To a solution of 19.1 g (theoretically 19.3 mmol)
25 of the crude imine (prepared in Step 2 above) in
methanol (200 mL) was added sodium acetate (6.33 g,
77.2 mmol, 4 equivalents) and hydroxylamine
hydrochloride (4.02 g, 57.9 mmol, 3 equivalents).
After stirring one hour, 1N sodium hydroxide (100 mL)
30 was added and the mixture extracted with methylene
chloride (2 X 100 mL, 1 X 50 mL). The combined
organics were washed with brine (100 mL), dried over
~MgSO,, filtered and the solvent evaporated. The
residue was purified by chromatography on silica gel
35 (50% ethyl acetate in hexane) to afford the desired
title compound as a yellow foam (8.64 g, 97.9%): 'H NMR
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(CD,0D) § 0.86-0.97 (m, 6H), 1.07-1.52 (m, 10H), 1.76
(¢, J = 12.6 Hz, 1 H), 2.10 (t, J = 11.5 Hz, 1H), 2.79
(s, 6H), 3.05-3.18 (qQu, 2H), 4.10 (s, 1H), 5.22 (s,
1H), 6.19 (s, 1H), 6.54 (dd, J = 8.9, 1.9 Hz, 1H), 6€.68
(d, J = 8 Hz, 1H), 6.82 (s, 1H), 6.86 (d, J = 7.2 Hz,
1H), 7.14 (v, J = 7.8 Hz, 1H), 7.73 (4, J = 8.9 Hz,

1H) . : )

BIOLOGICAL ASSAYS
The utility of the compounds of the present
invention is shown by the following assays. These
assays are performed in vitro and in animal models

essentially using a procedure recognized to show the
utility of the present invention.

In Vitro Assay of compounds that inhibit IBAT-mediated
uptake of [''C)-Taurocholate (TC) in H1l4 Cells

Baby hamster kidney cells (BHK) transfected with
the ¢DNA of human IBAT (H14 cells) are seeded at
60,000 cells/well in 96 well Top-Count tissue culture
plates for assays run within in 24 hours of seeding,
30,000 cells/well for assays run within 48 hours, and
10,000 cells/well for assays run within 72 hours.

On the day of assay, the cell monolayer is gently
washed once with 100 pl assay buffer (Dulbecco's
Modified Eagle's medium with 4.5 g/L glucose + 0.2%
(w/v) fatty acid free bovine serum albumin- (FAF)BSA).

To each well 50 pl of a two-fold concentrate of test
compound in assay buffer is added along with 50 pl of
6 pM [**C] -taurocholate in assay buffer (final

concentration of 3 uM [*'C]-taurocholate). The cell
culture plates are incubated 2 hours at 37° C prior to
gently washing each well twice with 100 pul 4° C
Dulbecco's phosphate-buffered saline (PBS) containing
0.2% (w/v) (FAF)BSA. The wells are then gently washed
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once with 100 pl 4° C PBS without (FAF)BSA. To each
200 pl of liquid scintillation counting fluid is
added, the plates are heat sealed and shaken for 30
minutes at room temperature prior to measuring the

amount of radiocactivity in each well on a Packard Top-

Count instrument.

In Vitro Assay of compounds that inhibit uptake of

[**C]-Alanine

The alanine uptake assay is performed in an
identical fashion to the taurocholate assay, with the
exception that labeled alanine is substituted for the
labeled taurocholate.

In Vivo Assay of compounds that inhibit Rat Ileal
uptake of [**C]-Taurochoclate into Bile

(See” Metabolism of 3q,7p-dihydroxy-7a-methyl-5p-

cheolancic acid and 3q,7p-dihydroxy-7a-methyl-5p-
cholanoic acid in hamsters” in Biochimica et
Biophysica Acta 833 (1985) 196-202 by Une et al.)
Male wistar rats (200-300 g) are anesthetized
with inactin @100 mg/kg. Bile ducts are cannulated
with a 107 1length of PE10 tubing. The small
intestine is exposed and laid out on a gauze pad. A
canulae (1/8” 1luer lock, tapered female adapter) is
inserted at 12 cm from the junction of the small
intestine and the cecum. A slit is cut at 4 cm from
this same junction (utilizing a 8 cm length of ileum).
20 ml of warm Dulbecco's phosphate buffered saline,
pPH 6.5 (PBS) is used to flush out the intestine
segment. The distal opening is cannulated with a 20
cm length of silicone tubing (0.02” I.D. x 0.037"
0.D.). The proximal cannulae is hooked up to a
peristaltic pump and the intestine is washed for 20
min with warm PBS at 0.25 ml/min. Temperature of the
gut segment is monitored continuously. At the start
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of the experiment, 2.0 ml of control sample (["C]-
taurocholate @ 0.05 mi/ml with 5 mM cold taurocholate)
is loaded into the gut segment with a 3 ml syringe and
bile sample collection is begun. Control sample is
infused at a rate of 0.25 ml/min for 21 min. Bile
samples fractions are collected every 3 minute for the
first 27 minutes of the procedure. After the 21 min
of sample infusion, the ileal loop is washed out with
20 ml of warm PBS (using a 30 ml syringe), and then
the loop is washed out for 21 min with warm PBS at
0.25 ml/min. A second perfusion is initiated as
described above but this with test compound being
administered as well (21 min administration followed
by 21 min of wash out) and bile sampled every 3 min
for the first 27 min. If necessary, a third perfusion
is performed as above that typically contains the

control sample.

Measurement of Hepatic Cholesterol Concentration
(HEPATIC CHOL)

Liver tissue was weighed and homogenized in
chloroform:methanol (2:1). After homogenization and
centrifugation the supernatant was separated and dried
under nitrogen. The residue was dissolved in
isopropancl and the cholesterol content was measured
enzymatically, using a combination of cholesterol
oxidase and peroxidase, as described by Allain, C. A.,
et al. (1974) Clin. Chem. 20, 470.

Measurement of Hepatic HMG CoA-Reductase Activity (HMG
coa)

Hepatic microsomes were prepared by homogenizing
liver samples in a phosphate/sucrose buffer, followed
by centrifugal separation. The final pelleted material
was resuspended in buffer and an aliquot was assayed
for HMG CoA reductase activity by incubating for 60
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minutes at 37° C in the presence of '‘C-HMG-CoA
(Dupont-NEN) . The reaction was stopped by adding 6N
HC1 followed by centrifugation. An aliquot of the
supernatant was separated, by thin-layer
chromatography, and the spot corresponding to the
enzyme product was scraped off the plate, extracted
and radicactivity was determined by scintillation
counting. (Reference: Akerlund, J. and Bjorkhem, I.
(1990) J. Lipid Res. 31, 2159).

Determination of Serum Cholesterol (SER.CHOL, HDL-

CHOL, TGI and VLDL + LDL)

Total serum cholesterol (SER.CHOL) was measured
enzymatically using a commercial kit from Wako Fine
Chemicals (Richmond, VA); Cholesterol Cl1, Catalog No.
276-64909. HDL cholesterol (HDL-CHOL) was assayed
using this same kit after precipitation of VLDL and
LDL with Sigma Chemical Co. HDL Cholesterol reagent,
Catalog No. 352-3 (dextran sulfate method). Total
serum triglycerides (blanked) (TGI) were assayed
enzymatically with Sigma Chemical Co. GPC-Trinder,
Catalog No. 337-B. VLDL and LDL (VLDL + LDL;
cholesterol concentrations were calculated as the
difference between total and HDL cholestercl.

Measurement of Hepatic Cholesterocl 7-g-Hydroxylase

Activity (7a-OHase)

Hepatic microsomes were prepared by homogenizing
liver samples in a phosphate/sucrose buffer, followed
by centrifugal separation. The final pelleted material
was resuspended in buffer and an aligquot was assayed

for cholesterol 7-g-hydroxylase activity by incubating

for 5 minutes at 37° C in the presence of NADPH.

Following extraction into petroleum ether, the organic
solvent was evaporated and the residue was dissolved
in acetonitrile/ methanol. The enzymatic product was
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separated by injecting an aliquot of the extract onto
a C,, reversed phase HPLC column and quantitating the
eluted material using UV detection at 240nm.
(Reference: Horton, J. D., et al. (199%94) J. Clin.
Invest. 93, 2084).

Rat Gavage Assay . -
Male Wister rats (275-300g) are administered IBAT

inhibitors using an oral gavage procedure. Drug or
vehicle {0.2% Tween 80 in water) is administered once
a day (9:00-10:0 a.m.) for 4 days at varying dosages
in a final volume of 2 mL per kilogram of body weight.
Total fecal samples are collected during the final 48
hours of the treatment period and analyzed for bile
acid content using an enzymatic assay as described
below. Compound efficacy is determined by comparison
of the increase in fecal bile acid (FBA) concentration
in treated rats to the mean FBA concentration of rats

in the vehicle group.

Measurement of Fecal Bile Acid Concentration (FBA)
Total fecal output from individually housed
hamsters was collected for 24 or 48 hours, dried under

a stream of nitrogen, pulverized and weighed.
Approximately 0.1 gram was weighed out and extracted
into an organic solvent (butanol/water). Following
separation and drying, the residue was dissolved in
methanol and the amount of bile acid present was

measured enzymatically using the 3g-hydroxysteroid
steroid dehydrogenase reaction with bile acids to

reduce NAD. (Reference: Mashige, F., et al. (1981)
Clin. Chem. 27, 1352).

_fH]taurocholate Uptake in Rabbit Brush Border Membrane

Vesicles (BBMV)
Rabbit Ileal brush border membranes were prepared
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from frozen ileal mucosa by the calcium precipitation
method describe by Malathi et al. (Reference: (1979)
Biochimica Biophysica Acta, 554, 259). The method for
measuring taurocholate was essentially as described by
Kramer et al. (Reference: (1992) Biochimica Biophysica
Acta, 1111, 93) except the assay volume was 200 ul
instead of 100 pul. Briefly, at room temperature a 190
pl solution containing 2uM [’H] -taurocholate (0.75 uCi),
20 mM tris, 100 mM NaCl, 100 mM mannitol pH 7.4 was
incubated for 5 sec with 10 pl of brush border )
membrane vesicles (60-120 ug protein). The incubation
was initiated by the addition of the BBMV while
vortexing and the reaction was stopped by the addition
of 5 ml of ice cold buffer (20 mM Hepes-tris, 150 mM
KCl) followed immediately by filtration through a
nylon filter (0.2 um pore) and an additional 5 ml wash
with stop buffer.

Acyl-Col;cholesterol Acyl Transferase (ACAT)
Hamster liver and rat intestinal microsomes were
prepared from tissue as described previously
(Reference: (1980) J. Biol. Chem. 255, 9098) and used
as a source of ACAT enzyme. The assay consisted of a )
2.0 ml incubation containing 24 uM Oleoyl-CoA (0.05
uCi) in a 50 mM sodium phosphate, 2 mM DTT ph 7.4
buffer containing 0.25 % BSA and 200 pug of microsomal
protein. The assay was initiated by the addition of

oleoyl-CoA. The reaction went for 5 min at 37° C and
was terminated by the addition of 8.0 ml of
chloroform/ methanol (2:1). To the extraction was
added 125 ug of cholesterol oleate in chloroform
methanol to act as a carrier and the organic and
aqueous phases of the extraction were separated by
centrifugation after thorough vortexing. The
chloroform phase was taken to dryness and then spotted
on a silica gel 60 TLC plate and developed in
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hexane/ethyl ether (9:1). The amount of cholesterol
ester formed was determined by measuring the amount of
radioactivity incorporated into the cholestercl oleate
spot on the TLC plate with a Packard instaimager.

TABLE 11
Rat Gavage Assay Data for Some Additional Compounds
of the Present Invention

Delta
Compound of Study No. Dose (micromoles
Example No. (mg/kg/day) fecal bile
. acid per day)
1402 28 5 58.2
.2 1.3
.04 0.3
1402 30 2 50.3
.4 40.9
.08 48.5
.016 22.9
1403 30 2 41.6
.4 35.2
.08 11.9
.016 3
1404 28 5 83.7
.2 59.1
.04 33.5
1406 32 2 47.8
.4 31.6
.08 12.8
.016 -8.5
1407 32 2 51.5
.4 30.1
.08 27.5
.016 €.4
1407 33 2 35
.4 12.7
.08 -.04
.01lée -4.5
1408 29 2 41.2
.4 36.8
.08 16.8
. .016 -3.3
1408 37 2 26.2
.4 45.2
.08 26.3
.016 6.6
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1409 33 2 19.2
.4 28.7
.08 14.1
.016 -1.7
1409 41 2 44 .2
.4 35.9
.08 14.5
.016 11
1410 33 32.4
34.3
27.9
9.3
1410 35 2 26.2
.4 36.5
.08 18.5
.016 20.4
1411 34 2 63.4
.4 54.1
.08 33
.016 22.3
1413 26 3 52.3
.2 42.4
.04 19
1414 27 5 45.2
.2 39.5
.04 14.3
1414 31 2 341.5
.4 33.7
.08 29
.016 3.8
1415 28 5 59.9
.2 48.1
_ .04 23.9
1415 37 2 48.9
.4 25.7
.08 27.1
.016 12.7
1416 29 2 46.1
.4 21.9
.08 25
.016 -7.8
1217 31 2 51.4
.4 42
.08 39.6
.016 29.3
1418 29 2 20.3
.4 29.5
.08 -4.6
.016 -10
1419 31 2 28.5
.4 13.9

SUBSTITUTE SHEET (RULE 26)

31 DEC 200;



#$ &' () * +, -
WO 00/01687 PCT/US99/12828
259
.08 10.3
.016 5.8
1420 31 2 53.1
.4 45
.08 38.1
.016 29.6
1421 32 2 57.8
.4 27.7
.08 25.3
) .016 4.7
1423 34 2 56.5
.4 69.3
.08 35.3
.016 14,4
) 1425 21 5 91.8
.2 100.
.04 66.4
1425 30 2 44.6
.4 62
.08 69.5
.016 31.6
1425 40 2 48.3
.4 45
.08 31.2
.016 30
1426 33 2 52.4
.4 19.5
.08 23.1
.016 24.6
1426 35 2 37.7
.4 41.7
.08 40.5
.016 24.6
) 1426 39 2 54.3
.4 48.7
.08 5i1.8
.016 26.8
1426 43 2 40.8
.4 21.7
.08 5.9
.016 4.1
43T 20 2 36.7
.4 35.8
.08 27.3
.016 13.8
1428 34 p) 40.4
.4 64.9
.08 24.4
.016 12.2
1428 42 2 46
.4 40.7
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08 26
.016 1.1
1429 41 2 34.5
4 24.9
.08 18.7
.016 9.2
1429 ) p) 7.1
4 31.1
08 35.5
.016 4.8
1430 30 2 51.2
4 50.4
B .08 20.7
.016 -5.6
1231 33 28.3 )
45.8
21.9
1.1
1432 28 3 36.2
.2 9.7
.04 2.4
1433 24 20 66.5
2 47.4
.2 26.5

The examples herein can be repeated with similar
5 success by substituting the generically or
specifically described reactants and/or operating
conditions of this invention for those used in the
preceding examples.
The invention being thus described, it is
10 apparent that the same can be varied in many ways.
Such variations are not to be regarded as a departure
from the spirit and scope of the present invention,
and all such modifications and equivalents as would be
obvious to one skilled in the art are intended to be
15 included within the scope of the following claims.

SUBSTITUTE SHEET (RULE 26)



LMNOPQRSTUVWXYZ[\]"~_"abcdefgh
26l 31 DEC 2002

W

CLAIMS

1. Acompound having the structural formula, (1):

MEzN

or a pharmaceutically acceptable salt thereof

wherein R® is selected from the group consisting of:

o
O

NH” COZH

MNTma
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(COZH
N "C2H

S

o N= CO,H
N\ /

5 /—CO,H

0 N= N—CO.H
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o, R=FEG 1000

(8) Me=S-0"
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2, A compound according to claim 1 for use as 8 medicament.

3. Use of a compound defined in claim 1 for the manufacture of a

medicament for the b‘rophylaxis or treatment of a hyperlipidemic condition.

4. Use of a compound defined in claim 1 for the manufacture of 2
medicament for the prophylaxis or treatment of an atherosclerotic condition.

5. Use of a compound defined in claim 1 for the manufacture of a

medicament for the prophylaxis or freatment of hypercholesterolemia.

6. A pharmaceutical composition comprising a compound of claim 1, and

a pharmaceutically acceptable carrier.

7. A composition according to claim 6 for use in the prophylaxis or
treatment of a2 hyperlipidemic condition, wherein said composition is to be

administered to a patient in unit dosage form.

8. A compaosition according to claim 6 for use in the prophylaxis or
treatment of an atherosclerotic condition, wherein said composition is to be

administered to a patient in unit dosage form.

S. A composition according to claim 6 for use in the prophylaxis or
treatment of hypercholesterolemia, wherein said composition is to be

administered to a patient in unit dosage form.
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10. A compound baving the structural formula (II):

o\S /o

"y

~.

.
1
z
-
-
-—
-

1-{4-[4-(3,3-Dibutyl-4-hydroxy-7-methylamino-1,1~-dioxo~-2,3 ,4,5-tcnabydm-1H-1k6—bcnzo [b]thie
pin-5-y!)-phenoxymethyl)-benzyl} -4-aza-1-azonia-bicyclo[2.2.2]octane; chloride

or a pharmaceutically acceptable salt thereof.
11. A compound according to claim 10 for use as 2 medicament.

12, Use of a compound defined in claim 10 for the manufacture of a medicament

for the prophylaxis or treatment of a hyperlipidemic condition,

13.  Use of a compound defined in claim 10 for the manufacture of a medicament

for the prophylaxis or meatment of an atherosclerotic condition.

14, Use of a compound defined in claim 10 for the manufacture of a medicament

for the prophylaxis or treatment of hypercholesterolemia,
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15. A pharmaceutical composition comprising a compound of ¢laim 10, and a

pharmaceutically acceptable carrier,

16. A composition according to claim 15 for use in the prophylaxis or treatment of

a hyperlipidemic condition, wherein said composition is to be administeredtoa~ "~

patient in unit dosage form.

17. A composition according to claim 15 for use in the prophylaxis or treatment of
an atherosclerotic condition, wherein said composition is to be administered to a

patient in unit dosage form.

18. A composition according to claim 15 for use in the prophylaxis or treatment of
hypercholesterolemia, wherein said composition is to be administered to a patient in

unit dosage form.



