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15 associated with atherosclerosis or

hypercholesterolemia, in mammals.

Description of Related Art

It is well-settled that hyperlipidemic conditions
20 associated with elevated concentrations of total
cholesterol and low-density lipoprotein cholesterol
are major risk factors for coronary heart disease and

particularly atherosclerosis. Interfering with the
circulation of bile acids within the lumen of the
25 intestinal tract is found to reduce the levels of

serum cholesterol in a causal relationship.

30

Epidemiclogical data has accumulated which indicates
such reduction leads to an improvement in the disease
state of atherosclerosis. Stedronsky, in "Interaction
of bile acids and cholesterol with nonsystemic agents
having hypocholesterolemic properties," Biochimica et

Biophvsica Acta, 1210 (1994) 255-287 discusses the
biochemistry, physiology and known active agents

surrounding bile acids and cholesterol.

35 Pathophysioclogic alterations are shown to be
consistent with interruption of the enterchepatic
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circul atlg&a@f & le acids in humans by Heubi, J.E., et al. See "Primary
Bile Acid sorptlon Defective in Vitro Ileal Acti VETRISPHI2MSi d
Transport"”, Gastroenterol ogy, 1982: 8§ 804-11. e 5 In fact, chol estyram ne
binds the bile acids in the intestifial tract, thereby interfering with
their nornal eEntcediehepatafc ilecatads om (hReuahaeby Heutgt, &l.E. i at"
Regul ation of %1epatsgg cm*n%%%qher@éﬁp%llggkwptmmn%eﬁtamgatory

effects of cho est ramine on HVG 1 reductase activity and | ow density
|i poprotein récdptsp E&?rle%tdﬁel}?iljgealp‘l‘%fioﬁéa’b%ﬁ‘?’érrlt's" Journal of Lipid
Research, Vol m;3a>¢n&@9ﬂog&2199222@3m 1%uckling el al, "Chol esterol
Aoweri and bile [ XCk e t i I ram ne 15
treat ner!ﬁt ", Ather oggl fejé?cotgl (séh%égg% A}Sltnté %Qﬁg% Ehe V}? sﬂ r%g'.gq%tstslxl n an
jncrease in | ithEr IBFFEF LGLd CEPAE he'Steraby 1%‘1’1%’-”??%9 W&ithg té¥dFest erol  as
wel | as an upmnegmnbkatemreroblepbhec!| ¢imstullabiofheckpilaiér WH.cleteahances

cl earance of %thﬁéituq%QEo ngf@?{%{a%?%eéhéfé J&L&QQFSEEE%OLHZO levels. In

anot her approach t he reducti recirc u ation o e acids, the

i | eal bile acPUMaRF an¥pPoitassy ethisC® Bt SRPARSPHAHRCOF EYF-target for
the trneatment Coh hypercizel estevptenm Nasedensian Apdproeeinpt i on of the
ent er ohepat | CxeLeguAldanewtlbn ﬁpegqlflgeﬁaéagé&%ftg--nhb%u&gr~°z franer, et

al, "Intestina sor
Chenistry, VOLMMSEQAL VP%%’EFe 3 1RBQust2BH,23%5. argoas- 18046 1993) .

Suckling el al, "Cholestercl Lowering and bile acid

excretion in the hamster with cholestyramine

15 - treatment", Atherosclerosis, 89(1991) 183-190). This
results in an increase in liver bile acid synthesis by
the liver using cholesterol as well as an upregulation
of the liver LDL receptors which enhances clearance of
cholesterol and decreases serum LDL cholesterol

20 levels.

In another approach to the reduction of

recirculation of bile acids, the ileal bile acid
transport system is a putative pharmaceutical target

for the treatment of hypercholesteroclemia 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, 1993).

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; O 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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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. O 379vaeune®d 549 967; 0 559 064; and 0 563 731, Ho&EWEFI9/12828

Akt i engesel | schaft discloses polyners of various 35 naturally occurring
constituents of the enterohepatic cifculation systemand their

derivatives, i ng%ijdi ng 5 SYBSH T HELSHEEe ([fRYlsEo263: 91 0011016874

PCT/ US99/ 12828 i€ “dcr'd, whi ch ilnh}ebi t, th pPXéi phpygical bile acid
transport with trRnSpealt ithedhfigngit ik 1T ERolesterol | evel sufficiently
to be effectivecgs]edthaoratewdl calfsianeht ivh tyeabei 86Fart1%F dfse as 5
hypochol est er ol eni ¢ _agent g tnQ Pite AQiad Eoansperasinhibition is

di scl osed to shBW%@aﬁ%I%ﬁQB?éle%ﬁ cl? actli v?ty in The Wellcone Foundati on

Li nited di scl oshyrodfolessendtsthc F4EBhT" appl i cation number WD 93/ 16055 for
10 "Hypol i pi dem ¢ Benzatihiraziepienec@dmpoanaberTtSéngéPeli BBnydt hi epi nes are

di scl osed in worl d 1oosaetdeggn§9a 1) 2ol 9P: AatiheraddA93£ 3214 48Bhé Oor  numer ous

uses i ncl udi ng ‘F?ﬁ%y acl i_.sm.and coranar S iseases. 15
Ot her sel ected Behisng EFHALIE H% %Wbﬁﬁgf%%sc(t}sogux'gsgaygg% ia\g%%rﬁéc and

hypochol est er ol ggpdrx a@entsati@spaobeak| §O f I/ X496 5t £€&t ment or prevention of

at heroscl erosi s, as di.sclose ARRLcabi 0 MNHoukBsn508425, FR 2661676,
and WO 92/ 18462,]§\épa°c lp&fd%\%ﬁgcﬁé/? S 26 I_i%n' ted b%is%rio?giddgnbg to the
carbon adj acent the SHfR¢R PEMP R SPRBET BT BiCycro benzot hi epi ne ring.
The above ref er goeas shpwicantomuiumpeef F093 4321346 AQTsBRBET@ET ective agents

for the prophyl axis ia’lqud%ga%%v @k ghyeesbd pigterind dogeaseg and their 25
usef ul ness as hy%ochoq esterdlem ¢ agents.
vascular diseases.

15 Other selected benzothiepines are known for use
| as hypolipaemic and hypocholesterolaemic agents,
especially for the treatment OI prevention of
atherosclerosis as disclosed by application Nos. EP
508425, FR 2661676, and WO 92/18462, each of which is
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 B98A
as abstracted by Derwent Abstract No. 93-351589; WO

30 89/1477/A as abstracted in Derwent Abstract No. 89-
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 92/18462.
The present invention furthers such efforts by
35 providing novel benzothiepines, pharmaceutical

compositions, and methods of use therefor.
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Addi tionally sel ected benzot hiepines are disclosed for use in various

di sease states not within the present invention utility. These are EP 568
898A as Weswost ed by Derwent Abstract No. 93-351589; WorAse8sk477/ A as
abstracted in Derwent Abstract No. 89- 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 92/ 18462. The present invention furthers
such efforts by 35 providing novel benzothi epi nes, pharnaceuti cal

conposi tions, and met hods of SWAMARK-PE{THE Rﬂé%NfF@NTE SHEET (RULE 26) WD

00/ 01687 PCT/ US99{}12888d1r§bl§UNNARP(g_OEtJI-llc'az}jbsME\I'EIp@NtsAcaw d; n?I Y, Ftrm?lg)i t;
varl ous apeCt S t he resent |1 nventl.on [ OVl ormul a
| R7 In S RBT®S§Y g“\ﬁ?f‘et(*c’P PEOVRG Y &P eggnggég@ls"hglﬁ& R4 wherei n:

gis aminteger froml1lto 4, 10 nis an integer fromO to 2; Rl and R2 are
i ndependently selected fromthe group consisting of H, alkyl, alkenyl,
al kynyl, hal oal kyl, alkylary], arylal kyl, al koxy, al koxyal kyl,
di al kyl am no, al kylthi o, (poIPaj}yl)agyl, and 15 cycl oal kyl ,
R

wherein:

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

Rl and R2 are independently selected from the

group consisting of H, alkyl, alkenyl, alkynyl,
haloalkyl, alkylaryl, arylalkyl, alkoxy, alkoxyalkyl,
dialkylamino, alkylthio, (polyalkyl)aryl, and
15 cycloalkyl,
wherein alkyl, alkenyl, alkynyl, haloalkyl,
alkylaryl, arylalkyl, alkoxy, alkoxyalkyl,
dialkylamino, alkylthio, (polyalkyl)aryl, and
cycloalkyl optionally are substituted with one or more
20 substituents selected from the group consisting of

or?, NrRZR!C, N'R°RIORYA", sr®, sR°R*A. p*RRIOR1IA",

!

S(O)Rg, SOzRg, SO3R9, 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,
] +,9.10 +.9 P+R9R10A',

NR”, N R"R™"A-, 8§, 80, 802, S R™A", or
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wherein al kyl, al kenyl, al kynyl, hal oal kyl, alkylaryl, arylalkyl,

al koxy, . al koxyal kyl, di al kyl am no, al kylthio, (polyalkyl)aryl, and

cycl oal kylwoptomeal |y are substituted with one or nore XCTEUM%12Bi8uent s
selected fromthe group consisting of OR9 , NRORLIO N+ROR1IORWA , SR9 ,

S ROR CA- . P+ROR10OR11A- , S(OR9, SB2R9, SO03R9, CO2R9, CN, hal ogen, oxo,
and CONRIRL1O, V\/nerel n al kyl, al kenyl, alkynyl, alkylaryl, 25 al koxy,

al koxyal kyl , ([Rﬂe)?’é(l KYyFyaryl, and cycloal kyl optionally have one or nore
car bons repl aced by E’ 2 NHROPR1QA%, R\S,argomseﬁenc&uﬂgg-, P+ROR10A-, or
SUBSTI TUTE SHEET (RULE® ‘525 W5 00/ 01687 PCT/ S99/ 2 28 1,51 phenyl ene,
wherei n RO, Rl(F‘ﬂz?ﬁGthNfé?'é FhiI GFEHRBe APTS 5 séi% TR he group

consi sting of H,lk&hﬂyyl,, aliaykehylgycabkyhyl , ampdl anKJyI NeLRFPCYaES/ |

het er ocygl e, %Hggt%yl ,ala};péllqul ca%m&ygxll kyl, car boxyhet eroaryl,
car boxyhet er ocyc car | koxy gar box aI kyI am no,

car boxyal kyl amaRERORY he t REPRT Hlar )ﬂaé%ﬁefﬂ' LSRGy cl ylal kyl, and

al kyl anmoni unaldéytlbpamkoiQaRiyh,nctaRbotcaklslnylwe'toher with the carbon to which

they are attachet} 5, 31 SHh Sehaal kxter&}a@dkw are independently

sel ected from tH consistin ny al kynyl ,
acyl oxy, aryl, U?éteé’PSbfﬂng%a aN%QR&le r}/lélzn@?lf{g? c{‘; SO2R9, and SO3R9,

wherein and R10 ane f QF; ﬁst@@d Répdroget hakchor m =0,
=NOR ' 11* v ga{]&% t%%gmer \d,g]r n. R11 and R12 are

i ndependent |y sdleycrsd aQBacflP%ﬁn‘{%'é‘ grdup <% YJng of H alkyl, alkenyl,
R> and rR? are independently selected from the
group consisting of H, alkyl, alkenyl, alkynyl,

lO S S
acyloxy, aryl, heterocycle, OR9 NRSR SR”, S(O)R7,

15 SOoR°, and S03R’, wherein R’ and R’ are as defined

above; or

R3 and R

11
together form =0, =NOR~~, =85,

-nnrM1RY2, -NR®, or =cr1'R'Z,

4

wherein Rl and R 12 are independently selected
20 from the group consisting of H, alkyl, alkenyl,
alkynyl, aryl, arylalkyl, alkenylalkyl, alkynylalkyl,
heterocycle, carboxyalkyl, carboalkoxyalkyl,

S 10 S

S
cycloalkyl, cyanoalkyl, OR9 NR™R SR”, S(O)R7,

9.10
soor?, so3r®, coaR®, CN, halogen, oxo, and CONR'R™",

25 wherein R9 and Rlo are as defined above, provided that

both R3 and rR® cannot be OH, NH,, and SH, or

rR'! and R12 together with the nitrogen or carbon

atom to which they are attached form a cyclic ring;

R® and R6 are independently selected from the

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

9
cycloalkyl, heterocycle, quaternary heterocycle, OR”,
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al kynyl, aryl, arylal kyl, al kenyl al kyl, al kynyl al kyl, heterocycle,

car boxyal kyl , carboal koxyal kyl, cycl oal kyl, cyanoal kyl, OR9, NROR10, SR9,
S(O RO, 9WIp®R®8? CO2R9, CN, hal ogen, oxo, and CONRORLO rC30BH/12828 25
wherein RO and R10 are as defined above, provided that both R3 and R4
cannot be OH, NH2, and SH, or Rl11 andé6 R12 together with the nitrogen or
carbon atomto i ch tt’bey are.attached fjorma cyclic ring; R5 and R6 are
i ndependent | y SR ec$ €2 ¥T.080pRe, 3dngrsgap consi sting of H, al kyl, al kenyl,
al kynyl, aryl, cycl vl {er : nar eterocycle, OR9,
SUBSTI TUTE SHEET (&Gﬁ%é}é ’aea%s OO/WPC%%M% 8’ 6.SR9, S(O) RSO2R and
SO3R5, wher ei nc¥FIgALlkyl kBRFET OBy KymyIquageynary RRUSFRCKEGEE MR%r ocycl e,
quat ernary het @ifcasriry aRbergaayerdds pehetbpsoarydeccantheoselbst i tuted with

one or nor e td u i I r t he group
consi st ?ng of lﬁ%{/l%&%ﬁ&%ﬁgﬁ? gf?(%/ér%dﬁ?ﬁgggﬁééﬁgy,S%gtg;égg§hglfa,)m aryl,
hal oal kyl , cyctHealgsaup cwéﬁes@e9%|qﬁla;ky al &fenyquattedkiaY Y het er ocycl e,
d02R1S,  ShIRLY NI AR 1ot Tty oD CozkaN M
S020M sommé{%@‘ﬁ&( 0?8’?‘/?%3 ,q“ﬁgﬁﬂff% Fﬁ%&%ﬁf@% O) NRL4R1S5,
NR13CO2R14, O%@c%&%axg%@);é%&%lﬂ, H!Bb%%g?lélxo, NRE3SORREAR 1 NRI 3SONRLARLS,
NR13S02NR14R15; P(O R13R14, 15 P+R13R14R15A , P(g?lS) 141 S+£_1313R14A, and
N+RORLIRL2A- , SBTST.eisn0) RA| ssepRittar eagdr | s iiordCceprabie” taton and M is
a pharmaceutically acceptabl e cation, 1314 1314

NOz, CO2R™", CN, OM, S020M, SO2NR™“R~°, C(O)NR-"R™7,

13 wnr3c(o)r'4, Nr3c(o)NrRY4RY%,

NrR13coorY4, oc(o)rY3, oc(o)Nr13r14, nNr13sorlf,

C(O)OM, COR

NR13502R14, NRlBSONR14R15, NRlBSO2NRl4R15, P(O)R13R14,

14 +,13,14

*RIFR14R15 YOR*™, 8"R""R™ A", and

15 p*r13RY4R*°27, p(or?

N+R9R1 1R12A— ,

wherein:

3

A is a pharmaceuﬁically acceptable anion and M
is a pharmaceutically acceptable cation,

20 said alkyl, alkenyl, alkynyl, peclyalkyl,
polyether, aryl, halecalkyl, cycloalkyl, and
heterocycle can be further substituted with one or
more substituent groups selected from the group

consisting of OR’, NR'R®, srR’, s(0)R’, SO2R’, SO3R’,

25 CooR’, CN, oxo, coNrR’R®, N*R7R®R’A-, alkyl, alkenyl,
alkynyl, aryl, cycloalkyl, heterocycle, arylalkyl,
guaternary heterocycle, gquaternary heterocaryl,

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

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

, and
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20 said al kyl, al kenyl, al kynyl, polyal kyl, polyether, aryl, haloal kyl,

cycloal kyl, and heterocycle can be further substituted with one or nore
substi t uentwgooups sel ected fromthe group consisting ofPCORBIVINRBRE, SPY
S(O R7, SO02R7, SO3R7, 25 CO2R7, CN, oxo, CONR7R8, N+R7R8R9A-, al kyl, ’

al kenyl, al kynyl, aryl, cycloal kyl, Héterocycle aryl al kyl, quaternary
heterocycl e, quaternary heteroagyl,, +789 7.8 _P(O "and
P(O (OR) OR, and repépeed ®aicd HRkyIN Ra|Rké\ny|5 aﬁ%yﬁ?& E{Rﬁym kylh

pol yet her, aryl, halgalk |-_gcycl oal kyl, ~and enacyche g II
have one or mor & (@ARDHond RS@B%TI' T‘PH'I?@QE’I%?I“?R@'E} 5\% 00/ %&%ofgl ona d

E(ng H$99{312R§2R3A afel eph@satlichy 10, sdNFG et RYR8/Ahe SrOSQ CSpEisSSHFA-, PR7,
+ I a ]5%§ R1 jﬁgq R aneyinde endentl

sel ected from t Ré g¥ou%5%%n§?§ e 1oL %% K arkenyr alkyngl

pol yal kyls, 5 pol!J?éVﬁé’Perfara;ﬂyl aP a%‘ﬁg}%ﬁyﬁ :’%é

al kyl het er oaryl allkyhheeéﬂqelﬂyetaekpryca1ydyahkyexocwodl@Akk9«|, het er ocycl e,

het er oaryl, quater ary e , h
heterocyclylalk VCTOﬁ erog%&g§¥€§§ie AUk rHaF Y , %h%&@@hﬁky

uat er nar eroc alkyl, 10
quat er nary hetehéaﬁyP%Y%$ﬁf G&PR%%VEDkﬁFme*B? ¥¥ ﬁlﬁ Eyh,igﬂﬂ
car boxyal kyl ani peearbopylalkkyl, , quhereiaryahkyéroatddedplkval kynyl , aryl al kyl ,

heterocycle, and poly av § re 15 b I
by 0, NS, N+RORIOAS n%%s‘&%é%?ﬂélm R Tee “vo PR o, B ROR

10 A- , P(OR B‘KXiﬁﬁﬁyﬂﬁﬁﬁ kyam 3¢ aci d, peptide, or polypeptide, and
R13, R141 and R&érﬁbﬁy@mymmahbyammhanwéd Wi th POLYPEP ’

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

9 +,9.10

15 carbons replaced by O, NR N'R"R""A-, S, 50, S0O2,

s*r%a". pr%, P*R°R%-, P(0)R®, phenylene,

carbohydrate, amino acid, peptide, or polypeptide, and

R13, R14, and RY® are optionally substituted with
one or more groups selected from the group consisting
20 of hydroxy, amino, sulfo, carboxy, alkyl,
carboxyalkyl, heterocycle, heteroaryl, sulfoalkyl,
guaternary heterocycle, quaternary heteroaryl,
quaternary heterocyclylalkyl, quaternary

heteroarylalkyl, guanidinyl,

9,10

25 carboxyalkylheterocyclylthio, OR9, NRR™ 7,

N rRIRYIR12A-. sr?, s(0)RY, sosR®, SO3R®, oxo, CO2R®,

N, halogen, CONR®R1®, sopom, SoaNR®R?, Po(OR'®)oR'7,

p*rOR1%R11A-, S+R9R10A and C{(0)OM,

16

wherein R and rY7 are independently selected

30 from the substituents constituting R9 and M; or

rY3 and qu, together with the nitrogen atom to

which they are attached form a mono- or polycyclic
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one or nore groups selected fromthe group consisting 20 of hydroxy,
am no, sulfo, carboxy, alkyl, carboxyal kyl, heterocycle, heteroaryl,

sul f oal kyWwO 00/¢J68tt er nary heterocycl e, quat ernary het er oamrpgrusosbsas er nary
het er ocycl yl al kyl , quaternary heteroarylal kyl, guanidinyl, 25

car boxyal kyl het erocycl yl t hi o, ORI, NROR10, N+ROR11R12A , SR9, S(O) R9,

S02R9, SO03R9, oxo, CO02R9, = CN, hal ogen, 0,..9020M. . S02NRIR10,
PO( OR16) OR17, heﬁﬁ@?&ﬁ%l‘}ﬁ%“ éfRﬁﬁigi\?Tlg%ds%R%tﬁéﬁeﬁh%é? nozrﬁlé’rand RL7 are
i ndependent | ymeekectéticaB9 faleqteheisabsthe @Ay CORSEEELURY mF RO and M or

R13 and R14, tgget [gggbg\j{}t,hagdw%ugitgggg‘ aipm it er which they are attached
forma nono- or polggycllc SUBSTI TUTE SHEET (RULE 26) WD 00/01687

PCT/ US99/ 12828 8 hef eandyrle thegethsropttlorid yiguogent ated e th one or
more radi cal Swﬁ?l:ﬁCER%ifa‘lPé” e cHEQUPs SRS Stydig Ofrin@X0angar boxy and
gquaternary salts; or 4 ang R15, together wth the nitrogen atomto 5
which they are attréhesd Edrareainyependennyy syidkdR2dafidoRtiar e

i ndependent|y_sel ec m 1 - onsi st .of,_hkydrogen and al kyl ;
and one or no 5°H§ %§%%%%Pg¥en eﬂ?§§8§%fé%?%éhf§%ﬁ1aP e group consisting of
E, | al kyl, ha: kenil ioﬁé kdlrmﬁolrf lizﬁ ﬁQEYﬂhdié’;Eeln&éi'ﬁqu)é,elél‘cybd ﬂﬂ‘clyrl al Eyl :

al ogen, hal oal kyl , cycl oal kyl. et eroc , teroary yet her,

guat er nary he’fé?o%fl% ,c%rhséféﬁiﬁgr?/% %ét%fko}glryltge”%s%gNhﬁﬁ% SR13 S(O R13,
S(O) 2RP3, 13, pelgaiiBi41sMiREs, S08R SR RIKYL NRa@RIEDNR NR , N02, 15 '

CO2R13 , ON, £Mos0M SRANRIRRLIA heNRESS 1@, REZercbi() NRI3R14,
NRLAC(O R13, ((O) CM _CORI3. ORIB ) (O nNRLS, NRL3RLS, NRI8CR14,

r, qudterna cle, guaternary

N+ROR11R12A

heteroaryl, orY3, NrR1r14, sr!?, s(o)r?3, s(o)ar?,
so3r?3, s*rM*rMa-, Nr130r'%, NrRY3NRY4R!®, NO3,

15 cooRY3, cN, oM, sopoM, sooNRIZRY%, NR™C(O)R®,
c(o)NrT3rY4, NrRY4c(0)R?3, c(o)oM, cor*3, orlE,
s(0) nNrRYE, NrR13R18, Nr1B80R14, N*RPRI'RZA",
p*R°RY1R12A", amino acid, peptide, polypeptide, and
carbohydrate,

20 wherein alkyl, alkenyl, alkynyl, cycloalkyl,

aryl, polyalkyl, heterocycle, acyloxy, arylalkyl,
haloalkyl, polyether, quaternary heterocycle, and
quaternary heteroaryl can be further substituted with

or?, NrR°r10, n*r°rR11Rr12aA7, srR?, s(0)R®, SO2R®, s03R°,
25 oxo, CO2R®, CN, halogen, CONRZRYY, soooM, sO,NRZRIC,
po (0rR16)or17, p*RZR11R12A", s*R°R*°A”, or c(O)OM, and

wherein R'® is selected from the group consisting
of acyl, arylalkoxycarbonyl, arylalkyl, heterocycle,
heteroaryl, alkyl,
30 wherein acyl, arylalkoxycarbonyl, arylalkyl,
heterocycle, hetercaryl, alkyl, quaternary
heterocycle, and quaternary heteroaryl optionally are
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P+ROR11R12A , am no acid, peptide, polypeptide, and carbohydrate, 20
wherei n al kyl, al kenyl, al kynyl, cycloal kyl, aryl, polyal kyl, heterocycle,
acyl oxy, arW0al/k¢d’, hal oal kyl, pol yether, quaternary hetR§T859%12828 and

guat ernary heteroaryl can be further substituted with OR9, NROR1O,
N+ROR11R12A , SR9, S(OR9, SO02R9, S03R9, 25 oxo, CO2R9, CN, hal ogen
COWRORLO, SC20M, SAZNRARIO, ; AOLLRIG), ORlZe RIIRLLENZS ocSHRORIOA | Of
C(OOM and wherein R18 is selected fron1th% grouyp %onsLsgiqglzot acyl ,

aryl al koxycar bomydn vey bably| corhareersacyet &R, heRERAAL yN R KW~ 230 wher ei n
acyl, arylalkoxycagponyl, grylal@yl, hgterocycle,gheteroarfl, al kyl ,

quat ernary het er&cyiclsd0) Bhd ek er BABY her’dr 0&FP2R optNonBd{3F<ar e

SUBSTI TUTE SHEET (RULE 26) WD 00/01687 PCTd Y399/ 128286 9 _substituted with
one or nore sub@NR EentsSeeRectSROM r §ANh& gro&P (8nst SRi ng B ORI, NRIRLO
N+ ROR11R12A o)d\ halogen, 9, S(OR9, SO02R9, SO3R9, oxo, CO2R9 910, 9
9 10, 1 17 SO3R, S020M S02NRRPO (OR) OR, and 5 C(O)OM wherein in
RX, one or nore carhboeseaneio®’ onakl yr mem aegtopy 6reNRPIUPNAHRIZRI4A S,
SO, S02, S+R13A-, PRL3, P(ORL}, PtRI;Rl, A, phenylene, anino.acid, 3 4
peptide, pol ypepsrldsedchybehyd at.eN Bol ¥ethrer S:0F% 18% 0l $at kyt / wherein in
sai d pol yal kyl , enyl ene;; ami ngsagikd, peptide, polypeptide, and
car bohydr at e, dﬁ@gorpﬁﬁ?ﬁl céfﬁ§€§qgﬁé'dﬁF?BH§PFy F@%BSC%&liw 0, NR9,
N+RORIOA , S, 2ti802, pSiROet i deRIraPiROfGAe, @olPEORRY; 45 wherein
quaternagy het%%ﬁg%gk$lgnd guat er nary

wherein in said polyalkyl, phenylene, amino acid,

peptide, polypeptide, and carbohydrate, one or more

5,10, -
carbons are opticnally replaced by O, NR9, N'R’R™VA,

s, so, sos, s*rR%a-, pr°, P*R°R'PA-, or P(O)R;

15 wherein quaternary heterocycle and quaternary
heteroaryl are optionally substituted with one or.more
groups selected from the group consisting of alkyl,
alkenyl, alkynyl, polyalkyl, polyether, aryl,
haloalkyl, cycloalkyl, heterocycle, arylalkyl,

20 halogen, oxoc, OR13, NR13R14, SR13, S(O)R13

sosr*3, Nr120r#, NrRI3NRY4R®, Noz, cozr'?, cn, om,

so0M, sooNRIPRYM, c(o)nrY3RY4, c(o)om, corl?,

- 3 -
P(O)R13R14 P+R13R14R15A , P(OR13)0R14, gtrI3gl4p ’

1

, SOgRY3,

and N*rRr1ir1%a7,

5> and R® cannot be hydrogen,

OH, or SH and when RS is OH, Rl, R2, RB, R4, R7 and R8

25 provided that both R

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

RY or R? is H;

30 provided that when g = 1 and R* is styryl,
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heteroaryl are optionally substituted with one or nore groups selected
fromthe group consisting of alkyl, alkenyl, alkynyl, polyalkyl,

pol yet her WYH4%M687 hal oal kyl, cycl oal kyl, heterocycl e, arptEldoyi2s220

hal ogen, oxo, OR13 NR13R14, SR13, S(0)R13, SO02R13, 13, 1314, 131415 13
SO3R NR OR NR NR R NO2, CO2R, CN, O¥Wo S020M SO02NR13R14 C(O) NR13R14
C(OOM COR13 P(OR13R14, P+R13R14R15A , P(OR13 4 S+R13R14A and
N+RORL1R12A-, F5336vi G8d2Rhat PBeA PRy lan@™RE £Bnnot ‘be “hydrogen, OH, or
SH and when R®lky10H, Rl, R2, R3, R4, R7 and R8 cannot be all hydrogen;
provi ded that when RS or R6 is phenyl, only ope of Rl or R2gis H 30
provi ded that whenPgo¥idednehsdx vRersgydgl 1. BUBSYI TUTE SPEER (RLE 26) WO

00/ 01687 PCTI US99/ 12828 210 ani lido, or.anilinocarbony , only one of R5 or
R6 is alkyl: PBroveaEd f{hafs\?\li%‘ﬁr??#r% f,l%ﬁ  OR3ATRY r}‘gnésRs are hydrogen,
R2 is hydr ogemnsaibeyh toredryhin®Reor angngnsubst i tuted wrhneneroani no

substituted with one o nmore al ky]l or aryl radicals, and R5 js hydrogen,

al kyl or arylr’}ortehéﬁkli?g RS %rr%/‘*fiﬁlﬁydgﬁ%? ot® e{]}’[ﬂ{é’lgﬁﬁceﬁi}%lal |y

accept abl e salf, a;ghvagﬁenofgs PLodnig t:ﬁ%eﬂ%dr&%zpr ef.,erably, RS and R6 can
yobe r g STstl]

i ndependent | el ected om the group co ng of H aryl,

het erocycl e, quat eRnBRYTREVIOESAY Y, 25REPEBAL &r FtYy SPeV8F8ar9¥, 15 wherein
said aryl, hetperdanygl thepadfer nary heterocycle, and quaternary heteroaryl
can be;,

Preferably, R5 and R6 can independently be
selected from the group consisting of H, aryl,
heterocycle, guaternary heterocycle, and guaternary
heterocaryl,

15 wherein said aryl, heteroaryl, guaternary
heterocycle, and quaternary heterocaryl can be
substituted with one or more substituent groups
independently selected from the group consisting of
alkyl, alkenyl, alkynyl, polyalkyl, polyether, aryl,

20 halocalkyl, cycloalkyl, heterocycle, arylalkyl,

halogen, oxo, OR13, NR13R14, SR13, S(O)R13, SOgRlB,
sosr?, Nr?Z0r4, Nr13Nr4R1S, NOo, COR3Z, cN, oM,

S0o0M, sOoNRY3RY4, c(o)Nr*3RY4, c(o)oM, corl3,

NrR1Zc(0)rY, NrRY*3c(0)NrRY4RY®, NrRIZcO,RY4, oc(0)RY3,
25 oc(o)NrR*3rY?, NrRY*3sor??, Nr1Zso,rY?, NrYZsonrl4r1S,
NR13SO2NR14R15, P(O)R13R14, P+R13R14R15A-, P(ORIJ)OR14I

S+R¥R*A-, and N*RZRIIR1%A,

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, S0, 503, s*rR’a-, PR,
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substituted with one or nore substituent groups independently selected
fromthe group consisting of alkyl, alkenyl, alkynyl, polyalkyl,

pol yet her, waroplo16820 hal oal kyl, cycl oal kyl, heterocycl e, XEJUaIKYE2S8

hal ogen, oxo, OR13, NR13R14, SR13, S(O R13, S02R13, 13, 1314 131415 NO2,
CO2R 13 SOBR NR OR NR NR R, , CN, OM11 SO20M SO2NR13R14 , C (O NR13R14 ,
C(OOM COR13 , NRL3C(O R14, NR13C(O) NR14R15, NR13C02R14, OC(O) R13, 25
OC( O NR13R14 NF{S.&S@R"JA,PWE 502R3iA, pINRIY3SOER14R15, NR13SO02NR14R15 , P (O

R13R14 , P+R13R14R15A- P g E 3 1’4 1kea¥R ' RLdAry1, abdyANBRARIIRIZA |,
wherein said al kyl ,qu)ﬁrgnlﬁ , g:jf'l}tkyn}glri, aol yal ﬁgl 1poI t her, aryl,

hal oal kyl, cyclRRI¥EARETANRTTY hBEE? ‘e ¥EACBPEY ondi Ty have one or rnore
carbons repl acest dnoBcINREANNBR7RBA e 1S suBe: i S0Ped FHRPACRE PR, SUBSTI TUTE

SHEET (RULE 26) 81 Pod @QneRgroupP+R7R8A- , or
phenyl eng, V\/nerrréc}/i\g\% gsg{b%]tgﬁéﬁﬁgg enyljs,?é%félg;nyl ,O_pol ;al I&Iup pol yet her,

aryl, hal oal kyl ;of46 taalK W, oand Neter (BR]CI € (0aR’ besOh&rt h&p3substi t ut ed
with one or 5 nore substituent groups sel %c%gg fromthe group consisting
of OR7, NR7R8, &Rk’,S(),RexoS02HNR 'SO3RTR ROBIRT7, OMyloxelk@ONR7RS,
N+R7RaROA |, al kyl , al kenyl al kynyl., aryl, cyc| Kyl ocycl e,

aryl al kyl, quatdnily ﬁéiygr08¥8¥%%/l)a’&at é’rer‘fgrrégﬁfcé)?ée'r Boégl'y%:a%% P (O R7/R8 ,
P+R7RBA , and R{Qtez@RZy GR8erofirke pravfadreabeyy FREFe°3Bihas the fornul a:
-Ar- (Ry) t 15 whereiny t, ksgan integer fromQ o 5, Ax is selected from
the grodp consiBtQ)fgFof- P R RA LEe JONCUIoA

More preferably, RS or R6 has the formula:

-Ar- (R¥)¢
15
wherein:
t is an integer from 0 to 5;
Ar is selected from the group consisting of
phenyl, thiophenyl, pyridyl, piperazinyl, piperonyl,
20 pyrrolyl, naphthyl, furanyl, anthracenyl, gquinolinyl,
isoquinolinyl, quinoxalinyl, imidazolyl, pyrazolyl,
oxazolyl, isoxazolyl, pyrimidinyl, thiazolyl,
triazolyl, isothiazolyl, indolyl, benzoimidazolyl,
benzoxazolyl, benzothiazolyl, and benzoisothiazolyl;
25 and
one or more RY are independently selected from

the group consisting of alkyl, alkenyl, alkynyl,
polyalkyl, polyether, aryl, haloalkyl, cycloalkyl,

4
heterocycle, arylalkyl, halogen, oxo, OR13, NRlBR1 ,
30 sr¥3 . s(0)Rr3, sonr!3, sosr??, mrRYMJor*?, NrY3NrM4RI®,
NOs, COoRY3, CN, oM, soo0M, SopNRM3RY®, c(o)nrMIRY4,

14_15

cioyoM, cor'?, nrY3c(o)r*¢, nr'3c(o)NrM4R7,
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phenyl, thiophenyl, pyridyl, piperazinyl, piperonyl, 20 pyrrolyl,

napht hyl , furanyl, anthracenyl, quinolinyl, isoquinolinyl, quinoxalinyl,
i m dazol yWOWPIIZ0l yI, oxazolyl, isoxazolyl, pyrinidi npcTusewassl yl
triazolyl, isothiazolyl, indolyl, benzoimdazolyl, benzoxazolyl,

benzot hi azol yl, and benzoi sot hi azol ylz 25 and one or nore Ry are
i ndependent |y sel ected from tt_JLg group cqgsiﬁti ng, of alkyl, alkenyl,

al kynyl , polwaﬂkybngéleINBR, arQC (O)MR o0& Kyl NRcyePal.kyl, heterocycle,
aryl al kyl, hal oggn, o0x9, 3, NR13R14, 3Q SR13 ) R13, 2R13,
AOIRES T 3OR1 4 NN SBbR S RIG ZoNR L Ba . 1A SRR b SRANO) B FS320M
S02NRRC( O) NRR, O COR13 NR13C(Q R14, NR13C( O NR14R15, SUBSTI TUTE
SHEET ( RULE ZGYRgéﬁégg%E§87PPGWF%EQE§}2838;“§%§NR13EUQR14, OC(0) R13,
OC(0) NR13R14, NRb3SOR14.- NR1- SO2R14, NRI 3SONR14R15 NR 13S02NR14R15,
P(0) RL3R14 PNRR3R14RI5A © P(ORL3) OR14, S+R13R14A and 12 A 5 wherein said
al kyl , sal kenyl , al kizayéin paligakkiy], gideywiherlkanpyl, awdlvedkiyl
cycl oal kyl, agglyggggqu%ghg gaNohBflur thenostRel | taked with one or nore
substi t uent grougs selected {ro tﬁgﬁgr?&p .Efnsastiﬂg of OR7, NR7R8, SR7,
S(O R7, S02R7Ne8E3RFYCHD GH2R?, TR U SPPEARRIRES XA R7IRBRORT, al kyl ,
al kenyl , al kymyk, sabytitwanel gablgys ,sdiecsedcfcbe, the yngdupyl , quaternary
heterocycl e, quaternary heteroaryd,g P(OpR 7R8,7P+R7/R8A , ang P (O (OR)
ORB, and wher EPRS&&F &% %/ IOR am%n%u', (5§+ ky8yP) Rpol §&%kyl SO3F5/pol yet her,
aryl, hal oal kyl, eycl oal kyl, and,;_det argcycke can_opfionally_have one or
nore c&&r bons \éPéBI ac )F*0, CRIFY R vt R7RBR- R &7 Stk ,aq%-?ﬁ%/’}\-', PR7,
alkynyl, aryl, cycloalkyl, heterocycle, arylalkyl,
guaternary heterocycle, quaternary heteroaryl,

po)R’'R®, p*R’R®A", and P(0) (OR’)OR®, and

wherein said alkyl, alkenyl, alkynyl, polyalkyl,

15 polyether, aryl, haloalkyl, cycloalkyl, and
heterocycle can optionally have one or mcre carbons
replaced by 0, NR’, N'R’R®A-, s, so, soa, s*R’a-, PR,

p(0)R’, P*R’R®A-, or phenylene.

5

20 Still more preferably, R™ or R6 has the formula
(I1):

7

I (11)

O\

(R'),

25
A first class of compounds of particular interest

consists of those compounds of formula I wherein
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P(OR', P+R7RaA-, or phenylene. 20 Still nore preferably, R5 or R6 has the
formula (I1) I (I1) 1 1 (RY)c 25 Afirst class of conpounds of

parti cul ar wodoetast consists of those conpounds of fornBCHU$9MRE ei n
SUBSTI TUTE SHEET (RULE 26) WD 00/01687 PCT/US99/12828 13 qis 1 or 2; n
is 2; RL and R2 are each alkyl; R is3hydroxy; 5 R and R are hydrogen;
R5 has the formula (11) (1II) (RI)t whereint is an integer fromO to 5;
10 one or nore R ar® ¥5R#3°TRAB is selected fromthe group consi sting of
hydr ogen, al kyl, al kemyd 2;al kynyl, polyal kyl, aryl, arylalkyl,

al kyl aryl al kyl, CyC|,9ag}§%l : het erQGyGh&y1; heteroaryl, quaternary
heterocycle, quaterngry gheteroaryl, and quaternary heteroarylal kyl; said

R13 al kyl, al kenyl, Rl k§ng¥drof¥yl al kyl, heterocycle, and pol yal kyl ~groups
optional lay have one r‘oendR’eacariyohsgespl aced by 0, NR9, N RORIOA , S, SO
S&®, SRA, PR9, P ‘e Rok@h1 ROz phenyl ene, 20 carbohydrate, am no

acid, peptide, or po yg%%ftl cfe; ° R13 i(s optionally substituted with one or

nore groups selected fromthe gro onsisting of sulfoal kyl, quaternary
het er ocycl e, quaternary :

7

’ (11)

SO

(R¥)

wherein t is an integer from 0 to 5;

; 13
10 one or more R’ are OR™ 7 ;

R13 is selected from the group consisting of
hydrogen, alkyl, alkenyl, alkynyl, polyalkyl, aryl,
arylalkyl, alkylarylalkyl, cycloalkyl, heterocycle,
heteroaryl, quaternary heterocycle, gquaternary

15 heteroaryl, and gquaternary heteroarylalkyl;

said R13 alkyl, alkenyl, alkynyl, arylalkyl,

heterocycle, and polyalkyl groups optionally have one
or more carbons replaced by 0, NR’, N'R°R™A’, S, SO,
so,, S'R°A", PR°, P'R'R'A’, P(O)R’, phenylene,

20 carbohydrate, amino acid, peptide, or polypeptide;

R13 is optionally substituted with one or more
groups selected from the group consisting of
sulfoalkyl, quaternary heterocycle, quaternary
heteroaryl, OR’, NR'R', N'R’R"RYA", SR’ S (0)R®, SO,R®,

25 SO,R®, oxo, CO,R’, CN, halogen, CONR’R'®, SO,0M, SO,NR’R',
PO (OR*)OR'’, P'R’RYR™A", S'R’R'’A", and C(O)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,
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30 . 911 12 9 9 heteroaryl, OR9, NRWOR, NRR R A, SR, S (O R9, SO2R,
25 SO R9, oxo, C02R9, CN, hal ogen, CONROR10, S020M SO2NROR10 PO (OR16)
ORL7 , P PYRIREIA- . S RORIOA , and C(O OM wherein A- PET/@599/12828

phar maceutical |y acceptabl e ani on, and Mis a pharmaceutically acceptabl e
cation, RO and R10 are independently s¢lected fromthe 30 group consisting

of H alkyl, alkenyk;ial Vi, SSUBSTLILTFR SHERT CROLE.26)1 )0 00/ 01687
ni‘umal kyl ,

PCTI US99/ 12828 14 ﬁ%/c oa aryl, acyl, heterocyc e
aryl al kyl , and2a¥k$ Ynmrﬁllﬂyrép?éwamﬁ?’f ARRILRY are’ i ndependently sel ect ed
fromthe group conBi'sénaiR’dfand, ialdeplendahkepyseletdteynylromatyé, 5

2;%3;{%”2: iy '*‘fy**ma'l%”xtaéﬁzé]k““” SRReRiB e Bl | sozre,
S0, R9, ﬁ’&f]ogé"rjr gy da (gﬂg'l?ﬂ(?l%erﬁﬁemcm R10 are as
defi ned above c@rbmwheldcyﬂhatabbbhlﬁbxﬁmy% cgnrneklkel, 10 OH, NH2, and SH;

or R11 and R12.}{996e1 h t ni t Lege gar s ich they are
attached form ggycycllih?lr Ymr?g l&eg Eﬁ &@)R S%)E egstedr%gae ;@Sel ected -
fromthe 15 stbstPiRIF s 86%5““?%@%?&9 ai’YE}eIKI?lIR?R aRBARB" aee tRedr ogen;

and one or noréefR'neat eblondeppﬁdemécy seltedotth R afd ke cgiiip peonsi sting of

al koxy ; gal kyl a&knq\,}pnd ,am no; or 20 a pharmaceutically acceptable
salt, solvate, S}{;{ g thereof A second cl ass of conpounds of
partl cular int ere St §°6Ft%1ﬁ65e1%rﬁﬁ%ﬁlmrégefloﬁﬁu%rbon 25 wherein
atom to which they are attached form a cyclic ring;
and
R and R are independently selected from the
15 _ substituents constituting R’ and M;

R’ and R® are hydrogen; and
one or more R* are independently selected from the
group consisting cof alkoxy, alkylamino and
dialkylamino; or
20 a pharmaceutically acceptable salt, solvate, or
prodrug 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;

R1

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

and R° are independently selected from the

haloalkyl, alkylaryl, arylalkyl, alkoxy, alkoxyalkyl
dialkylamino, alkylthio, (polyalkyl)aryl, and

I

cycloalkyl,
wherein alkyl, alkenyl, alkynyl, haloalkyl,
35 alkylaryl, arylalkyl, alkexy, alkoxyalkyl,
dialkylamino, alkylthio, (polyalkyl)aryl, and
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gis an integer froml1l to 4, nis an integer fromO to 2; RL and R are

i ndependently selected fromthe 30 group consisting of H, alkyl, alkenyl,
al kynyl, Iwooahésyl , al kyl aryl, arylal kyl, al koxy, al koxy&rfg$9/12828

di al kyl am no, al kylthi o, (polyalkyl)aryl, and cycloal kyl, wherein al kyl,
al kenyl, al kynyl, haloal kyl, 35 alkyRaryl, arylalkyl, alkoxy, alkoxyal kyl,
di al kyl ani no, a%%%déﬂ;@l (;Eszhxﬁgm )Y lsupapde SBST THTEnSHEE Rk RULE 26) WO
00/ 01687 PCT/ US99/ 1282 1 Cécl o%nkFyl 0 ?_Ai ona(lmlny el esiggp%iéfut ed with one
or ntre subst i FRHTUEETECEEUCFT ‘ﬁ?@% Sup” TonSi St ARG oORGO_LO?Q, NRoR10
N+ROR10RWA SR9, j9A 1B+RIR19 S (GRRI, - FORRY, 6 , 2R9, CN,

hal ogen, oxo, a%’?'%@%g% Wer{r&yéﬁ n al kyl ,Sﬁgtlg%nylg, §§1l<ynyl , al kylaryl,
al koxy, al koxyad ky)g® (Rebrdl k¥b)at ylco-xTqd cyelieeldgsn, epbj cnal |y have one
or nore carbons replaced by 0, NR 9, N+tROR10A-, S, SO S02, S+R9A-,
P+ROR10As, or Il&oytah, ene, wherein R9, R10, and Rw are independently

sel ected fromthe gr%lup congﬁ%%/'ngalqjen q,alkydny alkedyk- al kynyl,

cycl oal kyl, aryl, aé"y “rehet erotycl €, noni uhel Kyl , ar

| al kyl
car boxyal kyl , 15 kaborykererbaryi | (ROA¥BkY é%@f%cf&fie,c%%:%?%&l koxyal kyl ,
car boxyal kyl amdyxidrelieronaye abkylor meekeracyohy |mpiypkedalng O,
al kyl ammoni unal kyFJ , or 9%Oand R2 taken together wi,th the carbon to which
they are attac for R B3-E10 Syci®alSkpl; S2BR3 EnB R4 ar e°F ndependent | y
sel ected,from t%%ngg%ggp consi sting of H, alkyl, alkenyl, alkynyl,
acyl oxy, "aryl, *heterocyél e, OR9, NROR10, SR9, S(O R9,
wherein R2, R1?, and RY are independently
selected from the group consisting of H, alkyl,
alkenyl, alkynyl, cycloalkyl, aryl, acyl, heterocycle,
ammoniumalkyl, arylalkyl, carboxyalkyl,
15 carboxyheteroaryl, carboxyheterocycle,
carboalkoxyalkyl, carboxyalkylamino, hetercarylalkyl,
heterocyclylalkyl, and alkylammoniumalkyl; or

Rl and R2

they are attached form C,-C,, cycloalkyl;
3

taken together with the carbon to which

20 R> and R? are independently selected from the

group consisting of K, alkyl, alkenyl, alkynyl,

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

SOzRg, and SO3R°, wherein R’ and R* are as defined

above; or

3 11

and r? together form =0, =NOR™", =§,

12 Nr®, or =cr*R'Z,

2

25 R
-NNRY1R
wherein R'Y and rR'? are independently selected
from the group consisting of H, alkyl, alkenyl,
alkynyl, aryl, arylalkyl, alkenylalkyl, alkynylalkyl,
30 heterocycle, carboxyalkyl, carboalkoxyalkyl,

cycloalkyl, cyanoalkyl, OR9, NR9R10, SR9, S(O)Rg,

s0orR®, s03R®, CO2R®, CN, halogen, oxo, and CONRZRO,
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S02R9, and SO3R9, wherein R9 and R10 are as defined above; or 25 R3 and R4
together form =0, =NOR 11, =S, =NNR11R12, =NR9, or =CR11R12, wherein Rl1
and R12 awmobwvmdegiendent|ly sel ected fromthe group consirtriusgeragsH, al kyl ,
al kenyl, al kynyl, aryl, arylal kyl, al kenyl al kyl, al kynyl al kyl, 30

het erocycl e, carboxyal kyl, carboal koxy@l kyl, cycl oal kyl, cyanoal kyl, OR9,
NROR10, SR9, S(OR9, 9g SO3R9lo C02R9, CN, hal o en, oxo, and CONROR10 SO2R
SUBSTI TUTE SHEE’Pe(rRHEERZG?nM 00PTE68Y FEIHNGS0GPPY828Pr a6 deiserbhh R9 and
R10 are as defln%%l%bove 4OV|de haé& ﬁplh P(?E$ d R4 cannot be OH,

| TH,, and SH, of ana 2 TGSrner *Fhe® W tTogéf or carbon atomto
whi ch they are atta@ﬁédamrmﬁ%t%yg@th& EIeN t5xeR§1E§o§é1¥lo1s"&gs‘B futed with
one or nore ORL Ri3a i s _sel ected fromthe” group conS|st|ng of

al kyl aryl al kyl 2 Sr“kyfﬂ’ Ee&?) YaPk§1 2t t20h8d FeTBr BcFeFIA Al kYR,

het er ocycl yl al kyl , pBet gr vl r.na hgt ykal kyl, 10
alkylannnnlunalkyl Randg §§$%5§%§¥k Tgﬁfhgggré§ﬁy? ﬁ&ﬁy%J 3a i's
optionally substltuWBdrdmﬁfR%fﬁelﬁrséEHdtd@fQQQQ sptestqd from the group

consi sting of rb al kyl, 15

het er ocycl e, hg¥g%g§¥l %?RX?ELthl gterngylge% ?Yﬁ;ﬁ3%§¥ guat er nary
het er oaryl , qué%EYﬁ%?géﬁﬁéﬁéﬂéé9bY§ldﬁ%ﬁﬁocqeéYbﬁhbyy het er oar yl al kyl ,

guani di nyl | ORBe t &R9&A, a INHRI RELEY < 29R9 he 86 ) R 180288,1 , SO3R9, o0xo, C02R9,

CN, hakggen, onidhaS90M . SO2NRORIO, PO CR16) ORL7, P+RORLORL1A-,

S+ROR10A-, and
carboxyalkylaminocarbonylalkyl,

RlBa

groups selected from the group consisting of hydroxy,

is opticnally substituted with one or more

amino, sulfo, carboxy, alkyl, carboxyalkyl,

15 heterocycle, heterocaryl, sulfoalkyl, quaternary
heterocycle, quaternary heterocaryl, quaternary
heterocyclylalkyl, quaternary heterocarylalkyl,

guanidinyl, or®, NR°rR'?, N*R%R11R12a", sRr®, s(0)RY,

9 9
SO2R”, SO3R”, oxo, COaR°, CN, halogen, CONRSR1C

20 s020M, soNRZRYC, po(0rR1®)0R17, P*RORIORIIA-,

s*R°R*%-, and c(o)om,

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

17

wherein R1® and R are independently selected

25 from the substituents constituting R and M; and

R6

alkyl, alkenyl, alkynyl, aryl, cycloalkyl,
R30

is selected from the group consisting of H,

, SR,

heterocycle, quaternary heterocycle, O
s(0)R?, Ss02R°, and SO3R?,
30 wherein alkyl, alkenyl, alkynyl, aryl,

cycloalkyl, heterocycle, guaternary heterocycle, and
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wherein A is an pharmaceutically acceptable anion and Mis a

phar maceutical ly acceptable cation, wherein RL6 and Rl7 are independently
sel ect ed 2w soansgrhe substituents constituting RO and M PEGRUSIIRES2B s
selected fromthe group consisting of H alkyl, alkenyl, alkynyl, aryl,
cycl oal kyl, heterocycle, quaternary Héterocycle OR30, SR9, S(OR-9

S02R9, and 503 a%gri@@e%q{en:e%lolﬂ‘{fl alkery subat kydd, waeyl onecycl oal kyl |

het er ocycl e, er nar et eroc an STI-TUT. E 26) WO
00/ 01687 PCTI usg@Ffzs Jlt'}le&ﬁaéﬁ?‘h%?f SPSrgalrIéT c%%gggggugg%t ut eél with

one or nore subski guewr gTEIESihadebearidendt | §1§%W%btédeFBH7 the group

consi sting of a%%Fkalﬁyfethﬁeghgynmywq_pggyaéky}1 Relcyetbryl, aryl,
hal oal kyl, cycl het ér oc aryl al k uat aLy heterocycle
quat er nary/ heteP65F§PCY?EﬁT) o&% erﬁﬁféﬁizl §%%§ S(O R13, SO02R13,

SO3R13, NRL3OR1 1 o NGZo, GRAR, GAL3ENE S020M SO2NR
R C(O NR R qugé%}%ﬁ%f%%f%i %él% NRL4R1s NRLIJCO2R', 10 OC (O
R', OC (O NR11B%43  NRIGSERSsobkd SCQZB.‘R ; ,Nﬁ%%@\}émm >NRRIBSIPNRL4RL5 P
(0) RL3R14 , P+R13R14RI5A , P (OR13) ORL4 $3R14A angd NrRORIIRI2A-,
wherein: A is sophacomreyt icmal by, asmept, alsbeNRhiRN a8dOMRIBRT S, a

phar maceutical ly acceptable cation, said aIkyI al kenyl , - al kynyl,
pol yal kyl,  pol yeéohen, GORA®, Nafcaowwr IﬁVdI@éNRyR >, aNg’ Cﬁé%erocycle can be

further 1soubst it ged) ¥t hhOns \@P R NOKREURST | ftesd, RYY, ONRSserkERYed from the
group 20 consisting of OR7, NR7R8 SR7, Sgg»ﬁz E§02R7 SQ§R7,14C02R7 ON,

oxo, CONR7R8, NwR7BBREAR™ aIPk(y)I élkqenyPI,R RT*R?

s*r¥3r1427, and N*R°RIIRI4A",

wherein:

A" is a pharmaceutically acceptable anion and M
15 is a pharmaceutically acceptable cation,
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

7 7 7
20 consisting of OR’, NR'R®, srR’, s(0)R’, SO2R’, SO3R’,

C02R7, CN, oxo, CONR7R , N+R7R8R9A-, alkyl, alkenyl,

alkynyl, aryl, cycloalkyl, heterocycle, arylalkyl,

quaternary heterocycle, quaternary heteroaryl,

8, and

p(0)R'R8, P*R’R®R®A, and P(0) (OR7)OR
25 wherein said alkyl, alkenyl, alkynyl, polyalkyl,
polyether, aryl, haloalkyl, cycloalkyl, and

heterocycle can optionally have one or more carbons

7 7
replaced by 0, NR’, N'R'R®a-, s, s0, so2, s*R’A-, PR’,

13 14 15

8 , R, and R

P(O)R7, P+R7R A-, or phenylene, and R
30 are independently selected from the group consisting
of hydrogen, alkyl, alkenyl, alkynyl, polyalkyl,

pelyether, aryl, arylalkyl, alkylarylalkyl,
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| kynyl, aryl, cycloal kyl, heterocycle, arylalkyl, quaternary heterocycle,
3ua¥e¥nary %etergaryl, P(ORR, PRRRA, and P(O(OROR, and 78+789 78
25 wher ei iwaenadesal kyl , al kenyl, al kynyl, pol yal kyl, pol yermessigag yl|

hal oal kyl, cycloal kyl, and heterocycl,g can optionally have one or nore
carbons replaced by 0, NR7, N+R7R8A-, S, SO, S02, S+R7A-, PR7, P(OR7, 4
P+R7R8A-, or phRh§YERFerasdvRedky Rl 4alksnd:eresoggcaybalindependent |y sel Fﬁtfa
fromthe group cprbislikylg hetehyef@igen hetldarydl kehyter@dKynyl , Eo%a V\}é :
pol yether, aryly.arylalkyl, qg%gé(lr?g,yyl %I kyl , SU STrI1 UTE SHE]S;T RUIF_ I%( |
00/ 01687 PCT/ US99/ 12828~ 18%al kY1’ Kerer GaryCArKyl , "ot KA et ¥¥tyl al kyl |
cycl oal kyl , hetRFFERITTIakEY &r catatiernguat detarycyhbysrdoylcl e, quat er nary
heteroaryl, heteraeyclaplyahkybroaiatangaryhak YLmMﬂlﬂ}X_ and |
het erocycl yl al kyl..;.4 L—"Lﬁf/?%'ﬁf” Car}%t?ergaﬁlxl ?I yl, alkyla IrukurraI yl,

car boxyal kyl am nocar bonyt a e &Y af X kyl , al kenyl, al kynyl, o
aryl al kyl , heterocy@?’é?eaﬁdaé@rlyalallylenwml ehByhyl hareylarigyar, nore carbons

epl aced by 0, HeR@xroMyRORIOMA p31yePkySBpt 10narRPATavePRYe BERIRLOA-,
IrD(%)RQ, phgnyl ene, ?Zr bohydr atp?, yam' %’o a€+| d, %eptl de, or pofypep i de, and
R13~ R14, and REZbgre deplared lby SUDNRI! ut’ed rRAi Bh,0B¢ SO, NEFL groups

sel ected fromtheggroup scongi §t1§g of hydroxy, am no, sulfo, carboxy,

al kyl , U5 car béxfabkylFR hePeRoBYy e, @& paplyénylaile,0al kyl, quaternary

heterocycl e, quairboppdyatet @m@abyheid AU S Na y%@ﬁ%%ﬁ%ﬁ%}k SRo
quaternary heteroarylal kyl, guanidinyl’, "OR9, N ) ’
S(O R9, S02R9, SO3FY,” 0¥, ,CBRRIR’ CNard1abmpiaimal 120 SQENRIRLDeq SGREM
SO02NR9R10, PO 6¥d 69 ORdcme REBABLOR I ced from the group consisting
of hydroxy, amino, sulfo, carboxy, alkyl,
15 carboxyalkyl, heterocycle, heteroaryl, sulfoalkyl,
quaternary heterocycle, guaternary heterocaryl,

guaternary heterocyclylalkyl, quaternary

heterocarylalkyl, guanidinyl, OR9, NRQRIO, N+R9R11R12A_
. SR%, s(0)R®, s02r%, 503R®, oxo, COoRY, CN, halogen,

20 coNr“R?, s020M, S02NRRLC, Po(0RY€)or17, ptROR10R11,.
, 8'R7r*% -, anda c(o)om,

6

wherein R?Y and RY7 are independently selected

from the substituents constituting R9 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
OoXo, carboxy and quaternary salts; or

rR*? ang r1S

30 which they are attached, form a cyclic ring; 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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S+ ROR10A-, and C(O OM wherein R16 and R17 are independently sel ected
fromthe substituents constituting RO and M or R13 and R1', together with
t he nitrogesm etoesest o 25 which they are attached form a niSAGSIYR28280l ycyclic
het erocycle that is optionally substituted with one or nore radicals

sel ected fromthe group consisting of 18xo, carboxy and quaternary salts;

or R14 and R15, gfyygim§q,m&gfbggyglm@unOgeﬁbaiﬁMﬁﬁaroaaalwhich they are
attached, forma cxglic Liqg; nd RJObiglﬁgkfgf fromthe group consisting
of alkyl, alkerfA~, °§Vﬁ§n§?,c¥§}ﬁ'o§ﬁﬁyP, aryl, acyl, heteracycle,

amoni unal kyl , aldeylcxyadky Larad gyl ,hetsweswmsylsfHéﬁe(fRBKEh%@;ﬁv@ 00/ 01687
PCT/ US99/ 12828 %g% anyhakbkybni Rk yakkyl , carboxyheteroaryl,

car boxyhet erocycl e, carboal koxyal kyl, carboxyal kyl am nc, heteroaryl al kyl,
heterocyckyl al kyl, arddaabksi amoninderkekjibnt IndsS! gREENETRB Hice

i ndependently s e | f AShs& | &0kyaf; kydr ogen and al kyl ;
and one or nDre%kﬁ&grgoﬁ%gg%%ﬁgéﬁgpgﬁggﬁgcted fro#?'the group consi sting of
H, al kyl, alkenyl, abkgngt,mofwlrRfalaeyl independsntlar \Helegergd 1oyl , hal ogen,
10 hal oal kyl, cycl oal kvl , e cl e, yhe rydixerQl yet ;1 quat ernary
het er ocycl e, qué'T%gr rcfg%p ﬁ%?éelrsrbtg?{% ,0?0%13&%%@%14,% SRBh )%(Q{C}),) R13, S(O 2R13
SO03R13, ~ S+R13R14&1yalRY3ORAAY 1 1L 3RRYARLBTY \B2KY* 1 Sl ON, oM so2oM
S02NR13R1d , NRUHZGEEOkyR]3cydinIPLNRRER: ZobR U BeRES YD) OM COR13,

OR18, S(O) nNR18, .NR13R1S8, &Lﬁlﬁ 4 NtRARLIRIPA Ri:RARLIRI2A , amino acid,
pepti de, ponpeﬁFP 5%%§ﬁd T¢arbo %a}ate, mhg%eincglkyl, a keqﬂ , al kynyl
cycl oal kyl , heteroaryl, orY3, Nr13r%4, sr'?, s(O)r*?, s(0)2R

3 4_15
so3rY3, s*rR1RrMa-, nrPor'¥, NRPNR'4RT?, NO2,
cosrY3, cN, oM, S020M, SOpNRIZR'4, NRYC(O)R¥,

13 18
15 c(0)NRY3RY4, NR14C(O)R13, C(O)OM, COR™~, OR ",

11,12, -
s(0)NRY8, nrI3R18, nr180RY4, N*RIRMIRM4AT,

p*RPRTIR1%A", amino acid, peptide, polypeptide, and

carbohydrate,
wherein alkyl, alkenyl, alkynyl, cycloalkyl,
20 aryl, polyalkyl, heterocycle, acyloxy, arylalkyl,

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

- 5 9
or?, NrRORYC, N*ROR1IR12a", sr®, s(0)R®, SO2R”, SO3R’,

9,10
oxo, COoRY, CN, halogen, CONRR'C, s020M, SO2NR’R™,

25 20 (0R™) oRY, P*RORYIRY2A™, s*rR°R?*%A7, or c(O)OM, and

wherein 18 is selected from the group consisting
of acyl, arylalkoxycarbonyl, arylalkyl, heterocycle,
heteroaryl, alkyl,
wherein acyl, arylalkoxycarbonyl, arylalkyl,
30 heterocycle, heterocaryl, alkyl, gquaternary
heterocycle, and gquaternary heteroaryl optionally are
substituted with one or more substituents selected
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20 aryl, polyal kyl, heterocycle, acyloxy, arylalkyl, haloalkyl, polyether,
quaternargﬂ?eterocycl e, and quaternary heteroaryl can be further

substi t ut 0#/918870R9, NROR10, N+ROR11R12A , SR9, S(O R9, p&Ruds92s8%)3R9,
oxo, CO2R9, CN, hal ogen, CONROR10, S020M SO2NROR10, 25 PO (OR16) OR17,
P+ROR11R12A- , S+ROR10A- , or C(O OM2@and wherein R18 is selected fromthe
group consisting of acyl, arylal koxycarbonyd, arylal kyl, t erocycl e,

het eroaryl, al KFPm ®her 8F auRCcyIns igtyngl R%x%slar @@ﬁ%ll,el NW%FF ﬂel,zA 30

het er ocycl e, het eroaryl bkyl ., quaternary heterqeycle, and quaternary
het eroaryl opt i’o%gl I'ygaﬂ%lg1 sub&H tut8aR wi t‘??‘ooné:OS% morR: staSefuent s

sel ect ed SUBSTI E_SbE (RULE, 2 00/ 1GB7 _P Us599/12828 = 20 fromthe
group consi sti ﬁéh%f R%gﬁﬁléozgﬁm\/\%&% - Slsg%é(d% 9SGPR9, SO03R,
oxo, CO2R9, CNc(babmgen, CONROR10, SO03R9, S020M S02NROR10, PQ OR16) OR17,

and C(OOM 5 wher e'hn in RX, Qhe or nore carbons are_optional IX repl aced
by O NR 13, N+RLI3RYARIEIE I5E™ oD QHETR C2TPRES, 2FF (JRIEPLRaPIRI3R14A-
phenyl ene, am i tiges ppkypeptd.de, cagpohydrates.ipol-yet her, or
pol yal kyl , 10 \%ﬁ%?ge{:%di??pggi a&‘;ol’ygl %yl , ﬁhénfl’e%g{ %6] ’noﬁéaci g ' pepti de,

pol ypepti de, apglearp At g+p@Agley on tjonally replaced
by 0, NR9, N+ RORLDA g@y,@sﬂrq %o_, s+R9A’[T%%I3§’,%E§R9§eT%5&‘?,aO%r&’P(C))R9;

wher ei n quat er REPY* Fet FVHKRAE 1Rd ERERITITHAF 1 5PREY 8RR yIOTar e opti onal |y

substituted w pblwakkyr, nore groups selected fromthe group consisting of

al kyl , 1gal kenyl, al‘w%yé ! ky I%gt h | oal_kyl.,
cycl oal kyl , heterocyc e,mar‘g{ %?Eél %Dohﬁag] %én,?)h(%)%g,iyaﬁl ) Wﬁl?ﬁ%ﬂ: SR13,
S( O R13, SOZRI%?ptl e, polypeptide, and carbohydrate, one or more

carbons are optionally replaced by O, NRS, N+R9R10A_,

s, s0, soz, s*R%a-, Pr®, P*RR%-, or P(O)R’;

wherein quaternary heterocycle and quaternary
15 heteroaryl are optionally substituted with one or more
groups selected from the group consisting of alkyl,
alkenyl, alkynyl, polyalkyl, polyether, aryl,
haloalkyl, cycloalkyl, heterocycle, arylalkyl,

halogen, oxo, OR'3, Nr*3r%%, sr'3, s(0)r?3, so,r?3,
20 so3rY®, NrRY30r¢, NrI3Nr!4R1S, Nop, coor3, oN, oM,
1
so0M, S0aNR3RY4, c(o)NrRI3RY4, c(o)oM, corl3,

13,14 +,13.14_15 3

p(0)RIZRY*, P*RI3RY4R1%A", p(oR!

and N*RRI1R122", or

a pharmaceutically acceptable salt, solvate, or

) OR14 ’ S+R13R14A- )

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,
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20 SO3R13 130R14, NR13NR14R15, NO02, CO2R13, CN, ON, S020M SO02NR13R14, C
(O NR13R14 | CSO)O\/[ COR13 , P(OR13R14, P+R13R14R15A , P(OR13) OR14,
S+R13R14A WRAMAISEORI1R12A , or a pharmaceutical |y acceptPHIUSI%¥R81s

sol vate, or 25 prodrug thereof. Prefeyred conpounds in this class are
conpounds wherein: 30 R5 is phenyl substituted with OR13a; Rl3a is

i ndependent | y sedBotlégteronydiydagkplp angonsi sting of al kyl aryl al kyl ,

al kyl het er oar yl aldHoxy = BB AYEE SRR R 1(RUL Eat6) WO 00/ 01687
PCT/ 7JS99/ 12828 21 aﬁ:lgyl eteroc J;]éyl al kg__ 1tar},tdm th. one or mor
car boxyal kyl am nocar l?onyjrsalci?yﬁ?n% RE35° 1§55t 6hA1 757 b futed with one
or nore groups selupet edléruan fhemgriougrovnstEdLF§ing ehrdrbpxy . 5

quat ernary het erQeyches -fualieiBayyl deleheatiiry dRderbRSIL0 MMare preferred
conmpounds in this.cl,ass are 10 conpounds wherein: R5 is phenyl substituted

with OR13a; R13% Fs-al kyl aryl al kyl ; and Rl13a is optionally substituted
with one or nore groups selected fromthe group consisting of quaternary

15 heterocycle and quaternary heteroaryl. Still nore preferred in this
class are conpounds M@RerePREfeXFeRs cOMBRAWRST stbst TRt eF¥iSSh GE¥3a;  R13,

i s al kyl phenyl aldobpuats vis¥eihs optionally substituted with one or nore
groups sel ected frorrFt '1% OLOHP: GRRSLSELOK Oficfugkesnary heterocycle and
quaternary heteroaryl ,,, 25
: R is alkylarylalkyl; and
R is optionally substituted with one or more
groups selected from the group consisting of quaternary

15 heterocycle and gquaternary heteroaryl.

Still more preferred in this class are compounds
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 quaternary
heterocycle and quaternary heterocaryl.
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;

1 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
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A third class of conpounds of particular interst consists of those
conpounds of fornmula | wherein g is an integer froml1l to 4, n is an

i nteger fro®PWI683 2 30 RL and R are independently sel eBEBUSPASt he
group consisting of H, alkyl, alkenyl, alkynyl, haloalkyl, alkylaryl,

aryl al kyl , al koxy, al koxyal kyI , dial ?(%/I am no, al kylthio, (poI yal kyl )ar yl,
andI fzic: oal :<i|cyc35a\1\lf£?I ec'b;ftklair:léwly all:léeawbstfdd@e{aylw,itﬁabaal K¥|mo*|‘ei-| |k§/| arlyl
aryl al kyl , al kax 0 mno, a t hi_Q,. yal kyl )ary
and SUBSTI TUTE éﬁéﬁrk HIE s2%1) C\F\B% r@%e@% %ﬁ‘@s&é}“ éﬁgén £cycl oal kyl -
optional ly areo'i@bsfm?yl@d NMRt9I§ “8penor g@e S REDSE tpeﬁﬁﬁléglgﬁ ed fromthe
group consi sting of OR9,  NROR10, N+ROR'ORWA , "SR9, .
P+ROR10RL1A- , s (8 R9so§094R%o3§ 3R80, KD2RY, (H&lola:ahogeno OXﬁd and 5
CONROR10, wherein gl k |, al kenyl, al kynyl, alkylaryl, alkoxy, alkoxyalkyl,
(pol yal kyl ) ar ylcoNa Bt ycl oal kyl  opti onal I y have one or nore car bons

repl aced by O, NWWM%@%@ ’amn}s.pz’a&$<§5§/§e Ff‘i 5}? or

phenyl ene, wher 1: R9, are ect ed from t he
group consi sti ﬁg BEY H, a]eﬁWIalkYéP k P9y 2Ky rﬁﬁyllcﬁ‘eﬁo‘é}’ﬁgﬁa 51, acyl,

het erocycl e, apnbomalipt kyle anygl akkybdre cardimnsalrkplacé8 bardoxyhet eroaryl,
carboxyhet erocycbe, . canpoal koxyal kyl, carbexyal kyl@amqo, heteroarylal kyl,
het erocycl yl al K’? Mr l;al Ry |- aﬁmﬁ@unﬁ@:kyls Ko RIPdhdR'RA takRen together with

the carfgon to é,c;yhleggwy are attached form C3-Cl10 cycloal kyl; 20 R3 and R4’

are i ndependently sel ected f9r omlct)he
wherein R R™", and R¥ are independently

selected from the group consisting of H, alkyl,
alkenyl, alkynyl, cycloalkyl, aryl, acyl, heterocycle,
ammoniumalkyl, arylalkyl, carboxyalkyl,

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

1 and R2 taken together with the carbon to which

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

3 and r* are independently selected from the

20 R
group consisting of H, alkyl, alkenyl, alkynyl,

S 910 S

acyloxy, aryl, heterocycle, OR”, NR’R SR~, S(O)Rg,

s0orR?, and S03R®, wherein R’ and R*® are as defined

above; or

3 and R4 together ferm =0, =NOR11, =S,

=NNR'1R??, =NR®, or -cr}'R??,

11

25 R

wherein R and R1? are independently selected
from the group consisting of H, alkyl, alkenyl,

alkynyl, aryl, arylalkyl, alkenylalkyl, alkynylalkyl,

30 heterocycle, carboxyalkyl, carboalkoxyalkyl,
cycloalkyl, cyanoalkyl, OR9 NR9Rlo SRg, S(O)R9,
soar®, s03r®, CooR®, CN, halogen, oxo, and CONRSRLC,
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group consisting of H, alkyl, alkenyl, alkynyl, acyloxy, aryl,

het erocycl e, OR9, NROR10, SR9, S(O R9, S02R9, and SO3R9, wherein R9 and
R10 are as YR#¥W&d above; or 25 R3 and R4 together for mPEO/USENERE11, =S,
=NNR11R12, =NR9, or =CR11R12, wherein Rl11l and R12 are independently
selected fromthe group consisting off3H, alkyl, alkenyl, alkynyl, aryl,

aryl al kyl , al kenyl al kyl ,q al kynypal kyl, 30 heterocycle, carhox |,
car boal koxyal kbeerE’}lél%%llak‘fl ?X?:y%ﬁﬁ)eﬁskﬂe,flﬁﬁg, a%m&r%%?“é%%,

SO2R9, SOBR9, OCRR9, _©N. halsogen d GONRIRL @ SUBSTI TUTE SHEET ( RULE
26) WO 00/01687b9&’1’/%SQ@%%BZgaP‘E%Pﬁeerde%?n RY and R10 are as defi ned gbove,

provi ded that both Rang,REieappaiche GH-hNdBe Aantr&pén er Ritband R12

together with the nitrogen or. carbon to o] j C Y. are_attached form
a cyclic ring; B*®B TS ‘gﬁﬂh §85§t€i‘f%taet?faw teh Sﬁgﬁog %%hcslel%?l% " wherein

RI3b i s sel ected fropsthe group,p&onsicd Mg c8f ohal k¥lmoad kadyP, al kynyl,

pol yal kyl", polyether, aryl, arylal kyl, alkylarylalkyl,

ﬁl t<y| het elroaryl al kyl whetday! REEBT ne yeod il caleldy [f rotiOt by cdoriiky |, het er ocycl e,
eteroaryl, quaterpary, e | &51:q4a4er nakynhet g Moy,

het er ocycl yl al k§P3° %%%Iﬁg’;fr ra?g%(ﬁ’y% quat érna zn ffé%ﬁ{/cl ;jl al kyl ,

quat ernary het ePeaY§tafieyl3rval k%’)élrﬁﬁm’llurrélll@’ﬁ, rﬁf\ﬁ kyl

car boxyal kyl am pogpI botedcabkykikdb, ROHyliretswbsyrivi@tkyith one or nore

groups el ected f{omthe gLeup Stiha o Gar bgxyediddsy heterocycle,
het e_ro_arly , quafg cr:nary et ereoc%/?:i@i a%'kyl, uaf er gerS het rry(gta!'lk/l Iky?/, or
guani di nyl , andhREETRC¥PCecBatEF AR H“@tg?rr&gﬁycong?g%/?%@'cgfy =) yg'o al kyl ,
al kenyl , al kynyheterydryiepeloal kydternary heterocyclylalkyl,

quaternary hetercarylalkyl, alkylammoniumalkyl, and

carboxyalkylaminocarbonylalkyl,

15 R13b is substituted with one or more groups
selected from the group consisting of carboxyalkyl,
heterocycle, hetercaryl, guaternary heterocyclylalkyl,
quaternary heteroarylalkyl, or guanidinyl, and

R® is selected from the group consisting of H,

20 alkyl, alkenyl, alkynyl, aryl, cycloalkyl,

heterocycle, quaternary heterocycle, OR30, SR9,

s(0)R?, s0sR°, and SO3R°,

wherein alkyl, alkenyl, alkynyl, aryl,
cycloalkyl, heterocycle, quaternary heterocycle, and
25 gquaternary heteroaryl 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, gquaternary heterocycle,

30 quaternary heteroaryl, halogen, oxo, OR13, NR13R14,
sr13 s(0)rY3, sorY3, so3r'3, mrPZor'?, NrR13mr14R1®,
NOo, COpRY3, N, oM, sozoM, sopNrM3Rr?, c(oymrb R,

SUBSTITUTE SHEET (RULE 26)



het erocycl e, quaternary heterocycle, OR30, SR9, S(OR9, SO02R9, and SO3R9,
wherei n alwlggl , al kenyl, al kynyl, aryl, cycloal kyl, heterocycle, quaternary
het er ocycIV¥O U687 25 quaternary heteroaryl can be substiPaClestonisesh one or
more substituent groups independently_selected from the group consisting
of al kyl, al kenyl, al kynyl, ponaIkyF? pol yet her, aryl, hal oal kyl,

cycloal kyl, h r c 1aryl ak Lrguater heter ey 1« 30 quaternary
het er oar yI , ha?ﬁSDéWoE@F ORLY} ‘1%1?&/5{1)3‘"’1?14?‘liz SR gli%gﬁ‘g@gzmlg, SO3R13,
NR13OR14, NRL3RRISRES, OFC301MAART31MRAER" CORKSOM . OMt”SDTOM' SO2NRR

C(O NRR SUBSTI TUTE SHEET (RULE 126): /WO _Q0{ 916874 sPCT/ US99{ 412828 24 C (0)
OM COR13, NRLME @R, NRIQYR () NRE<R & NR3ERREAOR OOK 0y R13, OC (0)

NR13Ri 4, NR 3SCRL43 %880%2«» I13§ " R's NRLI3SOZNR16R s, P (0) R13R14
, P+R13R14R15A°, P f 3) +R13R 14" A, and N+ROR11R12A-, 5 wherein:

A is a pharmaceuti ciPfyeReceptabl e anion and M is a pharmaceutically
acceptabl e cation, said_al kyl_,.  al kenyl | Kynyl | yal kyl ,__ pol yet her,
aryl, hal oal kyl, cy%l oal kg‘yl%éarrtp(?cfﬁg%%?]efyoc%dégtégge b& ¥ Ut R ﬁsubsti tuted
Wi th one or nbFeashbaIMacRYIqgldupaceepdtlied chtéAnt he group consi sting of
OR7, NR7R8, SR7, S(&A1,aN82R7a1RQ3RY, aGH2RI, 1y &Xey1 CONR7RB,
N+R7RBROA-, al kgi eglllé@nyl 1 al k n¥ % ryl, cgq 0 Tk%l het erocycl e,

aryl al kyl, 15 HuatFAaty Het ér&%?, ,Ygué‘t}’érlﬁ’ FYhet®Daryl, P (O R7RB,
P+R7R8RIA , andePeTpcYORy)caORBe dndtirersibstdaidedl kith alekemyl, al kynyl,
pol yal kyl,  ponyeéhelibs@fttlenthareabkyiel frekoakkil e n@koup

7

consisting of OR’, NR'R®, srR’, S(0O)R’, sO2R’, sO3R’,

:
cozR’, N, oxo, coNR'R®, N'R7R®R®A-, alkyl, alkenyl,

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

p(0)R'RE, P*R7R®R°A", and p(0) (0R7)OR®, and

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

20 replaced by O, NR’, N*R'R®A-, s, so, so0s, s*R’a-, PR,

7 1
P(O)R', P+R7R8A—,.or phenylene, and R‘3, Rl4, and RY®

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

25 alkylheteroarylalkyl, alkylheterocyclylalkyl,
cycloalkyl, heterocycle, heteroaryl, quaternary
heterocycle, quaternary heteroaryl, heterocyclylalkyl,
heterocarylalkyl, 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*%a-, s, SO, S07,
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het er ocycl e can optionally have one or nore carbons 20 replaced b

N+R7RBA-, S, SO, S02, S+R7A-, PR7, P(ORT, P+R7RBA-,. orpphenyl eﬁef)’am??’
R 3, R14, awgloodRl&sy are i ndependently selected fromthe grfSafyS¥d’€fsting of
hydr ogen, al kyl, al kenyl, al kynyl, polyal kyl, polyether, aryl, arylal kyl

al kyl aryl al kyl, 25 aIktheteroaryIaIk%?, al kyl het erocycl yl al kyl , 1

cycl oal kyl, heterogycle, shet greaiyl, quategrnar rocycl e uat er nar
het eroaryl , hetéf@cﬂolfﬁahkﬁl? Rhe%é?ﬁ%&?%éiﬁﬂ%?wggggérnéry 9 Y

het er ocycl yl al kydarbofiyat taaraminet ecodr ybeptidde, &FkHPhRARN Gl Y7, and 30

car boxyal kyl am nocar bonyl al kyl, whegei n al kyl l.kenyl | ryl
, 2 I, : al kyl
het erocycl e, and polﬁg?kyﬁ 0pﬁ¥6h§lIyaﬁﬁv%p%ﬁﬁmgﬂyn%¥%3t%%}¥%¥gl%%pracedyb§

0, NR9, N+RIR10Ane or ke hupIBEIETUEE Shisk FhERPEEUR ONAHSEETD 1

PCTI US09/ 12828 25 SYROA  PRO. . PLRIRIO; a;bo,g(gaa'kvlphg?lyl ene, o8

car bohydrate, aﬁin&ygﬁ?ﬁY’pep {Ue*or “pof ypeptide. and R13, ,R 0 and R75
are optionally SE@@@KY@%%YﬂNMHQFQﬁ%§YSFenD¥£;{%Qﬁﬁ¥ ’sé?%%?%gﬁ?fon1the group
consisting 5 ofghydiaxyy meddimcysikf ogueaeimay, hakkybarykar boxyal kyl ,

het er ocycl e, heteroaryl ul f oal kyl er r |
heteroaryl, quaﬁug,xﬁg¥§f¥,e e |§P’§FE§?§’ Q@oehatorocycl e, quaternary

r o erocy quaternary N+R teroaryl al kyl
T S CE Ll o IOy Y SRR SedRe. o,
), , en, s OM SO0ZNROR10, PO OR16) ORL7, P+ROR1OR11A-
fS;rOzQ{?ﬁgfg batnplt,C(s@fOVS (Wﬂa?r,elsojk 6 é@ngel?O%ﬁle qoﬁ%peﬁﬁerﬁ%}’%@? ect ed
_ ubstituents_ constituting d M org5 3 togeth
with the n|trogemN&?BﬁﬁtoSOyWMAﬂ$QQNg§Rgpe a@ﬁ§€ﬁQ@RFZrn$§9ﬁgﬁgglég °!

pol ycyclic
. s*R°r'%-, and c(o)oM,

wherein R16 and Rl7 are independently selected

2 and M; or

from the substituents constituting R
15 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
more radicals selected from the group consisting of

oxo, carboxy and quaternary salts; or

20 r? 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

alkyl, alkenyl, alkynyl, cycloalkyl, aryl, acyl,
heterocycle, ammoniumalkyl, alkylammoniumalkyl,

25 arylalkyl, carboxyalkyl, carboxyheteroaryl,
carboxyheterocycle, carboalkoxyalkyl,
carboxyalkylamino, heteroarylalkyl, heterocyclylalkyl,

and alkylammoniumalkyl; and
R7 and R8 are independently selected from the
30 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, haloger,
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het erocycle that is optionally substituted wwth one or nore radicals
selected fromthe group consisting of oxo, carboxy and quaternary salts;

or 20 RLAVM/E83  t ogether with the nitrogen atomto \itdTalsoyvheas are
attached, forma cyclic ring; and R30 is selected fromthe group consisting
of aIkyI al kenyl, al kynyl, cycloal k¥, aryl, acyl, heterocycle,

amoni umi kyl , ghawggxygmmy 355 Ab}ﬁalkeyl heeewgegnal Kyl

car boxyhet eroaryl, caf et eroc e, car oal koxyal
carboxyalkyIanPﬁéYeﬁé?éroﬁPﬁﬂ%ﬂqéfV ﬁe?%ﬁ?y IyPhFR??‘aqénd

al kyl anmoni urma k and, 1a B4 i y3se dafromthe 30
group COﬂSIStI%& F ﬁyﬁrOQen an yl4 and’ o%gei)iz nbr% %are

i ndependent |y esed HpdIpighe DB, DONSISBLRY4QE5 H o al Kyl , al kenyl,
al kynyl , polygﬁéE acy%oﬁ%, aﬂyﬁﬁ 5@@Ial§hﬁ,hﬁalggen UBSTI TUTE SHEET

(RULE 26) WD 0903687 B! b0 O%gﬁzssoﬁ@wlem ke (Gyeb oal kyl
e

het erocycl e, hetéroaryl, polyether, quaternary heterocycle quat ernary

heteroaryl, ORE3o)NMRA3R4, 1@34@30%9 R]<_3 o)gw) gaﬁﬁ R 18 S+R13R14 A-, NR 13
OR 14 , NR 13NRL4RI15 S020M 'SO2NR13R14 , NRL4C

2,

(O R, qQNMGMMR?%Rm ®1§13NR%R@) Ncg%méi}zﬁma S(O) nNR18 NRL3RIS,
NR78CR14 N+R9R11§ﬂ§ P+ R9 R12 A am no acid, peptide, polypeptide,
and carbohydrat% R DRW%%heﬁmdabk§¢%dahkﬂmyﬁﬁ,apkyygﬁgthﬁﬁcleaﬁkyl, aryl,
pol yal kyl , het gaosyEd&ra@cyl oxy, arylal kyl, hal oal kyl, polyether,
guat erpary heterocycl e, and aternary he roar can urt her
Substithted wi th oﬁg" k%@%& Aa?'?( siycjiﬁ@q?‘?;gzm, SO3R,

aryl, polyalkyl, heterocycle, acyloxy, arylalkyl,

haloalkyl, polyether, guaternary heterocycle, and

guaternary heteroaryl can be further substituted with

or®, Nr®RY, N*RPRYIR2ZA", sR?, s(0)R®, s02rR®, so3R®,

15 oxo, CO2R%, CN, halogen, CONR®RI®?, so.0M, s0,NrOR1C,

PO (OR*) ORY, P*R®R**R*?a™, s*rR°R'°A, or c(0)oM, and

wherein R18 is selected from the group consisting
of acyl, arylalkoxycarbonyl, arylalkyl, heterocycle,
heteroaryl, alkyl,

20 wherein acyl, arylalkoxycarbonyl, arylalkyl,
heterocycle, heterocaryl, alkyl, quaternary
heterocycle, and quaternary heteroaryl optionally are
substituted with one cr more substituents selected

9 9,10 S,11.12, -

from the group consisting of OR NR°R™", N'R7R**RrR*“a

25 , sR°, s(0)R®, s02R®, s03R®, oxo, CO2R®, CN, halogen,
conr”R1?, s03r®, so,oM, s0oNR7RYC, Po(0RY®)0R?, and
c(0)oM,

wherein in RX, one or more carbons are optionally

replaced by O, NR13, N+R13R14A- S, SO, SO03, S+R13A_,

30 PR13, P(O)RlB, P+R13R14A—, phenylene, amino acid,
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15 oxo, CO2R9, ON, hal ogen, CONROR10, S020M SO02NROR10, PO (OR1') OR',
P+ROR11R12A , S+RO9R OA-, or C(O OM and wherein RIB is selected fromthe
group consivobmgses7of acyl, aryl al koxycarbonyl, aryl al kyl PCHEE®8¥cl e,
het eroaryl, alkyl, 20 wherein acyl, arylal koxycarbonyl, aryl al kyl,

het erocycl e, heteroaryl, alkyl, quateemary heterocycle, and quaternary

het eroaryl optionally are substl t ut ed 1NRkgesulst i tuent s
sel ected from PREL§FBUPPIORERPSE Y oafrb%BrNRQR 0 m|%1+R9R11R12A 25 , SR9,

S(O R9, SO02R9, §63§291xpx0, C02R9, CN, hal ogen, CONROR10, SO03R9, S020M
SO02NROR10, PQ(OR16) OBl %pqn ?Aly\&ﬂﬁl&/@l nphenyReneonemoro nib?raéjl car bons

are optionally repI aced . 89e SPZmor®tRI3A , 30
PR13, P(O) R13, p¢R£3R&4AP°1>@’?é’ﬁ§zP%ne n[g;ﬁ]aﬁg&am d, SUBS% Tur SHEET ( RULE

26) WO 00/01687 PC /USQIQé 125%%%na21 Qeeg,tllaggd pplcypamh ds, *Remr o hydr ate,
pol yet her> or V(o[ ? wher el n- | n said yaI kyl', phenyl ene, anmino acid,

pepti de, poI ypegtl gg §@9 @*rgt?@hydpxa? ep ar“? } m)frre PA(O)g 5 car bons are
optionally repl ace .

SR,
P+ROR10A-, or P(O R9w evWé? éiuﬁt&ﬁﬁ?’@f Sﬁfrt rﬁe?’er oc c(% ?Qléﬁg quat er nar y
heteroaryl are eRteebakly ﬁﬁ)&tpltuumel:ilmsnlhséhéu*é? b Oﬁ?oﬁ’bsm%%f? ect ed

fromthe group conS| st ng (Togeda %k D deenybns sty lof pdkyhl kyl
pol yet her, aryl 9 TOR8roar

, cycl oal het l e, .anyl al kyl, hal ogen,
ox0, ORI® NRL3RLEeSRi3 s{ PR3, PSb&?%@’ ?%8%8‘13 a1 15 SO3R NR OR NR NR
R, NO2, CO2R1 &Nioc&hkyl, cycloalkyl, heterocycle, arylal

13 13
halogen, oxo, ORY3, NRY*R'#, sR™®, S(OJR™", sogrY?

13
sosrY3, wr13or'?, nrMZNrM4R®, WOz, CO2RTY, CN, OM,

314 13
sojoM, SOpNRMZRY, c(O)NRPIR C(0)OM, COR

13. 14 _+.13_14
15 p(0)RTRr P+R13R14R15A . p(or*3)or'®, sTRTR™A7,

1

and N'*'RgR":L 12 , or

a pharmaceutically acceptable salt, solvate, oI

prodrug thereof.

20 Preferred compounds in this class are compounds

wherein:
R® is phenyl substituted with OR
R*® is independently selected from the group

consisting of alkyl, quaternary heterocarylalkyl, and

llb

25 quaternary 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;

rRY and R? are independently selected from the
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S020M SO02NR13R14, C(O NR13R14, C(OOM COR13, 13 14 + 13 14 15 13 14 + 13
14 15 P(OORR, PRRRAPOR)ORSRRA and N+ROR 12 A-, or a

phar mace WP @e#1687 accept abl e salt, solvate, or prodrug traenused2s20
Preferred conpounds in this class are conpounds wherein: R5 is phenyl
substituted with ORI Ib; R13b is independently selected fromthe group
consi sting of al kyl, quaternar eteroarylal kyl , ar quat ernary
het er ocycl yl aEFWI%/ lﬁféﬁgigy bs"’t%Tktygt’e él\Hf\/le%{?ﬁlbn‘gﬂcoyr-‘%aﬁre gr oups

sel ect ed frondadmwelgndup adbnsastl ngoflafsyér oeykPry, Hdteydadkylk, and

guani di nyl . 39; Aaurtibocl asgy ofncomewnds 1ol 1paryi cumy interest consists
of those corrpoundslg(f formula | wherein qis an integer froml to 4, nis
an integer frofilPalEY2y RL and R2 are independently sel ected fromthe

SUBSTI SUTE SHEET (WRekEi26R1M0 0G1KESST, PETKYS9Y/ 1288118 .gr oup consi sting
of H alkyl, alkenyl. abkynyiyy1 haligabkky!l a1abkysaeyl, arylalkyl, al koxy,

al koxyal kyl, _dital kyl am no, _ al ke/l,t hi a, i oﬂaﬁ I )grylrid and cycloal kyl, 5
wher ei n al kyl 31 3KRERATENC,| RYFXATHARy) JRP §F, Y %@f ri5S aryl al kyl , al koxy,
al koxyal kyl , cydilalakyklyanmppoiomd Kyt tarieo subpokl pat &y | Wiglyloneawad meyel oal kyl

optional l'y argrlstiehitede WeddOneoar cAmr ro%&@éﬂéi‘-&rltn‘é sel ected fromthe
group consisting of 10 N+ROR10 ,

OR9 , NRORiO |, SR9 . .S RORIA- |
a+ROR1ORL1A- qr®,SHEPRIC, W% “803R9, seH2R9:R°ENA .h&*%@&,%&ggf, and

s(0)R?, SO2rR®, S03R°, COoR®, CN, halogen, oxo, and

conr°r1Y,

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

Nr®, N*RrR%CA-, s, s0, 505, s*rR%a, P'RR'CA, or

phenylene,

S

wherein R7, R10

, and R¥ are independently
selected from the group consisting of H, alkyl,

20 alkenyl, alkynyl, cyclealkyl, aryl, acyl, heterocycle,
ammoniumalkyl, arylalkyl, carboxyalkyl,
carboxyheteroaryl, carboxyheterocycle,
carboalkoxyalkyl, carboxyalkylamino, heteroarylalkyl,
heterocyclylalkyl, and alkylammoniumalkyl; or

1

25 R' and R? taken together with the carbon to which

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

3

R? and R? are independently selected from the

group consisting of H, alkyl, alkenyl, alkynyl,

9 9,10 9

acyloxy, aryl, heterocycle, OR™, NR"R™", SR7, S(O)R9,

30 S02R°, and SO3R9, wherein R’ and R'® are as defined

above; or

3 and r? together form =0, =NOR11, =8,

-NNRI1RIZ, =NR®, or =crI1R1Z?,

R
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CONR9R10, wherein al kyl, al kenyl, alkynyl, alkylaryl, alkoxy, alkoxyalkyl,
(pol yal kyl )aryl, and cycl oal kyl 15 optionally have one or nore carbons
repl aced byw@oo/qigs79, N+RORL0A-, S, SO S02, S+ROA , P+RORIIAIS99/13§28

phenyl ene, wherein R9, R10, and RWare independently selected fromthe
group consisting of H, alkyl, 20 al ke84, al kynyl, cycloal kyl, aryl, acyl,
het erocycl e, anmmoni unal kyl , gryl al kyl, carboxyal kyl ,. carboxyheteroaryl,
car boxyhet er ocycl e, WhaﬁbioalRI%owaﬁk%%/, T B@??QFR?/?%H}flcﬁelﬁéfé‘? oaryl al kyl ,

h_et ﬁr?ﬁycl yl gl kxf{romaﬂﬁle %m&amgigmmz Hr a2byR] aXier¥2 .t aken t oget her
W e carbon to c ey_are.attac - Ek | ; R3 and
R4 are independéﬁf‘WyLelaeté'tt‘ledgﬂ’b?‘r}}f)ﬁé’ %S{oﬂggég%\g'st%l%g of agli;%/kyl,
glolgagyl, SI kynyheteacyyabey, carpbxyabket ocsasheal BRY3NROR10, SR9, S(OR9, 30
Cogoher Sor oy Lkewna DO\ U8 CIS B Ll T ™
SHEET (RULE 26) 80/ 7 2S99/ 12828 29 wher einn Rbhrdrd°R12 are
i ndependent |y sg}%)gté %q‘?dmgﬁﬁé gr%léj'p consgi sting of H, al kyl , al kenyl ,
alkynyl, aryl, gnubalins kel abbyls alioded abbyd, phaticeacyrde,
g?rog)%gyal gyl, car Oa@ oxyaﬁ gy , 5 cycloal kyl, cyanoal kyl, OR9, NROR1O, SR9,
: 9 C02B8:h G 41l @jebanpxo, banoH CONRORIGI SS02Rr, SO3R , , wherein
RO and R10 are as degﬁed ab%e, provi ded that both R3 and R4 _cannot be
2te

OH, NH2, and SH, or an¥d R YR rv st FIEhBIRFRITYS §ATRSP bon
10 atom to which they are attached form a cyclic ring;
R5 is aryl substituted with one or more ORle,

wherein Rl3b is selected from the group

consisting of alkyl, alkenyl, alkynyl, polyalkyl,
polyether, aryl, arylalkyl, alkylarylalkyl,

15 alkylheteroarylalkyl, alkylheterocyclylalkyl,
cycloalkyl, heterocycle, heterocaryl, quaternary
heterocycle, gquaternary heteroaryl, heterocyclylalkyl,
heteroarylalkyl, gquaternary heterocyclylalkyl,
quaternary heteroarylalkyl, alkoxyalkyl,

20 alkylammoniumalkyl, and
carboxyalkylaminocarbonylalkyl,

13b is substituted with one or more groups

selected from the group consisting of OR9a, NRgaRlO,

Sa 9a

R

N*R92r11R125°, srO2, s5(0)R%®, SO2R%?, s03r%®, CozR

25 conr®2r10, s0.nr%2Rr10, p*R%3R'OR%A-, and s*rR%%Rr!%a-,

I 7

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

and

%8 is selected from the group consisting

wherein R
30 of carboxyalkyl, carboxyheteroaryl,
carboxyheterocycle, carboalkoxyalkyl,

carboxyalkylamino and carboxyalkylaminoalkyl;

SUBSTITUTE SHEET (RULE 26)



10 atomto which they are attached forma cyclic ring; R5 is aryl

substituted with one or nore ORL3b wherein R13b is selected fromthe group

consi sti ngo@brombkyl, al kenyl, al kynyl, polyal kyl, polyecnesyyasl

aryl al kyl , al kyl aryl al kyl, 15 al kyl het eroaryl al kyl, al kyl heterocycl yl al kyl,

cycl oal kyl, heterocycle, heteroaryl, sguaternary heterocycle, quaternary

het eroaryl, heterocyclylal kyl, heteroaryl al kyl, qqaternarg

het erocycl yl al kyl , r&quat eedaeyebiet esmamygl ghkyd  caiskieryapkgt  F20

al kyl anmoni urmal kyl., a carb ky! am hocay bospihalikyl, R13b is

substituted vwﬁﬁgiﬁua%yieﬁgié g?%ﬂ%&yégﬁzbtegyfron1gge grQup consi sting of

OR9a, 9aRl10, M@%@é@g% aSBPRarP(HdBRacy SI2RER ™ "S0SR9a, CO2R9a, 25

CONR9aR10, S02NR9aR10, P+I§8;R10R11A gamd S+RO9aR10A , wherein Ais an

phar maceut i cald yo)actemoabl’e aadi 8skind Mis a pharnaceutical |y acceptabl e

cation,_ and wherein R9a is.selec o] oypaonsi sting 30 of

car boxyal kyl, carb 5&8r8$?¥h; g@%?b@%;h%?%?%%'cle, car boal koxyal kyl

car boxyal kyl anywl caidydar bespaPRyf b FORCRYT2ISUBSATPOYE %HE%DI‘&(RULE 26) WO

00/ 01687 PCT/ U39 L2828 nd3@eRBatfl s€dretieedubsomutes grisliposensy sting of H,

al kyl, al kenyl ] alk l,..aryl, cycloal ot £F IR eqdeab®r nary

het erocycl e, CR&EF %%,tltg(aéfﬁé,r %%%%!,%?ﬁad%%%, 5 %Sr gi n al kyl ,

al kenyl , al kymie caraup coppéEdany®t FHewédr odyEeRY1q Bary heterocycl e,

and q@t er nary-NEtBHar Yo1¢annbe, sabst,i tut edl kgl h oywdcedkyhore substituent

O st naePe ey 1 LR, tqmeat%mgpy%@ééffemif ot atkent,
guaternary heteroaryl, halogen, oxo, OR™™, NR™“R™7,

13 3 3 3 pl4 3.pldp15

1 1 1
sri3, s(o)r?, so,r*3, soar'?, NR*POR'®, NRTSNRTURTT,

14 13,14
NOy, COR'3, CN, OM, SO20M, SOpNRTZR*®, C(O)NR™°R™Z,

15 c(o)oM, corl3, NRMC(0O)R*™, NR¥C(O)NR“R™, NRCOR',
OC(0)R*, OC(0)NR¥R*, NR™SOR™, NR'SO,R™, NR**SONR*R*®,

- 14
NRUSONRMRS, P(0)RY3RY4, ptRTRM4RMAT, P (ORT3)OR

+.13_.14 +,9,11.12

1

S*R™“R-“A”, and N'RR""R"“A",
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

7 7 7 7
consisting of OR7, NR7R8, SR, S(O)R", SO2R , SO3R ,

coor?, oN, oxo, conR’®®, N'R7RER%A-, alkyl, alkenyl,
alkynyl, aryl, cycloalkyl, heterocycle, arylalkyl,
guaternary heterocycle, guaternary heteroaryl,
30 p(0)r7r8, P*R7RBR%A™, and P(0) (OR))OR®, and
wherein said alkyl, alkenyl, alkynyl, polyalkyl,
polyether, aryl, haloalkyl, cycloalkyl, and

SUBSTITUTE SHEET (RULE 26)



10 pol yal kyl, polyether, aryl, hal oal kyl, cycloal kyl, heterocycle,

aryl al kyl, quaternary heterocycle, quaternary heteroaryl, hal ogen, oxo,
OR13, NR13M@0018R13, S(O R13, SO02R13, SO03R13, NR130R14, PRNRUSTHRAZRKRIS, NO2,
CO2R13, CN, OM S020M SO02NR13R14, C(O NR13R14, 15 C(OOM COR13 , NR1LJC
(O R14, NR13C (O NR14R15, NR13CO02R183 OC (0) R13, OC (0) NR13R14,

NRI 3SOR14, NRL3S02R10, NRI3SONRLARLS, S 4R15.e PadOnsRI3RLA
P+R13R14RI5A , PeYexasyc l\Jﬁfefz’tm °Psl+‘i:?féﬁz?(4ﬁgs, and N*RORLIRIZA-, wherein: 20

A is a phar maceutl epkﬁbl a*RTRER- ang, Mo ,i soa, phir EIH’RI cally
acceptabl e cati BnPfgéa%% kgp%yl al kenyl', al kynyl, polyal kyl,  polyether,

ar%/lh hal oal l;)él (&GYET o?«‘tgy”/][m Aandor Qggegg,ggxly{gj earc&a;m e fg?t reevd 0Bst i t ut 1(_'ad

Wi one or more, substitue roups .sele RBg consisting
of OR7, NR7R8, &FF,?1 @Wenégmge eéjr%ﬂ?? '%o‘%% 9%0}3 gng{%ngl 7, CN,
oxot CO\IB?RE, I\&R?llaaﬁ%eai Kyl ], aﬂfﬁewéyciima;g@;’%;%ﬂc:Demgrs;élgil kyl, .
quaternary hete q rng rogryyla + an
P(O (OR7) ORS, %(gf%iel?eeﬁ nli%;}l’?d aﬁn Q?}fﬁgengr%é?{)i%%_r Eol yal kyl ,

pol yet her, aryl alkateatiedAarydgis l?;}l R | E HEET (RULE 26) WO
00/ 01687 PCT/ US89¢ 12808/,1 3hehere¢myecl éet—:aﬁo@@tllro%altﬁrﬁ%% one or nore

carbons repl acggt‘? ocovc.'\<J_R7 1he§er§£%yﬁ0&et8t83klymkyl P(O R7,
P+R7R8A-, or phénylene, .and R131 R1 and oc%f %12) qﬁpgndently sel ect ed
f r om t héOgr oup E%ﬁ%?%ﬂ}ﬂga%‘y&f ARG gERY a? §1°“ a Ren al kynyl ,

pol yal kyl ,  pol yeshernamy HereapghalddKyl aﬁkly@s}f%/ll}%’llkyl

al kyl het eroaryl ?i%%iamr@r&}dnﬁq;c?i ocyed vl al kyl,  cycl oal kyI , heterocycl e,

het eroaryl, qua
Y a carboxvalKylamlnocarbonylalkyl

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

9_10
carbons replaced by O, NR’, N *R°R*“A-, S, SO, SO2,

s*rR%a", pr?, p*rR°rR'%A-, P(O)R’, phenylene,

carbohydrate, amino acid, peptide, or polypeptide, and
R13, R14, and RY> are optionally substituted with
20 one or more groups selected from the group consisting
of hydroxy, amino, sulfo, carboxy, alkyl,
carboxyalkyl, heterocycle, heterocaryl, sulfoalkyl,
quaternary heterocycle, quaternary heteroaryl,

quaternary heterocyclylalkyl, gquaternary

. s 9 S,10 +59,11,12
25 heteroarylalkyl, guanidinyl, OR”, NR"R™", N'R°RT“R™“A~

9
 sr%, s(0)R%, S0orR®, SO3R®, oxo, CO2R”,

16, .17 _+,9.10.11
coNr®RYC, sosoM, sooNRPR'C, PO(OR™®)OR™', P'R'R™ R "A-

!

CN, halogen,

. s*rR°r*%A-, and c(o)oM,

wherein r1® and Rl'7 are independently selected

2 and M; or

30 from the substituents constituting R
R™ and R, together with the nitrogen atom to

which they are attached form a mono- or polycyclic

SUBSTITUTE SHEET (RULE 26)



het erocycl e, quaternary heteroaryl, heterocyclylal kyl, 10 heteroarylal kyl,
quaternary heterocyclylal kyl, quaternary heteroarylal kyl, al koxyal kyl,

al kyl ammowaeswhdsyl , and car boxyal kyl am nocar bonyl al kyl , pantaedoeia32:2l Kyl ,

al kenyl, al kynyl, arylal kyl, 15 heterocycle, and polyal kyl optionally have
one or nore carbons replaced by 0, AR9, N+ROR1I0A-, S, SO S02, SR A A,
P(O R9, phenylene, +9 . + R 9R10 ¢ boh dral m no acid,
peptide, or poPSAFFRGYGEE éﬁﬂt é’mﬁf&a Ad® Léteé:‘pt |‘5ﬁaPP§ SUbsti tuted
with 20 one omoranradgcawpsssk&mﬂﬂdairbmonh¢k&rqymnqpnayaﬂlgging of hydr oxy,
am no, sulfo, &arbLtpalkiha Gartarkabkybichietarocycl e, heteroaryl,

sul foal kyl , quat'ernary eterocycl e, quaternary heteroaryl, quaternary
heterocycl yl al kyl , rtdasaanety, 2odeeterort yh alte/Ini tgid:@dindlamy)h t©OR9, NRORIO,

N+ROR11R12A ogen, CONRIR10,
SO2OM  802NR9 %&fé%?%f%é‘?ﬁg BRI é‘aég%fo%!’ h &0} M wher ei h
R16 and R17 are i ndepéfdemieyted| bamedhesgs ‘P?E)n?‘f’l‘ﬁe’-%mlot uents

Shich they o m}‘?ﬂd Mke’?ym%m&ﬁ“”w@ﬂm e YT TTE SHeET (RULE

ic ey ar 0 . 20T i

26) WD 00] 01687 15 U EvEls) Tl @qﬁﬁ?er%@% st g%tl onal |y
substituted wamylgd&ydr caprerddivéal §a§%‘l”§€t‘=‘éc?1fqaéhﬁ trhe group consi sting
of oxop Caerﬁtb@&@hGﬂéi@&f&ﬂecfb&&b&alkwxfﬁykymuj R15, together with the

ni trogen atom e fo and R30 is"
selected fr om%a%bo%%k}gg%%lsﬁs/t ?’n%egkggg?%qiyl e%ﬁ%\é%:l%)ll F}g cycl oal kyl ,
aryl, acyl, and a kylammonlumalky ; and

R’ and R 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, acyloxy, aryl, arylalkyl, halogen,
haloalkyl, cycloalkyl, heterocycle, heteroaryl,
polyether, quaternary heterocycle, gquaternary

20 heteroaryl, orRY3, Nr3r14, sr?3, s(o0)r'3, s(0),r!3,
sosrY3, s*r13r%a-, nr130r14, NrRY3NRI4RIS, NO,,
coorY3, cN, oM, so,0M, sOoNRIRY?, NRYC(0O)R™,
C(O)NR13R14, NR}C (0)R13, C(O)oM, COR*3, ori1E,
s(0)nNrR*8, NRr13r18, NrB0r'?, N*RPRI'R1ZAT,

9.11,.12 ,

25 P*R7R*"R*“A”, amino acid, peptide, polypeptide, and

carbohydrate,

wherein alkyl, alkenyl, alkynyl, cycloalkyl,
aryl, polyalkyl, heterocycle, acyloxy, arylalkyl,
haloalkyl, polyether, guaternary heterocycle, and

30 quaternary heteroaryl can be further substituted with
or?, NrR°rRC, N*R®RY*RY?A7, sR®, s(O)R®, sO0oR®, s503R%,
oxo, CO2R°, CN, halogen, CONR’R?, sosoM, s0,NrRZR1O,
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het er ocycl e, amoni umal kyl , al kyl ammoni umal kyl, aryl al kyl, carboxyal kyl
car boxyheteroaryl, 10 carboxyheterocycl e, carboal koxyal kyl,

car boxyal kWoao'ﬂjoi}Q'f het eroaryl al kyl , heterocyclyl al kyl, @aggusesn2szs
al kyl ammoni unmal kyl ; and R7 and R8 are independently selected fromthe

group consisting of hydrogen and al ky{3 and 15 one or nore Rx are
i ndependently selected from the group consisting of H alkyl, alkenyl,

al kynyl, pol yaﬂcﬁgnu)%(};{yvlloggyﬁ@lfl)ﬁ%ﬁarlyIsahI?yFPAhaIcnge:n(,o)oMaI aad kyl ,
cycl oal kyl, het'erocycle, heteroaryl, polyether, quaternary heterocycle,
quaternary 20 het er gaeyk;n ORI%,isNRe3REded SRIQT HEOPRPIP SPEYTREFS  SO3RL3,

S+RISRI4A-, NRI3ORL4, N AR15. NO2, 1 130ry 1304 ], HEEA2EEN1N, SO20M
SO2NRRNRC (O K- &0 SRS “SRRIAG( O RI3, (O OM OCRI3 , ORIS |
S(O) nNR18, NRIIRIBTORRYBORAMY N+RORL1RI2A 25 P+RORLIRI2A , anino aci d,
pepti de, spol ypept i deneaBon a@arhohydial kpxywherkinylal Ryyladkkenyl , al kynyl,

cycl oal kyl, ar%|ﬁer%%|yé§% Kylar 12LELOCYEH Ry 1 aCYiaknaaiyl al kyl,  hal oal kyl,
pol yet her, quat'&mary?heterocycle, “and 30, quat ern ry het erparyl. can be
furt her substitmﬁt@;qmﬁhe:mﬁ/%Rm?%ﬁ@?aﬁ?ﬁ? PPSRY % . SO2R9,
SOBR9, o0x0, CRRY:icN:ebalhDgemneCONRORES, sSICMUESGBNRERE Ot €2 SUBSTI TUTE
SHEET (RULE 26) WO 00/01687 PCTI US99/ 12828 33 PQ_(10GR16) qgii 13RIR11RI2A-
. S+RORLOA- , ofrc® (Op SRPURMPISHEEEBENORIGRT s Melfectedl Frdm ¥ hé' group

consisting of acyls arylasko arb 9 aryl al 9 h r
heteroat§l, al k'yls)‘,/R95 \%é#%i n %‘%/2% K g%l“ar kg%lbar oRny'I ‘,éhae'tr ;ﬁ/lgfglﬁj f/\rll

het erocycl e, het er@anyl , _al kyl , te sphet e OeeI66 oraNd gt er nary
het er oar yl opti%l arg&};‘@’ SO%%” 503 "R M, @r‘lé

C(O)0OM,

wherein in RX, one or more carbons are optionally

+.13_14 4013, -
replaced by 0, NR*3, n*rRP’rR*¥A-, s, 50, s02, STR"7AT,

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

peptide, polypeptide, carbohydrate, polyether, or
polyalkyl,

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

S +,9,10, -
20 carbons are optionally replaced by O, NR™, N R"R™7A ,

s, so, sop, s*rR%a-, pR®, P'R°R'PA-, or P(OIR’;

wherein quaternary heterocycle and quaternary
heteroaryl are optionally substituted with one or more
groups selected from the group consisting of alkyl,
25 alkenyl, alkynyl, polyalkyl, polyether, aryl,
haloalkyl, cycloalkyl, heterocycle, arylalkyl,
13 13
halogen, o©xo, OR13, NR13R14, SRlB, S(O)R™", SO2R™ 7,
sosr'3, wrY20r1?, Nr23Wr14R1S, Nop, cO2R™?, N, oM,
13
soooM, SONRIZRM, c(o)nrP*r'?, c(ojomM, cOr®®,

- 13, 14 +.13_ 14, -
30 po)rY3xrY4, p*RMRMRYSAT, p(OoRT?)OR™®, sTRTRMAT,

and N+R9R11R12A', or
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substituted with one or nore substituents selected A fromthe group
consi sting of OR9, NROR1O, N+ROR11R12 - 10 , SR 9, S(O R9, S02R9, SO03R9,
oxo, CO2R3yo6tdiedral ogen, CONROR1O, SO3R9, S020M SO2NRORLQ. ,5@[,%6) OR17,
and C(OOM wherein in Rx, one or nore carbons are optioné} y “replaced by
0, NR13, N+R13R14A-, S, 50, SO2, S+R13A , 15 PR13, P(OR13 , P+R13R14A-,
phenyl ene, am no acid, peptide, polypeptide, carbohydrate, polyether, or

pol yal kyl , wherein #nP8af ?ﬁﬂ%ﬁﬂaﬁ§¥,a%#ﬁﬁﬁﬁ?ﬁ%afaéhirﬁ? G E, C%eptide,

pol ypepti de, aptodaudohlyeratf, one or nore 20 carbons are optionally
replaced by 0, NR9, N+ROR10A , S, SO 502, S+R9A-, PR9, P+ROR10A-, or

P(O R9; wherein quaternary_ heterocycle and quaternary heteroaryl are
optional Iy substitTEHESHIG ofIRFIIRSr 67 gF BtipsCE2FectEd FPBRRYME group
consi st eng of wahdydin25 al kenyl, al kynyl, polyal kyl, polyether, aryl,
hal oal kyl , cycl oal i <N Y. .a | kyl, ~pbal ogen, oxo, OR13,

NR13R14, SR13, S(C?ﬁiﬁf g%géggE%%%mié&%ééfé%ﬁﬁgng SO3R NR OR NR NR R NO2,
CO2R, CON, ON, SORM iSOFRREIRES [XFTOFRRISFRAWL I EMnecR 21kG

P(0) R13R14, P+RiB8RIAREGAIRYORI3NORI4, S+R1I3R14A and N+ROR11R12A , or
SUBSTI TUTE SHEET ( RUkE %%) %&h%g4g&§ Rg}&pS%g@lZ%gB mgﬁéa. ou
pharmaceutical |y acceptabl e salt,; solvate, “or prodrug f eré%iaffﬁeferred
conpouflls in tIRLEGSSEERR BRAPEHAHR COSHRELBPnOIROR s 3elR subst i t ut ed
with ORL3b; RIB is selected fromthe group consisting of alkyl

R*® is selected from the group consisting of
carboxyalkyl, carboxyheterocaryl, anc

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;

1 and r? are independently selected from the

R
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,
diaikylamino, alkylthio, (polyalkyl)aryl, and
cycloalkyl optionally are substituted with one or more

30 substituents selected from the group consisting of

or®, NrRZR1?, N*RRIORYAT, SR, SR°R¥A°. p*RORIOR1p-

s(0)R?, sosR®, s03r?, coor®, N, halogen, oxo, and

conr°Rr10,

wherein alkyl, alkenyl, alkynyl, alkylaryl,
35 alkoxy, alkoxyalkyl, (polyalkyl)aryl, and cycloalkyl

SUBSTITUTE SHEET (RULE 26)



and al koxyal kyl ; and R13b is substituted with one or nore groups 10
sel ected fromthe group consisting of OR 9a and NR9aR10; and R9a is
sel ected fgﬂg&hﬂ&7group consi sting of carboxyal kyl, car poxybeuenzoaryl, and
car boxyheterocycle; and 15 R10 is carboxyal kyl. A fifth class of conpounds
of particular interest consists of thase conpounds of fornmula | wherein g
is an integer froml to 4, 20 nis an integer fro 2 and R2 are
i ndependent |y sebecordliy drﬁ"teh@neg?’éd‘ﬁ?r(?oﬁégg??%gre?fggﬁéja%{ycﬁl al kenyl ,
al kynyl, hal oal kgl , alkyiaryl .. agyl | grgPkoxyptrakkoxyabkyl ,
di al kyl am no, aNﬁyPtHi ,%(%%Pygrk§¥)g$§¥,sand 25 cycl oal kyl , wherein al kyl,
al kenyl, al kynybhehaheaékyl, alkylaryl, arylalkyl, alkoxy, alkoxyalkyl,
di al kyl am no, al kylthio, (polyal kyl)aryl . and . cyclo L optionally are
substituted with oneWberﬁbméf%ORsubs%?q&%h?§esé?%F SEF oM t he group
consi sti %g of  OR9ect NRORIGN e IN+BORIp GRS istSRY of $LRFRKXIP+RORIORLIA- |
S(O R9, S02R9, SO3R9, .C02 ' 1 0%9y,1 angeyICONBER1Ocyier ei n
al kyl , alkenyl,aﬁ?ﬁ?ﬁ%r,ag?%yﬁgrcpgigg §|KOX§? ?Lg§fyalkyl, (pol yal kyl)
aryl, and cycl oakphiu8BsH TIFE sHEET GPBEE 78 00/ 01687 PCT/ US99/ 12828
35 optionally hayen8REhef e AN 1GaEhonsxyreplexoetcby. 0, NP9, N+RORL0A-, S
SO, 802, S+ROA , P+RORIOA ,..Qr eyl eN8o 1WRe hel Nh&%rfAkG1aakrdl Rw are
i ndependent |y 5338P8 8ﬁy?%§%%’t%§‘§¥&§%'8bnsistingkcg.Ié al kyl ,

10 heterocyclylalkyl, and alkylammoniumalkydl; cI

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

they are attached form C;-Cy cycloalkyl;

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

9,10 S S
15 acyloxy, aryl, heterocycle, OR9, NR’R™-, SR”, S(O)R7,

502R9, and SO3R9, wherein R® and R'° are as defined

above; or

11
R3 and r? together form =0, =NOR™", =5,
rI1R12, -NR®, or =crMIR'?,
20 wherein r*! and R1Z are independently selected

from the group consisting of H, alkyl, alkenyl,
alkynyl, aryl, arylalkyl, alkenylalkyl, alkynylalkyl,

heterocycle, carboxyalkyl, carboalkoxyalkyl,

10 S S
cycloalkyl, cyanoalkyl, OR9, NR9R , SR, S(O)R7,

9.10
25 sooR®, s0aR®, cozr®, CN, halogen, oxo, and CONR'R™,

wherein R9 and Rlo are as defined above, provided that

3 4 cannot be OH, NH,, and SH, or

both R and R

R11 and R12 together with the nitrogen or carbon

atom to which they are attached form a cyclic ring;
. 13b
30 R5 is aryl substituted with one or more OR ,

wherein R13b is selected from the group

SUBSTITUTE SHEET (RULE 26)



al kenyl , al kynyl, cycl oal kyl, aryl, acyl, heterocycle, anmoniumnal kyl,
aryl al kyl, carboxyal kyl, carboxyheteroaryl, carboxyheterocycle,

car boal koxwaelolylesz car boxyal kyl am no, heteroaryl al kyl, 10P?ﬁ5§58%%glylalkyl
and al kyl ammoni umal kyl ; or Rl and R2 taken together with e carbon to
which they are attached form C3-Cl10 chloalkyl; R3 and R4 are

i ndependently sel ected fromthe grod% consisting of H, alkyl, alkenyl,

al kynyl, 15 acybaxystamylof hekelocytkenylORA1IkNRORIpoBRAKE(.O) R9, S02R9,
and SO3R9, wherei an 0 fi «vPr R3 and R4 together
form =0, =NOR %%?93§e‘ = 1&?12%%1? gpﬁg%&ﬁ?\?{ I(; wherein R11 and R12
are i ndependenBl{y$Beertasdy et binl 1 el lGrdes CEBRET ¥ B H alkyl, alkenyl,
al kynyl, aryl, cgeybalkyl, hakkeoylalkylhetairiopnyl al dydterdretyer ocycl e,

car boxyal kyl , al - I Kyl anoalk . R10, SR9,
S(O R9, 25 soz%g?gg%§é§¥xc8§é§?‘Ei%yﬁ%%%‘éﬁ?ygio, aﬁéx%ﬁﬁgg%fgyBaherein RO
and R10 are ashEeRFoRyladdve; BHAVEERAI REFCTREY P REBHNY ‘R4 cannot be OH,
NH2, and SH, oxuRidreard, ReZetrogey heTkyl t hlkptanhdm Dgexillorl camion atomto

which they are . ' hng; 30 R5 is aryl substituted with
one or nore CRE%%BQ&E§$3?%EE&§BQ¥§$é¥S%&: gd fromthe group SUBSTI TUTE SHEET

(RULE 26) WD 00/ 0168BPGT/ Us9L 12828 Ahhcensi 6t imgrofgmhigd , al kenyl
al kynyl_, pol yal kyl ether, aryl, arylalkyl,:alkylaryl al kyl,
al kyl hét%r oar yFS%lﬁ?ﬁ?é)%r)Ié’?I Eg?e?lé%lfclcy nas?iﬁgﬁg Vel oal kyl, heterocycl e,
heteroaryl, qUé&%&b@}a&i@lﬂ@E@f@@{ﬁﬁb, qudkePAar yolrelet Gar yl |
het erocycl yl al kyl , heteroarglal yl, quaternary,nyterocyclylalkyl,

s0oNrR7R102, p*RIRICARIIA_, ang s*R7RTCA-,

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

102 j¢ selected from the group

15 wherein R
consisting of carboxyalkyl, carboalkoxyalkyl,
carboxyalkylamino, heteroarylalkyl, and
heterocyclylalkyl; or

6

R~ 1is selected from the group consisting of H,
20 alkyl, alkenyl, alkynyl, aryl, cycloalkyl,
heterocycle, quaternary heterocycle, OR30, SR9,

s(0)R?, S02R®, and SO3R°,

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

30 guaternary heteroaryl, halogen, oxo, OR13, NR13R14,
SR13, S(O)R13, SOQRlB, SO3R13, NR13OR14, NR13NR14R15,
NOy, COoRI3, cN, oM, Soo0M, sooNRIZRY, c(o)Nr13R14,

SUBSTITUTE SHEET (RULE 26)



quat ernary heteroaryl al kyl, al kyl anmoni unmal kyl, and

car boxyal kyl am nocar bonyl al kyl, RI3b is substituted with one or nore groups
10 selectagooéﬁggthe group consisting of carboxyal kyl hetie¥ragy®iagds, NROR10a,
CONR9R10a 10a, +Sl10all and S+ROR10aA-, 2NR R P R R R A wherein Ais
an pharmaceutically acceptable anion,and Mis a pharmaceutically
accept abl e cati on, 15 wherein RlOa is selected fromthe group consi sting

of carboxyalkyk§ogg bt ﬁ%@dxygkkgl R@aq@@xyajk&¢hminm$1KE£%roarylalkyI and
; i s

het er ocycl yl al se] ected.; up aePsoski‘per of H, 20
al kyl , aIkenyIOCdpkﬁnylob Rcycﬁg Eég " g%g"ocycle guaternary
heterocycle OR30, SS( 13 R%ﬁR&ﬁg Q ,,mhanélnoal yl, al kenyl,
al kynyl , aryl, I“%§%¥ Q R?ergggcle guat ernary heterocycle, and 25

guat er nary het? +QaB ll4)§anab@ stip8kt Rﬂtze,d Wi th one or nore substituent

groups i ndepen ently sel'ected from the group consisting of alkyl, alkenyl,
al kynyl , 5 pol yal kyl ¥ Eﬁﬁybther aryl, hal oal kyl, cycl oal kyl, heterocycle
aryl al kyl, quaternagy J;% @%%L@eué&aqu aepapyabié erraany landh¥l ogen,  oxo,

OR13, NR13R14, SR1 2R13 1 N OR14, NR13NR14R15, 13,
1314, 1314N02, :@ozReRPr‘EMe‘%GfG Y BSTI TUTE SHEET (RULE
26) WD 00/ 01687 PCTéUS@Qdﬂ@&ZSalBEnﬂ(@)lkwwlmlﬂa RN 1C (0) R14, NRL3C

(O NRL4Ri s, fgé@j%%%ﬁlﬁf% (k1 8By 1OCC(yQ)10b\UE’§aL3F&4d NRL3SOR34,
NR 3SO2R19, NR NR 17 SOZNR 14 Ris. Ba( QR I3 314 .
P+Rt3R1AR15A- , IREERPYSHE F£3NSPe IR ERERTLERE SRR %R 11 R12 A,

more substituent groups selected ;rom the group

7
consisting of OR’ . nrR'R®, sr’, S(0)R’, SO2R’, SO3R’,

copR’, CN, oxo, CONR7R8 N*R7R8R%A-, alkyl, alkenyl,

alkynyl, aryl, cycloalkyl, heterocycle, arylalkyl,

15 guaternary heterocycle, gquaternary heterocaryl,

7. .8
p(0)rR'RE, p*rR'R8R°A, and P(O) (OR')OR™, and

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

+..7 7
20 replaced by O, NR’, N*rR7R8A-, s, so, soz, sTR'A-, PR',

13 14 15

8 , R-7, and R

P(O)R7, P+R7R A-, or phenylene, and R
are independently selected from the group consisting
of hydrogen, alkyl, alkenyl, alkynyl, polyalkyl,
polyether, aryl, arylalkyl, alkylarylalkyl,

25 alkylheteroarylalkyl, alkylheterocyclylalkyl,
cycloalkyl, heterocycle, heteroaryl, quaternary
heterocycle, quaternary heterocaryl, heterocyclylalkyl,
heteroarylalkyl, gquaternary heterocyclylalkyl,
guaternary heteroarylalkyl, alkylammoniumalkyl, and

30 carboxyalkylaminocarbonylalkyl,

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

+.9.10
carbons replaced by O, NR’, N'R'R""A-, S, SO, 502,
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5 wherein: Ais a pharmaceutically acceptable anion and M is a

phar maceutical ly acceptable cation, said al kyl, al kenyl, al kynyl,

pol yal kyl .wo pahgset her, aryl, hal oal kyl, cycloal kyl, and J&.t\&t, 8pgcycl e can
be further substituted with one or nore substituent groups selected from
the group consisting of OR7, NR?RB,;ﬁ;U, S(O R7, SO02R7, SO3R7, (Q02R7, CN
oxo, CONR7R8, N+R7R8ROA-, al k al kenyl al kynyl, aryl, cycloal kyl,
heterocycle, asyddl- kbe915qu|g§Je%naryb(b¢§ergﬁl\ég;l!y@enguaternary heteroaryl
P(O RR, PRRRA}\D g“b% % 78+789 wherei.n said aIkyI

al kenyl , al kynfA% §1tl?y| amiBpyasifer PeRAAe h%¥o°a‘?11%9ﬁept&§6 and
heterocycl e can optﬁldnal |1y hgg phe ﬂe @t@oﬁéi%%bs%‘hh@@!ﬂa&% by 0, NR7,
N+R7R8A-, S, SO S02, S+R7A PR/, , nyl ene, and R13,
R4, and R15 X% 9nd©3ENEEREPS §%Jr%°cteé3d ffrPB‘rrFPﬁegrg?U&ﬁoeéh@rls‘ﬁ ng of

hydr ogeB, al kydf hideexyl,, aalikynysul fol yairbpky, aotwlet her, aryl, aryl al kyl,
2l kylaryl alkylea Za,abkiyhet eroarybaliy! »calkub et eranxebylol k!

cycl oal kyl, heterocyc het er oar duat ernary eterocyc
het er oaryl , héf“@rt(?(:’ffléfryl QFE?FOCY%‘E&E%)?F§FE¥| hetsraagyh ary
het er ocycl yI aldadternqugt Benarychel radanl, alqkyterradﬂwl amoni umal kyl , and 30
car boxyal kyl ani nocar bonyl al kyl , wherein al kyl, ad kenyl ., al {5%% aryl al kyl ,
het er ocycl e, é’r?c}eﬁélaﬂﬂﬁ}kyéptSB‘é)?falIQ-leHav@RoneN%rR mor & RCRr BOHS repl aced by

0, NR,.N+ROR10 930 B UTE SHE ( WO 00/ 01687 PC
| Us99/ 19828 38é§ Ez‘é'% g%% %@E °%° 0) EH éﬁ%og%ar bohydr at e, —
am no aci d, pec%k'RdElO?r B%M,peﬁz'rﬂt@ 1ar)dPO(OR16)OR17 p*rOR10811,

, s*R7rR*%a-, and c(o)om,

16

quaternary

wherein R and RY7 are independently selected

from the substituents constituting R® and M; or

15 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

14 and Rls, together with the nitrogen atom to

20 R

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, heterocarylalkyl, heterocyclylalkyl,
and alkylammoniumalkyl; and

R7 and R8

30 group consisting of hydrogen and alkyl; and

are independently selected from the

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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R13, R14, and R15 are optionally substituted with one or nore groups

sel ected fromthe group consisting 5 of hydroxy, am no, sulfo, carboxy,

al kyl , carm |ky! . heterocycle, heteroaryl, sulfoalkyl pcrassimenary

het er ocycl €,” qQuaternary heteroaryl, quaternary heterocyclyl al kyl,
quaternary heteroarylal kyl, guanidingk, OR9, NROR1O, N+ROR11R12A 10 , SR9,
S(O R9, SO02R9, SO03R9, oxo, CO2R9, CN, hal ogen, RORLO,, S020M  SO0ZNR9R10,
PO( OR16) OR17, Rﬁm@mAcySloR@mnAJ}etéﬁaqdq@' #h3F 1 RL6 and R17 are
i ndependent |y sel@ctad, f e tbgaskhadderuentis coustrBRING R and M or 15
R13 and R19, toget’her with th nitéogﬁn atpmto whkch_theyaiare attached
forma mono- orhodeassll,c orMEL exwtIR ‘e ERat. iS500Bt i ondf PAZRSubstituted with
one or nore radicals select from_the.group congi sti ng of oxo, carboxy
and quaternary saji’s, GFR%OR%%A-aﬂﬁi EB}gt tA& Wi th ¥ nitrogen atomto
which they are attached, forma cyclic ring;;and _R70 is..selected fromthe
group copsi sti rrgazﬁalg],ald{\yl OMa| ReagM, SH2RHnyT 'C)}Q@I Gal kil ; aryl, acyl,

het er ocycl e, ammoni u yl, al kyl anmoni u |, 5 apylal kyl,

car boxyal kyl , car®o¥g/ é&éno&?&ﬁ¥<95?%%xfﬂgi bé?% e; égrbbalkoxyalkyl,

car boxyal kyl anmi no, . hetsr oarybkakkyl rocytd 3 gk, , and

al kyl ammoni unal %W);n d ’R%[Rang R8 Izggﬁitaﬂ%l}}z(r%dépendent |y selected fromthe 30
group consi sti 1y, gen _and.al &y di @ne plvivepe 18, arad

i ndependent |y Qgﬁgi ed frfom t eogroup gggsisting of H, alkyl, alkenyl,

al kynyl, pol yataepohygdsagtéxy, aryl, arylal kyl, hal ogen, SUBSTI TUTE SHEET
(RULE 26} WD 00/ 0168 eEUSARYy1282Ber8d  hal kmtydyl cY&pepbhYkyl |

heterocycl e, heg§§f¥”ﬁglyalkyl, heterocycle, acyloxy, arylalkyl,

haloalkyl, polyether, quaternary heterocycle, and

quaternary heteroaryl can be further substituted with

S 9,10

- 9 9
or?, NrRR® 9211125~  gr?, s(0)R®, SO2R”, SO3R7,

910
15 oxo, CooR®, CN, halogen, CONR’R'?, s020M, SONR'R™,

, N'R

- 9_10, -
po (OR*) OR'?, P*RPRIR?a”, S*RR*"A7, or C(O)OM, and

wherein R18 is selected from the group consisting
of acyl, arylalkoxycarbonyl, arylalkyl, heterocycle,
heterocaryl, alkyl,
20 wherein acyl, arylalkoxycarbonyl, arylalkyl,
heterocycle, heteroaryl, alkyl, quaternary
heterocycle, and gquaternary heteroaryl optionally are

substituted with one or more substituents selected

. . 9 9,10 +59,11,12, -
from the group consisting of OR™, NR“R™", N'RR""R™7A

9
25 , SR9 S(O)Rg, SOzRg, SO3R9, oxo, CO2R”, CN, halogen,

16, 17
conr%R10, 503R°, sopoM, soaNR°R'C, PO(OR™®)OR', and

C(0)OoM,
wherein in RX, one or more carbons are optionally

13 +.,13.14 +513
replaced by O, NR™7, N R R-*A-, S, S0, S0O2, SR

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

A,
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pol yet her, quaternary heterocycle, quaternary heteroaryl, OR 13 , NR13R
14, SR 13, S(0)R 13, S(0)2R1"3, SO03R13, S+R13R14A-, NR130R14, NR13NR14R15,
NO2, 5 CO®Bb8016sCN, ON, S020M SO02NR13R14 , NR1 C (0) Rkﬂ 8%2&91R13R14,
NR14C( O R13, C(O) OM COR13, ORL8, S(0)nNRL8, NRL3R18, NRIHTRIZL
N+ROR11R12A P+ROR11R12A , am no aci g peptide, pol ypeptide, and

car bohydrate, 10 wherein alk |, al ken al kynyl , _cycl oal kyl aryl,

pol yal kyl , het BfBES e PO&é’?FB’R‘yde 'arcy'*lrg’PkWrat%aIH?éP’ﬁ)r/Perponlet her,

guat ernary hetpobegaidyd,, and quaternary heteroaryl can be further

substituted with og%eggm%% %’f{%%%é%%%ﬁ -,g_(ng) " %%1 SO3R9, 15
oxo, C02R9, CN, hal ogen, 53 S PO (
P+RORL1R12A-, EHHOREDAPOL 6?8@(6%9) erg aﬁaoﬂamé%@itﬁ R?Be| ST SBPERt ed from the

group cpnsi stl n of ac kox rbo aI kKvk., 9 erocycl e,

heteroalyl, al &A>°"0 %% \A%e?%? éP?‘?‘é‘F%%ﬁ?}y&r nyll\f %r dt kyl |

het erocycl e, t ar K3 @te Py10het ero S and quat ernary
he! anacyl, §M) %& ErRPyloet gropysl g,

het eroaryl optional’ly are stitufed with orie or nore 'substituents
selected fromthe “@ﬁe‘abnc@@@maﬁg bet R YNRIRDEG, TRRRIRIAFM 2A 25 |, SRO,

g((BO)RRg Sgg(z)l\R/lg hsmo ry0X&re GHRY ) Habngiefe ed9W9th 99O, ol Gleke CONR R

ereln_l one Oor nore
carbons are o %E! Fefqte afcczgs tgeogrﬁ&ifonﬁiv?éﬁi4ﬁf anJé‘R)aSO S02, S+R13A
, 30 PR13, P(a@)*@pxl PMM14mﬁerﬁ§/hehe palviesdeaei dryBUBSTI TUTE SHEET
(RULE 26) WO Q10k88&¥1 PGf&i%%&&;Zé?»ZﬁetéllQadaﬁq@ derypeiypeptide,

carbehydrate, hg?lloéiit]ecl;xo, chJI e }3<yl , SRY3, s(o)r?3, soyr?3,
soar??, NrR1Z0r14, NrRI3NrY4R1%, NO,, cO2RY3, oN, oM,

so20M, s0oNRYZR4, c(o)nr13RrY4, c(o)oM, corl3,
15 (o RY3RY, p*r1%RM8154" p(or1%)or?, s*r13R14A-

and N*RrR11R127, or

a pharmaceutically acceptable salt, solvate, or
prodrug thereof.

20 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.

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;

1

R' and R? are independently selected from the

group consisting of H, alkyl, alkenyl, alkynyl,
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wherein in said polyal kyl, phenylene, amno acid, peptide, polypeptide,
and car bohydrate, one or nore 5 carbons are optionally replaced by 0, NR9,
N+ ROR10A oodtik7 S02, S+ROA-, PRO, P+ROR10A-, or P(0) ROpcr/vken s

guat ernary heter ocycl e and quat ernary heter oaryl are optionally substituted
with one or nore groups selected fromthe group consisting of alkyl, 10

al kenyl , al kynyl, pol yal kyl polyether aryl hal oal k IkyI

het er ocycl e, arlyi]addd}ﬂyl hékwémllo%é'y - NRISR 4, © ]éﬁf?%)%}' ) R13,
SO02R13, SO3R13;; 410 NRLBZNREARL S ,( pwﬁzall@azamw cGd ON,  S020M
S02NR13R14, C( O N C(O)GVI COR13, 15 P(O R13R14, P+R13R14R15A
P(OR13) OR14, SH+FUSF 1 and N+ROR11R12A , or ha ti cal Iy accept abl e
salt, solvate, or psodreug tahEYEOfalkEGber eEFJe}ﬂfréa EB%E% Sin this class

are conppunds g\@g};fgﬂ;w RS A §apllgs,qnyla1&ub§t|alkcedfa\lwwh OR13b; R13b is alkyl
: and R13b is substituted wit

§ hygtf ogen; and Rl is
het er oaryl al kyl¢ d1anl Kof LATH DO aggk%ft cor‘rpég ggaof p%g I ar_interest
consi sts of thosgcbarijgundptopnibhmars FURREtEYT |% art’i Ateger from 1
to 4, nis an jpteganddrems@itered fRbmabHe RPraure cpndep@mmfl y sel ected

from the group consisting of | kyl kenyl,  al kypyd 10 SQBSTI TUTE SHEET
(RULE 26) WO 004© 687k BEF, USQ’)E?RJZ% ,4$R%|al %éfl?(yﬂ‘ é é A aryl al kyl ,

al koxy, al koxyal kyl,, di al kyl ani al kyl thio., (polyal k ) |, and
cycl oal kgl , S (0) R, so;_RLé 503}?9 Oor2 L Ch Y naldgehs Kyl a"‘}{dy

conNr°R1C,

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

15 Nr?. N*r%RCA-, s, so, soz, S'R°A, p*rR7R*%, or
phenylene, '
wherein R°, 10 and RY are independently

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

rRY and R taken together with the carbon to which
25 they are attached form C;-Cy cycloalkyl;
R> and r? are independently selected from the

group consisting of H, alkyl, alkenyl, alkynyl,

S 8,10 9
acyloxy, aryl, heterocycle, OR”, NR"R™", SR7, S(0)

SOZRQ, and s03R°, wherein R’ and R are as defined

r?,

30 above; or
11
R3 and r? together form =0, =NOR™™, =5,
_rYIRY2, =NR®, or =crY'RYZ,
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wherein al kyl, al kenyl, al kynyl, hal oal kyl, 5 alkylaryl, arylalkyl,

al koxy, al koxyal kyl, di al kyl am no, al kylthio, (polyalkyl) aryl, and

cycl oal kylwopddiggpal | y are substituted with one or nore s&bsti tuents
selected fromthe group consisting of 9 10 + 9 10 11 R KT
N+RORIORWA , SR9, S *RR A P RRRA 10 S(OR9, S02R9, SO3R9, CO2R9, CN,
hal ogen, oxo, and CONROR10, wherein al kyl, al kenyl, al kynyl, al kyl aryl,

al koxy, al koxyal ky|whe(r@95Y§p‘kYAx)darR)”2’ aﬁgdlﬁa&gé}ﬁiéswly qeiiepak |y have one
or nore carbons repl ace N+RORIOQA-, S, SO _S02, S+R9A |

P+ROR10A-, ﬁﬂ%r‘fﬁeeﬁé’ouﬁh%‘?réﬁlﬁtﬁgg 200:8 aﬁﬂd‘?ﬂw é‘rlé‘ei“ﬁ&lependent |y

sel ected fromaﬂmrrlouprybnsa:s}tllangymt & kehkyd1kyl3l kdkyhylal kynyl ,

cycl oal kyl , aryd,, 1 ehe 1955?9%' 20, 9%[]]&%] , arylalkyl,

car boxyal kyI lyéctaerrg%%l?%gf e{:%t ryl, l%g%boxy eter ocyci%ly "car boal koxyal kyl ,
car boxyal kyl andyra.czheier oayshallkyl, be? ernadiYy Ry | s (ang®,

al kyl ammoni umal kyl,; or and taken together with the cgrpon to which
25 they are at902&Red SPeRM CDABIO €Ycl baldgdn, REcan@nR4CaNR Rhdependent |y

sel ected fromthe groyp consisting of H, alkyl, alkenyl, alkynyl,

acyl oxy, aryl whe&eépoRyched arRROR14: £ ISRl merosgém thatd SO3R9,

wherein RO an O.are def i ned . 30 and R4 together form =0,

=NOR 11, =S, %"ﬁﬂR*flRiﬁgS’iNFigmnSr b“cél’chli\\é%' ﬁl’hn%r SHEET (RULE 26) WD

00/ 01687 PCTI US99/ ﬂa282§nd@M%@@tﬂeé?%@ﬂ%h%l%l%&%gbﬂd%e@&%%y sel ected
al al

from tma group _consi st n&

atom to whi ey are Xttached férm a cyclic ring;

RS

substituent groups independently selected from the
group consisting of NRY™C(0)R'*, NRC (0)NRR®*,
NR™CO.,R™, OC(0)R™, OC(O)NR™R'™, NR™SOR', NR'’SO,RY*,

is aryl substituted with one or more

15 NR™SONR™R', and NR'>SO,NRR‘?,
wherein:
R13, R14, and R1° are independently selected from

the group consisting of hydrogen, alkyl, alkenyl,
alkynyl, polyalkyl, polyether, aryl, arylalkyl,

20 alkylarylalkyl, alkylheteroarylalkyl,
alkylheterocyclylalkyl, cycloalkyl, heterocycle,
heteroaryl, quaternary heterocycle, quaternary
heteroaryl, heterocyclylalkyl, heterocarylalkyl,
quaternary heterocyclylalkyl, quaternary

25 heterocarylalkyl, alkylammoniumalkyl, and
carboxyalkylaminocarbonylalkyl,

Rl3, R14

one or more groups selected from the group consisting

, and R1> are cptionally substituted with

of hydroxy, amino, sulfo, carboxy, alkyl,

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

9 9,10 +59,11.12, -

heterocarylalkyl, guanidinyl, OR NR™R™", N RR""R™“A
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al kynyl, aryl, arylal kyl, al kenyl al kyl, al kynyl al kyl, heterocycle,

car boxyal kyl , carboal koxyal kyl, 5 cycl oal kyl, cyanoal kyl, OR9, NROR10, SR9,
S( O R9, SOZRQ, SO3R9, (C02R9, CN hal ogen, oxo, and CONRP&R!PssoMéres €i N RO
and R10 ar YO8t i ned above, provided that both R3 and R4 cannot be OH,
NH2, and SH, or R11 and R12 toget her th the nitrogen or carbon 10 atom
to which they are attached forma cyclic ring; R5 is aryl substituted with

one or nore subst] toue oUu i-fdepgngentdys s&bga?edcmrchakdg@n,group
consi sting of NREZC' (%)0%4', p%ﬁfsc ?o?wﬁmm s, }17002Rcl4l0 Qg (0) R13, CC

(0) NR13R14, N O%%}ﬁg%zlol@d\ﬁik 3Sonrt RINGK
NR13SCZNR14R153&%§re|n QE%%@ R14, and R15 are independently selected from
t he group con5|st§+r§_@[R ﬁhYQQQQ%ﬂo)@Mky| al kenyl, al kynyl, polyal kyl,

al

pol yet her, aryl’, ary 20 al kyl aryl al kyl , alkylheteroanylalkyl
aIkyIheterocyclylalm%bregycioakkyh phermaQﬁgRﬂQél1YhéF€FB%ﬁ®% quat er nary

heterocycle quaternar het e Qggfgégmyﬂaﬂc@bkybleheﬁmﬁamaryIaIkyI
quat er naPy heté?Hﬁ?b yﬁaw % 4 g%gsﬁary 25 heteroaryl al k

al kyl ammoni umal kyl , “@QQEIQam%ﬁD@ﬁa hﬁlaar@ormddnﬁnﬁe@rﬂylSEYéaE?d R14, and R15
~are optionally substltuted wi th one or nore grog&s %Igcted fron1the gr oup
consi sting of fusr ety sansnosuensst 6oneakBHOSANT &l kWS 30 Bhr boxyal kyl |

het erocycl e, heterogryl,gsHtf oabkys dher-@uahethary1¢mngﬁnxgp9met0quaternary

het er oaryl , quaternary heteroqycl al-k gterparyl al kyl,
guami di nyl , ORWhiGRORYS aﬁf% gfﬁgﬁﬁlh% SHEE léz);Eg 26) \)0 00/ 01687
PCT/ US99h12828 hét&:rocycle that is optionally substituted

rore radicals selected from the group consisting of

oxo, carboxy and gquaternary salts; or
r*? and Rls, together with the nitrogen atom to

which they are attached, form a cyclic ring; and

15 R® is selected from the group consisting of H,
alkyl, alkenyl, alkynyl, aryl, cycloalkyl,
30 9

heterocycle, guaternary heterocycle, OR SR,

9
s(0)R®, sosrR?, and SO3R”,

wherein alkyl, alkenyl, alkynyl, aryl,

20 cycloalkyl, heterocycle, quaternary heterocycle, and
quaternary heteroaryl can be substituted with one or
more substituent groups independently selected frq@
the group consisting of alkyl, alkenyl, alkynyl,
polyalkyl, polyether, aryl, haloalkyl, cycloalkyl,

25 heterocycle, arylalkyl, quaternary heterocycle,
13 13 14
guaternary heteroaryl, halogen, oxo, OR™7, NR™“R
13 13 13,.,14 15
sr2? s(o)rY3, sozr?3, sosr??, nrPor'*, NRUNRTUR
13,14 13 14

NO5, COpRY3, CN, OM, SO20M, SO2NR -R™~, C(O)NR™'R

c(ojoM, corl3, NRUC(0)R™, NR™C(O)NRMR', NR¥COR™,
30 oc (0)R*, OC(O)NR¥R', NR¥SOR™, NRSO,R**, NR™SONR™RY,

13, 14
NRUSO,NRMRY, P(0)RIRT? p*rI3R14R1°A7, P(OR™°)OR

7

SUBSTITUTE SHEET (RULE 26)



SR9, S(O)R9, SO02R9, SO3R oxo, CO2R9, ON, hal ogen, 10 11_, CONRIRIO,
5020M SO2NR9R10, PO(OR16) OR17, PtR'R R f- S+ RORLOA-, and C(O) OM wherein

A is an phaoosegesuti cally acceptable 5 anion and Mis a pp@f@gﬁ%&g cally
acceptabl e cation, wherein R16 and R17 are independentl|ly sel’'ected from

t he substituents constituting RO and M or R13 and R14, together with the
nitrogen atomto %sl\kﬂib(:h they are attached forma nono- or polycyclic 10
het er ocycl e t haitrt 4pﬂt"l,oraaaxldl M*sabé%izjt?tm‘e,d with one or nore radicals
selected fromthe gy ;6ansi sting of oxo, carboxy and quaternary salts;
or R14 and R15, together with the nitrogen atomto which they are

att ached, fo][ m a cwf:'l Ii& i i@ﬁérﬁ@@edﬁ(&ll}ﬁ a%@le%@él@ﬂa Tarrﬁlral?t lQﬁdglfx]OUp I
consisting o al ken al kynyl . .ar . cycl oal kyl , et erocycl e,
quat er nary hetlleér oac%&i%{ma&%g,lcé%}f a’%‘%/ec!ﬁ/“ﬁéileséi ?r}/'and SO3R9, wherein

al kyl, al kenyl, al l8aif albyyl , aPkeryll cdidyylyl  heekraddydl.e, quaternary
heteroc;t;cl e, Qﬂ;ﬂye(tlllﬁtrel’a@gy, h}@%ﬁ@_‘lg{}mj F@@lgglf}up,stajntdﬁt ed with one or
nore substitu i ndependent sel ecte rom, e _group consisting
of alkyl, al kglr%ﬁ?qr‘%&%;ﬁyf?ng%? y%ﬁ%ﬁ/‘ir p%‘%ﬁé%ﬁ‘é?‘?é)é?ﬁ{ OHgI Bal kyl

cycl oal kyl, ZoIfefePeyErent gxdunk\delegratief nam \cheegeropycl e, 13 13 14

quaternary heteroaryl., halogen, oxo,g OR sNRR, 18 13 13 13 13,14 13 14 15
SR S(OR SOZR@@:?IQ%R“@RO R BR KNSR @S8R 09028\ 803DM SO2NR13R14,

O NR13R14 3 1,4 13 14 15 13 gl4 COR., NR C(OR, NR C(0O)NR R
,C(N?? R, @2&'(5§'|ﬁ’?‘?' &ECNoR N@%k%ﬁh@%ﬁﬂ; %@(é@@m« a0 —

NRI 3SONR14R1s alk§ngd, 1sriB, ldycichkikl4d , 1betdrddycle, arylalkyl,
quaternary heterocycle, guaternary heteroaryl,

7 -
P(0)R’R®, P*R7R®R®A™, and P(0) (0rR7)OR®

wherein said alkyl, alkenyl, alkynyl, polyalkyl,

, and

15 polyether, aryl, haloalkyl, cycloalkyl, and
heterocycle can optionally have one or more carbons

replaced by 0, NR’, N*R’R®a-, s, s0, 502, s*R7a-, PR’,

-
P(O)R", P+R7R8A—, or phenylene, and R13, R™%, and r?

are independently selected from the group consisting

14 5

20 of hydrogen, alkyl, alkenyl, alkynyl, polyalkyl,
polyether, aryl, arylalkyl, alkylarylalkyl,
alkylheteroarylalkyl, alkylheterocyclylalkyl,
cycloalkyl, heterocycle, heteroaryl, gquaternary
heterocycle, quaternary heteroaryl, heterocyclylalkyl,

25 heteroarylalkyl, quaternary heterocyclylalkyl,
quaternary heteroarylalkyl, alkylammoniumalkyl, and
carboxyalkylaminocarbonylalkyl,

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

30 carbons replaced by O, NR®, N+R9R10A-, S, SO, so03,

9.
s*rR’a", PR, p*rR1%a-, P(0)R’, phenylene,

carbohydrate, amino acid, peptide, or polypeptide, and

i3 14 5

R™, R™°, and Rl are optionally substituted with

- SUBSTITUTE SHEET (RULE 26)



NR SO2NR R, P(0) RRPRRRAP(OR) OR, SUBSTITUTE SHEET (RULE 26) WO
00/ 01687 PCTI US99/ 12828 44 S+R13R14A-, and N+ROR11R12A- wherein: Ais a
phar maceut weabbikspccept abl e anion and M is a phar maceut pcrdoyr12acept abl e
cation, 5 said al kyl, alkenyl, alkynyl, polyal kyl, polyether, aryl,

hal oal kyl , cycl oal kyl, and heterocyci® can be further substituted wth one

or nore substituent groups selected fr JARE gL oML E QsisS bt g of ORY7,
NR7RB, SR7, S( O CISHPR?, 9%6‘3‘??7,*%6‘06@%,%0{1 0X0 uFSC::C]\IR7R8, N+R7R8RIA- ,
al kyl, al kenyl ,of atdepxyl, , amiyd, asi}épankWQXYheF@i%%ycl e, arylal kyl,

quat ernary heter 1xguat gL NBrEyReter pedetloary’B FYX ABREO) RR, P. RRRA

ca

ol
and P(O (OR) OR, and Wher e h sai d | kyl Y e Ky, polyal kyl, 15
pol yet her, aryIquaf%ré‘&er’yP?t%?%?yocg’lekyﬁyag‘%é%‘#et grocyzgiwe can optionally
have onesor norquaaneny heepteced yBplByl NRHAIRFRFRBA-, S, SO 502, S+R7A-,
PR7, P(ORT, P+R7RBA-, or phenyl ene, and , 10 angk 1akg-

i ndependent |y shﬂteﬁ:ItO@G'YfllaéhY%he%ar’t}Gpne\,’gns t'i rl?]lg}331 0 bp\g?hy roéen, al kyl ,

| k l, alk I, | yal kyb, P , Pal dy| .naalogeharyl al kyl ,
oYL oL RSP SRIekDR, gl oot iy by 2l

al kyl het er oar yl al al kyl,” cycl oal kyl, heterocycl e,

het eroaryl, qua %{%30 ggﬁgﬁoc%l&{@;ﬁql@gtg@(@,{%ﬁ)bg%%rola’r g10g11a.

het erocycl yl al X Het'eéfoaf yT & , quaternary heterocyclyl al kyl,

quat ernary het er qawpd_alokyl , . ghkyt@mmni umal kyl, and

car boxyal kyl ami ‘nocar bonyl al kyl[, wherej n al kyl, al kenyl, al kynyl, arylal kyl,
heterocygl e, and polwaideih E%?imlﬂﬁ haeeim@ldeﬁfﬁ{é sgkp&bons repl aced
by 0, NR9, N+RORLOA-, S, SO S02, S+R9A-, PRO g @Rgggi%; o P (O RO,

phenyl ene, from the substituents constitutin
R and R, together with the nitrogen atom to

which they are attached form a mono- oOr polycyclic
heterocycle that is optiocnally substituted with one or
15 more radicals selected from the group consisting of
oxo, carboxy and quaternary salts; or
Rl4 and R15, 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, hetercarylalkyl, heterocyclylalkyl,

25 and alkylammoniumalkyl; and

R’ and R8 are independently selected from the
group consisting of hydrogen and alkyl; and

one or more RX 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, quaternary

3
13R14, SRlB

13 1
heterocaryl, OR13, NR S(O)R™", S{(0)2R™7,

I
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car bohydrate, am no acid, peptide, or polypeptide, and R13, R14, and R15
are optionally substituted with SUBSTI TUTE SHEET (RULE 26) WO 00/ 01687

PCT/ US99/ 1Ww@2@01685 one or nore groups selected fromthe gﬁr{g{ﬁgqlgé%gi sting
| e,

of hydroxy, am no, sulfo, carboxy, alkyl, carboxyal kyl,
heteroaryl, sulfoal kyl, quaternary hgterocycle, quaternary heteroaryl, 5
quaternary heterocyclylalkyl, quaternary 9 11 12 heteroaryl al kyl,

guani di nyl , OR8p3NRORITR'NER*R-R wr1%R1? ONglPakbhere 1%, S(O RO, SO2R9,
SO03R9, oxo, CO2R9 ig 16 17 + 9 10 11 CONROR10, S020M SOQZNR"R , POOOR )OR

, PRRR A SeopeRI0AN, and SOSMON,schimifier &) nuii6 @ngtRL7 are
i ndependent |y sel ect% fromthe substituents constituting RO and M or R13

and R S, toget GéP) Mg lt4heNﬁllﬂ¢0@)e=t13at aro) oM, worh t eyt 8re attached forma

nmono- or polycyelic iheteregygde that hg opii | 1.y, substituted with one or
15 nore radi ca%(go)s"éfRect'eHRfr th\B?grOBug:cBIrll%l% |R1l)géﬁof, oxo, carboxy and
-and R15, together with the nitrogen atomto which

quaternary salis;s0r1_Rd . . .
t hey arg att ac%ﬁ%,ﬂ S mﬁa' cHBHIT 351g; PRREL B0 R vaepsdded &ndm the group
consi sting of capdividyrteal kenyl, al kynyl, cycloal kyl, aryl, acyl,

heterocycl e, amoniygebky! 21;8}Kyla pu arylalkyl, carboxyal kyl,
ALY IR0 @Jb%yl%dxfg?é%fﬁ!ﬂgér boxyal kyl

car boxyh_eteroae[ Il, caﬁbgﬁ%\fh]gterocycl e, _car

ani no, het eroar%sﬁ 4l Ryrya r S&FEFPERFKSH | acyimxand aavikelamboni unal kyl ; and
R7 and R8 are haldegéndenpdlyeseieact gdat enmatheet@rodpcgansissi ng of hydrogen
and alkyl; anduaternary heterocaryl can be further substituted with o

9 .._9.10 9 -
OR”, NR"R™", N'R'RMR'?A", sr®, 5(0)R®, S0R®, s03R?,

9
oxo, CO2R”, CN, halogen, CONRR?, sos0M, s0,Nr%R1O,

16 17 +59,11.12. - -
PO (OR*)OR, P'RR'R1?a", 5*R%R%A7, or c(O)OM, and

wherein Rle

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 heteroaryl optionally are
20 substituted with one or more substituents selected

from the group consisting of OR9, NRgRlo, N+R9R11R12A'

9 S 9
.+ SR”, S(O)R”, SOsR7, SO3R9, oxo, C02R9, CN, halogen,

9.10 9
CONR'R™", SO3R”, s020M, S02NRZR®, P0(0rRY6)0RY7. and

C(o)oMm,

25 wherein in RX, one or more carbons are optionally

replaced by 0, Nr*?, N*rR13r¥A- 5, 50, s0,, s*RZA-

13 13 +,13_14
PR™™, P(O)R™, P'R™"R™*A-, phenylene, amino acid,

peptide, polypeptide, carbohydrate, polyether, or
polyalkyl,

!

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

SUBSTITUTE SHEET (RULE 26)



one or nmore Rx are independently selected from the group consisting of H,
al kyl, al kenyl, al kynyl, 30 polyal kyl, acyl oxy, aryl, arylal kyl, hal ogen,
hal oal kyl , C(FJ% kyl, heterocycle, heteroaryl, polyethecTuspaatses nary
heterocyclév, (ﬂﬂb ernary heteroaryl, OR13, NR13R14, SR13, S(O R13,

S(O) 2R13, SUBSTI TUTE SHEET (RULE 26) MO 00/01687 PCT/US99/12828 46 SO3R13,
S+R13R14A- NR130OR14, NR13NR14R15 NO2,  CO2R13, CNE% Sp%g%(l S02NR13R14
NR14C (O R1J, O) NR13R14 Ng%é@(ég)}gggace@( O, 13y é),A »S(O) NNR18,
NR13R18, NR18ORAH B9 A +RORT1R 24\-0, am no_acid, peptide,

pol ypeptide, and garkgh de Bt %, - weePei nRIRKY R, . aPkeRYP) Rl kynyl ,

cycloal kyl, aryl,” Pol'yal kyl, heterocycle lLoxya auytatidy  hal oal kyl,
pol yet her, quaternamweﬁé%@r%k%ﬁﬁ???rﬁngeﬁ. qugﬁgrnarga eteroaré! gan be
further substituyfed st aERGpINRIRIDY +ssEitysed ¥2879°"K R RR™ A SR, S
(O R SO02R, SO3R, ox 2R, Oy < hal- Qge ronsONRIRE0 0 £ SORAM . SO02NRIRIO,
PO ( OR16)5 CR17,9*‘ﬁ§tEfgﬁ§%E$ AORISA ol CocReOM30d  wherein RI8 is
sel ect ed fron1tk&kquinaébﬁ%Y%tiHﬁ}Yf%kB}'é%§>: aryVaIkox¥carbonyI,
aryl al kyl, het efocyolye, betessmmll,, hak&ydcycitter G LacyY ;-

aryl al koxycar bonyl, aryl al kyl, .. het grogycl e,1heterqanyl, k¥3, quaternary
het erocycl e, andanusdrer nary G %wdﬁﬁyﬁ opt?%n&lf@“g?% ZOSggbstituted W th
one or nore substituents.sel egcted ;framihe ou YIS stchndo@f ORI,
NRORL0, MRQRllEﬂ;?#%,SN@}g%%§RQ?RS®@R9$ soé%?,' (F)bxc% C02R9, CN, hal ogen,

CONRORL0, SO3R9, S020M SO 0, P o and
10 S0,0M, “élozmeRgB,l s (h RRBE 5 Ol o) A, cdrO),OM

- 13. 14 _+,13_ 14 -
p(0)RIZRY® p+r12p14g1547, p(OoR*Z)OR™", STRTTRTA

7

and N+R9R11R

a pharmaceutically acceptable salt, solvate, or

1277, or
prodrug thereof.
15
preferred compounds in this class are compounds

wherein: '
R® is aryl substituted with a radical selected

13 14
20 from the group consisting of NRYC (O)NR**R" and NRCOR" .
More preferred compounds In this class are
compounds wherein: -
R® is phenyl substituted with a radical selected

1415 13 14
25 from the group consisting of NR¥C(O)NR'R" and NRCOR .

Other embodiments of the invention are further
directed to compounds of Formula I, including each of
the above embodiments, wherein at least one Or mwore 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’ are2
35 the same C,.¢ alkyl. Still more preferably, R' and R

SUBSTITUTE SHEET (RULE 26)



25 wherein in Rx, one or nore carbons are optionally replaced by 0, NR13,
SO, S02, S+R13A-, PR13, P(O R13, P+R13R14A-, phenyl ene,

anm no aci dyvoopaptri de, pcl ypeptide, carbohydrate, polyet hgh,uggg,lzg | yal kyl ,

N+R13R14A-, S,
30 wherein in said polyalkyl,

A S, SO S02, *S$FROA

but

phenyl ene, am no acid, peptide, polypepti de
and carbohydrate, one or nore SUBSTIZRTE SHEET (RULE 26) WD 00/ 01687

PCT/ US99/ 12828 __47_9, + cangb ns are optionally replaced by 0 , NR,
)gR9 RORi OA-, or P(O R9; wherein quaternary

NP R1

het er ocycl e and quaﬁé} naRry aretRér ane yinmmémaswecmﬂdstfrbmt edewi th one

or nor

al kynyl ,

aryl al

kyI

pol ya

C(O) NR13R14 C( Q)M m;drg% § 14 15 13 14 + 13 14 P(ORR

RAP(CR)CRSRRQ)
odr

sal t

are conpounds swhetdiutedR5phsnyl yl
fromthe gr OUDSMS.L't%tt'e'ag QitrNRJa3Cr£9cﬂRléBi~é é‘&&’ R

d conpounds I.n t

preferr
substi

sol vat e

tlut ed w?%%srté&?caﬂfss%ﬁ e'ctl‘&i S0 BIPNRIC (0) MR , NRVCO,RY,

15

20

25

30

35

OC(0)R™, 0OC(0)NR™R™, NR”SOR“, NR™SO,R'Y, NR“SONR™R®,
and NR™SO,NR™RY wherein R, R** and R® are as set forth
above. Still more preferably, R® is phenyl substituted
with ORY. Still more preferably, R® is phenyl
substituted at the para or meta position with OR*?
wherein RY comprises a quaternary heterocycle,
quaternary heteroaryl 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 NRVR'™. 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)

e 5 gr OEE§u§E|&9{s@L@tf1'h@m5ﬂ1€h9598c9er?0%§1'd5td>}f79 mexae'l ylge al kenyl,

cE)o‘_y%et her IrQ haTl oal k%/ cycl oal k het erocycl e,
F‘Sé &he STRIZPTRL IRTAS - SRIS estaé)lmsR SeoRYdTeZen 3 14 13
14" 15 SG3R NR ERINR' NRs ROR’ J\IOZ,StiI)IQRd]o@d pEMf erdl) yS0Z0Mi s SOZNRISR] 4

PRR

or a_pharmaceutically, accept abl e

r‘ﬁersé’c?lsmﬁt‘?’? efEYted CERS6EARLY i nRT s cl ass

SMbs¢ i tnref@rabl i, a R adiscaph&gyect ed 20
Mor e

s wher egs%l% ?rmﬁ‘henyl



25 fromthe group consisting of NRL3C (O NR14R15 and NRI'CO2R1. O her
enbodi nents of the invention are further directed to conpounds of Formul a
l, incl udi‘{)‘?o(ﬁ‘ﬁgg of the above enbodi nents, wherein at Hcgasbyases or nore
of 30 the follow ng conditions exist: (1) RL and R2 are independently
selected fromthe group consisting ofsoshydrogen and al kyl. Preferably, Rl
and R2 are independently selected fromthe group consisting of Cl1L 6 al kyl.
More preferably, RL and R2 are 35 the sane Cl.6 alkyl. Still nore
preferably, Rl and R2 SUBSTI TUTE SHEET %gqgﬁlgq% WO 00/ 01687

PCT/ US99/ 12828 48 are RM-butyl . dhd/ or 3 R3 and R4 are independently
sel ected fromthe group consisting of hydrogen and OR9 wherein RO is
defined as set forth above. Preferably, R3 is hydrogen 5 and R4 is ORO.
Still noee preferably, R3 is drogen and R4 is hydroxy; and/or (3) RSis
substituted aryl. Preferably, R5 is substituted phenyl. Mre preferably,
R5 is phenyl substituted.witly'a—radical (sedmected!fromthe group 10

consi sting of ORL3, NR13C (O R16, NR -'C (0) NRL1<R15, NR17C02R19, OCOC (O
R13, OC (O NR 3R 4, NR13SOR14, NR13SO R 4, NR 3SONRI <R 5, and

NR " SO2NR'R15 wherein R J, R14 and R15 are as set forth above. Still nore
preferably, R5 is phenyl substituted wth ORL3. Still nore preferably, R5
i s phenyfP 15 subs"‘t‘ﬁuted at the para or neta position with OR 3 wherein
R13 conprises a quaternary heterocycle, quaternary heteroaryl or
substituted am no; and/or (4) R6 is hydrogen; and/or (5) R7 and R are

i ndependent|ly selected fromgie 20 group consisting of hydrogen and al kyl .
Preferably, R and Re are id\dependently sel ected fromthe group

consi sting of hydrogen @and _Gg'sallkyl . StitdimiDE®111)

5 L,

wherein R'® is selected from the group
20 consisting of alkane diyl, alkene diyl, alkyne diyl,
polyalkane diyl, alkoxy diyl, polyether diyl,
polyalkoxy diyl, carbohydrate, amino acid, pepcide,
and polypeptide, wherein alkane diyl, alkene diyl,
alkyne diyl, polyalkane diyl, alkoxy diyl, polvether

25 diyl, polyalkoxy diyl, carbohydrate, amino acid,
peptide, and polypeptide can optionally have one or
7 7,8
more carbon atoms replaced by O, NR', N'R’R®, s, SO,

S02, S+R7R8, PR7, P+R7R8, phenylene, heterocycle,

quatarnary heterocycle, quaternary heteroaryl, 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
35 substituent groups independently selected from the

group consisting of alkyl, alkenyl, alkynyl,

SUBSTITUTE SHEET (RULE 26)



“preferably, R7 and Re are hydrogen; and/or (6) R' is selected fromthe
group consisting of 25 OR 13 and NR13R14. Preferably, R' is selected from

t he group womn®iest i ng of al koxy, am no, al kylam no and %@b#&}, tno. Still
nore preferably, R' is selected fromthe group consisting of nethoxy and
30 di nmet hyl am no. The invention is furddher directed to a conpound selected

f . 35 TUTE SHEET.(RULE 26 00/ 01687 PCT/.US99/ 12828 49

R20 LRI O - mlggﬁé?r%ﬁ ERS%Y%’“ 9 irY%R)zél\é\?Oigf‘Y Rﬁyc(llgérl#H aDI) 10 and.

R22. 1 R20 - Ri%ecBclEA MU:G1Rh k), i dBRH, VBRE IR RIO Jraagetiect ed from
di al’kene diyl y iyl, '

the group 20 consisting of_ _al kane_diyl, , al'kyne

pol yal kane diyl sraPkosyoxk}y,, spek¥es heysrdPyl Nr1 DoY) kaody Nl 9k15

car bohydrate, am no aci ' peptide, and polypeﬁtide, wher ei n al kane diyl,
al kene diyl, aNRyneC@2R1", (o0l yalkasoeah,ybooBk A dicylo) NpéPyether 25 diyl,
pol yal koxy diyl, carbohydrate, am no 3 tide, and pol ypepti de can

X cid, gg
opti onal Py haveCé@eOMr CQfore B&QIR Iéhonv*négm (treach 2Dy, ®,(oRRYorMHR7RB, S,

o or o . BT o o RAgeTy el oeve e vt ary
: wherein R'? further comprises functional linkages
by which RY 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
15 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:

(Formula DIV)

20
or:
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wherein al kane diyl, alkene diyl, alkyne diyl, polyalkane diyl, alkoxy
diyl, polyether diyl, polyal koxy diyl, carbohydrate, am no acid, peptide,
and pol ypepld fif1gAn be substituted with one or nore 35 sedwussw/uesr® groups
i ndependently selected fromthe group consisting of alkyl, alkenyl,
al kynyl, SUBSTI TUTE SHEET (RULE 26) WD 00/01687 PGI/ US99/ 12828 50
pol yal kyl , polyether, aryl, haloal kyl, cycloal kyl, heterocycle, arylalKkyl,
hal ogen, oxo, OR13, 13R%@3 SR13, S‘ S02R13, SO3R13, NR130R14,
NR13NR14R15, NO2, CO2R aCN, ON, SO2NR13R14, C(O NR13R14, 5

P (OR13) OR14, S R13RL4A,
Ri ses functional |inkages by
whi ch R19 is bonded to R2p, R21 the conpolfies™sia P3NVl ae D
and DIIl, and R23 in the FoRrula DIIl. Each of R20, R21, or

R22 and R23 conprises a be i ejy as described above that is
therapeutically effective in inhi ing\il®al bile acid transport. The
invention is also directed to a Ronpayna® 15 sel ected from anong Fornul a
DI, Fornula DIl and Fornula DIl iMwhjeh each of R20, R21, R22 and R23
conprises a benzothi epi ne noiety corr onding to the Formula: 7 (R")4
(OnNRSRB ~RLI i 2 (Formula DV){ R R3

wherein R', R?, R’, R*, R®, R®, R’, R’, R, g, and n are

i
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¥, aq@ 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 RY.

Examples of Formula DI include:

RZA R1A

RB R1 Rz.

(III)

15
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20 R6 Rs R4 or: SUBSTI TUTE SHEET (RULE 26) WO 00/ 01687 PCTI US99/12828 51
(R'"*6. R6 R(Formula DDVA) R2 3 RS55 wherein Rl, R2, R, R R5 R6, R,

Re, R', d,w@ are as defined in Fornula | as descri be nd R55 is
either a c%@g% 157 QCFB&B{?{?;&@‘ i

ent bond or arylene. 5 In conpounds of Formula it is
particularly preferred that each of 0, Rt, and R22 in Fornulae DI and
DI, and R2" in Formula DIIl,be bonded at its 7- or 8-position to R19. In
conpounds of For ma DIQ{A it is particul ar(hyA re d that R55 conprise
a phenylene 10 ; o??ded at a m or p-car t}g“n\t.here f to R19. Exanples

Re R R2 RRA R 1A RBA R7 R3A/R7TA R a R19 R4 S+O
/1 (111) (RY)1 (RYA)" (RX A r 15 SUBSTI TUTE
1

of Fornmul a DI
| f Je OI

R3A
R2 R1 R (IV)

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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RRARAARS3A r  R~RRI9RA(IV) 1 1\ RSA RRSx xA R7 (R)q
(RR?A OOde 5and f RYA)uy RB R R2 ReRA RR3 Re 7 z~+ R RI9~ R
10+"" ‘%ﬁ‘f’ ,L%?A SRBA (R)r = R7/TA 1 1 101 (RY)t e gdPsdolaesany of the
d| meric orV Y eric structures 10 discussed i mediat el y above,
benzot hi epi ne conpounds of the presert invention can be used alone or in
various conbi nations. In any of the conpounds. f the prese vention, R1L
and R can be et hyl /Angtyplerorlhss y¢f RATHCUNES < E%é‘ﬁefﬁfé éﬂ&’fx RULE 26) WO

00/ 01687 PCTI USS9 12838 ing compounds:
o, .0

b\

S Bu
Bu
Me,yN Rk
N

“oH

R =PEG 1000

10
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53 Anot her class of conpounds of interest includes the follow ng
conpounds: 00 S Bu Bu Me2N OH R =PEG 1000 R5 O ,0 S Bu Nz~ Bu M2N

IH O Mewowdksr \ O O~ ~N+\ HO 00 S NSOHO >--- 998;,5;,
SUBSTI TUTE SHEET (RULE 26) WD 00/ 01687 PCT/US99/12828 54 OG890 N N SOH 0

O rr CH 54

o\\soo

N
o

""h._
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HOO! O S 10H | CH3SG3 O NN SUBSTI TUTE SHEET (RULE 26) WD 00/01687
PCTI US99/12828 55 0 os 2¢cl 00 \N\ ~~ SOH~o0oH NO 2 O%,/OS Bu

Bu Me2N 8%08 cggi O 0~ OS Bu Bu M2NOH O -""SO02NH, p&iBSth T E SHEET
(RULE 26) 81%1687 PCT/ US99/ 12828

55

2
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56 O,0 S Bu Bu
N 5v SBu Bu

PCT/ US99/ 18838806’ O
Bu

M2NOHO OSM O NNO O\ S Bu
Me2N\ OH O O S SUBSTI TUTE SHEET (RULE 26) WO 00/ 01687

,0 SBu Bu M2N "OHO

SUBSTITUTE SHEET (RULE 26)
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Bu MZNOOHOS M 11 O OC6,0 SBu Bu M2N\OH \ CO2H 5 O CO2H 0,0
S Bu Bu M2N 'CH N SUBSTI TUTE SHEET (RULE 26) WO 00/ 01687 PCT/ US99/ 12828
58 O O -~godiogd! NEt2 O/ NNEt2 OAO0 S \ Bu Bu MaW2@12820 \N+ 5

57
o,.°
S Bu
Bu
N il
Me2 s %oH
92
Me-§-0
(@]
O\/\/\N’Etg,
0.0
: S Bu
) Bu O
I MezN > v T
S OH O—§'Me
0
7\
O\/\/\/N*\
o\ llo
S Bu
Bu
MezN \\‘. ’//OH
Q CO,H
0 CO,H
5
)
o\ llo
s Bu
Bu
N Nl
Me: s 7oH
o\/\/\/N\/
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0~ O\ S Bu

"OH O S Wepoo/oi6sd O~-JN CH3

Bu

Me2N

Bu

Me2N / OH C02H NH O~ ,0.Bu Bu Me2N/ OH CO2H -
SUBSTI TUTE SHEET (RULE 26) WD 00/ 01687 PCTI US99/12828 59 O, 0 Bu
50. .0 as BuBu M2N' HGREmeRH 0 O Bu

58

27

NEt,
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10

0 CL H 10 SUBSTI TUTE SHEET (RULE 26) WD 00/01687 PCTI US99/ 12828
Bu Bu M2N SOH O Cl- \ NN+ HOO S Bu Bu Me2N 10H O NN
GoshasBu Bu Me2N O - OH O -N PCT/US99/12828

MezN

*,
$ OH
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N NHHI10 In another aspect, the present invention provides

a

pharmaceutical conposition for the prophylaxis or treatnent of a disease
or conditi Mo dooeesnhi ch a bile SUBSTI TUTE SHEET ( RULE 26)},(_.\1)95%9 L1687

PCT/ US99/ 12828 61 acid transport inhibitor is indicated, suc

hyper |

bl ood,
and a

further aspect, the present i
di sease or condition in nanwa

as a

i pidem c condition, for exanple,gq atherosclerosis. Such conpositions
may conprise any of the conpounds discl osed above, alone or in 5
conmbi nation, in an anount effectivetg’reduce bile acid levels in the

or to reduce transport
pharmaceutically accep

theré@ across di gestive system nmenbranes,

&car rier Buexci pient, or diluent.

: rovides a nethod of treating a
ng~humans, for which a bile acid

10 In a

transport inhibitor is iMNeifcated, compriging administering to a patient in
need any of the 15 conpounds discl gsed abOwe, alone or in conbination, in
an effective anount in unit dosage NQrm-or in «&ivided ses. In a further

aspect, the present invention al
conpounds di scl osed 20 above, al

of a

Qr i nlcombi_nati Qn+|7i

jrovi gles the use o lﬁny of the
he preparation

medi cament for use in treating andi s e gomdit yon in manmmal s,

i ncludi ng humans, for which a bile acHd transport inhibitor is indicated.
In yet a further aspect, the present invention 25 also provi des processes
for the preparation of conpounds of the present invention as discussed in

MezN ",
$ oH
0
P a1
N N
H H ;  and
5
d
Liw)

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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greater detail below Further scope of the applicability of the present

I nvention will beconme apparent fromthe detailed 30 description provided
bel ow. Howswaeeo0168t shoul d be understood that the foll owraruskettzazs ed
description and exanples, while indicating preferred enbodi nents of the

i nvention, are given by way of I||UStI‘6.1I on only since various changes and
nodi fi cati ons vm'thi@ the 35 spir tband scope, .of LNy ntlon w |l becone

apparent to t ho88*SKiTAPERCFh Y HE A 1 9 ‘?%Cét&gfa #B9BSTI TUTE SHEET
(RULE 26) WD 00/ bh687] ipCRASS HARE2E on6 2f oxl es@mpR el on. “DETAI LED DESCRI PTI ON
OF THE | NVENTI O\, e A3 1 £LL O NG 8T 8bhSek 16261 &byoeorh;srmeo\él dto aid

those skilled in the art in fEﬁaCt ci ng %a&cﬁ seg i nventi on. Even so,
this detailed deStrih CORPERT #2556P°8 Y&tr GG otintflly linit the
present imventi ovordfinesimdi fn cat isonsnanef fentiiaei opsréduehdidobodi nent s

di scussed herein &iadnta%ew@dfn bhet %@asdofopr&y %Eﬁceskféﬁsﬂac&tt he art without
departing fromt?‘u pirit or scope of resgﬁg | nventive discovery. The

contents of each IEﬁ‘rqDIfleaFE‘P%'?‘ éﬁ@§§t&]"?eﬁysit§“h@le hEOFRel g the contents
of the referenceshaxinaedut w4 hiyn atckeptalpte nwryieaf eerniebentar ®rher ei n
i ncorporated by ggefgnence in their entirety. Definitions 20 In order to

aid the reader in understgndi ng the follow n% detail ed descri pt lon, the
fol I owi ng° definitioA8 &r “Wtﬁgi gSRecE A R PrESERkeHYTERE 0T 215 Pky ny | -
unl ess ot her wi serovatied armtﬂmﬁhofttmaﬁﬂngchadmseasd:)rcamodmnﬂu:ZBnchal n

hydrocarbons of ff qayR0fs ' 4 JMERENg GEFdHNS fE_Qrwhich a bile acid
transport inhibitor is indicated, comprising
administering to a patient in need any of the
15 , compounds disclosed above, alone or in combination, in
an effective amount in unit dosage form or in divided
doses.
In a further aspect, the present invention also
provides the use of any of the compounds disclosed
20 above, alone or in combination, in the preparation of
a medicament for use in treating a disease or
condition in mammals, including humans, for which a
bile acid transport inhibitor is indicated.
In yet a further aspect, the present invention
25 also provides processes fofrthe preparation of
compounds of the present invention as discussed in
gréater detail below.
Further scope of the applicability of the present
invention will become apparent from the detailed
30 description provided below. However, it should be
understood that the following detailed 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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al kyl or two to twenty carbons for al kenyl and al kynyl in the present

I nvention and therefore nean, for exanple, nethyl, ethyl, propyl, butyl,
pentyl orWRe91687 and et henyl, propenyl, butenyl, pentenycrnsymnesenyl 30
and et hynyl, propynyl, butynyl, pentynyl, or hexynyl respectively and

i sonmers thereof. "Aryl" means a fullyggnsaturated nono- or nulti- ring
carbocyle, including, but not limted to, substituted or unsubstituted
phenyl , naphthfPSC6Fp§5°%nthracenyl "Het erocycl e" neans ansaturated or
unsaturated SUBSTI TUTE SHEET (RULE 26) WD 00/01687 PC IUS99/12828 63
nono- or nulti-ring carbocycl e wherein one or nore carbon atons can be

repl aced by N, S, or 0. This includes, for exanple, the following ._
structures: 5 QEFAILHDﬁESQR‘IPﬂ'IOH Oy"THE"IW'HQN Z, Z° , Z" or Z' ' is C,
S, P, 0,50r N, ‘with the provi so that one of. Z, Z2, Z" or Z" ' is other 10
than carbon, but ispnot ed t.0.anot her_z ato a doubl e
bond or when attache t%éif% ?ﬁ2?88 ﬁﬁlqﬁiPPhéFn%?%quﬂﬁet§pt|onal

substituents apedubiRistBedled be éh@a@?ﬂxin(PﬁéCtZt1n921hanﬁESehtonly when

each is C. 15 Theefeion. lmeiear Qa[y{:hlérﬂﬁé'tsalalécdﬂdle%ck‘ﬂﬁﬁiéﬂ altia f
poi nt o

attachmont 1o TRE ROISSATTACSE Fh GPRNLY chiTitle o8 PFhEeRe: BFEEaTor
el sewhéfe wi t h2f @QQ%QHQ%ﬁ}Ozg Ihe variatiaueatier theyehebstiomncke” neans a
heterocycl e | ndidddbedn@erein®4i® 4 e M6t @HE3LOBE. ordinary
skill in the art without departing from the spirit or
scope of the present inventive discovery.
The contents of each of the references cited
15 herein, including the contents of the references cited
within these primary references, are herein
incorporated by reference in their entirety.

Definitions

20 In order to aid the reader in understanding the
following detailed description, the following
definitions are provided: '

"Alkyl", "alkenyl," and "alkynyl" unless

_ otherwise noted are each straight chain or branched

25 chain hydrocarbons of from one to twenty.carbons for
alkyl or two to twenty carbons for alkenyl and alkynyl
in the present invention and therefore mean, for
example, methyl, ethyl, propyl, butyl, pent?l or hexyl
and ethenyl, propenyl, butenyl, pentenyi, or hexenyl

30 and ethynyl, propynyl, butynyl, 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

SUBSTITUTE SHEET (RULE 26)



for exanple, 0, N, S, or P, has such a nunber of bonds that it is
positively charged. The point of attachnent of the quaternary heterocycle
to the 25 rwdevuds® of interest can be at a heteroatom or pcelusevik&se. - The
term"” quaternary heteroaryl” means a heteroaryl in which one or nore of
the heteroatons, for exanmple, 0, N, Sg3or P, has such a nunber of bonds 30
that it is positively charged. The point of attachnment of ¢ quat ernary
heteryaryl to t hB™%ol%Ecl™ t&frf‘ﬂ?e'%)%’%qocé'&ﬂiebvé'g% A hoentee%artn%ene] or

el sewhere. SUBST¢ILE SHBES CRuLEe 263p1a0eG0b 18875 PCT/ WS99/ 17BRE 64 The
term” hal ogen” pEansid,f lEHOr Qxaftl OF GhePESIPowPhg | AdQGLOEY: The term”
hal oal kyl " neans al kyl substituted wth one or nore halogens. 5 The term
"cycl oal kyl" means a nono- or nmulti- ringed carbocycle wherein each ring
contains shree to ten carbon atons, and wherein any ring can contain one
or nore double or triple bo Exanpl es i ncl ude ~Jyadi cal s such as

cycl opropyl, cyclobutyl, dpentyl, 10 cycl ok >z€ycl oal kenyl, and
cycl oheptyl. The term I&yl" adati ti onal Enpasses Spiro systens

wherein the cycloal kyl rikg_bhds a carbon ring common with the

seven- nenbered heterocycl#TTi4lg of the benz6NRrepffie. 15 The term™” diyl”
nmeans a diradical noiety wherein said noiety. hé&s two poi nts of attachnent -
to nmol ecules of interest. The term™ oxo" neans a doubly bonded oxygen. '

The term" pol qu@ge'inrrg?n@ a prapghed or; 2@ stgrapghg, hydnocgk pen chain

havi ng a nol ecul ar melgh : _
the proViso that one of 2, Z', Z” or 2" ' is other
io than carbon, but is not O or S when attached to

~another Z atom by a double bond or when attached to
another O or S atom. Furthermore, the'optional
substituents are understood to be attached to 2, Z’,

Z" or Z" ' only when each is C.
15 The term ™ heterocaryl” means a fully unsaturated
heterocycle.
In either “ heterocycle” or " he;eroaryl,” the

point of attachment to the molecule of interest can be
at the heteroatom or elsewhere within the ring.

20 The term “ quaternary heterocycle” means a

) heterocycle in which one or more of the hetercatoms,

for example, O, N, S, or P, has such a number of bonds
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
heteroaryl in which one or more of the heteroatoms,
for example, O, N, 8, or P, has such a number of bonds

30 that it is positively charged. The point of
attachment of the quaternary heteryaryl to the
molecule of interest can be at a heterocatom or

elsewhere.

SUBSTITUTE SHEET (RULE 26)



up to about 20,000, nore preferably up to about 10,000, nost preferably up
to about 5,000. The term "pol yether" nmeans a pol yal kyl wherein one or nore
car bons aMOeqit&iced by oxygen, wherein 25 the pol yet hegcliasydssgo! ecul ar
wei ght up to about 20,000, nore preferably up to about 10,000, nopst
preferably up to about 5,000. The term,)" pol yal koxy" neans a pol yner of

al kyl ene oxi des, wherein the polyalkoxy has a 30 nol ecul ar weight up to
about 20,000, nore pﬁ'éﬁe?‘am hapogen‘aboesnd 03 OUGCrEHSthpses emaly up to
about 5,000. The teus gr&ye! oal kyI i dene” nmeans a nono- or nulti-ringed

car bocycl e wherein ar ﬁar bon Wlh in th%” 35 ring _structure is doubly bonded
to an atom which is "Hot SHT hi BN Ck¥d . SYRBSMUtSEE SHEET ( RULE

26) WD 00/ 01687wPCh/ &899 282€ h650§'eh'$ term " carbohydrate". nmeans a nono-,

di-, tris or polysacshardde, w@g&@a&%ﬂ p\ggxw%ﬁaﬁ 4e.Cal  fave a
mol ecul ar wei ght . of %p t’?ﬁ abo exa
hydr oxypr opyl - met ATL 54 Sr“’I&?ﬁeci‘é’séﬁChSr% qoEtRins pehreaido means

pol yani no acid tmmain'hnmgitopst camboutier20f &y m:ﬁg:lcdnuabﬁﬁam'r%et erm’

pol ypepti de” mesnsnhd YRR BEl n ng aloyt am no acid
units to about 1000 .am no_aci d %F\Jipfl% E)rgr%@ée prEEe 1??%“#)%bout 100 10

am no acid uni t®=® Jocaa?ﬁoﬁPCl?SBSa?ﬁ%Pé'é’Pulurﬁ}f%lObf%é’tl syeimemly}l f rom about
100 anmih® aci d aydlchexylaboutlo&engi, n@n@w}d:leeb&lehem@rgg

| kyl | i) ) - “sub d |
i 10 aroup. g Oy ap, P By Shelhliy gpmg?’%ﬁ#&‘éﬁﬁ Skl 1

am no group,
bonded to the HBISFEIFetBE Fritkraddwl Th@gtllﬁrsma' rbarotity dtwwl udes al |

posi ti onal common with the seven-membered heterocyclic ring of
.the benzothiepine.
is : The term “ diyl” means a diradical moiety wherein
said moiety- has two points of attachment to molecules
of interest. .
The term “ oxo” means a doubly bonded oxygen.
The term ™ polyalkyl” means a branched or
20 | . straight hydrocarbon chain having a molecular weight
up to about 20,000, more preferably up to about
10,000, most preferably up to about 5,000.
The term ™ polyether” means a polyalkyl wherein
one or more carbons are replaced by oxygen, wherein
25 the polyether has a molecular weight up to about
+ 20,000, more preferably up to about 10,000, most
preferably up to about 5, 000.
The texrm “ polyalkoxy” means a polymer of
alkylene oxides, wherein the polyalkoxy has a
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 carbdn within the
35 ring structure is doubly bonded to an atom which is
not within the ring structures.
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I somers. In all other heterocycles and heteroaryls which contain nore than
one ring heteroatomand for 20 which isoners are possible, such isoners are
i ncluded iWobhseshefi nition of said heterocycles and heperessyibses The term
" sulfo" means a sulfo group, -SOBH, or its salts. 25 The term™

sul foal kyl " neans an al kyl group to ﬁg%Ch a sul fonate group i s bonded,
wherein said alkyl is bonded to the ecul e of interest. The

terntaryl al kyl " neanSTnmtaﬂwlﬂ&uh&bhydr&mb”ahkyhsradMU@k sdéh. asrbenzyl .

The term 30 "al kyl gry. ?11 ccth WALyl @k&ﬂol@%@béﬁéri&@tcdrﬁ

substituted on the ar roug one or nore akl) g oups. The term
"het erocycl yl al kpRvene aFk‘XﬂlghrtaBFC‘éP §h AP %91 T4 %d with one or

nore 35 heterocygkamgr@up@drskﬁﬁ@bl eaehh-pmea]dydlo,sleabkwhltrmrcal S are

"1 ower erocycl yl al di, Vi SUBST! Ihitle aHEET (RULE 26) WO
00/01687 CT1 US99/ 128 %ae%%lrgr%re gtnergcyiél e groups attached to an
al kyl radical havnww B E‘érﬁt{%‘ﬁbéﬁoa?w apid HBHTS “ het er oaryl al kyl "

means an al kyl radi cathe ttain b poiybseptiddedmerhl mbanunnoaeuﬁueteroaryl 5
groups, Preferable, heleroatylal liyl.r aghcabmarasd aheEs detaiadryl alkyl -

radi cal s havi ng one o eroary groups at ﬁlac hed to an aI kyI radi cal
having one to t&POTABR® AFHFBUNIFFe PRFEP @R % YTt 91 al kyl "

means an1010 al kythid@dicddl nhhed tcs abbbst Tiutadine thidnentars, mmost quat er nary

het ef ocycl e gro gée%e%ra% §1 80 SHRLEE B s PtrpouaLY Aldollociadi cal s are
"l ower quaternar et er | a I'cal s having one or nore
500 amino ac1d unlts

The term “ alkylammoniumalkyl” means a NH, group
or a mono-, di- or tri-substituted amino group, any of

15 which is bonded to an alkyl wherein said alkyl is
bonded to the molecule of interest.

The term * triazolyl” includes all positional
isomers. In all other heterocycles and heteroaryls
which contain more than one ring heteroatom and for

20 which isomers are possible, such isomers are included
in the definition of said heterocycles and
heteroaryls.

The term “ sulfo” means a sulfo group, -SOJ{, or

) its salts.

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 "heterocy;lylalkyl" 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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guat ernary heterocycle groups attached to an al kyl 15 radical having one to
ten carbon atonms. The term "quaternary heteroarylal kyl" neans an al kyl

radi cal twateopmssubstituted with one or nore quaternar yedaisesRaisyl groups.
Preferabl e quaternary heteroarylal kyl radicals are "l ower quaternary 20
het eroaryl al kyl " radi cal s having one g¢¢ nore quaternary heteroaryl groups
attached to an al kyl radical havi one to ten carbon atons. The term
"aIkyIheteroarfpﬁlé§|mOFﬁ%ﬂﬁifroﬁgfggo%F??QﬂIﬁﬂtﬁc AciP #Ra?l¥¥ substitut ed
with one 25 oraddrel abdkwingyooepso Eémfenfﬁﬁmaaibhylheteroarylalkyl radi cal s

are *1 over al kyl het ohoarothabiisl o 0otk £l » Webisbly Ly 01 LN having one
to ten carbon aL term"a n |ca 'S attached
to the remai ndé anlTrﬁ¥QﬁﬂléBGF€ Bytﬁnﬁﬂﬁﬂ?r WﬁgesﬁéﬁeégaEYhethoxy radi cal .

More préf erredgabkpxy Pred@irablle heeer dawymahﬁwaoxyaltaﬂscaié ldwefg one to

six carbon atgggergggyﬂyl 10f - % yebra éyy % OH% Hg thoxy, et hoxy,
propoxy, i so- pgﬁg Qutoxy and tert- 5. The "car boxy" neans

t he carboxy gr H9r°BPS|§%t%%h%4;tOSBBS?ﬂ#K#E?QﬂEEﬂ-GRUEEQZG) VO
00/ 01687 PCT/US&QH&Q&%&.cﬁ?baheatdmgn"carboxyalkyI" means an al kyl radi cal

that is substituted.yu E'&r&”e%x%té@{a box s é ?E??P%llé}é ger%%rﬂaglae e

car box aIkyI radi cal s are ca one or
car boxy 95 grou%%k¥&t§%€ﬁ€61t6h%ﬁl%ﬁléﬂbsﬁééuéaﬁ Habvh renemr tmersi x  car bon

at oms. The t erqudtcamaryyhet ef ooyl e 'groRpRs aphefefml/@l@atre&%h‘}?' that is
substituted VMﬂétéya%y%&yﬂgiﬁyf344&?8&1s9 L2HP% 1 ower guaternary
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
quaternary heteroaryl groups. Preferable quaternary
heterocarylalkyl radicals are "lower gquaternary

20 heteroarylalkyl" radicals having one or more
quaternary heteroaryl 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 alkylheteroarylalkyl -
radicals are "lower alkylheterocarylalkyl" 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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10 The term "carboxyheteroaryl” neans a heteroaryl radical that is
substituted with one or nore carboxy groups. The term "carboal koxyal kyl "
means an ahkydonidsadi cal that is substituted with one or mrrorT®s®52828

al koxycar bonyl groups. Preferabl e carboal koxyal kyl radicals are "I ower
car boal koxyal kyl " radi cal s having oneger nore alkoxycarbonyl groups

attached to.an al kyl _radical \ havi ng g e.to six car b?P a lcthe term
“car boxyal kyl ani no" TREaR8TAn" GARIRIY2EY | adPeHlS BRaf ¥ oo
di - substituted wHdt icasbbxtyadugdd witaf enabdy ,maree caabbwmovays

substituent is " a P%%gl wher ehBwei he carboxy group is
attached to an aliyf%%gég : s 10%353%%5’%)( car bogeat’%}?%% The term"”

active conpound"caf@@ﬁgaakkib'hmﬁﬁwad-fs hapEnG I A MTENTT ich inhibits
transportsof bi ng-ou@@ detaden diseth iadkgbnbadiatdlomaving epeanpl eixal kyl aryl "
or " arylalkyl," the i Qggﬁ(édual terms 30 |isted above have the rreani ng

I ndi cat ed above aﬁ’%e term™a bile acid transport inhibitor

conmpound capabl e of TRAi BBET g%@%’ﬁﬁ%ﬁo@fc%ﬁ"l geagg; ﬁsh?tteé'ﬁ]cYﬁJZ i ntestine
into the circul atz@iyasysh&imiDisubstranmatd with cae arhuoss.catbpsyi ncl udes 35
i ncreasing the fecal _excretion of bile acids, as well as reducing the

bl ood pl asna or 98- concentrati ons  SUBSTI TUTE SHEET ( RULE 261 WO
00/ 016871®CT/ US99/ 128h8 tegn dicaghorybeepsPamild M56PEst PN ESE¥, and nore
specifically, reddetry tfdc and svbBk iehotestiarolone Gondbte arrsboxy di seases
whi ch benefit fromthe pr ophyl aX|s or treatnent by bile acid transport 5

i nhi bi tion incl §&& FFor exanpl e, }/(perl | pi dem ¢
: The term "carboal oxyalkyl" means an alkyl

radical that is substituted with one or more

15 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

20 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.

25" 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
30 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
35 increasing the fecal excretion of bile acids, as well
as reducing the blood plasma or serum concentrations
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condi tion such as atherosclerosis. Conpounds The conpounds of the present
I nvention can have 10 at |east two asymmetrical carbon atons, and :

t her ef or ewo ovaliesde racemates and stereoi soners, such as grasbéfgaMers and
enantionmers, in both pure formand in adm xture. Such stereoi sonmers can be

prepared using conventional techniqugg either by reacting 15 enantioneric
starting materials par I n i somers of conpounds of the present

i nvention. | so?rt %hcﬁa“fﬁyeﬁaﬁuaa QH%WFFEO} S®FetS, g ™eXanpl e cis i soners
or trans isonersp%lrfawléydoubﬁecntg)mDL &hd woih cheQeetérsy e cont enpl at ed
anong the 20 CERAUNGHObr! BEDIEALHhI LAVSM AR (H0g goupounds of the

present. invention also . include tautoners. € conp oun S of the present
invention as d<RNIEFI5ePEW TPRIMFEE PridpilesAqis teéwm:ets and 25
prodrugs? ConpauddbSyibhesaslide, Soar tkafpIdt &F hyberiOpide@d n the

preparation of.drfag +GBRPOURES, Qfatﬁlrggorsgj;/entlon are known or can be 30
prepared by conventional nethods 2 8Ki | | ed person or in an

anal ogous manner to processes described in the art. Generally, the

conpounds of tltemppesdat invention can be prepared by t he procedures
hown in reaction of

descri bed beI ow. 35

al dehy dg with ﬁgl deﬁ@ge an8§ deLPrﬁeﬁ"f&Fo%f’Hﬁnt’SﬁB§ﬂnT ESSHEET (RULE
26) WDG0/ 01687t PEFRE/Soa FEmmes giga k| airbone ahgus oxared deleydéore| which is
converted to desylde erddémidds amEhensrddigewbrshl shéleand triethylamne !

simlar to thed@é@@é?@gﬁ%f%?%gﬁlQggnéfpmers, in both pure form and
in admixture. Such stereoisomers 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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Chem Ber. 98, 728-734 (1965) . Reaction of nesylate IV 5 with thiophenol

V, prepared by the procedure described in WO 93/16055, in the presence of
tri et hyl amwigooiése! ds ket o- al dehyde VI which can be cycl pzeusmizsas t he
reagent, prepared fromzinc and titaniumtrichloride in refluxing ethylene
gl ycol dinethyl ether (DVE), to 10 givg a mxture of

2, 3-di hydrobenzot hi epine VII and two racenic steroisoners of benzothiepin-
(5H) -4-one VI lyiedven tRe apdrdkyaddehydmdddi vBEeht1s GAWEEFSh W Vil with

3 equi val ents ofn g ol QDgL e hEehEnddl SbriNCEBIrids wesl | somer | ¢

sul f one- epoxi des | X whi_ch upon. 15 hydrogenat.i 1 ;adiu on carbon as
the catal yst yi'eliERYHAREHr SO SUFOr%lcee%&c?gg?yé\%%ge%?%?gaof 4 :

hydr oxy- 2, 3, 4, 5-Qtetmr.aBedr. 0BBNZIRAENTHI (245)1- BEAKF HRS OF MEAYlR%H Taceni ¢
st er eoi sogers of, 2134 Bphehé ARy, dpeepbedz BN Bpi peocddurk ddsaxiles X1 when
R and R "are 20 nonegui val ent .. qshl calelcsy act io¥et§9 ndsnof the present

i nvention can beéhMparddeBy” usimg®BptiTa™y Sctive starting material I11
or by resol uti onyiefl dsokpoonabdehxdewt twiisthi €an Pesertiizsd Wgeht'dSwel | known

inthe art 25 a}e%ﬁé%%‘i:i,bggefﬁ‘reh FObe. 2 Glteing 89tanOld tri®Fadriddid., 42,
2781 (1977), and 1bid., 44, 4%8}%{ %97]?%5.01 gugé%TﬁT(%R%Hgﬁé@pr) 26) WO
00/ 01687 PCTI USId F£4358%1%9 SSBHERE ¢ 121MeRY CUNEt 3 MsO
R~ R2 O NaOH R Hive 8 @GiRFufe Of B, B+ ® hydriobenzpthienine Vit ABASHR f ony|
group) racemic steroisomers of benzothiepin- (5H)-4-one VIII
when R' and R? are nonequivalent. Oxidation of VII with
3 equivalents of m-chloro-perbenzoic acid (MCPBA)
gives isomeric sulfone-epoxides IX which upon
15 hydrogenation with palladium on carbon as the catalyst
yield a mixture of four racemic stereoisome;s of 4--
hydroxy—2,3,4,5—tetrahydrobenzothiepine-l,l—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 ac;ive
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 (1874), ibid.,
42, 2781 (1977), and ibid., 44, 4891 (1979) .
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SHORS MOR~R RRRBR2 +R-NEt3IR 80 (RX)YqRHSOHO VIVi I
RS (R)gVI R7R8BR/IRB VI Zn/TiCl3 SR + SRXxR xR )RS ()gR5
O VIl VIIIwotiessxcess R R8 R R 8 MPBA S R H2/Pd-C SpRriisoohdzs R2 RZ X
(RK)g RS0 (R) g R OH | X RFTRB SR R2 (RXY)g R5 Alternatively,

ket o- al dehyde VI where R2 is H can be-qgprepared by reaction of thiophenol V
wth a 2- substituted acrol ein. SUBSTI TUTE SHEET (RULE 26) WO 00/ 01687 -
PCT/ US99/ 12828 71 R H SH O R3shemeRs NEt3 O + | RO (RX) g R3 X rxt V
(Rg VT 2 Beqzothi epi n- (5H) - 4- one VI]II can be oxidized with

2 "R 2 1
R®  HCoOH HO R®  MsCUNE;” MsO_ R g
—— R7 —eee R 7
O NaOH g o . R o
H R™ g R®
. H
= m

(Ms = methanesulfonyl group)

excess
MCPBA

X1
Alternatively, keto-aldehyde VI where R? is H can be

prepared by reaction of thiophenol V with a 2-
substituted acrolein.

1
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MCPBA to give the benzothiepin(5H)-4-one-1,1-dioxide 5 XII which can be
reduced with sodi um borohydride to give four racem c stereoisoners of X
The two sHRy@RigeMers of X, Xa and Xb, having the OH gr ®apuard282RS on t he
opposite sides of the benzothiepine ring can be converted to the other two
isomers of X, Xc and Xd, 10 having thg OH group and R5 on the sane side of
the benzothiepine ring by reaction in nethylene chloride wth 40-50%

sodi um hydroxide in the presence of a phase transfer catalyst (PTC). The
transformation can also be carried out with potassiumtgbutoxide in THF.
SUBSTI TUTE SHEET (RULE 26) WD 00/ 01687 PCT/ US99/12828 72 % 7 R R8 02 RR8

02 R8 SR2 MPBAENJd S R NaBH4 SRR | | X R x R/ . 2 (R)g RSO
(RO (R)q 5 RR VIl )MX 02 02 RS2 R8 S HR '~ 2
J11jR2. Rx x (R {R)q R5 SCHNB Xc Na TG/ CH2A 2 R-
R7 02 R8 02 R8 I + > Vs RS

A : |

(R)q R3 7\

®R"
Y ! Vi 2

Benzothiepin-(SH)¥4—one VIII can be oxidized with

) | MCPBA to give the benzothiepin- (5H) -4-one-1,1-dioxide

- 5 XII which can be reduced with sodium borohydride to
give four racemic stereoisomers of X. The two
stereoisomers of X, Xa and Xb, having the OH group and
R® on the opposite sides of the benzothiepine ring can
be converted to the other two isomers of X, Xc and Xd,
10 having the OH group and R® on the same side of the

benzothiepine ring by reaction in methylene chloride
with 40-50% sodium hydroxide in the presence of a
phase transfer catalyst (PTC). The transformation can

also be carried out with potassium t-butoxide in THF.

SUBSTITUTE SHEET (RULE 26)



i I Ri I R VR /R x)q x)g RS OHR5 OH Xb Xd MCPBA = _

m chl or oper benzoi ¢ aci.d PTC = phase transfer catalyst when R | = butyl,

R2=et hyl , Weganestyl , X=H, q = 4 6a = Xa 6b=Xb 6C = XC PEi€hoI2525' NE
conmpounds of the present invention where R5 is OR NRR and S (O,,R and
R4 is hydroxy can be prepared by reac% on of epoxide I X where R5 is Hwth
thiol, 5 alcohol, and amne in the presence of a base. SUBSTI TUTE SHEET
(RULE 26) WD 00/016&pa PCTI US99/12828 73 g7R7 s S R HOR, oerHNRR‘ , or S

R R2 HS(O" R (R')] RO ( H 2 'SZIXsthere RS = HRB: 7 . NRR,
S(Or,R Anot _ e glo B& x t e pf eaBH,i nv j 1 shown in
Schene 2. Co d i $ oxidized equi val ent of

c un X
m  chl or opeyRgnzoic “ackd. Hydrog(mqjlays' S @quconpoundag\i{ll \t R?pal | adi um
on carbon yields R{)rrpound X'V which®ca@t? be cyclized“W4 hgéi tdgrer pot assi um
t- but oxi de or sogimm hydroxi de underyphase transfer conditions to a
m xture 10 of Xc and Xd. Separation ©f Xc and Xd can be aé’corrpl i shed by
either HPLC or fractional «crystallization.

7
02 RRB
R]

NaOH

»
PTC/CH,Cl,

MCPBA = m-chloroperbenzoic acid

PTC = phase transfer catalyst

whenR'= butyl, R2=ethyl, R5=phenyl, X=H,q=4
6a=Xa

6b=Xb

6c=Xc

6d=Xd

The compounds of the present invention where R® is OR

3

’

NRR’ and S(0),R and R is hydroxy can be prepared by
reaction of epoxide IX where R® is H with thiol,
5 alcohol, and amine in the presence of a base.
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The t hi ophenol s

aryl met hyl
J. Chem Soc.

~XVIIl and V used in the present 15 invention can also be
prepared according to the Schene 3. Alkylation of phenol

woc«mogﬁ

31-2432 (1958) gives the ortho substituted phenol

phenol XVl can be 20 converted to the_thiophenol XVIII via the
thi ocarbamate XVI1 by the procedure dedédribed in J. Org. Chem, 31, 3980

(1966). The phenol XV
chloride and triethyl
thermal ly rearran

hydr ol yzed w th

Thi ophenol V ca&, so<beRpr epar edS(Pah 2- acyl phe )/hXI
% dsc

i nt er medi at e
PCT/ US99/ 12828

s first reacted with dmethyl thigtarbanoyl
gfe to give thiocarbamate XVI| %h i;s 25
]

2@0- 30GHQR, adNRK 0Tt ear r ang dect s
arbaftat e XX. SUBSTI TUTE SHEET (RULE ¥6)

ds oxi ee—to—yrett—tie Phi o
74 Schene 2 s 8 RT RaARR R RTRRR RIM.RR R2

MCPBA 02S 0 H O B4 Wit2R1+H S ORs C-H2 J S H BUROR, 8RR S(QR) g (
(Rx)g V1 potassium t-butoxide R02 RRB SR-SR x- R+ (R") R

10

15

20

25

Another route to Xc and Xd of the present invention is
shown in Scheme 2. Compound VI is oxidized to
compound XIII with two equivalent of m-
chloroperbenzoic acid. Hydrogenolysis of compound XIII
with palladium on carbon yields compound XIV which can
be cyclized with either potassium t-butoxide or sodium
hydroxide under phase transfer conditions to a mixture
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
invention can also be prepared according to the Scheme
3. Alkylation of phenol XV with an aryimethyl
chloride in a nonpolar solvent according to the
procedure in J. Chem. Soc., 2431-2432 (1958) gives the
ortho substituted phenol XVI. The phenol XVI can be
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
thermally rearranged at 200-300 °C, and the rearranged
product is hydrolyzed with sodium hydroxide to yield
the thiophenol XVIII. Similarly, Thiophenocl V can also
be prepared from 2-acylphenol XIX via the intermediate

thiocarbamate XX.

SUBSTITUTE SHEET (RULE 26)
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jde in a nonpol ar solvent according to pbguspiseedure in
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)g Rs SOH Rs OH Xc 4 Schene 4 shows another route to benzot hiepine- 5
1,1-dioxides Xc and Xd starting fromthe thiophenol XVill. Conpound XVII I
can be reavoedonsst h nmesylate IV to give the sulfide-al dekygaerots
Oxidation of XXI with two equival ents of- MCPBA yi el ds the sulfone-

al dehyde XV which can be cyclized w tfy potassiumt 10 butoxide to a

m xture of Xc and Xd. Cyclyzation of sulfide-aldehyde with potassium
t-butoxi de al so gives a m xtureSefemednzot hi epi ne XXl | SUBSTI TUTE SHEET
(RULE 26) WD 00/01687 PCTI US99/ 12828 75 Scheme 4 SH MSOR~- R2 R6 + R7/0O
g~RBEH (R) XYWWTVR7 RBRLRZ RT R R R 00 S H2;MCPBA 02S H 91 R
5Ni | Rs Rt (RX) g Xxi XN t-

siplm pot assi umpt Butgpxi
t - but oxi de 7 RORR R 8 0 s RR SR ++ RZ
~iR2R2"v/R2§<—R>¢M¥sm(RX)qm( (RX) q OH Neo
O 2MCPBA 0,8 O Pd

l

0,S
S O H ———— H———"2 H
7 RS C-H2 Z RS
Z RS g | g |
(| A A
(RY) | o ®%
9 VI
potassium
t-butoxide
7
O2 RR8 .
S
s l ¢ +
s /%2
®) 3 %
q
RS OH
Xc
4
Scheme 4 shows another route to benzothiepine-
5 1,1-dioxides Xc and Xd starting from the thiophenol

XVIII. Compound XVIII can be reacted with mesylate IV
to give the sulfide-aldehyde XXI. Oxidation of XXI
with two equivalepts of MCPBA yields the sulfone-
aldehyde XIV which can be cyclized with potassium t-

10 butoxide to a mixture of Xc and Xd. Cyclyzation of
sulfide-aldehyde with potassium t-butoxide also gives
a mixture of benzothiepine XXII
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R5. RS RS Rs XXlIlc XXIld Xc Xd 5 Exanples of am ne- and
hydr oxyl am ne-contai ning 5 conpounds of the present invention can be
pr epar ed aswo%ﬂﬂ% in Schenme 5 and Schene 6. 2-Chl oro-4 mctusidan@ephenone
is reduced wth triethylsilane and trifluoromethane sulfonic acid to
2-chl oro-4- nitrodi phenyl net hane 32. Reection of 32 with lithium 10 sulfide
foll owed by reacting the resulting sulfide wth nesylate IV gives
sul fide-al dehyde XXI'I1. Oxidation ofScheme¢ with 2 equival ents of MCPBA
yi el ds sul fone-al dehyde XXIV which can be reduced by hydrogenation to the
hydr oxyl am ne XXV. Protecting the SUBSTI TUTE SHEET (RULE 26) WD 00/ 01687
PCT/ US99/ 12828 76 hydr oxydpam ne )%\S/ovm' wrh di-t - butyl di carbonate gi ves.the
N, O di - (t - but oxycarbonyl) xyl ‘ani ivativ XXVI. Cyclization of
XXVl with potassiumt-buf xli deR a.dem@ the t-but oxycar bonyl
protecting group 5 gi Vﬁﬁ ¥ "m xture of Rhydrgxyl am no derivatives XXVIlc and
XXVI1d. The primry ar$1 & XXXIllc and I1d derivatives can al so be
prepared by further hydrod¥Hation of XXI™ or XXVIlc and XXVI|1d. SUBSTI TUTE
SHEET (RULE 26) WO 00/01687 PCr/US99/12828 77 Scheme 5 1 1 NO2 32 NO2 1.
Li 2S 2-chl or o- 5- ni trobenzoph%none R2.R3 2 R R

7 1

R’ R™ ! R2 R R p2
| =<, =<,
H

S H 2 MCPBA 023
RS —_— RS
2 7
X X
(R)q (R%)q
XX1 X1V
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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rv SRLR3 RIRZRRZ 2 MCPPBAOZ XXIII XXIV NO2 N2 H2 - Pd/C R R3
R2 (1300020 R3 'R2 02 @ | ~ | N(BOC)Q(BOC) NHOH XXVI \1. potassium

t.- but oxi dwoXddesz acid workup 02 &Z S R S HOAN ., , R2 gdgRN.J33 zgh bH ph OH
XXVIlc Wiere R3is HXXVIId Pd/CH2 Pd/CH2 100 psi 100 psi % deg C 50
degC 02 @2 SRSRi R2+ HN-.R2 HINC-Ph"OHPh OH XXxnt )=d 6
In schene 6, reduction of the sul fone-al dehyde SUBSTI TUTE SHEET ( RULE 26)

WO 00/ 01687 PCwEs9gyiaBine XY sokvhwii ht tiiet biEF adIanghedIbyes edigct i ve
al kyl ation of M, lpedtestlbitgqairbonge) hydtdmel amildd l@ediogemvand an

XXVI. Cyclization of XXVI with potassium t-butoxide
and removal of the t-butoxycarbonyl protecting group
5 gives a mixture of hydroxylamino derivatives XXVIIc
and XXVIId. The primary amine XXXIIIc aﬁd XXXII1d
derivatives can also be prepared by further
hydrogenatioh of XXIV or XXVIIc and XXVII4.
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al dehyde catal yzed by pal | adi um on carbon in the sane
yields the substituted amne 5 derivative XXVIII.
 dffleks but oxi de yields a m xture of substitut egrasegiiies
th| s invention XXl Xc and XXl Xd.

with potagg
derivatives o
WO 00/ 01687 PCT/ US99/ 12828 79 Sche

- Pd/C RS R6CH2OH N2 6-/NH XXV potassium

R R6R2RNR R HHOH -OH Schenie S
of the met hods of
5-position of benzothi ey ne
i odi ne -catal yzed by nerc

1. Li,S

introducing a 5 substituent to the aryl

| odi nation ofcp henyl derivative XXX with
iflate glveé%

2- chlor_o-S-mtrobenzophenone

reacti on vessel
Cyclization of XXVIII

SUBSTI TUTE SHEET (RULE 26)

00 HR 11 R HR2IIXZ OzS H2
t-butoxide, THE 02 Oz S S
XX Xc XMd Scheme 7 descri bes one

ring at the

2 MCPBA
_ 0,
XX
Lo
NO; NO, | - ParC
3 Rl 3%%1
R RZ (BOC)ZO R R2

feas

N@BOC)OBOC)

XXVl 1. potassium t-butoxide
2. acid workup
: o,

NHOH

02 1
s— ,R' s R
) sz * ~R?
HOHN T HOHN -
ph OH . Ph
XX VIic Where RlisH XXVIId
Pd/C-H, Pd/C-Hz
100 psi 100 psi
50deg C 50 deg C
02 02 ]
H,N Pl HzN
2 { “OH Ph OH
XXl XXXT11d

6

In Scheme 6, reduction of the sulfone-aldehyde
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derivative XXX, which upon palladiumcatal yzed carbonylation in an

al cohol yields the carboxylate XXXII. 10 Hydrolysis of the car boxyl ate and
derivati zavooonoief7 the resulting acid to acid derivativeg ?ﬂ[, known in
the art. SUBSTI TUTE SHEET (RULE 26) WO 00/ 01687 PCTI US99/ 12828 80 Schene
7Rl R7 02/ SRB/ SRy (Rx)g (Rg) R .111//Re - //R2 OH Hg(Orf)2
OH lip 12, 25 deg C XXX Pd catalyst I XXXI COR7CH 100 deg C2 R7 0 S
R R~ (Rx)q valgmtmhmmg@n SobliaqwedaByr erAURLiYRs 245BH F3PR 1€ f or egoi ng
description hawe tlkeeulebihgvanmthdemingsive Witk hydkegeahyst afrur an

PTG - - phase tr%ﬂ%k%&d%aE§L¥f§zed by palladium on carbon in the same
reaction vessel yields the substituted amine
5 . derivative XXVIII. Cyclization of XXVIII with
potassium t-butoxide yields a mixture of substituted

amino derivatives of this invention XXIXc and XXIXd.
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Aliquart 336---nethyltricaprylylamoni um chloride

MCPBA- - - m chl or oper benzoic acid 10 Celite--- a brand of di atomaceous earth
filtering. w@bfoigdsBSTFr 1 TrE SHEET (RULE 26) WO 00/ 01687 PBecThisisnosd2828 81
DVF- - - di met hyl f ormam de DME---- ethyl ene glycol dinethyl ether

BOC- - -t - but oxycar bonyl group Me---netByl 5 Et---ethyl Bu---butyl

Et CAc---ethyl acetate Et20---diethyl ether CH2Cl2---nethylene chloride 10
MySO, - - - magnesi um sul f at e NaOH - - sGH§REh§ dr oxi de  CH30H --- net hanol

HC1-- - hydrochl gric acid Nad ---sodium chporide 15 NaH- --sodi um hydri de
LAH---1lithium @l umnum hydride LiOH--1liflhi Wn hydroxi de Na2SQO3- --sodium
sul fite NaHCOB---Kodi um bi carbonate 20 - -di met hyl sul f oxi de .
KCOSi Me3- - - pdt ass) tri net hyl si | anol at & p -Rzpol yet hyl ene gl ycol
MB- - - mass spegkrfonetry HRVvS- Ha hPdf resolgyt on mass spectronetry 25
ES- - - el ect r ospiay NNR—--nucIrﬁg{}h netic "t esonance spectroscopy GC---gas

re Ii||d 2

NO NH
) ’ R6—"
- XX1v
potassium
t-butoxide,
THF

Scheme 7 describes one of the methods of introducing a
5 substituent to the aryl ring at the 5-position of
benzothiepine. Iodination of 5-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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HPLC- - - hi gh pressure |iquid chromatography 30 RPHPLC---reverse phase high
pressure liquid chromatography RT---roomtenperature h or hr---hour(s)

m n- - - m noep®)6885 " Enanti omerical ly-enriched" (e.e.)

ne

. . 2
enanti omer or set of diastereoners preponderates over SUBSTI TUTE SHEET

(RULE 26) WO 00/01687 PCT/ US99/ 12828

82 the conpl enentary enanti onmer or

set of di astereoners. Enanti oneri c @ﬁrichnent of a m xture of enantioners
is calculated by dividing the concentrsdhe@p7of the preponderating

enanti omer by the concentration of the 5 other enantioner,
di vidend by 100, and expressj
enrichment can be from ab&it A% to about 100%
to about 100% and Bbly from about
can be selected fr@m anPpng suks Rt ut ed and u
wherein the &UBSTtuent(s) c@mbe sel ectBdq
al koxy, hydroxy, ams\m

to C10 al kyl through an
i nclude ethyl, n-propyl,
- CH2C( =0 C2H5, - CH2OC2F5
n- butyl, and isobutyl fle preferred. In certai
conpounds of the presex ivent i on, substituents ¥
for exanple n-butyl/n-b0tyl, so that the conpound
3-carbon. Elimnating @P&Xcal isonerigiBaalyst he 3-

COR’OH

pr ef eDAabl

S achi

100 deg C

(R,

mul tiplying the

ng the result as a percent._sEnantioneric

%ronrabout 10%

6R"10 R1 and R2
'to C10 al kyl

'S | i nkage. bstituente at ™N\Npe 3- carbon can
-butQH,  n-gdPIP2 i sobutyf, i s&¥ opyl
Qnd - CGH20- 1 Aspieg el i ne) , nh-propyl,

jicularly preferred
R2 are identi cal

ral at the

arba®@XXinplifies the

Abbreviations used in the foregoing desctiption

have the following meanings:

5
THF--- tetfahydro furan
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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25 selection, synthesis, separation, and quality control of the conpound

used as an ileal bile acid transport inhibitor. In both conpounds having a

chiral 3-caydesnepd those having an achiral 3-carbon, sulstusouesiss (R') on

30 the benzo- ring can include hydrogen aryl, alkyl, hydroxy, halo,

al koxy, al kylthio, alkylsulfinyl,. ¥Isu|fony| hal oal kyl , hal oal koxy,

(N) - hydr oxy- carbonyl al kyl am ne, haloa kyl t hi o, haloalkylsulflnyl

hal oal kyl suf onyl , anumﬂu-AﬁamkyhxmﬁqnmpmNdN 35 di al kyl am no,

(N) - alkoxycarbannyl - avé)%ﬁ¥ﬁgéggggyldlﬁggh;@@Qbkyloxycarbannyl

SUBSTI TUTE SHEET (RUL 26) 0/ 01 fT/U899/12828 83 trial kyl

anmoni um (especi al |y %Crh - BBt HE2TO8THL e PT O -ami do, (N)

- al kyl am do, -N-al kylMu¥i-daethN, N-di al kyl am do, (N) haloalkylanido, (N)

sul fonam do, (N)-alk sul% fi do, (N)- 5 hal oal kyl sul f onam do,

car boxyal Ryl - am no, ria ammoni um salt, (N)-carbamc acid, alkyl or

benzyl ester, N-acyléh?ne?u%¥broxylanine, hal oacyl am ne, carbohydrate,

t hi ophene a trialkylEt@KHDniewnymﬂdcehaubng a carboxylic acid or hydroxy 10

substituent on one ortmprecﬂ_ Pg g£g%} substituents, an al kyl ene bridge

having a quaternary amoni um sa stituyted thereon -(0(CH2).)"-X where

X is 2 to 12, wis FHofl:3-ameciwiane; RdPE28fF a quaternary ammonium salt,

and (N) 4pitrogen com@ﬁonhngm@ebe&omy@mkfammre|n 15 the nitrogen of said

heterocycle is optio y_ay [ ng the preferred species which

may  constitute R a%%’heth ?%Eg$h ? |§§%ropyl t-butyl, hydroxy,

met hoxy, et hoxy, |soﬁﬁd§8xy“ﬁﬁ§?ﬁ9 hio, iodo, bromo, fluoro,

met hyl sul fi nyl, nethykﬁuLiﬁWﬂ*ocﬁmbrethyblhio, am no, hydroxyl am ne,

N-met hyl am no, N, N- NaCl---sodium chloride

15 NaH---sodium hydride
LAH---lithium aluminum hydride

LiOH---lithium hydroxide

Na,S0,---sodium sulfite
NaHCO,---sodium bicarbonate
20 DMSO---dimethylsulfoxide

KOSiMe,---potassium trimethylsilanolate
PEG---polyethylene glycol
MS---mass spectrometry
HRMS---high resolution 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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di et hyl am no, N, N-di ethylam no, (N)-benzyl oxycarbanoyl, t rimnethyl

amoni um A-, -NHC (=0) CH3, -NHC (=0) C5H11, -NHC (=0) C6H13,

car boxyet wd omerssro, (N)-norpholinyl, (N)-azetidinyl, 25 $MNaseon2s2s
-N-nmet hyl azetidinium A-, (N -pyrrolidinyl, pyrrolyl, (N)

-N-net hyl pyridi niumA-, (N) -N-nethyl pholiniumA-, and _

N-N - et hyl pi per azi nyl, (N)-brononet hyl"am do, (N)- N-hexyl am no, thiophene,
-N (CH3) 2C02Hhe ,congQied@H2EERHenarnt NymeY odti set t &if | gigseeazbmexrsm | -, (N)-t

30dbUt)(/IO(C):I)El)Zl(C::I(j-llrzi3 3l S reﬁ?(e%ﬁ%%é&ﬂ?&%%&%%%% oaccg%%g%ﬁéepéalmdggl u'In']he
and -
benzo ring is ﬁf%‘ﬁﬁ&ésﬁkfsflﬂ’ P 4t ﬁ@nﬁem?r'i‘frm@ BSSF’E“? on, or

di substituted gtrdgemddraandg- 8npnsid>me:nshy Ahsoc@Scémmiatded af eciehe

6, 7, 8-trial KOXy,GRUMH h ounds. A
variety of S fut: SHEETE?RUL@%YSKBEOSPg1%18\%‘%&1”%%9@%2 84 ot her
substituents c&FFESEIPINERGeBESHYL FFeSeRETEANE t hEmRNtiomgrignd/ or 9-
positions of tlmdichrenti ngn bénfietliampuel 08 exaagdwe, 190&ni di nyl ,

cycl oal kyl . CarboBYdEdLeelBnlapod 3 0¥ <8 CALAON JINOSAGCRALL o). 5

pepti de, and quaternari anmoni um sal ng vi a _
pol y(oxyal kyl ePELIEFARAYeETOR, goout 2(°@CFIQCF—991‘= N R13R14R15A-, where x is 2
to 10. 1 further conpounds of-the present invention, R5 10 and R6 are

i ndependent |y sel ecke h n nd r.in carbon S tituted or )
unsubstituted aryl R dﬁ%qﬁen e’:% ¥ ?%g@ ed f}@r\ amoﬁﬁl%’%b tuitéﬁ'gdazol e,
pyrazol e, pyri fPHi HES“HBFb'F]‘éW¢¢1 RPaq:xkyiFJdSbei sheresn the al kyI pi per azi ni um

N- al kyl nor phol isabeniteent (§ancdm b@s@ﬂb&bea hersilasidnguent (s) are sel ect ed

from anong hal g3, bhydroxyl, tl4hgloalkyl. . alko tam no, N-al kyl am no,
N, N- di aI kyI am no, quat er n}éry ammﬁp ?’t‘% dé)fl 5°
containing heterocycles 301ned to the Clto Cio alkyl

through an ether linkage. Substituents at the 3-
carbon can include ethyl, n-propyl, n-butyl, n-pentyl,
isobutyl, isopropyl, -CH,C(=0)C,Hs, -CH,0C,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-alkylamino, N,N-
35 dialkylamino, (N)-alkoxycarbamoyl, (N)-
aryloxycarbamoyl, (N)-aralkyloxycarbamoyl,
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al kyl ene bridge having a quaternary ammonium salt substituted thereon,

al koxycar bonyl, aryl oxycarbonyl, 20 al kyl carbonyl oxy and aryl carbonyl oxy,
(0, 0)- -di oxyedoloydsene, - [O (CH2) "J I X where x is 2 to 1PCTASHA2828 or 3 and
X conprises halo or a quaternary anmonium salt, thiophene, pyridine,

pyrrole, thiazole, imdazole, pyrazolgg, or furan. The aryl group of RS or
25 R6 is preferably phenyl, phenyl ene, or benzen tr,id |, i.e., may be
unsubsti t ut ed, mmal]sxaba;ltlrhqmin@d,(eépe%ﬁallé’uﬂéﬂtétuti?&.l nong the species

whi ch may const ic%g;lger{&g sulstiahues) s(onratkelamydo ri-Ngabky Rénigo,R6 are
fluoro, chloro, brony, t.hoxy, . Oy, | Y, ()30 trinmethyl ammoni um
(preferably wit hNaﬂpgbﬂ{%él%'Pdoch?‘gri%a%ioégﬁg%)ger?%) ,( et hoxycar bonyl ,

et hoxycar bonyl , sul fomghidacety|-alpybpafeprmidny - MEXy| di me thyl anmoni um
hexyl enetyt i met hyl b1 1 Adra@ %Y et FudRRe Rl kel degirand
tetra(oxyethylene)trinethyl -anmon]um.jodi 3P gupsiiduted at the
p- posi tion, thetﬁ’}ﬂ)@ﬁ’ﬂ%m&m 58?5’ n{;\#) tcﬁggg?§<?%lga3. O her substituents
that. can be Sbesdy &€ SHERF acRUMEL6) hWdrowy barGid e PCT/ US99/ 12828 85

present on a phﬁQY&E%?lanbﬁ{éZ,e'&%rbbhy&r&re,Othﬁbphﬁd)lmﬁ:ird‘.alkﬁg i ncl ude
3, 4-di oxynmet hyl ene (5-nmemhered .ring) and Sﬁ%d gfg%gylggpgx}( 6- nenbered
ring). Anong cBFBeRMUS %ﬁ“cﬁ’af’(é% %ectﬁ‘irbg?(ycan %e denondtrated to 5 have
desi rabli@ i | eal shbseitamnt taraesport mods bift Fhg aHRGp&SUPPESTYEH S-hose i n
b hydr oxypheny P iR r SR e o e e o ot hegghenyl -
D" Nl ok hy | ARERHOTRAS ReeRr o R by b ey i 1 (e eyl
(CH,), - N -phenyl, i$ -2 ror (T3 X As-pHedd or| a @yayeRary3 (oY) -
(OCH CH ) 2-O phgiy! .add Ap -c@EBbgelN cdaddGhizng (KEdd¥ddr2eCrpdaaniyd , |- m
(NN digethyl piperazi u oe (N d r B ol SREP R o &rRaRgny !+ 3-
quaternized. Among the preferred species which may
éonstitute 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, AT,
-NHC (=0) CH,, -NHC (=0)CH,,, -NHC (=0)C¢H,;,
) ‘carboxyethylamino, (N)-morpholinyl, (N) -azetidinyl,

25 (N) -N-methylazetidinium A", (N)-pyrrolidinyl, pyrrolyl,
(N) -N-methylpyridinium A", (N) -N-methylmorpholinium A7,
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. Also

35 included are the 6,7,8-trialkoxy compounds,. for
example the 6,7,8-trimethoxy compounds. A variety of
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met hoxy- 4-f | uorophenyl, thienyl-2-yl, 5 15 chol orot hi enyl - 2-yl,

3, 4-di fluorophenyl, I" p-(N, NN dinethylpiperazinium - (N) -CH2- (OCH2CH2)
2- O- pheny| wWadonfasuor o- 4- met hoxyphenyl , -4-pyridinyl, 2-pydrAishyizgrs3-
pyridinyl, N-nethyl-4-pyridinium |- Nnethyl-3 pyridinium

3, 4- di oxymnet hyl enephenyl, 3,4 20 diox%ﬁthylenephenyl, and

p- met hoxycar bonyl phenyl. Preferred conpounds include 3-ethyl-3-butyl and
3- butyl - 3- but ybtberpaubaisi thert agcaadie efivaheagbosly rfsantednR5
substituents in.g@mpi natigdn Wy By tdie fRsicsHRsSt bt uald Haiveiihg Table 1. 1t

Is particularly 25 preferred that one but not poth qf nd S
hydrogen. It isiBSHETI™ | FOpr 8¥APRy SHATIRA™Y¥nd %%tféﬁ%%' drogen, that 'R
and R5 not be hyarbgemraged (ehat, R 5 anrdeRcabeoromaerdsstdhartile) sane
direction relatjiye {4 3Qnyh ‘L_@x;}% egin & 14 hat bpin a- or
both in 9-confﬂljg€"?at,i on.n Itﬁu?s urﬂ\g@??%r% thaltr%e&erge@h%Z IS butyl
and RL is et hyl TIRheH RPORYIOXYR IARBE) ot ABFRIET 0rf 1%l -at’i \WEFIGLd Hie pl ane” of

t he nol ecul e asNRVRRAA Rowhe¥® Setisfprtd i Table 1A are lists of
illustrative species of R/R2, RS/R6 and R'. SUBSTI TUTE SHEET (RULE 26) WO

00/ 01687 PCT/ US99/12828 86 Table 1A Alternative R Goups 0 /Q s 9~ SR
| Rx 3') )q 117 giriyrther gemppundspgf pthe present invention, R

10 and R® are independently selected from among hydrogen
and ring-carbon substituted or unsubstituted aryl, :_'
thiophene, pyridine, pyrrole, thiazole, imidazole,
pyrazole, pyrimidine, morpholine, N-alkylpyridinium,
N-alkylpiperazinium, N-alkylmorpholinium, or furan in

15 which the substituent(s) are selected from among halo,
hydroxyl, trihaloalkyl, alkoxy, amino, N-alkylamino,
N,N-dialkylamino, quaternary ammonium salts, a C, to C,
alkylene bridge having a guaternary ammonium salt
substituted thereon, alkoxycarbonyl, aryloxycarbonyl,

20 alkylcarbonyloxy and arylcarbonyloxy, (O,0)-
dioxyalkylene, -[O(CH,).,],X where x is 2 to 12, w is 2
or 3 and X comprises halo or a gquaternary ammonium
salt, thiophene, pyridine, pyrrole, 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, me:hoxyf ethoxy, isopropoxy,

30 trimethylammonium (preferably with an iodide or -
chloride counterion), methoxycarbonyl, ethoxycarbonyl,
formyl, acetyl, propanoyl, (N)—hexyldimethylammohium,
hexylenetrimethylammonium, tri(oxyethylene)iodide, 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
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It'", RRRR5 (RF)q Ethyl HO Ph- 7-nethyl n-propyl H p-F-Ph- 7-ethyl
n-butyl mF-Ph- 7-iso-propyl n-pentyl p-CH30-Ph- 7-tert-butyl n-hexyl
p- CH30- Ph- w4 fddiesh SO- Propyl m CH30-Ph- 7-OCH3 iso-butyl p gﬁgsggﬁ%gl

P- ( CH3) 2N- Ph- 77--0(|SCH350 ProPYl) CH2C(=0) C2H5 m (CH3)2N-Ph /- SOCH3
CH2OC2H5 |-, p-(CH3)3-N -Ph- 7-SR2CH3 _CH2CH(OH) C2H5 |-, m (CH3)3-N - Ph-
7- SCH2CH3 CHZO(4-pi coline) I-, p-(CEB)3-N -CH2CH2- 7-NH2 ( OCH2CH2) 2- O Ph-
7-NHOH |-, m (SH33 &N onCHREiehy TerdhiChidn z ¢aCHAGH2) 2rCoPher 7- N(CH3) 2 | -,

E)N'(;\I ('\J:z?(cNJI(:l(azc}é%a%ic %I'ﬁ%tc%ﬂ%%eraéh&mw ) %emberiﬁ N
7-N (Me) 2CH2CCR#ing) dinfeBh{t @i pereshvhere (& REMRGESHoFiR -  Among
(N) - CH2- ( OCH2 GRaPonBrds? whbh azfld Bebp Gh-cahr W) demoeshydwabttcdi nium  mF,
D N By l_h%vep;,,oxsgrﬁ}ém/' AP {5 é\glcfwﬁ%@heemmﬁﬁg{m 5mF Ph-
(N)- N met hyl Pmmmléﬁnérmfmﬁﬂ A umch R’ r\PﬁthwS §eE)§F‘F | -
(N)- N - et hyl pid18132 bneluardﬂfelr@ﬂnem7fl(kwrdﬁhenghlﬂ-lﬁ92c- Ph-
et hyI pi per aﬁ'n néro@yph%ﬁ&Fnyl hyd¥'|ox{/phenyl p-methoxyphenyl, m-
methoxyphenyl, p-N,N-dimethylaminophenyl, m-N,N-
10 dimethylaminophenyl, I~ p-(CH,),-N"-phenyl, I  m-(CH,),-
N'-phenyl, I° m-(CH,),-N"-CH,CH,- (OCH,CH,),-O-phenyl, I" p-
(CH,) ;-N"-CH,CH,- (OCH,CH,) ,-O-phenyl, I m-(N,N-
dimethylpiperazinium) - (N') -CH,- (OCH,CH;) ,-O-phenyl, 3-
methoxy-4-fluorophenyl, thienyl-2-yl, 5- ' |
15 cholorothienyl-2-yl, 3,4-difluorophenyl, I  p-(N,6N-
dimethylpiperazinium) - (N') -CH,- (OCH,CH,) ,-O-phenyl, 3-
fluoro-4-methoxyphenyl, '-4-pyridiny1, 2-pyridinyl, 3-
pyridinyl, N-methyl-4-pyridinium, I~ N-methyl-3-
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

7-
7-
7-
di

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 @- or both in:
B-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*.

3
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5-Cl1-t hi enyl - 2-yl
7-(2)-thiophene

00/ 01687 ROlblzeY/ 12828 87 8- net hyl
8-CH 8-0CH3 8-Q(iso-propyl)

7-NH CBZ 7-NHC(0) C5H11 7-NHC (0) CHz2Br
conti nued next page...

B- et hyl

8-1iso-pr
8- SCH3 8- SOCH3 8- SO2CH3
)31 8-NHC(=0 CH3 8- N(CH2CH3) 2
8-(N)-azetidine

8-NHOH 8-NHCH3 8-N(CH3)2 I" 8-N (
8- NMeCH2CO2H 8- N ~Me) 2CH2CO2H, 1" 8- - mor phol i ne
8- (N) - N-net hyl aabledixi Lrdtdrnat8veNR- pyoumd | di ne

O\\ I/O

4
R> 6 R
R
R*,R* R3,RY R’ (R*) g
Ethyl HO- Ph- 7-methyl
n-propyl H- p-F-Ph- 7-ethyl
n-butyl m-F-Ph- 7-iso-propyl
n-pentyl p-CH;0-Ph- 7-tert-butyl
n-hexyl p-CH;0-Ph- 7-0OH
;so-gropgl m-CH,0-Ph- 7-0CH,
iso-buty - YPh. 7-0(iso-propyl)
iso-pentyl p- (CHy ) ,N-Ph 7-SCH, propy
CH,C(=0) C;Hs m- (CH;) ;N-Ph- 7-SOCH,3
CH,0C,Hg I p- {CH;) ;-N*-Ph- 7-50,CH,
CH;CH(OH)?;H;l I, m-(CH;);-N‘-Pb- 7-SCH,CH,
_CH,0- (4-picoline) I°, p-(CH;)4-N*-CH,CH,- 7-NH,
(OCH,CH;) ;-0-Ph- 7-NHOH
I, m-(CH;);-N"-CH,CH,- 7-NHCH,
(OCH,CH,) 2-0-Ph- 7-N(CH;) .
I, p-(N,N- 7-N"(CHy)y, I°
dimethylpiperazine) - 7-NHC (=0) CH,

(N' ) 'CHz‘ (OCH;CHZ) 2'0'
Ph-

me(N,N-
dimethylpiperazine) -
(N’)~CH,- (OCH,CH;) 20~
Ph-

m-F, p-CH,0-Ph-
3,4,dioxymethylene-Ph
m-CH,0-, p-F-Ph-
4-pyridine

N-methyl-4-pyridinium, I-

3-pyridine

N-methyl-3-pyridinium, I°

2-pyridine
p-CH;O:C-Ph-
thienyl-2-yl
5-Cl-thienyl-2-yl

SUBSTITUTE SHEET (RULE 26)

7-N{CH,CH;) 5

7-NMeC1~Iz(;02H

7-N*Me) ,CH,CO,H, I°

7- (N} -morpholine

7-(N) -azetidine

7- (N} -N-methylazetidinium,
I-

7- (N} -pyrrolidine

7-(N)-N-methyl-
pyrrolidinium, I~

7-(N) ~-N-methyl-
morpholinium, I~

7-(N) -N' -methylpiperazine

7-(N)-N'-
dimethylpiperazinium,
I-

7-NH-CBZ

7-NHC(0) CgHy;y

7-NHC (0) CH,Br

7-NH-C (NH) NH,

7-(2) -thiophene

continued next page...

7- NH C( NH) NH2
SUBSTI TUTE SHEET (RULE 26) WO

Whsdiadd'

- but yl
8- NH2



8-(N) - Nl-rrethyl pyrrolidinium I' 8-(N)-Nnethyl- norpholinium I’
8-(N)-N -net hyl pi perazine 8-(N)-N dinethylpiperazinium | 8-NHCBZ 8
-NHC (0) Csidboo1&s7NHC( O CH2Br 8- NH C(NH) NH2 8- ( 2) - t hi opeeus9snemzait i nued
next page. SUBSTI TUTE SHEET (RULE 26) WD 00/01687 PCT/ US99/ 12828 88
9- et hyl o- ethyl  9-iso-propyl 9-terf-butyl 9-OH 9-OCH3 9-0(iso-propyl)
9- SCH3 9- SOCH3 9-SM2CH3 9- SCH2CH3 97\|H2 9- NHOH 9-NHCH3 9-N(CH3)2
9-N (CH3)3, |- 9-NHC(=O)CH3 9- N( CH2CHB) 2 8 metnyl
g-iso-propyl
g-tert-butyl
8-OH
8-OCH;
8-0(iso-propyl)
8-SCH;
8-SOCH,
8-S0,CH;
8-SCH,CH,
8-NH;
8 -NHOH
8-NHCH,
8-N(CHj);
8-N*{CH3)y, I°
8-NHC (=0) CH;
8-N(CH,CH;) 5
B-NMeG-IzcozH
8-N*‘Me) ,CH,COH, I°
8- (N) -morpholine
8- (N)-azetidine
8- (N) -N-methylazetidinium,
a-(g)-pyrrolidine
8- (N) -N-methyl-
pyrrolidinium, I°
8- (N} -N-methyl-
morpholinium, I°
8- (N) -N’ -methylpiperazine
B-{(N)-N’-
d?mechylpiperazinium.
a-né-caz
8-NHC (0) CgHj,
8-NHC (O) CH,Br
8-NH-C (NH) NH,
8- (2) -thiophene

continued next page..
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9- NMeCH2CO2H 9-N (Me) 2CH2CO2H, - 9-(N)-norpholine 9-(N)-azetidine
9-(N)-N-net hylazetidinium | 9- (N) -pyrrolidine 9-(N)-N nethyl-

pyrrol i di wiowooids7 9- (N) - N-net hyl - nor pholinium - 9-(N) pirudsihasspi perazi ne
9-(N)-N dinmethyl piperazinium | 9-NHCBZ 9-NHC(0)C5H3.1 9-NHC(0) CH2Br
9-NH C(NH) NH2  9-(2) -t hi ophene 7- 8-0CH3 7-SCH3, 8-0CH3 7-SCH3,
8-SCH3 6-0CH3, 7-0CH31 8-0OCH3 SUBSTITUTE SHEET (RULE 26) WO 00/ 01687

PCT/ US99/ 12828 89 Further preferred conpounds cgfzgmé present invention
conprise a core structure having two or nore pba{saéﬁe@hi cally active .
benzot hi epi ne structures as 5 described above, cosat-@ntrty bonded to the

core noiety via functional |inkages. Such acti \geg&;anzot hi epi ne structures
preferably comprise: 7 (R') g (0)" R g-g&:‘;so-pmpyl)
- 3

9-SOCH,

9-S0,CH;

9-SCH,CH,

9-NH,

9 -NHOH

9-NHCH,

9-N{CH,),

9~-N*(CH;3),y, I-

9‘NHC('=°)CH3

9-N(CH,CH;) 5 -

R 9'NMECH2C°2H

9-N*{Me) ;CH,CO.H, 1°

9- {N) -morpholine

9-(N)-azetidine

$- (N} -N-methylazetidinium,
I

9- (N) -pyrrolidine

9-(N) -N-methyl-
pyrrolidinium, I~

9-(N) -N-methyl-
morpholinium, I

9-(N)-N’' -methylpiperazine

9- (N} -N’ -
dimethylpiperazinium,
1-

9-NH~-CBZ

9-NHC (0) CgHy,

9-NHC (O) CH,Br

9-NH-C (NH) NH,

9-(2) -thiophene

7-OCH,. 8-OCH,
7-SCH,, 8-OCH,
7-SCH,, 8-SCH,
6-OCH;, 7-OCH;, 8-OCH,
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SRRZ (Formula DIV) RBRRs R4 10or: (R')g (On R7T e SRR (Formula
DVA) \ Rz RB RRss R4 where Rl, R2, R3, R4, R, R5, R, R, R8, X q and
n are as &fbdse,above, and R55 is ei ther a coval ent bopgT,ggggmkﬁg aryl ene.
The core noiety can conprise al kane diyl, alkene diyl, alkyne diyl,

pol yal kane diyl, alkoxy diyl, polyether diyl, polyalkoxy diyl,

car bohydr at e, anino 20 acid, and peptide, polypeptide wher ei n al kane diyl,
al kene diyl, alkyne diyl polyalkan E SHEET (RULE
'26) WD 00/ 01687 PCT/ FJS@"@‘}efzst%ef%Be%u °BB f/e? e‘rheolkg§§£ %%’fym koxy divyl,
car bohydr at e, aﬂvantacmcbompnispeptcmha ﬁ@ky99¢ﬂq(ﬁévhﬂantUBt?%nﬁﬁrﬁy have

one or nore Cargﬂgrﬁ§£%&¥¥%¥ Qct?@%1beuzgiﬁ¥%pﬁie s2@ucblZes &R RB, PR7,
P+R7RB, phenyl ehe

Sterocyal quat terocycle t ernary
heteroaryd, or dEWFlb%ﬂHearl@Vﬁ aFR}i‘ﬁJeer&l I goé‘ii?(cg 3’% : aFE@%eetaﬁ
pol yal kane diyl yial K@mytncbr;all lpakygéder sdiil actlp@I ;b@mlz@%?l@lpwe

carbohydrate, a il LLde; dgpol ypeptide can be substituted
wi th one or nnrgkpgcggtlt ent grou igpﬁgeSendently sel ected fromthe

(Formula DIV)

10 or:

(Formula DIVA)

S [ 7

where R!, R?), R*, R, 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

SUBSTITUTE SHEET (RULE 26)



group consisting of alkyl, alkenyl, alkynyl, polyalkyl, polyether, aryl,

hal oal kyl, cycl oal kyl, heterocycle, arylal kyl, hal ogen, oxo, OR13,

NR13R14, ¥o®Rié; S(O RL3, SO02R13, SO3R13, NRL3OR14, NRIZNRIARIRs 13,

1314, 1314N02, CO2RCN, OM SOQ20M SO02NRRC(O NRR, C(O OM COR13,

P(O R13R14, P+R13R14R15A-, P(OR13)ORL4 , S R 3R14A-, and N+RORL1R12A- 1

wherein said al kyl, al kenyl, al kynyl, polyalkyl, 20 pol yether, aryl,

hal oal kyl , cycPé%} kyPolygicherhdi och,lIY@lésam’b@thrtmbmggteut e](cj VOVI?'[7h one
St tagiddu S r afihpg o ,

or nore subst khugdta@DURSA géﬁ@i@%?ﬁ%ﬁ@@ﬁbﬁdg Otbh SHHi%n N2R7R8R9A-,

NR7R8, SR7, S(QOR7, S02R7, S03R7 2 CN,, ox0, 8
al kyl , al kenyl l,%\é% %rl‘ﬁ(yoﬁ‘—yjmf:rSrﬁ?lfbo&flegglhﬁﬁ?,bf’f‘ue(?’er@(ﬁg?}zar vl al kyl |
quat ernary het 820cSR4 e S §iRat RRiar p+ReRer qelrery lene,0 heRER8cyFeR7RSA , and

P(O (OB ) ORBgusdikndier dlebesddysbial Khharabkeny nedddogpsh, Bel val kyl,
pol yet her, ar;%lqu lhaI oal kyl , cyc}lqzoal kzlﬁl , and 30 heterocycle can optionally
have one or rm?%'c’arbons replaced by 0, NR7, N+R7R8A-, S, SO, S02, S+R7A-,

PR7, P(0)R , P+R7R&&reipraphoryidéwé. EXeerpd atdylcored kyneeties, i ncl ude:
SUBSTI TUTE SHERI] yaRWalhe26) y WO D687y PCTAAISANHA828 191 R26 R25.1 R27 5
27 6 R2RO ééf%al%%xy diyl, carbohydrate, amino acid, peptide, B
10 and polypeptide can be substituted with one or more
substituent groups independently selected from the
group consisting of alkyl, alkenyl, alkynyl,
polyalkyl, polyether, aryl, halocalkyl, cycloalkyl,

heterocycle, arylalkyl, halogen, oxo, OR13, NR13R14,

15 sri3, s(o)r13 3, so3r!?, Nr130r14, NrI3NRr14R1S,

13Rl4,

p SOzR1
NO2, CO2R*3, cN, oM, so,oM, sooNrI3R4, c(0)NR

c(o)om, cor??, p(oyr*3r%, p*R13r1%R15A-, P(ORY)OR™,

S'RPR™A", and N*RPR11Rr12a-;
wherein said alkyl, alkenyl, alkynyl, polyalkyl,
20 polyether, aryl, haloalkyl, cycloalkyl, and
heterocycle can be further substituted with one or
more substituent groups se;ectéd from the group

7 7

consisting of OrR’, NR'R®, sr’, s(0)R?, sosR’, SOsR’.

cozr’, cN, oxo, coNr’R®, N*R7R®R%A-, alkyl, alkenyl,
25 alkynyl, aryl, cycloalkyl, heterocycle, arylalkyl,
quaternary heterocycle, quaternary heterocaryl,

P(O)R'R®, P*RR®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, sos, s*rR7a-, PR’,

P(O)R’, P*R’R®A-, or phenylene.

Exemplary core moieties include:

SUBSTITUTE SHEET (RULE 26)



27 00)i'-- 103 Re 150 S| 27 Rea k R29 20 4 R2 kR27 25 10
wherein: R25 is selected fromthe group consisting of C and SUBSTI TUTE
SHEET ( RUL égim 00/ 01687 PCT/ US99/ 12828 92 N, and R2fpcwmuidedss are
i ndependent el'ected fromthe group consisting of: 5 R30 (O X 1| 1
-N, =N, -0-, -S, -S, -CH2 O. 11 Rat Il S~S~ 10 -C, -C, -CGO
-G, -i+ 12 R30 Rai -Si- 15 -NH-NH 91-NHS®2- , and -N =NH ~

5
' 27
26 o]
R/\’Q \/%O/\) ,
26
27
¢}
. o]
k
10 ' 3
RZG
o) (o]
e ™~ \/\Rn
28
R K
) R29
20 4
27
25

i0

wherein:

R*® is selected from the group consisting of C and
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132 R NH2 13 20 wherein R26, R29, R70 and RJ1 are independently selected
fromal kyl, al kenyl, alkylaryl, aryl, arylalkyl, cycloal kyl, heterocycle,
and het elpGYelseal kyl, A is a pharmaceutically accept algl‘n_g %%I % and k =
25 1 to 10. In conpounds of Formula DIV, R0, Re1, R22 ifVUePfitfae DI and
DiIl, and R21 in Formula DIIl can be bonded at any of their 6-, 7-, 8-, or
9- positions to R19. In conpounds of 9Forrmula DIVA, it is preferred 30 that
R55 conprises @,phenyl ene noiety bonded at a m or p-position thereof to
R19. In anot her enbgdi nent.,,a core noi ety backbone, R19, as discussed
herein in Formulas Dl aBHdRDI #¥e cHhfensedenrLy pFSL aqfisst fr8PePSri th nore than
four pendant 3§reavpi venbesizotdicgpi ne units, i.e., R20, R21, R22, and R23

as di scussed above, through multiple functional groups SUBSTI TUTE SHEET
(RULE 2%) WO 00/ 01687 PCT[US99/12828 93 wi t hip,the core noiety backbone.
The cor€ noiety backboRé unit, R19, can corrpr(l gé a single core noiety

unit, nultiners thereof_l _and___,qL_JI ti_rEi;ri c rg xt urés of_Cl_:]rige diffegent core

moi ety units discussed herein, 5 i.¢.: altone oP’i'n conbi hati on. The nunber
of individual core noiety backbone units can range from about one to

about 100, preferably aboutO one to about 80, nore prgeferably about one to
about 50, and even nore prlpferaﬁly ap ut oneSto about 25. The nunber of 10
poi nts,gf attachment of sig@lar_gr dif gbe_nt_g)_enda.n.t_ Active benzot hi epi ne
units within a single core noiety ‘'backbon€ unit can'\te in the range from )
about one to about 100, preferably about one to aboRato 80, noiz

R3‘|

| . l
1s .__sl,i~ -NH-NH-, -NHSO,-,and —IT =NH

R32 : NH2 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 l 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
R”. 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 DI 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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preferably about one to about 50, and even nore 15 preferably about one to
about 25. Such points of attachnent can include bonds to C, S, 0, N, or P.

wi thin anywefelo@s 9r oups enconpassed by the definition gérdk9128he nore
preferred benzothi epine noieties 20 conprising R20, R21, R22 and/or R21
conformto the preferred structures as, outlined above for Formula I. The
3-carbon on each benzot hi epi ne noi ety ¥an be. achi ral, and the
substituents R iRRinRhe RéordRmodedy ReackimmebeThel @nteetiofeom t he preferred

groups and 25 c rrbﬁ% atlon ltof Rsub%taht gg‘ggﬁgsgs dg§§g§%1@bgg§etﬂ'he core

structures can rse, Mror exdnp Xy ne) or
ol i go(oxyal kyl enajit, empbeingts thﬁé‘??f cﬁndolmf"éﬁ ‘(‘%&%}e 8ReS U pol y- or
ol i go(oxypropyl ene) di BfeFamAgRSe FOL6LY atniassdisndssRoubesedt, Admi nistration

The ileal_bile acid transport .inhi mMpoypgdsyudfert B present i nvention
can be adhi nistér&a’ fo?o % & m Ig R#gérg%tsl%glnd treaturrerft of hyperlipidemc

di seases 35 or doddiifems W%Wlﬁé}in%a‘:kﬁ%oé‘?elﬂ‘ﬁbﬁl "(ﬁnalran?ﬁa TOhr oduce
contact of thesgpeaEPOMAIGs, WHduet heby ﬁﬂéf@r@bly&l&ﬁl’lﬁTléUEEtGHﬁﬁlﬁt( RULE 26)
WO 00/ 01687 PCT/8 899/ 12828 94 .9 (}3’tl outl.Qa h‘EonQé’ut fyy exan&in the ileum
of a mammal, e: T S5 Yt AR pFophylaxi's_or treatnent of the

condi tions ref emped Pm%ﬁi@h&l}’ tahéuéoﬁ%%)l}r?d§b8fltt?l% Fhsr BYBRET iHvent i on can
be used jgs the ema@slrtslf rae;rcaielmenehaf rmautatccaklmmmapéndm ts are

particularly swt bl e d ical a £aki.a08 Qesc%% cBEetrF&erc reater
aqueous sol ubi | ng Yel a?’?‘zvoe l‘apflﬁle 8 %flr ent conpound.” Such salts rrygljst
clearly have a backbone unit can be 1n the range from about one to

about 100, preferably about one to about 80, more
preferably about one to about 50, and even more
15 preferably about one to about 25. Such points of
attachment can include bonds to C, S, 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 oligo{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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10 pharmaceutically acceptable anion or cation. Suitable pharmaceutically
acceptable acid addition salts of the conpounds of the present invention

when possiwg @midshc! ude those derived frominorganic aci %E'T"E?&B”%S
hydr ochl ori ¢, hydrobrom c, phosphoric, metaphosphoric, nitric, sulfonic,

and sul furic acids, and organic aci %}? such as acetic, benzenesul fonic,
benzoic, citric, ethanesulfonic, fumdaric, gluconic, glycolic, isothionic,
| actic, |actobiaenion imlthe bodgl i for evaimpideesn! ivaiLlewued ki c, .

tol uenesul foni ¢, taftar i%, Onapd,trifluoroacetic acids. The chloride salt
is particularly preferred for nedical purposes. Suitable pharmaceutically
accept abl e base sal FQrithe wIerhyh#pi wh SaFesment |Qf ithfetal salts such as
sodiumand 1 poehassics SRifegreantb aldoalel, neheatdtpanidss cfueheas 25

mgnesi ym and gal Lpm 3L The, nions o Lhe, deldpidian 4t & in the
present ~ invention are, of courSe, also required to be pharnéceutically
accept abl e and are Bpaignasemsécably rasiperthblabsdtts iai® 30 The compounds of

]Ehe prfesent aneﬁtima&alry Eﬁit@é%%ﬁﬁeﬁﬁbhlaépﬂci(ﬁﬂi@ﬂseféaéﬁéér inbt he
ormof a phar tic nposi ti on. .carrier st, .of , course, be
acceptable in f’gg&g%lnrseq%gfggléi%%uecoélr?pgf)l{ﬁsé lWﬁEJtair'%vc?t &r tF‘F’igredi ents of
t he conpositi oR2ERRE AKFPC38dnotSurh galesembistisciennliye haa'gi pi ent. The

carrienocan bgharmiddutiealdylicpigtable BAiOn @Nddts der.ef enabhyle SUBSTI TUTE
SHEET (RULE 26), WD 00/ 01687, PCT/ US 2828, .95 r.mul at t he conmpound)

as a unit- dosePPEHMRs oS tlFS%}yf%?ceéjggﬁ%Fe?cédt%&éie l,or\/ﬁfa‘gﬂs\(,:mﬁ%hi%%t ain from

0.05% t o0 95% bgomrdujids of the prssens éompouieh wherh@osshiieuacol ogical ly

active substanges1 e tAbe B€rived from inorganic acids, such as
hydrochloric, hydrobromic, phosphoric, metaphosphoric,

15 nitric, sulfonic, and sulfuric acids, and organic
acids such as acetic, benzenesulfonic, benzoic,
citric, ethanesulfonic, fumaric, gluconic, glycolic,
isothionic, lactic, lactobionic, maleic, malic,
methanesulfonic, succinic, toluenesulfonic, tartaric,

20 and trifluoroacetic 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 liquid, or both, and is preferably
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5 present, including other conpounds of the present invention. The

phar maceuti cal conpositions of the invention can be prepared by any of the
wel | knowny, (@ﬁhﬁ;ques of pharmacy, consisting essenti al pyrr@oonnaghn xi ng t he
conponents ese conpounds can be admi nistered by any conventional
means avail able for use in conjunction_ with pharmaceuticals, either as

I ndi vi dual therapeutic conpounds or a2 a conbi nation of t herapeutic
conpounds. is Thgrmaapityd Qﬁtﬁomnpumﬁ¢MMndrassa negti-dedet o  achi eve the -

desi red bi ol ogi cal _effect f ur se bl@ecpera,@l1 eR aaﬁumaﬁf factors
such as the speEPfPe® ulorr’ri'p\g%%l (ac()"am 18" Qh%a e for .whi ch it i nt ended,

the node of adfitainsd 105t A, 9ThPHt W@lSPFn?fcaFlhec&‘f&ﬁ?’Foﬁo‘B?o t he
recipient. In g@@ﬁéﬁ'pha&maabic}’gldﬁi&ycaﬁtb& isukstancengeanfalfa &@@ about 0.3

to about 100 ny body /day r forfoghab 18 élng‘rg to about 50
ng/ kg bodywei gﬂfgil%\y, ﬁﬁ?g T grtaelr‘)yg;ﬁ% out . toBab% 25 10 ny/ kg

bodywei ght/ day. iffhest iost al Tmmqﬁm@ge%aﬁabéow%ﬁe%r% B the patient
in a single do§§ve&rldnncagr&p reparatiebindry pife thebdeddskn@abdoses can be

adm nistered 2 to 6 tines C ) §g§§ ngd rel ease form
effective to obf%\?li‘imdﬁlflsr 88 I?’}egscﬁll @83856‘91’%9 &dm nistra I e unit dose

formul ati ons, sadhixing thbl eempamentgpsul es, can contain, for exanple, from
about 0., to about If{}seUcshp QB0 AR Bk Nedrionpaerdd bpr efer ably about 1 to

bout 75 f d 35 t 50 f
Conpound. 1t FENEaSaCHr. R BRRRT EBI Ty e Ca 2h & B e 20 9 °

ce e salts, the
SUBSTI TUTE SHEEWlt(lRm_rErmeytemM%lss?h%ﬁ%%@ﬁl’z g»al &h erapeutlc

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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wei ghts indi cated above refer to the weight of the benzothiepine ion
derived fromthe salt. Oal delivery of an ileal bile acid transport

i nhi bi t or W¢1 00{0hé87 pr esent i nvention can include 5 fornul agdaise g are well
known in the art, to provide prolonged or sustained delivery of the drug
to the gastrointestinal tract by anyggunber of mechani snms. These i ncl ude,
but are not limted to, pH sensitive el ease fromthe dosage form based on
t he changi ng pMeightt ihdicawdd dbdvestrefier b wvheemesigbh of the abl et or
capsul e, retenty LD t d t sical properties of the
formul ati on, b}bgggﬁggf%)ﬁf%? P‘tgﬁgﬂa ogggef?g?ré%o sﬁ%'rrucosal lining of the
intestinal tract, ofFahAeetvery dfeageideal Rilectdcie E52RFRRFY rom t he -
dosage form THahibiesoflesf efHedrdsentoinexitteith idan tindkuderi od over which
the actiye dru [ Y . S act | - il eum
by mani pétjl ati O%OEEB %ﬁgwggss'aaaesdg éjremweigu%’?c’&gﬁlrgrt?%- gggt e%é 3%3%33

ent eri c- coat edPEBRPRIFT RF retssad@eso de bivematqlofeafeus thithet he scope of

the present i paettoimtesfiidabltaaeht By &nE QAinbeds of nfabtttkeni sael.| ul ose

acet at e pht hal p EA t t t -

hydr oxypr opyl rrg%lﬁﬁ? cgﬁﬁmdc%e%gﬁt %%?a?gpa%%ﬁ%oﬁioé gl §/€?rr\§,‘5rlst.lc‘)’fa met hacrylic
aci d and met ha&®yfase Expm&he dospge Ee¥ebasgse fradhe nfRangiag pH

i nt ravamousl| y, of hehelasmldaintefs@inexasgpdbwe et ion bliearedgietobrf r om about

about 0. 35 o/ i Rey GELSRE o 3ottoc ey piBeE N el oht Trore
preferably froRfebeifnl @rePegrigsbefythediqgmulesiapoubicrdhesgrrgobody
wei ght. This dese dmiageb@ogantentrat hycoudll Niisk agedt asmean i nfusion of from
?Pn?ﬂtsi ég ??Crg}é‘p‘g%tti\g%{lgq%g%gf ﬁ?gu%%%}%gartg%/sg%%g%g%o% a:k%?ta‘rcgg‘rrﬁyaprgltg; from
about @51 ng t¢rug from the dosage form. The intended effect is to
extend the time period over which the active drug
molecule is delivered to the site of action (the
ileum) by manipulation of the dosage form. Thus,
enteric-coated and enteric-coated controlled release
20 formulations 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 admipistered intravenously, the dose can,
for example, be 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 body
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
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about 10 ng, preferably fromabout 1 ng to about 10 ng SUBSTI TUTE SHEET
(RULE 26) WD 00/01687 PCT/ US99/ 12828 97 per mlliliter. Unit doses can
contai n, fwapodoigeipl e, fromabout 1 ng to about 10 g of rchesvorgdund of the
present invention. Thus, ampoules for injection can contain, for exanple,
fromabout 1 ng to about 100 ng. 5- Pgarmaceutical conpositions according
to the present invention include those suitable for oral ctal,

topi cal , buccal pée.millidibkernguhyt dases par &iffer&n  (£9%. exag’ﬁgﬁut aneous,

i nt ramuscul ar, ff&ﬁ rAgdeiMl mgOfo | d¥diAvenoysyf ate rbspoatd aif, thet hough 10

the nost suitable route in an gi ven ca e on dnhegpature and
severity of thep’tﬁﬁfd?ttl(ﬁ’?feﬁéﬁﬁﬁ ﬁﬂ"zf‘t’ 8‘“8%“&‘*?’ egga?ure of t he

particul ar conpoemthimhifolr esabplelg frsadabewr fpde £9s@0ut HA%pP8f err ed
route of ;adm nistr atr’rfé'}nﬂa%e%%al 1&nigbak BRessitdcealrdtagpasittieons sui tabl e

for oral  admnistration can nted in di e [ such as
capsul es, caché‘?rsesqr’(’f'zéﬁb'sgmlf}? f‘h@“@ﬁ H%%le Sul%%%?él ﬁ%g&%lpredeterm ned

amount of at | eastradne topémpdunehagalt He - pr estil ingveht i i as a powder or
20 granul es; aspaare?&'e'ifa'loreeoé A SUSRRRSESDS | mr&&aaque@m or Nnon- agueous

liquid;, or as an 0| i n-yatef or_ water- | cated, such
conposi ti ons caftind ggr 8y b?/t’ffn‘ifngﬁfk a%‘?mml P%Ogi&? aﬁﬁh ogh whi ch

i ncl udesot he st ofostr sngtaglé maoitassochay i Biverheass 11 \B&PEBfRpound( s)
and the carrierg{ WHCha¢dRe Sﬂcﬁlséé\;éitl%y()@? e BAMEi8LERISNINY | ngredients).

adri i ng. ¢ he S DSy S0 ar S HLRTES Y MU GLTLY A gt el Y
carrier, or botWhichnds3bethenused. né@eslgatycamaplthg Pﬁ%f?ﬁr@éuct For
exanple, a tablglCaf REmPAERAF A Y 1608BEESSi ng or nolding a
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 comppsitions can
be prepared by any suitable method of pharmacy which
j includes the step of bringing into association the
25 actlve compound (s) and the carrier (which can
constitute one or more accessory ingredients). In
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 g
one or more assessory ingredients. Compressed tablets
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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powder or granul es of the conpound, optionally with one or nore assessory
I ngredi ents. Conpressed tablets can be prepared by conpressing, in a

sui t abl e MRRYHES? 35 the conpound in a free-flowi ng for MCRURNZIS a powder
or granules optionally mxed with a.binder, lubricant, SUBSTI TUTE SHEET

(RULE 26) WD 00/01687 PCT/US99/ 12828 9808 inert diluent and/or surface

~activel/ di spersi, a ) | de et #@%e! nolding, in a
sui t abl e machi ﬁgl,%rtthgqggé%%rae!wggn?%%%engﬁggg%égﬁ t n inert liquid
di l uent. 5 Phamggssus) cal Mebifsosrbiens Am LgbMmade oPY HIRICHING /( 4fiba| i ngual )

adm ni strationguighbde hOASIIEES the Opdwdeiedd camp iR uhsh stferielde wptRS ent

I nvention in aanf li‘%\é%egi baisde,di_uuslle;nl | y sucrose, and acacia or tragacanth,
and pastilles coOnprirsing e conpouhd in 10 an inert base such as gelatin

and glycderin or sucPbstmacgutigedctempdidionseauicable dagoducicahs suitabl e

for parenteral(sagdnl Dhghd At i2Qihi 6 OEVEIY it liNMcEOaRr iSgendeeer i | € aqueous

preparations of a d of the.15 present inventio These_preparations
SEPREPL G S

co C:CL) rcl)una re inyvention in a'. .
are preferably QEhi AT et o&?l ? 3F?’f‘|oug adfi™ni*St fation  can

al so be effect édavgradapasef usubtly anerese. Rndragasiauloar, or intrader mal

injection. SucBraghe€Rati! i3S pEani I @BmBRY EYnder iy @dnBy iadm xi ng 20

t he commound wi t h, wat er, and regderlnq t he reau% |c_[1 ., solution sterile and
[

i sotoni'C with tRe*BFBod2"S AERt 2BIFF-E5APosPL Pdi fYEB8°% he

invention wilBndeaeaaidy contain from0.1 to 5% ww of a conpound
di scl osed herein. 2fpfhpidReedll C@impfeRIR9shli st tid gbke for rectal
adm ni stration are tgr ef era%bIiéig{zt_aasteirétnegog\sreggéééldosc%m supposi tories. These
can be prepar eB*bFPEEANXIATT Yy compri
sterile aqueous preparations of a compound of the

15 present invention. These preparations are preferably
administered intravenously, although administration
can also be effected by means of subcutaneous,
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
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conmpound of the present invention with one or nore conventional solid
carriers, for exanple, cocoa 30 butter, and then shaping the resulting

m xture.- Rby@womagseuti cal conpositions suitable for topi cacTusgpazgati on to
the skin preferably take the formof an .ointnent, cream |otion, paste,
gel, spray, aerosol, or oil. Carrier®swhich can be used include vaseli ne,

35 lanoline, polyeth ne, £ Ls_.a Szt banssof two or
mor e t her eof . Th%émggfx%’gels %ﬁé&%ﬁﬁ@‘ﬁ%&f ¢ ﬁu{%oze) N5 007 01057

PCT/ US99/ 12828 39mc 8rpotmd Siss denef dihey cprasehtiolt: £ Fof¢a8MPTati on of
fromO.1 to 15%sMom ofstte 2gQnposition, for exanple, fromO0.5 to 2%
Transdermal adm nistration is,also. possible, ESEQQ&F§Eﬁ££b§él conposi tions
suitable for transdermal Admi ni's ration can be presented as discrete

pat ches @dapt e®Phegmpeens italn cPnPesitienSoAEAEEPYF thPH K& 2RERFHB*hi s of the
recipient for apmehoseectiperted ¥ prdsente8Sush diaiafess pattaddy contain a

compound of the L0_pLesent, oyt ondin.20 gabignallibubter ed, agueous
sol uti on, dissolvea and?or H?Sperse_ i'nan adhesive, or dlsgersed in a
pol yner. A suit gbiéermir &t thei BecirienthéCacti P BIATSURETES dbout 1%t o
35% preferablytiaboutsid® pacdhde Asicemeypadhtsin & qeopsubd| of ythd he 15
conpound, gan be delLyeralnt0h e BRLER : BYa bl BUAIRREP b is
i ont ophoresis, for exanﬁ1e, as déscrl.eé.ln arnmaceut i cal” Research, 3(6),
318 1(1986). |nsahytiemse disheluedand/or 2é6P9ESshdredeAtREREYS 20 can be
conbi ned with cairéespdmled inl & polye@duUCh Buisiblgl ectesageatosmm to be
admi ni ster ed wi Ll val v, d50e0ghig. P9l LBELLORM dd SRaedpaReidin par ti cul ar
nmode of admi ni strarion. T

about 3% to 15%. As one particular possibility, the
15 compound can be delivered from the patch by

- electrotransport or iontophoresis, for example, as
described in Pharmaceutical Research, 3(6), 318
(1986) .
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 solid 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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The solid dosage fornms for oral adm nistration 25 including capsules,
tablets, pills, powlers, and granul es noted above conprise one or nore
conmpounds W§? 00/00482 present invention adm xed with at | eastcroussyizesr t
di l uent such as sucrose, |actose, or starch. Such dosage fornms may al so
conprise, as in normal practice, 30 adgh tional substances other than inert
diluents, e.g hricatin ents such as nmagpnesium stearate. In the
case of capsulé§ﬂ*#ﬁﬁpétssuébﬁﬁ%ﬂqqs SVﬁBpﬂos§%% %dﬁﬁg ﬁﬁﬁt%ﬂQ%Egconprlse
buffering agent:smerfadllétzsnmoqumdrﬁy candaiddi thereait!, ysbehpasapar ed with
enteric coatinQgtedd ngé%dcm«% AL foa(lscgag can

C > STRE Tugr%j‘%{jé‘é‘% (RULE 26)

I ncl ude pharnaceuti caII acce table enmu s ons,

WD 00/ 01687 PCFMG 9?1‘2 ngl(?@eé‘ﬁlsut FBH%Sl%}LPsftﬂeﬁé’i §YSPeR4iNE, and elixirs
contai nihg i negendsl uamd ssveemEninyg , uSbavorindie and pesbabi®ys Water. Such
conposi tions mMay.akgo conprise adjuvants, such as wetting agents,

emul si fying and susEendl nag:&lS agents, and sweetening, flavoring, and

perfum ng agents. f#ject eepﬁﬁéﬁéﬁﬁ%%ﬁvs £qrp e ¥@RRAB) eStegide | e

i nj ect abl e aquéngecoabld memuswuspe@im&: RpeasibRs rﬁtuaib@d according
Lo the known achriisi fudcAll:enlO:d! SPETSIAN, GLcoRLILICAUSHYS and
e steri | ec D

suspendlng agent s |'e"~ prépara n nay ano be a

steril &% nj ect bFREEANS iBn SGFtéﬂgp@%%IFfeﬁl gngl éusmﬁﬁé&g cagsmtenteral |y
acceptabl e di | Thatsweride dajectabDe sxepgdaicasmaysalsdimn ad n

L. S but aned ol o Aiprg 5 (he 360801 DL, WSMLELg3-a0d, Sglvent s that may be

errpl oyed are vvater Rin sol u I'SO
solution. In aRRREPHT ReFentrEally xagrensiabd eafd luent eo® isHaERy. enpl oyed as

a solvent or for example, as a solution in 1,3-butanediol. Among
15 the acceptable vehicles and solvents that may be
employed are water, Ringer's solution, and isotonic
sodium chloride solution. In addition, sterile, fixed
oils are conventionally employed as a solvent or
suspending medium. For this purpose any bland fixed
20 0il may be employed including synthetic mono- or
diglycerides. 1In 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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suspendi ng medi um For this purpose any bland fixed 20 oil may be enpl oyed
I ncludi ng synthetic nono- or diglycerides. In addition, fatty acids such
as oleic woodoiesnd use in the preparation of injectabl epcr/Bbsanzseceutically
acceptabl e carriers enconpass all the foregoing and the |ike. 25 Treatnent
Regi men The dosage regimen to prevent,iqgive relief from or ameliorate a
di sease condition haV|ngGQ%Rerli ema_.as_anp elenen of the di sease, e.g.,

at her oscl er osi s, P IGET 5t BLtD AFaithSt 26F Y Rat SFGFERSY hi gh
chol esterol pl aspmazmacbkmndthesreirsi wcbchCDhegrmqnfuﬁG§ olineHeor conpositions

of the present inventignyi éomﬁé&r%t&@lbpeaccw@@&eam&@admwew of
factors. These

I nclude the t sex, diet, and 35 nedi cal
condition of theSYSHFeRE, uFﬁ%léi‘ifeﬁg{dngetgﬁ’é the SEAERE e route of
adm ni stration, amra.niacelregl gal parSUBSTef Gfng SHEBLnaRUDE. 260hual 08¢ 01687

PCT/ US99/ 12828 il qe0nshd %ﬁté@dﬁlikl'cgm§§0}tr$@r@a‘}t'\f‘éﬂ’y‘#l&élfy' Gaay,

phar macoki neti cs an t ox rofil es of %rtlcul ar_.conpound .
enpl oyed, whet héhexedrEg ﬁ%Y’r"i‘/"eer ¢r°§y§lnen?¥% tf5ed 28§29 IMTE her t he
conmpound is 5 adwbtnifstehedbase part of a drug conbination. Thus, the dosage

regien actual |y emphgyed, iy, g i del ¥ gmer;th@eeiefgngﬂefwoatg fromthe

preferred dosage reg men above Initial great nt of a patient
suf feri n§0f r om &YPESLADHBETI §i RAGIE10BnARR | RFF TR H gF}He 79Cfe dosages
i ndi cat ed above.inBieatagnibsvoul crzganaeatlglhdnelcbgnhenub.‘dyat& necessary over

a period of Sevek ﬁltl}‘}ﬁggsasd'? c?e%‘é%%-g o@PtQSpé}rloﬁee?.ssé%fall wgks

hyper |l i pi dem c | sease condition s been control|ed oy, el mnated.
to several months or years until the hyperlipidemic
disease condition has been controlled or eliminated.

15 Patients undergoing treatment with the compounds or
compositions disclosed herein can be routinely
monitored by, for examplé, measuring sexrum cholestercl
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. 1In 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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15 Patients undergoing treatment with the conpounds or conpositions

di scl osed herein can be routinely nonitored by, for exanple, neasuring
serum chomastoeme? | evel s by any of the nethods wel |l knawrmsesiZss art, to
determ ne the effectiveness of therapy. Continuous 20 anal ysis of such data
‘permts nodification of the treat rren%oi;egi men during therapy so that
optimal effective anobunts of conpounds of the present invention are

adm ni stered at any BEAMPLES) OF SENTHERIC RROCEAPREHe durati on of treatnent
can be determned as 25 well. In this way, the treatnent reginen/dosing
schedul e can be_rationally nodified over the course of therapy so that the
| owest amount omm acid transport inhibitor of the present

i nventi on whi ch2-Bghibt 2 s(memyilokpme thyl Jdfed@pelvéhess i s admi ni stered, 30
and so that adm nistration is continued only so long as is necessary to
successfully treat, the hyperlipidemc condition. The follow ng
non-limting exanples serve to illustrat i ous aspects of the present

i nvention. SUBSTI TUTE SHEET (RWE 26) 00Md1687 PCT/ US99/ 12828 102
EXAMPLES OF SYNTHETI C PROCEDURRSsoPreparation 1

2- Et hyl - 2- (mesyl oxynet hyl ) hexanall ?‘}sz | CH3SO.. . CH2 1 OH 1 To
a cold (10 C) solution of 12.6 dP(0.11 f met hanesul fonyl chloride
and 10.3 g (0.13 nole) of o)

To a cold (10 °C) solution of 12.6 g (0.11 mole) of
_ 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
chloride 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
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10 triethyl am ne was added dropw se 15.8 g of 2-ethyl-2-

(hydr oxynet hyl ) hexanal , prepared according to the procedure described in
Chem Ber. 98 7&? 734 (1965), while maintaining the repctiismniesiperature
bel ow 30 YOI caction mixture was stirred at room 15 tenperature for 18
h, quenched with dilute HCL and extragged with nethlyene chloride. The

nmet hyl ene chloride extract was dried over MgSO4 and concentrated in vacuo
to give 24.4 g of brown oil. 20 Preparation 2

2 ((2-Benzoy| phenyt i aLge i ) 2octbyldmanal 2¢2) CH2 O O H 2

SUBSTI TUTE SHEET (RULE 26 /01687 PCI/U m xture of 31
g (0.144 nol) Ofmérc_apﬁgﬁgéfﬁ Sphgﬁ%%a% dprgggg%éﬁctc&o%eﬁ%o&g) t he

procedur e descr i faestedurdOiOSFidEE5 in2W0 3y 16052 et el B -1
2-ethyl - 2g (mesyl oxymihyh ) > hexanabx(hd chyld.-BegantD. 126, i @) gof

triethylamne, and 80 of 2- nethoxyethyl e ld at reflux for 24
h. The reacti on(%])&GUF‘BI%SOprHI"(S&gY%?%l%N %gil é%ﬁx?gact ed wth 300 nmL
of nethyl ene chlmstitdexyethel nesttier] wre Neldimtoreddurafer hd wddfed with 300
m of 10% NaCH, _dried,opeke MLSQA sapdusanGetir 3NeAC] navdicinr taatednove 2-

- =0 S )
Ve 205y (SoUfLss H0aE Ty SOBCHIOTE Sy bt TRUCE 98 W0 00/ 01687
PC / US994142828 dilbriSehtaper wasQwashed with 300 mL of 10% NaOH,
"’ dried over MgSO, and concentrated 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.
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R~ R HRRHR2 QS H2 - Pd/C 02S R6CH20OH NO2 R6-/NH xxry potassium
t-butoxide, THE 02 02 SR R /\\ |1l R /\\ RENR R6 HHOH SOH + i

i xxIxc MaeonossBSTI TUTE SHEET (RULE 26) WO 00/ 01687 PCTp&aAR34/1245%28 105
OASO N"OH i N\SOHO OH SUBSTI TUTE SHEET (RULE 26) WO 00/ 01687

PCT/ US99/ 12828 106 Generic Schene X R, F 1 Li2S, DVSO, heat S -- fwRZ
Rx I CHO 2. nesyl ate al dehyde, heat E?x

Scheme 6
6] . o)
Rl R’
H R? H R2
H2 Pd/C
| R6CH20H |
XXV

potassium
t-butoxide,
THF

N
H

=
=
=

XXIXc | XXIxd
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CHOf 1. butyl lithium PMETA, -40 deg C, THE 2. DVF DI BAL, THF, -40 deg
CRx -r--1 FPVETA=! NMiIN, R'INR2 S- R EBrPh3PBr, -40 deg C, S
R Rx CHO DWro#s01687 CHO Br OH MCPBA MCPBA = m chl or oper becroswenzes d 02 .\ R
2 RBB(OR)2, heat 02 ,~Rx S "~ RR2 R x Pd(Ph3P)4, Na2C8 Rx CHO Br

Et hanol , toluene, or DME RS or R5Sn23, heat Pd(Ph3P)4, solvent base R =
H or C -C6 alkyl (e.g., potassium t-butoxide) 02t Rx SR2 = SOHRS5
SUBSTI TUTE SHEET (RULE(®6) WO 00/ 01687 PCTNS99/ 12828 107 Generic Schenme X
The nucl eophilic sifssif tution of _an appropriately substituted

2-fl uorobenzal i ithr¥umsul fi de or other nucl eophilic sulfide
anion in

N

|

“,
”,
K7

OH

””'ln ..

E\z

N /8
NS

/ \O

OH
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5 polar solvent (such as DW, DWVA, DVSO etc.), followed by the addition
of dial kyl nmesylate al dehyde (X), provided a dial kyl benzene di al dehyde Y.
Dl BAL retgcdolopddy Of the di al dehyde at | ow tenperature yiphdedeybgnzyl

al cohol nonoal dehyde Z. Conversion of benzyl 10 al cohol to benzyl brom de,
followed by oxidation of sulfide tg.sulfone yielded the key intermediate
W The conpounds of this invention can al so be synthesized using cyclic
sulfate (XL, below) as the 15 reagent as shown in the follow ng schenes Xl

and XII. The follow ng ex i be a procedure for using the cyclic

sul fate as the reagent. %%%ﬂ%isﬁﬁﬁeg({ﬁ (RULE 26) WO Q0/01687

PCTI US99/ 12828 108 S%I@/@% R Rz SOCI2 R R2 RuCI& Nal04 R R2 OH OH
]/

0 00~ \ppiF 0 xt heg! | H%ongl JYPRY) g R5 (R')g R5 HO
PCC, CHI B l IIIA, SR doﬁ /O \9 3CH®12804 SR 0 JI2
MCPBA /j R aldenyde, hed
1. butyl lithium, PMETA,
-40 deg C, THF

2. DMF DIBAL, THF,
: -40 deg C

| PMETA = |

N\/\N’\/N\ +
I

R? BrPh,PBr, 40 deg C A~ SR

- R |
@ DMF X CHO
OH

lMCPB A MCPBA = m-chloroperbenzoic acid
1
R R°B(OR),, heat 0, R
ey i — SR
\ CHO  Pd(Ph;P),, Na,CO; R {\/lg CHO
Br Ethanol, toluene, or DME RS
or
RSSnR3, heat
Pd(Ph,P),, solvent
base

(e.g., potassium

R=H, or C;-C, alkyl :
176 3KY t-butoxide)

0,

X z l S .\\\\Rl
R T / R2

. OH

= -
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®)

H(Rx)g RS H XLIl 0 XLIIl QZ~S0S0K&Bu R R NrRz "*"R2 (Rx) / s
OH(R'), OH RS Xuwa XLNb 5 Schene Xl illustrates yet another route to
enzot hi epmo00i0)687 di oxi des, particularly 3, 3-dial kyl SUBRSFVSWTB2EHEET
RULE 26) WD 00/01687 PCT/ US99/ 12828 109 anal ogs, starting fromthe
t hi ophenol XVII1 A Thi ophenol XVIIliA7can be reacted with cyclic sulfate
XL to give the al cohol XLI which can be oxidized to vyield the al dehyde
XLII. Al dehyde XLII itself can be 5 further oxidized to give the sulfone
XLI'TT which can__be_cyclized, t Iy 16Q SOPEY {1 Gkt HE €5,0f
benzot hi epi ne ﬁEF%Ca%%h%? 3&) %F%i 8%%2%%‘?, I TA can be prepared according
to Schene 3 apprpreviawely sHbstdsyeadapof ierobrBz2HsteRenyitho fornul a: SH
X (R)q R5 6 1XVhihA wieffid) JBotRerantceophilas pukiiideushyonlefri ned for the
conpounds of fornula J. clic,sulf Xl ca nep acgording to
synt hetic pr oggéﬁfess’oixﬁ%r%.ésluﬁh ds' BhF, 2088, L PNPELEL

by the addition of dialkyl mesylate aldehyde (X),

provided a dialkyl benzene dialdehyde Y. DIBAL

reduction of the dialdehyde at low temperature yielded

benzyl alcohol monoaldehyde Z. Conversion of benzyl
10 alcohol to benzyl bromide, followed by oxidation of

sulfide to sulfone yielded the key intermediate W.

The compounds of this invention can also be
synthesized using .cyclic sulfate (XL, below) as the
15 reagent as shown in the following schemes XI and XII.
The following examples describe a procedure for using

the cyclic sulfate as the reagent.
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the art and has the following formula: R R2 0 0 7 XL wherein R and R2
are as previously defined for the 20 conpounds of forrmula I. Preferably,
Rl and R2 vapeocad’kyl ; nore preferably, they are sel ect edpcingydbidass group
consisting of nethyl, ethyl, propyl, isopropyl, n-butyl, iso-butyl,
sec-butyl, tert-butyl, and pentyl; jpogand still nore preferably, Rl and R2
are n-butyl. 25 In the process of Schene X, thiophenol XVIIIAis
initially reacted with cyclic SiHHEYEeXXL. This reaction preferably is
conduct ed i ngan rotic solvent, sugh as nethoxyeghyl ®ther. Wile the
reaction SUBSTPTUTE SHEE® (RULE' WO CRICQIGE% PCIINGS99/ 12828 110
conditions sych a$ teémperarure d B ne-are—et—ngrrowWy critical, the
reaction prefggrabgy is all owed oto oceed at abo rogm tenperature for
about two hours. The reaction prgFerably enploys ansd approxi mately
stoichionetric ratio of the startgng materi al s, mﬁ(ﬁﬁ@ slight excess of
cyclic sulfate XL being preferred. Reaction tine and yield can be

i mproved by using about 1.01 to 1.3 equival ents of é&clic sul fate XL for
each equi val ent of thiophenol 10 XVIIIA present. More preferably, this
ratio is about _ 1. 1ggquivalents of cyclic sulfate XL for each equival ent.

of t hi ophenol A present. In the process %f e/I'nventi on, thiophenol
XVIIIA also i tdeated wiith an abstracting agent.
can be agg sol V&Yt dighmeai ni ng t Hicopheno

15 abstracti ng agent

F11A prior to,
concurrently with, lor_after the addi(;tgx'bq icl i€ sndd e, XL. Wt hout
being held to a par?icular theory, it Is '

XVIIIA N Xu
2_%
XL

Q\g/o
/
O/§%
3. H2504
Ry
= S O\ // R
| X MCPBA G S 1
™
b ¢ — ~ l : Rz
XL o
XLl
KOtBu

Scheme XI illustrates yet another route to
benzothiepine-1,1-dioxides, particularly 3,3-dialkyl
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bel i eved the abstracting agent renoves the hydrogen 20 atomfromthe

mer captan group attached to the benzene ring of thiophenol XVIIIA The
resul ting swddorisspni on of the thiophenol then reacts wigdrespetises sul f ate
XL to open the sulfate ring. The sulfur anion of the thiophenol then
bonds with a term nal carbon atom 010925 t he open ring sulfate. The term nal
group at the unbonded end of the op€n ring sulfate is the sulfate group.
The abstracti rgadgesnt syneriabl froms thebabeopaenalg XVAIBA. great er t han about

10. Preferabl y,, &S 1230a bR lkakt e @Bl @ln Ry@nidesguedtaas sodi um
hydri de, Iithi)i‘t&}rlnID g%l??%e gr Aot%ssi ur% h Yi de; rm?g grgef erably, the base

. dri
i s sodi um hyd®&EdEC A& itdiet adgelrls X5{ Wéb?ﬁ rSR Pig CE98REST st Dr ef erred
relative to thiephetind ald¢hi A XIRFact Adbdebyde XId yEekdfi san mgr oved by
using 35 abou hQut 1 i yaLent fr 9fe Ap3rEaghisg cagent for each
equi Saiont ot %F%Fg%%%%%%f‘l‘f%\ ﬁcs%s\sl%lﬁ%&m SREET (RULE 26) VI 00/ 01687
PCT/ US99/ 1282Be %43l inass &Rt 9i¥bra SHEERISPTSALS ME PaBi B8%is about 1.1
equi val ent s obeabstliagiinegxapentarfdoXLeMbh equi val ent of thiophenol XVIIITA
present. The sulf - i eppedial s adHetafhg & the reaction
of thiophenol XVI ﬁ%%hgﬁeégﬁﬁﬁsﬁ a%)e X{Egi s then re %ed,_ preferably by
hydrol ysis, t8cheme # af PsRBIoURLY. A8EFPSHPE FRUMEFY LRt QMDY nel ude
m neralo aci dsfopattdcul arly hydrochloric acid and sulfuric acid. 10 The
several reactions involving thiophenol X{lIlA cyclic sulfate XL, the

abstracting agent and the hydrol gent can take place in situ wthout
the need for isolation of any (ye il ternmedi ates produced.
(R
R55
XVIIIA

wherein R®, R* and q are as previously defined for the
compounds of formula I. Cyclic sulfate XL can be

15 ' prepared according to synthetic procedures known: in
the art and has the following formula:
J O\\S//O
VAN
0] \O 7
XL
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 seclvent
such as methoxyethyl ether. While the reaction
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15 Al cohol XLI is then isolated -by conventional nethods (for exanple,
extraction with aqueous nethyl salicylate) and oxidized using standard

oxi di zi ngwvoagemss?s t o al dehyde XLII1. Preferably, the oxi écziusgizmgent is

sul fur trioxide or pyridiniumchlorochromate, 20 and nore preferably, it is
pyridiniumchl orochromate. The reagiion is conducted in a suitable organic
sol vent such as nethylene chloride or chloroform Al dehyde XLII is then

i sol at ed by E6RIERLPBTaFUCIBENEEBPRRACYLR tARS LédMRdRFRP®Rfsi ng st andard

oxi di zing 2hapgenlyg ¢xitidafionenal ﬂ@&aﬂ@ﬁ(wﬂelferﬁ’bﬂapei@tﬂmowéae oxi di zi ng

agent i s et gghlof opes hanigifeagdy « SHlLOne-al gebygg oI, 1 kevi se is

I sol at ed by ven I ona en cy yCl i zed ormthe
st er eoi somer PeUBRNZ T é”maﬁésoa(wwf%ﬁﬁplxuemlomea@o cyclizing agent

pr e; ersagly |5pﬁr&aﬁﬁamw @@o&fﬂfbm%@il\é@%t@éogt 8hansk ahqul 9f M)L Ie .
preferably, n_a e base nd s erably, e
}" Fer ?alzsret wat ox %tlg 1 "o dSYF%th%% a%c?f 5hgcheme Xl can

base is potaSsrum
be 35 reverbéwwn#ﬁﬁﬁrréévergﬁgmeﬁrf é@tmengntihﬁlel'@r%ﬁﬂ ber eacti on. Al cohol

XLI can be oxighonash iy sbihg ¥b&hd SUBRSELTYTE %EﬁaiéﬂélsEoEG) WO 00/ 01687
PCTI US99/ 12828 112§3§§$EI {ﬁ%e al cohqh V\:hIlCh gs %%glleze to yield a
sul f one- al defy/ SEE1YEY} W)% BeY/ Us99/ 12828
113 %€hene )QWIIIR FREsSRhtR, Mdxe SJref.\é\ra@\lg, RthR2 ratio is about
1.1 equivalents of cyclic sulfate XL for each
equivalent of thiophenol XVIIIA present.
In the process of the invention, thiophenol
XVIIIA also is treated with an abstracting agent. The
15 abstracting agent can be added to the sclvent
containing thiophenol XVIIIA prior to, concurrently
with, or after the addition of cyclic sulfate XL.
Without being held to a particular theory, it is
believed the abstracting agent removes the hydrogen
20 atom from the mercaptan group attached to the benzene
ring of thiophenol XVIIIA. The resulting sulfur anion
of the thiophenol 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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(Rx)g R5 (Rx)q R5 HOL Li2S, DMF UMCPBA 0 O-I1l RO Re SPCC, ORL R2
CH2C2 Re R (R)g 5 RHO(RXY)g RS CH LIl ull OSOCSO KOXBu R, R Re +
Re "N 1 xwoddhtests R2 (R)g R5 OH (Rx)g R5 OH LI Va WbpchuSohaoe X |
illustrates still another route to benzothiepine-1, 1-di oxides,

particularly 3,3-dial kyl anal ogs, i grti ng fromthe hal obenzene L.
Hal obenzene L can be reacted with é lic sulfate XL di sclosed 10 above to

gi ve the al copeleskht whiMdrec irelferaklyli zgd st catypels abwatsdlfone-al cohol
LIT. Sulfone- @5@909 eftd of l:38kLafaDe k! heb ol zedsbar e the

sul f one- al deh whi ch can zed to give a stereoisoneric
m xture of beﬁfoﬁh%@wwll_ﬁ\yéléﬁdp{?wt SUBSTI TUTE SHEET (RULE 26) WO

00/ 01687 PCT/ US99/ 128241tht4 bebaopesw ene linfehinediate proreccie |y avail able
or be Syewe%zﬁﬂow aF %pgpgﬁgm” I%‘iﬁ' u%cyaq' OQeﬂzaee%es by one
skllle in the art oW n

is " then removed preferably by hydrolysis, to yleld
alcohol XLI. Suitable hydrolyzing agents include
mineral acids, particularly hydrochloric acid and
sulfuric acid. .

10 The several reactions involving thiophenol
XVIIIA, cyclic sulfate XL, the abstracting agent and
the hydrolyzing agent can take place in situ without
the need for isolation of any of the intermediates
produced.

15 . Alcohol XLI is then isolated by conventional
methods (for example, extraction with agueous methyl
salicylate) and oxidized using standard oxidizing
agents to aldehyde XLII. Preferably, the oxidizing
agent is sulfur trioxide cor pyridinium chlorochromate,

20 and more preferably, it is pyridinium chlorochromate.

The reaction 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 isolated by
conventional methods and then cyclizea to form the
stereocisomeric 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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5 (Rk )g R a L wherein R5, R', and q are as previously defined for the
conpounds of formula |I; Rh is a hal ogen such as chloro, brono, fluoro or

i odo; andwilRa@onmssan el ectron 10 wit hdrawi ng group at thepetrivbdnssrs para
position of the halobenzene, and is preferably a p-nitro or o-nitro

group. Cyclic sulfate XL can be prggzred as set forth in Schene XI and can
have the followng formula: R R2 O 00 9 SL 15 XL wherein RL and R
are as previ ausilferd i nlaphodr whheh icompeundsidfzddtmulyaeld #£referably, Rl
and R are ghkydne WrfHel erably, they are selected fromthe group

consi sting of nethyl, ethyl, propyl, isopropyl, 20 n-butyl, iso-butyl,
sec-butyl, tert-butyl, and pentyl; and still nore preferably, Rl and R
are n-butyl. In the process of Schene X1, hal obenzene L is initially
reacted with cyclic sulfate XL. This reaction preferably is conducted in
an aprotic solvent 25 such as dinethyl formam de or N N-di net hyl acet am de,
and nore preferably, in dinethyl formam de. Although the reaction
conditions such as tenperature and tinme SUBSTI TUTE SHEET (RULE 26) WO

- 00/01687 PCT/ US99/ 12828 115 are not narrowy critical, the reaction
preferably is allowed to proceed at between about 70C and about 90C for
about 8 to 12 hours. Moire preferably, the reaction tenperature is

mai nt ai ned at about 80C. The 5 reaction preferably enpl oys an apprOX|nater
stoichionetri-c ratio of the starting materials, with a
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slight excess of cyclic sulfate XL being preferred. Reaction tine and
yield is inproved by using about 1.1 to 1.3 equivalents of cyclic sulfate
- XL for eackydddopsui val ent of hal obenzene L present. Morecpisiassbly, this
ratio is about 1.1 equivalents of cyclic sulfate XL for each equival ent of
hal obenzene L present. In the proce§§3of t he i nvention, hal obenzene L also
is treated with an abstracting agent: " The 15 abstracting agent can be added
to the solvent containing hal obgsizeme XIIprior to, concurrently with, or
after the addition of cyclic sulfate XL. Wthout being held to a
particular theory, it is believed the abstracting agent renoves the

hal ogen atom attached to R\t he2benzene ring of hal obenzene L and repl aces

that atomw th a dival ent ur atom The resulting sulfur anion reacts
with cyclic sul KL to fdpenlthe sulfate ring. TheRssul fur anion of the
hal obenze Toonds wioh_aot eflninal cag omOf the open 25 ring

sul fate. The t group & the un d ehd of YRe open ring sulfate
is the s%hﬁgfégf oup/ The @bs@racting a neralfy is a dialkali netal
sul fi de, ‘an® pref er g% y —t—s—dit+i-t hi@mgsul fi dgS KO sl i ght excess of the
abstracting agent is prefék$8M¥ 30 relative to hal obenz BA  Reaction tine
and yield is inproved by using about 1.01 to 1.3 equival ents of
abstracting agent for each equival ent of hal obenzene L ‘present. Mbore
preferably, this ratio is about 1.05 equivalents of abstracting agent for
each equi val ent 35 of hal obenzene L present. The sulfate group of the

product of the reaction SUBSTITUTE SHEET (RULE 26) WD 00/ 01687
PCT/ US99/ 12828 Q#Gﬁbf t hi ophenol XVITTA with cyclic sulfate XL is then
bT'¥s y

renoved, prefer 10l ysis, to yield m Xt ur e
F;e Z d PCC, g é\s/ R
s | Re CH,Cl, Re__f |
agn! X K
q
R Ho R RS 0T
Ll
un
KOtBu

Scheme XII illustrates still another route to
benzothiepine-1,1-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-alcohol LII. Sulfone-alcohol LII
itself can be further oxidized to give the sulfone-
aldehyde LIII which can be cyclized to give a

stereoisomeric mixture of benzothiepine LIVa and LIVb.
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of an ester and al cohol LI. Suitable hydrolyzing agents include m neral
acids, particularly 5 hydrochloric acid and sulfuric acid. The ester is
then conweobeelesro al cohol LI by treatment with an al kalpicriRbsAkspydr oxi de,
preferably sodi um hydroxi de. The several reactions involving hal obenzene L,
cyclic sulfate XL, the abstracti ng ggent and the 10 hydrol yzi ng agent can
take place in situ without the &4 to isolate any of the internedi ates
produced. Al cohdélalbbenzenddn (waokht ksl @ymmnnMedﬂWoaahih&bhmd&-(for

exanpl e, eXtcra%C%'eO@Mﬁ&%&e(H@m@%W splifelalighnagd oxidized using
standard oxi di.zin 15 agents to sultone- co hol LII Preferably, the
oxi di zi ng ageéttPe zﬁﬁ?%éﬁf6FGpéFb%%%%l%Feﬁh?jarFHe agebR®ion is conducted in
a suitabl e diodanwéngofamntla:such as nethyl ene chloride or chloroform

Sul f one-al cohol LIl is then isolated by 20 conventional nethods and
further oxidized using standard (di Rng agents to sul fone-al dehyde LIII.
Preferably, the oxidizing-agent!1s sglfur trioxide or pyridinium

chf orochromate, and nore pre ergp it is pyridiniumchlorochronate. The

reaction is conducted 25 in S | e~grgani c sol vent such as nethyl ene
chloride or chloroform Su(fRoge- al dehydecXLI Il is then converted to the
desi reed benzot hi epi ne-1|, | -di oxi des accoRgisng to the procedure previously

set forth in Schene Xl. 30 The t oxi dation steps can be reversed w thout
adversely affecting.the overall reaction. Al cohol XLI can be oxidized )
first to yi¥®h %F%wg?deﬁydénﬁmcwer s tHrEYionsdiyzéafivey i in the

sul f one- al deds:ymmds@foffot-iﬂmé:yn iRt sl 4 ALl sRBpScH ast eatos, a 35

avor.ds. oy e SRrE Peat O ST A SERr RS 26)
withdrawing group at the ortho or para position of the
hHalobenzene, and is preferably a p-nitro or o-nitro
group. Cyclic sulfate XL can be prepared as set forth
in Scheme XI and can have the following formula:

15 XL
wherein R’ and R’ are as previously defined for the
compounds of formula I. Preferabiy, 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. Aithough
the reaction conditions such as temperature and time
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WO 00/01687 PCT/US99/12828 117 difficulties encountered relative to those
reaction schemes proceeding through a nesylate internediate. Overall
yi el ds areygieieks cantly inmproved when a cyclic sulfat epdsuseseazsi nst ead of
a nesyl ate reagent 5 In addition, chromatographic separation of the
I nt ermedi ate product of the cyclic sy fate coupling step of the reaction
IS not necessary. For exanple, in enes XI and Xl the internediate is a
vvater tsol ubl@ﬂ@ﬂﬁ@ﬁﬂ halﬁ‘Eﬁ&iy sttt iavad |, tIneeunwmtqresar@éﬁr#elmwrenoved by
extraction with ether. The i |ate|s he desired
al cohol . Exanpt %S5 F@sbﬁﬂ%ﬁ%{; 5H’§ﬁ§ ?&OUHS S{Eygﬁ% a}%r%gpg?g i on of
i g di but y! - I 1S pwmanedt@llz Ha'dr@H 1&ore|pmﬁﬁna@|lwm Rben hydride (662 m,
equi val ent g, 66 nmol) in 662 nL 1 d d wise to a
stirred sol ut’r"??rFtd'londFﬁﬂP 2B Sitét HWH‘E\%%% eﬁ(%g’“@, gg‘f&% ?r}g% (Al drich)
in drysTHE (dédydipnwpieferadlyt @mployst A sppyyevimateeyYof the reaction
mxture at beéy&%lcmgehc Z%Qltoo o#Peuk Q&rt‘:‘:‘r@&ma&@r&ﬁﬂomﬁ/tdw ice bath.
The reaction mXxture en stlrre 0 répera ur e verni ght. The
25 reaction w‘bﬂsl?é’c’ioleééleﬁﬁ b FFIF £ ﬁf‘t%fmwg% 80°nT* ed? 10% NaOH and
80 m of wat a[eawlensucmesatdlgdlyelaidded1m;lr@mdQB' UBABgr 2Rt ilng suspensi on
was filtered. The, feh'g%{/ %fdfc'y%(il.levgﬁ sadl ym &@Epéﬁke and concent r at ed
under vacuum to give \(Ib\a 959%  SUBSTI TUTE SHE E 26) WO
00/ 01887 PCT/%QQ’/aizerof g "tzﬁé‘edF‘oPreoéerétn oi 1°7°PPbE aﬁ carbon NMR
and M5 confighied riheoptoditetut 1.1 equivalents of cyclic sulfate

XL for each equivalent of halobenzene L present.
In the process of the invention, halobenzene L

also is treated with an abstracting agent. The

15 abstracting agent can be added to the solvent
containing halobenzene L prior to, concurrently with,
or after the addition of cyclic sulfate XL. Without
being held to a particular theory, it is believed the
abstracting agent removes the halogen atom attached to

20 the benzene ring of halobenzene L and replaces that
atom with a divalent sulfur atom. The resulting
sulfur anion reacts with cyclic sulfate XL to open the
sulfate ring. The sulfur anion of 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 preéerably 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: Dibutyl-cyclic-sulfite: i OS\O5 11 A solution of the

di butyl-diol of step 1 (103 g, 0.5478 nol) in anhydrous nethyl ene chloride
(500 M) warndotas? et hyl am ne (221 g, 4 equivalents, 2.19 pg@husodyages Stirred
at 0C under nitrogen. Thionyl chloride 10 (97.78 g, 0.82 nol) was added
dropwi se to the mxture. Wthin 5 nmnutes the solution turned to yellow
and then to black when the additidn®was conpleted within about hal f an
hour. The reagt thioplenclomptigaradwirth htyrlid bolfstd gds ichthent ogrﬁpgy .
confirmed no kN ' M@ﬁ ). 1| res; shed with
ice water t\fvla@g{’é%’ngp%%%tb? \gd gg edlgfrséghi %-géﬁl;gsl)g \%ﬁ@&g%&gﬁ over
nmagnesi um suPBhaR eSSFRE A8 8ACPEPEILLdSK L3Rt UM 4P 1gi7+BI128 ¢ (yiel d -
1009 of theadéebts yincliyel ininewhii d€idds pabtockiantly NVR and M5 were 20

consi stent w{ oduct.. BSTH E SHEET ( 00/ 01687 .
PCTI US99/ 12\312§gr‘51‘t1‘gl°%{1%p%%dua§§ty l-fg‘ly%ﬁ stha A I:e%@f~¥po 0012 To a
sol ution. of then diviHepCecy&pi aleohe] tid by treaprent( ¥2rh5ag, 0.54 nol) in
600 nl acet ogikdii enetsad 5y5@8xmiepfpz\&&'%hl abTPOos&th unh hgrarbsé_@d@ath U_ndgrt
nitrogen was addgd ruthenitun{l1l) chloride.(1 nd_sodi um periodate
(233 g, 1.08 m|?ﬁ"erﬁ§"F§§(;t ?%ﬁc\:/\)/a%nsstlf‘?’?gﬁlé%v}ggrlrﬂ%ﬁﬁtzegﬁdﬂt he color of the
sol ution turexelis sekfacesXehr vhaitadptaphyicoddeantedandhehe was no starting

10 mpperi al hpddol yBigignhybHE Ec @S £k hAGEE Ui ONEER UMW Rho300cd of et her and
three tines Hgéé1égqi@%1aggeany of the intermediates produced.
Alcohol LI is then isolated by conventional
methods (for example, extraction with agueous methyl
salicylate) and oxidized using standard oxidizing
15 agents to sulfone-alcohol LII. Preferably, the

)

oxidizing agent is metachloroperbenzoic acid. The
reaction is conducted in a suitable organic solvent
such as methyleﬁe chloride or chloroform.

Sulfone-alcohol LII is then isolated by

20 conventional methods and further oxidized using
standard oxidizing agents to sulfone-aldehyde LIII.
Preferably, the oxidizing agent is sulfur trioxide or
pyridinium chlorochromate, and more preferably, it is
pyridinium chlorochromate. The reaction is conducted

25 in a suitable organic solvent such as methylene
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

!
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organi ¢ phase was dried over magnesi um sul phate and passed through celite.
The filtrate was concentrated under vacuum and gave 133 g (yield 97.8% of
the : 15 di b piméggcl ic-sulfate as an oil. Proton NVR, carpbpussyimtés and NS
confirnmed the product. SUBSTI TUTE SHEET (RULE 26) WO 00/ 01687 :

PCTI US99/ 12828 120 Step 4: 2-[(2-4'jyHl uorobenzyl - 4- et hyl phenyl t hi o)

nmet hyl ) - 2-butyl hexanol: S H3C OH \ I ~ F 13 A 60%oil dispersion of

sodi um hydr i dedi(ﬁlzilllgleSSEGCWWﬁeyel/@erl"\ﬁastﬁe&hW? FeRSE&RB. The hexane

was decant ed @gbmld Iﬁroeteem@qweh@yla eﬁers@uawslﬁd@lmbdmet he washed

sodi um hydr| de_and ooI ed,in_an i | _phenyl nmet hane

t hi ophenol  (1.9&%? 6yé§'de Slgnlgbcarﬂtlgf %?hox ethyl “ether was added
10 dropw se omrcle%Cp@rulléét@f151513¢|dnat1%%€adA0ﬁ1 Rt BREY Hite tri?é‘gent-

di butylscyclic Isulafdatlelafq stifordtbdrdphit 2pBGatioRl &) the 10 nl of

nmet hoxyet hyl et ﬁ&mf ﬁSEF %{O(?uc%dofl' e I’ESl_JL|ltI ng g;,g(é :J{O%g\gﬁ/g sti rred for 30

mnutes at 0C oom rrper taré un 15 Gas
chr omat ogr aphysteenifr fbe ¥éeFtalonasdsnePt ieskessary : FI‘P\"eeé@F“Péﬁt was

evapor at ed andvashefeW kb avat arIabEe BithemeBvarti M@sa wHterwater |ayer was

separated and 2 0 NaOH was, add Thi s aqueous _m xture was

boi l ed for 304 H&?Ss 55?5& é’&Fta&cFaﬁ aé’cffi%lhfih:L@Rf'1 % €26%4nd" boi | ed for 10
m nut €60 The miewourd RHsexordasd oanithe athgst edThetintammediatheior ganic
layer was washedn 8y@e8spie®Ins Whithavdil-eia andohbine, dried over magnesi um
sul phate, and concentrated under vacuumto give 2.47 g (yield 92.5% of

t he hexanol as an oil.
Example Corresponding to Scheme XI:

15 Step 1: Preparation of 2,2-dibutyl-1,3-propanediol:
OH OH

10
Lithium aluminum hydride (662 ml, 1.2
equivalents, 0.66 mol) in 662 mL of 1M THF was added
dropwise to a stirred solution of dibutyl-

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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25 Proton NVR, C13-NMWR and MS confirnmed the product. SUBSTI TUTE SHEET
(RULE 26) WO 00/ 01687 PCT/US99/12828 121 Step 5: 2-[(2-4'-fluorobenzyl -4-
met hyl phewgl aphied) net hyl ] - 2- but yl hexanal : S 14 0 H3C H gethdsodifgis Sol uti on
of the hexanol of step 4 (2 g, 4.9 5 movle) in 40 M of nethylene chloride
cooled in an ice bath under nitroges was added pyridinium chlorochromate

(2.18 g, 9.9 gpmle) C xtur s st rre hours and
filtered through s i gi;gaggg% to‘I'Lﬁe frT (?En{c‘iﬁﬂ%t%‘aj d¥der 10 vacuum

to give 1. 39"8“(%’@?‘3 tHRAPTORUERe hexanal as an 0| | . Proton NVR, carbon
NIVRand M5 confirnmed the product. 15 Step 6: 2- [(2-4
02 S H3CH

' -fluorobenzyl o t yI su f onyl nmet hyl ] - 2- but yl hexanal
E02 F 15 To a—sé—%ﬁ orynlo thé:yﬁex% Lrffolft ®Step 5 (0.44 g, 1.1 nmole) in 20
m of methylene chloride cooled by an @®0 ice bath under nitrogen was added

70 % net achl or operbenzoic acid (0.54 g,j[2.2 mmole). The reaction m xture
was stirred for 18 hours and SUBSTIT SHEET (RULE 26) WO 00/ 01687

PCT/ US99/ 12828 122 filtered. The f'bkfr a\t\eovvas washed successively with
10% NaOH(3X), water, and brine, dri¢d over|nmagnesi um

5 ) 11
A solution of the dibutyl-diol of step 1 (103 g,
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 5 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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sul phate, and concentrated under vacuumto give 0.42 g (yield 90% of the

hexanal as an oil. Proton NMR 5 carbon. NWR and M5 confirmed the product.
Step 7: G y@o@iﬁ(@l] butyl - 7-met hyl -5- (4" -fluoro- PCT/US99/12828
phenyl) -2, 3,4, 5-Tetrahydr obenzot hi epi ne-1, 1-dioxide: & S H3C bH 10 F

16 A mxture of the hexanal of stepié (0.37 g, 0.85 mmvle) in 30 m of
anhydrous THE was stirred in an 'ce:%g_ h at a tenperature of about 00 C
Pot assi um t er ££8Bu oxi FePYE2 ¥+ 0. gﬁﬁﬁ'e) was then added. After 3 15
hours thin | ayer chromatography confi®ged , bhe presence of the product and
a small amount of the starting - materi V4 The crude reaction m xture was
acidified with 10% HCL, extracted w phretNger, washed successively with
wat er and brine, dried with MgSO4, 2§ and cpncentrated under vacuum This
concentrate was purified by HPLC (10% Et OA¢- Hexane). The first fraction
cane as 0.1 g of the starting materi in e formof an oil. The second
fraction yielded 0.27 g (75%yield) of e desired benzothi epine as a
white 25 solid. Proton NVR, carbon N confirmed the product.
(MrH=433) . SUBSTI TUTE SHEET (RULE 26} WO 00401687 PCT/US99112828 123
Exanpl e Corresponding to Schene Xl $tep 1:
2-[(2-4"-met hoxybenzyl -4-ni trophe t hi o) -

metyyl ] - 2- but yl hexanol : Bu S Bu

) 12
To a solution of the dibutyl-cyclic-sulfite of
step 2 (127.5 g, 0.54 mol) in 600 ml acetonitrile and
5 500 ml of water cooled in an ice bath under nitrogen
was added ruthenium(III) chloride (1 g) and sodium
periodate (233 g, 1.08 mol). The reaction was stirred
overnight and the color of the solution turned black.
Gas chromatography confirmed there was no starting
i0 material left. The mixture was extracted once with
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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02N cz~~' HO 5 OCH3 17 Chl orodi phenyl net hane (|l og) was dissolved in 25 m
of DMF and lithiumsulfide [1.75 g, 1.05 equivalents] was added. The

sol uti on s @mighanged to red. The reaction m xture wasp Wﬁ"?”t 80C 10
overnight. The solution was cooled to OC and dibutyl-cyclic-sultate (9.9g;
prepared as set forth in Step 3 ofitéhe Schene Xl exanples) in 10 ml of DWW
was added angd stifred at._r e rature overnight. The solvent was
evapor at ed aggf%%éhedgéﬂééégg?%iﬁégg%qﬂ?y154V@ﬁ?ﬁykﬁ¥6né%ﬁé%oktI1ree times).
The water | ayt&thidd -2sbpsyabeseraid 40 M of concentrated sul furic acid was
added and the reaction m xture boiled overnight. The mxture was cool ed
and extracted with ethyl acetate. The organif |ayer was washed
successively with water 20 and brine, drie gnesi um sul phat e, and
concentrated under vacuum The product was|boi with 3Mof NaOH for 1
hour. The m xture was cooled and fth ethyl acetate. The organic
| ayer was washed successively w brine, dried 25 over
magnesi um sul phate, and concent r di¢ acuum The concentrate was

di ssol ved in nethyl ene chl oH,Q€, h silica gel, eluted with
20% ethyl acetate and hexane, and concgntrated under SUBSTI TUTE SHEET

(RULE 26) WO 00/01687 PCT/ US99/ 12828 vacuumto give 11.9 g (yield 74%
of the hexanol as an oil. Proton NWR - NMR and M5 confirned the
product. 5 Step 2: 2-[2-4'-nethoxyben®y -4-nitrophenylthio)-

met hyl ) - 2- but yl hexanal : 00 Bu

F 13
A 60% oil dispersion of sodium hydride (0.27 g,
5 6.68 mmole) was washed with hexane. The hexane was

decanted and 20 ml of methoxyethyl ether was added to
the washed sodium hydride and cooled in an ice bath. A
mixture of diphenylmethane thiophenol (1.55 g, 6.68
mmole) in 10 ml of methoxyethyl ether was added

10 dropwise over a period of 15 minutes. A mixture of
the dibutyl-cyclic-sulfate of step 3 (2.17 g, 8.66
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 agqueous 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, C13-NMR and MS confirmed the product.
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SBu 02N\ HO OCH3 18 To a solution of the hexanol of step 1 (6 g, 13
nmmole) in 50 M nethylene chloride cooled in ice bath 10 under nitrogen
was added vQ%uddelBA (8.261 g, 33 mmmol e). The reacti on wascstsmiames f or 18
hours at room tenperature and filtered. The filtrate was washed
successively with 10% NaCH (3X), wajgr and brine, dried over magnesium

sul phate, and concentrated under 15 vacuum The concentrate was di ssol ved
in nethyl ene SE@bovi d& - [f(RH¢er Ebheuahenghilsftica gel, eluted with 20% et hyl
acetate and hgpxemglprdty1€an6pRé faf1gd 2updeylnyeenim to give 5 g (yield
77.7% of the hexanal as a "white solid, M 58-60C. Proton NMR Cl3-NWR and
M5 20 confirnmed the product. SUBSTI TUTE SHEET (RULE 26) WO 00/ 01687

PCT/ US99/ 12828 125 Exanple 1398 Step 1. P tion of 2 Bu CHO NO2 5 To
a solution of 6.0 g of dibutyl 4-flugro di al dehyde of Exanple 1395
(14.3 mml) in 72 nL of toluene anf 5§ et hanol was added 4.7 g 3-

ni trobenzeneboronic acid (28.6 N tetrakis

(triphenyl phosphi ne) pall adi un{ (0.7 and 45 nL of a 2 Msolution
of sodium carbonate in water. This he geneous m xture was refluxed for
three hours, then cooled to anbient tenperdature and partitioned' between
ethyl acetate and water. The

\ F 14

' To a solution of the hexanol of step 4 (2 g, 4.9

5 mmole) in 40 ml of methylene chloride cooled in an ice
bath under nitrogen was added pyridinium
chlorochromate (2.18 g, 9.9 mmole). The reaction
mixture was stirred for 3 hours and filtered through

silica gel. The filtrate was concentrated under

10 vacuum to give 1.39 g (yield 70%) of the hexanal as an
oil. Proton NMR, carbon NMR and MS confirmed the
product.

15 Step 6: 2-[(2-4'-fluorobenzyl-4-methylphenylsulfonyl)

methyl] -2-butylhexanal

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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organic | ayer was dried over MgSO4 and concentrated in 15 vacuo.
Purification by silica gel chromatography (Waters Prep-2000) using ethyl
acet at e/ havoagese25/ 75) gave 4.8 g (739 of the title camswdsas a yel | ow
solid. 1H NWMR (CDC1,) d 0.88 (t, J = 7.45 Hz, 6H), 0.99-1.38 (m 8H),
1.62-1.75 (m 2H), 1.85-2.00 (rn, a_szH) 320(s 2H), 4.59 (s, 2H), 6.93

(dd, J = 10.5. and%4]é%e8él%,715 8.4 and 2.85 Hz, 1H),
7.46-7.59 (mtt e et % ‘éasmd( sucqefsivedyp@HERUTE SHEET
(RULE 26) WO 100¢ m@anmr /wiS%a7, 1288 8brilr26, SlrédeoveBr epaynasion of 3 o S Bu
Bu OH NO2 %Lﬁpﬁ@ltﬂt'%cgon%e%tgaﬁé@ uadE%DML mztd 15/%0 r‘rj;%T E was

cooled to O ce T Ut |o of potassi um

t - but oxi de é’lﬁagea 1&§afhenﬁfaﬁf‘%‘?]nlarfgant ﬁélten%%?%&%mat <5 C. Stirring
was cént i nueaafrbrn BMR nmmlMSs conlitrmdéchea Heepebdiort was quenched with 100 nlL
10 of saturated ammoni um chloride. The m xture was partitioned between
~ethyl acetate and water; the organic layer was washed with brine, then
dried (MgS™) and concentrated in vacuo. Purification by silica gel

chr omat ogr ap Byebh? ougti sa 3180 dirbupy LWy -uiit gl B2 (L2 Aol -€el uent yi el ded 4 3

909 of n el . 1), 1940.93 J = 7.25 H,
6H§, 1/000 1. ﬂé? Qs’%o'%'l.ggt " bj&ﬁéﬁ%%% )de(lm ‘Lm 3.16 (qgAB,
JAB = 15.0 Hz, AV = 33.2 Hz, 2H), ") mz(d 5.67 (s, 1H).

6.34 (dd, J=9.6 and 3.0 Hz, 20 .5 and 2 9 Hz, 1H), 7.64)
(t, J =

H,C

..
F 7,
$ OH

10 F 16
A mixture of the hexanal of step 6 (0.37 g, 0.85
mmole) in 30 ml of anhydrous THF was stirred in an ice

bath at a temperature of about 0° C. Potassium-tert-
butoxide (102 mg, 0.85 mmole) was then added. After 3
15 hours thin layer chromatography confirmed the presence )
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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8.1 Hz, 1H), 7.81 (d, J = 8.7 Hz, 1H), 8.13 (dd, J = 9.9 and. 3.6 Hz, 1H),
8.23-8.30 (m 1H), 8.44 (s, 1H). MS(FABH ) W (relative intensity) 464.5
(100), 446“&@@% HRMVS cal cul ated for MrH 464. 1907. Fopadusssizeeet. 1905.
SUBSTI TUTE RULE 26) PCT/ U899/ 12828 WO 00/01687 127 Step 4.
Preparation of 4 L'. AS Bu MagNO—lNOZ 5 To a cooled (0 C
solution of 4.3 g (9.3 nmol ) of 3 in30 mM THE contained in a stainless

steel reacti OIWMI am ne (182 mmol) . The
vessel was seal ed and heated to 110 C for 16 hours. The reaction vessel
was cool ed to anbient tenperature 10 and nt C ntrated in
vacuo. Purifi G&€Rad: by~ g& |4cam§EF°’&Wﬁ'g %h %?\%\g?’egﬂ rep- 2000) usi ng
an et hyl acet afegehbexanesutgrladixendl (10-40% et hyl acetate) gave 4.0 g (88%
of 4 as a yellowsolid. "H NWR (CDCl ) d 0.80- 0&95 (m 6H), 0.96-1.53 (m
8H), 15 1.60-1.69 (m 3H), 2.11- 28(m 9 (s, 6H), 3.09 (qA B,
JAB = 15.0 Hz, Dv= 45.6 Hz, 2H), .0 Hz, 1H) , 5.65 (s, 1H ,
5.75 (d, J =2'".1 Hz, 1H , 6.52 ) ngu2.7 Hz, 1H), 7.59 (t, J
=84 Hz, 1H, 7.85 (d, J = 7.80 , 7.89)d, J 9.0 20 Hz, 1H),

8.20 (dd, J = 8.4 and 1.2 Hz, OdH), 8. MS(FABH+) nme (reI ative
intensity) 489.6 (100), 471.5 (25). HRMS caH@uI ated for MtH 489. 2423.

Found 489.2456. 25 O

OCHj 17

Chlorodiphenylmethane (10g) was dissolved in 25
‘ml of DMF and lithjum sulfide [1.75 g, 1.05
equivalents] was added. The solutiocn color changed to

red. The reaction mixture was heated at 80°C

10 overnight. The solution was cooled to 0°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_BM 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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SUBSTI TUTE SHEET (RULE 26) WO 00/ 01687 PCT/ US99/ 12828 128 Step 5. °
Preparation of 5 Q/I Bu Bu M2N ,SOH (aNH2 5 To a suspension of 1.0 g
(2.1 nmol vaoorssin 100 M ethanol in a stainless steel ganissyyRgst or was
added 1 g 10% pal | adi um on carbon. The reaction vessel was seal ed, purged
twice wwth H2, then charged with H24(100 10 psi) and heated to 45 C for six
hours. The reaction vessel was cooled to anbient tenperature and the
contents filYaGRM £8 FEHDVE thE dX¥Ealgst4¥ITiRE thie hexRBOWadS Ghcentrated in
vacuo to gi wellQ. 9rgotOHMWMR ,0fC15 - NRl MR MLIXSkHT)i rehel. 8R=0. 98 (m 6H),
1.00-1.52 (?roqi 9c40H), 1.52-1.69 (m 1H), 2.15-2.29 (m 1H), 2.83 (s, 6H),
3.07 (gAB, = 15.1 Hz, DV = 44.2 Hz, 2H), 3.70 (s, 2H) , 4.14 (s, 1H
, 5.43 (s, 1H) , 609(d J =24 Hz, 1H), 6.52 (dd, J = 12.2 and 2.6 Hz,
1H), 5 65 (ddep d:= 7- @-andmbktBokizberldy) 85, égrﬁ?t@hgﬂzgﬂthﬁoﬁﬁb(divsg = 20)7-mSO
Hz, : 7. J = Hz, 1H). FABH+ e
(rel atl ve mteng1 yg 4 ﬁﬁffégﬁ HRMS' cal cul ated for MtH 459. 2681. Found

459. 2670. SUBSTI TUTE SHEB (zQJLE 26%,W0 00/ 01687 PCT/ US99/ 12828 129 - Step
6. Preparation of 6 To a 914rrg(20mm|) of 5in 50 mM THE

was added 800 ng (4. @ val eroyl chlori de.

To a solution of the hexanol of step 1 (6 g, 13
mmole) in 50 ml methylene chloride cooled in ice bath
10 under nitrogen was added 70% MCPBA (8.261 g, 33
mmole) . The reaction was stirred for 18 hours at room
temperature and filtered. The filtrate was washed
successively with 10% NaOH (3X), water and brine,
dried over magnesium sulphate, and concentrated under
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 NME, C13-NMR and MS
20 confirmed the product.
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5 Next was added 4 g (39.6 mmol) TEA. The reaction was stirred 10 m nutes,
then partitioned between ethyl acetate and brine. The organic |ayer was
dried (MSSHooddasl concentrated in vacuo. Purification bycrssdsinzss gel
chromat ography through a 70 mM MPLC colum 10 using a gradient of ethyl
acetate(20-50% in hexane as eluent2gielded 0.9 g (73% of 6 as a pale

yel low oil. H NVR (CDCl,) d 0.84-0.95 (m 6H), 1.02-1.53 (m 10H),
1.53-1.68 (m wﬂ. .00 (m 4H), 2.12-2.26 (m 4H), 2.38 (t, J = 6.9
Hz, 2H), 280(s 6H), 3.07 15 (gp$, JpiB = 15.6 Hz, DV = 40.4 Hz, 2H),

3.43 (t, J = gHg maggtjlgn(gf z’LH) 5.51 (s, 1H), 5.95 (d, J 2.4
Hz,.1H), 6. il g3 . H), 7. 28 (s 1H), 7.32-7.41 (m

2H) , 7.78(d J =81 He, 1H) m' = Hz, 1H). 20 Step 7.

Preparati on of 7 OPBu Bu . —“‘O’d\%aNO+- Et 3TFA H 25 To a
solution of 0.9 g (1.45 muol) in 25 Y acetonitrile add 18 g (178
¢ TH&Q eaction mixture was cooled to

nmmol) TEA. Heat at 55 C for y
anbi ent tenperature and concentrated in vacuo. 30 Purification by
HEET (RULE 26) WO 00/ 01687

NO 2

reverse-phase silica gel SUBSTIT
PCTI US99/ 12828 130
5 To a solution of 6.0 g of dibutyl 4-fluorobenzene

dialdehyde of Example 1395 (14.3 mmol) in 72 mL of
toluene and 54 mL of ethancl was added 4.7 g 3-
nitrobenzeneboronic acid (28.6 mmol), 0.8 g of
tetrakis (triphenylphosphine) palladium(0) (0.7 mmol)

10 and 45 mL of a 2 M solution of sodium carbonate in
water. This heterogeneous mixture was refluxed for
three hours, then cooled to ambient temperature and
partitioned between ethyl acetate and water. The
organic layer was dried over MgSO, and concentrated in

15 vacuo. Purification by silica gel chromatography
(Waters Prep-2000) using ethyl acetate/hexanes (25/75)
gave 4.8 g (73%) of the title compound as a yellow
solid. 'H NMR (CDCl,) d 0.88 (t, J = 7.45 Hz, 6H),
0.99-1.38 (m, B8H), 1.62-1.75 (m, 2H), 1.85-2.00 (m,

20 2H), 3.20 (s, 2H), 4.59 (s, 2H), €.93 (dd4, J = 10.5
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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chromat ography (Waters Delta Prep 3000) using an acetonitrile /water

gradi ent containing 0.05% TFA (20- 65% acetonitrile) gave 0..8 g (73% of 7
as a- vvhltgo&@i 1H NVR (CDC13) d 0.80-0.96 (m 6H) , (casdyRdsdS (M
19H), a%n1 3H) , 2.09-2.24 (m 1H , 2.45- 2.58 (m 2H), 2.81 (s,
6H), 3.09 (gAB, JA = 15.6 Hz, DV —2%8 5 Hz, 2H), 3.13-3.31 (m 8H), 4.16
(s, 1H, 5.44 (s, 1H, 6.08 (d, J'=1.8 Hz, 1H), 6.57 (dd, J = 9.3 and
2.7 Hz, 1H), SZeR43(t,Pdeparatiodzof1B), 7.34 10- (t, J = 8.4 Hz, 1H , 7.56
(d, J =8.4 H, 1H , 7.74 (s, 1H), 7.88 (d, J = 9.0 Hz, 1H), 9.22 (s, 1H)
HRVG cal cd 642.4304; observed 642.4343. 15 Exanple 1398a Step 1 C1 O I \
I \ GCH3 N2 Cl14H30C1NO4 fm:291.69(k2% In an inert atnosphere, weigh out
68.3 gns phosphorus pentachl orid 8 e Aldrich 15,777-5) into a’
2-necked 500nml round bottom fl ask . with a N inlet adapter and
suba seal. Renpbve from 25 inert -atwne@phere Hhd begin N, purge. Add 50m s
anhydrous chl orobenzene (Al drich 28, 451- 3k»{o the PC15 via syringe and

begin stirring with nmagnetic stir bar, i gh out 60 gns
2-chl oro-5-nitrobenzoic acid 30 (0. 24 ple Aldrich 12,511-3). Slowy add
to the chlorobenzene solution while derNON? purge. Stir at SUBSTI TUTE

SHEET (RULE 26) WO 00/01687 PCT/ US99/ 12828 131 room tenperature overnight.

After stirring at room tenperature for ~20hrs glace in_oil bath and heat
at 5 A solution of 4.8 g (10.4 mmol) of 2 in 500 mL THF was

cooled to 0 °C in an ice bath. 20 mL of a 1 M solution
of potassium t-butoxide was added slowly, maintaining
the temperature at <5 °C. Stirring was continued for

30 minutes, then the reaction was gquenched with 100 mL

10 of saturated ammonium chloride. The mixture was
partitioned between ethyl acetate and water; the
organic layer was washed with brine, then dried (MgSoO,)
and concentrated in vacuo. Purification by silica gel
chromatography through a 100 ml plug using CH,Cl, as

15 eluent yielded 4.3 g (90%) of 3 as a pale yellow foam.
'H NMR (CDC1,) 4 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
(qap, Jap = 15.0 Hz, AV = 33.2 Hz, 2H), 4.17 (a, 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 (d, J = 8.7 Hz, 1H), 8.13 (d4d, J
9.9 and 3.6 Hz, 1H), 8.23-8.30 (m, 1H), 8.44 (s, 1H).
MS (FABHEY) m/e (relative intensity) 464.5 (100), 446.6
(65). HRMS calculated for M+H 464.1507. Found

25 464.1905.
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50C for I hr. Renove chl orobenzene by high vacuum Wash residue with
anhydrous hexane. Dry acid chloride 5 wt=61.95gns. Store in inert and dry
atnosphere. In inert atnosphere, dissolve acid chloride wctriososh@Bsi s
anhydrous P 8WNe87(0.97 nole Aldrich 29,629- 5). Place solution in a
2-necked 500ntl round bottom flask. 10 Weigh out 45.1gnms al um num chl ori de
(0.34 noles Aldrich 29,471-3) and 6F5ce in asolid addition funnel. Fit
reaction fl asksé/g;; giad@lrgbgga{mn%k and a N2 inlet adapter. Renpve from

i nert atnosphere: i1l Treaction solution with ice bath and begin N2
purge. 15 Slowy add A1Cl13 to chilled solution. After addition is
conplete, allowto warmto roomtenperata($ Stir overnight . Quench

reaction by pouring into a solution of 30 '§U1N HCl1 and ice. Stir 15
mn. Extract twice with 20 ether. e onganic | ayers and extract tw ce
with 2% NaOH, then tw ce with deioni 20/ By with MySO' filter and

rotovap to dryness. Renove anisoﬂ@”“by hi gh v@guum Crystalize product from

90% et hanol 10% et hyl acetate. Dry on vagtm |l ine. W =35.2gns. 25 Yield
41% Obtain NMVR and nmass spec (m z=292). @!. 2CL |\ I\ / OQCH N®

Cl4H12A NOB fw=277.71 30 Di ssolve 38.10gme” (%031 nol es) of the
SUBSTI TUTE SHEET (RULE 26) WD 00/ 01687 PCT/ US99/ 12828 132 benzophenone
fromstep 1 in 250m s anhydrous nethyl ene 1) of

I s To a cooled (0 °C) solution of 4.3 g (3.3 mmo ) ©

3 in 30 ml THF contained in a stainless steel reaction
vessel was added 8.2 g dimethyl amine (182 mmol). The
vessel was sealed and heated to 110 °c for 16 hours.
The reaction vessel was cooled to ambient temperature

10 and the contents concentrated in vacuo. Purification
by silica gel chromatography (Waters Prep-2000) using
an ethyl acetate/hexanes gradient (10-40% ethyl
acetate) gave 4.0 g (88%) of 4 as a yellow solid. 'H
NMR (CDC1l,) d 0.80-0.95 (m, 6H), 0.96-1.53 (m, 8H),

15 1.60-1.69 (m, 3H), 2.11-2.28 (m, 1H), 2.79 (s, 6H),
3.09 (qpps Jap = 15.0 Hz, DV= 45.6 Hz, 2H), 4.90 d, g

9.0 Hz, 1H), 5.65 (s, 1H), 5.75 (d, J = 2.1 Hz, 1H),

) 6.52 (dd, J = 9.6 and 2.7 Hz, 1H), 7.59 (¢, J = 8.4
Hz, 1H), 7.85 (d, J = 7.80 Hz, 1H), 7.89 (d, J = 9.0

20 Hz, 1H), 8.20 (dd, J = 8.4 and 1.2 Hz, 1H), 8.43 (s,
1H) . MS(FABH*) m/e (relative intensity) 489.6 (100),
471.5 (25). HRMS calculated for M+H 489.2423. Found
489.2456.

25

SUBSTITUTE SHEET (RULE 26)



chloride. Place in a 3 liter flask fitted with N2 inlet, addition funnel
and stopper. Stir with magnetic stir bar. Chill solution with ice bath. 5
Prepare aweobmssron of 39.32 gns trifluoronethane sul fopguadssigsk0. 262 nol e
Al drich 15,853-4) and 170 m s anhydrous nethylene chloride. Place in
addition funnel and add dropw se izschilled solution under N.. Stir 5
m nutes afte jti l.s.conmplete. 10 Prepare a solution of 22.85 gns
triethyl si Ig%%gdé('o. %ﬁ% %t%)r&lﬁfgﬁ 23,019-7) and 170m s anhydrous
met hyl ene chloride. Place in addition funnel and add dropw se to chilled
solution under N2. Stir 5 mnutes after addition is conplete. 15 Prepare a
second solution of 39.32 gns trifluoronethane sulfonic acid and 170m s
anhydrous methylene chloride. Place img@dition funnel and add dropw se
to chilled solution under N2. Stir u@ after addition is conplete..
ol

20 Prepare a second solution of 22. hyl silane and 170m s
anhydr ous net hyl ene chl ori de. e3¢ i tBwon funnel and add dropwi se to
chilled solution under N2. Aftef all additigpns are nade allow to slowy

warmto roomtenperature overnight. St#R5 under N2 overnight. Prepare
1300 m's saturated NaHCO3 in a 4 Iiterr. Chill wth ice bath. Wile
stirring vigorously, slowy add reacti B wit,ure. Stir at chilled
tempegature for 30 min. Pour into a 30 separatory funnel and allow
separation.,Renove organic _|ayer and extract aqueous layer 2 tinmes with
met hyl ene chPof i YeSPEHS}O8r §ani c© |Gy -§ wmoh) My&OH. in Orgastmadl | i ze from
et hanol . Dr¢thanehciuum Istaénlély stdeI2BaBgnbea&OHE i 48 %dg}ﬁ%and mass spec
S99/ 1 :

(m z=278) . SUBSTIJIhEaSHRES, (RULE,26) H0 ggéggﬁgg vpec':sTs/e was 828
sealed, purged twice with H;, then charged with H, (100
10 psi) and heated to 45 °C for six hours. The reaction

vessel was cooled to ambient temperature and the
contents filtered to remove the catalyst. The

filtrate was concentrated in vacuo to give 0.9 g (96%)
of 5. 'H NMR (CDCl,) d 0.80-0.98 (m, 6H), 1.00-1.52 (m,

+ 15 . 10H), 1.52-1.69 (m, 1H), 2.15-2.29 (m, 1H), 2.83 (s,
6H), 3.07 (qAB' JAB = 15.1 Hz, DV = 44.2 Hz, 2H), 3.70

(s, 2H), 4.14 (s, 1H), 5.43 (s, 1H), 6.09 (d, 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, 1H), 6.83 (s, 1H), 6.93 (d, J =

- 20 7.50 Hz, 1H), 7.19 (¢, 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.
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133 Step 3 O HS o ,CH3 N2 C2SH'NAS fw=443.61 5 Dissolve 10.12 gns
(0.036 noles) of product 2 with 200 m s anhydrous DVSO. Pl ace in a 500 ni
round bot {vombieask Wi th magnetic stir bar. Fit flask w pbruswetses
condenser, N, inlet, and stopper. Add 1.84 gns 10 Li2S (0.040 noles Al drich
21,324-1) Place flask in oil bath s heat at 75C under N2 overnight then
cool to roomtenperature. Wej gh qut 10.59 gns di butyl nme.sylate (0.040

nol es). Di ssgkeﬁp t h FARR§E? o 5%86 and add to 15 reaction solution. Purge
well with N2, heat overnight at 80C. Cool to roomtenperature. Prepare 500
ms of 5% acetigs RAWEibA 8f 14 gl (Beak@ho1 WHd & Shi Bbi MY, TeS| OW y add
reaction mxture. Stir go mn Extragﬁ 20, wi th et her 3c nes. Conbi ne
organic | ayer%a%rﬁi%@ﬁla 8emI wi4 1P MEPL! ArRELNTVadeRR. Sy  $%ani ¢ | ayer
with., SwWSO' fNéxtewagnddded ovap (B6.€6rymess.TExy Ghle vpagtterumasl i ne. Cbtain

pure product &y 6Qlurg RhANES 0ghaRNYartist 1kheb Yet@sanee 5% et hyl
acetate as the nmohile ns. Cbt%%g NMR and mass spec
/

5 phase. W =7.8
M z=444) . sﬁﬁ%&énék&%&(s%&[@%e?rwml 657 VP

( 12828 134 Step
4 0 (MgS0,) and concentrated in vacuo. Purification by
silica gel chromatography through a 70 ml MPLC column
10 using a gradient of ethyl acetate(20-50%) in hexane as

) eluent yielded 0.9 g (73%) of 6 as a pale yellow oil.
'H NMR (CDC1,) d 0.84-0.95 (m, 6H), 1.02-1.53 (m,

10H), 1.53-1.68 (m, 1H), 1.80-2.00 (m, 4H), 2.12-2.26
(m, 4H), 2.38 (t, J = 6.9 Hz, 2H), 2.80 (s, 6H), 3.07

15 (dpgs Jpp = 15.6 Hz, DV = 40.4 Hz, 2H), 3.43 (t, J =

N 6.9 Hz, 2H), 4.10 (s, 1H), 5.51 (s, 1H), 5.95 (4, J =

2.4 Hz, 1H), 6.51 (dd, J = 9.3 and 2.7 Hz, 1H), 7.28
(s, 1H), 7.32-7.41 (m, 2H), 7.78 (4, J = 8.1 Hz, 1H),
7.90 (d, J = 9.0 Hz, 1H).

20
Step 7. Preparation of 7

! : Q§£)

S
O
Bu
Me 2N ~

)

: OH
Q O N \
NWEtsTFA
H

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
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HO O 15r- SL(J/ GCH3 N2 5 C25H'NCGS fw=475.61 Dissolve 9.33 gns
(0.021 noles) of product 3 with 120 m s anhydrous net hyl ene chl ori de.

Place in sy@efdisgd! round bottom flask w th magnetic stirpbgisesigis 10 fl ask
with N2 inlet and stopper. Chill solution with ice bath under N2 purge.
Slowy add 11.54 gns 3- chloroperbepgpic acid (0.0435 noles, Fluka 25800,
-65% . After addition is conplete warmto room tenperature and nonitor
reaction by THECTREQITRBRAY 1Wafories AFlER| Jrep 1400 )swWspRexa®e i nt er nedi at e
]?ut t akes lfsdﬁetotnlat&awey\tzawr tg}ﬁd&@haheaﬁza%lin:gl osotsati'mh (@\gngzgioght in
reezer. Filt i ! eact|on, .extracs | It rat 11.h 10% .
Extract aqueosﬁsgs %%fégng\gm?g%é) wWth %’e’tehﬁl ézgﬁ)cr?oflr i7d<31.g %ow i e organi c | ayers
and 20 dry wif@mvySE MR | COCland rotB8vApofo(mr yiBss0-8BthiT¢ pure product

by crystal i z%rnglbnmm et fisno]g0r(m,i 34) atizn@ngw.éqgl(Egmm mtsggr \?\%h%b/ 01687
PCT] USoo! 12898551387 &by 40 .CFfk T3° | Bhss therB THECHE g
C27H39NOAS f wv4£316855uReanit)i,on .i13-908¢e (M, al3004nhesta) nl@ss steel Parr
5.44 (s, 1H), 6.08 (d, J = 1.8 Hz, 1H), 6.57 (dd, J =
9.3 and 2.7 Hz, 1H), 7.24 (t, J = 7.5 Hz, 1H), 7.34
10- (t, J = 8.4 Hz, 1H), 7.56 (d, J = 8.4 Hz, 1H), 7.74
(s, 1H), 7.88 (d, J = 9.0 Hz, 1H), 9.22 (s, 1H). HRMS -
calcd 642.4304; observed 642.4343.

15 Example 1398a

Step 1
Cl O
O O CH,
NO,
Cl‘H1°C1N04 fw=291 . 69
20

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 atmospheére 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)



stirred mni reactor. Place 9.68 gns (0.0204 noles) of product 4 in
reactor base. Add 160 ms ethanol. For safety reasons next two conpounds
are added i o L\‘ , at nosphere gl ove bag. In glove bag, aggrAlzesaz8tes 10

f or mal dehyde ?‘5 584 ol es, Aldrich 25,254-9, about 37 wt%in water) and
1.45 gnms 10% Pd/ Carbon (Al drich 20,569-9) . Seal reactor before renoving
fromglove bag. Purge reactor threelftmes with H2. Heat to 55C under H2.

Run reaction at-odf0t&ebérdilikesdCermighta 1Afset rstiatréngf aR50Pamm  Run

overni ght under these conditigps. |_.reactor) aadnveRl kiar Rerge with N2.
Check progr es§65‘?ef%rhurbeyr}'%fc. Qﬁgﬁ%tciopgﬁcfs@g (?n{ xtyre of desired product
and i nt er nedi ab6C £9¥ tIT r ReorrencRiPrAbengeRe Rie M1 pEAY M cel i t e washi ng

wel | with ethefgsnhRodOMAR AEH 8AhB&AIULE hekate etlrer acEdt claldridet h  wat er .

Dry organic |ayer w %%@SO' filter an 0 Loodpypess. Dry on vacuum
line. Civarge réﬁﬁfmg n WPRSs méeqrr't%u%?é all?gaﬁ_ OZE reactor. and run
over ni ght under san® cgvefitt ksmeospheye.er digeohtr A daFPloFidh il erial has
been convertedpotmd ionedapt §s1Ct (.0 . € Ooho Bend Av et chi22 SUBRSFH TUTE SHEET

(RULE 26) WO 0%016%7“% l@h}.ﬁggé 12828 1_%@%? E5HE. BURES N ddh N2, Filter

over a bed of Fit'e, fet? ik Rot ovap to dryness.
Di ssolve with &lask. and extract with water. Dry organic |ayer with MySO'
filter 1gnd rotovap Weign Gu¥Nessighs Yalumivas uttiddride. (QbsaimoldeR and mass

speg)(njz:474)Al§¥P 5?479-35 éné place in a solid addition
funnel. Fit reaction flask with addition funnel and a
N, inlet adapter. Remove from inert atmosphere. Chill
reaction solution with ice bath and begin N, purge.

15 Slowly add AlCl, to chilled solution. After addition
is complete, allow to warm to room temperature. Stir
overnight

Quench reaction by pouring into a solution of 300
mls 1N HC1 and ice. Stir 15 min. Extract twice with

20 ether. Combine organic layers and extract twice with
2% NaOH, then twice with deionized H,0. Dry with
MgSO,, filter and rotovap to dryness. Remove anisole
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/z=292).
Step 2
Cl-
O O CH
Al
. (0)
NO,

CI‘H12C1N03 fw=277 . 71

30
Dissolve 38.10gms (0.131 moles) of the
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--~ N H3C ~CH3 10 C27H39NOAS fw=473. 68 Di ssol ve 8.97 gns (0.0189
(r?olle) (c)::‘-Bproduct S with 135 ms anhydrous THF. Place in a 250 m rognd
bottom 1%d bopdss W th magnetic stir bar. Fit flask WlthlJEersgSPJV\% andd -
stopper. Chill solution with ice/salt bath under N2 purge 4 y a 3
gns potassiumt-butoxide (0.227 myle Al drich 15,667-1). After addition
conplete, continue to stir at -10C nonttoring by TLC. 20 Once reactlonhl S
conpl ete, qu Weéaﬂ?nﬁr%§tﬁpsl 11993 34@ sshhy@ngud Ometi hylelbet r act t hree

times with ectHi@ndBry PIGANIiG Laayernmxt fhlxgﬁﬂflété&%a{'% rotovap to

NVR and mass spec ‘(m z=474).
SUBSTI TUTE SHERE" Z%E@’%% 081 oTeh A herPEs08t 15 gasch TEERSEeE 7 O U5
,, uoH "1 Gfrtlms{za CHEhigde olat 8o weit$0 168 batii ssol ve 4. 67 gns (0.01

. _
mol es)5 of product pBepdid a BAulLsn aWdr QUSgRb! OF OF JQaneﬁ: el N f‘ t250
e er ong Sy gk@ﬁfc"! %n gg%)l‘ﬁ? tlng\?mggacﬂlr:iﬁtiiiff% /ancetdfe Ibgtﬁ under a

d a seal
ﬁgagbfrgeanSI g&ﬁ a%bcﬂrQHSameg;zylwg@ chdoB4dal s blien in idddawide (0. 03 nol es

Aldrich 20, 22nd) .aifd iddcair6plihd RIPRRILILE éé).l.rut]l%r{nxﬂnd% tgr addition

tor_ reaction proyjress by TLC
then al l ow t rgrnrﬁl%ut%%magtgperd%tl%ggn is comp ete. p

Reactla)n 's usuaJPrepare a solution of 22.85 gms triethyl silane
(0.197mole Aldrich 23,015-7) and 170mls anhydrous
methylene chloride. Place in addition funnel and add
dropwise to chilled solution under N,. Stir 5 minutes
after addition is complete.

15 Prepare a second solution of 39.32 gms
trifluoromethane sulfonic acid and 170mls'anhydrous
methylene chloride. Place in addition funnel and add
dropwise to chilled solution under N;. Stir 5 minutes
after addition is complete.

20 Prepare a second solution of 22.85 gms triethyl
silane and 170mls anhydrous methylene chloride. Place
in addition funnel and add dropwise to chilled
solution under N,. After all additions are made allow
to slowly warm to room temperature overnight. Stir

25 under N, overnight.

Prepare 1300 mls saturated NaHCO, in a 4 liter
beaker. Chill with ice 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 aqueous 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).
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"S conplete in 3 hrs. Chill solution with ice bath. Quench with 100 ms
10% K2CO3 whil e stirring rapidly. Stir 10 mn. - then transfer to sep funnel
and al | ow separation. Renpve aqueous | ayer. Extract Orgéﬂbﬁwhﬁﬁﬁr once
with 20 10¥@%C1%7once H20, and once with saturated NaC ution

organic layer with MySO, filter and rotovap to dryness. Crystalllze
product from ether. Cbtaln NMR antB3drass spec (ml z=460). SUBSTI TUTE SHEET
(RULE 26) WD 00/ 01687 PCT/US99/12828 138 Step 8 OS """SOH OO O NH3 C
\ CH3 C12H4BNOGSI fw=701.71 5 Weigh 0.38 gns NaH-(9.57 nmoles Aldrich
19,923-0 60%tdpsp. in mineral oil) in a 250 m round bottom flask with
magnetic stir bar. Fit flagk with N2 inlet and stopper. Chill NaH with ice
bath and begin N2 purge. [0 Dissolve 4.0 gms (8.7 nmol es) of product 7
with 60 ms anhydrous e cold NaH. Stir at cold tenperature
for 30 min. Add 1.33 gn¥l k2 l'es Fisher P-208). Dissolve 16.1
gns 1, 2-bis- (2- |odoethox 15 (43.5 mmol es Aldrich 33,343-3) with
60 m s anhydrous DW. d to cold reaction m xture. WVarmto room
tenperature then heat to[40C overnight under N2. C eanup by diluting with
et her and extracting 3 A th 5% NaOH, H2O, and saturated Nad .
20 Dry organic |ayer and dry. Cbtain

CH,
O/

)
/

NO,
C25H33N04S fw=443 . 61

Dissolve 10.12 gms (0.036 moles) of product 2
with 200 mls anhydrous DMSO. Place in a 500 ml round
bottom flask with magnetic stir bar. Fit flask with
water condenser, N, inlet, and stopper. Add 1.84 gms

10 Li,S (0.640 moles Aldrich 21,324-1). Place flask in
0il bath and heat at 75°C under N, overnight then cool
to room temperature. '

Weigh out 10.59 gms dibutyl mesylate (0.040
moles). Dissolve with anhydrous DMSO and add to
reaction solution. Purge well with N, heat overnight

b
m

at 80°C.
Cool to room temperature. Prepare 500 mls of 5%

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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pure product by col umm chromat ography using 75% hexane 25% ethyl acetate
as the nobile phase. Cbtain NVR and nass spec (m z=702). SUBSTI TUTE SHEET
(RULE 26) WO 00/ 01687 PCT/ US99/ 12828 139 Step 9 OAS o A:'(zl&m%g—ﬁ CD
6H63N206 ¥QOMOI&EZ802. 90 5 Dissol ve 1.0 gns (1.43 ol esh product 8 with
10 m s anhydrous acetonitrile. Place in a 3 ounce .Fischer-Porter pressure
reaction vessel with magnetic sti¥3%har. Add 2.9 gns triethyl amne (28.6
nmol es Al drich 23,962-3) dissolved in 10 ms anhydrous 10 acetonitrile.
Purge well with N2 then close system Heat at 45C. Mnitor reaction by TLC
Reaction is wusually conplete in 48 hrs. Perform cl eanup by renoving
acetonitril etgpddr )5 vacuum Redi ssolve wth anhydrous chl orof orm and
precipitate quaternary amgpniumsalt with ether. Repeat several tines.

Dry to obtain crystalline]f product. Oobtain NVR and mass spec (m z=675). 20
Exanpl e 1399 Step 1. Prepa j Br 6~ ~CH 3 25 To a solution of 144
g of KOH (2560 mml) in 1.1 >1| TUTE SHEET (RULE 26) WD 00/ 01687
PCT/ US99/ 12828 140 DiBO ¥20 g of 2-bronobenzyl al cohol (641
mmol) slowy via addit Ng Then was added 182

funnel .

S
O/
O O CH,
O/
~ 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
8 hrs to convert to the sulphone. Chill solution over
night in freezer. Filter solid from reaction, extract
filtrate with 10% K,CO,. Extract agqueous layer twice
with methylene choride. Combine organic layers and
20 dry with MQSO.. 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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g of nmethyliodide (80 nL, 1282 mmol) via addition funnel. Stirred at
anbi ent tenperature for fifteen 5 mnutes. Poured reaction contents into
1.0 L of water and extracted three tinmes with ethyl acepaffsoo/fd3gs Or ganic
|l ayer was H%Q'8Ver MySO4 and concentrated in vacuo. Purified by
silica-gel chromatography through a 200 nlL plug using hexanes (100% as
elutant vyielded 10 103.2 g (80% of 23%as a clear colorless liquid. 1H NVR
(CbC13) d 3.3% £S.53H), 4.42 (s, 2H) , 7.18-7.27 (m 2H), 7.12 (d, J =
7.45, 1H), 7. B?S, 1H). Step 2. Preparation of 2 00O 011 15 CH3 To a
cooled (-78 C) solution of 9% g (472 mol) of 1 in 1.5 L THE was added 240
m. of 2.5 Mn-butyl Iithium _li(576_mmol The m xture was stirred for one
hour, and 20 then to it wdt a f zinc iodide (566 mmol)
- dissolved in 500 Ml THF. The stirred thirty mnutes, allowed
to warmto 5 C, cool ed tékg 0 Candtoit was added 6 g of Pd (PPh,) ,
(5.2 mol) and 125 g 2, 5z fl uorobenzoyl chloride (708 mmol). The 25
m xture was stirred at ilent tenperature for 18 hoursand then cooled to
10 C, quenched with wate Rar't 1 INONne bet ween et hyl acetate and wat er,
and washed organic | aye d wwth IN NaOH. The organic |ayer
was dried over MgSO4 and neent rate 8Q_i mCBacuo. Purification by silica
gel chromatography (Waterq Prep-500) usiﬁb 5% et hyl acet at e/ hexanes as
el utant gave 53.6 g (43 9% ,)of, 2 as an orange oil. 1H SUBSTI TUTE SHEET
(RULE 26) WO 00/ 01687 PCTLUS99/12828 141 NWR (CDC13) d 3.40 (s, 3H), 4.51
(s, 2H) 7.12-7.26 (m ), ¥H7 (¢, J = 7.50, 1H), 7.57 (d, J = 7.45, 1H),
CyoH)oNO,S  fw=473.68

5 Reaction is done in a 300 ml stainless steel Parr
stirred mini reactor. Place 9.68 gms (0.0204 moles)
of product 4 in reactor base. Add 160 mls ethanol.
For safety reasons next two compounds are added in a N,
atmosphere glove bag. In glove bag, add 15.3 mls

10 formaldehyde (0.204 moles, Aldrich 25,254-9, about 37
wt% in water) and 1.45 gms 10% Pd/Carbon (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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7.73 (d, J = 7.45, 1H), 7.80 (s, 1H). 5 Step 3. Preparation of 3 Bu ~ OH
CH3 A solution of 53 g (202.3 nmmol) of 2 and 11.2 g Li2S (242.8 mml) in
250 mL DMzo@mideeated to 100 C for 18 hours. The react ippppéin2690!l ed (0 O
and 60.7 g of X 10 (the cyclic sulfate conpound of exanple 1397) (242.8
mmol) in 50 nL DMF was added. Stirred at anbient tenperature for 18 hours
t hen condensed in vacuo. Added 1136water to organic residue and extracted
twice V\“hdﬁ'} ré) et BeEge ARUEONS. | a¥ak eaChbdbf i £bdddflreante 15 refl uxed 2
days. Cool ed t |ent te erature and extracted with nethylene chloride,
dri ed organiteshng e‘f’l% &and 5‘8?1%‘@%&? PAYY3%T0. Purification by
silica gel chysswivegwaphyetfhibht ans Prepad)O)itisiwvage10%D®t hyl acetate /
hexanes as e 8 9 o] Sra¥elelbow oi | . 1H NWR
(CDC13) d o. %%g%p Sayex-deugh ﬁ?gé @jll%gr bnd A% %%? 120, 2.83 (s, 2H),
3.32 5(s, 2HTYRRSR) (DrYapl Vaguim %énEBH)O t?lé‘z“ﬁﬁda 4 MESY 26 Hz and 2. 82
Hz, 1H), 7. lépddt(m/2=278)19 Hz and 2.82 Hz, 1H), 7.45 (t, J = 7.65 Hz,

1H), 7.56-7.61 (m 25 2H), 7.69 (d, J = 7.85 Hz, 1H), 7.74 (s, 1H).
SUBSTTTOTE SHEET (RULE 26) WD 00/01687 PCTI US99/ 12828 142 St ep 4.
Preparation 976 U UF CH2OH | CH 3 To a cooled (-40 C solution of
42.9 g (96.2 mmol ) of 3 in 200 f methyl ene chloride was added 21.6 g 5
trifluoromethane sul fonic aci , 144 mmol) followed by the
addition of 22.4 g tri(e)thyl

7O\
H,C' CH,

10 C27H39NO4S fw=473 -68

Dissolve 8.97 gms (0.0189 mole) of product 5 with

135 mls anhydrous THF. Place in a 250 ml round bottom

15 flask with magnetic stir bar. Fit flask with N, 'inlet
and stopper. Chill solution with ice/salt bath under
N, purge. Slowly add 2.55 gms potassium t-butoxide
(0.227 mole Aldrich 15,667-1). After addition is
complete, continue to stir at -10°C monitoring by TLC.

20 Once reaction is complete, quench by adding 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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(30.7 nm, 192.4 mmol) . Stirred at -20 C for two hours, quenched with
wat er and warnmed to anbient tenperature. Partitioned between nethyl ene

chl oride and /vvg{ - 10 dried the organic |ayer over Myg@ussnmssondensed in
vacuo. PWYPPYPSY |on by silica gel chromatography (Waters Prep-500) using
10% et hyl acetate/ hexanes as elutant gave 24.2 g (60% of 4 as a oil. '"H

NVMR (CDC13) d 0.89 (t J =7.05 RB76H), 1.17 - 1.40 (m 12H), 15 1.46 (t,
J = 5.84 Hz, 1H)ﬁx_25 (s 2H), 3.38 (s, 3H), 3.43 (d, J = 5.23 Hz, 2H),
4.16 (s, 2H), s, 6.80 (d, J = 9.67 Hz, 1H), 6.90 (t, J = 8.46
Hz, 1H), 7.09 (d, J=745Hz .15 - 7.21 (m 2H), 7.25 - 7.32 (m
2H), 7.42 (m 1H). 20 Step 5. rerat'on of 5u Bu CHO / \' | CH3 To a
cooled (15-18 C) solutign o 2% g 5.8 mol) of 4 in 100 nL DVSO was
added 31.2 g sul fur trioxji/de w2y i dine conplex (195 mmol). Stirred at
anbi ent tenperature for ,plrty miiat es. Poured into cold water and
extracted three tines ate. Washed SUBSTI TUTE SHEET ( RULE
26) WO 00/ 01687 PCT/ US ganics with 5% HC1 (300 nL) and then
with brine (300 ni), over MgSO4 and condensed in vacuo to
give 23.1 g (96 % of . i gh Hoil. 1H NMR (CDC1,) d 0.87 (t, J
= 7.05 Hz, 6H), 1.01-125(m 8H) , 1.53 - 1.65 (m 4H), 2.98 (s, 2H),
3.38 (s, 3H), 4.15 (s, 24), 4.43 (s, 2H), 6.81 (dd, J = 9.66 Hz and 2.82

He, 1H) . 6,91 (t, J 5 @&/ 634, 1H , 7.07 (d,
C,¢H;,NO,S fw=459.65

Dissolve 4.67 gms (0.01 moles) of product 6 with
100 mls anhydrous chloroform. Place in a 250 ml round
bottom flask with magnetic stir bar. Fit flask with N,
inlet adapter and suba seal. Chill solution with dry

10 ice /acetone bath under a N, purge. Slowly add, via
syringe, 2.84 mls boron tribromide (0.03 moles Aldrich
20,220-7). Stir at cold temperature for 15 min after
addition then allow to warm to room temperature.
Monitor reaction progress by TLC. Reaction is usually

5 complete 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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J =7.46 Hz, 1H), 7.14 (s, 1H), 7.19 (d, J =7.65 Hz, 1H), 7.26 - 7.32 (m
1H), 7.42 (dd, J = 8.66 Hz and 10 5.64 Hz, 1H), 9.40 (s, 1H). Step 6.
Preparati owobotedr Bu CHO CH3 15 To a cool ed (0 © sol u§%99{28283 lg
(53.6 Mol ) of 5 in 200 nL nethyl ene chloride was added 28.6 ¢

chol or per oxy-benzoic acid (112.6 mmol). Stirred at anbient tenperature for
24 hours. Quenched with 100 niL 10%Na2SO' partitioned between water and .
met hyl ene 20 chl orsdep &ried organic | ayer over MgSO4 and condensed in
vacuo to give 24.5 g (98% of 6 as a light yellow oil. "H NWVR (CDC13) d
0.86 - 1.29 (m 14H), 1.58 X (m 2H 1.82 - 1.91 (m 2H) , 3.13 (s,
2H)-, 3.39 (s, 3H , 4.4 y , 4.50 (s, 2H) , 6.93 (d, J = 9.07 Hz,
25 1H) , 7.10 - 7033 3.05 (s, 1H , 9.38 (s, 1H) . SUBSTI TUTE
SHEET (RULE 26) VON /U899/12828 144 Step 7. Preparartion of 7
% lipu Bu M2y a solution of 24.5 g (52.9 nmol) of 6 in 20
mL of THE contai ess steel reaction vessel was 5 added 100
nm. of a 2.0 M sol am ne and 20 nlL of neat dinethyl am ne.

The vessel was s [gﬂ{ég/ \th/léoh rs. yThe reaction
r at th fi##?ﬁr concentrated in

vessel was cool ed
vacuo. Purification|iby silica_gel 10 chronmatography (Waters Prep-500) using

15 %ethyl acetatgdlgexanes gave 21.8 g (84 % of 7 as a clear
. H,C  CH,

C3.H(NOSI fw=701.71

5 Weigh 0.38 gms NaH (9.57 mmoles Aldrich 19,923-0
60% disp. in mineral o¢il) in a 250 ml round bottom
flask with magnetic stir bar. Fit flask with N, inlet

' and stopper. Chill NaH with ice bath and begin N,
purge.
10 Dissolve 4.0 gms (8.7 mmoles) of product 7 with
60 mls anhydrous DMF. Add to the cold NaH. Stir at
cold temperature for 30 min. Add 1.33 gms K,CO, (9.57
mmoles Fisher P-208).
Dissolve 16.1 gms 1,2-bis- (2-iodoethoxy)ethane
15 (43.5 mmoles Aldrich 33,343-3) with 60 mls anhydfous
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 MgsoO,, 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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colorless oil. 1H NWR (CDC13) d 0.85 (t, J =7.25 Hz, 6H), 0.93 - 1.29 (m
8H), 1.49 - 159(m 2H), 1.70 - 1.80 (m 2H), 2.98 (s, 8H), 3.37 (s, 3H),
4.41 (s, &éo%‘&m .44 (s, 2H), 6 42 (s, 1H), 6.58 (dd, RETAISYYB88,  and 2. 61

Hz, 1H), J =745 Hz, 721(s 1H), 7.28 (t, J = 7.85 Hz,
1H), 7.82 (d J 9 06 Hz, 1H), 20 Step 8. Preparation of 8
0O SBu M2N I Bu ~IIIO—|01~~ Asolutlon of 21.8 g (44.8 mvol) of 7

in 600 nL of THE stwgs scooled to 0 C. 58.2 nL of a 1 Msolution of 25

pot assi um t - but oxi de was added slowly, maintaining the SUBSTI TUTE SHEET
(RULE 26) PCTI US99/42828™~W00101687 145 tenperature at <5 C. Stirred for
30 m nutes, then with 50 nL of saturated amoni um chloride. The
organi c | aygr partit‘oned between ethyl acetate and water, dried over

MySO4 and coX plagC.5 i nvacuo. Purification by recrystali zat| on from

-10% et hyl et atje/ hexanes gave 15.1 g of 8 as a whi solid. The nother
| i quor was ] Sy} ica gel chromatography (f@:ers Pr ep-500) using
30% et hyl S asthe elutant to give f 8 as a 10 white

solid. MS (
Found 487.

| * I~Caboul o MMH 487. 2756.
7 pr é)para | onw ,8\

C39H53N206SI fw=802 . 90

5 Dissolve 1.0 gms (1.43 mmoles) of product 8 with
10 mls anhydrous acetonitrile. Place in a 3 ounce
Fischer-Porter pressure reaction vessel with magnetic
stir bar. Add 2.9 gms triethyl amine (28.6 mmoles
Aldrich 23,962-3) dissolved in 10 mls anhydrous

10 acetonitrile. Purge well with N, then close system .
Heat at 45°C. Monitor reaction by TLC. Reaction is

usually complete in 48 hrs.

Perform cleanup by removing acetonitrile under
i5 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 1393
Step 1. Preparation of 1
Br
[f:]\\/DCH3
25 To a solution of 144 g of KOH (2560 mmol) in 1.1 L of

SUBSTITUTE SHEET (RULE 26)



S \ Bu Bu Me2N/ ~1'OH ~ Br 15 A sol ution of 2.0 g (4.1 rrrml)lofginofzo

m. of nethylene chloride was cool ed to -60. C 4.1 nL of a 1M sohut![on

boron tri bmoodgsspas added. Stirred a’a anbi ﬁnéI \tM_e{rEerSSt wﬁ#%}&%@:r go e

m nutes. Cooled reaction to -10 C and quenche "0 oy water ariod
[ er was partitioned betwe met hyl ene chloride a

g\r/g?ni\/gsloayand con(F:)ent rated in vacﬁgo Purification by recrystali zat I on

from 50% et hPMSQcERataddes: AyP ed ot 2-brbueberayd h12ohgl( 8% of 532 iZBZ‘

white solid. hﬁanAalwlyrrbeaSA%adldimﬁ ebakl1 25 MRECYRRI 8L, 4 =50 26) WO

Found 536. 182 Q. tlon of 0
08>J 01687 PCT/ %585/%&%@%”?21 gﬁ‘ RS 9Y) miapadditieen of 1.00 g (2.

mol ) of 9 anfuan®l g S(tezredm)tt )ambfiepyr t ethprerdturd0 fok ofreegionitrile was
ambh 1 IﬁQH[ clio
Sonentr ar R te@sggf@(t] %ﬁatclftg%nbgorec t-'Sss PEI ? ’Ié €r‘%ﬁﬁeﬁet hanol /

f
glogf ﬁ&”ii ﬁgrérr‘]d Vg‘ l{’% E@g“’t’m@tlaﬁsmt&s véf pcappte. sdThel. MS ( FAB*)

me 535 5. 1(p15@anp'| daydpOvasSidaied over MgSo, and concentrated in
vacuo. Purified by silica-gel chromatography through a

200 mL plug using hexanes (100%) as elutant yielded

10 103.2 g (80%) of 1 as a clear colorless liquid. ‘H NMR
{CDC1,) 4 3.39 (s, 3H), 4.42 (s, 2H), 7.18-7.27 (m,
2H), 7.12 (d, J = 7.45, 1H), 7.50 (s, 1H).

Step 2. Preparation of 2

15
To a cooled (-78 °C) solution of 95 g (472 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, ailowed to warm to 5 C, cooled to -10
°C and to it was added ¢ g of PA(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. ‘H

SUBSTTTUTESHEET%RULEZQ



OH O F Cl4H1302F fw=232.25 15 A 12-liter, 4-neck round-bottom flask was
equi pped wth reflux condenser, N2 gas adaptor, nechanical stirrer, and
an addi ti ep éownése! . - The systemwas purged with N2. A BCTEFY13R8 sodi um
hydride 20 (126.0g/4.988nm01) in toluene (2.5 L) was added, and the m xture
was cooled to 6 C. A solution of 4341l uorophenaol (560.59/5.000nDI) in
toluene (2.5 L) was added via addltlon fun el g algg;k&p f 2.5 h. The
reaction ni xt\HRe (@BE1He8t 8d4Q ol Sefflix ¢ %} £ sol Ution of

3- met hoxybenzy) chl.afi ge, JSUBSTSEUEEHSHEEEV(RULET26W -BETI U8ho/ 12828 WO

00/ 01687 147 83.,0g9L5. I n ugpe 0 nL) was added via addition
funnel while n&%nggrnéﬁbqgggFuigj Aé?% Q%S HHP! refl uxing, the m xture was
cooled to roomtenperature and poured into H20 (2.5 L). After 20 mn.
stirripg, 5 tfhe ayersrepiratsepasptzed, and the organic layer was extracted
with a solution of potaSS|un1hydrOX|de A7209) in MeOH (2.5 L). The McOH

| ayer was added to 20% aqueo Lpydromde and the m xture was
stirred for 30 mn. The m xtu S the washed 5 10 tinmes with tol uene.
The tol uene washes were extpackg&iNg#®th 208 aq. KOH All 20% aq. KOH
solutions were conbined and acidi'ied wi th concentrated HCl. The acidic
solution was extracted three timg€ Wth ethyl ether, dried (MgSO4),
filtered and concentrated in 15 g 1 Cr ude product was purified by

Kugelirohr distillation to give a cClear, colorless oi
A solution of 53 g (202.3 mmol) of 2 and 11.2 g Li2S

(242.8 mmol) in 250 mL DMF was heated to 100 °C for 18

hours. The reaction was cooled (0 °C) and 60.7 g of X
10 (the cyclic sulfate compound of example 1397) (242.8
mmol) in 50 mL DMF was added. Stirred at ambient
temperature for 18 hours then condensed in vacuo.
Added 1 L water to organic residue and 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 %)
20 of 3 as a yellow oil. 'H NMR (CDC1l,) d 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 (dd, J =
8.26 Hz and 2.82 Hz, 1H), 7.16 (dt, J = 8.19 Hz and
2.82 Hz, 1H), 7.45 (¢, J = 7.65 Hz, 1H), 7.56-7.61 (m,
25 2H), 7.69 (d, J = 7.85 Hz, 1H), 7.74 (s, 1H).
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(449.09/39%%vyield). b.p.: 120-130 C50ntorrHg. 1H NWVR and MS [(M+ H+ =
233) confirnmed desired structure. 20 Step 2 S/CH3 ON_CH3 O F

Cl7H18N02F$,,(§W&89. 39 25 A 12-liter, 3-neck round-bottomf{]|ask was fitted
wi th nmechanical stirrer and N2 gas adaptor. The system ’Usﬁfﬂzﬁ@d W th

N2. 4-Fl uoro- 2- ( 3- met hoxybenzyl ) - phenol  (455. 59/ 1. 961nol ) and
di met hyl f or mam de were added. SUBSTIIAZTE SHEET ( RULE 26) WO 00/ 01687

PCTI US99112828g, 148 .T%eﬁgj,g{._i%p g cooled to 6 C, and sodi um hydride
(55.5¢9/2.197mpl) was added slowy. After warmng to roomtenperature,

di et hyl t hi ocar banmoyl chl ori de 24% P961nvl ) was added. After 15 h,
the reaction 5 m xture was pou nto HXOB(4.0 L), and extracted two
times with ethyl ether. The comyized orgdil0H ayers were washed with H20

and saturated aqueous Nad, dried (IMSH), filtered, and concentrated in
vacuo to give the product (605.3g %yield). 1H NV\R and M5 10 [ (MtH) + =
320] confirmdesired structure. 3 SH O F 15 Cl14H130FS fw=248.32 A

12-liter, round-bottom fl ask was eQ¥ > '
To a cooled (-40 °C) solution of 42.9 g (96.2 mmol) of

3 in 200 mL of methylene chloride was added 21.6 g
5 trifluoromethane sulfonic acid (12.8 mL, 144 mmol)
followed by the addition of 22.4 g triethyl silane
(30.7 mL, 192.4 mmol). Stirred at -20 °c for two hours,
quenched with water and warmed to ambient temperature.
Partitioned between methylene chloride and water,

10 dried the organic layer over MgSO, and condensed in
vacuo. Purification by silica gel chromatography
(Waters Prep-500) using 10% ethyl acetate/ hexanes as
elutant gave 24.2 g (60%)of 4 as a oil. 'H NMR (CDCl,)
d 0.89 (t, J 7.05 Hz, 6H), 1.17 - 1.40 (m, 12H),

15 1.46 (t, J = 5.84 Hz, 1H), 2.81 (s, 2H), 3.38 (s, 3H),
3.43 (d, J = 5.23 Hz, 2H), 4.16 (s, 2H), 4.42 (s, 2H),
6.80 (d, J = 9.67 Hz, 1H), 6.90 (t, J = 8.46 Hz, 1H),
7.09 (d, J = 7.45 Hz, 1H), 7.15 - 7.21 (m, 2H), 7.25 -
7.32 (m, 2H), 7.42 (m, 1H). |

20
Step 5. Preparation of 5

u
Bu
CHO
O CH3

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)



gas adaptor, nechanical stirrer, and reflux condenser. The system was
purged with N2. 4-Fl uoro-2-(3 20 net hoxybenzyl) - phenyl di net h%/l t hi ocar bamat e
(605. 3g/ 1 v@®&wmésy and phenyl ether (2.0kg) were added, P&RESPAE2E0l ution
was heated to reflux for 2 h. The mxture was stirred for 64 h. at room
tenparature and then heated to refi4sx for 2 h. After cooling to room 25
tenperature, MeOH (2.0 L) and THE (2.0 L) re:add t he sol ution was
stirred for 1orgrnipg adsrupt Byur |°d@%4%§99p795§gtn%l %/gs added, and the
mxture was (mAl edl)t,0 dietlusrdaorics kveAf Mas$O.cond iGRR9EBSEBakE t enpar at ur e,
the m xture was_concent.r.at Y. r NaPor 38 L 9sohyed Hrvwet Byl . ether (1.0
L), and extraB¥® it ﬁ”%ug%#ﬂn‘%%gﬁ&? (RUlS_lF 2?;)f 0f/ 01687,

PCT/ US99/ 12828 NMRO(FPOL:) TReC afliebus Jext / abt s*aePE’ conbihed,” "aéi di fi ed

with cencentr@gt,eduhiCl.and- extencied 4u) t h2 eAthylls, eeHkr .3.3Bhdset her extracts
were dried ( A),, il ter cqrcephy ate@1i g ace tQegi N an amber
oil (463.0g, ’9§%13?i e(t'lsd).ﬁg)lH 8%r’1f?r{r'ed desi r%?) sty ngtl.{l’e. Step 4 HO
S OVve C25H3500F8 -PR=Hz8. 6H) . 10 9 i i Vet 8 £588k, T¥ourd Kot Fom fl ask was
equi pped wi th N2 .gas sadapepr and nmechakl cal.$ti(dred .= ThéS> EFst em was
purged with 4. FLuor 05243 nqt,_?oxyb@@zycgal- ghtophenalz 1@0. 0g/ 403. 2mol )
and 2 15 et hN(%Q eghéllé et %é3r£ ﬁmo L) ‘were added and the solution was cool ed
to 0 ¥ Sodi GmSHyHridéf) 9. 86t 363, 2fol ) was added slowy, and the nixture
vvas_al lowed to warm to roomtenparature, 2,2-Di butyl propyl ene sulfate

Step 6. Preparation of 6

J¥e)
R~

Bu
/\é'Bu
CHO
O OCH 1

15 To a cooled (0 °C) soluticn 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,S0O,, 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
o0il. 'H NMR (cDpcl,) 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 (d, J = 5.07 Hz,
25 1H), 7.10 - 7.33 (m, SH), 8.05 (s, 1H), 9.38 (s, lH).
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(110. 899/ 443. 6nmmol ) was added, and the m xture was 20 stirred for 64 h. The
reaction mxture was concentrated by rotavap and di ssolved in H20. The
aqueous solwbioaouesvas washed with ethyl ether, and conceg;cr,%sggl SO4 was
added. The aqueous solution was heated to ref lux for 3 BB ed to
room 25 tenperature, and extracted v¥4t4h ethyl ether. The ether solution
was dried (MgS™4), filtered, and conc”"d in vacuo to give an anber oi

(143. 949/ 85% y$egRrl)7- 1IHreB€J%‘Iﬁ115UTEfSHEET (RULE 26) WD 00/01687

PCT/ US99/ 12828 150 NMR and M5 [ (M + ?+ = 419] confirmthe desired
structure. Step 5 /0 4Bu S Bu OMAF C25H3302FS fw=416.59 A 2-liter,

4- neck, round-bottom flask was h N2 gas adaptor, and
mechani cal stirrer. The 10 systd “with N2. The correspondi ng

al cohol  (143. 949/ 343. 8mol ye M L) were added and cooled to O
C. Pyridinium chl orochronate /651 6mmol ) was added. After 6 h.

CH2Cl12 was added. After 20 min, theé xture was filtered through 15 si Ilca

gel, washing with CH2C12. The filtrlg oci¥pncentrated in vacuo to give a
dar k yellowred oil _ (110. 62 77%vyield)” 1H NVR and M5 [(M+ H) + = 417]

confirmthe d@@l?‘eﬂo%‘{tﬂ@@te g24 Z-’OQSt(éQ 8 OmB) oF 8 BH 20 mL of

THF contained in a stainless steel reaction vessel was

S added 100 mL of a 2.0 M solution of dimethyl amine and
20 mL of neat dimethyl amine. The vessel was sealed
and heated to 110 °C for 16 hours. The reaction vessel
was cooled to ambient temperature and the contents

concentrated in vacuo. Purification by silica gel

10 chromatography (Waters Prep-500) using 15 % ethyl
acetate/hexanes gave 21.8 g (84 %) of 7 as a clear
colorless oil. 'H NMR (CDC1,) d 0.85 (t, J = 7.25 Hz,
6H), 0.93 - 1.29 (m, 8H), 1.49 - 1.59 (m, 2H), 1.70 -
1.80 (m, 2H), 2.98 (s, BH), 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, § = 7.45 Hz, 1H), ].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

o f

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
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Owe | / | F SUBSTTTUTE SHEET (RULE 26) WO 00/01687 PCT/US99/12828 151
C25H3304FS fw=448.59 A 2-liter, 4-neck, round-bottom flask was equi pped
with N2 gas .adaptor and nechanical stirrer. The 5 syst epeiesomsegyed Wit h
N2. The cwo®db8hdi ng sul fide (110.69g/265.5mvl) and CH2C12 (1.0 L) were
added. The solution was cooled to % C, and 3-chl oroperbenzoic acid
(158. 21g/531. 7mmol ) was added port?‘ hwi se. After 30 mn, the reaction

m xture vas aldpwedeife ey st tc.1Gtioped t B S0amuPUt et SR 5 h, the

reaction m xture s cqoled to i Bkl tfrd dnhichaghidefine fritted
funnel . The fIYePFAER Wik v@sﬁ‘gdo%ﬁ 10% ag%aous K% 7 AN enmul si on forned
0]

whi ch was extTracbedamit Hlayerhyps ALt 1PREC AN C | ayérs were combi ned,
dried 15 (MySQkarti hi@rrtterandr cedanmtrr MEB04 | and/ FANEENETAFSR  the product

(93.2g, 78%yvyield). 1H NVR.coofi he., <dgpi zad i rfuemure0sStep 7 0 O~
/Il \ Bd Bu M@%“ﬁz%ﬁh\;&&%&é@g eV Farass, 59 A plitker, 4-neck,

r ound- bot t omdthy3kaeesa eryliepgads F#¥h 1ﬁ21983°%08apatsor, It i cal stirrer.
and a powder ,25¢addikd QRodhernel qudheasy stetved PUkdedcfi BRI N2. The
chromatography (Waters Prép-SOO) using 30% ethyl
acetate/hexanes as the elutant to give 3.0 g of 8 as a
10 white solid. MS (FABLi') m/e 494.6. HRMS (EI")

calculated for M+H 487.2756. Found 487.2746.

Step 9. Preparation of 9

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
g 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
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correspondi ng al dehyde (93.2g/208mvl) and THE (1.0 L) SUBSTI TUTE SHEET
(RULE 26) WO 00/01687 PCTI US99/ 12828 152 were added, and the m xture was
cool ed to QdfeonidePt assi um tert-butoxi de (23.35g/208. 1mmolpcrivgsnastded Vi a
addition funnel. After Ih, 10%aq/ HCL (1.0 L) was added. After 1 h, the
m xture was extracted three 5 tines vg'th ethyl ether, dried (MgSOH),
filtered, and concentrated in vac 2® The crude product was purified by-
recryst. from 80/ 20 hexane/ et hyl Qcetate to give a white solid (32.18 g).
The nother |iquor was concentra ed“s;;Jt vacuo and recrystelized from95/5 10
tol uene/ ethyl acetate to give White\sBlid (33.60g/ conbined yield: 71%.
1H NMR confirmed the desired gtep 8 0 Os Bu M2N Bu 'OH QOwe
C27H3904NS fw=473. 67 A FiMéatr porter bottle was fitted with N2 |ine and
magnetic stirrer. The system was py ge%f"wi h N2. The 20 corresponding

fl uor o- compound (28.1g/62. 6nmol ) add€d, JJaRd the vessel was seal ed and
cooled to -78 C. Dinethylamne (‘% 1) was condensed via a

02/ acet one bath and added.to the reactidn vessel. The mixture was allowed
to warmto rdeclepena®fire: 05 dardd -Rasmabhteld & @60 4c® & (€% 20 h, the
reaction mtnd1e waspatidived ino 3006L andayesordityddlevedsi stiatded et her.

The ether sol jt1.gp;uas YaRHSS ek Qo SWERT TURE SUEET: (BULE520)

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 .

|i Ii OMe

F
Cy14H1305F 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 No. 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 1ih.

25 A solution of 3-methoxybenzyl chloride
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WO 00/ 01687 PCf/US99/ 12828 153 saturated aqueous NaCl, dried (MgSOH),
filtered, and concentrated in vacuo to give a white solid g28. 59/ 96%
yield). LiobWRegonfirmed the desired structure. 5 Step RSURES Bu Bu
Me2N ' OH OH C26H3704NS fw=459. 64 A 250-ni, 3-neck, round-bottom flask was
equi pped with 10 N2 gas adaptor gng nmagnetic stirrer. The system was

purged with N2. The correspondi ng_net hoxy- conpound g/ 14. Omol ) and
50 S BHAchoddh Ay

CHC13 (150 mi)siwiad Saddewol THE tPéHERE o r &%was cool ed to -78 C, and

boron tri br ogygla k0 £5884 # lnBMeo ki nesimdgede LTS - mi A&%A% 15-B-was al | oned
to warmto room tenperature After Neooldif ticE@ebhotempetidtueewas cool ed to
0 C and was rﬁ@éﬁiﬁ?@d ?hmfﬁ%rﬁzﬁ% °1%0 r(eié) Aftgr ix[gi'?x the |ayers
wer e separ ataed mmdethénteedus2l-Gykt - wltex2PaltBd TwWo t1més with et hyl
ether. The CHC13 and 20 et her act spyairR crehhnedlay@sshad with saturated
aqueols NaCl “Pri§-EMySR)=° ?F%’%réd and conc%nh{,g%lege in vacuo to give
the product éexrgedsydtlyia|sPLutipPNRR RFASSHEI Y RE"Tes! red struct ure.
SUBSTI TUTE SHERG)( Rl ieds) (MG @)/.0188¢ NROH Usysr12epgaddesh tSep 10 \'S Bu
20% aqueous potassium hydroxide, and the mixture was
stirred for 30 min. The mixture was then washed 5
10 times with toluene. The toluene washes were extracted
\ with 20% ag. KOH. All 20% ag. KOH solutions were
combined and acidified with concentrated HCl. The
acidic solution was extracted three times with ethyl

ether, dried (MgSQ4), filtered and concentrated in

15 vacuo. The crude product was purified by Kugelrohr

distillation to give a clear, colorless oil

' 1
(449.0g/39% yield). b.p.: 120-130 Cc/50mtorrHg. H
NMR and MS [(M + H)* = 233) confirmed desired

structure.-
20 '
Step 2
S
/u\ /s
0" N—cy,
'! li OMe
F
Cy7H; gNOoFS fw=319.39
25 A 12-liter, 3-neck round-bottom flask was fitted with

mechanical stirrer and N, gas adaptor. The system was
purged with Ns. 4-Fluoro-2- (3-methoxybenzyl) -phenol
(455.5g/1.961mol) and dimethylforﬁamide were added.
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(HBO)2N Bu bHNJ 5 1In a 250 mM single neck round bottom Flask with stir
bar place 2- diethylam neoethyl chloride hydochloride (fw 172.10g/nole)

Al drich D8,wd@déhids?(2. 4 mmol ,4.129), 34 m dry ether and %‘W{EW/ a2gt
KOH(aqueous). Stir 15 mnutes and then separate by ether extraction and
dry 10 over anhydrous potassium carbonate. In a separate 2-necked 250 m
round bottomflask with stir bar adt#%odi um hydri de (60% di spersion in
mneral oil, smjutiBnGwaBDJ:c)cal’ﬁui t3A et Oén@%di@phyaﬁid&g 15 I _
t enper at ur e. produc previ ous step 1.1, .4 moles in
5.m DMF and the ’estq'ﬂgr'gggﬁgho%as pardtéiﬁgr 53"‘5 Ve.sp‘fﬁlét wf‘ﬁmit'?ﬁ:(tf’or 3 days.
The product WHSh tESREER Bede noligeshyil b ioeeBrdrdylbghTotidms diluted with
e}] herba_nd e><tT r(aqtzedg\ﬂ/hthsim@p)rtv}éyla_%gé% RE: HNaGH, h‘i%h@}’&?‘éjaéuowgt.er f‘“d g
t hen brd ne. r er s dri over gnesi.um sul fate and isol ate
by rerr%vi ng Eﬁﬁ‘e&ﬁ yw?%ta%?%re\gafﬁ‘glpagﬁn\(%lq g'e)gné}’ijﬁﬁtriﬁrtﬁﬂiuél”ormy be

further purificgeeByws bl ooEHyOreRPRY . (ShO2-AWerRINBLqaaEL ARl NHACH at
MRSS Spec a H1 NV -~ SUBSTI TUTE

5ml/min.) 25 | i el d: 8 , )
SHEE'rIp ? R{JLE zgjggﬁ%ggg?%ale ’b%zZ’uéggf hvora:a ef*s@qsggbs MNa& ., §reed (H3C) 2N Bu
"'OH ON 5 Thempsogucts fItihed, e@ndOcéRe&iPied] 182vakhd iv®lgvEW

the product (605.3g, 97% yield). 21H NMR and Ms

10 ((M+H)* = 320] confirm desired structure.
Step 3 .
SH
li li - _OMe
F
15 C14H13OFS fw=248.32

A 12-liter, round-bottom flask was equipped with N,

gas adaptor, mechaniqgl 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 (425.9g/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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558.83 g/nole) and 1.6 gns iodoethane (10.02 nmol) was placed in 5 m
acetonitrile in a fischer-porter bottle and heated to 45 C for 3 days. The
sol uti on Wesee@¥APOrated to dryness and redissol ved i n BTHS8¥3p2810

chl orof orm Next ether was added to the chloroform solution and the
resulting mxture was chilled. Thei4slesired product is isolated as a

precipitate Q. 727 e, (Mass_spe = iGeaH MVR): £ilm Exanpl e 1401
Step 1 OH 7d*z§€/e %%fﬂ&f%ﬁfFefagiéﬁ%\@gmZgé%l%ffil i ter,l4l- neck round-bottom
flask was eqyippeconlBSEe EHTECSHRR (ERUEEc2E) WABhOBLBYBELhRET/ USQ9/ 12828

156 with reflux condenser, N2 gas_adaptar antLilerest | BAEM, and an
addi ti on funnef® %%éersﬁ‘ttgﬁ'nc swelﬁ)%r%gggvm”{lﬂ Ngf A slelfrry of sodi um hydri de
(126. 0g/ 4. 988omddntrated donaafRo5td )SiNgs aBRIRET 2hd (851 Hi8 i xt ure was

led to 6 G, A salpti - 1l h 0onol ) in tol
(25°5) vas SWHAGF VA aglh (TBroT B ar e par rad o 2.5 b, The

reaction mxture was heated to reflux (100 C) for Ih. A solution of
3- met hoxybengydp ¢l oride 10 (783.0g/5.000mol) in toluene (750 nL) was added
via addition funnel while majntaining reflux. After 15 h. refluxing, the

m xture was cooled to roomte ature poured into H20 (2.5 L). After
20 mn. stirring, the layers werje rated, and the organic |ayer was 15
extracted with a solution og 0 Si oxide (720g) in MeOH (2.5 L).

The MeOH | ayer was added to

li Ii OMe

F

10
A S5-liter, 3-neck, round-bottom flask was equipped
with N, gas adaptor and mechanical stirrer. The

system was purged with Nj. 4-Fluoro-2-(3-

methoxybenzyl) -thiophenol (100.0g/403.2mmol) and 2-

15 methoxyethyl ether (1.0 L) were added and the solution -
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,SO, was added. The aqueous solution

was heated to reflux for 30 min, cooled to room
25 temperature, and extracted with ethyl ether. The
ether solution was dried (MgsO,), filtered, and conc’'d

in vacuo to give an amber oil (143.94g/85% yield). iy
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20% aqueous pot assi um hydr oxi de,
The m xture was then washed 5
extracted b ovoids720% aq. KOH Al

and acidified with concentrated HCL. The
dri edsgver MySO4,
The crude product was purified by Kugel:rohr
N'® ende¥S bIN + (449=0g1 B9%oyifelrl) thd. fesirkdd- 130 C/ 50nt or r Hg.
233] confirned desired

three tines with ethyl ether,
in vacuo.
give a clear
1H NMR and M3 [ ;MGrE) +
SHEET (RULE 26) WO 00/01687 PCT/ US99/

F C17H16NO2FS fw=319.39 5 A 12-liter,

wi th mechani c&8teptbrrer and N2 gas ad
4- Fl uor o- 2- (3- net hoxybenzyl ) - phenol
di met hyl f or mam de were added

i i . The &0
hydri de (55.5g/2.197npl) was agdded B¥
tenperature, dine thyl thiocdrba BS

the reaction nlxture was

aque

F

After 15 h
extracted tmo tines with e
washed with H20 and sat ur

and the m xture was
times with tol uene.
20% aqueous KOH sol uti

stirred for 30 mn.
The tol uene washes were
8 comnbi ned
acidic solution was extracted ,
filtered and concentrated
25 distillation to

structure. SUBSTI TUTE
12828 157 Step 2 S CH O __ M3 Ow
3-neck round-bottomflask was fitted
aptor. The systemwas purged with N2.
(455.5g/1.961npl) and 10 .
ution was cooled to 6 C, and sodium
lowy. After warmng to room
hl ori de (242.4g/1.961npl) was
15 into H2O (4.0 L), and
ned organic |ayers were
dried over MgSO4,

added.
poured

C25H3302FS fw=416.59

A 2-liter, 4-neck, round-bottom flask was equipped

with N, gas adaptor, and mechanical stirrer.

10 system was purged with N,.

The

The corresponding alcohol

15

20

(143.94g/343.8mmol) and CH,Cl, (1.0 L) were added and

cooled to 0 C. Pyridinium chlorochromate
(140.53g/651.6mmol) was added.
‘added.
silica gel, washing with CH,Cl,. The filtrate was
concentrated in vacuo to give a dark yellow-red oil
(110.6g, 77% yield). 1H NMR and MS [(M + H)*
confirm the desired structure.

417])

Step 6

SUBSTITUTE SHEET (RULE 26)

After 6 h., CH2C12 was

After 20 min, the mixture was filtered through -



filtered, and concentrated in vacuo to give the product (605.3g, 97%
yield). 1H NVR and M5 [(MtH)+ _ 20 3201 confirmdesired structure. Step 3
SH Ove Fw80BG¢TUTE SHEET (RULE 26) WO 00/ 01687 PCT/ USSI/USYEERE 158
Cl14H130FS fw=248.32 A 12-liter, round-bottom flask was equi pped with N2

. gas adaptor, nmechanical stirrer, argl reflux 5 condenser. The system was
purged with N2. 4-Fluoro- 2-(,3- oxyb lo) - phenyl di met hyl t hi ocar bamat e
(605. 39/ 1. 895npl ) and phen§?5}g’3t3fr§gtrl?g( g‘xf){l{;}:}z’%v?ere added, and the sol ution
was heated to reflux for 2 h. The mxture was stirred for 64 h. at room

tenperature ang 10 then heated to i 12 &poling to room
.t enper at ure,i ?/ééh‘?’z f‘fg}éhdmﬁ%lg %F%%)gl\%/es#ewgadéﬁ?%%nd the solution
was stirred forhi%, fgasPedapseimnchyarbariral £25X56F7. 598%ml ) was added, and

the mxture was heated to refl ux,for h. LNng,{4 Jeoom 15
t enperat ur e, SYREET%AUPETHA “(':lotlrf?cgﬁt'raf}é%l -dgrtF%ngggl,’é %llssoleved in ethyl

ether (1.0 Ly11@neh/m@ds.aahelh Virdd cubRD, The agueens eddedict Theere conbi ned,
acidified wth conc. HCl, and extracted with_ethyl ether. The ether
extracts wer 8oHEiQR Ma§seryled 9 &r Ed, a%@'ﬂ?IEBHéEﬁ?F%’E%‘cF in vacuo to give
an anber oil a¢463(133,.2182%yi mind)l.) dks NMRIecOpbrefedwilesi r ety uct ur e.

Step 4 CH Byo &%ﬁ, QM% reaction mixture was allowed to warm to

10 room temperature After 3.5 h, the reaction mixture
was cooled to 0 C and filtered through a fine fritted
funnel. The filtrate was washed with 10% aqueous
K5CO;. An emulsion formed which was extracted with

ethyl ether. The organic layers were combined, dried
15 (MgSO,), filtered, and concentrated in vacuo to give

~ the product (93.2g, 78% yield). 1y NMR confirmed the
desired structure.

Step 7
0
N/
Bu
Bu
F ) ",
§ OH
20 OMe

C25H33O4FS 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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I I F 25 C25H3502FS fw=418.61 A 5-liter, 3-neck, round-bottomflask was
equi'pped with N2 gas adaptor and nechanical stirrer. SUBSTTTOTE SHEET
(RULE 26) WO §3f4dg1687 PCTI US99/ 12828 159 The system was gy 5\5@ gt h N2
4- Fl uor o- 2- (3- net hoxybenzyl ) -t hi ophenol (100. 0g/ 403. 2mm|) an -
met hoxyet hyl ether (1.0 L) were addgg and the solution was cooled to 0 C
Sodi um hydri de (9.68g/383.2mvl) 5 € added sl ow y, and the m xture was
al | oned to waweretaddemahenphe aniteurk s Robyear opyd ene sul fate

110. 899/ 443. d t t r 64 h. The
( g BOTRLY; Rty oR0ek LI 1Y @5% IRl Pl gdaber 04 N The

reaction m xture was, concentr 1 SSO

aqueous sol ut Y 36 SAesn&unpein ot x éthhello"aﬂ@/ %Qinc(l PB4 was added.

The aqueous Sodiytadi:hedNaSAfbe:athut%Heefrdlat)&ui'@r\ﬁgg é&ﬂhadﬁ@ﬁl €h-ded roomOI ' od

t enper at ure, c et hy]_.etd olution was drie

(NgSOflj% fil tere ){}lt ‘i%jé“n%%h IEatég 9 n?\&gég Ft ofslg:L %%er oi |

(143. 94¢g/ 85%qmmiaia)trai:l=_-ldNMR 2B [TheMctrublh pr odﬁ’c?@]was%ﬁfiﬁ@ci Ihe desired

structure. 5 2FS w=416.59 A 2-liter,
bott(?%gl asg %Oz%exang% t?’ NF YA % 83pFbYe *and

4- neck, roun equi
mechani cal stYiFrter 50138 3. %%/ﬁ)em § pather J.r\;‘fql\\?II\Iz'aSThe correspondi ng

concentrated in vacuo and recrystelized from 95/5

10 toluene/ethyl acetate to give a white solid (33.60g/
combined yield: 71%). 1H NMR confirmed the desired
product.

Step 8
0
Ox S//
Bu
Bu
Me,N Y,
H ‘OH
15 OMe

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
CO,/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 H,0,
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al cohol (143.94 ¢/343.8 mmol) and CH2C12 (1.0 L) were added and cooled to
0 C. Pyridiniumchlorochromate SUBSTI TUTE SHEET (RULE 26) WO 00/ 01687
PCT/ US99/ &@¢es 60 (140. 53g/ 651. 6mmol ) was added. Af t ePCTRUS?9128382C12 was
added. After 20 mn, the mxture was filtered through silica gel, washing
with CH2Cl2. The f||trate was conggntrated in vacuo to give a dark

yellowred oil 5 (110.68, 77%yvyield H N 417]
confirm the SeturasedsBayePUFeNaG e ré'eé hﬁé& Iglv?b%/éé\é @%25%304FS
fw=448.59 A Z-l L& NgekK .4 LQ4NGs RAtAOm fhask s6asd ezgiseyedswith N2 gas
adapt or and e ¢ran gglé'ds?%r ?,gr lgjqsystemwas purged with N2. The

cor r espondi ngidBa)sul flmwali&ﬁgtr%ME?lmﬂj SEHREIYTE1.0 L) were added.
The solution was cooled to O C, and 3- chl oroperbenzoic acid

(158. 219/ 531. 7nmmol ) was added portionw se. After 30 mn, the reaction

m xtube was S#8B Aved to warmto roomtenperature After 3.5 h, the 20
reaction mxture was cooled to 0 C andOfiltered through a fine fritted |
funnel. The filtrate was washed V\A@Q/AO% aqueous K2CO3. An enul sion forned
whi ch was extracted with ethyl etheg e, orggani ¢ | ayers were comnbi ned,
dried (MgSH), filtered, and 2% cent r angd in vacuo to give the product
(93.2g, 78% vyield). 1H NVR cox i i
SHEE' _ ; RULE 26) WO 00/ 018N

8,28 161 Step 7
“oH

OH
C2 6H3 7O4NS fw=459.64

A 250-mL, 3-neck, round-bottom flask was equipped with
10 N, gas adaptor and magnetic stirrer. The system was

purged with N,. The corresponding methoxy-compound
(6.62g/14 .0mmol) and CHCly (150 mL) were added. The

reaction mixture was cooled to -78 C, and boron
tribromide (10.50g/41.9mmol) was added. The mixture
.5 was allowed to warm to room temperature After 4 h,
the reaction mixture was cooled to 0 C and was
quenched with 10% K2C03 (100 mL). After 10 min, the

layers were separated, and the aqueous layer was
extracted two times with ethyl ether. The CHCl; and

20 ether extracts were combined, washed with saturated
aqueous NaCl, dried (MgSOy), filtered, and

concentrated in vacuo to give the product (6.27g/98%

yield). 1y NMR confirmed the desired structure.
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0 OASBu Bu F OH Qwe C25H3304FS fw=448.59 5 A 2-liter, 4-neck,
round-bottom fl ask was equi pped with N2 gas adaptor, nechanical stirrer,
and a powidgreoRskdytion funnel. The system was purged w t\?\glﬁlgy,g%e
correspondi ng al dehyde (93.2g/208mv1) and THE (1.0 L) \ 34 8, and the
m xture was cooled to 10 0 C. Potassiym tert-butoxide (23.35g/208.1mol)
was added via addition funnel. After |lh, 10%ag/ HCL (1.0 L) was added..
After 1 h, thé*#Pxifre was extracted three tines with ethyl ether, dried
(MgS), filtered, and concentrated in vacuo. The crude product was 15
purified by recrystallized from 80/20 hexane/ethyl acetate to give a white
solid (32.18g).. The nnthep\ @ quor was concentrated in vacuo and
recrystallized from95/5 t ‘/ene/ethyl acetate to give a white solid
(33.60g, conbined yieg %9 . WLH NVR confirnmed the 20 desired product.
SUBSTI TUTE SHEET (R WO 000887 PCT/ US99/ 12828 162 Step 8 0 S Bu

Me2N Bu ~'/ s 904NS Yfg¢y=4 73 . 6.7 5 A Fisher porter bottle
was fitted wi R | Ty,
N OH
0_'./\N/\
_
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 mmol,4.12g),
34 ml dry ether and 34 ml of 1N KOH (agqueous). Stir 15
minutes and then separate by ether extraction and dry
10 . over anhydrous potassium carbonate. -

In a separate 2-necked 250 ml round bottom flask with
stir bar add sodium hydride (60% dispersion in mineral
oil, 100 mg , 2.6 mmol) and 34 ml of DMF. Cool to ice

15 temperature. Next add phenol product (previous step)
1.1 g (2.4 mmoles in 5. ml DMF and the ether solution
prepared above. Heat to 40C for 3 days. The product
which coptained 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
produ;t may be further purified by chromatography
(Si02 99% ethyl acetate/1% NH4OH at 5ml/min.).

25 Isclated yield: 0.78 g (mass spec , and Hl NMR)
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and magnetic stirrer. The systemwas purged with N2. The correspondi ng

f1 uoro-conpound (28.1g/62. 6mvl) was added, and the vessel was seal ed and
cooled to _(;'gb/m% Di net hyl ami ne (17.1g/379nmmol ) was conBERUs13fRH a 10
C02/ acet one bath and added to the reaction vessel. The m xture was all owed
to warmto roomtenperature and wassheated to 60 C. After 20 h, the
reaction mxture was allowed to cool and was dissolved in ethyl ether
The et her solfftsrodinwas washed with H20, 15 saturated aqueous NaCl, dried
over MgSH4, filtered, } and concentrated in vacuo to give a white solid
(28.59/96% yield) 1H NVMR confirnmedythe desired structure. SUBSTI TUTE SHEET
(RULE 26) WD 00/01687 PCT/ US99/ 12 4ﬁh63 Step 9 0 OAS/ Bu Bu Me2N 'COH
“OH C 26H3704NS fw=459.64 5 A 25Q-nl.S neck round- bottom fl ask was

equi pped wth N2 gas adapto 0 B§tirrer. The system was purged
with N2. The correspondi ng nt - compeund (6.629/14. Omol ) and CHC13
0 /ur Buwas cooled to -78 C, and 10

(150 m.) were added.g%gﬁﬁg 4

boron tribrom de (10. .9nnDI Jas é@ﬁed The mxture was allowed to
warmto roomtenperature After N, the reaction m xture was cooled to 0 C
and was quenched with 10% K2C ) nmL). After 10 mn, the |layers were
separated, and the aqueous | aye g

o
J\__

5 The product from step 10 (0.57gms, 1.02 millimole fw
558.83 g/mole) and 1.6 gms iodoethane (10.02 mmol) was
placed in 5 ml acetonitrile in a fischer-porter bottle
and heated to 45 C for 3 days. The solution was
evaporated to dryness and redissolved in 5 mls of

10 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) .

15 Example 1401
Step 1
OH
|I li OMe
F
20

A 12-liter, 4-neck round-bottom flask was equipped
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15 extracted two times with ethyl ether. The CHCI3 and ether extracts were
conbi ned, washed with saturated aqueous NaC, dried over MgSO4, filtered,

and concenybedifgssi N vacuo to give the product (6.279/98% vield). 1H NWR
confirmed the desired structure. 20 SUBSTI TUTE SHEET (RULE‘%@S %0/ 01687

99/
PCT/ US99/ 12828 164 Step 10 OO S I\ Bu (H3Q2NBu "OHi O-!I\N 5 1In
a 250 m single neck round bottom f1&k with stir bar place 2- .
di et hyl ani neostiltyl refilm i cthadngdechiordggle ddfapebe?. Hoehamian Al drich D8,
720-1 (2.4 mllinoles, 4.129), 34 nt dry ether and 34 m of IN _ KOH
(aqueous). StiSFiI5ehi MRRSMAGAERépn sbiedt-e Bpel8yatemwasxt raction and dry
over anhydroupupgtdseitimN.car hosahery |4 FoTRRA ay@rzd.?necked. 250. m round
bottomflask with syir bar add sodium hydride (60% dispersionin 15 .
mneral oil, 168°nBS/{2%™d| $0atrelueneri(266 BFvasorided,oahgde t enper at ure.

Next add phenthepmixiucte (psewboLEd ﬁdEHO)c.tlbiélgoifo%frlor?%ﬂ ;i_n _?_h(ran E)Ir\/gdﬁgfl
m?cﬁt Eg;t a?ﬁgﬁﬁaﬁﬁﬁ?gggﬂh g)r/s?aqd%‘%tl+L8‘2g° i H.Igeg‘) w'th ether and
extracted wit® e‘go‘f’tai Sﬁdbglo%%%-\, Vel aveeriyd veft &-Sahd ttren brine. The
ether |ayer wesctirdrethiavere Megnesiatadsubf aéel@ad(iEolot edr by removi ng
ether by rotary &13R2681 L8N (et W Pknzy 1€chloride
10 (783.09/5.000mol) in toluene (750 mL) was added via
addition funnel while maintaining reflux. After 15 h.
refluxing, the mixture was cooled to room temperature

and poured into Hy0 (2.5 L). After 20 min. stirring,

the layers were separated, and the organic layer was
15 extracted with a solution of potassium hydroxide
(720g) in MeOH (2.5 L). The MeOH layer was added to
20% aqueous potassium hydroxide, and the mixture was
stirred for 30 min. The mixture was then washed 5
times with toluene. The toluene washes were extracted
20 with 20% ag. KOH. All 20% aqueous KOH solutions were
combined and acidified with concentrated HC1. The
acidic solution was extracted three times with ethyl
ether, dried over MgSO4, filtered and concentrated in

vacuo. The crude product was purified by Kugelrohr
25 distillation to give a clear, colorless oil

(449.0g/39% yield). b.p.: 120-130 C/50mtorrHg. lm

NMR and MS [(M + H)* = 233) confirmed desired
structure.
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product may be further purified by chromatography 25 (silica 99% et hyl
acet at e/ 1% NH40H at 5m/mn.). ‘Isolated yield: 0.78 g (nass spec and Hl
NNR) Qﬁ;&ﬁ“&g SHEET (RULE 26) ‘WD 00/ 01687 PCT/ US99/ ¥28289911885 Step 11

\ Bu Bu (H3 Q2N "OH i N 5 The product fromstep 10 (0.57gnms, 1.02
m I linmole fw 558.83 g/ nole) and ijgdoet hane (1.6 gns (10.02 nmlinoles)was
place in 5 mM acetonitrile in a Fischer-Porter bottle and heated to 45 C
for 3 days. 10 The solution was evaporated to dryness and redissolved in 5
ms of chlorgfyym Next ether was added to the chloroform.solution and the
resulting mxture was chil I§d The desired product is isolated as a
precipitate 0.7272 gns. Massjspec M1l = 587.9, "H 15 NWR). Exanple 1402
0,%.0 ~S Bu Bu M2N OH _GH3SUBSTI TUTE SHEET (RULE 26) WD 00/ 01687
PCT/ 11599/ 12828 166 (4R-0rs) 1@;&533-[4- [ 3,3-Di butyl -7-(di met hyl am no) -

|i lI OMe

F
! C17H18N02FS fw=319.39

A 12-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

10 dimethylformamide were added. The solution was cooled
to 6 C, and sodium hydride (55.5g/2.197mol) was added
slowly. After warming to room temperature,
dimethylthiocarbamoyl chloride (242.4g/1.961mol) was
added. After 15 h, the reaction mixture was poured

15 into Héo (4.0 L), and extracted two times with ethyl

ether. The combined organic layers were washed with

H,0 and saturated aqueous NaCl, dried over MgSO4,
filtered, and concentrated in vacuo to give the

product (605.3g, 97% yield). 1y NMR and MS [(M+H)* =

20 320) confirm desired structure.
Step 3
SH
|I lI OMe
F
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2,3,4,5-tetrahydro-4-hydroxy-|,I|-dioxido-I-
benzot hi epi n-5-yl | phenoxy] pentylJthio]-1Htetrazole-l- 5 acetic acid Step

1. Preparat wsoodbesd-f | uoro 2 ((4 nethoxyphenyl)nmethyl)-phenol To a
stirred solution of 23.66 g of 95% sodi um 10 hydri de (0. 94kHF31288600 nL

of dry toluene-was added 100.0 g of 4-fluorophenol (0.89 nol) at 0C The
mxture was stirred at 90C for 1 hour gfti | gas evolution stopped. The

m xture was cool ed down to roo@ipe%@msatw;_g‘;@ryi a solution of 139.71 g of 3
15 met hoxybenzyl chloride (0.89 nmol) in 400 niL.of dry toluene was added.
After refluxing for 24 hours, the mxture was cooled to roomtenperature
and quenched with SGmhtliﬁematedeBm:tfbﬁgamiask|@é/§redmgﬁ§gp@{tq} ed, dried
over MSO4, andngosseddaied UR ] vacuum 20 The r Ining starting
materials were r%m)ved baf/B di st?ﬁ%&%ﬁ. ‘e’%ﬁér‘c’:’r'uo"’é’ddé'relgl%d oi | was

filtered® thr ougfRdensgrer Ghelsysodm Sialsi parged widihyneat  r ne_to yield
53.00 g (25. 6%2_03_%3:1,%r0guct as a pink solid: 1H KIVR ,) 8 3.79 (s,
3H) , 3.90 (s, 2%, & YPSRZYL) -phapyldimetley Ithibaprbhiiatd. 79- 6. 88 (m
4H), 7.11- 7.16/§%R- 3gAL.. 8S6w4aR) kn@bﬁeaygtétg{éxof(zﬂmf(é 0L 9s 2 %%4-

ri or of CRfocar banat e

rthocypheny ) mirehl sonenbendl 3h.ELgn S IR (TS
4-f 1 uor.o- 2- (( 4- %%%H%%Bﬁﬁn ﬁ%qﬁ%%py SpHendlt ImoB0femperurd! ¥ngMF vas

added TP 20 g &PReBObEaBEd U Myedrliusterofli SREr sh@gegncégﬁq%a:gﬁgi&%% 279. 90d
ure an

mol ) at 2C. Themgératxidl ¢S (3! dtowarmto room

26.61 g of di yl i hi ocar bamyl(aéhlfgri%’éi Y5 (300 folWereSe®$Td TUTE SHEET
MELEYLLL! O !

€ solution was stirred for 15 h. Potassium

(RULE 26)

hydroxide (425.99/7.590mo0l) was added, and the mixture
was heated to reflux for 4 h. After cooling to room
t?mperature, the mixture was concentrated by rotavap
dissolved in ethyl ether (1.0 L), and extracted with,
H,0. The agqueous extracts were combined, acidified

15

with conc. HC1, and extracted with ethyl ether. The
ether extracts were dried (Mgs0O,), filtered, and

14

98% yield). g NMr confirmed desired structure.

Step 4
OH

//\\LZ%u
3 Bu

F

25 :
Co5H350,FS fw=418.61

‘ A 5-liter, 3-neck, round-bottom flask was
equipped with N, gas adaptor and mechanical stirrer.

SUBSTITUTE SHEET (RULE 26)



WO 00/ 01687 PCTI US99/ 12828 167 was added. The reaction m xture was stirred
~at room tenperature overnight. The m xture was quenched with 100 nL of
water in %'.oﬁ)‘i’ssl?ath- The solution was extracted w th BOOUSHIIRE di et hyl
ether. The ether 5 solution was washed with 500 nL of water and 500 ml of
brine. The ether solution was dried oygg MySO4 and stripped to dryness.
The crude product was filtered through a plug of 500 m__silica gel using
5% et hyl acet at®Blenevstemt vas ipargedgwigth §2(69% 88huFC-Lnd3product 10 as a

pale white solid: '"HN 1o 1 [ 381§ SandH) -, 3.80 (s,
3H) , 3.82 (s, RO %é%%h%ﬁ?hé‘éﬁ),”@?g Shaos, Tm gH?’,l 709 (d, J =
8.7 Hz, 2H). SteptMoxyrehy} mtgement - bdd mMparorddss a9 throdtpaflte . 15 to
4 fl uoro-2- ((4- grishesyphenyd et hysdaiun ephened ¢ ssigysed. somel) on of 48. 00
g (150.29 mol ) of _t.hiqcarbamate_(ohtained f t Lo 200 o of
di phenyl %t her W& PQEngséa%owgﬁ“Z% %veepﬁftgﬁfé-q%%aqggﬁgtéi%ﬁ was cool ed
down to room t erperabur cerprya20rei | 2 &G4 buhy bRERPYL eneofudfatea gel with 2 L
of hexane to re(fi@.‘ée.ta@??md.sﬁnbﬂ-wél'§1%rdrci@ar,r§xﬁt9wfrniﬂtﬁﬂﬂc\fla§\/as washed
with 5% ethyl acetat e/ hgexane to give 46.00 g ( 2 f the product as a

| | IR Hiche IS %5 e m 23 . .
i velow so SR NG St b e s B
1H), 7.Q8 (d, J = 8.7 Hz.. 2H . 7.49 ( = 7 1H). To a
sol uti o%%of 46. Gﬂuﬁoﬁﬁﬁld%lj)om%ﬁs o‘?astq%g ‘]'%%re?:a glgi%ﬁtgrbr%%ct (above) in
200 L of met hasorcand;S®O wagoagdedi THE AAYEMRISPLIEEIOB YD NaOH (432. 06
nmmol ). The m xture S I d Ltr lght. The sol vents
wer e evapor at edggﬁzggn%‘g ?(f(ﬁé% géjp\j\‘gdt’ én?h\fvaggg%(fg\e%r le’%@ aq{geous sol ution
was washed withteuperttyie, gndt eXrasuedr Wik c&Fid ¢5P&Eed THE an ice bath.
The ether solution was dried (MgSO,), filtered, and

15 concentrated in vacuo to give an amber oil

(143.94g/85% yield). I1H NMR and MS [(M + H)* = 419]
confirm the desired structure.

Step 5
//\\JZiO
Bu
S Bu
|I Ii OMe
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 cooled to 0 C. Pyridinium chlorochromate
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35 aqueous m xture was acidified to pH 6 with concentrated HCL sol ution.
The solution was extracted with 300 nmL of SUBSTI TUTE SHEET (RULE 26) WO
00/ 01687 PCJ/ U 2828 168 diethyl ether twi ce. The ether | ayers were
conbi ned, C&‘f@g%éer MySO4 and stripped to dryness to aff%‘?réus\éﬂlfﬁﬁo g
(75.5% of the product as a brown oil: "HNWR (CDC13) 5 3.24 (s, 1H), 3.80
(s, 3H), 3.99 (s, 2H), 5 6.81-6.87 (m 49, 7.09 (d, J = 8.7 Hz, 2H), _
7.27-7.33 (m 1H14%t.8pgBesPranwiat ivar aBadibutyfreyd inG,sehfel s wilsep 3a.
Preparation of 2,2-dibutyl 1,3:propanediol. 10 To a stirred”sofution of

di - but yl - di et hyl rf&idgrat eXfmx R4 eHR, ( tBegmint s mis ifilgeyedHEhor@bntl) in
an acetone/dry isi@ikat Geypswadded WAth(EnMIHF) 162 Al crbie 208, . 0. 66
mol') dropwi se maintaining the tenperature”between -20 to 0OC. The reaction
was 15 stirred arCoRFeBIERFRGMR VRAlFHOr bacTivh avedrmkodleddovored 203 and 40 ni
of water, and 80 of 109 nd 80 of r re.agded opwW se.
The resul t?ng su(?ggrﬁé b%\/\é/;?ggﬂﬁl)éred}.{ %% ?rllc}lvt%r at[edo!e\/\éngriéoug{}er sodi um .
sul phat e and conEeRtiaReths fesice8 sbregFwereli ol 20 98.4 g (yield 95% as an
oil. M spectra and proton and carbon NWVR spectra were consistent with the
product. Step 3bg.Preparation of dibutyl cyclic sulfite 25 A solution of
2,2-dibutyl -1, 3-pro%anedi ol (103 g, 0.548 nol, obtained from Step 3a) and
triethylamne (221 g, 2.19 nol)_in an rous net hylene chloride (500 m)
was stirred at OC under nitroge To Fhgym xture, thionyl chloride (97.8 |
g, 0.82 nol) was added dropw se wWithin 5 mn the solution turned '
yel | ow and then bl ack when t®E jaddi t i oPWas conpleted within half an

hour. The reaction m xture was Hl rred fo! hr®Meat

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 CH,Cl, (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,CO;. 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 ($3.2g, 78%

vield). 1H NMR confirmed the desired structure.
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0C. GC showed that there was no starting material left. The m xture was
washed with ice water twice then 35 with brine twice. The organi c phase was
dri ed oveygo@eggIesi um sul fate and concentrated under vaRUHFPYEYi ve

SUBSTI TUTE SHEET (RULE 26) WO 00/ 01687 PCT/1JS99/ 12828 169 128 g (100% of
the dibutyl cyclic sulfite as a blackigpil. Mass spectrum (M5) was
consistent with the product. Step 3c. Oxidation of dibutyl cyclic sulfite
to 5 dibutyl c§e$®Pc’ sulfate To a solution of the dibutyl cyclic sulfite
(127.5 g, 0.54 nol, obtained fron1Step(Bb) in 600 mM acetonitrile and 500
m of water cooled in an ice bath uldey/ nltrogen was added ruthenium (I11)
chloride (1 g) 10 and sodi um peri odg gpul. 08 nol). The reaction was
stirred overnight and the col or N L fon turned black. GC showed
that there was no starting natg gy Xture was extracted with
300 M of ether and the etheg ‘ mashed three tinmes 15 with
brine. The organi c phase was dried overé nagﬁgglun1 sul fate and passed
through celite. The filtrate was copgdntrated under vacuum and to give 133

g (97.8% of the dibutyl cyclic su as an oil. Proton and carbon NWR
and M5 were consistent with the prog 20 Step 4. Preparation of

aryl - 3- hvdr oxypropyl sul fide -To a st g solution of 27.00 g (1b8.73 nmol)
of 4-fluoro-2-((4-nmethoxyphenyl)nethyl)t@Mephenol (obtained from Step 2)
in 270 nL of diglynme was added gg 6 8 gwQi4$H 0% sodi um hydri de di spersion
in mneral oil (108.73 mmol) %ﬁ: GC* After gas evolution ceased, 29.94 g
(119.60 mmol) of the dibutyl cyclic sulfate (obtained from Step 3c) was
added at;OC and stinredijter, 4-neck, round-bottom flask was

equipped with N, gas adaptor, mechanical stirrer, and

a powder addition funnel. The system was purged with
N,. The corresponding aldehyde (93.2g/208mmol) and
THF (1.0 L) were added, and the mixture was cooled to
10 0 C. Potassium tert-butoxide (23.35g/208.1mmcl) 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
15 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%). 1y NMR confirmed the
20 desired product. ’
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for 10 mnutes. The m xture was allowed to warmup to 30 roomtenperature
and stirred overnight. The solvent was evaporated and 200 nlL of water was
added. The wapdowiisgon was washed with 200 nlL of diethyl et %ﬁ%{%z 2gdded 25
mL of concentrated sulfuric acid to make a 2.0 M solutiont A
refluxed overnight. The solution 35 was_extracted with ethyl acetate and
the organic solution was dried over I\/gé@l and concentrated in SUBSTI TUTE
SHEET (RULE 26) Wexeép/®1687 PCT/ US99/ 12828 170 vacuo. The crude :
aryl - 3- hydr oxypropyl sul fide was purified b silica gel chromatography
(Waters Prep 500) wusing 8% ethyl acetatg/ hgxane to yield 33.00 g (72.5%
of the product as a |light brown oil: W (CDC1,) 55 0.90 (t, J =7.1
Hz, 6H), 1.14-1.34 (m 12H), 2.82 (§ \NM8Bas, 2H), 3.79 (s, 3H),
4.10 (s, 2H), 6.77- 6.92 (m 4H 8. 7 Hz, 2H) , 7.41 (dd, J
= 8.7 Hz, 5.7 Hz, 1H). 10 Step 5. ep4 Bienanti onerically enriched
aryl  3-hydroxypropyl sul f oxi déMedo a St rred sgl ution of 20.00 g (47.78
mol ) of aryl -3-hydroxypropyl sul fi de (obtg@ ned ®dom Step 4) in 1 L of

6% (1R) - 15

2C. After all the oxaziridine dissolvs
30C freezer for 72 hours. The solvent was ewgporated and the crude solid
was washed with 1 L of hexane. The 20 white Sd was filtered off and the
hexane sol ution was concentratedHsgOy¥ fw=4TRe6Trude oil was purified on
a silica gel colum (Waters Prep 500) using 15% ethyl acetate/hexane to

afford 19.00 g (95% of %r}}e enantionerically-enriched
aryl - 3- hyar oxypr opyl Sl F 535 PP5tes BottdieorhesEitted widbNNR [ODC1,) 8

0.82-0.98 (ﬁy 6Hind 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
10 CO,/acetone bath and added to the reaction vessel.

The mixture was allowed to warm to room temperature
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 H,0,

15 saturated aqueous NaCl, dried over MgS0O,, filtered,
and concentrated in vacuo to give a white solid

(28.5g/96% yield). lH NMR confirmed the desired
structure.
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1.16-1.32 (m 12H), 2.29 (d, J = 13.8 Hz, 1H), 2.77 (d J = 13. 5 Ft 1H),
3.45 (d, J = 12.3 Hz, 1H), 3.69 (d, J = 12.3 Hz,. g 4.02
(q, J = Weobodiess 1H), 6.83-6.93 (m 3H), 7.00 (d, J - S’CI'UF&"“ “Zﬁ) 7 18- 30
7.23 (m 1H), -7.99-8.04 (m 1H). Enantionmeric excess was determ ned by
chiral HPLC on a (R R)-Wel k- O col umme3 usi ng 5% et hanol / hexane as the
eluent. It showed to be 78%e.e. with the first eluting peak as the major
product. 35 SUBSYPTUTE SHEET (RULE 26) WO 00/ 01687 PCT/US99112828 171 Step
6. Preparation of enantionerically-enrDched aryl- 3-propanal sulf oxide To a
stirred solution of 13.27 g of tri @&ylamne (131.16 mwol, Aldrich) in 200
mL di nmet hyl sul foxide 5 were addes >¥200\g @3- 72 nmmol ) of

enantionerically- enriched ary 4ropylsulf oxi de (obtained from
Step 5) and 20.96 g of sulfur
roomtenperature. After t\y f /
hours, 500 nL of 10 water was added ts thébmpxture and stirred vigorously.
The nixture was then extracted mnt-iﬂ m. of ethyl acetate twi ce. The

et hyl acetate | ayer was separated, d over MgSH, and concentrated in
vacuo. The crude oil was filtere pugh 500 nL of silica gel using 15%
15 ethyl acetate/ hexane to give 1 (919 of the

3

Nt

enantionerically-enriched aryl - 3-propanaDBul foxi de as a |ight orange oi
1H NMR (CDC1,) S 0.85-0.95 (g& *?o Nslf;lqgglgh(rn 4H), 1.21-1.39 (m 4FD
1.59-1.76 (m 4H), 1.89-1.99°¢m’ £H), 2.57 (d, J = 14.1 Hz, 1H), 2.91 20

(d = 13. 8 Hz, 1H) , 3.79 (s, 3H) ., 3.97 (d, J = 15.9 Hz, 1H), 4,12 (d,

J
iS'g Hz, 1H), 6 8406m89 §Mhedt) .rouhd0Botfom Elask #akzequidigped?. 19 (dt, J

e, 2.4 with N, gas adaptor and magnetic stirrer. The system

=
o Il -

was purged with N,. The corresponding methoxy-
compound (6.62g/14.0mmol) 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,CO; (100 mbL). After 10 min, the

layers were separated, and the aqueous layer was
15 extracted two times with ethyl ether. The CHCl; and

ether extracts were combined, washed with saturated
aqueous NaCl, dried over MgsO,, filtered, and

concentrated in vacuo to give the product (6.27g/98%
yield) . 1y NMR confirmed the desired structure.

20
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1H), 8.02 (dd, J = 8.7 Hz, 5.7 Hz, 1H), 9.49 (s, 1H. 25 Step 7.
Preparation of the enantionerically-enriched tetrahydrobenzothie
i ne-| -oxi dewoldsipésy To a stirred solution of 17.30 g (39. gg’r@?@@xlsﬁf
enanti onmerical ly-enriched aryl - 3- propanal sul f oxi de (obtal ne rom Step 6)
in 300 mL of dry THE at -15C 30 was angg 48 nL of 1.0 M potassi um
t-butoxide in THE (1.2 equival ents) undéer nitrogen. The sol ution was
stirred at -15C f¥®P4 Wours. The sol ution was then quenched with 100 ni of
water and neutralized with 4 nL of concentrated HC1 solution at 0C. The
THE | ayer was 35 separated, dried over SO4, and concentrated in vacuo.
The enantionerically-enriched tetrahydrggﬁpzothiepine- SUBSTI TUTE SHEET
(RULE 26) WD 00/01687 PCT/ US99/ 12828 _172s1:-oxi-de (4R, 5R) was purified by
silica gel chromatography.(Waters '58 15% et hyl
u
4

acet ate/ hexane to give 13.44 g (77 as a white solid: 1H
NVR (CDC13) 5 0.87-0.97 (n1ggk% >

1.50-1.69 (m 4H), 1.86-1. 869N 1
J =13.0 Hz, 1H), 3.85 (s, 3H), 4.0
9.9 Hz, 2.4 Hz, 1H), 6.94 (d, J 9 Hz,
1H), 7.38 10 (d, J = 8.7 Hz, 2H), 7
8. Preparation of enantionerically-en
t et rahvdr obenzot hi epi ne-1, 1-di oxi de (4R, SR) To a stirred solution of 13.44 )

g (31.07 mmol ) of enantionerically-enric et benzot hi epi ne-1- 15
oxi de (obtained from Step 7) in 150 nL of nethyl efe chloride was added 9. 46
g of 68% m chl oroperoxybenzoic acid (37.28 mmol _iSigma) at 0 C. After
stirring at 0 Cfor 2 hours, the mxture was allowed to warmup to room

tenperatg;e and stirred for 4 hours. 50 nL of
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 (aqueous). Stir 15 minutes and then separate by

10 ether extraction and dry over anhydrous potassium
carbonate.

ct

H, 1.34-1.48 (m 4H),
T2 = 13.0 Hz, 1H), 3.00 (d,
(s.§1H), @H4g8 (s, 1H), 6.52 (dd, J =
7.13 (dt, J = 8.4 Hz, 2.4 Hz,
fld. 3='8.7 Hz, 5.7 Hz, 1H. Step
Hbd

°Z

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. Thé
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% NH40OH at 5ml/min.).
Isolated yield: 0.78 g (mass spec , and Hl NMR)
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20 saturated Na2SC3 was added into the m xture and stirred for 30 m nutes.
The solution was_then neutralized with 50 nL of saturapeghddarisedd sol ution.
The net'hyPVé?"loé?’ol@Fll oride layer was separated, dried over MgSO' and
concentrated in vacuo to give 13.00 97.5% of the 25
enantionerically-enriched tetrahydrobenzot hi epi ne-1, 1- di oxi de (4R, 5R) as
alight yellowsolid: "HNW (CDC13) S 0.89-0.95 (m 6H), 1.09-1.42 (m
12H), 2.16-2.26 ééB 111H), 3.14 (g, _J = 15.6 Hz, 1H), 3.87 (s, 3H), 4.18
(s, 1H), 5.48 ?s, 1H), 6.54 (dd, J = 10.2 Hz, 2.4 Hz, 1H), 30 6.96-7.07
(m 3H), 7.40 (d, J = 8.1 Hz, 2H), 8.11 (dd, J =8.6 Hz, 5.9 Hz, 1H). Step
9. Preparation of enantionerically enriOchggl 7 '
(di met hyl ani no) t et r ahydr obenzot hi epi ne- ¥4 di oxi de 35 (4R, 5R) SUBSTI TUTE
SHEET (RULE 26) WO 00/ 01687 PCT/ US9%%12828™\ 173 To a solution of 13.00 g
(28.98- Mol ) of enantionericall etBuahydr obenzot hi epi ne-1, 1-
di oxi de (obtained from Step 8) inp 'g;gt hylamne (2.0 Min THF,.
146 mol) in a Parr 5 ReaqHQC),Mas ad Yo} nmL of neat di nethyl am ne.
The nmixture was sealed and stirred at 140C oW ni ght, and cooled to
anbi ent tenperature. The excess direfFhy am ne was evaporated. The crude
oil was dissolved in 200 nL of ethy
wat er, dried over MgSO4 and concent Rg d/in vacuo. Purification on a
'silica gel colum (Waters Prep 500) Usihg 20% et hyl- acet at e/ hexane gave
12.43 g (90.5% of the enantionerical | yOenrithed Z~_ '
(di met hyl am no) t et r ahydr obenzot hi epi ne- 1, 1- di oxi 15 (4R, 5R) as a
colorless solid: "H NWR (CDC13) 5 0.87- 0.93 (m &%71. 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 =
5

gt ate and washed with 10 100 nlL of

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-Porter bottle and heated to 45 C for 3 days.

10 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 isclated as a
precipitate 0.7272 gms. Mass specC M-I = 587.9, 'H

15 NMR) .

Example 1402
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15.3 ' Hz, 1H), 3.84 (s, 3H), 4.11 (d, J = 7.5 Hz, 1H), 5.49 (s, 1H), 5.99
(d, J =2.4 H, 1H, 6.51 (dd, J = 20 8.7 Hz, 2.4 Hz, 1H, 6.94 (d, J = 8.7
Hz, 2H), 7.WPWWQI87) = 8 4 Hz, 2H), 7.90 (d, J = 8.7 Hz, Hdrusddesmr oduct
was determned to have 78%e.e. by chiral- HPLC on a Chiral pak AD col um
usi ng 5% et hanol / hexane as the eluent.1d®crystallization of this solid

fromethyl 25 acetate/hexane gave 1.70 g of the racem c product. The
to give 9.8 g of

remai ni ng sol uti oy slsggggfggr ted and recrystallized
col orl ess solid. Enanti F i &2 ebécdds3-Bibukyk- Boldiheshyldeims)d ned by
chiral HPLC on a2@3i-faPpbktrdhcirodanhya oy 520 £idiangldphexane as the 30

eluent. It showedeh2oBAYE&pr 0% 6 ' the first .eluting peak as the mgjor
product. Sfep 10y D(ﬁmat hg;%t i@oﬁlg %gﬁppgwlﬁé‘@ﬁﬂéﬁw?ﬁm%erht hyl

am no) tetrahydr 86&RZ6t AT ¥Pifle- 1, 1-dioxide 35 (4R, 5R) SUBSTI TUTE SHEET
(RULE 26) WD 00/01687 PCT/US99/ 12828 174 To a solution of 47 g (99 mol)
of enantioneric-gead ii:_heq, di tL}; | am no). tet ram(/drobenzot hi epi ne-1, 1-

di oxi de (obtai ned Sl Ar chloride at -10 C
was added dropwi= brom de (297 niL, 1Min

nmet hyl ene chl ori de, 'é B‘mi)i- .; ubti ol utj qn s stirred cold
(-5 >Cl: t010 C) fofydiRUI o0k, ur%;;ll ?dﬁiﬁ{etlir%gag?i g%%ﬁ %%r%ﬁg‘eﬁ\églbrfﬁe reaction
: 1 de HafROaPL. 26 ¢ry drrl usnewkgs qaddeched wi t h

was cooled in an %cetone-dry

300 nL of 10 wat'df’:°THeOhi %t thuorapbenal med. 89 Mdl Catandf urhber dil uted

with 300 nL of sebaruatedasoshithebi gar hevat g lLution to,neutralize the
ar at ed a‘?lrdsi(:a)xlé’r“lzi:ctué1 1%i $3° 300 ni of

m xture. The aqueusthayes S
net hyl ene chloride, and t%oéa%%§ﬁb§ﬁadme’§&?’é%t“éasv\§t°@1ﬁésﬁedn it lrobln 200 nl

of water,_bri ne "eHPPEACRR Ay sCBCBmtlion of 139.71 g of 3-
5 methoxybenzyl chloride (0.89 mol) in 400 mL of dry

téluene was added. After refluxing for 24 hours, the
m%xture was cooled to room temperature and quenched
with ;oo mL of water. The organic layer was sebarated
dried over MgSso,, and concentrated under high vacuum.'
20 Ihe 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

. .1
solid: 'H NMR (CDC1;) & 3.79 (s, 3H), 3.90 (s, 2H), 4.58

2
5. (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
d%spersion in mineral oil (279.9¢ mmol) at 2°C. The
35 mixture was allowed to warm to room temperature and
26.61 g of dimethylthiocarbamoyl chloride (215.130 mmol)

{
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concentrated in vacuo. The residue was dissolved in 500 nL of ethyl
acetate and stirred with 50 nL of glacial acetic acid 'IC%’ Mhafgnut es at
anbi ent WeNHe6t ure. The nmi xture was washed twice with S m. 20 of water,
200 nL of brine, dried over MgSO4 and concentrated in vacuo to give the
crude 4- hydroxyphenyl i nt er medi at e.18he solid residue was recrystallized

; rc(nzj rrﬁt gyl eneH %aé;f o0l ¥8cBYom il xt32&) wad dtheredest rmpm
Yy roxyp eny

(di net hyl ani no}?@?%&ﬂ@ﬁfﬁ%ﬁ?%plw PEFEAT B , quenched it solid: ' H

NMVR (CDCL3) 50;86-fL %% (warceHin 4n lick Sathm ThOMOIWEI8S 250 (m 1H),

2.14-2.28 (m 1§Q£a%l.§§wﬁﬁ @b')mL o”f dqe&gﬂ ,ether .1Tha ekherlH) , 3.16 (d, J

= 15.3 Hz, Hz, 1H) ,
6.55 (d&, J = eollzthp Pﬁ‘s Yﬁﬁhedesw’sfs" 9P|45z)a2‘e(’d@; S0, “ﬂ‘( 39 J = 8_H)7

Hz, 2H), 7. 01 bdind. —TH: theil-l;:oluwnlqremt dmﬁ@/ O%&fa FBm‘?ch enri ched

5- (4" - hydroxyp Fﬁ{%%gd to3ar{HLEE, thyd Q:'Fuﬁ@) product was filtered
t et rahydr obenzo

i ne-| d| OXI de 8s) dsftydescri bed, can
be prepared vi BhFew¥ER @u@é*rETPfrES%‘hé%r (J"IiEJEE é% %’%&/ 51587 PCT/ US99/ 12828
175 enanti osel eeétanaa/snexhhests ?Déld)\ﬂ&ﬂd oBygchf? of ¥ Qf'qué‘ﬁﬁy

separation. Oxidatio I o} r syl |3le1( @bt admed from Step
4) wit#%m chl BF opet en20| Exacg % eiréﬁlt?hgﬁjsqlmylir c%n(;é %Otﬂss @s 5in Step

8 bUt with 2. 2. QG]U(S/,&D@I‘M’, of 8 (})B/%H)ga\éesghésl r?ét)e fone™

intermedi ate. Jhe syldnnreovasmcagny ed . oohraygh & hee. et h2H]l ¢ sequences

(under the saneé " conditions as in Step 7 and Step 9) to give the racenic

5-(4' - hydroxyphenyl)-7 10

(di met hyl am nojtep rahy dRebenzog et (& =

were fycther sepay ?él%fonbo (t(bememfﬂnQWaﬁétM)Hmlepth

> (4 hydroxypneny|x stlrred solution of 48.00 g (150.29 mmol) of
thiocarbamate (obtained from Step 2a) in 200 mL of
diphenyl ether was refluxed at 270°C overnight. The
solution was cooled down to room temperature and

20 filtered through 1 L of silica gel with 2 L of hexane

to remove phenyl ether. The- rearrangement product was
washed with 5% ethyl acetate/hexane to give 46.00 g

. 1
(95.8%) of the product as a pale yellow solid: 'H NMR

( (cpcl,) & 3.02 (s, 3H), 3.10 (s, 3H), 3.80 (s, 3H), -
25 4.07 (s, 2H), 6.82-6.86 (m, 3H), 6.93 (dt, J = 8.4 Hz,
2.7 Hz, 1H), 7.08 (d, J = 8.7 Hz, 2H), 7.49 (dd, J =
6.0 Hz, 8.7 Hz, 1H).
To a solution of 46.00 g (144.02 mmol) of the
rearrangement product (above) in 200 mL of methanol and
30 200 mL of THF was added 17.28 g of NaOH (432.06 mmol) .
.The mixture was refluxed under nitrogen overnight. The
solvents were evaporated off and 200 mL of water was
added. The aqueous solution was washed with 200 mL of
diethyl ether twice and placed in an ice bath. The
35 agueous mixture was acidified to pH 6 with concentrated
HC1l solution. The solution was extracted with 300 mL of
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i i epi ne- - di oxi de by appropriate chiral
- t rahydr obenzot hi epi ne- 1, 1- di oxi dt ! t
(ﬂlr(r)rerr:athglg?;npa)pz: ;aeg'fi%:/ation. 15 Step 11: Preparation of ei(t__f/gsggﬂis‘i; medi at e
'Cro a sol ution or E_s g (2.18 mol) of 5-(4 - i epi ne-J., 1-di oxi de
hydr oxyphenyl ) - 7- (di met hyl am no) t et r ahydr obenzo- t hi epi ~dded 60 My (2. 38
()c/)bt ai %ed fromStep 10) in 10 nL 20 di neiégl for5rra_mngtee\évas_ro he Cramdte
mol ) of 95% SOdidmh}yﬁIizéhém%nqwl%éir); e%’%g}fi} JZ%TQBerrosnﬂ’gégt 8P‘ébjd?’ﬁﬂifstirred
;ﬁXt?re \rq\lgﬁrgdd\e/\gtéelgpﬂgséveél‘d@ggg?g”tdhétfémdG@ Firxnelssa,tceﬁfrffaaed with
et Lyl "25 acetate, wBstod WRSi | cmﬁ,trdar pgﬁdaﬁeralmgggg(égg%igg gxﬁiéﬁ% ster
- ’ t o affor .
ermed are: i N Cebch 13 16alt, S inteorh duseras . 1000,
inggf ! 64 (I 1HS- 8275083, fu, (4H) 1K) 092(81 £ < 85*7')112?*-%,(%2.304-753%9 (s
Hz, 1H), 3.16 (t, dh,:m&llg, 1H 4-(33 (s7_tH), 5,26 Hg,’lH) % o5 . (d
1H, 6.04 (d, J = 2.4 H, 1H, 6. '3 =8.5H, 2H, 7.93 (d, J = 8.9
7.42 (d, J = 8. , ,
J =8.7H, 2H), 737 (s, 5H), ORERY D /12828 176 Step
Hz, 1H). SUBSTI TUPESRLEET Riepaza?6pn\\F Otk 1&«Jf§ _
MERPERCEI | adi um on

12: Preparation oft g:igAw fgégeiaﬁéf ibutylql, 3-nropaner
| ntermedi ape (obtal ne raor?glrf %?ﬂéftei%‘r Ofyd# deeny lgdis et hPlipsi dndrer t hree
y
bon was pl aced gnge__r an o dt bS] . - : n he sol vent
ﬁgtrjr s. The react fhATicH urdSeas 9i35 eroédlhhﬁﬂjdgﬂmcqbbbm?mg?tarl

was evapor at ed t acEtareddriei deshLas Waist E?deégﬁpqgégfgfﬁ?h§§%%li8:_6?' 181
119 - 123 C 1H NWR» (eg'.xlé)sé %ﬁa‘;bgg‘ifg‘mmjaim ¢l |
10 1.65 (m 1H), t%h%é%atggé(ggtween’-zb to O°E. The reaction was
15 ~ Sstirred at RT overnight. The reaction was cooled to -

20°C and 40 ml of water, and 80 mL of 10% NaOH and 80

ml of water.were added dropwise. The resulting

suspension was filtered. The filtrate was dried over

sodium sulphate and concentrated in vacuo to give diol

20 98.4 g (yield 95%) as an oil. MS spectra and proton
and carbon NMR Spectra were consistent with the

product.

Step 3b. Preparation of dibutyl cyclic sulfite

25 A solution of 2,Z-dibutyl-l,3-propanediol (103 g,
0.548 mol, obtained from Step 3a) and triethylamine
(221 g, 2.19 mol) in anhydrous methylene chloride (500
ml) was stirred at 0°Cunder nitrogen. To the mixture,
thionyl chloride (97.8 g, 0.82 mol) was added dropwise
and within 5 min the solution turned yellow and then
black when the addition was completed within half an

30

hour. The reaction mixture was stirred for 3 hrs. at
0°C. GC showed that there was no starting material
left. The mixture was washed with ice water twice then
35 with brine twice. The organic phase was dried over
magnesium sulfate and concentrated under vacuum to give

SUBSTITUTE 'sm:z'r (RULE 26)



J =151 H, 1H), 3.17 (t, J = 14.9 Hz, 1H), 412(s 1H), 4.72 (s, 2;1),
fo

5 51 (s, 7 (s, 1H, 6.74 (d, 3 =9 F? fogad = 8.3 Hz,
7, 46%00/§6é]7 5 Hz, 2H), 7.97 (d, J 8 7 Hz 1 fﬁ'&ﬁ% Galc' d for
15 C29H, ONOBS 518.2576- ' Fountl: 516, 2599. Exanpl e 1403 0,0 | Nk S Bu Bu

Me2N SOH O O NH'CO2H 20 (4R-cis) -N-[[4-[3,3-Di butyl -
(di et hyl ani no) -128394, Soo’ébtqfalﬁtﬂérélbllWFU@lq suldfiigri éé & -plasiot hi epi n- 5-

yl'] phenoxyacet \Wil1 .gMgsENgpett romepMd) WALRBAAL $htOwighyEhde ester

i nternedi ate To 230 ution of 6.4 g (13.9 mml) of 5- (4" -

hydr oxyphenyl) - 81 thyI am no)tet rahydrobenzo- thl epi ne- 1, 1- di oxi de
Yo.Xs! ' ,

(obt ai ned from X &P g of potassium
carbonateg in 1OQI§UB§ITJ)LJ_-1'EE gblEEJte( RULE 26) V\D 00/ 01687 PCT/ U899/ 12828

177 m of aceton€e adde (chl oroac I gI yci ne
ethyl ester and SOV\% (d.50 ﬁﬁﬁ?)c’é c#’et gﬁnggﬁ%ﬁ ﬁyaﬁjn’rﬁ FHL&%%M
reacti on was heat efl- 5¢ onglef bhkafned ZxdayStepdilednt 60ambl ent t errper at ure

and 5 stirred fQE:e@QnMLrl% ah@esp Pafit be' QQ@Qr bﬁ;d@enlﬁtmllc@%ttﬁte and
water. The organi MySO' | and

er
concentrated in“ Vé%{l iegrﬁ\éi%f‘f‘\?'l\%%ﬁe%r‘?\g §u§¥’?rﬂléﬁ‘ g‘&q&éh? ﬁ%’f ﬁ&h? (Waters
Prep- 500) usi ngnéosedivry peatedatiee/(3dRagesl & owoded 7THe greb®t(i®d) of

9|yCKne ester ipierdedhaiecferdigMt badf PR cclldr of the solution
' turned black. GC showed that there was no starting
material left. The mixture was extracted with 300 ml
of ether and the ether extract was washed three times
15 with brine. The organic phase was dried over magnesium -

sulfate and passed through celite. The filtrate was
concentrated under vacuum and to give 133 g (97.8%) of
the dibutyl cyclic sulfate as an oil. Proton and
carbon NMR and MS were consistent with the product.

20 .
Step 4. Preparation of aryl-3-hvdroxypropylsulfide

To a stirred solution of 27.00 g (108.73 mmol) of
4-fluoro-2- ((4-methoxyphenyl)methyl) thiophenol
(obtained from Step 2) in 270 mL of diglyme was added

I 25 4.35 g of 60% sodium hydride dispersion in mineral oil

(108.73 mmol) at 0°C. After gas evolution ceased,
29.94 g (119.60 mmol) of the dibutyl cyclic sulfate
(obtained from Step 3c) was added at 0°C and stirred
for 10 minutes. The mixture was allowed to warm up to

30 réom temperature and stirred overnight. The solvent
was evaporated and 200 mL of water was added. The
solution was washed with 200 mL of diethyl ether and
added 25 mL of concentrated sulfuric acid to make a 2.0
M solution that was refluxed overnight. The solution

35 was extracted with ethyl acetate and the organic
solution was dried over MgSO, and concentrated in
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.58-1.71 (m 1H),
-0.98 6H), 1.04-1.56 (m 13H), 1 1
A e e 2.73 E;n 6I|:|)|), 3 .08 (ABg, JAB = 15.3 Hz, -J = 48.9 Hz,

S 24706 Mo by = OH), 4.57 (BCTRSPN28850 15
-4VQ8FR 6H), 4.25 (g, J = 7.0 Hz, 2H), 4. TRSp)
(2?) ;LI—I)Af;Og.SBE(_S,ﬂf'I-D,F%.SG (d, J =8.6 H, 1H), 6.98 (d, J = 8.5 Hz, 2H),

2 ’ - 1 ( ’ ’
- 1 S! 1 ’ ( ’ ’

: . “H2O ol )
51 T e oo BAHEEOR BN SRR Gt Sumers rort onks (v

cooled to ambi ent'St8fpEt KUNE agerdré/ hekaniet h|01ymeM13a\r/]\g%ﬁ%d®%r'FE; ib?inﬁg
IMRIRr s The, . nic |ayer S :
ori ed over SO o eh@(r}f]kcentratagdgilnl I OBy P ot AR H¢PCL) 8

?él;ressféﬂ i%f’%nﬁggnf%t By~ dedtBre Ghve 15145;9347&3@ _11:mf) ,tcfzeladeered
title conpound as2B) whi 48 dsysta) ) Iﬁ.aﬁqsgobif&—b@ﬁ&?&'légﬂ ( ﬁ] I;tIH) |

(CD30D) 8 0. 88-0. 984 rZTammfégZ:, %i_é’?:}do,?%l(f"%@qud@): 7543 Hed, 3T= 21.6
3, 1h)

@06_2515204 gT(yQQ%HZM.Se . W), 4.61 (s, 2H), 5.31 (s, 1H), _3.031 (s,
1H), 6.57 (d, J = 9.0 Hz, 1H), 35 7.08 (d, J = 7.8 Hz, 2H), 7.44 (d, J =

HRVS( ES+)
8.1 Hz, 2ih, 7.7%% )

S eF—R ST Ag1ched' afler
98e Anal . r: C30H42N20, S C,

62.69; H_7.37; N, 4.83.2 $u1¢d GolbRi & ofH207030y NaryBland \EXATPI € 1404
os ,01 S Bu BUaryl-3fhydroxypropylsulfide (obtained from Step 4) in 1
L of methylene chloride was added 31.50 g of 96% (1R) -
15 (—)-(8,B-dichloro-lo-camphor-sulfonyl)oxaziridine
(100.34 mmol, Aldrich) at 2°C. After aljl the
oxaziridine dissolved the mixture was placed into a -
30°C freezer for 72 hours. The solvent was evaporated
and the crude solid was washed with 1 L of hexane. The
20 white solid was filtered off and the hexane solution
was concentrated in vacuo. The crude o0il was purified
on a silica gel column (Waters Prep 500) using 15%
ethyl acetate/hexane to afford 19.00 g (95%) of the
enantiomerically-enriched aryl-3-hydroxyprolesulfoxide
25 as a colorless oil: 'H NMR (CDC1,) & 0.82-0.98 (m, 6H),
1.16-1.32 (m, 12H), 2.29 (4, J = 13.8 Hz, 1H), 2.77 (d,
J = 13.5 Hz, 1H), 3.45 (4, J = 12.3 Hz, lH), 3.69 (4, J
12.3 Hz, 1H), 3.79 (s, 3H), 4.02 (g, Jd = 15.6 Hz,
1H), 6.83-6.93 (m, 3H), 7.00 (4, J = 8.1 Hz, 2H), 7.18-
30 7.23 (m, 1H), 7.99-8.04 (m, 1H). Enantiomeric excess
was determined by chiral HPLC on a (R, R)-Whelk-0 column
using 5% ethanol/hexane as the eluent. It showed to be

78% e.e. with the first eluting peak as the major
product.

35
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LVEtZN ﬁd CI)£21H (4R-cis)-5-[4-[3,3-Dibutyl-7-(dine thylam no)-2,3,4,5- 10

et rahydrg-4- roxy-1, | -di oxi do-I|-benzot hi epi n-5 yl ]| phergaxshpant anoi ¢ aci d
Step 1: Iy?%?)oédl}gs?i on of ester internediate A solution of -

5- (4' - hydroxyphenyl )-7 15 (di net hyl am o)

t et rahydrobenzot hi epi ne-1, 1-dioxide (1.0 g, 2,2 nmol, obtained_from

Exanpl e 1402, Step €0) Buepazébioneof jgnamtyoper peald ypgnricked 2iyley eat ed

\(Nlot ?38 povvtée;ed:; 2 h D 4D fexide 3 rzrgol, 1|.5 eq.), benzyl 5- bronoval erate
.88 g, 3.3 — 1.0 €Q..)]_a . cat [ t,..,af a. N -butyl

ammoni um i odi de (2 ~%d) ,SCEégaeah%g}%%%ucfrf ioggxéé ?Jfgggnf]v\%ge&il&rﬂrilgmat 65

for 24 hours. Thelpd$ emmibeAldériehly imP00osledinetbyl AN dRs o

gﬁpgen: ret edhi Qeg@cm%d; 1@B@yi ge_(f\:; yed Inczawuresi éent Rnerficanty-on by flash
mat ogr apny 4 X c Lllca S40% Et Qic{ hiax rded th
afxﬁ.é&n 38@)§r%xyparo€glqcs)ﬁ?f/% { aney AP e

ester interne ?dlafy ; rfess orl: 1H NWR (CDC13) 8 0.91
(m 6H), 1.11-8te7 Fhrandn20106)9 af emifmr trfpxidegeyqifingyfidh %) (m 1H),
(2.d473(0mJ 2H)7, ggﬂgi' (fﬁ,dri@?) ;L%BQ&:& Af¥hpetatuilb. 1 APtex] theddixtude, 2H), 4.10
, = /. . , , 7 , 6.

SUBSTI TUTE SHEE‘I“?(?&&L%%FVH%/%%%@T% U§é§/ﬁ%%%ursi789%.(ﬂ' & C1H),
6.50 (db, J = Baber nap @gdedHjo whemixgurejandgsyixped JEGOTQUSIY . (1 5i)
(7332&5(1%06% = gs'ghé;gmlig&.lt%e, wgs %%ﬂ,ejc}:g%cﬁea wWizth 1500 niRME. eCatlc' d f or

: . ... Found: . i el r.all f id A
sol ution of th3°®ster THfér me e o, 56%%%%%%%0535% g?‘%e 'f?glm St ep
1) in ethanol ¢7ied mveraMgft., @ndaSORFeREERALSA tHR YHFHAL | atheuFBRe car bon

(0.15 g, 10 0il was filtered through 500 mL of silica gel using 15%
15 ethyl acetate/hexane to give 17.30 g (91%) of the
" enantiomerically-enriched aryl-3-propanalsulfoxide as a -

light orange oil: ‘H NMR (CDCl,) § 0.85-0.95 (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 (4, 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, 1H), 4,12 (d, J = 15.9 Hz, 1H), 6.84-6.89 (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 enantiomerically-enriched

tetrahydrobenzothiepine-1-oxide (4R, 5R)

To a stirred solution of 17.30 g (395.99 mmol) of
enantiomerically-enriched aryl-j-propanalsulfoxide
(obtained from Step 6) in 300 mL of dry THF at -15°C

30 was added 48 mL of 1.0 M potassium t-butoxide in THF

(1.2 equivalents) under nitrogen. The solution was
stirred at -15°C for 4 hours. The solution was then
quenched with 100 mL of water and neutralized with 4 mL
of concentrated HCl solution at 0°C. The THF layer was
35 separated, dried over MgSoO,, and concentrated in vacuo.'
The enantiomerically-enriched tetrahydrobenzothiepine-
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9 tirred under an atnosphere (1 atnm) of H2 via hydrogen
ool oo Every i hydrogen gas was bubbled through the slurry for 1

n. Ev 0 mn,
PnalnI O1(‘)or a 1(:9‘8%43 /0168 action time of 4 hours. The slurry wasppi/asyedzsander  an

: i he reaction m xture
t rosphere of N, and nitrogen was bubbl ed t hrough 15 t _
?or 18m’n The m xture was filtered th7@ugh a plug of Celiteo (10 g) and

| ash

trated in vac e Puri.ticati by f .
gﬁpgﬁgt ogr aphy (2616%)9():1]&2ig glrgnM 21? Y{Qést %EEE% Et‘f )9 forded the desired
title 20 conpound EEOBAtEITERYY HRteTahPIeD fSP4h uspng 7HBFStEyl 1H NVR

(m 4H)
(CSC%S)(% olag) ,(rr;céti)atelhéﬁazﬂe %Zﬁgflren?]@l:ﬁg (731022) (AcSBE tJn@ priéu%? o
49.7 Hz, 2H) 4. 0BS(8. “’hlz‘Hi soljidyg 'H dWMR| FDC1 g, 550(%7 01H)7 (m5 ) (2d J7—39
2.4 Hz, 1Hp, 6.481(Le:1J13x fn94x2,41t8a-11He, (8, 9duf d, IJHSZO 8 é;:%“‘HRWB 739

((jn} or5H)Clll7—Mgﬁ|Ogg, 4P;)560 38(3)645iz 9|152 dRy: l@B’O%&%S(éSUéS’FI}ﬁIPEHSHE J ( RU90 26) WO
00/ 01687 PCTI US99fdogbe 1B8® Hexahbl e 31455 (€96 FH) | 45 BU (sBulrMe 2N 430H

ON-----' - ~S2NH2 (&, (¥R-ciss)s2464; [ B, =39Dlsbt-i§zy|274(x-fh rrqhhyl 8Mojg 2,8 4.5

t et rahydlro 4t gﬁggﬂgonamz )O)l(gdg? E)‘?ngﬁgba%a‘%'or? & BZy| 1Bhi 738 d
PR e R U it i i
hydr oxyphenyl ) - 7-§_prr@t hyPaepbapdt Rirf ATy dhoReirically-enriched
tetrahvdrobenzothiepine-1,1-dioxide (4R, 5R)
To a stirred solution of 13.44 g (31.07 mmol) of
enantiomerically-enriched tetrahydrobenzothiepine-1-
15 oxide (obtained from Step 7) in 150 mL of methylene
chloride was added 9.46 g of 68% m-chloroperoxybenzoic ,
acid (37.28 mmol, ;Sigma) at 0 °C. After stirring at 0
°C for 2 hours, the mixture was allowed to warm up to
room temperature and stirred for 4 hours. 50 mL of
20 saturated Na,SO, was added into the mixture and stirred
for 30 minutes. The solution was then neutralized with
50 mL of saturated NaHCO, solution. The methylene
chloride layer was separated, dried over MgSO,, and
concentrated in vacuo to give 13.00 g (97.5%) of the
25 enantiomerically-enriched tetrahydrobenzothleplne 1,1-
dioxide (4R,5R) as a light yellow solid: 'H NMR (CDC1,)

6 0.859-0.95 (m, 6H), 1.09-1.42 (m, 12H), 2.16-2.26 {m,
1H), 3.14 (q, Jd = 15.6 Hz, 1H), 3.87 (s, 3H), 4.18 (s,
1H), 5.48 (s, 1H), 6.54 (dd, J = 10.2 Hz, 2.4 Hz, 1H), .

30 6.96-7.07 (m, 3H), 7.40 (d, J = 8.1 Hz, 2H), 8.11 (dd,
J = 8.6 Hz, 5.9 Hz, 1H).

Step 9. Preparation of enantiomerically-enriched 7-
(dimethylamino) tetrahydrobenzothiepine-1,1-dioxide
35 (4R, 5R)

SUBSTITUTE SHEET (RULE 26)



t hi epi ne-1, 1-di oxi de (obtained from Exanpl e 1402, Step 10) in acetone (35

rrL) at ZS%M? N2 was treated 15 with powdered potasgipikpasseonate (3.3
g, 24.1 5 equiv.) and 1, 4-butane sultone (2.5 n., 24.1 mmol, 1.5

equiv.) and stirred and heated at 65 gfor 64 h. The solution was all owed
to cool to 25 C and quenched by the dddi tion of water (50 nmb), until a 20
honogeneous mi Xt ur e as eblat hed.cfThe.obear (28788 wodbr [afss sol uti on was

sdded 6 opu 3¢ 4 Al ks, pabiliapacool shyesoBef v ndon i peri o

The m xture waS Vi gor ousl |rre Sﬁ:’alo dto warmto
anbi ent tenper &im’@-%d%??‘?% from §ﬁ3958)add’i 6 h. The resultant
white precipit adsnerdsylahiihee(2h andnwaBhed a6 mrohat 88 arfdrdried in vacuo to

provide gf8 g (éggétéy Walle desi red, sul §enis éﬁchgaésdfhe 1beisel id. A

portion t he € solid was recrysta N4 from hexan%to gi ve the
desired 30 sulThsnimixgare Was ciagderdednd ndelfires: aﬁpllz‘é9c 2Y§TEIEUBSTI TUTE

SHEET (RULE 26)ai8D 104683 &AEh/ddS09tdpérurk81 Thecemqasesed) ; 'H NMWR

DVBO- d6) 6 0.8 1H), 1.73
ElH), 2000 (s, %ﬁe@hyg%én% o, J""‘Egﬁé%dm ,ﬁgﬁméﬁ %%gasltbg 3. 86(m(s,
1H , 3.93 (m @%solvgdosn(%oomof stizgl ascetfﬁf an%"éa dfathy = 8.9, 2.4
Hz, 1H)106. 92 (xbo i~of. datlr, difed oVeRMdad, and- c@nteHzraQEH} in 7.60 (d, J

8.9 Hz, %a' ;gﬁkﬁ&zé % @Wéﬂ%ﬁz ge& c&0utB; (watezsel N, 2.35.

Found C, 60 5 0 Ste Pre aration ﬁ
7- (di et hyl ami rﬁ;)ep l‘é@ﬁio?ﬁ%%l%p%SBW)(bh%‘?ﬂ%&Fel/ BEERRENS dhaff 2 To a
sol ution of 1.1@0gs61. 88 th®lenavit i bherstd Flgniearached (bbt ai ned from Step 1)

in 10l CH2CLZ . pasyad gﬂ?@%ﬁgp&&z&mmegﬁ And silied for 1 15

hour. Water vvas a e mxture was extracted
15 (4R,5R) as a colorless solid: 'H NMR (CDC1,) § 0.87-

0.93 (m, 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), 3.84 (s, 3H), 4.11 (d, J = 7.5 Hz, 1H),
5.49 (s, 1H), 5.99 (d, J = 2.4 Hz, 1H), 6.51 (dd, J =

20 8.7 Hz, 2.4 Hz, 1H), 6.94 (4, J = 8.7 Hz, 2H), 7.42 (4,
J = 8.4 Hz, 2H), 7.90 (4, J = 8.7 Hz, 1H). The product
was determined to have 78% e.e. by chiral HPLC on a
Chiralpak AD column using 5% ethanol/hexane as the
eluent. Recrystallization of this solid from ethyl

25 acetate/hexane gave 1.70 g of the racemic product. The
remaining solution was concentrated and recrystallized
to give 9.8 g of colorless solid. Enantiomeric excess
of this solid was determined by chiral HPLC on a

. Chiralpak AD column using 5% ethanol/hexane as the

30 eluent. It showed to have 96% e.e with the first

eluting peak as the major product.

Step 10: Demethylation of 5-(4’-methoxyphenyl) -7-
(dimethylamino)tetrahydrobenzothiepine-1,l-dioxide

35 (4R, SR)
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and washed with brine. Dried with MJSO' filtered and solvent evaporated.
To the residue was added 30 nL of O0.5M NH3 in dioxane and stirred 16
hours. The woemiigrtate was filtered and the sol vent evapoge@iidenagss The
resi due was purified by MPLC (33% Et OAc in hexane) to afford Ithe desired
title conpound as a beige solid (125 rﬁg;,4 110/(): np 108-110 C, 'H NWR

3- 10H),. .1.60-1.67 (m 1H), 1.94-
(202Dg1(3n&58|) 8520823(3('Im ;Q’lzu‘ila’é’lfw 5}7 15-‘.’% “:%il)llcf)f e%néléfser(ltc J =15.3
Hz, 1H), 3.23 (t enrlfh?d7(é&meQhﬁ;amymo®ﬂe(rahxﬁroﬂén&lo;eﬁk&e %,.108- 4. 10 (g}
1H), 4.79 (s, Zﬁmoﬁdé7(£§ta§rwd f@'OQIZ égﬁw 9]) J.n S%OHEL gakblge%)}aien(edd ‘; 59
(869’ JZ':68H§’ HiH) flté'orﬁﬂk/sét 3P Cﬁl ‘ﬁas FI5a é’*'@?-?’?\mézs°l’~5’95’n28’76 Found
595. 2874. SUBSTI POFBNSHEENTqrRleE (267 MID 0(UM0168#%ePEYLEE806HDAMAR e, 182
Exanpl e 1406 | s 2BY miy1) Megh %h@%egulgfng so@hglyﬁ MasMNst drred oadR Ci's)

-213 535 'Egt rahydrog| bcﬁﬁ/? 8xf(df:°r}gf 2%?@’21 ‘Ir’]r until the reaction was
benzot hi epi n- 5- ycpphéabxy] (hepykhcdion avds l@oaédnnﬁbaﬁysd:@cc[r% ara] oct ane,

met hanesul fonatejcgabidn a8t egoloc Pr gggm lq__rg3gﬁg o? : ﬁt EOTgL

gf C? (r): Z? hqu g(r)n ﬁ)e“’gﬁlay tzi)oq’ﬂomlfsuﬁ? ‘ﬁaewgﬂréﬁé Wb?u G mé éaa@@p% 8 g
(137.9 mmol ) of diluted with 300 mL of saturated sodium bicarbonate

solution to neutralize the mixture. The agqueous layer
was separated and extracted with 300 mL of methylene
chloride, and the combined extracts were washed with

15 200 mL of water, brine, dried over MgSO, and
concentrated in vacuo. The residue was dissolved in
500 mL of ethyl acetate and stirred with 50 mL of
glacial acetic acid for 30 minutes at ambient
temperature. The mixture was washed twice with 200 mL

20 of water, 200 mL of brine, dried over MgSO, and '
concentrated in vacuo to give the crude 4 -hydroxyphenyl
intermediate. The solid residue was recrystallized
from methylene chloride to give 37.5 g (82%) of the
desired 5-(4‘-hydroxyphenyl)-7-

25 (dimethylamino) tetrahydrobenzothiepine-1,1-dioxide as a
white solid: 'H NMR (CDCl,) §0.84-0.97 (m, 6H), 1.1-1.5
(m, 10H), 1.57-1.72 (m, 1H), 2.14-2.28 (m, 1H), 2.83
(s, 6H), 3.00 (d, J = 15.3 Hz, 1H), 3.16 (d, J = 15.3
Hz, 1H), 4.11 (s, 2H), 5.48 (s, 1H), 6.02 (d, J = 2.4

30 Hz, 1H), 6.55 (dd, J = 9, 2.4 Hz, 1H), 6.88 (d, 8,7 Hz,
2H), 7.38 (d, J = 8.7 Hz, 2H), 7.91 (d, J = 9 Hz, 2H).

Alternatively, enantiomeric-enriched 5-(4’-
hydroxyphenyl) -7-
35 (dimethylamino)tetrahydrobenzothiepine-1,1-dioxide, the
‘ intermediate just described, can be prepared via non-
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met hanesul fonyl chloride. The m xture was stirred for 30 m nutes, then
warned to anbi ent tenperature and partitioned between ethyl acetate and 1N
HC1. The woounéx? | ayer was washed with brine, dried oveiCTR§ED28280 and
concentrated in vacuo to give 13.5 g (89% of dinesyl ate internediate as a
clear yellowish oil: 1H NWR (CDC13) 872.12 (quintet, J = 4.5 Hz, 4H) ,

3.58 6 , R f |
nmesyl <(51tse i n't%rnﬁﬂ?%’fé‘gsalltfca‘fw& ﬁpﬂes&fs ; §R°‘g?% %ﬁ%q{irﬁl@fhgp g (eropy
hydr oxyphenyl ) - Eh(’dmmgzyalp@m aepaeatismydr o@én@atmmmépuaﬁedﬁi di oxi de

(obtained from (dsubtfile HPradRdgbrfoll d2p k)nwmth »f di nesylate
i nternedi ate 30 obt al n of, acet oge was_ added

f rom Ste
SUBSTI TUTE SHE ’dﬁe‘é‘)?dﬁéﬁi‘gg‘b’/‘i’z@fs COPgALLRE §5(26. 1
mrol ) of sK2CQO, . 1ﬂ'hs3tepeeact bcn wish 2.2t equiivalert |ofk moCEBA) gBave H@# cooled to

anbi ent tenper a%%én?c”‘iul@%ﬂﬁem{%@ﬂaﬂeVa@H@ sl reewdUea@isedpar ti ti oned
bet ween et hyl acet at gld wat er .. The organl C &\gﬁcfrwixe sawashed with brine,
dried over I\/gSCfﬂfhr%l'fé1 & ﬁcéﬁ??%‘?te’tf SEAYVREED. 9% "5t P8R by silica gel
chr omat ogr aphy cc(r\mxtreros:swepmcw;emgl agd369ept Ny ltnSivat Eheesanemic af f or ded
2.8 g (90% of shgy rIlyagt)e.—;|nterm=,=d|ate asavx/mtefoam "H NWR

CDC13) .8 0. 86 thY- 9%15 1,52 1

(2 14- 2) 32 (m 3 mef?‘g&gnénog%traé’ygfo?gnzé%le%l 1% (2] 15H2) Hz, J
46 9 Hz, 4.09%hk t&o( gnagtiiomert 4@ret fudthep, s(}zng'atgm) 1n504:91e(s 1H), 6.11

(5 1H), 6. 65 defglrl:d—eﬁaxztfgmer%.@-en‘e.lgﬂééi 5-](4" -&y@rHﬁypﬁé’ﬁylﬂ 743 15 (d, J

sal t To & sol ut ey Fn T cE G o PP bR R Perde T AP EHIaR B nedi ate
(obt ai ned froma®peppr2)ate S0irdl chromatographic purification.
15
Step 11: Preparation of ester intermediate
To a solution of 1.0 g (2.18 mmol) of 5-(4'-
hydroxyphenyl) -7- (dimethylamino) tetrahydrobenzo-
thiepine-1,1-dioxide (obtained from Step 10) in 10 mL
20 dimethylformamide was added 60 mg (2.38 mmol) of 95%
sodium hydride and stirred for 15 minutes. To the

reaction mixture was added 400 uL (2.52 mmol) of benzyl
2-bromoacetate and stirred for two hours. Water was
' added to the reaction mixture, extracted with ethyl -

25 acetate, washed with brine, dried over magnesium
sulfate, filtered and the solvent evaporated to afford
1.30g (98%) of the ester intermediate: 'H NMR (CDCl,) §
0.88-0.94 (m, 6H), 1.13-1.46 (m, 10H), 1.60-1.64 (m,
1H), 2.20-2.24 (m, 1H), 2.81 (s, 6H), 3.00 (d, J = 15.1

30 Hz, 1H), 3.16 (¢, J = 15.1 Hz, 1H), 4.11 (s, 1H), 5.26
(s, 2H), 5.49 (s, 1H), 6.04 (8, J = 2.4 Hz, 1H), 6.63
(dd, J = 8.9, 2.4 Hz, 1H), 6.95 (d, J 8.7 Hz, 2H),
7.37 (s, 5H), 7.42 (4, J = 8.5 Hz, 2H), 7.93 (d, J =
8.9 Hz, 1H).
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20 of acetonitrile was added 0.3g (2.9 nmmol) of 1,4 :
di azabi cycl of 2. 2. 2] octane (DABCO . The reaction m xture was stirred at 60

C for threewoawnsssrthen cooled to anbient tenperature ang c‘? %gat ed in
vacuo. Purification by trituration with nmethylene 25 chlori /et et her

gave 1.3 g (91% of. the desired tltlelegrrpound as a white solid:

(dec) 230-235 C; _1H NMR (CDC13) 8.0.86-0.95 (m 6H), 1.04-1.52 (m 10H)
1.57-1.70 (m 1W_M+M&LSW39(m 2H) , 2.83 (s, 6H) ,
3.04 (s, 3H) , 3.09 (ABggoliBorn &5.6.38% Hz.1d mmd2) ofHestdd) 3.22-3.32 (m
6H) , 356366(rgnte6,_lqg 3- 3 547(5

1H), 5.97.(s, 1H . @ 51 edl%tg S EopEadn fyz?% 5%88 bf‘dﬂg A3 oH) . 7. 41
(d, J = 8.7 Hz, 21§ 7108‘91’(3&13?}1“*“ @ Faxbon] pps W‘(@S#Pdﬁfeafﬁm 4. HRVB

(ES+). Cal c5d 35 famcE3Bid3eN8B4Eydrdijeh 3335.(4b0opag) k2 t8840. horSdBSTI TUTE

I\S/EEEITS(O?UBE Zq?%l??eoqje%%ﬁgﬁfx[\I@é&gegl\»ﬁa%8%§lt%§éd t:":l%(rorplhecellge andS Bu  Bu
(4R-cis)-1-[3-[45Ps, I?bi?)l“’BBFyY’aE? fARARIESpdaPnafford the desired title

2,3,4,5-tetrahydiempbondr 9XYa lypidl
benzot hi epi n-5-yl ] gﬁenoxy] pr%py I']- %)gzlgai a%olnllgabl clfgl 0 [ZHZNMﬁ oct ane,

4- met hyl benzenesFPEhat & P08Psal 84 GteppH):, Rr.epal adi ofimn,0flogy Ppe)st-0osyl ate
intermedipge A sokstian of) 5-A A7 INONPEW! )r Bs (s, en), 3.02 (g,
J = 15.1 Hz, 1H), 3.17 (t, J = 14.9 Hz, 1H), 4.12 (s,
1H), 4.72 (s, 2H), 5.51 (s, 1H), 6.17 (s, 1H), 6.74 (d,
J = 9.1 Hz, 1H), 6.99 (4, J = 8.3 Hz, 2H), 7.46 (d, J =
8.5 Hz, 2H), 7.97 (d, J = 8.7 Hz, 1H). HRMS. Calc’'d for
15 C2oHoNO¢S: 518.2576. Found: 518.2599.

Example 1403

S Bu
) Bu
MezN

NH™ COH
20 '
(4R-cis) -N-[[4-[3,3-Dibutyl-7- (dimethylamino) -2, 3,4,5-
tetrahydro-4-hydroxy-1,1-dioxido-1- benzothzepln 5-
yllphenoxyacetyllglycine
25 Step l: 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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(di net hyl am no) tetrahydrobenzot hi epi ne-1, 1-di oxide (5.0 15 g, 10.9 mol,
obt ai ned from Exanpl e 1402, Step 10) in acetone (100 n},ée_ag%”gﬁzc under N2
was treat P WHH’ powdered K2003 (3.8 g, 27.2 mmol, 2.5 &4 3 &g 1, 3-
propanedi ol di-p-tosylate (13.0 g, 3 67 mmol, 3.0 eq.), and the resulting
mxture was stirred at 65 C for 21 20'Hours. The cream col or ed slurry was
cooled to 25 C mandf wetonkt eaedadduedoigh @ &inttemadl glasSN-f unnel . The
filtrate was con h-gue LSSOh VY, j R ELEAC (150 ).
The organic Iayég%éﬁm%gxgggﬁ%ﬁné %3?‘8?61% aghgoggﬁl—fg&yw X )150 m.)
and saturated 26f dtffgpetKaermenium iodige) Thendeqpsich i%af PRASRH) and
concentrated i ntyamfluxo fproyidieyss, pabkedren@mbaoeht tdhperfatoati ami by fl ash
chr omat ogr aphy (4. C ilica - 309% .Et. ded the

g $éhddh 33 g%eﬁ%s_sg quag Ogjéwl%&%gghse%@n atho

propyl tosylate 1nterne as a ite foam 1H 30 NWR

(CDC13) 5 0.91 IFRtaS) and. Yater 47 Ty oFganilpyer. ¥3s “ag8st TUPE SHEET
(RULE 26) WD 0Q#AikfE87 dPCad USSSY MB28, &b conrerdfated id yagu®H), 2.21 (m.
1H), 2.41 (s, . g2 : Iy = . = 0 Hz, 2H),
a0 (1) 5 ?%lé,“%%h?’(’sbﬂ%hgr%% 0Fy | Aitpatoprdany Ghgele gy TE 0
(s, 1H), 5.48 (300)1Hping &% (athyipcepaty/hexengs affonged 715691, " 1H), 6. 83
(d, J =A8.4 Hz, (M), of 7gBPcirnk e(lsgér‘?iﬂtegﬂnec%?):e ds 39 v(Sl'd.,tleGarg: 3uHz, 2H), f
7.78.(d, J = 8. \ , 7.8 . = 8, , ) ep .2...Preparation o
quat éE nary sal tl‘g%Hz(EDég?)u@i Bngﬁfotshae By 06731' t]Usoé::%tt a6 ?ﬂ"erl%@di' ate (1.05 g,
1.56 nmol, obt ai.sed1f. FomSt eji)l) 2i. a4-2c22 omi,t 11} ¢ I8 nis) &8) 25 C under N2

was treated w tshogdii@gabigycl 9523 242] Qetang, § BABCOK)0. 460g.4 3934 Mol , 1.5
eq.) and stirred at SSOQC or, 6 hours, then as: 25 i5°C faor. 14 hours. The
pal e anber sol Uf ofifhas? tool & o= 25° Zndieontent r'Gred™ n Y=o to

provi déSan anbeils., 1H), 5.98 (s, 1H), 6.56 (d, J = 8.6 Hz, 1H), 6.98
(d, J = 8.5 Hz, 2H), 7.17 (s, 1H), 7.47 (4, J = 8.3 Hz,
2H), 7.91 (d, J = 8.7 Hz, 1H).

Step 2: Preparation of acid

20 A solution of 7.3 g (12.1 mmol) of glycine ester
intermediate (obtained from Step 1) and 1.5 g LiOH.H,0
(36.3 mmol) in 60 mL of THF and 60 mL of water was
heated to 45 °C for 2 hours. This was then cooled to
ambient temperature, acidified with 1 N HCl and

25 partitioned between ethyl acetate and water. The
organic layer was washed with brine, dried over MgSso,,

and concentrated in vacuo. Purification by
recrystallization from ethyl acetate gave 5.45 g (78%)
of the desired title compound as a white crystalline

30 solid: mp 145-150 °C; 'H NMR (CD,0D) § 0.88-0.98 (m,
6H), 1.06-1.56 (m, 10H), 1.70-1.84 (m, 1H), 2.06-2.20
(m, 1H), 2.79 (s, 6H), 3.11 (AB;, Juw = 15.3 Hz, J =
21.6 Hz, 2H), 4.01 (s, 2H), 4.07 (s, 1H), 4.61 (s, 2H),

~ 5.31 (s, 1H), 6.04 (s, 1H), 6.57 (d, J = 9.0 Hz, 1H),

35 7.08 (4, J = 7.8 Hz, 2H), 7.44 (d, J = 8.1 Hz, 2H),

7.76 (d, J = 9.0 Hz, 1H), 8.42 (m, 1H). HRMS(ES+)
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oil. The residue was dissolved in a mninmal anmount of CH2Cl12 (5 nL) and
diluted with Et20 (100 nL) while vigorously stirring for 4 hours, during
which time awp®opkisle solid precipitated. The white solid p@ﬁus@ghgzgct ed
(Et 20 wash) to give the desired title conpound (1.11 g, 90% as a white
anor phous solid: np 136.5-142 C (deconmomed); 1H NMR (CDC1l3) 3 0.89 (m

6H), 1.12-1.43 (br , 1 25 2.18 (m 1H), :
2.22 (m 2H), 2. 27C%rl ?ﬁ@“ E”%SWS E%ﬁ ]7731207F€B&B€1 575280, HAnaj.= 39.5
Hz, 2H), 3.49 (br Salc'gHfors. %H(,movamy,, 62.54;(Hr 3,3BHN, 3.95.(br s, 2H),
4.09 (d, J = 7.3 Heoundd) c,5646815u,1H) 569 ,964(8% = 2 4 Hz, 1H), 6. 49
(dd, J = 8.9, 2.4 Hz. 1H)683dJ30- gHz 711(d,J:8.1
Hz, 2H), 7.40 (d, J:83Hz 2H), 7.74 (d, J = 81Hz,2H),7.87(d,J
8.9 Hz, 1HP ; HR\EXa 1604 or C75HSANB04S: 612.3835. Found: 612. 3832.
SUBSTI TUTE SHEET (RULE 26) WO 00/01687 PCT/ US99/ 12828 186 Exanple 1408 |
Bu Bu Me2N,.SOHO Me-SS-O O /N,N V5 (4Rcis) -1- [4- [4- [3,

3-Di butyl -7- (dinethylam no) - 2,3, 4, 5-tebg&ydro-4-hydroxy-1,1-dioxi do-1 -
benzot hi epi n-5-yl ] phenoxy] butyl ] - 4-aza ezoniggbi cycl o[ 2. 2. 2]

oct anenet hanesul fonate (salt) 10 Step @i on of butyl nesylate
internmediate A mxture of 1.00. gV€R. yoty) of 5-(4'-

hydr oxyphenyl ) - 7- (di net hyl am no) t et rahy@en?@)"

o
\“/N\“/A\\COZH

(4R-cis)-5-[4-[3,3-Dibuty1-7-(dimethylamino)-2,3,4,5-
10 tetrahydro-4-hydroxy-1,l-dioxido-l—benzothiepin-sf

yllphenoxylpentanoic acid

Step 1: Preparation of ester intermediate

A solution of 5- (4’ -hydroxyphenyl) -7-

15 (dimethylamino)tetrahydrobenzothiepine-1,1—dioxide (1.0
g, 2.2 mmol, obtained from Example 1402, Step 10) in
acetone (10 mL) ‘at 25 °C under N, was treated with
powdered K,CO, (0.45 g, 3.3 mmol, 1.5 eq.), benzyl s-
bromovalerate (0.88 g, 3.3 mmol, 1.5 eqg.) and a

20 catalytic amount of tetra-n-butylammonium iodide (2
mg), and the resulting solution was stirred at 65 °C
for 24 hours. The pale amber slurry was cooled to 25
°C and was concentrated in vacuo to provide a yellow
residue. Purification by flash chromatography (2.4 x

25 30 cm silica, 20-40% EtOAc/hexane) afforded the ester
intermediate (1.2 g, 86%) as a colorless oil: ‘H NMR
(CDCl;) & 0.91 (m, 6H), 1.11-1.47 (br m, 10H), 1.64 (m,
1H), 1.86 (m, 2H), 2.21 (m, 1B), 2.47 (m, 2H), 2.81 (s,
6H), 3.05 (ABq, 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

SUBSTITUTE SHEET (RULE 26)



t hi epi ne-1, 1-di oxi de (obtained from Exanpl e 1402, Step 10), 2.68 g (10.88

nol ) of b&%%ln}‘o&% and 1.50 g (10.88 15 mmol) of potassijup,cabggate in 20
m. of acetone was, stirred at reflux overnight. The m xture was

concentrated in vacuo and the crude di ssolved in 30 nL of ethyl
acetate. The insoluble solid was filtered off and the filtrate was
concentrated i n ¥&BoHzTheHR0 &.68uldd ng’ whit 8, fdDadmBras 18hr ofefiloddaphed

through silica gel gcel ng,zmnld—,egyt 66l Wit h 3006 etdylr acgt @t/ hexane to
give 1.02 g (77%_.of _butyl ~nesyl ate i nterned| a, ite solid: 1H NWR
(CDC13) 6 0.90 @ 688 19207 T. B7° (A iﬁ‘ﬁ,@%%e%ﬁc E\ﬁ?‘,’rz.zz (m 1H)),
2.83 (s, 6H), Z5,H3,ND4S( s65@BHF153. BdABE50.2493. 4.05 (t, J = 5.55 Hz,

2H), 4.1%(d, J = 6.90 Hz, 1H), 4.35 (t, J = 6.0 Hz, 2H), 5.49 (s, 1H),
6.00 (d, J =2.4 H, 1H, 6.52 (dd, . J =.9.0 Hz, 2.7 Hz, 1H), 6.93 (d, J =
9.0 Hz, 2H), 7.435SP(g: JFrepaIation €id7 90 (d, J = 9. 0 Hz, 1H)

SUBSTI TUTE SHEET ( RUAEs@BItidD 06/ tHHEACPE1iINtISIS/AE2R]2E (0 18F oSt @p52:

Preparation of gster LpteidRdicabf Ohyt iANe@farRA0 (Y5 (BBl ) of butyl
mesylate S5 internediate (obt al,ggd-ofroH}SéelﬁFlg andb191( 1. 710 mol ) of
DABCO in 10 nL 6F ¥R®tThiissd ¥ tRs St adtde OB8G3E2PBr (9 Yo s2OThe

reacti orlom xt uretwhs thencthitrred ethdey aacavhospheyieel(d atmhiafe B oam The

foam, was crushgd, angs Bat &4k et hSbry THe Q]| %y%é?%ﬁ ddd m%vggﬁg 3;] fcﬁnd
u |

dried in vacuo toagivcf 40 ‘(_880 \ of he desired title caa
was recrystalli?8ePl§ THEBhY R S LIRFYr o it PacdPin® B3 white soli d:
np 248-251 C, 1R CDCHR) of 9.I®urem B ,slurky- vad7pliged wiader 1.63 (m
%E)l) é 36 E{n ?591 at7n?ols%|1_=|1;(r@6c>im,éaé% x(?it% B w§£%%u@o1%%3|@b§ro a ?-07 (1ﬁ)|3q,
1 . 1 = . ;! 3 . 1 . S1 . ]

5 05 (415 = 2 oo ongRERt Ry oy 1 gy et Bluhua

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 cm

silica, 1.5% EtOH/CH,Cl,) afforded the desired title

20 compound (0.54 g, 63%) as a white foam: mp: 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 (ABg, 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, SH), 7.39 (d, J = 8.3 Hz, 2H),
7.84 (d, J = 8.9 Hz, 1H); HRMS. Calc’d for C,;H,NOS:
560.3046. Found: 560.3043.

SUBSTITUTE SHEET (RULE 26)



2.6 Hz, 1H , 6.91 (d, J = 8.7 Hz, 2H) 7.41 (d, J = 8.1 Hz, 2H) , 7.89 (d,
3= 9.0 He, yblhowsdsy Exanple 1409 00 S Bu Bu Me2N ' /OH O 11 O-S ~ ar’
C ] N 25 (4RGeS [4 [4- [3, 3-Dibutyl-7- (dinethyl anPGEysesn2ss
2,3,4,5-tetrahydro-4-hydroxy-1|, 1-dioxid 85-

benzothlepln 5- yI]phenoxy]butyI] 4-aza-
azoni abi cycl o[ 2. 2. 2] ocExample 18PBY| benzenesul fonate (salt) SUBSTI TUTE

SHEET (RULE 26) WO 00/ 01687 PCT/ US99/ 12828 188 Step 1: Preparation of
propyl tosylate internediate A solution of 5-(4'-hydroxyphenyl)-7-

(di-nmet hyl am no) tetrahydrobenzothiepine-IQJPdioxide (5.0 g, 10.9 mmol,
obt ai ned from Exanpl e 1402, Step 10) i 2\ -t@me (100 m.) at 25 C under N2
was treated with powdered K2C03 (3. 8 , 2.5 eq.) and 1, 4-

27
but anedi ol di-p-tosylate (13.0 g, M8N6 fé 0 eq ), and the resulting
solution was stirred at 65 C for 21 ho "® creamcolored slurry was

cooled to 25 C 10 and filtered through ntered gl ass funnel. The

filtrate was caoncentrated and the resid s dissolved in EtQAc (150 nL).
The organic |ayer was washed with satuwated agueous NaHCO3 (2 x 150 ni)
and saturated aqueous Nad (2 x 150 ni).” The eXP™ikt was dried 15 (MySO.)

and concentrated in vacuo to provide a pale
5 (4R-cis)-4-[4-[3,3-Dibutyl-7- (dimethylamino)-2,3,4,5-
tetrahydro-4-hydroxy-1,1-dioxido-1- benzothlepzn 5-
yl]phenoxy l1-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 potassium 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 ﬁas added dropwise to a 4 N HCl
solution cooled 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

SUBSTITUTE SHEET (RULE 26)



orange oil. Purification by flash chromatography (4.4 x 35 cmsilica,
20- 30% Et QAc/ hexane) afforded the propyl tosylate intepaEgioaisg(6.0 0,
80% as a™ W?E&?foam 'H NVR (CDClS) 5 0.8 (m 6H) , 1.10-1.44 (br m 20

10H), 1.61 (m 1H), 1.84 (m 4H) }gl m 1H) 2.43 (s, 3H) , 2.80 (s,
6H) , 3.03 (ABq, J = 15.1 Hz, Hz, 3.93 (m 2H), 4.06-4.13
(m 4l(-|)d, 5. 44 (%ecéh‘ﬁbosecﬁ) 96H(NMR Mﬂ)«lso 6,46 @dﬂ?- gm= @19, éé"ﬂ Hz, 1H)

6. 85 J =281 2 73 74198 (@dooJ(s= | 25 8.1
Hz, 2H) , 7. 781(513 b F‘% d %1—39 '8%‘ Hngte 4}%: Pre gﬁatlon of
quat ernary sal ttHA, sl 4& i an @ﬁ)prbp'yl tfbs;ﬁ t'e2 ?eF?nsd]iI'Qte (E

ol , obt ai ned (&r oyt ep gb) (N g;@)etcmlda"l(lse (8: (0[] 53@9th$ a#) 25 C under N2

was treat ed vvlth di ?‘i%bgfvlrsoézh% %)I_pcta-L P 1 F 9.5.30gd, mol, 1.2
0 e ye

eq.) anc sti rr &d>at The 'Pa ow sol ution was cool ed
to 25 C and con#ent?at®edd.ndvactiol Ho F#Hvi deb@n(df fI\ihi%-€ Edlid. The

resi due was 35,¢ n?_ss‘gyla\/pd dall c@aME &k el e e of eCH2812H( 57 ml); dnd  dil uted
with Et20 (100 ; e, Vi gorguss%yﬁft Iy r7| ngy SYBSTI TUTE SHEET (RULE 26) WO
00/ 01687 PCT/ U3987 1283#'9 189 Por bur’s,”%dart ng ich tinme a white solid
precipitated. The white solid was collected and recrystallized from

Et OAc/ hgxane tg.ghve. t hedashtesh df t1-qdaemphylaniio)- g, 85% as colorless
needles: np 5 223-23T"C {UECO sed)., IH NV, amdy 86 (m 6H);
1.0971. 43 (br BgR ie 2.25 (s, 3H),
2.75 (s, 6H), 3.03 TdBgsclutios af HA2 § 413880™Pel) B th8 05 (br s, 6H)
3.37 (br s, 6H¥ulfo:31c8%c(lﬂﬂ <3b&ame<h (ko Stdp=17. £ HA tLHEH,C15. 39 (s, 2H) ,

10.5.97 (d 3 S £yt 1) noOydd Yehor] BB Snc? RibiEeq 449 2 6. 87 (. 1 =

8.3 Hz, 2 7708 7.71 (d,
J = 8_@5FED hour? Water was added and the ml§ture was extratt Jﬁ (

and washed with brine. Dried with MgSO,, 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, S5H), 2.82 (s, 6H), 2.99 (d, J = 15.3 Hz, 1H),
25 3.15 (t, J = 15.3 Hz, 1H), 3.23 (t, J = 7.7 Hz, 2H),
4.03 (t, J = 5.8 Hz, 2H), 4.08-4.10 (m, 1H), 4.79 (s,
2H), 5.47 (s, 1H), 6.02 (4, J = 2.4 Hz, 1H), 6.52 (dd,
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 C,oH¢N,;0,S.: 595.2876. Found: 595.2874.
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2H), 7.80 (d, J = 8.9 Hz, 1H); HRVB. Calc'd for C36H56N304S: 626.3992.
Found: 626.3994. Anal. Calc'd for -15 C43H67N30,S2 : C, 64.71; H 7.96; N,
5.27. Found WQO00¥E736: H, 8.10; N, 5.32. Exanple 1410 CDPc®/U§99Bmsszu

Me2N/ OH9 OM-S-O OO0 20 NEt3 (4R-cis)
-4-[4-[3, 3-Di butyl - 7- (di net hyl ani no) -2, 318 5

t et rahydr o- 4- hydr oxy-1, 1- di oxi do- I-benzothlepln-5-
yl ] phenoxy]-N, N, N-triethyl -I-butanam nium25 A solution of 1 g (1.64 nmol)
of the butyl nesylate internediate (obtained from Exanpl e 1408 Step 1)
and 15 nL of triet@xampdiend4p6 10 nL of acetonitrile was heated at 50 C for
2 days. The solvent was 30 evaporated and the residue was triturated with
et her SUBSTI TUTE SHEET (RULE 26) WO 00/ 01687 PCT/ US99/ 12828 190 and et hyl
acetate to afford 500 ng (43% of produc®.As a sem-solid. 1H NVR (CDCl13)
80.8(m 6H, 1-1.6 (m 24 H), S 2.6 (s, 3H, 2.7 (s, 6 H,
2.9 (d, J =15Hz, 1 H , 3. 0 (d 1H , 3.3;,(m 58H), 4.0
(m 4H, 5.3 (s, 1 H, 59 (s, Me 1H, 6.8 (d, J =9 Hz, 2
H, 7.4 (d, J =9 H, 2H, 7.8 (d 1 H® M5 me 615. Exanpl e

1411 10 O Me

(4R-cis)—1-[3-[4-[3,3-Dibutyl-7-(dimethylamiBO)-
2,3,4,5-tetrahydro—4-hydroxy-l,l-dioxido-l-
bepzothiepin-s-yl]phenoxy]propyl]-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-propanediocl in 50 mL of triethylamine and 200 mL
15 of methylene chloride was added 15.8 g (137.9 mmol) of

methanesulfpnyl 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 Mgso,,

20 and concentrated in vacuo to give 13.5 g (89%) 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 (t, 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)-?-(dimethylamiho)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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0 SOBu Bu M2N OH O Me-S-0, OW HO (4R-cis) -1- [4- [4- [3,

3- Di but yl ywis edfddést®t hyl amino) - 2,3, 4, 5-tetrahydro- 4- hydronyssb/1z828di oxi do- |
15 benzot hi epl n-5-yl ] phenoxy] butyI ] - 3- hydr oxypyri di nium et hanesul f onat e
(salt) A solution of.l g (1.64 nmol) 108 the butyl nesylate internediate

(obt ai ned from Exanpl e 1408, Step .20 1) 234 of
3-hydroxy pyri difed 26 i mael dloifrextq%rlf ﬁFagti‘/\as(‘h ?‘ g’E‘Q ) C for 20

hours. The solxefltuxwveseenigor athed aooled@or eBbiRRL WETPELAFLER e@t’ié’d with

th d et hyl :
iH ﬁR/Ra(nCDeC13§/ qg%g:%%gtrg %8 Q ﬁcﬁogg%hﬂegggﬁ wis predieioned a sem - SOI | d:

(m 2 H, 2- 2hetmﬂenseF5W saaptege anfh)wat I (g” fgai‘%cr%‘gyrgl ‘1%@
(d, J =45 Hz whsHed, wédthlb¥ine,3died over MgEO2 aFj cozscemt(rgte@ H 6 1

(s, LH 80 delyatul) ’Pgrﬁl(cgt;‘ign%ﬂBglIEUIEgﬁ'"%@-Eoﬁ\B%ErggﬁiyV\D 00/ 01687

bC Usobl 12828 H 7 (m 1 H
8.0 (m 2 H), gwatexs-Rrep 5 >1u(5§n913ﬁ4) ethK/é e 1536‘(?24 x%“?:&arrpl e 1412 0"0
S Bu Bu Me2N laffodeli2. 9 H~(ooMr of the propyl mesylate

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 (t, 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;, Jp = 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.%0(d, J
= 8.6 Hz, 2H), 7.41 (d, 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.

SUBSTITUTE SHEET (RULE 26)



(4R-ci's)-1-[5-[4-[3, 3-Di butyl - 7- (di net hyl ani no)- 10 2, 3, 4,
droxy-1, 1-di oxi do- |

5-tetrahydrq-4-h
benzot hi epi M%Q%faﬁhenoxy] pentyl ] qui nol i nium met hanesul froTaises(28al t) St ep

1: Preparation of pentyl nesylate internediate 15 To a stirred solution of
231 ng (5.79 mol, 60% disp.) of NaH i¥422 nL of DVF was added 2.05g (4.45

nmml ) of 5- (4'-hydroxyphenyl)-7-(dinethylamno)tetra |j

hydr obenzot hi epi n_g;aim é’edil%BdG (obt ai ned from Exanple 1402, Step 10), and
the resulting sol tirred 20 at anbient tenperature for 1 hour.
To the. m xture was added 18.02 g (55.63 mmol) of 1,5-diiodopentane and the

sol ution was stirred overnight at ambiept tenperature. DVMF was renoved by
hi gh vacuum and the residue was extragted with ethyl acetate and washed
"with brine. 25 The extract was drive BySO' and the concentrated

resi due was purified by col ungnec,b Quet ogyayy to give the pentyl nesylate
internmediate: 1H NWMR (CDCL,) 20.90( @ &y, 1.05-2.0 (m 17H) , 2.2 (t,

1H , 2.8 (s,- 6h), 3.0 (q, 2H, 3. t, 2H-,_ §.95 (t, 2H), 4.1 (s,
SUBSTI TUTE SHEET (RULE 26) W) 00/01 PCT/ USS9k @ 192 1H), 5.42 (s,
1H), 6.1 (d, 1H), 6.6 (d, 1H, 6.9 (A, 2|‘1)\,/>&? H, 7.9 (d, 1H. Step
2: Preparation of ouaternary salt 5 . ’(‘N1.53 nmol ) of the pentyl

nmesylate internediate (obtained from Ste was added 3.94 g (30.5 nmmol) |
of quinolisne and 30 nL of acetonitrile. The solution was heated at 45 C ’

under N2 for 10 ai/ls. The concentrated residue was purified by reverse

phase 10 C18 co S dmh? ot alfhy3 -Diketpbi i (tishemiydnriahoyas exchanged
toits nmesylate 2uwd.,d@n 59¥9t?ﬂhmn%§dr6%§/ﬂdﬁf-%§ﬂ) _40 give the desired
.tl tl e conpound %&Otﬁ%bgn-mljl%gegbx%ﬁpmpyl(] _4_%,“_?_0. 95(q, 6H), 1.05-

azoniabicyclo{2.2.2]octane, 4 -methylbenzenesulfonate
10 (salt)

Step 1l: Preparation of propyl tosylate intermediate
A solution of 5- (4’ -hydroxyphenyl) -7-

(dimethylamino) tetrahydrobenzothiepine-1, 1-dioxide (5.0

15 g, 10.9 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.eq.) and 1,3-
propanediol di-p-tosylate (13.0 g, 32.6 mmol, 3.0 eq.),
and the resulting mixture was stirred at 65 °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 aqueous NaHCO, (2 x 150 mL) and saturated

25 aqueous 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 (CDC1;) & 0.91 (m, €H), 1.11-1.47 (br m, 10H), 1.63
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2.25 (m 18H) , 2.8 (s, 9H) , 3.0 (g, 2H , 3.95 (t, 2H 15 4.1 (s, lH)

5.28 (t, 2H), 5.42 (s, 1H), 5.95 (s, 1H), 6.45 (d, 1H)
(d, 2H) K WESNE’ 1), 7.9 (t, 1H , 8.2 (t, 2H) | Fﬁmgéﬁésqss 98’ (d
1H, 10.2 (d, 1H. HRVB. Calc'd for C4HH53N204S: 657 3726 Found:

657.3736. Anal. Calc' d for CADH53N204S. CH303S : C, 20 65.40; H,_ 7.50; N,
3.72: S, 8.52. FoundH) C262 dm r2H) 7 %21 Nm, 318, & 4% Wy 3Bkanpi® 1413 Bu

Bu Me2N/ OH QsCOeH), 2500 QRBY, J = 15.1 Hz, J = 49.0 Hz, 2H), 4.01

(4S-cis)-[5-[4- ([ﬁ 350 béjtaylnz, gg; rre‘f)hlyd nQ)HZ g #5¢, 7= 5.9 Hz,
t et rahydro- 4- hy réxy pi n- 5-
yl ] phenoxy] pent ¢F} pr%p%‘-’ne(él onlE” ac$d493UI§STI1*FP TTE SHeESr (BULES 283 WO 00/ 01687

PCT/ US99/512828 (483 Stem.b;, Prepatatix)n ef spendylJ by aviad@zi, ngey nedi ate To

a stirred solutio 0.63 7 {{ym) 0% dis f H 85 nL of DMWF
was added 6.0 gb(ﬁj% gd it ? ilé% 2 7drgxy(%he"lrrl ‘F;B . g%la 2k yl am no)
tetra 5 hydrobéni%tfﬁep" r'ief3 1,57, 2Hoxi dé (6‘Bta~7n‘ed3 r &y Ek%’n‘pl e 1402,

Step 10), '‘and the resulting solution was stirred at anbient tenperature

for 1 hour. To the |UI§ . g Egé#%?Sm‘ml)of

1, 5-di br ormpentgp L PR ¥B0 of 3 il rni ght at anbient 10
terrperatllQre DVE wad reeduvaan | of \theu®rany! t FesYesial y@tenmedate act ed wit h
ethyl acetate apd. omghed.vbtdndy, tbtaifbe £xéhasdepras dri ed over MySO., and

[he pemeyr bontan R BiRenTs B iR e S AR L v
diazabicyclo[2.2. 2]octane (DABCO .26 g, 2.34 mmol,
1.5 eq.) and stirred at 50 °C for 6 hours, then at 25
15 °oC for 14 hours. The pale amber solution was cooled to
25 °C and concentrated in vacuo to provide an amber
oil. The residue was dissolved 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 (CDCl,) § 0.89 (m,
6H), 1.12-1.43 (br m, 9H), 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 (ABq, J = 15.1 Hz, J = 39.5 Hz, 2H), 3.49 (br s,
6H), 3.68 (m, 1H), 3.74 (br s, 6H), 3.96 (br s, 2H),
4.09 (d, 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

30 = 8.5 Hz, 2H), 7.11 (d, J = 8.1 Hz, 2H), 7.40 (d, J =
8.3 Hz, 2H), 7.74 (d, J = 8.1 Hz, 2H), 7.87 (d, J = 8.9
Hz, 1H); HRMS. Calc’d for CyHeN,0,S: 612.3835. Found:
612.3832.
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15 (gq, 6H , 1.05-2.0 (m 17H) , 2.2 (t, 1H), 2.8 (s, 6H 3.0 (g, 2H) ,
3.4 (t, 2H)woo§>,,3§,(t, 2H) 4.1 (s, 1H) 5.42 (s, 1H , 6. 0 (s, 1H , 6. 5
(d, 1H) , 6. 9‘(J , 2H) 7.4 (d, 2H), 7.9 (d, 1H). 20 StepPeT/upa9gpeasati on of
di benzvl ester internediate To the g/ﬁepsre of 59 ng (1.476 nmmol, 60% di sp)

of NaHin 27 ni_of THE and 9 niL of at 0 C was added 0.84 g (2.952
nol ) of di benzyﬁ-&ﬂ-ﬁgﬁaﬁ—u’{_ 0 Ildrich), and the resulting solution was
stirred at anbient 25 tenperature for 15 mn. To the solution was added

0.5987 g (0.984 mmol) of the pentyl bromde internediate, and the m xture
was stirred at 80 C overnight. Solvent xggs removed in vacuo, and the

resi due was extracted wi th nethyl eng |auand 30 washed with brine. The
extract was dried over MySO, and on eYdur at ed resi due was purified by
colum chromat ography to g| ve MeeNdibe ster |nt er msdl ate: 'H NWR
(cbC13) SO0 .90 (g, 6H , 1.05-2 . O 19 252 , 2.8 (s, 6H ,
3.0(q, 24 , 3.4 (t, 1H , 3.9(t,@ 2H) , %;?d 1H) 5.18 (s, 4H),
5.42 (s, 1H), 5.95 (s, SUBSTITUTE SH (RULE. 26) WD 00/ 01687

PCT/ US99/ 12828 194 1H) , 6.5 (d, 1HO E‘?);% 7.2-7.4 (m 12H) ,
7.85 (d, 1H) Step 3: Preparation of di acid 5 pensi on of 0.539 ¢

(0.664 mmol ) of the dibenzyl ester internedi (obtained from Step 2) and

25 ng of 10% Pd/Cin 30 nL of et hanol was agitated at anbient tenperature
hours. The catalyst was filtered off,

under 20 psi of ( )lidéggg gﬁ‘i L
and the f| ltrate tohtett r%ﬁ B¢ DiGugYye7 + timesbirlaninoX4 e conpound as
a solid: np 1182€3,4+P AMREXODEEED- 48 hYdDoke, 1 SHaiokil5:=12. 2 (m 20H), 2.8

(s, 6H), 3.0 (9besibthfedidSs-yhbnendudPolty12d aza-1.(S: 1H). 5.42 (s,

1H), 5.95 (s, 1 v
| a 6n1ab1cyclo[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 (CDC1,) § 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 (ABq, 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 (dd,
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 = 9.0 Hz, 1H).
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6.5 (d, |H) 6.9 (d, 2H), 7.4 (d, 2H), 7.85 (d, 1H). 15 HRMS. Calc' dfor
C3. H'NOBS : 632.3257. Found : 632.3264. Anal. Calc' d faor

64.63, H, WO®®I68, 2.22; S, 5 .08. Found: C, 63.82; H, ?C‘é@g’*‘ﬂrljg 14; s
4.93. Exanple 1414 20 O- O Nk S Bu Ry Me2N OH AN

(4R-cis)-3,3-Di butyl -5-[4-[(5-

(di et hyl am no) pentyl ] oxy] phenyl ] -7-(di net hyl am no)- 25
2,3,4,5-tetrahydro-1-benzot hi epin-4-01 1,1-dioxide Step 1. Preparation of
pentvl iodide inter msdl ate To a soI ut| of 5-(4', Qgroxyphenyl) 7-

(di met hyl ami no)SEeR SBaF ep U 8 Y in 314“% iage 6.53 ol ,
obt ai ned from Exarrplpe sb4612,1oﬁt ef:) SHE) mgn (OQJBSW@UTEfSﬂE'E'Il ?“Rﬁk’%aﬁ%) VO

00/01687PCTH U%,géeg}z@%gaté%eoﬂ@@lmd kol sEihf antamd Hergiels .added 198 ng
0

(7.83 I) of 50|umhydr|de r&edred5ap1 nut es at
r oom t enper at uremeid &fi PAE6Bent ahe “Wa? a%l%l og{l%,&?qgﬁ%%\eéﬁojre at room

t enper at ure t hegoriea Uficer 3 Wasrsh | TheedepAt EeM L XESEFatB%and water. The

aqueous | ayer eq,;grragggegnw,g&bcettlayylawtatv&xmredfbhva cBrebifped  or gani c

| ayer was washed W th brine %agg_esuﬁg@ ggh{@t@asand concentrat ed
in vacuo. The Y&5idu¥ aéﬂr q1ograpﬂe over silica grgq 8% l)J gg 10 with
hexane/ ebhyl acktlatersdl pSf aodam:cﬁdd_uzg_gz?%@”ﬁwéﬁ? (&R’ p tyI

| odi de inter ”Eddl?é &ieshfelVR: { (PGompouddOwhidimwas Hepcrfstalbl ized 11 , 1.6
(m 3H, 1.8 ggom methylene chloride and acetone as a white solid:

mp 248-251 °C; 'H NMR (CDCl,) & 0.91 (m, 6H), 1.14-1.47
(m, 14H), 1.63 (m, 1H), 1.96 (m, 4H), 2.21 (m, 1H),

15 5.77 (s, 3H), 2.82 (s, 3H), 3.07 (ABq, 2KH), 3.26 (t, J
- 7.1 Hz, 6H), 3.60 (m, 8H), 4.08 (m, 3H), 5.47 (s,
1H), 5.99 (d, J = 2.4 Hz, 1H), 6.51 (dd, J = 8.9 Hz,
5.6 Hz, 1H), 6.91 (d, J = 8.7 Hz, 2H), 7.41 (d, J = 8.1
Hz, 2H), 7.89 (4, J = 9.0 Hz, 1H).

20
Example 1409
0,0
S Bu
| . Bu
Me,N —, _
%2 N 7oH 0
SN
\\ O\©\
(o]
\/ﬂ\,/~jzi:;;>
25 (4R-cis) -1- [4- [4- [3,3-Dibutyl-7- (dimethylamino) -

2,3,4,5-tetrahydro-4-hydroxy-l,l-dioxido-l-
benzothiepin-s-yllphenoxy]butyl]-4-aza-1-
azoniabicyclo[2.2.2]octane-4-methylbenzenesulfonate

(salt)
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6 ,
45H)H’z,212H§m, égi) 22(5’ " (s, 1H, 5.5(s, 1H),

1 (m .

0aOE8 m 1 , 6.9 (d, J =9 H, 2H , 7pérAshondsay 9 Hz, 2
Eljl (8’7 9 I(—IZ;’ J = z7mHz, 1|_DH). Step 2: Preparation of am ne 20 A sol ution of
550’ mg (0.76 mmol) of the pentyl i odi dé8internediate (obtained from Step
1) and 279 ny (3t2b 090l dr&faradgh iyt 1 Body il OF; ACKLONLLL] e vas

[ to yield
d at 100 C overnqi .
Zt;/relrleovmash br own foa?h 9 08 Phan (s hidToBYRReNY Il -0 mL of et hyl acetate

and washed with (mmﬁhﬂamcatwmmmncahbmgal aald,{tob@aet;(\n_;c? dTPg
d S a 0 ntra e
ethyl acetate Ia erlwag ,ﬂﬁdle cBVEL emﬁ ‘EHQ?n 3 lgltogé @q Ipog'v8f

' f t tl e canp
Z'me! S 3?1@@% ( CDE &@%}O (“fr} r%ﬂ)% °f sed&rzﬁs iz t&med 1w15:;x1 67 (m

1 76-1. 90 (maw@ﬂ;ed zsczcu (e dH27.2. #he?, 9.1 raq. lZIdh,d 3.7 (ABg, 2H),

Hz, 1 H , 3.2 (d, J =
1
2

001 3= & Sl 800 Ghales L i, 35 el (30 0,00 (0
7.41 (d i ey % ng pedptign Was SRigred abiFS SUBRT TAITE Sean

(ZEDULE 26) WO ommw P@ﬁbUS@@H&%ZBre&9§1u&§amabecééiéd0to0253 & Bu
I OH \ 40(C02H arfd ¥i1€82El 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
aqueous NaCl (2 x 150 mL). The extract was dried.
© 15 (MgS0O,) 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 (CDC1,) & 0.89 (m, 6H), 1.10-1.44 (br m,
20 10H), 1.61 (m, 1H), 1.84 (m, 4H), 2.19 (m, 1H), 2.43
(s, 3H), 2.80 (s, 6H), 3.03 (ABq, J = 15.1 Hz, J = 46.3
Hz, 2H), 3.93 (m, 2H), 4.06-4.13 (m, 4H), S5.44 (s, 1H),
5.96 (s, 1H), 6.46 (dd, 0 =18.9, 1.4 Hz, 1H), 6.85 (d,
J = 8.1 Hz, 2H), 7.33 (d, J 8.1 Hz, 2H), 7.38 (4, J =
25 8.1 Hz, 2H), 7.78 (d, J = 8.9 Hz, 2H), 7.83 (m, 1H).

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
eq.) and stirred at 45 °C for 6 hours. The pale yellow
solution was cooled to 25 °C and concentrated in vacuo
to provide an off-whité solid. The residue was

35 dissolved in a minimal amount of CH,Cl, (5 mL) and
diluted with Et,0 (100 mL) while vigorously stirring
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(4R-cis) -N (Carboxymethyl) -N- [5- [4- [3, 3-dibutyl-7-

(di net hyl agbRgeres 3. 4, 5-t et rahydro-4- hydroxy-1, 1- PCT/US99/12828

di oxi do- 1- benzot hi epi n- 5-yl | phenoxy] pentyl ] glycine 10 Step 1: Preparation
of diester internediate A m xture of 1896 g (14.1 nmol) of pentyl brom de

intermedi ate (optained from Exanpl e. 1413, Ste (0.35 nol) of

di et hyl ani nodi ag%’fa&g"o&ﬁﬁ' .%nég?’?'%l%ﬁlﬂlﬁ eof gﬁ%ﬁrgglsg?\lazcm was )sti rred
at 160 Cdfor ﬁpﬂsscﬂmuasedrhérheeazb@t@rsqﬁm wee @asleFted ethdith water and
extracted with pethyl.ane; sbh ddde e ONE/Nladel k8SgIas chendrsddedn vacuo to
give 9.6g9 (95% pfﬂ%ghe d%es e{gli 7i nt e /di at e, lHi]NNR Setd M S

consi st ent wi t EithEE CerPoRtdr e I\/E'(% 4 §°7971°59 l’Z‘x[)ep fnﬁl eparation of
di acid The m xtig=e af bbe(ddemipesetint eHNMEHR ateDpbt &i edk for,0fHSt ep 1) and

2.79 (64.3 mmol) of _Li in TH 5 a er. ( L. stirred at
40 C for 18 25 'o°t?r'§.'4?;éblf emacFFgZ’rﬁ%:%Irlég\%aE@%cﬁdi i 'ed %\]l\t&ﬁs(rln% HC1 and

extracted with WchRoRbntthadd. FheSr i G wAsO3t (ABUr af &d Wwirth hexane, -

_ 1;L|4I8t iggdct 0 %II—I\&%'S-J??:D:%@S%H&]C 2u) hes dessi (pad st | 6HE, cONpouti & &HESol i d: np
- : 92,(t, 6H) c 4,1 159 (331, 2815 30 (t,
1H),2.8(s. 6H) ,3%31%‘“(@;?' %4)%," 3‘?75{m Iﬁ),za.% P(EA'eSH)@’-asZé, 1H, 6.1

(s, 1H)106.6 (cb-9TH)(d, 770¢ -6 BERSHITUTE 44HEET. (RUEEE 2%5) A0 BB 01687
cP:glllf/]).JCSiQ]?/ 12?2815)13%22#08(d,7.ﬂ=( d§3]21lrﬁ,, 28)8 @doslidi; N& (avaHHznl e 661. Anal .
c' - or + .5 ;0 G.R1.11;,.H,8.06;,_ N-.4407; S, 4. 66.

Found: C 61.0(():;%%75'73? f\?'3.]J8§; 5'5?41_4:4,7_9}@5 ékg.%rpl,(g' 1“21’6 5 H%'O—I
2H), 7.80 (d, J = 8.9 Hz, 1H); HRMS. Calc’d for
CyeHseN,0,S: 626.3992. Found: 626.3994. Anal. Calc’d for
15 C,;HN,0,S;,: C, 64.71; H, 7.96; N, 5.27. Found: C, 64.36;

H, 8.10; N, 5.32.

Example 1410

s Bu
Bu
MeyN Y/

$ “oH
2
Me-S-0°
o O
20 \/\/\N‘Eta

(4R-cis) -4-[4-[3,3-Dibutyl-7- (dimethylamino)-2,3,4,5-
tetrahydro-4-hydroxy-1,1-dioxido-1-benzothiepin-5-
yllphenoxy] -N,N,N-triethyl-1l-butanaminium

25 | |

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

30 evaporated and the residue was triturated with ether
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NEt2 O Nvl NEt2 (4R-cis) -5- [4- [ [5- [bis-(2 (D ethylamno) ethyl]
am noj pent% h% phenyl] -3,3- 10

di but yl PREYAS/I ani no) - 2, 3, 4, 5-tetrahydro-1 - benzot hi RFTHIAY/ 3828

1, 1- di oxi de A solution of 1 g of.pentyl iodide internediate (1.53 mmol,
obt ai ned from Exanpl e 1414, Step 1) intN, N, N, N -tetraethyl

di et hyl enetri am &?dV&ShyheaEégaE@ do H&sedf gbo4m<_t;10u.r39s) Bheppbaidy &snas
dissolved in ethyl acetate and saturated NaHCO3, The organjc |ayer was

washed with brine sefi-e@lader HaBRedFBR Subf &t 8, (Mnd Hlonteht§ atfed in
vacuo. The resi dug gyas opurichi ed By, 2.fever, sg phasx Thisgmat@gy aphy. The

fractions contai 20 t rod cug,. di ssol ved
in ethyl acetat 'arg*lrrd He]ag Jtﬁf)s'ageroat Cﬂ%[%ﬁjzh 1 %{gm e %s dried
and conceatrat e iH ,vacao(mo affor ¢ .3846, rrg KI)M% of(stthé Hesided (m.tle
conpound as atl‘gq,é @ik (&HJ}JI\R (9(:%13)2 f.‘p)o-8,(rr@c16;;l-|)= §1_1262(rn) 28 H),
1.8 25 (m 2 H) g I—%& rrg F%ﬁs H 5 2.9 (d,
15 Hz, 1 H), 3-8 (& 1% 11”#1)”@"-( ‘2H),40(m1|—|),41

I

s, 1H , 54 (s, 1H) (s , 6.4 (m 1H , 6 9(d J=09 H,
2 H , 7.4 SUBSE gﬂg% Sl_flﬁET (RULE 26) V\D 00/ 01687 PCTI US99/ 12828 198 (d,
=9 Hz, 2 H , . ; Hz, 1 H . M5 (MH) me 743. Exanple 1417 5
O-,0 1 8Bu/ Bu N
O\llo
S Bu
Bu
MezN s '//OH o
Me-é-o
(o]
HO

(4R-cis)-1-[4-[4-[3,3-Dibutyl-7- (dimethylamino) -
2,3,4,5-tetrahydro-4-hydroxy-1,1-dioxido-1-

15 benzothiepin-5-yl]phenoxylbutyl] -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 990
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 (d, 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

SUBSTITUTE SHEET (RULE 26)
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Me2N v/iOH'1 N NH NH (4R-cis)-3,3-Dibutyl-7-(dinmethylamno)-2,3,4,5-

t et rahydr o+po bdlsikd?S- [ [ 2- (1Hi mi dazol -4 10 yl) ethyl] am rraj/us9si2ss

pentyl ] oxy] phenyl ) - 1- benzot hi epi n-4-ol 1, 1-di oxide A solution of 1 g of
pentyl iodide:interned

and 3.4 15 g (30.6 rrrmlnz of hi stzgi ng wa t&gat dpnt 059 Cnf or Hh7 hours The
at

m xture was di ssol 9edzi

iate (1.53 mmohgiobtained from Exanple 1414, Step 1)

dthyl”-4c saturat ed ‘NaH The organic

| ayer was washeg witf, brane.s.driled bvlé)r. agnési umBul '3t B/€ 4 (:19
concentrated in vacuo.

588 ng (60% of the desired title conpound as a sem-solid: 1H NVR (CDC13)
O (m 6H , 1-1.7

(m

The residue was triturated with ether to 20 afford

(m 14 H , 1.9 (m 3 H, . 2.0 ( H , 2.2 (m

2
m2H , 4 1

3 H), 5.5(§ J.H),bO(S

. m
1H , 2.58 (S, pxbmblle 842 (M 3 H , 3.2(m 2H , 4.0
6.9 (d, | =9 Hz, 2 H .

1
H) , 4 (m 3 H),

H , 6.5 (m 1H),6.§3(s, 25 1 H),

.9 (d, j 8 Hz, 1 M5 (MFH) nie

7
639. SUBSTITUTE SHEET (RULE 26) WD 00R09687 PCT/US99/ 12828 199 Exanple
1418 0SO BU NEZN r""

OH 20- O N, S5\(8R-cis) -N [5- [4-
[ 3, 3-Di butyl - 7-. (di met hyl ami no) - Bu
2,3, 4,5- tetrahydro 4- hydr oxy- IMd N Q

tetr
brom

de i nternedi ate

(4R-cis
10 2,3,4,5
benzoth

methane

Step 1:

benzot hi epi n-5-yl ] phenoxy] pentyl]-N hyIO'T\I N, NP ,.SN"'
zilrmt hyl - 1, 2- et hanedi am ni um di ¢ @ de 10 e 1: Preparation of yentyl
53

A m xture of hy ir o henyl) -7-

O\/\/\,

)-1—[5-[4-[3,3-Dibuty1-7-(dimethylamino)-
-tetrahydro-4—hydroxy-l,1-dioxido-1-
iepin-s-yl]phenoxy]pentyl]quinolinium,

gulfonate (salt)

Preparation of pentyl mesylate intermediate_

15 To
"disp.)

mmol) ©

hydrobe

a stirred solution of 231 mg (5.79 mmol, 60%
of NaH in 22 mL of DMF was added 2.05g (4.45
f 5-(4'-hydroxyphenyl)-7- (dimethylamino) tetra-
nzothiepine-1,1-dioxide (obtained from Example

1402, Step 10), and the resulting solution was stirred

20 at ambi
added 1

ent temperature for 1 hour. To the mixture was
8.02 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(qg,
6h), 3.

6H), 1.05-2.0 (m, 17H), 2.2 (£, 1H), 2.8 (s,
0 (ql 2H)’ 3.22 (t, ZH), 3.95 (t, ZH); 4-1 (SI

SUBSTITUTE SHEET (RULE 26)



(di met hylam nOtetrahydr GbenZOt hi ePi -1i 1-di oxide (1.680g, 3.66 mmol,

obt ai ned from Exanple 1402, Step 10) and sodi um hydri de (0.250g, 6. 25
mrol ) in 30V@P0/YE8715 DMVF was stirred in a dry 100 nl roundTaskings | ask
under N2. To this solution was added 1,5- di bronopentane (6.0 nl/44.0
mmol ), and the resulting mxture was 159t2irred for 18 hours. The reaction

was diluted wt rine (100 ndg H20 (20 ) t he xture was
extracted with ’C’J(]'IffS i Orgaﬂié | e‘rrsg_ re cg |ne(2190 @rled ‘
(MySQ.), filtereHand -4cdicerrat’ed i(d, vafluo. Purification by filtration
through silica gel eluting wth 20% Et OAc/ hexane and evaporation in vacuo
gave pentyl ] solid (1.7838, 80%:
1H NWR (CDC1,) H—10H), 1.58-1.70 (m
3H), 1.7852.03 (m 4|-Tﬂ)o 12095412 524m(nn1) 1cH) th ‘ps‘én(:ssl mddflat 80 (s 6H) ,

3.05 (ABq, 2H), 1311:@&&@@@ o) a?.ﬁed frorgHs)t’e l;0w£§’a<§d@d 35 9417 88 é“;) 1H)

5.99 (d, 1H), 6. E} g 2;_;9
. SUBSTI TUTE SHE®r (f—‘é pE Wsé}@aemd |3 f“i‘js%/’i%%" Gdestep 2:
Preparati on of rtheosqlateomavas dabted Tare 48 ¥Cunedef MPpeddyl mr@mysie

i nt er nedi at e (oq@gseongegtprml regpm negd m%th?%g:@%}l-)re\)%;@

t et ranet hyl et hy Ienedlgmne acgtonltrlle
was stir¥®d at 438ccP Pm’if*}ﬁ?ﬂ‘%ogﬁ?ﬂ’yt hé‘hﬁea{?swﬁe%w&ré%yas \
concentrat ed i nexzbaoged g des aEspIaftel\lh!rh@nf banyors obidhanye052g) . The crude /

product  vas ¢ $H0GKECLILAGLLENEIEE | hd hesifba YL 'ddiAhACL10, W th

ethyl ether. The solven nte to yie st1cky~so
trituration nmetsedidas repest 86; HWMB, (GRELHhe ¢ eXlq.i 68) st LcRY- soI id was

concentrated 8B, ygcwﬁ th”gl Ve ghesm;g}g qgaber( arysalst oas (@n gm white
foany sqldd (0. 95%9’( 49}2) £H,8 NNR( &yt % 8.0 (g, 1H), 5.95 (s, 1H),
6.45 (d, 1H), 6.82 (d, 21-1), 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,H:N,0.S: 657.3726.
Found: 657.3736. Anal. Calc’d for C,,HsN,0.S.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

O\ I,o
. S Bu
: Bu
MeoN N—",
2 s %H
Q CO.H
25 © CO.H

(4S-cis) - [5-[4-[3,3-Dibutyl-7- (dimethylamino)-2,3,4,5-
tetrahydro-4-hydroxy-1,1-dioxido-1-benzothiepin-5-
yllphenoxylpentyl] propanedioic acid

SUBSTITUTE SHEET (RULE 26)



15 (t, 6H), 0.96-1.64 (m 13H), 1.62-1.85 (m 4H), 2.03- 2.18 (m 1H), 2.20
(s, 6H), 2.67 (t, 2H), 2.74 (s, 6H), 2.98 (ABg, 2H), 3.30-3.42 (m 1H),
3.38 (s, O6¥pp@6BO- 3.75 (m 4H) , 3.90 (t, 2H) , 4.01 PST/UIPH28E 37 (g
1H), 5.92 (s, 1H) , 6.41 (dd, 1H , 6.81 (d, 2H , 7.32 (d, 20 2H) , 7.77
(d, 1H) Step 3: Preparation of di-quag®rnary salt The nono-quaternary salt

(0.933g, 1.29 mml, = obfai ned f.(r)ong) te0 2 bEOHPES hamee hnfda380enl/ 3. 75
mol ), 25 and M&B—%WOE scher -
Porter bottle. The fMeasts$wirredsselutierd Rir el Eﬁvif h&l“@@él’ e8%% equi pped
wi th magnetic Séjisg{)%f aad iheat ad ¢O IMF GasAidded 26. haur@3-the reaction
m xture was cool éd to anpjent .tenp nhe-ang; g@ggjg ; dekBa30 vacuo to
give a yel | ow fHRHY. Ogo?TrTEA (f?’fég’gﬁ)}pﬁ{%)sgl i(guﬁwas d'i%%?ved in methyl ene
chl ori detacet oniytdricbenaothigmiaer pi § Fdikiret H°€Fﬁ§/‘?e%t#ﬁe‘?’? EXP'Br cooling to
0 C overnight,,{d¥* eesylidnganal tke wassuliclihgr sdlunashedhs witenredhyl et her
and concentrated in vacuo to X-ia%l dT\lt (%ghg gquaﬁgr{mysosmttiogswa@

'L‘_
ff-whit |i PY 2B EHS D) $.0.59 (t. 6H), Q.70-1.10
SH), 1 16 S%UIBSES&EdTE%HEE‘I“@RUEE 31 MO L0ds lgﬁrﬁﬁéﬁ%’?lzégg 201 (t,(m

3H), 1.22-1.80 (4B mdRurd wbd cSirbél ,ovkradghd, agHmbien®8 (s, 6H), 3.02 (s,
6H). 3.22-3.37 (m 4H). 3.63-. 3.8 - Qo (Snadthe 2sQdubs, 1H),
5.71 (s101H), $emPerp ‘d’,‘e:LﬁB?",F é’.aélr%'f‘ﬁve?%n, s g”&c’l %H‘e}t sé‘rgge(d, 5 1H).
Step'4: Prepar atdorexofaced evisdr ¢tHyl AASA8e2881 Y2552 Y iddobFonbsal t
(obtai ned from StERx3)}aMBSyaL@RYEA! Ot MdSDS, cord espondinggntratrdri de sal t

using 10 Biorad AG 2X8 resin .and.e] ut]j i g el le to give
the desired ti t?eegléiﬁﬁp'ﬁﬁﬁcpgé‘%lgdv\#ﬁt%éhf%(%fmr?ggé ?/%"%%Qéﬁ%g@ Alf%: np

193.0-197.0 C the pentyl bromide intermediate: 'H NMR (CDCl;) & 0.90
| 15 (q, 6H), 1.05-2.0 (m, 17H), 2.2 (t, 1H), 2.8 (s, €H),
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, 1K), 6.9 (d, 2H),
7.4 (4, 2H), 7.9 (4, 1H) .

20 Step 2: Preparation of dibenzyl ester intermedia;e
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

J the resulting solution was stirred at ambient

25 temperature for 15 min. To the solution 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 concentratéd residue was purified by column
chromatography to give the dibenzyl ester intermediate:

34 NMR (CDClJ) 5 0.90 (q, 6H), 1.05-2.0 (m, 19H), 2.2
(t, 1H), 2.8 (s, 6H), 3.0 (q, 2H), 3.4 (t, 1H), 3.9 (¢,
35 2H), 4.1 (d, 1H), 5.18 (s, 4H), 5.42 (s, 1H), 5.95 (s,
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1H NMR (CD3OD) 5 0.59 (t, J = 6.0 Hz, 6H) , 0.70-1.12 (m

oH), 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 (WOOWMSE 3. 24-3.50 On, 4H) , 3.68 (s, 2H , 3.8RClEsIRis, 4.16

(s, 4H), 502(s 1H), 5.72 (s, 1H , 6.19 (d, J = 8.4 Hz,
J =81 H, 7.10(d, J =7.8 Hz, 1), 7.46 (d, J = 8

1H), 6.61 (d,
7 Hz, 1H). HRVS.

5u) 0,20 Sl i, SO v dy R e

-bis [5- [4- [3 (& DiBdt yI - 7-
(di met hyl am no) - 2, 3, 4, 5-t et rahydr o- 4- hydr oxy-1, 1-

di oxi do- | .- benzot hi_epi n- 5- axy] pentyl]1-N, N, N N 30
‘tetramethyl -1, 6- QMMQ KRG br] BEhyads UBSTI TUTE SHEET (RULE 26) WO

00/ 01687 FECT/ US99/ 1282gsusmenshien 9&nOy b3 Broni G GénmeehedPat
mol , Obtalned fGQBEE%?DT%éték43%£e§héaléieEﬂﬂbtalned from St

la\.nglt [(;rnl tri Tgt \r/\gr gC%E 1’4}6 ﬁ] 3 am3§ l&]l(" % %EnPilelwaBO??}

vessel was pur gedmbwatlh NP eswaiuge, usder ppedessi taf hagneger

ehq 1. 002g, 1.64
o, e nL of

n 0
QteFhe reaction
aas foar 2and

heated to 50 C. AbLes. 15rrtwtaa9c,a1%e agéc:ﬂmzraaddfrfe anast ko iad rhpe anbi ent

tenperature and concentrat ed of f.

(e S e SR RS s Ol thd st ks e ¢

foa solid

e pFFated

with et hyl ethera Ables: cagy ing te; 0 CNMrhacsal yent o.vasddestant edoso yi el d
a sticky off-mh|5e s?llcaoéwy thE“rS}'9?(FEth°§H¥?53prﬁ§t§%3,a”d t he

resul ting
3.95 (s, 2H), 4.1 (s, 1H), 5.42 (s, 1H), 5.95

6.5 (d, 1H), 6.9 (d, 2H), 7.4 (d, 2H), 7.85 (
15 HRMS. Calc‘d for C,H,NO,S: 632.3257. Found: 6
anal. Calc’d for C,H,NO,S: C, 64.63; H, 7.82;

S, 5.08. Found: C, 63.82; H, 7.89; N, 2.14; S,

Example 1414

20

(4R-cisg) -3,3-Dibutyl-5-[4-[[5-

(s, 1H),
d, 1BH).
32.3264.
N, 2.22;

4.93,

25

30

(diethylamino)pentyl] oxy] phenyl] -7- (dimethylamino) -
2,3,4,5-tetrahydro-1-benzothiepin-4-0l 1,1-dioxide

Step l: Preparation of pentvl'iodide intermediate

To a solution of 5-(4’'-hydroxyphenyl)-7-
(dimethylamino) tetrahydrobenzothiepine-1,1-dioxide (3
g, 6.53 mmol, obtained from Example 1402, Step 10) in

SUBSTITUTE SHEET (RULE 26)



sticky solid was concentrated in vacuo to gi ' ' '

give the 15 de5|red di bro
salt as an off-white foany solid (0.8439, quantitative) 1H NVR (QD(Cj:e3) 8
a285 (m 1we(poo1687 01-1.70 (m 30H), 1.76-2.08 (m 12H), ‘Z—‘rﬂ?%”c’s% = 12.3
A ,7§H) 2.79 (s, 12H), 3.03 (ABg, 4H), 3.35 (s, 12H) , 3 .52 (br s, 6H
: (br s, 4H) , 3.97 (br s, 20 4H3234.08 (br s, 2H), 5. 42 (s, 2H), 6. 00

(788 aZH) 4?{) 517 g%o (@}4 dgggg%ze@mam@ wdb aliged? 188ng 4#033 7.38 (d, J =

di br.om d
i tshcor(r)espondl rngol)dquhl 86 deodigin h@@Fhﬁe Bl%}ea(ﬁ" G %8 reS| n ar?gog?lﬁﬁﬁg t2§
with 70% H2Q G—@g:l\ln t,g_‘t@svgttfl@ond&%mpeﬂatmté ercbdidedereasant Wit e foany

solid (0.676g, 869 178 el
12H), 1.01-1.707¢%R4 O%q%’“%e mcm‘% L’ri oo, 8&@49:@&2(m2|_|)
2.79 (s, sl2H), @a@:si:(lqu jp)ethylz@cesatq A ‘? S ((br . 3.70 (br

s, 4H) , 3.96 (ia’_g;]r-‘ o5 bxHZact diHwirhde iyl (acetaide a@d42hesc°fm4)ne§ 986 (s,

1H), 5.993
6.87 (d, J (_38 or 1c4|l1)aye%d§%g] w(fs%fg b';z.th 1):5'9:;né3 A i@, odes 9.0 Hz, 1H),

. HRWVEB. Calcm@gﬁQﬁauavgpggp&gﬂﬁ§d gsng&gpgﬁﬁép 43 va;uo?42£%148 8.7 Hz, 2
SUBSTI TUTE SHEET, {RUE w28) cMELREY diiahe PCTV 4ISO0Y Lixg0 @e 12081 uEdthpl e 1420 0~

R S i AR ATy G M arey
mmol) eﬁéﬂthe pentyl 1od1§e i':‘\nrea loate [%[m((%ﬂtﬁe)”azm 5
§0.9 (m, 6 H, 1-1.5 (m, 11 H), 1.6 (m, 3 H), 1.8 (m,
4H), 2.2 (m, 1 H), 2.8 (s, 6 K}, 3.0 (d, J = 15Hz, 1
H), 3.2 (d, J = 15 Hz, 1 H), 3.3 (m, 2 H), 4.0 (m, 1
15 - H), 4.1 (s, 1 H), 5.5 (s, 1 H), 6.1 (s, 1 H), 6.6 (m 1
H), 6.9 (d, J = 9 Hz, 2 H), 7.4 (4, J = 9 Hz, 2 H),
7.9 (d, J = 7 Hz, 1H.

: 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 mL of saturated sodium carbonate
solution twice. The ethyl acetate layer was dried over
magnesium sulfate and concentrated to yield 350 ﬁg'
(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 (¢, J =
c.3 Hz, 2H), 4.10 (d, J = 7.8 Hz, 1K), 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 (4, J = 8.7 Hz, 2H), 7.41 (d, J = 8.4 Hz,
2H), 7.90 (d, J = 9.0 Hz, 1H).
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yl ) pentyl ] oxy] phenyl ] - 1- benzot hi epi n-4-0l 1,1-dioxide Step 1: Preparation

of pentyl

brom de internediate 10 To a stirred suspension of 1.01 g (25.4

mrol , 60% V@ P0/is&per si on) of sodium hydride in 150 nL of pEMisolyp3.s added
9.5 muol ) of 5-(4'-hydroxyphenyl)-7- (dinethylam no)

t et r ahydr obenzot hi epi ne-1, 1-di oxi de (fggzﬂ ned from Exanpl e 1402, Step 10)
ions. 15 After 30 minutes the réaction was cooled in a water bath
(15 © and 4.48 g (195 mml) of 1, 5- dibronopropane was added. The
reacti on was stigydageiat14edrbi ent tenperature for 1.5 hours and quenched
nL of sarurated NACL. The reaction was. diluted with 20 et hyl

9.0y (1

in port

with 50

acet at e,

concent
(Wat er s-
of the

NVR (CDC13) S 0.84-0.98 (M 6Hme,N

washed with water, brine, dried over MSO' filtered and

rated in.vacuo. Purification hy, i lica gel chromatography

Prep 500) using 25% et hyl
pentyl brom de internediate

oy | ess 25 foam
Um 10H), 1.58-

1.82 (p, J =6.8 Hz, 2H), 1.94 (p, I8 79HHz 2H), 2. 12-

2.82 (s, 6H) , 3.06 (ABg, J18 = 15. 2 2H. . 3.44
2H), 3.99 (t, J = 6.3 Hz, 2H), 4.10 30 1H) ~COH47 (s,

= 2.7 Hz, 1H , 6.68 (dd, SUBST|TUTT%;1§§[\9/ LECQZG.) WO 0
PCT/ US99/ 12828 204 J = 2.5, 8.4 Hz, , = 8.4
(d, J =84 Hz, 2H , 7.93 (d, J = 8.7 Hz, 1H). Step2 Pr

pentyl

nitrile i(mﬁeweﬂiml(@az&o}%atﬁyirr@[ﬁ%ut[b%\ @ibxﬁt%&

of the pentyl

X! e/ pgxanes afforded 10.17 g (85%

np 65-70 C, 'H
1.65 (m 3H),
2.26 (m 1H,

(t, J = 6.7 Hz,
1H , 6.15 (d, J
0/ 01687

Hz, 2H), 7.39
epar ati on of
-7y (0.621 nmol)

r, oM |nter t ed. fr e |n 1 nmL of DVMSO
was added 37. di"ﬂ qegfgsgdé % {}3"1 (?e(i"#%é ’E*écjtl on was stirred
at anbi ent terrﬁewampel-ftmnzpshhems 59 phenerdyd Renbxyl lidi vedmeent r at ed
under a nitrogen stream and the residue

10

15

20

25

30

Step 1: 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. |

Stép 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% HC1
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,0D) § 0.92 (t, 6H), 1.1-1.9 (m, 31H), 2.15

(t, 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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partitioned between ethyl acetate and water. The organic |ayer was washed

over MgSO'" filtered, and concentrate to afford
( SoSbsR CDur FeapgAes

with brin

278 ngy
as a col orless foam 1H NWR (CDC13) 8 .0.86-0.96 (m 6H), 1.02-1.21(m

1H),

1.21152(m 19H) 1.58-1.92 (W7 7H), 2.16-2.28 (m 1H), 2.41 (t,

= 6.9 Hz,

6.2 Hz,

(dd, J =

2H),

azi dotri get hyl tExemoil€5.3#l1 6of t ol uene was

60 hours.

Purification by reversed phase chrg
60% wat er/ acetonitrile afforded 2
(75% .as a colorless foam C
1.30-1.52 (m 10H), 1.52-1.73 (M

2H),

2H),

The

4 H)(
2.4, scalc M fOEE'H)[css@szy203§d+

Cpurity, ca. 75% of the pentyl nitrile
2831@12612’31) P]‘784 id, J

reacti on was concentratgd under a nitrogen stream 3

0 0, mH7 m/e An@l. (t,
1"14)(% 258 %MgQI 14%; 0 msH R ehiZm/ 2€|'@l,1 i 1(H)

J

nt er medi at e

J

6. 59

8.4 Hz,
7.92 (d, % &7 Hza.kb) FOW(ESHIVBH) Hv7e 7355N, 3 Si%p 534 PFeparatlon
of tetrazole 25 A solution of 275 mg (0.5 mol) of the nitrile
internedi ate (obtained fromStep 2) and 666 ng (3.23 mmol) of

0

stirred with heating at 80 C for

aQr aphy~{ Waters- Delta prep) using
;’ he desired title conmpound

35 M NVR (CDC1,) 8 0.83-0.95 (m 6H),
3H)E fom9199(m 35 4H), 2.14-2.26 (m

1H, 2.91 (s, 6H, 3.02-3.22 (m 4 3.92-4.06 (m 2H), 4.16 (s, 1H),
5.47.)(5, 1H), SUBSTI TUTE SHEET (R 6) WO OOINQ{LG87 PCT/ US99/ 12828 205
6.28 (d, J = 2.4 Hz, 1H), 6.74 (dd, = 2.7, 8. , 1H), 6.89 (d, J = 8.7
Hz, 2H) , 7.37 (d, J = 8.1 Hz, 2H) 98(d2 8.7 Hz, 1H) HRMS Calcd
for C32HE6BNSO4S : .598. 3427. Found X 59 Exarrpl e 1421 a ,o0

10

15

20

25

NEtz

(4R-cis) -5-[4-[[5-[bis[2-
(Diethylamino)ethyl]amino]pentyl]oxy]phenyl]-3,3-
dibutyl-?-(dimethylamino)-2,3,4,5-tetrahydro-1-
benzothiepin-4-01 1,1 -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
80 °C for 4 hours. The mixture was dissolved in ethyl
acetate and saturated NaHCO,. The ofganic layer was
washed with brlne, dried over magnesium sulfate, and
concentrated in vacuo. The residue was purlfled by

_reverse phase chromatography. The fractions containing

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 (CDCl,) § 0.8 (m, 6 H), 1-1.6 (m, 28 H), 1.8
(m, 2 H), 2.2 (m, 1 H), 2.5 (m, 18 H), 2.7 (s, 6 H),

2.9 (4, J 15 Hz, 1 H), 3.1 (d, J = 15 Hz, 1 H), 3.
(m, 2 H), 4.0 (m, 1 H), 4.1 (s, 1 H), 5.4 (s, 1 H), 6.
(s, 1 H), 6.4 (m, 1 H), 6.9 (d, J = 9 Hz, 2 H), 7.4

(e

o
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SBu su M2NOHOOI ~ CO2H N C2H 10
(4R-cis)-4-[t5-[4-[3,3-D butyl-7-(di met hyl am no)
2,3,4,5- tetwalugmisn—4 hydr oxy- 1, 1-di oxi do- | - 599,,2828
| benzot hi epi n-5-yl ] phenoxy] pentyl ] oxy] -2, 6- pyridi necar boxy c acid 15 Step
1: Preparation of pentyl brom de int eérggdl ate To a solution of 0.63 g
(15.72 mmol, 60%disp) of NaH in 85 of DMF was add 6.0Cg (13.1 mmol) of
5-(4' - hydroxyph@yl) =7- S(dizmaﬁhyl)arﬁrﬂ))(d.eﬂrahyarﬂ)benlzd-l) MS (M+H)
t hi epi ne-1, 1-di q,;<edq4§obt ai ned from Exanpl e 1402, Step 20 10), and the
resul ting sol utlon was stirred at anbient tenperature for 1 hour. To the
solution was added 37.7 g (163.75 mmol) of 1,5-dibronopentane, and stirred
overnight. at ardxaeplet®igferature. DVF was renoved in vacuo and the
residue was extracted with ethyl acetate 25 and washed with brine. The
extract was dried over MSO' and the concentrat ed residue was purified by
col umm chromat ography to give the penpyl brom de internediate: 'H NWR
(CDbC13) 8 0.90 (g, 6H), 1.05-2.0 -i Bu 2.2 (t, 1H, 2.8 (s, 6H , 3.0
(g, 2H) , 3.4 SUBSTI TUTE SHEET (RU 3: /0 687 PCT/ US99/ 12828 206
(t, 2H) 3.95 (t, 2H),4.1(sMezN) /"i N 6.0 (s, 1H) , 6.5 (d,
H)

1H , 6.9 (d, 2H , 7.4 (d, 2H , Btep 2: Esterification

of chelidam c¢ acid A sol ution of 10 4 6 mm of chelidamc acid, 23.0,
g (120.12 mmol) of 1-(3-dinethyl propyl) 3 et hyl carbodiim de !
hydrochl oride, 1.33 g (10.8 mmmol) ofo\/\/\/

(4R-cis) -3,3-Dibutyl-7- (dimethylamino)-2,3,4,5-
~ tetrahydro-5-[4-[[5-[[2- (1H-imidazol-4-
10 yl)ethyl] amino] pentyl] oxy] phenyl] -1-benzothiepin-4-o0l
1,1-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). MS (M+H) m/e 639.
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4-di met hyl am no pyridine, and 12.4 nlL (120.12 muol ) of 10 benzyl al cohol
in 100 nL of DVF was stirred at anmbient tenperature overn%u%ghéé&ﬁder N2.
DMVF was r eWBI¥Y6'n  vacuo and the residue was extracted i yl ene
chloride, washed with 5% NaHCO31 5% acetic acid, H20, and brine. The
extract was dried over MySO' and thel?8 concentrated residue was purified
by col um chr%'f gggappysto give di benzyl chelidamc ester: "H NWR
(CDC13) 5 5.4 (=5 — 7.4 (m 12H) . Step 3: Preparation of pyridinyl
benzyl ester 20 intermediate A solution of 79 ng (1.972 muol, 60% di sp) of
NaH and 0.716g (1.972 mol) of di bgneyl chelidanic ester (obtained from
Step 2) in 17.5 nL of DWMF was stir{ef—atg, anbient tenperature for 1 hour.
To the.. solution was 25 added <643 Mol ) of the pentyl brom de
internedi ate and the m Xt ur eyl ¢d under N, overnight at 40 C. DWF
was renoved in vacuo, and the Was extracted with ethyl acetate and
washed w th brine. The extract wa dried aver MgSO' and the 30
concentrated residue was purifiedYNy colunn chronatography to give the
pyridinyl dibenzyl ester intermegfate: ‘HWMB-(GDCL3) 6 0.90 (g, 6H),
1.05-2.0 (m 19H), 2.2 (t,' 1H), mm, 30(q, 2H, 4.0 (t, 2H),
4 . 1 (s, 1H, 5.4 (s, 4H), 5.42 (s, 1H), 6.0 35 (s, 1H, 6.5 (d, 1H), 6.9
(d, 2H), 7.3-7.5 (m 12H), 7.78 (s, 2H), 7.9 (d, 1H). SUBSTI TUTE SHEET
gRULE 26y WO Oqgg;ggz%E§3W§J39941252£&bd¥¥1-Steabdetﬁyxﬂmmndm-on of pvridinvl
iacid A suspensi_on 0. 881 0. 99 mol.e) _ | benzyl ester (obtained
from Step 3) ar?d346'%@t%?ra%@éfga;@Y%o’g’@&'))lmg}%’?i%t?hnlzanol and 5 nL of THE
was agitated atbemzbitbhepirerfpaiipheroxidentyd] pii - ¥byhd¥ o4 -Jas for 2

tetramethyl-1l,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 mL 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
evaporatién 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 (ABq, 2H), 3.42 (t, 2H), 3.98
(t, 2H), 4.10 (s, 1H), 5.47 (s, 1H), 5.99 (d, 1H), 6.50
30 (dd, 1H), 6.91 (d, 2H), 7.40 (d, 2H), 7.88 (4, 1H) .
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hours. The catalyst was filtered off, and the filtrate was concentrated to
give the desired title conpound as. a solid: np 143 C, 1H NVMR ( THF-d8)
0.95 (q, 6ryooa@esr. 05-1.65 (m 15H), 1.9 (m 4H), 2.22 (tpcr%,,,%@ (s,
6H), 3.0 (t, 2H), 4.1 (s, 3H), 4.3 (s, 2H), 5.4 (s, 1H , 6.05 (s, 1H),
6.5 (d, 1H) , 6.9 (d, 2H) , 7.4 (d, 3#} 7.78 (d, 1H), 7.82 (s, 2H) . HRWS.
Calc'd for C38HS0N209S: 711.3315. Found® 711.3322. Anal. Calc'd for 15
C79H50N209S: C, 64.20; H 7.09; N, 3.94; S, 4.51. Found: C, 62.34; H
6.97; N, 4.01; Sy & 48 Exasple 1422000 - Bl e MR2AEREH N INH2 NH 20
(4R-cis)-(5-[4-[3 3 Doutyfr-7-(arnethylamnoj:- 2, 3, 4, o- ..

t et r ahydr o- 4- hydr oxy -1P€| '—“%}F"d%ﬁeﬁ(?-fl RS Y Ot HF%‘%&% s:tETreghatoxy] pentyl ]
guani di ne 25 St efp.B538; epad @tninarl ,0fobeativkdagrote SudperlnedNaWeN’ , No-a stirred
sol ution gf 200 ggml) : pentyl _-b de, | er[rezgj e

(obt ai nedgfrom Ei%ﬁ:%&g@ﬁ%zo, lﬁngﬁilﬂ%q?ﬁ 897% n%gfég';gzu%g%ﬂ\}mafs added 32 ng
(0. 493 SUBSTI TUTE SHEEPRIRULEE 26° AOiaor8 abs?0 PETEORIY o878, 288 mol ) of
sodi um azi de andhe eekatidn cniddtmital wvak softemtrdtedi de. vdbeo reaetiven was

stirred at anbi ent e t A r u The act)
concent r at ed ung‘glr °§%n??f%§e%a§‘ r%gr#énz?f gizg)e'si 53% E%‘g?t%?igﬁéd bet ween
s\8i8fFolvask in acetenitrile (1.5 ml) and triturated

et hyl acetate art®
10 with ethyl ether. The solvent was decanted to vield a

sticky solid. This trituration method was repeated
twice, and the resulting sticky solid was concentrated

in vacuo to give the mono-quaternary salt as an off-
white foamy solid (0.951g, 94%): ‘H NMR (CDCl,) § 0.81

15 (¢, 6H), 0.96-1.64 (m, 13H), 1.62-1.85 (m, 4H), 2.03-
2.18 (m, 1H), 2.20 (s, 6H), 2.67 (t, 2H), 2.74 (s, 6H),
2.98 (ABg, 2H), 3.30-3.42 (m, 1H), 3.38 (s, 6H), 3.60-
3.75 (m, 4H), 3.90 (t, 2H), 4.01 (s, 1H), 5.37 (s, 1H),
5.92 (s, 1H), 6.41 (dd, 1H), 6.81 (d, 2H), 7.32 (4,

20 2H), 7.77 (d, 1H).

Step 3: Preparation of di-quaternary salt
The mono-quaternary salt (0.933g, 1.29 mmol,
obtained from Step 2), iodoethane (0.300 mL/3.75 mmol),
25 and acetonitrile (30.0 mL) were combined in a 4 oz.
Fischer Porter bottle. The reaction vessel was purged
with N;, sealed, equipped with magnetic stirrer, and
heated to 50 °C. After 24 hours, 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 céncentrated in vacuo to yield the
35 di-quaternary salt as an off-white solid (1.046g, 92%):

'H NMR (CD,OD) § 0.59 (t, 6H), 0.70-1.10 (m, 9H), 1.16
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organi c | ayer was washed with brine, dried over MgSO' filtered, and
concentrated in vacuo to afford 155 ng (92% RPHPLC purit about 76%
yi el d) of WHeNEAtyl azide intermediate as a col orl essPFHEIY 1 8kpl e was 10
used without further purification: np 45-50 C, 'H NMR (CDClB) $ 0.83-0 93
(m 6H) : 103148(m 10H), 1.54- 120714(m 5H) 1.78- 86(m 1H)
2.14-2.26 (m 1H), 81 (s, 5. 3.
(t, J = 6.3 Hz, (t2H)3H)3 ag2prl- 52—(% 39H|)4z §?ﬁ (5. 65}(39 7195 fH) % 47 (s,
1H), 6.10 (d J2-981 & Heu)1H, 05. 63 (6td, 3J223237, (9, 048z, 316P; 6.91 (d, J
9.0 Hz, \ : (H35-'8175H21HlH) M5
(FAB IVH—|) V\é 537 -;892@‘ s‘mg'f %’rengarzil'%ﬂl-?)nqog3 Sl terrredl ate To a
solution of 0.6§.2p (BaL71fwl §-©F the 282i dé-© %D([ée ?rﬁgra e (obt ai ned from
Step 1) gn 75 mypf ethanol was added 0.10 g of 10% pal | adi um on car bon
and the m xture shaken under 49 psi of hydrogen at anbient 25 tenperature
for 3.5 hours. The reaction was flltered through ce |tedand ¢concentr at ed
in vacuo to givgcdp 82 g ‘ # 4 ;
i nt er nedi at e as an & %abgra‘;@@éaltTH@bsampé@ ﬁ/mm Bsed 3wvzat$out further
purification: 70- 85 VR_ 3 8 6 Hhg 1.06-1.75
(m 15H), 1.79- Vﬁt(e% t&rﬂy c %%%%ﬁ?%ﬁ; d%}%rng sém 61, ~2.96- 3.20
(m 4H) 103.99 (m;or:achAs eXppresi) and @inaing Yihh 7PE) 5.49 (s, 1H), 6.00
(d, j = 1.5 H Hb'ﬁkce@oﬁﬂ-tfﬂ;e to §i9eOti,delddredbr Dl dsompound. &s Hz, 2H),

2431 (S?JBS% TU?EE‘ sﬁiéé? (fﬁeﬁé %%]Z %\d‘g%ﬁé?tss?gﬁdy@ggé%z%g@ & 5(?5 g g?o 3m{e

Preparation of ‘guamkdic®,0b0 8 St59red sokuti orHaf 6258 Ag7{-0.-424 (Raol ) of

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 (d, J = 8.1 Hz, 2H), 7.10 (d, J = 7.8 Hz,
2H), 7.46 (4, J = 8.7 Hz, 1lH). HRMS. Calc’d for

20 C,sHeN;0,8C1: 708.4541. Found: 708.4598.

31

Example 1418

osxsllo _ (o} //O
Bu S Bu
K B Q}BU
Me:N /  OH Me,N on

¢
, Q 2Ck-
\, .~

0\/_\/\/N +\/\/\/> N (\/\/\o

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-l-benzothiepih-5_-y1] phenoxylpentyl]) -N,N,N’N’ -
30 tetramethyl-1, 6-hexanediaminium dichloride
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- pentyl amno internediate (obtained from Step 2) and 81 5'ng (0.551 nmol)
of 1H pyrazol e-1-carboxam di ne hydrochloride in 1.5 nL of DVF was added 71

ng (0.551 Wwaeopiest dii sopropyl ethyl anmi ne. The reaction I rred at
anbi ent tenperature for 16 hours. Purification by rever\é\gccsir%%g’léézs

chromat ogr aphy” (Waters 10 Delta prep) using 60% water/acetonitrile afforded
120 ng (43% of the desired title cor?p?&und as colorless foany solid: np

67.0-72.5 C i H NVR (THRChent$l ObSShnided3ntértedikte 1105035171 (6 (1H), "
1.26-1.90 (m 1 2.07-.2.24 . s, 12,99-3.19 (m 4H),
3.98.(br 15 s, 2 °-1'4.°(12’%a(1§?81fé‘,m%%%,Pgﬁé',,sé?g)llzd?g‘% =21 H, 1H),
6.51 (dd, J = 2.>1r,1‘f'8!’oNr’|z,t6§F9rpetB1}§21(,é,—h@caﬂec&amlnz, (OHR 00, #1568, J = 7.8
Hzi: 2Hé,( 7.H§39 (Sdnmol):8n7_5 lniZ,oﬁ-@cieto??fﬁgi]b@&esﬁéﬁeé%@ﬁqud,o%_.ls :0565233- ?65%
. Foun ) . . . a e " Q. u u

25 (4R-c:\/§)-w[%?ﬁ%%%, é’PéQ%BE;(?ﬁ%F(diﬁ’é? rﬁﬂaf%lr?’c}) vessel was purged

2, 3, 4, 5-t et r ahydti¢4 Nay dyendedi | ¢qdippedoith magnetic stirrer and

benzot hi epi n- 5- Heapkanesykpett.yl Agtecime oSt 8p dne RFeaRAABN ALl PENt VI

g, 0. 667 mol . 55 SPRL8arvE B sRE) e thspop™a) SPneeRgTEFrTaRE SteeT
(RULE 26) WO 00/MRER27tPCIiVSFY pEg2shitd Fodimyeshyidsil fioigle (2Benl) was
added somd um azisdeif4vasN@isdb1i2d IHDAcetbnicedle aRE pheiRsdkblng clear
with ethyl ether. After cooling to 0 °C, the solvent
was decanted to yield a sticky off-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, quantitative): '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, 2KH), 6.51
(d, J = 9.0 Hz, 2H), 6.86 (d, J = 7.8 Hz, 4H), 7.38 (4,
J = 7.8 Hz, 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 (6.6769, 86%): mp 178.0-182.0
°C; 'H NMR (CDC1;) § 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, 2H),\5.986 (s, 1H), 5.993 (s, 1H),

6.49 (d, J = 9.0 Hz, 1H), 6.50 (d, 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,H,N,0,S:
35 6€14.4118. Found: 614.4148. '
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solution was stirred at 23 C for 16h. The reaction sol ution was dil uted
with 100 nL ethyl acetate, then 5 washed with water (2x {;}1 gnd brine
(I'x 100 nL‘)’°°°/q‘I%7 organic |layer was dried (MgS®™) and cSHEER %zed in
vacuo to give 390 ng (quantitative) of pentyl azide internediate as a
yellow oil: IH NWVR (CDC1,) 0.82- 0.9C9 ¢m 7H), 1.05-1.56 (m 12H),
1.59-1.71 (m 3 10 1.z 2.01 (m 4H), 2.20 (t, J = 8.3 Hz, 1H), 2.82 (s,
6H) , 3 .08 (q,%ﬁ?——i&i—(t, J=7.7 H, 2H) , 3.99 (t, J = 7.7 Hz, 2H),
4.91 (br s, 1H), 5.47 (s, 1H), 6. 13 (d, J =7.58 Hz, 1H), 6.68 (d, J = 7.7
Hz, 1H) , 7.14 (ABq, 4H), 7.91 (d, J 3 @8 Hz, 1H). 15 Step 2: Preparation
of am.no ester intermedi ate A suspensio f Bgentyl azide internediate (390
ng, 0.684 nmol, obtained from Step and)@p nmg of palladi umon carbon
in ethanol (15 rrL) was agitated ng at nosphere of hydrogen gas (48
psi) for 4.5 hours. The ethanoli ¢ susp€nsi@h was filtered through celite
and concentrated in vacuo to give ay woil. H®he oil was imediately
diluted with acetonitrile (15 nL), f wed bwf“he addi ti on of
triethylamne (0.156 25 g, 1.54 mmIOEZ/%)S/QcPL#"d brono acetic acid
benzyl ester (0.212 g, 0.925 mvol, 1.35 eq). The reaction was stirred at
23 C for 48 hours. The reaction was concentrated in vacuo, and the residue
was di ssol ved i e Jigimandyvaeiias) @, Bh 4water (2x 20 nmi) 30
and brine (Ix 284R S:E'Xir 5% bq%ﬁf%% er wagy rd ed (MSH) and dried in
vacuo to give 42&@tﬁ§h1(‘@9%5'd - ¢ H%mtﬁ&rgg?er i nternediate as 2 yellow
oi l: 1H NVR ( CHE}3pnSyD). 33 phefylml-Gidpzothbepin g5 odml faAfo*idsg. 1 71
(m 3H, 1.78-2.01 (m 4H), 2.20 (t, J-83Hz 35 1H), 2.75 (d, J = 7.83
(

Hz, 1FD’ 2. 795 (s, GFD’ 3. 08 (qi 2H) , ? gromméé”1&@é&me§1§264 04 (n]
3

2H), 4.09 (s,
10 To a stirred suspension of 1.01 g_(25.4 mmol, 60

o0il dispersion) of sodium hydride in 150 mL of DMF was
added 9.0g (19.5 mmol) of 5- (4’ -hydroxyphenyl) -7-
(dimeﬁhylamino)tetrahydrobenzothiepine-l,l—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
mlL 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,) § 0.84-0.58 (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 (ABg, Jn = 1572, 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 (4, J = 2.7 Hz, 1H), 6.68 (44,
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WO 00/ 01687 PCT1US99/ 12828 211 1H), 5.147 (s, 1H), 5.46 (s, 1H), 5.98 (d,
J =7.58, 1H), 6.50 (dd, 1H), 6.85-6.87 (m 2H) , 7.28-7.45 (m 5H), 7.89
(d, J = 8.0wPo0/01589) . M5 (ES) nie 693. 5 Step 3. Preparati eorobssasss A
suspensi on of benzyl ester internediate (0.4209, 0.61 nmol, obtained from
Step 2) and 100 ng of pall adi um on car% nin ethanol (15 n) was agitated
under an at nosphere of hydrogen gas (4§ gsi) for 16h. 10 The suspensi on was
filtered through el 2t.e, and Hxongeént saped(dn vacwa 4t dzgi 28) 0.B30g of a
yell ow sem - solid. e | al s.tghtusated W thpdi ethyl ether and the
remai ni ng seni-sé%VdEuésgg%ﬁg% Fﬁwgagugétgagige %%51§9g %gg@b of the
desired title conpound as a yellow 15 sem solid: 1H NVR (CDCLl,) S 0.86 (br

s, 7TH', 1.0-1. 73tebnp : 18bhepakatonbof Spert)] rlit38 1S inPemeid1®- 2. 24 (M
2H), 2.78 (s, 6H), 2. : , -0 , 46 (s,
1H). 5.97 SES, 1H) | 6.%-%%432‘?0% %F§$C£$1%3?A7§q%‘9431)°'?53.@@1& ,%fJ ='7.93
Hz, 1H) . MS ( ESFhal penpyl gopmiggaiprernedipte (@bgaipedstrom Step B Me2N
SOH . f O CO2H i351(AR-6f Dmeb Whd- E3ada Dibuigy| 07748i Hikol Nydt BdaLh
2.3, 4,5 et rahydog; 4 hydpoxyelels 8 1 % R ALNLABL S V1T phenoxy]
met hyl ] benzoic | :

temperature for 16 hours. The reaction 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 MgSoO,,

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,) §
.0.86-0.96 (m, 6H), 1.02-1.21(m, 1H), 1.21-1.52 (m,
19H), 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 (CDCl,) § 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),

. SUBSTITUTE SHEET (RULE 26)



SUBSTI TUTE SHEET (RULE 26) WD 00/01687 PCT/ US99/12828 212 Step 1:
Preparatign of benzoate internediate To a solution of 0p§§u§39/§2382815 mol ) of
5-(4' - hy&'rod’%‘)ffﬁenyl ) - 7-(di met hyl am no) t et rahydr obenzo-

t hi epi ne-1, 1-di oxi de (obtai ned from Exanple 1402, Step 10) in 10 nL

di met hyl f or mani de was added 35 ng (1289 nmol) of 95% sodi um hydri de and
sti Ir;ed fﬁrl 10 Grﬁg@ut(g's.Jh;l'lch)%heizr,egmj 0g). 79 X('rddr,ngasz a7dd@d85(§5, my (2.29
nmo met hyl 4-(brononet enzogte a sti.r ory;16g 10yghpours. Water
was added to tH&’neéc??o@l'rri‘&fufee? g@x{%a?c't e'ldg\?vi t(ﬁ' el hyl’ gcgt ate, washed
with brine, dripgg, oves tlhgnesi 8nvsktf ati,. f HRMEr L &t fPRe sol vent
evaporated to af for 51 . ofpcing : beggoagmz.i nternedi ate: 'H NWR
(CDC13) 5 0.86?762.1‘18%8?%1' 6|§|)gs,(z?%14 15 1.47 (m 10H), 1.60-1.64 (m 1H),
2.20-2.8 (m 1H), 2.80 (s, 6H), 2.99 (d, J = 15.1 Hz, 1H), 3.15 (t, J =
15.1 Hz, 1H), 3x8@vpls,184), 4.09-4.15 (m 1H), 5.17 (s, 2H), 5.49 (s, 1H),
5.94 (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 (d, J
= 8.9 Hz, 1H), 8.06 (d, J = 8.5 Hz, 4Q|) Stec) 2: Preparation of acid A

solution of 0.51 g (0.84 mmol) Aroate 25 internedi ate (obtai ned
fromStep 1) and 325 ng (2.53 of, i(CH )3 (Aldrich) in 16 nL THE
was stirred for 3.5 hours. Meath, THE wevapor ated, water added,

the sol vent evaporated to afford 0 .30 g (60% of the desired title
conpound as a white solid: np 156~ 159 C, 'H NI\/I%ZA E;DCl,) 5 0.89-0.94 (m
6H), 1.24-1.43 (m 10H), 1.62-'1.€ O ™>¢72°%24 (m 1H) , 2.84 (s,
6H) , 3.02 (d, J = 15.1 Hz, 1H) , 3.17 (d, I8 5.1 Hz, 1H), 4.14 (s, 1H),
5.20 (s, 2H), 5.50 -

extracted with ethyl acetate, dri ver magnesi um sulfate, filtered and

CO.H

10 (4R-cis)-4-[[5-[4-[3,3-Dibutyl-7-(dimethylamino)-
- 2,3,4,5-tetrahydro-4-hydroxy-1,1-dioxido-1-
1benzothiepin-5-yl]l phenoxylpentylloxyl]-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
MgSO,, and the concentrated residue was purified by
column chromatography to give the pentyl bromide

intermediate: 'H NMR (CDCl,) § 0.90 (q, 6H), 1.05-2.0
(m, 17H), 2.2 (t, 1H), 2.8 (s, 6H), 3.0 (g, 2H), 3.4
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1H), 6.16 (s, 1H), 6. d, J =09.1 H, 2H), 7.03 (d, J = 8.3 Hz,
o0y A ( H) (7 .57 (d,  SUBSTITUTE SHEET (RULE 26) WO

2H), 7.44 (4, O‘fﬂQ ? 2H), 7. v
00/ 01687 pa ] UYY 12828 213 J =8.3 Hz, 2H), 7.95 (d, JreT®sOnegs 1H), _
8.13 (d, J Hz, 2H) . HRI\/S Calc' d for C3.H .NO6S : 594.2889. Found:

= 8.1
594.2913. 5 Exanple 1425 011 0 , , S2B8 Bu Me2N-~OH O. | P o \ / V
4- L,
ro-

a
- Ci s) - b t 1
(24§ ZI ?tétgghygj [?21.137 s §I§YIt1 3‘12 ngop%/!-s'ber@m?ng iﬁ'S-lﬁ)]'_ Bhnoxy]
met hyi] phenyl] néthy IHi{'- €p rffijl AElm €hy ofd.d@HSt ep- 4: (dr @¥ar ali. on(df

chl orobenzyl intetmediate 15 A solution of 5-(4'-hydroxyphenyl)-7--

' ' t et rahydr obenzot hi e ine | ,1-dioxide (5.0 g, 10.9 mol,
bt oo from] 1 ’ acetone (100 nmL) at 25 C under N2

Ex | e 1402, Step 10
a/gfsalt ngtgziovn\;th%gp pc ) f Beldidamic deid eq.) and a,a’ 20
di chl or o- p- xyl ene (6 R §138ich ammio - ®48Q. JmaDA ébf‘che&%%&l:” 3 '““0”
eactlon m xt ure e 25 C

b *toncont rat 03218 97 615 3R MBPhh© hf\e}cﬂ IRE S Y b aige DREBYHI ol ved i n

d concentrate
E{] QAc (150 ni) aﬁahmhmmlumm@tmda&haarxdésm a3 g The.agueeus dJrayer was

extracted with 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 lﬁ
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 MgS0O,, 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 pyridinyl benzyl ester

- 20 intermediate
A solution of 79 mg (1.972 mmol, 60% disp) of NaH

and 0.716g (1.972 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 MgSO,, and the

30 concentrated residue was purified by column
chromatography to give the pyridinyl dibenzyl ester
intermediate: 'H NMR (CDCl;) § 0.90 (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 (d, 1H), 6.9 (d, 2H), 7.3-7.5 (m, 12H),
7.78 (s, 2H), 7.9 (d, 1H).
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Et OAc (2 x 150.nmL) and the combined organic extracts were washed with

sat ur at ed g,%u§;r)?g&7 NaCl (2 x 150 mL. The conbi ned extragicyuwyesti ed

(MgSO.) an entrated in vacuo to provide a yellow oil. SUBSTI TUTE

SHEET (RULE 26) WD 00/ 01687 PCT/ 1JS99/ %3828 214 Purification by flash

chromat ography (5.4 x 45 cm silica, -40% Et OAc/ hexane) afforded.the

chl or obenzyl internediate (4 79, 72% as a white foam 1H NVR (CDC1,) 8

0.89-0.94 (m 6 1.12-1.4 ena Q{;o@ ogfq;l),n@nl,walémd 1H), 2.22 (m 1H)

2.81 (s,.6H, 3. (% gg f4dgg,egg 1J = 8 1

Hz. 1H). 4,60 (s, 2H) SusBensiqm °f2|0|)881% EY: Tﬁi 596 5

Hz, 1H), 6.48 (dgerdr —(o&tglnedﬁfﬂdm kb, 37 00 8,3 ok 1o HYC

7.36-7.47 (m 5 7.8 J = OrH];H),,asSé ptaZ:edDraﬁ'.paratl on of
H;\s Jot l,ﬁ%l %gha?c’]t_he chI or oog v

quaternary salt benz (¥cQ 20, 1.7
mrol , obt ai ned famm&tewem?e’r‘ﬁt%et“&ﬁiefr §§%§§u£tg%5$ Jfounder N, was

treated with pyrjg@hfe (Tnelyaesast Mlasedlhteliﬁsl foora%% ¥R&Spal e
anber solution was cooI e RECEYiratedit e \mnpmurﬁoag| ve the
desired title colp % 96%968%06‘9?%55% ﬁ_ﬁ_jld%v (l)j_;gd( 54 156 C, 1H
NVR (CDC13) 5 0.83s¢hd 200643 C061E W (f:) %’0 JZ 2.13
(m 1H), 38 .71 (8,05H) .653.(82 (#Bg, 119=(h5. 1H)Hz2 -32= (28 J4H)Hz z‘aH)S' 4.09 (s,

; 0< 2 (SpuilHy 1 Re9lafifl, 4.5 (s2. dHHz,5 MH)(s, 6.26 (s,
2H) P641(dd§L'83°98“‘ ﬁH&fz‘ll 3;1, 6d§d 7H,z42(|73) 7.26 (m
1H), 7.40 (d, | 28B) = .08 Hs, L&), 67573‘d(d1 )J' 7 8 (d, | =
8.9 Hz, 2H) , 7.98)(t7.7 4d6. Bz, 7 .B) ,(s8. 34 ( tHRMS .=Calq’ r1H) 8 58 (br
s, 1H, 9.69 (d, ‘]5_ gjg Hﬁéuég# FRMRs . Gahc3gl f endi39/dadk28, Sor
641. 3413. 15Found CgH:r;Nzoztss o SUBS TUTE SHEET W RULE 260 4 51, Found:

Cc, 62.34; H, 6.97; N, 4.01,_ S, 4.48.

Example 1422

o, .0
S Bu
Bu
MezN Q‘. '//OH
| ; H
O\N\/N\ITNH2
NH
20
(4R-cis) - [5-[4-1(3,3 -Dibutyl-7- (dimethylamino)-2,3,4,5~
tetrahydro-4-hydroxy-1,1 -dioxido-1-benzothiepin-5-
yl]phenoxy] pentyl]guanidine
25

Step 1: Preparation of pentyl azide intermediate
To a stirred solution of 200 mg (0.328 mmol) of

the pentyl bromide intermediate (obtained from Example
5 mL of DMSO was added 32 mg (0.493

1420, Step 1) in 0.7
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WO 00/ 01687 PCT/ US99/ 12828 215 Exanple 1426 0 0 S Bu Bu M2N OH PC
0 1+~ NNW30S/§I%7C|S) -1- [ [4- [ [4- [3,3-Dibutyl-7- (dinethylamno) -
2,3,4,5 tetrahy ro- 4- hydr oxy- 1, 1- di oxi do-1 - PCT/US99/12828

benzot hi epi n- 5-yl | phenoxy] net hyl | phenyl ] met hyl ] - 4- aza-

1- azoni abi cycl 0[2 2. 2] octane chl oride 208Under N' a sol utlon of 8.7 49 (1|4 5
simlar

ML) (oF e CThaRePesEodinyeropdl A (Cohlalnsd Lrom e procedyre, Sim | o

to the one outline
added dropwi se ov@fi@e30 WEnrsscbwrp R @té:rs‘éﬁu@toﬁnbielﬂtQ g (26.2 mmol )

of di azabi cycl otp@peZatiite] fogt amlehd@&BCO)rhbnrtéQ?mo@fwa@cet gnl EI'Llal gl 3£ry
duri t he rless reci ate f.orme
s stirog %’q&‘%ﬁ%te@ ghgl T oha*® OﬁenT% ?'B(ﬁfl‘f s T&5LEEEt ed and 20

was stirred at 3 an a
washed wi tth 1 L BRT &Rt PrFeen afihyd chtgté%% w4ter t i tThe conpound as

a col orl ess crysbﬁédnmzlsgletdwaéfp%as%%a %ggﬁ(égﬁﬁ%nmsféﬁ ,ov#:il ?1' ‘(,SD%@(S
0. 89 6 7

6H) , ng6 (H)AB 531 e]ff% é@é ggnc H)rét %—éinli‘é& %°?5€f(°§(d 8FP, ™. 76 (s,
6H), 4.11 (d, J £92% RPHPLCIpyrity,0@bouts76®Hyield). BF (the Pehtyls. 48 (s 1H)
, 5.96 (s, 1H) ,afid9int@rmddrath AsHg, cdibrieds Hbdnfl. Lamp8eOwi: ’

ET (RULE 26
7.26 (m, ,SUBSTI IULE SHEET (further %Jurlflcatlon mp 45-50 °C; ‘H NMR

(CDCl,) & 0.83-0 93 (m, 6H), 1.03-1.48 (m, 10H), 1.54-
1.74 (m, 5H), 1.78-1.86 (m, 1H), 2.14-2.26 (m, 1H),
2.81 (s, 6H), 3.06 (AB,, Jp = 15.0, 48.0 Hz, 2H), 3.31
(t, J = 6.3 Hz, 2H), 3.98 (t, J = 6.3 Hz, 2H), 4.09 (s,

15 1H), 5.47 (s, 1H), 6.10 (d, J = 1.8 Hz, 1H), 6.63 (dd,
J=2.7, 9.0 Hz, 1H), 6.91 (d, J = 9.0 Hz, 2H), 7.39
(d, J = 8.4 Hz, 2H), 7.91 (d, J = 8.7 Hz, 1H). 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. 84%) of pentyl amine
intermediate as an off-white foam. The sample was used
without further purification: mp 70-85.°C; *H NMR

30 (CDC1,) & 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,
1K), 5.49 (s, 1H), 6.00 (4, J = 1.5 Hz, 1H), 6.51 (d, J
= 9.0 Hz, 1H), 6.91 (d, J = 8.4 Hz, 2H), 7.41 (4, J =

35 8.1 Hz, 2H), 7.90 (4, J = 8.7 Hz, 1H). MS (ES, M+H)
m/e 545.
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WO 00/ 01687 PCT/US99/ 12828 216 1H) , 7.44 (d, J = 8.0 Hz, , 7.52 (d, J
= 7.4 Hz, 54)0“77 68 (d, J =7.4 Hz, 2H) , 7.87 (d J "zg"’g”ms 1H) ;
HRIVS. Calc # C, OH56N30, S : 674.3 992. Found : 674.4005. 5 Exanple
1426a O\\ g0 S Bu Bu Me2N 4 'OH 9cf / NN (4R-cis) -1- [ [4- [ [4- [3,
3-Di butyl -7- (dinmethylam no) - 10 209 -
2,3,4,5-tetrahydro-4-hydroxy-1,1-di oxi do-1- benzot hi epi n-

5-yl] phenoxy] h | Lphepy!l ) onlablcyclo[2 2. 2] oct ane
chl oride A sol ]3 ‘l )‘% of &idif? 7.7 mmol

d )
obt ai ned from Exanpfe 34g6irrgdegoiptien %%egcst?nmﬁrl(f)e %"id@“or?'&) t 25C under
N2 was. treated gainfchl Qhﬁﬁélblrﬁ)é(i"m@BZaQe 2]obmmmef(rmmp @)9ang, 88. 5 nml

1.1 eq.)_.and stlrrd for r i a white solid
pr eci pi tated odfe. ($ 3%\11 Ty )sc?l i gH 1\"/\%;50% g% gﬁkgmld eémvmth CH3CN and

recrystal | i zed hybroghThBOH Em2Q - t50m§| ob D¥R wast pAdegnpbuid (04585 g, 919
as a white sol 'nﬂmol”pogzél%’é%gob econposeihe. 1HheNVRaCEDE] asS 0. 89 (m 6H),

1.27-1.52 (b 1 20 1 6H), 3.06
(ABg, J = (25r1%]tirﬁ? 3"—5"%’3‘&% %?45‘32’: gp(r%mﬁfgr 7255(5,% 4.11

(d, J =7.7 HzPuer;cétiﬁh(hy rgpprsgd]phqqp qhqpmatggquqx;(wfﬂyrs5 96 (s,
1H), 6.49 (d, $eTcd Bréfy Jdthg SWBHL M IREE r{ RULES 241)aed0106/ 01687

PCT/y899/12828 mg (43%) of the desired title compound as colorless

foamy solid: mp 67.0-72.5 °C; 1H NMR (CDC1l,) § 0.85-0.93
(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, 1lH), 6.92 (4, J =
8.1 Hz, 2H), 7.41 (4, J = 7.8 Hz, 2H), 7.89 (4, J =8.7
Hz, 1H). HRMS. Calc’'d for C,,H,N,0,5:586.3552.
Found (M+H) : 587.3620.

20
Example 1423
o..°
) ' S Bu
Bu
MesN -
&2 s “oH
@ . rc:ozH
25 (4R-cis) -N- [5-[4- [3,3-Dibutyl-7- (dimethylamino) -
2,3,4,5-tetrahydro-4-hydroxy-1,1-dioxido-1-
benzothiepin-5-yl] 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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217 6.99(d J =8.0 H, 2H), 7.26 (m 1H), 7.44 (d, J = 8.0 Hz, 2H), 7.52
(d, J = ‘Rgﬁf%wo , 7.68 (d, J = 7.4 Hz, 2H) , 7.87 (d, J:89HZ|H)
HRVS. Cal ¢’ OH56N, O,S : 674.3992. Found: 674.4005PCEUEVAMM e 1427 0
0 0, SBu Bu I\/EZN 1Z~ OH _ (C02H_\ / N/C®RH O / 10 4R-cis) -N
(Carboxynmethyl) -N- [ [4- [ [4- [3, 3-dtButyl-7-

(Fi mEL hyl am] no) - ﬁaaeéhﬁitanrmmneoxéoh?@rw ?g&%do&mﬂoglzabenzm hi ep:c n-5-
y phenoxy] net Y nme yCl { reparation o
chi or obenzyl T Bl L e bl S Ergor S 4‘%165959 mol , 60%

disp) of NaH in zglnthm ﬂaﬁ:aMasraéded ZAESCngB.Eﬁh-rnﬁh%_HGﬁétlon o

(5 f) :1' hygr?xypheamhmcfoﬁz g»ﬁfgzmhgtganmmtﬂo@ mhyélm}blerh?&tdytepl aﬁezti 1- di oxi de
obt ai ne rom Jesu utl on was

stirred &t anbi gﬁg}’)’f‘g MRESTT 6Pk 4 %n“ﬁ’? ?Bét %‘-’ol‘ldfﬁgﬂ V\E‘ls added 7.13
g (40.75 nmol) oﬂ‘hdl@raamcc payprenas dwiced H¥gSEI)xrodecwasestrateddin

overni ght. DVF Vagc-henmy e ven 3%aCHg, (Ahclibgt {68y dke piasyaxhrpgd ed with
et hyl acetate 25'%%6 vva& I 3\% grl ttlEetféxt)lract vva.sygrled over MySO4,

and t he concentranm@aé@eawas bﬁlldw @dlbyH EHRuARDEhr omat Bgfaphy to give
the chl orobenzyl g, b@tﬁﬁnﬁﬁﬂ)at@ o§r1‘h'\|§\5 @«CDEAB), & B0 G4, (AH)3m)l. 05-1.65
(m 11H) 022 () 37 A Bl SePPs 35 00y 2H 54t 1wy, 2082 (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 (d,

J = 7.58 Hz, 1H), 6.68 (d, J = 7.7 Hz, 1H), 7.14 (ABqg,

4H), 7.91 (d, J = 7.8 Hz, 1H).

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 ethanecl (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 o0il was immediately diluted with acetonitrile (15
mL), followed by the addition of triethylamine (0.156 i
25 g, 1.54 mmol, 2.25 eq) 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 vacﬁo, 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
(MgsO,) and dried in vacuo to give 420 mg (89%) of the
amino ester intermediate as a yellow oil: 'H NMR
(CDC1,) § 0.82-0.90 (m, 6H), 1.05-1.56 (m, 14H), 1.58-
1.71 (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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SUBSTI TUTE SHEET (RULE 26) WO 00/01687 PCTI US99/ 12828 218 (d, 1H), 4.6 (s,
2H) , 5. 1wW6oedilsy 5-5 (s, 1H) , 6.0 (s, 1H , 6.6 (d, ¥drusesds®d (d, 2H)
7. 4 (m 6H) , 7. 8 (d, 1H) Step 2: Preparation of amno diester .5 A

m xture of 1.03 g (1.72 mml) of chlo ?penzyl intermedi ate (obtained from
Step 1), 1.63 g (B 6 mol) of diethyl am no di acetate and 0 72 g (8.6
mol ) of NaHOCBH) n BA4TL (of, DRF, wasi&tisrr éB) at> 180 (9c fof 6 S&ours. DVF
was removed in yapuo and (dxe rm;;l di)eg snaes Bio(ﬁxti}ﬁqt 6d2m—l7h453ther and washed

with brine. The extract was dried aqver S c entrated residue
was purified b§Hbol UrfP i o%ro@r%ﬂ%ﬁl tlg{gglq\dlse Egn no’ di gg i nt er medi at e:

1H NI\/R(CDCl ) 8 0.90 (g, 6H), 1.05-1.65 (m 17H), 2.2 (t, 1H), 2.8 (s,
?H) 2|?_>|) S(qis 3'2")5 P95 Brebiratibn of-228d(s, 2H) , 4.1-4.2 (m 5H)7,45(05
) , S
6H), 7.8 (d, 1H). Stpeﬁu?PePFéﬁétraf i Sth%% H‘@ae’é‘“édgﬁgg %‘%%O?bn of
0.863 g (1.15 nupé) medoldi beuzjhed eftaw Stebt al med f09nmgtep 2) and 0.232 g
(5.52 mol)  of ﬂéfd?n %& - 86n THE Adnd? ﬂi-sqﬁvaazber ap@catdd rred at 40
e

C under N, for Bf ours. reaction mxture was ﬁzd vvlt et her .and

|
washed with 1% wer e 25BO5RREERCT AYSIFORER 353 r(a{lcé 85 h’[ h et her,
and t he 1oconbi nege exispaeiss onewes Wasttected thrbmg;meceldrcleedawer MySO' and

concentrated in_ v i e bi oyadi&s #ensol i d:

oo g e ﬁg&ggc)ﬂa‘asg & Lheydesd f‘i@ biicﬁg(wmm 1% 11112 i 1H) rm2 .
(s, 30 6H), 3. osceltld 2HfFhegmgteziak wds érétt‘Eat%) Ttp gipghy 1 (s,
2H) , 5.4 (s, 1&)d .tHe @em@inihyl) serti soldd waﬂdrlkd)_ﬁd}zp_ﬁa tc>7 94V(3m 6H)

7.78 (d, 1H. Of p CIRABQNA08 St 1 6 Forpehbid Egu@cyela% 3359.
Anal . Calc'd ?@?ﬁcﬁﬁﬁé 5052 C 65687 H 7,25 "N 4.03; |
15 semi solid: 'H NMR (CDCl,) & 0.86 (br s, 7H), 1. d 1.72

(m, 18H), 1.79 (br s, 2H), 1.98 (s, 2H), 2.05-2.24 (m,
2H), 2.78 (s, 6H), 2.99 (g, 2H), 3.96 (bs, 2H), 4.08

(s, 1H), 5.46 (s, 1H), 5.97 (s, 1H), 6.40-6.49 (m, 1H),
7.14 (ABg, 4H), 7.85 (t, J = 7.3 Hz, 1H). MS (ES) m/e

20 603.

Example 1424

0]

(4R-cis) -4- [[4-[3,3-Dibutyl-7- (dimethylamino)-2,3,4,5-
tetrahydro-4-hydroxy-1,1-dioxido-1-benzothiepin-5-
yllphenoxylmethyl]benzoic acid

25

SUBSTITUTE SHEET (RULE 26)



35 4.61. Found: C, 64.95; H 7.32; N, 3.94;, S, 4.62. SUBSTI TUTE SHEET

(RULE 26) W 61633687 PCT/ US99/ 12828 219 Exanple 1428 Bu
Me2N OH O O)LCF3 O N+ -CH3 5 PerShoitagdl
(4R-cis)-4-[[4-[3, 3-Di butyl -7-(di met hyl am no) - 2, 3, 4, 5-

t et rahydr o- 4- hydroxy- 1, | - di oxi do- 1, | - &18xi do- | -

benzot hi epi n-5-yl ] phenoxy] net hyl ] - 1- met hyl pyridinium salt with

trifluoroacetic acid (1: %) 10 Step 1. Preparati.on of glcol yl internediate
To a stirred solik e&\r;nf fgnﬁr#mﬁ‘e."i RRRgats igterpedi

- hydr oxyphenyl ) - 7- (dlmtahysbamrm otfeDraB c_lnydlr dl’ienmolhlebl‘.’neHl' -1- di oxi de
bt d f t dded 1.4
(obt ai ned from Sﬁ/ph%f]igg - (%Hpé{?ﬁyiém?rﬁﬁ (ﬁ@ltggfa %%@% adce 9

(60% 15 oil dispersi di um e and_t reaction

stirred at anbi éfﬂletpéﬁﬁéllaiu‘?’eo"fléfa bARE MHRRD fr&?m9§x@mQ%% 1% OnpFi-eBf

4-pi colyl chloriide Hydoocht odindehydasSrhamiaiecdiasi blided| 36 st ynaged NaHCC3
solution and e t h T r racts. 20 were
washed with bri neoagr?gdg%%e %@Owdle}da?e a\ntd tg“a'élﬂpgﬁ‘hg&lre %ﬂlf)nﬁ Was cool ed
in an ice bath af@ the TeaFtAgroMiBEUZE HaplafdednFaf it (21 2di Body) et her was

added. The reactmeenywas $brdm@ﬁtaplmﬁatet afngeseitrel flo@r 187 hours. The
reaction was qu r d||uted with 600 nL
R

et hyl acet ate
filtered and coﬁééﬁ??’a?@dﬂ@ P&BYD. aCF'U:raitfel ca’?FBﬁdb‘ylthsml‘l@a geried

chromat ogr aphy EVatremnsgié£iunb@Q) farse NFiAQ¥reat by weetstflokhexanes af f or ded
11.05 g (779 Ogvgggrated to afford 0.51 g (73%) of the benzoate

intermediate: 'H NMR (CDCl,) § 0.86-0.96 (m, 6H), 1.14-

15 1.47 (m, 10H), 1.60-1.64 (m, 1H), 2.20-2.23 (m, 1H),
2.80 (s, 6H), 2.99 (d, J = 15.1 Hz, 1H), 3.15 (t, J =
15.1 Hz, 1H), 3.92 (s, 3H), 4.09-4.15 (m, 1H), 5.17 (s,
2H), 5.49 (s, 1H), 5.94 (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 (d,
J = 8.9 Hz, 1H), 8.06 (d, J = 8.5 Hz, 2H).

A

)

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 (d, J = 15.1 Hz, 1H), 3.17
(d, 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 (d, J = 8.1 Hz, 2H), 7.57 (4,
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30 picolinyl intermediate as a colorless solid: np 95-98 SUBSTI TUTE SHEET
(RULE 26) WO 00/01687 PCT/ US99/ 12828 220 C; 'H NWR ( I}JSS;} 2$6-0.96 (m
6H) , 1.0XQMHPR7,  10H), 1.58-1.70 (m 1H), 2.16-2.29 H% 81 (s,
6H , 3.07 (ABq, JAB = 15.3, 49.6 Hz, 2H), 4.10 (d, J = 7. 5 Hz, i
5 (s, 2H) 5.50 (s, lH) 5.94 (d, % 5 2.7 Hz, 1H), 6.51 (dd, J:24,
Hz, 7 0 2 J7 39.4 iz 618 Hze . 28) (d,7.A% (s, J =
He, 2H) 7%39? e logg [Es 03 {oo.<) Sod Buged 8 He, 20 10
Step 2: Preparatéi-6nHaf lat @Pﬂﬁr)ﬁaslé?td ‘f’8ra w¥s¥PEd 33f ufTon of 0.41 g
(0.74 mmol ) of gRueali nyds i2etermedi ate (obtained from Step 1) in 10 mL of
acetonitrile and 3 nL of dichloronethane was added 137 ng (0.97 mmol) of
i odonmet hane. The reaction was 15 stirred at anbient tenperature for 16
hours, the&n cofcenpiatPSnder a nitrogen stream Purification by
reversed phase chromatography (Waters-Delta prep) using 60-55%
wat er/ acetonitrile afforded 0.304 g (60%~0f the desired title conpound ‘as
a colorless solid: np 96-99 20 C, 'H NI\%S' CDC13) 8 0.85-0.95 (m 6H),
1.03-1.52 (m 10H), 157170(m BY 27 (m 1H), 2.84 (s, 6H |,
3.09 (ABg, JAB = 15.0, 27. 9 Hz, 1Y ®, 1H) 4.46 (s, 3H) , 5.37
(s, 2H) , 5.50 (s, 1H) , 6.07 (d"eﬂt‘l = %;4'48# 1H), 6.61 (dd, J = 2.5, 8.7
1H) 7.02 (d, J 25 = 8.7 Hz, 2H), @?(d, J =7.2 H, 2H), 7.90 (d, J

5.1
8.7
8.7

IIE‘E

S) 7 He, 1H) ., 8.14 (d, J = 6.3 Hz! , 8.80.(d, J =6. 6 Hz, 2H).
HRVE Calc' d for C73HASN204S: 565. 3100, : 5.3125. SUBSTI TUTE SHEET
(RULE 26) WD 00/ 01687 PCT/US99/ 12828 ©22 g 1429

. i/

(4R-cis)-1-[[4-[[4-[3, 3-Dibutyl-7- (dimethyl_amino) -
10 2,3,4,5-tetrahydro-4-hydroxy-1,1-dioxido-1-
benzothiepin-5- yl]phenoxy]methyl]phenyl]methyl]-

pyridinium chlor:.de

Step 1: Preparation of chlorobenzyl intermediate

15 A solution of 5-(4‘-hydroxyphenyl)-7-
(dimethylamino) tetrahydrobenzothiepine-1, 1-dioxide (5.0
g, 10.9 mmol, obtained from Example 1402, Step 10) in
acetone (100 mL) at 25 °C under N, was treated with

powdered K,CO, (2.3 g, 16.3 mmol, 1.5 eqg.) and a,a’-
20 dichloro-p-xylene (6.7 g, 38.1 mmol, 3.5 eqg.) and the
resulting solution was stirred at 65 °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 agqueous NaCl (2 x 150 mL.
The combined extracts were dried (MgsoO,) and
concentrated in vacuo to provide a yellow oil.
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0,0SBu Bu MB2NOOH" OS-M 0O ON,CH3} 5

(4R-cis)-4-[[4-[3, 3-Di butyl -7-(di met hyl am no) - 2, 3, 4, 5-

t et rahydr o-Wo poydssaxy- | , | - di oxi do- 1, 1-di oxi do-1 - 7US99/128

benzot hi epi n-5-yl ] phenoxy] met hyl ] - 1- met hyl pyri di ni um rret anesu onat e
(salt) 10 To a stirred solution of 6.5 g 4(11.8 mml) of picolyl
internediate (obtained from Exanple 14 Step in 140 nL of
acetonitrile heaf8¥iatcapian kyst aalécphqon%ogr(aphye(am X 4@tdwanesul fonl c

aci d met hyl estemlﬂ:’eatzmo\wStQN@}dé%thé afaf?@r@eéoﬁhé U benDE
acet at e. :Fﬁe sol i d was

djJ uted. th
o ong e coohg% %g%rat :JE)(% }tM%t &%fg @slﬂ &g %/foaﬁfhe Fi MR at e was

col l ected by vac
concentrated in (QaClLO and. &shea masiduesKy yst alddized fieemmhoigmcet on| trile.

oo 0 G a0 g2 PO TS Tl L

conpound was obtal ned as
(CDCl ) S 0.66- 0‘7365(1mHz6H)7 05!851@2952% 4H}1 0d95Jl—3561(mz, QHH),, 1. 42-

. , S, S,
3H), 5. 38 (d J = ﬁgﬁ ﬁ)% 6‘2"?)1 (’ga gag {DH% 7“1)12 7. 9y (d'6‘784 (d, J
= 8.7 Hz, 2H), 73819(612 J28) 8.7 347 . 47Hym, 7516)4. (0,85 @,8.07=He,s ), 8.0 (d,

'J =6.6 M2, 2H),119..02 (d, J= 6.6 Hz, 2H) . HRI\/B Calc' d for C33H45N204S:
30 565.3100. Found: 656.3087. Anal. Calc'd for SUBSTI TUTE SHEET (RULE 26) !

Step 2: Preparation of quaternary salt

A solution of the chlorobenzyl intermediate (1.0
g, 1.7 mmol, obtained from Step 1) in acetonitrile (5
15 mL) at 25 °C under N, was treated with pyridine (5 mL)
and stirred at 35 fC for 36 hours. The pale amber
solution was cooled to 25 °C and concentrated in vacuo -
to give the desired title compound (1.08 g, 96%) as a
yellow solid: mp 154-156 °C; *‘H NMR (CDC1,) '5 0.83 (m,
20 6H), 1.06-1.44 (br m, 10H), 1.60 (m, 1H), 2.13 (m, 1H),
2.71 (s, 6H), 3.02 (ABgq, 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 (dd, J = 8.9, 2.4 Hz,
1H), 6.91 (d, J = 8.7 Hz, 2H), 7.26 (m, 1H), 7.40 (d, g
25 = 7.7 Hz, 4H), 7.73 (d, J = 7.9 Hz, 2H), 7.78 (4, J =
8.9 Hz, 2H), 7.93 (t, J = 6.8 Hz, 1H), 8.34 (t, J = 7.7
Hz, 1H), 8.58 (br 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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WO 00/ 01687 PCT/ US99/ 12828 222 C'HABN2O S2: C, 61.79; H, 7.32; N, 4.24; S,
9.70. Found: C 61.38, H 7.47; N, 4.22; S, 9.95 Exanphq 5,0 S Bu
Bu Me2N MOMIRET co2H (4R-ci s) siidids
-6-[[4-[3,3-Di butyl -7-(di met hyl am no) - 2, 3, 4, 5-

t et r ahydr o- 4- hydr oxy- 1, | - di oxi do- | - béfizot hi epi n-5- 10

yl ] phenoxy] net hyl ] - 2- pyri di nepropanoic acid Step 1: Preparation of
picolinyl chloride internediate To a solution of 5-(4'-hydroxyphenyl)-7-
(di met hyl ani no)Exatalghdd28benzot hi epi ne-1, 1-di oxide (I g, 15 2.1 moi,

obtai ned from Exanpl e 1402, Step 10) in acetone (50 nL) was added
anhydrous K2CG8 (0.45g, 3.2 mmol), tetrabutyl amoniumiodide (0.1g, 0.2
mol ) and 2, 6. -bi schl oronet hyl pyr‘? ¥ne (1.2g, 10.8 nmmmol). The flask was
equi pped with nitrogen gas ad 2 2Bumagnetic stirrer. The reaction
was heated to ref lux for ové : 18 hours, the reaction was
diluted with ether and washed™w at¢r and brine (30 nl). The organic

| ayers were dried over Mj%2 filteged Zyd concentrated in vacuo.

Chr omat ogr aphi ¢ 25 purification ~Qugh silica gel, eluting with 25%

Et OAc/ Hecane gave 0.75 g (55% picolyl chloride intermediate as an
oil (0.70g, 55%: 'H NWR (CDC13) 84-0.989 (m 6H), 1.02-1.5 (m 10H),

1.56-1.66 (m 1H), 2.14-2.24 (m/1 2. 80 WGH) 3.05 (ABg, 2H), 30 4.10
(d, 2H), 4.65 (s, 2H), 5.20 (s, @H), B~ () LM SUBSTI TUTE SHEET (RULE
_ N

26) ZL\J/

5 .
(4R-cis)-1-[[4-[[4-[3,3—Dibuty1-7-(dimethylamino)-
2,3,4,5-tetrahydro-4-hydroxy-l,l-dioxido-l-
benzothiepin-s-yl]phenoxy]methyl]phenyl]methyll-4-aza-
l-azoniabicyclo[2.2.2]octane chloride

10
Under N,, a solution of 8.7 g (14.5 mmol) of the
chlorobenzyl intermediate (obtained from a procedure
similar 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 és 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 (ABQ, 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, iH), 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 (d, J = 8.0 Hz, 2H), 7.26 (m,
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WO 00/ 01687 PCTI US99/ 12828 223 5.95 (s, 1H) , 6.50 (d, 1H), 7.0 (d,
2H),7.35-7.50 (m 4H),-7.70-7.85 (m 2H). Step 2: Preparation of pvridinvl
mal onate i nwoeoadésat e S5 Di benzyl mal onate (1.42g, 5.01 mppdrjyséon2dhF (20.0
m.) and sodi um hydride (0.139, 3.3 nmol) were placed in a dry three-neck
flask. The flask was equi pped with nltrﬁgen gas adapter and nmagnetic
stirrer. The picolyl «chloride internmedftk e (lg, 1.67 mmol) was added and
10 heated at 90C imy, ovesdi @ght o The. s eact can, wasszo@,edr =} 7andu£xt ract ed
with 5% HCL with hy e |d he t er( m.), and
brine (50 nL). Th br%aérnhec ‘{|a er s?v\‘g?'fejz d\ryngd Jgvéclawr ‘:\g?g f?[%g? 2d and
concentr at ed. Thelﬁbsﬂd%l@vv&-‘@lpuﬁl o ByNOES FE9e?BRY. IBUdase col um
eluting with 50% geetpead ril e/ water and gave pyridinyl nalonate
internediage as a white foany solid (ig, 719 : '"HNWR (CDCLl,) 5 0.84-0.95
(m 6H , ~1.02- 1.2 1.56-1.66 (m 1H), 2.14-2.24 (m 1H), 2.80
(s, 6H) 3.05 (ABQMC‘ 2H), 4.05 20 (d, 1H), 4.16 (t, 1H)),
5.02(s, 2H), 5.08 (s, 4H), 5.44 (s, L°5.97 (s, 1H), 6.96-7.10 (m 3H),
7.20-7.32 (m 12H), 7.5 (t, 1H), H . Step 3: Preparation of
pyridinyl acid 25 The pyridinyl ma etthedi ate' (0.6g, 0.7 nmol,
obtained from Step 2), THE water ~Bu and -lithium hydroxide
monohydrate (0.14 g, 3.4 ol Me,Nere*plgeed, in a 100 nL round-bottom fl ask.
The reaction was stirred at anbi ent ten@eraﬁufe overnight. 30 After 18 )
hours, the reaction was extracted w [T °0HC1 and et her and then washed
with water (20 nL) and brine (30 n1_ e organic layers were dried over

MySO' filtered and concentrated in vagd ve tTh esired title conpound
as a white solid (0.44g, 90%: np 10\-./6/\%

(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]l phenoxy]methyl] phenyllmethyl] -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 pfecipitated out. The white solid
20 was colleéted, 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); ‘B
NMR (CDC1l,) & 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 (ABq, J =
25 15.1 Hz, J 43.3 Hz, 2H), 3.16 (s, 6H), 3.76 (s., €H) ,
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 (d, J = 8.9 Hz, 1H),
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35 107 C, 'H NMR (CDC1l,) 50.84-0.95 (m 6H) , 1.02-1.5 (m 10H), 1.56-1.66

(m 1H), 2.14-2.24 (m 1H), 2.80 (s, SUBSTI TUTE SHEET ;gzgsl; ﬁ)@;sv\o |
00/ 01687 METPNBERI/ 12828 224 6H) ,3.05 (m 2H) , 3.10 (FRBESH 3.22 (

" 2H), 4.05 (s, 1H), 5.30 (s, 2H), 5.50 (s, 1H), 5.97 (s, 1H), 6.50 (d, 1H),
7.02 (d, 28). 7.3 (d, 1H, 7.42 (d 2#y, 7.58 (d, 1M , 7.8-7.9 (m 2H)

HRVB. Calc d for C35HA6N206S: 5. 62 2 le 1431 O~
,0 S Bu (I_;,u l\/gél\PQ}M o528 ° M*Neé@? 214252(3'[](245? 373&-318? graggxsnethyl)

-N- [ [6- [ [4- 8[618:,d|2bntyr792 (d, J = 7.4 Hz,

(di met hyl am no){}ﬁl 57t ghr Qﬁydj Q- 4- By oxyn)l;, BRMS. Calc’d for
ep| - P

di oxi do- 1- benzo enox t ] pyridinyl] methyl]glycine
15 Step 1: Prep@roﬁieN(Qasof r3|98|2nv¥‘l‘ﬂ?r$ ?é Qg?ermadl ate A nixture of

di et hyl am nodi acetate (8g, 68 mmol) and sodi um carbonate (0.63g, 5.9

mol ) was treatgd wf@;g%i;col yl chloride internediate (0.72g, 1.2 mmol, 20

obt ai ned from ., Step 1), and stirred at 160 C for three hours.
The reaction was cooled and diluted wth ether and washed with 1% HC1,
~water (25 m), and brine (50 nL). ThegQonbined extracts were dried over

MySO' filtered and concentrated i nyaé pihe residue 25 was purified by
distillation in the Kugelrohr to |®‘ Bu
Me,N R

} ~§ OH (COﬂi
Q N0
s

10 4R-cis) -N- (Carboxymethyl) -N- [[4- [[4-[3,3-dibutyl-7-
(dimethylamino)-2,3,4,5-tetrahydro-4-hydroxy-l,1-
dioxido-l-benzothiepin-5- '
yl]phenoxy]methyl]phenyl]methyl]glycine

15 Step 1: 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-

: hydrobenzothlepinell 1-dioxide (obtained from Example

20 1402, Step 10);, and the resulting solution 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
vacueo, and the residue was extracted with ethyl acetate

25 and washed with brine. The extract was dried over
Mgso,, and the concentrated residue was purified by
column chromatography to give the chlorobenzyl
intermediate: 'H NMR (CDCl;) & 0.90 (q, 6H), 1.05-1. 65
(m, 11H), 2.2 (t, 1H), 2.8 (s, 6H), 3.0 (q, 2H), 4.1
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pyridinyl diester internediate as a yellow sh foany solid (0.72g, 80%
"H NMR (CDC13) 8 0.84-0.95 (m 6H), 1.02-1.5 (m 16H), 1.56-1.66 (m 1H),

2.14-2.24 (rWoowps? 2. 80 (s, 6H) 3.05 (ABg, 2H), 3.70 (s, Lﬁ@ﬁ?ﬁﬂéiél_élﬁ_o

(m 6H), 5.30 (

s, 2H), 5.56 (s, 1H),6.02 (s, 1H, 6.60 S

(RULE 26) WD 00/ 01687 PCT/US99/ 12828 225 (d, 1H) 7.10 (d, 2H) ,7.50 (m
3H), 7.61 (d, 1H), 7.80 (t, 1H , 7 .95%d, 1H. HRVS. Calc' d for

CA1HS, N300S

7524 391)., Roends, 752). 3%48. (5, 3Hep 2:5 Prspamat,i encofs,

(0. 79,

idinyl diacid j XtAr, f ridine-anypodi acgt at e 4.0t enedi, at
pyri di ny Ay xtglree @f 1Ry g.nd;e(ldi,f%ﬁp, acet gf | iééQ' SRl 6 (0. 38

0.93 Mol , obtained fromStep 1
g, 4.5 mol) in THF/ water .
Thetemdot | Prepaxdtiron WS adlihot @testdh et her

(18 10 hours).

I'um ~hydrox nmonohydfa

1%L, veer (20 1) » QIGCEL e (30, BT1: T SO S:hpuatse o

over MgSH, filtered ang _
conpound as a whit¥eIFEddare. okfaiged) frap 520 15 /155 6@, 91KB NGRI3DC13) 3

concent rat éd

(25.0 nmL, 1:1) was stirred at 40 C overni ght
and washed with

dried
title

0.84-0.95 (m 6Hof Hi@2h¥lS5atifo diQbkrade 56add 66.42Mg Lld).s Amdfr 23{230(”]

1H), 2.80 (s,
2H), 5.20 (s,

[ OH C2H 25 QOZH. 4ried over MgsSO,, and the concentrated residue was

15

20

25

30

35

6H)_.. 3 1 2 790 (m. 3H).. 4. , (s,
2%1)@),“5%509‘2 ?AOB?‘% ?Ebs%é s (srfnﬁ)rf% 8h 9?%,(°S-“1|51°!? $.02 (d, 2H),
7.3 (d. 1H), 7.4houss.2P)F Wasgeroved, idifaco &rd ShenregkiiueiRd Cal ¢ d

for C'HA9NBO8S: 6GI%r32t0d WOLHIGH26. 333 lwasHRd@NRt® 13325 BHe Mgz By  Me2N

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, 1H), 2.8 (s, 6H), 3.0 (g, 2H), 3.55
(s, 4H), 3.95 (s, 2H), 4.1-4.2 (m, S5H), 5.05 (s, 2H),
5.42 (s, 1H), 5.95 (s, 1H), 6.5 (4, 1H), 7.0 (d, 2H),

7.4 (s, €H), 7.8 (d, 1H).

Step 3: Preparation of amino diacid

A solution of 0.863 g (1.15 mmol) of dibenzyl
ester (obtained from Step 2) and 0.232 g (5.52 mmol)
of LiOH in 30 mL of THF 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
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 (q, 6H), 1.05-1.65 (m, 11H), 2.22 (t, 1H), 2.8 (s,

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 (d,
1H), 7.0 (d, 2H), 7.4 (m, 6H), 7.78 (d, 1H). HRMS.
Calc’d for C,gHN,0,S: 695.3366. Found: 695.3359. Anal.
Calc’d for C;HgN,0,S: C, 65.68; H, 7.25; N, 4.03; S,
4.61. Found: C, 64.95; H, 7.32; N, 3.94; S, 4.62.
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(4S-cis) - [2- (2- [4- [3, 3-Dibutyl-7- (dinmethylamno) -
2,3,4,5-tetrahydro-4- hydroxy-1, 1dIOXIdO |- CT/US99/12828
benzot hi epVAIE bhenoxy] et hoxy] et hyl ] propanedi oi ¢ 30 &cid SUBSTI TUTE
SHEET (RULE 26) WO 00/01687 PCT/ US99/12828 226 Step 1: Preparation of
bronoet hyl ether intermediate To a s2i%red solution of 0.192 g (4.785

nmmol , 60% disp) of {\lquir%ZS m. of DVF was added 2.0 g (4.35 5 mmol ) of
5-(4' - hydroxyphzéﬁ-?ﬂ?—ﬂ—]eé—ﬂ%' t hyl am no) tetrahydrobenzot hi epi ne-1, 1-di oxi de
(obt ai ned from Exanpl e 1402, Step 10), and the resulting solution was

stirred at anbient tenperature for 300mo1 To the solution was added 13. 2

g (54.38 10 nml) of bis(2-bronoethyl)elsiqr,g.and stirring was continued at
: arrbl ent tenperature under N2 overnif DME yvas renopved in vacuo and the
residue was extracted wth et pat e n%l washed with brine. The

extract was dried over MySO' and the cencé'mramed resi due was 15 purified
by col umm.chromat ography to give bronfethyl _eI;Jh.etrF internedi ate: 1H NMR
(CDC13) 80.90(q, 6h), 1.05- 1.65 ( H) , 92(t3 1H, 2.8 (s, 6H), 3.0
(g, 2H, 3.5 (t, 2H , 3.9 .(m 4H , /4. G-AH), 4.2 (d, 2H), ©5.42 (s,
1H , 5.95 (s, 1H , 6.5 (d, 1H , 6. d,/2H) , 20 7.4 (d, 2H), 7.9 (d,
1H). Step 2: Preparation of diester interffediate To a m xture of 94 ngy
(2.34 mol, 60%disp) of NaH in 45 nL of THE and 15 nL of DMF at 0 C was

added 1. 353 424 £8) o [)4 §, dibanzeyl -vel(@ame ehy YR, 3ahdb  he

resultin solutlon was stlrre at ral gy Seiddy1-15 mn, fol |l owned
by the additi ontefrahydrey 4 pysgox WJ} g’fo){al?gpngeg il enf her, j nter medi at e

(obt ai ned from pSheptijepiths -yl kphemoxyplmeilydd od- ’ﬂﬁﬂ’é’F RFigingdt c 30
overnight. Solvent, ues, rauRygd-bieyacsaaal @he)resi due

10 Step 1: Preparation of picolyl intermediate
To a stirred solution 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%
15 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
20 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
25 saturated NHJH. diluted with 600 mL ethyl acetate
washed with 4X250 mL water, brine, dried over MgSso,,
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

30 picolinyl intermediate as a colorless solid: mp 95-98
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was extracted wth nmethyl ene chloride and washed with brine. The extract
was dried over SO'" and the concentrated residue was purified by colum
chr omat ogr affAY*P18i ve the diester internediate: 1H NVR 3Bct/GEeishs S 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 SUBSTTPUTE SHEET (RULE 26) WO 00/01687 PC
/1 US99/ 12828 227 3H) 4.1 (m 3H) 5.1 (s, 4H) 5.42 (s, 1H), 5.9 (s, 1H 6.5
(d, 1H), 6.9 ]gdd°QH) dPVNBﬁR( mthZIJH)a g. eﬂso(od,ss 2i) | 61—7)39 2.@2- iF&¥ ﬁ'r\St eg 3:
Preparatlon 0] L ac S 0 t e i ester
18806 oty PO ?I‘éndg% %998 T o kcBin 38 ' of

i nternmedi ate (obtai néd from
et hanol and 5 ni68% - TPiEané’\Bqanga’eetﬁ-al, 4fbb ek, t2hperatar éedunder 20 psi

of 10 hydrogen gassfag, 21#0urss.1sThse, cm)al ¥stsowas, fiff ered, Qéf a%agdst)lhled

flltrate S con t ed,to gi ired title conpoun
119.5 %ﬁ H MR g FH’JS) 68555‘%’5 Y % £:08:1 %% (lrﬁm?l 190 a1 Jq, 2H),
2 25 (t, 1H), 2 8 €sV BH) 2H3..07(B9 244, 6?9 #Z, (gH) 2H).,4415s3. 58_($ 71H), 3.78

(t, 2H), 4.08 (duzlHE) 4. 1Bo(ta,2b)= Q%ﬁz(sQastH)a & 0Rg( Sy 1 6 55 (d,
7.8 (d . HRVS. Calc'd ' C'H'NO9S:

1H), 6.98 (d, 2H) 21142221()d 2H)
632, 2893, Found 6% Y83 ‘Anal . Calc'd for CH'NOQS 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. Exanple
1433 O, 0of::::cdddd 2 H e

(4R-cis)-a-[[4-]

.41g (0.74 mmol) of
picolinyl intermediate (obtained from Step 1) in 10 mL
of acetonitrile and 3 mL of dichloromethane was added
137 mg (0.97 mmol) of iodomethane. The reaction was

15 stirred at ambient temperature for 16 hours, then
concentrated under a nitrogen stream. Purification by
reversed phase chromatography (Waters-Delta prep) using
60-55% water/acetonltrlle afforded 0.304 g (60%) of the
desired title compound as a colorless solid: mp 96-99

20 °C; 'H NMR (CDC1,) § 0.85-0.95 (m, 6H), 1.03-1.52 (m,
lOH), 1.57-1.70 (m, 1H), 2.12-2.27 (m, 1H), 2.84 (s,
6H), 3.09 (ABy, Jps = 15.0, 27.9 Hz, 2H), 4.11 (s, 1H),
4.46 (s, 3H), 5.37 (s, 2H), 5.50 (s, 1H), 6.07 (d, J =
2.4 Hz, 1H), 6.61 (dd, J = 2.5, 8.7 Hz, 1H), 7.02 (d, J

8.7 Hz, 2H), 7.48 (d, J = 7.2 Hz, 2H), 7.90 (d, J =

8.7 Hz, 1H), 8.14 (d, J = 6.3 Hz, 2H), 8.80 (d, J = 6.6

Hz, 2H). HRMS Calc’'d for C,H,N,0,S: 565.3100. Found:

565.3125.

25
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t et r ahydr o- 4- hydr oxy- 1, | - di oxi do-1| - benzot hi epi n- 5-

yl ] phenoxy] net hyl ] - w- net hoxypol y(oxy-1, 2- et hanedi yl ) SUBSTTTI TTE SHEET
(RULE 26) WO00016871.687 PCTI US99/ 12828 228 Step 1: Prepa®&F{Us?12$8 rononet hyl
PEG nesylate intermediate To a solution of 20 g of nononethyl ether PEG in
100 nL of nethylene chloride was added,2.2 g (22 mmol) 5 of triethyl

am ne, and to the resulting solution a% 0C was added dropwise 2.5 g (22
mol ) of et hanesidraryh42ehl oride. The resulting solution was stirred
overni ght at arient tenperature, and the triethyl amine hydrochloride
was filtered off to give the nononethyl 1Q PEG nesyl ate internedi ate which

was used in the next Step without furt purification and
characterization. Step 2: Preparati Byet hyl ene-| i nked
benzot hi epene 15 A m xture of 38 ny 2 u 959 of NaH and 0.7 g (1.52

mmol ) of 5-(4'-hydroxyphenyl) - 7-M{Ni hyt asno) o
t et rahydr obenzot hi epi ne-i, 1-di oxi de ( ai ned- from Exanpl e 1402, Step 10)
in 5.5 nL of DM was stirred at anbi tenperatgire under N2 for 30 mn

20 To the solution was added 0.55 g (O "rﬁ%kHo the nesylate PEG '
internedi ate (obtained from Step 1) imkglgzjn of DMF, and the resulting
solution was stirred overnight under 50 C. DMF was renoved in vacuo
and the residue was extracted with methyl ene chloride 25 and washed with
brine. The extract was dried over MSO'_and .het%oggﬁﬁﬁg)a_tzeq gesldue was
purified by col vam-cimlodetlégr By Didugyye’ t esrred titl € 'compound as
an oi I 1H NWVR (EDGL3y d-oQ4nfarokh), 12d06xide-65 1cALoxidg 12 2 (t, 1H), 2.8

, 6H), 3.0 (q, 2H), 30 3.4 , . AMme? Miniuks, 1H) ,
£1§15 (H% 2H§fq B?Fbi%lfwfﬁf‘fsé?gblsp%;’xﬁé,&ﬁg Elgh ellﬁ—l)y?.mg..Ql(d?@S K

methanesulfonate (sa

10 To a stirred solution of 6.5 g (11.8 mmol) of
picolyl intermediate (obtained from Example 1428, Step

1) in 140 mL of acetonitrile heated at 70 °C was added

1.56 g (14.6 mmol) methanesulfonic acid methyl ester.

Heating was continued at 70 oc for 15 hours. The

15 reaction was cooled and diluted with 50 mL of ethyl

acetate. The solid was collected by vacuum filtration

] to give 6.14 g (79%). The filtrate was concentrated in

vacuo and the residue crystallized from hot

acetonitrile to give 1.09 g (14%). A total of 7.23 g

20 (93%) of the desired title compound was obtained as an
off-white solid: mp 232-233.5 °C; 'H NMR (CDC1,) &
0.66-0.76 (m, 6H), 0.85-0.95 (m, 1lH), 0.95-1.35 (m,
9H), 1.42- 1.54 (m, 1H), 1.95-2.22 (m, 1H), 2.50 (s,
1H), 2.56 (s, 3H), 2.63 (s, 6H), 2.91 (ABg, J = 16.5,

25 24.0 Hz, 2H), 3.88 (s, 1H), 4.40 (s, 3H), 5.21 (s, 3H),
5.78 (4, J = 2.4 Hz, 1H), 6.31 (dd, J = 2.5, 3.7 Hz,
1H), 6.84 (d, J = 8.7 Hz, 2H), 7.31 (8, J = 8.4 Hz,
2H), 7.64 (4, J = 8.7 Hz, 1H), 8.0 (4, J = 6.6 Hz, 2H),
9.02 (d, J= 6.6 Hz, 2H). HRMS Calc’d for C,,HN,0,S:

30 565.3100. Found: 656.3087. Anal. Calc‘d for
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2H) , 7.4 (d, 2H), 7.9 (d, 1H). SUBSTI TUTE SHEET (RULE 26) WD 00/01687
PCT/ US99/ 12828 229 Exanple 1434 Preparation of: O~ S Bu Bu M2N I 'OH
0 N O C. 5wbookhes?3- ami nobenzot hi epene prepared in Step $&giysy

(0. 380g,

0.828 mml ), sodium hydroxide (0.35 niL, 0.875 nmol, 10%| n

le 1398
H20)

and toluene (0.50 nm.) 10 were conbined in a 10 nL round-bottom fl ask. The

reaction flask was. purged with N2, equedpped with nagnetic stirrer, and
cooled to 0 C A sal wtd@n. of. 3¢,cC orgppr-pg&l ﬁhlg)r@;orgatga Aol 440g, 1.10
%2“)& q’%f:) Was Gédzgd 3.5 hrs, "tol uene (3.0 15 ml)

mol , 12%in )
was added, and tﬁ@uﬁﬁixt e 5\?oa§8wa§he'ﬁqwtﬁ7 H?O?%Qx% 3> dried (MySO™4),

filtered and concentrated in vacuo. Purification by flash chromatog
on silica gel e ra 20% Et QAc/ hexane and concentrated in vac
gave a white solrgJ@gg%E%b—-SGQQ 1H NMR (CDC13) S 20 0.87-0.93 (m

1.05-1.70(m 11H), 2.14 (t, J = 6.3 Hz, 2H), 2.15-2.25 (m 1H), 2.

6H), 3.07 (ABqg,
= 6.0 He,

4.33 (t
= 9.0,

(m 2H),

, J
2.7
7

10

Hz,
. 54

15

20

25

30

2H) 364(t,J:63I302H) 4.11 (d, J = 7.5 He,

78]

(4R-cis)-6-[[4-[3,3-Dibutyl-7-(dimethylamino)-2,3,4,5-
tetrahydro-4-hydroxy-1,1-dioxido-l-benzothiepin-5-
yl]lphenoxylmethyl] -2-pyridinepropancic acid

Step 1: Preparation of picolinyl chloride intermediate

To a solution of 5-(4'-hydroxyphenyl)-7-
(dimethylamino) tetrahydrobenzothiepine-1,1-dioxide (1g,
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 (i1.2g, 10.8 mmol). The
flask was equipped with nitrogen gas adapter and
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 MgSoQ,,
filtered and concentrated in vacuo. Chromatographic
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 (ABqg, 2H),
4.10 (4, 2B), 4.65 (s, 2H), 5.20 (s, 2H), 5.45 (s, 1H),

SUBSTITUTE SHEET (RULE 26)

raphy

uo

6H)

81 (s,
1H),

2.4 Hz, 1H), 6.51 (dd, J

2H), 5.50 (s, 1 %699 (d, J , , 6.
1H), 6.65 (s, 25 1H),f 23 0d-J = 7.8 Hz, 1H), 7.34-
(d, 3= 7.2 H, i, BY7 1z, 1H). HRVB (M +
H

7.39



Hy. Calc'd for C30H44N205SCl : 579. 2659. Found: 579.2691. SUBSTI TUTE SHEET
(RULE 26) WD 00/01687 PCTI US99/ 12828 230 Exanple 1435 Preparation of: 5
O~ S BuwfworoMs2N s~ OH C1- O\ _N N NJ H 1, 4-D azabiP€YUs8(822. 2) oct ane
(0.0785g, 0.700 mol) and acetonitrile (1.0 nL) were conbined in a 10 10
mL round-bottom flask. The reaction fl,gsk was purged w th N2 equi pped with
magnetic stirrer, and heated to 37 A sol ution of the ct of Exanple
1434 (0.250g, ©.932Asnmbl), 6. Ecddonitii| e A5, §HhY - 9\/33 g‘é‘d Af t er 2 5
hrs; 1,4-di azab‘h@yc 063.7. ggoﬁlaag )15 (0. 02009, 0.178 nmol) was added.
After 64 hrs |azab| cyclo(2.2.2)octane (0.0490g, 0.437 mmol) was
added. After 24 hrs, the reaction mxture was cool ed to RT and
concentrat ed i nspeaco. Theparamienpeddpy 35 E >

(2.0 n) Fand pr eci pbtlggggygqnﬂotngt@t hyl 484 | h o(ﬂemalm_).n ﬂ'rhm(pzroem pitate

was filfered to yield a white salid. This trituratio
repeat ed, fol | dWedap¢ eoftEntParade 10y g% J H\mléé()a geﬁlte}:\c&gg}/v?g (0. 185g,

62% . np 218. G 2%y. BhO€e-neck flask. The flask was equipped with
nitrogen gas adapter and magnetic stirrer. The picolyl
chloride intermédiate (1g, 1.67 mmol) was added and

10 heated at 90°C for overnight. The reaction was cooled
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,

. 1H), 2.80 (s, 6H) 3.05 (ABg, 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 (d, 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,
104), 1.56-1.66 (m, 1H), 2.14-2.24 (m, 1H), 2.80 (s,

SUBSTITUTE SHEET (RULE 26)



1H NVR (CD30OD) S 0.90 (m 6H), 1.05-1.55 (m 10H), 25 1.16 (t, 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, 6¥ppoma@&r30-3.50 (m BH), 4.10 (s, 1H), 4.21 (t,prfsesnzbesiz, 2H),
5.31 (s, 1H), 6.10 (s, 1H), 6.55 (d, J = 7.2 Hz, SUBSTITUTE SHEET (RULE
26) pCT/ US99/ 12828 WO 00/ 01687 231 7.33,7. 42 (m 2H), 7. 56 1H), 7.25 (d

J =6.9 Hz, 1H), 1H). HRVMB. Calc'd for (s, 1H) , 7.76 (d, j = 9.0 Hz,
C36H55N405SC1: 68B) 38985 Pourrdt) .6551888%Ba, PHixadube 1%3@HPnefaa9%1t|on of: 0

0 S Bu Bu M2KOH®),)s. @ (sH Bui0 Stap &, Eaﬁpasagmrs ofiy) NBs@c%B 0 )

e e Oy £ 28T A T TR 78 AT o)
to 0OC, aqueous $&l itHbn Bf8-Jo@i Um a2ilde HRMS6gChhc 51 SPrafeHalV.@§ :t he

reaction gnl/24. g4l gs wasRdded. ¢ tfrggl.- 5 hrs, oured into ice water
(80.0 nL), extracted .

Example 1431

. 0,0
Bu
MeoN S ',/OH
@ /—COzH
0O N= N—CO,H
\_7
10
(4R-éis)-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-
. pyridinyllmethyl]lglycine
15

Step 1: Preparation of pyridinvl 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
MgSO,, 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 (ABq, 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

SUBSTITUTE SHEET (RULE 26)



20 mixture was p and with ethyl ether (2x25 nL), dried (MySO4),
concentrated |n vacuo to give a colorless oil (2.660g, 1H NVWR (CDC13) S
4.62 (s, WPOOOMEYZ (" 37= 7.8 Hz, 1H), 7.66 (d, | = 7.FSTSRE¥ 7 99 (d,
j 7. 8 Hz, 25 1H), 8.05 (s, 1H). SUBSTI TUTE SHEET (RULE 26) WD 00/01687

- PCT/ US99112828 232 St ep 2. 5 3-Chl o2%%et hyl benzoyl azide (0.1429, 0.726

nmmol) and tol uene Sﬁ) 0, V\@'ezﬁpnnplgbeqml nsg) 10; rg_l r@ungky) bot tgem f | ask.
The reaction flask was pur%re equi gﬁgd \#r rrglggJ é,' c stirrer, and
heated to 110 C.(t.AtHer sidit A r dHMSi- of A X W5 de¥réd to R T, . 10
and the 3-am nobenzobhs epesiendar epareskda.n Step 5 of Exanple 1398 (0. 3659,
0.796 mol ), was added. After 2.25 hrs, the mxture was heated to 50 C
After 0.75 hrs, 3-chl ororret hyl benzoyl a2|de 0,025, 0.128 nmol) was
added, arid the E68Pt 2 hn DYsRaras iap <o EYTE ' = | ux. After 0.5 hrs,
the reaction m xt ur eawasi easeeas perikihe- amdnc@muamat édtérmadice.
Purification by, flash c ogr. n i ly el uhi 20-30%
Et OAc/ hexane anéocjg)%tentrat eé’tzL &2{%15% efi\%lélnag\éfaﬁllgel a% {‘9;31’({)‘.4'% (0. 309q,
629 . 1H NVR ( ChEBByxSi@. Woewdrzee (=15 4. 1 ; 531“1)01)0188T ¥/ WRAterg 3 py,
3H) 1. 03- (1 60 (810 ldt), ld]l)85aédstfrr3:d|‘|ét a6)°c BvaZn{gnt 1Hp, 2. 76 (s

3. t, 2 4 J_= :

6 07 (sjl% E%Bﬁs’(d 'lf]he' r?‘%%f%’? M‘Vlg‘éﬁé éq%d ?Di?e%oeg 41 (m 3H)
, 7.63 (s, 1H) 2Rd 7WEENEH Wirh=18 ¥}y wappy <%°g@ﬂ)(sanﬂ rige 139%s, 1H).
HRVE (M + Li) .mEal cubiad eskJa0h cCBNMANGR4ECAtied H22. BYBA,, Found: 632. 2889.
SUBSTTT UTE SHEET, { RULE, 26), 0,00/ 0187 FGT{LISN9/(?88e the desired

title compound as a white solid (0.44g, 90%): mp 153-

15 155 °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, 1E), 2.80 (s,
6H), 3.10 (ABg, 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
(¢, 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. Calc'd for C,,H,N,0,S: 696.3319. Found:696.3331.

Example 1432

o, .0
Bu
Me,N < '//OH
CO,H
g O\/\O/\)\COZH
(4S-cis) - [2-[2-[4-[3,3-Dibutyl-7-(dimethylamino) -
2,3,4,5-tetrahydro-4-hydroxy-1,1-dioxido-1-
benzothiepin-5-yl) phenoxy] ethoxy] ethyl] propanediocic
30 acid

SUBSTITUTE SHEET (RULE 26)



233 Exanple 1437 Preparation of: 5 O- S Bu Bu M2N Cl- "OH 1

N+ N HH1,4-D azabicyclo(2.2.2) octane (0.157g, 1.40 nmol)
acetonitri WO @PI@D i) were combined in a 10 mL 10 roundPEBUSYREBask. The

reaction flask was purged with N2 and equi pped with nagnetic stirrer. A

sol uti on of

acetonitrile (2.70 nL) was added. After 2.5 hrs, a white precipitate had

t he product of Exanple 1236 (0.2628, 0.418 nmmol) in

and

/ N 0

had fornmed. Ethyl ether (6.0 nL) 15 was added, and the precipjtate was
filtered, washedstem tlh er@ar@tthen, ofinbremgesdVi ne i

solid (0.250g, 80%. f

white

%%o@u@ﬁn 4t N'VR9Q@30D)78§ 8 (60 6H),

1.03-1.55 (m 10H), 2. 1 .
8H), 3.37 (m 6HiSH. fé %H 3§1 2fH)“{“ ﬂgé@"érsu,aszggj?eég é (‘935 g ﬁ Ersn
1H, 6.52s (dd mhol)80F, 5-1(18'-I-!W,drdzkl}’ph€nﬂ9'(7d J=7.2 Hz 7.23 (d, J

69Hz
87HZ

Fm&é%%eéa? $fﬁoﬂyékraﬂ ArokdAzotdilbpide 58, 1Sdldi§de 7.73 (d, J

ated for OH56 4S 702, 40 F d:
702.4064 Anal @Htéapaﬁeélr?fb@xe&‘ﬁ#se}\ﬁ%s(% q“’) Béagﬁ 7?22,

S, 4.34; d,

SUBSTI TUTE SHEEﬁkééﬂngmgﬁ) To the solution was added 13.2 g (54.38

10

15

20

25

30

35

mmol) of bis(2-bromoethyl)ether, and stirring was

continued at ambient temperature under N, overnight.

25

N, 9.48;
4. Sfhsufiating: sl ut ioh. 96s b-tlﬂreﬂ?,atNﬁmblﬂJZt SempengREuly |

4. 89.

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, 1K), 4.2 (d, 2H),

5.42 (s, 1H), 5.95 (s, 1H), 6.5 (d, 1H), 6.95 (d, 2H),

7.4 (d, 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

(cpcl,) § 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,

SUBSTITUTE SHEET (RULE 26)



WO 00/ 01687 PCT/ US99/ 12828 234 Exanples 1438 - 1454 The conpounds of

'Exanpl es 1438 through 1454 can be 5 prepared in accord 3595 One or
more of tEO0YAEEhetic schenmes previously disclosed in ?ﬁflgss’wép%?ication or

usi ng net hods known to those skilled in the art. } SUBSTI TUTE SHEET ( RULE
26) WD 00/ 01687 PCT/ US99/ 12828 235 @70 Me2N OH R5m R5m O } 1438. N C1

/~IN H OdI_1439. NAO -_+N H 4N O &), 5440. (8p' I, H.R-{sNTL N H
~C02H 1441, NAH G-10tMy 43 ¢ "NH% Hp N 1443 [ ]NgN
1H), 6.5 (d, 1H), 6.9 (d, )y 73%n, [0l M.a (a,

2H), 7.9 (dl lH)'

5 Step 3: Preparation of diacid
A suspension of 0.761 g (0.935 mmol) of the
diester intermediate. (obtained from Step 2) and 35 mg
of 10% Pd/C in 25 mL of ethanol and 5 mL of THF was

agitated at ambient temperature under 20 psi ?f

10 hydrogen gas for 2 hours. The catalyst was filtered

\ off, and the filtrate was concentrated to give the

desired title compound as a solid: mp 119.5 °C; 'H NMR
(THF-d8) 0.95 (q, 6H), 1.05-1.65 (m, 11H), 2.1 (g, 2H),
2.25 (t, 1H), 2.8 (s, 6H), 3.0 (&, 2H), 3.47 (g, 2H),

15 3.58 (s, 1H), 3.78 (¢, 2H), 4.08 (4, 1lH), 4.15 (t, 2H),
5.4 (s, 1H), 6.05 (s, 1H), 6.55 (4, 1H), 6.98 (d, 2H),
2.42 (4, 2H), 7.8 (d, 1H). HRMS. calc’d for C;H,,NO,S:
632.2893. Found: 632.2882. Anal. Calc’'d for C,;H;NO,S:
C, 62.54; B, 7.47; N, 2.21; S, 5.06. Found: C, €61.75;

20 H, 7.56; N, 2.13; S, 4.92.

Example 1433

‘ o..°
j . ®

_ S Bu
Bu
MezN

s “oH

6. R=PEG 1000
R

25
(4R-cis)-a-[[4-[3,3-Dibutyl-7-(dimethylamlno)-2.3.4f5-

tetrahydro-4—hydroxy-1,1—dioxido-l-benzothiepin-s-
yl]phenoxy]methyl]-w-methoxypoly(oxy-l,2—ethanediy1)

SUBSTITUTE SHEET (RULE 26)



HH_ cl J 1444, ful N NN+ HHO .,0cl_ 1445 ~NS~/ +N~ HN
1446. N "Y NH2 H CO2H SUBSTI TUTE SHEET (RULE 26) WD 00/ 01687

PCT/ USQ9/ 128280/0188%5 RSm 1446. NI CO2H CO2H O 1447. -N aBRikeosksi O N
Op 1448. NS N HH O 101449. NSHI / CO2H | oA | - 1450. N

112" HO 228
Step 1: Preparation of monomethyl PEG mesylate

intermediate
To a solution of 20 g of monomethyl ether PEG in

100 mL of methylene chloride was added 2.2 g (22 mmol)
5 of triethyl amine, and to the resulting solution at 0°C
was added dropwise 2.5 g (22 mmol) of methanesulfonyl
chloride. The resulting solution was stirred overnight
at ambient temperature, and the triethyl amine
_ hydrochloride was filtered off to give the monomethyl
10 PEG mesylate intermediate which was used in the next
Step without further purification and characterization.

Step 2: Preparation of polyethylene-linked

benzothiepene
15 A mixture of 38 mg (1.52 mmol 95%) of NaH and 0.7
g (1.52 mmol) of S5-(4‘-hydroxyphenyl)-7-
(dimethylamino) tetrahydrobenzothiepine-1,1-dioxide
(obtained from Example 1402, Step 10) in 5.5 mlL 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
MgSO,, and the concentrated residue was purified by
column chromatography to give the desired title
compound as an oil: 'H NMR (CDC1l,) § 0.9 (g, 6h), 1.05-
1.65 (m, 11H), 2.2_(t, 1H), 2.8 (s, 6H), 3.0 (g, 2H),
30 3.4 (s, 4H), 3.5-3.85 (m, 95K), 4.1 (s, 1H), 4.15 (t,
2H), 5.5 (s, 1H), 6.05 (s, 1H), 6.6 (d, 1H), 6.9 (d,
2H), 7.4 (d, 2H), 7.9 (4, 1H).

SUBSTITUTE SHEET (RULE 26)



1451. NNCH3 1 . G- 0, 0 1452. NS N',_,S03H HHO, ,0 1453. NNCO2H H
2828

CH3 0"0O 1454.

N.S SO3H H I / SUBSTITUTE SHEET (RULE 26 /&981—;[438298/ 1

WO 00/ 0168YO2M68%y anpl e 1455 Preparation of: 5 0\/0

NANO p O H H n

The 3-am nobenzot hi epi ne of step 5 of Exanple 1398

(0.0165g/ 0. 0360 mml ), M NCO 5000 (0.2850g/0.30 nmol) 10 (Met hoxy- PEG NCO,
MW 5000, purchased from Shearwater Polynmers Inc., 2130 Menorial Parkway,

SW Huntsvil | e, Exanekendd345801), and CDC1, (0.7 nL) were combined in an
nm NVR tube. The tube was purged with N2. After 72 hrs, the reaction

m xture was he

15

10

15

20

25

aration of:

a;zeéjpto 90 C _After 24 hrs, an additional aliquot of the 3

M62N

s
S
S

/[k S

The 3-aminobenzothiepene prepared in Step 5 of
Example 1398 (0.380g, 0.828 mmol), sodium hydroxide
(0.35 mL, 0.875 mmol, 10% in H,0) and toluene (0.50 mL)
were combined in a 10 mL round-bottom flask. The
reaction flask was_pufged with N;, equipped with
magnetic stirrer, and cooled to 0 °Cc. 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
mL) was added, and the mixture was washed with H,0 (2x4
mL), dried (Mgso,), 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%). 1y NMR (CDCl3) &
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 (ABqg,
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 (d, J
= 2.4 Hz, 1H), 6.51 (44, J = 9.0, 2.7 Hz, 1H), 6.65 (s,
1H), 7.23 (d, J = 7.8 Hz, 1H), 7.34-7.39 (m, 2H), 7.54
(d, J = 7.2 Hz, 1H), 7.89 (@, 8.7 Hz, 1H). HRMS (M +
H). Calc'd for C3pH44N205SCl: 579.2659. Found:

579.2691.

SUBSTITUTE SHEET (RULE 26)

8



am nobenzot hi epi ne of step 5 of Exanple 1398

added. After

and evapor WO dryness with a N2 purge.

(0.0077g/0.017 mmol ) was

24 hrs, the reaction mxture was transferred to a 2 nL vi al

was di ssolved in.hot ethyl ether (2.0 nL) and ethyl acetate (0.057

drops) , cooled to
was repeated until
(TLC. - Si 02/ 80% Et QAc/ hexanes) .-
solid (0.0838g/
(bt, 1.05-1.49

The resul ti ngPQDUSM12828 sol i d

nm./ 4

precipitate and fil%3€red. This precipitation procedure
no starting nmaterial was detected in. the precipitate
25 Concentrated in vacuo to give a white

Bp1dH (CDC13) d 0.82-0.90 (m 6H), 6.8 Hz, 2H), 1.59
(@;ﬁ\'é"lp%rﬂ)—Tw(t, j 2H , 2.78 (s, 6H , 3 .04 1H), 2.18

(bt, 1H), 2.34 (s, (ABg, 2H), 3.35-3.80 (m 625H), 4.09 (d, J = 7.2

|_|21

SUBSTI TUTE SHEETP@‘RUBEaQBc)nRﬁHUSQQ/ 12828 WD 00/ 01687 238 2H), 5.42 (s,
1H), 5.78 s, 6.04 (d, J = 1.6 Hz, 1H), 6.47 (dd, J = 6.4, 3.2 Hz,
1H), 7.07 {d, J=7.6 Hz, 1H), 7.31 (bs,plH), 7.60 (d, J = 7.6 Hz, 1H),

7.66 (s, 1H) ,

10

15

20

25

7.85 (d, J = 8.8 Hz, I Mass spectroscopy 5 data also
verified desired product. Exanpl e-$¢56
-CO2H 0 \--CO2H A m xture of O.

@fion of: 10 SO N -
mmol ) of 5-R-[4- (2-

1,4-Diazabicyclo(2.2.2)octane (0.0785g, 0.700
mmol) and acetonitrile (1.0 mL) were combined in a 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
(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
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;
1§ NMR (CD3OD) § 0.90 (m, 6H), 1.05-1.55 (m, 10H),
1.16 (t, 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,

SUBSTITUTE SHEET (RULE 26)

"OHp 1l



br onoet hoxyet hoxy) phenyl - 3, 3-di but yl - 7- di et hyl am no- S99/12828

4- R- hydrvg&;“;@, t hi epi ne-1,1-di oxi de (Exanple 32, St eﬁq@ fﬁ 11.45 g of

di et hyl Tmnodi acetate, and 1.14 g of sodium carbonate was held at 160 C

for 3.5 hours, diluted with brine2aid extracted with CH2Cl12. The CH2Cl12

~layer was washed with brine, dried (MySO) g d, g?nirglntj}gt,ed.ism vacuum The
resi due. was léﬁpel-ypj’g @0 distéldé.alBl. 5 torr "af 120 Q)é gorrem)ve excess
di ethyl im nodiacetate E]% aiclveJl: G @ ok, aaHlesi HBMS . pCalF P& of this
residue, 0.8 ¢soflfithi: ydro ggf,Fngdrdssyiamebnahydrofuran, and 25 m

of water was hekHss¥OsE5IC ﬁéf"é ays and concentrated in vacuumto 25
renove tetrahydrofuran. The residual aqueous solution was diluted wth 25
m of water and acidified to pH 2 and extracted with CH2C12 (2x50 m)

The CH2C12 | agspmodfslfif ed (MySO4) and concentrated in vacuum The

SUBSTI TUTE SHEET (RULE 26) PCT/us99112828 WD 00/01687 239 residual solid

was di ssol ved jn ggg BRL. and precipitate was collected triturated with
ether. The p F&<E EM to give 0.86 g of solid, M5 (negative FAB) , m+

Na). 5 Exanple 1457 Preparation 05: 0l0 S SCH \ ryO POOH HO A solution
of 500 ng of desired 5-(4'- \S//

Me 2N

$
s
N

10
Step 1. Preparation of:

N3 c1

) 0

(2.25 mL/15.8 mmol)

benzoyl chloride
3-Chloromethyl Y s

(8.0 mL) were combined in a o
pottom flask. The reaction f;ésk wijd20jie§6;oin ;.50
olution of sodium a . .
:2j2ifoa::zz?swis added. After 1.5 hrs, the reactlzzd
oured into ice water (80.0 mb), extrac
dried (MgSO,), and
lorless oil (2.660g,
7.47 (t, I = 7.8

15
and acetone

20 mixture was p
with ethyl ether (2x25 mbl),

concentrated in vacuo to give a Co

g6%). 1H NMR (CDC13) § 4.62 (s, 2H),

Z 7. = 7 1 7 99 = 7.8 HZ,
H ) lH) ’ 66 (dl J -8 Hzl H) t . (dl J

25 1H), 8.05 (s, 1H) .

SUBSTITUTE SHEET (RULE 26)



15 hydr oxyphenyl ) -7 (di nmethyl am no) tetrahydrobenzot hi epi ne-1, 1-di oxi de
(Exanpl e 4950162t €P 10) (1.09 mmol)in 5 nL of di net hy IHavusam8 was added
via a syringe to a stirred solution of 36 ng of 95% NaH (1.41 nmmol) in 5
m. of 20 dinmethylformanm de at -10 C Lgp,aacetone-dry i C cfor bath. 0 The
resulting solution was stirred 5-ciibronopentane mnutes. A solution of
1.25 g of 1, (5.45 mol) in 5 nL of dinet~ylio~a fore anowas therthen 30
added. The m xture was stirred and 25 nmnutes and allowed to warmup to
roomtenperature ananstirred for 1 hour. The reaction m xture was quenched
with water at 0 C agdegxtracted with ethyl acetate. The ethyl acetate

| ayer. was dried over“N%SCﬂ' and concentrated in vacuo. The crude product
was SUBSTI TUTE SHEET (RULE 26) WO 00/01687 P IhJ 9/ 138.?2;3 “ﬁ%’q.)

chr omat ogr aphed on 8rFhteremsthydPenzedm 371859 8t gg’ac'e 2% SMexane to gi ve

470 ng of the bdrfgmtgguewtp;_rmqmteefgla@mbamm whi ael8ohk dEound-NVR ( CDCL3)
50. 91 6H), 1.20-1.67 3 1. 80 -2. 5 it N, 1H)
2.82 (gm 6H)H), bPEGS™( E\gﬁ?’gg]H) ,eHgé‘f’"i%l‘?’f ,éj"g‘g‘:ggb éizb&gg i 1Y

. , 4600 (t, J =

6.3 Hz, 2H) , ‘4ghippedlvith magnegi¢sstiFper ¢35¢ P§2TF= .:Ellq—Iz?'lH), 6. 52

(dd, J = 9.0 Hz 2 % hs, e r2292i66 miktur@ wakzcoplpd 7o R-Td, J = 8.7
o] h

Hz, 2H), 7.90 ,.J. =87 Hz, 1 10 i d-esoli Wt keppof KO0 ng of the |
bromi del0i nt er A &€ @0?‘8’6“%%*%‘55}%%01?1% ci sgt r gEItJE%& sijyl) "
phosphi te was refdmpied1288 100 X659ver APGHIMCh&2Sc 28688 f5%t e was cool ed
to room 15 t eNperal yhe apde 3R iturel wa9themtdtanal Seaf@r sifner 6n75was added.

Concent 14t d | s SAAEonSt b SRESY T 4k fBe 1Y, c25gR10% 128 Nng( Ur e was

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 (cpcls) & 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 (d, 6.3 Hz, 1H), 2.27 (m, 1H), 2.76 (s,
6H), 3.15 (t, 2B}, 4.17 (d, J = 6.6 Hz, 1H), 4.48 (s,
2H), 5.42 (s, 1H), 6.07 (s, 1H), 6.99 (d, J = 7.5 Hz),
7.18-7.26 (m, 2H), 7.30-7.41 (m, 3H), 7.63 (s, "1H),

25 7.86 (4, J = 9.0 Hz, 2H), 7.96 (s, 1H), 8.17 (s, 1H).
HRMS (M + Li). Calculated for C34H44N304SC1Li:

632.2901. Found: 632.2889.
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the resulting aqueous solution was extracted with CH2Cl12. The CH2Cl2

solution was dried over MJSO4 and 20 concentrated in vacuo t

Jpe! d 2

0
yel | owi shw@09/0168fhe oi|l was di ssolved in CH2Cl2 and tri'atqﬂuéf%léxvm th ethyl

acetate to give 202 ng of the desired_product (50% as

NVR (CDC13) 8
3.98 (m 3H),

6.53 (dd, J =
PCT/ US99/ 12828~ WO o/ 01687 241 Exanple 1458 Preparation of:

OC2H S NN

Mer capt ot et r azbtepaxati®naefd sodiumsalt, 1.0 g of

a white solid.

1H

0.90 (m 6H), 1.14-2.%83 (m 21H), 2.81 (s, 6H), 3.07 (ABq,

4.11 25 (s, 1H) , 5.48 (s, 1H) , 6.02 (d, J = 2.4 Hz,

1H)

8.9 Hz, 2.6 Hz, 1H), 6.91 (d, J = 8.1 Hz, 2H), 7.40 (d, J
8.1 Hz, 2H) , Fx88edi1437= 8.4 Hz, 1H) SUBSTI TUTE SHEET (RULE 26)

I N N 10 A m xture of 0.325 g (1.78 mml) of 5-

5 O N SCH

pot assi um car bonat e,

and 30 i of dinmethylformanmide was stirred for 2 hours then was charged

with 1.06 g 15 (1.74 mol) of SR
di but yl - 7- di et hyl am no- 4- R- hydoxyb
Step 1). The reaction mxture

10

15

20

25

N, and equipped withlma

4-05- br onopent oxy) phenyl - 3, 3-

M62N Cl-

s
S
N
~

N
H

I Z

1,4-Diazabicyclo(2.2.2)octane (0.157g, 1.40 mmol)
and acetonitrile (1.00 mL) were combined in a 10 mL
round-bottom flask. The reaction flask was purged with
gnetic 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)
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; 1§ 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
(s, 1H), 4.39 (s, 2H), 5.31 (s, 1H), 6.11 (s, 1H), 6.52
(a¢d, J = 8.7, 1.8 Hz, .1H), 7.09 (@, J = 7.2 Hz, 1lH),
72.23 (d, J = 6.9 Hz, 1H), 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 C40H56N5045C1 ¢ 702.4053. Found:
702.4064. Anal. Calculated for C4qQHs5eN504SCl: C,
€5.06; H, 7.64; N, 5.48; S, 4.34; Cl, 4.80. Found: C,

€4.90; H, 7.77; N, 9.42; s, 4.16; Cl, 4.89.

1
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ot hi epi ne-1, 1- dioxide (Exanple 1413,



was stirred for 20 hours at room tenperature and SUBSTI TUTE SHEET ( RULE 26)
WO 00/ 01687 PCT/ US99/ 12828 242 concentrated in vacuum The residue was
stirred i nWRPAE87and water (100 mi each). A waxy materi atCT/usesuBised t hat
was insoluble to both the ether and aqueous |ayers. The waxy material was
conbined with 5 the aqueous |ayer and #3$ acidified with concentrated HCL
and extracted with CH2C12. The CH2Cl2 | ayer was dried (MySO ) and
concentrated in vacuumto %leld 1.35 g of a syrup, Ms (negative FAB), nme
686 (M -1) ; NEXamEAdES13¢383-014%# 1H, 7 Hz), 7.50 (d 2H 7 Hz), 7.00 10
(d,2H,‘7Hz)67(d 1H 7Hz)62(s 1H), 5.6 (s, 515(s 2H)

(i, ‘2H 8 Hey, o o 7% Frrialnde domaleted f4i6 Y ﬁ'ér é?%%éao ) 1os”

Bu Nkzt %u Msmepareﬁ 1p Rceoxyignge wWith ppe(@Rwbrs) of1theN [3- [ 3,

g-u buth yl-7- (5 dld%ﬁ:h}ét&&} aehemeed&efh@utsqyr agg@ircss—ef& hﬁdeaxy I I-dl2 ]oxi do-1 -
enzot hi epi n- acet am do] - azoni abi cyc oct ane
chl oride A sol ut Pyrllgggggﬁe %’ﬁiﬁlﬁg %rt?\?%sl 51% wr?epoa 8 Fn® J‘Ei(ffﬁ%l & 1398,
Step 5 (1.0 g, Zbg Awbl) in ~dichloronmethane .(10 m.) at 0 OC under N2 was
treated

SUBSTITUTE SHEET (RULE 26)



30 with N, N-di-isopropyl-ethylamne (0.53 nL, 3.1 mml, SUBSTI TUTE SHEET
(RULE 26) ‘g’%}‘{mqg@ﬁ/ 12828 WD 00/01687 243 1.4 eq.), folrtonsonkezst he

dropwi se addition of 2.6 mml, 1.2 eq.) over chloroacetyl chloride (0.21
m., a 10 m nute period. The reaction Jycxture was stirred over a 2 hour
period. The and allowed to warmto 25 the addition of 1IN HC1 (25 nL) 5

m xture was quenched by 1 acetate andt@e aqueous |ayer was extracted
extractst were washed (2 x 25 nl)fThe-Tqnbined organic anl) nd with

sat urat ed aqueous sodi um bi carg{)o% 2 x_and brine (30 nL), and were dried
concentrated to give a pale ye&l®fow oi i ) The white crystals were

Y o
crystallized upon standing- give z;QI‘I |Bgt ed and washed with hexane (50nL)

t to g g pale chloroacetyl inter ate (0.74 g, 63% 1 a5-1.7"H NWR
(CDC13) S 0'95 (m 6H) , yellow solVve 3.12 (ABg, J = 15 (br m 11H) ,
2.24 (m 1H) , 2.85 (s, 6H) , = 6.2 HR\™1H), 15 . 0 Hz, J 4B.8 Hz, 2H),
4.15 (d, J 6.58 (dd, J = 4.23 (s, 2H) , 5.57 (s, 1H) 6.05 (m 1H), 2H),
7.79 (d, J =85 8 9, 2 .4H, 1H , 7 .37-7 .49 (m Hz, 2H) , 7.94 (d,
j = 8.9 Hz, 1H), 8.30 (s, 1H. 20 1 ipjernmediate (26 A solution of the
chl oroacety 50 C under N2 R

0
N cl
) 1438. ,?,)‘\Q\/ﬁu
H N
+
i cr
1439, SN NN
H K/N
o) cr
1440, \o)Lg’\/jNQ
H LN
H
~ N._COxH
1441. rlq/\n/
H O
o)
'] 1442. \lﬁJLNHz
' H
0 7 |N
1443. \N)Lr;j X
(]
H H _
ol
1444, \rg N N
H H
0, .0 cr
1445. S TN
I;J +N§
H _ N
1446, N NHz
H COxH
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ng, 0.05 nmmol)

di azabi cycl o[ 2. 2.2.)octane (DABCO, and stirred at 50 C {
mol , 1. 8¥eqo4168"5 hours. The reaction mxture was all oW
and was concentrated to form a residue.
warm acetonitrile and ture was all ownedéet her was added. The mx to

stal s forned.

in acetonitrile (1 nL) at 10 was treated with

The

The

%IY%W(II (0]6]

0. 09

tertesi due was dissolved in’

met hyl

met hyl

ether (25 nL) to

to 25 C

stand overni ght during which tinme cry 30 resulting white
solid was collected and e ashed titth _teRi-butyl

gi ve conmpound (17 ng, 55% as a white crystalline solid: "H NWR (CDCl,) 5
0.88 (m 6H), 1.08-1.42 (br m448H , 2o+ 2.75 (s, 6H), 3.08 (ABg, 1.80
(br m 4H), 2.14 (m 1H, 6H, 3.79 n 34. 3 H, - 2H) , 3 .21 (m 35 J
15.1 Hz, J =5.41 (s, 1H), 5.99 (m COofdH) 4.12 (s, 1H), 4.62 (s, 2H ,
SUBSTI TUTE SHEET (RULE 26) WO 00/ 0168y PCTI US99/12828 244 1H), 6.48 (d, J
=8.9 Hz, 1H, 7.33 (m 1H), 7.70 (bry s, 1H. ,7.87 (d, J = 8.6 Hz, 1H),
7.93 (s, 1H), 11.3 (s, 1H; HRE. CHC 6rOB4HSINAOMS: 611. 3631. Found:
611.3638. 5 Exanpl e 1460 Preparatiomn.se S Bu Bu Me2N
o COzH
\‘I,O Z IN
1448. \N' ~N X
H o H
o, .0
1449. \N—S\©\
|
H COLH
1450, ~yANS ©
H
o]
sl SNy Nl
b A«
o, 0
1452, N prSs o~ SO
HoH
.O\‘ ,’O
1453. \N'S\N/\CO—‘»H
H  CHy
o, .0
1454, N, e
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O O0gl LOH Hpl NOH O 10 Step 1: Preparation of diethyl imnodiacetato-
sul fonanmoyl chloride 0 O Il S /11 GC 1IN O O 15 Sul fporpisoseias28ri de
(27..552@68066% nmol ) and chloroform(50.0 nL) were conbined in a 250 nL
round- bottom flask. The reaction flask was purged with N2, SUBSTI TUTE
SHEET (RULE 26) WD 00/ 01687 PCT/ US99?2712828 245 equi pped with magnetic
stirrer, and cooled to C. A solution of diethyl imnodiacetate

(18.902g/ 99. 9 Eﬁﬁﬂgﬁe—-&-ﬁgétri et hyl ami ne (10.112g/99.9 mol) was added

dropwi se while maintaining the tenperature of the 5 solution below 20 C

After the addition was

to room tenper at urBrePAFREC™® 9

conpl et.ed, the reaction m xture was allowed to warm
ﬁOurs, the reaction mxture was poured into

ice water (100 nL) and mi xed well.' The organic |ayer was separated,
washed with 10%aq. HCL 10 (50 ni) and chilled water (2 x 50 nL) , dried

(CaClz)> filtered and concentr at ed
(5.706g/20% . 1H NMR (CDCl?Qw(S
S

The 3-aminobenzot

vacuo to give an anber liquid

6H) ,

“OH

0]
QNJLN”\/O(@}WW
H H .

hiepine 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,

Polymers Inc.,
Alabama 35801), and CDC1,

purchased from Shearwater

2130 Memorial Parkway, SW, Huntsville,
(0.7 mL) were combined in an

g mm NMR tube. The tube was purged with N,. After 72

hrs, the reaction mixture wa

s heated to 50 °c. After

15 24 hrs, an additional aliquot of the 3-
aminobenﬁothiepine of step 5 of Example 1398

! '(0.00779/0.017 mmol) was added. After 24 hrs,

reaction mixture was transferre

the
d to a 2 mL vial and
to dryness with a N, purge. The resulting

d
20 :;:i:r:z:id was dissolved in hot ethyl ether (2.0 mL)
and ethyl acetate (0.057 mL/4 drops)t ?ooléd to e
precipitate and filtered. This prec%pltatlon proct::ed -
was repeated until no starting material was detecte .
the precipitate (TLC: S3i0,/80% Et?Ac/?exaifs).
25 Concentrated in vacuo to give a white soli

(0.0838g/51%) . 1y NMR (CDCl3) @ 0.82-0.90 (m, 6H),

1.05-1.49 (m, 14H), 1.18
1H), 2.18 (bt, 1H), 2.34
(ABg, 2H), 3.35-3.80 (m,

(¢, J = 6.8 Hz, 2H), 1.59 (bt,
(s, 2H), 2.78 (s, 6H), 3.04
§25H), 4.09 (&, J = 7.2 Hz,

SUBSTITUTE SHEET (RULE 26)



4.23 (q, 4H) , 4.38 (s, 4H . HRMs (EI/M+ H) . Calc'd for CBHL5NO6SCI:
288.0309. Found: 288.0300. 15 Step 2: Preparation of: SrBhenfdds Me2N 10H O
11 0 HwbNoieThe 3-am nobenzot hi epine of step 5 of Exanple 1398
(0.503g/1.097 mmol ), toluene (5.00 nm.), di i sopropyl ethyl am ne
(0.1489/1.148 mol ), and the 20 dietbygd i m nodi acet at e-sul fonanoyl chloride

prepared in step 1 of this Exanple_ (0.6 | 2269 DIy ware gepbined in a
25 nL round- boﬁﬁgm$14e?sk(.s'TH§)r'e C?Poﬁs'fﬁ%gk' was gﬂ?ggdg \34 th,N2 and
equi pped with pRgnetiq Stdd,rer = After3 a8 Hourd) add?tithar = -

di i sopropyl et hyl anj ne (0.Q74g40. 574gamid,) Jard7dé ety |1H) mi Ae€if acet at o-
SUBSTI TUTE SHEEF %’E 7%%1 \ABQ’O ? i

0/ 01687 PCTI_US99 28, e JAG ssb{;onany!
chl oride (0.181g/ 01828 TS )(%Fe=a5d%£z' ﬁérhégghggfﬁs, gi%ch?oromat hane
(75.0 mﬁk\lawas addedal sdhe riipsledr devasedvastrihali-t h aqueous NaHCOB (25.0 ni),
aqueous A (25.0 nm), dried (MgS™), and concentrated 5 in vacuo.
Purification by flash chromatography on silica gel eluting with 30% et hyl

acet at e/ hexaneEaQ o trated in vacuo gave a white solid (0.349g/45%

1H NMR ( CDCL3) . 6H), 1.10-1.70 (m 10H), 1.27 (t, J = 7.2 Hz,

6H , 1.90 (m 1H) , 2.21 (m 1H), 10 2.81 (s, 6H), 3.09 (dd, J = 36.6,
15.3 Hz, 2H), 4.11 preparation of:

10

A mixture of 0.845 g (10.7 mmol) of 5-R-[4-(2-
bromoethoxyethoxy)pheny1-3,3-dibuty1-7—dimethylamino-
4—R-hydroxybenzothiepine-1,1-dioxide (Example 32, Step

15 1), 11.45 g of diethyl im;nodiacetate, and 1.14 g of i
sodium carbonate was held at 160 °c for 3.5 hours,
diluted with brine and extracted with CH,Cl,. The CH,C1,
layer was washed with brine, dried (MgsoO,) 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,C:l2 layer
was dried (MgsoO,) and concentrated in vacuum. The

SUBSTITUTE SHEET (RULE 26)



4.24 (m 9H) , 5.50 (s, 1H , 5.99 (d, J = 2.4 Hz, 1H), 6.51 (dd, J = 8.7,
2.4 Hz, 1 7,24-7.38 (m 5H), 7.44 (bs, 1H), 7.90 YGT,’US:TWQW.O Hz, 1H).

HRVS ( E¥Q 8y calc'd for C34H52N309S2: 710.3145. Found: 710.3158. 15
Step 3: Preparation of Title Conpoupdy The benzothiepine prepared in step 2
of this Exanple (0.224g/0.316 mol andd t e%rahc)é_gycgf (.00 20 m) were
conbi ned in aé_égiagaiomd)mdnfs‘aabk‘% HePPeacti-oh Flask vag% purged wth

N, and equipped W th maanetiG Stires praciphtateomna ALORC
(0. 030g/ 0. 715 LTAEBFREFR %%er&(’o

.5 edrasdf t et/ed6BBUINS,
addi ti onal Li @d. gme(o.-@qag/qt?@%lan% Mm)%gaggged. 25 After 30 ninutes,
water (6.0 nlL) \anfs__added. The aqueous m xture was washed with diethyl
ether (4 x 4.0 ), and acidified with aqueous 3.0 N HC1 (0.40 nlL). After
18 hours, a white precipitate had forned, which was filtered, washed with
water (2.0 nmlexameld0lébhcentrated in vacuo. Precipitation from
acetonitrile/ mr/ hexanes and recrystallization fromt-butyl

met hyl ether/diethyl ether gave a white crystalline solid (0.109g/53%. 1H
NMR (CD3OD) S .e83rEmiofiHpf: 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 SUBSTI TUTE SHEET (RULE 26) PC [US99/12828 W 00/01687
247 7.356 (M 7.19 (d, 6.6 Hz, 1H, (¢, J =6 .7 Hz, 1H , 8.7 Hz, 1H HRMS

(ESI /171 3H), 7.70 (bs, 1H), 7.99%¢d, J 09S2. 654.2519. Found:
Calc'd for C30 H)

| i oH

: (a4’ -

A solution of so0 mg of desired 5-(

15 hydroxyphenyl)—7- o o

(dimethylamino)tetrahydrobenzothleplne-l,; lede;L g
) (Example 1402, Step 10) {(1.09 mmo;)ln ) 2
dimethylformamide was added via a syringe to a stir ;
i o

solution of 36 mg of 95% NaH (1.41 mmol) in 5 mbL

i i ne-dry ice bath.
ylformamide at -10 °C in an aceto y

20 dimeth . | - 0 -
The resulting solution was stirred at -10 C for
f 1,5-dibromopentane

i i f 1.25 g ©
inutes. A solution O .
i in 5 mL of dimethylformamide was then

tirred at -10 °Cc for another 30

(5.45 mmol)

i s
added. The mixture was
nd allowed to warm up to room temperature and

The reaction mixture was quenched
d with ethyl acetate.

25 minutes a
stirred for 1 hour.

e acte
with water at O C and extr

Th ethyl acetate layer was dried over MgSsO, and
e

duct was
concentrated in vacuo. The crude Ppro
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654.2512. 5 appreciate, where a thesis is enployed in any of As one
skilled in the art will non-enantioselective syn the abpug,exaspses and an
enant i oneWP@9@HET ched final roduct is desired, the enanti'oneric-enriched
final P. use of chiral product can be obtai ned by roPriate stage of 10
purification at an app chronmat ogr aph2é%p For exanple, where the synthesis |

t he synt hesi s. hox heny g | @'g_eré'gg_q_qnalt ewbcH{ psecesds/ 1t hr ough
i ne-1, 1- di oxi dé& R% ﬁ%%@? ré;hflérogé%got hi ep 7- (di get h}/1 thebll,org&l%r medi at e
5- which is theveteteyhyrened £ fEiHE15470 ™9

(4' - hydr oxypheny| thyham 0g) ot hehfrd 4s61id: 1H NMR (CDCl3)
t et rahydrobenzdt i g&eﬁggggl hz#om 89 nmet hoxyphenyl )-7- ine-1,I-dioxide

(di met hyl ami no)g gtg2hydr alagnz ot hé-ap 6 7edimed 1Bﬁ) a th8? at2 dH offt #dha p

separated 20 hic _ preferably subj ti ur ) ca3t|4qgw &.eyprior to
denet hy $ated t%o %7 ™ tlgg %hezznt dms'\sb'fil sgt ﬁen gbé&rj)ret

enanti omeri c- envd cshéﬂz i RHer medP @it £ hydroxypheit) -2 n"e’ l1 (EI difBxi de for
| ani no) t et r ahydy ghenzot Rixgp ByOQS(c( di et hy. syid hexH)s, .6 By (@fd, wsein the

next step of the chromatographi ugt her illustmationgy hl-ya‘{lpwlflcatlon
coul d be perforhed Bamed! at %1 ylHBr'l 5 f:éus‘l} ng%a7cgfurm guch as

J = 8.7 Hz, 2H), 90dJ 8.7 Hz, 1H
10 _ )
A stirred solution of 400 mg of the bromide
intermediate (0.66 mmol) in 2 mL of
tris(ti‘imethylsilyl) 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. l1H 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.%91 (d, J = 8.1 Hz, 2H) ,

7.40 (d, J = 8.1 Hz, 2H), 7.89 (d, J = 8.4 Hz, 1H) .
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Step 7 of Exanple 1398a an et hanol/heptane nobile colum with 30 Chiral pak
AD wavel engt h gf 220 nm phase (5% 10% et hanol v/v) BETHSYAYAE used as an
The sepé?%ﬂ% 8 nanti oner is thereby internmediate in Step 7 of the
synthesis roduct. resulting in anygpantioneric-ensis eproceeds pthrough
Simlarly, where the synthe 35 the intermedi ate 5-(3'-nmethoxyphenyl)-7-
SUBSTI TUTE SHEET (RULE 26) WO 00/ 01687 PCTI US99/ 12828 248 (di net hyl am no) -
t et rahydr oben othiﬁghg |, 1-di oxide which is then denethylated to formthe
i nternedi at e éfigg—rhyggoxyphenyl)-7

(di met hyl am no) t et r ahydr obenzot hi epi ne-1, 1-di oxide, the 5 5-

(3' - met hoxyphenyl ) - 7- (di net hyl am no) - tetrahydrobenzot hi epi ne-1, 1-di oxi de
preferably i sFr&H iﬁﬁ?ﬁjg?o a chiral chromatagraphic purification step
prior t denethylation. The separated enantiomer is then demethylated to
yield the enantioneric-enriched 10 internedi ate 5-

(3' - hydroxyphenyl ) -7-(di met hyl am no) - tetrahydrobenzot hi epi ne-1, 1-di oxi de
for use in the next step of the synthesis. By way of further illustration,
chiral chromatographic purification could be perfornmed immediately prior
to Step 9 of Exanple 1400 with the 15 separated enantioner then used as the
internmediate in Step 9 of the synthesis thereby resulting in an

enanti oneric-enriched final Og gﬁgt. Further, chiral chromatographic
purification can be used
internedi ate 5-(3

\N

\/\/\/s /———COZH
- T
| N\ =N
N//
10

A mixture of 0.325 g (1.78 mmol) of 5-

. . . £
mercaptotetrazoleacetic acid sodium salt, 1.0 g ?
and 30 ml of dimethylformamide
!

ssium carbonate
e 1.06 g

was stirred for 2 hours then was charged with

[4-(S-bromopentoxy)phenyl-3,3-
-R-hydoxybenzothiepine-l,1-
The reaction mixture

15 (1.74 mmol) of 5-R-
dibutyl-7-dimethylamino-4
dioxide (Example 1413, Step 1) .

was stirred for 20 hours at room temperature and
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(di met hyl am no) tetrahydro-benzothiepine-1,1-dioxide , such as in.the
Exanpl e Correspondi ng To Schene Xi|I. For exanple, chi perusdnesrat ographic
purificatVPAO¥BLI d be performed inmediately following Step 5 of the
Exanpl e 25 Corresponding To Schene Xl| to yield the enantionmeric- enriched
intermediate 5-(3' or 4-ani nophenyl $4%- . _

(di met hyl am nO%t eggg{ytcgr&oq%nz,ggb{l@pime kebiduexwde $©¥rrafksénin the next
step of the sy PRESTS, ternatively an e@aq,%&s;sgéggﬂaae synt hesi s, such
30 as the oneedsstrameaattrBiaRBl B 19%T below, toul d be  used to provide
the desired enapiipe@riatemaschadobulple tqpokh. n%b%%’ﬁy#‘);?

(di net hyl ami no) t et raB{dr en%&huﬁﬂgﬁﬁadeﬁi—ﬂi emisdecmbimed radhat e.

SUBSTPTt TTE SREEFCER FI6) 00/ 01687 Jl;ﬁl;_/ 9994 18 828ncftTatdanpl e 1461
Prepar & i on oftheabu@ms BRYer ang w3p R a.NH2. 5 Ste 1: Preparation
of triflic intpermpdiade Adeduwien OFClG. 1They GHaSla 3% %t 5- (4 -

hydr oxyphenyl )-7 10 (di et hyl, ani histdcldy dnobesaat hepiieddl 1 139i oxi de
(prepared in &réﬁé7 (%$é@aar§%e%€§%a?ig ri“g/&n%egqm. ny) ;akmRO C under
ni trogen gas waeft peay®eP miMsh OESEFELE ]f)#:%j/'dl‘l e (4.1 0, ﬁ40§ mol , 1.1
equi val ents) @AW S&.ounan TBNpYeBilon 0% HE - adi t1 dif’ ‘t He bat h |
10 4, 24, 7 Hz), 6.7 (4, 1H, 7 H2), 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, 6W), 2.3 (&,

2H, 8 Hz), 0.9-2.0 (m, 24H).

15
Example 1458
Preparation of:
0,2
Bu
Bu
MeaN NECT
O
HN—(\*_
NAL\, Cl
N
20
(4R-cis)-1-[N-[3-[3,3-Dibutyl-7-(dimethylamino)-
2,3,4,S-tetrahydro-4-hydroxy-1,l-dioxido-l-
benzothiepin-s-yll]phenylacetamido]-4-aza-1-
25 azoniabicyclo[2.2.2]octane chloride
A solution of the aniline derivative prepared in
Example 1358, Step 5 (1.0 g, 2.2 mmol) in
dichlofomethane (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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15 was renoved
and the re i :
The pyridine wa action stirred at r
s oom t
renoved in vacuo, the resulting gr})?eraturz?(eor 21 hours.
n up in water

(100 miwo opeigs7ext r
acted three t
conbi ned or gani cs we imes with ethyl acetat
and brine re washed with HC1 20 e (45 nl _each). The
(100 nL), and then dri eag%‘ver I\/gSO( 119|O| tmé) o Lo Tﬁg‘ (100 )
&vh sol vent

evaporated. The res
ethyl acetaté-Pn ﬁlzh \waS1owed filed bshehrRRFOGF apRy  on. si lica gel (25
%

yel | ow foam (chlod@aggt tO affor 3 Peudesi. senel t |l 2c6ApdUNT™

% 391 - }{Lod")mlrhtéﬁ p(etr,lod = %&efsrf_e@ %@néuQefiﬁaiﬁgtzmecgiba pal e
21 e b 24 o  Gout g i

70 = ot SURRCI Ay conamsiva > 8080 (T Do (o, 1 -

7.49 (4, 3 S:HB&'Br'EUWESSHEE‘TC ?—Sb éF addlbhiof &5 5 = ]
s o
 IH)S 7 STd ek aqzxe&ublz;ayﬁi wie SRS Ry PO Pgﬁﬂsweﬁg% 2507 6

Step 2: Pre

triflate (pfggﬁ)"’eon r%f‘l‘ét op g a%a;ﬁbl&eﬁObUGﬁmF @PitffC&i wé%lgwlazsgeg 9I Hz, 1H)

mo ove

|, 10 nol %:ty aseTiTRtED AGHENS )bl p%{,,lnagiwt(drﬂgg;l )atizggt)éb amgmr: ) A Ofl gge
iamdpht hyl

(1.41 g, 2.26 )
?"Fbrlﬁé mp3 €49 wihad: ce%‘? m%eép onate 8'8 1g .ok ol , 10
1o¥ded*%6. )

2.0 eqU|vaIen?s n
114
2.0 equa val enF@‘}*C%‘Ftﬁ%%ezoph%fr’loﬁlgwahydr ofpalan WS 6 it (39.4 mmol ,

forYfour h T

oov aimg nougsystaltsesl ¥PRGH %ﬂr{b[ee a?ﬁe ot oc o et ke (YaEe o ror o

16H), 1.6-1.7 95 geffe@ deeap vraedheﬁoa,mth (3!‘:.0S mtor g/feeed in vacuo

(cloB, 2H) , ghggregtgtgﬁ) gln%e%ed(mel (td). 74 2,786@§§ > Q gpahélS (m

6. 54 (dd, . 1g|) 5. ~ 98-3. 15
yellow solid: ‘H NMR (cnc1) 0:99 &2 (eh) J =12-2. M, 1H)

11H), 2.24 (m, 1H), 2.85 (s, €B), 3.12 (ABQ, J =

15 : (br m,
(a, J = 6.2 Hz, 1H),

15.0 Hz, J = 48.8 Hz, oH), 4.15
4.23 (s, 2H), 5.57 (s, 1), 6.05 (m, 1H), 6.58 (ad, J
a.9, 2.4 Hz, 1H), 7. 37-7.49 (m, 2H), 7.79 (@, J = 8.5

Hz, 2H). 7.94 (4, J = g.9 Hz, 1H). g.30 (s, 1H).

20
A solution of the chloroacetyl intermediate (26
0.05 mmol) in acetonitrile (1 mL) at 50 oc under N;

mg,
abicyclol2.2. 2)octane (DABCO, 10

was treated with diaz
1.8 eqg.) and stirred at 50 oc for 2

) mg, 0.09 mmol,
e was allowed to cool to 25

25 hours. The reaction mixtur
trated to form a residue. The residue

oCc and was concen
and tert-butyl

was dissolved in warm acetonitrile
The mixture was allowed to

methyl ether was added.
hich time crystals formed. The

stand overnight during W
30 resulting white solid was collected and washed with

tert-butyl methyl ether
553) as a white crystalline solid: 'H

(25 mL) to give the title

compound (17 m™g.

NMR (CDCl,) & 0.88 (m, 6H)},
1.80 (br m, 4H), 2.14 (m, 1H),
J = 15.1 HZ, J = 34.3 Hz, 2H), 3.21 {m,

€H), 4.12 (s, 1H), 4.62 (s, 2H), 5.41 (s,

1.08-1.42 (br m, gH), 1.45-
5.75 (s, 6H), 3.08 (ABQ,
6H), 3.79 (m,

35
1H), 5.99 (m,
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J=9.1, 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), 7.3.520 7.52 (m 7H), 7.52-7.68 (m 2H), 7.71
(d, J = 7.9 wpoonomk) . Step 3: Preparation of Aniline To a §(§W§9‘9@{Bzéﬁ 19.1
g (theoretically 19.3 mvol) 25 of the crude imne (prepared In ep 2
above) in nethanol (200 nm.) was added %ﬁdi um acetate (6.33 g, 77.2 mol,
4 equi val ents) and hydroxyl am ne hydro A ori de (4.02 g, 57.9 mol, 3

equi val ents). AfiiBi,s6i48i iy ahe housr Hzl, N180di anBhydmnpxine, (1090 mMyr 30 was

added and the m xgureuextragjegqw Fh, ngt@y ;ne chlprigde {2 00,p; 1 X
50 nL). The conbi ned iganl csgdwere washe br| éilb% n{%!)l dr| ed over

MySO' filtered andSthéHsol FBNE- eGatorht &RF q’h%ﬂ ~r°e§1 d6el v our Feprdl: by

chr omat ogr aphy onés1l3&¥.gel 35 (50% ethyl acetate in hexane) to afford the
desired tpgtle conpound as a yellow foam (8.64 g, 97.9%: 'H NWR

SUBSTI TUTE SHEETéRUL 2 )4 WO 00/ 01687 PCT/ US99/ 12828 251 (CD3OD) S
0.86-0.97 (m 6H)3 (m 10H), 1.76 (t, J =12.6 Hz, i H), 2.10
(t, J =11.5 Hz, 1H), 2. 79 (s, 6H), 3.05- 3.18(cam 2H), 4.10 (s, 1H),
5.22 (s, 1H), 6 pfa%‘atlbppo@ 54 (dd, J 8.9, 1.9 Hz, 1H), 6.68 5 (d, J =
8 Hz, 1H),682(s 6.86" (d, J:72Hz 1H, 7.14 (t, J = 7.8 Hz,
1H,. 7.73 (d, J 89Hz 1H). BI OLOQ CAL ASSAYS 10 The utility of the
conmpounds of the present i nvention © /;%ovvn by the foll owi ng assays. These,
assays are performed in vitro and jn S\g | nodels essentially using a '
procedure recognized to show th ity \of Behe present invention. 15

Bu

MezN

%,
@

y,, e,

-
&H/

10
Step 1: Preparation of diethyl iminodiacetato-
sulfonamoyl chloride
O
o]
I N
NG
a” || N
o 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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In Vitro Assay of conpounds that inhibit |IBAT-nedi ated uptake of [14(C]
-Taurocholate (TC) in Hl4 Cells Baby hanster ki dney cel%"%sgygéntransfect ed
with theWoORAISET human | BAT (H14 cells) are seeded at , 000 cell s/ well
in 96 well Top-Count tissue culture plates for assays run within in 24
hours of seeding, 30,000 cells/wellz24%r assays run within 48 hours, and
10, 000 cells/well for .assays. run wthii haHi Scofed he daycof rassay, the
cel | nonol ayer §&igRRE Vl%ﬁﬂ%gﬁ%'%ﬂﬁg@%'tﬁﬂlyg p# Ssay 'ang

(Dul becco's  MushlfutédnEaf) dleshyddinipedires2seg 8g ?1%%9/4 g‘ }o (W v)
fatty acid free A%O\{__ir@g%ﬁffmngl hupi prod/RAFEBERPL) Wasezddedwel | 50 |' of a
two-fold concentrate o est conpound | S fereisr added along with
50 | of 30 6 M{%&’@Fe-‘t’%’t}reomdgg?én}nré gg%a?/@)épg?ér (final concentration
of 3 pM E14C] - tsulurdbal béBjw 2PhéC celAftegurherF P B Ya®e i ncubated 2 hours
at 37 Cprior t9 mﬁ%@kh%/ Was hicagr €a6 hmseduret waseahi oted 00 giarmp €°

Dul becco' s phospcf'u te-buffered sa%\i e (f’l%;1 50Nt AL NE-BYc 8Po) % weV )

( FAF) BSA. The vEQ9™s t&FBEYHH Syen Fgeﬁ/ashe SUBSTI. TUTE_SHE T (EEEE 26) WO
00/ 01687 PCT/ USQfY $2828d 252 creewareh PP MLy enBREIRET K ( )BSA. To

each 200 | of délt{%glllg _sL%,gg IWdsalsepArs0ett iwaghkeBuivdths1otdeed Hhe pl at es
sha

are heat seale en faqr. 30 nu m enper atddie) prior to
measuri A§ the 5(nSlnt 2BE ¢ 'lﬁgcf’fig}zfyble% ?taoch@daél IE_lgon aéél%ﬁ;ard Top-

Count! i nstrunentilderedi tnd AssmEptobtednPouRc Rt IR BR t2UPtake of [14Q

- Al anine 10 The_ al anji ne a ssayi1j e’ @iy pniaso iwemwical fashion
to the taurocho%’éf‘%dagéaigé%ﬁ%rﬁt'he %xcept(lf onlit%hat | abel ed lall%ni ne is

substituted forgtdte (4,abe} pch t3muri@chelnt e HRMS (EI/M + H). Calc
for C3H15N06SC1: 288.0309. Found: 288.0300.

15
Step 2: Preparation of:

0

0
4

MezN

s “OH

| °N

H/Ov
o]

The 3-aminobenzothiepine of step 5 of Example 1398

Q /,/II
I

o
0]
N |
O

(0.503g/1.097 mmol), toluene (5.00 mL),

diisopropylethylamine (0.148g/1.148 mmol),
to-sulfonamoyl chloride prepared in

and the

20 diethyl iminodiaceta re ;
step 1 of this Example (0.650g/2.260 mmol) were comblned

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-
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15 In Vivo Assay of conpounds that inhibit Rat Ileal uptake of
["C]-Taurochol ate into Bile (See" Metabolism of 99/12828

3a, 73- di WaeeR§s77a- net hyl - 5(3- chol anoi ¢ acid and PCT/US

3a, 7f 3-di hydr oxy- 7a- net hyl - 5f 3- chol anoi c. acid in hansters” in Biochimca
et 20 Bi ophysica Acta 833 (1985) 1962262 by Une et al.) Mle wistar rats

(200-300 g). are_anestheti i 0 kQerS8idRieducts are
cannul ated wi tsﬁlﬁoiﬁmo)f]eﬁéﬁﬁrd‘\g Pgiofgfu%lﬂg&Tﬁuengg/r)ml T St estine is

exposed and | apdteut 20rhaungaude chadronet PINg aiFl- Qe M1/ ¥2S | 9 ock, tapered
femal e adapt er)ﬂﬁbsmlk% tRd ashedacwi£r caanidrag WABCOON 26, Ot e smal |

intestine and thé cecum sl it at .4 d‘ o0Mmynd HohceapBatadict i on
(utilizing a 8agHEPBARY arFlof(zsl é’urﬁ“) éﬁl%ﬁi (ng {m Dul becgo s phosphat e

buf f ereds sal i ngn 38cpbl 6. BmriEBSRtionubedfiash |q57§ﬁm8699ﬁ1%h¥ estine
segment. The di §E§Lao gi‘llé]_gltll%gCaﬂlﬂw 8b g dettyilh sxeR@re¢hekamgtamdof silicone

"~ tubing (0.02" 037" . The g nyha: lkeoked up to a
peristaltic puﬁﬁnaﬁﬂtf?ﬁ%ﬁq rh”eé’ﬁ e ?gvmsh%égi Og'gla gbm%lé%%‘lt hQWar m PBS at

0.25 nl/mn. Tenpgrahkr ecreflshhe oget $regrmnt, ils 108 Ai- 7Or &ul. dAH i nuously. At

the start SUBSTITUTE SHEET RULE 26 90/816%%)PC£/9§9?+12§88 253 of

the experinent .22, 6t mJ of Tconti%l S8anpt e t'adrocholat'e . @0. 05 ni/nj

~with 5 gV col d ot gur eghodmat,e)s . dss (ddadad= |31606,tﬁé3 GuHizseghentéilth a 3 m

syringe and b| I 245?7‘ Iéaﬂ)coll ti %n hg beguglg ontyr @ 2sanpi e 1w ,5 i nfused
I

at a rate of 0% for' sarrple racgtio ar. ol l ected
every 3 minuteé6f.6k (@@ -T|=r§t 727 2m4n§f‘es”61‘ t hef or @(gdtcﬂpé &iftg‘ra‘l'?he 21 mn

of sanpl e infusipyan, 1iihe 7)al(d,oap - 5.vaBhedlBut WRMS (BSIAM of)war m PBS

(g 2 30.m o2 ” g Qt ' I ovashedroofafsw. 21 mn
wi th warm PBS &*¢ 998): ANGidARRbgshQ theo! 0ps

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 mlL) 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,0 (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 HCl (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
acetonitrile/diethyl ether/hexanes and
recrystallization from t-butyl methyl ether/diethyl

ether gave a white crystalline solid (0.1099/53%). 1y
NMR (CD3OD) § 0.89 (m, 6H), 1.05-1.50 (m, 10H), 1.68

a5 (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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0.25 mM/mn. A second perfusion is initiated as de

rsr?#,t?%g“ﬁwve but this
wth test comiound being admnistered as well (21 adm ni stration
fol l onPWP1¥1 i n of wash out) and bile sanpled every 3 nin 15 for the

first 27 mn. If necessary, a thisg,perfusion is perforned as above that
typically contains the

contr ol sarrpéf. Meag ug afentiHof Hepat i Chol est er ol
Concentration 20 ( ALl C1EHOLY .19 vEr ti Ssue wa hahed (ssm/Monogeni zed
in chlorof éfm Yret hd;'ﬁl (%‘5&) . -Abb ed, oro@edti P4t islo g%g centrifugation the
super nat ant a@as 3epar f¥d “and driﬁdO %%gerssmi.nsb@erﬁour‘ﬁé. resi due was
di ssol ved in 25 igopsopaim! Caoditheé thol esterol content was neasur ed
enzymatical ly,

using a conbi nati on of chol esterol oxidase and peroxi dase,
as describecﬁstﬂyzﬁxFFai n, C A, et al. (1974) din. Chem 20, 470. 30

Measugenent of Hepatic HMG CoA- Reduct as 11 \dgpret M CORFSHRpat i ¢
m croéorres wer e Q‘rsegaeedkbylh@nvgé?ﬁ‘ieziaﬁg ﬁfi ver

. kgsamyn e
phffp{]aée/ sg;;g;enagg{ﬁgs@aetekbewcwiéeh%r?‘?%lg°§'|%2e ajjon. The final
pel | eted ma

ar.

S resusgegd&@ gr{anbubherimﬁi‘r&ﬁgﬁ?i.quot was assayed
for HVG CoA pgeusimse s¥@PEPy“By T ncubat jng;fosnfitneSUBSTRTUTE SHEET (RULE
26) WO 00/01687d5g/lt§%945112&38 thgsePiHutes a §Zp Cin the presence of
" C- HVIG- CoA P-ﬁﬁpont-NEN)be Tha Jieaat bprusmisOpped by adding. 65 HCL
fol | oyed by eerBRfFUGATion. An 3:i.quQbn oft tare appuPRY HAt St g/as separ at ed,
by 1hin-I ayerch'ioe\atog‘aadgwaﬁﬁiﬁl éng t he Vs“?ge GQJer egnonelify to the enzyne
product was s ragﬁqtgfegibhe poatexam@er alt e

t

d _and _radi rietiylly - was
determ ned bf seintil %trBBQh the jntermediate 5-& ﬂégh@ﬁﬁi

; -dioxide
proceeds © ahydrobenzothiepine—l,l dioxi

, r i }
7—(dim8thY1aman)tet jated to form the jntermediate 5
a

15 which is then demethy
(4’-hydroxypheny1)-7-
tetrahydrobenzothiepine-1,

o i joxide
- e i -1,1-dioxd
TZimethylamino)tetrahydrobenzothiepine

. aphic
. hiral chromatagr
' ubjected to a2 € ' ated
20 preferably 18 sub) ior to demethylation. The separ
tep P

ated to yield the

(dimethylamino)- ,
1-dioxide, the 5-(4'°

ifi tion S
purifica

; methyl

i er is then de Y . o

enantiom ] i e (4

enantiomeric-enrich

) hydroxyphenyl) -7~
: methylamino) tetra _ By way Of
25 (dimé ihe _ext step of the synthesis. - BY
use in

; nromatographic
; ion, chiral € _
further illustratioh. formed jmmediately prior to

a column such as-a

nanol/heptane mobile

i oxi for
drobénzothiepine-l,1-dioxide

purification could be per .

step 7 of Example 1398a using
i t

chiralpak AD column with an e

nm.

> at a wavelength of 220
' hase (5%-10% ethanol v/v) i

. i is then use

tiomer 18
separated enan A by

?hierQZdiate in Step 7 of the syﬁthe:ifinal o .

e i in an enantiomeric-enriche e |

resultlngl 1 where the synthesis proceeds

gimilarly,

as

nyl)-7-
the jntermediate 5-(3'-methoxyphe Yy
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[ ' : 1990) J. Lipid Res.
countin Ref erence: Akerlund, J. and Bjorkhem | (
31, 2158) (10 Det erm nation of Serum Chol esterol (SER CHOL, HDL- CHOL, TG
and VLDL + L9452 serum chol esterol (SER CHOL) was maas@f,ggb,,uszs
enzymatically using a comercial kit from Wko Fine 15 Chemicals

276- 64909. HDL chol est erol
(R chmond, VA); Chol esterol Cl11, Catal azpéNo. f o and

(HDL- CHOL) was asyayRe. nsligl N S ARt {aexﬁie%&ren rec'cgt ér% € 352-3

Si Chem cal ero
l(_c[itx;Mr ;E sLPPgte Wet Fo s t'f’@f’aﬁe%@éla@ﬁﬁt F‘ng%@rtlh@esn(:bi'aeﬁmt)e (SFG ) were

1 1y datdxiyphegym -Ghemi cal . GPC-Trinder, Catalog No.
A e o er ol concentratlons wer e

- L ol.es
ggrcsl aylé([j)l_agn?he d‘(%\qj’giencepttett\fﬁglxdtr%%‘?z%weﬁbﬁecFw} wligrigie, zhe
Measur enen? of He®atd'cMEsdrEEpemil) 77 - (@inkrtthylasenofet i vity (7a- OHase)

lles in a
Hepatic i crosommdﬁbﬁ@ﬁf&d;ﬂé}slh@n? -rliclédrﬁlrglle ugaFésep F A8 on. The

phosphat e/ sucrosgauffer: fol Iq%g gﬁdglar?%tagrﬁeblanaumleﬂﬁtqmt SHED

| pelleted materi al vvas r
;!sggyeg for cholR¥dLar 5P ¢e'aeﬁ3ytilﬁ©x9nasél‘lmctse\pah‘ytb§ emrithidnergisf or 5

el Ol SUmELher L he ot dan e e s Vet ped e aaard e A AR RRE e s
sl vodTince, %’ ';-'rét(ﬁ %Y‘? \A%@Hé’ Pm{”r&qufdwétamag)-SUBSH TUTE

ce
ghséség \(/eR(ljJL EI 26? \%eteehmqmmrhua@melzsas didxbdsefwmrr aiskd iRy the) 6%t NG an
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[ [ usi n tectrion
q“a“t'tat'”g thech?LQieqhggﬁé%gbgéphlc purification could be performed

immediately prior to Step 9 of Example 1400 with the
15 separated enantiomer then used as the intermediate in
Step 9 of the synthesis thereby resulting in an
enantiomeric-enriched final product.
Further, chiral chromatographic purification can
be used where the synthesis proceeds through the
20 intermediate 5-(3’' or 4' -aminophenyl) -7-
(dimethylamino)tetrahydro-benzothiepine-1,1-dioxide,
such as in the Example Corresponding To Scheme XII. For
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,l-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-l,l-dioxide
intermediate.
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(Reference: Horton, J. D., et al. (1994) J. din. 5 Invest. 93, 2084) Rat

Gavage Assay Male Wster rats (275-300g) are administered_ |
usi ng an owsloogesage procedure. Drug or 10 vehicle (0. 2R CH

is adm ni stered once
ina final volunme of 2 nL per
are collected during the final
anal yzed for bile 1 =

fecal bile acid
concentration of
Acid Concentration (FBA)
hansters was.coll ected for 24 or
ni trogen, pulverized and wei ghed.
and extracted into an organic,s

separation and drying, the resNﬁﬁe was di ssoHved in

éefp%@satglgﬁcgﬂt ration

Total fecal

ae

i nhibitors
in water)

a day (9:00-10:0 a.m) for 4 days at varying dosages
ki | ograssof body wei ght.
48 hours of the treatnent period and

nt using an enzymati c assay as descri bed
bel ow. Conpound efficacy is determ ned by conpari son

Total fecal sanples

of the increase in

intreated rats to the nean FBA
e vehicle grqup. 20 Measurenent of Fecal
put fromindividually housed

48 ST\ dgd ed under
pro Hately 0.1 gram was wei ghed out
ql _afdl /water) . Fol | owi ng

Bile

a stream of

met hanol -and t he

anount of bile acid present was

measug&yenzymatical ly using the
3a- hydroxysteroid 30 steroid dehydroge g reaction with bile acids to

reduce NAD. (Reference: Mashige, F., et ~al.N{i

_[3H] taurochol at Upt ake in Rabbit Brush Border
Rabbilt | Peal

26) WD 00/01687 PCT/ US99/ 12828 256
Step 1:

981)
Menbr ane

din.

Chem 27, 1352).
35 Vesicles (BBW)

brush border nenbranes were prepared SUBSTI TUTE SHEET (RULE

preparation of triflic intermediate

A solution of 10.17 g (22.13 mmol) of 5-

hydroxyphenyl) -7-
10

(4~

(dimethylamino)tetrahydrobenzothiepine-1,1-dioxide

(prepared in Step 7 of Example 1398a) in pyridine (42

mL) at 0° C under nitrogen gas Wwas treated with triflic

anhydride (4.1 mL, 24.4 mmol,
' dropwise. Upon completion of the

15

addition,

1.1 equivalents)

the bath

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)
with ethyl acetate (45 mL

) and extracted three times

each) .

(100 mL), and brine

20 10% CusO, (100 mL)

The combined organics were washed with 2N HCl
(100 mL),

and

then dried over MgSO,, filtered and the solvent

evaporated.

on silica gel

The residue was purified by chromatography
(25% ethyl acetate in hexane) to afford

the desired title compound as a pale yellow foam {11.42

87.2%): 'H NMR (CD,0D) & 0.85-1.0

10H), 1.76 (£, J = 12.6 Hz, 1 H),
Hz, 1H), 2.79 (s, 6H), 3.1-3.2
5.42 (s, 1H), 5.88 (d, J = 2.1
8.9, 2.1 Hz, 1H), 7.35 (4, J

25 g,

(m,

Hz,
7.8 Hz,
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(m,
2.12
(e, 2H), 4.05 (s, 1H),
1H),

1.0-1.15
J = 13

6H) ,

(t,

(dd, J
7.49 (4,

J

6.59
1H),



fromfrozen ileal nucosa by the calciumprecipitation nethod describe by
Mal athi et al. (Reference:.(1979) Biochimca Bi ophysica Acta, 554, 259) .
The met hod f woooweasuri ng taurochol ate was essentially as described by 5
Kramer et al. (Reference: (1992) Biochinmica Biophysica ActR&T/US3911282893)
except the assay volune was 200 Al  instead of 100 Al. Briefly, at room
tenperature a 190 Al solution containi Q1M [ 3H) -taurochol ate(0.75 G),
20 nM tris, 100 nivt Na@® Ez10DHWM heni(tol JpH 7.8 mas 1130 inggbat edlg_?_qr 5 sec

with 10 Al of brushyordery fregrhy gne vgsicles (60-120 g protei n). THe
was initiated by the addifion of the BBW while vortexing and

i ncubati on
the reaction was stopped by the addition of 5 m of ice cold buffer (20 mM
Hepes-tris, 150 Piefdrewedni affetniiel y by filtration through a

nylon filted (0.2 m pore)a ¥l @R oaddEt i on sh ith_stop buffer.
Acyl - CoA; chol est eE?Eff&é’é (Tr ansf e?agg igxtiir)gsz(?glll\g?}sf"@?ﬂ i Verthend rat
i ntestinal nicrosoes” Wer e PX5PBpSH et iR tI $bgweds Hetltadbhed (IIevi ously
(Reference: (19803cgtatBt ol433Chgm 1 285, mi¥I98)1 oamdl ¥$ edradsnf SOYNCE; 9f ACAT
enzyne. The assay (80pdBl1880 .0, incubatjo ont ai ni ng 24

A eoyl - CoA (0.05 25 Cir)i%)t ?n §£%€“¥§}| SLOE urﬁ%%gg%%?e?lz‘“nﬁoﬁzéh 7.4

buf fer contai ning 25 % Egkbnﬂn@z(ﬂ?ﬁli'-@ serhPBaLE0NI 86 py,0t2i. D. mide, assay

was. i nitidPed by 2 He esidivelentof irpliaayhiCol. cdbeaK f f mn
at 870 Cand vas tend nabed ol he addiflon of. 8 ¢ P2 4l m -
met hanol (2:1). 'I'i%.tnrée extraction was (J;iea i’i%sg Remscpberent ol eate in
chl orof orm net hahorto ARE BXtireawaSestanded et grefdnide famdfo@eueous

phafes_ of t_rll_ﬁ eémi'Oﬁfimmcsembagﬁdfbfﬁit§?ﬁ‘{,itfw%il%a‘@{% ove oigugh
vort exi ng. e 35 - e en to, dryness _an en spotte
on a sil igfsa gel gigg%@%‘f?%@%é%?%ﬁ&f# deer red foam: ‘H NMR
3 -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 (Qas, 2H), 3.88 (s,
lH), 5.17 (S, lH)I 5.92 (d, J = 2.2 Hz’ lH)’ 6.54 (dd,
J=19.1, 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 Hg
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, 1IN 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
. MgS0,, filtered and the solvent evaporated. The
residue was purified by chromatography on silica gel
;5 (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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SUBSTI TUTE SHEET (RULE 26) WO 00/01687 PCT/ US99/ 12828 257 hexane/ eth
ether. (9\:\'1)' The anpbunt of cholesterol ester formed was determ ned %
rrFasurl ngWPRH0Is¥ount of radioactivity incorporated i nt VYRRV ERS est ergl
ol eate spot on the TLC plate with a Packard instainmager. 5 TABLE 11 Rat
Gavage Assay Data for Sone Addition&5iConpounds of the Present |nvention

Delta Co d of S -
f ecal bi|gp§§?ux§@p>§§$¥82€gO§P§ éQ%@poqpbgsi:%¥aﬁﬂ'Qoh@; { my kg/ day)

| . _.04.0.3 140
.4 40.9 .08 48. 57 -016222.1%,140%)3022141(%6, J & 355 Hgogli-g_)ll 3.3'90%65% §404

28 5 93.7 .2 59.1. .
28 5937 .2 B9 by 04,08 W0QI2 A 474810 631D, 5082138 016 -8.5

1), 6.19 (s, 1H), 6.54 (dd, J = 8.9, 1.9 Hz, 1H), 6.68
5 (4, J = 8 Hz, 1H), 6.82 (s, 1H), 6.86 (@, J = 7.2 Hz,
i), 7.14 (t, J = 7.8 Hz, 1H), 7.73 (d, J = 8.9 Hz,

1H) .

BIOLOGICAL ASSAYS
10 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.
15 |
In Vitro Assay of compounds that inhibit IBAT-mediated
uptake of [*C]-Taurocholate (TC) in H14 Cells
Baby hamster kidney cells (BHK) transfected with
the cDNA of human IBAT (H1l4 cells) are seeded at
20 / 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

25 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
30 6 pM [*‘C)-taurocholate in assay buffer (final

concentration of 3 pM [*‘C]-taurocholate). The cell -
culture plates are incubated 2 hours at 37° C prior to
gently washing each well twice with 100 ul 4° C
Dulbecco's phosphate-buffered saline (PBS) containing
35 0.2% (w/v) (FAF)BSA. The wells are then gently washed
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.08 27.5 .016 6.4 1407 33 2 35 .4 12.7 .08 -.04 .016 -4.5 1408 29 2
.08 16.8 .016 -3.3 1408 37 2 26.2 .4 45.2 .08 26.3

41.2 .4 36.8
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19.2 .4 28.7

14Q9
.08 14.1 .016 -1.7 1409 41 2 44.2 .4 35. 9”‘:%’(9399%2%

11 1410 33 32.4 34.3 27.9 9.3 1410 35 2 26.2 .4 36.5 .08 18.5
20.4 1411 34 2 63.4 .4 54.1

10

15

20

25

30

35

once with 100 ul 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 radioactivity 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]-Taurocholate into Bile
~ (See” Metabolism of 3a,7p-dihydroxy-7q-methyl-58-
cholanoic acid and 3a, 7p-dihydroxy-7a-methyl-5p3-

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 10” 1length of PE10 tubing. The small
intestine is exposed and laid out on a gauze pad. A
canulae (1/8” luer 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,
PH 6.5 (PBS) is used to flush out the intestine
segment. The distal opening is cannulated with a 20
cm length of silicone tubing (6.02". 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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.08 33 .016 22.3 1413 26 5 52
. .3 .242.4 .04 19 1
.04 14.3 1414 31 2 41.5 .4 33.7 .08 29 .016 3.8 12152;85542929

.04 23.9
21.9 .08

15

20

25

30

35

.2 39.5
.2 48.1

%@éﬁm§%12 48.9 .4 25.7 .08 27.1 .016 12.7 1l4¢fuson:e6.1 .4

6 -7.8 1417 31 2 51.4 .4 42 .08 39.6 .016 29.3 1418 29

220.3 .429.5 .08-4.6 .016
A .6 .016 -10 .
SHEET (RULE 26) WO 00/ 01687 PCTNS99/ Dot 2285 4 13,9 SUBSTrr TTE

of the experiment, 2.0 ml of control sample ([*c) -
taurocholate @ O.OSImi/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
50 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 foliowed
by 21 min of wash out) and bile sampled every 3 min
for the first 27 min. 1f 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
isopropanol 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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' | .08 38.1 .016 29.6 1421 32 2
§§9808 2023 &;016 5.8 1420 31 2 53.1 .4 45 8 beg 910 298 1221 32
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15

20
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35

5
. .04 66.4 1425 30 2 44.6 .4 BOruUse0B2s6.
225t .08 31.2 .016 30 1426 33 2 52.4 4 19.5
.08 40.5 - .016 24.6 1426 39 2

5.3 .016 4.7 1423 34 2 56.5
opris?

minutes at 37° C in the presencé 6f '*C-HMG-CoA
(Dupont -NEN) . The reaction was stopped by adding 6N
HCl followed by centrifugation. An aliquot of the
Supérnatant 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 écintillation
countihg. (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 Cli, 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 Cholesterol.

Measurement of Hepatic Cholesterol 7-q-derogxlase

Activity (7a-OHase)

Hepatic microsomes were prepared by homogenizing
liver samples in a phosphate/sucrose buffer, followed
by centrifugal separationi The final pelleted material
was resuspended in buffer and an aliquot was assayed

for cholesterol 7-a-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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: : : .4 21.7 .08 5.9 .
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. . TUTE SHEEPCT/REfOf2
00/ 01687 PCT/ US99/ 12828 260 08 26 .016 1.1 1429 41 2 931. 5 ?432211.\4\0 .08

18.7 .016 9.2 1429 42 2 47.1 4 31 08 3
: . . 5.5 .
50.4 .08 20.7 .016 -5.6 1431 32-2%?3 016 4.8 1430 30 2 51.2 4
separated by injecting an aliquot of the extract onto

a C,; reversed ﬁhaée HPLC column and guantitating the
eluted material using UV detection at 240nm.
(Reference: Horton, J. D., et al. (1994) J. Clin.

5 Invest. 93, 2084).

Rat Gavage Assay
Male Wister rats (275-300g) are administered IBAT

inhibitors using an oral gavage procedure. Drug or

10 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

15 _ acid content using an enzymatic assay as described
below. Compound efficacy is determihéd 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.

20
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.

25 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 3a-hydroxysteroid

30 steroid dehydrogenase reaction with bile acids to
reduce NAD. (Reference: Mashige, F., et al. (1981)
clin. Chem. 27, 1352).

_fn]taurocholate Uptake in Rabbit Brush Border Membrane

35 Vesicles (BBMV)
Rabbit Ileal brush border membranes were prepared

SUBSTITUTE SHEET (RULE 26)



45.8 21.9 1.1 1432 28 536.2 .2 9.7 .04 2.4 1433 24 20 66.5 ﬁ 47.4 .2
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[ [ [ i fi i bed reactants and/ or
ti ngworengenerical ly or specifically described /
232?2L}ﬁg| gondit?ﬁns of this invention for those used in FREUSEAERRUI ng

[ [ [ It i hat the
invention being thus described, it is 10 apparent t
ggﬁgpL:a'bZhSaLi;d I n many mgys. Such ¥&fiations are not t?.be regﬁgdgﬁlas
jdent 1 r af ti.on, .
a departure fronttde ﬁﬁbdéntJQ@QISﬁﬁ&&%éﬁbﬁxqigpcggg?gﬂsg¥§¥%§%§a§kPPled o

TR T TG g e e g R
f:|h:| M. SUBSTI TUHRSHRETS( RibEhPS)c Gl ta\HAB 4|, S260 Al VEFRd ﬁetﬁoaof@xo“”g&_)o%a
formula I: On RineaSun8 tadr&SndAd Was egseggqgl§y6a55 d%s@%ibgg byR6
wherein: qsis 1 qn. &o. of al. (Reference: (1992) Biochimica Biophysica
Acta, 1111, 93) except the assay volume was 200'ul
‘instead of 100 ul. Briefly, at room temperature a 190
#l solution containing 2uM [’H]-taurocholate (0.75 uCi),
20 mM tris, 100 mM NaCl, 100 mM mannitol pH 7.4 was
10 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
15 KCl) followed immediately by filtration through a
nylon filter (0.2 um pore) and an additional 5 ml wash
with stop buffer.

Acyl-CoA;cholesterol Acyl Transferase (ACAT)
20 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

25 #Ci) in a 50 mM sodium phosphate, 2 mM DTT ph 7.4
buffer containing 0.25 % BSA and 200 ug 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

30 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-
agueous phases of the extraction were separated by
centrifugation after thorough vortexing. The

35 chloroform phase was taken to dryness and then spotted
on a silica gel 60 TLC plate and developed in
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nis 2; RL and R2 are each al kyl;

R5 has the formula (11)
one or nowe obloresd € OR13; R13 is selected fromthe groupP@@$eYeiEng of

hydr ogen, .

R3

I (1) (Rt

i s hydroxy;
wherein t

R4 and R are hydrogen;
is an integer fromO to 5;

al kyl, al kenyl, al kynyl, polyal kyl, aryl, arylalkyl,
al kyl aryl al kyl, cycloal kyl, heterocycls, heteroaryl, quaternary
het erocycl e, quaternary heteroaryl quaternar het er.o al k and
al koxyal kyl :  sedxhrRY@taykyether kel - aTR§ °uQ§r§Fa$§§i té%egerocycle
and polyal kyl 9&%&.&5 fQE‘Fan”@EEYdé'@&lﬁae By memmeivgr bonsamoapkaeéd by . O
NR , N ROR10A Rgﬁ; ; olpheayl ene,
car bohydr at e, %ﬁﬁ%?&céévatypéﬁf?%"fa&e pofllf%eptr %Olegﬁgﬁgﬁlg |sy

optional | y subsdgdtutord tivet ILONElatre M3t @r
g of sulfoal kyl,
91112 9 9 N RRRA-,
CCNR9R10 SC20OM SCENR9R3

S' ROR10A- , angda€(@vAde Wraagi Dapd fer aﬁ%ﬁaﬁﬁﬁéé{ﬁfﬁ%lﬁ"?‘!’%’&

consi sti
OR9, NR9
hal ogen,

quaternary

207E8) 1

het er ocycl e,
R9, SO2R9,

6) OR1l7,. P' ROR20

SO03R9, oxo,

1A,

rsdellé‘éféﬂm?gre&'m t he group

guat ernary heteroaryl,
C2R, CN

t abl e ani on,

and Mis a pharnaceutical | y,acgaptralsencatheent it and R10 are i ndependent | y
selected fromthe group

consi sting of

H al kyl,

al kenyl ,

al kynyl ,

cycloal kyl, aryl, acyl, heterocycle, annnnrunalkvl arvIaIka an
aIkyIannD uaikyif‘Rll and- R Z ar e | ngependent |y selec{e@Eﬂﬁégrthe
micromoles
Compound of Study No. Dose ,
) (mg/kg/day) fecal bile
Example No acid per day)
=8 5 58.2
1402 > 13
.04 0.3
30 2 50.3
1402 a 20.9
.08 48.5
.016 22.9
30 2 41.6
1403 % 15 .2
.08 11.9
.016 3
1404 > 2o 1
.04 33.5
32 2 47.8
. 1406 .4 31.6
) .08 12.8
.016 -8.5
32 2 51.9
1407 a 30.1
.08 27.5
.016 6.4
33 2 35
1407 ‘a 139
.08 -.04
.016 -4.5
29 2 41.2
. 1408 .4 36.8
.08 16.8
. .016 -3.3
37 2 26.2
1408 2 5.2
.08 26.3
.016 6.6

group
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consisting of H alkyl, alkenyl, alkynyl, aryl, arylalkyl, alkenylalkyl,

al kynyl al kyl , heterocycle, carboxyal kyl, carboal koxyal kyl, cycl oal kyl,
cyanoal kyl , widmdyROR10, SR9, S (0) R9, S02R9, S03R9, CO2R _, CN, halogen
oxo, and CONRIRLO, wherein R9 and RLO are as defined above CTUSBU8RA t hat
both R3 and R4 cannot be OH NH2, and SH, or R11 and R12 together wth the
nitrogen or carbon atom to mhlch they %§% attached forma cycllc rlng and

A PR - N

R16 and R' ‘m—l-H'd'E'p'EIIUUIIL Y serectet—frormtire—stirstrtrent-s—torstit-u Ing
RO and M R and RB are hydrogen and onE or nore R' arfe |ndependentl/
sel ected frpmtherz@ OUpP COITSI bL|3l3lg of—arkoxy; §n—|&y‘| anTino ama! u2a| Ry m no;
or a pharmapeutically acceptable salt, splvate, gor prddrug theseof. A
conmpound offclaim1l whereijn Rl and R2 arp eachom-butyl. 3. Agconpoun of
claim2- whereint is 1, R' is ORl', aphd Rllois as dgfined-ip7clai 1
263 ~' . A conpowiP of cljaim 3 wherein pne or Bore R [are 1 adependengly
sel ected frppm net hoxy and | di net hyl am nol 5. A.donpound of cB&in 3 mh%reln
R' is dinmgthylamno. 6. A conpound of cfaim3-%herein] t i8415 RY i
Par a- ORl' : land—7— % conpdund-of _claim 3 wher eif36 _t jg 1: RIlls net - OR13;
and R3 is fas defi%éd in dlaim1®3 o §§'§
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 : 5 52.3
.2 42.4
.04 19
1414 27 S 452
.2 39.5
, .04 14.3
1414 31 - 2 41.5
' .4 33.7
.08 29
.016 3.8
1415 28 3 59.9
.2 48.1
.04 23.9
1415 37 2 28.9
.4 25.7
.08 27.1
.016 12.7
1416 - 29 : 2 46.1
.4 21.9
.08 25
- .016 -7.8
1417 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
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A conpound of claim 3 having the 4R 5R configuration.

WO 00/01687 PCT/US99/12828
259
.08 10.3
R .016 5.8
1420 31 2 53.1
.4 45
.08 38.1
.016 29.6
1351 33 Z 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 51.8
.016 26.8
1426 33 2 40.8
.4 21.7
.08 5.9
| .016 4.1
1427 740 2 36.7
.4 35.8
.08 27.3
.016 13.8
1428 34 2 40.4
.4 64.9
.08 24 .4
.016 12.2
1428 - 42 2 46
.4 40.7
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WO 00/01687 PCT/US99/12828

260
.08 26
L .016 1.1
1429 41 2 34.5
: .4 24.9
.08 18.7
' .016 5.2
1429 42 2 47.1
.4 31.1
.08 35.5
.016 4.8
1430 30 2 51.2
.4 50.4
.08 20.7
.016 -5.6
1431 32 28.3
45.8
21.9
1.1
1432 28 5 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
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
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
included within the scope of the following claims.
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WHATIS CLAIMED IS :

4. A compound of formula I:

(I)

wherein:

q
n
R}

RJ
Rl
RS

is 1 or 2;

is 2;

and R® are each alkyl;
is hydroxy;

and R® are hydrogen;
has the formula (II)

7

(II)

SO

(R¥)

wherein t is an integer from 0 to 5;

1
one or more RY are OR™7;

R13 is selected from the group consisting of
hydrogen, alkyl, alkenyl, alkynyl, polyalkyl, aryl,
arylalkyl, alkylarylalkyl, cycloalkyl, heterocycle,

heteroaryl, guaternary heterocycle, guaternary

heteroaryl, quaternary heteroarylalkyl, and alkoxyalkyl;

said R13 alkyl, alkenyl, alkynyl, arylalkyl,
heterocycle, and polyalkyl groups optionally have one or
more carbons replaced by O, NR’, N'R°RYA", S, SO, S0,
S°R°A", PR’, P'R°R'A’, P(O)R’, phenylene, carbohydrate,

amino acid, peptide, ox polypeptide;
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R is optionally substituted with one or more
groups selected from the group consisting of sulfoalkyl,
guaternary heterocycle, gquaternary heteroaryl, OR’, NR’R',
N'R°R¥R*?’A", SR®, S(O)R®, SO,R°, SO,R’, oxo, CO,R’, CN,
halogen, CONR’R°, SO,0M, SO,NR°R!, PO(OR'®)OR'’, P'R°R'RA’,
S'R’R*A", and C(0)OM,

wherein A’ is a pharmaceutically acceptable anion,
and M is a pharmaceutically acceptable cation,

R’ and R are independently selected from the group
consisting of H, alkyl, alkenyl, alkynyl, cycloalkyl,
aryl, acyl, heterocycle, ammoniumalkyl, arylalkyl, and
alkylammoniumalkyl;

R" and RY are independently selected from the group

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

arylalkyl, alkenylalkyl, alkynylalkyl, heterocycle,
carboxyalkyl, carboalkoxyalkyl, cycloalkyl, cyanocalkyl,
OR’, NR°R'®, SR’, S(O)R’, SO,R’, SO,R’, CO,R’, CN, halogen,
oxo, and CONR’RY, wherein R’ and R'® are as defined above,
provided that both R’ and R' cannot be OH, NH,, and SH; or

R* and R* together with the nitrogen or carbon atom
to which they are attached form a cyclic ring; and

R'®* and R!Y are independently selected from the
substituents constituting R’ and M;

R’ and R’ are hydrogen; and

one or more R* are independently selected from the
group consisting of alkoxy, alkylamino and dialkylamino;
or

a pharmgceutically acceptable salt, solvate, or

prodrug thereof.

7 . A compound of claim 1 wherein R’ and R’ are

each n-butyl.

3. B compound of claim £ wherein t is 1, R’ is
OR™, and RY is as defined in claim 1 .



263

L\'. A compound of claim 3 wherein one or more R*

are independently selected from methoxy and
dimethylamino.

5. A compound of claim 3 wherein R is
dimethylamino.

{. A compound of claim 3 wherein:
t is 1;
R’ is para-ORY; and

7 . A compound of claim 3 wherein:
t is 1;
RY is meta-OR™; and

R is as defined in claim 1 .

9
0 . A compound of claim 3 having the 4R,5R

configuration.



